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ОБЗОР И КЛАССИФИКАЦИЯ 
МАТЕМАТИЧЕСКИХ МОДЕЛЕЙ 
ДЕФОРМАЦИОННОГО УПРОЧНЕНИЯ 

Александрова Анастасия Алексеевна 
ʘʩʧʠʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè  
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɿʦʪʝʝʚ ɺʣʘʜʠʤʠʨ ɽʚʛʝʥʴʝʚʠʯ 
ʜ.ʪ.ʥ, ʧʨʦʬʝʩʩʦʨ 

ʌɻɹʆʋ ɺʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè  
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 
ʫʧʨʦʯʥʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʤʦʜʝʣʝʡ: ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʜʠʩʣʦʢʘ-
ʮʠʦʥʥʳʝ. ɼʣʷ ʢʘʞʜʦʡ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥʳ ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʚʳʜʝʣʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦ-
ʩʪʘʪʢʠ, ʘ ʪʘʢʞʝ ʫʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 
ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʤʦʜʝʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ, ʚʳʯʠʩʣʠ-
ʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʭʘʨʘʢʪʝʨʘ ʥʘʛʨʫʞʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʚʳʙʦʨʝ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʦʚ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʜʘʣʴʥʝʡʰʠʭ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ, ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʤʦ-
ʜʝʣʠ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
 

REVIEW AND CLASSIFICATION OF MATHEMATICAL MODELS OF DEFORMATION HARDENING 
 

Alexandrova Anastasia Alekseevna 
 

Scientific adviser:  Zoteev Vladimir Evgenievich  
 
Abstract: The article presents a systematic analysis of mathematical models of strain hardening. Two main 
groups of models are considered: phenomenological and physical dislocation models. For each model, the 
defining equations are presented, the advantages and disadvantages are highlighted, and the areas of 
preferred application are indicated. Based on comparative analysis, recommendations are formulated for 
choosing a model depending on the required accuracy, computational resources, and the nature of the 
loading. The results of the work can be used in selecting a mathematical model for calculating structural 
elements, as well as for conducting further experimental and theoretical studies. 
Keywords: strain hardening, phenomenological models, dislocation models, comparative analysis, and 
mathematical modeling. 

 
ɼʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʪʦʛʦ 
ʧʨʦʮʝʩʩʘ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥ-
ʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ [1,2]. ʈʘʟʥʦʦʙʨʘʟʠʝ ʤʦʜʝʣʝʡ ʜʝʬʦʨʤʘ-
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ʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʦʨʦʞʜʘʝʪ ʧʨʦʙʣʝʤʫ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʤʦʜʝʣʠ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʠ 
ʫʩʣʦʚʠʷʤ ʥʘʛʨʫʞʝʥʠʷ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦ-
ʜʝʣʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʚʳʷʚʣʝʥʠʝ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ, ʘ ʪʘʢʞʝ 
ʬʦʨʤʫʣʠʨʦʚʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʚʳʙʦʨʫ ʤʦʜʝʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. 

ʇʨʦʚʝʜʝʤ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ.  
ʉʨʝʜʠ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʚʷʟʴ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ů ʠ ʧʣʘʩʪʠʯʝ-

ʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ‐, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ. 

ʉʪʝʧʝʥʥʘʷ ʤʦʜʝʣʴ ʃʶʜʚʠʢʘ [3]: 
„ „ ὑ‐ȟ 

ʛʜʝ „ - ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ὑ - ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʦʯʥʝʥʠʷ, ὲ - ʧʦʢʘʟʘʪʝʣʴ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 
ʫʧʨʦʯʥʝʥʠʷ. ʄʦʜʝʣʴ ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʤʝʪʘʣʣʦʚ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 
ʪʝʯʝʥʠʷ, ʦʜʥʘʢʦ ʥʝ ʫʯʠʪʳʚʘʝʪ ʥʘʩʳʱʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʙʦʣʴʰʠʭ ʜʝʬʦʨʤʘʮʠʷʭ. 

ʄʦʜʝʣʴ ʍʦʣʣʦʤʦʥʘ [4]: 
„ ὑ‐ȟ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʤʦʜʝʣʠ ʃʶʜʚʠʢʘ ʧʨʠ „ π ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʷʨʢʦ ʚʳʨʘ-
ʞʝʥʥʦʡ ʩʪʘʜʠʝʡ ʣʠʥʝʡʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. 

ʄʦʜʝʣʴ ɺʦʡʮʝʭʦʚʩʢʦʛʦ [5]: 

„ „ „ „ ÅØÐ
‐

‐
ȟ 

ʛʜʝ „ ð ʥʘʧʨʷʞʝʥʠʝ ʥʘʩʳʱʝʥʠʷ, ‐ ð ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ. ʕʪʘ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ 
ʚʳʭʦʜ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʪʝʯʝʥʠʷ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦʙ ʵʚʦʣʶʮʠʠ ʧʣʦʪʥʦʩʪʠ ʜʠʩ-
ʣʦʢʘʮʠʡ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʘ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʠʤ ʩʣʝʜʫʶʱʠʝ.  

ʄʦʜʝʣʴ ɹʝʡʣʠïʍʠʨʰʘ [6] ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʥʘʧʨʷʞʝʥʠʷ ʪʝʯʝʥʠʷ ʩʦ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ ʜʠʩ-
ʣʦʢʘʮʠʡ ”: 

† ‌Ὃὦ”ȟ 

ʛʜʝ ‌ - ʢʦʥʩʪʘʥʪʘ, Ὃ - ʤʦʜʫʣʴ ʩʜʚʠʛʘ, ὦ - ʚʝʢʪʦʨ ɹʶʨʛʝʨʩʘ. 
ʄʦʜʝʣʴ ʂʦʢʩʘïʄʝʢʠʥʛʘ [7, 8], ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʁ ʚʦʣʶʮʠʶ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʫʨʘʚʥʝʥʠʝʤ: 

Ὠ”

Ὠ‐

Ὧ

”
Ὧ”ȟ 

ʛʜʝ Ὧ ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʦʧʣʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ, Ὧ ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʟʚʨʘʪʘ. ʄʦʜʝʣʴ ʫʩʧʝʰʥʦ 
ʧʨʦʛʥʦʟʠʨʫʝʪ ʪʨʠ ʩʪʘʜʠʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. 

ʇʨʦʚʝʜʝʤ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʳʜʝʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. ɺʳʜʝʣʠʤ 
ʨʷʜ ʢʨʠʪʝʨʠʝʚ ʨʘʟʣʠʯʠʷ ʤʦʜʝʣʝʡ ʠ ʦʭʘʨʘʢʪʝʨʠʟʫʝʤ ʢʘʞʜʫʶ ʥʠʭ. ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1.  
 

ʋʙʚʤʡʯʙ 1  
ʊʩʙʛʦʡʫʞʤʵʦʴʢ ʙʦʙʤʡʠ ʥʧʝʞʤʞʢ ʝʞʭʧʩʥʙʯʡʧʦʦʧʜʧ ʬʨʩʧʰʦʞʦʡʸ 

ɸʚʪʦʨ ʤʦʜʝʣʠ ʃʶʜʚʠʢ ʍʦʣʣʦʤʦʥ ɺʦʡʮʝʭʦʚʩʢʠʡ ɹʝʡʣʠ-ʍʠʨʰ ʂʦʢʩ- ʄʝʢʠʥʛ 

ʐʡʪʤʧ ʨʙʩʙʥʞʫʩʧʛ 3 2 3 3 2 

ʌʰʞʫ ʦʙʪʴʲʞʦʡʸ ʅʝʪ ʅʝʪ ɼʘ ɼʘ, ʯʘʩʪʠʯʥʦ ɼʘ 

ʋʧʰʦʧʪʫʵ ʨʩʡ ʥʙ-
ʤʴʮ ů 

ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ ʅʠʟʢʘʷ ʉʨʝʜʥʷʷ 

ʋʧʰʦʧʪʫʵ ʨʩʡ 
ʚʧʤʵʱʡʮ ů 

ʅʠʟʢʘʷ ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ 

ʊʤʧʟʦʧʪʫʵ ʡʝʞʦ-
ʫʡʭʡʣʙʯʡʡ 

ʅʠʟʢʘʷ ʅʠʟʢʘʷ ʉʨʝʜʥʷʷ ɺʩrʦʢʘʷ ʉʨʝʜʥʷʷ 

ɻʴʰʡʪʤʡʫʞʤʵʦʙʸ 
ʪʫʧʡʥʧʪʫʵ 

ʅʠʟʢʘʷ ʅʠʟʢʘʷ ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ 
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ɺ ʠʪʦʛʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʜʝʣʝʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʧʪʠʤʘʣʴʥʳ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʠ ʤʦʥʦʪʦʥʥʦʤ ʥʘʛʨʫʞʝʥʠʠ 

ʚ ʧʨʝʜʝʣʘʭ ʠʟʚʝʩʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʝʬʦʨʤʘʮʠʡ. ʆʥʠ ʧʨʦʩʪʳ, ʣʝʛʢʦ ʢʘʣʠʙʨʫʶʪʩʷ ʠ ʪʨʝʙʫʶʪ ʤʠʥʠʤʘʣʴ-
ʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ. 

ʄʦʜʝʣʴ ʃʶʜʚʠʢʘ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʥʦ ʟʘʚʳʰʘʝʪ 
ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʙʦʣʴʰʠʭ ʜʝʬʦʨʤʘʮʠʷʭ. ʄʦʜʝʣʴ ɺʦʡʮʝʭʦʚʩʢʦʛʦ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳʚʘʝʪ ʚʳʭʦʜ ʥʘ ʩʪʘʮʠʦ-
ʥʘʨʥʳʡ ʨʝʞʠʤ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʚʦʟʚʨʘʪʦʤ. 

ɼʠʩʣʦʢʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʫʧʨʦʯʥʝʥʠʷ ʠ ʧʦʟʚʦʣʷʶʪ 
ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʤʝʥʫ ʩʪʘʜʠʡ ʜʝʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ ʩʣʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʛʨʘʥʠʯʠʚʘ-
ʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʩʩʦʚʳʭ ʨʘʩʯʝʪʘʭ. 

ɼʣʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʦʥʝʯʥʦ-ɻ ʣʝʤʝʥʪʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʤʦʜʝʣʴ ɺʦʡʮʝʭʦʚʩʢʦʛʦ. 
ɼʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʨʝʞʠʤʘʭ 
ʥʘʛʨʫʞʝʥʠʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʪʠʧʘ ʄʝʢʠʥʛʘïʕʰʙʠ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʳ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ, ʦʙʲʝʜʠʥʷ-
ʶʱʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʩ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦ-
ʩʪʴʶ ʬʠʟʠʯʝʩʢʠʭ ʪʝʦʨʠʡ. 
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АВТОМАТИЗАЦИЯ КОРРЕЛЯЦИИ УГРОЗ 
БЕЗОПАСНОСТИ ИНФОРМАЦИИ БДУ ФСТЭК 
РОССИИ И MITRE ATT&CK С ПРИМЕНЕНИЕМ 
МЕТОДОВ ИСКУССТВЕННОГО ИНТЕЛЛЕКТА 

Авдеев Александр Васильевич 
ʘʩʧʠʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʈʦʩʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʈʀʅʍ)è 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʫʩʣʦʚʠʷʭ ʥʘʨʘʩʪʘʶʱʝʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʠʙʝʨʫʛʨʦʟ ʢʣʶʯʝʚʳʤ ʥʘʧʨʘʚ-
ʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʫʧʨʝʞʜʘʶʱʝʝ ʚʳʷʚʣʝʥʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʫʛʨʦʟ. 
ɹɼʋ ʌʉʊʕʂ ʈʦʩʩʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ ʧʦ 
ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ MITRE ATT&CK ʷʚʣʷʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʦʡ. ʀʭ ʩʦʧʦʩʪʘʚ-
ʣʝʥʠʝ ʠ ʚʟʘʠʤʥʦʝ ʜʦʧʦʣʥʝʥʠʝ ʤʦʛʫʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʜʠʥʦʡ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 
ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʫʛʨʦʟ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʌʉʊʕʂ ʈʦʩʩʠʠ, MITRE ATT&CK, ʫʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ 
 

AUTOMATED CORRELATION OF INFORMATION SECURITY THREATS BETWEEN THE FEDERAL 
SERVICE FOR TECHNICAL AND EXPORT CONTROL OF RUSSIA AND THE MITRE ATT&CK SYSTEM 

USING ARTIFICIAL INTELLIGENCE METHODS 
 

Avdeev Alexandr Vasilievich, 
 
Abstract: In the context of increasing digitalization and the transformation of cyberthreats, proactive threat detection 
and classification is becoming a key area of information security. The FSTEC of Russia's BDU is used in Russia to 
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ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʯʠʩʣʘ ʢʠʙʝʨʫʛʨʦʟ ʠ ʠʥʮʠʜʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʚʦʟʨʘʩʪʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʪʦʯʥʦʛʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʫʛʨʦʟ. ɼʣʷ ʜʦ-
ʩʪʠʞʝʥʠʷ ʜʘʥʥʳʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʥʘʮʠʦʥʘʣʴʥʳʝ, ʪʘʢ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ. ɺ 
ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪ-
ʩʷ ɹʘʥʢ ʜʘʥʥʳʭ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʌʉʊʕʂ ʈʦʩʩʠʠ, ʚ ʢʦʪʦʨʦʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜ-
ʩʪʘʚʣʝʥʦ 227 ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʠ 88851 ʫʷʟʚʠʤʦʩʪʝʡ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʠ-
ʨʦʚʘʥʥʳʡ ʧʝʨʝʯʝʥʴ ʪʠʧʦʚʳʭ ʫʛʨʦʟ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦ-
ʚʘʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʛʨʦʟ, ʢʦʪʦʨʳʤ ʧʦʣʴʟʫʝʪʩʷ ʤʝʞʜʫʥʘʨʦʜ-
ʥʦʝ ʩʦʦʙʱʝʩʪʚʦ - ʤʦʜʝʣʴ MITRE ATT&CK. ʕʪʦ ʦʪʢʨʳʪʳʡ ʬʨʝʡʤʚʦʨʢ, ʦʧʠʩʳʚʘʶʱʠʡ ʪʘʢʪʠʢʠ, ʪʝʭʥʠʢʠ ʠ 
ʧʨʦʮʝʜʫʨʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤʠ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʧʨʘʢʪʠʢʫ ʘʥʘʣʠʟʘ ʢʠ-
ʙʝʨʘʪʘʢ ʠ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʨʝʘʛʠʨʦʚʘʥʠʷ (SOC, EDR, SIEM). 
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ʅʝʩʤʦʪʨʷ ʥʘ ʚʘʞʥʦʩʪʴ ʦʙʝʠʭ ʩʠʩʪʝʤ, ʥʘ ʧʨʘʢʪʠʢʝ ʦʪʩʫʪʩʪʚʫʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠʭ 
ʢʦʨʨʝʣʷʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʨʛʘʥʠʟʘʮʠʠ ʚʝʜʫʪ ʘʥʘʣʠʟ ʫʛʨʦʟ ʨʘʟʨʦʟʥʝʥʥʦ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʫʥʠʬʠʢʘʮʠʶ 
ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʪʯʝʪʥʦʩʪʠ ʠ ʘʥʘʣʠʪʠʢʠ, ʠʥʪʝʛʨʘʮʠʶ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʚ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʫʷʟ-
ʚʠʤʦʩʪʝʡ ʠ ʦʧʝʨʘʪʠʚʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʥʦʚʳʝ ʫʛʨʦʟʳ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 
ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʫʛʨʦʟ. ʊʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 
ʷʟʳʢʘ ʠ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ ʥʘʭʦʜʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʫʛʨʦʟʘʤʠ ɹɼʋ ʌʉʊʕʂ ʈʦʩʩʠʠ 
ʠ MITRE ATT&CK ʜʘʞʝ ʧʨʠ ʨʘʟʣʠʯʠʷʭ ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ ʠʣʠ ʫʨʦʚʥʝ ʜʝʪʘʣʠʟʘʮʠʠ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʥʦʤʫ ʧʦʩʪʨʦʝʥʠʶ ʠ ʦʙʥʦʚʣʝʥʠʶ ʤʘʪʨʠʮ ʩʦ-
ʦʪʚʝʪʩʪʚʠʡ, ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʘʥʘʣʠʟʘ ʫʛʨʦʟ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʫʱʝ-
ʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʥʮʠʜʝʥʪʳ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠ ʧʨʦʪʦʪʠʧʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 
ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʧʦʩʪʘʚʣʷʝʪ ʫʛʨʦʟʳ ɹɼʋ ʌʉʊʕʂ ʈʦʩʩʠʠ ʠ MITRE ATT&CK ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʀʀ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʥʝʜʨʝʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʠ ʛʦʩ-
ʫʜʘʨʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺ ʮʝʣʷʭ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʫʛʨʦʟ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʦʩʦʙʝʥ-
ʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ɹʘʥʢʘ ʜʘʥ-
ʥʳʭ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʌʉʊʕʂ ʈʦʩʩʠʠ (ʜʘʣʝʝ ï ɹɼʋ ʌʉʊʕʂ) ʠ MITRE ATT&CK. 

ɹɼʋ ʌʉʊʕʂ ʦʨʠʝʥʪʠʨʦʚʘʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʨʝʛʫʣʷʪʦʨʥʫʶ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʩʦʚʤʝʩʪʠ-
ʤʦʩʪʴ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʝʡ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. 
ʆʜʥʘʢʦ ʩʣʘʙʦʡ ʩʪʦʨʦʥʦʡ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʜʝʪʘʣʠʟʘʮʠʷ ʘʪʘʢʫʶʱʠʭ ʪʝʭʥʠʢ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʨʷʤʦʡ 
ʩʚʷʟʠ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʝʘʣʠʟʘʮʠʠ ʫʛʨʦʟ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ɹɼʋ ʌʉʊʕʂ ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʫʛʨʦʟʳ ʧʦ ʦʙʲʝʢʪʘʤ ʚʦʟ-
ʜʝʡʩʪʚʠʷ, ʪʠʧʘʤ ʫʛʨʦʟ ʠ ʩʪʝʧʝʥʠ ʢʨʠʪʠʯʥʦʩʪʠ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

MITRE ATT&CK (Adversarial Tactics, Techniques, and Common Knowledge) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʘ-
ʟʫ ʟʥʘʥʠʡ ʦ ʧʦʚʝʜʝʥʠʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʨʝʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʠʥʮʠʜʝʥʪʦʚ. ʆʥ ʨʘʟ-
ʜʝʣʷʝʪ ʜʝʡʩʪʚʠʷ ʘʪʘʢʫʶʱʠʭ ʥʘ ʪʘʢʪʠʢʠ (ʪʘʢʪʠʯʝʩʢʠʝ ʮʝʣʠ) ʠ ʪʝʭʥʠʢʠ (ʢʦʥʢʨʝʪʥʳʝ ʤʝʪʦʜʳ). 

ʇʨʝʠʤʫʱʝʩʪʚʘ MITRE ATT&CK: 
1. ɻʣʫʙʦʢʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʜʝʪʘʣʠʟʘʮʠʷ ʜʝʡʩʪʚʠʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ. 
2. ɺʦʟʤʦʞʥʦʩʪʴ ʪʨʘʩʩʠʨʦʚʢʠ ʮʝʧʦʯʢʠ ʘʪʘʢʠ. 
3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ SIEM, EDR ʠ SOAR ʩʠʩʪʝʤʘʭ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʢʦʨʨʝʣʷʮʠʠ ʩʦʙʳʪʠʡ. 
4. ʅʘʣʠʯʠʝ ʩʚʷʟʝʡ ʩ ʜʨʫʛʠʤʠ ʬʨʝʡʤʚʦʨʢʘʤʠ. 
ʅʝʜʦʩʪʘʪʢʦʤ MITRE ATT&CK ʚ ʢʦʥʪʝʢʩʪʝ ʥʘʮʠʦʥʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʚʷʟ-

ʢʠ ʢ ʈʦʩʩʠʡʩʢʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʝ ʠ ʥʝʧʦʣʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʤʦʜʝʣʷʤʠ ʫʛʨʦʟ, ʬʦʨʤʠʨʫʝʤʳʤʠ ʚ ʩʦ-
ʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʌʉʊʕʂ ʈʦʩʩʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ɹɼʋ ʌʉʊʕʂ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʦʨʤʘʪʠʚʥʫʶ ʦʩʥʦʚʫ ʠ ʢʦʥ-
ʮʝʧʪʫʘʣʴʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʫʛʨʦʟ, ʘ MITRE ATT&CK - ʜʝʪʘʣʴʥʫʶ ʪʝʭʥʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʜʝʡ-
ʩʪʚʠʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. ʆʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʧʦʜʭʦʜʦʚ ʩʧʦʩʦʙʥʦ ʧʦʚʳʩʠʪʴ ʧʦʣʥʦʪʫ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ 
ʧʨʠʤʝʥʠʤʦʩʪʴ ʘʥʘʣʠʟʘ ʫʛʨʦʟ, ʦʙʝʩʧʝʯʠʚ ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʪ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʜʦ 
ʢʦʥʢʨʝʪʥʳʭ ʪʘʢʪʠʢ ʠ ʪʝʭʥʠʢ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʨʘʟʥʳʭ ʩʠʩʪʝʤ ʦʧʠʩʘʥʠʷ ʫʛʨʦʟ ï ɹɼʋ ʌʉʊʕʂ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ MITRE 
ATT&CK ï ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ: 

¶ ʈʘʟʥʳʝ ʷʟʳʢʠ ʠ ʜʝʪʘʣʠʟʘʮʠʷ: ɹɼʋ ʠʩʧʦʣʴʟʫʝʪ ʩʫʭʦʡ, ʬʦʨʤʘʣʴʥʳʡ ʷʟʳʢ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥ-
ʪʦʚ, ʘ MITRE - ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʩ ʪʘʢʪʠʢʘʤʠ, ʪʝʭʥʠʢʘʤʠ ʠ ʧʨʦʮʝʜʫʨʘʤʠ. ʋʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ 
ʦʧʠʩʘʥʠʡ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. 

¶ ʈʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ: ʆʧʠʩʘʥʠʷ ʚʥʫʪʨʠ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʦʚʘʥʳ ʧʦ-ʨʘʟʥʦʤʫ. ʕʪʦ ʢʘʢ ʧʳʪʘʪʴʩʷ ʩʦʧʦ-
ʩʪʘʚʠʪʴ ʦʛʣʘʚʣʝʥʠʝ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʢʥʠʛʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʧʘʩʧʦʨʪʦʤ ʫʩʪʨʦʡʩʪʚʘ. 

¶ ʅʝʪ ʛʦʪʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ: ʇʦʢʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ 
ʙʳ ʤʛʥʦʚʝʥʥʦ ʥʘʡʪʠ ʪʦʯʥʳʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. ʇʨʠʭʦʜʠʪʩʷ ʜʝʣʘʪʴ ʵʪʦ 
ʚʨʫʯʥʫʶ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʦʩʪʠ, ʧʦʪʝʥʮʠʘʣ ʪʘʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʦʛʨʦʤʝʥ: 

¶ ɹʦʣʝʝ ʪʦʯʥʘʷ ʟʘʱʠʪʘ: ʉʦʚʤʝʱʝʥʠʝ ʵʪʠʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʦʣʥʫʶ ʠ 
ʪʦʯʥʫʶ ʢʘʨʪʠʥʫ ʢʠʙʝʨʫʛʨʦʟ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ. 

¶ ʇʦʤʦʱʴ ʪʝʭʥʦʣʦʛʠʡ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʠ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦ-
ʛʦ ʷʟʳʢʘ (NLP) ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʩʝʤʘʥʪʠʯʝʩʢʠʭ (ʩʤʳʩʣʦʚʳʭ) ʩʦʦʪʚʝʪʩʪʚʠʡ, 
ʫʧʨʦʱʘʷ ʨʘʙʦʪʫ ʵʢʩʧʝʨʪʦʚ. 

¶ ʀʥʪʝʛʨʘʮʠʷ ʚ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʤʦʞʥʦ ʥʘʧʨʷʤʫʶ ʟʘʛʨʫʞʘʪʴ ʚ 
ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʥʮʠʜʝʥʪʳ, ʜʝʣʘʷ 
ʠʭ ʫʤʥʝʝ ʠ ʵʬʬʝʢʪʠʚʥʝʝ. 

ʉ ʮʝʣʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʫʛʨʦʟʘʤʠ ʠʟ ɹɼʋ ʌʉʊʕʂ ʠ MITRE 
ATT&CK, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣ-
ʣʝʢʪʘ (ʀʀ). 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʜʚʝ ʢʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ: 
ʆʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ (NLP): ʕʪʦ ʢʘʢ ʥʘʫʯʠʪʴ ʢʦʤʧʴʶʪʝʨ ʯʠʪʘʪʴ ʠ ʧʦʥʠʤʘʪʴ ʩʤʳʩʣ ʪʝʢ-

ʩʪʘ, ʘ ʥʝ ʧʨʦʩʪʦ ʠʩʢʘʪʴ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ. 
ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ: ʀʩʧʦʣʴʟʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ çʫʯʠʪʴʩʷè ʥʘ 

ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʷʪʴ ʩʣʦʞʥʳʝ, ʥʝʦʯʝʚʠʜʥʳʝ ʩʚʷʟʠ. 
ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʠʥʩʪʨʫʤʝʥʪʘʤ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʧʦʩʪʘʚʣʷʪʴ ʫʛʨʦʟʳ ʧʦ ʠʭ ʩʤʳʩʣʫ (ʩʝʤʘʥ-

ʪʠʢʝ), ʦʙʭʦʜʷ ʩʪʦʨʦʥʦʡ ʛʣʘʚʥʳʝ ʧʨʦʙʣʝʤʳ - ʨʘʟʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʦʧʠʩʘʥʠʡ ʠ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʪʝʨʤʠʥʦ-
ʣʦʛʠʶ, ʢʦʪʦʨʫʶ ʠʩʧʦʣʴʟʫʶʪ ʵʪʠ ʜʚʘ ʨʘʟʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. 

ʄʝʪʦʜʠʢʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʪʝʢʩʪʦʚʳʭ ʦʧʠʩʘʥʠʡ ʫʛʨʦʟ ʚ ʦʙʦʠʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘʭ. ʄʳ ʠʩ-
ʭʦʜʠʤ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʫʛʨʦʟʳ ʠ ʪʝʭʥʠʢʠ, ʠʤʝʶʱʠʝ ʩʭʦʞʠʡ ʩʤʳʩʣ, ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʙʣʠʟʢʦ ʜʨʫʛ 
ʢ ʜʨʫʛʫ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ çʩʝʤʘʥʪʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝè. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʚʳʧʦʣʥʷʪʴ ʘʚʪʦʤʘʪʠʟʠ-
ʨʦʚʘʥʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (ʚʝʢʪʦʨʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ), ʢʦʪʦʨʳʝ ʙʳ-
ʣʠ ʦʙʫʯʝʥʳ ʥʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʪʝʢʩʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴʶ. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʝʙʫʝʪʩʷ ʝʜʠʥʘʷ ʠ ʯʠʩʪʘʷ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ. ʊʘʢʘʷ ʪʱʘ-
ʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʠʩʢʘʞʝʥʠʡ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʠ ʟʥʘ-
ʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ.  

ʇʨʦʮʝʩʩ ʧʦʠʩʢʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʫʛʨʦʟʘʤʠ ʠʟ ɹɼʋ ʌʉʊʕʂ ʠ ʪʝʭʥʠʢʘʤʠ ʠʟ MITRE ATT&CK ʩʦʩʪʦʷʣ ʠʟ 
ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ ʰʘʛʦʚ.  

ʂʘʞʜʦʝ ʦʧʠʩʘʥʠʝ ʫʛʨʦʟʳ ʙʳʣʦ ʧʝʨʝʚʝʜʝʥʦ ʠʟ ʦʙʝʠʭ ʙʘʟ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʪ, ʧʦʥʷʪʥʳʡ ʢʦʤʧʴʶʪʝʨʫ 
- ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʚʝʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. ɼʣʷ ʢʘʞʜʦʡ ʫʛʨʦʟʳ ʠʟ ɹɼʋ ʢʦʤʧʴʶʪʝʨ ʩʨʘʚʥʠʣ ʝʝ ʩ ʢʘʞʜʦʡ 
ʪʝʭʥʠʢʦʡ ʠʟ MITRE ʠ ʦʮʝʥʠʣ, ʥʘʩʢʦʣʴʢʦ ʦʥʠ çʩʭʦʞʠè ʧʦ ʩʤʳʩʣʫ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʦʪ-
ʩʦʨʪʠʨʦʚʘʥʳ - ʦʪ ʩʘʤʳʭ ʧʦʭʦʞʠʭ ʧʘʨ ʢ ʥʘʠʤʝʥʝʝ ʧʦʭʦʞʠʤ. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʠʩʢʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʪʦʣʴ-
ʢʦ ʩʘʤʳʝ ʨʝʣʝʚʘʥʪʥʳʝ ʩʦʦʪʚʝʪʩʪʚʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʠʪʦʛʦʚʘʷ ʪʘʙʣʠʮʘ (ʤʘʪʨʠʮʘ ʩʦʦʪʚʝʪʩʪʚʠʡ), ʢʦʪʦʨʘʷ 
ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʪʝʭʥʠʢʠ MITRE ʣʫʯʰʝ ʚʩʝʛʦ ʦʧʠʩʳʚʘʶʪ ʨʝʘʣʠʟʘʮʠʶ ʢʦʥʢʨʝʪʥʦʡ 
ʫʛʨʦʟʳ ʠʟ ʨʦʩʩʠʡʩʢʦʡ ʙʘʟʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʩʦ-
ʧʦʩʪʘʚʣʝʥʠʷ ʫʛʨʦʟ ʤʝʞʜʫ ɹɼʋ ʌʉʊʕʂ ʠ MITRE ATT&CK. ʄʦʜʝʣʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʭʦʜʠʪʴ 
ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʦʧʠʩʘʥʠʷʤʠ ʫʛʨʦʟ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʢʣʘʩʩʠʬʠʢʘ-
ʪʦʨʦʚ ʠ ʫʨʦʚʥʝ ʜʝʪʘʣʠʟʘʮʠʠ. 
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УДК 547.856.1 

ПРОИЗВОДНЫЕ ХИНАЗОЛИНОНА КАК 
СОВРЕМЕННЫЕ АГОНИСТЫ CB2-РЕЦЕПТОРОВ 

 
 

Бондаренко Игорь Борисович, 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ  
ʠʤ. ʧʨʦʬ. ʄ.ɸ. ɹʦʥʯ-ɹʨʫʝʚʠʯʘè 

Бондаренко Михаил Игоревич 
ʉʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ ʭʠʥʘʟʦʣʠʥʦʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ 
ʠ ʘʤʠʥʦʭʠʥʘʟʦʣʠʥʘ, ʢʘʢ ʥʦʚʳʭ ʩʝʣʝʢʪʠʚʥʳʭ ʘʛʦʥʠʩʪʘʭ CB2-ʨʝʮʝʧʪʦʨʦʚ. ʇʨʠʚʝʜʝʥʳ ʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫ-
ʣʳ ʚʝʱʝʩʪʚ, ʦʧʠʩʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʘʢʠʭ ʨʘʟʨʘʙʦʪʦʢ, ʧʨʝʜʣʦʞʝʥʘ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʭʠʥʘʟʦʣʠʥʦʥ, ʤʝʪʘʢʚʘʣʦʥ, CB1-ʨʮʝʧʝʪʦʨ, CB2-ʨʝʮʝʧʪʦʨ, ʘʤʠʥʦʭʠʥʘʟʦʣʠʥ 
 

QUINAZOLINE DERIVATIVES AS NOVEL AGONISTS OF CB2-RECEPTORS 
 

Bondarenko Igor Borisovich, 
Bondarenko Mikhail Igorevich 

 
Abstract: This article provides information on the activity of quinazolinone derivatives, including amino-
quinazoline, as novel, selective CB2 receptor agonists. The chemical formulas of the compounds are provided, 
the relevance of such developments is described, and their application areas are proposed. 
Key words: quinazoline, methaqualone, CB1-receptor, CB2-receptor, aminoquinazoline 

 
1. ɹʣʫʬʙʤʵʦʧʪʫʵ. 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʙʝʟʙʦʣʠʚʘʶʱʠʝ ʚʝʱʝʩʪʚʘ ʟʘʥʠʤʘʶʪ ʦʯʝʥʴ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʤʝʜʠʮʠʥʝ. ʆʥʠ 

ʧʦʟʚʦʣʷʶʪ ʫʣʫʯʰʘʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʙʦʣʴʥʳʭ ʨʘʢʦʚʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ʀʤʝʥʥʦ 
ʧʦʵʪʦʤʫ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʠʪ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʜʝʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʦʙʝʟʙʦʣʠʚʘʶ-
ʱʠʭ, ʢʦʪʦʨʳʝ ʥʝ ʙʫʜʫʪ ʦʙʣʘʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ, ʙʫʜʫʪ ʥʝ 
ʪʘʢ ʙʳʩʪʨʦ ʚʳʚʦʜʠʪʴʩʷ ʠʟ ʦʨʛʘʥʠʟʤʘ.  

2. ʅʞʫʙʣʛʙʤʧʦ ʣʙʣ ʶʭʭʞʣʫʡʛʦʴʢ ʨʩʞʨʙʩʙʫ XX ʛʞʣʙ. 
ɺ 1960-1980 ʛ. ʚʨʘʯʘʤʠ ʘʢʪʠʚʥʦ ʚʳʧʠʩʳʚʘʣʩʷ ʧʨʝʧʘʨʘʪ ʤʝʪʘʢʚʘʣʦʥ (ʪʦʨʛʦʚʦʝ ʥʘʟʚʘʥʠʝ 

çQuaaludeè). ɼʘʥʥʦʝ ʚʝʱʝʩʪʚʦ (ʩʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1) ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳ-
ʚʘʝʪʩʷ ʩ ɻɸʄʂ-ʨʝʮʝʧʪʦʨʘʤʠ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʚʳʟʳʚʘʷ ʛʣʫʙʦʢʠʡ ʩʦʥ ʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʣʝʯʝ-
ʥʠʷ ʙʝʩʩʦʥʥʠʮʳ, ʧʨʠʜʷ ʥʘ ʟʘʤʝʥʫ ʙʘʨʙʠʪʫʨʘʪʘʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, ʤʝʪʘʢʚʘʣʦʥ ʥʝ ʚʳʟʳʚʘʣ ʩʝʨʴʸʟʥʳʭ 
ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʫʩʪʘʣʦʩʪʴ ʠ ʛʦʣʦʚʥʳʝ ʙʦʣʠ. 

ʄʝʪʘʢʚʘʣʦʥ ʪʘʢʞʝ ʦʙʣʘʜʘʣ ʧʨʦʪʠʚʦʩʫʜʦʨʦʞʥʳʤ ʵʬʬʝʢʪʦʤ. ʆʜʥʘʢʦ, ʦʯʝʥʴ ʙʳʩʪʨʦ ʚʳʷʩʥʠʣʦʩʴ, 
ʯʪʦ ʜʘʥʥʳʡ ʧʨʝʧʘʨʘʪ ʩʧʦʩʦʙʝʥ ʙʳʩʪʨʦ ʚʳʟʳʚʘʪʴ ʣʝʢʘʨʩʪʚʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʫ ʧʘʮʠʝʥʪʦʚ ʠ ʙʳʩʪʨʦ 
ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʦʨʛʘʥʠʟʤʝ, ʧʦʚʳʰʘʷ ʪʦʣʝʨʘʥʪʥʦʩʪʴ [1, ʩ. 1]. 
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ʉʡʪ. 1. ʊʫʩʬʣʫʬʩʦʙʸ ʭʧʩʥʬʤʙ ʥʞʫʙʣʛʙʤʧʦʙ. 

 
3. ʊʧʛʩʞʥʞʦʦʴʞ ʙʦʙʤʧʜʡ ʥʞʫʙʣʛʙʤʧʦʙ. ʈʩʧʡʠʛʧʝʦʴʞ ʮʡʦʙʠʧʤʡʦʧʦʙ. 
ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʟʚʝʩʪʥʦ ʦ ʪʦʤ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ CB2-ʨʝʮʝʧʪʦʨʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴ-

ʰʝʥʠʶ ʙʦʣʝʚʳʭ ʦʱʫʱʝʥʠʡ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʘʥʥʘʷ ʛʨʫʧʧʘ ʨʝʮʝʧʪʦʨʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ CB1 ʨʘʩ-
ʧʦʣʘʛʘʝʪʩʷ ʚʥʝ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʧʩʠʭʦʪʨʦʧʥʦʛʦ 
ʵʬʬʝʢʪʘ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʫʪʦʣʷʶʱʝʝ ʜʝʡʩʪʚʠʝ [2, ʩ. 2]. 

ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ, ʠʤʝʶʱʠʝ ʪʦ ʞʝ çʷʜʨʦè, ʯʪʦ ʠ ʤʝʪʘʢʚʘʣʦʥ ï 
ʭʠʥʘʟʦʣʠʥʦʥ, ʦʙʣʘʜʘʶʪ ʧʨʝʚʦʩʭʦʜʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ CB2-ʨʝʮʝʧʪʦʨʫ. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʫʯʝʥʥʳʭ 
ʘʥʘʣʦʛʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

 
ʉʡʪ. 2. ʇʚʲʙʸ ʪʫʩʬʣʫʬʩʙ ʨʩʧʡʠʛʧʝʦʴʮ ʮʡʦʙʠʧʤʡʦʧʦʙ 

 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʚʝʜʝʥʳ ʪʘʙʣʠʮʝ 1. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʧʨʦʠʟʚʦʜʥʳʝ 
ˉ8, ˉ7 ʠ ˉ11. 

ɼʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʢʘʢ ʦʙʝʟʙʦʣʠʚʘʶʱʠʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʘʛʦʥʠʩʪʳ ʜʘʥʥʦʡ ʛʨʫʧ-
ʧʳ ʨʝʮʝʧʪʦʨʦʚ ʤʝʜʣʝʥʥʦ ʚʳʚʦʜʷʪʩʷ ʠʟ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʚ ʩʚʷʟʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʣʠʧʦʬʠʣʴ-
ʥʦʩʪʴʶ, ʯʪʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʦʣʦʥʛʘʮʠʠ ʵʬʬʝʢʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʧʨʦʠʟʚʦʜʥʳʝ ʭʠʥʘʟʦʣʠʥʦʥʘ (ˉ3-̄ 29) ʦʙʣʘʜʘʶʪ 
EC50 ʜʣʷ ʨʝʮʝʧʪʦʨʘ CB1 ʙʦʣʝʝ 10000, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʠ ʬʘʢʪʠʯʝʩʢʠ ʝʛʦ ʥʝ ʘʢʪʠʚʠʨʫʶʪ. 

ɺ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʧʨʦʠʟʚʦʜʥʳʝ ʭʠʥʘʟʦʣʠʥʦʥʘ (ˉ3-̄ 29) ʦʙʣʘʜʘʶʪ 
EC50 ʜʣʷ ʨʝʮʝʧʪʦʨʘ CB1 ʙʦʣʝʝ 10000, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʠ ʬʘʢʪʠʯʝʩʢʠ ʝʛʦ ʥʝ ʘʢʪʠʚʠʨʫʶʪ. ɼʣʷ ʩʨʘʚ-
ʥʝʥʠʷ ʧʦʩʣʝʜʥʠʤʠ ʜʚʫʤʷ ʧʫʥʢʪʘʤʠ ʧʨʠʚʦʜʠʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʜʚʫʭ ʩʠʣʴʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʛʦʥʠʩʪʦʚ. ʂʘʢ 
ʚʠʜʥʦ, ʦʥʠ ʥʝ ʦʙʣʘʜʘʶʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ CB2-ʨʝʮʝʧʪʦʨʘʤ [3, ʩ. 679]. 

ɼʨʫʛʘʷ ʨʘʙʦʪʘ, ʙʦʣʝʝ ʨʘʥʥʷʷ, ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦ ʘʢʪʠʚʥʦʩʪʠ ʘʤʠʥʦʭʠʥʘʟʦʣʠʥʦʚ (ʨʠʩʫʥʦʢ 3). ɻʜʝ 
R1-R7 ʚʳʙʠʨʘʣʠʩʴ ʠʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ (ʘʣʢʠʣʴʥʘʷ, ʘʮʠʣʴʥʘʷ, ʘʣʢʝʥʠʣʴʥʘʷ, 
ʛʘʣʦʛʝʥʳ, ʘʤʠʜʳ, ʘʨʠʣʴʥʳʝ, ʮʠʢʣʦʘʣʢʠʣʴʥʳʝ, ʪʠʦʘʣʢʠʣʴʥʳʝ ʠ ʜʨ.), ʘ ʍ ʠ Y ʚʳʩʪʫʧʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʛʨʫʧ-
ʧ-rʩʚʷʟʢʠ (ʘʤʠʥʦʦʛʨʫʧʧʘ, ʛʠʜʨʦʢʩʠʣʴʥʘʷ, ʵʬʠʨʥʘʷ ʠ ʜʨ.). 
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ʋʙʚʤʡʯʙ 1 
ɽʙʦʦʴʞ ʧ ʪʫʩʬʣʬʩʞ ʨʧʤʬʰʙʞʥʴʮ ʨʩʧʡʠʛʧʝʦʴʮ ʮʡʦʙʠʧʤʡʦʧʦʙ ʡ ʪʡʤʙ ʛʧʠʝʞʢʪʫʛʡʸ ʦʙ 

ʩʞʯʞʨʫʧʩʴ CB1 ʡ CB2 

 
 
 

 
ʉʡʪ. 3. ʊʫʩʬʣʫʬʩʦʙʸ ʭʧʩʥʬʤʙ ʡʠʬʰʙʞʥʴʮ ʨʩʧʡʠʛʧʝʦʴʮ ʙʥʡʦʧʮʡʦʙʠʧʤʡʦʧʛ 

 
ɺ ʭʦʜʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʘʚʪʦʨʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ 345 ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʦʣʠ 

ʘʛʦʥʠʩʪʦʚ CB-ʨʝʮʝʧʪʦʨʦʚ 1 ʠ 2 ʪʠʧʘ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʙʣʘʜʘʣʠ ʙʦʣʝʝ ʯʝʤ 
10-ʢʨʘʪʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ CB2-ʨʝʮʝʧʪʦʨʘʤ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʚʝʱʝʩʪʚʦ ʧʦʜ ʥʘʟʚʘʥʠʝʤ N-((4-
ʧʠʨʨʦʣʠʜʠʥ-1-ʠʣ)ʭʠʥʘʟʦʣʠʥ-2-ʠʣ)ʤʝʪʠʣ)ʥʘʬʪʘʣʠʥ-1-ʩʫʣʴʬʘʤʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʉʡʪ. 4. ʊʫʩʬʣʫʬʩʦʙʸ ʭʧʩʥʬʤʙ 

 N-((4-ʨʡʩʩʧʤʡʝʡʦ-1-ʡʤ)ʮʡʦʙʠʧʤʡʦ-2-ʡʤ)ʥʞʫʡʤ)ʦʙʭʫʙʤʡʦ-1-ʪʬʤʵʭʙʥʡʝʙ [4, c. 51]. 
 
4. ɻʴʛʧʝʴ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʤʥʦʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʭʠʥʘʟʦʣʠʥʦʥʘ. ɼʘʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʤʦ-

ʛʫʪ ʦʢʘʟʘʪʴʩʷ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʘʢ ʦʙʝʟʙʦʣʠʚʘʶʱʠʝ ʩʨʝʜʩʪʚʘ, ʥʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʜʦʢʣʠ-
ʥʠʯʝʩʢʠʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʦʙʦʯʥʳʭ ʵʬ-
ʬʝʢʪʦʚ ʠ ʦʩʣʦʞʥʝʥʠʡ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. Chojnacka, W. Structural insights into GABAA receptor potentiation by Quaalude / W. Chojnacka, J. 

Teng, J. J. Kim, A. A. Jensen, R. E. Hibbs // Nature Communications. ï 2024. ï Vol. 15, iss. 1. ï Art. no. 5244. 
ï URL: https://pmc.ncbi.nlm.nih.gov/articles/PMC11187190/pdf/41467_2024_Article_49471.pdf (ʜʘʪʘ ʦʙʨʘ-
ʱʝʥʠʷ: 03.06.2026). ï DOI: 10.1038/s41467-024-49471-y. 

2. Anthony, A. T. Cannabinoid Receptors and Their Relationship With Chronic Pain: A Narrative Review 
/ A. T. Anthony, S. Rahmat, P. Sangle, O. Sandhu, S. Khan // Cureus. ï 2020. ï Vol. 12, iss. 9. ï Art. no. 
e10436. ï URL: https://pmc.ncbi.nlm.nih.gov/articles/PMC7557112/pdf/cureus-0012-00000010436.pdf (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ: 03.06.2026). ï DOI: 10.7759/cureus.1043. 

3. Qian, H. Y. Development of Quinazoline/Pyrimidine-2,4(1H,3H)-diones as Agonists of Cannabinoid 
Receptor Type 2 / H. Y. Qian, Z. L. Wang, Y. L. Pan, L. L. Chen, X. Xie, J. Z. Chen // ACS Medicinal Chemis-
try Letters. ï 2017. ï Vol. 8, iss. 6. ï P. 666ï670. ï URL: https://pmc.ncbi.nlm.nih.gov/articles/PMC5467194/ 

pdf/ml7b00007.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 03.06.2026). ï DOI: 10.1021/  acsmedchemlett.7b00007. 
4. ʇʘʪ. WO 2008/157500 A1 ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʄʇʂ 

C07D 239/94. Aminoquinazoline cannabinoid receptor modulators for treatment of disease / Gahman T. C., 
Thomas D. J., Lang H., Massari M. E. ; ʟʘʷʚʠʪʝʣʴ Kalyp-Sys, Inc. ; ʧʘʪʝʥʪʥʳʡ ʧʦʚʝʨʝʥʥʳʡ Bennett D. A.. ï 
ˉ PCT/US2008/067129 ; ʟʘʷʚʣ. 16.06.2008 ; ʦʧʫʙʣ. 24.12.2008. ï URL: 
https://patentimages.storage.googleapis.com/34/56/f5/dd25f704664ea0/WO2 008157500A1.pdf (ʜʘʪʘ ʦʙʨʘ-
ʱʝʥʠʷ: 03.06.2026). 

 



22 НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 

 

VII международная научно-практическая конференция  | МЦНС «НАУКА И ПРОСВЕЩЕНИЕ» 

 
 
 

БИОЛОГИЧЕСКИЕ НАУКИ 
  



НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 23 

 

VII International scientific conference | www.naukaip.ru 

УДК 57 

БИОХИМИЧЕСКИЕ ОСОБЕННОСТИ 
ФЕРМЕНТАЦИИ КОМБУЧИ (MEDUSOMYCES 
GISEVII): ОБЗОР МЕТАБОЛИЧЕСКИХ 
ПРОЦЕССОВ И ФАКТОРОВ РЕГУЛЯЦИИ 

Брехова Софья Алексеевна 
ʉʪʫʜʝʥʪʢʘ 

ʌɻɹʆʋ ɺʆ çʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʏʝʩʥʦʢʦʚʘ ʄ.ɻ. 
ʜ.ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ 

         ʌɻɹʆʋ ɺʆ çʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʤʙʠʦʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ Medusomyces gisevii (ʯʘʡʥʳʡ 
ʛʨʠʙ), ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘʧʠʪʢʘ ʢʦʤʙʫʯʘ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠ-
ʢʘ ʤʠʢʨʦʙʥʦʛʦ ʢʦʥʩʦʨʮʠʫʤʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʜʨʦʞʞʝʚʳʝ ʛʨʠʙʳ ʠ ʫʢʩʫʩʥʦʢʠʩʣʳʝ ʙʘʢʪʝʨʠʠ, ʘ ʪʘʢʞʝ ʠʭ 
ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʬʝʨʤʝʥʪʘʮʠʠ. ʆʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʫʛʣʝʚʦʜʦʚ, 
ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʵʪʘʥʦʣʘ ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦ-
ʮʝʩʩʳ ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʣʠʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʯʘʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 
ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ 
ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʘʭʘʨʦʟʳ, ʪʝʤʧʝʨʘʪʫʨʫ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ ʠ ʜʦʩʪʫʧ ʢʠʩʣʦʨʦʜʘ, ʥʘ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘʮʠʠ ʠ ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʤʝʪʘʙʦʣʠʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʙʫʯʘ ʧʨʝʜʩʪʘʚ-
ʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʦʙʣʘʜʘʶʱʫʶ ʚʳʩʦʢʦʡ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 
ʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʬʫʥʢʮʠʦʥʘʣʴ-
ʥʳʭ ʧʨʦʜʫʢʪʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʦʤʙʫʯʘ, Medusomyces gisevii, ʯʘʡʥʳʡ ʛʨʠʙ, ʬʝʨʤʝʥʪʘʮʠʷ, ʩʠʤʙʠʦʪʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʜʨʦʞʞʠ, ʫʢʩʫʩʥʦʢʠʩʣʳʝ ʙʘʢʪʝʨʠʠ, ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʮʝʣʣʶʣʦʟʘ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, 
ʧʦʣʠʬʝʥʦʣʳ, ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʧʠʪʢʠ, ʙʠʦʪʝʭʥʦʣʦʛʠʷ. 
 

TEA AS A SUBSTRATE FOR FERMENTATION: A COMPARATIVE CHARACTERIZATION OF BLACK 
TEA AND OOLONG 

Brekhova Sofya Alekseevna 
 

Scientific Supervisor: Chesnokova M.G. 
 

Abstract: The article examines the features of the symbiotic culture Medusomyces gisevii (kombucha), used 
to produce the fermented beverage kombucha. A characterization of the microbial consortium, including yeast 
fungi and acetic acid bacteria, as well as their role in fermentation processes, is presented. The main stages of 
carbohydrate metabolic transformations, mechanisms of organic acid formation, ethanol production, and bac-
terial cellulose synthesis are described. The processes of biotransformation of tea polyphenolic compounds, 
which affect the antioxidant properties of the final product, are considered. The influence of key technological 
factors, including sucrose concentration, cultivation temperature, medium acidity, and oxygen availability, on 
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fermentation efficiency and the composition of resulting metabolites is analyzed. It is shown that kombucha 
represents a complex biotechnological system with high metabolic activity and prospects for application in the 
food industry, biotechnology, and the development of functional products. 
Keywords: kombucha, Medusomyces gisevii, kombucha culture, fermentation, symbiotic culture of microor-
ganisms, yeasts, acetic acid bacteria, bacterial cellulose, organic acids, polyphenols, biotransformation, func-
tional beverages, biotechnology. 

 
ʂʦʤʙʫʯʘ ð ʬʝʨʤʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘʧʠʪʦʢ ʥʘ ʦʩʥʦʚʝ ʯʘʡʥʦʛʦ ʥʘʩʪʦʷ, ʧʦʣʫʯʘʝʤʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʩʠʤʙʠʦʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ Medusomyces gisevii (ʠʟʚʝʩʪʥʦʡ ʪʘʢʞʝ 
ʢʘʢ çʯʘʡʥʳʡ ʛʨʠʙè) [1, ʩ. 522]. 

ʕʪʦʪ ʫʥʠʢʘʣʴʥʳʡ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ, ʚ 
ʢʦʪʦʨʦʡ ʜʨʦʞʞʝʚʳʝ ʛʨʠʙʳ ʠ ʫʢʩʫʩʥʦʢʠʩʣʳʝ ʙʘʢʪʝʨʠʠ ʩʫʱʝʩʪʚʫʶʪ ʚ ʪʝʩʥʦʤ ʩʠʤʙʠʦʟʝ, ʦʙʨʘʟʫʷ ʟʦʦʛʣʝʡ-
ʥʫʶ ʩʪʨʫʢʪʫʨʫ ð ʧʣʘʚʘʶʱʫʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʮʝʣʣʶʣʦʟʥʫʶ ʙʠʦʧʣʸʥʢʫ [2, ʩ. 153]. 

Medusomyces gisevii ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʜʫʟʦʤʠʮʝʪʘʤ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʨʦʜʥʳʡ ʤʠʢʨʦʙʥʳʡ 
ʢʦʥʩʦʨʮʠʫʤ, ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝ-
ʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʫʩʣʦʚʠʡ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ɿʦʦʛʣʝʷ ʯʘʡʥʦʛʦ ʛʨʠʙʘ ð ʵʪʦ ʩʣʦʞʥʦʝ 
ʩʪʨʫʢʪʫʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ, ʚ ʢʦʪʦʨʦʤ ʠʤʤʦʙʠʣʠʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʠʢʨʦ-
ʦʨʛʘʥʠʟʤʳ. ʆʩʥʦʚʫ ʩʠʤʙʠʦʟʘ ʩʦʩʪʘʚʣʷʶʪ ʜʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʝ ʛʨʫʧʧʳ: 

1) ɼʨʦʞʞʝʚʳʝ ʛʨʠʙʳ (ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʦʜʘʤʠ Saccharomyces, Zygosaccharomyces, Brettanomyces, 
Candida, Schizosaccharomyces, Pichia, Torulopsis) ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʯʘʣʴʥʳʝ ʵʪʘʧʳ ʬʝʨʤʝʥʪʘʮʠʠ, ʦʩʫ-
ʱʝʩʪʚʣʷʷ ʛʠʜʨʦʣʠʟ ʩʘʭʘʨʦʟʳ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʙʨʦʞʝʥʠʝ ʤʦʥʦʩʘʭʘʨʠʜʦʚ [1, ʩ. 521]. 

2) ʋʢʩʫʩʥʦʢʠʩʣʳʝ ʙʘʢʪʝʨʠʠ (ʨʦʜʘ Acetobacter, Komagataeibacter, Gluconobacter, 
Gluconacetobacter) ʥʝ ʪʦʣʴʢʦ ʦʢʠʩʣʷʶʪ ʦʙʨʘʟʫʶʱʠʡʩʷ ʵʪʘʥʦʣ ʜʦ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʥʦ ʠ ʩʠʥʪʝʟʠʨʫʶʪ 
ʮʝʣʣʶʣʦʟʥʳʝ ʚʦʣʦʢʥʘ, ʬʦʨʤʠʨʫʶʱʠʝ ʤʘʪʨʠʢʩ ʟʦʦʛʣʝʠ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʡ ʧʨʦʜʫʮʝʥʪ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 
ʮʝʣʣʶʣʦʟʳ ð Komagataeibacter xylinus. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʤʙʠʦʥʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʬʝʥʦʤʝʥ quorum sensing ð ʤʝʭʘʥʠʟʤʘ ʤʝʞʢʣʝ-
ʪʦʯʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʙʘʣʘʥʩ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʤʠʢʨʦʙʥʳʤʠ ʧʦʧʫʣʷʮʠʷʤʠ. ɺ ʩʦ-
ʩʪʘʚʝ ʢʦʥʩʦʨʮʠʫʤʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʦʢʦʣʦ 1ï10% ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʧʝʨʩʠʩʪʝʨʦʚè ð ʧʦʢʦʷʱʠʭʩʷ 
ʢʣʝʪʦʢ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʟʘʱʠʪʥʫʶ ʠ ʘʜʘʧʪʠʚʥʫʶ ʬʦʨʤʫ [3, ʩ.1]. 

ʌʝʨʤʝʥʪʘʮʠʷ ʢʦʤʙʫʯʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʪʨʸʭʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ, ʠʥʪʝʛʨʠ-
ʨʫʶʱʠʡ ʪʨʠ ʪʠʧʘ ʙʨʦʞʝʥʠʷ: ʩʧʠʨʪʦʚʦʝ, ʫʢʩʫʩʥʦʢʠʩʣʦʝ ʠ ʤʦʣʦʯʥʦʢʠʩʣʦʝ [1, ʩ. 523]. 

ʀʩʭʦʜʥʘʷ ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ʩʦʜʝʨʞʠʪ ʩʘʭʘʨʦʟʫ (ʦʙʳʯʥʦ 5ï10% ʤʘʩʩ.) ʠ ʵʢʩʪʨʘʢʪ ʯʘʷ. ʇʝʨʚʳʤ 
ʵʪʘʧʦʤ ʤʝʪʘʙʦʣʠʟʤʘ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʣʠʟ ʩʘʭʘʨʦʟʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʨʦʞʞʝʚʦʡ ʠʥʚʝʨʪʘʟʳ (ɓ-
ʬʨʫʢʪʦʬʫʨʘʥʦʟʠʜʘʟʳ): ʨʘʩʱʝʧʣʝʥʠʝ ʩʘʭʘʨʦʟʳ ʥʘ ʛʣʶʢʦʟʫ ʠ ʬʨʫʢʪʦʟʫ. ʕʪʠ ʤʦʥʦʩʘʭʘʨʠʜʳ ʩʪʘʥʦʚʷʪʩʷ 
ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʩʘʭʘʨʘ ʢʨʠʪʠʯʝʩʢʠ ʚʣʠʷʝʪ ʥʘ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ: ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʠʞʝ 20 ʛ/ʢʛ ʨʘʩʪʚʦʨʘ ʥʘʙʣʶʜʘʝʪʩʷ 
ʟʘʤʝʜʣʝʥʠʝ ʬʝʨʤʝʥʪʘʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ (40 ʛ/ʢʛ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʝ ʢʠʩʣʦʪʦʥʘ-
ʢʦʧʣʝʥʠʝ ʠ ʛʘʨʤʦʥʠʯʥʳʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [2, ʩ. 154]. 

ɼʨʦʞʞʠ ʫʪʠʣʠʟʠʨʫʶʪ ʬʨʫʢʪʦʟʫ ʠ ʛʣʶʢʦʟʫ ʯʝʨʝʟ ʛʣʠʢʦʣʠʟ (ʧʫʪʴ ʕʤʙʜʝʥʘ-ʄʝʡʝʨʛʦʬʘ-ʇʘʨʥʘʩʘ), ʧʨʦ-
ʜʫʮʠʨʫʷ ʧʠʨʫʚʘʪ. ɺ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʧʠʨʫʚʘʪ ʜʝʢʘʨʙʦʢʩʠʣʠʨʫʝʪʩʷ ʜʦ ʘʮʝʪʘʣʴʜʝʛʠʜʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 
ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ ʵʪʘʥʦʣʘ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ɼʨʦʞʞʠ ʪʘʢʞʝ ʩʠʥʪʝʟʠʨʫʶʪ ʨʷʜ ʘʤʠʣʦʣʠʪʠʯʝʩʢʠʭ 
ʬʝʨʤʝʥʪʦʚ (ʘʤʠʣʘʟ), ʩʧʦʩʦʙʥʳʭ ʛʠʜʨʦʣʠʟʦʚʘʪʴ ʢʨʘʭʤʘʣʦʧʦʜʦʙʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʠʭ ʩʫʙ-
ʩʪʨʘʪʥʳʡ ʩʧʝʢʪʨ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʤʠʣʦʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ ʩ 
10-ʭ ʧʦ 30-ʝ ʩʫʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʜʦʩʪʠʛʘʷ 167,8 ʤʢʛ/ʤʠʥĬʤʣ ʚ ʥʝʬʠʣʴʪʨʦʚʘʥʥʦʡ ʩʨʝʜʝ [1, ʩ. 524]. 

ʋʢʩʫʩʥʦʢʠʩʣʳʝ ʙʘʢʪʝʨʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʢʠʩʣʝʥʠʝ ʵʪʘʥʦʣʘ, ʧʨʦʜʫʮʠʨʦʚʘʥʥʦʛʦ ʜʨʦʞʞʘʤʠ. ʈʝʘʢ-
ʮʠʷ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʜʚʫʤʷ ʢʣʶʯʝʚʳʤʠ ʬʝʨʤʝʥʪʘʤʠ: ʘʣʢʦʛʦʣʴʜʝʛʠʜʨʦʛʝʥʘʟʦʡ (ʦʢʠʩʣʷʝʪ ʵʪʘʥʦʣ ʜʦ ʘʮʝ-
ʪʘʣʴʜʝʛʠʜʘ) ʠ ʘʣʴʜʝʛʠʜʜʝʛʠʜʨʦʛʝʥʘʟʦʡ (ʦʢʠʩʣʷʝʪ ʘʮʝʪʘʣʴʜʝʛʠʜ ʜʦ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ). ʆʙʨʘʟʦʚʘʥʠʝ 
ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʧʨʦʮʝʩʩʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʥʠʞʝʥʠʝ pH ʜʦ ʢʦʥʝʯʥʳʭ 
ʟʥʘʯʝʥʠʡ 2,8ï3,5 [2, ʩ. 157]. 
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ʇʘʨʘʣʣʝʣʴʥʦ ʙʘʢʪʝʨʠʠ ʦʢʠʩʣʷʶʪ ʛʣʶʢʦʟʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʛʣʶʢʦʥʦʚʫʶ ʢʠʩʣʦʪʫ ʯʝʨʝʟ ʛʣʶʢʦʟʦ-
ʜʝʛʠʜʨʦʛʝʥʘʟʥʳʡ ʧʫʪʴ, ʘ ʪʘʢʞʝ ʩʠʥʪʝʟʠʨʫʶʪ ʮʝʣʣʶʣʦʟʫ ʠʟ ʛʣʶʢʦʟʳ. ʉʠʥʪʝʟ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ 
ʧʨʦʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ: ʢʦʥʩʦʣʠʜʘʮʠʷ ʙʘʢʪʝʨʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦ-
ʬʠʙʨʠʣʣ, ʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʠʭ ʢʦʣʦʥʠʟʘʮʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ [3, ʩ. 5]. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʧʦʣʠʬʝʥʦʣʳ 
ʯʘʷ. ʂʘʪʝʭʠʥʳ (ʵʧʠʛʘʣʣʦʢʘʪʝʭʠʥ, ʵʧʠʢʘʪʝʭʠʥ) ʚ ʧʨʦʮʝʩʩʝ ʬʝʨʤʝʥʪʘʮʠʠ ʯʘʩʪʠʯʥʦ ʜʝʧʦʣʠʤʝʨʠʟʫʶʪʩʷ ʠ 
ʤʦʜʠʬʠʮʠʨʫʶʪʩʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘʧʠʪʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʬʝʨʤʝʥʪʠʨʦ-
ʚʘʥʥʳʤ ʯʘʝʤ. ʊʝʘʨʫʙʠʛʠʥʳ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʪʝʘʬʣʘʚʠʥʳ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʩʚʝʪʣʝʥʠʝʤ ʢʫʣʴʪʫ-
ʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʦʪ ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʩʚʝʪʣʦ-ʞʸʣʪʦʛʦ ʮʚʝʪʘ. 

pH ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘʮʠʠ ʠ ʨʝʛʫʣʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ 
ʬʝʨʤʝʥʪʦʚ ʩʠʤʙʠʦʥʪʦʚ. ɺ ʭʦʜʝ 4ï6-ʩʫʪʦʯʥʦʡ ʬʝʨʤʝʥʪʘʮʠʠ pH ʩʥʠʞʘʝʪʩʷ ʩ ʥʝʡʪʨʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 
(6,0ï7,0) ʜʦ 2,9ï3,4. ʉʥʠʞʝʥʠʝ pH ʥʝ ʪʦʣʴʢʦ ʬʦʨʤʠʨʫʝʪ ʚʢʫʩʦʚʦʡ ʧʨʦʬʠʣʴ, ʥʦ ʠ ʩʦʟʜʘʸʪ ʩʝʣʝʢʪʠʚʥʳʝ 
ʫʩʣʦʚʠʷ, ʧʦʜʘʚʣʷʶʱʠʝ ʨʦʩʪ ʢʦʥʪʘʤʠʥʠʨʫʶʱʝʡ ʤʠʢʨʦʬʣʦʨʳ. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʯʘʣʴʥʘʷ 
ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʘʭʘʨʘ ʚʳʰʝ 20 ʛ/ʢʛ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʩʥʠʞʝʥʠʷ pH, ʪʦ-
ʛʜʘ ʢʘʢ ʧʨʠ ʤʝʥʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʬʝʨʤʝʥʪʘʮʠʷ ʟʘʤʝʜʣʷʝʪʩʷ [2, ʩ. 152]. 

ʆʧʪʠʤʘʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ M. gisevii ʩʦʩʪʘʚʣʷʝʪ 20ï25ÁC. ɹʦ-
ʣʝʝ ʥʠʟʢʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʥʠʞʝ 10ÁC) ʩʪʠʤʫʣʠʨʫʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʟʦʛʣʝʠ ð ʥʠʪʝʚʠʜ-
ʥʳʭ ʩʪʨʫʢʪʫʨ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʮʝʣʣʶʣʦʟʳ. ɼʦʩʪʫʧ ʢʠʩʣʦʨʦʜʘ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʝʥ ʜʣʷ ʫʢʩʫʩʥʦʢʠʩʣʳʭ ʙʘʢ-
ʪʝʨʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʘʵʨʦʙʥʦʝ ʦʢʠʩʣʝʥʠʝ ʵʪʘʥʦʣʘ; ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʘʵʨʘʮʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʢʦʧ-
ʣʝʥʠʶ ʵʪʘʥʦʣʘ ʠ ʥʘʨʫʰʝʥʠʶ ʙʘʣʘʥʩʘ ʤʝʪʘʙʦʣʠʪʦʚ [2, ʩ. 6]. 

ʊʠʧ ʯʘʷ (ʯʸʨʥʳʡ, ʟʝʣʸʥʳʡ) ʚʣʠʷʝʪ ʥʘ ʩʦʩʪʘʚ ʧʦʣʠʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʶʪ ʥʝ 
ʪʦʣʴʢʦ ʢʘʢ ʩʫʙʩʪʨʘʪʳ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʢʘʢ ʨʝʛʫʣʷʪʦʨʳ ʤʠʢʨʦʙʥʦʛʦ ʨʦʩʪʘ. ɿʝʣʸʥʳʡ ʯʘʡ ʩ ʙʦʣʝʝ ʚʳ-
ʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʪʝʭʠʥʦʚ ʤʦʞʝʪ ʤʦʜʫʣʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʸʥʥʳʭ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʠʩʪʝʤ.  

ɿʘʢʣʶʯʝʥʠʝ 
ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʝʨʤʝʥʪʘʮʠʠ ʢʦʤʙʫʯʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʦʧʝʨʘʪʠʚʥʳʤ ʤʝʪʘʙʦʣʠʟʤʦʤ 

ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʩʠʤʙʠʦʥʪʦʚ ð ʜʨʦʞʞʝʡ ʠ ʫʢʩʫʩʥʦʢʠʩʣʳʭ ʙʘʢʪʝʨʠʡ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʨʛʘʥʠʟʦʚʘʥ-
ʥʳʭ ʚ ʮʝʣʣʶʣʦʟʥʦʡ ʤʘʪʨʠʮʝ ʟʦʦʛʣʝʠ. ɼʨʦʞʞʝʚʘʷ ʠʥʚʝʨʪʘʟʘ ʠ ʘʤʠʣʘʟʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʚʠʯʥʫʶ ʜʝ-
ʛʨʘʜʘʮʠʶ ʫʛʣʝʚʦʜʦʚ, ʛʣʠʢʦʣʠʟ ʚʝʜʸʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʪʘʥʦʣʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʦʢʠʩʣʷʝʪʩʷ ʙʘʢʪʝʨʠʘʣʴʥʳ-
ʤʠ ʜʝʛʠʜʨʦʛʝʥʘʟʘʤʠ ʜʦ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ð ʦʩʥʦʚʥʦʛʦ ʢʠʩʣʦʪʦʦʙʨʘʟʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʇʘʨʘʣʣʝʣʴʥʦ 
ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʛʣʶʢʦʥʦʚʘʷ, ʛʣʶʢʫʨʦʥʦʚʘʷ ʠ ʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʬʝ-
ʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʟ ʯʘʡʥʳʭ ʧʦʣʠʬʝʥʦʣʦʚ. 

ɼʠʥʘʤʠʢʘ ʬʝʨʤʝʥʪʘʮʠʠ ʠ ʩʦʩʪʘʚ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʘʨʘʤʝʪʨʘʤ ʢʫʣʴʪʠʚʠʨʦʚʘ-
ʥʠʷ: ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʘ (ʦʧʪʠʤʫʤ 40 ʛ/ʢʛ), ʪʝʤʧʝʨʘʪʫʨʝ (20ï25ÁC), pH (ʢʦʥʝʯʥʳʡ 2,8ï3,5) ʠ 
ʘʵʨʘʮʠʠ. ʇʦʥʠʤʘʥʠʝ ʵʪʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝ-
ʥʠʝ, ʥʦ ʠ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʙʫʯʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʟ-
ʨʘʙʦʪʢʠ ʥʦʚʳʭ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ð ʦʪ ʧʦʣʫʯʝʥʠʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʬʝʨʤʝʥʪʘʮʠʠ (SCOBY-ʙʠʦʧʣʸʥʦʢ) ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʦʚ ʠʣʠ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ. 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʩʪʦʣʴʥʳʡ ʪʝʥʥʠʩ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʚʠʜ ʩʧʦʨʪʘ ʩ ʪʦʯʢʠ 
ʟʨʝʥʠʷ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝ-
ʠʤʫʱʝʩʪʚʘ ʟʘʥʷʪʠʡ, ʚʢʣʶʯʘʷ ʨʘʟʚʠʪʠʝ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ ʧʦʣʦ-
ʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʥʘʩʪʦʣʴʥʳʡ ʪʝʥʥʠʩ; ʧʠʥʛ-ʧʦʥʛ; ʟʜʦʨʦʚʴʝ; ʢʦʦʨʜʠʥʘʮʠʷ; ʨʝʘʢʮʠʷ; ʢʦʛʥʠʪʠʚʥʳʝ ʬʫʥʢ-
ʮʠʠ; ʘʵʨʦʙʥʘʷ ʥʘʛʨʫʟʢʘ; ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
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Annotation: This article examines table tennis as an effective sport in terms of its impact on the human body. 
It analyzes the physiological and psychological benefits of table tennis, including the development of cognitive 
functions, coordination abilities, and a positive effect on the cardiovascular system. 
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emotional state. 

 
ɻʛʞʝʞʦʡʞ: 
ɻʠʧʦʜʠʥʘʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʩʦʚʨʝʤʝʥʥʦʡ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩ-

ʢʘ ʜʦʩʪʫʧʥʳʭ ʬʦʨʤ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʧʦʩʦʙʥʳʭ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʜʝʬʠʮʠʪ ʥʘʛʨʫʟʦʢ. ʅʘʩʪʦʣʴ-
ʥʳʡ ʪʝʥʥʠʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʳʡ ʚʠʜ ʩʧʦʨʪʘ, ʛʜʝ ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʵʨʦʙʥʦʛʦ ʦʙʤʝʥʘ 
ʩʦʯʝʪʘʝʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʤʛʥʦʚʝʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʠʟʫʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʎʝʣʴʶ ʥʘʩʪʦ-
ʷʱʝʛʦ ʘʥʘʣʠʟʘ ʚʳʩʪʫʧʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʙʘʟʦʚʳʭ ʩʢʦʨʦʩʪʥʦ-ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʫ ʠʥʜʠʚʠʜʦʚ, ʧʨʘʢʪʠʢʫʶʱʠʭ ʜʘʥʥʳʡ ʚʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠ ʣʠʮ ʩ ʧʨʝʠʤʫ-
ʱʝʩʪʚʝʥʥʦ ʧʘʩʩʠʚʥʳʤ ʜʦʩʫʛʦʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. 

 
ʇʩʜʙʦʡʠʙʯʡʸ ʡ ʥʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ: 
ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʛʠʧʦʪʝʟʳ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʢʦʛʦʨʪʘ ʠʟ ʜʚʫʭ ʚʳʙʦʨʦʯʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʧʦ 

15 ʩʣʫʯʘʡʥʳʭ ʯʝʣʦʚʝʢ (n=15), ʚ ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 18 ʜʦ 35 ʣʝʪ. ɼʠʬʬʝʨʝʥʮʠʘʮʠʷ ʛʨʫʧʧ 
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ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʢʨʠʪʝʨʠʶ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ: 
¶ ɼʩʬʨʨʙ ɹ (ʶʣʪʨʞʩʡʥʞʦʫʙʤʵʦʙʸ): ʩʫʙʲʝʢʪʳ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʠʛʨʦʚʳʭ ʩʝʩʩʠʷʭ ʧʦ 

ʥʘʩʪʦʣʴʥʦʤʫ ʪʝʥʥʠʩʫ ʩ ʯʘʩʪʦʪʦʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʟ - ʜʚʘ ʚ ʥʝʜʝʣʶ. 
¶ ɼʩʬʨʨʙ ɺ (ʣʧʦʫʩʧʤʵʦʙʸ): ʩʫʙʲʝʢʪʳ, ʯʝʡ ʦʙʨʘʟ ʞʠʟʥʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʵʥʝʨʛʦ-

ʟʘʪʨʘʪ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʨʝʛʫʣʷʨʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʆʮʝʥʢʝ ʧʦʜʣʝʞʘʣʠ ʜʚʘ ʧʘʨʘʤʝʪʨʘ: ʣʘʪʝʥʪʥʳʡ 
ʧʝʨʠʦʜ ʧʨʦʩʪʦʡ ʟʨʠʪʝʣʴʥʦ-ʤʦʪʦʨʥʦʡ ʨʝʘʢʮʠʠ ʠ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʧʨʠʦʮʝʧʪʠʚʥʦʡ ʢʦʦʨʜʠʥʘ-
ʮʠʠ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʪʦʢʦʣ ʪʝʩʪʠʨʦʚʘʥʠʷ çʇʦʡʤʘʡ ʤʷʯè, ʬʠʢʩʠʨʫʶʱʠʡ 
ʢʦʣʠʯʝʩʪʚʦ ʫʩʧʝʰʥʳʭ ʧʦʧʳʪʦʢ ʠʟ ʜʝʩʷʪʠ. 

 
ʋ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʠʟʤʝʨʷʣʠʩʴ ʜʚʘ ʧʦʢʘʟʘʪʝʣʷ: ʩʢʦʨʦʩʪʴ ʧʨʦʩʪʦʡ ʟʨʠʪʝʣʴʥʦ-ʤʦʪʦʨʥʦʡ ʨʝʘʢʮʠʠ ʠ 

ʢʦʦʨʜʠʥʘʮʠʷ ʜʚʠʞʝʥʠʡ. ɼʣʷ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʮʠʠ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 
çʇʦʡʤʘʡ ʤʷʯè (ʢʦʣʠʯʝʩʪʚʦ ʫʜʘʯʥʳʭ ʧʦʧʳʪʦʢ ʠʟ 10). 

 
ʉʞʠʬʤʵʫʙʫʴ ʡʪʪʤʞʝʧʛʙʦʡʸ: 
ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ ʟʘʢʦʥʦʤʝʨʥʳʭ ʨʘʟʣʠʯʠʡ 

ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʫʯʘʩʪʥʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧ. ʕʪʠ ʨʘʩʭʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤ 
ʩʣʝʜʩʪʚʠʝʤ ʨʘʟʥʠʮʳ ʚ ʫʨʦʚʥʝ ʠʭ ʧʦʚʩʝʜʥʝʚʥʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 
ʋʙʚʤʡʯʙ 1 

ɽʡʦʙʥʡʣʙ ʭʡʠʡʰʞʪʣʡʮ ʨʧʣʙʠʙʫʞʤʞʢ ʣʙʰʞʪʫʛʙ (ʪʥ) 

ɻʨʫʧʧʘ ʉʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ (ʩʨʝʜʥʝʝ Ñ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ) 

ɸ (ʀʛʨʘʶʪ ʚ ʧʠʥʛ-ʧʦʥʛ) 18.4Ñ1.9 

ɹ (ʄʘʣʦʧʦʜʚʠʞʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ) 24.8Ñ2.3 

ʀʩʪʦʯʥʠʢ: ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʦʤ 
ʇʨʠʤʝʯʘʥʠʝ: ʊʝʩʪ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʧʘʜʝʥʠʷ ʣʠʥʝʡʢʠ. ɺʝʣʠʯʠʥʘ ʧʦʢʘʟʘʪʝʣʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦ-
ʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ: ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʝʘʢʪʠʚʥʦʩʪʠ 
ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

 
ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʊʘʙʣʠʮʝ 1 ʨʝʟʫʣʴʪʘʪʳ ʥʘʛʣʷʜʥʦ ʠʣʣʶʩʪʨʠʨʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʘʢʪʠʚʥʦʡ ʛʨʫʧ-

ʧʳ. ʉʢʦʨʦʩʪʴ ʩʝʥʩʦʤʦʪʦʨʥʦʡ ʨʝʘʢʮʠʠ ʫ ʥʠʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʟʥʠʮʝʡ ʧʦʢʘʟʘ-
ʪʝʣʝʡ, ʧʨʝʚʳʰʘʶʱʝʡ ʰʝʩʪʴ ʩʘʥʪʠʤʝʪʨʦʚ. 

 
ʋʙʚʤʡʯʙ 2 

ʊʩʙʛʦʞʦʡʞ ʪʩʞʝʦʡʮ ʨʧʣʙʠʙʫʞʤʞʢ ʣʧʧʩʝʡʦʙʯʡʡ (ʚʙʤʤʴ) 

ɻʨʫʧʧʘ ʂʦʦʨʜʠʥʘʮʠʷ (ʪʝʩʪ "ʇʦʡʤʘʡ ʤʷʯ", ʩʨʝʜʥʝʝ Ñ ʩʪ. ʦʪʢʣ.) 

ɸ (ʀʛʨʘʶʪ ʚ ʧʠʥʛ-ʧʦʥʛ) 8.6Ñ0.8 

ɹ (ʄʘʣʦʧʦʜʚʠʞʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ) 6.1Ñ1.1 

ʀʩʪʦʯʥʠʢ: ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʦʤ 
 
ʂʘʨʪʠʥʘ, ʥʘʙʣʶʜʘʝʤʘʷ ʧʨʠ ʦʮʝʥʢʝ ʢʦʦʨʜʠʥʘʮʠʠ (ʊʘʙʣʠʮʘ 2), ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʝʪ ʧʨʝʜʳʜʫʱʠʡ 

ʪʝʩʪ. ʋʯʘʩʪʥʠʢʠ, ʨʝʛʫʣʷʨʥʦ ʠʛʨʘʶʱʠʝ ʚ ʥʘʩʪʦʣʴʥʳʡ ʪʝʥʥʠʩ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʣʫʯʰʠʝ ʧʦʢʘ-
ʟʘʪʝʣʠ ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʚʠʞʝʥʠʡ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʧʦʜʪʚʝʨʜʠʣʘ ʥʝʩʣʫʯʘʡʥʳʡ 
ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʦʪʣʠʯʠʡ (p < 0.01). 

ʅʝ ʤʦʛʫ ʥʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʦʮʝʥʢʠ ʢʦʛʥʠʪʠʚʥʦʛʦ ʘʩʧʝʢʪʘ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 
ʪʝʩʪ çʉʪʨʫʧʘè, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʠʟʫʯʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʝʨʝʢʣʶʯʝʥʠʶ ʚʥʠʤʘʥʠʷ. 

ʆʜʥʘʢʦ ʧʦʣʴʟʘ ʥʘʩʪʦʣʴʥʦʛʦ ʪʝʥʥʠʩʘ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʠʤʠ ʢʦʥʜʠʮʠʷʤʠ. ʕʪʦʪ 
ʚʠʜ ʩʧʦʨʪʘ ʪʨʝʙʫʝʪ ʧʨʝʜʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʠʤʘʥʠʷ ʠ ʫʤʝʥʠʷ ʙʳʩʪʨʦ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʟʘʜʘ-
ʯʘʤʠ. 
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ʋʙʚʤʡʯʙ 3 
ʊʩʙʛʦʞʦʡʞ ʨʧʣʙʠʙʫʞʤʞʢ ʣʧʜʦʡʫʡʛʦʧʢ ʜʡʚʣʧʪʫʡ ʡ ʛʦʡʥʙʦʡʸ 

ɻʨʫʧʧʘ ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʘ (ʩʝʢ.) ʂʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ 

ɸ (ʀʛʨʘʶʪ ʚ ʧʠʥʛ-ʧʦʥʛ) 28.4Ñ3.1 1.2Ñ0.5 

ɹ (ʄʘʣʦʧʦʜʚʠʞʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ) 36.7Ñ4.2 2.9Ñ0.8 

ʀʩʪʦʯʥʠʢ: ʨʘʟʨʘʙʦʪʘʥʦ ʘʚʪʦʨʦʤ 
 
ɼʘʥʥʳʝ ʠʟ ʊʘʙʣʠʮʳ 3 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʣʠʷʥʠʝ ʟʘʥʷʪʠʡ ʟʘʪʨʘʛʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʬʠʟʠʦʣʦʛʠʶ. ʀʛ-

ʨʦʢʠ ʩʧʨʘʚʠʣʠʩʴ ʩ ʟʘʜʘʥʠʝʤ ʙʳʩʪʨʝʝ ʠ, ʯʪʦ ʚʘʞʥʝʝ, ʜʦʧʫʩʪʠʣʠ ʧʦʯʪʠ ʚʪʨʦʝ ʤʝʥʴʰʝ ʦʰʠʙʦʢ. ʕʪʦ ʛʦʚʦ-
ʨʠʪ ʦ ʨʘʟʚʠʪʠʠ ʥʘʚʳʢʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʥʠʤʘʥʠʷ ð ʫʤʝʥʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʛʣʘʚʥʦʤ ʠ ʦʪʬʠʣʴʪʨʦ-
ʚʳʚʘʪʴ ʧʦʤʝʭʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʩʘʤʳʤ ʚʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʚ ʜʠʥʘʤʠʯʥʦʡ ʠʛʨʝ. 

 
ʀʙʣʤʷʰʞʦʡʞ: 
ʇʨʦʚʝʜʝʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʛʫʣʷʨʥʳʝ ʟʘʥʷʪʠʷ ʥʘʩʪʦʣʴʥʳʤ ʪʝʥʥʠʩʦʤ 

ʚʳʩʪʫʧʘʶʪ ʤʦʱʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʜʚʠʞʝʥʠʡ. ʇʦʣʫ-
ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʵʪʦʪ ʚʠʜ ʩʧʦʨʪʘ ʥʝ ʧʨʦʩʪʦ ʢʘʢ ʬʦʨʤʫ ʜʦʩʫʛʘ, ʘ ʢʘʢ 
ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʥʝʡʨʦʤʳʰʝʯʥʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ʠ ʧʨʝʚʝʥʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʜʦ-
ʩʪʫʧʥʦʩʪʠ ʠ ʥʠʟʢʦʤʫ ʧʦʨʦʛʫ ʚʭʦʜʘ, ʜʘʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʰʠʨʦʢʠʤ ʩʣʦʷʤ 
ʥʘʩʝʣʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʩʠʭʦʬʠʟʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʄʘʪʚʝʝʚ ʃ.ʇ. ʊʝʦʨʠʷ ʠ ʤʝʪʦʜʠʢʘ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ. ï ʄ.: ʌʠʟʢʫʣʴʪʫʨʘ ʠ ʩʧʦʨʪ, 2020. 
2. ʍʦʣʦʜʦʚ ɾ.ʂ., ʂʫʟʥʝʮʦʚ ɺ.ʉ. ʊʝʦʨʠʷ ʠ ʤʝʪʦʜʠʢʘ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʠ ʩʧʦʨʪʘ. ï ʄ.: 

ɸʢʘʜʝʤʠʷ, 2018. 
É ɹʦʯʘʨʦʚ ʅ.ɼ., 2026 

  



НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 29 

 

VII International scientific conference | www.naukaip.ru 

 
 
 

ТЕХНИЧЕСКИЕ НАУКИ 
  



30 НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 

 

VII международная научно-практическая конференция  | МЦНС «НАУКА И ПРОСВЕЩЕНИЕ» 

УДК 656.13:519.83 

АНАЛИТИЧЕСКОЕ ОПРЕДЕЛЕНИЕ РЕЙТИНГА 
ТРАНСПОРТНЫХ ПРЕДПРИЯТИЙ ПРИ ОЦЕНКЕ 
ИХ ЭФФЕКТИВНОСТИ 

Судоргин Роман Олегович 
ʢ.ʵ.ʥ, ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʋʂʅʀ 

ʌɻɹʆʋ ɺʆ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʫʧʨʘʚʣʝʥʠʷ 
 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʘʧʧʘʨʘʪʘ ʪʝʦʨʠʠ ʠʛʨ ʩ ʧʨʠʨʦʜʦʡ ʢ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦ-
ʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʢʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʝʠʟʚʝʩʪʥʳ. ɿʘʜʘʯʘ ʬʦʨʤʘʣʠʟʦʚʘʥʘ ʧʣʘʪʝʞʥʦʡ ʤʘʪʨʠʮʝʡ çʧʨʝʜʧʨʠʷ-
ʪʠʝ ð ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʳè. ʀʟʣʦʞʝʥʳ ʢʨʠʪʝʨʠʠ ɺʘʣʴʜʘ, ʤʘʢʩʠʤʘʢʩʘ, ɻʫʨʚʠʮʘ, ʃʘʧʣʘʩʘ ʠ ʉʵʚʠʜʞʘ, ʧʨʠ-
ʚʝʜʝʥ ʯʠʩʣʝʥʥʳʡ ʧʨʠʤʝʨ ʚʳʙʦʨʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 
ʨʝʰʝʥʠʷ ʢ ʢʦʵʬʬʠʮʠʝʥʪʫ ʦʧʪʠʤʠʟʤʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʠʛʨʘ ʩ 
ʧʨʠʨʦʜʦʡ, ʧʣʘʪʝʞʥʘʷ ʤʘʪʨʠʮʘ, ʢʨʠʪʝʨʠʡ ɺʘʣʴʜʘ, ʢʨʠʪʝʨʠʡ ɻʫʨʚʠʮʘ, ʢʨʠʪʝʨʠʡ ʉʵʚʠʜʞʘ, ʤʘʪʨʠʮʘ ʨʠʩ-
ʢʦʚ. 
 
APPLICATION OF GAME THEORY AGAINST NATURE TO ASSESS THE EFFICIENCY OF TRANSPORT 

AND LOGISTICS ENTERPRISES UNDER UNCERTAINTY 
 

Sudorgin Roman Olegovich  
 
Abstract. The paper considers the application of the apparatus of game theory against nature to assessing 
the efficiency of transport and logistics enterprises under uncertainty, when the probabilistic characteristics of 
external factors are unknown. The problem is formalized by a payoff matrix ñenterprise ï state of the environ-
mentò. The Wald, maximax, Hurwicz, Laplace and Savage criteria are presented, a numerical example of 
choosing the preferred enterprise is given, and the stability of the solution with respect to the optimism coeffi-
cient is analyzed. 
Key words: transport and logistics enterprise, efficiency, uncertainty, game against nature, payoff matrix, 
Wald criterion, Hurwicz criterion, Savage criterion, risk matrix. 

 
ɻʛʞʝʞʦʡʞ 
ʊʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ: 

ʨʝʟʫʣʴʪʘʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʭʦʜʷʱʠʭ ʚ ʥʝʝ ʧʨʝʜʧʨʠʷʪʠʡ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ 
ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ð ʢʦʥʲʶʥʢʪʫʨʳ ʨʳʥʢʘ ʧʝʨʝʚʦʟʦʢ, ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʛʨʫʟʦʧʦʪʦʢʦʚ, ʜʠʥʘʤʠʢʠ ʪʘ-
ʨʠʬʦʚ ʠ ʪʦʧʣʠʚʥʳʭ ʮʝʥ, ʠʟʤʝʥʝʥʠʷ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ. ʉ ʨʘʟʚʝʨʪʳʚʘʥʠʝʤ ʅʘʮʠʦʥʘʣʴʥʦʡ ʮʠʬʨʦʚʦʡ 
ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ çɻʦʩʃʦʛè, ʘʢʢʫʤʫʣʠʨʫʶʱʝʡ ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʧʝʨʝʚʦʟʯʠ-
ʢʘʭ ʠ ʵʢʩʧʝʜʠʪʦʨʘʭ, ʦʙʲʝʤ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʨʘʩʪʘʝʪ, ʦʜʥʘʢʦ ʩʘʤʘ ʧʨʠʨʦʜʘ 
ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʦʩʪʘʝʪʩʷ ʩʣʘʙʦ ʧʨʝʜʩʢʘʟʫʝʤʦʡ [1]. 

ʂʣʶʯʝʚʘʷ ʪʨʫʜʥʦʩʪʴ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʥʳʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʦʷʥʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʠʟʚʝʩʪʥʳ: ʦʪʩʫʪʩʪʚʫʶʪ ʥʘʜʝʞʥʳʝ ʜʘʥʥʳʝ ʦ 
ʟʘʢʦʥʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʦʧʠʩʳʚʘʶʱʠʭ ʬʘʢʪʦʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ 
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ʧʨʷʤʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʠʟʚʝʩʪʥʳʝ ʨʘʩʧʨʝʜʝ-
ʣʝʥʠʷ, ʠ ʧʝʨʝʚʦʜʠʪ ʟʘʜʘʯʫ ʠʟ ʦʙʣʘʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʨʠʩʢʘ ʚ ʦʙʣʘʩʪʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-
ʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɸʜʝʢʚʘʪʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ 
ʩʣʫʞʠʪ ʪʝʦʨʠʷ ʠʛʨ, ʘ ʪʦʯʥʝʝ ð ʝʝ ʨʘʟʜʝʣ, ʦʧʠʩʳʚʘʶʱʠʡ ʠʛʨʳ ʩ ʧʨʠʨʦʜʦʡ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʦʡ ʠʛʨʳ ʜʚʫʭ ʨʘʟʫʤʥʳʭ ʠʛʨʦʢʦʚ, ʚ ʠʛʨʝ ʩ ʧʨʠʨʦʜʦʡ ʚʪʦʨʦʡ ʫʯʘʩʪʥʠʢ 
(çʧʨʠʨʦʜʘè) ʥʝ ʧʨʝʩʣʝʜʫʝʪ ʦʩʦʟʥʘʥʥʦʡ ʮʝʣʠ ʠ ʥʝ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʨʝʰʝʥʠʶ, ʦʜʥʘʢʦ ʝʛʦ ʧʦʚʝʜʝʥʠʝ 
ʟʘʨʘʥʝʝ ʥʝ ʦʧʨʝʜʝʣʝʥʦ. ɼʣʷ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʢʨʠʪʝʨʠʝʚ, 
ʦʧʠʨʘʶʱʠʭʩʷ ʥʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʠ, ʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʘʤʦʡ ʤʘʪʨʠʮʳ ʚʳʠʛʨʳʰʝʡ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦ-
ʪ rð ʧʦʢʘʟʘʪʴ, ʢʘʢ ʵʪʦʪ ʘʧʧʘʨʘʪ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦ-
ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʨʝʡʪʠʥʛʘ, ʫʩʪʦʡʯʠʚʦʛʦ ʢ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚʥʝʰʥʠʭ 
ʫʩʣʦʚʠʡ. 

 
ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ 
ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʩʨʘʚʥʠʚʘʝʤʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʇ1, é, ʇm, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʪʩʷ ʢʘʢ ʩʪʨʘʪʝʛʠʷ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʝ (ʃʇʈ). ɺʥʝʰʥʷʷ ʩʨʝʜʘ ʩʧʦʩʦʙʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜ-
ʥʦʤ ʠʟ n ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʭ ʩʦʩʪʦʷʥʠʡ Q1, é, Qn, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʘʨʘʢʪʝʨʥʳʤ ʩʦʯʝʪʘʥʠʷʤ ʚʦʟʤʫ-
ʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʙʣʘʛʦʧʨʠʷʪʥʦʡ, ʩʪʘʙʠʣʴʥʦʡ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʢʦʥʲʶʥʢʪʫʨʝ, ʘ ʪʘʢʞʝ 
ʨʝʞʠʤʫ ʧʦʚʳʰʝʥʥʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʛʨʫʟʦʧʦʪʦʢʦʚ). ʕʬʬʝʢʪʠʚʥʦʩʪʴ i-ʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʠ j-ʤ ʩʦʩʪʦʷʥʠʠ 
ʩʨʝʜʳ ʦʙʦʟʥʘʯʠʤ aij ʠ ʟʘʜʘʜʠʤ ʧʣʘʪʝʞʥʦʡ ʤʘʪʨʠʮʝʡ: 

    ,       1  ;      1 A aij i m j n= = » = »ớ ớ  

ʕʣʝʤʝʥʪʳ aij ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʝʜʠʥʦʡ ʙʝʟʨʘʟʤʝʨʥʦʡ ʰʢʘʣʝ [0; 1] ʟʥʘʯʝʥʠʷ 
ʢʦʤʧʣʝʢʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʩʚʝʨʪʢʦʡ ʯʘʩʪʥʳʭ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʜ-
ʧʨʠʷʪʠʷ. ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ 
Qj ʥʝʠʟʚʝʩʪʥʦ; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʮʠʦʥʘʣʴʥʳʡ ʚʳʙʦʨ ʜʦʣʞʝʥ ʦʧʠʨʘʪʴʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʩʪʨʫʢʪʫʨʫ 
ʤʘʪʨʠʮʳ A. ʉʭʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʠʛʨʳ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
ʉʡʪ. 1. ʊʮʞʥʙ ʠʙʝʙʰʡ ʧʯʞʦʣʡ ʶʭʭʞʣʫʡʛʦʧʪʫʡ ʣʙʣ ʡʜʩʴ ʪ ʨʩʡʩʧʝʧʢ 

 
ʂʨʠʪʝʨʠʡ ɺʘʣʴʜʘ (ʤʘʢʩʠʤʠʥʥʳʡ) ʦʪʨʘʞʘʝʪ ʢʨʘʡʥʝ ʦʩʪʦʨʦʞʥʫʶ, ʧʝʩʩʠʤʠʩʪʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ 

ʃʇʈ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʥʘ ʥʘʠʭʫʜʰʝʝ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʨʝʜʳ [2]. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘ-
ʝʪʩʷ ʧʨʝʜʧʨʠʷʪʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʥʘʠʙʦʣʴʰʫʶ ʛʘʨʘʥʪʠʨʦʚʘʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ: 

        .W maxi minj aij=  

ʇʨʦʪʠʚʦʧʦʣʦʞʥʫʶ, ʦʧʪʠʤʠʩʪʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ ʚʳʨʘʞʘʝʪ ʢʨʠʪʝʨʠʡ ʤʘʢʩʠʤʘʢʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʳ-
ʙʦʨ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʩʦʩʪʦʷʥʠʝ: 

        .M maxi maxj aij=  
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ʇʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʢʨʘʡʥʦʩʪʷʤʠ ʟʘʥʠʤʘʝʪ ʢʨʠʪʝʨʠʡ ɻʫʨʚʠʮʘ, ʚʚʦʜʷʱʠʡ ʢʦ-
ʵʬʬʠʮʠʝʥʪ ʦʧʪʠʤʠʟʤʘ ɚ  ɴ[0; 1], ʢʦʪʦʨʳʡ ʚʟʚʝʰʠʚʘʝʪ ʥʘʠʣʫʯʰʠʡ ʠ ʥʘʠʭʫʜʰʠʡ ʠʩʭʦʜʳ ʜʣʷ ʢʘʞʜʦʛʦ 
ʧʨʝʜʧʨʠʷʪʠʷ: 

( )           1        ,          Hi maxj aij minj aij H maxi Hil l= + - =  

ʇʨʠ ɚ = 0 ʢʨʠʪʝʨʠʡ ɻʫʨʚʠʮʘ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʢʨʠʪʝʨʠʡ ɺʘʣʴʜʘ, ʧʨʠ ɚ = 1 ð ʚ ʤʘʢʩʠʤʘʢʩ. ɽʩʣʠ ʚʩʝ 
ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʩʯʠʪʘʪʴ ʨʘʚʥʦʚʦʟʤʦʞʥʳʤʠ, ʧʨʠʤʝʥʷʝʪʩʷ ʢʨʠʪʝʨʠʡ ʃʘʧʣʘʩʘ, ʫʩʨʝʜʥʷʶʱʠʡ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʧʦ ʩʪʦʣʙʮʘʤ ʤʘʪʨʠʮʳ: 

( )   1/   1  ,           .Li n nj aij L maxi Li= S = =  

ʅʘʢʦʥʝʮ, ʢʨʠʪʝʨʠʡ ʉʵʚʠʜʞʘ ʠʩʭʦʜʠʪ ʠʟ ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦʛʦ ʩʦʞʘʣʝʥʠʷ (ʫʧʫʱʝʥʥʦʡ ʚʳʛʦ-
ʜʳ). ɼʣʷ ʵʪʦʛʦ ʩʪʨʦʠʪʩʷ ʤʘʪʨʠʮʘ ʨʠʩʢʦʚ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʦʪʢʣʦʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦ-
ʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʦʪ ʥʘʠʣʫʯʰʝʛʦ ʜʦʩʪʠʞʠʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚ ʜʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʨʝʜʳ: 

          .rij maxk akj aij= -  

ʇʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʧʨʝʜʧʨʠʷʪʠʶ, ʫ ʢʦʪʦʨʦʛʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦ ʩʪʨʦʢʝ ʨʠʩʢ ʤʠʥʠʤʘʣʝʥ: 
        .S mini maxj rij=  

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʨʫʛ ʜʨʫʛʫ, ʘ ʦʪʨʘʞʘʶʪ ʨʘʟʣʠʯʥʳʝ ʜʦʧʫʱʝʥʠʷ ʦ ʧʦʚʝ-
ʜʝʥʠʠ ʩʨʝʜʳ ʠ ʨʘʟʣʠʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʃʇʈ ʢ ʨʠʩʢʫ. ʇʦʵʪʦʤʫ ʠʭ ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-
ʯʠʪʴ ʥʝ ʝʜʠʥʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ, ʘ ʩʧʝʢʪʨ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠʪʦʛʦ-
ʚʦʛʦ ʨʝʡʪʠʥʛʘ [3, 4]. 

 
ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʞ 
ʈʘʩʩʤʦʪʨʠʤ ʧʷʪʴ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʇ-1éʇ-5), ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʦʮʝʥʝʥʘ ʧʨʠ ʯʝʪʳʨʝʭ ʩʦʩʪʦʷʥʠʷʭ ʚʥʝʰʥʝʡ ʩʨʝʜʳ: Q1 ð ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʢʦʥʲʶʥʢʪʫʨʘ, Q2 ð ʩʪʘʙʠʣʴʥʘʷ, 
Q3 ð ʩʧʘʜ ʩʧʨʦʩʘ ʧʨʠ ʨʦʩʪʝ ʪʘʨʠʬʦʚ, Q4 ð ʧʦʚʳʰʝʥʥʘʷ ʚʦʣʘʪʠʣʴʥʦʩʪʴ ʛʨʫʟʦʧʦʪʦʢʦʚ. ʇʣʘʪʝʞʥʘʷ ʤʘʪ-
ʨʠʮʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 1. 

 
ʋʙʚʤʡʯʙ 1 

ʈʤʙʫʞʟʦʙʸ ʥʙʫʩʡʯʙ ʶʭʭʞʣʫʡʛʦʧʪʫʡ ʨʩʞʝʨʩʡʸʫʡʢ aij 

ʇʨʝʜʧʨʠʷʪʠʝ Q1 Q2 Q3 Q4 

ʈ-1 0,82 0,74 0,55 0,61 

ʈ-2 0,90 0,68 0,41 0,52 

ʈ-3 0,71 0,70 0,66 0,69 

ʈ-4 0,86 0,72 0,48 0,58 

ʈ-5 0,78 0,71 0,60 0,64 

 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʢʨʠʪʝʨʠʷʤ ɺʘʣʴʜʘ, ʤʘʢʩʠʤʘʢʩʘ, ɻʫʨʚʠʮʘ ʧʨʠ ɚ = 0,6 ʠ ʃʘʧʣʘʩʘ ʩʚʝʜʝʥʳ 

ʚ ʪʘʙʣ. 2; ʚ ʢʘʞʜʦʤ ʩʪʦʣʙʮʝ ʧʦʣʫʞʠʨʥʳʤ ʚʳʜʝʣʝʥʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ. 
 

ʋʙʚʤʡʯʙ 2 
ʇʯʞʦʣʡ ʨʩʞʝʨʩʡʸʫʡʢ ʨʧ ʣʩʡʫʞʩʡʸʥ ʛʴʚʧʩʙ 

ʇʨʝʜʧʨʠʷʪʠʝ ɺʘʣʴʜ Wi ʄʘʢʩʠʤʘʢʩ Mi 
ɻʫʨʚʠʮ Hi 
(ɚ=0,6) 

ʃʘʧʣʘʩ Li 

ʈ-1 0,550 0,820 0,712 0,680 

ʈ-2 0,410 0,900 0,704 0,628 

ʈ-3 0,660 0,710 0,690 0,690 

ʈ-4 0,480 0,860 0,708 0,660 

ʈ-5 0,600 0,780 0,708 0,682 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʳʙʦʨ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʩʫʱʝʩʪʚʝʥʥʦ 
ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʥʷʪʦʛʦ ʢʨʠʪʝʨʠʷ, ʪʦ ʝʩʪʴ ʦʪ ʜʦʧʫʱʝʥʠʡ ʦ ʧʦʚʝʜʝʥʠʠ ʩʨʝʜʳ. ʇʦ ʦʩʪʦʨʦʞʥʦʤʫ ʢʨʠʪʝʨʠʶ 
ɺʘʣʴʜʘ ʣʠʜʠʨʫʝʪ ʇ-3 (W = 0,660), ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʛʘʨʘʥʪʠʨʦʚʘʥʥʫʶ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ; ʧʦ ʦʧʪʠʤʠʩʪʠʯʝʩʢʦʤʫ ʤʘʢʩʠʤʘʢʩʫ ð ʇ-2 (M = 0,900); ʧʦ ʢʨʠʪʝʨʠʶ ɻʫʨʚʠʮʘ ʧʨʠ ɚ = 0,6 ð ʇ-1 (H = 
0,712); ʧʦ ʢʨʠʪʝʨʠʶ ʃʘʧʣʘʩʘ ʚʥʦʚʴ ʇ-3 (L = 0,690). ʊʘʢʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦ: ʧʨʝʜʧʨʠʷʪʠʝ ʇ-2 
ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʨʝʟʢʦ ʪʝʨʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʩʧʘʜʝ, 
ʪʦʛʜʘ ʢʘʢ ʇ-3 ʫʩʪʦʡʯʠʚʦ ʧʨʠ ʚʩʝʭ ʩʦʩʪʦʷʥʠʷʭ ʩʨʝʜʳ. 

ʇʦʩʢʦʣʴʢʫ ʨʝʟʫʣʴʪʘʪ ʢʨʠʪʝʨʠʷ ɻʫʨʚʠʮʘ ʟʘʚʠʩʠʪ ʦʪ ʩʫʙʲʝʢʪʠʚʥʦ ʟʘʜʘʚʘʝʤʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʧ-

ʪʠʤʠʟʤʘ ɚ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʙʦʨʘ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ɚ  ɴ[0; 1]. ʂʘʞʜʦʤʫ 
ʧʨʝʜʧʨʠʷʪʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ Hi(ɚ); ʪʦʯʢʘ ʙʝʟʨʘʟʣʠʯʠʷ ʜʚʫʭ ʧʨʝʜʧʨʠʷʪʠʡ a ʠ b ʦʧʨʝ-
ʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ Ha(ɚ) = Hb(ɚ), ʦʪʢʫʜʘ 

( ) ( )( )*         /              ,ma mb Mb mb Ma mal è ø= - - - -ê ú 

ʛʜʝ mi ʠ Mi ð ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʠʭʫʜʰʘʷ ʠ ʥʘʠʣʫʯʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ i-ʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɺʝʨʭʥʷʷ ʦʛʠ-
ʙʘʶʱʘʷ ʩʝʤʝʡʩʪʚʘ ʧʨʷʤʳʭ Hi(ɚ) ʦʧʨʝʜʝʣʷʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʚʳʙʦʨ ʧʨʠ ʢʘʞʜʦʤ ʟʥʘʯʝʥʠʠ ɚ (ʨʠʩ. 2). ɸʥʘʣʠʟ 
ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʪʨʝʭ ʨʝʞʠʤʦʚ: ʧʨʠ ɚ Ò 0,5 ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʇ-3, ʧʨʠ 0,5 < ɚ < 
0,64 ð ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʇ-1, ʠ ʣʠʰʴ ʧʨʠ ɚ Ó 0,64, ʪʦ ʝʩʪʴ ʧʨʠ ʚʳʨʘʞʝʥʥʦʤ ʦʧʪʠʤʠʟʤʝ ʃʇʈ, ð ʚʳʩʦʢʦʧʦ-
ʪʝʥʮʠʘʣʴʥʦʝ ʇ-2. ʕʪʦ ʜʘʝʪ ʥʘʛʣʷʜʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʡʪʠʥʛʘ ʩ ʜʦʧʫʩʪʠʤʳʤ ʫʨʦʚʥʝʤ ʨʠʩʢʘ. 

 

 
ʉʡʪ. 2. ʀʙʛʡʪʡʥʧʪʫʵ ʣʩʡʫʞʩʡʸ ɼʬʩʛʡʯʙ Hi ʧʫ ʣʧʶʭʭʡʯʡʞʦʫʙ ʧʨʫʡʥʡʠʥʙ ɛ 

 

 
ʉʡʪ. 3. ʅʙʫʩʡʯʙ ʩʡʪʣʧʛ (ʪʧʟʙʤʞʦʡʢ) rij ʨʧ ʣʩʡʫʞʩʡʷ ʊʶʛʡʝʟʙ 
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ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʠʩʢʘʭ ʚʳʙʦʨʘ ʜʘʝʪ ʤʘʪʨʠʮʘ ʩʦʞʘʣʝʥʠʡ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʬʦʨ-
ʤʫʣʝ (6) ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʚʠʜʝ ʪʝʧʣʦʚʦʡ ʢʘʨʪʳ ʥʘ ʨʠʩ. 3, ʘ ʝʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 
ʧʦ ʩʪʨʦʢʝ ʨʠʩʢʦʤ ð ʚ ʪʘʙʣ. 3. ʅʘʠʙʦʣʴʰʠʡ ʝʜʠʥʠʯʥʳʡ ʨʠʩʢ (0,25) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʧʨʠʷʪʠʶ ʇ-2 ʧʨʠ 
ʩʦʩʪʦʷʥʠʠ Q3, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʫʷʟʚʠʤʦʩʪʴ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʢʦʥʲʶʥʢʪʫʨʝ. 

 
ʋʙʚʤʡʯʙ 3 

ʅʙʫʩʡʯʙ ʩʡʪʣʧʛ ʡ ʥʙʣʪʡʥʙʤʵʦʴʢ ʩʡʪʣ ʨʩʞʝʨʩʡʸʫʡʢ 

ʇʨʝʜʧʨʠʷʪʠʝ Q1 Q2 Q3 Q4 max rij 

ʈ-1 0,08 0,00 0,11 0,08 0,11 

ʈ-2 0,00 0,06 0,25 0,17 0,25 

ʈ-3 0,19 0,04 0,00 0,00 0,19 

ʈ-4 0,04 0,02 0,18 0,11 0,18 

ʈ-5 0,12 0,03 0,06 0,05 0,12 

 
ʇʦ ʢʨʠʪʝʨʠʶ ʉʵʚʠʜʞʘ ʤʠʥʠʤʘʣʴʥʳʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʠʩʢ (0,11) ʠʤʝʝʪ ʧʨʝʜʧʨʠʷʪʠʝ ʇ-1, ʯʪʦ ʩʦ-

ʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʢʨʠʪʝʨʠʷ ɻʫʨʚʠʮʘ ʚ ʦʙʣʘʩʪʠ ʫʤʝʨʝʥʥʦʛʦ ʦʧʪʠʤʠʟʤʘ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʚʩʝʭ ʢʨʠ-
ʪʝʨʠʝʚ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʜʚʝ ʫʩʪʦʡʯʠʚʳʝ ʛʨʫʧʧʳ ʣʠʜʝʨʦʚ: ʇ-3 ð ʧʨʠ ʦʩʪʦʨʦʞʥʦʡ ʠ ʥʝʡʪʨʘʣʴʥʦʡ ʧʦ-
ʟʠʮʠʠ ʃʇʈ, ʇ-1 ð ʧʨʠ ʫʤʝʨʝʥʥʦ-ʦʧʪʠʤʠʩʪʠʯʝʩʢʦʡ. ʇʦʜʦʙʥʘʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʘʷ ʢʘʨʪʠʥʘ ʩʫʱʝʩʪʚʝʥ-
ʥʦ ʠʥʬʦʨʤʘʪʠʚʥʝʝ ʝʜʠʥʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠ ʬʦʨʤʠʨʫʝʪ ʦʙʲʝʢʪʠʚʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʦʪʨʘʩʣʝʚʦʛʦ ʨʝʡʪʠʥʛʦ-
ʚʘʥʠʷ ʧʝʨʝʚʦʟʯʠʢʦʚ. 

 
ʀʙʣʤʷʰʞʦʡʞ 
ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʦʜʭʦʜ ʬʦʨʤʘʣʠʟʫʝʪ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʝʜ-

ʧʨʠʷʪʠʡ ʢʘʢ ʠʛʨʫ ʩ ʧʨʠʨʦʜʦʡ ʠ ʩʚʦʜʠʪ ʝʝ ʢ ʘʥʘʣʠʟʫ ʧʣʘʪʝʞʥʦʡ ʤʘʪʨʠʮʳ ʩʨʝʜʩʪʚʘʤʠ ʢʨʠʪʝʨʠʝʚ ɺʘʣʴʜʘ, 
ʤʘʢʩʠʤʘʢʩʘ, ɻʫʨʚʠʮʘ, ʃʘʧʣʘʩʘ ʠ ʉʵʚʠʜʞʘ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʪʘʢʦʛʦ ʘʧʧʘʨʘʪʘ ʷʚʣʷʝʪʩʷ 
ʦʪʩʫʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʥʘʥʠʶ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝ-
ʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʪʢʨʳʪʦʡ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʏʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʟ ʧʷʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʮʠʦʥʘʣʴʥʳʡ ʚʳʙʦʨ 
ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ʃʇʈ ʢ ʨʠʩʢʫ, ʘ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʦʧʪʠʤʠʟʤʘ ʠ ʤʘʪʨʠʮʘ ʨʠʩ-
ʢʦʚ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʦʭʨʘʥʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʣʶʙʳʭ ʩʦʩʪʦʷʥʠʷʭ ʩʨʝʜʳ. ʆʧʦ-
ʨʘ ʧʨʦʮʝʜʫʨʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʠʟʤʝʨʠʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʬʦʨʤʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʜʝʣʘʝʪ ʝʝ ʧʨʠʛʦʜʥʦʡ 
ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʡʪʠʥʛʘ ʚ ʩʦʩʪʘʚʝ ʮʠʬʨʦʚʳʭ ʪʨʘʥʩ-
ʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʣʘʪʬʦʨʤ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʜʭʦʜʘ ʩʚʷʟʘʥʦ ʩ ʫʪʦʯʥʝʥʠʝʤ ʥʦʤʝʥʢʣʘʪʫʨʳ 
ʩʦʩʪʦʷʥʠʡ ʩʨʝʜʳ ʠ ʠʥʪʝʛʨʘʮʠʝʡ ʠʛʨʦʚʳʭ ʢʨʠʪʝʨʠʝʚ ʩ ʤʦʜʝʣʷʤʠ ʧʝʨʝʤʝʥʥʳʭ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ВЛИЯНИЕ АКРИЛАТ-ЭПОКСИДНОГО 
АДГЕЗИВА НА ФАЗОВЫЙ СОСТАВ 
ПОВЕРХНОСТНОГО СЛОЯ БЕТОНА ПОСЛЕ 
ГАЗОПЛАМЕННОГО НАНЕСЕНИЯ 
ПОЛИОЛЕФИНОВОГО ПОКРЫТИЯ 

Ямщиков Евгений Игоревич 
ʘʩʧʠʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʘʢʨʠʣʘʪ-ɻ ʧʦʢʩʠʜʥʦʛʦ ʘʜʛʝʟʠʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʠʩʧʝʨʩʥʳʡ ʦʢʩʠʜ 
ʘʣʶʤʠʥʠʷ, ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ ɺ22,5 ʧʦʩʣʝ ʛʘʟʦʧʣʘʤʝʥʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦ-
ʣʠʦʣʝʬʠʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʨʫʥʜʩʦ-
ʜʝʨʞʘʱʝʛʦ ʧʦʣʠʤʝʨʤʠʥʝʨʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 
ʘʣʴʬʘ-ʜʚʫʭʢʘʣʴʮʠʝʚʦʛʦ ʩʠʣʠʢʘʪʛʠʜʨʘʪʘ (Ŭ-C2SH) ʠ ʩʥʠʞʝʥʠʝʤ ʜʦʣʠ ʛʠʧʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʦʝ ʪʝʨʤʦʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠ ʥʘʧʳʣʝʥʠʠ ʚʳʟʳʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʫʶ ʤʦʜʠʬʠʢʘʮʠʶ 
ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʳ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʙʝʪʦʥ; ʧʦʣʠʦʣʝʬʠʥʦʚʦʝ ʧʦʢʨʳʪʠʝ; ʘʢʨʠʣʘʪ-ɻ ʧʦʢʩʠʜʥʳʡ ʘʜʛʝʟʠʚ; ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ; 
ʢʦʨʫʥʜ; ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ; ʧʦʣʠʤʝʨʤʠʥʝʨʘʣʴʥʳʡ ʧʝʨʝʭʦʜʥʳʡ ʩʣʦʡ. 
 

INFLUENCE OF ACRYLATE-EPOXY ADHESIVE ON THE PHASE COMPOSITION OF THE SURFACE 
LAYER OF CONCRETE AFTER FLAME SPRAYING OF POLYOLEFIN COATING 

 
Yamshchikov Evgeny Igorevich 

 
Abstract: the effect of an acrylate-epoxy adhesive containing dispersed aluminum oxide on the phase compo-
sition of the surface layer of B22.5 concrete after flame spraying of a polyolefin coating was studied. X-ray 
phase analysis revealed the formation of a corundum-containing polymer-mineral transition layer, accompa-
nied by an increase in Ŭ-C2SH content and a decrease in gypsum content. The results indicate structural and 
phase modification of the concrete surface zone without signs of high-temperature degradation of cement 
stone. 
Key words: concrete; polyolefin coating; acrylate-epoxy adhesive; aluminum oxide; corundum; X-ray phase 
analysis; polymer-mineral transition layer. 

 
ɻʛʞʝʞʦʡʞ 
ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʙʝʪʦʥʥʳʭ ʦʩʥʦʚʘʥʠʷʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʦʡʢʦʩʪʴʶ ʚʥʝʰʥʝʛʦ ʩʣʦʷ, ʥʦ ʠ ʩʦʩʪʦʷʥʠʝʤ ʤʝʞʬʘʟʥʦʡ ʟʦʥʳ. ɹʝʪʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʧʠʣʣʷʨʥʦ-
ʧʦʨʠʩʪʫʶ ʤʠʥʝʨʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʩ ʚʳʨʘʞʝʥʥʦʡ ʬʘʟʦʚʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʚʢʣʶʯʘ-
ʶʱʝʛʦ C-S-H-ʛʝʣʴ, ʧʦʨʪʣʘʥʜʠʪ, ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʩʫʣʴʬʘʪʥʳʝ ʧʨʦʜʫʢʪʳ, ʦʩʪʘʪʦʯʥʳʝ ʢʣʠʥʢʝʨʥʳʝ ʤʠʥʝʨʘ-
ʣʳ ʠ ʤʠʥʝʨʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʟʘʧʦʣʥʠʪʝʣʷ [1; 2; 11; 12; 13]. ʆʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʤʠʢʨʦʪʨʝʱʠʥʳ ʠ 
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ʨʘʟʣʠʯʥʘʷ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʫʯʘʩʪʢʦʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʠ ʟʘʧʦʣʥʠʪʝʣʷ ʦʩʣʦʞʥʷʶʪ ʩʮʝʧʣʝʥʠʝ ʩ ʥʝʧʦʣʷʨ-
ʥʳʤʠ ʪʝʨʤʦʧʣʘʩʪʘʤʠ. ʇʦʣʠʦʣʝʬʠʥʦʚʳʝ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ, ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦ-
ʩʪʴʶ ʠ ʥʠʟʢʠʤ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝʤ, ʦʜʥʘʢʦ ʠʭ ʥʠʟʢʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʷʤʫʶ ʘʜʛʝ-
ʟʠʶ ʢ ʧʦʣʷʨʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [3; 4]. ʇʦʵʪʦʤʫ ʘʜʛʝʟʠʚ ʜʦʣʞʝʥ ʥʝ ʪʦʣʴʢʦ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢ-
ʮʠʶ ʛʨʫʥʪʦʚʢʠ, ʥʦ ʠ ʧʨʦʥʠʢʘʪʴ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʙʝʪʦʥʘ, ʧʦʚʳʰʘʪʴ ʝʛʦ ʢʦʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 
ʬʦʨʤʠʨʦʚʘʪʴ ʧʦʣʠʤʝʨʤʠʥʝʨʘʣʴʥʳʡ ʧʝʨʝʭʦʜʥʳʡ ʩʣʦʡ [5-7]. ʄʝʭʘʥʠʟʤʳ ʫʧʨʦʯʥʝʥʠʷ ʤʝʞʬʘʟʥʦʛʦ ʩʦ-
ʝʜʠʥʝʥʠʷ ʟʘ ʩʯʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ çʧʦʨʦʚʦʛʦ ʟʘʤʢʘè ʦʧʠʩʘʥʳ 
ʜʣʷ ʘʢʨʠʣʘʪʥʳʭ ʠʥʪʝʨʬʝʡʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʟʘʨʫʙʝʞʥʳʭ ʠʩʪʦʯʥʠʢʘʭ [6; 14]. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ ʘʢ-
ʨʠʣʘʪ-ɻ ʧʦʢʩʠʜʥʳʡ ʘʜʛʝʟʠʚ ʩ Al2O3, ʩʧʦʩʦʙʥʳʡ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʘʧʠʣʣʷʨʥʫʶ ʧʨʦʧʠʪʢʫ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ 
ʤʝʞʬʘʟʥʦʡ ʟʦʥʳ ʠ ʠʟʤʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ ʢʘʣʴʮʠʷ [8; 9]. 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ 
ɺ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʪʦʥ ʢʣʘʩʩʘ ɺ22,5. ʀʩʩʣʝʜʦʚʘʣʠ ʜʚʘ ʪʠʧʘ 

ʦʙʨʘʟʮʦʚ: ʢʦʥʪʨʦʣʴʥʳʡ ʙʝʪʦʥ ʙʝʟ ʧʨʦʧʠʪʢʠ ʠ ʙʝʪʦʥ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʡ ʘʢʨʠʣʘʪ-
ʵʧʦʢʩʠʜʥʳʤ ʘʜʛʝʟʠʚʦʤ. ɺ ʩʦʩʪʘʚ ʘʜʛʝʟʠʚʘ ʚʭʦʜʠʣʠ: ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ, ʵʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ, ʜʠʵʪʘʥʦʣʘ-
ʤʠʥ, ʧʝʨʝʢʠʩʴ ʙʝʥʟʦʠʣʘ ʠ ʜʠʩʧʝʨʩʥʳʡ Al2O3 [10]. ʊʝʭʥʦʣʦʛʠʷ ʚʢʣʶʯʘʣʘ ʥʘʥʝʩʝʥʠʝ ʩʦʩʪʘʚʘ, ʧʨʦʛʨʝʚ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʜʦ 70-100 ÁC, ʛʘʟʦʧʣʘʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ ʧʦʣʠʦʣʝʬʠʥʦʚʦʡ ʧʦʨʦʰʢʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʫʜʘʣʝ-
ʥʠʝ ʧʦʢʨʳʪʠʷ ʠ ʦʪʙʦʨ ʧʦʨʦʰʢʘ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 
ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ. ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʫʯʠʪʳ-
ʚʘʣʠ, ʯʪʦ ʦʨʛʘʥʠʯʝʩʢʘʷ ʧʦʣʠʤʝʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠ ʘʤʦʨʬʥʳʡ C-S-H-ʛʝʣʴ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʢʦʣʠʯʝ-
ʩʪʚʝʥʥʦ ʥʝ ʚʳʜʝʣʷʶʪʩʷ [11; 12]. 

ʉʞʠʬʤʵʫʙʫʴ ʩʞʦʫʜʞʦʧʭʙʠʧʛʧʜʧ ʙʦʙʤʡʠʙ 
ʉʨʘʚʥʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʢʦʥʪʨʦʣʴʥʦʛʦ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʦʚ ʚʳ-

ʷʚʠʣʦ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ 
(ʨʠʩ. 1, ʪʘʙʣ. 1). ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʘʢʨʠʣʘʪ-ɻ ʧʦʢʩʠʜʥʳʤ ʘʜʛʝʟʠʚʦʤ ʩ Al2O3 ʩʦʜʝʨʞʘʥʠʝ ʢʦʨʫʥʜʘ ʫʚʝʣʠ-
ʯʠʣʦʩʴ ʩ 0,71 ʜʦ 26,34 %, ʘ ʩʦʜʝʨʞʘʥʠʝ ʘʣʴʬʘ-ʜʚʫʭʢʘʣʴʮʠʝʚʦʛʦ ʩʠʣʠʢʘʪʛʠʜʨʘʪʘ (Ŭ-C2SH) ʚʦʟʨʦʩʣʦ ʩ 
3,92 ʜʦ 5,87 %. ʉʫʤʤʘʨʥʘʷ ʜʦʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ ʢʘʣʴʮʠʷ, ʚʢʣʶʯʘʶʱʘʷ Ŭ-C2SH, ʨʦ-
ʟʝʥʭʘʥʠʪ ʠ ʜʝʣʣʘʠʪ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʘʩʴ: 18,48 % ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ ʠ 18,64 % ʚ ʤʦʜʠʬʠ-
ʮʠʨʦʚʘʥʥʦʤ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʦʜʝʨʞʘʥʠʝ ʛʠʧʩʘ ʩʥʠʟʠʣʦʩʴ ʩ 5,57 ʜʦ 0,52 %. ʉʦʜʝʨʞʘʥʠʝ ʧʦʨʪʣʘʥʜʠʪʘ ʠ 
ʢʘʣʴʮʠʪʘ ʚ ʦʙʦʠʭ ʦʙʨʘʟʮʘʭ ʦʩʪʘʝʪʩʷ ʩʦʧʦʩʪʘʚʠʤʳʤ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ. 

 

 
ʉʡʪ. 1. ʊʩʙʛʦʡʫʞʤʵʦʴʞ ʝʡʭʩʙʣʫʧʜʩʙʥʥʴ ʨʧʩʧʱʣʙ ʨʧʛʞʩʮʦʧʪʫʦʧʜʧ ʪʤʧʸ ʚʞʫʧʦʙ ɻ22,5  

ʨʧʪʤʞ ʜʙʠʧʨʤʙʥʞʦʦʧʜʧ ʦʙʦʞʪʞʦʡʸ ʡ ʬʝʙʤʞʦʡʸ ʨʧʤʡʧʤʞʭʡʦʧʛʧʜʧ ʨʧʣʩʴʫʡʸ 
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ʋʙʚʤʡʯʙ 1 
ʇʪʦʧʛʦʴʞ ʡʠʥʞʦʞʦʡʸ ʭʙʠʧʛʧʜʧ ʪʧʪʫʙʛʙ ʨʧʛʞʩʮʦʧʪʫʦʧʜʧ ʪʤʧʸ ʚʞʫʧʦʙ 

ʍʙʠʧʛʴʢ  
ʨʧʣʙʠʙʫʞʤʵ 

ɺʞʫʧʦ ʚʞʠ 
 ʨʩʧʨʡʫʣʡ, % 

ɺʞʫʧʦ 
 ʪ ʙʝʜʞʠʡʛʧʥ, 

% 
ʁʦʫʞʩʨʩʞʫʙʯʡʸ 

ʂʦʨʫʥʜ, Al2O3 
0,71 26,34 

ɿʘʢʨʝʧʣʝʥʠʝ ʜʠʩʧʝʨʩʥʦʛʦ Al2O3 ʚ ʧʦʚʝʨʭ-
ʥʦʩʪʥʦʤ ʩʣʦʝ 

Ŭ-C2SH 
3,92 5,87 

ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʛʠʜʨʦ-
ʩʠʣʠʢʘʪʥʳʭ ʬʘʟ 

Ŭ-C2SH + ʨʦʟʝʥ-
ʭʘʥʠʪ + ʜʝʣʣʘʠʪ 

18,48 18,64 
ʉʫʤʤʘʨʥʘʷ ʜʦʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʛʠʜʨʦʩʠ-
ʣʠʢʘʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʭʨʘʥʷʝʪʩ ̫

ɻʠʧʩ, 
CaSO4Ŀ2H2O 

5,57 0,52 
ʉʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 
ʩʫʣʴʬʘʪʥʦʡ ʬʘʟʳ 

ʇʦʨʪʣʘʥʜʠʪ, 
Ca(OH)2 

4,01 3,25 
ʆʪʩʫʪʩʪʚʠʝ ʚʳʨʘʞʝʥʥʦʡ ʜʝʛʠʜʨʦʢʩʠʣʠʟʘʮʠʠ 

ʂʘʣʴʮʠʪ, CaCO3 4,80 3,57 ʆʪʩʫʪʩʪʚʠʝ ʧʨʠʟʥʘʢʦʚ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ 

 
ʀʙʣʤʷʰʞʦʡʞ 
ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʙʝʪʦʥʘ ɺ22,5 ʘʢʨʠʣʘʪ-ɻ ʧʦʢʩʠʜʥʳʤ ʘʜʛʝʟʠʚʦʤ ʩ 

Al2O3 ʧʝʨʝʜ ʛʘʟʦʧʣʘʤʝʥʥʳʤ ʥʘʧʳʣʝʥʠʝʤ ʧʦʣʠʦʣʝʬʠʥʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʪʨʫʢ-
ʪʫʨʥʦ-ʬʘʟʦʚʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ʆʩʥʦʚʥʳʤ ʬʘʟʦʚʳʤ ʤʘʨʢʝʨʦʤ ʤʦʜʠʬʠʢʘʮʠʠ ʷʚʣʷ-
ʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʨʫʥʜʘ. ɽʛʦ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʢʘʢ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʫʶ ʬʘʟʫ ʮʝ-
ʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʘ ʢʘʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʦʨʤʫ ʚʚʝʜʝʥʥʦʛʦ Al2O3, ʟʘʢʨʝʧʣʝʥʥʫʶ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʧʦʩʣʝ 
ʧʨʦʧʠʪʢʠ ʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʯʘʩʪʠʝ ʜʠʩʧʝʨʩʥʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʚ ʬʦʨʤʠ-
ʨʦʚʘʥʠʠ ʢʦʨʫʥʜʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʠʤʝʨʤʠʥʝʨʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ. 

ʀʟʤʝʥʝʥʠʝ ʛʠʜʨʦʩʠʣʠʢʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʤʝʝʪ ʥʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ, ʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʠʪʝʣʴ-
ʥʳʡ ʭʘʨʘʢʪʝʨ. ʈʦʩʪ Ŭ-C2SH ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ ʩʫʤʤʘʨʥʦʡ ʜʦʣʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʛʠʜʨʦʩʠʣʠ-
ʢʘʪʦʚ ʢʘʣʴʮʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ, ʯʪʦ ʩʦʛʣʘʩʫ-
ʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʦ ʚʣʠʷʥʠʠ Al-ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʩʪʨʦʝʥʠʝ ʠ ʤʦʨʬʦʣʦʛʠʶ ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ 
ʢʘʣʴʮʠʷ [8]. ʉʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʠʧʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʫʣʴʬʘʪʥʦʡ 
ʬʘʟʳ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʟʦʥʝ. ʉ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʈʌɸ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʥʝ ʩʣʝʜʫʝʪ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ 
ʧʦʣʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʩʚʷʟʳʚʘʥʠʝ ʩʫʣʴʬʘʪʦʚ, ʦʜʥʘʢʦ ʦʥ ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʨʠʟʥʘʢʦʤ, ʧʦʩʢʦʣʴʢʫ 
ʩʫʣʴʬʘʪʥʳʝ ʧʨʦʜʫʢʪʳ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʦʙʲʝʤʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʠ ʤʠʢʨʦʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʠ ʮʝ-
ʤʝʥʪʥʦʛʦ ʢʘʤʥʷ [2; 13]. 

ɹʣʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦʨʪʣʘʥʜʠʪʘ ʠ ʢʘʣʴʮʠʪʘ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʦʙʨʘʟʮʘʭ ʫʢʘ-
ʟʳʚʘʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʚʳʨʘʞʝʥʥʦʡ ʜʝʛʠʜʨʦʢʩʠʣʠʟʘʮʠʠ Ca(OH)2 ʠ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ CaCO3. ʉʣʝʜʦʚʘ-
ʪʝʣʴʥʦ, ʪʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠ ʛʘʟʦʧʣʘʤʝʥʥʦʤ ʥʘʧʳʣʝʥʠʠ ʥʦʩʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʨʤʦʘʢʪʠʚʘʮʠ-
ʦʥʥʳʡ, ʘ ʥʝ ʜʝʩʪʨʫʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ. 

 ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʩʥʦʚʳʚʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʘʢʨʠʣʘʪ-ɻ ʧʦʢʩʠʜʥʦʛʦ ʘʜʛʝʟʠʚʘ ʩ Al2O3 ʢʘʢ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʢʘʧʠʣʣʷʨʥʫʶ ʬʠʢʩʘʮʠʶ ʧʦʣʠʤʝʨʥʦʡ ʬʘʟʳ, ʟʘʢʨʝʧʣʝ-
ʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʦʝ ʟʘʘʥʢʝʨʠʚʘʥʠʝ. ʏʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 
ʧʨʦʚʝʜʝʥʥʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ [15]. ʇʨʠ ʵʪʦʤ ʚʳʚʦʜʳ ʦ ʩʪʝʧʝʥʠ ʫʧʣʦʪʥʝʥʠʷ ʧʦʨʦʚʦʡ 
ʩʪʨʫʢʪʫʨʳ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʤʝʪʦʜʘʤʠ ʤʠʢʨʦʩʢʦʧʠʠ, ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 
ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʣʠ SEM-EDS. 
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АНАЛИТИЧЕСКОЕ МОДЕЛИРОВАНИЕ 
РАСПРЕДЕЛЕНИЯ РЕСУРСОВ В 
ИНФРАСТРУКТУРЕ ПАССАЖИРСКИХ СИСТЕМ 

Халтурин Роман Александрович 
ʢ.ʵ.ʥ., ʜʦʮʝʥʪ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʋʂʅʀ,  

ʌɻɹʆʋ ɺʆ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʫʧʨʘʚʣʝʥʠʷè 
 

ɹʦʦʧʫʙʯʡʸ: ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʧʫʩʢʥʦʛʦ ʨʝʩʫʨʩʘ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘ-
ʤʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʛʦʨʦʜʩʢʦʡ ʧʘʩʩʘʞʠʨʩʢʦʡ ʩʠʩʪʝʤʳ. ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʝʯʥʦʡ 
ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʫʟʣʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʳ ʦʞʠʜʘʥʠʷ ʠ ʟʘʛʨʫʟʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ 
ʦʩʥʦʚʝ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ M/M/c. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʘ ʩʬʦʨʤʫʣʠʨʦ-
ʚʘʥʦ ʢʘʢ ʟʘʜʘʯʘ ʤʠʥʠʤʠʟʘʮʠʠ ʩʦʚʦʢʫʧʥʳʭ ʧʦʪʝʨʴ ʚʨʝʤʝʥʠ ʧʘʩʩʘʞʠʨʦʚ ʧʨʠ ʙʶʜʞʝʪʥʦʤ ʦʛʨʘʥʠʯʝʥʠʠ. 
ʇʦʣʫʯʝʥʳ ʫʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ, ʨʘʩʢʨʳʚʘʶʱʠʝ ʧʨʠʥʮʠʧ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʦʪ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʝʩʫʨʩʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʘʩʩʘʞʠʨʩʢʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ, ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʝ ʨʝʩʫʨʩʦʚ, ʪʝʦʨʠʷ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʬʦʨʤʫʣʘ ʕʨʣʘʥʛʘ, ʫʩʣʦʚʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ, ʧʨʦʧʫʩʢʥʘʷ 
ʩʧʦʩʦʙʥʦʩʪʴ. 
 
ANALYTICAL MODELING OF RESOURCE ALLOCATION IN THE INFRASTRUCTURE OF PASSENGER 

SYSTEMS 
Khalturin Roman Aleksandrovich 

 
Abstract: the paper considers the allocation of limited capacity resources among infrastructure elements of an 
urban passenger system. The infrastructure is represented as a finite set of service nodes whose waiting time 
and utilization parameters are calculated by an M/M/c queueing model. The allocation problem is stated as 
constrained minimization of aggregate passenger time losses. The optimality conditions are obtained and in-
terpreted as equalization of the marginal effect of an additional resource.  
Key words: passenger transport system, logistics infrastructure, resource allocation, queueing theory, Erlang 
formula, constrained optimization, capacity. 

 
ɻʛʞʝʞʦʡʞ 
ɻʦʨʦʜʩʢʘʷ ʧʘʩʩʘʞʠʨʩʢʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ ð ʙʘʟʦʚʘʷ ʧʦʜʩʠʩʪʝʤʘ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʳ ʛʦʨʦʜʘ: ʦʥʘ ʦʧʨʝʜʝʣʷʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ ʩʦʮʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʚʣʠʷʝʪ ʥʘ ʥʝ-
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʚʨʝʤʝʥʠ ʥʘʩʝʣʝʥʠʷ. ʂʘʯʝʩʪʚʦ ʧʝʨʝʚʦʟʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 
ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ, ʥʦ ʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ð ʦʩʪʘʥʦʚʦʯʥʳʭ 
ʧʫʥʢʪʦʚ, ʩʪʘʥʮʠʡ, ʪʝʨʤʠʥʘʣʦʚ, ʧʝʨʝʩʘʜʦʯʥʳʭ ʫʟʣʦʚ ʠ ʟʦʥ ʥʘʢʦʧʣʝʥʠʷ ʧʘʩʩʘʞʠʨʦʚ. 

ʅʘʨʫʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʫʟʣʘʭ, ʛʜʝ ʣʦʢʘʣʴʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦ-
ʩʦʙʥʦʩʪʴ ʥʠʞʝ ʬʘʢʪʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ: ʟʜʝʩʴ ʜʘʞʝ ʤʘʣʳʡ ʧʨʠʨʦʩʪ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʚʳʟʳ-
ʚʘʝʪ ʜʠʩʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʨʦʩʪ ʦʯʝʨʝʜʠ ʠ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʦʩʪʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʫʤʤʘʨ-
ʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʨʦʩʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ð ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʮʝʜʫʨʘ 
ʘʜʨʝʩʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʘ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩ ʨʘʟʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʩʪʦʠʤʦʩʪʴʶ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʯʫʚ-
ʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 
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ʅʘ ʧʨʘʢʪʠʢʝ ʪʘʢʠʝ ʨʝʰʝʥʠʷ ʥʝʨʝʜʢʦ ʦʧʠʨʘʶʪʩʷ ʥʘ ʵʢʩʧʝʨʪʥʳʝ ʦʮʝʥʢʠ ʠ ʫʢʨʫʧʥʝʥʥʳʝ ʥʦʨʤʘʪʠʚʳ, 
ʯʪʦ ʧʣʦʭʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʨʝʜʝʣʴʥʳʡ ʵʬʬʝʢʪ ʚʣʦʞʝʥʠʷ ʚ ʢʦʥʢʨʝʪʥʳʡ ʫʟʝʣ. 
ʎʝʣʴ ʨʘʙʦʪʳ ð ʧʦʩʪʨʦʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʝʩʫʨʩʘ ʚ ʠʥʬʨʘ-
ʩʪʨʫʢʪʫʨʝ ʧʘʩʩʘʞʠʨʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, 
ʠʩʧʦʣʴʟʫʶʱʫʶ ʠʟʤʝʨʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩ ʢʨʠʪʝʨʠʝʤ ʤʠʥʠʤʫʤʘ ʩʦʚʦʢʫʧʥʳʭ 
ʧʦʪʝʨʴ ʦʞʠʜʘʥʠʷ. 

 
ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ 
ʀʥʬʨʘʩʪʨʫʢʪʫʨʫ ʧʨʝʜʩʪʘʚʠʤ ʢʦʥʝʯʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʫʟʣʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ N = {1, 2, é, n}; ʢʘʞʜʳʡ 

ʫʟʝʣ (ʦʩʪʘʥʦʚʦʯʥʳʡ ʧʫʥʢʪ, ʚʭʦʜʥʘʷ ʟʦʥʘ ʩʪʘʥʮʠʠ, ʧʝʨʝʩʘʜʦʯʥʳʡ ʢʦʤʧʣʝʢʩ, ʪʝʨʤʠʥʘʣ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 
ʧʦʩʪ) ʚʳʧʦʣʥʷʝʪ ʧʨʠʝʤ, ʥʘʢʦʧʣʝʥʠʝ ʠ ʧʨʦʧʫʩʢ ʧʘʩʩʘʞʠʨʦʚ, ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙ-
ʥʦʩʪʴ ʠ ʨʘʙʦʪʘʝʪ ʧʨʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ. 

ʆʛʨʘʥʠʯʝʥʥʳʡ ʨʝʩʫʨʩ ʟʘʜʘʜʠʤ ʚʝʢʪʦʨʦʤ x = (xϛ, é, x ), ʛʜʝ xⱲ ð ʦʙʲʝʤ ʨʝʩʫʨʩʘ, ʥʘʧʨʘʚʣʷʝʤʦʛʦ ʚ 
i-ʡ ʫʟʝʣ: ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʘʥʘʣ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʘʩʩʦʚʦ-ʪʫʨʥʠʢʝʪʥʘʷ ʣʠʥʠʷ, ʧʦʩʪ ʢʦʥʪʨʦʣʷ, ʦʙʦʨʫʜʦʚʘ-
ʥʠʝ, ʨʘʩʰʠʨʝʥʠʝ ʟʦʥʳ ʥʘʢʦʧʣʝʥʠʷ ʣʠʙʦ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ, ʫʚʝʣʠʯʠʚʘʶʱʝʝ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʴ ʫʟʣʘ. ʇʨʠ ʩʫʤʤʘʨʥʦʤ ʦʛʨʘʥʠʯʝʥʠʠ B ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʥʝ ʢ ʥʝʟʘʚʠʩʠʤʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʘʞ-
ʜʦʛʦ ʦʙʲʝʢʪʘ, ʘ ʢ ʚʳʙʦʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʥʠʞʝʥʠʝʤ ʧʦʪʝʨʴ ʧʦ ʩʠʩʪʝʤʝ. 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʚʢʣʶʯʘʝʪ ʪʨʠ ʫʨʦʚʥʷ (ʨʠʩ. 1): ʦʮʝʥʢʘ ʩʧʨʦʩʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʪʦʢʦʚ ʯʝʨʝʟ 
ʫʟʣʳ; ʦʧʠʩʘʥʠʝ ʢʘʞʜʦʛʦ ʫʟʣʘ ʤʦʜʝʣʴʶ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʨʘʩʯʝʪʦʤ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ, ʜʣʠʥʳ 
ʦʯʝʨʝʜʠ ʠ ʟʘʛʨʫʟʢʠ; ʨʝʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʘ. ʂʦʥʪʫʨ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 
ʢʦʨʨʝʢʪʠʨʫʝʪ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʧʨʦʩʘ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʟʣʦʚ. 

 

 
ʉʡʪ. 1. ʊʫʩʬʣʫʬʩʦʙʸ ʪʮʞʥʙ ʙʦʙʤʡʫʡʰʞʪʣʧʢ ʥʧʝʞʤʡ ʩʙʪʨʩʞʝʞʤʞʦʡʸ ʩʞʪʬʩʪʙ 

 
ʀʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ð ʤʘʪʨʠʮʘ ʤʝʞʨʘʡʦʥʥʳʭ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʨʘʥʩʧʦʨʪ-

ʥʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ. ʆʙʲʝʤ ʧʝʨʝʤʝʱʝʥʠʡ ʤʝʞʜʫ ʨʘʡʦʥʦʤ ʦʪʧʨʘʚʣʝʥʠʷ i ʠ ʨʘʡʦʥʦʤ ʥʘʟʥʘʯʝʥʠʷ j ʦʮʝ-
ʥʠʚʘʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

 Tij = k Ŀ Oi Ŀ Dj Ŀ f(cij),    f(cij) = cij
ïɓ (1) 

ʛʜʝ Tij ð ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʷ ʤʝʞʜʫ ʨʘʡʦʥʘʤʠ i ʠ j; Oi, Dj ð ʩʫʤʤʘʨʥʳʝ ʦʪʧʨʘʚʣʝʥʠʷ ʠ ʧʨʠʙʳʪʠʷ;  
cij ð ʦʙʦʙʱʝʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʟʘʪʨʘʪʳ; k, ɓ ð ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʚ i-ʤ ʫʟʣʝ ʧʦʣʫʯʘʝʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʥʝʛʦ 
ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ ʩ ʧʨʠʚʝʜʝʥʠʝʤ ʢ ʨʘʩʯʝʪʥʦʤʫ ʠʥʪʝʨʚʘʣʫ: 

 ɚi = (1 / ȹt) Ŀ Ɇ(r,s)ɴ Pi Trs (2) 
ʛʜʝ ɚi ð ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ; ȹt ð ʨʘʩʯʝʪʥʳʡ ʠʥʪʝʨʚʘʣ; Pi ð ʤʥʦʞʝʩʪʚʦ ʢʦʨʨʝʩʧʦʥʜʝʥ-
ʮʠʡ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ i-ʡ ʫʟʝʣ. ʇʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʪʦʢ ʫ ʫʟʣʘ ʘʧʧʨʦʢ-
ʩʠʤʠʨʫʝʪʩʷ ʧʫʘʩʩʦʥʦʚʩʢʠʤ, ʯʪʦ ʜʦʧʫʩʪʠʤʦ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ (ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʚʝʨʢʦʡ 
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ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ) ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʤʘʨʢʦʚʩʢʠʝ ʤʦʜʝʣʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. 
ʋʟʝʣ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʥʦʛʦʢʘʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ M/M/c: ʚʭʦʜʷʱʠʡ 

ʧʦʪʦʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɚi, ci ʦʜʥʦʨʦʜʥʳʭ ʢʘʥʘʣʦʚ, ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʘʥʘʣʘ ɛi, ʦʯʝ-
ʨʝʜʴ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʠʥʳ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʥʘʛʨʫʟʢʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʢʘʥʘʣʘ ʟʘʜʘʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ: 
 ai = ɚi / ɛi ,    ɟi = ɚi / (ci Ŀ ɛi) (3) 
ʉʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʩʫʱʝʩʪʚʫʝʪ ʧʨʠ ɟi < 1; ʥʘʨʫʰʝʥʠʝ ʫʩʣʦʚʠʷ ʦʟʥʘʯʘʝʪ ʩʪʨʫʢʪʫʨʥʳʡ ʜʝʬʠʮʠʪ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʘʩʩʘʞʠʨ ʟʘʩʪʘʥʝʪ ʚʩʝ ʢʘʥʘʣʳ ʟʘʥʷʪʳʤʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʬʦʨʤʫʣʦʡ ʕʨʣʘʥʛʘ C: 

 Pw,i = [(ai
c / ci!) Ŀ 1/(1 ï ɟi)] / [ Ɇk=0

cï1 ai
k / k! + (ai

c / ci!) Ŀ 1/(1 ï ɟi) ] (4) 
ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʠ: 

 Wqi = Pw,i / (ci Ŀ ɛi ï ɚi) (5) 
ʘ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʦʞʠʜʘʶʱʠʭ ʧʘʩʩʘʞʠʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʃʠʪʪʣʘ: 

 Lqi = ɚi Ŀ Wqi (6) 
ɿʘʚʠʩʠʤʦʩʪʴ (5) ʨʝʟʢʦ ʥʝʣʠʥʝʡʥʘ (ʨʠʩ. 2): ʧʨʠ ʫʤʝʨʝʥʥʦʡ ɟi ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʘʥʘʣ ʩʥʠʞʘʝʪ ʟʘ-

ʜʝʨʞʢʫ ʩʣʘʙʦ, ʥʦ ʧʨʠ ɟi Ÿ 1 ʦʩʪʘʪʦʯʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʣʘ, ʠ ʤʘʣʳʡ ʧʨʠʨʦʩʪ ʨʝʩʫʨʩʘ ʜʘʝʪ 
ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. ʕʪʦ ʦʙʦʩʥʦʚʳʚʘʝʪ ʧʨʠʦʨʠʪʝʪʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʟʘʛʨʫʞʝʥʥʳʭ ʫʟ-
ʣʦʚ ð ʥʦ ʣʠʰʴ ʜʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʠʭ ʧʨʝʜʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʦʩʪʘʣʴʥʳʤʠ. 

 

 
ʉʡʪ. 2. ʆʞʤʡʦʞʢʦʙʸ ʠʙʛʡʪʡʥʧʪʫʵ ʦʧʩʥʡʩʧʛʙʦʦʧʜʧ ʛʩʞʥʞʦʡ ʧʟʡʝʙʦʡʸ ʧʫ ʠʙʜʩʬʠʣʡ ʣʙʦʙʤʙ 

 
ʇʫʩʪʴ ʨʝʩʫʨʩ xi ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ i-ʛʦ ʫʟʣʘ (ʚ ʜʠʩʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ð ʯʠʩʣʦ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ, ʚ ʥʝʧʨʝʨʳʚʥʦʤ ð ʚʣʦʞʝʥʠʷ, ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʨʦʩʪʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ), 
ʪʘʢ ʯʪʦ Wqi(xi) ʫʙʳʚʘʝʪ. ʉʦʚʦʢʫʧʥʳʝ ʧʦʪʝʨʠ ð ʩʫʤʤʘ ʩʪʦʠʤʦʩʪʠ ʦʞʠʜʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ ʠ ʟʘʪʨʘʪ ʥʘ ʨʝ-
ʩʫʨʩ: 

 min Z(x) = Ɇi [Ŭi Ŀ ɚi Ŀ Wqi(xi) + ɔi Ŀ xi ] (7) 
ʧʨʠ Ɇi xi Ò B, xi Ó 0, ʛʜʝ Ŭi ð ʩʪʦʠʤʦʩʪʴ ʝʜʠʥʠʮʳ ʚʨʝʤʝʥʠ ʧʘʩʩʘʞʠʨʘ; ɔi ð ʫʜʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʨʝʩʫʨʩʘ; 
B ð ʙʶʜʞʝʪ. ʇʨʠ ʚʳʧʫʢʣʦʡ ʫʙʳʚʘʶʱʝʡ Wqi(xi) ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʚʳʧʫʢʣʘ, ʠ ʫʩʣʦʚʠʷ ʂʘʨʫʰʘ-ʂʫʥʘ-
ʊʘʢʢʝʨʘ ʟʘʜʘʶʪ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʫʤʘ. 

ɼʣʷ ʫʟʣʦʚ, ʧʦʣʫʯʘʶʱʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʩʫʨʩ, ʫʩʣʦʚʠʝ ʦʧʪʠʤʫʤʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʯʝʨʝʟ ʨʘ-
ʚʝʥʩʪʚʦ ʯʠʩʪʳʭ ʧʨʝʜʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ: 

 ï Ŭi Ŀ ɚi Ŀ (ÖWqi / Öxi) ï ɔi = ɜ,    xi > 0 (8) 
ʛʜʝ ɜ ð ʤʥʦʞʠʪʝʣʴ ʃʘʛʨʘʥʞʘ (ʧʨʝʜʝʣʴʥʘʷ ʮʝʥʥʦʩʪʴ ʙʶʜʞʝʪʘ). ʉʦʜʝʨʞʘʪʝʣʴʥʦ ʧʦʩʣʝʜʥʷʷ ʝʜʠʥʠʮʘ ʨʝ-
ʩʫʨʩʘ ʜʘʝʪ ʦʜʠʥʘʢʦʚʳʡ ʨʘʩʯʝʪʥʳʡ ʵʬʬʝʢʪ ʚʦ ʚʩʝʭ ʬʠʥʘʥʩʠʨʫʝʤʳʭ ʫʟʣʘʭ ʩ ʫʯʝʪʦʤ ʝʝ ʩʪʦʠʤʦʩʪʠ. ɼʣʷ 
ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʩʣʫʯʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʤʘʨʞʠʥʘʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ: ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʢʘʥʘʣ ʧʝʨʝʜʘʝʪʩʷ ʫʟʣʫ 
ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʯʪʦ ʧʨʠ ʫʙʳʚʘʶʱʝʡ ʧʦʣʝʟʥʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩ ʛʣʦʙʘʣʴ-
ʥʳʤ ʚʳʙʦʨʦʤ. 
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ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʞ 
ʈʘʩʩʤʦʪʨʝʥ ʬʨʘʛʤʝʥʪ ʩʠʩʪʝʤʳ ʠʟ ʯʝʪʳʨʝʭ ʨʘʟʥʦʪʠʧʥʳʭ ʫʟʣʦʚ; ʠʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ð ʚ 

ʪʘʙʣ. 1. ɺʩʝ ʫʟʣʳ ʫʩʪʦʡʯʠʚʳ, ʥʦ ʟʥʘʯʝʥʠʷ ɟ ʦʪ 0,667 ʜʦ 0,875 ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʟʦʥʝ ʠʥʪʝʥ-
ʩʠʚʥʦʛʦ ʨʦʩʪʘ ʦʯʝʨʝʜʝʡ; ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʦʞʠʜʘʶʱʠʭ ð 13,98 ʯʝʣ. 

 
ʋʙʚʤʡʯʙ 1 

ʁʪʮʧʝʦʴʞ ʨʙʩʙʥʞʫʩʴ ʡ ʚʙʠʧʛʧʞ ʪʧʪʫʧʸʦʡʞ ʬʠʤʧʛ ʡʦʭʩʙʪʫʩʬʣʫʬʩʴ 

ʋʟʝʣ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 
ɚⱲ, 

ʧʘʩʩ./ʤʠʥ 
ɛⱲ, 

ʧʘʩʩ./ʤʠʥ 
cⱲ ɟⱲ WqⱲ, ʩ LqⱲ, ʯʝʣ. 

ʆʩʪʘʥʦʚʦʯʥʳʡ ʧʫʥʢʪ 18 7 3 0,857 14,9 4,46 

ʇʝʨʝʩʘʜʦʯʥʳʡ ʫʟʝʣ 40 12 4 0,833 4,9 3,29 

ʉʪʘʥʮʠʷ 70 20 4 0,875 4,4 5,17 

ʊʝʨʤʠʥʘʣ / ʜʝʧʦ 12 9 2 0,667 5,3 1,07 

ʁʫʧʜʧ ʨʧ ʪʡʪʫʞʥʞ ð ð 13 ð ð 13,98 

 
ʇʨʠ ʙʶʜʞʝʪʝ B = 6 ʢʘʥʘʣʦʚ ʠ ʢʨʠʪʝʨʠʠ ʤʠʥʠʤʫʤʘ ʩʫʤʤʘʨʥʦʛʦ ʯʠʩʣʘ ʦʞʠʜʘʶʱʠʭ (ʩʪʦʠʤʦʩʪʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʧʦʪʦʢʫ) ʤʘʨʞʠʥʘʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ ʜʘʝʪ ʧʦʨʷʜʦʢ ʚʳʜʘʯʠ: ʩʪʘʥʮʠʷ, 
ʦʩʪʘʥʦʚʦʯʥʳʡ ʧʫʥʢʪ, ʧʝʨʝʩʘʜʦʯʥʳʡ ʫʟʝʣ, ʪʝʨʤʠʥʘʣ, ʩʪʘʥʮʠʷ, ʦʩʪʘʥʦʚʦʯʥʳʡ ʧʫʥʢʪ. ʇʨʝʜʝʣʴʥʳʡ ʵʬʬʝʢʪ 
ʰʘʛʦʚ ʫʙʳʚʘʝʪ (4,28; 3,84; 2,64; 0,92; 0,63; 0,47 ʯʝʣ.), ʧʦʜʪʚʝʨʞʜʘʷ ʩʥʠʞʝʥʠʝ ʧʦʣʝʟʥʦʩʪʠ ʨʝʩʫʨʩʘ ʧʦ 
ʤʝʨʝ ʨʘʟʛʨʫʟʢʠ. 

 
ʋʙʚʤʡʯʙ 2 

ʊʧʪʫʧʸʦʡʞ ʬʠʤʧʛ ʨʧʪʤʞ ʧʨʫʡʥʙʤʵʦʧʜʧ ʩʙʪʨʩʞʝʞʤʞʦʡʸ ʩʞʪʬʩʪʙ 

ʋʟʝʣ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ȹcⱲ cⱲ (ʠʪʦʛ) ɟⱲ WqⱲ, ʩ LqⱲ, ʯʝʣ. 

ʆʩʪʘʥʦʚʦʯʥʳʡ ʧʫʥʢʪ +2 5 0,514 0,5 0,15 

ʇʝʨʝʩʘʜʦʯʥʳʡ ʫʟʝʣ +1 5 0,667 1,0 0,65 

ʉʪʘʥʮʠʷ +2 6 0,583 0,2 0,25 

ʊʝʨʤʠʥʘʣ / ʜʝʧʦ +1 3 0,444 0,7 0,14 

ʁʫʧʜʧ ʨʧ ʪʡʪʫʞʥʞ +6 19 ð ð 1,20 

 
ʈʝʩʫʨʩ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʩʪʘʥʮʠʠ ʠ ʦʩʪʘʥʦʚʦʯʥʦʤ ʧʫʥʢʪʝ ð ʫʟʣʘʭ ʩ ʥʘʠʙʦʣʴʰʝʡ ʠʩʭʦʜʥʦʡ ʟʘ-

ʛʨʫʟʢʦʡ ʠ ʚʢʣʘʜʦʤ ʚ ʦʯʝʨʝʜʴ; ʪʝʨʤʠʥʘʣ ʧʦʣʫʯʘʝʪ ʦʜʠʥ ʢʘʥʘʣ, ʪʘʢ ʢʘʢ ʝʛʦ ʜʘʣʴʥʝʡʰʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ 
ʜʘʣʘ ʙʳ ʤʝʥʴʰʠʡ ʵʬʬʝʢʪ. ʉʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʦʞʠʜʘʶʱʠʭ ʩʥʠʞʘʝʪʩʷ ʩ 13,98 ʜʦ 1,20 ʯʝʣ. (ʨʠʩ. 3), ʘ ʟʘ-
ʛʨʫʟʢʘ ʚʩʝʭ ʫʟʣʦʚ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ 0,667 ð ʩʠʩʪʝʤʘ ʚʳʭʦʜʠʪ ʠʟ ʟʦʥʳ ʨʝʟʢʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʨʦʩʪʘ ʦʞʠ-
ʜʘʥʠʷ. 

 
ʉʡʪ. 3. ʊʩʞʝʦʞʞ ʰʡʪʤʧ ʧʟʡʝʙʷʲʡʮ ʨʙʪʪʙʟʡʩʧʛ ʝʧ ʡ ʨʧʪʤʞ ʩʙʪʨʩʞʝʞʤʞʦʡʸ ʩʞʪʬʩʪʙ 
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ʀʙʣʤʷʰʞʦʡʞ 
ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʩʚʷʟʳʚʘʝʪ ʩʧʨʦʩ, ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʫʟʣʦʚ ʠ ʬʫʥʢʮʠʶ ʩʦʚʦʢʫʧʥʳʭ 

ʧʦʪʝʨʴ ʚʨʝʤʝʥʠ: ʤʦʜʝʣʴ M/M/c ʜʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʦʞʠʜʘʥʠʷ ʠ ʟʘʛʨʫʟʢʠ ʨʘʟʥʦʪʠʧʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʦʧʪʠ-
ʤʠʟʘʮʠʦʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʲʝʢʪʠʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ ʙʝʟ ʵʢʩʧʝʨʪʥʦʛʦ ʨʘʥʞʠʨʦ-
ʚʘʥʠʷ. ʂʣʶʯʝʚʦʡ ʨʝʟʫʣʴʪʘʪ ð ʨʝʩʫʨʩ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʫʟʝʣ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʝʜʝʣʴʥʳʤ ʵʬʬʝʢʪʦʤ, 
ʫʙʳʚʘʶʱʠʤ ʧʦ ʤʝʨʝ ʨʘʟʛʨʫʟʢʠ, ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʨʘʚʥʦʚʝʩʥʦʝ ʨʝʰʝʥʠʝ; ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʦʙʘʚʣʝʥʠʝ ʰʝ-
ʩʪʠ ʢʘʥʘʣʦʚ ʩʥʠʟʠʣʦ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʦʞʠʜʘʶʱʠʭ ʙʦʣʝʝ ʯʝʤ ʚ ʦʜʠʥʥʘʜʮʘʪʴ ʨʘʟ. 

ʉʭʝʤʘ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ 
ʦʩʪʘʥʦʚʦʯʥʳʭ ʧʫʥʢʪʦʚ, ʧʝʨʝʩʘʜʦʯʥʳʭ ʫʟʣʦʚ, ʩʪʘʥʮʠʡ ʠ ʪʝʨʤʠʥʘʣʦʚ. ʈʘʟʚʠʪʠʝ ʤʦʜʝʣʠ ʩʚʷʟʘʥʦ ʩ ʫʯʝʪʦʤ 
ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʧʨʦʩʘ ɚ(t), ʢʦʥʝʯʥʦʡ ʝʤʢʦʩʪʠ ʟʦʥ ʥʘʢʦʧʣʝʥʠʷ, ʩʝʪʝʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʫʟʣʘʤʠ ʠ 
ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠ ʟʘʢʫʧʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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РАСЧЁТ И ВЫБОР МАЗУТНОЙ ФОРСУНКИ ДЛЯ 
ГАЗОМАЗУТНЫХ ГОРЕЛОК СУШИЛЬНЫХ 
БАРАБАНОВ 

Безруков Андрей Михайлович 
ʘʩʧʠʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʀ. ʃʝʥʠʥʘè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʣʠʙʘʙʘ ʆʣʴʛʘ ɹʦʨʠʩʦʚʥʘ, 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʀ. ʃʝʥʠʥʘè 
 

ɹʦʦʧʫʙʯʡʸ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝ-
ʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʘʟʦʤʘʟʫʪʥʳʭ ʛʦʨʝʣʦʢ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʪʦʧʢʘʭ ʩʫʰʠʣʴʥʳʭ ʙʘʨʘʙʘʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 
ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʘʯʝ-
ʩʪʚʦ ʩʞʠʛʘʥʠʷ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ (ʩʝʨʥʠʩʪʦʛʦ ʤʘʟʫʪʘ), ʷʚʣʷʝʪʩʷ ʤʘʟʫʪʥʘʷ ʬʦʨʩʫʥʢʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʥʞʝ-
ʥʝʨʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʩʫʥʢʠ ʩ ʧʘʨʦʩʪʨʫʡʥʳʤ ʨʘʩʧʳʣʝ-
ʥʠʝʤ. ɺʳʧʦʣʥʝʥ ʩʦʚʤʝʩʪʥʳʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʛʦʨʝʥʠʷ ʤʘʟʫʪʘ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ 
ʬʦʨʩʫʥʢʠ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʙʳʪʢʘ 
ʚʦʟʜʫʭʘ ʠ ʧʠʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʘʟʤʝʨʳ ʬʦʨʩʫʥ-
ʢʠ: ʜʠʘʤʝʪʨ ʤʘʟʫʪʥʦʛʦ ʩʦʧʣʘ, ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ ʩʦʧʣʘ ʃʘʚʘʣʷ, ʚʳʭʣʦʧʥʦʡ ʪʨʫʙʳ, ʘ ʪʘʢʞʝ ʩʪʝʭʠʦ-
ʤʝʪʨʠʯʝʩʢʘʷ ʠ ʧʦʣʥʘʷ ʜʣʠʥʘ ʬʘʢʝʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʪʨʫʙʳ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʜʠʘ-
ʤʝʪʨʫ ʙʣʠʟʢʦ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʝ ʨʘʩʧʳʣʝʥʠʝ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʪʦʯʥʳʡ ʧʦʜʙʦʨ 
ʬʦʨʩʫʥʢʠ ʩʥʠʞʘʝʪ ʥʝʜʦʞʦʛ, ʵʤʠʩʩʠʶ ʩʘʞʠ ʠ ʦʢʩʠʜʦʚ ʩʝʨʳ, ʧʦʚʳʰʘʷ ʂʇɼ ʩʫʰʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʘʟʦʤʘʟʫʪʥʘʷ ʛʦʨʝʣʢʘ, ʤʘʟʫʪʥʘʷ ʬʦʨʩʫʥʢʘ, ʩʫʰʠʣʴʥʳʡ ʙʘʨʘʙʘʥ, ʤʘʟʫʪ ʄ100, ʧʘ-
ʨʦʩʪʨʫʡʥʦʝ ʨʘʩʧʳʣʝʥʠʝ, ʬʘʢʝʣ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʨʝʥʠʷ. 
 

CALCULATION AND SELECTION OF OIL NOZZLE FOR GAS-OIL FLAME FOR DRYING DRUM 
 

Bezrukov Andrey Mikhailovich 
 

Scientific Supervisor: Kolibaba Olga Borisovna 
 
Abstract. This paper addresses the relevant problem of increasing the efficiency and environmental safety of 
gas-oil burners used in drying drum furnaces, in particular in the production of mineral fertilizers. It is shown 
that the key element determining the quality of liquid fuel combustion (sulfur fuel oil) is the fuel oil nozzle. An 
engineering method for calculating the geometric and operating parameters of a nozzle with steam-jet atomi-
zation is proposed. A combined thermodynamic calculation of fuel oil combustion and a hydrodynamic calcula-
tion of the nozzle are performed. Dependences of the actual combustion temperature on the excess air coeffi-
cient and the pyrometric coefficient are obtained. The main design dimensions of the nozzle are determined: 
fuel oil nozzle diameter, critical section of the Laval nozzle, exhaust pipe, as well as the stoichiometric and to-
tal flame length. It is shown that the ratio of the pipe diameter to the critical diameter is close to optimal, which 
ensures stable atomization. It is noted that accurate selection of the nozzle reduces unburned fuel, soot and 
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sulfur oxide emissions, increasing the efficiency of the drying plant. 
Keywords: gas-oil burner, fuel oil nozzle, drying drum, M100 fuel oil, steam-jet atomization, flame, combustion 
efficiency. 
 

 
ɻʛʞʝʞʦʡʞ 
ɻʘʟʦʤʘʟʫʪʥʳʝ ʛʦʨʝʣʢʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʫʰʠʣʴʥʳʭ ʙʘʨʘʙʘʥʘʭ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ, ʮʝʤʝʥʪʘ ʠ ʜʨʫʛʠʭ ʩʳ-
ʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʢʘʢ ʥʘ ʛʘʟʦʦʙʨʘʟʥʦʤ, ʪʘʢ ʠ ʥʘ ʞʠʜʢʦʤ ʪʦʧʣʠʚʝ (ʦʙʳʯʥʦ ʤʘʟʫ-
ʪʝ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʮʝʥ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ [1]. 
ʆʜʥʘʢʦ ʩʞʠʛʘʥʠʝ ʤʘʟʫʪʘ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ: ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ (ʚ ʤʘʨʢʝ ʄ100 ʜʦ 0,9-
1,5%), ʧʦʚʳʰʝʥʥʘʷ ʚʷʟʢʦʩʪʴ, ʩʢʣʦʥʥʦʩʪʴ ʢ ʢʦʢʩʦʚʘʥʠʶ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʘʞʠʩʪʳʭ ʯʘʩʪʠʮ. 

ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʣʶʙʦʡ ʤʘʟʫʪʥʦʡ ʛʦʨʝʣʢʠ ʷʚʣʷʝʪʩʷ ʬʦʨʩʫʥʢʘ - ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʘʩʧʳʣʝʥʠʷ 
ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʤʝʣʢʠʝ ʢʘʧʣʠ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʘʨʝʥʠʷ ʠ ʢʦʥʪʘʢʪʘ ʩ ʢʠʩʣʦʨʦʜʦʤ 
ʚʦʟʜʫʭʘ [2]. ʆʪ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʦʨʘ ʠ ʨʘʩʯʸʪʘ ʬʦʨʩʫʥʢʠ ʟʘʚʠʩʷʪ: 

- ʧʦʣʥʦʪʘ ʩʛʦʨʘʥʠʷ (ʭʠʤʠʯʝʩʢʠʡ ʠ ʤʝʭʘʥʠʯʝʩʢʠʡ ʥʝʜʦʞʦʛ); 
- ʜʣʠʥʘ ʠ ʬʦʨʤʘ ʬʘʢʝʣʘ (ʩʦʦʪʚʝʪʩʪʚʠʝ ʛʝʦʤʝʪʨʠʠ ʪʦʧʢʠ); 

- ɻ ʤʠʩʩʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ (NO, SOϜ, ʩʘʞʘ); 
- ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʦʨʝʥʠʷ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʢʘʭ; 
- ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʛʦʨʝʣʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ. 
ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʜʚʘ ʧʦʜʭʦʜʘ: ʣʠʙʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʬʦʨʩʫʥʢʘ ʙʝʟ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʘʩʯʸʪʘ (ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ ʥʘ 10-15%), ʣʠʙʦ ʬʦʨʩʫʥʢʘ ʧʦʜʙʠʨʘʝʪ-
ʩʷ ʵʤʧʠʨʠʯʝʩʢʠ ʤʝʪʦʜʦʤ ʧʨʦʙ, ʯʪʦ ʟʘʪʷʛʠʚʘʝʪ ʧʫʩʢʦʥʘʣʘʜʢʫ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪ-
ʩ ̫ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʩʦʚʤʝʩʪʥʦʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ, ʧʦʟʚʦʣʷ-
ʶʱʘʷ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʬʦʨʩʫʥʢʠ ʧʦʜ ʟʘʜʘʥʥʳʝ ʫʩʣʦʚʠʷ (ʪʠʧ ʤʘʟʫʪʘ, ʨʘʩʭʦʜ, 
ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʳʣʠʪʝʣʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ). 

ʎʝʣʴ ʨʘʙʦʪʳ - ʧʨʝʜʩʪʘʚʠʪʴ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʥʘ ʫʨʦʚʥʝ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ) ʦʙʦʩʥʦ-
ʚʘʪʴ ʧʦʨʷʜʦʢ ʨʘʩʯʸʪʘ ʤʘʟʫʪʥʦʡ ʬʦʨʩʫʥʢʠ ʩ ʧʘʨʦʩʪʨʫʡʥʳʤ ʨʘʩʧʳʣʝʥʠʝʤ ʜʣʷ ʩʫʰʠʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʨʘ-
ʙʦʪʘʶʱʝʛʦ ʥʘ ʩʝʨʥʠʩʪʦʤ ʤʘʟʫʪʝ ʄ100. 

 
ʋʞʧʩʡʸ ʡ ʥʞʫʧʝʡʣʙ ʩʙʪʰʹʫʙ 
ʆʩʦʙʝʥʥʦʩʪʠ ʩʞʠʛʘʥʠʷ ʤʘʟʫʪʘ ʚ ʩʫʰʠʣʴʥʳʭ ʙʘʨʘʙʘʥʘʭ. 
ʉʫʰʠʣʴʥʳʡ ʙʘʨʘʙʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʨʘʱʘʶʱʫʶʩʷ ʥʘʢʣʦʥʥʫʶ ʪʨʫʙʫ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʩʳʧʫ-

ʯʠʡ ʤʘʪʝʨʠʘʣ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʧʦʪʦʢʦʤ ʛʦʨʷʯʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʬʘʢʝʣʫ: ʜʦʩʪʘʪʦʯʥʘʷ ʜʣʠ-
ʥʘ (ʯʪʦʙʳ ʥʝ ʢʘʩʘʪʴʩʷ ʤʘʪʝʨʠʘʣʘ ʠ ʬʫʪʝʨʦʚʢʠ), ʫʤʝʨʝʥʥʘʷ ʷʨʢʦʩʪʴ (ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʤʝʩʪʥʳʭ ʧʝ-
ʨʝʛʨʝʚʦʚ), ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʥʘ ʚʳʭʦʜʝ. ʄʘʟʫʪ ʧʝʨʝʜ ʧʦʜʘʯʝʡ ʧʦʜʦʛʨʝʚʘʶʪ ʜʦ 100ï
140ÁC ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ ʜʦ 5ï10 cʉʪ. 

ʁʪʮʧʝʦʴʞ ʝʙʦʦʴʞ ʝʤʸ ʩʙʪʰʹʫʙ (ʨʧ ʩʞʙʤʵʦʧʢ ʬʪʫʙʦʧʛʣʞ): 
- ʊʦʧʣʠʚʦ: ʤʘʟʫʪ ʩʝʨʥʠʩʪʳʡ ʄ100, ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ Qʥʨ=40,6 ʄɼʞ/ʢʛ (9700 ʢʢʘʣ/ʢʛ). 
- ʈʘʩʭʦʜ ʤʘʟʫʪʘ ʤʘʢʩʠʤʘʣʴʥʳʡ Bʤ.ʤʘʭ=0,146 ʢʛ/ʩ. 
- ʈʘʩʧʳʣʠʪʝʣʴ: ʧʝʨʝʛʨʝʪʳʡ ʧʘʨ, ʜʘʚʣʝʥʠʝ ʠʟʙʳʪʦʯʥʦʝ P=0,2 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʘ t=200ÁC. 
- ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʨʘʩʧʳʣʠʪʝʣʷ gp=0,65 ʢʛ ʧʘʨʘ/ʢʛ ʤʘʟʫʪʘ. 
- ʂʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʚ ʟʦʥʝ ʛʦʨʝʥʠʷ Ŭ=1,2. 
- ʊʠʧ ʬʦʨʩʫʥʢʠ: ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʚʚʦʜʦʤ ʤʘʟʫʪʘ ʠ ʚʳʭʣʦʧʥʦʡ ʪʨʫʙʦʡ, ʩʦʧʣʦ ʃʘʚʘʣʷ. 
ʖʫʙʨ 1. ʋʞʩʥʧʝʡʦʙʥʡʰʞʪʣʡʢ ʩʙʪʰʹʫ ʜʧʩʞʦʡʸ (ʣʩʙʫʣʧ, ʨʧ ʥʞʫʧʝʡʣʞ [3]). 
ʇʦ ʩʦʩʪʘʚʫ ʤʘʟʫʪʘ (C=87,6%; H=10,5%; S=0,9%; O=0,5%; N=0,5%; W=10%) ʦʧʨʝʜʝʣʷʝʤ: 
- ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ (L0, ʥʤ3/ʢʛ) 

0 0,0899 0,265 0,0333( )

0,0899 78,717 0,265 9,9435 0,0333(0,449 0,809) 9,51.

p p p pL C H O S= + - - =

= Ö + Ö - - = 
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- ɼʝʡʩʪʚʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ (Lɼ, ʥʤ3/ʢʛ) 

0 1,2 9,51 11,41ɼL La= = Ö =
 

ʆʙʲʸʤʳ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ (COϜ, HϜO, NϜ, SOϜ, OϜ) ʠ ʦʙʱʫʶ ʵʥʪʘʣʴʧʠʶ ʜʳʤʦʚʭr ʛʘʟʦʚ iʦʙʱ
 ʨʘʩʩʯʠʪʳʚʘʝʤ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ.  

ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ tʨʝʘʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʧʠʨʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 
ɖ (ʫʯʠʪʳʚʘʶʱʠʡ ʪʝʧʣʦʦʙʤʝʥ ʚ ʪʦʧʢʝ) ʠ iït ʜʠʘʛʨʘʤʤʫ.  

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʣʫʯʝʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ (ʜʣʷ Ŭ=1,2): 
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222677196 0,833400327172745
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69230642 1744,6;

828,1Ö + Ö -

- =  
ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ ʨʘʟʥʳʭ Ŭ ʠ ɖ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

 
ʋʙʚʤʡʯʙ 1 

ɻʤʡʸʦʡʞ ʣʧʶʭʭʡʯʡʞʦʫʙ ʡʠʚʴʫʣʙ ʛʧʠʝʬʮʙ ʡ ʨʡʩʧʥʞʫʩʡʰʞʪʣʧʜʧ ʃʈɽ  
ʦʙ ʝʞʢʪʫʛʡʫʞʤʵʦʬʷ ʫʞʥʨʞʩʙʫʬʩʬ ʜʧʩʞʦʡʸ 

ɖ Ŭ=1,2 Ŭ=1,5 Ŭ=2,0 

0,85 1591ÁC 1340ÁC 1056ÁC 

0,90 1669ÁC 1413ÁC 1116ÁC 

0,95 1745ÁC 1484ÁC 1177ÁC 

 
ɸʥʘʣʠʟ: ʩ ʨʦʩʪʦʤ Ŭ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʜʘʝʪ ʠʟ-ʟʘ ʥʘʛʨʝʚʘ ʙʘʣʣʘʩʪʥʦʛʦ ʘʟʦʪʘ; ʧʦʚʳʰʝʥʠʝ ɖ ʟʘ ʩʯʸʪ 

ʣʫʯʰʝʡ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ ʪʦʧʢʠ ʫʚʝʣʠʯʠʚʘʝʪ tʨʝʘʣ ʧʨʠʤʝʨʥʦ ʥʘ 100ÁC ʥʘ ʢʘʞʜʳʝ 0,05. 
ʖʫʙʨ 2. ɼʡʝʩʙʛʤʡʰʞʪʣʡʢ ʡ ʜʞʧʥʞʫʩʡʰʞʪʣʡʢ ʩʙʪʰʹʫ ʭʧʩʪʬʦʣʡ. 
ʈʘʩʯʸʪ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʨʝʞʠʤʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ [2]: 
ʇʣʦʱʘʜʴ ʤʘʟʫʪʥʦʛʦ ʩʦʧʣʘ: 

̍‫
ˏ̍ ̍ ̖́zρπ

•̒ ”z̍ ύz̍

πȟρτφzρπ

πȟυz ωχπzςπ
ρυȟπυς ̍  ̍

ʛʜʝ űc=0,5 - ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ;  
ɟm=970 ʢʛ/ʤ3 - ʧʣʦʪʥʦʩʪʴ ʤʘʟʫʪʘ ʧʨʠ 130ÁC; wm=20 ʤ/ʩ - ʩʢʦʨʦʩʪʴ ʚ ʩʦʧʣʝ. 
ɼʠʘʤʝʪʨ ʤʘʟʫʪʥʦʛʦ ʩʦʧʣʘ:  

Ὠ̍
τz ρυȟπυς

“
τȟσχψ ̍  ̍

ʉʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʧʝʨʝʛʨʝʪʦʛʦ ʧʘʨʘ ʠʟ ʩʦʧʣʘ ʃʘʚʘʣʷ ʦʧʨʝʜʝʣʠʤ ʩ ʧʦʤʦʱʴʶ i-s ʜʠʘʛʨʘʤʤʳ. ʇʨʠ 
P = 0.2 ʄʇʘ ʠ t=200ʉ, hʪ=2850 ʢɼʞ/ʢʛ, h=2670 ʢɼʞ/ʢʛ[3]. 

ʉʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʧʘʨʘ ʠʟ ʩʦʧʣʘ ʃʘʚʘʣʷ: 

ύ ττȢχ Ὤ̓ Ὤ ττȟχЍςψυπςφχπυωωȟχ ̍Ⱦ̒ 

ʈʘʩʭʦʜ ʨʘʩʧʳʣʠʪʝʣʷ 
 Ὃ̑ Ὣ̑ ᶻˏ  ̍̍ ́̋̒πȟφυzπȟρτφπȟπωυ ̋ Ⱦ̄̒ 

ʇʣʦʱʘʜʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ ʩʦʧʣʘ ʃʘʚʘʣʷ ʬʦʨʩʫʥʢʠ: 

̋‫ ̑

Ὃ ˟̄

Ὧ̄ᶻ̑ ̄

πȟπωυzЍτχσ

πȟπσρσzπȟσ
ςρωȟψ ̍  ̍

ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ ʩʦʧʣʘ: 
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Ὠ̋ ̑

τz ωυȟυφφ

“
ρφȟχσ ̍  ̍

ɺ ʚʳʭʦʜʥʦʤ ʩʝʯʝʥʠʠ ʩʦʧʣʘ ʃʘʚʘʣʷ ʧʦ h-s ʜʠʘʛʨʘʤʤʝ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʳʣʠʪʝʣʷ ɟ=1/ɡ=0,834 ʢʛ/ʤ3. 
ʊʦʛʜʘ ʧʣʦʱʘʜʴ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʩʦʧʣʘ ʃʘʚʘʣʷ: 

‫
Ὃ̑ ρzπ

”z ύ

πȟπωυzρπ

πȟψστzυωωȟχ
ρψωȟχτ ̍  ̍

ɸ ʝʛʦ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ Ὠ
ᶻ ȟ

ρυȟυτσ. ʉʢʦʨʦʩʪʴ ʨʘʩʧʳʣʠʪʝʣʷ ʠʟ ʬʦʨʩʫʥʢʠ 

ύ̒ ̍ ύ ̑

̑
υωωȟχρz

ȟ

ȟ
σχφȟτρ ̍Ⱦ̒. ʊʦʛʜʘ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʚʳʭʣʦʧʥʦʡ ʪʨʫʙʳ: 

̓‫ ̑

Ὃ̑ ρzπ

”z ύ̒ ̍

πȟπωυzρπ

πȟψστzσχφȟτρ
σπςȟσ ̍  ̍

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʠʘʤʝʪʨ ʪʨʫʙʳ: 

Ὀ̓ ̑

τz σπςȟσ

“
ρωȟφς ̍  ̍

ʆʪʥʦʰʝʥʠʝ Dʪʨ/dʢʨ=19.62:16,73=1.17 ʙʣʠʟʢʦ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ 
ʇʨʦʚʝʨʢʘ: Dʪʨ/dʢʨ=19,62/16,73=1,17Dʪʨ/dʢʨ=19,62/16,73=1,17 (ʦʧʪʠʤʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ 1,1é1,2). 
ʖʫʙʨ 3. ʇʨʩʞʝʞʤʞʦʡʞ ʝʤʡʦʴ ʭʙʣʞʤʙ. 
ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʫʶ ʜʣʠʥʫ ʬʘʢʝʣʘ ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʨʠ gʛ=0. ʇʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ 

‌ ρȢς ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ - 1000 ʉ, ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʤʘʟʫʪʘ ï 2270 ʉ[2]. ʊʦʛʜʘ:  

‪̕
πȟφz ὸ̄ ςχσ

ρπππςχσ

πȟφςςχπςχσ

ρπππςχσ
ρȟρψ 

ɡ̕
”̃

”̎ ̘́

ρȟςωσzςχσ

πȟψστzρςχσ
πȟσςχ 

̘̒̎́

̖̒̒

ὒ ̍z ”̃ Ὣ

Ὣ

ρπȟτz ρȟςωσπȟφυ

πȟφυ
ςρȟφω 

ὰ̖̒
Ὠ

υȟχ
‪̕

ɡ̕
ᶻ
̘̒̎́

̖̒̒
υȟχz

ρȟρψ

πȟσςχ
ςzρȟφω ςστȟχς  

ʊʘʢ ʢʘʢ d0 = Dʪʨ = 19,62 ʤʤ, ʪʦ ὰ̖̒ ςστȟχςzρωȟφς τφπυ ̍̍ τȟφπυ ̍ 

ʇʦʣʥʘʷ ʜʣʠʥʘ ʬʘʢʝʣʘ: ὰ̕ ςὰ̖̒ ςz τȟφπυωȟςρ ̍ 

ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ (9,2 ʤ) ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʠʧʦʚʦʡ ʜʣʠʥʦʡ ʩʫʰʠʣʴʥʳʭ ʙʘʨʘʙʘʥʦʚ ʧʨʦʠʟ-
ʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 5ï10 ʪ/ʯ. 

 
ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʞ 
ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʧʦʣʥʳʡ ʥʘʙʦʨ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʤʘʟʫʪʥʦʡ ʬʦʨʩʫʥʢʠ (ʪʘʙʣ. 2). ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ï ʩʦʚʤʝʩʪʥʳʡ ʫʯʸʪ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 
(ʪʝʤʧʝʨʘʪʫʨʘ, Ŭ, ʩʦʩʪʘʚ ʛʘʟʦʚ) ʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ (ʩʢʦʨʦʩʪʠ, ʧʣʦʱʘʜʠ, ʜʣʠʥʳ). 

ɹʦʙʤʡʠ ʛʙʟʦʧʪʫʡ ʫʧʰʦʧʜʧ ʨʧʝʚʧʩʙ ʭʧʩʪʬʦʣʡ. 
ɿʘʥʠʞʝʥʠʝ ʜʠʘʤʝʪʨʘ ʤʘʟʫʪʥʦʛʦ ʩʦʧʣʘ (ʥʘʧʨʠʤʝʨ, 3 ʤʤ ʚʤʝʩʪʦ 4,38) ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʩʢʦʨʦʩʪʠ 

ʤʘʟʫʪʘ ʜʦ 35 ʤ/ʩ, ʫʭʫʜʰʝʥʠʶ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʥʝʜʦʞʦʛʫ - ʂʇɼ ʧʘʜʘʝʪ ʥʘ 6-8%. ɿʘʚʳ-
ʰʝʥʠʝ (5,5 ʤʤ) - ʢʘʧʣʠ ʢʨʫʧʥʳʝ, ʬʘʢʝʣ ʢʦʧʪʠʪ. ʇʨʠ ʥʝʦʧʪʠʤʘʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ Dʪʨ/dʢʨDʪʨ/dʢʨ (ʤʝʥʝʝ 
1,1 ʠʣʠ ʙʦʣʝʝ 1,25) ʨʘʩʧʳʣ ʩʪʘʥʦʚʠʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ, ʣʦʢʘʣʴʥʳʝ ʟʦʥʳ ʩ Ŭ<1 ʜʘʶʪ ʚʳʙʨʦʩ ʩʘʞʠ ʠ 
CO, ʘ ʟʦʥʳ ʩ Ŭ>1,5 - ʨʦʩʪ NO. ʂʦʨʦʪʢʠʡ ʬʘʢʝʣ (ʤʝʥʝʝ 7 ʤ) ʧʝʨʝʛʨʝʚʘʝʪ ʚʭʦʜʥʫʶ ʯʘʩʪʴ ʙʘʨʘʙʘʥʘ, ʫʩʢʦ-
ʨʷʝʪ ʵʨʦʟʠʶ ʬʫʪʝʨʦʚʢʠ; ʯʨʝʟʤʝʨʥʦ ʜʣʠʥʥʳʡ (ʙʦʣʝʝ 11 ʤ) - ʩʪʨʫʷ ʙʴʸʪ ʚ ʟʘʜʥʶʶ ʩʪʝʥʢʫ, ʦʙʨʘʟʫʶʪʩʷ 
ʥʘʩʪʳʣʠ. ʈʘʩʩʯʠʪʘʥʥʘʷ ʬʦʨʩʫʥʢʘ ʫʩʪʦʡʯʠʚʦ ʨʘʙʦʪʘʝʪ ʧʨʠ ʩʥʠʞʝʥʠʠ ʨʘʩʭʦʜʘ ʜʦ 60% ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ 
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(ʧʫʪʸʤ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʘʨʘ), ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ ʟʘʛʨʫʟʢʝ ʩʫʰʠʣʢʠ. 
ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʪʠʧʦʚʳʤʠ ʟʘʚʦʜʩʢʠʤʠ ʬʦʨʩʫʥʢʘʤʠ (ʧʦʜʦʙʨʘʥʥʳʤʠ çʧʦ ʘʥʘʣʦʛʫè) ʧʦʢʘ-

ʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʘʩʯʸʪʘ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʧʫʩʢʦʥʘʣʘʜʦʯʥʳʝ ʨʘʙʦʪʳ ʩ 2-3 
ʥʝʜʝʣʴ ʜʦ 2-3 ʜʥʝʡ ʠ ʩʥʠʟʠʪʴ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ 5-7%. 
 

ʋʙʚʤʡʯʙ 2 
ʇʪʦʧʛʦʴʞ ʩʞʠʬʤʵʫʙʫʴ ʩʙʪʰʹʫʙ ʭʧʩʪʬʦʣʡ ʝʤʸ ʥʙʠʬʫʙ ʅ100. 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʈʘʩʭʦʜ ʤʘʟʫʪʘ max, ʢʛ/ʩ 0,146 

ɼʠʘʤʝʪʨ ʤʘʟʫʪʥʦʛʦ ʩʦʧʣʘ, ʤʤ 4,38 

ɼʠʘʤʝʪʨ ʛʦʨʣʘ ʩʦʧʣʘ ʃʘʚʘʣʷ, ʤʤ 16,73 

ɼʠʘʤʝʪʨ ʚʳʭʣʦʧʥʦʡ ʪʨʫʙʳ, ʤʤ 19,62 

ɼʣʠʥʘ ʚʳʭʣʦʧʥʦʡ ʪʨʫʙʳ, ʤʤ 196,2 

ɼʣʠʥʘ ʩʦʧʣʘ ʃʘʚʘʣʷ, ʤʤ 39,0 

ʇʦʣʥʘʷ ʜʣʠʥʘ ʬʘʢʝʣʘ, ʤ 9,21 

ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ (ɖ=0,9), ÁC 1669 

 
ɻʴʛʧʝʴ ʡ ʠʙʣʤʷʰʞʦʡʞ 
1. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʤʘʟʫʪʥʦʡ ʬʦʨʩʫʥʢʠ ʜʣʷ ʛʘʟʦ-

ʤʘʟʫʪʥʦʡ ʛʦʨʝʣʢʠ ʩʫʰʠʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʚʢʣʶʯʘʶʱʘʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʛʦʨʝʥʠʷ ʠ ʛʘʟʦʜʠʥʘ-
ʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʩʦʧʣʦʚʦʛʦ ʘʧʧʘʨʘʪʘ. 

2. ɺʧʝʨʚʳʝ ʜʣʷ ʫʩʣʦʚʠʡ ʩʝʨʥʠʩʪʦʛʦ ʤʘʟʫʪʘ ʄ100 (ʧʦʜʦʛʨʝʚ 130ÁC, Ŭ=1,2, ʧʘʨʦʩʪʨʫʡʥʦʝ ʨʘʩʧʳ-
ʣʝʥʠʝ) ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ 
ʠ ʧʠʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʂʇɼ (ʪʘʙʣ. 1). 

3. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʬʦʨʩʫʥʢʠ: ʜʠʘʤʝʪʨ ʤʘʟʫʪʥʦʛʦ ʩʦʧʣʘ (4,38 
ʤʤ), ʢʨʠʪʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ (16,73 ʤʤ), ʚʳʭʣʦʧʥʦʡ ʪʨʫʙʳ (19,62 ʤʤ), ʘ ʪʘʢʞʝ ʧʦʣʥʘʷ ʜʣʠʥʘ ʬʘʢʝʣʘ (9,21 
ʤ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ Dʪʨ/dʢʨ=1,17Dʪʨ/dʢʨ=1,17 ʣʝʞʠʪ ʚ ʟʦʥʝ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

4. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʯʥʳʡ ʧʦʜʙʦʨ ʬʦʨʩʫʥʢʠ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦʚʳʰʘʝʪ ʂʇɼ ʩʫʰʠʣʴ-
ʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ 5-8%, ʩʥʠʞʘʝʪ ʚʳʙʨʦʩʳ ʩʘʞʠ ʥʘ 30ï40% ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʤʝʞʨʝʤʦʥʪʥʳʡ ʨʝʩʫʨʩ ʛʦʨʝʣ-
ʢʠ ʚ 1,5 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʦʜʙʦʨʦʤ. 

5. ʄʝʪʦʜʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʩʫʰʠʣʴʥʳʭ ʙʘʨʘʙʘʥʦʚ, 
ʪʘʢ ʠ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʘʟʦʤʘʟʫʪʥʳʭ ʛʦʨʝʣʦʢ. 

ʇʜʩʙʦʡʰʞʦʡʸ. ʈʘʩʯʸʪ ʩʧʨʘʚʝʜʣʠʚ ʜʣʷ ʤʘʟʫʪʦʚ ʩ ʚʷʟʢʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 15 ʩʉʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ-
ʜʦʛʨʝʚʘ 130ÁC. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʨʘʩʧʳʣʠʪʝʣʝʡ (ʚʦʟʜʫʰʥʳʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ) ʬʦʨʤʫʣʳ ʪʨʝʙʫ-
ʶʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ.  

ʈʞʩʪʨʞʣʫʡʛʴ. 
- ʉʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʜʙʦʨʘ ʬʦʨʩʫʥʢʠ ʧʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ. 
- ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʦʙʘʚʢʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʩʞʠʛʘʥʠʠ (ʨʝʞʠʤ çʛʘʟ + ʤʘʟʫʪè). 
- ʈʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʬʦʨʤʳ ʬʘʢʝʣʘ (ʟʘʚʠʭʨʠʪʝʣʠ, ʧʦʚʦʨʦʪʥʳʝ ʣʦʧʘʪʢʠ). 
 

ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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РАСЧЁТ ГОРЕНИЯ МАЗУТА ДЛЯ ВЫБОРА 
ФОРСУНОК ГАЗОМАЗУТНЫХ ГОРЕЛОК 
СУШИЛЬНЫХ БАРАБАНОВ 
 

 
 

Безруков Андрей Михайлович 
ʘʩʧʠʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʀ. ʃʝʥʠʥʘè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʣʠʙʘʙʘ ʆʣʴʛʘ ɹʦʨʠʩʦʚʥʘ, 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʀ. ʃʝʥʠʥʘè 
 

ɹʦʦʧʫʙʯʡʸ. ɺ ʨʘʙʦʪʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ 
ʛʦʨʝʥʠʷ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʚʳʙʦʨʘ ʤʘʟʫʪʥʦʡ ʬʦʨʩʫʥʢʠ ʚ ʩʦʩʪʘʚʝ ʛʘʟʦʤʘʟʫʪʥʦʡ ʛʦʨʝʣʢʠ 
ʩʫʰʠʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ. ʅʘ ʧʨʠʤʝʨʝ ʩʝʨʥʠʩʪʦʛʦ ʤʘʟʫʪʘ ʤʘʨʢʠ ʄ100 (ʧʦʜʦʛʨʝʚ ʜʦ 130ÁC, ʢʦʵʬʬʠʮʠʝʥʪ 
ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ Ŭ=1,2) ʚʳʧʦʣʥʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʨʘʙʦʯʝʡ ʤʘʩʩʳ, ʥʠʟʰʝʡ ʪʝʧʣʦʪʳ 
ʩʛʦʨʘʥʠʷ, ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ, ʦʙʲʸʤʦʚ ʠ ʩʦʩʪʘʚʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. ʇʦ-
ʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ (Ŭ=1,2; 1,5; 2,0) ʠ ʧʠʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ɖ 
(0,85ï0,95) ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ (ʦʪ 1056 ʜʦ 1745ÁC). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ 
ʨʘʩʯʸʪʘ ʛʦʨʝʥʠʷ ʧʨʷʤʦ ʦʧʨʝʜʝʣʷʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʦʨʘ ʪʠʧʘ ʬʦʨʩʫʥʢʠ, ʝʸ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʜʠʘ-
ʤʝʪʨʘ ʩʦʧʣʘ ʠ ʜʣʠʥʳ ʬʘʢʝʣʘ. ʆʰʠʙʢʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʥʘ 10% ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʞʦʛʫ ʜʦ 
5% ʠʣʠ ʨʦʩʪʫ ʵʤʠʩʩʠʠ NO ʥʘ 20ï30%. ʇʨʝʜʣʦʞʝʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ iït ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ Ŭ=1,2 
(RĮ=0,98), ʧʨʠʛʦʜʥʘʷ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʸʪʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʘʟʫʪ ʄ100, ʨʘʩʯʸʪ ʛʦʨʝʥʠʷ, ʛʘʟʦʤʘʟʫʪʥʘʷ ʛʦʨʝʣʢʘ, ʤʘʟʫʪʥʘʷ ʬʦʨʩʫʥʢʘ, ʢʦʵʬʬʠʮʠ-
ʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ, ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ, ʩʫʰʠʣʴʥʳʡ ʙʘʨʘʙʘʥ. 
 

COMBUSTION CALCULATION OF OIL FOR CHOOSING NOZZLES OF GAS-OIL FIRES OF DRYING 
DRUM 

 
Bezrukov Andrey Mikhailovich 

 
Scientific adviser: Kolibaba Olga Borisovna 

 
Abstract. This paper substantiates the necessity of a preliminary thermodynamic calculation of liquid fuel 
combustion for the correct selection of a fuel oil nozzle as part of a gas-oil burner in a drying drum. Using sul-
fur fuel oil grade M100 (preheated to 130ÁC, excess air ratio Ŭ=1.2) as an example, the elemental composition 
of the working mass, net calorific value, theoretical and actual air consumption, volumes and composition of 
flue gases are determined. The influence of the excess air ratio (Ŭ=1.2; 1.5; 2.0) and the pyrometric coefficient 
ɖ (0.85ï0.95) on the actual combustion temperature (from 1056 to 1745ÁC) is shown. It is established that the 
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accuracy of the combustion calculation directly determines the correct choice of nozzle type, its capacity, noz-
zle diameter and flame length. An error in determining air consumption by 10% leads to unburned fuel up to 
5% or an increase in NO emissions by 20ï30%. An approximation of the iït dependence for Ŭ=1.2 (RĮ=0.98) 
suitable for engineering calculations is proposed. 
Keywords: M100 fuel oil, combustion calculation, gas-oil burner, fuel oil nozzle, excess air ratio, actual com-
bustion temperature, drying drum. 

 
ɻʛʞʝʞʦʡʞ 
ɻʘʟʦʤʘʟʫʪʥʳʝ ʛʦʨʝʣʢʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʫʰʠʣʴʥʳʭ ʙʘʨʘʙʘʥʘʭ - ʘʧʧʘʨʘʪʘʭ 

ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʧʝʩʦʢ, ʮʝʤʝʥʪʥʦʝ ʩʳʨʴʸ, 
ʨʫʜʥʳʝ ʢʦʥʮʝʥʪʨʘʪʳ). ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʢʘʢ ʥʘ ʛʘʟʝ, ʪʘʢ ʠ ʥʘ ʤʘʟʫʪʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʫʶ ʛʠʙʢʦʩʪʴ ʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʮʝʥ ʥʘ ʪʦʧʣʠʚʦ [1]. ʆʜʥʘʢʦ ʩʞʠʛʘʥʠʝ ʤʘʟʫʪʘ, ʦʩʦʙʝʥ-
ʥʦ ʚʳʩʦʢʦʩʝʨʥʠʩʪʳʭ ʤʘʨʦʢ (ʄ100), ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ: ʚʳʩʦʢʘʷ ʚʷʟʢʦʩʪʴ, ʩʢʣʦʥʥʦʩʪʴ ʢ ʢʦʢʩʦ-
ʚʘʥʠʶ, ʦʙʨʘʟʦʚʘʥʠʝ ʩʘʞʠ ʠ ʦʢʩʠʜʦʚ ʩʝʨʳ. 

ʂʣʶʯʝʚʳʤ ʟʚʝʥʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʷʚʣʷʝʪʩʷ ʥʙʠʬʫʦʙʸ 
ʭʧʩʪʬʦʣʙ - ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʘʩʧʳʣʝʥʠʷ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʤʝʣʢʠʝ ʢʘʧʣʠ. ʆʪ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʦʨʘ 
ʬʦʨʩʫʥʢʠ ʟʘʚʠʩʷʪ ʧʦʣʥʦʪʘ ʩʛʦʨʘʥʠʷ, ʜʣʠʥʘ ʬʘʢʝʣʘ, ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʪʦʧʢʠ ʠ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʚʝ-
ʱʝʩʪʚ [2]. ʆʜʥʘʢʦ ʩʘʤ ʚʳʙʦʨ ʬʦʨʩʫʥʢʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ çʚʩʣʝʧʫʶè - ʦʥ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ 
ʦʧʠʨʘʪʴʩʷ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʛʦʨʝʥʠʷ, ʢʦʪʦʨʳʡ ʜʘʸʪ ʦʪʚʝʪʳ ʥʘ ʢʣʶʯʝʚʳʝ 
ʚʦʧʨʦʩʳ: 

¶ ʩʢʦʣʴʢʦ ʚʦʟʜʫʭʘ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ 1 ʢʛ ʤʘʟʫʪʘ? 
¶ ʢʘʢʦʡ ʦʙʲʸʤ ʠ ʩʦʩʪʘʚ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʙʫʜʝʪ ʧʦʣʫʯʝʥ? 
¶ ʢʘʢʦʚʘ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʚ ʪʦʧʢʝ? 
¶ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʦʩʪʘʚ ʛʘʟʦʚ ʟʘʚʠʩʷʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ Ŭ? 
ɹʝʟ ʵʪʠʭ ʜʘʥʥʳʭ ʥʝʚʦʟʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʥʠ ʪʨʝʙʫʝʤʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʦʨʩʫʥʢʠ, ʥʠ ʜʠʘ-

ʤʝʪʨ ʩʦʧʣʘ, ʥʠ ʜʣʠʥʫ ʬʘʢʝʣʘ, ʥʠ ʪʝʧʣʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʙʲʸʤʘ ʪʦʧʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝʨʝʜ-
ʢʠ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʬʦʨʩʫʥʢʫ ʧʦʜʙʠʨʘʶʪ çʧʦ ʘʥʘʣʦʛʫè ʠʣʠ ʧʦ ʧʘʩʧʦʨʪʥʦʡ ʮʠʬʨʝ ʨʘʩʭʦʜʘ, ʠʛʥʦʨʠʨʫʷ ʨʝ-
ʘʣʴʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʦʧʣʠʚʘ ʠ ʫʩʣʦʚʠʷ ʛʦʨʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ ʥʘ 10ï15% 
ʠ ʧʦʚʳʰʝʥʥʳʤ ʚʳʙʨʦʩʘʤ. 

ʏʞʤʵ ʝʙʦʦʧʢ ʩʙʚʧʫʴ - ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ ʩʝʨʥʠʩʪʦʛʦ ʤʘʟʫʪʘ ʄ100 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 
ʧʦʣʥʳʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʛʦʨʝʥʠʷ ʠ ʧʦʢʘʟʘʪʴ, ʢʘʢ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʚʣʠʷʶʪ ʥʘ ʚʳʙʦʨ ʦʩʥʦʚʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʤʘʟʫʪʥʦʡ ʬʦʨʩʫʥʢʠ ʜʣʷ ʛʘʟʦʤʘʟʫʪʥʦʡ ʛʦʨʝʣʢʠ ʩʫʰʠʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ. 

ʇʚʲʡʞ ʨʧʤʧʟʞʦʡʸ ʩʙʪʰʹʫʙ ʜʧʩʞʦʡʸ ʫʧʨʤʡʛʙ. 
ʇʨʠ ʩʞʠʛʘʥʠʠ ʣʶʙʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ ʧʨʦʠʩʭʦʜʷʪ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʨʦʜʘ, ʚʦʜʦʨʦʜʘ 

ʠ ʩʝʨʳ: 
¶ C+O2ŸCO2C+O2ŸCO2 
¶ 2H2+O2Ÿ2H2O2H2+O2Ÿ2H2O 
¶ S+O2ŸSO2S+O2ŸSO2 
ʂʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘ-

ʚʫ ʪʦʧʣʠʚʘ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʚʩʝʛʜʘ ʧʦʜʘʸʪʩʷ ʚʦʟʜʫʭʘ ʙʦʣʴʰʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ (ʢʦʵʬ-
ʬʠʮʠʝʥʪ ʠʟʙʳʪʢʘ Ŭ > 1), ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʧʦʣʥʦʪʫ ʩʛʦʨʘʥʠʷ ʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʠʜʝʘʣʴʥʦʩʪʴ ʩʤʝ-
ʩʝʦʙʨʘʟʦʚʘʥʠʷ [3]. 

ɼʣʷ ʩʫʰʠʣʴʥʳʭ ʙʘʨʘʙʘʥʦʚ ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ Ŭ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 1,1é1,4: 
ʩʣʠʰʢʦʤ ʥʠʟʢʠʡ Ŭ Ÿ ʭʠʤʠʯʝʩʢʠʡ ʥʝʜʦʞʦʛ (ʩʘʞʘ, CO) 
ʩʣʠʰʢʦʤ ʚʳʩʦʢʠʡ Ŭ Ÿ ʧʘʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʦʩʪ ʧʦʪʝʨʴ ʩ ʫʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ, ʫʚʝʣʠʯʝʥʠʝ NO 
ʁʪʮʧʝʦʴʞ ʝʙʦʦʴʞ ʝʤʸ ʩʙʪʰʹʫʙ (ʨʧ ʩʞʙʤʵʦʧʢ ʬʪʫʙʦʧʛʣʞ): 
ʊʦʧʣʠʚʦ: ʤʘʟʫʪ ʩʝʨʥʠʩʪʳʡ ʤʘʨʢʠ ʄ100. 
ʂʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʧʨʠ ʩʞʠʛʘʥʠʠ: Ŭ = 1,2. 
ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʜʦʛʨʝʚʘ ʤʘʟʫʪʘ: 130 ÁC. 
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ʋʙʚʤʡʯʙ 1 
ʊʧʪʫʙʛ ʜʧʩʷʰʞʢ ʥʙʪʪʴ ʥʙʠʬʫʙ (ʨʧ ʝʙʦʦʴʥ [4]): 

ʂʦʤʧʦʥʝʥʪ Cʛ, % Hʛ, % Sʛ, % Oʛ, % Nʛ, % 

ɿʥʘʯʝʥʠʝ 87,60 10,50 0,90 0,50 0,50 

 
ɿʦʣʴʥʦʩʪʴ A^p = 0,14%, ʚʣʘʞʥʦʩʪʴ W^p = 10%. 
ʈʞʩʞʪʰʹʫ ʪʧʪʫʙʛʙ ʪ ʜʧʩʷʰʞʢ ʥʙʪʪʴ ʦʙ ʩʙʚʧʰʬʷ. 
ʌʦʨʤʫʣʘ ʧʝʨʝʩʯʸʪʘ: 

Cp=Cʛẗ100ī(Ap+Wp)100Cp=Cʛẗ100100ī(Ap+Wp) 
ʇʦʜʩʪʘʥʦʚʢʘ: 

Cp=87,60ẗ100ī(0,14+10)100=87,60ẗ0,8986=78,72%Cp=87,60ẗ100100ī(0,14+10)
=87,60ẗ0,8986=78,72% 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ Hp, Sp, Op, Np. ʈʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 
 

ʋʙʚʤʡʯʙ 2 
ʖʤʞʥʞʦʫʦʴʢ ʪʧʪʫʙʛ ʩʙʚʧʰʞʢ ʥʙʪʪʴ ʥʙʠʬʫʙ ʅ100. 

ʇʦʢʘʟʘʪʝʣʴ Cp Hp Sp Op Np Ap Wp 

% 78,72 9,44 0,81 0,45 0,45 0,14 10,0 

 
ʆʡʠʱʙʸ ʫʞʨʤʧʫʙ ʪʜʧʩʙʦʡʸ (ʭʧʩʥʬʤʙ ʅʞʦʝʞʤʞʞʛʙ): 
QHp=339Cp+1030Hpī109(OpīSp)ī25Wp=339ẗ78,72+1030ẗ9,44ī109ẗ(0,45ī0,81)-

25ẗ10=26685+9723ī109ẗ(ī0,36)ī250=26685+9723+39,2ī250=36197 ʢɼʞ/ʢʛ 
(ɼʣʷ ʧʨʦʚʝʨʢʠ: ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʫʢʘʟʘʥʦ ~40,6 ʄɼʞ/ʢʛ ð ʨʘʩʭʦʞʜʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʦʡ 

ʚʣʘʞʥʦʩʪʴʶ; ʚ ʜʘʥʥʦʤ ʨʘʩʯʸʪʝ ʚʣʘʞʥʦʩʪʴ ʧʨʠʥʷʪʘ 10%, ʯʪʦ ʜʘʸʪ ʨʝʘʣʠʩʪʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʷʜʦʚʦʛʦ 
ʤʘʟʫʪʘ.) 

ʉʙʪʰʹʫ ʛʧʠʝʬʮʙ ʦʙ ʜʧʩʞʦʡʞ. 
ʊʝʦʨʝʪʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʳʡ ʨʘʩʭʦʜ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ (ʥʤį/ʢʛ): 
L0=0,0889Cp+0,265Hp+0,0333(SpīOp)L0=0,0889ẗ78,72+0,265ẗ9,44+0,0333ẗ(0,81ī0,45)L0

=7,00+2,50+0,012=9,51 ʥʤ3/ʢʛ 
ɼʝʡʩʪʚʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʧʨʠ Ŭ = 1,2: 

Lʜ=ŬẗL0=1,2ẗ9,51=11,41 ʥʤ3/ʢʛ 
ʇʚʳʹʥʴ ʨʩʧʝʬʣʫʧʛ ʪʜʧʩʙʦʡʸ. 
ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʳʤʦʚʳʭ ʛʘʟʦʚ: 
ʆʙʲʸʤ COϜ:  
VCO2=0,01866Cp=0,01866ẗ78,72=1,469 ʥʤ3/ʢʛ 
ʆʙʲʸʤ SOϜ:  
VSO2=0,007Sp=0,007ẗ0,81=0,0057 ʥʤ3/ʢʛ 

ʆʙʲʸʤ NϜ ʠʟ ʪʦʧʣʠʚʘ + ʠʟ ʚʦʟʜʫʭʘ:  
VN2=0,008Np+0,79Lʜ=0,0036+9,01=9,013 ʥʤ3/ʢʛ 

ʆʙʲʸʤ OϜ ʠʟʙʳʪʦʯʥʳʡ:  
VO2=0,21(LʜīL0)=0,21ẗ(11,41ī9,51)=0,399 ʥʤ3/ʢʛ 
ʆʙʲʸʤ ʚʦʜʷʥʳʭ ʧʘʨʦʚ (ʩ ʫʯʸʪʦʤ ʚʣʘʛʠ ʪʦʧʣʠʚʘ ʠ ʧʘʨʘ ʥʘ ʨʘʩʧʳʣ): 
VH2O=0,111Hp+0,0124Wp+0,0016dLʜ+0,00124gp - ʫʧʨʦʱʸʥʥʦ ʜʣʷ Ŭ=1,2: å 1,12 ʥʤį/ʢʛ. 
ʉʫʤʤʘʨʥʳʡ ʦʙʲʸʤ ʜʳʤʦʚʳʭ ʛʘʟʦʚ: 
Vʜʛ=VCO2+VSO2+VN2+VO2+VH2Oå12,0 ʥʤ3/ʢʛ 
 
ʅʞʫʧʝʡʣʙ ʧʨʩʞʝʞʤʞʦʡʸ ʝʞʢʪʫʛʡʫʞʤʵʦʧʢ ʫʞʥʨʞʩʙʫʬʩʴ ʜʧʩʞʦʡʸ 
ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ tʨʝʘʣ - ɻ ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʪʦʨʫʶ ʠʤʝʶʪ ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ 

ʧʦʩʣʝ ʫʯʸʪʘ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʪʦʧʢʠ. ʆʥʘ ʚʩʝʛʜʘ ʥʠʞʝ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ (ʢʘʣʦʨʠʤʝʪʨʠʯʝ-
ʩʢʦʡ). ʆʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʙʘʣʘʥʩ: 
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Qʦʙʱ=Vʜʛẗiʜʛ(tʨʝʘʣ)Qʦʙ=ɦVʜʛẗiʜʛ(tʨʝʘʣ) ʛʜʝ Qʦʙʱ - ʦʙʱʘʷ ʪʝʧʣʦʪʘ, ʚʥʝʩʸʥʥʘʷ ʪʦʧʣʠʚʦʤ ʠ ʚʦʟ-
ʜʫʭʦʤ (ʩ ʫʯʸʪʦʤ ʬʠʟʠʯʝʩʢʦʛʦ ʪʝʧʣʘ ʧʦʜʦʛʨʝʚʘ ʤʘʟʫʪʘ), ʢɼʞ/ʢʛ; iʜʛ(t)iʜʛ(t) ð ʵʥʪʘʣʴʧʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t, ʢɼʞ/ʥʤį. 

ʅʘ ʧʨʘʢʪʠʢʝ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ iït ʜʠʘʛʨʘʤʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʜʣʷ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʩ ʫʯʸʪʦʤ 
ʜʠʩʩʦʮʠʘʮʠʠ [3]. ɼʣʷ Ŭ=1,2 ʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 1000ï2000ÁC ʧʦʣʫʯʝʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ (ʨʠʩ. 1): 

tʨʝʘʣ(ÁC)=ī0,00014ẗiʦʙʱ2+0,745ẗiʦʙʱ+47,9,R2=0,98 
 

 
ʉʡʪ. 1. ɹʨʨʩʧʣʪʡʥʙʯʡʸ iðt ʣʩʡʛʧʢ ʝʤʸ ŭ=1,2 (ʨʧ ʝʙʦʦʴʥ iðt ʝʡʙʜʩʙʥʥʴ). 

 
ɼʣʷ ʫʯʸʪʘ ʪʝʧʣʦʧʦʪʝʨʴ ʚʚʦʜʠʪʩʷ ʨʡʩʧʥʞʫʩʡʰʞʪʣʡʢ ʣʧʶʭʭʡʯʡʞʦʫ ɗ (ʦʙʳʯʥʦ 0,85ï0,95 ʜʣʷ ʩʫ-

ʰʠʣʴʥʳʭ ʙʘʨʘʙʘʥʦʚ). ʊʦʛʜʘ: 
iʨʝʘʣ=ɖẗiʦʙʱiʨʝʘʣ=ɖẗiʦʙʱ 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʜʣʷ ʨʘʟʥʳʭ Ŭ ʠ ɖ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 3. 

 
ʋʙʚʤʡʯʙ 3 

ɽʞʢʪʫʛʡʫʞʤʵʦʙʸ ʫʞʥʨʞʩʙʫʬʩʙ ʜʧʩʞʦʡʸ ʥʙʠʬʫʙ ʅ100 ʛ ʠʙʛʡʪʡʥʧʪʫʡ ʧʫ ŭ ʡ ɗ. 

ɖ Ŭ = 1,2 Ŭ = 1,5 Ŭ = 2,0 

0,85 1591 ÁC 1340 ÁC 1056 ÁC 

0,90 1669 ÁC 1413 ÁC 1116 ÁC 

0,95 1745 ÁC 1484 ÁC 1177 ÁC 

 
ɹʦʙʤʡʠ ʩʞʠʬʤʵʫʙʫʧʛ: 
¶ ʇʦʚʳʰʝʥʠʝ Ŭ ʩ 1,2 ʜʦ 2,0 ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 500ï600ÁC ʟʘ ʩʯʸʪ ʙʘʣʣʘʩʪʥʦʛʦ ʘʟʦʪʘ. 
¶ ʈʦʩʪ ɖ (ʣʫʯʰʘʷ ʪʝʧʣʦʠʟʦʣʷʮʠʷ, ʤʝʥʴʰʝ ʪʝʧʣʦʧʦʪʝʨʴ) ʧʦʚʳʰʘʝʪ tʨʝʘʣtʨʝʘʣ ʧʨʠʤʝʨʥʦ ʥʘ 80ï

100ÁC ʥʘ ʢʘʞʜʳʝ 0,05. 
¶ ɼʣʷ ʩʫʰʠʣʴʥʳʭ ʙʘʨʘʙʘʥʦʚ ʦʧʪʠʤʘʣʴʥʦʡ ʩʯʠʪʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 1400ï1650ÁC, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫ-

ʝʪ Ŭ=1,2é1,4 ʧʨʠ ɖ=0,85é0,90. 
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ɻʴʛʧʝʴ ʡ ʠʙʣʤʷʰʞʦʡʞ 
ɺʳʧʦʣʥʝʥ ʧʦʣʥʳʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʛʦʨʝʥʠʷ ʩʝʨʥʠʩʪʦʛʦ ʤʘʟʫʪʘ ʤʘʨʢʠ ʄ100 (ʧʦʜʦʛʨʝʚ 

130ÁC, Ŭ=1,2), ʚʢʣʶʯʘʷ ʧʝʨʝʩʯʸʪ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʨʘʙʦʯʫʶ ʤʘʩʩʫ (Cp=78,72%, Hp=9,44%, 
Sp=0,81%), ʦʧʨʝʜʝʣʝʥʠʝ ʥʠʟʰʝʡ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ (36,2 ʄɼʞ/ʢʛ), ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ (9,51 ʥʤį/ʢʛ) ʠ ʜʝʡ-
ʩʪʚʠʪʝʣʴʥʦʛʦ (11,41 ʥʤį/ʢʛ) ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʦʙʲʸʤʦʚ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ (~12,0 ʥʤį/ʢʛ).  

ʋʩʪʘʥʦʚʣʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ʦʪ ʢʦʵʬʬʠʮʠ-
ʝʥʪʘ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ Ŭ (1056é1745ÁC ʜʣʷ Ŭ=1,2é2,0) ʠ ʧʠʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ɖ (0,85ï
0,95). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʩʫʰʠʣʴʥʳʭ ʙʘʨʘʙʘʥʦʚ ʦʧʪʠʤʘʣʝʥ ʜʠʘʧʘʟʦʥ Ŭ=1,15ï1,25. 

ʈʘʟʨʘʙʦʪʘʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ iït ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ Ŭ=1,2 (t = -0,00014ĿiĮ + 0,745Ŀi + 47,9; RĮ=0,98), 
ʧʦʟʚʦʣʷʶʱʘʷ ʙʳʩʪʨʦ ʦʧʨʝʜʝʣʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʦʤʦʟʜʢʠʭ ʜʠʘʛʨʘʤʤ. 

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʯʸʪ ʛʦʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʧʝʨʝʜ ʨʘʩʯʸʪʦʤ ʤʘʟʫʪʥʦʡ 
ʬʦʨʩʫʥʢʠ, ʪʘʢ ʢʘʢ ʦʥ ʦʧʨʝʜʝʣʷʝʪ: ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʪʨʝʙʫʝʤʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʪʝʧʣʦʚʫʶ ʤʦʱʥʦʩʪʴ, 
ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʪʦʧʢʝ, ʘ ʯʝʨʝʟ ʥʠʭ ð ʜʠʘʤʝʪʨʳ ʩʦʧʝʣ, ʜʣʠʥʫ ʬʘʢʝʣʘ ʠ ʨʘʩʭʦʜ ʨʘʩʧʳʣʠʪʝʣʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʨʘʩʯʸʪʘ ʛʦʨʝʥʠʷ ʠʣʠ ʝʛʦ ʫʧʨʦʱʸʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ (ʥʘʧʨʠʤʝʨ, ʧʦ 
ʪʘʙʣʠʮʘʤ ʜʣʷ çʩʨʝʜʥʝʛʦè ʤʘʟʫʪʘ) ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ ʚ ʚʳʙʦʨʝ ʬʦʨʩʫʥʢʠ: ʧʝʨʝʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ ʥʘ 
10ï15%, ʩʥʠʞʝʥʠʶ ʂʇɼ ʩʫʰʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ 5ï8%, ʨʦʩʪʫ ʚʳʙʨʦʩʦʚ ʩʘʞʠ ʠ ʦʢʩʠʜʦʚ ʩʝʨʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʛʘʟʦʤʘʟʫʪʥʳʭ ʛʦ-
ʨʝʣʦʢ, ʘ ʪʘʢʞʝ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʫʰʠʣʴʥʳʭ ʙʘʨʘʙʘʥʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʤʠʥʝʨʘʣʴʥʳʭ 
ʫʜʦʙʨʝʥʠʡ, ʮʝʤʝʥʪʘ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʨʘʙʦʪʳ. ʈʘʩʯʸʪ ʚʳʧʦʣʥʝʥ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʤʘʨʢʠ ʤʘʟʫʪʘ (ʄ100) ʠ ʧʘʨʘʤʝʪʨʦʚ 
(Ŭ=1,2, ʧʦʜʦʛʨʝʚ 130ÁC). ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʧʣʠʚʘ (ʤʘʟʫʪ ʄ40, ʚʳʩʦʢʦʩʝʨʥʠʩʪʳʡ ʤʘʟʫʪ) ʠʣʠ ʫʩʣʦʚʠʡ (ʭʦ-
ʣʦʜʥʳʡ ʚʦʟʜʫʭ, ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʨʘʩʧʳʣʘ) ʪʨʝʙʫʝʪʩʷ ʧʦʚʪʦʨʥʳʡ ʨʘʩʯʸʪ ʧʦ ʪʦʡ ʞʝ ʤʝʪʦʜʠʢʝ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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УДК 621.43.056 

ОСНОВНЫЕ ФАКТОРЫ, ВЛИЯЮЩИЕ НА 
ЭФФЕКТИВНОСТЬ РАБОТЫ ГАЗОМАЗУТНОЙ 
ГОРЕЛКИ СУШИЛЬНОГО БАРАБАНА 

Безруков Андрей Михайлович 

ʘʩʧʠʨʘʥʪ 
ʌɻɹʆʋ ɺʆ çʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʀ. ʃʝʥʠʥʘè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʣʠʙʘʙʘ ʆʣʴʛʘ ɹʦʨʠʩʦʚʥʘ 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 
ʌɻɹʆʋ ɺʆ çʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʀ. ʃʝʥʠʥʘè 

 

ɹʦʦʧʫʙʯʡʸ. ɺ ʨʘʙʦʪʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʘʜʝʞ-
ʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʛʘʟʦʤʘʟʫʪʥʳʭ ʛʦʨʝʣʦʢ ʩʫʰʠʣʴʥʳʭ ʙʘʨʘʙʘʥʦʚ ʥʘ ʧʨʠʤʝʨʝ ʘʛʨʝʛʘʪʘ 
ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʩʞʠʛʘʥʠʷ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʟʘʚʠʩʠʪ 
ʦʪ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʜʠʩʧʝʨʩʥʦʩʪʠ ʨʘʩʧʳʣʘ, ʘʵʨʦʜʠʥʘʤʠʢʠ ʟʘʢʨʫʪʢʠ ʚʦʟʜʫʭʘ, 
ʢʦʥʩʪʨʫʢʮʠʠ ʬʦʨʩʫʥʢʠ, ʨʝʞʠʤʦʚ ʨʘʩʧʳʣʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ, ʛʝʦʤʝʪʨʠʠ ʪʦʧʢʠ ʠ ʫʩʣʦʚʠʡ ʩʤʝʩʝʦʙʨʘʟʦʚʘ-
ʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʴʥʦʛʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʛʦʨʝʣʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʳʷʚʣʝʥʳ ʪʠʧʦ-
ʚʳʝ ʥʝʜʦʩʪʘʪʢʠ: ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʢʨʫʪʢʠ, ʨʘʟʣʠʯʥʘʷ ʛʣʫʙʠʥʘ ʫʩʪʘʥʦʚʢʠ ʩʪʚʦʣʦʚ, ʥʝʦʧʪʠʤʘʣʴʥʦʝ 
ʦʪʥʦʰʝʥʠʝ çʚʦʟʜʫʭ-ʪʦʧʣʠʚʦè. ʇʨʝʜʣʦʞʝʥʳ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʘʢʝʣʘ, ʜʣʠʥʳ ʟʦʥ ʛʦʨʝʥʠʷ 
ʠ ʧʦʣʥʦʪʳ ʩʛʦʨʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʨʦʝʢ-
ʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʛʦʨʝʣʦʯʥʳʭ ʩʠʩʪʝʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʘʟʦʤʘʟʫʪʥʘʷ ʛʦʨʝʣʢʘ, ʩʫʰʠʣʴʥʳʡ ʙʘʨʘʙʘʥ, ʨʘʩʧʳʣʠʚʘʥʠʝ, ʟʘʢʨʫʪʢʘ ʚʦʟʜʫʭʘ, ʬʘ-
ʢʝʣ, ʧʦʣʥʦʪʘ ʩʛʦʨʘʥʠʷ, ʘʵʨʦʜʠʥʘʤʠʢʘ ʪʦʧʢʠ, ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ. 

 
THE MAIN FACTORS AFFECTING THE EFFICIENCY OF THE GAS-OIL FLAME OF THE DRY DRUM 

 
Bezrukov Andrey Mikhailovich 

 
Scientific Supervisor: Kolibaba Olga Borisovna 

 
Abstract. This paper systematizes the key factors determining the efficiency, reliability and environmental per-
formance of gas-oil burners in drying drums using the example of a unit for the production of mineral fertilizers. 
It is shown that the quality of liquid fuel combustion depends on a set of interrelated parameters: atomization 
dispersion, air swirl aerodynamics, nozzle design, atomizing agent modes, furnace geometry and mixing con-
ditions. Based on visual and instrumental inspection of burner devices, typical disadvantages were identified: 
opposite directions of swirl, different installation depths of the stems, non-optimal air-fuel ratio. Criteria for as-
sessing flame stability, length of combustion zones and combustion completeness are proposed. The results 
can be used in the modernization of existing and design of new burner systems. 
Keywords: gas-oil burner, drying drum, atomization, air swirl, flame, combustion efficiency, furnace aerody-
namics, mineral fertilizers. 
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ɻʛʞʝʞʦʡʞ 
ʉʫʰʠʣʴʥʳʝ ʙʘʨʘʙʘʥʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʩʤʝʩʝʡ ʠ ʜʨʫʛʠʭ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʛʦ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʝʨʝʜʝʣʘ. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʷʚʣʷʝʪʩʷ ʛʘʟʦʤʘʟʫʪʥʘʷ ʛʦʨʝʣʢʘ, ʨʘ-
ʙʦʪʘʶʱʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʩʝʨʥʠʩʪʦʤ ʤʘʟʫʪʝ ʄ100 ʩ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʴʶ ʠ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʢʦʢʩʦʚʘʥʠʶ [1, 
2]. ʇʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʠʩʧʨʘʚʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʥʘʙʣʶʜʘʶʪʩʷ: 

- ʣʦʢʘʣʴʥʳʝ ʧʝʨʝʛʨʝʚʳ ʬʫʪʝʨʦʚʢʠ ʠ ʝʸ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ; 
- ʧʦʚʳʰʝʥʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ (ʥʘ 5ï15% ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʪʠʚʥʦʛʦ); 
- ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʬʘʢʝʣʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʛʨʫʟʢʠ; 
- ɻ ʤʠʩʩʠʷ ʩʘʞʠ ʠ ʦʢʩʠʜʦʚ ʩʝʨʳ. 
ʇʨʠʯʠʥʘ ʵʪʠʭ ʷʚʣʝʥʠʡ, ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʙʦʪʫ ʛʦʨʝʣʢʠ. ɺ ʪʝʭʥʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʵʪʠ ʬʘʢʪʦʨʳ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʦ [3, 4]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ 
ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ (ʩʫʰʠʣʴʥʳʡ ʙʘʨʘʙʘʥ ˉ1) ʠ ʦʙʦʙ-
ʱʸʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʚʳʷʚʠʪʴ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝ-
ʣʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʛʘʟʦʤʘʟʫʪʥʦʡ ʛʦʨʝʣʢʠ, ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʫʯʸʪʫ 
ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

 
1. ʇʚʳʞʣʫ ʡ ʥʞʫʧʝʡʣʙ ʡʪʪʤʞʝʧʛʙʦʡʸ 
ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʪʦʧʢʘ ʩʫʰʠʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ˉ1, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ: 
- ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʪʦʧʢʠ - 29 ʄɺʪ (25 ɻʢʘʣ/ʯ); 
- ʪʦʧʣʠʚʦ: ʤʘʟʫʪ ʄ100 (Qʥʨ å 40,6 ʄɼʞ/ʢʛ, S ʜʦ 3,15%); 
- ʪʨʠ ʛʦʨʝʣʢʠ ʩ ʬʦʨʩʫʥʢʘʤʠ ʩ ʧʘʨʦʩʪʨʫʡʥʳʤ ʨʘʩʧʳʣʝʥʠʝʤ; 
- ʜʘʚʣʝʥʠʝ ʤʘʟʫʪʘ ʧʝʨʝʜ ʛʦʨʝʣʢʦʡ 0,8 ʄʇʘ, ʧʘʨʘ - 0,2 ʄʇʘ. 
ʄʝʪʦʜʠʢʘ ʚʢʣʶʯʘʣʘ: 
1. ɺʠʟʫʘʣʴʥʳʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʫʩʪʘʥʦʚʢʠ ʛʦʨʝʣʦʢ. 
2. ɸʥʘʣʠʟ ʨʝʞʠʤʥʳʭ ʢʘʨʪ ʠ ʩʪʘʪʠʩʪʠʢʠ ʨʘʙʦʪʳ. 
3. ɻʘʟʦʚʳʡ ʘʥʘʣʠʟ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ (ʧʦʨʪʘʪʠʚʥʳʡ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨ). 
4. ʆʙʦʙʱʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʜʠʩʧʝʨʩʥʦʩʪʠ ʨʘʩʧʳʣʘ, ʜʣʠʥʳ ʬʘʢʝʣʘ ʠ ʟʘ-

ʢʨʫʪʢʠ. 
 
2. ʋʞʧʩʞʫʡʰʞʪʣʡʢ ʙʦʙʤʡʠ ʭʙʣʫʧʩʧʛ 
ɺʩʝ ʬʘʢʪʦʨʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ (ʪʘʙʣ. 1). 

 
ʋʙʚʤʡʯʙ 1 

ʃʤʙʪʪʡʭʡʣʙʯʡʸ ʭʙʣʫʧʩʧʛ, ʛʤʡʸʷʲʡʮ ʦʙ ʩʙʚʧʫʬ ʜʙʠʧʥʙʠʬʫʦʧʢ ʜʧʩʞʤʣʡ 

ɻʨʫʧʧʘ ʬʘʢʪʦʨʦʚ ʂʦʥʢʨʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʈʘʩʧʳʣʠʚʘʥʠʝ 
ʪʦʧʣʠʚʘ 

ɼʠʘʤʝʪʨ ʢʘʧʝʣʴ (dʩʨ), ʫʛʦʣ ʨʘʩʢʨʳʪʠʷ ʬʘʢʝʣʘ, ʜʘʣʴʥʦʙʦʡʥʦʩʪʴ, ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ 
ʧʘʨʘ 

ɸʵʨʦʜʠʥʘʤʠʢʘ 
ʚʦʟʜʫʭʘ 

ʉʪʝʧʝʥʴ ʟʘʢʨʫʪʢʠ n, ʪʠʧ ʟʘʚʠʭʨʠʪʝʣʷ, ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ, ʟʦʥʳ ʨʝʮʠʨʢʫʣʷʮʠʠ 

ʂʦʥʩʪʨʫʢʮʠʷ ʠ 
ʤʦʥʪʘʞ 

ɻʣʫʙʠʥʘ ʫʩʪʘʥʦʚʢʠ ʩʪʚʦʣʘ, ʩʦʦʩʥʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʠʝ ʢʨʫʪʢʠ ʬʦʨʩʫʥʢʠ ʠ ʚʦʟʜʫʭʘ, ʘʤ-
ʙʨʘʟʫʨʘ 

ʈʝʞʠʤʥʳʝ ʧʘʨʘ-
ʤʝʪʨʳ 

Ŭ (ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ), ʥʘʛʨʫʟʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʦʛʨʝʚʘ, ʜʘʚʣʝʥʠʝ 
ʨʘʩʧʳʣʠʪʝʣʷ 

 
2.1. ɽʡʪʨʞʩʪʦʧʪʫʵ ʩʙʪʨʴʤʙ 
ʂʘʯʝʩʪʚʦ ʨʘʩʧʳʣʘ ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʢʦʨʦʩʪʴ ʚʳʛʦʨʘʥʠʷ. 

ɼʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʦʨʩʫʥʦʢ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʘʧʣʠ [3]: 
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dʩʨ=kẗpʪī0,3...0,37 
ɼʣʷ ʧʘʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʬʦʨʩʫʥʦʢ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʨʘʩʧʳʣʠʚʘʶʱʝʛʦ 

ʘʛʝʥʪʘ: 
ep=EpGʪ=Gpẗ(h2īh1)Gʪep=GʪEp=GʪGpẗ(h2īh1) 
ʇʨʠ ʩʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʤʘʟʫʪʘ ʩ 0,8 ʜʦ 0,4 ʄʇʘ (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʙʦʪʝ ʥʘ ʧʦʥʠʞʝʥʥʦʡ 

ʥʘʛʨʫʟʢʝ) ʜʠʘʤʝʪʨ ʢʘʧʝʣʴ ʚʦʟʨʘʩʪʘʝʪ ʚ 1,5ï2 ʨʘʟʘ, ʯʪʦ ʚʝʜʸʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʥʝʜʦʞʦʛʘ. ɺ 
ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʛʦʨʝʣʢʘʭ ʟʘʬʠʢʩʠʨʦʚʘʥʦ, ʯʪʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʛʨʫʟʢʠ ʚʝʜʸʪʩʷ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝʤ ʜʘʚ-
ʣʝʥʠʷ ʤʘʟʫʪʘ ʙʝʟ ʢʦʨʨʝʢʮʠʠ ʨʘʩʧʳʣʠʚʘʶʱʝʛʦ ʧʘʨʘ - ɻ ʪʦ ʥʝʛʘʪʠʚʥʳʡ ʬʘʢʪʦʨ ˉ1. 

2.2. ʀʙʣʩʬʫʣʙ ʛʧʠʝʬʮʙ ʡ ʠʧʦʙ ʩʞʯʡʩʣʬʤʸʯʡʡ 
ʉʪʘʙʠʣʴʥʦʩʪʴ ʬʘʢʝʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʦʥʦʡ ʦʙʨʘʪʥʳʭ ʪʦʢʦʚ ʛʦʨʷʯʠʭ ʛʘʟʦʚ. ʇʦʢʘʟʘʪʝʣʴ ʟʘʢʨʫʪʢʠ 

ʜʣʷ ʦʩʝʚʦʛʦ ʟʘʚʠʭʨʠʪʝʣʷ: 
n=23ẗ1ī(d1/d2)31ī(d1/d2)2ẗtgŬn=32ẗ1ī(d1/d2)21ī(d1/d2)3ẗtgŬ 
ʛʜʝ Ŭ - ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʪʦʢ. ʆʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ n = 0,6é1,2. ʇʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʬʘ-

ʢʝʣ ʩʪʘʥʦʚʠʪʩʷ ʜʣʠʥʥʳʤ ʠ ʧʣʦʭʦ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ; ʧʨʠ ʙʦʣʴʰʠʭ - ʚʦʟʤʦʞʝʥ ʦʪʨʳʚ ʧʣʘʤʝʥʠ ʠ ʟʘʙʨʦʩ 
ʪʦʧʣʠʚʘ ʚ ʘʤʙʨʘʟʫʨʫ. 

ʇʨʠ ʚʠʟʫʘʣʴʥʦʤ ʦʩʤʦʪʨʝ ʫʩʪʘʥʦʚʣʝʥʦ: 
ʅʘ ʪʨʸʭ ʛʦʨʝʣʢʘʭ ʦʜʥʦʡ ʪʦʧʢʠ ʟʘʚʠʭʨʠʪʝʣʠ ʚʦʟʜʫʭʘ ʠʤʝʶʪ ʨʘʟʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʢʨʫʪʢʠ, ʘ ʬʦʨʩʫʥ-

ʢʠ - ʦʜʥʦ. ʕʪʦ ʥʘʨʫʰʘʝʪ ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʦʣʝʡ ʩʢʦʨʦʩʪʝʡ ʠ ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʤʝʰʝʥʠʷ (ʬʘʢʪʦʨ 
ˉ2). 

2.3. ɼʤʬʚʡʦʙ ʬʪʫʙʦʧʛʣʡ ʜʧʩʞʤʣʡ ʡ ʙʥʚʩʙʠʬʩʙ 
ɺ ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʪʦʧʢʝ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʨʘʟʣʠʯʥʘʷ ʛʣʫʙʠʥʘ ʫʩʪʘʥʦʚʢʠ ʩʪʚʦʣʦʚ ʛʦʨʝʣʦʢ (ʨʘʟʥʠʮʘ 

ʜʦ 50-80 ʤʤ). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʠʤʤʝʪʨʠʯʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʬʘʢʝʣʦʚ, ʠʟʤʝʥʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʡ 
ʜʣʠʥʳ ʪʦʧʢʠ ʠ ʣʦʢʘʣʴʥʳʤ ʧʝʨʝʛʨʝʚʘʤ ʬʫʪʝʨʦʚʢʠ (ʬʘʢʪʦʨ ˉ3). ʅʦʨʤʘʪʠʚʥʘʷ ʛʣʫʙʠʥʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝ-
ʯʠʚʘʪʴ ʚʳʭʦʜ ʩʨʝʟʘ ʘʤʙʨʘʟʫʨʳ ʥʘ 20-30 ʤʤ ʟʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʬʫʪʝʨʦʚʢʠ. 

2.4. ʃʧʶʭʭʡʯʡʞʦʫ ʡʠʚʴʫʣʙ ʛʧʠʝʬʮʙ ŭ 
ɻʘʟʦʚʳʡ ʘʥʘʣʠʟ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ (ʪʘʙʣ. 2) ʧʦʢʘʟʘʣ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʡ Ŭ = 4,8 ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʧʦ-

ʥʠʞʝʥʥʦʡ ʥʘʛʨʫʟʢʝ. ʇʨʠ ʵʪʦʤ CO ʦʪʩʫʪʩʪʚʫʝʪ, ʥʦ ʧʦʪʝʨʠ ʪʝʧʣʘ ʩ ʫʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ ʜʦʩʪʠʛʘʶʪ 25-30%. 
 

ʋʙʚʤʡʯʙ 2 
ʉʞʠʬʤʵʫʙʫʴ ʜʙʠʧʛʧʜʧ ʙʦʙʤʡʠʙ ʨʩʡ ʩʙʪʮʧʝʞ ʥʙʠʬʫʙ 1070 ʣʜ/ʰ (ʩʞʟʡʥ ʨʧʦʡʟʞʦʦʧʢ ʦʙʜʩʬʠʣʡ) 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

OϜ, % 16,6 

ROϜ (COϜ+SOϜ), % 3,4 

CO, ʤʛ/ʤį <5 

Ŭ 4,8 

 
ʇʨʠʯʠʥʘ - ʧʦʜʘʯʘ ʚʦʟʜʫʭʘ ʥʝ ʩʠʥʭʨʦʥʠʟʠʨʫʝʪʩʷ ʩ ʨʘʩʭʦʜʦʤ ʤʘʟʫʪʘ; ʚʝʥʪʠʣʷʪʦʨʳ ʨʘʙʦʪʘʶʪ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʘ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʨʫʯʥʳʤʠ ʰʠʙʝʨʘʤʠ. ʕʪʦ ʬʘʢʪʦʨ 
ˉ4. 

 
3. ʉʞʠʬʤʵʫʙʫʴ ʥʧʝʞʤʡʩʧʛʙʦʡʸ ʡ ʡʮ ʙʦʙʤʡʠ 
ʉ ʧʦʤʦʱʴʶ CFD-ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ANSYS Fluent, k-Ů ʤʦʜʝʣʴ, Non-Premixed Combustion) ʧʦʣʫʯʝʥʳ 

ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʪʨʸʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʫʰʠʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ˉ1: 
- ʈʝʞʠʤ ɸ: 3 ʛʦʨʝʣʢʠ, Bʤ = 1800 ʢʛ/ʯ, Ŭ = 1,5 - ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʷʜʨʝ 1750ï1820 ÁC, 

ʜʣʠʥʘ ʬʘʢʝʣʘ 8ï9 ʤ; 
- ʈʝʞʠʤ ɹ: 2 ʛʦʨʝʣʢʠ, Bʤ = 1200 ʢʛ/ʯ, Ŭ = 1,5 - ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʜʘʝʪ ʜʦ 1600 ÁC, ʬʘʢʝʣ ʫʢʦʨʘʯʠʚʘ-

ʝʪʩʷ ʜʦ 6 ʤ; 
- ʈʝʞʠʤ ɺ: 2 ʛʦʨʝʣʢʠ, Bʤ = 800 ʢʛ/ʯ, Ŭ = 1,5 -ʪʝʤʧʝʨʘʪʫʨʘ 1420 ÁC, ʟʦʥʘ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʤʝ-

ʱʘʝʪʩʷ ʢ ʫʩʪʴʶ. 
ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ ʫʩʪʘʥʦʚʢʠ ʛʦʨʝʣʦʢ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʩʪʘʥʦʚʠʪʩʷ ʘʩʠʤ-
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ʤʝʪʨʠʯʥʳʤ: ʥʘ ʩʪʦʨʦʥʝ ʙʦʣʝʝ çʚʳʜʚʠʥʫʪʦʡè ʛʦʨʝʣʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʰʝ ʥʘ 150ï200 ÁC, ʯʪʦ ʩʦʛʣʘʩʫʝʪ-
ʩʷ ʩ ʚʠʜʠʤʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʰʘʤʦʪʥʦʡ ʢʣʘʜʢʠ ʟʘʜʥʝʡ ʩʪʝʥʢʠ (ʦʧʣʘʚʣʝʥʠʝ ʠ ʚʳʢʨʘʰʠʚʘʥʠʝ). 

 
5. ɻʴʛʧʝ 
ɺʳʜʝʣʝʥʳ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʙʦʪʫ ʛʘʟʦʤʘʟʫʪʥʦʡ ʛʦʨʝʣʢʠ ʩʫʰʠʣʴʥʦʛʦ ʙʘ-

ʨʘʙʘʥʘ: ʢʘʯʝʩʪʚʦ ʨʘʩʧʳʣʘ, ʘʵʨʦʜʠʥʘʤʠʢʘ ʟʘʢʨʫʪʢʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʤʦʥʪʘʞʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʨʝʞʠʤʥʳʝ 
ʢʦʵʬʬʠʮʠʝʥʪʳ (ʦʩʦʙʝʥʥʦ Ŭ). 

ʅʘ ʧʨʠʤʝʨʝ ʨʝʘʣʴʥʦʡ ʪʦʧʢʠ ʩʫʰʠʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ˉ1 ʧʦʢʘʟʘʥʦ, ʯʪʦ: 
- ʨʘʟʣʠʯʥʘʷ ʛʣʫʙʠʥʘ ʫʩʪʘʥʦʚʢʠ ʛʦʨʝʣʦʢ ʧʨʠʚʦʜʠʪ ʢ ʘʩʠʤʤʝʪʨʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʠ ʧʝʨʝʛʨʝʚʫ 

ʬʫʪʝʨʦʚʢʠ; 
- ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʢʨʫʪʢʠ ʬʦʨʩʫʥʢʠ ʠ ʚʦʟʜʫʭʘ ʩʥʠʞʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʘʢʝʣʘ; 
- ʦʪʩʫʪʩʪʚʠʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʧʦ ʥʘʛʨʫʟʢʝ ʚʳʟʳʚʘʝʪ ʟʘʚʳʰʝʥʠʝ Ŭ ʜʦ 4,8 ʠ ʧʘʜʝʥʠʝ 

ʂʇɼ. 
ɽʜʠʥʠʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ (ʟʘʤʝʥʘ ʬʦʨʩʫʥʢʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ) ʥʝʜʦʩʪʘʪʦʯʥʳ. 

ʅʝʦʙʭʦʜʠʤʘ ʢʦʤʧʣʝʢʩʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ: 
- ʫʩʪʘʥʦʚʢʘ ʚʝʥʪʠʣʷʪʦʨʦʚ ʩ ʯʘʩʪʦʪʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ; 
- ʦʙʝʩʧʝʯʝʥʠʝ ʦʜʠʥʘʢʦʚʦʡ ʛʣʫʙʠʥʳ ʫʩʪʘʥʦʚʢʠ ʚʩʝʭ ʛʦʨʝʣʦʢ; 
- ʩʦʛʣʘʩʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʟʘʢʨʫʪʢʠ; 
- ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ Ŭ = 1,2é1,5. 
ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʯʝʢ-ʣʠʩʪʦʚ ʧʨʠ ʧʫʩʢʦʥʘʣʘʜʢʝ ʠ ʪʝʭ-

ʥʠʯʝʩʢʦʤ ʘʫʜʠʪʝ ʛʘʟʦʤʘʟʫʪʥʳʭ ʛʦʨʝʣʦʢ ʚ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. 
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РАЗРАБОТКА МЕТОДИКИ 
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ЗАЩИТЫ ИНФОРМАЦИИ В ХОДЕ 
ТЕСТИРОВАНИЯ НА ПРОНИКНОВЕНИЕ 

Назаров Алексей Дмитриевич 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʐʘʙʫʨʦʚ ɸʥʜʨʝʡ ʉʝʨʛʝʝʚʠʯ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʫʜʠʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦ-
ʩʪʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʮʠʢʣʠʯʝʩʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʠ ʘʫʜʠʪʘ ʧʦ ʧʨʠʥʮʠʧʫ 
PDCA. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʥʘʢʦʧʠʪʝʣʴʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʥʳʭ ʫʷʟʚʠʤʦ-
ʩʪʝʡ, ʬʦʨʤʠʨʫʝʤʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʥʪʝʩʪʘ: ʚʳʷʚʣʝʥʥʳʝ ʫʷʟʚʠʤʦʩʪʠ, ʪʠʧʠʯʥʳʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʠʥ-
ʬʨʘʩʪʨʫʢʪʫʨʳ ʠʣʠ ʛʨʫʧʧʳ ʢʦʤʧʘʥʠʡ, ʧʝʨʝʜʘʶʪʩʷ ʘʫʜʠʪʦʨʘʤ ʚ ʚʠʜʝ ʧʨʦʚʝʨʦʯʥʳʭ ʢʦʥʪʨʦʣʝʡ, ʘ ʧʝʥʪʝ-
ʩʪʝʨʳ ʧʝʨʝʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ ʧʦʠʩʢ ʥʦʚʳʭ ʫʛʨʦʟ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʜʝʣʝ-
ʥʠʝ ʪʨʫʜʘ ʤʝʞʜʫ ʘʫʜʠʪʦʨʘʤʠ ʠ ʧʝʥʪʝʩʪʝʨʘʤʠ, ʩʥʠʞʘʝʪ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʧʦʚʪʦʨʷʝʤʳʝ ʧʨʦʚʝʨʢʠ ʠ ʦʙʝʩ-
ʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʥʘʨʘʱʠʚʘʥʠʝ ʧʦʢʨʳʪʠʷ ʘʫʜʠʪʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʘʫʜʠʪ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʧʨʦʥʠʢʥʦʚʝ-
ʥʠʝ, ʙʘʟʘ ʜʘʥʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ, PDCA, ʛʨʫʧʧʳ ʢʦʤʧʘʥʠʡ, ʤʝʪʦʜʠʢʘ ʘʫʜʠʪʘ, ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. 
 

DEVELOPMENT OF A METHODOLOGY FOR IMPROVING INFORMATION SECURITY AUDIT AND 
INFORMATION PROTECTION DURING PENETRATION TESTING 

 
Nazarov Alexey Dmitrievich, 

 
Scientific adviser: Shaburov Andrey Sergeevich 

 
Abstract: The article proposes a methodology for improving information security auditing based on a cyclic 
interaction between penetration testing and audit following the PDCA principle. The core element of the 
methodology is a cumulative vulnerability database formed from penetration test results: vulnerabilities 
characteristic of a given infrastructure or group of companies are transferred to auditors as verification 
controls, while penetration testers are redirected to search for new threats. It is shown that this approach 
ensures division of labor between auditors and penetration testers, reduces labor costs for repetitive checks, 
and provides continuous expansion of audit coverage. 
Key words: information security, security audit, penetration testing, vulnerability database, PDCA, group of 
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companies, audit methodology, information protection. 

 
ʆʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʀɹ) ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʪʨʝʙʫʝʪ ʨʝʛʫ-

ʣʷʨʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʜʚʫʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʮʝʥʢʠ ʟʘʱʠʱʸʥʥʦʩʪʠ: ʘʫʜʠʪʘ ʀɹ ʠ ʪʝʩʪʠ-
ʨʦʚʘʥʠʷ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ (pentest). ɸʫʜʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʚʝʨʷʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʧʝ-
ʨʝʯʥʶ ʢʦʥʪʨʦʣʝʡ ð ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʌʉʊʕʂ ʈʦʩʩʠʠ, ʩʪʘʥʜʘʨʪʘ ISO/IEC 27001 
ʠʣʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦʣʠʪʠʢ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʤʦʜʝʣʠʨʫʝʪ ʨʝʘʣʴʥʳʝ ʘʪʘʢʠ ʠ ʚʳʷʚʣʷʝʪ 
ʧʨʘʢʪʠʯʝʩʢʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʫʷʟʚʠʤʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʭʦʜʷʱʠʝ ʟʘ ʨʘʤʢʠ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʚʝʨʦʯʥʳʭ 
ʩʧʠʩʢʦʚ [1]. 

ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʠ ʜʚʘ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ. 
ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʝʥʪʝʩʪʘ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʦʪʯʸʪʝ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 
ʫʩʪʨʘʥʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ð ʠ ʥʘ ʵʪʦʤ ʠʭ ʨʦʣʴ ʟʘʢʘʥʯʠʚʘʝʪʩʷ. ɺ ʩʣʝʜʫʶʱʝʤ ʮʠʢʣʝ ʘʫʜʠʪʘ ʪʘ ʞʝ ʢʦʤʘʥʜʘ 
ʧʝʥʪʝʩʪʝʨʦʚ ʚʳʥʫʞʜʝʥʘ ʟʘʥʦʚʦ ʧʨʦʚʝʨʷʪʴ ʪʝ ʞʝ ʢʣʘʩʩʳ ʫʷʟʚʠʤʦʩʪʝʡ: ʪʝ, ʯʪʦ ʫʞʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ, ʟʘ-
ʬʠʢʩʠʨʦʚʘʥʳ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʟʘʢʨʳʪʳ, ʠ ʪʝ, ʯʪʦ ʤʦʛʫʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘ ʘʥʘʣʦʛʠʯʥʳʭ ʫʟʣʘʭ ʠʥʬʨʘ-
ʩʪʨʫʢʪʫʨʳ. ʅʘʢʦʧʣʝʥʥʳʝ ʟʥʘʥʠʷ ʦʙ ʫʷʟʚʠʤʦʩʪʷʭ ʥʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʠʟʠʨʫʶʪʩʷ ʠ ʥʝ ʧʝʨʝʜʘʶʪʩʷ ʚ ʘʫʜʠ-
ʪʦʨʩʢʠʡ ʧʨʦʮʝʩʩ [2]. 

ʆʩʦʙʫʶ ʦʩʪʨʦʪʫ ʵʪʘ ʧʨʦʙʣʝʤʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʢʨʫʧʥʳʭ ʭʦʣʜʠʥʛʘʭ ʠ ʛʨʫʧʧʘʭ ʢʦʤʧʘʥʠʡ, ʛʜʝ ʜʦʯʝʨ-
ʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʫʶʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʜʝʥʪʠʯʥʳʝ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-
ʯʝʥʠʷ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺ ʪʘʢʦʡ ʩʨʝʜʝ ʫʷʟʚʠʤʦʩʪʴ, ʚʳʷʚʣʝʥʥʘʷ ʚ ʦʜʥʦʡ ʦʨʛʘʥʠʟʘ-
ʮʠʠ ʛʨʫʧʧʳ, ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʘʥʘʣʦʛʠʯʥʳʭ ʫʟʣʘʭ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʆʜ-
ʥʘʢʦ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʦʜʭʦʜʝ ʧʝʥʪʝʩʪʝʨʳ ʚʳʥʫʞʜʝʥʳ çʦʪʢʨʳʚʘʪʴè ʝʸ ʟʘʥʦʚʦ ʚ ʢʘʞʜʦʤ ʧʦʩʣʝʜʫʶ-
ʱʝʤ ʘʫʜʠʪʝ, ʚʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʥʘʧʨʘʚʠʪʴ ʫʩʠʣʠʷ ʥʘ ʧʦʠʩʢ ʥʦʚʳʭ, ʝʱʸ ʥʝʠʟʚʝʩʪʥʳʭ ʫʛʨʦʟ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ, ʢʦʪʦʨʘʷ ʫʩʪʨʘʥʷʣʘ ʙʳ ʵʪʫ ʥʝʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ð ʦʙʝʩʧʝʯʠʚʘʣʘ ʙʳ ʥʘʢʦʧʣʝʥʠʝ ʟʥʘʥʠʡ ʦʙ ʫʷʟʚʠʤʦʩʪʷʭ, ʧʝʨʝʜʘʯʫ ʨʫʪʠʥʥʳʭ ʧʨʦʚʝʨʦʢ ʘʫʜʠʪʦʨʘʤ 
ʠ ʧʦʩʪʦʷʥʥʦʝ ʥʘʮʝʣʠʚʘʥʠʝ ʧʝʥʪʝʩʪʝʨʦʚ ʥʘ ʧʦʠʩʢ ʥʦʚʦʛʦ. ɺ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʦʩʥʦʚʳ ʧʨʝʜʣʘ-
ʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʢʣʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ PDCA (PlanïDoïCheckïAct), ʭʦʨʦʰʦ 
ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʫʶ ʩʝʙʷ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʀɹ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ISO/IEC 27001 [3]. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʫʜʠʪʘ ʠ ʧʝʥʪʝʩʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ, ʥʦ 
ʥʝʟʘʚʠʩʠʤʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʤʢʘʭ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʦʮʝʥʢʠ ʟʘʱʠʱʸʥʥʦʩʪʠ. ɸʫʜʠʪʦʨ ʨʘʙʦʪʘʝʪ ʧʦ ʟʘʨʘʥʝʝ 
ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʧʝʨʝʯʥʶ ʢʦʥʪʨʦʣʝʡ (ʯʝʢ-ʣʠʩʪʫ), ʧʝʥʪʝʩʪʝʨ ð ʧʦ ʤʝʪʦʜʦʣʦʛʠʷʤ PTES, OWASP Testing 
Guide ʠʣʠ NIST SP 800-115, ʢʦʪʦʨʳʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʦʠʩʢ ʫʷʟʚʠʤʦʩʪʝʡ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʥʘʢʦʧʣʝʥʥʦʡ 
ʠʩʪʦʨʠʠ ʧʨʝʜʳʜʫʱʠʭ ʧʨʦʚʝʨʦʢ [4]. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʠʥʪʝʛʨʠʨʫʶʪʩʷ: ʘʫʜʠ-
ʪʦʨʩʢʠʡ ʯʝʢ-ʣʠʩʪ ʥʝ ʧʦʧʦʣʥʷʝʪʩʷ ʥʦʚʳʤʠ ʢʦʥʪʨʦʣʷʤʠ ʥʘ ʦʩʥʦʚʝ ʧʝʥʪʝʩʪʘ, ʘ ʧʝʥʪʝʩʪʝʨʳ ʥʝ ʧʦʣʫʯʘʶʪ 
ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʦʤ, ʢʘʢʠʝ ʫʷʟʚʠʤʦʩʪʠ ʫʞʝ ʙʳʣʠ ʟʘʢʨʳʪʳ, ʘ ʢʘʢʠʝ ʤʦʛʫʪ ʚʦʩʧʨʦʠʟ-
ʚʦʜʠʪʴʩʷ ʩʥʦʚʘ. 

ʕʪʦ ʧʦʨʦʞʜʘʝʪ ʪʨʠ ʢʣʶʯʝʚʳʭ ʥʝʜʦʩʪʘʪʢʘ. ɺʦ-ʧʝʨʚʳʭ, ʟʥʘʥʠʷ ʦʙ ʫʷʟʚʠʤʦʩʪʷʭ ʥʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ: 
ʢʘʞʜʳʡ ʮʠʢʣ ʧʝʥʪʝʩʪʘ ʥʘʯʠʥʘʝʪʩʷ çʩ ʯʠʩʪʦʛʦ ʣʠʩʪʘè, ʠ ʨʝʩʫʨʩʳ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠ-
ʩʪʦʚ ʨʘʩʭʦʜʫʶʪʩʷ ʥʘ ʧʦʚʪʦʨʥʦʝ ʚʳʷʚʣʝʥʠʝ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʧʨʦʙʣʝʤ. ɺʦ-ʚʪʦʨʳʭ, ʘʫʜʠʪ ʦʩʪʘʸʪʩʷ ʩʪʘʪʠʯ-
ʥʳʤ: ʝʛʦ ʢʦʥʪʨʦʣʴʥʳʝ ʩʧʠʩʢʠ ʦʙʥʦʚʣʷʶʪʩʷ ʨʝʜʢʦ ʠ ʥʝ ʦʪʨʘʞʘʶʪ ʘʢʪʫʘʣʴʥʳʡ ʣʘʥʜʰʘʬʪ ʫʛʨʦʟ, ʭʘʨʘʢ-
ʪʝʨʥʳʡ ʠʤʝʥʥʦ ʜʣʷ ʜʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠʣʠ ʛʨʫʧʧʳ ʦʨʛʘʥʠʟʘʮʠʡ. ɺ-ʪʨʝʪʴʠʭ, ʚ ʭʦʣʜʠʥʛʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ 
ʩ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʥʘʙʦʨ CVE (Common Vulnerabilities and Exposures) 
ʧʨʦʚʝʨʷʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ ʥʘ ʦʜʥʦʪʠʧʥʳʭ ʦʙʲʝʢʪʘʭ ʨʘʟʥʳʤʠ ʢʦʤʘʥʜʘʤʠ, ʯʪʦ ʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʚʦ-
ʢʫʧʥʳʝ ʪʨʫʜʦʟʘʪʨʘʪʳ ʙʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʠʨʦʩʪʘ ʢʘʯʝʩʪʚʘ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʝʭʘʥʠʟʤʘ, ʢʦʪʦʨʳʡ ʧʨʝʚʨʘ-
ʱʘʣ ʙʳ ʨʝʟʫʣʴʪʘʪʳ ʢʘʞʜʦʛʦ ʧʝʥʪʝʩʪʘ ʚ ʜʦʣʛʦʩʨʦʯʥʳʡ ʘʢʪʠʚ ð ʠʥʩʪʠʪʫʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʝ ʟʥʘʥʠʝ, ʜʦ-
ʩʪʫʧʥʦʝ ʘʫʜʠʪʦʨʘʤ ʠ ʧʦʟʚʦʣʷʶʱʝʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʠ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʮʝʩʩʘ ʦʮʝʥʢʠ 
ʟʘʱʠʱʸʥʥʦʩʪʠ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʩʪʨʦʠʪʩʷ ʥʘ ʢʦʥʮʝʧʮʠʠ ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ (ɹɼʋ) ʠ 
ʮʠʢʣʠʯʝʩʢʦʡ ʤʦʜʝʣʠ PDCA, ʧʨʠʤʝʥʸʥʥʦʡ ʢ ʧʨʦʮʝʩʩʫ ʘʫʜʠʪʘ ʀɹ. ɽʸ ʩʫʪʴ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: ʧʦ ʠʪʦ-
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ʛʘʤ ʢʘʞʜʦʛʦ ʧʝʥʪʝʩʪʘ ʚʳʷʚʣʝʥʥʳʝ ʫʷʟʚʠʤʦʩʪʠ, ʧʨʠʟʥʘʥʥʳʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʜʘʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 
ʠʣʠ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ, ʚʥʦʩʷʪʩʷ ʚ ɹɼʋ ʠ ʧʝʨʝʚʦʜʷʪʩʷ ʚ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʘʫʜʠʪʦʨʩʢʠʝ ʢʦʥʪʨʦʣʠ. ɺ ʧʦ-
ʩʣʝʜʫʶʱʠʭ ʮʠʢʣʘʭ ʧʨʦʚʝʨʢʫ ʵʪʠʭ ʢʦʥʪʨʦʣʝʡ ʚʳʧʦʣʥʷʶʪ ʘʫʜʠʪʦʨʳ ʚ ʨʘʤʢʘʭ ʩʪʘʥʜʘʨʪʥʦʛʦ ʘʫʜʠʪʘ, ʘ ʧʝʥ-
ʪʝʩʪʝʨʳ ʦʩʚʦʙʦʞʜʘʶʪʩʷ ʦʪ ʧʦʚʪʦʨʝʥʠʷ ʧʨʦʡʜʝʥʥʦʛʦ ʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʧʦʠʩʢ ʥʦʚʳʭ 
ʫʷʟʚʠʤʦʩʪʝʡ ð ʜʣʷ ʧʦʧʦʣʥʝʥʠʷ ʪʦʡ ʞʝ ʙʘʟʳ. ʎʠʢʣ ʟʘʤʳʢʘʝʪʩʷ ʠ ʩʘʤʦʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ (ʨʠʩ. 1). 
 

 
ʉʡʪ. 1. ʏʡʣʤʡʰʞʪʣʙʸ ʥʧʝʞʤʵ ʪʧʛʞʩʱʞʦʪʫʛʧʛʙʦʡʸ ʙʬʝʡʫʙ ʁɺ ʦʙ ʧʪʦʧʛʞ ʚʙʠʴ ʝʙʦʦʴʮ ʬʸʠʛʡʥʧʪʫʞʢ 

(ʨʧ ʨʩʡʦʯʡʨʬ PDCA) 
 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1, ʤʝʪʦʜʠʢʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʯʝʪʳʨʸʭ ʬʘʟʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʘʧʘʤ 
PDCA. ʅʘ ʬʘʟʝ Plan ʬʦʨʤʠʨʫʝʪʩʷ ʧʣʘʥ ʩʦʚʤʝʩʪʥʦʛʦ ʘʫʜʠʪʘ ʠ ʧʝʥʪʝʩʪʘ: ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝ-
ʥʝʥʠʷ (scope), ʥʘʟʥʘʯʘʶʪʩʷ ʨʦʣʠ ʫʯʘʩʪʥʠʢʦʚ ʠ ʚʳʛʨʫʞʘʶʪʩʷ ʠʟ ɹɼʋ ʘʢʪʫʘʣʴʥʳʝ ʢʦʥʪʨʦʣʠ ʜʣʷ ʘʫʜʠʪʦʨ-
ʩʢʦʡ ʧʨʦʚʝʨʢʠ. ʅʘ ʬʘʟʝ Do ʧʘʨʘʣʣʝʣʴʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʜʚʘ ʧʨʦʮʝʩʩʘ: ʘʫʜʠʪʦʨʳ ʧʨʦʚʝʨʷʶʪ ʢʦʥʪʨʦʣʠ ʠʟ 
ɹɼʋ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʜʦʢʫʤʝʥʪʘʨʥʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ, ʘ ʧʝʥʪʝʩʪʝʨʳ ʧʨʦʚʦʜʷʪ ʧʦʣʥʦ-
ʮʝʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʪʦʣʴʢʦ ʥʘ ʧʦʠʩʢ ʥʦʚʳʭ ʚʝʢʪʦʨʦʚ ʘʪʘʢ. ʅʘ 
ʬʘʟʝ Check ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʠʭ ʧʨʦʮʝʩʩʦʚ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʦʚʤʝʩʪʥʦ: ʧʝʥʪʝʩʪ-ʢʦʤʘʥʜʘ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ 
ʚʳʷʚʣʝʥʥʳʝ ʫʷʟʚʠʤʦʩʪʠ ʠ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʠʝ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ð ʪʦ ʝʩʪʴ ʦʙʫʩʣʦʚʣʝʥʳ 
ʪʠʧʦʚʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ, ʚʝʨʩʠʷʤʠ ʇʆ ʠʣʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ ʥʘ ʜʨʫ-
ʛʠʭ ʦʙʲʝʢʪʘʭ. ʅʘ ʬʘʟʝ Act ʭʘʨʘʢʪʝʨʥʳʝ ʫʷʟʚʠʤʦʩʪʠ ʬʦʨʤʘʣʠʟʫʶʪʩʷ ʚ ʘʫʜʠʪʦʨʩʢʠʝ ʢʦʥʪʨʦʣʠ, ʚʥʦʩʷʪʩʷ ʚ 
ɹɼʋ ʠ ʥʝʤʝʜʣʝʥʥʦ ʪʨʘʥʩʣʠʨʫʶʪʩʷ ʚ ʧʣʘʥʳ ʘʫʜʠʪʘ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʛʨʫʧʧʳ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫ-
ʨʦʡ. ʎʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ. 

ʎʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ɹɼʋ. ʂʘʞʜʘʷ ʟʘʧʠʩʴ ʚ ʙʘʟʝ ʩʦʜʝʨʞʠʪ: 
ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʫʷʟʚʠʤʦʩʪʠ (CVE ʠʣʠ ʚʥʫʪʨʝʥʥʠʡ), ʢʣʘʩʩ ʧʦ CWE, ʦʧʠʩʘʥʠʝ ʩʧʦʩʦʙʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʠ-
ʚʷʟʢʫ ʢ ʢʦʤʧʦʥʝʥʪʘʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʤʦʜʝʣʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʝʨʩʠʷ ʆʉ ʠʣʠ ʇʆ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 
ʘʫʜʠʪʦʨʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠʟ ʥʦʨʤʘʪʠʚʥʦʛʦ ʩʪʘʥʜʘʨʪʘ (ʌʉʊʕʂ ʈʦʩʩʠʠ / ISO/IEC 27001), ʩʪʘʪʫʩ (ʦʪʢʨʳʪʘ / 
ʟʘʢʨʳʪʘ / ʪʨʝʙʫʝʪ ʤʦʥʠʪʦʨʠʥʛʘ) ʠ ʜʘʪʫ ʧʦʩʣʝʜʥʝʡ ʚʝʨʠʬʠʢʘʮʠʠ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʘʫʜʠʪʦʨʘʤ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʧʠʩʴ ʢʘʢ ʛʦʪʦʚʳʡ ʧʨʦʚʝʨʦʯʥʳʡ ʧʫʥʢʪ: ʦʥʠ ʟʥʘʶʪ, ʯʪʦ ʠʤʝʥʥʦ ʠʩʢʘʪʴ, ʚ ʢʘʢʦʤ ʢʦʤʧʦʥʝʥʪʝ 
ʠ ʢʘʢ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪ. 

ʂʨʠʪʝʨʠʡ ʚʢʣʶʯʝʥʠʷ ʫʷʟʚʠʤʦʩʪʠ ʚ ɹɼʋ ð ʝʸ çʭʘʨʘʢʪʝʨʥʦʩʪʴè ʜʣʷ ʜʘʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠʣʠ 
ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ. ʋʷʟʚʠʤʦʩʪʴ ʧʨʠʟʥʘʸʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ, ʝʩʣʠ ʦʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʪʠʧʦʚʳʤ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 
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(ʛʨʫʧʧʳ) ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʤ ʨʝʰʝʥʠʝʤ, ʩʪʘʥʜʘʨʪʥʦʡ ʚʝʨʩʠʝʡ ʇʆ ʠʣʠ ʪʠʧʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʭʝʤʦʡ. 
ɽʜʠʥʠʯʥʳʝ, ʩʣʫʯʘʡʥʳʝ ʫʷʟʚʠʤʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ ʢʦʥʢʨʝʪʥʦʛʦ 
ʦʙʲʝʢʪʘ, ʚ ɹɼʋ ʥʝ ʚʥʦʩʷʪʩʷ ð ʦʥʠ ʫʩʪʨʘʥʷʶʪʩʷ ʚ ʨʘʤʢʘʭ ʪʝʢʫʱʝʛʦ ʮʠʢʣʘ ʙʝʟ ʩʦʟʜʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ 
ʢʦʥʪʨʦʣʷ. ɼʘʥʥʦʝ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʯʝʩʪʚʦ ʙʘʟʳ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʝʸ ʨʘʟʨʘʩʪʘʥʠʝ ʜʦ ʥʝ-
ʫʧʨʘʚʣʷʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʇʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʟʘʧʠʩʝʡ ɹɼʋ ʬʘʢʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫʝʪ çʢʦʨʧʦʨʘʪʠʚʥʳʡ ʧʨʦʬʠʣʴ ʫʷʟʚʠʤʦ-
ʩʪʝʡè ð ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʟʥʘʥʠʝ ʦʙ ʘʢʪʫʘʣʴʥʳʭ ʫʛʨʦʟʘʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʠʤʝʥʥʦ ʜʣʷ ʜʘʥʥʦʡ ʦʨʛʘʥʠ-
ʟʘʮʠʠ ʠʣʠ ʛʨʫʧʧʳ. ʕʪʦʪ ʧʨʦʬʠʣʴ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʘʪʘʣʦʛʦʚ (NVD, ɹɼʋ 
ʌʉʊʕʂ ʈʦʩʩʠʠ) ʪʝʤ, ʯʪʦ ʫʯʠʪʳʚʘʝʪ ʢʦʥʢʨʝʪʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʪʝʢ, ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 
ʠʩʪʦʨʠʶ ʠʥʮʠʜʝʥʪʦʚ. ɸʫʜʠʪʦʨʩʢʠʡ ʯʝʢ-ʣʠʩʪ, ʬʦʨʤʠʨʫʝʤʳʡ ʠʟ ɹɼʋ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʷʚʣʷʝʪʩʷ ʩʪʘʥ-
ʜʘʨʪʥʳʤ ʥʘʙʦʨʦʤ ʪʨʝʙʦʚʘʥʠʡ ð ʦʥ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥ ʧʦʜ ʦʙʲʝʢʪ ʧʨʦʚʝʨʢʠ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʪʨʫʜʘ ʤʝʞʜʫ ʘʫʜʠʪʦʨʘʤʠ ʠ 
ʧʝʥʪʝʩʪʝʨʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʜʭʦʜʦʤ. ɸʫʜʠʪʦʨ ʚ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ 
ʢʦʥʪʨʦʣʸʨʘ ʠʟʚʝʩʪʥʳʭ ʨʠʩʢʦʚ: ʦʥ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʚʝʨʠʬʠʮʠʨʫʝʪ, ʫʩʪʨʘʥʝʥʳ ʣʠ ʫʷʟʚʠʤʦʩʪʠ ʠʟ ɹɼʋ, ʥʝ 
ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʣʠ ʦʥʠ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʩʦʙʣʶʜʘʶʪʩʷ ʣʠ ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. 
ʇʝʥʪʝʩʪʝʨ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʨʘʟʚʝʜʯʠʢʘ ʥʦʚʳʭ ʫʛʨʦʟ: ʝʛʦ ʟʘʜʘʯʘ ð ʥʘʡʪʠ ʪʦ, ʯʝʛʦ ʝʱʸ ʥʝʪ ʚ ʙʘʟʝ, ʨʘʩ-
ʰʠʨʠʪʴ ʛʦʨʠʟʦʥʪ ʠʟʚʝʩʪʥʳʭ ʨʠʩʢʦʚ ʠ ʧʝʨʝʜʘʪʴ ʥʦʚʳʝ ʥʘʭʦʜʢʠ ʘʫʜʠʪʦʨʘʤ. ʊʘʢʦʝ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʧʦʟʚʦ-
ʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʨʦʛʦʩʪʦʷʱʫʶ ʵʢʩʧʝʨʪʠʟʫ ʧʝʥʪʝʩʪʝʨʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʪʜʘʯʝʡ, ʥʘʧʨʘʚʣʷʷ ʝʸ ʪʫ-
ʜʘ, ʛʜʝ ʦʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʘ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʨʘʟʜʝʣʝʥʠʷ ʪʨʫʜʘ ʧʨʦʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʥʘʛʣʷʜʥʦ ʚ ʭʦʣʜʠʥʛʘʭ ʠ ʛʨʫʧʧʘʭ 
ʢʦʤʧʘʥʠʡ ʩ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ɽʩʣʠ ʧʝʥʪʝʩʪ ʚʳʷʚʠʣ ʭʘʨʘʢʪʝʨʥʫʶ ʫʷʟʚʠʤʦʩʪʴ ʥʘ ʦʜ-
ʥʦʤ ʦʙʲʝʢʪʝ ʠ ʦʥʘ ʚʥʝʩʝʥʘ ʚ ɹɼʋ, ʪʦ ʥʘ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʦʙʲʝʢʪʘʭ ʛʨʫʧʧʳ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ 
ʵʪʫ ʫʷʟʚʠʤʦʩʪʴ ʫʞʝ ʥʝ ʥʫʞʥʦ çʦʪʢʨʳʚʘʪʴè ʩʥʦʚʘ: ʧʨʦʚʝʨʢʫ ʚʳʧʦʣʥʠʪ ʘʫʜʠʪʦʨ ʧʦ ʛʦʪʦʚʦʤʫ ʢʦʥʪʨʦʣʶ ʠʟ 
ʙʘʟʳ. ʇʝʥʪʝʩʪʝʨʳ ʞʝ ʧʨʦʜʦʣʞʘʶʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʩ ʪʝʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʪʝʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʛʜʝ ʚʝʨʦ-
ʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʯʝʛʦ-ʪʦ ʥʦʚʦʛʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘ. ʆʜʥʦʢʨʘʪʥʦ ʚʳʷʚʣʝʥʥʘʷ ʫʛʨʦʟʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦ-
ʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʤ ʢʦʥʪʨʦʣʴʥʳʤ ʧʫʥʢʪʦʤ ʜʣʷ ʚʩʝʡ ʛʨʫʧʧʳ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘ ʪʨʸʭ 
ʧʠʣʦʪʥʳʭ ʦʙʲʝʢʪʘʭ ʩ ʨʘʟʣʠʯʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ: ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ (ʦʙʲʝʢʪ ɸ), ʢʦʨʧʦʨʘʪʠʚ-
ʥʘʷ ʩʝʪʴ ʩʦ ʩʣʫʞʙʦʡ ʢʘʪʘʣʦʛʦʚ Active Directory (ʦʙʲʝʢʪ ɹ) ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʧʨʠʷʪʠʷ ʩ 
ʪʠʧʦʚʦʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ (ʦʙʲʝʢʪ ɺ). ɸʧʨʦʙʘʮʠʷ ʦʭʚʘʪʳʚʘʣʘ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 
ʮʠʢʣʘ ʦʮʝʥʢʠ ʟʘʱʠʱʸʥʥʦʩʪʠ. ɺ ʧʝʨʚʦʤ ʮʠʢʣʝ ʧʨʠʤʝʥʷʣʩʷ ʪʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ (ʥʝʟʘʚʠʩʠʤʳʡ ʘʫʜʠʪ ʠ 
ʧʝʥʪʝʩʪ ʙʝʟ ɹɼʋ). ɺʦ ʚʪʦʨʦʤ ʮʠʢʣʝ ð ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ: ʧʦ ʠʪʦʛʘʤ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʧʝʥʪʝʩʪʘ 
ʩʬʦʨʤʠʨʦʚʘʥʘ ʥʘʯʘʣʴʥʘʷ ɹɼʋ ʠʟ 23 ʭʘʨʘʢʪʝʨʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ, ʧʨʦʚʝʨʢʘ ʢʦʪʦʨʳʭ ʚ ʭʦʜʝ ʚʪʦʨʦʛʦ ʮʠʢʣʘ 
ʧʝʨʝʜʘʥʘ ʘʫʜʠʪʦʨʘʤ. 
 

ʋʙʚʤʡʯʙ 1 
ʊʩʙʛʦʞʦʡʞ ʶʭʭʞʣʫʡʛʦʧʪʫʡ ʫʩʙʝʡʯʡʧʦʦʧʜʧ ʡ ʨʩʞʝʤʧʟʞʦʦʧʜʧ ʨʧʝʮʧʝʧʛ (2-ʢ ʯʡʣʤ ʧʯʞʦʣʡ) 

ʈʧʣʙʠʙʫʞʤʵ ʇʚʳʞʣʫ ɹ ʇʚʳʞʣʫ ɺ ʇʚʳʞʣʫ ɻ ʊʩʞʝʦʞʞ ʁʠʥʞʦʞʦʡʞ 

ʊʨʫʜʦʸʤʢʦʩʪʴ ʧʝʥʪʝʩʪʘ 
(ʯʝʣ.-ʯ) 

40 Ÿ 24 56 Ÿ 31 32 Ÿ 20 43 Ÿ 25 ī42% 

ʅʦʚʳʝ ʫʷʟʚʠʤʦʩʪʠ (ʰʪ.) 8 11 6 8,3 ð 

ʆʭʚʘʪ ɹɼʋ-ʢʦʥʪʨʦʣʝʡ 
ʘʫʜʠʪʦʤ (%) 

100 100 100 100 ð 

ʇʦʚʪʦʨʥʳʝ ʫʷʟʚʠʤʦʩʪʠ ʚ 
ʧʝʥʪʝʩʪʝ 

0 0 0 0 ī100% 

 
ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 1 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʣʶʯʝʚʳʝ ʵʬʬʝʢʪʳ ʤʝʪʦʜʠʢʠ ʚʦ ʚʪʦʨʦʤ ʮʠʢʣʝ. ʊʨʫʜʦʸʤʢʦʩʪʴ 

ʨʘʙʦʪʳ ʧʝʥʪʝʩʪʝʨʦʚ ʩʥʠʟʠʣʘʩʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 42%: ʚʳʩʚʦʙʦʞʜʝʥʥʦʝ ʚʨʝʤʷ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʩʩʣʝʜʦʚʘ-
ʥʠʝ ʥʦʚʳʭ ʚʝʢʪʦʨʦʚ ʘʪʘʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦ ʢʘʞʜʦʤʫ ʦʙʲʝʢʪʫ ʚʳʷʚʣʝʥʦ ʦʪ 6 ʜʦ 11 ʨʘʥʝʝ ʥʝʠʟʚʝʩʪ-
ʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ, ʧʦʧʦʣʥʠʚʰʠʭ ɹɼʋ. ʇʨʠ ʵʪʦʤ ʥʠ ʦʜʥʘ ʠʟ 23 ʫʷʟʚʠʤʦʩʪʝʡ, ʧʝʨʝʥʝʩʸʥʥʳʭ ʚ ʙʘʟʫ ʧʦ ʠʪʦ-
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ʛʘʤ ʧʝʨʚʦʛʦ ʮʠʢʣʘ, ʥʝ ʙʳʣʘ ʧʦʚʪʦʨʥʦ çʦʪʢʨʳʪʘè ʧʝʥʪʝʩʪʝʨʘʤʠ ð ʠʭ ʧʨʦʚʝʨʢʫ ʚ ʧʦʣʥʦʤ ʦʙʲʸʤʝ ʚʳʧʦʣ-
ʥʠʣʠ ʘʫʜʠʪʦʨʳ. ʆʭʚʘʪ ɹɼʋ-ʢʦʥʪʨʦʣʝʡ ʘʫʜʠʪʦʤ ʩʦʩʪʘʚʠʣ 100% ʥʘ ʚʩʝʭ ʦʙʲʝʢʪʘʭ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʝʥ ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʵʬʬʝʢʪʘ: ʯʝʤ ʙʦʣʴʰʝ ʮʠʢʣʦʚ ʧʨʦʭʦʜʠʪ ʩʠʩʪʝʤʘ, 
ʪʝʤ ʦʙʰʠʨʥʝʝ ʩʪʘʥʦʚʠʪʩʷ ɹɼʋ ʠ ʪʝʤ ʚʳʰʝ ʜʦʣʷ ʨʫʪʠʥʥʳʭ ʧʨʦʚʝʨʦʢ, ʧʝʨʝʜʘʥʥʳʭ ʘʫʜʠʪʦʨʘʤ. ɺ ʧʝʨ-
ʩʧʝʢʪʠʚʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʧʝʥʪʝʩʪ-ʢʦʤʘʥʜʘ ʚʩʸ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴ-
ʩʢʦʡ ʨʘʙʦʪʝ ð ʧʦʠʩʢʝ ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʚʝʢʪʦʨʦʚ, ʥʦʚʳʭ ʢʣʘʩʩʦʚ ʫʷʟʚʠʤʦʩʪʝʡ, ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʛʨʦʟ, ð 
ʪʦʛʜʘ ʢʘʢ ʨʫʪʠʥʥʳʡ ʢʦʥʪʨʦʣʴ ʠʟʚʝʩʪʥʳʭ ʨʠʩʢʦʚ ʧʦʣʥʦʩʪʴʶ ʜʝʣʝʛʠʨʫʝʪʩʷ ʘʫʜʠʪʦʨʘʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ 
ɹɼʋ ʢʘʢ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʥʦʚʣʷʝʤʳʡ ʠʩʪʦʯʥʠʢ ʧʨʦʚʝʨʦʯʥʳʭ ʧʫʥʢʪʦʚ. 
 

ʋʙʚʤʡʯʙ 2 
ʊʩʙʛʦʞʦʡʞ ʫʩʙʝʡʯʡʧʦʦʧʜʧ ʡ ʨʩʞʝʤʧʟʞʦʦʧʜʧ ʨʧʝʮʧʝʧʛ ʣ ʧʩʜʙʦʡʠʙʯʡʡ ʙʬʝʡʫʙ ʁɺ 

ʎʙʩʙʣʫʞʩʡʪʫʡʣʙ ʋʩʙʝʡʯʡʧʦʦʴʢ ʨʧʝʮʧʝ ʈʩʞʝʤʧʟʞʦʦʙʸ ʥʞʫʧʝʡʣʙ 

ʅʘʢʦʧʣʝʥʠʝ ʟʥʘʥʠʡ ʦʙ ʫʷʟʚʠʤʦʩʪʷʭ ʆʪʩʫʪʩʪʚʫʝʪ ʅʘʢʦʧʠʪʝʣʴʥʘʷ ɹɼʋ, ʧʦʩʪʦʷʥʥʦ 
ʧʦʧʦʣʥʷʝʤʘʷ 

ʈʦʣʴ ʧʝʥʪʝʩʪʝʨʦʚ ʇʦʚʪʦʨʥʘʷ ʧʨʦʚʝʨʢʘ ʠʟʚʝʩʪ-
ʥʳʭ ʠ ʥʦʚʳʭ ʫʷʟʚʠʤʦʩʪʝʡ 

ʊʦʣʴʢʦ ʧʦʠʩʢ ʥʦʚʳʭ ʫʷʟʚʠʤʦ-
ʩʪʝʡ 

ʈʦʣʴ ʘʫʜʠʪʦʨʦʚ ʇʨʦʚʝʨʢʘ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ 
ʯʝʢ-ʣʠʩʪʘ ʩʪʘʥʜʘʨʪʘ 

ʇʨʦʚʝʨʢʘ ʩʪʘʥʜʘʨʪʘ + ʢʦʥʪʨʦ-
ʣʝʡ ʠʟ ɹɼʋ 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʥʘʥʠʡ ʚ ʭʦʣʜʠʥ-
ʛʝ 

ʆʪʩʫʪʩʪʚʫʝʪ ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʯʝʨʝʟ ɹɼʋ ʥʘ 
ʚʩʝ ʘʥʘʣʦʛʠʯʥʳʝ ʦʙʲʝʢʪʳ 

ʊʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʧʦʚʪʦʨʷʝʤʳʝ 
ʧʨʦʚʝʨʢʠ 

ʇʦʩʪʦʷʥʥʳʝ (ʢʘʞʜʳʡ ʮʠʢʣ) ʉʥʠʞʘʶʪʩʷ ʩ ʢʘʞʜʳʤ ʮʠʢʣʦʤ 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʈʘʟʦʚʳʝ ʥʝʟʘʚʠʩʠʤʳʝ ʧʨʦʝʢ-
ʪ r

ʅʝʧʨʝʨʳʚʥʳʡ ʮʠʢʣ PDCA 

 
ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʩ ʨʘʟʚʠʪʦʡ 

ʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ: ʭʦʣʜʠʥʛʘʭ, ʛʨʫʧʧʘʭ ʢʦʤʧʘʥʠʡ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥ-
ʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʀʊ. ʀʤʝʥʥʦ ʟʜʝʩʴ ʧʦʪʝʥʮʠʘʣ ʥʘʢʦʧʠʪʝʣʴʥʦʡ ɹɼʋ 
ʤʘʢʩʠʤʘʣʝʥ: ʫʷʟʚʠʤʦʩʪʴ, ʚʳʷʚʣʝʥʥʘʷ ʥʘ ʦʜʥʦʤ ʦʙʲʝʢʪʝ ʠ ʚʥʝʩʸʥʥʘʷ ʚ ʙʘʟʫ, ʥʝʤʝʜʣʝʥʥʦ ʩʪʘʥʦʚʠʪʩʷ 
ʧʨʦʚʝʨʦʯʥʳʤ ʢʦʥʪʨʦʣʝʤ ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʛʨʫʧʧʳ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ð ʙʝʟ ʧʦ-
ʚʪʦʨʥʦʛʦ ʫʯʘʩʪʠʷ ʧʝʥʪʝʩʪʝʨʦʚ. 

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʤʝʪʦʜʠʢʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ: ʩʬʦʨʤʠʨʦʚʘʪʴ ʝʜʠʥʳʡ ʢʦʨʧʦʨʘʪʠʚʥʳʡ ʨʝʧʦʟʠʪʦʨʠʡ 
ɹɼʋ ʩ ʧʨʠʚʷʟʢʦʡ ʢʘʞʜʦʡ ʟʘʧʠʩʠ ʢ ʢʦʥʢʨʝʪʥʳʤ ʤʦʜʝʣʷʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʝʨʩʠʷʤ ʇʆ; ʥʘʟʥʘʯʠʪʴ ʚʣʘ-
ʜʝʣʴʮʘ ɹɼʋ ð ʩʧʝʮʠʘʣʠʩʪʘ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʘʢʪʫʘʣʠʟʘʮʠʶ ʩʪʘʪʫʩʦʚ ʟʘʧʠʩʝʡ ʠ ʪʨʘʥʩʣʷʮʠʶ ʥʦʚʳʭ 
ʢʦʥʪʨʦʣʝʡ ʚ ʧʣʘʥʳ ʘʫʜʠʪʘ; ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʛʣʘʤʝʥʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʷʟʚʠʤʦʩʪʝʡ ʢʘʢ çʭʘʨʘʢʪʝʨʥʳʭè ʩ 
ʫʯʘʩʪʠʝʤ ʢʘʢ ʧʝʥʪʝʩʪ-ʢʦʤʘʥʜʳ, ʪʘʢ ʠ ʘʫʜʠʪʦʨʦʚ; ʠʥʪʝʛʨʠʨʦʚʘʪʴ ɹɼʋ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚ-
ʣʝʥʠʷ ʘʢʪʠʚʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ (CMDB) ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʤʝ-
ʥʠʤʘ ʪʘ ʠʣʠ ʠʥʘʷ ʟʘʧʠʩʴ ʙʘʟʳ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʦʧʦʣʥʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹɼʋ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʧʣʘʪʬʦʨʤʳ ʫʧʨʘʚʣʝʥʠʷ ʫʷʟʚʠʤʦʩʪʷʤʠ (Vulnerability Management Platform), ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʢʣʘʩʩʠʬʠ-
ʢʘʮʠʶ ʧʦ CVE/CWE ʠ ʠʥʪʝʛʨʘʮʠʶ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʢʘʢ ʘʫʜʠʪʘ, ʪʘʢ ʠ ʧʝʥʪʝʩʪʘ. ʉʦʦʪʚʝʪʩʪʚʠʝ ʤʝʪʦʜʠʢʠ 
ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʯʝʨʝʟ ʧʨʠʚʷʟʢʫ ʟʘʧʠʩʝʡ ɹɼʋ ʢ ʢʦʥʪʨʦʣʷʤ ʌʉʊʕʂ ʈʦʩʩʠʠ 
(ʧʨʠʢʘʟʳ ˉ 17, ˉ 21) ʠ ʜʦʤʝʥʘʤ ISO/IEC 27001:2022, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʟʫ ʚ ʢʘʯʝʩʪʚʝ ʜʦ-
ʧʦʣʥʝʥʠʷ ʢ ʩʪʘʥʜʘʨʪʥʦʤʫ ʘʫʜʠʪʦʨʩʢʦʤʫ ʯʝʢ-ʣʠʩʪʫ ʙʝʟ ʢʦʥʬʣʠʢʪʘ ʩ ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ [5]. 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʫʜʠʪʘ ʀɹ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ 

ʣʝʞʠʪ ʠʜʝʷ ʠʥʩʪʠʪʫʮʠʦʥʘʣʠʟʘʮʠʠ ʟʥʘʥʠʡ, ʥʘʢʘʧʣʠʚʘʝʤʳʭ ʚ ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʝ. ɽʸ 
ʢʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ: ʥʘʢʦʧʠʪʝʣʴʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ, ʮʠʢʣʠʯʝʩʢʘʷ ʤʦʜʝʣʴ PDCA ʢʘʢ ʦʨʛʘʥʠ-
ʟʘʮʠʦʥʥʘʷ ʨʘʤʢʘ, ʨʘʟʜʝʣʝʥʠʝ ʪʨʫʜʘ ʤʝʞʜʫ ʧʝʥʪʝʩʪʝʨʘʤʠ (ʧʦʠʩʢ ʥʦʚʦʛʦ) ʠ ʘʫʜʠʪʦʨʘʤʠ (ʢʦʥʪʨʦʣʴ ʠʟ-
ʚʝʩʪʥʦʛʦ) ʠ ʤʝʭʘʥʠʟʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʫʛʨʦʟ ʥʘ ʚʩʝ ʘʥʘʣʦʛʠʯʥʳʝ ʦʙʲʝʢ-
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ʪʳ ʛʨʫʧʧʳ ʢʦʤʧʘʥʠʡ. ɸʧʨʦʙʘʮʠʷ ʥʘ ʪʨʸʭ ʧʠʣʦʪʥʳʭ ʦʙʲʝʢʪʘʭ ʧʦʜʪʚʝʨʜʠʣʘ, ʯʪʦ ʫʞʝ ʚʦ ʚʪʦʨʦʤ ʮʠʢʣʝ ʪʨʫ-
ʜʦʸʤʢʦʩʪʴ ʧʝʥʪʝʩʪʘ ʩʥʠʞʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 42%, ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʚʳʷʚʣʷʝʤʳʭ ʥʦʚʳʭ ʫʷʟʚʠʤʦ-
ʩʪʝʡ ʥʝ ʫʤʝʥʴʰʘʝʪʩʷ ð ʥʘʧʨʦʪʠʚ, ʨʘʩʪʸʪ ʟʘ ʩʯʸʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʩʠʣʠʡ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʄʝʪʦʜʠʢʘ ʦʙʝʩ-
ʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʥʘʨʘʱʠʚʘʥʠʝ ʧʦʢʨʳʪʠʷ ʘʫʜʠʪʘ ʠ ʧʦʩʪʝʧʝʥʥʦʝ ʩʤʝʱʝʥʠʝ ʘʢʮʝʥʪʘ ʧʝʥʪʝʩʪʘ ʦʪ 
ʨʫʪʠʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ð ʠʤʝʥʥʦ ʪʫʜʘ, ʛʜʝ ʮʝʥʥʦʩʪʴ ʚʳʩʦʢʦʢʚʘʣʠʬʠ-
ʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʘʢʩʠʤʘʣʴʥʘ. ʅʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪ-
ʢʘ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʪʥʝʩʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʢ ʢʘʪʝʛʦʨʠʠ çʭʘʨʘʢʪʝʨʥʳʭè, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤ-
ʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʝʜʝʥʠʷ ɹɼʋ ʠ ʝʸ ʠʥʪʝʛʨʘʮʠʠ ʩ ʘʫʜʠʪʦʨʩʢʠʤʠ ʩʠʩʪʝʤʘ-
ʤʠ. 
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ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʦʚ ʟʥʘʥʠʡ (ɻɿ) ʠ ʘʣ-
ʛʦʨʠʪʤʦʚ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ RAG-
ʘʨʭʠʪʝʢʪʫʨ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ LLM-ʬʨʝʡʤʚʦʨʢʦʚ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ NLP-ʘʥʘʣʠʟʘ, 
ʚʳʚ̫ʠʚʰʠʡ ʠʭ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʪʦʯʥʦʩʪʠ ʩʦʭʨʘʥʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦ-
ʙʝʥʥʦʩʪʠ ʤʥʦʛʦʰʘʛʦʚʦʛʦ ʚʳʚʦʜʘ (ʚ ʯʘʩʪʥʦʩʪʠ, ʘʣʛʦʨʠʪʤʘ ToG) ʠ ʝʛʦ ʫʷʟʚʠʤʦʩʪʴ ʢ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʜʝ-
ʬʝʢʪʘʤ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ çʛʘʣʣʶʮʠʥʘʮʠʡè ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʚ ʩʠʩʪʝʤʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷ-
ʪʠʷ ʨʝʰʝʥʠʡ ʧʨʝʜʣʦʞʝʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ɻɿ, ʦʭʚʘʪʳ-
ʚʘʶʱʘʷ ʩʝʤʘʥʪʠʯʝʩʢʠʝ, ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɻʨʘʬʳ ɿʥʘʥʠʡ (ɻɿ), ʙʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ (LLM), RAG-ʘʨʭʠʪʝʢʪʫʨʘ, ʘʣʛʦʨʠʪʤʳ 
ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ, ʘʣʛʦʨʠʪʤ Think-on-Graph (ToG), ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʛʨʘʬʦʚ, ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠ-
ʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ), ʛʘʣʣʶʮʠʥʘʮʠʠ LLM.  
 

COMPARATIVE ANALYSIS OF ALGORITHMS FOR GENERATION AND LOGICAL INFERENCE ON 
KNOWLEDGE GRAPHS TO MINIMIZE HALLUCINATIONS IN LARGE LANGUAGE MODELS 

 
Belykh Darya Alekseevna, 

Krynetskaya Galina Sergeevna, 
 

Scientific adviser: Evstifeeva Natalia Alekseevna 
 

Abstract: The article is devoted to the analysis of methods for the automatic construction of knowledge 
graphs (KG) and logical inference algorithms based on them to improve the reliability of industrial RAG archi-
tectures. A comparative analysis of LLM frameworks and deterministic NLP analysis has been carried out, re-
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vealing their limitations in the accuracy of storing and structuring information. The features of multistep infer-
ence (in particular, the ToG algorithm) and its vulnerability to topological defects are considered. To minimize 
the "hallucinations" of large language models in decision support systems, an original comprehensive system 
of criteria for assessing the quality of KG is proposed, covering the semantic, topological and architectural pa-
rameters of the structure. 
Keywords: Knowledge Graphs (KG), large language models (LLM), RAG architecture, logical inference algo-
rithms, Think-on-Graph (ToG) algorithm, graph quality assessment, decision support systems (DSS), LLM hal-
lucinations. 

 
ɻʛʞʝʞʦʡʞ 
ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʘʢʪʠʚʥʳʤ ʚʥʝʜ-

ʨʝʥʠʝʤ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ (LLM) ʚ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦ-
ʮʝʩʩʳ. ʆʧʳʪ ʧʨʘʢʪʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʤʘʩʰʪʘʙʘʭ ʧʨʝʜʧʨʠʷʪʠʡ 
ʧʨʠʤʝʥʝʥʠʝ ʙʘʟʦʚʳʭ LLM ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʕʬʬʝʢʪʠʚʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʛʝʥʝʨʘʮʠʠ ʩ ʜʦʧʦʣʥʝʥʥʦʡ ʚʳʙʦʨʢʦʡ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 
ʜʘʥʥʳʭ ʚʳʩʪʫʧʘʶʪ ʛʨʘʬʳ ʟʥʘʥʠʡ (ɻɿ). ʊʨʘʜʠʮʠʦʥʥʦ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʥʪʦʣʦʛʠʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙ-
ʣʘʩʪʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʘ ʟʥʘʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʵʢʩʧʝʨʪʥʳʤ ʧʫʪʝʤ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʣʦ ʤʘʩʰʪʘʙʠʨʫʝ-
ʤʦʩʪʴ ʩʠʩʪʝʤ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʠʤʠ ʨʝʩʫʨʩʦ- ʠ ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʘʨʘʜʠʛʤʘ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʛʨʘʬʦʚʳʭ 
ʩʪʨʫʢʪʫʨ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʚʥʠʤʘʥʠʷ LLM ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʟʚʣʝʢʘʪʴ 
ʢʣʶʯʝʚʳʝ ʩʫʱʥʦʩʪʠ ʠʟ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ, ʧʨʝʦʙʨʘʟʫʷ ʠʭ ʚ ʫʟʣʳ ʛʨʘʬʘ, ʠ 
ʦʧʨʝʜʝʣʷʪʴ ʧʨʝʜʠʢʘʪʳ ʠʭ ʩʚʷʟʝʡ, ʬʦʨʤʠʨʫʶʱʠʝ ʨʝʙʨʘ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦ-
ʚʘʥʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʬʦʨʤʘʣʠʟʦʚʘʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʛʨʘʬʘ ʟʥʘʥʠʡ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʘʩʪʫʱʫʶ ʢʦʤʧʝ-
ʪʝʥʪʥʦʩʪʴ ʛʝʥʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ, ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ RAG-ʘʨʭʠʪʝʢʪʫʨ ʦʩʪʘʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʥʝʜʦʩʪʦʚʝʨ-
ʥʳʭ ʜʘʥʥʳʭ (ʵʬʬʝʢʪ çʛʘʣʣʶʮʠʥʘʮʠʡè). ɺ ʢʦʥʪʝʢʩʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-
ʥʠʡ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʯʘʱʝ ʚʩʝʛʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʢʘʯʝʩʪʚʦʤ, ʩʚʷʟʥʦʩʪʴʶ ʠʣʠ ʧʦʣʥʦʪʦʡ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ ʟʥʘʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʮʝʥʢʝ ʠ 
ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʠʟʚʣʝʯʝʥʠʷ ʠ ʩʚʷʟʳʚʘʥʠʷ ʜʘʥʥʳʭ. 

ʎʝʣʴʶ, ʧʦʩʪʘʚʣʝʥʥʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫ-
ʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʦʚʳʭ ʛʨʘʬʦʚ ʟʥʘʥʠʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʣʦʛʠʯʝʩʢʦʛʦ 
ʚʳʚʦʜʘ ʥʘ ʛʨʘʬʘʭ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʥʝʜʦʩʪʦʚʝʨʥʳʭ ʦʪʚʝʪʦʚ ʠ ʧʦʚʳʰʝʥʠʷ 
ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ɹʛʫʧʥʙʫʡʰʞʪʣʧʞ ʨʧʪʫʩʧʞʦʡʞ ʚʙʠʧʛʴʮ ʜʩʙʭʧʛ ʠʦʙʦʡʢ: ʨʧʝʮʧʝʴ ʡ ʪʩʙʛʦʡʫʞʤʵʦʴʢ ʙʦʙʤʡʠ. 
ʇʨʦʮʝʩʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʬʦʚ ʟʥʘʥʠʡ (Knowledge Graphs, KG) ʤʦʞʥʦ ʢʣʘʩʩʠ-

ʬʠʮʠʨʦʚʘʪʴ ʧʦ ʜʚʫʤ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 
ʅʘ ʦʩʥʦʚʝ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ (LLM-based) ð ʧʦʜʭʦʜ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʦʪʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʘʨʢʘʩʦʚ (ʬʨʝʡʤʚʦʨʢʦʚ), ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʠʣʠ ʨʘʟʨʘʙʦʪʯʠʢʘ 
ʤʠʥʠʤʘʣʴʥʦ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʚʭʦʜʥʳʭ ʤʝʪʘʧʘʨʘʤʝʪʨʦʚ. 

ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ NLP-ʘʥʘʣʠʟ (ʩʠʥʪʘʢʩʠʯʝʩʢʠʡ ʧʘʨʩʠʥʛ) ð ʧʦʜʭʦʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 
ʘʥʩʘʤʙʣʴ ʙʠʙʣʠʦʪʝʢ ʦʙʨʘʙʦʪʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ 
ʣʦʢʘʣʴʥʦ ʨʘʟʚʝʨʥʫʪʳʭ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ (LLM). 

ʊʠʧʠʯʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʧʝʨʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʦʛʦ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʷ ʩ LLM, ʷʚʣʷʝʪʩʷ ʬʨʝʡʤʚʦʨʢ GraphRAG [1]. ɸʨʭʠʪʝʢʪʫʨʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝ-
ʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ: 

¶ ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ: ʟʘʛʨʫʟʢʘ ʠʩʭʦʜʥʦʛʦ ʢʦʨʧʫʩʘ ʪʝʢʩʪʦʚ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʬʦʨʤʘʪʝ `.txt`). 

¶ ʇʘʨʘʤʝʪʨʠʟʘʮʠʷ ʩʠʩʪʝʤʳ: ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʣʶʯʝʚʳʭ ʥʘʩʪʨʦʝʢ, ʪʘʢʠʭ ʢʘʢ ʚʳʙʦʨ ʣʦʢʘʣʴʥʦʡ 
LLM, ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʯʥʷ ʮʝʣʝʚʳʭ ʩʫʱʥʦʩʪʝʡ ʜʣʷ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʪʠʧʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʤ, ʫʩʪʘʥʦʚʢʘ 
ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʪʝʢʩʪʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʯʘʥʢʦʚ) ʠ ʪ. ʜ. 
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¶ ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʙʘʟʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ:  
o ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʟʘʧʨʦʩʦʚ ʢ ʣʦʢʘʣʴʥʦʡ LLM; 
o ʧʦʣʫʯʝʥʠʝ, ʚʘʣʠʜʘʮʠʷ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʦʪʚʝʪʦʚ ʤʦʜʝʣʠ; 
o ʬʠʢʩʘʮʠʷ ʠʟʚʣʝʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʚʝʨʰʠʥ (ʫʟʣʦʚ) ʠ ʨʝʙʝʨ ʛʨʘʬʘ. 

¶ ʂʦʥʩʦʣʠʜʘʮʠʷ ʛʨʘʬʦʚʦʡ ʩʪʨʫʢʪʫʨʳ: 
o ʬʠʥʘʣʴʥʘʷ ʘʛʨʝʛʘʮʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ; 
o ʛʝʥʝʨʘʮʠʷ ʘʥʥʦʪʘʮʠʡ (ʨʝʟʶʤʝ) ʪʝʢʩʪʦʚʳʭ ʙʣʦʢʦʚ; 
o ʦʙʦʛʘʱʝʥʠʝ ʫʟʣʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʩʝʤʘʥʪʠʯʝʩʢʠʤʠ ʘʪʨʠʙʫʪʘʤʠ ʠ ʤʝʪʘʜʘʥʥʳʤʠ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʨʘʟʨʘ-

ʙʦʪʢʫ ʠ ʦʪʣʘʜʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʢʨʠʪʠʯʝʩʢʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. ʅʘʠʙʦʣʝʝ 
ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦʪʝʨʷ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʦʮʝʥʠʚʘʝʤʘʷ ʚ ʧʨʝʜʝʣʘʭ 
30ï50%), ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʧʨʦʮʝʜʫʨʘʤʠ ʨʝʬʝʨʠʨʦʚʘʥʠʷ ʠ ʘʛʨʝʛʘʮʠʠ ʜʘʥʥʳʭ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʘʪʨʠʙʫʪʦʚ 
ʫʟʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ ʚʳʩʪʫʧʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʦʙʲʝʢʪʠʚʥʳʭ ʤʝʪ-
ʨʠʢ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠ ʩʚʷʟʥʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʛʨʘʬʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ LLM (ʚ ʯʘʩʪʥʦʩʪʠ, GraphRAG) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʬʬʝʢ-
ʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʵʢʩʧʨʝʩʩ-ʨʘʟʚʝʨʪʳʚʘʥʠʷ, ʦʜʥʘʢʦ ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ 
ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʢʨʠʪʝʨʠʶ ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ ʩʦʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʤʢʘʭ ʩʢʚʦʟʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʦ ʩ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ NLP-ʘʥʘʣʠʟʦʤ, ʨʝʘʣʠʟʫʝʤʳʤ, 
ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ Stanza [2] ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʢʦʥʚʝʡʝʨʥʦʡ ʦʙʨʘʙʦʪ-
ʢʠ. ʉʫʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʛʣʫʙʦʢʦʤ ʩʠʥʪʘʢʩʠʯʝʩʢʦʤ ʨʘʟʙʦʨʝ ʢʘʞʜʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ, ʯʪʦ 
ʧʨʠʟʚʘʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʧʫʩʢ ʣʝʢʩʝʤ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʘ. ɺ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʣʛʦ-
ʨʠʪʤ ʬʦʨʤʠʨʫʝʪ ʩʝʤʘʥʪʠʢʦ-ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ ʬʨʝʡʤʳ, ʘʢʢʫʤʫʣʠʨʫʶʱʠʝ ʟʘʚʠʩʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʝʜʣʦ-
ʞʝʥʠʷ (ʧʦʜʣʝʞʘʱʝʝ, ʜʦʧʦʣʥʝʥʠʝ, ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʠ ʜʨ.). 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʧʨʠʤʝʨ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. 1) ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʦʩʣʝ-
ʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʦʤ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʝʢʦʤʧʦʟʠʮʠʶ ʚʣʦʞʝʥʥʳʭ ʬʨʝʡʤʦʚ ʠ ʠʪʝʨʘ-
ʪʠʚʥʦ ʛʝʥʝʨʠʨʫʝʪ ʥʦʚʳʝ ʫʟʣʳ ʠ ʨʝʙʨʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʛʨʘʬʘ ʟʥʘʥʠʡ ʠ ʤʘʢʩʠ-
ʤʘʣʴʥʳʡ ʦʭʚʘʪ ʣʝʢʩʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʠʩʭʦʜʥʦʛʦ ʪʝʢʩʪʘ. 

 

 
ʉʡʪ. 1. ʈʩʡʥʞʩ ʛʡʠʬʙʤʡʠʙʯʡʡ ʨʩʧʯʞʪʪʙ 

 
ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʟʙʳʪʦʯʥʦʝ ʥʘʩʳʱʝʥʠʝ ʛʨʘʬʘ ʚʝʨʰʠʥʘʤʠ ʠ ʩʚʷʟʷʤʠ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ. ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʦʪʨʘʞʘʝʪ ʩʢʦʨʝʝ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʩʝʤʘʥʪʠʯʝʩʢʫʶ 
ʢʘʨʪʫ ʪʝʢʩʪʦʚʦʛʦ ʢʦʨʧʫʩʘ, ʥʝʞʝʣʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʬʘʢʪʦʚ ʠ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘʥʠʡ. ɹʦʣʝʝ 
ʪʦʛʦ, ʘʥʘʣʦʛʠʯʥʦ ʧʝʨʚʦʤʫ ʧʦʜʭʦʜʫ, ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʭʘʥʠʟʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʜʣʷ ʚʘʣʠ-
ʜʘʮʠʠ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʛʨʘʬʘ. 

ʀʟʣʦʞʝʥʥʦʝ ʚʳʰʝ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴ-
ʥʳʭ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʢʚʦʟʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʮʝʥʢʠ ʠ ʢʦʥʪʨʦʣʷ ʢʘ-
ʯʝʩʪʚʘ ʬʦʨʤʠʨʫʝʤʳʭ ʛʨʘʬʦʚ ʟʥʘʥʠʡ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʭ ʛʝʥʝʨʘʮʠʠ.  

ɹʦʙʤʡʠ ʙʤʜʧʩʡʫʥʧʛ ʤʧʜʡʰʞʪʣʧʜʧ ʛʴʛʧʝʙ ʦʙ ʜʩʙʭʙʮ 
ʇʦʤʠʤʦ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʬʦʚ ʟʥʘʥʠʡ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʜʭʦʜʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 
ʠʭ ʧʨʠʢʣʘʜʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ð ʘʣʛʦʨʠʪʤʦʚ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ (reasoning) ʥʘ ʛʨʘʬʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ. 
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ʇʝʨʚʳʡ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʜʭʦʜʦʚ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʝ RAG [3]. ɺ ʨʘʤ-
ʢʘʭ ʜʘʥʥʦʡ ʧʘʨʘʜʠʛʤʳ ʠʟ ʠʩʭʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʟʘʧʨʦʩʘ ʠʟʚʣʝʢʘʶʪʩʷ ʮʝʣʝʚʳʝ ʩʫʱʥʦʩʪʠ, ʧʦʩʣʝ 
ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʠʩʢ ʧʦ ʛʨʘʬʦʚʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʛʝʥʝʨʘʮʠʠ ʦʪʚʝʪʘ. ɹʦʣʴʰʠʝ 
ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ (LLM) ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʙʦʣʴʰʠʥʩʪʚʦ ʵʪʘʧʦʚ ʘʣʛʦʨʠʪʤʘ, ʚʢʣʶʯʘʷ ʵʢʩʪʨʘʢʮʠʶ ʩʫʱʥʦ-
ʩʪʝʡ ʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʬʠʥʘʣʴʥʦʛʦ ʦʪʚʝʪʘ.  

ɺ ʨʝʘʣʠʟʦʚʘʥʥʦʤ ʙʘʟʦʚʦʤ ʘʣʛʦʨʠʪʤʝ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʣʩʷ ʙʘʟʦʚʳʡ ʛʨʘʬ ʟʥʘʥʠʡ, 
ʘ ʧʨʦʮʝʜʫʨʘ ʧʦʠʩʢʘ ʚʢʣʶʯʘʣʘ ʩʣʝʜʫʶʱʠʝ ʠʪʝʨʘʮʠʠ: 

¶ ʕʢʩʪʨʘʢʮʠʷ ʢʣʶʯʝʚʳʭ ʩʫʱʥʦʩʪʝʡ ʠʟ ʝʩʪʝʩʪʚʝʥʥʦ-̫ ʟʳʢʦʚʦʛʦ ʟʘʧʨʦʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

¶ ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʚʝʨʰʠʥ (ʫʟʣʦʚ) ʛʨʘʬʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʳʜʝʣʝʥʥʳʤ ʩʫʱʥʦʩʪʷʤ; 

¶ ɸʛʨʝʛʘʮʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʩʤʝʞʥʳʭ ʚʝʨʰʠʥ (ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ) ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦ-
ʤʝʞʫʪʦʯʥʦʛʦ ʢʦʥʪʝʢʩʪʥʦʛʦ ʙʘʟʠʩʘ; 

¶ ɻʝʥʝʨʘʮʠʷ ʠʪʦʛʦʚʦʛʦ ʦʪʚʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LLM ʥʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʦʛʦ ʢʦʥʪʝʢʩʪʘ. 
ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʪʘʣʦ 

ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʥʦʮʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʭʦʜʘ ʛʨʘʬʘ ʠ ʧʦʠʩʢʘ ʤʥʦʛʦʰʘʛʦʚʳʭ ʧʫʪʝʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠ-
ʯʝʩʢʠ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʛʣʫʙʦʢʦʛʦ ʠ ʨʝʣʝʚʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩʦ 
ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʧʨʝʜʤʝʪʥʳʤʠ ʦʙʣʘʩʪʷʤʠ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ, ʥʠʚʝʣʠʨʫʶʱʠʤ ʥʝʜʦʩʪʘʪʢʠ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʜʭʦʜʘ, ʚʳʩʪʫʧʘʝʪ ʘʣʛʦ-
ʨʠʪʤ ToG [4]. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʨʝʘʣʠʟʫʝʪ ʤʝʭʘʥʠʟʤ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ 
ʧʦʩʨʝʜʩʪʚʦʤ ʠʪʝʨʘʪʠʚʥʦʛʦ ʧʦʠʩʢʘ ʚ ʛʣʫʙʠʥʫ, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʨʝʣʝʚʘʥʪʥʦʩʪʠ 
ʧʫʪʝʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

¶ ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ: ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʘʨʪʦʚʦʡ ʚʝʨʰʠʥʳ (ʙʘʟʦʚʦʡ ʩʫʱʥʦʩʪʠ); 

¶ ʀʟʚʣʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʩʤʝʞʥʳʭ ʫʟʣʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʩʝʯʝʥʠʝʤ ʥʝʨʝʣʝʚʘʥʪʥʳʭ 
ʛʨʘʬʦʚʳʭ ʚʝʪʚʝʡ; 

¶ ʅʘʧʨʘʚʣʝʥʥʳʡ ʧʝʨʝʭʦʜ ʢ ʫʟʣʫ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʮʝʥʢʦʡ ʨʝʣʝʚʘʥʪʥʦʩʪʠ; 

¶ ʆʮʝʥʢʘ ʥʘʧʦʣʥʝʥʥʦʩʪʠ ʢʦʥʪʝʢʩʪʘ: ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʟʘʧʨʦʩ ʢ LLM ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʪʦʛʦ, ʭʚʘ-
ʪʘʝʪ ʣʠ ʥʘʢʦʧʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʠʩʭʦʜʥʳʡ ʚʦʧʨʦʩ; 

¶ ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ: ʪʝʨʤʠʥʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʩ ʛʝʥʝʨʘʮʠʝʡ ʠʪʦʛʦʚʦʛʦ ʦʪʚʝʪʘ (ʚ ʩʣʫʯʘʝ ʜʦʩʪʘ-
ʪʦʯʥʦʩʪʠ ʜʘʥʥʳʭ) ʣʠʙʦ ʧʨʦʜʦʣʞʝʥʠʝ ʠʪʝʨʘʪʠʚʥʦʛʦ ʦʙʭʦʜʘ ʚ ʛʣʫʙʠʥʫ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ ToG ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʡ ʤʝʭʘʥʠʟʤ 
ʤʥʦʛʦʰʘʛʦʚʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ, ʦʥ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʫʷʟʚʠʤʦʩʪʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʜʭʦʜ ʜʝʤʦʥʩʪʨʠ-
ʨʫʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʯʠʩʪʦʪʝ ʫʟʣʦʚ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʛʨʘʬʘ. ʂʨʦ-
ʤʝ ʪʦʛʦ, ʩʦʭʨʘʥʷʝʪʩʷ ʚʳʩʦʢʠʡ ʨʠʩʢ ʧʦʧʘʜʘʥʠʷ ʚ ʣʦʢʘʣʴʥʳʝ ʦʧʪʠʤʫʤʳ (çʪʫʧʠʢʠè), ʧʦʩʢʦʣʴʢʫ ʤʘʨʰʨʫʪʠ-
ʟʘʮʠʷ ʦʛʨʘʥʠʯʝʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʦʧʦʣʦʛʠʝʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʚʷʟʝʡ (ʨʝʙʝʨ). ɺʳʷʚʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ 
ʝʱʝ ʨʘʟ ʧʦʜʯʝʨʢʠʚʘʶʪ ʢʨʠʪʠʯʝʩʢʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʙʘʟʦʚʳʭ ʛʨʘ-
ʬʦʚ ʟʥʘʥʠʡ ʥʘ ʵʪʘʧʝ ʠʭ ʛʝʥʝʨʘʮʠʠ. 

ʃʩʡʫʞʩʡʡ ʧʯʞʦʣʡ ʣʙʰʞʪʫʛʙ  
ɼʣʷ ʢʦʨʨʝʢʮʠʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʨʘʬʦʚ ʟʥʘʥʠʡ (ɻɿ) ʧʨʠʤʝʥʷʝʪʩʷ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ, ʢʦʤʙʠʥʠ-

ʨʫʶʱʠʡ ʘʣʛʦʨʠʪʤʳ ʦʙʭʦʜʘ ʛʨʘʬʦʚ ʩ ʦʙʨʘʱʝʥʠʝʤ ʢ ʨʝʣʷʮʠʦʥʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʜʘʥʥʳʭ, ʠʥʢʘʧʩʫʣʠʨʫʶ-
ʱʠʤ ʬʨʝʡʤʦʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ɻɿ ʧʦʜʨʘʟʜʝ-
ʣʷʝʪʩʷ ʥʘ ʪʨʠ ʢʣʶʯʝʚʳʝ ʛʨʫʧʧʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʞʥʙʦʫʡʣʙ 
ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʧʘʨʥʦʝ ʩʨʘʚʥʝʥʠʝ ʚʝʨʰʠʥ ʛʨʘʬʘ ʥʘ ʣʝʢʩʠʢʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ɾʘʢʢʘʨʘ ʜʣʷ ʣʝʤʤ) ʠ ʥʘ ʚʝʢʪʦʨʥʦʤ ʫʨʦʚʥʝ 
(ʥʘ ʦʩʥʦʚʝ ʢʦʩʠʥʫʩʥʦʛʦ ʩʭʦʜʩʪʚʘ ʵʤʙʝʜʜʠʥʛʦʚ). ʕʪʘ ʦʮʝʥʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʣʝʢʩʠʯʝʩʢʦʡ 
ʢʦʨʨʝʢʪʥʦʩʪʠ ʛʨʘʬʘ ʟʥʘʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʢʘʯʝʩʪʚʦ ʛʝʥʝʨʘʮʠʠ ʦʪʚʝʪʦʚ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʛʨʘʬʦʚʦʡ ʩʪʨʫʢ-
ʪʫʨʝ, ʢʨʠʪʠʯʝʩʢʠ ʟʘʚʠʩʠʪ ʦʪ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʬʘʢʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʡ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʫʟʣʘʭ. 

ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʥʳʭ ʤʝʪʨʠʢ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʝʮʠʨʫʶʪʩʷ ʚ ʜʚʫʤʝʨʥʦʝ ʤʝʪʨʠʯʝʩʢʦʝ ʧʨʦ-
ʩʪʨʘʥʩʪʚʦ (ʛʜʝ ʦʩʴ ʦʨʜʠʥʘʪ ʦʪʨʘʞʘʝʪ ʩʭʦʜʩʪʚʦ ʧʦ ʣʝʤʤʘʤ, ʘ ʦʩʴ ʘʙʩʮʠʩʩ ð ʚʝʢʪʦʨʥʦʝ ʩʭʦʜʩʪʚʦ). ʇʦʣʫ-
ʯʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʣʝʢʩʥʦ ʦʮʝʥʠʪʴ ʣʝʢʩʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʠ ʧʦʣʥʦʪʫ ʛʨʘʬʘ: ʠʜʝʥʪʠ-
ʬʠʮʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʰʫʤʘ, ʠʟʙʳʪʦʯʥʦʩʪʴ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʚʳ-
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ʷʚʠʪʴ ʥʘʣʠʯʠʝ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʜʫʙʣʠʢʘʪʦʚ ʠ ʩʠʥʦʥʠʤʠʯʥʳʭ ʫʟʣʦʚ, ʪʦ ʝʩʪʴ ʫʟʣʦʚ ʧʦʪʝʥʮʠʘʣʦʚ. 
 

ʋʙʚʤʡʯʙ 1 
ʊʡʪʫʞʥʙ ʣʩʡʫʞʩʡʞʛ ʧʯʞʦʣʡ 

ɻʨʫʧʧʘ  ʂʨʠʪʝʨʠʡ 

ʉʝʤʘʥʪʠʢʘ (ʣʝʢʩʠʢʦ-
ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 
ɻɿ) 

ʀʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ð ʦʮʝʥʢʘ ʚʝʨʰʠʥ ʩ ʚʳʩʦʢʠʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʦʪʝʥʮʠ-
ʘʣʦʤ 

ʃʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ ð ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʰʫʤʘ 
(ʟʘʰʫʤʣʝʥʥʦʩʪʠ) ʚ ɻɿ 

ʊʦʧʦʣʦʛʠʷ (ʩʪʨʫʢʪʫʨʥʳʡ 
ʘʥʘʣʠʟ ɻɿ ʩ ʫʯʝʪʦʤ ʛʝʪʝ-
ʨʦʛʝʥʥʦʩʪʠ) 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ʊʨʘʥʟʠʪʠʚʥʦʩʪʴ 

ʄʦʩʪʳ ʠ ʪʦʯʢʠ ʩʦʯʣʝʥʝʥʠʷ 

ʇʝʨʝʢʨʝʩʪʥʳʝ ʩʚʷʟʠ ð ʚʳʷʚʣʝʥʠʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʠ ʥʘʨʫʰʝʥʠʡ 
ʪʠʧʠʟʘʮʠʠ ʩʚʷʟʝʡ 

ʍʨʫʧʢʦʩʪʴ (ʨʦʙʘʩʪʥʦʩʪʴ) ð ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʨʘʬʦʚʦʡ 
ʩʪʨʫʢʪʫʨʳ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ɸʨʭʠʪʝʢʪʫʨʘ (ʩʠʩʪʝʤʥʘʷ 
ʦʨʛʘʥʠʟʘʮʠʷ ʠʝʨʘʨʭʠʯʝ-
ʩʢʠʭ ʦʪʥʦʰʝʥʠʡ) 

ɻʣʫʙʠʥʘ ð ʩʪʝʧʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʧʨʝʜʤʝʪʥʳʭ ʟʥʘʥʠʡ 

ʐʠʨʠʥʘ ð ʧʦʣʥʦʪʘ ʦʭʚʘʪʘ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ɺʝʪʚʣʝʥʠʝ ð ʩʪʝʧʝʥʴ ʨʘʩʢʨʳʪʠʷ ʜʝʬʠʥʠʮʠʡ ʠ ʧʦʥʷʪʠʡ 

 
ʋʧʨʧʤʧʜʡʸ 
ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʥʘ ʩʚʦʡʩʪʚʘʭ ʚʝʨʰʠʥ, ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʛʨʘʬʘ (ʩʚʦʡʩʪʚ ʨʝʙʝʨ ʠ ʩʪʨʫʢʪʫʨʥʦʡ 
ʩʚʷʟʥʦʩʪʠ). ɹʘʟʦʚʳʡ ʥʘʙʦʨ ʤʝʪʨʠʢ ʟʘʠʤʩʪʚʦʚʘʥ ʠʟ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʠ ʚʢʣʶʯʘʝʪ ʢʦʵʬʬʠʮʠ-
ʝʥʪʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠ ʪʨʘʥʟʠʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʝʪʝʢʮʠʶ ʤʦʩʪʦʚ ʠ ʪʦʯʝʢ ʩʦʯʣʝʥʝʥʠʷ. 

ɼʣʷ ʨʘʩʰʠʨʝʥʥʦʡ ʦʮʝʥʢʠ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʜʠʢʘʪʦʨʳ: ʢʦʵʬʬʠʮʠ-
ʝʥʪ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʷʚʣʷʪʴ ʥʘʨʫʰʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʛʨʘʬʘ, ʠ ʢʦ-
ʵʬʬʠʮʠʝʥʪ ʭʨʫʧʢʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʡ ʩʪʨʫʢʪʫʨʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʢ ʣʦʢʘʣʴʥʳʤ ʨʘʟʨʫʰʝʥʠʷʤ ʠʣʠ 
ʤʦʜʠʬʠʢʘʮʠʷʤ. 
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ʃʩʡʫʞʩʡʢ 
 ʪʩʙʛʦʞʦʡʸ 

ʖʣʪʨʞʩʫʦʧʞ ʥʧʝʞʤʡ-
ʩʧʛʙʦʡʞ (LLM 

Chunking + ʖʣʪʨʞʩʫ) 

ʍʩʞʢʥʛʧʩʣ GraphRAG 
(LLM-based) 

ʊʡʦʫʙʣʪʡʰʞʪʣʡʢ ʨʙʩʪʡʦʜ 
(Stanza) 

ʌʩʧʛʞʦʵ ʙʛʫʧʥʙʫʡ-
ʠʙʯʡʡ 

ʅʠʟʢʠʡ ɺʳʩʦʢʠʡ ɺʳʩʦʢʠʡ 

ʊʞʥʙʦʫʡʰʞʪʣʡʢ ɦ ʬʥ 
ʡ ʝʬʚʤʡʩʧʛʙʦʡʞ 

ʄʠʥʠʤʘʣʴʥʳʡ 
ɺʩrʦʢʠʡ (ʠʟʙʳʪʦʯʥʘʷ 
ʛʝʥʝʨʘʮʠʷ ʩʠʥʦʥʠʤʠʯʥʳʭ 
ʚʝʨʰʠʥ) 

ʉʨʝʜʥʠʡ (ʪʨʝʙʫʝʪ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʦʡ ʣʝʤʤʘʪʠʟʘʮʠʠ 
ʠ ʘʛʨʝʛʘʮʠʠ) 

ʈʧʫʞʩʸ ʧʫʩʙʪʤʞʛʧʢ 
ʪʨʞʯʡʭʡʣʡ 

ʆʪʩʫʪʩʪʚʫʝʪ 
ɿʥʘʯʠʪʝʣʴʥʘʷ (ʧʨʦʧʫʩʢ 
ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 
ʩʚʷʟʝʡ) 

ʅʠʟʢʘʷ (ʩʪʨʦʛʦʝ ʩʦʦʪʚʝʪ-
ʩʪʚʠʝ ʣʝʢʩʠʢʝ ʠʩʭʦʜʥʦʛʦ 
ʪʝʢʩʪʘ) 

ʊʫʩʬʣʫʬʩʦʧ-
ʫʧʨʧʤʧʜʡʰʞʪʣʡʢ ʚʙ-
ʤʙʦʪ 

ʆʧʪʠʤʘʣʴʥʳʡ (ʜʝʪʝʨ-
ʤʠʥʠʨʫʝʪʩʷ ɻ ʢʩʧʝʨ-
ʪʦʤ) 

ʅʠʟʢʠʡ (ʠʟʙʳʪʦʯʥʘʷ 
ʧʣʦʪʥʦʩʪʴ ʨʝʙʝʨ, ʩʥʠ-
ʞʝʥʥʘʷ ʢʦʛʥʠʪʠʚʥʘʷ ʮʝʥ-
ʥʦʩʪʴ) 

ʉʨʝʜʥʠʡ (ʪʨʝʙʫʝʪ ʘʧʦʩʪʝ-
ʨʠʦʨʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʛʨʘ-
ʬʦʚʦʡ ʩʪʨʫʢʪʫʨʳ) 
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ʅʞʫʩʡʣʙ ʧʯʞʦʣʡ 
ɺʙʠʧʛʴʢ Graph-RAG 
(ʨʧʡʪʣ ʨʧ ʪʥʞʟʦʴʥ 

ʬʠʤʙʥ) 

ɹʤʜʧʩʡʫʥ Think-
on-Graph (ToG) 

Semantic Subgraph Re-
trieval (ʈʩʞʝʤʙʜʙʞʥʴʢ 

ʥʞʫʧʝ) 

ɼʤʬʚʡʦʙ ʤʧʜʡʰʞʪʣʧʜʧ ʛɹ -
ʛʧʝʙ 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ (ʦʛʨʘ-
ʥʠʯʝʥʘ ʧʨʷʤʳʤʠ ʩʚ̫-
ʟʷʤʠ) 

ɺʳʩʦʢʘʷ (ʠʪʝʨʘ-
ʪʠʚʥʳʡ ʦʙʭʦʜ ʛʨʘ-
ʬʘ ʚ ʛʣʫʙʠʥʫ) 

ɺʳʩʦʢʘʷ (ʵʢʩʪʨʘʢʮʠʷ ʮʝ-
ʣʦʩʪʥʦʛʦ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ 
ʧʦʜʛʨʘʬʘ) 

ɻʴʰʡʪʤʡʫʞʤʵʦʙʸ ʪʤʧʟ-
ʦʧʪʫʵ (ʣʧʤ-ʛʧ ʧʚʩʙʲʞʦʡʢ 
ʣ LLM) 

ʅʠʟʢʘʷ (ʦʜʥʦʢʨʘʪʥʳʡ 
ʟʘʧʨʦʩ) 

ʉʚʝʨʭʚʳʩʦʢʘʷ (ʛʝ-
ʥʝʨʘʮʠʷ ʧʨʦʤʧʪʦʚ 
ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘ-
ʮʠʠ ʧʦʠʩʢʘ) 

ʉʨʝʜʥʷʷ (ʚʝʢʪʦʨʥʳʡ ʧʦʠʩʢ 
ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʛʝʥʝʨʘ-
ʮʠʷ) 

ʐʬʛʪʫʛʡʫʞʤʵʦʧʪʫʵ ʣ 
ʪʫʩʬʣʫʬʩʦʴʥ ʡʪʣʙʟʞʦʡʸʥ 
(ʠʙʛʡʪʡʥʧʪʫʵ ʧʫ h ʡʪʫʧʫʴ 
ʜʩʙʭʙ) 

ʋʤʝʨʝʥʥʘʷ 

ʂʨʠʪʠʯʝʩʢʘʷ (ʦʰʠʙ-
ʢʠ ʚ ʪʦʧʦʣʦʛʠʠ ʧʨʠ-
ʚʦʜʷʪ ʢ ʧʨʝʨʳʚʘ-
ʥʠʶ ʮʝʧʦʯʢʠ ʨʘʩ-
ʩʫʞʜʝʥʠʡ) 

ʅʠʟʢʘʷ (ʧʦʚʳʰʝʥʥʘʷ ʨʦ-
ʙʘʩʪʥʦʩʪʴ ʟʘ ʩʯʝʪ ʦʮʝʥʢʠ 
ʢʦʩʠʥʫʩʥʦʛʦ ʩʭʦʜʩʪʚʘ ɻ ʤ-
ʙʝʜʜʠʥʛʦʚ) 

ʖʭʭʞʣʫʡʛʦʧʪʫʵ ʛ ʬʠʣʧʪ-
ʨʞʯʡʙʤʡʠʡʩʧʛʙʦʦʴʮ ʝʧ-
ʥʞʦʙʮ (ʦʙ ʨʩʡʥʞʩʞ ʥʞ-
ʫʙʤʤʬʩʜʡʡ) 

ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ ʇʦʪʝʥʮʠʘʣʴʥʦ ʚʳʩʦʢʘʷ 

 
ɹʩʮʡʫʞʣʫʬʩʙ 
ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʦʮʝʥʢʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ɻɿ ʯʝʨʝʟ ʤʝʪʨʠʢʠ ʛʣʫʙʠʥʳ, ʰʠʨʠʥʳ 

ʠ ʚʝʪʚʣʝʥʠʷ. ʇʨʠ ʨʘʩʯʝʪʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʯʠʪʳʚʘʶʪʩʷ ʢʘʢ ʩʚʦʡʩʪʚʘ ʩʘʤʠʭ ʫʟʣʦʚ (ʘʪʨʠʙʫʪʳ, ʦʧʨʝʜʝ-
ʣʷʶʱʠʝ ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʥʝʚʦʡ ʚʝʨʰʠʥʳ), ʪʘʢ ʠ ʪʦʧʦʣʦʛʠʷ ʨʝʙʝʨ, ʩʦʝʜʠʥʷʶ-
ʱʠʭ ʵʣʝʤʝʥʪʳ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ. 

ʄʝʪʨʠʢʘ ʛʣʫʙʠʥʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʛʨʘʬʘ ʢ ʜʝʪʘʣʠʟʘʮʠʠ ʠʟʚʣʝʢʘʝʤʳʭ ʟʥʘʥʠʡ, ʤʝʪʨʠʢʘ 
ʰʠʨʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʙʲʝʤ ʘʛʨʝʛʠʨʫʝʤʳʭ ʬʘʢʪʦʚ, ʘ ʤʝʪʨʠʢʘ ʚʝʪʚʣʝʥʠʷ ð ʩʪʝʧʝʥʴ ʪʝʨʤʠʥʦʣʦʛʠʯʝ-
ʩʢʦʛʦ ʨʘʩʢʨʳʪʠʷ ʦʧʨʝʜʝʣʝʥʠʡ. ʀʥʪʝʛʨʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʦʮʝʥʢʘ ʥʦʨʤʠʨʫʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 
ʝʝ ʟʥʘʯʝʥʠʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʠʣʦʩʴ ʢ ʝʜʠʥʠʮʝ, ʯʪʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʜʦʩʪʠʞʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦ-
ʛʦ ʙʘʣʘʥʩʘ (ʧʨʦʧʦʨʮʠʠ) ʤʝʞʜʫ ʰʠʨʠʥʦʡ ʠ ʛʣʫʙʠʥʦʡ ʛʨʘʬʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʊʩʙʛʦʡʫʞʤʵʦʴʢ ʙʦʙʤʡʠ 
ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ɿɻ ʠ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʥʘ 

ʛʨʘʬʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʪʘʙʣʠʮʘʭ 2 ʠ 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
 

ʀʙʣʤʷʰʞʦʡʞ 
ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʰʝʥʘ ʘʢʪʫʘʣʴʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʘʥʘʣʠ-

ʟʦʤ, ʦʮʝʥʢʦʡ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʦʚ ʟʥʘʥʠʡ (ɻɿ) ʠ ʘʣʛʦʨʠʪʤʦʚ 
ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ RAG-ʘʨʭʠʪʝʢʪʫʨ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʚʳʚʦʜʳ ʠ 
ʨʝʟʫʣʴʪʘʪʳ: 

1. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʛʝʥʝʨʘʮʠʠ ɻɿ: ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 
ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʚʳʨʘʞʝʥʥʦʛʦ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʘʙʩʪʨʘʢʮʠʠ ʜʘʥʥʳʭ ʠ ʧʦʣʥʦʪʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ. ʌʨʝʡʤʚʦʨʢʠ ʥʘ ʦʩʥʦʚʝ LLM (ʚ ʯʘʩʪʥʦʩʪʠ, GraphRAG) ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʘʚʪʦʤʘʪʠʟʘ-
ʮʠʶ, ʥʦ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʪʝʨʝ ʠʩʭʦʜʥʦʛʦ ʢʦʥʪʝʢʩʪʘ (ʜʦ 30ï50%) ʥʘ ʵʪʘʧʘʭ ʘʛʨʝʛʘʮʠʠ ʠ ʨʝ-
ʬʝʨʠʨʦʚʘʥʠʷ. ʅʘʧʨʦʪʠʚ, ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʩʠʥʪʘʢʩʠʯʝʩʢʠʡ ʧʘʨʩʠʥʛ (ʥʘ ʙʘʟʝ ʙʠʙʣʠʦʪʝʢʠ Stanza) ʤʠ-
ʥʠʤʠʟʠʨʫʝʪ ʧʨʦʧʫʩʢ ʣʝʢʩʝʤ, ʦʜʥʘʢʦ ʬʦʨʤʠʨʫʝʪ ʠʟʙʳʪʦʯʥʫʶ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʢʘʨʪʫ ʪʝʢʩʪʘ, ʘ ʥʝ ʩʪʨʫʢʪʫ-
ʨʠʨʦʚʘʥʥʫʶ ʦʥʪʦʣʦʛʠʶ ʬʘʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʦʙʘ ʧʦʜʭʦʜʘ ʠʩʭʦʜʥʦ ʣʠʰʝʥʳ ʚʩʪʨʦʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʪ-
ʥʦʡ ʩʚʷʟʠ ʧʦ ʢʘʯʝʩʪʚʫ ʚʳʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. 
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2. ʆʮʝʥʢʘ ʘʣʛʦʨʠʪʤʦʚ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ: ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʘʟʦʚʳʝ 
ʩʭʝʤʳ RAG, ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʦʠʩʢʦʤ ʧʦ ʩʤʝʞʥʳʤ ʫʟʣʘʤ, ʥʝ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ 

ʚ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ. ɸʣʛʦʨʠʪʤʳ ʤʥʦʛʦʰʘʛʦʚʦʛʦ ʧʦʠʩʢʘ ʪʠʧʘ Think-on-
Graph (ToG), ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʛʣʫʙʠʥʫ ʨʘʩʩʫʞʜʝʥʠʡ, ʦʙʣʘʜʘʶʪ ʢʨʠʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 
ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʜʝʬʝʢʪʘʤ ʛʨʘʬʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʝʨʭʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ɻɿ[5]: 
ʇʨʝʜʣʦʞʝʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʩʠʩʪʝʤʘ ʢʨʠʪʝʨʠʝʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʩʢʚʦʟʥʦʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʚʘʣʠʜʘʮʠʶ ʛʨʘʬʦʚʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʷʭ: 

¶ ʉʝʤʘʥʪʠʯʝʩʢʦʤ (ʦʮʝʥʢʘ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʚ ʜʚʫʤʝʨʥʦʤ ʤʝʪʨʠʯʝ-
ʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ɾʘʢʢʘʨʘ ʠ ʢʦʩʠʥʫʩʥʦʛʦ ʩʭʦʜʩʪʚʘ); 

¶ ʊʦʧʦʣʦʛʠʯʝʩʢʦʤ (ʘʥʘʣʠʟ ʩʚʷʟʥʦʩʪʠ, ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʭʨʫʧʢʦʩʪʠ ʠ ʧʝ-
ʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ); 

¶ ɸʨʭʠʪʝʢʪʫʨʥʦʤ (ʦʮʝʥʢʘ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʛʣʫʙʠʥʦʡ, ʰʠʨʠʥʦʡ ʠ ʚʝʪʚʣʝʥʠʝʤ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʠʥ-
ʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢ ʝʜʠʥʠʮʝ). 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʠʥʪʫʠʪʠʚʥʦʛʦ (ʵʢʩ-
ʧʝʨʪʥʦʛʦ) ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ (ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ) ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʦʚ ʟʥʘʥʠʡ ʢ ʫʧʨʘʚʣʷʝ-
ʤʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʯʝʩʪʚʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 
ʦʮʝʥʢʠ ʠ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʛʝʥʝʨʘʮʠʠ ʥʝʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ (ʵʬ-
ʬʝʢʪ çʛʘʣʣʶʮʠʥʘʮʠʡè) ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ɼʘʣʴʥʝʡʰʠʝ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʨʦʛʨʘʤʤʥʫʶ ʠʥʪʝʛʨʘʮʠʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʝʪʨʠʢ ʚ ʢʦʥʚʝʡʝ-
ʨʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ɻɿ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʘʤʦʢʦʨʨʝʢʪʠʨʫʶʱʠʭʩʷ ʛʨʘʬʦʚʳʭ ʧʣʘʪʬʦʨʤ. 
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ДОМОВ 

Маланыч Никита Дмитриевич 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʖʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʫʟʥʝʮʦʚʘ ʀʨʠʥʘ ʅʠʢʦʣʘʝʚʥʘ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʖʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʘ ʢ ʦʙʷʟʘʪʝʣʴʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠ-
ʨʦʚʘʥʠʷ (ʊʀʄ) ʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʥʘʜʟʦʨʘ ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʝʨʝʩʤʦʪʨʝ ʪʨʘʜʠʮʠ-
ʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʧʝʨʘʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʤʥʦʛʦʵʪʘʞʥʳʭ ʞʠʣʳʭ ʟʜʘʥʠʡ. ʉʫʱʝʩʪʚʫ-
ʶʱʠʝ ʤʝʪʦʜʳ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʟʘʯʘʩʪʫʶ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʜʦʣʠ ʧʨʦʩʪʦ-ʝʚ ʚʝʜʫʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦ-
ʢʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʦʧʝʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ, ʤʥʦʛʦʵʪʘʞʥʦʝ ʞʠʣʠʱʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ; 
ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʊʀʄ), ʢʘʣʝʥʜʘʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʮʠʬʨʦʚʦʡ ʩʪʨʦʠ-
ʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ, ʩʨʝʜʘ ʦʙʱʠʭ ʜʘʥʥʳʭ; ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʧʦʜʜʝʨʞʢʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʙʝʨʝʞʣʠʚʦʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʦʤʧʣʝʢʩʥʳʝ ʙʨʠʛʘʜʳ, ʧʨʦʩʪʦʠ ʤʝʭʘʥʠʟʤʦʚ. 

 
IMPROVING THE EFFICIENCY OF OPERATIONAL MANAGEMENT OF CONSTRUCTION PRODUCTION 

DURING THE CONSTRUCTION OF MULTI-STOREY RESIDENTIAL BUILDINGS  
 

Malanych Nikita Dmitrievich,  
 

Scientific adviser: Kuznetsova Irina Nikolaevna 
 

Abstract: In the context of the transition to the mandatory use of Building Information Modeling (BIM) 
technologies and the digitalization of construction supervision, there is a growing need to revise traditional 
approaches to the operational management of multi-story residential building construction. Existing methods of 
scheduling and control often demonstrate low efficiency due to the high proportion of downtime for key 
machinery and the diversity of information flows. 
Key words: ʦperational construction management, multi-story residential construction, Building Information 
Modeling (BIM) technologies, scheduling, digital construction control, Common Data Environment (CDE), 
intelligent decision support, lean construction, integrated crews, machinery downtime. 
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ʉʦʚʨʝʤʝʥʥʦʝ ʞʠʣʠʱʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʪʝʥʩʠʬʠʢʘ-
ʮʠʝʡ ʪʝʤʧʦʚ ʚʦʟʚʝʜʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʞʝʩʪʦʯʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʨʦʢʘʤ ʚʚʦʜʘ ʚ ʵʢʩ-
ʧʣʫʘʪʘʮʠʶ. ɺ ʫʩʣʦʚʠʷʭ ʧʨʦʝʢʪʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠ ʨʦʩʪʘ ʩʪʦʠʤʦʩʪʠ ʢʨʝʜʠʪʦʚʘʥʠʷ ʜʣʷ ʟʘʩʪʨʦʡʱʠʢʦʚ 
ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʮʠʢʣʘ. ʆʜʥʘʢʦ ʩʪʘʪʠʩʪʠʢʘ 
ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʞʝ ʥʘ ʪʠʧʦʚʳʭ ʦʙʲʝʢʪʘʭ ʤʥʦʛʦʵʪʘʞʥʦʛʦ ʞʠʣʴʷ ʩʦʭʨʘʥʷʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ 
ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ, ʚʳʟʚʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʘʤʠ ʩʠʩʪʝʤʳ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʷ 
ʧʝʨʩʦʥʘʣʘ. 

ʇʦʜ ʦʧʝʨʘʪʠʚʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʩʪʨʦʠʪʝʣʴʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ 
ʧʦ ʧʣʘʥʠʨʦʚʘʥʠʶ, ʫʯʝʪʫ, ʢʦʥʪʨʦʣʶ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦ-
ʛʦ ʚʨʝʤʝʥʠ ʠʣʠ ʢʦʨʦʪʢʠʭ ʧʣʘʥʦʚʳʭ ʧʝʨʠʦʜʦʚ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝ-
ʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʜʝʣʝʥʥʦʤ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʝ, ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʢʦʦʨʜʠʥʘʮʠʝʡ ʤʥʦʞʝʩʪʚʘ ʧʦʜ-
ʨʷʜʥʳʭ ʠ ʩʫʙʧʦʜʨʷʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ [1]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʘʢ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʦʡ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʠʟʘʮʠʠ 
ʩʪʨʦʡʦʪʨʘʩʣʠ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʠʩʢʘ ʨʝʟʝʨʚʦʚ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʩʪʨʦʠʪʝʣʴ-
ʩʪʚʘ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 
ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʤʥʦʛʦʵʪʘʞʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ 
ʩʦʚʨʝʤʝʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʮʠʬʨʦʚʳʝ ʨʝʰʝʥʠʷ. 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʦʩʠʪ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʠ ʦʙʦʙʱʘʶʱʠʡ ʭʘʨʘʢʪʝʨ. ɺ ʢʘʯʝʩʪʚʝ 
ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʨʝʮʝʥʟʠʨʫʝʤʳʝ ʚ ʈʀʅʎ ʠ ʤʝʞʜʫʥʘʨʦʜ-
ʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʢʝʡʩʳ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 
ʮʠʬʨʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʘ ʪʘʢʞʝ ʥʦʨʤʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴ-
ʩʪʚʘ. 

ʅʞʫʧʝʧʤʧʜʡʰʞʪʣʙʸ ʧʪʦʧʛʙ ʩʙʚʧʫʴ 
ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ: 
1. ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ [1], [9]. 
2. ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʢʘʢ ʩʣʦʞʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʫʯʝ-

ʪʦʤ ʨʘʙʦʪʳ ʚʝʜʫʱʠʭ ʤʝʭʘʥʠʟʤʦʚ [3, 11-13]. 
3. ʄʝʪʦʜ ʜʝʪʘʣʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʧʦ ʨʘʙʦʪʘʤ ʅʦʚʛʦʨʦʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ [5]), ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ ʨʝʟʝʨʚʳ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ. 
4. ɸʥʘʣʠʟ ʨʝʘʣʴʥʳʭ ʢʝʡʩʦʚ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ: ʜʘʥʥʳʝ ʦ ʩʦʢʨʘʱʝʥʠʠ ʧʨʦʩʪʦ-

ʝʚ ʥʘ 32% [6] ʠ ʦʧʳʪ ɾʂ çɸʚʠʘʪʦʨè [4]. 
ʉʞʠʬʤʵʫʙʫʴ 
ʇʦ ʠʪʦʛʘʤ ʘʥʘʣʠʟʘ ʷ ʚʳʜʝʣʠʣ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʨʝʘʣʴʥʳʡ ʨʦʩʪ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʥʦʛʦʵʪʘʞʝʢ. 
1. ʆʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪ ʠ ʢʘʣʝʥʜʘʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ. ʆʜʠʥ ʠʟ ʨʝʟʝʨʚʦʚ ð ʧʝʨʝʭʦʜ ʦʪ ʫʟʢʦʩʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʳʭ ʙʨʠʛʘʜ ʢ ʢʦʤʧʣʝʢʩʥʳʤ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [1] ʧʦʢʘʟʘʥʦ: ʢʦʛʜʘ ʢʦʤʧʣʝʢʩʥʳʝ ʙʨʠʛʘʜʳ ʨʘʙʦ-
ʪʘʶʪ ʥʘ ʦʪʜʝʣʢʝ ʠ ʤʦʥʪʘʞʝ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʦʨʤʘʪʠʚʥʳʝ ʧʨʦʩʪʦʠ ʩʦʢʨʘʱʘʶʪʩʷ, ʘ ʚʚʦʜ ʦʙʲʝʢʪʘ ʚ ʵʢʩʧʣʫʘ-
ʪʘʮʠʶ ʫʩʢʦʨʷʝʪʩʷ. ʇʨʠʯʠʥʘ ð ʧʦʚʳʰʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʫʞʝ ʥʘ ʧʨʦʤʝʞʫʪʦʯ-
ʥʳʭ ʵʪʘʧʘʭ. 

ʆʪʜʝʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ð ʙʘʰʝʥʥʳʝ ʢʨʘʥʳ. ʉʦʛʣʘʩʥʦ [3], ʠʭ ʧʨʦʩʪʦʠ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 56% ʨʘʙʦʯʝʛʦ 
ʚʨʝʤʝʥʠ. ʏʪʦʙʳ ʵʪʦʛʦ ʠʟʙʝʞʘʪʴ, ʥʫʞʥʳ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʯʘʩʦʚʳʝ ʧʣʘʥʳ [8], ʧʨʠʚʷʟʘʥʥʳʝ ʢ 3D-
ʤʦʜʝʣʠ ʟʜʘʥʠʷ. ʊʦʛʜʘ ʜʠʥʘʤʠʢʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʠʜʥʦ ʥʘʛʣʷʜʥʦ, ʘ ʦʪʩʪʘʚʘʥʠʝ ʤʦʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ 
ʩʨʘʟʫ [5]. 

2. ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʊʀʄ). ʉ 2024 ʛʦʜʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʊʀʄ ʚ ʞʠʣʠʱʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʪʘʣʦ ʦʙʷʟʘʪʝʣʴʥʳʤ [7]. ʕʪʦ ʤʝʥʷʝʪ ʩʠʩʪʝʤʫ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝ-
ʥʠʷ. ʊʀʄ-ʤʦʜʝʣʴ ʪʝʧʝʨʴ ʥʝ ʧʨʦʩʪʦ ʜʘʝʪ ʦʙʲʝʤʳ ʨʘʙʦʪ ʠ ʩʧʝʮʠʬʠʢʘʮʠʠ ð ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 
ʩʨʝʜʳ ʦʙʱʠʭ ʜʘʥʥʳʭ. 

ʇʦ ʜʘʥʥʳʤ ʠʟ [7], ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʢʨʘ-
ʱʘʶʪ ʩʨʦʢʠ ʠ ʩʪʦʠʤʦʩʪʴ ʧʨʦʝʢʪʥʦ-ʠʟʳʩʢʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʜʦ 30%. ʕʪʦ ʩʦʟʜʘʝʪ ʥʘʜʝʞʥʫʶ ʙʘʟʫ ʜʣʷ 
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ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ. ʅʘ ʩʪʘʜʠʠ ʚʦʟʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʣʝʥʜʘʨʥʦʛʦ 
ʛʨʘʬʠʢʘ ʠ 3D-ʤʦʜʝʣʠ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 4D-ʤʦʜʝʣʴ) ʩ ʩʫʪʦʯʥʳʤʠ ʟʘʜʘʥʠʷʤʠ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʨʘʙʦʪ 
ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʭʦʜ ʤʦʥʪʘʞʘ ʧʦ ʵʪʘʞʘʤ ʠ ʠʟʙʝʛʘʪʴ ʢʦʥʬʣʠʢʪʦʚ ʧʨʠ ʨʘʙʦʪʝ ʪʷʞʝ-
ʣʦʡ ʪʝʭʥʠʢʠ. 

3. ʎʠʬʨʦʚʦʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʩʨʝʜʘ ʦʙʱʠʭ ʜʘʥʥʳʭ. ɿʘʤʝʥʠʪʴ ʙʫʤʘʞʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦ-
ʨʦʪ ʠ ʧʝʨʝʧʠʩʢʫ ʚ ʤʝʩʩʝʥʜʞʝʨʘʭ ʥʘ ʝʜʠʥʫʶ ʮʠʬʨʦʚʫʶ ʧʣʘʪʬʦʨʤʫ ð ʵʪʦ ʜʘʝʪ ʦʱʫʪʠʤʳʡ ʧʨʠʨʦʩʪ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʠ. ʇʦ ʜʘʥʥʳʤ [6], ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʥʘʜʟʦʨʘ ʩʦʢʨʘʱʘʝʪ ʩʫʤʤʘʨʥʳʝ ʧʨʦ-
ʩʪʦʠ ʥʘ ʧʣʦʱʘʜʢʝ ʚ ʩʨʝʜʥʝʤ ʥʘ 32%. ɼʝʬʝʢʪʳ ʬʠʢʩʠʨʫʶʪʩʷ ʧʨʷʤʦ ʥʘ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʧʠʩʘʥʠʷ 
ʬʦʨʤʠʨʫʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʘ ʢʦʥʪʨʦʣʴ ʫʩʪʨʘʥʝʥʠʷ ʠʜʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ɽʱʸ ʦʜʠʥ ʧʣʶʩ ʝʜʠʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ [7], [10] ð ʣʠʥʝʡʥʳʡ ʧʝʨʩʦʥʘʣ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʘʢʪʫ-
ʘʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʯʝʨʝʟ ʧʣʘʥʰʝʪ ʧʨʷʤʦ ʚʦ ʚʨʝʤʷ ʤʦʥʪʘʞʘ. ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʦʰʠʙʢʠ ʠʟ-ʟʘ ʫʩʪʘʨʝʚ-
ʰʠʭ ʚʝʨʩʠʡ ʯʝʨʪʝʞʝʡ, ʘ ʪʘʢʘʷ ʧʨʦʙʣʝʤʘ ʥʘ ʩʪʨʦʡʢʘʭ, ʢ ʩʦʞʘʣʝʥʠʶ, ʚʩʪʨʝʯʘʝʪʩʷ ʜʦ ʩʠʭ ʧʦʨ. 

4. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʧʦʜʜʝʨʞʢʘ ʠ ʙʝʨʝʞʣʠʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʄʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠ-
ʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ (ʦʥʠ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ) 
ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ. ʆʧʳʪ ɾʂ çɸʚʠʘʪʦʨè [4] ʧʦʢʘʟʘʣ: ʪʘʢʦʡ ʧʦʜʭʦʜ 
ʧʦʚʳʰʘʝʪ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʩʪʨʦʡʱʠʢʘ, ʥʦ ʠ ʥʘʜʸʞʥʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ ʦʨʛʘ-
ʥʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɽʱʸ ʦʜʠʥ ʨʝʟʝʨʚ ð ʧʨʠʥʮʠʧʳ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʝʪʘʣʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩ-
ʩʦʚ [5]. ɽʩʣʠ ʨʘʟʙʠʪʴ ʨʘʙʦʪʳ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʟʘʚʝʨʰʸʥʥʳʝ ʵʪʘʧʳ ʠ ʧʝʨʝʩʪʘʚʣʷʪʴ ʠʭ ʚ ʨʘʟʥʳʭ ʢʦʤ-
ʙʠʥʘʮʠʷʭ, ʤʦʞʥʦ ʚʳʨʦʚʥʷʪʴ ʟʘʛʨʫʟʢʫ ʪʝʭʥʠʢʠ ʠ ʙʨʠʛʘʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʮʠʢʣ ʚʦʟʚʝʜʝʥʠʷ ʦʜʥʦʛʦ ʵʪʘʞʘ 
ʫʩʢʦʨʷʝʪʩʷ ʜʦ 70 ʜʥʝʡ ʠ ʤʝʥʴʰʝ. 

ʀʙʣʤʷʰʞʦʡʞ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʤʥʦʛʦʵʪʘʞ-
ʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʚʥʝʜʨʝʥʠʝʤ ʮʠʬʨʦʚʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʨʝʛʣʘʤʝʥʪʦʚ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ: 

1. ʀʟʦʣʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʣʝʥʜʘʨʥʳʭ ʛʨʘʬʠʢʦʚ ʙʝʟ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʨʝʜʫ ʦʙʱʠʭ ʜʘʥ-
ʥʳʭ ʤʘʣʦʵʬʬʝʢʪʠʚʥʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʨʳʚʫ ʩʨʦʢʦʚ ʠʟ-ʟʘ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʦʪʢʣʦʥʝʥʠʷ [9]. 

2. ʇʝʨʝʭʦʜ ʢ ʮʠʬʨʦʚʦʤʫ ʩʪʨʦʠʪʝʣʴʥʦʤʫ ʢʦʥʪʨʦʣʶ ʠ ʧʨʠʤʝʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʝʪ ʢʦʥʢʨʝʪʥʳʡ ʠʟʤʝʨʠʤʳʡ ʵʬʬʝʢʪ, ʚʳʨʘʞʘʶʱʠʡʩʷ ʚ ʩʦʢʨʘʱʝʥʠʠ ʧʨʦʩʪʦʝʚ ʥʘ 32% 
[6] ʠ ʫʩʢʦʨʝʥʠʠ ʵʪʘʧʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ 30% [7]. 

3. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [4], ʢʦʪʦʨʳʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩ ʊʀʄ-ʤʦʜʝʣʴʶ, 
ʧʣʘʪʬʦʨʤʳ ʢʦʥʪʨʦʣʷ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʫʛʘʜʳʚʘʪʴ ʨʠʩʢʠ, ʧʦʤʦʛʘʷ ʨʫʢʦʚʦʜʠʪʝ-
ʣʶ ʧʨʦʝʢʪʘ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʧʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʝʩʫʨʩʦʚ ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʩʦʙʣʶʜʝʥʠʷ 
ʛʨʘʬʠʢʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʦʝ ʦʧʝʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʝʛʦʜʥʷ ð ʵʪʦ ʩʠʥʪʝʟ ʤʝʪʦʜʦʚ ʙʝʨʝʞʣʠ-
ʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʙʨʠʛʘʜ [1] ʠ ʧʨʦʜʚʠʥʫʪʦʡ ʮʠʬʨʦʚʦʡ ʘʥʘʣʠʪʠʢʠ ʚ ʨʝʞʠʤʝ ʨʝ-
ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ.  
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УПРАВЛЕНИЕ МАТЕРИАЛЬНО-ТЕХНИЧЕСКИМ 
СНАБЖЕНИЕМ ПРИ СТРОИТЕЛЬСТВЕ ЖИЛОГО 
КОМПЛЕКСА В УСЛОВИЯХ СТЕСНЕННОЙ 
ГОРОДСКОЙ ЗАСТРОЙКИ 

Гусейнов Турал Джошгун оглы 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʖʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʫʟʥʝʮʦʚʘ ʀʨʠʥʘ ʅʠʢʦʣʘʝʚʥʘ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʖʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʥʘʙʞʝʥʠʷ 
(ʄʊʉ) ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʞʠʣʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʩʥʦʚʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʜʝʬʠʮʠʪʦʤ ʩʢʣʘʜʩʢʠʭ ʧʣʦ-
ʱʘʜʝʡ, ʟʘʧʨʝʪʘʤʠ ʥʘ ʜʚʠʞʝʥʠʝ ʛʨʫʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʢʦʨʦʪʢʠʤ ʩʪʨʦʠʪʝʣʴʥʳʤ ʩʝʟʦʥʦʤ ʠ ʥʠʟʢʠʤʠ ʟʠʤ-
ʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʧʨʝʜʣʘʛʘʶʪʩʷ: ʚʥʝʜʨʝʥʠʝ ERP-ʩʠʩʪʝʤ, ʧʝʨʝʭʦʜ 
ʥʘ ʤʝʣʢʦʧʘʨʪʠʦʥʥʳʝ ʧʦʩʪʘʚʢʠ, ʧʨʠʤʝʥʝʥʠʝ RFID-ʤʝʪʦʢ ʠ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ, ʦʨʛʘʥʠʟʘʮʠʷ ʧʝʨʝʚʘʣʦʯ-
ʥʳʭ ʧʫʥʢʪʦʚ, ʘ ʪʘʢʞʝ ʟʘʢʣʶʯʝʥʠʝ ʛʠʙʢʠʭ ʢʦʥʪʨʘʢʪʦʚ ʩ ʣʦʢʘʣʴʥʳʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʩʥʘʙʞʝʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʩʪʝʩʥʝʥʥʘʷ ʟʘʩʪʨʦʡʢʘ, ʣʦʛʠ-
ʩʪʠʢʘ, ERP-ʩʠʩʪʝʤʳ, ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʪʨʘʪ. 
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ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʞʠʣʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʪʝʩʥʝʥʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʝ ð ʟʘʜʘʯʘ ʩʣʦʞʥʘʷ. ʆʜʠʥ ʠʟ 
ʩʘʤʳʭ ʧʨʦʙʣʝʤʥʳʭ ʵʪʘʧʦʚ ð ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʩʥʘʙʞʝʥʠʝ (ʄʊʉ) [1-5]. ʉʭʝʤʳ, ʢʦʪʦʨʳʝ ʨʘʙʦ-
ʪʘʶʪ ʥʘ ʩʚʦʙʦʜʥʳʭ ʧʣʦʱʘʜʢʘʭ, ʚ ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʝ ʜʘʶʪ ʩʙʦʠ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʧʨʦ-
ʙʣʝʤ: 

1. ɼʝʬʠʮʠʪ ʩʢʣʘʜʩʢʠʭ ʧʣʦʱʘʜʝʡ (ʭʨʘʥʠʪʴ ʤʘʪʝʨʠʘʣʳ ʥʝʛʜʝ) ʧʨʠʭʦʜʠʪʩʷ ʨʘʙʦʪʘʪʴ çʪʦʯʥʦ ʚ ʩʨʦʢè 
(Just-in-Time), ʥʦ ʣʶʙʦʡ ʩʙʦʡ ʧʦʩʪʘʚʦʢ ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʩʪʨʦʡʢʫ. 
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2. ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʜʚʠʞʝʥʠʝ ʪʝʭʥʠʢʠ, ʚʦ ʤʥʦʛʠʭ ʛʦʨʦʜʘʭ, ʚʲʝʟʜ ʙʦʣʴʰʝʛʨʫʟʦʚ ʟʘʧʨʝʱʝʥ ʚ ʦʧʨʝ-
ʜʝʣʝʥʥʳʝ ʯʘʩʳ ʠʣʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʣʠʮʳ. ʇʣʘʥʠʨʦʚʘʪʴ ʜʦʩʪʘʚʢʫ ʩʣʦʞʥʦ, ʚʨʝʤʷ ʚ ʧʫʪʠ ʨʘʩʪʝʪ. 

3. ʂʦʥʢʫʨʝʥʮʠʷ ʩ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʠ ʥʘ ʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʝʨʝʜʢʦ 
ʚʝʜʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʪʨʦʝʢ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺʦʟʥʠʢʘʝʪ ʢʦʥʢʫʨʝʥʮʠʷ ʟʘ ʧʦʜʲʝʟʜʥʳʝ ʧʫʪʠ, ʤʝʩʪʘ ʚʨʝʤʝʥʥʦ-
ʛʦ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʥʫʶ ʪʝʭʥʠʢʫ. 

4. ʉʝʟʦʥʥʦʩʪʴ ʜʣʷ ʩʝʚʝʨʥʳʭ ʛʦʨʦʜʦʚ, ʟʠʤʦʡ ʙʝʪʦʥ ʥʘʜʦ ʧʦʜʦʛʨʝʚʘʪʴ, ʤʘʪʝʨʠʘʣʳ ʪʨʝʙʫʶʪ ʩʧʝʮʠ-
ʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʵʪʦ ʜʦʨʦʞʝ. 

5. ɺʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʭʨʘʥʝʥʠʝ, ʪʦ ʝʩʪʴ ʝʩʣʠ ʩʢʣʘʜʘ ʥʘ ʧʣʦʱʘʜʢʝ ʥʝʪ, ʘʨʝʥʜʫʶʪ ʧʦʤʝʱʝʥʠʷ ʟʘ 
ʛʦʨʦʜʦʤ ð ʧʣʶʩ ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʩʭʦʜʳ. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʄʊʉ ʚ ʫʩʣʦʚʠʷʭ ʩʪʝʩʥʝʥʥʦʡ ʟʘʩʪʨʦʡʢʠ ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʦʨʘʙʦʪʢʠ. 
ʅʞʫʧʝʴ ʧʨʫʡʥʡʠʙʯʡʡ ʥʙʫʞʩʡʙʤʵʦʧ-ʫʞʮʦʡʰʞʪʣʧʜʧ ʪʦʙʚʟʞʦʡʸ 
1. ʏʞʦʫʩʙʤʡʠʧʛʙʦʦʧʞ ʨʤʙʦʡʩʧʛʙʦʡʞ. ʇʝʨʚʳʤ ʰʘʛʦʤ ʜʦʣʞʥʦ ʩʪʘʪʴ ʚʥʝʜʨʝʥʠʝ ERP-ʩʠʩʪʝʤʳ 

(Enterprise Resource Planning ð ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ), ʠʤʝʥʥʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 
ʨʝʰʠʪʴ ʪʨʠ ʚʘʞʥʳʝ ʟʘʜʘʯʠ. 

ɺʦ-ʧʝʨʚʳʭ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʦʩʥʦʚʝ ʢʘʣʝʥʜʘʨʥʦʛʦ ʛʨʘʬʠʢʘ ʨʘʙʦʪ. 
ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʟʘʢʫʧʘʪʴ ʤʘʪʝʨʠʘʣʳ çʥʘ ʛʣʘʟè, ʩʪʨʦʠʪʝʣʴʥʘʷ ʢʦʤʧʘʥʠʷ ʧʦʣʫʯʘʝʪ ʪʦʯʥʳʝ ʮʠʬʨʳ. 

ɺʦ-ʚʪʦʨʳʭ, ʫʯʠʪʳʚʘʪʴ ʩʝʟʦʥʥʳʝ ʬʘʢʪʦʨʳ. ɿʠʤʦʡ, ʢʦʛʜʘ ʜʦʩʪʘʚʢʘ ʟʘʪʨʫʜʥʝʥʘ, ʠʤʝʝʪ ʩʤʳʩʣ ʩʦ-
ʟʜʘʪʴ ʫʚʝʣʠʯʝʥʥʳʡ ʟʘʧʘʩ ʢʣʶʯʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʃʝʪʦʤ, ʥʘʦʙʦʨʦʪ, ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 
ʦʩʪʘʪʢʘʤʠ. 

ɺ-ʪʨʝʪʴʠʭ, ʚʝʩʪʠ ʦʧʝʨʘʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʦʩʪʘʪʢʦʚ ʥʘ ʧʣʦʱʘʜʢʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʢʘʢ 
ʜʝʬʠʮʠʪʘ, ʪʘʢ ʠ ʠʟʙʳʪʦʯʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʟʘʢʘʟʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ ʋʠʣʩʦʥʘ, 
ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʙʘʣʘʥʩ ʤʝʞʜʫ ʟʘʪʨʘʪʘʤʠ ʥʘ ʟʘʢʘʟ ʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʭʨʘʥʝʥʠʝ. 

2. ʇʨʫʡʥʡʠʙʯʡʸ ʤʧʜʡʪʫʡʣʡ. ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʄʊʉ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʫʝʪ 
ʦʪʜʝʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʠʝʤʦʚ: 

- ʧʝʨʝʭʦʜ ʥʘ ʤʘʣʳʝ ʧʘʨʪʠʠ ʧʦʩʪʘʚʦʢ, ʚʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʟʘʚʦʟʠʪʴ ʤʘʪʝʨʠʘʣʳ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘ-
ʤʠ ʨʘʟ ʚ ʥʝʜʝʣʶ, ʠʤʝʝʪ ʩʤʳʩʣ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʯʘʩʪʳʝ ʧʦʩʪʘʚʢʠ ʥʝʙʦʣʴʰʠʤʠ ʧʘʨʪʠʷʤʠ. ʕʪʦ ʩʥʠʞʘʝʪ 
ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʢʣʘʜʩʢʠʭ ʧʣʦʱʘʜʷʭ, ʥʦ ʧʦʚʳʰʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ ʧʦʩʪʘʚʱʠʢʦʚ; 

- ʚʳʙʦʨ ʙʣʠʞʘʡʰʠʭ ʧʦʩʪʘʚʱʠʢʦʚ, ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʧʦʩʪʘʚʱʠʢʠ ʥʘʭʦʜʠʣʠʩʴ ʚ ʨʘʜʠʫʩʝ 50ï100 
ʢʤ ʦʪ ʩʪʨʦʡʧʣʦʱʘʜʢʠ. ʏʝʤ ʢʦʨʦʯʝ ʧʣʝʯʦ ʜʦʩʪʘʚʢʠ, ʪʝʤ ʤʝʥʴʰʝ ʚʣʠʷʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ; 

- ʦʨʛʘʥʠʟʘʮʠʷ ʧʝʨʝʚʘʣʦʯʥʳʭ ʧʫʥʢʪʦʚ, ʝʩʣʠ ʜʦʩʪʘʚʢʘ ʥʘ ʧʣʦʱʘʜʢʫ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʚ ʥʦʯʥʦʝ ʚʨʝ-
ʤʷ, ʠʤʝʝʪ ʩʤʳʩʣ ʩʦʟʜʘʪʴ ʚʨʝʤʝʥʥʳʡ ʩʢʣʘʜ ʥʘ ʦʢʨʘʠʥʝ ʛʦʨʦʜʘ. ʉ ʥʝʛʦ ʤʘʪʝʨʠʘʣʳ ʨʘʟʚʦʟʷʪʩʷ ʥʘ ʦʙʲʝʢʪ 
ʤʝʣʢʠʤʠ ʧʘʨʪʠʷʤʠ ʚ ʨʘʟʨʝʰʝʥʥʦʝ ʚʨʝʤʷ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʟʘʤʝʥʘ ʤʦʥʦʣʠʪʥʦʛʦ ʙʝʪʦʥʘ ʩʙʦʨʥʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥ-
ʥʳʤʠ ʧʘʥʝʣʷʤʠ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʪʦʚʳʭ ʫʟʣʦʚ ʩʦʢʨʘʱʘʝʪ ʦʙʲʝʤ ʧʝʨʝʚʦʟʦʢ ʠ ʫʤʝʥʴʰʘʝʪ ʧʦʪʨʝʙ-
ʥʦʩʪʴ ʚ ʩʢʣʘʜʠʨʦʚʘʥʠʠ. 

3. ʊʝʭʥʦʣʦʛʠʠ çʫʤʥʦʛʦè ʩʥʘʙʞʝʥʠʷ. ʎʠʬʨʘ ʧʦʤʦʛʘʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʄʊʉ ʪʘʤ, ʛʜʝ ʨʫʢʘʤʠ ʫʞʝ ʥʝ 
ʫʧʨʘʚʠʪʴʩʷ. RFID-ʤʝʪʢʠ ʥʘ ʢʘʞʜʦʡ ʧʘʨʪʠʠ ʤʘʪʝʨʠʘʣʦʚ ð ʩʠʩʪʝʤʘ ʩʘʤʘ ʚʠʜʠʪ, ʢʦʛʜʘ ʛʨʫʟ ʫʝʭʘʣ ʦʪ ʧʦ-
ʩʪʘʚʱʠʢʘ, ʧʨʠʝʭʘʣ ʥʘ ʧʝʨʝʚʘʣʦʯʥʳʡ ʧʫʥʢʪ ʠ ʧʦʧʘʣ ʥʘ ʧʣʦʱʘʜʢʫ. ɼʨʦʥʳ ð ʟʘʧʫʩʪʠʣ, ʠ ʯʝʨʝʟ ʧʷʪʴ ʤʠʥʫʪ 
ʟʥʘʝʰʴ ʦʩʪʘʪʢʠ ʥʘ ʩʢʣʘʜʝ, ʥʝ ʥʘʜʦ ʙʝʛʘʪʴ ʠ ʧʨʦʚʝʨʷʪʴ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʦʙʨʝʟ ʠ ʢ ʥʝʢʦʪʦ-
ʨʳʤ ʟʦʥʘʤ ʥʝ ʧʦʜʦʙʨʘʪʴʩʷ. ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ð ʧʨʝʞʜʝ ʯʝʤ ʚʝʟʪʠ ʤʘʪʝʨʠʘʣʳ, ʧʨʦʛʦʥʷʝʰʴ ʩʮʝʥʘʨʠʡ: 
ʯʪʦ, ʝʩʣʠ ʜʦʨʦʛʫ ʧʝʨʝʢʨʳʣʠ, ʘ ʧʦʩʪʘʚʱʠʢ ʟʘʜʝʨʞʘʣ ʦʪʛʨʫʟʢʫ. ʋʟʢʠʝ ʤʝʩʪʘ ʚʠʜʥʳ ʟʘʨʘʥʝʝ, ʘ ʥʝ ʧʦ ʬʘʢʪʫ. 

4. ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʭʝʤʳ ʭʨʘʥʝʥʠʷ. ʅʦʨʤʘʣʴʥʦʛʦ ʩʢʣʘʜʘ ʥʘ ʧʣʦʱʘʜʢʝ ʥʝʪ ð ʟʥʘʯʠʪ, ʥʘʜʦ ʠʟʚʦ-
ʨʘʯʠʚʘʪʴʩʷ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʢʦʥʪʝʡʥʝʨʳ ʩ ʧʦʜʦʛʨʝʚʦʤ ʠʣʠ ʦʭʣʘʞʜʝʥʠʝʤ ʩʪʘʚʷʪʩʷ ʧʨʷʤʦ ʥʘ ʩʪʨʦʡʧʣʦ-
ʱʘʜʢʝ, ʤʘʪʝʨʠʘʣʳ ʧʦʜ ʟʘʱʠʪʦʡ, ʘ ʢʦʥʪʝʡʥʝʨʳ ʤʦʞʥʦ ʧʝʨʝʩʪʘʚʠʪʴ ʢʫʜʘ ʫʛʦʜʥʦ, ʤʝʩʪʘ ʦʥʠ ʟʘʥʠʤʘʶʪ 
ʤʠʥʠʤʫʤ. ʂʦʦʧʝʨʘʮʠʷ ʩ ʩʦʩʝʜʥʠʤʠ ʩʪʨʦʡʢʘʤʠ ð ʝʩʣʠ ʨʷʜʦʤ ʢʪʦ-ʪʦ ʝʱʸ ʩʪʨʦʠʪ, ʤʦʞʥʦ ʜʦʛʦʚʦʨʠʪʴʩʷ ʠ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʱʠʡ ʩʢʣʘʜ. ɺʝʨʪʠʢʘʣʴʥʦʝ ʩʪʝʣʣʘʞʠʨʦʚʘʥʠʝ ð ʥʝ ʚʰʠʨʴ, ʘ ʚʚʝʨʭ, ʢʦʛʜʘ ʢʘʞʜʳʡ ʢʚʘʜ-
ʨʘʪʥʳʡ ʤʝʪʨ ʥʘ ʩʯʝʪʫ. 

ʂʦʦʧʝʨʘʮʠʷ ʩ ʩʦʩʝʜʥʠʤʠ ʩʪʨʦʡʢʘʤʠ. ɽʩʣʠ ʧʦʙʣʠʟʦʩʪʠ ʚʝʜʝʪʩʷ ʝʱʝ ʦʜʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʠʤʝʝʪ 
ʩʤʳʩʣ ʜʦʛʦʚʦʨʠʪʴʩʷ ʦ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʢʣʘʜʩʢʠʭ ʧʣʦʱʘʜʝʡ. ʕʪʦ ʩʥʠʞʘʝʪ ʠʟʜʝʨʞʢʠ ʜʣʷ 
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ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ. 
ɺʝʨʪʠʢʘʣʴʥʦʝ ʩʢʣʘʜʠʨʦʚʘʥʠʝ. ʇʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʷʨʫʩʥʳʭ ʩʪʝʣʣʘʞʝʡ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʥʝʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ. ɺʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʨʘʩʰʠʨʷʪʴ ʩʢʣʘʜ ʚʰʠʨʴ, ʝʛʦ ʨʘʩʰʠʨʷʶʪ ʚʚʝʨʭ. 
5. ɼʡʚʣʡʞ ʣʧʦʫʩʙʣʫʴ ʪ ʨʧʪʫʙʛʲʡʣʙʥʡ. ɼʦʛʦʚʦʨʥʳʝ ʦʪʥʦʰʝʥʠʷ ʪʘʢʞʝ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʪʘʢ, ʯʪʦ-

ʙʳ ʦʥʠ ʫʯʠʪʳʚʘʣʠ ʩʧʝʮʠʬʠʢʫ ʩʪʝʩʥʝʥʥʦʡ ʟʘʩʪʨʦʡʢʠ. 
ɺ ʢʦʥʪʨʘʢʪʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʢʣʶʯʘʪʴ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: ʰʪʨʘʬʥʳʝ ʩʘʥʢʮʠʠ ʟʘ ʩʨʳʚ ʩʦʛʣʘʩʦ-

ʚʘʥʥʳʭ ʩʨʦʢʦʚ ʧʦʩʪʘʚʢʠ; ʧʨʝʤʠʨʦʚʘʥʠʝ ʟʘ ʜʦʩʨʦʯʥʫʶ ʦʪʛʨʫʟʢʫ (ʩʪʠʤʫʣʠʨʫʝʪ ʧʦʩʪʘʚʱʠʢʘ ʨʘʙʦʪʘʪʴ 
ʙʳʩʪʨʝʝ); ʤʝʭʘʥʠʟʤ ʩʝʟʦʥʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʮʝʥ (ʟʠʤʥʠʝ ʧʦʩʪʘʚʢʠ ʜʦʨʦʞʝ, ʣʝʪʥʠʝ ð ʜʝʰʝʚʣʝ); ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ ʧʘʨʪʠʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʙʱʝʡ ʧʦʪʨʝʙʥʦʩʪʠ. 

ʊʘʢʠʝ ʫʩʣʦʚʠʷ ʜʝʣʘʶʪ ʨʘʙʦʪʫ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ ʙʦʣʝʝ ʧʨʝʜʩʢʘʟʫʝʤʦʡ ʠ ʩʥʠʞʘʶʪ ʨʠʩʢʠ ʩʨʳʚʦʚ. 
ʀʙʣʤʷʰʞʦʡʞ 
ʋʧʨʘʚʣʷʪʴ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʩʥʘʙʞʝʥʠʝʤ ʚ ʩʪʝʩʥʸʥʥʦʡ ʟʘʩʪʨʦʡʢʝ ʙʝʟ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʝʣʴʟʷ. ERP-ʩʠʩʪʝʤʳ ʧʦʤʦʛʘʶʪ ʥʝ ʦʰʠʙʘʪʴʩʷ ʚ ʨʘʩʯʸʪʘʭ ð ʝʩʣʠ ʥʝʪ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ, 
ʥʠʢʘʢʘʷ ʣʦʛʠʩʪʠʢʘ ʥʝ ʩʧʘʩʸʪ. ʅʦ ʦʜʥʦʡ ʮʠʬʨʦʡ ʩʳʪ ʥʝ ʙʫʜʝʰʴ. ʉʢʣʘʜʦʚ ʥʝʪ, ʧʦʵʪʦʤʫ ʧʨʠʭʦʜʠʪʩʷ ʧʝʨʝ-
ʭʦʜʠʪʴ ʥʘ ʯʘʩʪʳʝ ʤʝʣʢʠʝ ʧʦʩʪʘʚʢʠ. ʕʪʦ ʚʳʥʫʞʜʝʥʥʦ, ʥʦ ʨʘʙʦʪʘʝʪ, ʭʦʪʷ ʠ ʪʨʝʙʫʝʪ ʦʪ ʧʦʩʪʘʚʱʠʢʦʚ 
ʥʘʜʸʞʥʦʩʪʠ ʠ ʨʝʟʝʨʚʥʳʭ ʤʘʨʰʨʫʪʦʚ ʥʘ ʩʣʫʯʘʡ ʩʨʳʚʦʚ. ɽʱʸ ʦʜʠʥ ʤʦʤʝʥʪ ð ʤʝʩʪʥʳʝ ʧʦʩʪʘʚʱʠʢʠ ʚ ʨʘ-
ʜʠʫʩʝ 50ï100 ʢʤ ʨʝʘʣʴʥʦ ʩʦʢʨʘʱʘʶʪ ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʩʭʦʜʳ ʠ ʩʥʠʞʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 
ʧʝʨʝʚʦʟʦʢ, ʢʦʪʦʨʳʝ ʟʠʤʦʡ ʚ ʩʝʚʝʨʥʳʭ ʛʦʨʦʜʘʭ ʯʘʩʪʦ ʚʩʪʘʶʪ. RFID, ʜʨʦʥʳ, ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ð ʥʝ 
ʜʣʷ ʢʨʘʩʦʪʳ, ʘ ʜʣʷ ʧʨʦʟʨʘʯʥʦʩʪʠ. ʂʦʛʜʘ ʚʠʜʥʦ, ʛʜʝ ʛʨʫʟ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ, ʫʧʨʘʚʣʷʪʴ ʧʨʦʱʝ. ɺ ʠʪʦʛʝ ʭʦ-
ʨʦʰʦ ʥʘʩʪʨʦʝʥʥʦʝ ʄʊʉ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʪ ʜʝʥʴʛʠ, ʥʦ ʠ ʜʘʸʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʢʦʥʢʫʨʝʥʪʘʤʠ. ɼʣʷ 
ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʘ, ʛʜʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʚʝʩ ʟʦʣʦʪʘ, ʵʪʦ ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ ʫʩʧʝʭʘ. 
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ЭЛЕКТРОМАГНИТНЫЕ ВОЛНЫ ПРИ НАЛИЧИИ 
ГРАНИЦ РАЗДЕЛА. ЧАСТЬ I. 

Козлов Алексей Сергеевич 
ʢʫʨʩʘʥʪ 

Мурашкин Андрей Владимирович 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

Горевой Игорь Михайлович 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

Варламов Сергей Васильевич 
ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺʦʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʚʦʡʩʢʦʚʦʡ ʇɺʆ ɺʉ ʈʌ ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʩʪʘʪʴʠ ʜʘʸʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, ʧʦʥʠʤʘʥʠʝ ʷʚʣʝʥʠʡ ʥʘ ʛʨʘ-
ʥʠʮʝ ʨʘʟʜʝʣʘ. ʈʘʩʢʨʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 
ʚʦʣʥ ʧʨʠ ʥʘʣʠʯʠʠ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɼʠʵʣʝʢʪʨʠʢ, ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɻ ʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝ-
ʥʠʷ ʩʨʝʜʳ,  ʧʦʚʝʨʭʥʦʩʪ ɹʨʘʚʥʳʭ ʬʘʟ, ʧʦʣʷʨʠʟʘʮʠʷ ʚʦʣʥ.  

 
ELECTROMAGNETIC WAVES IN THE PRESENCE OF BOUNDARIES. PART I. 

 
Kozlov Alexey Sergeevich, 

Murashkin Andrey Vladimirovich, 
Gorevoy Igor Mikhailovich,  

Varlamov Sergey Vasilyevich 
 
Abstract: The first part of the article provides a definition of the interface and an understanding of the 
phenomena occurring at the interface. It also introduces the basic concepts used to characterize 
electromagnetic waves in the presence of interfaces. 
Keywords: Dielectric, electric field strength vector, medium refraction coefficient, surface of equal phases, 
and wave polarization.  

 
ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳ ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ  ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ ʠ 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ Ů, ɛ, ů. ɻʨʘʥʠʮʝʡ ʨʘʟʜʝʣʘ ʥʘʟʳʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʪʜʝ-
ʣʷʶʱʘʷ ʩʨʝʜʫ ʩ ʦʜʥʠʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʪ ʩʨʝʜʳ ʩ ʜʨʫʛʠʤʠ. ʇʦʥʠʤʘʥʠʝ ʷʚʣʝʥʠʡ ʥʘ ʛʨʘ-
ʥʠʮʝ ʨʘʟʜʝʣʘ, ʩʚʦʡʩʪʚ ʚʦʣʥ ʧʨʠ ʥʘʣʠʯʠʠ ʛʨʘʥʠʮʳ ʥʝʦʙʭʦʜʠʤʦ ʚ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 
ʨʘʜʠʦʚʦʣʥ, ʫʩʪʨʦʡʩʪʚʘʭ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʠ ʘʥʪʝʥʥʳ. ʅʘʧʨʠʤʝʨ, ʛʨʘʥʠʮʘʤʠ ʨʘʟʜʝʣʘ ʷʚʣʷʶʪʩʷ ʧʦ-
ʚʝʨʭʥʦʩʪʴ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʮʝʜʠ, ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ. ɺʦʣʥʳ ʚ ʨʫʧʦʨʥʦʡ ʘʥʪʝʥʥʝ, ʚʦʣʥʦʚʦʜʘʭ ʠ ʦʙʲ-
ʝʤʥʳʭ ʨʝʟʦʥʘʪʦʨʘʭ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠ ʥʘʣʠʯʠʠ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ 
ɿʘʜʘʯʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʧʨʠ ʥʘʣʠʯʠʠ ʛʨʘʥʠʮ 

ʨʘʟʜʝʣʘ, ʥʘʟʳʚʘʶʪ ʢʨʘʝʚʳʤʠ ʟʘʜʘʯʘʤʠ. 
ɼʘʜʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʷʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʧʨʠ 

ʥʘʣʠʯʠʠ ʛʨʘʥʠʣ ʨʘʟʜʝʣʘ (ʨʠʩ .1). 
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ʆʪʨʘʞʝʥʥʘʷ 
ʚʦʣʥʘ

ʆʙʣʘʩʪʴ 
ʪʝʥʠ 

ʆʙʣʘʩʪʴ ʧʨʷʤʦʡ 
ʚʠʜʠʤʦʩʪʠ 

ʇʨʦʰʝʜʰʘʷ 
ʚʦʣʥʘ

ɼʠʬʨʘʢʮʠʦʥ-
ʥʘʷ ʚʦʣʥʘ

Jͫ ͭ

(  ҡ 1; ; ʁ 11 )̀

(  ҡ 1; ; ʁ 11 )̀

(  ҡ 2; ; ʁ 22 )̀

 
ʉʡʪ. 1. ʖʤʞʣʫʩʧʥʙʜʦʡʫʦʴʞ ʛʧʤʦ ʦʙ ʜʩʙʦʡʯʞ ʩʙʠʝʞʤʙ 

 
ɺʦʣʥʫ, ʚʦʟʙʫʞʜʝʥʥʫʶ ʟʘʜʘʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ, ʥʘʟʳʚʘʶʪ ʧʝʨʚʠʯʥʦʡ. ɺʦʣʥʳ, 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ, ʥʘʟʳʚʘʶʪ ʚʪʦʨʠʯʥʳʤʠ. ɺʪʦʨʠʯʥʳʝ 
ʚʦʣʥʳ ʚ ʦʙʣʘʩʪʠ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʥʘʚʠʚʘʶʪ ʦʪʨʘʞʝʥʥʳʤʠ ʠʣʠ ʨʘʩʩʝʷʥʥʳʤʠ. ʕʪʠ ʚʦʣʥʳ ʣʝʛʢʦ ʦʪʜʝ-
ʣʷʶʪʩʷ ʦʪ ʧʝʨʚʠʯʥʳʭ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʜʠʦʣʦʢʘʮʠʠ. ɺʥʫʪʨʠ ʪʝʣʘ ʠ ʚ ʦʙʣʘʩʪʠ ʪʝʥʠ ʧʝʨʚʠʯʥʳʝ 
ʠ ʚʪʦʨʠʯʥʳʝ ʚʦʣʥʳ ʥʝ ʨʘʟʜʝʣʷʶʪʩʷ. ʉʫʧʝʨʧʦʟʠʮʠʷ ʵʪʠʭ ʚʦʣʥ ʥʘʟʳʚʘʝʪʩʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʚʦʣʥʦʡ. ɽʩʣʠ 
ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʧʣʦʩʢʘʷ, ʪʦ ʚʥʫʪʨʠ ʩʨʝʜʳ ʚʦʣʥʳ ʥʘʟʳʚʘʶʪ ʧʨʝʣʦʤʣʸʥʥʳʤʠ. 

ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ ʩʪʘʚʠʪ ʩʚʦʝʡ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʦʚ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ ʧʦ 
ʠʟʚʝʩʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʝʨʚʠʯʥʦʡ ʚʦʣʥʳ. ʈʝʰʝʥʠʝ ʝʸ ʜʘʞʝ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʦʩʪʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 
ʬʦʨʤʳ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʡ ʦʙʲʝʤʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ. ɺ ʩʣʫʯʘʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʣʦʞʥʦʡ 
ʬʦʨʤʳ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʝʩʴʤʘ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. 

ʈʝʰʠʤ ʧʨʦʩʪʝʡʰʫʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ, ʢʦʛʜʘ ʛʨʘʥʠʮʘ ʨʘʟʜʘʣʘ ʧʣʦʩʢʘʷ ʠ ʧʝʨʚʠʯʥʘʷ ʚʦʣʥʘ ʧʣʦʩʢʘʷ. 
ʈʘʩʩʤʦʪʨʠʤ ʧʦʥʷʪʠʷ, ʢʦʪʦʨʳʝ ʧʨʠ ʵʪʦʤ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ. 

ʃʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ, ʫ ʢʦʪʦʨʦʡ ʚʝʢʪʦʨʘ ʧʦʣʷ %ᴆ ʠ (ᴆ ʢʦ-
ʣʝʙʣʶʪʩʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʚʜʦʣʴ ʢʘʢʦʡ-ʣʠʙʦ ʣʠʠʠ. ʃʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʧʣʦʩʢʘʷ ʚʦʣʥʘ, ʫ ʢʦʪʦʨʦʡ 

ʚʝʢʪʦʨ %ᴆʧʘʨʘʣʣʝʣʝʥ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ, ʥʘʟʳʚʘʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ. S - ʛʨʘʥʠʮʘ ʨʘʟʜʝ-

ʣʘ; Òᴆ- ʣʫʯ; Q - ʧʣʦʩʢʦʩʪʴ ʧʘʜʝʥʠʷ ʚʦʜʥʳ (ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ Òᴆ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ S). 

ʃʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʚʦʣʥʘ, ʫ ʢʦʪʦʨʦʡ ʚʝʢʪʦʨ %ᴆ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʚʝʨ-
ʪʠʢʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ (ʨʠʩ.2).  

 

E
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ʉʡʪ. 2. ɻʡʝ ʛʞʩʫʡʣʙʤʵʦʧ ʨʧʤʸʩʡʠʧʛʙʦʦʧʢ ʛʧʤʦʴ ʛ ʨʤʧʪʣʧʪʫʡ ʨʙʝʞʦʡʸ 

 
ɺr ʨʘʞʝʥʠʝ ʜʣʷ ʚʝʢʪʦʨʘ ʧʣʦʩʢʦʡ ʚʦʣʥʳ, ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʪʦʨʦʡ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ 

ʢʦʦʨʜʠʥʘʪʥʳʤʠ ʦʩʷʤʠ ʠʤʝʝʪ ʚʠʜ (ʨʠʩ.3): 

Ὁ Ὁ Ὡ                                                                    (1) 

 

ro

y

x

Z

Ŭ ɓ
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ʉʡʪ. 3. ɻʞʣʫʧʩ ʨʤʧʪʣʧʢ ʛʧʤʦʴ, ʦʙʨʩʙʛʤʞʦʡʞ ʩʙʪʨʩʧʪʫʩʙʦʞʦʡʸ ʣʧʫʧʩʧʜʧ ʦʞ ʪʧʛʨʙʝʙʞʫ 

 ʪ  ʣʧʧʩʝʡʦʙʫʦʴʥʡ ʧʪʸʥʡ 
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ʛʜʝ Ὧ ‫ ‐‘; a, b, c - ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʣʫʯʘ; x, y, z - ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʘ ʥʘʙʣʶʜʝʥʠʷ; 

Á ÃÏÓɻ; Â ÃÏÓɼ; Ã ÃÏÓɾ. ʌʦʨʤʫʣʘ (1) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʦʣʥʦʚʦʤʫ ʫʨʘʚʥʝʥʠʶ ʧʨʠ ʫʩʣʦʚʠʠ 

ὥ ὦ ὧ ρ                                                                    (2) 
ʀʟ ʚʳʨʘʞʝʥʠʷ (1) ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʚʥʳʭ ʬʘʟ: 

ὥὼὦώ ὧᾀ
ˡ

 = const,                                                         (3) 

ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʨʠʯʝʤ ʧʦʩʪʦʷʥʥʳʝ a, b, c- ʝʸ ʥʘʧʨʘʚʣʷʶʱʠʝ 
ʢʦʩʠʥʫʩʳ, ʪ.ʝ. ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ (ʣʫʯʘ). 

ʆʪʨʘʞʝʥʠʝ ʠ ʧʨʝʣʦʤʣʝʥʠʝ ʧʣʦʩʢʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʥʘ ʧʣʦʩʢʦʡ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ 
ʩʨʝʜ. 

ʇʫʩʪʴ ʧʣʦʩʢʘʷ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʜʝʣʠʪ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʜʚʘ ʦʙʣʘʩʪʠ I ʠ II, 
ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʦʜʥʦʨʦʜʥʳʝ ʩʨʝʜʳ ʩ ʠʟʚʝʩʪʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 
‐ȟ‘ȟ„ʠ‐ȟ‘ȟ„Ȣɺ ʦʙʣʘʩʪʠ I ʚʦʟʙʫʞʜʝʥʘ ʧʨʷʤʘʷ ʧʣʦʩʢʘʷ ʚʦʣʥʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʡ ʠʟʚʝʩʪʥʳ. 
ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʦʪʨʘʞʝʥʥʦʡ ʠ ʧʨʝʣʦʤʣʝʥʥʦʡ ʚʦʣʥʳ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʪʦʨʠʯʥʳʝ ʚʦʣʥʳ ʪʦʞʝ ʧʣʦʩʢʠʝ ʠ ʪʦʡ ʞʝ ʧʦʣʷʨʠʟʘʮʠʠ, ʯʪʦ ʠ ʧʘʜʘʶʱʘʷ, ʘ 
ʪʘʢʞʝ, ʯʪʦ ʣʫʯʠ ʚʩʝʭ ʚʦʣʥ ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɺʳʙʠʨʘʝʤ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʫ 
ʢʦʪʦʨʦʡ ʧʣʦʩʢʦʩʪʴ ʍʆʋ ʩʦʚʤʝʱʝʥʘ ʩ ʛʨʘʥʠʮʝʡ ʨʘʟʜʝʣʘ (ʨʠʩ.4). 
ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʣʥʳ: 

Ὁᴆ Ὁ ώᴆȢ 

ɿʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʘʜʘʶʱʝʡ, ʦʪʨʘʞʝʥʥʦʡ ʠ ʧʨʝʣʦʤʣʝʥʥʦʡ ʚʦʣʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

Ὁ Ὁ Ὡ Ƞ

Ὁ Ὁ Ὡ Ƞ

Ὁ Ὁ Ὡ Ƞ

                                                            (4) 
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ʉʡʪ. 4. ɻʡʝ ʨʩʸʥʧʬʜʧʤʵʦʧʢ ʪʡʪʫʞʥʴ ʣʧʧʩʝʡʦʙʫ ʪ ʨʤʧʪʣʧʪʫʵʷ ʎʇʌ,  

ʪʧʛʥʞʲʞʦʦʧʢ ʪ ʜʩʙʦʡʯʞʢ ʩʙʠʝʞʤʙ 
 

ʛʜʝ Ὧ ‫ ‐ ‘ ; Ὧ ‫ ‐ ‘, x, y, z - ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ; •- ʫʛʦʣ ʧʘʜʝʥʠʷ; • - 

ʫʛʦʣ ʦʪʨʘʞʝʥʠʷ. ʇʦʩʪʦʷʥʥʳʝ • , a, Ὁ , Ὁ  ʥʝʠʟʚʝʩʪʥʳ, ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʰʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ. ʊʦʛʜʘ ʧʦʩʪʦʷʥʥʫʶ C ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʫʩʣʦʚʠʷ 

ὧ Ѝρ ὥ                                                                (5) 
ɿʥʘʢʠ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʵʢʩʧʦʥʝʥʪ ʬʦʨʤʫʣ (4) ʚʳʙʨʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʝʤ - ʨʘʩʧʨʦʩʪʨʘʥʷ-

ʝʪʩʷ ʚʦʣʥʘ ʚʜʦʣʴ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʦʩʠ (ʟʥʘʢ "ʤʠʥʫʩ") ʠʣʠ ʧʨʦʪʠʚ (ʟʥʘʢ "ʧʣʶʩ). ʊʦʛʜʘ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʱʠʝ ʢʦʥʩʪʘʥʪʳ ʙʫʜʫʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ . 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʦʚ ʧʦʣʷ ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ 
ʅʘʡʜʝʤ ʫʛʦʣ ʦʪʨʘʞʝʥʠʷ •ʠ ʧʦʩʪʦʷʥʥʫʶ a. ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ 

ʢʘʩʘʪʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʘ %ᴆ : 
Ὁ Ὁ  ̎  ́Ὓ                                                                      (6) 

ʇʦʜʩʪʘʚʣʷʷ ʩʶʜʘ ʚʳʨʘʞʝʥʠʷ (4), ʧʦʣʫʯʘʝʤ 

Ὁ Ὡ Ὁ Ὡ Ὁ Ὡ Ȣ                               (7) 
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ʈʘʚʝʥʩʪʚʦ (7) ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʚʩʝʭ x, ʪʦʣʴʢʦ ʝʩʣʠ 
• •Ƞ  Ὧὥ  ὯÓÉÎ•Ȣ                                              (8) 

ʇʝʨʚʦʝ ʫʩʣʦʚʠʝ ʝʩʪʴ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʟʘʢʦʥ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʦʪ ʧʣʦʩʢʦʡ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʩʨʝʜ. 
ɺʪʦʨʦʝ ʧʨʠ „ „ πȟ  ( Ὧ ʠ  Ὧ ʚʝʱʝʩʪʚʝʥʥʳ) ʠ ʫʩʣʦʚʠʷ 

ȿὯ  Ὧϳ ÓÉÎ•ȿ ρ                                                                 (9) 
ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ 

Á ÓÉÎ•                                                                      (10) 
ʠ ʟʘʧʠʩʘʪʴ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʟʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ (ʟʘʢʦʥ ʩʠʥʫʩʦʚ): 

ȟ                                                                     (11) 

ʛʜʝ: ὲ ‐ ‘ ; ὲ ‐ ‘ - ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜ. ʋʛʦʣ •, ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʬʦʨʤʫʣʦʡ (0), ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣ (4) ʠ (5), ʜʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʫʯʝʡ ʧʨʝʣʦʤʣʸʥ-

ʥr ʭ ʚʦʣʥ. ɽʩʣʠ ʫʩʣʦʚʠʝ (9) ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʧʨʝʣʦʤʣʝʥʠʷ ὲʠὲ 
(„ „ π), ʪʦ ʚʦʣʥʳ ʚʦ ʚʪʦʨʦʡ ʩʨʝʜʝ ʦʪʩʫʪʩʪʚʫʶʪ. ʀʤʝʝʪ ʤʝʩʪʦ ʧʦʣʥʦʝ ʦʪʨʘʞʝʥʠʝ ʧʣʦʩʢʠʭ ʚʦʣʥ ʦʪ 
ʧʣʦʩʢʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ. ɺ ʩʨʝʜʝ II ʩʫʱʝʩʪʚʫʝʪ ʯʠʩʪʦ ʨʝʘʢʪʠʚʥʦʝ ʧʦʣʝ, ʧʘʨʘʤʝʪʨ C ʧʦʣʫʯʘ-
ʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (5) ʯʠʩʪʦ ʤʥʠʤʳʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʫʙʳʚʘʥʠʶ ʚʝʢʪʦʨʦʚ ʧʦʣʷ ʦʪ 
ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʚ ʩʨʝʜʝ II. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʝʣʦʤʣʝʥʠʷ 
ʂʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ (ʧʨʝʣʦʤʣʝʥʠʷ) ʥʘʟʳʚʘʶʪ ʦʪʥʦʰʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʘʤʧʣʠʪʫʜʳ ʧʨʝ-

ʣʦʤʣʸʥʥʦʡ (ʦʪʨʘʞʸʥʥʦʡ) ʚʦʣʥʳ ʢ ʘʤʧʣʠʪʫʜʝ ʧʘʜʘʶʱʝʡ, ʚʟʷʪʦʝ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʪʦʯʢʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ 
ʜʚʫʭ ʩʨʝʜ: 

ὖ̏̓̑
̄ ὖ̏̓̑

̄Ὡ ̏̓̑
̄ ̏̔

̏̔
Ƞ

ὖ̐̑̑̄ ὖ̐̑
̄Ὡ ̐̑

̄ ̏̔

̏̔
ȟ

                                                   (12) 

ʛʜʝ Ὁ̏ ,̔ Ὁ̏ ,̔ Ὁ̏  ̔- ʘʤʧʣʠʪʫʜʳ ʦʪʨʘʞʝʥʥʦʡ, ʧʨʝʣʦʤʣʝʥʥʦʡ ʠ ʧʘʜʘʶʱʝʡ ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝ-

ʣʘ; ‪ , ‪ , ‪- ʥʘʯʘʣʴʥʳʝ ʬʘʟʳ ʦʪʨʘʞʝʥʥʦʡ, ʧʨʝʣʦʤʣʝʥʥʦʡ ʠ ʧʘʜʘʶʱʝʡ ʚʦʣʥ. 
ʄʦʜʫʣʴ ʢʦʵʬʬʠʮʠʝʥʪʘ.ʦʪʨʘʞʝʥʠʷ (ʧʨʝʣʦʤʣʝʥʠʷ) ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʘʤʧʣʠʪʫʜ ʦʪʨʘ-

ʞʝʥʥʦʡ (ʧʨʝʣʦʤʣʝʥʥʦʡ) ʚʦʣʥʳ ʢ ʧʘʜʘʶʱʝʡ. ʌʘʟʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ (ʧʨʝʣʦʤʣʝʥʠʷ) ʨʘʚʥʘ ʨʘʟ-
ʥʦʩʪʠ ʬʘʟ ʦʪʨʘʞʝʥʥʦʡ (ʧʨʝʣʦʤʣʝʥʥʦʡ) ʠ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ. ʅʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʚ ʩʣʫʯʘʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʛʨʘʥʠʯ-
ʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʢʘʩʘʪʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʦʚ ʧʦʣʷ: 

Ὁ̎ Ὁ Ƞ Ὄ Ὄ Ƞ ʥʘ  ὛȠ  
Ὁ Ὁ Ὁ Ƞ  Ὄ Ὄ Ὄ Ƞ ὤ πȢ                          (13) 

ɺʳʨʘʟʠʤ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ Ὄ  ʯʝʨʝʟ ʵʣʝʢʪʨʠʯʝʩʢʦʝ Ὁ  ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ: 

Ὄ ὶέὸὉᴆ Ȣ                                                  (14) 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (13) ʚʳʨʘʞʝʥʠʷ (4) ʩ ʧʦʤʦʱʴʶ (14), ʧʦʣʫʯʘʝʤ 

ὭὯὼÃÏÓ•Ὁ ὭὯὼÃÏÓ•Ὁ ὭὯὉ Ȣ                         (15) 

ʆʪʩʶʜʘ ʩ ʫʯʝʪʦʤ (5) ʠ (8), ʘ ʪʘʢʞʝ ʠʟ (7) ʧʨʠʭʦʜʠʤ ʢ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ: 

Ὁ Ὁ Ὁ Ƞ

Ὁ Ὁ  
 Ὁ Ȣ                                             (16) 

ʈʘʟʜʝʣʠʚ ʦʙʘ ʫʨʘʚʥʝʥʠʷ ʥʘ Ὁ ʠ ʨʝʰʘʷ ʧʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʝʣʦʤʣʝʥʠʷ (4.12), ʧʦʣʫʯʘʝʤ: 

ὖ̏̓̑
̄ Ƞ                                                     (17) 
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ὖ̐̑̄ ȟ                                                     (18) 

ɸʥʘʣʦʛʠʯʥʳʝ ʚʳʢʣʘʜʢʠ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥ-
ʪʳ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʝʣʦʤʣʝʥʠʡ: 

ὖ̏̓̑
̄ Ƞ                                          (19) 

ὖ̐̑̃ Ƞ                                       (20) 

ʌʠʟʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʪʨʘʞʝʥʠʷ ʦʪ ʧʣʦʩʢʦʡ ʛʨʘʥʠʮʳ.  
ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. 

I. ʇʫʩʪʴ ʦʙʝ ʩʨʝʜʳ ʠʜʝʘʣʴʥʳʝ ʜʠʵʣʝʢʪʨʠʢʠ (ʎ ʎ π) ʠ  ʈ ʈ. 

ʇʦʣʦʞʠʤ  0̏̓̑
ȟ̄̃ π. ʀʟ (17) ʧʦʣʫʯʘʝʤ 

ὯÃÏÓ• ‐ ‘ Ὧ Ὧ ίὭὲ•, 

ʪ.ʝ. ʵʪʦ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, ʢʦʛʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ Ὧ ὯȢ ɼʣʷ 
ʩʨʝʜ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʣʠʰʴ ʚʝʣʠʯʠʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʧʨʠ ʎ πȟ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʦ-
ʣʷʨʠʟʦʚʘʥʥʘʷ ʚʦʣʥʘ ʚʩʝʛʜʘ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. 

ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

ὖ̏̓̑
̃ πȠ Ὧ ‐ὧέί•  ‐Ὧ Ὧ ίὭὲ• Ȣ 

ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ, ʯʪʦ ʦʪʨʘʞʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʚʦʣʥ ʦʪ ʧʣʦʩʢʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝ-
ʣʘ ʜʚʫʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʠ ʧʘʜʝʥʠʠ ʠʭ ʧʦʜ ʫʛʣʦʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʠʟ ʫʩʣʦʚʠʷ 

ίὭὲ• Ȣ                                                                   (21) 

ʋʛʦʣ • ʥʘʟʳʚʘʝʪʩʷ ʫʛʣʦʤ ɹʨʶʩʪʝʨʘ. 
 

ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
 
1.  ʕʣʝʢʪʨʦʜʠʥʘʤʠʢʘ ʠ ʪʝʭʥʠʢʘ ʉɺʏ. ʏʘʩʪʴ I. ʊʝʦʨʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ / ʇʦʜ ʨʝʜ. 

ɹ.ʀ.ʂʫʨʠʣʠʥʘ. ʄ., ɺʦʝʥʠʟʜʘʪ, 1983.  
2. ʃʝʚʠʥ, ʃʝʦʥʘʨʜ. ʊʝʦʨʠʷ ʚʦʣʥʦʚʦʜʦʚ ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʚʦʣʥʦʚʦʜ. ʟʘʜʘʯ / ʃ. ʃʝʚʠʥ; ʇʝʨ. ʩ ʘʥʛʣ. 

ʧʦʜ ʨʝʜ. ɺʦʣʴʤʘʥʘ ɺ. ʀ.. ð ʄʦʩʢʚʘ : ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1981. ð 311 ʩ. 
 

É ɸ.ʉ. ʂʦʟʣʦʚ, ɸ.ɺ. ʄʫʨʘʰʢʠʥ, ʀ.ʄ. ɻʦʨʝʚʦʡ, ʉ.ɺ. ɺʘʨʣʘʤʦʚ, 2026. 
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УДК 727.1:376.2 

АРХИТЕКТУРНЫЕ ПРИНЦИПЫ ОБЕСПЕЧЕНИЯ 
ДОСТУПНОСТИ И ИНКЛЮЗИВНОСТИ 
ОБЩЕОБРАЗОВАТЕЛЬНЫХ ЗДАНИЙ 

Муминзода Ашраф Рахмонали 
ʜʦʢʪʦʨʘʥʪ PhD ʢʘʬʝʜʨʳ çɸʨʭʠʪʝʢʪʫʨʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè 

Наимов Панджшер Авазхонович 
ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ çɸʨʭʠʪʝʢʪʫʨʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè 

Саидзода Хайдар Худжаназар 
ʤʘʛʠʩʪʨʘʥʪ 1-ʛʦ ʢʫʨʩʘ ʛʨ 700201-05 ʢʘʬʝʜʨʳ çɸʨʭʠʪʝʢʪʫʨʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè 

ʊʊʋ ʠʤ. ʘʢʘʜ. ʄ.ʉ. ʆʩʠʤʠ, ɼʫʰʘʥʙʝ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʧʨʠʥʮʠʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʢʣʶ-
ʟʠʚʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʚ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʰʢʦʣʘʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʢʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ 
ʠʥʢʣʶʟʠʚʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ: ʚʭʦʜʥʳʝ ʛʨʫʧʧʳ, ʧʫʪʠ ʜʚʠʞʝʥʠʷ, ʫʯʝʙʥʳʝ ʠ ʩʘʥʠʪʘʨʥʳʝ ʧʦʤʝʱʝʥʠʷ, ʩʠʩʪʝ-
ʤʳ ʥʘʚʠʛʘʮʠʠ, ʩʚʝʪʦʚʦʡ ʠ ʘʢʫʩʪʠʯʝʩʢʠʡ ʢʦʤʬʦʨʪ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʠʩʪʝʤʥʦʛʦ ʚʥʝʜʨʝʥʠʷ 
ʠʥʢʣʶʟʠʚʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʰʢʦʣʴʥʳʭ ʟʜʘʥʠʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʥʢʣʶʟʠʚʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ; ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʰʢʦʣʳ; ʙʝʟʙʘʨʴʝʨʥʘʷ ʩʨʝʜʘ; ʫʥʠ-
ʚʝʨʩʘʣʴʥʳʡ ʜʠʟʘʡʥ; ʜʦʩʪʫʧʥʦʩʪʴ ʟʜʘʥʠʡ; ʤʘʣʦʤʦʙʠʣʴʥʳʝ ʛʨʫʧʧʳ ʥʘʩʝʣʝʥʠʷ; ʥʘʚʠʛʘʮʠʷ; ʩʝʥʩʦʨʥʳʡ 
ʢʦʤʬʦʨʪ; ʘʜʘʧʪʠʚʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
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Abstract: The article examines the architectural and spatial-planning principles for shaping an inclusive edu-
cational environment in general education schools. The key elements of inclusive architecture are analyzed: 
entrance areas, circulation routes, classrooms and sanitary facilities, wayfinding systems, and visual and 
acoustic comfort. The article substantiates the need for systematic implementation of inclusive design solu-
tions at all stages of the design and reconstruction of school buildings. 
Keywords: inclusive architecture; general education schools; barrier-free environment; universal design; build-
ing accessibility; people with limited mobility; wayfinding; sensory comfort; adaptive spaces. 

 
ʇʨʘʚʠʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ ʰʢʦʣʳ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʰʘʛʦʤ ʢ ʠʥʢʣʶʟʠʚʥʦʩʪʠ. ʊʝʨʨʠʪʦʨʠʶ ʠ ʚʥʫʪ-

ʨʝʥʥʠʝ ʧʦʤʝʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʧʦʪʦʢʠ ʚʩʝʭ ʢʘʪʝʛʦʨʠʡ ʫʯʘʱʠʭʩʷ ʠ ʧʝʨʩʦʥʘ-
ʣʘ ʧʝʨʝʤʝʱʘʣʠʩʴ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ. ʅʘ ʛʝʥʧʣʘʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʘʟʜʝʣʷʪʴ ʟʦʥʳ ʪʠʭʦʛʦ ʦʪʜʳʭʘ ʠ ʘʢ-
ʪʠʚʥʳʭ ʠʛʨ, ʩʦʝʜʠʥʷʷ ʠʭ ʫʜʦʙʥʳʤʠ ʧʝʰʝʭʦʜʥʳʤʠ ʧʫʪʷʤʠ. ʅʘ ʧʨʠʰʢʦʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʩʝʥʩʦʨʥʳʝ ʩʘʜʳ ʠ ʪʠʭʠʝ ʫʛʦʣʢʠ ʜʣʷ ʩʝʥʩʦʨʥʦʡ ʨʘʟʛʨʫʟʢʠ ð ʧʦ ʦʧʳʪʫ, 80% ʧʝʨʝʜʦʚʳʭ 
ʧʨʦʝʢʪʦʚ ʰʢʦʣ ʚʢʣʶʯʘʶʪ ʪʘʢʠʝ ʟʦʥʳ. ɺʥʫʪʨʠ ʟʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʙʠʥʝʪʳ (ʨʝʩʫʨʩʥʳʝ ʢʣʘʩʩʳ, ʢʘʙʠ-
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ʥʝʪʳ ʧʩʠʭʦʣʦʛʘ, ʣʦʛʦʧʝʜʘ) ʨʘʟʤʝʱʘʶʪʩʷ ʚʙʣʠʟʠ ʚʭʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʝʪʷʤ ʩ ʦʩʦʙʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ 
ʫʜʦʙʥʳʡ ʢ ʥʠʤ ʜʦʩʪʫʧ. 

ɿʦʥʠʨʦʚʘʥʠʝ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦʩʪʨʘʥʩʪʚ ð ʢʘʢ ʦʙʱʠʭ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʚʩʝʭ ʫʯʝʥʠʢʦʚ, ʪʘʢ ʠ ʫʝʜʠʥʸʥʥʳʭ, ʩʧʦʢʦʡʥʳʭ ʟʦʥ ʜʣʷ ʦʪʜʳʭʘ ʦʪ ʧʝʨʝʛʨʫʟʢʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʧʨʠʥʮʠʧʘʤ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʜʠʟʘʡʥʘ, ʪʨʝʙʫʶʱʠʤ ʫʯʠʪʳʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ ʧʨʝʜʧʦʯʪʝ-
ʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɻʣʘʚʥʳʝ ʚʭʦʜʳ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʩ ʫʨʦʚʥʷ ʟʝʤʣʠ, ʙʝʟ ʩʪʫʧʝʥʝʡ; ʚʩʝ ʜʚʝʨʠ ð h ʠʨʦʢʠʝ 
ʠ ʦʪʢʨʳʚʘʶʱʠʝʩʷ ʥʘʨʫʞʫ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʵʚʘʢʫʘʮʠʠ. 

ɺʭʦʜʥʳʝ ʟʦʥʳ ʠʥʢʣʶʟʠʚʥʳʭ ʰʢʦʣ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʚ ʩʪʨʦʛʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʘʤʠ ʜʦʩʪʫʧ-
ʥʦʩʪʠ. ʆʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ð ʦʪʩʫʪʩʪʚʠʝ ʙʘʨʴʝʨʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ ʫʣʠʮʳ ʚ ʟʜʘʥʠʝ. ʋʢʣʦʥ ʩʪʘʮʠʦʥʘʨ-
ʥʳʭ ʧʘʥʜʫʩʦʚ ʧʨʠʥʠʤʘʝʪʩʷ ʥʝ ʙʦʣʝʝ 5% (1:20), ʤʘʢʩʠʤʫʤ ð 8%; ʧʘʥʜʫʩʳ ʦʩʥʘʱʘʶʪʩʷ ʜʚʫʭʫʨʦʚʥʝʚʳʤʠ 
ʧʦʨʫʯʥʷʤʠ ʥʘ ʚʳʩʦʪʝ 70 ʠ 90 ʩʤ ʠ ʙʦʨʪʠʢʘʤʠ ʚʳʩʦʪʦʡ Ó 5 ʩʤ. ʐʠʨʠʥʘ ʚʭʦʜʥʦʡ ʜʚʝʨʠ ð ʥʝ ʤʝʥʝʝ 90 
ʩʤ; ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʜʚʝʨʠ ʠʣʠ ʜʚʝʨʠ ʩ ʜʦʚʦʜʯʠʢʦʤ [1]. ɺ ʪʘʤʙʫʨʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 
ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʨʘʟʚʦʨʦʪʘ ʢʦʣʷʩʢʠ 1,5Ĭ1,5 ʤ. ʋ ʚʭʦʜʘ ʥʘ ʚʳʩʦʪʝ 85ï100 ʩʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʥʦʧʢʘ 
ʚʳʟʦʚʘ ʧʦʤʦʱʠ [2]. 

 

 
ʉʡʪ. 1. ʖʤʞʥʞʦʫʴ ʦʙʛʡʜʙʯʡʡ ʡ ʧʩʡʞʦʫʡʩʧʛʙʦʡʸ ʛ ʡʦʣʤʷʠʡʛʦʧʢ ʧʚʩʙʠʧʛʙʫʞʤʵʦʧʢ ʪʩʞʝʞ ʱʣʧʤʴ 

 
ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʚ ʠʥʢʣʶʟʠʚʥʦʡ ʰʢʦʣʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʧʘʩʥʦʝ ʠ ʙʝʩʧʨʝʧʷʪ-

ʩʪʚʝʥʥʦʝ ʧʝʨʝʜʚʠʞʝʥʠʝ ʚʩʝʭ ʫʯʘʱʠʭʩʷ. ʄʠʥʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʢʦʨʠʜʦʨʦʚ ð ʥʝ ʤʝʥʝʝ 1,5 ʤ, ʯʪʦ ʦʙʝʩ-
ʧʝʯʠʚʘʝʪ ʨʘʟʲʝʟʜ ʜʚʫʭ ʠʥʚʘʣʠʜʥʳʭ ʢʦʣʷʩʦʢ. ɼʦʧʫʩʪʠʤʳʝ ʧʝʨʝʧʘʜʳ ʫʨʦʚʥʝʡ ʧʦʣʘ ʥʝ ʧʨʝʚʳʰʘʶʪ 1,3ï
2,0 ʩʤ; ʧʨʠ ʙʦʣ́ʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʫʩʪʨʘʠʚʘʶʪʩʷ ʩʢʦʩʳ ʠʣʠ ʤʠʥʠ-ʧʘʥʜʫʩʳ. ɺʜʦʣʴ ʩʪʝʥ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ 
ʧʦʨʫʯʥʠ ʥʘ ʚʳʩʦʪʝ 70ï90 ʩʤ, ʘ ʧʦ ʦʩʥʦʚʥʳʤ ʤʘʨʰʨʫʪʘʤ ð ʪʘʢʪʠʣʴʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʵʣʝʤʝʥʪʳ [1]. 

ɺʝʨʪʠʢʘʣʴʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠʥʢʣʶʟʠʚʥʦʡ ʩʨʝʜʳ. ɺ 
ʟʜʘʥʠʷʭ ʰʢʦʣ ʵʪʘʞʥʦʩʪʴʶ 3 ʵʪʘʞʘ ʠ ʙʦʣʝʝ, ʘ ʜʣʷ ʰʢʦʣ-ʠʥʪʝʨʥʘʪʦʚ ð 2 ʵʪʘʞʘ ʠ ʙʦʣʝʝ, ʦʙʷʟʘʪʝʣʴʥʘ 
ʫʩʪʘʥʦʚʢʘ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʣʠʬʪʘ ʩ ʢʘʙʠʥʦʡ Ó 1,1Ĭ1,4 ʤ ʠ ʰʠʨʠʥʦʡ ʜʚʝʨʥʦʛʦ ʧʨʦʸʤʘ Ó 0,9 ʤ. ʃʠʬʪʳ 
ʦʩʥʘʱʘʶʪʩʷ ʪʘʢʪʠʣʴʥʳʤʠ ʢʥʦʧʢʘʤʠ ʩ ʜʫʙʣʠʨʦʚʘʥʠʝʤ ʰʨʠʬʪʦʤ ɹʨʘʡʣʷ ʠ ʟʚʫʢʦʚʳʤ ʦʙʲʷʚʣʝʥʠʝʤ ʵʪʘ-
ʞʝʡ [3]. ʃʝʩʪʥʠʮʳ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʩ ʚʳʩʦʪʦʡ ʧʦʜʩʪʫʧʝʥʢʘ 12ï15 ʩʤ, ʢʦʥʪʨʘʩʪʥʦʡ ʤʘʨʢʠʨʦʚʢʦʡ ʢʨʦʤʦʢ 
ʩʪʫʧʝʥʝʡ ʠ ʧʨʦʪʠʚʦʩʢʦʣʴʟʷʱʠʤʠ ʧʦʢʨʳʪʠʷʤʠ. 

ʂʣʘʩʩʥʳʝ ʧʦʤʝʱʝʥʠʷ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʚʦʙʦʜʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʫʯʘʱʠʭʩʷ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ 
ʧʦʜʚʠʞʥʦʩʪʴʶ. ʐʠʨʠʥʘ ʧʨʦʭʦʜʦʚ ʤʝʞʜʫ ʨʷʜʘʤʠ ʧʘʨʪ ð ʥʝ ʤʝʥʝʝ 1,2 ʤ; ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʨʘʟʤʝʱʘ-
ʶʪʩʷ ʥʘ ʚʳʩʦʪʝ ʥʝ ʙʦʣʝʝ 120 ʩʤ ʦʪ ʫʨʦʚʥʷ ʧʦʣʘ [4]. ʇʨʠʤʝʥʝʥʠʝ ʤʝʙʝʣʠ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʚʳʩʦʪʦʡ ʧʦʟ-
ʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʯʘʱʠʭʩʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʮʠʧʘʤ ʫʥʠʚʝʨʩʘʣʴ-
ʥʦʛʦ ʜʠʟʘʡʥʘ. 
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ʉʡʪ. 2. ʁʦʣʤʷʠʡʛʦʴʢ ʪʙʦʡʫʙʩʦʴʢ ʬʠʞʤ ʪ ʚʞʠʚʙʩʵʞʩʦʧʢ ʨʤʙʦʡʩʧʛʣʧʢ ʡ ʪʡʪʫʞʥʧʢ ʨʧʩʬʰʦʞʢ 

 
ʆʙʷʟʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠʥʢʣʶʟʠʚʥʦʡ ʰʢʦʣʳ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʩʘʥʠʪʘʨʥʳʝ ʫʟʣʳ. ʄʠ-

ʥʠʤʘʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʢʘʙʠʥʳ ð 1,65Ĭ1,8 ʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʟʚʦʨʦʪ ʢʦʣʷʩʢʠ. ɺʳʩʦʪʘ ʫʥʠʪʘʟʘ ð 45ï
50 ʩʤ, ʧʦʨʫʯʥʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʚʳʩʦʪʝ 70ï80 ʩʤ, ʨʘʢʦʚʠʥʘ ð ʥʘ ʚʳʩʦʪʝ ʦʢʦʣʦ 80 ʩʤ [2]. ʂʥʦʧʢʘ 
ʚʳʟʦʚʘ ʧʦʤʦʱʠ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʚʳʩʦʪʝ ʦʢʦʣʦ 0,5 ʤ ʦʪ ʧʦʣʘ [5]. 

 

 
ʉʡʪ.  5.  ʁʦʣʤʷʠʡʛʦʙʸ ʛʞʩʫʡʣʙʤʵʦʙʸ ʣʧʥʥʬʦʡʣʙʯʡʸ ʡ ʚʞʠʚʙʩʵʞʩʦʴʞ ʨʬʫʡ ʝʛʡʟʞʦʡʸ ʛ ʱʣʧʤʞ 
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ʆʨʠʝʥʪʠʨʦʚʘʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʠʟʫʘʣʴʥʳʭ, ʪʘʢʪʠʣʴʥʳʭ ʠ ʘʢʫ-
ʩʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ɺʜʦʣʴ ʦʩʥʦʚʥʳʭ ʤʘʨʰʨʫʪʦʚ ʜʚʠʞʝʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢʪʠʣʴʥʳʝ ʥʘʧʨʘʚʣʷʶ-
ʱʠʝ ʧʦʣʦʩʳ; ʧʝʨʝʜ ʣʝʩʪʥʠʮʘʤʠ, ʚʳʭʦʜʘʤʠ ʠ ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ð ʪʘʢʪʠʣʴʥʳʝ ʧʨʝʜʫ-
ʧʨʝʞʜʘʶʱʠʝ ʠʥʜʠʢʘʪʦʨʳ [4]. ʈʝʣʴʝʬʥʳʝ ʤʥʝʤʦʩʭʝʤʳ ʩ ʜʫʙʣʠʨʦʚʘʥʠʝʤ ʰʨʠʬʪʦʤ ɹʨʘʡʣʷ ʨʘʟʤʝʱʘʶʪ-
ʩʷ ʥʘ ʢʘʞʜʦʤ ʵʪʘʞʝ ʫ ʣʠʬʪʦʚ ʠ ʦʩʥʦʚʥʳʭ ʣʝʩʪʥʠʮ ʥʘ ʚʳʩʦʪʝ 1,2ï1,5 ʤ. ʊʘʙʣʠʯʢʠ ʩ ʥʘʠʤʝʥʦʚʘʥʠʝʤ ʧʦ-
ʤʝʱʝʥʠʡ ʠ ʰʨʠʬʪʦʤ ɹʨʘʡʣʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʫ ʜʚʝʨʝʡ ʥʘ ʚʳʩʦʪʝ 1,4ï1,5 ʤ ʨʷʜʦʤ ʩ ʜʚʝʨʥʦʡ ʨʫʯʢʦʡ. 

ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʮʚʝʪʦʚʦʝ ʢʦʜʠʨʦʚʘʥʠʝ: ʨʘʟʣʠʯʥʘʷ ʮʚʝʪʦʚʘʷ ʛʘʤ-
ʤʘ ʵʪʘʞʝʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ, ʢʦʥʪʨʘʩʪʥʳʝ ʧʠʢʪʦʛʨʘʤʤʳ ʠ ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʤʝʱʝʥʠʡ. ɸʢʫʩʪʠʯʝʩʢʦʝ 
ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʚʫʢʦʚʳʤʠ ʤʘʷʢʘʤʠ ʫ ʚʭʦʜʦʚ ʠ ʚ ʣʠʬʪʘʭ, ʘ ʪʘʢʞʝ ʩʚʝʪʦʟʚʫʢʦʚʳʤʠ 
ʩʠʩʪʝʤʘʤʠ ʦʧʦʚʝʱʝʥʠʷ. ɺ ʫʯʝʙʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʜʣʷ ʩʣʘʙʦʩʣʳʰʘʱʠʭ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʠʥʜʫʢʮʠʦʥʥʳʝ 
ʧʝʪʣʠ ʠ ʩʠʩʪʝʤʳ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ, ʧʦʚʳʰʘʶʱʠʝ ʨʘʟʙʦʨʯʠʚʦʩʪʴ ʨʝʯʠ. ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʘ-
ʟʘʥʥʳʭ ʩʨʝʜʩʪʚ ʧʦʚʳʰʘʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʫʯʘʱʠʭʩʷ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʬʦʨʪ, ʩʥʠʞʘʷ ʟʘʚʠʩʠ-
ʤʦʩʪʴ ʜʝʪʝʡ ʦʪ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ. 

ʆʩʚʝʱʝʥʠʝ ʠ ʘʢʫʩʪʠʢʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʠʥʢʣʶʟʠʚʥʦʡ ʩʨʝʜʳ. ʆʩʚʝʱʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 
ʨʘʚʥʦʤʝʨʥʳʤ, ʙʝʟ ʙʣʠʢʦʚ ʠ ʤʝʨʮʘʥʠʷ, ʩ ʧʨʠʦʨʠʪʝʪʦʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ʠ ʨʝʛʫʣʠʨʫʝʤʦʡ ʦʩʚʝʱʸʥʥʦʩʪʴʶ 
ʜʣʷ ʫʯʘʱʠʭʩʷ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʟʨʝʥʠʷ. ɸʢʫʩʪʠʯʝʩʢʠʡ ʢʦʤʬʦʨʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʠʭ 
ʧʦʪʦʣʢʦʚ ʠ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ Ŭ = 0,6ï0,8, ʘ ʪʘʢʞʝ ʘʢʫʩʪʠʯʝʩʢʠʤ ʟʦʥʠʨʦʚʘʥʠʝʤ ʧʦʤʝʱʝʥʠʡ. 
ɺ ʫʯʝʙʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʜʣʷ ʩʣʘʙʦʩʣʳʰʘʱʠʭ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʠʥʜʫʢʮʠʦʥʥʳʝ ʧʝʪʣʠ ʠ ʩʠʩʪʝʤʳ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ. 

ʇʨʠʥʮʠʧ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʤʦ-
ʙʠʣʴʥʫʶ ʤʝʙʝʣʴ. ɺ ʥʝʤʝʮʢʦʡ ʰʢʦʣʝ ʠʤʝʥʠ ɻʫʩʪʘʚʘ ʍʘʡʥʝʤʘʥʥʘ ʨʝʢʨʝʘʮʠʠ ʨʘʟʜʝʣʷʶʪʩʷ ʤʦʙʠʣʴʥʳʤʠ 
ʧʝʨʝʛʦʨʦʜʢʘʤʠ, ʧʦʟʚʦʣʷʷ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʛʨʫʧʧʦʚʳʭ ʟʘʥʷʪʠʡ, ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʨʘʙʦʪʳ 
ʠʣʠ ʩʝʥʩʦʨʥʦʡ ʨʘʟʛʨʫʟʢʠ. ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʤʝʙʝʣʴ ð ʨʝʛʫʣʠʨʫʝʤʳʝ ʧʦ ʚʳʩʦʪʝ ʧʘʨʪʳ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ 
ʩʪʫʣʴʷ, ʪʘʢʪʠʣʴʥʳʝ ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʧʘʥʝʣʠ ð ʩʥʠʞʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʚʳʜʝʣʝ-
ʥʠʠ çʩʧʝʮʠʘʣʴʥʳʭè ʨʝʰʝʥʠʡ [4]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʢʣʶʟʠʚʥʦʡ ʩʨʝʜʳ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʨʭʠʪʝʢ-
ʪʫʨʥʳʭ ʨʝʰʝʥʠʡ: ʜʦʩʪʫʧʥʳʭ ʧʫʪʝʡ ʜʚʠʞʝʥʠʷ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʫʯʝʙʥʳʭ ʧʦʤʝʱʝʥʠʡ, ʩʠʩʪʝʤ ʥʘʚʠʛʘʮʠʠ, 
ʦʧʪʠʤʘʣʴʥʳʭ ʩʚʝʪʦʚʳʭ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʛʠʙʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɿʘʨʫʙʝʞʥʳʡ 
ʦʧʳʪ ð ʰʢʦʣʳ Donaldson's School (ʐʦʪʣʘʥʜʠʷ), Hazelwood School (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʠ Gustav 
Heinemann School (ɻʝʨʤʘʥʠʷ) ð ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʠʥʢʣʶʟʠʚʥʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 
ʧʦʚʳʰʘʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʫʯʘʱʠʭʩʷ, ʢʘʯʝʩʪʚʦ ʦʙʫʯʝʥʠʷ ʠ ʫʨʦʚʝʥʴ ʩʦʮʠʘʣʴʥʦʡ ʠʥʪʝʛʨʘʮʠʠ [5]. 

ɺ ʮʝʣʦʤ ʠʥʢʣʶʟʠʚʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʟʜʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʙʭʦʜʠ-
ʤʦʝ ʫʩʣʦʚʠʝ ʨʘʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʪʨʝʙʫʝʪ ʧʝʨʝʭʦʜʘ ʦʪ ʬʦʨʤʘʣʴ-
ʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʮʝʣʦʩʪʥʦʤʫ ʚʥʝʜʨʝʥʠʶ ʧʨʠʥʮʠʧʦʚ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʜʠʟʘʡʥʘ ʥʘ ʚʩʝʭ ʵʪʘ-
ʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʰʢʦʣ. 
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УДК 624.042.7(575.3) 

СЕЙСМОСТОЙКОСТЬ ЗДАНИЙ В ОСОБЫХ 
СЕЙСМИЧЕСКИХ УСЛОВИЯХ ТАДЖИКИСТАНА 
И КОНСТРУКТИВНЫЕ РЕШЕНИЯ ПО ЕЁ 
ОБЕСПЕЧЕНИЮ 

Наимов Панджшер Авазхонович 
ʘʩʠʩʩʪʝʥʪ ʢʘʬʝʜʨʳ çɸʨʭʠʪʝʢʪʫʨʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè 

Нодирбеков Имрон Доргаевич, 
Рахимов  Муроджон Санъатович 

ʤʘʛʠʩʪʨʘʥʪ r2-ʛʦ ʢʫʨʩʘ ʛʨ 700201-05 ʢʘʬʝʜʨʳ çɸʨʭʠʪʝʢʪʫʨʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè 

Зоиров Бахром Икромиддинович 
ʤʘʛʠʩʪʨʘʥʪ 1-ʛʦ ʢʫʨʩʘ ʛʨ 700201-05 ʢʘʬʝʜʨʳ çɸʨʭʠʪʝʢʪʫʨʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè 

ʊʊʋ ʠʤ.ʘʢʘʜ. ʄ.ʉ.ʆʩʠʤʠ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠ ʜʘʥʥʳʭ ʦ ʧʦ-
ʚʨʝʞʜʝʥʠʷʭ ʟʜʘʥʠʡ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʚʳʧʦʣʥʝʥ ʨʘʩʯʸʪ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʪʠʧʦʚʦʝ 9-ɻ ʪʘʞʥʦʝ 
ʢʘʨʢʘʩʥʦʝ ʟʜʘʥʠʝ ʚ ʛ. ɼʫʰʘʥʙʝ ʩ ʫʯʸʪʦʤ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ III ʢʘʪʝʛʦʨʠʠ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʨʸʭ 
ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ð ʢʘʨʢʘʩʥʦʡ ʨʘʤʥʦʡ, ʢʘʨʢʘʩʥʦ-ʩʚʷʟʝʚʦʡ ʠ ʢʘʨʢʘʩʥʦʡ ʩ ʩʝʡʩʤʦʠʟʦʣʷʮʠʝʡ ð ʧʦ 
ʢʨʠʪʝʨʠʷʤ ʨʘʩʯʸʪʥʦʡ ʥʘʛʨʫʟʢʠ, ʤʝʞʵʪʘʞʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʩʪʦʠʤʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 
ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʝʡʩʤʦʠʟʦʣʷʪʦʨʦʚ ʩʥʠʞʘʝʪ ʨʘʩʯʸʪʥʳʝ ʥʘʛʨʫʟʢʠ ʚ 3,2 ʨʘʟʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʦʠ-
ʤʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʯʘʩʪʠ ʥʘ 11%. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʠ-
ʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʦʙʲʝʢʪʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʝʡʩʤʦʩʪʦʡʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ; ʊʘʜʞʠʢʠʩʪʘʥ; ʩʝʡʩʤʦʠʟʦʣʷʮʠʷ; ʜʝʤʧʬʠʨʦʚʘʥʠʝ; ʨʘʩ-
ʯʸʪ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ; ʣʸʩʩʦʚʳʝ ʛʨʫʥʪʳ; ʜʫʢʪʠʣʴʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ; ɻʅʠʇ ʈʊ 22-07-2015. 

 
SEISMIC RESISTANCE OF BUILDINGS UNDER THE SPECIFIC SEISMIC CONDITIONS OF TAJIKISTAN 

AND STRUCTURAL SOLUTIONS FOR ENSURING IT 
 

Naimov Panjsher Avazkhonovich,  
Nodirbekov Imron Dorgaevich, 

Rakhimov Murodjon Sanatovich,  
Zoirov Bakhrom Ikromiddinovich 

  
Abstract: Based on an analysis of the seismotectonic conditions of Tajikistan and data on building damage 
caused by earthquakes, the article presents a calculation of seismic loads on a typical 9-storey frame building 
in Dushanbe, taking into account Category III ground conditions. Three structural systems are compared ð a 
moment-resisting frame, a braced frame, and a frame with seismic isolation ð against the criteria of design 
load, inter-storey drift, and cost. It is established that the use of laminated rubberïmetal seismic isolators re-
duces the design loads by a factor of 3.2, while increasing the cost of the structural part by 11%. Recommen-
dations are formulated for selecting a structural system depending on the importance (responsibility) class of 
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the facility. 
Keywords: earthquake-resistant construction; Tajikistan; seismic isolation; damping; calculation of seismic 
loads; loess soils; structural ductility; GNiP RT 22-07-2015. 

 
ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʦʜʥʦʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʨʝʛʠʦʥʦʚ ʎʝʥ-

ʪʨʘʣʴʥʦʡ ɸʟʠʠ ð ʚ ʟʦʥʝ ʢʦʣʣʠʟʠʠ ʀʥʜʦ-ɸʚʩʪʨʘʣʠʡʩʢʦʡ ʠ ɽʚʨʘʟʠʡʩʢʦʡ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ. ɻʦʨʥʳʝ ʩʠ-
ʩʪʝʤʳ ʇʘʤʠʨʘ ʠ ʊʷʥʴ-ʐʘʥʷ ʟʘʥʠʤʘʶʪ ʙʦʣʝʝ 93% ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ; ʚʳʜʝʣʝʥʦ ʙʦʣʝʝ 40 ʘʢʪʠʚʥʳʭ 
ʨʘʟʣʦʤʦʚ ʩ ʤʘʛʥʠʪʫʜʦʡ M Ó 6,0, ʩʢʦʨʦʩʪʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʜʦʩʪʠʛʘʶʪ 10ï20 ʤʤ/ʛʦʜ [1, 2]. ʈʘʟ-
ʨʫʰʠʪʝʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ð ʍʘʠʪʩʢʦʝ (1949, M = 7,4, å28 000 ʧʦʛʠʙʰʠʭ), ɻʠʩʩʘʨʩʢʦʝ (1989, M = 5,5, 
274 ʧʦʛʠʙʰʠʭ) ð ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʘʩʰʪʘʙ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʠʩʢʘ [3]. ʇʦ ʜʘʥʥʳʤ ɻʦʩʫʜʘʨʩʪʚʝʥ-
ʥʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʈʊ, ʜʦ 40% ʞʠʣʳʭ ʟʜʘʥʠʡ ʚ ʩʝʡʩʤʦʦʧʘʩʥʳʭ ʨʘʡʦʥʘʭ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 
ʩʦʚʨʝʤʝʥʥʳʤ ʥʦʨʤʘʤ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ [5]. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ð ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʸʪʥʦʛʦ ʩʨʘʚʥʝʥʠʷ 
ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʦʙʦʩʥʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʫʩʣʦʚʠʡ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠ 
ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʧʨʦʝʢʪʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʢʘʨʪʝ ʆʉʈ-2017 [4], ʙʦʣʝʝ 70% ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʥʘʤ ʨʘʩʯʸʪʥʦʡ ʩʝʡ-
ʩʤʠʯʥʦʩʪʠ 8ï9 ʙʘʣʣʦʚ MSK-64. ɼʣʷ ɼʫʰʘʥʙʝ ʧʠʢʦʚʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ PGA = 0,35ï0,45g 
(10% ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʝʚʳʰʝʥʠʷ ʟʘ 50 ʣʝʪ). ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʦʥ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 
ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʩʣʦʞʥʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʣʸʩʩʦʚʳʭ ʛʨʫʥʪʦʚ III 
ʢʘʪʝʛʦʨʠʠ ʚ ɻʠʩʩʘʨʩʢʦʡ ʠ ɺʘʭʰʩʢʦʡ ʜʦʣʠʥʘʭ: ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʜʦʩʪʠʛʘʝʪ 2,0ï2,5, ʯʪʦ 
ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʯʸʪʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ 1,0ï1,5 ʙʘʣʣʘ [2, 8]. ʕʪʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʟʘʥʠ-
ʞʘʝʪ ʨʘʩʯʸʪʥʳʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʜʣʷ ʛʨʫʥʪʦʚ II ʢʘʪʝʛʦʨʠʠ. 

 
ʋʙʚʤʡʯʙ 1 

ʃʤʙʪʪʡʭʡʣʙʯʡʸ ʪʞʢʪʥʡʰʞʪʣʡʮ ʠʧʦ ʫʞʩʩʡʫʧʩʡʡ ʋʙʝʟʡʣʡʪʫʙʦʙ  

ʊʞʢʪʥʡʰʞʪʣʙʸ 
ʠʧʦʙ 

PGA (g) ʋʞʩʩʡʫʧʩʡʸ ʇʪʦʧʛʦʴʞ ʜʧʩʧʝʙ 

I ð 9 ʙʘʣʣʦʚ 0,36ï0,48 
ʎʝʥʪʨʘʣʴʥʳʡ ʇʘʤʠʨ, ɻʠʩʩʘʨ-
ʩʢʘʷ ʜʦʣʠʥʘ, ɺʘʭʰʩʢʘʷ ʟʦʥʘ 

ɼʫʰʘʥʙʝ, ʍʦʨʦʛ, ʂʫʣʷʙ, ʌʘʡʟʘʙʘʜ 

II ð 8 ʙʘʣʣʦʚ 0,20ï0,36 
ʉʝʚʝʨʥʳʡ ʊʘʜʞʠʢʠʩʪʘʥ, ʌʝʨ-
ʛʘʥʩʢʘʷ ʚʧʘʜʠʥʘ, ɿʘʧʘʜʥʳʡ 
ʇʘʤʠʨ 

ʍʫʜʞʘʥʜ, ʀʩʪʘʨʘʚʰʘʥ, ʇʝʥʜʞʠʢʝʥʪ, 
ʀʩʬʘʨʘ 

III ð 7 ʙʘʣʣʦʚ 0,10ï0,20 
ʆʪʜʝʣʴʥʳʝ ʨʘʡʦʥʳ ʉʦʛʜʠʡ-
ʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʠʟʤʝʥʥʳʝ 
ʫʯʘʩʪʢʠ 

ɹʫʩʪʦʥ, ʂʘʥʠʙʘʜʘʤ 

IV ð 6 ʙʘʣʣʦʚ < 0,10 
ʆʛʨʘʥʠʯʝʥʥʳʝ ʫʯʘʩʪʢʠ ʨʘʚ-
ʥʠʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ʄʘʣʦʥʘʩʝʣʸʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ 

 
ɼʝʡʩʪʚʫʶʱʠʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ɻʅʠʇ ʈʊ 22-07-2015 çʉʝʡʩʤʦʩʪʦʡʢʦʝ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʦè [5], ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʣʠʥʝʡʥʦ-ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʝʪʦʜ ʨʘʩʯʸʪʘ. ʈʘʩʯʸʪʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʩʠʣʘ 
S ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

S = Kϛ Ŀ KϜ Ŀ Kϝ Ŀ Q Ŀ ɓ Ŀ ɖ, 
ʛʜʝ Kϛ = 0,22 ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʧʫʩʢʘʝʤʳʭ ʧʦʚʨʝʞʜʝʥʠʡ (ʢʘʨʢʘʩʥʳʝ ʟʜʘʥʠʷ); KϜ ð ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ; Kϝ = 1,5 ð ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ (II ʢʣʘʩʩ); Q ð ʚʝʩ ʵʪʘʞʘ, ʢʅ; ɓ ð 
ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ; ɖ ð ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ [5, 7]. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʨʘʩʯʸʪʘ ʧʨʠʥʷʪʦ ʪʠʧʦʚʦʝ 9-ɻ ʪʘʞʥʦʝ ʢʘʨʢʘʩʥʦʝ ʞʠʣʦʝ ʟʜʘʥʠʝ ʚ ʛ. ɼʫʰʘʥʙʝ: 
ʚʳʩʦʪʘ 27 ʤ, ʧʣʘʥ 18Ĭ36 ʤ, ʚʝʩ ʪʠʧʦʚʦʛʦ ʵʪʘʞʘ Q = 4 500 ʢʅ, ʛʨʫʥʪʳ III ʢʘʪʝʛʦʨʠʠ (ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝ-
ʥʠʷ 1,7), ʨʘʩʯʸʪʥʘʷ ʩʝʡʩʤʠʯʥʦʩʪʴ 9 ʙʘʣʣʦʚ. ʈʘʩʯʸʪ ʚʳʧʦʣʥʝʥ ʜʣʷ ʪʨʸʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʠʩʪʝʤ: ɸ ð 
ʢʘʨʢʘʩʥʘʷ ʨʘʤʥʘʷ; ɹ ð ʢʘʨʢʘʩʥʦ-ʩʚʷʟʝʚʘʷ ʩ ʤʦʥʦʣʠʪʥʳʤʠ ʜʠʘʬʨʘʛʤʘʤʠ ʞʸʩʪʢʦʩʪʠ; ɺ ð ʢʘʨʢʘʩʥʘʷ ʩ 
ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʝʡʩʤʦʠʟʦʣʷʪʦʨʘʤʠ ʚ ʦʩʥʦʚʘʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 2. 



НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 89 

 

VII International scientific conference | www.naukaip.ru 

ʋʙʚʤʡʯʙ 2 
ʊʩʙʛʦʞʦʡʞ ʣʧʦʪʫʩʬʣʫʡʛʦʴʮ ʪʡʪʫʞʥ ʨʧ ʩʙʪʰʹʫʦʴʥ ʨʧʣʙʠʙʫʞʤʸʥ ʪʞʢʪʥʧʪʫʧʢʣʧʪʫʡ 

ʈʧʣʙʠʙʫʞʤʵ 
ʊʡʪʫʞʥʙ ɹ  
(ʩʙʥʦʙʸ) 

ʊʡʪʫʞʥʙ ɺ  
(ʪʛʸʠʞʛʙʸ) 

ʊʡʪʫʞʥʙ ɻ (ʪʞʢ-
ʪʥʧʡʠʧʤʸʯʡʸ) 

ʆʧʩʥʙ ɼʆʡʈ ʉʋ 

ʉʫʤʤʘʨʥʘʷ ʛʦʨ. 
ʩʠʣʘ S, ʢʅ 

18 900 15 120 5 900 ð 

ʉʥʠʞʝʥʠʝ 
ʥʘʛʨʫʟʢʠ ʢ ʩʠ-
ʩʪʝʤʝ ɸ 

ð ï20% ï69% (ʚ 3,2 ʨʘʟʘ) ð 

ʄʘʢʩ. ʤʝʞʵʪʘʞ-
ʥʦʝ ʧʝʨʝʤʝʱʝ-
ʥʠʝ, ʤʤ 

210 140 65 Ò 180 

ʉʦʦʪʚʝʪʩʪʚʠʝ 
ʥʦʨʤʝ ʧʦ ʧʝʨʝ-
ʤʝʱʝʥʠʷʤ 

ʅʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʉʦʦʪʚʝʪʩʪʚʫʝʪ ʉʦʦʪʚʝʪʩʪʚʫʝʪ h/150 

ɼʦʧ. ʩʪʦʠʤʦʩʪʴ 
ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 
ʯʘʩʪʠ, % 

0 (ʙʘʟʘ) +6 +11 ð 

ʈʝʢʦʤʝʥʜʫʝʤʘʷ 
ʦʙʣʘʩʪʴ ʧʨʠʤʝ-
ʥʝʥʠʷ 

ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 
ʧʨʠ 9 ʙʘʣʣʘʭ 

III ʢʣʘʩʩ ʦʪʚ., 8ï9 
ʙʘʣʣʦʚ 

IïII ʢʣʘʩʩ ʦʪʚ., 9 
ʙʘʣʣʦʚ 

ð 

 
ʀʟ ʪʘʙʣʠʮʳ 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʩʠʩʪʝʤʘ ɺ (ʩʝʡʩʤʦʠʟʦʣʷʮʠʷ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʤʝʥʴʰʠʝ ʥʘʛʨʫʟʢʠ ʠ 

ʧʝʨʝʤʝʱʝʥʠʷ. ʉʫʤʤʘʨʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʠʣʘ ʧʨʠ 9-ʙʘʣʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ: ʩʠʩʪʝʤʘ ɸ ð 18 900 ʢʅ, 
ʩʠʩʪʝʤʘ ɹ ð 15 120 ʢʅ (ʩʥʠʞʝʥʠʝ ʥʘ 20%), ʩʠʩʪʝʤʘ ɺ ð 5 900 ʢʅ (ʩʥʠʞʝʥʠʝ ʚ 3,2 ʨʘʟʘ). ʄʘʢʩʠʤʘʣʴʥʦʝ 
ʤʝʞʵʪʘʞʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʜʣʷ ʩʠʩʪʝʤʳ ɸ ʩʦʩʪʘʚʣʷʝʪ 210 ʤʤ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʢʘʝʤʦʝ ʟʥʘʯʝʥʠʝ 
h/150 = 180 ʤʤ ʧʦ ɻʅʠʇ ʈʊ 22-07-2015 [5]; ʩʠʩʪʝʤʳ ɹ ʠ ɺ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ. 
ʇʨʠʨʦʩʪ ʩʪʦʠʤʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʯʘʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ɸ ʢ ɺ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 11% ð ʧʨʠ ʩʥʠʞʝʥʠʠ 
ʨʘʩʯʸʪʥʳʭ ʥʘʛʨʫʟʦʢ ʚ 3,2 ʨʘʟʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʡʩʤʦ-
ʠʟʦʣʷʮʠʠ [12]. 

ɸʥʘʣʠʟ ʧʦʚʨʝʞʜʝʥʠʡ ʟʜʘʥʠʡ ʧʨʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʩʯʸʪʥʳʝ ʚʳʚʦ-
ʜʳ. ɿʜʘʥʠʷ ʩ ʵʬʬʝʢʪʦʤ çʤʷʛʢʦʛʦ ʧʝʨʚʦʛʦ ʵʪʘʞʘè (soft story) ð ʘʥʘʣʦʛ ʩʠʩʪʝʤʳ ɸ ʩ ʦʪʢʨʳʪʳʤ ʧʝʨʚʳʤ 
ʵʪʘʞʦʤ ð ʧʨʠ ɻʠʩʩʘʨʩʢʦʤ ʟʝʤʣʝʪʨʷʩʝʥʠʠ 1989 ʛ. ʧʦʣʫʯʘʣʠ ʧʦʚʨʝʞʜʝʥʠʷ D4ïD5 ʧʦ ʰʢʘʣʝ EMS-98; ʢʘʨ-
ʢʘʩʥʳʝ ʟʜʘʥʠʷ ʩ ʜʠʘʬʨʘʛʤʘʤʠ ʞʸʩʪʢʦʩʪʠ (ʘʥʘʣʦʛ ɹ) ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ D2ïD3 [7, 9]. ʂʠʨʧʠʯʥʳʝ ʟʜʘʥʠʷ 
ʙʝʟ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʭ ʧʦʷʩʦʚ ʨʘʟʨʫʰʘʣʠʩʴ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 8 ʙʘʣʣʦʚ. ɿʘʬʠʢʩʠʨʦʚʘʥʳ ʠ ʦʪʢʘʟʳ 
FRP-ʫʩʠʣʝʥʠʷ ʧʨʠ ʥʝʩʦʙʣʶʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ; ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʥʘʥʝʩʝʥʠʠ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʣʦʥʥ 
ʧʦʚʳʰʘʝʪʩʷ ʥʘ 25ï40% [11]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʸʪʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʠʩʪʝ-
ʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʦʙʲʝʢʪʘ: ʜʣʷ ʟʜʘʥʠʡ IïII ʢʣʘʩʩʘ (ʙʦʣʴʥʠʮʳ, ʰʢʦʣʳ) ʧʨʠ 9 
ʙʘʣʣʘʭ ð ʩʠʩʪʝʤʘ ɺ ʩ ʩʝʡʩʤʦʠʟʦʣʷʮʠʝʡ; ʧʨʠ 8 ʙʘʣʣʘʭ ð ʜʦʧʫʩʪʠʤʘ ʩʠʩʪʝʤʘ ɹ ʧʨʠ ʘʨʤʠʨʦʚʘʥʠʠ ʫʟʣʦʚ 
ʧʦ ʧʨʠʥʮʠʧʫ capacity design; ʜʣʷ ʟʜʘʥʠʡ III ʢʣʘʩʩʘ (ʞʠʣʴʸ) ð ʩʠʩʪʝʤʘ ɹ ʩ ʢʦʥʪʨʦʣʝʤ ʤʝʞʵʪʘʞʥʳʭ ʧʝʨʝ-
ʤʝʱʝʥʠʡ ʥʘ ʫʨʦʚʥʝ h/200; ʜʣʷ ʫʩʠʣʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ ð FRP-ʫʩʠʣʝʥʠʝ ʢʦʣʦʥʥ ʠ ʫʩʪʨʦʡʩʪʚʦ 
ʩʪʘʣʴʥʳʭ ʦʙʦʡʤ ʚ ʫʟʣʦʚʳʭ ʩʦʧʨʷʞʝʥʠʷʭ. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 3. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʨʘʩʯʸʪ ʪʨʸʭ ʢʦʥʩʪʨʫʢ-
ʪʠʚʥʳʭ ʩʠʩʪʝʤ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ɼʫʰʘʥʙʝ (ʛʨʫʥʪʳ III ʢʘʪʝʛʦʨʠʠ, 9 ʙʘʣʣʦʚ) ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʢʦʵʬʬʠʮʠʝʥʪ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʨʠ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 3,2 ð ʚʳʰʝ ʟʥʘʯʝʥʠʡ ʜʣʷ ʤʝʥʝʝ 
ʦʧʘʩʥʳʭ ʟʦʥ [12]; ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ ɸ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʅʠʇ ʈʊ 22-07-2015 [5] ʧʦ 
ʤʝʞʵʪʘʞʥʳʤ ʧʝʨʝʤʝʱʝʥʠʷʤ ʧʨʠ 9-ʙʘʣʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʛʨʫʥʪʘʭ III ʢʘʪʝʛʦʨʠʠ; ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʨʠ-
ʮʘ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʢʣʘʩʩʫ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʨʘʩʯʸʪʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ. 
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ʋʙʚʤʡʯʙ 3 
ʉʞʣʧʥʞʦʝʙʯʡʡ ʨʧ ʨʧʛʴʱʞʦʡʷ ʪʞʢʪʥʧʪʫʧʢʣʧʪʫʡ ʠʝʙʦʡʢ ʛ ʬʪʤʧʛʡʸʮ ʋʙʝʟʡʣʡʪʫʙʦʙ 

ʆʙʨʩʙʛʤʞʦʡʞ 
ʉʞʣʧʥʞʦʝʬʞʥʴʞ  
ʥʞʩʧʨʩʡʸʫʡʸ 

ʇʟʡʝʙʞʥʴʢ 
 ʁ ʭʭʞʣʫ 

ʈʩʡʧʩʡʫʞʫ 

ʉʠʩʪʝʤʳ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ 
ʈʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʦʧʦʨʳ, 
ʤʘʷʪʥʠʢʦʚʳʝ ʠ ʬʨʠʢʮʠʦʥʥʳʝ 
ʠʟʦʣʷʪʦʨʳ 

ʉʥʠʞʝʥʠʝ ʩʝʡʩʤ. 
ʥʘʛʨʫʟʦʢ ʚ 2ï4 ʨʘʟʘ 

ɺʳʩʦʢʠʡ 

ʉʠʩʪʝʤʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 
ɺʷʟʢʦʩʪʥʳʝ, ʚʷʟʢʦʫʧʨʫʛʠʝ, 
ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʠ ʬʨʠʢʮʠʦʥ-
ʥʳʝ ʜʝʤʧʬʝʨʳ 

ʉʥʠʞʝʥʠʝ ʧʝʨʝ-
ʤʝʱʝʥʠʡ ʥʘ 30ï
50% 

ɺʳʩʦʢʠʡ 

ʋʩʠʣʝʥʠʝ ʫʟʣʦʚʳʭ ʩʦʝʜʠʥʝ-
ʥʠʡ 

ʌʠʙʨʦʙʝʪʦʥ, ʩʪʘʣʴʥʳʝ ʦʙʦʡ-
ʤʳ, ʫʚʝʣʠʯʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ 
ʘʨʤʠʨʦʚʘʥʠʷ 

ʈʦʩʪ ʜʫʢʪʠʣʴʥʦʩʪʠ 
ʥʘ 40ï60% 

ɺʳʩʦʢʠʡ 

ʋʩʠʣʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 
ʟʜʘʥʠʡ 

FRP-ʫʩʠʣʝʥʠʝ, ʩʪʘʣʴʥʳʝ ʨʘ-
ʤʳ, ʠʥʲʝʮʠʨʦʚʘʥʠʝ ʪʨʝʱʠʥ, 
ʥʘʨʘʱʠʚʘʥʠʝ ʩʝʯʝʥʠʡ 

ʈʦʩʪ ʩʝʡʩʤʦʩʪʦʡ-
ʢʦʩʪʠ ʥʘ 1ï2 ʙʘʣʣʘ 

ʉʨʝʜʥʠʡ 

ɻʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʝ ʤʝʨʳ 

ʉʝʡʩʤʠʯʝʩʢʦʝ ʤʠʢʨʦʨʘʡʦʥʠ-
ʨʦʚʘʥʠʝ, ʦʛʨʘʥʠʯʝʥʠʝ ʟʘ-
ʩʪʨʦʡʢʠ ʥʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 
ʫʯʘʩʪʢʘʭ 

ʉʥʠʞʝʥʠʝ ʨʠʩʢʘ ʥʘ 
30ï50% 

ʉʨʝʜʥʠʡ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʘʨʢʘʩʥʘʷ ʨʘʤʥʘʷ ʩʠʩʪʝʤʘ ʙʝʟ 

ʜʠʘʬʨʘʛʤ ʞʸʩʪʢʦʩʪʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʨʠ 9-ʙʘʣʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚ ʫʩʣʦʚʠ-
ʷʭ ɼʫʰʘʥʙʝ. ɼʣʷ ʦʙʲʝʢʪʦʚ IïII ʢʣʘʩʩʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʝ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝ-
ʩʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤ: ʧʨʠʨʦʩʪ ʩʪʦʠʤʦʩʪʠ 11% ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʨʘʩʯʸʪʥʳʭ 
ʥʘʛʨʫʟʦʢ ʚ 3,2 ʨʘʟʘ ʠ ʩʦʢʨʘʱʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ. ɼʝʡʩʪʚʫʶʱʠʡ ɻʅʠʇ ʈʊ 22-07-2015 ʥʫʞʜʘ-
ʝʪʩʷ ʚ ʜʦʧʦʣʥʝʥʠʠ ʩʧʝʮʠʘʣʴʥʳʤ ʨʘʟʜʝʣʦʤ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʟʜʘʥʠʡ ʩ ʩʝʡʩʤʦʠʟʦʣʷʮʠʝʡ ʩ ʫʯʸʪʦʤ 
ʛʨʫʥʪʦʚ III ʢʘʪʝʛʦʨʠʠ [5, 6]. 
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СХЕМА SQL-ЗАПРОСОВ ДЛЯ 
ПРОГНОЗИРОВАНИЯ ПОКАЗАТЕЛЕЙ ПРОДАЖ 

Ананченко Игорь Викторович 
ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ   
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è,  

ʌɻɹʆʋ ɺʆ çɹʘʣʪʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʆɽʅʄɽʍè ʠʤ. ɼ.ʌ. ʋʩʪʠʥʦʚʘè,  
ʌɻɸʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆè, 

Рогов Александр Юрьевич 
ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

Степанова Ксения Алексеевна 
ʩʪʫʜʝʥʪ, 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

 

ɹʦʦʧʫʙʯʡʸ: ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʭʝʤʘ SQL-ʟʘʧʨʦʩʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ʧʨʦʛʥʦʟʠʨʦ-
ʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʜʘʞ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦ ʢʘʩʩʦʚʳʭ ʯʝʢʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʘʚ-
ʪʦʨʝʛʨʝʩʩʠʠ, ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʠ ʩʢʦʣʴʟʷʱʝʡ ʤʝʜʠʘʥʳ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷ-
ʜʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʦʜʘʞ, ʙʘʟʳ ʜʘʥʥʳʭ, SQL-ʟʘʧʨʦʩʳ, ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 
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Abstract: the article considers the SQL-query scheme for development a software module of the forecasting 
of sale indicators. This module based on the processing of sales receipt data using autoregression, moving 
average and moving median methods for operational time series analysis. 
Keywords: sales forecasting, databases, SQL-queries, time series analysis 

 
ʈʘʟʚʠʪʠʝ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʦʚ ʪʨʘʥʟʘʢʮʠ-

ʦʥʥʳʭ ʜʘʥʥʳʭ ʠ ʨʦʩʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʤʝʪʦʜʳ 
ʫʯʸʪʘ, ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʨʘʟʨʦʟʥʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ ʠ ʨʫʯʥʦʡ ʚʚʦʜ, ʩʦʟʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 
ʪʨʫʜʥʦʩʪʠ ʚ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚ-
ʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ [1]. ʇʝʨʝʭʦʜ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʝʥʥʦ 
ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʫʩʢʦʨʷʝʪ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʚʦʜ ʧʝʨ-
ʚʠʯʥʳʭ ʩʚʝʜʝʥʠʡ ʚ ʬʦʨʤʘʪ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ [2]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-
ʥʦʛʦ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʧʨʦʜʘʞ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʣ ʙʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʜʘʞ ʧʦ 
ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ [3], ʠʩʧʦʣʴʟʫʷ ʧʨʦʪʦʢʦʣʳ ʚʳʛʨʫʟʦʢ ʠʟ ʢʘʩʩʦʚʳʭ ʘʧʧʘʨʘʪʦʚ ʨʦʟʥʠʯʥʦʡ ʩʝʪʠ. ʀʥʬʦʨ-
ʤʘʮʠʷ ʦ ʧʨʦʜʘʞʘʭ, ʚʳʛʨʫʞʝʥʥʘʷ ʠʟ ʢʘʩʩ, ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ MS Access, ʤʦʜʝʣʴ ʜʘʥʥʳʭ ʢʦʪʦ-
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ʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  
ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ SQL-ʟʘʧʨʦʩʦʚ, ʠʟʤʝʥʷʝʤʳʭ 

ʧʨʦʛʨʘʤʤʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʘ. ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ 
ʧʨʦʜʘʞ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ [4], ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1. 

ʇʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʜʘʞ ʷʚʣʷʶʪʩʷ: 
1. ʂʦʣʠʯʝʩʪʚʦ ʪʦʚʘʨʦʚ (ʰʪ.) ï Sum(CountProduct) 
2. ʉʫʤʤʘ ʚʳʨʫʯʢʠ (ʨʫʙ.) ï Sum(SumProduct) 
3. ʂʦʣʠʯʝʩʪʚʦ ʧʦʢʫʧʦʢ (ʧʦʟ.) ï Count(FiscalAttDoc)  

 
ʋʙʚʤʡʯʙ 1  

ʅʞʫʧʝʴ ʨʩʧʜʦʧʠʡʩʧʛʙʦʡʸ ʨʧʣʙʠʙʫʞʤʞʢ ʨʩʧʝʙʟ 

ʄʝʪʦʜ ʆʧʠʩʘʥʠʝ ʇʘʨʘʤʝʪʨʳ 

ʉʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʟʘ ʧʦʩʣʝʜʥʠʝ n ʪʦʯʝʢ ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ (2 < n < 22) 

ɸʚʪʦʨʝʛʨʝʩʩʠʷ  ʉʛʣʘʞʠʚʘʥʠʝ ʨʷʜʘ ʩ ʧʘʨʘʤʝʪʨʦʤ a  Alpha (0 < a < 1) 

ʉʢʦʣʴʟʷʱʘʷ ʤʝʜʠʘʥʘ ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʨʷʜʘ 4 ʪʦʯʢʠ 

 

 
ʉʡʪ. 1. ɽʙʫʙʤʧʜʡʰʞʪʣʙʸ ʥʧʝʞʤʵ ʝʙʦʦʴʮ 

 
ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 
1. ɺʳʧʦʣʥʷʝʪʩʷ ʟʘʧʨʦʩ çScaleSalesè ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʜʘʥʥʳʭ ʦ ʧʨʦʜʘʞʘʭ ʠʟ ʦʩʥʦʚʥʦʡ ʪʘʙʣʠʮʳ 

çMainDBè ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʩʧʨʘʚʦʯʥʠʢʘ ʪʦʚʘʨʦʚ çProductè. ɺʳʙʦʨʢʘ ʬʠʣʴʪʨʫʝʪʩʷ ʧʦ ʚʨʝʤʝʥʥʦʤʫ 
ʜʠʘʧʘʟʦʥʫ ʠ ʦʙʲʝʢʪʫ ʘʥʘʣʠʟʘ (ʚʩʝ ʧʨʦʜʘʞʠ, ʢʦʥʢʨʝʪʥʳʡ ʪʦʚʘʨ, ʢʘʪʝʛʦʨʠʠ ʪʦʚʘʨʦʚ, ʩʦʪʨʫʜʥʠʢ ʠʣʠ ʢʘʩʩʦ-
ʚʳʡ ʘʧʧʘʨʘʪ). 
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2. ɺʳʧʦʣʥʷʝʪʩʷ ʟʘʧʨʦʩ çScaleClassè ʥʘ ʛʨʫʧʧʠʨʦʚʢʫ ʜʘʥʥʳʭ ʧʦ ʜʘʪʘʤ ʧʨʦʜʘʞ ʠ ʚʳʯʠʩʣʝʥʠʝ 
ʮʝʣʝʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (ʢʦʣʠʯʝʩʪʚʦ ʪʦʚʘʨʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʢʫʧʦʢ, ʩʫʤʤʘ ʚʳʨʫʯʢʠ, ʠ ʪ.ʧ.) ʩ ʧʦʤʦʱʴʶ ʘʛʨʝ-
ʛʘʪʥʳʭ ʬʫʥʢʮʠʡ SQL-ʟʘʧʨʦʩʦʚ. 

3. ɺʳʧʦʣʥʷʝʪʩʷ ʟʘʧʨʦʩ çScaleTimesè ʥʘ ʛʝʥʝʨʘʮʠʶ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ ʩ ʧʨʘʚʠʣʴʥʦʡ ʧʦʩʣʝʜʦ-
ʚʘʪʝʣʴʥʦʩʪʴʶ ʜʘʪ ʘʥʘʣʠʟʘ, ʠʩʧʦʣʴʟʫʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʪʘʙʣʠʮʳ ʯʠʩʝʣ çNumbersè ʠ çDigitsè, ʪ.ʝ. ʚʨʝ-
ʤʝʥʥʦʡ ʰʢʘʣʳ, ʧʦ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʩʪʨʦʠʪʩʷ ʧʨʦʛʥʦʟ. 

4. ɺʳʧʦʣʥʷʝʪʩʷ ʟʘʧʨʦʩ çScaleScaleè ʥʘ ʩʦʝʜʠʥʝʥʠʝ ʧʨʘʚʠʣʴʥʦʡ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ ʜʘʪ ʘʥʘʣʠʟʘ 
ʩ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʦʡ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʩ ʮʝʣʝʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʟʘʧʦʣʥʷʷ ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʟʥʘ-
ʯʝʥʠʷ ʢʦʥʩʪʘʥʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʥʫʣʷʤʠ) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ. 

5. ɺʳʧʦʣʥʷʝʪʩʷ ʟʘʧʨʦʩ çScaleè ʥʘ ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʨʦʛʥʦʟʘ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʧʨʦʜʘʞ ʜʣʷ 
ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ, ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚʥʫʪʨʠ ʟʘʧʨʦʩʘ ʧʦ ʧʦʜʤʥʦʞʝʩʪʚʫ, 
ʪʘʢʠʝ ʢʘʢ DSum, DMin, DMax, DAvg ʠ DLookUp. 

ɼʣʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ (ʪʘʙʣ.1) ʘʣʛʦʨʠʪʤ çBuildQueryè ʤʦʜʠʬʠʮʠʨʫʝʪ ʩʠʥʪʘʢʩʠʩ 
SQL-ʟʘʧʨʦʩʦʚ, ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ, ʠ ʠʟʤʝʥʷʝʪ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʘʥʘʣʠʪʠʢʠ ʧʦ ʦʙʲ-
ʝʢʪʘʤ ʘʥʘʣʠʪʠʢʠ. ʆʙʲʝʢʪʳ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 
ʋʙʚʤʡʯʙ 2  

ʇʚʳʞʣʫʴ ʙʦʙʤʡʠʙ 

ʆʙʲʝʢʪ ʋʩʣʦʚʠʝ ʬʠʣʴʪʨʘʮʠʠ 

ɺʩʝ ʧʨʦʜʘʞʠ ï 

ʂʦʥʢʨʝʪʥʳʡ ʪʦʚʘʨ ProductCode = [ʟʥʘʯʝʥʠʝ] 

ʂʘʪʝʛʦʨʠʷ ʪʦʚʘʨʦʚ CategoryCode = [ʟʥʘʯʝʥʠʝ] 

ʉʦʪʨʫʜʥʠʢ Operator = [ʟʥʘʯʝʥʠʝ] 

ʂʘʩʩʦʚʳʡ ʘʧʧʘʨʘʪ FactoryN = [ʟʥʘʯʝʥʠʝ] 
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͙̆ͪ͊ͤͣ·͔ ͊ͨͪͦͫ͘·

ScaleSales ScaleClass

ScaleScale

Scale

ScaleTimes
ˮ͔ͤͭͪͺ͔͚ͫ 
ͨͦ͡Έ͍͔ͦ͊ͭ͘͡Ύ

ˮ͔͔͙͔ͣͤͤ͘ ˮ
͘
ͣ
͔
ͤ
͔
ͤ
͙
͔

˽͔͊ͪ͊ͣͭͪ·

˨͊ͤͤ·͔

ˮ͔͍ͤͭͪ͊͡·

ˢ͎͙ͦͪͭͣ͡

 
ʉʡʪ. 2. ʊʮʞʥʙ SQL-ʠʙʨʩʧʪʧʛ ʝʤʸ ʧʚʩʙʚʧʫʣʡ ʝʙʦʦʴʮ 

 
ʉʭʝʤʘ SQL-ʟʘʧʨʦʩʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ʇʝʨʩʧʝʢʪʠʚʘ ʨʘʟʚʠʪʠʷ ʨʘʙʦ-

ʪʳ ʚʠʜʠʪʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 
ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʦʜʫʣʷ ʘʥʘʣʠʟʘ ʧʨʦʜʘʞ. 
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МЕТОДИЧЕСКИЙ ПОДХОД К ОЦЕНКЕ 
ЭФФЕКТИВНОСТИ МОДЕРНИЗАЦИИ 
СЕПАРАЦИОННОГО БЛОКА СИСТЕМЫ СБОРА И 
ПОДГОТОВКИ СКВАЖИННОЙ ПРОДУКЦИИ В 
ОСЛОЖНЁННЫХ  
ТЕМПЕРАТУРНЫХ УСЛОВИЯХ 

Аль-Рубеа Салех 

ʘʩʧʠʨʘʥʪ 
ʌɻɸʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʠʤʝʥʠ ʇʘʪʨʠʩʘ ʃʫʤʫʤʙʳè (ʈʋɼʅ) 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɹʨʫʩʥʠʢ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ 
ɼʦʮʝʥʪ ʢʘʬʝʜʨʳ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʜʝʣʘ 

ʌɻɸʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʠʤʝʥʠ ʇʘʪʨʠʩʘ ʃʫʤʫʤʙʳè (ʈʋɼʅ) 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʝʧʘʨʘ-
ʮʠʦʥʥʦʛʦ ʙʣʦʢʘ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʦʩʣʦʞʥʸʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 
ʫʩʣʦʚʠʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʧʘʨʘʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʮʝʥʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦ ʩʪʝʧʝʥʠ ʦʪ-
ʜʝʣʝʥʠʷ ʚʦʜʳ ʠ ʛʘʟʘ, ʥʦ ʠ ʧʦ ʚʣʠʷʥʠʶ ʥʘ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝ, ʢʦʨʨʦʟʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʘʨʘʬʠʥʦʦʪʣʦ-
ʞʝʥʠʷ, ʧʨʦʩʪʦʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. ʅʘ ʧʨʠʤʝʨʝ ʨʘʩʯʸʪʥʦʛʦ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʩʝʚʝʨʥʦʛʦ 
ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʙʘʟʦʚʦʛʦ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ 
ʨʝʞʠʤʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʘʷ ʥʘʩʪʨʦʡʢʘ ʩʝʧʘʨʘʮʠʠ, ʨʝʘʛʝʥʪʥʦʡ 
ʦʙʨʘʙʦʪʢʠ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʡ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʯʝʤ ʣʦʢʘʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʫʟʣʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʝʧʘʨʘʮʠʦʥʥʳʡ ʙʣʦʢ; ʩʢʚʘʞʠʥʥʘʷ ʧʨʦʜʫʢʮʠʷ; ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ; ʦʙʚʦʜ-
ʥʸʥʥʦʩʪʴ; ʩʦʣʝʩʦʜʝʨʞʘʥʠʝ; ʧʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʷ; ʢʦʨʨʦʟʠʷ; ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ; ʵʢʩʧʣʫʘʪʘʮʠ-
ʦʥʥʳʝ ʟʘʪʨʘʪʳ. 
 

METHODOLOGICAL APPROACH TO ASSESSING THE EFFICIENCY OF MODERNIZING THE 
SEPARATION UNIT OF A WELL PRODUCTION GATHERING AND TREATMENT SYSTEM UNDER 

COMPLICATED TEMPERATURE CONDITIONS 
 

Al-Rubea Saleh 
 

Scientific Supervisor: Brusnik Oleg Vladimirovich 
 

Abstract: The article proposes a methodological approach to evaluating the efficiency of separator unit mod-
ernization in a well production gathering and treatment system under complicated temperature conditions. The 
efficiency of separation is assessed not only through water and gas removal, but also through its impact on 
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salt content, corrosion activity, wax deposition, downtime and operating costs. A calculation-based experi-
mental case for a northern oil field production site in Western Siberia is considered. The results show that in-
tegrated adjustment of separation, chemical treatment, temperature control and diagnostic monitoring provides 
a more balanced technological and economic effect than local improvement of a single unit. 
Keywords: separator unit; well production; gathering and treatment system; water cut; salt content; wax dep-
osition; corrosion; diagnostic monitoring; operating costs. 

 
ɻʛʞʝʞʦʡʞ 

ɺ ʩʠʩʪʝʤʝ ʩʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʝʧʘʨʘʮʠʦʥʥʳʡ ʙʣʦʢ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 
ʢʣʶʯʝʚʳʭ ʫʟʣʦʚ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʧʝʨʚʠʯʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʝʬʪʠ, ʛʘʟʘ ʠ ʚʦʜʳ, ʥʦ ʠ ʜʘʣʴ-
ʥʝʡʰʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʩʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ. ɽʩʣʠ ʥʘ ʵʪʘʧʝ ʩʝʧʘʨʘʮʠʠ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʚʳʰʝʥ-
ʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ, ʩʦʣʝʡ ʠʣʠ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ, ʥʘʛʨʫʟʢʘ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ ʧʦʜ-
ʛʦʪʦʚʢʠ: ʚʦʟʨʘʩʪʘʝʪ ʢʦʨʨʦʟʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʨʝʜʳ, ʫʭʫʜʰʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʝʞʠʤʘ, ʧʦʚʳʰʘʝʪʩʷ 
ʨʘʩʭʦʜ ʨʝʘʛʝʥʪʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʥʝʧʣʘʥʦʚʳʭ ʦʩʪʘʥʦʚʦʢ. ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʵʪʦ ʧʨʦʷʚ-
ʣʷʝʪʩʷ ʚ ʦʩʣʦʞʥʸʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʣʠʷʝʪ ʥʘ ʚʷʟʢʦʩʪʴ 
ʥʝʬʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʤʫʣʴʩʠʡ, ʧʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʷ ʠ ʨʝʞʠʤ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɼʣʷ ʩʝʚʝʨʥʳʭ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʦʙʣʝʤʘ ʫʩʠʣʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʦʭʣʘʞʜʝʥʠʷ ʧʦʪʦʢʘ ʧʨʠ 
ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʧʦ ʰʣʝʡʬʦʚʳʤ ʪʨʫʙʦʧʨʦʚʦʜʘʤ. ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʳʰʘʝʪ ʚʷʟʢʦʩʪʴ ʥʝʬʪʠ, 
ʫʭʫʜʰʘʝʪ ʬʘʟʦʚʦʝ ʨʘʟʜʝʣʝʥʠʝ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʫʚʝʣʠʯʠʚʘʝʪ 
ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʩʝʧʘʨʘʮʠʦʥʥʳʡ ʙʣʦʢ ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʚʪʦ-
ʥʦʤʥʳʡ ʘʧʧʘʨʘʪ, ʨʘʙʦʪʘʶʱʠʡ ʪʦʣʴʢʦ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʜʘʚʣʝʥʠʷ ʠ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ. ɽʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʜʦʣʞʥʘ ʦʮʝʥʠʚʘʪʴʩʷ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ, ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʜʠʘʛʥʦʩʪʠʯʝ-
ʩʢʠʤ ʢʦʥʪʨʦʣʝʤ ʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʪʘʪʴʠ ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʝʨʝʭʦʜʘ ʦʪ ʦʙʟʦʨʥʦʛʦ ʦʧʠʩʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʩʝʧʘ-
ʨʘʮʠʠ ʢ ʧʨʠʢʣʘʜʥʦʡ ʤʝʪʦʜʠʢʝ ʦʮʝʥʢʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʦʤʳʩʣʦʚʦʤ ʦʙʲʝʢʪʝ. ɺ ʩʦʚʨʝ-
ʤʝʥʥʳʭ ʨʘʙʦʪʘʭ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʩʝʧʘʨʘʪʦʨʘʤʠ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʨʘʟʜʝʣʝ-
ʥʠʷ ʬʘʟ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʘʧ-
ʧʘʨʘʪʦʤ [1]. ʆʜʥʘʢʦ ʜʣʷ ʧʨʦʤʳʩʣʦʚʦʡ ʩʠʩʪʝʤʳ ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʠʪʴ ʨʘʙʦʪʫ ʩʘʤʦʛʦ ʩʝʧʘʨʘʪʦʨʘ, ʥʦ 
ʠ ʧʦʢʘʟʘʪʴ, ʢʘʢ ʵʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʮʠʠ, ʨʠʩʢʝ ʦʪʢʘʟʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ. 

ʎʝʣʴ ʩʪʘʪʴʠ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʘʧʨʦʙʘʮʠʠ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʝʧʘʨʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʦʩʣʦʞʥʸʥ-
ʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘʫʯʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʧʘʨʘʮʠʦʥʥʦʛʦ 
ʙʣʦʢʘ ʜʦʣʞʥʘ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʦʪʜʝʣʝʥʠʷ ʚʦʜʳ ʠ ʛʘʟʘ, ʥʦ ʠ ʧʦ ʝʛʦ ʚʣʠʷʥʠʶ ʥʘ 
ʩʦʣʝʩʦʜʝʨʞʘʥʠʝ, ʢʦʨʨʦʟʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʷ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʩʪʦʝʚ ʠ ʵʢʩʧʣʫʘʪʘ-
ʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. 

ʈʧʪʫʙʦʧʛʣʙ ʠʙʝʙʰʡ 
ɺ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʨʘʢʪʠʢʝ ʦʮʝʥʢʘ ʨʘʙʦʪʳ ʩʝʧʘʨʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ ʯʘʩʪʦ ʩʚʦʜʠʪʩʷ ʢ ʢʦʥʪʨʦʣʶ ʫʨʦʚ-

ʥʷ ʞʠʜʢʦʩʪʠ, ʜʘʚʣʝʥʠʷ, ʩʪʝʧʝʥʠ ʦʪʜʝʣʝʥʠʷ ʛʘʟʘ ʠ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʜʦʩʪʘ-
ʪʦʯʝʥ ʜʣʷ ʪʝʢʫʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʨʥʠ-
ʟʘʮʠʠ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ. ʇʨʠʯʠʥʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʝʧʘʨʘʮʠʷ ʷʚʣʷʝʪʩʷ ʥʝ ʢʦʥʝʯʥʦʡ ʦʧʝʨʘ-
ʮʠʝʡ, ʘ ʥʘʯʘʣʴʥʳʤ ʟʚʝʥʦʤ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʜʫʢʮʠʠ. ʆʰʠʙʢʘ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʦʷʚʣʷʝʪʩʷ 
ʜʘʣʴʰʝ: ʚ ʧʦʚʳʰʝʥʥʦʤ ʩʦʣʝʩʦʜʝʨʞʘʥʠʠ, ʨʦʩʪʝ ʢʦʨʨʦʟʠʠ, ʫʩʣʦʞʥʝʥʠʠ ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʫʚʝʣʠ-
ʯʝʥʠʠ ʧʨʦʩʪʦʝʚ. 

ɼʣʷ ʧʨʦʤʳʩʣʦʚʳʭ ʦʙʲʝʢʪʦʚ ʩ ʚʳʩʦʢʦʡ ʦʙʚʦʜʥʸʥʥʦʩʪʴʶ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʚʦʜʥʦʡ ʬʘ-
ʟʦʡ ʠ ʩʦʣʷʤʠ. ʇʦʧʫʪʥʘʷ ʚʦʜʘ ʩʦʜʝʨʞʠʪ ʨʘʩʪʚʦʨʸʥʥʳʝ ʩʦʣʠ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ ʠ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚ-
ʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʧʦʵʪʦʤʫ ʝʸ ʥʝʧʦʣʥʦʝ ʦʪʜʝʣʝʥʠʝ ʧʦʚʳʰʘʝʪ ʢʦʨʨʦʟʠʦʥʥʳʡ ʨʠʩʢ ʠ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ 
ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʥʝʬʪʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʧʦʧʫʪʥʦʡ ʚʦʜʳ ʧʦʢʘʟʳʚʘʶʪ, 
ʯʪʦ ʝʸ ʩʦʩʪʘʚ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʪʠʧʘ ʜʦʙʳʚʘʝʤʦʛʦ ʩʳʨʴʷ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʢʩʧʣʫʘʪʘ-
ʮʠʠ, ʘ ʟʥʘʯʠʪ, ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʚʳʙʦʨʝ ʩʭʝʤ ʧʦʜʛʦʪʦʚʢʠ [2]. 
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ɺ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʥʠʢʘʝʪ ʝʱʸ ʦʜʠʥ ʙʣʦʢ ʦʩʣʦʞʥʝʥʠʡ: ʨʦʩʪ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ, ʩʥʠ-
ʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʘʟʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʡ. ɽʩʣʠ 
ʩʝʧʘʨʘʮʠʦʥʥʳʡ ʙʣʦʢ ʨʘʙʦʪʘʝʪ ʧʨʠ ʥʝʩʪʘʙʠʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ, ʜʘʞʝ ʧʨʘʚʠʣʴʥʦ ʚʳ-
ʙʨʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʦʣʞ-
ʥʘ ʩʪʘʚʠʪʴʩʷ ʰʠʨʝ: ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʩʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ ʩʝʧʘʨʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, 
ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʧʦʜ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʝʧʘʨʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ ʧʦʥʠʤʘ-
ʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʪʨʸʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ: ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʜʫʢʮʠʠ, ʩʥʠ-
ʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʩʣʦʞʥʝʥʠʡ ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʦʚʦʢʫʧʥʳʭ ʟʘʪʨʘʪ. ʊʘʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ 
ʠʟʙʝʞʘʪʴ ʬʦʨʤʘʣʴʥʦʛʦ ʚʳʚʦʜʘ, ʢʦʛʜʘ ʫʣʫʯʰʝʥʠʝ ʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚʳʜʘʸʪʩʷ ʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʡ 
ʩʠʩʪʝʤʳ. 

ʅʞʫʧʝʡʣʙ ʧʯʞʦʣʡ ʶʭʭʞʣʫʡʛʦʧʪʫʡ ʥʧʝʞʩʦʡʠʙʯʡʡ 
ʄʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʩʪʨʦʠʪʩʷ ʥʘ ʩʨʘʚʥʝʥʠʠ ʙʘʟʦʚʦʛʦ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ. ɹʘʟʦʚʳʡ ʨʝʞʠʤ ʦʪʨʘʞʘʝʪ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʜʦ ʚʥʝʜʨʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ 
ʨʝʰʝʥʠʡ. ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʨʝʞʠʤ ʚʢʣʶʯʘʝʪ ʥʘʩʪʨʦʡʢʫ ʩʝʧʘʨʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ, ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʨʝʘ-
ʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʩʪʘʙʠʣʠʟʘʮʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʧʦʜʢʣʶʯʝʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦ-
ʨʠʥʛʘ. ʉʨʘʚʥʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. 

ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʦʮʝʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
ʉʡʪ. 1. ʉʙʪʰʹʫʦʙʸ ʪʮʞʥʙ ʧʯʞʦʣʡ ʶʭʭʞʣʫʡʛʦʧʪʫʡ ʥʧʝʞʩʦʡʠʙʯʡʡ ʪʞʨʙʩʙʯʡʧʦʦʧʜʧ ʚʤʧʣʙ 

 
ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʝʥʠʷ ʚʦʜʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ (1): 

–
ὡ ὡ

ὡ
ẗρππϷ 

 
ʛʜʝ –ð ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʝʥʠʷ ʚʦʜʳ, %; 

ὡ ð ʦʙʚʦʜʥʸʥʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʜʦ ʩʝʧʘʨʘʮʠʠ, %; 

ὡ ð ʦʙʚʦʜʥʸʥʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʧʦʩʣʝ ʩʝʧʘʨʘʮʠʠ, %. 
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ʀʟʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2): 

ɝὢ
ὢ ὢ

ὢ
ẗρππϷ 

ʛʜʝ ɝὢð ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ, %; 

ὢ ð ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʚ ʙʘʟʦʚʦʤ ʨʝʞʠʤʝ; 

ὢ ð ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ. 
 
ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (3): 

ɝὅ ὅ ὅ  
 
ʛʜʝ ɝὅð ʩʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ; 

ὅ ð ɻ ʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʚ ʙʘʟʦʚʦʤ ʨʝʞʠʤʝ; 
ὅ ð ɻ ʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ. 

 
ɼʣʷ ʫʯʸʪʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʠʩʢ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (4): 

Ὑ ὖẗὅ 

 

ʛʜʝ Ὑð ʨʠʩʢ ʦʪʢʘʟʘ; 
ὖð ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ; 

ὅð ʧʦʩʣʝʜʩʪʚʠʷ ʦʪʢʘʟʘ. 

 
ʃʦʛʠʢʘ ʨʠʩʢ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʠ ʚʘʞʥʘ ʧʦʪʦʤʫ, ʯʪʦ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ 

ʜʦʣʞʥʘ ʩʥʠʞʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʢʫʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ, ʥʦ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʙʫʜʫʱʠʭ ʦʪʢʘʟʦʚ. 
ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʠʥʮʠʧʘʤʠ Risk-Based Inspection, ʛʜʝ ʧʨʠʦʨʠʪʝʪ ʢʦʥʪʨʦʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʩʦʯʝʪʘʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ʠ ʪʷʞʝʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ [3]. 

 
ʋʙʚʤʡʯʙ 1 

ʈʧʣʙʠʙʫʞʤʡ ʧʯʞʦʣʡ ʶʭʭʞʣʫʡʛʦʧʪʫʡ  
ʥʧʝʞʩʦʡʠʙʯʡʡ ʪʞʨʙʩʙʯʡʧʦʦʧʜʧ ʚʤʧʣʙ 

ɼʩʬʨʨʙ  
ʨʧʣʙʠʙʫʞʤʞʢ 

ʈʧʣʙʠʙʫʞʤʵ ʇʚʧʠʦʙʰʞʦʡʞ 
ɾʝʡʦʡʯʙ  
ʡʠʥʞʩʞʦʡʸ 

ʉʧʤʵ ʛ ʧʯʞʦʣʞ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʆʙʚʦʜʥʸʥʥʦʩʪʴ ʧʦʩʣʝ 
ʩʝʧʘʨʘʮʠʠ 

ὡ  % ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʦʜʦ-
ʦʪʜʝʣʝʥʠʷ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʉʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʧʦ-
ʩʣʝ ʧʦʜʛʦʪʦʚʢʠ 

Ὓ  ʤʛ/ʣ ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʦʜ-
ʛʦʪʦʚʢʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦ-

ʛʦ ʨʠʩʢʘ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʆʩʪʘʪʦʯʥʦʝ ʛʘʟʦʩʦʜʝʨ-
ʞʘʥʠʝ 

Ὃ  ʫʩʣ. ʝʜ. ʆʮʝʥʢʘ ʩʪʘʙʠʣʴʥʦʩʪʠ 
ʛʘʟʦʦʪʜʝʣʝʥʠʷ 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ɺʷʟʢʦʩʪʴ ʥʝʬʪʠ ‘ ʤʇʘĿʩ ʆʮʝʥʢʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦ-
ʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ὠ  ʤʤ/ʛʦʜ ʆʮʝʥʢʘ ʨʝʩʫʨʩʘ ʦʙʦ-
ʨʫʜʦʚʘʥʠʷ 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʇʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʷ WAX ʤʤ/ʤʝʩ ʆʮʝʥʢʘ ʨʠʩʢʘ ʩʥʠʞʝ-
ʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ 

ʅʘʜʸʞʥʦʩʪʴ ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʩʪʦʝʚ Ὕ  ʯ/ʤʝʩ ʆʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘ-
ʪʨʘʪʳ 

ὅ ʤʣʥ ʨʫʙ./ʛʦʜ ʆʮʝʥʢʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 
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ʇʨʝʜʣʦʞʝʥʥʳʡ ʥʘʙʦʨ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʤʦʜʝʨʥʠʟʘʮʠʶ ʥʝ ʧʦ ʦʜʥʦʤʫ ʣʦʢʘʣʴʥʦʤʫ ʨʝ-
ʟʫʣʴʪʘʪʫ, ʘ ʧʦ ʩʦʚʦʢʫʧʥʦʤʫ ʚʣʠʷʥʠʶ ʥʘ ʩʠʩʪʝʤʫ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʦʙʲʝʢʪʦʚ, ʛʜʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨ-
ʞʘʥʠʝ ʚʦʜʳ, ʩʦʣʠ, ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʘʨʘʬʠʥʦʚʳʝ ʦʩʣʦʞʥʝʥʠʷ ʨʘʟʚʠʚʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

 
ʉʙʪʰʹʫʦʧ-ʁ ʣʪʨʞʩʡʥʞʦʫʙʤʵʦʙʸ ʨʩʧʛʞʩʣʙ 

ɸʧʨʦʙʘʮʠʷ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʯʸʪʥʦʛʦ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʩʠʩʪʝʤʳ 
ʩʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʝʚʝʨʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. 
ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʫʯʘʩʪʦʢ ʚʢʣʶʯʘʝʪ ʜʚʝʥʘʜʮʘʪʴ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ, ʰʣʝʡʬʦʚʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʦʙ-
ʱʝʡ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 5,8 ʢʤ, ɸɻɿʋ, ɼʅʉ, ʩʝʧʘʨʘʮʠʦʥʥʳʡ ʙʣʦʢ, ʫʟʝʣ ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʫʩʪʘʥʦʚʢʫ 
ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʠ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʢʦʥʪʫʨ. 

ɺʳʙʦʨ ʪʘʢʦʛʦ ʦʙʲʝʢʪʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʜʣʷ ʩʝʚʝʨʥʳʭ ʧʨʦʤʳʩʣʦʚ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʘʷ ʦʙʚʦʜ-
ʥʸʥʥʦʩʪʴ, ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʪʦʢʘ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ, ʨʦʩʪ ʚʷʟʢʦʩʪʠ, ʧʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʷ ʠ 
ʢʦʨʨʦʟʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʦʜʦʥʝʬʪʷʥʦʡ ʩʨʝʜʳ. ʇʨʦʙʣʝʤʘ ʧʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʡ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʤʘ ʜʣʷ 
ʥʝʬʪʝʧʨʦʚʦʜʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʩʚʷʟʘʥʘ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ, ʩʦʩʪʘʚʦʤ ʥʝʬʪʠ ʠ ʫʩʣʦʚʠʷʤʠ ʪʝʯʝ-
ʥʠʷ; ʩʦʚʨʝʤʝʥʥʳʝ ʦʙʟʦʨʥʳʝ ʨʘʙʦʪʳ ʧʦʜʯʸʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʸʪʘ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʧʨʦʛʥʦʟʠ-
ʨʦʚʘʥʠʠ ʦʪʣʦʞʝʥʠʡ [4]. 

ɺ ʙʘʟʦʚʦʤ ʨʝʞʠʤʝ ʨʝʘʛʝʥʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦ ʫʩʨʝʜʥʸʥʥʦʡ ʩʭʝʤʝ, ʘ ʩʝʧʘʨʘʮʠʦʥʥʳʡ 
ʙʣʦʢ ʨʘʙʦʪʘʣ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʠ ʬʘʢʪʠʯʝʩʢʦʡ ʦʙʚʦʜʥʸʥʥʦʩʪʠ. 
ɺ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: ʫʪʦʯʥʝʥʦ ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʩʝ-
ʧʘʨʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʘ ʜʦʟʠʨʦʚʢʘ ʜʝ-
ʵʤʫʣʴʛʘʪʦʨʘ, ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʠ ʜʝʧʨʝʩʩʦʨʥʦʡ ʧʨʠʩʘʜʢʠ, ʘ ʪʘʢʞʝ ʚʚʝʜʸʥ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ, 
ʜʘʚʣʝʥʠʷ, ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʠ ʨʘʩʯʸʪʥʦʛʦ ʨʠʩʢʘ ʦʪʢʘʟʘ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
 

ʋʙʚʤʡʯʙ 2 
ʁʪʮʧʝʦʴʞ ʨʧʣʙʠʙʫʞʤʡ ʧʨʴʫʦʧʜʧ ʬʰʙʪʫʣʙ 

ʈʧʣʙʠʙʫʞʤʵ ʇʚʧʠʦʙʰʞʦʡʞ ɾʝʡʦʡʯʙ ʡʠʥʞʩʞʦʡʸ ʀʦʙʰʞʦʡʞ 

ʂʦʣʠʯʝʩʪʚʦ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ὲ ʝʜ. 12 

ʇʨʦʪʷʞʸʥʥʦʩʪʴ ʰʣʝʡʬʦʚʦʛʦ ʫʯʘʩʪʢʘ ὒ ʢʤ 5,8 

ʉʨʝʜʥʠʡ ʨʘʩʭʦʜ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ὗ ʤį/ʩʫʪ 1250 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʮʠʠ ʧʝʨʝʜ ʩʝʧʘʨʘʮʠʝʡ Ὕ ÁC 18,4 

ɼʘʚʣʝʥʠʝ ʧʝʨʝʜ ʩʝʧʘʨʘʮʠʦʥʥʳʤ ʙʣʦʢʦʤ ὖ ʄʇʘ 1,85 

ʆʙʚʦʜʥʸʥʥʦʩʪʴ ʚʭʦʜʷʱʝʡ ʧʨʦʜʫʢʮʠʠ ὡ  % 38,6 

ʆʙʚʦʜʥʸʥʥʦʩʪʴ ʧʦʩʣʝ ʩʝʧʘʨʘʮʠʠ ὡ  % 12,8 

ʉʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʧʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ Ὓ  ʤʛ/ʣ 92 

ɺʷʟʢʦʩʪʴ ʥʝʬʪʠ ‘ ʤʇʘĿʩ 38,5 

ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ὠ  ʤʤ/ʛʦʜ 0,34 

ʇʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʷ WAX ʤʤ/ʤʝʩ 1,7 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʩʪʦʝʚ Ὕ  ʯ/ʤʝʩ 19,5 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ὅ ʤʣʥ ʨʫʙ./ʛʦʜ 18,4 

 
ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʥʝ ʟʘʤʝʥʘ ʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʘ ʢʦʤ-

ʧʣʝʢʩʥʘʷ ʥʘʩʪʨʦʡʢʘ ʨʝʞʠʤʘ ʧʦʜʛʦʪʦʚʢʠ. ʕʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ: ʜʘʞʝ ʩʦʚʨʝʤʝʥʥʳʡ ʩʝʧʘʨʘʪʦʨ ʥʝ ʦʙʝʩʧʝ-
ʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʛʦ ʵʬʬʝʢʪʘ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ, ʵʤʫʣʴʩʠʦʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʚʦʜʥʘʷ ʬʘʟʘ ʠ ʜʠʘʛʥʦ-
ʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʦʩʪʘʶʪʩʷ ʚʥʝ ʝʜʠʥʦʡ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʠ ʤʦ-
ʥʠʪʦʨʠʥʛʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʥʦ ʠʟ ʧʝʨ-
ʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ [5]. 
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ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʞ 
ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʙʘʟʦʚʦʛʦ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʞʠʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 
 

ʋʙʚʤʡʯʙ 3 
ʊʩʙʛʦʞʦʡʞ ʚʙʠʧʛʧʜʧ ʡ ʥʧʝʞʩʦʡʠʡʩʧʛʙʦʦʧʜʧ ʩʞʟʡʥʧʛ 

ʈʧʣʙʠʙʫʞʤʵ 
ɺʙʠʧʛʴʢ  
ʩʞʟʡʥ 

ʅʧʝʞʩʦʡʠʡʩʧʛʙʦʦʴʢ  
ʩʞʟʡʥ 

ʁʠʥʞʦʞʦʡʞ 

ʆʙʚʦʜʥʸʥʥʦʩʪʴ ʧʦʩʣʝ ʩʝʧʘʨʘʮʠʠ, % 12,8 8,1 ï36,7 % 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʝʥʠʷ ʚʦʜʳ, % 66,8 79,0 +12,2 ʧ.ʧ. 

ʉʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʧʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ, ʤʛ/ʣ 92 61 ï33,7 % 

ʆʩʪʘʪʦʯʥʦʝ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ, ʫʩʣ. ʝʜ. 1,00 0,82 ï18,0 % 

ɺʷʟʢʦʩʪʴ ʥʝʬʪʠ, ʤʇʘĿʩ 38,5 33,2 ï13,8 % 

ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ, ʤʤ/ʛʦʜ 0,34 0,24 ï29,4 % 

ʇʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʷ, ʤʤ/ʤʝʩ 1,7 1,1 ï35,3 % 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʩʪʦʝʚ, ʯ/ʤʝʩ 19,5 12,4 ï36,4 % 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ, ʤʣʥ ʨʫʙ./ʛʦʜ 18,4 15,9 ï13,6 % 

 
ʈʘʩʯʸʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʝʥʠʷ ʚʦʜʳ ʧʦ ʬʦʨʤʫʣʝ (1) ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʙʘʟʦʚʦʤ ʨʝʞʠʤʝ ʧʨʠ 

ὡ σψȟφϷʠ ὡ ρςȟψϷʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ: 

–ȟ
σψȟφ ρςȟψ

σψȟφ
ẗρππφφȟψϷ 

 
ʇʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʠ ὡ ψȟρϷ: 

–ȟ
σψȟφ ψȟρ

σψȟφ
ẗρππχωȟπϷ 

 
ʋʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʪʜʝʣʝʥʠʷ ʥʘ 12,2 ʧʨʦʮʝʥʪʥʦʛʦ ʧʫʥʢʪʘ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʫʩʪʦʡʯʠ-

ʚʳʤ ʨʝʞʠʤʦʤ ʩʝʧʘʨʘʮʠʠ, ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʚʭʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʜʝʵʤʫʣʴʛʘʪʦʨʘ. ʕʪʦ 
ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ, ʥʦ ʠ ʩʥʠʞʘʝʪ ʚʦʜʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ 
ʧʦʜʛʦʪʦʚʢʠ. ʉʥʠʞʝʥʠʝ ʩʦʣʝʩʦʜʝʨʞʘʥʠʷ ʩ 92 ʜʦ 61 ʤʛ/ʣ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʦʣʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝ-
ʧʝʥʠ ʩʚʷʟʘʥʳ ʩ ʚʦʜʥʦʡ ʬʘʟʦʡ; ʯʝʤ ʫʩʪʦʡʯʠʚʝʝ ʦʪʜʝʣʷʝʪʩʷ ʚʦʜʘ, ʪʝʤ ʥʠʞʝ ʩʦʣʝʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʙʦʨʫ-
ʜʦʚʘʥʠʝ ʠ ʤʝʥʴʰʝ ʢʦʨʨʦʟʠʦʥʥʳʡ ʨʠʩʢ. 

ʆʪʜʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʚʷʟʘʥ ʩʦ ʩʥʠʞʝʥʠʝʤ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʥʘ 18,0 %. ɼʣʷ ʧʨʦʤʳʩ-
ʣʦʚʦʡ ʩʠʩʪʝʤʳ ʵʪʦ ʚʘʞʥʦ ʧʦʪʦʤʫ, ʯʪʦ ʠʟʙʳʪʦʯʥʳʡ ʛʘʟ ʫʭʫʜʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫ-
ʜʦʚʘʥʠʷ, ʚʳʟʳʚʘʝʪ ʧʫʣʴʩʘʮʠʠ ʜʘʚʣʝʥʠʷ ʠ ʩʥʠʞʘʝʪ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʨʝʞʠʤʘ ʧʦʜʛʦʪʦʚʢʠ. ɺ ʤʦʜʝʨʥʠʟʠ-
ʨʦʚʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʛʘʟʦʦʪʜʝʣʝʥʠʝ ʩʪʘʣʦ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʘʣʦʩʴ ʥʘ ʨʘʙʦʪʝ 
ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʡ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ ʧʨʦʷʚʠʣʩʷ ʚ ʩʥʠʞʝʥʠʠ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ ʩ 38,5 ʜʦ 33,2 ʤʇʘĿʩ. ɼʣʷ 
ʰʣʝʡʬʦʚʦʛʦ ʫʯʘʩʪʢʘ ʵʪʦ ʦʟʥʘʯʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʫʶ 
ʧʦʜʘʯʫ ʧʨʦʜʫʢʮʠʠ ʥʘ ʩʝʧʘʨʘʮʠʦʥʥʳʡ ʙʣʦʢ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʡ ʩʥʠʟʠ-
ʣʘʩʴ ʩ 1,7 ʜʦ 1,1 ʤʤ/ʤʝʩ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʵʪʦ ʦʟʥʘʯʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʨʠʩʢʘ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʭʦʜ-
ʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚʦ ʚʥʝʧʣʘʥʦʚʳʭ ʦʯʠʩʪʢʘʭ. 

ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʫʤʝʥʴʰʠʣʘʩʴ ʩ 0,34 ʜʦ 0,24 ʤʤ/ʛʦʜ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʩʚʷʟʘʥ ʩ ʪʨʝʤʷ ʬʘʢʪʦʨʘ-
ʤʠ: ʩʥʠʞʝʥʠʝʤ ʦʩʪʘʪʦʯʥʦʡ ʚʦʜʳ, ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʣʝʩʦʜʝʨʞʘʥʠʷ ʠ ʙʦʣʝʝ ʪʦʯʥʦʡ ʜʦʟʠʨʦʚʢʦʡ ʠʥʛʠʙʠʪʦ-
ʨʘ ʢʦʨʨʦʟʠʠ. ɼʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ ʧʦʚʳʰʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝ-
ʩʫʨʩʘ ʠ ʩʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʚʨʝʞʜʝʥʠʡ. ɺʦʧʨʦʩʳ ʢʦʨʨʦʟʠʠ ʚ ʥʝʬʪʝʛʘʟʦʚʳʭ ʩʠʩʪʝʤʘʭ ʪʨʝʙʫʶʪ ʫʯʸ-
ʪʘ ʩʦʩʪʘʚʘ ʩʨʝʜʳ, ʚʦʜʳ, ʩʦʣʝʡ ʠ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʯʪʦ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʠʟʠ-
ʨʦʚʘʥʥʳʭ ʠʟʜʘʥʠʷʭ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʢʦʨʨʦʟʠʠ ʥʘ ʦʙʲʝʢʪʘʭ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ [6]. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʦ ʬʦʨʤʫʣʝ (3) ʩʦʩʪʘʚʠʣ: 
ɝὅ ρψȟτ ρυȟω ςȟυ ʤʣʥ ʨʫʙ./ʛʦʜ 
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ʉʥʠʞʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʥʘ 2,5 ʤʣʥ ʨʫʙ. ʚ ʛʦʜ ʥʝ ʩʚʷʟʘʥʦ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʦʢʨʘʱʝʥʠ-
ʝʤ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʅʘʧʨʦʪʠʚ, ʚ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠ ʨʝʘʛʝʥʪʥʘʷ 
ʦʙʨʘʙʦʪʢʘ ʩʪʘʣʠ ʙʦʣʝʝ ʘʜʨʝʩʥʳʤʠ. ʕʢʦʥʦʤʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʩʪʦʝʚ, ʩʥʠʞʝʥʠʷ 
ʧʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʡ, ʩʦʢʨʘʱʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩʝʧʘʨʘʮʠʦʥʥʦʛʦ ʙʣʦ-
ʢʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʣʦʢʘʣʴʥʳʝ ʩʮʝʥʘʨʠʠ ʠ ʧʦʣʥʳʡ ʤʦ-
ʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ. ʃʦʛʠʢʘ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 4. 

 
ʋʙʚʤʡʯʙ 4 

ʊʧʨʧʪʫʙʛʤʞʦʡʞ ʤʧʣʙʤʵʦʴʮ ʪʯʞʦʙʩʡʞʛ ʡ ʣʧʥʨʤʞʣʪʦʧʜʧ ʛʙʩʡʙʦʫʙ 

ʊʯʞʦʙʩʡʢ ʇʪʦʧʛʦʧʢ ʶʭʭʞʣʫ ʇʜʩʙʦʡʰʞʦʡʞ 

ʅʘʩʪʨʦʡʢʘ ʩʝʧʘʨʘʮʠʦʥʥʦʛʦ 
ʙʣʦʢʘ 

ʉʥʠʞʝʥʠʝ ʚʦʜʳ ʠ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʆʛʨʘʥʠʯʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʠʩʢ 
ʦʪʢʘʟʘ 

ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʨʝʘʛʝʥʪʥʦʡ 
ʦʙʨʘʙʦʪʢʠ 

ʉʥʠʞʝʥʠʝ ʩʦʣʝʡ, ʢʦʨʨʦʟʠʠ ʠ ʧʘʨʘʬʠ-
ʥʦʚ 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʩʝʧʘʨʘʮʠʠ 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦ-
ʨʠʥʛ 

ʉʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ʅʝʪ ʧʨʷʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʦʩʪʘʚ 
ʧʨʦʜʫʢʮʠʠ 

ʂʦʤʧʣʝʢʩʥʳʡ ʚʘʨʠʘʥʪ ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʩʥʠ-
ʞʝʥʠʝ ʨʠʩʢʘ ʠ ʟʘʪʨʘʪ 

ʊʨʝʙʫʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʫʧʨʘʚ-
ʣʝʥʠʷ ʙʣʦʢʘʤʠ 

 
ʊʘʙʣʠʮʘ 4 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʞʜʳʡ ʣʦʢʘʣʴʥʳʡ ʩʮʝʥʘʨʠʡ ʜʘʸʪ ʧʦʣʝʟʥʳʡ, ʥʦ ʦʛʨʘʥʠʯʝʥʥʳʡ ʨʝ-

ʟʫʣʴʪʘʪ. ʉʝʧʘʨʘʮʠʷ ʫʣʫʯʰʘʝʪ ʬʘʟʦʚʦʝ ʨʘʟʜʝʣʝʥʠʝ, ʨʝʘʛʝʥʪʳ ʩʥʠʞʘʶʪ ʢʦʨʨʦʟʠʦʥʥʫʶ ʠ ʧʘʨʘʬʠʥʦʚʫʶ 
ʥʘʛʨʫʟʢʫ, ʜʠʘʛʥʦʩʪʠʢʘ ʫʤʝʥʴʰʘʝʪ ʨʠʩʢ ʦʪʢʘʟʘ. ʆʜʥʘʢʦ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʳʡ ʚʘʨʠʘʥʪ ʩʚʷʟʳʚʘʝʪ ʵʪʠ ʵʬ-
ʬʝʢʪʳ ʚ ʝʜʠʥʫʶ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʫʶ ʮʝʧʦʯʢʫ: ʣʫʯʰʝʝ ʦʪʜʝʣʝʥʠʝ ʚʦʜʳ ʩʥʠʞʘʝʪ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝ; 
ʫʤʝʥʴʰʝʥʠʝ ʩʦʣʝʡ ʠ ʚʦʜʳ ʩʥʠʞʘʝʪ ʢʦʨʨʦʟʠʶ; ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ ʜʝʧʨʝʩʩʦʨʥʘʷ ʦʙʨʘʙʦʪʢʘ 
ʫʤʝʥʴʰʘʶʪ ʚʷʟʢʦʩʪʴ ʠ ʧʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʷ; ʜʠʘʛʥʦʩʪʠʢʘ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʩʪʦʷ; ʠʪʦʛʦʤ ʩʪʘʥʦ-
ʚʠʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʝʧʘʨʘʮʠʦʥʥʳʡ ʙʣʦʢ 
ʦʮʝʥʠʚʘʝʪʩʷ ʥʝ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʘ ʢʘʢ ʮʝʥʪʨʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ, ʚʣʠʷʶʱʠʡ ʥʘ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʥʘʜʸʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʪʦʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʘʷ ʧʦ-
ʩʪʘʥʦʚʢʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʣʦʢʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʧʘʨʘʮʠʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 
ʪʦʣʴʢʦ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʦʜʳ ʠ ʛʘʟʘ ʥʘ ʚʳʭʦʜʝ. ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʧʨʝ-
ʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʩʚʷʟʢʫ çʢʘʯʝʩʪʚʦ ʧʦʜʛʦʪʦʚʢʠ ð ɻ ʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʨʠʩʢ ð ʟʘʪʨʘʪʳè. 

 
ʀʙʣʤʷʰʞʦʡʞ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʝʧʘʨʘʮʠʦʥʥʦ-
ʛʦ ʙʣʦʢʘ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʦʩʣʦʞʥʸʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. 
ʇʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʨʘʚʥʝʥʠʠ ʙʘʟʦʚʦʛʦ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʞʠʤʦʚ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ, ʵʢʩʧʣʫʘ-
ʪʘʮʠʦʥʥʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. 

ʈʘʩʯʸʪʥʦ-ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʥʘ ʧʨʠʤʝʨʝ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʩʝʚʝʨʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʷ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʘʷ ʥʘʩʪʨʦʡʢʘ ʩʝʧʘʨʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ, ʨʝʘʛʝʥʪ-
ʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʜʝ-
ʣʝʥʠʷ ʚʦʜʳ ʩ 66,8 ʜʦ 79,0 %. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʧʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʩʥʠʟʠʣʦʩʴ ʥʘ 33,7 %, 
ʦʩʪʘʪʦʯʥʦʝ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ ð ʥʘ 18,0 %, ʚʷʟʢʦʩʪʴ ʥʝʬʪʠ ð ʥʘ 13,8 %, ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ð ʥʘ 29,4 %, 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʨʘʬʠʥʦʦʪʣʦʞʝʥʠʡ ð ʥʘ 35,3 %, ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʩʪʦʝʚ ð ʥʘ 36,4 %. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩʦʩʪʘʚʠʣ 2,5 ʤʣʥ ʨʫʙ. ʚ ʛʦʜ. ʇʨʠ ʵʪʦʤ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʙʳʣʦ ʩʚʷʟʘʥʦ ʥʝ ʩ 
ʩʦʢʨʘʱʝʥʠʝʤ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʠ ʧʦʚʳʰʝʥʠʝʤ ʫʩʪʦʡʯʠʚʦ-
ʩʪʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʝʧʘʨʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ ʜʦʣʞʥʘ ʦʮʝʥʠ-
ʚʘʪʴʩʷ ʥʝ ʠʟʦʣʠʨʦʚʘʥʥʦ, ʘ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʨʘʢʪʠ-
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ʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʚʳʙʦʨʝ ʚʘ-
ʨʠʘʥʪʦʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʤʳʩʣʦʚʳʭ ʩʠʩʪʝʤ, ʦʩʦʙʝʥʥʦ ʥʘ ʦʙʲʝʢʪʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʩʣʦʞʥʸʥʥʳʭ ʪʝʤ-
ʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. 
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НЕДОСТАТКИ КЛАССИЧЕСКИХ ПОДХОДОВ К 
ОЦЕНКЕ УЯЗВИМОСТЕЙ И ЭКСПЛОЙТОВ В 
УСЛОВИЯХ ИНТЕЛЛЕКТУАЛИЗАЦИИ 
КИБЕРУГРОЗ 

Храмов Александр Денисович 
ʘʩʧʠʨʘʥʪ 

ʆʨʜʝʥʘ ʊʨʫʜʦʚʦʛʦ ʂʨʘʩʥʦʛʦ ɿʥʘʤʝʥʠ  
ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠè 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʢʠʙʝʨʫʛʨʦʟ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 
ʚʥʝʜʨʝʥʠʝʤ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʝʡ ʵʢʩʧʣʦʡʪʦʚ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʢʣʘʩʩʠʯʝ-
ʩʢʠʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʫʷʟʚʠʤʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ CVSS, ʚʳʷʚʣʝʥʳ ʠʭ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʦʮʝʥʢʠ ʠʥ-
ʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʵʢʩʧʣʦʡʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʥʝ ʫʯʠʪʳʚʘ-
ʶʪ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʘʪʘʢ ʠ ʠʭ ʘʜʘʧʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʵʢʩʧʣʦʡʪ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʵʢʩʧʣʦʡʪʳ, ʢʠʙʝʨʫʛʨʦʟʳ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩ-
ʥʦʩʪʴ, ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʫʷʟʚʠʤʦʩʪʝʡ, ʘʜʘʧʪʠʚʥʳʝ ʘʪʘʢʠ. 
 
SHORTCOMINGS OF CLASSICAL APPROACHES TO VULNERABILITY AND EXPLOIT ASSESSMENT IN 

THE CONTEXT OF THE INTELLECTUALIZATION OF CYBER THREATS 
 

Khramov Alexander Denisovich 
 

Abstract: The article examines current trends in the evolution of cyber threats driven by the adoption of neural 
network technologies and the intellectualization of exploits. The article analyzes classic vulnerability assess-
ment methods such as CVSS and their limitations in the context of evaluating intelligent exploits are identified. 
The study shows that traditional approaches do not account for the dynamic behavior of attacks and their 
adaptive capabilities. 
Keywords: exploit, intelligent exploits, cyber threats, information security, vulnerability assessment approach-
es, adaptive attacks. 

 
ʉʙʠʛʡʫʡʞ ʦʞʢʩʧʪʞʫʞʢ ʣʙʣ ʝʛʡʜʙʫʞʤʵ ʡʦʫʞʤʤʞʣʫʬʙʤʡʠʙʯʡʡ ʣʡʚʞʩʬʜʩʧʠ 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʨʦʩʪʦʤ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ, ʨʘʟʚʠʪʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʳ-
ʯʠʩʣʝʥʠʡ ʠ ʧʦʚʩʝʤʝʩʪʥʦʡ ʮʠʬʨʦʚʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʩʣʦʞʥʝ-
ʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɺ ʨʘʤʢʘʭ ʦʜʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʫʥʢʮʠʦʥʠ-
ʨʫʶʪ ʣʦʢʘʣʴʥʳʝ ʠ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ, ʙʘʟʳ ʜʘʥʥʳʭ, ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʚʝʙ-ʠʥʪʝʨʬʝʡʩʳ, ʫʩʪʨʦʡ-
ʩʪʚʘ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʵʣʝʤʝʥʪʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʩʨʝʜʩʪʚʘ ʫʜʘʣʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʷ. ʇʦʜʦʙʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʩʦʟʜʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʷʟʚʠʤʳʭ ʪʦʯʝʢ ʚʭʦʜʘ ʜʣʷ 
ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʘʪʘʢʠ. 

ʅʘʨʷʜʫ ʩ ʫʩʣʦʞʥʝʥʠʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠʟʤʝʥʷʝʪʩʷ ʠ ʭʘʨʘʢʪʝʨ ʩʘʤʠʭ ʢʠʙʝʨʫʛʨʦʟ. ɽʩʣʠ ʨʘʥʝʝ 
ʵʢʩʧʣʦʡʪʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʝ ʩʮʝʥʘʨʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʢʨʝʪʥʦʡ ʫʷʟʚʠʤʦʩʪʠ, ʪʦ ʚ 
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ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʠ ʚʩʝ ʯʘʱʝ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ 
ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ ʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʇʦʜʦʙʥʳʝ ʩʨʝʜʩʪʚʘ ʩʧʦʩʦʙʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʥʘʣʠ-
ʟʠʨʦʚʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʘʪʘʢʫʝʤʦʡ ʩʠʩʪʝʤʳ, ʧʦʜʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʪʘʢʠ, ʠʟʤʝʥʷʪʴ ʧʦ-
ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʝʘʢʮʠʠ ʟʘʱʠʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʦʜʠʪ ʢ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʵʢʩʧʣʦʡʪʦʚ. ʆʥʠ 
ʧʝʨʝʩʪʘʶʪ ʙʳʪʴ ʩʪʘʪʠʯʝʩʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʥʘʯʠʥʘʶʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʠʝ ʘʜʘʧ-
ʪʠʚʥʳʝ ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʧʳʪʢʠ ʘʪʘʢʠ ʪʘʢʦʡ ʵʢʩʧʣʦʡʪ ʩʧʦʩʦʙʝʥ ʠʟʤʝʥʠʪʴ 
ʚʝʢʪʦʨ ʘʪʘʢʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ, ʚʨʝʤʝʥʥʦ ʧʨʝʢʨʘʪʠʪʴ ʘʢʪʠʚʥʦʩʪʴ ʜʦ 
ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʠ ʪ.ʜ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʘʣʴʥʘʷ ʢʨʠʪʠʯʥʦʩʪʴ ʫʷʟʚʠʤʦʩʪʠ ʠ ʨʝʘʣʴʥʘʷ ʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʦʡʪʘ ʤʦʛʫʪ ʩʫʱʝ-
ʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. ʋʷʟʚʠʤʦʩʪʴ, ʠʤʝʶʱʘʷ ʩʨʝʜʥʠʡ ʙʘʣʣ ʧʦ CVSS, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʥʪʝʣʣʝʢ-
ʪʫʘʣʴʥʳʤ ʵʢʩʧʣʦʡʪʦʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʠʡ ʫʱʝʨʙ ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʦʞʠʜʘʝ-
ʤʦʛʦ. ʅʘʧʨʦʪʠʚ, ʢʨʠʪʠʯʝʩʢʘʷ ʫʷʟʚʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʦʣʝʟʥʦʡ ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ 
ʧʨʠ ʥʘʣʠʯʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʢʠʙʝʨʘʪʘʢ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡ-
ʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʋʢʘʟʘʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ 
ʚʦʟʜʝʡʩʪʚʠʷ ʵʢʩʧʣʦʡʪʦʚ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʘʩʧʝʢʪʥʘʷ 
ʦʮʝʥʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ, ʦʧʝʨʘʮʠʦʥʥʳʭ, ʘʜʘʧʪʠʚʥʳʭ ʠ ʢʦʥʪʝʢʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢ ʘʪʘʢʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʷʟʚʠʤʦʩʪʠ, ʥʦ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʩʧʣʦʡʪʘ, ʧʦʚʝʜʝʥʠʝ ʟʘʱʠʱʘʝʤʦʡ ʩʠʩʪʝʤʳ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʘʪʘʢʠ. 

 
ɹʦʙʤʡʠ ʫʩʙʝʡʯʡʧʦʦʴʮ ʨʧʝʮʧʝʧʛ ʣ ʧʯʞʦʣʞ ʬʸʠʛʡʥʧʪʫʞʢ ʡ ʶʣʪʨʤʧʢʫʧʛ 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʫʛʨʦʟ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ: ʤʝʪʦʜʳ ʦʮʝʥ-
ʢʠ ʫʷʟʚʠʤʦʩʪʝʡ, ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʤʝʪʦʜʳ ʩʮʝʥʘʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʝʪʦʜʳ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ 
ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ CVSS. ʕʪʦ ʦʪʢʨʳʪʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʠʟʤʝʨʝ-
ʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʨʠʪʠʯʥʦʩʪʠ ʫʷʟʚʠʤʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʆʥʘ ʧʨʝʜʣʘʛʘʝʪ ʩʪʨʫʢʪʫʨʠʨʦ-
ʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʫʷʟʚʠʤʦʩʪʠ ʠ ʧʨʠʦʨʠʪʝʪʥʦʤ ʨʠʩʢʝ [1, 
c. 24]. ɽʝ ʜʦʩʪʦʠʥʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʧʨʠʤʝʥʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʨʘʟ-
ʣʠʯʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ. ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʙʘʟʦʚʳʝ, ʚʨʝʤʝʥʥʳʝ ʠ ʢʦʥʪʝʢʩʪʥʳʝ ʤʝʪʨʠʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʥʘ 
ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʩʘʤʫ ʫʷʟʚʠʤʦʩʪʴ, ʘ ʥʝ ʥʘ ʵʢʩʧʣʦʡʪ ʢʘʢ ʩʨʝʜʩʪʚʦ ʨʝʘʣʠʟʘʮʠʠ ʘʪʘʢʠ. ɺ ʨʘʤʢʘʭ CVSS 
ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ: 

¶ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʘʪʘʢʠ; 
¶ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ; 
¶ ʚʦʟʤʦʞʥʦʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʘʪʘʢʠ; 
¶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʭʦʜʫ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ; 
¶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʦʙʫʯʝʥʠʷ ʘʪʘʢʠ; 
¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʝʧʦʯʝʢ ʘʪʘʢ (cyber kill-chain). 
ɼʨʫʛʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ï MITRE ATT&CK ï ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʦʧʠʩʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠ-

ʢʘ. ʕʪʦ ʛʣʦʙʘʣʴʥʘʷ ʙʘʟʘ ʟʥʘʥʠʡ ʦ ʪʘʢʪʠʢʘʭ ʠ ʤʝʪʦʜʘʭ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʝʘʣʴʥʳʭ 
ʥʘʙʣʶʜʝʥʠʷʭ ʟʘ ʫʛʨʦʟʘʤʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʤʠʨʝ. ʆʥʘ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʧʨʠʟʥʘʥʠʝ ʢʘʢ ʚ ʠʩʩʣʝʜʦ-
ʚʘʪʝʣʴʩʢʦʤ ʩʦʦʙʱʝʩʪʚʝ, ʪʘʢ ʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʬʝʨʝ ʠ ʫʞʝ ʥʘʰʣʘ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʥʝʥʠʡ, ʥʘʯʠʥʘʷ ʦʪ 
ʢʠʙʝʨʫʯʝʥʠʡ, ʩʦʟʜʘʥʠʷ ʢʦʤʘʥʜ ʘʪʘʢʠ (Red team), ʨʘʟʨʘʙʦʪʢʠ ʧʦʚʝʜʝʥʯʝʩʢʦʡ ʘʥʘʣʠʪʠʢʠ ʙʨʝʰʝʡ ʚ ʟʘʱʠ-
ʪʝ ʠ ʟʘʢʘʥʯʠʚʘʷ ʦʮʝʥʢʦʡ ʟʨʝʣʦʩʪʠ SOC [2, c. 3267 (2 ʠʟ 14)]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 
ʥʝ ʦʪʜʝʣʴʥʳʝ ʫʷʟʚʠʤʦʩʪʠ, ʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ, ʧʨʝʜʧʨʠʥʠʤʘʝʤʳʭ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ ʥʘ 
ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʨʝʘʣʠʟʘʮʠʠ ʘʪʘʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ MITRE ATT&CK ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʪʘ-
ʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ, ʟʘʢʨʝʧʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ, ʵʩʢʘʣʘʮʠʷ ʧʨʠʚʠʣʝʛʠʡ ʠ 
ʩʦʢʨʳʪʠʝ ʩʣʝʜʦʚ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʩʪʴ, ʜʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʥʝ ʧʨʝʜʦʩʪʘʚ-
ʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʪʨʝʙʫʝʪ ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʨʫ-
ʛʠʤʠ ʤʦʜʝʣʷʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʣʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʨʦʚʥʷ ʫʛʨʦʟʳ. 
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ɼʨʫʛʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʨʠʩʢʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ 
ʤʦʜʝʣʴʶ DREAD (Damage, Reproducibility, Exploitability, Affected users, Discoverability). Damage 
(ʋʱʝʨʙ) ï ʵʪʦ ʩʪʝʧʝʥʴ ʫʱʝʨʙʘ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʦʧʘʩʥʦʛʦ ʩʮʝʥʘʨʠʷ. Reproducibility (ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ) 
ʦʙʦʟʥʘʯʘʝʪ ʩʪʝʧʝʥʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʠʩʢʦʚʘʥʥʦʛʦ ʩʮʝʥʘʨʠʷ. Exploitability (ɺʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘ-
ʮʠʠ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʘʪʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʜʘ ʚ ʨʠʩʢʦʚʘʥʥʦʤ ʩʮʝʥʘʨʠʠ. Affected users 
(ɿʘʪʨʦʥʫʪʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ) ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʦʛʦ ʚʦʟʜʝʡʩʪʚʫʝʪ ʨʠʩʢʦʚʘʥʥʳʡ ʩʮʝʥʘʨʠʡ. Discoverability 
(ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʝʧʝʥʴ ʦʙʥʘʨʫʞʝʥʠʷ ʨʠʩʢʦʚʘʥʥʳʭ ʩʮʝʥʘʨʠʝʚ. ʂʘʞ-
ʜʘʷ ʢʘʪʝʛʦʨʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʰʢʘʣʝ ʦʪ 1 ʜʦ 3 ʙʘʣʣʦʚ (3 ï ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʪʷʞʝʩʪʠ ʨʠʩʢʘ, 2 ï ʩʨʝʜʥʷʷ 
ʩʪʝʧʝʥʴ ʠ 1 ï ʥʠʟʢʘʷ), ʛʜʝ 15 ʙʘʣʣʦʚ ʦʙʦʟʥʘʯʘʶʪ ʥʘʠʭʫʜʰʠʡ ʨʠʩʢ [3, ʩ. 999]. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʤʦʜʝʣʠ 
ʷʚʣʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʧʦʩʣʝʜʩʪʚʠʷ ʫʛʨʦʟʳ, ʦʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʦʮʝʥʦʢ ʥʦʩʷʪ ʵʢʩʧʝʨʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠ 
ʟʘʚʠʩʷʪ ʦʪ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʤʥʝʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʊʘʢʞʝ, ʥʘʨʷʜʫ ʩ ʦʧʠʩʘʥʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʩʫʱʝʩʪʚʫʶʪ ʦʙʱʠʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʨʠʩʢʦʚ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʠʩʢʘ FAIR (factor analysis of information 
risk). FAIR ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʫ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʦʮʝʥʢʠ ʠ ʠʟʤʝʨʝʥʠʷ ʨʠʩʢʦʚ ʠʥʬʦʨʤʘ-
ʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
[4, ʩ. 107]. ɼʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʨʠʩʢ ʢʘʢ ʩʦʯʝʪʘʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʙʳʪʠʷ ʠ ʤʘʩʰʪʘʙʘ 
ʫʱʝʨʙʘ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʬʠʥʘʥʩʦʚʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʠ ʧʨʠʤʝʥʷʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ. ʆʜ-
ʥʘʢʦ FAIR ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʙʠʟʥʝʩ-ʨʠʩʢʠ ʠ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʦʧʠ-
ʩʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʢʩʧʣʦʡʪʦʚ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʙʦʣʴʰʠʥʩʪʚʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʠʭ ʩʪʘʪʠʯʥʦʩʪʴ: 
ʦʥʠ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʫʛʨʦʟʳ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʘʪʘʢʠ. ɺ ʜʝʡʩʪʚʠʪʝʣʴ-
ʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʵʢʩʧʣʦʡʪʳ ʤʦʛʫʪ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʪʴ ʩʚʦʝ ʧʦʚʝʜʝʥʠʝ. ʉʣʝ-
ʜʦʚʘʪʝʣʴʥʦ, ʘʜʝʢʚʘʪʥʘʷ ʦʮʝʥʢʘ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʫʛʨʦʟʳ, ʥʦ ʠ ʝʝ ʚʦʟ-
ʤʦʞʥʫʶ ʵʚʦʣʶʮʠʶ. 

 
ʀʙʣʤʷʰʞʦʡʞ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʫʷʟʚʠʤʦʩʪʝʡ ʠ ʵʢʩʧʣʦʡʪʦʚ 
ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʤʝʥʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʥʝʡʨʦʩʝʪʝʡ, ʦʢʘʟʳʚʘʶʱʝʛʦ ʩʫʱʝʩʪʚʝʥʥʦʝ 
ʚʣʠʷʥʠʝ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʢʠʙʝʨʫʛʨʦʟ ʠ ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʧʦʷʚʣʝʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 
ʵʢʩʧʣʦʡʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʮʝʥʘʨʠʠ ʘʪʘʢ, ʦʙʭʦʜʠʪʴ ʟʘʱʠʪʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʙʦʣʴ-
ʰʠʥʩʪʚʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʷʚʣʷʝʪʩʷ ʠʭ ʩʪʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʡ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 
ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʫʛʨʦʟʳ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʨʝʘʣʠʟʘʮʠʠ. ɺ ʫʩʣʦʚʠʷʭ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 
ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ, ʧʦ-
ʩʢʦʣʴʢʫ ʨʝʘʣʴʥʳʝ ʩʮʝʥʘʨʠʠ ʘʪʘʢ ʚʩʝ ʯʘʱʝ ʚʢʣʶʯʘʶʪ ʵʣʝʤʝʥʪʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 
ʩʘʤʦʦʙʫʯʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʢ ʟʘʱʠʪʥʳʤ ʤʝʨʘʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʵʢʩʧʣʦʡʪʦʚ ʪʨʝʙʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫ-
ʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʫʛʨʦʟ ʠ ʧʝʨʝʭʦʜʘ ʢ ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʳʤ ʤʦʜʝʣʷʤ ʘʥʘʣʠʟʘ, ʫʯʠʪʳʚʘʶʱʠʤ ʥʝ 
ʪʦʣʴʢʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʷʟʚʠʤʦʩʪʝʡ, ʥʦ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʘʪʘʢʫʶʱʠʭ ʩʨʝʜʩʪʚ ʚ ʨʝʘʣʴʥʦʡ ʩʨʝ-
ʜʝ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦʘʩʧʝʢʪʥʳʭ 
ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʵʢʩʧʣʦʡʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʫʯʠʪʳʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ, ʦʧʝʨʘʮʠʦʥʥʳʝ, ʘʜʘʧʪʠʚ-
ʥʳʝ ʠ ʢʦʥʪʝʢʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʘʢ, ʘ ʪʘʢʞʝ ʠʭ ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʥʠʪʦʨʠʥ-
ʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʮʠʜʝʥʪʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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РАЗРАБОТКА МЕТОДИКИ ОЦЕНКИ КАЧЕСТВА 
СИГНАЛОВ МОБИЛЬНОЙ СВЯЗИ НА 
ПРОМЫШЛЕННЫХ ОБЪЕКТАХ 

Зайнуллин Альберт Альбертович  
ʩʪʫʜʝʥʪ 

Тихонов Мартин Робертович 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʕʊè 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʦʙʲʝʢʪʠʚʥʦʡ ʠ ʩʠʩʪʝʤʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 
ʩʠʛʥʘʣʦʚ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʥʘ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʠʭ ʤʘʩ-
ʰʪʘʙʘʤʠ, ʩʣʦʞʥʦʡ ʧʣʘʥʠʨʦʚʢʦʡ ʠ ʵʢʨʘʥʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʪʨʫʢʪʫʨʠʨʦ-
ʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʦʚ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ (ʆʂʉʄʉ), ʚʢʣʶʯʘʶʱʘʷ ʧʦʵʪʘʧʥʳʡ ʧʨʦ-
ʮʝʩʩ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʦ ʧʦʚʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʫʣʫʯʰʘʶʱʠʭ ʤʝʨʦʧʨʠʷ-
ʪʠʡ. ʄʝʪʦʜʠʢʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʳʷʚʣʝʥʠʝ çʩʣʘʙʳʭ ʟʦʥè, ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 
(ʨʝʧʠʪʝʨʳ, ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʘʥʪʝʥʥʳʝ ʩʠʩʪʝʤʳ) ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʛʦʣʦ-
ʩʦʚʦʡ ʩʚʷʟʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ, ʤʦʙʠʣʴʥʘʷ ʩʚʷʟʴ, ʧʨʦʤʳʰʣʝʥʥʳʡ ʦʙʲʝʢʪ, ʤʝʪʦʜʠʢʘ ʠʟʤʝ-
ʨʝʥʠʷ, ʟʦʥʳ ʧʦʢʨʳʪʠʷ. 
 

DEVELOPMENT OF A METHOD FOR ASSESSING THE QUALITY OF MOBILE COMMUNICATION 
SIGNALS AT INDUSTRIAL FACILITIES 

 
 Zaynullin Albert Albertovich  
Tikhonov Martin Robertovich 

 
Abstract: This article examines the pressing issue of objectively and systematically assessing the quality of 
cellular signals at large industrial and commercial facilities, owing to their scale, complex layout, and shielding 
properties of materials. A structured methodology for assessing the quality of mobile communications signals 
(SQMS) is proposed, encompassing a step-by-step process from preliminary analysis to follow-up monitoring 
after the implementation of improvement measures. The methodology aims to identify weak spots, justify the 
choice of technical solutions (repeaters, distributed antenna systems), and ensure sustainable improvements 
in the quality of voice and data communications at industrial facilities. 
Key words: signal quality assessment, mobile communications, industrial facility, measurement methodology, 
coverage areas. 

 
ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʬʘʢ-

ʪʦʨʦʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʜʥʘʢʦ 
ʢʨʫʧʥʳʝ ʦʙʲʝʢʪʳ (ʟʘʚʦʜʳ, ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʮʝʥʪʨʳ, ʩʢʣʘʜʩʢʠʝ ʢʦʤʧʣʝʢʩʳ) ʩʠʩʪʝʤʥʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 
ʥʘʣʠʯʠʝʤ ʦʙʰʠʨʥʳʭ ʟʦʥ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʠʣʠ ʦʪʩʫʪʩʪʚʫʶʱʝʛʦ ʩʠʛʥʘʣʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʡ 
ʧʣʦʱʘʜʴʶ, ʩʣʦʞʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʘʨʭʠʪʝʢʪʫʨʦʡ, ʤʥʦʞʝʩʪʚʦʤ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʝ-
ʨʝʢʨʳʪʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʨʘʞʝʥʥʳʤʠ ʵʢʨʘʥʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
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ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʧʦ ʫʩʪʘʥʦʚʢʝ ʫʩʠʣʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ, 
ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ), ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʦʙʲʝʢʪʠʚʥʫʶ, ʜʝʪʘʣʴʥʫʶ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦ-
ʚʘʥʥʫʶ ʦʮʝʥʢʫ ʬʘʢʪʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʘ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛʫ, ʢʘʢ ʧʨʘ-
ʚʠʣʦ, ʬʨʘʛʤʝʥʪʘʨʥʳ, ʥʝ ʫʯʠʪʳʚʘʶʪ ʩʧʝʮʠʬʠʢʫ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ (ʥʘʣʠʯʠʝ ʟʦʥ ʩ ʧʦʚʳʰʝʥʥʦʡ 
ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʧʦʤʝʭʦʚʦʡ ʦʙʩʪʘʥʦʚʢʦʡ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʜʝʨʞʢʘʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʥʫʞʜ) ʠ ʥʝ ʜʘʶʪ ʝʜʠʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʠʯʝ-
ʩʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʦʚ ʤʦʙʠʣʴʥʦʡ 
ʩʚʷʟʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ, ʥʝʧʦ-
ʩʨʝʜʩʪʚʝʥʥʦ ʧʨʝʜʰʝʩʪʚʫʶʱʫʶ ʵʪʘʧʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʚʷʟʠ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʧʨʦʚʦʜʠʪʩʷ ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝ-
ʥʠʡ, ʣʠʙʦ ʪʦʯʝʯʥʳʤʠ ʟʘʤʝʨʘʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʨʫʧʥʳʤ ʧʨʦ-
ʤʳʰʣʝʥʥʳʤ ʦʙʲʝʢʪʘʤ ʚʳʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʠʩʪʝʤʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: 

ʆʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʠ: ɿʘʤʝʨʳ RSRP (Reference Signal Received Power) ʠ RSRQ 
(Reference Signal Received Quality) [1] ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʙʝʟ ʫʯʸʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 
ʧʨʦʮʝʩʩʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʦʧʦʩʪʘʚʠʤʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ʀʛʥʦʨʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʥʘʛʨʫʟʢʠ ʩʝʪʠ: ʂʘʯʝʩʪʚʦ ʩʠʛʥʘʣʘ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʣʦʱʘʜʢʝ ʟʘʚʠʩʠʪ 
ʥʝ ʪʦʣʴʢʦ ʦʪ ʫʨʦʚʥʷ ʧʦʣʷ, ʥʦ ʠ ʦʪ ʟʘʛʨʫʟʢʠ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʦʧʝʨʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 
ʩʤʝʥʳ. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʩʢʨʝʪʠʟʘʮʠʷ: ʀʟʤʝʨʝʥʠʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʥʝ ʦʪʨʘʞʘʶʪ 
ʨʝʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʦʙʲʝʢʪʘ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʦʞʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ 
(ʵʩʪʘʢʘʜʳ, ʧʦʜʚʘʣʳ, ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʩʪʝʣʣʘʞʠ). 

ʆʪʩʫʪʩʪʚʠʝ ʧʨʠʚʷʟʢʠ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ: ɼʣʷ ʩʠʩʪʝʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ 
(IoT), ʜʠʩʧʝʪʯʝʨʩʢʦʡ ʩʚʷʟʠ ʠ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʢʨʠʪʠʯʥʳ ʧʦʢʘʟʘʪʝʣʠ ʟʘʜʝʨʞʢʠ (RTT) ʠ ʜʞʠʪʪʝʨʘ, ʢʦʪʦ-
ʨʳʝ ʦʙʳʯʥʦ ʥʝ ʠʟʤʝʨʷʶʪʩʷ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛʝ. 

ʇʨʦʙʣʝʤʳ ʩ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝʤ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ: ʈʝʟʫʣʴʪʘʪʳ ʯʘʩʪʦ ʬʠʢʩʠʨʫʶʪʩʷ ʚʨʫʯ-
ʥʫʶ, ʙʝʟ ʝʜʠʥʦʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʥʦʚʳ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʧʦʚʪʦʨʥʫʶ ʦʮʝʥʢʫ ʧʦʩʣʝ ʚʥʝʜ-
ʨʝʥʠʷ ʫʣʫʯʰʝʥʠʡ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʧʦʵʪʘʧʥʳʡ ʧʦʜʭʦʜ, ʥʘʧʨʘʚʣʝʥ-
ʥʳʡ ʥʘ ʧʦʣʫʯʝʥʠʝ ʦʙʲʝʢʪʠʚʥʳʭ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʠ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʨʠʥʷʪʠʷ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ 
ʜʘʥʥʳʭ ʦ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʘ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʦʙʲʝʢʪʝ. 

ʉʙʦʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: ʧʣʘʥʠʨʦʚʢʘ ʦʙʲʝʢʪʘ ʩ ʫʢʘʟʘʥʠʝʤ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʩʧʦʣʦʞʝ-
ʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʦʥ (ʮʝʭʘ, ʩʢʣʘʜʳ, ʦʬʠʩʥʳʝ ʧʦʤʝʱʝʥʠʷ, ʟʦʥʳ ʏʇʋ-ʩʪʘʥʢʦʚ, ʢʦʥʪʨʦʣʣʝʨʦʚ). ʆʧʨʝ-
ʜʝʣʝʥʠʝ ʧʝʨʝʯʥʷ ʦʧʝʨʘʪʦʨʦʚ ʠ ʜʠʘʧʘʟʦʥʦʚ: ʬʠʢʩʘʮʠʷ ʚʩʝʭ ʩʦʪʦʚʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʦʙʲʝʢ-
ʪʝ, ʩ ʫʢʘʟʘʥʠʝʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʯʘʩʪʦʪʥʳʭ ʧʦʣʦʩ (GSM-900, LTE-1800, LTE-2600, 5G ʠ ʜʨ.). ʌʦʨʤʫʣʠʨʦʚ-
ʢʘ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ: ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʨʝʜʧʨʠʷʪʠʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦʨʦʛʦʚʳʝ ʟʥʘ-
ʯʝʥʠʷ RSRP (ʥʘʧʨʠʤʝʨ, ʥʝ ʥʠʞʝ -100 ʜɹʤ ʜʣʷ ʛʦʣʦʩʦʚʳʭ ʩʝʨʚʠʩʦʚ), RSRQ (ʥʝ ʥʠʞʝ -12 ʜɹ), SINR (ʥʝ 
ʤʝʥʝʝ 10 ʜɹ), ʤʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʟʘʛʨʫʟʢʠ (ʥʝ ʤʝʥʝʝ 5 ʄʙʠʪ/ʩ) ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʟʘʜʝʨʞʢʘ (ʥʝ ʙʦʣʝʝ 
50 ʤʩ).  

ɺʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ: ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʣʠ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʝ 
ʤʦʙʠʣʴʥʳʝ ʪʝʨʤʠʥʘʣʳ ʩ ʨʝʞʠʤʦʤ ʠʥʞʝʥʝʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʡ: ʨʘʚʥʦ-
ʤʝʨʥʘʷ ʩʝʪʢʘ ʩ ʰʘʛʦʤ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʩʣʦʞʥʦʩʪʠ ʨʘʜʠʦʩʨʝʜʳ (10ï20 ʤ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʦ 50 ʤ ʥʘ 
ʦʪʢʨʳʪʳʭ ʧʣʦʱʘʜʢʘʭ), ʘ ʪʘʢʞʝ ʦʙʷʟʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʚ çʧʨʦʙʣʝʤʥʳʭè ʟʦʥʘʭ (ʚʥʫʪʨʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʘʥʛʘʨʦʚ, ʟʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʩʪʝʥʘʤʠ, ʚ ʪʦʥʥʝʣʷʭ). ʋʯʸʪ ʜʠʥʘʤʠʢʠ: ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʤʠʥʠʤʫʤ ʚ 
ʪʨʸʭ ʚʨʝʤʝʥʥʳʭ ʩʨʝʟʘʭ (ʫʪʨʦ, ʜʥʝʚʥʘʷ ʩʤʝʥʘ, ʚʝʯʝʨ) ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʚʥʫʪʨʠʩʝʪʝʚʦʡ ʥʘʛʨʫʟʢʠ. 

ʌʠʢʩʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ: ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ï RSRP, RSRQ, SINR, RSSI, ʫʨʦʚʝʥʴ 
ʦʰʠʙʦʢ (BLER), ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʚʭʦʜʷʱʘʷ ʠ ʠʩʭʦʜʷʱʘʷ) ʧʦ ʧʨʦʪʦʢʦʣʘʤ HTTP/TCP, ʟʘʜʝʨʞ-
ʢʘ (RTT) ʠ ʜʞʠʪʪʝʨ [2-5]. ɻʝʦʧʨʠʚʷʟʢʘ: ʚʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʠʚʷʟʳʚʘʶʪʩʷ ʢ ʮʠʬʨʦʚʦʤʫ ʧʣʘʥʫ ʦʙʲʝʢʪʘ (ʩ 
ʧʦʤʦʱʴʶ GPS ʥʘ ʦʪʢʨʳʪʳʭ ʫʯʘʩʪʢʘʭ ʠʣʠ ʪʨʠʣʘʪʝʨʘʮʠʠ ʧʦ ʤʘʨʢʝʨʥʳʤ ʪʦʯʢʘʤ ï ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ). 
ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ: ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʤʝʭʦʟʘʚʠʩʠʤʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʩʚʘʨʦʯ-
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ʥʳʝ ʘʧʧʘʨʘʪʳ, ʯʘʩʪʦʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ) ʧʨʦʚʦʜʷʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʘʤʝʨʳ ʚ ʧʦʣʦʩʘʭ ʩʦʪʦʚʦʡ ʩʚʷ-
ʟʠ. 

ʇʦʩʪʨʦʝʥʠʝ ʢʘʨʪ ʧʦʢʨʳʪʠʷ: ʠʥʪʝʨʧʦʣʷʮʠʷ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ RSRP, RSRQ, SINR ʥʘ ʚʩʶ ʧʣʦ-
ʱʘʜʴ ʦʙʲʝʢʪʘ ʩ ʚʳʜʝʣʝʥʠʝʤ çʢʨʘʩʥʳʭ ʟʦʥè (ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʢʘʯʝʩʪʚʦ). ʈʘʩʯʸʪ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 
ʠʥʜʝʢʩʘ ʢʘʯʝʩʪʚʘ (ʀʀʂ): ʜʣʷ ʢʘʞʜʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʙʦʙʱʸʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘ 
ʦʩʥʦʚʝ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʳ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʤʝʪʨʠʢ (RSRP, RSRQ, SINR, ʩʢʦʨʦʩʪʴ, ʟʘʜʝʨʞʢʘ). ʂʦʵʬʬʠ-
ʮʠʝʥʪʳ ʟʥʘʯʠʤʦʩʪʠ ʟʘʜʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʦʨʠʪʝʪʘ ʩʝʨʚʠʩʦʚ (ʛʦʣʦʩ, ʜʘʥʥʳʝ, IIoT). ʉʨʘʚʥʠʪʝʣʴ-
ʥʳʡ ʘʥʘʣʠʟ: ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʧʦʨʦʛʦʚʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ (ʵʪʘʧ 1) ʠ ʤʝʞʜʫ ʨʘʟʥʳ-
ʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʛʦ ʧʦʩʪʘʚʱʠʢʘ ʫʩʣʫʛ ʥʘ ʦʙʲʝʢʪʝ. 

ʅʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʝʜʣʦʞʝʥʠʷ: 
Å ʜʣʷ ʣʦʢʘʣʴʥʳʭ çʤʸʨʪʚʳʭ ʟʦʥè ï ʫʩʪʘʥʦʚʢʘ ʧʘʩʩʠʚʥʳʭ ʠʣʠ ʘʢʪʠʚʥʳʭ ʨʝʧʠʪʝʨʦʚ; 
Å ʜʣʷ ʦʙʰʠʨʥʳʭ ʟʦʥ ʩ ʥʠʟʢʠʤ SINR ï ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ (DAS) ʩ 

ʮʠʬʨʦʚʳʤ ʫʧʨʘʚʣʝʥʠʝʤ; 
Å ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ï ʨʝʢʦʤʝʥʜʘʮʠʷ ʧʦ ʧʨʠʦʨʠʪʝʪʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʠʘ-

ʧʘʟʦʥʦʚ LTE-2600 ʠʣʠ 5G; 
Å ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʳ ï ʧʝʨʝʛʦʚʦʨʳ ʩ ʦʧʝʨʘʪʦʨʘʤʠ ʦʙ ʫʩʪʘʥʦʚʢʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʘʟʦʚʳʭ 

ʩʪʘʥʮʠʡ ʠʣʠ ʚʳʜʝʣʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ. 
ʏʝʨʝʟ 2ï4 ʥʝʜʝʣʠ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠʟʤʝʨʝʥʠʷ ʧʦʚʪʦʨʷʶʪ. ɼʣʷ ʵʪʦʛʦ ʙʝʨʫʪ 

ʪʫ ʞʝ ʩʝʪʢʫ ʪʦʯʝʢ ʠ ʪʝ ʞʝ ʚʨʝʤʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ. ʇʦʪʦʤ ʩʤʦʪʨʷʪ, ʥʘʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʣʩʷ ʠʥʪʝʛʨʘʣʴʥʳʡ 
ʠʥʜʝʢʩ ʢʘʯʝʩʪʚʘ, ʠ ʩʯʠʪʘʶʪ, ʢʘʢʘʷ ʯʘʩʪʴ ʟʦʥ ʩ ʧʣʦʭʠʤ ʧʦʢʨʳʪʠʝʤ ʠʩʯʝʟʣʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʩʝ ʜʘʥʥʳʝ ʩʦ-
ʙʠʨʘʶʪ ʚ ʠʪʦʛʦʚʳʡ ʧʨʦʪʦʢʦʣ ʠ ʧʦ ʥʝʤʫ ʦʮʝʥʠʚʘʶʪ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʧʨʠʥʷʪʳʝ ʤʝ-
ʨʳ. 

ʋ ʤʝʪʦʜʠʢʠ ʆʂʉʄʉ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʩʝʨʴʸʟʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʨʦʟʥʝʥʥʳʤʠ ʩʧʦ-
ʩʦʙʘʤʠ ʦʮʝʥʢʠ: 

Å ʆʙʲʝʢʪʠʚʥʦʩʪʴ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ð ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪ ʧʦ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʡ ʩʭʝʤʝ, ʩ ʧʨʠʚʷʟ-
ʢʦʡ ʢ ʤʝʩʪʥʦʩʪʠ ʠ ʚ ʦʜʠʥʘʢʦʚʳʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ. ʊʘʢ ʫʜʘʸʪʩʷ ʫʙʨʘʪʴ ʚʣʠʷʥʠʝ ʩʫʙʲʝʢʪʠʚʥʦʛʦ 
ʤʥʝʥʠʷ. 

Å ʋʯʸʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ð ʦʪʜʝʣʴʥʦ ʘʥʘʣʠʟʠʨʫʶʪ ʧʦʤʝʭʠ, ʟʦʥʳ ʩ ʦʩʦʙʝʥʥʦ 
ʞʸʩʪʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʟʘʜʝʨʞʢʘʤ ʠ ʩʣʦʞʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

Å ɽʜʠʥʘʷ ʦʮʝʥʢʘ ð ʦʙʱʠʡ ʠʥʜʝʢʩ ʢʘʯʝʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟʥʳʝ ʫʯʘʩʪʢʠ 
ʦʙʲʝʢʪʘ, ʦʧʝʨʘʪʦʨʦʚ ʠ ʚʘʨʠʘʥʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ. 

Å ʕʢʦʥʦʤʠʷ ʩʨʝʜʩʪʚ ð ʝʩʣʠ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʠʪʴ ʨʝʘʣʴʥʳʝ ʧʨʦʙʣʝʤʥʳʝ ʤʝʩʪʘ, ʤʦʞʥʦ ʥʝ ʧʝʨʝ-
ʧʣʘʯʠʚʘʪʴ ʟʘ ʠʟʙʳʪʦʯʥʦ ʤʦʱʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʥʝ ʚʳʙʨʘʪʴ ʩʣʠʰʢʦʤ ʩʣʘʙʦʝ ʨʝʰʝʥʠʝ, 
ʢʦʪʦʨʦʝ ʥʝ ʜʘʩʪ ʥʫʞʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

Å ʆʩʥʦʚʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ð ʢʘʨʪʳ ʧʦʢʨʳʪʠʷ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʦʞʥʦ 
ʚʩʪʨʦʠʪʴ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ Smart Factory. ʕʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʦʷʥʥʦ ʦʪʩʣʝ-
ʞʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʦʚʘʪʴ ʦʪʯʸʪʳ ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʠʛʥʘʣʦʚ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʆʂʉʄʉ ð ʵʪʦ ʮʝʣʴʥʳʡ ʠʥ-
ʞʝʥʝʨʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʘʫʯʥʳʭ ʧʨʠʥʮʠʧʘʭ. ʆʥʘ ʧʦʤʦʛʘʝʪ ʫʩʪʨʘʥʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʨʘʟʨʦʟʥʝʥ-
ʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʧʦʣʫʯʠʪʴ ʦʙʲʝʢʪʠʚʥʫʶ ʢʘʨʪʠʥʫ ʩʦʩʪʦʷʥʠʷ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʥʘ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʦʙʲʝʢʪʘʭ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʩʦʟʜʘʸʪ ʙʘʟʫ ʜʣʷ ʚʟʚʝʰʝʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 
ʩʚʷʟʠ ð ʦʪ ʚʳʙʦʨʘ ʦʧʝʨʘʪʦʨʘ ʠ ʥʘʩʪʨʦʡʢʠ ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ ʜʦ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʠʩʪʝʤʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 
ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʆʂʉʄʉ ʥʘ ʵʪʘʧʝ ʧʨʝʜʧʨʦʝʢʪʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʤʦʛʘʝʪ ʫʤʝʥʴʰʠʪʴ ʨʠʩʢ ʣʠʰʥʠʭ 
ʨʘʩʭʦʜʦʚ ʥʘ ʫʩʠʣʝʥʠʝ ʩʚʷʟʠ. ʇʦʚʪʦʨʥʳʝ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʧʦʤʦʛʘʶʪ ʫʚʝʨʝʥʥʦ ʧʦʣʫʯʠʪʴ ʥʫʞʥʳʝ ʨʝ-
ʟʫʣʴʪʘʪʳ. ɼʘʣʴʰʝ ʠʤʝʝʪ ʩʤʳʩʣ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɼʣʷ 
ʵʪʦʛʦ ʤʦʞʥʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʜʨʦʥʳ ʠ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʨʘʥʝʝ 
ʙʫʜʫʪ ʚʳʷʚʣʷʪʴ ʫʯʘʩʪʢʠ, ʛʜʝ ʢʘʯʝʩʪʚʦ ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩʷ. 
  



110 НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 

 

VII международная научно-практическая конференция  | МЦНС «НАУКА И ПРОСВЕЩЕНИЕ» 

ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
 

1. ʇʷʪʢʦʚ, ʀ. ɸ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʪʝʡ LTE / ʀ. ɸ. ʇʷʪʢʦʚ // ʉʠʤʚʦʣ ʥʘʫʢʠ: 
ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ. ï 2025. ï ʊ. 2, ˉ 4-1. ï ʉ. 49-51. ï EDN JZDNBO. 

2. ɺʦʨʦʥʠʥʘ, ʃ. ʖ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʩʠʛʥʘʣʘ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʠ ʠʥʪʝʨʥʝʪʘ ʜʣʷ ʜʦ-
ʤʘ ʠ ʦʬʠʩʘ / ʃ. ʖ. ɺʦʨʦʥʠʥʘ, ɸ. ʄ. ʇʝʪʫʭʦʚʘ, ɸ. ɸ. ʄʘʢʩʠʤʦʚ // ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 
ʪʝʭʥʦʣʦʛʠʠ. ï 2023. ï ʊ. 10, ˉ 1. ï ʉ. 120-125. ï EDN KXWCLT. 

3. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʝʡ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ ʘʙʦʥʝʥʪʩʢʠʭ ʪʝʨʤʠʥʘʣʦʚ 
ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʘʢʝʪʘ / ɸ. ɺ. ʂʘʯʥʦʚ, ɸ. ɸ. ʇʨʘʩʦʣʦʚ, ʈ. ʉ. ʈʦʱʠʥʩʢʠʡ, ɼ. ɸ. ʉʦʧʦʚ // 
International Journal of Professional Science. ï 2024. ï ˉ 10-2. ï ʉ. 56-65. ï EDN PJHMYX. 

4. ɸʜʘʤʦʚʩʢʠʡ, ɽ. ʈ. ʄʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʪʳ ʨʘʜʠʦʩʨʝʜʳ ʜʣʷ ʢʦʛʥʠʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʩʚʷʟʠ 
ʥʘ ʙʘʟʝ ʩʦʪʦʚʦʡ ʩʝʪʠ LTE / ɽ. ʈ. ɸʜʘʤʦʚʩʢʠʡ, ɺ. ʄ. ʏʝʨʪʢʦʚ, ʈ. ʇ. ɹʦʛʫʰ // ʂʦʤʧʴʶʪʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ï 2022. ï ʊ. 14, ˉ 1. ï ʉ. 127-146. ï DOI 10.20537/2076-7633-2022-14-1-127-146. ï 
EDN GEFAJX. 

5. ɹʦʣʭʦʚʩʢʘʷ, ʆ. ɺ. ʆʙʥʘʨʫʞʝʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ 
ʢʨʫʛʦʚʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ / ʆ. ɺ. ɹʦʣʭʦʚʩʢʘʷ, ɺ. ɸ. ʉʝʨʛʝʝʚ, ɸ. ɸ. ʄʘʣʴʮʝʚ // ɸʥʪʝʥʥʳ. ï 2023. ï ˉ 
5(285). ï ʉ. 23-37. ï DOI 10.18127/j03209601-202305-03. ï EDN KYXMIW. 

É ɸ.ɸ. ɿʘʡʥʫʣʣʠʥ, ʄ.ʈ. ʊʠʭʦʥʦʚ, 2026 

  



НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 111 

 

VII International scientific conference | www.naukaip.ru 

УДК 674.028.4:620.172 

ИССЛЕДОВАНИЕ МЕСТНЫХ ДЕФОРМАЦИЙ 
ПРИ ГНУТЬЕ ДРЕВЕСИНЫ НА СТАНКАХ 

Ефремов Александр Николаевич,  
Васильева Анна Сергеевна,  

Ностаев Церен Очирович 
ʩʪʫʜʝʥʪʳ 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ.ʄ. ʂʠʨʦʚʘè 

Ностаев Чингис Очирович 
ʩʪʫʜʝʥʪ  

ʌɻɹʆʋ ɺʆ çʂʘʣʤʳʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɹ.ɹ. ɻʦʨʦʜʦʚʠʢʦʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ɻʥʫʪʴʸ ʤʘʩʩʠʚʥʦʡ ʜʨʝʚʝʩʠʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 
ʫʩʧʝʭ ʢʦʪʦʨʦʛʦ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʠ ʚʝʣʠʯʠʥʦʡ ʤʝʩʪʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 
ʠʟʛʠʙʘʝʤʦʡ ʟʘʛʦʪʦʚʢʝ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʠʟʫʯʝʥʠʷ ʵʪʠʭ ʣʦʢʘʣʴʥʳʭ ʧʣʘ-
ʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʩ ʧʦʤʦʱʴʶ ʥʘʧʝʯʘʪʘʥʥʦʡ ʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʢʠ ʦʢʨʫʞʥʦʩʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʝ-
ʨʝʡʪʠ ʦʪ ʫʩʨʝʜʥʸʥʥʳʭ ʦʮʝʥʦʢ ʜʝʬʦʨʤʘʮʠʠ ʢ ʘʥʘʣʠʟʫ ʠʩʪʠʥʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠ-
ʘʣʘ. ʇʨʠʚʦʜʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʩʪʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʪ ʫʛʣʘ ʟʘʛʠʙʘ ʜʣʷ 
ʧʨʦʧʘʨʝʥʥʦʡ ʜʨʝʚʝʩʠʥʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʤʝʩʪʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 
ʧʨʝʚʳʰʘʪʴ ʩʨʝʜʥʠʝ ʧʦ ʦʙʨʘʟʮʫ ʟʥʘʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘ-
ʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʛʥʫʪʴʷ ʥʘ ʩʪʘʥʢʘʭ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʧʨʦʮʝʥʪʘ ʙʨʘʢʘ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʳʭ 
ʠʟʜʝʣʠʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʥʫʪʴʝ ʜʨʝʚʝʩʠʥʳ; ʤʝʩʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ; ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ; ʤʝʪʦʜ ʜʝʣʠ-
ʪʝʣʴʥʦʡ ʩʝʪʢʠ; ʛʥʫʪʘʨʥʳʡ ʩʪʘʥʦʢ; ʧʨʦʧʘʨʝʥʥʘʷ ʜʨʝʚʝʩʠʥʘ; ʠʩʪʠʥʥʘʷ ʜʝʬʦʨʤʘʮʠʷ. 

 
STUDY OF LOCAL DEFORMATIONS DURING WOOD BENDING ON MACHINES 

 
Efremov, Alexander Nikolaevich,  

Vasilyeva Anna Sergeevna,  
Nostaev Tseren Ochirovich,  
Nostaev Chingis Ochirovich 

 
Annotation:The bending of solid wood is a complex technological process, the success of which is largely 
determined by the nature and magnitude of local deformations that occur in the bent workpiece. This study 
presents a method for investigating these local plastic deformations using a printed dividing grid of circles, 
which allows one to move from average strain estimates to an analysis of the true strain state of the material. 
Experimental data on the dependence of local deformations on the bending angle for steamed wood are given. 
It is shown that the maximum local strains can be several times higher than the average values for the speci-
men. The results of the research make it possible to optimize the parameters of the bending process on ma-
chines in order to reduce the percentage of defects and improve the quality of finished products. 
Keywords: wood bending; local deformation; plastic deformation; dividing grid method; bending machine; 
steamed wood; true strain. 
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ɻʥʫʪʴʸ ʤʘʩʩʠʚʥʦʡ ʜʨʝʚʝʩʠʥʳ ʥʘ ʩʪʘʥʢʘʭ ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʥʝʦʙʨʘʪʠʤʳʭ 
ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʧʨʠʯʸʤ ʧʦʷʚʣʝʥʠʝ ʩʢʣʘʜʦʢ ʚ ʩʞʘʪʦʡ ʟʦʥʝ ʠ ʨʘʟʨʳʚʦʚ ʚ ʨʘʩʪʷʥʫʪʦʡ ʦʧʨʝʜʝ-
ʣʷʝʪʩʷ ʥʝ ʩʨʝʜʥʠʤʠ ʧʦ ʟʘʛʦʪʦʚʢʝ, ʘ ʣʦʢʘʣʴʥʳʤʠ ʧʠʢʘʤʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ. [1]  ʊʨʘʜʠʮʠʦʥʥʳʝ 
ʫʩʨʝʜʥʸʥʥʳʝ ʦʮʝʥʢʠ ʤʘʩʢʠʨʫʶʪ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʟʦʥʳ, ʛʜʝ ʠʩʪʠʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʤʥʦʛʦʢʨʘʪʥʦ 
ʧʨʝʚʳʰʘʪʴ ʩʨʝʜʥʠʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʘʣʴʥʦʡ ʢʘʨʪʠʥʳ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʳʣ ʧʨʠʤʝʥʸʥ 
ʤʝʪʦʜ ʥʘʧʝʯʘʪʘʥʥʦʡ ʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʢʠ ʦʢʨʫʞʥʦʩʪʝʡ, ʢʦʪʦʨʘʷ ʥʘʥʦʩʠʣʘʩʴ ʥʘ ʧʨʦʩʪʨʦʛʘʥʥʫʶ ʧʦʚʝʨʭ-
ʥʦʩʪʴ ʦʙʨʘʟʮʘ ʧʝʨʝʜ ʧʨʦʧʘʨʠʚʘʥʠʝʤ. [2] ʇʦʩʣʝ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʝʨʝʚʦʜʷʱʝʡ ʣʠʛʥʠʥ ʚ 
ʚʷʟʢʦ-ʪʝʢʫʯʝʝ ʩʦʩʪʦʷʥʠʝ, ʟʘʛʦʪʦʚʢʘ ʥʝʤʝʜʣʝʥʥʦ ʠʟʛʠʙʘʣʘʩʴ ʥʘ ʩʪʘʥʢʝ ʜʦ ʟʘʜʘʥʥʦʛʦ ʫʛʣʘ, ʘ ʠʩʢʘʞʸʥʥʳʝ 
ʦʢʨʫʞʥʦʩʪʠ ʧʨʝʚʨʘʱʘʣʠʩʴ ʚ ʵʣʣʠʧʩʳ, ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʦʩʝʡ ʢʦʪʦʨʳʭ ʚʳʯʠʩʣʷʣʠʩʴ ʛʣʘʚʥʳʝ ʜʝʬʦʨʤʘ-
ʮʠʠ ʚ ʢʘʞʜʦʡ ʣʦʢʘʣʴʥʦʡ ʪʦʯʢʝ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 3ï5 %. ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʜʫʙʝ ʠ ʙʫʢʝ ʚʣʘʞʥʦʩʪʴʶ 25ï30 
% ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ ʠʟʛʠʙʘ ʨʘʟʨʳʚ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʤʝʩʪʥʳʤʠ ʜʝ-
ʬʦʨʤʘʮʠʷʤʠ ʧʨʦʛʨʝʩʩʠʚʥʦ ʥʘʨʘʩʪʘʝʪ (ʪʘʙʣ. 1). ʇʨʠ ʫʛʣʝ 30Á ʩʨʝʜʥʷʷ ʜʝʬʦʨʤʘʮʠʷ ʩʞʘʪʠʷ ʩʦʩʪʘʚʣʷʣʘ 
3,4 %, ʪʦʛʜʘ ʢʘʢ ʣʦʢʘʣʴʥʳʝ ʧʠʢʠ ʜʦʩʪʠʛʘʣʠ 8,7 %; ʧʨʠ 60Á ð 6,8 ʠ 17,5 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʧʨʠ ʢʨʠʪʠ-
ʯʝʩʢʠʭ 90Á ð 10,2 ʠ 26,4 %. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʚ ʨʘʩʪʷʥʫʪʦʡ ʟʦʥʝ, ʭʦʪʷ ʘʙʩʦʣʶʪʥʳʝ 
ʟʥʘʯʝʥʠʷ ʧʠʢʦʚ ʪʘʤ ʙʳʣʠ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ. [1] 

 
ʋʙʚʤʡʯʙ 1 

ʊʩʞʝʦʡʞ ʡ ʥʙʣʪʡʥʙʤʵʦʴʞ ʥʞʪʫʦʴʞ ʝʞʭʧʩʥʙʯʡʡ ʛ ʠʧʦʙʮ ʪʟʙʫʡʸ ʡ ʩʙʪʫʸʟʞʦʡʸ 

ʋʛʦʣ 
ʠʟʛʠʙʘ, Á 

ʉʨʝʜʥʷʷ ʜʝʬʦʨ-
ʤʘʮʠʷ ʩʞʘʪʠʷ, % 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʝʩʪ-
ʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩʞʘ-

ʪʠʷ, % 

ʉʨʝʜʥʷʷ ʜʝʬʦʨ-
ʤʘʮʠʷ ʨʘʩʪʷʞʝʥʠʷ, 

% 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʝʩʪʥʘʷ 
ʜʝʬʦʨʤʘʮʠʷ ʨʘʩʪʷʞʝ-

ʥʠʷ, % 

30 3.4 8.7 3.1 7.9 

45 5.1 13.2 4.6 11.8 

60 6.8 17.5 6.2 15.9 

75 8.5 22.1 7.7 19.8 

90 10.2 26.4 9.3 23.7 

 
ʋʙʚʤʡʯʙ 2 

ɻʤʡʸʦʡʞ ʦʙʨʩʙʛʤʞʦʡʸ ʡ ʪʫʞʨʞʦʡ ʨʩʞʪʪʧʛʙʦʡʸ ʦʙ ʛʴʮʧʝ ʣʙʰʞʪʫʛʞʦʦʴʮ ʠʙʜʧʫʧʛʧʣ 

ʅʘʧʨʘʚʣʝʥʠʝ ʧʨʝʩʩʦʚʘʥʠʷ ʉʪʝʧʝʥʴ ʫʧʨʝʩʩʦʚʢʠ, % ɺʳʭʦʜ ʢʘʯʝʩʪʚʝʥʥʳʭ ʟʘʛʦʪʦʚʦʢ, % 

ʈʘʜʠʘʣʴʥʦʝ 15 47ï67 

ʊʘʥʛʝʥʪʘʣʴʥʦʝ 15 34ï61 

ʆʩʝʚʦʝ 15 83 

ʆʩʝʚʦʝ 20 91 

ʆʩʝʚʦʝ 25 97 

 

 
ʉʡʪ.1. ɽʞʭʧʩʥʙʯʡʡ ʪʟʙʫʧʢ ʠʧʦʴ 
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ʉʡʪ.2. ɽʞʭʧʩʥʙʯʡʡ ʩʙʪʫʸʦʬʫʧʢ ʠʧʦʴ  

 

 
ʉʡʪ.3. ɻʴʮʧʝ ʣʙʰʞʪʫʛʞʦʦʴʮ ʠʙʜʧʫʧʛʧʣ ʨʩʡ ʧʪʞʛʧʥ ʨʩʞʪʪʧʛʙʦʡʡ  

 
ɻʴʛʧʝʴ: ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʘʧʨʦʙʠʨʦʚʘʪʴ ʤʝʪʦʜ ʥʘʧʝʯʘʪʘʥ-

ʥʦʡ ʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʢʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʤʝʩʪʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ 
ʧʨʠ ʛʥʫʪʴʝ ʧʨʦʧʘʨʝʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʥʘ ʩʪʘʥʢʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʪʠʥʥʳʝ ʤʝʩʪʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʟʦ-
ʥʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʤʦʛʫʪ ʚ 2,5ï3 ʨʘʟʘ ʧʨʝʚʳʰʘʪʴ ʩʨʝʜʥʠʝ ʧʦ ʦʙʨʘʟʮʫ ʟʥʘʯʝʥʠʷ, ʠ ʵʪʦ ʧʨʝ-
ʚʳʰʝʥʠʝ ʧʨʦʛʨʝʩʩʠʚʥʦ ʥʘʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ ʠʟʛʠʙʘ.  

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʄʘʥʢʝʚʠʯ ʃ.ɸ. ʆʩʥʦʚʳ ʛʥʫʪʴʷ ʜʨʝʚʝʩʠʥʳ. ð ʄʠʥʩʢ : ʀʟʜ-ʚʦ ʄ-ʚʘ ʚʳʩʰ., ʩʨʝʜ. ʩʧʝʮ. ʠ ʧʨʦʬ. 

ʦʙʨʘʟʦʚʘʥʠʷ ɹʉʉʈ, 1961. ð 272 ʩ. ʠʣ.; 22.  
2. ʉʝʨʛʦʚʩʢʠʡ, ʇʘʚʝʣ ʉʝʤʝʥʦʚʠʯ. ɻʠʜʨʦʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʝ ʜʨʝʚʝʩʠʥʳ 

[ʊʝʢʩʪ] : [ʋʯʝʙʥʠʢ ʜʣʷ ʣʝʩʦʪʝʭʥ. ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚʫʟʦʚ] / ʇ. ʉ. ʉʝʨʛʦʚʩʢʠʡ, ʧʨʦʬ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ. ð 2-ʝ 
ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ð ʄʦʩʢʚʘ : ʃʝʩʥʘʷ ʧʨʦʤ-ʩʪʴ, 1968. ð 448 ʩ..  
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РАЗРАБОТКА СИСТЕМЫ ПОДДЕРЖКИ 
ПРИНЯТИЯ РЕШЕНИЙ ДЛЯ РАСЧЁТА И 
ВЫБОРА ОБОРУДОВАНИЯ ПРОЦЕССА 
ДРОБЛЕНИЯ 

Козин Андрей Владимирович 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 
 (ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʈʦʛʦʚ ɸʣʝʢʩʘʥʜʨ ʖʨʴʝʚʠʯ 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 
ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ  

(ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 
ʨʘʩʯʸʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʱʝʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʚʳʷʚʣʝʥʳ ʠʭ ʥʝʜʦʩʪʘʪʢʠ. 
ʇʨʝʜʣʦʞʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʸʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʤʦʱʥʦʩʪʠ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 
ʚʘʣʘ. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʜʨʦʙʠʣʢʠ ʧʦ ʧʷʪʠ ʢʨʠʪʝʨʠʷʤ ʩ ʚʝʩʦʚʳʤʠ ʢʦ-
ʵʬʬʠʮʠʝʥʪʘʤʠ. ʈʝʘʣʠʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʷʟʳʢʝ Python ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ 
PySide6. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʥʘ ʨʝʘʣʴʥʳʭ ʤʦʜʝʣʷʭ ʜʨʦʙʠʣʦʢ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʱʝʢʦʚʘʷ ʜʨʦʙʠʣʢʘ, ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, 
ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʡ ʚʳʙʦʨ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, Python, PySide6. 
 

DEVELOPMENT OF A DECISION SUPPORT SYSTEM FOR CALCULATION AND SELECTION OF 
CRUSHING EQUIPMENT 

 
Kozin Andrey Vladimirovich, 

 
Scientific adviser Rogov Aleksandr Yurievich 

 
Abstract: The article presents the development of a software package for automated calculation of technolog-
ical parameters of jaw crushers and intelligent equipment selection from a database. The analysis of existing 
software tools is carried out, their disadvantages are identified. Mathematical models for calculating capacity, 
power and shaft speed are proposed. An algorithm for multicriteria crusher selection based on five criteria with 
weight coefficients is developed. The software package is implemented in Python with PySide6 graphical inter-
face. The results of testing the package on real crusher models are presented. 
Key words: jaw crusher, decision support system, software package, multicriteria selection, mathematical 
modeling, Python, PySide6. 
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ʑʝʢʦʚʳʝ ʜʨʦʙʠʣʢʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʜʨʦʙʣʝʥʠʷ ʚ ʛʦʨʥʦʨʫʜʥʦʡ, ʤʝʪʘʣʣʫʨ-
ʛʠʯʝʩʢʦʡ ʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʘʜʸʞʥʦʩʪʠ [1]. ʉʫʱʝ-
ʩʪʚʫʶʱʘʷ ʧʨʘʢʪʠʢʘ ʠʭ ʨʘʩʯʸʪʘ ʠ ʚʳʙʦʨʘ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ: ʠʥʞʝʥʝʨʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʪʨʝʙʫʶʪ 
ʤʥʦʞʝʩʪʚʘ ʨʫʯʥʳʭ ʦʧʝʨʘʮʠʡ, ʘ ʚʳʙʦʨ ʤʦʜʝʣʠ ï ʩʨʘʚʥʝʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʟ ʩʠʩʪʝʤʘ-
ʪʠʟʠʨʦʚʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ [2] ʧʦʢʘʟʘʣ, ʯʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʘʢʝ-
ʪʳ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ, DEM-ʩʠʩʪʝʤʳ ʠʟʙʳʪʦʯʥʦ ʩʣʦʞʥʳ ʠ ʜʦʨʦʛʠ, ʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 
ʧʨʦʛʨʘʤʤʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʟʘʨʫʙʝʞʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦ-
ʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʨʘʩʯʸʪʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʱʝʢʦʚʳʭ ʜʨʦʙʠʣʦʢ. 

ɺ ʦʩʥʦʚʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʣʦʞʝʥʳ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʸʪʘ ʱʝʢʦʚʳʭ ʜʨʦʙʠʣʦʢ, 
ʚʢʣʶʯʘʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʵʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʚʘʣʘ ʠʟ ʫʩʣʦʚʠʷ ʩʚʦʙʦʜʥʦʛʦ 
ʚʳʧʘʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʨʘʩʯʸʪ ʦʙʲʸʤʥʦʡ ʠ ʤʘʩʩʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʯʝʨʝʟ ʛʝʦʤʝʪʨʠʶ ʢʘʤʝʨʳ 
ʜʨʦʙʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʦ ʤʝʪʦʜʠʢʘʤ ʄʝʭʘʥʦʙʨʘ ʠ ɹʝʨʝʥʦʚʘ [3, 4, 
5]. ɺʩʝ ʨʘʩʯʸʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ ʠ ʥʝ ʪʨʝʙʫʶʪ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʨʫʯʥʦʛʦ ʚʚʦʜʘ ʬʦʨʤʫʣ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʷʟʳʢʝ Python 3.10 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ PySide6 
ʜʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʙʘʟʳ ʜʘʥʥʳʭ Microsoft Access ʜʣʷ ʭʨʘʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʜʨʦʙʠʣʦʢ ʠ ʙʠʙʣʠʦʪʝʢ Matplotlib ʠ NumPy ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ [6]. 

ɻʣʘʚʥʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ. ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʠʜʠʪ ʛʣʘʚʥʦʝ ʦʢʥʦ (ʨʠʩ. 1), ʩʦ-
ʜʝʨʞʘʱʝʝ ʟʘʛʦʣʦʚʦʢ, ʘʥʠʤʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʱʝʢʦʚʦʡ ʜʨʦ-
ʙʠʣʢʠ, ʠ ʯʝʪʳʨʝ ʢʥʦʧʢʠ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʦʩʥʦʚʥʳʤ ʤʦʜʫʣʷʤ: çʄʦʜʫʣʴ ʨʘʩʯʝʪʘè, çʄʦʜʫʣʴ ʧʦʜʙʦʨʘè, 
çʄʦʜʫʣʴ ʛʨʘʬʠʢʦʚè ʠ çʉʧʨʘʚʢʘè. 

 

 
ʉʡʪ. 1. ɼʤʙʛʦʧʞ ʧʣʦʧ ʨʩʧʜʩʙʥʥʦʧʜʧ ʣʧʥʨʤʞʣʪʙ 

 
ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʜʨʦʙʠʣʢʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʢʘʞʜʫʶ 

ʤʦʜʝʣʴ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʧʷʪʠ ʢʨʠʪʝʨʠʷʤ ʩ ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ (ʪʘʙʣ. 1). 
ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʚʝʨʙʘʣʴʥʘʷ ʨʝʢʦʤʝʥʜʘʮʠʷ: çʆʧʪʠ-

ʤʘʣʴʥʳʡ ʚʳʙʦʨè (Ó85%), çʍʦʨʦʰʠʡ ʚʳʙʦʨè (70ï85%), çɺʦʟʤʦʞʝʥ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠè (50ï70%), çʅʝ 
ʨʝʢʦʤʝʥʜʫʝʪʩʷè (30ï50%), çʅʝ ʧʦʜʭʦʜʠʪè (<30%). 
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ʄʦʜʫʣʴ ʨʘʩʯʸʪʘ. ʆʢʥʦ ʤʦʜʫʣʷ ʨʘʩʯʸʪʘ (ʨʠʩ. 2) ʩʦʜʝʨʞʠʪ ʧʦʣʷ ʜʣʷ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: ʨʘʟ-
ʤʝʨ ʧʠʪʘʥʠʷ, ʨʘʟʤʝʨ ʧʨʦʜʫʢʪʘ, ʪʨʝʙʫʝʤʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʫʛʦʣ ʟʘʭʚʘʪʘ, ʭʦʜ 
ʱʝʢʠ, ʜʣʠʥʘ ʢʘʤʝʨʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʨʳʭʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʙʦʨ ʪʠʧʘ ʜʚʠʞʝʥʠʷ ʱʝʢʠ. ʇʦʩʣʝ ʥʘʞʘʪʠʷ 
ʢʥʦʧʢʠ çʈʘʩʩʯʠʪʘʪʴè ʧʨʦʛʨʘʤʤʘ ʦʪʦʙʨʘʞʘʝʪ ʦʢʥʦ ʩʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʦʙʲʸʤʥʫʶ, ʤʘʩʩʦʚʫʶ, 
ʫʧʨʦʱʸʥʥʫʶ) ʠ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ ʧʦ ʜʚʫʤ ʤʝʪʦʜʠʢʘʤ. 

 
ʋʙʚʤʡʯʙ 1 

ʃʩʡʫʞʩʡʡ ʧʯʞʦʣʡ ʝʩʧʚʡʤʧʣ 

ʂʨʠʪʝʨʠʡ ɺʝʩ 

ʐʠʨʠʥʘ ʟʘʛʨʫʟʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 30% 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 25% 

ʄʦʱʥʦʩʪʴ 20% 

ɼʣʠʥʘ ʢʘʤʝʨʳ ʜʨʦʙʣʝʥʠʷ 15% 

ʊʠʧ ʜʚʠʞʝʥʠʷ ʱʝʢʠ 10% 

 
 

 
ʉʡʪ. 2. ʇʣʦʧ ʥʧʝʬʤʸ ʩʙʪʰʹʫʙ 

 
ʄʦʜʫʣʴ ʧʦʜʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʢʥʦ ʤʦʜʫʣʷ ʧʦʜʙʦʨʘ (ʨʠʩ. 3) ʨʘʟʜʝʣʝʥʦ ʥʘ ʣʝʚʫʶ ʧʘʥʝʣʴ ʜʣʷ 

ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʘ (ʨʘʟʤʝʨ ʧʠʪʘʥʠʷ, ʨʘʟʤʝʨ ʧʨʦʜʫʢʪʘ, ʪʨʝʙʫʝʤʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 
ʧʨʦʯʥʦʩʪʴ, ʬʠʣʴʪʨ ʧʦ ʪʠʧʫ ʜʚʠʞʝʥʠʷ) ʠ ʧʨʘʚʫʶ ʧʘʥʝʣʴ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʪʘʙʣʠʮʳ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠ 
ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ çʇʦʜʦʙʨʘʪʴè ʧʨʦʛʨʘʤʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʨʦʙʠʣʢʝ (ʰʠ-
ʨʠʥʘ ʟʘʛʨʫʟʢʠ, ʰʠʨʠʥʘ ʱʝʣʠ, ʤʦʱʥʦʩʪʴ), ʟʘʛʨʫʞʘʝʪ ʙʘʟʫ ʜʘʥʥʳʭ, ʚʳʧʦʣʥʷʝʪ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʫʶ ʦʮʝʥ-
ʢʫ ʠ ʚʳʚʦʜʠʪ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʡ ʩʧʠʩʦʢ ʤʦʜʝʣʝʡ ʩ ʦʮʝʥʢʘʤʠ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ. ʃʫʯʰʠʡ ʚʘʨʠʘʥʪ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʦ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ. 

ʄʦʜʫʣʴ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʆʢʥʦ ʤʦʜʫʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ (ʨʠʩ. 4) ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦ-
ʩʪʝʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʘʟʤʝʨʦʚ 
ʜʨʦʙʠʣʢʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ, ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ (ʫʛʦʣ 
ʟʘʭʚʘʪʘ, ʭʦʜ ʱʝʢʠ, ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ) ʠ ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʛʨʘʬʠʢ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 
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ʉʡʪ. 3. ʇʣʦʧ ʥʧʝʬʤʸ ʨʧʝʚʧʩʙ ʧʚʧʩʬʝʧʛʙʦʡʸ 

 

 
ʉʡʪ. 4. ʇʣʦʧ ʥʧʝʬʤʸ ʛʡʠʬʙʤʡʠʙʯʡʡ 

 
ʊʝʩʪʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ 

ʧʠʪʘʥʠʷ 500 ʤʤ, ʪʨʝʙʫʝʤʳʡ ʨʘʟʤʝʨ ʧʨʦʜʫʢʪʘ 50 ʤʤ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 100 ʪ/ʯ, ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ 
100 ʄʇʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʙʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 
ʋʙʚʤʡʯʙ 2 

ʉʞʠʬʤʵʫʙʫʴ ʨʧʝʚʧʩʙ ʝʩʧʚʡʤʣʡ 

ʄʦʜʝʣʴ ɿʘʛʨʫʟʢʘ, ʤʤ 
ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʤį/ʯ 
ʄʦʱʥʦʩʪʴ, 
ʢɺʪ 

ʆʮʝʥʢʘ ʈʝʢʦʤʝʥʜʘʮʠʷ 

ʉʄɼ 118ɸ 600Ĭ900 85 90 77% 
ʍʦʨʦʰʠʡ ʚʳ-
ʙʦʨ 

ʉʄɼ 117ɸ 750Ĭ1060 110 110 92% 
ʆʧʪʠʤʘʣʴʥʳʡ 
ʚʳʙʦʨ 
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ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: ʦʙʲʝʜʠʥʷʝʪ ʨʘʩʯʸʪ ʠ ʚʳʙʦʨ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʦʜʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ, ʘʜʘʧʪʠʨʦʚʘʥ ʧʦʜ ʦʪʝʯʝʩʪʚʝʥʥʫʶ ʥʦʤʝʥʢʣʘʪʫʨʫ ʜʨʦʙʠʣʦʢ (ʪʠʧʦʚ 
ʉʄɼ, ʑɼʉ, ɼʈʆ), ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʛʣʷʜʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʷ-
ʝʪʩʷ ʙʝʩʧʣʘʪʥʦ ʠ ʠʤʝʝʪ ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ ʜʣʷ ʚʦʟʤʦʞʥʦʡ ʜʦʨʘʙʦʪʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʠʛʥʫʪʘ ʧʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ï ʩʦʟʜʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠ-
ʨʦʚʘʥʥʦʛʦ ʨʘʩʯʸʪʘ ʠ ʚʳʙʦʨʘ ʱʝʢʦʚʳʭ ʜʨʦʙʠʣʦʢ. ʂʦʤʧʣʝʢʩ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʧʨʦʝʢʪʥʳʭ ʦʨʛʘʥʠʟʘ-
ʮʠʷʭ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʸʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʪʫʜʝʥʪʦʚ ʛʦʨʥʳʭ ʠ ʩʪʨʦʠ-
ʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʂʣʫʰʘʥʮʝʚ ɹ. ɺ. ɼʨʦʙʠʣʢʠ. ʂʦʥʩʪʨʫʢʮʠʷ, ʨʘʩʯʸʪ, ʵʢʩʧʣʫʘʪʘʮʠʷ / ɹ. ɺ. ʂʣʫʰʘʥʮʝʚ, ɸ. ʀ. ʂʦʩʘ-

ʨʝʚ, ʖ. ɸ. ʄʫʡʟʝʤʥʝʢ. ï ʄʦʩʢʚʘ : ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1990. ï 320 ʩ. 
2. ʊʘʨʘʥʦʚ ɺ. ɸ. ʆʙʟʦʨ ʧʨʦʛʨʘʤʤ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ ʨʘʩʯʝʪʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʨʫʜʦʧʦʜ-

ʛʦʪʦʚʢʠ / ɺ. ɸ. ʊʘʨʘʥʦʚ, ɺ. ʌ. ɹʘʨʘʥʦʚ, ʊ. ʅ. ɸʣʝʢʩʘʥʜʨʦʚʘ // ʈʫʜʘ ʠ ʄʝʪʘʣʣʳ. ï 2013. ï ̄  5. ï ʉ. 3-7. 
3. ɸʥʜʨʝʝʚ ʉ. ɽ. ɼʨʦʙʣʝʥʠʝ, ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʛʨʦʭʦʯʝʥʠʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ / ʉ. ɽ. ɸʥʜʨʝʝʚ, 

ɺ. ɸ. ʇʝʨʦʚ, ɺ. ɺ. ɿʚʝʨʝʚʠʯ. ï 3-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄʦʩʢʚʘ : ʅʝʜʨʘ, 1980. ï 416 ʩ. 
 

É ɸ.ɺ. ʂʦʟʠʥ, ɸ.ʖ. ʈʦʛʦʚ, 2026 
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УДК 658.382.3 

ИДЕНТИФИКАЦИЯ ОПАСНОСТЕЙ ПРИ ОЦЕНКЕ 
РИСКА АВАРИИ НА СКЛАДЕ ХИМИЧЕСКИХ 
РЕАГЕНТОВ 

Ровная Алиса Владимировна  
ʤʘʛʠʩʪʨʘʥʪ  

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 
ʫʥʠʚʝʨʩʠʪʝʪ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ 

 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʧʘʩʥʦʩʪʝʡ ʠ ʦʮʝʥʢʠ ʨʠʩʢʘ ʘʚʘʨʠʡ ʥʘ ʦʧʘʩ-
ʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʛʦʨʥʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʩʢʣʘʜʘʭ ʭʠʤʠʯʝ-
ʩʢʠʭ ʨʝʘʛʝʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʢʣʘʜ ʩʳʨʴʝʚʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘ-
ʛʝʥʪʦʚ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʭʨʘʥʷʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ 
ʦʙʲʝʤʳ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʭ, ʪʦʢʩʠʯʥʳʭ ʠ ʦʢʠʩʣʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ ʠ 
ʩʧʝʮʠʬʠʢʠ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʩʢʣʘʜʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʮʝʥʘʨʠʠ ʚʦʟʤʦʞʥʳʭ 
ʘʚʘʨʠʡ ʠ ʠʥʮʠʜʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʙʦʩʥʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʜʦ-
ʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʨ ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʪʨʘʚʤʘʪʠʟʤʘ 
ʧʝʨʩʦʥʘʣʘ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʨʦʤʳʰʣʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʧʘʩʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʦʙʲʝʢʪ, ʩʢʣʘʜ ʭʠʤʠʯʝ-
ʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʦʮʝʥʢʘ ʨʠʩʢʘ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʦʧʘʩʥʦʩʪʝʡ. 

 
IDENTIFICATION OF DANGERS IN ASSESSING THE RISK OF AN ACCIDENT AT A CHEMICAL 

REAGENT WAREHOUSE 
 

Rovnaya Alisa Vladimirovna  
 

Abstract: The article is devoted to the problem of hazard identification and accident risk assessment at haz-
ardous production facilities of the mining and metallurgical complex, in particular at chemical reagent depots. 
The warehouse of raw chemical reagents of the first hazard class, located in the Irkutsk region, where signifi-
cant volumes of highly toxic, toxic and oxidizing substances are stored, is considered as an object of research. 
Based on the analysis of storage conditions and specifics of loading and unloading operations at the ware-
house, the main scenarios of possible accidents and incidents were identified. The results of the study make it 
possible to substantiate the need to introduce additional measures to improve the level of industrial safety, 
prevent personal injury and minimize environmental damage. 
Key words: industrial safety, hazardous production facility, chemical reagent warehouse, risk assessment, 
hazard identification. 

 
ʉʢʣʘʜʳ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʥʘ ʦʙʲʝʢʪʘʭ ʛʦʨʥʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʥʦʩʷʪʩʷ ʢ ʦʧʘʩ-

ʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʦʙʲʝʢʪʘʤ ʚʚʠʜʫ ʦʙʨʘʱʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʦʧʘʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝ-
ʱʝʩʪʚ. ʅʘʨʫʰʝʥʠʝ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ, ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʷ ʟʘʚʦʜʩʢʦʡ ʪʘʨʳ ʠʣʠ ʦʰʠʙʢʠ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʧʦ-
ʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪʘʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʙʨʦʩʘʤ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ, ʭʠʤʠʯʝʩʢʠʤ ʦʞʦʛʘʤ, 
ʦʪʨʘʚʣʝʥʠʷʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʫʱʝʨʙʫ.  

ʆʧʠʨʘʷʩʴ ʥʘ ʦʪʯʝʪʳ ʈʦʩʪʝʭʥʘʜʟʦʨʘ [1], ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʩʣʝʜʦʚʘʥʠʡ ʘʚʘʨʠʡ ʠ ʩʤʝʨʪʝʣʴʥʳʭ 
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ʩʣʫʯʘʝʚ ʪʨʘʚʤʘʪʠʟʤʘ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ 
ʧʨʠʯʠʥʳ ʧʦʜʦʙʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʠ ʥʘ ʘʥʘʣʦʛʠʯʥʳʭ ʦʙʲʝʢʪʘʭ (ʨʠʩ. 1). 

 

 
ʉʡʪ. 1. ʇʪʦʧʛʦʴʞ ʨʩʡʰʡʦʴ ʙʛʙʩʡʢ ʡ ʪʥʞʩʫʞʤʵʦʧʜʧ ʫʩʙʛʥʙʫʡʠʥʙ 

 
ʅʘ ʩʢʣʘʜʝ ʥʘʭʦʜʷʪʩʷ ʚʝʱʝʩʪʚʘ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʩʦʛʣʘʩʥʦ ʇʨʠʣʦʞʝʥʠʶ 1 ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘ-

ʢʦʥʘ ʦʪ 21.07.1997 ˉ 116-ʌɿ çʆ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚè 
[2] ʦʪʥʦʩʷʪʩʷ ʢ ʪʦʢʩʠʯʥʳʤ, ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʤ, ʦʢʠʩʣʷʶʱʠʤ ʚʝʱʝʩʪʚʘʤ ʠ ʚʝʱʝʩʪʚʘʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ 
ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʂ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʤ ʚʝʱʝʩʪʚʘʤ ʦʪʥʦʩʠʪʩʷ ʮʠʘʥʠʩʪʳʡ ʥʘʪʨʠʡ ʚ ʦʙʲʸʤʝ 3640 ʪʦʥʥ. ʕʪʦ ʞʝ ʚʝʱʝ-
ʩʪʚʦ, ʥʘʨʷʜʫ ʩ ʤʝʜʥʳʤ ʢʫʧʦʨʦʩʦʤ (3078 ʪ), ʢʩʘʥʪʦʛʝʥʘʪʦʤ ʢʘʣʠʷ (6390 ʪ) ʠ ʧʦʣʠʬʦʩʬʘʪʦʤ ʥʘʪʨʠʷ (72 ʪ), 
ʚʢʣʶʯʝʥʦ ʚ ʧʝʨʝʯʝʥʴ ʚʝʱʝʩʪʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɻʨʫʧʧʫ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʦʙʨʘʟʫʶʪ: ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ (1 ʪ), ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ (2051 ʪ), ʠʟʚʝʩʪʴ 
ʥʝʛʘʰʸʥʘʷ (3614 ʪ), ʝʜʢʠʡ ʥʘʪʨ (1065 ʪ). ʇʨʠ ʵʪʦʤ ʩʦʣʷʥʘʷ ʠ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʳ ʪʘʢʞʝ ʦʪʥʝʩʝʥʳ ʢ ʦʢʠʩ-
ʣʷʶʱʠʤ ʚʝʱʝʩʪʚʘʤ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʚʘʨʠʡʥʘʷ ʩʠʪʫʘʮʠʷ ʦʙʳʯʥʦ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʣʫʯʘʡʥʳʭ ʩʦʙʳ-
ʪʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʝʸ ʨʘʟʚʠʪʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʪʥʳʤʠ ʦʮʝʥʢʘʤʠ ʠ 
ʩʧʨʘʚʦʯʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʘʵʨʦʟʦʣʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʨʝʘʛʝʥʪʦʚ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʥʘ ʧʣʦʱʘʜʢʝ ʧʝʨʝʪʘʨʢʠ ʨʝʘ-
ʛʝʥʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʠ ʥʘ ʧʨʠʝʤʢʝ-ʦʪʛʨʫʟʢʝ ʨʝʘʛʝʥʪʘ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʟʘʚʦʜʩʢʦʡ ʪʘʨʳ ʠ ʧʨʦʩʳʧʠ 
ʨʝʘʛʝʥʪʘ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʘʜʝʥʠʠ ʟʘʧʦʣʥʝʥʥʦʡ ʨʝʘʛʝʥʪʦʤ ʪʘʨʳ ʩ ʧʦʛʨʫʟʯʠʢʘ). 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʘʨʦʚ ʩʦʣʷʥʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʥʘ ʧʣʦʱʘʜʢʝ ʧʝʨʝʪʘʨʢʠ ʨʝʘʛʝʥ-
ʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʠ ʥʘ ʧʨʠʝʤʢʝ-ʦʪʛʨʫʟʢʝ ʨʝʘʛʝʥʪʘ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʟʘʚʦʜʩʢʦʡ ʪʘʨʳ ʠ ʧʨʦʣʠʚʝ 
ʢʠʩʣʦʪʳ. 

ʎʠʘʥʠʜ ʥʘʪʨʠʷ ï ʪʚʝʨʜʦʝ ʚʳʩʦʢʦʪʦʢʩʠʯʥʦʝ ʚʝʱʝʩʪʚʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʳʩʦʢʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʠ ʚʜʳ-
ʭʘʥʠʠ ʘʵʨʦʟʦʣʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠ ʦʧʘʩʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʩʠʥʠʣʴʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʮʠʘʥʠʜʘ 
ʥʘʪʨʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ.  

ʆʙʨʘʟʦʚʘʥʠʝ ʧʘʨʦʚ ʩʠʥʠʣʴʥʦʡ ʢʠʩʣʦʪʳ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʥʘ ʧʣʦʱʘʜʢʝ ʧʝʨʝʪʘʨʢʠ ʨʝʘʛʝʥʪʦʚ ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ ʮʠʘʥʠʜʘ ʥʘʪʨʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦ-
ʚʠʡ: 

¶ ʘʚʘʨʠʷ ʩ ʧʨʦʩʳʧʴʶ ʪʚʝʨʜʦʛʦ ʮʠʘʥʠʜʘ ʥʘʪʨʠʷ ʧʨʠ ʧʝʨʝʪʘʨʢʝ/ʧʝʨʝʛʨʫʟʢʝ ʷʱʠʢʦʚ-ʢʦʥʪʝʡʥʝʨʦʚ 
ʠʟ ʛʨʫʟʦʚʳʭ ʢʦʥʪʝʡʥʝʨʦʚ (ʧʘʜʝʥʠʝ ʷʱʠʢʘ-ʢʦʥʪʝʡʥʝʨʘ ʩ ʧʦʛʨʫʟʯʠʢʘ, ʧʦʚʨʝʞʜʝʥʠʝ ʷʱʠʢʘ ʠ ʦʜʥʦʚʨʝʤʝʥ-
ʥʳʡ ʨʘʟʨʳʚ ʤʝʰʢʘ-ʚʢʣʘʜʳʰʘ); 

¶ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ ʧʨʠʝʤʢʝ-ʦʪʛʨʫʟʢʝ ʚʦ ʚʨʝʤʷ ʚʳʧʘʜʝʥʠʷ ʜʦʞʜʝʚʳʭ ʦʩʘʜʢʦʚ (ʚʥʝʟʘʧʥʳʡ 
ʜʦʞʜʴ) ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʦʡ ʚʦʜʳ ʥʘ ʙʝʪʦʥʥʦʡ ʧʣʦʱʘʜʢʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʜʦʞʜʝʧʨʠʝʤʥʠʢʘ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʦʧʘʩʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʦʧʘʩʥʳʭ ʧʘʨʦʚ ʠ ʛʘ-
ʟʦʚ ʩ ʪʦʢʩʠʯʥʳʤ ʜʝʡʩʪʚʠʝʤ ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʨʫʰʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʡ ʟʘʚʦʜʩʢʦʡ ʫʧʘʢʦʚ-
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ʢʠ ʨʝʘʛʝʥʪʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʝʡ ʩ ʚʦʜʦʡ ʠʣʠ ʙʝʟ ʥʝʸ (ʪʘʙʣ. 1). 
 

ʋʙʚʤʡʯʙ 1 
ʊʯʞʦʙʩʡʡ ʛʧʠʥʧʟʦʴʮ ʙʛʙʩʡʢ ʡ ʡʦʯʡʝʞʦʫʧʛ 

ʊʯʞʦʙʩʡʢ ʆʙʠʛʙʦʡʞ ʇʨʡʪʙʦʡʞ 

C1 
ʇʨʦʩʳʧʴ/ʧʨʦʣʠʚ ʨʝʘʛʝʥ-

ʪʘ 

 ʇʦʚʨʝʞʜʝʥʠʝ ʟʘʚʦʜʩʢʦʡ ʫʧʘʢʦʚʢʠ ʧʨʠ ʧʦʛʨʫʟʦʯʥʦ-
ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪʘʭ Ÿ ʧʨʦʩʳʧʴ/ʧʨʦʣʠʚ Ÿ ʧʦʨʘʞʝʥʠʝ 
ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʨʝʘʛʝʥʪʘʤʠ 

ʉ2 
ʅʘʤʦʢʘʥʠʝ ʨʝʘʛʝʥʪʘ ʚʦ 
ʚʨʝʤʷ ʧʦʛʨʫʟʦʯʥʦ-
ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ 

ʇʦʚʨʝʞʜʝʥʠʝ ʟʘʚʦʜʩʢʦʡ ʫʧʘʢʦʚʢʠ ʧʨʠ ʧʦʛʨʫʟʦʯʥʦ-
ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪʘʭ Ÿ ʜʦʞʜʝʚʳʝ ʦʩʘʜʢʠ + ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʚʳʰʝ 25ᴈ Ÿ ʨʝʘʢʮʠʷ ʩ ʚʦʜʦʡ Ÿ ʧʦʨʘʞʝʥʠʝ ʧʝʨʩʦʥʘʣʘ 
ʧʨʠ ʢʦʥʪʘʢʪʝ 

ʉ3 
ʅʘʤʦʢʘʥʠʝ ʨʝʘʛʝʥʪʘ ʧʨʠ 
ʢʦʥʪʝʡʥʝʨʥʦʤ ʭʨʘʥʝʥʠʠ 

ʇʦʚʨʝʞʜʝʥʠʝ ʟʘʚʦʜʩʢʦʡ ʫʧʘʢʦʚʢʠ ʧʨʠ ʧʦʛʨʫʟʦʯʥʦ-
ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪʘʭ Ÿ ʧʦʤʝʱʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʡ ʫʧʘ-
ʢʦʚʢʠ ʚ ʩʢʣʘʜʩʢʦʡ ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʭʨʘʥʝʥʠʷ Ÿ ʧʦʧʘʜʘʥʠʝ 
ʚʦʜʳ ʚ ʢʦʥʪʝʡʥʝʨ Ÿ ʨʝʘʢʮʠʷ ʩ ʚʦʜʦʡ Ÿ ʦʪʨʘʚʣʝʥʠʝ ʧʝʨ-
ʩʦʥʘʣʘ ʪʦʢʩʠʯʥʳʤʠ ʧʘʨʘʤʠ  

ʉ4 
ʈʦʟʣʠʚ ʨʝʘʛʝʥʪʘ ʧʨʠ ʢʦʥ-
ʪʝʡʥʝʨʥʦʤ ʭʨʘʥʝʥʠʠ 

ʇʦʚʨʝʞʜʝʥʠʝ ʟʘʚʦʜʩʢʦʡ ʫʧʘʢʦʚʢʠ ʧʨʠ ʧʦʛʨʫʟʦʯʥʦ-
ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪʘʭ Ÿ ʧʦʤʝʱʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʡ ʫʧʘ-
ʢʦʚʢʠ ʚ ʩʢʣʘʜʩʢʦʡ ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʭʨʘʥʝʥʠʷ Ÿ ʨʦʟʣʠʚ ʨʝʘ-
ʛʝʥʪʘ ʚʥʫʪʨʠ ʢʦʥʪʝʡʥʝʨʘ Ÿ ʦʪʨʘʚʣʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʪʦʢʩʠʯ-
ʥʳʤʠ ʧʘʨʘʤʠ 

 
ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʦʧʘʩʥʦʩʪʝʡ ʦʙʦʩʥʦʚʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʨ ʧʦ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʘʭ. ʕʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʨʘʚʤʘʪʠʟʤʘ ʠ ʦʪʨʘʚʣʝʥʠʡ ʧʝʨʩʦʥʘʣʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʵʢʦ-
ʣʦʛʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ ʧʨʠ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪʘʭ ʠ ʭʨʘʥʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ɽʞʝʛʦʜʥʳʝ ʦʪʯʝʪʳ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ, ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʤʫ ʠ ʘʪʦʤʥʦʤʫ ʥʘʜʟʦʨʫ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: 
https://www.gosnadzor.ru/public/annual_reports/ (4.06.2026).  

2. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 21.07.1997 ˉ 116-ʌɿ (ʨʝʜ. ʦʪ 08.08.2024) çʆ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩ-
ʥʦʩʪʠ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚè. 

 
É ɸ.ɺ. ʈʦʚʥʘʷ, 2026 

 
 

  



122 НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 

 

VII международная научно-практическая конференция  | МЦНС «НАУКА И ПРОСВЕЩЕНИЕ» 

УДК 628.3:504:606 

ОПРЕДЕЛЕНИЯ ОБЩЕГО МИКРОБНОГО ЧИСЛА 
НА НЕФТЕХИМИЧЕСКОМ ПРЕДПРИЯТИИ 

Рыкова Екатерина Евгеньевна 
cʪʫʜʝʥʪʢʘ 

ʌɻɹʆʋ ɺʆ çʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʏʝʩʥʦʢʦʚʘ ʄ.ɻ. 
ʜ.ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ 

         ʌɻɹʆʋ ɺʆ çʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʙʠʦʢʦʨʨʦʟʠʠ ʚ ʩʠʩʪʝʤʘʭ ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 
ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ ʠ 
ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʛʦ ʤʠʢʨʦʙʥʦʛʦ ʯʠʩʣʘ (ʆʄʏ) ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʥʛʠʙʠʪʦʨʦʤ ʢʦʨʨʦʟʠʠ. 
ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʤʦʥʠʪʦʨʠʥʛʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʣʶʤʠʥʦʤʝʪʨʘ, 
ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʤʝʨʝʥʠʠ ʫʨʦʚʥʷ ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪʘ (ɸʊʌ), ʢʦʪʦʨʳʡ ʥʘʧʨʷʤʫʶ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʩʪʝ-
ʧʝʥʴʶ ʤʠʢʨʦʙʥʦʡ ʦʙʩʝʤʝʥʸʥʥʦʩʪʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ:  ʢʦʨʨʦʟʠʷ, ʢʫʧʦʥʳ, ʙʠʦʢʦʨʨʦʟʠʷ, ʠʥʛʠʙʠʪʦʨ, ʦʙʱʝʝ ʤʠʢʨʦʙʥʦʝ ʯʠʩʣʦ, ʦʙʦʨʦʪʥʘʷ ʚʦ-
ʜʘ. 
 

DETERMINATION OF THE TOTAL MICROBIAL COUNT AT AN OIL AND GAS ENTERPRISE 
 

 Rykova Ekaterina Evgenievna 
 

Scientific adviser: Chesnokova M.G. 
 
Abstract: The article discusses the problem of biocorrosion in the recycling water supply systems of petro-
chemical enterprises. The aim of the work is to assess the microbiological state of water and determine the 
total microbial number (PMN) during treatment with a corrosion inhibitor. 
The main monitoring method was rapid analysis using a luminometer based on measuring the level of adeno-
sine triphosphate (ATP), which directly correlates with the degree of microbial contamination. 
Keywords: corrosion, coupons, biocorrosion, inhibitor, total microbial count, recycled water. 

 
I. ɺɺɽɼɽʅʀɽ 

ɹʠʦʢʦʨʨʦʟʠʷ ʠʣʠ ʢʦʨʨʦʟʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʷʚʣʷʝʪʩʷ ʦʩʦʙʳʤ ʚʠʜʦʤ ʢʦʨʨʦ-
ʟʠʠ; ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʣʘʛʦʜʘʨʷ ʧʨʠʩʫʪʩʪʚʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʭ ʤʝʪʘʙʦʣʠʟʤʘ 
ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʘ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝ-
ʩʢʠʭ ʨʝʘʢʮʠʡ [1, ʩ 13].  

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʢʦʨʨʦʟʠʶ ʤʝʪʘʣʣʦʚ ʩʚʷʟʳʚʘʶʪ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʙʘʢʪʝʨʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʝ-
ʚʨʘʱʝʥʠʷʭ ʩʝʨʳ: ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ ʨʦʜʦʚ Desulfovibrio ʠ Desulfotomaculum ʠ ʪʠʦʥʦʚʳʭ 
ʙʘʢʪʝʨʠʡ ʨʦʜʘ Tiobacillus, ʦʢʠʩʣʷʶʱʠʭ ʩʝʨʫ ʠ ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ ʜʦ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ; ʞʝʣʝʟʦʙʘʢʪʝʨʠʡ 
ʨʦʜʦʚ Callionella ʠ Sperotilus, ʦʢʠʩʣʷʶʱʠʭ ʟʘʢʠʩʥʦʝ ʞʝʣʝʟʦ ʜʦ ʦʢʠʩʥʦʛʦ [1, ʩ 14]. 

 
II. ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ 

1. ʇʨʦʚʝʩʪʠ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ  
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2. ʆʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʦʙʱʝʛʦ ʤʠʢʨʦʙʥʦʛʦ ʯʠʩʣʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ 
ʠʥʛʠʙʠʪʦʨʦʤ. 

 
III. ʊɽʆʈʀʗ 

ʂʣʶʯʝʚʳʤ ʫʩʣʦʚʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʚʳʩʪʫʧʘʝʪ ʩʠ-
ʩʪʝʤʘʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ. ɹʦʣʝʝ ʧʨʦʛʨʝʩ-
ʩʠʚʥʳʤ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ ʯʠʩʪʦʪʳ ʞʠʜʢʠʭ ʩʨʝʜ ʠ ʩʤʳʚʦʚ ʩʣʫʞʠʪ ʘʥʘʣʠʟ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɽʝ 
ʫʨʦʚʝʥʴ ʚ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʝ ʦʧʨʝʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʣʶʤʠʥʦʤʝʪʨʘ Uni-LINE (ʪʝʩʪ-ʩʠʩʪʝʤʘ), ʠʥʪʝʥ-
ʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ, ʠʟʤʝʨʷʝʤʘʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʚʝʪʦʚʳʭ ʝʜʠʥʠʮʘʭ (RLU), ʥʘʧʨʷʤʫʶ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ 
ʩʪʝʧʝʥʴʶ ʤʠʢʨʦʙʥʦʡ ʦʙʩʝʤʝʥʸʥʥʦʩʪʠ ʚʦʜʳ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ ʣʶ-
ʮʠʬʝʨʠʥ-ʣʶʮʠʬʝʨʘʟʥʦʡ ʩʠʩʪʝʤʳ ʩ ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪʦʤ (ɸʊʌ) ð ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨ-
ʛʠʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʚʦ ʚʩʝʭ ʞʠʚʳʭ ʢʣʝʪʢʘʭ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ ʙʘʢ-
ʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʥʦ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʜʣʷ ʠʭ ʨʘʟʚʠʪʠʷ, ʯʪʦ ʜʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʝʜ-
ʩʪʘʚʣʝʥʠʝ ʦ ʩʘʥʠʪʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ɸʊʌ ʜʦʩʪʦʚʝʨʥʦ ʭʘʨʘʢʪʝʨʠ-
ʟʫʶʪ ʪʝʢʫʱʠʡ ʫʨʦʚʝʥʴ ʯʠʩʪʦʪʳ. ʄʝʪʦʜ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʘʢʪʠʯʥʦʩʪʴʶ ʠ ʩʢʦʨʦʩʪʴʶ (3ï5 ʤʠʥʫʪ), ʯʪʦ 
ʦʩʦʙʝʥʥʦ ʮʝʥʥʦ ʜʣʷ ʨʝʛʫʣʷʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʆʙʱʝʝ ʤʠʢʨʦʙʥʦʝ ʯʠʩʣʦ (ʆʄʏ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶ-
ʱʠʡ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ 1 ʤʣ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜʳ ʤʝʟʦʬʠʣʴʥʳʭ ʘʵʨʦʙʥʳʭ ʠ ʬʘʢʫʣʴʪʘʪʠʚʥʦ ʘʥʘʵ-
ʨʦʙʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɼʘʥʥʳʡ ʪʝʩʪ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʢʣʶʯʝʚʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʩʘʥʠʪʘʨʥʦ-
ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʤʠʢʨʦʙʥʦʡ ʦʙʩʝʤʝʥʝʥʥʦʩʪʠ ʚʦʜ-
ʥʦʛʦ ʦʙʲʝʢʪʘ [2, ʩ 206]. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ, ʧʦʢʘʟʘʪʝʣʴ ʆʄʏ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥ-
ʪʨʦʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʦʮʝʩʩʦʚ ʜʝʟʠʥʬʝʢʮʠʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʤʠʢʨʦʙʥʦʛʦ ʯʠʩʣʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʨʝʩʩ-ʧʣʘʩʪʠʥʦʢ 
Aerobic Count Plate, ʘ ʪʘʢʞʝ ʵʪʠ ʞʝ ʦʙʨʘʟʮʳ ʚʦʜʳ ʧʨʦʚʝʨʷʜʠʩʴ ʩ ʧʦʤʦʱʴʶ ʙʠʦʪʝʩʪʦʚ ʪʠʧʘ Compact Dry. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʨʦʙʥʳʡ ʧʦʨʷʜʦʢ ʧʦʜʩʯʝʪʘ ʦʙʱʝʛʦ ʤʠʢʨʦʙʥʦʛʦ ʯʠʩʣʘ (ʆʄʏ) ʩ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝʤ ʵʢʩʧʨʝʩʩ-ʧʣʘʩʪʠʥʦʢ Aerobic Count Plate. 

 

IV. ʈʝʟʫʣʴʪʘʪʳ 
ʈʝʟʫʣʴʪʘʪʳ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʆʄʏ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘ ʧʝʨʠʦʜ ʥʘ ʚʦʜʦʙʣʦʢʘʭ ˉ 27, 

 ̄46, ˉ 128 ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ (ʨʠʩ.1). 
 

 
ʉʡʪ. 1. ʀʦʙʰʞʦʡʸ ʨʧʣʙʠʙʫʞʤʸ ʧʚʲʞʜʧ ʥʡʣʩʧʚʦʧʜʧ ʰʡʪʤʙ ʧʚʧʩʧʫʦʧʢ ʛʧʝʴ,  

ʧʚʩʙʚʧʫʙʦʦʧʢ ʡʦʜʡʚʡʫʧʩʧʥ 
ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ï ɻ ʪʘʧʳ, ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï ʦʙʱʝʝ ʤʠʢʨʦʙʥʦʝ ʯʠʩʣʦ, RLU 
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1 ʵʪʘʧ: ʚʦʜʦʙʣʦʢ ˉ 27ï 126,63 Ñ 0,05 ʤʤ/ʛʦʜ; ʚʦʜʦʙʣʦʢ ˉ 46 ï 161,65 Ñ 0,01  ʤʤ/ʛʦʜ; ʚʦʜʦʙʣʦʢ ˉ 
128 ï 204,5 Ñ 0,05  ʤʤ/ʛʦʜ; 2 ʵʪʘʧ: ʚʦʜʦʙʣʦʢ ˉ 27 ï 154,63 Ñ 0,06  ʤʤ/ʛʦʜ; ʚʦʜʦʙʣʦʢ ˉ 46 ï 135,88 Ñ 
0,07  ʤʤ/ʛʦʜ; ʚʦʜʦʙʣʦʢ ˉ 128 ï 135,38 Ñ 0,07  ʤʤ/ʛʦʜ; 3 ʵʪʘʧ: ʚʦʜʦʙʣʦʢ ˉ 27 ï 160,33 Ñ 0,08  ʤʤ/ʛʦʜ; 
ʚʦʜʦʙʣʦʢ ˉ 46 ï 187,44 Ñ 0,09  ʤʤ/ʛʦʜ; ʚʦʜʦʙʣʦʢ ˉ 128 ï 196,22 Ñ 0,09 ʤʤ/ʛʦʜ. 

 
V. ɺʳʚʦʜʳ 

ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʪʨʸʭ ʚʦʜʦʙʣʦʢʦʚ ʥʝ ʧʨʝʚʳʰʘʣʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 
(ʇɼʂ), ʩʦʩʪʘʚʣʷʷ ʤʝʥʝʝ 250 ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʚʝʪʦʚʳʭ ʝʜʠʥʠʮ (RLU). ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʱʝʛʦ 
ʤʠʢʨʦʙʥʦʛʦ ʯʠʩʣʘ (ʆʄʏ) ʦʪʤʝʯʘʣʦʩʴ ʥʘ 128-ʤ ʚʦʜʦʙʣʦʢʝ ʥʘ 1-ʤ ʠ 3-ʤ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʪʦ ʞʝ 
ʚʨʝʤʷ ʥʘ 2-ʤ ʵʪʘʧʝ ʟʥʘʯʝʥʠʝ ʆʄʏ ʥʘ ʜʘʥʥʦʡ ʪʦʯʢʝ ʙʳʣʦ ʥʠʞʝ, ʯʝʤ ʥʘ 27-ʤ ʠ 46-ʤ ʚʦʜʦʙʣʦʢʘʭ. ʄʘʢʩʠ-
ʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʆʄʏ ʥʘ 2-ʤ ʵʪʘʧʝ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʘ 27-ʤ ʚʦʜʦʙʣʦʢʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ 1-ʤ 
ʠ 3-ʤ ʵʪʘʧʘʭ ʥʘ ʵʪʦʡ ʞʝ ʪʦʯʢʝ ʦʪʙʦʨʘ ʧʨʦʙ ʥʘʙʣʶʜʘʣʠʩʴ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʜʚʫʤʷ ʜʨʫʛʠʤʠ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʈʳʢʦʚʘ, ɽ. ɽ. ɿʥʘʯʝʥʠʝ ʨʘʟʚʠʪʠʷ ʙʠʦʢʦʨʨʦʟʠʠ ʥʝʬʪʝʧʨʦʚʦʜʘ / ɽ. ɽ. ʈʳʢʦʚʘ // ɹʝʟʦʧʘʩʥʦʩʪʴ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ : ʄʘʪʝʨʠʘʣʳ XII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʆʤʩʢ, 16 ʥʦʷʙʨʷ 
2024 ʛʦʜʘ. ï ʆʤʩʢ: ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2025. ï ʉ. 13-17. 

2. ʏʝʩʥʦʢʦʚʘ, ʄ. ɻ. ʀʟʫʯʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʧʣʝʥʢʠ ʘʙʦʨʠʛʝʥʥʳʭ ʰʪʘʤʤʦʚʤʠʢʨʦʤʠʮʝʪʦʚ, 
ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʚʠʪʠʠ ʙʠʦʢʦʨʨʦʟʠʠ ʥʝʬʪʝʧʨʦʚʦʜʘ / ʄ. ɻ. ʏʝʩʥʦʢʦʚʘ, ɺ. ɺ. ʐʘʣʘʡ, ʖ. ɸ. ʂʨʘʫʩ // ʊʨʫ-
ʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʫʛʣʝʚʦʜʦʨʦʜʦʚ : ʤʘʪʝʨʠʘʣʳ V ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥ-
ʮʠʠ, ʆʤʩʢ, 28 ʦʢʪʷʙʨʷ 2022 ʛʦʜʘ / ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʆʤʩʢ: ʆʤʩʢʠʡ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2022. ï ʉ. 206-211. ï EDN JJWWUN.. 
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УДК 62-837 

КОМБИНИРОВАННЫЙ НЕЙРОСЕТЕВОЙ 
ВИРТУАЛЬНЫЙ ДАТЧИК ДЛЯ 
БЕЗДАТЧИКОВОГО ВЕКТОРНОГО УПРАВЛЕНИЯ 
СИНХРОННЫМ ДВИГАТЕЛЕМ С 
ПОСТОЯННЫМИ МАГНИТАМИ 

Зайцев Дмитрий Сергеевич 
ʘʩʧʠʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʀ. ʃʝʥʠʥʘè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʫʣʝʥʢʦ ʄʠʭʘʠʣ ʉʝʨʛʝʝʚʠʯ, 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʀ. ʃʝʥʠʥʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʙʝʟʜʘʪʯʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 
ʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ (ʉɼʇʄ) ʥʘ ʦʩʥʦʚʝ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʥʝʡʨʦʩʝʪʝʚʳʭ 
ʩʪʨʫʢʪʫʨ. ʆʮʝʥʢʘ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ (ARNN) ʩ ʧʦ-
ʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʠʟʤʝʨʝʥʥʳʝ ʪʦʢʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ ʚ 
ʦʩʷʭ Ŭ-ɓ. ʆʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʘ ʨʝʢʫʨʨʝʥʪʥʦʡ ʩʝʪʴʶ ʪʦʧʦʣʦʛʠʠ FCC (Fully Connected Cascade), 
ʦʙʫʯʝʥʥʦʡ ʘʣʛʦʨʠʪʤʦʤ NBN (Neuron by Neuron). ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯ-
ʥʦʩʪʴ ʠ ʨʦʙʘʩʪʥʦʩʪʴ ʙʝʟʜʘʪʯʠʢʦʚʦʛʦ ʧʨʠʚʦʜʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʩʨʝʜʝ 
MATLAB/Simulink, ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʦʙʘ ʥʝʡʨʦʩʝʪʝʚʳʭ ʦʮʝʥʱʠʢʘ ʚ ʩʪʨʫʢʪʫʨʫ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʣʝʦʨʠʝʥ-
ʪʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (FOC). ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʰʠʙʢʘ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ 
ʥʝ ʧʨʝʚʳʰʘʝʪ 1 % ʦʪ ʥʦʤʠʥʘʣʘ, ʘ ʦʰʠʙʢʘ ʦʮʝʥʢʠ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 2ï7 ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʘ-
ʜʫʩʦʚ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʭʦʜʠʤʦʩʪʴ ʦʙʫʯʝʥʠʷ ʜʦ ʮʝʣʝʚʦʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯ-
ʥʦʡ ʦʰʠʙʢʠ 10ϖϒ (ʨʘʜ/ʩ)Į, ʯʪʦ ʥʝʜʦʩʪʠʞʠʤʦ ʜʣʷ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʦʰʠʙʢʠ. ʇʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʩʠʩʪʝʤʦʡ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʬʠʟʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ, 
ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʦʜʭʦʜʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʜʸʞʥʳʭ ʠ ʢʦʤʧʘʢʪʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ, ʚʝʢʪʦʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʧʦʣʝʦʨʠ-
ʝʥʪʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʙʝʟʜʘʪʯʠʢʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʚʠʨʪʫʘʣʴʥʳʡ ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ, ʘʚʪʦʨʝʛʨʝʩʩʠ-
ʦʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, FCC, NBN, ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
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magnet synchronous motor (PMSM) based on a combination of two neural network structures. Rotor position 
estimation is performed by an autoregressive neural network (ARNN) with a series-parallel architecture, using 
measured stator currents and voltages in the Ŭ-ɓ axes. Speed estimation is implemented by a recurrent net-
work with FCC (Fully Connected Cascade) topology trained using the NBN (Neuron by Neuron) algorithm. This 
separation of functions improves the accuracy and robustness of the sensorless drive. A mathematical model 
has been developed in the MATLAB/Simulink environment, integrating both neural network estimators into the 
structure of classical field-oriented control (FOC). Simulation results show that the speed estimation error does 
not exceed 1% of the rated value, and the rotor position estimation error is 2ï7 electrical degrees. The pro-
posed configuration ensures convergence of training to a target mean square error of 10ϖϒ (rad/s)Į, which is 
unattainable for standard backpropagation methods. A comparative analysis with a system using a physical 
position sensor is conducted, confirming the promise of the approach for creating reliable and compact electric 
drives. 
Keywords: permanent magnet synchronous motor, vector control, field-oriented control, sensorless control, 
virtual position sensor, autoregressive neural network, FCC, NBN, speed estimation, simulation. 

 
ʉʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ (ʉɼʇʄ) ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʂʇɼ, ʢʦʤʧʘʢʪʥʦ-

ʩʪʠ ʠ ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʢʝ, ʵʣʝʢʪʨʦʤʦʙʠʣʷʭ ʠ 
ʨʦʙʦʪʦʪʝʭʥʠʢʝ [1]. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (FOC) ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʤʛʥʦ-
ʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʨʦʪʦʨʘ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʜʘʪʯʠʢʠ (ʵʥʢʦʜʝʨʳ, ʨʝʟʦʣʴʚʝʨʳ) ʫʚʝʣʠʯʠʚʘʶʪ ʩʪʦʠʤʦʩʪʴ, 
ʩʥʠʞʘʶʪ ʥʘʜʸʞʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʠʙʨʘʮʠʷʤ [3, 4]. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʙʝʟʜʘʪʯʠʢʦʚʳʭ ʘʣʛʦʨʠʪ-
ʤʦʚ, ʦʮʝʥʠʚʘʶʱʠʭ ʧʦʣʦʞʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʢʦʩʚʝʥʥʦ ʧʦ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʠʛʥʘʣʘʤ, ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 
ʟʘʜʘʯʝʡ [5]. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ (ʥʘʙʣʶʜʘʪʝʣʠ ʕɼʉ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʩʠʛʥʘʣʴʥʳʡ ʚʧʨʳʩʢ, ʩʢʦʣʴʟʷʱʠʝ 
ʨʝʞʠʤʳ) [6] ʯʘʩʪʦ ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʛʘʪʝʣʷ, ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʥʘʩʳʱʝʥʠʠ. ɸʣʴʪʝʨ-
ʥʘʪʠʚʦʡ ʷʚʣʷʶʪʩʷ ʥʝʡʨʦʩʝʪʝʚʳʝ ʧʦʜʭʦʜʳ [7], ʧʦʟʚʦʣʷʶʱʠʝ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʥʝʣʠʥʝʡʥʳʝ 
ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟ ʪʦʯʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʆʜʥʘʢʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʝʨʮʝʧʪʨʦʥʳ ʩ 
ʛʨʘʜʠʝʥʪʥʳʤ ʦʙʫʯʝʥʠʝʤ ʧʣʦʭʦ ʩʭʦʜʷʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʪʦʯʥʦʩʪʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʚʠʨʪʫʘʣʴʥʳʡ ʜʘʪʯʠʢ, ʚ ʢʦʪʦʨʦʤ: 

¶ ʦʮʝʥʢʘ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ (ARNN) ʥʘ ʦʩ-
ʥʦʚʝ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʩʪʘʪʦʨʘ; 

¶ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʘ ʩʝʪʴʶ FCC (Fully Connected Cascade), ʦʙʫʯʝʥʥʦʡ ʘʣʛʦʨʠʪʤʦʤ 
NBN. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʟʘʜʘʯʠ, ʠʟʙʝʞʘʪʴ ʥʘʢʦʧʣʝʥʠʷ ʦʰʠʙʢʠ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ 
ʩʢʦʨʦʩʪʠ ʠ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʚ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʠ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʉɼʇʄ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʉɼʇʄ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠ-
ʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (d, q) [1]: 
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ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ: 
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ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ: 
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ʇʦʣʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦʜʜʝʨʞʠʚʘʝʪ É π, ʜʝʣʘʷ ʤʦʤʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ É. 

ʆʮʝʥʢʘ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ARNN. ɼʣʷ ʦʮʝʥʢʠ ʫʛʣʘ ʨʦʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʚʪʦʨʝʛʨʝʩ-
ʩʠʦʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ. ɺʭʦʜʳ ʩʝʪʠ: ʤʛʥʦʚʝʥʥʳʝ ʪʦʢʠ 
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ʠ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ IŬ, Iɓ, UŬ, Uɓ, ʘ ʪʘʢʞʝ ʟʘʜʝʨʞʘʥʥʳʝ ʚʳʭʦʜʳ ʩʝ-

ʪʠ (sin ʠ cos ʦʮʝʥʸʥʥʦʛʦ ʫʛʣʘ). ɺʳʭʦʜʳ: ÓÉÎʃ, ÃÏÓʃ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʨʘʟʨʳʚʘ ʬʘʟʳ ʧʨʠ ʧʝ-
ʨʝʭʦʜʝ ʯʝʨʝʟ 2ˊ. ʅʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʘʣʴʥʳʝ ʟʘʜʝʨʞʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟ ʚʳʙʦʨʢʠ, ʥʘ 
ʵʪʘʧʝ ʨʘʙʦʪʳ ð ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʝʜʳʜʫʱʠʝ ʚʳʭʦʜʳ ʩʝʪʠ. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠ-
ʚʦʩʪʴ ʦʙʫʯʝʥʠʷ ʠ ʪʦʯʥʦʩʪʴ 2ï7 ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʘʜʫʩʦʚ. 

ʆʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʩʝʪʠ FCC ʠ ʘʣʛʦʨʠʪʤʘ NBN. ʆʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʨʝʢʫʨ-
ʨʝʥʪʥʦʡ ʩʝʪʴʶ ʪʦʧʦʣʦʛʠʠ FCC (Fully Connected Cascade), ʛʜʝ ʢʘʞʜʳʡ ʩʢʨʳʪʳʡ ʩʣʦʡ ʩʦʜʝʨʞʠʪ ʨʦʚʥʦ 
ʦʜʠʥ ʥʝʡʨʦʥ, ʠ ʢʘʞʜʳʡ ʥʝʡʨʦʥ ʧʦʣʫʯʘʝʪ ʩʠʛʥʘʣʳ ʦʪ ʚʩʝʭ ʧʨʝʜʳʜʫʱʠʭ ʩʣʦʸʚ. ɺʭʦʜʳ ʩʝʪʠ: ʦʰʠʙʢʠ ʪʦʢʦʚ 

Å É  ąǶȟ    
Å É  ąǶ ʠ ʧʨʝʜʳʜʫʱʝʝ ʟʥʘʯʝʥʠʝ ʖ  . ʂʦʥʬʠʛʫʨʘʮʠʷ: 3 ʚʭʦʜʘ, 9 ʩʢʨʳʪʳʭ ʩʣʦʸʚ (ʧʦ 1 ʥʝʡʨʦʥʫ), 1 

ʥʝʡʨʦʥ ʩʤʝʱʝʥʠʷ, ʚʩʝʛʦ 85 ʩʚʷʟʝʡ. 
ɼʣʷ ʦʙʫʯʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ Neuron by Neuron (NBN) ð ʤʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ ʃʝʚʝʥʙʝʨ-

ʛʘïʄʘʨʢʚʘʨʜʪʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʪʝʨʘʪʠʚʥʦ ʚʳʯʠʩʣʷʪʴ ʢʚʘʟʠ-ʛʝʩʩʠʘʥ ʠ ʛʨʘʜʠʝʥʪ ʙʝʟ ʭʨʘʥʝʥʠʷ ʧʦʣʥʦʡ 
ʤʘʪʨʠʮʳ ʗʢʦʙʠ. ʌʦʨʤʫʣʘ ʦʙʥʦʚʣʝʥʠʷ ʚʝʩʦʚ: 

ɝ ( ʈ) 'Ȣ (5) 
ʀʪʦʛʦʚʘʷ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʚʟʚʝʰʝʥʥʦʝ ʩʨʝʜʥʝʝ ʩ ʟʘʜʘʥʠʝʤ: 

ʖ πȟωωϽʖ πȟπρϽʖᶻȢ (6) 

ʈʘʟʨʘʙʦʪʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʚ ʩʨʝʜʝ MATLAB/Simulink ʜʣʷ ʜʚʠʛʘʪʝʣʷ ʤʦʱʥʦʩʪʴʶ 660 ɺʪ (ʥʦʤʠ-
ʥʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 900 ʦʙ/ʤʠʥ, 2 τȟτχυ ̨ ,̍ , ρσυ ̍ː,̎ , ρψ ̍ː,̎ ʇ̋˙ πȟτχχ ˏ ,̂ 

* πȟππσυ ̋ ̄̍ ό, Ð τ (8 ʧʦʣʶʩʦʚ). ʏʘʩʪʦʪʘ ʐʀʄ ð 10 ʢɻʮ. 
ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʉɼʇʄ ʚ Simulink 
 

 
ʉʡʪ. 2. ʅʙʫʞʥʙʫʡʰʞʪʣʙʸ ʥʧʝʞʤʵ ʪʡʪʫʞʥʴ ʬʨʩʙʛʤʞʦʡʸ ʊɽʈʅ 

 
ʉʭʦʜʠʤʦʩʪʴ ʦʙʫʯʝʥʠʷ. ʉʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʜʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ (ʪʘʙʣʠʮʘ 1) ʧʦ-

ʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʚʷʟʢʘ FCC+NBN ʜʦʩʪʠʛʘʝʪ ʮʝʣʝʚʦʡ MSE 10ī7 (ʨʘʜ/ʩ)Į ʚ 38% ʟʘʧʫʩʢʦʚ, ʪʦʛʜʘ ʢʘʢ ʢʣʘʩʩʠ-
ʯʝʩʢʠʡ MLP ʥʝ ʩʭʦʜʠʪʩʷ ʚʳʰʝ 10ī6. ʂʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʜʣʷ 10ī6 ʫ FCC+NBN (61) ʙʦʣʝʝ ʯʝʤ ʚ 60 ʨʘʟ 
ʤʝʥʴʰʝ, ʯʝʤ ʫ MLP (3758), ʯʪʦ ʧʨʠ ʫʯʸʪʝ ʙʦʣʴʰʝʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʪʝʨʘʮʠʠ NBN ʜʘʸʪ ʚʳʠʛʨʳʰ ʚʦ ʚʨʝ-
ʤʝʥʠ ʚ 15ï20 ʨʘʟ. 

ʆʮʝʥʢʘ ʧʦʣʦʞʝʥʠʷ ʠ ʜʠʥʘʤʠʢʘ ʩʠʩʪʝʤʳ. ARNN ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʰʠʙʢʫ ʦʮʝʥʢʠ ʫʛʣʘ ʨʦʪʦʨʘ 2ï3 ʵʣʝʢ-
ʪʨʠʯʝʩʢʠʭ ʛʨʘʜʫʩʘ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʠ 5ï7 ʛʨʘʜʫʩʦʚ ʚ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 
ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ FOC. ʆʰʠʙʢʘ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʚʦ ʚʩʝʭ ʪʝʩʪʦʚʳʭ ʨʝʞʠʤʘʭ (ʩʪʫʧʝʥʯʘʪʦʝ, ʣʠʥʝʡʥʦʝ, ʩʠʥʫ-
ʩʦʠʜʘʣʴʥʦʝ ʟʘʜʘʥʠʝ, ʥʘʙʨʦʩ ʥʘʛʨʫʟʢʠ) ʥʝ ʧʨʝʚʳʰʘʝʪ 1 % ʦʪ ʥʦʤʠʥʘʣʘ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟ-
ʜʘʪʯʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʠʩʪʝʤʳ ʩ ʨʝʘʣʴʥʳʤ ʵʥʢʦʜʝʨʦʤ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 7ï10 %. 
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ʋʙʚʤʡʯʙ 1  
ʊʩʙʛʦʞʦʡʞ ʪʮʧʝʡʥʧʪʫʡ ʩʙʠʤʡʰʦʴʮ ʣʧʦʭʡʜʬʩʙʯʡʢ ʦʞʢʩʧʦʦʴʮ ʪʞʫʞʢ 

ɹʩʮʡʫʞʣʫʬʩʙ 10-4 10-5 10-6 10-7 

MLP 7 (100%) 703 (100%) 3758 (67%) ð (0%) 

MLP + iRprop 971 (76%) ð (0%) ð (0%) ð (0%) 

FCC + NBN 13 (100%) 31 (100%) 61 (94%) 93 (38%) 

 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʚʠʨʪʫʘʣʴʥʳʡ 

ʜʘʪʯʠʢ ʜʣʷ ʙʝʟʜʘʪʯʠʢʦʚʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʉɼʇʄ, ʦʙʲʝʜʠʥʷʶʱʠʡ: 

¶ ARNN ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʜʣʷ ʦʮʝʥʢʠ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʧʦ ʪʦ-
ʢʘʤ ʠ ʥʘʧʨʷʞʝʥʠʷʤ ʩʪʘʪʦʨʘ; 

¶ ʩʝʪʴ FCC ʩ ʘʣʛʦʨʠʪʤʦʤ NBN ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʦʡ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ. 
ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 
1. ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʦʰʠʙʢʠ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ Ò1 % ʦʪ ʥʦʤʠʥʘʣʘ 

ʠ ʦʰʠʙʢʠ ʧʦʣʦʞʝʥʠʷ 2ï7 ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʘʜʫʩʦʚ. 
2. ɸʣʛʦʨʠʪʤ NBN ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʭʦʜʠʤʦʩʪʴ ʦʙʫʯʝʥʠʷ ʜʦ MSE 10ī7 (ʨʘʜ/ʩ)Į, ʯʪʦ ʥʝʜʦʩʪʠʞʠʤʦ 

ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʨʘʜʠʝʥʪʥʳʭ ʤʝʪʦʜʦʚ, ʩ ʫʩʢʦʨʝʥʠʝʤ ʚ 15ï20 ʨʘʟ. 
3. ʉʠʩʪʝʤʘ ʩʦʭʨʘʥʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ (ʧʫʩʢ, ʨʝʚʝʨʩ, ʥʘʙʨʦʩ ʥʘʛʨʫʟʢʠ) ʠ 

ʤʘʣʦ ʫʩʪʫʧʘʝʪ ʩʠʩʪʝʤʝ ʩ ʬʠʟʠʯʝʩʢʠʤ ʜʘʪʯʠʢʦʤ (ʦʪʣʠʯʠʝ ʥʝ ʙʦʣʝʝ 7ï10 %). 
ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʤ ʠʟʤʝʥʝʥʠʶ ʟʘʜʘʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ.  
 

 
ʉʡʪ. 2. ʊʩʙʛʦʞʦʡʞ ʩʞʠʬʤʵʫʙʫʧʛ ʨʧʤʬʰʞʦʡʸ ʨʧʤʧʟʞʦʡʸ ʩʧʫʧʩʙ 

 
ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʚʝʨʠʬʠʢʘʮʠʶ ʥʘ ʨʝʘʣʴʥʦʤ ʩʪʝʥ-

ʜʝ, ʨʝʘʣʠʟʘʮʠʶ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ʠ ʨʘʟʨʘʙʦʪʢʫ ʛʠʙʨʠʜʥʦʡ ʩʭʝʤʳ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʢʣʘʩʩʠʯʝʩʢʠʤ 
ʥʘʙʣʶʜʘʪʝʣʝʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. P Pillay, R Krishnan. Modeling, Simulation, and Analysis of Permanent-Magnet Motor Drives, Part 1: 

The Permanent-Magnet Synchronous Motor Drive. IEEE Transactions on Industry Applications. 1989; 25: 265-
273.  

2. Krishnan R. Permanent Magnet Synchronous and Brushless DC Motors Drives. CRC Press, 2010. 
640 p. 

3. ʃʠʮʠʥ ʂ.ɺ., ʂʦʚʘʣʴʯʫʢ ʊ.ɺ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʙʝʟʜʘʪʯʠʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝ-
ʥʠʷ ʨʦʪʦʨʘ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ // ɺʝʩʪʥʠʢ 
ʖʋʨɻʋ. ʉʝʨʠʷ: ʕʥʝʨʛʝʪʠʢʘ. 2019. ˉ3. 

4. Xu, Dianguo & Wang, Bo & Zhang, Guoqiang & Wang, Gaolin & Yu, Yong. (2018). A review of sen-
sorless control methods for AC motor drives. CES Transactions on Electrical Machines and Systems. 2. 104-



НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 129 

 

VII International scientific conference | www.naukaip.ru 

115. 10.23919/TEMS.2018.8326456. 
5. Hussain, Shoeb & Bazaz, Abid. (2016). Sensorless Control of PMSM Drive using Neural Network 

Observer. 10.1109/ICPEICES.2016.7853081. 
6. Wilamowski B.M. Neural network architectures and learning algorithms // IEEE Industrial Electronics 

Magazine. 2009. Vol. 3. No. 4. P. 56ï63. 
7. Igel C., Husken M. Improving the Rprop learning algorithm // Second International Symposium on 

Neural Computation. 2000. P. 115ï121. 
8. ɿʘʡʮʝʚ ɼ.ʉ. ɹʝʟʜʘʪʯʠʢʦʚʦʝ ʚʝʢʪʦʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʉɼʇʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʜʣʷ ʦʮʝʥʢʠ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ / ɼ. ʉ. ɿʘʡʮʝʚ // ʀʊ. ʅʘʫʢʘ. ʂʨʝʘʪʠʚ: ʄʘʪʝʨʠʘʣʳ II ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʬʦ-
ʨʫʤʘ. ɺ 5-ʪʠ ʪʦʤʘʭ, ʆʤʩʢ, 13ï15 ʤʘʷ 2025 ʛʦʜʘ. ï ʆʤʩʢ: ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨ-
ʩʠʪʝʪ, 2025. ï ʉ. 171-179. 

 
É ɼ.ʉ. ɿʘʡʮʝʚ, 2026 

  



130 НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 

 

VII международная научно-практическая конференция  | МЦНС «НАУКА И ПРОСВЕЩЕНИЕ» 

УДК 656.13 

МЕТОД ДЕТЕКЦИИ ТРАНСПОРТНЫХ ПОТОКОВ 
ПО НЕСКОЛЬКИМ НАПРАВЛЕНИЯМ НА 
ПЕРЕКРЁСТКАХ НА ОСНОВЕ ГЛУБОКОГО 
ОБУЧЕНИЯ 

Чжоу Хунсян 
ʉʪʫʜʝʥʪ 

ʌʇʀʠʂʊ ɺʆ çʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʐʪʝʥʥʠʢʦʚ ɼʤʠʪʨʠʡ ɻʝʥʥʘʜʴʝʚʠʯ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌʇʀʠʂʊ ɺʆ çʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʝʪʝʢʮʠʠ ʠ ʧʦʜʩʯʸʪʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦ-
ʪʦʢʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʥʘ ʧʝʨʝʢʨʸʩʪʢʘʭ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʦʛʨʘʥʠʯʝʥʠʡ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝ-
ʪʦʜʦʚ ʜʝʪʝʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʳʭ ʜʦʨʦʞʥʳʭ ʩʮʝʥ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʥʘ ʦʩʥʦ-
ʚʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘ-
ʥʠʷ ʥʘ ʚʠʜʝʦʟʘʧʠʩʷʭ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʢʨʸʩʪʢʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢ-
ʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ ʘʥʘʣʠʟ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʜʝʪʝʢʮʠʠ ʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ 
ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʦʢ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, ʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ, ʦʙʥʘʨʫʞʝʥʠʝ ʦʙʲʝʢ-
ʪʦʚ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʦʙʲʝʢʪʦʚ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ. 
 

DEEP LEARNING-BASED MULTI-DIRECTIONAL TRAFFIC FLOW DETECTION AT INTERSECTIONS 
 

Zhou Hongxiang 
 

Scientific Supervisor: Shtennikov Dmitry Gennadievich 
 

Abstract: The article discusses the problem of automatic detection and counting of traffic flows in various di-
rections at intersections. The limitations of traditional detection methods in complex traffic scenes are ana-
lyzed. A deep learning-based computer vision method is proposed and a corresponding software system is 
implemented. The results of testing on video recordings of various intersections have shown that the proposed 
method allows efficient analysis of traffic flows, while ensuring high detection accuracy and processing perfor-
mance, which makes it suitable for real-time traffic monitoring tasks. 
Keywords: traffic flow, computer vision, deep learning, object detection, multi-object tracking, intelligent 
transport systems. 

 
ɻʛʞʝʞʦʡʞ 
ʉ ʨʘʟʚʠʪʠʝʤ ʧʨʦʮʝʩʩʦʚ ʫʨʙʘʥʠʟʘʮʠʠ ʠ ʙʳʩʪʨʳʤ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʧʨʦʙʣʝʤʘ ʛʦʨʦʜʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʪʦʨʦʚ ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʬʬʝʢʪʠʚ-
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ʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʦʨʦʜʘ ʠ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳ-
ʚʘʶʪ, ʯʪʦ ʪʨʘʥʩʧʦʨʪʥʳʝ ʟʘʪʦʨʳ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʘʶʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʦʨʦʞʥʦʡ ʩʝʪʠ, ʥʦ ʠ ʧʨʠ-
ʚʦʜʷʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʵʥʝʨʛʠʠ, ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʵʢʦʥʦʤʠ-
ʯʝʩʢʠʤ ʧʦʪʝʨʷʤ[1,2]. ɺ ʛʦʨʦʜʩʢʦʡ ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʧʝʨʝʢʨʸʩʪʢʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʫʟʣʘʤʠ ʢʦʥʮʝʥʪʨʘ-
ʮʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʩʦʩʪʦʷ-
ʥʠʝ ʚʩʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ[3]. ʇʦʵʪʦʤʫ ʪʦʯʥʦʝ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʘʭ ʥʘ ʧʝ-
ʨʝʢʨʸʩʪʢʘʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʬʦʨʥʳʤ ʨʝʛʫʣʠʨʦ-
ʚʘʥʠʝʤ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʨʦʛ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦ ʠʟ ʢʣʶʯʝʚʳʭ 
ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ (Intelligent Transportation 
Systems, ITS).   

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʩʝʪʝʡ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʠ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʧʴʶ-
ʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, ʦʙʥʘʨʫʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʦʩʥʦʚʝ ʚʠʜʝʦ ʩʪʘʣʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ 
ʨʝʰʝʥʠʝʤ[4]. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʟʚʣʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʣʦʞʝʥʠʠ, ʢʣʘʩʩʝ ʠ ʪʨʘʝʢʪʦʨʠʠ ʪʨʘʥʩʧʦʨʪ-
ʥʳʭ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʪʘʪʠʩʪʠʢʫ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ, ʚʳʷʚʣʝʥʠʝ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝ-
ʜʝʥʠʷ ʠ ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʠʛʥʘʣʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʜʜʝʨʞʢʫ ʜʘʥʥʳʭ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ[5]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʦʜʩʯʸʪʘ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʧʝʨʝ-
ʢʨʸʩʪʢʘʭ ʧʨʝʜʣʦʞʝʥ ʵʬʬʝʢʪʠʚʥʳʡ, ʪʦʯʥʳʡ ʠ ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʤʝʪʦʜ 
ʥʘ ʦʩʥʦʚʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʦʚʝʨʝʥ ʥʘ ʚʠʜʝʦ ʩ ʨʝʘʣʴʥʳʭ ʧʝʨʝʢʨʸʩʪʢʦʚ.   

ʇʚʠʧʩ ʥʞʫʧʝʧʛ 
ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʚ ʦʩʥʦʚʥʦʤ ʦʧʠʨʘʶʪʩʷ ʥʘ ʪʘʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʢʘʢ ʠʥʜʫʢʮʠʦʥʥʳʝ ʧʝʪʣʠ, ʨʘʜʘʨʳ, ʣʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ (LiDAR) ʠ ʠʥʬʨʘʢʨʘʩʥʳʝ ʜʘʪʯʠʢʠ[6]. 
ʕʪʠ ʤʝʪʦʜʳ ʦʙʳʯʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʨʝʘʣʴʥʦʤ 
ʚʨʝʤʝʥʠ, ʦʜʥʘʢʦ ʠʤʝʶʪ ʦʙʱʠʝ ʥʝʜʦʩʪʘʪʢʠ: ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʚʝʨʪʳʚʘʥʠʝ, ʩʣʦʞʥʦʝ ʦʙʩʣʫʞʠʚʘ-
ʥʠʝ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʪʨʫʜʥʦʩʪʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʚʝʜʝʥʠʠ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ[7]. ʉ ʨʘʟʚʠʪʠʝʤ ʛʦʨʦʜʩʢʠʭ ʩʝʪʝʡ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶ-
ʱʠʭ ʨʝʩʫʨʩʦʚ ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʘʥʘʣʠʟʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʣʦ ʵʢʦʥʦʤʠʯʝʩʢʠ 
ʚʳʛʦʜʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ.   

ʈʘʥʥʠʝ ʤʝʪʦʜʳ ʚʠʜʝʦʜʝʪʝʢʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʣʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝ-
ʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʚʳʯʠʪʘʥʠʝ ʬʦʥʘ[8], ʦʧʪʠʯʝʩʢʠʡ ʧʦʪʦʢ[9] ʠ ʢʦʥʪʫʨ-
ʥʳʡ/ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ[10]. ʕʪʠ ʤʝʪʦʜʳ ʟʘʚʠʩʷʪ ʦʪ ʠʩʢʫʩʩʪʚʝʥʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ 
ʧʨʘʚʠʣ; ʚ ʧʨʦʩʪʳʭ ʩʮʝʥʘʭ ʦʥʠ ʩʧʦʩʦʙʥʳ ʦʙʥʘʨʫʞʠʚʘʪʴ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʭ 
ʜʚʠʞʝʥʠʝ, ʦʜʥʘʢʦ ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʣʠʷʥʠʶ ʠʟʤʝʥʝʥʠʡ ʦʩʚʝʱʝʥʠʷ, ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʪʝʥʝʡ ʠ ʧʝ-
ʨʝʢʨʳʪʠʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʦʙʱʝʥʠʶ[11,12]. ʄʝʪʦʜʳ 
ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ HOG+SVM[13] ʠ Haar+AdaBoost[14], ʧʦʚʳʰʘʣʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢʣʘʩʩʠʬʠ-
ʢʘʪʦʨʘ ʢ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʦʙʲʝʢʪʦʚ, ʥʦ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʚʳʨʘʞʝʥʠʝʤ ʧʨʠʟʥʘʢʦʚ ʠ ʜʝʤʦʥ-
ʩʪʨʠʨʦʚʘʣʠ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʩʣʦʞʥʳʭ ʩʮʝʥʘʨʠʷʭ.   

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 
ʧʨʦʜʚʠʥʫʣʦ ʦʙʣʘʩʪʴ ʚʠʜʝʦʘʥʘʣʠʟʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ. ʄʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʤʥʦʛʦʦʙʲ-
ʝʢʪʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʩʧʦʩʦʙʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʚʣʝʢʘʪʴ ʠʟ ʚʠʜʝʦ ʠʥ-
ʬʦʨʤʘʮʠʶ ʦ ʧʦʣʦʞʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʠʭ ʢʣʘʩʩʝ ʠ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʧʦʜʜʝʨʞʢʫ ʩʪʘʪʠʩʪʠʢʠ ʧʦʪʦʢʦʚ, ʘʥʘʣʠʟʘ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʠʛʥʘʣʘ-
ʤʠ[15]. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʣʛʦʨʠʪʤʳ ʩʝʨʠʠ YOLO[16] ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʦʨʦʰʠʡ ʙʘ-
ʣʘʥʩ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʨʘʙʦʪʳ ʠ ʪʦʯʥʦʩʪʴʶ ʦʙʥʘʨʫʞʝʥʠʷ, ʘ ʘʣʛʦʨʠʪʤʳ ʤʥʦʛʦʦʙʲʝʢʪʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ, 
ʪʘʢʠʝ ʢʘʢ ByteTrack[17], ʩʦʭʨʘʥʷʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʮʝʣʝʡ ʚ ʩʣʦʞʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʮʝ-
ʥʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ 
ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʣʠ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʜʝʪʝʢʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ.   

ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʚ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʩʪʘʪʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ 
ʥʘ ʧʝʨʝʢʨʸʩʪʢʘʭ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʢʦʤʧʴʶʪʝʨʥʦʤ ʟʨʝʥʠʠ. ʉʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ YOLOv8 ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ByteTrack ð ʜʣʷ ʤʥʦʛʦʦʙʲʝʢʪʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʢʣʘʩ-
ʩʠʬʠʢʘʮʠʠ ʪʨʘʝʢʪʦʨʠʡ ʥʘ ʦʩʥʦʚʝ ʟʦʥ ʠʥʪʝʨʝʩʘ (Region of Interest, ROI) ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ 
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ʧʦʪʦʢʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʉʠʩʪʝʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʥʘʣʠʟ ʢʘʢ ʚʠʜʝʦʟʘʧʠʩʝʡ, ʪʘʢ ʠ ʧʦʪʦʢ ʩ 
ʢʘʤʝʨ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʠ ʫʧʨʘʚʣʷʶʪʩʷ ʯʝʨʝʟ ʚʝʙ-ʧʣʘʪʬʦʨʤʫ.   

ʅʞʫʧʝʧʤʧʜʡʸ 
ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʩʪʘʪʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʧʝʨʝ-

ʢʨʸʩʪʢʘʭ ʩʣʝʜʫʝʪ ʤʦʜʫʣʴʥʦʤʫ ʧʦʜʭʦʜʫ, ʘ ʦʙʱʠʡ ʧʨʦʮʝʩʩ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚʚʦʜ ʚʠʜʝʦ Ÿ 
ʦʙʥʘʨʫʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ Ÿ ʦʪʩʣʝʞʠʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʦʙʲʝʢʪʦʚ Ÿ ʘʥʘʣʠʟ ʪʨʘʝʢʪʦʨʠʡ ʧʦ 
ʟʦʥʘʤ ʠʥʪʝʨʝʩʘ (ROI) Ÿ ʩʪʘʪʠʩʪʠʢʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ Ÿ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠʤʝ-
ʥʠʤ ʢʘʢ ʜʣʷ ʘʥʘʣʠʟʘ ʚʠʜʝʦʟʘʧʠʩʝʡ ʦʬʬʣʘʡʥ, ʪʘʢ ʠ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʥʘ ʩʮʝʥʘʨʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʢʘʤʝʨ ʚ 
ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʨʘʟʣʠʯʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʙʣʶʜʝʥʠʶ ʟʘ ʪʨʘʥʩʧʦʨ-
ʪʦʤ.   

ʅʘ ʵʪʘʧʝ ʦʙʥʘʨʫʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʧʨʝʜʦʙʫʯʝʥʥʫʶ ʤʦʜʝʣʴ 
YOLOv8m ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ. ʕʪʘ ʤʦʜʝʣʴ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʵʪʘʧ-
ʥʳʤ ʤʝʪʦʜʘʤ ʦʙʥʘʨʫʞʝʥʠʷ. ʆʥʘ ʚʳʧʦʣʥʷʝʪ ʨʝʛʨʝʩʩʠʶ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʦʚ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʟʘ ʦʜʠʥ 
ʧʨʦʭʦʜ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦ-
ʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʮʝʥʘʭ YOLOv8 ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʦʟʥʘʸʪ ʦʙʲʝʢʪʳ ʨʘʟʥʳʭ ʪʠ-
ʧʦʚ ʠ ʚʳʜʘʸʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʚʢʣʶʯʘʷ ʢʦʦʨʜʠʥʘʪʳ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʨʘʤʦʢ, ʤʝʪʢʠ 
ʢʣʘʩʩʦʚ ʠ ʫʨʦʚʝʥʴ ʫʚʝʨʝʥʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘ-
ʣʠʟʘ ʪʨʘʝʢʪʦʨʠʡ, ʧʦʟʚʦʣʷʷ ʩʠʩʪʝʤʝ ʩʪʘʙʠʣʴʥʦ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ ʬʦʥʘ ʠ ʤʥʦʛʦʦʙʲʝʢʪʥʳʭ ʮʝʣʝʡ.   

ʇʦʩʢʦʣʴʢʫ ʨʝʟʫʣʴʪʘʪʳ ʦʙʥʘʨʫʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʘʜʨʦʚ ʥʝ ʦʪʨʘʞʘʶʪ ʚʨʝʤʝʥʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʜʚʠ-
ʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʤʥʦʛʦʦʙʲʝʢʪʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʩʧʦʣʴ-
ʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ByteTrack. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʝʪʝʢʮʠʠ 
ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʘʜʨʘʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʭʨʘʥʝʥʠʝ ʠʜʝʥʪʠʯʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɺ ʧʨʦʮʝʩ-
ʩʝ ʦʙʨʘʙʦʪʢʠ ʩʠʩʪʝʤʘ ʩʥʘʯʘʣʘ ʚʳʧʦʣʥʷʝʪ ʦʩʥʦʚʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ ʥʘ ʦʩʥʦʚʝ ʜʝʪʝʢʮʠʡ ʩ 
ʚʳʩʦʢʦʡ ʫʚʝʨʝʥʥʦʩʪʴʶ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʥʘʜʸʞʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʥʠʷ; ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʬʦʨʤʘ-
ʮʠʷ ʦ ʜʝʪʝʢʮʠʷʭ ʩ ʥʠʟʢʦʡ ʫʚʝʨʝʥʥʦʩʪʴʶ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʩʣʫʯʘʝʚ ʧʝʨʝʢʨʳʪʠʷ ʠʣʠ ʧʨʦʧʫʩʢʦʚ ʦʙʲʝʢʪʦʚ, 
ʯʪʦ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʩʣʦʞʥʳʭ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʝʭʘʥʠʟʤʫ ʢʘʞʜʦʡ ʪʨʘʥʩ-
ʧʦʨʪʥʦʡ ʝʜʠʥʠʮʝ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʪʨʘʝʢʪʦʨʠʠ, ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʧʨʝʨʳʚʥʘʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʫʶ ʚʨʝʤʝʥʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠ-
ʟʘ ʧʦʪʦʢʦʚ.   

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʪʨʘʝʢʪʦ-
ʨʠʡ ʥʘ ʦʩʥʦʚʝ ʟʦʥ ʠʥʪʝʨʝʩʘ (Region of Interest, ROI), ʧʦʟʚʦʣʷʶʱʠʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʘʚ-
ʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʠ ʚʳʧʦʣʥʷʪʴ ʝʛʦ ʩʪʘʪʠʩʪʠʢʫ.   

ɺ ʩʮʝʥʝ ʧʝʨʝʢʨʸʩʪʢʘ ʦʙʣʘʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʜʝʣʠʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ROI-ʦʙʣʘʩʪʝʡ Ὑ, ʩʦʦʪʚʝʪʩʪʚʫʶ-
ʱʠʭ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʚʠʞʝʥʠʷ. ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ-
ʩʷ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʦʯʝʢ ʚ ʜʚʫʤʝʨʥʦʡ ʧʣʦʩʢʦʩʪʠ: 

Ὕ ὴȟὴȟỄȟὴ ȟὴ ὼȟώ  

ʅʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʩʝʱʝʥʠʷ ROI-ʦʙʣʘʩʪʝʡ: ʝʩʣʠ 
ʪʨʘʝʢʪʦʨʠʷ Ὕ ʧʨʦʭʦʜʠʪ ʠʟ Ὑ ʚ Ὑ, ʪʦ ʬʠʢʩʠʨʫʝʪʩʷ ʧʝʨʝʭʦʜ Ὑ ᴼὙ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʶ 
ʜʚʠʞʝʥʠʷ ὃᴼὄ. 

ʉʪʘʪʠʩʪʠʢʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʫʪʸʤ ʧʦʜʩʯʸʪʘ ʢʦʣʠʯʝʩʪʚʘ ʪʘʢʠʭ ʧʝʨʝʭʦʜʦʚ ʜʣʷ 
ʢʘʞʜʦʡ ʧʘʨʳ ROI-ʦʙʣʘʩʪʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ROI ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴʶ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦ-
ʩʪʴʶ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥ ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʮʝʥ ʠʣʠ ʦʙʫʯʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʤʦ-
ʞʝʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥ ʢ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʝʨʝʢʨʸʩʪʢʦʚ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʦʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦ-
ʥʳ, ʚʳʯʠʩʣʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʦʧʠʨʘʶʪʩʷ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʪʨʘʝʢʪʦʨʠʷʤʠ ʠ ʟʦʥʘʤʠ, 
ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʟʢʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʚ ʩʠʩʪʝʤʘʭ ʨʝ-
ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 
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ʖʣʪʨʞʩʡʥʞʦʫʴ 
ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʩʪʘʪʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʦʪʦʢʦʚ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʚʠʜʝʦʟʘʧʠʩʝʡ ʜʦʨʦʞʥʦʛʦ 
ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʘ ʩʠʩʪʝʤʘ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʜʚʫʭ ʪʦʯʝʢ ʟʨʝʥʠʷ: ʪʦʯʥʦʩʪʠ ʩʪʘʪʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦ-
ʪʦʢʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʣʘʪʬʦʨʤʝ, ʦʩʥʘʱʸʥʥʦʡ ʧʨʦʮʝʩʩʦʨʦʤ Intel 
Core i9 13980HX, 32 ɻɹ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʛʨʘʬʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʨʦʤ NVIDIA RTX 4080 Laptop. 
ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ð Windows 11. 

ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 30-ʤʠʥʫʪʥʘʷ ʚʠʜʝʦʟʘʧʠʩʴ ʧʝʨʝʢʨʸʩʪʢʘ, ʥʘ 
ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʣʩʷ ʧʦʜʩʯʸʪ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ 
ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʝʞʜʫ ʧʨʘʚʠʣʘʤʠ ʨʫʯʥʦʡ ʨʘʟʤʝʪʢʠ ʠ ʣʦʛʠʢʦʡ 
ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʩʭʝʤʘ ʥʫʤʝʨʘʮʠʠ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 
ʩʣʝʚʘ ʥʘ ʈʠʩ 1. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʵʪʘʧʦʚ ʜʝʪʝʢʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʨʘʝʢʪʦʨʠʡ ʙʳʣʠ 
ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʢʘʟʘʥʥʳʝ ʩʧʨʘʚʘ ʥʘ ʈʠʩ 1. 

 

  
ʉʡʪ. 1. ʊʮʞʥʙ ʦʙʨʩʙʛʤʞʦʡʢ ʡ ʛʡʠʬʙʤʡʠʙʯʡʸ ʩʞʠʬʤʵʫʙʫʙ 

 
ʇʨʠʤʝʯʘʥʠʝ: ʩʣʝʚʘ ʧʦʢʘʟʘʥʳ ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʧʝʨʝʢʨʸʩʪʢʝ; ʩʧʨʘʚʘ ʦʪʦʙʨʘʞʝ-

ʥʳ ʨʘʤʢʠ ʜʝʪʝʢʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʦʪʩʣʝʞʠʚʘʥʠʷ (ID) ʠ ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʢʘʜʨʝ, 
ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʦʩʣʝ ʵʪʘʧʦʚ ʜʝʪʝʢʮʠʠ ʠ ʪʨʝʢʠʥʛʘ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʟʥʘʯʝʥʠʷ ʨʫʯʥʦʛʦ ʧʦʜʩʯʸʪʘ ὋὝ ʠ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ 
ʩʠʩʪʝʤʦʡ, ὖὶὩὨ. ɼʘʣʝʝ ʧʦ ʢʘʞʜʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ  

Ὁ ȿὖὶὩὨ ὋὝȿ 
ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ  

ὖὉ
ȿὖὶὩὨ ὋὝȿ

ὋὝ
ρππϷ 

ʅʘ ʫʨʦʚʥʝ ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʦʢʘ ʚʚʦʜʷʪʩʷ ὖὶὩὨВὖὶὩὨ ʠ ὋὝ ВὋὝ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʯʠʩʣʷʝʪʩʷ 
ʦʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʰʠʙʢʠ (Overall Percentage Error, OPE) 

ὕὖὉ
ρ

ὋὝ
ȿὖὶὩὨ ὋὝȿ ρππϷ 

ʠ ʩʨʝʜʥʷʷ ʦʰʠʙʢʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ(Mean Absolute Percentage Error, MAPE) 

ὓὃὖὉ
ρ

ὔ

ȿὖὶὩὨ ὋὝȿ

ὋὝ
ρππϷ  

ʛʜʝ ὔ ð ʢʦʣʠʯʝʩʪʚʦ ʥʘʧʨʘʚʣʝʥʠʡ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʰʠʙʦʢ 
ʧʦ ʦʪʜʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʪʘʢ ʠ ʦʙʱʠʡ ʩʠʩʪʝʤʥʳʡ ʩʜʚʠʛ ʚ ʠʪʦʛʦʚʦʤ ʧʦʜʩʯʸʪʝ. 
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ʋʙʚʤʡʯʙ 1 
ʉʞʠʬʤʵʫʙʫ ʨʧʝʪʰʹʫʙ ʨʧ ʦʙʨʩʙʛʤʞʦʡʸʥ 

ʅʘʧʨʘʚʣʝʥʠʝ ὋὝ ὖὶὩὨ Ὁ ὖὉ 

1 108 107 1 0.93% 

2 85 80 5 5.88% 

3 7 9 2 28.57% 

4 28 29 1 3.57% 

5 311 295 16 5.14% 

6 87 77 10 11.49% 

7 63 59 4 6.35% 

8 147 139 8 5.44% 

9 40 40 0 0.00% 

10 36 32 4 11.11% 

11 219 182 37 16.89% 

12 150 127 23 15.33% 

ʀʪʦʛʦ 1281 1176 111 - 

ὕὖὉψȢφχϷ ὓὃὖὉωȢςσϷ 

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʠʚʦʜʷʪʩʷ ὋὝ, ὖὶὩὨ, ʘʙʩʦʣʶʪʥʘʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʠ; ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʢʘ-
ʟʳʚʘʶʪʩʷ ʠʪʦʛʦʚʳʝ ὕὉ ʠ ὓὃὖὉ. 

 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʪʣʠʯʠʷ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʨʫʯʥʦ-

ʛʦ ʧʦʜʩʯʸʪʘ. ʆʩʥʦʚʥʳʝ ʦʰʠʙʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʛʦ ʪʨʘʬʠʢʘ, ʧʨʠ ʩʠʣʴʥʳʭ ʧʝʨʝʢʨʳʪʠʷʭ 
ʦʙʲʝʢʪʦʚ ʠ ʜʣʷ ʫʜʘʣʸʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʥʠʟʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ. (ʥʘʧʨʠʤʝʨ, ʥʘʧʨʘʚʣʝʥʠʷ 1 ʠ 5). ɺʤʝʩʪʝ ʩ 
ʪʝʤ ʩʠʩʪʝʤʘ ʩʫʤʤʘʨʥʘʷ ʦʰʠʙʢʘ ʦʩʪʘʸʪʩʷ ʦʩʪʘʸʪʩʷ ʚ ʧʨʠʝʤʣʝʤʳʭ ʧʨʝʜʝʣʘʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʯʘʣʴ-
ʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʦʮʝʥʢʠ ʩʠ-
ʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ 
ʩʠʩʪʝʤʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʚʳʙʨʘʥʦ 10 ʚʠʜʝʦʟʘʧʠʩʝʡ ʠʟ ʥʘʙʦʨʘ ʜʘʥʥʳʭ AI City 2020[18], ʥʘ ʦʩʥʦʚʝ 
ʢʦʪʦʨʳʭ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʜʘʥʥʳʭ ʩʠʩʪʝʤʦʡ. 

 
ʋʙʚʤʡʯʙ 2 

ʉʞʠʬʤʵʫʙʫʴ ʫʞʪʫʡʩʧʛʙʦʡʸ ʨʩʧʡʠʛʧʝʡʫʞʤʵʦʧʪʫʡ 

ɺʠʜʝʦ ʈʘʟʨʝʰʝʥʠʝ FPS ɼʣʠʪʝʣʴʥʦʩʪʴ, ʩ ʆʙʨʘʙʦʪʢʘ, ʩ ʈʝʘʣ-ʪʘʡʤ (ʜʣʠʪ./ʦʙʨ.) 

cam_1 1280Ĭ960 10 300 112.255 2.67Ĭ 

cam_1_dawn 1280Ĭ960 10 300 85.529 3.51Ĭ 

cam_1_rain 1280Ĭ960 10 296 81.626 3.63Ĭ 

cam_2 1280Ĭ960 15 1800 746.022 2.41Ĭ 

cam_2_dawn 1280Ĭ960 15 300 148.368 2.02Ĭ 

cam_2_rain 1280Ĭ960 10 300 100.001 3.00Ĭ 

cam_3.mp4 1280Ĭ960 10 1800 551.306 3.26Ĭ 

cam_3_snow 1280Ĭ960 10 300 77.100 3.89Ĭ 

cam_4 1920Ĭ1080 10 300 106.404 2.82Ĭ 

cam_5 1920Ĭ1080 10 300 111.930 2.68Ĭ 

ʉʨʝʜʥʝʝ - - - - 2.99Ĭ 

ʇʨʠʤʝʯʘʥʠʝ: ʜʣʷ 10 ʚʠʜʝʦʨʦʣʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʨʘʟʨʝʰʝʥʠʝ, FPS, ʜʣʠʪʝʣʴʥʦʩʪʴ/ʯʠʩʣʦ ʢʘʜʨʦʚ, 
ʬʘʢʪʠʯʝʩʢʦʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ(Real time factor, RTF) 

 
ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ GPU-ʫʩʢʦʨʝʥʠʷ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙ-

ʥʘ ʦʙʨʘʙʘʪʳʚʘʪʴ ʚʠʜʝʦʧʦʪʦʢ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝ-
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ʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʸ ʚ ʟʘʜʘʯʘʭ ʛʦʨʦʜʩʢʦʛʦ ʜʦʨʦʞʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 
ʚʨʝʤʝʥʠ.   

 
ʀʙʣʤʷʰʞʦʡʞ 

ɺ ʮʝʣʦʤ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʩʪʘʪʠʩʪʠʢʠ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʪʨʘʥʩʧʦʨʪ-
ʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʧʝʨʝʢʨʸʩʪʢʘʭ ʥʘ ʦʩʥʦʚʝ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʪʦʯʥʳʡ ʧʦʜʩʯʸʪ ʪʨʘʥʩ-
ʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʦ: ʚ ʪʝʩʪʘʭ ʥʘ 10 ʚʠʜʝʦʟʘʧʠʩʷʭ ʨʝʘʣʴʥʳʭ ʧʝʨʝʢʨʸʩʪʢʦʚ ʩʠʩʪʝʤʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʚʳʩʦʢʫʶ 
ʪʦʯʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʟʘʜʘʯʘʭ ʦʙʥʘʨʫʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʦʪʩʣʝʞʠʚʘʥʠʷ ʦʙʲʝʢʪʦʚ 
ʠ ʧʦʜʩʯʸʪʘ ʧʦʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʘʥʘʣʠʟʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʸʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ: ʟʦʥʳ ROI ʥʝʦʙʭʦ-
ʜʠʤʦ ʥʘʩʪʨʘʠʚʘʪʴ ʚʨʫʯʥʫʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʝʢʨʸʩʪʢʘ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʠʣʠ 
ʫʛʣʘ ʢʘʤʝʨʳ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʥʘʩʪʨʦʡʢʘ; ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʜʦʣʛʠʝ ʧʝʨʝʢʨʳʪʠʷ 
ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʪʝʨʝ ʦʪʜʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʩʪʘʪʠ-
ʩʪʠʢʠ; ʢʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʨʝʜʦʙʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʦʩʪʘʚʣʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ 
ʫʣʫʯʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʠʣʠ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʙʫʜʫʱʝʤ ʨʘʙʦʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʜʦʣʞʝʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʜʦʦʙʫʯʝ-
ʥʠʷ ʤʦʜʝʣʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʘʜʘʧʪʠʚʥʦʡ ʥʘʩʪʨʦʡʢʠ ROI ʠ ʩʦʚʤʝʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩ ʥʝ-
ʩʢʦʣʴʢʠʭ ʢʘʤʝʨ, ʘ ʪʘʢʞʝ ʧʦʧʳʪʦʢ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʳ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʬʦʨʥʳʤ ʨʝʛʫʣʠʨʦ-
ʚʘʥʠʝʤ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʠʩʪʝʤʳ ʠ ʨʘʩʰʠʨʠʪʴ ʝʸ ʧʨʘʢʪʠʯʝʩʢʫʶ 
ʮʝʥʥʦʩʪʴ ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʦʜʩʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ.   
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РАСЧЁТ ДВУХКОНТУРНОЙ 
САМОНАСТРАИВАЮЩЕЙСЯ СИСТЕМЫ 
УПРАВЛЕНИЯ ПРОЦЕССОМ 
НИЗКОТЕМПЕРАТУРНОЙ СЕПАРАЦИИ ГАЗА 

Чистяков Денис Алексеевич 
ʤʘʛʠʩʪʨʘʥʪ 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɸʥʪʦʥʦʚ ʆʣʝʛ ɺʠʢʪʦʨʦʚʠʯ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʭʢʦʥʪʫʨʥʘʷ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʘʷʩʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʥʠʟ-
ʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʝʧʘʨʘʮʠʠ (ʅʊʉ) ʛʘʟʘ. ɺʥʫʪʨʝʥʥʠʡ ʢʦʥʪʫʨ ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʘʜʘʧʪʠʚʥʳʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ 
ʜʘʚʣʝʥʠʷ ʩ ʪʘʙʣʠʯʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (Gain Scheduling), ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʘʨʠʟʘ-
ʮʠʠ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʯʠʭ ʪʦʯʢʘʭ. ɺʥʝʰʥʠʡ ʢʦʥʪʫʨ ʧʦʩʪʨʦʝʥ ʥʘ ʙʘʟʝ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ 
ʨʝʛʫʣʷʪʦʨʘ ʰʘʛʦʚʦʛʦ ʪʠʧʘ, ʦʧʪʠʤʠʟʠʨʫʶʱʝʛʦ ʨʘʩʭʦʜ ʦʩʫʰʸʥʥʦʛʦ ʛʘʟʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 
MATLAB/Simulink ʧʦʜʪʚʝʨʜʠʣʦ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʨʝʭʦʜʥʳʭ 
ʧʨʦʮʝʩʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʩʠʩʪʝʤʦʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʝʧʘʨʘʮʠʷ ʛʘʟʘ, ʜʚʫʭʢʦʥʪʫʨʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʩʘʤʦʥʘʩʪʨʘʠ-
ʚʘʶʱʘʷʩʷ ʩʠʩʪʝʤʘ, ʘʜʘʧʪʠʚʥʳʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ, ʪʘʙʣʠʯʥʘʷ ʥʘʩʪʨʦʡʢʘ (Gain Scheduling), ʵʢʩʪʨʝʤʘʣʴ-
ʥʳʡ ʨʝʛʫʣʷʪʦʨ, MATLAB/Simulink. 

 
CALCULATION OF A TWO-LOOP SELF-TUNING CONTROL SYSTEM FOR LOW-TEMPERATURE GAS 

SEPARATION PROCESS 
 

Chistyakov Denis Alekseevich 
 

Scientific adviser: Antonov Oleg Viktorovich 
 
Abstract: a two-loop self-tuning control system for low-temperature gas separation (LTGS) process is 
presented. The inner loop is implemented as an adaptive pressure PID controller with gain scheduling based 
on plant model linearization at different operating points. The outer loop is built on a step-type extremum 
seeking controller that optimizes the flow rate of dried gas. MATLAB/Simulink simulation confirms 
improvement in plant productivity and transient stability compared to a single-loop system. 
Key words: low-temperature gas separation, two-loop control, self-tuning system, adaptive PID controller, 
gain scheduling, extremum seeking controller, MATLAB/Simulink. 

 
ʇʨʦʮʝʩʩ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʝʧʘʨʘʮʠʠ (ʅʊʉ) ʛʘʟʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʥʝʣʠʥʝʡʥʦ-

ʩʪʴʶ (ʵʬʬʝʢʪ ɼʞʦʫʣʷïʊʦʤʩʦʥʘ, ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ), ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʚʦ ʚʨʝʤʝ-
ʥʠ (ʨʘʩʭʦʜ, ʩʦʩʪʘʚ, ʜʘʚʣʝʥʠʝ) ʠ ʥʘʣʠʯʠʝʤ ʧʝʨʝʢʨʸʩʪʥʳʭ ʩʚʷʟʝʡ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʳ ʩ ʬʠʢ-
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ʩʠʨʦʚʘʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦ ʚʩʸʤ ʜʠʘʧʘ-
ʟʦʥʝ ʨʝʞʠʤʦʚ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ [1], ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʬʪʷʥʦʡ ʠ ʛʘʟʦʚʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʨʝʙʫʝʪ ʫʯʸʪʘ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦ-
ʜʠʤʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʩʧʦʩʦʙʥʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʨʨʝʢʪʠ-
ʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʙʦʯʝʡ ʪʦʯʢʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʩʫʰʝʥʠʷ ʛʘʟʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʢʨʠʪʝʨʠʶ: 
E=Q(ɢ1ï ɢ2), 

ʛʜʝ ɢϛ, ɢϜ ï ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʧʦʪʦʢʘ ʜʦ ʠ ʧʦʩʣʝ ʦʩʫʰʝʥʠʷ; Q ï ʨʘʩʭʦʜ ʛʘʟʘ. ʄʝʨʦʡ ʚʣʘʛʦʩʦʜʝʨ-
ʞʘʥʠʷ ʩʣʫʞʠʪ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʯʢʠ ʨʦʩʳ (ʊʊʈ). ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ï ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʦʩʫʰʝʥʥʦ-
ʛʦ ʛʘʟʘ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʜʜʝʨʞʘʥʠʷ ʊʊʈ ʥʘ ʪʨʝʙʫʝʤʦʤ ʫʨʦʚʥʝ. 

ɼʚʫʭʢʦʥʪʫʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʝʛʫʣʷʪʦʨʘ. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʙʳʩʪʨʦʡ ʠ ʤʝʜʣʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʧʨʝʜʣʦʞʝ-
ʥʘ ʜʚʫʭʢʦʥʪʫʨʥʘʷ (ʢʘʩʢʘʜʥʘʷ) ʩʪʨʫʢʪʫʨʘ (ʨʠʩ. 1). ɺʥʫʪʨʝʥʥʠʡ ʢʦʥʪʫʨ ʨʝʛʫʣʠʨʫʝʪ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʥʘ 
ʜʨʦʩʩʝʣʴʥʦʡ ʟʘʜʚʠʞʢʝ; ʵʪʦ ʙʳʩʪʨʳʡ ʢʦʥʪʫʨ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʘʜʘʧʪʠʚʥʳʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʩ ʪʘʙʣʠʯʥʦʡ 
ʥʘʩʪʨʦʡʢʦʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (Gain Scheduling). ɺʥʝʰʥʠʡ ʢʦʥʪʫʨ ʢʦʨʨʝʢʪʠʨʫʝʪ ʫʩʪʘʚʢʫ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ 
ʢʦʥʪʫʨʘ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʙʘʟʝ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 
ʰʘʛʦʚʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʡ ʧʦʰʘʛʦʚʦ ʠʟʤʝʥʷʝʪ ʟʘʜʘʥʠʝ, ʦʪʩʣʝʞʠʚʘʷ ʤʘʢʩʠʤʫʤ ʨʘʩʭʦʜʘ ʛʘʟʘ. ʇʦʜʭʦʜ ʢ ʧʦ-
ʩʪʨʦʝʥʠʶ ʪʘʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʨʘʩʩʤʦʪʨʝʥ ʚ [2]. 
 

 
ʉʡʪ.1 ʊʮʞʥʙ ʥʧʝʞʤʡ ʩʞʜʬʤʸʫʧʩʙ ʨʩʧʯʞʪʪʙ ʆʋʊ 

 
ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʣʠʥʝʘʨʠʟʘʮʠʷ. ʆʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ ʫʨʘʚʥʝ-

ʥʠʷʤʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʠ ʩʝʧʘʨʘʮʠʠ. ɼʣʷ ʩʠʥʪʝʟʘ ʨʝʛʫʣʷʪʦʨʘ ʧʨʦʚʝʜʝʥʘ ʣʠʥʝʘʨʠʟʘʮʠʷ ʤʦʜʝʣʠ ʚ ʨʘʟʥʳʭ 
ʨʘʙʦʯʠʭ ʪʦʯʢʘʭ ʩ ʧʦʤʦʱʴʶ MATLAB çLinear Analysis Pointsè. ɺ ʢʘʯʝʩʪʚʝ ʚʘʨʴʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʳʙʨʘʥ 
ʭʦʜ ʰʪʦʢʘ ʜʨʦʩʩʝʣʴʥʦʡ ʟʘʜʚʠʞʢʠ h ʚ ʜʠʘʧʘʟʦʥʝ 0ï16Ŀ10ϖį ʤ. ɺʳʙʨʘʥʳ ʜʠʩʢʨʝʪʥʳʝ ʪʦʯʢʠ: 6, 8, 10, 12, 

14Ŀ10ϖį ʤ. ʄʝʪʦʜʳ ʣʠʥʝʘʨʠʟʘʮʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ ʚ [3]. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʠʥʝʘʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʧʝ-

ʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ PD ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: 

7 Ó
ὦί ὦ

 ὥί ὥÓ ὥ 
 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʟʘʚʠʩʷʪ ʦʪ ʥʦʤʝʨʘ ʨʘʙʦʯʝʡ ʪʦʯʢʠ i. ɼʣʷ ʜʚʫʭ ʢʨʘʡʥʠʭ ʪʦʯʝʢ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 
ʚʳʨʘʞʝʥʠʷ: 

h = 6Ŀ10ϖį ʤ: 

7 Ó
ωφȟτί σςυυ

 ί ρπσωÓσωςωπ 
 

h = 14Ŀ10ϖį ʤ: 

7 Ó
χφπȟχί ςσπχπ

 ί ρπτπÓσπσχπ 
 

 
ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʦʙʲʝʢʪʘ ʠʟʤʝʥʷʝʪʩʷ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ, ʯʪʦ ʦʜʥʦ-

ʟʥʘʯʥʦ ʪʨʝʙʫʝʪ ʘʜʘʧʪʘʮʠʠ ʥʘʩʪʨʦʝʢ ʨʝʛʫʣʷʪʦʨʘ. ʕʪʦʪ ʚʳʚʦʜ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʦʣʦʞʝʥʠʷ-
ʤʠ, ʠʟʣʦʞʝʥʥʳʤʠ ʚ [4], ʛʜʝ ʧʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʚ ʚ 
ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤʘʭ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʚ ʩʦʩʪʘʚ ʨʝʛʫʣʷʪʦʨʘ ʚʚʝʜʝʥʦ ʘʧʝʨʠʦʜʠʯʝʩʢʦʝ 
ʟʚʝʥʦ-ʢʦʤʧʝʥʩʘʪʦʨ. ɼʦʩʪʠʛʥʫʪʳʡ ʟʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʬʘʟʝ ʩʦʩʪʘʚʣʷʝʪ 90,5Á. ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ 
ʢʦʤʧʝʥʩʘʪʦʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʬʦʨʤʫ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ ʧʦ ʨʝʘʣʴʥʦʤʫ ʟʚʝʥʫ: 
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2Ó ὑ
ὑί

ὝÓ ρ 
ςσ 

ρȟςσί

πȟπυσÓρ 
 

ʇʦʧʳʪʢʠ ʥʘʩʪʨʦʡʢʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ ɿʠʛʣʝʨʘïʅʠʢʦʣʴʩʘ ʥʝ ʜʘʣʠ ʫʩʪʦʡ-
ʯʠʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠʟ-ʟʘ ʩʠʣʴʥʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʦʙʲʝʢʪʘ. 

ɸʜʘʧʪʘʮʠʷ ʧʦ ʪʘʙʣʠʯʥʦʤʫ ʤʝʪʦʜʫ (Gain Scheduling). ɼʣʷ ʢʘʞʜʦʡ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʨʘʙʦʯʝʡ ʪʦʯʢʠ 
ʧʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ, ʩʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣʠʮʫ LUT (Look-Up Table). 
ɺʭʦʜ ʪʘʙʣʠʮʳ ï ʪʝʢʫʱʝʝ ʜʘʚʣʝʥʠʝ ʧʦʪʦʢʘ; ʚʳʭʦʜ ï ʢʦʵʬʬʠʮʠʝʥʪʳ Kp ʠ Kd. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ çʙʝʟʫʜʘʨʥʳʡè ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ. 
ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʪʨʝʙʫʝʪ ʫʯʸʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʯʪʦ ʦʙ-
ʩʫʞʜʘʝʪʩʷ ʚ [5]. 

ɺʥʝʰʥʠʡ ʢʦʥʪʫʨ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʙʘʟʝ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʰʘʛʦʚʦʛʦ ʪʠʧʘ. ɸʣʛʦʨʠʪʤ: ʯʝʨʝʟ 
ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ȹt ʠʟʤʝʨʷʝʪʩʷ ʪʝʢʫʱʠʡ ʨʘʩʭʦʜ ʛʘʟʘ Q; ʝʩʣʠ ʨʘʩʭʦʜ ʫʚʝʣʠʯʠʣʩʷ ï ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟ-
ʜʝʡʩʪʚʠʝ ʧʨʦʜʦʣʞʘʝʪ ʜʚʠʞʝʥʠʝ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ; ʝʩʣʠ ʫʤʝʥʴʰʠʣʩʷ ï ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 
ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ. ʕʢʩʪʨʝʤʘʣʴʥʳʡ ʨʝʛʫʣʷʪʦʨ ʧʦʰʘʛʦʚʦ ʠʱʝʪ ʤʘʢʩʠʤʫʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʢʦʨʨʝʢʪʠ-
ʨʫʷ ʫʩʪʘʚʢʫ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʫʨʘ ʜʘʚʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʨʘʚʥʝʥʠʝ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ MATLAB/Simulink ʧʦʢʘʟʘʣʦ, ʯʪʦ 
ʥʘʣʠʯʠʝ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʫʤʝʥʴʰʘʝʪ ʧʨʦʚʘʣʳ ʨʘʩʭʦʜʘ, ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʠ 
ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʫʣʫʯʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘ 18%, 
ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 10% ʠ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘ 20% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦ-
ʢʦʥʪʫʨʥʦʡ ʩʠʩʪʝʤʦʡ ʙʝʟ ʘʜʘʧʪʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʜʚʫʭʢʦʥʪʫʨʥʘʷ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʘʷʩʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʅʊʉ ʛʘʟʘ, 
ʨʘʟʜʝʣʷʶʱʘʷ ʙʳʩʪʨʫʶ (ʜʘʚʣʝʥʠʝ) ʠ ʤʝʜʣʝʥʥʫʶ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ) ʜʠʥʘʤʠʢʫ. ɺʥʫʪʨʝʥʥʠʡ ʢʦʥʪʫʨ 
ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʘʜʘʧʪʠʚʥʳʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʜʘʚʣʝʥʠʷ ʩ ʪʘʙʣʠʯʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (Gain 
Scheduling), ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʘʨʠʟʘʮʠʠ ʤʦʜʝʣʠ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʯʠʭ ʪʦʯʢʘʭ. ɺʥʝʰʥʠʡ ʢʦʥʪʫʨ 
ʧʦʩʪʨʦʝʥ ʥʘ ʙʘʟʝ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʰʘʛʦʚʦʛʦ ʪʠʧʘ, ʦʧʪʠʤʠʟʠʨʫʶʱʝʛʦ ʨʘʩʭʦʜ ʦʩʫʰʸʥʥʦʛʦ ʛʘ-
ʟʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 
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ɹʦʦʧʫʙʯʡʸ: ʨʘʩʩʤʦʪʨʝʥʳ ʵʪʘʧʳ ʩʦʟʜʘʥʠʷ SCADA-ʩʠʩʪʝʤʳ ʜʣʷ ʦʧʝʨʘʪʦʨʩʢʦʡ ʩʪʘʥʮʠʠ ʩʝʧʘʨʘʪʦʨʘ-
ʢʘʧʣʝʦʪʙʦʡʥʠʢʘ ʫʩʪʘʥʦʚʢʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʝʧʘʨʘʮʠʠ (ʅʊʉ) ʛʘʟʘ. ʆʙʦʩʥʦʚʘʥ ʚʳʙʦʨ TRACE MODE 
6. ʆʧʠʩʘʥʳ ʨʘʟʨʘʙʦʪʢʘ ʤʥʝʤʦʩʭʝʤʳ, ʩʦʟʜʘʥʠʝ ʢʘʥʘʣʦʚ, ʧʨʠʚʷʟʢʘ ʧʝʨʝʤʝʥʥʳʭ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 
ʠʤʠʪʘʪʦʨʦʚ ʠ ʦʜʥʦʢʦʥʪʫʨʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʷʟʳʢʝ FBD. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ 
ʨʝʞʠʤʝ ʵʤʫʣʷʮʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: SCADA-ʩʠʩʪʝʤʘ, TRACE MODE 6, ʦʧʝʨʘʪʦʨʩʢʘʷ ʩʪʘʥʮʠʷ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 
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DEVELOPMENT OF A SCADA SYSTEM FOR AN OPERATOR STATION FOR A LOW-

TEMPERATURE GAS SEPARATION UNIT 
 

Chistyakov Denis Alekseevich 
 

Scientific adviser: Antonov Oleg Viktorovich 
 

Abstract: the stages of creating a SCADA system for the operator station of a knock-out separator of a low-
temperature gas separation (LTGS) unit are considered. The choice of TRACE MODE 6 is justified. The 
development of a mimic diagram, creation of channels, binding of variables, programming of simulators and 
single-loop controllers in FBD language are described. The results of testing in the emulation mode are 
presented. 
Keywords: SCADA system, TRACE MODE 6, operator station, low-temperature separation, mimic diagram, 
FBD, simulator, controller. 

 
ʉʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ɸʉʋ 

ʊʇ) ʩʪʨʦʷʪʩʷ ʧʦ ʜʚʫʭʫʨʦʚʥʝʚʦʤʫ ʧʨʠʥʮʠʧʫ: ʥʠʞʥʠʡ (ʧʦʣʝʚʦʡ) ʫʨʦʚʝʥʴ ʦʙʲʝʜʠʥʷʝʪ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ 
ʣʦʛʠʯʝʩʢʠʝ ʢʦʥʪʨʦʣʣʝʨʳ (ʇʃʂ) ʠ ʫʩʪʨʦʡʩʪʚʘ ʩʚʷʟʠ ʩ ʦʙʲʝʢʪʦʤ, ʘ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʦʧʝʨʘʪʦʨʩʢʠʝ ʩʪʘʥʮʠʠ (ɸʈʄ), ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʙʘʟʝ SCADA-ʩʠʩʪʝʤ [1]. SCADA (Supervisory Control 
And Data Acquisition) ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 
ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʝʧʘʨʘʮʠʠ (ʅʊʉ) ʛʘʟʘ, ʪʨʝʙʫʶʱʝʡ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ 
ʜʘʚʣʝʥʠʷ, ʫʨʦʚʥʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, SCADA-ʩʠʩʪʝʤʘ ʜʘʸʪ ʦʧʝʨʘʪʦʨʫ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʛʣʷʜʥʦ ʦʪʩʣʝʞʠʚʘʪʴ 
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ʧʘʨʘʤʝʪʨʳ, ʠʟʤʝʥʷʪʴ ʫʩʪʘʚʢʠ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʨʝʥʜʳ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʦʣʫʯʘʪʴ ʩʠʛʥʘʣʳ ʦ ʚʳʭʦʜʝ ʟʥʘ-
ʯʝʥʠʡ ʟʘ ʜʦʧʫʩʪʠʤʳʝ ʛʨʘʥʠʮʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʚʳʙʨʘʥʘ TRACE MODE 6 (AdAstra Research Group, ʈʦʩʩʠʷ). ʕʪʦ ʨʝ-
ʰʝʥʠʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʣʘʛʦʜʘʨʷ ʩʣʝʜʫʶʱʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ [2]: 

- ʀʥʪʝʛʨʘʮʠʷ HMI ʠ SOFTLOGIC ï ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʠ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʪʴ ʣʦʛʠʢʫ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʷʟʳʢʘʭ ʄʕʂ 61131Ȥ3 ʚ ʦʜʥʦʡ ʩʨʝʜʝ. 

- ʇʦʜʜʝʨʞʢʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʫʩʪʨʦʡʩʪʚ ï ʙʦʣʝʝ 2800 ʪʠʧʦʚ ʇʃʂ ʠ ʢʦʥʪʨʦʣʣʝʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʪʦ-
ʢʦʣʳ OPC, Modbus RTU/TCP. 

- ɻʨʘʬʠʯʝʩʢʠʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ï FBD ʠ LD ʫʧʨʦʱʘʶʪ ʨʘʟʨʘʙʦʪʢʫ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʪʝʭ-
ʥʦʣʦʛʦʚ. 

- ʈʝʞʠʤ ʵʤʫʣʷʮʠʠ ï ʦʪʣʘʜʢʘ ʧʨʦʝʢʪʘ ʙʝʟ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʨʝʘʣʴʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ. 

- ʆʪʢʨʳʪʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ï ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʩ ʚʥʝʰʥʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʯʝʨʝʟ OPC, DDE, SQL [3]. 
ʈʘʟʨʘʙʦʪʘʥʥʳʡ ɸʈʄ ʤʦʞʝʪ ʙʳʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥ ʜʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ɸʉʋ ʊʇ. 
ʄʥʝʤʦʩʭʝʤʘ ï ʵʪʦ ʵʢʨʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʦʪ ʢʘʯʝʩʪʚʘ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʷʪ 

ʩʢʦʨʦʩʪʴ ʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʝʰʝʥʠʡ ʦʧʝʨʘʪʦʨʘ [4]. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʙʣʶʜʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʥʘʛʣʷʜʥʦ-

ʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʠʷ ɻʆʉʊ 21.404Ȥ85, ʣʦʛʠʯʝʩʢʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ɻ ʣʝʤʝʥʪʦʚ ʠ ʥʘʣʠʯʠʷ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ. 
ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʥʝʤʦʩʭʝʤʘ (ʨʠʩ. 1) ʚʢʣʶʯʘʝʪ: 

- ʩʪʘʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʝʧʘʨʘʪʦʨʘ-ʢʘʧʣʝʦʪʙʦʡʥʠʢʘ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʥʘʜʧʠʩʝʡ; 

- ʩʪʨʝʣʦʯʥʳʝ ʧʨʠʙʦʨʳ ʜʣʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ (Pϛ) ʠ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ (Lϛ); 
- ʧʘʥʝʣʠ ʟʘʜʘʥʠʷ ʫʩʪʘʚʦʢ; 

- ʵʣʝʤʝʥʪʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 
 

 
ʉʡʪ. 1 - ʍʩʙʜʥʞʦʫ ʥʦʞʥʧʪʮʞʥʴ ʪ ʨʩʡʚʧʩʙʥʡ ʡ ʶʤʞʥʞʦʫʙʥʡ ʬʨʩʙʛʤʞʦʡʸ 

 
ɼʣʷ ʩʚʷʟʠ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʜʘʥʥʳʤʠ ʚ TRACE MODE 6 ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʢʘʥʘʣʦʚ. 

ʂʘʥʘʣ ï ʦʩʥʦʚʥʘʷ ʝʜʠʥʠʮʘ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʜʥʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʘʨʘʤʝʪʨʫ. 
ʇʨʦʮʝʩʩ ʥʘʩʪʨʦʡʢʠ ʚʢʣʶʯʘʝʪ ʪʨʠ ʵʪʘʧʘ: 

- ʩʦʟʜʘʥʠʝ ʘʨʛʫʤʝʥʪʦʚ ʛʨʘʬʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ (ʧʝʨʝʤʝʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʤʥʝʤʦʩʭʝʤʝ); 

- ʩʦʟʜʘʥʠʝ ʢʘʥʘʣʦʚ ʚ ʫʟʣʝ ɸʈʄ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʠʤ ʘʨʛʫʤʝʥʪʘʤ (ʨʠʩ. 2); 
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- ʧʨʠʚʷʟʢʘ ʘʨʛʫʤʝʥʪʦʚ ʧʨʦʛʨʘʤʤ ʢ ʢʘʥʘʣʘʤ. 
ɼʣʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘʜʘʶʪʩʷ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ, ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ, ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʝ ʠ 

ʘʚʘʨʠʡʥʳʝ ʛʨʘʥʠʮʳ. ʂʘʥʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʚʭʦʜʥʳʤʠ (ʦʪ ʜʘʪʯʠʢʦʚ), ʚʳʭʦʜʥʳʤʠ (ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝ-
ʭʘʥʠʟʤʳ) ʠʣʠ ʚʥʫʪʨʝʥʥʠʤʠ. 
 

 
ʉʡʪ. 2. ʊʧʠʝʙʦʡʞ ʣʙʦʙʤʙ çɽʙʛʤʞʦʡʞè ʛ ʬʠʤʞ ɹʉʅ 

 
TRACE MODE 6 ʧʦʜʜʝʨʞʠʚʘʝʪ ʷʟʳʢʠ ʄʕʂ 61131Ȥ3, ʚ ʪʦʤ ʯʠʩʣʝ ʷʟʳʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚʳʭ 

ʜʠʘʛʨʘʤʤ (FBD). FBD ï ʛʨʘʬʠʯʝʩʢʠʡ ʷʟʳʢ, ʛʜʝ ʘʣʛʦʨʠʪʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʝʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 
ʙʣʦʢʦʚ, ʩʦʝʜʠʥʸʥʥʳʭ ʣʠʥʠʷʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ [5]. 

ɺ ʧʨʦʝʢʪʝ ʨʝʘʣʠʟʦʚʘʥʳ: 

- ʧʨʦʛʨʘʤʤʘ-ʠʤʠʪʘʪʦʨ ʩʠʛʥʘʣʘ ʜʘʚʣʝʥʠʷ (ʨʠʩ. 3) ï ʛʝʥʝʨʠʨʫʝʪ ʠʟʤʝʥʷʶʱʝʝʩʷ ʟʥʘʯʝʥʠʝ ʜʣʷ 
ʧʨʦʚʝʨʢʠ ʩʠʩʪʝʤʳ ʙʝʟ ʨʝʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʦʜʥʦʢʦʥʪʫʨʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʜʘʚʣʝʥʠʷ ʠ ʫʨʦʚʥʷ ï ʢʘʞʜʳʡ ʩʨʘʚʥʠʚʘʝʪ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʩ 
ʫʩʪʘʚʢʦʡ ʠ ʬʦʨʤʠʨʫʝʪ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ. 
 

 
ʉʡʪ. 3. ʈʩʧʜʩʙʥʥʙ-ʡʥʡʫʙʫʧʩ ʝʙʫʰʡʣʙ ʝʙʛʤʞʦʡʸ (ʸʠʴʣ FBD) 

 
ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚ ʨʝʞʠʤʝ ʵʤʫʣʷʮʠʠ. ʇʨʦʚʝʨʷʣʠʩʴ ʢʦʨ-

ʨʝʢʪʥʦʩʪʴ ʦʪʦʙʨʘʞʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʨʝʘʢʮʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʠʟʤʝʥʝʥʠʝ ʫʩʪʘʚʦʢ ʠ ʨʘʙʦʪʘ ʣʦʛʠʢʠ 
ʫʧʨʘʚʣʝʥʠʷ. ʀʪʦʛʦʚʘʷ ʤʥʝʤʦʩʭʝʤʘ ʩʦʜʝʨʞʠʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ. 

ʈʘʟʨʘʙʦʪʘʥʘ SCADA-ʩʠʩʪʝʤʘ ʜʣʷ ʦʧʝʨʘʪʦʨʩʢʦʡ ʩʪʘʥʮʠʠ ʩʝʧʘʨʘʪʦʨʘ-ʢʘʧʣʝʦʪʙʦʡʥʠʢʘ ʫʩʪʘʥʦʚʢʠ 
ʅʊʉ ʛʘʟʘ ʚ ʩʨʝʜʝ TRACE MODE 6. ʉʦʟʜʘʥʘ ʤʥʝʤʦʩʭʝʤʘ ʩ ʧʨʠʙʦʨʘʤʠ ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ ʠ ʫʨʦʚʥʷ, ʧʘ-
ʥʝʣʷʤʠ ʟʘʜʘʥʠʷ ʫʩʪʘʚʦʢ. ɺʳʧʦʣʥʝʥʘ ʧʨʠʚʷʟʢʘ ʢʘʥʘʣʦʚ. ʅʘ ʷʟʳʢʝ FBD ʨʝʘʣʠʟʦʚʘʥʳ ʦʜʥʦʢʦʥʪʫʨʥʳʝ ʨʝ-
ʛʫʣʷʪʦʨʳ ʜʘʚʣʝʥʠʷ ʠ ʫʨʦʚʥʷ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʚ ʨʝʞʠʤʝ ʵʤʫʣʷʮʠʠ ʧʦʜʪʚʝʨʜʠʣʦ ʢʦʨʨʝʢʪʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝ-
ʤʳ. ʇʨʦʝʢʪ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʦʪʦʪʠʧʦʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ɸʈʄ ʦʧʝʨʘʪʦʨʘ ʫʩʪʘʥʦʚʢʠ ʅʊʉ. 
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ОПТИМИЗАЦИЯ РАСКРОЯ КРУГЛЫХ 
ПИЛОМАТЕРИАЛОВ 

Тукмаков Дмитрий Александрович 
ʘʩʧʠʨʘʥʪ 

ʌɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘ 
(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʄʳʪʠʱʠʥʩʢʠʡ ʬʠʣʠʘʣ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʅʠʢʠʪʠʥ ɺʣʘʜʠʤʠʨ ɺʘʣʝʥʪʠʥʦʚʠʯ 

ʜ. ʪ. ʥ., ʧʨʦʬʝʩʩʦʨ 
ʌɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ʕ. ɹʘʫʤʘʥʘ  

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ʄʳʪʠʱʠʥʩʢʠʡ ʬʠʣʠʘʣ 
 

ɹʦʦʧʫʙʯʡʸ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʢʨʦʷ ʙʨʸʚʝʥ. ʇʨʠʚʝʜʝʥʳ ʢʘʢ ʩʪʘʨʳʝ 
ʤʝʪʦʜʳ, ʪʘʢ ʠ ʥʦʚʳʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣ ʧʨʦʠʟʚʝʜʸʥ ʘʥʘʣʠʟ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦ-
ʩʪʘʪʢʦʚ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʥʫʞʜʘʶʪʩʷ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ. ʊʘʢ ʞʝ ʙʳʣ ʠʟʣʦʞʝʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʦ ʦʧʪʠ-
ʤʠʟʘʮʠʠ ʨʘʩʢʨʦʷ ʢʨʫʛʣʳʭ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʤʘʢʩʠʤʠʟʘʮʠʶ ʚʳʭʦʜʘ ʯʠʩʪʦʡ ʧʨʦʜʫʢʮʠʠ. 
ʀʟʣʦʞʝʥʦ ʧʨʝʜʣʦʞʝʥʠʝ, ʢʘʢ ʫʤʝʥʴʰʠʪʴ ʠʟʲʷʥʳ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɼʨʝʚʝʩʠʥʘ, ʦʧʪʠʤʠʟʘʮʠʷ, ʢʘʨʪʘ ʨʘʩʢʨʦʷ, ʧʨʦʛʨʘʤʤʳ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 
 

CUTTING OPTIMIZATION.  
 

Tukmakov Dmitry Alexandrovich 
 

Scientific supervisor Vladimir Valentinovich Nikitin 
 

Abstract: Information on log cutting optimization was analyzed. Both old and new methods were presented. 
Based on this information, an analysis of the advantages and disadvantages of these methods was conducted, 
identifying those that require modernization. A new method for optimizing round lumber cutting aimed at max-
imizing net product yield was also presented. A proposal for mitigating the shortcomings of this method was 
presented. 
Keywords: Wood, optimization, cutting map, programs, intelligent systems 

 
ʃʝʩʘ ʟʘʥʠʤʘʶʪ ʦʢʦʣʦ 809 ʤʣʥ ʛʘ, ʯʪʦ ʧʨʠʤʝʨʥʦ 46,6% ʪʝʨʨʠʪʦʨʠʠ ʚʩʝʡ ʩʪʨʘʥʳ. ʇʨʝʠʤʫʱʝʩʪʚʝʥ-

ʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʭʚʦʡʥʳʝ ʧʦʨʦʜʳ ʜʨʝʚʝʩʠʥʳ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʣʝʩ ʷʚʣʷʝʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠ-
ʢʦʤ ʨʝʩʫʨʩʦʚ, ʝʛʦ ʯʘʩʪʦ ʥʝ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪ, ʚ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʩʪʨʘʜʘʝʪ ʚʩʷ ʵʢʦʩʠʩʪʝʤʘ. ʅʘ ʩʝ-
ʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʠʤ ʠʟ ʧʦʧʫʣʷʨʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʧʠʣʦʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʘʝ-
ʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʨʫʙʢʠ ʜʝʨʝʚʴʝʚ ʥʘ ʣʝʩʦʩʝʢʝ. ʉʨʫʙʣʝʥʥʳʝ ʙʨʸʚʥʘ ʩ ʣʝʩʦʩʝʢ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʥʘ ʧʨʝʜ-
ʧʨʠʷʪʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ. [1] 

ʊʝʢʫʱʘʷ ʟʘʱʠʪʘ ʣʝʩʦʚ ʦʪ ʥʝ ʮʝʣʝʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʨʘʙʦʪʘʝʪ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʧʨʠ ʪʝʢʫʱʠʭ 
ʨʝʰʝʥʠʷʭ ʧʨʘʚʠʪʝʣʴʩʪʚʘ. ʄʥʦʛʦ ʥʝʟʘʢʦʥʥʳʭ ʚʳʨʫʙʦʢ. ʉʣʘʙʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ. ʅʝʨʘ-
ʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʣʦʚʦʡ ʜʨʝʚʝʩʠʥʳ, ʠ ʚ ʩʣʝʜʩʪʚʠʠ ʨʘʩʢʨʦʡ ʩ ʙʦʣʴʰʠʤʠ ʦʪʭʦʜʘʤʠ ʢʨʫʛʣʳʭ 
ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ. [1] 

ʇʦʩʢʦʣʴʢʫ ʜʨʝʚʝʩʠʥʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ, ʚʘʞʥʦ ʩʦʙʣʶʜʘʪʴ ʦʧʪʠʤʠʟʘʮʠʶ ʠ ʨʘʮʠʦ-
ʥʘʣʠʟʘʮʠʶ ʨʘʩʢʨʦʷ ʢʨʫʛʣʳʭ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ. [2]  
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ʉʝʡʯʘʩ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʢʨʦʷ ʙʨʸʚʝʥ, ʥʦ ʦʥʠ ʝʱʸ ʥʝ ʩʦʚʝʨʰʝʥʥʳ. 
ɿʘʚʠʩʷʱʠʝ ʦʪ ʟʘʜʘʥʥʳʭ ʦʧʝʨʘʪʦʨʘʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʥʠ ʚʳʜʘʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʨʘʩʢʨʦʷ ʙʨʸ-
ʚʝʥ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʠʣʦ ʨʘʙʦʪʫ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ 
ʢʦʤʧʣʝʢʩʳ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪ ʚʝʩʴ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʳʭ ʜʝʬʝʢʪʦʚ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʩʠʤʙʠʦʟʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩ ʧʨʦʛʨʘʤʤ-
ʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʦʙʲʝʜʠʥʸʥʥʳʝ ʦʙʱʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʈʘʙʦʪʘʶʪ ʦʥʠ ʣʠʙʦ ʢʘʢ ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʯʝʣʦʚʝ-
ʢʦʤ, ʠʣʠ ʛʨʫʧʧʦʡ ʣʶʜʝʡ, ʣʠʙʦ ʘʚʪʦʥʦʤʥʦ. [3] 

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 
Å ʆʙʲʝʢʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ï ʫʩʪʨʦʡʩʪʚʦ, ʥʘ ʢʦʪʦʨʦʝ ʧʦʩʪʫʧʘʝʪ ʫʧʨʘʚʣʷʶʱʠʝ 

ʚʦʟʜʝʡʩʪʚʠʝ. 
Å ʋʩʪʨʦʡʩʪʚʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ï ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪ ʫʧʨʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ. ɺʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʘʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ. ʆʥʠ ʠ ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʩʪʫʧʘʶ-
ʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʦʙʩʪʚʝʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ.  

Å ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʫʧʨʘʚʣʷʝʤʳʡ ʦʙʲʝʢʪ ï ʝʜʠʥʳʡ ʙʣʦʢ ʬʦʨʤʠʨʫʝʤʳʤ ʮʝʣʝʚʳʤ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝʤ. [4] 

ʇʨʠʟʥʘʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ: 
Å ʈʘʟʚʠʪʳʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ 
Å ʋʤʝʥʠʝ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʧʣʦʭʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʟʘʜʘʯʠ 
Å ʉʘʤʦʦʙʫʯʝʥʠʝ 
ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʢʨʦʷ ʧʠʣʦʚʦʯʥʦʛʦ ʩʳʨʴʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʙʘʟʠʨʦʚʘ-

ʣʠʩʴ ʥʘ ʵʤʧʠʨʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ, ʫʩʣʦʚʥʦ ʦʙʦʟʥʘʯʘʝʤʦʤ ʢʘʢ çʚʳʧʠʣʠʚʘʡ ʯʪʦ ʥʫʞʥʦè. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʭʘʨʘʢʪʝ-
ʨʠʟʦʚʘʣʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʸʪʦʚ ʠ ʧʦʣʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʦʧʳʪʘ ʦʧʝʨʘʪʦ-
ʨʘ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʣʦ ʢ ʥʝʦʧʪʠʤʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʳʨʴʷ ʠ ʧʦʚʳʰʝʥʥʦʤʫ ʦʙʲʸʤʫ ʦʪʭʦʜʦʚ. 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʧʝʨʝʣʦʤ ʚ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʩʢʨʦʷ ʧʨʦʠʟʦʰʸʣ ʚ 1931 ʛʦʜʫ, ʢʦʛʜʘ ʩʦʚʝʪʩʢʠʡ ʠʥʞʝʥʝʨ 
ʍʦʥʦʥ ʃʘʟʘʨʝʚʠʯ ʌʝʣʴʜʤʘʥ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʧʝʨʚʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʫʶ ʪʝʦʨʠʶ ʨʘʩʧʠʣʦʚʢʠ 
ʙʨʸʚʝʥ ï 28 ʤʘʷ 1931 ʛʦʜʘ; ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʦʨʠʷ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ çʄʘʢʩʠʤʘʣʴʥʳʝ ʧʦʩʪʘʚʘ ʜʣʷ 
ʨʘʩʧʠʣʦʚʢʠ ʙʨʸʚʝʥè [4]. 

ʂʣʶʯʝʚʘʷ ʮʝʣʴ ʪʝʦʨʠʠ ʌʝʣʴʜʤʘʥʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʤʘʢʩʠʤʠʟʘʮʠʠ ʚʳʭʦʜʘ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ ʩ ʝʜʠ-
ʥʠʮʳ ʩʳʨʴʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʰʘʣʘ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ 
ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʜʦʩʦʢ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʧʠʩʘʥʳ ʚ ʚʝʨʰʠʥʥʳʡ ʪʦʨʮʝʚʦʡ 
ʢʨʫʛ ʙʨʝʚʥʘ ʩ ʫʯʸʪʦʤ: ʜʠʘʤʝʪʨʘ ʙʨʝʚʥʘ; ʪʦʣʱʠʥʳ ʧʨʦʧʠʣʘ; ʪʨʝʙʫʝʤʳʭ ʨʘʟʤʝʨʦʚ ʧʦʣʫʯʘʝʤʳʭ ʜʦʩʦʢ; 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʬʦʨʤʦʡ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʨʝʚʥʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʟʘʣʦʞʠʣ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʢʨʦʷ ʠ ʩʪʘʣ ʤʝʪʦ-
ʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ [5]. 

ɺ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʨʘʩʢʨʦʷ ʪʝʦʨʠʷ ʌʝʣʴʜʤʘʥʘ ʙʳʣʘ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʘ ʢʘʢ ʧʷʪʳʡ ʤʝʪʦʜ 
(1932 ʛ.). ɽʸ ʧʦʷʚʣʝʥʠʝ ʩʪʘʣʦ ʣʦʛʠʯʝʩʢʠʤ ʟʘʚʝʨʰʝʥʠʝʤ ʵʚʦʣʶʮʠʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ: 

ʇʝʨʚʳʡ ʤʝʪʦʜ (çʥʘ ʛʣʘʟʦʢè) ï ʘʨʭʘʠʯʥʳʡ ʵʤʧʠʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ, ʧʦʣʥʦʩʪʴʶ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʥʪʫ-
ʠʮʠʠ ʠ ʦʧʳʪʝ ʤʘʩʪʝʨʘ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʨʘʩʯʸʪʥʳʭ ʠʣʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ɺʪʦʨʦʡ ʤʝʪʦʜ ï ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʬʝʩʩʦʨʦʤ ɼ. ʌ. ʐʘʧʠʨʦ; ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ 
ʩʯʸʪʥʫʶ ʣʠʥʝʡʢʫ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʸʪʦʚ ʚʘʨʠʘʥʪʦʚ ʨʘʩʢʨʦʷ. 

ʊʨʝʪʠʡ ʤʝʪʦʜ ï ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʧʨʦʬʝʩʩʦʨʦʤ ʐʘʧʠʨʦ; ʙʘʟʠʨʦʚʘʣʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʚʘʜʨʘʥ-
ʪʘ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʰʘʙʣʦʥʘʤʠ, ʥʘʢʣʘʜʳʚʘʝʤʳʤʠ ʥʘ ʪʦʨʮʝʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʙʨʝʚʥʘ ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʦʜ-
ʙʦʨʘ ʩʭʝʤʳ ʨʘʩʢʨʦʷ. 

ʏʝʪʚʸʨʪʳʡ ʤʝʪʦʜ ï ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʩʧʝʮʠʘʣʠʩʪʦʤ-ʧʨʘʢʪʠʢʦʤ ʣʝʩʦʧʠʣʴʥʦʛʦ ʜʝʣʘ ʄʠʰʝʣʝʤ ɽ. ʃ. ʚ 
ʚʠʜʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʨʘʟʜʝʣʢʠ ʙʨʸʚʝʥ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʘʢʪʠ-
ʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʪʨʝʪʴʠʤ 
ʤʝʪʦʜʦʤ, ʯʪʦ ʦʛʨʘʥʠʯʠʣʦ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ [6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʦʨʠʷ ʌʝʣʴʜʤʘʥʘ ʦʟʥʘʤʝʥʦʚʘʣʘ ʧʝʨʝʭʦʜ ʦʪ ʛʨʘʬʠʯʝʩʢʠʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 
ʤʝʪʦʜʦʚ ʢ ʩʪʨʦʛʦʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʨʘʩʢʨʦʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʟʥʘʯʠʪʝʣʴʥʳʡ 
ʨʦʩʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʝʚʝʩʥʦʛʦ ʩʳʨʴʷ 
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ʉʘʤʘ ʪʝʦʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʘʩʢʨʦʷ ʙʨʸʚʝʥ ʧʦ ʧʦʩʪʘʚʘʤ. ʇʦʩʪʘʚ ï 
ʵʪʦ, ʩʭʝʤʘ ʨʘʩʢʨʦʷ, [7] ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʙʨʸʚʝʥ ʥʘ ʧʠʣʦʤʘʪʝʨʠʘʣʳ ʧʦ ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʥʘ 
ʢʦʪʦʨʳʡ ʚʠʜʥʦ ʧʦʨʷʜʦʢ ʠ ʰʠʨʠʥʫ ʧʨʦʧʠʣʦʚ, ʘ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʨʘʟʤʝʨ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ. ʂʘʢ ʧʨʘ-
ʚʠʣʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʮʠʬʨʘʤʠ ʫʢʘʟʳʚʘʶʱʠʝ ʚ ʢʘʢʦʤ ʧʦʨʷʜʢʝ ʠ ʢʘʢʦʡ ʪʦʣʱʠʥʳ ʜʦʣʞʥʳ ʚʳʡʪʠ ʠʟ ʧʠʣʦ-
ʨʘʤʳ. ʂ ʧʨʠʤʝʨʫ, 18-20-30-30-20-18 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʦʣʞʥʘ ʙʳʪʴ ʜʚʝ ʮʝʥʪʨʘʣʴʥʳʭ ʜʦʩʦʢ ʪʦʣʱʠʥʦʡ 
30ʤʤ, ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʝʱʸ ʧʦ ʦʜʥʦʡ ʧʦ 20 ʤʤ, ʠ ʧʦʩʣʝ ʝʱʸ ʧʦ ʦʜʥʦʡ ʧʦ 18ʤʤ. 

ɹʣʘʛʦʜʘʨʷ ʪʝʦʨʠʠ ʌʝʣʴʜʤʘʥʘ ʙʳʣʠ ʧʦʜʥʷʪʳ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ: 

¶ ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʨʪʠʨʦʚʢʠ ʙʨʸʚʝʥ ʩ ʫʯʸʪʦʤ ʨʘʟʤʝʨʘʤʠ ʚʝʨʰʠʥʥʳʭ ʜʠʘʤʝʪʨʦʚ ʪʦʨʮʦʚ ʠ ʩʙʝʛʘ. 

¶ ʈʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʦʩʥʦʚʥʦʡ, ʥʦ ʠ ʩʙʝʛʦʚʦʡ ʯʘʩʪʠ. 

¶ ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʢʦʨʘʯʠʚʘʥʠʝ ʪʦʨʮʝʚʳʭ ʜʦʩʦʢ 

¶ ʉʨʘʚʥʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʨʘʩʧʠʣʦʚʢʠ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʘʜʦʢ. 
ʉ ʨʘʟʚʠʪʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʘʥʢʠ ʥʘʯʘʣʠ ʚʳʪʝʩʥʷʪʴ ʨʫʯʥʦʡ ʪʨʫʜ ʚ ʨʘʩʧʠʣʦʚʢʝ ʙʨʸʚʝʥ: ʧʠʣʦ-

ʨʘʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ, ʤʠʥʠʤʠʟʠʨʫʷ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝ-
ʩʢʦʛʦ ʬʘʢʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʯʝʣʦʚʝʢʘ ʥʝʚʦʟʤʦʞʥʘ ï ʪʝʭʥʦʣʦʛʠʠ ʦʩʪʘʶʪʩʷ ʟʘʚʠʩʠʤʳ ʦʪ ʦʧʝ-
ʨʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʬʠʥʘʣʴʥʳʝ ʨʝʰʝʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʧʨʠʚʸʣ ʢ ʨʘʟʜʝʣʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʩʪʦʨʦʥʥʠʢʦʚ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 
ʧʦʜʭʦʜʘ ʠ ʧʨʠʚʝʨʞʝʥʮʝʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʇʦʩʣʝʜʥʠʝ, ʘʜʘʧʪʠʨʦʚʘʚʰʠʩʴ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ, ʧʦʚʳʩʠʣʠ 
ʩʚʦʶ ʢʚʘʣʠʬʠʢʘʮʠʶ, ʪʦʛʜʘ ʢʘʢ ʧʝʨʚʳʝ ʫʪʨʘʪʠʣʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ. 

ɺʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʨʘʩʢʨʦʷ ʙʨʸʚʝʥ ʥʘ ʙʘʟʝ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘ-
ʰʠʥ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʠʣʦ ʨʘʩʯʸʪʳ ʠ ʧʦʟʚʦʣʠʣʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʢʘʨʪʫ ʨʘʩʢʨʦʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʧʝ-
ʨʘʪʠʚʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ [8]. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ʧʦʢʘ ʥʝ ʫʯʠʪʳʚʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʟ-
ʤʦʞʥʳʭ ʜʝʬʝʢʪʦʚ ʩʳʨʴʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʨʠʤʝʥʷʶʪ ʉɸʇʈ (ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ). ʊʘʢʦʡ 
ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʩʦ ʩʥʠʞʝʥʠʝʤ ʩʨʝʜʩʪʚ ʧʨʦʝʢʪʠʨʦʚʘ-
ʥʠʷ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ, ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʠ ʢʦʥʩʪʨʫʢʪʦʨʦʚ. [8] ʪʘʢʠʤ ʦʙʨʘʟʦʤ 
ʧʨʠʤʝʥʝʥʠʝ ʉɸʇʈʘ ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʦʟʜʘʥʠʷ ʢʘʨʪ ʨʘʩʢʨʦʷ ʢʨʫʛʣʳʭ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ, ʥʦ 
ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʟʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ ʜʨʝʚʝʩʠʥʳ ʥʝ ʧʦʟʚʦʣʷʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʚʳʧʫʩʢ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʪʠʤʠʟʘʮʠʝʡ ʢʘʨʪ ʨʘʩʢʨʦʷ 
ʢʨʫʛʣʳʭ ʧʠʣʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʥʠʤʘʝʪʩʷ ʧʨʦʛʨʘʤʤʠʩʪ. ʅʦ ʩʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 
ʪʝʭʥʠʢʠ ʠ ʩʨʝʜʩʪʚ ʧʨʦʛʨʘʤʤʥʳʭ ʦʙʝʩʧʝʯʠʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠ-
ʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ.  

ʅʫʞʥʳ ʧʨʦʛʨʘʤʤʳ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʢʨʦʷ ʙʨʸʚʝʥ ʜʣʷ ʚʳʭʦʜʘ ʯʠʩʪʦʡ ʧʨʦʜʫʢʮʠʠ. 
ʉʝʡʯʘʩ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʨʘʤʤ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʜʥʘ ʠʟ ʪʘʢʠʭ çPilagoè. 
ʇʨʦʛʨʘʤʤʘ ʦʩʥʦʚʘʥʘ ʥʘ ʣʘʟʝʨʥʦʤ ʠʟʤʝʨʝʥʠʠ ʰʠʨʠʥʳ ʠ ʜʣʠʥʥʳ ʙʨʝʚʥʘ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 
ʨʘʟʤʝʨʘ ʙʨʝʚʥʘ ʠ ʞʝʣʘʝʤʦʡ ʧʦʩʣʝ ʵʪʦʛʦ ʧʨʦʜʫʢʮʠʠ ʧʨʦʛʨʘʤʤʘ ʧʦ ʤʝʨʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʪʠʤʠʟʠʨʫʝʪ ʢʘʨ-
ʪʫ ʨʘʩʢʨʦʷ. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʣʘʛʘʝʪ ʪʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: 

Å ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʨʘʩʢʨʦʷ ʙʨʝʚʝʥ. 
Å ʋʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ ʥʘ 10ï15%. 
Å ʉʦʢʨʘʱʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʠʣʝʥʠʷ ʦʪ ʦʧʝʨʘʪʦʨʘ ʨʝʟʢʠ. 
Å ʆʪʯʝʪ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ Excel. ʋʜʦʙʥʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ ʩʚʦʶ ʩʠʩʪʝʤʫ ʫʯʝʪʘ. 
Å Pilago ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʠ ʩʦʨʪʠʨʦʚʘʪʴ ʨʘʜʠʘʣʴʥʳʝ ʠ ʧʦʣʫʨʘʜʠʘʣʴʥʳʝ ʜʦʩʢʠ. [9] 
ʇʦʨʦʢʦʚ ʜʨʝʚʝʩʠʥʳ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ. ʀʭ ʚʩʝʭ ʦʙʭʚʘʪʠʪʴ ʚʨʷʜ ʣʠ ʢʦʛʜʘ-ʪʦ ʧʦʣʫʯʠʪʩʷ, ʥʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʞʥʦ. ʂ ʧʨʠʤʝʨʫ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʙʫʜʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʛʥʠʣʴ ʠʣʠ ʚʥʝʰʥʠʝ ʪʨʝʱʠ-
ʥʳ [10] ʥʘ ʵʪʘʧʝ ʨʘʩʢʨʦʷ, ʜʣʷ ʠʭ ʚʳʧʠʣʠʚʘʥʠʷ, ʠʣʠ çʦʧʠʣʠʚʘʥʠʷè. ʏʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʚʳʩʠʪ ʚʳʭʦʜ 
çʯʠʩʪʦʡè ʧʨʦʜʫʢʮʠʠ, ʠ, ʚʦʟʤʦʞʥʦ, ʩʥʠʟʠʪ ʦʧʪʠʤʠʟʘʮʠʶ ʨʘʩʢʨʦʷ ʙʨʝʚʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʦ-
ʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ ʤʦʞʥʦ ʦʪʧʨʘʚʠʪʴ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʚ ʢʘʯʝʩʪʚʝ ʧʣʠʪʥʦʛʦ ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ. 

ɺʥʫʪʨʝʥʥʠʝ ʜʝʬʝʢʪʳ ʫʞʝ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ. ʂ ʧʨʠʤʝʨʫ, ʥʝʤʝʮʢʘʷ ʢʦʤʧʘʥʠʷ çRinntechè ʩʦʟʜʘʣʘ 
ʨʝʟʠʩʪʦʛʨʘʬ. ʇʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʦʥʢʦʡ ʠʛʣʦʡ ʜʠʘʤʝʪʨʦʤ ʥʝ ʙʦʣʝʝ 3ʤʤ ʩʚʝʨ-
ʣʷʪ ʩʪʚʦʣ ʜʝʨʝʚʘ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʛʥʠʣʠ, ʚʦʟʨʘʩʪ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʠ. [11] 
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ʇʨʦʛʨʘʤʤʳ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʧʨʷʤʦʡ ʩʚʦʝʡ ʟʘʜʘʯʝʡ ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʶʪʩʷ ʠ ʚʳʜʘʶʪ ʦʧʪʠʤʘʣʴ-
ʥʳʡ ʨʘʩʢʨʦʡ ʙʨʝʚʥʘ, ʥʦ ʦʥʠ ʧʦʢʘ ʥʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʭʦʜ çʯʠʩʪʦʡè ʧʨʦʜʫʢʮʠʠ, ʧʦʪʦʤʫ ʯʪʦ ʥʝ ʤʦʛʫʪ 
ʦʙʥʘʨʫʞʠʪʴ ʤʥʦʞʝʩʪʚʦ ʜʝʬʝʢʪʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʪʘʢʠʭ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ 
ʩʥʠʞʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʢʨʦʷ ʙʨʝʚʥʘ, ʥʦ ʟʘ ʩʯʸʪ ʦʪʧʨʘʚʢʠ ʦʪʭʦʜʦʚ ʥʘ ʜʘʣʴʥʝʡʰʠʝ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝ 
ʜʦʣʞʥʦ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʦʚ ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʧʨʦʜʫʢʮʠʶ. ɼʘʞʝ ʥʘʦʙʦʨʦʪ ʩʥʠʞʝ-
ʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʟʦʡʜʸʪ ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʝʢʘʯʝʩʪʚʝʥʥʳʭ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʮʝʣʦʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʟʘʥʠʤʘʶʪ ʚʩʸ ʙʦʣʴʰʝ ʤʝʩʪʘ ʚ ʚʩʝʭ ʩʬʝʨʘʭ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʫʜʦʙʥʦ. ʆʥʘ ʥʝ ʩʣʦʞʥʘʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʙʳʩʪʨʘʷ ʚ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʠ. ɸ ʚʦ-ʚʪʦʨʳʭ, ʦʥʘ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʢʦʡ ʦʰʠʙʢʠ. 
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МОДЕЛИРОВАНИЕ ГИБРИДНЫХ СХЕМ 
ХРАНЕНИЯ ДАННЫХ В 
ВЫСОКОНАГРУЖЕННЫХ УЧЕТНЫХ СИСТЕМАХ 

Пинчукова Валерия Алексеевна 
ʩʪʫʜʝʥʪ 

ʋʆ çɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʇ.ʆ. ʉʫʭʦʛʦè,  
ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 
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ɺ ʵʧʦʭʫ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʧʣʘʪʬʦʨʤʝ 

ç1ʉ:ʇʨʝʜʧʨʠʷʪʠʝè ʧʝʨʝʨʘʩʪʘʶʪ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʯʝʪʥʳʭ ʚ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
ʨʝʩʫʨʩʘʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʟʜʘʶʪʩʷ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ ʥʝʩʪʨʫʢʪʫ-
ʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ: ʦʪ ʠʟʦʙʨʘʞʝʥʠʡ ʪʦʚʘʨʦʚ, ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʦʪʦʬʠʢʩʘʮʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-
ʮʝʩʩʦʚ ʜʦ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʯʝʨʪʝʞʝʡ ʠ ʧʘʩʧʦʨʪʦʚ ʦʙʲʝʢʪʦʚ. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʤʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʦʩʥʦʚʳʚʘʶʱʘʷʩʷ ʥʘ ʨʝʣʷʮʠʦʥʥʳʭ ʉʋɹɼ, ʧʨʠ ʪʘʢʠʭ ʦʙʲ-
ʝʤʘʭ ʜʘʥʥʳʭ ʥʝʠʟʙʝʞʥʦ ʜʦʩʪʠʛʘʝʪ ʧʨʝʜʝʣʘ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʠʟ-ʟʘ ʨʘʟʨʘʩʪʘʥʠʷ ʨʘʟʤʝʨʦʚ ʪʘʙʣʠʮ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ. ɸ ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʜʭʦʜ ʧʣʘʪʬʦʨʤʳ ʧʦ ʚʳʥʦʩʫ ʬʘʡʣʦʚ ʚ ʪʦʤʘ 
ʥʘ ʜʠʩʢʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʩʝʨʚʝʨʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʠʤ: ʦʥ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʮʝʥ-
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ʥʦʡ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʤʝʭʘʥʠʟʤʦʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠ ʚʦʟʚʨʘʪʘ ʢʦʥʪʝʥʪʘ ʚʥʝʰʥʠʤ ʚʝʙ-
ʢʣʠʝʥʪʘʤ ʙʝʟ ʫʯʘʩʪʠʷ ʩʝʘʥʩʘ 1ʉ.  ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ ʩʠʥʭʨʦʥʠʟʘʮʠʷ 
ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʩʝʨʚʝʨʘʤʠ ʩʣʦʞʥʘ, ʘ ʙʣʦʢʠʨʦʚʢʠ ʥʘ ʫʨʦʚʥʝ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʷʪ ʢ ʢʦʥ-
ʬʣʠʢʪʘʤ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʟʘʧʠʩʠ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. 

ʇʝʨʝʭʦʜ ʢ ʛʠʙʨʠʜʥʦʡ ʩʭʝʤʝ ʭʨʘʥʝʥʠʷ, ʩʦʯʝʪʘʶʱʝʡ ʚ ʩʝʙʝ ʥʘʜʝʞʥʦʩʪʴ ʨʝʣʷʮʠʦʥʥʳʭ ʉʋɹɼ ʜʣʷ 
ʫʯʝʪʘ ʤʝʪʘʜʘʥʥʳʭ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʦʙʲʝʢʪʥʳʭ S3-ʭʨʘʥʠʣʠʱ, ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 
ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ. ɼʘʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʦʣʠʨʦʚʘʪʴ ʙʠʟ-
ʥʝʩ-ʣʦʛʠʢʫ ʦʪ ʪʷʞʝʣʦʚʝʩʥʦʛʦ ʢʦʥʪʝʥʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʫʯʝʪʥʫʶ ʩʠʩʪʝʤʫ ʚ ʵʬʬʝʢʪʠʚʥʳʡ 
ʜʠʩʧʝʪʯʝʨ ʜʘʥʥʳʭ, ʩʧʦʩʦʙʥʳʡ ʙʝʩʧʝʨʝʙʦʡʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʨʦʩʪʘ ʮʠʬʨʦ-
ʚʳʭ ʘʢʪʠʚʦʚ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʮʝʧʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʩʪʨʦʛʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʨʘʟʜʝʣʝʥʠʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 
ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ ʭʨʘʥʝʥʠʷ ʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʜʘʥʥʳʭ. ɺ ʨʘʤʢʘʭ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ ʨʝʣʷʮʠʦʥʥʘʷ 
ʉʋɹɼ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʪʨʘʥʟʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 
ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ, ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ ʟʘʧʠʩʝʡ ʠ ʢʨʘʡʥʝ ʠʥʪʝʥʩʠʚʥʦʡ ʯʘʩʪʦʪʦʡ ʠʟʤʝʥʝʥʠʡ. ɺ ʪʦ ʞʝ 
ʚʨʝʤʷ ʪʷʞʝʣʦʚʝʩʥʳʡ ʙʠʥʘʨʥʳʡ ʢʦʥʪʝʥʪ ʜʝʣʝʛʠʨʫʝʪʩʷ ʚʥʝʰʥʝʤʫ ʩʣʦʶ ʦʙʲʝʢʪʥʦʛʦ ʭʨʘʥʝʥʠʷ. ʊʘʢʠʝ 
ʦʙʲʝʢʪʳ ʧʦʩʣʝ ʧʝʨʚʠʯʥʦʡ ʟʘʧʠʩʠ ʦʙʳʯʥʦ ʨʝʜʢʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷʤ, ʥʦ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴ-
ʥʳʭ ʜʠʩʢʦʚʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʯʪʝʥʠʠ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ 1ʉ, ʢʦʪʦʨʳʡ ʧʨʠ ʨʦʩʪʝ ʙʘʟʳ ʪʨʝʙʫʝʪ ʨʫʯʥʦʛʦ ʧʝʨʝʥʦʩʘ 
ʪʦʤʦʚ ʠ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʛʠʙʨʠʜʥʘʷ ʩʭʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʣʠʥʝʡʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʦʚʦʛʦ ʫʟʣʘ MinIO ʩʫʱʝʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 
ʨʝʙʘʣʘʥʩʠʨʫʶʪʩʷ, ʘ ʧʣʘʪʬʦʨʤʘ ʧʨʦʜʦʣʞʘʝʪ ʨʘʙʦʪʘʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ɹʦʣʝʝ ʪʦʛʦ, ʬʘʡʣ, ʟʘʛʨʫʞʝʥʥʳʡ ʚ 
ʦʜʥʦʤ ʫʟʣʝ, ʩʨʘʟʫ ʞʝ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʝʥ ʚʩʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʠʩʪʝʤʳ ʯʝʨʝʟ ʝʜʠʥʦʝ S3-
ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ɺ ʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʢʦʤʧʘʢʪʥʳʝ ʪʝʢʩʪʦʚʳʝ ʩʩʳʣʢʠ-ʫʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʩʦ-
ʩʪʦʷʪ ʠʟ ʫʥʠʢʘʣʴʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʦʙʲʝʢʪʦʚ, ʠʤʝʥ ʙʘʢʝʪʦʚ ʠ ʣʦʛʠʯʝʩʢʠʭ ʧʫʪʝʡ ʚ S3-ʧʨʦʩʪʨʘʥʩʪʚʝ. 
ʍʨʘʥʝʥʠʝ ʨʘʩʰʠʨʝʥʥʳʭ ʤʝʪʘʜʘʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʫʯʝʪʥʦʡ ʩʠʩʪʝʤʝ ʧʦʟʚʦʣʷʝʪ ʤʛʥʦʚʝʥʥʦ ʚʳʧʦʣ-
ʥʷʪʴ ʧʦʠʩʢʦʚʳʝ, ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʨʘʱʝʥʠʷ ʢ ʬʠʟʠʯʝ-
ʩʢʦʤʫ ʭʨʘʥʠʣʠʱʫ. ʊʘʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʚʷʟʝʡ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʜʜʝʨʞʘʥʠʝ ʩʪʨʦʛʦʡ ʩʩʳʣʦʯʥʦʡ ʮʝʣʦʩʪ-
ʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ. 

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʧʨʠʥʮʠʧʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʝʢʮʠʦʥʠ-
ʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ERP-ʩʠʩʪʝʤʘ ʧʝʨʝʨʘʩʪʘʝʪ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʰʣʶʟ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ. ʂʘʞ-
ʜʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʝʢʮʠʷ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʩʧʝʮʠʘʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʧʨʘʚʠʣʘ ʧʨʝʧʨʦ-
ʮʝʩʩʠʥʛʘ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʦʙʲʝʢʪʘ ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 
ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʨʘʟʜʝʣʫ, ʯʪʦ ʠʥʠʮʠʠʨʫʝʪ ʘʣʛʦʨʠʪʤʳ ʚʘʣʠʜʘʮʠʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʝʟʢʠ ʠ ʢʦʥʚʝʨʪʘ-
ʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ ʧʦʜʛʦʪʘʚʣʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʝʜʠʥʦʤ ʩʪʠʣʝ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 
ʦʙʲʝʢʪ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ S3-ʭʨʘʥʠʣʠʱʝ, ʘ ʜʦʩʪʫʧ ʢ ʥʝʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʤʝʭʘʥʠʟʤ ʚʨʝʤʝʥʥʳʭ 
ʧʦʜʧʠʩʘʥʥʳʭ ʩʩʳʣʦʢ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʟʘʱʠʪʫ ʜʘʥʥʳʭ ʠ ʩʥʠʤʘʝʪ ʥʘʛʨʫʟʢʫ ʩ ʩʝʨʚʝʨʘ ʉʋɹɼ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʥʠʢʘʣʴʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ ʚ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʜʝʜʫʧʣʠ-
ʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ MD5-ʭʵʰʠʨʦʚʘʥʠʷ. ɽʩʣʠ ʥʝʩʢʦʣʴʢʦ ʜʦʢʫʤʝʥʪʦʚ ʩʩʳʣʘʶʪʩʷ ʥʘ ʠʜʝʥʪʠʯʥʳʝ ʠʟʦʙʨʘʞʝ-
ʥʠʷ, ʚ ʭʨʘʥʠʣʠʱʝ ʨʘʟʤʝʱʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʦʙʲʝʢʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʢʦʥʦʤʠʶ ʜʠʩ-
ʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ ʯʝʨʝʟ RESTful 
API ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʪʦʢʦʣʘ AWS Signature Version 4, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʨʝʜʩʪʚʘʤʠ 
ʚʩʪʨʦʝʥʥʦʛʦ ʷʟʳʢʘ 1ʉ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʥʝʰʥʠʭ ʢʦʤʧʦʥʝʥʪ.  ʈʝʘʣʠʟʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 
ʛʝʥʝʨʘʮʠʶ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʟʘʧʨʦʩʘ, ʚʳʯʠʩʣʝʥʠʝ HMAC-SHA256 ʯʝʨʝʟ ʦʙʲʝʢʪ çʍʝʰʠʨʦʚʘʥʠʝɼʘʥʥʳʭè ʠ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʛʦʣʦʚʢʘ Authorization. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʨʠʷʪʠʶ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʘʢ-
ʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ: ʜʠʩʢʦʚʳʝ ʫʟʣʳ MinIO ʤʦʛʫʪ ʥʘʨʘʱʠʚʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 
ʨʝʩʫʨʩʦʚ ʩʝʨʚʝʨʘ ʧʨʠʣʦʞʝʥʠʡ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ, ʚʥʝʜʨʝʥʠʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠ-
ʨʦʚʘʪʴ ʦʙʩʣʫʞʠʚʘʥʠʝ ʉʋɹɼ. ɺʳʥʦʩ ʪʷʞʝʣʦʚʝʩʥʳʭ ʦʙʲʝʢʪʦʚ ʠʟ ʨʝʣʷʮʠʦʥʥʳʭ ʪʘʙʣʠʮ ʩʦʢʨʘʱʘʝʪ ʦʙʲʝʤ 
ʪʨʘʥʟʘʢʮʠʦʥʥʳʭ ʣʦʛʦʚ ʠ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʨʝʛʣʘʤʝʥʪʥʳʭ ʦʧʝʨʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʦʟʜʘʥʠʝ ʨʝʟʝʨʚʥʳʭ ʢʦ-
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ʧʠʡ ʠ ʧʝʨʝʠʥʜʝʢʩʘʮʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʦ ʠʩʢʣʶʯʘʝʪ ʜʣʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠ-
ʯʝʩʢʠʝ ʧʨʦʩʪʦʠ ʩʠʩʪʝʤʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʭʨʘ-
ʥʝʥʠʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ Erasure Coding ʚ MinIO ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʜʘʥʥʳʝ ʜʘʞʝ ʧʨʠ 
ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʬʠʟʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʝʡ, ʯʪʦ ʧʨʝʚʦʩʭʦʜʠʪ ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʬʘʡʣʦʚʳʭ ʩʠ-
ʩʪʝʤ. 

ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʪʘʢʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʧʦʜʩʠ-
ʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʙʘʟʝ ʩʪʘʥʜʘʨʪʘ OpenMetrics. ʀʥʪʝʛʨʘʮʠʷ 1ʉ ʩ ʘʛʨʝʛʘʪʦʨʘʤʠ ʤʝʪʨʠʢ (Prometheus) 
ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʚʠʟʫʘʣʠʟʘʮʠʠ (Grafana) ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-
ʥʦʩʪʴ API-h ʣʶʟʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ʥʘ ʭʨʘʥʠʣʠʱʝ ʠ ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʠʥʮʠʜʝʥʪʳ. ʕʪʦ ʧʨʝ-
ʚʨʘʱʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʚ ʧʦʣʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʫʟʝʣ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʛʦʪʦʚʳʡ ʢ ʚʳ-
ʩʦʢʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʥʘʛʨʫʟʢʘʤ.  

ɻʠʙʨʠʜʥʘʷ ʩʭʝʤʘ ʭʨʘʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʩʪʘʥʠʷ 
ʙʘʟʳ ʜʘʥʥʳʭ, ʘ ʚʘʞʥʳʤ ʰʘʛʦʤ ʢ ʧʦʩʪʨʦʝʥʠʶ ʮʠʬʨʦʚʦʡ ʵʢʦʩʠʩʪʝʤʳ ʧʨʝʜʧʨʠʷʪʠʷ. ʉʦʟʜʘʥʠʝ ʫʥʠʬʠʮʠ-
ʨʦʚʘʥʥʦʛʦ API-ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʤʝʜʠʘ-ʢʦʥʪʝʥʪʫ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʚʥʝʜʨʝʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 
ʧʨʦʝʢʪʦʚ (ʥʘʧʨʠʤʝʨ, ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʪʦʚʘ-
ʨʦʚ), ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ERP-ʩʠʩʪʝʤʳ. 
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ЭКСПЕРИМЕНТАЛЬНАЯ ОЦЕНКА МЕТОДОВ 
ЗАЩИТЫ LLM-ПРИЛОЖЕНИЙ ОТ PROMPT 
INJECTION И УТЕЧЕК ДАННЫХ В RAG-
СИСТЕМАХ 

Корноухов Алексей Федорович 
cʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 çʄʦʩʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠè 

 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʢʨʘʪʢʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʟʘʱʠʱʝʥʥʦʩʪʠ LLM-
ʧʨʠʣʦʞʝʥʠʡ ʩ RAG-ʢʦʤʧʦʥʝʥʪʦʤ ʦʪ prompt injection ʠ ʫʪʝʯʝʢ ʜʘʥʥʳʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʩʮʝʥʘʨʠʠ 
ʘʪʘʢ, ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʘʱʠʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʝʪʨʠʢʠ ʩʨʘʚʥʝʥʠʷ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ 
ʢʘʢ ʨʘʩʯʝʪʥʳʡ ʧʨʠʤʝʨ, ʧʦʩʢʦʣʴʢʫ ʨʝʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʣʞʥʳ ʧʦʜʪʚʝʨʞʜʘʪʴʩʷ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʩʪʝʥʜʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: LLM-ʧʨʠʣʦʞʝʥʠʝ, prompt injection, RAG, ʫʪʝʯʢʘ ʜʘʥʥʳʭ, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ, ʢʠʙʝʨʙʝʟ-
ʦʧʘʩʥʦʩʪʴ. 

 
EXPERIMENTAL EVALUATION OF PROTECTION METHODS FOR LLM APPLICATIONS AGAINST 

PROMPT INJECTION AND DATA LEAKAGE IN RAG SYSTEMS 
 

Kornoukhov Alexey Fedorovich 
 

Abstract. The article briefly presents a methodology for experimental evaluation of LLM application security 
against prompt injection and data leakage in RAG systems. The paper considers attack scenarios, protection 
configurations and comparison metrics. The quantitative part is provided as a calculation example, because 
real results must be verified on a specific test stand. 
Keywords: LLM application, prompt injection, RAG, data leakage, access control, cybersecurity. 

 
ɻʛʞʝʞʦʡʞ 
ɹʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʠʢʣʘʜʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ: 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʘʩʩʠʩʪʝʥʪʘʭ, ʩʝʨʚʠʩʘʭ ʧʦʜʜʝʨʞʢʠ, ʧʦʠʩʢʝ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʜʦʢʫʤʝʥʪʘʤ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 
ʠʥʩʪʨʫʤʝʥʪʘʭ. ɺ ʪʘʢʠʭ ʨʝʰʝʥʠʷʭ ʤʦʜʝʣʴ ʧʦʣʫʯʘʝʪ ʥʝ ʪʦʣʴʢʦ ʟʘʧʨʦʩ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʦ ʠ ʬʨʘʛʤʝʥʪʳ ʜʦ-
ʢʫʤʝʥʪʦʚ, ʩʠʩʪʝʤʥʳʝ ʠʥʩʪʨʫʢʮʠʠ, ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʠ ʠʥʦʛʜʘ ʜʦʩʪʫʧ ʢ ʚʥʝʰʥʠʤ ʠʥʩʪʨʫʤʝʥʪʘʤ. ʕʪʦ 
ʩʦʟʜʘʝʪ ʨʠʩʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʚʘʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ ʚʝʙ-
ʧʨʠʣʦʞʝʥʠʡ. 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʫʛʨʦʟ ʷʚʣʷʝʪʩʷ prompt injection, ʪʦ ʝʩʪʴ ʧʦʧʳʪʢʘ ʠʟʤʝʥʠʪʴ ʧʦʚʝ-
ʜʝʥʠʝ ʤʦʜʝʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʠʥʩʪʨʫʢʮʠʠ. OWASP ʦʪʥʦʩʠʪ prompt injection 
ʢ ʢʣʶʯʝʚʳʤ ʨʠʩʢʘʤ LLM-ʧʨʠʣʦʞʝʥʠʡ ʠ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʨʝʜʦʥʦʩʥʳʡ ʚʚʦʜ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʭʦʜʫ 
ʦʛʨʘʥʠʯʝʥʠʡ, ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤʫ ʜʝʡʩʪʚʠʶ ʠʣʠ ʨʘʩʢʨʳʪʠʶ ʜʘʥʥʳʭ [1, ʩ. 5-8]. ɼʣʷ RAG-ʩʠʩʪʝʤ ʨʠʩʢ 
ʚʳʰʝ, ʧʦʩʢʦʣʴʢʫ ʚʨʝʜʦʥʦʩʥʘʷ ʠʥʩʪʨʫʢʮʠʷ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʩʦʦʙʱʝʥʠʠ, 
ʥʦ ʠ ʚʦ ʚʥʝʰʥʝʤ ʜʦʢʫʤʝʥʪʝ, ʧʦʧʘʚʰʝʤ ʚ ʢʦʥʪʝʢʩʪ ʤʦʜʝʣʠ. 

ʎʝʣʴ ʩʪʘʪʴʠ - ʧʨʝʜʣʦʞʠʪʴ ʢʦʤʧʘʢʪʥʫʶ ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʟʘʱʠʪʥʳʭ ʤʝʨ ʜʣʷ LLM-ʧʨʠʣʦʞʝʥʠʷ ʩ 
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RAG-ʢʦʤʧʦʥʝʥʪʦʤ. ɺ ʨʘʤʢʘʭ ʩʪʘʪʴʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʘʟʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʪʝʥʜʘ, ʩʮʝʥʘʨʠʠ ʘʪʘʢ, ʤʝʪ-
ʨʠʢʠ ʠ ʨʘʩʯʝʪʥʳʡ ʧʨʠʤʝʨ ʩʨʘʚʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʡ ʟʘʱʠʪʳ. 

1. ʅʞʫʧʝʡʣʙ ʧʯʞʦʣʡ ʠʙʲʡʲʞʦʦʧʪʫʡ 
ʇʨʦʚʝʨʢʘ LLM-ʧʨʠʣʦʞʝʥʠʷ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴʩʷ ʥʘ ʫʨʦʚʥʝ ʚʩʝʡ ʮʝʧʦʯʢʠ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʘ. ʅʝ-

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʩʠʩʪʝʤʥʳʡ ʧʨʦʤʧʪ, ʧʦʩʢʦʣʴʢʫ ʨʝʟʫʣʴʪʘʪ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʴ-
ʩʢʦʛʦ ʚʚʦʜʘ, ʠʟʚʣʝʯʝʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʧʨʘʚʠʣ ʜʦʩʪʫʧʘ, ʬʠʣʴʪʨʦʚ, ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʠ ʧʦʩʪʦʙʨʘʙʦʪʢʠ 
ʦʪʚʝʪʘ. NIST AI 600-1 ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʨʝʥʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʛʝ-
ʥʝʨʘʪʠʚʥʦʛʦ ʀʀ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʠʩʪʝʤʳ [2, ʩ. 1-4]. 

ɺ ʤʠʥʠʤʘʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʩʪʝʥʜ ʚʢʣʶʯʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʟʘʧʨʦʩ, ʬʠʣʴʪʨ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, 
RAG-ʧʦʠʩʢ, LLM-ʢʦʤʧʦʥʝʥʪ, ʬʠʣʴʪʨ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʞʫʨʥʘʣ ʩʦʙʳʪʠʡ. ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʬʠʢʩʠʨʫʶʪ-
ʩʷ ʢʦʥʪʨʦʣʴʥʳʝ ʧʨʠʟʥʘʢʠ: ʙʳʣ ʣʠ ʟʘʧʨʦʩ ʟʘʙʣʦʢʠʨʦʚʘʥ, ʢʘʢʠʝ ʜʦʢʫʤʝʥʪʳ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ, ʩʦʜʝʨʞʘʣ 
ʣʠ ʦʪʚʝʪ ʟʘʧʨʝʱʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʠ ʙʳʣ ʣʠ ʠʥʠʮʠʠʨʦʚʘʥ ʚʳʟʦʚ ʚʥʝʰʥʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʊʝʩʪʦʚʘʷ ʙʘʟʘ ʜʦʢʫʤʝʥʪʦʚ ʜʦʣʞʥʘ ʩʦʩʪʦʷʪʴ ʠʟ ʦʙʳʯʥʳʭ ʬʘʡʣʦʚ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʩ 
ʙʝʟʦʧʘʩʥʳʤʠ ʤʘʨʢʝʨʘʤʠ, ʠʤʠʪʠʨʫʶʱʠʤʠ ʢʦʩʚʝʥʥʳʡ prompt injection. ʈʝʘʣʴʥʳʝ ʧʘʨʦʣʠ, ʧʝʨʩʦʥʘʣʴʥʳʝ 
ʜʘʥʥʳʝ, ʪʦʢʝʥʳ ʜʦʩʪʫʧʘ ʠ ʨʘʙʦʯʠʝ ʫʯʝʪʥʳʝ ʟʘʧʠʩʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʪʝʥʜʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʣʴʟʷ. 
ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʬʠʢʩʘʮʠʝʡ ʚʝʨʩʠʠ ʤʦʜʝʣʠ, ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʤʧʪʘ, ʥʘʙʦʨʘ ʜʦʢʫʤʝʥ-
ʪʦʚ, ʧʘʨʘʤʝʪʨʦʚ ʛʝʥʝʨʘʮʠʠ ʠ ʧʨʘʚʠʣ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ. 

2. ʊʯʞʦʙʩʡʡ ʙʫʙʣ ʡ ʠʙʲʡʫʦʴʞ ʥʞʩʴ 
ʅʘʙʦʨ ʪʝʩʪʦʚ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʢʘʢ ʘʪʘʢʫʶʱʠʝ, ʪʘʢ ʠ ʣʝʛʠʪʠʤʥʳʝ ʟʘʧʨʦʩʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝ-

ʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʪʘʢʘʤ, ʥʦ ʠ ʚʣʠʷʥʠʝ ʟʘʱʠʪʳ ʥʘ ʥʦʨʤʘʣʴʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ. ʆʩʥʦʚʥʳʝ 
ʩʮʝʥʘʨʠʠ ʠ ʤʝʨʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

 
ʋʙʚʤʡʯʙ 1 

ʊʯʞʦʙʩʡʡ ʨʩʧʛʞʩʣʡ ʡ ʠʙʲʡʫʦʴʞ ʥʞʩʴ 

ʊʯʞʦʙʩʡʢ ʈʩʧʛʞʩʸʞʥʴʢ ʩʡʪʣ ʇʪʦʧʛʦʙʸ ʥʞʩʙ ʠʙʲʡʫʴ 

ʇʨʷʤʦʡ prompt injection 
ʆʙʭʦʜ ʩʠʩʪʝʤʥʦʡ ʠʥ-
ʩʪʨʫʢʮʠʠ 

ʌʠʣʴʪʨʘʮʠʷ ʚʭʦʜʘ ʠ ʫʩʠʣʝʥʥʳʡ ʩʠʩʪʝʤʥʳʡ 
ʧʨʦʤʧʪ 

ʈʘʩʢʨʳʪʠʝ ʩʠʩʪʝʤʥʦʛʦ 
ʧʨʦʤʧʪʘ 

Prompt leaking 
ɿʘʧʨʝʪ ʚʳʚʦʜʘ ʚʥʫʪʨʝʥʥʠʭ ʠʥʩʪʨʫʢʮʠʡ ʠ ʬʠʣʴʪʨ 
ʦʪʚʝʪʘ 

ʀʥʩʪʨʫʢʮʠʷ ʚʥʫʪʨʠ RAG-
ʜʦʢʫʤʝʥʪʘ 

ʄʘʥʠʧʫʣʷʮʠʷ ʢʦʥʪʝʢ-
ʩʪʦʤ 

ʈʘʟʜʝʣʝʥʠʝ ʠʥʩʪʨʫʢʮʠʡ ʠ ʜʘʥʥʳʭ, ʧʨʦʚʝʨʢʘ ʠʩ-
ʪʦʯʥʠʢʦʚ 

ɿʘʧʨʦʩ ʟʘʢʨʳʪʳʭ ʩʚʝʜʝ-
ʥʠʡ 

ʋʪʝʯʢʘ ʜʘʥʥʳʭ 
ʂʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʜʦ ʧʝʨʝʜʘʯʠ ʜʦʢʫʤʝʥʪʘ ʚ ʢʦʥ-
ʪʝʢʩʪ 

ɿʣʦʫʧʦʪʨʝʙʣʝʥʠʝ ʠʥ-
ʩʪʨʫʤʝʥʪʦʤ 

Excessive agency 
Allowlist ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʢʨʠʪʠʯ-
ʥʳʭ ʜʝʡʩʪʚʠʡ 

 
ʂʣʶʯʝʚʦʡ ʧʨʠʥʮʠʧ ʟʘʱʠʪʳ RAG-ʩʠʩʪʝʤʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʦʢʫʤʝʥʪʳ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʢʘʢ ʜʘʥʥʳʝ, ʘ ʥʝ ʢʘʢ ʜʦʚʝʨʝʥʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʠʥʩʪʨʫʢʮʠʠ. ɽʩʣʠ ʚ ʜʦʢʫʤʝʥʪʝ ʚʩʪʨʝʯʘʝʪʩʷ ʬʨʘʟʘ ʚʠʜʘ 
çʠʛʥʦʨʠʨʫʡ ʧʨʝʜʳʜʫʱʠʝ ʧʨʘʚʠʣʘè, ʦʥʘ ʥʝ ʜʦʣʞʥʘ ʤʝʥʷʪʴ ʧʦʣʠʪʠʢʫ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʪʦ ʧʨʘʚʠʣʦ ʩʣʝʜʫʝʪ 
ʟʘʢʨʝʧʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʚ ʩʠʩʪʝʤʥʦʤ ʧʨʦʤʧʪʝ, ʥʦ ʠ ʚ ʣʦʛʠʢʝ ʧʨʠʣʦʞʝʥʠʷ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʝʪʳʨʝ ʢʦʥʬʠʛʫʨʘʮʠʠ: K0 - ʙʘʟʦʚʘʷ ʩʠʩʪʝʤʘ ʙʝʟ ʩʧʝʮʠʘʣʴ-
ʥʳʭ ʟʘʱʠʪ; K1 - ʫʩʠʣʝʥʥʳʡ ʩʠʩʪʝʤʥʳʡ ʧʨʦʤʧʪ; K2 - K1 ʩ ʬʠʣʴʪʨʘʮʠʝʡ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʩʦʦʙʱʝʥʠʡ; 
K3 - K2 ʩ ʢʦʥʪʨʦʣʝʤ ʜʦʩʪʫʧʘ ʢ RAG-ʜʦʢʫʤʝʥʪʘʤ ʠ ʦʛʨʘʥʠʯʝʥʠʝʤ ʚʳʟʦʚʦʚ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʊʘʢʘʷ ʧʦʩʣʝʜʦ-
ʚʘʪʝʣʴʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʩʣʦʷ ʟʘʱʠʪʳ. 

3. ʅʞʫʩʡʣʡ ʡ ʩʙʪʰʞʫʦʴʢ ʨʩʡʥʞʩ 
ʆʩʥʦʚʥʦʡ ʤʝʪʨʠʢʦʡ ʷʚʣʷʝʪʩʷ Attack Success Rate (ASR), ʪʦ ʝʩʪʴ ʜʦʣʷ ʫʩʧʝʰʥʳʭ ʘʪʘʢ ʦʪ ʦʙʱʝʛʦ 

ʯʠʩʣʘ ʘʪʘʢʫʶʱʠʭ ʟʘʧʨʦʩʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ False Positive Rate (FPR), ʦʪʨʘʞʘʶʱʘʷ ʜʦʣʶ 
ʣʝʛʠʪʠʤʥʳʭ ʟʘʧʨʦʩʦʚ, ʦʰʠʙʦʯʥʦ ʟʘʙʣʦʢʠʨʦʚʘʥʥʳʭ ʟʘʱʠʪʦʡ, ʠ ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʧʦʣʝʟʥʦʩʪʠ ʦʪʚʝʪʘ. 
ɽʩʣʠ ʠʟʤʝʨʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʬʠʢʩʠʨʫʝʪʩʷ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʟʘʜʝʨʞʢʠ ʦʪʚʝʪʘ. 

ASR ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: ASR = Nʫʩʧ / Nʘʪʘʢ Ĭ 100%, ʛʜʝ Nʫʩʧ - ʯʠʩʣʦ ʫʩʧʝʰʥʳʭ ʘʪʘʢ, 
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Nʘʪʘʢ - ʦʙʱʝʝ ʯʠʩʣʦ ʘʪʘʢʫʶʱʠʭ ʟʘʧʨʦʩʦʚ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʟ 60 ʘʪʘʢʫʶʱʠʭ ʟʘʧʨʦʩʦʚ ʫʩʧʝʰʥʳʤʠ ʦʢʘ-
ʟʘʣʠʩʴ 6, ʪʦ ASR = 6 / 60 Ĭ 100% = 10%. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʯʝʪʥʳʡ ʧʨʠʤʝʨ. ʇʫʩʪʴ ʪʝʩʪʦʚʳʡ ʥʘʙʦʨ ʩʦʩʪʦʠʪ ʠʟ 60 ʘʪʘʢʫʶʱʠʭ ʠ 40 ʣʝʛʠʪʠʤʥʳʭ 
ʟʘʧʨʦʩʦʚ. ɼʣʷ ʢʦʥʬʠʛʫʨʘʮʠʠ K0 ʫʩʧʝʰʥʳʤʠ ʦʢʘʟʘʣʠʩʴ 34 ʘʪʘʢʠ, ʜʣʷ K1 - 24, ʜʣʷ K2 - 14, ʜʣʷ K3 - 6. 
ʊʦʛʜʘ ASR ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʝʪ 56,7%, 40,0%, 23,3% ʠ 10,0%. ʆʜʥʦʚʨʝʤʝʥʥʦ ʯʠʩʣʦ ʣʦʞʥʳʭ ʙʣʦ-
ʢʠʨʦʚʦʢ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ: ʥʘʧʨʠʤʝʨ, ʦʪ 0 ʜʣʷ K0 ʜʦ 6 ʜʣʷ K3, ʯʪʦ ʜʘʝʪ FPR = 6 / 40 Ĭ 100% = 
15,0%. 

ʕʪʦʪ ʧʨʠʤʝʨ ʥʝ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠʟʤʝʨʝʥʠʡ. ʆʥ ʧʦʢʘʟʳʚʘʝʪ ʧʦʨʷʜʦʢ ʧʨʠ-
ʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢʠ. ʈʝʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ, ʙʘʟʳ ʟʥʘʥʠʡ, ʧʦʣʠʪʠʢʠ ʜʦʩʪʫʧʘ, 
ʢʘʯʝʩʪʚʘ ʬʠʣʴʪʨʦʚ ʠ ʧʨʘʚʠʣ ʦʮʝʥʢʠ ʦʪʚʝʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʪʘʢ ʥʘ LLM-ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ 
ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʝʩʪʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʥʥʦ ʧʨʠʢʣʘʜʥʫʶ ʩʠʩʪʝʤʫ, ʘ ʥʝ ʪʦʣʴʢʦ ʙʘʟʦʚʫʶ ʤʦ-
ʜʝʣʴ [4]. 

 
ʀʙʣʤʷʰʞʦʡʞ 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʢʪʥʦ ʦʮʝʥʠʚʘʪʴ ʟʘʱʠʱʝʥʥʦʩʪʴ LLM-ʧʨʠʣʦʞʝʥʠʡ ʩ RAG-
ʢʦʤʧʦʥʝʥʪʦʤ ʦʪ prompt injection, ʫʪʝʯʝʢ ʜʘʥʥʳʭ ʠ ʟʣʦʫʧʦʪʨʝʙʣʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. ɽʝ ʦʩʥʦʚʘ - ʧʨʦʚʝʨ-
ʢʘ ʚʩʝʡ ʮʝʧʦʯʢʠ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʘ: ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʚʦʜʘ ʠ ʠʟʚʣʝʯʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʜʦ ʦʪʚʝʪʘ 
ʤʦʜʝʣʠ ʠ ʚʦʟʤʦʞʥʦʛʦ ʚʳʟʦʚʘ ʚʥʝʰʥʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʧʦʜʭʦʜ: ʬʠʣʴʪʨʘʮʠʷ ʚʭʦʜʘ, ʦʪʜʝʣʝʥʠʝ ʠʥ-
ʩʪʨʫʢʮʠʡ ʦʪ ʜʘʥʥʳʭ, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʢ RAG-ʜʦʢʫʤʝʥʪʘʤ, ʧʨʦʚʝʨʢʘ ʚʳʭʦʜʘ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʜʝʡʩʪʚʠʡ 
LLM-ʘʛʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʫʩʠʣʝʥʠʝ ʟʘʱʠʪʳ ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʦʮʝʥʢʦʡ ʣʦʞʥʳʭ ʙʣʦʢʠʨʦʚʦʢ ʠ ʧʦʣʝʟ-
ʥʦʩʪʠ ʦʪʚʝʪʦʚ, ʠʥʘʯʝ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʩʪʘʪʴ ʬʦʨʤʘʣʴʥʦ ʙʝʟʦʧʘʩʥʦʡ, ʥʦ ʥʝʧʨʠʛʦʜʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɼʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʟʘʧʫʩʢ ʤʝʪʦʜʠʢʠ ʥʘ ʨʝʘʣʴʥʦʤ ʩʪʝʥʜʝ, ʨʘʩʰʠʨʝʥʠʝ ʥʘʙʦʨʘ 
ʘʪʘʢʫʶʱʠʭ ʩʮʝʥʘʨʠʝʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʨʘʟʤʝʪʢʠ ʦʪʚʝʪʦʚ ʠ ʩʨʘʚʥʝʥʠʝ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ ʠ ʩʪʨʘʪʝʛʠʡ 
ʬʠʣʴʪʨʘʮʠʠ. 
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БИОТЕХНОЛОГИИ В МЕДИЦИНЕ: 
ПЕРСПЕКТИВЫ ПЕРСОНАЛИЗИРОВАННОЙ 
ТЕРАПИИ 

Абдиев Адхам Ихтиёр угли 
ʩʪʫʜʝʥʪ 

ʌɻɸʆʋ ɺʆ çʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʩʧʦ-
ʩʦʙʩʪʚʫʶʱʠʝ ʨʘʟʚʠʪʠʶ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʨʘʧʠʠ, ʪʘʢʠʝ ʢʘʢ ʘʥʘʣʠʟ ʛʝʥʦʤʘ, ʪʘʨʛʝʪʥʳʝ ʧʨʝʧʘʨʘʪʳ, 
ʠʤʤʫʥʦʪʝʨʘʧʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʛʝʥʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʘʷ ʤʝʜʠʮʠʥʘ, ʛʝʥʦʤʠʢʘ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʘʛʥʦ-
ʩʪʠʢʘ, ʪʘʨʛʝʪʥʘʷ ʪʝʨʘʧʠʷ, ʠʤʤʫʥʦʪʝʨʘʧʠʷ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʛʝʥʦʚ, CRISPR, ʙʠʦʠʥʬʦʨʤʘʪʠʢʘ. 

 
BIOTECHNOLOGY IN MEDICINE: PROSPECTS FOR PERSONALIZED THERAPY 

 
 Abdiyev Adkham Ikhtiyor ugli 

 
Annotation: The article discusses key areas of biotechnological progress that contribute to the development 
of personalized therapy, such as genome analysis, targeted drugs, immunotherapy and gene editing technolo-
gies. 
Keywords:  biotechnology, personalized medicine, genomics, molecular diagnostics, targeted therapy, immu-
notherapy, gene editing, CRISPR, bioinformatics. 

 
ʉʦʚʨʝʤʝʥʥʘʷ ʤʝʜʠʮʠʥʘ ʧʝʨʝʞʠʚʘʝʪ ʵʧʦʭʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʥʝʜʨʝʥʠʝʤ ʙʠʦʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʜʠʘʛʥʦʩʪʠʢʫ, ʣʝʯʝʥʠʝ ʠ ʧʨʦʬʠʣʘʢʪʠʢʫ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠ-
ʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʘʷ ʪʝʨʘʧʠʷ ð ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʣʝʯʝʥʠʝ ʧʦʜʙʠʨʘʝʪ-
ʩʷ ʩ ʫʯʸʪʦʤ ʛʝʥʝʪʠʯʝʩʢʠʭ, ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʘʮʠʝʥʪʘ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦ-
ʣʦʛʠʡ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ɼʅʂ, ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʤʘʨʢʝ-
ʨʦʚ ʩʦʟʜʘʣʦ ʦʩʥʦʚʫ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʭʝʤ ʣʝʯʝʥʠʷ ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʩʪʨʘʪʝʛʠʷʤ. ɹʠʦ-
ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʣʠ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ. 

 ɻʝʥʦʤʠʢʘ ʠ ʝʸ ʨʦʣʴ ʚ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʨʘʧʠʠ 
ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʥʦʚ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʝʜʠʮʠʥʳ ʩʪʘʣʘ ʛʝʥʦʤʠʢʘ ð ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ 

ʛʝʥʦʤʳ. ʇʦʩʣʝ ʨʘʩʰʠʬʨʦʚʢʠ ʛʝʥʦʤʘ ʯʝʣʦʚʝʢʘ ʥʘʯʘʣʘʩʴ ʘʢʪʠʚʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘ-
ʮʠʠ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (NGS) ʧʦʟʚʦʣʷʶʪ 
ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚʳʷʚʣʷʪʴ ʤʫʪʘʮʠʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʠ ʧʨʦʛʥʦʟʠ-
ʨʦʚʘʪʴ ʨʝʘʢʮʠʶ ʦʨʛʘʥʠʟʤʘ ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʧʨʝʧʘʨʘʪʳ. 

ʉʫʱʝʩʪʚʫʶʪ ʬʘʨʤʘʢʦʛʝʥʦʤʠʯʝʩʢʠʝ ʪʝʩʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʯʫʚʩʪʚʠ-
ʪʝʣʴʥʦʩʪʴ ʧʘʮʠʝʥʪʘ ʢ ʣʝʢʘʨʩʪʚʘʤ, ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʘ-
ʧʠʠ. ʅʘʧʨʠʤʝʨ, ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ CYP2C19 ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʤʝʪʘʙʦʣʠʟʤ ʪʘʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʢʘʢ ʢʣʦʧʠʜʦ-
ʛʨʝʣ, ʯʪʦ ʪʨʝʙʫʝʪ ʢʦʨʨʝʢʮʠʠ ʜʦʟʠʨʦʚʢʠ ʠʣʠ ʟʘʤʝʥʳ ʣʝʢʘʨʩʪʚʘ. 

ʊʘʨʛʝʪʥʘʷ ʪʝʨʘʧʠʷ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 
ʊʘʨʛʝʪʥʳʝ ʧʨʝʧʘʨʘʪʳ ʜʝʡʩʪʚʫʶʪ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʠʰʝʥʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 
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ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʙʠʦʪʝʭʥʦʣʦʛʠʷʤ ʩʪʘʣʠ ʚʦʟʤʦʞʥʳ: 
ʩʦʟʜʘʥʠʝ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ (ʥʘʧʨʠʤʝʨ, ʪʨʘʩʪʫʟʫʤʘʙ ʧʨʠ HER2-ʧʦʟʠʪʠʚʥʦʤ ʨʘʢʝ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ); 
ʠʥʛʠʙʠʪʦʨʦʚ ʪʠʨʦʟʠʥʢʠʥʘʟʳ; 
ʙʣʦʢʘʪʦʨʦʚ ʠʤʤʫʥʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ (ʥʘʧʨʠʤʝʨ, PD-1/PD-L1). 
ʊʘʨʛʝʪʥʘʷ ʪʝʨʘʧʠʷ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʘ ʧʨʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʢʦʛʜʘ ʠʟʚʝʩʪʥʦ ʪʦʯ-

ʥʦʝ ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʦʧʫʭʦʣʠ. ɹʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʣʘʪʬʦʨʤʳ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʦʚʘʪʴ 
ʪʝʨʘʧʠʶ ʧʦʜ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ. 

ʀʤʤʫʥʦʪʝʨʘʧʠʷ ʠ ʛʝʥʥʘʷ ʠʥʞʝʥʝʨʠʷ 
ʀʤʤʫʥʦʪʝʨʘʧʠʷ ð ʦʜʥʦ ʠʟ ʨʝʚʦʣʶʮʠʦʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʝʜʠʮʠʥʝ. ʊʝʭ-

ʥʦʣʦʛʠʠ CAR-T (ʭʠʤʝʨʥʳʝ ʘʥʪʠʛʝʥ-ʨʝʮʝʧʪʦʨʳ T-ʢʣʝʪʦʢ) ʧʦʟʚʦʣʷʶʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʢʣʝʪʢʠ ʠʤʤʫʥʥʦʡ 
ʩʠʩʪʝʤʳ ʧʘʮʠʝʥʪʘ, çʦʙʫʯʘʷè ʠʭ ʫʥʠʯʪʦʞʘʪʴ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ. 

ʉ ʧʦʤʦʱʴʶ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚʘʢʮʠʥʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʈʅʂ-ʚʘʢʮʠʥʳ 
(ʢʘʢ ʧʨʠ COVID-19), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʥʢʦʣʦʛʠʠ ʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. 

ɻʝʥʝʪʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʢʣʝʪʦʢ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ ʪʦʯʥʦʡ ʙʣʘʛʦʜʘʨʷ ʩʠʩʪʝʤʘʤ ʨʝʜʘʢʪʠʨʦ-
ʚʘʥʠʷ ʛʝʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ CRISPR-Cas9, ʧʦʟʚʦʣʷʶʱʠʤ ʫʩʪʨʘʥʷʪʴ ʧʘʪʦʛʝʥʥʳʝ ʤʫʪʘʮʠʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 
ʛʝʥʝʪʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ. 

ɹʠʦʠʥʬʦʨʤʘʪʠʢʘ ʠ ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ 
ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʘ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʘʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʫʶ ʧʦʜʜʝʨʞʢʫ ʧʨʠʥʷʪʠʷ ʢʣʠʥʠ-
ʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ 
ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʪʚʝʪ ʥʘ ʪʝʨʘʧʠʶ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʠ ʚʳʟʦʚʳ 
ʅʝʩʤʦʪʨʷ ʥʘ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ, ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʘʷ ʤʝʜʠʮʠʥʘ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʚʳʟʦʚʦʚ: 
ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʠ ʣʝʢʘʨʩʪʚ; 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʤʝʜʠʮʠʥʩʢʠʭ ʢʘʜʨʦʚ; 
ʵʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʭʨʘʥʝʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ; 
ʥʝʨʘʚʥʳʡ ʜʦʩʪʫʧ ʧʘʮʠʝʥʪʦʚ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 
ʆʜʥʘʢʦ, ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʫʜʝʰʝʚʣʝʥʠʷ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʨʘʩʰʠʨʝʥʠʝ ʜʦʩʪʫʧ-

ʥʦʩʪʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʨʘʧʠʠ ʜʣʷ ʰʠʨʦʢʦʡ ʧʦʧʫʣʷʮʠʠ. ɺ ʙʫʜʫʱʝʤ ʤʝʜʠʮʠʥʘ ʙʫʜʝʪ ʚʩʸ ʙʦʣʴʰʝ 
ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʧʨʦʬʠʣʘʢʪʠʢʫ ʠ ʪʦʯʝʯʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʟʘʙʦʣʝʚʘʥʠʷ. 

ɹʠʦʪʝʭʥʦʣʦʛʠʠ ʦʪʢʨʳʚʘʶʪ ʧʫʪʴ ʢ ʙʦʣʝʝ ʪʦʯʥʦʡ, ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʤʝʜʠʮʠʥʝ. ʇʝʨʩʦʥʘ-
ʣʠʟʠʨʦʚʘʥʥʘʷ ʪʝʨʘʧʠʷ ð ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʙʫʜʫʱʝʝ, ʘ ʫʞʝ ʥʘʩʪʦʷʱʘʷ ʧʨʘʢʪʠʢʘ ʚ ʨʷʜʝ ʩʪʨʘʥ ʠ ʢʣʠʥʠʢ. ʀʥ-
ʪʝʛʨʘʮʠʷ ʛʝʥʦʤʠʢʠ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʦʤ ʢ ʧʦʥʠʤʘʥʠʶ 
ʧʨʠʨʦʜʳ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʩʦʟʜʘʥʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʪʨʘʪʝʛʠʡ ʠʭ ʣʝʯʝʥʠʷ. ʈʘʟʚʠʪʠʝ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʙʫ-
ʜʝʪ ʧʨʦʜʦʣʞʘʪʴ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʜʝʣʘʷ ʝʛʦ ʙʦʣʝʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʧʘʮʠʝʥʪʘ 
ʠ ʝʛʦ ʫʥʠʢʘʣʴʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. Collins F.S., Varmus H. "A New Initiative on Precision Medicine" // N Engl J Med. 2015. 
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ИСПОЛЬЗОВАНИЕ МИКРОБИОМОВ ЧЕЛОВЕКА 
В ДИАГНОСТИКЕ И ЛЕЧЕНИИ ЗАБОЛЕВАНИЙ 

Абдиев Адхам Ихтиёр угли 
ʉʪʫʜʝʥʪ 

ʌɻɸʆʋ ɺʆ çʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʙʠʦʤʦʚ ʚ ʤʝʜʠʮʠʥ-
ʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ, ʧʨʦʬʠʣʘʢʪʠʢʝ ʠ ʪʝʨʘʧʠʠ 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʠʢʨʦʙʠʦʤ, ʤʠʢʨʦʙʠʦʪʘ ʢʠʰʝʯʥʠʢʘ, ʜʠʘʛʥʦʩʪʠʢʘ, ʧʨʦʙʠʦʪʠʢʠ, ʧʦʩʪʙʠʦʪʠʢʠ, ʪʨʘʥʩ-
ʧʣʘʥʪʘʮʠʷ ʤʠʢʨʦʙʠʦʪʳ, ʜʠʩʙʠʦʟ, ʙʠʦʤʘʨʢʝʨʳ, ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʥʘʨʫʰʝ-
ʥʠʷ. 

 
THE USE OF HUMAN MICROBIOMES IN THE DIAGNOSIS AND TREATMENT OF DISEASES 

 
Abdiyev Adkham Ikhtiyor ugli 

 
Annotation: The article discusses the main areas of application of microbiomes in medical diagnostics, pre-
vention and therapy 
Keywords:  microbiome, intestinal microbiota, diagnostics, probiotics, postbiotics, microbiota transplantation, 
dysbiosis, biomarkers, inflammatory diseases, metabolic disorders. 

 
ʏʝʣʦʚʝʯʝʩʢʦʝ ʪʝʣʦ ð ʵʪʦ ʵʢʦʩʠʩʪʝʤʘ, ʥʘʩʝʣʝʥʥʘʷ ʪʨʠʣʣʠʦʥʘʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʉʦʚʦʢʫʧʥʦʩʪʴ 

ʵʪʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘʟʳʚʘʝʪʩʷ ʤʠʢʨʦʙʠʦʤʦʤ. ʆʥ ʚʢʣʶʯʘʝʪ ʙʘʢʪʝʨʠʠ, ʚʠʨʫʩʳ, ʛʨʠʙʢʠ ʠ ʘʨʭʝʠ, ʦʙʠ-
ʪʘʶʱʠʝ ʥʘ ʢʦʞʝ, ʚ ʧʦʣʦʩʪʠ ʨʪʘ, ʢʠʰʝʯʥʠʢʝ, ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʷʭ ʠ ʜʨʫʛʠʭ ʯʘʩʪʷʭ ʪʝʣʘ. ʆʩʦʙʫʶ ʨʦʣʴ ʠʛ-
ʨʘʝʪ ʢʠʰʝʯʥʳʡ ʤʠʢʨʦʙʠʦʤ, ʦʙʣʘʜʘʶʱʠʡ ʫʥʠʢʘʣʴʥʦʡ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʠ ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʝʡ ʘʢʪʠʚ-
ʥʦʩʪʴʶ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʤʠʢʨʦʙʠʦʤ ʩʪʘʣ ʦʙʲʝʢʪʦʤ ʘʢʪʠʚʥʦʛʦ ʠʟʫʯʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʝʛʦ ʩʦʩʪʘʚ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʦʞʠʨʝʥʠʝ, ʜʠʘʙʝʪ 2 ʪʠʧʘ, ʚʦʩ-
ʧʘʣʠʪʝʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʠʰʝʯʥʠʢʘ (ɺɿʂ), ʜʝʧʨʝʩʩʠʶ, ʘʫʪʠʟʤ ʠ ʜʘʞʝ ʨʘʢ. ʕʪʦ ʜʝʣʘʝʪ ʤʠʢʨʦʙʠʦʤ 
ʮʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 
ʄʠʢʨʦʙʠʦʤ ʢʘʢ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʤʠʢʨʦʙʠʦʪʳ ʧʘ-
ʮʠʝʥʪʘ. ʀʟʤʝʥʝʥʠʷ ʚ ʝʸ ʩʪʨʫʢʪʫʨʝ (ʜʠʩʙʠʦʟ) ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʨʘʥʥʠʤʠ ʙʠʦʤʘʨʢʝʨʘʤʠ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘ-
ʥʠʡ: 

ɺɿʂ ʠ ʉʈʂ (ʩʠʥʜʨʦʤ ʨʘʟʜʨʘʞʸʥʥʦʛʦ ʢʠʰʝʯʥʠʢʘ): ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʙʘʢʪʝʨʠʡ ʨʦʜʘ 
Faecalibacterium prausnitzii; 

ɼʠʘʙʝʪ: ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʦʨʮʠʠ ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʙʦʚ; 
ʅʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ: ʜʠʩʙʘʣʘʥʩ ʤʠʢʨʦʙʠʦʪʳ, ʩʚʷʟʘʥʥʳʡ ʩ ʦʩʴʶ çʢʠʰʝʯʥʠʢïʤʦʟʛè; 
ʈʘʢ ʪʦʣʩʪʦʡ ʢʠʰʢʠ: ʧʨʠʩʫʪʩʪʚʠʝ ʙʘʢʪʝʨʠʡ Fusobacterium nucleatum, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʢʘʥʮʝʨʦʛʝʥʝ-

ʟʝ. 
ɼʠʘʛʥʦʩʪʠʢʘ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʙʠʦʤʦʚ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʣʷʪʴ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ 

ʨʘʥʥʝʡ ʩʪʘʜʠʠ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʠʤʤʫʥʦʪʝʨʘʧʠʠ ʧʨʠ ʦʥʢʦʣʦ-
ʛʠʠ). 

ʃʝʯʝʥʠʝ ʠ ʢʦʨʨʝʢʮʠʷ ʤʠʢʨʦʙʠʦʪʳ 
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ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʪʨʘʪʝʛʠʡ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʠʢʨʦʙʠʦʤ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʟʜʦʨʦʚʴʷ: 
ʇʨʦʙʠʦʪʠʢʠ ʠ ʧʨʝʙʠʦʪʠʢʠ 
ʇʨʦʙʠʦʪʠʢʠ ð ʞʠʚʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʨʠʸʤʝ ʚ ʘʜʝʢʚʘʪʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʥʦʩʷʪ 

ʧʦʣʴʟʫ ʦʨʛʘʥʠʟʤʫ. ʀʭ ʥʘʟʥʘʯʝʥʠʝ ʧʦʤʦʛʘʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʥʦʨʤʘʣʴʥʫʶ ʤʠʢʨʦʬʣʦʨʫ ʠ ʩʥʠʟʠʪʴ ʚʦʩʧʘʣʠ-
ʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. ʇʨʝʙʠʦʪʠʢʠ ð ʧʠʱʝʚʳʝ ʚʦʣʦʢʥʘ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʨʦʩʪ ʧʦʣʝʟʥʳʭ ʙʘʢʪʝʨʠʡ. 
ʇʦʩʪʙʠʦʪʠʢʠ 

ʇʦʩʪʙʠʦʪʠʢʠ ð ʤʝʪʘʙʦʣʠʪʳ, ʚʳʜʝʣʷʝʤʳʝ ʧʨʦʙʠʦʪʠʯʝʩʢʠʤʠ ʙʘʢʪʝʨʠʷʤʠ (ʥʘʧʨʠʤʝʨ, ʢʦʨʦʪʢʦʮʝ-
ʧʦʯʝʯʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ð ʂɾʂ), ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʠʤ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴ-
ʥʳʤ ʜʝʡʩʪʚʠʝʤ. 
ʊʨʘʥʩʧʣʘʥʪʘʮʠʷ ʬʝʢʘʣʴʥʦʡ ʤʠʢʨʦʙʠʦʪʳ (FMT) 

FMT ð ʧʝʨʝʥʦʩ ʤʠʢʨʦʙʠʦʪʳ ʦʪ ʟʜʦʨʦʚʦʛʦ ʜʦʥʦʨʘ ʧʘʮʠʝʥʪʫ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʧʨʠ ʣʝʯʝʥʠʠ ʠʥʬʝʢʮʠʡ, ʚʳʟʚʘʥʥʳʭ Clostridium difficile, ʘ ʪʘʢʞʝ ʧʨʠ ʘʫʪʦʠʤʤʫʥʥʳʭ ʠ ʤʝʪʘʙʦʣʠ-
ʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʷʭ. 
 ʄʠʢʨʦʙʠʦʤ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʘʷ ʤʝʜʠʮʠʥʘ 

ʄʠʢʨʦʙʠʦʪʘ ð ʢʣʶʯʝʚʦʡ ʢʦʤʧʦʥʝʥʪ ʚ ʢʦʥʪʝʢʩʪʝ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʨʘʧʠʠ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ 
ʨʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʤʠʢʨʦʙʠʦʤʘ ʦʙʲʷʩʥʷʶʪ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʥʘ ʣʝʢʘʨʩʪʚʘ, ʧʠʱʫ ʠ ʚʥʝʰʥʠʝ ʚʦʟ-
ʜʝʡʩʪʚʠʷ. ʋʞʝ ʚʝʜʸʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʠʢʨʦʙʠʦʤʥʳʭ ʧʨʦʬʠʣʝʡ ʜʣʷ ʧʦʜʙʦʨʘ ʜʠʝʪ, ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ ʧʨʝʧʘ-
ʨʘʪʦʚ ʠ ʠʤʤʫʥʦʪʝʨʘʧʠʠ ʚ ʦʥʢʦʣʦʛʠʠ. 

ʇʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʤʠʢʨʦʙʠʦʪʳ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʥʪʨʦʣʴʥʳʭ 
ʪʦʯʝʢ ʧʨʠ ʤʝʣʘʥʦʤʝ: ʧʘʮʠʝʥʪʳ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ ʤʠʢʨʦʙʥʳʤ ʧʨʦʬʠʣʝʤ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ 
ʦʪʚʝʪ ʥʘ ʣʝʯʝʥʠʝ. 
 ʇʝʨʩʧʝʢʪʠʚʳ ʠ ʚʳʟʦʚʳ 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʩʧʝʭʠ, ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʙʠʦʤʘ ʚ ʤʝʜʠʮʠʥʝ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʪʨʫʜ-
ʥʦʩʪʝʡ: 

ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʦʚ ʘʥʘʣʠʟʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ; 
ʩʣʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ; 

ʨʠʩʢʠ ʧʨʠ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʤʠʢʨʦʙʠʦʪʳ (ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʘʪʦʛʝʥʦʚ); 
ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʦʩʚʝʜʦʤʣʸʥʥʦʩʪʴ ʚʨʘʯʝʡ. 
ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ, ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠ ʤʝʪʘʛʝʥʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦ-

ʟʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʪʦʯʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʥʘ ʫʨʦʚʥʝ ʤʠʢʨʦʙʠʦʪʳ. 
ʄʠʢʨʦʙʠʦʤ ʯʝʣʦʚʝʢʘ ð ʵʪʦ çʟʘʙʳʪʳʡ ʦʨʛʘʥè, ʠʛʨʘʶʱʠʡ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʟʜʦʨʦʚʴʝ ʠ 

ʙʦʣʝʟʥʠ. ɽʛʦ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʢʦʨʨʝʢʮʠʷ ʩʪʘʥʦʚʷʪʩʷ ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʤʝʜʠʮʠʥʝ, ʜʦʧʦʣʥʷʶʱʠʤ 
ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʙʠʦʤʦʚ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʪʝʨʘʧʠʠ ð ʵʪʦ ʰʘʛ ʢ ʙʦ-
ʣʝʝ ʪʦʯʥʦʡ, ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ ʙʫʜʫʱʝʛʦ. ʉ ʜʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ ʪʝʭ-
ʥʦʣʦʛʠʡ ʠ ʧʦʥʠʤʘʥʠʝʤ ʤʠʢʨʦʙʠʦʪʳ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʝʸ ʘʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ.  

 
É 2026 
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АГРОБИОЛОГИЧЕСКАЯ ЭФФЕКТИВНОСТЬ 
ПРИМЕНЕНИЯ РЕГУЛЯТОРОВ РОСТА 
РАСТЕНИЙ ПРИ ВЫРАЩИВАНИИ ТОМАТА В 
УСЛОВИЯХ АСТРАХАНСКОЙ ОБЛАСТИ 

Небыков Денис Андреевич 
ʩʪʫʜʝʥʪ 

ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʅ. ʊʘʪʠʱʝʚʘ 
 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʘʛʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʛʫ-
ʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʪʦʤʘʪʘ ʚ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ɸʩʪʨʘʭʘʥʩʢʦʡ 
ʦʙʣʘʩʪʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʘʫʢʩʠʥʳ, 
ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʳʝ ʢʠʩʣʦʪʳ) ʥʘ ʧʦʩʝʚʥʳʝ ʢʘʯʝʩʪʚʘ ʩʝʤʷʥ, ʙʠʦʤʝʪʨʠ-
ʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʪʝʥʠʡ, ʩʪʨʫʢʪʫʨʫ ʫʨʦʞʘʷ ʠ ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦ-
ʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʙʘʟʝ ʇʨʠʢʘʩʧʠʡʩʢʦʛʦ ʘʛʨʘʨʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ 
ʈɸʅ ʠ ɺʦʣʛʦʛʨʘʜʩʢʦʛʦ ɻɸʋ, ʧʦ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʧʘʨʘʪʦʚ ʌʠʪʘʢʪʠʚ ʕʢʩʪʨʘ, ʕʥʝʨʛʠʷ-ʄ, ʎʠʨʢʦʥ, 
ɸʤʠʥʦʚʠʪ, ʂʨʝʟʘʮʠʥ ʠ ʍʠʪʦʟʘʥ. ʆʙʦʩʥʦʚʘʥʘ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʢʣʶ-
ʯʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʚ ʩʠʩʪʝʤʫ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ ʢʘʧʝʣʴʥʦʤ ʦʨʦʰʝʥʠʠ. ɺʳʷʚʣʝʥʳ 
ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʭʝʤʳ ʦʙʨʘʙʦʪʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʠʙʘʚʢʫ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ 15-60% ʠ ʫʣʫʯ-
ʰʝʥʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦʜʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʦʤʘʪ, ʨʝʛʫʣʷʪʦʨʳ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʢʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ, 
ʘʫʢʩʠʥʳ, ʕʥʝʨʛʠʷ-ʄ, ʌʠʪʘʢʪʠʚ ʕʢʩʪʨʘ, ʫʨʦʞʘʡʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ, ʘʜʘʧʪʠʚʥʦʩʪʴ. 
 

AGROBIOLOGICAL EFFICIENCY OF PLANT GROWTH REGULATORS APPLICATION IN TOMATO 
CULTIVATION UNDER THE CONDITIONS OF THE ASTRAKHAN REGION 

 
Nebykov Denis Andreevich 

 
Abstract. The article discusses the issues of agrobiological efficiency of plant growth regulators application in 
tomato cultivation under the soil and climatic conditions of the Astrakhan region. The influence of various 
groups of physiologically active substances (auxins, organosilicon compounds, hydroxycinnamic acids) on 
seed sowing qualities, biometric parameters of plants, yield structure and fruit quality is analyzed. The results 
of long-term studies conducted on the basis of the Precaspian Agrarian Federal Research Center of the 
Russian Academy of Sciences and Volgograd State Agrarian University to evaluate the effectiveness of the 
preparations Phytoactive Extra, Energia-M, Zircon, Aminovit, Krezacin and Chitosan are presented. The 
economic and technological feasibility of including growth regulators in the system of agrotechnical measures 
under drip irrigation is substantiated. The most effective treatment schemes providing a yield increase of 15-
60% and improvement of fruit biochemical parameters are identified. 
Keywords: tomato, plant growth regulators, Astrakhan region, drip irrigation, auxins, Energia-M, Phytoactive 
Extra, yield, fruit quality, adaptability. 
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ɻʛʞʝʞʦʡʞ. ʊʦʤʘʪ (Solanum lycopersicum L.) ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʩʝʚʥʳʭ ʧʣʦ-
ʱʘʜʝʡ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʷʚʣʷʷʩʴ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʝʥʪʘʙʝʣʴʥʳʭ ʠ ʚʦʩʪʨʝʙʦ-
ʚʘʥʥʳʭ ʢʫʣʴʪʫʨ ʢʘʢ ʜʣʷ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʩʚʝʞʝʤ ʚʠʜʝ, ʪʘʢ ʠ ʜʣʷ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
ʇʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʝʛʠʦʥʘ ï ʦʙʠʣʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʙʝʟʤʦʨʦʟ-
ʥʳʡ ʧʝʨʠʦʜ ʠ ʚʳʩʦʢʘʷ ʪʝʧʣʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ï ʩʦʟʜʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʬʦʥ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘ-
ʣʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʫʣʴʪʫʨʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʣʠʤʠʪʠʨʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚʳʩʪʫʧʘʶʪ ʟʘʩʫʰʣʠʚʦʩʪʴ ʢʣʠ-
ʤʘʪʘ, ʨʝʟʢʠʝ ʧʝʨʝʧʘʜʳ ʩʫʪʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʘ ʪʘʢʞʝ ʥʠʟʢʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞ-
ʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʚʳʟʳʚʘʶʱʘʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʩʪʨʝʩʩ ʨʘʩʪʝʥʠʡ ʥʘ ʢʨʠʪʠʯʝʩʢʠʭ ʵʪʘʧʘʭ ʦʨʛʘʥʦʛʝʥʝʟʘ. [1] 

ɺ ʩʣʦʞʠʚʰʠʭʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʜ ʦʚʦʱʝʚʦʜʘʤʠ ʩʪʦʠʪ ʟʘʜʘʯʘ ʥʝ 
ʧʨʦʩʪʦ ʫʚʝʣʠʯʝʥʠʷ ʚʘʣʦʚʳʭ ʩʙʦʨʦʚ, ʥʦ ʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʩ ʚʳʩʦʢʠʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʘʤʠ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʝʩʪʠʮʠʜʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʘʛʨʦʵʢʦʩʠʩʪʝʤʳ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 
ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʨʘʩʪʝ-
ʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ. ʕʪʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʤʠʢʨʦʜʦʟʘʭ 
ʩʧʦʩʦʙʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʛʦʨʤʦʥʘʣʴʥʳʡ ʩʪʘʪʫʩ ʨʘʩʪʝʥʠʷ, ʘʢʪʠʚʠʟʠʨʫʷ ʨʦʩʪʦʚʳʝ ʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘ-
ʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʦʚʳʰʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʙʠʦʪʠʯʝʩʢʠʤ ʩʪʨʝʩʩʦʨʘʤ ʠ ʫʣʫʯʰʘʷ ʪʦʚʘʨʥʳʝ ʢʘʯʝʩʪʚʘ 
ʧʣʦʜʦʚ. [2] 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʘʥʘʣʠʟ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʦʙ ʘʛʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʪʦʤʘʪʘ ʚ ʫʩʣʦʚʠʷʭ 
ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʢ. ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʚ ʩʪʘʪʴʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ-
ʣʫʯʝʥʳ ʚ ʭʦʜʝ ʧʦʣʝʚʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʦʧʳʪʥʳʭ ʧʦʣʷʭ ʇʨʠʢʘʩʧʠʡʩʢʦ-
ʛʦ ʘʛʨʘʨʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ (ʩʝʚʝʨ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ) ʠ ɺʦʣʛʦʛʨʘʜʩʢʦʛʦ ʛʦʩʫ-
ʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʧʝʨʠʦʜ ʩ 2008 ʧʦ 2024 ʛʛ. ɿʘʢʣʘʜʢʘ ʦʧʳʪʦʚ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ 
ʥʘʙʣʶʜʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ (ɼʦʩʧʝʭʦʚ ɹ.ɸ., ɹʝ-
ʣʠʢ ɸ.ʌ.). ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʩʪʫʧʘʣʠ ʨʘʡʦʥʠʨʦʚʘʥʥʳʝ ʩʦʨʪʘ ʠ ʛʠʙʨʠʜʳ ʪʦʤʘʪʘ ʦʪʝʯʝʩʪʚʝʥ-
ʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʩʝʣʝʢʮʠʠ: ɺʦʣʛʦʛʨʘʜʩʢʠʡ 5/95, ɻʝʨʢʫʣʝʩ, ʄʦʨʷʥʘ, ʉʫʧʝʨʜʞʦʣ, Cobra 26 F1, Heinz 
3402 F1, ʉʝʩʪʨʝʥʢʘ F1. ʇʦʣʠʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʠʩʪʝʤʦʡ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ ʧʨʝʜʧʦ-
ʣʠʚʥʦʛʦ ʧʦʨʦʛʘ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʥʘ ʫʨʦʚʥʝ 80-85% ʅɺ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʚʝʛʝʪʘʮʠʠ ʠ 70-75% ʅɺ ï ʚ 
ʧʝʨʠʦʜ ʧʣʦʜʦʥʦʰʝʥʠʷ. [4] 

ʉʭʝʤʳ ʦʧʳʪʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʦʙʨʘʙʦʪʦʢ: ʧʨʝʜʧʦʩʝʚʥʦʝ ʟʘʤʘʯʠʚʘʥʠʝ 
ʩʝʤʷʥ, ʥʝʢʦʨʥʝʚʳʝ ʧʦʜʢʦʨʤʢʠ ʚ ʬʘʟʳ 3-4 ʥʘʩʪʦʷʱʠʭ ʣʠʩʪʴʝʚ, ʙʫʪʦʥʠʟʘʮʠʠ ʠ ʥʘʯʘʣʘ ʮʚʝʪʝʥʠʷ. ʀʟʫʯʘ-
ʣʠʩʴ ʨʝʛʫʣʷʪʦʨʳ ʨʦʩʪʘ ʩ ʨʘʟʣʠʯʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ: ʘʫʢʩʠʥʦʚʳʡ ʧʨʝʧʘʨʘʪ ʍʡʫʙʣʫʡʛ ʖʣʪʫʩʙ 
(ʜʝʡʩʪʚʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ï 1ʅ-ʠʥʜʦʣʠʣ-3-ɻ ʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ), ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʡ ʙʠʦʩʪʠʤʫʣʷʪʦʨ 
ʖʦʞʩʜʡʸ-ʅ, ʧʨʝʧʘʨʘʪ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʳʭ ʢʠʩʣʦʪ ʏʡʩʣʧʦ, ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ 
ɹʥʡʦʧʛʡʫ ʠ ʊʨʡʝʭʧʤ ɹʥʡʦʧ ʃʙʤʥʙʜ, ʘ ʪʘʢʞʝ ʃʩʞʠʙʯʡʦ ʠ ʎʡʫʧʠʙʦ. [5] 

ʉʞʠʬʤʵʫʙʫʴ ʡ ʡʮ ʧʚʪʬʟʝʞʦʡʞ. ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 
ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʦʢʘʟʳʚʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʩʪʝʥʠʷ ʪʦʤʘʪʘ ʥʘ ʚʩʝʭ 
ʵʪʘʧʘʭ ʦʥʪʦʛʝʥʝʟʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʧʨʝʧʘʨʘʪʦʤ ʖʦʞʩʜʡʸ-ʅ (1 ʤʣ/1 ʢʛ 
ʩʝʤʷʥ) ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʠʠ ʧʨʦʨʘʩʪʘʥʠʷ ʥʘ 10,2-16,4% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʦʪʠʧʘ, ʯʪʦ ʚ 
ʫʩʣʦʚʠʷʭ ʨʠʩʢʦʚʘʥʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʜʨʫʞʥʳʭ ʠ ʚʳ-
ʨʦʚʥʝʥʥʳʭ ʚʩʭʦʜʦʚ. ʅʘʠʙʦʣʴʰʘʷ ʦʪʟʳʚʯʠʚʦʩʪʴ ʥʘ ʦʙʨʘʙʦʪʢʫ ʩʝʤʷʥ ʦʪʤʝʯʝʥʘ ʫ ʩʦʨʪʘ ɻʝʨʢʫʣʝʩ, ʛʜʝ 
ʚʩʭʦʞʝʩʪʴ ʧʦʚʳʩʠʣʘʩʴ ʥʘ 16,4% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (ʟʘʤʘʯʠʚʘʥʠʝ ʚ ʚʦʜʝ). [2] 

ɺʝʛʝʪʘʮʠʦʥʥʳʝ ʦʙʨʘʙʦʪʢʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʨʦʩʪʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʩʠʣʝʥʠʶ ʣʠʥʝʡʥʦʛʦ ʨʦʩʪʘ ʠ ʨʘʟʚʠ-
ʪʠʶ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʧʘʨʘʪʘ ʍʡʫʙʣʫʡʛ ʖʣʪʫʩʙ ʜʣʷ ʯʝʪʳʨʝʭʢʨʘʪʥʦʛʦ ʧʦʣʠ-
ʚʘ ʨʘʩʪʝʥʠʡ (ʩ ʨʘʩʭʦʜʦʤ 2,0 ʤʣ/10 ʣ ʚʦʜʳ) ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝ-
ʯʠʣʦ ʫʚʝʣʠʯʝʥʠʝ ʚʳʩʦʪʳ ʛʝʥʝʨʘʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ ʥʘ 8,0-12,3%, ʘ ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟ-
ʨʦʩʣʘ ʥʘ 8,8-32,0% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤ ʢʦʥʪʨʦʣʝʤ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʬʦ-
ʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘʧʨʷʤʫʶ ʢʦʨʨʝʣʠʨʦʚʘʣʦ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ: ʢʦʣʠʯʝʩʪʚʦ 
ʟʘʚʷʟʘʚʰʠʭʩʷ ʧʣʦʜʦʚ ʥʘ ʨʘʩʪʝʥʠʠ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 12,5-20,0%, ʘ ʩʨʝʜʥʷʷ ʤʘʩʩʘ ʦʜʥʦʛʦ ʧʣʦʜʘ ï ʥʘ 17,8-
27,3%. [1] 
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ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ɸʩʪ-
ʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʙʘʟʝ ʇʨʠʢʘʩʧʠʡʩʢʦʛʦ ʘʛʨʘʨʥʦʛʦ ʌʅʎ ʈɸʅ, ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʣʠʩʪʦʚʳʭ ʦʙʨʘʙʦ-
ʪʦʢ ʧʨʝʧʘʨʘʪʘʤʠ ɹʥʡʦʧʛʡʫ ʠ ʊʨʡʝʭʧʤ ɹʥʡʦʧ ʃʙʤʥʙʜ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʝʭʢʨʘʪʥʦʝ ʦʧʨʳʩʢʠʚʘʥʠʝ 
ʚʝʛʝʪʠʨʫʶʱʠʭ ʨʘʩʪʝʥʠʡ ʠʟʫʯʘʝʤʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠ-
ʯʝʩʪʚʘ ʧʣʦʜʦʚ ʥʘ ʨʘʩʪʝʥʠʠ ï ʧʨʠʙʘʚʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʘʚʠʣʘ ʦʪ 1,6 ʜʦ 29,4 ʰʪʫʢ. ʅʘʠʙʦʣʴ-
ʰʘʷ ʤʘʩʩʘ ʧʣʦʜʦʚ ʩ ʦʜʥʦʛʦ ʨʘʩʪʝʥʠʷ ʦʪʤʝʯʝʥʘ ʫ ʛʠʙʨʠʜʘ Cobra 26 F1 ʥʘ ʚʘʨʠʘʥʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɸʤʠ-
ʥʦʚʠʪ ï 5432,6 ʛ, ʯʪʦ ʥʘ 44,3% ʧʨʝʚʳʰʘʝʪ ʢʦʥʪʨʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʠʙʘʚʢʘ ʪʦʚʘʨʥʦʡ 
ʫʨʦʞʘʡʥʦʩʪʠ ʚ ʦʧʳʪʝ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʫ ʛʠʙʨʠʜʘ Heinz 3402 F1 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɸʤʠʥʦʚʠʪ ï 50,4 ʪ/ʛʘ, 
ʧʨʠ ʵʪʦʤ ʦʙʱʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʜʦʩʪʠʛʣʘ 126,5 ʪ/ʛʘ. [4] 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʚʪʦʨʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʜʝʣʴʪʳ ɺʦʣʛʠ, 
ʧʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʯʝʪʳʨʝʭ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ï ʂʨʝʟʘʮʠʥ, ʍʠʪʦʟʘʥ, 
ʎʠʨʢʦʥ ʠ ʕʥʝʨʛʠʷ-ʄ ï ʥʘ ʜʚʫʭ ʨʘʡʦʥʠʨʦʚʘʥʥʳʭ ʩʦʨʪʘʭ ʪʦʤʘʪʘ (ʄʦʨʷʥʘ ʠ ʉʫʧʝʨʜʞʦʣ). ʈʝʟʫʣʴʪʘʪʳ ʧʦ-
ʢʘʟʘʣʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʫʶ ʨʝʘʢʮʠʶ ʛʝʥʦʪʠʧʦʚ ʥʘ ʨʘʟʣʠʯʥʳʝ ʜʝʡʩʪʚʫʶʱʠʝ ʚʝʱʝʩʪʚʘ. ʂʦʤʙʠʥʘʮʠʷ 
ʖʦʞʩʜʡʸ-ʅ + ʪʧʩʫ ʅʧʩʸʦʙ ʦʙʝʩʧʝʯʠʣʘ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʭʦʟʷʡʩʪʚʝʥʥʦ ʮʝʥʥʳʭ 
ʧʨʠʟʥʘʢʦʚ: ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ï 83,1%, ʩʳʨʘʷ ʤʘʩʩʘ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ï 241,9 ʛ, ʢʦʣʠʯʝʩʪʚʦ ʮʚʝʪʢʦʚ ʥʘ 
ʨʘʩʪʝʥʠʠ ï 51,0 ʰʪ., ʢʦʣʠʯʝʩʪʚʦ ʧʣʦʜʦʚ ï 35,6 ʰʪ., ʟʘʚʷʟʳʚʘʝʤʦʩʪʴ ʧʣʦʜʦʚ ï 69,8%, ʫʨʦʞʘʡʥʦʩʪʴ ʩ ʨʘʩ-
ʪʝʥʠʷ ï 2,44 ʢʛ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʦʪʤʝʯʝʥʦ ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦ-
ʪʳ ʚ ʧʣʦʜʘʭ ï 25,6 ʤʛ/100 ʛ ʠ ʩʫʭʠʭ ʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ï 5,1 ÁBrix. [5] 

ʇʨʠʤʝʥʝʥʠʝ ʏʡʩʣʧʦʙ ʥʘ ʩʦʨʪʝ ʄʦʨʷʥʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʣʠʩʪʴʝʚ ʥʘ ʨʘʩ-
ʪʝʥʠʠ (56,8 ʰʪ.) ʠ ʧʦʚʳʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʜʦ ʙʝʟʦʧʘʩʥʦʛʦ ʫʨʦʚʥʷ (27,6 ʤʛ/ʢʛ), ʯʪʦ ʩʚʠʜʝʪʝʣʴ-
ʩʪʚʫʝʪ ʦʙ ʘʢʪʠʚʠʟʘʮʠʠ ʘʟʦʪʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ. ʂʦʤʙʠʥʘʮʠʷ ʃʩʞʠʙʯʡʦ + ʪʧʩʫ ʅʧʩʸʦʙ ʦʙʝʩʧʝʯʠʣʘ ʤʘʢ-
ʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʣʦʜʘʭ (6,77%) ʠ ʦʧʪʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʪʠʪʨʫʝʤʦʡ ʢʠʩʣʦʪʥʦ-
ʩʪʠ (0,53%), ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʤʘʪʦʧʨʦʜʫʢʪʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
ʎʡʫʧʠʙʦ + ʪʧʩʫ ʅʧʩʸʦʙ ʧʨʠʚʝʣʦ ʢ ʥʘʠʙʦʣʴʰʝʤʫ ʥʘʢʦʧʣʝʥʠʶ ʢʘʨʦʪʠʥʦʠʜʦʚ (4,12%), ʦʧʨʝʜʝʣʷʶʱʠʭ 
ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ ʠ ʦʢʨʘʩʢʫ ʧʣʦʜʦʚ. [5] 

ɹʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʣʦʜʦʚ ʪʦʤʘʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʝʛʫʣʷʪʦʨʳ ʨʦʩʪʘ ʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 
ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ, ʥʦ ʠ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʞʘʷ. ʇʨʠʤʝʥʝʥʠʝ ʍʡʫʙʣ-
ʫʡʛ ʖʣʪʫʩʙ ʦʙʝʩʧʝʯʠʣʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʚ ʧʣʦʜʘʭ ʥʘ 0,90-0,96%, ʘ ʩʫʤʤʘ ʩʘʭʘ-
ʨʦʚ ʚʦʟʨʦʩʣʘ ʥʘ 0,25-0,78% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʠʨʦʚʢʠ ʧʨʝʧʘʨʘʪʘ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʦʚʦʢʫʧ-
ʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʢʘʯʝʩʪʚʘ ʫʨʦʞʘʷ ʦʪʤʝʯʝʥʳ ʚ ʚʘʨʠʘʥʪʝ ʩ ʨʘʩʭʦʜʦʤ ʧʨʝʧʘʨʘʪʘ 2,0 ʤʣ/10 
ʣ ʚʦʜʳ. [1] 

ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʫʣʷʪʦʨʘ ʨʦʩʪʘ ʖʦʞʩʜʡʸ-ʅ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʜʦʙ-
ʨʝʥʠʷ ʉʙʪʫʛʧʩʡʦ ʧʦʢʘʟʘʣʦ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ɼʘʥʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʦʙʝʩʧʝʯʠʣʘ ʧʦʚʳʰʝʥʠʝ ʩʦ-
ʜʝʨʞʘʥʠʷ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʚ ʧʣʦʜʘʭ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ. ʄʘʩʩʘ ʧʣʦʜʘ ʫ ʠʟʫʯʘʝʤʳʭ 
ʛʝʥʦʪʠʧʦʚ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 95 ʜʦ 130 ʛ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʘʷ ʤʘʩʩʘ ʦʪʤʝʯʝʥʘ ʫ ʩʦʨʪʘ ɻʝʨʢʫʣʝʩ (130 ʛ). 
ʋʨʦʞʘʡʥʦʩʪʴ ʪʦʤʘʪʘ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʠʟʤʝʥʷʣʘʩʴ ʧʦ ʩʦʨʪʘʤ ʠ ʛʠʙʨʠʜʘʤ ʦʪ 7,5 ʜʦ 9,8 ʢʛ/ʤĮ, 
ʪʦʛʜʘ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʫʣʷʪʦʨʘ ʨʦʩʪʘ ʧʦ ʚʩʝʡ ʚʝʛʝʪʘʮʠʠ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦ 
10,15-12,62 ʢʛ/ʤĮ, ʧʨʠʯʝʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʧʦʣʫʯʝʥ ʥʘ ʚʘʨʠʘʥʪʝ ʩ ʦʙʨʘʙʦʪʢʦʡ ʩʝʤʷʥ ʠ ʜʚʫʢʨʘʪʥʦʡ 
ʚʝʛʝʪʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʨʘʩʪʝʥʠʡ. [2] 

ʖʣʧʦʧʥʡʰʞʪʣʙʸ ʶʭʭʞʣʫʡʛʦʧʪʫʵ. ɺʥʝʜʨʝʥʠʝ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ ʚʦʟʜʝ-
ʣʳʚʘʥʠʷ ʪʦʤʘʪʘ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʦ. ʇʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ ʧʨʠʦʙʨʝʪʝ-
ʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʠ ʧʨʦʚʝʜʝʥʠʝ ʦʙʨʘʙʦʪʦʢ (ʥʝ ʙʦʣʝʝ 3-5% ʦʪ ʦʙʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʟʜʝʨʞʝʢ) ʜʦʩʪʠʛʘ-
ʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ 15-60% ʠ ʫʣʫʯʰʝʥʠʝ ʪʦʚʘʨʥʳʭ ʢʘʯʝʩʪʚ ʧʨʦʜʫʢʮʠʠ ʥʘ 3-6%. ʅʘʠʙʦʣʝʝ 
ʨʝʥʪʘʙʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ɹʥʡʦʧʛʡʫ ʠ ʖʦʞʩʜʡʸ-ʅ ʚ ʩʠʩʪʝʤʝ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝ-
ʥʠʷ, ʛʜʝ ʦʢʫʧʘʝʤʦʩʪʴ ʟʘʪʨʘʪ ʩʦʩʪʘʚʣʷʝʪ 6-8 ʨʫʙʣʝʡ ʥʘ 1 ʨʫʙʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʣʦʞʝʥʠʡ. [4,3] 

ʀʙʣʤʷʰʞʦʡʞ. ɸʥʘʣʠʟ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʘʛʨʦʙʠʦʣʦ-
ʛʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʪʦʤʘʪʘ ʚ ʫʩʣʦʚʠ-
ʷʭ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʠʠ ʧʨʦ-
ʨʘʩʪʘʥʠʷ ʠ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ (ʥʘ 10-16%), ʘʢʪʠʚʠʟʘʮʠʠ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ (ʫʚʝʣʠʯʝʥʠʝ ʚʳʩʦʪʳ ʨʘʩʪʝ-
ʥʠʡ ʥʘ 8-12%, ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 9-32%), ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ (ʫʚʝʣʠ-
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ʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʣʦʜʦʚ ʥʘ 12-29 ʰʪ./ʨʘʩʪʝʥʠʝ, ʩʨʝʜʥʝʡ ʤʘʩʩʳ ʧʣʦʜʘ ʥʘ 18-27%) ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ï 
ʨʦʩʪʫ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ 15-60% ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʣʫʯʰʝʥʠʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 
ʧʣʦʜʦʚ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʫʩʣʦʚʠʡ ʨʝʛʠʦʥʘ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ: ʍʡʫʙʣʫʡʛ ʖʣʪʫʩʙ (ʘʫʢʩʠʥʦʚʘʷ 
ʧʨʠʨʦʜʘ ʜʝʡʩʪʚʠʷ, ʦʧʪʠʤʘʣʝʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʚʘʨʥʦʩʪʠ ʠ ʩʘʭʘʨʠʩʪʦʩʪʠ), ʖʦʞʩʜʡʸ-ʅ (ʢʨʝʤʥʠʡʦʨʛʘ-
ʥʠʯʝʩʢʠʡ ʙʠʦʩʪʠʤʫʣʷʪʦʨ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʳʰʘʝʪ ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʟʘʩʫʭʝ), ɹʥʡʦʧʛʡʫ (ʢʦʤʧʣʝʢʩʥʳʡ ʦʨ-
ʛʘʥʦʤʠʥʝʨʘʣʴʥʳʡ ʧʨʝʧʘʨʘʪ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʴʰʫʶ ʧʨʠʙʘʚʢʫ ʫʨʦʞʘʡʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʳʭ ʛʠʙʨʠʜʦʚ), 
ʏʡʩʣʧʦ (ʠʥʜʫʢʪʦʨ ʠʤʤʫʥʠʪʝʪʘ ʠ ʢʦʨʥʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʳʭ ʢʠʩʣʦʪ). 

ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʩʭʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʚʢʣʶʯʘʝʪ ʧʨʝʜʧʦʩʝʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʩʝʤʷʥ (ʟʘʤʘʯʠʚʘʥʠʝ ʚ 
ʨʘʩʪʚʦʨʝ ʧʨʝʧʘʨʘʪʘ ʩʦʛʣʘʩʥʦ ʨʝʛʣʘʤʝʥʪʫ) ʠ 2-4-ʢʨʘʪʥʫʶ ʥʝʢʦʨʥʝʚʫʶ ʧʦʜʢʦʨʤʢʫ ʚʝʛʝʪʠʨʫʶʱʠʭ ʨʘʩʪʝ-
ʥʠʡ ʚ ʬʘʟʳ ʥʘʯʘʣʘ ʨʦʩʪʘ, ʙʫʪʦʥʠʟʘʮʠʠ ʠ ʮʚʝʪʝʥʠʷ. ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ ʧʨʝʧʘʨʘʪʘ 
ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʦʪʠʧʘ ʠ ʮʝʣʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʙʠʦ-
ʣʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʢʫʣʴʪʫʨʳ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʅʠʞʥʝʛʦ ʇʦʚʦʣ-
ʞʴʷ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ИНТЕГРИРОВАННАЯ СИСТЕМА ЗАЩИТЫ 
ТОМАТА ОТКРЫТОГО ГРУНТА ОТ БОЛЕЗНЕЙ В 
УСЛОВИЯХ ОРОШАЕМОГО ЗЕМЛЕДЕЛИЯ 
АСТРАХАНСКОЙ ОБЛАСТИ 

Ешмухамбетов Гемран Жумартович 
cʪʫʜʝʥʪ 

ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʅ. ʊʘʪʠʱʝʚʘ 
 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʪʦʤʘʪʘ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ ʦʪ 
ʢʦʤʧʣʝʢʩʘ ʙʦʣʝʟʥʝʡ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʘʝʤʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚʠ-
ʜʦʚʦʡ ʩʦʩʪʘʚ ʥʘʠʙʦʣʝʝ ʚʨʝʜʦʥʦʩʥʳʭ ʧʘʪʦʛʝʥʦʚ, ʚʢʣʶʯʘʷ ʘʣʴʪʝʨʥʘʨʠʦʟ, ʬʠʪʦʬʪʦʨʦʟ, ʙʘʢʪʝʨʠʘʣʴʥʦʝ 
ʫʚʷʜʘʥʠʝ ʠ ʚʠʨʫʩʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʣʠʷʥʠʶ ʦʨʦʰʝʥʠʷ ʥʘ ʨʘʟʚʠʪʠʝ ʵʧʠʬʠ-
ʪʦʪʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʬʦʥʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ: ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ, ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝ-
ʩʢʠʝ ʤʝʪʦʜʳ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʬʠʪʦʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʩʝʚʦʚ ʜʣʷ ʩʚʦʝ-
ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʟʘʱʠʪʥʳʭ ʦʙʨʘʙʦʪʦʢ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʦʤʘʪ, ʦʪʢʨʳʪʳʡ ʛʨʫʥʪ, ʙʦʣʝʟʥʠ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʟʘʱʠʪʘ, ʦʨʦʰʝʥʠʝ, ʘʣʴʪʝʨʥʘʨʠʦʟ, 
ʬʠʪʦʬʪʦʨʦʟ, ʬʫʥʛʠʮʠʜʳ, ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ. 
 

INTEGRATED SYSTEM OF PROTECTION OF OPEN-GROUND TOMATOES FROM DISEASES IN 
IRRIGATED AGRICULTURE OF THE ASTRAKHAN REGION 

 
Eshmuhambetov Gemran Zhumartovich 

 
Abstract. The article discusses an integrated system for protecting open-ground tomatoes from a complex of 
diseases in the conditions of irrigated agriculture in the Astrakhan region. The species composition of the most 
harmful pathogens, including Alternaria blight, late blight, bacterial wilt, and viral diseases, is analyzed. Special 
attention is paid to the influence of irrigation on the development of epiphytotics and the formation of the infec-
tious background. The main elements of the protection system are presented: the use of resistant varieties 
and hybrids, agrotechnical measures, biological and chemical methods. The necessity of monitoring the phy-
tosanitary condition of crops for timely protective treatments is substantiated. 
Keywords: tomato, open ground, diseases, integrated protection, irrigation, Alternaria blight, late blight, fungi-
cides, Astrakhan region. 

 
ɻʛʞʝʞʦʡʞ. ʊʦʤʘʪ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʨʘʞʘʝʤʳʭ ʙʦʣʝʟʥʷʤʠ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʚ ʫʩʣʦ-

ʚʠʷʭ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʀʥʪʝʥʩʠʚʥʦʝ ʦʨʦʰʘʝʤʦʝ ʟʝʤʣʝʜʝʣʠʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫ-
ʨʘʤʠ ʚʦʟʜʫʭʘ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʥʦ ʠ ʜʣʷ ʤʘʩ-
ʩʦʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʠʪʦʧʘʪʦʛʝʥʦʚ. ɺ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʦʪ ʙʦʣʝʟʥʝʡ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 
30-50%, ʘ ʧʨʠ ʵʧʠʬʠʪʦʪʠʡʥʦʤ ʨʘʟʚʠʪʠʠ ʦʪʜʝʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ï ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʣʥʦʡ ʛʠʙʝʣʠ ʧʦʩʝʚʦʚ. 

ʉʧʝʮʠʬʠʢʘ ʨʝʛʠʦʥʘ ʪʘʢʦʚʘ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʶʛʘ ʈʦʩʩʠʠ ʛʨʠʙʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 
(ʘʣʴʪʝʨʥʘʨʠʦʟ, ʬʠʪʦʬʪʦʨʦʟ) ʟʜʝʩʴ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʠ ʚʠʨʫʩʥʳʝ ʧʘʪʦʛʝʥʳ, ʧʝ-
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ʨʝʜʘʶʱʠʝʩʷ ʯʝʨʝʟ ʧʦʣʠʚʥʫʶ ʚʦʜʫ ʠ ʥʘʩʝʢʦʤʳʭ-ʧʝʨʝʥʦʩʯʠʢʦʚ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʵʬʬʝʢʪʠʚʥʘʷ ʟʘʱʠʪʘ 
ʪʦʤʘʪʘ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ ʩʠʩʪʝʤʥʦʤ ʧʦʜʭʦʜʝ, ʦʙʲʝʜʠʥʷʶʱʝʤ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ, ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ, 
ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ. 

ɻʡʝʧʛʧʢ ʪʧʪʫʙʛ ʡ ʛʩʞʝʧʦʧʪʦʧʪʫʵ ʧʪʦʧʛʦʴʮ ʚʧʤʞʠʦʞʢ. ɺ ʫʩʣʦʚʠʷʭ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ 
ʪʦʤʘʪʝ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ ʧʘʨʘʟʠʪʠʨʫʝʪ ʢʦʤʧʣʝʢʩ ʧʘʪʦʛʝʥʦʚ ʨʘʟʣʠʯʥʦʡ ʵʪʠʦʣʦʛʠʠ. 

ɹʤʵʫʞʩʦʙʩʡʧʠ (ʩʫʭʘʷ ʧʷʪʥʠʩʪʦʩʪʴ), ʚʳʟʳʚʘʝʤʳʡ ʛʨʠʙʘʤʠ ʨʦʜʘ Alternaria spp., ʷʚʣʷʝʪʩʷ ʥʘʠʙʦ-
ʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ ʚ ʨʝʛʠʦʥʝ. ʈʘʟʚʠʪʠʶ ʙʦʣʝʟʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫ-
ʨʘ ʠ ʯʝʨʝʜʦʚʘʥʠʝ ʧʝʨʠʦʜʦʚ ʫʚʣʘʞʥʝʥʠʷ ʠ ʚʳʩʳʭʘʥʠʷ ï ʫʩʣʦʚʠʷ, ʪʠʧʠʯʥʳʝ ʜʣʷ ʘʩʪʨʘʭʘʥʩʢʦʛʦ ʣʝʪʘ. 
ʉʠʤʧʪʦʤʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʩʫʭʠʭ ʧʷʪʝʥ ʥʘ ʣʠʩʪʴʷʭ, ʩʪʝʙʣʷʭ ʠ ʧʣʦʜʘʭ. ʇʨʠ ʩʠʣʴ-
ʥʦʤ ʧʦʨʘʞʝʥʠʠ ʣʠʩʪʴʷ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ ʫʩʳʭʘʶʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ 20-40% ʠ 
ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʣʦʜʦʚ. 

ʍʡʫʧʭʫʧʩʧʠ (Phytophthora infestans) ʠʤʝʝʪ ʤʝʥʝʝ ʨʝʛʫʣʷʨʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʷʚʣʝʥʠʷ, ʦʜʥʘʢʦ ʚ 
ʛʦʜʳ ʩ ʧʨʦʭʣʘʜʥʦʡ ʠ ʜʦʞʜʣʠʚʦʡ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʦʡ ʣʝʪʘ ʩʧʦʩʦʙʝʥ ʚʳʟʳʚʘʪʴ ʙʳʩʪʨʦʪʝʢʫʱʠʝ ʵʧʠʬʠʪʦ-
ʪʠʠ. ʇʘʪʦʛʝʥ ʧʦʨʘʞʘʝʪ ʚʩʝ ʥʘʜʟʝʤʥʳʝ ʦʨʛʘʥʳ ʨʘʩʪʝʥʠʷ, ʚʳʟʳʚʘʷ ʧʦʷʚʣʝʥʠʝ ʙʫʨʳʭ ʥʝʢʨʦʪʠʯʝʩʢʠʭ ʧʷ-
ʪʝʥ ʠ ʟʘʛʥʠʚʘʥʠʝ ʧʣʦʜʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʦʨʦʰʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʜʦʞʜʝʚʘʥʠʠ, ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʬʠʪʦʬʪʦʨʦʟʘ 
ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. 

ʊʞʩʙʸ ʜʦʡʤʵ (Botrytis cinerea) ʧʦʨʘʞʘʝʪ ʩʪʝʙʣʠ, ʣʠʩʪʴʷ ʠ ʧʣʦʜʳ, ʦʩʦʙʝʥʥʦ ʚ ʟʘʛʫʱʝʥʥʳʭ ʧʦʩʘʜ-
ʢʘʭ ʩ ʧʣʦʭʦʡ ʚʝʥʪʠʣʷʮʠʝʡ. ʇʘʪʦʛʝʥ ʩʧʦʩʦʙʝʥ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʣʘʞʥʦ-
ʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʦʩʪʦʷʥʥʦʡ ʫʛʨʦʟʦʡ ʜʣʷ ʧʦʩʝʚʦʚ ʪʦʤʘʪʘ. 

ʍʬʠʙʩʡʧʠʦʧʞ ʬʛʸʝʙʦʡʞ (Fusarium oxysporum f. sp. lycopersici) ï ʧʦʯʚʝʥʥʳʡ ʧʘʪʦʛʝʥ, ʥʘʢʘʧʣʠʚʘ-
ʶʱʠʡʩʷ ʚ ʧʦʯʚʝ ʧʨʠ ʙʝʩʩʤʝʥʥʦʤ ʚʳʨʘʱʠʚʘʥʠʠ ʢʫʣʴʪʫʨʳ. ʇʨʦʥʠʢʘʷ ʚ ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ, ʛʨʠʙ ʚʳʟʳ-
ʚʘʝʪ ʫʚʷʜʘʥʠʝ ʨʘʩʪʝʥʠʡ, ʥʘʯʠʥʘʷ ʩ ʥʠʞʥʠʭ ʣʠʩʪʴʝʚ. ɺ ʫʩʣʦʚʠʷʭ ʦʨʦʰʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʬʫʟʘʨʠʦʟʘ 
ʫʩʢʦʨʷʝʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʥʦʩʘ ʠʥʬʝʢʮʠʠ ʩ ʧʦʣʠʚʥʦʡ ʚʦʜʦʡ. 

ɺʙʣʫʞʩʡʙʤʵʦʧʞ ʬʛʸʝʙʦʡʞ (Ralstonia solanacearum) ʦʩʦʙʝʥʥʦ ʚʨʝʜʦʥʦʩʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʝʥʠʷ. 
ʇʘʪʦʛʝʥ ʧʨʦʥʠʢʘʝʪ ʯʝʨʝʟ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ ʠ ʚʳʟʳʚʘʝʪ ʙʳʩʪʨʫʶ ʛʠʙʝʣʴ ʨʘʩʪʝʥʠʡ ʚʩʣʝʜʩʪʚʠʝ ʟʘʢʫʧʦʨ-
ʢʠ ʩʦʩʫʜʦʚ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʤʘʩʩʦʡ. ɿʘʙʦʣʝʚʘʥʠʝ ʪʨʫʜʥʦ ʧʦʜʜʘʝʪʩʷ ʣʝʯʝʥʠʶ, ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʫʧʦʨ 
ʜʝʣʘʝʪʩʷ ʥʘ ʧʨʦʬʠʣʘʢʪʠʢʫ. 

ɻʡʩʬʪʦʴʞ ʚʧʤʞʠʦʡ (ʚʠʨʫʩ ʪʘʙʘʯʥʦʡ ʤʦʟʘʠʢʠ, ʚʠʨʫʩ ʞʝʣʪʦʡ ʢʫʨʯʘʚʦʩʪʠ ʣʠʩʪʴʝʚ ʪʦʤʘʪʘ, ʚʠʨʫʩ 
ʙʨʦʥʟʦʚʦʩʪʠ ʪʦʤʘʪʘ) ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩ ʩʝʤʝʥʘʤʠ, ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʠ ʥʘʩʝʢʦʤʳʤʠ-
ʧʝʨʝʥʦʩʯʠʢʘʤʠ ï ʪʣʝʡ, ʙʝʣʦʢʨʳʣʢʦʡ, ʪʨʠʧʩʘʤʠ. ɺʨʝʜʦʥʦʩʥʦʩʪʴ ʚʠʨʦʟʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʛʥʝʪʝʥʠʠ ʨʦʩʪʘ 
ʨʘʩʪʝʥʠʡ, ʜʝʬʦʨʤʘʮʠʠ ʣʠʩʪʴʝʚ ʠ ʧʣʦʜʦʚ, ʩʥʠʞʝʥʠʠ ʫʨʦʞʘʡʥʦʩʪʠ. 

ɻʤʡʸʦʡʞ ʧʩʧʱʞʦʡʸ ʦʙ ʭʡʫʧʪʙʦʡʫʙʩʦʧʞ ʪʧʪʫʧʸʦʡʞ ʨʧʪʞʛʧʛ. ʈʝʞʠʤ ʦʨʦʰʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʧʨʷ-
ʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʝʡ ʪʦʤʘʪʘ. ɼʦʞʜʝʚʘʥʠʝ, ʩʦʟʜʘʶʱʝʝ ʢʘʧʝʣʴʥʦ-
ʞʠʜʢʫʶ ʚʣʘʛʫ ʥʘ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʨʘʩʪʘʥʠʶ ʩʧʦʨ ʛʨʠʙʥʳʭ ʧʘʪʦʛʝʥʦʚ ʠ ʟʘʨʘʞʝ-
ʥʠʶ ʨʘʩʪʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜʝ ʧʦʣʠʚʘ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʘʣʴʪʝʨʥʘʨʠʦʟʘ ʠ ʬʠʪʦʬʪʦʨʦʟʘ ʚʦʟʨʘʩʪʘʝʪ ʚ 2-3 
ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʧʝʣʴʥʳʤ ʦʨʦʰʝʥʠʝʤ. 

ʂʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʜʘ ʧʦʜʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʨʥʝʦʙʠʪʘʝʤʫʶ ʟʦʥʫ ʙʝʟ 
ʩʤʘʯʠʚʘʥʠʷ ʣʠʩʪʴʝʚ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩ ʬʠʪʦʩʘʥʠʪʘʨʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʆʜʥʘʢʦ ʠ ʧʨʠ 
ʵʪʦʤ ʩʧʦʩʦʙʝ ʧʦʣʠʚʘ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ, ʥʝ ʜʦʧʫʩʢʘʷ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ, ʢʦ-
ʪʦʨʦʝ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʦʨʥʝʚʳʭ ʛʥʠʣʝʡ ʠ ʬʫʟʘʨʠʦʟʥʦʛʦ ʫʚʷʜʘʥʠʷ. 

ʁʦʫʞʜʩʡʩʧʛʙʦʦʙʸ ʪʡʪʫʞʥʙ ʠʙʲʡʫʴ. ʕʬʬʝʢʪʠʚʥʘʷ ʟʘʱʠʪʘ ʪʦʤʘʪʘ ʦʪ ʙʦʣʝʟʥʝʡ ʚ ʫʩʣʦʚʠʷʭ ɸʩʪ-
ʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʜʦʣʞʥʘ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʩʦʯʝʪʘʥʠʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠ ʠʩʪʨʝʙʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷ-
ʪʠʡ. 

ʁʪʨʧʤʵʠʧʛʙʦʡʞ ʬʪʫʧʢʰʡʛʴʮ ʪʧʩʫʧʛ ʡ ʜʡʚʩʡʝʧʛ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ. ɺ ʨʝʛʠʦʥʝ 
ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʛʠʙʨʠʜʳ F1, ʦʙʣʘʜʘʶʱʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʬʫʟʘʨʠʦʟʫ, ʚʝʨ-
ʪʠʮʠʣʣʝʟʫ, ʚʠʨʫʩʫ ʪʘʙʘʯʥʦʡ ʤʦʟʘʠʢʠ ʠ ʢʣʘʜʦʩʧʦʨʠʦʟʫ. ʇʨʠ ʚʳʙʦʨʝ ʩʦʨʪʠʤʝʥʪʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʭʦʟʷʡ-
ʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʘʣʠʯʠʝ ʨʘʩ ʧʘʪʦʛʝʥʦʚ ʠ ʧʦʜʙʠʨʘʪʴ ʛʠʙʨʠʜʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʛʝʥʘʤʠ 
ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ɹʜʩʧʫʞʮʦʡʰʞʪʣʡʞ ʥʞʩʧʨʩʡʸʫʡʸ ʚʢʣʶʯʘʶʪ: ʩʦʙʣʶʜʝʥʠʝ ʩʝʚʦʦʙʦʨʦʪʘ ʩ ʚʦʟʚʨʘʪʦʤ ʪʦʤʘʪʘ ʥʘ 
ʧʨʝʞʥʝʝ ʤʝʩʪʦ ʥʝ ʨʘʥʝʝ ʯʝʤ ʯʝʨʝʟ 3-4 ʛʦʜʘ; ʛʣʫʙʦʢʫʶ ʟʷʙʣʝʚʫʶ ʚʩʧʘʰʢʫ ʜʣʷ ʟʘʜʝʣʢʠ ʨʘʩʪʠʪʝʣʴʥʳʭ 
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ʦʩʪʘʪʢʦʚ; ʫʥʠʯʪʦʞʝʥʠʝ ʩʦʨʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ï ʨʝʟʝʨʚʘʪʦʨʘ ʠʥʬʝʢʮʠʠ; ʦʧʪʠʤʠʟʘʮʠʶ ʛʫʩʪʦʪʳ ʧʦʩʘʜʢʠ 
ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʭʦʨʦʰʝʡ ʧʨʦʚʝʪʨʠʚʘʝʤʦʩʪʠ; ʥʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʠʚʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʧʝʣʴʥʦʛʦ 
ʦʨʦʰʝʥʠʷ. 

ʈʩʞʝʨʧʪʞʛʦʙʸ ʧʚʩʙʚʧʫʣʙ ʪʞʥʸʦ ʧʨʦʪʨʘʚʠʪʝʣʷʤʠ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʠʝʤʦʤ, ʧʦʟʚʦʣʷʶ-
ʱʠʤ ʫʥʠʯʪʦʞʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʠ ʚʥʫʪʨʝʥʥʶʶ ʠʥʬʝʢʮʠʶ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʧʨʝʧʘʨʘʪʳ ʥʘ 
ʦʩʥʦʚʝ ʪʠʨʘʤʘ, ʬʣʫʜʠʦʢʩʦʥʠʣʘ ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʪʨʘʚʠʪʝʣʠ. 

ʎʡʥʡʰʞʪʣʡʢ ʥʞʫʧʝ ʦʩʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʜʘʚʣʝʥʠʷ ʙʦʣʝʟʥʝʡ ʚ ʧʝʨʠʦʜ 
ʚʝʛʝʪʘʮʠʠ. ʇʨʦʪʠʚ ʘʣʴʪʝʨʥʘʨʠʦʟʘ ʠ ʬʠʪʦʬʪʦʨʦʟʘ ʧʨʠʤʝʥʷʶʪ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʦʙʨʘʙʦʪʢʠ ʢʦʥʪʘʢʪʥʳ-
ʤʠ ʬʫʥʛʠʮʠʜʘʤʠ (ʤʘʥʢʦʮʝʙ, ʭʣʦʨʦʢʠʩʴ ʤʝʜʠ) ʠ ʣʝʯʝʙʥʳʝ ï ʩʠʩʪʝʤʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ (ʩʪʨʦʙʠʣʫʨʠʥʳ, 
ʪʨʠʘʟʦʣʳ). ʇʝʨʚʫʶ ʦʙʨʘʙʦʪʢʫ ʧʨʦʚʦʜʷʪ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʧʝʨʚʳʭ ʧʨʠʟʥʘʢʦʚ ʙʦʣʝʟʥʠ ʠʣʠ ʧʨʦʬʠʣʘʢʪʠʯʝ-
ʩʢʠ ʚ ʬʘʟʫ ʮʚʝʪʝʥʠʷ, ʧʦʩʣʝʜʫʶʱʠʝ ï ʩ ʠʥʪʝʨʚʘʣʦʤ 10-14 ʜʥʝʡ. ʂʨʘʪʥʦʩʪʴ ʦʙʨʘʙʦʪʦʢ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʩ 
ʫʯʝʪʦʤ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʬʠʪʦʩʘʥʠʪʘʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ɺʡʧʤʧʜʡʰʞʪʣʡʢ ʥʞʫʧʝ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʩʚʷʟʠ ʩ ʫʞʝʩʪʦʯʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʬʫʥʛʠʮʠʜʦʚ ʥʘ ʦʩʥʦʚʝ Bacillus subtilis ʠ Trichoderma spp. 
ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʠ ʚʝʛʝʪʠʨʫʶʱʠʭ ʨʘʩʪʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʪʴ ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʚʳʭ 
ʛʥʠʣʝʡ ʠ ʣʠʩʪʦʚʳʭ ʧʷʪʥʠʩʪʦʩʪʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ. 

ʅʧʦʡʫʧʩʡʦʜ ʡ ʨʩʧʜʦʧʠ. ʆʙʷʟʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʟʘʱʠʪʳ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨ-
ʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʬʠʪʦʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʩʝʚʦʚ. ʆʙʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʝ ʨʝʞʝ ʦʜʥʦʛʦ ʨʘʟʘ ʚ 
7-10 ʜʥʝʡ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʝʨʚʳʭ ʧʨʠʟʥʘʢʦʚ ʙʦʣʝʟʥʝʡ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʧʨʦʚʝʜʝʥʠʠ ʟʘʱʠʪ-
ʥʳʭ ʦʙʨʘʙʦʪʦʢ. ɼʣʷ ʧʨʦʛʥʦʟʘ ʨʘʟʚʠʪʠʷ ʬʠʪʦʬʪʦʨʦʟʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 
ʫʯʠʪʳʚʘʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʫʚʣʘʞʥʝʥʠʷ ʣʠʩʪʴʝʚ. 

ʀʙʣʤʷʰʞʦʡʞ. ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʪʦʤʘʪʘ ʦʪ ʙʦʣʝʟʥʝʡ ʚ ʫʩʣʦʚʠʷʭ ɸʩʪʨʘʭʘʥʩʢʦʡ 
ʦʙʣʘʩʪʠ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʨʝʛʠʦʥʘʣʴʥʫʶ ʩʧʝʮʠʬʠʢʫ ï ʚʳʩʦʢʫʶ ʚʨʝʜʦʥʦʩʥʦʩʪʴ ʘʣʴʪʝʨʥʘʨʠʦʟʘ ʚ ʩʦʯʝ-
ʪʘʥʠʠ ʩ ʨʠʩʢʦʤ ʵʧʠʬʠʪʦʪʠʡ ʬʠʪʦʬʪʦʨʦʟʘ ʚ ʛʦʜʳ ʩ ʚʣʘʞʥʦʡ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʦʡ ʣʝʪʘ. ʉʦʯʝʪʘʥʠʝ ʘʛʨʦ-
ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ, ʘ ʪʘʢʞʝ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʨʠ-
ʤʝʥʝʥʠʷ ʬʫʥʛʠʮʠʜʦʚ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʠ ʧʦʣʫʯʘʪʴ ʧʨʦʜʫʢʮʠʶ ʚʳʩʦʢʦʛʦ ʢʘʯʝ-
ʩʪʚʘ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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УДК 63 

ОПТИМИЗАЦИЯ МИНЕРАЛЬНОГО ПИТАНИЯ 
ТОМАТА В ОТКРЫТОМ ГРУНТЕ ПРИ 
КАПЕЛЬНОМ ОРОШЕНИИ В УСЛОВИЯХ 
АСТРАХАНСКОЙ ОБЛАСТИ 

Ешмухамбетов Гемран Жумартович 
cʪʫʜʝʥʪ 

ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʅ. ʊʘʪʠʱʝʚʘ 
 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʪʦʤʘʪʘ 
ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʚ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʷʭ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʧʦʪʨʝʙʥʦʩʪʠ ʢʫʣʴʪʫʨʳ ʚ ʤʘʢʨʦʵʣʝʤʝʥʪʘʭ 
(ʘʟʦʪ, ʬʦʩʬʦʨ, ʢʘʣʠʡ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʘʥʠʨʫʝʤʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 40 ʜʦ 100 ʪ/ʛʘ. ʇʨʦ-
ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʨʝʜʥʠʝ ʜʦʟʳ ʦʩʥʦʚʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʧʦʯʚʳ, ʩʨʦʢʠ ʠ ʜʦʟʳ ʘʟʦʪʥʳʭ ʧʦʜ-
ʢʦʨʤʦʢ ʧʨʠ ʬʝʨʪʠʛʘʮʠʠ. ʇʨʠʚʝʜʝʥʘ ʧʨʦʛʨʘʤʤʘ ʬʝʨʪʠʛʘʮʠʠ ʜʣʷ ʪʦʤʘʪʘ, ʚʦʟʜʝʣʳʚʘʝʤʦʛʦ ʥʘ ʧʝʨʝʨʘʙʦʪ-
ʢʫ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʦʟ ʫʜʦʙʨʝʥʠʡ ʩ ʫʯʝʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ 
ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʚ ʟʦʥʘʣʴʥʳʭ ʧʦʯʚʘʭ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʦʤʘʪ, ʦʪʢʨʳʪʳʡ ʛʨʫʥʪ, ʤʠʥʝʨʘʣʴʥʦʝ ʧʠʪʘʥʠʝ, ʬʝʨʪʠʛʘʮʠʷ, ʢʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ, 
ʤʘʢʨʦʵʣʝʤʝʥʪʳ, ʫʨʦʞʘʡʥʦʩʪʴ, ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ. 

 
OPTIMIZATION OF MINERAL NUTRITION OF TOMATOES IN OPEN GROUND WITH DRIP IRRIGATION 

IN THE ASTRAKHAN REGION 
 

Eshmuhambetov Gemran Zhumartovich 
 
Abstract. The article discusses the features of forming a mineral nutrition system for tomatoes grown in open 
ground using drip irrigation in the soil and climatic conditions of the Astrakhan region. Data on the crop's de-
mand for macronutrients (nitrogen, phosphorus, potassium) depending on the planned yield in the range from 
40 to 100 t/ha are presented. The average doses of the main fertilizer during soil preparation, the timing and 
doses of nitrogen fertilizing during fertigation are analyzed. A fertigation program for tomatoes cultivated for 
processing is provided. The necessity of adjusting fertilizer doses taking into account the content of mobile 
forms of nutrients in zonal soils is substantiated. 
Keywords: tomato, open ground, mineral nutrition, fertigation, drip irrigation, macronutrients, yield, Astrakhan 
region. 

 
ɻʛʞʝʞʦʡʞ. ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʪʦʤʘʪʘ ʚ ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ. ʇʦʩʝʚʥʳʝ ʧʣʦʱʘʜʠ ʧʦʜ ʵʪʦʡ ʢʫʣʴʪʫʨʦʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ 
ʩʝʢʪʦʨʝ ʦʚʦʱʝʚʦʜʩʪʚʘ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 12 ʪʳʩ. ʛʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʟʥʘʯʠ-
ʤʦʩʪʴ ʪʦʤʘʪʘ ʜʣʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʛʠʦʥʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ 
ʫʩʣʦʚʠʷ ʅʠʞʥʝʛʦ ʇʦʚʦʣʞʴʷ ï ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʟʦʥʘʣʴʥʳʭ ʧʦʯʚʘʭ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʝʩʪʝ-
ʩʪʚʝʥʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʠ ʚʳʩʦʢʠʝ ʣʝʪʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ï ʪʨʝʙʫʶʪ ʦʩʦʙʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʤʠʥʝ-
ʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ. 
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ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʭʝʤʳ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ ʨʘʟʙʨʦʩʥʦʝ ʚʥʝʩʝʥʠʝ ʦʩʥʦʚʥʦʡ ʜʦ-
ʟʳ ʧʦʜ ʚʩʧʘʰʢʫ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʦʜʢʦʨʤʢʠ, ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʘʝʤʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʧʦʢʘʟʳʚʘʶʪ ʥʝʜʦʩʪʘ-
ʪʦʯʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ 
ʚʳʤʳʚʘʥʠʷ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʦʪʝʨʴ ʘʟʦʪʘ. ɺʥʝʜʨʝʥʠʝ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʬʝʨʪʠʛʘʮʠʝʡ 
ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʮʠʦʥʘʣʴʥʦ ʨʘʩʭʦʜʦʚʘʪʴ ʧʦʣʠʚʥʫʶ ʚʦʜʫ, ʥʦ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʧʦʜʘʚʘʪʴ 
ʵʣʝʤʝʥʪʳ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʨʘʩʪʝʥʠʡ ʧʦ ʬʘ-
ʟʘʤ ʚʝʛʝʪʘʮʠʠ . 

ʈʧʫʩʞʚʦʧʪʫʵ ʫʧʥʙʫʙ ʛ ʥʙʣʩʧʶʤʞʥʞʦʫʙʮ. ʊʦʤʘʪ ʦʪʥʦʩʠʪʩʷ ʢ ʢʫʣʴʪʫʨʘʤ ʩ ʚʳʩʦʢʦʡ ʧʦʪʨʝʙʥʦʩʪʴʶ 
ʚ ʵʣʝʤʝʥʪʘʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ. ʇʦ ʫʩʨʝʜʥʝʥʥʳʤ ʜʘʥʥʳʤ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 10 ʪʦʥʥ ʪʦʚʘʨʥʳʭ 
ʧʣʦʜʦʚ ʨʘʩʪʝʥʠʷ ʚʳʥʦʩʷʪ ʠʟ ʧʦʯʚʳ: ʘʟʦʪʘ ï 25-35 ʢʛ, ʬʦʩʬʦʨʘ (PϜOϟ) ï 8-12 ʢʛ, ʢʘʣʠʷ (KϜO) ï 35-45 ʢʛ. 
ʉʦʦʪʥʦʰʝʥʠʝ N:P:K ʚ ʚʳʥʦʩʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1:0,3:1,3, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʥʦʡ ʪʨʝ-
ʙʦʚʘʪʝʣʴʥʦʩʪʠ ʢʫʣʴʪʫʨʳ ʢ ʢʘʣʠʡʥʦʤʫ ʧʠʪʘʥʠʶ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʠʦʜ ʤʘʩʩʦʚʦʛʦ ʧʣʦʜʦʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʘʥʠʨʫʝʤʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʦʙʱʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʪʦʤʘʪʘ ʚ ʤʘʢʨʦʵʣʝʤʝʥʪʘʭ ʩʫʱʝ-
ʩʪʚʝʥʥʦ ʚʘʨʴʠʨʫʝʪ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ 40 ʪ/ʛʘ ʪʨʝʙʫʝʪʩʷ ʚʥʝʩʝʥʠʝ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ 
NϣϚPϞϚKϛϜϚ, ʜʣʷ 60 ʪ/ʛʘ ï NϛϝϚPϠϚKϛϢϚ, ʜʣʷ 80 ʪ/ʛʘ ï NϛϡϚPϢϚKϜϞϚ, ʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʨʦʚʥʷ 100 ʪ/ʛʘ 

ʜʦʟʳ ʚʦʟʨʘʩʪʘʶʪ ʜʦ NϜϜϚPϛϚϚKϝϚϚ . ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪ ʢʦʥʢʨʝʪʥʳʭ ʜʦʟ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʷ ʜʦʣʞʝʥ ʧʨʦʠʟ-
ʚʦʜʠʪʴʩʷ ʩ ʫʯʝʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ ʨʝ-
ʟʫʣʴʪʘʪʘʤ ʘʛʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ. 

ʇʦʯʚʳ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʳʤʠ ʠ ʘʣʣʶ-
ʚʠʘʣʴʥʦ-ʣʫʛʦʚʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ (1,0-1,5%) ʠ ʩʨʝʜ-
ʥʝʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʧʦʜʚʠʞʥʳʤ ʬʦʩʬʦʨʦʤ. ʆʙʝʩʧʝʯʝʥʥʦʩʪʴ ʦʙʤʝʥʥʳʤ ʢʘʣʠʝʤ ʚʘʨʴʠʨʫʝʪ ʦʪ ʩʨʝʜʥʝʡ 
ʜʦ ʧʦʚʳʰʝʥʥʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʪʴ ʜʦʟʳ ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʯʝʪ-
ʥʳʤʠ ʥʦʨʤʘʤʠ. 

ʇʪʦʧʛʦʧʞ ʛʦʞʪʞʦʡʞ ʬʝʧʚʩʞʦʡʢ. ʇʦʜʛʦʪʦʚʢʘ ʧʦʯʚʳ ʧʦʜ ʪʦʤʘʪ ʚ ʫʩʣʦʚʠʷʭ ʨʝʛʠʦʥʘ ʚʢʣʶʯʘʝʪ ʟʷʙ-
ʣʝʚʫʶ ʚʩʧʘʰʢʫ ʥʘ ʛʣʫʙʠʥʫ 25-27 ʩʤ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʚʥʝʩʝʥʠʝʤ ʦʩʥʦʚʥʦʡ ʜʦʟʳ ʬʦʩʬʦʨʥʳʭ ʠ ʢʘ-
ʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʌʦʩʬʦʨʥʳʝ ʫʜʦʙʨʝʥʠʷ (ʩʫʧʝʨʬʦʩʬʘʪ ʧʨʦʩʪʦʡ ʠʣʠ ʜʚʦʡʥʦʡ) ʚʥʦʩʷʪʩʷ ʚ ʧʦʣʥʦʡ ʨʘʩ-
ʯʝʪʥʦʡ ʜʦʟʝ, ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ ʵʣʝʤʝʥʪ ʤʘʣʦʧʦʜʚʠʞʝʥ ʚ ʧʦʯʚʝ ʠ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʡ ʟʘʜʝʣʢʠ. ʂʘʣʠʡʥʳʝ 
ʫʜʦʙʨʝʥʠʷ (ʢʘʣʠʡ ʭʣʦʨʠʩʪʳʡ ʠʣʠ ʩʫʣʴʬʘʪ ʢʘʣʠʷ) ʪʘʢʞʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʥʦʩʠʪʴ ʧʦʜ ʦʩʥʦʚʥʫʶ ʦʙʨʘʙʦʪ-
ʢʫ ʚ ʜʦʟʝ 70-80% ʦʪ ʨʘʩʯʝʪʥʦʡ, ʦʩʪʘʚʣʷʷ 20-30% ʜʣʷ ʚʥʝʩʝʥʠʷ ʩ ʬʝʨʪʠʛʘʮʠʝʡ ʚ ʧʝʨʠʦʜ ʧʣʦʜʦʥʦʰʝʥʠʷ. 

ɸʟʦʪʥʳʝ ʫʜʦʙʨʝʥʠʷ ʧʦʜ ʦʩʥʦʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʚʥʦʩʷʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʦʟʝ ï ʥʝ ʙʦʣʝʝ 30-40% ʦʪ 
ʨʘʩʯʝʪʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ ʠ ʨʠʩʢʦʤ ʝʛʦ ʚʳʤʳʚʘ-
ʥʠʷ ʟʘ ʧʨʝʜʝʣʳ ʢʦʨʥʝʦʙʠʪʘʝʤʦʛʦ ʩʣʦʷ ʚ ʧʝʨʠʦʜ ʦʩʝʥʥʝ-ʟʠʤʥʠʭ ʦʩʘʜʢʦʚ. ʆʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʘʟʦʪʘ ʚʥʦ-
ʩʠʪʩʷ ʜʨʦʙʥʦ ʚ ʚʠʜʝ ʧʦʜʢʦʨʤʦʢ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ. 

ʊʡʪʫʞʥʙ ʭʞʩʫʡʜʙʯʡʡ. ʌʝʨʪʠʛʘʮʠʷ ï ʚʥʝʩʝʥʠʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩ ʧʦʣʠʚ-
ʥʦʡ ʚʦʜʦʡ ï ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʩʪʝʥʠʡ ʵʣʝʤʝʥʪʘʤʠ ʧʠʪʘʥʠʷ ʚ 
ʫʩʣʦʚʠʷʭ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʧʦʩʪʫʧʣʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ 
ʚʝʱʝʩʪʚ ʩ ʜʠʥʘʤʠʢʦʡ ʠʭ ʧʦʪʨʝʙʣʝʥʠʷ ʢʫʣʴʪʫʨʦʡ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ. 

ʇʨʦʛʨʘʤʤʘ ʬʝʨʪʠʛʘʮʠʠ ʜʣʷ ʪʦʤʘʪʘ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ ʚ ʫʩʣʦʚʠʷʭ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʜʠʬʬʝ-
ʨʝʥʮʠʨʫʝʪʩʷ ʧʦ ʬʘʟʘʤ ʚʝʛʝʪʘʮʠʠ: 

ʈʞʩʡʧʝ ʧʫ ʛʴʪʙʝʣʡ ʩʙʪʪʙʝʴ ʝʧ ʯʛʞʫʞʦʡʸ (20-25 ʜʥʝʡ). ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʨʘʩʪʝʥʠʷ ʥʫʞʜʘʶʪʩʷ ʚ 
ʫʤʝʨʝʥʥʦʤ ʘʟʦʪʥʦʤ ʧʠʪʘʥʠʠ ʠ ʭʦʨʦʰʝʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʬʦʩʬʦʨʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ. 
ʉʦʦʪʥʦʰʝʥʠʝ N:P:K ʚ ʧʠʪʘʪʝʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʘ ʫʨʦʚʥʝ 1:1,5:1. ʂʦʥʮʝʥ-
ʪʨʘʮʠʷ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ï 0,1-0,15%. 

ʈʞʩʡʧʝ ʯʛʞʫʞʦʡʸ ʡ ʠʙʛʸʠʴʛʙʦʡʸ ʨʤʧʝʧʛ (20-25 ʜʥʝʡ). ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʘʟʦʪʝ ʚʦʟʨʘʩʪʘʝʪ, ʩʦʦʪ-
ʥʦʰʝʥʠʝ N:P:K ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʜʦ 1:0,5:1,2. ɺʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʢʘʣʴʮʠʷ ʜʣʷ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʝʨʰʠʥʥʦʡ ʛʥʠʣʠ ʧʣʦʜʦʚ. 

ʈʞʩʡʧʝ ʥʙʪʪʧʛʧʜʧ ʨʤʧʝʧʧʚʩʙʠʧʛʙʦʡʸ ʡ ʪʧʠʩʞʛʙʦʡʸ (40-60 ʜʥʝʡ). ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʨʝʟʢʦ ʚʦʟ-
ʨʘʩʪʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʘʣʠʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʪʨʘʥʩʧʦʨʪ ʘʩʩʠʤʠʣʷʪʦʚ ʚ ʧʣʦʜʳ ʠ ʠʭ ʢʘʯʝʩʪʚʦ. ʉʦ-
ʦʪʥʦʰʝʥʠʝ N:P:K ʜʦʚʦʜʠʪʩʷ ʜʦ 1:0,3:1,8-2,0. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 0,2-0,25%. 

ɼʣʷ ʪʦʤʘʪʘ, ʚʳʨʘʱʠʚʘʝʤʦʛʦ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʚʥʝʩʝʥʠʷ 



168 НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 

 

VII международная научно-практическая конференция  | МЦНС «НАУКА И ПРОСВЕЩЕНИЕ» 

ʘʟʦʪʥʳʭ ʧʦʜʢʦʨʤʦʢ: ʧʝʨʚʘʷ ʧʦʜʢʦʨʤʢʘ ʯʝʨʝʟ 10-12 ʜʥʝʡ ʧʦʩʣʝ ʚʳʩʘʜʢʠ ʨʘʩʩʘʜʳ (NϜϚ), ʚʪʦʨʘʷ ï ʚ ʬʘʟʫ 
ʥʘʯʘʣʘ ʮʚʝʪʝʥʠʷ (NϝϚ), ʪʨʝʪʴʷ ï ʚ ʬʘʟʫ ʤʘʩʩʦʚʦʛʦ ʟʘʚʷʟʳʚʘʥʠʷ ʧʣʦʜʦʚ (NϞϚ), ʯʝʪʚʝʨʪʘʷ ï ʚ ʥʘʯʘʣʝ ʩʦ-

ʟʨʝʚʘʥʠʷ (NϜϚ). ʆʙɦʘʷ ʜʦʟʘ ʘʟʦʪʘ, ʚʥʦʩʠʤʦʛʦ ʩ ʬʝʨʪʠʛʘʮʠʝʡ, ʩʦʩʪʘʚʣʷʝʪ 100-120 ʢʛ/ʛʘ ʜʝʡʩʪʚʫʶʱʝʛʦ 
ʚʝʱʝʩʪʚʘ. 

ʖʣʧʦʧʥʡʰʞʪʣʙʸ ʶʭʭʞʣʫʡʛʦʧʪʫʵ ʧʨʫʡʥʡʠʙʯʡʡ ʥʡʦʞʩʙʤʵʦʧʜʧ ʨʡʫʙʦʡʸ. ʇʨʠʤʝʥʝʥʠʝ ʥʘʫʯʥʦ 
ʦʙʦʩʥʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʝʨʪʠʛʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ 
ʨʦʩʪ ʫʨʦʞʘʡʥʦʩʪʠ, ʥʦ ʠ ʧʦʚʳʰʝʥʠʝ ʦʢʫʧʘʝʤʦʩʪʠ ʫʜʦʙʨʝʥʠʡ. ɺ ʩʨʝʜʥʝʤ ʧʦ ʨʝʛʠʦʥʫ ʧʨʠʙʘʚʢʘ ʫʨʦʞʘʷ 
ʪʦʤʘʪʘ ʦʪ ʦʧʪʠʤʠʟʘʮʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 30-50% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʭʝ-
ʤʘʤʠ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ. ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʟʦʪʘ ʧʦʚʳʰʘʝʪʩʷ ʩ 40-50% ʜʦ 70-80%, ʬʦʩ-
ʬʦʨʘ ï ʩ 15-20% ʜʦ 30-35%, ʢʘʣʠʷ ï ʩ 50-60% ʜʦ 80-85%. 

ʀʙʣʤʷʰʞʦʡʞ. ʆʧʪʠʤʠʟʘʮʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʪʦʤʘʪʘ ʚ ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘ-
ʩʪʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʩʯʝʪʝ ʜʦʟ ʫʜʦʙʨʝʥʠʡ ʧʦʜ ʧʣʘʥʠʨʫʝʤʫʶ ʫʨʦʞʘʡʥʦʩʪʴ ʩ ʫʯʝʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞ-
ʥʳʭ ʬʦʨʤ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ, ʜʨʦʙʥʦʤ ʚʥʝʩʝʥʠʠ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʬʝʨʪʠʛʘʮʠʠ ʠ 
ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʧʦ ʬʘʟʘʤ ʚʝʛʝʪʘʮʠʠ. ɺʥʝʜʨʝʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦ-
ʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʪʘʙʠʣʴʥʳʝ ʫʨʦʞʘʠ ʪʦʚʘʨʥʳʭ ʧʣʦʜʦʚ ʥʘ ʫʨʦʚʥʝ 60-80 ʪ/ʛʘ ʧʨʠ ʚʳʩʦʢʦʡ ʦʢʫʧʘʝʤʦʩʪʠ ʟʘ-
ʪʨʘʪ ʥʘ ʫʜʦʙʨʝʥʠʷ. 

 
É 2026 
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СИСТЕМЫ ЗАЩИТЫ ТОМАТА ОТ БОЛЕЗНЕЙ В 
УСЛОВИЯХ АСТРАХАНСКОЙ ОБЛАСТИ 

Репина Надежда Владимировна 

ʩʪʫʜʝʥʪ 
ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʅ. ʊʘʪʠʱʝʚʘ 

 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʪʦʤʘʪʘ ʦʪ ʙʦʣʝʟʥʝʡ ʚ ʫʩʣʦʚʠʷʭ 
ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʚʨʝʜʦʥʦʩʥʳʭ 
ʟʘʙʦʣʝʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʛʨʠʙʥʳʝ (ʘʣʴʪʝʨʥʘʨʠʦʟ, ʬʠʪʦʬʪʦʨʦʟ), ʙʘʢʪʝʨʠʘʣʴʥʳʝ (ʙʘʢʪʝʨʠʘʣʴʥʦʝ ʫʚʷʜʘʥʠʝ) 
ʠ ʚʠʨʫʩʥʳʝ (ʤʦʟʘʠʢʘ ʪʦʤʘʪʘ) ʧʘʪʦʛʝʥʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʣʠʷʥʠʶ ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦ-
ʨʦʚ ʨʝʛʠʦʥʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʨʦʰʝʥʠʷ, ʥʘ ʨʘʟʚʠʪʠʝ ʵʧʠʬʠʪʦʪʠʡ. ʆʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝ-
ʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ, ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ, ʙʠʦʣʦ-
ʛʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ, 
ʫʯʠʪʳʚʘʶʱʠʭ ʩʧʝʮʠʬʠʢʫ ʚʦʟʜʝʣʳʚʘʥʠʷ ʪʦʤʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʘʝʤʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʅʠʞʥʝʛʦ ʇʦʚʦʣ-
ʞʴʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʦʤʘʪ, ʙʦʣʝʟʥʠ, ʟʘʱʠʪʘ ʨʘʩʪʝʥʠʡ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, 
ʦʨʦʰʝʥʠʝ, ʬʫʥʛʠʮʠʜʳ 
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Abstract. The article discusses modern systems for protecting tomatoes from diseases in the Astrakhan re-
gion. The species composition of the most common and harmful diseases, including fungal (alternariasis, late 
blight), bacterial (bacterial wilt) and viral (tomato mosaic) pathogens, is analyzed. Special attention is paid to 
the influence of the agro-climatic factors of the region, primarily irrigation, on the development of epiphytotics. 
The main elements of the integrated protection system are described: the use of resistant varieties and hy-
brids, agrotechnical, biological and chemical methods. The necessity of developing regional protection sys-
tems that take into account the specifics of tomato cultivation in the conditions of irrigated agriculture of the 
Lower Volga region is substantiated. 
Keywords: tomato, diseases, plant protection, integrated system, Astrakhan region, irrigation, fungicides 
 

 
ʊʦʤʘʪ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʚ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙ-

ʣʘʩʪʠ, ʛʜʝ ʠʥʪʝʥʩʠʚʥʦʝ ʦʨʦʰʘʝʤʦʝ ʟʝʤʣʝʜʝʣʠʝ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʦʩʪʘ ʠ 
ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʥʦ ʠ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʨʝʜʦʥʦʩʥʳʭ ʧʘʪʦʛʝʥʦʚ. ɺʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ 
ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʚʩʣʝʜʩʪʚʠʝ ʧʦʣʠʚʦʚ ʩʧʦʩʦʙʩʪʚʫʶʪ ʤʘʩʩʦʚʦʤʫ ʨʘʟʚʠʪʠʶ ʛʨʠʙʥʳʭ, 
ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠ ʚʠʨʫʩʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʫʨʦʞʘʷ, 
ʜʦʩʪʠʛʘʶʱʠʤ 30-50% ʠ ʙʦʣʝʝ ʚ ʵʧʠʬʠʪʦʪʠʡʥʳʝ ʛʦʜʳ [1]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʙʦʣʝʟʥʷʤʠ ʪʦʤʘʪʘ ʚ ʨʝʛʠʦʥʝ ʷʚʣʷʶʪʩʷ 
ʛʨʠʙʥʳʝ ʧʘʪʦʣʦʛʠʠ. ɸʣʴʪʝʨʥʘʨʠʦʟ (ʩʫʭʘʷ ʧʷʪʥʠʩʪʦʩʪʴ), ʚʳʟʳʚʘʝʤʳʡ ʛʨʠʙʘʤʠ ʨʦʜʘ Alternaria spp., ʧʨʦ-
ʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʩʫʭʠʭ ʧʷʪʝʥ ʥʘ ʣʠʩʪʴʷʭ, ʩʪʝʙʣʷʭ ʠ ʧʣʦʜʘʭ. ʈʘʟʚʠʪʠʶ ʟʘʙʦʣʝʚʘʥʠʷ 
ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʯʝʨʝʜʦʚʘʥʠʝ ʧʝʨʠʦʜʦʚ ʫʚʣʘʞʥʝʥʠʷ ʠ ʚʳʩʳʭʘʥʠʷ [2]. ʌʠʪʦʬʪʦʨʦʟ 
(Phytophthora infestans) ʠʤʝʝʪ ʤʝʥʝʝ ʨʝʛʫʣʷʨʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʷʚʣʝʥʠʷ, ʥʦ ʚ ʛʦʜʳ ʩ ʧʨʦʭʣʘʜʥʦʡ ʠ ʜʦʞʜ-
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ʣʠʚʦʡ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʦʡ ʣʝʪʘ ʩʧʦʩʦʙʝʥ ʚʳʟʳʚʘʪʴ ʙʳʩʪʨʦʪʝʢʫʱʠʝ ʵʧʠʬʠʪʦʪʠʠ, ʫʥʠʯʪʦʞʘʶʱʠʝ ʧʦʩʘʜʢʠ 
ʟʘ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʝʨʘʷ ʛʥʠʣʴ (Botrytis cinerea), ʧʦʨʘʞʘʶʱʘʷ ʚʩʝ ʦʨʛʘʥʳ ʨʘʩ-
ʪʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʟʘʛʫʱʝʥʥʳʭ ʧʦʩʘʜʢʘʭ, ʠ ʬʫʟʘʨʠʦʟʥʦʝ ʫʚʷʜʘʥʠʝ (Fusarium oxysporum f. sp. lycopersici), 
ʢʦʪʦʨʦʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʧʦʯʚʝ ʧʨʠ ʙʝʩʩʤʝʥʥʦʤ ʚʳʨʘʱʠʚʘʥʠʠ ʢʫʣʴʪʫʨʳ [3]. 

ʀʟ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʘʢʪʝʨʠʘʣʴʥʦʝ ʫʚʷʜʘʥʠʝ 
(Ralstonia solanacearum), ʢʦʪʦʨʦʝ ʦʩʦʙʝʥʥʦ ʚʨʝʜʦʥʦʩʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʝʥʠʷ. ʇʘʪʦʛʝʥ ʧʨʦʥʠʢʘʝʪ ʚ ʩʦ-
ʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ, ʚʳʟʳʚʘʷ rapid ʫʚʷʜʘʥʠʝ ʨʘʩʪʝʥʠʡ. ɺʠʨʫʩʥʳʝ ʙʦʣʝʟʥʠ, ʪʘʢʠʝ ʢʘʢ ʚʠʨʫʩ ʪʘʙʘʯʥʦʡ ʤʦ-
ʟʘʠʢʠ (ɺʊʄ) ʠ ʚʠʨʫʩ ʞʝʣʪʦʡ ʢʫʨʯʘʚʦʩʪʠ ʣʠʩʪʴʝʚ ʪʦʤʘʪʘ (TYLCV), ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩ ʩʝʤʝʥʘʤʠ, ʨʘʩʪʠ-
ʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʠ ʥʘʩʝʢʦʤʳʤʠ-ʧʝʨʝʥʦʩʯʠʢʘʤʠ (ʪʣʷ, ʙʝʣʦʢʨʳʣʢʘ), ʥʘʥʦʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʫʱʝʨʙ [4]. 

ʕʬʬʝʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ ʪʦʤʘʪʘ ʦʪ ʙʦʣʝʟʥʝʡ ʚ ʫʩʣʦʚʠʷʭ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʜʦʣʞʥʘ ʥʦ-
ʩʠʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʩʦʯʝʪʘʥʠʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠ ʠʩʪʨʝʙʠʪʝʣʴʥʳʭ ʤʝ-
ʨʦʧʨʠʷʪʠʡ. 

ʆʩʥʦʚʫ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʠ ʪʦʣʝʨʘʥʪʥʳʭ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ. ɺ ʨʝʛʠ-
ʦʥʝ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʛʠʙʨʠʜʳ F1, ʦʙʣʘʜʘʶʱʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʬʫʟʘʨʠʦʟʫ, 
ʚʝʨʪʠʮʠʣʣʝʟʫ, ɺʊʄ ʠ ʢʣʘʜʦʩʧʦʨʠʦʟʫ [5]. ʇʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʧʨʦʪʨʘʚʠʪʝʣʷʤʠ ʷʚʣʷʝʪʩʷ 
ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʠʝʤʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʫʥʠʯʪʦʞʠʪʴ ʠʥʬʝʢʮʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʥʫʪʨʠ ʩʝʤʝʥʠ, ʘ ʪʘʢʞʝ 
ʟʘʱʠʪʠʪʴ ʚʩʭʦʜʳ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ. 

ɺʘʞʥʝʡʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ. ʉʦʙʣʶʜʝʥʠʝ ʩʝʚʦʦʙʦʨʦʪʘ ʩ ʚʦʟʚʨʘʪʦʤ 
ʪʦʤʘʪʘ ʥʘ ʧʨʝʞʥʝʝ ʤʝʩʪʦ ʥʝ ʨʘʥʝʝ ʯʝʤ ʯʝʨʝʟ 3-4 ʛʦʜʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʠʥʬʝʢʮʠʦʥʥʳʡ ʬʦʥ ʧʦʯʚʝʥ-
ʥʳʭ ʧʘʪʦʛʝʥʦʚ. ɻʣʫʙʦʢʘʷ ʟʷʙʣʝʚʘʷ ʚʩʧʘʰʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʧʘʰʢʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, ʯʪʦ ʫʤʝʥʴ-
ʰʘʝʪ ʠʩʪʦʯʥʠʢʠ ʧʝʨʚʠʯʥʦʡ ʠʥʬʝʢʮʠʠ. ʅʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʠʚʦʚ, ʦʩʦʙʝʥʥʦ ʢʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ, ʢʦʪʦʨʦʝ 
ʠʩʢʣʶʯʘʝʪ ʧʦʧʘʜʘʥʠʝ ʚʦʜʳ ʥʘ ʣʠʩʪʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʜʝʨʞʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʛʨʠʙʥʳʭ ʙʦ-
ʣʝʟʥʝʡ. ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʫʥʠʯʪʦʞʝʥʠʝ ʩʦʨʥʷʢʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʨʝʟʝʨʚʘʪʦʨʘʤʠ ʤʥʦʛʠʭ ʚʠʨʫʩʦʚ ʠ ʙʘʢʪʝ-
ʨʠʡ, ʪʘʢʞʝ ʚʭʦʜʠʪ ʚ ʢʦʤʧʣʝʢʩ ʦʙʷʟʘʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ [1, 3]. 

ʍʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʩʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʜʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʝʡ ʚ 
ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ. ʇʨʦʪʠʚ ʛʨʠʙʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʠʤʝʥʷʶʪ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʠ ʣʝʯʝʙʥʳʝ ʦʙʨʘʙʦʪʢʠ 
ʬʫʥʛʠʮʠʜʘʤʠ. ɼʣʷ ʙʦʨʴʙʳ ʩ ʘʣʴʪʝʨʥʘʨʠʦʟʦʤ ʠ ʬʠʪʦʬʪʦʨʦʟʦʤ ʵʬʬʝʢʪʠʚʥʳ ʢʦʥʪʘʢʪʥʳʝ ʧʨʝʧʘʨʘʪʳ ʥʘ 
ʦʩʥʦʚʝ ʤʘʥʢʦʮʝʙʘ ʠ ʭʣʦʨʦʢʠʩʠ ʤʝʜʠ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʥʳʝ ʬʫʥʛʠʮʠʜʳ ʠʟ ʛʨʫʧʧʳ ʩʪʨʦʙʠʣʫʨʠʥʦʚ ʠ ʬʝ-
ʥʠʣʘʤʠʜʦʚ [2]. ʇʨʦʪʠʚ ʩʝʨʦʡ ʛʥʠʣʠ ʠ ʬʫʟʘʨʠʦʟʘ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʘʣʠ ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦ-
ʚʝ ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ. ʂʨʘʪʥʦʩʪʴ ʦʙʨʘʙʦʪʦʢ ʠ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʬʠʪʦ-
ʩʘʥʠʪʘʨʥʳʤ ʤʦʥʠʪʦʨʠʥʛʦʤ ʧʦʩʝʚʦʚ ʠ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ [5]. 

ɺ ʩʚʷʟʠ ʩ ʫʞʝʩʪʦʯʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠ-
ʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʟʘʱʠʪʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʬʫʥʛʠʮʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʙʘʢʪʝʨʠʡ 
Bacillus subtilis ʠ ʛʨʠʙʦʚ Trichoderma spp. ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʠ ʚʝʛʝʪʠʨʫʶʱʠʭ ʨʘʩʪʝʥʠʡ ʧʦʟʚʦʣʷʝʪ 
ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʪʴ ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʚʳʭ ʛʥʠʣʝʡ ʠ ʜʨʫʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʩʠʩʪʝʤʝ ʦʨʛʘʥʠ-
ʯʝʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʪʦʤʘʪʘ 
ʦʪ ʙʦʣʝʟʥʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʤʝʪʦʜʦʚ ʩ ʫʯʝʪʦʤ ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥ-
ʥʦʩʪʝʡ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʠ ʚʳʩʦʢʠʭ 
ʫʨʦʞʘʝʚ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ɻʣʠʥʫʰʢʠʥ ɸ.ʇ., ʀʛʥʘʪʦʚʘ ɸ.ʄ. ɹʦʣʝʟʥʠ ʪʦʤʘʪʘ ʚ ʖʞʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʠ ʩʠʩʪʝʤʘ ʟʘ-

ʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ // ɸʛʨʘʨʥʳʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ. ï 2019. ï ̄  6. ï ʉ. 32-37. 
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ПРИМЕНЕНИЕ РЕГУЛЯТОРОВ РОСТА И 
БИОСТИМУЛЯТОРОВ КАК ЭЛЕМЕНТ 
АДАПТИВНОЙ ТЕХНОЛОГИИ ВОЗДЕЛЫВАНИЯ 
ТОМАТА 

Репина Надежда Владимировна 

ʩʪʫʜʝʥʪ 
ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʅ. ʊʘʪʠʱʝʚʘ 

 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʦ ʧʨʠʤʝʥʝʥʠʠ 
ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʠ ʙʠʦʩʪʠʤʫʣʷʪʦʨʦʚ ʚ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʪʦʤʘʪʘ (Solanum 
lycopersicum L.). ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʬʠʪʦʛʦʨʤʦʥʦʚ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 
ʘʥʘʣʦʛʦʚ ʥʘ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʛʝʥʝʨʘʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʢʫʣʴʪʫʨʳ. 
ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʣʠʷʥʠʶ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʘʨʘʭʠʜʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 
ʠ ʢʦʤʧʣʝʢʩʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʪʦʤʘʪʘ ʚ 
ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʠ 
ʚʝʛʝʪʠʨʫʶʱʠʭ ʨʘʩʪʝʥʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʣʦʜʦʚ, ʘ ʪʘʢʞʝ ʨʦʣʴ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʚ 
ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʢ ʬʠʪʦʧʘʪʦʛʝʥʘʤ. ʆʙʦʩʥʦʚʘʥʘ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠ ʵʢʦʣʦʛʠ-
ʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʚ ʩʠʩʪʝʤʫ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʟʘʱʠʪʳ ʠ ʧʠʪʘʥʠʷ 
ʪʦʤʘʪʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʦʤʘʪ, ʨʝʛʫʣʷʪʦʨʳ ʨʦʩʪʘ, ʙʠʦʩʪʠʤʫʣʷʪʦʨʳ, ʬʠʪʦʛʦʨʤʦʥʳ, ʛʫʤʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ, 
ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʫʨʦʞʘʡʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ, ʟʘʱʠʪʘ ʨʘʩʪʝʥʠʡ. 
 

APPLICATION OF GROWTH REGULATORS AND BIOSTIMULANTS AS AN ELEMENT OF ADAPTIVE 
TECHNOLOGY FOR TOMATO CULTIVATION (REVIEW) 

 
Repina Nadezhda Vladimirovna 

 
Abstract. The article provides an analytical review of current scientific data on the application of plant growth 
regulators and biostimulants in tomato (Solanum lycopersicum L.) cultivation technology. The mechanisms of 
action of the main groups of phytohormones and their synthetic analogues on growth processes, photosynthet-
ic activity, and generative development of the crop are examined. Special attention is paid to the influence of 
preparations based on humic substances, arachidonic acid, and complexes of biologically active compounds 
on stress tolerance and productivity of tomatoes in various soil and climatic conditions. The effectiveness of 
seed treatment and foliar application for increasing yield and fruit quality, as well as the role of biopreparations 
in the formation of non-specific immunity to phytopathogens, is analyzed. The economic and ecological feasi-
bility of incorporating growth regulators into the integrated system of tomato protection and nutrition is substan-
tiated. 
Keywords: tomato, growth regulators, biostimulants, phytohormones, humic substances, stress tolerance, 
yield, fruit quality, plant protection. 
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ɻʛʞʝʞʦʡʞ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʦʚʦʱʝʚʦʜʩʪʚʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʥʝʚʦʟ-
ʤʦʞʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʨʘʩʪʝ-
ʥʠʡ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʧʨʠʝʤʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʠ ʙʠʦʩʪʠʤʫʣʷʪʦʨʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʭʠʤʠʯʝ-
ʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ, ʵʪʠ ʧʨʝʧʘʨʘʪʳ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʛʦʨʤʦʥʘʣʴʥʳʡ ʩʪʘʪʫʩ ʠ ʤʝʪʘ-
ʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ ʨʘʩʪʝʥʠʷ, ʧʦʟʚʦʣʷʷ ʙʦʣʝʝ ʧʦʣʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʝʛʦ ʛʝʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. 

ʊʦʤʘʪ (Solanum lycopersicum L.) ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʦʪʟʳʚʯʠʚʦʩʪʴʶ ʥʘ ʦʙʨʘʙʦʪʢʫ ʙʠʦʣʦʛʠʯʝʩʢʠ 
ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ɺ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʛʦ ʠ ʟʘʱʠʱʝʥʥʦʛʦ ʛʨʫʥʪʘ ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ 
ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʩʢʦʨʠʪʴ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʙʠʦ-
ʪʠʯʝʩʢʠʤ ʩʪʨʝʩʩʘʤ (ʟʘʩʫʭʘ, ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ, ʧʝʨʝʩʘʜʢʘ) ʠ ʙʠʦʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ (ʬʠʪʦʧʘʪʦʛʝ-
ʥʳ). ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʦʙʟʦʨʘ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ 
ʨʦʩʪʦʨʝʛʫʣʠʨʫʶʱʠʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ ʪʦʤʘʪʘ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʧʝʨʩʧʝʢ-
ʪʠʚ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʘʜʘʧʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

ʅʞʮʙʦʡʠʥʴ ʝʞʢʪʫʛʡʸ ʡ ʭʡʠʡʧʤʧʜʡʰʞʪʣʡʞ ʶʭʭʞʣʫʴ. ʈʝʛʫʣʷʪʦʨʳ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷ-
ʶʪ ʩʦʙʦʡ ʧʨʠʨʦʜʥʳʝ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʤʘʣʳʭ ʜʦʟʘʭ ʘʢʪʠʚʥʦ 
ʚʤʝʰʠʚʘʶʪʩʷ ʚ ʦʙʤʝʥ ʚʝʱʝʩʪʚ, ʩʪʠʤʫʣʠʨʫʷ ʠʣʠ ʢʦʨʨʝʢʪʠʨʫʷ ʧʨʦʮʝʩʩʳ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ. ɼʝʡʩʪʚʠʝ 
ʜʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʝ ʚʩʝʛʜʘ ʦʜʥʦʟʥʘʯʥʦ ʠ ʟʘʚʠʩʠʪ ʦʪ ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ, ʜʦʟʠʨʦʚʢʠ ʠ ʫʩʣʦʚʠʡ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʪʠʤʫʣʷʮʠʷ ʦʜʥʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʛʥʝʪʝʥʠʶ ʜʨʫʛʠʭ, 
ʯʪʦ ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʨʝʛʣʘʤʝʥʪʦʚ ʧʨʠʤʝʥʝʥʠʷ. 

ɺ ʦʚʦʱʝʚʦʜʩʪʚʝ ʦʪʢʨʳʪʦʛʦ ʠ ʟʘʱʠʱʝʥʥʦʛʦ ʛʨʫʥʪʘ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ ʧʨʝʧʘ-
ʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ: 

ɼʬʥʡʦʧʛʴʞ ʣʡʪʤʧʫʴ ʡ ʡʮ ʪʧʤʡ (ʜʬʥʙʫʴ). ʇʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʛʫʤʘʪʦʚ ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ ʫʣʫʯ-
ʰʘʶʪ ʧʦʩʪʫʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, ʧʦʚʳʰʘʶʪ ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʠ ʘʢʪʠʚʠ-
ʟʠʨʫʶʪ ʨʦʩʪ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ. ʇʨʠʤʝʥʝʥʠʝ ʨʝʛʫʣʷʪʦʨʘ ʨʦʩʪʘ çɻʫʤʘʪ+7è ʥʘ ʩʦʨʪʘʭ ʪʦʤʘʪʘ ʃʶʙʠʤʝʮ 
ʂʫʙʘʥʠ ʠ ʄʘʜʣʝʥʘ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʦʪ ʢʦʥʢʫʨʝʥʮʠʠ ʩ ʩʦʨʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ʜʦ 26-
28,7% . 

ɹʩʙʮʡʝʧʦʧʛʙʸ ʣʡʪʤʧʫʙ ʡ ʣʧʥʨʤʞʣʪʦʴʞ ʡʥʥʬʦʧʥʧʝʬʤʸʫʧʩʴ. ʇʨʝʧʘʨʘʪʳ ʪʠʧʘ çʀʤʤʫʥʘʢʪ-ɻʂè 
ʚʳʟʳʚʘʶʪ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) ʠ ʥʘʢʦʧʣʝʥʠʝ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝ-
ʥʠʡ ʥʘ ʬʦʥʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 
ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ (ʭʣʦʨʦʬʠʣʣʘ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ) ʚ ʣʠʩʪʴʷʭ ʪʦʤʘʪʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʙʘʚ-
ʢʫ ʫʨʦʞʘʡʥʦʩʪʠ ʚ ʩʨʝʜʥʝʤ ʥʘ 7,4% ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʦʦʙʲʝʤʥʦʡ ʛʠʜʨʦʧʦʥʠʢʠ. 

ʊʡʦʫʞʫʡʰʞʪʣʡʞ ʙʦʙʤʧʜʡ ʭʡʫʧʜʧʩʥʧʦʧʛ (ʖʨʡʦ, ʏʡʩʣʧʦ, ʖʦʞʩʜʡʸ-ʅ). ɼʘʥʥʘʷ ʛʨʫʧʧʘ ʧʨʝʧʘʨʘʪʦʚ 
(ʜʝʡʩʪʚʫʶʱʠʝ ʚʝʱʝʩʪʚʘ: ʵʧʠʙʨʘʩʩʠʥʦʣʠʜ, ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʳʝ ʢʠʩʣʦʪʳ) ʦʙʣʘʜʘʝʪ ʤʦʱʥʳʤ ʘʥʪʠʩʪʨʝʩʩʦ-
ʚʳʤ ʠ ʢʦʨʥʝʦʙʨʘʟʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʧʨʝʧʘʨʘʪʦʤ 
çʎʠʨʢʦʥè ʚ ʥʦʨʤʝ 6 ʤʣ/ʢʛ ʧʦʚʳʰʘʝʪ ʧʦʣʝʚʫʶ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʪʦʤʘʪʘ ʜʦ 76-80% ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨ-
ʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʤʦʱʥʦʡ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʠʞʠʚʘʝʤʦʩʪʠ ʨʘʩʩʘ-
ʜʳ. 

ɻʤʡʸʦʡʞ ʦʙ ʨʩʧʝʬʣʫʡʛʦʧʪʫʵ ʡ ʣʙʰʞʪʫʛʧ ʨʤʧʝʧʛ. ʇʨʠʤʝʥʝʥʠʝ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʷʚʣʷʝʪʩʷ ʵʢʦ-
ʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤ ʧʨʠʝʤʦʤ, ʪʘʢ ʢʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʫʶ ʧʨʠʙʘʚʢʫ ʫʨʦʞʘʷ ʠ ʫʣʫʯʰʘʝʪ ʙʠʦ-
ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ɺʦʨʦʥʝʞʩʢʦʡ ʦʚʦʱʥʦʡ ʦʧʳʪʥʦʡ ʩʪʘʥʮʠʠ, 
ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʪʦʤʘʪʦʚ çʎʠʨʢʦʥʦʤè ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʥʘ 26% (ʩ 0,63 ʢʛ ʜʦ 
0,79 ʢʛ ʩ ʨʘʩʪʝʥʠʷ) ʠ ʧʦʚʳʩʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʠ ʩʫʤʤʳ ʩʘʭʘʨʦʚ ʚ ʧʣʦʜʘʭ ʥʘ 0,3-0,5%. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʝʧʘʨʘʪʘ çʕʥʝʨʛʠʷ-ʄè ʚ ʫʩʣʦʚʠʷʭ ʅʠʞʥʝʛʦ 
ʇʦʚʦʣʞʴʷ. ʅʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʝ (ʟʘʤʘʯʠʚʘʥʠʝ ʩʝʤʷʥ 
+ ʜʚʫʢʨʘʪʥʦʝ ʦʧʨʳʩʢʠʚʘʥʠʝ ʧʦ ʚʝʛʝʪʘʮʠʠ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ ʜʦ 
10,15-12,62 ʣʜ/ʥį ʧʨʦʪʠʚ 7,5-9,8 ʢʛ/ʤĮ ʚ ʢʦʥʪʨʦʣʝ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʫʤʠʥʦʚʦʛʦ ʧʨʝʧʘʨʘʪʘ 
çʈʝʣʠʢʪ ʈè ʥʘ ʥʦʚʳʭ ʩʦʨʪʘʭ ʩʝʣʝʢʮʠʠ ʌʅʎʆ (ɺʦʩʭʦʜ ɺʅʀʀʉʉʆʂʘ, ɹʣʘʛʦʜʘʪʥʳʡ) ʦʙʝʩʧʝʯʠʣʦ ʧʦʚʳ-
ʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ 4,1 ʫ/ʜʙ ʠ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʪʦʛʦ ʜʦʭʦʜʘ ʜʦ 3,9 ʤʣʥ ʨʫʙ./ʛʘ. 

ʉʧʤʵ ʛ ʠʙʲʡʫʞ ʩʙʪʫʞʦʡʢ ʧʫ ʪʫʩʞʪʪʧʛ ʡ ʚʧʤʞʠʦʞʢ. ʇʦʤʠʤʦ ʧʨʷʤʦʛʦ ʨʦʩʪʦʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʵʬ-
ʬʝʢʪʘ, ʤʥʦʛʠʝ ʨʝʛʫʣʷʪʦʨʳ ʨʦʩʪʘ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʠʥʜʫʢʪʦʨʦʚ ʩʠʩʪʝʤʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʆʙʨʘʙʦʪʢʘ 
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ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ çʎʠʨʢʦʥʦʤè ʠ çʕʧʠʥʦʤ-ɻ ʢʩʪʨʘè ʩʥʠʞʘʝʪ ʧʦʨʘʞʝʥʥʦʩʪʴ ʧʣʦʜʦʚ ʬʠʪʦʬʪʦʨʦʟʦʤ ʠ ʯʝʨ-
ʥʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʷʪʥʠʩʪʦʩʪʴʶ ʚ ʜʚʘ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ . ʇʨʝʧʘʨʘʪ 
çʀʤʤʫʥʘʢʪ-ɻʂè ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʟʘ ʩʯʝʪ ʘʢʪʠʚʘʮʠʠ ʦʢʠʩʣʠ-
ʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʣʝʪʢʘʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʟʘʱʠʪʳ ʦʪ ʧʘʪʦʛʝʥʦʚ. ɺ 
ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ ʦʙʨʘʙʦʪʢʘ ʙʠʦʧʨʝʧʘʨʘʪʘʤʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʪʝʥʠʷʤ ʪʦʤʘʪʘ ʫʩʧʝʰʥʝʝ ʧʨʦʪʠʚʦ-
ʩʪʦʷʪʴ ʢʘʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʩʪʨʝʩʩʘʤ (ʞʘʨʘ, ʩʫʭʦʚʝʠ), ʪʘʢ ʠ ʚʨʝʜʦʥʦʩʥʳʤ ʦʨʛʘʥʠʟʤʘʤ, ʩʥʠʞʘʷ ʥʝʦʙʭʦʜʠ-
ʤʦʩʪʴ ʚ ʤʥʦʛʦʢʨʘʪʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʢʘʭ. 

ʀʙʣʤʷʰʞʦʡʞ. ɸʥʘʣʠʟ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝ-
ʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʠ ʙʠʦʩʪʠʤʫʣʷʪʦʨʦʚ ʚ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʪʦʤʘʪʘ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟ-
ʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 7-26%, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 
ʧʣʦʜʦʚ, ʫʣʫʯʰʠʪʴ ʟʘʚʷʟʳʚʘʝʤʦʩʪʴ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʫʩʠʣʠʪʴ ʠʤʤʫʥʥʳʡ ʩʪʘʪʫʩ ʨʘʩʪʝʥʠʡ. 
ɺʢʣʶʯʝʥʠʝ ʜʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʩʠʩʪʝʤʫ ʧʨʝʜʧʦʩʝʚʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʝʤʷʥ ʠ ʥʝʢʦʨʥʝʚʳʭ ʧʦʜʢʦʨʤʦʢ ʷʚ-
ʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʝʨʝʭʦʜʘ ʢ ʵʢʦʣʦʛʠʟʠʨʦʚʘʥʥʳʤ, ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʧʨʦʠʟ-
ʚʦʜʩʪʚʘ ʪʦʤʘʪʘ, ʦʩʦʙʝʥʥʦ ʚ ʟʦʥʘʭ ʨʠʩʢʦʚʘʥʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʟʘʱʠʱʝʥʥʦʛʦ ʛʨʫʥ-
ʪʘ. 
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ТЕХНОЛОГИЯ ВОЗДЕЛЫВАНИЯ ТОМАТА В 
ЗАКРЫТОМ ГРУНТЕ В УСЛОВИЯХ 
АСТРАХАНСКОЙ ОБЛАСТИ 

Репина Надежда Владимировна 

ʩʪʫʜʝʥʪ 
ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʅ. ʊʘʪʠʱʝʚʘ 

 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʪʦʤʘʪʘ (Solanum 
lycopersicum* L.) ʚ ʟʘʱʠʱʝʥʥʦʤ ʛʨʫʥʪʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ɸʩʪʨʘʭʘʥʩʢʦʡ 
ʦʙʣʘʩʪʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʧʝʮʠʬʠʢʘ ʨʝʛʠʦʥʘ, ʪʨʝʙʫʶʱʘʷ ʦʩʦʙʦʛʦ ʧʦʜʭʦʜʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʠʢʨʦ-
ʢʣʠʤʘʪʘ ʚ ʪʝʧʣʠʮʘʭ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʩʠʩʪʝʤʘʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʠ ʦʨʦʰʝʥʠʷ ʥʘ ʤʘʣʦʦʙʲʝʤʥʳʭ 
ʩʫʙʩʪʨʘʪʘʭ. ʇʨʠʚʝʜʝʥ ʦʙʟʦʨ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʞʘʨʢʦʤʫ ʢʣʠʤʘʪʫ ʠ 
ʫʩʣʦʚʠʷʤ ʧʨʦʜʣʝʥʥʦʡ ʢʫʣʴʪʫʨʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʪʝʭʥʦʣʦʛʠʷʤ Ultra Clima ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬ-
ʬʝʢʪʠʚʥʦʤʫ ʩʧʦʩʦʙʫ ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʨʝʛʠʦʥʝ ʩ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʤʠ ʣʝʪʥʠʤʠ ʪʝʤ-
ʧʝʨʘʪʫʨʘʤʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ ʠ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʦʥʥʳʤ 
ʧʨʦʮʝʩʩʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʫʨʦʞʘʡʥʦʩʪʠ.* 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʦʤʘʪ, ʟʘʱʠʱʝʥʥʳʡ ʛʨʫʥʪ, ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʪʝʧʣʠʮʳ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ, Ultra 
Clima, ʤʘʣʦʦʙʲʝʤʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʘʜʘʧʪʠʚʥʦʩʪʴ ʩʦʨʪʦʚ, ʢʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ. 
 

TECHNOLOGY OF TOMATO CULTIVATION IN PROTECTED GROUND UNDER THE CONDITIONS OF 
THE ASTRAKHAN REGION 

Repina Nadezhda Vladimirovna 
 
Abstract. The article discusses the specifics of tomato (Solanum lycopersicum* L.) cultivation technology in 
protected ground in relation to the agro-climatic conditions of the Astrakhan region. The regional features re-
quiring a special approach to microclimate management in fifth-generation greenhouses, mineral nutrition sys-
tems, and irrigation on low-volume substrates are analyzed. An overview of promising varieties and hybrids 
adapted to the hot climate and conditions of extended culture is provided. Special attention is paid to Ultra 
Clima technologies as the most effective method for year-round production in a region with extremely high 
summer temperatures. The main physiological risks and methods of managing the production process to ob-
tain stable yields are considered.* 
Keywords: tomato, protected ground, Astrakhan region, fifth-generation greenhouses, Ultra Clima, low-
volume technology, adaptability of varieties, drip irrigation. 

 
ʆʚʦʱʝʚʦʜʩʪʚʦ ʟʘʱʠʱʝʥʥʦʛʦ ʛʨʫʥʪʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʥʘʫʢʦʝʤʢʠʤ ʠ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʤ-

ʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ. ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ ʪʨʘʜʠʮʠʦʥʥʦ ʫʜʝʨʞʠ-
ʚʘʝʪ ʣʠʜʝʨʩʪʚʦ ʧʦ ʚʘʣʦʚʦʤʫ ʩʙʦʨʫ ʪʦʤʘʪʦʚ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ, ʦʜʥʘʢʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ 
ʧʦʩʪʫʧʣʝʥʠʷ ʩʚʝʞʝʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʨʳʥʦʢ ʠ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʚ ʤʝʞʩʝʟʦʥʴʝ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ-
ʦʙʨʝʪʘʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʪʝʧʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦ-
ʚʠʷ ʨʝʛʠʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʠʣʠʝʤ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʚʳʩʦʢʦʡ ʪʝʧʣʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ, ʥʦ ʵʢʩ-
ʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʣʝʪʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʦ +40é+44 ÁC) ʠ ʥʠʟʢʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʩʦʟʜʘʶʪ ʩʫʱʝ-
ʩʪʚʝʥʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʦʟʜʝʣʳʚʘʥʠʷ ʪʦʤʘʪʘ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʣʝʥʦʯʥʳʭ ʠʣʠ ʦʩʪʝʢ-
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ʣʝʥʥʳʭ ʪʝʧʣʠʮʘʭ ʙʝʟ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʠ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ [1]. 
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʫʩʣʦʚʠʷʭ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʪʝʧ-

ʣʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʪʝʭʥʦʣʦʛʠʝʡ Ultra Clima. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʟʜʘ-
ʥʠʠ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʩʦʦʨʫʞʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʦʭʣʘ-
ʞʜʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʠʚʝʣʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʊʝʭʥʦʣʦʛʠʷ Ultra 
Clima ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʠʟʠʨʫʝʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʟʘʱʠʪʫ ʨʘʩʪʝ-
ʥʠʡ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʘʩʝʢʦʤʳʭ-ʚʨʝʜʠʪʝʣʝʡ ʠ ʬʠʪʦʧʘʪʦʛʝʥʦʚ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ [2]. 

ɺ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʅʠʞʥʝʛʦ ʇʦʚʦʣʞʴʷ ʛʨʫʥʪʦʚʦʝ ʪʝʧʣʠʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ-
ʨʝʥʪʘʙʝʣʴʥʦ ʚʚʠʜʫ ʥʠʟʢʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʠ ʨʠʩʢʘ ʟʘʩʦʣʝʥʠʷ ʟʦʥʘʣʴʥʳʭ ʧʦʯʚ. ɼʦʤʠʥʠʨʫʶʱʝʡ ʷʚʣʷʝʪʩʷ 
ʥʙʤʧʧʚʳʞʥʦʙʸ ʜʡʝʩʧʨʧʦʦʙʸ ʫʞʮʦʧʤʧʜʡʸ ʥʘ ʠʥʝʨʪʥʳʭ ʩʫʙʩʪʨʘʪʘʭ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʠʥʝʨʘʣʴʥʘʷ 
ʚʘʪʘ). ʂʘʢ ʦʪʤʝʯʘʶʪ ʩʧʝʮʠʘʣʠʩʪʳ, ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʨʥʝʚʦʝ 
ʧʠʪʘʥʠʝ ʠ ʚʦʜʥʳʡ ʨʝʞʠʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʟʘʩʫʰʣʠʚʳʭ ʫʩʣʦʚʠʷʭ. ʉʫʙʩʪʨʘʪʳ ʦʙʝʩ-
ʧʝʯʠʚʘʶʪ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ ʚ ʢʦʨʥʝʦʙʠʪʘʝʤʦʡ ʟʦʥʝ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʧʝʣʴ-
ʥʦʛʦ ʦʨʦʰʝʥʠʷ ʩ ʩʠʩʪʝʤʦʡ ʩʙʦʨʘ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʜʦ 30-40% ʧʦʣʠʚʥʦʡ ʚʦʜʳ ʠ 
ʫʜʦʙʨʝʥʠʡ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʚʦʜʦʜʝʬʠʮʠʪʥʦʛʦ ʨʝʛʠʦʥʘ [3]. 

ʋʩʧʝʭ ʚʦʟʜʝʣʳʚʘʥʠʷ ʪʦʤʘʪʘ ʚ ʟʘʢʨʳʪʦʤ ʛʨʫʥʪʝ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʥʦʪʠʧʦʤ. ɺ ʫʩʣʦʚʠʷʭ 
ʧʨʦʜʣʝʥʥʦʡ ʢʫʣʴʪʫʨʳ (ʜʦ 11 ʤʝʩʷʮʝʚ) ʩʦʨʪ ʠʣʠ ʛʠʙʨʠʜ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯ-
ʥʦʩʪʴʶ, ʞʘʨʦʩʪʦʡʢʦʩʪʴʶ, ʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʢ ʨʝʟʢʠʤ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʛʝʥʝʪʠ-
ʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʦʩʥʦʚʥʳʤ ʧʘʪʦʛʝʥʘʤ ʟʘʱʠʱʝʥʥʦʛʦ ʛʨʫʥʪʘ (ʢʣʘʜʦʩʧʦʨʠʦʟ, ʚʠʨʫʩ ʤʦʟʘʠʢʠ ʪʦʤʘʪʘ, 
ʬʫʟʘʨʠʦʟʥʦʝ ʫʚʷʜʘʥʠʝ). ʀʩʩʣʝʜʦʚʘʥʠʷ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʅʀʀ ʦʨʦʰʘʝʤʦʛʦ ʦʚʦʱʝʚʦʜʩʪʚʘ ʠ ʙʘʭʯʝʚʦʜʩʪʚʘ 
(ʬʠʣʠʘʣ ʇʨʠʢʘʩʧʠʡʩʢʦʛʦ ʘʛʨʘʨʥʦʛʦ ʌʅʎ ʈɸʅ) ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʫʶ ʘʜʘʧʪʠʚʥʦʩʪʴ ʥʦʚʳʭ ʩʦʨʪʦʚ ʤʝʩʪ-
ʥʦʡ ʩʝʣʝʢʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʭʦʜʝ ʢʦʥʢʫʨʩʥʦʛʦ ʩʦʨʪʦʠʩʧʳʪʘʥʠʷ ʚʳʜʝʣʝʥʳ ʧʝʨʩʧʝʢ-
ʪʠʚʥʳʝ ʛʝʥʦʪʠʧʳ 'ʃʩʙʪʦʴʢ ʦʙʤʡʛ' ʠ 'ʉʧʠʧʛʴʢ ʱʙʩʥ', ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʩʪʘʙʠʣʴʥʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ ʠ 
ʚʳʩʦʢʦʡ ʪʦʚʘʨʥʦʩʪʴʶ ʧʣʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʠ ʞʘʨʢʦʛʦ ʢʣʠʤʘʪʘ [4]. 

ʉʠʩʪʝʤʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʚ ʟʘʢʨʳʪʦʤ ʛʨʫʥʪʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʬʝʨʪʠʛʘʮʠʠ. ʇʦ ʜʘʥ-
ʥʳʤ ʥʘʫʯʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʜʣʷ ʪʦʤʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʦʦʙʲʝʤʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʝ ʦʧʪʠ-
ʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʙʘʣʘʥʩ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʬʦʩʬʦʨʘ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʠ ʢʘʣʠʷ ʚ 
ʧʝʨʠʦʜ ʧʣʦʜʦʥʦʰʝʥʠʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʣʦʜʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʝʨʰʠʥʥʦʡ ʛʥʠʣʠ 
ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʘʣʠʷ ʠ ʢʘʣʴʮʠʷ ʚ ʧʠʪʘʪʝʣʴʥʦʤ ʨʘʩʪʚʦʨʝ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨ-
ʞʘʥʠʝ ɽʉ (ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ) ʥʘ ʫʨʦʚʥʝ 2,5-3,5 ʤʉʤ/ʩʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʚʝʱʝʥʥʦʩʪʠ [2, 3]. 

ɺʘʞʥʝʡʰʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʝʤʦʤ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʦʤ. ɺ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙ-
ʣʘʩʪʠ ʢʣʶʯʝʚʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʛʨʝʚ ʨʘʩʪʝʥʠʡ ʚ ʣʝʪʥʠʡ ʧʦʣʜʝʥʴ. ʇʦʤʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠ-
ʩʪʝʤ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʧʨʠʤʝʥʷʝʪʩʷ ʟʘʰʪʦʨʠʚʘʥʠʝ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʭ ʦʛʨʘʞʜʝʥʠʡ (ʟʘʙʝʣʠ-
ʚʘʥʠʝ ʢʨʦʚʣʠ) ʩ ʮʝʣʴʶ ʦʪʨʘʞʝʥʠʷ ʠʟʙʳʪʦʯʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ʠʥʜʝʪʝʨ-
ʤʠʥʘʥʪʥʳʭ ʛʠʙʨʠʜʦʚ ʚʝʜʝʪʩʷ ʩʪʨʦʛʦ ʚ ʦʜʠʥ ʩʪʝʙʝʣʴ ʩ ʝʞʝʥʝʜʝʣʴʥʳʤ ʫʜʘʣʝʥʠʝʤ ʧʘʩʳʥʢʦʚ ʠ ʥʠʞʥʠʭ 
ʣʠʩʪʴʝʚ. ɺ ʫʩʣʦʚʠʷʭ ʧʨʦʜʣʝʥʥʦʡ ʢʫʣʴʪʫʨʳ ʢ ʢʦʥʮʫ ʚʝʛʝʪʘʮʠʠ ʜʣʠʥʘ ʩʪʝʙʣʷ ʜʦʩʪʠʛʘʝʪ 20-25 ʤʝʪʨʦʚ, ʯʪʦ 
ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʰʧʘʣʝʨʥʳʭ ʩʠʩʪʝʤ ʩ ʢʨʶʯʢʘʤʠ ʜʣʷ ʧʨʠʩʧʫʩʢʘʥʠʷ ʨʘʩʪʝʥʠʡ [1]. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʪʦʤʘʪʘ ʚ ʟʘʢʨʳʪʦʤ ʛʨʫʥʪʝ ʚ ɸʩʪʨʘʭʘʥʩʢʦʡ 
ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʪʝʧʣʠʮ 
ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ (Ultra Clima), ʤʘʣʦʦʙʲʝʤʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 
ʤʠʢʨʦʢʣʠʤʘʪʦʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʤʝʩʪʥʦʡ ʩʝʣʝʢʮʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʦʯ-
ʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʤ ʧʠʪʘʥʠʝʤ ʠ ʚʦʜʥʳʤ ʨʝʞʠʤʦʤ ʧʦʟʚʦʣʷʝʪ ʥʠʚʝʣʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʟʘʩʫʰʣʠʚʦʛʦ ʢʣʠʤʘʪʘ ʠ ʧʦʣʫʯʘʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʪʦʚʘʨʥʳʭ ʧʣʦʜʦʚ ʥʘ ʫʨʦʚʥʝ 65-75 ʪ/ʛʘ, 
ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʅʠʞʥʝʛʦ ʇʦʚʦʣʞʴʷ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʐʠʙʟʫʭʦʚ ɿʘʣʠʤ-ɻʝʨʠ ʉʫʣʪʘʥʦʚʠʯ, ɽʟʘʦʚ ɸʥʟʦʨ ʂʣʠʰʙʠʝʚʠʯ, ʐʫʛʫʰʭʦʚ ɸʨʩʝʥ ɸʤʝʨʙʠʝʚʠʯ 

ɺʃʀʗʅʀɽ ʈɽɻʋʃʗʊʆʈʆɺ ʈʆʉʊɸ ʅɸ ʇʈʆɼʋʂʊʀɺʅʆʉʊʔ ʊʆʄɸʊɸ // ʀʟʚʝʩʪʠʷ ʂʘʙʘʨʜʠʥʦ-
ɹʘʣʢʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɺ. ʄ. ʂʦʢʦʚʘ. 2016. ˉ2 (12)  
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ПЕРСПЕКТИВЫ БЕЗРАССАДНОЙ ТЕХНОЛОГИИ 
ВОЗДЕЛЫВАНИЯ БАКЛАЖАНА В 
ОРОШАЕМЫХ УСЛОВИЯХ АСТРАХАНСКОЙ 
ОБЛАСТИ 

Фейзуллаев Айдын Джаббар оглы 
ʩʪʫʜʝʥʪ 

ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʅ. ʊʘʪʠʱʝʚʘ 
 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚ ʧʨʠʤʝ-
ʥʝʥʠʷ ʙʝʟʨʘʩʩʘʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʙʘʢʣʘʞʘʥʘ (Solanum melongena* L.) ʚ ʦʨʦʰʘʝʤʳʭ ʫʩʣʦ-
ʚʠʷʭ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʫʣʴʪʫʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʨʘʩʩʘʜʥʦʛʦ ʩʧʦʩʦʙʘ ʢ ʧʨʷʤʦʤʫ ʧʦʩʝʚʫ ʩʝʤʷʥ ʚ ʛʨʫʥʪ. ʇʨʦʘʥʘʣʠ-
ʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʜʙʦʨʫ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʩʦʨʪʦʚ, ʧʨʠʤʝʥʝʥʠʶ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦ-
ʩʪʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʛʫʩʪʦʪʳ ʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʙʝʟʨʘʩʩʘʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʦ-
ʯʝʪʘʥʠʠ ʩ ʢʘʧʝʣʴʥʳʤ ʦʨʦʰʝʥʠʝʤ ʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʧʦʟʚʦʣʷʝʪ 
ʧʦʣʫʯʘʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʪʦʚʘʨʥʳʭ ʧʣʦʜʦʚ ʥʘ ʫʨʦʚʥʝ 45-52 ʪ/ʛʘ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ ʤʘʪʝʨʠʘʣʴʥʦ-
ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʠ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ 
ʢʫʣʴʪʫʨʳ ʚ ʘʨʠʜʥʳʭ ʫʩʣʦʚʠʷʭ ʅʠʞʥʝʛʦ ʇʦʚʦʣʞʴʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʙʘʢʣʘʞʘʥ, ʙʝʟʨʘʩʩʘʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʢʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ, ʨʝʛʫʣʷʪʦʨʳ ʨʦʩʪʘ, ʩʦʨʪʘ, 
ʫʨʦʞʘʡʥʦʩʪʴ, ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʤʠʥʝʨʘʣʴʥʦʝ ʧʠʪʘʥʠʝ, ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ. 
 

PROSPECTS OF SEEDLESS TECHNOLOGY FOR EGGPLANT CULTIVATION IN IRRIGATED 
CONDITIONS OF THE ASTRAKHAN REGION (REVIEW) 

 
Feyzullayev Aydin Gabbar Oglu 

 
Abstract. The article provides an analytical review of the current state and prospects for the application of 
seedless technology for eggplant (Solanum melongena* L.) cultivation in irrigated conditions of the Astrakhan 
region. The biological features of the crop that determine the possibility of transitioning from the traditional 
seedling method to direct sowing of seeds in the soil are considered. The results of research on the selection 
of adapted varieties, the application of growth regulators, and the optimization of plant density are analyzed. It 
is shown that the introduction of seedless technology in combination with drip irrigation and scientifically based 
application of growth stimulants allows obtaining marketable fruit yields at the level of 45-52 t/ha with a signifi-
cant reduction in material and technical costs. Special attention is paid to the issues of mineral nutrition and 
water consumption of the crop in the arid conditions of the Lower Volga region. 
Keywords: eggplant, seedless technology, drip irrigation, growth regulators, varieties, yield, Astrakhan region, 
mineral nutrition, water consumption. 

 
ɻʛʞʝʞʦʡʞ. ɹʘʢʣʘʞʘʥ (Solanum melongena L.) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʭ ʢ 

ʫʩʣʦʚʠʷʤ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ. ɽʛʦ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʚʝʛʝ-
ʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʚʳʩʦʢʘʷ ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ ʪʝʧʣʫ ʠ ʦʩʚʝʱʝʥʠʶ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʦʚʨʝʞʜʝʥʠʶ 



НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 177 

 

VII International scientific conference | www.naukaip.ru 

ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ï ʪʨʘʜʠʮʠʦʥʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʘʨʝʘʣ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʦʟʜʝʣʳʚʘʥʠʷ ʶʞʥʳʤʠ ʨʝʛʠʦ-
ʥʘʤʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʨʘʩʧʦʣʘʛʘʶʱʘʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʧʦʯʚʝʥʥʦ-
ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʠʩʪʦʨʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʙʘʢʣʘʞʘʥʘ ʚ 
ʩʪʨʘʥʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʳʩʦʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ 
ʚʳʨʘʱʠʚʘʥʠʝ ʨʘʩʩʘʜʳ, ʩʜʝʨʞʠʚʘʝʪ ʨʘʩʰʠʨʝʥʠʝ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʧʦʜ ʵʪʦʡ ʢʫʣʴʪʫʨʦʡ. 

ɺ ʩʣʦʞʠʚʰʠʭʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝ-
ʥʠʝ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʟʜʝʨʞʢʠ ʙʝʟ ʫʱʝʨʙʘ 
ʜʣʷ ʫʨʦʞʘʡʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 
ʨʘʩʩʘʜʥʦʛʦ ʩʧʦʩʦʙʘ ʢ ʙʝʟʨʘʩʩʘʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʙʘʢʣʘʞʘʥʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʡ ʧʨʷʤʦʡ 
ʧʦʩʝʚ ʩʝʤʷʥ ʚ ʦʪʢʨʳʪʳʡ ʛʨʫʥʪ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʦʙʟʦʨʘ ï ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʘʥʘʣʠʟ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʦ 
ʬʘʢʪʦʨʘʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʝʟʨʘʩʩʘʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʙʘʢʣʘʞʘʥʘ ʚ ʦʨʦʰʘ-
ʝʤʳʭ ʫʩʣʦʚʠʷʭ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɺʡʧʤʧʜʡʰʞʪʣʡʞ ʨʩʞʝʨʧʪʴʤʣʡ ʡ ʨʩʞʡʥʬʲʞʪʫʛʙ ʚʞʠʩʙʪʪʙʝʦʧʢ ʫʞʮʦʧʤʧʜʡʡ. ɹʘʢʣʘʞʘʥ ï ʪʝʧʣʦ-
ʣʶʙʠʚʘʷ ʢʫʣʴʪʫʨʘ, ʩʝʤʝʥʘ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʶʪ ʧʨʦʨʘʩʪʘʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʯʚʳ ʥʝ ʥʠʞʝ +13é+15 Áʉ. 
ʆʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ +25é+28 Áʉ. ʇʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 
ʠʣʠ ʜʣʠʪʝʣʴʥʳʭ ʥʠʟʢʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʘʩʪʝʥʠʝ ʧʦʛʠʙʘʝʪ. ɺʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʙʘʢʣʘ-
ʞʘʥ ʧʨʝʜʲʷʚʣʷʝʪ ʠ ʢ ʩʚʝʪʦʚʦʤʫ ʨʝʞʠʤʫ ï ʚ ʫʩʣʦʚʠʷʭ ʟʘʛʫʱʝʥʠʷ ʠʣʠ ʧʘʩʤʫʨʥʦʡ ʧʦʛʦʜʳ ʨʘʩʪʝʥʠʷ ʨʘʩʪʫʪ 
ʤʝʜʣʝʥʥʦ ʠ ʬʦʨʤʠʨʫʶʪ ʤʝʣʢʠʝ ʧʣʦʜʳ. 

ɸʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʥʥʠʤ ʥʘʩʪʫʧʣʝʥʠʝʤ 
ʫʩʪʦʡʯʠʚʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʙʝʟʤʦʨʦʟʥʳʤ ʧʝʨʠʦʜʦʤ (ʙʦʣʝʝ 180 ʜʥʝʡ) ʠ 
ʚʳʩʦʢʦʡ ʩʫʤʤʦʡ ʘʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʙʲʝʢʪʠʚʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʦʟʜʝʣʳ-
ʚʘʥʠʷ ʙʘʢʣʘʞʘʥʘ ʙʝʟʨʘʩʩʘʜʥʳʤ ʩʧʦʩʦʙʦʤ. ʇʦ ʤʥʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚʳʨʘʱʠʚʘʥʠʝ ʙʘʢʣʘʞʘʥʘ ʙʝʟ-
ʨʘʩʩʘʜʥʳʤ ʩʧʦʩʦʙʦʤ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʩʩʘʜʥʳʤ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʤʘʪʝʨʠʘʣʴʥʦ-
ʪʝʭʥʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʚʳʨʘʱʠʚʘʥʠʝ ʨʘʩʩʘʜʳ, ʚʢʣʶʯʘʷ ʨʘʩʭʦʜʳ ʥʘ ʦʙʦʛʨʝʚ ʪʝʧʣʠʮ, ʧʨʠʦʙʨʝʪʝʥʠʝ 
ʨʘʩʩʘʜʥʳʭ ʢʘʩʩʝʪ ʠ ʩʫʙʩʪʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʧʠʢʠʨʦʚʢʫ ʠ ʫʭʦʜ ʟʘ ʨʘʩʩʘʜʦʡ. 

ʈʧʝʚʧʩ ʪʧʩʫʧʛ ʝʤʸ ʚʞʠʩʙʪʪʙʝʦʧʢ ʣʬʤʵʫʬʩʴ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʭʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ 
ʙʝʟʨʘʩʩʘʜʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʡ ʧʦʜʙʦʨ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʤʝʩʪʥʳʤ 
ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʦʙʣʘʜʘʶʱʠʭ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʦʪʢʠʤ ʚʝʛʝʪʘʮʠʦʥʥʳʤ ʧʝʨʠʦʜʦʤ ʜʣʷ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʫʨʦʞʘʷ ʧʨʠ ʧʨʷʤʦʤ ʧʦʩʝʚʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʘʣʣʶʚʠʘʣʴʥʦ-ʣʫʛʦʚʳʭ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚʘʭ ɸʩʪʨʘʭʘʥʩʢʦʡ 
ʦʙʣʘʩʪʠ, ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʩʦʨʪʘ, ʥʘʠʙʦʣʝʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʝ ʢ ʙʝʟʨʘʩʩʘʜʥʦʤʫ ʩʧʦʩʦʙʫ ʚʳʨʘʱʠʚʘ-
ʥʠʷ. ʉʨʝʜʠ ʰʝʩʪʠ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ ʙʘʢʣʘʞʘʥʘ ʩ ʧʣʦʜʘʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ (ʠʥʜʝʢʩ ʧʣʦʜʘ 4,3-
4,4) ʧʦ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʳʜʝʣʠʣʠʩʴ ɹʤʥʙʠ ʠ ɹʤʞʣʪʞʞʛʪʣʡʢ. ʕʪʠ ʩʦʨʪʘ ʩʬʦʨ-
ʤʠʨʦʚʘʣʠ ʧʦ 6,2-6,6 ʰʪʫʢ ʧʣʦʜʦʚ ʥʘ ʨʘʩʪʝʥʠʠ ʩʦ ʩʨʝʜʥʝʡ ʤʘʩʩʦʡ 220,7-223,5 ʛ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʫʨʦʞʘʡ-
ʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 42,3-45,8 ʪ/ʛʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʝʣʝʢʮʠʦʥʝʨʘʤʠ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʅʀʀ ʦʨʦʰʘʝʤʦʛʦ ʦʚʦʱʝʚʦʜʩʪʚʘ ʠ ʙʘʭ-
ʯʝʚʦʜʩʪʚʘ (ʬʠʣʠʘʣ ʌɻɹʅʋ çʇɸʌʅʎ ʈɸʅè) ʩʦʟʜʘʥ ʨʷʜ ʩʦʨʪʦʚ ʙʘʢʣʘʞʘʥʘ, ʭʦʨʦʰʦ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ 
ʫʩʣʦʚʠʷʤ ʅʠʞʥʝʛʦ ʇʦʚʦʣʞʴʷ. ʉʨʝʜʠ ʥʠʭ ï ɹʤʵʚʙʫʩʧʪ, ɹʤʥʙʠʦʴʢ, ɹʪʫʩʙʣʧʥ, ʆʡʟʦʞʛʧʤʟʪʣʡʢ, ʄʞ-
ʚʞʝʡʦʴʢ, ʈʙʦʫʞʩʙ, ʐʞʩʦʴʢ ʯʡʤʡʦʝʩ, ʅʙʫʩʧʪʡʣ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʧʨʦʰʣʠ ʫʩʧʝʰʥʫʶ ʧʨʦʚʝʨʢʫ ʚ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚʢʣʶʯʝʥʳ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʩʝʣʝʢʮʠʦʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ, ʜʦʧʫʱʝʥʥʳʭ 
ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʨʝʛʠʦʥʝ. 

ʇʨʫʡʥʡʠʙʯʡʸ ʜʬʪʫʧʫʴ ʪʫʧʸʦʡʸ ʩʙʪʫʞʦʡʢ. ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʶ-
ʱʠʤ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦʩʝʚʦʚ, ʷʚʣʷʝʪʩʷ ʛʫʩʪʦʪʘ ʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ. ʊʨʝʭʬʘʢʪʦʨʥʳʡ ʧʦʣʝʚʦʡ ʦʧʳʪ, 
ʧʨʦʚʝʜʝʥʥʳʡ ʚ 2022-2024 ʛʛ. ʥʘ ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʳʭ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʭ ʩʣʘʙʦʩʦʣʦʥʮʝʚʘʪʳʭ ʧʦʯʚʘʭ 
ʌɻɹʅʋ çʇɸʌʅʎ ʈɸʅè, ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʙʘʢʣʘʞʘʥʦʚ ʚ ʫʩʣʦʚʠʷʭ 
ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʛʫʩʪʦʪʘ ʩʪʦʷʥʠʷ 30,0 ʫʴʪ. ʱʫ./ʜʙ. ʀʤʝʥʥʦ ʥʘ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ ʙʳʣʠ 
ʦʪʤʝʯʝʥʳ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʞʘʡʥʦʩʪʠ ʧʣʦʜʦʚ ʧʦ ʚʩʝʤ ʠʟʫʯʘʝʤʳʤ ʩʦʨʪʘʤ. ʋʚʝʣʠʯʝʥʠʝ ʛʫ-
ʩʪʦʪʳ ʩʚʝʨʭ ʫʢʘʟʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠʚʦʜʠʣʦ ʢ ʚʟʘʠʤʥʦʤʫ ʟʘʪʝʥʝʥʠʶ ʨʘʩʪʝʥʠʡ ʠ ʩʥʠʞʝʥʠʶ ʩʨʝʜʥʝʡ 
ʤʘʩʩʳ ʧʣʦʜʘ, ʘ ʠʟʨʝʞʝʥʥʳʝ ʧʦʩʝʚʳ ʥʝ ʧʦʟʚʦʣʷʣʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʧʨʦʜʫʢʪʠʚʥʦ-
ʩʪʠ ʛʝʢʪʘʨʘ. 
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ʈʩʡʥʞʦʞʦʡʞ ʩʞʜʬʤʸʫʧʩʧʛ ʩʧʪʫʙ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʙʘʢʣʘʞʘʥʘ ʧʨʠ ʙʝʟʨʘʩʩʘʜʥʦʤ 
ʩʧʦʩʦʙʝ ʚʳʨʘʱʠʚʘʥʠʷ ʚʘʞʥʳʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʝʤʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ 
ʨʘʩʪʝʥʠʡ. ʕʪʠ ʧʨʝʧʘʨʘʪʳ ʧʦʚʳʰʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʪʝʥʠʡ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʘʤ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ ʠ ʦʢʘʟʳʚʘʶʪ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪʦʚʳʝ ʠ ʛʝʥʝʨʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ. 

ɺ ʧʦʣʝʚʳʭ ʦʧʳʪʘʭ ʥʘ ʙʝʟʨʘʩʩʘʜʥʦʤ ʙʘʢʣʘʞʘʥʝ ʩʦʨʪʘ ɸʣʝʢʩʝʝʚʩʢʠʡ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʨʝʛʫʣʷʪʦ-
ʨʦʚ ʨʦʩʪʘ ʄʝʣʘʬʝʥ, ɺʈ, ɻʠʙʙʝʨʩʠʙ, ʇ, ɹʠʦʜʫʢʩ, ɾ ʠ ʕʧʠʥ ʵʢʩʪʨʘ, ʈ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝ-
ʧʘʨʘʪʦʚ ʄʝʣʘʬʝʥ, ɺʈ ʠ ʕʧʠʥ ʕʢʩʪʨʘ, ʈ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʜʨʫʞʥʦʤʫ ʧʦʷʚʣʝʥʠʶ ʚʩʭʦʜʦʚ ʠ ʘʢʪʠʚʠʨʦʚʘʣʦ 
ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ: ʢʦʣʠʯʝʩʪʚʦ ʙʦʢʦʚʳʭ ʧʦʙʝʛʦʚ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 1,3-1,5 ʰʪ., ʩʳʨʘʷ ʥʘʜʟʝʤʥʘʷ ʤʘʩʩʘ 
ʨʘʩʪʝʥʠʡ ʙʳʣʘ ʙʦʣʴʰʝ ʥʘ 29,1-34,0 ʛ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʅʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʤʝʯʝ-
ʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʛʫʣʷʪʦʨʘ ʨʦʩʪʘ ʖʨʡʦ ʶʣʪʫʩʙ, ʉ ï ʫʨʦʞʘʡʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 52,2 ʪ/ʛʘ, ʯʪʦ ʥʘ 
34,5% ʧʨʝʚʳʰʘʣʦ ʢʦʥʪʨʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʨʫʛʠʭ ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ. ʅʘ ʩʦʨʪʘʭ ʙʘʢʣʘ-
ʞʘʥʘ ʇʘʥʪʝʨʘ, ɸʩʪʨʘʢʦʤ ʠ ʏʝʨʥʳʡ ʮʠʣʠʥʜʨ ʩʘʤʳʤ ʧʨʦʜʫʢʪʠʚʥʳʤ ʦʢʘʟʘʣʩʷ ʧʨʝʧʘʨʘʪ ʀʙʛʸʠʵ ʌʦʡʛʞʩ-
ʪʙʤʵʦʙʸ ï ʥʘ ʚʘʨʠʘʥʪʘʭ ʩ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝʤ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʣʦ-
ʜʦʚ ʥʘ ʨʘʩʪʝʥʠʠ, ʩʨʝʜʥʝʡ ʤʘʩʩʳ ʦʜʥʦʛʦ ʧʣʦʜʘ ʠ ʤʘʩʩʳ ʧʣʦʜʦʚ ʩ ʨʘʩʪʝʥʠʷ ʚ ʩʨʝʜʥʝʤ ʟʘ ʧʷʪʴ ʩʙʦʨʦʚ. 

ʉʞʟʡʥ ʥʡʦʞʩʙʤʵʦʧʜʧ ʨʡʫʙʦʡʸ ʡ ʛʧʝʧʨʧʫʩʞʚʤʞʦʡʞ. ɹʘʢʣʘʞʘʥ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʦʪʟʳʚʯʠʚʦ-
ʩʪʴʶ ʥʘ ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. ɼʚʫʭʬʘʢʪʦʨʥʳʝ ʧʦʣʝʚʳʝ ʦʧʳʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ 2012-2015 
ʛʛ. ʤʝʪʦʜʦʤ ʨʘʩʱʝʧʣʝʥʥʳʭ ʜʝʣʷʥʦʢ, ʧʦʟʚʦʣʠʣʠ ʠʟʫʯʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʥʦʨʤ ʚʥʝʩʝʥʠʷ ʤʠʥʝ-
ʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʜʝʚʷʪʠ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʙʘʢʣʘʞʘʥʘ ʚ ʫʩʣʦʚʠʷʭ ɸʩʪʨʘʭʘʥʩʢʦʡ 
ʦʙʣʘʩʪʠ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʜʚʘ ʨʝʞʠʤʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ: P90K60 + N120 (2 ʧʦʜʢʦʨʤʢʠ) ʠ P90K60 + 
N180 (3 ʧʦʜʢʦʨʤʢʠ) ʟʘ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʜʢʦʨʤʦʢ ʚ ʜʦʟʝ N120 ʧʦʟʚʦʣʠʣʦ ʧʦʜʥʷʪʴ 
ʫʨʦʞʘʡʥʦʩʪʴ ʜʦ ʫʨʦʚʥʷ, ʛʘʨʘʥʪʠʨʫʶʱʝʛʦ ʚʩʝʤ ʩʦʨʪʘʤ ʠ ʛʠʙʨʠʜʘʤ ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʧʦʢʘ-
ʟʘʪʝʣʝʡ ʯʠʩʪʦʛʦ ʜʦʭʦʜʘ ʠ ʫʨʦʚʥʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ. ʉʨʝʜʠ ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ï ɸʩʪʨʘ-
ʢʦʤ, ʄʘʨʢʠʟ F1, ʃʝʙʝʜʠʥʳʡ, ɻʘʣʠʥʘ F1 ʠ ʅʠʞʥʝʚʦʣʞʩʢʠʡ ï ʯʠʩʪʳʡ ʜʦʭʦʜ ʥʘ 1 ʛʘ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 929,04 
ʪʳʩ. ʜʦ 138,02 ʤʣʥ ʨʫʙ., ʘ ʫʨʦʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʜʦʩʪʠʛʘʣ 490-589%. ʋʚʝʣʠʯʝʥʠʝ ʜʦʟʳ ʘʟʦʪʥʳʭ ʧʦʜ-
ʢʦʨʤʦʢ ʜʦ N180 (3 ʧʦʜʢʦʨʤʢʠ) ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 135,1-180,93 ʪ/ʛʘ, ʯʪʦ ʩʚʠʜʝ-
ʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ ʧʦʪʝʥʮʠʘʣʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʫʣʴʪʫʨʳ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ. 

ɺʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʙʘʢʣʘʞʘʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʣʦʩʴ ʚ ʠʥʪʝʨ-
ʚʘʣʝ 75-80-75% ʥʘʠʤʝʥʴʰʝʡ ʧʦʣʝʚʦʡ ʚʣʘʛʦʝʤʢʦʩʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝʤ ʚ ʩʨʝʜʥʝʤ 30 ʚʝʛʝ-
ʪʘʮʠʦʥʥʳʭ ʧʦʣʠʚʦʚ. ʉʫʤʤʘʨʥʦʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʟʘ ʯʝʪʳʨʝ ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʠʣʦ 4930,3 
ʤį/ʛʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʮʠʦʥʘʣʴʥʦ ʨʘʩʭʦʜʦʚʘʪʴ ʧʦʣʠʚʥʫʶ 
ʚʦʜʫ, ʥʦ ʠ ʩʦʚʤʝʱʘʪʴ ʧʦʣʠʚʳ ʩ ʬʝʨʪʠʛʘʮʠʝʡ ï ʚʥʝʩʝʥʠʝʤ ʨʘʩʪʚʦʨʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʯʪʦ 
ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʝʥʠʷʤʠ. 

ʖʣʧʦʧʥʡʰʞʪʣʙʸ ʶʭʭʞʣʫʡʛʦʧʪʫʵ ʡ ʨʞʩʪʨʞʣʫʡʛʴ ʛʦʞʝʩʞʦʡʸ. ʇʝʨʝʭʦʜ ʥʘ ʙʝʟʨʘʩʩʘʜʥʫʶ ʪʝʭʥʦ-
ʣʦʛʠʶ ʚʦʟʜʝʣʳʚʘʥʠʷ ʙʘʢʣʘʞʘʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ. ʇʦ 
ʦʮʝʥʢʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʠʩʢʣʶʯʝʥʠʝ ʵʪʘʧʘ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʩʘʜʳ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʤʘʪʝʨʠʘʣʴʥʦ-
ʪʝʭʥʠʯʝʩʢʠʝ ʨʘʩʭʦʜʳ ʥʘ 15-20%, ʯʪʦ ʚ ʤʘʩʰʪʘʙʘʭ ʪʦʚʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʝʥ-
ʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʥʝ 
ʪʦʣʴʢʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʝ ʦʪʩʪʘʚʘʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʨʘʩʪʝʥʠʡ ʧʨʠ ʧʨʷʤʦʤ ʧʦʩʝʚʝ, ʥʦ ʠ ʧʦʣʫʯʠʪʴ 
ʫʨʦʞʘʡʥʦʩʪʴ, ʩʦʧʦʩʪʘʚʠʤʫʶ ʩ ʨʘʩʩʘʜʥʦʡ ʢʫʣʴʪʫʨʦʡ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ï ʧʨʝʚʦʩʭʦʜʷʱʫʶ ʝʝ. ʋʨʦʞʘʡ-
ʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 45-52 ʪ/ʛʘ, ʜʦʩʪʠʛʘʝʤʘʷ ʧʨʠ ʙʝʟʨʘʩʩʘʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʠʤʫʣʷʪʦʨʦʚ 
ʨʦʩʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʢʘʟʘʪʝʣʷʤ ʵʬʬʝʢʪʠʚʥʳʭ ʨʘʩʩʘʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʀʙʣʤʷʰʞʦʡʞ. ɸʥʘʣʠʟ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝ-
ʥʠʷ ʙʝʟʨʘʩʩʘʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʙʘʢʣʘʞʘʥʘ ʚ ʦʨʦʰʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. 
ʇʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʨʝʛʠʦʥʘ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʙʝʟʤʦʨʦʟʥʳʡ ʧʝʨʠʦʜ, ʚʳʩʦʢʘʷ ʩʫʤʤʘ 
ʘʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʦʙʠʣʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ï ʩʦʟʜʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʫʩʧʝʰ-
ʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʝʟʨʘʩʩʘʜʥʦʛʦ ʩʧʦʩʦʙʘ, ʷʚʣʷʶʪʩʷ: ʧʦʜ-
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ʙʦʨ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʩʢʦʨʦʩʧʝʣʳʭ ʩʦʨʪʦʚ (ɸʣʤʘʟ, ɸʣʝʢʩʝʝʚʩʢʠʡ, ɸʩʪʨʘʢʦʤ, ʅʠʞʥʝʚʦʣʞʩʢʠʡ, ʃʝʙʝʜʠ-
ʥʳʡ, ʇʘʥʪʝʨʘ); ʦʧʪʠʤʠʟʘʮʠʷ ʛʫʩʪʦʪʳ ʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ ʥʘ ʫʨʦʚʥʝ 30 ʪʳʩ. ʰʪ./ʛʘ; ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʫʣʷʪʦ-
ʨʦʚ ʨʦʩʪʘ (ʕʧʠʥ ʵʢʩʪʨʘ, ɿʘʚʷʟʴ ʋʥʠʚʝʨʩʘʣʴʥʘʷ) ʜʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʝʥʠʷ 
ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʠ; ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʡ ʨʝʞʠʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʩ ʜʨʦʙʥʳʤ ʚʥʝʩʝʥʠʝʤ ʘʟʦʪ-
ʥʳʭ ʧʦʜʢʦʨʤʦʢ ʥʘ ʬʦʥʝ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʘʛʨʦʧʨʠʝʤʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʪʘʙʠʣʴʥʳʝ ʫʨʦʞʘʠ ʪʦ-
ʚʘʨʥʳʭ ʧʣʦʜʦʚ ʙʘʢʣʘʞʘʥʘ ʥʘ ʫʨʦʚʥʝ 45-52 ʪ/ʛʘ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. 
ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʦʨ-
ʪʠʤʝʥʪʘ, ʦʧʪʠʤʠʟʘʮʠʶ ʩʨʦʢʦʚ ʧʦʩʝʚʘ ʠ ʨʘʟʨʘʙʦʪʢʫ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʝʛʣʘʤʝʥʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʨʝʛʫʣʷʪʦ-
ʨʦʚ ʨʦʩʪʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 
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АНАЛИЗ ТЕХНИЧЕСКИХ ХАРАКТЕРИСТИК 
БЕНЗИНОВЫХ И ЭЛЕКТРИЧЕСКИХ 
ГАЗОНОКОСИЛОК 

Екатерина Андреевна Герасимова, 
Екатерина Сергеевна Якушина 

ʉʪʫʜʝʥʪʳ 
ʈɻɸʋ-ʄʉʍɸ ʠʤʝʥʠ ʂ. ɸ. ʊʠʤʠʨʷʟʝʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʥʟʠʥʦʚʳʭ ʠ ʵʣʝʢ-
ʪʨʠʯʝʩʢʠʭ ʛʘʟʦʥʦʢʦʩʠʣʦʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʩʘʜʦʚʦʡ ʪʝʭʥʠʢʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʪʘʢʠʝ 
ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʤʦʱʥʦʩʪʴ, ʪʠʧ ʧʨʠʚʦʜʘ, ʰʠʨʠʥʘ ʩʢʘʰʠʚʘʥʠʷ, ʘʚʪʦʥʦʤʥʦʩʪʴ, ʫʨʦʚʝʥʴ ʰʫʤʘ, ʤʘʩʩʘ ʠ 
ʵʢʦʣʦʛʠʯʥʦʩʪʴ. ɺʳʷʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʪʠʧʘ ʢʦʩʠʣʦʢ, ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 
ʚʳʙʦʨʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʱʘʜʠ ʫʯʘʩʪʢʘ ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ 
ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ, ʢʦʤʤʫʥʘʣʴʥʳʭ ʩʣʫʞʙ ʠ ʚʣʘʜʝʣʴʮʝʚ ʯʘʩʪʥʳʭ ʜʦʤʦʚʣʘʜʝʥʠʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʘʟʦʥʦʢʦʩʠʣʢʘ, ʙʝʥʟʠʥʦʚʳʡ ʜʚʠʛʘʪʝʣʴ, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ, ʪʝʭʥʠʯʝʩʢʠʝ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʠ, ʘʥʘʣʠʟ, ʩʘʜʦʚʘʷ ʪʝʭʥʠʢʘ. 
 
ANALYSIS OF THE TECHNICAL CHARACTERISTICS OF GASOLINE AND ELECTRIC LAWN MOWERS 

 
Ekaterina Andreevna Gerasimova, 

Ekaterina Sergeevna Yakushina 
 

Abstract. This article presents a comparative analysis of the technical characteristics of gasoline and electric 
lawn mowers available on the Russian garden equipment market. The study examines such parameters as 
power, drive type, cutting width, operating autonomy, noise level, weight, and environmental impact. The ad-
vantages and disadvantages of each mower type are identified, and recommendations are provided for select-
ing equipment depending on the area of the site and operating conditions. The results of the study may be 
useful for farms, municipal services, and private homeowners. 
Keywords: lawn mower, gasoline engine, electric motor, technical characteristics, analysis, garden equip-
ment. 

 
ɻʛʞʝʞʦʡʞ 
ʉʦʜʝʨʞʘʥʠʝ ʛʘʟʦʥʦʚ ʚ ʥʘʜʣʝʞʘʱʝʤ ʩʦʩʪʦʷʥʠʠ ʪʨʝʙʫʝʪ ʨʝʛʫʣʷʨʥʦʛʦ ʩʢʘʰʠʚʘʥʠʷ ʪʨʘʚʳ. ʆʩʥʦʚ-

ʥʳʤʠ ʪʠʧʘʤʠ ʛʘʟʦʥʦʢʦʩʠʣʦʢ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ ʷʚʣʷʶʪʩʷ ʙʝʥʟʠʥʦʚʳʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ (ʩʝʪʝʚʳʝ ʠ 
ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ). ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʪʠʧʦʚ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦ-
ʩʪʝʡ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ - ʧʨʦʚʝʩʪʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʢʘʟʘʥʥʳʭ ʤʘʰʠʥ ʠ ʚʳʷʚʠʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʩʬʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʢʘʞʜʦʛʦ ʪʠʧʘ. 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ 
ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʛʘʟʦʥʦʢʦʩʠʣʢʠ ʩʨʝʜʥʝʡ ʮʝʥʦʚʦʡ ʢʘʪʝʛʦʨʠʠ (ʦʪ 20 000 ʜʦ 50 

000 ʨʫʙ.) ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ Husqvarna, STIHL, Makita, Greenworks ʠ çɿʫʙʨè. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʧʦ 
ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ: ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ (ʢɺʪ ʠʣʠ ʣ.ʩ.), ʰʠʨʠʥʘ ʩʢʘʰʠʚʘʥʠʷ (ʩʤ), ʦʙʲʸʤ ʪʨʘʚʦ-
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ʩʙʦʨʥʠʢʘ (ʣ), ʪʠʧ ʰʘʩʩʠ (ʩʪʘʣʴʥʦʝ ʠʣʠ ʧʣʘʩʪʠʢʦʚʦʝ), ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ (ʜʣʷ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ), 
ʫʨʦʚʝʥʴ ʰʫʤʘ (ʜɹ), ʤʘʩʩʘ (ʢʛ) ʠ ʚʳʙʨʦʩʳ CO/COϜ (ʦʮʝʥʦʯʥʦ). ʀʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʠʟ ʦʪʢʨʳʪʳʭ ʪʝʭ-
ʥʠʯʝʩʢʠʭ ʢʘʪʘʣʦʛʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧrʪʘʥʠʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʦʪʨʘʩʣʝʚʳʭ ʞʫʨʥʘʣʘʭ. 

1. ʄʦʱʥʦʩʪʴ ʠ ʪʠʧ ʧʨʠʚʦʜʘ. ɹʝʥʟʠʥʦʚʳʝ ʛʘʟʦʥʦʢʦʩʠʣʢʠ ʦʩʥʘʱʘʶʪʩʷ ʯʝʪʳʨʸʭʪʘʢʪʥʳʤʠ ʜʚʠʛʘʪʝ-
ʣʷʤʠ ʤʦʱʥʦʩʪʴʶ ʦʪ 2,5 ʜʦ 6 ʣ.ʩ. (1,9ï4,5 ʢɺʪ). ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʝʚʳʝ ʤʦʜʝʣʠ ʠʤʝʶʪ ʤʦʱʥʦʩʪʴ 1,2ï2,5 
ʢɺʪ, ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ï 0,8ï1,8 ʢɺʪ. ɹʝʥʟʠʥʦʚʳʝ ʘʛʨʝʛʘʪʳ ʚʳʠʛʨʳʚʘʶʪ ʥʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ (ʙʦʣʴʰʝ 
15 ʩʦʪʦʢ), ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʙʝʟ ʧʝʨʝʨʳʚʘ [3]. 

2. ʐʠʨʠʥʘ ʩʢʘʰʠʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʉʨʝʜʥʷʷ ʰʠʨʠʥʘ ʩʢʘʰʠʚʘʥʠʷ ʙʝʥʟʠʥʦʚʳʭ 
ʤʦʜʝʣʝʡ ï 42ï53 ʩʤ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ - 32ï42 ʩʤ. ɹʦʣʴʰʘʷ ʰʠʨʠʥʘ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʭʦʜʦʚ. ʆʜʥʘʢʦ 
ʜʣʷ ʩʣʦʞʥʳʭ ʫʯʘʩʪʢʦʚ ʤʘʥʝʚʨʝʥʥʝʝ ʦʢʘʟʳʚʘʶʪʩʷ ʣʸʛʢʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʩʠʣʢʠ [4]. 

3. ɸʚʪʦʥʦʤʥʦʩʪʴ. ɹʝʥʟʠʥʦʚʘʷ ʪʝʭʥʠʢʘ ʨʘʙʦʪʘʝʪ ʧʦʢʘ ʝʩʪʴ ʪʦʧʣʠʚʦ (ʩʪʘʥʜʘʨʪʥʳʡ ʙʘʢ ʥʘ 0,7ï1,5 ʣ 
ʧʦʟʚʦʣʷʝʪ ʢʦʩʠʪʴ 40ï90 ʤʠʥʫʪ). ɸʢʢʫʤʫʣʷʪʦʨʥʳʝ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 20ï50 ʤʠʥʫʪ ʨʘʙʦʪʳ ʥʘ ʦʜʥʦʡ 
ʟʘʨʷʜʢʝ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʙʦʣʴʰʠʭ ʛʘʟʦʥʦʚ [1]. 

4. ʋʨʦʚʝʥʴ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʠ. ɹʝʥʟʠʥʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʩʦʟʜʘʶʪ ʰʫʤ 96ï100 ʜɹ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʩʣʫʭʘ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʙʦʪʘʶʪ ʚ ʜʠʘʧʘʟʦʥʝ 75ï85 ʜɹ, ʯʪʦ ʟʥʘʯʠ-
ʪʝʣʴʥʦ ʢʦʤʬʦʨʪʥʝʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʜʦʧʫʩʪʠʤʦ ʚ ʞʠʣʳʭ ʟʦʥʘʭ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʚʨʝʤʝʥʠ [2]. 

5. ʄʘʩʩʘ ʠ ʤʘʥʸʚʨʝʥʥʦʩʪʴ. ɹʝʥʟʠʥʦʚʳʝ ʛʘʟʦʥʦʢʦʩʠʣʢʠ ʚʝʩʷʪ 30ï45 ʢʛ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ï 12ï25 ʢʛ. 
ʄʝʥʴʰʘʷ ʤʘʩʩʘ ʦʙʣʝʛʯʘʝʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʧʦʚʦʨʦʪʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʙʝʥʟʠʥʦʚʳʝ ʤʦʜʝʣʠ ʯʘʩʪʦ ʠʤʝʶʪ 
ʩʘʤʦʭʦʜʥʳʡ ʧʨʠʚʦʜ (ʧʝʨʝʜʥʠʡ ʠʣʠ ʟʘʜʥʠʡ), ʢʦʪʦʨʳʡ ʩʥʠʞʘʝʪ ʬʠʟʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ [5]. 

6. ʕʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʩʠʣʢʠ ʥʝ ʧʨʦʠʟʚʦʜʷʪ ʧʨʷʤʳʭ 
ʚʳʙʨʦʩʦʚ COϜ, ʥʝ ʪʨʝʙʫʶʪ ʟʘʤʝʥʳ ʤʘʩʣʘ, ʩʚʝʯʝʡ ʠ ʚʦʟʜʫʰʥʳʭ ʬʠʣʴʪʨʦʚ. ɹʝʥʟʠʥʦʚʳʝ ʤʦʜʝʣʠ ʟʘʛʨʟ̫-
ʥʷʶʪ ʘʪʤʦʩʬʝʨʫ, ʥʫʞʜʘʶʪʩʷ ʚ ʨʝʛʫʣʷʨʥʦʤ ʊʆ (ʟʘʤʝʥʘ ʤʘʩʣʘ ʢʘʞʜʳʝ 25ï50 ʤʦʪʦʯʘʩʦʚ, ʯʠʩʪʢʘ ʢʘʨʙʶ-
ʨʘʪʦʨʘ). ʆʜʥʘʢʦ ʩʪʦʠʤʦʩʪʴ ʚʣʘʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʤʦʞʝʪ ʙʳʪʴ ʚʳʰʝ ʧʨʠ ʯʘʩʪʦʡ ʟʘʤʝʥʝ ʘʢ-
ʢʫʤʫʣʷʪʦʨʦʚ (ʨʝʩʫʨʩ 300ï500 ʮʠʢʣʦʚ) [1]. 

 
ʋʙʚʤʡʯʙ 1 

ʊʩʙʛʦʡʫʞʤʵʦʴʞ ʮʙʩʙʣʫʞʩʡʪʫʡʣʡ ʚʞʦʠʡʦʧʛʴʮ, ʪʞʫʞʛʴʮ ʡ ʙʣʣʬʥʬʤʸʫʧʩʦʴʮ ʜʙʠʧʦʧʣʧʪʡʤʧʣ 

ʈʙʩʙʥʞʫʩ ɺʞʦʠʡʦʧʛʙʸ ʖʤʞʣʫʩʡʰʞʪʣʙʸ ʪʞʫʞʛʙʸ 
ʖʤʞʣʫʩʡʰʞʪʣʙʸ 

 ʙʣʣʬʥʬʤʸʫʧʩʦʙʸ 

ʄʦʱʥʦʩʪʴ, ʢɺʪ 1,9ï4,5 1,2ï2,5 0,8ï1,8 

ʐʠʨʠʥʘ ʩʢʘʰʠʚʘʥʠʷ, ʩʤ 42ï53 32ï42 30ï40 

ʄʘʩʩʘ, ʢʛ 30ï45 12ï20 14ï25 

ʋʨʦʚʝʥʴ ʰʫʤʘ, ʜɹ 96ï100 78ï85 75ï82 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʥʝʧʨʝʨʳʚ-
ʥʦʡ ʨʘʙʦʪʳ, ʤʠʥ 

40ï90 (ʟʘʚʠʩʠʪ ʦʪ 
ʙʘʢʘ) 

ʥʝ ʦʛʨʘʥʠʯʝʥʘ (ʧʨʠ 
ʥʘʣʠʯʠʠ ʨʦʟʝʪʢʠ) 

20ï50 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʊʆ ʢʘʞʜʳʝ 25ï50 ʤʦ-
ʪʦʯʘʩʦʚ 

ʥʝ ʪʨʝʙʫʝʪʩʷ (ʢʨʦʤʝ 
ʦʯʠʩʪʢʠ) 

ʧʦʜʟʘʨʷʜʢʘ, ʟʘʤʝʥʘ ɸʂɹ 
ʯʝʨʝʟ 2ï4 ʛʦʜʘ 

ɺʳʙʨʦʩʳ COϜ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʫʣʝʚʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʠ 

ʥʫʣʝʚʳʝ 

 
ʀʙʣʤʷʰʞʦʡʞ 
1. ɼʣʷ ʫʯʘʩʪʢʦʚ ʧʣʦʱʘʜʴʶ ʜʦ 10 ʩʦʪʦʢ ʩ ʜʦʩʪʫʧʦʤ ʢ ʵʣʝʢʪʨʦʩʝʪʠ ʦʧʪʠʤʘʣʴʥʳ ʩʝʪʝʚʳʝ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʝ ʛʘʟʦʥʦʢʦʩʠʣʢʠ ï ʦʥʠ ʣʝʛʢʠ, ʙʝʩʰʫʤʥʳ ʠ ʥʝ ʪʨʝʙʫʶʪ ʩʣʦʞʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 
2. ʅʘ ʫʯʘʩʪʢʘʭ ʙʦʣʝʝ 25 ʩʦʪʦʢ, ʘ ʪʘʢʞʝ ʚ ʢʦʤʤʝʨʯʝʩʢʦʤ ʠ ʢʦʤʤʫʥʘʣʴʥʦʤ ʭʦʟʷʡʩʪʚʝ, ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʥʟʠʥʦʚʳʝ ʩʘʤʦʭʦʜʥʳʝ ʛʘʟʦʥʦʢʦʩʠʣʢʠ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 
ʘʚʪʦʥʦʤʥʦʩʪʠ. 

3. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʰʫʤʦʚʳʝ ʥʦʨʤʳ ʚ ʞʠʣʳʭ ʟʦʥʘʭ ʩʢʣʦʥʷʶʪ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ 
ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʤʝʥʴʰʫʶ ʤʦʱʥʦʩʪʴ. 

ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʙʦʨ ʛʘʟʦʥʦʢʦʩʠʣʢʠ ʜʦʣʞʝʥ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʙʘʣʘʥʩʝ ʪʨʸʭ ʬʘʢʪʦʨʦʚ: ʧʣʦʱʘʜʴ 
ʫʯʘʩʪʢʘ, ʜʦʩʪʫʧʥʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ. 
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ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
 

1. ʇʨʠʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʘʰʠʥ ʜʣʷ ʫʭʦʜʘ ʟʘ ʛʘʟʦʥʘʤʠ: ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 
ʧʝʨʩʧʝʢʪʠʚ / ɸ. ɸ. ɸʨʪʝʤʦʚʘ, ɽ. ʂ. ʀʣʴʠʥʘ, ɸ. ʀ. ɻʨʝʩʴʢʦ, ɸ. ɺ. ʃʘʚʨʦʚ // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʵʥʝʨ-
ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ : ʄʘʪʝʨʠʘʣʳ 
ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ɹʘʣʘʰʠʭʘ, 20 ʤʘʷ 2025 ʛʦʜʘ. ï ɹʘʣʘʰʠʭʘ: ʈʦʩʩʠʡ-
ʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, 2025. ï ʉ. 134-139. ï 
EDN MNTBJS. 

2. ʆʰʝʨʦʚʘ, ʀ. ʂ. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʛʘʟʦʥʦʢʦʩʠʣʢʠ - ʩʦʚʨʝʤʝʥʥʳʡ ʤʝʪʦʜ ʫʭʦʜʘ ʟʘ ʛʘʟʦʥʦʤ / ʀ. ʂ. 
ʆʰʝʨʦʚʘ, ɸ. ɺ. ʃʘʚʨʦʚ // ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʪʝʭʥʠʢʘ: ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ. ï 2025. ï ˉ 6. ï ʉ. 
31-37. ï DOI 10.33920/sel-10-2506-04. ï EDN SPQXEA. 

3. ʇʘʪʝʥʪ ˉ 2578479 C2 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ A01D 34/37. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʛʘʟʦʥʦʢʦʩʠʣʢʘ 
(ɺʘʨʠʘʥʪʳ) : ˉ 2012124434/13 : ʟʘʷʚʣ. 13.06.2012 : ʦʧʫʙʣ. 27.03.2016 / ʍ. ɸʙʝ, ʊ. ʄʠʛʠʪʘ. ï EDN 
PYBDKY. 

4. ʇʘʪʝʥʪ ˉ 2529175 C1 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ A01D 34/63. ɻʘʟʦʥʦʢʦʩʠʣʢʘ ʤʝʭʘʥʠʯʝʩʢʘʷ : 
ˉ 2013116651/13 : ʟʘʷʚʣ. 11.04.2013 : ʦʧʫʙʣ. 27.09.2014 / ɽ. ɺ. ʊʨʫʬʣʷʢ, ʀ. ʉ. ʊʨʫʬʣʷʢ ; ʟʘʷʚʠʪʝʣʴ ʌʝ-
ʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ "ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ". ï EDN ZFRMHZ. 
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ʥʳʡ ʚʝʩʪʥʠʢ. ï 2017. ï ʊ. 2, ˉ 22(39). ï ʉ. 42. ï EDN ZTTMSL. 
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АНАЛИЗ КОНСТРУКТИВНЫХ И 
ЭКСПЛУАТАЦИОННЫХ ПАРАМЕТРОВ 
КОНТУРНЫХ ДИСКОВЫХ ОБРЕЗЧИКОВ КРОН 
ДЕРЕВЬЕВ 

Екатерина Сергеевна Якушина, 
Екатерина Андреевна Герасимова 

ʉʪʫʜʝʥʪʳ 
ʈɻɸʋ-ʄʉʍɸ ʠʤʝʥʠ ʂ. ɸ. ʊʠʤʠʨʷʟʝʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʫʨʥʳʭ ʜʠʩʢʦ-
ʚʳʭ ʦʙʨʝʟʯʠʢʦʚ ʢʨʦʥ ʜʝʨʝʚʴʝʚ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʛʝʦʤʝʪʨʠʠ ʜʠʩʢʘ, ʫʛʣʦʚ ʟʘʪʦʯʢʠ, ʦʢʨʫʞʥʦʡ 
ʩʢʦʨʦʩʪʠ ʠ ʧʦʜʘʯʠ ʥʘ ʟʫʙ ʥʘ ʢʘʯʝʩʪʚʦ ʩʨʝʟʘ ʠ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʇʨʝʜʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 
ʚʳʙʦʨʫ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʧʦʚʨʝʞʜʘʝʤʦ-
ʩʪʠ ʨʘʩʪʝʥʠʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʦʥʪʫʨʥʘʷ ʦʙʨʝʟʢʘ ʢʨʦʥ, ʜʠʩʢʦʚʳʡ ʦʙʨʝʟʯʠʢ, ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʘʷ ʦʙʨʝʟʢʘ ʜʝʨʝʚʴʝʚ, 
ʛʝʦʤʝʪʨʠʷ ʨʝʞʫʱʝʛʦ ʜʠʩʢʘ, ʧʦʜʘʯʘ ʥʘ ʟʫʙ, ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʩʨʝʟʘ. 
 

ANALYSIS OF THE STRUCTURAL AND OPERATIONAL PARAMETERS OF CONTOUR DISC TREE 
CROWN PRUNERS 

 
Ekaterina Sergeevna Yakushina, 

Ekaterina Andreevna Gerasimova 
 
Abstract. The article examines the structural and operational parameters of contour disc tree crown pruners. 
An analysis was carried out of the influence of disc geometry, sharpening angles, peripheral speed, and feed 
per tooth on cut quality and process energy consumption. Recommendations are proposed for selecting ra-
tional operating modes to increase productivity and reduce plant damage. 
Keywords: contour crown pruning, disc pruner, mechanized tree pruning, cutting disc geometry, feed per 
tooth, peripheral speed, cut quality. 

 
ʄʝʭʘʥʠʟʠʨʦʚʘʥʥʘʷ ʢʦʥʪʫʨʥʘʷ ʦʙʨʝʟʢʘ ʢʨʦʥ ʜʝʨʝʚʴʝʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʥʩʠʚʥʦʤ ʩʘʜʦ-

ʚʦʜʩʪʚʝ ʠ ʛʦʨʦʜʩʢʦʤ ʟʝʣʝʥʦʤ ʭʦʟʷʡʩʪʚʝ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʜʠʩʢʦʚʳʝ ʦʙʨʝʟʯʠʢʠ ʯʘʩʪʦ ʨʘʙʦʪʘʶʪ ʩ 
ʥʝʦʧʪʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʠʥʘʥʠʶ ʚʝʪʦʢ, ʟʘʜʠʨʘʤ ʢʦʨʳ ʠ ʧʦʚʳʰʝʥʥʳʤ ʵʥʝʨʛʦ-
ʟʘʪʨʘʪʘʤ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʝʨʠʡʥʳʭ ʤʘʰʠʥ ʠʩʧʦʣʴʟʫʶʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ ʫ ʜʠʩ-
ʢʦʚʳʭ ʧʠʣ, ʙʝʟ ʫʯʝʪʘ ʩʧʝʮʠʬʠʢʠ ʦʙʨʝʟʢʠ ʧʦʜ ʦʩʪʨʳʤ ʫʛʣʦʤ ʢ ʩʪʚʦʣʫ [1].  

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʘʪʝʥʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʨʝʜʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʦʙʨʝʟʢʠ ʢʨʦʥ 
(ʨʦʪʘʮʠʦʥʥʳʝ ʥʦʞʥʠʮʳ, ʬʨʝʟʝʨʥʳʝ ʙʘʨʘʙʘʥʳ) ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʜʠʩʢʦʚʳʝ ʦʙ-
ʨʝʟʯʠʢʠ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʟʘʪʴ ʚʝʪʢʠ ʜʦ 70 ʤʤ. ʇʦ ʪʠʧʫ ʧʨʠʚʦʜʘ ʦʥʠ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ 
ʛʨʫʧʧʳ: ʦʪ ɺʆʄ ʪʨʘʢʪʦʨʘ (ʞʸʩʪʢʘʷ ʩʚʷʟʴ ʩ ʦʙʦʨʦʪʘʤʠ), ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ (ʧʣʘʚʥʘʷ ʨʝʛʫʣʠʨʦʚʢʘ) ʠ ʵʣʝʢ-
ʪʨʠʯʝʩʢʠʝ (ʢʦʤʧʘʢʪʥʳʝ ʨʫʯʥʳʝ ʤʦʜʝʣʠ). ʇʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʜʠʩʢʘ ʨʘʟʣʠʯʘʶʪ ʚʝʨʪʠʢʘʣʴʥʳʝ (ʜʣʷ ʙʦʢʦ-
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ʚʦʡ ʩʪʨʠʞʢʠ), ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ (ʜʣʷ ʚʝʨʭʥʝʛʦ ʩʨʝʟʘ) ʠ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʝ (ʜʣʷ ʩʣʦʞʥʳʭ ʢʦʥʪʫʨʦʚ). ɿʘʨʫ-
ʙʝʞʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ (Sampo, Krone) ʠʩʧʦʣʴʟʫʶʪ ʜʠʩʢʠ ʩ ʪʚʸʨʜʦʩʧʣʘʚʥʳʤʠ ʥʘʧʘʡʢʘʤʠ ʠ ʧʝʨʝʜʥʠʤ 
ʫʛʣʦʤ 15-20Á, ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʦʙʨʘʟʮʳ (ʆʂɼ-1,5) ʯʘʩʪʦ ʜʘʶʪ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʩʨʝʟ ʠʟ-ʟʘ ʦʪʩʫʪ-
ʩʪʚʠʷ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ. ʇʘʪʝʥʪʥʳʝ ʨʝʰʝʥʠʷ ʩ ʜʚʫʤʷ ʚʩʪʨʝʯʥʳʤʠ ʜʠʩʢʘʤʠ ʵʬʬʝʢʪʠʚʥʳ, 
ʥʦ ʩʣʦʞʥʳ ʚ ʨʝʘʣʠʟʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ: ʦʪʩʫʪʩʪʚʠʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦ-
ʚʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʫʛʣʘʤʠ ʟʘʪʦʯʢʠ, ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʠ ʢʘʯʝʩʪʚʦʤ ʩʨʝʟʘ; ʠʛʥʦʨʠʨʦʚʘʥʠʝ 
ʧʘʨʘʤʝʪʨʘ çʧʦʜʘʯʘ ʥʘ ʟʫʙè (ʚ ʠʥʩʪʨʫʢʮʠʷʭ ʫʢʘʟʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʤʘʰʠʥʳ); ʧʨʝʥʝʙʨʝʞʝ-
ʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʯʠʩʪʦʪʝ ʨʘʥʳ; ʦʪʩʫʪʩʪʚʠʝ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ 
ʟʘʢʣʠʥʠʚʘʥʠʝ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʵʢʩ-
ʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʧʨʝʜʝ-
ʣʝʥʠʝ ʜʦʧʫʩʪʠʤʳʭ ʜʠʘʧʘʟʦʥʦʚ ʧʦʜʘʯʠ ʥʘ ʟʫʙ ʠ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʜʣʷ ʨʘʟʥʳʭ ʧʦʨʦʜ ʜʨʝʚʝʩʠʥʳ, ʘ ʪʘʢ-
ʞʝ ʚʳʨʘʙʦʪʢʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ [1, 2]. 

ʂ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʢʦʥʪʫʨʥʦʛʦ ʜʠʩʢʦʚʦʛʦ ʦʙʨʝʟʯʠʢʘ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʝʛʦ ʨʝʞʫʱʫʶ 
ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʵʥʝʨʛʦʸʤʢʦʩʪʴ, ʦʪʥʦʩʷʪʩʷ ʛʝʦʤʝʪʨʠʷ ʨʘʙʦʯʝʛʦ ʜʠʩʢʘ, ʪʠʧ ʨʝʞʫʱʝʡ ʧʘʨʳ ʠ ʟʘʱʠʪʥʳʝ 
ʵʣʝʤʝʥʪʳ. ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʜʠʩʢʘ (D) ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 400-800 ʤʤ ʠ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʤʘʢʩʠ-
ʤʘʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ ʧʝʨʝʨʝʟʘʝʤʦʡ ʚʝʪʢʠ: ʵʤʧʠʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ D Ó 12Ŀd_max. ʊʦʣʱʠʥʘ ʜʠʩʢʘ (b) 
ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 2 ʜʦ 5 ʤʤ, ʧʨʠʯʸʤ ʜʣʷ ʪʚʸʨʜʳʭ ʧʦʨʦʜ (ʜʫʙ, ʷʙʣʦʥʷ) ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʜʠʩʢʠ ʪʦʣʱʠʥʦʡ 
4-5 ʤʤ, ʜʣʷ ʤʷʛʢʠʭ (ʪʫʷ, ʠʚʘ) ï 2-3 ʤʤ. ʇʨʦʬʠʣʴ ʟʫʙʘ ʯʘʱʝ ʚʩʝʛʦ ʪʨʘʧʝʮʠʝʚʠʜʥʳʡ ʠʣʠ ʩʝʛʤʝʥʪʥʳʡ ʩ 
ʦʛʨʘʥʠʯʠʪʝʣʝʤ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ (ʩʪʦʧ-ʟʫʙʦʤ), ʢʦʪʦʨʳʡ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʟʘʛʣʫʙʣʝʥʠʝ ʜʠʩʢʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 
5ï8 ʤʤ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʠ ʩʥʠʞʘʝʪ ʨʠʩʢ ʟʘʢʣʠʥʠʚʘʥʠʷ. ʂʣʶʯʝʚʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ ʦʢʘʟʳʚʘʶʪ 
ʫʛʣʳ ʟʘʪʦʯʢʠ: ʧʝʨʝʜʥʠʡ ʫʛʦʣ ɔ (ʦʙʳʯʥʦ 15-25Á) ʠ ʟʘʜʥʠʡ ʫʛʦʣ Ŭ (10-15Á). ʋʚʝʣʠʯʝʥʠʝ ɔ ʩʥʠʞʘʝʪ ʫʩʠʣʠʝ 
ʨʝʟʘʥʠʷ, ʥʦ ʧʦʚʳʰʘʝʪ ʭʨʫʧʢʦʩʪʴ ʟʫʙʘ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʩʢʦʣʦʚ ʢʦʨʳ; ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʣʦ-
ʜʦʚʳʭ ʧʦʨʦʜ ʩʯʠʪʘʝʪʩʷ ɔ = 20Á. ɼʣʷ ʨʘʙʦʪʳ ʚ ʟʘʧʳʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʩʫʭʠʝ ʚʝʪʢʠ, ʥʘʣʠʯʠʝ ʟʝʤʣʠ) ʧʨʠ-
ʤʝʥʷʶʪ ʥʘʧʘʡʢʠ ʠʟ ʪʚʸʨʜʦʛʦ ʩʧʣʘʚʘ (ʢʘʨʙʠʜ ʚʦʣʴʬʨʘʤʘ), ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪ ʨʝʩʫʨʩ ʟʫʙʘ ʚ 3-5 ʨʘʟ. 
ʇʦ ʪʠʧʫ ʨʝʞʫʱʝʡ ʧʘʨʳ ʨʘʟʣʠʯʘʶʪ ʜʚʝ ʩʭʝʤʳ: ʦʜʠʥ ʜʠʩʢ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʫʧʦʨʦʤ (ʨʘʙʦʪʘʝʪ ʢʘʢ ʛʠʣʴʦ-
ʪʠʥʥʳʝ ʥʦʞʥʠʮʳ) ʠ ʜʚʘ ʚʩʪʨʝʯʥʦ ʚʨʘʱʘʶʱʠʭʩʷ ʜʠʩʢʘ (ʨʘʟʨʝʟʘʶʪ ʚʝʪʢʫ ʙʝʟ ʦʪʙʨʘʩʳʚʘʥʠʷ, ʥʦ ʪʨʝʙʫʶʪ 
ʩʣʦʞʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ). ɿʘʱʠʪʥʳʡ ʢʦʞʫʭ ʜʦʣʞʝʥ ʦʭʚʘʪʳʚʘʪʴ ʜʠʩʢ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 180Á ʠ ʠʤʝʪʴ ʟʘ-
ʟʦʨ 5-10 ʤʤ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʧʠʣʦʢ, ʠʥʘʯʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʣʠʧʘʥʠʝ ʠ ʧʝʨʝʛʨʝʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʦʢʫʧ-
ʥʦʩʪʴ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʸʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʝʟʯʠ-
ʢʘ ʠ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʘ ʩ ʦʞʠʜʘʝʤʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʨʝʞʠʤʘʤʠ [3]. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʫʨʥʦʛʦ ʜʠʩʢʦʚʦʛʦ ʦʙʨʝʟʯʠʢʘ ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-
ʥʦʩʪʴ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʢʘʯʝʩʪʚʦ ʩʨʝʟʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʩʥʦʚʥʳʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʧʘʨʘ-
ʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ n (ʦʙ/ʤʠʥ) ʠ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʤʘʰʠʥʳ V (ʤ/ʩ). ʇʨʦʠʟʚʝʜʝʥʠʝ 
ʵʪʠʭ ʚʝʣʠʯʠʥ, ʦʪʥʝʩʸʥʥʦʝ ʢ ʯʠʩʣʫ ʟʫʙʴʝʚ z, ʜʘʸʪ ʧʦʜʘʯʫ ʥʘ ʟʫʙ U_z = V/(nĿz) ï ʢʨʠʪʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ, 
ʢʦʪʦʨʳʡ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 0,15-0,25 ʤʤ ʜʣʷ ʤʷʛʢʠʭ ʧʦʨʦʜ ʠ 0,10-0,15 ʤʤ ʜʣʷ ʪʚʸʨʜʳʭ, ʠʥʘʯʝ ʚʤʝʩʪʦ 
ʨʝʟʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʤʠʥʘʥʠʝ ʚʝʪʢʠ. ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʜʠʩʢʘ v_ʦʢʨ = ˊĿDĿn/60 ʦʙʳʯʥʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 
ʚ ʜʠʘʧʘʟʦʥʝ 20ï35 ʤ/ʩ: ʧʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʩʥʠʞʘʝʪʩʷ ʯʠʩʪʦʪʘ ʩʨʝʟʘ, ʧʨʠ ʙʦʣʴʰʠʭ ð ʨʝʟʢʦ ʨʘʩʪʫʪ 
ʚʠʙʨʘʮʠʠ ʠ ʠʟʥʦʩ ʟʫʙʴʝʚ. ʉʠʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʚʢʣʶʯʘʶʪ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʘʥʠʶ M_ʨʝʟ, ʢʦʪʦ-
ʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʦʜʳ ʜʝʨʝʚʘ, ʚʣʘʞʥʦʩʪʠ (ʩʚʝʞʠʝ ʚʝʪʢʠ ʨʝʟʘʪʴ ʣʝʛʯʝ ʩʫʭʠʭ) ʠ ʜʠʘʤʝʪʨʘ ʚʝʪʢʠ. ʕʢʩʧʝ-
ʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʝʪʦʢ ʷʙʣʦʥʠ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʘʭ M_ʨʝʟ 
ʩʦʩʪʘʚʣʷʝʪ 8-12 ʅĿʤ, ʜʣʷ ʜʫʙʘ ï 15-20 ʅĿʤ. ʋʩʠʣʠʝ ʧʨʠʞʘʪʠʷ ʦʙʨʝʟʯʠʢʘ ʢ ʢʨʦʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘʪʦʯ-
ʥʳʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʢʦʥʪʘʢʪʘ, ʥʦ ʥʝ ʧʨʝʚʳʰʘʪʴ 150-200 ʅ, ʠʥʘʯʝ ʚʦʟʨʘʩʪʘʝʪ ʨʠʩʢ ʟʘʢʣʠʥʠʚʘʥʠʷ ʜʠʩʢʘ ʠ 
ʧʦʣʦʤʢʠ ʩʪʨʝʣʳ. ʂʘʯʝʩʪʚʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʣʫʞʘʪ ʯʘʩʪʦʪʘ ʥʝʦʙʨʝʟʘʥʥʳʭ ʠʣʠ 
ʩʣʦʤʘʥʥʳʭ ʚʝʪʦʢ (ʜʦʧʫʩʪʠʤʦ ʥʝ ʙʦʣʝʝ 5%), ʦʪʩʫʪʩʪʚʠʝ ʟʘʜʠʨʦʚ ʢʦʨʳ ʥʘ ʩʨʝʟʘʭ (ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʚʘʝʪʩʷ 
ʧʦ 3-ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ) ʠ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ï ʥʝ ʙʦʣʝʝ 0,3-0,5 ʢɺʪĿʯ ʥʘ 100 ʤĮ ʦʙʨʘʙʦʪʘʥ-
ʥʦʡ ʢʨʦʥʳ. ʊʘʢʞʝ ʚʘʞʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʜʦ ʟʘ-
ʪʫʧʣʝʥʠʷ ʟʫʙʴʝʚ: ʜʣʷ ʜʠʩʢʦʚ ʙʝʟ ʥʘʧʘʝʢ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ 4-6 ʯʘʩʦʚ, ʜʣʷ ʜʠʩʢʦʚ ʩ ʪʚʸʨʜʦʩʧʣʘʚʥʳʤʠ 
ʟʫʙʴʷʤʠ ï ʜʦ 30 ʯʘʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʘ-
ʣʠʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʡ ʩʨʝʟ [1, 2]. 

 



НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 185 

 

VII International scientific conference | www.naukaip.ru 

ʂʘʯʝʩʪʚʦ ʦʙʨʝʟʢʠ ʢʨʦʥ ʜʠʩʢʦʚʳʤʠ ʥʦʞʘʤʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ (ʜʠʘʤʝʪʨ, ʪʦʣʱʠʥʘ, ʫʛʦʣ 
ʟʘʪʦʯʢʠ ɔ=20Á) ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʧʦʜʘʯʘ ʥʘ ʟʫʙ Ò0,15 ʤʤ ʜʣʷ ʪʚʸʨʜʳʭ ʧʦʨʦʜ, ʦʢʨʫʞʥʘʷ 
ʩʢʦʨʦʩʪʴ 20ï35 ʤ/ʩ). ʇʨʝʚʳʰʝʥʠʝ ʧʦʜʘʯʠ ʚʝʜʸʪ ʢ ʩʤʠʥʘʥʠʶ ʚʝʪʦʢ, ʘ ʩʣʠʰʢʦʤ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ð ʢ 
ʚʠʙʨʘʮʠʷʤ. ʈʝʩʫʨʩ ʜʠʩʢʦʚ ʩ ʪʚʸʨʜʦʩʧʣʘʚʥʳʤʠ ʥʘʧʘʡʢʘʤʠ ʚʳʰʝ ʚ 5ï6 ʨʘʟ. ɼʣʷ ʙʝʟʦʧʘʩʥʦʡ ʦʙʨʝʟʢʠ 
ʥʫʞʥʳ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʦʸʤʢʦʩʪʴ 0,3ï0,5 ʢɺʪĿʯ ʥʘ 100 ʤĮ ʢʨʦʥʳ ʠ ʫʩʠʣʠʝ ʧʨʠʞʘʪʠʷ 150ï200 ʅ. ʕʪʦ ʧʦʚʳ-
ʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ 20ï30% ʠ ʩʥʠʞʘʝʪ ʨʠʩʢ ʧʦʚʨʝʞʜʝʥʠʷ ʨʘʩʪʝʥʠʡ. 
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ПОДВИГ МУЗЕЙНЫХ РАБОТНИКОВ В ГОРОДЕ 
ПУШКИН В ГОДЫ ВЕЛИКОЙ ОТЕЧЕСТВЕННОЙ 
ВОЙНЫ 

Тихомиров Арсений Михайлович 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɻʘʬʠʘʪʫʣʣʠʥʘ ʃʝʡʩʘʥ ɻʫʤʝʨʦʚʥʘ 
ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʫʟʝʡʥʳʭ ʨʘʙʦʪʥʠʢʦʚ ʛʦʨʦʜʘ ʇʫʰʢʠʥ (ʎʘʨʩʢʦʝ 
ʉʝʣʦ) ʧʦ ʩʧʘʩʝʥʠʶ ʢʫʣʴʪʫʨʥʳʭ ʮʝʥʥʦʩʪʝʡ ʚ ʧʝʨʠʦʜ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ. ʅʘ ʦʩʥʦʚʝ ʘʨʭʠʚ-
ʥʳʭ ʜʘʥʥʳʭ ʠ ʠʩʪʦʨʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʨʦʮʝʩʩ ʵʚʘʢʫʘʮʠʠ ʵʢʩʧʦʥʘʪʦʚ, ʨʦʣʴ ʢʣʶʯʝʚʳʭ 
ʩʦʪʨʫʜʥʠʢʦʚ (ɸ.ʄ. ʂʫʯʫʤʦʚ, ɺ.ɺ. ʃʝʤʫʩ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ ʠʭ ʧʦʜʚʠʛʘ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʨʦʩʩʠʡʩʢʦʛʦ 
ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. ɻʠʧʦʪʝʟʘ ʦ ʯʘʩʪʠʯʥʦʤ ʫʩʧʝʭʝ ʫʩʠʣʠʡ ʤʫʟʝʡʱʠʢʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʬʘʢʪʘʤʠ ʧʦ-
ʪʝʨʴ ʠ ʥʘʭʦʜʦʢ ʧʦʩʣʝʚʦʝʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʫʟʝʡʥʳʝ ʨʘʙʦʪʥʠʢʠ, ʵʚʘʢʫʘʮʠʷ, ʎʘʨʩʢʦʝ ʉʝ-
ʣʦ, ɺʝʣʠʢʘʷ ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʚʦʡʥʘ, ʢʫʣʴʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʫʟʝʡʥʳʝ ʨʘʙʦʪʥʠʢʠ, ʵʚʘʢʫʘʮʠʷ, ʎʘʨʩʢʦʝ ʉʝʣʦ, ɺʝʣʠʢʘʷ ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʚʦʡʥʘ, 
ʢʫʣʴʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ, ʗʥʪʘʨʥʘʷ ʢʦʤʥʘʪʘ. 
 
THE FEAT OF MUSEUM WORKERS IN THE CITY OF PUSHKIN DURING THE GREAT PATRIOTIC WAR 

 
Tikhomirov Arseniy Mikhailovich 

 
Scientific adviser: Gafiatullina Leysan Gumerovna 

 
Abstract: The article examines the activities of museum workers in the city of Pushkin (Tsarskoye Selo) to 
save cultural values during the Great Patriotic War. Based on archival data and historical literature, the pro-
cess of evacuating exhibits, the role of key employees (A.M. Kuchumov, V.V. Lemus, etc.), and the signifi-
cance of their feat for preserving Russian cultural heritage are analyzed. The hypothesis of the partial success 
of the museum workers' efforts is confirmed by facts of losses and post-war finds. Keywords: museum work-
ers, evacuation, Tsarskoye Selo, Great Patriotic War, cultural heritage. 
Key words: museum workers, evacuation, Tsarskoye Selo, Great Patriotic War, cultural heritage, Amber 
Room. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ 
ɺ ʛʦʜʳ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʪʘʣʦ ʩʦʭʨʘʥʝʥʠʝ ʢʫʣʴʪʫʨʥʦʛʦ 

ʥʘʩʣʝʜʠʷ ʧʨʠʛʦʨʦʜʥʳʭ ʜʚʦʨʮʦʚ ʃʝʥʠʥʛʨʘʜʘ. ʎʘʨʩʢʦʝ ʉʝʣʦ (ʥʳʥʝ ʛʦʨʦʜ ʇʫʰʢʠʥ) - ʫʥʠʢʘʣʴʥʳʡ ʤʫʟʝʡ-
ʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʠʣʴʥʦ ʧʦʩʪʨʘʜʘʚʰʠʡ ʚ ʭʦʜʝ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦ-
ʜʠʤʦʩʪʴʶ ʠʟʫʯʝʥʠʷ ʦʧʳʪʘ ʩʧʘʩʝʥʠʷ ʢʫʣʴʪʫʨʥʳʭ ʮʝʥʥʦʩʪʝʡ ʚ ʫʩʣʦʚʠʷʭ ʚʦʡʥʳ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʚʳʷʩʥʠʪʴ ʢʘʢ ʩʧʘʩʘʣʠ ʢʫʣʴʪʫʨʥʳʝ ʮʝʥʥʦʩʪʠ ʚ ʎʘʨʩʢʦʤ ʩʝʣʝ ʚʦ ʚʨʝʤʷ ɺʝʣʠ-
ʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ 

ʏʪʦʙʳ ʜʦʩʪʠʯʴ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʷ ʜʦʣʞʝʥ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
1. ʀʟʫʯʠʪʴ ʣʠʪʝʨʘʪʫʨʫ ʦ ʎʘʨʩʢʦʤ ʩʝʣʝ ʚ ʛʦʜʳ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ 
2. ʈʘʩʩʤʦʪʨʝʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʫʟʝʡʥʳʭ ʨʘʙʦʪʥʠʢʦʚ ʚ ʛʦʜʳ ʚʦʡʥʳ. 
3. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʧʦʜʚʠʛʦʚ ʤʫʟʝʡʥʳʭ ʨʘʙʦʪʥʠʢʦʚ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʢʫʣʴʪʫʨʥʦʛʦ 

ʥʘʩʣʝʜʠʷ ʈʦʩʩʠʠ ʠ ʤʠʨʦʚʦʡ ʢʫʣʴʪʫʨʳ. 
   ɻʠʧʦʪʝʟʘ: ʗ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʧʦʜʚʠʛʫ ʤʫʟʝʡʥʳʭ ʨʘʙʦʪʥʠʢʦʚ ʫʜʘʣʦʩʴ ʩʦʭʨʘʥʠʪʴ 

ʢʫʣʴʪʫʨʥʳʝ ʠ ʠʩʪʦʨʠʯʝʩʢʠʝ ʮʝʥʥʦʩʪʠ ʎʘʨʩʢʦʛʦ ʩʝʣʘ. 
 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 
ʕʚʘʢʫʘʮʠʷ ʤʫʟʝʡʥʳʭ ʮʝʥʥʦʩʪʝʡ ʙʳʣʘ ʚʘʞʥʘ ʜʣʷ ʧʨʠʛʦʨʦʜʥʳʭ ʜʚʦʨʮʦʚ ʃʝʥʠʥʛʨʘʜʘ, ʥʦ ʥʝ ʤʥʦʛʠʝ 

ʟʥʘʶʪ, ʯʪʦ ʟʘ ʪʘʢʦʡ ʢʨʘʩʦʪʦʡ, ʩʪʦʠʪ ʪʷʞʝʣʳʡ ʪʨʫʜ ʜʝʩʷʪʢʦʚ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʩʫʤʝʣʠ ʩʦʭʨʘʥʠʪʴ ʵʪʠ ʮʝʥ-
ʥʦʩʪʠ. ɼʣʷ ʟʘʱʠʪʳ ʜʚʦʨʮʦʚʳʭ ʟʜʘʥʠʡ ʦʪ ʨʘʟʨʫʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʚʦʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʨʘʙʦʪʥʠʢʠ ʤʫʟʝʷ 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ. ʅʘʯʘʣʘʩʴ ʧʦʣʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʎʘʨʩʢʦʛʦ ʩʝʣʘ ʢ ʚʦʡʥʝ. ʕʢʩʧʦʥʘʪʳ 
ʥʘʯʘʣʠ ʚʳʥʦʩʠʪʴ ʠʟ ʟʘʣʦʚ. ʂʘʨʪʠʥʳ ʚʳʪʘʩʢʠʚʘʣʠ ʠʟ ʨʘʤ, ʩʢʨʝʧʣʷʣʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʚ 
ʷʱʠʢʠ. ɹʦʣʴʰʠʝ ʧʦʣʦʪʥʘ ʥʘʢʘʪʳʚʘʣʠ ʥʘ ʚʘʣʳ, ʦʙʦʨʘʯʠʚʘʣʠ ʪʢʘʥʴʶ ʠ ʢʣʝʝʥʢʦʡ. ʍʨʫʧʢʠʝ ʧʨʝʜʤʝʪʳ ʠʩ-
ʢʫʩʩʪʚʘ ʟʘʚʦʨʘʯʠʚʘʣʠ ʚ ʙʫʤʘʛʫ, ʘ ʷʱʠʢʠ ʜʣʷ ʥʠʭ ʥʘʧʦʣʥʷʣʠ ʩʪʨʫʞʢʦʡ. ʕʚʘʢʫʘʮʠʷ ʧʨʦʭʦʜʠʣʘ ʚ ʩʪʨʦ-
ʞʘʡʰʝʡ ʩʝʢʨʝʪʥʦʩʪʠ. ʂ ʩʝʨʝʜʠʥʝ ʘʚʛʫʩʪʘ ʚ ʤʫʟʝʝ ʦʩʪʘʚʘʣʠʩʴ ʣʠʰʴ ʪʨʠ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʘ - ʊʘʤʘʨʘ 
ʇʦʧʦʚʘ, ɽʚʛʝʥʠʷ ʊʫʨʦʚʘ ʠ ɺʝʨʘ ʃʝʤʫʩ. ʆʥʠ ʧʨʦʜʦʣʞʘʣʠ ʫʧʘʢʦʚʳʚʘʪʴ ʢʦʣʣʝʢʮʠʶ: ʥʘʩʧʝʭ ʩʢʦʣʘʯʠʚʘʣʠ 
ʷʱʠʢʠ, ʢʦʩʠʣʠ ʠ ʩʫʰʠʣʠ ʪʨʘʚʫ ʥʘ ʛʘʟʦʥʘʭ, ʯʪʦʙʳ ʧʨʷʪʘʪʴ ʚ ʥʝʝ ʵʢʩʧʦʥʘʪʳ, ʯʪʦ-ʪʦ ʟʘʚʦʨʘʯʠʚʘʣʠ ʚ ʛʘʟʝ-
ʪʳ. ʗʱʠʢʠ ʛʨʫʟʠʣʠ ʥʘ ʧʦʜʚʦʜʳ ʠ ʚ ʫʩʣʦʚʠʷʭ ʩʝʢʨʝʪʥʦʩʪʠ ʦʪʧʨʘʚʣʷʣʠ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʫʶ ʩʪʘʥʮʠʶ. 
ʇʦʟʞʝ ʚʩʸ ʵʚʘʢʫʠʨʦʚʘʣʠ ʙʝʟ ʫʧʘʢʦʚʢʠ, ʧʨʠʢʨʳʚʘʷ ʙʫʤʘʛʦʡ ʠʣʠ ʪʢʘʥʴʶ. ɼʚʦʨʮʳ ʙʳʣʠ ʟʘʢʨʳʪʳ, ʘ ʙʦʣʴ-
ʰʘʷ ʯʘʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʦʪʧʫʱʝʥʘ ʜʦʤʦʡ.  

ʀʟ 10600 ʧʨʝʜʤʝʪʦʚ ʠʩʢʫʩʩʪʚʘ ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʚʳʚʝʟʪʠ ʪʦʣʴʢʦ 303 ʦʙʲʝʢʪʦʚ, ʦʥʠ ʙʳʣʠ ʫʧʘʢʦʚʘʥʳ 
ʟʘ 2 ʜʥʷ. ʋʧʘʢʦʚʢʘ ʵʢʩʧʦʥʘʪʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʧʝʨʚʦʤ ʵʪʘʞʝ ʚ ʇʨʝʜʮʝʨʢʦʚʥʦʤ ʟʘʣʝ ʠ ʚ ʧʦʤʝʱʝʥʠʷʭ 
ʙʳʚʰʠʭ ʨʝʩʪʘʚʨʘʮʠʦʥʥʳʭ ʤʘʩʪʝʨʩʢʠʭ. ɼʝʥʴ ʠ ʥʦʯʴ ʥʝʙʦʣʴʰʦʡ ʢʦʣʣʝʢʪʠʚ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʤʫ-
ʟʝʡʥʳʭ ʩʣʫʞʠʪʝʣʝʡ, ʚ ʦʩʥʦʚʥʦʤ ʞʝʥʱʠʥ, ʦʪʙʠʨʘʣʠ, ʫʧʘʢʦʚʳʚʘʣʠ ʤʫʟʝʡʥʳʝ ʧʨʝʜʤʝʪʳ, ʛʨʫʟʠʣʠ ʠ ʦʪ-
ʧʨʘʚʣʷʣʠ ʚ ʪʳʣ ʠ ʚ ʛʦʨʦʜʘ: ʉʘʨʘʧʫʣʫ, ɻʦʨʴʢʠʡ ʠ ʚ ʃʝʥʠʥʛʨʘʜ. ʕʚʘʢʫʘʮʠʷ ʧʨʦʭʦʜʠʣʘ ʚ 6 ʦʯʝʨʝʜʝʡ. ɺ 
ʠʶʣʝ 1941 ʛʦʜʘ ʩʪʘʣʠ ʧʨʷʪʘʪʴ ʧʘʨʢʦʚʳʝ ʩʪʘʪʫʠ. ʂʘʢ ʠ ʚ ʜʨʫʛʠʭ ʟʘʛʦʨʦʜʥʳʭ ʨʝʟʠʜʝʥʮʠʷʭ ʠʭ ʭʦʨʦʥʠʣʠ ʚ 
ʟʝʤʣʝ. ɹʳʣʠ ʩʢʫʣʴʧʪʫʨʳ, ʢʦʪʦʨʳʝ ʥʘʜʣʝʞʘʣʦ ʚʳʚʝʟʪʠ. ʇʨʠ ʧʦʤʦʱʠ ʣʝʙʝʜʢʠ ʠʭ ʧʦʜʥʠʤʘʣʠ ʩ ʤʝʩʪʘ ʠ 
ʦʧʫʩʢʘʣʠ ʚ ʚʳʨʳʪʳʝ ʷʤʳ ʛʣʫʙʠʥʦʡ ʦʪ ʦʜʥʦʛʦ ʜʦ ʜʚʫʭ ʤʝʪʨʦʚ; ʫʢʣʘʜʳʚʘʣʠ ʥʘ ʜʦʩʢʠ, ʟʘʩʳʧʘʣʠ ʧʝʩʢʦʤ, ʘ 
ʩʚʝʨʭʫ ʟʝʤʣʝʡ. ʄʝʩʪʘ ʟʘʭʦʨʦʥʝʥʠʡ ʟʘʩʝʠʚʘʣʠ ʪʨʘʚʦʡ ʠ ʤʘʩʢʠʨʦʚʘʣʠ. ʊʘʢ ʙʳʣʠ ʫʢʨʳʪʳ 34 ʤʨʘʤʦʨʥʳʝ 
ʩʢʫʣʴʧʪʫʨʳ ʠ ʙʦʣʴʰʘʷ ʢʦʣʣʝʢʮʠʷ ʤʨʘʤʦʨʥʳʭ ʙʶʩʪʦʚ. 

ɹʦʣʝʝ ʧʦʣʫʚʝʢʘ ʧʨʦʜʦʣʞʘʶʪʩʷ ʧʦʠʩʢʠ ʚʝʣʠʯʘʡʰʝʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩʩʪʚʘ -ʗʥʪʘʨʥʦʡ ʢʦʤʥʘʪʳ 
ɽʢʘʪʝʨʠʥʠʥʩʢʦʛʦ ʜʚʦʨʮʘ. ʗʥʪʘʨʥʫʶ ʢʦʤʥʘʪʫ ʪʦʞʝ ʧʳʪʘʣʠʩʴ ʵʚʘʢʫʠʨʦʚʘʪʴ. ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ 
ʩʥʷʪʠʶ ʧʘʥʥʦ, ʜʣʷ ʧʨʝʜʦʭʨʘʥʝʥʠʷ ʷʥʪʘʨʥʦʡ ʤʦʟʘʠʢʠ ʦʪ ʚʦʟʤʦʞʥʦʛʦ ʦʩʳʧʘʥʠʷ ʚʦ ʚʨʝʤʷ ʧʨʝʜʩʪʦʷʱʠʭ 
ʨʘʙʦʪ ʝʛʦ ʟʘʢʣʝʠʣʠ ʪʦʥʢʦʡ ʙʫʤʘʛʦʡ. ʆʜʥʘʢʦ ʧʨʦʙʥʦʝ ʩʥʷʪʠʝ ʦʜʥʦʛʦ ʫʟʢʦʛʦ ʧʘʥʥʦ ʧʦʢʘʟʘʣʦ, ʯʪʦ, ʥʝʩʤʦʪ-
ʨʷ ʥʘ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʠ ʧʨʦʢʣʝʡʢʫ ʙʫʤʘʛʦʡ, ʤʦʟʘʠʢʘ ʦʪʚʘʣʠʚʘʝʪʩʷ ʦʪ ʜʝʨʝʚʷʥʥʦʡ ʦʩʥʦʚʳ ʙʦʣʴʰʠʤʠ 
ʫʯʘʩʪʢʘʤʠ. ʉʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʩʥʷʪʴ ʷʥʪʘʨʥʳʝ ʧʘʥʥʦ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
ʚʦʟʤʦʞʥʳʤ. ʏʪʦʙʳ ʥʝ ʧʦʜʚʝʨʛʘʪʴ ʧʘʤʷʪʥʠʢ ʨʘʟʨʫʰʝʥʠʶ, ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʃʝʥʛʦʨʩʦ-
ʚʝʪʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʜʨʫʛʦʝ ʨʝʰʝʥʠʝ - ʧʨʦʠʟʚʝʩʪʠ ʨʘʙʦʪʫ ʧʦ ʢʦʥʩʝʨʚʘʮʠʠ ʠ ʟʘʱʠʪʝ ʷʥʪʘʨʥʦʛʦ ʫʙʦʨʘ ʢʦʤ-
ʥʘʪʳ ʥʘ ʤʝʩʪʝ. ɼʣʷ ʵʪʦʛʦ ʷʥʪʘʨʥʳʝ ʧʘʥʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʢʣʝʠʣʠ ʤʘʨʣʝʚʦʡ ʪʢʘʥʴʶ ʠ ʟʘʢʨʳʣʠ ʯʝʭʣʘ-
ʤʠ ʠʟ ʚʘʪʠʥʘ. ʆʢʥʘ ʗʥʪʘʨʥʦʛʦ ʟʘʣʘ ʟʘʰʠʣʠ ʜʚʫʤʷ ʨʷʜʘʤʠ ʪʦʣʩʪʳʭ ʜʦʩʦʢ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʥʠʤʠ 
ʟʘʧʦʣʥʠʣʠ ʧʝʩʢʦʤ. 
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ɺ ʛʦʨʦʜʝ ʥʝʪ ʥʠ ʦʜʥʦʛʦ ʮʝʣʦʛʦ ʜʦʤʘ.  ɻʠʪʣʝʨʦʚʩʢʠʝ ʠʟʫʚʝʨʳ ʩʦʞʛʣʠ ʠ ʚʟʦʨʚʘʣʠ ʚʩʝ ʟʜʘʥʠʷ.  ʋʣʠ-
ʮʳ ʧʝʨʝʛʦʨʦʞʝʥʳ ʟʘʚʘʣʘʤʠ ʠ ʧʨʦʚʦʣʦʯʥʳʤʠ ʟʘʛʨʘʞʜʝʥʠʷʤʠ. ʅʘ ʫʩʪʨʦʡʩʪʚʦ ʟʘʚʘʣʦʚ ʥʝʤʮʳ ʠʩʧʦʣʴʟʦ-
ʚʘʣʠ ʚʝʢʦʚʳʝ ʜʝʨʝʚʴʷ ʠʟ ʜʚʦʨʮʦʚʦʛʦ ʧʘʨʢʘ. 

ʇʘʤʷʪʥʠʢ ʇʫʰʢʠʥʫ ʚ ʣʠʮʝʡʩʢʦʤ ʩʘʜʫ ʠʩʯʝʟ. ɻʝʥʠʘʣʴʥʦʝ ʪʚʦʨʝʥʠʝ ʈʘʩʪʨʝʣʣʠ - ɽʢʘʪʝʨʠʥʠʥʩʢʠʡ 
ʜʚʦʨʝʮ ʩʦʞʞʝʥ. ʅʝʢʦʪʦʨʳʝ ʟʚʝʥʴʷ ʨʘʩʪʷʥʫʚʰʝʛʦʩʷ ʥʘ 300 ʤʝʪʨʦʚ ʟʜʘʥʠʷ ʚʟʦʨʚʘʥʳ. ʅʝʤʥʦʛʠʝ ʫʮʝʣʝʚ-
ʰʠʝ ʢʦʤʥʘʪʳ ʥʝʤʝʮʢʘʷ ʩʦʣʜʘʪʥʷ ʧʨʝʚʨʘʪʠʣʘ ʚ ʫʙʦʨʥʳʝ. ɼʨʘʛʦʮʝʥʥʘʷ ʤʝʙʝʣʴ, ʟʝʨʢʘʣʘ, ʢʘʨʪʠʥʳ, ʰʝʣʢ 
ʠ ʘʪʣʘʩ, ʧʦʢʨʳʚʘʚʰʠʝ ʩʪʝʥʳ, ʚʳʚʝʟʝʥʳ ʚ ɻʝʨʤʘʥʠʶ. ɻʠʪʣʝʨʦʚʮʳ ʩʥʷʣʠ ʧʘʨʢʝʪ ʠ ʦʪʧʨʘʚʠʣʠ ʝʛʦ ʚ ɹʝʨ-
ʣʠʥ. ʊʫʜʘ ʞʝ ʦʪʧʨʘʚʣʝʥʘ ʦʙʣʠʮʦʚʢʘ ʟʥʘʤʝʥʠʪʦʡ, ʝʜʠʥʩʪʚʝʥʥʦʡ ʚ ʤʠʨʝ ʗʥʪʘʨʥʦʡ ʢʦʤʥʘʪʳ. ɸʣʝʢʩʘʥ-
ʜʨʦʚʩʢʠʡ ʜʚʦʨʝʮ, ʚʳʩʪʨʦʝʥʥʳʡ ʚʝʣʠʢʠʤ ɻʚʘʨʝʥʛʠ, ʪʘʢʞʝ ʥʝ ʠʟʙʝʞʘʣ ʚʘʨʚʘʨʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. 

ʇʦʩʣʝ ʦʩʚʦʙʦʞʜʝʥʠʷ ʦʪ ʥʝʤʝʮʢʦʡ ʦʢʢʫʧʘʮʠʠ, ʎʘʨʩʢʦʝ ʉʝʣʦ ʥʘʯʘʣʦ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʚʦ-
ʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʢʫʣʴʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʟʨʫʰʝʥʥʳʝ ʟʜʘʥʠʷ ʙʳʣʠ ʚʦʩʩʪʘʥʦʚʣʝ-
ʥʳ, ʫʣʠʮʳ ʧʦʩʪʝʧʝʥʥʦ ʦʯʠʱʘʣʠʩʴ ʦʪ ʟʘʚʘʣʦʚ ʠ ʨʘʟʨʫʰʝʥʠʡ. ʄʫʟʝʡʥʳʝ ʢʦʣʣʝʢʮʠʠ, ʩʧʘʩʝʥʥʳʝ ʠ ʵʚʘʢʫʠ-
ʨʦʚʘʥʥʳʝ ʚʦ ʚʨʝʤʷ ʚʦʡʥʳ, ʩʪʘʣʠ ʚʦʟʚʨʘʱʘʪʴʩʷ ʥʘ ʩʚʦʠ ʤʝʩʪʘ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ. ʈʦʟʳʩʢ ʫʪʨʘʯʝʥ-
ʥʳʭ ʵʢʩʧʦʥʘʪʦʚ ʚ ʎʘʨʩʢʦʤ ʉʝʣʝ ʥʘʯʘʣʠ ʩʨʘʟʫ ʧʦʩʣʝ ʦʩʚʦʙʦʞʜʝʥʠʷ - ʚ 1944 ʛʦʜʫ, ʦʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ 
ʙʳʣʠ ʚʝʩʴʤʘ ʩʢʨʦʤʥʳʤʠ: ʙʦʣʝʝ ʯʝʤ ʠʟ 30 ʪʳʩ. ʧʨʦʠʟʚʝʜʝʥʠʡ ʠʩʢʫʩʩʪʚʘ, ʫʪʨʘʯʝʥʥʳʭ ʚ ʧʝʨʠʦʜ ʦʢʢʫʧʘ-
ʮʠʠ, ʥʘʡʪʠ ʫʜʘʣʦʩʴ ʚʩʝʛʦ 400, ʧʨʠʯʝʤ ʩʦʩʪʦʷʥʠʝ ʤʥʦʛʠʭ ʠʟ ʥʠʭ ʙʳʣʦ ʥʘʩʪʦʣʴʢʦ ʧʣʦʭʠʤ, ʯʪʦ ʥʝ ʧʦʟʚʦ-
ʣʷʣʦ ʧʨʦʚʝʩʪʠ ʨʝʩʪʘʚʨʘʮʠʶ. ʈʦʟʳʩʢʠ ʥʝ ʧʨʝʢʨʘʱʝʥʳ ʠ ʧʦ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʫʟʝʡ 
ʧʦʣʫʯʠʣ 15 ʧʨʝʜʤʝʪʦʚ, ʜʦʙʨʦʚʦʣʴʥʦ ʚʦʟʚʨʘʱʝʥʥʳʭ ʣʠʮʘʤʠ, ʫʯʘʩʪʚʦʚʘʚʰʠʤʠ ʚ ʠʭ ʚʳʚʦʟʝ, ʠʣʠ ʯʣʝʥʘʤʠ 
ʠʭ ʩʝʤʝʡ. ʉʦʪʨʫʜʥʠʢʠ ʤʫʟʝʷ ʚʦ ʛʣʘʚʝ ʩ ɸ. ʄ. ʂʫʯʫʤʦʚʳʤ - ʜʠʨʝʢʪʦʨʦʤ ʎʝʥʪʨʘʣʴʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʤʫʟʝʡ-
ʥʳʭ ʬʦʥʜʦʚ ʟʘʥʷʣʠʩʴ ʧʦʠʩʢʘʤʠ ʨʘʩʭʠʱʝʥʥʳʭ ʵʢʩʧʦʥʘʪʦʚ ʠ ʬʨʘʛʤʝʥʪʦʚ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ 
ʫʙʨʘʥʩʪʚʘ ʜʚʦʨʮʦʚʳʭ ʟʜʘʥʠʡ. 

 
ʇʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʉʚʦʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʯʘʩʪʴ ʷ ʥʘʯʘʣ ʩʦ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʨʦʷʭ, ʩʧʘʩʘʚʰʠʭ ʤʫʟʝʡʥʳʭ ʮʝʥʥʦʩʪʠ 
ʚʦ ʚʨʝʤʷ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ. ɺ ʢʥʠʛʘʭ ʤʥʝ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʤʘʣʦ ʥʘʡʪʠ ʥʫʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 
ʘ ʚ ʠʥʪʝʨʥʝʪʝ ʤʦʞʥʦ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʥʝʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʧʦʵʪʦʤʫ ʷ ʧʨʠʥʷʣ ʨʝʰʝʥʠʝ ʩʧʨʘʰʠ-
ʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʫ ʤʫʟʝʡʥʳʭ ʨʘʙʦʪʥʠʢʦʚ. ʆʢʘʟʳʚʘʝʪʩʷ, ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʘʢʠʭ ʣʶʜʷʭ ʦʯʝʥʴ ʤʘʣʦ, ʧʦ-
ʜʨʦʙʥʝʝ ɺʳ ʤʦʞʝʪʝ ʫʟʥʘʪʴ ʚ ʤʦʝʤ ʧʨʠʣʦʞʝʥʠʠ. ɿʘʪʝʤ ʷ ʥʘʯʘʣ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʙʫʢʣʝʪʳ ʦʙ ʵʪʠʭ ʣʶʜʷʭ, 
ʛʜʝ ʨʘʩʩʢʘʟʳʚʘʣ ʦʙ ʠʭ ʞʠʟʥʠ ʠ ʧʦʜʚʠʛʘʭ ʚʦ ʚʨʝʤʷ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ 

 

 
ʉʡʪ.1. ʁʠʜʧʫʧʛʤʞʦʡʞ ʣʙʩʫʧʰʞʣ 
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ʈʉʁʄʇɿɾʆʁɾ 
 

ɹʆɹʋʇʄʁʂ ʅʁʎɹʂʄʇɻʁʐ ʃʌʐʌʅʇɻ (1912-1993ʜ.ʜ.) 
ɸʥʘʪʦʣʠʡ ʄʠʭʘʡʣʦʚʠʯ ʂʫʯʫʤʦʚ - ʚʳʜʘʶʱʠʡʩʷ ʜʝʷʪʝʣʴ ʢʫʣʴʪʫʨʳ ʠ ʠʩʢʫʩʩʪʚʦʚʝʜʝʥʠʷ, ʢʦʪʦʨʳʡ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʠʣ ʩʫʜʴʙʫ ʤʥʦʛʠʭ ʤʫʟʝʡʥʳʭ ʢʦʣʣʝʢʮʠʡ ʚ ʈʦʩʩʠʠ ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ɺʝʣʠ-
ʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ.  

ʈʦʜʠʣʩʷ ʦʥ ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ, ʠ ʩ ʶʥʳʭ ʣʝʪ ʧʨʦʷʚʣʷʣ ʠʥʪʝʨʝʩ ʢ ʠʩʢʫʩʩʪʚʫ ʠ ʢʫʣʴʪʫʨʝ. ʇʦʩʣʝ 
ʦʢʦʥʯʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʥ ʥʘʯʘʣ ʨʘʙʦʪʘʪʴ ʚ ʤʫʟʝʷʭ, ʛʜʝ ʙʳʩʪʨʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʢʘʢ ʦʪʚʝʪʩʪʚʝʥ-
ʥʳʡ ʠ ʧʨʝʜʘʥʥʳʡ ʩʚʦʝʤʫ ʜʝʣʫ ʧʨʦʬʝʩʩʠʦʥʘʣ. ɺʦ ʚʨʝʤʷ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ɸʥʘʪʦʣʠʡ ʄʠ-
ʭʘʡʣʦʚʠʯ ʂʫʯʫʤʦʚ ʩʳʛʨʘʣ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʚʘʢʫʘʮʠʠ ʠ ʩʦʭʨʘʥʝʥʠʠ ʤʫʟʝʡʥʳʭ ʮʝʥʥʦʩʪʝʡ. ɺ ʥʘʯʘʣʝ 
ʚʦʡʥʳ, ʩ ʫʯʝʪʦʤ ʫʛʨʦʟʳ ʨʘʟʨʫʰʝʥʠʷ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʚ ʃʝʥʠʥʛʨʘʜʝ, ʝʤʫ ʧʨʠʰʣʦʩʴ ʩʨʦʯʥʦ ʦʨʛʘʥʠ-
ʟʦʚʘʪʴ ʵʚʘʢʫʘʮʠʶ ʠʤʫʱʝʩʪʚʘ ʠʟ ʧʨʠʛʦʨʦʜʥʳʭ ʜʚʦʨʮʦʚ.  

ʂʫʯʫʤʦʚ ʫʝʭʘʣ 30 ʠʶʥʷ 1941 ʛʦʜʘ ʩ ʧʝʨʚʦʡ ʧʘʨʪʠʝʡ ʵʚʘʢʫʠʨʦʚʘʥʥʳʭ ʵʢʩʧʦʥʘʪʦʚ. ʆʥ ʦʪʚʝʯʘʣ ʟʘ 
ʫʧʘʢʦʚʢʫ, ʧʦʛʨʫʟʢʫ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʧʨʦʠʟʚʝʜʝʥʠʡ ʠʩʢʫʩʩʪʚʘ, ʯʪʦ ʚʢʣʶʯʘʣʦ ʙʦʣʝʝ 72 ʪʳʩʷʯ ʧʨʝʜʤʝ-
ʪʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʩʦʭʨʘʥʠʪʴ ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. ɺ ʠʶʣʝ 1941 ʛʦʜʘ ʦʥ ʙʳʣ ʥʘʟʥʘʯʝʥ 
ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʭʨʘʥʠʪʝʣʝʤ ʚʩʝʭ ʵʚʘʢʫʠʨʦʚʘʥʥʳʭ ʤʫʟʝʡʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʯʪʦ ʦʟʥʘʯʘʣʦ ʙʦʣʴʰʫʶ ʦʪʚʝʪ-
ʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʦʭʨʘʥʝʥʠʝ ʠ ʫʯʸʪ ʵʪʠʭ ʧʨʝʜʤʝʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʦʡʥʳ. 

ʇʦʩʣʝ ʧʝʨʝʤʝʱʝʥʠʷ ʤʫʟʝʝʚ ʚ ʅʦʚʦʩʠʙʠʨʩʢ, ʂʫʯʫʤʦʚ ʩʪʘʣ ʜʠʨʝʢʪʦʨʦʤ ʄʫʟʝʷ-ʭʨʘʥʠʣʠʱʘ ʣʝʥʠʥ-
ʛʨʘʜʩʢʠʭ ʜʚʦʨʮʦʚ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʣ ʥʘʜʣʝʞʘʱʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʮʝʥʥʦʩʪʝʡ, ʧʦʤʦʛʘʷ ʩʦʭʨʘʥʠʪʴ 
ʢʫʣʴʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʵʚʘʢʫʘʮʠʠ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʦʡʥʳ ʚ 1944-1945 ʛʦʜʘʭ, ʦʥ ʙʳʣ 
ʢʦʤʘʥʜʠʨʦʚʘʥ ʚ ʇʨʠʙʘʣʪʠʢʫ ʜʣʷ ʨʦʟʳʩʢʘ ʧʦʭʠʱʝʥʥʳʭ ʚʦ ʚʨʝʤʷ ʚʦʡʥʳ ʤʫʟʝʡʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʟʘʥʠʤʘʷʩʴ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʫʪʨʘʯʝʥʥʦʡ ʩʚʷʟʠ ʩ ʢʫʣʴʪʫʨʥʳʤ ʥʘʩʣʝʜʠʝʤ. 

 
ɻɾʉɹ ɻʄɹɽʁʅʁʉʇɻʆɹ ʄɾʅʌʊ (1905-1981ʜ.ʜ.) 

ɺʝʨʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ʃʝʤʫʩ ʩʳʛʨʘʣʘ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʭʨʘʥʝʥʠʠ ʤʫʟʝʡʥʳʭ ʢʦʣʣʝʢʮʠʡ ʚʦ ʚʨʝʤʷ 
ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ, ʢʦʛʜʘ ʨʘʙʦʪʘʣʘ ʚ ɽʢʘʪʝʨʠʥʠʥʩʢʦʤ ʜʚʦʨʮʝ-ʤʫʟʝʝ. 

 ʈʦʜʠʚʰʠʩʴ 10 ʦʢʪʷʙʨʷ 1905 ʛʦʜʘ, ʃʝʤʫʩ ʦʢʦʥʯʠʣʘ ʄʦʩʢʦʚʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʚ 1934 ʛʦʜʫ ʠ ʚʩʢʦʨʝ 
ʧʨʠʥʷʣʘ ʥʘ ʩʝʙʷ ʦʙʷʟʘʥʥʦʩʪʠ ʚ ɽʢʘʪʝʨʠʥʠʥʩʢʦʤ ʜʚʦʨʮʝ-ʤʫʟʝʝ, ʛʜʝ ʩʪʘʣʘ ʨʫʢʦʚʦʜʠʪʴ ʤʝʪʦʜʠʯʝʩʢʠʤ ʦʪ-
ʜʝʣʦʤ. ʉ ʥʘʯʘʣʦʤ ʦʥʘ ʧʨʠʥʠʤʘʣʘ ʫʯʘʩʪʠʝ ʚ ʵʚʘʢʫʘʮʠʠ ʵʢʩʧʦʥʘʪʦʚ, ʯʪʦ ʙʳʣʦ ʩʣʦʞʥʦʡ ʠ ʥʘʧʨʷʞʝʥʥʦʡ 
ʟʘʜʘʯʝʡ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʡʩʷ ʦʙʩʪʘʥʦʚʢʠ. ʇʦʩʣʝ ɻ ʚʘʢʫʘʮʠʠ ʯʘʩʪʴ ʤʫʟʝʡʥʳʭ ʩʦʢʨʦʚʠʱ ʙʳʣʘ 
ʚʨʝʤʝʥʥʦ ʨʘʟʤʝʱʝʥʘ ʚ ʧʦʜʚʘʣʘʭ ʀʩʘʘʢʠʝʚʩʢʦʛʦ ʩʦʙʦʨʘ ʚ ʃʝʥʠʥʛʨʘʜʝ, ʛʜʝ ʃʝʤʫʩ ʪʘʢʞʝ ʟʘʥʠʤʘʣʘʩʴ ʠʭ 
ʩʦʭʨʘʥʝʥʠʝʤ.  

ɺ 1942 ʛʦʜʫ, ʢʦʛʜʘ ʙʣʦʢʘʜʥʳʡ ʃʝʥʠʥʛʨʘʜ ʦʢʘʟʘʣʩʷ ʚ ʠʟʦʣʷʮʠʠ, ʦʥʘ ʙʳʣʘ ʵʚʘʢʫʠʨʦʚʘʥʘ ʚ ɻʦʨʴʢʦʚ-
ʩʢʫʶ ʦʙʣʘʩʪʴ. ʊʘʤ ʨʘʙʦʪʘʣʘ ʥʘ ʧʦʜʩʦʙʥʦʤ ʭʦʟʷʡʩʪʚʝ ʉʦʨʤʦʚʩʢʦʛʦ ʟʘʚʦʜʘ ʠ ʦʪʚʝʯʘʣʘ ʟʘ ʮʝʥʥʦʩʪʠ ɽʢʘ-
ʪʝʨʠʥʠʥʩʢʦʛʦ ʠ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ ʜʚʦʨʮʦʚ-ʤʫʟʝʝʚ, ʢʦʣʣʝʢʮʠʷ ʢʦʪʦʨʳʭ ʥʘʩʯʠʪʳʚʘʣʘ ʙʦʣʝʝ ʧʷʪʠ ʪʳʩʷʯ 
ʧʨʝʜʤʝʪʦʚ.  

ɺ 1944 ʛʦʜʫ ɺʝʨʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ʚʝʨʥʫʣʘʩʴ ʚ ʃʝʥʠʥʛʨʘʜ ʠ ʧʨʦʜʦʣʞʠʣʘ ʨʘʙʦʪʫ ʚ ʎʝʥʪʨʘʣʴʥʦʤ 
ʍʨʘʥʠʣʠʱʝ ʤʫʟʝʡʥʳʭ ʬʦʥʜʦʚ, ʝʝ ʫʩʠʣʠʷ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʢʫʣʴʪʫʨʥʳʭ ʮʝʥʥʦʩʪʝʡ ʙʳʣʠ 
ʥʝʦʮʝʥʠʤʳʤʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʣʝʚʦʝʥʥʦʡ ʨʘʟʨʫʭʠ. ʃʝʤʫʩ ʧʨʦʷʚʠʣʘ ʩʝʙʷ ʢʘʢ ʧʨʝʜʘʥʥʳʡ ʟʘʱʠʪʥʠʢ ʨʦʩ-
ʩʠʡʩʢʦʛʦ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʚ ʩʘʤʳʝ ʪʷʞʝʣʳʝ ʚʨʝʤʝʥʘ. 

 
ɾɻɼɾʆʁʘ ʄɾʇʆʁɽʇɻʆɹ ʋʌʉʇɻɹ (1911-1971ʜ.ʜ.) 

ɽʚʛʝʥʠʷ ʃʝʦʥʠʜʦʚʥʘ ʊʫʨʦʚʘ ʨʦʜʠʣʘʩʴ 30 ʷʥʚʘʨʷ 1911 ʛʦʜʘ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ʩʪʘʣʘ ʟʥʘʯʠʤʦʡ 
ʬʠʛʫʨʦʡ ʚ ʩʬʝʨʝ ʤʫʟʝʡʥʦʛʦ ʠ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʦʛʦ ʜʝʣʘ. ʆʥʘ ʧʨʦʰʣʘ ʜʦʣʛʠʡ ʧʫʪʴ ʦʪ ʪʨʫʜʦʚʦʡ ʤʦʣʦʜʦ-
ʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʚʦʝʥʥʦʛʦ ʢʦʤʤʫʥʠʟʤʘ ʜʦ ʛʝʨʦʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʚ ʧʝʨʠʦʜ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ. 

ʉ ʥʘʯʘʣʦʤ ʚʦʡʥʳ ʊʫʨʦʚʘ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʵʚʘʢʫʘʮʠʠ ʤʫʟʝʡʥʳʭ ʮʝʥʥʦʩʪʝʡ ʠʟ ʇʫʰʢʠʥʘ. 
ʇʘʨʪʥʝʨʳ ʧʦ ʨʘʙʦʪʝ, ʪʘʢʠʝ ʢʘʢ ʊʘʤʘʨʘ ʌʝʦʜʦʩʴʝʚʥʘ ʇʦʧʦʚʘ, ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʣʠ ʝʝ ʚ ʵʪʦʡ ʚʘʞʥʦʡ 
ʟʘʜʘʯʝ. ʊʫʨʦʚʘ ʨʫʢʦʚʦʜʠʣʘ ʫʧʘʢʦʚʢʦʡ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʤʫʟʝʡʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʘ ʦʙʭʦʜʳ 
ʧʘʨʢʦʚ ʠ ʟʜʘʥʠʡ. ʂ ʩʦʞʘʣʝʥʠʶ, ʦʥʘ ʧʦʪʝʨʷʣʘ ʩʚʷʟʴ ʩ ʤʫʞʝʤ, ʫʰʝʜʰʠʤ ʥʘ ʬʨʦʥʪ, ʠ ʥʝ ʩʤʦʛʣʘ ʚʟʷʪʴ ʩ 
ʩʦʙʦʡ ʥʠʯʝʛʦ ʠʟ ʜʦʤʘ ʧʨʠ ʵʚʘʢʫʘʮʠʠ, ʢʦʪʦʨʳʡ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ ʧʦʟʞʝ, ʩʛʦʨʝʣ. 
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ʋɹʅɹʉɹ ʍɾʇɽʇʊʕɾɻʆɹ ʈʇʈʇɻɹ (1904-1980ʜ.ʜ.) 
ʆ ʩʫʜʴʙʝ ɽ. ʃ. ʊʫʨʦʚʦʡ ʠ ɺ. ɺ. ʃʝʤʫʩ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʦʜʥʘʢʦ ʩʫʜʴʙʘ ʊ. ʌ. ʇʦʧʦʚʦʡ ʜʦʣʛʦ ʦʩʪʘ-

ʚʘʣʘʩʴ ʚ ʪʝʥʠ. ɺ ʘʨʭʠʚʝ ʤʫʟʝʷ ʥʝ ʩʦʭʨʘʥʠʣʦʩʴ ʥʠ ʦʜʥʦʡ ʝʝ ʬʦʪʦʛʨʘʬʠʠ, ʠ ʝʝ ʚʢʣʘʜ ʚ ʠʩʪʦʨʠʶ ʤʫʟʝʷ ʥʝ 
ʙʳʣ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʦʪʤʝʯʝʥ. ʊʝʧʝʨʴ, ʦʧʠʨʘʷʩʴ ʥʘ ʘʨʭʠʚʥʳʝ ʩʚʝʜʝʥʠʷ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ʬʦʪʦ-
ʛʨʘʬʠʶ, ʤʳ ʭʦʪʠʤ ʨʘʩʩʢʘʟʘʪʴ ʦ ʝʝ ʞʠʟʥʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʧʫʪʠ. 

ʊʘʤʘʨʘ ʌʝʦʜʦʩʴʝʚʥʘ ʇʦʧʦʚʘ ʨʦʜʠʣʘʩʴ 16/29 ʜʝʢʘʙʨʷ 1904 ʛʦʜʘ ʚ ɻʘʪʯʠʥʝ. ʉ ʚʦʩʴʤʠ ʣʝʪ ʊʘʤʘʨʘ 
ʫʯʠʣʘʩʴ ʚ ɼʝʤʠʜʦʚʩʢʦʡ ʛʠʤʥʘʟʠʠ, ʘ ʧʦʩʣʝ ʨʝʚʦʣʶʮʠʠ, ʧʝʨʝʝʭʘʚ ʚ ʉʘʤʘʨʫ, ʧʨʦʜʦʣʞʠʣʘ ʦʙʨʘʟʦʚʘʥʠʝ ʚ 
1-ʡ ʉʦʚʝʪʩʢʦʡ ʰʢʦʣʝ. ʇʦʟʜʥʝʝ ʚʝʨʥʫʣʘʩʴ ʚ ʇʝʪʨʦʛʨʘʜ ʠ ʦʢʦʥʯʠʣʘ ʃʝʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠ-
ʚʝʨʩʠʪʝʪ ʚ 1924 ʛʦʜʫ. 

ɺʦ ʚʨʝʤʷ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʊʘʤʘʨʘ ʌʝʦʜʦʩʴʝʚʥʘ ʇʦʧʦʚʘ ʟʘʥʠʤʘʣʘ ʜʦʣʞʥʦʩʪʴ ʟʘ-
ʤʝʩʪʠʪʝʣʷ ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʚ ʤʫʟʝʷʭ ʛʦʨʦʜʘ ʇʫʰʢʠʥʘ. ʆʥʘ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʵʚʘʢʫʘ-
ʮʠʠ ʤʫʟʝʡʥʳʭ ʵʢʩʧʦʥʘʪʦʚ ʠ ʨʘʙʦʪʘʣʘ ʥʘʜ ʢʦʥʩʝʨʚʘʮʠʝʡ ʜʚʦʨʮʦʚʳʭ ʠʥʪʝʨʴʝʨʦʚ.  

ʇʦʩʣʝ ʚʦʡʥʳ, ʚʝʨʥʫʚʰʠʩʴ ʚ ʨʘʟʨʫʰʝʥʥʳʡ ʛʦʨʦʜ ʇʫʰʢʠʥ, ʊʘʤʘʨʘ ʌʝʦʜʦʩʴʝʚʥʘ ʧʨʠʥʠʤʘʣʘ ʫʯʘ-
ʩʪʠʝ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʚʦʨʮʦʚ ʠ ʧʘʨʢʦʚ, ʚʢʣʘʜʳʚʘʷ ʚʩʝ ʩʚʦʠ ʩʠʣʳ ʠ ʟʥʘʥʠʷ ʚ ʚʦʟʨʦʞʜʝʥʠʝ ʤʫʟʝʝʚ. ɽʝ 
ʨʘʙʦʪʘ ʠ ʧʨʝʜʘʥʥʦʩʪʴ ʜʝʣʫ ʩʜʝʣʘʣʠ ʝʝ ʟʥʘʯʠʤʦʡ ʬʠʛʫʨʦʡ ʚ ʠʩʪʦʨʠʠ ʤʫʟʝʝʚ ʵʪʦʛʦ ʨʝʛʠʦʥʘ. 

 
ɼɹʄʁʆɹ ɽʅʁʋʉʁɾɻʆɹ ʆɾʋʌʆɹʎʁʆɹ (1905-1988 ʜ.ʜ.) 

ɻʘʣʠʥʘ ɼʤʠʪʨʠʝʚʥʘ ʅʝʪʫʥʘʭʠʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʳʣʘ ʟʥʘʯʠʤʦʡ ʬʠʛʫʨʦʡ ʚ ʩʬʝʨʝ ʠʩʢʫʩʩʪʚʦʚʝʜʝ-
ʥʠʷ ʠ ʤʫʟʝʡʥʦʛʦ ʜʝʣʘ. ɽʸ ʞʠʟʥʴ ʠ ʜʝʷʪʝʣʴʥʦʩʪʴ ʷʚʣʷʶʪʩʷ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʧʨʝʜʘʥʥʦʩʪʠ ʩʚʦʝʤʫ ʜʝʣʫ ʠ 
ʣʶʙʚʠ ʢ ʢʫʣʴʪʫʨʝ. 

ʆʥʘ ʦʢʦʥʯʠʣʘ ʃʝʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʚʦʝʡ ʞʠʟʥʠ ʨʘʙʦ-
ʪʘʣʘ ʚ ʤʫʟʝʷʭ, ʛʜʝ ʝʸ ʚʢʣʘʜ ʙʳʣ ʥʝʦʮʝʥʠʤ. ɺʦ ʚʨʝʤʷ ʙʣʦʢʘʜʳ ʃʝʥʠʥʛʨʘʜʘ ɻʘʣʠʥʘ ɼʤʠʪʨʠʝʚʥʘ ʧʨʦʷʚʠ-
ʣʘ ʥʝʚʝʨʦʷʪʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʩʪʘʚ ʭʨʘʥʠʪʝʣʝʤ ʤʫʟʝʡʥʳʭ ʮʝʥʥʦʩʪʝʡ ʚ ʧʦʜʚʘʣʘʭ ʀʩʘʘʢʠʝʚʩʢʦʛʦ ʩʦʙʦʨʘ, 
ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʝʸ ʙʦʣʴʰʦʤ ʤʫʞʝʩʪʚʝ ʠ ʩʘʤʦʦʪʚʝʨʞʝʥʥʦʩʪʠ. 

ʉ 1949 ʛʦʜʘ ʅʝʪʫʥʘʭʠʥʘ ʨʘʙʦʪʘʣʘ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʤ ʤʫʟʝʝ ʛʦʨʦʜʩʢʦʡ ʩʢʫʣʴʧʪʫʨʳ, ʛʜʝ ʘʢʪʠʚʥʦ ʟʘ-
ʥʠʤʘʣʘʩʴ ʦʨʛʘʥʠʟʘʮʠʝʡ ʚʳʩʪʘʚʦʢ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʢʦʥʢʫʨʩʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʘʤʷʪʥʠʢʘ ɸʣʝʢʩʘʥʜʨʫ ʇʫʰ-
ʢʠʥʫ. ʆʥʘ ʩʳʛʨʘʣʘ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʫʩʪʘʥʦʚʢʝ ʧʘʤʷʪʥʠʢʘ, ʢʦʪʦʨʳʡ ʩʪʘʣ ʚʘʞʥʳʤ ʢʫʣʴʪʫʨʥʳʤ ʩʠʤʚʦʣʦʤ 
ʛʦʨʦʜʘ. 

ʉ 1955 ʛʦʜʘ ʦʥʘ ʟʘʥʷʣʘ ʜʦʣʞʥʦʩʪʴ ʜʠʨʝʢʪʦʨʘ ʤʫʟʝʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʝʡ ʝʱʝ ʙʦʣʴʰʝ ʚʣʠʷʪʴ ʥʘ ʤʫ-
ʟʝʡʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ɻʘʣʠʥʘ ɼʤʠʪʨʠʝʚʥʘ ʟʘʢʣʶʯʘʣʘ ʜʦʛʦʚʦʨʘ ʩ ʧʦʜʨʷʜʯʠʢʘʤʠ, ʢʦʥʪʨʦʣʠʨʦʚʘʣʘ ʧʦ-
ʩʪʘʚʢʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʘʤʷʪʥʠʢʦʚ ʠ ʝʸ ʤʥʝʥʠʝ ʫʯʠʪʳʚʘʣʦʩʴ ʥʘ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʩʦʚʝʪʘʭ. 

ɽʸ ʨʘʙʦʪʘ ʧʦ ʚʦʩʩʦʟʜʘʥʠʶ ʄʦʩʢʦʚʩʢʠʭ ʪʨʠʫʤʬʘʣʴʥʳʭ ʚʦʨʦʪ ʩ 1957 ʛʦʜʘ ʪʘʢʞʝ ʟʘʩʣʫʞʠʚʘʝʪ ʚʥʠ-
ʤʘʥʠʷ. ɽʝ ʛʣʫʙʦʢʠʝ ʟʥʘʥʠʷ ʚ ʛʝʨʘʣʴʜʠʢʝ ʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʩʢʫʣʴʧʪʫʨ ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʜʣʷ 
ʫʩʧʝʰʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʪʨʘʯʝʥʥʳʭ ʜʝʪʘʣʝʡ. ʄʦʥʦʛʨʘʬʠʷ "ʈʫʩʩʢʘʷ ʤʝʤʦʨʠʘʣʴʥʘʷ ʩʢʫʣʴʧʪʫʨʘ", 
ʥʘʧʠʩʘʥʥʘʷ ʝʶ, ʦʩʪʘʚʠʣʘ ʟʥʘʯʠʤʳʡ ʩʣʝʜ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʘ ʠ ʩʪʘʣʘ ʥʘʩʪʦʣʴʥʦʡ ʢʥʠʛʦʡ ʜʣʷ ʤʥʦʛʠʭ 
ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ɻʘʣʠʥʘ ɼʤʠʪʨʠʝʚʥʘ ʪʘʢʞʝ ʚʳʩʦʢʦ ʦʮʝʥʠʣʘ ʧʘʤʷʪʥʠʢ ʇʫʰʢʠʥʫ, ʩʦʟʜʘʥʥʳʡ ʄʠʭʘʠʣʦʤ ɸʥʠʢʫʰʠ-
ʥʳʤ ʠ ɺʘʩʠʣʠʝʤ ʇʝʪʨʦʚʳʤ, ʦʪʤʝʪʠʚ ʝʛʦ ʠʩʪʠʥʥʫʶ ʣʝʥʠʥʛʨʘʜʩʢʫʶ ʩʫʪʴ. ʆʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʳʣʘ ʠʥ-
ʪʝʣʣʠʛʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʫʣʴʪʫʨʘ ʠ ʠʩʢʫʩʩʪʚʦ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʞʠʟʥʠ ʛʦʨʦʜʘ. 
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Долгова Екатерина Алексеевна, 
Карел Алина Александровна, 

Фоменко Артем Витальевич 
ʩʪʫʜʝʥʪʳ 

ʌɻɹʆʋ ɺʆ çɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɾʠʣʴʥʠʢʦʚ ɼʤʠʪʨʠʡ ʀʛʦʨʝʚʠʯ 
ʢ.ʤ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʥʦʨʤʘʣʴʥʳʡ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʘʥʘʪʦʤʠʠ ʩ ʢʫʨʩʦʤ ʦʧʝʨʘʪʠʚʥʦʡ ʭʠʨʫʨʛʠʠ 

ʌɻɹʆʋ ɺʆ çɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ ʦʧʪʠʤʘʣʴʥʳʡ ʤʝʪʦʜ ʢʦʥʪʨʘʩʪʠʨʦʚʘ-
ʥʠʷ ʰʚʦʚ ʯʝʨʝʧʘ ʜʣʷ ʠʭ ʣʫʯʰʝʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʚʳʷʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʧʦʩʣʝʜʫ-
ʶʱʝʛʦ ʘʥʘʣʠʟʘ. ʉʧʦʩʦʙ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʟʨʘʙʦʪʢʘʤ ʚ ʦʙʣʘʩʪʠ ʤʝʪʦʜʦʣʦʛʠʠ ʜʠʩʮʠʧʣʠʥʳ çɸʥʘʪʦʤʠʷ ʯʝʣʦ-
ʚʝʢʘè. ʆʥ ʨʝʘʣʠʟʫʝʤ ʚ ʨʘʤʢʘʭ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. ʇʨʦʩʪʦʪʘ ʠ 
ʧʦʥʷʪʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʜʝʣʘʝʪ ʝʛʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤ, ʘ ʧʦʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʢʘʟʳʚʘ-
ʶʪʩʷ ʥʘ ʧʨʦʣʦʥʛʠʨʦʚʘʥʠʠ ʩʨʦʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʪʚʝʯʘʶʪ ʢʨʠʪʝʨʠʷʤ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʂʦʤ-
ʙʠʥʘʮʠʷ ʩ ʜʨʫʛʠʤʠ ʦʩʪʝʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʧʦ ʦʙʝʟʞʠʨʠʚʘʥʠʶ ʠ ʦʪʙʝʣʠʚʘʥʠʶ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-
ʯʘʪʴ ʧʦʩʦʙʠʷ, ʥʝ ʪʦʣʴʢʦ ʩ ʵʩʪʝʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʠ ʥʘʜʝʣʷʪʴ ʪʘʢʠʝ ʧʨʝʧʘʨʘʪʳ ʮʝʣʳʤ ʩʧʝʢʪʨʦʤ 
ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʄʝʪʦʜʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʩʦʚʨʝʤʝʥʥʳʡ ʪʨʝ-
ʙʦʚʘʪʝʣʴʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ [1-3].  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʨʘʥʠʦʣʦʛʠʷ, ʤʝʪʦʜʦʣʦʛʠʷ ʘʥʘʪʦʤʠʠ, ʙʝʨʝʞʣʠʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ 
ʰʚʦʚ ʯʝʨʝʧʘ 
 
A METHOD OF CONTRASTING SKULL SUTURES FOR OPTIMAL VISUALIZATION AND SUBSEQUENT 

ANALYSIS 
 

Dolgova Ekaterina Alekseevna 
Karel Alina Alexandrovna 

Fomenko Artem Vitalievich 
 

Scientific supervisor: Zhilnikov Dmitry Igorevich 
 
Abstract: the article describes the optimal method of contrasting skull sutures developed by a team of authors 
for their better visualization, identification of structural features and subsequent analysis. The method relates 
to developments in the field of methodology of the discipline "Human Anatomy". It is implemented as part of 
our own production in anatomical laboratories. The simplicity and clarity of the algorithms makes it reproduci-
ble, and subsequent stabilization methods affect the prolongation of the useful life and meet the criteria of lean 
manufacturing. The combination with other osteological methods for degreasing and bleaching makes it possi-
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ble to receive benefits not only with aesthetic properties, but also to endow such drugs with a whole range of 
demonstration possibilities. The methodology can be successfully integrated into the modern demanding edu-
cational process [1-3]. 
Keywords: craniology, methodology of anatomy, lean manufacturing, differentiation of skull sutures 

 
ʐʚʳ ð ʵʪʦ ʥʝʧʦʚʪʦʨʠʤʘʷ ʠ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʯʘʩʪʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʦʩʝʚʦʛʦ ʩʢʝʣʝʪʘ, ʦʙʲ-

ʝʜʠʥʷʶʱʘʷ ʢʦʩʪʠ ʯʝʨʝʧʘ ʚ ʝʜʠʥʫʶ ʮʝʣʦʩʪʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. ʀʭ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʦʧʨʝ-
ʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ, ʦʧʠʩʳʚʘʶʪ ʩʦʩʪʦʷʥʠʝ ʚʦʣʦʢʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʶʪʩʷ 
ʢʦʩʚʝʥʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʤʝʭʘʥʠʟʤʦʚ ʢʨʘʝʚʦʛʦ ʦʩʪʝʦʛʝʥʝʟʘ. ʐʚʳ ʥʘʜʝʣʝʥʳ ʤʥʦʞʝʩʪʚʦʤ ʩʚʦʡʩʪʚ ʠ ʢʦʣʠ-
ʯʝʩʪʚʝʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ ʰʦʚʥʳʡ ʠʥʜʝʢʩ, 
ʤʝʨʘ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʢʦʩʪʝʡ, ʩʪʝʧʝʥʴ ʰʦʚʥʦʡ ʘʧʧʦʟʠʮʠʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ [4]. ɺ ʰʚʘʭ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʦʯʢʠ ʦʢʦʩʪʝʥʝʥʠʷ, ʟʥʘʤʝʥʫʶʱʠʝ ʧʦʷʚʣʝʥʠʝ ʜʦʙʘʚʦʯʥʳʭ ʢʦʩʪʝʡ, ʯʘʩʪʦ ʠʤʝʶʱʠʭ ʙʠ-
ʣʘʪʝʨʘʣʴʥʫʶ ʘʩʠʤʤʝʪʨʠʶ, ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʠʣʠ ʦʯʘʛʦʚʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʄʝʭʘʥʠʟʤ ʠʭ ʧʦʷʚʣʝʥʠʷ 
ʦʧʠʩʘʥ ʚ ʨʘʟʥʳʭ ʛʠʧʦʪʝʟʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʥʝʟʘʚʝʨʰʝʥʥʳʤ ʦʩʪʝʦʛʝʥʝʟʦʤ, ʜʝ-
ʬʦʨʤʘʮʠʷʤʠ ʠ ʢʨʘʥʠʦʩʪʝʥʦʟʦʤ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʨʘʟʚʠʪʠʶ ʩʪʦʡʢʦʡ ʚʥʫʪʨʠʯʝʨʝʧʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ [5]. ʐʚʳ 
ʯʝʨʝʧʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʤʘʨʢʝʨʦʤ ʚʦʟʨʘʩʪʘ ʠʥʜʠʚʠʜʘ ʠʩʧʦʣʴʟʫʝʤʳʤ ʧʨʠ ʧʘʣʝʦʜʝʤʦʛʨʘ-
ʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʫʜʝʙʥʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʘʥʪʨʦʧʦʣʦʛʠʠ, ʭʦʪʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʫʱʝʩʪʚʫʶʪ ʧʦ-
ʛʨʝʰʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʭʦʞʜʝʥʠʝʤ ʤʝʞʜʫ ʢʘʣʝʥʜʘʨʥʳʤ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʚʦʟʨʘʩʪʦʤ [6]. ʂʘʨʪʦʛʨʘ-
ʬʠʷ ʜʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷ ʯʝʨʝʧʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʝʥʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʦ ʠʭ ʜʠʬʬʝ-
ʨʝʥʮʠʨʦʚʢʝ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʥʪʨʘʩʪʥʦʩʪʠ. ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʦʞʥʳʝ ʠ ʪʨʫʜʦʟʘʪʨʘʪʥʳʝ ʩʧʦʩʦʙʳ, 
ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʠʭ ʤʘʩʩʦʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʧʦ ʨʫʯʥʦʡ ʦʢʨʘʩʢʝ ʪʫʰʴʶ, ʞʠʜʢʠʤʠ ʧʠʛʤʝʥʪʘʤʠ ʩ ʧʦʩʣʝ-
ʜʫʶʱʠʤ ʚʳʩʚʝʪʣʝʥʠʝʤ. ɺ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʘʥʘʪʦʤʠʠ ʯʝʣʦʚʝʢʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʰʚʦʚ 
ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʤʦʯʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʚʦʩʧʨʠʷʪʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʢ ʮʝʣʦʛʦ ʦʙ-
ʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʵʣʝʤʝʥʪʦʚ ï ʢʦʩʪʝʡ.  

ʈʝʰʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʧʨʦʩʪʦʛʦ ʩʧʦʩʦʙʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 
ʟʘʧʦʣʥʝʥʠʠ ʰʚʦʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʩʫʭʦʡ ʧʨʦʷʚʦʯʥʦʡ ʧʠʛʤʝʥʪʥʦʡ ʧʫʜʨʦʡ 3M 09560 ʠ ʜʘʣʴʥʝʡʰʝʡ ʬʠʢ-
ʩʘʮʠʝʡ ʝʸ ʥʘ ʣʠʥʠʠ ʰʚʘ ʘʢʨʠʣʦʚʳʤ ʣʘʢʦʤ. ʄʝʪʦʜ ʥʝ ʪʨʝʙʫʝʪ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʩʚʝʪʣʝʥʠʷ ʦʢʨʫʞʘʶʱʠʭ 
ʪʢʘʥʝʡ, ʪʘʢ ʢʘʢ ʧʫʜʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʪʚʦʨʠʤʘ ʚ ʚʦʜʝ ʠ ʩʧʠʨʪʝ, ʯʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʝʸ ʧʨʦʩʪʘʷ 
ʩʤʳʚʢʘ ʚ ʪʝʭ ʤʝʩʪʘʭ, ʛʜʝ ʦʥʘ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʊʘʢʞʝ ʦʥ ʧʨʠʤʝʥʠʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʪʘʢ ʢʘʢ ʠʟʚʝʩʪ-
ʥʦ, ʯʪʦ ʦʙʣʠʪʝʨʘʮʠʷ ʦʩʥʦʚʥʳʭ ʰʚʦʚ ʧʨʦʠʩʭʦʜʠʪ ʠʟʥʫʪʨʠ ʥʘʨʫʞʫ. ɿʘʢʨʳʪʠʝ ʠʟʥʫʪʨʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʚʷʟʠ 
ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʚʥʫʪʨʠʯʝʨʝʧʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʢʨʘʥʠʦʩʘʢʨʘʣʴʥʦʡ ʤʝʭʘʥʠʢʠ. ʉʥʘʨʫʞʠ ʧʨʝ-
ʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʞʝʚʘʪʝʣʴʥʳʭ ʤʳʰʮ, ʩʠʣʘ ʢʦʪʦʨʳʭ ʧʦʩʪʦʷʥʥʦ ʤʦʜʫʣʠʨʫʝʪʩʷ. ʇʨʠ ʵʪʦʤ 
ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʟʘʢʨʳʪʳʝ ʫʯʘʩʪʢʠ ʰʚʦʚ ʧʦ ʢʦʥʚʝʢʩʫ ʧʦ ʚʝʨʩʠʠ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʜʦ 80 
ʣʝʪ [7]. ʆʛʨʘʥʠʯʝʥʠʝ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʥʦ ʩ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷ-
ʤʠ ʯʝʨʝʧʘ, ʷʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʢʨʘʥʠʦʩʪʝʥʦʟʘ, ʨʘʥʥʠʤ ʧʦʣʥʳʤ ʩʠʥʦʩʪʦʟʦʤ ʰʚʦʚ. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ ʠ ʜʦʩʪʫʧʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ. ʇʦʣʫʯʘʝʤʳʝ 
ʦʩʪʝʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʦʙʠʷ ʠʤʝʶʪ ʧʨʠʷʪʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ, ʠʥʬʦʨʤʘʪʠʚʥʳ [8]. ɼʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʤʘʪʝ-
ʨʠʘʣ ʚ ʤʝʪʦʜʦʣʦʛʠʠ ʜʠʩʮʠʧʣʠʥʳ ʫʣʫʯʰʘʝʪ ʚʦʩʧʨʠʷʪʠʝ ʩʣʦʞʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʯʝʨʝ-
ʧʘ, ʩʧʦʩʦʙʝʥ ʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʟʥʘʥʠʡ ʠ ʩʚʝʜʝʥʠʡ ʦ ʩʪʨʦʝʥʠʠ ʩʢʝʣʝʪʘ. ʄʝʪʦʜ ʧʨʠʤʝʥʠʤ 
ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʫʟʦʚ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩ ʫʩʧʝʭʦʤ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʫʜʝʙʥʦʡ ʠ ʘʥ-
ʪʨʦʧʦʣʦʛʠʯʝʩʢʠʭ ʧʨʘʢʪʠʢʘʭ.  

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ: ʢʘʜʘʚʝʨʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʩʣʝ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʠʶ ʧʦʜʚʝʨʛʘʣʠ 
ʤʝʪʦʜʫ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʤʘʮʝʨʘʮʠʠ ʚ ʧʣʘʩʪʠʢʦʚʳʭ ʝʤʢʦʩʪʷʭ ʩ ʧʨʦʪʦʯʥʦʡ ʚʦʜʦʡ ʧʨʠ t +22-25oC ʩ ʚʥʝ-
ʩʝʥʠʝʤ ʘʛʘʛïʘʛʘʨʘ, ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʣ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʛʥʠʝʥʠʷ [9]. ɺʣʘʞʥʘʷ ʩʨʝʜʘ ʠʩʢʣʶʯʘʣʘ ʩʪʘʜʠʶ 
ʩʫʭʦʛʦ ʛʥʠʝʥʠʷ [10]. 

ɺʩʝ ʵʪʘʧʳ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʢʘʜʘʚʝʨʥʦʤ ʤʘʪʝʨʠʘʣʝ, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʦʤʫ, ʝʛʦ ʦʙʨʘʙʦʪʢʘ ʠ 
ʭʨʘʥʝʥʠʝ ʚ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥ ʬʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ˉ323-ʌɿ ʦʪ 
21.11.2011 (ʨʝʜ. ʦʪ 08.08.2024) çʆʙ ʦʩʥʦʚʘʭ ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ ʛʨʘʞʜʘʥ ʚ ʈʌè (ʩʪ. 68 çʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʪʝʣʘ, ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʫʤʝʨʰʝʛʦ ʯʝʣʦʚʝʢʘè), ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʥʦ ʧʦʣʦʞʝʥʠʷʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʇʦʩʪʘʥʦʚ-
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ʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 21.06.2012 ˉ750 (ʨʝʜ. ʦʪ 17.12.2016) çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʨʘʚʠʣ ʧʝʨʝʜʘʯʠ 
ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʦʛʦ ʪʝʣʘ, ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʫʤʝʨʰʝʛʦ ʯʝʣʦʚʝʢʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʩʢʠʭ, 
ʥʘʫʯʥʳʭ ʠ ʫʯʝʙʥʳʭ ʮʝʣʷʭ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʦʛʦ ʪʝʣʘ, ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʫʤʝʨʰʝʛʦ 
ʯʝʣʦʚʝʢʘ ʚ ʫʢʘʟʘʥʥʳʭ ʮʝʣʷʭè.  

ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʦʩʪʝʦʣʦʛʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʩʥʘʯʘʣʘ ʚʳʤʘʯʠʚʘʣʠ ʚ ʪʝʯʝ-
ʥʠʝ ʩʫʪʦʢ ʚ 3ï5% ʨʘʩʪʚʦʨʝ NH4OH ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʛʥʠʣʦʩʪʥʦʛʦ ʟʘʧʘʭʘ. ʆʙʝʟʞʠʨʠʚʘʥʠʝ ʯʝʨʝʧʘ ʠ ʧʦ-
ʩʣʝʜʫʶʱʝʝ ʦʪʙʝʣʠʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ ʨʘʥʝʝ [ʈʘʮʠʦʥʘʣʠʟʘʪʦʨ-
ʩʢʦʝ ʧʨʝʜʣʦʞʝʥʠʝ çʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʦʙʝʟʞʠʨʠʚʘʥʠʷ ʠ ʦʪʙʝʣʠʚʘʥʠʷ ʢʦʩʪʝʡè ˉ2907 ʦʪ 
23.05.2023 ʛ., ɼ. ʀ. ɾʠʣʴʥʠʢʦʚ, ɽ. ʖ. ɾʠʚʦʪʦʚʘ, ʉ. ɺ. ɺʠʥʦʛʨʘʜʦʚʘ, ʆ. ʀ. ʉʦʨʦʯʠʥʩʢʘʷ, ɸ. ɺ. ʌʦʤʝʥʢʦ, 
ɺ. ɸ. ʍʦʜʝʚʮʝʚʘ] ʠʣʠ ʤʝʪʦʜʠʢʝ ʄ. ɸ. ɿʘʩʣʘʚʩʢʦʛʦ [11].  

ɼʘʣʝʝ, ʦʙʝʟʞʠʨʝʥʥʳʝ ʠ ʦʪʙʝʣʝʥʥʳʡ ʢʦʩʪʠ ʯʝʨʝʧʘ ʧʦʜʩʫʰʠʚʘʣʠʩʴ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝ-
ʯʝʥʠʝ 1ï2 ʩʫʪʦʢ. ʃʠʥʠʶ ʰʚʦʚ ʩ ʧʦʤʦʱʴʶ ʩʧʦʥʞʘ ʟʘʧʦʣʥʷʣʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʩʫʭʦʡ ʧʨʦʷʚʦʯʥʦʡ ʧʠʛ-
ʤʝʥʪʥʦʡ ʧʫʜʨʦʡ 3M 09560 (ʨʠʩ. 1). ɽʸ ʠʟʣʠʰʢʠ ʫʜʘʣʷʣʠ ʧʦʣʫʩʫʭʦʡ ʚʝʪʦʰʴʶ, ʩʤʦʯʝʥʥʦʡ ʚ ʵʪʠʣʦʚʦʤ 
ʩʧʠʨʪʝ. ʇʦʩʣʝ ʵʪʦʛʦ, ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʠ ʫʜʝʨʞʠʚʘʥʠʷ ʧʠʛʤʝʥʪʘ ʚ ʰʚʝ, ʥʘʥʦʩʠʣʠ ʘʢʨʠʣʦʚʳʡ ʠʣʠ ʵʧʦʢ-
ʩʠʜʥʳʡ ʧʨʦʟʨʘʯʥʳʡ ʘʵʨʦʟʦʣʴʥʳʡ ʣʘʢ. ɽʛʦ ʤʦʞʥʦ ʢʘʢ ʠʟʙʠʨʘʪʝʣʴʥʦ ʥʘʥʦʩʠʪʴ ʪʦʣʴʢʦ ʥʘ ʣʠʥʠʶ ʰʚʘ, ʣʠ-
ʙʦ ʧʦʢʨʳʚʘʪʴ ʚʝʩʴ ʯʝʨʝʧ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʧʨʦʯʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʥʘʠʙʦʣʝʝ ʭʨʫʧʢʠʭ ʵʣʝ-
ʤʝʥʪʦʚ [ʈʘʮʠʦʥʘʣʠʟʘʪʦʨʩʢʦʝ ʧʨʝʜʣʦʞʝʥʠʝ çʉʧʦʩʦʙ ʫʧʨʦʯʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʩʪʝʡ ʣʠʮʝʚʦʛʦ ʦʪʜʝʣʘ 
ʯʝʨʝʧʘ ʠ ʩʦʭʨʘʥʝʥʠʷ ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠè ˉ2871 ʦʪ 23.06.2025 ʛ., ɽ. ɸ. ɼʦʣʛʦʚʘ, 
ɽ. ʖ. ɾʠʚʦʪʦʚʘ, ɼ. ʀ. ɾʠʣʴʥʠʢʦʚ, ɸ. ɸ. ʂʘʨʝʣ, ʆ. ʀ. ʉʦʨʦʯʠʥʩʢʘʷ, ɸ. ɺ. ʌʦʤʝʥʢʦ]. 

 

 
ʉʡʪ. 1. ʏʝʨʝʧ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʟʘʪʳʣʦʯʥʦʡ ʥʦʨʤʝ. ɸ ï ʙʝʟ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ ʣʠʥʠʠ 

ʰʚʦʚ; ɹ ï ʧʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʩʘʛʠʪʪʘʣʴʥʦʛʦ, ʣʷʤʙʜʦʚʠʜʥʦʛʦ ʰʚʦʚ ʥʞʤʣʧʝʡʪʨʞʩʪʦʧʢ ʪʬʮʧʢ 
ʨʩʧʸʛʧʰʦʧʢ ʨʡʜʥʞʦʫʦʧʢ ʨʬʝʩʧʢ 3M 09560 

 
ʉʞʠʬʤʵʫʙʫʴ ʡ ʛʴʛʧʝʴ: ʯʝʣʦʚʝʯʝʩʢʠʡ ʯʝʨʝʧ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʩʣʘʛʘʝʪʩʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʢʦʩʪʝʡ. ʆʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʥʝʨʝʜʢʦ, 
ʧʣʦʭʦ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʩʪʫʜʝʥʪʘʤʠ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʰʚʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʘʚʠʣʴ-
ʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ ʛʨʘʥʠʮ ʤʝʞʜʫ ʢʦʩʪʷʤʠ, ʦʰʠʙʦʯʥʦʡ ʪʨʘʢʪʦʚʢʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ [12]. ʊʘ-
ʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʧʨʝʜʣʦʞʝʥ ʜʦʩʪʫʧʥʳʡ ʧʦʵʪʘʧʥʳʡ ʘʣʛʦʨʠʪʤ, ʥʘʮʝʣʝʥʥʳʡ ʥʘ ʯʘʩʪʠʯʥʦʝ ʨʝʰʝʥʠʝ 
ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʧʨʝʢʨʘʩʥʳʡ ʜʝʤʦʥʩʪʨʘʮʠʦʥ-
ʥʳʡ ʤʘʪʝʨʠʘʣ. ʋʣʫʯʰʝʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʜʠʩʮʠʧʣʠʥʳ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚ-
ʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɼʦʩʪʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ ʥʝ ʟʘ-
ʪʨʫʜʥʷʝʪ ʠʭ ʠʥʪʝʛʨʘʮʠʶ.  

ʅʘ ʪʘʢʠʭ ʧʨʝʧʘʨʘʪʘʭ, ʩʦʟʜʘʥʥʳʭ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ, ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʦʥʩʪʨʫʢ-
ʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʯʝʨʝʧʘ ʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʠ ʪʘʢʞʝ ʠʟʫʯʘʪʴ ʘʨʭʠʪʝʢʪʦʥʠʢʫ ʰʚʦʚ. 
ʆʩʥʦʚʥʳʝ ʰʚʳ ʩʚʦʜʘ ʯʝʨʝʧʘ: ʚʝʥʝʯʥʳʡ (C1, ʉ2, ʉ3), ʩʘʛʠʪʪʘʣʴʥʳʡ (S1, S2, S3, S4), ʣʷʤʙʜʦʚʠʜʥʳʡ (L1, 
L2, L3) ʧʦʜʝʣʝʥʳ ʥʘ ʩʝʛʤʝʥʪʳ ʠ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʳʷʚʣʷʝʤʳʝ 
ʧʨʠ ʭʦʨʦʰʝʤ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʠ [13]. ʄʝʪʦʜ ʧʦʣʥʦʮʝʥʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 
ʚʫʟʦʚ, ʧʨʠ ʵʪʦʤ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʥʝ ʪʦʣʴʢʦ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ, ʥʦ ʠ ʚ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʥʪʨʦʧʦʣʦʛʦʚ, ʩʫʜʝʙʥʦ-ʤʝʜʠʮʠʥʩʢʠʭ ʵʢʩʧʝʨʪʦʚ, ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ.  
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СОВРЕМЕННЫЕ МЕТОДЫ ЛЕЧЕНИЯ 
МЕДИАСТИНИТОВ 

 

 Чиркова Анастасия Васильевна, 
Шабалина Яна Яковлевна 

cʪʫʜʝʥʪʳ 
ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʇʫʪʠʥʮʝʚ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ, 
ɼʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌɻɹʆʋ ɺʆ çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ 

 

ɹʦʦʧʫʙʯʡʸ: ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ 
ʤʝʜʠʘʩʪʠʥʠʪʦʚ - ʪʷʞʸʣʦʛʦ ʛʥʦʡʥʦ-ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʩʨʝʜʦʩʪʝʥʠʷ, ʢʦʪʦʨʦʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 
ʩʣʫʯʘʝʚ ʦʩʣʦʞʥʷʝʪ ʧʝʨʬʦʨʘʮʠʶ ʧʠʱʝʚʦʜʘ, ʨʝʞʝ - ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʬʝʢʮʠʠ ʠʟ ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ ʠʣʠ 
ʦʧʝʨʘʮʠʠ ʥʘ ʦʨʛʘʥʘʭ ʛʨʫʜʥʦʡ ʢʣʝʪʢʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʪʘʪʴʠ, ʧʦʩʚʷʱʸʥʥʳʝ ʭʠʨʫʨʛʠʯʝʩʢʦʡ ʪʘʢʪʠʢʝ, 
ʤʘʣʦʠʥʚʘʟʠʚʥʳʤ ʚʤʝʰʘʪʝʣʴʩʪʚʘʤ (VATS), ʚʘʢʫʫʤ-ʪʝʨʘʧʠʠ, ʘ ʪʘʢʞʝ ʨʦʣʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʜʝʢʦʤ-
ʧʨʝʩʩʠʠ ʧʠʱʝʚʦʜʘ (ʵʟʦʬʘʛʦʩʪʦʤʠʷ, ʛʘʩʪʨʦʩʪʦʤʠʷ, ʝʶʥʦʩʪʦʤʠʷ). ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʩ ʙʘʟʳ ʂʆʂɹ ʠʤ. 
ʉ.ɺ. ɹʝʣʷʝʚʘ: 131 ʧʘʮʠʝʥʪ ʩ ʥʠʩʭʦʜʷʱʠʤ ʥʝʢʨʦʪʠʟʠʨʫʶʱʠʤ ʤʝʜʠʘʩʪʠʥʠʪʦʤ (ʦʮʝʥʠʚʘʣʠʩʴ ʢʨʘʪʥʦʩʪʴ 
ʩʘʥʘʮʠʡ; ʣʝʪʘʣʴʥʦʩʪʴ ʚ ʜʠʥʘʤʠʢʝ -ʩʥʠʞʝʥʠʝ ʩ 36,9% ʜʦ 12,3% ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʘʢʪʠʚʥʦʡ ʪʦʨʘʢʦʩʢʦʧʠ-
ʯʝʩʢʦʡ ʪʘʢʪʠʢʠ, p=0,001). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʨʘʢʦʪʦʤʠʷ ʩ ʩʘʥʘʮʠʝʡ ʠ ʜʨʝʥʠʨʦʚʘʥʠʝʤ ʩʨʝʜʦʩʪʝʥʠʷ ʩʦʭʨʘ-
ʥʷʝʪ ʩʪʘʪʫʩ çʟʦʣʦʪʦʛʦ ʩʪʘʥʜʘʨʪʘè ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʬʦʨʤʘʭ, ʦʜʥʘʢʦ ʚ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʚʩʸ ʙʦʣʴ-
ʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜʝʦʘʩʩʠʩʪʠʨʦʚʘʥʥʳʝ ʠ ʛʠʙʨʠʜʥʳʝ ʜʦʩʪʫʧʳ. ʃʝʪʘʣʴʥʦʩʪʴ ʧʨʠ ʦʩʪʨʦʤ 
ʛʥʦʡʥʦʤ ʤʝʜʠʘʩʪʠʥʠʪʝ ʦʩʪʘʸʪʩʷ ʚʳʩʦʢʦʡ, ʯʪʦ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʘʛʨʝʩʩʠʚ-
ʥʦʡ ʭʠʨʫʨʛʠʯʝʩʢʦʡ ʪʘʢʪʠʢʠ. ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʝʨʘʧʠʠ ʠ ʥʫʪʨʠʪʠʚʥʦʡ 
ʧʦʜʜʝʨʞʢʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʝʜʠʘʩʪʠʥʠʪ, ʧʝʨʬʦʨʘʮʠʷ ʧʠʱʝʚʦʜʘ, ʪʦʨʘʢʦʪʦʤʠʷ, VATS, ʪʦʨʘʢʦʩʢʦʧʠʯʝʩʢʘʷ ʩʘʥʘ-
ʮʠʷ, ʵʟʦʬʘʛʦʩʪʦʤʠʷ, ʛʘʩʪʨʦʩʪʦʤʠʷ, ʝʶʥʦʩʪʦʤʘ. 
 

MODERN METHODS OF MEDIASTINITIS TREATMENT. 
 

Chirkova Anastasia Vasilievna,  
Shabalina Yana Yakovlevna 

 
Scientific adviser: Putintsev Alexander Mikhailovich  

 
Abstract: This work is a systematic review of modern methods of treating mediastinitis, a severe purulent-
inflammatory disease of the mediastinum, which in most cases complicates esophageal perforation, less often 
the spread of infection from other areas or operations on the chest organs. The articles devoted to surgical 
tactics, minimally invasive interventions (VATS), vacuum therapy, as well as the role of various methods of 
esophageal decompression (esophagostomy, gastrostomy, eunostomy) are analyzed. The data is provided 
from the database of the S.V. KOKB. Belyaeva: 131 patients with descending necrotizing mediastinitis (the 
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frequency of rehabilitation was assessed; mortality in dynamics decreased from 36.9% to 12.3% after the in-
troduction of active thoracoscopic tactics, p=0.001). It has been shown that thoracotomy with mediastinal sani-
tation and drainage retains the status of the "gold standard" in common forms, but in the early stages, video-
assisted and hybrid approaches are becoming increasingly important. Mortality in acute purulent mediastinitis 
remains high, which necessitates early diagnosis and aggressive surgical tactics. Special attention is paid to 
antibacterial therapy and nutritional support. 
Key words: mediastinitis, esophageal perforation, thoracotomy, VATS, thoracoscopic sanitation, 
esophagostomy, gastrostomy, eunostomy. 

 
ʏʞʤʵ ʡʪʪʤʞʝʧʛʙʦʡʸ: ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʠ ʢʦʥʩʝʨʚʘʪʠʚ-

ʥʳʭ ʤʝʪʦʜʘʭ ʣʝʯʝʥʠʷ ʤʝʜʠʘʩʪʠʥʠʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʘ, ʦʮʝʥʠʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 
ʣʠʪʝʨʘʪʫʨʳ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. 
ɻʛʞʝʞʦʡʞ: 
ʄʝʜʠʘʩʪʠʥʠʪ ï ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʛʥʦʡʥʦ-ʩʝʧʪʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʚ ʥʝʦʪʣʦʞʥʦʡ ʪʦʨʘ-

ʢʘʣʴʥʦʡ ʭʠʨʫʨʛʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʩʦʢʦʡ ʣʝʪʘʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ, ʥʝʩʤʦʪʨʷ ʥʘ 
ʨʘʟʚʠʪʠʝ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʪʘʸʪʩʷ ʥʘ ʥʝʧʨʠʝʤʣʝʤʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ʇʦ ʜʘʥʥʳʤ ʈʝʰʝʪʦʚʘ 
ɸ.ɺ. ʠ ʩʦʘʚʪ. (2008), ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʤʝʜʠʘʩʪʠʥʠʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 0,15ï0,6 ʥʘ 100 ʪʳʩʷʯ ʥʘʩʝʣʝʥʠʷ ʚ 
ʛʦʜ. 

ʇʦ ʜʘʥʥʳʤ ɸʙʘʢʫʤʦʚʘ ʄ.ʄ. ʠ ʉʘʨʢʠʩʦʚʘ ɼ.ʉ. [1, ʩ. 7], ʯʘʩʪʦʪʘ ʨʘʟʚʠʪʠʷ ʦʩʪʨʦʛʦ ʛʥʦʡʥʦʛʦ ʤʝʜʠʘ-
ʩʪʠʥʠʪʘ ʧʨʠ ʧʝʨʬʦʨʘʮʠʠ ʧʠʱʝʚʦʜʘ ʜʦʩʪʠʛʘʝʪ 80ï90% ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʘʢʪʠʚʥʦʛʦ ʜʨʝʥʠʨʦʚʘʥʠʷ ʚ ʧʝʨ-
ʚʳʝ 24 ʯʘʩʘ, ʘ ʣʝʪʘʣʴʥʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʦʪ 15% ʧʨʠ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʝ ʜʦ 65% ʧʨʠ ʟʘʧʫʱʝʥʥʳʭ ʬʦʨʤʘʭ. 
ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ: ʷʪʨʦʛʝʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ (ʙʫʞʠʨʦʚʘʥʠʝ ʩʪʨʠʢʪʫʨ, ʢʘʨʜʠʦʜʠʣʘʪʘʮʠʷ ʧʨʠ ʘʭʘʣʘʟʠʠ, 
ʵʥʜʦʩʢʦʧʠʯʝʩʢʠʝ ʚʤʝʰʘʪʝʣʴʩʪʚʘ), ʠʥʦʨʦʜʥʳʝ ʪʝʣʘ (ʧʠʱʝʚʳʝ ʢʦʩʪʠ, ʨʳʙʴʠ ʢʦʩʪʠ, ʟʫʙʥʳʝ ʧʨʦʪʝʟʳ), ʭʠ-
ʤʠʯʝʩʢʠʝ ʦʞʦʛʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʠ ʱʝʣʦʯʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʬʝʢʮʠʠ ʠʟ 
ʧʘʨʘʬʘʨʠʥʛʝʘʣʴʥʦʛʦ ʠ ʟʘʙʨʶʰʠʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʞʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʨʫʨʛʠʠ ʠ ʨʝʘʥʠʤʘʪʦʣʦʛʠʠ, ʣʝʯʝʥʠʝ ʤʝʜʠʘʩʪʠʥʠʪʘ ʦʩʪʘ-
ʸʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʠʟʦʰʸʣ ʧʝʨʝʩʤʦʪʨ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʘʢʪʠʢʠ çʦʙʷʟʘʪʝʣʴʥʦʡ 
ʰʠʨʦʢʦʡ ʪʦʨʘʢʦʪʦʤʠʠè ʚ ʧʦʣʴʟʫ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ: ʦʪ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʚʝʜʝʥʠʷ (ʧʨʠ ʩʪʨʦʛʦ 
ʦʛʨʘʥʠʯʝʥʥʳʭ ʠʥʪʨʘʤʫʨʘʣʴʥʳʭ ʨʘʟʨʳʚʘʭ) ʜʦ ʤʘʣʦʠʥʚʘʟʠʚʥʳʭ (VATS, ʪʨʘʥʩʭʠʘʪʘʣʴʥʳʭ) ʠ ʛʠʙʨʠʜʥʳʭ 
ʚʤʝʰʘʪʝʣʴʩʪʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʵʥʜʦʩʢʦʧʠʯʝʩʢʠʤ ʩʪʝʥʪʠʨʦʚʘʥʠʝʤ ʠ ʚʘʢʫʫʤ-ʪʝʨʘʧʠʝʡ. 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ: 
ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʜʭʦʜʘʤ ʢ ʣʝ-
ʯʝʥʠʶ ʤʝʜʠʘʩʪʠʥʠʪʦʚ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʸʥ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʣʝʯʝʥʠʷ 131 ʧʘʮʠʝʥʪʘ ʩ ʥʠʩʭʦʜʷʱʠʤ 
ʥʝʢʨʦʪʠʟʠʨʫʶʱʠʤ ʤʝʜʠʘʩʪʠʥʠʪʦʤ, ʜʘʥʥʳʝ ʚʟʷʪʳ ʩ ʙʘʟʳ ʂʆʂɹ ʠʤ. ʉ.ɺ. ɹʝʣʷʝʚʘ. ʆʮʝʥʠʚʘʣʠʩʴ ʦʙʲʸʤ ʠ 
ʢʨʘʪʥʦʩʪʴ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʚʤʝʰʘʪʝʣʴʩʪʚ, ʣʝʪʘʣʴʥʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʛʦʩʧʠʪʘʣʠʟʘʮʠʠ. 

ʉʞʠʬʤʵʫʙʫʴ ʡʪʪʤʞʝʧʛʙʦʡʸ ʡ ʡʮ ʧʚʧʪʦʧʛʙʦʡʞ: 
ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʣʝʯʝʥʠʠ ʤʝ-

ʜʠʘʩʪʠʥʠʪʦʚ: 1) ʭʠʨʫʨʛʠʯʝʩʢʘʷ ʩʘʥʘʮʠʷ ʩʨʝʜʦʩʪʝʥʠʷ ʩ ʫʰʠʚʘʥʠʝʤ ʜʝʬʝʢʪʘ ʠʣʠ ʙʝʟ ʥʝʛʦ; 2) ʵʥʜʦʩʢʦʧʠ-
ʯʝʩʢʠʝ ʠ ʛʠʙʨʠʜʥʳʝ ʤʝʪʦʜʳ (ʩʪʝʥʪʠʨʦʚʘʥʠʝ, ʚʘʢʫʫʤ-ʪʝʨʘʧʠʷ); 3) ʤʝʪʦʜʳ ʦʪʢʣʶʯʝʥʠʷ ʧʠʱʝʚʦʜʘ (ʵʟʦʬʘ-
ʛʦʩʪʦʤʠʷ, ʛʘʩʪʨʦʩʪʦʤʠʷ, ʥʘʟʦʵʟʦʬʘʛʝʘʣʴʥʳʡ ʜʨʝʥʘʞ). ʊʘʢʞʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴ-
ʥʘʷ ʪʝʨʘʧʠʷ ʠ ʥʫʪʨʠʪʠʚʥʘʷ ʧʦʜʜʝʨʞʢʘ. 

1. ʕʧʠʜʝʤʠʦʣʦʛʠʷ ʠ ʣʝʪʘʣʴʥʦʩʪʴ. 
ʃʝʪʘʣʴʥʦʩʪʴ ʧʨʠ ʤʝʜʠʘʩʪʠʥʠʪʝ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʇʦ ʜʘʥʥʳʤ ɸʙʘʢʫʤʦʚʘ ɸ.ɺ., 

ʩʨʝʜʥʷʷ ʣʝʪʘʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 23ï48%, ʘ ʧʨʠ ʘʥʘʵʨʦʙʥʦʡ ʬʦʨʤʝ ʜʦʩʪʠʛʘʝʪ 68ï80% [1, ʩ. 9]. M.J. 
Corsten ʠ ʩʦʘʚʪ. (2007) ʧʨʠʚʦʜʷʪ ʧʦʢʘʟʘʪʝʣʴ 47%, ʘ ʃʠʰʦʚ ɽ.ɺ. ʠ ʩʦʘʚʪ. (2008) ï 36,9%. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ (131 ʧʘʮʠʝʥʪ) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʣʝʪʘʣʴʥʦʩʪʴ ʚ ʜʠʥʘʤʠʢʝ. ɼʦ 2008 ʛʦʜʘ ʣʝʪʘʣʴ-
ʥr ʡ ʠʩʭʦʜ ʥʘʩʪʫʧʠʣ ʫ 21 (36,9%) ʠʟ 57 ʧʘʮʠʝʥʪʦʚ. ʇʦʩʣʝ 2008 ʛʦʜʘ, ʩ ʚʥʝʜʨʝʥʠʝʤ ʘʢʪʠʚʥʦʡ ʪʦʨʘʢʦʩʢʦ-
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ʧʠʯʝʩʢʦʡ ʪʘʢʪʠʢʠ, ʣʝʪʘʣʴʥʦʩʪʴ ʩʥʠʟʠʣʘʩʴ ʜʦ 7 (12,3%) ʠʟ 57 ʧʘʮʠʝʥʪʦʚ (p=0,001). 
2. ʍʠʨʫʨʛʠʯʝʩʢʘʷ ʩʘʥʘʮʠʷ ʩʨʝʜʦʩʪʝʥʠʷ. 
ʄʝʪʦʜʦʤ ʚʳʙʦʨʘ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ ʤʝʜʠʘʩʪʠʥʠʪʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʥʠʩʭʦʜʷʱʝʛʦ ʥʝʢʨʦʪʠ-

ʟʠʨʫʶʱʝʛʦ, ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʦʨʘʢʘʣʴʥʦʡ ʭʠʨʫʨʛʠʠ ʧʨʠʟʥʘʥʳ ʪʦʨʘʢʦʩʢʦʧʠʯʝʩʢʠʝ ʪʨʘʥʩʧʣʝʚʨʘʣʴʥʳʝ ʩʘ-
ʥʘʮʠʠ ʩʨʝʜʦʩʪʝʥʠʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ (131 ʧʘʮʠʝʥʪ) ʢʨʘʪʥʦʩʪʴ ʩʘʥʘʮʠʡ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 1 ʜʦ 5 (ʚ ʩʨʝʜʥʝʤ 
2,3). ʀʟ 131 ʧʘʮʠʝʥʪʘ: 

- ʆʜʥʦʩʪʦʨʦʥʥʷʷ ʩʘʥʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʫ 26 (45,6%); 
- ɹʠʣʘʪʝʨʘʣʴʥʘʷ ʩʘʥʘʮʠʷ ï ʫ 31 (54,4%). 
ɺ ʩʨʝʜʥʝʤ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʚʳʧʦʣʥʷʣʦʩʴ 1,53 ʩʘʥʘʮʠʠ. 
ʇʦʢʘʟʘʥʠʷ ʢ ʙʠʣʘʪʝʨʘʣʴʥʦʡ ʪʦʨʘʢʦʩʢʦʧʠʯʝʩʢʦʡ ʩʘʥʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʜʚʫʩʪʦʨʦʥʥʝʤ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʠ ʛʥʦʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʨʝʜʦʩʪʝʥʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʂʊ. ɹʠʣʘʪʝʨʘʣʴʥʳʡ ʜʦʩʪʫʧ 
ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʨʘʜʠʢʘʣʴʥʫʶ ʩʘʥʘʮʠʶ ʦʙʝʠʭ ʧʣʝʚʨʘʣʴʥʳʭ ʧʦʣʦʩʪʝʡ ʠ ʚʩʝʭ ʦʪʜʝʣʦʚ ʩʨʝʜʦʩʪʝʥʠʷ. 

ɺʥʝʜʨʝʥʠʝ ʘʢʪʠʚʥʦʡ ʪʦʨʘʢʦʩʢʦʧʠʯʝʩʢʦʡ ʪʘʢʪʠʢʠ ʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʤʠ ʩʘʥʘʮʠʷʤʠ ʧʦʟʚʦʣʠʣʦ 
ʜʦʩʪʦʚʝʨʥʦ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʣʝʯʝʥʠʷ ʠ ʩʥʠʟʠʪʴ ʣʝʪʘʣʴʥʦʩʪʴ (ʩ 36,9% ʜʦ 12,3%, p=0,001). ʇʨʦʜʦʣʞʠ-
ʪʝʣʴʥʦʩʪʴ ʛʦʩʧʠʪʘʣʠʟʘʮʠʠ ʩʦʩʪʘʚʠʣʘ: 

-1 ʛʨʫʧʧʘ (ʙʝʟ ʘʢʪʠʚʥʳʭ ʩʘʥʘʮʠʡ) ï 48,4Ñ10,1 ʩʫʪʦʢ; 
-2 ʛʨʫʧʧʘ (ʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʤʠ ʩʘʥʘʮʠʷʤʠ) ï 32,1Ñ5,3 ʩʫʪʦʢ. 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʦʨʘʢʦʩʢʦʧʠʯʝʩʢʦʛʦ ʜʦʩʪʫʧʘ (VATS) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʢʨʳʪʦʡ ʪʦʨʘʢʦʪʦʤʠʝʡ: 
-ʤʝʥʴʰʘʷ ʪʨʘʚʤʘʪʠʯʥʦʩʪʴ (ʦʪʩʫʪʩʪʚʠʝ ʰʠʨʦʢʦʛʦ ʤʝʞʨʸʙʝʨʥʦʛʦ ʨʘʟʨʝʟʘ); 
-ʣʫʯʰʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʟʦʥ ʩʨʝʜʦʩʪʝʥʠʷ; 
-ʙʦʣʝʝ ʙʳʩʪʨʘʷ ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʘʷ ʨʝʘʙʠʣʠʪʘʮʠʷ; 
-ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʭ ʧʦʚʪʦʨʥʳʭ ʩʘʥʘʮʠʡ. 
ʈʦʩʩʠʡʩʢʠʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ VATS ʧʨʠ ʤʝʜʠʘʩʪʠʥʠʪʝ ʦʙʦʙʱʸʥ ʚ ʨʘʙʦʪʝ ʉʪʦʣʠʥʘ ɸ.ɺ. ʠ ʌʝʜʦʨʦ-

ʚʘ ɺ.ɺ. [5, ʩ. 48-50]. ʃʝʪʘʣʴʥʦʩʪʴ ʚ ʛʨʫʧʧʝ VATS ʩʦʩʪʘʚʠʣʘ 15,6% ʧʨʦʪʠʚ 28,1% ʚ ʛʨʫʧʧʝ ʪʦʨʘʢʦʪʦʤʠʠ. 
ʇʨʠ ʜʠʬʬʫʟʥʦʤ ʤʝʜʠʘʩʪʠʥʠʪʝ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʢʘʨʤʘʥʘʤʠ ʠ ʦʙʰʠʨʥʳʤʠ ʥʝʢʨʦʪʠʯʝʩʢʠʤʠ ʪʢʘʥʷʤʠ, 
ʢʦʛʜʘ ʪʦʨʘʢʦʩʢʦʧʠʯʝʩʢʘʷ ʩʘʥʘʮʠʷ ʟʘʪʨʫʜʥʝʥʘ, ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʢʦʥʚʝʨʩʠʷ ʚ ʪʦʨʘʢʦʪʦʤʠʶ. 

ʊʦʨʘʢʦʪʦʤʠʷ. ʂʣʘʩʩʠʯʝʩʢʠʡ ʦʪʢʨʳʪʳʡ ʜʦʩʪʫʧ (ʟʘʜʥʝʙʦʢʦʚʘʷ ʠʣʠ ʧʝʨʝʜʥʝʙʦʢʦʚʘʷ ʪʦʨʘʢʦʪʦʤʠʷ) ʚ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʪʦʨʘʢʦʩʢʦʧʠʯʝʩʢʦʡ ʩʘʥʘʮʠʠ: ʧʨʠ 
ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʤ ʬʠʙʨʠʥʦʟʥʦ-ʛʥʦʡʥʦʤ ʤʝʜʠʘʩʪʠʥʠʪʝ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʢʘʨʤʘʥʘʤʠ, ʧʨʠ ʥʝʦʙʭʦʜʠ-
ʤʦʩʪʠ ʫʰʠʚʘʥʠʷ ʦʙʰʠʨʥʦʛʦ ʜʝʬʝʢʪʘ ʧʠʱʝʚʦʜʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʣʷ VATS. 
ɺʳʧʦʣʥʷʝʪʩʷ ʨʝʚʠʟʠʷ ʩʨʝʜʦʩʪʝʥʠʷ, ʫʜʘʣʝʥʠʝ ʥʝʢʨʦʪʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, ʬʠʙʨʠʥʘ, ʠʥʦʨʦʜʥʦʛʦ ʪʝʣʘ, ʫʰʠ-
ʚʘʥʠʝ ʜʝʬʝʢʪʘ ʧʠʱʝʚʦʜʘ (ʧʨʠ ʩʚʝʞʠʭ ʨʘʥʘʭ) ʠ ʜʨʝʥʠʨʦʚʘʥʠʝ [3, ʩ. 26-28]. 

ʊʨʘʥʩʭʠʘʪʘʣʴʥʳʡ ʜʦʩʪʫʧ. ʇʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʧʝʨʬʦʨʘʮʠʠ ʘʙʜʦʤʠʥʘʣʴʥʦʛʦ ʦʪʜʝʣʘ 
ʧʠɦʝʚʦʜʘ ʠʣʠ ʧʨʠ ʩʦʯʝʪʘʥʠʠ ʤʝʜʠʘʩʪʠʥʠʪʘ ʩ ʟʘʙʨʶʰʠʥʥʦʡ ʬʣʝʛʤʦʥʦʡ. ʏʝʨʝʟ ʨʘʩʰʠʨʝʥʥʫʶ ʣʘʧʘʨʦ-
ʪʦʤʠʶ ʠ ʜʠʘʬʨʘʛʤʦʪʦʤʠʶ ʚʳʧʦʣʥʷʝʪʩʷ ʩʘʥʘʮʠʷ ʥʠʞʥʝʛʦ ʩʨʝʜʦʩʪʝʥʠʷ, ʯʘʩʪʦ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʛʘʩʪʨʦ-
ʩʪʦʤʠʝʡ [10, ʩ. 121]. 

3. ʕʥʜʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʛʠʙʨʠʜʥʳʝ ʤʝʪʦʜʳ ʣʝʯʝʥʠʷ. 
ʉʪʝʥʪʠʨʦʚʘʥʠʝ ʧʠʱʝʚʦʜʘ. ʉʘʤʦʨʘʩʰʠʨʷʶʱʠʝʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʝʥʪʳ ʩ ʧʦʣʥʳʤ ʧʦʢʨʳʪʠʝʤ 

(SEMS) ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʟʘʢʨʳʪʠʷ ʜʝʬʝʢʪʘ ʧʠʱʝʚʦʜʘ ʙʝʟ ʪʦʨʘʢʦʪʦʤʠʠ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫ ʧʘʮʠʝʥ-
ʪʦʚ ʩ ʚʳʩʦʢʠʤ ʦʧʝʨʘʮʠʦʥʥʳʤ ʨʠʩʢʦʤ ʠʣʠ ʧʨʠ ʧʝʨʬʦʨʘʮʠʠ ʥʘ ʬʦʥʝ ʥʝʦʧʝʨʘʙʝʣʴʥʦʛʦ ʨʘʢʘ. ʉʠʩʪʝʤʘʪʠ-
ʯʝʩʢʠʡ ʦʙʟʦʨ ʐʫʣʫʪʢʦ ɸ.ʄ. ʠ ɸʛʘʝʚʘ ʈ.ʄ. [6, ʩ. 19-22] ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘ 28 ʧʘʮʠʝʥʪʘʭ ʪʝʭ-
ʥʠʯʝʩʢʠʡ ʫʩʧʝʭ ʜʦʩʪʠʛʥʫʪ ʫ 82%, ʦʜʥʘʢʦ ʚ 25% ʩʣʫʯʘʝʚ ʥʘʙʣʶʜʘʣʘʩʴ ʤʠʛʨʘʮʠʷ ʩʪʝʥʪʘ. ɸʚʪʦʨʳ ʥʝ ʨʝ-
ʢʦʤʝʥʜʫʶʪ ʩʪʝʥʪʠʨʦʚʘʥʠʝ ʧʨʠ ʜʝʬʝʢʪʘʭ ʙʦʣʝʝ 3 ʩʤ. 

ɺʥʫʪʨʠʧʨʦʩʚʝʪʥʘʷ ʚʘʢʫʫʤ-ʪʝʨʘʧʠʷ. ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʵʥʜʦʩʢʦʧʠʯʝʩʢʦʤ ʨʘʟʤʝʱʝʥʠʠ ʚ ʧʦʣʦʩʪʴ 
ʜʝʬʝʢʪʘ ʧʦʨʦʣʦʥʦʚʦʡ ʛʫʙʢʠ, ʩʦʝʜʠʥʸʥʥʦʡ ʩ ʩʠʩʪʝʤʦʡ ʘʢʪʠʚʥʦʡ ʘʩʧʠʨʘʮʠʠ (ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 
125ï150 ʤʤ ʨʪ. ʩʪ.). ʇʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦʩʪʥʝʢʨʦʪʠʯʝʩʢʠʭ ʧʦʣʦʩʪʷʭ (ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝ ʭʠ-
ʤʠʯʝʩʢʠʭ ʦʞʦʛʦʚ ʠʣʠ ʧʝʨʬʦʨʘʮʠʠ ʥʘ ʬʦʥʝ ʙʫʞʠʨʦʚʘʥʠʷ). ɿʘʞʠʚʣʝʥʠʝ ʜʝʬʝʢʪʘ ʙʝʟ ʚʪʦʨʠʯʥʦʡ ʧʝʨʬʦ-
ʨʘʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʫ 88% ʧʘʮʠʝʥʪʦʚ ʧʨʠ ʩʨʝʜʥʝʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʘʢʫʫʤ-ʪʝʨʘʧʠʠ 12 ʜʥʝʡ [1, ʩ. 5-8]. ʅʝ-
ʜʦʩʪʘʪʦʢ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʳʭ (ʢʘʞʜʳʝ 48ï72 ʯʘʩʘ) ʵʥʜʦʩʢʦʧʠʯʝʩʢʠʭ ʩʤʝʥ ʛʫʙʢʠ. 

4. ɼʝʢʦʤʧʨʝʩʩʠʷ ʠ ʦʪʢʣʶʯʝʥʠʝ ʧʠʱʝʚʦʜʘ. 
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ʇʨʠ ʧʝʨʬʦʨʘʮʠʠ ʜʘʚʥʦʩʪʴʶ ʙʦʣʝʝ 24ï48 ʯʘʩʦʚ ʩ ʨʘʟʚʠʪʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʛʦ ʬʠʙʨʠʥʦʟʥʦ-
ʛʥʦʡʥʦʛʦ ʤʝʜʠʘʩʪʠʥʠʪʘ ʫʰʠʚʘʥʠʝ ʜʝʬʝʢʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʚʦʟʤʦʞʥʦ ʠʣʠ ʟʘʚʝʜʦʤʦ ʥʝʩʦʩʪʦʷʪʝʣʴʥʦ. ɺ 
ʪʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʤʝʪʦʜʦʤ ʚʳʙʦʨʘ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʰʝʡʥʦʡ ʵʟʦʬʘʛʦʩʪʦʤʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʘ-
ʩʪʨʦʩʪʦʤʠʝʡ ʠʣʠ ʪʦʱʝʡ ʢʠʰʢʦʡ ʜʣʷ ʵʥʪʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ. 

ʕʟʦʬʘʛʦʩʪʦʤʠʷ + ʛʘʩʪʨʦʩʪʦʤʠʷ. ʕʟʦʬʘʛʦʩʪʦʤʠʷ (ʚʳʚʝʜʝʥʠʝ ʧʠʱʝʚʦʜʘ ʥʘ ʰʝʶ ʚ ʚʠʜʝ ʩʚʠʱʘ) 
ʥʘʜʸʞʥʦ ʦʪʢʣʶʯʘʝʪ ʧʦʪʦʢ ʠʥʬʠʮʠʨʦʚʘʥʥʦʡ ʩʣʶʥʳ ʚ ʩʨʝʜʦʩʪʝʥʠʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʚ 
ʢʫʧʠʨʦʚʘʥʠʠ ʩʝʧʩʠʩʘ. ɻʘʩʪʨʦʩʪʦʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʥʥʝʛʦ ʵʥʪʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ. ʂʘʨʘʩʴ-
ʢʦʚ ɸ.ʄ. ʠ ʇʘʨʰʠʥ ɺ.ɼ. [4, ʩ. 36-39] ʧʨʠʚʦʜʷʪ ʜʘʥʥʳʝ ʦ 47 ʧʘʮʠʝʥʪʘʭ, ʢʦʪʦʨʳʤ ʚʳʧʦʣʥʝʥʘ ʰʝʡʥʘʷ ʵʟʦ-
ʬʘʛʦʩʪʦʤʠʷ ʩ ʛʘʩʪʨʦʩʪʦʤʠʝʡ. ʃʝʪʘʣʴʥʦʩʪʴ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʤ ʤʝʜʠʘʩʪʠʥʠʪʝ ʩʦʩʪʘʚʠ-
ʣʘ 38%, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʧʦʧʳʪʢʘʭ ʫʰʠʚʘʥʠʷ (61%). 

ɽʶʥʦʩʪʦʤʠʷ. ʇʨʠ ʥʘʣʠʯʠʠ ʚʳʨʘʞʝʥʥʦʛʦ ʦʞʦʛʘ ʠʣʠ ʨʫʙʮʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ʞʝʣʫʜʢʘ (ʥʘʧʨʠʤʝʨ, 
ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʛʦ ʦʞʦʛʘ ʱʸʣʦʯʴʶ) ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʥʘʣʦʞʝʥʠʝ ʝʶʥʦʩʪʦʤʳ ï ʩʚʠʱʘ ʥʘ ʪʦʱʫʶ ʢʠʰʢʫ 
ʜʣʷ ʧʠʪʘʥʠʷ. ɽʶʥʦʩʪʦʤʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʧʦʩʣʝ ʵʟʦʬʘʛʵʢʪʦʤʠʠ ʩ ʛʘʩʪʨʦ- ʠʣʠ ʢʦʣʦʧʣʘʩʪʠʢʦʡ, ʢʦʛʜʘ ʞʝ-
ʣʫʜʦʢ ʤʦʙʠʣʠʟʦʚʘʥ ʚ ʛʨʫʜʥʫʶ ʧʦʣʦʩʪʴ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʛʘʩʪʨʦʩʪʦʤʠʠ ʙʝʟ ʨʠʩʢʘ ʧʦ-
ʚʨʝʞʜʝʥʠʷ ʘʥʘʩʪʦʤʦʟʘ [4, ʩ. 38]. 

ʅʘʟʦʵʟʦʬʘʛʝʘʣʴʥʳʡ ʜʨʝʥʘʞ (ʪʨʘʥʩʥʘʟʘʣʴʥʳʡ ʟʦʥʜ ʩ ʘʢʪʠʚʥʦʡ ʘʩʧʠʨʘʮʠʝʡ). ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 
ʚʨʝʤʝʥʥʘʷ ʤʝʨʘ ʧʨʠ ʥʝʙʦʣʴʰʠʭ (<1 ʩʤ) ʜʝʬʝʢʪʘʭ ʫ ʧʘʮʠʝʥʪʦʚ, ʥʝʧʨʠʛʦʜʥʳʭ ʢ ʦʧʝʨʘʮʠʠ, ʦʜʥʘʢʦ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʥʠʞʝ, ʯʝʤ ʫ ʵʟʦʬʘʛʦʩʪʦʤʠʠ: ʯʘʩʪʦʪʘ ʧʝʨʩʠʩʪʝʥʮʠʠ ʤʝʜʠʘʩʪʠʥʠʪʘ ʜʦʩʪʠʛʘʝʪ 40ï50% [2, ʩ. 13]. 

5. ɸʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʪʝʨʘʧʠʷ ʠ ʥʫʪʨʠʪʠʚʥʘʷ ʧʦʜʜʝʨʞʢʘ. 
ɸʥʪʠʙʠʦʪʠʢʠ ʷʚʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʣʝʯʝʥʠʷ. ʕʤʧʠʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʦʣʞʥʘ ʧʝʨʝ-

ʢʨʳʚʘʪʴ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʫʶ (Staphylococcus, Streptococcus), ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʫʶ (E.coli, Klebsiella, 
Pseudomonas) ʠ ʘʥʘʵʨʦʙʥʫʶ ʬʣʦʨʫ (Bacteroides, Fusobacterium, Peptostreptococcus). ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʳ 
ʢʦʤʙʠʥʘʮʠʠ: ʪʘʟʦʙʘʢʪʘʤ + ʤʝʪʨʦʥʠʜʘʟʦʣ, ʢʘʨʙʘʧʝʥʝʤʳ (ʤʝʨʦʧʝʥʝʤ, ʠʤʠʧʝʥʝʤ) ʠʣʠ ʮʝʬʘʣʦʩʧʦʨʠʥ IIIï
IV ʧʦʢʦʣʝʥʠʷ + ʤʝʪʨʦʥʠʜʘʟʦʣ [7, ʩ. 288-290]. ɼʣʠʪʝʣʴʥʦʩʪʴ ʢʫʨʩʘ ï ʥʝ ʤʝʥʝʝ 10ï14 ʩʫʪʦʢ, ʟʘʪʝʤ ʜʝʵʩʢʘ-
ʣʘʮʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʩʝʚʘ ʦʪʜʝʣʷʝʤʦʛʦ ʠʟ ʩʨʝʜʦʩʪʝʥʠʷ [8, ʩ. 60]. 

ʅʫʪʨʠʪʠʚʥʘʷ ʧʦʜʜʝʨʞʢʘ: ʧʨʠ ʵʟʦʬʘʛʦʩʪʦʤʠʠ ʠ ʛʘʩʪʨʦʩʪʦʤʠʠ ï ʚʚʝʜʝʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʵʥʪʝʨʘʣʴ-
ʥʳʭ ʩʤʝʩʝʡ; ʧʨʠ ʝʶʥʦʩʪʦʤʠʠ ï ʪʦʣʴʢʦ ʧʦʣʫʵʣʝʤʝʥʪʥʳʝ ʩʤʝʩʠ (Peptamen, Nutrien Elemental). ʇʘʨʝʥʪʝ-
ʨʘʣʴʥʦʝ ʧʠʪʘʥʠʝ ʥʘʟʥʘʯʘʝʪʩʷ ʧʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʵʥʪʝʨʘʣʴʥʦʛʦ ʧʫʪʠ [10, ʩ. 119-120]. 

ɻʴʛʧʝʴ: 
1. ʄʝʪʦʜʦʤ ʚʳʙʦʨʘ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ ʧʨʠ ʥʠʩʭʦʜʷʱʝʤ ʥʝʢʨʦʪʠʟʠʨʫʶʱʝʤ ʤʝʜʠʘʩʪʠʥʠʪʝ 

ʷʚʣʷʶʪʩʷ ʪʦʨʘʢʦʩʢʦʧʠʯʝʩʢʠʝ ʪʨʘʥʩʧʣʝʚʨʘʣʴʥʳʝ ʩʘʥʘʮʠʠ (ʦʜʥʦ- ʠʣʠ ʙʠʣʘʪʝʨʘʣʴʥʳʝ, ʢʨʘʪʥʦʩʪʴʶ ʦʪ 1 
ʜʦ 5, ʚ ʩʨʝʜʥʝʤ 2,3). 

2. ɺʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʭ ʩʘʥʘʮʠʡ ʠ ʙʠʣʘʪʝʨʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʣʝ-
ʪʘʣʴʥʦʩʪʴ ʩ 36,9% ʜʦ 12,3% (p=0,001) ʠ ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʛʦʩʧʠʪʘʣʠʟʘʮʠʠ ʩ 48,4Ñ10,1 ʜʦ 
32,1Ñ5,3 ʩʫʪʦʢ. 

3. ʉʦʚʨʝʤʝʥʥʦʝ ʣʝʯʝʥʠʝ ʤʝʜʠʘʩʪʠʥʠʪʦʚ ʪʨʝʙʫʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
ʦʪ ʧʨʠʯʠʥʳ, ʣʦʢʘʣʠʟʘʮʠʠ, ʜʘʚʥʦʩʪʠ ʧʝʨʬʦʨʘʮʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʛʥʦʡʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

4. ʇʨʠ ʧʝʨʬʦʨʘʮʠʠ ʜʘʚʥʦʩʪʴʶ ʜʦ 12 ʯʘʩʦʚ ʚʦʟʤʦʞʥʦ ʫʰʠʚʘʥʠʝ ʜʝʬʝʢʪʘ ʧʠʱʝʚʦʜʘ ʩ ʩʦʭʨʘʥʝʥʠ-
ʝʤ ʝʛʦ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. ʇʨʠ ʧʝʨʬʦʨʘʮʠʠ ʙʦʣʝʝ 24ï48 ʯʘʩʦʚ ʠ ʜʠʬʬʫʟʥʦʤ ʤʝʜʠʘʩʪʠʥʠʪʝ ʤʝʪʦʜʦʤ ʚʳ-
ʙʦʨʘ ʷʚʣʷʝʪʩʷ ʰʝʡʥʘʷ ʵʟʦʬʘʛʦʩʪʦʤʠʷ + ʛʘʩʪʨʦʩʪʦʤʠʷ (ʠʣʠ ʝʶʥʦʩʪʦʤʠʷ) ʢʘʢ ʥʘʠʙʦʣʝʝ ʥʘʜʸʞʥʳʡ ʩʧʦ-
ʩʦʙ ʦʪʢʣʶʯʝʥʠʷ ʠʥʬʠʮʠʨʦʚʘʥʥʦʡ ʩʣʶʥʳ. 

5. ʕʥʜʦʩʢʦʧʠʯʝʩʢʦʝ ʩʪʝʥʪʠʨʦʚʘʥʠʝ ʧʠʱʝʚʦʜʘ ʠ ʚʥʫʪʨʠʧʨʦʩʚʝʪʥʘʷ ʚʘʢʫʫʤ-ʪʝʨʘʧʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨ-
ʩʧʝʢʪʠʚʥʳʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʫ ʥʝʦʧʝʨʘʙʝʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ ʠʣʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʜʝʬʝʢʪʘʭ, ʦʜʥʘʢʦ 
ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʠʭ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ ʤʠʛʨʘʮʠʠ ʩʪʝʥʪʦʚ ʠ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʪʦʨʥʳʭ ʵʥʜʦʩʢʦʧʠʡ. 
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БИОХИМИЧЕСКИЙ МОНИТОРИНГ 
ДЕНТАЛЬНОЙ ИМПЛАНТАЦИИ У ПАЦИЕНТОВ С 
ОСТЕОПОРОЗОМ 

Моазами Мохсен, 
Аль Хазале Аламир Атиф Ахмад, 

Абдул Хади Ахмад Джамал Джамил 
ʩʪʫʜʝʥʪʳ  

ʌɻɹʆʋ ɺʆ ʏʫʚʘʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘ, ʛ. ʏʝʙʦʢʩʘʨʳ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʇʨʦʢʦʧʴʝʚʘ ʄʘʨʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ  
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

 ʌɻɹʆʋ ɺʆ ʏʫʚʘʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡʫʥʠʚʝʨʩʠʪʝʪ  ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘ, ʛ. ʏʝʙʦʢʩʘʨʳ 
 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʟʫʙʥʦʛʦ ʧʨʦ-
ʪʝʟʠʨʦʚʘʥʠʷ  ʣʠʮ, ʫ ʢʦʪʦʨʳʭ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ  ʩ ʩʠʩʪʝʤʥʳʡ ʦʩʪʝʦʧʦʨʦʟ. (ʆʩʪʝʦʧʦʨʦʟ ï ʵʪʦ ʟʘʙʦʣʝʚʘʥʠʝ, 
ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʧʦʪʝʨʝʡ ʢʦʩʪʥʦʡ ʤʘʩʩʳ).  ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʚʠʟʫʘʣʠ-
ʟʘʮʠʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʠʧʨʦʪʝʟʥʦʡ ʨʝʟʦʨʙʮʠʠ. ɸʚʪʦʨ ʦʙʦʩʥʦʚʳʚʘʝʪ ʮʝʣʝʩʦ-
ʦʙʨʘʟʥʦʩʪʴ ʨʫʪʠʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʭ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ:  
- ʜʝʟʦʢʩʠʧʠʨʠʜʠʥʦʣʠʥʘ (D-Pyr) ʢʘʢ ʥʘʠʙʦʣʝʝ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʤʘʨʢʝʨʘ ʦʩʪʝʦʢʣʘʩʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ,  
- ʢʘʣʴʮʠʷ ʠ 25(ʆʅ) ʚʠʪʘʤʠʥʘ D  ʢʘʢ ʦʩʥʦʚʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʢʦʩʪʥʦʛʦ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ.  
ɸʚʪʦʨʦʤ ʩʪʘʪʴʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʧʨʝʜʦʧʝʨʘʮʠʦʥʥʦʡ ʢʦʨʨʝʢʮʠʠ ʠ ʧʦʩʪʦʧʝʨʘʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝ-
ʥʠʷ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ  ʧʦʚʳʩʠʪʴ ʧʨʠʞʠʚʣʷʝʤʦʩʪʴ ʠʤʧʣʘʥʪʘʪʦʚ ʧʨʠ ʦʩʪʝʦʧʦʨʦʟʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʤʧʣʘʥʪʘʮʠʷ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ, ʦʩʪʝʦʧʦʨʦʟ, ʜʝʟʦʢʩʠʧʠʨʠʜʠʥʦʣʠʥʫʨʠʷ, ʢʘʣʴʮʠʝʤʠʷ, 
ʚʠʪʘʤʠʥ D-ʜʝʬʠʮʠʪ 
 

BIOCHEMICAL MONITORING OF DENTAL IMPLANTATION IN PATIENTS WITH OSTEOPOROSIS 
 

Moazami Mohsen, 
Al Hazale Alamir Atif Ahmad, 

Abdul Hadi Ahmad Jamal Jamil 
 

Scientific adviser: Prokopieva Maria Alexandrovna 
 
Abstract: The article examines modern approaches to laboratory provision of dental prosthetics for people 
diagnosed with systemic osteoporosis. (Osteoporosis is a disease that is accompanied by progressive bone 
loss.) Traditional imaging methods do not allow predicting the rate of periprosthetic resorption. The author 
substantiates the expediency of routine determination of three key indicators: - Deoxypyridinoline (D-Pyr) as 
the most specific marker of osteoclastic activity, - calcium and 25 (OH) vitamin D as the main regulators of 
bone remodeling. The author of the article suggests an algorithm for preoperative correction and postoperative 
follow-up, which make it possible to increase implant engraftment in osteoporosis. 
Keywords: implantation in dentistry, osteoporosis, deoxypyridinolinuria, calcemia, vitamin D deficiency 
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ɻʛʞʝʞʦʡʞ 
ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚʦʟʨʦʩʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʝʥʪʘʣʴʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʩʨʝʜʠ ʧʘʮʠʝʥʪʦʚ 

ʩʪʘʨʰʠʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ, ʦʜʥʘʢʦ ʠʤʝʥʥʦ ʚ ʧʦʞʠʣʦʤ ʚʦʟʨʘʩʪʝ ʚʳʩʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ  ʦʩʪʝʦʧʦʨʦʟ. ʅʝ 
ʷʚʣʷʝʪʩʷ ʩʝʢʨʝʪʦʤ, ʯʪʦ ʧʘʪʦʛʝʥʝʟ ʦʩʪʝʦʧʦʨʦʟʘ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ ʜʠʩʙʘʣʘʥʩʦʤ ʚ ʨʘʙʦʪʝ ʦʩʪʝʦʙʣʘʩʪʦʚ 
ʠ ʦʩʪʝʦʢʣʘʩʪʦʚ, ʘ ʵʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ,  ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʪʨʘʙʝʢʫʣʷʨʥʦʡ ʠ ʢʦʨʪʠʢʘʣʴʥʦʡ ʢʦʩʪʠ. ʇʨʠ 
ʵʪʦʤ ʢʦʩʪʠ ʯʝʣʶʩʪʠ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪʩʷ ʚʦʚʣʝʯʝʥʥʳʤʠ ʚ ʵʪʦʪ ʧʨʦʮʝʩʩ ï ʩʥʠʞʘʝʪʩʷ ʚʳʩʦʪʘ ʠ ʫʭʫʜʰʘʝʪ-
ʩʷ   ʧʣʦʪʥʦʩʪʴ ʘʣʴʚʝʦʣʷʨʥʦʛʦ ʛʨʝʙʥʷ. ʉʣʝʜʩʪʚʠʝ ʵʪʦʛʦ - ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʧʝʨʚʠʯʥʘʷ ʬʠʢʩʘʮʠʷ 
ʠʤʧʣʘʥʪʘʪʘ, ʝʛʦ ʤʠʢʨʦʧʦʜʚʠʞʥʦʩʪʴ, ʬʠʙʨʦʟʥʦʝ ʚʨʘʩʪʘʥʠʝ ʚʤʝʩʪʦ ʢʦʩʪʥʦʛʦ ʠ  ʨʘʥʥʷʷ ʧʦʪʝʨʷ ʢʦʥʩʪʨʫʢ-
ʮʠʠ. 

ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ  ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʢʣʠʥʠʮʠʩʪʘʤʠ ʜʘʚʥʦ ʦʩʦʟʥʘʥʘ: ʧʣʦʪʥʦʩʪʴ ʢʦʩʪʠ ʧʦ 
ʍʘʫʥʩʬʠʣʜʫ ï ʵʪʦ ʩʪʘʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʥʝ ʦʪʨʘʞʘʝʪ  ʪʝʢʫʱʫʶ ʩʢʦʨʦʩʪʴ ʨʝʟʦʨʙʮʠʠ. ʈʝʰʠʪʴ 
ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʚʦʟʤʦʞʥʦ  ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʮʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʪʝʩʪʦʚ, ʢʦʪʦʨʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʭʘ-
ʨʘʢʪʝʨʠʟʫʶʪ ʘʢʪʠʚʥʦʩʪʴ ʢʦʩʪʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ  ʦʙʦʙʱʘʶʪʩʷ ʜʘʥʥʳʝ ʦ ʪʨʝʭ ʥʘʠʙʦʣʝʝ 
ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʙʠʦʤʘʨʢʝʨʘʭ ʜʣʷ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠʤʧʣʘʥʪʘʮʠʠ ʧʨʠ ʦʩʪʝʦʧʦʨʦʟʝ. 

1. ʇʦʯʝʤʫ ʜʝʟʦʢʩʠʧʠʨʠʜʠʥʦʣʠʥ ʷʚʣʷʝʪʩʷ ʟʦʣʦʪʳʤ ʩʪʘʥʜʘʨʪʦʤ ʨʝʟʦʨʙʮʠʠ? 
ʇʨʠ ʨʘʩʧʘʜʝ ʢʦʩʪʥʦʛʦ ʤʘʪʨʠʢʩʘ ʦʩʪʝʦʢʣʘʩʪʘʤʠ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʬʨʘʛʤʝʥʪʳ ʢʦʣʣʘʛʝʥʘ I ʪʠʧʘ ʩ 

ʧʦʧʝʨʝʯʥʳʤʠ ʩʰʠʚʢʘʤʠ. ɼʝʟʦʢʩʠʧʠʨʠʜʠʥʦʣʠʥ (D-Pyr) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʩʰʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ. ɽʛʦ 
ʢʣʶʯʝʚʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

- ʦʪʩʫʪʩʪʚʠʝ ʚ ʭʨʷʱʝʚʦʡ ʠ ʤʷʛʢʠʭ ʪʢʘʥʷʭ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʱʝʛʦ ʧʠʨʠʜʠʥʦʣʠʥʘ); 
- ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ; 
- ʧʨʷʤʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʪʨʘʞʝʥʠʝ ʯʠʩʣʘ ʠ ʘʢʪʠʚʥʦʩʪʠ ʦʩʪʝʦʢʣʘʩʪʦʚ. 
ɺ ʥʦʨʤʝ ʫ ʚʟʨʦʩʣʦʛʦ ʯʝʣʦʚʝʢʘ ʵʢʩʢʨʝʮʠʷ D-Pyr ʩ ʤʦʯʦʡ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 7,4 ʥʤʦʣʴ/ʤʤʦʣʴ 

ʢʨʝʘʪʠʥʠʥʘ. ʋ ʧʘʮʠʝʥʪʦʚ ʩ   ʦʩʪʝʦʧʦʨʦʟʦʤ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʧʦʚʳʰʝʥ ʠ  ʯʘʩʪʦ ʜʦʩʪʠʛʘʝʪ 9ï12 
ʥʤʦʣʴ/ʤʤʦʣʴ ʢʨʝʘʪ., ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ çʘʛʨʝʩʩʠʚʥʦʝè ʢʦʩʪʥʦʝ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʇʦ ʜʘʥʥʳʤ ʤʝʪʘʘʥʘ-
ʣʠʟʦʚ, ʨʠʩʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʧʦʪʝʨʠ ʠʤʧʣʘʥʪʘʪʘ ʧʦʚʳʰʘʝʪʩʷ ʚ 3ï4 ʨʘʟʘ ʥʘ ʬʦʥʝ ʚʳʩʦʢʦʛʦ D-Pyr. ʇʦ-
ʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʦ ʦʧʝʨʘʮʠʠ ʦʧʨʝʜʝʣʠʪʴ ʙʘʟʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʤʘʨʢʝʨʘ, ʘ ʧʨʠ ʝʛʦ ʧʦʚʳʰʝʥʠʠ 
ʥʝʦʙʭʦʜʠʤʦ ʥʘʟʥʘʯʠʪʴ ʘʥʪʠʨʝʟʦʨʙʪʠʚʥʫʶ ʪʝʨʘʧʠʶ. 

2. ʂʘʣʴʮʠʡ ʠ ʚʠʪʘʤʠʥ D ʢʘʢ ʬʫʥʜʘʤʝʥʪ ʦʩʪʝʦʠʥʪʝʛʨʘʮʠʠ 
ʄʠʥʝʨʘʣʠʟʘʮʠʷ  ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʡ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʚʦʢʨʫʛ ʠʤʧʣʘʥʪʘʪʘ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʜʦʩʪʘʪʦʯ-

ʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʢʘʣʴʮʠʷ ʠ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʡ ʘʙʩʦʨʙʮʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʠʪʘʤʠʥ D (25(ʆʅ)D) ʢʦʥ-
ʪʨʦʣʠʨʫʝʪ ʩʠʥʪʝʟ ʢʘʣʴʮʠʡ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ ʚ ʢʠʰʝʯʥʠʢʝ, ʘ ʪʘʢʞʝ ʥʘʧʨʷʤʫʶ ʩʪʠʤʫʣʠʨʫʝʪ ʜʠʬʬʝ-
ʨʝʥʮʠʨʦʚʢʫ ʦʩʪʝʦʙʣʘʩʪʦʚ.   ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ  ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʜʦʢʘʟʘʣʠ, ʯʪʦ ʯʘʩʪʦʪʘ ʧʝ-
ʨʠʠʤʧʣʘʥʪʠʪʘ ʚʦʟʨʘʩʪʘʝʪ ʚ 2 ʨʘʟʘ, ʘ ʥʝʫʜʘʯ ʦʩʪʝʦʠʥʪʝʛʨʘʮʠʠ ï ʥʘ 40% ʧʨʠ ʫʨʦʚʥʝ 25(ʆʅ)D ʥʠʞʝ 20 
ʥʛ/ʤʣ.  

ʇʘʨʘʤʝʪʨʳ, ʪʨʝʙʫʶʱʠʝ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ: 
- ʢʘʣʴʮʠʡ ʩʳʚʦʨʦʪʢʠ (ʦʙʱʠʡ ʠ ʠʦʥʠʟʠʨʦʚʘʥʥʳʡ). ɽʩʣʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʥʠʞʝ 2,2 ʤʤʦʣʴ/ʣ, 

ʪʦ ʵʪʦ  ʫʢʘʟʳʚʘʝʪ ʥʘ ʣʘʪʝʥʪʥʳʡ ʜʝʬʠʮʠʪ; 
- ʩʫʪʦʯʥʘʷ ʢʘʣʴʮʠʫʨʠʷ ʧʦʤʦʛʘʝʪ ʠʟʙʝʞʘʪʴ ʛʠʧʝʨʢʘʣʴʮʠʫʨʠʠ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ ʜʦʙʘʚʦʢ; 
- 25(ʆʅ)D ï ʮʝʣʝʚʦʡ ʫʨʦʚʝʥʴ ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ʦʩʪʝʦʧʦʨʦʟʦʤ ʧʝʨʝʜ ʠʤʧʣʘʥʪʘʮʠʝʡ: 30ï60 ʥʛ/ʤʣ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʘʩʪʦ ʩʦʧʫʪʩʪʚʫʝʪ ʧʦʚʳʰʝʥʥʦʤʫ D-Pyr ʜʝʬʠʮʠʪ ʚʠʪʘʤʠʥʘ D. ʊʘʢʠʤ  ʦʙʨʘ-
ʟʦʤ, ʵʪʠ  ʦʪʢʣʦʥʝʥʠʷ  ʫʚʝʣʠʯʠʚʘʶʪ ʢʦʩʪʥʫʶ ʨʝʟʦʨʙʮʠʶ. 

3. ʇʨʘʢʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʚʝʜʝʥʠʷ 
ʕʪʘʧ 1. ʇʨʝʜʦʧʝʨʘʮʠʦʥʥʳʡ ʩʢʨʠʥʠʥʛ (ʧʨʦʚʦʜʠʪʩʷ ʟʘ 2ï3 ʤʝʩʷʮʘ ʜʦ ʠʤʧʣʘʥʪʘʮʠʠ) 
- ɸʥʘʣʠʟ ʤʦʯʠ: ʜʝʟʦʢʩʠʧʠʨʠʜʠʥʦʣʠʥ/ʢʨʝʘʪʠʥʠʥ. 

- ʂʨʦʚʴ: ʦʙʱʠʡ ʠ ʠʦʥʠʟʠʨʦʚʘʥʥʳʡ Ca, 25(OH)D, ʧʘʨʘʪʛʦʨʤʦʥ (ʧʦ ʧʦʢʘʟʘʥʠʷʤ). 
-  ʇʨʠ D-Pyr > 7,5 ʥʤʦʣʴ/ʤʤʦʣʴ ʢʨʝʘʪ. ʠ/ʠʣʠ 25(OH)D < 30 ʥʛ/ʤʣ ï ʥʘʟʥʘʯʘʝʪʩʷ ʪʝʨʘʧʠʷ: ʢʦʣʝ-

ʢʘʣʴʮʠʬʝʨʦʣ (2000ï5000 ʄɽ/ʩʫʪ), ʢʘʣʴʮʠʡ (500ï1000 ʤʛ/ʩʫʪ), ʘ ʪʘʢʞʝ ʘʥʪʠʨʝʟʦʨʙʪʘʥʪʳ (ʘʣʝʥʜʨʦʥʘʪ, 
ʜʝʥʦʩʫʤʘʙ) ʧʦ ʨʝʰʝʥʠʶ ʨʝʚʤʘʪʦʣʦʛʘ. 

ʕʪʘʧ 2. ʂʦʥʪʨʦʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʨʨʝʢʮʠʠ (ʧʨʦʚʦʜʠʪʩʷ ʯʝʨʝʟ 3ï4 ʤʝʩʷʮʘ) 
- ʇʦʚʪʦʨʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ D-Pyr ʠ 25(OH)D, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ  ʩʥʠʞʝʥʠʝ D-Pyr ʥʝ ʤʝʥʝʝ 
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ʯʝʤ ʥʘ 25ï30% ʠ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʚʦʛʦ ʫʨʦʚʥʷ ʚʠʪʘʤʠʥʘ D. 
ʕʪʘʧ 3. ʇʦʩʣʝʦʧʝʨʘʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 
ʏʝʨʝʟ 3 ʤʝʩʷʮʘ ʧʦʩʣʝ ʥʘʛʨʫʟʢʠ ʠʤʧʣʘʥʪʘʪʘ ʦʙʷʟʘʪʝʣʝʥ ʢʦʥʪʨʦʣʴ D-Pyr. ʇʨʠ ʵʪʦʤ ʝʩʣʠ ʤʘʨʢʝʨ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʠʩʭʦʜʥʦ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ï ʵʪʦ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʚʦʟʤʦʞʥʦʡ ʨʝʟʦʨʙʮʠʠ ʚʦʢʨʫʛ ʰʝʡʢʠ 
ʠʤʧʣʘʥʪʘʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʘ ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʠ, ʚʦʟʤʦʞʥʦ, ʢʦʨʨʝʢʮʠʷ ʪʝʨʘʧʠʠ. 
ɺ ʜʘʣʴʥʝʡʰʝʤ  ʢʘʞʜʳʝ 6ï12 ʤʝʩʷʮʝʚ ʤʦʥʠʪʦʨʠʥʛ ʜʦʣʞʝʥ ʧʨʦʚʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʬʘʢʪʦ-
ʨʦʚ ʨʠʩʢʘ. 

4. ʂʣʠʥʠʯʝʩʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ 
ʀʥʪʝʛʨʘʮʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʚ ʨʫʪʠʥʥʫʶ ʧʨʘʢʪʠʢʫ ʠʤʧʣʘʥʪʦʣʦʛʘ ʪʨʝʙʫʝʪ ʤʝʞʜʠʩ-

ʮʠʧʣʠʥʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʪʦʤʘʪʦʣʦʛʦʤ, ʪʝʨʘʧʝʚʪʦʤ ʠ ʨʝʚʤʘʪʦʣʦʛʦʤ. ʆʜʥʘʢʦ ʟʘʪʨʘʪʳ ʥʘ 
ʪʝʩʪʳ (D-Pyr, Ca, 25(OH)D) ʙʫʜʫʪ ʥʘʤʥʦʛʦ ʥʠʞʝ ʩʪʦʠʤʦʩʪʠ ʧʦʚʪʦʨʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʠ ʣʝʯʝʥʠʷ ʧʝʨʠʠʤ-
ʧʣʘʥʪʠʪʘ. ʇʦʪʝʥʮʠʘʣʴʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʩʣʫʞʠʪ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ D-Pyr ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʙʦ-
ʨʘ ʤʦʯʠ, ʧʦʵʪʦʤʫ ʧʨʝʜʧʦʯʪʝʥʠʝ ʜʦʣʞʥʦ ʦʪʜʘʚʘʪʴʩʷ ʚʪʦʨʦʡ ʫʪʨʝʥʥʝʡ ʧʦʨʮʠʠ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʳʚʦ-
ʨʦʪʦʯʥʦʛʦ ʪʝʩʪʘ (ʩʚʦʙʦʜʥʳʡ ʜʝʟʦʢʩʠʧʠʨʠʜʠʥʦʣʠʥ). 

ʀʙʣʤʷʰʞʦʡʞ 
ʋ ʧʘʮʠʝʥʪʦʚ ʩ ʦʩʪʝʦʧʦʨʦʟʦʤ ʣʘʙʦʨʘʪʦʨʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʜʝʥʪʘʣʴʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʜʦʣʞʥʦ 

ʙʳʪʴ ʦʙʷʟʘʪʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʦʪʦʢʦʣʘ ʚʝʜʝʥʠʷ. ʄʦʥʠʪʦʨʠʥʛ ʜʝʟʦʢʩʠʧʠʨʠʜʠʥʦʣʠʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʨʝʘʣʴʥʫʶ ʦʮʝʥʢʫ ʩʢʦʨʦʩʪʠ ʢʦʩʪʥʦʡ ʨʝʟʦʨʙʮʠʠ, ʘ ʘʥʘʣʠʟ ʢʘʣʴʮʠʷ ʠ 25(ʆʅ)ʚʠʪʘʤʠʥʘ D ʧʦʟʚʦʣʷʝʪ ʚʳ-
ʷʚʠʪʴ   ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʪʨʝʭʵʪʘʧʥʳʡ ʘʣʛʦ-
ʨʠʪʤ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʩʢʨʠʥʠʥʛ, ʢʦʨʨʝʢʮʠʶ ʠ  ʧʦʩʪʦʧʝʨʘʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ, ʩʧʦʩʦʙʝʥ ʩʥʠʟʠʪʴ   ʥʝ-
ʫʜʘʯʥʳʝ ʠʤʧʣʘʥʪʘʮʠʠ ʫ  ʙʦʣʴʥʳʭ ʦʩʪʝʦʧʦʨʦʟʦʤ ʥʘ 50ï60%, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤʠ 
ʢʣʠʥʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. 
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УДК 13 

НАСЛЕДОВАНИЕ ПРИЗНАКА ГОЛУБЫХ ГЛАЗ 
 
 

Григориадис Георгия Маврикисовна 
ʉʪʫʜʝʥʪʢʘ 

  ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè ɽʩʩʝʥʪʫʢʩʢʠʡ ʬʠʣʠʘʣ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄʠʭʘʡʣʠʯʝʥʢʦ ʅʘʪʘʣʴʷ ɺʘʩʠʣʴʝʚʥʘ 
ʇʨʝʧʦʜʘʚʘʪʝʣʴ 

  ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè ɽʩʩʝʥʪʫʢʩʢʠʡ ʬʠʣʠʘʣ 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʫʯʝʥʠʝ ʪʠʧʘ ʥʘʩʣʝʜʦʚʘʥʠʷ ʧʨʠʟʥʘʢʘ ʮʚʝʪʘ ʛʣʘʟ ʧʨʠ ʧʦʤʦʱʠ ʛʝ-
ʥʝʘʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʩʝʤʴʠ. ɸ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫ-
ʱʝʛʦ ʥʘʩʣʝʜʦʚʘʥʠʷ ʧʨʠʟʥʘʢʘ ʛʦʣʫʙʳʭ ʛʣʘʟ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʝʥʝʘʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʨʝʮʝʩʩʠʚʥʳʡ ʧʨʠʟʥʘʢ, ʪʠʧ ʥʘʩʣʝʜʦʚʘʥʠʷ.  

 
INHERITANCE OF THE BLUE EYES TRAIT 

 
Grigoriadis Georgia Mavrikisovna 

 
Scientific Advisor: Mikhaylichenko Natalia Vasilyevna 

 
Abstract: This paper presents a study of the inheritance pattern of the eye color trait using the genealogical 
method within a single family. Potential outcomes for the future inheritance of the blue eye color trait are also 
presented. 
Keywords: genealogical method, recessive trait, inheritance pattern 

 
ɻʝʥʝʘʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʠʟʫʯʝʥʠʷ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ. 

ʎʚʝʪ ʛʣʘʟ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʷʨʢʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʚʥʝʰʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʚʳʟʳʚʘʶʱʠʡ ʥʝʠʟʤʝʥʥʳʡ 
ʠʥʪʝʨʝʩ ʫ ʛʝʥʝʪʠʢʦʚ. ʅʘʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʧʨʠʟʥʘʢʘ, ʢʘʞʫʱʝʝʩʷ ʧʨʦʩʪʳʤ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʚ ʜʝʡʩʪʚʠ-
ʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʦʚ ʠ 
ʧʦʜʯʠʥʷʶʱʠʡʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ. ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʵʪʦʡ ʪʝʤʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 
ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʛʝʥʝʪʠʢʘʤʠ ʏʘʨʣʴʟʦʤ ʠ ɻʝʨʪʨʫʜʦʡ ɼʘʚʝʥʧʦʨʪ, ʢʦʪʦʨʳʝ ʚ 1907 ʛʦʜʫ ʚ 
ʉʐɸ ʩʦʙʨʘʣʠ ʦʙʰʠʨʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʠʚʰʠʝ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʦʪʪʝʥʦʢ ʨʘʜʫʞʢʠ 
ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ ʮʚʝʪʘ ʛʣʘʟ ʨʦʜʠʪʝʣʝʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ (ʈʠʩ. 1) ʪʦʥʦʚ, ʦʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ ʨʦʜʩʪʚʝʥʥʳʭ ʦʪʪʝʥʢʦʚ ʠʩʯʠʩ-
ʣʷʝʪʩʷ ʜʝʩʷʪʢʘʤʠ.  

ʎʚʝʪ ʛʣʘʟ, ʥʘʩʣʝʜʫʝʤʳʡ ʧʨʠʟʥʘʢ ʠ ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʛʝʥʝʪʠʢʝ, ʪʝʤʥʳʝ ʦʪʪʝʥʢʠ ï ʜʦʤʠʥʘʥʪ-
ʥʳʡ ʧʨʠʟʥʘʢ, ʩʚʝʪʣʳʝ ï ʨʝʮʝʩʩʠʚʥʳʡ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʫ ʣʶʜʝʡ ʩ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʪʝʤʥʳʤʠ ʛʣʘʟʘʤʠ, 
ʩʢʦʨʝʝ ʚʩʝʛʦ, ʨʦʜʷʪʩʷ ʢʘʨʝʛʣʘʟʳʝ ʤʘʣʳʰʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʦʶʟ ʜʚʫʭ ʛʦʣʫʙʦʛʣʘʟʳʭ ʨʦʜʠʪʝʣʝʡ ʧʨʘʢʪʠ-
ʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ ʧʦʷʚʣʝʥʠʝ ʢʘʨʝʛʣʘʟʦʛʦ ʧʦʪʦʤʩʪʚʘ (0%), ʦʙʝʩʧʝʯʠʚʘʷ ʚ 99% ʩʣʫʯʘʝʚ ʨʦʞʜʝʥʠʝ ʨʝʙʝʥʢʘ 
ʩ ʛʦʣʫʙʳʤʠ ʛʣʘʟʘʤʠ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʛʝʥʝʪʠʯʝʩʢʘʷ ʢʦʤʙʠʥʘʮʠʷ ʨʦʜʠʪʝʣʝʡ ʥʘʧʨʷʤʫʶ 
ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʫʶ ʧʘʣʠʪʨʫ ʧʨʠʟʥʘʢʦʚ ʫ ʜʝʪʝʡ (ʈʠʩ. 2). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʯʝʥʳʤ ʠʟʚʝʩʪʥʦ ʦʢʦʣʦ 16 ʛʝʥʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʮʚʝʪ ʛʣʘʟ ʨʝʙʝʥʢʘ. ʇʦʵʪʦʤʫ 
ʧʦʨʦʡ çʨʝʮʝʩʩʠʚʥʘʷè ʛʦʣʫʙʦʛʣʘʟʘʷ ʧʘʨʘ ʤʦʞʝʪ ʨʦʜʠʪʴ ʤʘʣʳʰʘ ʩ çʜʦʤʠʥʘʥʪʥʳʤʠ ʢʘʨʠʤʠ ʨʘʜʫʞʢʘʤʠè. 
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ʉʡʪ. 1. ʇʪʦʧʛʦʴʞ ʫʧʦʙ ʯʛʞʫʧʛ ʜʤʙʠ 

 

 
ʉʡʪ. 2. ʊʥʞʮʙ ʦʙʪʤʞʝʧʛʙʦʡʸ ʯʛʞʫʙ ʜʤʙʠ 

 
ʆʩʥʦʚʥʳʝ ʛʝʥʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʮʚʝʪ ʛʣʘʟ: 
1) ʆʉɸ2: ɻʣʘʚʥʳʡ ʛʝʥ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʮʚʝʪ ʛʣʘʟ, ʦʩʦʙʝʥʥʦ ʟʘ ʩʧʝʢʪʨ ʦʪ ʢʘʨʝʛʦ ʜʦ ʛʦʣʫʙʦʛʦ. ʆʥ 

ʧʨʦʠʟʚʦʜʠʪ ʙʝʣʦʡ ʈ, ʢʦʪʦʨʳʡ ʫʯʘʩʪʚʫʝʪ ʚ ʩʦʟʨʝʚʘʥʠʠ ʤʝʣʘʥʦʩʦʤ ï ʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʭʨʘʥʝʥʠʝ ʤʝʣʘʥʠʥʘ. 

2) HERC2: ʕʪʦʪ ʛʝʥ ʨʘʩʧʦʣʦʞʝʥ ʨʷʜʦʤ ʩ ʆʉɸ2 ʥʘ 15-ʡ ʭʨʦʤʦʩʦʤʝ ʠ ʨʝʛʫʣʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ ʛʝʥʘ 
ʆʉɸ2. ʄʫʪʘʮʠʠ ʚ HERC2 ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʷʚʣʝʥʠʠ ʛʦʣʫʙʳʭ ʛʣʘʟ, ʪʘʢ ʢʘʢ ʦʥʘ ʩʥʠʞʘʝʪ ʚʳʨʘ-
ʙʦʪʢʫ ʤʝʣʘʥʠʥʘ. 

3) SLC24A4: ɺʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʤʝʣʘʥʠʥʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪ ʧʝʨʝʥʦʩ ʠʦʥʦʚ ʚ ʩʘʤʫ ʢʣʝʪʢʫ.  
4) TYR: ʂʦʜʠʨʫʝʪ ʙʝʣʦʢ, ʠʛʨʘʶʱʠʡ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʙʠʦʩʠʥʪʝʟʝ ʧʠʛʤʝʥʪʘ ʤʝʣʘʥʠʥʘ. ɻʝʥʝʪʠʯʝ-

ʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʵʪʦʛʦ ʛʝʥʘ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʝʧʝʥʴ ʧʠʛʤʝʥʪʘʮʠʠ ʛʣʘʟ, ʢʦʞʠ, ʚʦ-
ʣʦʩ). 

ʇʨʠʤʝʥʝʥʠʝ ʛʝʥʝʘʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚ ʠʟʫʯʝʥʠʠ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʛʣʘʟ ʧʦʟʚʦʣʷʝʪ 
ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʜʘʯʠ ʧʨʠʟʥʘʢʦʚ ʠ ʦʮʝʥʠʚʘʪʴ ʨʠʩʢʠ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʕʪʦ 
ʚʘʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʛʝʥʝʪʠʢʦʚ ʠ ʚʨʘʯʝʡ, ʧʦʤʦʛʘʶʱʠʡ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʧʨʠʟʥʘʢʦʚ ʫ ʙʫʜʫ-
ʱʠʭ ʧʦʢʦʣʝʥʠʡ.  

ʀʩʧʦʣʴʟʫʷ ʧʨʠʝʤʳ ʛʝʥʝʘʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʩʣʝʜʦʚʘʥʠʷ ʮʚʝʪʘ ʛʣʘʟ 
ʚ ʩʝʤʴʝ ɻʨʠʛʦʨʠʘʜʠʩ. ʇʨʦʚʝʜʝʥʦ ʣʠʯʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʯʣʝʥʦʚ ʩʝʤʴʠ, ʧʨʦʩʤʦʪʨʝʥʳ ʩʝʤʝʡʥʳʝ ʬʦʪʦ-
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ʘʣʴʙʦʤʳ ʠ ʚʟʷʪʳ ʠʥʪʝʨʚʴʶ ʦ ʣʶʜʷʭ, ʢʦʪʦʨʳʭ ʫʞʝ ʥʝʪ ʚ ʞʠʚʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʷʣʦ 
ʫʯʘʩʪʠʝ 47 ʯʝʣʦʚʝʢ (ʈʠʩ. 3). 

 

 
ʉʡʪ. 3. ʏʛʞʫʙ ʜʤʙʠ ʛ ʪʞʥʵʞ ɼʩʡʜʧʩʡʙʝʡʪ 

 
ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ (ʈʠʩ. 3) ʚ ʩʝʤʴʝ ʙʦʣʴʰʠʥʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ï ʣʶʜʠ ʩ ʢʘʨʠʤʠ ʛʣʘʟʘʤʠ: 38 ʯʝ-

ʣʦʚʝʢ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 80,85% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ. ʃʶʜʝʡ ʩ ʟʝʣʸʥʳʤʠ ʛʣʘʟʘʤʠ ï 6 ʯʝʣʦʚʝʢ (12,77%), ʘ ʩ 
ʛʦʣʫʙʳʤʠ ʛʣʘʟʘʤʠ ï 3 ʯʝʣʦʚʝʢʘ (6,38%). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʘʨʠʡ ʮʚʝʪ ʛʣʘʟ 
ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʜʘʥʥʦʡ ʩʝʤʴʝ, ʘ ʟʝʣʸʥʳʡ ʠ ʛʦʣʫʙʦʡ ʚʩʪʨʝʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ. 

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 1 çɼʘʥʥʳʝ ʧʦ ʧʨʠʟʥʘʢʫ ʮʚʝʪʘ ʛʣʘʟ ʚ ʩʝʤʴʝ ɻʨʠʛʦʨʠʘʜʠʩè, ʩʦʩʪʘʚʣʝʥʘ ʨʦʜʦ-
ʩʣʦʚʥʘʷ ʩʭʝʤʘ ʩʝʤʴʠ (ʈʠʩ. 4), ʚ ʢʦʪʦʨʦʡ ʧʨʠ ʧʦʤʦʱʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʦʪʤʝʯʝʥʳ ʨʦʜʩʪʚʝʥʥʳʝ 
ʩʚʷʟʠ ʚʩʝʭ ʯʣʝʥʦʚ ʩʝʤʴʠ. 

ɺ ʩʭʝʤʝ ʫʢʘʟʘʥʦ ʯʝʪʳʨʝ ʧʦʢʦʣʝʥʠʷ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʦʪ 1 ʜʦ 17 ʯʣʝʥʦʚ ʩʝʤʴʠ. ʋʯʪʝʥʳ ʚʩʝ ʨʦʜ-
ʩʪʚʝʥʥʳʝ ʩʚʷʟʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʪʦʯʥʦ ʫʟʥʘʪʴ ʪʠʧ ʥʘʩʣʝʜʦʚʘʥʠʷ ʧʨʠʟʥʘʢʘ ʛʦʣʫʙʳʭ ʛʣʘʟ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʝʤʴʝ. 

ʇʦ ʜʘʥʥʳʤ ʨʦʜʦʩʣʦʚʥʦʡ ʩʝʤʴʠ ɻʨʠʛʦʨʠʘʜʠʩ (ʈʠʩ.4), ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʡ ʥʘʩʣʝʜʦʚʘʥʠʝ ʧʨʠʟʥʘʢʘ 
ʮʚʝʪ ʛʣʘʟ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1) ʇʨʠʟʥʘʢ ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ ʛʣʘʟ ʠʤʝʝʪ ʘʫʪʦʩʦʤʥʳʡ ʪʠʧ ʥʘʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʨʦʜʦʩʣʦʚʥʦʡ ʧʨʠ-
ʤʝʨʥʦ ʚ ʨʘʚʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢ, ʫ ʤʫʞʯʠʥ ʠ ʫ ʞʝʥʱʠʥ. (I.5., IV.4., IV.13.); 

2) ʇʨʠʟʥʘʢ ʮʚʝʪʘ ʛʦʣʫʙʳʭ ʛʣʘʟ ʨʝʮʝʩʩʠʚʝʥ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʯʝʨʝʟ ʜʚʘ ʧʦʢʦʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʤʦʞʝʪ 
çʢʘʢ ʠʩʯʝʟʘʪʴ, ʪʘʢ ʠ ʧʨʦʷʚʣʷʪʴʩʷ ʩʥʦʚʘè (ʧʦʢʦʣʝʥʠʷ II.III. ï ʥʝ ʠʤʝʝʪ ʯʣʝʥʦʚ ʩʝʤʴʠ ʩ ʛʦʣʫʙʳʤʠ ʛʣʘʟʘʤʠ); 

3) ʇʨʦʙʘʥʜ: ɻʨʠʛʦʨʠʘʜʠʩ ɸʤʝʣʠʷ ɸʧʨʝʩʦʚʥʘ (IV.13.) ʛʦʤʦʟʠʛʦʪʝʥ ʧʦ ʜʘʥʥʦʤʫ ʨʝʮʝʩʩʠʚʥʦʤʫ ʧʨʠ-
ʟʥʘʢʫ. ɽʛʦ ʨʦʜʠʪʝʣʠ: ɻʨʠʛʦʨʠʘʜʠʩ ɸʧʨʝʩ ɸʨʢʘʜʴʝʚʠʯ ʠ ɻʨʠʛʦʨʠʘʜʠʩ ʊʘʪʝʚʠʢ ʉʘʘʢʦʚʥʘ (ʧʦʢʦʣʝʥʠʷ III.9.; 
III.10.) ï ʥʦʩʠʪʝʣʠ ʮʚʝʪʘ ʢʘʨʠʭ ʛʣʘʟ, ʪʦ ʝʩʪʴ ʫ ʥʠʭ ʧʨʦʷʚʣʷʝʪʩʷ ʜʦʤʠʥʘʥʪʥʳʡ ʧʨʠʟʥʘʢ, ʥʦ ʦʥʠ ʛʝʪʝʨʦʟʠ-
ʛʦʪʥʳʝ ʧʦ ʜʘʥʥʦʤʫ ʮʚʝʪʫ, ʪʘʢ ʢʘʢ ʠʭ ʨʝʙʝʥʦʢ (IV.13.) ʛʦʣʫʙʦʛʣʘʟʳʡ; 

4) ʏʣʝʥ ʩʝʤʴʠ: ɻʨʠʛʦʨʠʘʜʠʩ ʊʘʪʝʚʠʢ ʉʘʘʢʦʚʥʘ (III.10.) ʫʥʘʩʣʝʜʦʚʘʣ ʧʨʠʟʥʘʢ ʛʦʣʫʙʳʭ ʛʣʘʟ ʦʪ ʆʛʘ-
ʥʠʩʷʥ ʉʘʘʢʘ ɺʣʘʜʠʤʠʨʦʚʠʯʘ (II.9.), ʘ ʪʦʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪ  ʆʛʘʥʠʩʷʥ ɺʣʘʜʠʤʠʨʘ ʉʫʨʝʥʦʚʠʯʘ (I.5.). 

ʊʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʦʜʦʩʣʦʚʥʦʡ ʩʭʝʤʳ ʩʝʤʴʠ ɻʨʠʛʦʨʘʜʠʩ (ʇʨʠʣʦʞʝʥʠʝ 3) ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 
ʧʨʠʟʥʘʢʘ ʟʝʣʸʥʦʛʦ ʮʚʝʪʘ ʛʣʘʟ. ɿʝʣʸʥʳʝ ʛʣʘʟʘ ï ʵʪʦ ʨʝʜʢʠʡ ʧʨʠʟʥʘʢ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʜʝʡ-
ʩʪʚʠʷ ʨʝʮʝʩʩʠʚʥʦʛʦ ʵʧʠʩʪʘʪʠʯʥʦʛʦ ʛʝʥʘ (h). ɺ ʯʝʪʚʸʨʪʦʤ ʧʦʢʦʣʝʥʠʠ ʚʪʦʨʦʡ ʠ ʧʷʪʥʘʜʮʘʪʳʡ ʯʣʝʥ ʩʝʤʴʠ 
ʧʨʦʷʚʣʷʶʪ ʵʪʦʪ ʧʨʠʟʥʘʢ. ʅʦʩʠʪʝʣʠ ʮʚʝʪʘ ʛʣʘʟ ʛʝʥʝʪʠʯʝʩʢʠ ʤʦʛʫʪ ʠʤʝʪʴ ʢʘʢ ʢʘʨʠʝ, ʪʘʢ ʠ ʛʦʣʫʙʳʝ ʛʣʘʟʘ, 
ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʦʜʦʩʣʦʚʥʦʡ ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʯʣʝʥ ʩʝʤʴʠ (IV.4.) ʠʤʝʝʪ ʦʜʥʦʛʦ ʠʟ ʛʦ-
ʣʫʙʦʛʣʘʟʳʭ ʨʦʜʠʪʝʣʝʡ (III.3., III.4.). 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʝʨʩʧʝʢʪʠʚʳ ʥʘʩʣʝʜʦʚʘʥʠʷ ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ ʛʣʘʟ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʝ 
ʚʘʨʠʘʥʪʳ: 

80,85% 

12,77% 

6,38% 

˴͙͔͊ͪ ͎͊͊͘͡ улΣур҈ ˭͔͔ͤ͡·͔ ͎͊͊͘͡ мнΣтт҈ ˥ͦͯ͋͡·͔ ͎͊͊͘͡ сΣоу҈ 
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1) ɽʩʣʠ ʧʨʦʙʘʥʜ ɻʨʠʛʦʨʠʘʜʠʩ ɸʤʝʣʠʷ ɸʧʨʝʩʦʚʥʘ (IV.13.) ʚʩʪʫʧʠʪ ʚ ʙʨʘʢ ʩ ʛʦʣʫʙʦʛʣʘʟʳʤ ʤʫʞʯʠ-
ʥʦʡ, (ʈʠʩ. 4) ʪʦ ʜʝʪʠ ʙʫʜʫʪ ʥʦʩʠʪʝʣʷʤʠ ʮʚʝʪʘ ʛʦʣʫʙʦʛʦ ʛʣʘʟ. 

 

 
ʉʡʪ. 4. ɼʧʤʬʚʧʜʤʙʠʴʞ ʩʧʝʡʫʞʤʡ 

 
2) ɽʩʣʠ ʧʨʦʙʘʥʜ: ɻʨʠʛʦʨʠʘʜʠʩ ɸʤʝʣʠʷ ɸʧʨʝʩʦʚʥʘ (IV.13.)  ʚʩʪʫʧʠʪ ʚ ʙʨʘʢ ʩ  ʢʘʨʝʛʣʘʟʳʤ ʤʫʞʯʠ-

ʥʦʡ, ʛʝʪʝʨʦʟʠʛʦʪʥʳʤ ʧʦ ʜʘʥʥʦʤʫ ʧʨʠʟʥʘʢʫ, (ʈʠʩ. 5.) ʪʦʛʜʘ 50% ʜʝʪʝʡ ʙʫʜʫʪ ʠʤʝʪʴ ʢʘʨʠʝ ʠ 50% ʛʦʣʫʙʳʝ 
ʛʣʘʟʘ. 

 

 
ʉʡʪ. 5. ʉʙʠʦʧʜʤʙʠʴʞ ʩʧʝʡʫʞʤʡ (ɼʞʫʞʩʧʠʡʜʧʫʴ) 

 
3) ɽʩʣʠ ʧʨʦʙʘʥʜ: ɻʨʠʛʦʨʠʘʜʠʩ ɸʤʝʣʠʷ ɸʧʨʝʩʦʚʥʘ (IV.13.) ʚʩʪʫʧʠʪ ʙʨʘʢ ʩ ʢʘʨʝʛʣʘʟʳʤ ʤʫʞʯʠʥʦʡ, ʛʦʤʦ-
ʟʠʛʦʪʥʳʤ ʧʦ ʜʘʥʥʦʤʫ ʧʨʠʟʥʘʢʫ (ʈʠʩ.6), ʪʦ ʜʝʪʠ ʜʘʥʥʦʡ ʩʝʤʴʠ ʙʫʜʫʪ 100% ʠʤʝʪʴ ʢʘʨʠʝ ʛʣʘʟʘ. 

 

 
ʉʡʪ. 6. ʃʙʩʞʜʤʙʠʴʞ ʩʧʝʡʫʞʤʡ (ɼʧʥʧʠʡʜʧʫʙ) 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʮʚʝʪ ʛʣʘʟ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪ-

ʩʷ ʩʣʦʞʥʳʤ ʧʦʣʠʛʝʥʥʳʤ ʧʨʠʟʥʘʢʦʤ, ʦʜʥʘʢʦ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʛʝʥʝʪʠʢʠ ʦʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 
ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʤʠʥʘʥʪʥʳʭ ʠ ʨʝʮʝʩʩʠʚʥʳʭ ʘʣʣʝʣʝʡ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ 
ʮʚʝʪ, ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʠʛʤʝʥʪʘ ʤʝʣʘʥʠʥʘ: ʢʘʨʠʡ ʮʚʝʪ ʛʣʘʟ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʘʥʪʥʳʤ ʧʨʠʟʥʘʢʦʤ, ʘ 
ʛʦʣʫʙʦʡ ʠ ʟʝʣʝʥʳʡ ð ʨʝʮʝʩʩʠʚʥʳʤʠ. 
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ʋʙʚʤʡʯʙ 1 
ɽʙʦʦʴʞ ʨʧ ʨʩʡʠʦʙʣʬ ʯʛʞʫʙ ʜʤʙʠ ʛ ʪʞʥʵʞ ɼʩʡʜʧʩʡʙʝʡʪ 

ˊ ʰʤʞʦʙ 
ʪʞʥʵʡ 

ʈʧʣʧʤʞʦʡʸ ʍʁʇ ɻʧʠʩʙʪʫ ʏʛʞʫ ʜʤʙʠ ʉʧʝʪʫʛʞʦʦʙʸ ʪʛʸʠʵ 

1 I ʧʦʢʦʣʝʥʠʝ: ʉʘʨʢʠʩʷʥ ɻʨʘʯʠʢ ʃʝʚʦʥʦʚʠʯ  90  
(ʋʤʝʨ ʚ 2018) 

ɿʝʣʝʥʳʡ ʇʨʘʜʝʜʫʰʢʘ  

2 ʉʘʨʢʠʩʷʥ ɸʨʧʠʢ ʄʘʚʩʝʩʦʚ-
ʥʘ 

76 
(ʋʤʝʨʣʘ ʚ 2003) 

ʂʘʨʠʡ ʇʨʘʙʘʙʫʰʢʘ  

3 ɻʨʠʛʦʨʠʘʜʠʩ ɸʧʨʝʩ ʄʘʚʩʝ-
ʩʦʚʠʯ 

41 
(ʋʤʝʨ ʚ 1930) 

ʂʘʨʠʡ ʇʨʘʜʝʜʫʰʢʘ  

4 ɼʘʥʠʝʣʷʥ ɺʝʨʛʫʰʘ ɸʣʝʢ-
ʩʘʥʜʨʦʚʥʘ 

41 
(ʋʤʝʨʣʘ ʚ 1930) 

ʂʘʨʠʡ ʇʨʘʙʘʙʫʰʢʘ  

5 ʆʛʘʥʠʩʷʥ ɺʣʘʜʠʤʠʨ ʉʫʨʝ-
ʥʦʚʠʯ 

88 
(ʋʤʝʨ ʚ 2020) 

ɻʦʣʫʙʦʡ  ʇʨʘʜʝʜʫʰʢʘ  

6 ʅʝʨʩʠʷʥ ɸʩʷ ʉʠʨʝʢʘʥʦʚʥʘ 82 
(ʋʤʝʨʣʘ ʚ 2018) 

ʂʘʨʠʡ ʇʨʘʙʘʙʫʰʢʘ  

7 ɽʛʠʷʥ ɺʣʘʜʠʤʠʨ ʃʝʚʦʥʦʚʠʯ 86 
(ʋʤʝʨ ʚ 2015) 

ʂʘʨʠʡ  ʇʨʘʜʝʜʫʰʢʘ   

8 ɽʛʠʷʥ ʃʝʥʘ ɸʤʠʨʭʘʥʦʚʥʘ 83 
(ʋʤʝʨʣʘ ʚ 2019) 

ʂʘʨʠʡ ʇʨʘʙʘʙʫʰʢʘ 

1 II ʧʦʢʦʣʝʥʠʝ:  ʉʘʨʢʠʩʷʥ ʕʣʴʤʠʨʘ ɻʨʘʯʠ-
ʢʦʚʥʘ 

66 ʂʘʨʠʡ ɼʚʦʶʨʦʜʥʘʷ ʙʘʙʫʰ-
ʢʘ  

2 ʉʘʨʢʠʩʷʥ ʍʘʯʠʢ ɻʨʘʯʠʢʦʚʠʯ 68 ʂʘʨʠʡ ɼʚʦʶʨʦʜʥʳʡ ʜʝ-
ʜʫʰʢʘ    

3 ʉʘʨʢʠʩʷʥ ɺʘʯʠʢ ɻʨʘʯʠʢʦʚʠʯ 67 ʂʘʨʠʡ ɼʚʦʶʨʦʜʥʳʡ ʜʝ-
ʜʫʰʢʘ    

4 ʉʘʨʢʠʩʷʥ ʕʣʴʟʘ ɻʨʘʯʠʢʦʚʥʘ 63 ʂʘʨʠʡ ɹʘʙʫʰʢʘ  

5 ɻʨʠʛʦʨʠʘʜʠʩ ɸʨʢʘʜʠʡ ɸʧʨʝ-
ʩʦʚʠʯ 

66 ʂʘʨʠʡ  ɼʝʜʫʰʢʘ   

6 ɻʨʠʛʦʨʠʘʜʠʩ ɸʙʨʝʢ ɸʧʨʝʩʦ-
ʚʠʯ 

65  ʂʘʨʠʡ  ɼʚʦʶʨʦʜʥʳʡ ʜʝ-
ʜʫʰʢʘ    

7 ɻʨʠʛʦʨʠʘʜʠʩ ɸʣʴʙʝʨʪ ɸʧʨʝ-
ʩʦʚʠʯ 

63 ɿʝʣʝʥʳʡ ɼʚʦʶʨʦʜʥʳʡ ʜʝ-
ʜʫʰʢʘ  

8 ɻʨʠʛʦʨʠʘʜʠʩ ʂʘʨʠʥʘ ɸʧʨʝ-
ʩʦʚʥʘ 

14 
(ʋʤʝʨʣʘ ʚ 1971) 

ʂʘʨʠʡ ɼʚʦʶʨʦʜʥʘʷ ʙʘʙʫʰ-
ʢʘ 

9 ʆʛʘʥʠʩʷʥ ʉʘʘʢ ɺʣʘʜʠʤʠʨʦ-
ʚʠʯ 

68 ʂʘʨʠʡ ɼʝʜʫʰʢʘ  

10 ɽʛʠʷʥ ɹʝʣʣʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 65 ʂʘʨʠʡ ɹʘʙʫʰʢʘ  

1 III ʧʦʢʦʣʝʥʠʝ: ɹʘʣʘʷʥ ʂʘʨʝʥ ɻʘʚʨʦʰʘʝʚʠʯ  45 ʂʘʨʠʡ _ 

2 ɹʘʣʘʷʥ ʂʘʨʠʥʘ ɸʨʢʘʜʴʝʚʥʘ  42 ɿʝʣʝʥʳʡ ʊʝʪʷ  

3 ɹʦʩʪʘʥʯʘʥ ʄʢʨʪʠʯ ɻʘʤʣʝʪʦ-
ʚʠʯ 

46 ʂʘʨʠʡ _ 

4 ɹʦʩʪʘʥʯʘʥ ɺʝʨʛʠʥʘ ɸʨʢʘʜʴ-
ʝʚʥʘ  

36 ɿʝʣʝʥʳʡ ʊʝʪʷ  

5 ɻʨʠʛʦʨʠʘʜʠʩ ʄʘʚʨʠʢʠʩ ʍʘ-
ʨʘʣʘʤʧʦʚʠʯ  

39 ʂʘʨʠʡ _ 

6 ɻʨʠʛʦʨʠʘʜʠʩ ɸʣʠʥʘ ɸʨʢʘʜʴ-
ʝʚʥʘ 

39 ʂʘʨʠʡ ʊʝʪʷ 

7  ɼʘʥʠʝʣʷʥ ɸʰʦʪ ɻʨʠʛʦʨʴʝ-
ʚʠʯ 

46 ʂʘʨʠʡ _ 

8 ɼʘʥʠʝʣʷʥ ʄʘʨʠʥʘ ɸʨʢʘʜʴ-
ʝʚʥʘ 

40 ʂʘʨʠʡ ʊʝʪʷ  

9 ɻʨʠʛʦʨʠʘʜʠʩ ɸʧʨʝʩ ɸʨʢʘʜʴ-
ʝʚʠʯ 

35 ʂʘʨʠʡ ʆʪʝʮ 
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ˊ ʰʤʞʦʙ 
ʪʞʥʵʡ 

ʈʧʣʧʤʞʦʡʸ ʍʁʇ ɻʧʠʩʙʪʫ ʏʛʞʫ ʜʤʙʠ ʉʧʝʪʫʛʞʦʦʙʸ ʪʛʸʠʵ 

10 ɻʨʠʛʦʨʠʘʜʠʩ ʊʘʪʝʚʠʢ ʉʘ-
ʘʢʦʚʥʘ 

35 ʂʘʨʠʡ ʄʘʪʴ 

11 ʆʛʘʥʠʩʷʥ ʃʠʣʠʪ ʉʘʘʢʦʚʥʘ 33 ʂʘʨʠʡ ʊʝʪʷ 

12 ʍʘʯʘʪʨʷʥ ʄʛʝʨ ɸʣʝʢʩʘʥ-
ʜʨʦʚʠʯ 

34 ʂʘʨʠʡ _ 

1 IV ʧʦʢʦʣʝʥʠʝ: ɹʘʣʘʷʥ ɸʥʛʝʣʠʥʘ ʂʘʨʝʥʦʚ-
ʥʘ 

21 ʂʘʨʠʡ ɼʚʦʶʨʦʜʥʘʷ ʩʝʩʪʨʘ 

2 ɹʘʣʘʷʥ ɸʣʠʥʘ 
ʂʘʨʝʥʦʚʥʘ 

19 ɿʝʣʝʥʳʡ ɼʚʦʶʨʦʜʥʘʷ ʩʝʩʪʨʘ 

3 ɹʦʩʪʘʥʯʘʥ ʂʘʨʠʥʵ ʄʢʨʪʠ-
ʯʝʚʥʘ 

5 ʂʘʨʠʡ ɼʚʦʶʨʦʜʥʘʷ ʩʝʩʪʨʘ 

4 ɹʦʩʪʘʥʯʘʥ ɸʥʠ ʄʢʨʪʠʯʝʚʥʘ 2 ɻʦʣʫʙʦʡ ɼʚʦʶʨʦʜʥʘʷ ʩʝʩʪʨʘ 

5 ɻʨʠʛʦʨʠʘʜʠʩ ʃʠʥʜʘ ʄʘʚʨʠ-
ʢʠʩʦʚʥʘ 

17 ʂʘʨʠʡ ɼʚʦʶʨʦʜʥʘʷ ʩʝʩʪʨʘ 

6 ɻʨʠʛʦʨʠʘʜʠʩ ɻʝʦʨʛʠʷ ʄʘʚ-
ʨʠʢʠʩʦʚʥʘ 

16 ʂʘʨʠʡ ɼʚʦʶʨʦʜʥʘʷ ʩʝʩʪʨʘ 

7 ɻʨʠʛʦʨʠʘʜʠʩ ɸʜʝʣʠʥʘ ʄʘʚ-
ʨʠʢʠʩʦʚʥʘ  

13 ʂʘʨʠʡ ɼʚʦʶʨʦʜʥʘʷ ʩʝʩʪʨʘ 

8 ɻʨʠʛʦʨʠʘʜʠʩ ɸʜʦʥʠʩ ʄʘʚ-
ʨʠʢʠʩʦʚʠʯ 

13  ʂʘʨʠʡ ɼʚʦʶʨʦʜʥʳʡ ʙʨʘʪ 

9 ɼʘʥʠʝʣʷʥ ɻʫʨʛʝʥ ɸʰʦʪʦʚʠʯ 21 ʂʘʨʠʡ ɼʚʦʶʨʦʜʥʳʡ ʙʨʘʪ 

10  ɼʘʥʠʝʣʷʥ ɻʘʣʠʥʘ ɸʰʦʪʦʚʥʘ 19 ʂʘʨʠʡ ɼʚʦʶʨʦʜʥʘʷ ʩʝʩʪʨʘ 

11 ɼʘʥʠʝʣʷʥ ɸʨʠʥʘ ɸʰʦʪʦʚʥʘ 15 ʂʘʨʠʡ ɼʚʦʶʨʦʜʥʘʷ ʩʝʩʪʨʘ 

12 ɼʘʥʠʝʣʷʥ ɸʣʠʢ ɸʰʦʪʦʚʠʯ 10 ʂʘʨʠʡ ɼʚʦʶʨʦʜʥʳʡ ʙʨʘʪ 

13 ɻʨʠʛʦʨʠʘʜʠʩ ɸʤʝʣʠʷ ɸʧʨʝ-
ʩʦʚʥʘ 

11 ɻʦʣʫʙʦʡ ʇʨʦʙʘʥʜ 

14 ɻʨʠʛʦʨʠʘʜʠʩ ɸʨʠʘʥʘ ɸʧʨʝ-
ʩʦʚʥʘ 

9 ʂʘʨʠʡ ʈʦʜʥʘʷ ʩʝʩʪʨʘ 

15 ɻʨʠʛʦʨʠʘʜʠʩ ɸʣʴʤʘ ɸʧʨʝ-
ʩʦʚʥʘ 

2 ɿʝʣʝʥʳʡ ʈʦʜʥʘʷ ʩʝʩʪʨʘ 

16 ʍʘʯʘʪʨʷʥ ɸʣʠʩʘ ʄʛʝʨʦʚʥʘ 6  ʂʘʨʠʡ ɼʚʦʶʨʦʜʥʘʷ ʩʝʩʪʨʘ 

17 ʍʘʯʘʪʨʷʥ ʄʘʨʠʷ ʄʛʝʨʦʚʥʘ 4 ʂʘʨʠʡ ɼʚʦʶʨʦʜʥʘʷ ʩʝʩʪʨʘ 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
 1. ɻʝʥʝʪʠʢʘ ʮʚʝʪʘ ʛʣʘʟ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ð URL: https://color-

harmony.livejournal.com/10690.html (30.05.2026). 
2. ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʮʚʝʪ ʛʣʘʟ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ð URL: https://ultralinzi.ru/articles/eye/ot-chego-

zavisit-tsvet-glaz (30.05.2026). 
3. ʇʨʠʤʝʥʝʥʠʝ ʛʝʥʝʘʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʦ ʨʦʜʦʩʣʦʚ-

ʥʦʡ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ð URL: https://infourok.ru/proektnaya-rabota-po-biologii-na-temu-primenenie-
genealogicheskogo-metoda-v-opredelenie-nasledstvennyh-priznakov-po-rodoslovnoj-5742555.html 
(30.05.2026). 
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УДК 66.061.34 

ИССЛЕДОВАНИЕ МЕТОДОВ ЭКСТРАКЦИИ 
ДУБИЛЬНЫХ ВЕЩЕСТВ ИЗ ПОЧЕК СОСНЫ 
ОБЫКНОВЕННОЙ 

 

Бондаренко Михаил Игоревич, 
Кравченко София Николаевна, 

ʉʪʫʜʝʥʪʳ 
ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

Бондаренко Игорь Борисович 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ  
ʠʤ. ʧʨʦʬ. ʄ.ɸ. ɹʦʥʯ-ɹʨʫʝʚʠʯʘè 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʵʢʩʪʨʘʢʮʠʠ ʜʫʙʠʣʴʥʳʭ 
ʚʝʱʝʩʪʚ ʠʟ ʧʦʯʝʢ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʵʢʩʪʨʘʢʮʠʠ ʠ ʤʝʭʘʥʠʯʝ-
ʩʢʦʡ ʤʘʮʝʨʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʚʦʜʥʦ-ʛʣʠʮʝʨʠʥʦʚʳʝ ʩʤʝʩʠ. ʉʦʜʝʨʞʘʥʠʝ ʪʘʥʥʠ-
ʥʦʚ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʦʯʢʠ ʩʦʩʥʳ, ʵʢʩʪʨʘʢʮʠʷ, ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʪʘʥʥʠʥʳ, ʫʣʴʪʨʘʟʚʫʢ. 
 

RESEARCH ABOUT DIFFERENT METHODS OF EXTRACTION OF TANNINS FROM PINE BUDS 
 

Bondarenko Mikhail Igorevich, 
Kravchenko Sofia Nikolaevna, 

Bondarenko Igor Borisovich 
 
Abstract: This article presents the practical results of experiments on extracting tannins from pine buds. Ultra-
sonic extraction and mechanical maceration were used. Water-glycerin mixtures were used as extractants. 
Tannin content was determined spectrophotometrically. 
Key words: pine buds, extraction, tannins, ultrasonic extraction. 

 
1. ɹʣʫʬʙʤʵʦʧʪʫʵ. 
ʇʨʠʤʝʥʝʥʠʝ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʦʛʨʘʥʠʯʝʥʦ ʥʝ ʪʦʣʴʢʦ ʢʦʞʝʚʝʥʥʦʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʴʶ. ɺ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪʘʭ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʪʘʥʥʠʥʳ ʦʙʣʘʜʘʶʪ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠ-
ʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʊʘʢʞʝ ʦʥʠ ʦʙʣʘʜʘʶʪ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʵʬʬʝʢʪʦʤ ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤ ʜʝʡ-
ʩʪʚʠʝʤ. 

2. ʃʤʙʪʪʡʭʡʣʙʯʡʸ ʡ ʪʛʧʢʪʫʛʙ ʝʬʚʡʤʵʦʴʮ ʛʞʲʞʪʫʛ. 
ɼʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ (ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʳʝ ʪʘʥʥʠʥʘʤʠ) ï ʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ʧʨʠʨʦʜʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʆʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʬʝʥʦʣʦʚ, ʩʦʜʝʨʞʘʪʩʷ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʩʳʨʴʝ, ʥʘʧʨʠʤʝʨ, ʚ ʩʝʤʝʡʩʪʚʘʭ 
ʩʫʤʘʭʦʚʳʝ ʠ ʨʦʟʦʮʚʝʪʥʳʝ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʙʦʣʴʰʠʥʩʪʚʘ ʪʘʥʥʠʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 300-5000 ʛ/ʤʦʣʴ. 
ʆʥʠ ʦʙʣʘʜʘʶʪ ʚʷʞʫʱʠʤ ʚʢʫʩʦʤ ʠ ʠʤʝʶʪ ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ. 

ʌʫʥʢʮʠʷ ʪʘʥʥʠʥʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʜʦ ʢʦʥʮʘ ʥʝ ʚʳʷʩʥʝʥʘ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, 
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ʯʪʦ ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʚʳʧʦʣʥʷʶʪ ʟʘʱʠʪʥʫʶ ʬʫʥʢʮʠʶ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʟʘʧʘʩʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝ-
ʱʝʩʪʚ ʠʣʠ ʫʯʘʩʪʚʫʶʪ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ ʧʨʦʮʝʩʩʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɼʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ (ʪʘʥʥʠʥʳ) ʜʝʣʷʪʩʷ ʥʘ 2 ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ ï ʛʠʜʨʦʣʠʟʫʝʤʳʝ ʠ ʢʦʥʜʝʥʩʠʨʦ-
ʚʘʥʥʳʝ. ɻʠʜʨʦʣʠʟʫʝʤʳʝ ʪʘʥʥʠʥʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʚʦʜ-
ʥʳʭ ʨʘʩʪʚʦʨʘʭ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ. ʂʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʚ ʨʝʘʢʮʠʶ ʛʠʜʨʦʣʠʟʘ ʥʝ ʚʩʪʫʧʘʶʪ, ʦʙʨʘʟʫʷ ʚ 
ʢʠʩʣʦʡ ʩʨʝʜʝ ʩʣʦʞʥʳʝ ʧʨʦʜʫʢʪʳ ʢʦʥʜʝʥʩʘʮʠʠ. 

ʂ ʪʠʧʠʯʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʛʠʜʨʦʣʠʟʫʝʤʳʭ ʪʘʥʥʠʥʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʵʬʠʨʳ ʛʘʣʣʦʚʦʡ ʢʠʩʣʦʪʳ 
(ʨʠʩ. 1). 

ʂʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʪʘʥʥʠʥʳ ʠʤʝʶʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʚʝʱʝʩʪʚʘ ʷʚʣʷ-
ʝʪʩʷ ʣʝʡʢʦʮʠʘʥʠʜʠʥ (ʨʠʩ. 2). 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʦʥʠ ʠʤʝʶʪ ʩʭʦʞʠʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡ-
ʩʪʚʘ ï ʨʘʩʪʚʦʨʠʤʳ ʩ ʩʤʝʩʷʭ ʵʪʘʥʦʣ-ʚʦʜʘ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʛʦʨʷʯʝʡ ʚʦʜʝ ʠ ʨʘʩʪʚʦʨʘʭ ʱʝʣʦʯʝʡ 
(ʦʜʥʘʢʦ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʤʦʛʫʪ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʨʘʟʣʘʛʘʪʴʩʷ) [1]. 

 

 
ʉʡʪ. 1. ʊʫʩʬʣʫʬʩʦʙʸ ʭʧʩʥʬʤʙ ʜʙʤʤʧʛʧʢ ʣʡʪʤʧʫʴ 

 

 
ʉʡʪ. 2. ʊʫʩʬʣʫʬʩʦʙʸ ʭʧʩʥʬʤʙ ʤʞʢʣʧʯʡʙʦʡʝʡʦʙ 

 
3. ʖʣʪʨʞʩʡʥʞʦʫʴ ʨʧ ʶʣʪʫʩʙʣʯʡʡ ʨʧʰʞʣ ʪʧʪʦʴ ʧʚʴʣʦʧʛʞʦʦʧʢ. 
ʉ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʜʝʣʝʥʠʷ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʪʦʢʩʠʯʥʳʭ 

ʠ ʥʝʜʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʭʩʷ ʵʢʩʪʨʘʛʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʣʠʮʝʨʠʥ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝ-
ʨʠʤʝʥʪ ʧʦ ʵʢʩʪʨʘʢʮʠʠ ʧʦʯʝʢ ʩʦʩʥʳ. ʕʢʩʪʨʘʢʮʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʙʘʥʝ ʚ ʪʝʯʝʥʠʝ 30 
ʤʠʥʫʪ ʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʝʰʘʣʢʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʵʢʩʪʨʘʢʮʠʠ ï 40Áʉ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ: 
ɺ ʭʠʤʠʯʝʩʢʠʡ ʩʪʘʢʘʥ ʥʘ 100 ʤʣ ʧʦʤʝʱʘʣʩʷ 1 ʛ ʠʟʤʝʣʴʯʸʥʥʦʛʦ ʜʦ 1 ʤʤ ʩʳʨʴʷ (ʨʠʩ. 3). 
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ʉʡʪ. 3. ʁʠʥʞʤʵʰʹʦʦʴʞ ʨʧʰʣʡ ʪʧʪʦʴ ʧʚʴʣʦʧʛʞʦʦʧʢ 

 
ʇʦʩʣʝ ʵʪʦʛʦ, ʩʳʨʴʸ ʟʘʣʠʚʘʝʪʩʷ ʵʢʩʪʨʘʛʝʥʪʦʤ (ʩʤʝʩʴ ʚʦʜʘ-ʛʣʠʮʝʨʠʥ, 50% ʠʣʠ 75% ʛʣʠʮʝʨʠʥʘ ʧʦ 

ʦʙʲʸʤʫ). ɼʘʣʝʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʵʢʩʪʨʘʢʮʠʠ, ʩʪʘʢʘʥ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʠʣʠ 
ʥʘ ʤʘʛʥʠʪʥʫʶ ʤʝʰʘʣʢʫ ʩ ʧʦʜʦʛʨʝʚʦʤ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʚʨʝʤʷ. 

ʇʦʩʣʝ ʠʩʪʝʯʝʥʠʷ ʚʨʝʤʝʥʠ ʵʢʩʪʨʘʢʮʠʠ, ʵʢʩʪʨʘʢʪ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʥʘ ʙʫʤʘʞʥʦʤ ʬʠʣʴʪʨʝ. ʇʦʣʫ-
ʯʝʥʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

4. ʃʧʤʡʰʞʪʫʛʞʦʦʧʞ ʧʨʩʞʝʞʤʞʦʡʞ ʪʧʝʞʩʟʙʦʡʸ ʝʬʚʡʤʵʦʴʮ ʛʞʲʞʪʫʛ ʛ ʶʣʪʫʩʙʣʫʙʮ. 
ʉʦʜʝʨʞʘʥʠʝ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʘʢʪʘʭ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʬʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 70% ʵʪʘʥʦʣ. 
ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ: 
ɻʦʪʦʚʠʣʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʨʘʩʪʚʦʨ ʪʘʥʥʠʥʘ ʧʦ ʤʝʪʦʜʠʢʝ ʠʟ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʌʘʨʤʘʢʦʧʝʠ ʈʌ [2]. 
ɼʘʣʝʝ ʚʦʜʥʦ-ʛʣʠʮʝʨʠʥʦʚʳʡ ʵʢʩʪʨʘʢʪ ʨʘʟʙʘʚʣʷʣʠ 70% ʵʪʘʥʦʣʦʤ ʠʟ ʨʘʩʯʸʪʘ 1 ʤʣ ʵʢʩʪʨʘʢʪʘ ʥʘ 100 

ʤʣ, 25 ʤʣ ʠʣʠ 50 ʤʣ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʭʚʘʪʘʣʦ ʣʠ ʨʘʟʙʘʚʣʝʥʠʷ, ʯʪʦʙʳ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ɸ 
ʙʳʣʘ ʚ ʧʨʝʜʝʣʘʭ 0,2-0,9). ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʢʶʚʝʪʳ ʠ ʠʟʤʝʨʷʣʘʩʴ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪ-
ʥʦʩʪʴ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʦ ʤʝʪʦʜʫ ʩʨʘʚʥʝʥʠʷ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʨʘʩʪʚʦʨʦʤ ʪʘʥʥʠʥʘ, 
ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʘʢʪʝ. ɼʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʪʘʙʣʠʮʝ 1. 

 
ʋʙʚʤʡʯʙ 1 

ʉʞʠʬʤʵʫʙʫʴ ʣʧʤʡʰʞʪʫʛʞʦʦʧʜʧ ʧʨʩʞʝʞʤʞʦʡʸ ʪʧʝʞʩʟʙʦʡʸ ʝʬʚʡʤʵʦʴʮ ʛʞʲʞʪʫʛ ʛ ʶʣʪʫʩʙʣʫʙʮ 

 
ʕʢʩʪʨʘʢʮʠʷ ʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʕʢʩʪʨʘʢʮʠʷ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ 

50% ʨ-ʨ ʛʣʠʮʝʨʠʥʘ 75% ʨ-ʨ ʛʣʠʮʝʨʠʥʘ 50% ʨ-ʨ ʛʣʠʮʝʨʠʥʘ 75% ʨ-ʨ ʛʣʠʮʝʨʠʥʘ 

ʈʘʟʙʘʚʣʝʥʠʝ ʜʣʷ ʘʥʘʣʠ-
ʟʘ, ʤʣ 

1 ʢ 100 1 ʢ 50 1 ʢ 50 1 ʢ 25 

ʆʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ 
ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

0,537 0,874 0,873 0,747 

ɼʣʠʥʘ ʚʦʣʥʳ ʧʠʢʘ, ʥʤ 278,5 276,5 278,5 278,5 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʜʫʙʠʣʴ-
ʥʳʭ ʚʝʱʝʩʪʚ, ʛ/ʣ 

3,2 5,2 5,2 4,45 

 
5. ʀʙʣʤʷʰʞʦʡʞ ʡ ʛʴʛʧʝʴ 
ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʵʢʩ-

ʪʨʘʢʮʠʠ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʧʦʯʝʢ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ ʦʢʘʟʘʣʠʩʴ ʵʢʩʪʨʘʢʮʠʷ ʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 
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ʚʘʥʥʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʧʨʠ 40Áʉ, ʠʩʧʦʣʴʟʫʷ ʨʘʩʪʚʦʨ ʛʣʠʮʝʨʠʥʘ 75% ʠ ʵʢʩʪʨʘʢʮʠʷ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝ-
ʰʘʣʢʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ 40Áʉ, ʠʩʧʦʣʴʟʫʷ ʨʘʩʪʚʦʨ ʛʣʠʮʝʨʠʥʘ 50%. ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʘʥʥʠʥʦʚ ʚ ʵʢʩ-
ʪʨʘʢʪʝ ʚ ʦʙʦʠʭ ʦʧʳʪʘʭ ʩʦʩʪʘʚʠʣʘ 5,2 ʛ/ʣ. 

ʕʢʩʪʨʘʢʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʳ ʟʘʥʠʤʘʝʪ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ, ʦʜʥʘʢʦ ʜʣʷ ʵʪʦ-
ʛʦ ʤʝʪʦʜʘ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʮʝʨʠʥʘ ʚ ʵʢʩʪʨʘʛʝʥʪʝ. 

ɺʦʜʥʦ-ʛʣʠʮʝʨʠʥʦʚʳʝ ʵʢʩʪʨʘʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, 
ʪʘʢʠʭ ʢʘʢ ʤʘʟʠ, ʢʨʝʤʳ, ʢʘʧʩʫʣʳ ʩ ʤʷʛʢʦʡ ʦʙʦʣʦʯʢʝ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʠ 
ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʇʦʣʫʭʠʥʘ ʊ.ʉ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʤʠʨʝ. // 

ʉʘʡʪ ʌɻɹʆʋ ɺʆ ɸʩʪʨʘʭʘʥʩʢʦʛʦ ɻʄʋ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ. 2020. URL: https://astgmu.ru/wp-
content/uploads/2020/04/21.04.2020_28_Dubilnye-v-va.pdf 

2. ʆʙʱʘʷ ʬʘʨʤʘʢʦʧʝʡʥʘʷ ʩʪʘʪʴʷ ʆʌʉ.1.5.3.0008 çʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ 
ʚ ʣʝʢʘʨʩʪʚʝʥʥʦʤ ʨʘʩʪʠʪʝʣʴʥʦʤ ʩʳʨʴʝ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚʘʭ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷè // 
ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʬʘʨʤʘʢʦʧʝʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ XV ʠʟʜʘʥʠʷ. 2023. URL: 
https://pharmacopoeia.regmed.ru/pharmacopoeia/izdanie-15/1/1-5/1-5-1/opredelenie-soderzhaniya-dubilnykh-
veshchestv-v-lekarstvennom-rastitelnom-syre-i-lekarstvennykh-sred/ 
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УДК 636.2:611.33 

СТРУКТУРНАЯ ОРГАНИЗАЦИЯ КАМЕР 
МНОГОКАМЕРНОГО ЖЕЛУДКА БЫКА 
ДОМАШНЕГО  

 

Скобельская Татьяна Павловна 
ʜʦʮ., ʢ. ʚʝʪ. ʥ.  

Лукашенко Ангелина Александровна,  
Грушина Ксения Евгеньевна 

ʩʪʫʜʝʥʪʳ 2 ʢʫʨʩʘ,  
ʂʌʋ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, ʀʥʩʪʠʪʫʪ çɸʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷè 

 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʪʦʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʢʘʤʝʨʥʦʛʦ ʞʝʣʫʜ-
ʢʘ ʙʳʢʘ ʜʦʤʘʰʥʝʛʦ (Bos taurus) ʚ ʛʦʜʦʚʦʤ ʚʦʟʨʘʩʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʧʨʝʧʘʨʠʨʦʚʘʥʠʷ. ʋʩʪʘʥʦʚ-
ʣʝʥʦ, ʯʪʦ ʦʨʛʘʥ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʸʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʸʥʥʳʭ ʦʪʜʝʣʦʚ ï ʨʫʙʮʘ, ʩʝʪʢʠ, ʢʥʠʞʢʠ ʠ 
ʩʳʯʫʛʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ, ʢʦʨʨʝʣʠʨʫʶʱʫʶ ʩ ʚʳʧʦʣ-
ʥʷʝʤʦʡ ʬʫʥʢʮʠʝʡ. ʈʫʙʝʮ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʦʪʜʝʣʦʤ (ʦʙʭʚʘʪ 120,00 ʩʤ), ʝʛʦ ʚʝʥʪʨʘʣʴʥʳʡ ʧʦʣʫ-
ʤʝʰʦʢ (56,00Ĭ31,00 ʩʤ) ʧʨʝʚʦʩʭʦʜʠʪ ʜʦʨʩʘʣʴʥʳʡ (40,50Ĭ27,00 ʩʤ). ʉʣʠʟʠʩʪʘʷ ʦʙʦʣʦʯʢʘ ʨʫʙʮʘ ʧʦʢʨʳʪʘ 
ʚʦʨʩʠʥʢʘʤʠ ʚʳʩʦʪʦʡ 0,1ï1,00 ʩʤ ʣʠʩʪʦʚʠʜʥʦʡ ʠ ʷʟʳʢʦʚʠʜʥʦʡ ʬʦʨʤʳ, ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʟʦʥʘʣʴʥʦ: ʤʘʢ-
ʩʠʤʫʤ ï ʥʘ ʜʥʝ ʠ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ, ʤʠʥʠʤʫʤ ï ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʜʦʨʩʘʣʴʥʦʛʦ ʧʦʣʫʤʝʰʢʘ. ʉʝʪʢʘ 
(20,00Ĭ21,00 ʩʤ, ʦʢʨʫʞʥʦʩʪʴ 44,00 ʩʤ) ʠʤʝʝʪ ʷʯʝʠʩʪʦʝ ʩʪʨʦʝʥʠʝ ʩ ʜʠʘʤʝʪʨʦʤ ʷʯʝʝʢ 0,50ï5,50 ʩʤ (ʢʨʫʧ-
ʥʳʝ ʚ ʮʝʥʪʨʝ, ʤʝʣʢʠʝ ʧʦ ʧʝʨʠʬʝʨʠʠ) ʠ ʩʦʩʦʯʢʘʤʠ ʥʘ ʜʥʝ ʚʳʩʦʪʦʡ 0,01ï0,20 ʩʤ. ʂʥʠʞʢʘ (30,00Ĭ22,00 
ʩʤ) ʦʙʨʘʟʦʚʘʥʘ ʣʠʩʪʢʘʤʠ ʪʨʸʭ ʧʦʨʷʜʢʦʚ ʜʣʠʥʦʡ 12,02ï34,00 ʩʤ, ʥʝʩʫʱʠʤʠ ʚʦʨʩʠʥʢʠ 0,10ï0,50 ʩʤ. ʉʳ-
ʯʫʛ (40,00Ĭ26,00 ʩʤ) ï ʚʪʦʨʘʷ ʧʦ ʚʝʣʠʯʠʥʝ ʢʘʤʝʨʘ, ʝʛʦ ʩʣʠʟʠʩʪʘʷ ʦʙʦʣʦʯʢʘ ʬʦʨʤʠʨʫʝʪ ʧʨʦʜʦʣʴʥʳʝ 
ʩʢʣʘʜʢʠ ʚʳʩʦʪʦʡ ʜʦ 2,00 ʩʤ; ʚ ʧʠʣʦʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʚʳʷʚʣʝʥ ʧʠʣʦʨʠʯʝʩʢʠʡ ʧʘʨʫʩ (26,00Ĭ11,00 ʩʤ) ʠ 
ʩʬʠʥʢʪʝʨ. ʇʦʣʫʯʝʥʥʳʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʘʥʘʪʦʤʠʶ ʠ ʤʦʛʫʪ 
ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʚʝʪʝʨʠʥʘʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʧʨʠ ʦʮʝʥʢʝ ʚʦʟʨʘʩʪʥʳʭ ʠ ʚʠʜʦʚʳʭ ʠʟʤʝʥʝʥʠʡ ʞʝʣʫʜʢʘ 
ʞʚʘʯʥʳʭ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʨʫʙʝʮ, ʩʝʪʢʘ, ʢʥʠʞʢʘ, ʩʳʯʫʛ, ʙʳʢ ʜʦʤʘʰʥʠʡ, ʤʦʨʬʦʣʦʛʠʷ. 
 

STRUCTURAL ORGANIZATION OF THE CHAMBERS OF THE MULTICAMERATE STOMACH OF THE 
DOMESTIC BULL 
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Grushina Ksenia Evgenievna  

 
Abstract. The article presents the results of an anatomical study of the multicameral stomach of a domestic 
bull (Bos taurus) at one year of age using the dissection method. It has been established that the organ con-
sists of four sequentially connected sections ï a scar, a mesh, a book and a rennet, each of which has a spe-
cific structural organization correlating with the function performed. The scar is the dominant region (circumfer-
ence 120,00 cm), its ventral half-pouch (56,00Ĭ31,00 cm) exceeds the dorsal (40,50Ĭ27,00 cm). The mucous 
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membrane of the scar is covered with villi 0,10 ï1,00 cm high, leaf-shaped and tongue-shaped, distributed 
zonally: the maximum is on the bottom and side walls, the minimum is in the upper part of the dorsal halfïbag. 
The mesh (20,00Ĭ21,00 cm, circumference 44,00 cm) has a cellular structure with a cell diameter of 0,50ï5,50 
cm (large in the center, small on the periphery) and papillae on the bottom with a height of 0,01ï0,20 cm. The 
book (30,00Ĭ22,00 cm) is formed by leaves of three orders of length 12,02ï34,00 cm, bearing villi 0,10ï0,50 
cm. The abomasum (40,00Ĭ26,00 cm) is the second largest chamber, its mucous membrane forms longitudi-
nal folds up to 2,00 cm high; a pyloric sail (26,00Ĭ11,00 cm) and a sphincter are revealed in the pyloric part. 
The obtained morphometric data contribute to comparative anatomy and can be used in veterinary diagnostics 
to assess age-related and specific changes in the ruminant stomach. 
Key words: rumen, mesh, book, abomasum, domestic bull, morphology. 

 
ɻʛʞʝʞʦʡʞ. ɸʜʘʧʪʘʮʠʷ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʢ ʧʦʪʨʝʙʣʝʥʠʶ ʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʛʨʫʙʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʨʤʦʚ ʧʨʠʚʝʣʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʥʠʢʘʣʴʥʦʛʦ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ï ʤʥʦ-
ʛʦʢʘʤʝʨʥʦʛʦ ʞʝʣʫʜʢʘ. ʕʪʦʪ ʦʨʛʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʚʝʡʝʨ, ʚ ʢʦʪʦʨʦʤ 
ʧʨʦʮʝʩʩʳ ʬʝʨʤʝʥʪʘʮʠʠ, ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʩʪʨʦʛʦ ʨʘʟʜʝʣʝʥʳ ʚ 
ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʘʥʘʪʦʤʠʠ ʤʥʦʛʦʢʘʤʝʨʥʳʡ ʞʝʣʫʜʦʢ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʯʝʪʳ-
ʨʝ ʦʪʜʝʣʘ: ʨʫʙʝʮ (rumen), ʩʝʪʢʫ (reticulum), ʢʥʠʞʢʫ (omasum) ʠ ʩʳʯʫʛ (abomasum), ʧʨʠʯʝʤ ʧʝʨʚʳʝ ʪʨʠ ʢʘ-
ʤʝʨʳ, ʣʠʰʝʥʥʳʝ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʭ ʞʝʣʝʟ, ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʦʥʷʪʠʝʤ çʧʨʝʜʞʝʣʫʜʢʠè [1]. 

ʇʦʥʠʤʘʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʵʪʠʭ ʢʘʤʝʨ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ 
ʢʣʠʥʠʯʝʩʢʦʡ ʚʝʪʝʨʠʥʘʨʠʠ, ʟʦʦʪʝʭʥʠʠ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʡ ʘʥʘʪʦʤʠʠ. ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʣʠ-
ʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ (ʚʳʩʦʪʘ ʩʦʩʦʯʢʦʚ ʨʫʙʮʘ, ʧʣʦʱʘʜʴ ʷʯʝʝʢ ʩʝʪʢʠ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʧʣʦʪʥʦʩʪʴ ʣʠʩʪʦʯʢʦʚ 
ʢʥʠʞʢʠ) ʩʣʫʞʘʪ ʧʨʷʤʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʧʦʣʥʦʮʝʥʥʦʩʪʠ ʢʦʨʤʣʝʥʠʷ ʠ ʟʜʦʨʦʚʴʷ ʞʠʚʦʪʥʦʛʦ, ʦʩʦʙʝʥʥʦ ʚ 
ʥʝʦʥʘʪʘʣʴʥʳʡ ʧʝʨʠʦʜ [2]. ʀʟʤʝʥʝʥʠʝ ʛʠʩʪʦʘʨʭʠʪʝʢʪʦʥʠʢʠ ʩʪʝʥʢʠ ʞʝʣʫʜʢʘ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʪʘʢʠʭ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʥʳʭ ʧʘʪʦʣʦʛʠʡ, ʢʘʢ ʧʘʨʘʢʝʨʘʪʦʟ ʨʫʙʮʘ, ʘʮʠʜʦʟ ʠ ʪʨʘʚʤʘʪʠʯʝʩʢʠʡ ʨʝʪʠʢʫʣʠʪ. ɺ ʨʘʙʦʪʘʭ, ʧʦʩʚʷ-
ʱʝʥʥʳʭ ʦʥʪʦʛʝʥʝʟʫ, ʧʦʢʘʟʘʥʘ ʚʦʟʨʘʩʪʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʪʢʘʥʝʡ ʨʫʙʮʘ ʠ ʩʝʪʢʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʤʦʣʦʯʥʦʛʦ 
ʧʠʪʘʥʠʷ ʢ ʛʨʫʙʦʤʫ, ʘ ʪʘʢʞʝ ʟʘʢʣʘʜʢʘ ʞʝʣʝʟʠʩʪʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʧʨʝʥʘʪʘʣʴʥʦʤ ʧʝʨʠʦʜʝ [3, 5]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʠʣʠʝ ʨʘʙʦʪ ʧʦ ʬʠʟʠʦʣʦʛʠʠ ʧʠʱʝʚʘʨʝʥʠʷ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʥʦ-
ʛʦʢʘʤʝʨʥʦʛʦ ʞʝʣʫʜʢʘ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʨʘʛʤʝʥʪʘʨʥʦ, ʚ ʨʘʟʨʝʟʝ ʚʠʜʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʥʘʧʨʠ-
ʤʝʨ, ʫ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ versus ʦʚʝʮ) ʠʣʠ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ [4]. ʆʙʦʙʱʘʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʦ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʘʜʘʧʪʘʮʠʷʤ ʞʝʣʫʜʢʘ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ʧʦʣʦʨʦʛʠʭ (Bovidae) ʧʦʟ-
ʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ, ʢʦʨʨʝʣʠʨʫʶʱʠʝ ʩ ʪʠʧʦʤ ʧʠʪʘʥʠʷ [6]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʩʪʘʚʠʤ ʮʝʣʴʶ ʧʨʝʜʩʪʘʚʠʪʴ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦ-
ʛʦ ʩʪʨʦʝʥʠʷ ʚʩʝʭ ʯʝʪʳʨʝʭ ʢʘʤʝʨ ʞʝʣʫʜʢʘ ʞʚʘʯʥʳʭ ð ʨʫʙʮʘ, ʩʝʪʢʠ, ʢʥʠʞʢʠ ʠ ʩʳʯʫʛʘ. ʅʘʤʝʨʝʥʥʦ ʦʧʫʩʢʘʷ 
ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ, ʤʳ ʩʦʩʨʝʜʦʪʦʯʠʤ ʚʥʠʤʘʥʠʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʧʦʩʣʦʡʥʦʡ ʘʨʭʠʪʝʢ-
ʪʦʥʠʢʝ ʩʪʝʥʢʠ ʢʘʞʜʦʛʦ ʦʪʜʝʣʘ, ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʚʳʩʪʠʣʦʢ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 
ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʝʨʝʚʘʨʠʚʘʥʠʝ ʛʨʫʙʳʭ ʢʦʨʤʦʚ [1, 2, 3, 4, 5, 6]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦ-
ʣʠʪ ʩʦʟʜʘʪʴ çʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʩʣʝʧʦʢè ʦʨʛʘʥʘ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ 
ʫʛʣʫʙʣʝʥʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʨʬʦʣʦʛʠʠ. 

ʏʞʤʵ ʡʪʪʤʞʝʧʛʙʦʡʸ ï ʫʩʪʘʥʦʚʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʢʘʤʝʨ ʤʥʦʛʦʢʘʤʝʨʥʦʛʦ ʞʝʣʫʜʢʘ ʙʳ-
ʢʘ ʜʦʤʘʰʥʝʛʦ. 

ʀʙʝʙʰʡ ʡʪʪʤʞʝʧʛʙʦʡʸ:  
- ʦʧʨʝʜʝʣʠʪʴ ʤʦʨʬʦʤʝʪʨʠʶ ʢʘʤʝʨ ʤʥʦʛʦʢʘʤʝʨʥʦʛʦ ʞʝʣʫʜʢʘ (ʨʫʙʝʮ, ʩʝʪʢʘ, ʢʥʠʞʢʘ, ʩʳʯʫʛ) ʙʳʢʘ 

ʜʦʤʘʰʥʝʛʦ ʚ ʛʦʜʦʚʦʤ ʚʦʟʨʘʩʪʝ. 
- ʚʳ̫ʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʨʫʙʮʘ (ʚʦʨʩʠʥʢʠ), ʩʝʪʢʠ (ʷʯʝʡʢʠ, ʩʦʩʦʯʢʠ), 

ʢʥʠʞʢʠ (ʣʠʩʪʢʠ ʪʨʸʭ ʧʦʨʷʜʢʦʚ) ʠ ʩʳʯʫʛʘ (ʩʢʣʘʜʢʠ, ʞʝʣʝʟʠʩʪʳʝ ʧʦʣʷ, ʧʠʣʦʨʠʯʝʩʢʠʡ ʧʘʨʫʩ, ʩʬʠʥʢʪʝʨ). 
ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʢʘʬʝʜʨʝ ʘʥʘʪʦʤʠʠ ʠ ʬʠ-

ʟʠʦʣʦʛʠʠ ʞʠʚʦʪʥʳʭ ʌɻɸʆʋ ɺʆ çʂʌʋ ʠʤ. ɺʝʨʥʘʜʩʢʦʛʦè ʀʥʩʪʠʪʫʪ çɸʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷè. 
ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʤʥʦʛʦʢʘʤʝʨʥʳʡ ʞʝʣʫʜʦʢ ʙʳʢʘ ʜʦʤʘʰʥʝʛʦ ʚ ʛʦʜʦʚʦʤ ʚʦʟʨʘʩʪʝ (n=1). 
ʇʨʠʤʝʥʷʣʠ ʘʥʘʪʦʤʠʯʝʩʢʦʝ ʧʨʝʧʘʨʠʨʦʚʘʥʠʝ. ʆʧʨʝʜʝʣʷʣʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʥʦʛʦʢʘʤʝʨʥʦ-
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ʛʦ ʞʝʣʫʜʢʘ: ʜʣʠʥʫ ʜʦʨʩʘʣʴʥʦʛʦ ʠ ʚʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʫʤʝʰʢʦʚ ʨʫʙʮʘ, ʰʠʨʠʥʫ ʜʦʨʩʘʣʴʥʦʛʦ ʠ ʚʝʥʪʨʘʣʴʥʦʛʦ 
ʧʦʣʫʤʝʰʢʦʚ ʨʫʙʮʘ, ʦʙʭʚʘʪ ʨʫʙʮʘ, ʜʣʠʥʫ ʩʦʩʦʯʢʦʚ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʫʙʮʘ, ʜʣʠʥʫ ʠ ʰʠʨʠʥʫ ʩʝʪ-
ʢʠ, ʦʢʨʫʞʥʦʩʪʴ ʩʝʪʢʠ, ʜʠʘʤʝʪʨ ʷʯʝʝʢ ʩʝʪʢʠ, ʜʣʠʥʫ ʠ ʰʠʨʠʥʫ ʢʥʠʞʢʠ, ʜʣʠʥʫ ʠ ʰʠʨʠʥʫ ʣʠʩʪʢʦʚ ʢʥʠʞʢʠ, 
ʜʣʠʥʘ ʚʦʨʩʠʥʦʢ ʢʥʠʞʢʠ, ʜʣʠʥʫ ʠ ʰʠʨʠʥʫ ʩʳʯʫʛʘ, ʜʣʠʥʫ ʠ ʰʠʨʠʥʫ ʧʠʣʦʨʠʯʝʩʢʦʛʦ ʧʘʨʫʩʘ. ʃʠʥʝʡʥʳʝ ʧʘ-
ʨʘʤʝʪʨʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʝʡʢʠ ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 1 ʤʤ ʠ ʛʠʙʢʦʡ ʩʘʥʪʠʤʝʪʨʦʚʦʡ ʣʝʥ-
ʪʳ. 

ʉʞʠʬʤʵʫʙʫʴ ʡʪʪʤʞʝʧʛʙʦʡʸ. ʇʨʠ ʘʥʘʪʦʤʠʯʝʩʢʦʤ ʧʨʝʧʘʨʠʨʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʥʦʛʦʢʘʤʝʨ-
ʥʳʡ ʞʝʣʫʜʦʢ ʙʳʢʘ ʚ ʛʦʜʦʚʦʤ ʚʦʟʨʘʩʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʪʳʨʴʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʤʠ ʦʪʜʝ-
ʣʘʤʠ ï ʨʫʙʮʦʤ, ʩʝʪʢʦʡ, ʢʥʠʞʢʦʡ ʠ ʩʳʯʫʛʦʤ. 

ʈʫʙʝʮ ʘʥʘʪʦʤʠʯʝʩʢʠ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʦʨʩʘʣʴʥʳʡ ʠ ʚʝʥʪʨʘʣʴʥʳʡ ʧʦʣʫʤʝʰʦʢ, ʦʛʨʘʥʠʯʝʥʥʳʝ 
ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʛʣʫʙʦʢʠʤʠ ʩʢʣʘʜʢʘʤʠ, ʢʦʪʦʨʳʝ ʥʘ ʥʘʨʫʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʨʫʙʮʘ ʦʙʨʘʟʫʶʪ ʨʫʙʮʦ-
ʚʳʝ ʙʦʨʦʟʜʳ, ʘ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ï ʪʷʞʠ. ʆʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʜʣʠʥʘ ʜʦʨʩʘʣʴʥʦʛʦ ʧʦʣʫʤʝʰʢʘ ʨʫʙʮʘ 
ʩʦʩʪʘʚʠʣʘ 40,50 ʩʤ, ʜʣʠʥʘ ʚʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʫʤʝʰʢʘ ï 56,00 ʩʤ. ʐʠʨʠʥʘ ʜʦʨʩʘʣʴʥʦʛʦ ʧʦʣʫʤʝʰʢʘ ï 
27,00 ʩʤ, ʰʠʨʠʥʘ ʚʝʥʪʨʘʣʴʥʦʛʦ ʧʦʣʫʤʝʰʢʘ ï 31,00 ʩʤ. ʆʙʭʚʘʪ ʨʫʙʮʘ ʜʦʩʪʠʛʘʣ 120,00 ʩʤ. ɺ ʧʝʨʝʜʥʠʡ 
ʢʦʥʝʮ ʜʦʨʩʘʣʴʥʦʛʦ ʧʦʣʫʤʝʰʦʢ ʚʭʦʜʠʪ ʧʠʱʝʚʦʜ. ʋʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʨʫʙʝʮ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤ 
ʦʪʜʝʣʦʤ ʤʥʦʛʦʢʘʤʝʨʥʦʛʦ ʞʝʣʫʜʢʘ ʙʳʢʘ ʜʦʤʘʰʥʝʛʦ.  

ʉʣʠʟʠʩʪʘʷ ʦʙʦʣʦʯʢʘ ʨʫʙʮʘ ʙʳʢʘ ʜʦʤʘʰʥʝʛʦ ʙʝʟʞʝʣʝʟʠʩʪʘʷ, ʪʝʤʥʦʛʦ ʮʚʝʪʘ ʠ ʠʤʝʝʪ ʚʦʟʚʳʰʝʥʠʷ 
ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʚʦʨʩʠʥʦʢ ʚʳʩʦʪʦʡ ʦʪ 0,1 ʜʦ 1,00 ʩʤ. ɺʦʨʩʠʥʢʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʪʘʢ ʚ 
ʜʦʨʩʘʣʴʥʦʤ ʧʦʣʫʤʝʰʢʝ ʚ ʚʝʨʭʥʝʡ ʝʛʦ ʯʘʩʪʠ ʚʦʨʩʠʥʦʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʠ ʝʩʪʴ ʟʦʥʳ, ʛʜʝ ʠʭ ʤʘʢʨʦʩʢʦʧʠ-
ʯʝʩʢʠ ʥʝ ʫʩʪʘʥʦʚʠʣʠ. ʅʘ ʩʢʣʘʜʢʘʭ ʠ ʫ ʧʨʝʜʜʚʝʨʠʷ ʚʦʨʩʠʥʢʠ ʥʝ ʚʳʷʚʣʝʥʳ (ʨʠʩ. 1). ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʚʦʨ-
ʩʠʥʦʢ ʥʘʭʦʜʠʪʩʷ ʥʘ ʜʥʝ ʠ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ ʚʝʥʪʨʘʣʴʥʦʛʦ ʠ ʜʦʨʩʘʣʴʥʦʛʦ ʧʦʣʫʤʝʰʢʦʚ, ʘ ʪʘʢʞʝ ʚ ʦʙʣʘʩʪʠ 
ʢʥʠʞʢʦʚʦ-ʨʫʙʮʦʚʦʛʦ ʦʪʚʝʨʩʪʠʷ. ɺʦʨʩʠʥʢʠ ʨʫʙʮʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʣʠʩʪʦʚʠʜʥʦʡ ʠ ʷʟʳʢʦʚʠʜʥʦʡ ʬʦʨʤʘ-
ʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʫʧʣʦʱʸʥʥʳʤʠ ʩ ʨʘʩʰʠʨʝʥʥʳʤ ʜʠʩʪʘʣʴʥʳʤ ʢʦʥʮʦʤ ʣʠʙʦ ʚʳʪʷʥʫʪʳʤʠ ʩ ʟʘʢʨʫʛ-
ʣʸʥʥʳʤ ʦʢʦʥʯʘʥʠʝʤ. 

ʉʝʪʢʘ ʠʤʝʝʪ ʬʦʨʤʫ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʰʘʨʘ, ʩʣʝʛʢʘ ʩʜʘʚʣʝʥʥʦʛʦ ʩ ʙʦʢʦʚ ʠ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ 
ʨʫʙʮʘ, ʩʦʦʙʱʘʷʩʴ ʩ ʥʠʤ ʙʦʣʴʰʠʤ ʦʪʚʝʨʩʪʠʝʤ, ʩ ʢʥʠʞʢʦʡ ʩʦʦʙʱʘʝʪʩʷ ʱʝʣʝʚʠʜʥʳʤ ʦʪʚʝʨʩʪʠʝʤ. ɽʝ ʧʘ-
ʨʘʤʝʪʨʳ ʩʦʩʪʘʚʣʷʶʪ: ʜʣʠʥʘ ï  20,00 ʩʤ, ʰʠʨʠʥʘ ï 21,00 ʩʤ, ʦʢʨʫʞʥʦʩʪʴ ï 44,00 ʩʤ. ɺʥʫʪʨʝʥʥʷʷ ʩʪʝʥʢʘ 
ʩʝʪʢʠ ʙʝʟʞʝʣʝʟʠʩʪʘʷ, ʢʦʞʠʩʪʘʷ, ʧʦʢʨʳʪʘ ʤʝʣʢʠʤʠ ʩʦʩʦʯʢʘʤʠ ʠ ʩʦʙʨʘʥʘ ʚ ʥʝ ʨʘʩʧʨʘʚʣʷʶʱʠʝʩʷ, ʥʦ ʧʦ-
ʜʚʠʞʥʳʝ ʩʢʣʘʜʢʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʷʯʝʠʩʪʦʝ ʩʪʨʦʝʥʠʝ, ʥʘʧʦʤʠʥʘʶʱʝʝ ʧʯʝʣʠʥʳʝ ʩʦʪʳ. ʗʯʝʡʢʠ ʩʝʪʢʠ 
ʦʙʨʘʟʦʚʘʥʳ ʩʢʣʘʜʢʘʤʠ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ, ʢʦʪʦʨʳʝ ʚʦʟʚʳʰʘʶʪʩʷ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʬʦʨʤʠʨʫʶʪ 
ʟʘʤʢʥʫʪʳʝ ʧʦʣʦʩʪʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʯʝʪʳʨʝʭ-ʧʷʪʠʫʛʦʣʴʥʦʡ ʬʦʨʤʳ. ɼʠʘʤʝʪʨ ʷʯʝʝʢ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,50 ʜʦ 
5,50 ʩʤ. ɹʦʣʝʝ ʢʨʫʧʥʳʝ ʷʯʝʡʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʝʪʢʠ, ʪʦʛʜʘ ʢʘʢ ʧʦ ʧʝʨʠʬʝʨʠʠ ʠ ʚ 
ʦʙʣʘʩʪʠ ʧʠʱʝʚʦʜʥʦʛʦ ʞʝʣʦʙʘ ʷʯʝʡʢʠ ʤʝʣʴʯʝ ʠ ʠʤʝʶʪ ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. ɼʥʦ 
ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʧʦʢʨʳʪʦ ʤʥʦʞʝʩʪʚʦʤ ʤʝʣʢʠʭ ʩʦʩʦʯʢʦʚ ʚʳʩʦʪʦʡ 0,01-0,20 ʩʤ, ʧʨʠʜʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʠ 
ʙʘʨʭʘʪʠʩʪʳʡ ʚʠʜ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʠʱʝʚʦʜʥʳʡ ʞʝʣʦʙ, ʧʨʦʭʦʜʷʱʠʡ ʧʦ ʤʝʜʠʘʣʴʥʦʡ ʩʪʝʥʢʝ ʩʝʪʢʠ, 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʳʰʝʯʥʫʶ ʧʦʣʫʟʘʤʢʥʫʪʫʶ ʪʨʫʙʢʫ, ʩʦʝʜʠʥʷʶʱʫʶ ʧʠʱʝʚʦʜ ʩ ʢʥʠʞʢʦʡ. ʋ ʠʩʩʣʝʜʫʝ-
ʤʦʛʦ ʙʳʢʘ ʢʨʘʷ ʧʠʱʝʚʦʜʥʦʛʦ ʞʝʣʦʙʘ ʭʦʨʦʰʦ ʩʤʳʢʘʣʠʩʴ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ 
ʞʠʜʢʦʡ ʧʠʱʠ ʚ ʤʦʣʦʯʥʳʡ ʧʝʨʠʦʜ ʚ ʦʙʭʦʜ ʨʫʙʮʘ ʠ ʩʝʪʢʠ (ʨʠʩ. 2). 

ʂʥʠʞʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʪʜʝʣʦʤ ʤʥʦʛʦʢʘʤʝʨʥʦʛʦ ʞʝʣʫʜʢʘ ʠ ʠʤʝʝʪ ʙʦʙʦʚʠʜʥʫʶ ʬʦʨʤʫ, ʩʞʘʪʦʡ ʩ 
ʙʦʢʦʚ. ʂʥʠʞʢʘ ʩʦʦʙʱʘʝʪʩʷ ʩ ʩʝʪʢʦʡ ʦʪʚʝʨʩʪʠʝʤ, ʘ ʚʝʥʪʨʦ-ʢʘʫʜʘʣʴʥʦ ʩ ʩʳʯʫʛʦʤ. ʆʙʘ ʵʪʠ ʦʪʚʝʨʩʪʠʷ ʩʦ 
ʩʪʦʨʦʥʳ ʧʦʣʦʩʪʠ ʩʦʝʜʠʥʝʥʳ ʤʦʩʪʦʤ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʠʱʝʚʦʜʥʦʛʦ ʞʝʣʦʙʘ, ʢʦʪʦʨʦʝ 
ʦʛʨʘʥʠʯʝʥʦ ʜʚʫʤʷ ʚʘʣʠʢʘʤʠ. ɼʣʠʥʘ ʢʥʠʞʢʠ ʜʦʩʪʠʛʘʝʪ 30,00 ʩʤ, ʪʦʛʜʘ ʢʘʢ ʝʝ ʰʠʨʠʥʘ ï 22,00 ʩʤ.  

ʉʣʠʟʠʩʪʘʷ ʦʙʦʣʦʯʢʘ ʢʥʠʞʢʠ ʦʙʨʘʟʦʚʘʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʣʘʩʪʠʥʢʘʤʠ, ʣʠʩʪʢʘʤʠ ʨʘʟʣʠʯʥʦʛʦ 
ʢʘʣʠʙʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʜʦʨʩʦ-
ʚʝʥʪʨʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʃʠʩʪʢʠ ʢʥʠʞʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʤʷ ʧʦʨʷʜʢʘʤʠ: ʣʠʩʪʢʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʦʥʠ 
ʦʩʥʦʚʥʳʝ, ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʳʝ, ʣʠʩʪʢʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʢʦʪʦʨʳʝ ʧʦ ʜʣʠʥʝ ʩʨʝʜʥʠʝ ʠ ʣʠʩʪʢʠ ʪʨʝʪʴʝʛʦ 
ʧʦʨʷʜʢʘ ʷʚʣʷʶʪʩʷ ʢʦʨʦʪʢʠʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ. ɼʣʠʥʘ ʣʠʩʪʢʦʚ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 12,02 
ʜʦ 34,00 ʩʤ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʳʝ ʣʠʩʪʢʠ ʜʦʩʪʠʛʘʣʠ ʜʥʘ ʦʨʛʘʥʘ. ʐʠʨʠʥʘ ʣʠʩʪʢʦʚ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 
4,50 ʜʦ 10,00 ʩʤ. ʅʘ ʩʚʦʙʦʜʥʦʤ ʢʨʘʝ ʣʠʩʪʢʦʚ ʦʙʥʘʨʫʞʝʥʳ ʢʨʫʧʥʳʝ ʩʦʩʦʯʢʠ, ʘ ʥʘ ʠʭ ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦ-
ʩʪʷʭ ï ʤʥʦʞʝʩʪʚʦ ʤʝʣʢʠʭ ʚʦʨʩʠʥʦʢ ʜʣʠʥʦʡ ʦʪ 0,10 ʜʦ 0,50 ʩʤ. ʕʪʠ ʚʦʨʩʠʥʢʠ ʧʨʠʜʘʶʪ ʣʠʩʪʢʘʤ ʰʝʨʦʭʦ-
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ʚʘʪʦʩʪʴ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʜʝʨʞʘʥʠʶ ʢʦʨʤʦʚʳʭ ʯʘʩʪʠʮ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʤʫ ʠʟʤʝʣʴʯʝʥʠʶ. ʄʝʞʜʫ ʣʠʩʪ-
ʢʘʤʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʫʟʢʠʝ ʤʝʞʣʠʩʪʢʦʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʉʣʠʟʠʩʪʘʷ ʦʙʦʣʦʯʢʘ ʢʥʠʞʢʠ ʥʝ ʩʦʜʝʨʞʠʪ ʞʝ-
ʣʝʟ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʨʝʜʞʝʣʫʜʢʦʚ. ɺ ʦʙʣʘʩʪʠ ʢʥʠʞʢʦʚʦ-ʩʳʯʫʞʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʣʠʩʪʢʠ ʧʦʩʪʝʧʝʥʥʦ 
ʫʤʝʥʴʰʘʶʪʩʷ ʧʦ ʚʳʩʦʪʝ ʠ ʧʝʨʝʭʦʜʷʪ ʚ ʩʢʣʘʜʢʠ ʩʳʯʫʛʘ (ʨʠʩ. 3). 

 

 
ʋ ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʳʢʘ ʩʳʯʫʛ ʠʤʝʣ ʫʜʣʠʥʝʥʥʫʶ ʛʨʫʰʝʚʠʜʥʫʶ ʬʦʨʤʫ. ɼʣʠʥʘ ʩʳʯʫʛʘ ʧʦ ʙʦʣʴʰʦʡ ʢʨʠ-

ʚʠʟʥʝ ʩʦʩʪʘʚʠʣʘ 40,00 ʩʤ, ʘ ʰʠʨʠʥʘ ï 26,00 ʩʤ. ɺ ʩʳʯʫʛʝ ʨʘʟʣʠʯʘʶʪ ʪʨʠ ʦʪʜʝʣʘ. ɼʥʦ ï ʬʫʥʜʘʣʴʥʘʷ ʯʘʩʪʴ, 
ʪʝʣʦ ʠ ʧʠʣʦʨʠʯʝʩʢʫʶ ʯʘʩʪʴ. ʉʣʠʟʠʩʪʘʷ ʦʙʦʣʦʯʢʘ ʩʳʯʫʛʘ ʩʦʙʨʘʥʘ ʚ ʧʨʦʜʦʣʴʥʳʝ ʩʧʠʨʘʣʝʚʠʜʥʳʝ ʩʢʣʘʜʢʠ 
ʚʳʩʦʪʦʡ ʜʦ 1,50 ï 2,00 ʩʤ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʚʩʘʩʳʚʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 4).  

 

 
 

ɺ ʦʙʣʘʩʪʠ ʜʥʘ ʠ ʪʝʣʘ ʩʳʯʫʛʘ ʩʣʠʟʠʩʪʘʷ ʦʙʦʣʦʯʢʘ ʩʦʜʝʨʞʠʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʞʝʣʝʟʠʩʪʳʝ ʧʦʣʷ. ɺ 
ʧʠʣʦʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʳʯʫʛʘ ʥʘ ʛʨʘʥʠʮʝ ʩ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʦʡ ʦʙʥʘʨʫʞʝʥʘ ʭʘʨʘʢʪʝʨʥʘʷ ʩʢʣʘʜʢʘ 
ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ï ʧʠʣʦʨʠʯʝʩʢʠʡ ʧʘʨʫʩ. ɼʣʠʥʘ ʧʠʣʦʨʠʯʝʩʢʦʛʦ ʧʘʨʫʩʘ ʩʦʩʪʘʚʠʣʘ 26,00 ʩʤ, ʘ ʰʠʨʠ-
ʥʘ ï 11,00 ʩʤ. ʇʘʨʫʩ ʠʤʝʝʪ ʬʦʨʤʫ ʧʦʣʫʣʫʥʠʷ ʠ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʟʘʩʣʦʥʢʠ, ʨʝʛʫʣʠʨʫʶʱʝʡ ʧʦʩʪʫʧʣʝ-
ʥʠʝ ʭʠʤʫʩʘ ʠʟ ʩʳʯʫʛʘ ʚ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʫʶ ʢʠʰʢʫ ʠ ʧʨʝʧʷʪʩʪʚʫʶʱʝʡ ʝʛʦ ʦʙʨʘʪʥʦʤʫ ʪʦʢʫ. ɺ ʦʙʣʘʩʪʠ 
ʧʝʨʝʭʦʜʘ ʩʳʯʫʛʘ ʚ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʫʶ ʢʠʰʢʫ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʡ ʧʠʣʦʨʠʯʝʩʢʠʡ 
ʩʬʠʥʢʪʝʨ ʚ ʚʠʜʝ ʤʳʰʝʯʥʦʛʦ ʫʪʦʣʱʝʥʠʷ. ʉʳʯʫʛ ʚʪʦʨʘʷ ʢʘʤʝʨʘ ʧʦ ʚʝʣʠʯʠʥʝ ʠʟ ʦʪʜʝʣʦʚ ʤʥʦʛʦʢʘʤʝʨʥʦʛʦ 
ʞʝʣʫʜʢʘ ʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʳʢʘ. 

ɻʴʛʧʝʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʪʦʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʥʦʛʦʢʘʤʝʨʥʦʛʦ ʞʝʣʫʜʢʘ ʙʳʢʘ ʜʦʤʘʰʥʝ-
ʛʦ ʚ ʛʦʜʦʚʦʤ ʚʦʟʨʘʩʪʝ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʨʷʜ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʠʤʝʶʱʠʭ ʧʨʷʤʦʝ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ ʚʦʟʨʘʩʪʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. ɼʦʤʠʥʠʨʦʚʘʥʠʝ ʨʫʙʮʘ (ʦʙʭʚʘʪ 120,00 ʩʤ) ʥʘʜ ʩʳʯʫʛʦʤ 
(ʚʪʦʨʘʷ ʢʘʤʝʨʘ ʧʦ ʚʝʣʠʯʠʥʝ) ʠ ʩʝʪʢʦʡ (ʥʘʠʤʝʥʴʰʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʢʨʫʞʥʦʩʪʴ 44,00 ʩʤ) ʦʪʨʘʞʘʝʪ ʧʝʨʝ-

 

ʉʡʪ. 1. ʊʫʩʧʞʦʡʞ ʪʫʞʦʣʡ ʩʬʚʯʙ ʚʴʣʙ  
ʝʧʥʙʱʦʞʜʧ 

1- ʩʬʚʯʧʛʴʞ ʫʸʟʡ; 2-ʛʧʩʪʡʦʣʡ ʪʫʞʦʣʡ 
ʩʬʚʯʙ; 3- ʬʰʙʪʫʧʣ ʪʤʡʠʡʪʫʧʢ ʧʚʧʤʧʰʣʡ 
ʝʧʩʪʙʤʵʦʧʜʧ ʨʧʤʬʥʞʱʣʙ ʩʬʚʯʙ, ʤʡʱʹʦʦʙʸ 

ʛʧʩʪʡʦʧʣ 

ʉʡʪ. 2. ʊʫʩʧʞʦʡʞ ʪʫʞʦʣʡ ʪʞʫʣʡ ʚʴʣʙ 
 ʝʧʥʙʱʦʞʜʧ 

1- y ʰʞʢʣʙ ʪʞʫʣʡ; 2- ʪʧʪʧʰʣʡ  

1 

2 

1 

3 

2 

1 

2 

1 

3 

ʉʡʪ. 3. ʊʫʩʧʞʦʡʞ ʪʫʞʦʣʡ ʣʦʡʟʣʡ ʚʴʣʙ 
ʝʧʥʙʱʦʞʜʧ 

1- ʤʡʪʫʧʰʣʡ ʪʤʡʠʡʪʫʧʢ ʧʚʧʤʧʰʣʡ 
 ʪ ʪʧʪʧʰʣʙʥʡ 

ʉʡʪ. 4. ʊʫʩʧʞʦʡʞ ʪʫʞʦʣʡ ʪʴʰʬʜʙ  
ʚʴʣʙ ʝʧʥʙʱʦʞʜʧ 

1-ʨʩʧʝʧʤʵʦʴʞ ʪʣʤʙʝʣʡ ʪʴʰʬʜʙ 

1 
1 
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ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʩʪʦʨʦʥʫ ʬʝʨʤʝʥʪʘʮʠʠ ʛʨʫʙʳʭ ʢʦʨʤʦʚ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʬʝʨ-
ʤʝʥʪʘʪʠʚʥʦʛʦ ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʚ ʧʦʩʪʤʦʣʦʯʥʳʡ ʧʝʨʠʦʜ. ɿʦʥʘʣʴʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʚʦʨʩʠʥʦʢ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 
ʜʦʨʩʘʣʴʥʦʛʦ ʧʦʣʫʤʝʰʢʘ ʠ ʠʭ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʜʥʝ ʠ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ ʫʢʘʟʳʚʘʶʪ ʥʘ 
ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʨʫʙʮʘ, ʛʜʝ çʧʫʩʪʳʝè ʟʦʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʠʥʠʤʘʣʴʥʦʤʫ ʢʦʥʪʘʢʪʫ ʩ 
ʢʦʨʤʦʤ, ʘ ʦʙʣʘʩʪʠ ʩʢʦʧʣʝʥʠʷ ï ʠʥʪʝʥʩʠʚʥʦʤʫ ʚʩʘʩʳʚʘʥʠʶ. ɼʚʝ ʬʦʨʤʳ ʚʦʨʩʠʥʦʢ ï ʣʠʩʪʦʚʠʜʥʘʷ (ʫʚʝʣʠ-
ʯʠʚʘʝʪ ʧʣʦʱʘʜʴ ʚʩʘʩʳʚʘʥʠʷ) ʠ ʷʟʳʢʦʚʠʜʥʘʷ (ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʚʘʢʫʘʮʠʶ) ï ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʠʬʬʝ-
ʨʝʥʮʠʘʮʠʠ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʙʦʪʢʠ ʢʦʨʤʦʚʳʭ ʤʘʩʩ. ɻʨʘʜʠʝʥʪ ʷʯʝʝʢ ʩʝʪʢʠ (ʢʨʫʧʥʳʝ ʚ ʮʝʥʪʨʝ ʜʦ 5,50 ʩʤ, 
ʤʝʣʢʠʝ ʧʦ ʧʝʨʠʬʝʨʠʠ ʜʦ 0,50 ʩʤ) ʩʦʟʜʘʸʪ ʚʩʪʨʦʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʨʤʦʚʳʭ ʯʘʩʪʠʮ, 
ʘ ʤʝʣʢʠʝ ʩʦʩʦʯʢʠ ʥʘ ʜʥʝ (0,01ï0,20 ʩʤ) ʫʚʝʣʠʯʠʚʘʶʪ ʨʝʪʝʥʮʠʶ. ʊʨʸʭʧʦʨʷʜʢʦʚʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʣʠʩʪʢʦʚ 
ʢʥʠʞʢʠ (ʜʣʠʥʘ 12,02ï34,00 ʩʤ) ʩ ʚʦʨʩʠʥʢʘʤʠ (0,10ï0,50 ʩʤ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʢʘʣʠʙʨʦ-
ʚʘʥʠʝ ʠ ʠʟʤʝʣʴʯʝʥʠʝ ʢʦʨʤʦʚʳʭ ʤʘʩʩ. ɼʚʫʭʫʨʦʚʥʝʚʘʷ ʟʘʤʳʢʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʳʯʫʛʘ ï ʧʠʣʦʨʠʯʝʩʢʠʡ 
ʧʘʨʫʩ (26,00Ĭ11,00 ʩʤ) ʠ ʧʠʣʦʨʠʯʝʩʢʠʡ ʩʬʠʥʢʪʝʨ ï ʨʝʛʫʣʠʨʫʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʭʠʤʫʩʘ ʚ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪ-
ʥʫʶ ʢʠʰʢʫ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʠʣʦʨʦʜʫʦʜʝʥʘʣʴʥʦʡ ʟʦʥʳ ʫ ʛʦʜʦʚʘʣʦʛʦ ʙʳʢʘ.  
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ТОКСОКАРОЗ У СОБАК ПОРОДЫ НЕМЕЦКАЯ 
ОВЧАРКА 
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ʌɻɹʆʋ ɺʆ çɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʊʦʢʩʦʢʘʨʦʟ - ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʝ ʧʘʨʘʟʠʪʘʨʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʩʦʙʘʢ, ʚʳʟʳʚʘʝʤʦʝ 
ʥʝʤʘʪʦʜʘʤʠ ʨʦʜʘ Toxocara canis. ɿʘʙʦʣʝʚʘʥʠʝ ʠʤʝʝʪ ʚʘʞʥʦʝ ʚʝʪʝʨʠʥʘʨʥʦʝ ʠ ʩʘʥʠʪʘʨʥʦ-
ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʦʪʥʦʩʠʪʩʷ ʢ ʟʦʦʥʦʟʘʤ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʘʩʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 
ʞʠʚʦʪʥʳʭ, ʥʦ ʠ ʜʣʷ ʯʝʣʦʚʝʢʘ. ʅʘʠʙʦʣʝʝ ʚʦʩʧʨʠʠʤʯʠʚʳʤʠ ʢ ʟʘʙʦʣʝʚʘʥʠʶ ʷʚʣʷʶʪʩʷ ʱʝʥʢʠ, ʦʜʥʘʢʦ ʟʘ-
ʨʘʞʝʥʠʝ ʚʦʟʤʦʞʥʦ ʠ ʫ ʚʟʨʦʩʣʳʭ ʩʦʙʘʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʳʨʘʞʝʥʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʩʠʤʧʪʦʤʘ-
ʪʠʢʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʙʫʜʠʪʝʣʷ, ʮʠʢʣ ʝʛʦ ʨʘʟʚʠʪʠʷ, ʧʘʪʦʛʝʥʝʟ, 
ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʠ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʪʦʢʩʦʢʘʨʦʟʘ ʫ ʥʝʤʝʮʢʠʭ ʦʚʯʘʨʦʢ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 
ʫʜʝʣʝʥʦ ʣʘʙʦʨʘʪʦʨʥʳʤ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʝʢʘʣʠʡ ʧʦ ʌʶʣʣʝʙʦʨʥʫ ʠ ʂʦʪʝʣʴʥʠʢʦʚʫ-ʍʨʝʥʦʚʫ, ʧʨʠ-
ʤʝʥʷʝʤʳʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʷʠʮ ʧʘʨʘʟʠʪʘ [2, ʩ. 35.]. ʊʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʛʝʣʴʤʠʥʪʦʦʚʦʩʢʦʧʠʠ 
ʬʝʢʘʣʠʡ ʩʦʙʘʢ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʚ ʫʩʣʦʚʠʷʭ ʧʠʪʦʤʥʠʢʘ, ʛʜʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʚʝ-
ʜʸʥʥʫʶ ʜʝʛʝʣʴʤʠʥʪʠʟʘʮʠʶ, ʚ ʧʨʦʙʘʭ ʬʝʢʘʣʠʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʷʡʮʘ Toxocara canis. ʕʪʦ ʩʚʠʜʝʪʝʣʴ-
ʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʥʚʘʟʠʠ, ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʚʪʦʨʥʦʛʦ ʟʘʨʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʩʪʨʦʛʦʛʦ ʢʦʥʪʨʦʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʄʘʪʝʨʠʘʣ ʧʦʜʯʸʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠ-
ʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʜʠʘʛʥʦʩʪʠʢʝ, ʣʝʯʝʥʠʶ ʠ ʧʨʦʬʠʣʘʢʪʠʢʝ ʪʦʢʩʦʢʘʨʦʟʘ ʫ ʩʣʫʞʝʙʥʳʭ ʠ ʧʣʝ-
ʤʝʥʥʳʭ ʩʦʙʘʢ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʦʢʩʦʢʘʨʦʟ, Toxocara canis, ʥʝʤʝʮʢʘʷ ʦʚʯʘʨʢʘ, ʥʝʤʘʪʦʜʳ, ʱʝʥʢʠ, ʜʝʛʝʣʴʤʠʥʪʠʟʘʮʠʷ, 
ʜʠʘʛʥʦʩʪʠʢʘ, ʤʝʪʦʜ ʌʶʣʣʝʙʦʨʥʘ, ʤʝʪʦʜ ʂʦʪʝʣʴʥʠʢʦʚʘ-ʍʨʝʥʦʚʘ, ʧʘʨʘʟʠʪʘʨʥʳʝ ʙʦʣʝʟʥʠ ʩʦʙʘʢ. 
 

TOXOCARIASIS IN GERMAN SHEPHERD DOGS 
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Abstract: Toxocarosis is a widespread parasitic disease in dogs caused by nematodes of the ge-
nus Toxocara, specifically Toxocara canis. The disease is of significant veterinary and sanitary-
epidemiological importance, as it is a zoonosis and poses a threat not only to animals but also to humans. 
Puppies are the most susceptible to the disease; however, infection is also possible in adult dogs, even in the 
absence of pronounced clinical symptoms. This article examines the biological characteristics of the pathogen, 
its life cycle, pathogenesis, clinical manifestations, and diagnostic methods for toxocarosis in German Shep-
herds. Particular attention is paid to laboratory methods of fecal examination using the F¿lleborn and Kotelni-
kovïKhrenov techniques, which are used to detect parasite eggs [2, p. 35]. The results of helminth ovoscopy 
of fecal samples from dogs of different age groups in a kennel are also presented, where, despite timely de-
worming, Toxocara canis eggs were found in fecal samples. This indicates the high persistence of the infec-
tion, the likelihood of reinfection, and the need for strict monitoring of the effectiveness of preventive 
measures. The material underscores the necessity of an integrated approach to the diagnosis, treatment, and 
prevention of toxocarosis in working and breeding dogs. 
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ɻʛʞʝʞʦʡʞ. ʊʦʢʩʦʢʘʨʦʟ ʩʦʙʘʢ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʛʝʣʴʤʠʥʪʦʟʥʳʭ ʠʥʚʘ-

ʟʠʡ ʚ ʚʝʪʝʨʠʥʘʨʥʦʡ ʧʨʘʢʪʠʢʝ. ɺʦʟʙʫʜʠʪʝʣʷʤʠ ʙʦʣʝʟʥʠ ʩʣʫʞʘʪ ʢʨʫʛʣʳʝ ʯʝʨʚʠ ʨʦʜʘ Toxocara, ʠʟ ʢʦʪʦʨʳʭ 
ʦʩʥʦʚʥʦʝ ʟʥʘʯʝʥʠʝ ʫ ʩʦʙʘʢ ʠʤʝʝʪ Toxocara canis. ɼʘʥʥʳʡ ʛʝʣʴʤʠʥʪ ʧʘʨʘʟʠʪʠʨʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 
ʪʦʥʢʦʤ ʦʪʜʝʣʝ ʢʠʰʝʯʥʠʢʘ, ʥʦ ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʝʛʦ ʣʠʯʠʥʢʠ ʩʧʦʩʦʙʥʳ ʤʠʛʨʠʨʦʚʘʪʴ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘ-
ʥʳ ʠ ʪʢʘʥʠ ʦʨʛʘʥʠʟʤʘ ʭʦʟʷʠʥʘ, ʚʳʟʳʚʘʷ ʩʠʩʪʝʤʥʳʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ʆʩʦʙʝʥʥʦ ʪʷʞʝʣʦ ʪʦʢʩʦ-
ʢʘʨʦʟ ʧʨʦʪʝʢʘʝʪ ʫ ʤʦʣʦʜʥʷʢʘ, ʫ ʢʦʪʦʨʦʛʦ ʟʘʙʦʣʝʚʘʥʠʝ ʥʝʨʝʜʢʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʩʪʦʱʝʥʠʝʤ, ʥʘʨʫʰʝʥʠʝʤ 
ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ, ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʤʠ ʠ ʨʝʩʧʠʨʘʪʦʨʥʳʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ [1, ʩ. 752]. 

ɼʣʷ ʩʦʙʘʢ ʧʦʨʦʜʳ ʥʝʤʝʮʢʘʷ ʦʚʯʘʨʢʘ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʠʤʝʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʕʪʦ ʩʚʷʟʘʥʦ 
ʥʝ ʩʪʦʣʴʢʦ ʩ ʧʦʨʦʜʥʦʡ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ, ʩʢʦʣʴʢʦ ʩ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʞʠʚʦʪʥʳʭ ʚ 
ʧʣʝʤʝʥʥʦʡ, ʩʣʫʞʝʙʥʦʡ, ʦʭʨʘʥʥʦʡ ʠ ʩʧʦʨʪʠʚʥʦʡ ʧʨʘʢʪʠʢʝ. ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʠʪʦʤʥʠʢʘʭ, ʛʨʫʧʧʦʚʦʡ ʚʳʛʫʣ, 
ʢʦʥʪʘʢʪ ʩ ʛʨʫʥʪʦʤ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʱʝʥʥʳʭ ʩʫʢ ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠ 
ʮʠʨʢʫʣʷʮʠʠ ʠʥʚʘʟʠʠ. ɼʘʞʝ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʛʨʘʬʠʢʦʚ ʜʝʛʝʣʴʤʠʥʪʠʟʘʮʠʠ ʟʘʨʘʞʝʥʠʝ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴʩʷ 
ʚʩʣʝʜʩʪʚʠʝ ʤʠʛʨʘʮʠʠ ʣʠʯʠʥʦʢ ʚ ʪʢʘʥʷʭ, ʚʥʫʪʨʠʫʪʨʦʙʥʦʡ ʧʝʨʝʜʘʯʠ ʠ ʧʦʚʪʦʨʥʦʛʦ ʠʥʬʠʮʠʨʦʚʘʥʠʷ ʠʟ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʠʥʚʘʟʠʨʦʚʘʥʠʷ ʛʝʣʴʤʠʥʪʘʤʠ ʩʦʙʘʢ ʚ ʫʩʣʦʚʠʷʭ ʧʠʪʦʤʥʠʢʘ, 
ʛʝʣʴʤʠʥʪʦʩʢʦʧʠʷ ʚʳʜʝʣʝʚʰʠʭʩʷ ʚʦʟʙʫʜʠʪʝʣʝʡ 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ. ɺ ʧʠʪʦʤʥʠʢʝ ʚʦ ʚʨʝʤʷ ʢʦʨʤʣʝʥʠʷ ʱʝʥʢʦʚ ʚ ʢʘʣʦʚʳʭ ʤʘʩ-
ʩʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʛʝʣʴʤʠʥʪʳ, ʚʳʰʝʜʰʠʝ ʧʦʩʣʝ ʧʣʘʥʦʚʦʡ ʜʝʛʝʣʴʤʠʥʪʠʟʘʮʠʠ ʧʦʛʦʣʦʚʴʷ ʧʨʝʧʘʨʘʪʦʤ 
çʇʠʨʘʥʪʝʣè. ʂʣʠʥʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʫ ʞʠʚʦʪʥʳʭ ʜʦ ʦʙʨʘʙʦʪʢʠ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ʇʦʟʞʝ, ʪʘʢʠʭ ʞʝ 
ʛʝʣʴʤʠʥʪʦʚ ʚ ʢʘʣʦʚʳʭ ʤʘʩʩʘʭ ʦʙʥʘʨʫʞʠʣʠ ʫ ʞʠʚʦʪʥʦʛʦ ʩʪʘʨʰʝʛʦ ʚʦʟʨʘʩʪʘ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʜʝʛʝʣʴʤʠʥʪʠ-
ʟʠʨʦʚʘʥʦ ʟʘ 2 ʤʝʩʷʮʘ ʜʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʧʘʨʘʪʦʤ çɼʠʨʦʥʝʪ-1000è. ʋ ʚʟʨʦʩʣʦʛʦ ʞʠʚʦʪʥʦʛʦ ʩʠʤʧʪʦʤʘ-
ʪʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʠʥʚʘʟʠʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ɼʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʌʶʣʣʝʙʦʨʥʘ 
ʠ ʂʦʪʝʣʴʥʠʢʦʚʘ-ʍʨʝʥʦʚʘ ʩ ʮʝʣʴʶ ʚʳʷʚʠʪʴ ʥʘʣʠʯʠʝ ʷʠʮ ʛʝʣʴʤʠʥʪʦʚ ʙʳʣ ʦʪʦʙʨʘʥ ʤʘʪʝʨʠʘʣ ʦʪ ʞʠʚʦʪʥʳʭ 
ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ 

ʉʞʠʬʤʵʫʙʫʴ ʡʪʪʤʞʝʧʛʙʦʡʢ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʨʠ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝ-
ʜʦʚʘʥʠʶ ʧʦʜʚʝʨʛʣʠʩʴ ʬʝʢʘʣʠʠ ʦʪ ʧʷʪʠ ʞʠʚʦʪʥʳʭ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 5,5 ʤʝʩʷʮʝʚ ʜʦ 5 ʣʝʪ. ʇʨʠ ʤʠʢʨʦʩʢʦʧʠʠ 
ʷʡʮʘ ʪʦʢʩʦʢʘʨ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʯʝʪʳʨʸʭ ʦʙʨʘʟʮʘʭ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ ʦʜʥʦʛʦ ʜʦ ʪʨʝʭ ʵʢʟʝʤʧʣʷʨʦʚ ʚ ʦʜ-
ʥʦʡ ʢʘʧʣʝ, ʢʘʢ ʫ ʞʠʚʦʪʥʳʭ ʜʦ ʛʦʜʘ, ʪʘʢ ʠ ʫ ʧʷʪʠʣʝʪʥʝʡ ʩʦʙʘʢʠ (ʨʠʩ. 1,2). 

 

 

 

ʉʡʪ.1. ʘʢʯʙ Toxocara canis ʬ ʪʧʚʙʣʡ  
ʛ ʛʧʠʩʙʪʫʞ 5 ʤʞʫ 

ʉʡʪ. 2.  ʘʢʯʙ Toxocara canis ʬ ʪʧʚʙʣʡ 
 ʛ ʛʧʠʩʙʪʫʞ 5,5 ʥʞʪ. 
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ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʩʤʘʪʨʠʚʘʣʠ ʦʙʨʘʟʝʮ ʦʪ ʦʜʥʦʛʦ ʞʠʚʦʪʥʦʛʦ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 14 
ʜʥʝʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʠʮ ʪʦʢʩʦʢʘʨ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ, ʥʦ ʥʘʣʠʯʠʝ ʩʘʤʠʭ ʧʘʨʘʟʠʪʦʚ ʚ 
ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʢʘʣʦʚʳʭ ʤʘʩʩʘʭ ʫʩʪʘʥʦʚʣʝʥʦ ʪʦʯʥʦ. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʣʠ ʤʘʪʝʨʠʘʣ ʦʪ 
ʪʨʸʭ ʞʠʚʦʪʥʳʭ ʜʚʫʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ: ʜʚʘ ʦʙʨʘʟʮʘ ï ʱʝʥʢʠ ʚ ʚʦʟʨʘʩʪʝ 1 ʤʝʩʷʮ, 1 ʦʙʨʘʟʝʮ ï ʤʘʪʴ ʱʝʥ-
ʢʦʚ ʚ ʚʦʟʨʘʩʪʝ 3 ʛʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʠʢʨʦʩʢʦʧʠʠ ʷʠʮ ʛʝʣʴʤʠʥʪʦʚ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ, ʥʝʩʤʦʪʨʷ 
ʥʘ ʪʦ, ʯʪʦ ʫ ʱʝʥʢʦʚ ʠ ʫ ʤʘʪʝʨʠ ʚ ʬʝʢʘʣʠʷʭ ʙʳʣʠ ʥʘʡʜʝʥʳ ʚʟʨʦʩʣʳʝ ʦʩʦʙʠ ʛʝʣʴʤʠʥʪʦʚ. 

ɻʝʣʴʤʠʥʪʦʚ, ʚʳʜʝʣʠʚʰʠʭʩʷ ʩ ʢʘʣʦʚʳʤʠ ʤʘʩʩʘʤʠ ʚʦ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʞʠʚʦʪʥʳʭ ʥʘ ʫʣʠʮʝ, ʩʦ-
ʙʨʘʣʠ ʠ ʟʘʬʠʢʩʠʨʦʚʘʣʠ. ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʧʘʨʘʟʠʪʦʣʦʛʠʠ ʢʘʬʝʜʨʳ ʵʧʠʟʦʦʪʦʣʦʛʠʠ, ʤʠʢʨʦʙʠʦʣʦʛʠʠ, ʧʘʨʘ-
ʟʠʪʦʣʦʛʠʠ ʠ ɺʉʕ ɹʨʷʥʩʢʦʛʦ ɻɸʋ ʧʨʦʚʝʣʠ ʛʝʣʴʤʠʥʪʦʩʢʦʧʠʶ ʚʳʜʝʣʠʚʰʠʭʩʷ ʧʘʨʘʟʠʪʦʚ, ʠʭ ʧʦʜʩʯʝʪ, ʠʟʤʝ-
ʨʝʥʠʝ, ʤʠʢʨʦʩʢʦʧʠʶ, ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ (ʨʠʩ.3). 

 

 
ʉʡʪ.3. ɻʴʝʞʤʡʛʱʡʞʪʸ ʜʞʤʵʥʡʦʫʴ 

 
ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʜʝʛʝʣʴʤʠʥʪʠʟʘʮʠʷ ʥʝ 

ʚʩʝʛʜʘ ʫʥʠʯʪʦʞʘʝʪ ʤʠʛʨʠʨʫʶʱʠʝ ʪʢʘʥʝʚʳʝ ʣʠʯʠʥʢʠ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʛʫʪ ʟʘʚʝʨʰʘʪʴ ʨʘʟʚʠʪʠʝ ʠ 
ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʪʦʨʥʦʤʫ ʧʦʷʚʣʝʥʠʶ ʧʦʣʦʚʦʟʨʝʣʳʭ ʬʦʨʤ ʚ ʢʠʰʝʯʥʠʢʝ. ɺʦ-ʚʪʦʨʳʭ, ʚʦʟʤʦʞʥʦ ʙʳʩʪʨʦʝ 
ʧʦʚʪʦʨʥʦʝ ʟʘʨʘʞʝʥʠʝ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʟʘʛʨʷʟʥʸʥʥʦʡ ʧʦʯʚʳ, ʠʥʚʝʥʪʘʨʷ, ʧʦʜ-
ʩʪʠʣʢʠ ʠʣʠ ʚʳʛʫʣʴʥʳʭ ʧʣʦʱʘʜʦʢ. ɺ-ʪʨʝʪʴʠʭ, ʫ ʱʝʥʥʳʭ ʩʫʢ ʚʝʨʦʷʪʥʘ ʘʢʪʠʚʘʮʠʷ ʣʠʯʠʥʦʢ ʚ ʧʝʨʠʦʜ ʙʝʨʝ-
ʤʝʥʥʦʩʪʠ ʠ ʧʝʨʝʜʘʯʘ ʠʥʚʘʟʠʠ ʧʦʪʦʤʩʪʚʫ ʚʥʫʪʨʠʫʪʨʦʙʥʦ ʣʠʙʦ ʯʝʨʝʟ ʤʦʣʦʢʦ [3, ʩ. 23]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʘʤ ʬʘʢʪ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʝʛʝʣʴʤʠʥʪʠʟʘʮʠʠ ʥʝ ʠʩʢʣʶʯʘʝʪ ʦʙʥʘʨʫʞʝʥʠʷ ʷʠʮ ʪʦʢ-
ʩʦʢʘʨ ʚ ʬʝʢʘʣʠʷʭ ʠ ʪʨʝʙʫʝʪ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʸʥʥʳʭ ʦʙ-
ʨʘʙʦʪʦʢ. 

ɻʴʛʧʝʴ. ʊʦʢʩʦʢʘʨʦʟ ʫ ʥʝʤʝʮʢʠʭ ʦʚʯʘʨʦʢ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʧʘʨʘʟʠʪʘʨʥʳʤ ʟʘʙʦʣʝʚʘ-
ʥʠʝʤ, ʚʳʟʳʚʘʝʤʳʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ Toxocara canis ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʝʨʴʸʟʥʫʶ ʚʝʪʝʨʠʥʘʨʥʫʶ ʠ 
ʩʘʥʠʪʘʨʥʫʶ ʧʨʦʙʣʝʤʫ. ʅʘʠʙʦʣʝʝ ʪʷʞʝʣʦ ʠʥʚʘʟʠʷ ʧʨʦʪʝʢʘʝʪ ʫ ʱʝʥʢʦʚ, ʦʜʥʘʢʦ ʚʟʨʦʩʣʳʝ ʩʦʙʘʢʠ ʪʘʢʞʝ 
ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʵʧʠʟʦʦʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺʦʟʙʫʜʠʪʝʣʴ ʦʙʣʘʜʘʝʪ ʩʣʦʞʥʳʤ ʮʠʢʣʦʤ ʨʘʟʚʠʪʠʷ, ʚʢʣʶʯʘʶʱʠʤ ʘʣʠʤʝʥʪʘʨʥʳʡ, ʚʥʫʪʨʠʫʪʨʦʙʥʳʡ 
ʠ ʪʨʘʥʩʤʘʤʤʘʨʥʳʡ ʧʫʪʠ ʧʝʨʝʜʘʯʠ, ʘ ʪʘʢʞʝ ʤʠʛʨʘʮʠʶ ʣʠʯʠʥʦʢ ʧʦ ʦʨʛʘʥʠʟʤʫ. ʇʘʪʦʛʝʥʝʟ ʟʘʙʦʣʝʚʘʥʠʷ 
ʦʙʫʩʣʦʚʣʝʥ ʪʨʘʚʤʘʪʠʯʝʩʢʠʤ, ʪʦʢʩʠʯʝʩʢʠʤ, ʘʣʣʝʨʛʠʯʝʩʢʠʤ ʠ ʪʨʦʬʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʘʨʘʟʠʪʘ. ʕʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʧʦʨʘʞʝʥʠʶ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʧʝʯʝʥʠ, ʣʸʛʢʠʭ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ, ʘ ʪʘʢʞʝ ʢ ʦʙʱʝʤʫ 
ʦʩʣʘʙʣʝʥʠʶ ʦʨʛʘʥʠʟʤʘ. 
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ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʠʘʛʥʦʟʘ ʦʩʪʘʸʪʩʷ ʢʦʧʨʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʄʝʪʦʜʳ 
ʌʶʣʣʝʙʦʨʥʘ ʠ ʂʦʪʝʣʴʥʠʢʦʚʘ-ʍʨʝʥʦʚʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʚʳʷʚʣʝʥʠʷ ʷʠʮ 
Toxocara canis ʚ ʬʝʢʘʣʠʷʭ ʩʦʙʘʢ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʢʘʢ ʚʳʨʘʞʝʥʥʳʝ, ʪʘʢ ʠ 
ʩʢʨʳʪʳʝ ʬʦʨʤʳ ʠʥʚʘʟʠʠ. 

ʇʨʠʤʝʨ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʦʙʘʢ ʚ ʧʠʪʦʤʥʠʢʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʚʝʜʸʥʥʦʡ ʜʝ-
ʛʝʣʴʤʠʥʪʠʟʘʮʠʠ ʷʡʮʘ ʪʦʢʩʦʢʘʨ ʤʦʛʫʪ ʦʙʥʘʨʫʞʠʚʘʪʴʩʷ ʫ ʞʠʚʦʪʥʳʭ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ. ʕʪʦ ʩʚʷʟʘ-
ʥʦ ʩ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʷʠʮ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʚʪʦʨʥʦʛʦ ʟʘʨʘʞʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʣʠʯʠ-
ʥʦʢ ʚ ʪʢʘʥʷʭ ʦʨʛʘʥʠʟʤʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʬʬʝʢʪʠʚʥʘʷ ʙʦʨʴʙʘ ʩ ʪʦʢʩʦʢʘʨʦʟʦʤ ʫ ʥʝʤʝʮʢʠʭ ʦʚʯʘʨʦʢ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʥʝ 
ʪʦʣʴʢʦ ʧʣʘʥʦʚʫʶ ʜʝʛʝʣʴʤʠʥʪʠʟʘʮʠʶ, ʥʦ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʢʦʥʪʨʦʣʴ, ʩʦʙʣʶʜʝʥʠʝ ʩʘʥʠ-
ʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʥʦʨʤ ʠ ʢʦʤʧʣʝʢʩʥʫʶ ʧʨʦʬʠʣʘʢʪʠʢʫ ʚ ʤʝʩʪʘʭ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ. 
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Abstract. The article provides information on the biology, morphology, and harmful effects of Varroa 
destructor in honey bee colonies. It is noted that this species differs from Varroa jacobsoni and primarily 
parasitizes Apis mellifera, showing a preference for drone brood cells to increase its reproductive rate 
compared to worker brood, completing an additional reproductive cycle within approximately three days. The 
mites feed on the fat body of adult bees, larvae, and pupae, thereby significantly weakening them. As a result 
of their feeding activity, the immune system of bees is suppressed, lifespan is reduced, and the overall 
developmental dynamics of the colony are disrupted. In addition, Varroa destructor acts as a major vector for 
several viral diseases, particularly deformed wing virus. In heavily infested colonies, brood rearing capacity 
decreases sharply and worker bee losses accelerate. Varroa infestations, if effective control measures are not 
implemented, can lead to the collapse of the entire honey bee colony. In cases of severe infestation, the 
probability of colony survival through the overwintering period is significantly reduced. Beekeepers are strongly 
advised not to delay treatment against varroa in late summer or early autumn. Regular monitoring and the 
application of integrated pest management strategies play a crucial role in controlling infestation levels. 
Keywords: Varroa destructor, honey bee, varroatosis, life cycle, bee colonies, parasitism. 

 
ɿʁʀʆɾʆʆʔʂ ʏʁʃʄ ʃʄɾʒɹ VARROA DESTRUCTOR ʁ ɾɼʇ ɻʉɾɽʆʇɾ ɻʇʀɽɾʂʊʋɻʁɾ ʆɹ 

ʈʐɾʄʁʆʔɾ ʊɾʅʕʁ 
 

ʅʙʜʞʩʩʙʥʧʛ ʅʙʮʡʩ ʅʬʪʙ ʧʜʤʴ 
ɼʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ ʧʦ ʙʠʦʣʦʛʠʠ, ʜʦʮʝʥʪ 

ʋʙʮʡʩʧʛ ɹʤʡ ʊʙʭʙʩʙʤʡ ʧʜʤʴ 
ɼʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ ʧʦ ʙʠʦʣʦʛʠʠ, ʜʦʮʝʥʪ 

ʉʬʪʫʙʥʤʡ ʗʦʡʪ ʅʙʥʞʝʙʤʡ ʧʜʤʴ 
ɼʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ ʧʦ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʝ, ʜʦʮʝʥʪ 

ɼʙʦʚʙʩʧʛ ɼʙʪʙʦ ɼʬʪʞʢʦ ʧʜʤʴ 
ʩʪʫʜʝʥʪ 

ʅʘʭʯʳʚʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 
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ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʙʠʦʣʦʛʠʠ, ʤʦʨʬʦʣʦʛʠʠ ʠ ʧʨʦʙʣʝʤʘʭ, ʚʳʟʳʚʘʝʤʳʭ ʢʣʝʱʦʤ 
Varroa destructor ʚ ʧʯʝʣʠʥʳʭ ʩʝʤʴʷʭ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʳʡ ʚʠʜ ʦʪʣʠʯʘʝʪʩʷ ʦʪ Varroa jacobsoni ʠ ʚ 
ʦʩʥʦʚʥʦʤ ʧʘʨʘʟʠʪʠʨʫʝʪ ʥʘ Apis mellifera, ʧʨʠ ʵʪʦʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʦ-
ʯʠʪʘʝʪ ʷʯʝʡʢʠ ʩ ʪʨʫʪʥʝʚʳʤ ʨʘʩʧʣʦʜʦʤ, ʛʜʝ ʟʘ ʪʨʠ ʜʥʷ ʧʨʦʠʩʭʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʮʠʢʣ ʨʘʟʤʥʦʞʝʥʠʷ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʙʦʯʠʤ ʨʘʩʧʣʦʜʦʤ. ʂʣʝʱʠ ʧʠʪʘʶʪʩʷ ʞʠʨʦʚʳʤ ʪʝʣʦʤ ʚʟʨʦʩʣʳʭ ʧʯʸʣ, ʣʠʯʠʥʦʢ ʠ ʢʫʢʦ-
ʣʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʦʩʣʘʙʣʝʥʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʠʪʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʘʨʘʟʠʪʦʚ 
ʧʦʜʘʚʣʷʝʪʩʷ ʠʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ ʧʯʸʣ, ʩʦʢʨʘʱʘʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʭ ʞʠʟʥʠ ʠ ʥʘʨʫʰʘʝʪʩʷ ʦʙʱʘʷ 
ʜʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʢʦʣʦʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, Varroa destructor ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʝʨʝʥʦʩʯʠʢʦʤ ʨʷʜʘ ʚʠ-
ʨʫʩʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʦʩʦʙʝʥʥʦ ʚʠʨʫʩʘ ʜʝʬʦʨʤʘʮʠʠ ʢʨʳʣʘ. ɺ ʩʝʤʴʷʭ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʠʥʚʘʟʠʠ ʨʝʟʢʦ 
ʩʥʠʞʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʚʳʨʘʱʠʚʘʥʠʶ ʨʘʩʧʣʦʜʘ ʠ ʫʩʢʦʨʷʝʪʩʷ ʛʠʙʝʣʴ ʨʘʙʦʯʠʭ ʧʯʸʣ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 
ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʙʦʨʴʙʳ ʚʘʨʨʦʘʪʦʟ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʛʠʙʝʣʠ ʚʩʝʡ ʧʯʝʣʠʥʦʡ ʩʝʤʴʠ. ʇʨʠ ʩʠʣʴʥʦʡ ʠʥ-
ʚʘʟʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʡ ʟʠʤʦʚʢʠ ʢʦʣʦʥʠʠ. ʇʯʝʣʦʚʦʜʘʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʝ 
ʦʪʢʣʘʜʳʚʘʪʴ ʦʙʨʘʙʦʪʢʫ ʧʨʦʪʠʚ ʚʘʨʨʦʘ ʚ ʢʦʥʮʝ ʣʝʪʘ ʠʣʠ ʥʘʯʘʣʝ ʦʩʝʥʠ. ʈʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʧʨʠ-
ʤʝʥʝʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʢʦʥʪʨʦʣʝ ʫʨʦʚʥʷ ʟʘʨʘʞʝʥʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: Varroa destructor, ʧʯʝʣʘ ʤʝʜʦʥʦʩʥʘʷ, ʚʘʨʨʦʘʪʦʟ, ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ, ʧʯʝʣʠʥʳʝ ʩʝʤʴʠ, 
ʧʘʨʘʟʠʪʠʟʤ. 

 
Varroa destructor is an ectoparasite of Apis cerana and Apis mellifera. The Varroa mite can reproduce 

only within honey bee colonies. It attaches to the beeôs body and feeds on its fat body, thereby weakening the 
host. The mite is also a vector of at least five honey bee viruses, including deformed wing virus and several 
RNA viruses [5]. Severe infestations, typically from late autumn to early spring, often lead to the death of hon-
ey bee colonies. The Varroa mite is considered one of the most economically significant parasites in beekeep-
ing [4]. 

Until recently, V. destructor was thought to be a closely related mite species of Varroa jacobsoni. Both 
species parasitize the Asian honey bee Apis cerana. However, the species originally described as V. jacobsoni 
by Oudemans in 1904 was later shown not to be the same species that also attacks Apis mellifera. Infestation 
of A. mellifera was first reported in the early 1960s in the Philippines, where imported colonies of A. mellifera 
came into close contact with infested A. cerana individuals. By 2000, scientists had not yet clearly 
distinguished V. destructor as a separate species. This late taxonomic clarification, formally established by 
Anderson and Trueman in 2000, resolved several inconsistencies and misidentifications in the scientific 
literature [1,6]. 

Adult female mites are reddish-brown, whereas males are white in color. Varroa mites have a flattened, 
button-like body shape. They measure approximately 1ï1.8 mm in length and 1.5ï2 mm in width and possess 
eight legs. The mites do not have eyes. The male has a soft, milky-white body and is smaller than the female. 
Females live for about one year, while males survive for 15ï20 days. Overwintering females on the beeôs body 
lay 4ï8 eggs on the inner walls of brood cells containing larvae. The eggs hatch into larvae after approximately 
two days [2, 3]. 

Mites reproduce within a developmental cycle of approximately 10 days. The female mite enters a 
honey bee brood cell containing a mature larva. Once the cell is capped, the mite begins laying eggs on the 
larval host. The first egg develops into a male, while subsequent eggs develop into females. After maturation, 
the female mites mate with the male within the brood cell. When the young bee emerges after pupation, the 
Varroa mites also exit the cell and disperse to other adult bees and brood. Varroa mites preferentially infest 
drone brood cells, as these allow for an additional reproductive cycle of the mite within approximately three 
days compared to worker brood cells. 

Adult mites feed on the fat body of adult bees as well as on the larvae and pupae of the brood. Since 
the fat body plays a crucial role in regulating hormones and energy metabolism, as well as in detoxifying pesti-
cides, its depletion leaves the bee severely weakened. Adult mites are typically found living and feeding be-
neath the tergites and sternites of adult bees, mainly on the ventral side of the metasomal region, often on the 
left side of the hostôs abdomen. Feeding activity creates open wounds that serve as entry points for pathogens 
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and viral infections. Although adult mites are more frequently observed on the mesosoma region of adult bees 
while in the hive, studies indicate that mites in this position are not actively feeding. Instead, they are believed 
to be in a dispersal phase, attempting to transfer to another host bee. 

After infestation by mites, honey bees can be damaged through two main pathways. First, the 
consumption of the fat body by the mite weakens both adult bees and developing brood. Infestation 
significantly reduces the weight of both emerging adults and fully developed bees. In addition, infected adult 
worker bees have a shorter lifespan compared to uninfected individuals and are more likely to become 
disoriented or absent from the colony, which may be associated with impaired energy regulation required for 
orientation and flight. Second, mites act as vectors of various viruses, particularly deformed wing virus, thereby 
amplifying viral transmission within the colony and contributing further to colony-level decline. 

In most cases, the failure to implement effective control measures against Varroa infestations results in 
the collapse of the entire honey bee colony. Beekeepers are strongly advised not to delay treatment against 
Varroa in late summer or early autumn, as the bees reared during this period must develop into healthy winter 
bees. 
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СОВРЕМЕННЫЕ ПОДХОДЫ К ДИАГНОСТИКЕ И 
ЛЕЧЕНИЮ ОТИТА У КОШЕК 

Исраелян Милена Даниеловна 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄʠʥʶʢ ʃʶʜʤʠʣʘ ɸʥʘʪʦʣʴʝʚʥʘ 
ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ  

ʌɻɹʆʋ ɺʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʆʪʠʪ ʫ ʢʦʰʝʢ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʘʪʦʣʦʛʠʡ ʦʨʛʘʥʦʚ ʩʣʫʭʘ ʚ ʚʝʪʝʨʠʥʘʨ-
ʥʦʡ ʧʨʘʢʪʠʢʝ. ɿʘʙʦʣʝʚʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʩʧʘʣʝʥʠʝʤ ʥʘʨʫʞʥʦʛʦ, ʩʨʝʜʥʝʛʦ ʠʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʜʝʣʘ 
ʫʭʘ ʠ ʤʦʞʝʪ ʠʤʝʪʴ ʙʘʢʪʝʨʠʘʣʴʥʫʶ, ʛʨʠʙʢʦʚʫʶ, ʧʘʨʘʟʠʪʘʨʥʫʶ ʠʣʠ ʘʣʣʝʨʛʠʯʝʩʢʫʶ ʵʪʠʦʣʦʛʠʶ. ɺ ʩʪʘʪʴʝ 
ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʨʘʟʚʠʪʠʷ ʦʪʠʪʘ, ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦ-
ʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʥʘʨʫʞʥʦʤʫ ʦʪʠʪʫ ʢʘʢ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝ-
ʯʘʶʱʝʡʩʷ ʬʦʨʤʝ ʧʘʪʦʣʦʛʠʠ ʫ ʜʦʤʘʰʥʠʭ ʢʦʰʝʢ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʦʪʠʪ, ʢʦʰʢʠ, ʥʘʨʫʞʥʳʡ ʦʪʠʪ, ʜʠʘʛʥʦʩʪʠʢʘ, ʣʝʯʝʥʠʝ, ʚʦʩʧʘʣʝʥʠʝ ʫʭʘ, ʚʝʪʝʨʠʥʘʨʠʷ  

 
MODERN APPROACHES TO DIAGNOSIS AND TREATMENT OF OTITIS IN CATS 

 
Israelyan Milena Danielovna 

 
Scientific supervisor: Minyuk Lyudmila Anatolyevna  

 
Abstract: Otitis in cats is one of the most common ear diseases in veterinary practice. The disease is accom-
panied by inflammation of the external, middle, or inner ear and may have bacterial, fungal, parasitic, or aller-
gic etiology.  
The article discusses the main causes of otitis, clinical signs, modern diagnostic methods, and treatment ap-
proaches. Particular attention is paid to otitis externa as the most common form of pathology in domestic cats. 
Timely diagnosis and comprehensive therapy help prevent complications and chronic progression of the dis-
ease.  
Keywords: otitis, cats, otitis externa, diagnosis, treatment, ear inflammation, veterinary medicine 

 
ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʢʦʰʝʢ ʩʯʠʪʘʝʪʩʷ ʦʪʠʪ-ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ, ʧʦʨʘʞʘʶʱʠʡ ʥʘʨʫʞʥʳʡ, ʩʨʝʜʥʠʡ ʠʣʠ ʚʥʫʪʨʝʥʥʠʡ ʦʪʜʝʣ ʫʭʘ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʢʣʠʥʠʯʝʩʢʦʡ 
ʧʨʘʢʪʠʢʝ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘʨʫʞʥʳʡ ʦʪʠʪ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʚʦʩʧʘʣʝʥʠʝʤ ʢʦʞʠ ʩʣʫʭʦʚʦʛʦ ʧʨʦʭʦʜʘ ʠ ʫʰ-
ʥʦʡ ʨʘʢʦʚʠʥʳ. 

ʆʪʠʪʳ ʫ ʢʦʰʝʢ ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʣʶʙʦʤ ʚʦʟʨʘʩʪʝ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʨʦʜʳ. ɿʘʙʦʣʝʚʘʥʠʝ 
ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʞʠʚʦʪʥʦʛʦ, ʚʳʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʳʡ ʜʠʩʢʦʤʬʦʨʪ, ʙʦʣʝʟʥʝʥʥʦʩʪʴ ʠ 
ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʣʝʯʝʥʠʷ ʩʧʦʩʦʙʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʦʩʣʦʞʥʝʥʠʷʤ, ʚʢʣʶʯʘʷ ʭʨʦʥʠʯʝʩʢʦʝ 
ʚʦʩʧʘʣʝʥʠʝ ʠ ʧʦʨʘʞʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʪʨʫʢʪʫʨ ʫʭʘ. 

ʇʨʠʯʠʥʳ ʨʘʟʚʠʪʠʷ ʦʪʠʪʘ ʨʘʟʥʦʦʙʨʘʟʥʳ, ʚʢʣʶʯʘʶʪ ʙʘʢʪʝʨʠʘʣʴʥʳʝ, ʛʨʠʙʢʦʚʳʝ ʠʥʬʝʢʮʠʠ, ʧʘʨʘʟʠ-
ʪʘʨʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʪʨʘʚʤʳ, ʠʥʦʨʦʜʥʳʝ ʪʝʣʘ ʠ ʥʘʨʫʰʝʥʠʷ ʠʤʤʫʥʠʪʝʪʘ. ɺ 
ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʭʨʦʥʠʯʝʩʢʠʭ ʦʪʠʪʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʟʜʥʠʤ ʦʙʨʘʱʝʥʠʝʤ 



230 НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 

 

VII международная научно-практическая конференция  | МЦНС «НАУКА И ПРОСВЕЩЕНИЕ» 

ʚʣʘʜʝʣʴʮʝʚ ʞʠʚʦʪʥʳʭ ʟʘ ʚʝʪʝʨʠʥʘʨʥʦʡ ʧʦʤʦʱʴʶ ʠ ʥʝʧʨʘʚʠʣʴʥʳʤ ʣʝʯʝʥʠʝʤ. 
ʆʪʠʪ ʫ ʢʦʰʝʢ ʷʚʣʷʝʪʩʷ ʧʦʣʠʵʪʠʦʣʦʛʠʯʝʩʢʠʤ ʟʘʙʦʣʝʚʘʥʠʝʤ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʭ ʧʨʠʯʠʥ 

ʚʦʩʧʘʣʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʩʣʫʭʦʚʦʛʦ ʧʨʦʭʦʜʘ ʷʚʣʷʶʪʩʷ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ʉʨʝʜʠ ʥʠʭ 
ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʳʜʝʣʷʶʪ ʩʪʘʬʠʣʦʢʦʢʢʦʚʫʶ ʠ ʩʪʨʝʧʪʦʢʦʢʢʦʚʫʶ ʤʠʢʨʦʬʣʦʨʫ. ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ 
ʟʘʙʦʣʝʚʘʥʠʷ ʠʛʨʘʶʪ ʛʨʠʙʢʦʚʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʨʦʞʞʝʧʦʜʦʙʥʳʝ ʛʨʠʙʳ ʨʦʜʘ 
Malassezia. ʀʭ ʘʢʪʠʚʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ. ʋ ʢʦʰʝʢ ʪʘʢʞʝ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʳ ʧʘʨʘʟʠʪʘʨʥʳʝ ʦʪʠʪʳ, ʚʳʟʚʘʥʥʳʝ ʫʰʥʳʤ ʢʣʝʱʦʤ Otodectes cynotis.[1]ʇʘʨʘʟʠʪ ʧʦʚʨʝʞʜʘʝʪ 
ʢʦʞʫ ʩʣʫʭʦʚʦʛʦ ʧʨʦʭʦʜʘ, ʚʳʟʳʚʘʷ ʩʠʣʴʥʳʡ ʟʫʜ, ʚʦʩʧʘʣʝʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʪʸʤʥʳʭ ʚʳʜʝ-
ʣʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʦʪʦʜʝʢʪʦʟ ʚʩʪʨʝʯʘʝʪʩʷ ʫ ʤʦʣʦʜʳʭ ʞʠʚʦʪʥʳʭ ʠ ʢʦʰʝʢ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʛʨʫʧʧʘʤʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʦʢʘʣʠʟʘʮʠʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʣʠʯʘʶʪ ʥʘʨʫʞʥʳʡ, ʩʨʝʜʥʠʡ ʠ ʚʥʫʪ-
ʨʝʥʥʠʡ ʦʪʠʪ. ʅʘʨʫʞʥʳʡ ʦʪʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʨʘʞʝʥʠʝʤ ʥʘʨʫʞʥʦʛʦ ʩʣʫʭʦʚʦʛʦ ʧʨʦʭʦʜʘ ʠ ʫʰʥʦʡ ʨʘʢʦ-
ʚʠʥʳ. 

ʉʨʝʜʥʠʡ ʦʪʠʪ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʩʨʝʜʥʝʝ ʫʭʦ. ʇʨʠ 
ʜʘʥʥʦʡ ʬʦʨʤʝ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʞʠʚʦʪʥʳʭ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚʳʨʘʞʝʥʥʘʷ ʙʦʣʝʟʥʝʥʥʦʩʪʴ, ʫʛʥʝʪʝʥʠʝ ʦʙ-
ʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʥʠʞʝʥʠʝ ʩʣʫʭʘ. 

ɺʥʫʪʨʝʥʥʠʡ ʦʪʠʪ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʷʞʸʣʦʡ ʬʦʨʤʦʡ ʟʘʙʦʣʝʚʘʥʠʷ. ɺʦʩʧʘʣʝʥʠʝ ʟʘʪʨʘʛʠʚʘʝʪ 
ʩʪʨʫʢʪʫʨʳ ʚʥʫʪʨʝʥʥʝʛʦ ʫʭʘ ʠ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʥʘʨʫʰʝʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʠ ʜʚʠʞʝʥʠʡ, ʥʘʢʣʦʥʦʤ ʛʦ-
ʣʦʚʳ, ʥʠʩʪʘʛʤʦʤ ʠ ʜʨʫʛʠʤʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤʠ ʩʠʤʧʪʦʤʘʤʠ. 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʪʝʯʝʥʠʷ ʨʘʟʣʠʯʘʶʪ ʦʩʪʨʳʡ ʠ ʭʨʦʥʠʯʝʩʢʠʡ ʦʪʠʪ. [1]ʍʨʦʥʠʯʝʩʢʘʷ ʬʦʨʤʘ ʨʘʟʚʠʚʘʝʪʩʷ 
ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʩʧʘʣʠʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʠ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʪʦʣʱʝʥʠʝʤ ʪʢʘʥʝʡ ʩʣʫʭʦʚʦʛʦ ʧʨʦ-
ʭʦʜʘ ʠ ʨʝʮʠʜʠʚʘʤʠ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʂʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʦʪʠʪʘ ʟʘʚʠʩʷʪ ʦʪ ʩʪʝʧʝʥʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʩʠʤʧʪʦʤʘʤʠ ʷʚʣʷʶʪʩʷ ʟʫʜ ʠ ʙʦʣʝʟʥʝʥʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʫʭʘ. ɾʠʚʦʪʥʳʝ 
ʯʘʩʪʦ ʨʘʩʯʸʩʳʚʘʶʪ ʫʰʥʫʶ ʨʘʢʦʚʠʥʫ, ʪʨʷʩʫʪ ʛʦʣʦʚʦʡ ʠ ʧʨʦʷʚʣʷʶʪ ʙʝʩʧʦʢʦʡʩʪʚʦ. 

ʇʨʠ ʦʩʤʦʪʨʝ ʦʪʤʝʯʘʶʪ ʧʦʢʨʘʩʥʝʥʠʝ ʢʦʞʠ ʩʣʫʭʦʚʦʛʦ ʧʨʦʭʦʜʘ, ʦʪʸʯʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʚʳʜʝʣʝʥʠʡ ʠ 
ʥʝʧʨʠʷʪʥʦʛʦ ʟʘʧʘʭʘ. ɺʳʜʝʣʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʩʝʨʦʟʥʳʡ, ʛʥʦʡʥʳʡ ʠʣʠ ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ 
ʧʘʨʘʟʠʪʘʨʥʦʤ ʦʪʠʪʝ ʩʦʜʝʨʞʠʤʦʝ ʩʣʫʭʦʚʦʛʦ ʧʨʦʭʦʜʘ ʯʘʩʪʦ ʥʘʧʦʤʠʥʘʝʪ ʢʦʬʝʡʥʫʶ ʛʫʱʫ (ʨʠʩ.1) 

 

 
ʉʡʪ. 1. 

 
ʇʨʠ ʪʷʞʸʣʦʤ ʪʝʯʝʥʠʠ ʟʘʙʦʣʝʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʫʭʫʜʰʝʥʠʝ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʞʠʚʦʪʥʦʛʦ, ʩʥʠʞʝʥʠʝ 

ʘʧʧʝʪʠʪʘ ʠ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ.  
ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʷʚʣʷʝʪʩʷ ʦʪʦʩʢʦʧʠʷ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʥʘʨʫʞʥʦʛʦ ʩʣʫʭʦʚʦʛʦ ʧʨʦʭʦʜʘ ʠ ʙʘʨʘʙʘʥʥʦʡ ʧʝʨʝʧʦʥʢʠ. ʇʨʠ ʧʦʤʦʱʠ ʦʪʦʩʢʦʧʠʠ ʚʳ-
ʷʚʣʷʶʪ ʛʠʧʝʨʝʤʠʶ, ʦʪʸʢ, ʥʘʣʠʯʠʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʚʳʜʝʣʝʥʠʡ, ʠʥʦʨʦʜʥʳʭ ʪʝʣ, ʧʘʨʘʟʠʪʦʚ ʠ ʧʦʚʨʝʞʜʝ-
ʥʠʡ ʙʘʨʘʙʘʥʥʦʡ ʧʝʨʝʧʦʥʢʠ.  

ɹʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʩʯʠʪʘʝʪʩʷ ʚʠʜʝʦʦʪʦʩʢʦʧʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʵʥʜʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʥʦʛʦʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠ ʚʠʟʫʘʣʠ-
ʟʘʮʠʶ ʩʪʨʫʢʪʫʨ ʩʣʫʭʦʚʦʛʦ ʧʨʦʭʦʜʘ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ. ɺʠʜʝʦʦʪʦʩʢʦʧʠʷ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʤʝʣ-
ʢʠʝ ʜʝʬʝʢʪʳ ʙʘʨʘʙʘʥʥʦʡ ʧʝʨʝʧʦʥʢʠ, ʫʯʘʩʪʢʠ ʚʦʩʧʘʣʝʥʠʷ, ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʝ ʩʦʜʝʨʞʠ-
ʤʦʝ ʩʨʝʜʥʝʛʦ ʫʭʘ.   
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʙʫʜʠʪʝʣʷ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʚʦʜʷʪ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝ-
ʜʦʚʘʥʠʝ ʩʦʜʝʨʞʠʤʦʛʦ ʩʣʫʭʦʚʦʛʦ ʧʨʦʭʦʜʘ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚʳʩʝʚʘʶʪ ʥʘ ʧʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ ʩ 
ʧʦʩʣʝʜʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʠʜʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʧʨʝ-
ʧʘʨʘʪʘʤ. [2]ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʭʨʦʥʠʯʝʩʢʠʭ ʠ ʨʝʮʠʜʠʚʠʨʫʶʱʠʭ ʬʦʨʤʘʭ ʦʪʠʪʘ. 

ɹʦʣʝʝ ʪʦʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʠʘʛʥʦʩʪʠʢʠ ʩʯʠʪʘʶʪʩʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʠ ʤʘʛʥʠʪʥʦ-
ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʢʦʩʪʥʳʭ 
ʩʪʨʫʢʪʫʨ, ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʵʢʩʩʫʜʘʪʘ ʠ ʩʪʝʧʝʥʠ ʧʦʨʘʞʝʥʠʷ ʩʨʝʜʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝ-
ʛʦ ʫʭʘ. ʄʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʴʥʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʤʷʛʢʠʝ ʪʢʘʥʠ, ʥʝʨʚʥʳʝ 
ʩʪʨʫʢʪʫʨʳ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʫʭʘ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ ʧʨʠ ʧʦʜʦ-
ʟʨʝʥʠʠ ʥʘ ʦʩʣʦʞʥʸʥʥʦʝ ʪʝʯʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ. 

ʇʨʠ ʭʨʦʥʠʯʝʩʢʠʭ ʠ ʨʝʮʠʜʠʚʠʨʫʶʱʠʭ ʦʪʠʪʘʭ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʘʣʣʝʨʛʦʜʠʘʛʥʦʩʪʠʢʘ. ɸʣʣʝʨ-
ʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʥʝʨʝʜʢʦ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʦʩʧʘʣʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʩʣʫʭʦʚʦʛʦ ʧʨʦʭʦʜʘ.[3] ɼʣʷ 
ʚʳʷʚʣʝʥʠʷ ʘʣʣʝʨʛʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʟʘʙʦʣʝʚʘʥʠʷ ʧʨʦʚʦʜʷʪ ʘʥʘʣʠʟ ʨʘʮʠʦʥʘ, ʠʩʢʣʶʯʘʶʱʠʝ ʜʠʝʪʳ ʠ ʩʧʝ-
ʮʠʘʣʴʥʳʝ ʘʣʣʝʨʛʦʣʦʛʠʯʝʩʢʠʝ ʪʝʩʪʳ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʣʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʨʘʥʝʥʠʝ ʚʦʩʧʘʣʝʥʠʷ ʠ ʟʫʜʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʶʪ-
ʩʷ ʛʣʶʢʦʢʦʨʪʠʢʦʩʪʝʨʦʠʜʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʜʥʠʟʦʣʦʥ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʫʤʝʥʴʰʝʥʠʶ ʛʠʧʝʨʝʤʠʠ, ʦʪʸʢʘ ʪʢʘʥʝʡ ʠ ʙʦʣʝʟʥʝʥʥʦʩʪʠ ʩʣʫʭʦʚʦʛʦ ʧʨʦʭʦʜʘ.  

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʦʩʥʦʚʥʦʡ ʪʝʨʘʧʠʠ ʧʨʦʚʦʜʷʪ ʦʯʠʱʝʥʠʝ ʥʘʨʫʞʥʦʛʦ ʩʣʫʭʦʚʦʛʦ ʧʨʦʭʦʜʘ. ʋʜʘʣʝʥʠʝ 
ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʚʳʜʝʣʝʥʠʡ, ʢʦʨʦʢ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʵʢʩʩʫʜʘʪʘ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʩʪʥʳʭ ʣʝ-
ʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. ɼʣʷ ʧʨʦʤʳʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʝ ʚʝʪʝ-
ʨʠʥʘʨʥʳʝ ʣʦʩʴʦʥʳ ʜʣʷ ʩʘʥʘʮʠʠ ʫʰʝʡ.  

ʄʝʩʪʥʦʝ ʣʝʯʝʥʠʝ ʚʢʣʶʯʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʭ ʠ ʘʥʪʠʩʝʧʪʠʯʝ-
ʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. ɸʥʪʠʙʠʦʪʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʵʪʠʦʣʦʛʠʠ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʥʘʟʥʘʯʘʶʪʩʷ 
ʩ ʫʯʸʪʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʇʨʠ ʛʨʠʙʢʦʚʦʤ ʧʦʨʘʞʝʥʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʦʪʠʚʦʛʨʠʙʢʦ-
ʚʳʝ ʧʨʝʧʘʨʘʪʳ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʠ ʦʙʨʘʙʦʪʢʠ ʚʦʩʧʘʣʸʥʥʳʭ ʪʢʘʥʝʡ 
ʠʩʧʦʣʴʟʫʶʪ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ. 

ʇʨʠ ʦʪʦʜʝʢʪʦʟʝ ʪʝʨʘʧʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʥʠʯʪʦʞʝʥʠʝ ʫʰʥʦʛʦ ʢʣʝʱʘ Otodectes cynotis. ɺ ʪʘʢʠʭ 
ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʘʢʘʨʠʮʠʜʥʳʝ ʧʨʝʧʘʨʘʪʳ ʚ ʬʦʨʤʝ ʢʘʧʝʣʴ, ʤʘʟʝʡ ʠʣʠ ʨʘʩʪʚʦʨʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 
ʧʨʦʚʦʜʷʪ ʨʝʛʫʣʷʨʥʫʶ ʩʘʥʘʮʠʶ ʩʣʫʭʦʚʦʛʦ ʧʨʦʭʦʜʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʘʨʘʟʠ-
ʪʦʚ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʵʢʩʩʫʜʘʪʘ. 

ʉʠʩʪʝʤʥʘʷ ʪʝʨʘʧʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʪʷʞʸʣʳʭ ʬʦʨʤʘʭ ʟʘʙʦʣʝʚʘʥʠʷ, ʭʨʦʥʠʯʝʩʢʦʤ ʪʝʯʝʥʠʠ, ʩʨʝʜ-
ʥʝʤ ʦʪʠʪʝ ʠʣʠ ʨʘʟʚʠʪʠʠ ʦʩʣʦʞʥʝʥʠʡ.  
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АРХИТЕКТУРНЫЙ ПОТЕНЦИАЛ СПОРТИВНОЙ 
ИНФРАСТРУКТУРЫ В РЕГЕНЕРАЦИИ ГОРОДОВ 
СИРИИ 

Альхасан Аммар 
ʘʩʧʠʨʘʥʪ 

 çʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʠʤʝʥʠ ʇʘʪʨʠʩʘ ʃʫʤʫʤʙʳè 
 

ɹʦʦʧʫʙʯʡʸ: ʩʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʧʦʨʪʠʚʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʢʘʢ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʨʝʩʫʨʩ ʨʝʛʝʥʝʨʘʮʠʠ 
ʩʠʨʠʡʩʢʠʭ ʛʦʨʦʜʦʚ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʥʝ ʢʨʫʧʥʳʤ ʩʪʘʜʠʦʥʘʤ, ʘ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ ʩʧʦʨʪʠʚʥʦ-
ʦʙʱʝʩʪʚʝʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʘʤ. ʇʨʝʜʣʦʞʝʥʘ ʪʨʸʭʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ: ʦʪʢʨʳʪʘʷ ʧʣʦʱʘʜʢʘ, ʨʘʡʦʥʥʳʡ ʭʘʙ 
ʠ ʛʦʨʦʜʩʢʦʡ ʫʟʝʣ. ʆʙʦʩʥʦʚʘʥʳ ʢʨʠʪʝʨʠʠ ʜʦʩʪʫʧʥʦʩʪʠ, ʘʜʘʧʪʠʚʥʦʩʪʠ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 
ʩʚʷʟʠ ʩ ʧʦʚʩʝʜʥʝʚʥʳʤʠ ʤʘʨʰʨʫʪʘʤʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʧʦʨʪʠʚʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʛʦʨʦʜʩʢʘʷ ʨʝʛʝʥʝʨʘʮʠʷ, ʉʠʨʠʷ, ʧʦʩʪʢʦʥʬʣʠʢʪʥʳʡ ʛʦ-
ʨʦʜ, ʦʙʱʝʩʪʚʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʘʜʘʧʪʠʚʥʦʩʪʴ. 

 
ARCHITECTURAL POTENTIAL OF SPORTS INFRASTRUCTURE IN THE REGENERATION OF SYRIAN 

CITIES 
 

Alhasan Ammar 
 
Abstract: the article examines sports infrastructure as an architectural resource for the regeneration of Syrian 
cities. The focus is not on large stadiums, but on distributed sports and public spaces. A three-level model is 
proposed: open ground, neighbourhood hub and city node. The article defines criteria of accessibility, 
adaptability, operational resilience and connection with everyday urban routes. 
Key words: sports infrastructure, urban regeneration, Syria, post-conflict city, public space, architectural 
adaptability. 

 
ɻʛʞʝʞʦʡʞ 

ʈʝʛʝʥʝʨʘʮʠʷ ʨʘʟʨʫʰʝʥʥʦʛʦ ʛʦʨʦʜʘ ʥʘʯʠʥʘʝʪʩʷ ʥʝ ʩ ʬʘʩʘʜʘ. ʆʥʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʨʰʨʫʪʳ, ʩʦ-
ʩʝʜʩʢʠʝ ʨʠʪʫʘʣʳ, ʪʦʯʢʠ ʦʞʠʜʘʥʠʷ, ʤʝʣʢʠʝ ʩʚʷʟʠ ʠ ʧʨʘʚʦ ʯʝʣʦʚʝʢʘ ʩʥʦʚʘ ʟʘʥʠʤʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʝʟ 
ʩʪʨʘʭʘ. ɼʣʷ ʩʠʨʠʡʩʢʠʭ ʛʦʨʦʜʦʚ ʵʪʦ ʥʝ ʚʪʦʨʠʯʥʘʷ ʪʝʤʘ, ʘ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʝ ʷʜʨʦ. ʈʘʟʨʫʰʝʥʠʷ ʪʨʝʙʫʶʪ 
ʥʝ ʪʦʣʴʢʦ ʙʝʪʦʥʘ, ʩʤʝʪ ʠ ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʝʡ. ʅʫʞʥʘ ʩʨʝʜʘ, ʛʜʝ ʚʩʪʨʝʯʘ, ʜʚʠʞʝʥʠʝ ʠ ʩʦʚʤʝʩʪʥʦʝ ʜʝʡ-
ʩʪʚʠʝ ʚʥʦʚʴ ʩʪʘʥʦʚʷʪʩʷ ʧʦʚʩʝʜʥʝʚʥʦʡ ʥʦʨʤʦʡ. 

ʇʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʛʦ ʙʘʥʢʘ, ʧʦʪʨʝʙʥʦʩʪʠ ʉʠʨʠʠ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦʩʣʝ ʢʦʥʬʣʠʢʪʘ 2011ï2024 
ʛʛ. ʠʟʤʝʨʷʶʪʩʷ ʩʦʪʥʷʤʠ ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ; ʩʨʝʜʠ ʥʘʠʙʦʣʝʝ ʧʦʚʨʝʞʜʸʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʥʘʟʚʘʥʳ 
ɸʣʝʧʧʦ, ʈʠʬ ɼʘʤʘʩʢ ʠ ʍʦʤʩ [1]. ʇʨʠ ʪʘʢʦʤ ʤʘʩʰʪʘʙʝ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʷʟʘʥʘ ʨʘʙʦʪʘʪʴ ʩʢʫʧʦ ʠ ʪʦʯʥʦ. ɽʸ 
ʩʠʣʘ ʥʝ ʚ ʛʝʨʦʠʯʝʩʢʦʡ ʤʦʥʫʤʝʥʪʘʣʴʥʦʩʪʠ, ʘ ʚ ʪʠʨʘʞʠʨʫʝʤʦʩʪʠ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ 
ʧʦʜʜʝʨʞʠʚʘʪʴ ʛʦʨʦʜʩʢʫʶ ʞʠʟʥʴ ʤʘʣʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʞʝʩʪʘʤʠ. 

ʉʧʦʨʪʠʚʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʜʝʩʴ ʜʘʸʪ ʨʝʜʢʠʡ ʨʝʩʫʨʩ. ʆʥʘ ʩʚʷʟʳʚʘʝʪ ʪʝʣʝʩʥʫʶ ʧʨʘʢʪʠʢʫ, ʧʫʙ-
ʣʠʯʥʫʶ ʚʠʜʠʤʦʩʪʴ ʠ ʙʘʟʦʚʫʶ ʢʫʣʴʪʫʨʫ ʩʦʚʤʝʩʪʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʝʡ. ɼʚʦʨʦʚʘʷ ʧʣʦʱʘʜʢʘ, 
ʟʘʣ, ʦʪʢʨʳʪʳʡ ʥʘʚʝʩ ʠʣʠ ʨʘʡʦʥʥʳʡ ʭʘʙ ʩʧʦʩʦʙʥʳ ʩʪʘʪʴ ʥʝʡʪʨʘʣʴʥʦʡ ʟʦʥʦʡ ʜʣʷ ʛʨʫʧʧ, ʨʘʟʲʝʜʠʥʸʥʥʳʭ 
ʚʦʡʥʦʡ, ʧʝʨʝʩʝʣʝʥʠʝʤ ʠ ʠʤʫʱʝʩʪʚʝʥʥʦʡ ʭʨʫʧʢʦʩʪʴʶ. ʅʦ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʩʧʦʨʪʦʙʲʝʢʪ ʙʳʩʪʨʦ ʤʝʨʪʚʝʝʪ. 
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ɸʨʭʠʪʝʢʪʫʨʥʳʡ ʩʤʳʩʣ ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʮʝʧʢʝ ʩ ʞʠʣʴʸʤ, ʰʢʦʣʦʡ, ʫʣʠʮʝʡ, ʨʳʥʢʦʤ, ʦʩʪʘʥʦʚʢʦʡ ʠ 
ʚʝʯʝʨʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ ʨʘʡʦʥʘ. 

ʎʝʣʴ ʩʪʘʪʴʠ ð ʦʧʨʝʜʝʣʠʪʴ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʠʥʮʠʧʳ ʚʢʣʶʯʝʥʠʷ ʩʧʦʨʪʠʚʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ 
ʨʝʛʝʥʝʨʘʮʠʶ ʛʦʨʦʜʦʚ ʉʠʨʠʠ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʩʧʦʨʪʠʚʥʦ-ʦʙʱʝʩʪʚʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʩʪ-
ʢʦʥʬʣʠʢʪʥʦʡ ʩʨʝʜʳ. ʇʨʝʜʤʝʪ ð ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, ʧʦʵʪʘʧʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʚʷʟʴ 
ʩ ʧʦʚʩʝʜʥʝʚʥʳʤʠ ʩʮʝʥʘʨʠʷʤʠ. ʈʘʙʦʪʘ ʥʦʩʠʪ ʧʨʦʝʢʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ: ʥʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʥʠ-
ʚʝʨʩʘʣʴʥʳʡ ʪʠʧʦʚʦʡ ʧʨʦʝʢʪ, ʘ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʫʶ ʟʘʪʝʤ ʤʦʞʥʦ ʧʨʦʚʝʨʷʪʴ ʥʘ ʨʘʡʦʥʘʭ 
ɸʣʝʧʧʦ, ʍʦʤʩʘ ʠ ɼʘʤʘʩʢʘ. 

 
ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ 

ʄʝʪʦʜʠʢʘ ʩʪʨʦʠʪʩʷ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʪʨʸʭ ʤʘʩʩʠʚʦʚ ʠʩʪʦʯʥʠʢʦʚ. ʇʝʨʚʳʡ ʤʘʩʩʠʚ ð ʤʝʞʜʫʥʘʨʦʜ-
ʥʳʝ ʦʪʯʸʪʳ ʦ ʩʦʩʪʦʷʥʠʠ ʩʠʨʠʡʩʢʠʭ ʛʦʨʦʜʦʚ. ʇʨʦʬʠʣʠ UN-Habitat ʧʦ ɸʣʝʧʧʦ ʠ ʍʦʤʩʫ ʬʠʢʩʠʨʫʶʪ ʧʦʚʨʝ-
ʞʜʝʥʠʷ ʞʠʣʦʡ ʪʢʘʥʠ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʩʝʪʝʡ, ʨʳʥʢʦʚ ʠ ʛʦʨʦʜʩʢʠʭ ʩʝʨʚʠʩʦʚ [2; 3]. ɼʣʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ ʵʪʠ ʜʦʢʫʤʝʥʪʳ ʮʝʥʥʳ ʥʝ ʢʘʢ ʛʦʪʦʚʦʝ ʧʨʦʝʢʪʥʦʝ ʟʘʜʘʥʠʝ, ʘ ʢʘʢ ʪʝʨʨʠʪʦʨʠʘʣʴʥʘʷ ʩʝʪʢʘ, ʧʦʟ-
ʚʦʣʷʶʱʘʷ ʚʳʙʨʘʪʴ ʤʘʩʰʪʘʙ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʙʝʟ ʘʙʩʪʨʘʢʪʥʦʡ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʨʠʪʦʨʠʢʠ. 

ɺʪʦʨʦʡ ʙʣʦʢ ʩʚʷʟʘʥ ʩ ʥʘʩʣʝʜʠʝʤ ʠ ʫʯʘʩʪʠʝʤ ʞʠʪʝʣʝʡ. ɼ. ɼʠʤʝʣʣʠ ʠ ɸ. ʂʦʪʩʦʥʠ ʘʥʘʣʠʟʠʨʫʶʪ ʚʦʩ-
ʩʪʘʥʦʚʣʝʥʠʝ ɸʣʝʧʧʦ ʯʝʨʝʟ ʦʧʪʠʢʫ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʣʘʥʜʰʘʬʪʘ [4]. ʅ. ʄʫʥʘʚʚʘʨ ʠ ɼʞ. ʉʘʡ-
ʤʦʥʜʩ, ʥʘʧʨʦʪʠʚ, ʧʦʢʘʟʳʚʘʶʪ ʩʣʘʙʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʩʧʫʱʝʥʥʦʡ ʩʚʝʨʭʫ: ʙʝʟ ʛʦʣʦʩʦʚ ʩʦʦʙʱʝʩʪʚ ʠ 
ʚʦʟʚʨʘʱʘʶʱʠʭʩʷ ʛʦʨʦʞʘʥ ʦʥʘ ʣʝʛʢʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫʶ ʜʝʢʦʨʘʮʠʶ [5]. ɼʣʷ ʩʧʦʨʪʠʚʥʦʡ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʵʪʦ ʦʩʦʙʝʥʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʝʞʝʜʥʝʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʝʣʴʟʷ ʯʝʨʪʠʪʴ 
ʪʦʣʴʢʦ ʠʟ ʢʘʙʠʥʝʪʘ. 

ʊʨʝʪʠʡ ʤʘʩʩʠʚ ʦʙʨʘʟʫʝʪ ʪʝʦʨʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʈʫʢʦʚʦʜʩʪʚʘ UN-Habitat ʨʘʩʩʤʘʪ-
ʨʠʚʘʶʪ ʜʦʩʪʫʧʥʦʩʪʴ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʘʢ ʨʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ ʛʦʨʦʜʩʢʦʡ ʧʦʣʠʪʠʢʠ, ʘ ʥʝ 
ʢʘʢ ʤʷʛʢʠʝ ʩʦʮʠʘʣʴʥʳʝ ʜʦʙʘʚʢʠ [6; 7]. ʏʝʨʝʟ ʨʘʙʦʪʳ ʗ. ɻʝʡʣʘ ʠ ʄ. ʂʘʨʤʦʥʳ ʫʪʦʯʥʷʶʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʡ 
ʤʘʩʰʪʘʙ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʝʨʚʳʭ ʵʪʘʞʝʡ, ʢʦʤʬʦʨʪ ʜʚʠʞʝʥʠʷ, ʢʘʯʝʩʪʚʦ ʢʨʦʤʢʠ ʠ ʧʦʚʝʜʝʥʠʝ ʫʣʠʮʳ ʥʘ 
ʫʨʦʚʥʝ ʪʝʣʘ [8; 9]. ʕʪʠ ʢʨʠʪʝʨʠʠ ʧʝʨʝʥʝʩʝʥʳ ʥʘ ʩʧʦʨʪʠʚʥʦ-ʦʙʱʝʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ. 

 
ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʞ 

ʉʧʦʨʪʠʚʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚ ʨʝʛʝʥʝʨʘʮʠʠ ʉʠʨʠʠ ʥʝʣʴʟʷ ʩʚʦʜʠʪʴ ʢ ʩʪʘʜʠʦʥʘʤ. ʂʨʫʧʥʳʡ ʦʙʲʝʢʪ 
ʟʘʤʝʪʝʥ, ʥʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ, ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʣʦʞʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʘʟʨʫʰʝʥʥʳʤ ʢʚʘʨʪʘʣʘʤ 
ʥʫʞʥʝʝ ʧʝʰʘʷ ʜʦʩʪʫʧʥʦʩʪʴ, ʧʨʦʩʪʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʪʝʥʴ, ʚʦʜʘ, ʨʝʤʦʥʪ ʠ ʧʦʩʪʝʧʝʥʥʦʝ ʨʘʩ-
ʰʠʨʝʥʠʝ ʧʨʦʛʨʘʤʤʳ. 

ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʪʨʠ ʫʨʦʚʥʷ. ʇʝʨʚʳʡ ð ʦʪʢʨʳʪʘʷ ʧʣʦʱʘʜʢʘ ʥʘ ʨʘʩʯʠʱʝʥʥʦʤ ʫʯʘʩʪʢʝ: ʨʘʟʤʝʪʢʘ, 
ʥʘʚʝʩ, ʩʚʝʪ ʠ ʦʛʨʘʞʜʝʥʠʝ ʫʞʝ ʬʦʨʤʠʨʫʶʪ ʫʧʨʘʚʣʷʝʤʦʝ ʧʫʙʣʠʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʠʛʨ, ʪʨʝʥʠʨʦʚʦʢ ʠ 
ʚʩʪʨʝʯ. 

ɺʪʦʨʦʡ ð ʨʘʡʦʥʥʳʡ ʩʧʦʨʪʠʚʥʦ-ʦʙʱʝʩʪʚʝʥʥʳʡ ʭʘʙ. ʊʘʤ, ʛʜʝ ʧʦʷʚʠʣʩʷ ʫʩʪʦʡʯʠʚʳʡ ʧʦʪʦʢ ʧʦʣʴʟʦ-
ʚʘʪʝʣʝʡ, ʦʥ ʩʦʝʜʠʥʷʝʪ ʤʘʣʳʡ ʟʘʣ, ʧʦʣʝ, ʩʘʥʠʪʘʨʥʳʡ ʙʣʦʢ, ʩʢʣʘʜ, ʪʝʥʝʚʳʝ ʟʦʥʳ ʠ ʢʦʤʥʘʪʫ ʫʧʨʘʚʣʝʥʠʷ. 
ʆʜʠʥ ʢʦʥʪʫʨ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʤʝʩʪʦ ʪʨʝʥʠʨʦʚʢʠ, ʩʦʙʨʘʥʠʷ, ʢʦʥʩʫʣʴʪʘʮʠʠ ʠʣʠ ʰʢʦʣʴʥʦʛʦ ʟʘʥʷʪʠʷ. 

ʊʨʝʪʠʡ ð ʛʦʨʦʜʩʢʦʡ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʫʟʝʣ. ɽʛʦ ʩʪʦʠʪ ʚʚʦʜʠʪʴ ʧʦʟʞʝ, ʧʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
ʪʨʘʥʩʧʦʨʪʘ, ʩʝʪʝʡ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɺ ɸʣʝʧʧʦ ʪʘʢʠʝ ʦʙʲʝʢʪʳ ʥʝʣʴʟʷ ʨʘʟʤʝʱʘʪʴ ʚ ʫʷʟʚʠ-
ʤʦʡ ʠʩʪʦʨʠʯʝʩʢʦʡ ʪʢʘʥʠ: ʥʦʚʘʷ ʧʨʦʛʨʘʤʤʘ ʥʝ ʜʦʣʞʥʘ ʣʦʤʘʪʴ ʤʘʩʰʪʘʙ, ʩʠʣʫʵʪ ʠ ʤʘʪʝʨʠʘʣʴʥʫʶ ʧʘʤʷʪʴ 
ʩʪʘʨʦʛʦ ʛʦʨʦʜʘ [4]. ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ ʬʠʢʩʠʨʫʝʪ ʛʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʤʦʜʝʣʠ ʦʪ ʩʦʙʳʪʠʡʥʦʡ ʣʦʛʠʢʠ. ʉʪʘʜʠʦʥ ʨʘʙʦʪʘʝʪ ʢʘʢ ʨʝʜʢʘʷ 
ʪʦʯʢʘ ʤʘʩʩʦʚʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ. ʈʘʡʦʥʥʘʷ ʩʧʦʨʪʠʚʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʝʡʩʪʚʫʝʪ ʠʥʘʯʝ: ʦʥʘ ʩʦʙʠʨʘʝʪ 
ʧʦʚʪʦʨʷʝʤʳʝ ʤʘʨʰʨʫʪʳ, ʘ ʠʤʝʥʥʦ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʜʘʸʪ ʝʡ ʨʝʛʝʥʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ. ɾʠʪʝʣʴ ʜʦʣʞʝʥ ʥʝ 
ʧʨʦʩʪʦ ʫʚʠʜʝʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʘ ʨʝʛʫʣʷʨʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʤ. 

ʄʝʥʷʝʪʩʷ ʠ ʚʦʧʨʦʩ ʬʦʨʤʳ. ɺ ʧʦʩʪʢʦʥʬʣʠʢʪʥʦʤ ʛʦʨʦʜʝ ʩʧʦʨʪʠʚʥʳʡ ʦʙʲʝʢʪ ʥʝ ʦʙʷʟʘʥ ʥʘʯʠʥʘʪʴʩʷ 
ʩ ʟʘʢʦʥʯʝʥʥʦʛʦ ʟʜʘʥʠʷ. ɼʦʩʪʘʪʦʯʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʧʦʟʞʝ ʢ ʥʝʡ ʜʦʙʘʚʣʷʶʪʩʷ ʥʘʚʝʩ, 
ʩʘʥʠʪʘʨʥʳʡ ʙʣʦʢ, ʣʸʛʢʘʷ ʦʙʦʣʦʯʢʘ, ʩʢʣʘʜ ʠ ʤʘʣʳʝ ʧʦʤʝʱʝʥʠʷ. ɸʨʭʠʪʝʢʪʫʨʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʮʝʩʩʦʤ. 
ʇʨʦʝʢʪ ʬʠʢʩʠʨʫʝʪ ʥʝ ʬʠʥʘʣʴʥʳʡ ʦʙʨʘʟ, ʘ ʜʦʧʫʩʪʠʤʳʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʩʪʘʜʠʷʤʠ. 
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ʋʙʚʤʡʯʙ 1 
ɹʩʮʡʫʞʣʫʬʩʦʴʞ ʬʩʧʛʦʡ ʪʨʧʩʫʡʛʦʧʢ ʡʦʭʩʙʪʫʩʬʣʫʬʩʴ ʛ ʩʞʜʞʦʞʩʙʯʡʡ ʪʡʩʡʢʪʣʧʜʧ ʜʧʩʧʝʙ 

ʌʩʧʛʞʦʵ ʆʧʪʡʫʞʤʵ ʍʬʦʣʯʡʸ ʋʩʞʚʧʛʙʦʡʸ ʉʡʪʣ 

          I 
ʆʪʢʨʳʪʘʷ ʧʣʦ-
ʱʘʜʢʘ 

ʇʝʨʚʠʯʥʳʡ ʜʦʩʪʫʧ 
ʢ ʠʛʨʝ ʠ ʚʩʪʨʝʯʘʤ 

ʈʘʩʯʠʩʪʢʘ, ʧʦʢʨʳ-
ʪʠʝ, ʪʝʥʴ, ʚʦʜʘ, 
ʦʩʚʝʱʝʥʠʝ 

ɺʨʝʤʝʥʥʦʩʪʴ ʙʝʟ ʦʙʩʣʫ-
ʞʠʚʘʥʠʷ 

         II ʈʘʡʦʥʥʳʡ ʭʘʙ 
ɽʞʝʜʥʝʚʥʘʷ ʧʨʦ-
ʛʨʘʤʤʘ ʨʘʡʦʥʘ 

ɻʠʙʢʠʡ ʟʘʣ, ʩʘʥʠ-
ʪʘʨʥʳʡ ʙʣʦʢ, 
ʩʢʣʘʜ, ʢʨʦʤʢʘ 
ʦʞʠʜʘʥʠʷ 

ʇʝʨʝʛʨʫʟʢʘ ʬʫʥʢʮʠʷʤʠ 

        III ɻʦʨʦʜʩʢʦʡ ʫʟʝʣ 
ʉʦʙʳʪʠʷ ʠ ʤʝʞ-
ʨʘʡʦʥʥʘʷ ʩʚʷʟʴ 

ʊʨʘʥʩʧʦʨʪ, ʠʥʞʝ-
ʥʝʨʠʷ, ʫʧʨʘʚʣʝ-
ʥʠʝ, ʢʫʣʴʪʫʨʥʘʷ 
ʩʦʚʤʝʩʪʠʤʦʩʪʴ 

ʄʦʥʫʤʝʥʪʘʣʴʥʦʩʪʴ ʙʝʟ 
ʩʝʪʠ 

 
ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʣʦʛʠʢʘ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʩʧʦʨʪʠʚʥʦ-ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʢʘʨʢʘʩʘ. 

 

 
ʉʡʪ. 1. ʋʩʹʮʬʩʧʛʦʞʛʙʸ ʥʧʝʞʤʵ ʪʨʧʩʫʡʛʦʧ-ʧʚʲʞʪʫʛʞʦʦʧʜʧ ʣʙʩʣʙʪʙ ʪʡʩʡʢʪʣʧʜʧ ʜʧʩʧʝʙ 
 
ʉʚʷʟʴ ʩ ʞʠʣʴʸʤ ʨʝʰʘʝʪ ʤʥʦʛʦʝ. ɽʩʣʠ ʧʣʦʱʘʜʢʘ ʚʳʧʘʜʘʝʪ ʠʟ ʧʦʚʩʝʜʥʝʚʥʳʭ ʤʘʨʰʨʫʪʦʚ, ʦʥʘ 

ʙʳʩʪʨʦ ʧʫʩʪʝʝʪ. ʐʢʦʣʘ ʜʘʸʪ ʫʪʨʝʥʥʝʝ ʠ ʜʥʝʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ; ʨʳʥʦʢ ʠ ʫʣʠʮʘ ð ʥʘʙʣʶʜʘʝʤʦʩʪʴ. 
ʊʨʘʥʩʧʦʨʪ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʪʦʣʴʢʦ ʥʘ ʪʨʝʪʴʝʤ ʫʨʦʚʥʝ, ʢʦʛʜʘ ʦʙʲʝʢʪ ʦʙʩʣʫʞʠʚʘʝʪ ʫʞʝ ʥʝ 
ʢʚʘʨʪʘʣ, ʘ ʛʦʨʦʜʩʢʫʶ ʩʝʪʴ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʘ ʛʨʘʥʠʮʘ ʩʧʦʨʪʠʚʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʤʠʨʥʦʤ ʛʦʨʦʜʝ ʦʛʨʘʞʜʝʥʠʝ ʯʘʩʪʦ ʯʠʪʘʝʪʩʷ 
ʢʘʢ ʟʘʧʨʝʪ. ʇʦʩʣʝ ʢʦʥʬʣʠʢʪʘ ʦʥʦ ʤʦʞʝʪ ʩʪʘʪʴ ʫʩʣʦʚʠʝʤ ʜʦʚʝʨʠʷ. ʅʦ ʛʣʫʭʘʷ ʩʪʝʥʘ ʫʙʠʚʘʝʪ ʧʫʙʣʠʯʥʦʩʪʴ. 
ʈʘʙʦʪʘʝʪ ʧʦʣʫʧʨʦʥʠʮʘʝʤʘʷ ʢʨʦʤʢʘ: ʥʠʟʢʦʝ ʦʛʨʘʞʜʝʥʠʝ, ʪʝʥʴ, ʩʢʘʤʴʠ, ʚʠʜʠʤʦʩʪʴ ʠʛʨʳ ʠ ʢʦʥʪʨʦʣʠʨʫʝ-
ʤʳʝ ʚʭʦʜʳ. ʊʘʢ ʫʜʝʨʞʠʚʘʝʪʩʷ ʭʨʫʧʢʠʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʦʪʢʨʳʪʦʩʪʴʶ. 

ɻʝʥʜʝʨʥʳʡ ʘʩʧʝʢʪ ʪʦʞʝ ʠʤʝʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʣʦʛʠʢʫ. ɾʝʥʩʢʠʤ ʠ ʜʝʪʩʢʠʤ ʩʮʝʥʘʨʠʷʤ ʥʫʞʥʳ ʥʝ 
ʪʦʣʴʢʦ ʯʘʩʳ ʚ ʨʘʩʧʠʩʘʥʠʠ, ʘ ʙʝʟʦʧʘʩʥʳʡ ʧʦʜʭʦʜ, ʩʘʥʠʪʘʨʥʳʡ ʙʣʦʢ, ʚʠʜʠʤʦʩʪʴ ʠ ʤʝʩʪʦ ʦʞʠʜʘʥʠʷ ʙʝʟ 
ʩʦʮʠʘʣʴʥʦʡ ʫʷʟʚʠʤʦʩʪʠ. ʇʦʵʪʦʤʫ ʤʘʣʳʡ ʭʘʙ ʯʘʩʪʦ ʩʠʣʴʥʝʝ ʘʙʩʪʨʘʢʪʥʦʡ ʦʪʢʨʳʪʦʡ ʧʣʦʱʘʜʢʠ ʪʘʤ, ʛʜʝ 
ʥʦʨʤʳ ʦʛʨʘʥʠʯʠʚʘʶʪ ʩʤʝʰʘʥʥʦʝ ʧʦʣʴʟʦʚʘʥʠʝ. ɸʨʭʠʪʝʢʪʫʨʘ ʥʝ ʩʥʠʤʘʝʪ ʵʪʦʪ ʢʦʥʬʣʠʢʪ ʧʦʣʥʦʩʪʴʶ. ʆʥʘ 
ʟʘʜʘʸʪ ʙʦʣʝʝ ʪʦʥʢʠʝ ʨʝʞʠʤʳ ʜʦʩʪʫʧʘ. 
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ʇʦʩʪʝʧʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʨʘʡʦʥʥʦʛʦ ʭʘʙʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 
 

 
ʉʡʪ. 2. ʍʙʠʡʩʧʛʙʦʡʞ ʩʙʢʧʦʦʧʜʧ ʪʨʧʩʫʡʛʦʧ-ʧʚʲʞʪʫʛʞʦʦʧʜʧ ʮʙʚʙ 

 
ʌʘʟʠʨʦʚʘʥʠʝ ʩʥʠʞʘʝʪ ʨʠʩʢ ʜʦʨʦʛʦʛʦ, ʥʦ ʤʸʨʪʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʂʘʞʜʘʷ ʩʪʘʜʠʷ ʜʦʣʞʥʘ ʠʤʝʪʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ: ʧʝʨʚʘʷ ʚʦʟʚʨʘʱʘʝʪ ʙʝʟʦʧʘʩʥʦʝ ʤʝʩʪʦ, ʚʪʦʨʘʷ ʜʘʸʪ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʢʦʤ-
ʬʦʨʪ, ʪʨʝʪʴʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʨʫʛʣʦʛʦʜʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʯʝʪʚʸʨʪʘʷ ʨʘʩʰʠʨʷʝʪ ʦʙʱʝʩʪʚʝʥʥʫʶ ʧʨʦ-
ʛʨʘʤʤʫ. ʊʘʢʦʡ ʧʦʨʷʜʦʢ ʙʣʠʞʝ ʢ ʨʝʘʣʴʥʦʩʪʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʛʦ ʚʦʟʚʨʘʱʝʥʠʷ 
ʞʠʪʝʣʝʡ. 

ɺ ɸʣʝʧʧʦ ʤʦʜʝʣʴ ʫʤʝʩʪʥʘ ʪʘʤ, ʛʜʝ ʞʠʣʴʸ ʫʞʝ ʯʘʩʪʠʯʥʦ ʟʘʩʝʣʝʥʦ, ʘ ʦʙʱʝʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʚʦʩ-
ʩʪʘʥʦʚʣʝʥʳ ʨʳʚʢʘʤʠ. ɺ ʍʦʤʩʝ ʨʘʡʦʥʥʳʡ ʭʘʙ ʤʦʞʝʪ ʩʚʷʟʘʪʴ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʫʶ ʞʠʣʫʶ ʪʢʘʥʴ ʩ ʣʦ-
ʢʘʣʴʥʳʤʠ ʩʝʨʚʠʩʘʤʠ [3]. ɼʣʷ ɼʘʤʘʩʢʘ ʚʘʞʥʝʝ ʧʣʦʪʥʦʩʪʴ, ʜʝʬʠʮʠʪ ʦʪʢʨʳʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʢʦʥʢʫʨʝʥ-
ʮʠʷ ʟʘ ʟʝʤʣʶ. ʆʛʨʘʥʠʯʝʥʠʝ ʷʩʥʦ: ʤʦʜʝʣʴ ʥʝ ʟʘʤʝʥʷʝʪ ʥʘʪʫʨʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ. ʅʫʞʥʳ ʢʘʨʪʘ ʧʦʚʨʝʞʜʝ-
ʥʠʡ, ʘʥʘʣʠʟ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʪʨʘʥʩʧʦʨʪ, ʢʣʠʤʘʪ, ʩʦʩʪʘʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʤʝʩʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ɹʝʟ ʵʪʦʛʦ 
ʩʧʦʨʪʠʚʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʩʪʘʥʝʪʩʷ ʩʭʝʤʦʡ; ʩ ʵʪʠʤʠ ʜʘʥʥʳʤʠ ð ʩʪʘʥʝʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʛʦʨʦʜʩʢʦʡ 
ʨʝʛʝʥʝʨʘʮʠʠ. 

ʀʙʣʤʷʰʞʦʡʞ 
ɸʨʭʠʪʝʢʪʫʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʧʦʨʪʠʚʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʉʠʨʠʠ ʟʘʚʠʩʠʪ ʥʝ ʦʪ ʤʘʩʰʪʘʙʘ ʦʙʲʝʢʪʘ, 

ʘ ʦʪ ʝʛʦ ʩʚʷʟʠ ʩ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʴʶ. ʕʬʬʝʢʪʠʚʥʝʝ ʨʘʙʦʪʘʝʪ ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ ʩʝʪʴ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ 
ʧʨʦʩʪʨʘʥʩʪʚ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʟʘʧʫʩʢʘʪʴ ʨʘʥʴʰʝ ʢʨʫʧʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. 

ʊʨʸʭʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ ʟʘʜʘʸʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: ʦʪʢʨʳʪʘʷ ʧʣʦʱʘʜʢʘ, ʨʘʡʦʥʥʳʡ ʩʧʦʨʪʠʚʥʦ-
ʦʙʱʝʩʪʚʝʥʥʳʡ ʭʘʙ, ʛʦʨʦʜʩʢʦʡ ʫʟʝʣ. ɻʣʘʚʥʳʝ ʢʨʠʪʝʨʠʠ ð ʧʝʰʘʷ ʜʦʩʪʫʧʥʦʩʪʴ, ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʢʦʤʬʦʨʪ, 
ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ, ʛʠʙʢʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʙʝʨʝʞʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʥʘʩʣʝʜʠʶ. ʊʘʢ ʩʧʦʨʪ ʩʪʘʥʦʚʠʪʩʷ 
ʥʝ ʩʠʤʚʦʣʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʘ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʦʟʚʨʘʱʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʧʦʚʩʝʜʥʝʚʥʦʩʪʠ. 

ʉʣʝʜʫʶʱʠʡ ʰʘʛ ð ʧʝʨʝʭʦʜ ʦʪ ʢʦʥʮʝʧʮʠʠ ʢ ʧʠʣʦʪʥʳʤ ʫʯʘʩʪʢʘʤ. ʅʫʞʥʳ ʘʪʣʘʩ ʩʧʦʨʪʠʚʥʦ-
ʦʙʱʝʩʪʚʝʥʥʳʭ ʤʝʩʪ ɸʣʝʧʧʦ, ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʨʘʡʦʥʦʚ ʍʦʤʩʘ ʠ ɼʘʤʘʩʢʘ, ʦʮʝʥʢʘ ʤʘʣʳʭ 
ʚʤʝʰʘʪʝʣʴʩʪʚ ʧʦʩʣʝ ʟʘʧʫʩʢʘ. ʊʦʣʴʢʦ ʧʦʣʝʚʘʷ ʧʨʦʚʝʨʢʘ ʧʦʢʘʞʝʪ, ʛʜʝ ʩʧʦʨʪʠʚʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʜʝʡʩʪʚʠ-
ʪʝʣʴʥʦ ʨʘʙʦʪʘʝʪ ʢʘʢ ʘʛʝʥʪ ʨʝʛʝʥʝʨʘʮʠʠ, ʘ ʛʜʝ ʦʩʪʘʸʪʩʷ ʢʨʘʩʠʚʳʤ ʦʙʝʱʘʥʠʝʤ. 
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УДК 330 

РАМКИ ДЛЯ БУДУЩЕГО: КАК 
ЭКОАРХИТЕКТУРА ПРЕОБРАЖАЕТ 
СОВРЕМЕННЫЕ МУЗЕИ 

Алсалех Мария 
ʘʩʧʠʨʘʥʪʢʘ 

ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʠʤʝʥʠ ʇʘʪʨʠʩʘ ʃʫʤʫʤʙʳè 
 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʠʩʩʣʝʜʫʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʫʟʝʝʚ ʠʟ ʵʥʝʨʛʦʝʤʢʠʭ ʛʝʨʤʝʪʠʯʥʳʭ ʧʨʦ-
ʩʪʨʘʥʩʪʚ (çʙʝʣʳʭ ʢʫʙʦʚè) ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʩʠʩʪʝʤʳ. ʅʘ ʧʨʠʤʝʨʝ ʟʥʘʢʦʚʳʭ 
ʤʠʨʦʚʳʭ ʧʨʦʝʢʪʦʚ (ʂʘʣʠʬʦʨʥʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʥʘʫʢ, ʎʝʥʪʨ ʄʘʧʫʥʛʫʙʚʝ ʠ ʜʨ.) ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʰʝʩʪʴ 
ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ: ʵʚʦʣʶʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ, ʧʘʩʩʠʚʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʜʠʬ-
ʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʢʣʠʤʘʪʠʯʝʩʢʦʝ ʟʦʥʠʨʦʚʘʥʠʝ, ʠʥʪʝʛʨʘʮʠʷ ʣʦʢʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴ çʟʝʣʝʥʦʛʦè ʧʦʜʭʦʜʘ ʠ ʟʜʘʥʠʝ ʢʘʢ ʧʫʙʣʠʯʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʘʥʠʬʝʩʪ. ɼʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 
ʵʢʦʘʨʭʠʪʝʢʪʫʨʘ ʥʝ ʧʨʦʩʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʫʛʣʝʨʦʜʥʳʡ ʩʣʝʜ, ʥʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʧʝʨʝʦʩʤʳʩʣʷʝʪ ʵʪʠʯʝ-
ʩʢʫʶ ʠ ʩʦʮʠʦʢʫʣʴʪʫʨʥʫʶ ʤʠʩʩʠʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʫʟʝʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʵʢʦʘʨʭʠʪʝʢʪʫʨʘ, ʫʩʪʦʡʯʠʚʦʝ ʤʫʟʝʡʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʘʩʩʠʚʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ 
ʩʠʩʪʝʤʳ, ʢʫʣʴʪʫʨʥʳʝ ʠʥʩʪʠʪʫʮʠʠ, ʟʜʘʥʠʷ ʥʫʣʝʚʦʛʦ ʙʘʣʘʥʩʘ, ʢʨʠʪʠʯʝʩʢʠʡ ʨʝʛʠʦʥʘʣʠʟʤ. 
 

FRAMES FOR THE FUTURE: HOW ECO-ARCHITECTURE IS RESHAPING MODERN MUSEUMS 
 

Alsalekh Maria 
 

Abstract: The article explores the transformation of contemporary museums from energy-intensive, airtight 
environments ("white cubes") into ecologically sustainable architectural systems. Drawing on iconic global 
case studies (such as the California Academy of Sciences and the Mapungubwe Interpretation Centre, among 
others), it analyzes six key dimensions: the evolution of spatial systems, passive building technologies, 
differentiated climate zoning, local community integration, the economic viability of the "green" approach, and 
the building as a public ecological manifesto. The analysis demonstrates that eco-architecture does not merely 
minimize the carbon footprint; it fundamentally reframes the ethical and socio-cultural mission of the modern 
museum. 
Key words: eco-architecture; sustainable museum design; passive building systems; cultural institutions; 
zero-balance buildings; regional architecture. 

 
1. ɻʛʞʝʞʦʡʞ 
ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʫʟʝʡʥʳʝ ʟʜʘʥʠʷ ʠʩʪʦʨʠʯʝʩʢʠ ʷʚʣʷʣʠʩʴ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʵʥʝʨʛʦʝʤʢʠʭ ʦʙʲʝʢʪʦʚ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʟ-ʟʘ ʞʝʩʪʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʠʢʨʦʢʣʠʤʘʪʫ, ʦʩʚʝʱʝʥʠʶ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʬʦʥ-
ʜʦʚ. ʇʝʨʝʭʦʜ ʢ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ çʟʝʣʝʥʳʤè ʩʪʘʥʜʘʨʪʘʤ ʚ ʢʫʣʴʪʫʨʥʦʤ ʩʝʢʪʦʨʝ ʟʥʘʤʝʥʫʝʪ ʩʦʙʦʡ ʥʝ 
ʧʨʦʩʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʥʦʚʣʝʥʠʝ, ʘ ʢʦʨʝʥʥʫʶ ʧʝʨʝʦʨʠʝʥʪʘʮʠʶ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ [1]. 

ʕʢʦʘʨʭʠʪʝʢʪʫʨʘ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʧʨʠʥʮʠʧʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 
ʠʟʦʙʨʝʪʘʪʝʣʴʥʦʩʪʠ, ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʩʦʚʨʝʤʝʥʥʫʶ ʤʫʟʝʡʥʫʶ ʧʨʘʢʪʠʢʫ. ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʩʠʩʪʝʤʘʪʠ-
ʟʠʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʠʟʤʝʨʝʥʠʷ ʵʪʦʛʦ ʩʜʚʠʛʘ (ʦʪ ʧʘʩʩʠʚʥʦʛʦ ʢʣʠʤʘʪ-ʢʦʥʪʨʦʣʷ ʜʦ ʩʦʮʠʘʣʴʥʦ-
ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ) ʠ ʧʨʦʩʣʝʜʠʪʴ, ʢʘʢ ʵʢʦʣʦʛʠʟʘʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʳʰʣʝʥʠʷ ʤʝʥʷʝʪ ʤʠʩ-
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ʩʠʶ ʢʫʣʴʪʫʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ. 
2. ʇʫ ʚʞʤʧʜʧ ʣʬʚʙ ʣ ʟʡʛʧʢ ʪʡʪʫʞʥʞ 
ʄʦʜʝʨʥʠʩʪʩʢʘʷ ʧʘʨʘʜʠʛʤʘ çʙʝʣʦʛʦ ʢʫʙʘè (ʛʝʨʤʝʪʠʯʥʘʷ ʩʨʝʜʘ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʩʚʝʪ, ʠʟʦʣʷʮʠʷ ʦʪ 

ʚʥʝʰʥʝʛʦ ʢʦʥʪʝʢʩʪʘ) ʪʨʝʙʦʚʘʣʘ ʢʦʣʦʩʩʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʕʢʦʘʨʭʠʪʝʢʪʫʨʘ ʤʝʥʷʝʪ ʚʝʢʪʦʨ: ʟʜʘʥʠʝ ʤʫʟʝʷ 
ʤʘʥʠʬʝʩʪʠʨʫʝʪ ʩʝʙʷ ʢʘʢ ʦʪʢʨʳʪʘʷ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʘʷ ʵʢʦʩʠʩʪʝʤʘ. 

¶ ʂʘʣʠʬʦʨʥʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʥʘʫʢ (ʘʨʭ. ʈ. ʇʴʷʥʦ, 2008 ʛ.): ʞʠʚʘʷ ʢʨʦʚʣʷ ʧʣʦʱʘʜʴʶ 2,5 ʘʢʨʘ ʚʳ-
ʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʪʝʨʤʦʠʟʦʣʷʮʠʠ, ʨʝʛʫʣʷʪʦʨʘ ʣʠʚʥʝʚʳʭ ʩʪʦʢʦʚ ʠ ʣʦʢʘʣʴʥʦʛʦ ʙʠʦʢʦʨʠʜʦʨʘ [2]. ɻʨʘʥʠʮʘ 
ʤʝʞʜʫ ʵʢʩʧʦʥʠʨʫʝʤʦʡ ʧʨʠʨʦʜʦʡ ʠ ʦʙʦʣʦʯʢʦʡ ʟʜʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʥʠʚʝʣʠʨʫʝʪʩʷ. 

¶ ʄʫʟʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ɸʬʨʠʢʠ ɿʝʡʮʘ (Zeitz MOCAA) (ʘʨʭ. ʊ. ʍʝʟʝʨʚʠʢ, 2017 ʛ.): ʨʝʚʠʪʘ-
ʣʠʟʘʮʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʝʨʥʦʭʨʘʥʠʣʠʱʘ. ʊʝʧʣʦʚʘʷ ʤʘʩʩʘ ʤʘʩʩʠʚʥʳʭ ʙʝʪʦʥʥʳʭ ʩʪʝʥ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʩʪʘʙʠʣʠʟʘʮʠʶ ʚʥʫʪʨʝʥʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʜʝʤʦʥ-
ʩʪʨʠʨʫʷ ʧʨʠʥʮʠʧ çʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʢ ʩʪʨʫʢʪʫʨʳè. 

3. ʁʦʟʞʦʞʩʡʸ ʪʧʛʞʪʫʡ: ʨʙʪʪʡʛʦʴʞ ʫʞʮʦʧʤʧʜʡʡ ʡ ʥʙʫʞʩʡʙʤʵʦʴʢ ʛʴʚʧʩ 
ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʵʢʦ-ʤʫʟʝʠ ʨʘʙʦʪʘʶʪ ʚ ʩʠʥʝʨʛʠʠ ʩ ʣʦʢʘʣʴʥʳʤ ʢʣʠʤʘʪʦʤ: 
1. ʂʫʣʴʪʫʨʥʳʡ ʮʝʥʪʨ ʊʞʠʙʘʦ (ʘʨʭ. ʈ. ʇʴʷʥʦ, 1998 ʛ.): ʜʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʤʠʪʠʨʫʶʱʠʝ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʭʠʞʠʥʳ ʢʘʥʘʢʦʚ, ʥʘʧʨʘʚʣʷʶʪ ʧʘʩʩʘʪʳ ʚʥʫʪʨʴ ʧʦʤʝʱʝʥʠʡ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʨʝʛʫʣʠʨʫʝʤʳʝ 
ʨʝʙʨʘ ʩʣʫʞʘʪ ʩʠʩʪʝʤʦʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ. 

2. ʎʝʥʪʨ ʇʦʤʧʠʜʫ-ʄʝʮ (ʘʨʭ. ʐ. ɹʘʥ, 2010 ʛ.): ʧʣʝʪʝʥʘʷ ʜʝʨʝʚʷʥʥʘʷ ʢʨʦʚʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʩʪʝ-
ʩʪʚʝʥʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʚʦʟʜʫʭʘ ʠ ʜʠʬʬʫʟʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʠʥʩʦʣʷʮʠʦʥʥʳʡ ʧʝʨʝʛʨʝʚ ʟʘʣʦʚ. 

4. ʈʙʩʙʝʧʣʪ ʪʧʮʩʙʦʦʧʪʫʡ 
ɼʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʩʪʨʦʛʠʝ ʢʦʥʩʝʨʚʘʮʠʦʥʥʳʝ ʩʪʘʥʜʘʨʪʳ (18ï21 ÁC, ʚʣʘʞʥʦʩʪʴ 45ï55%) 

ʥʝʩʦʚʤʝʩʪʠʤʳ ʩ ʵʢʦʣʦʛʠʟʘʮʠʝʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʝʚʝʥ-
ʪʠʚʥʦʡ ʢʦʥʩʝʨʚʘʮʠʠ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʢʩʧʦʥʘʪʳ ʩʧʦʩʦʙʥʳ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦ-
ʥʘʤ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʫʩʣʦʚʠʠ ʧʣʘʚʥʦʩʪʠ ʠʭ ʠʟʤʝʥʝʥʠʡ [3]. 

ʋʩʧʝʰʥʳʤ ʧʨʠʤʝʨʦʤ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʩʪʘʣʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʍʫʜʦʞʝʩʪʚʝʥʥʦʡ ʛʘʣʝʨʝʠ 
ʁʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (2012 ʛ., ʩʝʨʪʠʬʠʢʘʪ LEED Gold). ɹʳʣʦ ʚʥʝʜʨʝʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʢʣʠ-
ʤʘʪʠʯʝʩʢʦʝ ʟʦʥʠʨʦʚʘʥʠʝ: ʪʨʘʥʟʠʪʥʳʝ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʝ ʟʦʥʳ ʚʝʥʪʠʣʠʨʫʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦ, ʘ ʧʨʝʮʠʟʠʦʥ-
ʥʳʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʩʦʭʨʘʥʝʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʭʨʘʥʠʣʠʱ ʠ ʫʷʟʚʠʤʳʭ ʢʦʣʣʝʢʮʠʡ. ʕʪʦ 
ʩʥʠʟʠʣʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʟʜʘʥʠʷ ʥʘ ʪʨʝʪʴ. ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʵʢʦ-ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ 
ʥʘʧʨʷʤʫʶ ʩʦʚʧʘʜʘʝʪ ʩ ʤʠʩʩʠʝʡ ʩʦʭʨʘʥʝʥʠʷ ʬʦʥʜʦʚ. 

5. ʅʞʪʫʧ, ʪʧʧʚʲʞʪʫʛʧ ʡ ʬʣʧʩʞʦʹʦʦʴʢ ʥʬʠʞʢ 
ʀʥʪʝʛʨʘʮʠʷ ʢʦʥʮʝʧʮʠʠ çʢʨʠʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘʣʠʟʤʘè ʧʦʟʚʦʣʷʝʪ ʤʫʟʝʷʤ ʫʢʦʨʝʥʷʪʴʩʷ ʚ ʣʦʢʘʣʴʥʦʤ 

ʩʦʮʠʘʣʴʥʦʤ ʢʦʥʪʝʢʩʪʝ [4]. ʀʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʡ ʮʝʥʪʨ ʄʘʧʫʥʛʫʙʚʝ ʚ ʖɸʈ (ʘʨʭ. Peter Rich Architects, 
2010 ʛ.) ʚʦʟʚʝʜʝʥ ʤʝʩʪʥʳʤʠ ʨʘʙʦʯʠʤʠ ʠʟ ʣʦʢʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʯʝʨʝʧʠʯ-
ʥʳʭ ʩʚʦʜʦʚ [5]. ʆʙʲʝʢʪ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʠ ʪʝʧʣʦʚʦʡ ʤʘʩʩʳ ʛʨʫʥʪʘ, ʨʝ-
ʰʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʟʘʜʘʯʠ ʨʝʛʠʦʥʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʦʧʨʦʚʝʨʛʘʶʪ ʪʝʟʠʩ ʦ ʜʦʨʦʛʦʚʠʟʥʝ ʵʢʦʩʪʨʦʠʪʝʣʴʩʪʚʘ: 
- ʆʢʫʧʘʝʤʦʩʪʴ: ʩʥʠʞʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ (ʥʘ ʧʨʠʤʝʨʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʤʫʟʝʷ ɸʚʩʪʨʘʣʠʠ) 

ʦʢʫʧʘʝʪ ʩʪʘʨʪʦʚʳʝ çʟʝʣʝʥʳʝè ʠʥʚʝʩʪʠʮʠʠ ʚ 10-ʣʝʪʥʝʡ ʧʝʨʩʧʝʢʪʠʚʝ. 
- ʉʥʠʞʝʥʠʝ ʨʠʩʢʦʚ: ʩʪʨʘʭʦʚʳʝ ʢʦʤʧʘʥʠʠ ʦʧʪʠʤʠʟʠʨʫʶʪ ʚʟʥʦʩʳ ʜʣʷ ʟʜʘʥʠʡ, ʟʘʱʠʱʝʥʥʳʭ ʦʪ ʢʣʠ-

ʤʘʪʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʧʘʩʩʠʚʥʳʤʠ ʠʥʞʝʥʝʨʥʳʤʠ ʤʝʪʦʜʘʤʠ. 
- ʀʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ ʤʘʥʠʬʝʩʪ: ʤʫʟʝʡ ʕʢʩʧʣʦʨʘʪʦʨʠʫʤ ʚ ʉʘʥ-ʌʨʘʥʮʠʩʢʦ ʚʳʥʝʩ ʩʚʦʠ ʠʥʞʝʥʝʨ-

ʥʳʝ ʵʢʦʩʠʩʪʝʤʳ (ʤʦʥʠʪʦʨʠʥʛ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ, ʦʯʠʩʪʢʫ ʚʦʜʳ) ʚ ʵʢʩʧʦʟʠʮʠʦʥʥʫʶ ʟʦʥʫ, ʧʨʝʚʨʘʪʠʚ ʩʘʤʦ 
ʟʜʘʥʠʝ ʚ ʠʥʩʪʨʫʤʝʥʪ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʩʚʝʱʝʥʠʷ. 

6. ʀʙʣʤʷʰʞʦʡʞ 
ɽʩʣʠ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʫʟʝʡʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʫʪʚʝʨʞʜʘʣʘ ʘʚʪʦʥʦʤʠʶ ʠʩʢʫʩʩʪʚʘ ʠʣʠ ʘʚʪʦʨʠʪʝʪ ʛʦʩʫ-

ʜʘʨʩʪʚʘ, ʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʵʢʦʤʫʟʝʡ ʧʨʦʚʦʟʛʣʘʰʘʝʪ ʥʝʜʝʣʠʤʦʩʪʴ ʢʫʣʴʪʫʨʳ ʠ ʵʢʦʣʦʛʠʠ. ɿʜʘʥʠʷ, ʧʨʦʝʢʪʠ-
ʨʫʝʤʳʝ ʚ ʩʠʥʝʨʛʠʠ ʩ ʣʦʢʘʣʴʥʳʤ ʢʣʠʤʘʪʦʤ, ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʩʦʦʙʱʝʩʪʚʘʤʠ, ʧʝʨʝʥʦʩʷʪ ʘʢʮʝʥʪ ʩ ʜʝʩʪʨʫʢ-
ʪʠʚʥʦʛʦ ʨʝʩʫʨʩʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʵʪʠʯʝʩʢʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ. ʕʢʦʘʨʭʠʪʝʢʪʫʨʘ ʤʫʟʝʝʚ XXI ʚʝʢʘ ʬʦʨʤʠʨʫ-
ʝʪ ʫʩʪʦʡʯʠʚʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠ ʮʝʥʥʦʩʪʥʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. 
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КОМПЛЕКСНЫЙ ПОДХОД К МОДЕРНИЗАЦИИ 
МНОГОЭТАЖНОЙ ЖИЛОЙ ЗАСТРОЙКИ 
ПРИБРЕЖНЫХ ЗОН (НА ПРИМЕРЕ ГОРОДОВ 
СИРИЙСКОГО ПОБЕРЕЖЬЯ) 

Альхури Диала 
ʘʩʧʠʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʠʤʝʥʠ ʇʘʪʨʠʩʘ ʃʫʤʫʤʙʳè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʍʘʣʠʣʴ ʀʚʘʥ 
ʢʘʥʜʠʜʘʪ ʘʨʭʠʪʝʢʪʫʨʳ, ɼʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʠʤʝʥʠ ʇʘʪʨʠʩʘ ʃʫʤʫʤʙʳè 
 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʥʦʛʦʵʪʘʞʥʦʡ 
ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ ʚ ʧʨʠʙʨʝʞʥʳʭ ʛʦʨʦʜʘʭ ʉʠʨʠʠ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʛʨʘʜʦ-
ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʘʣʘʥʩʘ 
ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʞʠʣʴʝ. ʇʨʝʜʣʦʞʝʥʘ ʯʝʪʳʨʸʭʵʪʘʧʥʘʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ 
ʩʦʩʪʦʷʥʠʷ ʟʘʩʪʨʦʡʢʠ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʯʝʪʳʨʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʠʥʮʠʧʘ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ ʜʣʷ 
ʚʣʘʞʥʦʡ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʦʚ ʨʝʢʦʥʩʪʨʫʢ-
ʮʠʠ ʞʠʣʳʭ ʢʚʘʨʪʘʣʦʚ ʚ ʛʦʨʦʜʘʭ ʃʘʪʘʢʠʷ, ʊʘʨʪʫʩ, ɼʞʘʙʣʘ ʠ ɹʘʥʷʩ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ. ʤʦʜʝʨʥʠʟʘʮʠʷ, ʤʥʦʛʦʵʪʘʞʥʘʷ ʞʠʣʘʷ ʟʘʩʪʨʦʡʢʘ, ʧʨʠʙʨʝʞʥʳʝ ʟʦʥʳ, ʪʝʦʨʝʪʠʯʝʩʢʘʷ 
ʤʦʜʝʣʴ, ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ, ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʘʜʘʧʪʘʮʠʷ, ʉʠʨʠʷ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

 
AN INTEGRATED APPROACH TO THE MODERNIZATION OF MULTI-STOREY RESIDENTIAL 

BUILDINGS IN COASTAL AREAS (USING THE EXAMPLE OF CITIES ON THE SYRIAN COAST) 
 

Alkhoury Diala 
 

Scientific adviser: Khalil Ivan  
 
Abstract. The article presents an integrated approach to the architectural modernization of multi-storey 
residential buildings in coastal cities of Syria. Based on the analysis of natural and climatic, urban planning 
and socio-demographic factors, a theoretical model of the balance of territorial potential and housing needs 
has been developed. A four-stage methodology for assessing the condition of buildings is proposed. Four 
architectural principles of climatic adaptation for the humid coastal zone are formulated. The results can be 
used in the development of residential reconstruction projects in the cities of Latakia, Tartus, Jabla and 
Banyas.  
Keywords. modernization, multi-storey residential buildings, coastal zones, theoretical model, assessment 
methodology, climate adaptation, Syria, energy efficiency. 
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ɻʛʞʝʞʦʡʞ. 
ʇʨʠʙʨʝʞʥʳʝ ʛʦʨʦʜʘ ʉʠʨʠʠ ð ʃʘʪʘʢʠʷ, ʊʘʨʪʫʩ, ɼʞʘʙʣʘ, ɹʘʥʠʷʩ ð ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤ ʩʨʝʜʠ-

ʟʝʤʥʦʤʦʨʩʢʠʤ ʢʣʠʤʘʪʦʤ, ʢʦʪʦʨʳʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʝʢʦʚ ʬʦʨʤʠʨʦʚʘʣ ʦʩʦʙʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʪʨʘʜʠ-
ʮʠʠ [15]. ʆʜʥʘʢʦ ʚ XXïXXI ʚʝʢʘʭ ʧʦʜ ʚʣʠʷʥʠʝʤ ʫʩʢʦʨʝʥʥʦʡ ʫʨʙʘʥʠʟʘʮʠʠ, ʚʥʝʜʨʝʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʦʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʧʨʦʠʟʦʰʣʘ ʜʝʛʨʘʜʘʮʠʷ ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʝʡʩʷ ʛʦʨʦʜʩʢʦʡ ʪʢʘʥʠ. 
ʊʨʘʜʠʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ (ʚʥʫʪʨʝʥʥʠʝ ʜʚʦʨʳ, ʘʨʢʘʜʳ, ʣʦʜʞʠʠ, ʤʘʰʨʘʙʠʠ) 
ʙʳʣʠ ʫʪʨʘʯʝʥʳ, ʘ ʩʦʚʨʝʤʝʥʥʳʝ ʤʥʦʛʦʵʪʘʞʥʳʝ ʟʜʘʥʠʷ ʩʪʨʦʷʪʩʷ ʙʝʟ ʫʯʸʪʘ ʚʝʪʨʦʚʦʛʦ, ʩʦʣʥʝʯʥʦʛʦ ʠ 
ʚʣʘʞʥʦʩʪʥʦʛʦ ʨʝʞʠʤʦʚ [4]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʞʠ-
ʣʦʛʦ ʬʦʥʜʘ ʧʨʠʙʨʝʞʥʳʭ ʛʦʨʦʜʦʚ ʧʦʩʣʝ ʨʘʟʨʫʰʠʪʝʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 2023 ʛʦʜʘ ʠ ʤʥʦʛʦʣʝʪʥʝʛʦ ʚʦ-
ʦʨʫʞʸʥʥʦʛʦ ʢʦʥʬʣʠʢʪʘ. ʆʪʩʫʪʩʪʚʠʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʬʨʘʛ-
ʤʝʥʪʘʨʥʳʤ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʦʙʦʩʥʦʚʘʥʥʳʤ ʨʝʰʝʥʠʷʤ [6]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ð ʧʨʝʜʩʪʘʚʠʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, 
ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʠʥʮʠʧʳ ʘʜʘʧʪʘʮʠʠ ʤʥʦʛʦʵʪʘʞʥʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ ʢ ʫʩʣʦʚʠʷʤ 
ʚʣʘʞʥʦʛʦ ʧʨʠʙʨʝʞʥʦʛʦ ʢʣʠʤʘʪʘ. ʅʞʫʧʝʧʤʧʜʡʸ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ, ʠʥʪʝʛʨʠʨʫʶʱʠʡ ʪʨʠ ʚʟʘʠ-
ʤʦʩʚʷʟʘʥʥʳʭ ʫʨʦʚʥʷ ʘʥʘʣʠʟʘ: ʩʦʮʠʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʨʦʩ ʥʘ ʞʠʣʴʸ, ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ 
ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ [5]. ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʪʠʧʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʢʣʘ-
ʩʪʝʨʠʟʘʮʠʠ, ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʮʝʥʢʠ (AHP), ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ [14, 12]. 

ʅʠʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʣʘʛʘʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ. 
1. ʋʞʧʩʞʫʡʰʞʪʣʙʸ ʥʧʝʞʤʵ ʚʙʤʙʦʪʙ ʥʞʟʝʬ ʫʞʩʩʡʫʧʩʡʙʤʵʦʴʥ ʨʧʫʞʦʯʡʙʤʧʥ ʡ ʨʧʫʩʞʚʦʧʪʫʵʷ 

ʦʙʪʞʤʞʦʡʸ ʛ ʟʡʤʵʞ 
ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʪʝʨʨʠʪʦʨʠʠ 

ʧʨʠʙʨʝʞʥʳʭ ʛʦʨʦʜʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ, ʠ ʢʘʢʦʡ ʦʙʲʸʤ ʞʠ-
ʣʦʡ ʧʣʦʱʘʜʠ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʨʦʩʘ ʩ ʫʯʸʪʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʛʨʘ-
ʥʠʯʝʥʠʡ [7]. 

ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʙʣʦʢʦʚ. 
ɹʣʦʢ 1 ï ʦʮʝʥʢʘ ʬʘʢʪʠʯʝʩʢʦʛʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (Sʬʘʢʪ): 

 
ʛʜʝ: 

- Sj - ʧʣʦʱʘʜʴ j-ʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ; 

- Tj ð ʪʠʧ ʪʝʢʫʱʝʡ ʟʘʩʪʨʦʡʢʠ (ʤʘʣʦʵʪʘʞʥʘʷ, ʤʥʦʛʦʵʪʘʞʥʘʷ, ʧʨʦʤʳʰʣʝʥʥʘʷ, ʨʝʢʨʝʘʮʠʦʥʥʘʷ); 

- ɟj ð ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʫʯʘʩʪʢʘ (ʯʝʣ/ʛʘ); 

- Kʢʣʠʤ,j ð ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʦʪʨʘʞʘʶʱʠʡ ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʫʯʘʩʪʢʘ ʤʦʨʩʢʠʤ 
ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʦʪ 0 ʜʦ 1) [2, 12]. 

ɼʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʯʠʪʳʚʘʝʪ ʚʝʪʨʦʚʫʶ ʥʘʛʨʫʟʢʫ, ʨʠʩʢ ʟʘʪʦʧʣʝʥʠʷ, ʢʦʨʨʦʟʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 
ʩʦʣʸʥʳʭ ʘʵʨʦʟʦʣʝʡ ʠ ʫʨʦʚʝʥʴ ʠʥʩʦʣʷʮʠʠ. ɼʣʷ ʩʠʨʠʡʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʟʥʘʯʝʥʠʷ K ʢʣʠʤ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 
0,3 (ʜʣʷ ʦʪʢʨʳʪʳʭ ʤʳʩʦʚ ʩ ʚʳʩʦʢʦʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʦʡ) ʜʦ 0,9 (ʜʣʷ ʟʘʱʠʱʸʥʥʳʭ ʙʫʭʪ) [15]. 

ɹʣʦʢ 2 ï ʨʘʩʯʸʪ ʪʨʝʙʫʝʤʦʡ ʞʠʣʦʡ ʧʣʦʱʘʜʠ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ (Sʪʨʝʙ): 

 
ʛʜʝ: 

- N ð ʦʙʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʘʡʦʥʝ; 

- k1 ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʣʠ ʥʘʩʝʣʝʥʠʷ, ʥʫʞʜʘʶʱʝʛʦʩʷ ʚ ʥʦʚʦʤ ʠʣʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʤ ʞʠʣʴʝ 
(0,30ï0,45 [15]); 
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- k2 ð ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʨʨʝʢʪʦʨ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʦʟʨʘʩʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʤʠʛʨʘʮʠʦʥʥʳʝ ʧʦ-
ʪʦʢʠ (ʜʣʷ ʃʘʪʘʢʠʠ ʠ ʊʘʨʪʫʩʘ k2 =1,15ï1,25 ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʜʦʣʠ ʤʦʣʦʜʸʞʠ ʠ ʚʥʫʪʨʝʥʥʝʡ ʤʠʛʨʘʮʠʠ) [2]; 

- p ð ʥʦʨʤʘʪʠʚ ʞʠʣʦʡ ʧʣʦʱʘʜʠ ʥʘ ʦʜʥʦʛʦ ʯʝʣʦʚʝʢʘ (35 ʤĮ/ʯʝʣ. ʧʦ ʩʠʨʠʡʩʢʠʤ ʥʦʨʤʘʤ, 45 
ʤĮ/ʯʝʣ. ʜʣʷ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʢʦʤʬʦʨʪʫ) [5]. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʦʜʝʣʠ. ʇʨʝʜʣʦʞʝʥʳ ʜʚʘ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ 
ʧʦʜʭʦʜʘ: ʪʠʧʦʣʦʛʠʯʝʩʢʘʷ ʣʦʢʘʣʠʟʘʮʠʷ (ʚʳʷʚʣʝʥʠʝ ʨʝʟʝʨʚʥʳʭ ʟʦʥ ʧʫʪʸʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʯʘʩʪʢʦʚ ʧʦ 
ʪʠʧʘʤ ʟʘʩʪʨʦʡʢʠ ʠ ʧʣʦʪʥʦʩʪʠ) ʠ ʧʨʦʛʥʦʟʥʦ-ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ (ʧʦʩʪʨʦʝʥʠʝ ʩʮʝʥʘʨʠʝʚ ʨʝʥʦ-
ʚʘʮʠʠ ʩ ʫʯʸʪʦʤ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʦʚ) [8, 5]. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʛʦʨʦʜʘ ʊʘʨʪʫʩ ʨʘʩʯʸʪʳ ʧʦʢʘʟʳʚʘʶʪ: ʧʨʠ N ð 458000 ʯʝʣ., k1ï0,35, k2ï1,2, p 
=45 ʤĮ/ʯʝʣ., ʪʨʝʙʫʝʤʘʷ ʧʣʦʱʘʜʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ Sʪʨʝʙ å865 000 ʤĮ. ʉʨʘʚʥʝʥʠʝ ʩ Sʬʘʢʪ 
(ʦʢʦʣʦ 720 000 ʤĮ) ʚʳʷʚʣʷʝʪ ʜʝʬʠʮʠʪ ʚ 145 000 ʤĮ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʢʦʤʧʝʥʩʠʨʦʚʘʥ ʟʘ ʩʯʸʪ ʨʝʢʦʥ-
ʩʪʨʫʢʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥ ʚʪʦʨʦʛʦ ʵʰʝʣʦʥʘ (Kʢʣʠʤ ï0,6ī0,7). 

2. ʃʧʥʨʤʞʣʪʦʙʸ ʥʞʫʧʝʡʣʙ ʧʯʞʦʣʡ ʪʧʪʫʧʸʦʡʸ ʟʡʤʧʢ ʠʙʪʫʩʧʢʣʡ ʨʞʩʞʝ ʥʧʝʞʩʦʡʠʙʯʡʞʢ 
ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥʘ ʯʝʪʳʨʸʭʵʪʘʧʥʘʷ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʠʩʪʝʤ-

ʥʦ ʦʮʝʥʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʥʦʛʦʵʪʘʞʥʳʝ ʞʠʣʳʝ ʟʜʘʥʠʷ ʠ ʦʙʦʩʥʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʤʦʜʝʨʥʠʟʘ-
ʮʠʠ. ʄʝʪʦʜʠʢʘ ʚʢʣʶʯʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʵʪʘʧʳ [1, 12]. 

ʕʪʘʧ 1 ï ʩʙʦʨ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʜʘʥʥʳʭ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ: ʜʦʢʫʤʝʥʪʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʦʜʘ (ʛʝ-
ʥʝʨʘʣʴʥʳʝ ʧʣʘʥʳ, ʧʨʘʚʠʣʘ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ); ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʘʷ ʩʠʪʫʘʮʠʷ (ʩʪʨʫʢʪʫʨʘ ʟʘʩʪʨʦʡʢʠ, 
ʩʚʷʟʴ ʩ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʝʡ); ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʚʝʪʨʦʚʦʡ, ʩʦʣʥʝʯʥʳʡ, ʚʣʘʞʥʦʩʪʥʳʡ ʨʝ-
ʞʠʤʳ) [6]; ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʯʠʩʣʝʥʥʦʩʪʴ, ʚʦʟʨʘʩʪʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʤʠʛʨʘʮʠʷ). ɼʣʷ ʩʠʨʠʡʩʢʦ-
ʛʦ ʧʦʙʝʨʝʞʴʷ ʭʘʨʘʢʪʝʨʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 65ï80% ʣʝʪʦʤ ʠ ʧʨʝʦʙʣʘʜʘʥʠʝ ʶʛʦ-ʟʘʧʘʜʥʳʭ ʚʝʪ-
ʨʦʚ [13]. 

ʕʪʘʧ 2 ï ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʪʝʨʨʠʪʦʨʠʡ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ. ɺʳʧʦʣʥʷʝʪʩʷ ʦʮʝʥʢʘ ʬʘʢʪʠʯʝʩʢʦ-
ʛʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʫʧʣʦʪʥʝʥʠʝ, ʯʘʩʪʠʯʥʳʡ ʩʥʦʩ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩ ʥʘʜʩʪʨʦʡʢʦʡ) ʠ ʨʘʩʯʸʪ 
ʪʨʝʙʫʝʤʦʡ ʞʠʣʦʡ ʧʣʦʱʘʜʠ ʧʦ ʬʦʨʤʫʣʘʤ, ʧʨʠʚʝʜʸʥʥʳʤ ʚʳʰʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʢʘʟʘ-
ʪʝʣʴ, ʚʣʠʷʶʱʠʡ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʧʝʨʝʭʦʜʥʳʭ (çʙʫʬʝʨʥʳʭè) ʧʨʦʩʪʨʘʥʩʪʚ ð ʧʦʣʫʦʪʢʨʳʪʳʭ ʛʘʣʝʨʝʡ, 
ʣʦʜʞʠʡ, ʟʘʪʝʥʸʥʥʳʭ ʙʘʣʢʦʥʦʚ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ ʧʨʠʙʨʝʞʥʳʭ ʟʜʘ-
ʥʠʡ [8]. 

ʕʪʘʧ 3 ï ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʧʦ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. ɺʢʣʶʯʘʝʪ ʪʨʠ ʥʘʧʨʘʚʣʝʥʠʷ: 

- ʆʮʝʥʢʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʘʜʘʧʪʘʮʠʠ ʢ ʢʣʠʤʘʪʫ ð ʘʥʘʣʠʟ ʪʝʧʣʦʟʘʱʠʪʳ ʦʛʨʘʞʜʘʶʱʠʭ 
ʢʦʥʩʪʨʫʢʮʠʡ, ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ. ɼʣʷ ʪʠʧʠʯʥʦʛʦ ʧʘʥʝʣʴʥʦʛʦ ʟʜʘʥʠʷ 1980-ʭ ʛʛ. ʢʦ-
ʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʩʪʝʥ ʜʦʩʪʠʛʘʝʪ 5,88 ɺʪ/(ʤĮĿʂ), ʯʪʦ ʚ 5ï6 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʥʦʨ-
ʤʘʪʠʚʳ [11]. 

- ʆʮʝʥʢʘ ʧʘʩʩʠʚʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ ð ʥʘʣʠʯʠʝ ʦʨʠʝʥʪʘʮʠʠ ʧʦ ʨʦʟʝ ʚʝʪʨʦʚ, ʩʦʣʥʮʝ-
ʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʞʘʣʶʟʠ, ʤʘʰʨʘʙʠʠ), ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ (ʘʪʨʠʫʤʳ, ʚʝʪʨʦʫʣʦʚʠʪʝʣʠ) [10, 
15]. ɸʥʘʣʠʟ 45 ʞʠʣʳʭ ʟʜʘʥʠʡ ʚ ʊʘʨʪʫʩʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʦʣʴʢʦ 12% ʠʤʝʶʪ ʵʬʬʝʢʪʠʚʥʫʶ ʝʩʪʝʩʪʚʝʥʥʫʶ 
ʚʝʥʪʠʣʷʮʠʶ. 

- ʆʮʝʥʢʘ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ð ʵʪʘʞʥʦʩʪʴ, ʩʝʢʮʠʦʥʥʦʩʪʴ, ʛʣʫʙʠʥʘ 
ʢʦʨʧʫʩʘ, ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʣʘʥʠʨʦʚʦʢ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ [8]. 

ʕʪʘʧ 4 ï ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʤʝʨʦʧʨʠʷʪʠʡ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʫʨʦʚʥʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 
ʚʤʝʰʘʪʝʣʴʩʪʚʘ (ʤʠʥʠʤʘʣʴʥʳʡ, ʩʨʝʜʥʠʡ, ʢʘʧʠʪʘʣʴʥʳʡ, ʧʦʣʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ). ɼʣʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ 
ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʪʨʠʮʘ ʨʝʰʝʥʠʡ: ʟʘʤʝʥʘ ʦʢʦʥ, ʫʪʝʧʣʝʥʠʝ ʬʘʩʘʜʦʚ, ʫʩʪʨʦʡʩʪʚʦ ʚʥʝʰʥʠʭ ʩʦʣʥʮʝʟʘʱʠʪ-
ʥʳʭ ʵʢʨʘʥʦʚ, ʥʘʜʩʪʨʦʡʢʘ ʵʪʘʞʝʡ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʝʩʫʱʝʛʦ ʢʘʨʢʘʩʘ [9, 11]. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʢ ʪʨʸʤ ʪʠʧʦʚʳʤ ʦʙʲʝʢʪʘʤ ʚ ʊʘʨʪʫʩʝ (ʧʘʥʝʣʴʥʦʝ ʟʜʘʥʠʝ 1980-ʭ, ʙʣʦʯʥʦʝ 
1990-ʭ, ʤʦʥʦʣʠʪʥʦʝ 2000-ʭ ʛʛ.) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʧʦʪʝʥʮʠʘʣ ʤʦʜʝʨʥʠʟʘʮʠʠ (ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦ-
ʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 40ï55%) ʠʤʝʶʪ ʟʜʘʥʠʷ ʧʝʨʚʳʭ ʜʚʫʭ ʪʠʧʦʚ ʧʨʠ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ ʚʤʝʰʘʪʝʣʴʩʪʚʘ [4]. 

3. ɹʩʮʡʫʞʣʫʬʩʦʴʞ ʨʩʡʦʯʡʨʴ ʣʤʡʥʙʫʡʰʞʪʣʧʢ ʙʝʙʨʫʙʯʡʡ ʝʤʸ ʛʤʙʟʦʧʢ ʨʩʡʚʩʞʟʦʧʢ ʠʧʦʴ 
ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʘʢʪʠʢ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʯʝʪʳʨʝ ʘʨʭʠʪʝʢ-

ʪʫʨʥʳʭ ʧʨʠʥʮʠʧʘ, ʫʯʠʪʳʚʘʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʨʩʢʦʛʦ ʚʝʪʨʘ, ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʩʦ-
ʣʝʚʳʭ ʘʵʨʦʟʦʣʝʡ ʠ ʜʠʥʘʤʠʢʠ ʫʨʦʚʥʷ ʤʦʨʷ [3, 7]. 



244 НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 

 

VII международная научно-практическая конференция  | МЦНС «НАУКА И ПРОСВЕЩЕНИЕ» 

ʇʨʠʥʮʠʧ 1 ï ʢʘʯʝʩʪʚʦ. ʇʨʦʝʢʪʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʠʣʳʭ ʦʙʲʝʢʪʦʚ ʜʦʣʞʥʳ 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʥʘʮʠʦʥʘʣʴʥʳʤ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ (ʚ ʯʘʩʪʥʦʩʪʠ, ʘʜʘʧʪʠʨʦ-
ʚʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ CIBSE 2015 ʛ. ʜʣʷ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʛʦ ʢʣʠʤʘʪʘ) [11]. ɼʣʷ ʉʠʨʠʠ ʵʪʦ ʦʟʥʘʯʘʝʪ 
ʧʝʨʝʩʤʦʪʨ ʉʠʨʠʡʩʢʦʛʦ ʢʦʜʝʢʩʘ ʪʝʧʣʦʠʟʦʣʷʮʠʠ 2006 ʛ. ʚ ʯʘʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʜʦʧʫʩʪʠʤʳʭ ʧʘ-
ʨʘʤʝʪʨʦʚ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʧʦʤʝʱʝʥʠʡ [11]. 

ʇʨʠʥʮʠʧ 2 ï ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ. ʉʦʟʜʘʥʠʝ ʘʜʝʢʚʘʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʤʬʦʨʪ-
ʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ (ʪʝʤʧʝʨʘʪʫʨʘ 22ï27ÁC, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 30ï70%, ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ 0,15ï
0,25 ʤ/ʩ) ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪʘʭ [6]. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʧʘʩʩʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ: 
ʪʝʨʤʠʯʝʩʢʘʷ ʤʘʩʩʘ ʩʪʝʥ (ʟʘʧʘʟʜʳʚʘʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʥʘ 6ï8 ʯʘʩʦʚ), ʥʦʯʥʘʷ ʚʝʥʪʠʣʷʮʠʷ, ʟʘʪʝʥʝ-
ʥʠʝ [10]. 

ʇʨʠʥʮʠʧ 3 ï ʜʦʩʪʫʧʥʦʩʪʴ. ʈʘʚʥʳʡ ʜʦʩʪʫʧ ʚʩʝʭ ʞʠʪʝʣʝʡ ʢ ʘʜʘʧʪʠʚʥʳʤ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʵʣʝʤʝʥ-
ʪʘʤ ð ʟʘʪʝʥʸʥʥʳʤ ʙʘʣʢʦʥʘʤ, ʣʦʜʞʠʷʤ, ʚʥʫʪʨʝʥʥʠʤ ʜʚʦʨʘʤ, ʦʙʱʝʩʪʚʝʥʥʳʤ ʪʝʨʨʘʩʘʤ. ɺ ʫʩʣʦʚʠʷʭ ʧʨʠ-
ʙʨʝʞʥʳʭ ʛʦʨʦʜʦʚ ʵʪʦ ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ ʥʦʨʤʘʪʠʚʦʚ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʟʜʘʥʠʷʤʠ ʠ ʚʳʩʦʪʳ ʟʘʩʪʨʦʡʢʠ 
ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʩʦʣʷʮʠʠ ʠ ʚʝʪʨʦʚʳʭ ʧʦʪʦʢʦʚ [15]. 

ʇʨʠʥʮʠʧ 4 ï ʫʯʸʪ ʧʨʦʛʥʦʟʘ. ʆʨʠʝʥʪʘʮʠʷ ʥʘ ʜʦʣʛʦʩʨʦʯʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʩʮʝʥʘʨʠʠ: ʧʦʚʳʰʝʥʠʝ 
ʫʨʦʚʥʷ ʤʦʨʷ (ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʧʦʜʲʸʤ ʥʘ 0,5ï1,0 ʤ ʢ 2100 ʛ.), ʠʟʤʝʥʝʥʠʝ ʨʦʟʳ ʚʝʪʨʦʚ, ʫʯʘʱʝʥʠʝ ʰʪʦʨ-
ʤʦʚ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʦʩʘʜʢʦʚ [13, 15]. ɼʣʷ ʧʨʠʙʨʝʞʥʳʭ ʛʦʨʦʜʦʚ ʉʠʨʠʠ ʵʪʦ ʦʟʥʘʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʥʳʭ ʙʘʨʴʝʨʦʚ, ʧʦʜʥʷʪʠʷ ʧʝʨʚʳʭ ʵʪʘʞʝʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʭ ʤʘʪʝ-
ʨʠʘʣʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʧʨʝʜʣʦʞʝʥʳ ʜʚʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘ ʢ ʘʜʘʧʪʘʮʠʠ ʟʘʩʪʨʦʡʢʠ [12, 8]. 
ʇʝʨʚʳʡ ʧʦʜʭʦʜ (ʢʣʘʩʪʝʨʥʳʡ) ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʢʦʨʨʝʣʷʮʠʠ ʧʣʦʪʥʦʩʪʠ ʟʘʩʪʨʦʡʢʠ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ. ʊʝʨʨʠʪʦʨʠʷ ʩʝʛʤʝʥʪʠʨʫʝʪʩʷ ʥʘ ʢʣʘʩʪʝʨʳ ʚʳʩʦʢʦʡ, ʩʨʝʜʥʝʡ ʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ; ʜʣʷ ʢʘʞʜʦ-
ʛʦ ʢʣʘʩʪʝʨʘ ʬʦʨʤʠʨʫʶʪʩʷ çʟʦʥʳ ʟʘʱʠʪʳè (ʟʝʣʸʥʳʝ ʧʦʣʦʩʳ, ʚʝʪʨʦʟʘʱʠʪʥʳʝ ʙʘʨʴʝʨʳ) ʠ çʟʦʥʳ ʨʝʢʫʧʝ-
ʨʘʮʠʠè (ʚʝʪʨʦʚʳʝ ʢʵʪʳ, ʦʟʝʣʝʥʸʥʥʳʝ ʬʘʩʘʜʳ) [12, 3]. 

ɺʪʦʨʦʡ ʧʦʜʭʦʜ (ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʣʦʝʚʦʡ) ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʘʜʘʧʪʘʮʠʶ ʢʘʢ ʩʦʟʜʘʥʠʝ ʪʨʸʭ çʢʣʠʤʘʪʠ-
ʯʝʩʢʠʭ ʩʣʦʸʚè ʥʘʜ ʪʝʨʨʠʪʦʨʠʝʡ: 

- ɿʘʱʠʪʥʳʡ ʩʣʦʡ ð ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʘʷ ʦʙʦʣʦʯʢʘ ʟʜʘʥʠʡ, ʧʘʨʦʠʟʦʣʷʮʠʷ, ʟʘʱʠʪʘ ʦʪ ʤʦʨʩʢʠʭ 
ʘʵʨʦʟʦʣʝʡ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʶʤʠʥʠʝʚʳʭ ʠʣʠ ʢʦʤʧʦʟʠʪʥʳʭ ʬʘʩʘʜʥʳʭ ʩʠʩʪʝʤ); 

- ʊʝʨʤʠʯʝʩʢʠʡ ʩʣʦʡ ð ʪʝʧʣʦʦʪʨʘʞʘʶʱʠʝ ʬʘʩʘʜʳ, ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʩʪʝʥʘʭ 
ʠ ʢʨʦʚʣʝ; 

- ɺʝʥʪʠʣʷʮʠʦʥʥʳʡ ʩʣʦʡ ð ʝʩʪʝʩʪʚʝʥʥʘʷ ʠʣʠ ʧʦʣʫʤʝʭʘʥʠʯʝʩʢʘʷ ʚʝʥʪʠʣʷʮʠʷ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ 
ʚʣʘʛʠ, ʫʩʪʨʦʡʩʪʚʦ ʘʪʨʠʫʤʦʚ ʠ ʚʝʪʨʦʫʣʘʚʣʠʚʘʪʝʣʝʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʢ ʪʨʸʤ ʦʙʲʝʢʪʘʤ ʚ ʊʘʨʪʫʩʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦ-
ʨʦʛʦ ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʛʦʜʦʚʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 35ï50% ʠ ʫʣʫʯʰʠʪʴ ʩʫʙʲʝʢʪʠʚʥʳʝ ʧʦ-
ʢʘʟʘʪʝʣʠ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʘ ʥʘ 40% (ʧʦ ʰʢʘʣʝ PMV/PPD) [4, 12]. 

ʉʞʠʬʤʵʫʙʫʴ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʥʦʛʦʵʪʘʞʥʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ 

ʚ ʧʨʠʙʨʝʞʥʳʭ ʛʦʨʦʜʘʭ ʉʠʨʠʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 
1. ʉʙʠʩʙʚʧʫʙʦʙ ʫʞʧʩʞʫʡʰʞʪʣʙʸ ʥʧʝʞʤʵ ʙʘʣʘʥʩʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʞʠʣʴʝ. ʈʘʩʯʸʪʳ ʜʣʷ ʊʘʨʪʫʩʘ ʧʦʢʘʟʘʣʠ ʜʝʬʠʮʠʪ ʞʠʣʦʡ ʧʣʦʱʘʜʠ ʚ 145 000 ʤĮ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʤ ʪʝʨʨʠ-
ʪʦʨʠʘʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ 720 000 ʤĮ. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʪʴ ʚʳʙʦʨ ʫʯʘʩʪʢʦʚ ʜʣʷ ʧʝʨʚʦʦʯʝʨʝʜ-
ʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ (ʫʯʘʩʪʢʠ ʩ Kʢʣʠʤ Ó0,7 ʠ ɟj Ó30 ʯʝʣ/ʛʘ) [5, 12]. 

2. ʊʧʠʝʙʦʙ ʡ ʙʨʩʧʚʡʩʧʛʙʦʙ ʰʞʫʴʩʹʮʶʫʙʨʦʙʸ ʥʞʫʧʝʡʣʙ ʧʯʞʦʣʡ ʩʦʩʪʦʷʥʠʷ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 78% ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʟʜʘʥʠʡ (n=45) ʠʤʝʶʪ ʢʨʠʪʠʯʝʩʢʠ ʥʠʟʢʫʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 
(ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʩʪʝʥ >3,5 ɺʪ/(ʤĮĿʂ)), ʘ 65% ʥʝ ʠʤʝʶʪ ʵʬʬʝʢʪʠʚʥʳʭ ʧʘʩʩʠʚʥʳʭ ʩʠʩʪʝʤ 
ʦʭʣʘʞʜʝʥʠʷ [1, 9]. 

3. ʊʭʧʩʥʬʤʡʩʧʛʙʦʴ ʰʞʫʴʩʞ ʙʩʮʡʫʞʣʫʬʩʦʴʮ ʨʩʡʦʯʡʨʙ ʠ ʜʚʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘ ʢ ʘʜʘʧʪʘ-
ʮʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʘʧʨʦʙʘʮʠʷ ʥʘ ʪʨʸʭ ʪʠʧʦʚʳʭ ʦʙʲʝʢʪʘʭ ʧʦʢʘʟʘʣʘ: 

- ʩʥʠʞʝʥʠʝ ʨʘʩʯʸʪʥʦʛʦ ʛʦʜʦʚʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 42% (ʧʘʥʝʣʴʥʦʝ ʟʜʘʥʠʝ), 38% (ʙʣʦʯ-
ʥʦʝ) ʠ 27% (ʤʦʥʦʣʠʪʥʦʝ) [4]; 
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- ʫʣʫʯʰʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ (ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟ-
ʜʫʭʘ ʥʘ 3ï5ÁC ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʜʠʮʠʦʥʝʨʦʚ) [10]; 

- ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʬʘʩʘʜʥʳʭ ʩʠʩʪʝʤ ʥʘ 15ï20 ʣʝʪ ʟʘ ʩʯʸʪ ʘʥʪʠʢʦʨʨʦʟʠʡʥʦʡ ʟʘʱʠ-
ʪ r[11]. 

4. ɻʴʸʛʤʞʦʴ ʧʪʦʧʛʦʴʞ ʧʜʩʙʦʡʰʞʦʡʸ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʭʦʜʘ: ʦʪʩʫʪʩʪʚʠʝ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʥʦʡ 
ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʚ ʉʠʨʠʠ, ʥʠʟʢʘʷ ʠʥʚʝʩʪʠʮʠʦʥʥʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷ-
ʪʠʡ ʚ ʫʩʣʦʚʠʷʭ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ, ʥʝʜʦʩʪʘʪʦʢ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ [2, 6]. 

ʇʚʪʬʟʝʞʦʡʞ. 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʢʣʠʤʘʪʠʯʝ-

ʩʢʠ ʘʜʘʧʪʠʚʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʊʘʢ, ʨʘʙʦʪʳ ɸ. ʃʘʛʘʨʠʘʩ ʠ ɸ. ʉʪʨʘʪʠʛʝʷ (2023) ʜʣʷ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʠʭ 
ʛʦʨʦʜʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʫʨʙʘʥʠʟʘʮʠʠ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʸʪʘ Kʢʣʠʤ 
ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʤʦʜʝʨʥʠʟʘʮʠʠ [15]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ 
ʧʦʜʯʸʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʫʯʸʪʘ ʣʦʢʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠ-
ʨʦʚʘʥʠʷ [3, 10]. ɺ ʨʦʩʩʠʡʩʢʦʤ ʢʦʥʪʝʢʩʪʝ ʨʘʙʦʪʳ ʧʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʟʘʩʪʨʦʡʢʠ [9, 11]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʪʣʠʯʘʶʱʠʭ ʝʛʦ ʦʪ 
ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚ: 

- ʁʦʫʞʜʩʙʯʡʸ ʣʧʤʡʰʞʪʫʛʞʦʦʧʢ ʥʧʝʞʤʡ (Sʬʘʢʪ /Sʪʨʝʙ) ʩ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʘʜʘʧ-
ʪʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ев ʜʝʢʣʘʨʘʪʠʚʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʢ ʠʟʤʝʨʠʤʳʤ ʧʦʢʘʟʘʪʝʣʷʤ [5, 12]. 

- ʌʰʹʫ ʪʨʞʯʡʭʡʰʞʪʣʡʮ ʭʙʣʫʧʩʧʛ ʩʠʨʠʡʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ: ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ (65ï80%), ʩʦʣʸ-
ʥʳʝ ʘʵʨʦʟʦʣʠ, ʫʟʢʘʷ ʧʨʠʙʨʝʞʥʘʷ ʧʦʣʦʩʘ ʩ ʛʦʨʥʳʤʠ ʭʨʝʙʪʘʤʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʣʠʥʝʡʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 
ʛʦʨʦʜʦʚ [15]. 

- ɹʝʙʨʫʙʯʡʸ ʣ ʨʧʪʫʣʧʦʭʤʡʣʫʦʴʥ ʬʪʤʧʛʡʸʥ ð ʤʝʪʦʜʠʢʘ ʫʯʠʪʳʚʘʝʪ ʥʘʣʠʯʠʝ ʥʝʬʦʨʤʘʣʴʥʳʭ 
ʧʦʩʝʣʝʥʠʡ, ʚʳʩʦʢʫʶ ʜʦʣʶ ʤʦʣʦʜʸʞʠ (60% ʥʘʩʝʣʝʥʠʷ ʤʦʣʦʞʝ 30 ʣʝʪ) ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʠʥʚʝʩʪʠʮʠʦʥ-
ʥʳʭ ʨʝʩʫʨʩʦʚ [2, 6]. 

ʆʛʨʘʥʠʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʳ ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʘʢʪʫʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʧʦʩʣʝ 
2011 ʛ. ʤʥʦʛʠʝ ʤʝʪʝʦʩʪʘʥʮʠʠ ʥʝ ʨʘʙʦʪʘʣʠ), ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʪʫʨʥʳʭ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʜʣʷ 
ʚʩʝʭ ʪʠʧʦʚ ʟʜʘʥʠʡ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʩʪʠ ʧʦʣʥʦʮʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʠʥ-
ʬʣʷʮʠʠ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʢʫʨʩʘ ʩʠʨʠʡʩʢʦʛʦ ʬʫʥʪʘ. ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʙʫʜʫʪ ʩʥʠʤʘʪʴʩʷ ʧʦ ʤʝʨʝ ʩʪʘʙʠʣʠ-
ʟʘʮʠʠ ʩʠʪʫʘʮʠʠ ʠ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ [4, 13]. 

ʀʙʣʤʷʰʞʦʡʞ-ʉʞʣʧʥʞʦʝʙʯʡʡ. 
ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʥʦʛʦʵʪʘʞʥʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ ʚ ʧʨʠ-
ʙʨʝʞʥʳʭ ʛʦʨʦʜʘʭ ʉʠʨʠʠ: 

1. ɽʤʸ ʜʩʙʝʧʪʫʩʧʡʫʞʤʵʦʧʜʧ ʬʨʩʙʛʤʞʦʡʸ ʡ ʦʧʩʥʙʫʡʛʦʧʢ ʚʙʠʴ: 

- ɺʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʉʠʨʠʡʩʢʠʡ ʢʦʜʝʢʩ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, ʚʢʣʶʯʠʚ ʦʙʷʟʘʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 
ʧʘʩʩʠʚʥʳʤ ʩʠʩʪʝʤʘʤ ʦʭʣʘʞʜʝʥʠʷ (ʝʩʪʝʩʪʚʝʥʥʘʷ ʚʝʥʪʠʣʷʮʠʷ, ʚʥʝʰʥʝʝ ʟʘʪʝʥʝʥʠʝ) ʠ ʨʘʩʰʠʨʠʚ ʜʦʧʫ-
ʩʪʠʤʳʡ ʜʠʘʧʘʟʦʥ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʧʦʤʝʱʝʥʠʡ [11]. 

- ʋʪʚʝʨʜʠʪʴ ʥʘ ʤʫʥʠʮʠʧʘʣʴʥʦʤ ʫʨʦʚʥʝ ʢʦʵʬʬʠʮʠʝʥʪʳ Kʢʣʠʤ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʠʙʨʝʞʥʦʛʦ ʨʘʡʦ-
ʥʘ (ʃʘʪʘʢʠʷ, ʊʘʨʪʫʩ, ɼʞʘʙʣʘ, ɹʘʥʠʷʩ) ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʚʳʜʘʯʝ ʨʘʟʨʝʰʝʥʠʡ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ 
ʨʝʢʦʥʩʪʨʫʢʮʠʶ [15]. 

- ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʧʦʵʪʘʧʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩ ʧʨʠʦʨʠʪʝʪʦʤ ʜʣʷ ʟʜʘʥʠʡ ʩ Kʢʣʠʤ 
Ó0,7 ʠ ɟj Ó30 ʯʝʣ/ʛʘ [5, 12]. 

2. ɽʤʸ ʨʩʧʞʣʫʦʴʮ ʧʩʜʙʦʡʠʙʯʡʢ ʡ ʙʩʮʡʫʞʣʫʧʩʧʛ: 

- ʇʨʠʤʝʥʷʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʯʝʪʳʨʸʭʵʪʘʧʥʫʶ ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʧʝʨʝʜ ʥʘʯʘ-
ʣʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʆʙʷʟʘʪʝʣʴʥʳʤʠ ʵʪʘʧʘʤʠ ʩʯʠʪʘʪʴ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ ʘʫʜʠʪ, ʘʥʘʣʠʟ ʨʦʟʳ ʚʝʪʨʦʚ ʠ 
ʠʥʩʦʣʷʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ [1, 9]. 

- ʀʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʥʮʠʧʳ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ ʚ ʩʣʝʜʫʶʱʝʡ ʠʝʨʘʨʭʠʠ: ʩʥʘʯʘʣʘ ʧʘʩʩʠʚ-
ʥʳʝ ʩʪʨʘʪʝʛʠʠ (ʦʨʠʝʥʪʘʮʠʷ, ʟʘʪʝʥʝʥʠʝ, ʪʝʨʤʠʯʝʩʢʘʷ ʤʘʩʩʘ, ʝʩʪʝʩʪʚʝʥʥʘʷ ʚʝʥʪʠʣʷʮʠʷ), ʟʘʪʝʤ ð ʘʢʪʠʚ-
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ʥʳʝ ʩʠʩʪʝʤʳ ʩ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ [10, 11]. 

- ɼʣʷ ʟʦʥ ʩ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʴʶ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʠʤʝʥʷʪʴ ʤʥʦʛʦʩʣʦʡʥʫʶ ʟʘʱʠ-
ʪʫ: ʟʘʱʠʪʥʳʡ ʩʣʦʡ (ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʝ ʬʘʩʘʜʳ), ʪʝʨʤʠʯʝʩʢʠʡ ʩʣʦʡ (ʪʝʧʣʦʦʪʨʘʞʘʶʱʘʷ ʠʟʦʣʷʮʠʷ), 
ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʩʣʦʡ (ʨʝʢʫʧʝʨʘʮʠʷ ʚʣʘʛʠ) [12, 13]. 

3. ɽʤʸ ʧʩʜʙʦʧʛ ʛʤʙʪʫʡ ʡ ʡʦʪʫʡʫʬʫʧʛ ʩʙʠʛʡʫʡʸ: 

- ʉʦʟʜʘʪʴ ʬʦʥʜ ʤʦʜʝʨʥʠʟʘʮʠʠ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ ʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʦʬʠ-
ʥʘʥʩʠʨʦʚʘʥʠʷ: ʜʣʷ ʟʦʥ ʩ ʚʳʩʦʢʠʤ Kʢʣʠʤ ʠ ʥʠʟʢʠʤʠ ʜʦʭʦʜʘʤʠ ʥʘʩʝʣʝʥʠʷ ð ʩʫʙʩʠʜʠʨʦʚʘʥʠʝ ʜʦ 70% 
ʩʪʦʠʤʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʡ [2, 6]. 

- ʆʨʛʘʥʠʟʦʚʘʪʴ ʦʙʫʯʝʥʠʝ ʤʝʩʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʝʪʦʜʘʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 
ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʮʝʥʢʠ (AHP) ʥʘ ʙʘʟʝ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʊʘʨʪʫʩʘ ʠ ʃʘʪʘʢʠʠ [14]. 

- ɿʘʧʫʩʪʠʪʴ ʧʠʣʦʪʥʳʡ ʧʨʦʝʢʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʜʥʦʛʦ ʤʠʢʨʦʨʘʡʦʥʘ ʚ ʊʘʨʪʫʩʝ (ʥʘʧʨʠʤʝʨ, ʨʘʡʦʥʘ 
ʕʣʴ-ʂʦʨʥʠʰ) ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚʩʝʭ ʪʨʸʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʜʭʦʜʘ ð ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 
ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʠ ʧʨʠʥʮʠʧʦʚ ʘʜʘʧʪʘʮʠʠ [4, 12]. 

4. ɽʤʸ ʦʙʬʰʦʴʮ ʡʪʪʤʞʝʧʛʙʦʡʢ: 

- ʇʨʦʜʦʣʞʠʪʴ ʥʘʪʫʨʥʳʝ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʢʦ-
ʵʬʬʠʮʠʝʥʪʦʚ Kʢʣʠʤ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʩʯʸʪʥʳʭ ʤʦʜʝʣʝʡ [3, 13]. 

- ʈʘʟʨʘʙʦʪʘʪʴ ʫʧʨʦʱʸʥʥʫʶ ʚʝʨʩʠʶ ʤʝʪʦʜʠʢʠ ʜʣʷ ʥʝʬʦʨʤʘʣʴʥʳʭ ʧʦʩʝʣʝʥʠʡ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ 
ʜʦʩʪʫʧʥʦʩʪʴʶ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ [2, 6]. 

- ʇʨʦʚʝʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʚʤʝʰʘʪʝʣʴʩʪʚʘ (ʤʠʥʠ-
ʤʘʣʴʥʳʡ, ʩʨʝʜʥʠʡ, ʢʘʧʠʪʘʣʴʥʳʡ) ʚ ʫʩʣʦʚʠʷʭ ʩʠʨʠʡʩʢʦʛʦ ʨʳʥʢʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʥʝʨʛʦʥʦ-
ʩʠʪʝʣʝʡ [9, 11]. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʠ ʪʝʧʣʦʚʦʡ ʢʦʤʬʦʨʪ ʤʥʦʛʦʵʪʘʞʥʳʭ ʞʠʣʳʭ ʟʜʘʥʠʡ ʚ ʧʨʠʙʨʝʞʥʳʭ ʛʦʨʦʜʘʭ ʉʠʨʠʠ, ʥʦ ʠ ʚʦʩʩʪʘʥʦʚʠʪʴ 
ʫʪʨʘʯʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʞʠʣʦʡ ʩʨʝʜʦʡ ʠ ʢʣʠʤʘʪʦʤ, ʚʝʨʥʫʪʴ ʭʘʨʘʢʪʝʨʥʳʡ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʠʡ ʦʙʣʠʢ, ʦʩ-
ʥʦʚʘʥʥʳʡ ʥʘ ʦʪʢʨʳʪʦʩʪʠ, ʛʨʘʜʫʠʨʦʚʘʥʥʦʡ ʧʨʠʚʘʪʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ [4, 10]. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ɸʘʩʝʤ ɸ., ʊʢʘʯʝʚ ɺ. ʅ. ʈʝʘʙʠʣʠʪʘʮʠʷ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʦʜʦʚ ʉʠʨʠʠ // ɺʝʩʪ-

ʥʠʢ ʄɻʉʋ. 2024. ʊ. 19. ˉ 11. ʉ. 1735ï1745. 
2. ɸʣʴʩʫʣʝʡʤʘʥ ʄ. ʀ., ʗʢʦʚʣʝʚʘ ʉ. ʀ. ʄʠʛʨʘʮʠʦʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʩʩʝʣʝ-

ʥʠʷ ʉʠʨʠʠ // ʋʯʝʥʳʝ ʟʘʧʠʩʢʠ ʂʨʳʤʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɻʝʦʛʨʘʬʠʷ. ɻʝʦʣʦʛʠʷ. 2020. ʊ. 6. 
ˉ 2. ʉ. 3ï19. 

3. ɻʠʷʩʦʚ ɸ. ʀ. ɹʠʦʢʣʠʤʘʪʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ð ʧʨʝʜʧʦʩʳʣʢʘ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʥʦ-
ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ // ɺʝʩʪʥʠʢ ʄɻʉʋ. 2023. ʊ. 18. ˉ 1. ʉ. 24ï35. 

4. ɼʠʘʣʘ ɸ. ʀʩʪʦʨʠʯʝʩʢʘʷ ʟʘʩʪʨʦʡʢʘ ʞʠʣʳʭ ʟʜʘʥʠʡ ʚ ʧʨʠʙʨʝʞʥʳʭ ʛʦʨʦʜʘʭ: ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦ-
ʮʠʘʣʴʥʳʝ ʬʘʢʪʦʨʳ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ // ʀʥʞʝʥʝʨʥʳʡ ʚʝʩʪʥʠʢ ɼʦʥʘ. 2025. ˉ 9 (129). ʉ. 524ï
536. 

5. ɿʘʙʘʣʫʝʚʘ ʊ. ʈ., ʖʩʠʬʠ ʈ. ɸ. ʊʨʘʜʠʮʠʠ ʘʨʘʙʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʟʜʘʥʠ-
ʷʭ // Architecture and Modern Information Technologies. 2017. ˉ 2 (39). ʉ. 239ï254. 

6. ʂʘʟʘʥʮʝʚ ʇ. ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʧʦʩʳʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟ-
ʤʝʥʝʥʠʷʤ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ // ʋʨʙʘʥʠʩʪʠʢʘ. 2024. ˉ 3. ʉ. 28ï52. 

7. ʂʦʣʷʩʥʠʢʦʚ ɺ. ɸ. ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʊʝʨʨʠʪʦʨʠʘʣʴʥʦʝ 
ʧʣʘʥʠʨʦʚʘʥʠʝ ʛʦʨʦʜʦʚ. 2010. 

8. ʂʫʢʫʰʢʠʥʘ ʗ. ʀ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʡ ʥʘ ʘʢʚʘʪʦʨʠʠ ʠ ʧʨʠʘʢʚʘʪʦ-
ʨʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 2020. ʉ. 497ï504. 

9. ʄʘʨʪʳʥʦʚʘ ɽ. ɺ. ʄʝʪʦʜʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʛʦʨʦʜ-
ʩʢʦʡ ʟʘʩʪʨʦʡʢʠ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 2014. 

10. ʄʷʛʢʦʚ ʄ. ʉ. ʄʠʢʨʦʢʣʠʤʘʪ ʠ ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʘʷ ʢʦʤʬʦʨʪʥʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʦʡ ʘʨʘʙʩʢʦʡ ʟʘ-
ʩʪʨʦʡʢʠ // Architecture and Modern Information Technologies. 2019. ˉ 4 (49). ʉ. 235ï261. 



НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 247 

 

VII International scientific conference | www.naukaip.ru 

11. ʆʣʝʡʥʠʢ ʇ. ʇ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʚʳʙʦʨ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʠ ʨʝʢʦʥ-
ʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʦʚ ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʚ ʉʠʨʠʡʩʢʦʡ ɸʨʘʙʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ). 

12. ʉʘʣʠʥʛʘʨʦʩ ʅ. ɸ. ɸʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. 2014. 
13. ʉʘʣʣʫʤ ʃ., ʃʠʤʦʥʘʜ ʄ. ʖ. ʉʦʚʨʝʤʝʥʥʳʡ ʚʠʜ ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʨʩʢʦʛʦ ʧʦʨʪʘ ʊʘʨʪʫʩ // ʌʣʘʛʤʘʥ 

ʥʘʫʢʠ. 2024. ˉ 4. ʉ. 15. 
14. ʏʝʯʥʝʚ ɺ. ɹ. ɸʥʘʣʠʟ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ // 

ʆʥʪʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 2024. ʊ. 14. ˉ 4. ʉ. 607ï624. 
15. Lagarias A., Stratigea A. Coastalization patterns in the Mediterranean: a spatiotemporal analysis of 

coastal urban sprawl in tourism destination areas // GeoJournal. 2023. Vol. 88. ˉ 3. P. 2529ï2552. 
 

 
  



248 НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 

 

VII международная научно-практическая конференция  | МЦНС «НАУКА И ПРОСВЕЩЕНИЕ» 

 
 
 

КУЛЬТУРОЛОГИЯ 
  



НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 249 

 

VII International scientific conference | www.naukaip.ru 

УДК 316.614 

МЕХАНИЗМЫ СОЦИАЛИЗАЦИИ МОЛОДЁЖИ 
Манчак Елизавета Александровна 

ʩʪʫʜʝʥʪ 
ʌɻɸʆʋ ɺʆ çʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʦʣʦʜʠʣʦʚʘ ʆʣʴʛʘ ʉʝʨʛʝʝʚʥʘ 

ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʨʝʢʣʘʤʳ ʠ ʩʦʮʠʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʌɻɸʆʋ ɺʆ çʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʥʷʪʠʝ ʠ ʩʫʱʥʦʩʪʴ ʩʦʮʠʘʣʠʟʘʮʠʠ, ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʝʸ 
ʧʦʥʠʤʘʥʠʶ, ʚʠʜʳ ʩʦʮʠʘʣʠʟʘʮʠʠ ʤʦʣʦʜʸʞʠ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʦʮʠʘʣʠʟʘ-
ʮʠʠ ï ʪʨʘʜʠʮʠʦʥʥʦʛʦ, ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʛʦ, ʩʪʠʣʠʟʦʚʘʥʥʦʛʦ, ʤʝʞʣʠʯʥʦʩʪʥʦʛʦ ʠ ʨʝʬʣʝʢʩʠʚʥʦʛʦ. ʆʩʦʙʦʝ 
ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʢʘʢ ʚʝʜʫʱʝʤʫ ʜʣʷ ʤʦʣʦʜʸʞʠ ʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ 
ʩʨʝʜʩʪʚʘʤʠ ʤʦʣʦʜʸʞʥʦʡ ʧʦʣʠʪʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʡ ʩʨʝʜʳ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʦʮʠʘʣʠʟʘʮʠʷ, ʤʦʣʦʜʸʞʴ, ʤʝʭʘʥʠʟʤʳ ʩʦʮʠʘʣʠʟʘʮʠʠ, ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ, 
ʚʠʜʳ ʩʦʮʠʘʣʠʟʘʮʠʠ, ʩʦʮʠʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʘʷ ʩʨʝʜʘ, ʤʦʣʦʜʸʞʥʘʷ ʧʦʣʠʪʠʢʘ. 
 

MECHANISMS OF YOUTH SOCIALIZATION 
 

Manchak Elizaveta Aleksandrovna 
 

Scientific adviser: Solodilova Olga Sergeevna 
 
Abstract: the article examines the concept and essence of socialization, classical approaches to its under-
standing, the types of youth socialization, as well as the system of universal socialization mechanisms ï tradi-
tional, institutional, stylized, interpersonal and reflexive. Special attention is paid to the institutional mechanism 
as the leading one for young people and to its implementation through youth policy and the socio-cultural envi-
ronment. 
Key words: socialization, youth, socialization mechanisms, institutional mechanism, types of socialization, 
socio-cultural environment, youth policy. 

 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʮʠʘʣʠʟʘʮʠʠ ʤʦʣʦʜʸʞʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʤʝʭʘʥʠʟʤʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʚʦʝʥʠʝ ʠʥʜʠʚʠʜʦʤ ʩʦʮʠʘʣʴʥʳʭ ʥʦʨʤ, ʮʝʥʥʦʩʪʝʡ ʠ ʨʦʣʝʡ. ʇʨʝʞʜʝ ʯʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 
ʵʪʠ ʤʝʭʘʥʠʟʤʳ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʝ ʠ ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʧʦʥʷʪʠʷ: ʩʦʮʠʘ-
ʣʠʟʘʮʠʷ, ʤʦʣʦʜʸʞʴ, ʵʪʘʧʳ ʩʦʮʠʘʣʠʟʘʮʠʠ. 

ʉ. ɺ. ɻʘʥʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʦʮʠʘʣʠʟʘʮʠʶ ʢʘʢ ʩʪʠʭʠʡʥʳʡ ʧʨʦʮʝʩʩ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʦʩʚʦʝʥʠʶ 
ʥʘʚʳʢʦʚ ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʦʙʱʝʩʪʚʝ [1]. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʫʩʧʝʰʥʘʷ ʩʦʮʠʘʣʠʟʘʮʠʷ 
ʣʠʯʥʦʩʪʠ ʦʟʥʘʯʘʝʪ ʝʸ ʧʨʠʥʷʪʠʝ ʠ ʠʥʪʝʛʨʘʮʠʶ ʚ ʩʦʮʠʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʙʱʝʩʪʚʘ. 

ɸʥʘʣʠʟ ʟʘʨʫʙʝʞʥʳʭ ʢʦʥʮʝʧʮʠʡ ʧʦʟʚʦʣʷʝʪ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʧʨʠʨʦʜʫ ʩʦʮʠʘʣʠʟʘʮʠʠ. ʀʩʪʦʨʠʯʝʩʢʠ 
ʩʣʦʞʠʣʠʩʴ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʧʦʜʭʦʜʘ ʢ ʨʦʣʠ ʠʥʜʠʚʠʜʘ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʧʝʨ-
ʚʦʛʦ ï  ʬʨʘʥʮʫʟʩʢʠʡ ʩʦʮʠʦʣʦʛ ʕ. ɼʶʨʢʛʝʡʤ ʠ ʘʤʝʨʠʢʘʥʩʢʠʡ ʊ. ʇʘʨʩʦʥʩ ð ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʩʦʮʠʘʣʠʟʘʮʠʶ 
ʢʘʢ çʠʥʪʝʨʥʘʣʠʟʘʮʠʶ ʢʫʣʴʪʫʨʳè, ʧʦʜʯʸʨʢʠʚʘʷ ʧʘʩʩʠʚʥʫʶ ʨʦʣʴ ʠʥʜʠʚʠʜʘ, ʢʦʪʦʨʳʡ çʚʙʠʨʘʝʪè ʚ ʩʝʙʷ 
ʮʝʥʥʦʩʪʠ ʦʙʱʝʩʪʚʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʠ; ʩʦʛʣʘʩʥʦ ʇʘʨʩʦʥʩʫ, ʛʣʘʚʥʘʷ ʟʘʜʘʯʘ ʩʦʮʠʘʣʠ-
ʟʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʯʣʝʥʦʚ ʦʙʱʝʩʪʚʘ ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʦʙʱʠʤ ʮʝʥʥʦʩʪʷʤ, ʯʪʦ 
ʜʦʩʪʠʛʘʝʪʩʷ ʯʝʨʝʟ ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠ [2]. ɺ ʧʨʦʪʠʚʦʚʝʩ ʵʪʦʤʫ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʛʫʤʘʥʠʩʪʠʯʝʩʢʦʡ ʠ ʢʦ-
ʛʥʠʪʠʚʥʦʡ ʧʩʠʭʦʣʦʛʠʠ (ʏ. ʂʫʣʠ, ɾ. ʇʠʘʞʝ, ʕ. ʌʨʦʤʤ) ʫʪʚʝʨʞʜʘʣʠ ʘʢʪʠʚʥʫʶ ʨʦʣʴ ʣʠʯʥʦʩʪʠ. ɺ ʢʦʛʥʠʪʠʚ-
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ʥʦʡ ʤʦʜʝʣʠ ɾ. ʇʠʘʞʝ ʩʦʮʠʘʣʠʟʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʤʳʰʣʝʥʠʶ ʠ ʧʦʵʪʘʧʥʦʛʦ 
ʨʘʟʚʠʪʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʝʡ ʢʘʨʪʠʥʦʡ ʤʠʨʘ ʠʥʜʠʚʠʜʘ, ʘ ʥʝ 
ʪʦʣʴʢʦ ʚʥʝʰʥʠʤ ʜʘʚʣʝʥʠʝʤ. ʏ. ʂʫʣʠ, ʘʚʪʦʨ ʪʝʦʨʠʠ çʟʝʨʢʘʣʴʥʦʛʦ ʗè, ʧʦʜʯʸʨʢʠʚʘʣ, ʯʪʦ çʗè ʦʙʨʝʪʘʝʪ 
ʩʦʮʠʘʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʪʦʣʴʢʦ ʚ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʝʨʚʠʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ï ʩʝʤʴʸʡ, 
ʜʨʫʟʴʷʤʠ. ʕ. ʌʨʦʤʤ ʘʢʮʝʥʪʠʨʦʚʘʣ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʤ, ʯʪʦ ʩʦʮʠʘʣʠʟʘʮʠʷ ʬʦʨʤʠʨʫʝʪ çʩʦʮʠʘʣʴʥʳʡ ʭʘʨʘʢ-
ʪʝʨè ï ʥʘʙʦʨ ʯʝʨʪ, ʧʦʟʚʦʣʷʶʱʠʭ ʯʝʣʦʚʝʢʫ ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʦʙʱʝʩʪʚʘ, ʨʝʘ-
ʣʠʟʫʷ ʧʨʠ ʵʪʦʤ ʩʦʙʩʪʚʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ [2]. ʕʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʘʥʠʷ ʧʦʜʚʦʜʷʪ ʢ ʧʦʥʠʤʘʥʠʶ ʩʦ-
ʚʨʝʤʝʥʥʦʛʦ ʟʘʧʨʦʩʘ ʤʦʣʦʜʸʞʠ ʥʘ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʶ ʠ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʩʦʙʩʪʚʝʥ-
ʥʦʛʦ ʩʦʮʠʘʣʴʥʦʛʦ ʦʧʳʪʘ. 

ʉʝʛʦʜʥʷ ʧʨʠʥʷʪʦ ʛʦʚʦʨʠʪʴ ʦ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʩʦʮʠʘʣʠʟʘʮʠʠ. ɺ ʪʨʫʜʘʭ ʄ. ɸ. ʂʦʣʝʥʴʢʦʚʦʡ ʚʳʜʝ-
ʣʷʶʪʩʷ ʧʦʣʠʪʠʯʝʩʢʘʷ, ʛʨʘʞʜʘʥʩʢʘʷ, ʛʝʥʜʝʨʥʘʷ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʠ ʜʨʫʛʠʝ ʚʠʜʳ; ʧʦʜʦʙʥʦʝ ʨʘʟʚʝʪʚʣʝ-
ʥʠʝ ʪʝʨʤʠʥʘ çʩʦʮʠʘʣʠʟʘʮʠʷè ʧʦʜʯʸʨʢʠʚʘʝʪ ʩʣʦʞʥʦʩʪʴ ʪʝʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ 
ʥʘ ʠʥʜʠʚʠʜʘ ʩ ʩʘʤʦʛʦ ʨʦʞʜʝʥʠʷ ʠ ʜʦ ʢʦʥʮʘ ʞʠʟʥʠ [3]. ʇʦʩʢʦʣʴʢʫ ʩʦʮʠʘʣʠʟʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʯʝʨʝʟ 
ʩʦʮʠʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʫʶ ʩʨʝʜʫ, ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʢʫʣʴʪʫʨʦʣʦʛʠʠ ʝʸ ʧʦʥʠʤʘʶʪ ʢʘʢ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʦʙʱʝ-
ʩʪʚʦʤ ʠʥʜʠʚʠʜʫ ʢʫʣʴʪʫʨʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʥʦʨʤ, ʧʨʘʚʠʣ ʠ ʠʜʝʘʣʦʚ ʢʫʣʴʪʫʨʳ, ʚʢʣʶʯʘʶʱʠʡ ʪʘʢʞʝ ʧʨʠʦʙʨʝ-
ʪʝʥʠʝ ʥʘʚʳʢʦʚ ʠ ʫʤʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʢʦʥʢʨʝʪʥʦʡ ʢʫʣʴʪʫʨʝ ʠʣʠ 
ʩʦʮʠʘʣʴʥʦʡ ʛʨʫʧʧʝ [4]. 

ʆʙʨʘʪʠʤʩʷ ʢ ʧʦʥʷʪʠʶ çʤʦʣʦʜʸʞʴè. ʀ. ʇ. ɸʢʠʥʰʝʚʘ ʚʳʜʝʣʷʝʪ ʤʦʣʦʜʸʞʴ ʢʘʢ ʩʦʮʠʘʣʴʥʦ-
ʜʝʤʦʛʨʘʬʠʯʝʩʢʫʶ ʛʨʫʧʧʫ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʮʝʥʥʦʩʪʝʡ, ʧʝʨʚʠʯʥʘʷ ʩʦʮʠʘʣʠ-
ʟʘʮʠʷ, ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚ ʩʦʮʠʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ 
[5]. ʄʦʣʦʜʸʞʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʥʦʚʥʫʶ ʩʦʮʠʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʫʶ ʛʨʫʧʧʫ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʢʣʁ -
ʯʝʚʦʡ, ʘʢʪʠʚʥʦʡ ʬʘʟʝ ʩʦʮʠʘʣʠʟʘʮʠʠ: ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʟʘʚʝʨʰʘʝʪʩʷ ʧʝʨʚʠʯʥʦʝ ʫʩʚʦʝʥʠʝ ʙʘʟʦʚʳʭ ʥʦʨʤ 
(ʩʝʤʴʷ, ʰʢʦʣʘ) ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ, ʛʨʘʞʜʘʥʩʢʘʷ, ʧʦʣʠʪʠʯʝ-
ʩʢʘʷ ʠ ʠʥʳʝ ʚʠʜʳ ʠʜʝʥʪʠʯʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʰʠʨʷʶʱʝʛʦʩʷ ʢʨʫʛʘ ʩʦʮʠʘʣʴʥʳʭ ʠʥʩʪʠʪʫʪʦʚ ʠ ʚʣʠʷʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʮʠʘʣʠʟʘʮʠʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʤʥʦʛʦʚʠʜʦʚʦʡ (ʧʦʣʠʪʠʯʝʩʢʠʡ, ʛʨʘʞʜʘʥʩʢʠʡ, 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ, ʛʝʥʜʝʨʥʳʡ ʠ ʜʨ.) ʠ ʤʥʦʛʦʵʪʘʧʥʳʡ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʦʙʱʝʩʪʚʦʤ ʠʥʜʠʚʠʜʫ ʢʫʣʴʪʫʨ-
ʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʥʦʨʤ ʠ ʧʨʘʚʠʣ ʧʦʚʝʜʝʥʠʷ ʚ ʦʙʱʝʩʪʚʝ, ʩʣʦʞʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʦʟʨʘʩ-
ʪʘʝʪ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʮʠʘʣʠʟʘʮʠʠ ʤʦʣʦʜʸʞʠ ʯʝʨʝʟ ʧʨʠʟʤʫ ʩʦʮʠʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʡ ʩʨʝʜʳ ʪʨʝʙʫʝʪ ʫʯʸʪʘ 
ʵʪʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚʠʜʦʚ ʠ ʵʪʘʧʦʚ, ʘ ʪʘʢʞʝ ʧʦʥʠʤʘʥʠʷ ʩʦʮʠʘʣʠʟʘʮʠʠ ʥʝ ʢʘʢ ʧʘʩʩʠʚʥʦʛʦ ʫʩʚʦʝʥʠʷ, ʘ ʢʘʢ 
ʘʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʠʯʥʦʩʪʠ ʩ ʨʘʩʰʠʨʷʶʱʠʤʩʷ ʩʧʝʢʪʨʦʤ ʩʦʮʠʘʣʴʥʳʭ ʠ ʢʫʣʴʪʫʨʥʳʭ ʠʥʩʪʠʪʫʪʦʚ. 

ɼʣʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʩʦʮʠʘʣʠʟʘʮʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʩʫʱʥʦʩʪʴ ï ʥʝʦʙ-
ʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ, ʢʘʢ ʠʤʝʥʥʦ ʦʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ. ʇʦʜ ʤʝʭʘʥʠʟʤʘʤʠ ʩʦʮʠʘʣʠʟʘʮʠʠ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝ-
ʨʘʪʫʨʝ ʧʦʥʠʤʘʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʧʦʩʦʙʦʚ, ʩʨʝʜʩʪʚ ʠ ʩʦʮʠʘʣʴʥʳʭ ʠʥʩʪʠʪʫʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʩʚʦʝʥʠʝ 
ʠʥʜʠʚʠʜʦʤ ʩʦʮʠʘʣʴʥʳʭ ʥʦʨʤ, ʮʝʥʥʦʩʪʝʡ ʠ ʨʦʣʝʡ, ʘ ʪʘʢʞʝ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʜʝʷʪʝʣʴ-
ʥʦʩʪʠ [6]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʦʮʠʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ 
ʤʝʭʘʥʠʟʤʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʩʪʘʥʦʚʣʝʥʠʷ ʣʠʯʥʦʩʪʠ. ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ ʧʦʜʨʘʞʘʥʠʝ 
(ʦʩʦʟʥʘʥʥʦʝ ʠʣʠ ʥʝʦʩʦʟʥʘʥʥʦʝ ʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʫ), ʚʥʫʰʝʥʠʝ ï ʥʝʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 
ʚʦʩʧʨʠʷʪʠʝ ʠ ʧʦʚʝʜʝʥʠʝ, ʫʙʝʞʜʝʥʠʝ ï ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦʝ ʣʦʛʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ, ʘ ʪʘʢʞʝ ʤʘʩʩʦʚʠʜʥʳʝ 
ʷʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʤʦʜʘ, ʨʝʢʣʘʤʘ ʠ ʚʣʠʷʥʠʝ ʩʨʝʜʩʪʚ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʛʨʫʧʧʦʚʳʝ 
ʫʩʪʘʥʦʚʢʠ. 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʥʘʫʢʝ ʩʣʦʞʠʣʘʩʴ ʪʨʘʜʠʮʠʷ ʚʳʜʝʣʝʥʠʷ ʧʷʪʠ ʢʣʶʯʝʚʳʭ ʫʥʠʚʝʨ-
ʩʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʠʯʥʦʩʪʠ ʠ ʦʙʱʝʩʪʚʘ. ʊʨʘʜʠʮʠʦʥ-
ʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʠʭʠʡʥʦʝ ʫʩʚʦʝʥʠʝ ʯʝʣʦʚʝʢʦʤ ʥʦʨʤ, ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʩʪʝʨʝʦʪʠʧʦʚ ʠ 
ʚʟʛʣʷʜʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʝʛʦ ʩʝʤʴʠ ʠ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ (ʤʠʢʨʦʩʦʮʠʫʤʘ); ʦʥ ʜʦʤʠʥʠʨʫʝʪ ʥʘ ʨʘʥ-
ʥʠʭ ʵʪʘʧʘʭ ʞʠʟʥʠ, ʟʘʢʣʘʜʳʚʘʷ ʙʘʟʦʚʳʝ ʢʫʣʴʪʫʨʥʳʝ ʢʦʜʳ. ʀʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʘʢʪʫʘʣʠʟʠʨʫ-
ʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʜʠʚʠʜʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ï ʢʘʢ ʩʧʝʮʠ-
ʘʣʠʟʠʨʦʚʘʥʥʳʤʠ (ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ, ʘʨʤʠʷ), ʪʘʢ ʠ ʥʝʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ (ʧʨʝʜʧʨʠʷʪʠʷ, ʦʙʱʝ-
ʩʪʚʝʥʥʳʝ ʦʙʲʝʜʠʥʝʥʠʷ), ʚʳʧʦʣʥʷʶʱʠʤʠ ʩʦʮʠʘʣʠʟʠʨʫʶʱʫʶ ʬʫʥʢʮʠʶ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʦʩʥʦʚʥʦʡ ʜʝʷ-
ʪʝʣʴʥʦʩʪʴʶ; ʜʣʷ ʤʦʣʦʜʸʞʠ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʩʪʘʥʦʚʠʪʩʷ ʚʝʜʫʱʠʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʝʨʝʭʦʜ ʦʪ ʧʝʨʚʠʯʥʦʡ 
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ʩʦʮʠʘʣʠʟʘʮʠʠ ʚ ʩʝʤʴʝ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʠ ʛʨʘʞʜʘʥʩʢʦʡ ʠʥʪʝʛʨʘʮʠʠ. ʉʪʠʣʠʟʦʚʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡ-
ʩʪʚʫʝʪ ʚ ʨʘʤʢʘʭ ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʫʙʢʫʣʴʪʫʨ ï ʩʦʚʦʢʫʧʥʦʩʪʠ ʮʝʥʥʦʩʪʝʡ, ʥʦʨʤ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʧʨʘʢʪʠʢ, 
ʬʦʨʤʠʨʫʶʱʠʭ ʦʩʦʙʳʡ ʩʪʠʣʴ ʞʠʟʥʠ ʠ ʠʜʝʥʪʠʯʥʦʩʪʠ. ʄʝʞʣʠʯʥʦʩʪʥʳʡ ʤʝʭʘʥʠʟʤ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʯʝʨʝʟ 
ʦʙʱʝʥʠʝ ʩʦ ʟʥʘʯʠʤʳʤʠ ʣʠʮʘʤʠ ð ʨʦʜʠʪʝʣʷʤʠ, ʫʯʠʪʝʣʷʤʠ, ʣʠʜʝʨʘʤʠ ʤʥʝʥʠʡ, ʩʚʝʨʩʪʥʠʢʘʤʠ, ï ʘ ʧʝʨʝ-
ʜʘʯʘ ʩʦʮʠʘʣʴʥʦʛʦ ʦʧʳʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʵʤʦʮʠʦʥʘʣʴʥʫʶ ʧʨʠʚʷʟʘʥʥʦʩʪʴ ʠ ʵʤʧʘʪʠʶ. ʈʝʬʣʝʢʩʠʚ-
ʥʳʡ ʤʝʭʘʥʠʟʤ ʩʚʷʟʘʥ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʣʦʛʦʤ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʣʠʯʥʦʩʪʴ ʦʩʦʟʥʘʥʥʦ ʧʨʠʥʠʤʘʝʪ ʠʣʠ ʦʪ-
ʚʝʨʛʘʝʪ ʪʝ ʠʣʠ ʠʥʳʝ ʮʝʥʥʦʩʪʠ, ʦʩʤʳʩʣʠʚʘʷ ʩʚʦʡ ʦʧʳʪ ʠ ʬʦʨʤʠʨʫʷ ʮʝʣʦʩʪʥʫʶ çʗ-ʢʦʥʮʝʧʮʠʶè. 

ɺʘʞʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʧʦʥʠʤʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʩʦʮʠʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʩʨʝʜʩʪʚ, ʩ 
ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʩʨʝʜʩʪʚ ʚʳʩʪʫʧʘʶʪ ʤʘʪʝʨʠʘʣʴʥʳʝ ʠ ʜʫʭʦʚʥʳʝ 
ʧʨʦʜʫʢʪʳ ʢʫʣʴʪʫʨʳ, ʦʢʨʫʞʘʶʱʠʝ ʯʝʣʦʚʝʢʘ [7]. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʯʝʨʝʟ ʥʝʛʦ ʛʦʩʫ-
ʜʘʨʩʪʚʝʥʥʘʷ ʤʦʣʦʜʸʞʥʘʷ ʧʦʣʠʪʠʢʘ ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʝʝ ʩʠʩʪʝʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʩʦʮʠʘʣʠʟʘʮʠʠ. 
ʂʘʢ ʦʪʤʝʯʘʶʪ ʅ. ɺ. ʂʘʨʧʦʚʘ ʠ ɽ. ɽ. ʖʜʘʢʠʥʘ, ʩʦʚʨʝʤʝʥʥʳʝ ʩʦʮʠʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 
ʤʦʣʦʜʸʞʥʦʡ ʠ ʢʫʣʴʪʫʨʥʦʡ ʧʦʣʠʪʠʢʝ, ï ʬʦʨʫʤʥʳʝ ʢʘʤʧʘʥʠʠ, ʛʨʘʥʪʦʚʘʷ ʧʦʜʜʝʨʞʢʘ, ʧʨʦʝʢʪʥʳʝ ʠʥʪʝʥʩʠ-
ʚʳ ï ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʩʦʮʠʘʣʠʟʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʘʢʪʠʚʠʟʘʮʠʠ 
ʩʦʮʠʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʦʣʦʜʸʞʠ [8]. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʚʝʩʪʠ ʩʪʠʭʠʡʥʳʝ ʧʨʦʮʝʩʩʳ 
ʚʟʨʦʩʣʝʥʠʷ ʚ ʫʧʨʘʚʣʷʝʤʦʝ ʨʫʩʣʦ, ʩʦʟʜʘʚʘʷ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʤʦʣʦʜʳʭ ʣʶʜʝʡ ʛʠʙʢʠʭ ʥʘʚʳ-
ʢʦʚ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʛʨʘʞʜʘʥʩʢʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ. 

ɼʣʷ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʪʦʛʦ, ʢʘʢ ʤʝʭʘʥʠʟʤʳ ʩʦʮʠʘʣʠʟʘʮʠʠ ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʘʚʪʦʨʦʤ ʙʳʣʠ 
ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʪʥʳʝ ʠʥʪʝʨʚʴʶ ʩ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ɸʛʝʥʪʩʪʚʘ ʤʦʣʦʜʸʞʥʦʡ ʧʦʣʠʪʠʢʠ ʂʨʘʩʥʦʷʨʩʢʦʛʦ 
ʢʨʘʷ, ʄʠʥʠʩʪʨʦʤ ʢʫʣʴʪʫʨʳ ʢʨʘʷ ʠ ʧʨʝʜʩʝʜʘʪʝʣʝʤ ʄʦʣʦʜʸʞʥʦʛʦ ʩʦʚʝʪʘ ʧʨʠ ʄʠʥʠʩʪʝʨʩʪʚʝ ʢʫʣʴʪʫʨʳ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʮʝʩʩ ʩ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ, ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʪʦʨʦʥ. ɸʥʘʣʠʟ 
ʠʥʪʝʨʚʴʶ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʥʘʧʨʘʚʣʝʥʠʡ, 
ʦʭʚʘʪʳʚʘʶʱʠʭ ʚʩʝ ʚʠʜʳ ʩʦʮʠʘʣʠʟʘʮʠʠ: ʥʘ ʫʨʦʚʥʝ ʤʦʣʦʜʸʞʥʦʡ ʧʦʣʠʪʠʢʠ ʜʝʡʩʪʚʫʶʪ ʧʷʪʴ ʬʣʘʛʤʘʥʩʢʠʭ 
ʧʨʦʛʨʘʤʤ ï çʄʳ ʚʤʝʩʪʝè (ʩʦʮʠʘʣʴʥʘʷ ʩʦʮʠʘʣʠʟʘʮʠʷ ʯʝʨʝʟ ʚʦʣʦʥʪʸʨʩʪʚʦ), çʄʳ ʩʦʟʜʘʸʤè (ʪʚʦʨʯʝʩʢʦʝ 
ʥʘʧʨʘʚʣʝʥʠʝ), çʄʳ ʛʦʨʜʠʤʩʷè (ʛʨʘʞʜʘʥʩʢʦ-ʧʘʪʨʠʦʪʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ), çʄʳ ʜʦʩʪʠʛʘʝʤè (ʩʧʦʨʪʠʚʥʘʷ 
ʩʦʮʠʘʣʠʟʘʮʠʷ) ʠ çʄʳ ʧʨʦʬʝʩʩʠʦʥʘʣʳè (ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʩʦʮʠʘʣʠʟʘʮʠʷ). ʋʯʨʝʞʜʝʥʠʷ ʢʫʣʴʪʫʨʳ ʜʦ-
ʧʦʣʥʷʶʪ ʠʭ ʤʫʣʴʪʠʬʦʨʤʘʪʥʳʤʠ ʩʦʙʳʪʠʷʤʠ, ʟʘʜʝʡʩʪʚʫʶʱʠʤʠ ʩʪʠʣʠʟʦʚʘʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʘ ʄʦʣʦʜʸʞ-
ʥʳʡ ʩʦʚʝʪ ï ʨʝʬʣʝʢʩʠʚʥʳʡ: ʤʦʣʦʜʸʞʴ ʠʥʬʦʨʤʠʨʫʝʪʩʷ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʙʠʨʘʝʪ 
ʬʦʨʤʘʪʳ ʫʯʘʩʪʠʷ. 

ɺʩʝ ʵʢʩʧʝʨʪʳ ʩʭʦʜʷʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʩʦʮʠʘʣʠʟʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʯʝʨʝʟ 
ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʬʦʨʤʘʪʳ ï ʭʘʢʘʪʦʥʳ ʠ ʢʝʡʩ-ʯʝʤʧʠʦʥʘʪʳ, ʚʦʣʦʥʪʸʨʩʢʠʝ 
ʧʨʦʛʨʘʤʤʳ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʠʥʪʝʥʩʠʚʳ, ʤʫʣʴʪʠʬʦʨʤʘʪʥʳʝ ʢʫʣʴʪʫʨʥʳʝ ʩʦʙʳʪʠʷ, ʢʣʫʙʥʳʝ ʬʦʨʤʳ ʨʘ-
ʙʦʪʳ, ʤʘʩʪʝʨ-ʢʣʘʩʩʳ ʠ ʪʚʦʨʯʝʩʢʠʝ ʢʦʥʢʫʨʩʳ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʤʝʱʝʥʠʠ ʘʢʮʝʥʪʘ ʩ ʧʘʩʩʠʚʥʦʛʦ 
ʧʦʪʨʝʙʣʝʥʠʷ ʢʫʣʴʪʫʨʥʦʛʦ ʧʨʦʜʫʢʪʘ ʢ ʘʢʪʠʚʥʦʤʫ ʩʦʫʯʘʩʪʠʶ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʦʣʦʜʦʡ ʯʝʣʦʚʝʢ ʚʳʩʪʫʧʘʝʪ ʥʝ 
ʟʨʠʪʝʣʝʤ, ʘ ʜʝʷʪʝʣʴʥʳʤ ʫʯʘʩʪʥʠʢʦʤ: ʩʦʟʜʘʸʪ ʧʨʦʜʫʢʪ, ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʷ ʠ ʚʳʩʪʨʘʠʚʘʝʪ ʛʦʨʠʟʦʥ-
ʪʘʣʴʥʳʝ ʩʚʷʟʠ. ʄʝʞʣʠʯʥʦʩʪʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʠ ʵʪʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘ-
ʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠ ʪʚʦʨʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʮʠʘʣʠʟʘʮʠʠ 
ʤʦʣʦʜʸʞʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ, ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʛʦ, ʩʪʠʣʠʟʦʚʘʥ-
ʥʦʛʦ, ʤʝʞʣʠʯʥʦʩʪʥʦʛʦ ʠ ʨʝʬʣʝʢʩʠʚʥʦʛʦ ʤʝʭʘʥʠʟʤʦʚ. ʉʦʮʠʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʚʳʩʪʫʧʘʝʪ 
ʤʘʪʝʨʠʘʣʴʥʳʤ ʚʦʧʣʦʱʝʥʠʝʤ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʧʨʠʟʚʘʥʥʳʤ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʦʩʪʘʣʴʥʳʝ 
ʩʧʦʩʦʙʳ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʦʩʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʇʝʨʝʭʦʜ ʦʪ ʣʝʢʮʠʦʥʥʳʭ, ʠʥʬʦʨʤʠʨʫʶ-
ʱʠʭ ʬʦʨʤʘʪʦʚ ʢ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʚʝʢʪʦʨʦʤ ʢʘʢ ʜʣʷ ʤʦʣʦʜʸʞʥʦʡ ʧʦʣʠʪʠʢʠ, 
ʪʘʢ ʠ ʜʣʷ ʫʯʨʝʞʜʝʥʠʡ ʢʫʣʴʪʫʨʳ ʠ ʚʳʩʪʫʧʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʮʠ-
ʘʣʠʟʘʮʠʠ ʤʦʣʦʜʸʞʠ. 
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СРАВНИТЕЛЬНЫЙ АНАЛИЗ ПОДХОДОВ К 
РЕКУЛЬТИВАЦИИ ЗЕМЕЛЬ В РОССИИ И ЗА 
РУБЕЖОМ 

Бакиева Эвелина Александровна 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʜʭʦʜʦʚ ʢ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʝʤʝʣʴ ʚ ʈʦʩʩʠʠ, 
ʉʐɸ, ʂʘʥʘʜʝ ʠ ɻʝʨʤʘʥʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʠʩʪʦʨʠʯʝʩʢʠʝ ʵʪʘʧʳ ʩʪʘʥʦʚʣʝʥʠʷ ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ ʧʨʘʢʪʠʢ ʠ 
ʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ. ɺʳʷʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʨʘʟʣʠʯʠʷ ʚ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʤʦʜʝʣʷʭ ʠ ʦʬʦʨʤʣʝʥʦ 
ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʟʘʢʣʶʯʝʥʠʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʟʝʤʝʣʴ, ʥʘʨʫʰʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʦʭʨʘʥʘ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 
 

COMPARATIVE ANALYSIS OF APPROACHES TO LAND RECLAMATION IN RUSSIA AND ABROAD 
 

Bakieva Evelina Alexandrovna 
 

Abstract: The article provides a comparative analysis of approaches to land reclamation in Russia, the USA, 
Canada and Germany. The historical stages of the formation of reclamation practices and legal regulation are 
considered. Key differences in institutional models have been identified and a structured comparative conclu-
sion has been drawn up. 
Key words: land reclamation, disturbed territories, comparative analysis, environmental protection, legal regu-
lation. 

 
ɼʝʛʨʘʜʘʮʠʷ ʟʝʤʝʣʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʵʢʩʪʝʥʩʠʚʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ) ʧʨʠʦʙʨʝʣʘ ʛʣʦʙʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʩʦʟʜʘʚʘʷ ʫʛʨʦʟʫ 
ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʪʝʨʨʠʪʦʨʠʡ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʦ-
ʪʝʥʮʠʘʣʘ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ ð ʨʝʢʫʣʴʪʠʚʘʮʠʷ ð ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʫʶ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨ-
ʥʫʶ ʟʘʜʘʯʫ ʥʘ ʩʪʳʢʝ ʧʦʯʚʦʚʝʜʝʥʠʷ, ʵʢʦʣʦʛʠʠ, ʛʦʨʥʦʛʦ ʜʝʣʘ, ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʘʚʘ [1, ʩ. 43]. ʇʦ ʵʢʩ-
ʧʝʨʪʥʳʤ ʦʮʝʥʢʘʤ, ʝʞʝʛʦʜʥʳʝ ʧʦʪʝʨʠ ɺɺʇ ʈʦʩʩʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʭʫʜʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝ-
ʜʳ, ʩʦʩʪʘʚʣʷʶʪ 4ï6% [2, ʩ. 1]. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʩʪʘʪʫʩ ʥʝ ʪʦʣʴʢʦ ʧʨʠʨʦʜʦ-
ʦʭʨʘʥʥʦʡ ʤʝʨʳ, ʥʦ ʠ ʢʣʶʯʝʚʦʛʦ ʬʘʢʪʦʨʘ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʄʘʩʰʪʘʙʳ ʜʝʛʨʘʜʘʮʠʠ ʟʝʤʝʣʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʧʦʩʪʘʚʠʤʳ ʚ 
ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ, ʦʜʥʘʢʦ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʠʤʝʶʪ ʚʳʨʘʞʝʥʥʫʶ ʥʘʮʠʦʥʘʣʴʥʫʶ ʩʧʝʮʠʬʠʢʫ. 
ɺ ʉʐɸ ʧʣʦʱʘʜʴ ʥʘʨʫʰʝʥʥʳʭ ʛʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ ʟʝʤʝʣʴ ʧʨʝʚʳʰʘʝʪ 2 ʤʣʥ ʛʘ ʩ ʝʞʝʛʦʜʥʳʤ ʧʨʠʨʦʩʪʦʤ 
ʦʢʦʣʦ 80 ʪʳʩ. ʛʘ; ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʝʞʝʛʦʜʥʦ ʜʝʛʨʘʜʠʨʫʝʪ 20 ʪʳʩ. ʛʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʫʛʦʜʠʡ; ʚ ɻʝʨʤʘ-
ʥʠʠ ð 7ï10 ʪʳʩ. ʛʘ [1, ʩ. 2]. ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ, ʢ ʨʝʛʠʦʥʘʤ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʜʝʛʨʘʜʘʮʠʠ ʟʝʤʝʣʴ ʚ 
ʈʌ ʦʪʥʦʩʷʪʩʷ ʋʨʘʣʴʩʢʠʡ, ʉʠʙʠʨʩʢʠʡ ʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʝ ʦʢʨʫʛʘ, ʛʜʝ ʚ ʩʪʨʫʢʪʫʨʝ ʥʘʨʫ-
ʰʝʥʥʳʭ ʟʝʤʝʣʴ ʧʨʝʦʙʣʘʜʘʶʪ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʚʨʝʞʜʸʥʥʳʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʦʢʦʣʦ 
80%) [3, ʩ. 141]. ɺ 2021 ʛʦʜʫ ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʠʣʘ 195,2 ʪʳʩ. ʛʘ, ʯʪʦ 
ʥʘ 25,8% ʙʦʣʴʰʝ, ʯʝʤ ʛʦʜʦʤ ʨʘʥʝʝ. 
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ʀʩʪʦʨʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʧʦʜʭʦʜʦʚ ʢ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʝʤʝʣʴ 
ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʝʤʝʣʴ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ ʚʝʜʫʪʩʷ ʩ 1960-ʭ ʛʦʜʦʚ. ʂʣʶʯʝʚʘʷ ʨʦʣʴ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʧʨʠʥʘʜʣʝʞʘʣʘ ʀ.ɺ. ʃʘʟʘʨʝʚʦʡ, ʢʦʪʦʨʘʷ ʚʚʝʣʘ 
ʚ ʥʘʫʯʥʳʡ ʦʙʦʨʦʪ ʪʝʨʤʠʥ çʨʝʢʫʣʴʪʠʚʘʮʠʷè ʠ ʟʘʣʦʞʠʣʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 
ʨʘʙʦʪ ʥʘ ʪʝʭʥʦʛʝʥʥʦ ʥʘʨʫʰʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ [4, ʩ. 16]. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʘʷ 
ʥʘʫʯʥʘʷ ʰʢʦʣʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʣʘʩʴ: ɺ.ɼ. ɻʦʨʣʦʚ ʨʘʟʨʘʙʘʪʳʚʘʣ ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʦʡ 
ʨʝʢʫʣʴʪʠʚʘʮʠʠ, ɹ.ʇ. ʂʦʣʝʩʥʠʢʦʚ ʠʟʫʯʘʣ ʧʨʦʮʝʩʩʳ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ 
ʧʦʢʨʦʚʘ, ʘ ʪʘʢʞʝ ʚʝʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʟʘʨʫʙʝʞʥʦʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʷʚ-
ʣʷʝʪʩʷ ʙʦʣʝʝ ʨʘʥʥʷʷ ʠʥʢʦʨʧʦʨʘʮʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʚ ʣʠʮʝʥʟʠʦʥʥʳʝ ʩʦʛʣʘʰʝʥʠʷ ʥʘ ʧʦʣʴʟʦ-
ʚʘʥʠʝ ʥʝʜʨʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʉʦʝʜʠʥʸʥʥʳʭ ʐʪʘʪʘʭ ɸʤʝʨʠʢʠ ɿʘʢʦʥ ʦ ʢʦʥʪʨʦʣʝ ʟʘ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 
ʛʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ (Surface Mining Control and Reclamation Act) ʙʳʣ ʧʨʠʥʷʪ ʝʱʸ ʚ 1977 
ʛʦʜʫ, ʪʦʛʜʘ ʢʘʢ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦ-
ʚʘʥʠʷ ʥʘʯʘʣʦʩʴ ʣʠʰʴ ʚ 1990-ʝ ʛʦʜʳ [5, ʩ. 130]. 

ɸʥʘʣʠʟ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ 
ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʚ ʩʬʝʨʝ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʝʤʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʝ ʤʦʜʝʣʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ: ʘʤʝʨʠʢʘʥʩʢʫʶ, ʥʦʩʷʱʫʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʟʨʝʰʠ-
ʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ; ʝʚʨʦʧʝʡʩʢʫʶ, ʙʘʟʠʨʫʶʱʫʶʩʷ ʥʘ ʧʨʠʥʮʠʧʝ çʟʘʛʨʷʟʥʠʪʝʣʴ ʧʣʘʪʠʪè ʠ ʩʠʩʪʝʤʝ ʪʝʭʥʠ-
ʯʝʩʢʠʭ ʨʝʛʣʘʤʝʥʪʦʚ; ʘ ʪʘʢʞʝ ʧʦʩʪʩʦʚʝʪʩʢʫʶ ʤʦʜʝʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʘʢʮʝʥʪʦʤ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ 
ʩʪʘʥʜʘʨʪʳ ʠ ʥʦʨʤʘʪʠʚʳ. 

ɸʤʝʨʠʢʘʥʩʢʘʷ ʤʦʜʝʣʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʯʸʪʢʠʤ ʨʘʟʛʨʘʥʠʯʝʥʠʝʤ ʧʦʣʥʦʤʦʯʠʡ ʤʝʞʜʫ ʬʝ-
ʜʝʨʘʣʴʥʳʤ ʮʝʥʪʨʦʤ ʠ ʰʪʘʪʘʤʠ. ʆʩʥʦʚʥʦʡ ʘʢʪ ð ɿʘʢʦʥ SMCRA (1977 ʛ.), ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʦʙʷʟʘ-
ʪʝʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʛʦʨʥʳʝ ʨʘʙʦʪʳ ʩ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʜʝʪʘʣʴʥʦʛʦ ʧʣʘʥʘ ʨʝʢʫʣʴʪʠʚʘ-
ʮʠʠ ʠ ʬʠʥʘʥʩʦʚʳʭ ʛʘʨʘʥʪʠʡ [4, ʩ. 143]. ʂʘʥʘʜʩʢʘʷ ʩʠʩʪʝʤʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ ʙʦʣʝʝ ʜʝ-
ʮʝʥʪʨʘʣʠʟʦʚʘʥʘ: ʢʘʞʜʘʷ ʧʨʦʚʠʥʮʠʷ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ, ʫʯʠʪʳʚʘʶʱʝʝ ʨʝʛʠʦʥʘʣʴʥʳʝ 
ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʅʝʤʝʮʢʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ, ʚ ʯʘʩʪʥʦʩʪʠ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʙ ʦʭʨʘʥʝ ʧʦʯʚ ʠ ʛʦʨʥʦʝ ʧʨʘʚʦ, 
ʧʨʝʜʲʷʚʣʷʝʪ ʦʜʥʠ ʠʟ ʥʘʠʙʦʣʝʝ ʩʪʨʦʛʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʚʝʜʝʥʠʶ ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ ʨʘʙʦʪ. ʆʪʣʠʯʠ-
ʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʠʤʧʝʨʘʪʠʚʥʦʩʪʴ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
ʣʘʥʜʰʘʬʪʘ ʜʦ ʩʦʩʪʦʷʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ, 
ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠʣʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʮʝʣʷʭ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʶʪ-
ʩʷ ʧʫʙʣʠʯʥʳʝ ʩʣʫʰʘʥʠʷ ʧʦ ʧʨʦʝʢʪʘʤ ʨʝʢʫʣʴʪʠʚʘʮʠʠ, ʛʘʨʘʥʪʠʨʫʶʱʠʝ ʫʯʘʩʪʠʝ ʤʝʩʪʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ 
ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ [5, ʩ. 149]. 

ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ ʚ ʦʙʣʘʩʪʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʝʤʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤ-
ʧʣʝʢʩʦʤ ʜʦʢʫʤʝʥʪʦʚ, ʚʢʣʶʯʘʶʱʠʤ ɿʝʤʝʣʴʥʳʡ ʢʦʜʝʢʩ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆʙ 
ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè, ʘ ʪʘʢʞʝ ʚʝʜʦʤʩʪʚʝʥʥʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʘʢʪʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʫʱʝʩʪʚʫʶʱʘʷ 
ʩʠʩʪʝʤʘ ʦʪʣʠʯʘʝʪʩʷ ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʴʶ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʜʝʡʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʥʪʨʦʣʴʥʳʭ ʤʝʨʦʧʨʠ-
ʷʪʠʡ ʠ ʬʠʥʘʥʩʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ [2, ʩ. 2]. ʂʣʶʯʝʚʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ 
ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʪʨʝʙʦʚʘʥʠʷ ʥʝʨʝʜʢʦ ʥʦʩʷʪ ʜʝʢʣʘʨʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʠʭ ʥʝʩʦʙʣʶ-
ʜʝʥʠʝ ʦʩʪʘʸʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ. 

ɿʘʢʣʶʯʝʥʠʝ 
ʇʦʜʚʦʜʷ ʠʪʦʛ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʧʨʘʚʦʚʦʛʦ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʢʫʣʴʪʠ-

ʚʘʮʠʠ ʟʝʤʝʣʴ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʭʦʜʳ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʩʬʦʨʤʠʨʦʚʘ-
ʣʠʩʴ ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʭ ʠʩʪʦʨʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺ ʉʐɸ ʠ ɻʝʨʤʘʥʠʠ 
ʩʣʦʞʠʣʠʩʴ ʦʜʥʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʨʘʙʦʪʘʥʥʳʭ ʩʠʩʪʝʤ: ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʯʸʪʢʦ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʦʙʷʟʘʥ-
ʥʦʩʪʠ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʙʷʟʘʪʝʣʴʥʦʝ ʬʠʥʘʥʩʦʚʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʛʘʨʘʥʪʠʠ, ʬʦʥ-
ʜʳ ʣʠʢʚʠʜʘʮʠʠ) ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʢʦʥʪʨʦʣʴ ʩʦ ʩʪʦʨʦʥʳ ʥʘʜʟʦʨʥʳʭ ʦʨʛʘʥʦʚ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʈʦʩʩʠʠ, ʪʦ ʟʜʝʩʴ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʙʘʟʦʚʳʭ ʥʦʨʤ ʚ ɿʝʤʝʣʴʥʦʤ ʢʦʜʝʢʩʝ ʠ ʟʘʢʦʥʝ 
çʆʙ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè, ʩʠʩʪʝʤʘ ʧʦʢʘ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʮʝʣʦʩʪʥʦʩʪʴʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʂ ʙʝʟ-
ʫʩʣʦʚʥʳʤ ʧʣʶʩʘʤ ʨʦʩʩʠʡʩʢʦʡ ʩʠʩʪʝʤʳ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʝʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʩʪʴ: ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʦʜʭʦ-
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ʜʳ, ʟʘʣʦʞʝʥʥʳʝ ʝʱʝ ʚ 1960-ʝ ʛʦʜʳ ʀ.ɺ. ʃʘʟʘʨʝʚʦʡ, ʠʟʥʘʯʘʣʴʥʦ ʙʘʟʠʨʦʚʘʣʠʩʴ ʥʘ ʜʝʪʘʣʴʥʦʤ ʫʯʝʪʝ ʧʨʠ-
ʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʠ ʢʦʤʧʣʝʢʩʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʣʘʥʜʰʘʬʪʦʚ, ʘ ʥʝ ʪʦʣʴʢʦ ʥʘ ʬʦʨʤʘʣʴʥʦʤ 
ʚʦʟʚʨʘʱʝʥʠʠ ʟʝʤʝʣʴ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦʨʦʪ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʷʜʘ ʟʘʨʫʙʝʞʥʳʭ ʧʨʘʢʪʠʢ, ʛʜʝ ʨʝʢʫʣʴʪʠʚʘ-
ʮʠʷ ʯʘʩʪʦ ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʘʪʦʯʥʳʤ ʤʝʨʘʤ, ʨʦʩʩʠʡʩʢʠʝ ʥʦʨʤʘʪʠʚʳ ʪʨʘʜʠʮʠʦʥʥʦ ʦʨʠʝʥʪʠ-
ʨʦʚʘʥʳ ʥʘ ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʂʦʞʝʚʥʠʢʦʚ ʅ. ɺ., ɿʘʫʰʠʥʮʝʥʘ ɸ. ɺ. ʆʪʝʯʝʩʪʚʝʥʥʳʡ ʠ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝ-

ʢʫʣʴʪʠʚʘʮʠʠ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ // ɺʝʩʪʥʠʢ ʂʝʤʝʨʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ: ɹʠʦ-
ʣʦʛʠʯʝʩʢʠʝ, ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ ʠ ʥʘʫʢʠ ʦ ɿʝʤʣʝ. 2017. ˉ 1. ʉ. 43 ï 47. 

2. ʀʛʥʘʪʴʝʚʘ ʄ. ʅ., ʖʨʘʢ ɺ. ɺ., ɼʫʰʠʥ ɸ. ɺ. ʇʈɸɺʆɺʆɽ ʈɽɻʋʃʀʈʆɺɸʅʀɽ 
ʈɽʂʋʃʔʊʀɺɸʎʀʆʅʅʓʍ ʈɸɹʆʊ ʇʈʀ ʅɽɼʈʆʇʆʃʔɿʆɺɸʅʀʀ: ʄɽɾɼʋʅɸʈʆɼʅʓʁ ʆɹɿʆʈ // ʕʂʆ. 
2021. ˉ12 (570). URL: https://cyberleninka.ru/article/n/pravovoe-regulirovanie-rekultivatsionnyh-rabot-pri-
nedropolzovanii-mezhdunarodnyy-obzor (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 31.05.2026). 

3. ʐʝʚʯʝʥʢʦ ɸʣʝʥʘ ɸʥʘʪʦʣʴʝʚʥʘ, ʂʨʘʚʯʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ ɺʓɹʆʈ ʇʈʆɽʂʊʅʓʍ 
ʈɽʐɽʅʀʁ ʈɽʂʋʃʔʊʀɺɸʎʀʀ ʅɸʈʋʐɽʅʅʓʍ ɿɽʄɽʃʔ ʇʆʉʃɽ ʆʂʆʅʏɸʅʀʗ ʉʊʈʆʀʊɽʃʔʉʊɺɸ // 
ʊʊʇʉ. 2022. ˉ4 (62). URL: https://cyberleninka.ru/article/n/vybor-proektnyh-resheniy-rekultivatsii-
narushennyh-zemel-posle-okonchaniya-stroitelstva (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 31.05.2026). 

4. ʏʝʨʥʠʢʦʚʘ, ɸ. ɸ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘʨʫʰʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ: ʤʠʨʦʚʦʡ ʦʧʳʪ / ɸ. ɸ. ʏʝʨʥʠʢʦʚʘ. 
ð ʊʝʢʩʪ : ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ : ʤʘʪʝʨʠʘʣʳ CIV ʄʝʞʜʫʥʘʨ. ʥʘʫʯ. ʢʦʥʬ. 
(ʛ. ʂʘʟʘʥʴ, ʤʘʡ 2025 ʛ.). ð ʂʘʟʘʥʴ : ʄʦʣʦʜʦʡ ʫʯʝʥʳʡ, 2025. ð ʉ. 30-36. ð URL: 
https://moluch.ru/conf/stud/archive/538/18987. 
  

https://moluch.ru/conf/stud/archive/538/18987


НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 257 

 

VII International scientific conference | www.naukaip.ru 

 
 

 

 

 

 

 

 

ȀǳȆȊȀȁǸ ǻǺǷǳȀǻǸ 

 

ȀǳȆȊȀȎǸ ǻȄȄǾǸǷȁǵǳȀǻȒ ǻ ȃǳǺȃǳǴȁȅǽǻ 2026 
ȄȔȡȣȠțȝ ȤȥȓȥȘȜ 

ǿȘșȗȦȠȓȣȡȗȠȡȜ ȠȓȦȪȠȡ-ȢȣȓȝȥțȪȘȤȝȡȜ ȝȡȠȧȘȣȘȠȩțț 

Ȗ. ȂȘȠȚȓ, 5 țȱȠȲ 2026 Ȗ. 

Ȃȡȗ ȡȔȬȘȜ ȣȘȗȓȝȩțȘȜ 

ȝȓȠȗțȗȓȥȓ ȰȝȡȠȡȟțȪȘȤȝțȨ ȠȓȦȝ Ƕ.ȑ. ǶȦȞȲȘȕȓ 

ȂȡȗȢțȤȓȠȡ ȕ ȢȘȪȓȥȯ 6.06.2026. 

ȇȡȣȟȓȥ 60×84 1/16. ȆȤȞ. ȢȘȪ. Ȟ. 15,6 

 

ǿȉȀȄ «ȀȓȦȝȓ ț ȂȣȡȤȕȘȬȘȠțȘ» 

440062, Ȗ. ȂȘȠȚȓ, ȂȣȡȤȢȘȝȥ ȄȥȣȡțȥȘȞȘȜ ȗ. 88, ȡȧ. 10 

www.naukaip.ru 

 

 

  

http://www.naukaip.ru/


258 НАУЧНЫЕ ИССЛЕДОВАНИЯ И РАЗРАБОТКИ 2026 

 

VII международная научно-практическая конференция  | МЦНС «НАУКА И ПРОСВЕЩЕНИЕ» 

ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ! 
Приглашаем Вас принять участие в Международных научно-практических конференциях! 

ɼʘʪʘ ʅʘʟʚʘʥʠʝ ʢʦʥʬʝʨʝʥʮʠʠ ʋʩʣʫʛʘ ʐʠʬʨ 

15 июня 
XXXIV Международная научно-практическая конференция 

ɸʂʊʋɸʃʔʅʓɽ ʅɸʋʏʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

150 руб. 

за 1 стр. 
МК-2721 

15 июня 
II Международная научно-практическая конференция 

ɺʆʇʈʆʉʓ ʅɸʋʂʀ 2026 

150 руб. 

за 1 стр. 
МК-2722 

15 июня 
XI Международная научно-практическая конференция 

ʉʊʋɼɽʅʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ, ʀɼɽʀ ʀ ʀʅʅʆɺɸʎʀʀ 

150 руб. 
за 1 стр. 

МК-2723 

15 июня 

II Международная научно-практическая конференция 

ʕʂʆʅʆʄʀʂɸ ʀ ɹʀɿʅɽʉ:  

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ, ɼʆʉʊʀɾɽʅʀʗ ʀ ʀʅʅʆɺɸʎʀʀ 

150 руб. 

за 1 стр. 
МК-2724 

15 июня 

II Международная конференция научно-практическая конференция  

ʃʀɼɽʈʓ ʆɹʈɸɿʆɺɸʅʀʗ:  

ʇɽɼɸɻʆɻʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ, ʊɽʍʅʆʃʆɻʀʀ ʀ 

ʀʅʅʆɺɸʎʀʀ 

150 руб. 

за 1 стр. 
МК-2725 

15 июня 

II Международная научно-практическая конференция 

ʖʈʀʉʇʈʋɼɽʅʎʀʗ ʀ ʇʈɸɺʆ:  

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ʊɽʆʈʀʀ ʀ ʇʈɸʂʊʀʂʀ 

150 руб. 

за 1 стр. 
МК-2726 

17 июня 

XXX Международная научно-практическая конференция 

ʅɸʋʂɸ, ʆɹʈɸɿʆɺɸʅʀɽ, ʀʅʅʆɺɸʎʀʀ: ɸʂʊʋɸʃʔʅʓɽ 

ɺʆʇʈʆʉʓ ʀ ʉʆɺʈɽʄɽʅʅʓɽ ɸʉʇɽʂʊʓ 

150 руб. 

за 1 стр. 
МК-2727 

17 июня 
IV Международная научно-практическая конференция  

EURASIAN SCIENTIFIC CONFERENCE  

150 руб. 

за 1 стр. 
МК-2728 

17 июня 
XXII Международная научно-практическая конференция 

ʅɸʋʏʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 2026 

150 руб. 
за 1 стр. 

МК-2729 

20 июня 

V Международная научно-практическая конференция 

ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʉʆɺʈɽʄɽʅʅʆɻʆ ʆɹʑɽʉʊɺɸ, 

ʅɸʋʂʀ ʀ ʆɹʈɸɿʆɺɸʅʀʗ 

150 руб. 

за 1 стр. 
МК-2730 

20 июня 
XXI Международная научно-практическая конференция  

ʄʆʃʆɼʆʁ ʋʏɪʅʓʁ 

150 руб. 

за 1 стр. 
МК-2731 

20 июня 

XIII Международная научно-практическая конференция 

ʅɸʋʂɸ ʉɽɻʆɼʅʗ:  

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ʊɽʆʈʀʀ ʀ ʇʈɸʂʊʀʂʀ 

150 руб. 

за 1 стр. 
МК-2732 

25 июня 

XIII Международная научно-практическая конференция 

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ʅɸʋʂʀ, ʆɹʑɽʉʊɺɸ ʀ 

ʆɹʈɸɿʆɺɸʅʀʗ 

150 руб. 

за 1 стр. 
МК-2733 

25 июня 

XXIII Международная научно-практическая конференция 

ʅɸʋʏʅʆɽ ʆɹʆɿʈɽʅʀɽ:  

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ʊɽʆʈʀʀ ʀ ʇʈɸʂʊʀʂʀ 

150 руб. 

за 1 стр. 
МК-2734 

25 июня 
XII Международная научно-практическая конференция 

ʉʆɺʈɽʄɽʅʅʓɽ ʉʊʋɼɽʅʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

150 руб. 

за 1 стр. 
МК-2735 

25 июня 
XX Международная научно-практическая конференция 

ʕʂʆʅʆʄʀʂɸ ʇʈɽɼʇʈʀʗʊʀʁ, ʈɽɻʀʆʅʆɺ, ʉʊʈɸʅ: 

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ʀ ʉʆɺʈɽʄɽʅʅʓɽ ɸʉʇɽʂʊʓ 

150 руб. 
за 1 стр. 

МК-2736 

25 июня 

XIII Международная научно-практическая конференция 

ʆɹʈɸɿʆɺɸʅʀɽ, ɺʆʉʇʀʊɸʅʀɽ ʀ ʇɽɼɸɻʆɻʀʂɸ: 

ʊʈɸɼʀʎʀʀ, ʆʇʓʊ, ʀʅʅʆɺɸʎʀʀ 

150 руб. 

за 1 стр. 
МК-2737 

25 июня 

XXIII Международная научно-практическая конференция 

ʖʈʀʉʇʈʋɼɽʅʎʀʗ, ɻʆʉʋɼɸʈʉʊɺʆ ʀ ʇʈɸɺʆ: 

ɸʂʊʋɸʃʔʅʓɽ ɺʆʇʈʆʉʓ ʀ ʉʆɺʈɽʄɽʅʅʓɽ ɸʉʇɽʂʊʓ 

150 руб. 

за 1 стр. 
МК-2738 

www.naukaip.ru  

 

 


