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FUNDAMENTALS OF ORGANIZATION AND MANAGEMENT IN CONSTRUCTION.  

ORGANIZATION OF CONSTRUCTION OF A RESIDENTIAL BUILDING  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʵʪʘʧʥʳʡ ʧʦʜʭʦʜ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʠʣʦʛʦ ʟʜʘʥʠʷ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚʣʝʥʠʝ ʢʘʣʴ-

ʢʫʣʷʮʠʡ, ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʘʚʣʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. 

Abstract 

This article describes a phased approach to the organization of construction of a residential building.  

The purpose of the work is the selection of optimal design solutions, as well as calculation, selection of opti-

mal building materials, preparation of initial construction documentation. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʥʦʨʤʘʪʠʚʳ, ʟʘʪʨʘʪʳ, ʤʘʪʝʨʠʘʣ. 

Key words: construction, specifications, costs and material. 

 

1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʢʪʘ ʠ ʩʪʨʦʡʧʣʦ-

ʱʘʜʢʠ. 

ʆʙʲʝʢʪ ï 2-ʭ ʵʪʘʞʥʳʡ 2-ʭ ʢʚʘʨʪʠʨʥʳʡ ʞʠʣʦʡ 

ʜʦʤ ʩ 4-ʭ ʢʦʤʥʘʪʥʳʤʠ ʢʚʘʨʪʠʨʘʤʠ ʚ 2 ʫʨʦʚʥʷʭ. 

ʛʦʜʘ. ʈʘʩʩʪʦʷʥʠʝ ʜʦʩʪʘʚʢʠ ʢʦʥʩʪʨʫʢʮʠʡ ï20 ʢʤ. 

ʉʥʘʙʞʝʥʠʝ ʧʣʦʱʘʜʢʠ ʚʦʜʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ ï ʦʪ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʪʝʡ. ʉʇ 48.13330.2011 çʆʨʛʘʥʠ-

ʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘè. ʋʯʘʩʪʦʢ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦ-

ʣʦʞʝʥ ʦʙʲʝʢʪ, ʠʤʝʝʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ, ʩ ʨʘʟ-

ʤʝʨʘʤʠ 25ʭ27ʤ. ʅʘ ʩʝʚʝʨʝ ʫʯʘʩʪʢʘ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

600ʤ, ʥʘʭʦʜʠʪʩʷ ʩʫʱʝʩʪʚʫʶʱʘʷ ʟʘʩʪʨʦʡʢʘ. 

1.1. ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʦʙʲʝʢʪʘ. 

ʉʪʨʦʠʪʝʣʴʥʳʡ ʦʙʲʝʢʪ - 2-ʭ ʵʪʘʞʥʳʡ 2-ʭ ʢʚʘʨ-

ʪʠʨʥʳʡ ʞʠʣʦʡ ʜʦʤ. ʈʘʟʤʝʨʳ ʦʙʲʝʢʪʘ ʚ ʦʩʷʭ ʩʦʩʪʘʚ-

ʣʷʶʪ 12,8 ʤ ʭ 7,2ʤ. ɿʜʘʥʠʝ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʝʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ. 

1.ʌʫʥʜʘʤʝʥʪ ï ʩʙʦʨʥʳʡ, ʠʟ ʙʣʦʢʦʚ ʌɹʉ 

(ɻʆʉʊ 13579-78), ʌʫʥʜʘʤʝʥʪʥʳʭ ʙʣʦʢ-ʧʦʜʫʰʝʢ 

(ɻʆʉʊ 13579-78); 

2.ɺʳʩʦʪʘ ʵʪʘʞʘ ï 2,7 ʤ; 

ʉʪʨʦʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʟʜʘʥʠʷ ï 716,3 ʤ3; 

ʅʘʨʫʞʥʳʝ ʩʪʝʥʳ ï ʂʠʨʧʠʯ ʩʠʣʠʢʘʪʥʳʡ ʙʝ-

ʣʳʡ ʪʦʣʱʠʥʦʡ 510ʤʤ (ɻʆʉʊ 379-95); 

ɺʥʫʪʨʝʥʥʠʝ ʩʪʝʥʳ ʪʦʣʱʠʥʦʡ 200ʤʤ ʠ ʧʝʨʝʛʦ-

ʨʦʜʢʠ ʪʦʣʱʠʥʦʡ 100ʤʤ ï ʛʘʟʦʩʠʣʠʢʘʪʥʳʡ ʙʣʦʢ 

(ɻʆʉʊ 21520-89); 

ʇʝʨʝʢʨʳʪʠʷ ï ʩʙʦʨʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ 

(ɻʆʉʊ 9561-91); 

3. ʂʨʦʚʣʷ ï ʧʣʦʩʢʘʷ, ʚʳʧʦʣʥʝʥʘ ʨʫʣʦʥʥʳʤ 

ʥʘʧʣʘʚʣʷʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ çʈʫʙʝʤʘʩʪè (ɻʆʉʊ 

30547-97), ʫʢʣʦʥ ʦʪ ʮʝʥʪʨʘ ʟʜʘʥʠʷ ʢ ʢʨʘʷʤ 3Ü. ɺʦʜʦ-

ʩʪʦʢ-ʥʘʨʫʞʥʠʡ. 

4.ʆʢʥʘ, ʥʘʨʫʞʥʳʝ ʚʭʦʜʥʳʝ ʜʚʝʨʠ ï ʇɺʍ 

(ɻʆʉʊ 30674-99). ɺʥʫʪʨʝʥʥʠʝ ʜʚʝʨʠ ïʜʝʨʝʚʷʥʥʳʝ 

ʧʦ ɻʆʉʊ 6629-88. ɺʭʦʜʥʳʝ ʢʚʘʨʪʠʨʥʳʝ ʜʚʝʨʠ-ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʝ ʧʦ ɻʆʉʊ 31173-2003 

5. ʂʨʳʣʴʮʦ ʩʦʩʪʦʠʪ ʠʟ 4 ʩʪʫʧʝʥʝʡ ʠ ʦʛʦʨʦʞʝʥ-

ʥʦʡ ʧʣʦʱʘʜʢʠ. ʌʫʥʜʘʤʝʥʪ-ʤʦʥʦʣʠʪʥʳʡ ʠʟ ʙʝʪʦʥʘ 

ɺ15. ʉʪʫʧʝʥʠ ʠ ʧʣʦʱʘʜʢʘ ʠʟ ʨʷʜʦʚʦʛʦ ʛʣʠʥʷʥʦʛʦ 

ʢʠʨʧʠʯʘ ʧʦ ɻʆʉʊ 379-95. 

6.ʇʦʪʦʣʢʠ ï ʰʪʫʢʘʪʫʨʢʘ ʛʠʧʩʦʚʦʡ ʰʪʫʢʘʪʫʨ-

ʢʦʡ (ɻʆʉʊ 31377-2008) ʩʪʳʢʦʚ ʧʣʠʪ ʠ ʧʦʢʨʳʪʠʝ ʚʦ-

ʜʦʵʤʫʣʴʩʠʦʥʥʦʡ ʢʨʘʩʢʦʡ (ɻʆʉʊ 28196-89) ʚ 2 ʩʣʦʷ. 

7. ʆʪʜʝʣʢʘ ʩʪʝʥ ï ʦʢʣʝʡʢʘ ʧʨʦʩʪʳʤʠ ʤʦʶʱʠʤʠ 

ʦʙʦʷʤʠ ʧʦ ʰʪʫʢʘʪʫʨʢʝ ʩʪʝʥ, ʚʦʜʦʵʤʫʣʴʩʠʦʥʥʘʷ 

ʦʢʨʘʩʢʘ ʩʪʝʥ (ɻʆʉʊ 28196-89), ʚʦʜʦʵʤʫʣʴʩʠʦʥʥʘʷ 

ʦʢʨʘʩʢʘ ʧʦʪʦʣʢʦʚ, ʚ ʢʫʭʥʝ ʠ ʚʘʥʥʦʡ ʦʙʣʠʮʦʚʢʘ ʩʪʝʥ 

ʠ ʧʦʣʦʚ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʢʦʡ. 

ʇʦʣʳ ï ʢʝʨʘʤʠʯʝʩʢʘʷ ʧʣʠʪʢʘ (ɻʆʉʊ 6787-

2001), ʣʠʥʦʣʝʫʤ (ɻʆʉʊ 18108-2016); ʃʠʥʦʣʝʫʤ 

ʚʜʦʣʴ ʩʪʝʥ ʦʢʘʡʤʣʝʥ ʧʣʠʥʪʫʩʦʤ ʧʣʘʩʪʠʢʦʚʳʤ 

(ɻʆʉʊ 19111-2001)  

https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwi7lOj7gYbRAhWCZCwKHePRD-AQFggaMAA&url=http%3A%2F%2Fwww.evrocontract.ru%2Fstandard_21520-76&usg=AFQjCNHjVwFm_5QZGrph15XPj9ChIiIG4w&bvm=bv.142059868,d.bGg
https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwi-lMDHgobRAhXLXSwKHUR_B7IQFggaMAA&url=http%3A%2F%2Fwww.avtobeton.ru%2Fgost%2F9561-91.html&usg=AFQjCNGSQPCNIT3ujkeLz4IEJzEg6cUUwQ&bvm=bv.142059868,d.bGg
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8. ʇʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʜʘʥʠʷ ʦʧʨʝʜʝʣʝʥ ʫʯʘ-

ʩʪʦʢ ʧʣʦʱʘʜʴʶ 680ʤ2, ʢʦʪʦʨʳʡ ʧʦʣʥʦʩʪʴʶ ʙʣʘʛʦ-

ʫʩʪʨʘʠʚʘʝʪʩʷ. ɹʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʫʯʘʩʪʢʘ ʚʢʣʶʯʘʝʪ: 

ʧʦʢʨʳʪʠʝ ʧʝʰʝʭʦʜʥʳʭ ʜʦʨʦʞʝʢ, ʪʨʦʪʫʘʨʦʚ ʠ ʧʘʨʢʦ-

ʚʦʯʥʳʭ ʤʝʩʪ - ʘʩʬʘʣʴʪʦʤ, ʛʘʟʦʥʦʚ-ʛʘʟʦʥʥʦʡ ʪʨʘʚʦʡ, 

ʥʘʣʠʯʠʝ ʢʣʫʤʙ. ʇʦ ʧʝʨʠʤʝʪʨʫ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʦ-

ʩʘʜʢʘ ʬʨʫʢʪʦʚʳʭ ʜʝʨʝʚʴʝʚ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʨʝʤʷ ʧʨʝ-

ʧʨʦʚʦʞʜʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʳ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʢʘ-

ʤʝʡʢʠ, ʜʝʪʩʢʘʷ ʠ ʩʧʦʨʪʠʚʥʘʷ ʧʣʦʱʘʜʢʠ. 

9.ʂʦʤʤʫʥʠʢʘʮʠʠ: 

ʆʪʦʧʣʝʥʠʝ ï ʦʪ ʮʝʥʪʨʘʣʴʥʳʭ ʩʝʪʝʡ ʦʪʦʧʣʝʥʠʷ; 

ɻʦʨʷʯʝʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ï ʦʪ ʮʝʥʪʨʘʣʴʥʳʭ ʩʝ-

ʪʝʡ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ; 

ʂʘʥʘʣʠʟʘʮʠʷ ï ʮʝʥʪʨʘʣʴʥʘʷ ʩʝʪʴ; 

ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ïʮʝʥʪʨʘʣʴʥʦʝ; 

ɻʘʟʦʩʥʘʙʞʝʥʠʝ ï ʎʝʥʪʨʘʣʴʥʦʝ. 

ɻʨʫʥʪʳ 2-ʦʡ ʛʨʫʧʧʳ (ʩʫʛʣʠʥʢʠ ʠ ʛʣʠʥʘ), ʙʝʟ 

ʢʦʨʥʝʚʳʭ ʠ ʢʘʤʝʥʥʳʭ ʚʢʣʶʯʝʥʠʡ.  

ʈʝʣʴʝʬ ʩʧʦʢʦʡʥʳʡ - ʙʝʟ ʧʝʨʝʧʘʜʘ ʚʳʩʦʪ. 

ʉʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʡ ʥʝʪ. 

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʷʥʚʘʨʷ -6,2 ęʉ. ʉʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠʶʣʷ -19,8 ęʉ ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʟʘ ʛʦʜ 6,7ęʉ. ʉʢʦʨʦʩʪʥʦʡ ʥʘʧʦʨ 

ʚʝʪʨʘ 30 ʢʛʩ/ʤ2. ʂʣʘʩʩ ʟʜʘʥʠʷ I, ʩʪʝʧʝʥʴ ʜʦʣʛʦʚʝʯ-

ʥʦʩʪʠ II, ʩʪʝʧʝʥʴ ʦʛʥʝʩʪʦʡʢʦʩʪʠ I. 

1.2. ʆʙʲʸʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ ʦʙʲ-

ʝʢʪʘ. 

ʆʙʲʸʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ ʦʙʲʝʢʪʘ ʩʤ. 

ʣʠʩʪ ʟʘʜʘʥʠʷ ï ʧʣʘʥʳ 1-ʛʦ ʠ 2-ʛʦ ʵʪʘʞʘ, ʬʘʩʘʜ, ʨʘʟ-

ʨʝʟ. 

2. ʂʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ. 

ʂʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʦʩʥʦʚʥʦʡ ʧʝ-

ʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɺʳʧʦʣʥʝʥ ʚ ʬʦʨʤʝ ʩʝʪʝʚʦʡ ʤʦ-

ʜʝʣʠ. ʈʘʩʯʝʪ ʛʨʘʬʠʢʘ ʧʨʦʠʟʚʝʜʝʥ ʛʨʘʬʠʯʝʩʢʠʤ ʩʧʦ-

ʩʦʙʦʤ. ɺʳʧʦʣʥʝʥ ʚ ʬʦʨʤʝ ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ. ʇʝʨʝ-

ʯʝʥʴ ʦʩʥʦʚʥʳʭ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ, ʧʣʘ-

ʥʠʨʫʝʤʳʭ ʢ ʚʳʧʦʣʥʝʥʠʶ ʩʤ. ʪʘʙʣ. 2.  

2.1. ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʦʚ ʨʘʙʦʪ. 

ʆʙʲʝʤʳ ʦʙʱʝʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʚʢʣʶʯʝʥ-

ʥʳʭ ʚ ʢʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ, ʦʧʨʝʜʝʣʝʥʳ ʧʨʷʤʳʤ ʨʘʩ-

ʯʝʪʦʤ ʧʦ ʯʝʨʪʝʞʘʤ ʠ ʦʪʨʘʞʝʥʳ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʚʳ-

ʨʘʞʝʥʠʠ. ʆʙʲʝʤʳ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘ-

ʙʦʪ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʬʦʨʤʫʣʝ: 

˞ ˛Ͻ̊ Ͻ̠̎ Ͻ̠̑̅ ,̗ 

ʛʜʝ ʉ ï ʩʪʦʠʤʦʩʪʴ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʙʦʪ, ʪϽʨʫʙ; 

ʆ ï ʩʪʨʦʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʟʜʘʥʠʷ, ʤ3; ʅ ï ʥʦʨ-

ʤʘʪʠʚ ʧʨʷʤʳʭ ʟʘʪʨʘʪ ʥʘ ʩʧʝʮʠʘʣʴʥʫʶ ʨʘʙʦʪʫ, 

ʨʫʙ/ʤ3; 

ʂʥʨ =1,12 - ʢʦʵʬʬʠʮʠʝʥʪ ʫʯʝʪʘ ʥʘʢʣʘʜʥʳʭ ʨʘʩ-

ʭʦʜʦʚ ʠ ʧʣʘʥʦʚʳʭ ʥʘʢʦʧʣʝʥʠʡ; 

ʂʜʮ =1,08 - ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʢʠ ʮʝʥ; 

2.2. ɺʳʙʦʨ ʤʝʪʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ. 

ʉʨʝʟʢʫ ʠ ʧʣʘʥʠʨʦʚʢʫ ʛʨʫʥʪʘ ʧʣʘʥʠʨʫʝʪʩʷ ʚʳ-

ʧʦʣʥʠʪʴ ʙʫʣʴʜʦʟʝʨʦʤ ɼ-271 ɸ. ʈʘʟʨʘʙʦʪʢʫ ʛʨʫʥʪʘ 

ʚʳʧʦʣʥʠʪʴ ʵʢʩʢʘʚʘʪʦʨʦʤ ʕ-504 ʩ ʢʦʚʰʦʤ ʚʤʝʩʪʠ-

ʤʦʩʪʴʶ 0,5 ʤ3. ɻʨʫʥʪʦʫʧʣʦʪʥʷʶʱʘʷ ʤʘʰʠʥʘ- ɼʋ-

12ɹ. 

2.4. ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ, ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʛʦ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩʧʦʣ-

ʥʠʪʝʣʝʡ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʘʣʴʢʫʣʷʮʠʠ ʥʦʨʤʘʪʠʚʥʦʡ ʪʨʫ-

ʜʦʝʤʢʦʩʪʠ ʠ ʤʘʰʠʥʦʝʤʢʦʩʪʠ ʨʘʙʦʪ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʥʦʡ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʙʨʠʛʘʜ. 

ɺ ʢʦʤʧʣʝʢʩʥʫʶ ʙʨʠʛʘʜʫ ʦʙʲʝʜʠʥʷʶʪʩʷ ʨʘʙʦʯʠʝ, 

ʚʳʧʦʣʥʷʶʱʠʝ ʦʙʱʝʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʘ ʚ ʩʧʝ-

ʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ-ʨʘʙʦʯʠʝ, ʟʘʥʷʪʳʝ ʥʘ ʚʳʧʦʣʥʝʥʠʠ 

ʦʪʜʝʣʦʯʥʳʭ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ. ɼʘʥʥʳʝ 

ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1 

ʊʘʙʣʠʮʘ 1 

ʉʦʩʪʘʚ ʢʦʤʧʣʝʢʩʥʳʭ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʨʠʛʘʜ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʄʈ 

 ̄ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʙʨʠʛʘʜ ʠ ʧʨʦʬʝʩʩʠʡ ʏʠʩʣʝʥʥʦʩʪʴ ʨʘʙʦʯʠʭ ʚ ʩʤʝʥʫ 

ʚʩʝʛʦ ɺ ʪʦʤ ʯʠʩʣʝ ʧʦ ʨʘʟʨʷʜʘʤ 
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ʊʨʫʜʦʝʤʢʦʩʪʴ ʨʘʙʦʪ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ: 

 

ʛʜʝ ɺ ï ʦʙʲʝʤ i  ʦʡ ʨʘʙʦʪʳ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʚʳʨʘ-

ʞʝʥʠʠ; 

ʅ ï ʥʦʨʤʘʪʠʚ ʪʨʫʜʦʟʘʪʨʘʪ i  ʦʡ ʨʘʙʦʪʳ ʧʦ ɽʅʠʈ. 

ʄʘʰʠʥʦʝʤʢʦʩʪʴ ʨʘʙʦʪ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨ-

ʤʫʣʝ: 

 

ʛʜʝ ɺ ï ʦʙʲʝʤ i  ʦʡ ʨʘʙʦʪʳ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʚʳʨʘ-

ʞʝʥʠʠ; 

ʅ ï ʥʦʨʤʘʪʠʚ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦ ɽʅʠʈ.  

ʂʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʦʩʥʦʚʥʦʡ ʧʝ-

ʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ ʩʦ-

ʙʣʶʜʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʉʅʠʇ 12-01-

2004 (ʆʨʛʘʥʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ). ʈʘʩʯʝʪ ʛʨʘʬʠʢʘ 

ʧʨʦʠʟʚʝʜʝʥ ʛʨʘʬʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ʇʝʨʝʯʝʥʴ ʦʩʥʦʚʥʳʭ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ 

ʨʘʙʦʪ, ʧʣʘʥʠʨʫʝʤʳʭ ʢ ʚʳʧʦʣʥʝʥʠʶ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣʠʮʝ 2 

ʊʘʙʣʠʮʘ 2 

ʉʦʩʪʘʚʣʝʥʠʝ ʢʘʣʴʢʫʣʷʮʠʠ ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ 

ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʨʘʙʦʪ 

ɽʜ. 

ʀʟʤ. 

ʆʙʲ

ʝʤ 

ʅʦʨʤ

ʘ ʚʨʝ-

ʤʝʥʠ, 

ʯʝʣ.ʯ. 

ʅʦʨʤ

ʘ ʚʨʝ-

ʤʝʥʠ, 

ʤʘʰ.ʯ

. 

ʉʦʩʪʘʚ ʟʚʝʥʘ ʧʦ ɽʅʠʈ 

ʆʙʦʩ-

ʥʦʚʘ-

ʥʠʝ ʧʦ 

ɽʅʠʈ 
ʊʨʫ-

ʜʦʝʤ-

ʢʦʩʪʴ, 

ʯʝʣ. 

ʯʘʩ 

ʄʘ-

ʰʠʥʦ-

ʝʤ-

ʢʦʩʪʴ, 

ʤʘʰ. 

ʯʘʩ 

ʇʨʦʬʝʩʩʠʷ ʈʘʟʨ. 
ʂʦʣ-

ʚʦ 

1 2 3 4 5 6 7 8 9 10 

ɿʝʤʣʷʥʳʝ ʨʘʙʦʪʳ 

1 
ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʣʘʥʠʨʦʚʢʘ 

ʧʣʦʱʘʜʝʡ ʙʫʣʴʜʦʟʝʨ. 

1000 

ʤĮ 

0,25

0 
- 

0,28 
ʄʘʰʠʥʠʩʪ 44 11 ɽ2-1-24 

0,07 

2 

ʉʨʝʟʢʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʣʦʷ 

ʙʫʣʴʜʦʟʝʨʦʤ ɼ-259 ʛʨʫʥʪʘ II 

ʛʨʫʧʧʳ 

1000 

ʤĮ 
0,25 

- 1,5 

ʄʘʰʠʥʠʩʪ 6 1 ɽ2-1-5 
- 0,375 

3 

ʈʘʟʨʘʙʦʪʢʘ ʛʨʫʥʪʘ II ʛʨʫʧʧʳ 

ʵʢʩʢʘʚʘʪʦʨʦʤ ʕ 504 ʩ ʦʙʨʘʪ-

ʥʦʡ ʣʦʧʘʪʦʡ ʥʘʚʳʤʝʪ 

100 ʤį 1,9 

- 4,5 

ʄʘʰʠʥʠʩʪ 5 1 ɽ2-1-11 
- 8,55 

4 
ɼʦʨʘʙʦʪʢʘ ʛʨʫʥʪʘ ʚ ʢʦʪʣʦʚʘʥʝ 

ʚʨʫʯʥʫʶ 
1ʤį 45,2 

1,5 - 
ɿʝʤʣʝʢʦʧ 2 2 ɽ2-1-47 

67,8 - 

5 
ʋʩʪʨʦʡʩʪʚʦ ʦʩʥʦʚʘʥʠʷ ʠʟ 

ʧʝʩʢʘ 
100 ʤĮ 1,3 

6,3 

8,2 
- ɹʝʪʦʥʱʠʢ 

3 

2 

2 

1 
ɽ4-1 

6 
ʆʙʨʘʪʥʘʷ ʟʘʩʳʧʢʘ ʢʦʪʣʦʚʘʥʘ 

ʙʫʣʴʜʦʟʝʨʦʤ ɼɿ-8 
100 ʤį 0,46 

- 0,38 
ʄʘʰʠʥʠʩʪ 6 1 ɽ2-1-34 

- 0,2 

7 
ʋʧʣʦʪʥʝʥʠʝ ʛʨʫʥʪʘ II  ʛʨʫʧʧʳ 

ʧʨʠʮʝʧʥʳʤ ʢʘʪʢʦʤ ɼʋ-12ɹ 
100 ʤį 0,45 

- 0,34 
ʊʨʘʢʪʦʨʠʩʪ 6 1 ɽ2-1-29 

- 0,15 

8 
ɿʘʩʳʧʢʘ ʛʨʫʥʪʦʤ ʩ ʫʧʣʦʪʥʝ-

ʥʠʝʤ ʚʨʫʯʥʫʶ 
1 ʤį 35,2 

0,81 - 
ɿʝʤʣʝʢʦʧ  

2 

1 

1 

1 
ɽ2-1-58 

28,5 - 

ʋʩʪʨʦʡʩʪʚʦ ʬʫʥʜʘʤʝʥʪʘ 

9 
ʋʢʣʘʜʢʘ ʬʫʥʜʘʤʝʥʪʥʳʭ ʙʣʦ-

ʢʦʚ 
1ʰʪ 350 

0,51 0,17 ʄʦʥʪʘʞ-

ʥʠʢ, ʤʘʰʠ-

ʥʠʩʪ 

4,3,2 

6 

1,1,1 

1 
ɽ4-1-1 

178,5 59,5 

10 
ʋʢʣʘʜʢʘ ʘʨʤʘʪʫʨʥʳʭ ʢʘʨʢʘʩʦʚ 

ʜʦ 50 ʢʛ ʚʨʫʯʥʫʶ 
ʰʪ 21 

0,24 - ɸʨʤʘʪʫʨ-

ʱʠʢ 

3 

2 

1 

2 
ɽ4-1-44 

5,04 - 

11 ʋʩʪʨʦʡʩʪʚʦ ʦʧʘʣʫʙʢʠ 1ʤ2 25 
0,38 

- ʇʣʦʪʥʠʢ 
3 

2 

1 

1 
ɽ4-1-34 

9,5 

12 
ʋʢʣʘʜʢʘ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʚ 

ʦʧʘʣʫʙʢʫ 
1ʤį 5 

0,3 - 
ɹʝʪʦʥʱʠʢ 

4 

2 

1 

1 
ɽ4-1-49 

1,5 - 

13 ʈʘʟʙʦʨʢʘ ʦʧʘʣʫʙʢʠ 1 ʤĮ 25 
0,13 - 

ʇʣʦʪʥʠʢ 
3 

2 

1 

1 
ɽ4-1-34 

3,25 - 

14 
ʋʩʪʨʦʡʩʪʚʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʛʠʜʨʦʠʟʦʣʷʮʠʠ 
100 ʤĮ 0,48 

7 - ɻʠʜʨʦʠʟʦ-

ʣʠʨʦʚʰʠʢ 
4 1 ɽ3-2 

3,36 - 

15 
ʋʩʪʨʦʡʩʪʚʦ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʛʠʜʨʦʠʟʦʣʷʮʠʠ 
100 ʤĮ 3,2 

39 - ɻʠʜʨʦʠʟʦ-

ʣʠʨʦʚʰʠʢ 

4 

2 

1 

1 
ɽ11-39 

124,8 - 
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ʋʩʪʨʦʡʩʪʚʦ ʩʪʝʥ, ʧʝʨʝʛʦʨʦʜʦʢ ʠ ʧʝʨʝʢʨʳʪʠʡ 

16 
ʂʣʘʜʢʘ ʩʪʝʥ ʠʟ ʢʠʨʧʠʯʘ, ʪʦʣ-
ʱʠʥʦʡ 510ʤʤ 

ʤ3 
138,

6 

3,6 
498,9

6 
- ʂʘʤʝʥʱʠʢ 

4 
2 

1 1 ɽ3-8 

17 
ʋʢʣʘʜʢʘ ʧʣʠʪ ʧʦʢʨʳʪʠʷ ʧʣʦ-
ʱʘʜʴʶ ʜʦ 5ʤ2 

ʰʪ 22 
0,56 0,14 ʄʦʥʪʘʞʥʠʢ 

ʄʘʰʠʥʠʩʪ 
4,3,2 

6 
1,2,1 

1 
ɽ4-1-7 

12,32 3,08 

18 ɿʘʣʠʚʢʘ ʰʚʦʚ ʧʣʠʪ ʧʦʢʨʳʪʠʷ 100ʤ 0,85 
6,4 - 

ʄʦʥʪʘʞʥʠʢ 
4 
3 

1 
1 

ɽ4-1-26 
5,44  

19 
ʋʩʪʨʦʡʩʪʚʦ ʧʝʨʝʛʦʨʦʜʦʢ ʪʦʣ-
ʱʠʥʦʡ ʚ 1/2 ʢʠʨʧʠʯʘ  

1 ʤ3 7,5 
6,6 - 

ʂʘʤʝʥʱʠʢ 
4 
2 

1 1 ɽ3-12 
49,5 - 

20 ʋʢʣʘʜʢʘ ʧʝʨʝʤʳʯʝʢ  
1 

ʧʨʦʝʤ 
100 

0,45 0,15 ʂʘʤʝʥʱʠʢ 
ʄʘʰʠʥʠʩʪ 

4,3,2 
5 

1,1,1 
1 

ɽ3-16 
45 15 

ʋʩʪʨʦʡʩʪʚʦ ʢʨʦʚʣʠ 

21 
ʋʩʪʨʦʡʩʪʚʦ ʧʣʦʩʢʦʡ ʢʨʦʚʣʠ 
ʠʟ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 
2 ʩʣʦʷ 

1 ʤ2 
184,

3 

0,3 - 
ʂʨʦʚʝʣʴ-
ʱʠʢ 

3 
2 

1 1 ɽ7-3 
55,4 - 

22 
ʋʩʪʘʥʦʚʢʘ ʦʛʨʘʞʜʝʥʠʡ 
ʢʨʦʚʣʠ(ʧʘʨʘʧʝʪʦʚ) 

ʰʪ 18 
0,45 - ʄʦʥʪʘʞʥʠʢ 

ʄʘʰʠʥʠʩʪ 
5,3,2 

6 
1,1,1 

1 
ɽ4-1-8 
 8,1 - 

23 ʋʩʪʨʦʡʩʪʚʦ ʧʘʨʦʠʟʦʣʷʮʠʠ 100 ʤ2 1,6 
6,7 - ʀʟʦʣʠʨʦʚ-

ʱʠʢ 
3 
2 

1 
1 

ɽ7-13 
10,72 - 

24 
ʋʩʪʨʦʡʩʪʚʦ ʚʦʜʦʩʪʦʯʥʳʭ ʚʦ-
ʨʦʥʦʢ 

ʰʪ 6 
1,3 - ʂʨʦʚʝʣʴ-

ʱʠʢ 
4 1 ɽ7-4 

7,8 - 

ɺʥʫʪʨʝʥʥʷʷ ʦʪʜʝʣʢʘ ʧʦʤʝʱʝʥʠʡ, ʟʘʧʦʣʥʝʥʠʝ ʧʨʦʝʤʦʚ 

25 
ʋʩʪʘʥʦʚʢʘ ʦʢʦʥʥʳʭ ʙʣʦʢʦʚ ʩ 
ʦʩʪʝʢʣʝʥʠʝʤ 

100 ʤĮ 0,35 

13,4 6,7 ʇʣʦʪʥʠʢ-
ʩʪʝʢʦʣʴ-
ʱʠʢʄʘʰʠ-
ʥʠʩʪ 

4,2 
5 

1,1 
1 

ɽ6-13 
4,69 7,37 

26 ʋʩʪʘʥʦʚʢʘ ʜʚʝʨʥʳʭ ʙʣʦʢʦʚ 100 ʤĮ 0,32 
13,4 6,7 ʇʣʦʪʥʠʢ 

ʄʘʰʠʥʠʩʪ 
4,2 
5 

1,1 
1 

ɽ6-13 
4,3 2,15 

27 
ʋʩʪʨʦʡʩʪʚʦ ʚʳʨʘʚʥʠʚʘʶʱʝʡ 
ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʦʡ ʩʪʷʞʢʠ 
ʧʦʣʘ 

100 ʤĮ 2,1 
23 - 

ɹʝʪʦʥʱʠʢ 
3 
2 

1 
1 

ɽ19-43 
48,3 - 

28 ʆʰʪʫʢʘʪʫʨʠʚʘʥʠʝ ʩʪʝʥ ʬʘʩʘʜʘ 100 ʤĮ 1,6 
4 - 

ʄʘʣʷʨ-
ʰʪʫʢʘʪʫʨ 

4 
3 
2 

2 
2 
1 

ɽ8-1-2 
6,4 - 

29 
ʐʪʫʢʘʪʫʨʥʳʝ ʨʘʙʦʪʳ (ʚʥʫʪʨʠ 
ʟʜʘʥʠʷ) -ʩʪʝʥʳ 

100 ʤĮ 1,56 
76 - 

ʄʘʣʷʨ-
ʰʪʫʢʘʪʫʨ 

4 
3 
2 

2 
2 
1 

 ɽ8-1-2 118,5
6 

 

30 ʄʘʣʷʨʥʳʝ ʨʘʙʦʪʳ (ʧʦʪʦʣʢʠ) 100 ʤĮ 
1,61

1 

37,1 - 
ʄʘʣʷʨ-
ʰʪʫʢʘʪʫʨ 

4 
3 
2 

2 
2 
1 

ɽ8-1-15 
59,8 - 

31 ʄʘʣʷʨʥʳʝ ʨʘʙʦʪʳ (ʩʪʝʥʳ) 100 ʤĮ 1,5 
31,2 - 

ʄʘʣʷʨ-
ʰʪʫʢʘʪʫʨ 

4 
3 
2 

1 
1 
1 

ɽ8-1-15 
46,8 - 

32 
ʆʙʣʠʮʦʚʢʘ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ 
ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʢʦʡ 

1 ʤĮ 75,2 

1,6 - 
ʆʙʣʠʮʦʚ-
ʱʠʢ 

4 
3 

1 
1 

ɽ8-1-35 120,3
2 

- 

33 
ʆʢʣʝʡʢʘ ʩʪʝʥ ʤʦʶʱʠʝʩʷ ʦʙʦ-
ʷʤʠ 

100 ʤĮ 0,45 

31,48 - 
ʄʘʣʷʨ-
ʰʪʫʢʘʪʫʨ 

4 
3 
2 

1 
1 
1 

ɽ8-1-28 14,16
6 

- 

34 ʇʦʢʨʳʪʠʝ ʧʦʣʦʚ ʠʟ ʣʠʥʦʣʝʫʤʘ 1 ʤĮ 
110,

5 

0,51 - ʆʙʣʠʮʦʚ-
ʱʠʢ 

4 
3 

1 
1 

ɽ19-7 
56,35 - 

35 
ʋʩʪʨʦʡʩʪʚʦ ʧʦʣʦʚ ʠʟ ʢʝʨʘʤʠ-
ʯʝʩʢʦʡ ʧʣʠʪʢʠ 

1 ʤĮ 23,8 
0,45 - ʆʙʣʠʮʦʚ-

ʱʠʢ 
4 
3 

1 
1 

ɽ19-19 
10,71 - 

36 ʋʩʪʘʥʦʚʢʘ ʧʣʠʥʪʫʩʦʚ 100 ʤ 8 
8,7 - 

ʇʣʦʪʥʠʢ 
4 
2 

1 
1 

ɽ19-47 
 69,6 - 

ʋʩʪʨʦʡʩʪʚʦ ʢʨʳʣʴʮʘ 

37 ʂʦʧʢʘ ʛʨʫʥʪʘ ʚʨʫʯʥʫʶ 1ʤį 2 
1,5 - 

ɿʝʤʣʝʢʦʧ 1 1 ɽ2-1-47 
3 - 

38 
ʋʢʣʘʜʢʘ ʘʨʤʘʪʫʨʥʳʭ ʢʘʨʢʘʩʦʚ 
ʜʦ 50 ʢʛ ʚʨʫʯʥʫʶ 

ʰʪ 2 
0,24 

0 
ɸʨʤʘʪʫʨ-
ʱʠʢ 

2 2 ɽ4-1-44 
0,48 

39 ɿʘʣʠʚʢʘ ʬʫʥʜʘʤʝʥʪʘ 1ʤ3 2 
0,75 

- ɹʝʪʦʥʱʠʢ 
4 
2 

1 
1 

ɽ4-1-49 
1,5 

40 
ʂʣʘʜʢʘ ʩʪʫʧʝʥʝʡ ʠʟ ʢʠʨʧʠʯʘ 
ʨʷʜʦʚʦʛʦ 

1ʤ3 0,6 
3,6 

- ʂʘʤʝʥʱʠʢ 
4 
2 

1 1 ɽ3-8 
2,2 

41 
ʆʙʣʠʮʦʚʢʘ ʩʪʫʧʝʥʝʡ ʛʨʘʥʠ-
ʪʦʤ 

1ʤ2 6 2,7 16,2 
ʆʙʣʠʮʦʚ-
ʱʠʢ 

1 1 ɽ8-2-2 
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2.5. ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘ-

ʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ. 

1. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ: ʥʦʨʤʘ-

ʪʠʚʥʘʷ ï 7 ʤʝʩ, ʬʘʢʪʠʯʝʩʢʘʷ ï6 ʤʝʩ. 

2. ʊʨʫʜʦʝʤʢʦʩʪʴ ʨʘʙʦʪ 2456,83ʯʝʣĿʜʥ. 

3. ʋʨʦʚʝʥʴ ʤʝʭʘʥʠʟʘʮʠʠ 0,10. 

2.6. ɻʨʘʬʠʢ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʨʝʩʫʨʩʘʭ. 

ɻʨʘʬʠʢʠ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʨʝʩʫʨʩʘʭ ʨʘʟʨʘʙʦʪʘʥʳ 

ʥʘ ʦʩʥʦʚʝ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ. 

ɻʨʘʬʠʢ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʨʘʙʦʯʠʭ ʢʘʜʨʘʭ ʧʦ ʦʙʲ-

ʝʢʪʫ ʩʤ. ʣʠʩʪ 1. ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʤʘʪʝʨʠʘʣʘʭ, ʢʦʥ-

ʩʪʨʫʢʮʠʷʭ, ʧʦʣʫʬʘʙʨʠʢʘʪʘʭ ʦʧʨʝʜʝʣʷʝʤ ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ ʚʝʜʦʤʦʩʪʠ ʦʙʲʸʤʦʚ ʨʘʙʦʪ ʧʦ ʥʦʨʤʘʤ ʨʘʩʭʦʜʘ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʙʣʠʮʘ 3 

ɺʝʜʦʤʦʩʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʘʭ, ʢʦʥʩʪʨʫʢʮʠʷʭ, ʧʦʣʫʬʘʙʨʠʢʘʪʘʭ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʨʘʙʦʪ 
ɽʜ. 

ʠʟʤ. 

ʂʦʣ-

ʚʦ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʨʝ-

ʙʫʝʤʳʭ ʤʘʪʝʨʠʘʣʘ 

ɽʜ. 

ʠʟʤ. 

ʅʦʨʤʘ 

ʨʘʩʭʦʜʘ 
ɺʩʝʛʦ ʇʨʠʤ. 

1 2 3 4 5 6 7 8 

ʋʩʪʨʦʡʩʪʚʦ ʩʙʦʨʥʦʛʦ 

ʣʝʥʪʦʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʩ 

ʘʨʤ.ʧʦʷʩʦʤ 

1ʤ3 40 

ɸʨʤʘʪʫʨʘ 

ɹʝʪʦʥ 

ʑʠʪʳ 

ʌɹʉ 

ʢʛ 

ʤ3 

ʤ2 

ʰʪ 

22,7 

0,0875 

0,5 

1,75 

908 

3,5 

20 

70 

 

ʋʩʪʨʦʡʩʪʚʦ ʛʠʜʨʦʠʟʦʣʷ-

ʮʠʠ 
1ʤ2 16 

100 

ʈʫʙʝʨʦʠʜ  

ʄʘʩʪʠʢʘ 

ʤ2 

ʢʛ 
1 

1,5 

16 

150 
 

ʂʣʘʜʢʘ ʩʪʝʥ ʠʟ ʢʠʨʧʠʯʘ 
1000ʰʪ 
ʤ3 

5,5 

ʂʠʨʧʠʯ 

ʈ-ʨ ʮʝʤ. -ʧʝʩ  

1000 

ʰʪ 

ʤ3 

0,1 

0,2 

5,5 

11 
 

ʋʩʪʘʥʦʚʢʘ ʧʣʠʪ ʧʝʨʝʢʨʳ-

ʪʠʷ 
1 ʰʪ. 28 

ʕʣʝʢʪʨʦʜʳ 

ʈ-ʨ ʮʝʤ. -ʧʝʩ  

ʇʣʠʪʳ ʧʝʨʝʢʨʳʪʠʷ 

 

ʢʛ 

ʢʛ 

ʰʪ. 

0,4 

5 

1 

11 

140 

28 

 

ʂʣʘʜʢʘ ʧʝʨʝʛʦʨʦʜʦʢ ʄ3 44 
ʇʝʥʦʙʣʦʢ 

ʈ-ʨ ʮʝʤ. -ʧʝʩ  

ʤ3 

ʤ3 

1 

0,2 

44 

8,8 
 

ʋʢʣʘʜʢʘ ʧʝʨʝʤʳʯʝʢ 1 ʰʪ. 20 

ʂʦʥʩʪʨʫʢʮʠʠ ʩʙʦʨ-

ʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥ-

ʥʳʝ 

ʈ-ʨ ʮʝʤ. -ʧʝʩ  

ʰʪ 

 

ʤ3 

 

1 

 

0,001 

20 

 

0,02 

 

ʋʩʪʘʥʦʚʢʘ ʦʢʦʥʥʳʭ, 

ʜʚʝʨʥʳʭ ʙʣʦʢʦʚ 
100 ʤ2 0,78 

ɹʣʦʢ 

ɻʝʨʤʝʪʠʢ  

ʃʝʥʪʘ ʇʉʋʃ 

ɼʶʙʝʣʠ 

ʤ2 

ʰʪ 

ʤ 

1ʰʪ 

100 

28 

390 

700 

78 

22 

305 

546 

 

ʐʪʫʢʘʪʫʨʥʳʝ ʨʘʙʦʪʳ 100 ʤ2 5,2 ʈ-ʨ ʮʝʤ. -ʧʝʩʯ. ʤ3 2.0 10,4  

ɺʦʜʦʵʤʫʣʴʩʠʦʥʥʘʷ 

ʦʢʨʘʩʢʘ ʩʪʝʥ ʠ ʧʦʪʦʣʢʦʚ 
100 ʤ2 3,6 ʂʨʘʩʢʘ ʚ-ʷ ɺɼʂ ʢʛ 52 187,2  

ɹʝʪʦʥʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʦʜ 

ʧʦʣʳ 
100 ʤ2 2,1 

ɹʝʪʦʥ ʪʷʞʝʣʳʡ  

ʇʠʣʦʤʘʪʝʨʠʘʣʳ 

ʭʚʦʡʥ. 

ʤ3 

ʤ3 

10 

0,06 

21 

0,126 
 

ʋʩʪʨʦʡʩʪʚʦ ʧʦʣʦʚ ʠʟ ʢʝ-

ʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʢʠ 
100 ʤ2 0,99 

ʇʣʠʪʢʘ  

ʈ-ʨ ʮʝʤ.ʧʝʩ. 

ʤ2 

ʤ3 

100 

2.0 

99 

1,98 
 

ʋʩʪʨʦʡʩʪʚʦ ʧʦʣʦʚ ʠʟ ʃʠ-

ʥʦʣʝʫʤʘ 
100ʤ2 1,105 

ʃʠʥʦʣʝʫʤ 

ʇʣʠʥʪʫʩ 

ʤ2 

ʤ 

102 

120 

112,7 

135 
 

ʋʩʪʨʦʡʩʪʚʦ ʢʨʦʚʣʠ 

ʥʘʧʣʘʚʣʷʝʤʦʡ 
100 ʤ2 1,9 

çʈʫʙʝʤʘʩʪè 

ʇʨʘʡʤʝʨ ʙʠʪʫʤʥʳʡ 

ʄ2 

ʢʛ 

110 

25 

209 

48 
 

ʆʢʣʝʡʢʘ ʦʙʦʷʤʠ 100 ʤ2 0,45 
ʆʙʦʠ ʤʦʶʱʠʝʩʷ 

ʂʣʝʡ ʂʄʎ 

100 

ʤ2 

ʢʛ 

1,13 

2.0 

0,5 

0,9 
 

ʆʙʣʠʮʦʚʢʘ ʢʝʨʘʤʠʯ. 

ʧʣʠʪʢʦʡ 
1ʤ2 49 

ʎʝʤ. -ʧʝʩʯ. ʈ-ʨ 

ʇʣʠʪʢʘ 30 * 20 

ʤ3 

ʤ2 

0.01 

1,2 

0,49 

59 
 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʘʙʣ. 3 ʩʦʩʪʘʚʣʷʝʤ ʩʚʦʜʥʫʶ ʚʝ-

ʜʦʤʦʩʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʤʘʪʝʨʠʘʣʘʭ, ʢʦʥʩʪʨʫʢʮʠʷʭ. 

ʊʘʙʣʠʮʘ 4. ʉʚʦʜʥʘʷ ʚʝʜʦʤʦʩʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʤʘʪʝʨʠʘʣʘʭ, ʢʦʥʩʪʨʫʢʮʠʷʭ 
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ɻʨʘʬʠʢ ʧʦʩʪʫʧʣʝʥʠʷ ʥʘ ʦʙʲʝʢʪ ʤʘʪʝʨʠʘʣʦʚ ʩʦ-

ʩʪʘʚʣʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ. ʆʧʨʝʜʝ-

ʣʝʥ ʩʫʪʦʯʥʳʡ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʝʨʠʦʜ ʝʛʦ ʠʥ-

ʪʝʥʩʠʚʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʨʠʥʷʪʳʭ ʥʦʨʤ. ɿʘʧʘʩ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ, ʢʦʪʦʨʳʝ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʜʣʷ ʦʩʥʦʚʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʧʨʠʥʷʪʳ 3-6 ʜʥʝʡ ʜʣʷ ʜʦʩʪʘʚʢʠ ʘʚʪʦʪʨʘʥʩ-

ʧʦʨʪʦʤ. 

ɻʨʘʬʠʢ ʧʦʩʪʫʧʣʝʥʠʷ ʥʘ ʦʙʲʝʢʪ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʤʘʪʝʨʠʘʣʦʚ ʩʤ. 

 ʣʠʩʪ 1. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ ʩʦʩʪʘʚʣʝʥ 

ʛʨʘʬʠʢ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʩʥʦʚʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘ-

ʰʠʥʘʭ. ɻʨʘʬʠʢ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʩʥʦʚʥʳʭ ʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʤʘʰʠʥʘʭ ʠ ʤʝʭʘʥʠʟʤʘʭ ʩʤ. ʣʠʩʪ 1. 

2.7. ʈʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚʘʭ. 

ʆʩʥʦʚʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʧʝʨʝʚʦʟʷʪʩʷ ʩʚʝʜʫʱʠʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ. 

ɸʚʪʦʙʝʪʦʥʦʚʦʟ ï ʉɹ-113 (Q=3,8ʪ) 

ʂʠʨʧʠʯ, ʩʙʦʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠï ʄɸɿ 516 

(Q=14,5ʪ) 

ʆʪʜʝʣʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ï ʄɸɿ 200 (Q=7ʪ) 

ʇʦʪʨʝʙʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʟʘ 

ʩʫʪʢʠ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʬʦʨʤʫʣʝ 

ɸi=(ʊʩʫʪ/ʇʩʫʪ)Ā1,1 

ʛʜʝ ʊʩʫʪ - ʩʫʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʟʘ, ʧʦʜʣʝʞʘ-

ʱʝʝ ʧʝʨʝʚʦʟʢʝ; 

ʇʩʫʪ - ʩʫʪʦʯʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪ-

ʥʦʡ ʝʜʠʥʠʮʳ 

ɸi - ʢʦʣ-ʚʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʚʠʜʘ. 

ʉʫʪʦʯʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʝʜʠʥʠʮʳ ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ 

ʧ

ʧ

ʩʫʪ

ʊ
ʂʉ

ʈ

ʊʂɻ
ʇ

+
Ö

ÖÖ
= 1

 

ʛʜʝ ɻ - ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ 

1ʂ - ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʫʟʦʧʦʜʲ-

ʝʤʥʦʩʪʠ ï ʧʨʠʥʷʪ 0,75; 

ʈ - ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʘ ʧʨʠʥʷʪʦ 8 ʢʤ; 

ʉ - ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʨʠʥʷʪʘ 40 ʢʤ/ʯʘʩ 

ʧʂ  - ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʙʝʛʘ ï 

ʧʨʠʥʷʪ 0,5; 

ʧʊ  - ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʧʦʜ ʧʦʛʨʫʟʢʦʡ, ʨʘʟʛʨʫʟʢʦʡ 

ï ʧʨʠʥʷʪ 0,5 ʯʘʩʘ; 

ʊ - ʚʨʝʤʷ ʨʘʙʦʪʳ ʘʚʪʦʤʦʙʠʣʷ ʚ ʩʫʪʢʠ, ʧʨʠʥʷʪʦ 

7ʯʘʩʦʚ. 

 

ʊʘʙʣʠʮʘ 5 

ɺʝʜʦʤʦʩʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ. 

ˉ 

ʧ/ʧ 
ʄʘʨʢʘ ʘʚʪʦʤʦʙʠʣʷ ɻʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ, ʊ ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʇ ʩʫʪʢʠ ʇʨʠʥʷʪʦʝ ʢʦʣ-ʚʦ 

1 2 3 4 5 

1 ʉɹ-113 3,8 25 1 

2 ʄɸɿ-516 14,5 84,6 1 

3 ʄɸɿ-200 7 41 1 
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3.ʉʪʨʦʡʛʝʥʧʣʘʥ 

3.1 ʈʘʟʤʝʱʝʥʠʝ ʤʦʥʪʘʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʅʘ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʧʨʝʜʫʩʤʦʪ-

ʨʝʥ ʢʨʘʥ ʄʂɸ-16. 

ʄʦʥʪʘʞʥʘʷ ʟʦʥʘ ʧʨʠʥʷʪʘ 3 ʤ ʦʪ ʥʘʨʫʞʥʦʛʦ 

ʢʦʥʪʫʨʘ ʟʜʘʥʠʷ. ɺʳʣʝʪ ʩʪʨʝʣʳ ʢʨʘʥʘ ï 20 ʤ. 

ʆʧʘʩʥʘʷ ʟʦʥʘ ʨʘʙʦʪʳ ʢʨʘʥʘ:  

ʆɿʈʂ = ɿʇɻɻ + lʙʝʟ = ɿʈʂ + 1/2l + lʙʝʟ = 15 + 3+ 

3 = 21 ʤ, 

ʛʜʝ ɿʇɻɻ ï ʟʦʥʘ ʧʝʨʝʤʝʱʝʥʠʷ ʛʘʙʘʨʠʪʦʚ ʛʨʫʟʘ; 

ɿʈʂ ï ʟʦʥʘ ʨʘʙʦʪʳ ʢʨʘʥʘ; 

l ï ʜʣʠʥʘ ʥʘʠʙʦʣʴʰʝʛʦ ʵʣʝʤʝʥʪʘ; 

lʙʝʟ ï ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʙʝʟʦʧʘʩʥʦʡ 

ʨʘʙʦʪʳ. 

3.2 ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʠʦʙʲʝʢʪʥʦʛʦ ʩʢʣʘʜ-

ʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʚʨʝʤʝʥʥʳʭ ʜʦʨʦʛ 

ʇʣʘʥʠʨʫʝʪʩʷ ʚʝʩʪʠ ʨʘʙʦʪʳ ʩ ʧʨʠʦʙʲʝʢʪʥʦʛʦ 

ʩʢʣʘʜʘ. 

ʍʨʘʥʠʤʳʡ ʟʘʧʘʩ (ʩʢʣɿ ) ʦʧʨʝʜʝʣʝʥ ʧʦ ʬʦʨʤʫʣʝ 

,)( 21 KKH
T

Q
ɿʩʢʣ ÖÖÖ=  

ʛʜʝ Q ï ʢʦʣ-ʚʦ ʤʘʪʝʨʠʘʣʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳ-

ʧʦʣʥʝʥʠʷ ʉʄʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʚʠʜʘ ʤʘ-

ʪʝʨʠʘʣʘ ʚ ʥʘʪʫʨʘʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ; 

T ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʉʄʈ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʢʘʣʝʥʜʘʨʥʳʤ ʧʣʘʥʦʤ, ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʚʠʜʘ ʤʘʪʝʨʠʘʣʘ; 

H ï ʥʦʨʤʘ ʟʘʧʘʩʘ ʤʘʪʝʨʠʘʣʘ ʥʘ ʩʢʣʘʜʝ, ʜʥʝʡ, 

ʧʨʠʥʷʪʦ 3 ʜʥʷ; 

ʂ1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʩʪʫʧʣʝ-

ʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘ ʩʢʣʘʜ, ʧʨʠʥʷʪ 1,0; 

ʂ2 ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʪʨʝʙʣʝ-

ʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʥʷʪ 1,3.  

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʜʣʝ-

ʞʘʱʠʭ ʭʨʘʥʝʥʠʶ ʥʘ ʩʢʣʘʜʝ 

ʊʘʙʣʠʮʘ 6  

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʦʥʩʪʨʫʢʮʠʡ, ʜʝʪʘʣʝʡ 

ɽʜ. 

ʠʟʤ. 

ʆʙʱʝʝ 

ʢʦʣ-ʚʦ 

ʉʫʪʦʯʥʳʡ 

ʨʘʩʭʦʜ 

ʅʦʨʤʘ ʟʘ-

ʧʘʩʘ, ʜʥʝʡ 

ʍʨʘʥʠʤʳʡ 

ʟʘʧʘʩ 

1 2 3 4 5 6 7 

11 ɸʨʤʘʪʫʨʘ ʪ 0,908 0,5 2 0,908 

22 ʂʠʨʧʠʯ ʩʠʣʠʢʘʪʥʳʡ 
1000 

ʰʪ. 
5,5 0,55 3 1,65 

33 ʇʣʠʪʳ ʧʦʢʨʳʪʠʷ ʰʪ. 28 14 3 14 

44 ʇʝʥʦʙʣʦʢ  ʤ3 44 5 5 25 

45 ʈʫʙʝʤʘʩʪ ʤ2 190 50 3 150 

56 
ʆʢʦʥʥʳʝ ʙʣʦʢʠ, ʜʚʝʨʥʳʝ 

ʙʣʦʢʠ 
ʤ2 67 10,2 3 67 

67 ʑʠʪʳ ʦʧʘʣʫʙʦʯʥʳʝ ʤ2 20 20 1 20 

78 ʇʣʠʪʢʘ ʢʝʨʘʤʠʯʝʩʢʘʷ ʤ2 50 20 3 50 

99 ʆʙʦʠ ʤ2 210 40 3 120 

 

ʇʣʦʱʘʜʴ ʩʢʣʘʜʩʢʦʛʦ ʧʦʤʝʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʤ 

ʧʦ ʬʦʨʤʫʣʝ: 

,
/

ʧ

ʧʦʣ

ʧ

ʭʨʩʢʣ

ʂ

ʇ

ʂ

ʅɿ
ʇ ==  

ʛʜʝ ʇ ï ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʩʢʣʘʜʘ, ʤ2; 

ʩʢʣɿ  ï ʭʨʘʥʠʤʳʡ ʟʘʧʘʩ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ 

ʤʘʪʝʨʠʘʣʘ; 

ʧʦʣʇ  ï ʧʦʣʝʟʥʘʷ ʧʣʦʱʘʜʴ ʩʢʣʘʜʘ, ʤ2; 

ʭʨʅ  ï ʥʦʨʤʘ ʭʨʘʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ ʥʘ 1 ʤ2; 

ʧʂ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʢʣʘʜʩʢʦʡ 

ʧʣʦʱʘʜʠ (ʧʂ  
= 0,5-0,7). 

ʊʘʙʣʠʮʘ 7 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʣʦʱʘʜʝʡ ʩʢʣʘʜʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ 

ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʥʩʪʨʫʢʮʠʡ, ʜʝʪʘʣʝʡ ʉʧʦʩʦʙ ʭʨʘʥʝʥʠʷ ʂʧ 

ʇʣʦʱʘʜʴ, ʤ2 

ʇʦʣʝʟʥʘʷ ʆʙʱʘʷ 

1 2 3 4 5 6 

11 ɸʨʤʘʪʫʨʘ ʦʪʢʨʳʪ. 0,6 10 20 

22 ʂʠʨʧʠʯ ʦʪʢʨʳʪ. 0,5 40 50 

44 ʇʣʠʪʳ ʧʦʢʨʳʪʠʷ ʦʪʢʨʳʪ. 0,5 20 40 

55 ʈʫʙʝʤʘʩʪ ʦʪʢʨʳʪ. 0,5 25 45 

66 ʇʝʥʦʙʣʦʢ ʥʘʚʝʩ 0,5 25 25 

77 ʆʢʦʥʥʳʝ ʙʣʦʢʠ, ʜʚʝʨʥʳʝ ʙʣʦʢʠ ʥʘʚʝʩ 0,5 18 18 

88 ʑʠʪʳ ʦʧʘʣʫʙʦʯʥʳʝ ʟʘʢʨʳʪ 0,5 16 32 
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ʆʙʱʘʷ ʧʣʦʱʘʜʴ: 

- ʟʘʢʨʳʪʦʛʦ ʩʢʣʘʜʘ ï 32 ʤ2;  

- ʩʢʣʘʜʘ-ʥʘʚʝʩʘ ï 36 ʤ2;  

- ʦʪʢʨʳʪʦʛʦ ï 60ʤ2. 

ɺʨʝʤʝʥʥʳʝ ʘʚʪʦʜʦʨʦʛʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʧʣʠʪʳ 

ʇɼ 3³6 ʤ, ʰʠʨʠʥʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 6 ʤ, ʨʘʜʠʫʩ ʟʘ-

ʢʨʫʛʣʝʥʠʷ 6 ʤ, 12 ʤ. 

3.3 ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʚʦʜʦʩʥʘʙ-

ʞʝʥʠʷ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʈʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʨʝʩʫʨʩʘʭ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙ-

ʣʠʮʘʭ 10, 11, 12. 

ʈʘʩʭʦʜ ʚʦʜʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʥʫʞʜʳ 

ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ 

ä
Ö

ÖÖ
= ,

36008

21 ʂKQ
Q

ʩʨʝʜ

ʧʨ  

ʛʜʝ ʂ1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦ-

ʪʨʝʙʣʝʥʠʷ, ʧʨʠʥʷʪ 1,5; 

ʂ2 ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ ʥʝʫʯʪʝʥʥʳʝ ʨʘʩʭʦʜʳ 

ʚʦʜʳ, ʧʨʠʥʷʪ 1,2; 

Qʩʨʝʜ ï ʩʨʝʜʥʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ 

ʚʦʜʳ, ʣ/ʩ; 

8 ï ʯʠʩʣʦ ʯʘʩʦʚ ʨʘʙʦʪ ʚ ʩʤʝʥʫ; 

3600 ï ʯʠʩʣʦ ʩʝʢʫʥʜ ʚ 1 ʯʘʩʝ. 

ʊʘʙʣʠʮʘ 8 

ʈʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʚʦʜʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʥʫʞʜʳ 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʦʣ-ʚʦ ʧʦʪʨʝʙ. ʅʦʨʤʘ ʇʦʪʨʝʙʥʦʩʪʴ, ʤ3/ʩʫʪ. 

11 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ ʜʣʷ ʢʣʘʜʢʠ 98 ʤ3 150 ʣ/ʤ3 14,7 

42 ʄʘʣʷʨʥʳʝ ʨʘʙʦʪʳ 311,1 ʤ2 3 ʣ/ʤ2 0,933 

53 ʄʦʡʢʘ ʢʦʣʝʩ 10 ʤʘʰ. 100 ʣ/ʤʘʰ. 1 

 ×=16,63 

 

ʈʘʩʭʦʜ ʚʦʜʳ ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʝ ʥʫʞʜʳ 

ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ 

( )
,

83600

2211

Ö

+ÖÖ
=

ʂʇʂʇN
Qʭʦʟ  

ʛʜʝ N ï ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʚ 

ʩʤʝʥʫ; 

ʇ1 ï ʥʦʨʤʘ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʳ ʥʘ 1 ʯʝʣʦʚʝʢʘ ʚ 

ʩʤʝʥʫ; 

 
ʇ2 ï ʥʦʨʤʘ ʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʧʨʠʝʤ ʦʜʥʦʛʦ 

ʜʫʰʘ; 

ʂ1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʪʨʝʙʣʝ-

ʥʠʷ ʚʦʜʳ; 

ʂ2 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʪʥʦʰʝʥʠʝ 

ʧʦʣʴʟʫʶʱʠʭʩʷ ʜʫʰʝʤ ʢ ʥʘʠʙʦʣʴʰʝʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʨʘʙʦʯʠʭ ʚ ʩʤʝʥʫ (0,3-0,6). 

ʊʘʙʣʠʮʘ 9 

ʈʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʚʦʜʝ ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʝ ʥʫʞʜʳ 

ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʂʦʣ-ʚʦ ʧʦ-

ʪʨʝʙ. 
ʅʦʨʤʘ 

ʇʦʪʨʝʙʥʦʩʪʴ, 

ʤ3/ʩʫʪ. 

1 
ʍʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʳʝ ʥʫʞʜʳ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦ-

ʱʘʜʢʠ (ʩ ʫʯʝʪʦʤ ʢʘʥʘʣʠʟʘʮʠʠ) 
10 ʯʝʣ. 

25 

ʣ/ʯʝʣ 
0,25 

2 ɼʫʰʝʚʳʝ ʫʩʪʘʥʦʚʢʠ 10 ʯʝʣ. 
40 

ʣ/ʯʝʣ 
0,4 

    ×=0,65 

 

ʊʘʙʣʠʮʘ 10 

ʈʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʚʦʜʝ ʥʘ ʥʫʞʜʳ ʧʦʞʘʨʦʪʫʰʝʥʠʷ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʦʣ-ʚʦ ʧʦʪʨʝʙ. ʅʦʨʤʘ ʇʦʪʨʝʙʥʦʩʪʴ, ʤ3/ʩʫʪ. 

ɺʦʜʘ ʥʘ ʧʦʞʘʨʦʪʫʰʝʥʠʝ - 100 ʣ/ʩʝʢ 30 

 

ʇʦʣʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʦʜʝ: 

;)(5,0 ʧʦʞʭʦʟʧʨʦʙʱ QQQQ ++=  

).(6,3830)65,063,16(5,0 3

ʦʙʱ ʤQ =++=  

ɼʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʚʦʜʦ-

ʩʥʘʙʞʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʦ ʬʦʨʤʫʣʝ 

),(153
214,3

10006,38410004
ʤʤ

Q
d

ʦʙʱ
=

Ö

ÖÖ
=

Ö

ÖÖ
=

np
 

ʛʜʝ ɜ ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ ʪʨʫʙʦʧʨʦ-

ʚʦʜʫ (ɜ = 2 ʤ/ʩ). 

ʇʨʠʥʠʤʘʝʤ ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ d = 160 ʤʤ. 

ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʠʣʠ ʠʥʚʝʥʪʘʨʥʳʭ ʧʝ-

ʨʝʜʚʠʞʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʦʡ-

ʛʝʥʧʣʘʥʘ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʵʣʝʢʪʨʦʩʥʘʙ-

ʞʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ï ʦʧʨʝʜʝʣʠʪʴ 

ʧʦʪʨʝʙʥʫʶ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʫʶ ʤʦʱʥʦʩʪʴ, ʢɺʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ ʩʚʦʜʠʤ ʚ ʪʘʙʣ. 11. 
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ʊʘʙʣʠʮʘ 11 

ʈʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ 

ˉ ʧ/ʧ ʇʦʪʨʝʙʠʪʝʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 
ʆʙʲʝʤ ʨʘʙʦʪ ʄʦʱʥʦʩʪʴ 

ʝʜ. ʠʟʤ. ʢʦʣ-ʚʦ ʥʘ ʝʜ. ʠʟʤ. ʢʦʣ-ʚʦ 

1 2 3 4 5 6 

21 ʐʪʫʢʘʪʫʨʥʘʷ ʩʪʘʥʮʠʷ ʰʪ. 1 10 10 

32 ʆʩʚʝʱʝʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ 100 ʤ2 5 0,8 4 

43 ʅʘʨʫʞʥʦʝ ʦʩʚʝʱʝʥʠʝ (ʧʨʦʞʝʢʪʦʨ ʥʘ ʤʘʯʪʝ) 1000 ʤ2 1 1,2 1,2 

54 ʆʩʚʝʱʝʥʠʝ ʙʳʪʦʚʳʭ ʧʦʤʝʱʝʥʠʡ 100 ʤ2 0,8 1,2 1 

65 ʆʩʚʝʱʝʥʠʝ ʩʢʣʘʜʦʚ 100 ʤ2 1,5 1,2 1,8 

     ×=18 

 

ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʧʦʪʨʝʙʠʪʝʣʝʡ ʦʧʨʝ-

ʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ 

,........ ʦʥʦʚʥʫʞʪʝʭʫʩʩʠʣʦʙ WWWWW +++=  

ʛʜʝ ..ʫʩʩʠʣW  ï ʤʦʱʥʦʩʪʴ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ; 

 
..ʥʫʞʪʝʭW  ï ʤʦʱʥʦʩʪʴ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʥʫʞʜʳ; 

 ..ʦʚW  ï ʤʦʱʥʦʩʪʴ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʦʩʚʝʱʝ-

ʥʠʷ; 

 ..ʦʥW  ï ʤʦʱʥʦʩʪʴ ʜʣʷ ʥʘʨʫʞʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. 

ʊʨʝʙʫʝʤʘʷ ʤʦʱʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ:  

;1,1 ʦʙʪʨ WW =
 

)(271,124 ʢɺʪWʪʨ =Ö= . 

ʇʨʠʥʠʤʘʝʤ çʇʦʜʩʪʘʥʮʠʷ 30ʊʇ ʂʊʇ-ɺʄè 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʵʪʘʧʥʳʡ ʧʦʜ-

ʭʦʜ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʠʣʦʛʦ ʟʜʘʥʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʳʣ ʧʨʦʠʟʚʝ-

ʜʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʧʦʜʙʦʨ ʥʝʦʙʭʦʜʠʤʳʭ ʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʘʚʣʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʪʨʦ-

ʠʪʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 
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NONLINEAR DEFORMATIONS OF STATICALLY DEFINABLE WOODEN STRUCTURES  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʣʠʥʝʡʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʳʭ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʘʥʘʣʠʟ ʨʦʩʩʠʡʩʢʠʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦʢʘ-

ʟʳʚʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʦʩʦʙʝʥʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ), ʝʩʪʴ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʣʘʩʪʠ ʜʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʠʟʛʠʙʘʝʤʳʭ ʜʝʨʝʚʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʣʠʙʦ ʚʦ-

ʧʨʦʩʳ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ, ʥʦ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʤʦʛʫʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ. 
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Abstract 

In this article nonlinear deformations of statically definable wooden structures are considered. 

The relevance of the chosen research topic is that the analysis of Russian publications shows an insufficient 

level of research (especially experimental), there are studies that relate to the field of long-term load of bent 

wooden elements, or issues of long-term strength of wood, but for a number of reasons, the results of these studies 

cannot be used in the practical study of wooden structures in the operation of buildings and structures. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʳʭ ʜʝʨʝʚʷʥ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʥʝʣʠʥʝʡʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

- ʠʟʫʯʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ; 

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʳʭ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʣʠʥʝʡʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʜʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʨʝʚʝʩʠʥʳ, 

ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʠ. 

Keywords: nonlinear deformation, wooden structures, wood resistance, stress state, deformation modulus 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪ ʨʘʙʦʪʫ ʧʦʜ ʥʘʛʨʫʟʢʦʡ 

ʜʝʨʝʚʷʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʝʝ ʵʣʝʤʝʥʪʦʚ.  

ʈʘʮʠʦʥʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʤʘʪʝʨʠ-

ʘʣʘ ʠ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʨʝʙʫʝʪ ʧʦʜʨʦʙʥʳʭ ʩʚʝʜʝʥʠʡ ʦ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʜʣʠʪʝʣʴʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʡ, ʭʘʨʘʢʪʝʨʝ ʠ ʚʝʣʠʯʠʥʝ ʠʭ ʜʝʬʦʨʤʘʮʠʡ, 

ʦʙʣʘʩʪʠ ʫʧʨʫʛʦʡ ʨʘʙʦʪʳ, ʚʠʜʝ ʜʝʬʦʨʤʘʮʠʠ ʨʘʟʨʫ-

ʰʝʥʠʷ ʠ ʜʨ.  

ʀʩʩʣʝʜʦʚʘʥʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʝʨʝʚʷʥʥʳʭ 

ʩʪʝʨʞʥʝʡ ʟʘʥʠʤʘʣʠʩʴ ʤʥʦʛʠʝ ʜʝʷʪʝʣʠ ʥʘʫʢʠ, ʥʘʧʨʠ-

ʤʝʨ, ʂʦʥʩʪʘʥʪʠʥ ʇʘʥʪʝʣʝʝʚʠʯ ʇʷʪʠʢʨʝʩʪʦʚʢʠʡ ʠ ʍ. 

ʉ. ʍʫʥʘʛʦʚ. ʊʘʢ, ʚ ʩʚʦʝʡ ʩʪʘʪʴʝ çʅʝʣʠʥʝʡʥʳʝ ʜʝ-

ʬʦʨʤʘʮʠʠ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʳʭ ʜʝʨʝʚʷʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡè ʦʥʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʩʪʘʪʠʯʝʩʢʠ 

ʥʝʦʧʨʝʜʝʣʠʤʳʝ ʜʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʵʢʦ-

ʥʦʤʠʶ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʦ-

ʦʨʫʞʝʥʠʡ.  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 
ʉʦʝʜʠʥʝʥʠʷ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜʨʘʟ-

ʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʧʦ ʚʠʜʫ ʟʘʚʠʩʠʤʦʩʪʠ ʫʧʨʫ-

ʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʪ ʧʨʠʣʘʛʘʝʤʦʛʦ ʫʩʠʣʠʷ (ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʨʘʩʯʝʪʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ) ʠ ʭʘʨʘʢʪʝʨʫ 

ʨʘʙʦʪʳ ʧʦʜ ʥʘʛʨʫʟʢʦʡ: ʚ I ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʩʦʝʜʠʥʝ-

ʥʠʷ ʩ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʦʪ ʫʩʠʣʠʷ, ʘ ʚʦ II ʛʨʫʧʧʫ ð ʩ ʥʝʣʠʥʝʡʥʦʡ.  

ʂ I ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʚʨʫʙʢʘʭ, 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʰʧʦʥʢʘʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʛʣʘʜʢʠʭ ʢʦʣʴ-

ʮʝʚʳʭ), ʪʘʨʝʣʴʯʘʪʳʭ ʚʢʣʘʜʳʰʘʭ ʠ ʪ. ʧ. ʚʦ ʬʨʝʟʝʨʦ-

ʚʘʥʥʳʭ ʛʥʝʟʜʘʭ; ʥʘ ʜʝʨʝʚʷʥʥʳʭ (ʜʫʙʦʚʳʭ ʠ ʪ, ʧ.) ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʠʭ ʠ ʧʣʘʩʪʠʥʯʘʪʳʭ ʥʘʛʝʣʷʭ ʚ ʩʚʝʨʣʝʥʳʭ 

ʠ ʬʨʝʟʝʨʦʚʘʥʥʳʭ ʛʥʝʟʜʘʭ, ʘ ʪʘʢʞʝ ʢʣʝʝʚʳʝ ʩʦʝʜʠʥʝ-

ʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ (ʟʫʙʯʘʪʳʝ, ʫʩʦʚʳʝ, ʧʣʘʩʪʝʚʳʝ, 

ʢʨʦʤʦʯʥʳʝ ʠ ʜʨ.).  

ʂʦ II ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʥʘʛʝʣʷʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʧʣʘʩʪʤʘʩʩʦʚʳʭ, ʛʚʦʟʜʷʭ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʠ ʧʣʘʩʪʤʘʩʩʦʚʳʭ; ʟʫʙʯʘʪʳʭ, ʥʦʛʪʝʚʳʭ ʚʜʘʚ-

ʣʠʚʘʝʤʳʭ ʚ ʜʨʝʚʝʩʠʥʫ ʢʨʝʧʣʝʥʠʷʭ (ʰʘʡʙʘʭ, ʧʣʘ-

ʩʪʠʥʢʘʭ, ʢʦʣʴʮʘʭ ʠ ʜʨ.). 

ɽʩʣʠ ʩʦʧʦʩʪʘʚʠʪʴ ʠʟʤʝʥʝʥʠʝ ʧʦ ʤʝʨʝ ʥʘʛʨʫʞʝ-

ʥʠʷ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʜʨʝʚʝʩʠʥʳ ʧʨʠ ʥʝʙʦʣʴ-

ʰʠʭ ʥʘʧʨʷʞʝʥʠʷʭ „<„1-11 ʩ ʠʟʤʝʥʝʥʠʝʤ ʝʝ ʧʨʠ 

ʙʦʣʴʰʠʭ ʥʘʧʨʷʞʝʥʠʷʭ „>„1-11 (ʨʠʩ. 1, ʘ ð ʦʙʨʘʟʝʮ 

ʮʝʣʴʥʦʡ ʜʨʝʚʝʩʠʥʳ ʩʦʩʥʳ ʩʝʯʝʥʠʝʤ 250*250 ʤʤ, 

ʚʳʩʦʪʦʡ 1050 ʤʤ, ʙʘʟʘ ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʩʦ-

ʪʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ 900 ʤʤ, ʚʣʘʞʥʦʩʪʴ 17%), ʪʦ ʦʙ-

ʥʘʨʫʞʠʤ, ʯʪʦ ʚ I ʦʙʣʘʩʪʠ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ (0<„< „1-11) ʠʤʝʝʪ ʤʝʩʪʦ ʣʠʥʝʡʥʘʷ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ, ʘ 

ʚʦ II ʦʙʣʘʩʪʠ („> „1-11) ð ʥʝʣʠʥʝʡʥʘʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʷ „1-11 ʨʘʟ-

ʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʠ I ʠ II ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʜʨʝʚʝʩʠʥʳ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ.  

ʇʝʨʝʭʦʜ ʚʦ II ʦʙʣʘʩʪʴ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʨʝʚʝ-

ʩʠʥʳ, ʪ. ʝ. ʟʘ ʚʝʣʠʯʠʥʫ ʥʘʧʨʷʞʝʥʠʷ „1-11, ʤʦʞʝʤ 

ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦ ʜʠʘʛʨʘʤʤʝ ʫʧʨʫʛʦʡ ʜʝʬʦʨ-

ʤʘʮʠʠ, ʥʦ ʠ ʧʦ ʜʠʘʛʨʘʤʤʝ ʨʘʟʥʦʩʪʝʡ ʧʦʣʥʳʭ ʜʝʬʦʨ-

ʤʘʮʠʡ. 
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ʈʠʩ. 1. ɼʝʬʦʨʤʘʮʠʠ ʜʨʝʚʝʩʠʥʳ, ʘ, ʙ, ʚ ð ʧʨʠ ʩʞʘʪʠʠ ʚʜʦʣʴ ʚʦʣʦʢʦʥ; ʘ ð ʫʧʨʫʛʘʷ; 

ʙ ð ʚʚʵʣ ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ = „ const; ʚ ð ʨʘʟʥʦʩʪʴ ʧʦʣʥʳʭ ʜʝʬʦʨʤʘʮʠʡ; 

ʛ ð ʢʦʥʪʘʢʪʥʳʝ (ʩʤʷʪʠʝ ʚʜʦʣʴ ʚʦʣʦʢʦʥ); ʨʘʟʥʦʩʪʠ ʧʦʣʥʳʭ ʜʝʬʦʨʤʘʮʠʡ: 

ʜ ð ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚʜʦʣʴ ʚʦʣʦʢʦʥ; ʝ ð ʩʜʚʠʛʝ ʧʨʠ ʢʨʫʯʝʥʠʠ: ʞ ð ʠʟʛʠʙʝ; 

ʟ ð ʩʞʘʪʠʠ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ; ʢ ð ʤʝʩʪʥʦʤ ʩʤʷʪʠʠ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ;  

ʠ ð ʫʧʨʫʛʠʝ (1) ʠ ʧʦʣʥʳʝ (2) ʧʨʠ ʩʞʘʪʠʠ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ 

 

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʪʨʦʝʥʠʝʤ 

ʜʨʝʚʝʩʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʫʞʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʪʦʤ, ʯʪʦ ʜʦ ʤʦʤʝʥʪʘ ʨʘʟʨʫʰʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʞʘʪʠʠ ʚʜʦʣʴ ʚʦʣʦʢʦʥ ʩ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʤʝʩʪʥʦʡ ʩʢʣʘʜʢʠ, ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʩʪʨʦʝ-

ʥʠʷ ʜʨʝʚʝʩʠʥʳ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʪ. ʝ. ʫʢʘʟʘʥʥʳʝ ʜʝ-

ʬʦʨʤʘʮʠʠ ʷʚʣʷʶʪʩʷ ʜʝʬʦʨʤʘʮʠʷʤʠ ʩʘʤʦʛʦ ʚʝʱʝ-

ʩʪʚʘ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʜʨʝʚʝʩʠʥʳ 

(ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʨʠʨʦʜʥʦʡ ʮʝʣʣʶʣʦʟʳ).  

ʆʧʳʪʳ ʩ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʧʦʢʘʟʘʣʠ ʧʨʠ „<„1-11 ʟʘʪʫʭʘʶʱʠʝ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʣʘʞʥʦʩʪʠ) ʜʝʬʦʨʤʘʮʠʠ ʫʧʨʫʛʦʛʦ 

ʧʦʩʣʝʜʝʡʩʪʚʠʷ, ʘ ʧʨʠ „<„1-11 ʥʝʟʘʪʫʭʘʶʱʠʝ ʥʝʧʨʝ-

ʨʳʚʥʦ ʚʦʟʨʘʩʪʘʶʱʠʝ ʜʝʬʦʨʤʘʮʠʠ.  

ʉʢʦʨʦʩʪʴ ʧʦʩʣʝʜʥʠʭ, ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʙʠʣʠʟʠʨʫ-

ʶʱʘʷʩʷ ʚʦ ʚʨʝʤʝʥʠ ʥʘʭʦʜʠʪʩʷ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ, ʪ. ʝ. ʙʳʩʪʨʦ ʨʘʩʪʝʪ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʦʩʣʝʜʥʝʛʦ. ɺʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʵʪʦʤ 

ʦʩʪʘʪʦʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʠʩʯʝʟʘʝʪ ʧʨʠ ʥʘʙʫʭʘʥʠʠ 

ʜʨʝʚʝʩʠʥʳ, ʪ. ʝ. ʷʚʣʷʝʪʩʷ ʧʦ ʧʨʠʨʦʜʝ ʦʙʨʘʪʠʤʦʡ. 

ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʳʭ ʯʝʨʪ ð ʠʥʪʝʥ-

ʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ, ʧʨʝ-

ʚʳʰʘʶʱʝʤ ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʝʣʠʯʠʥʫ „1-11, ʥʝʣʠʥʝʡ-

ʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʥʘʧʨʷʞʝʥʠʷ, ʦʙʨʘʪʠʤʦʩʪʴ ʧʨʠ 

ʥʘʙʫʭʘʥʠʠ ð ʵʪʠ ʜʝʬʦʨʤʘʮʠʠ ʦʪʦʞʜʝʩʪʚʣʷʶʪʩʷ ʩ 

ʚʳʥʫʞʜʝʥʥʳʤʠ ʚʳʩʦʢʦʵʣʘʩʪʠʯʝʩʢʠʤʠ (ʚʚʵʣ) ʜʝ-

ʬʦʨʤʘʮʠʷʤʠ ʧʦʣʠʤʝʨʦʚ ʚ ʩʪʝʢʣʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷ-

ʥʠʠ, ʘ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ I ʦʙʣʘʩʪʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

„1-11, (ʨʘʥʝʝ ʥʘʟʚʘʥʥʘʷ ʧʨʝʜʝʣʦʤ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝ-

ʯʝʥʠʷ) ð ʩ ʧʨʝʜʝʣʦʤ ʚʳʥʫʞʜʝʥʥʦʡ ʚʳʩʦʢʦʵʣʘʩʪʠʯ-

ʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ.  

ʇʨʠ ʩʞʘʪʠʠ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ (ʨʠʩ. 1, ʟ, ʠ) ʚ ʦʪ-

ʣʠʯʠʝ ʦʪ ʩʞʘʪʠʷ ʚʜʦʣʴ ʚʦʣʦʢʦʥ ʧʦʷʚʣʝʥʠʝ ʚʚʵʣ ʜʝ-

ʬʦʨʤʘʮʠʡ ʚ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʢʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʪʦʥʢʠʭ 

ʩʪʝʡʢʘʭ ʪʨʘʭʝʠʜ ʨʘʥʥʝʡ ʟʦʥʳ ʛʦʜʠʯʥʳʭ ʩʣʦʝʚ ʭʚʦʡ-

ʥʦʡ ʜʨʝʚʝʩʠʥʳ, ʙʳʩʪʨʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʷʤ 

ʬʦʨʤʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʦʣʦʢʦʥ ʠ ʟʥʘʯʠʪʝʣʴ-

ʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʜʨʝʚʝʩʠʥʳ. ɺ ʵʪʦʤ ʥʘʛʣʷʜʥʦ 

ʧʨʦʷʚʣʷʝʪʩʷ, ʢʨʦʤʝ ʘʥʠʟʦʪʨʦʧʠʠ, ʪʘʢʞʝ ʥʝʦʜʥʦʨʦʜ-

ʥʦʩʪʴ ʜʨʝʚʝʩʠʥʳ.  

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʫʞʝʥʠʠ (ʨʠʩ.2) ʢʣʝʪʢʠ 

ʥʘʯʠʥʘʶʪ ʩʧʣʶʱʠʚʘʪʴʩʷ ʠ ʫʧʣʦʪʥʷʪʴʩʷ. ʋʧʣʦʪʥʝ-

ʥʠʝ ʥʘʨʫʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʨʝʚʝʩʠʥʳ ʩʦʧʨʦʚʦʞ-

ʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʧʨʠʨʘʱʝʥʠʷ ʫʧʨʫʛʦʡ ʜʝʬʦʨ-

ʤʘʮʠʠ (ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʘʚʥʳʝ ʩʪʫ-

ʧʝʥʠ), ʢʦʪʦʨʘʷ ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ, ʠ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʥʦʡ ʜʝʬʦʨʤʘʮʠʠ.  

ʇʨʦʠʩʭʦʜʷʱʝʝ ʧʨʠ ʩʤʷʪʠʠ ʨʘʟʚʠʪʠʝ ʚʚʵʣ ʜʝ-

ʬʦʨʤʘʮʠʡ ʜʨʝʚʝʩʠʥʳ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʷʤ ʢʣʝ-

ʪʦʢ ʜʨʝʚʝʩʥʦʡ ʪʢʘʥʠ, ʦʩʦʙʝʥʥʦ ʪʦʥʢʦʩʪʝʥʥʳʭ ʨʘʥ-

ʥʠʭ ʪʨʘʭʝʠʜ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʫʱʝcʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝ-

ʥʠʝ ʜʝʬʦʨʤʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʪʘʪʦʯʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʛʥʝʟʜʝ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʜʘʣʴʥʝʡ-

ʰʝʤ ʚʦʟʨʘʩʪʘʥʠʠ ʫʩʠʣʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʜʣʝʥʠʝ 

ʨʦʩʪʘ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʧʝʨʝʭʦʜʷʱʝʝ ʠʥʦʛʜʘ ʚ 

ʝʝ ʫʤʝʥʴʰʝʥʠʝ. 
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ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʳ ʜʝʬʦʨʤʘʮʠʡ ʩʦʝʜʠʥʝʥʠʡ, 

ʘ ð ʟʘʚʠʩʠʤʦʩʪʴ ʦʩʪʘʪʦʯʥʦʛʦ ʧʨʦʛʠʙʘ ʟʘ ʮʠʢʣ d0 ʦʪ ʧʨʠʨʘʱʝʥʠʷ ʫʧʨʫʛʦʛʦ ʧʨʦʛʠʙʘ D`yð ʧʨʠ ʠʟʛʠʙʝ ʚʦ 

II ʦʙʣʘʩʪʠ; ʙ ð ʟʘʚʠʩʠʤʦʩʪʴ ʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʟʘ ʮʠʢʣ d0 ʦʪ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ Dy ʩʦʝʜʠʥʝʥʠʷ 

II ʛʨʫʧʧʳ (ʥʘ ʛʚʦʟʜʷʭ); ʚ ʠ ʛ ðʜʠʘʛʨʘʤʤʳ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʩʪʘʣʴʥʳʭ ʥʘʛʝʣʷʭ (ʚ)  

ʠ ʛʚʦʟʜʷʭ (ʛ) (ʥʘ ʦʩʠ ʦʨʜʠʥʘʪ ʦʪʣʦʞʝʥʳ ʥʦʤʝʨʘ n ʩʪʫʧʝʥʝʡ ʥʘʛʨʫʞʝʥʠʷ) 

 

ʋʤʝʥʴʰʝʥʠʝ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ, 

ʦʯʝʚʠʜʥʦ, ʨʝʟʫʣʴʪʘʪʦʤ ʫʧʣʦʪʥʝʥʠʷ ʥʘʨʫʰʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʜʨʝʚʝʩʠʥʳ ʧʨʠ ʩʤʷʪʠʠ ʠ ʧʦʷʚʣʝʥʠʠ ʪʝ-

ʢʫʯʝʩʪʠ ʚ ʤʝʪʘʣʣʝ ʨʘʙʦʯʠʭ ʯʘʩʪʝʡ ʩʦʝʜʠʥʝʥʠʷ 

(ʥʘʛʝʣʷʭ, ʛʚʦʟʜʷʭ ʠ ʜʨ.).  

ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʢʦʥʮʝʧʮʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦ-

ʷʥʠʷ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʘʩʪʫʧʘʶʱʝʛʦ ʧʨʠ 

ʠʩʯʝʨʧʘʥʠʠ ʨʝʩʫʨʩʦʚ ʤʘʪʝʨʠʘʣʘ ʢ ʢʦʥʮʫ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʥʘ ʥʝʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʚʨʝ-

ʤʝʥʠ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʂ ʠʟʣʦʞʝʥʥʦʤʫ ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʩʦʝʜʠʥʝ-

ʥʠʷ I (ʢʨʦʤʝ ʢʣʝʝʚʳʭ) ʠ II ʛʨʫʧʧʳ ð ʛʚʦʟʜʝʚʳʝ ʠ 

ʚʜʘʚʣʠʚʘʝʤʳʝ, ʧʦ ʭʘʨʘʢʪʝʨʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜ 

ʥʘʛʨʫʟʢʦʡ ʚ ʠʟʚʝʩʪʥʦʡ ʤʝʨʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ; ʝʩʣʠ 

ʫ ʧʝʨʚʳʭ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʨʦʷʚʣʷʶʪʩʷ ʫʚʝʣʠʯʝʥʥʳʝ ʥʘʯʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ 

(ʚʢʣʶʯʘʶʱʠʝ ʨʳʭʣʳʝ ʠ ʚʣʠʷʥʠʝ ʢʦʥʪʘʢʪʥʳʭ), ʪʦ ʫ 

ʚʪʦʨʳʭ ʜʝʬʦʨʤʘʮʠʠ ʚʥʘʯʘʣʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳ; 

ʥʘʧʨʦʪʠʚ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʫ 

ʚʪʦʨʳʭ ʧʦʷʚʣʷʶʪʩʷ ʙʦʣʴʰʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨ-

ʚʳʤʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʧʦʣʟʫʯʝ-

ʩʪʠ.  

ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 1 

ʛʨʫʧʧʳ ʤʦʞʝʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʨʘ-

ʙʦʪʝ ʵʣʝʤʝʥʪʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤ ʟʥʘʢʦʤ ʫʩʠʣʠʷ. ʇʦʣ-

ʟʫʯʝʩʪʴ ʩʦʝʜʠʥʝʥʠʡ II ʛʨʫʧʧʳ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘ-

ʝʪʩʷ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʫʩʠʣʠʷ ʩʚʝʨʭ ʝʛʦ ʟʥʘʯʝʥʠʷ N1-

11. ʉʦʝʜʠʥʝʥʠʷ II ʛʨʫʧʧʳ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʨʘʙʦʯʝʡ 

ʯʘʩʪʴʶ ʚ ʩʚʝʨʣʝʥʦʤ ʛʥʝʟʜʝ (ʥʘʧʨʠʤʝʨ, ʩʪʘʣʴʥʳʝ 

ʥʘʛʝʣʠ) ʧʦ ʩʚʦʠʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʟʘ-

ʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʩʦʝʜʠ-

ʥʝʥʠʷʤʠ I ʛʨʫʧʧʳ ʠ ʩʦʝʜʠʥʝʥʠʷʤʠ II ʛʨʫʧʧʳ, ʛʚʦʟ-

ʜʝʚʳʤʠ ʠ ʚʜʘʚʣʠʚʘʝʤʳʤʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʦʝʜʠ-

ʥʝʥʠʷ ʥʘ ʩʪʘʣʴʥʳʭ ʥʘʛʝʣʷʭ ʚ ʥʘʯʘʣʝ ʥʘʛʨʫʞʝʥʠʷ 

ʜʘʶʪ ʥʘʯʘʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ (ʚʢʣʶʯʘʶʱʫʶ ʨʳʭ-

ʣʳʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʚʣʠʷʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʜʝʬʦʨʤʘ-

ʮʠʡ), ʥʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʨʘʩʪʘʥʠʠ ʫʩʠʣʠʷ ʚʦ II 

ʦʙʣʘʩʪʠ ʦʦʥʘʨʫʞʠʚʘʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʦʝʜʠʥʝ-

ʥʠʡ II ʛʨʫʧʧʳ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʟʫʯʝʩʪʠ. 
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INFLUENCE OF AGGRESSIVE MEDIA ON DENSITY OF POLYVINYL CHLORIDE  

 

ɸʥʥʦʪʘʮʠʷ  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʚʦʜʳ, ʩʦʣʝʥʦʡ ʚʦʜʳ, ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʤʘʩʣʘ, ʨʘʩʪʚʦʨʘ ʫʢʩʫʩʥʦʡ ʢʠʩ-

ʣʦʪʳ ʥʘ ʧʣʦʪʥʦʩʪʴ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ. ʇʦʢʘʟʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʨʠʚʝʜʝʥʦ 

ʦʧʠʩʘʥʠʝ ʧʨʦʚʦʜʠʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʘʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʪʨʦʝʥʠʝʤ 

ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʚ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩ-

ʩʤʦʪʨʝʥʥʳʝ ʘʛʨʝʩʩʠʚʥʳʝ ʩʨʝʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʧʣʦʪʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

Abstract 

The article considers the influence of: water, salt water, waste oil, acetic acid solution on the density of 

polyvinyl chloride. The methodology of the experiments is shown. A description of the experiment is given. The 

analysis of the information obtained is given, followed by the construction of graphs of the voltage versus time in 

various aggressive environments. It is established that the considered aggressive media significantly affect the 

density of the studied material. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʛʨʝʩʩʠʚʥʘʷ ʩʨʝʜʘ, ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ, ʧʣʦʪʥʦʩʪʴ. 

Keywords: aggressive environment, polyvinyl chloride, density. 

 

ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣ-

ʭʣʦʨʠʜʘ (ʇɺʍ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ [1] ʙʣʘʛʦʜʘʨʷ ʚʳʩʦ-

ʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ, ʦʜʥʘʢʦ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʪʦʡʢʦʩʪʴ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢ 

ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ ʥʝʜʦʩʪʘʪʦʯʥʘ, ʵʪʦ ʤʦʞʝʪ ʧʨʠ-

ʚʝʩʪʠ ʢ ʚʳʭʦʜʫ ʤʘʪʝʨʠʘʣʘ ʠʟ ʩʪʨʦʷ [2, 3].  

ɺ ʢʘʯʝʩʪʚʝ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʙʳʣʦ ʚʳʙʨʘʥʳ 

ʯʝʪʳʨʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʨʝʜ [4-7]: 

ʚʦʜʘ, ʩʦʣʝʥʘʷ ʚʦʜʘ, ʦʪʨʘʙʦʪʘʥʥʦʝ ʤʘʩʣʦ, ʨʘʩʪʚʦʨ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ʆʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʘʛʨʝʩ-

ʩʠʚʥʫʶ ʩʨʝʜʫ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ: 30 ʤʠʥ, 1 ʯʘʩ, 

2 ʯʘʩʘ, ʩʫʪʢʠ ʠ ʥʝʜʝʣʶ. ʇʦʩʣʝ ʚʳʜʝʨʞʢʠ ʦʙʨʘʟʮʦʚ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʣʦʪʥʦʩʪʴ. ʄʘʩʩʘ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʷ-

ʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʳʭ ʚʝʩʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ʠʟ-

ʤʝʨʝʥʠʷ 0,01 ʛʨ.[8,9]. ʇʨʦʚʦʜʠʣʘʩʴ ʠʟʤʝʨʝʥʠʝ ʩʪʦ-

ʨʦʥ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʠ ʦʧʨʝʜʝʣʷʣʩʷ ʠʭ ʦʙʲʝʤ ʢʘʢ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʣʠʥ ʪʨʝʭ ʩʪʦʨʦʥ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʝ 

ʠʟʤʝʨʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʩ ʪʦʯʥʦ-

ʩʪʴʶ 0,1 ʤʤ. ʇʣʦʪʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʩʣʝʜʫʶ-

ʱʝʡ ʬʦʨʤʫʣʝ: 

ɟ=m/V,   (1) 

ʛʜʝ m ï ʤʘʩʩʘ ʦʙʨʘʟʮʘ, ʛʨ; 

V ï ʦʙʲʝʤ ʦʙʨʘʟʮʘ, ʩʤ3. 

ɿʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʣʦʪʥʦʩʪʠ ʧʨʠʥʠʤʘ-

ʣʦʩʴ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 6 ʦʙʨʘʟʮʦʚ, 

ʠʩʧʳʪʘʥʥʳʭ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʇʦ ʧʦʣʫʯʝʥ-

ʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʣʦʪʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠ-

ʯʝʩʪʚʘ ʮʠʢʣʦʚ ʠʣʠ ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪ-

ʥʦʛʦ ʬʘʢʪʦʨʘ ʩʪʨʦʠʣʠʩʴ ʛʨʘʬʠʢʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ t (ʯ) 

ï ɟ (ʛʨ/ʩʤ3) [10].  

ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ [11]. 

ɺʣʠʷʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʘʛʨʝʩ-

ʩʠʚʥʳʭ ʩʨʝʜ ʥʘ ʧʣʦʪʥʦʩʪʴ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ 

ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2. 
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ʘ)  

ʙ)  

ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ  

ʘ ï ʚʦʜʘ; ʙ ï ʩʦʣʝʥʘʷ ʚʦʜʳ 

 

ʀʟ ʛʨʘʬʠʢʦʚ (ʨʠʩʫʥʦʢ 1) ʚʠʜʥʦ, ʯʪʦ ʟʘʤʘʯʠʚʘ-

ʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ ʚ ʚʦʜʝ ʠ ʩʦʣʝʥʦʡ 

ʚʦʜʝ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ ʩʨʝʜ-

ʥʝʤ ʥʘ 18 %. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʧʦ-

ʛʣʦʱʘʝʪ ʚʣʘʛʫ (ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʘʩʩʘ) ʧʨʠ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦʤ ʥʘʙʫʭʘʥʠʠ [12]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫ-

ʯʘʝ ʟʘʤʘʯʠʚʘʥʠʷ ʚ ʦʙʳʯʥʦʡ ʚʦʜʝ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠ-

ʘʣʘ ʨʘʩʪʝʪ ʯʫʪʴ ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʟʘʤʘʯʠ-

ʚʘʥʠʷ ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ. 

 

ʘ)  
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ʙ)  

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ  

ʘ ï ʦʪʨʘʙʦʪʘʥʥʦʝ ʤʘʩʣʦ; ʙ ï ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

 

ʀʟ ʛʨʘʬʠʢʦʚ (ʨʠʩʫʥʦʢ 2) ʚʠʜʥʦ, ʯʪʦ ʟʘʤʘʯʠʚʘ-

ʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ ʚ ʦʪʨʘʙʦʪʘʥʥʦʤ 

ʤʘʩʣʝ ʠ ʨʘʩʪʚʦʨʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ 

ʢ ʨʦʩʪʫ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʘʷ ʧʦʜʯʠʥʷʝʪʩʷ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥ-

ʩʠʚʥʳʡ ʨʦʩʪ ʥʘʙʣʶʜʘʝʪʩʷ ʚʧʝʨʚʳʝ ʯʘʩʳ ʚʦʟʜʝʡ-

ʩʪʚʠʷ, ʘ ʧʦʪʦʤ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ [13].  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʢʘ-

ʟʘʪʴ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʘʛʨʝʩʩʠʚʥʳʝ ʩʨʝʜʳ ʦʢʘ-

ʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʣʦʪʥʦʩʪʴ ʧʦʣʠ-

ʚʠʥʠʣʭʣʦʨʠʜʘ. 
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TRANSITION MATRIX OF SPIN SYSTEM STATE UNDER THE INFLUENCE OF NOISE PULSES 

 

ɸʥʥʦʪʘʮʠʷ 
ʈʘʩʩʤʦʪʨʝʥʦ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ɹʣʦʭʘ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʝʦʜʥʦʨʦʜʥʦ ʫʰʠʨʝʥʥʦʡ ʩʧʠʥʦʚʦʡ ʩʠʩʪʝʤʳ 

ʠʤʧʫʣʴʩʘʤʠ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ ʚ ʚʠʜʝ ʨʝʘʣʠʟʘʮʠʠ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥ ʘʧʧʘʨʘʪ 

ʧʝʨʝʭʦʜʥʦʡ ʤʘʪʨʠʮʳ ʩʦʩʪʦʷʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʡ ʧʝʨʝʭʦʜ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʠʤʧʫʣʴʩʘ ʚ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʤʦʤʝʥʪ ʝʛʦ ʦʢʦʥʯʘʥʠʷ. ʇʨʠʚʝʜʝʥʘ ʧʨʦʛʨʘʤʤʘ, ʨʝ-

ʘʣʠʟʦʚʘʥʥʘʷ ʚ ʧʘʢʝʪʝ Mathcad. ʆʧʠʩʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʜ ʩʪʘʥʜʘʨʪʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠʟ Matlab ʠ Mathematica. 

Abstract 

The solution of the Bloch equations for excitation of inhomogeneously widened spin system by Gaussian noise 

pulses in the form of a random process is considered. In this case, the apparatus of the transition state matrix 

describing the transition of the magnetization vector from the initial state at the beginning of the pulse to the final 

state at the end of it is used. The program implemented in the Mathcad package is given. The advantages of the 

proposed method of solving a system of differential equations over standard programs from Matlab and Mathe-

matica are described. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʠʥʦʚʘʷ ʩʠʩʪʝʤʘ, ʫʨʘʚʥʝʥʠʷ ɹʣʦʭʘ, ʰʫʤʦʚʦʡ ʠʤʧʫʣʴʩ, ʧʝʨʝʭʦʜʥʘʷ ʤʘʪʨʠʮʘ. 

Key words: spin system, the Bloch equations, a noise pulse, the transition matrix. 

 

ʗʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ (ʗʄʈ) ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʦʙʲʝʢʪʦʚ ʚ ʭʠʤʠʠ, 

ʬʠʟʠʢʝ, ʥʝʨʘʟʨʫʰʘʶʱʝʡ ʠʥʪʨʦʩʢʦʧʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ [1]. ʉʫʱʝʩʪʚʫʶʪ ʩʪʘʮʠʦ-

ʥʘʨʥʳʝ ʠ ʠʤʧʫʣʴʩʥʳʝ ʤʝʪʦʜʳ ʚʦʟʙʫʞʜʝʥʠʷ ʩʠʛʥʘ-

ʣʦʚ ʗʄʈ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪ ʥʝʧʨʝʨʳʚ-

ʥʦʝ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʨʘʜʠʦʯʘʩʪʦʪʥʦʝ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʚʦʟʙʫʞʜʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʪʘʢʞʝ ʨʘʜʠʦʯʘʩʪʦʪʥʳʤ ʠʤʧʫʣʴʩʥʳʤ ʤʘʛʥʠʪ-

ʥʳʤ ʧʦʣʝʤ. ʆʪʢʣʠʢʠ ʩʧʠʥʦʚʦʡ ʩʠʩʪʝʤʳ ʚʦ ʚʪʦʨʦʤ 

ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʠʤʧʫʣʴʩʥʳʤʠ, ʠʭ ʥʘʟʳʚʘʶʪ 

ʩʠʛʥʘʣʘʤʠ ʩʚʦʙʦʜʥʦʡ ʠʥʜʫʢʮʠʠ (ʦʥʠ ʧʨʠʤʳʢʘʶʪ ʢ 

ʟʘʜʥʝʤʫ ʬʨʦʥʪʫ ʠʤʧʫʣʴʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ) ʠʣʠ ʩʧʠ-

ʥʦʚʳʤʠ ʵʭʦ (ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʩ ʟʘʜʝʨʞʢʦʡ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʠʤʧʫʣʴʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ). ʉʘʤʠ ʠʤʧʫʣʴʩʳ 

ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʧʨʦʩʪʦʡ ʚʠʜ (ʨʘʜʠʦʠʤ-

ʧʫʣʴʩʳ ʩ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʛʠʙʘʶʱʝʡ) ʠ ʩʣʦʞʥʳʡ ʚ 

ʚʠʜʝ sinc-ʠʤʧʫʣʴʩʦʚ, ʠʤʧʫʣʴʩʦʚ ʩ ʣʠʥʝʡʥʦʡ ʯʘʩʪʦʪ-

ʥʦʡ ʤʦʜʫʣʷʮʠʝʡ [2] ʠ ʜʘʞʝ ʰʫʤʦʚʳʭ ʨʘʜʠʦʠʤʧʫʣʴ-

ʩʦʚ [3]. 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʤʧʫʣʴʩ-

ʥʦʤʫ ʚʦʟʙʫʞʜʝʥʠʶ ʩʠʛʥʘʣʦʚ ʗʄʈ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʥ-

ʪʝʨʧʨʝʪʘʮʠʠ ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʝʩʴʤʘ ʧʦʣʝʟʥʳʤ ʤʦ-

ʞʝʪ ʙʳʪʴ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʇʦʚʝʜʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʦ ʚʥʝʰ-

ʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ 

ɹʣʦʭʘ [4]. ɽʩʣʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʚʦʟʙʫʞʜʝ-

ʥʠʷ Ű1,2 << T1, T2, ʛʜʝ T1, T2 - ʚʨʝʤʝʥʘ ʧʨʦʜʦʣʴʥʦʡ ʠ 

ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ ʧʨʦʮʝʩ-

ʩʘʤʠ ʨʝʣʘʢʩʘʮʠʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʊʦʛʜʘ ʫʨʘʚʥʝ-

ʥʠʝ ʜʚʠʞʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʟʦʭʨʦ-

ʤʘʪʳ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩ ʯʘʩʪʦʪʦʡ ɤ0 ʩʠʩʪʝʤʝ ʢʦʦʨ-

ʜʠʥʘʪ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ  

 
Ἑ ȟ

=F(t,ɋ)ĀM (t,ɋ),  (1) 

 

Ἑὸȟ 

ὓ ὸȟɱ

ὓᶻὸȟɱ

ὓ ὸȟɱ

, 

 

ἐὸȟ 

Ὥɱ π ὭὙὸ

π Ὥɱ ὭὙᶻὸ

ὭὙᶻὸȾς ὭὙὸȾς π

, 

 

ʛʜʝ ὓὸȟ   ʠ ὓᶻὸȟ   ʢʦʤʧʣʝʢʩʥʳʝ ʧʦʧʝʨʝʯ-

ʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, Mz- ʝʛʦ 

ʧʨʦʜʦʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ; Ὑὸ ὙὸὩ ‎ὄὸ 

- ʢʦʤʧʣʝʢʩʥʘʷ ʦʛʠʙʘʶʱʘʷ ʠʤʧʫʣʴʩʘ ʚʦʟʙʫʞʜʝʥʠʷ, 

ʚʳʨʘʞʝʥʥʘʷ ʚ ʝʜʠʥʠʮʘʭ ʢʨʫʛʦʚʦʡ ʯʘʩʪʦʪʳ (ɔ- ʛʠʨʦ-

ʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ, ὄὸ -ʢʦʤʧʣʝʢʩʥʘʷ ʧʦʧʝʨʝʯ-

ʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ); ɱ
ʖ ‫  - ʨʘʩʩʪʨʦʡʢʘ ʯʘʩʪʦʪʳ w ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʫ-

ʱʝʡ ʯʘʩʪʦʪʳ ʨʘʜʠʦʠʤʧʫʣʴʩʘ w0, ʩʦʚʧʘʜʘʶʱʝʡ ʩ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʥʝʦʜʥʦʨʦʜʥʦ ʫʰʠʨʝʥʥʦʡ ʣʠ-

ʥʠʠ ʧʦʛʣʦʱʝʥʠʷ.  

ʌʦʨʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ (1) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ 

 ἙÔȟɱ ἋὸȟὸȟɱἙὸȟɱ ,  (2) 
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ʛʜʝ Ἑὸȟɱ  - ʚʝʢʪʦʨ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t0; Ἃὸȟὸȟ   - ʧʝʨʝʭʦʜʥʘʷ ʤʘʪ-

ʨʠʮʘ, ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʨʘʟʤʝʨʘ 3Ĭ3. 

ɺʠʜ ʧʝʨʝʭʦʜʥʦʡ ʤʘʪʨʠʮʳ Ἃὸȟὸȟɱ  ʟʘʚʠʩʠʪ ʦʪ 

ʬʦʨʤʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʠʤʧʫʣʴʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ Ὑὸ. 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʠʤʝʝʪ ʤʝʩʪʦ 

ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ Ὑὸ ὧέὲίὸ, ʪʦ ʝʩʪʴ ʝʩʣʠ ʠʤ-

ʧʫʣʴʩ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʦʡ 

ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʨʘʜʠʦʠʤʧʫʣʴʩ [2]. ʊʘʢʞʝ ʘʥʘʣʠʪʠ-

ʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʢʫʩʦʯʥʦ-ʧʦ-

ʩʪʦʷʥʥʦʡ ʬʫʥʢʮʠʠ Ὑὸ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʩʧʠʥʦʚʦʡ 

ʩʠʩʪʝʤʳ ʰʫʤʦʚʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʜʚʘ ʤʝʪʦʜʘ. ʇʝʨʚʳʡ ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʣʦʛʦ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ ʠ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʤʠ ʫʩʨʝʜʥʝʥʠʷʤʠ ʨʝʟʫʣʴʪʘʪʘ. ʕʪʦʪ ʤʝʪʦʜ 

ʧʨʠʤʝʥʷʣʩʷ ʚ ʨʘʙʦʪʘʭ [5], [6]. ɺʪʦʨʦʡ ʤʝʪʦʜ ʦʩʥʦ-

ʚʘʥ ʥʘ ʚʦʟʙʫʞʜʝʥʠʠ ʩʧʠʥʦʚʦʡ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʘʮʠ-

ʷʤʠ ʛʘʫʩʩʦʚʩʢʦʛʦ ʰʫʤʘ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʭʦʜʥʘʷ 

ʤʘʪʨʠʮʘ ʩʦʩʪʦʷʥʠʷ ʩʧʠʥʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘ ʩʛʝʥʝʨʠ-

ʨʦʚʘʥʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʰʫʤʘ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘ-

ʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʝʨʝʭʦʜʥʦʡ ʤʘʪʨʠʮʳ 

ʩʦʩʪʦʷʥʠʷ ʥʘ ʩʛʝʥʝʨʠʨʦʚʘʥʥʫʶ ʨʝʘʣʠʟʘʮʠʶ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʛʨʘʤʤʫ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʭʦʜ-

ʥʦʡ ʤʘʪʨʠʮʳ ʥʘ ʰʫʤʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ 

ʠʤʧʫʣʴʩʘ ʩ ʣʠʥʝʡʥʦʡ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʦʧʠ-

ʩʘʥʘ ʚ [4]. ʇʝʨʚʳʡ ʬʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʝʪ 

ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʰʫʤʦʚʦʡ ʠʤʧʫʣʴʩ ʩ ʛʘʫʩʩʦʚʩʢʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. ʇʝʨʚʦʥʘ-

ʯʘʣʴʥʦ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʠʤʧʫʣʴʩʘ: 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ ʦʪʩʯʝʪʦʚ Kn, 

ʠʥʪʝʨʚʘʣ ʢʦʨʨʝʣʷʮʠʠ Űk, ʜʣʠʪʝʣʴʥʦʩʪʴ ʰʫʤʦʚʦʛʦ 

ʠʤʧʫʣʴʩʘ Tmax=Ű, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ: Kn, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ. ʌʨʘʛʤʝʥʪ ʵʪʦʡ 

ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʳ, ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʧʘʢʝʪʝ Mathcad, 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 

 

Kn 100:= tk 10
7-

:=

Tmax Kn 1-( )tkÖ:=

j 0 Kn 1-..:=

T j j tkÖ:=

x rnorm Kn 0, 6 10
5

Ö,( ):=

KS1 csplineT x,( ):=

R1 t( ) 0 t 0<if

interp KS1 T, x, t,( ) 0 t¢ Tmax¢if

0 t Tmax>if

:=

 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʶʪ ʢʦʤʧʣʝʢʩʥʫʶ ʦʛʠʙʘʶʱʫʶ ʰʫʤʦʚʦʛʦ ʠʤʧʫʣʴʩʘ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʝʱʝʩʪʚʝʥ-

ʥʫʶ ʟʥʘʢʦʧʝʨʝʤʝʥʥʫʶ ʬʫʥʢʮʠʶ), ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ.1 

 

 
ʈʠʩ. 1. ʂʦʤʧʣʝʢʩʥʘʷ ʦʛʠʙʘʶʱʘʷ ʨʝʘʣʠʟʘʮʠʠ ʰʫʤʦʚʦʛʦ ʠʤʧʫʣʴʩʘ 

 

ɺ ʩʣʝʜʫʶʱʝʤ ʬʨʘʛʤʝʥʪʝ ʧʨʦʛʨʘʤʤʳ ʟʘʜʘʶʪʩʷ ʵʣʝʤʝʥʪʳ ʧʝʨʝʭʦʜʥʦʡ ʤʘʪʨʠʮʳ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʨʷʤʦ-

ʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʩ ʘʤʧʣʠʪʫʜʦʡ R ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ Ű0. ʇʨʠ ʵʪʦʤ ʚʝʩʴ ʰʫʤʦʚʦʡ ʠʤʧʫʣʴʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

Ű ʜʝʣʠʪʩʷ ʥʘ 2N+1 ʠʥʪʝʨʚʘʣ ʜʣʠʪʝʣʴʥʦʩʪʴʶ Ű0. 
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ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʝʨʝʭʦʜʥʦʡ ʤʘʪʨʠʮʳ ʰʫʤʦ-

ʚʦʛʦ ʠʤʧʫʣʴʩʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʪʫʧʝʥʯʘʪʘʷ ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʛʠʙʘʶʱʝʡ ʰʫʤʘ R1(t). ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʫʨʘʚʥʝʥʠʷ ɹʣʦʭʘ ʢ ʩʠʩʪʝʤʝ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʤ ʩ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥ-

ʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʪʦʯʥʦʝ ʘʥʘʣʠ-

ʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʧʝʨʝʭʦʜʥʘʷ 

ʤʘʪʨʠʮʘ ʚ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʰʫʤʦʚʦʛʦ ʠʤʧʫʣʴʩʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʘʪ-

ʨʠʮ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ. 

ʌʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʳ ʨʝʘʣʠʟʫʶʱʠʡ ʵʪʠ ʦʧʝʨʘʮʠʠ 

ʠʤʝʝʪ ʚʠʜ. 
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ʕʣʝʤʝʥʪʳ ʧʝʨʝʭʦʜʥʦʡ ʤʘʪʨʠʮʳ ʠʤʝʶʪ ʩʚʷʟʴ 

ʤʝʞʜʫ ʩʦʙʦʡ 

ὥ ὥᶻ , ὥ ὥᶻ , ὥ ὥᶻ . 

ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʚʫʭʠʤʧʫʣʴʩʥʦʛʦ ʩʧʠʥʦʚʦʛʦ 

ʵʭʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ a23 ʠ a12. 

ɼʣʷ ʪʨʝʭʠʤʧʫʣʴʩʥʦʛʦ (ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ) ʵʭʘ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʤʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ a23, a32 ʠ a13. ʈʝ-

ʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʠʜʝ ʤʦʜʫʣʝʡ ʠ 

ʬʘʟ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ʐʠʨʠʥʘ ʩʧʝʢʪʨʘ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ ȿὥ  ȿ ʠ ȿὥ  ȿ ʩʦʩʪʘʚʣʷʝʪ 5Ā107 ʨʘʜ/ʩ, 

ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ 

ς“† ς“ϽρπȢϳ  ʂʦʵʬʬʠʮʠʝʥʪ ȿὥ  ȿ ʠʤʝʝʪ ʥʝ-
ʩʢʦʣʴʢʦ ʤʝʥʴʰʫʶ ʰʠʨʠʥʫ ʩʧʝʢʪʨʘ 3Ā107 ʨʘʜ/ʩ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʝʣʠʥʝʡ-

ʥʦʩʪʠ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ 

ʧʝʨʝʜ ʩʪʘʥʜʘʨʪʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʤʠ, ʥʘʧʨʠʤʝʨ, ʚ ʧʘʢʝʪʘʭ Matlab ʠ Mathematica. ɺ 

ʥʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʪʘ-

ʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ 

ʣʠʰʴ ʥʘ ʦʜʥʦʡ ʯʘʩʪʦʪʝ. ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʢʘʢ ʬʫʥʢʮʠʠ ʯʘʩʪʦʪʳ. ʂʨʦʤʝ 

ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʨʠʮ ʧʝʨʝʭʦʜʘ ʧʦʟʚʦʣʷʝʪ 

ʥʘʭʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʣʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠ ʚʦʟʙʫʞʜʝ-

ʥʠʠ ʩʧʠʥʦʚʦʡ ʩʠʩʪʝʤʳ ʥʝʩʢʦʣʴʢʠʤʠ ʠʤʧʫʣʴʩʘʤʠ, 

ʥʦ ʠ ʚʠʜ ʦʜʥʦʛʦ ʩʧʠʥʦʚʦʛʦ ʵʭʘ, ʥʘʧʨʠʤʝʨ, ʜʚʫʭ- ʠʣʠ 

ʪʨʝʭ ʠʤʧʫʣʴʩʥʦʛʦ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʷ ʦʪʢʣʠʢʘ. 

 

 
ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʭʦʜʥʦʡ ʤʘʪʨʠʮʳ ʰʫʤʦʚʦʛʦ ʠʤʧʫʣʴʩʘ 
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ʅʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩʥʘʷ ʦʛʠʙʘʶʱʘʷ ʩʠʛʥʘʣʘ 

ʪʨʝʭʠʤʧʫʣʴʩʥʦʛʦ (ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ) ʩʧʠʥʦʚʦʛʦ 

ʵʭʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʚʩʝʭ ʠʟʦʭʨʦʤʘʪ 

ʩ ʚʝʩʦʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʬʫʥʢʮʠʝʡ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ 

ʵʢʚʠʚʘʣʝʥʪʘ ʥʝʦʜʥʦʨʦʜʥʦ ʫʰʠʨʝʥʥʦʡ ʣʠʥʠʠ ʧʦʛʣʦ-

ʱʝʥʠʷ :  

 

ὓὸ ὓ ᷿ Çɱὥ ɱὥ ɱὥ ɱÅØÐὭɱ ὸ ὸ ὸ Ὠ ,  (3) 

 

ʛʜʝ Ű1, Ű2, Ű3 ï ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʚʦʟʙʫʞ-

ʜʝʥʠʷ, M0 ï ʨʘʚʥʦʚʝʩʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠ-

ʯʝʥʥʦʩʪʠ, ὥ ɱ , ὥ ɱȟὥ ɱ  - ɻ ʣʝʤʝʥʪʳ ʧʝʨʝ-

ʭʦʜʥʳʭ ʤʘʪʨʠʮ ʩʦʩʪʦʷʥʠʷ (2) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ 

ʪʨʝʪʴʝʛʦ, ʚʪʦʨʦʛʦ ʠ ʧʝʨʚʦʛʦ ʠʤʧʫʣʴʩʦʚ ʚʦʟʙʫʞʜʝ-

ʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ɹʣʦʭʘ, t2 ʠ t3 ï ʚʨʝʤʝʥʘ ʟʘʜʝʨʞʢʠ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ 

ʠʤʧʫʣʴʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ 

(t=0). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʵʭʘ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʚ (3) ʵʣʝʤʝʥʪʳ ʧʝʨʝʭʦʜʥʳʭ ʤʘʪ-

ʨʠʮ ʩʦʩʪʦʷʥʠʷ, ὥ ɱ , ὥ ɱȟὥ ɱ  ʜʣʷ ʧʝʨ-

ʚʦʛʦ, ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʠʤʧʫʣʴʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ, 

ʯʪʦ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʚ ʚʠʜʝ ʩʠʛʥʘʣʦʚ ʩʚʦʙʦʜʥʦʡ ʠʥʜʫʢʮʠʠ ʠ 

ʜʚʫʭʠʤʧʫʣʴʩʥʳʭ ʵʭʦ ʥʝ ʚʳʯʠʩʣʷʝʪʩʷ. 
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ENGINES OF LIFE  

 

ɸʥʥʦʪʘʮʠʷ 
ʂʨʦʤʝ ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʚʥʝʰʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʠʨ, ʩʫʱʝʩʪʚʫʝʪ ʤʝʭʘ-

ʥʠʢʘ ʚʥʫʪʨʝʥʥʝʛʦ ʤʠʨʘ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʞʠʟʥʴ, ʧʨʦʪʝʢʘʶʱʘʷ 

ʚʥʫʪʨʠ ʩʘʤʦʡ ʦʩʦʙʠ. ɻʨʘʚʠʪʘʮʠʷ ï ʵʪʦ ʘʙʩʦʣʶʪʥʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʥʘʫʢʝ, ʚ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʫʝʪʩʷ 

ʬʠʟʠʢʘ ʚʥʫʪʨʝʥʥʝʡ ʞʠʟʥʠ. ʅʘʫʢʝ ʠʟʚʝʩʪʥʦ ʚʩʝ ʦ ʨʘʙʦʪʝ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʚ ʦʩʦʙʠ, ʥʦ ʥʠʢʪʦ ʥʝ ʟʥʘʝʪ, 

ʢʘʢ ʵʪʦ ʚʩʝ ʨʘʙʦʪʘʝʪ, ʯʪʦ ʪʘʢʦʝ ʞʠʟʥʴ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʜʚʠ-

ʛʘʪʝʣʠ ʞʠʟʥʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʟʘʨʦʞʜʝʥʠʷ ʚʦʣʥʦʚʳʭ ʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚʥʫʪʨʝʥʥʷʷ ʞʠʟʥʴ ʚ ʦʩʦʙʠ. ʈʘʩʢʨʳʪʘ ʧʨʠʯʠʥʘ ʟʘʨʦʞʜʝʥʠʷ ʟʣʦʢʘʯʝ-

ʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ï ʨʘʢʘ. ɼʘʥʘ ʦʮʝʥʢʘ çʆʙʱʝʡ ʊʝʦʨʠʠ ʆʪʥʦʩʠʪʝʣʴʥʦʩʪʠè ɸ. ʕʡʥʰʪʝʡʥʘ. 

Abstract 

In addition to the mechanics of Newton, which describes the external energy world, there is the mechanics of 

the internal world, which describes the internal gravitational life that flows inside the individual. Gravity is a 

completely new direction in science, which explores the physics of inner life. Science knows everything about the 

work of internal organs in an individual, but no one knows how it all works, what life is. The process of transform-

ing perpetual motion machines into the engines of life is analyzes. The processes of nucleation no one knows how 

it all works, what life is. The process of transforming perpetual motion machines into the engines of life is analyzed. 

The processes of nucleation of wave and corpuscular physical fields are examined, with the help of which the 

internal life in an individual functions. Revealed the cause of the onset of malignant tumors ï cancer. An assess-

ment of the çGeneral Theory of Relativityè by Einstein is given. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʚʠʪʘʮʠʷ, ʵʥʝʨʛʠʷ, ʜʚʠʛʘʪʝʣʴ, ʢʚʘʥʪ, ʧʦʣʝ, ʙʦʜʨʩʪʚʦʚʘʥʠʝ, ʩʦʥ, ʪʷʛʦʪʝʥʠʝ, ʩʠʣʘ, 

ʞʠʟʥɹ. 

Keywords: gravity, energy, engine, quantum, field, wakefulness, sleep, gravity, force, life. 
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ɺ ʨʘʙʦʪʝ [1] ʛʦʚʦʨʠʣʦʩʴ ʦ ʜʚʫʭ ʚʝʯʥʳʭ ʜʚʠʛʘ-

ʪʝʣʷʭ: ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ. ʋʚʘʞʘʝ-

ʤʳʡ ʯʠʪʘʪʝʣʴ ʩʯʝʣ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʝʯʥʳʭ ʜʚʠʛʘʪʝ-

ʣʷʭ, ʤʷʛʢʦ ʛʦʚʦʨʷ, ʩ ʥʝʜʦʚʝʨʠʝʤ. ʇʨʠʜʝʪʩʷ ʧʨʠʙʝʛ-

ʥʫʪʴ ʢ ʙʦʣʝʝ ʫʙʝʜʠʪʝʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʝʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ɺ ʦʩʥʦʚʝ ʬʠʣʦʩʦʬʠʠ ʚʝʣʠʢʦʛʦ ʥʝʤʝʮʢʦʛʦ ʬʠ-

ʣʦʩʦʬʘ ɻʝʛʝʣʷ ʟʘʣʦʞʝʥʦ çʅʠʯʪʦè, ʦʪ ʢʦʪʦʨʦʛʦ ʧʨʦ-

ʠʩʪʝʢʘʝʪ çɺʩʝè [2]. ʉ ʫʪʚʝʨʞʜʝʥʠʝʤ ɻʝʛʝʣʷ ʪʨʫʜʥʦ 

ʥʝ ʩʦʛʣʘʩʠʪʴʩʷ, ʪʘʢ ʢʘʢ ʚ ʦʩʥʦʚʝ ʚʝʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʣʝʞʠʪ çʥʠʯʪʦè, ʨʠʩ. 1. çʅʠʯʪʦè ʘʙ-

ʩʦʣʶʪʥʦ ʥʝʫʩʪʦʡʯʠʚʦ, ʦʥʦ ʨʘʩʱʝʧʠʣʦʩʴ ʥʘ ʜʚʝ ʘʙ-

ʩʦʣʶʪʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʯʘʩʪʠ: ʩʦʙʩʪʚʝʥʥʫʶ ʛʨʘ-

ʚʠʪʘʮʠʶ, ʩʦʙʩʪʚʝʥʥʫʶ ʵʥʝʨʛʠʶ, ʢʦʪʦʨʳʝ ʥʘʯʘʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ. ɻʨʘʚʠʪʘʮʠʷ ʧʦʨʦʞʜʘʝʪ ʤʘʪʝ-

ʨʠʥʩʢʫʶ ʠʥʝʨʪʥʫʶ ʤʘʩʩʫ ά, ʵʥʝʨʛʠʷ - ʤʘʪʝʨʠʥ-

ʩʢʫʶ ʪʷʛʦʪʝʶʱʫʶ ʤʘʩʩʫ ά . ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʨʦ-
ʩʪʨʘʥʩʪʚʦ ʟʘʱʠʱʝʥʦ ʥʝʧʨʝʦʜʦʣʠʤʳʤ ʙʘʨʴʝʨʦʤ K, 

ʢʦʪʦʨʦʝ ʩʘʤʘ ʤʘʪʝʨʠʥʩʢʘʷ ʪʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ ʧʨʝ-

ʦʜʦʣʝʪʴ ʥʝ ʤʦʞʝʪ ʥʠ ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ, ʛʜʝ K ï 

ʘʙʩʦʣʶʪʥʳʡ ʧʦʢʦʡ ʙʘʨʠʦʥʦʨʦʜʠʦʥʦʚʳʭ ʢʚʘʥʪʦʚ 

ʛʨʘʚʠʪʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ. ʕʥʝʨʛʝʪʠʯʝ-
ʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʱʠʱʝʥʦ ʥʝʧʨʝʦʜʦʣʠʤʳʤ ʙʘʨʴ-

ʝʨʦʤ ʩ ʦʪ ʤʘʪʝʨʠʥʩʢʦʡ ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ, ʛʜʝ ʩ - ʩʢʦ-

ʨʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʚʝʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὼȟώȟᾀȟὸ. ɿʘʨʦʜʠʣʠʩʴ ʜʚʘ ʚʝʯʥʳʭ ʜʚʠʛʘʪʝʣʷ:  

Ὣ άὑ 
ȟ ȟȟ

Ὃ ȟȟȟ

‐ ά  ὅ
ȟȟȟ

 Ὂ ȟ ȟȟ

 , (1) 

ʛʜʝ g ï ʩʦʙʩʪʚʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ, Ů ï ʩʦʙʩʪʚʝʥ-

ʥʘʷ ʵʥʝʨʛʠʷ. 

ɺ ʚʝʨʭʥʝʤ ʚʳʨʘʞʝʥʠʠ ʟʘʧʠʩʘʥ ʚʝʯʥʳʡ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ—, 

ʢʦʪʦʨʳʡ ʚ ʧʨʦʪʠʚʦʨʝʯʠʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ 

ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʚ ʚʠʜʝ ʪʷʛʦʪʝʥʠʷ (ʣʠʙʦ ʘʥʪʠ ʪʷʛʦ-

ʪʝʥʠʷ) G. ɺ ʥʠʞʥʝʤ ʚʳʨʘʞʝʥʠʠ ʟʘʧʠʩʘʥ ʚʝʯʥʳʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὼȟώȟᾀȟὸ, ʢʦʪʦʨʳʡ ʚ ʧʨʦʪʠʚʦʨʝʯʠʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὒȟὒȟὒȟ— ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʚ ʚʠʜʝ ʚʥʫʪʨʝʥʥʝʡ 

ʩʠʣʳ F. ɼʚʘ ʚʝʯʥʳʭ ʘʙʩʦʣʶʪʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ 

ʜʚʠʛʘʪʝʣʷ ʩʫʱʝʩʪʚʫʶʪ ʥʝʟʘʚʠʩʠʤʦ, ʥʦ ʚ ʮʝʣʦʤ 

ʜʘʶʪ çʥʠʯʪʦè. ɿʜʝʩʴ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴʩʷ! ʂʘʢʫʶ 

ʩʪʦʨʦʥʫ ʤʳ ʚʳʙʠʨʘʝʤ ï ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʠʣʠ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʫʶ? ɽʩʣʠ ʤʳ ʚʳʙʨʘʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ 

ʤʠʨ, ʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʠʨ ʧʨʠʜʝʪʩʷ ʩʜʝʣʘʪʴ ʥʝʚʠ-

ʜʠʤʳʤ. ʇʨʘʚʜʘ, ʚʳʙʦʨ ʵʪʦʪ ʩʜʝʣʘʣʘ ʟʘ ʥʘʩ ʧʨʠʨʦʜʘ. 

ʊʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ ʠ ʚʩʝ ʝʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚ (1) ʦʙʦ-

ʟʥʘʯʝʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ. ʅʝʟʘʚʠʩʠʤʳʝ ʚʝʯʥʳʝ 

ʜʚʠʛʘʪʝʣʠ ʧʦʨʦʟʥʴ ʥʠʯʝʛʦ ʥʝ ʟʥʘʯʘʪ, ʝʩʣʠ ʥʝ ʩʯʠ-

ʪʘʪʴ ʩʘʤ ʬʘʢʪ ʨʘʩʱʝʧʣʝʥʠʷ çʥʠʯʪʦè ʥʘ ʜʚʝ ʧʨʦʪʠ-

ʚʦʨʝʯʠʚʳʝ ʩʪʦʨʦʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʝʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʟʘʨʦʜʠʣʘʩʴ ʤʘʪʝʨʠʥʩʢʘʷ ʠʥʝʨʪ-

ʥʘʷ ʤʘʩʩʘ ʠ ʤʘʪʝʨʠʥʩʢʘʷ ʪʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ, ʩ ʢʦʪʦ-

ʨʳʤʠ ʩʚʷʟʘʥʘ ʚʳʥʫʞʜʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ ʠ ʚʳʥʫʞ-

ʜʝʥʥʘʷ ʵʥʝʨʛʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʜʝʩʴ ʚʦʟʥʠʢʥʝʪ 

ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʦʧʨʦʩ ï ʯʝʤ ʩʦʙʩʪʚʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʘʪʝʨʠʥʩʢʦʡ ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ ʠ ʩʦʙ-

ʩʪʚʝʥʥʘʷ ʵʥʝʨʛʠʷ ʦʪ ʤʘʪʝʨʠʥʩʢʦʡ ʪʷʛʦʪʝʶʱʝʡ 

ʤʘʩʩʳ? ʆʪʚʝʪ ï ʢʦʨʧʫʩʢʫʣʷʨʥʳʤʠ ʧʦʣʷʤʠ. ɺ ʩʦʙ-

ʩʪʚʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ ʥʝʪ ʤʘʪʝʨʠʥʩʢʦʡ ʠʥʝʨʪʥʦʡ 

ʤʘʩʩʳ, ʦʥʘ ʚʳʨʘʞʝʥʘ ʚ ʢʦʨʧʫʩʢʫʣʷʨʥʦʝ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦʝ ʧʦʣʝ, ʠʣʠ ʧʨʦʩʪʦ ʚ ʩʦʙʩʪʚʝʥʥʫʶ ʛʨʘʚʠʪʘʮʠʶ. 

ɺ ʩʦʙʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʠ ʥʝʪ ʪʷʛʦʪʝʶʱʝʡ ʤʘʩʩʳ, ʦʥʘ 

ʚʳʨʘʞʝʥʘ ʚ ʢʦʨʧʫʩʢʫʣʷʨʥʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʦʣʝ, 

ʠʣʠ ʧʨʦʩʪʦ ʚ ʩʦʙʩʪʚʝʥʥʫʶ ʵʥʝʨʛʠʶ. ɺ (1) ʟʘʧʠʩʘʥʳ 

ʢʦʨʧʫʩʢʫʣʷʨʥʳʝ ʧʦʣʷ: ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ, ʪʷʛʦʪʝʥʠʝ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ, ʩʠʣʦʚʦʝ. ʂʦʨʧʫʩʢʫʣʷʨʥʳʝ ʧʦʣʷ ï 

ʦʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʤʝʭʘʥʠʢʠ ʚʥʫʪʨʝʥʥʝʛʦ ʤʠʨʘ ʦʪ 

ʤʝʭʘʥʠʢʠ ʚʥʝʰʥʝʛʦ ʤʠʨʘ ï ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ. ʇʦ-

ʨʦʞʜʝʥʥʳʝ ʚʝʯʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ 

ʤʘʪʝʨʠʥʩʢʠʝ ʤʘʩʩʳ ʥʘʯʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʩʘʤʠ. 

 

ʥʠʯʪʦ

ʨʝʛ
ʠʩʪ
ʨʠʨ
ʫʝʤr

ʡ ʩʢʨr
ʪr ʡ

K

(x ,y,z , t )

 
ʈʠʩ. 1. ʈʘʩʱʝʧʣʝʥʠʝ çʥʠʯʪʦè ʥʘ ʩʦʙʩʪʚʝʥʥʫʶ ʛʨʘʚʠʪʘʮʠʶ ʠ ʵʥʝʨʛʠʶ 

 

çʅʠʯʪʦè ʥʝ ʨʘʟʲʝʜʠʥʷʝʪ, çʥʠʯʪʦè ʦʙʲʝʜʠʥʷʝʪ 

ʩʦʙʩʪʚʝʥʥʫʶ ʛʨʘʚʠʪʘʮʠʶ ʠ ʩʦʙʩʪʚʝʥʥʫʶ ʵʥʝʨʛʠʶ, 

ʚʳʥʫʞʜʝʥʥʫʶ ʛʨʘʚʠʪʘʮʠʶ ʠ ʚʳʥʫʞʜʝʥʥʫʶ ʵʥʝʨ-

ʛʠʶ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʚʘʥʪ ʵʥʝʨʛʠʠ ʠ ʙʘʨʠʥʦʨʦ-

ʜʠʦʥʦʚʳʡ ʢʚʘʥʪ ʛʨʘʚʠʪʘʮʠʠ, ʙʦʜʨʩʪʚʦʚʘʥʠʝ ʠ ʩʦʥ. 

ʉʤʳʩʣ ʧʨʠʦʙʨʝʪʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʨʘʚʠʪʘʮʠʠ ʠ 

ʵʥʝʨʛʠʠ, ʨʠʩ. 1. ʄʘʪʝʨʠʥʩʢʠʝ ʠʥʝʨʪʥʘʷ ʠ ʤʘʪʝʨʠʥ-

ʩʢʘʷ ʪʷʛʦʪʝʶʱʘʷ ʤʘʩʩʳ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ, ʪʘʢ 

ʢʘʢ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʨʦʚʳʤʠ ʧʦʩʪʦʷʥʥʳʤʠ c ʠ K. ʅʦ, 

ʪʝʤ ʥʝ ʤʝʥʝʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ 
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ʤʘʩʩ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʩʨʝʜʥʠʢʦʚ, ʢʦ-

ʪʦʨʳʭ ʤʘʪʝʨʠʥʩʢʠʝ ʤʘʩʩʳ ʟʘʩʳʣʘʶʪ ʚ ʯʫʞʝʨʦʜʥʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʄʘʪʝʨʠʥʩʢʘʷ ʪʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ ά  

ʟʘʩʣʘʣʘ ʚ ʧʨʦʪʠʚʦʨʝʯʠʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʩʨʝʜʥʠ-

ʢʦʚ ά  ̉Ὡ  , ʛʜʝ ά - ʥʝʡʪʨʦʥʥʘʷ ʤʘʩʩʘ, ʥʘʜʝʣʝʥ-

ʥʘʷ ʩʚʦʡʩʪʚʦʤ ʤʘʪʝʨʠʥʩʢʦʡ ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ Ὡ - 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʝʤʙʨʘʥʘ, ʥʘʜʝʣʝʥʥʘʷ ʩʚʦʡʩʪʚʦʤ 

ʠʥʝʨʪʥʦʡ ʧʨʠʨʦʜʳ. ʄʘʪʝʨʠʥʩʢʘʷ ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ 

 ά, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʩʣʘʣʘ ʚ ʧʨʦʪʠʚʦʨʝʯʠʚʦʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ ʧʦʩʨʝʜʥʠʢʦʚ ά  ̉ὦ , ʛʜʝ ά  ï 

ʥʝʡʪʨʦʥʥʘʷ ʤʘʩʩʘ, ʥʘʜʝʣʝʥʥʘʷ ʩʚʦʡʩʪʚʦʤ ʪʷʛʦʪʝʶ-

ʱʝʡ ʤʘʩʩʳ, ὦ  ï ʙʘʨʠʦʥʥʘʷ ʤʝʤʙʨʘʥʘ, ʥʘʜʝʣʝʥʥʘʷ 

ʩʚʦʡʩʪʚʦʤ ʪʷʛʦʪʝʶʱʝʡ ʧʨʠʨʦʜʳ. ʉʦʙʩʪʚʝʥʥʘʷ ʛʨʘ-

ʚʠʪʘʮʠʷ ʩʚʷʟʘʥʘ ʩ ʠʥʝʨʪʥʳʤʠ ʤʘʩʩʘʤʠ, ʘ ʩʦʙʩʪʚʝʥ-

ʥʘʷ ʵʥʝʨʛʠʷ ʩ ʪʷʛʦʪʝʶʱʠʤʠ ʤʘʩʩʘʤʠ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ 

ʚ ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ ʥʝʪ ʥʠʢʘʢʦʡ ʠʥʝʨʪʥʦʡ 

ʤʘʩʩʳ, ʦʥʘ ʚʳʨʘʞʝʥʘ ʚ ʛʨʘʚʠʪʘʮʠʠ. ɺ ʩʦʙʩʪʚʝʥʥʦʡ 

ʵʥʝʨʛʠʠ ʥʝʪ ʥʠʢʘʢʦʡ ʪʷʛʦʪʝʶʱʝʡ ʤʘʩʩʳ, ʦʥʘ ʚʳʨʘ-

ʞʝʥʘ ʚ ʩʦʙʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʛʨʘʚʠʪʘʮʠʠ ʠ ʵʥʝʨʛʠʠ ʚʦʟʥʠʢʣʦ ʪʝʣʦ, ʩʦ-

ʩʪʦʷʱʝʝ ʠʟ ʤʘʩʩʳ ʠ ʟʘʨʷʜʦʚ, ʥʦ ʩʘʤʦʡ ʞʠʟʥʠ ʧʦʢʘ 

ʝʱʝ ʥʝʪ. ʏʪʦ ʪʘʢʦʝ ʞʠʟʥʴ? ɿʘʧʠʰʝʤ ʧʦʣʥʫʶ ʵʥʝʨ-

ʛʠʶ ʠ ʧʦʣʥʫʶ ʛʨʘʚʠʪʘʮʠʶ: 

%  ά  ά  ὧ

'   ά  ά ὑ
                (2) 

ʛʜʝ  ά  ï ʤʘʪʝʨʠʥʩʢʘʷ ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ, ά  ï ʤʘ-

ʪʝʨʠʥʩʢʘʷ ʪʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ,  ά ὧ ï ʚʳʥʫʞʜʝʥʥʘʷ 

ʵʥʝʨʛʠʷ, ά  ὧ ï ʩʦʙʩʪʚʝʥʥʘʷ ʵʥʝʨʛʠʷ,  ά ὑ  ï ʩʦʙ-

ʩʪʚʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ, ά ὑ  ï ʚʳʥʫʞʜʝʥʥʘʷ ʛʨʘʚʠ-

ʪʘʮʠʷ. ʇʝʨʝʧʠʰʝʤ (2), ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʧʦ-

ʩʨʝʜʥʠʢʦʚ ʥʘ ʨʠʩ. 1:  

%  ά  ά  ὄὩ  ά  ά  "ὦ  ὧ

'  ά  ά  "Ὡ  ά  ά " ὦ ὑ

 (3) 

ʛʜʝ  ά  ά  "Ὡ  ï ʩʝʤʝʡʩʪʚʦ ʠʥʝʨʪʥʳʭ 

ʤʘʩʩ, (ά  Ὡ ) ï ʧʦʩʨʝʜʥʠʢʠ, ʟʘʩʣʘʥʥʳʝ ʤʘʪʝ-

ʨʠʥʩʢʦʡ ʪʷʛʦʪʝʶʱʝʡ ʤʘʩʩʦʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʥʫʪ-

ʨʝʥʥʠʤʠ ʠ ʚʥʝʰʥʠʤʠ ʜʚʠʞʝʥʠʷʤʠ ʤʘʪʝʨʠʥʩʢʦʡ 

ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ, Ὡ  ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʝʤʙʨʘʥʘ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʯʫʚʩʪʚ.  ά  ά

 ὦ  ï ʩʝʤʝʡʩʪʚʦ ʪʷʛʦʪʝʶʱʠʭ ʤʘʩʩ, (ά  ὦ ) ï 

ʧʦʩʨʝʜʥʠʢʠ, ʟʘʩʣʘʥʥʳʝ ʤʘʪʝʨʠʥʩʢʦʡ ʠʥʝʨʪʥʦʡ ʤʘʩ-

ʩʦʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʠʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʧʦʢʦʝʤ 

ʤʘʪʝʨʠʥʩʢʦʡ ʪʷʛʦʪʝʶʱʝʡ ʤʘʩʩʳ, ὦ  ï ʙʘʨʠʦʥʥʘʷ 

ʤʝʤʙʨʘʥʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʝʰʥʝʛʦ ʤʳʰʣʝʥʠʷ. 

B ï ʢʚʘʥʪʦʚʦʝ ʩʪʦʷʥʠʝ (ʪʨʝʪʠʡ ʟʘʢʦʥ ʂʝʧʣʝʨʘ). 

 ά  ά  ὄὩ ὧ ï ʚʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ, 

 ά  ά  "ὦ  ὧ ï ʩʦʙʩʪʚʝʥʥʘʷ ʵʥʝʨʛʠʷ. 

 ά  ά  "Ὡ ὑ  - ʩʦʙʩʪʚʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ, 

ά  ά " ὦ ὑ  ï ʚʳʥʫʞʜʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʚʝʯʥʳʭ ʜʚʠʛʘʪʝʣʷʭ (1) ʚʳ-

ʥʫʞʜʝʥʥʦʡ ʵʥʝʨʛʠʠ ʠ ʚʳʥʫʞʜʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ ʥʝ 

ʙʳʣʦ. ɺʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ ʠ ʚʳʥʫʞʜʝʥʥʘʷ ʛʨʘʚʠ-

ʪʘʮʠʷ ʧʦʷʚʠʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʥʦʛʦ ʧʨʦʥʠʢʥʦ-

ʚʝʥʠʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʤʘʪʝʨʠʥʩʢʠʭ ʤʘʩʩ. ʉ ʟʘʨʦʞ-

ʜʝʥʠʝʤ ʚʳʥʫʞʜʝʥʥʳʭ ʵʥʝʨʛʠʠ ʠ ʛʨʘʚʠʪʘʮʠʠ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʟʘʨʦʜʠʣʠʩʴ ʜʚʘ ʚʳʥʫʞʜʝʥʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʘ: ὼȟώȟᾀȟὸ, ὒȟὒȟὒȟ—. ʉʦʙʩʪʚʝʥ-

ʥʘʷ ʵʥʝʨʛʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ ʩʢʨʳʪʘ, ʘ ʚʳ-

ʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ ʩʪʘʣʘ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʚ ʚʳ-

ʥʫʞʜʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ. ʉʦʙʩʪʚʝʥʥʘʷ 

ʛʨʘʚʠʪʘʮʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ— ʨʝʛʠʩʪʨʠ-

ʨʫʝʪʩʷ, ʘ ʚʳʥʫʞʜʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ ʚ ʚʳʥʫʞʜʝʥʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ— ʩʢʨʳʪʘ. ʕʪʦʪ ʩʣʫʯʘʡ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 2. ɺ ʝʩʪʝʩʪʚʝʥʥʦʤ ʤʠʨʝ ʞʠʟʥʴ ʩʫ-

ʱʝʩʪʚʫʝʪ ʩʨʘʟʫ ʚ ʯʝʪʳʨʝʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ: ὼȟώȟᾀȟὸ, 

ὒȟὒȟὒȟ—, ὼȟώȟᾀȟὸ, ὒȟὒȟὒȟ—, ʨʠʩ. 2. ʀʟ 

ʨʠʩ. 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ὼȟώȟᾀȟὸ, 

ὒȟὒȟὒȟ— ʦʩʦʙʴ ʙʦʜʨʩʪʚʫʝʪ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ 

ὼȟώȟᾀȟὸ, ὒȟὒȟὒȟ— ʦʩʦʙʴ ʩʧʠʪ. ɺ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘʭ ὒȟὒȟὒȟ—ȟὒȟὒȟὒȟ— ʦʩʦʙʴ ʚʳʨʘʞʝʥʘ 

ʛʨʘʚʠʪʘʮʠʝʡ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ὼȟώȟᾀȟὸ, ὼȟώȟᾀȟὸ 

ʦʩʦʙʴ ʚʳʨʘʞʝʥʘ ʵʥʝʨʛʠʝʡ. 

 

 
ʈʠʩ. 2. ʅʘʭʦʞʜʝʥʠʝ ʦʩʦʙʠ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʤʠʨʝ 

 

ɺ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ὼȟώȟᾀȟὸ, ὒȟὒȟὒȟ— ʦʩʦʙʴ 

ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʝʡ ʠ ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʘ-

ʚʠʪʘʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ 

ὒȟὒȟὒȟ—ȟὼȟώȟᾀȟὸ ʦʩʦʙʴ ʦʙʣʘʜʘʝʪ ʚʳʥʫʞʜʝʥ-

ʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ ʠ ʚʳʥʫʞʜʝʥʥʦʡ ʵʥʝʨʛʠʝʡ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʉʦʙʩʪʚʝʥʥʘʷ ʵʥʝʨʛʠʷ ʠ ʩʦʙʩʪʚʝʥʥʘʷ ʛʨʘʚʠ-
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ʪʘʮʠʷ ʦʩʦʙʠ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʇʨʠʨʦʜʳ ʠ ʥʝ ʟʘʚʠ-

ʩʠʪ ʦʪ ʦʩʦʙʠ, ʘ ʚʦʪ ʚʳʥʫʞʜʝʥʥʦʝ ʙʦʜʨʩʪʚʦʚʘʥʠʝ ʠ 

ʚʳʥʫʞʜʝʥʥʳʡ ʩʦʥ ʦʩʦʙʠ ʦʪ ʧʨʠʨʦʜʳ ʥʠʢʘʢ ʥʝ ʟʘʚʠ-

ʩʠʪ, ʚʩʝ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʘʤʦʡ ʦʩʦʙʠ. ʆʩʦʙʴ ʙʦʜʨ-

ʩʪʚʫʝʪ ʚʳʥʫʞʜʝʥʥʦ ʠ ʩʧʠʪ ʚʳʥʫʞʜʝʥʥʦ. ɾʠʟʥʴ ï 

ʚr ʥʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠʠ. ʅʘ ʨʠʩ. 2 ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʙʦʜʨʩʪʚʦʚʘʥʠʷ ʦʩʦʙʠ ʚʳʥʫʞʜʝʥ-

ʥʘʷ ʵʥʝʨʛʠʷ ʫʧʨʘʚʣʷʝʪ ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ, ʚʦ 

ʚʨʝʤʷ ʩʥʘ ʦʩʦʙʠ ʚʳʥʫʞʜʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ ʫʧʨʘʚ-

ʣʷʝʪ ʩʦʙʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʝʡ. ɺʦ ʚʨʝʤʷ ʙʦʜʨʩʪʚʦʚʘ-

ʥʠʷ ʦʩʦʙʴ ʚʳʨʘʞʝʥʘ ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ ʠ ʚʳ-

ʥʫʞʜʝʥʥʦʡ ʵʥʝʨʛʠʝʡ. ɺʦ ʚʨʝʤʷ ʩʥʘ ʦʩʦʙʴ ʚʳʨʘʞʝʥʘ 

ʩʦʙʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʝʡ ʠ ʚʳʥʫʞʜʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ. 

ɻʨʘʚʠʪʘʮʠʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʥʘʜʝʣʷʝʪ ʦʩʦʙʴ ʚʥʫʪ-

ʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʵʥʝʨʛʠʝʡ. ʇʦʩʣʝ ʩʥʘ ʦʩʦʙʴ ʯʫʚ-

ʩʪʚʫʝʪ ʚ ʩʝʙʝ çʩʠʣʳ ʥʝʩʤʝʪʥʳʝ.  

ɼʚʠʛʘʪʝʣʠ ʞʠʟʥʠ, ʢʨʦʤʝ ʚʝʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, 

ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʚʳʥʫʞʜʝʥʥʫʶ ʵʥʝʨʛʠʶ ʠ ʚʳʥʫʞ-

ʜʝʥʥʫʶ ʛʨʘʚʠʪʘʮʠʶ. ɿʘʧʠʰʝʤ ʚʝʯʥʳʝ ʜʚʠʛʘʪʝʣʠ 

ʞʠʟʥʠ:  

ʉʦʙʩʪʚʝʥʥʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥ-

ʥʠʡ ʞʠʟʥʠ: 

 

Ç  Í Í  "Ὡ + ȟ ȟȟ Ὃ ȟȟȟ 

%  ά Í  "Ὡ  ὺ
ȟȟȟ

 Ὂ ȟ ȟȟ ȟ

                           (4) 

 

ʉʦʙʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ ʚʥʝʰʥʠʡ ʞʠʟʥʠ: 

 

ʀ Í Í "Â ὧ
ȟȟȟ

Ὂ ȟ ȟȟ ȟ

Ὃ Í Í "Â Ὧ
ȟ ȟȟ

Ὃ ȟȟȟ

                               (5) 

 

ʛʜʝ % ïʚʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ, Ὃ ï ʚʳʥʫʞʜʝʥʥʘʷ 

ʛʨʘʚʠʪʘʮʠʷ. ʉʦʙʩʪʚʝʥʥʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʚʝʯʥʳʡ 

ʜʚʠʛʘʪʝʣʴ ʜʝʡʩʪʚʫʝʪ ʚʦ ʚʨʝʤʷ ʙʦʜʨʩʪʚʦʚʘʥʠʷ ʦʩʦʙʠ. 

ʆʩʦʙʴ ʚʦ ʚʨʝʤʷ ʙʦʜʨʩʪʚʦʚʘʥʠʷ ʚʳʨʘʞʝʥʘ ʩʦʙʩʪʚʝʥ-

ʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ ʠ ʚʳʥʫʞʜʝʥʥʦʡ ʵʥʝʨʛʠʝʡ, ʨʠʩ.2. 

ʉʦʙʩʪʚʝʥʥʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʚʝʯʥʳʡ ʜʚʠʛʘʪʝʣʴ 

ʞʠʟʥʠ (4) ʩʚʷʟʘʥ ʩ ʚʳʥʫʞʜʝʥʥʦʡ ʵʥʝʨʛʠʝʡ ʞʠʟʥʠ. 

ɺʳʥʫʞʜʝʥʥʫʶ ʵʥʝʨʛʠʶ ʟʘʩʳʣʘʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ὼȟώȟᾀȟὸ ʩʦʙʩʪʚʝʥʥʘʷ ʵʥʝʨʛʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʦʙ-

ʩʪʚʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ. ʉʦʙʩʪʚʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ ʠ 

ʚʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʜʚʠʛʘʪʝʣʝ 

ʞʠʟʥʠ ʦʙʣʘʜʘʶʪ ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ʤʘʪʝʨʠʠ: Í Í "Â . ʅʦ ʠʤʝʝʪʩʷ ʙʦʣʴʰʘʷ 

ʨʘʟʥʠʮʘ. ʉʦʙʩʪʚʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ ʥʝ ʩʦʜʝʨʞʠʪ ʚ 

ʩʝʙʝ ʥʠ ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ, ʥʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ, 

ʚʩʝ ʵʪʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʘʪʝʨʠʠ ʚʳʨʘʞʝʥʳ ʪʦʣʴʢʦ 

ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ. ɺʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʝʨʪʥʦʡ ʤʘʩʩʦʡ, ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʟʘʨʷʜʦʤ ʠ ʪʝʧʣʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʤʝʥʴʰʝ 

ʘʙʩʦʣʶʪʥʦʡ (ʩʚʝʪʦʚʦʡ) ʩʢʦʨʦʩʪʠ: ɜ< c, ʛʜʝ ɜ ï ʪʝʧ-

ʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, c ï ʩʚʝʪʦʚʘʷ ʩʢʦʨʦʩʪʴ. ʉʦʙʩʪʚʝʥʥʳʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʝʯʥʳʡ ʜʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʚʦ 

ʚʨʝʤʷ ʩʥʘ ʦʩʦʙʠ. ʆʩʦʙʴ ʚʦ ʚʨʝʤʷ ʩʥʘ ʚʳʨʘʞʝʥʘ ʩʦʙ-

ʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʝʡ ʠ ʚʳʥʫʞʜʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ, 

ʨʠʩ. 2. ʉʦʙʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʝʯʥʳʡ ʜʚʠʛʘ-

ʪʝʣʴ ʞʠʟʥʠ ʩʚʷʟʘʥ ʩ ʚʳʥʫʞʜʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ 

ʞʠʟʥʠ. ʉʦʙʩʪʚʝʥʥʘʷ ʵʥʝʨʛʠʷ ʠ ʚʳʥʫʞʜʝʥʥʘʷ ʛʨʘʚʠ-

ʪʘʮʠʷ ʦʙʣʘʜʘʶʪ ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ʤʘʪʝʨʠʠ: Í Í "Â . ɿʜʝʩʴ ʪʦʞʝ ʙʦʣʴʰʦʝ 

ʨʘʟʣʠʯʠʝ. ɺ ʩʦʙʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʠ ʥʝʪ ʥʠ ʪʷʛʦʪʝʶ-

ʱʝʡ ʤʘʩʩʳ, ʥʠ ʙʘʨʠʦʥʥʦʛʦ ʟʘʨʷʜʘ, ʚʩʝ ʵʪʠ ʩʦʩʪʘʚʣʷ-

ʶʱʠʝ ʤʘʪʝʨʠʠ ʚʳʨʘʞʝʥʳ ʩʦʙʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʝʡ ʠ 

ʥʠ ʯʝʤ ʜʨʫʛʠʤ. ʅʘʧʨʦʪʠʚ, ʚ ʚʳʥʫʞʜʝʥʥʦʡ ʛʨʘʚʠʪʘ-

ʮʠʠ ʩʦʜʝʨʞʠʪʩʷ ʪʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ, ʙʘʨʠʦʥʥʳʡ ʟʘ-

ʨʷʜ ʠ ʢʝʧʣʝʨʠʷ, ʢʦʪʦʨʘʷ ʤʝʥʴʰʝ ʘʙʩʦʣʶʪʥʦʡ ʢʝʧʣʝ-

ʨʠʠ ï ʢʝʧʣʝʨʘ: k< K, ʛʜʝ k ï ʢʝʧʣʝʨʠʷ, K ï ʢʝʧʣʝʨ. 

ɺʳʥʫʞʜʝʥʥʫʶ ʛʨʘʚʠʪʘʮʠʶ ʟʘʩʳʣʘʝʪ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦ ὒȟὒȟὒȟ— ʩʦʙʩʪʚʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʝʡ. ʄʘʪʝʨʠʥʩʢʘʷ 

ʠʥʝʨʪʥʘʷ ʠ ʤʘʪʝʨʠʥʩʢʘʷ ʪʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ ʥʝ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʫʶʪ, ʥʦ ʯʝʨʝʟ ʩʚʦʠʭ ʧʦʩʨʝʜʥʠʢʦʚ ʚʟʘʠʤʥʦ 

ʫʧʨʘʚʣʷʶʪ ʜʨʫʛ ʜʨʫʛʦʤ. ʉʦʙʩʪʚʝʥʥʳʝ ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʳʡ ʠ ʩʦʙʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʝʯʥʳʝ ʜʚʠʛʘ-

ʪʝʣʠ ʧʦʨʦʟʥʴ ʥʝ ʩʫʱʝʩʪʚʫʶʪ, ʦʥʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʩʚʦʠʭ ʧʦʩʨʝʜʥʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʳ-

ʥʫʞʜʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ: ὒȟὒȟὒȟ—, 

ὼȟώȟᾀȟὸ. ɺʳʥʫʞʜʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʙʲʝʜʠʥʷʝʪ 
ʩʦʙʩʪʚʝʥʥʫʶ ʵʥʝʨʛʠʶ ʠ ʩʦʙʩʪʚʝʥʥʫʶ ʛʨʘʚʠʪʘʮʠʶ: 

 

ừ
Ử
Ừ

Ử
ứ
Ç  Í Í  "Ὡ + ȟ ȟȟ Ὃ ȟȟȟ 

%  ά Í  "Ὡ  ὺ
ȟȟȟ

 Ὂ ȟ ȟȟ ȟ

ʀ Í Í "Â ὧ
ȟȟȟ

Ὂ ȟ ȟȟ ȟ

Ὀ Í Í "Â Ὧ
ȟ ȟȟ

Ὃ ȟȟȟ

                         (6) 

 

ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʡ ʞʠʟʥʠ 

ʨʘʙʦʪʘʝʪ ʥʘ ʧʦʣʥʫʶ ʤʦʱʥʦʩʪʴ ʚʦ ʚʨʝʤʷ ʙʦʜʨʩʪʚʦ-

ʚʘʥʠʷ ʦʩʦʙʠ, ʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ ʚʥʝʰʥʝʡ 

ʞʠʟʥʠ çʦʪʜʳʭʘʝʪè. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ 

ʚʥʝʰʥʝʡ ʞʠʟʥʠ ʨʘʙʦʪʘʝʪ ʥʘ ʧʦʣʥʫʶ ʤʦʱʥʦʩʪʴ, ʢʦ-

ʛʜʘ ʦʩʦʙʴ ʩʧʠʪ, ʘ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚʥʫʪ-

ʨʝʥʥʝʡ ʞʠʟʥʠ çʦʪʜʳʭʘʝʪè. ʉʣʝʜʫʝʪ ʛʦʚʦʨʠʪʴ ʧʨʦ-

ʩʪʦ ʦʙ ʦʜʥʦʤ ʚʝʯʥʦʤ ʜʚʠʛʘʪʝʣʝ ʞʠʟʥʠ (6), ʭʦʪʷ ʧʝ-

ʨʠʦʜʠʯʝʩʢʠ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʯʘʩʪʠ 

ʜʚʠʛʘʪʝʣʷ ʞʠʟʥʠ ʧʦʧʝʨʝʤʝʥʥʦ ʙʦʜʨʩʪʚʫʶʪ ʠ ʦʪʜʳ-

ʭʘʶʪ, ʥʦ ʨʘʙʦʪʘʶʪ ʦʥʠ ʚʩʝ ʚʨʝʤʷ. ɺʦ ʩʥʝ ʦʩʦʙʴ ʚʳ-

ʨʘʞʝʥʘ ʪʷʛʦʪʝʶʱʝʡ ʤʘʩʩʦʡ, ʜʚʠʞʫʱʝʡʩʷ ʩʦ ʩʚʝʪʦ-

ʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʦʙʣʘʜʘʝʪ ʩʠʣʴʥʳʤ ʤʳʰʣʝʥʠʝʤ ʠ 
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ʚʥʫʪʨʝʥʥʠʤ ʟʨʝʥʠʝʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʚʦ ʚʥʫʪʨʝʥʥʠʡ 

ʩʢʨʳʪʳʡ ʚʳʥʫʞʜʝʥʥʳʡ ʤʠʨ: ὒȟὒȟὒȟ—. ɺʦ 

ʚʨʝʤʷ ʙʦʜʨʩʪʚʦʚʘʥʠʷ ʦʩʦʙʴ ʚʳʨʘʞʝʥʘ ʠʥʝʨʪʥʦʡ 

ʤʘʩʩʦʡ, ʧʫʣʴʩʠʨʫʶʱʝʡ ʩ ʘʙʩʦʣʶʪʥʳʤ ʢʝʧʣʝʨʦʤ K , 

ʦʙʣʘʜʘʝʪ ʤʦʱʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʯʫʚʩʪʚʘʤʠ ʠ 

ʚʥʝʰʥʠʤ ʟʨʝʥʠʝʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʚʦ ʚʥʝʰʥʝʝ ʨʝʛʠ-

ʩʪʨʠʨʫʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ὼȟώȟᾀȟὸ. ɺʦ ʚʨʝʤʷ ʙʦʜʨ-
ʩʪʚʦʚʘʥʠʷ ʦʩʦʙʴ ʥʝ ʟʘʤʝʯʘʝʪ, ʠ ʥʝ ʦʩʦʟʥʘʝʪ ʨʘʙʦʪʫ 

ʚʝʯʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʉʦʙʩʪʚʝʥʥʘʷ 

ʵʥʝʨʛʠʷ ʠ ʚʳʥʫʞʜʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ ʚ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʤ ʜʚʠʛʘʪʝʣʝ ʞʠʟʥʠ ʜʣʷ ʙʦʜʨʩʪʚʫʶʱʝʡ ʦʩʦʙʠ ʥʝ-

ʜʦʩʪʫʧʥʘ. ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪ ʚʥʫʪʨʝʥʥʠʡ ʦʨʛʘʥʠʟʤ ʦʩʦʙʠ, ʘ ʩʚʷʟʘʥʥʘʷ ʩ ʥʠʤ 

ʚʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ ʦʪʚʝʯʘʝʪ ʟʘ ʚʩʝ ʚʥʝʰʥʠʝ ʠ 

ʚʥʫʪʨʝʥʥʠʝ ʜʚʠʞʝʥʠʷ ʦʩʦʙʠ, ʟʘ ʚʩʝ, ʯʝʤ ʦʩʦʙʴ ʟʘʥʠ-

ʤʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʙʦʜʨʩʪʚʦʚʘʥʠʷ. ʀʩʢʫʩʩʪʚʝʥʥʦ ʧʦ-

ʜʘʚʣʷʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʠʣʠ ʩʦʙ-

ʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ ʥʝʚʦʟʤʦʞʥʦ, 

ʦʥʠ ʚʝʯʥʳʝ. ɽʩʣʠ ʧʦʜʘʚʠʪʴ ʚʳʥʫʞʜʝʥʥʫʶ ʵʥʝʨʛʠʶ 

ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʜʚʠʛʘʪʝʣʝ, ʘ ʨʘʙʦʪʫ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʚʝʯʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʞʠʟʥʠ ʦʩʪʘʚʠʪʴ ʙʝʟ ʠʟʤʝ-

ʥʝʥʠʷ, ʪʦ ʦʩʦʙʴ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʞʠʚʦʡ ʙʦʜʨʩʪʚʫʶ-

ʱʠʡ çʪʨʫʧè. ʕʪʦ ʩʦʩʪʦʷʥʠʝ ʥʘʟʳʚʘʶʪ ʣʠʪʫʨʛʠʯʝ-

ʩʢʠʤ ʩʥʦʤ. ɽʩʣʠ ʧʦʜʘʚʠʪʴ ʚʳʥʫʞʜʝʥʥʫʶ 

ʛʨʘʚʠʪʘʮʠʶ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʜʚʠʛʘʪʝʣʝ, ʘ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʳʡ ʚʝʯʥʳʡ ʜʚʠʛʘʪʝʣʴ ʦʩʪʘʚʠʪʴ ʙʝʟ ʠʟʤʝʥʝ-

ʥʠʷ, ʪʦ ʦʩʦʙʴ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʞʠʚʦʡ ʩʧʷʱʠʡ çʪʨʫʧè, 

ʩʦʥ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʜʣʠʪʴʩʷ ʢʘʢ ʫʛʦʜʥʦ ʜʦʣʛʦ. 

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʚʦʡʩʪʚʘ ʚʝʯʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, 

ʩʛʝʥʝʨʠʨʦʚʘʚʰʝʛʦ ʞʠʟʥʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʤʘʪʝʨʠʥ-

ʩʢʠʭ ʤʘʩʩ ʠ ʤʝʤʙʨʘʥ, ʥʦ ʥʘʟʚʘʪʴ ʵʪʦ ʞʠʟʥʴʶ ʚʝʩʴʤʘ 

ʩʣʦʞʥʦ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʩʦʙʴ ʚ ʩʦʩʪʦʷʥʠʠ ʙʦʜʨ-

ʩʪʚʦʚʘʥʠʷ ʦʙʣʘʜʘʝʪ ʧʦʣʥʳʤ ʩʧʝʢʪʨʦʤ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʫʚʩʪʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ— ʠ ʧʦʣʥʳʤ ʩʧʝʢ-

ʪʨʦʤ ʚʥʝʰʥʠʭ ʜʚʠʞʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὼȟώȟᾀȟὸ ̃ ̠̒̏̒̓̏̎̉̉ ̒̎,́ ʘ ʚʳʥʫʞʜʝʥʥʳʭ ʜʚʠʞʝ-
ʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ ʠ ʚʳʥʫʞʜʝʥʥʦʛʦ ʧʦ-

ʢʦʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ— ʝʱʝ ʥʝʪ, ʦʥʠ çʟʘ-

ʤʦʨʦʞʝʥʳ. ʉʧʝʢʪʨ ʚʥʫʪʨʝʥʥʠʭ ʯʫʚʩʪʚ ʥʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʝʪ ʩ ʚʳʥʫʞʜʝʥʥʳʤ ʤʳʰʣʝʥʠʝʤ, ʘ ʩʧʝʢʪʨ 

ʩʦʙʩʪʚʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʳ-

ʥʫʞʜʝʥʥʳʤ ʧʦʢʦʝʤ. ʅʫʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʥʫʪʨʝʥ-

ʥʠʝ ʚʳʥʫʞʜʝʥʥʳʝ ʯʫʚʩʪʚʘ ʠ ʚʳʥʫʞʜʝʥʥʳʡ ʧʦʢʦʡ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ— ʬʠʟʠʯʝʩʢʠ ʧʘʨʘʣʣʝʣʴʥʳ 

ʚʥʝʰʥʝʤʫ ʚʳʥʫʞʜʝʥʥʦʤʫ ʤʳʰʣʝʥʠʶ ʠ ʚʳʥʫʞʜʝʥ-

ʥʳʤ ʜʚʠʞʝʥʠʷʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ɺʳʥʫʞʜʝʥʥʳʝ ʤʳʰʣʝʥʠʝ ʠ ʚʳʥʫʞʜʝʥʥʳʝ 

ʜʚʠʞʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʘ ʚʳʥʫʞʜʝʥʥʳʡ ʧʦʢʦʡ ʠ 

ʚʳʥʫʞʜʝʥʥʳʝ ʯʫʚʩʪʚʘ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ. ʉʦʩʪʦʷʥʠʝ 

ʜʘʥʥʦʡ ʦʩʦʙʠ ʙʦʣʝʝ ʯʝʤ ʩʪʨʘʥʥʦʝ. ʆʩʦʙʴ ʙʦʜʨ-

ʩʪʚʫʝʪ, ʦʙʣʘʜʘʝʪ ʧʦʣʥʳʤ ʩʧʝʢʪʨʦʤ ʚʥʫʪʨʝʥʥʠʭ 

ʯʫʚʩʪʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ—, ʥʦ ʥʝ ʤʦʞʝʪ 

ʩʦʚʝʨʰʠʪʴ ʥʠ ʝʜʠʥʦʛʦ ʚʥʝʰʥʝʛʦ ʜʚʠʞʝʥʠʷ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ. ʅʠ ʦʜʠʥ ʚʨʘʯ ʥʝ ʩʤʦʞʝʪ ʦʧʨʝ-
ʜʝʣʠʪʴ ʚ ʦʩʦʙʠ ʧʨʠʟʥʘʢʦʚ ʞʠʟʥʠ. ʅʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, 

ʦʩʦʙʴ ʞʠʚʘʷ ʠ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʟʝʤʣʝ, ʚ ʚʦʜʝ ʠʣʠ 

ʚ ʥʦʨʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʘʢ ʫʛʦʜʥʦ ʜʦʣʛʦ, ʥʝ ʧʦʜ-

ʚʝʨʛʘʷʩʴ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʩʪʘʨʝʥʠʶ. ʅʘʟʦʚʝʤ ʜʘʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʣʠʪʦʨʛʠʯʝʩʢʠʤ ʙʦʜʨʩʪʚʦʚʘʥʠʝʤ. ɼʘʣʝʝ, 

ʜʘʥʥʘʷ ʦʩʦʙʴ ʚ ʩʦʩʪʦʷʥʠʠ ʩʥʘ ʦʙʣʘʜʘʝʪ ʧʦʣʥʳʤ 

ʩʧʝʢʪʨʦʤ ʩʦʙʩʪʚʝʥʥʳʭ ʜʚʠʞʝʥʠʡ, ʥʦ ʥʝ ʤʦʞʝʪ ʧʨʦ-

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʠ ʝʜʠʥʦʛʦ ʢʝʧʣʝʨʠʨʦʚʘʥʠʷ 

(ʧʫʣʴʩʠʨʦʚʘʥʠʷ) ï ʞʠʚʦʡ çʪʨʫʧè. ɺ ʜʘʥʥʦʤ ʩʦʩʪʦʷ-

ʥʠʠ ʦʩʦʙʴ ʤʦʞʝʪ ʩʧʘʪʴ ʢʘʢ ʫʛʦʜʥʦ ʜʦʣʛʦ, ʥʝ ʧʦʜʚʝʨ-

ʛʘʷʩʴ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʩʪʘʨʝʥʠʶ ʪʦʞʝ. ʅʘʟʦʚʝʤ ʜʘʥ-

ʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʩʦʙʠ ʣʠʪʦʨʛʠʯʝʩʢʠʤ ʩʥʦʤ. ʏʪʦʙʳ 

ʦʩʦʙʠ ʦʢʘʟʘʪʴʩʷ ʚ 22, 23, 24, ʚʝʢʝ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʣ-

ʥʳʭ ʩʠʣ ʠ ʟʜʨʘʚʠʷ, ʥʝ ʥʫʞʥʦ ʟʘʤʦʨʘʞʠʚʘʪʴ ʝʝ ʞʠʜ-

ʢʠʤ ʛʝʣʠʝʤ, ʜʦʩʪʘʪʦʯʥʦ ʦʪʢʣʶʯʠʪʴ ʚ ʥʝʡ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʚʦʣʥʦʚʳʭ ʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʧʦʣʝʡ. ɺ (4), (5) ʠ (6) ʞʠʟʥʴ ʩʫʱʝʩʪʚʫʝʪ ʚ çʟʘʤʦʨʦ-

ʞʝʥʥʦʤè ʩʦʩʪʦʷʥʠʠ. ʊʝʧʝʨʴ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʚʳʚʝ-

ʩʪʠ ʞʠʟʥʴ ʠʟ ʩʦʩʪʦʷʥʠʡ ʣʠʪʦʨʛʠʩʝʩʢʦʛʦ ʙʦʜʨʩʪʚʦ-

ʚʘʥʠʷ ʠ ʣʠʪʦʨʛʠʯʝʩʢʦʛʦ ʩʥʘ ʚ ʩʦʩʪʦʷʥʠʝ ʘʢʪʠʚʥʦʡ 

ʞʠʟʥʠ ʠ ʘʢʪʠʚʥʦʛʦ ʩʥʘ. ʅʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʣʥʦʚʳʭ ʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʧʦʣʝʡ 

ʚ ʦʩʦʙʠ. ɺʦʧʨʦʩ ʵʪʦʪ ʩʝʨʴʝʟʥʳʡ ʠ ʥʘʯʥʝʤ ʠʟʜʘʣʝʢʘ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ ʛʝʛʝ-

ʣʝʚʩʢʦʛʦ çʥʠʯʪʦè, ʢʘʢ ʥʝʟʨʠʤʦʛʦ ʘʪʨʠʙʫʪʘ ʤʘʪʝʨʠʠ, 

ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʝʪ ʪʝʭʥʦʣʦʛʠʶ ʘʥʘʣʠʟʘ ʧʨʠʨʦʜʳ. 

ʅʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʳʪʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʨʦʞʜʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ 

ï çʟʘʢʦʥè ʧʨʠʨʦʜʳ. ʅʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʛʝʣʝʚʩʢʦʛʦ 

çʥʠʯʪʦè ʦʪʚʝʨʛʘʝʪ ʜʘʥʥʳʡ çʟʘʢʦʥè. 

ɺ ʧʨʠʨʦʜʝ ʛʦʩʧʦʜʩʪʚʫʝʪ çʞʝʣʝʟʥʳʡè ʟʘʢʦʥ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʬʠʣʦʩʦʬʩʢʠʤ çʥʠʯʪʦè: 1) ɽʩʣʠ ʩʫʱʝ-

ʩʪʚʫʝʪ ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʤʘʩʩʘ, ʪʦ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʦʥʘ 

ʠʟʣʫʯʘʝʪ, ʜʦʣʞʥʦ ʙʳʪʴ ʩʢʨʳʪʦ. 2) ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʝ ʬʠʟʠʯʝʩʢʦʝ ʧʦʣʝ, ʪʦ ʤʘʩʩʘ, ʢʦʪʦʨʘʷ 

ʠʩʧʫʩʢʘʝʪ ʜʘʥʥʦʝ ʧʦʣʝ, ʜʦʣʞʥʘ ʙʳʪʴ ʩʢʨʳʪʘ. 

ʅʘʧʨʠʤʝʨ, ʤʘʪʝʨʠʥʩʢʘʷ ʪʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ ʩʢʨʳʪʘ, 

ʘ ʚʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ, ʠʟʣʫʯʘʝʤʘʷ ʤʘʩʩʦʡ, ʨʝʛʠ-

ʩʪʨʠʨʫʝʪʩʷ. ʄʘʪʝʨʠʥʩʢʘʷ ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ ʨʝʛʠʩʪʨʠ-

ʨʫʝʪʩʷ, ʘ ʚʳʥʫʞʜʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ, ʧʦʨʦʞʜʘʝʤʘʷ 

ʤʘʩʩʦʡ, ʩʢʨʳʪʘ. ɺʦʟʴʤʝʤ ʜʣʷ ʧʨʠʤʝʨʘ ʵʣʝʢʪʨʦʥʥʫʶ 

ʠ ʙʘʨʠʦʥʥʫʶ ʤʝʤʙʨʘʥʳ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ Ὡ , 

ʧʦʨʦʞʜʘʝʤʳʡ ʪʷʛʦʪʝʶʱʝʡ ʤʘʩʩʦʡ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʙʝʟ ʙʘʨʠʦʥʥʦʛʦ ʟʘʨʷʜʘ ὦ , ʧʦʨʦʞʜʘʝʤʦʛʦ ʠʥʝʨʪʥʦʡ 

ʤʘʩʩʦʡ, ʥʦ ʙʘʨʠʦʥʥʳʡ ʟʘʨʷʜ ʩʢʨʳʪ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦʣʝ, ʢʦʪʦʨʦʝ ʙʘʨʠʦʥʥʳʡ ʟʘʨʷʜ ʧʦʨʦʞʜʘʝʪ, ʜʦʣʞʥʦ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ. ʈʝʛʠʩʪʨʠʨʫʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 

ɺʳʚʦʜ: ʈʝʛʠʩʪʨʠʨʫʝʤʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ╗  ʛʝʥʝ-

ʨʠʨʫʝʪʩʷ ʩʢʨʳʪʳʤ ʙʘʨʠʦʥʥʳʤ ʟʘʨʷʜʦʤ ╫╣╘. ʈʝ-

ʛʠʩʪʨʠʨʫʝʤʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʛʝʥʝʨʠʨʫʝʤʦʝ ʙʘʨʠ-

ʦʥʥʳʤ ʟʘʨʷʜʦʤ, ʩʦʟʜʘʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʤ ʟʘʨʷʜʦʤ ʚ ʨʝʛʠʩʪʨʠʨʫʝʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὼȟώȟᾀȟὸ. ʕʪʦʪ ʩʣʫʯʘʡ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3. 
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ʈʠʩ. 3. ʉʚʷʟʠ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ 

 

ɹʘʨʠʦʥʥʳʡ ʟʘʨʷʜ ʦʙʣʘʜʘʝʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢ ʢʘʢ ʧʦʨʦʞʜʝʥ ʤʘʪʝʨʠʥʩʢʦʡ ʠʥʝʨʪ-

ʥʦʡ ʤʘʩʩʦʡ. ɹʘʨʠʦʥʥʳʡ ʟʘʨʷʜ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʥʘʜʝʣʷʝʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ. ʆʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ ʛʨʘʚʠʪʘʮʠʠ ï ʚʨʘʱʝʥʠʝ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘʜʝʣʝʥʦ ʚʨʘʱʝ-

ʥʠʝʤ ʪʦʞʝ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ï ʵʥʝʨʛʠʷ ʠ ʛʨʘʚʠʪʘʮʠʷ ï ʧʦʨʦʟʥʴ ʥʝ ʩʫʱʝʩʪʚʫʶʪ. 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʨʘʱʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ï ʯʪʦ 

ʧʦʨʦʞʜʘʝʪ ʵʣʝʢʪʨʦʥʥʳʝ ʦʙʦʣʦʯʢʠ ʚ ʘʪʦʤʘʭ, ʘ ʚ ʤʘʢ-

ʨʦʤʠʨʝ ï ʨʘʜʠʘʮʠʦʥʥʳʡ ʧʦʷʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʘʪʦʤ-

ʥʦʡ ʬʠʟʠʢʝ ʚʦʟʥʠʢʣʠ ʪʘʢʠʝ ʧʦʥʷʪʠʷ, ʢʘʢ ʩʧʠʥ, ʦʨ-

ʙʠʪʘʣʴʥʳʡ ʤʦʤʝʥʪ. ʇʝʨʝʧʠʰʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ 

ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʡ ʞʠʟʥʠ (4) ʩ ʫʯʝʪʦʤ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ: 

 

Ç  Í Í  "ὩȟὌ + ȟ ȟȟ Ὃ ȟȟȟ 

%  ά Í  "ὩȟὌ  ὺ
ȟȟȟ

 Ὂ ȟ ȟȟ ȟ

                  (7) 

 

ʛʜʝ Ὄ  ï ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʳʥʫʞʜʝʥʥʦʝ ʤʘʛ-

ʥʠʪʥʦʝ ʧʦʣʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘʨʷ-

ʜʦʤ. ʀʪʘʢ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʙʣʘʜʘʝʪ: ʨʝʛʠʩʪʨʠʨʫʝ-

ʤʳʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ ὼȟώȟᾀȟὸ ʦʥʦ çʥʝʧʦʜʚʠʞʥʦè, ʪʘʢ ʢʘʢ ʥʝ 

ʦʙʣʘʜʘʝʪ ʥʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʥʠ ʚʨʝʤʝʥʝʤ, ʠʤʝʝʪ ʜʚʘ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʧʦʣʶʩʘ, ʩʧʦʩʦʙʥʦ ʧʦʨʦʞʜʘʪʴ ʪʷʛʦ-

ʪʝʥʠʝ ʠ ʘʥʪʠ ʪʷʛʦʪʝʥʠʝ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʝ ʧʦʣʝ ʠ ʤʘʛʥʠʪʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʧʦʨʦʞ-

ʜʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʬʦʪʦʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὼȟώȟᾀȟὸ. ʉʢʨʳʪʘʷ ʪʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ ʧʦʨʦʞʜʘʝʪ 
ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʠ ʥʘʜʝʣʷʝʪ 

ʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ - ʜʚʠʞʝʥʠʝʤ, ʨʠʩ. 3. 

ʈʝʛʠʩʪʨʠʨʫʝʤʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʧʨʦʥʠʢʘʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʢʨʳʪʦʡ ʤʘʪʝʨʠʥ-

ʩʢʦʡ ʪʷʛʦʪʝʶʱʝʡ ʤʘʩʩʳ ὼȟώȟᾀȟὸ ʠ ʧʦʨʦʞʜʘʝʪ ʚ 

ʥʝʤ ʩʢʨʳʪʦʝ ʨʦʜʠʦʥʦʚʦ ʧʦʣʝ Ὑ. ʈʝʛʠʩʪʨʠʨʫʝʤʳʡ 
ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʥʘʜʝʣʷʝʪ ʩʢʨʳʪʦʝ ʨʦʜʠʦʥʦʚʦ 

ʧʦʣʝ ʩʚʦʡʩʪʚʦʤ ʤʘʪʝʨʠʥʩʢʦʡ ʪʷʛʦʪʝʶʱʝʡ ʤʘʩʩʳ ï 

ʵʥʝʨʛʠʝʡ. ʉʢʨʳʪʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʦʜʠʦʥʦʚʦ ʧʦʣʝ, 

ʛʝʥʝʨʠʨʫʝʤʦʝ ʨʝʛʠʩʪʨʠʨʫʝʤʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘ-

ʨʷʜʦʤ, ʩʦʟʜʘʥʦ ʩ ʮʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʩʢʨʳʪʳʤ ʙʘʨʠ-

ʦʥʥʤr ʟʘʨʷʜʦʤ. ʇʝʨʝʧʠʰʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʚʠʛʘ-

ʪʝʣʴ ʚʥʝʰʥʝʡ ʞʠʟʥʠ (5) ʩ ʫʯʝʪʦʤ ʨʦʜʠʦʥʦʚʘ ʧʦʣʷ: 

 

ʀ Í Í "Â ȟὙ ὧ
ȟȟȟ

Ὂ ȟ ȟȟ ȟ

Ὃ Í Í "Â ȟὙ Ὧ
ȟ ȟȟ

Ὃ ȟȟȟ

                      (8) 

 

ʛʜʝ Ὑ  ï ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʚʳʥʫʞʜʝʥʥʦʝ ʨʦʜʠʦ-

ʥʦʚʦ ʧʦʣʝ ʜʣʷ ʫʧʘʚʣʝʥʠʷ ʙʘʨʠʦʥʥʳʤ ʟʘʨʷʜʦʤ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ ʚ ʧʨʦʚʦʜʥʠʢʝ ʩ ʪʦʢʦʤ ʜʚʠ-

ʞʫʪʩʷ ʩ ʪʝʧʣʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʘ ʩʢʨʳʪʦʝ ʨʦʜʠʦ-

ʥʦʚʦ ʧʦʣʝ ʧʝʨʝʥʦʩʠʪ ʵʥʝʨʛʠʶ ʩʦ ʩʚʝʪʦʚʦʡ ʩʢʦʨʦ-

ʩʪʴʶ.  

ʉʢʨʳʪʦʝ ʧʦʣʝ, ʧʦʨʦʞʜʘʝʤʦʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘ-

ʨʷʜʦʤ, ʥʘʟʚʘʥʦ ʨʦʜʠʦʥʦʚʳʤ ʧʦʣʝʤ ʚ ʯʝʩʪʴ ʧʨʦʬʝʩ-

ʩʦʨʘ ʬʠʟʠʯʝʩʢʦʛʦ ʬ-ʪʘ ʃɻʋ ʉʝʨʛʝʷ ʌʝʜʦʨʦʚʠʯʘ ʈʦ-

ʜʠʦʥʦʚʘ [1907-1968], ʩʳʛʨʘʚʰʝʛʦ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ 

ʩʪʘʥʦʚʣʝʥʠʠ ʤʦʝʡ ʧʨʦʬʝʩʩʠʠ ʬʠʟʠʢʘ. 

ʈʦʜʠʦʥʦʚʦ ʧʦʣʝ ʩʢʨʳʪʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὼȟώȟᾀȟὸ, ʦʙʣʘʜʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠ ʦʪʨʠʮʘʪʝʣʴ-
ʥʳʤ ʟʥʘʢʦʤ, ʧʦʨʦʞʜʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ 

Ὡȟ ʥʘʜʝʣʝʥʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ ï ʩʚʝʪʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʩʣʫʞʠʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʘʨʠʦʥʥʳʤ ʟʘ-

ʨʷʜʦʤ. ɹʘʨʠʦʥʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʠ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʦʝ ʨʦʜʠʦʥʦʚʦ ʧʦʣʝ ʧʦʨʦʞʜʘʶʪ ʙʘʨʠʦʥʦʨʦʜʠʦ-

ʥʦʚʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʬʦʪʦʥ, ʢʦʪʦʨʳʡ ʩ ʧʦʟʠʮʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ὼȟώȟᾀȟὸ ʩʢʨʳʪ, ʥʝ ʠʤʝʝʪ ʨʘʟʤʝʨʦʚ, 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ, ʦʙʣʘʜʘʝʪ ʘʙʩʦʣʶʪʥʳʤ ʧʦ-

ʢʦʝʤ. ʀʪʘʢ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʯʝʪʳʨʝ ʬʠʟʠʯʝʩʢʠʭ 

ʧʦʣʷ: ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʤʘʛʥʠʪʥʦʝ, ʙʘʨʠʦʥʥʦʝ ʠ ʨʦ-

ʜʠʦʥʦʚʦʝ. ʇʝʨʚʳʝ ʜʚʘ ʧʦʣʷ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘʭ ὼȟώȟᾀȟὸ, ὒȟὒȟὒȟ—, ʚʪʦʨʳʝ ʜʚʘ 

ʧʦʣʷ ʩʢʨʳʪʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ὼȟώȟᾀȟὸ, 

ὒȟὒȟὒȟ—. ʇʦʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʠ ʨʦʜʠʦʥʦʚʦ ï 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʧʦʣʷ ʤʘʛʥʠʪʥʦʝ ʠ ʙʘʨʠʦʥʥʦʝ ï ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʳʝ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ 
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ʚʳʥʫʞʜʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ, ʘ ʩʢʨʳʪʦʝ 
ʨʦʜʠʦʥʦʚʦ ʧʦʣʝ ʜʦʣʞʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʚ ʚʳʥʫʞ-

ʜʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ—. ɹʘʨʠʦʥʥʦʝ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʷ ʧʦʨʦʞʜʝʥʳ ʤʘʪʝʨʠʥʩʢʠʤʠ ʤʘʩ-

ʩʘʤʠ, ʘ ʤʘʛʥʠʪʥʦʝ ʠ ʨʦʜʠʦʥʦʚʦ ʧʦʣʷ ʧʦʨʦʞʜʝʥʳ ʟʘ-

ʨʷʜʘʤʠ. ʅʦ ʧʦʩʢʦʣʴʢʫ ʟʘʨʷʜʳ ʧʦʨʦʞʜʝʥʳ ʤʘʪʝʨʠʥ-

ʩʢʠʤʠ ʤʘʩʩʘʤʠ, ʪʦ ʠ ʤʘʛʥʠʪʥʦʝ ʠ ʨʦʜʠʦʥʦʚʦ ʧʦʣʷ 

ʧʦʨʦʞʜʝʥʳ ʤʘʪʝʨʠʥʩʢʠʤʠ ʤʘʩʩʘʤʠ ʪʦʞʝ. ɺʳʥʫʞ-

ʜʝʥʥʳʝ ʧʦʣʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

"Ὡ + ὫὌ

ὄὦ ὧ ‐Ὑ
 , 

ʛʜʝ B - ʢʚʘʥʪʦʚʦʝ ʩʪʦʷʥʠʝ. ɺ ʚʝʨʭʥʝʤ ʚʳʨʘʞʝ-

ʥʠʠ ʟʘʧʠʩʘʥʘ ʛʨʘʚʠʪʘʮʠʷ ʚʳʥʫʞʜʝʥʥʦʛʦ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ, ʚ ʥʠʞʥʝʤ ï ɻ ʥʝʨʛʠʷ ʚʳʥʫʞʜʝʥʥʦʛʦ ʨʦʜʠ-

ʦʥʦʚʘ ʧʦʣʷ. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʙʘʨʠʦʥʥʘʷ ʤʝʤʙʨʘʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʯʝʨʝʟ ʩʚʦʠʭ ʧʦʩʨʝʜʥʠʢʦʚ, 

ʨʠʩ.3. ɼʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʧʦʩʨʝʜʥʠʢʦʤ 

ʩʣʫʞʠʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʥʘʜʝʣʝʥʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɼʣʷ ʙʘʨʠʦʥʥʦʡ ʤʝʤʙʨʘʥʳ ʧʦ-

ʩʨʝʜʥʠʢʦʤ ʩʣʫʞʠʪ ʨʦʜʠʦʥʦʚʦ ʧʦʣʝ, ʥʘʜʝʣʝʥʥʦʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʤʝʤʙʨʘʥʘʤʠ ʚ ʦʩʦʙʠ ʩʚʷʟʘʥ ʧʦʣʥʳʡ ʩʧʝʢʪʨ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʯʫʚʩʪʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὒȟὒȟὒȟ—, ʩ ʙʘʨʠʦʥʥʳʤʠ ʤʝʤʙʨʘʥʘʤʠ ʩʚʷʟʘʥʦ 

ʚʳʥʫʞʜʝʥʥʦʝ ʚʥʝʰʥʝʝ ʤʳʰʣʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὼȟώȟᾀȟὸ. ɹʘʨʠʦʥʥʘʷ ʤʝʤʙʨʘʥʘ ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 
ʤʝʤʙʨʘʥʘ ʩʦʟʜʘʥʘ ʧʨʠʨʦʜʦʡ, ʦʪ ʦʩʦʙʠ ʥʠʢʘʢ ʥʝ ʟʘ-

ʚʠʩʷʪ. ɸ ʚʦʪ ʚʳʥʫʞʜʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʚʳ-

ʥʫʞʜʝʥʥʦʝ ʙʘʨʠʦʥʥʦʝ ʧʦʣʝ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ 

ʦʩʦʙʠ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪ ʧʩʠʭʠʢʫ ʦʩʦʙʠ: ʚʥʫʪʨʝʥʥʠʝ 

ʯʫʚʩʪʚʘ ʠ ʚʥʝʰʥʠʝ ʚʳʥʫʞʜʝʥʥʳʝ ʤʳʰʣʝʥʠʷ. ɺ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ, ʚ ʢʦʪʦʨʦʤ ʦʩʦʙʴ ʙʦʜʨ-
ʩʪʚʫʝʪ, ʦʥʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʧʣʦʰʥʦʤʫ ʩʧʝʢʪʨʫ 

ʯʫʚʩʪʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʦʡ, ʢʦ-

ʪʦʨʳʭ çʙʝʩʢʦʥʝʯʥʦʝè ʤʥʦʞʝʩʪʚʦ. ɺʝʩʴ ʵʪʦʪ ʩʧʝʢʪʨ 

ʯʫʚʩʪʚ ʩ ʧʦʤʦʱʴʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʩʨʝʜʥʠʢʘ ï 

ʨʦʜʠʦʥʦʚʦ ʧʦʣʝ ï ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʙʘʨʠʦʥʥʫʶ ʤʝʤ-

ʙʨʘʥʫ ʩ ʮʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʩʦʟʥʘʥʠʝʤ ʦʩʦʙʠ (8). ɹʘʨʠ-

ʦʥʥʘʷ ʤʝʤʙʨʘʥʘ ʦʢʨʫʞʘʝʪ ʪʷʛʦʪʝʶʱʫʶ ʤʘʩʩʫ ʠ 

ʩʪʨʝʤʠʪʩʷ ʫʜʝʨʞʠʚʘʪʴ ʝʝ ʚ ʢʚʘʥʪʦʚʦʤ ʩʪʦʷʥʠʠ. ʅʦ 

ʚʦʪ ʧʨʦʙʣʝʤʘ ï ʥʠʢʪʦ ʥʝ ʟʥʘʝʪ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʪʷʛʦ-

ʪʝʶʱʘʷ ʤʘʩʩʘ? ʊʷʛʦʪʝʶʱʝʡ ʤʘʩʩʳ çʥʝʪè, ʢʨʦʤʝ 

ʪʦʛʦ, ʯʪʦ ʦʥʘ ʝʩʪʴ. ɹʦʣʝʝ ʪʦʛʦ, ʥʠʢʪʦ ʥʝ ʟʥʘʝʪ, ʛʜʝ 

ʥʘʭʦʜʠʪʩʷ ʙʘʨʠʦʥʥʘʷ ʤʝʤʙʨʘʥʘ, ʦʢʨʫʞʘʶʱʘʷ ʪʷʛʦ-

ʪʝʶʱʫʶ ʤʘʩʩʫ, ʠ ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʨʦʜʠʦʥʦʚʦ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʦʝ ʧʦʣʝ. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ— ʯʫʚ-

ʩʪʚʘ ʙʦʜʨʩʪʚʫʶʱʝʡ ʦʩʦʙʠ ʨʝʘʣʴʥʳʝ, ʘ ʧʝʨʝʜʘʯʘ ʠʭ 

ʙʘʨʠʦʥʥʦʡ ʤʝʤʙʨʘʥʝ ʩ ʧʦʤʦʱʴʶ ʨʦʜʠʦʥʦʚʘ ʧʦʣʷ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ὼȟώȟᾀȟὸ, ʢʦʪʦʨʦʝ 

ʩʢʨʳʪʦ. ʊʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ ʠ ʨʦʜʠʦʥʦʚʦ ʧʦʣʝ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʚ ʚʠʜʝ ʚʳʥʫʞ-

ʜʝʥʥʳʭ ʵʥʝʨʛʠʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʯʫʚʩʪʚʘ ʫʧʨʘʚ-

ʣʷʶʪ ʵʥʝʨʛʠʝʡ, ʦʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ ʢʦʪʦʨʦʡ ï ʜʚʠ-

ʞʝʥʠʝ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʧʣʦʰʥʦʛʦ ʩʧʝʢʪʨʘ ʯʫʚʩʪʚ, 

ʢʦʪʦʨʳʭ çʙʝʩʢʦʥʝʯʥʦʝè ʤʥʦʞʝʩʪʚʦ, ʦʩʦʙʴ ʜʦʣʞʥʘ 

ʩʦʚʝʨʰʠʪʴ çʙʝʩʢʦʥʝʯʥʦʝè ʤʥʦʞʝʩʪʚʦ ʚʥʝʰʥʠʭ ʚʳ-

ʥʫʞʜʝʥʥʳʭ ʤʳʰʣʝʥʠʡ. ʏʪʦ ʧʝʨʚʠʯʥʦ ï ʯʫʚʩʪʚʘ ʠʣʠ 

ʤʳʰʣʝʥʠʝ? ʆʩʦʙʴ ʚʳʨʘʞʝʥʘ ʠʥʝʨʪʥʦʡ ʤʘʩʩʦʡ, ʛʨʘ-

ʚʠʪʘʮʠʝʡ, ʯʫʚʩʪʚʘʤʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʫʚʩʪʚʘ ʧʝʨ-

ʚʠʯʥʳ, ʘ ʤʳʰʣʝʥʠʝ ʚʪʦʨʠʯʥʦ. ʅʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, 

ʤʳʰʣʝʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʯʫʚʩʪʚʘ 

ʦʩʦʙʠ. ʄʘʛʥʠʪʥʳʝ ʧʦʣʷ ʙʳʚʘʶʪ ʚʥʫʪʨʝʥʥʠʤʠ, ʧʦ-

ʨʦʞʜʝʥʥʳʤʠ ʤʳʰʣʝʥʠʝʤ ʦʩʦʙʠ, ʠ ʚʥʝʰʥʠʤʠ, ʚʳ-

ʟʚʘʥʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ ʥʘ 

ʉʦʣʥʮʝ. ʀ ʚʥʫʪʨʝʥʥʠʝ, ʠ ʚʥʝʰʥʠʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʯʫʚʩʪʚʘ ʦʩʦʙʠ. 

ʀʪʘʢ, ʩ ʧʦʤʦʱʴʶ ʧʦʩʨʝʜʥʠʢʦʚ - ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ 

ʨʦʜʠʦʥʦʚʦ ʧʦʣʝ - ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʩʚʷʟʴ 

ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʩʦʙʩʪʚʝʥʥʳʤʠ ʯʫʚʩʪʚʘʤʠ ʠ 

ʚʳʥʫʞʜʝʥʥʳʤ ʚʥʝʰʥʠʤ ʤʳʰʣʝʥʠʷʤʠ. ʄʳʰʣʝʥʠʝ 

ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ, ʘ ʚ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝ ὼȟώȟᾀȟὸ ʦʥʠ ʟʘʧʠʩʳʚʘʶʪʩʷ. ʏʫʚʩʪʚʘ ʦʩʦʙʠ ʟʘ-

ʨʦʞʜʘʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ—, ʘ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ— ʦʥʠ ʟʘʧʠʩʳʚʘʶʪʩʷ. ɿʘʧʠ-

ʩʘʥʥʳʝ ʯʫʚʩʪʚʘ ʠ ʤʳʰʣʝʥʠʝ ʭʨʘʥʷʪʩʷ ʠ 

ʟʘʢʣʘʜʳʚʘʶʪ ʚ ʦʩʦʙʠ ʦʩʦʟʥʘʥʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʟʥʘʥʠʷ 

ʠ ʧʨʠʚʳʯʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, ʚ ʢʦ-

ʪʦʨʳʭ ʦʩʦʙʴ ʥʘʭʦʜʠʪʩʷ. ɺʩʝ ʵʪʦ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠ-

ʟʦʚʘʪʴ ʟʜʨʘʚʳʤ ʩʤʳʩʣʦʤ. 

ɺ ʫʨʘʚʥʝʥʠʷʭ (7) ʠ (8) ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʚʦʡʩʪʚʘ 

ʚʦʣʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ï "Â ȟὙ , "ὩȟὌ  

- ʜʚʠʛʘʪʝʣʷ ʞʠʟʥʠ, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʝʱʝ ʩʚʦʡʩʪʚʘ 

ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ: Í ȟὋ , 

Í ȟὊ , ʧʦʨʦʞʜʘʝʤʳʝ ʥʝʡʪʨʦʥʥʳʤʠ ʤʘʩʩʘʤʠ, 

ʨʠʩ. 3. ʅʝʡʪʨʦʥʥʳʝ ʤʘʩʩʳ, ʠʛʨʘʶʱʠʝ ʨʦʣʠ ʧʦʩʨʝʜ-

ʥʠʢʦʚ, ʩʘʤʠ ʜʦʣʞʥʳ ʛʝʥʝʨʠʨʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ 

ʧʦʣʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʫʩʪʘʥʦ-

ʚʠʪʴ ʚʟʘʠʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ʌʠʟʠʯʝʩʢʠʝ ʧʦʣʷ ʙʳ-

ʚʘʶʪ ʚʦʣʥʦʚʳʤʠ ʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʝ. ɺʦʣʥʦʚʳʝ 

ʧʦʣʷ ʥʘʫʢʝ ʠʟʚʝʩʪʥʳ, ʠʭ ʚʩʝʛʦ ʯʝʪʳʨʝ: ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʝ, ʨʦʜʠʦʥʦʚʦ, ʙʘʨʠʦʥʥʦʝ, ʤʘʛʥʠʪʥʦʝ. ʂʦʨʧʫʩʢʫ-

ʣʷʨʥʳʝ ʧʦʣʷ: ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʠ ʧʦʣʝ ʪʷʛʦʪʝ-

ʥʠʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʦʣʝ ʠ ʧʦʣʝ ʩʠʣʳ. ɺ ʩʠʣʫ ʧʨʠ-

ʩʫʪʩʪʚʠʷ çʥʠʯʪʦè ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʢʦʨʧʫʩʢʫʣʷʨʥʦʝ 

ʧʦʣʝ ʩʢʨʳʪʦ, ʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʤʘʪʝʨʠʥʩʢʘʷ 

ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʦʣʝ ʨʝʛʠʩʪʨʠʨʫ-

ʝʪʩʷ, ʥʦ ʩʢʨʳʪʘ ʤʘʪʝʨʠʥʩʢʘʷ ʪʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ. 

ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʦʣʷ ʩʦʙʩʪʚʝʥ-

ʥʳʝ, ʘ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʠ ʧʦʣʝ ʩʠʣʳ ï ʚʳʥʫʞʜʝʥʥʳʝ 

ʧʦʣ̫. ɺʳʥʫʞʜʝʥʥʳʝ ʧʦʣʷ ʩʚʷʟʘʥʳ ʩ ʤʘʩʩʘʤʠ, ʢʦʪʦ-

ʨʳʝ ʠʭ ʧʦʨʦʞʜʘʶʪ, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʚ ʩʚʦʙʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʥʘʧʨʠʤʝʨ, ʚ ʘʙʩʦʣʶʪʥʦ ʥʝʧʦʜʚʠʞʥʳʭ 

ʙʘʨʠʦʥʦʨʦʜʠʦʥʦʚʳʭ ʢʚʘʥʪʘʭ ʛʨʘʚʠʪʘʮʠʠ. ʅʝʡʪʨʦʥ-

ʥʘʷ ʤʘʩʩʘ Í  ʛʝʥʝʨʠʨʫʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὒȟὒȟὒȟ— ʢʦʨʧʫʩʢʫʣʷʨʥʦʝ ʩʠʣʦʚʦʝ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʝ ʧʦʣʝ Ὂ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʥʘ ʫʧʨʘʚʣʷʝʪ 
ʥʝʡʪʨʦʥʥʦʡ ʤʘʩʩʦʡ Í . 

ʂʦʨʧʫʩʢʫʣʷʨʥʦʝ ʩʠʣʦʚʦʝ ʧʦʣʝ Ὂ ʜʝʡʩʪʚʫʝʪ ʥʘ 

ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʩʨʝʜʥʠʢʘ Í , ʦʩʣʘʙʣʷʝʪ ʩʠʣʴʥʫʶ 

ʩʚʷʟʴ ʝʛʦ ʩ ʤʘʪʝʨʠʥʩʢʦʡ ʪʷʛʦʪʝʶʱʝʡ ʤʘʩʩʦʡ Í  ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʟʳʚʘʝʪ ʩʦʮʠʘʣʴʥʦʝ ʤʳʰʣʝʥʠʝ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ, ʧʦʨʦʞʜʘʝʤʦʝ ʜʚʠʞʝʥʠʷʤʠ, 
ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʪʨʫʜʦʤ. ʊʝʧʝʨʴ 

ʥʝʡʪʨʦʥʥʘʷ ʤʘʩʩʘ Í  ʧʦʨʦʞʜʘʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὼȟώȟᾀȟὸ ʢʦʨʧʫʩʢʫʣʷʨʥʦʝ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ Ὃ, ʠʤʝ-
ʶʱʝʝ ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʧʨʠʨʦʜʫ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦ-

ʨʦʛʦ ʦʥʘ ʫʧʨʘʚʣʷʝʪ ʥʝʡʪʨʦʥʥʦʡ ʤʘʩʩʦʡ Í . ʂʦʨ-

ʧʫʩʢʫʣʷʨʥʦʝ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ Ὃ  ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʧʦ-

ʩʨʝʜʥʠʢʘ Í , ʦʩʣʘʙʣʷʝʪ ʩʠʣʴʥʫʶ ʩʚʷʟʴ ʝʛʦ ʩ 

ʤʘʪʝʨʠʥʩʢʦʡ ʠʥʝʨʪʥʦʡ ʤʘʩʩʦʡ ά  ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʦʨʦʞʜʘʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ: 

ʭʦʜʴʙʘ, ʨʘʙʦʪʘ. ʏʪʦʙʳ ʩʦʮʠʘʣʴʥʦ ʤʳʩʣʠʪʴ, ʥʫʞʥʦ 
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ʪʨʫʜʠʪʴʩʷ. ʂʦʨʧʫʩʢʫʣʷʨʥʳʝ ʧʦʣʷ ʟʘʱʠʱʘʶʪ ʤʘʪʝ-

ʨʠʥʩʢʠʝ ʤʘʩʩʳ ʦʪ ʚʥʝʰʥʝʛʦ ʥʘʩʠʣʠʷ, ʢʦʪʦʨʦʝ ʦʢʘ-

ʟʳʚʘʶʪ ʥʘ ʥʠʭ ʥʝʡʪʨʦʥʥʳʝ ʧʦʩʨʝʜʥʠʢʠ ʠ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʚʳʟʳʚʘʶʪ ʚʥʝʰʥʠʝ ʚʳʥʫʞʜʝʥʥʳʝ ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʜʚʠʞʝʥʠʷ ʠ ʧʦʨʦʞʜʘʝʤʳʝ ʠʤʠ ʚʳʥʫʞʜʝʥʥʳʝ 

ʩʦʮʠʘʣʴʥʳʝ ʤʳʰʣʝʥʠʷ. 

ɿʘʧʠʰʝʤ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʨʧʫʩʢʫʣʷʨʥʳʝ ʧʦʣʷ 

ʚ ʜʚʠʛʘʪʝʣʷʭ ʞʠʟʥʠ:  

 

Ç  Í Í ȟὋ  "ὩȟὌ + ȟ ȟȟ Ὃ ȟȟȟ 

%  ά Í ȟὋ  "ὩȟὌ  ὺ
ȟȟȟ

 Ὂ ȟ ȟȟ ȟ

                     (9) 

 

ʀ Í Í ȟὊ "Â ȟὙ ὧ
ȟȟȟ

Ὂ ȟ ȟȟ ȟ

Ὃ Í Í ȟὊ "Â ȟὙ Ὧ
ȟ ȟȟ

Ὃ ȟȟȟ

                        (10) 

 

ɺ ʫʨʘʚʥʝʥʠʠ (9) ʫʩʪʘʥʦʚʣʝʥʘ ʷʜʝʨʥʘʷ ʩʚʷʟʴ 

ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ Ὃ  ʩ ʥʝʡʪʨʦʥʥʳʤ 

ʧʦʩʨʝʜʥʠʢʦʤ Í  ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʜʚʠʛʘʪʝʣʝ 

ʞʠʟʥʠ. ɺ ʫʨʘʚʥʝʥʠʠ (10) ʫʩʪʘʥʦʚʣʝʥʘ ʷʜʝʨʥʘʷ ʩʚʷʟʴ 

ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʣʷ Ὂ ʩ 

ʥʝʡʪʨʦʥʥʳʤ ʧʦʩʨʝʜʥʠʢʦʤ Í  ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ 

ʜʚʠʛʘʪʝʣʝ ʞʠʟʥʠ. 

ɺʳʥʫʞʜʝʥʥʦʝ ʢʦʨʧʫʩʢʫʣʷʨʥʦʝ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ 

Ὃ, ʦʩʣʘʙʣʷʝʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʡʪʨʦʥ-
ʥʦʛʦ ʧʦʩʨʝʜʥʠʢʘ Í , ʦʢʘʟʳʚʘʶʱʝʡ ʙʦʣʴʰʦʝ ʥʘʩʠ-

ʣʠʝ ʥʘ ʤʘʪʝʨʠʥʩʢʫʶ ʪʷʛʦʪʝʶʱʫʶ ʤʘʩʩʫ, ʠ ʚʳʟʳ-

ʚʘʝʪ ʚʳʥʫʞʜʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ ʦʩʦʙʠ. 

ʂʦʨʧʫʩʢʫʣʷʨʥʳʝ ʩʚʦʡʩʪʚʘ ʚ (9) ʠ ʚ (10) ʩʚʷʟʘʥʳ ʩ 

ʚʦʣʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʥʫʞʜʝʥ-

ʥʳʝ ʜʚʠʞʝʥʠʷ ʦʩʦʙʠ ʩʚʷʟʘʥʳ ʩ ʯʫʚʩʪʚʘʤʠ, ʘ ʝʩʪʝ-

ʩʪʚʝʥʥʦʝ ʤʳʰʣʝʥʠʝ ʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʤʳʰʣʝ-

ʥʠʝʤ. ʅʦ ʟʜʝʩʴ ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ. ɺʦʣʥʦʚʳʝ ʠ 

ʢʦʨʧʫʩʢʫʣʷʨʥʳʝ ʩʚʦʡʩʪʚʘ ï ʨʘʟʥʳʝ ʚʝʱʠ ʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʤʦʛʫʪ ʥʝ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ. ʏʪʦ ʧʝʨʚʠʯʥʦ - 

ʤʳʰʣʝʥʠʝ ʠʣʠ ʜʚʠʞʝʥʠʷ? ɿʜʝʩʴ, ʚʠʜʠʤʦ, ʥʝʪ ʦʪ-

ʚʝʪʘ. ʋ ʨʘʟʥʳʭ ʦʩʦʙʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚʩʝ ʧʦ-ʨʘʟʥʦʤʫ. 

ʆʩʦʙʴ ʚʥʘʯʘʣʝ ʜʚʠʞʝʪʩʷ ʠ ʧʦʪʦʤ ʦʩʦʟʥʘʝʪ ʩʚʦʠ ʜʚʠ-

ʞʝʥʠʷ, ʣʠʙʦ ʜʫʤʘʝʪ ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ ʜʚʠʞʝʪʩʷ. 

ʆʩʦʙʴ ʦʙʣʘʜʘʝʪ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʩʚʦʡʩʪʚʦʤ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʙʳʚʘʶʪ ʦʩʦʙʠ, ʚʳʨʘʞʝʥʥʳʝ ʧʝʨʚʠʯʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʠ ʚʪʦʨʠʯʥʳʤ ʤʳʰʣʝʥʠʝʤ, ʧʝʨʚʠʯʥʳʤ 

ʤʳʰʣʝʥʠʝʤ ʠ ʚʪʦʨʠʯʥʳʤ ʜʚʠʞʝʥʠʝʤ. ɹʫʜʝʤ ʩʯʠ-

ʪʘʪʴ, ʯʪʦ ʫ ʟʜʦʨʦʚʦʡ ʦʩʦʙʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ 

ʚʩʝʛʜʘ ʦʩʦʟʥʘʥʳ, ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʧʝʨʚʠʯʥʦʩʪʠ ʠ ʚʪʦ-

ʨʠʯʥʦʩʪʠ. ʆʩʦʙʴ ʤʦʞʝʪ ʩʦʚʝʨʰʘʪʴ ʦʩʦʟʥʘʥʥʳʝ ʚʳ-

ʥʫʞʜʝʥʥʳʝ ʜʚʠʞʝʥʠʷ, ʫʧʨʘʚʣʷʝʤʳʝ ʯʫʚʩʪʚʘʤʠ, ʘ 

ʤʦʞʝʪ ʠ ʥʝ ʩʦʚʝʨʰʘʪʴ. ɽʩʣʠ ʦʩʦʙʴ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʜʚʠʞʝʥʠʷ ʥʝ ʩʦʚʝʨʰʘʝʪ, ʪʦʛʜʘ ʦʥʘ ʤʳʩʣʠʪ ʝʩʪʝ-

ʩʪʚʝʥʥʦ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʯʫʚʩʪʚʘ ʫʧʨʘʚʣʷʶʪ ʝʩʪʝ-

ʩʪʚʝʥʥʳʤ ʤʳʰʣʝʥʠʝʤ ʦʩʦʙʠ. ʆʩʦʙʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὼȟώȟᾀȟὸ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʩʝʤʫ ʩʧʝʢʪʨʫ ʯʫʚʩʪʚ ʠ 

ʜʦʣʞʥʘ ʩʦʚʝʨʰʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʠʜʦʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʤʳʰʣʝʥʠʷ. ʉʘʤ ʩʢʨʳʪʳʡ ʙʘ-

ʨʠʦʥʥʳʡ ʟʘʨʷʜ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʛʨʘʚʠʪʘʮʠʠ ï 

ʚʨʘʱʝʥʠʝʤ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʢʨʳʪʳʡ ʙʘʨʠʦʥ-

ʥʳʡ ʟʘʨʷʜ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʦʩʦʙʴ ʚʦ ʚʥʝʰʥʠʭ ʦʩʦ-

ʟʥʘʥʥʳʭ ʜʚʠʞʝʥʠʷʭ ʠ ʚ ʤʳʰʣʝʥʠʠ. ʉʧʣʦʰʥʦʡ 

ʩʧʝʢʪʨ ʦʩʦʟʥʘʥʥʳʭ ʚʥʝʰʥʠʭ ʜʚʠʞʝʥʠʡ ʯʝʨʝʟ ʩʚʦʝʛʦ 

ʧʦʩʨʝʜʥʠʢʘ - ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ - ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ ʚ ʚʠʜʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ 

(10). ʂʦʨʧʫʩʢʫʣʷʨʥʦʝ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ Ὃ, ʦʙʣʘʜʘʝʪ 
ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʥʦ ʦʩʣʘʙʣʷʝʪ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʩʨʝʜʥʠʢʘ Í , ʢʦʪʦʨʳʡ ʦʢʘ-

ʟʳʚʘʝʪ ʦʛʨʦʤʥʦʝ ʥʘʩʠʣʠʝ ʥʘ ʤʘʪʝʨʠʥʩʢʫʶ ʠʥʝʨʪ-

ʥʫʶ ʤʘʩʩʫ, ʠ ʧʦʨʦʞʜʘʝʪ ʚʳʥʫʞʜʝʥʥʳʝ ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʜʚʠʞʝʥʠʷ ʦʩʦʙʠ. ʅʦ ʵʪʦ ʪʦʣʴʢʦ ʩ ʧʦʟʠʮʠʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ὼȟώȟᾀȟὸ. ɿʜʝʩʴ ʚʦʣʥʦʚʳʝ ʩʚʦʡʩʪʚʘ 

ὩȟὌ  ʩʚʷʟʘʥʳ ʩ ʢʦʨʧʫʩʢʫʣʷʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

Í ȟὋ , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʩʚʷʟʴ ʚʥʫʪ-

ʨʝʥʥʠʭ ʯʫʚʩʪʚ ʩ ʚʳʥʫʞʜʝʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʜʚʠʞʝʥʠʷʤʠ. 

ʂʘʢ ʧʨʦʪʝʢʘʝʪ ʞʠʟʥʴ ʦʩʦʙʠ ʚʦ ʚʨʝʤʷ ʩʥʘ? ʀʤʝ-

ʝʪʩʷ ʜʚʘ ʚʠʜʘ ʞʠʟʥʠ, ʩʚʷʟʘʥʥʳʝ çʥʠʯʪʦè: ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʘʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʚʳʥʫʞʜʝʥʥʦʡ ʵʥʝʨʛʠʝʡ, ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʚʳʥʫʞʜʝʥʥʦʡ ʛʨʘʚʠʪʘ-

ʮʠʝʡ. ɽʩʣʠ ʤʳ ʚʳʨʘʞʝʥʳ ʧʝʨʚʳʤ ʚʘʨʠʘʥʪʦʤ ʞʠʟʥʠ, 

ʪʦ ʥʘʣʠʯʠʝ çʥʠʯʪʦè ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ 

ʞʠʟʥʠ ʝʩʪʴ çʥʠʯʪʦè, ʪʦ ʝʩʪʴ ʞʠʟʥʴ ʩʫʱʝʩʪʚʫʝʪ, ʥʦ 

ʦʥʘ ʩʢʨʳʪʘ ʠ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ, ʢʘʢ ʬʠʟʠʯʝʩʢʘʷ ʧʫ-

ʩʪʦʪʘ. ʅʦ ʥʝ ʩʣʝʜʫʝʪ ʜʫʤʘʪʴ, ʯʪʦ ʤʳ ʥʝ ʢʘʩʘʝʤʩʷ 

ʩʢʨʳʪʦʡ ʞʠʟʥʠ. ɾʠʟʥʴ ʜʦʣʞʥʘ ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʦ ʦʙʝ 

ʩʪʦʨʦʥʳ çʥʠʯʪʦè. ʉʢʨʳʪʫʶ ʞʠʟʥʴ ʦʩʦʙʴ ʧʨʦʞʠʚʘʝʪ 

ʚʦ ʚʨʝʤʷ ʩʥʘ. ʀʪʘʢ, ʦʩʦʙʴ ʦʙʣʘʜʘʝʪ ʜʚʫʤʷ ʘʙʩʦ-

ʣʶʪʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ ʚʠʜʘʤʠ ʞʠʟʥʠ, ʨʘʟʜʝʣʝʥ-

ʥʳʤʠ ʜʫʘʣʠʟʤʦʤ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʪ ʧʦʧʝʨʝ-

ʤʝʥʥʦ. ʆʩʦʙʴ ʚʦ ʚʨʝʤʷ ʩʥʘ ʞʠʚʝʪ ʚ ʚʳʥʫʞʜʝʥʥʦʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ— ʥʝʦʩʦ-

ʟʥʘʥʥʦ, ʚ ʢʦʪʦʨʦʤ ʥʠʢʘʢʦʛʦ ʧʦʢʦʷ, ʢʦʥʝʯʥʦ, ʥʝʪ, 

ʪʘʤ ʞʠʚʫʪ ʦʩʦʙʠ, ʚʳʨʘʞʝʥʥʳʝ ʤʘʪʝʨʠʥʩʢʦʡ ʪʷʛʦʪʝ-

ʶʱʝʡ ʤʘʩʩʦʡ, ʜʚʠʞʝʥʠʝ ʩʦ ʩʚʝʪʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ï 

ʥʦʨʤʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʘʤ ʞʠʟʥʴ ʙʴʝʪ ʢʣʶʯʦʤ, ʪʘʤ 

ʝʩʪʴ ʚʩʝ. ʅʘʧʨʠʤʝʨ, ʚ ʥʘʰʝʡ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʚʩʝ 

ʧʣʘʥʝʪʳ ʦʙʣʘʜʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ï ʩʦʙ-

ʩʪʚʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ, ʦʙʣʘʜʘʶʪ ʦʨʙʠʪʘʣʴʥʳʤ ʤʦ-

ʤʝʥʪʦʤ ï ʚʨʘʱʝʥʠʝʤ ʚʦʢʨʫʛ ʉʦʣʥʮʘ. ʀ ʵʪʠ ʚʨʘʱʝ-

ʥʠʷ ʥʝ ʩʚʷʟʘʥʳ ʥʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʥʠ ʚʨʝʤʝʥʝʤ. 

ɺʩʝ ʵʪʠ ʩʚʦʡʩʪʚʘ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʥʘʤʠ, ʢʘʢ ʩʘʤʦ 

ʩʦʙʦʡ ʨʘʟʫʤʝʶʱʝʝʩʷ, ʢʘʢ ʩʚʦʡʩʪʚʘ ʧʨʠʨʦʜʳ. ɸ ʥʘ 

ʩʘʤʦʤ ʜʝʣʝ ʨʝʯʴ ʠʜʝʪ ʦ ʥʝʚʝʜʦʤʦʡ ʥʘʤ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦʡ ʞʠʟʥʠ, ʠ ʥʠʢʘʢʦʛʦ ʧʦʢʦʷ ʪʘʤ ʥʝʪ. 

ʉ ʢʘʢʦʡ ʮʝʣʴʶ ʤʘʪʝʨʠʥʩʢʠʝ ʤʘʩʩʳ ʩʦʟʜʘʶʪ 

ʢʦʨʧʫʩʢʫʣʷʨʥʳʝ ʧʦʣʷ? ʆʙʲʷʩʥʝʥʠʝ ʟʜʝʩʴ ʧʨʦʩʪʦʝ. 

ʄʘʪʝʨʠʥʩʢʠʝ ʤʘʩʩʳ ʚʝʜʫʪ ʩʝʙʷ, ʢʘʢ ʞʠʚʳʝ ʦʩʦʙʠ. 

ʀʥʝʨʪʥʘʷ ʤʘʩʩʘ Í  ʫʩʪʘʥʦʚʠʣʘ ʩʠʣʴʥʫʶ ʩʚʷʟʴ ʩ 

ʤʘʪʝʨʠʥʩʢʦʡ ʪʷʛʦʪʝʶʱʝʡ ʤʘʩʩʦʡ Í  ʠ ʥʘʜʝʣʠʣʘ ʝʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ - ʚʨʘʱʝʥʠʝʤ, ʚʳʥʫʞ-

ʜʝʥʥʦ. ʄʘʪʝʨʠʥʩʢʘʷ ʪʷʛʦʪʝʶʱʘʷ ʤʘʩʩʘ ʩ ʧʦʤʦʱʴʶ 

ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʩʠʣʦʚʦʛʦ ʧʦʣʷ Ὂ ʦʩʣʘʙʣʷʝʪ ʚʣʠʷ-

ʥʠʝ ʥʘ ʩʝʙʷ ʥʝʡʪʨʦʥʥʦʡ ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ Í  ʠ ʪʝʤ 

ʩʘʤʳʤ ʨʦʩʣʘʙʣʷʝʪ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʨʘʥʝʝ ʩʠʣʴʥʫʶ 
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ʩʚʷʟʴ (Í +Í ). ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ 

ʩ ʤʘʪʝʨʠʥʩʢʦʡ ʠʥʝʨʪʥʦʡ ʤʘʩʩʦʡ, ʢʦʪʦʨʘʷ ʩ ʧʦʤʦ-

ʱʴʶ ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ Ὃ  ʦʩʣʘʚʣʷʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʩʝʙʷ ʥʝʡʪʨʦʥʥʦʡ ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ Í  ʠ 

ʪʝʤ ʩʘʤʳʤ ʨʘʟʨʫʰʘʝʪ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʨʘʥʝʝ ʩʠʣʴ-

ʥʫʶ ʩʚʷʟʴ ʩ ʥʝʡʪʨʦʥʥʦʡ ʤʘʩʩʦʡ: Í + Í). ʈʘʟʨʫ-

ʰʝʥʠʝ ʩʠʣʴʥʳʭ ʩʚʷʟʝʡ ï ʧʨʦʮʝʩʩ ʩʪʘʨʝʥʠʷ ʤʘʪʝʨʠʥ-

ʩʢʦʡ ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ ʠ ʤʘʪʝʨʠʥʩʢʦʡ ʪʷʛʦʪʝʶʱʝʡ 

ʤʘʩʩʳ. ʆʩʦʙʴ ʧʦ ʤʝʨʝ ʩʪʘʨʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʜʨʷʭʣʦʡ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʩʪʘʨʝʥʠʝ ʠ ʚ ʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʜʚʠʛʘ-

ʪʝʣʷ ʞʠʟʥʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʘʛʥʠʪʥʳʤ ʠ ʨʦʜʠʦʥʦʚʳʤ 

ʧʦʣʝʤ. ʈʦʜʠʦʥʦʚʦ ʧʦʣʝ ʫʧʨʘʚʣʷʝʪ ʙʘʨʠʦʥʥʦʡ ʤʝʤ-

ʙʨʘʥʦʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʩʦʟʥʘʥʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ, ʩ 

ʤʳʰʣʝʥʠʝʤ, ʠ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʨʫʰʘʝʪ ʝʝ. ʄʘʛʥʠʪ-

ʥʦʡ ʧʦʣʝ ʫʧʨʘʚʣʷʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʤʝʤʙʨʘʥʘʤʠ ʠ 

ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʨʫʰʘʝʪ ʠʭ ʪʦʞʝ. ʈʘʟʨʫʰʝʥʠʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʠ ʙʘʨʠʦʥʥʳʭ ʤʝʤʙʨʘʥ ʦʩʣʘʙʣʷʝʪ ʚʣʠʷ-

ʥʠʝ ʟʘʨʷʜʦʚ, ʫʧʨʘʚʣʷʶʱʠʭ ʤʘʪʝʨʠʥʩʢʠʤʠ ʤʘʩʩʘʤʠ, 

ʪʝʤ ʩʘʤʳʤ ʦʩʣʘʙʣʷʝʪ ʯʫʚʩʪʚʘ ʠ ʤʳʰʣʝʥʠʝ. ɺ ʦʩʦʙʠ 

ʧʦ ʤʝʨʝ ʩʪʘʨʝʥʠʷ ʨʘʟʨʫʰʘʶʪʩʷ ʙʳʣʳʝ ʯʫʚʩʪʚʘ, 

ʦʩʣʘʙʝʚʘʝʪ ʧʨʝʞʥʷʷ ʧʘʤʷʪʴ. ʄʘʪʝʨʠʥʩʢʠʝ ʤʘʩʩʳ ʩ 

ʧʦʤʦʱʴʶ ʚʪʦʨʠʯʥʳʭ ʧʦʩʨʝʜʥʠʢʦʚ - Ὃȟ Ὂȟ H, R ï

ʧʦʨʦʞʜʘʶʪ ʞʠʟʥʴ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʜʨʫʛʦʡ, - ʙʦ-

ʨʶʪʩʷ ʩ ʧʝʨʚʠʯʥʳʤʠ ʧʦʩʨʝʜʥʠʢʘʤʠ: Í , Í , Ὡ , 

ὦ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʥʘ ʥʠʭ ʩʠʣʴʥʝʡʰʝʝ ʥʘʩʠ-

ʣʠʝ, ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʨʘʟʨʫʰʘʶʪ ʠʭ, ʥʦ ʪʝʤ ʩʘ-

ʤʳʤ ʨʘʟʨʫʰʘʶʪ ʠ ʩʘʤʠʭ ʩʝʙʷ. ʆʩʦʙʴ, ʚʳʨʘʞʝʥʥʘʷ 

ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ ʠ ʚʳʥʫʞʜʝʥʥʦʡ ʵʥʝʨʛʠʝʡ 

ʚ (9), ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʳʤ ʩʧʝʢʪʨʦʤ ʚʥʫʪʨʝʥʥʠʭ 

ʯʫʚʩʪʚ ʠ ʚʳʥʫʞʜʝʥʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ 

ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʤʳʰʣʝʥʠʝʤ ʠ ʩʦʮʠʘʣʴʥʳʤ ʤʳʰʣʝ-

ʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʘʥʘʣʠʟʘ ʩʚʷʟʠ ʚʦʣʥʦʚʳʭ ʠ ʢʦʨ-

ʧʫʩʢʫʣʷʨʥʳʭ ʧʦʣʝʡ ʚ ʦʩʦʙʠ. 

ʅʝ ʩʣʝʜʫʝʪ ʧʫʪʘʪʴ ʩʧʝʢʪʨ ʩʦʙʩʪʚʝʥʥʳʭ ʚʥʫʪ-

ʨʝʥʥʠʭ ʯʫʚʩʪʚ ʦʩʦʙʠ ʚʦ ʚʨʝʤʷ ʙʦʜʨʩʪʚʦʚʘʥʠʷ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ—  ̒ʚʳʥʫʞʜʝʥʥʳʤʠ ʚʥʫʪʨʝʥ-

ʥʠʤʠ ʯʫʚʩʪʚʘʤʠ ʦʩʦʙʠ ʚʦ ʚʨʝʤʷ ʩʥʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὒȟὒȟὒȟ—. ʕʪʦ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʝ ʚʝʱʠ ï ʩʦʙ-

ʩʪʚʝʥʥʳʝ ʯʫʚʩʪʚʘ ʠ ʚʳʥʫʞʜʝʥʥʳʝ ʯʫʚʩʪʚʘ. ɺʳʥʫʞ-

ʜʝʥʥʳʝ ʯʫʚʩʪʚʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ 

ʟʨʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʚʠʜʝʪʴ ʦʙʲʝʢʪʳ 

ʥʘ ʣʶʙʦʤ ʨʘʩʩʪʦʷʥʠʠ, ʠ ʦʙ ʵʪʦʤ ʛʦʚʦʨʠʣʦʩʴ ʤʥʦʛʦ 

ʚ ʨʘʙʦʪʘʭ [4], [5]. ɺʳʥʫʞʜʝʥʥʳʝ ʯʫʚʩʪʚʘ ʦʩʦʙʴ ʤʦ-

ʞʝʪ ʚʳʟʳʚʘʪʴ ʠ ʚ ʙʦʜʨʩʪʚʫʶʱʝʤ ʩʦʩʪʦʷʥʠʠ, ʥʦ ʪʦ-

ʛʜʘ ʝʝ ʥʘʟʳʚʘʶʪ ʵʢʩʪʨʘʩʝʥʩʦʤ. ʉʪʝʧʝʥʴ ʵʢʩʪʨʘʩʝʥ-

ʩʦʨʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʦʩʦʙʠ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʚʦʟ-

ʙʫʞʜʝʥʠʷ ʚʳʥʫʞʜʝʥʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʯʫʚʩʪʚ. 

ʂʦʨʧʫʩʢʫʣʷʨʥʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʦʣʝ Ὂ ʦʢʘʟʳʚʘʝʪ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʩʨʝʜʥʠʢʘ Í  ʠ 

ʦʩʣʘʙʣʷʝʪ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʤʘʪʝʨʠʥʩʢʫʶ ʪʷʛʦʪʝʶ-

ʱʫʶ ʤʘʩʩʫ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʨʦʞʜʘʝʪ ʚʳʥʫʞʜʝʥ-

ʥʳʝ ʜʚʠʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ, ʚ ʢʦʪʦʨʦʤ 
ʦʩʦʙʴ ʙʦʜʨʩʪʚʫʝʪ. ɿʜʝʩʴ ʥʝ ʥʫʞʥʦ ʧʫʪʘʪʴ ʩʧʝʢʪʨ 

ʩʦʙʩʪʚʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ ʩ 

ʚʳʥʫʞʜʝʥʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὼȟώȟᾀȟὸ. ɺ (9) ʠ (10) ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚʳʥʫʞʜʝʥ-
ʥʳʝ ʚʦʣʥʦʚʳʝ ʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʝ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʟʘʨʷʜʘʤʠ Ὡ , ὦ  ʠ ʩ ʥʝʡʪʨʦʥʥʳʤʠ ʤʘʩʩʘʤʠ Í , 

Í . ʅʦ ʙʳʚʘʶʪ ʜʘʥʥʳʝ ʧʦʣʷ ʠ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ. 

ʀʟʣʫʯʝʥʠʷ ʚʦʣʥʦʚʳʭ ʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʧʦ-

ʣʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʚʷʟʴ ὩȟὌ  ʤʦʞʝʪ ʥʘʭʦ-

ʜʠʪʴʩʷ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʚʠʜʝ ʚʥʝʰʥʝʛʦ 

(ʘʪʦʤʥʦʛʦ) ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʬʦʪʦʥʘ ʵʥʝʨʛʠʠ: 

(E Ὄ) = hɜ, ʛʜʝ E ï ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, H ï ʤʘʛ-

ʥʠʪʥʦʝ ʧʦʣʝ, hɜ ï ɻ ʥʝʨʛʠʷ ʚʳʥʫʞʜʝʥʥʦʛʦ ʚʦʣʥʦʚʦʛʦ 

ʧʦʣʷ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ Í ȟὋ] ʤʦʞʝʪ ʥʘʭʦ-

ʜʠʪʴʩʷ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʚʠʜʝ ʚʥʫʪʨʝʥ-

ʥʝʛʦ (ʷʜʝʨʥʦʛʦ) ʥʝʡʪʨʦʥʥʦ ï ʪʷʛʦʪʝʶʱʝʛʦ ʬʦʪʦʥʘ 

ʵʥʝʨʛʠʠ ʪʦʞʝ: (m
 
 Ὃ ) = hɜ, ʛʜʝ m

 
ï ʢʦʨʧʫʩʢʫʣʷʨ-

ʥʦʝ ʧʦʣʝ, ʧʦʨʦʞʜʝʥʥʦʝ ʥʝʡʪʨʦʥʦʤ Í , ʨʠʩ. 3. Ὃ  ï 

ʢʦʨʧʫʩʢʫʣʷʨʥʦʝ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ, hɜ ï ʥʝʡʪʨʦʥʥʦ-ʪʷ-

ʛʦʪʝʶʱʠʡ ʬʦʪʦʥ ʵʥʝʨʛʠʠ. ʉʦʩʪʦʷʥʠʷ 

Í ȟὋ  ̉ ὩȟὌ] ʚ ʘʪʦʤʝ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ, ʥʦ 

ʦʢʘʟʳʚʘʶʪ ʥʘ ʧʨʦʪʦʥ ʚʥʫʪʨʝʥʥʝʝ (ʷʜʝʨʥʦʝ) ʠ ʚʥʝʰ-

ʥʝʝ (ʘʪʦʤʥʦʝ) ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʦ-

ʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʠ 

ʥʝʡʪʨʦʥʥʦ-ʪʷʛʦʪʝʶʱʠʡ ʬʦʪʦʥʳ: (m
 
 Ὃ ) + (E 

Ὄ). ʏʪʦʙʳ ʥʝ ʧʫʪʘʪʴ ʘʪʦʤʥʦʝ ʠ ʷʜʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ, 
ʚʥʝʩʝʤ ʟʥʘʢʠ ʨʘʟʣʠʯʠʷ ʚ ʢʚʘʥʪʳ ʵʥʝʨʛʠʠ: 

m
 
 Ὃ  Ὁ Ὄ  Ὤ’m  

m
 
 Ὃ  Ὁ Ὄ  Ὤ’  

 

ʛʜʝ Ὤ’m  
 - ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʬʦʪʦʥ 

ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʪʘʱʠʪ ʟʘ ʩʦʙʦʡ ʥʝʡʪʨʦʥʥʦ-ʪʷʛʦʪʝ-

ʶʱʠʡ ʷʜʝʨʥʳʡ ʬʦʪʦʥ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʤ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ ʚ ʩʠʣʫ ʤʘʣʦʩʪʠ. Ὤ’   - ʥʝʡʪʨʦʥʥʦ-

ʪʷʛʦʪʝʶʱʠʡ ʷʜʝʨʥʳʡ ʬʦʪʦʥ ʵʥʝʨʛʠʠ ʪʘʱʠʪ ʟʘ ʩʦ-

ʙʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʘʪʦʤʥʳʡ ʬʦʪʦʥ ʵʥʝʨʛʠʠ, ʢʦ-

ʪʦʨʳʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʚ ʩʠʣʫ ʤʘʣʦʩʪʠ. ʂʚʘʥʪʳ 

ʛʨʘʚʠʪʘʮʠʠ:  

m
 
 Ὂ  Ὠ Ὑ  ὦ’m  

m
 
 Ὂ  Ὠ Ὑ  ὦ’  

 , 

ʙʝʟ ʢʦʤʤʝʥʪʘʨʠʝʚ. ɺʳʰʝ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʥʩʢʠʭ 

ʤʘʩʩ ʩ ʧʦʤʦʱʴʶ ʚʦʣʥʦʚʳʭ ʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʧʦ-

ʣʝʡ. ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʢʠʥʝ-

ʪʠʢʫ ʜʘʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.  

ʂʠʥʝʪʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʥʫʞʜʝʥʥʦʡ 

ʵʥʝʨʛʠʠ ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ. 

ʀʥʪʝʨʝʩʫʝʪ ʥʘʰ ʤʠʨ, ʪʦ ʝʩʪʴ ʦʩʦʙʴ, ʚʳʨʘʞʝʥ-

ʥʘʷ ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ ʠ ʚʳʥʫʞʜʝʥʥʦʡ ʵʥʝʨ-

ʛʠʝʡ. ɺ ʥʦʨʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʥʝʨʪʥʘʷ ʤʘʪʝʨʠʥ-

ʩʢʘʷ ʤʘʩʩʘ ʠʤʝʝʪ ʬʦʨʤʫ ʧʘʨʥʦʡ ʩʧʠʨʘʣʠ ὒ. ʇʫʩʪʴ 
ʥʘ ʤʘʪʝʨʠʥʩʢʫʶ ʠʥʝʨʪʥʫʶ ʤʘʩʩʫ ʩ ʩʦʙʩʪʚʝʥʥʦʡ 

ʛʨʘʚʠʪʘʮʠʝʡ: Í Í ȟὋ

 "ὩȟὌ + ȟ ȟȟ Ὃ ȟȟȟ  , ʨʘʩʧʦʣʦʞʝʥ-

ʥʦʡ ʥʘ ʦʩʠ  

ὒ, ʚʦʟʜʝʡʩʪʚʦʚʘʣʘ ʚʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ ʩ ʩʠ-
ʣʦʡ: 

ά Í ȟὋ  "ὩȟὌ  ὺ
ȟȟȟ

 Ὂ ȟ ȟȟ ȟ , ʥʘʧʨʘʚʣʝʥʥʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʣʦʩʢʦ-

ʩʪʠ ʩʧʠʨʘʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʳ ʩʧʠ-

ʨʘʣʴ, ʥʘ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ, ʚʳʪʷ-

ʥʝʪʩʷ ʚ ʚʠʜʝ ʫʩʝʯʝʥʥʦʛʦ ʵʣʣʠʧʩʘ, ʩʦʩʪʦʷʱʝʛʦ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠ ʠʟ ʙʝʩʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʩʚʷʟʘʥʥʳʭ 

ʦʢʨʫʞʥʦʩʪʝʡ, ʚʨʘʱʘʶʱʠʭʩʷ ʩ ʯʘʩʪʦʪʘʤʠ w, ʨʠʩ. 4. 
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ʉʘʤʘʷ ʤʘʣʘʷ ʦʢʨʫʞʥʦʩʪʴ ʚ ʩʧʠʨʘʣʠ ʦʙʣʘʜʘʝʪ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʘ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʦʢʨʫʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ 

ʥʫʣʶ: w= 0. ʀʥʝʨʪʥʘʷ ʤʘʩʩʘ ʚ ʩʧʠʨʘʣʠ ὒ  ʜʦʩʪʠʛ-

ʥʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʠ, ʦʙʣʘʜʘʶʱʝʡ ʫʛʣʦ-

ʚʦʡ ʩʢʦʨʦʩʪʴ w= 0, ʧʝʨʝʩʢʦʯʠʪ ʥʘ ʩʧʠʨʘʣʴ ὒ  ʠ 

ʚʝʨʥʝʪʩʷ ʚ çʧʨʝʞʥʝʝè ʩʦʩʪʦʷʥʠʝ, ʥʦ ʩ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʤ ʟʥʘʢʦʤ. 

 

 
ʈʠʩ. 4. ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʘʪʝʨʠʥʩʢʫʶ ʠʥʝʨʪʥʫʶ 

ʤʘʩʩʫ ʚʳʥʫʞʜʝʥʥʦ ʵʥʝʨʛʠʝʡ 

 

ʏʪʦʙʳ ʚʝʨʥʫʪʴʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʥʝʨʪ-

ʥʦʡ ʤʘʩʩʝ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʥʘ ʩʧʠʨʘʣʴ ʩ ʦʪʨʠ-

ʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ. ʅʦ ʢʘʢ ʵʪʦ ʩʜʝʣʘʪʴ? ʕʪʦ ʥʝʚʦʟ-

ʤʦʞʥʦ! ʕʪʦ ʢʘʪʘʩʪʨʦʬʘ ï ʞʠʟʥʴ ʟʘʚʝʨʰʠʣʘʩʴ, ʥʝ 

ʫʩʧʝʚ ʥʘʯʘʪʴʩʷ. ʅʦ ʧʨʦʠʟʦʰʣʦ çʯʫʜʦè - ʩʦʙʩʪʚʝʥ-

ʥʘʷ ʛʨʘʚʠʪʘʮʠʷ ʨʘʟʜʝʣʠʣʘ ʠʥʝʨʪʥʫʶ ʤʘʩʩʫ ʥʘ ʜʚʝ 

ʩʠʤʤʝʪʨʠʯʥʳʝ ʯʘʩʪʠ: ʚʝʜʫʱʫʶ ʠ ʚʝʜʦʤʫʶ, ʨʠʩ. 5. 

 

 
ʈʠʩ. 5. ʈʘʩʱʝʧʣʝʥʠʝ ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ  

ʥʘ ʚʝʜʫʱʫʶ ʠ ʚʝʜʦʤʫʶ 

 

ʅʘ ʨʠʩ. 5 ʦʙʦʟʥʘʯʝʥʳ ʯʝʪʳʨʝ ʩʝʢʪʦʨʘ: 1, 2, 3, 4. 

ʇʝʨʚʳʝ ʜʚʘ ʩʝʢʪʦʨʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʭʦʞʜʝʥʠʝ 

ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ ʥʘ ʧʝʨʚʦʡ ʧʘʨʥʦʡ ʩʧʠʨʘʣʠ ὒ , 

ʚʪʦʨʳʝ ʜʚʘ ʩʝʢʪʦʨʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʭʦʞʜʝʥʠʝ 

ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ ʥʘ ʚʪʦʨʦʡ ʧʘʨʥʦʡ ʩʧʠʨʘʣʠ: ὒ . ɹʦ-

ʣʝʝ ʥʘʛʣʷʜʥʦ ʨʘʩʱʝʧʣʝʥʠʝ ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ ʥʘ ʣʝ-

ʚʫʶ ʠ ʧʨʘʚʫʶ ʯʘʩʪʠ ʠʟʦʙʨʘʞʝʥʦ ʚ ʚʠʜʝ ʩʠʥʫʩʦʠʜʳ 

2p, ʨʠʩ. 6. ʅʘ ʩʠʥʫʩʦʠʜʝ ʠʟʦʙʨʘʞʝʥ ʧʦʣʥʳʡ ʮʠʢʣ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʥʫʞʜʝʥʥʦʡ ʵʥʝʨʛʠʠ ʩ ʩʦʙʩʪʚʝʥ-

ʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ 

ʦʩʪʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ, ʥʦ ʦʥʘ ʧʨʠʦʙʨʝʣʘ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʧʨʝʚʨʘʱʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʩ ʣʝʚʦʩʪʦʨʦʥʥʝʡ 

ʤʘʩʩʳ p ʥʘ ʧʨʘʚʦʩʪʦʨʦʥʥʶʶ ʤʘʩʩʫ -p, ʠʣʠ ʧʨʘʚʦ-

ʩʪʦʨʦʥʥʝʡ ʤʘʩʩʳ -p ʚ ʣʝʚʦʩʪʦʨʦʥʥʶʶ ʤʘʩʩʫ p. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʟʘʠʤʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠʥʝʨʪ-

ʥʳʭ ʤʘʩʩ ʚ ʧʦʣʥʦʤ ʮʠʢʣʝ p ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʜʠʥʘ-

ʢʦʚʳʭ ʯʘʩʪʦʪʘʭ w. ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ 

ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ ʠʟ ʧʝʨʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦ ʚʪʨʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʝ w . 

ɺ ʘʥʘʣʠʟʝ ʨʠʩ. 6 ʙʳʣʘ ʚʟʷʪʘ ʧʨʦʩʪʝʡʰʘʷ ʩʠʩʪʝʤʘ, 

ʥʘʧʨʠʤʝʨ, ʘʪʦʤ ʠʣʠ ʉʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ. ɺ ʩʠʩʪʝʤʝ 

ɿʝʤʣʷ ï ʉʦʣʥʮʝ ʧʦʣʥʳʡ ʮʠʢʣ ʩʚʷʟʝʡ ʨʘʚʝʥ ʜʚʫʤ ʦʙ-

ʭʦʜʘʤ ɿʝʤʣʠ ʚʦʢʨʫʛ ʉʦʣʥʮʘ. ʉʣʫʯʘʡʥʦ ʠʣʠ ʥʝʪ, ʥʦ 

ʰʝʩʪʠʜʝʩʷʪʠʣʝʪʥʠʝ ʦʩʦʙʠ ʯʫʚʩʪʚʫʶʪ ʩʝʙʷ, ʢʘʢ 

ʪʨʠʜʮʘʪʠʣʝʪʥʠʝ, ʘ ʚʦʩʴʤʠʜʝʩʷʪʠʣʝʪʥʠʝ - ʢʘʢ ʩʦʨʦ-

ʢʘʣʝʪʥʠʝ. 

 

ʥʘʛʨʫʟʢʘ
 

ʈʠʩ. 6. ʇʦʣʥʳʡ ʮʠʢʣ ʩʚʷʟʝʡ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ 

ʯʫʚʩʪʚʘʤʠ ʩ ʧʦʢʦʝʤ ʠ ʚʥʝʰʥʠʤʠ ʦʩʦʟʥʘʥʥʳʤʠ ʜʚʠ-

ʞʝʥʠʷʤʠ ʚ ʦʩʦʙʠ 

 

ɽʩʣʠ ʚʟʷʪʴ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, ʢʘʢ ʦʩʦʙʴ, ʪʦ ʪʘʤ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʩʱʝʧʣʝʥʠʝ ʤʘʪʝʨʠʥ-

ʩʢʦʡ ʠʥʝʨʪʥʦʡ ʤʘʩʩʳ ʥʘ ʜʚʝ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ 

ʤʘʩʩʳ: ʣʝʚʫʶ - ʧʨʘʚʫʶ ʠʣʠ ʚʝʜʫʱʫʶ - ʚʝʜʦʤʫʶ. 

ʆʙʨʘʪʠʤʩʷ ʚʥʦʚʴ ʢ ʨʠʩ.6, ʥʦ ʫʞʝ ʩ ʥʦʚʳʤʠ ʪʨʝʙʦʚʘ-

ʥʠʷʤʠ. ʇʫʩʪʴ ʚ ʩʝʢʪʦʨʝ 1 ʥʘ ʙʘʨʠʦʥʥʫʶ ʤʝʤʙʨʘʥʫ, 

ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʦʩʠ ὒ  ʚʦʟʜʝʡʩʪʚʦʚʘʣʦ ʨʦʜʠʦ-

ʥʦʚʦ ʧʦʣʝ R, ʥʘʧʨʘʚʣʝʥʥʦʝ ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʣʦʩʢʦʩʪʠ 

ʧʘʨʥʦʡ ʩʧʠʨʘʣʠ. ʊʦʛʜʘ ʙʘʨʠʦʥʥʘʷ ʤʝʤʙʨʘʥʘ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʝ ʨʦʜʠʦʥʦʚʦ ʚʦʣʥʦʚʦʛʦ 

ʧʦʣʷ ʩʛʝʥʝʨʠʨʫʝʪ ʚʳʥʫʞʜʝʥʥʦʝ ʚʥʝʰʥʝʝ ʤʳʰʣʝʥʠʝ 

ʦʩʦʙʠ. ʇʫʩʪʴ ʥʘ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʩʨʝʜʥʠʢʘ Í , ʨʘʩ-

ʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʩʧʠʨʘʣʠ ὒ, ʚʦʟʜʝʡʩʪʚʦʚʘʣʦ ʢʦʨ-
ʧʫʩʢʫʣʷʨʥʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʦʣʝ Ὂ ʠ ʧʦʨʦʜʠʣʦ 

ʚʳʥʫʞʜʝʥʥʳʝ ʚʥʝʰʥʠʝ ʜʚʠʞʝʥʠʷ ʦʩʦʙʠ. ʆʩʦʙʴ 

ʩʪʘʣʘ ʦʙʣʘʜʘʪʴ ʦʩʦʟʥʘʥʥʳʤʠ ʚʥʝʰʥʠʤʠ ʜʚʠʞʝʥʠ-

ʷʤʠ ʠ ʤʳʰʣʝʥʠʝʤ. ɺʳʥʫʞʜʝʥʥʦʝ ʨʦʜʠʦʥʦʚʦ ʧʦʣʝ 

ʛʝʥʝʨʠʨʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʝʤʙʨʘʥʘ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʯʫʚʩʪʚʘʤʠ. ɺʳʥʫʞʜʝʥʥʦʝ ʢʦʨʧʫʩʢʫ-

ʣʨ̫ʥʦʝ ʧʦʣʝ ʛʝʥʝʨʠʨʫʝʪ ʥʝʡʪʨʦʥʥʳʡ ʧʦʩʨʝʜʥʠʢ 

Í , ʩʚʷʟʘʥʥʳʡ ʩ ʚʳʥʫʞʜʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ, ʩ ʧʦ-

ʢʦʝʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʥʫʪʨʝʥʥʠʝ ʩʦʙʩʪʚʝʥʥʳʝ 

ʯʫʚʩʪʚʘ ʠ ʚʳʥʫʞʜʝʥʥʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʦʢʦʡ 

ʫʧʨʘʚʣʷʶʪ ʚʳʥʫʞʜʝʥʥʳʤʠ ʚʥʝʰʥʠʤʠ ʦʩʦʟʥʘʥ-

ʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʦʩʦʙʠ. ɹʘʨʠʦʥʥʦʝ ʧʦʣʝ ʠ 

ʥʝʡʪʨʦʥʥʳʡ ʧʦʩʨʝʜʥʠʢ ʩʤʝʱʘʶʪʩʷ ʧʦ ʢʨʠʚʠʟʥʝ 

ʩʧʠʨʘʣʠ ὒ  ʦʪ w = max. ʜʦ w= 0. ʅʘ ʯʘʩʪʦʪʝ w = 

0 ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʩ ʦʩʠ ὒ  ʥʘ ʦʩʴ 

ὒ. ʊʝʧʝʨʴ ʫʞʝ ʙʘʨʠʦʥʥʘʷ ʤʝʤʙʨʘʥʘ ʠ ʥʝʡʪʨʦʥʥʳʡ 
ʧʦʩʨʝʜʥʠʢ Í  ʩ ʧʦʤʦʱʴʶ ʚʳʥʫʞʜʝʥʥʦʛʦ ʚʦʣʥʦ-

ʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ H ʠ ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʪʷʛʦʪʝ-

ʥʠʷ Ὃ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʵʣʝʢʪʨʠʯʝ-

ʩʢʫʶ ʤʝʤʙʨʘʥʫ ʠ ʥʘ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʩʨʝʜʥʠʢʘ ά . 

ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʳʥʫʞʜʝʥʥʳʝ ʦʩʦʟʥʘʥʥʳʝ 

ʚʥʝʰʥʠʝ ʜʚʠʞʝʥʠʷ ʫʧʨʘʚʣʷʶʪ ʚʥʫʪʨʝʥʥʠʤʠ ʯʫʚ-

ʩʪʚʘʤʠ ʠ ʧʦʢʦʝʤ ʚ ʦʩʦʙʠ. ʉ ʧʦʤʦʱʴʶ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʚʦʣʥʦʚʳʭ ʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʚʳʥʫʞʜʝʥʥʳʭ 

ʧʦʣʝʡ ʦʩʦʙʴ ʚ ʩʝʢʪʦʨʘʭ 1 ʠ 2, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 

6, ʩʪʘʣʘ ʜʳʰʘʪʴ, ʧʦʢʦʠʪʴʩʷ, ʜʫʤʘʪʴ ʠ ʧʝʨʝʤʝ-

ʱʘʪʴʩʷ, ʪʦ ʝʩʪʴ ʦʩʦʙʴ ʥʘʯʘʣʘ ʘʢʪʠʚʥʦ ʞʠʪʴ. ʅʦ ʚʦʪ 

ʧʨʦʙʣʝʤʘ ï ʯʪʦʙʳ ʧʨʦʜʦʣʞʠʪʴ ʘʢʪʠʚʥʫʶ ʞʠʟʥʴ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʩ ʢʨʠʚʠʟʥʳ ʦʩʠ ὒ  ʥʘ ʢʨʠ-

ʚʠʟʥʫ ʦʩʠ ὒ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʧʦʚʪʦʨʠʪʴ ʚʩʝ ʩ 
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ʥʘʯʘʣʘ. ɿʜʝʩʴ ʥʘʩʪʫʧʠʣ ʪʫʧʠʢ, ʠ ʞʠʟʥʴ ʜʦʣʞʥʘ ʧʨʝ-

ʨʚʘʪʴʩʷ, ʥʝ ʫʩʧʝʚ ʚʦʟʥʠʢʥʫʪʴ. ʅʦ ʧʨʦʠʟʦʰʣʦ 

çʯʫʜʦè - ʤʘʪʝʨʠʥʩʢʠʝ ʤʘʩʩʳ ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ ʜʚʝ 

ʩʠʤʤʝʪʨʠʯʥʳʝ ʯʘʩʪʠ: ʚʝʜʫʱʫʶ ʠ ʚʝʜʦʤʫʶ. ʆʩʦʙʴ 

ʨʘʟʜʝʣʠʣʘʩʴ ʥʘ ʜʚʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʯʘʩʪʠ, ʠ ʥʘ ʜʚʝ 

ʩʠʤʤʝʪʨʠʯʥʳʝ ʯʘʩʪʠ ʨʘʟʜʝʣʠʣʠʩʴ ʚʩʝ ʚʥʫʪʨʝʥʥʠʝ ʠ 

ʚʥʝʰʥʠʝ ʦʨʛʘʥʳ ʚ ʦʩʦʙʠ. ʅʘ ʨʠʩ. 6 ʧʨʠʚʝʜʝʥʘ 

ʦʩʦʙʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʧʦʣʫʦʩʦʙʝʡ: ʚʝʜʫʱʝʡ ʠ 

ʚʝʜʦʤʦʡ. ɺʝʜʫʱʘʷ ʧʦʣʫʦʩʦʙʴ ʛʣʘʚʥʘʷ, ʚ ʥʝʡ ʟʘʚʷʟʳ-

ʚʘʶʪʩʷ ʩʚʷʟʠ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʯʫʚʩʪʚʘʤʠ ʩ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʳʤ ʧʦʢʦʝʤ ʠ ʚʥʝʰʥʠʤʠ ʤʳʰʣʝʥʠʝʤ ʩ 

ʜʚʠʞʝʥʠʷʤʠ. ɺʝʜʦʤʘʷ ʧʦʣʫʦʩʦʙʴ ʫʩʠʣʠʪʝʣʴʥʘʷ, ʚ 

ʥʝʡ ʚʩʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʦʨʦʞʜʝʥʥʳʝ ʚʝʜʫ-

ʱʝʡ ʧʦʣʫʦʩʦʙʴʶ, ʧʦʚʪʦʨʷʶʪʩʷ, ʥʦ ʚ ʫʩʠʣʝʥʥʦʤ ʨʝ-

ʞʠʤʝ. ʇʦʣʥʳʡ ʮʠʢʣ ʩʚʷʟʝʡ ʩʦʩʪʦʠʪ ʠʟ 4 ʯʘʩʪʝʡ. ɺ 

ʯʘʩʪʠ 1 ʚʥʫʪʨʝʥʥʠʝ ʯʫʚʩʪʚʘ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʧʦ-

ʢʦʝʤ ʚ ʚʝʜʫʱʝʡ ʧʦʣʫʦʩʦʙʠ ʩ ʧʦʤʦʱʴʶ ʚʦʣʥʦʚʦʛʦ 

ʨʦʜʠʦʥʦʚʘ ʧʦʣʷ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ 

ʫʧʨʘʚʣʷʶʪ ʤʝʤʙʨʘʥʘʤʠ ά  ̉ὦ  ʠ ʥʘʧʨʘʚʣʝʥʥʦ ʧʦ-

ʨʦʞʜʘʶʪ ʚʳʥʫʞʜʝʥʥʳʝ ʦʩʦʟʥʘʥʥʳʝ ʚʥʝʰʥʠʝ ʜʚʠ-

ʞʝʥʠʷ. ʂʦʛʜʘ ʯʘʩʪʦʪʘ w  = 0, ʩʦʙʩʪʚʝʥʥʘʷ ʛʨʘʚʠʪʘ-

ʮʠʷ ʧʝʨʝʭʦʜʠʪ ʥʘ ʜʨʫʛʫʶ ʦʩʴ ʢʨʠʚʠʟʥʳ ʩ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʤʠ ʯʘʩʪʦʪʘʤʠ w. ɺ ʯʘʩʪʠ 2 ʚʥʝʰʥʠʝ 

ʦʩʦʟʥʘʥʥʳʝ ʜʚʠʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʚʦʣʥʦʚʦʛʦ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʧʝ-

ʨʝʜʘʶʪʩʷ ʤʝʤʙʨʘʥʘʤ Í  ̉ Ὡ  ʧʦ ʦʩʠ ʢʨʠʚʠʟʥʳ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʠ ʫʧʨʘʚʣʷʶʪ ʚʥʫʪʨʝʥ-

ʥʠʤ ʚʳʥʫʞʜʝʥʥʳʤ ʯʫʚʩʪʚʝʥʥʳʤ ʧʦʢʦʝʤ. ɺ ʚʝʜʫ-

ʱʝʡ ʧʦʣʫʦʩʦʙʠ ʩʚʷʟʴ ʤʝʞʜʫ ʚʥʝʰʥʠʤʠ ʦʩʦʟʥʘʥ-

ʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʠ ʚʥʫʪʨʝʥʥʠʤ ʯʫʚʩʪʚʝʥʥʳʤ ʧʦ-

ʢʦʝʤ ʟʘʚʝʨʰʠʣʘʩʴ. ɿʘʚʝʨʰʠʣʩʷ ʧʦʣʫʧʝʨʠʦʜ p, ʨʠʩ. 

6. ɿʘʚʝʨʰʝʥʥʳʡ ʧʦʣʫʧʝʨʠʦʜ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʠ, ʦʙʲʝʜʠʥʠʚ (7) ʠ (8): 
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                       (9) 

 

ʂʦʵʬʬʠʮʠʝʥʪ 2 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʚʷʟʠ ʤʝʞʜʫ 

ʚʥʫʪʨʝʥʥʠʤ ʯʫʚʩʪʚʝʥʥʳʤ ʧʦʢʦʝʤ ʠ ʚʥʝʰʥʠʤʠ ʦʩʦ-

ʟʥʘʥʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʚ ʚʝʜʫʱʝʡ ʧʦʣʫʦʩʦʙʠ (9) ʚ 

ʧʝʨʚʦʤ ʧʦʣʫʧʝʨʠʦʜʝ ʩʨʘʙʦʪʘʣʘ ʜʚʘʞʜʳ, ʨʠʩ. 6. ʊʝ-

ʧʝʨʴ ʜʦʣʦʞʝʥ ʩʦʩʪʦʷʪʴʩʷ ʧʝʨʝʭʦʜ ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʘ-

ʚʠʪʘʮʠʠ ʠʟ ʚʝʜʫʱʝʡ ʧʦʣʫʦʩʦʙʠ ʚ ʚʝʜʦʤʫʶ ʧʦʣʫ-

ʦʩʦʙʴ. ɿʜʝʩʴ ʚʘʞʥʳʡ ʤʦʤʝʥʪ ï ʯʘʩʪʦʪʳ w  ʚʝʜʫʱʝʡ 

ʠ ʚʝʜʦʤʦʡ ʧʦʣʫʦʩʦʙʠ ʚ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ ʜʦʣʞʥʳ 

ʙʳʪʴ ʦʜʠʥʘʢʦʚʳ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʝʜʫʱʘʷ ʧʦ-

ʣʫʦʩʦʙʴ ʦʪʚʝʨʛʥʝʪ ʚʝʜʦʤʫʶ ʧʦʣʫʦʩʦʙʴ, ʠ ʦʩʦʙʴ ʦʢʘ-

ʞʝʪʩʷ ʧʘʨʘʣʠʟʦʚʘʥʥʦʡ. ɺ ʦʪʚʝʨʛʥʫʪʦʡ ʚʝʜʦʤʦʡ ʧʦ-

ʣʫʦʩʦʙʠ ʞʠʟʥʴ çʟʘʤʦʨʘʞʠʚʘʝʪʩʷè, ʪʦ ʝʩʪʴ ʚ ʥʝʡ 

ʧʨʝʢʨʘʱʘʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥʦʚʳʭ ʠ ʢʦʨʧʫʩ-

ʢʫʣʷʨʥʳʭ ʚʳʥʫʞʜʝʥʥʳʭ ʧʦʣʝʡ, ʘ ʚ ʚʝʜʫʱʝʡ ʧʦʣʫ-

ʦʩʦʙʠ ʘʢʪʠʚʥʘʷ ʞʠʟʥʴ ʧʨʦʜʦʣʞʘʝʪʩʷ. ɽʩʣʠ ʦʩʦʙʴ 

ʟʜʦʨʦʚʘʷ, ʪʦ ʯʘʩʪʦʪʳ w  ʚ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ ʦʪ ʚʝ-

ʜʫʱʝʡ ʧʦʣʫʦʩʦʙʠ ʢ ʚʝʜʦʤʦʡ ʧʦʣʫʦʩʦʙʠ ʥʝʧʨʝʤʝʥʥʦ 

ʩʦʚʧʘʜʫʪ, ʠ ʧʦʣʥʦʮʝʥʥʘʷ ʞʠʟʥʴ ʦʩʦʙʠ ʧʨʦʜʦʣ-

ʞʠʪʩʷ, ʨʠʩ. 6. ɿʘʧʠʰʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩʚʷʟʠ ʚ ʚʝ-

ʜʦʤʦʡ ʧʦʣʫʦʩʦʙʠ: 
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ʉʚʷʟʠ (9) ʠ (10) ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʬʘʟʘʤʠ: 

p. ʇʦʣʥʳʡ ʮʠʢʣ ʩʚʷʟʠ ʚ ʦʩʦʙʠ ʨʘʚʝʥ 2p. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʜʘʥʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʩʚʷʟʝʡ ʦʩʦʙʴ ʩʦʚʝʨʰʘʣʘ 

ʚʳʥʫʞʜʝʥʥʳʝ ʦʩʦʟʥʘʥʥʳʝ ʚʥʝʰʥʠʝ ʜʚʠʞʝʥʠʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ ʠ ʩʦʙʩʪʚʝʥʥʦʝ ʚʥʫʪʨʝʥʥʝʝ 

ʢʝʧʣʝʨʠʨʦʚʘʥʠʝ (ʧʫʣʴʩʠʨʦʚʘʥʠʝ) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

(ὒȟὒȟὒȟ— ʚ ʙʦʜʨʩʪʚʫʶʱʝʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʩʦʩʪʦʷ-

ʥʠʠ ʩʥʘ ʦʩʦʙʴ çʚʳʨʘʞʝʥʘè ʩʦʙʩʪʚʝʥʥʳʤʠ ʜʚʠʞʝʥʠ-

ʷʤʠ ʠ ʤʳʰʣʝʥʠʷʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ ʠ 

ʚʥʫʪʨʝʥʥʠʤʠ ʚʳʥʫʞʜʝʥʥʳʤ ʯʫʚʩʪʚʝʥʥʳʤ ʧʦʢʦʝʤ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (ὒȟὒȟὒȟ—. ɺʦ ʚʨʝʤʷ ʩʥʘ ʦʩʦʙʴ ʚʳ-

ʨʘʞʝʥʘ ʧʦʣʥʳʤ ʩʧʝʢʪʨʦʤ ʚʥʝʰʥʠʭ ʜʚʠʞʝʥʠʡ ʠ 

ʤʳʰʣʝʥʠʡ, ʦʥʠ ʧʝʨʚʠʯʥʳ, ʘ ʚʥʫʪʨʝʥʥʠʝ ʚʳʥʫʞʜʝʥ-

ʥʳʝ ʯʫʚʩʪʚʘ ʚʪʦʨʠʯʥʳ. ʄʳʰʣʝʥʠʝ ʦʩʦʙʠ ʚʦ ʚʨʝʤʷ 

ʩʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʦʱʥʝʝ ʠ ʢʘʯʝʩʪʚʝʥʥʝʝ, ʯʝʤ ʚʦ 

ʚʨʝʤʷ ʙʦʜʨʩʪʚʦʚʘʥʠʷ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʜʫʱʝʡ ʠ ʚʝʜʦʤʦʡ ʧʦʣʫ-

ʦʩʦʙʝʡ ʚ ʦʩʦʙʠ. 

ʋʪʦʯʥʠʤ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʷʟʝʡ ʚʝʜʫ-

ʱʝʡ ʠ ʚʝʜʦʤʦʡ ʧʦʣʫʦʩʦʙʝʡ ʚ ʦʩʦʙʠ. ʀʟʤʝʥʠʤ ʨʠʩ. 6 

ʩ ʫʯʝʪʦʤ ʧʨʝʜʲʷʚʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. ʅʘ ʨʠʩ. 7 ʰʠ-

ʨʠʥʘ ʢʘʞʜʦʛʦ ʧʦʣʫʧʝʨʠʦʜʘ ʠʟʤʝʨʷʝʪʩʷ ʩʧʠʨʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴʶ DJ, ʢʦʪʦʨʘʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ 

ʩʢʨʳʪʘ, ʪʘʢ ʢʘʢ ʦʥʘ ʥʝ ʩʚʷʟʘʥʘ ʥʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ, 

ʥʠ ʩʦ ʚʨʝʤʝʥʝʤ, ʠ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ çʤʛʥʦʚʝʥ-

ʥʘʷè ʩʢʦʨʦʩʪʴ. ʇʨʠʤʝʨʦʤ ʩʣʫʞʘʪ ʤʘʛʥʠʪʥʳʝ ʣʠʥʠʠ 

ʚ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʝ. 
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ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʞʠʟʥʠ ʦʩʦʙʠ ʦʪ ʩʤʝʱʝʥʠʷ 

ʚʦʣʥʦʚʳʭ ʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ 

 

ɺʦʟʴʤʝʤ, ʢ ʧʨʠʤʝʨʫ, ʨʘʙʦʪʫ ʧʘʨʥʳʭ ʣʝʛʢʠʭ ʚ 

ʦʩʦʙʠ. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ (ὒȟὒȟὒȟ— ʣʝʚʦʝ ʧʦʣʫʣʝʛ-

ʢʦʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʜʳʭʘʝʪ ʚʦʟʜʫʭ ʠ ʚʳʜʳʭʘʝʪ, ʘ 

ʟʘʪʝʤ ʵʪʫ ʧʨʦʮʝʜʫʨʫ ʧʦʚʪʦʨʷʝʪ ʚ ʫʩʠʣʝʥʥʦʤ ʚʠʜʝ 

ʚʪʦʨʦʝ ʧʦʣʫʣʝʛʢʦʝ ʩʦʛʣʘʩʥʦ ʨʠʩ. 7. ʅʦ ʥʘʤ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ ʚʩʝʛʦ ʵʪʦʛʦ ʥʝ ʟʘʤʝʪʠʪʴ. ʅʘʤ 

ʢʘʞʝʪʩʷ, ʯʪʦ ʦʙʘ ʧʦʣʫʣʝʛʢʠʭ ʚ ʦʩʦʙʠ ʜʳʰʘʪ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ, ʠ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ w  ʥʠʢʘʢ ʥʝ ʚʣʠʷʝʪ 

ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʦʩʦʙʠ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʩʤʝʱʝ-

ʥʠʝ ʯʘʩʪʦʪʳ w  ʚʣʠʷʝʪ ʥʘ ʟʜʦʨʦʚʴʝ ʦʩʦʙʠ ʠ ʜʘʞʝ - 

ʦʯʝʥʴ ʩʠʣʴʥʦ. ɸ ʚʦʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʘʢʩʠʤʫ-

ʤʘʤʠ, ʢʦʛʜʘ ʩʦʚʝʨʰʘʝʪʩʷ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʩʧʠʨʘʣʷʤʠ 

ὒ  ʠ ʠʟʤʝʥʷʶʪʩʷ ʯʘʩʪʦʪʳ w, ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʚʨʝʤʝʥʠ Dt. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʨʠʩ. 7, ʥʘ ʢʦʪʦʨʦʤ ʩʨʘʚ-

ʥʠʚʘʶʪʩʷ ʚʨʝʤʷ ʠ ʩʧʠʨʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ, ʥʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʠʩʪʠʥʝ. ʋ ʧʨʦʩʪʨʘʥʩʪʚ (ὒȟὒȟὒȟ— ʠ 

ὼȟώȟᾀȟὸ ʥʝʪ ʚʟʘʠʤʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʠ ʥʝʪ ʟʘʚʠʩʠ-

ʤʦʩʪʠ — ʠ ὸ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʠʨʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʠ 
ʚʨʝʤʷ ʨʘʩʧʦʣʦʞʝʥʳ ʦʨʪʦʛʦʥʘʣʴʥʦ, ʥʦ ʥʝ ʧʘʨʘʣ-

ʣʝʣʴʥʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7. ʉʢʘʟʘʪʴ, ʯʪʦ ʤʘʪʝ-

ʨʠʥʩʢʠʝ ʤʘʩʩʳ ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ ʧʦ-

ʣʫʦʩʦʙʠ, ʟʥʘʯʠʪ ʥʝ ʩʢʘʟʘʪʴ ʥʠʯʝʛʦ. ʅʫʞʥʦ ʧʨʦʩʣʝ-

ʜʠʪʴ ʟʘ ʚʨʝʤʝʥʝʤ ʧʦʷʚʣʝʥʠʷ ʧʦʣʫʦʩʦʙʝʡ. ɺʝʜʫʱʫʶ 

ʧʦʣʫʦʩʦʙʴ (9) ʩʦʟʜʘʣʠ ʚʝʯʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʠ ʚ ʥʝʡ ʟʘ-

ʨʦʜʠʣʠʩʴ ʦʩʦʟʥʘʥʥʳʝ ʜʚʠʞʝʥʠʷ ʠ ʯʫʚʩʪʚʝʥʥʳʡ ʧʦ-

ʢʦʡ ï ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʟʘʨʦʞʜʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʞʠʟʥʠ ʦʩʦʙʠ. ʅʦ ʚʦʟʥʠʢʣʘ ʧʨʦ-

ʙʣʝʤʘ ï ʚʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ - ά

Í ȟm  "Ὡȟ( ὺ
ȟȟȟ

 Ὂ ȟ ȟȟ ȟ 

- ʚ ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ - ά

Í ȟm  "Ὡȟ( + ȟ ȟȟ Ὃ ȟȟȟ  

- ʥʝ ʤʦʞʝʪ ʟʘʚʝʨʰʠʪʴ ʧʦʣʥʳʡ ʮʠʢʣ 2p. ɺʝʯʥʳʝ ʜʚʠ-

ʛʘʪʝʣʠ ʩʛʝʥʝʨʠʨʦʚʘʣʠ ʩʠʤʤʝʪʨʠʯʥʫʶ, ʚʪʦʨʠʯʥʫʶ, 

çʦʩʦʙʴè, ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʝʨʚʠʯʥʦʡ 

çʦʩʦʙʠè. ʊʝʧʝʨʴ ʦʩʦʙʴ ʩʪʘʣʘ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʧʦʣʫ-

ʦʩʦʙʝʡ - ʚʝʜʫʱʝʡ ʠ ʚʝʜʦʤʦʡ, ʧʨʠʯʝʤ ʚʝʜʦʤʘʷ ʧʦʣʫ-

ʦʩʦʙʴ ʩʤʝʱʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʜʫʱʝʡ ʧʦʣʫʦʩʦʙʠ, 

ʢʘʢ ʧʦ ʚʨʝʤʝʥʠ Dt, ʪʘʢ ʠ ʧʦ ʩʧʠʨʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

DJ, ʛʜʝ Dt  DJ. ʀʤʝʝʪʩʷ ʪʨʠ ʚʘʨʠʘʥʪʘ ʩʚʷʟʠ ʚʝ-

ʜʦʤʦʡ ʠ ʚʝʜʫʱʝʡ ʧʦʣʫʦʩʦʙʝʡ ʚ ʦʩʦʙʠ. ʕʪʦʪ ʩʣʫʯʘʡ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 8. 

 

 
ʈʠʩ. 8(a, b, c, d). ɺʠʜʳ ʩʚʷʟʝʡ ʚʝʜʫʱʝʡ ʠ ʚʝʜʦʤʦʡ ʧʦʣʫʦʩʦʙʝʡ 

 

ʅʘ ʨʠʩ. 8(a) ʫʢʘʟʘʥʘ ʦʨʪʦʛʦʥʘʣʴʥʘʷ ʩʚʷʟʴ ʩʧʠ-

ʨʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ DJ ʩ ʚʨʝʤʝʥʝʤ Dt ʚ ʚʝʜʫʱʝʡ ʧʦ-

ʣʫʦʩʦʙʠ. ʆʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʦʟʥʘʯʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ. 

ʅʘ ʨʠʩ. 8(b) ʚʨʝʤʷ ʚʝʜʦʤʦʡ ʧʦʣʫʦʩʦʙʠ ʩʣʫʞʠʪ ʧʨʦ-

ʜʦʣʞʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚʝʜʫʱʝʡ ʧʦʣʫʦʩʦʙʠ, ʘ ʩʧʠʨʘʣʴ-

ʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʜʦʤʦʡ ʧʦʣʫʦʩʦʙʠ ʠʩʧʳʪʳʚʘʝʪ ʧʦʚʦ-

ʨʦʪ ʥʘ p ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʠʨʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʜʫ-

ʱʝʡ ʧʦʣʫʦʩʦʙʠ. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ, ʚ 

ʢʦʪʦʨʦʤ ʧʨʦʪʝʢʘʝʪ ʩʦʙʳʪʠʝ, ʠʤʝʝʪʩʷ ʟʥʘʯʝʥʠʝ ʢʨʠ-

ʚʠʟʥʳ ʠ ʟʥʘʯʝʥʠʝ ʩʧʠʨʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʪʦ ʝʩʪʴ 

ʠʤʝʝʪʩʷ ., ʚ ʢʦʪʦʨʦʡ ʟʘʧʠʩʘʥʳ ʢʨʠʚʠʟʥʘ ʠ ʩʧʠ-

ʨʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ: ὒȟὒȟὒȟJ . ʉʠʤʚʦʣ J ȟȟȟ  

ʦʟʥʘʯʘʝʪ ʤʛʥʦʚʝʥʥʫʶ ʩʧʠʨʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ, ʢʦʪʦʨʘʷ, ʦʜʥʘʢʦ, ʥʠʢʘʢ ʥʝ ʚʣʠ-
ʷʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʧʠʨʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ ὒȟὒȟὒȟ—. ʇʨʠʤʝʨʦʤ . ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὼȟώȟᾀȟὸ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ, ʥʘʧʨʠʤʝʨ, ʜʘʥʥʳʝ ʦ ʤʝ-

ʩʪʝ ʨʦʞʜʝʥʠʷ ʠ ʚʨʝʤʝʥʠ ʨʦʞʜʝʥʠʷ ʦʩʦʙʠ. ʅʘ ʨʠʩ. 

8(c) ʩʧʠʨʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʜʦʤʦʡ ʧʦʣʫʦʩʦʙʠ ʩʣʫ-

ʞʠʪ ʧʨʦʜʦʣʞʝʥʠʝʤ ʩʧʠʨʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʜʫʱʝʡ 

ʧʦʣʫʦʩʦʙʠ, ʘ ʚʨʝʤʷ ʚʝʜʦʤʦʡ ʧʦʣʫʦʩʦʙʠ ʠʩʧʳʪʳʚʘʝʪ 

ʧʦʚʦʨʦʪ ʥʘ p ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʠ ʚʝʜʫʱʝʡ ʧʦʣʫ-

ʦʩʦʙʠ. ɺʨʝʤʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ— ʦʟʥʘʯʘʝʪ 

ʚʨʝʤʷ ὸ, ʛʜʝ ὸ  ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ—, ʢʦʪʦʨʦʝ, ʦʜʥʘʢʦ, ʥʠʢʘʢ 

ʥʝ ʚʣʠʷʝʪ ʥʘ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὼȟώȟᾀȟὸ. ʅʘ ʨʠʩ. 8(d) ʩʧʠʨʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʠ ʚʨʝʤʷ 

ʚʝʜʦʤʦʡ ʧʦʣʫʦʩʦʙʠ ʩʣʫʞʘʪ ʧʨʦʜʦʣʞʝʥʠʷʤʠ ʩʧʠ-

ʨʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʚʝʜʫʱʝʡ ʧʦʣʫʦʩʦʙʠ. 

ʊʝʧʝʨʴ ʥʘʯʥʝʤ ʨʘʟʙʠʨʘʪʴʩʷ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʜʝʣʝ-

ʥʠʝʤ ʦʩʦʙʠ ʥʘ ʚʝʜʦʤʫʶ ʠ ʚʝʜʫʱʫʶ ʧʦʣʫʦʩʦʙʴ. 

ʈʦʞʜʝʥʠʝ ʚʝʜʫʱʝʡ ʠ ʚʝʜʦʤʦʡ ʧʦʣʫʦʩʦʙʠ ʚ ʦʩʦʙʠ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 8(b, c) ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʠʩ. 6, ʥʘ 

ʢʦʪʦʨʦʤ ʚʝʜʦʤʘʷ ʧʦʣʫʦʩʦʙʴ ʠʩʧʳʪʳʚʘʝʪ ʧʦʚʦʨʦʪ ʥʘ 

p ʣʠʙʦ ʩʧʠʨʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠJ ȟȟȟ, ʣʠʙʦ ʚʨʝʤʝʥʠ 



36 PHYSICS AND MATHEMATICS / ζColloquium - journal Ȼ#2 5(49),2019 

ὸ ȟ ȟȟ  ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʜʫʱʝʡ ʧʦʣʫʦʩʦʙʠ. ɼʝʣʝ-

ʥʠʝ ʦʩʦʙʠ ʥʘ ʚʝʜʫʱʫʶ ʠ ʚʝʜʦʤʫʶ ï ʝʩʪʴ ʪʝʯʝʥʠʷ 

ʞʠʟʥʠ, ʥʦ ʞʠʟʥʴ ʚ 8(b) ʠ 8(c) ʨʘʟʥʘʷ ʠ ʪʝʯʝʪ ʩʦʚʝʨ-

ʰʝʥʥʦ ʧʦ-ʨʘʟʥʦʤʫ. ʅʘ ʨʠʩ. 8(c) ʞʠʟʥʴ ʢʝʧʣʝʨʠʨʫʝʪ 

ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ὒȟὒȟὒȟ— ʩ ʧʦʚʦ-

ʨʦʪʦʤ ʥʘ p ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ, ʫʧʨʘʚʣʷʝʪ ʢʝʧʣʝʨʠ-

ʨʦʚʘʥʠʝʤ ʞʠʟʥʠ ʚʝʯʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ. 

ɺ 8(b) ʞʠʟʥʴ ʜʚʠʞʝʪʩʷ ʚʦ ʚʥʝʰʥʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ὼȟώȟᾀȟὸ ʩ ʧʦʚʦʨʦʪʦʤ ʥʘ p ʟʥʘʯʝʥʠʷ ʩʧʠʨʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ, ʫʧʨʘʚʣʷʝʪ ʜʚʠʞʝʥʠʝʤ ʞʠʟʥʠ ʚʝʯʥʳʡ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ. ɺʦ ʚʨʝʤʷ ʙʦʜʨʩʪʚʦʚʘʥʠʷ 

ʞʠʟʥʴ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ 

ὒȟὒȟὒȟ— ʠ ὼȟώȟᾀȟὸ ʩʨʘʟʫ, ʠ ʨʘʙʦʪʘʶʪ çʥʝʟʘ-

ʚʠʩʠʤʦè ʦʙʘ ʚʝʯʥʳʭ ʜʚʠʛʘʪʝʣʷ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʡ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʠ ʩʠʣʴʥʦ 

ʩʚʷʟʘʥʳ ʠ ʧʦʨʦʟʥʴ ʥʝ ʩʫʱʝʩʪʚʫʶʪ. ʂʘʞʜʳʡ ʜʚʠʛʘ-

ʪʝʣʴ ʜʝʣʘʝʪ ʩʚʦʶ ʨʘʙʦʪʫ, ʥʦ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʩʙʦʡ, 

ʢʦʛʜʘ ʚ ʥʘʙʦʨʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʢʣʝʪʦʢ 8(b), ʩ ʢʦʪʦ-

ʨʳʤʠ ʨʘʙʦʪʘʝʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʚʝʯʥʳʡ ʜʚʠʛʘʪʝʣʴ, 

ʚʜʨʫʛ ʧʦʷʚʠʪʩʷ ʯʫʞʝʨʦʜʥʘʷ ʢʣʝʪʢʘ, ʚ ʢʦʪʦʨʦʡ 

ʞʠʟʥʴ ʪʝʯʝʪ ʧʦ ʩʭʝʤʝ 8(c). ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʚʝʯʥʳʡ 

ʜʚʠʛʘʪʝʣʴ, ʩʚʷʟʘʥʥʳʡ ʩ ʪʝʯʝʥʠʝʤ ʞʠʟʥʠ ʧʦ ʩʭʝʤʝ 

8(b), ʥʝ ʟʥʘʝʪ, ʯʪʦ ʩ ʥʝʡ ʜʝʣʘʪʴ, ʠ, ʦʢʘʟʘʚʰʠʩʴ ʚ ʙʝʟ-

ʚʳʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʥ ʥʘʯʠʥʘʝʪ ʝʝ ʧʨʦʩʪʦ ʢʦʧʠ-

ʨʦʚʘʪʴ ʧʦ ʩʭʝʤʝ 8(d). ʅʘ ʨʠʩ. 8(d) ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ 

ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʝʜʦʤʘʷ ʧʦʣʫʦʩʦʙʴ, ʛʝʥʝʨʠʨʫʝʤʘʷ 

ʚʝʯʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʢʦʧʠʨʫʝʪ ʚʝʜʫʱʫʶ ʧʦʣʫʦʩʦʙʴ, 

ʠ ʧʦʣʫʯʘʶʪʩʷ ʜʚʝ ʚʝʜʫʱʠʝ ʧʦʣʫʦʩʦʙʠ, ʢʘʢ ʙʣʠʟ-

ʥʝʮʳ ï ʜʚʦʡʥʷʰʢʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʚʝ ʚʝʜʫʱʠʝ 

ʧʦʣʫʦʩʦʙʠ ʧʦ ʪʨʝʙʦʚʘʥʠʶ ʚʝʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʦʣʞʥʳ ʧʦʨʦʜʠʪʴ ʚʝʜʦʤʳʝ ʧʦʣʫ-

ʦʩʦʙʠ, ʯʪʦʙʳ ʟʘʚʝʨʰʠʪʴ ʧʦʣʥʳʡ ʮʠʢʣ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʦʩʦʟʥʘʥʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʠ ʯʫʚʩʪʚʝʥʥʳʤ ʧʦʢʦʝʤ. 

ʅʦ ʧʦʨʦʞʜʘʶʪʩʷ ʪʦʣʴʢʦ ʚʝʜʫʱʠʝ ʧʦʣʫʦʩʦʙʠ. ʇʨʦ-

ʮʝʩʩ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʚʝʜʫʱʠʭ ʥʝʟʘʚʝʨʰʝʥʥʳʭ ʧʦʣʫ-

ʦʩʦʙʝʡ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ: 

1, 2, 4, 8, 16, 32, 64, 128,.., n, ʛʜʝ n ï ʩʢʦʣʴ ʫʛʦʜʥʦ 

ʙʦʣʴʰʦʝ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ. ʅʘ ʤʝʜʠʮʠʥʩʢʦʤ 

ʷʟʳʢʝ, ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ ʜʝʣʝʥʠʠ ʙʠʦʢʣʝʪʦʢ, ʛʦʚʦ-

ʨʷʪ: ʚ ʦʩʦʙʠ ʦʙʨʘʟʦʚʘʣʘʩʴ ʟʣʦʢʘʯʝʩʪʚʝʥʥʘʷ ʦʧʫʭʦʣʴ. 

ʏʫʞʝʨʦʜʥʳʝ ʢʣʝʪʢʠ ʜʦʣʞʝʥ ʟʘʚʝʨʰʠʪʴ ʜʦ ʧʦʣʥʦʛʦ 

ʮʠʢʣʘ 2p ʚʝʯʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ, ʨʘʙʦ-

ʪʘʶʱʠʡ ʧʦ ʩʭʝʤʝ ʨʠʩ. 8(c), ʥʦ ʦʥ çʩʧʠʪè ʠ ʥʝ ʚʩʝʛʜʘ 

ʜʝʣʘʝʪ ʩʚʦʶ ʨʘʙʦʪʫ. ʊʦʛʜʘ ʪʨʘʛʝʜʠʷ ʥʝʠʟʙʝʞʥʘ, 

ʝʩʣʠ ʥʘ ʧʦʤʦʱʴ ʥʝ ʧʨʠʜʝʪ ʤʝʜʠʮʠʥʘ ʩʦ ʩʚʦʠʤ ʥʘʙʦ-

ʨʦʤ ʩʨʝʜʩʪʚ ʙʦʨʴʙʳ ʩ ʯʫʞʝʨʦʜʥʳʤʠ ʢʣʝʪʢʘʤʠ. ɺʘ-

ʨʠʘʥʪ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʧʦʣʥʦʛʦ ʮʠʢʣʘ 

ʞʠʟʥʠ ʯʫʞʝʨʦʜʥʦʡ ʢʣʝʪʢʠ ʚ ʦʩʦʙʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʧʨʠʨʦʜʝ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘʧʨʠʤʝʨ, ʚʦ 

ʚʨʝʤʷ ʙʝʨʝʤʝʥʥʦʩʪʠ, ʢʦʛʜʘ ʞʝʥʩʢʘʷ ʷʡʮʝʢʣʝʪʢʘ, ʦʙ-

ʣʘʜʘʶʱʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʣʠʚʘʝʪʩʷ 

ʩ ʤʫʞʩʢʠʤ ʩʧʝʨʤʘʪʦʟʦʡʜʦʤ, ʦʙʣʘʜʘʶʱʠʤ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠ ʟʘʨʦʞʜʘʝʪʩʷ ʯʫʞʝʨʦʜʥʘʷ 

ʚʝʜʫʱʘʷ ʧʦʣʫʦʩʦʙʴ, ʪʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʞʠʟʥʠ ʥʠ-

ʢʘʢʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʮʠʢʣʘ 2p ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺʝʜʦ-

ʤʘʷ ʧʦʣʫʦʩʦʙʴ ʩʥʘʯʘʣʘ ʢʦʧʠʨʫʝʪ ʚʝʜʫʱʫʶ ʧʦʣʫ-

ʦʩʦʙʴ ʧʦ ʩʭʝʤʝ ʥʘ ʨʠʩ. 8(d) ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ ʢʘʞʜʘʷ 

ʠʟ ʥʠʭ ʟʘʚʝʨʰʘʝʪʩʷ ʜʦ ʧʦʣʥʦʪʳ ʧʦ ʩʭʝʤʝ 8(c) 

çʧʨʦʩʥʫʚʰʠʤʩʷè ʚʝʯʥʳʤ ʜʚʠʛʘʪʝʣʝʤ. ʅʘ ʚʳʭʦʜʝ - 

ʙʣʠʟʥʝʮʳ-ʜʚʦʡʥʷʰʢʠ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ 

ʩʧʠʨʘʣʴʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ: DJ ʠ DJ. ʇʨʝʚʨʘʱʝʥʠʝ 
ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʦʧʫʭʦʣʠ ʚ ʥʝʟʣʦʢʘʯʝʩʪʚʝʥʥʫʶ 

ʦʧʫʭʦʣʴ ʚ ʦʩʦʙʠ ï ʧʨʦʙʣʝʤʘ ʯʠʩʪʦ ʬʠʟʠʯʝʩʢʘʷ. ɼʘ ʠ 

ʩʘʤʘ ʚʥʫʪʨʝʥʥʷʷ ʞʠʟʥʴ ï ʯʠʩʪʘʷ ʬʠʟʠʢʘ. ʊʦʣʴʢʦ ʥʝ 

ʥʫʞʥʦ ʧʫʪʘʪʴ ʬʠʟʠʢʫ ʚʥʫʪʨʝʥʥʝʡ ʞʠʟʥʠ ʩ ʩʦʮʠʘʣʴ-

ʥʦʡ ʚʥʝʰʥʝʡ ʞʠʟʥʴʶ, ʚ ʢʦʪʦʨʦʡ ʨʦʣʴ ʩʦʙʩʪʚʝʥʥʦʡ 

ʛʨʘʚʠʪʘʮʠʠ ʠʛʨʘʝʪ ʩʦʙʩʪʚʝʥʥʘʷ ʵʢʦʥʦʤʠʢʘ, ʘ ʬʫʥʢ-

ʮʠʠ ʚʳʥʫʞʜʝʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠʭʦ-

ʜʷʪʩʷ ʥʘ ʚʳʥʫʞʜʝʥʥʦʝ ʧʦʣʠʪʠʯʝʩʢʦʝ ʧʦʣʝ. ɾʠʟʥʴ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩ ʧʦʤʦʱʴʶ ʯʝʪʳʨʝʭ ʚʳʥʫʞʜʝʥʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ: ʤʘʛʥʠʪʥʦʝ, ʨʦʜʠʦʥʦʚʦ, ʧʦʣʝ ʪʷ-

ʛʦʪʝʥʠʷ, ʧʦʣʝ ʩʠʣʳ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʧʦʣʝ ʪʷʛʦʪʝ-

ʥʠʷ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ, ʘ ʨʦʜʠʦʥʦʚʦ ʧʦʣʝ ʠ ʧʦʣʝ ʩʠʣʳ 

ʩʢʨʳʪʳ. ʅʘʧʨʘʰʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ï ʯʝʤ ʬʠʟʠʢʘ 

ʞʠʟʥʠ ʦʩʦʙʠ ʬʘʫʥʳ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʠʟʠʢʠ ʞʠʟʥʠ 

ʦʩʦʙʠ ʬʣʦʨʳ? ʇʨʘʢʪʠʯʝʩʢʠ ʥʠʯʝʤ. ʈʘʟʥʠʮʘ ʪʦʣʴʢʦ 

ʚ ʜʚʫʭ ʩʦʩʪʦʷʥʠʷʭ ï ʙʦʜʨʩʪʚʦʚʘʥʠʝ ʚʦ ʚʥʝʰʥʝʤ ʠ ʚʦ 

ʚʥʫʪʨʝʥʥʝʤ ʤʠʨʝ. ʆʩʦʙʴ ʬʘʫʥʳ ʚʦ ʚʨʝʤʷ ʙʦʜʨʩʪʚʦ-

ʚʘʥʠʷ ʚʳʨʘʞʝʥʘ ʚʳʥʫʞʜʝʥʥʳʤʠ ʦʩʦʟʥʘʥʥʳʤʠ ʜʚʠ-

ʞʝʥʠʷʤʠ ʚʦ ʚʥʝʰʥʝʤ ʤʠʨʝ ὼȟώȟᾀȟὸ, ʘ ʯʪʦ ʜʝʣʘʝʪʩʷ 

ʚ ʝʛʦ ʚʥʫʪʨʝʥʥʝʤ ʤʠʨʝ, ʝʝ ʥʝ çʠʥʪʝʨʝʩʫʝʪè, ʠ ʦʥʘ 

ʥʠʯʝʛʦ ʥʝ ʟʥʘʝʪ, ʢʨʦʤʝ ʩʦʙʩʪʚʝʥʥʳʭ ʯʫʚʩʪʚ. ʅʘʫʢʘ 

ʠʩʢʣʶʯʘʝʪʩʷ. ʆʩʦʙʴ ʬʣʦʨʳ ʚ ʙʦʜʨʩʪʚʫʶʱʝʤ ʩʦʩʪʦ-

ʷʥʠʠ ʚʳʨʘʞʝʥʘ ʯʫʚʩʪʚʝʥʥʳʤ ʧʦʢʦʝʤ ʚʦ ʚʥʫʪʨʝʥʥʝʤ 

ʤʠʨʝ ὒȟὒȟὒȟ—, ʘ ʯʪʦ ʜʝʣʘʝʪʩʷ ʚʦ ʚʥʝʰʥʝʤ 

ʤʠʨʝ, ʜʣʷ ʥʝʝ ʪʘʡʥʘ, ʢʨʦʤʝ ʚʥʝʰʥʠʭ ʯʫʚʩʪʚ. ɺʝʪʝʨ 

ʤʦʞʝʪ ʨʘʩʢʘʯʠʚʘʪʴ ʦʩʦʙʴ ʬʣʦʨʳ ʚʦ ʚʩʝ ʩʪʦʨʦʥʳ, 

ʦʩʦʙʴ ʯʫʚʩʪʚʫʝʪ ʚʩʝ ʵʪʦ, ʥʦ ʥʠʯʝʛʦ ʠʟʤʝʥʠʪʴ ʥʝ ʤʦ-

ʞʝʪ, ʪʘʢ ʢʘʢ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʰʝʥʘ ʚʳʥʫʞʜʝʥʥʳʭ 

ʜʚʠʞʝʥʠʡ. ʆʩʦʙʴ ʬʣʦʨʳ ï ʯʫʚʩʪʚʝʥʥʳʡ ʧʦʢʦʡ, 

ʦʩʦʙʴ ʬʘʫʥʳ ï ʦʩʦʟʥʘʥʥʳʝ ʜʚʠʞʝʥʠʷ. ʏʫʚʩʪʚʝʥʥʳʡ 

ʧʦʢʦʡ ʠ ʦʩʦʟʥʘʥʥʳʝ ʜʚʠʞʝʥʠʷ ï ʘʙʩʦʣʶʪʥʦ ʨʘʟʥʳʝ 

ʚʝʱʠ, ʥʦ ʩʠʣʴʥʦ ʩʚʷʟʘʥʳ, ʚʟʘʠʤʥʦ ʫʧʨʘʚʣʷʶʪ ʜʨʫʛ 

ʜʨʫʛʦʤ ʠ ʧʦʨʦʟʥʴ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝ ʤʦʛʫʪ. ʏʝʤ ʟʘʤʝ-

ʯʘʪʝʣʴʥʳ ʚʝʯʥʳʝ ʜʚʠʛʘʪʝʣʠ? ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦ-

ʩʣʝʜʠʪʴ ʟʘ ʧʦʷʚʣʝʥʠʝʤ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ 

ʞʠʟʥʠ ʦʩʦʙʠ ʚ ʮʝʣʦʤ. ɺ ʤʝʜʠʮʠʥʝ ʟʥʘʶʪ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʦʨʛʘʥʘ, ʥʦ ʥʝ ʧʦʥʠʤʘʶʪ, ʢʘʢ ʵʪʦ 

ʚʩʝ ʨʘʙʦʪʘʝʪ ʚ ʮʝʣʦʤ. ɺ ʤʝʭʘʥʠʢʝ ʚʥʫʪʨʝʥʥʝʛʦ ʤʠʨʘ 

ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʩʥʷʪʘ. ʂʨʦʤʝ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʦʨ-

ʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ, ʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʨʘʙʦʪʫ ʣʶʙʦʛʦ ʦʨʛʘʥʘ ʚ ʦʩʦʙʠ. ʆʩʦʙʴ ʥʝ ʦʙʷ-

ʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʙʳʪʴ ʯʝʣʦʚʝʢʦʤ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ, 

ʥʘʧʨʠʤʝʨ, ʘʪʦʤ, ʤʦʣʝʢʫʣʘ, ʧʣʘʥʝʪʘ ɿʝʤʣʷ, ʉʦʣʥʝʯ-

ʥʘʷ ʩʠʩʪʝʤʘ, ʅʘʰʘ ʛʘʣʘʢʪʠʢʘ, ʨʫʩʩʢʘʷ ʙʝʨʝʟʘ.  

ʂʘʞʜʳʡ ʠʟ ʩʦʤʥʝʚʘʶʱʠʭʩʷ ʚ ʚʝʯʥʳʭ ʜʚʠʛʘʪʝ-

ʣʷʭ ʥʝʧʨʝʤʝʥʥʦ ʚʝʨʠʪ ʚʦ ɺʩʝʚʳʰʥʝʛʦ, ʢʦʪʦʨʳʡ, 

ʷʢʦʙʳ, ʤʦʞʝʪ çʚʩʝè. ʊʘʢ ʚʦʪ ʚʝʯʥʳʝ ʜʚʠʛʘʪʝʣʠ ï ʠ 

ʝʩʪʴ ʪʦʪ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ, çɺʩʝʚʳʰʥʠʡè, ʢʦʪʦʨʳʡ 

ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʥʠʯʝʛʦ ʥʝ ʤʦʞʝʪ, ʢʨʦʤʝ ʪʫʧʦʛʦ ʚʦʩ-

ʧʨʦʠʟʚʦʜʩʪʚʘ: 

1. ɺʝʯʥʦʡ ʞʠʟʥʠ, ʢʦʪʦʨʘʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʙʝʩ-

ʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʢʦʥʝʯʥʳʭ ʞʠʟʥʝʡ ʠ ʚʠʜʦʚ 

ʞʠʟʥʠ. 

2.ɺʝʯʥʡ ʣʶʙʚʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʙʝʩʢʦʥʝʯ-

ʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʢʦʥʝʯʥʳʭ ʯʫʚʩʪʚ ʠ ʚʠʜʦʚ ʣʶʙʚʠ. 

ʅʘʯʘʣʦ. ʄʘʣʝʥʴʢʠʝ ʠ ʙʦʣʴʰʠʝ ʪʨʘʛʝʜʠʠ.  

ʋʤʝʩʪʥʦ ʩʢʘʟʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʣʦʚ ʦʙ çʆʙʱʝʡ 

ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè. ɺ ʥʘʫʢʝ ʪʝʦʨʝʪʠʢʠ ʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʪʦʨʳ ʯʘʩʪʦ ʧʨʠʙʝʛʘʶʪ ʢ ʟʘʱʠʪʝ ʩʚʦʠʭ 

ʬʘʥʪʘʟʠʡ, ʩʩʳʣʘʷʩʴ ʥʘ ʦʧʳʪ ʛʝʥʠʷ, ʥʘ ʚʳʚʦʜʳ ʠʟ 

çʆʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè ʕʡʥʰʪʝʡʥʘ. ʊʘ-

ʢʠʤʠ ʬʘʥʪʘʟʠʷʤʠ ʩʣʫʞʘʪ, ʥʘʧʨʠʤʝʨ, ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʳʝ ʚʦʣʥʳ, ʠʜʫʱʠʝ ʠʟ ʢʦʩʤʦʩʘ. ʆʙʱʘʷ ʪʝʦʨʠʷ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʩʘʤʦʛʦ ʕʡʥʰʪʝʡʥʘ ʥʘ ʩʘʤʦʤ 



ζColloquium - journal Ȼ#2 5(49),2019 / PHYSICS AND MATHEMATICS 37 

ʜʝʣʝ ʙʳʣʘ ʪʨʘʛʝʜʠʝʡ. ʊʨʘʛʝʜʠʷ ʕʡʥʰʪʝʡʥʘ ʚ ʪʦʤ, 

ʯʪʦ ʦʥ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 30- ʣʝʪʥʝʛʦ ʪʨʫʜʘ ʩ ʧʦʤʦʱʴʶ 

ʩʣʦʞʥʝʡʰʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʳʪʘʣʩʷ ʩʧʝ-

ʮʠʘʣʴʥʫʶ ʪʝʦʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʧʨʝʚʨʘʪʠʪʴ ʚ 

ʦʙʱʫʶ ʪʝʦʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʩ ʫʯʝʪʦʤ çʛʨʘʚʠʪʘ-

ʮʠʦʥʥʦʛʦè ʧʦʣʷ, ʥʝ ʟʥʘʷ ʥʠʯʝʛʦ ʥʠ ʦ ʛʨʘʚʠʪʘʮʠʠ, ʥʠ 

ʦ ʤʝʭʘʥʠʢʝ ʚʥʫʪʨʝʥʥʝʛʦ ʤʠʨʘ [3]. ʕʡʥʰʪʝʡʥ ʥʝ 

ʩʧʨʘʚʠʣʩʷ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʠʤ ʧʨʦʙʣʝʤʦʡ, ʥʦ ʦʥ ʦʟʘ-

ʜʘʯʠʣ ʥʘʫʢʫ ʚʦʧʨʦʩʦʤ ï ʯʪʦ ʪʘʢʦʝ ʛʨʘʚʠʪʘʮʠʷ? ʇʨʘ-

ʚʠʣʴʥʦ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ ï ʠʥʦʛʜʘ ʧʦʣʦʚʠʥʘ ʨʝ-

ʰʝʥʠʷ ʟʘʜʘʯʠ. ʊʨʘʛʝʜʠʷ ʕʡʥʰʪʝʡʥʘ ʝʱʝ ʠ ʚ ʪʦʤ, 

ʯʪʦ ʫ ʥʝʛʦ ʙʳʣʘ çʧʣʦʭʘʷè ʥʘʮʠʦʥʘʣʴʥʦʩʪʴ - ʠ 

ʪʦʣʴʢʦ ʙʝʛʩʪʚʦ ʟʘ ʛʨʘʥʠʮʫ ʩʧʘʩʣʦ ʝʤʫ ʞʠʟʥʴ. ʋ ʤʥʦ-

ʛʠʭ ʪʘʣʘʥʪʣʠʚʳʭ ʩʦʚʝʪʩʢʠʭ ʫʯʝʥʳʭ ʪʦʞʝ ʙʳʣʠ 

çʧʣʦʭʠʝè ʘʥʘʣʠʟʳ, ʠ ʦʥʠ ʧʨʦʰʣʠ ʯʝʨʝʟ ʧʳʪʢʠ ʠ 

ʪʶʨʴʤʳ, ʥʝʢʦʪʦʨʳʝ ʦʪʪʫʜʘ ʥʝ ʚʝʨʥʫʣʠʩʴ, ʠ ʪʦʣʴʢʦ 

ʧʘʜʝʥʠʝ ʠʤʧʝʨʠʠ ʩʧʘʩʣʦ ʘʚʪʦʨʫ ʞʠʟʥʴ, ʭʦʪʷ ʨʘʩʧʘʜ 

ʠʤʧʝʨʠʠ ï ʙʦʣʴʰʘʷ ʪʨʘʛʝʜʠʷ. ɺʝʣʠʯʘʡʰʠʡ ʛʝʥʠʡ 

ʯʝʣʦʚʝʯʝʩʪʚʘ ʀʦʛʘʥʥ ʂʝʧʣʝʨ (1571-1630), ʥʘ ʧʷʪʴ 

ʩʪʦʣʝʪʠʡ ʦʧʝʨʝʜʠʚʰʠʡ ʚʨʝʤʷ, ʫʤʝʨ ʚ ʩʪʨʘʰʥʦʡ ʥʠ-

ʱʝʪʝ. ʏʪʦʙʳ ʙʳʪʴ ʙʦʛʘʪʳʤ ʠ ʫʩʧʝʰʥʳʤ, ʥʝʜʦʩʪʘ-

ʪʦʯʥʦ ʣʶʙʠʪʴ ʨʦʜʠʥʫ ʠ ʨʘʙʦʪʘʪʴ ʜʥʝʤ ʠ ʥʦʯʴʶ ʚʦ 

ʠʤʷ ʝʝ ʚʝʣʠʯʠʷ. ʅʫʞʥʦ ʫʤʝʪʴ ʧʦʜʥʠʤʘʪʴ çʭʚʦʩʪè ʫ 

ʯʠʥʦʚʥʠʢʘ ʠ, ʧʨʝʦʜʦʣʝʚʘʷ ʦʪʚʨʘʱʝʥʠʝ, ʚʦʩʭʠ-

ʱʘʪʴʩʷ ʝʛʦ ʧʨʝʣʝʩʪʷʤʠ. ʋ ʪʘʣʘʥʪʣʠʚʳʭ ʣʶʜʝʡ ʜʣʷ 

ʣʠʮʝʤʝʨʠʷ ʥʝʪ ʚʨʝʤʝʥʠ, ʜʘ ʠ ʦ ʜʝʥʴʛʘʭ ʜʫʤʘʪʴ ʪʦʞʝ 

ʥʝʢʦʛʜʘ, ʞʠʚʫʪ ʩ çʤʦʣʥʠʝʡè. ʉ ʧʦʟʠʮʠʡ ʦʯʝʥʴ ʫʤ-

ʥʦʛʦ ʯʝʣʦʚʝʢʘ ʵʪʦ ʥʝʜʦʧʫʩʪʠʤʦʝ ʣʝʛʢʦʤʳʩʣʠʝ ʠ 

ʙʝʟʫʤʠʝ. ʂ ʩʦʞʘʣʝʥʠʶ, ʪʘʣʘʥʪʣʠʚʳʝ ʣʶʜʠ ʥʝ ʦʪʥʦ-

ʩʷʪʩʷ ʢ ʦʯʝʥʴ ʫʤʥʳʤ ʣʶʜʷʤ. ʊʘʣʘʥʪ ʠ ʫʤ ï ʨʘʟʥʳʝ 

ʚʝʱʠ, ʚʟʘʠʤʥʦ ʥʝ ʟʘʤʝʥʷʝʤʳʝ, ʥʦ ʩʠʣʴʥʦ ʩʚʷʟʘʥʳ ʠ 

ʧʦʨʦʟʥʴ ʥʝ ʩʫʱʝʩʪʚʫʶʪ. ʋʤ ʨʘʙʦʪʘʝʪ ʩ ʧʦʣʥʦʪʦʡ 

ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʟʜʨʘʚʦʛʦ ʩʤʳʩʣʘ, 

ʝʤʫ ʧʨʠʥʘʜʣʝʞʠʪ ʟʦʣʦʪʦ ʠ ʚʣʘʩʪʴ ï ʪʘʣʘʥʪ ʙʝʩʧʝ-

ʯʝʥ, ʦʥ ʢʦʤʬʦʨʪʥʦ ʯʫʚʩʪʚʫʝʪ ʩʝʙʷ ʚ ʦʙʣʘʩʪʠ ʥʝʜʦ-

ʩʪʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʟʜʨʘ-

ʚʦʛʦ ʩʤʳʩʣʘ, ʛʜʝ ʦʪʳʩʢʠʚʘʶʪʩʷ ʥʦʚʳʝ ʟʥʘʥʠʷ, ʥʦ 

ʛʜʝ ʣʝʛʢʦ ʦʩʪʫʧʠʪʴʩʷ, ʠ ʢʫʜʘ ʦʯʝʥʴ ʫʤʥʦʛʦ ʠ ʢʘʣʘ-

ʯʦʤ ʥʝ ʟʘʤʘʥʠʰʴ. ɺʦ ʚʩʝ ʚʨʝʤʝʥʘ ʠ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ 

ʢ ʪʘʣʘʥʪʣʠʚʳʤ ʫʯʝʥʳʤ ʦʪʥʦʩʠʣʠʩʴ, ʤʷʛʢʦ ʛʦʚʦʨʷ, 

ʧʣʦʭʦ. ʀ ʪʦʣʴʢʦ ɸʣʴʬʨʝʜ ʅʦʙʝʣʴ (1833-1896) ʢʘʨ-

ʜʠʥʘʣʴʥʦ ʠʟʤʝʥʠʣ ʫʩʪʦʷʚʰʝʝʩʷ ʦʪʥʦʰʝʥʠʝ ʢ ʪʘʣʘʥ-

ʪʘʤ. ɺ ʩʚʦʝʤ ʟʘʚʝʱʘʥʠʠ ɸ. ʅʦʙʝʣʴ ʧʦʚʝʣʝʣ ʥʘʛʨʘʞ-

ʜʘʪʴ ʧʝʨʚʦʧʨʦʭʦʜʮʝʚ ʚ ʥʘʫʢʝ ʤʘʪʝʨʠʘʣʴʥʦ ʠ ʥʘ 

ʆʣʠʤʧʝ ʩʣʘʚʳ ʧʠʩʘʪʴ ʠʭ ʠʤʝʥʘ. ʂʦʥʝʮ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʬʠʟʠʢʘ ʟʘʨʦʜʠʣʘʩʴ ʠʟ ʤʝʭʘʥʠʢʠ 

ʅʴʶʪʦʥʘ. ɽʩʪʴ ʝʱʝ ʢʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ, ʦʥʘ ʨʘʩʧʦʣʘ-

ʛʘʝʪʩʷ ʛʜʝ-ʪʦ ʤʝʞʜʫ ʤʝʭʘʥʠʢʦʡ ʅʴʶʪʦʥʘ ʠ ʤʝʭʘʥʠ-

ʢʦʡ ʂʝʧʣʝʨʘ, ʦʥʘ ʦʧʠʩʳʚʘʝʪ ʢʘʢʦʡ-ʪʦ ʥʘʜʫʤʘʥʥʳʡ 

ʤʠʨ, ʢʦʪʦʨʦʡ ʚ ʧʨʠʨʦʜʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʢʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ ʚ ʘʥʘʣʠʟʝ ʚʝʯʥʳʭ ʜʚʠʛʘ-

ʪʝʣʝʡ ʦʧʫʱʝʥʘ, ʢʘʢ ʣʦʞʥʘʷ ʥʘʫʢʘ. ʅʦ, ʧʘʨʘʜʦʢʩ - ʥʘ 

ʷʟʳʢʝ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʥʳʥʝ ʛʦʚʦʨʠʪ ʚʝʩʴ ʥʘʫʯ-

ʥʳʡ ʤʠʨ. ɺ ʤʝʭʘʥʠʢʝ ʅʴʶʪʦʥʘ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʚʳʥʫʞʜʝʥʥʦʡ ʵʥʝʨʛʠʠ ʠ ʝʝ ʩʚʦʡʩʪʚʘʤ. ɺ 

ʚʳʥʫʞʜʝʥʥʦʡ ʞʠʟʥʠ, ʚʳʨʘʞʝʥʥʦʡ ʩʦʙʩʪʚʝʥʥʦʡ 

ʛʨʘʚʠʪʘʮʠʝʡ, ʚʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ ï ʵʪʦ ɺʩʝ! ʅʘ 

ʩʘʤʦʤ ʜʝʣʝ ʚʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʙʝʟ ʚʳʥʫʞʜʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ. ʅʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʝʩʪʝʩʪʚʦʟʥʘʥʠʠ ʧʦʢʘ ʤʝʩʪʘ ʥʝʪ ʥʠ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦʡ 

ʛʨʘʚʠʪʘʮʠʠ, ʥʠ ʜʣʷ ʚʳʥʫʞʜʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ. ɸ 

ʤʝʞʜʫ ʪʝʤ ʧʦ ʤʦʜʫʣʶ ʛʨʘʚʠʪʘʮʠʷ ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ 

ʵʥʝʨʛʠʠ: 50% ʥʘ 50%. ɺʦʟʴʤʝʤ, ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʡ ʬʦʪʦʥ ʵʥʝʨʛʠʠ. ɺ ʥʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʧʦʣʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ, ʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦʝ. ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʚʨʘʱʘʪʝʣʴʥʦʝ, ʦʥʦ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʥʘʧʨʘʚʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʚʝʢʪʦʨʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʩ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦ-

ʩʪʴʶ. ɺ ʙʘʨʠʦʥʦʨʦʜʠʦʥʦʚʦʤ ʬʦʪʦʥʝ ʛʨʘʚʠʪʘʮʠʠ ʙʘ-

ʨʠʦʥʥʦʝ ʧʦʣʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ, ʘ ʨʦʜʠʦʥʦʚʦ ʧʦʣʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʦʣʝ ʩʪʘʙʠʣʠʟʠ-

ʨʫʝʪ ʘʙʩʦʣʶʪʥʫʶ ʢʝʧʣʝʨʠʶ ʙʘʨʠʦʥʥʦʛʦ ʧʦʣʷ, ʪʦ 

ʝʩʪʴ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʘʙʩʦʣʶʪʥʳʡ ʧʦʢʦʡ ʢʚʘʥʪʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ. ʏʝʤ ʞʝ ʦʪʣʠʯʘʝʪʩʷ ʤʝʭʘ-
ʥʠʢʘ ʂʝʧʣʝʨʘ ʦʪ ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ? ʆʪʚʝʪ: ʚʥʫʪ-

ʨʝʥʥʝʡ ʞʠʟʥʴʶ. ɺ ʤʝʭʘʥʠʢʝ ʅʴʶʪʦʥʘ ʮʝʥʪʨʦʤ ʠʟʫ-

ʯʝʥʠʷ ʩʣʫʞʠʪ ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ, ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ 

ʤʘʩʩʳ ʠ ʚʳʥʫʞʜʝʥʥʘʷ ʵʥʝʨʛʠʷ. ɽʩʣʠ ʚ ʪʝʣʝ ʚʟʷʪʴ 

ʮʝʥʪʨ ʠʥʝʨʮʠʠ, ʧʦʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʥʝʛʦ ʚʥʝʰʥʝʡ ʩʠ-

ʣʦʡ, ʪʦ ʪʝʣʦ ʥʘʯʥʝʪ ʜʚʠʛʘʪʴʩʷ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ. ɽʩʣʠ ʢ ʜʚʠʞʫʱʝʤʫʩʷ ʪʝʣʫ ʜʦʙʘʚʠʪʴ ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʪʦ ʪʝʣʦ ʥʘʯʥʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʥʝʤ ʧʨʦʛʨʘʤʤʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʅʦ ʧʨʠ ʣʶʙʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʵʪʦ ʙʫʜʝʪ ʥʝʞʠʚʦʝ 

ʪʝʣʦ, ʥʝʞʠʚʘʷ ʤʘʰʠʥʘ, ʪʘʢ ʢʘʢ ʚ ʥʝʡ ʦʙʤʝʥʠʚʘʶʪʩʷ 

ʪʦʣʴʢʦ ʩʦʮʠʘʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʩ ʩʦʮʠʘʣʴʥʳʤ ʤʳʰ-

ʣʝʥʠʝʤ ʠ ʦʪʩʫʪʩʪʚʫʶʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʯʫʚʩʪʚʘ ʩ ʝʩʪʝ-

ʩʪʚʝʥʥʳʤ ʤʳʰʣʝʥʠʝʤ. ɺ ʤʝʭʘʥʠʢʝ ʂʝʧʣʝʨʘ ʠʥʝʨʪ-

ʥʘʷ ʤʘʩʩʘ ʟʘʤʝʥʝʥʘ ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ. ɺʳ-

ʥʫʞʜʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʷ ʤʦʞʝʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʚʦ 

ʚʥʫʪʨʝʥʥʶʶ ʞʠʟʥʴ, ʘ ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ ʥʝ ʤʦʞʝʪ. ɺ 

ʤʝʭʘʥʠʢʝ ʅʴʶʪʦʥʘ ʞʠʟʥʴʶ ʩʯʠʪʘʶʪ ʪʦʣʴʢʦ ʟʝʤʥʫʶ 

ʬʣʦʨʫ ʠ ʬʘʫʥʫ, ʥʦ ʚʩʝʛʜʘ ʩʪʘʚʠʪʩʷ ʚʦʧʨʦʩ ï ʯʪʦ ʪʘ-

ʢʦʝ ʞʠʟʥʴ? ʇʘʨʘʜʦʢʩ - ʠʱʝʤ ʞʠʟʥʴ ʚ ʢʦʩʤʦʩʝ, ʥʦ ʥʝ 

ʟʥʘʝʤ, ʯʪʦ ɻ ʪʦ ʪʘʢʦʝ. ɺ ʤʝʭʘʥʠʢʝ ʂʝʧʣʝʨʘ ʠʟʫʯʘʝʪʩʷ 

ʚʥʫʪʨʝʥʥʷʷ ʞʠʟʥʴ. ʇʦʜ ʩʣʦʚʦʤ ʛʨʘʚʠʪʘʮʠʷ ʧʦʜʨʘʟʫ-

ʤʝʚʘʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʞʠʟʥʴ ʧʨʠʨʦʜʳ. ʉ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʜ ʣʶʙʳʤ ʘʪʦʤʦʤ, ʤʦʣʝʢʫʣʦʡ, 

ʧʣʘʥʝʪʦʡ, ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʦʡ, ʅʘʰʝʡ ʛʘʣʘʢʪʠʢʦʡ, 

ɺʩʝʣʝʥʥʦʡ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ, ʥʘʜʝ-

ʣʝʥʥʳʡ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʞʠʟʥʴʶ.  

ɿʘʨʦʞʜʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʞʠʟʥʠ. ʇʫʩʪʴ ʚʝʯʥʳʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʠ ʚʝʯʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʚʠʛʘ-

ʪʝʣʠ ʥʘʯʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ, ʨʠʩ. 1. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (1) ʦʙʨʘʟʦ-

ʚʘʣʩʷ çʧʝʨʚʠʯʥʳʡè ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʟʨʳʚ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ὼȟώȟᾀȟὸ ʠ çʧʝʨʚʠʯʥʳʡè 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʚʟʨʳʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

(ὒȟὒȟὒȟ—), ʟʘʨʦʜʠʣʘʩʴ ʠʥʝʨʪʥʘʷ ʠ ʪʷʛʦʪʝʶʱʘʷ 

ʤʘʩʩʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʚʳʥʫʞʜʝʥʥʦʡ ʵʥʝʨʛʠʝʡ ʠ ʚʳʥʫʞ-

ʜʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʝʨʪʥʦʡ ʠ ʪʷʛʦʪʝʶʱʝʡ ʤʘʩʩʳ ʦʙ-

ʨʘʟʦʚʘʣʠʩʴ ʩʠʣʴʥʳʝ ʷʜʝʨʥʳʝ ʩʚʷʟʠ ʠ ʚʥʝʰʥʠʝ ʘʪʦʤ-

ʥʳʝ ʩʚʷʟʠ, ʧʦʨʦʞʜʝʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʙʘʨʠʦʥ-

ʥʳʤʠ ʤʝʤʙʨʘʥʘʤʠ, ʠʥʝʨʪʥʳʤʠ ʠ ʪʷʛʦʪʝʶʱʠʤʠ 

ʥʝʡʪʨʦʥʘʤʠ. ɾʠʟʥʴ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʵʚʦʣʶʮʠʠ. 

ʇʨʦʰʣʠ ʤʠʣʣʠʘʨʜʳ ʟʝʤʥʳʭ ʣʝʪ ï ʟʘʨʦʜʠʣʘʩʴ ʞʠʚʘʷ 

ʉʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ ʠ ʞʠʚʘʷ ʧʣʘʥʝʪʘ ɿʝʤʣʷ, ʥʘ ʢʦʪʦ-

ʨʦʡ ʟʘʨʦʜʠʣʘʩʴ ʫʛʣʝʚʦʜʦʨʦʜʥʘʷ ʞʠʟʥʴ ʚ ʚʠʜʝ 

ʬʣʦʨʳ ʠ ʬʘʫʥʳ. ɺʠʜʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʢʦʥʝʯʥʦʡ 

ʞʠʟʥʠ ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ, ʢʘʞʜʳʡ ʚʠʜ ʨʘʟ-

ʥʠʪʩʷ ʢʨʠʚʠʟʥʦʡ ʩʧʠʨʘʣʝʡ. ʉʨʝʜʠ ʙʝʩʢʦʥʝʯʥʦʛʦ 

ʤʥʦʞʝʩʪʚʘ ʬʘʫʥʳ ʚʳʜʝʣʷʝʪʩʷ ʯʝʣʦʚʝʢ ʩʦ ʩʚʦʝʦʙ-

ʨʘʟʥʦʡ ʢʨʠʚʠʟʥʦʡ ʩʧʠʨʘʣʝʡ. ʉʠʣʴʥʳʝ ʷʜʝʨʥʳʝ 

ʩʚʷʟʠ ʫ ʬʣʦʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ, ʘ 
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ʫ ʬʘʫʥʳ ʚʥʫʪʨʠ, ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʢʝʣʝʪ. ɸʪʦʤ-

ʥʳʝ ʩʚʷʟʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʤʳʰʝʯʥʫʶ ʩʚʷʟʴ. ʉʢʝʣʝʪ 

ʠ ʤʳʰʮʳ ʚ ʦʩʦʙʠ ʩʚʷʟʘʥʳ ʚ ʦʜʥʦ ʮʝʣʦʝ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʦʪʢʨʳʪʠʷ, ʢʦʪʦʨʳʝ ʜʘʚʥʦ ʣʠʙʦ ʟʘʙʳʪʳ, ʣʠʙʦ ʥʝʠʟʚʝʩʪʥʳ ʚ 

ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ: ʚ ɸʥʛʣʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʚ ʢʦʥʮʝ ʜʝʚʷʪʥʘʜʮʘʪʦʛʦ ʚʝʢʘ, ʘ ʚ ʈʦʩʩʠʠ ʪʝʭʥʠʯʝʩʢʠ, ʚ ʥʘʯʘʣʝ 

ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʷ: ʠʟ ʯʘʩʪʥʳʭ ʞʫʨʥʘʣʦʚ ʠ ʘʨʭʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ɸʥʛʣʠʠ, ʘ ʪʘʢʞʝ ʈʦʩʩʠʠ, ʢʦʪʦʨʳʝ ʥʠʛʜʝ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ. 

Abstract 

This work will reproduce discoveries that have long been either forgotten or unknown in other countries: in 

England theoretically, at the end of the nineteenth century, and in Russia technically, at the beginning of the 

twentieth century. The work uses information from private journals and archival documents located in England 

and Russia, which are not recorded anywhere. 
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ɸʥʛʣʠʷ: ʩʧʝʮʠʘʣʴʥʘʷ ʠ ʦʙʱʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʠʤ ʞʠʟʥʴ ʠʟʚʝʩʪ-

ʥʦʛʦ, ʚ ʩʚʦʸ ʚʨʝʤʷ, ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʬʠʟʠʢʠ ɾʦʨʞʘ 

ʈʵʣʝʷ [4] ï ʧʨʦʬʝʩʩʦʨʘ ʂʝʤʙʨʠʜʞʩʢʦʛʦ ʫʥʠʚʝʨʩʠ-

ʪʝʪʘ, ʨʦʜʠʚʰʝʛʦʩʷ ʚ ʃʦʥʜʦʥʝ ʚ ʥʘʯʘʣʝ ʰʝʩʪʠʜʝʩʷ-

ʪʳʭ ʛʦʜʦʚ ʜʝʚʷʪʥʘʜʮʘʪʦʛʦ ʚʝʢʘʭ [2]. ʉ ʜʝʪʩʪʚʘ ʦʥ 

ʙʳʣ ʦʯʝʥʴ ʣʶʙʦʟʥʘʪʝʣʴʥʳʤ ʤʘʣʴʯʠʢʦʤ, ʧʦʵʪʦʤʫ ʦʥ 

ʧʦʩʪʫʧʠʣ ʢʦʣʣʝʜʞ ʨʘʥʴʰʝ ʩʚʦʠʭ ʩʚʝʨʩʪʥʠʢʦʚ ʥʘ ʮʝ-

ʣʳʡ ʛʦʜ. ʋʯʘʩʴ ʚ ʢʦʣʣʝʜʞʝ, ʢʨʦʤʝ ʠʟʫʯʘʝʤʦʡ ʧʨʦ-

ʛʨʘʤʤʳ, ʦʥ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣ 

ʤʘʪʝʤʘʪʠʢʝ ʠ ʘʩʪʨʦʥʦʤʠʠ, ʘ ʪʘʢʞʝ ʯʠʪʘʣ ʚʩʝ ʛʘʟʝʪʳ 

ʠ ʞʫʨʥʘʣʳ, ʚʳʧʫʩʢʘʝʤʳʝ ʚ ɸʥʛʣʠʠ, ʯʪʦ ʥʝ ʜʝʣʘʣʠ 

ʝʛʦ ʩʚʝʨʩʪʥʠʢʠ. ʆʢʦʥʯʠʚ ʫʩʧʝʰʥʦ ʢʦʣʣʝʜʞ, ʦʥ ʧʦ-

ʩʪʫʧʠʣ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ʊʦ, ʯʪʦ ɾʦʨʞ 

ʠʟʫʯʘʣ ʥʘ ʧʝʨʚʦʤ ʢʫʨʩʝ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʥ ʵʪʦ ʧʦʟʥʘʣ 

ʝʱʸ ʪʦʛʜʘ, ʢʦʛʜʘ ʫʯʠʣʩʷ ʚ ʢʦʣʣʝʜʞʝ, ʧʦʵʪʦʤʫ ʵʪʦ 

ʝʛʦ ʥʝ ʫʩʪʨʘʠʚʘʣʦ ʠ ʦʥ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʩʚʦʸ 

ʣʶʙʦʧʳʪʩʪʚʦ ʚ ʥʘʫʢʝ, ʰʝʣ ʧʦʩʣʝ ʟʘʥʷʪʠʡ, ʚ ʫʥʠʚʝʨ-

ʩʠʪʝʪʩʢʫʶ ʙʠʙʣʠʦʪʝʢʫ, ʛʜʝ ʠʟʫʯʘʣ ʠʥʪʝʨʝʩʫʶʱʠʝ 

ʝʛʦ ʫʯʝʙʥʠʢʠ: ʧʦ ʤʘʪʝʤʘʪʠʢʝ, ʬʠʟʠʢʝ ʠ ʘʩʪʨʦʥʦʤʠʠ. 

ʇʦʨʦʡ ʦʥ ʪʘʤ ʥʘʩʪʦʣʴʢʦ ʜʦʣʛʦ ʟʘʩʠʞʠʚʘʣʩʷ, ʯʪʦ ʧʫ-

ʛʘʣ ʪʘʢʠʤ ʧʦʚʝʜʝʥʠʝʤ ʩʚʦʠʭ ʨʦʜʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʦʙ 

ʥʸʤ ʦʯʝʥʴ ʙʝʩʧʦʢʦʠʣʠʩʴ. ʋʯʘʩʴ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʝʛʦ 

ʧʦʟʥʘʥʠʝ, ʦʙ ʦʢʨʫʞʘʶʱʝʤ ʤʠʨʝ, ʥʘʤʥʦʛʦ ʧʨʝʚʦʩ-

ʭʦʜʠʣʠ ʝʛʦ ʩʚʝʨʩʪʥʠʢʦʚ, ʭʦʪʷ ʦʥ ʙʳʣ ʥʘ ʧʦʣʪʦʨʘ 

ʛʦʜʘ ʤʦʣʦʞʝ ʚʩʝʭ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʧʝʨʚʦʛʦ ʢʫʨʩʘ, ʚʩʝ 

ʩʪʫʜʝʥʪʳ ʨʝʰʠʣʠ ʦʪʤʝʪʠʪʴ ʵʪʦʪ ʜʝʥʴ ʥʘ ʣʦʥʝ ʧʨʠ-

ʨʦʜʳ. ʊʘʢ ʙʳʣʦ ʟʘʚʝʜʝʥʦ ʥʘ ʚʩʝʭ ʢʘʬʝʜʨʘʭ ʫʥʠʚʝʨ-

ʩʠʪʝʪʘ, ʛʜʝ ʢʘʞʜʳʡ ʩʪʫʜʝʥʪ ʚʳʩʢʘʟʳʚʘʣ ʩʚʦʸ ʤʥʝ-

ʥʠʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʝʛʦ ʙʫʜʫʱʝʛʦ ʠ ʢʝʤ ʦʥ ʭʦʯʝʪ 

ʩʪʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ. ɸ ʪʘʢ ʢʘʢ ɾʦʨʞ ʙʳʣ ʩʘʤʳʤ ʤʦ-

ʣʦʜʳʤ ʠʟ ʛʨʫʧʧʳ ʩʪʫʜʝʥʪʦʚ, ʪʦ ʦʥ ʚʳʩʪʫʧʠʣ ʩʘʤʳʤ 

ʧʦʩʣʝʜʥʠʤ, ʠʟ ʚʩʝʭ ʩʪʫʜʝʥʪʦʚ ʢʘʬʝʜʨʳ. ɼʦʩʪʘʚ ʪʝʪ-

ʨʘʜʴ ʠʟ ʩʫʤʢʠ, ʦʥ ʚʳʩʢʘʟʘʣ ʩʚʦʸ ʤʥʝʥʠʝ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʩʚʦʝʛʦ ʙʫʜʫʱʝʛʦ, ʪʦ ʝʩʪʴ, ʢʝʤ ʦʥ ʭʦʯʝʪ ʩʪʘʪʴ, 

ʠ ʢʘʢʫʶ ʮʝʣʴ ʭʦʯʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʩʚʦʝʡ ʞʠʟʥʠ. ɺ 

ʢʦʥʮʝ ʩʚʦʝʛʦ ʚʳʩʪʫʧʣʝʥʠʷ, ʦʥ ʩʢʘʟʘʣ, ʯʪʦ ʧʠʰʝʪ 

ʥʘʫʯʥʫʶ ʩʪʘʪʴʶ ʦ ʩʧʝʮʠʘʣʴʥʦʡ ʠ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʠ ʢʘʢ ʪʦʣʴʢʦ ʟʘʢʦʥʯʠʪ ʧʦʣʥʦʩʪʴʶ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ, ʪʦʛʜʘ ʧʨʠʛʣʘʩʠʪ ʚʩʝʭ ʩʪʫʜʝʥʪʦʚ ʢʘ-

ʬʝʜʨʳ ʥʘ ʦʙʩʫʞʜʝʥʠʝ. ʂʘʢ ʨʘʟ ʚ ʵʪʦ ʚʨʝʤʷ ʰʝʣ 1869 

ʛʦʜ. ɺ 1974 ʛʦʜʫ ʦʥ ʩ ʦʪʣʠʯʠʝʤ ʟʘʢʦʥʯʠʣ, ʂʝʤ-

ʙʨʠʜʞʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʦ ʚʩʝʤ ʧʨʝʜʤʝʪʘʤ. ɸ ʪʘʢ 

ʢʘʢ ʦʥ ʭʦʨʦʰʦ ʨʘʟʙʠʨʘʣʩʷ ʚ ʤʘʪʝʤʘʪʠʢʝ, ʬʠʟʠʢʝ ʠ ʚ 

ʘʩʪʨʦʥʦʤʠʠ, ʪʦ ʝʛʦ ʧʨʠʛʣʘʰʘʣʠ ʧʨʝʧʦʜʘʚʘʪʴ ʚʦ 

ʤʥʦʛʠʝ ʚʳʩʰʠʝ ʫʯʨʝʞʜʝʥʠʷ ɸʥʛʣʠʠ, ʚʢʣʶʯʘʷ ʠ 

ʂʝʤʙʨʠʜʞʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ɿʘʢʦʥʯʠʚ ʜʦʢʘʟʘʪʝʣʴ-

ʩʪʚʦ ʩʧʝʮʠʘʣʴʥʦʡ ʠ ʦʙʱʝʡ ʪʝʦʨʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʚ 1883 ʛʦʜʫ, ʥʘ ʯʪʦ ʦʥ ʧʦʪʨʘʪʠʣ 14 ʣʝʪ, ʪʦ ʦʥ, ʢʘʢ ʠ 

ʦʙʝʱʘʣ, ʧʨʠʛʣʘʩʠʣ ʚʩʝʭ ʩʚʦʠʭ ʩʦʢʫʨʩʥʠʢʦʚ ʥʘ ʧʠʢ-

ʥʠʢ, ʩ ʢʦʪʦʨʳʤʠ ʫʯʠʣʩʷ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ. ʄʥʦʛʠʝ ʥʝ 

ʧʨʠʰʣʠ, ʧʦʪʦʤʫ ʯʪʦ ʙʳʣʠ ʟʘʥʷʪʳ. ʊʘʤ, ʧʝʨʝʜ 

ʚʩʝʤʠ, ʢʪʦ ʧʨʠʰʝʣ, ʦʥ ʟʘʯʠʪʘʣ ʚʩʶ ʨʫʢʦʧʠʩʴ ʧʨʠ-

ʩʫʪʩʪʚʫʶʱʠʤ. ɺ ʵʪʦʡ ʨʫʢʦʧʠʩʠ, ʦʥ ʧʨʝʜʩʪʘʚʠʣ ʧʦʣ-

ʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʧʝʮʠʘʣʴʥʦʡ ʠ ʦʙʱʝʡ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʦʩʥʦʚʘʥʦ ʥʘ ʜʚʠʞʝ-

ʥʠʷ ʤʘʪʝʨʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʛʜʝ ʩʢʘʟʘʥʦ, ʯʪʦ ʫ ʚʩʝʭ 

ʟʚʸʟʜ, ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʨʘʟʥʘʷ, ʪʦ ʝʩʪʴ ʦʥʘ ʟʘʚʠʩʠʪ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʠ ʦʙʲʸʤʘ ʟʚʝʟʜʳ, ʘ ʤʝʞʟʚʸʟʜʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʠʟʣʫʯʘʝʤʘʷ ʦʪ ʚʩʝʭ ʟʚʸʟʜ, 
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ʦʜʠʥʘʢʦʚʘʷ. ʆʙʩʫʜʠʚ ʤʝʞʜʫ ʩʦʙʦʡ ʜʘʥʥʦʝ ʜʦʢʘʟʘ-

ʪʝʣʴʩʪʚʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʩʢʘʟʘʣʦʩʴ ʧʨʦʪʠʚ ʧʫʙʣʠ-

ʢʘʮʠʠ ʩʪʘʪʴʠ, ʧʦʪʦʤʫ ʯʪʦ ʜʘʥʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʧʨʦʪʠʚʦʨʝʯʠʣʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘʤ ʄʘʢʩʚʝʣʣʘ ʠ ʄʘʡ-

ʢʝʣʴʩʦʥʘ, ʠ ʧʦʩʦʚʝʪʦʚʘʣʠ, ʦʩʪʘʚʠʪʴ ʨʫʢʦʧʠʩʴ ʚ ʙʠʙ-

ʣʠʦʪʝʢʝ ʂʝʤʙʨʠʜʞʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʩʢʘʟʘʚ, ʯʪʦ, 

ʩʦ ʚʨʝʤʝʥʝʤ, ʤʦʞʝʪ ʙʳʪʴ, ʦʥʘ ʙʫʜʝʪ ʚʦʩʪʨʝʙʦʚʘʥʘ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʵʪʫ ʨʫʢʦʧʠʩʴ ʯʠ-

ʪʘʣʠ, ʠʟʨʝʜʢʘ, ʩʪʫʜʝʥʪʳ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʣʶʙʠʪʝʣʠ 

ʬʠʟʠʢʠ ʠ ʘʩʪʨʦʥʦʤʠʠ. ʏʠʪʘʣ ʵʪʫ ʨʫʢʦʧʠʩʴ ʠ ʕʡʥ-

ʰʪʝʡʥ, ʠ ʥʝ ʦʜʠʥ ʨʘʟ, ʢʦʛʜʘ ʧʨʦʭʦʜʠʣ ʧʨʘʢʪʠʢʫ ʦʪ 

ʪʝʣʝʬʦʥʥʦʡ ʢʦʤʧʘʥʠʠ ʚ ʃʦʥʜʦʥʝ. ɽʩʣʠ ʙʳ ʦʥ ʦʧʫʙ-

ʣʠʢʦʚʘʣ ʵʪʫ ʨʫʢʦʧʠʩʴ, ʚ ʧʦʣʥʦʤ ʦʙʲʸʤʝ, ʪʦ ʧʨʦʩʣʘ-

ʚʠʣʩʷ ʥʘ ʪʳʩʷʯʝʣʝʪʠʷ. ɼʘʥʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ɾʦʨʞʘ ʈʵʣʝʷ ʙʫʜʝʪ ʫʪʚʝʨʞʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʪʝʭ-

ʥʠʯʝʩʢʠ ʚ ʪʝʯʝʥʠʠ ʵʪʦʛʦ ʩʪʦʣʝʪʠʷ. 

ʈʦʩʩʠʷ: ʩʦʟʜʘʥʠʝ ʰʘʨʦʚʦʡ ʤʦʣʥʠʠ 

ɿʜʝʩʴ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʞʠʟʥʴ ʩʳʥʘ ʢʫʧʮʘ, ʢʦʪʦ-

ʨʳʡ ʩʤʦʛ ʩʦʟʜʘʪʴ ʰʘʨʦʚʫʶ ʤʦʣʥʠʶ ʠ ʦʭʦʪʠʣʩʷ, ʠʩ-

ʧʦʣʴʟʫʷ ʝʸ, ʥʘ ʚʦʣʢʦʚ ʠ ʣʠʩʠʮ. ʆʥ ʨʦʜʠʣʩʷ ʚ ʄʦʩ-

ʢʦʚʩʢʦʡ ʛʫʙʝʨʥʠʠ ʚ ʛʦʨʦʜʝ ɹʦʛʦʨʦʜʩʢʝ ʚ çʙʳʚʰʝʤ 

ʩʝʣʝè ʈʦʛʦʞʠ ʚ 1875 ʛʦʜʫ, ʧʨʠ ʮʘʨʩʪʚʦʚʘʥʠʠ ʅʠʢʦ-

ʣʘʷ ʚʪʦʨʦʛʦ.  

ʉʳʥ ʢʫʧʮʘ, ʩ ʤʘʣʳʭ ʣʝʪ, ʙʳʣ ʦʯʝʥʴ ʣʶʙʦʧʳʪ-

ʥʳʤ, ʧʦʵʪʦʤʫ ʚʩʸ ʩʚʦʙʦʜʥʦʝ ʚʨʝʤʷ ʩʪʘʨʘʣʩʷ, ʥʘʭʦ-

ʜʠʪʩʷ ʧʦʙʣʠʞʝ ʢ ʩʚʝʪʷʱʠʤʩʷ ʦʛʥʷʤ: ʢʦʛʜʘ ʨʦʜʠʪʝʣʠ 

ʟʘʪʘʧʣʠʚʘʣʠ ʧʝʯʢʫ, ʨʘʟʚʦʜʠʣʠ ʢʦʩʪʸʨ ʠʣʠ ʟʘʞʠʛʘʣʠ 

ʥʘʩʪʦʣʴʥʫʶ ʣʘʤʧʫ, ʘ ʥʘ ʫʣʠʮʝ, ʚʦ ʚʨʝʤʷ ʜʦʞʜʷ, ʩʪʦʷ 

ʥʘ ʢʨʳʣʴʮʝ, ʩʤʦʪʨʝʣ, ʢʘʢ ʩʚʝʨʢʘʶʪ ʤʦʣʥʠʠ ʥʘ ʥʝʙʝ. 

ɸ ʥʦʯʴʶ, ʠʟʨʝʜʢʘ, ʠʥʦʛʜʘ, ʢʦʛʜʘ ʥʝ ʩʧʘʣ, ʪʦ ʩʤʦʪʨʝʣ 

ʚ ʦʢʥʦ, ʢʦʛʜʘ ʥʝ ʙʳʣʦ ʦʙʣʘʢʦʚ, ʥʘ ʤʝʨʮʘʥʠʝ ʟʚʸʟʜ ʚ 

ʥʝʙʝ, ʇʦʜʦʙʥʦʝ ʣʶʙʦʧʳʪʩʪʚʦ, ʦʯʝʥʴ ʫʜʠʚʣʷʣʦ ʦʪʮʘ, 

ʧʦʵʪʦʤʫ ʦʥ ʦʬʦʨʤʠʣ ʝʛʦ ʚ ʧʨʠʭʦʜʩʢʫʶ ʰʢʦʣʫ, 

ʨʘʥʴʰʝ ʝʛʦ ʩʚʝʨʩʪʥʠʢʦʚ. ʇʦʩʪʫʧʠʚ ʚ ʧʨʠʭʦʜʩʢʫʶ 

ʰʢʦʣʫ, ʦʥ ʦʢʦʥʯʠʣ ʝʸ ʜʦʚʦʣʴʥʦ ʫʩʧʝʰʥʦ, ʘ ʟʘ ʦʪ-

ʣʠʯʥʳʝ ʟʥʘʥʠʷ, ʧʦ ʚʩʝʤ ʧʨʝʜʤʝʪʘʤ, ʝʤʫ ʧʨʝʜʣʦ-

ʞʠʣʠ ʨʘʙʦʪʘʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʚ ʜʝʨʝʚʥʝ ʂʫʪʫʟʦʚʦ, 

ʥʝʜʘʣʝʢʦ ʦʪ ʛʦʨʦʜʘ ɹʦʛʦʨʦʜʩʢʘ.  

ʋ ʥʠʭ ʜʦʤʘ ʙʳʣʦ ʤʥʦʛʦ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʣʠʪʝ-

ʨʘʪʫʨʳ, ʥʦ ʝʛʦ ʙʦʣʴʰʝ ʠʥʪʝʨʝʩʦʚʘʣʘ ʬʠʟʠʢʘ, ʘ ʚ ʥʝʡ 

ʦʥ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣ ʵʣʝʢʪʨʠʯʝʩʪʚʫ ʠ ʤʘʛʥʝ-

ʪʠʟʤʫ. ʇʦʵʪʦʤʫ, ʚ ʩʚʦʙʦʜʥʦʝ ʦʪ ʨʘʙʦʪʳ ʚ ʰʢʦʣʝ 

ʚʨʝʤʷ, ʦʥ ʠʟʫʯʘʣ ʚʩʝ ʥʦʚʝʡʰʠʝ ʦʪʢʨʳʪʠʷ ʧʦ ʵʣʝʢ-

ʪʨʠʯʝʩʪʚʫ ʠ ʤʘʛʥʝʪʠʟʤʫ ʚ ʈʦʩʩʠʠ ʠ ʚ ɽʚʨʦʧʝ, ʪʦ 

ʝʩʪʴ, ʪʦ, ʯʪʦ ʤʦʛ ʝʤʫ ʜʦʩʪʘʪʴ ʦʪʝʮ. ʕʪʦ ʙʳʣʠ ʨʘ-

ʙʦʪʳ: ʇ. ʅ. ʗʙʣʦʯʢʦʚʘ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʣ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪ ʦʨʠʛʠʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʦʣʴʪʦʚʘ ʜʫʛʘ ɺʘ-

ʩʠʣʠʷ ʇʝʪʨʦʚʘ; ʩ ʨʘʙʦʪʘʤʠ ɸʣʝʢʩʘʥʜʨʘ ʃʦʜʳʛʠʥʘ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʝʯʘʤʠ; ʘ ʪʘʢʞʝ ʩʦ 

ʚʩʝʤʠ ʨʘʙʦʪʘʤʠ ʊʝʩʣʘ, ʢʦʪʦʨʳʝ ʝʤʫ ʧʨʠʚʦʟʠʣ ʦʪʝʮ, 

ʢʦʛʜʘ ʝʟʜʠʣ ʧʦ ʩʚʦʠʤ ʜʝʣʘʤ ʚ ɽʚʨʦʧʫ. ɺʩʝ ʠʥʦ-

ʩʪʨʘʥʥʳʝ ʢʥʠʛʠ ʠ ʫʯʝʙʥʠʢʠ, ʧʦ ʵʣʝʢʪʨʠʯʝʩʪʚʫ ʠ 

ʤʘʛʥʝʪʠʟʤʫ, ʦʥ ʧʝʨʝʚʦʜʠʣ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʚ 

ʄʦʩʢʚʝ ʠʣʠ ʉʘʥʢʪ- ʇʝʪʝʨʙʫʨʛʝ. ʇʝʨʝʯʠʪʳʚʘʷ ʠʥʪʝ-

ʨʝʩʫʶʱʠʝ ʝʛʦ ʦʪʢʨʳʪʠʷ, ʘ ʥʝʢʦʪʦʨʳʝ ʧʦ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ, ʦʥ ʩʪʘʣʩʷ ʠʭ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʧʨʘʢʪʠʢʝ. ɼʣʷ 

ʵʪʦʛʦ ʩʳʥ ʧʨʦʩʠʣ ʦʪʮʘ ʢʫʧʠʪʴ ʚʩʝ ʥʫʞʥʳʝ ʝʤʫ ʜʝ-

ʪʘʣʠ ʠ ʧʨʠʙʦʨʳ, ʯʪʦʙʳ ʚʩʝ ʵʪʠ ʪʝʦʨʠʠ ʨʝʘʣʠʟʦʚʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ. ɼʣʷ ʵʪʦʛʦ ʦʪʝʮ ʚʳʜʝʣʠʣ ʝʤʫ ʥʝʙʦʣʴ-

ʰʫʶ ʢʦʤʥʘʪʫ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʧʦ ʵʣʝʢʪʨʠ-

ʯʝʩʪʚʫ ʠ ʤʘʛʥʝʪʠʟʤʫ ʠ ʧʨʠʚʸʟ ʚʩʝ ʧʨʠʙʦʨʳ ʠ ʚʩʸ, 

ʯʪʦ ʥʫʞʥʦ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʤʦʛ ʜʦ-

ʩʪʘʪʴ. ʋ ʩʳʥʘ ʙʳʣʘ ʙʦʣʴʰʘʷ ʤʝʯʪʘ, ʩʦʟʜʘʪʴ ʰʘʨʦ-

ʚʫʶ ʤʦʣʥʠʶ, ʢʦʪʦʨʫʶ, ʦʜʥʘʞʜʳ ʚ ʜʝʪʩʪʚʝ, ʫʚʠʜʝʣ 

ʚʦ ʚʨʝʤʷ ʛʨʦʟʳ. ɽʛʦ ʦʯʝʥʴ ʠʥʪʝʨʝʩʦʚʘʣʦ, ʢʘʢ ʬʦʨ-

ʤʠʨʫʝʪʩʷ ʰʘʨʦʚʘʷ ʤʦʣʥʠʷ ʚʦ ʚʨʝʤʷ ʛʨʦʟʳ. ʅʦ ʜʣʷ 

ʵʪʦʛʦ ʥʘʜʦ ʯʘʱʝ ʥʘʙʣʶʜʘʪʴ, ʛʜʝ ʠ ʢʦʛʜʘ ʠ ʢʘʢ, ʦʥʘ 

ʦʙʨʘʟʫʝʪʩʷ ʠ ʧʨʠ ʢʘʢʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʥʘ ʣʦʥʝ 

ʧʨʠʨʦʜʳ ʠ ʢʘʢʠʝ ʩʠʣʳ ʩʦʟʜʘʶʪ ʝʸ ʦʙʨʘʟ, ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʝʸ ʩʨʝʜʳ. ʇʦʜʦʙʥʦʝ ʣʶʙʦ-

ʧʳʪʩʪʚʦ ʟʘʩʪʘʚʣʷʣʦ ʝʛʦ ʨʘʩʩʧʨʘʰʠʚʘʪʴ, ʦ ʰʘʨʦʚʦʡ 

ʤʦʣʥʠʠ, ʚʩʝʭ ʩʚʦʠʭ ʟʥʘʢʦʤʳʭ. ʆʥ ʦʙʲʝʭʘʣ ʚʩʶ ʤʦʩ-

ʢʦʚʩʢʫʶ ʛʫʙʝʨʥʠʶ, ʨʘʩʩʧʨʘʰʠʚʘʷ ʤʝʩʪʥʳʭ ʞʠʪʝ-

ʣʝʡ ʦ ʰʘʨʦʚʦʡ ʤʦʣʥʠʠ. ɽʩʣʠ ʢ ʪʦʡ-ʪʦ ʠ ʚʠʜʝʣ ʠʟ ʞʠ-

ʪʝʣʝʡ, ʟʘ ʩʚʦʶ ʞʠʟʥʴ, ʰʘʨʦʚʫʶ ʤʦʣʥʠʶ, ʥʦ ʪʦʣʴʢʦ 

ʝʜʠʥʠʮʳ, ʘ ʙʦʣʴʰʠʥʩʪʚʦ, ʥʠ ʨʘʟʫ. ʇʦʩʣʝ ʵʪʦʛʦ, ʩʳʥ 

ʦʙʨʘʪʠʣʩʷ ʢ ʦʪʮʫ ʩ ʧʨʦʩʴʙʦʡ, ʯʪʦʙʳ ʦʥ ʨʘʩʩʧʨʦʩʠʣ 

ʟʥʘʢʦʤʳʭ ʝʤʫ ʢʫʧʮʦʚ, ʛʜʝ ʠ ʢʘʢ ʯʘʩʪʦ ʦʥʠ ʚʠʜʝʣʠ 

ʠʣʠ ʩʣʳʰʘʣʠ ʧʨʦ ʰʘʨʦʚʫʶ ʤʦʣʥʠʶ, ʦʪ ʜʨʫʛʠʭ ʢʫʧ-

ʮʦʚ. ʆʜʥʘʞʜʳ ʦʜʠʥ ʠʟ ʢʫʧʮʦʚ ʨʘʩʩʢʘʟʘʣ ʦʪʮʫ, ʯʪʦ 

ʥʝʜʘʣʝʢʦ ʦʪ ʂʠʝʚʘ ʝʩʪʴ ʭʫʪʦʨ, ʛʜʝ ʦʯʝʥʴ ʯʘʩʪʦ ʦʪ 

ʰʘʨʦʚʳʭ ʤʦʣʥʠʡ ʧʦʛʠʙʘʶʪ, ʥʝ ʪʦʣʴʢʦ: ʢʦʨʦʚʳ, 

ʢʦʟʳ ʠ ʣʦʰʘʜʠ, ʥʦ ʠʥʦʛʜʘ ʠ ʣʶʜʠ. ʆʪʝʮ ʩ ʩʳʥʦʤ 

ʧʨʠʝʭʘʣʠ ʚ ʵʪʦʪ ʭʫʪʦʨ ʠ ʞʠʣʴʮʳ ʵʪʦʛʦ ʭʫʪʦʨʘ ʨʘʩ-

ʩʢʘʟʘʣʠ ʠʤ, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʫ ʥʠʭ, ʥʝ ʪʦʣʴʢʦ ʚ 

ʜʦʞʜʣʠʚʫʶ ʧʦʛʦʜʫ ʩʚʝʨʢʘʶʪ ʦʙʳʯʥʳʝ ʠ ʰʘʨʦʚʳʝ 

ʤʦʣʥʠʠ, ʥʦ ʧʦʨʦʡ ʦʥʠ ʙʳʚʘʶʪ ʠ ʚ ʧʘʩʤʫʨʥʫʶ ʧʦ-

ʛʦʜʫ ʠ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ. ʇʦʵʪʦʤʫ ʢʫʧʝʮ, ʩ ʨʘʟʨʝʰʝ-

ʥʠʷ ʞʠʪʝʣʝʡ ʭʫʪʦʨʘ, ʨʝʰʠʣ ʧʦʩʪʨʦʠʪʴ, ʚ ʦʪʚʝʜʸʥ-

ʥʦʤ ʝʤʫ ʤʝʩʪʝ, ʜʝʨʝʚʷʥʥʳʡ ʨʫʙʣʝʥʳʡ ʜʦʤ, ʛʜʝ ʚ ʚʳ-

ʜʝʣʝʥʥʦʡ ʢʦʤʥʘʪʝ, ʝʛʦ ʩʳʥ ʙʫʜʝʪ ʦʙʫʯʘʪʴ ʠʭ ʜʝʪʝʡ 

ʛʨʘʤʦʪʝ. ɺ ʪʝʯʝʥʠʝ ʣʝʪʘ ʜʦʤ ʙʳʣ ʧʦʩʪʨʦʝʥ, ʘ ʚ ʥʸʤ 

ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ ʢʦʤʥʘʪ ʜʣʷ ʞʠʣʴʷ, ʘ ʦʪʜʝʣʴʥʦ: ʦʜʥʘ 

ʜʣʷ ʢʣʘʩʩʘ, ʘ ʜʨʫʛʘʷ, ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʣʘʙʦ-

ʨʘʪʦʨʠʠ. ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʤʘ, ʩʳʥ ʚʩʸ ʵʪʦ 

ʚʨʝʤʷ ʥʘʭʦʜʠʣʩʷ ʥʘ ʭʫʪʦʨʝ, ʘ ʚ ʜʦʞʜʣʠʚʫʶ ʧʦʛʦʜʫ, 

ʥʘʙʣʶʜʘʣ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝʤ ʰʘʨʦʚʳʭ ʤʦʣʥʠʡ. ʂ 

ʢʦʥʮʫ ʣʝʪʘ ʦʥ ʧʝʨʝʝʭʘʣ ʚ ʩʚʦʡ ʜʦʤ ʥʘ ʭʫʪʦʨʝ, ʩ ʞʝ-

ʥʦʡ ʠ ʜʚʫʤʷ ʜʝʪʴʤʠ. ʂ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʫ ʥʝʛʦ ʫʞʝ 

ʙʳʣ ʛʦʪʦʚ ʯʝʨʪʸʞ, çʥʘʯʝʨʯʝʥʥʳʡ ʝʱʸ ʚ ɹʦʛʦʨʦʜ-

ʩʢʝè, ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʨʠʙʦʨʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ 

ʙʳʣʦ ʧʦʣʫʯʠʪʴ ʰʘʨʦʚʫʶ ʤʦʣʥʠʶ. ʉʦʙʨʘʚ ʤʝʪʘʣʣʠ-

ʯʝʩʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʧʦ ʯʝʨʪʝʞʫ, ʦʥ ʨʝʰʠʣ ʝʸ ʠʩ-

ʧʳʪʘʪʴ, ʧʦʜʘʣʴʰʝ ʦʪ ʭʫʪʦʨʘ, ʚ ʦʜʥʦʤ ʠʟ ʦʚʨʘʛʦʚ, 

ʯʪʦʙʳ ʥʠʢʪʦ ʥʝ ʚʠʜʘʣ. ʅʦ ʥʠʯʝʛʦ ʥʝ ʧʦʫʯʠʣʦʩʴ, 

ʧʨʦʩʪʦ ʧʨʦʠʟʦʰʣʦ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ, ʜʘ ʠ ʢʦʥ-

ʩʪʨʫʢʮʠʷ ʧʦʣʫʯʠʣʘʩʴ ʦʯʝʥʴ ʪʷʞʝʣʘʷ ʠ ʜʣʠʥʥʘʷ. ʇʦ-

ʵʪʦʤʫ ʦʥ ʨʝʰʠʣ ʝʸ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠ ʙʦʣʴʰʝ 

ʫʜʝʣʷʪʴ ʚʨʝʤʝʥʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʰʘʨʦʚʳʭ ʤʦʣ-

ʥʠʡ. ʂʘʢ ʪʦʣʴʢʦ ʥʘʯʠʥʘʣʘʩʴ ʛʨʦʟʘ, ʪʦ ʦʥ ʩʨʘʟʫ ʦʪ-

ʧʫʩʢʘʣ ʚʩʝʭ ʜʝʪʝʡ ʧʦ ʜʦʤʘʤ, ʘ ʩʘʤ, ʥʘʜʝʚʘʣ ʧʣʘʱ ʠ 

ʫʭʦʜʠʣ ʚ ʪʝ ʤʝʩʪʘ, ʢʦʪʦʨʳʝ ʫʢʘʟʘʣʠ ʤʝʩʪʥʳʝ ʞʠ-

ʪʝʣʠ, ʯʪʦʙʳ ʥʘʙʣʶʜʘʪʴ ʟʘ ʩʚʝʨʢʘʶʱʠʤʠ ʤʦʣʥʠʷʤʠ 

ʠ ʥʘʭʦʜʠʣʩʷ ʪʘʤ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʟʘʢʦʥʯʠʪʩʷ ʛʨʦʟʘ. 

ʇʣʘʱ, ʩ ʟʘʱʠʪʥʳʤ ʢʘʧʶʰʦʥʦʤ, ʙʳʣ ʩʰʠʪ ʩʧʝʮʠ-

ʘʣʴʥʦ, ʧʦ ʝʛʦ ʟʘʢʘʟʫ, ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ ʟʘʢʦʥʦʚ 

ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʟʝʤʣʝʥʠʝʤ. ʂ ʢʦʥʮʫ ʜʝ-

ʚʷʪʥʘʜʮʘʪʦʛʦ ʚʝʢʘ, ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʙʳʣʘ ʛʦʪʦʚʘ 

ʠ ʫʩʧʝʰʥʦ ʧʨʦʰʣʘ ʠʩʧʳʪʘʥʠʝ. ʆʥʘ ʙʳʣʘ ʤʘʣʦʛʘʙʘ-

ʨʠʪʥʘ ʠ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʘ ʚ ʦʙʲʸʤʝ, ʝʸ ʤʦʞʥʦ ʙʳʣʦ 

ʥʦʩʠʪʴ ʚ ʤʝʰʢʝ ʠʣʠ ʚ ʙʦʣʴʰʦʡ ʩʫʤʢʝ.  

ʉ ʥʘʯʘʣʘ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ ʦʥ ʩʪʘʣ, ʦʭʦʪʠʪʩʷ ʥʘ 

ʚʦʣʢʦʚ ʠ ʣʠʩʠʮ ʚ ʩʫʤʝʨʢʘʭ ʠ ʥʦʯʥʦʝ ʚʨʝʤʷ, ʠʩʧʦʣʴ-

ʟʫʷ ʥʦʚʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʚ ʪʝʭ ʤʝʩʪʘʭ, ʛʜʝ ʚʦʣʢʠ 

ʥʘʧʘʜʘʣʠ ʥʘ ʢʦʨʦʚ ʠ ʣʦʰʘʜʝʡ. ʇʨʦʰʣʦ ʜʚʘ ʛʦʜʘ, ʥʝ 
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ʦʜʥʦʛʦ ʚʦʣʢʘ ʥʝ ʦʩʪʘʣʦʩʴ, ʦʥ ʚʩʝʭ ʠʭ ʠʩʪʨʝʙʠʣ, ʧʦ-

ʵʪʦʤʫ ʭʫʪʦʨʷʥʝ ʙʳʣʠ ʠʤ ʦʯʝʥʴ ʜʦʚʦʣʴʥʳ ʠ ʙʦʣʴʰʝ 

ʥʝ ʙʝʩʧʦʢʦʠʣʠʩʴ ʟʘ ʢʦʨʦʚ ʠ ʣʦʰʘʜʝʡ ʠ ʧʦʨʦʡ ʦʩʪʘʚ-

ʣʷʣʠ ʠʭ ʥʘ ʥʦʯʴ ʥʘ ʧʘʩʪʙʠʱʝ ʠ ʥʝ ʙʝʩʧʦʢʦʠʣʠʩʴ ʦ 

ʥʠʭ. ɺ ʦʢʨʫʛʝ ʭʫʪʦʨʘ ʨʘʩʧʨʦʩʪʨʘʥʠʣʩʷ ʩʣʫʭ, ʯʪʦ ʤʦ-

ʣʦʜʦʡ ʫʯʠʪʝʣʴ ʦʭʦʪʠʪʩʷ ʥʘ ʚʦʣʢʦʚ ʠ ʣʠʩʠʮ ʦʛʥʝʥ-

ʥʳʤʠ ʰʘʨʠʢʘʤʠ. ʇʦʵʪʦʤʫ ʢʘʢ ʦʥ ʥʝ ʩʪʘʨʘʣʩʷ 

ʩʢʨʳʪʴ ʩʚʦʸ ʠʟʜʝʣʠʝ, ʪʦ ʝʩʪʴ ʩʚʝʯʝʥʠʝ ʰʘʨʦʚʳʭ 

ʤʦʣʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʫʚʠʜʝʪʴ, ʚ ʪʸʤʥʦʝ 

ʚʨʝʤʷ ʩʫʪʦʢ, ʟʘ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ. ʇʦʵʪʦʤʫ ʚʩʝ ʚ 

ʦʢʨʫʛʝ ʭʫʪʦʨʘ ʟʥʘʣʠ, ʯʪʦ ʵʪʦ ʩʳʥ ʢʫʧʮʘ ʦʭʦʪʠʪʩʷ ʥʘ 

ʚʦʣʢʦʚ ʧʦ ʚʝʯʝʨʘʤ. ɼʦʰʣʦ ʵʪʦ ʠ ʜʦ ʮʘʨʷ ʅʠʢʦʣʘʷ 

ʚʪʦʨʦʛʦ, ʢʘʢ ʜʦʢʣʘʜʳʚʘʣʠ ʝʤʫ ʦʭʨʘʥʥʠʢʠ, ʯʪʦ ʧʨʝ-

ʧʦʜʘʚʘʪʝʣʴ ʭʫʪʦʨʘ ʢʠʝʚʩʢʦʡ ʛʫʙʝʨʥʠʠ ʢʠʜʘʝʪʩʷ ʦʛ-

ʥʝʥʥʳʤʠ ʰʘʨʠʢʘʤʠ ʠ ʤʦʞʝʪ ʫʙʠʪʴ ʩʦʪʥʶ ʢʘʟʘʢʦʚ 

ʠʣʠ ʨʦʪʫ ʩʦʣʜʘʪ.  

ɺ ʵʪʦ ʚʨʝʤʷ, ʩ ʥʘʯʘʣʦ 20 ʚʝʢʘ, ʧʦ ʚʩʝʡ ʈʦʩʩʠʠ 

ʧʨʦʭʦʜʠʣʠ ʤʠʪʠʥʛʠ ʧʨʦʪʝʩʪʘ: ʥʘ ʟʘʚʦʜʘʭ, ʬʘʙʨʠʢʘʭ 

ʠ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʥʝʜʦʚʦʣʴʥʳʝ ʮʘʨ-

ʩʢʦʡ ʚʣʘʩʪʴʶ. ɸ ʝʩʣʠ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʳʥ ʢʫʧʮʘ ʝʟ-

ʜʠʣ ʚ ʢʠʝʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʢ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʠ ʚ ʠʭ 

ʙʠʙʣʠʦʪʝʢʫ ʠ ʦʙʱʘʣʩʷ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ, ʪʝʤ ʩʘʤʳʤ ʧʦʧʘʣ ʧʦʜ ʧʦʜʦʟʨʝʥʠʝ ʮʘʨ-

ʩʢʦʡ ʦʭʨʘʥʢʠ [1, 3]. ʇʦ ʧʨʠʢʘʟʫ ʮʘʨʷ ʅʠʢʦʣʘʷ ʚʪʦ-

ʨʦʛʦ, ʝʛʦ ʜʦʤ ʥʦʯʴʶ ʦʭʨʘʥʥʠʢʠ ʩʦʞʛʣʠ, ʵʪʦ ʙʳʣ ʢʦ-

ʥʝʮ 1905 ʛʦʜʘ. ʂʦʛʜʘ ʦʪʝʮ ʧʨʠʝʭʘʣ ʥʘʚʝʜʘʪʴ ʩʳʥʘ, 

ʪʦ ʥʘ ʤʝʩʪʝ ʜʦʤʘ ʩʪʦʷʣʘ ʦʙʛʦʨʝʚʰʘʷ ʨʫʩʩʢʘʷ ʧʝʯʴ ʩ 

ʪʨʫʙʦʡ, ʘ ʚʦ ʚʦʢʨʫʛ ʥʝʸ ʚʘʣʷʣʠʩʴ ʦʙʛʦʨʝʚʰʠʝ 

ʙʨʸʚʥʘ. ʈʷʜʦʤ ʩ ʜʦʤʦʤ ʩʦʩʝʜʠ ʨʘʩʩʢʘʟʘʣʠ ʝʤʫ, ʯʪʦ 

ʥʦʯʴʶ ʧʦʜʦʰʣʠ ʢ ʜʦʤʫ ʦʭʨʘʥʥʠʢʠ ʩ ʚʸʜʨʘʤʠ, ʟʘ-

ʙʠʣʠ ʜʦʩʢʘʤʠ ʚʩʝ ʦʢʥʘ ʠ ʜʚʝʨʠ, ʦʙʣʠʣʠ ʠʟ ʚʸʜʝʨ, ʛʦ-

ʨʶʯʝʡ ʞʠʜʢʦʩʪʴʶ, ʩʥʠʟʫ ʚʝʩʴ ʜʦʤ ʠ ʧʦʜʦʞʛʣʠ, ʠ 

ʥʘʭʦʜʠʣʠʩʴ ʟʜʝʩʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʧʨʝʢʨʘʪʠʣʠʩʴ 

ʢʨʠʢʠ ʠʟ ʜʦʤʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʟʘʢʣʶʯʝʥʠʷ: ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʳʰʝ-

ʠʟʣʦʞʝʥʥʦʤʫ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ, ʥʘʭʦʜʷʩʴ ʚ ɸʥʛʣʠʠ, 

ʚ ʂʝʤʙʨʠʜʞʩʢʦʡ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʡ ʙʠʙʣʠʦʪʝʢʝ, ʠ ʚ 

ʈʦʩʩʠʡʩʢʠʭ ʘʨʭʠʚʘʭ ʮʘʨʩʢʦʡ ʦʭʨʘʥʢʠ ʅʠʢʦʣʘʷ ʚʪʦ-

ʨʦʛʦ. 
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EXPERIMENTAL RESEARCH OF PARAMETERS OF WALKING AND ACCESSIONS DEPENDING 

ON THE PARAMETERS OF LINKS OF LOWER EXTREMITIES  

 

Abstract:  
This scientific and technological progress is aimed at partial or complete exclusion of a person from the 

production process. However, to this day there are professions in which the exclusion of a person at the moment 

is impossible. Extreme physical loads experienced by workers, installers, builders, lead to a large number of in-

dustrial injuries. Therefore, at the moment, more than ever, there is an acute increase in the physical indicators 

of a person. One of the ways of realization is exoskeletons. This article will show an example of studying the 

kinematics of walking and human squats based on the obtained experimental data. 

ɸʥʥʦʪʘʮʠʷ:  

ʅʘʩʪʦʷʱʠʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʥʘʮʝʣʝʥ ʥʘ ʯʘʩʪʠʯʥʦʝ, ʣʠʙʦ ʧʦʣʥʦʝ ʠʩʢʣʶʯʝʥʠʝ ʯʝʣʦʚʝʢʘ ʠʟ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʜʥʘʢʦ, ʧʦ ʩʝʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʬʝʩʩʠʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʢʣʶʯʝʥʠʝ ʯʝʣʦʚʝʢʘ 

ʥʘ ʥʳʥʝʰʥʠʡ ʤʦʤʝʥʪ ʥʝʚʦʟʤʦʞʥʦ. ʇʨʝʜʝʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʶʪ ʥʘ ʩʝʙʝ ʨʘ-

ʙʦʯʠʝ, ʤʦʥʪʘʞʥʠʢʠ, ʩʪʨʦʠʪʝʣʠ, ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʨʘʚʤ. ʇʦʵʪʦʤʫ ʚ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʢʘʢ ʥʠʢʦʛʜʘ ʦʩʪʨʦ ʩʪʦʠʪ ʫʚʝʣʠʯʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʯʝʣʦʚʝʢʘ. ʆʜʠʥ ʠʟ ʧʫʪʝʡ 

ʨʝʘʣʠʟʘʮʠʠ ï ʵʢʟʦʩʢʝʣʝʪʳ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʠʟʫʯʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ ʭʦʜʴʙʳ ʠ ʧʨʠʩʝ-

ʜʘʥʠʡ ʯʝʣʦʚʝʢʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʟʦʩʢʝʣʝʪ, ʭʦʜʴʙʘ, ʧʨʠʩʝʜʘʥʠʷ, ʢʠʥʝʤʘʪʠʢʘ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʤʢʘʭ ʜʦʛʦʚʦʨʘ 

(ʩʦʛʣʘʰʝʥʠʷ) ˉ 14154ɻʋ/2019 ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ 

ʛʨʘʥʪʘ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʨʘʙʦʪ ʠ ʦʮʝʥʢʫ ʧʝʨʩʧʝʢʪʠʚ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʠʥʥʦʚʘ-

ʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ. ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʷʚʣʷʝʪʩʷ ʯʘ-

ʩʪʴʶ ʅʀʈ ʧʦ ʜʦʛʦʚʦʨʫ ʟʘ 1-ʡ ʛʦʜ. 

 

ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʦʙʦʙʱʝʥʠʝ 

ʟʥʘʥʠʡ, ʧʫʪʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʤʘʪʠʢʠ ʭʦʜʴʙʳ, 

ʧʨʠʩʝʜʘʥʠʡ ʯʝʣʦʚʝʢʘ;  

ʆʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ï ʧʦʣʫʯʝʥʠʝ ʠ ʩʫʤʤʠʨʦ-

ʚʘʥʠʝ ʚʩʝʦʙʲʝʤʣʶʱʠʭ ʟʥʘʥʠʡ ʦ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦ-

ʩʪʷʭ ʯʝʣʦʚʝʢʘ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʘʩʩʠʚʥʦʛʦ ʵʢʟʦʩʢʝʣʝʪʘ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʯʝʣʦ-

ʚʝʢʘ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʥʘʧʠʩʘʥʥʦʛʦ, ʙʳʣʘ ʩʬʦʨʤʫʣʠ-

ʨʦʚʘʥʘ ʮʝʣʴ ʥʘ ʥʘʩʪʦʷʱʠʡ ʧʦʜʵʪʘʧ ʅʀʈ, ʩʦʩʪʦʷʱʘʷ 

ʚ ʧʦʣʫʯʝʥʠʠ, ʦʙʦʙʱʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʦ ʙʠʦ-

ʤʝʭʘʥʠʢʠ ʣʦʢʦʤʦʮʠʡ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʘʩʩʠʚʥʦʛʦ ʵʢʟʦʩʢʝʣʝʪʘ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦ-

ʩʪʝʡ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʝʟʥʳʤ, ʢʦʤʬʦʨʪʥʳʤ ʠ ʙʝʟ-

ʦʧʘʩʥʳʤ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʝ-

ʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1) ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʫʩʪʘʥʦʚʢʠ 
ʜʣʷ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ, ʜʘʶʱʘʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʘ ʪʘʢʞʝ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ ʥʦʛ 

ʯʝʣʦʚʝʢʘ; 

2) ʇʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦ ʣʦʢʦʤʦʮʠʷʭ ʯʝʣʦʚʝʢʘ 
ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ 

ʙʫʜʝʪ ʚʳʷʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʘʨʘ-

ʤʝʪʨʦʚ ʭʦʜʴʙʳ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ 

ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ; 

3) ʉʦʩʪʘʚʣʝʥʠʝ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ, ʥʝ-
ʦʙʭʦʜʠʤʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ˉ1 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʦʙʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʙʫʩʣʘʚ-

ʣʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴʶ ʘʥʘʪʦʤʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʟʘ-

ʮʠʠ - ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʘʥʘʪʦʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʨʦʝʥʠʷ ʯʝʣʦ-

ʚʝʯʝʩʢʦʛʦ ʪʝʣʘ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʦʧʪʠʤʘʣʴʥʫʶ ʨʘ-

ʙʦʪʫ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʵʪʦʤ ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠ-

ʩʪʝʤʳ [1, 2].  

ɹʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʘʥʘʪʦʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʱʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʢʟʦʩʢʝʣʝʪʘ: 

ʊʘʙʣʠʮʘ 1. 

ɸʥʘʪʦʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʀʥʜʝʢʩ ʘʥʘʪʦʤʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

S1 ʃʠʥʝʡʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʘʟʦʙʝʜʨʝʥʥʳʤ ʩʫʩʪʘʚʦʤ ʠ ʢʦʣʝʥʥʳʤ 

S2 ʃʠʥʝʡʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʣʝʥʥʳʤ ʩʫʩʪʘʚʦʤ ʠ ʛʦʣʝʥʦʩʪʦʧʥʳʤ 

S3 ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʤ/ʫ ʩʘʛʠʪʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʠ ʧʣʦʩʢʦʩʪʴʶ ʙʝʜʨʘ 

S4 ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʛʦʣʝʥʠ  

S5 ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʙʝʜʨʘ 

S6 
ʃʠʥʝʡʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤ/ʫ ʧʨʦʝʢʮʠʷʤʠ ʮʝʥʪʨʦʚ ʤʘʩʩ ʟʚʝʥʴʝʚ ʥʦʛ ʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤʠ ʠʤ ʮʝʥʪʨʘʤʠ ʤʘʩʩ ʵʢʟʦʩʢʝʣʝʪʘ 

C1 
ʀʟʤʝʥʝʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ ʫʛʣʘ ʤʝʞʜʫ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʪʘʟʦʙʝʜʨʝʥʥʦʛʦ ʩʫ-

ʩʪʘʚʘ ʠ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʃʘʪʠʥʩʢʠʝ ʣʠʪʝʨʳ ʚ ʪʘʙʣʠʮʝ 1 ʦʟʥʘʯʘʶʪ ʚʝʨʪʠ-

ʢʘʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʷʪʩʷ ʠʟʤʝʨʝ-

ʥʠʷ: S (ʦʪ ʣʘʪ. Sagitta) - ʩʘʛʠʪʪʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ; C 

(ʦʪ ʣʘʪ. Coronale) ï ʢʦʨʦʥʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ. ɼʣʷ ʚʳ-

ʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ 

ʭʦʜʴʙʳ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʯʝʣʦ-

ʚʝʢʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʜʣʷ ʠʥʜʝʢʩʦʚ S3, 

S4, S5, C1.  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʘ-

ʥʦʚʢʘ (ʜʘʣʝʝ ʂʦʩʪʶʤ) ʥʘ ʦʩʥʦʚʝ ʠʥʝʨʮʠʘʣʴʥʳʭ ʠʟ-

ʤʝʨʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʩ ʤʘʣʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ, IMU 

ï ʩʝʥʩʦʨʦʚ. ʉʝʥʩʦʨʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʨʦ-

ʙʦʪʦʪʝʭʥʠʢʝ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥ-

ʪʨʦʣʣʝʨʘ ʂʦʩʪʶʤʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ Arduino 

Leonardo [3], ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʩʧʦʣʴʟʫʝʪ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ATmega32u4 [3]. ɺʳʙʦʨ ʧʘʣ 

ʠʤʝʥʥʦ ʥʘ ʵʪʦʪ ʚʘʨʠʘʥʪ ʧʦ ʧʨʠʯʠʥʝ ʙʦʣʴʰʦʡ ʧʦʧʫ-

ʣʷʨʥʦʩʪʠ, ʤʘʣʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʣʝʛʢʦʩʪʠ ʚ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʧʧʘʨʘʪʥʦ-ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ Arduino ʣʦʷʣʴʥʦ ʜʣʷ ʥʦʚʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʨʦʩʪʦ ʚ ʦʩʚʦʝʥʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʩʝʥ-

ʩʦʨʦʚ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ IMU ï ʩʝʥʩʦʨ ʥʘ 10 ʩʪʝ-

ʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶ-

ʱʠʝ ʜʘʪʯʠʢʠ: ʪʨʝʭʦʩʥʳʡ ʘʢʩʝʣʝʨʦʤʝʪʨ LIS331DLH 

[4]; ʪʨʝʭʦʩʥʳʡ ʛʠʨʦʩʢʦʧ L3G4200D [5]; ʪʨʸʭʦʩʥʳʡ 

ʤʘʛʥʝʪʦʤʝʪʨ/ʢʦʤʧʘʩ LIS3MDL [6]; ʙʘʨʦ-

ʤʝʪʨ LPS331AP [7]; 

ʄʦʜʫʣʴ ʦʙʱʘʝʪʩʷ ʩ ʧʣʘʪʦʡ-ʢʦʥʪʨʦʣʣʝʨʦʤ ʧʦ 

ʧʨʦʪʦʢʦʣʫ I2ʉ, ʧʦʵʪʦʤʫ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʙʦʣʴʰʝ 1 ʩʝʥʩʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʨʘʩʰʠʨʠʪʝʣʴ ʧʦʨʪʦʚ, ʨʘʙʦʪʘʶ-

ʱʠʡ ʧʦ ʧʨʠʥʮʠʧʫ ʛʘʣʝʪʥʦʛʦ ʧʝʨʝʢʣʶʯʘʪʝʣʷ. ʊʘʢ ʞʝ 

ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʚ ʮʝʧʴ ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʙʘʚʠʪʴ ʣʘʤʧʦʯʢʫ-ʠʥʜʠʢʘʪʦʨ ʥʘ ʢʘʞʜʳʡ ʩʝʥʩʦʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʙʦʨʢʠ ʂʦʩʪʶʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʘʷ ʢʦʤʧʣʝʢʪʘʮʠʷ: ʧʣʘʪʘ Arduino Leonardo; 

4 ʭ IMU ï ʩʝʥʩʦʨ ʥʘ 10 ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʥʳ [8]; ʢʝʡʩ-

ʜʝʨʞʘʪʝʣʴ ʜʣʷ çʢʨʦʥʳè 9V; ʨʘʩʰʠʨʠʪʝʣʴ ʧʦʨʪʦʚ 

I2C; SD ï ʢʘʨʪʨʠʜʝʨ;  
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʥʦʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘ-

ʥʠʷ ʠ ʢʘʨʪʨʠʜʝʨʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʂʦʩʪʶʤ ʤʦ-

ʙʠʣʴʥʳʤ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʠ ʨʘʩʰʠʨʠʪʴ ʢʦʣʠ-

ʯʝʩʪʚʦ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʟʘʧʠʩʠ ʜʚʠʞʝʥʠʡ ʯʝʣʦʚʝʢʘ. 

ɸʧʧʘʨʘʪʥʘʷ ʩʭʝʤʘ ʂʦʩʪʶʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠ-

ʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1. ɸʧʧʘʨʘʪʥʘʷ ʩʭʝʤʘ ʂʦʩʪʶʤʘ 

 

ʇʦʩʣʝ ʘʧʧʘʨʘʪʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ 

ʧʨʦʛʨʘʤʤʘ ï ʩʢʝʪʯ, ʩʧʝʮʠʘʣʴʥʦ ʥʘʧʠʩʘʥʥʳʡ ʜʣʷ 

ʧʣʘʪʬʦʨʤʳ Arduino. ʀʩʧʦʣʴʟʫʝʤʳʡ ʩʢʝʪʯ ʥʘʭʦ-

ʜʠʪʩʷ ʥʘ ʦʙʣʘʯʥʦʤ ʩʝʨʚʠʩʝ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʥʘ 

Yandex Disk [9]. ʀʟ ʥʝʛʦ ʚʠʜʥʦ, ʯʪʦ ʨʘʩʰʠʨʠʪʝʣʴ 

ʧʦʨʪʦʚ ʧʨʝʨʳʚʘʝʪ ʩʚʷʟʴ ʩ ʩʝʥʩʦʨʦʤ ʢʘʞʜʳʝ 5 ʤʠʣ-

ʣʠʩʝʢʫʥʜ ʠ ʩʦʝʜʠʥʷʝʪʩʷ ʩʦ ʩʣʝʜʫʶʱʠʤ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʯʘʩʪʦʪʘ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʩ ʦʜʥʦʛʦ ʩʝʥ-

ʩʦʨʘ ʨʘʚʥʘ 50 ɻʮ. ɺʥʝʰʥʠʡ ʚʠʜ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ 

ʂʦʩʪʶʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2. ɺʥʝʰʥʠʡ ʚʠʜ ʘʧʧʘʨʘʪʥʦʡ ʩʭʝʤʳ ʂʦʩʪʶʤʘ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʩʪʠ ʟʘʧʠʩʘʥʥʳʭ ʜʘʥʥʳʭ 

ʥʘ ʚʳʭʦʜʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʪʴ ʥʘ ʚʭʦʜ ʵʪʘʣʦʥʥʫʶ 

ʬʠʟʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ. ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʩʣʫʯʘʷ: ʟʘ-

ʧʠʩʴ ʜʘʥʥʳʭ ʘʢʩʝʣʝʨʦʤʝʪʨʦʤ, ʟʘʧʠʩʴ ʜʘʥʥʳʭ ʛʠʨʦ-

ʩʢʦʧʦʤ. 

ʆʧʨʝʜʝʣʠʪʴ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ 

ʚʦʟʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʧʦʚʪʦʨʠʚ ʣʘʙʦʨʘʪʦʨʥʫʶ ʨʘ-

ʙʦʪʫ ʧʦ ʬʠʟʠʢʝ ʟʘ 9 ʢʣʘʩʩ ʰʢʦʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʦʙʫʯʝʥʠʷ, ʣʠʙʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʬʦʨʤʫʣʦʡ 1 [9]: 

 

Ç ωȟχψπσρψᶻρ πȟππυσπςÓzÉÎ ʒ
πȟπππππφÓzÉÎςʒ πȟπππππσπψφÈ (1) 

 

ɺ ʬʦʨʤʫʣʝ (1) ű ï h ʠʨʦʪʘ, h ï ʚʳʩʦʪʘ ʥʘʜ ʫʨʦʚ-

ʥʝʤ ʤʦʨʷ ʚ ʤʝʪʨʘʭ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʨʘʩʧʦ-

ʣʦʞʝʥʠʷ ʛʦʨʦʜʘ ʂʫʨʛʘʥʘ ï 55Ț27ô ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ 

ʠ 75,4 ʤʝʪʨʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. 

ɺ ʪʘʙʣʠʮʝ 2 ʫʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 
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ʊʘʙʣʠʮʘ 2. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ 

ˉ 

ʧ/ʧ 
ʄʝʪʦʜ ʥʘʭʦʞʜʝʥʠʷ ʈʝʟʫʣʴʪʘʪ 

1 ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ 9,81302 

2 ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ (1) 9,80946 

3 
ʊʨʝʭʦʩʥʳʡ ʘʢʩʝʣʝʨʦʤʝʪʨ 

LIS331DLH 
9,80671 

 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʘʢʩʝʣʝʨʦʤʝʪʨʘ 

ʜʣʷ 1 ʠ 2 ʩʣʫʯʘʷ ʩʦʩʪʘʚʣʷʝʪ 0,064% ʠ 0,028% ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ ʚʳ-

ʩʦʢʫʶ ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʪʨʝʭʦʩʥʦʛʦ ʛʠʨʦʩʢʦʧʘ 

ʤʦʞʥʦ ʧʦʚʪʦʨʠʪʴ ʣʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ ʩ çʤʘʷʪʥʠ-

ʢʦʤ ʆʙʝʨʙʝʢʘè [10]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʛʠʨʦʩʢʦʧʘ ʩʦʩʪʘʚʠʣʘ 0,81%.  

 

 

 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ˉ2 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘ-

ʜʘʯʠ, ʥʘʧʨʷʤʫʶ ʧʦʚʣʠʷʶʪ ʥʘ ʘʥʘʪʦʤʠʯʝʩʢʫʶ ʧʘʨʘ-

ʤʝʪʨʠʟʘʮʠʶ ʙʫʜʫʱʝʛʦ ʵʢʟʦʩʢʝʣʝʪʘ. ʇʦʵʪʦʤʫ, ʠʩ-

ʭʦʜʷ ʠʟ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʥʘʟʥʘʯʝ-

ʥʠʷ ʵʢʟʦʩʢʝʣʝʪʘ, ʚ ʢʘʯʝʩʪʚʝ ʫʯʘʩʪʥʠʢʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ 10 ʤʫʞʯʠʥ ʝʚʨʦʧʝʦ-

ʠʜʥʦʡ ʨʘʩʳ ʚʦʟʨʘʩʪʦʤ 19-30 ʣʝʪ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʘ-

ʪʦʣʦʛʠʡ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ɸʥʪʨʦʧʦ-

ʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ɸ, ʤʘʩʩʳ ʩʝʛʤʝʥʪʦʚ ʪʝʣʘ 

ʥʘʡʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [11, 12]. 

 
ʈʠʩʫʥʦʢ 3. ʂʦʩʪʶʤ 

 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʥʘ ʨʠʩʫʥʢʝ 3 

ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʤʦʤʝʥʪʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʂʦʩʪʶʤʘ) 

ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʣʝʜʫ-

ʶʱʠʝ ʩʚʝʜʝʥʠʷ: ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ 

ʯʝʣʦʚʝʢʘ (ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʦʝʢʮʠʠ ʪʘʟʦʙʝʜʨʝʥ-

ʥʦʛʦ ʩʫʩʪʘʚʘ [13]), ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʦʚ 

ʤʘʩʩ ʛʦʣʝʥʠ ʠ ʙʝʜʨʘ, ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʙʝʜʨʘ ʠ ʛʦ-

ʣʝʥʠ, ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʛʦʣʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʜʨʘ. 

ʎʝʥʪʨʳ ʤʘʩʩ ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦ-

ʩʪʝʡ ʠʩʧʳʪʫʝʤʳʭ ʥʘʭʦʜʷʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʨʠ ʧʦ-

ʤʦʱʠ ʤʝʪʦʜʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [14].  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʬʠʢʩʠʨʦ-

ʚʘʪʴ ʜʚʠʞʝʥʠʝ ʦʜʥʦʡ ʥʦʛʠ, ʪ.ʢ. ʥʦʛʘ ʚ ʧʨʦʮʝʩʩʝ 

ʭʦʜʴʙʳ ʥʘʭʦʜʠʪʩʷ ʣʠʙʦ ʚ ʬʘʟʝ ʦʧʦʨʳ, ʣʠʙʦ ʚ ʬʘʟʝ 

ʧʝʨʝʥʦʩʘ [15, 16]. ʈʦʪʘʮʠʷ ʬʘʟ ʥʦʛ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-

ʯʠʪʴ ʚʩʶ ʧʦʣʥʦʪʫ ʢʘʨʪʠʥʫ, ʠʩʩʣʝʜʫʷ ʣʠʰʴ ʦʜʥʫ ʢʦ-

ʥʝʯʥʦʩʪʴ. ɺ ʩʣʫʯʘʝ ʧʨʠʩʝʜʘʥʠʡ, ʦʙʝ ʥʦʛʠ ʜʚʠʞʫʪʩʷ 

ʧʦ ʦʜʠʥʘʢʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ.  

ɺʩʝ ʜʘʥʥʳʝ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝ-

ʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʘʭʦʜʷʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ 

ʥʘ ʦʙʣʘʯʥʦʤ ʩʝʨʚʠʩʝ Yandex Disk [9]. ʅʘ ʨʠʩʫʥʢʝ 4, 

ʜʣʷ ʧʨʠʤʝʨʘ ʭʘʨʘʢʪʝʨʘ ʬʠʢʩʠʨʫʝʤʳʭ ʜʘʥʥʳʭ, ʧʦʢʘ-

ʟʘʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʦʩʠ Y ʥʘ ʜʘʪʯʠʢ, ʟʘʢʨʝʧ-

ʣʝʥʥʳʡ ʥʘ ʙʝʜʨʝ ʠʩʧʳʪʫʝʤʦʛʦ ˉ1, ʧʨʠ ʧʨʠʩʝʜʘ-

ʥʠʷʭ. 
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ʈʠʩʫʥʦʢ 3. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʷ ʫʩʢʦʨʝʥʠʷ ʧʦ ʦʩʠ Y ʥʘ ʜʘʪʯʠʢ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʙʝʜʨʝ ʠʩʧʳʪʫ-

ʝʤʦʛʦ, ʧʨʠ ʧʨʠʩʝʜʘʥʠʷʭ 

 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʥʝʢʦʪʦʨʦʡ ʟʘʰʫʤʣʝʥʥʦʩʪʠ. ʕʪʦʪ 

ʬʘʢʪ ʭʦʨʦʰʦ ʚʠʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 4. ʇʦʵʪʦʤʫ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ 

[17], ʘʣʛʦʨʠʪʤ ʫʧʨʦʱʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʢʦʪʦʨʦʛʦ 

ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʧʣʘʪʬʦʨʤʝ Arduino [18]. ʅʘ 

ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʬʠʣʴʪʨʘʮʠʠ ʫʧʨʦʱʝʥ-

ʥʳʤ ʬʠʣʴʪʨʦʤ ʂʘʣʤʘʥʘ. 

 
ʈʠʩʫʥʦʢ 4. ɻʨʘʬʠʢ ʬʠʣʴʪʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʷ ʫʩʢʦʨʝʥʠʷ ʧʦ ʦʩʠ Y ʥʘ ʜʘʪʯʠʢ, ʟʘ-

ʢʨʝʧʣʝʥʥʳʡ ʥʘ ʙʝʜʨʝ ʠʩʧʳʪʫʝʤʦʛʦ, ʧʨʠ ʧʨʠʩʝʜʘʥʠʷʭ 

 

ʇʦ ʛʨʘʬʠʢʘʤ ʥʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5 ʟʘʤʝʪʥʦ, ʯʪʦ ʘʢ-

ʩʝʣʝʨʦʤʝʪʨ ʟʘʧʠʩʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʙʩʪʚʝʥʥʳʝ 

ʫʩʢʦʨʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʦ ʠ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜ-

ʥʦʛʦ ʧʘʜʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʢʦʨʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʬʠʢʩʠʨʫʝʪ ʘʢʩʝʣʝʨʦʤʝʪʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶ-

ʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

! Ç Á
! Ç Á

! Ç Á
                               ς  

ɺ ʬʦʨʤʫʣʝ (2) ɸ ï ʧʨʦʝʢʮʠʠ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝ-

ʥʠʷ ʧʦ ʦʩʷʤ ʘʢʩʝʣʝʨʦʤʝʪʨʘ; g ï ʧʨʦʝʢʮʠʠ ʫʩʢʦʨʝʥʠʷ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷʤ ʧʦ ʦʩʷʤ ʘʢʩʝʣʝʨʦʤʝʪʨʘ; ʘ ï 

ʧʨʦʝʢʮʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʦ ʦʩʷʤ ʘʢʩʝʣʝ-

ʨʦʤʝʪʨʘ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʢʩʝʣʝʨʦʤʝʪʨ, ʧʨʠʢʨʝʧʣʝʥʥʳʡ ʢ ʟʚʝʥʫ ʢʦʥʝʯʥʦʩʪʠ, 

ʢʘʢ g-ʩʝʥʩʦʨ [19], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦ-

ʣʦʞʝʥʠʝ ʟʚʝʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʝʢʪʦʨʫ ʫʩʢʦʨʝʥʠʷ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤ-

ʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʷʟʢʠ ʘʢʩʝʣʝʨʦʤʝʪʨ ï ʛʠʨʦʩʢʦʧ 

ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʂʦʩʪʶʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʧʦ-

ʣʦʞʝʥʠʷʭ, ʩʢʦʨʦʩʪʷʭ ʠ ʫʩʢʦʨʝʥʠʷʭ ʥʠʞʥʠʭ ʢʦʥʝʯ-

ʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʕʪʠ ʜʘʥʥʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪ ʚ ʨʘʤʢʘʭ 

ʛʨʘʥʪʦʚʦʛʦ ʜʦʛʦʚʦʨʘ. ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʥʘ ʚʳʭʦʜʝ ʦʪ ʂʦʩʪʶʤʘ ʜʣʷ ʠʩʧʳʪʫʝʤʦʛʦ 

ˉ1 ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 6, 7.
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ʈʠʩʫʥʦʢ 5. ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚ ʤ/ʫ ʟʚʝʥʴʷʤʠ ʥʦʛ ʠ ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʴʶ; ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ ï ʙʝʜʨʦ, 

ʧʫʥʢʪʠʨ ï ʛʦʣʝʥʴ 

 

 
ʈʠʩʫʥʦʢ 7. ʍʘʨʘʢʪʝʨ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ; ʜʚʠʞʝʥʠʝ ï ʧʨʠʩʝʜʘʥʠʷ; ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ ï ʫʛʦʣ ʤ/ʫ ʩʧʠʥʦʡ 

ʠ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ; ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʧʠʥʳ 

 

ʅʘ ʨʠʩʫʥʢʘʭ ʚʳʰʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ çʧʫʣʴʩʘʮʠʡè 

ʭʦʨʦʰʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʜʚʠʞʝʥʠʡ, ʩʦ-

ʚʝʨʰʝʥʥʳʭ ʟʘ ʚʨʝʤʷ ʟʘʧʠʩʠ. ɺʦʩʩʪʘʥʦʚʠʤ ʪʨʘʝʢʪʦ-

ʨʠʶ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʦʚ ʤʘʩʩ ʟʚʝʥʴʝʚ ʠ ʧʨʦʩʣʝʜʠʤ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʟʘʧʘʩʘʥʠʷ ʵʥʝʨʛʠʠ. ʇʨʠ ʧʨʠʩʝʜʘʥʠʷʭ, ʪ.ʢ. ʦʙʝ 

ʥʦʛʠ ʜʚʠʞʫʪʩʷ ʦʜʠʥʘʢʦʚʦ, ʤʦʜʝʣʴ ʯʝʣʦʚʝʢʘ ʚ ʩʘʛʠʪ-

ʪʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʪʨʝʭʟʚʝʥʥʦʤʫ 

ʤʘʥʠʧʫʣʷʪʦʨʫ, ʯʴʝ ʧʦʣʦʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ 3-ʭ ʢʦʦʨ-

ʜʠʥʘʪ.  

ʅʘ ʨʠʩʫʥʢʝ 8 ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʧʨʠʩʝ-

ʜʘʥʠʷʭ ʥʘʠʙʦʣʴʰʘʷ ʘʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʱʝʥʠʷ ʫ ʮʝʥ-

ʪʨʘ ʤʘʩʩ ʩʧʠʥʳ, ʘ ʥʘʠʤʝʥʴʰʘʷ ï ʫ ʢʦʣʝʥʥʦʛʦ ʩʫ-

ʩʪʘʚʘ.  
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ʈʠʩʫʥʦʢ 8. ʊʨʘʝʢʪʦʨʠʷ ʢʦʣʝʥʥʦʛʦ, ʪʘʟʦʙʝʜʨʝʥʥʦʛʦ ʩʫʩʪʘʚʦʚ, ʮ.ʤ. ʢʦʨʧʫʩʘ 

 

 
ʈʠʩʫʥʦʢ 9. ʋʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʛʦʣʝʥʠ (ʩʧʣʦʰʥʘʷ), ʙʝʜʨʘ (ʧʫʥʢʪʠʨ), ʩʧʠʥʳ (ʪʦʯʝʯʥʘʷ ʢʨʠʚʘʷ). ʇʨʦʩʣʝʞʠ-

ʚʘʝʪʩʷ ʬʘʟʦʚʦʝ ʩʤʝʱʝʥʠʝ ʚʨʘʱʝʥʠʷ ʙʝʜʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʚʫʭ ʜʨʫʛʠʭ ʟʚʝʥʴʝʚ 

 

ʇʨʠ ʨʘʚʥʳʭ ʠʥʝʨʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʥʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ ʧʫʪʝʤ ʟʘʧʘʩʘʥʠʷ ʵʥʝʨʛʠʠ 

ʙʳʣʦ ʙʳ ʟʘʧʘʩʘʥʠʝ ʵʥʝʨʛʠʠ ʜʚʠʞʝʥʠʷ ʩʧʠʥʳ, ʦʜ-

ʥʘʢʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʣʝʥʥʦʛʦ ʩʫʩʪʘʚʘ ʚ ʵʪʦ ʞʝ 

ʚʨʝʤʷ ʩʦʚʝʨʰʘʝʪ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʦʢʦʣʦ 

80% ʤʘʩʩʳ ʚʩʝʛʦ ʦʨʛʘʥʠʟʤʘ.  

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ˉ3 

ʉʦʩʪʘʚʠʤ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʪʘʙʣʠʮʫ, ʚ ʢʦʪʦʨʦʡ 

ʦʪʨʘʟʠʤ ʥʝʦʙʭʦʜʠʤʳʝ ʥʘʤ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʩʧʳʪʫʝʤʦʛʦ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ɸ). 
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ʈʠʩʫʥʦʢ 10. ʀʟʤʝʥʝʥʠʝ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʭʦʜʴʙʝ 

 

ʅʘ ʨʠʩʫʥʢʝ 10 ʚʠʟʫʘʣʠʟʠʨʫʝʤ ʥʝʢʦʪʦʨʳʝ ʜʘʥ-

ʥʳʝ, ʘ ʠʤʝʥʥʦ ʠʟʤʝʥʝʥʠʝ ʫʛʣʦʚʳʭ 4-ʭ ʢʦʦʨʜʠʥʘʪ 

ʧʨʠ ʭʦʜʴʙʝ (Ŭ, ɓ ï ʫʛʣʳ ʤ/ʫ ʚʝʨʪʠʢʘʣʴʶ ʠ ʙʝʜʨʦʤ/ʛʦ-

ʣʝʥʴʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʵʬʬʠʮʠʝʥʪʳ 1 ʠ 2 ʦʪʥʦ-

ʩʷʪʩʷ ʢ ʧʝʨʝʥʦʩʠʤʦʡ/ʦʧʦʨʥʦʡ ʥʦʛʝ). ʈʦʪʘʮʠʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʥʦʛ ʦʪʣʠʯʥʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ 

ʛʨʘʬʠʢʝ ʚʳʰʝ ï ʧʣʘʚʥʘʷ ʩʤʝʥʘ ʦʧʦʨʥʦʡ ʠ ʧʝʨʝʥʦ-

ʩʠʤʦʡ ʬʘʟʳ. ʌʫʥʢʮʠʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʘʧʧʨʦʢʩʠ-

ʤʘʮʠʠ ʧʦʣʠʥʦʤʘʤʠ 4-5 ʩʪʝʧʝʥʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥ-

ʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʵʢʟʦʩʢʝʣʝʪ, ʧʦʚʪʦ-

ʨʷʶʱʠʡ ʘʥʘʪʦʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʧʝʨʘʪʦʨʦʚ ʙʫ-

ʜʫʱʝʛʦ ʵʢʟʦʩʢʝʣʝʪʘ. ʇʦʢʘʞʝʤ ʥʘ ʛʨʘʬʠʢʝ 11 ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʮ.ʤ. ʯʝʣʦʚʝʢʘ ʧʨʠ ʧʨʠʩʝʜʘʥʠʷʭ 

ʦʪ ʜʣʠʥ ʟʚʝʥʴʝʚ. ʅʘ ʨʠʩʫʥʢʝ 11 ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʣʠ-

ʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʟʚʝʥʴʝʚ 

ʙʫʜʫʱʝʛʦ ʵʢʟʦʩʢʝʣʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʦʩʪʘ ʦʧʝ-

ʨʘʪʦʨʘ. 

 
ʈʠʩʫʥʦʢ 11. ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʜʚʠʞʝʥʠʷ ʮ.ʤ. ʦʪ ʜʣʠʥ ʙʝʜʝʨ 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 
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3. http://arduino.ru/Hardware/ArduinoBoardLeo

nardo - ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʧʣʘʪʳ Arduino 
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H-accelerometer.pdf - ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ 3-

ʭ ʦʩʝʚʦʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨʘ ʦʪ ʢʦʤʧʘʥʠʠ-ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʷ STMicroelectronics; 

5. https://files.amperka.ru/datasheets/L3G4200

D-hyroscope.pdf - ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ 3-ʭ 

ʦʩʝʚʦʛʦ ʛʠʨʦʩʢʦʧʘ ʦʪ ʢʦʤʧʘʥʠʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

STMicroelectronics; 

6. https://files.amperka.ru/datasheets/LIS3MDL

-magnetometer.pdf - ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʤʘʛ-

ʥʠʪʦʤʝʪʨʘ ʦʪ ʢʦʤʧʘʥʠʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʷ STMicroe-

lectronics; 

7. https://files.amperka.ru/datasheets/LPS331A

P-barometer.pdf - ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʙʘʨʦ-

ʤʝʪʨʘ ʦʪ ʢʦʤʧʘʥʠʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʷ STMicroelec-

tronics; 

8. https://amperka.ru/product/troyka-imu-10-dof 

- imu - ʩʝʥʩʦʨ, ʧʣʘʪʘ ʩ ʨʘʩʧʘʷʥʥʳʤʠ ʜʘʪʯʠʢʘʤʠ; 
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ʥʳʝ ʧʨʦʛʨʘʤʤʳ; 
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ʨʦʚ. ï ʄ.: ʉʦʚʝʪʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ, 1988. 
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ʥʠʢʘ. ð ʄ.: ʅʘʫʢʘ, 1979. ð ʊʠʨʘʞ 50 000 ʵʢʟ. ð ʩ. 

191. 
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ʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ G ï ʩʝʥʩʦʨʘ 

 

ʇʨʠʣʦʞʝʥʠʝ ɸ 

ɸʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʯʘʩʪʥʠʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 ̄ ɺʦʟʨʘʩʪ ʈʦʩʪ, ʤ 
ɺʝʩ, 

ʢʛ 

ɼʣʠʥʘ 

ʰʘʛʘ, ʤ 

ɼʣʠʥʘ 

ʙʝʜʨʘ, ʤ 

ɼʣʠʥʘ 

ʛʦʣʝʥʠ, 

ʤ 

ʄʘʩʩʘ 

ʙʝʜʨʘ, ʢʛ 

ʄʘʩʩʘ ʛʦ-

ʣʝʥʠ, ʢʛ 

1 22 1,83 80,2 0,82 0,46 0,47 11,591 3,522 

2 18 1,71 66,2 0,77 0,40 0.41 9,379 2,871 

3 21 1,74 71,8 0,80 0,42 0.40 10,239 3,110 

4 22 1,73 61,7 0,76 0,41 0.42 8,748 2,732 

5 23 1,79 75,3 0,82 0.43 0.44 10,820 3,297 

6 20 1,75 66,8 0,74 0,42 0,43 9,521 2,941 

7 26 1,73 70,4 0,76 0,42 0,42 10,021 3,047 

8 19 1,82 85,9 0,81 0,47 0,47 12,412 3,716 

9 30 1,90 101,4 0,85 0,48 0,51 14,789 4,374 

10 26 1,77 73,1 0,79 0,45 0,46 10,470 3,193 
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INFORMATION  TECHNOLOGIES  IN MANAGEMENT  

 

ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ. 

ɸʚʪʦʨʳ ʨʘʩʩʤʦʪʨʝʣʠ ʠʥʩʪʨʫʤʝʥʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʢʨʠʪʝʨʠʠ 

ʚʳʙʦʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʣʶʙʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨ-

ʛʘʥʠʟʘʮʠʠ. 

Abstract 

The article is devoted to the actual problem of using information technologies in management. The authors 

considered the tools of information technology in the management of the organization, the criteria for choosing a 

software product to automate any production process of a modern organization. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ ʪʨʫʜ,  ʫʧʨʘʚʣʝʥʯʝ-

ʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪ, ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʝʤ,  ʧʨʦʮʝʩʩ 

Keywords: software product, management system, managerial work, managerial activity, enterprise man-

agement, process 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʥʘʨʷʜʫ ʩ ʯʝʣʦʚʝʯʝ-

ʩʢʠʤʠ, ʬʠʥʘʥʩʦʚʳʤʠ ʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, 

ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʤ ʨʝʩʫʨʩʦʤ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʢʘʟʳʚʘʶʪ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠ-

ʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʈʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳ-

ʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʭʦʜʘ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠ-

ʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʆʪ ʦʙʜʫʤʘʥʥʦʩʪʠ ʪʘʢʦʛʦ ʧʦʜ-

ʭʦʜʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʜʠʥʘʤʠʯʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚ ʫʧʨʘʚʣʝʥʠʠ ʧʨʝʜʧʨʠʷʪʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʘ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ.  

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʠʤʝʥʥʦ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʡ ʫʨʦʚʝʥʴ ʩʝʨʚʠʩʘ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʵʪʠʤ ʠʛʨʘʶʪ 

ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʣʶʙʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠ-

ʟʘʮʠʠ. ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠʬʠʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ 

ʪʨʫʜʘ. ʄʥʦʛʦʛʨʘʥʥʦʩʪʴ, ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʩʪʴ ʩʣʦʞ-

ʥʦʩʪʴ, ʩʚʷʟʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʷʚʣʝʥʠʷʤʠ 

ï ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʪʨʫʜʘ. ʉʦ-

ʩʪʘʚʣʷʶʱʠʤʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʪʨʫʜʘ ʷʚʣʷʶʪʩʷ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʠ ʪʚʦʨʯʝʩʢʠʡ ʪʨʫʜ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʪʨʫʜʘ ʥʝʚʦʟʤʦʞʥʦ ʠʥʬʦʨʤʘʪʠʟʠʨʦʚʘʪʴ. ʀʟʥʘʯʘʣʴʥʦ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʚʷ-

ʟʳʚʘʣʘʩʴ ʪʦʣʴʢʦ ʩ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʥʝʢʦʪʦʨʳʭ ʚʩʧʦ-

ʤʦʛʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. ʆʜʥʘʢʦ, ʨʦʣʴ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʧʨʝʜʧʨʠʷʪʠʝʤ ʚʦʟ-

ʨʘʩʪʘʝʪ ʩ ʫʯʝʪʦʤ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

ʀʤʝʥʥʦ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʩʤʘʪ-

ʨʠʚʘʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʩʦʚʨʝ-

ʤʝʥʥʦʤ ʵʪʘʧʝ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʦʨʜʠʥʘʮʠʶ, ʦʧ-

ʪʠʤʠʟʘʮʠʶ ʠ ʢʦʥʪʨʦʣʴ ʥʘ ʧʫʪʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʦʨʛʘʥʠʟʘʮʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʘʢ 

ʠ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ, ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʧʝʭʘ, 

ʥʦ ʝʛʦ ʥʝʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʚʘʣʫ. 

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʜʦʩʪʠʞʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ 

ʙʠʟʥʝʩ-ʮʝʣʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 
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ʉʪʨʘʪʝʛʠʯʝʩʢʦʝ, ʢʨʘʪʢʦʩʨʦʯʥʦʝ ʠ ʜʦʣʛʦʩʨʦʯ-

ʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʦʧʝʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʜ-

ʧʨʠʷʪʠʝʤ, ʙʫʭʛʘʣʪʝʨʩʢʠʡ ʫʯʝʪ ʷʚʣʷʶʪʩʷ ʪʝʢʫʱʠʤʠ 

ʟʘʜʘʯʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʨʝʰʠʪʴ ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʠʥʩʪʨʫʤʝʥʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠ-

ʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʮʝʣʦʤ. ɺ ʭʦʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʨʫ-

ʢʦʚʦʜʠʪʝʣʴ ʧʦʣʫʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ. ʉ ʧʦʤʦʱʴʶ ʥʝʝ 

ʦʥ ʤʦʞʝʪ ʜʘʪʴ ʦʮʝʥʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʩʧʣʘʥʠʨʦʚʘʪʴ ʩʙʘʣʘʥʩʠʨʦʚʘʪʴ ʚʩʝ ʨʝ-

ʩʫʨʩʳ ʧʨʝʜʧʨʠʷʪʠʷ (ʢʘʜʨʦʚʳʝ, ʬʠʥʘʥʩʦʚʳʝ, ʤʘʪʝ-

ʨʠʘʣʴʥʳʝ). 

ɺʳʰʝʩʢʘʟʘʥʥʦʝ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʩʪʦʷʥʥʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʫʩʣʦʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠʚʝʣʠ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦ-

ʪʦʨʳʝ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝ-

ʙʦʚʘʥʠʷʤʠ ʦʨʛʘʥʠʟʘʮʠʠ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʦʨ-

ʛʘʥʠʟʘʮʠʶ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʩʠʩʪʝʤ.  

ʉʧʝʮʠʘʣʴʥʳʝ ʠ ʢʦʤʧʣʝʢʩʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʛʫʪ ʜʦʣʞʥʳʤ ʩʧʦ-

ʩʦʙʦʤ ʦʙʝʩʧʝʯʠʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʢʘʢ ʦʜʠʥʦʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʠ ʧʨʦʮʝʩʩʦʚ ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʣʶʙʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʪ 

ʦʙʱʠʝ ʠ ʩʧʝʮʠʘʣʴʥʳʝ (ʦʪʨʘʩʣʝʚʳʝ) ʧʨʦʛʨʘʤʤʥʳʝ 

ʩʨʝʜʩʪʚʘ. ʆʨʛʘʥʠʟʘʮʠʷ ʚʳʙʠʨʘʝʪ ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʨʦʜʫʢʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʠʥʪʝʛʨʠ-

ʨʫʝʪ ʝʛʦ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʚʳʙʦʨʝ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʢʨʠʪʝʨʠʠ: 

1. ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʥʝ ʜʦʣʞʝʥ ʜʫʙʣʠʨʦ-

ʚʘʪʴ ʧʨʦʮʝʩʩ ʠʣʠ ʞʝ ʙʳʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʦʪʜʝʣʴ-

ʥʦʡ ʝʜʠʥʠʮʝʡ ʧʨʦʮʝʩʩʘ, ʦʥ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ; 

2. ʚʳʙʦʨ ʟʘʚʠʩʠʪ ʦʞʠʜʘʝʤʦʛʦ ʨʦʩʪʘ ʜʝʥʝʞʥʦʛʦ 

ʧʦʪʦʢʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʧʨʦʜʫʢʪʘ, ʘ 

ʪʘʢʞʝ ʦʪ ʩʪʦʠʤʦʩʪʠ ʦʮʝʥʢʠ ʪʝʢʫʱʠʭ ʨʘʩʭʦʜʦʚ ʥʘ 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʝʛʦ ʠʥʪʝ-

ʛʨʘʮʠʶ. 

ɺʳʙʦʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ 

ʩʪʦʠʤʦʩʪʠ ʠ ʧʨʠʤʝʥʝʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʷ ʤʦʞʝʪ ʥʝ 

ʪʦʣʴʢʦ ʚʳʙʨʘʪʴ ʦʪʨʘʩʣʝʚʦʡ ʠʣʠ ʦʙʱʠʡ ʧʨʦʜʫʢʪ, ʥʦ 

ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ. 

ʀʥʩʪʨʫʤʝʥʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ:  

1) ʫʚʝʣʠʯʠʚʘʪʴ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʠʥʷʪʳʭ ʨʝ-
ʰʝʥʠʡ ʟʘ ʩʯʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʩʙʦʨʘ, ʧʝʨʝʜʘʯʠ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ; 

2) ʫʧʨʘʚʣʝʥʠʷ ʟʘ ʩʯʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜ-
ʩʪʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʫʢʦʚʦʜʠʪʝ-

ʣʷʤ ʜʦʙʠʚʘʪʴʩʷ ʨʦʩʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʝʡ; 

3) ʧʨʠʥʠʤʘʪʴ ʠ ʙʳʩʪʨʦ ʩʦʛʣʘʩʦʚʳʚʘʪʴ ʨʝʰʝ-
ʥʠʷ ʚ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ. 

4) ʩ ʧʦʤʦʱʴʶ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʧʝʨʩʦ-

ʥʘʣʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʫʧʨʘʚʣʝʥʠʝ, ʚʦʟʤʦʞʥʦ ʫʚʝʣʠ-

ʯʠʪʴ ʨʦʩʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ ʩʦʢʨʘʱʝʥʠʝ 

ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ. 

ʀʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳ-

ʚʦʜ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʫʙʲʝʢʪ, ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʠ ʧʨʦʮʝʩʩʳ ʦʨʛʘʥʠʟʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ ʠ ʦʙʝʩʧʝ-

ʯʠʚʘʶʪ ʢʘʯʝʩʪʚʘ ʩʝʨʚʠʩʘ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦ-

ʪʨʝʙʥʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ ʦʪʨʘʩʣʝʚʳʭ (ʩʧʝʮʠʘʣʴʥʳʭ) 

ʟʥʘʥʠʡ ʦʧʨʝʜʝʣʠʣʠ ʩʦʟʜʘʥʠʝ ʦʪʜʝʣʴʥʦʡ ʦʪʨʘʩʣʠ 

ʨʳʥʢʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʫʩʣʫʛʠ ʧʦ ʦʙʩʣʫ-

ʞʠʚʘʥʠʶ ʠ ʩʦʟʜʘʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 
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OVERVIEW OF STANDARD MANUFACTURING PROCESSES FOR SILICON  

AND SAPPHIRE WAFERS 

 

ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʩʪʘʥʜʘʨʪʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʘʩʪʠʥ ʠʟ ʢʨʝʤ-

ʥʠʷ ʠ ʩʘʧʬʠʨʘ. ʇʨʠʚʝʜʝʥʳ ʘʣʛʦʨʠʪʤʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʘʩʪʠʥ ʜʠʘʤʝʪʨʦʤ 100ʤʤ ʠ 150ʤʤ. ʆʧʠʩʘʥʳ ʧʨʦ-

ʮʝʩʩʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʠ ʧʣʘʩʪʠʥ, ʢʦʪʦʨʘʷ ʧʦʜʨʘʟʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʚʠʜʘ: ʠʥʩʪʨʫ-

ʤʝʥʪʦʤ ʩʦ ʩʚʷʟʘʥʥʳʤ ʘʙʨʘʟʠʚʦʤ ʠ ʦʙʨʘʙʦʪʢʘ ʩʚʦʙʦʜʥʳʤ ʘʙʨʘʟʠʚʦʤ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʧʠʩʘʥʳ ʬʘʢʪʦʨʳ, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʶʪ ʤʠʥʠʤʘʣʴʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʠʧʫʩʢ. 

Abstract 

This article is devoted to standard technological processes for manufacturing silicon and sapphire wafers. 

Algorithms for manufacturing plates with a diameter of 100mm and 150mm are given. The processes of machin-

ing a single crystal and wafers are described, which will  be divided into two types: a tool with a bonded abra-

sive and processing with a free abrasive. The conclusion describes the factors that determine the minimum inter-

mediate allowance. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʩʪʠʥʳ ʠʟ ʢʨʝʤʥʠʷ ʠ ʩʘʧʬʠʨʘ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʤʦʥʦʢʨʠʩʪʘʣʣ, ʩʚʦʙʦʜ-

ʥʳʡ ʘʙʨʘʟʠʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ  

Key words: silicon and sapphire wafers, machining, single crystal, free abrasive, process automation 

 

ʆʙʟʦʨ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʘʩʪʠʥ ʠʟ ʢʨʝʤʥʠʷ ʠ ʩʘʧʬʠʨʘ 

ɺʝʜʫʱʝʡ ʮʝʣʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʫʙʝʞʝʡ ʦʙ-

ʨʘʙʦʪʢʠ - ʧʦʣʫʯʝʥʠʝ ʧʣʦʩʢʦʡ, ʩʚʦʙʦʜʥʦʡ ʦʪ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥʦʢ ʢʨʝʤ-

ʥʠʷ [1-4] ʩ ʟʘʜʘʚʘʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʣʦʩʢʦʩʪʥʦ-

ʩʪʠ, ʤʝʪʦʜʦʤ ʫʜʘʣʝʥʠʷ ʥʘ ʣʶʙʦʤ ʩʣʝʜʫʶʱʝʤ 

ʨʫʙʝʞʝ ʦʙʨʘʙʦʪʢʠ ʥʘʨʫʰʝʥʠʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ 

ʧʨʦʰʣʦʤ ʨʫʙʝʞʝ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʦʩʢʦʩʪʥʦʩʪʠ 

ʧʣʘʩʪʠʥʦʢ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʦʧʝʨʘʮʠʷʭ ʰʣʠʬʦʚʢʠ 

ʩʚʦʙʦʜʥʳʤ ʠʣʠ ʞʝ ʩʚʷʟʘʥʥʳʤ ʘʙʨʘʟʠʚʦʤ, ʠ ʜʘʣʴ-

ʥʝʡʰʠʝ ʦʧʝʨʘʮʠʠ ʧʦ ʫʜʘʣʝʥʠʶ ʧʦʚʨʝʞʜʝʥʠʡ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʢ ʧʨʠʤʝʨʫ, ʭʠʤʠʢʦ-ʤʝʭʘʥʠʯʝ-

ʩʢʦʝ ʧʦʣʠʨʦʚʘʥʠʝ, ʥʝ ʦʙʷʟʘʥʳ ʧʨʠʚʦʜʠʪʴ ʢ ʜʝʛʨʘʜʘ-

ʮʠʠ ʧʣʦʩʢʦʩʪʥʦʩʪʠ. 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʢʨʝʤʥʠʡ ʠʤʝʝʪ ʢʦʚʘʣʝʥʪ-

ʥʳʡ ʪʠʧ ʩʚʷʟʠ, ʦʥ ʧʣʘʩʪʠʯʝʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʙʦʣʴ-

ʰʝʡ 2/3 ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʘ ʧʨʠ 20ʉ̄ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʪʚʝʨʜʦʩʪʴʶ ʠ ʭʨʫʧʢʦ-

ʩʪʴʶ [5]. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʘʧʬʠʨʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʪʨʫʜʥʦʦʙʨʘʙʘ-

ʪʳʚʘʝʤʦʩʪʴ: ʪʚʝʨʜʦʩʪʴ ʩʘʧʬʠʨʘ ʩʦʩʪʘʚʣʷʝʪ 9 ʝʜʠ-

ʥʠʮ ʧʦ ʰʢʘʣʝ ʄʦʦʩʘ - ʪʚʝʨʜʦʩʪʴ ʚʳʰʝ ʪʦʣʴʢʦ ʫ ʘʣ-

ʤʘʟʘ ʠ ʢʘʨʙʠʜʘ ʙʦʨʘ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʘʙʨʘʟʠʚ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʠʥʩʪʨʫʤʝʥʪʘʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʠ ʩʘʧʬʠʨʘ ï ʨʝʟʘ-

ʥʠʷ, ʰʣʠʬʦʚʘʥʠʷ ʠ ʧʦʣʠʨʦʚʘʥʠʷ ï ʠʩʧʦʣʴʟʫʶʪ 

ʪʚʝʨʜʳʝ ʠ ʩʚʝʨʭʪʚʝʨʜʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʙʦʣʴʰʝʡ ʪʚʝʨ-

ʜʦʩʪʴʶ, ʯʝʤ ʢʨʝʤʥʠʡ ʠ ʩʘʧʬʠʨ (ʘʣʤʘʟ, ʢʘʨʙʠʜ ʢʨʝʤ-

ʥʠʷ, ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ, ʦʢʩʠʜ ʮʠʨʢʦʥʠʷ, ʜʠʦʢʩʠʜ 

ʢʨʝʤʥʠʷ ʠ ʜʨ.). ɸʙʨʘʟʠʚʥʳʝ ʯʘʩʪʠʮʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʣʠʙʦ ʟʘʢʨʝʧʣʷʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʚ ʦʙʲʝʤʝ ʩʧʝ-

ʮʠʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʣʠʙʦ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʚʦ-

ʙʦʜʥʦʤ (ʥʝʟʘʢʨʝʧʣʝʥʥʦʤ) ʩʦʩʪʦʷʥʠʠ [6]. ʂʦʥʮʝʥ-

ʪʨʘʮʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʦʙʨʘʙʘ-

ʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʣʘʩʪʠʥʳ ʘʙʨʘʟʠʚʥʳʭ 

ʯʘʩʪʠʮ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 104 ï 106 ʩʤ-2. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʣʘ-

ʩʪʠʥʘ ʧʦʜʚʝʨʞʝʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʣʦʢʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʫʧʨʫʛʦʡ ʠ ʧʣʘ-

ʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʚʷʟʢʦʛʦ ʠ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫ-

ʰʝʥʠʷ, ʚʳʟʳʚʘʶʱʠʭ ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ, ʢʘʢ ʦʙʨʘʙʘ-

ʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫ-

ʤʝʥʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘ ʙʘʟʦʚʳʡ ʧʨʦʮʝʩʩ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʧʣʘʩʪʠʥ ʢʨʝʤʥʠʷ ʜʠʘʤʝʪʨʦʤ 150 ʤʤ ʧʨʠ-

ʥʷʪʦ ʩʯʠʪʘʪʴ ʧʨʦʮʝʩʩ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʠʟʦʙʨʘʞʝʥʘ 

ʥʘ ʨʠʩ. 1. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʮʝʧʦʯʢʘ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʫʞʝ ʜʘʚʥʦ ʠ ʥʝʢʦʪʦʨʳʝ ʦʪʜʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ 

ʩʪʘʥʦʚʷʪʩʷ ʣʠʙʦ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ, ʣʠʙʦ ʥʝ ʦʪʚʝʯʘ-

ʶʱʠʤʠ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʤʠʢʨʦʵʣʝʢʪʨʦ-

ʥʠʢʠ. ʇʨʠ ʵʪʦʤ ʧʦʜ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʙʫʜʝʤ ʧʦʥʠ-

ʤʘʪʴ ʦʪʥʦʰʝʥʠʝ ʜʦʩʪʠʛʘʝʤʦʛʦ ʧʦʣʝʟʥʦʛʦ ʵʬʬʝʢʪʘ ʢ 

ʟʘʪʨʘʪʥʦʩʪʠ ʧʨʦʮʝʩʩʘ.  

 



ζColloquium - journal Ȼ#2 5(49),2019 / TECHNICAL SCIENCE 53 

 
ʈʠʩ. 1. ʉʫʱʝʩʪʚʫʶʱʠʡ ʙʘʟʦʚʳʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʘʩʪʠʥ ʢʨʝʤʥʠʷ ʜʠʘʤʝʪʨʦʤ 150 ʤʤ,  

ɸʂɺʈ ï ʘʣʤʘʟʥʳʡ ʢʨʫʛ ʩ ʚʥʫʪʨʝʥʥʝʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʦʡ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʚʦʟʨʘʩ-

ʪʘʥʠʝ ʩʧʨʦʩʘ ʥʘ ʧʣʘʩʪʠʥʳ ʠʟ ʩʘʧʬʠʨʘ ʜʣʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

çʢʨʝʤʥʠʡ ʥʘ ʩʘʧʬʠʨʝè (ʂʅʉ). ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʩʚʦʡʩʪʚ ʩʘʧʬʠʨʘ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʭ ʨʘʜʠʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʠʥʪʝʛʨʘʣʴ-

ʥʳʭ ʤʠʢʨʦʩʭʝʤ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʂʅʉ. ʅʘ ʨʠʩ 2 ʠʟʦʙ-

ʨʘʞʝʥ ʙʘʟʦʚʳʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʘʩʪʠʥ ʩʘʧ-

ʬʠʨʘ ʜʠʘʤʝʪʨʦʤ 100 ʤʤ.  

 

 
ʈʠʩ. 2. ʉʫʱʝʩʪʚʫʶʱʠʡ ʙʘʟʦʚʳʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʘʩʪʠʥ ʩʘʧʬʠʨʘ  

ʜʠʘʤʝʪʨʦʤ 100 ʤʤ, ʧʨʠʤʝʥʷʝʤʳʡ ʥʘ ʆɸʆ ñʕʃʄɸò 
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ɸʙʨʘʟʠʚʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʭʨʫʧ-

ʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦ-

ʢʦʚʳʭ ʪʨʝʱʠʥ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʥʦ-

ʞʝʩʪʚʘ ʝʜʠʥʠʯʥʳʭ ʠʥʜʝʥʪʦʨʦʚ, ʩʢʦʣʴʟʷʱʠʭ ʠʣʠ ʧʝ-

ʨʝʢʘʪʳʚʘʶʱʠʭʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʣʘʩʪʠʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʨʫʙʝʞʥʳʝ 

ʫʯʝʥʳʝ ʩʯʠʪʘʶʪ, ʯʪʦ ʫʜʘʣʷʝʤʳʡ ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʢʦʨʦʩʪʴ ʩʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʚʳʨʘ-

ʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

ὠ
͵ 

͵ ͵ 
 ; 

ʛʜʝ KIc ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷ-

ʞʝʥʠʡ ʚ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ (ʚʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ) 

ʄʇʘÖʤ1/2; H ï ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ɻʇʘ; N ï ʢʦʥʮʝʥʪʨʘ-

ʮʠʷ ʯʘʩʪʠʮ ʘʙʨʘʟʠʚʘ ʤ-3; p ï ʩʨʝʜʥʝʝ ʜʘʚʣʝʥʠʝ ʇʘ; 

? - ʩʨʝʜʥʠʡ ʧʫʪʴ, ʧʨʦʭʦʜʠʤʳʡ ʯʘʩʪʠʮʝʡ ʟʘ ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ, ʤ.  

ʀʟ ʬʦʨʤʫʣʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʟʥʦʩ ʠʣʠ ʩʢʦʨʦʩʪʴ 

ʩʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ ʦʙʨʘ-

ʙʦʪʢʠ, ʜʘʚʣʝʥʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʙʨʘʟʠʚʥʳʭ ʯʘ-

ʩʪʠʮ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʪʝʨʠʘʣʘ ï 

KIc ʠ H. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʝʷʩʝʥ ʩʤʳʩʣ ʨʘʟʤʝʨʥʦʩʪʠ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʘʙʨʘʟʠʚʘ ʤ-3. ʇʨʠ ʨʘʟʤʝʨʥʦʩʪʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ N ʤ-2 ʬʦʨʤʫʣʘ ʥʝ ʩʭʦʜʠʪʩʷ ʧʦ ʨʘʟ-

ʤʝʨʥʦʩʪʠ ʚ ʮʝʣʦʤ. ʇʦʵʪʦʤʫ ʘʜʝʢʚʘʪʥʦʩʪʴ ʬʦʨʤʫʣʳ 

ʩʦʤʥʠʪʝʣʴʥʘ. 

ɺ ʩʫʱʝʩʪʚʫʶʱʝʡ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʦʜʥʦʟʥʘʯʥʳʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʪʝʭ ʠʣʠ ʠʥʳʭ ʘʙʨʘ-

ʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʰʣʠʬʦʚʢʠ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʦʜʣʦʞʢʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʠ 

ʧʣʘʩʪʠʥ ʧʦʜʨʘʟʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʚʠʜʘ: 1) ʦʙʨʘʙʦʪʢʘ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦ ʩʚʷʟʘʥʥʳʤ ʘʙʨʘʟʠʚʦʤ; 2) ʦʙʨʘ-

ʙʦʪʢʘ ʩʚʦʙʦʜʥʳʤ ʘʙʨʘʟʠʚʦʤ. 

ʇʝʨʚʳʡ ʚʠʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʢʘʣʠʙʨʦʚʘʥʠʝ 

ʩʣʠʪʢʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʛʦ ʩʨʝʟʦʚ, ʨʝʟʢʫ ʩʣʠʪʢʘ ʥʘ ʧʣʘʩʪʠʥʳ ʠ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʟʘʢʨʫʛʣʝʥʠʷ ʧʦ ʢʨʘʶ ʧʣʘʩʪʠʥʳ (ʬʘʩʢʠ). 

ɺʪʦʨʦʡ ʚʠʜ ï ʵʪʦ ʦʧʝʨʘʮʠʠ ʜʚʫʭʩʪʦʨʦʥʥʝʡ 

ʰʣʠʬʦʚʢʠ, ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʘʣʤʘʟʥʦʛʦ ʧʦʣʠʨʦʚʘ-

ʥʠʷ (ʩʘʧʬʠʨ) ʠ ʦʜʥʦ ï ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʭʠʤʠʢʦ-ʤʝ-

ʭʘʥʠʯʝʩʢʦʛʦ ʧʦʣʠʨʦʚʘʥʠʷ. 

ʇʦ ʢʘʞʜʦʤʫ ʠʟ ʵʪʠʭ ʚʠʜʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʛʣʫʙʠʥʘʤ 

ʥʘʨʫʰʝʥʠʡ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʠʧʫʩʢʦʚ ʥʘ ʢʘʞʜʦʤ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʤ ʧʝʨʝʭʦʜʝ. 

ʊʝʭʥʦʣʦʛʠʷ ʥʘʭʦʞʜʝʥʠʷ ʧʨʠʧʫʩʢʘ ʜʣʷ ʦʪʜʝʣʢʠ 

ʦʩʥʦʚʘʥʘ ʥʘ ʩʣʝʜʫʶʱʝʤ ʧʦʣʦʞʝʥʠʠ. ʇʨʝʜʚʘʨʠʪʝʣʴ-

ʥʳʡ ʜʦʧʫʩʢ ʦʙʷʟʘʥ ʙʳʪʴ ʪʘʢʠʤ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʦʢʦʣʦ ʝʛʦ ʩʥʷʪʠʠ ʠʩʢʣʶʯʘʣʠʩʴ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪ-

ʜʝʣʢʠ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʧʨʠʦʙʨʝ-

ʪʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʧʝʨʝʭʦʜʘʭ, ʠ ʧʦʛʨʝʰʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʟʜʝʣʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ, ʟʘʚʷʟʳʚʘʶ-

ʱʠʝʩʷ ʥʘ ʠʩʧʦʣʥʷʝʤʦʤ ʧʝʨʝʭʦʜʝ. ʇʨʠʥʠʤʘʝʤʘʷ ʥʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʦʜʠʬʠʢʘʮʠʷ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʙʦʣʚʘʥʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3 

 

 
ʈʠʩ. 3 ʄʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʟʘʛʦʪʦʚʢʠ: 

1-ʫʜʘʣʷʝʤʘʷ ʜʝʬʝʢʪʥʘʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ; 

2-ʩʦʟʜʘʚʘʝʤʘʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩ ʠʟʤʝʥʝʥʥʳʤʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ; 

3-ʦʩʥʦʚʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ; Rzi-1 ï ʚʳʩʦʪʘ ʥʝʨʦʚʥʦʩʪʝʡ; 

Ti-1 ï ʛʣʫʙʠʥʘ ʜʝʬʝʢʪʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

 

ʄʠʥʠʤʘʣʴʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʠʧʫʩʢ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

1) ɺʳʩʦʪʘ ʥʝʨʦʚʥʦʩʪʝʡ Rzi-1, ʧʦʣʫʯʝʥʥʘʷ ʥʘ 

ʩʤʝʞʥʦʤ ʧʨʝʜʰʝʩʪʚʫʶʱʝʤ ʧʝʨʝʭʦʜʝ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʝʨʚʦʡ ʜʦ-

ʚʦʜʦʯʥʦʡ ʦʧʝʨʘʮʠʠ ʵʪʫ ʚʝʣʠʯʠʥʫ ʚʳʙʠʨʘʶʪ ʧʦ ʠʩ-

ʭʦʜʥʦʡ ʟʘʛʦʪʦʚʢʝ, ʧʦʣʫʯʝʥʥʦʡ ʨʝʟʢʦʡ ʩʣʠʪʢʘ. ʇʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʚʪʦʨʦʡ ʦʧʝʨʘʮʠʠ ʤʝʭʘʥʦʦʙʨʘʙʦʪʢʠ 

ʥʫʞʥʦ ʩʥʷʪʴ ʥʝʨʦʚʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʝʨʚʦʡ 

ʦʧʝʨʘʮʠʠ, ʠ ʪ.ʜ. ɺʝʣʠʯʠʥʘ Rzi-1 ʟʘʚʠʩʠʪ ʦʪ ʤʝʪʦʜʘ, 

ʨʝʞʠʤʦʚ ʠ ʫʩʣʦʚʠʡ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʠ. 

2) ɻʣʫʙʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ Ti-1, ʧʦʣʫʯʝʥ-

ʥʘʷ ʥʘ ʩʤʝʞʥʦʤ ʧʨʝʜʰʝʩʪʚʫʶʱʝʤ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʤ ʧʝʨʝʭʦʜʝ. 

3) ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ri-1 ʨʘʩʧʦʣʦ-

ʞʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʘʟʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʘʛʦʪʦʚʢʠ. 

4) ʇʦʛʨʝʰʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ei, ʚʦʟʥʠʢʘʶʱʘʷ ʥʘ 
ʚʳʧʦʣʥʝʥʥʦʤ ʧʝʨʝʭʦʜʝ. ɺʩʣʝʜʩʪʚʠʝ ʧʦʛʨʝʰʥʦʩʪʠ 
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ʫʩʪʘʥʦʚʢʠ ʦʙʨʘʙʘʪʳʚʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʥʠʤʘʝʪ 

ʨʘʟʣʠʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʘʨʪʠʠ ʟʘʛʦʪʦ-

ʚʦʢ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʩʪʨʦʝʥʥʦʤ ʩʪʘʥʢʝ. ʅʝʩʪʘ-

ʙʠʣʴʥʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʤʧʝʥʩʠʨʦʚʘʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʠʧʫʩʢʘ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʚʫʩʪʦʨʦʥʥʝʡ ʜʦʚʦʜʢʝ ʥʝʷʩʥʦ, ʢʘʢ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʳ ri-1 ʠ ei. 
ʈʘʩʯʝʪʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʨʠʧʫʩʢʘ ʥʘ ʦʙʨʘʙʦʪʢʫ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ, 

ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ʧʨʠʧʫʩʢ ʥʘ ʦʜʥʫ ʩʪʦʨʦʥʫ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʠʣʠ ʦʪʜʝʣʴʥʦ ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʭ ʧʣʦʩʢʦʩʪʝʡ 

ὤ Ὑᾀ Ὕ ὴ ‐) ;  

ʧʨʠʧʫʩʢ ʥʘ ʜʚʝ ʩʪʦʨʦʥʳ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙ-

ʨʘʙʦʪʢʝ ʧʨʦʪʠʚʦʣʝʞʘʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ςὤ ςὙᾀ Ὕ ὴ ‐) ; 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ, ʪʦ ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʟʘʤʝʥʝ ʩʚʦʙʦʜʥʦʛʦ 

ʘʙʨʘʟʠʚʘ ʩʚʷʟʘʥʥʳʤ, ʯʪʦ ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʷʜʘ ʧʫʙʣʠ-

ʢʘʮʠʡ, ʧʦʟʚʦʣʷʝʪ ʢʘʢ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʜʦʚʦʜʢʠ, ʪʘʢ ʠ ʩʥʠʟʠʪʴ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʦʪʘʥ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
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DEVELOPMENT OF AN SIMULATION MODEL FOR STUDYING THE INFLUENCE OF THREE -

LEVEL QUANTIZATION AND VARIOUS TYPES OF INTERNAL -PULSE MODULATION ON THE 

RESULT OF CORRELATION PROCESSING OF RADAR SIGNALS  

 

ɸʥʥʦʪʘʮʠʷ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʫʩʪʨʦʡʩʪʚʘ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʥʝʡ ʚʣʠʷʥʠʷ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʠ ʨʘʟʣʠʯʥʳʭ ʪʠ-

ʧʦʚ ʚʥʫʪʨʠʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʥʘ ʨʝʟʫʣʴʪʘʪ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʈʘʙʦʪʘ ʦʛʨʘʥʠʯʝʥʘ ʨʘʤʢʘʤʠ 

ʫʩʪʨʦʡʩʪʚʘ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʠ ʢʦʨʨʝʣʷʪʦʨʘ ʜʣʷ ʰʫʤʦʚ ʩ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. 

Abstract 

The aim of the work is to develop a simulation model of a device for correlation processing of radar signals 

and study on it the influence of three-level quantization and various types of in-pulse modulation on the result of 

correlation processing. The operation is limited by the scope of the three-level quantization device and the corre-

lator for noise with a normal distribution. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʦʚʥʠ ʢʚʘʥʪʦʚʘʥʠʷ, ʪʨʸʭʫʨʦʚʥʝʚʦʝ ʢʚʘʥʪʦʚʘʥʠʝ, ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ 

Keywords: quantization levels, three-level quantization, signal-to-noise ratio 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝ-

ʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʳ ʧʘʩʩʠʚʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ, 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʭ ʨʘʜʠʦʣʦʢʘ-

ʮʠʦʥʥʳʭ ʩʠʩʪʝʤ [1]. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʠʛʥʘʣʳ, ʠʟʣʫʯʝʥʥʳʝ ʚʥʝʰʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʠʭ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʠʝʤʦʤ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ, ʩ ʜʘʣʴʥʝʡʰʝʡ ʩʙʦʨʦʤ ʠ ʦʙʨʘʙʦʪʢʦʡ ʚ 

ʝʜʠʥʦʤ ʮʝʥʪʨʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪ ʢʘʯʝʩʪʚʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʙʝʟ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʣʫʯʘʶʱʠʭ ʩʪʘʥ-

ʮʠʡ. 

ʄʝʪʦʜʳ ʦʙʟʦʨʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʧʘʩʩʠʚʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʘʧʧʘʨʘʪʫʨʳ. ʈʝʘ-

ʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ 

ʪʨʝʙʫʝʪ ʤʥʦʛʦʨʘʟʨʷʜʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʚʳʙʦʨʦʢ 

ʦʧʦʨʥʦʛʦ ʠ ʵʭʦ-ʩʠʛʥʘʣʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʨʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠ ʰʠʨʦʢʦʧʦʣʦʩ-

ʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʤʝʥʘ ʮʠʬʨʦ-

ʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʠ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʤʧʣʝʢʩʘ. ʆʜʥʠʤ ʠʟ 

ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʠ 

ʫʤʝʥʴʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʘʧʧʘʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʯʠʩʣʘ ʨʘʟʨʷʜʦʚ ʢʚʘʥʪʦʚʘʥʠʷ, ʘ 

ʠʤʝʥʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ 

[2]. 

ʄʥʦʛʦʢʘʥʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦ-

ʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʦʧʨʝʜʝ-

ʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʫʩʪʨʦʡʩʪʚʘ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʥʘʨʫʞʠʪʝʣʷ. ʀʩʩʣʝʜʦ-

ʚʘʥʠʝ ʨʘʙʦʪʳ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦ-

ʜʠʪʴ ʥʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. ʇʨʘʚʠʣʴʥʦ 

ʧʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦ-

ʩʪʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʧʦʨʦʛʦʚ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ 

ʢʚʘʥʪʦʚʘʥʠʷ ʠ ʧʦʨʦʛʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʦʚ. ʇʦʵʪʦʤʫ ʧʦʩʪʨʦʝ-

ʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʫʩʪʨʦʡʩʪʚʘ ʢʦʨʨʝʣʷʮʠ-

ʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚ 

ʢʦʤʧʣʝʢʩʝ ʧʘʩʩʠʚʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʩʠʩʪʝʤʘʭ ʧʘʩʩʠʚʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ ʦʧʦʨʥʳʡ 

ʩʠʛʥʘʣ ʟʘʨʘʥʝʝ ʥʝ ʠʟʚʝʩʪʝʥ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʷʝʪʩʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʭʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ, ʠʤʝ-

ʶʱʘʷ ʥʝ ʪʦʣʴʢʦ ʤʥʦʛʦʢʘʥʘʣʴʥʦʩʪʴ ʧʦ ʚʨʝʤʝʥʠ ʠ ʯʘ-

ʩʪʦʪʝ, ʥʦ ʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʦʜʠ-

ʣʘʩʴ ʩ ʫʯʝʪʦʤ ʪʘʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢʘʢ ʫʜʦʙʩʪʚʦ ʚ 

ʫʧʨʘʚʣʝʥʠʠ, ʥʘʛʣʷʜʥʦʩʪʴ, ʧʦʣʥʦʪʘ ʨʝʰʝʥʠʷ ʛʣʘʚ-

ʥʳʭ ʟʘʜʘʯ, ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʟʣʠʯ-

ʥʳʭ ʩʠʛʥʘʣʦʚ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʥʝʧʨʦʪʠʚʦʨʝ-

ʯʠʝ ʪʝʦʨʠʠ. 

ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ ʢʦʨʨʝʣʷʮʠ-

ʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʘ ʧʘʩʩʠʚʥʦʡ ʨʘʜʠʦʣʦʢʘ-

ʮʠʠ, ʢʨʦʤʝ ʪʠʧʦʚʳʭ ʙʣʦʢʦʚ ʠʤʝʝʪ ʙʣʦʢ ʪʨʝʭʫʨʦʚʥʝ-

ʚʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ 

(ʨʠʩ.1). 

 

 
ʈʠʩʫʥʦʢ 1 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʫʩʪʨʦʡʩʪʚʘ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ  

ʢʦʤʧʣʝʢʩʘ ʧʘʩʩʠʚʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ ʩ ʪʨʝʭʫʨʦʚʥʝʚʳʤ ʢʚʘʥʪʦʚʘʥʠʝʤ 

 

ɹʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ ʬʦʨʤʠ-

ʨʫʝʪ ʧʘʯʢʠ ʨʘʜʠʦʠʤʧʫʣʴʩʦʚ ʩ ʨʘʟʳʤʠ ʚʠʜʘʤʠ ʤʦʜʫ-

ʣʷʮʠʠ (ʯʘʩʪʦʪʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ), ʧʘʨʘʤʝʪʨʳ ʢʦʪʦ-

ʨʳʭ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɹʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʨʘʞʝʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ʬʦʨʤʠʨʫʝʪ ʦʪʨʘʞʝʥʥʳʝ ʩʠʛʥʘʣʳ ʠʟ ʦʧʦʨʥʦʛʦ ʩʠʛ-

ʥʘʣʘ ʩ ʫʯʝʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʰʫʤʦʚ ʥʘ ʪʨʘʩʩʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ, ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʦʪʨʘʞʝ-

ʥʠʠ. ʉʠʛʥʘʣ ʚ ʤʝʩʪʝ ʧʨʠʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʩʫʤʤʳ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ï ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʠ 

ʩʣʫʯʘʡʥʦʡ: 

 

))t()t(cos()]t(Am1[U)t(

))t(cos()]t(Am1[U)t(S

0am

0am

ejtvtb

jtvt

++--++

++--+=
  (1) 

 

ʛʜʝ: b(t) ï ʘʤʧʣʠʪʫʜʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ; e(t) ï 

ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʩʣʫʯʘʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʛʥʘʣʘ; t 

- ʟʘʜʝʨʞʢʘ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝ-

ʨʝʜʘʥʥʦʛʦ. 
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ɹʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʰʫʤʦʚʦʡ ʧʦʤʝʭʠ ʬʦʨʤʠ-

ʨʫʝʪ ʰʫʤʳ ʩ ʟʘʜʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴʶ. 

ɹʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʨʘʞʝʥʠʡ ʦʪ ʟʝʤʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ (ʆɿʇ) ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ ʆɿʇ ʠʟ ʦʧʦʨ-

ʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʫʯʝʪʦʤ ʛʝʦʤʝʪʨʠʠ ʩʠʩʪʝʤʳ ʠ ʩʚʦʡʩʪʚ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɹʣʦʢ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʢʚʘʥʪʫʝʪ ʥʘ 

ʪʨʠ ʫʨʦʚʥʷ ʩʠʛʥʘʣʳ ʠ ʘʜʜʠʪʠʚʥʳʝ ʩʤʝʩʠ, ʧʦʩʪʫʧʘ-

ʶʱʠʝ ʥʘ ʝʛʦ ʚʭʦʜ. ʊʨʠ ʫʨʦʚʥʷ ʢʚʘʥʪʦʚʘʥʠʷ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʠʜʝʘʣʴʥʳʡ ʦʛʨʘʥʠʯʠʪʝʣʴ ʩ ʟʦʥʦʡ ʥʝʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ (ʨʠʩʫʥʦʢ 2) [4].  

 

 
ʈʠʩʫʥʦʢ 2 ʀʜʝʘʣʴʥʳʡ ʦʛʨʘʥʠʯʠʪʝʣʴ 

ʆʪʩʯʝʪʳ ʩʠʛʥʘʣʘ ʙʝʨʫʪʩʷ ʯʝʨʝʟ ʚʨʝʤʷ, ʧʨʝʚʳ-

ʰʘʶʱʝʝ ʠʥʪʝʨʚʘʣ ʢʦʨʨʝʣʷʮʠʠ ʰʫʤʦʚ, ʘ ʢʚʘʥʪʦʚʘ-

ʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʨʘʚʠʣʫ: 
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Uty,1
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Uty,1

h  (2) 

ɺʝʣʠʯʠʥʘ ʧʦʨʦʛʦʚ ʢʚʘʥʪʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʥʘʨʫʞʝ-

ʥʠʷ. ʆʧʪʠʤʘʣʴʥʳʡ ʧʦʨʦʛ ʢʚʘʥʪʦʚʘʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʠ ʤʦʱʥʦʩʪʠ 

ʰʫʤʦʚ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʙ-

ʥʘʨʫʞʝʥʠʷ [3]. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʦʛʨʘʥʠʯʠʪʝʣʝ ʷʚʣʷʝʪʩʷ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʦʡ ʦʧʝʨʘʮʠʝʡ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʥʝʧʨʝʨʳʚʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝ-

ʣʠʯʠʥʳ ʢ ʜʠʩʢʨʝʪʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʝ. ɺ ʢʘʞ-

ʜʦʤ ʦʪʩʯʝʪʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʜʥʦ ʠʟ ʪʨʝʭ ʧʦʧʘʨʥʦ 

ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ (+1, 0, -1). ɺʝʨʦʷʪʥʦʩʪʠ 

ʠʭ ʧʦʷʚʣʝʥʠʷ ʜʣʷ ʰʫʤʘ ʠ ʩʤʝʩʠ ʩʠʛʥʘʣ + ʰʫʤ 

ʤʦʞʥʦ ʥʘʡʪʠ, ʟʥʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʭʦʜ-

ʥʦʡ ʥʝʧʨʝʨʳʚʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦ ʬʦʨʤʫʣʘʤ: 
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  (3) 

ʛʜʝ P ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʤʠʥʫʩ ʝʜʠʥʠʮʳ, 

ʥʦʣʷ ʠʣʠ ʧʣʶʩ ʝʜʠʥʠʮʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

Uʦʛʨ ï ʧʦʨʦʛ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ; 

W(y) ï ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʭʦʜʥʦʡ ʥʝ-

ʧʨʝʨʳʚʥʦʡ ʚʝʣʠʯʠʥʳ; 

ʇʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ 

ʩʣʫʯʘʷ ʥʦʨʤʘʣʴʥʦʛʦ ʰʫʤʘ ʠ ʘʜʜʠʪʠʚʥʦʡ ʩʤʝʩʠ ʥʦʨ-

ʤʘʣʴʥʦʛʦ ʰʫʤʘ ʠ ʩʠʛʥʘʣʘ Ŭ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

ʘ) 
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ʙ) 

ʈʠʩʫʥʦʢ 3 ʇʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʰʫʤʘ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ  

ʤʠʥʫʩ ʝʜʠʥʠʮʳ, ʥʦʣʷ ʠ ʧʣʶʩ ʝʜʠʥʠʮʳ 

 

ɹʣʦʢ ʩʝʣʝʢʮʠʠ ʧʦ ʯʘʩʪʦʪʝ ʚʳʜʝʣʷʝʪ ʦʪʨʘʞʝʥ-

ʥʳʝ ʠ ʦʧʦʨʥʳʡ ʩʠʛʥʘʣʳ ʥʘ ʬʦʥʝ ʦʪʨʘʞʝʥʠʡ ʦʪ ʟʝʤ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɹʣʦʢ ʢʦʨʨʝʣʷʪʦʨʘ ʬʦʨʤʠʨʫʝʪ ʩʚʝʨʪʢʫ ʦʧʦʨ-

ʥʦʛʦ ʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʦʚ. 

ɺ ʙʣʦʢʝ ʦʙʥʘʨʫʞʠʪʝʣʷ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ 

ʥʘʣʠʯʠʠ ʩʠʛʥʘʣʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥ-

ʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʦʙʣʘʩʪʝʡ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʳʤ ʢʨʠʪʝʨʠʝʤ. ɺʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚ-

ʣʝʥʠʷ +1 , 0 ʠ ï1 ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʩʯʝʪʘ ʧʦʩʣʝ ʧʝʨʝ-

ʤʥʦʞʝʥʠʷ ʜʠʩʢʨʝʪ ʵʭʦ-ʩʠʛʥʘʣʘ ʠ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ 

ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 
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  (4) 

 

ʛʜʝ P*
ɖ ï ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ +1, 0 ʠʣʠ ï1 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʢʘʥʘʣʝ ʵʭʦʩʠʛʥʘʣʘ; 

P*
ɢ ï ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ +1, 0 ʠʣʠ ï1 ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʚ ʢʘʥʘʣʝ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦʷʚʣʝʥʠʷ +1, 0 ʠ 

ï1 ʧʦʩʣʝ ʧʝʨʝʤʥʦʞʝʥʠʷ ʜʠʩʢʨʝʪ ʵʭʦʩʠʛʥʘʣʘ ʠ ʦʧʦʨ-

ʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘʟʳʚʘʝʪʩʷ ʪʨʝʭʤʝʨʥʳʤ ʜʠʩʢʨʝʪʥʳʤ 

ʩʣʫʯʘʡʥʳʤ ʚʝʢʪʦʨʦʤ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 
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-=++ Ö+Ö+Ö=    (5) 

 

ʆʙʣʘʩʪʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪ-

ʩʫʪʩʪʚʠʠ ʩʠʛʥʘʣʘ ʟʘʜʘʝʪʩʷ ʧʦʨʦʛʦʚʳʤʠ ʚʝʣʠʯʠʥʘʤʠ 

-

ʧʦʨ
N  ʠ 

+

ʧʦʨ
N  ʩ ʫʯʝʪʦʤ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ 

ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ. 

ɹʣʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʫʝʪ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʦʚ ʠ ʧʦʤʝʭ ʥʘ 

ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʢʦʨʨʝʣʷʪʦʨʘ, ʙʣʦʢʘ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ 

ʢʚʘʥʪʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʮʝʣʝʡ. 

ʇʦʷʩʥʠʤ ʨʘʙʦʪʫ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʥʘ ʧʨʠ-

ʤʝʨʝ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʜʠʥʦʯʥʳʡ ʨʘʜʠʦʠʤʧʫʣʴʩ, ʢʦʪʦʨʳʡ ʩʫʤʤʠʨʫʝʪʩʷ ʩ 

ʛʘʫʩʩʦʚʩʢʠʤ ʰʫʤʦʤ [5]. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʵʧʶʨʘ ʦʪ-

ʢʣʠʢʘ ʢʦʨʨʝʣʷʪʦʨʘ ʠ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʘʢʩʠʤʫʤʘ ʦʪʢʣʠʢʘ ʢʦʨʨʝʣʷʪʦʨʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

(ʨʠʩ. 5): 
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ʈʠʩʫʥʦʢ 5 ʕʧʶʨʘ ʦʪʢʣʠʢʘ ʢʦʨʨʝʣʷʪʦʨʘ ʠ ʛʠʩʪʦʛʨʘʤʤʘ ʤʘʢʩʠʤʫʤʘ ʦʪʢʣʠʢʘ ʢʦʨʨʝʣʷʪʦʨʘ 

ʇʦʩʣʝ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʩʠʛʥʘʣ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ (ʨʠʩ. 6): 

 

 
ʈʠʩʫʥʦʢ 6 ɸʜʜʠʪʠʚʥʘʷ ʩʤʝʩʴ ʩʠʛʥʘʣʘ ʩ ʰʫʤʦʤ ʧʦʩʣʝ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ 

 

ʆʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʳʭʦʜʝ ʫʩʪʨʦʡʩʪʚʘ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦ-

ʨʦʛʘ ʦʛʨʘʥʠʯʝʥʠʷ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʧʨʠ 

ʪʨʝʭʫʨʦʚʥʝʚʦʤ ʢʚʘʥʪʦʚʘʥʠʠ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʦʪ-

ʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʧʨʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʤ ʢʚʘʥʪʦ-

ʚʘʥʠʠ. ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʝ ʨʘʩʯʝʪʳ. ʆʜʥʘʢʦ ʦʥ ʧʨʦʷʚʣʷʝʪʩʷ ʣʠʰʴ ʚ ʥʝʢʦ-

ʪʦʨʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ ʦʪ ʧʦʨʦʛʘ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠ-

ʩʫʥʢʝ 7. 

 

 
ʈʠʩʫʥʦʢ 7 ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʦʪ ʧʦʨʦʛʘ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ 
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ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʦʪ ʧʦʨʦʛʘ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʳʩʢʘʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʘ ʦʛʨʘʥʠʯʝʥʠʷ. ɺʳʩʪʘʚʣʷʪʴ ʦʧ-

ʪʠʤʘʣʴʥʳʡ ʧʦʨʦʛ ʦʛʨʘʥʠʯʝʥʠʷ ʚʦʟʤʦʞʥʦ ʧʦ ʦʪʥʦ-

ʰʝʥʠʶ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʭʦʜʝ ʢʦʨʨʝʣʷʪʦʨʘ ʠʣʠ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ 1 ʠ ï1 ʥʘ ʚʭʦʜʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʥʷʪʠʷ ʨʝ-

ʰʝʥʠʷ ʦ ʥʘʣʠʯʠʠ ʩʠʛʥʘʣʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, 

ʧʦ ʢʘʢʦʤʫ ʧʘʨʘʤʝʪʨʫ ʚʳʩʪʘʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʡ 

ʧʦʨʦʛ ʦʛʨʘʥʠʯʝʥʠʷ, ʙʫʜʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʠ ʩʪʨʫʢʪʫʨ-

ʥʳʝ ʩʭʝʤʳ ʫʩʪʨʦʡʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʧʦʨʦʛʘ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʫʜʦʚʣʝ-

ʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʠʤʠʪʘʮʠ-

ʦʥʥʳʤ ʢʦʤʧʴʶʪʝʨʥʳʤ ʤʦʜʝʣʷʤ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦ-

ʣʫʯʠʪʴ ʤʦʱʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʨʨʝʣʷ-

ʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʤʦʜʫʣʷʮʠʠ ʠ ʤʦʱʥʦʩʪʴʶ, ʘ 

ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʙʦʣʴʰʝʤʫ ʯʠʩʣʫ 

ʧʘʨʘʤʝʪʨʦʚ. 

ʄʦʜʝʣʴ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ 

ʨʘʟʨʷʜʥʦʩʪʠ ʢʚʘʥʪʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʥʘ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠ ʨʘʙʦ-

ʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʥʘʨʫʞʠʪʝʣʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʧʦʟ-

ʚʦʣʷʝʪ ʨʘʟʜʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʨʨʝ-

ʣʷʮʠʦʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʩʠʛʥʘʣʦʚ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʦʙʥʘʨʫʞʝʥʠʷ.  

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʫʨʦʚʥʝʡ 

ʦʛʨʘʥʠʯʝʥʠʷ ʪʨʝʭʫʨʦʚʥʝʚʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʥʘ ʨʝ-

ʟʫʣʴʪʘʪ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʧʨʘʚʠʣʴʥʳʡ ʧʦʜʙʦʨ ʫʨʦʚʥʝʡ ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʚʳʟʚʘʥʥʳʝ ʤʘʣʦʡ ʨʘʟ-

ʨʷʜʥʦʩʪʴʶ ʢʚʘʥʪʦʚʘʥʠʷ. 
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Abstract 

The developed mobile complex for processing sour mine water (SFC) is designed to treat Levykhinsky reser-

voir under dump mine water to a level that allows dumping onto the relief. It is supposed to extract a wide range 

of materials used in industry as a raw material base from the obtained sludge. The operation of such complexes is 

not possible without a process control system. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʈɺ, ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ɸʉʋ ʊʇ, ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ 

ʢʦʤʧʣʝʢʩ, ʜʘʪʯʠʢʠ, Scada, ʢʦʤʧʠʣʷʪʦʨ C/C++ MinGW, Windows, Linux. 

Keywords: CRF, cross-platform programming, automatic process control systems, hardware and software 

complex, sensors, Scada, C / C ++ MinGW compiler, Windows, Linux. 

 

ɺʚʝʜʝʥʠʝ.  

ʋʭʫʜʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʋʨʘʣʝ 

ʠ ʧʦ ʚʩʝʡ ʩʪʨʘʥʝ ʚ ʮʝʣʦʤ, ʦʙʫʩʣʦʚʣʝʥʦ ʜʝʷʪʝʣʴʥʦ-

ʩʪʴʶ ʯʝʣʦʚʝʢʘ. ʅʘʨʫʰʘʶʪ ʵʢʦʣʦʛʠʶ ʢʘʢ ʜʝʡʩʪʚʫʶ-

ʱʠʝ, ʪʘʢ ʠ ʫʞʝ ʟʘʢʨʳʪʳʝ ʧʨʝʜʧʨʠʷʪʠʷ. ʅʘʧʨʠʤʝʨ, 

ʰʘʭʪʳ ʟʘʢʨʳʪʳʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʧʝʨʝʚʝʜʸʥʥʳʝ ʥʘ ʤʦʢʨʫʶ ʢʦʥʩʝʨʚʘʮʠʶ. ʀʟ ʪʘʢʠʭ 

ʰʘʭʪ ʚ ʨʝʢʠ ʠ ʦʟʸʨʘ ʠʟʣʠʚʘʶʪʩʷ ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ 

ʚʦʜ, ʠʤʝʶʱʠʝ ʚ ʩʝʙʝ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ ʨʘʟʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ. ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ, ʜʣʷ ʦʯʠʩʪʢʠ ʪʘʢʠʭ ʚʦʜ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʨʝʘʛʝʥʪʥʳʡ ʤʝʪʦʜ, ʪʦ ʝʩʪʴ, ʜʣʷ ʦʩʘʞʜʝ-

ʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪ ʠʟʚʝʩʪʴ, ʚʩʪʫʧʘʶʱʫʶ ʚ 

ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʩ ʥʠʤʠ ʠ ʦʩʝʜʘʶʱʫʶ ʥʘ ʜʥʝ 

ʚʦʜʦʝʤʦʚ [1]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʟʘʪʨʘʪʥʳʤ ʠ 

ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʞʝʣʘʝʤʦʤʫ ʨʝʟʫʣʴʪʘʪʫ. ʈʘʟʨʘʙʘʪʳʚʘ-

ʝʤʳʡ ʤʦʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʙʝʟʨʝʘʛʝʥʪʥʦʡ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʂʈɺ, ʥʝ ʪʦʣʴʢʦ ʦʯʠʩʪʠʪ ʩʪʦʯʥʳʝ ʚʦʜʳ ʜʦ ʧʨʠ-

ʝʤʣʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʥʦ ʠ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ, ʩʦʜʝʨʞʘʱʠʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ 

ʤʝʪʘʣʣʳ, ʢʘʢ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʝʨʝʨʘʙʘʪʳ-

ʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [2].  

ʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʧʨʝʜʧʦʣʘʛʘ-

ʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʥʘ ʦʩʥʦʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʥʪʨʦʣ-

ʣʝʨʦʚ, ʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʟʨʘʙʦʪʘʪʴ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ. ɼʣʷ ʵʪʦʛʦ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʧʨʠʯʠʥ: 

¶ ɺʦ-ʧʝʨʚʳʭ, ʠʟ-ʟʘ ʩʘʥʢʮʠʡ, ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʨʷʜʘ ʟʘʨʫʙʝʞʥʳʭ ʬʠʨʤ ʩʪʘʣʦ ʥʝʜʦ-

ʩʪʫʧʥʳʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ʇʨʠ ʧʦʢʫʧʢʝ ʞʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʯʝʨʝʟ ñʪʨʝʪʴʠʭ ʣʠʮò, 

ʮʝʥʘ ʚʦ ʤʥʦʛʦ ʨʘʟ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʪʘʢ ʞʝ ʥʝ ʚʳʛʦʜʥʦ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʙʦʣʴʰʠʭ, ʠʣʠ ʤʥʦʞʝʩʪʚʘ ʩʨʝʜʥʠʭ 

ʩʠʩʪʝʤ. 

¶ ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʰʠʙʦʢ ʚ 
ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʰʪʘʪʥʳʝ ʧʨʦʛʨʘʤʤʠʩʪʳ 

ʠʩʧʨʘʚʷʪ ʠʭ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ, ʪʘʢ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʠ ʦʰʠʙʦʢ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʟʘʨʫʙʝʞ-

ʥʳʭ ʢʦʤʧʘʥʠʡ, ʧʨʠʭʦʜʠʪʩʷ ʞʜʘʪʴ ʦʯʝʨʝʜʥʳʭ ʦʙ-

ʥʦʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ. 

¶ ɺ-ʪʨʝʪʴʠʭ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚʳ-

ʛʦʜʘ. ɽʜʠʥʦʞʜʳ ʟʘʪʨʘʯʠʚʘʝʤ ʨʝʩʫʨʩʳ ʥʘ ʩʦʟʜʘʥʠʝ 

ʩʚʦʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʧʦʪʦʤ ʪʠʨʘʞʠ-

ʨʫʝʤ ʝʛʦ ʥʘ ʚʩʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʥʘʤʠ ʫʩʪʘʥʦʚʢʠ. 

¶ ɺ-ʯʝʪʚʝʨʪʳʭ, ʯʘʱʝ ʚʩʝʛʦ ʚʟʣʘʤʳʚʘʶʪ ʧʦ-

ʧʫʣʷʨʥʳʝ ʩʠʩʪʝʤʳ, ʦʙʱʝʜʦʩʪʫʧʥʳʝ ʩʝʨʚʝʨʘ 

(ʥʘʧʨʠʤʝʨ, web, RDP), ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʩʝʪʠ. ɺʦ-

ʟʠʪʴʩʷ ʩ ʥʝʠʟʚʝʩʪʥʳʤ ʩʝʨʚʠʩʦʤ, ʢʣʠʝʥʪʘ ʢʦʪʦʨʦʛʦ 

ʥʝʪ ʚ ʦʙʱʝʤ ʜʦʩʪʫʧʝ (ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʨʝʚʝʨʩ ʠʥʞʠ-

ʥʠʨʠʥʛ), ʥʠʢʦʤʫ ʥʝ ʟʘʭʦʯʝʪʩʷ, ʵʪʦ ʷʚʣʷʝʪʩʷ ʥʝʢʠʤ 

ʛʘʨʘʥʪʦʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

 ɼʘʣʝʝ, ʚʩʪʘʝʪ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʢʦʤʧʠʣʷʪʦʨʘ. 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʠʭ ʥʝ ʪʘʢ ʫʞ ʠ ʤʥʦʛʦ. ʂʨʠʪʝʨʠʝʤ ʚʳ-

ʙʦʨʘ ʷʚʣʷʝʪʩʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ. ʉ ʦʜʥʦʡ ʩʪʦ-

ʨʦʥʳ, ʵʪʦ ʣʠʮʝʥʟʠʦʥʥʘʷ ʧʦʣʠʪʠʢʘ Microsoft, ʩ ʜʨʫ-

ʛʦʡ, ʵʪʦ ʙʝʩʧʣʘʪʥʦʩʪʴ ʠ ʦʪʢʨʳʪʦʩʪʴ Linux ʩʠʩʪʝʤ. 

ɿʘʢʘʟʯʠʢ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ, ʥʘ ʦʩ-

ʥʦʚʝ ʯʝʛʦ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥʘ ʩʠʩʪʝʤʘ. ʄʥʦʛʠʝ ʧʨʝʜ-

ʧʨʠʷʪʠʷ ʦʪʢʘʟʳʚʘʶʪʩʷ ʦʪ ʩʝʨʚʝʨʦʚ ʥʘ Linux, ʧʦʪʦʤʫ 

ʯʪʦ ʥʝ ʠʤʝʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥ-

ʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. ʃʠʙʦ ʧʦʣʠʪʠʢʘ ʢʦʤʧʘʥʠʠ ʟʘʧʨʝ-

ʱʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʨʚʝʨʘ ʥʘ ʦʩʥʦʚʝ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ Window, ʚ ʩʚʷʟʠ ʩ ʜʠʨʝʢʪʠʚʘʤʠ ʚʥʫʪʨʝʥ-

ʥʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʊʘʢ ʧʝʨʚʳʡ ʢʘʥʜʠʜʘʪ ʵʪʦ QT 5, ʢʨʦʩʩʧʣʘʪʬʦʨ-

ʤʝʥʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ, ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ 

ʧʦʣʥʦʩʪʴʶ ʙʝʩʧʣʘʪʥʘʷ, ʪʝʧʝʨʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤ-

ʤʝʨʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʚʩʪʨʘʠʚʘʝ-

ʤʳʭ ʩʠʩʪʝʤ, ʧʨʠʜʸʪʩʷ ʧʦʢʫʧʘʪʴ ʣʠʮʝʥʟʠʠ. 

ʇʦ ʵʪʦ ʧʨʠʯʠʥʝ ʚʳʙʦʨ ʧʘʜʘʝʪ ʥʘ ʥʘʙʦʨ ʢʦʤʧʠ-

ʣʷʪʦʨʦʚ C / C ++ MinGW. MinGW ʪʘʢʞʝ ʚʭʦʜʠʪ ʚ 

ʩʦʩʪʘʚ QT, ʥʦ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʧʘʢʝʪ ʜʣʷ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ Windows, ʪʘʢ ʠ ʜʣʷ Linux. 

ʅʘʩ ʠʥʪʝʨʝʩʫʝʪ ʢʦʤʧʠʣʷʪʦʨ C++ - g++. ʕʪʦʪ ʢʦʤʧʠ-

ʣʷʪʦʨ ʥʝ ʠʤʝʝʪ ʩʚʦʝʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ, ʥʦ ʵʪʘ ʧʨʦ-

ʙʣʝʤʘ ʣʝʛʢʦ ʨʝʰʘʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ Eclipse, ʠʣʠ ʨʘʟ-

ʨʘʙʦʪʢʦʡ ʩʚʦʝʡ ʧʨʦʩʪʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʩ ʤʠʥʠ-

ʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ. 

ʉʣʝʜʫʶʱʝʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʩʘʤ ʧʨʦʮʝʩʩ 

ʨʘʟʨʘʙʦʪʢʠ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ʇʦ 

ʫʤʦʣʯʘʥʠʶ, ʥʘ Linux ʩʦʙʠʨʘʶʪ ʩʦʬʪ ʜʣʷ Linux, ʥʘ 

Windows ʜʣʷ Windows. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʨʘʤ-

ʤʠʩʪ ʩʦʙʨʘʚʰʠʡ ʧʨʦʝʢʪ ʠ ʦʪʣʘʜʠʚʰʠʡ ʝʛʦ ʥʘ Win-

dow, ʧʳʪʘʶʱʠʡʩʷ ʩʦʙʨʘʪʴ ʵʪʦʪ ʞʝ ʧʨʦʝʢʪ ʥʘ Linux, 

ʧʦʣʫʯʠʪ ʤʘʩʩʫ ʦʰʠʙʦʢ ʢʦʤʧʠʣʷʪʦʨʘ. ʅʘʯʠʥʘʷ ʩ ʦʪ-

ʩʫʪʩʪʚʠʷ ʟʘʛʦʣʦʚʦʯʥʳʭ ʬʘʡʣʦʚ (ʭʠʜʝʨʦʚ) ʠ ʟʘʢʘʥ-

ʯʠʚʘʷ ʥʝʠʟʚʝʩʪʥʳʤʠ ʢʦʤʘʥʜʘʤʠ. ʊʫʪ ʥʘʯʠʥʘʝʪʩʷ 

ʧʨʦʮʝʩʩ ʘʜʘʧʪʘʮʠʠ ʧʨʦʝʢʪʘ ʢ ʧʣʘʪʬʦʨʤʝ Linux, ʪʨʘ-

ʪʠʪʩʷ ʚʨʝʤʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʦʜʘ, ʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʤʳ 

ʠʤʝʝʤ ʜʚʘ ʨʘʟʥʳʭ ʧʨʦʝʢʪʘ ʥʘ ʨʘʟʥʳʝ ʧʣʘʪʬʦʨʤʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʤ ʧʦʪʨʝʙʫʝʪʩʷ ʧʝʨʩʦʥʘʣ ʜʣʷ ʩʦ-

ʧʨʦʚʦʞʜʝʥʠʷ ʦʙʦʠʭ ʧʨʦʝʢʪʦʚ. ɽʩʣʠ ʞʝ ʫ ʥʘʩ ʤʥʦ-

ʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʝʢʪʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʜʚʘʠʚʘʝʪʩʷ. ʀ ʚʥʝʩʝʥʠʝ 

ʧʨʘʚʦʢ ʚ ʦʜʠʥ, ʪʨʝʙʫʝʪ ʚʥʝʩʝʥʠʷ ʧʨʘʚʦʢ ʚ ʜʨʫʛʦʡ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʣʘʜʢʦʡ ʦʙʦʠʭ. 

ʈʝʰʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʥʘʩʪʨʦʠʚ ʩʝʨ-

ʚʝʨ ʢʦʤʧʠʣʷʮʠʠ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʝʢʪ 

ʧʠʰʝʪʩʷ ʥʘ ʢʘʢʦʡ-ʪʦ ʦʜʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ, 

ʥʘʧʨʠʤʝʨ, Window. ʅʦ ʩʝʨʚʝʨ ʢʦʤʧʠʣʷʮʠʠ ʤʳ 

ʥʘʩʪʨʦʠʤ ʥʘ Linux. ɺ ñʧʦʨʪʝʞʝò MinGW ʠʤʝʝʪʩʷ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʮʠʷʭ: 
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¶ MinGW -arm ï ʢʦʤʧʠʣʷʪʦʨ ʜʣʷ ʧʣʘʪʬʦʨʤʳ 

ARM, ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ Linux 

ʜʣʷ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ. 

¶ MinGW -_x86_64-Linux ï ʂʦʤʧʠʣʷʪʦʨ ʜʣʷ 

Linux x86-ʠ _x86- 64. 

¶ MinGW -_x86_64-Windows ï ʂʦʤʧʠʣʷʪʦʨ 

ʜʣʷ Linux, ʥʦ ʩʦʟʜʘʝʪ ʠʩʧʦʣʥʷʝʤʳʝ ʬʘʡʣʳ ʜʣʷ 

Windows. 

ʋʩʪʘʥʦʚʠʚ ʚʩʝ ʪʨʠ ʢʦʤʧʠʣʷʪʦʨʘ ʥʘ ʦʜʠʥ ʩʝʨ-

ʚʝʨ, ʤʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. 

ʊʘʢ ʩʦʭʨʘʥʠʚ ʩʚʦʡ ʧʨʦʝʢʪ ʥʘ ʩʝʪʝʚʦʡ ʜʠʩʢ Linux 

ʩʝʨʚʝʨʘ ʢʦʤʧʠʣʷʮʠʠ (ʨʠʩʫʥʦʢ 3), ʤʳ ʚʳʧʦʣʥʷʝʤ ʥʘ 

ʥʝʤ ʩʢʨʠʧʪ, ʢʦʪʦʨʳʡ ʠʥʠʮʠʠʨʫʝʪ ʩʥʘʯʘʣʘ ʢʦʤʧʠʣʷ-

ʮʠʶ ʧʨʦʝʢʪʘ ʧʦʜ ARM, ʧʦʪʦʤ ʧʦʜ Linux x86_64, ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʣʦʢ ʧʦʜ Window x86_64 ʩʤʦʪʨʠʤ 

ʨʠʩʫʥʦʢ 1. ʃʦʛ ʨʝʟʫʣʴʪʘʪʘ ʩʝʨʚʝʨ ʧʨʠʩʳʣʘʝʪ ʥʘʤ 

ʦʙʨʘʪʥʦ.  

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ IDE ʥʘ ʧʦʜʦʙʠʝ 

Eclipse, ʥʦ ʪʦʛʜʘ ʚʦʟʥʠʢʥʝʪ ʧʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ 

ʣʦʛʘ ʢʦʤʧʠʣʷʮʠʠ ʙʣʦʢʦʚ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ 

ʩʚʦʶ IDE ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ ʚʳʙʦʨ ʬʘʡʣʦʚ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʤʠʥʠʤʘʣʴ-

ʥʘʷ ʧʦʜʩʚʝʪʢʘ, ʢʦʤʧʠʣʷʮʠʷ ʙʣʦʢʦʚ ʦʜʥʦʡ ʢʥʦʧʢʦʡ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʠʝ ʣʦʛʘ ʢʦʤʧʠʣʷʮʠʠ ʩ ʧʦ-

ʷʩʥʝʥʠʝʤ ʦʰʠʙʦʢ. ʅʘ ʨʠʩʫʥʢʝ ʥʠʞʝ, ʧʨʦʩʪʦʡ ʧʨʠ-

ʤʝʨ IDE, ʩ ʫʯʸʪʦʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ. 

 

 
ʈʠʩ.1.ɺʥʝʰʥʠʡ ʚʠʜ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ IDE_CPP. 

 

 
ʈʠʩ.2. ʅʘʩʪʨʦʡʢʘ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ. 
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ʈʠʩ.3.ʅʘʩʪʨʦʡʢʘ ʜʦʩʪʫʧʘ ʢ ʩʝʨʚʝʨʫ ʢʦʤʧʠʣʷʮʠʠ. 

 

ʊʝʧʝʨʴ ʤʳ ʚʠʜʠʤ ʨʝʟʫʣʴʪʘʪ ʢʦʤʧʠʣʷʮʠʠ. ɽʩʣʠ 

ʧʦ ʚʩʝʤ ʪʨʸʤ ʙʣʦʢʘʤ ʧʦʣʫʯʘʝʤ ñError 0ò ï ʦʰʠʙʦʢ 

ʥʝʪ, ʤʦʞʝʤ ʨʘʩʢʠʜʳʚʘʪʴ ʧʨʦʛʨʘʤʤʫ ʧʦ ʩʚʦʠʤ ʧʣʘʪ-

ʬʦʨʤʘʤ ʠ ʠʩʧʳʪʳʚʘʪʴ ʚ ʨʘʙʦʪʝ, ʩʤʦʪʨʠʤ ʜʠʘ-

ʛʨʘʤʤʫ 1. ɽʩʣʠ ʥʘ ʢʘʢʦʤ-ʪʦ ʙʣʦʢʝ (ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ) 

ʚʦʟʥʠʢʣʠ ʦʰʠʙʢʠ, ʤʳ ʤʦʞʝʤ ʧʝʨʝʧʠʩʘʪʴ ʢʦʜ ʪʘʢ 

ʯʪʦʙʳ ʠʭ ʫʩʪʨʘʥʠʪʴ. ʅʘʧʨʠʤʝʨ, (ʦʪʩʫʪʩʪʚʠʝ ʢʦ-

ʤʘʥʜʳ ʚ Linux, ʥʦ ʝʩʪʴ ʚ Windows). 

ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʚʘʨʠʘʥʪ, ʵʪʦ ʩʦʟʜʘʪʴ ʩʚʦʶ ʙʠʙ-

ʣʠʦʪʝʢʫ ʠ ʚʢʣʶʯʠʪʴ ʚ ʥʝʸ ʬʫʥʢʮʠʠ ʠ ʢʦʤʘʥʜʳ, ʢʦ-

ʪʦʨʳʤʠ ʯʘʱʝ ʚʩʝʛʦ ʧʦʣʴʟʫʝʤʩʷ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢʦ 

ʚʩʝʤ ʧʣʘʪʬʦʨʤʘʤ ʩʨʘʟʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠ ʩʠʥʪʘʢ-

ʩʠʩ, ʥʠ ʨʘʟʥʠʮʘ ʚ ʢʦʤʘʥʜʘʭ ʥʘʤ ʥʝ ʧʦʤʝʰʘʶʪ. 

 
ɼʠʘʛʨʘʤʤʘ 1 ʇʨʠʥʮʠʧ ʢʦʤʧʠʣʷʮʠʠ ʧʨʦʝʢʪʘ. 

ɺʳʚʦʜʳ 

ʅʘʙʦʨ ʢʦʤʧʠʣʷʪʦʨʦʚ Mingw, ʷʚʣʷʝʪʩʷ ʦʬʠʮʠ-

ʘʣʴʥʳʤ ʜʣʷ ʩʠʩʪʝʤʳ GNU, ʥʘ ʥʝʤ ʩʦʙʠʨʘʶʪʩʷ ʛʨʘ-

ʬʠʯʝʩʢʠʝ ʦʙʦʣʦʯʢʠ ʠ ʜʘʞʝ ʩʘʤʠ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠ-

ʩʪʝʤʳ. ʆʥ ʙʝʩʧʣʘʪʝʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʥ ʣʫʯʰʝ 

ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʤʦʙʠʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʧʦ 

ʧʝʨʝʨʘʙʦʪʢʝ ʂʈɺ. ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʢʦʤʧʠʣʷʮʠʠ, ʥʘʤ ʥʝʪ ʥʫʞʜʳ ʩʦ-

ʜʝʨʞʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʭʦʜʥʳʭ ʧʨʦʝʢʪʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ 

ʞʝ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʨʘʟʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʦʧʝʨʘʮʠʦʥ-

ʥʳʭ ʩʠʩʪʝʤ, ʤʳ ʵʢʦʥʦʤʠʤ ʚʨʝʤʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ 

ʜʝʥʴʛʠ ʥʘ ʩʦʜʝʨʞʘʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʛʨʘʤʤʠʩʪʦʚ. 
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ROLE OF WI -FI ROAMING IN IMPROVING THE QUALITY OF CUSTOMER SERVICE  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ Wi-Fi, ʥʘ ʩʦʚʨʝʤʝʥʥʳʡ 

ʙʠʟʥʝʩ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʥʝʜʨʝʥʠʷ Wi-Fi ʜʣʷ ʙʠʟʥʝʩʘ. ɹʝʩʰʦʚʥʳʡ Wi-Fi ʨʦ-

ʫʤʠʥʛ, ʢʘʢ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ. 

https://ru.wikipedia.org/wiki/GNU
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Abstract 
The article discusses the impact of information technology, such as Wi-Fi, on modern business. The main 

advantages of implementing Wi-Fi for business are analyzed. Seamless Wi-Fi roaming as a way to improve the 

quality of customer service. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ, Wi-Fi, Wi-Fi ʨʦʫʤʠʥʛ, ʦʩʦʙʝʥʥʦʩʪʠ Wi-Fi, ʧʨʠ-

ʚʣʝʯʝʥʠʝ ʢʣʠʝʥʪʦʚ. 

Key words: customer service quality, Wi-Fi, Wi-Fi roaming, Wi-Fi features, customer acquisition. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʟʥʘʯʠ-

ʤʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʙʠʟʥʝʩʘ ʷʚʣʷʝʪʩʷ ʢʘʯʝ-

ʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ. ʄʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʪʨʝʙʠ-

ʪʝʣʶ ʪʦ ʢʘʯʝʩʪʚʦ ʩʝʨʚʠʩʘ, ʢʦʪʦʨʦʝ ʢʣʠʝʥʪ ʞʝʣʘʝʪ 

ʫʚʠʜʝʪʴ, ʧʨʠʭʦʜʷ ʚ ʪʦ ʠʣʠ ʠʥʦʝ ʟʘʚʝʜʝʥʠʝ, ʪʝʤ ʩʘ-

ʤʳʤ ʪʝʨʷʷ ʩʚʦʠʭ ʢʣʠʝʥʪʦʚ, ʘ ʚ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʩʥʠ-

ʞʘʝʪʩʷ ʧʨʠʪʦʢ ʥʦʚʳʭ ʧʦʩʝʪʠʪʝʣʝʡ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʞʝʣʘʥʠʡ ʠ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʣʠʝʥʪʘ [1, ʩ. 93]. ʉʝʛʦʜʥʷ ʣʶʜʠ ʚʩʝ 

ʯʘʱʝ ʧʦʣʴʟʫʶʪʩʷ ʀʥʪʝʨʥʝʪʦʤ ʥʘʭʦʜʷʩʴ ʚ ʜʚʠʞʝ-

ʥʠʠ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʥʠ ʭʦʪʷʪ ʠʤʝʪʴ ʜʦʩʪʫʧ ʚʦ 

ʚʩʝʤʠʨʥʫʶ ʩʝʪʴ, ʛʜʝ ʙʳ ʦʥʠ ʥʝ ʥʘʭʦʜʠʣʠʩʴ. ʆʩʥʦ-

ʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʤʦʞʥʦ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʩʝʨʚʠʩʘ ʧʦʩʨʝʜʩʪʚʘʤ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʙʝʩʰʦʚʥʦʛʦ Wi-Fi ʧʦʢʨʳʪʠʷ. 

ʇʨʝʞʜʝ ʯʝʤ ʛʦʚʦʨʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦ ʙʝʩ-

ʰʦʚʥʦʤ Wi-Fi ʨʦʫʤʠʥʛʝ, ʨʘʩʩʤʦʪʨʠʤ ʛʜʝ ʩʪʦʠʪ ʧʨʠ-

ʤʝʥʷʪʴ ʙʝʩʧʣʘʪʥʳʡ Wi-Fi, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʝʛʦ 

ʧʨʝʠʤʫʱʝʩʪʚʘ. 

ʂʦʥʝʯʥʦ, ʥʝ ʢʘʞʜʳʡ ʚʠʜ ʙʠʟʥʝʩʘ ʚʳʠʛʨʘʝʪ ʦʪ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʙʝʩʧʣʘʪʥʦʛʦ Wi-Fi ʜʣʷ ʢʣʠʝʥʪʦʚ. 

ɽʩʣʠ ʚʝʜʝʪʩʷ ʙʠʟʥʝʩ, ʢʫʜʘ ʨʝʜʢʦ ʧʨʠʭʦʜʷʪ ʢʣʠʝʥʪʳ 

(ʥʘʧʨʠʤʝʨ, ʩʢʣʘʜ ʠʣʠ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥ), ʵʪʘ ʠʜʝʷ 

ʥʝ ʧʦʜʭʦʜʠʪ. ʅʦ ʝʩʣʠ ʢʣʠʝʥʪʳ ʧʨʦʚʦʜʷʪ ʚʨʝʤʷ ʚ ʟʘ-

ʚʝʜʝʥʠʠ, ʠ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʝʙʳʚʘʥʠʷ ʢʣʠʝʥʪʦʚ 

ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʟʥʝʩʘ, ʯʝʤ ʜʦʣʴʰʝ, ʪʝʤ 

ʣʫʯʰʝ, Wi-Fi ð ʵʪʦ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʧʨʦ-

ʙʣʝʤʳ. ʇʨʠʤʝʨ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʤ ʩʪʦʠʪ ʨʘʩ-

ʩʤʦʪʨʝʪʴ ʚʦʧʨʦʩ ʦ ʙʝʩʧʣʘʪʥʦʡ Wi-Fi ʩʝʪʠ: 

Å ʨʦʟʥʠʯʥʳʝ ʤʘʛʘʟʠʥʳ; 

Å ʢʦʬʝʡʥʠ; 

Å ʘʚʪʦʨʝʤʦʥʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ; 

Å ʧʘʨʠʢʤʘʭʝʨʩʢʠʝ; 

Å ʨʝʩʪʦʨʘʥʳ; 

Å ʤʝʜʠʮʠʥʩʢʠʝ ʢʘʙʠʥʝʪʳ. 

ʇʦʜʫʤʘʡʪʝ ʦ ʪʦʤ, ʩʢʦʣʴʢʦ ʨʘʟ ʚʳ ʧʨʦʚʝʣʠ ʚ 

ʦʞʠʜʘʥʠʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʦ, ʟʘʯʝʤ ʚʳ ʧʨʠʰʣʠ. 

ʄʦʞʝʪ ʙʳʪʴ, ʚʳ ʧʨʦʯʠʪʘʣʠ ʚʩʝ ʞʫʨʥʘʣʳ ʚ ʧʨʠʝʤ-

ʥʦʡ ʠʣʠ ʧʦʪʨʘʪʠʣʠ ʚʨʝʤʷ ʥʘ ʠʛʨʫ ʚ ʪʝʣʝʬʦʥʝ. ʅʦ 

ʧʨʝʜʩʪʘʚʴʪʝ, ʥʘ ʩʢʦʣʴʢʦ ʣʫʯʰʝ ʙʫʜʝʪ ʚʘʰʝ ʚʨʝʤʷ 

ʦʞʠʜʘʥʠʷ, ʝʩʣʠ ʙʳ ʚʳ ʟʥʘʣʠ, ʯʪʦ ʢʦʤʧʘʥʠʷ ʧʨʝʜʣʘ-

ʛʘʝʪ ʙʝʩʧʣʘʪʥʳʡ Wi-Fi, ʠ ʚʘʤ ʥʝ ʥʫʞʥʦ ʙʳʣʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʨʥʝʪ ʪʨʘʬʠʢ ʚʘʰʝʛʦ ʪʝʣʝʬʦʥʘ, ʥʝ 

ʛʦʚʦʨʷ ʫʞʝ ʦ ʩʢʦʨʦʩʪʠ ʀʥʪʝʨʥʝʪ-ʩʦʝʜʠʥʝʥʠʷ. 

ʀʣʠ, ʤʦʞʝʪ ʙʳʪʴ, ʚʳ ʭʦʪʠʪʝ, ʯʪʦʙʳ ʧʦʩʝʪʠʪʝʣʠ 

ʚʘʰʝʛʦ ʨʝʩʪʦʨʘʥʘ ʧʨʦʚʦʜʠʣʠ ʚ ʥʝʤ ʙʦʣʴʰʝ ʚʨʝ-

ʤʝʥʠ. ʉʝʛʦʜʥʷʰʥʷʷ ʚʠʨʪʫʘʣʴʥʘʷ ʨʘʙʦʯʘʷ ʩʠʣʘ, ʩʦ-

ʩʪʦʷʱʘʷ ʠʟ ʬʨʠʣʘʥʩʝʨʦʚ ʠ ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʪʦʨʳʤ 

ʥʝ ʥʫʞʥʦ ʨʘʙʦʪʘʪʴ ʚ ʦʬʠʩʝ, ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʥʦʡ ʢʣʠ-

ʝʥʪʩʢʦʡ ʙʘʟʦʡ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʠʚʣʝʯʴ, ʝʩʣʠ 

ʧʨʝʜʣʦʞʠʪʴ ʠʤ ʙʝʩʧʣʘʪʥʳʡ Wi-Fi. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʙʝʩ-

ʧʣʘʪʥʦʛʦ Wi-Fi ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʝ-

ʙʳʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʷʭ. ʂʣʠʝʥʪʳ ʙʫʜʫʪ ʦʩʪʘʚʘʪʴʩʷ 

ʜʦʣʴʰʝ, ʝʩʣʠ ʦʥʠ ʤʦʛʫʪ ʦʩʪʘʚʘʪʴʩʷ ʥʘ ʩʚʷʟʠ. ʏʘʩʪʴ 

ʧʨʝʜʧʨʠʷʪʠʡ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʢʣʠʝʥʪʳ ʧʨʦʚʦʜʷʪ 

ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʚ ʟʘʚʝʜʝʥʠʠ, ʝʩʣʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʜʦʩʪʫʧ ʚ ʀʥʪʝʨʥʝʪ. ʆʢʦʣʦ ʧʦʣʦʚʠʥʳ 

ʢʣʠʝʥʪʦʚ ʪʘʢʞʝ ʪʨʘʪʷʪ ʙʦʣʴʰʝ ʜʝʥʝʛ. 

ɽʩʣʠ ʚʳ ʜʫʤʘʝʪʝ, ʯʪʦ ʢʣʠʝʥʪʳ ʧʨʦʩʪʦ ʧʨʝʙʳ-

ʚʘʶʪ ʚ ʧʦʤʝʱʝʥʠʠ, ʟʘʥʠʤʘʶʪ ʤʝʩʪʦ, ʥʦ ʥʝ ʪʨʘʪʷʪ 

ʜʝʥʴʛʠ, ʚʳ ʥʝʧʨʘʚʳ. 

ʃʠʰʴ ʥʝʤʥʦʛʠʝ ʚʣʘʜʝʣʴʮʳ ʙʠʟʥʝʩʘ ʦʪʤʝʪʠʣʠ, 

ʯʪʦ ʢʣʠʝʥʪʳ ʪʨʘʪʷʪ ʤʝʥʴʰʝ ʠ ʧʨʦʩʪʦ ʪʫʩʫʶʪʩʷ, ʝʩʣʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʳʡ WiFi. 

ʅʝʩʦʤʥʝʥʥʦ, ʮʝʣʴ ʢʘʞʜʦʛʦ ʙʠʟʥʝʩ ʨʘʟʥʘʷ, ʢʦ-

ʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʢʣʠʝʥʪʘʤ ʙʝʩʧʣʘʪ-

ʥʦʛʦ Wi-Fi. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʵʪʦ, 

ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʣʠʝʥʪʦʚ, 

ʜʨʫʛʠʝ ʜʝʣʘʶʪ ʵʪʦ, ʯʪʦʙʳ ʧʨʠʚʣʝʯʴ ʙʦʣʴʰʝ ʢʣʠʝʥ-

ʪʦʚ. ʅʝʢʦʪʦʨʳʝ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʙʝʩʧʣʘʪʥʳʡ 

WiFi, ʯʪʦʙʳ ʢʣʠʝʥʪʳ ʪʨʘʪʠʣʠ ʙʦʣʴʰʝ ʜʝʥʝʛ ʥʘ ʠʭ 

ʫʩʣʫʛʠ. 

ʂʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʨʘʟʚʝʨʥʫʣʠ Wi-Fi ʜʣʷ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ, ʩʦʦʙʱʠʣʠ ʦ ʧʦʚʳʰʝʥʠʠ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʙʠʟʥʝʩʘ. 

WiFi ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʨʠʷʪʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʨʝ-

ʩʪʦʨʘʥʳ, ʢʘʬʝ ʠ ʧʘʙʳ, ʧʨʠʚʣʝʢʘʪʴ ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ 

[3, ʩ. 14]. ʉʠʜʝʪʴ ʚ ʦʜʠʥʦʯʝʩʪʚʝ ʚ ʢʘʬʝ ʠʣʠ ʨʝʩʪʦ-

ʨʘʥʝ ʜʦʚʦʣʴʥʦ ʥʝʣʦʚʢʦ. ʃʶʜʠ ʩ ʫʜʦʚʦʣʴʩʪʚʠʝʤ ʩʠ-

ʜʷʪ ʚ ʦʜʠʥʦʯʝʩʪʚʝ ʚ ʨʝʩʪʦʨʘʥʘʭ ʠ ʢʘʬʝ, ʝʩʣʠ ʜʦʩʪʫ-

ʧʝʥ WiFi. ɹʝʩʧʣʘʪʥʳʡ ʜʦʩʪʫʧ ʢ Wi-Fi ʧʦʤʦʛʘʝʪ ʦʙ-

ʱʘʪʴʩʷ ʩ ʜʨʫʟʴʷʤʠ, ʩʥʠʤʘʷ ʩʪʠʛʤʫ ʩ ʩʠʜʝʥʠʷ ʚ 

ʦʜʠʥʦʯʝʩʪʚʝ. 

ʇʦʪʨʝʙʠʪʝʣʠ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʚʳʢʘʶʪ ʢ ʙʝʩ-

ʧʣʘʪʥʦʤʫ ʜʦʩʪʫʧʫ ʢ Wi-Fi, ʠ ʵʪʦ ʩʦʟʜʘʝʪ ʦʞʠʜʘʥʠʷ 

ʜʦʩʪʫʧʥʦʩʪʠ Wi-Fi ʚ ʟʘʚʝʜʝʥʠʷʭ. ɹʝʩʧʣʘʪʥʳʡ Wi-Fi 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʫʧʝʥ ʥʘ ʯʘʩʪʥʦʤ ʠ ʦʙʱʝ-

ʩʪʚʝʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʙʠʙʣʠʦʪʝʢʘʭ, ʦʪʝʣʷʭ, ʧʘʙʘʭ. 

ʂʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʝʜʣʘʛʘʶʪ ʙʝʩʧʣʘʪʥʳʡ 

WiFi, ʜʦʣʞʥʳ ʧʨʠʥʷʪʴ ʵʪʫ ʪʝʥʜʝʥʮʠʶ, ʧʦʟʚʦʣʷʷ 

ʢʣʠʝʥʪʘʤ ʦʩʪʘʚʘʪʴʩʷ ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʢ ʦʥʣʘʡʥ-

ʤʠʨʫ. ʅʝʚʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʤʦʞʝʪ ʦʢʘ-

ʟʘʪʴʩʷ ʚʝʩʴʤʘ ʚʨʝʜʥʳʤ ʜʣʷ ʙʠʟʥʝʩʘ. ʂʘʞʜʳʡ ʜʝʩʷ-

ʪʳʡ ʯʝʣʦʚʝʢ ʧʦʢʠʜʘʝʪ ʤʝʩʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʝʩ-

ʧʣʘʪʥʦʛʦ Wi-Fi. 

ʂʘʯʝʩʪʚʦ ʠ ʮʝʥʘ ʙʳʣʠ ʜʚʫʤʷ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʣʠ ʢʦʤʧʘʥʠʷʤ ʜʠʬʬʝ-

ʨʝʥʮʠʨʦʚʘʪʴ ʩʝʙʷ. ʊʝʭʥʦʣʦʛʠʠ ʟʘʩʪʘʚʣʷʶʪ ʙʠʟʥʝʩ 

ʚʥʦʚʴ ʟʘʜʫʤʘʪʴʩʷ ʦʙ ʵʪʦʤ ʧʦʜʭʦʜʝ. ʄʳ ʞʠʚʝʤ ʚ 

ʵʧʦʭʫ ʩʤʘʨʪʬʦʥʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʙʝʩʧʣʘʪʥʦʛʦ Wi-Fi ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʢʦʤʧʘʥʠʷʤʠ. ɽʩʪʴ 

ʣʶʜʠ, ʢʦʪʦʨʳʝ ʚʳʙʠʨʘʶʪ ʤʝʩʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʣʠʯʠʷ ʙʝʩʧʣʘʪʥʦʛʦ Wi-Fi. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʰ 
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ʙʠʟʥʝʩ ʦʙʷʟʘʪʝʣʴʥʦ ʙʫʜʝʪ ʠʤʝʪʴ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝ-

ʨʝʜ ʢʦʥʢʫʨʝʥʪʘʤʠ, ʝʩʣʠ ʦʥʠ ʥʝ ʧʨʝʜʣʘʛʘʶʪ ʙʝʩʧʣʘʪ-

ʥʳʡ Wi-Fi. 

Google ʥʝ ʪʦʣʴʢʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʘʡʪʳ, ʜʨʫʞʝ-

ʩʪʚʝʥʥʳʝ ʢ ʤʦʙʠʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʥʦ ʠ ʥʘʯʠʥʘʝʪ 

ʠʥʜʝʢʩʠʨʦʚʘʪʴ ʢʦʥʪʝʥʪ ʠʟ ʧʨʠʣʦʞʝʥʠʡ iOS. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʧʦʠʩʢʝ ʚ Google ʥʘ iPhone ʠ iPad 

ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʦʠʩʢ ʥʝ ʪʦʣʴʢʦ ʚ ʀʥʪʝʨʥʝʪʝ, ʥʦ 

ʠ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʜʣʷ ʫʩʪʨʦʡʩʪʚ. ɽʩʣʠ ʢʦʤʧʘʥʠʷ 

ʫʢʘʟʘʥʘ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʧʨʦʬʠʣʴ ʧʦ-

ʠʩʢʘ ʦʙʷʟʘʪʝʣʴʥʦ ʙʫʜʝʪ ʧʦʜʥʷʪ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦ-

ʚʳʩʠʪ ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ ʧʦʷʚʣʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʧʦ-

ʠʩʢʘ ʠ ʧʦʣʫʯʝʥʠʷ ʢʣʠʢʦʚ ʦʪ ʢʣʠʝʥʪʦʚ. 

ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʙʝʩʧʣʘʪʥʦʛʦ Wi-Fi ʥʝ ʪʦʣʴʢʦ 

ʧʨʠʥʦʩʠʪ ʧʦʣʴʟʫ ʢʣʠʝʥʪʘʤ. ɽʩʣʠ ʚʳ ʤʦʞʝʪʝ ʢʦʥ-

ʪʨʦʣʠʨʦʚʘʪʴ ʩʝʪʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʚʳ ʤʦʞʝʪʝ ʫʩʪʘ-

ʥʦʚʠʪʴ ʩʚʦʡ ʚʝʙ-ʩʘʡʪ ʚ ʢʘʯʝʩʪʚʝ ʜʦʤʘʰʥʝʡ ʩʪʨʘ-

ʥʠʮʳ, ʥʘʢʘʧʣʠʚʘʪʴ ʜʘʥʥʳʝ ʦ ʢʣʠʝʥʪʘʭ ʠ ʥʘʧʨʘʚʣʷʪʴ 

ʨʝʢʣʘʤʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʫʩʪʨʦʡʩʪʚʘ. ʕʪʦ ʧʦʤʦ-

ʞʝʪ ʢʣʠʝʥʪʘʤ ʫʟʥʘʪʴ ʦ ʜʦʧʦʣʥʝʥʠʷʭ, ʩʧʝʮʠʘʣʴʥʳʭ 

ʧʨʝʜʣʦʞʝʥʠʷʭ ʠ ʜʨʫʛʠʭ ʧʨʝʜʣʘʛʘʝʤʳʭ ʫʩʣʫʛʘʭ. 

ɼʦʩʪʫʧʥʦʩʪʴ Wi-Fi ʙʦʣʴʰʝ ʥʝ ʷʚʣʷʝʪʩʷ ʠʥʥʦ-

ʚʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʝʥʘ ʢʨʫʧʥʳʤʠ ʨʦʟʥʠʯʥʳʤʠ 

ʩʝʪʷʤʠ, ʥʦ ʩʝʛʦʜʥʷ ʜʘʞʝ ʤʘʣʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʝʜ-

ʣʘʛʘʶʪ ʵʪʫ ʫʩʣʫʛʫ ʚ ʩʚʦʝʤ ʫʯʨʝʞʜʝʥʠʠ, ʢʘʢ ʜʣʷ ʢʣʠ-

ʝʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ "ʩʪʘʥʜʘʨʪʥʦʛʦ" 

Wi-Fi ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʘʣʠʯʠʝ ʙʝʣʳʭ ʧʷʪʝʥ ʚ ʨʘʜʠʦ 

ʧʦʢʨʳʪʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʤʦʙʠʣʴʥʦʩʪʠ. 

ʄʥʦʛʠʝ ʦʙʱʝʜʦʩʪʫʧʥʳʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ Wi-Fi 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʣʦʭʦʝ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ, ʩʢʦʥʮʝʥʪʨʠ-

ʨʦʚʘʚ ʥʘʠʣʫʯʰʠʡ ʩʠʛʥʘʣ ʚ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ ʘʥ-

ʪʝʥʥʳ, ʧʨʠ ʵʪʦʤ ʚ ʦʪʜʘʣʝʥʠʠ ʦʪ ʪʦʯʢʠ ʜʦʩʪʫʧʘ, 

ʥʘʧʨʠʤʝʨ, ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʝʜʠʥʝʥʥʳʭ ʩʪʦ-

ʣʠʢʦʚ ʚ ʢʘʬʝ, ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ ʦʩʪʘʚʣʷʝʪ ʞʝʣʘʪʴ ʣʫʯ-

ʰʝʛʦ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷʭ 

ʠ ʦ ʤʥʝʥʠʠ ʦ ʟʘʚʝʜʝʥʠʠ, ʟʘʩʪʘʚʣʷʷ ʠʭ ʧʝʨʝʤʝʱʘʪʴʩʷ 

ʚ ʧʦʠʩʢʘʭ ʜʨʫʛʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʷʟʠ. ʋʩʪʘʥʦʚʢʘ ʥʝ-

ʩʢʦʣʴʢʠʭ ʘʥʪʝʥʥ ʚ ʧʦʤʝʱʝʥʠʠ, ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭ-

ʥʦʣʦʛʠʠ "ʨʦʫʤʠʥʛʘ", ʪʘʢ ʞʝ ʥʝ ʜʘʩʪ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʝ-

ʠʤʫʱʝʩʪʚ, ʘ ʥʘʦʙʦʨʦʪ, ʚ ʤʝʩʪʘʭ ʧʝʨʝʢʨʳʪʠʷ ʨʘʜʠʦ-

ʩʠʛʥʘʣʘ ʚʦʟʤʦʞʥʦ ʥʘʣʠʯʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʪʦ-

ʯʝʢ ʜʦʩʪʫʧʘ ʜʨʫʛ ʥʘ ʜʨʫʛʘ [2, ʩ. 128]. ʅʝ ʛʦʚʦʨʷ ʫʞʝ 

ʦ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴʢʠʭ Wi-Fi ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʟʘʧʫʪʳ-

ʚʘʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʠ ʫʭʦʜ ʢʣʠʝʥ-

ʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʫʧʥʦʝ ʠ ʧʨʦʩʪʦʝ ʚ ʧʦʜʢʣʶʯʝ-

ʥʠʠ ʨʝʰʝʥʠʝ WiFi, ʯʪʦʙʳ ʢʣʠʝʥʪʳ ʤʦʛʣʠ ʧʦʜʢʣʶ-

ʯʘʪʴʩʷ ʠ ʜʝʣʠʪʴʩʷ ʩʚʦʠʤʠ ʩʦʙʳʪʠʷʤʠ ʚ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʷʭ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʟʘʚʝʜʝʥʠʠ, 

ʚʝʜʴ ʥʝ ʚʩʝʛʜʘ ʩʪʦʣʠʢ ʚ ʢʘʬʝ, ʨʷʜʦʤ ʩ ʢʦʪʦʨʳʤ ʫʩʪʘ-

ʥʦʚʣʝʥʘ ʪʦʯʢʘ ʜʦʩʪʫʧʘ, ʙʫʜʝʪ ʩʚʦʙʦʜʝʥ. ʇʨʠ ʵʪʦʤ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʩʦʭʨʘʥʷʪʴ ʤʦʙʠʣʴʥʦʩʪʴ, ʪʘʢ 

ʢʘʢ ʧʨʠʚʷʟʘʥʥʦʩʪʴ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʤʝʩʪʫ ʥʝʛʘ-

ʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʦʤʬʦʨʪʝ ʢʣʠʝʥʪʘ ʠ ʚʧʝʯʘʪʣʝ-

ʥʠʠ ʦ ʟʘʚʝʜʝʥʠʠ.  

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʘ ʨʘʥʝʝ, ʙʝʩʰʦʚʥʳʡ Wi-Fi ʦʙ-

ʣʘʜʘʝʪ ʪʝʤʠ ʞʝ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʯʪʦ ʠ ʩʪʘʥʜʘʨʪʥʳʡ 

Wi-Fi, ʥʦ ʠ ʠʤʝʝʪ ʨʷʜ ʫʥʠʢʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ʀʤʝʥʥʦ ʧʨʠʤʝʥʝʥʠʝ ʙʝʩʰʦʚʥʦʛʦ Wi-Fi ʨʦʫʤʠʥʛʘ 

ʧʦʟʚʦʣʠʪ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʙʝʣʳʝ ʧʷʪʥʘ ʚ Wi-

Fi ʧʦʢʨʳʪʠʠ, ʧʦʟʚʦʣʷʷ ʢʣʠʝʥʪʫ ʩʧʦʢʦʡʥʦ ʧʝʨʝʤʝ-

ʱʘʪʴʩʷ ʚʥʫʪʨʠ ʟʘʚʝʜʝʥʠʷ, ʥʝ ʟʘʜʫʤʳʚʘʷʩʴ ʦ ʧʦʪʝʨʠ 

ʩʚʷʟʠ ʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʪʦʨʥʦʡ ʘʚʪʦʨʠʟʘʮʠʠ, 

ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʷ ʝʜʠʥʫʶ Wi-Fi ʩʝʪʴ, ʥʝ ʚʥʠʢʘʷ ʚ 

ʜʝʪʘʣʠ, ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʷ ʢʣʠʝʥʪʫ ʨʘʩʩʣʘʙʠʪʴʩʷ 

ʠ ʧʦʣʫʯʘʪʴ ʫʜʦʚʦʣʴʩʪʚʠʝ ʦʪ ʚʨʝʤʷʧʨʝʧʨʦʚʦʞʜʝʥʠʷ 

ʚ ʟʘʚʝʜʝʥʠʠ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʘʤʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʥʘ ʙʘʟʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʧʦ ʛʨʘʬʠʢʫ ʥʘʛʨʫʟʢʠ ʠ ʧʨʠ ʨʘʙʦʪʝ ʧʦ ʮʠʢʣʘʤ 

ʟʘʨʷʜʢʠ/ʨʘʟʨʷʜʢʠ. ʇʨʠʚʝʜʝʥʳ ʬʦʨʤʫʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ ʨʘʩʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
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ʚʠʜʘ ʛʝʥʝʨʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʜʢʨʝʧʣʝʥʳ ʨʘʩʯʸʪʘʤʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Homer, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʩʝʪʷʤʠ. 

Abstract 

In this work, the authors analyzed the advantages and disadvantages of using hybrid plants based on renew-

able energy sources. Control systems for combined installations are considered - a control system when working 

on a load schedule and when working on charging / discharging cycles. The formula expressions for calculating 

the cost of energy depending on the type of generation are given. The results of the work are supported by calcu-

lations in the Homer software package, which allows you to create microgrid control models. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʛʠʙʨʠʜʥʳʝ ʵʥʝʨʛʦʢʦʤʧʣʝʢʩʳ, ʩʠʩʪʝʤʘ ʫʧʨʘʚ-

ʣʝʥʠʷ, Homer 

Keywords: Renewable energy, hybrid power systems, control system, Homer 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠʤʝʥʷʪʴ ʫʩʪʘʥʦʚʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʦʣʴʢʦ 

ʦʜʠʥ ʠʩʪʦʯʥʠʢ ʯʠʩʪʦʡ ʵʥʝʨʛʠʠ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

(ʛʠʙʨʠʜʥʳʭ) ʫʩʪʘʥʦʚʢʘʭ ʥʘ ʙʘʟʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ), ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʪʦʣʴʢʦ ʚ 

ʪʝʭ ʤʝʩʪʘʭ, ʛʜʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʧʨʝʦʙʣʘʜʘʝʪ 

ʪʦʪ ʠʣʠ ʠʥʦʡ ʠʩʪʦʯʥʠʢ. ʅʦ ʦʪʩʫʪʩʪʚʠʝ ʦʜʥʦʛʦ ʠʟ ʠʩ-

ʪʦʯʥʠʢʦʚ ʛʝʥʝʨʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʧʝʨʚʦʤ ʠʣʠ 

ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʙʦʷʤ ʚ 

ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʠ.  

ʂʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʠʙʨʠʜʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʱʥʦʩʪʝʡ 

ʛʝʥʝʨʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʷʯ-

ʥʦʡ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʢʘʢʦʡ ʠʩʪʦʯʥʠʢ ʚ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ, ʘ ʢʘʢʦʡ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ, ʠ 

ʢʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʙʫʜʝʪ 

ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʪʦʪ ʠʣʠ ʠʥʦʡ ʠʩʪʦʯʥʠʢ. ʊʘʢʞʝ ʟʘ-

ʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʦʜ-

ʥʠʤ ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚ ʮʝʣʦʤ 

ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʘʝʪʩʷ 

ʫʜʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ ʢɺʪĀʯ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ [1]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ɻʠʙʨʠʜʥʳʝ ʵʥʝʨʛʦʢʦʤʧʣʝʢʩʳ ʥʘ ʙʘʟʝ ʚʦʟʦʙ-

ʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʥʝ ʠʤʝʶʱʠʝ ʩʠ-

ʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʧʨʦʱʝʥʥʳʝ 

ʫʩʪʘʥʦʚʢʠ, ʛʜʝ ʚʳʨʘʙʦʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʤ ʩʧʨʦʩʝ ʥʘ ʵʥʝʨʛʠʶ ʧʦʪʨʝʙʠʪʝʣʝʤ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʩʪʘʥʦʚʢʠ, ʠʤʝʶʱʠʝ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ, ʙʦʣʝʝ ʩʣʦʞʥʳ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʧʦ-

ʪʦʤʫ ʯʪʦ ʦʥʠ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝ-

ʙʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚ 

ʧʝʨʠʦʜʳ ʦʪʩʫʪʩʪʚʠʷ ʛʝʥʝʨʘʮʠʠ ʤʦʱʥʦʩʪʠ ʦʪ ɺʀʕ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʯʘ-

ʩʪʦ ʧʨʠʤʝʥʷʶʪ ʛʝʥʝʨʘʪʦʨʳ ʥʘ ʞʠʜʢʦʤ ʪʦʧʣʠʚʝ ʠ ʘʢ-

ʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʝʨʚʥʦʛʦ ʠʩ-

ʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. ɼʦʣʞʝʥ ʣʠ ʛʝʥʝʨʘʪʦʨ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ ʟʘʨʷʜʢʫ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ, ʠʣʠ ʦʥʠ 

ʜʦʣʞʥʳ ʟʘʨʷʞʘʪʴʩʷ ʪʦʣʴʢʦ ʦʪ ʠʟʙʳʪʢʘ ʩʦʣʥʝʯʥʦʡ 

ʠʣʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʠʠ, ʠʣʠ ʞʝ ʛʝʥʝʨʘʪʦʨ ʜʦʣʞʝʥ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʝʨʠʦʜʳ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ? ʕʪʠ ʚʦ-

ʧʨʦʩʳ ʧʦʟʚʦʣʷʶʪ ʚʚʝʩʪʠ ʦʧʨʝʜʝʣʝʥʥʳʝ çʧʨʘʚʠʣʘè ʚ 

ʨʘʙʦʪʝ ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦ ʛʨʘʬʠʢʫ ʥʘʛʨʫʟʢʠ ʠ 

ʨʘʙʦʪʫ ʧʦ ʮʠʢʣʘʤ ʟʘʨʷʜʢʠ/ʨʘʟʨʷʜʢʠ ʯʘʩʪʦ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʛʝʥʝʨʘʪʦʨʦʚ 

ʠ ɸʂɹ. ʇʦʜ ʨʘʙʦʪʦʡ ʧʦ ʛʨʘʬʠʢʫ ʥʘʛʨʫʟʢʠ ʧʦʥʠʤʘ-

ʝʪʩʷ ʪʘʢʦʡ ʨʝʞʠʤ, ʚ ʢʦʪʦʨʦʤ ʛʝʥʝʨʘʪʦʨ ʚʳʨʘʙʘʪʳ-

ʚʘʝʪ ʪʦʣʴʢʦ ʪʨʝʙʫʝʤʫʶ ʧʦʪʨʝʙʠʪʝʣʝʤ ʤʦʱʥʦʩʪʴ ʠ 

ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʟʘʨʷʜʢʝ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. ɹʘʪʘʨʝʠ ʘʢ-

ʢʫʤʫʣʷʪʦʨʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʘʨʷʞʘʶʪʩʷ ʪʦʣʴʢʦ ʦʪ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʇʦʜ ʮʠʢʣʘʤʠ 

ʟʘʨʷʜʢʠ/ʨʘʟʨʷʜʢʠ ʧʦʥʠʤʘʝʪʩʷ ʪʘʢʦʡ ʨʝʞʠʤ, ʚ ʢʦʪʦ-

ʨʦʤ ʛʝʥʝʨʘʪʦʨ ʨʘʙʦʪʘʝʪ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʩʪʘʥʦʚ-

ʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʫʜʦʚʣʝʪʚʦʨʷʷ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦ-

ʪʨʝʙʠʪʝʣʷ, ʘ ʠʟʣʠʰʢʘʤʠ ʟʘʨʷʞʘʷ ɸʂɹ. ɺ ʪʘʢʦʡ ʩʠ-

ʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘʜʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʟʘʨʷʜʘ ɸʂɹ. ʂʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʢʘʷ ʫʩʪʘʚʢʘ ʫʨʦʚʥʷ ʟʘʨʷʜʘ ɸʂɹ, ʩʠʩʪʝʤʘ ʥʝ ʦʩʪʘ-

ʥʘʚʣʠʚʘʝʪ ʧʨʦʮʝʩʩ ʟʘʨʷʜʢʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫ-

ʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʩʪʘʚʢʠ. ʊʘʢʘʷ ʩʠ-

ʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʪʦʣʴʢʦ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʛʝʥʝʨʘʪʦʨ ʠ ʙʘʪʘʨʝʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ 

ʨʘʙʦʪʘʶʪ ʧʘʨʘʣʣʝʣʴʥʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ HOMER [2] ʧʦʟʚʦʣʷʝʪ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʦʙʝ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʩʪʨʘʪʝʛʠʠ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʥʘʜ ʨʘʙʦʪʦʡ ʛʝʥʝʨʘʪʦʨʘ ʠ ʫʨʦʚʥʝʤ ʟʘʨʷʜʘ 

ɸʂɹ. ɿʜʝʩʴ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʨʘʚʥʝʥʠʝ ʩʪʨʘ-

ʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠ ʚʳʛʦʜʥʳʡ ʚʘʨʠʘʥʪ. ʇʨʦʛʨʘʤʤʘ ʩʠʤʫʣʠʨʫʝʪ 

ʩʦʪʥʠ ʠʣʠ ʪʳʩʷʯʠ ʚʘʨʠʘʥʪʦʚ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʵʥʝʨʛʦʢʦʤʧʣʝʢʩʘ ʠ ʚʳʙʠʨʘʝʪ ʠʟ ʥʠʭ ʥʘʠʙʦʣʝʝ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʡ ʚʘʨʠʘʥʪ, ʦʪʚʝʯʘʶʱʠʡ ʪʨʝʙʦ-

ʚʘʥʠʷʤ ʥʘʛʨʫʟʢʠ. 

ʉʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʛʨʘʬʠʢʫ ʥʘʛʨʫʟʢʠ ʠ 

ʩʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʮʠʢʣʘʤʠ ʟʘʨʷʜʢʠ/ʨʘʟʨʷʜʢʠ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʧʨʦʩʪʝʡʰʠʝ ʠ ʥʘʠʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʛʠʙʨʠʜʥʳʤ 

ʵʥʝʨʛʦʢʦʤʧʣʝʢʩʦʤ, ʦʜʥʘʢʦ ʦʥʠ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ 

ʥʝʜʦʩʪʘʪʢʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ 

ʧʦʜʟʘʨʷʜʢʠ ɸʂɹ, ʩʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʮʠʢʣʘʤʠ ʟʘ-

ʨʷʜʢʠ/ʨʘʟʨʷʜʢʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʧʦʣʫʯʝʥʠʶ ʙʦʣʴ-

ʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ ʜʣʷ ɸʂɹ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʨʘʙʦʪʫ ʛʝʥʝʨʘʪʦʨʘ ʚ ʧʝʨʠʦʜ ʥʠʟʢʠʭ 

ʥʘʛʨʫʟʦʢ, ʯʪʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ, ʩʥʠʞʘʝʪ ʩʫʤʤʘʨʥʦʝ 

ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʝʥʝʨʘʪʦʨʘ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʟʘʨʷʜʢʠ/ʨʘʟʨʷʜʢʠ ɸʂɹ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʦʚʨʝʞʜʝʥʠʶ ʠʣʠ ʧʦʣʥʦʤʫ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ɸʂɹ, 

ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʟʘ-

ʤʝʥʫ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʛʜʘ ʛʝʥʝ-

ʨʘʪʦʨ ʨʘʙʦʪʘʝʪ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʥʘʛʨʫʟʢʠ ʙʝʟ ʟʘʨʷʜʢʠ ʙʘʪʘʨʝʡ, ʩʪʨʘʪʝʛʠʷ ʨʘʙʦʪʳ ʧʦ 

ʛʨʘʬʠʢʫ ʥʘʛʨʫʟʢʠ ʛʘʨʘʥʪʠʨʫʝʪ ʪʦ, ʯʪʦ ʟʘʨʷʜʢʘ ɸʂɹ 

ʧʨʦʠʟʦʡʜʝʪ ʦʪ ɺʀʕ ʚ ʛʠʙʨʠʜʥʦʤ ʵʥʝʨʛʦʢʦʤʧʣʝʢʩʝ. 

ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ ʩʪʨʘʪʝʛʠʠ ʨʘʙʦʪʳ ʧʦ ʛʨʘʬʠʢʫ 
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ʥʘʛʨʫʟʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɸʂɹ ʦʛʨʘʥʠʯʝʥʦ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ, ʩʨʦʢ ʩʣʫʞʙʳ ɸʂɹ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʜʣʸʥ. 

ʆʜʥʘʢʦ ʛʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʩʪʨʘʪʝʛʠʠ ʨʘʙʦʪʳ ʧʦ 

ʛʨʘʬʠʢʫ ʥʘʛʨʫʟʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʫʶ 

ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʛʝʥʝʨʘʪʦʨ ʨʘʙʦʪʘʝʪ ʣʠʰʴ ʥʘ ʯʘʩʪʴ 

ʥʘʛʨʫʟʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʝʛʦ ʂʇɼ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʦʜʥʘ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʪʨʘ-

ʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʡ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʩʠʪʫʘʮʠʠ. ʅʦ ʧʨʝʜʩʢʘʟʘʪʴ ʜʦ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʘʢʘʷ ʠʟ ʩʪʨʘʪʝʛʠʡ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦ-

ʜʷʱʝʡ, ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ʉʪʨʘʪʝʛʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʙʦʪʝ ʧʦ ʛʨʘ-

ʬʠʢʫ ʥʘʛʨʫʟʢʠ 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʠʤ ʩʪʨʘʪʝʛʠʶ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʦ ʛʨʘʬʠʢʫ ʥʘʛʨʫʟʢʠ/ 

 

 
ʈʠʩʫʥʦʢ 1 ʉʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʙʦʪʝ ʧʦ ʛʨʘʬʠʢʫ ʥʘʛʨʫʟʢʠ 

ʆʧʝʨʘʮʠʠ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʨʘʟʜʝʣʷʪʴʩʷ ʥʘ 3 ʩʣʫʯʘʷ 

 

1) ʂʦʛʜʘ ʛʝʥʝʨʠʨʫʝʤʘʷ ʵʥʝʨʛʠʷ ʦʪ ɺʀʕ ʨʘʚʥʘ 

ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ. ʊʦʛʜʘ ʜʘʥʥʘʷ ʵʥʝʨʛʠʷ ʪʨʘʪʠʪʩʷ 

ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʛʨʫʟʢʠ, ɸʂɹ ʥʝ 

ʟʘʨʷʞʘʶʪʩʷ, ʛʝʥʝʨʘʪʦʨ ʦʪʢʣʶʯʸʥ, ʪ.ʝ. ʥʝʪ ʜʝʬʠʮʠʪʘ 

ʤʦʱʥʦʩʪʠ. 

2) ʂʦʛʜʘ ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʦʪ ɺʀʕ ʚʳʰʝ 

ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ. ʊʦʛʜʘ ʛʝʥʝʨʠʨʫʶʱʠʝ ʯʠʩʪʫʶ 

ʵʥʝʨʛʠʶ ʠʩʪʦʯʥʠʢʠ ʨʘʙʦʪʘʶʪ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʛʨʫʟʢʠ, ʥʝʧʦʪʨʝʙʣʸʥʥʘʷ ʵʥʝʨʛʠʷ 

ʙʫʜʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ɸʂɹ. 

ɽʩʣʠ ɸʂɹ ʟʘʨʷʞʝʥʳ ʧʦʣʥʦʩʪʴʶ, ʪʦ ʠʟʙʳʪʢʠ 

ʵʥʝʨʛʠʠ ʜʝʤʧʬʠʨʫʶʪʩʷ (ʥʘʧʨʠʤʝʨ, ʥʘ ʙʘʣʣʘʩʪʥʦʡ 

ʥʘʛʨʫʟʢʝ). ɻʝʥʝʨʘʪʦʨ ʪʘʢʞʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. 

3) ʂʦʛʜʘ ʛʝʥʝʨʠʨʫʝʤʘʷ ʦʪ ɺʀʕ ʵʥʝʨʛʠʷ ʥʠʞʝ 

ʵʥʝʨʛʠʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʥʘʛʨʫʟʢʦʡ, ʪʦ ʚʦʟʤʦʞʥʳ ʜʚʘ 

ʚʘʨʠʘʥʪʘ: 

3.1 ʋʨʦʚʝʥʴ ʟʘʨʷʜʘ ɸʂɹ ʤʠʥʠʤʘʣʝʥ, ʛʝʥʝʨʘʪʦʨ 

ʨʘʙʦʪʘʝʪ ʥʘ ʧʦʪʨʝʙʥʦʩʪʠ ʥʘʛʨʫʟʢʠ (ʩʦʚʤʝʩʪʥʦ ʩ ʠʩ-

ʪʦʯʥʠʢʘʤʠ ʩ ɺʀʕ). ɻʝʥʝʨʘʪʦʨ ʚʳʨʘʙʘʪʳʚʘʝʪ ʵʥʝʨ-

ʛʠʶ ʪʦʣʴʢʦ ʧʦʢʨʳʪʠʷ ʥʘʛʨʫʟʢʠ, ʧʦʜʟʘʨʷʜʢʘ ɸʂɹ ʥʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʦ ʤʥʝʥʠʝ, ʯʪʦ ʤʠʥʠ-

ʤʘʣʴʥʘʷ ʛʝʥʝʨʠʨʫʝʤʘʷ ʵʥʝʨʛʠʷ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʚʳʰʝ 

ʪʨʝʙʫʝʤʦʡ ʥʘʛʨʫʟʢʦʡ ʵʥʝʨʛʠʠ, ʪʦʛʜʘ ʛʝʥʝʨʘʪʦʨ ʨʘ-

ʙʦʪʘʝʪ ʥʘ ʧʦʪʨʝʙʥʦʩʪʠ ʥʘʛʨʫʟʢʠ, ʠʟʣʠʰʢʠ ʵʥʝʨʛʠʠ 

ʟʘʨʷʞʘʶʪ ɸʂɹ. 

3.2 ʋʨʦʚʝʥʴ ʟʘʨʷʜʘ ɸʂɹ ʙʦʣʴʰʝ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ, ʪʦʛʜʘ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴ ʵʥʝʨʛʠʠ, ʧʦ-

ʣʫʯʝʥʥʦʡ ʦʪ ɸʂɹ ʩʦ ʩʪʦʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʦʪ ʛʝʥʝʨʘ-

ʪʦʨʘ. ɽʩʣʠ ʩʪʦʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʦʪ ɸʂɹ ʚʳʰʝ, ʪʦʛʜʘ 

ʙʘʪʘʨʝʠ ʥʝ ʙʫʜʫʪ ʨʘʟʨʷʞʘʪʴʩʷ, ʧʦʢʘ ʨʘʙʦʪʘʝʪ ʛʝʥʝ-

ʨʘʪʦʨ ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʥʘʛʨʫʟʢʠ, 
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ʧʦʜʟʘʨʷʜʢʘ ɸʂɹ ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ. ɺ ʜʨʫʛʦʤ ʩʣʫ-

ʯʘʝ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʷʜʢʘ ɸʂɹ. ʉʣʝʜʫʶʱʠʝ ʚʳʨʘ-

ʞʝʥʠʷ ʧʦʷʩʥʷʶʪ ʚʳʰʝʩʢʘʟʘʥʥʦʝ. 

ʉʪʦʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʦʪ ʨʘʟʨʷʜʘ ɸʂɹ ʥʘʭʦʜʠʤ 

ʢʘʢ: 

wear,batdisch ʉʉ = , 

ʛʜʝ 
wear,batʉ - ʩʪʦʠʤʦʩʪʴ ʮʠʢʣʘ ʟʘʨʷʜʢʠ ɸʂɹ 

(ʨʫʙ/ʢɺʪ), ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ:  

rtlifebat

rep,bat

wear,bat
QN

ʉ
ʉ

h
= , 

ʛʜʝ 
rep,batʉ - ʩʪʦʠʤʦʩʪʴ ʨʝʤʦʥʪʘ ɸʂɹ (ʨʫʙ), 

batN  - ʯʠʩʣʦ ʤʦʜʫʣʝʡ ʚ ɸʂɹ, lifeQ - ʚʳʭʦʜʥʘʷ 

ʤʦʱʥʦʩʪʴ ʦʜʥʦʛʦ ʤʦʜʫʣʷ (ʢɺʪ), rth - ʂʇɼ ɸʂɹ (%). 

ʉʪʦʠʤʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ ʦʪ ʛʝʥʝʨʘʪʦʨʘ 

(ʨʫʙ/ʢɺʪ), ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʛʝʥʝʨʘʪʦʨ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ 

ʥʘ ʧʦʪʨʝʙʥʦʩʪʠ ʥʘʛʨʫʟʢʠ, ʥʘʡʜʝʤ ʧʦ ʩʣʝʜʫʶʱʝʤʫ 

ʚʳʨʘʞʝʥʠʶ: 

served

M&O,gen

lifetimeserved

rep,gen

outputserved

pricecon

gen
L

C

GL

C

GL

FF
ʉ ++=

. 

ʉʪʨʘʪʝʛʠʷ ʮʠʢʣʦʚ ʟʘʨʷʜʢʠ/ʨʘʟʨʷʜʢʠ 

ɻʨʘʬʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʠʩʫʥʢʝ 2. ʆʧʝʨʘʮʠʠ ʚ ʜʘʥʥʦʡ 

ʩʪʨʘʪʝʛʠʠ ʠʜʝʥʪʠʯʥʳ ʧʨʝʜʳʜʫʱʝʡ ʩʪʨʘʪʝʛʠʠ. ʆʜ-

ʥʘʢʦ ʜʘʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʛʝʥʝʨʘ-

ʪʦʨ ʧʦʩʪʦʷʥʥʦ ʨʘʙʦʪʘʝʪ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦ-

ʩʪʠ, ʫʜʦʚʣʝʪʚʦʨʷʷ ʧʦʪʨʝʙʥʦʩʪʠ ʥʘʛʨʫʟʢʠ, ʠʟʣʠʰ-

ʢʘʤʠ ʵʥʝʨʛʠʠ ʟʘʨʷʞʘʷ ɸʂɹ.  

 
ʇʦʣʫʯʝʥʠʝ ʜʘʥʥr ʭ ʠ ʦʮʝʥʢʘ 

ʨʝʩʫʨʩʦʚ (ʦʩʚʝɦ ʝʥʥʦʩʪɹ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʁ ʝɦʡ ʩʨʝʜr )

ʈʘʩʯʝʪ Ppv ʠ PL

i=1

i=ʯʘʩ

 Ppv Ó PL

ʇʨʦʚʝʨʢʘ ʫʨʦʚʥ̫ 

ʟʘʨ̫ʜʘ ɸʂɹ (> ʠʣʠ = 

ʤʠʥʠʤʘʣɹʥʦʛʦ)

ʋʨʦʚʝʥɹ ʟʘʨ̫ʜʘ 

ʙʦʣɹ ʝh ʤʠʥʠʤʘʣɹʥʦʛʦ

ʅʝʪ

ɺʢʣʁ ʯʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ 

ʥʘ ʧʦʣʥʫʁ  ʤʦɦ ʥʦʩʪɹ, ʝʛʦ 

ʨʘʙʦʪʘ ʥʘ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ 

ʥʘʛʨʫʟʢʠ, ʠʟʣʠh ʢʠ 

ʥɻʝʨʛʠʠ ʧʦʜʟʘʨ̫ʞʘʁ ʪ 

ɸʂɹ

ʅʝʪ (ʫʨʦʚʝʥɹ ʟʘʨ̫ʜʘ 

ʤʠʥʠʤʘʣʝʥ)

ʕʥʝʨʛʠ̫ ʦʪ ʉɹ

ɼʘ

 Ppv = PL

ɼʘʅʝʪ

ʋʜʦʚʣʝʪʚʦʨʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʠ 

ʟʘʨ̫ʜʢʘ ɸʂɹ

ɸʂɹ 

ʟʘʨ̫ʞʝʥr  

ʥʘ 100%

ʅʝʪ
ʇʦʜʟʘʨ̫ʜʢʘ 

ɸʂɹ

ʕʥʝʨʛʠ̫ ʦʪ 

ʉɹ

ʉʨʘʚʥʝʥʠʝ ʩʪʦʠʤʦʩʪʠ 

ʚʘʨʠʘʥʪʦʚ:

1) ʈʘʙʦʪʘ ʛʝʥʝʨʘʪʦʨʘ ʥʘ 

ʥʘʛʨʫʟʢʫ ʠ ʧʦʜʟʘʨ̫ʜʢʫ ɸʂɹ

2) ʇʦʣʫʯʝʥʠʝ ɻʥʝʨʛʠʠ ʦʪ ɸʂɹ

ʉʪʦʠʤʦʩʪɹ ɻʥʝʨʛʠʠ ʦʪ 1 

ʚʘʨʠʘʥʪʘ > ʉʪʦʠʤʦʩʪɹ 

ʥɻʝʨʛʠʠ ʦʪ 2 ʚʘʨʠʘʥʪʘ

ɼʘ

ʇʦʣʫʯʝʥʠʝ 

ʥɻʝʨʛʠʠ ʦʪ 

ɸʂɹ

ʇʦʪʨʝʙʥʦʩʪʠ 

ʥʘʛʨʫʟʢʠ 

ʫʜʦʚʣʝʪʚʦʨʝʥr

i=i+1

ɼʘ

ʅʝʪ
ɼʘ

ʈʠʩʫʥʦʢ 2 ʉʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʙʦʪʝ ʧʦ ʮʠʢʣʘʤ ʟʘʨʷʜʢʠ/ʨʘʟʨʷʜʢʠ 

 

ʉʪʦʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʦʪ ʨʘʟʨʷʜʘ ɸʂɹ ʜʣʷ ʜʘʥʥʦʡ 

ʩʪʨʘʪʝʛʠʠ ʦʪ ɸʂɹ ʥʘʭʦʜʠʪʩʷ ʢʘʢ 

energy,batwear,batdisch ʉʉʉ += . 

ʉʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ɸʂɹ (ʨʫʙ/ʢɺʪ) 

energy,batʉ  ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ n ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ: 

ä

ä
-

=

-

==
1n

1i

i,cc

1n

1i

i,cc

energy,bat

E

C

ʉ , 
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ʛʜʝ 
i,ccC - ʩʪʦʠʤʦʩʪʴ ʮʠʢʣʘ ʟʘʨʷʜʢʠ ɸʂɹ ʚ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ i (ʨʫʙ), 
i,ccE  ï ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʦʪ ɸʂɹ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ i (ʢɺʪ). 

ʉʪʦʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʦʪ ʛʝʥʝʨʘʪʦʨʘ 

ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʫʜʦ-

ʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʛʨʫʟʢʠ ʠ ʟʘʨʷʜʢʠ ɸʂɹ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ: 

energy,battʩʩ,gench,gen ʉʉʉʉ -+= , 

ʛʜʝ ʩʩʉ - ʩʪʦʠʤʦʩʪʴ ʮʠʢʣʘ ʟʘʨʷʜʢʠ ɸʂɹ ʚ ʢʦʥ-

ʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʢʘʢ 

wear,batargm,genʩʩ ʉʉʉ += , 

ʛʜʝ 
argm,genʉ  ï ʧʨʝʜʝʣʴʥʳʝ ʠʟʜʝʨʞʢʠ ʚ ʨʘʙʦʪʝ 

ʛʝʥʝʨʘʪʦʨʘ (ʨʫʙ/ʢɺʪ), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘʪʠ ʦ ʚʳʨʘ-

ʞʝʥʠʶ: 

rt

priceslope

argm,gen

FF
ʉ

h
= , 

ʛʜʝ slopeF  ï ʪʘʥʛʝʥʩ ʥʘʢʣʦʥʘ ʢʨʠʚʦʡ ʧʦʪʨʝʙʣʝ-

ʥʠʷ ʪʦʧʣʠʚʘ (ʣ/ʢɺʪ). 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘ-

ʙʦʪʢʘ ʥʦʚʳʭ, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʘʚʪʦʥʦʤʥʳʭ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʥʘ ʙʘʟʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠ-

ʢʦʚ ʵʥʝʨʛʠʠ [3]. ʇʨʠʯʝʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʪʦʠʪ 

ʫʜʝʣʠʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʫʩʪʘʥʦʚʢʘʤ, ʧʨʝʜʧʦʣʘ-

ʛʘʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʷʜʘ ɺʀʕ ʠ ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝ-

ʥʠʝ ʟʘ ʩʯʸʪ ʜʫʙʣʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʇʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʛʨʘʤʦʪʥʦ ʧʦʜʦʙʨʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘ-

ʙʦʪʳ ʩʠʩʪʝʤʳ, ʝʝ ʥʘʜʝʞʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʟʘ-

ʪʨʘʪʳ ʥʘ ʪʦʧʣʠʚʦ ʜʣʷ ʨʝʟʝʨʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘ-

ʥʠʷ (ʜʠʟʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ). 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʢʨʳʚʘʝʪʩʷ ʪʝʤʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʠ ʘʨ-

ʤʠʨʦʚʘʥʠʷ ʤʦʥʦʣʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʦʤʦʩʪʨʦʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 
ʪʘʢʠʭ ʢʘʢ: ʪʨʘʜʠʮʠʦʥʥʘʷ ʢʣʘʜʦʯʥʘʷ, ʢʨʫʧʥʦʧʘʥʝʣʴʥʘʷ, ʤʦʥʦʣʠʪʥʘʷ ʠ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ. ʇʦ 
ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʷʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʠ ʨʦʙʦ-
ʪʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʥʦ.  

Abstract 
The article reveals the topic of improving the technological processes of concreting and reinforcing mono-

lithic structures. A comparison of various home-building technologies is given, such as traditional masonry, large-
panel, monolithic and precast-monolithic technology. Based on the results of the study, it was concluded that it is 
necessary to implement automation and robotization of technological processes in a comprehensive manner.  

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʪʝʭʥʦʣʦʛʠʷ, ʚʦʟʚʝʜʝʥʠʝ ʟʜʘʥʠʡ, ʨʘʟʚʠʪʠʝ, ʢʨʘʥʦʩʪʨʦʝʥʠʝ, ʤʝʭʘʥʠ-

ʟʘʮʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʤʘʥʠʧʫʣʷʪʦʨ. 
Keywords: construction, technology, building construction, development, crane construction, mechanization, 

automation, construction process, manipulator. 
 
ɼʦʤʦʩʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʛʦʨʦʜʩʢʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʤʝʝʪ ʩʚʦʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ, 
ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʝʩʪʦʤ ʩʪʨʦʠ-
ʪʝʣʴʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʤ ʩʣʦʞʠʚʰʝʡʩʷ ʟʘʩʪʨʦʡ-
ʢʦʡ, ʥʘʣʠʯʠʝʤ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʛʝʦʣʦʛʠ-
ʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʤʦʱʥʦ-
ʩʪʷʤʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [8]. 

 ʅʘʠʙʦʣʝʝ ʯʘʩʪʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʤʝʶʪ ʩʣʝʜʫʶ-
ʱʠʝ ʪʝʭʥʦʣʦʛʠʠ: ʪʨʘʜʠʮʠʦʥʥʘʷ ʢʣʘʜʦʯʥʘʷ, ʢʨʫʧʥʦ-
ʧʘʥʝʣʴʥʘʷ, ʤʦʥʦʣʠʪʥʘʷ ʠ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʘʷ [4].  
ʊʨʘʜʠʮʠʦʥʥʦ ʢʣʘʜʦʯʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʷ-

ʝʪʩʷ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʟ ʢʠʨʧʠʯʘ ʠ ʤʝʣʢʠʭ ʙʣʦʢʦʚ.  
ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʢʨʫʧʥʦʧʘʥʝʣʴʥʳʭ ʟʜʘʥʠʡ ʚʝ-

ʜʝʪʩʷ ʤʝʪʦʜʦʤ ʤʦʥʪʘʞʘ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 
ʵʣʝʤʝʥʪʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʜʦʤʦʩʪʨʦʠʪʝʣʴʥʳʭ 
ʢʦʤʙʠʥʘʪʘʭ[12].  
ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʥʦʣʠʪʥʦʛʦ ʜʦʤʦʩʪʨʦʝ-

ʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʚʥʝʜʨʝʥʠʝʤ ʚ ʩʪʨʦʠʪʝʣʴʥʦʝ ʧʨʦʠʟ-
ʚʦʜʩʪʚʦ ʤʝʭʘʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 
[6]. 
ʇʦʷʚʣʝʥʠʝ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʤ ʨʳʥʢʝ ʢʨʘʥʦʚ 

ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʫʩʢʦʨʠʣʦ ʩʪʨʦʠʪʝʣʴ-
ʩʪʚʦ ʞʠʣʳʭ ʦʙʲʝʢʪʦʚ ʧʦʚʳʰʝʥʥʦʡ ʵʪʘʞʥʦʩʪʠ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʤʦʥʦʣʠʪʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ 
[2].  
ɺ ʥʘʫʯʥʦʡ ʩʪʘʪʴʝ: çʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʞʠ-

ʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʧʨʠʤʝʨʝ ʉʘʥʢʪ-ʇʝʪʝʨ-
ʙʫʨʛʘè ʧʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʧʨʠʤʝʥʠʤʦ-
ʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦ-
ʚʠʷʭ ʛʦʨʦʜʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ [14]. 

1. ɸʨʭʠʪʝʢʪʫʨʥʘʷ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ, ʧʣʘʥʠ-
ʨʦʚʢʘ ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʷ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘ-
ʪʝʣʠ ʫ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʤʦʥʦ-
ʣʠʪʥʘʷ ʠ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʩʪʫʧʘʝʪ 
ʢʠʨʧʠʯʥʦʤʫ ʟʜʘʥʠʶ ʚ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʠ ʚ ʘʨʭʠʪʝʢ-
ʪʫʨʥʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʬʘʩʘʜʦʚ, ʥʦ ʢʦʤʧʝʥʩʠʨʫʝʪ 
ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ. 
2. ʇʨʦʯʥʦʩʪʴ, ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʠ ʵʪʘʞʥʦʩʪʴ. ɸʙʩʦʣʶʪʥʳʤ ʣʠʜʝʨʦʤ ʷʚʣʷʝʪʩʷ ʤʦʥʦ-
ʣʠʪʥʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ, ʜʘʣʝʝ ʩʣʝʜʫʶʪ ʩʪʨʦʠʪʝʣʴʥʘʷ 
ʩʠʩʪʝʤʘ, ʚʦʟʚʦʜʠʤʘʷ ʧʦ ʩʙʦʨʥʦ-ʤʦʥʦʣʠʪʥʦʡ ʪʝʭʥʦ-
ʣʦʛʠʠ, ʘ ʟʘʪʝʤ ʧʘʥʝʣʴʥʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ ʠ ʪʨʘʜʠʮʠ-
ʦʥʥʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ. 
3. ʂʘʧʠʪʘʣʦʝʤʢʦʩʪʴ. ʅʘʠʙʦʣʴʰʠʭ ʢʘʧʠʪʘʣʦ-

ʚʣʦʞʝʥʠʡ ʪʨʝʙʫʶʪ ʪʝʭʥʦʣʦʛʠʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʩʙʦʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʟʘʪʝʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʠʨ-
ʧʠʯʘ ʠ ʤʝʥʝʝ ʢʘʧʠʪʘʣʘ ʪʨʝʙʫʝʪ ʤʦʥʦʣʠʪʥʦʝ ʜʦʤʦ-
ʩʪʨʦʝʥʠʝ.  
ɸʚʪʦʨʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʙʦʣʝʝ ʫʥʠʚʝʨ-

ʩʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʥʦʣʠʪʥʦʛʦ ʜʦʤʦ-
ʩʪʨʦʝʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʣʘʜʢʦʡ ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʧʨʠ 
ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʫʩʣʦʚʠʷʭ ʠʩʪʦʨʠʯʝʩʢʦʡ ʟʘʩʪʨʦʡʢʠ.  
ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟ-

ʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʤʦʥʦʣʠʪʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʷʚʣʷ-
ʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʘʨ-
ʤʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʜʘʯʠ ʠ ʫʢʣʘʜʢʠ ʙʝʪʦʥ-
ʥʦʡ ʩʤʝʩʠ ʚ ʦʧʘʣʫʙʢʫ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʤʝʨʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ [1,11]. ʅʘʧʨʠʤʝʨ, ʚʦʟʚʝʜʝʥʠʝ ʤʦʥʦ-
ʣʠʪʥʦʛʦ ʟʜʘʥʠʷ ʚ ʩʢʦʣʴʟʷʱʝʡ ʦʧʘʣʫʙʢʝ ʠʟ ʩʘʤʦ-
ʫʧʣʦʪʥʷʶʱʝʛʦʩʷ ʙʝʪʦʥʘ.  

https://doi.org/10.24411/2520-6990-2019-10880
https://doi.org/10.24411/2520-6990-2019-10880


ζColloquium - journal Ȼ#2 5(49),2019 / TECHNICAL SCIENCE 71 

 
ʈʠʩ. ʉʢʦʣʴʟʷʱʘʷ ʦʧʘʣʫʙʢʘ 1 - ʚʥʫʪʨʝʥʥʠʝ ʱʠʪʳ ʦʧʘʣʫʙʢʠ; 2 - ʘʨʤʘʪʫʨʘ; 3 - ʘʨʤʘʪʫʨʥʳʝ ʧʫʯʢʠ; 

4 - ʦʧʦʨʘ ʜʦʤʢʨʘʪʥʳʭ ʩʪʝʨʞʥʝʡ; 5 - ʥʘʨʫʞʥʳʝ ʱʠʪʳ ʦʧʘʣʫʙʢʠ; 6 - ʩʝʨʴʛʠ; 7 - ʚʥʫʪʨʝʥʥʠʝ ʪʷʛʠ; 

8 - ʜʦʤʢʨʘʪʥʳʝ ʨʘʤʳ; 9 - ʚʝʨʭʥʠʡ ʥʘʩʪʠʣ; 10 ï ʧʨʦʢʣʘʜʢʘ 

 

 
ʈʠʩ. ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʟʚʝʜʝʥʠʷ ʤʦʥʦʣʠʪʥʦʛʦ ʟʜʘʥʠʷ  
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1 - ʙʘʰʝʥʥʳʡ ʢʨʘʥ ʂɹ-160.2; 2 - ʘʚʪʦʙʝʪʦʥʦʩʤʝʩʠʪʝʣʴ ʉɹ-92-1; 3 - ʙʝʪʦʥʦʥʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ ʉɹ-161; 

4 - ʙʝʪʦʥʦʚʦʜ; 5 - ʦʧʦʨʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʪʨʝʣʳ; 6 - ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʩʪʨʝʣʘ ʉɹ-136; 

7 - ʟʘʤʦʢ; 8 - ʩʢʦʣʴʟʷʱʘʷ ʦʧʘʣʫʙʢʘ; 9 - ʚʥʫʪʨʝʥʥʠʝ ʪʷʛʠ; 10 - ʥʘʚʝʩʥʘʷ ʣʝʩʪʥʠʮʘ; 

11 - ʚʨʝʤʝʥʥʳʝ ʢʨʝʧʣʝʥʠʷ 

 

ʇʨʘʚʠʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʘʪʯʠʢʘʤʠ. 

 

 
1- ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʘʯʠ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ; 2- ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; 3- ʫʩʪʨʦʡʩʪʚʦ ʫʢʣʘʜʢʠ ʠ 

ʫʧʣʦʪʥʝʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ; 4- ʙʝʪʦʥʠʨʫʝʤʦʝ ʩʦʦʨʫʞʝʥʠʝ; 5,6,8- ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ; 

7, 9, 10, 11- ʜʘʪʯʠʢ; 12- ʢʦʤʘʥʜʥʳʡ ʙʣʦʢ; 13- ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

ʈʠʩʫʥʦʢ 2.1 ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʫʢʣʘʜʢʠ ʠ ʫʧʣʦʪʥʝʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ. 

 

ʉʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝ-

ʥʠʝʤ ʩʦʯʣʝʥʝʥʠʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ 

ʙʝʪʦʥʠʨʦʚʘʥʠʷ. ɸʧʧʘʨʘʪʫʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʠʢʨʦ-

ʧʨʦʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.13. 
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ʈʠʩʫʥʦʢ 3.13 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ. 

 

ɼʘʣʝʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʘʯʠ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ 

ʥʘʯʠʥʘʝʪ ʥʘʛʥʝʪʘʥʠʝ ʩʤʝʩʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜ ʠ ʯʝʨʝʟ 

ʫʩʪʨʦʡʩʪʚʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʫʩʪʨʦʡʩʪʚʦ ʫʢʣʘʜʢʠ ʠ 

ʫʧʣʦʪʥʝʥʠʷ ʩʤʝʩʠ ʚ ʙʝʪʦʥʠʨʫʝʤʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. 

ʇʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʯʝʨʝʟ 

ʫʩʪʨʦʡʩʪʚʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʘʙʘʪʳʚʘʝʪ ʜʘʪʯʠʢ 

ʥʘʣʠʯʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, ʠ ʩʠʛʥʘʣ ʦʪ ʥʝʛʦ ʧʦʩʪʫ-

ʧʘʝʪ ʚ ʫʧʨʘʚʣʷʶʱʝʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʨʦʙʦʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʨʝʘʣʠʟʫ-

ʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ ʨʘʙʦʯʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘ-

ʰʠʥ-ʤʘʥʠʧʫʣʷʪʦʨʦʚ. 

ʉʝʨʴʝʟʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʥʠ-

ʧʫʣʷʪʦʨʦʚ ʩʣʫʞʠʪ ʙʳʩʪʨʘʷ ʠʟʥʘʰʠʚʘʝʤʦʩʪʴ ʜʝʪʘ-

ʣʝʡ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʩʦʟʜʘʚʘʝʤʳʭ ʠʟ ʢʦʥ-

ʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ.  

ɺ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠ-

ʪʝʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʨʦʜʦʣʞʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʠ 

ʩʦʚʤʝʩʪʥʦ ʩ ʢʘʬʝʜʨʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʚ ʤʦʥʦʣʠʪʥʦʤ ʜʦʤʦʩʪʨʦʝʥʠʠ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʤʦʥʦʣʠʪʥʦʝ 

ʜʦʤʦʩʪʨʦʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʚʠʚʘʶʱʫʶʩʷ 

ʪʝʭʥʦʣʦʛʠʶ ʧʦ ʧʫʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʢʦʥ-

ʩʪʨʫʢʮʠʡ. 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɺʘʩʴʢʦʚʩʢʠʡ ɸ. ʄ. ʉʪʨʦʠʪʝʣʴʥʳʝ ʨʦʙʦʪʳ: 
ʨʝʘʣʴʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʳ // ɺʝʩʪʥʠʢ ʄʦʩʢʦʚʩʢʦʛʦ 

ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʄɸɼʀ). 2012. ˉ2. ʉ. 79-83.  

2. ɻʘʡʜʦ ɸ. ʅ. ʊʝʭʥʦʣʦʛʠʠ ʫʩʪʨʦʡʩʪʚʘ ʦʛʨʘʞ-
ʜʝʥʠʡ ʢʦʪʣʦʚʘʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ 

ʠ ʘʢʚʘʪʦʨʠʡ / ɸ. ʅ. ɻʘʡʜʦ, ɺ. ɺ. ɺʝʨʩʪʦʚ, ʗ.ɺ. ʀʚʘ-

ʥʦʚ. ï ʉʇʙ. ʉʇʙɻɸʉʋ, 2014. ï 368 ʩ. 

3. ɻʘʡʜʦ, ɸ. ʅ. ʇʫʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʫʩʪʨʦʡʩʪʚʘ ʩʚʘʡʥʳʭ ʬʫʥʜʘ-

ʤʝʥʪʦʚ ʞʠʣʳʭ ʟʜʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʡ ʟʘ-

ʩʪʨʦʡʢʠ/ //ɾʠʣʠʱʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ï 2015. ï ˉ 9. 

ʉ.12-15. 

4. ɻʦʣʦʚʠʥʘ ʉ.ɻ., ʉʦʢʦʣ ʖ. ɺ. ʂ ʚʦʧʨʦʩʫ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʚ ʥʘʨʫʞʥʳʭ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʚ 

ʙʳʚʰʠʭ ʜʦʭʦʜʥʳʭ ʜʦʤʘʭ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ//ɺʝʩʪʥʠʢ ʛʨʘʞʜʘʥʩʢʠʭ ʠʥʞʝʥʝ-

ʨʦʚ. 2018 ˉ3 (68). ʉ.112-117 

5. ɻʫʮʳʢʦʚʘ, ʉ. ʄʝʪʦʜ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ. 
ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ /ʄ.: ʂʦʛʠʪʦ-ʎʝʥʪʨ, 2011. ï 144ʩ 

6. ɽʚʪʶʢʦʚ ʉ. ɸ., ʂʫʨʘʢʠʥʘ ɽ. ɺ., ɽʚʪʶʢʦʚ ʉ. 
ʉ. ʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʘ-

ʰʠʥʳ. ʇʦʜ ʦʙʱ.ʨʝʜ. ʧʨʦʬ. ʉ. ɸ. ɽʚʪʶʢʦʚ. ï ʉʇʙ: 

ʀɼ çʇʝʪʨʦʧʦʣʠʩè, 2016. ï 504ʩ. 

7. ɿʘʨʝʥʢʦʚ ɺ. ɸ. ʅʦʚʳʝ ʦʧʘʣʫʙʦʯʥʳʝ ʩʠ-
ʩʪʝʤʳ ʚ çʃɽʅʉʇɽʎʉʄʋè. ʇʦʩʪʩʦʚʝʪʩʢʦʝ ʛʨʘʜʦ-

ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ʇʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ. ʉʙʦʨʥʠʢ 

ʜʦʢʣʘʜʦʚ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. 

ɺʀʊʋ,2001. -211ʩ.  

8. ʈʳʙʥʦʚ ɽ. ʀ. ɽʛʦʨʦʚ ɸ. ʅ., ʍʘʡʜʫʮʢʠʡ ɿ., 
ɻʜʠʤʠʷʥ ʅ. ɻ. ʆʨʛʘʥʠʟʘʮʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙ-

ʥʦʤ ʞʠʣʠʱʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ//ɺʝʩʪʥʠʢ ʛʨʘʞʜʘʥ-

ʩʢʠʭ ʠʥʞʝʥʝʨʦʚ. 2018.ˉ3(68) ʩ. 98-102 

9. ʊʠʣʠʥʠʥ ʖ. ʀ. ʇʝʨʝʚʦʦʨʫʞʝʥʠʝ ʢʨʫʧʥʦʧʘ-

ʥʝʣʴʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ // 

ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʫʯʘʩʪʥʠʢʦʚ ʤʝʞʚʫʟʦʚ-

ʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ: ʉʦʚʨʝ-

ʤʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ, ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʠ ʵʢʦʥʦʤʠʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ / ʧʦʜ ʦʙʱ. ʨʝʜ. 

ʜ.ʪ.ʥ. ʧʨʦʬʝʩʩʦʨʘ. ɸ.ʅ. ɹʠʨʶʢʦʚʘ. ï ʉʇʙ. ɺʀ (ʀʊ), 

2015. ï ʉ.271-274. 

10. ʌʝʜʦʨʮʦʚ ɹ. ɼ., ʂʨʘʢʦʚʠʯ ɸ. ɸ. ʊʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʚʦʧʨʦʩʘʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʃ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ, 

1964. ï180 ʩ. 



74 TECHNICAL SCIENCE / ζColloquium - journal Ȼ#2 5(49),2019 

11. ʐʘʛʠʥʘ ɽ. ʉ. ʈʦʙʦʪʠʟʘʮʠʷ ʢʘʢ ʤʝʪʦʜ ʧʦʚʳ-
ʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

//ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʫʥʠʢʘʣʴʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ISSN 2304-6295. 6 (21). ʌɻɸʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨ-

ʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 2014. 

128-147. 

12. ʖʜʠʥʘ ɸ. ʌ., ɼʴʷʯʢʦʚʘ ʆ. ʅ. ɸʥʘʣʠʟ ʚʘʨʠ-
ʘʥʪʦʚ ʧʨʦʝʢʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʝʰʝʥʠʡ ʞʠʣʳʭ 

ʤʥʦʛʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ (ʥʘ ʧʨʠʤʝʨʝ ʉʘʥʢʪʇʝʪʝʨ-

ʙʫʨʛʘ) / // ɺʝʩʪʥʠʢ ʛʨʘʞʜʘʥʩʢʠʭ ʠʥʞʝʥʝʨʦʚ. ð 

2010. ð ˉ 2 (23). ð ʉ. 115ï122. 

13. ʖʜʠʥʘ ɸ. ʌ., ɽʚʪʶʢʦʚ ʉ. ɸ., ʊʠʣʠʥʠʥ ʖ. 
ʀ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ// ɺʝʩʪʥʠʢ ʛʨʘʞʜʘʥʩʢʠʭ ʠʥʞʝ-

ʥʝʨʦʚ. ï 2019 ï ˉ 1 (72). ï ʉ. 110-119 ʉʇʙ. 

ʉʇɹɻɸʉʋ, 2019. 

14. ʖʜʠʥʘ ɸ. ʌ., ʊʠʣʠʥʠʥ ʖ. ʀ. ɺʳʙʦʨ ʢʨʠʪʝ-

ʨʠʝʚ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʡ ʞʠʣʠʱʥʦʛʦ 

ʜʦʤʦʩʪʨʦʝʥʠʷ// çArchitecture and Engineeringè 

(ISSN: 2500-0055) ï 2019 ï ˉ 1 ï ʉ. 47-52, ʉʇʙ. 

ʉʇɹɻɸʉʋ, 2019 

 

ʋɼʂ 004.942 

ʅʠʢʠʪʠʥ ɺ.ɸ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʇʆʉʊʈʆɽʅʀɽ ɸʃɻʆʈʀʊʄɸ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ ʇʈʀ ʆʈɻɸʅʀɿɸʎʀʀ ʈɽʄʆʅʊɸ 

ʅɽʌʊɽʇɽʈɽʂɸʏʀɺɸʖʑɽɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ 

 

Nikitin V.ɸ. 

The National Research Tomsk Polytechnic University 

 

CONSTRUCTION OF A DECISION -MAKING ALGORITHM FOR ORGANIZING REPAI R OF OIL -
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʠʚʝʜʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʪʘʧʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʦʯʝʨʥʝʡ ʜʠʘʛʨʘʤʤʳ ɸ4. ʇʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ ʩ ʜʝ-

ʢʦʤʧʦʟʠʮʠʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ ɸ43, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʩʤʦʪʨʝʥ ʵʪʘʧ ʨʝʤʦʥʪʘ ʥʘʩʦʩʘ. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦ-

ʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʰʝʩʪʝʨʝʥ ʥʘʩʦʩʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʰʝʩʪʝʨʝʥ ʩʦ ʩʪʘʨʳʤ ʢʦʨʧʫʩʦʤ. 

Abstract 

A functional model of the life cycle of pumping equipment is given. The analysis of the operation phase is 

carried out, it is results are presented in the form of a subsidiary diagram A4. A diagram is presented with the 

decomposition of the functional block A43, on which the pump repair stage is considered. An algorithm has been 

developed that allows to automate the preliminary calculation of pump gears to assess the possibility of using new 

gears with the old housing. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʥʘʩʦʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ, ʨʝʤʦʥʪ, ʘʣʛʦ-

ʨʠʪʤ. 

Keywords: functional model, pumping equipment, life cycle, repairs, algorithms calculation of gears. 

 

ʅʘʩʦʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ 

ʵʣʝʤʝʥʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ ʤʥʦʛʠʭ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʥʦʤʝʥ-

ʢʣʘʪʫʨʦʡ ʪʠʧʦʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠʩʧʦʣʥʝʥʠʡ. ʇʨʠ 

ʵʪʦʤ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʥʘʩʦʩʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳʝ 

ʨʝʰʝʥʠʷ, ʪʨʝʙʫʶʱʠʝ ʚʳʧʦʣʥʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ʠʥʞʝʥʝʨʥʦ- ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠ-

ʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ. ɺʳʧʦʣʥʝʥʠʝ ʫʢʘʟʘʥ-

ʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʧʨʦʮʝʜʫʨ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʟʘʪʨʘʪʥʳʤ 

ʧʦ ʚʨʝʤʝʥʠ ʠ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʚʳ-

ʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ 

ʠ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦ-

ʮʝʜʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ɾʎ ʥʘʩʦʩ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1) ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʞʠʟʥʝʥʥʳʡ 
ʮʠʢʣ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

2) ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʘʚʪʦ-
ʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʜʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜ-

ʜʝʨʞʢʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʟʘʜʘʯʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʥʘʩʦʩ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1. ʄʦ-

ʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʜʠʘʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 

ʦʜʠʥʥʘʜʮʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ. ʇʨʠ ʘʥʘʣʠʟʝ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʳʷʚ-

ʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷ, 

ʧʨʠʥʠʤʘʝʤʳʝ ʧʝʨʩʦʥʘʣʦʤ ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 1. ɼʠʘʛʨʘʤʤʘ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ  

ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ: 

ʅʊɼ ï ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ; ʊɿ ï ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ; 

ʇʊɼ ï ʧʨʦʝʢʪʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ; ʕɼ ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ; 

ʈʊɼ ï ʨʝʤʦʥʪʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ 

 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ ɸ4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. ʕʪʦ ʜʦʯʝʨʥʷʷ ʜʠʘʛʨʘʤʤʘ ɸ4, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʚʠʜʝ 

ʪʨʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ: ɸ41 ï ʧʨʦʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ; ɸ42 ï ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ; ɸ43 ï ʦʪʨʝʤʦʥʪʠʨʦʚʘʪʴ ʥʘʩʦʩ. 

 

 
ʈʠʩʫʥʦʢ 2. ɼʝʢʦʤʧʦʟʠʮʠʷ ʙʣʦʢʘ ɸ4: ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʥʘʩʦʩ; 

ʋʆ ï ʦʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʦ ʨʝʤʦʥʪʫ, ʇʀ ï ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʥʩʪʨʫʢʮʠʠ 

 

ɼʠʘʛʨʘʤʤʘ ʩ ʜʝʢʦʤʧʦʟʠʮʠʝʡ ʙʣʦʢʘ ɸ43 ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. 

ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʜʥʠ ʠʟ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪ-

ʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠʥʠʤʘʶʪʩʷ ʠʥʞʝʥʝʨʦʤ-ʢʦʥ-

ʩʪʨʫʢʪʦʨʦʤ, ʵʪʘʧ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʚʠʜʝ ʙʣʦʢʘ ɸ432. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʠʮʫ, ʧʨʠʥʠ-

ʤʘʶʱʝʤʫ ʨʝʰʝʥʠʷ, ʪʨʝʙʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʘʟʨʘʙʦ-

ʪʘʪʴ ʢʦʥʩʪʨʫʢʪʦʨʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ, ʥʦ ʠ ʧʨʦʚʝ-

ʩʪʠ ʥʝʢʦʪʦʨʳʝ ʨʘʩʯʝʪʳ. ʅʘʧʨʠʤʝʨ, ʨʘʩʯʝʪʳ ʩʚʘʨ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʨʘʩʯʝʪʳ ʧʨʦʛʠʙʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʯʘʩʪʦ ʪʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ, ʯʝʨʚʷʯ-

ʥʳʭ ʧʝʨʝʜʘʯ. ʊʘʢʞʝ ʠʥʞʝʥʝʨ-ʢʦʥʩʪʨʫʢʪʦʨ ʜʦʣʞʝʥ 

ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪ ʧʨʫʞʠʥ. ɼʣʷ ʧʨʠʤʝʨʘ ʤʳ ʚʟʷʣʠ 

ʰʝʩʪʝʨʝʥʯʘʪʳʡ ʥʘʩʦʩ, ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪʩʷ ʨʘʩʯʝʪ 

ʝʛʦ ʰʝʩʪʝʨʝʥ. 

ʐʝʩʪʝʨʝʥʯʘʪʳʝ ʥʘʩʦʩʳ ʥʘ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳ-

ʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʘʙʦʪʘʶʪ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴ-

ʥʳʝ ʝʜʠʥʠʮʳ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʘʛʨʝ-

ʛʘʪʦʚ, ʥʘʧʨʠʤʝʨ, ʢʦʤʧʨʝʩʩʦʨʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʰʝ-

ʩʪʝʨʝʥʥʳʝ ʥʘʩʦʩʳ ʩʦʩʪʦʷʪ ʠʟ ʚʝʜʦʤʦʡ ʠ ʚʝʜʫʱʝʡ 

ʰʝʩʪʝʨʝʥ, ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ, ʢʦʨʧʫʩʘ, 

ʢʨʳʰʢʠ. ɸʥʘʣʠʟ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʦʪ 

ʪʠʧ ʥʘʩʦʩʦʚ ʧʦʧʘʜʘʝʪ ʚ ʨʝʤʦʥʪ ʠʟ-ʟʘ ʥʝʫʜʦʚʣʝʪʚʦ-

ʨʠʪʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ, ʪʘʢʠʭ ʢʘʢ ʥʘʧʦʨ ʠ 

ʦʙʲʝʤʥʳʡ ʂʇɼ ʥʘʩʦʩʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥ-

ʥʳʤʠ ʟʘʟʦʨʘʤʠ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʠ ʰʝʩʪʝʨʥʷʤʠ ʠ ʩ 

ʢʘʯʝʩʪʚʦʤ ʟʘʮʝʧʣʝʥʠʷ ʰʝʩʪʝʨʝʥ. 

 

 
ʈʠʩʫʥʦʢ 3. ɼʝʢʦʤʧʦʟʠʮʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ ɸ43: ʦʪʨʝʤʦʥʪʠʨʦʚʘʪʴ ʥʘʩʦʩ 
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ʅʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʟʘʮʝʧʣʝʥʠʝ ʰʝʩʪʝʨʝʥ ʙʳʣʦ 

ʧʣʦʪʥʳʤ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʞʠʜʢʦʩʪʴ ʙʫʜʝʪ ʧʝ-

ʨʝʭʦʜʠʪʴ ʠʟ ʦʙʣʘʩʪʠ ʥʘʛʥʝʪʘʥʠʷ ʚ ʦʙʣʘʩʪʴ ʚʩʘʩʳʚʘ-

ʥʠʷ. ʇʦʵʪʦʤʫ ʧʦ ʤʝʨʝ ʠʟʥʦʩʘ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʦʙʲ-

ʝʤʥʳʡ ʂʇɼ ʥʘʩʦʩʘ ʧʘʜʘʝʪ [1]. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʧʣʦʪʥʦʛʦ ʧʨʠʣʝʛʘʥʠʷ ʧʨʦʬʠʣʝʡ ʧʦ ʚʩʝʡ ʰʠʨʠʥʝ 

ʟʫʙʘ ʜʦʙʠʪʴʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʪʨʫʜʥʦ. ʀʟʥʦʩ ʰʝʩʪʝ-

ʨʝʥ, ʜʝʬʝʢʪʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʦʧʨʷʞʝʥʥʳʭ ʟʫʙʴʝʚ ʠ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʧʣʦʪʥʦʩʪʠ ʢʦʥʪʘʢʪʘ [2]. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʘʩʦʩʫ ʪʨʝʙʫʝʪʩʷ ʨʝʤʦʥʪ, ʢʦʪʦ-

ʨʳʡ ʚʢʣʶʯʘʝʪ ʨʘʩʪʦʯʢʫ ʢʦʨʧʫʩʘ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʥʦ-

ʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʥʦ-

ʚʳʭ ʰʝʩʪʝʨʝʥ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʝʤʦʥʪʘ ʧʝʨʩʦʥʘʣʫ 

ʨʝʤʦʥʪʥʦʛʦ ʮʝʭʘ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʰʝʩʪʝʨʝʥ ʩʦ ʩʪʘ-

ʨʳʤ ʢʦʨʧʫʩʦʤ. ɸʣʛʦʨʠʪʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʯʝʪʘ 

ʰʝʩʪʝʨʝʥ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 4. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʨʘʟʨʘʙʦ-

ʪʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʦʛʨʘʤʤʥʦ ʝʝ ʨʝʘʣʠʟʦʚʘʪʴ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ. ɼʝʢʦʤʧʦʟʠʮʠʷ ʤʦʜʝʣʠ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʧʦʟʚʦʣʠʣʘ ʩʦʟʜʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʤʦʜʝʣʴ 

ʨʝʤʦʥʪʘ ʪʠʧʦʚʦʛʦ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʘʟʨʘ-

ʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʰʝʩʪʝ-

ʨʝʥ ʩ ʮʝʣʴʶ ʫʣʫʯʰʠʪʴ ʤʦʜʝʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ 

ʜʣʷ ʧʨʦʙʣʝʤʥʦ- ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʥʷ-

ʪʠʷ ʨʝʰʝʥʠʡ. 

 

 
ʈʠʩʫʥʦʢ 4. ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʰʝʩʪʝʨʝʥ: 

 

Z1 ï ʯʠʩʣʦ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ ʚʝʜʫʱʝʡ, Z2 ï ʯʠʩʣʦ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ ʚʝʜʦʤʦʡ, m ï ʤʦʜʫʣʴ, d1 ï ʜʝʣʠʪʝʣʴʥʳʡ 

ʜʠʘʤʝʪʨ ʰʝʩʪʝʨʥʠ ʚʝʜʫʱʝʡ, d2 ï ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʰʝʩʪʝʨʥʠ ʚʝʜʦʤʦʡ, ʩ ï ʨʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ, ʘ ï 

ʤʝʞʦʩʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ, da1 ï ʜʠʘʤʝʪʨ ʚʝʨʰʠʥ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ ʚʝʜʫʱʝʡ, da2 ï ʜʠʘʤʝʪʨ ʚʝʨʰʠʥ ʟʫʙʴʝʚ 

ʰʝʩʪʝʨʥʠ ʚʝʜʦʤʦʡ, df1 ï ʜʠʘʤʝʪʨ ʚʧʘʜʠʥ ʰʝʩʪʝʨʥʠ ʚʝʜʫʱʝʡ, df2 ï ʜʠʘʤʝʪʨ ʚʧʘʜʠʥ ʰʝʩʪʝʨʥʠ ʚʝʜʦʤʦʡ, 

Sc ï ʧʦʩʪʦʷʥʥʘʷ ʭʦʨʜʘ, hc ï ʚʳʩʦʪʘ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʭʦʨʜʳ 
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DETERMINATION OF THE GENERALIZED EXPERIMENTAL SEPARATION 

CHARACTERISTICS OF CENTRIFUGAL SUBMERSIBLE GAS SEPARATORS  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʛʘʟʦʩʝʧʘʨʘʪʦʨʦʚ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʪʠʧʘ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʩʝʧʘʨʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʝʜ-

ʣʦʞʝʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʩʝʧʘʨʘʮʠʦʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚʘ. 

Abstract 

The article presents the results of experimental tests of modern gas separators of the centrifugal type, ana-

lyzed the separation characteristics of the devices obtained, and pro- posed a universal separation characteristic 

that looks for the operation of the device. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʚʨʝʤʝʥʥʳʝ ʛʘʟʦʩʝʧʘʨʘʪʦʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʘʟʘ, ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ, ʥʘʜʝʞʥʦʩʪʴ. 

Keywords: modern gas separators, gas concentration, reliability. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʮʝʥʪʨʦʙʝʞʥʳʝ ʛʘʟʦʩʝʧʘʨʘ-

ʪʦʨʳ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤ ʤʘʩʩʦʚʳʤ ʪʠʧʦʤ ʛʘʟʦʩʝʧʘʨʘ-

ʪʦʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ, ʩʦʜʝʨʞʘ-

ʱʝʡ ʥʝʨʘʩʪʚʦʨʝʥʥʳʡ ʛʘʟ. ɺʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ï ʜʘʚʣʝʥʠʝ (p2), ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʘʟʘ ʚ 

ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ (ɓ2) ʠ ʧʦʜʘʯʘ ʧʦ ʞʠʜʢʦʩʪʠ 

(Q2) ʥʘ ʚʳʭʦʜʝ ʠʟ ʛʘʟʦʩʝʧʘʨʘʪʦʨʘ ï ʟʘʤʝʪʥʦ ʚʘʨʴʠʨʫ-

ʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʜʘʚʣʝʥʠʷ 

(p1), ʧʦʜʘʯʠ ʧʦ ʞʠʜʢʦʩʪʠ (Q1) ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʘ 

(ɓ1), ʘ ʪʘʢʞʝ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ (n). ʆʩʥʦʚ-

ʥʳʤʠ ʨʘʙʦʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʘʟʦʩʝʧʘʨʘʪʦʨʘ 

ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʠʝ: 

k(Q1, ɓ1, n), ȹp(Q1, ɓ1, n), ɓ2(Q1, ɓ1, n), ʠ Q2(Q1, 

ɓ1, n), ʛʜʝ k ï ʢʦɻ ʬʬʠʮʠʝʥʪ ʩʝʧʘʨʘʮʠʠ, ʨʘʚʥʳʡ ʦʪʥʦ-

ʰʝʥʠʶ ʦʙʲʝʤʘ ʦʪʩʝʧʘʨʠʨʦʚʘʥʥʦʛʦ (ʩʙʨʦʰʝʥʥʦʛʦ ʚ 

ʟʘʪʨʫʙ) ʛʘʟʘ ʢ ʥʘʯʘʣʴʥʦʤʫ ʦʙʲʝʤʫ ʛʘʟʘ ʚ ʩʤʝʩʠ ʜʦ 

ʚʭʦʜʘ ʚ ʩʝʧʘʨʘʪʦʨ, ʘ ȹp = p2 - p1 ï ʜʘʚʣʝʥʠʝ, ʩʦʟʜʘ-

ʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦʤ. 

ʇʦʩʢʦʣʴʢʫ ʛʘʟʦʩʝʧʘʨʘʪʦʨ ʚʩʝʛʜʘ ʚʢʣʶʯʘʝʪʩʷ 

ʧʝʨʝʜ ʧʦʛʨʫʞʥʳʤ ʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ (ʕʎʅ), 

ʪʦ ʝʛʦ ʨʘʙʦʪʘ ʩʯʠʪʘʝʪʩʷ ʫʩʧʝʰʥʦʡ [1, 2], ʝʩʣʠ ɓ Ó 25 

% ʦʙ. (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʕʎʅ ʩʘʤ ʥʘʩʦʩ ʜʦʧʫʩʪʠʤʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʘ ʚ ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ 

ʩʤʝʩʠ ʥʝ ʙʦʣʝʝ 25 %) ʠ ȹp > 0 (ʝʩʣʠ ɻʉ ʥʝ ʩʦʟʜʘʝʪ 

ʜʘʚʣʝʥʠʝ, ʪʦ ʛʘʟ ʤʦʞʝʪ ʧʦʧʘʜʘʪʴ ʥʘ ʚʭʦʜ ʕʎʅ ʯʝʨʝʟ 

ʚʳʢʠʜʥʳʝ ʦʪʚʝʨʩʪʠʷ ɻʉ). 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʧʦʣʫʯʝʥʠʝ ʫʥʠ-

ʚʝʨʩʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʝʧʘʨʘʮʠʠ 

ʦʪ ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʚʝʣʠʯʠʥ Q, ɓ1, n. 

ʄʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ ʠ ʪʠʧʠʯʥʳʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. ʇʨʠ ʨʘʙʦʪʝ ʛʘʟʦʩʝʧʘʨʘʪʦʨʘ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ɓ1 ʠ ʧʦʜʘʯʘ ʧʦ ʞʠʜʢʦʩʪʠ Q 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠʪʦʢʦʤ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʠʟ 

ʩʢʚʘʞʠʥʳ: 

¶ ʯʘʩʪʴ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʦʙʩʘʜ-

ʥʫʶ ʢʦʣʦʥʥʫ ʯʝʨʝʟ ʚʳʢʠʜʥʳʝ ʦʪʚʝʨʩʪʠʷ ʛʘʟʦʩʝʧʘʨʘ-

ʪʦʨʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʙʦʣʴʰʠʤ, ʯʝʤ ʥʘ ʚʭʦʜʝ ʚ ʛʘʟʦʩʝ-

ʧʘʨʘʪʦʨ, ʠ, ʧʦʵʪʦʤʫ, ʤʦʞʝʪ ʩʥʦʚʘ ʧʦʩʪʫʧʠʪʴ ʥʘ ʝʛʦ 

ʧʨʠʝʤʥʫʶ ʨʝʰʝʪʢʫ; 

¶ ʯʘʩʪʴ ʛʘʟʘ, ʧʨʠʰʝʜʰʝʛʦ ʢ ʧʨʠʝʤʥʦʡ ʨʝ-

ʰʝʪʢʝ, ʤʦʞʝʪ ʥʝ ʧʦʧʘʩʪʴ ʚʥʫʪʨʴ ʛʘʟʦʩʝʧʘʨʘʪʦʨʘ ʠʟ-

ʟʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʝʧʘʨʘʮʠʠ. 

ʇʦʵʪʦʤʫ ʚ ʤʝʪʦʜʠʢʘʭ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ, 

ʠʤʠʪʠʨʫʶʱʠʭ ʩʢʚʘʞʠʥʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʛʘʟʦʩʝ-

ʧʘʨʘʪʦʨʦʚ [3, 4], ʚʝʣʠʯʠʥʳ ɓ1 ʠ Q ʫʩʣʦʚʠʷʤʠ ʠʩʧʳ-

ʪʘʥʠʡ, ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʥʝ ʟʘʜʘʚʘʣʠʩʴ, ʠ ʨʘʙʦʪʘ ʛʘʟʦ-

ʩʝʧʘʨʘʪʦʨʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʥʝ ʧʦʣʥʦʩʪʴʶ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ [5] ʙʳʣʦ ʧʨʝʜʣʦ-

ʞʝʥʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʠʤʠʪʘʮʠʠ ʩʢʚʘʞʠʥʥʳʭ ʫʩʣʦʚʠʡ. 

ʈʝʰʘʣʘʩʴ ʪʦʣʴʢʦ ʟʘʜʘʯʘ ʠʟʤʝʨʝʥʠʷ ʩʝʧʘʨʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʣʷ ʯʝʛʦ ʤʝʞʜʫ ʚʭʦʜʥʦʡ ʨʝʰʝʪʢʦʡ ʛʘ-

ʟʦʩʝʧʘʨʘʪʦʨʘ ʠ ʝʛʦ ʚʳʢʠʜʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʫʩʪʘʥʘʚ-

ʣʠʚʘʣʠ ʤʝʤʙʨʘʥʫ, ʜʝʣʘʶʱʫʶ ʥʝʚʦʟʤʦʞʥʳʤ ʧʝʨʝʪʝʢʘ-

ʥʠʝ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ ʠʟ ʚʳʢʠʜʥʳʭ ʦʪʚʝʨʩʪʠʡ ʥʘ ʚʭʦʜ, 

ʘ ʪʘʢʞʝ ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʩʝʧʘʨʘʮʠʶ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ʛʘ-

ʟʦʩʝʧʘʨʘʪʦʨ. ʆʜʥʘʢʦ ʜʘʚʣʝʥʠʝ ʥʘ ʚʭʦʜʝ ʚ ʛʘʟʦʩʝʧʘʨʘ-

ʪʦʨ p1 ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʝʛʦ ʚʳʢʠʜʥʳʭ ʦʪʚʝʨʩʪʠʡ p2 ʥʝ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʠ ʥʝ ʨʝʛʫʣʠʨʦʚʘʣʠ, ʭʦʪʷ ʠʭ ʨʘʟʥʠʮʘ 

p2 ï p1 = ȹp ï ʵʪʦ ʜʘʚʣʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʛʘʟʦʩʝʧʘʨʘ-

ʪʦʨʦʤ, ʪ.ʝ. ʚʟʘʠʤʦʩʚʷʟʘʥʳ. ʇʦʵʪʦʤʫ ʚ ʠʩʧʳʪʘʥʠʷʭ, ʩʤ. 

ʪʘʢʞʝ [6], ʜʘʚʣʝʥʠʝ p2 ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʨʘʚʥʳʤ p1 + 

ȹp. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʚʳʙʨʘʣʠ ʛʘʟʦ-

ʩʝʧʘʨʘʪʦʨ ɻʉ5ɸ-250 [7]. ɹʳʣʠ ʠʟʤʝʨʝʥʳ ʟʘʚʠʩʠʤʦ-

ʩʪʠ k ʦʪ ɓ1 ʠ Q ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ 

ʚʘʣʘ: 2320, 2910, 3500, 4080 ʠ 4650 ʦʙ/ʤʠʥ. ʊʠʧʠʯ-

ʥʳʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩ. 1-3. 
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ʆʙʦʩʥʦʚʘʥʠʝ ʚʠʜʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʝʧʘʨʘʮʠʦʥ-

ʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦ-

ʚʝʨʢʘ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʝʧʘʨʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʥʘ ʧʫʟʳʨʝʢ ʛʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʝʛʦ ʦʙʦ-

ʨʦʪʦʚ ʚʦʢʨʫʛ ʚʘʣʘ ʛʘʟʦʩʝʧʘʨʘʪʦʨʘ ʟʘ ʚʨʝʤʷ t 

ʧʨʦʭʦʞʜʝʥʠʷ ʩʝʧʘʨʘʮʠʦʥʥʦʛʦ ʫʟʣʘ. 

ʇʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ t ~ L/ug,, ʛʜʝ L ï ʜʣʠʥʘ 

ʧʨʦʪʦʯʥʳʭ ʢʘʥʘʣʦʚ ʛʘʟʦʩʝʧʘʨʘʪʦʨʘ, ug ~ Qg/S ï 

ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʫʟʳʨʴʢʦʚ ʛʘʟʘ, Qg ï 

ʧʦʜʘʯʘ ʧʦ ʛʘʟʫ, S ï ʧʣʦʱʘʜʴ ʧʨʦʪʦʯʥʳʭ ʢʘʥʘʣʦʚ, ʪ.ʝ. 

t ~ LS/Qg. 

ʇʦʜʘʯʫ ʧʦ ʛʘʟʫ ʚʳʨʘʟʠʤ ʯʝʨʝʟ ʧʦʜʘʯʫ ʧʦ ʛʘ-

ʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ Qcm = Q + Qg, ʜʣʷ ʯʝʛʦ ʚʦʩ-

ʧʦʣʴʟʫʝʤʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʘ ʚ 

ʩʤʝʩʠ: ɓ = Qg/Qʩʪ, ʦʪʢʫʜʘ Qg = ɓQcm, ʠ 

ὸͯ
ὒὛ

‍ὗ̒ ̓

ͯ
ὠ

‍ὗ̒ ̓

 ȟ 

ʛʜʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʣʠʥʳ L ʠ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʩʝʯʝʥʠʷ S ʟʘʤʝʥʠʣʠ ʥʘ V ï ʦʙʲʝʤ ʩʝʧʘʨʘʮʠʦʥ-

ʥʦʛʦ ʫʟʣʘ ʛʘʟʦʩʝʧʘʨʘʪʦʨʘ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ n ʯʘ-

ʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʛʘʟʦʩʝʧʘʨʘʪʦʨʘ, ʪʦʛʜʘ ʯʠʩʣʦ 

ʦʙʦʨʦʪʦʚ, ʩʦʚʝʨʰʘʝʤʳʭ ʧʫʟʳʨʴʢʦʤ ʛʘʟʘ ʚʦʢʨʫʛ 

ʚʘʣʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʣʝʜʫʶʱʝʡ ʚʝʣʠʯʠʥʝ: x = 

Vn/ɓQcm ʠ, ʢʘʟʘʣʦʩʴ ʙʳ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʩʝʧʘʨʘ-

ʮʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʬʫʥʢʮʠʶ ʙʝʟʨʘʟʤʝʨ-

ʥʳʭ ʧʝʨʝʤʝʥʥʳʭ: k = k(Vn/ɓQcm, ɓ). 

ʆʜʥʘʢʦ ʵʪʦ ʚʝʨʥʦ ʪʦʣʴʢʦ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝ-

ʥʠʠ, ʪ.ʢ. ʪʝʯʝʥʠʝ ʚ ʧʨʦʪʦʯʥʳʭ ʢʘʥʘʣʘʭ ʥʝ ʩʪʨʫʡʥʦʝ, 

ʘ ʚʠʭʨʝʚʦʝ, ʟʘʪʨʫʜʥʷʶʱʝʝ ʩʝʧʘʨʘʮʠʶ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʫʟʳʨʴʢʠ ʛʘʟʘ ʤʦʛʫʪ ʩʪʘʣʢʠʚʘʪʴʩʷ ʠ ʦʙʲʝʜʠʥʷʪʴʩʷ, 

ʯʪʦ ʪʘʢʞʝ ʟʘʪʨʫʜʥʷʝʪ ʩʝʧʘʨʘʮʠʶ, ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ x 

ʙʫʜʝʪ ʤʝʥʴʰʝ, ʯʝʤ Vn/ɓQcm. 

ɸʨʛʫʤʝʥʪʳ ʬʫʥʢʮʠʠ k(Vn/ɓQcm, ɓ) ʩʦʜʝʨʞʘʪ 

ʦʙʲʝʤʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʘʟʘ ɓ, ʢʦʪʦʨʘʷ ʤʝʥʷʝʪʩʷ 

(ʭʦʪʷ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʥʝ ʙʦʣʴʰʠʝ) ʧʨʠ ʜʚʠʞʝʥʠʠ ʛʘ-

ʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʚʥʫʪʨʠ ʛʘʟʦʩʝʧʘʨʘʪʦʨʘ. ʕʪʦ 

ʩʦʟʜʘʝʪ ʪʨʫʜʥʦʩʪʠ ʚ ʝʝ ʠʟʤʝʨʝʥʠʠ, ʧʦʵʪʦʤʫ ʟʘʤʝ-

ʥʠʤ ɓ ʥʘ ɓ1 ï ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ʩʝʧʘʨʘ-

ʪʦʨ. 
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ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ, ʟʘʚʠʩʠʤʦʩʪʴ k 

= k(Vn/ɓQcm, ɓ) ʥʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʙʱʝʡ, ʪʘʢ ʢʘʢ 

ʘʨʛʫʤʝʥʪ Vn/ɓ1Qcm ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʜʚʫʭ ʙʝʟ-

ʨʘʟʤʝʨʥʳʭ ʚʝʣʠʯʠʥ ɓ1 ʠ Vn/Qg. ɹʦʣʝʝ ʦʙʱʘʷ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʠʤʝʝʪ ʚʠʜ 

Ὧ Ὧ
ὠὲ

‍ὗ̒ ̓

ȟ‍  ȟ 

ʛʜʝ a ï ʥʝʢʦʪʦʨʘʷ ʢʦʥʩʪʘʥʪʘ, ʫʯʠʪʳʚʘʶʱʘʷ 

ʚʠʭʨʝʚʳʝ ʵʬʬʝʢʪʳ ʠ ʫʢʨʫʧʥʝʥʠʝ ʧʫʟʳʨʴʢʦʚ ʚ ʧʨʦ-

ʮʝʩʩʝ ʩʝʧʘʨʘʮʠʠ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ 

ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠ-

ʤʘʮʠʠ ʩʝʧʘʨʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʩʝʧʘʨʘ-

ʪʦʨʘ ɻʉ5ɸ-250 ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ 

Ὧ Ὁὢὖ
ὥ

‍ ὲὠȾ‍ὗ̒ ̓

 Ȣ 
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ɸʥʥʦʪʘʮʠʷ 
ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʬʝʨʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨ-

ʛʠʠ, ʪʦʧʣʠʚʘ ʠ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ, ʚʩʝʩʪʦʨʦʥʥʝʡ ʵʣʝʢʪʨʠʬʠʢʘʮʠʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʆʙʲʝʤ ʧʦ-

ʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ: 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʚʨʝʤʷ ʩʫʪʦʢ, ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʠ ʪ.ʜ. ʅʘ ʢʦʤʤʫʥʠʢʘʮʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʟʣʠʯʥʘʷ 

ʥʘʛʨʫʟʢʘ; ʚ ʩʣʫʯʘʝ ʧʝʨʝʛʨʫʟʢʠ ʩʝʪʠ ʦʥʘ ʤʦʞʝʪ ʚʳʡʪʠ ʠʟ ʩʪʨʦʷ ʠ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʢʘʪʘʩʪʨʦʬʳ ʠ 

ʧʨʠʚʝʩʪʠ ʢ ʦʛʨʦʤʥʳʤ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʟʘʪʨʘʪʠʪʴ 

ʜʝʥʴʛʠ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʢʨʠʟʠʩʥʳʭ ʩʠʪʫʘʮʠʡ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʦ ʜʚʫʤʷ ʩʧʦ-

ʩʦʙʘʤʠ. ʇʝʨʚʳʡ ʩʦʩʪʦʠʪ ʚ ʠʟʫʯʝʥʠʠ ʠ ʧʦʩʪʦʷʥʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʠ ʩʦʩʪʦʷʥʠʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʝʨʠʦʜʦʚ ʚʧʝʨʝʜ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʝʡ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ, ʧʦʢʘʟʘʚʰʠʡ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʨʝ-

ʰʝʥʠʷ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

Abstract 
Technological progress in the production sector is characterized by the expansion of the use of energy, fuel 

and energy carriers, comprehensive electrification of technological processes, and, consequently, an increase in 

electricity consumption in the production of industrial products. The volume of electricity consumption by indus-

trial enterprises depends on various external factors: temperature, time of day, weather conditions, etc. the com-

munication is different load; in case of network overload, it can fail and can cause a disaster and lead to huge 

financial losses, which in most cases is more expedient to spend money on crisis prevention. The solution of this 

problem can be carried out in two ways. The first is to study and constantly monitor the condition of the equipment, 

as well as to predict the condition for several periods ahead. An alternative way is to predict electricity consump-

tion. The article presents the analysis of known models of short-term forecasting of power consumption, which 

showed their lack of information. As a solution to this disadvantage, the use of neural networks is proposed. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻ ʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʴ, ʵʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪ, ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, StatSoft , 

MatlabSimulink. 

Keywords: energy security, energy saving, energy efficiency, industry, energy management, electric power 

systems, forecasting, StatSoft, MatlabSimulink. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʆʙʝʩʧʝʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʟʘ-

ʜʘʯʝʡ, ʜʦʩʪʠʞʝʥʠʝ ʢʦʪʦʨʦʡ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʰʠʨʦ-

ʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥ-

ʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʜ-

ʥʠʭ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʵʣʝʢ-
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ʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ ʨʘʩʩʤʘʪʨʠʚʘ-

ʶʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʵʥʝʨʛʦʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʥʝʦʙʭʦʜʠʤʦ ʦʜʥʦʚʨʝʤʝʥʥ ʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦ-

ʥʦʤʠʯʝʩʢʦʡ ʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʧʨʠ 

ʫʯʝʪʝ ʜʝʬʠʮʠʪʘ ʤʘʥʝʚʨʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʨʝʞʠʤʘʤʠ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʘ ʨʦʩʪʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ 

ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʵʣʝʢ-

ʪʨʦʩʝʪʷʭ ʈʦʩʩʠʠ. ʅʝʫʢʣʦʥʥʳʡ ʨʦʩʪ ʫʜʝʣʴʥʳʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝʜʠʥʠʮʳ 

ʧʨʦʜʫʢʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʧʨʦ-

ʠʟʚʦʜʩʪʚʦ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʢʦʥʝʯʥʦʡ 

ʮʝʥʝ ʧʨʦʜʫʢʪʘ. 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪ 

ʤʝʩʪʦ ʰʠʨʦʢʦʝ ʧʨʠʚʣʝʯʝʥʠʝ ʩʣʫʞʙʘʤʠ ʵʥʝʨʛʦʤʝ-

ʥʝʜʞʤʝʥʪʘ ʮʠʬʨʦʚʦʛʦ ʬʦʨʤʘʪʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʚʥʫʪʨʝʥʥʝʛʦ ʫʯʝʪʘ, ʘʫʜʠʪʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʦʨʝ-

ʩʫʨʩʦʚ. ʀʟ ʦʙʟʦʨʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʟʘʜʘʯʠ ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝ-

ʥʠʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʘʰʣʠ 

ʫʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ [1,ʩ.736]. ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʚʘʞʥʝʡʰʝʛʦ 

ʨʝʩʫʨʩʘ ʚ ʜʝʣʝ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʙʲʝʤʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʝʜ-

ʧʨʠʷʪʠʠ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʕʣʝʢʪʨʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ ʩʠ-

ʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʧʨʝ-

ʨʳʚʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʦʙʣʘʜʘʶʪ ʜʠ-

ʥʘʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ, ʠʤʝ-

ʶʱʠʭ ʩʣʦʞʥʫʶ, ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ.  

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [2,ʩ.43-47;3,ʩ.49-65;4,ʩ.141], ʢ 

ʵʪʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪʥʦʩʷʪʩʷ: 

- ʙʦʣʴʰʠʝ ʤʘʩʰʪʘʙʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʥʘ ʙʦʣʴʰʫʶ ʪʝʨʨʠʪʦ-

ʨʠʶ ʵʥʝʨʛʦʦʙʲʝʢʪʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʦʙʱʥʦʩʪʴʶ ʨʝ-

ʞʠʤʘ ʠ ʝʜʠʥʩʪʚʦʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; 

- ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ ʠ ʪʝʧʣʦʵʥʝʨʛʠʠ; 

- ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ; 

- ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚ ʩʤʳʩʣʝ ʘʢʪʠʚʥʦʛʦ ʜʝʡ-

ʩʪʚʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʘʢ ʚʥʝʰʥʠʭ, ʪʘʢ ʠ ʚʥʫʪʨʝʥ-

ʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ; 

- ʚʟʘʠʤʦʩʚʷʟʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘʣʠʯʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʥʫʪ-

ʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ; 

- ʥʘʜʝʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʠʟʙʳʪʦʯ-

ʥʦʩʪʠ ʩʚʷʟʝʡ ʠ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝ-

ʥʠʷ (ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ) ʪʨʝʙʫʝʪʩʷ ʧʨʠ ʨʝʰʝ-

ʥʠʠ ʙʦʣʴʰʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ ʪʝʢʫʱʝʛʦ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʬʫʥʢʮʠ-

ʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  

ʇʨʦʛʥʦʟʳ ʥʘʛʨʫʟʢʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʩʣʝʜʫʶ-

ʱʠʭ ʚʨʝʤʝʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ: 

- ʦʧʝʨʘʪʠʚʥʦʤ (ʚ ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʝʥʠʷ, ʪʝʢʫʱʠʭ 

ʩʫʪʦʢ) 

- ʢʨʘʪʢʦʩʨʦʯʥʦʤ (ʩʫʪʢʠ, ʥʝʜʝʣʷ, ʤʝʩʷʮ); 

- ʜʦʣʛʦʩʨʦʯʥʦʤ (ʤʝʩʷʮ, ʢʚʘʨʪʘʣ, ʛʦʜ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʝʞʠʤʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ, ʢʘʢ ʧʨʠ ʧʣʘʥʠʨʦ-

ʚʘʥʠʠ, ʪʘʢ ʠ ʧʨʠ ʚʝʜʝʥʠʠ ʪʝʢʫʱʠʭ ʨʝʞʠʤʦʚ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʦ-

ʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʙʲʝʤʳ 

ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷ-

ʪʠʷʭ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ StatSoft [4]. 

ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1.ʀʩʪʦʯʥʠʢ ʜʘʥʥʳʭ 

 

ʀʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʦʩʪʫʧʥʘ ʢʘʢ ʧʦ ʯʘʩʦ-

ʚʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ, ʪʘʢ ʠ ʧʦ ʜʥʝʚʥʦʤʫ ʧʦʪʨʝʙʣʝ-

ʥʠʶ, ʧʦʵʪʦʤʫ ʘʥʘʣʠʟ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ 

ʩʪʘʜʠʠ. ʇʝʨʚʘʷ ʙʫʜʝʪ ʢʘʩʘʪʴʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʪʦʯ-

ʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʚʪʦ-

ʨʘʷ ʙʫʜʝʪ ʠʤʝʪʴ ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʧʦʩʪʨʦʝʥʠʝ ʤʝ-

ʥʝʝ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʥʘ ʙʦʣʴʰʠʡ ʧʝʨʠʦʜ; ʠʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʧʝʨʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʫʜʝʪ ʦʧʠʨʘʪʴʩʷ ʥʘ 

ʜʘʥʥʳʝ ʦ ʧʦʯʘʩʦʚʦʤ ʧʦʪʨʝʙʣʝʥʠʠ, ʘ ʚʪʦʨʦʝ - ʥʘ ʜʘʥ-

ʥʳʝ ʦ ʜʥʝʚʥʦʤ ʧʦʪʨʝʙʣʝʥʠʠ[5]. 

ʇʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʜʥʷʤ ʤʝʩʷʮʘ ʠ 

ʩʫʪʦʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2 ʠ 3. 
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ʈʠʩ. 2.ʇʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦ ʜʥʷʤ ʟʘ 2 ʤʝʩʷʮʘ 

 

 
ʈʠʩ. 3.ʉʫʪʦʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʚʳʩʪʫʧʘʝʪ ʧʦʩʪʨʦʝʥʠʝ 

ʧʨʦʛʥʦʟʘ ʜʘʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʨʘʟʣʠʯʥʳʤʠ ʤʝ-

ʪʦʜʘʤʠ. ʇʨʠʤʝʥʷʝʤʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʷʚʣʷʣʠʩʴ 

ʤʦʜʝʣʴ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʠ ʤʦʜʝʣʴ 

ɸʈʇʉʉ. ʕʪʦ ʜʚʘ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʭ ʘʣʛʦʨʠʪʤʘ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʟʳ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ʇʝʨʚʳʤ ʦʙʲʝʢʪʦʤ ʘʥʘʣʠʟʘ ʩʪʘʥʝʪ ʨʷʜ ʧʦʯʘʩʦ-

ʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ. ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʛʥʦʟʘ ʩ ʧʦʤʦʱʴʶ 

ʵʪʦʛʦ ʤʝʪʦʜʘ - ʥʝʧʨʦʩʪʘʷ ʟʘʜʘʯʘ ʠ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ ɸʈʇʉʉ ʷʚʣʷʝʪʩʷ ʧʨʠʚʝʜʝʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʷʜʘ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ. ʅʠʞʝ 

ʧʨʠʚʝʜʝʥ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʘʨʠʘʥʪ ʟʘʜʘʥʠʷ ʤʦʜʝʣʠ 

(ʨʠʩ. 4 ʠ 5). 

 

 
ʈʠʩ. 4.ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʠ 



ζColloquium - journal Ȼ#2 5(49),2019 / TECHNICAL SCIENCE 83 

 
ʈʠʩ. 5.ʇʨʦʛʥʦʟ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʪʨʦʝ ʩʫʪʦʢ 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʙʝʜʠʪʝʣʴʥʦ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘ-

ʢʝʪʘ Statistica (StatSoft) ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʙʲʝ-

ʤʦʚ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  

ʀʟ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʥʳʭ ʤʦʜʝʣʝʡ ʢʨʘʪʢʦʩʨʦʯ-

ʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʩʣʝ-

ʜʫʝʪ, ʯʪʦ ʧʨʠ ʠʭ ʧʦʩʪʨʦʝʥʠʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥ-

ʢʨʝʪʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʧʨʠʷ-

ʪʠʷ. ʋʩʪʨʘʥʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʚʦʟʤʦʞʥʦ 

ʥʘ ʙʘʟʝ ʰʠʨʦʢʦʛʦ ʧʨʠʚʣʝʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʪʨʝʙ-

ʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʈʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʩʫʨʩʘ MatlabSim-

ulink. ʇʨʦʛʨʘʤʤʘ MATLAB ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʦʟʜʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʥʝʩʪʘʥʜʘʨʪʥʳʭ 

ʩʭʝʤ. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ ʠʟʦʙʨʘʞʘʪʴ 

ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʜʣʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʚʠʜʝ ʛʨʘ-

ʬʠʢʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʦʧʨʝ-

ʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝ-

ʥʠʷ ʠ ʫʢʘʟʘʪʴ ʯʠʩʣʦ ʮʠʢʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʟʘ-

ʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʦʰʠʙʢʠ ʦʙʫʯʘʶʱʝʛʦ ʤʥʦʞʝʩʪʚʘ. 

ɺʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦʝ ʢʨʘʪʢʦʩʨʦʯʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʝ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ. ʆʰʠʙʢʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦ-

ʚʳʭ ʟʘʪʨʘʪ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʣʘʪʦʡ ʦʪ-

ʢʣʦʥʝʥʠʡ ʬʘʢʪʠʯʝʩʢʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ ʦʪ ʧʣʘʥʦʚʳʭ. ʋʤʝʥʴʰʝʥʠʝ ʦʰʠʙʦʢ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʧʨʝʜʧʨʠʷʪʠʶ ʦʙʝʩʧʝʯʠʪʴ ʵʢʦ-

ʥʦʤʠʶ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʦʙʱʝʡ ʩʫʤʤʳ ʧʣʘʪʝʞʝʡ ʟʘ 

ʧʦʪʨʝʙʣʷʝʤʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ɸʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʝʡ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʨʠ ʠʭ ʧʦʩʪʨʦʝʥʠʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʜʥʠʤ ʠʟ ʚʦʟ-

ʤʦʞʥʳʭ ʧʫʪʝʡ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʘ ʤʦʞʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 
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INFORMATION TECHNOLOGIES IN THE ACTIVITIES OF LOCAL SELF -GOVERNANCE 

BODIES OF THE KRASNODAR REGION  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʦʜʥʠʤʘʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʦʚ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʧʝʨʝʯʝʥʴ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝ-

ʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

Abstract 

The article raises the question of the effectiveness of the use of information technology in organizing the 

activities of local governments. The list and characteristics of specialized software products and information tech-

nologies are given. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʳ, ʦʨʛʘʥʳ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʘʩʝʣʝʥʠʝʤ, ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, ɸʀʉ. 

Key words: information systems, local governments, efficiency, interaction with the population, software 

products, AIS. 

 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʣʶʙʦʛʦ ʦʨʛʘʥʘ ʚʣʘʩʪʠ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʦʙʣʘʩʪʷʭ ʥʝʧʨʝʤʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʦʙʨʘʙʦʪʢʦʡ ʠ 

ʘʥʘʣʠʟʦʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ, ʦʨ-

ʛʘʥʳ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʠʩʢʣʶ-

ʯʝʥʠʝʤ. ɼʘʥʥʦʡ ʩʪʨʫʢʪʫʨʘ ʚʣʘʩʪʠ ʥʘʧʨʷʤʫʶ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʘʩʝʣʝʥʠʝʤ ʧʦ ʚʦʧʨʦʩʘʤ ʤʝʩʪʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʳ ʫʩʪʘʚʦʤ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

(ʄʆ). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʨʛʘʥʘ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚ-

ʣʝʥʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʨʝʘʣʠʟʫʝʤʦʡ ʨʘʙʦʪʳ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʥʝʜʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʦʙʨʝʪʘʝʪ ʦʙʦʩʥʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ 

ʜʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʩ ʥʘʩʝʣʝʥʠʝʤ ʚ ʩʣʝʜʩʪʚʠʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʚ ʦʢʘʟʘʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʫʩʣʫʛ. 

ɼʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʚʳʰʝ ʫʩʣʦʚʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ, ʢʦʪʦʨʳʡ ʙʳ ʧʦʟʚʦʣʠʣ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʥʘʠʣʫʯʰʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʩʝʣʝʥʠʷ ʩ ʦʨʛʘʥʦʤ 

ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʣ ʙʳ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʪʨʫʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʥʫʪʨʠ ʩʘʤʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚʣʘʩʪʠ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʳʭ ʟʘʜʘʯ ʷʚʣʷ-

ʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʧʝʨʝʚʦʜʷʪ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʨ-

ʛʘʥʦʤ ʚʣʘʩʪʠ ʠ ʥʘʩʝʣʝʥʠʝʤ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʬʦʨʤʘʪ. 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʠʥʬʦʨʤʘ-

ʮʠʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ɸʀʉ). ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʪʠ 

ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʨʘʟʣʠʯʥʳʭ ʦʙʝʩ-

ʧʝʯʝʥʠʡ: ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ, ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ, ʪʝʭʥʠʯʝʩʢʦʛʦ, ʧʨʘʚʦʚʦʛʦ, ʦʨʛʘʥʠʟʘʮʠ-

ʦʥʥʦʛʦ. ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ɸʀʉ ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʠʥʷ-

ʪʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʩʨʝʜʩʪʚʫ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʨʷʜ ʥʝʦʩʧʦʨʠ-

ʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʜʣʷ ʦʨʛʘʥʦʚ ʤʝʩʪʥʦʛʦ ʩʘʤʦ-

ʫʧʨʘʚʣʝʥʠʷ:  

- ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪ; 

- ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʢʘʜʨʦʚʦʛʦ ʩʦʩʪʘʚʘ; 

- ʤʠʥʠʤʠʟʘʮʠʷ ʦʰʠʙʦʢ ʚ ʜʝʡʩʪʚʠʷʭ ʨʘʙʦʪʥʠ-

ʢʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʘʜʤʠʥʠʩʪʨʘ-

ʮʠʡ ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ.  
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ʉʠʩʪʝʤʘ ɻɸʉ çʋʧʨʘʚʣʝʥʠʝè - ʝʜʠʥʘʷ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʩʙʦʨ, ʫʯʝʪ, ʦʙʨʘʙʦʪʢʫ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʨʝʩʫʨʩʘʭ, ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʜʘʥʥʳʭ 

ʦʬʠʮʠʘʣʴʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ 

ʠʥʳʭ ʩʚʝʜʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜ-

ʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ.  

ʇʦʨʪʘʣ ʉʉʊʋ (ʩʝʪʝʚʦʡ ʩʧʨʘʚʦʯʥʳʡ ʪʝʣʝʬʦʥ-

ʥʳʡ ʫʟʝʣ) ï ʩʘʡʪ ʜʣʷ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ, ʠʟʥʘʯʘʣʴʥʦ ʩʦ-

ʟʜʘʥʥʳʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʆʙʱʝʨʦʩʩʠʡʩʢʦʛʦ ʜʥʷ 

ʧʨʠʝʤʘ ʛʨʘʞʜʘʥ. ʂʘʞʜʘʷ ʘʜʤʠʥʠʩʪʨʘʮʠʷ ʠʤʝʝʪ ʣʦ-

ʛʠʥ ʠ ʧʘʨʦʣʴ ʜʣʷ ʚʭʦʜʘ ʚ ʩʠʩʪʝʤʫ: ʥʘ ʠʤʷ ʛʣʘʚʳ ʘʜ-

ʤʠʥʠʩʪʨʘʮʠʠ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʢʦʪʦ-

ʨʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʙʦʪʘʝʪ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ. ɺ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʵʪʦ 

ʥʘʯʘʣʴʥʠʢ ʦʙʱʝʛʦ ʦʪʜʝʣʘ ʠʣʠ ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʨʘʙʦʪʝ 

ʩ ʦʙʨʘʱʝʥʠʷʤʠ ʛʨʘʞʜʘʥ. 

ɸʈʄ-ʄʫʥʠʮʠʧʘʣ - ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʥʘʣʘʤ 

ʩʚʷʟʠ ʄʅʇɸ ʠʟ ʦʨʛʘʥʦʚ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ 

ʚ ʫʧʦʣʥʦʤʦʯʝʥʥʳʡ ʦʨʛʘʥ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ 

ʧʦ ʚʝʜʝʥʠʶ ʈʝʛʠʩʪʨʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ. 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʨʠʥʷʪʳʡ ʥʦʨʤʘʪʠʚʥʳʡ ʘʢʪ ʩʦʜʝʨ-

ʞʠʪ ʚ ʩʝʙʝ ʜʘʥʥʳʝ, ʥʝʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʩʪʚʫ ʈʌ, ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ, ʪʦ ʥʘ ʠʤʷ ʛʣʘʚʳ 

ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʧʨʠʭʦʜʠʪ ʵʢʩʧʝʨʪʥʦʝ ʟʘʢʣʶʯʝʥʠʝ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʚ 30-ʪʠ ʜʥʝʚʥʳʡ ʩʨʦʢ ʥʝʦʙ-

ʭʦʜʠʤʦ ʫʩʪʨʘʥʠʪʴ ʚʳʷʚʣʝʥʥʳʝ ʥʘʨʫʰʝʥʠʷ ʟʘʢʦʥʦ-

ʜʘʪʝʣʴʩʪʚʘ. 

 

 
ʈʠʩʫʥʦʢ 1 ʉʢʨʠʥʰʦʪ ʧʨʦʛʨʘʤʤʳ ɸʈʄ-ʤʫʥʠʮʠʧʘʣ 

 

ʉʂɼʌ ï ʵʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʩʨʝʜʩʪʚ ʜʦʨʦʞʥʳʭ ʬʦʥʜʦʚ. ʂʘʞʜʦʝ ʤʫʥʠʮʠ-

ʧʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠʤʝʝʪ ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ ʜʣʷ 

ʚʭʦʜʘ ʠ ʨʘʙʦʪʳ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ. 

ʄʫʥʠʮʠʧʘʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʂʨʘʩʥʦʜʘʨ-

ʩʢʦʛʦ ʧʨʠʥʷʪʳ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ ʘʢʪʳ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʝ ʥʘ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʥʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʦʙʥʦʚʣʝʥʠʝ ʦʬʠʮʠʘʣʴʥʳʭ ʩʘʡʪʦʚ 

ʤʫʥʠʮʠʧʘʣʠʪʝʪʦʚ, ʥʘ ʚʥʝʜʨʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬ-

ʨʦʚʦʡ ʧʦʜʧʠʩʠ ʠ ʜʨʫʛʠʝ. ʉʦʟʜʘʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘ ʩʯʝʪ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʤʦʥʠʪʦʨʠʥʛ ʥʝʩʢʦʣʴʢʠʭ ʘʜʤʠʥʠ-

ʩʪʨʘʮʠʡ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʂʨʘʩʥʦʜʘʨ-

ʩʢʦʛʦ ʢʨʘʷ ʚ ʮʝʣʷʭ ʫʪʦʯʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʦʙʝʩʧʝʯʝʥʠʡ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʩʦʪʨʫʜʥʠʢʦʚ ʘʜʤʠʥʠʩʪʨʘʮʠʠ. 

ʊʘʙʣʠʮʘ 1  

ʄʦʥʠʪʦʨʠʥʛ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʦʙʝʩʧʝʯʝ-

ʥʠʡ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ ʘʜʤʠʥʠʩʪʨʘʮʠʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʫʥʠʮʠʧʘʣʠʪʝʪʘ 

ʂʦʨʝʥʦʚʩʢʠʡ 

ʨʘʡʦʥ 

ɺʳʩʝʣʢʦʚʩʢʠʡ 

ʨʘʡʦʥ 

ɼʠʥʩʢʦʡ 

ʨʘʡʦʥ 

ʇʘʚʣʦʚʩʢʠʡ 

ʨʘʡʦʥ 

ʊʠʤʘʰʝʚʩʢʠʡ 

ʨʘʡʦʥ 

ɸʈʄ-ʤʫʥʠʮʠʧʘʣ + + + + + 

ʉʉʊʋ + + + + + 

ɻʘʨʘʥʪ, ʢʦʥʩʫʣʴʪʘʥʪ-

ʧʣʶʩ 

+ + + + + 

ɻɸʉ ʋʇʈɸɺʃɽʅʀɽ + + + + + 

ʉʂɼʌ + + + + + 
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ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ 1 ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʠʩʩʣʝ-

ʜʫʝʤʳʭ ʘʜʤʠʥʠʩʪʨʘʮʠʷʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘ-

ʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʙʝʩʧʝ-

ʨʝʙʦʡʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʜʤʠʥʠʩʪʨʘʮʠʠ. 

ɺʥʝʜʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʩʬʝʨʫ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʦʚ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚ-

ʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝ-

ʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʤʫʥʠ-

ʮʠʧʘʣʴʥʳʭ ʫʩʣʫʛ, ʧʨʠʙʣʠʞʘʝʪ ʦʨʛʘʥʳ ʤʝʩʪʥʦʡ ʚʣʘ-

ʩʪʠ ʢ ʥʘʩʝʣʝʥʠʶ, ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʷ ʦʧʝʨʘʪʠʚʥʦ 

ʜʦʚʦʜʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ ʜʦ ʥʘʩʝʣʝ-

ʥʠʷ, ʠ, ʥʘʦʙʦʨʦʪ, ʥʘʩʝʣʝʥʠʶ ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦʙ 

ʠʤʝʶʱʠʭʩʷ ʧʨʦʙʣʝʤʘʭ, ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʦʟʜʘʝʪ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʧʨʝ-

ʠʤʫʱʝʩʪʚ. 
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HUMAN PERSONALITY IDENTIFICATION SYSTEMS IN THE FINANCIAL SECTOR  

 

ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʧʨʠʤʝʥʝʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚ 

ʬʠʥʘʥʩʦʚʦʤ ʩʝʢʪʦʨʝ. ʈʘʩʩʤʦʪʨʝʥ ʨʦʩʩʠʡʩʢʠʡ ʠ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʤʝʪʨʠʠ ʚ ʦʙʣʘʩʪʠ 

ʙʘʥʢʦʚʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʧʠʩʘʥʳ 

ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ, ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɺʳʷʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʝʚʝʥʪʠʚʥʳʭ ʤʝʨ, 

ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʚ ʙʘʥʢʦʚʩʢʠʭ 

ʩʠʩʪʝʤʘʭ. 

Abstract 

The article is devoted to the application of biometric technologies and identification systems in the financial 

sector. The Russian and foreign experience of using biometrics in the field of banking services is considered. A 

comparative analysis of various biometric systems is carried out, their features, advantages and disadvantages 

are described. The need for developing preventive measures aimed at improving the level of information security 

and ensuring data protection in banking systems has been identified. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʜʘʥʥʳʭ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʯʥʦʩʪʠ, ʪʝʭ-

ʥʦʣʦʛʠʠ, ʟʘʱʠʪʘ ʜʘʥʥʳʭ, ʙʘʥʢʦʚʩʢʠʝ ʩʠʩʪʝʤʳ. 

Key words: biometric systems, data identification, personality recognition, technology, data protection, bank-

ing systems. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʨʘʟ-

ʚʠʪʠʝ ʤʥʦʞʝʩʪʚʘ ʪʝʥʜʝʥʮʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, 

ʪʘʢʠʭ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʛʣʦʙʘʣʠʟʘʮʠʷ, ʧʦʚʩʝʤʝʩʪʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʥʠ-

ʮʠʘʮʠʷ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʜʨ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ 

ʠʤʝʝʪʩʷ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʟʘ-

ʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʬʝʨʘ ʬʠʥʘʥʩʦʚ ʧʦʩʪʦʷʥʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦ-

ʧʳʪʢʘʤ ʢʨʘʞʠ ʜʘʥʥʳʭ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʧʨʦʠʩʭʦ-

ʜʠʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʩ-

ʩʠʚʦʚ, ʪʨʝʙʫʶʱʠʭ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʜʘʥʥʳʭ. 

ɹʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʩʠʩʪʝʤʳ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ ʜʘʥʥʳʭ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʚʝʥʪʠʚʥʦʡ ʤʝʨʦʡ ʚ ʧʦ-

ʪʝʥʮʠʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʨʘʞʠ ʜʘʥ-

ʥʳʭ, ʢʘʢ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ, ʪʘʢ ʠ ʚ ʛʣʦʙʘʣʴʥʦʤ 

ʬʦʨʤʘʪʝ, ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ ʙʘʥʢʦʚ-

ʩʢʦʡ/ʬʠʥʘʥʩʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ.  

ɺ ʮʝʣʦʤ, ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠ-

ʩʪʝʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚ ʬʠʥʘʥʩʦʚʦʤ ʩʝʢʪʦʨʝ ʘʢ-

ʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʦʜʥʘʢʦ ʠʤ ʩʚʦʡʩʪʚʝʥʥʳ ʢʘʢ ʜʦ-

ʩʪʦʠʥʩʪʚʘ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʪʘʢʠʝ, ʢʘʢ: 

1. ʆʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʧʦʤʥʠʪʴ ʛʨʘ-

ʬʠʯʝʩʢʠʡ ʢʣʶʯ, ʧʘʨʦʣʴ, ʧʠʥ-ʢʦʜ; 

2. ɽʞʝʛʦʜʥʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦ-

ʨʘʷ ʫʣʫʯʰʘʝʪ ʩʚʦʠ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

3. ʅʘʜʝʞʥʦʩʪʴ ʠ ʙʳʩʪʨʦʪʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ (ʧʦ 

ʦʪʧʝʯʘʪʢʫ ʧʘʣʴʮʘ ʠʣʠ ʩʝʪʯʘʪʢʝ ʛʣʘʟʘ); 

4. ɹʶʜʞʝʪʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ; 

5. ʄʠʥʠʤʫʤ ʦʰʠʙʦʢ ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ. 

ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʷʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʠʤʝ-

ʶʪʩʷ ʠ ʥʝʜʦʩʪʘʪʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ: 

1. ɽʩʣʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʫʢʨʘʜʫʪ, ʠʭ 

ʥʝʣʴʟʷ ʙʫʜʝʪ ʠʟʤʝʥʠʪʴ; 

2. ʉʦʟʜʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʯʠʪʳʚʘʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ; 

3. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʜʜʝʣʢʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ.  

ɺ ʬʠʥʘʥʩʦʚʦʤ ʩʝʢʪʦʨʝ ʩʝʡʯʘʩ ʤʦʞʥʦ ʥʘʡʪʠ 

ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ.  

ɺ 2019 ʛʦʜʫ ʇɸʆ çʉʙʝʨʙʘʥʢè ʩʪʘʣ ʧʦʚʩʝ-

ʤʝʩʪʥʦ ʩʦʙʠʨʘʪʴ ʙʠʦʤʝʪʨʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʘ 

ʩʚʦʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ï ʛʦʣʦʩ ʠ ʛʝʦʤʝʪʨʠʶ ʣʠʮʘ. 

 ʊʘʢʞʝ ʫʩʧʝʰʥʦʡ ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʠʥʠʮʠʘʪʠ-

ʚʦʡ ʚ ʦʙʣʘʩʪʠ ʙʘʥʢʦʚʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ ʦʧʳʪ ʙʘʥʢʘ çʆʪʢʨʳʪʠʝè, ʢʦʪʦʨʳʝ 25 ʜʝ-

ʢʘʙʨʷ 2017 ʛʦʜʘ ʦʙʲʷʚʠʣ ʦ ʟʘʧʫʩʢʝ ʚ ʤʦʙʠʣʴʥʦʤ 

ʧʨʠʣʦʞʝʥʠʠ çʆʪʢʨʳʪʠʝ. ʇʝʨʝʚʦʜʳè ʫʩʣʫʛʠ ʜʝ-

ʥʝʞʥʳʭ ʧʝʨʝʚʦʜʦʚ ʧʦ ʬʦʪʦʛʨʘʬʠʠ ʢʣʠʝʥʪʘ, ʩʪʘʚ 

ʧʝʨʚʳʤ ʚ ʤʠʨʝ ʙʘʥʢʦʤ ʩ ʪʘʢʦʡ ʫʩʣʫʛʦʡ[2]. ɼʘʥʥʳʡ 

ʩʝʨʚʠʩ ʨʝʘʣʠʟʦʚʘʣ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʪʦʯʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ ʥʝʡʨʦʩʝʪʝʚʦʡ ʩʠʩʪʝʤʳ.  

ʇɸʆ çʇʦʯʪʘ ɹʘʥʢè ʠʩʧʦʣʴʟʫʝʪ ʙʠʦʤʝʪʨʠʯʝ-

ʩʢʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʥʝ ʪʦʣʴʢʦ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʠ-

ʝʥʪʦʚ, ʥʦ ʪʘʢʞʝ ʠ ʩʦʪʨʫʜʥʠʢʦʚ. ɽʱʝ ʩ 2017 ʧʦʣʴʟʦ-

ʚʘʪʝʣʷʤ, ʧʦʤʠʤʦ ʧʘʨʦʣʷ ʠ ʢʦʜʦʚʦʛʦ ʠʤʝʥʠ, ʥʫʞʥʦ 

ʧʨʦʭʦʜʠʪʴ ʩʠʩʪʝʤʫ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʯʪʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʦʨʦʥʥʝʛʦ ʚʤʝʰʘ-

ʪʝʣʴʩʪʚʘ [1]. 

ɻʦʚʦʨʷ ʦ ʟʘʨʫʙʝʞʥʦʤ ʦʧʳʪʝ, ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʧʨʠʤʝʨʠʥʜʦʥʝʟʠʡʩʢʦʡ ʢʦʤʧʘʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ Nodeflux, ʢʦʪʦʨʘʷ 14 ʦʢʪʷʙʨʷ 2019 ʛʦ-

ʜʘʧʨʝʜʩʪʘʚʠʣʘ ʥʦʚʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʜʣʷ ʙʘʥʢʦʚ. ʕʪʘ ʩʠʩʪʝʤʘ ʚʳʧʦʣ-

ʥʷʣʘ ʧʨʦʮʝʩʩ ʧʨʦʚʝʨʢʠ eKYC ʚ ʨʘʤʢʘʭ ʧʨʝʟʝʥʪʘʮʠʠ 

ʧʦ ʧʨʠʣʦʞʝʥʠʷʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʜʣʷ ʠʥʜʫʩʪʨʠʠ 

ʬʠʥʘʥʩʦʚʳʭ ʫʩʣʫʛ ʚ ʨʝʛʠʦʥʝ ʖʞʥʦʡ ɸʟʠʠ. ʇʨʝʜʧʦ-

ʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ 

ʚʤʝʩʪʝ ʩ ʥʦʚʝʡʰʝʡ ʧʣʘʪʬʦʨʤʦʡ VisionAIreKnow-

Your-Customer (KYC), ʢʦʪʦʨʘʷ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʫʶ ʧʨʦʚʝʨʢʫ ʙʘʥʢʦʚʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ 

ʀʥʜʦʥʝʟʠʠ, ʟʘʧʨʝʱʘʷ ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʪʨʘʥʟʘʢ-

ʮʠʠ[4].  

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʥʥʦʚʘʮʠʝʡ ʚ ʩʬʝʨʝ ʙʠʦʤʝʪʨʠʠ 

ʚ ʬʠʥʘʥʩʦʚʦʤ ʩʝʢʪʦʨʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʥʳʡ SnapPay. 17 ʦʢʪʷʙʨʷ 2019 ʛʦʜʘ SnapPay 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʥʦʚʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʝʡ 

ʧʣʘʪʝʞʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʪʨʝʙʠʪʝ-

ʣʷʤ ʜʝʣʘʪʴ ʮʠʬʨʦʚʳʝ ʧʣʘʪʝʞʠ ʩ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤ 

ʩʥʠʤʢʦʤ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʦʬʦʨʤʣʝʥʠʷ ʟʘʢʘʟʘ, 

ʯʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʩʚʦʶ ʣʠʯʥʦʩʪʴ ï ʵʪʦ ʧʦʟʚʦʣʠʪ 

ʫʤʝʥʴʰʠʪʴ ʧʨʦʮʝʥʪ ʪʝʥʝʚʳʭ ʪʨʘʥʟʘʢʮʠʡ[5]. 

BankofAmerica, JPMorganChase, WellsFargo 
ʠ ʧʨʦʯʠʝ ʤʝʥʝʝ ʢʨʫʧʥʳʝ ʙʘʥʢʠ ʉʐɸ ʧʦʚʩʝʤʝʩʪʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʚʦʠʭ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʦʪʧʝ-

ʯʘʪʦʢ ʙʦʣʴʰʦʛʦ ʧʘʣʴʮʘ ʢʘʢ ʩʧʦʩʦʙ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʢʣʠʝʥʪʦʚ. 

ʌʠʥʘʥʩʦʚʘʷ ʢʦʤʧʘʥʠʷ Barclaysʠʟ ɺʝʣʠʢʦʙʨʠ-

ʪʘʥʠʠ ʫʞʝ ʙʦʣʝʝ 7 ʣʝʪ ʠʩʧʦʣʴʟʫʝʪ ʩʠʩʪʝʤʫ ʜʦʩʪʫʧʘ 

ʚ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʦ ʨʠʩʫʥʢʫ ʚʝʥ ʧʘʣʴʮʘ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʧʣʘʪʝʞʝʡ. ʉ 2015 ʛʦʜʘ ʢʦʤ-

ʧʘʥʠʷ ʩʪʘʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʨʘʩʧʦʟʥʘʚʘ-

ʥʠʷ ʧʦ ʛʦʣʦʩʫ.  

MasterCard, ʷʚʣʷʷʩʴ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʣʘʪʝʞ-

ʥʦʡ ʩʠʩʪʝʤʦʡ, ʠʩʧʦʣʴʟʫʝʪ ʧʣʘʩʪʠʢʦʚʫʶ ʢʘʨʪʦʯʢʫ ʩʦ 

ʚʩʪʨʦʝʥʥʳʤ ʜʘʪʯʠʢʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʪʧʝʯʘʪʢʦʚ 

ʧʘʣʴʮʝʚ ʚʣʘʜʝʣʴʮʘ ʢʘʨʪʳ. ɺ ʧʨʠʣʦʞʝʥʠʠ ʜʣʷ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʷ ʣʠʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʠ ʩ ʦʪʧʝʯʘʪʢʦʤ ʧʘʣʴʮʘ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ 

ʛʝʦʤʝʪʨʠʠ ʣʠʮʘ[1].  

ʊʝʧʝʨʴ ʭʦʪʝʣʦʩʴ ʙʳ ʩʨʘʚʥʠʪʴ çʥʘʯʠʥʢʫè ʙʠʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʥʘ ʢʦʪʦʨʦʡ ʦʥʘ ʧʦʩʪʨʦ-

ʝʥʘ,ʩʨʘʚʥʠʚ ʝʸ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ.  
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ʊʘʙʣʠʮʘ 1 

ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚ 

ʬʠʥʘʥʩʦʚʦʤ ʩʝʢʪʦʨʝ 

ʋʯʨʝʞʜʝʥʠʝ, ʪʝʭʥʦʣʦʛʠʷ ɼʦʩʪʦʠʥʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʇɸʆ çʉʙʝʨʙʘʥʢè ï ʛʦʣʦʩ ʠ ʛʝʦʤʝʪʨʠʷ 
ʣʠʮʘ. 
ʉʦʟʜʘʥʠʝ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦʪʝʢʩʪʦʟʘʚʠ-
ʩʠʤʦʛʦ ʵʪʘʣʦʥʘ ʛʦʣʦʩʘ, ʩʢʘʥʠʨʦʚʘʥʠʝ 
ʠʟʦʙʨʘʞʝʥʠʷ ʣʠʮʘ, ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 
ʠʟʦʙʨʘʞʝʥʠʷ ʣʠʮʘ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʪʦ/ʚʠ-
ʜʝʦ 

1. ɻʦʣʦʩ ʧʦʧʘʜʘʝʪ ʚ ʙʘʟʫ 
ʜʘʥʥʳʭ; 
2. ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʘʥʘ-
ʣʠʟʘ ʬʦʪʦ; 
3. ʊʝʢʩʪ, ʧʨʦʠʟʥʦʩʠʤʳʡ ʛʦ-
ʣʦʩʦʤ ʯʝʣʦʚʝʢʘ, ʯʘʩʪʦ ʩʦ-
ʜʝʨʞʠʪ ʮʠʬʨʳ, ʧʦʟʚʦʣʷʶ-
ʱʠʝ ʩʦʚʝʨʰʘʪʴ ʦʧʝʨʘʮʠʠ; 
4. ɻʝʦʤʝʪʨʠʷ ʫʰʥʳʭ ʨʘʢʦ-
ʚʠʥ, ʥʘʜʙʨʦʚʥʳʭ ʜʫʛ, ʨʘʟ-
ʨʝʟʘ ʛʣʘʟ ʠ ʜʨ. ʧʦʟʚʦʣʷʝʪ 
ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʪʦʯʥʳʡ 
ʙʠʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʨʪʨʝʪ 

1. ɹʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʚʟʣʦʤʘʥʘ ʠ 
ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʫ-
ʜʫʪ ʧʦʭʠʱʝʥʳ ʙʝʟ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʟʘʤʝʥʳ; 
2. ʀʟ-ʟʘ ʧʨʦʩʪʫʜʳ ʠʣʠ ʧʨʦʯʠʭ 
ʩʦʙʳʪʠʡ ʛʦʣʦʩ ʤʦʞʝʪ ʠʟʤʝ-
ʥʠʪʴʩʷ (ʩʪʘʪʴ ʛʨʫʙʝʝ, ʪʦʥʴʰʝ 
ʠ ʜʨ.), ʯʪʦ ʥʝ ʧʦʟʚʦʣʠʪ ʠʜʝʥ-
ʪʠʬʠʮʠʨʦʚʘʪʴ ʢʣʠʝʥʪʘ; 
3. ɽʩʣʠ ʙʠʦʤʝʪʨʠʶ ʩʜʘʚʘʣ 
ʧʦʣʥʳʡ ʯʝʣʦʚʝʢ (ʧʦʣʥʦʚʘʪʦʝ 
ʣʠʮʦ), ʪʦ ʧʨʠ ʧʦʭʫʜʝʥʠʠ ʩʠ-
ʩʪʝʤʘ ʤʦʞʝʪ ʥʝ ʨʘʩʧʦʟʥʘʪʴ 
ʢʣʠʝʥʪʘ 

eKYC ï ʛʝʦʤʝʪʨʠʷ ʣʠʮʘ 
ʉʦʟʜʘʥʠʝ 3D-ʰʘʙʣʦʥʘ ʣʠʮʘ, ʩʠʩʪʝʤʘ ʨʘʩ-
ʧʦʟʥʘʚʘʥʠʷ ʫʰʥʦʡ ʨʘʢʦʚʠʥʳ 

1. 3D-ʰʘʙʣʦʥ ʧʦʟʚʦʣʷʝʪ ʟʘ-
ʬʠʢʩʠʨʦʚʘʪʴ ʚʥʝʰʥʦʩʪʴ ʯʝ-
ʣʦʚʝʢʘ ʥʘ 180 ʛʨʘʜʫʩʦʚ; 
2. ɿʘʥʝʩʝʥʠʝ ʚ ʙʘʟʫ ʜʘʥʥʳʭ 
ʫʥʠʢʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʫʰ-
ʥʦʡ ʨʘʢʦʚʠʥʳ ʨʘʩʧʦʟʥʘʚʘ-
ʥʠʷ (ʧʨʦʪʠʚʦʢʦʟʝʣʦʢ, ʜʘʨ-
ʚʠʥʩʢʠʡ ʙʫʛʦʨʦʢ ʠ ʜʨ.) 

1. ɹʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʚʟʣʦʤʘʥʘ ʠ 
ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʫ-
ʜʫʪ ʧʦʭʠʱʝʥʳ ʙʝʟ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʟʘʤʝʥʳ; 
2. ʊʝʥʴ ʠʣʠ ʩʣʠʰʢʦʤ ʷʨʢʠʡ 
ʩʚʝʪ ʤʦʛʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʢʘ-
ʯʝʩʪʚʝʥʥʦʤʫ ʩʙʦʨʫ ʜʘʥʥʳʭ; 
3. ɽʩʣʠ ʙʠʦʤʝʪʨʠʶ ʩʜʘʚʘʣ 
ʧʦʣʥʳʡ ʯʝʣʦʚʝʢ (ʧʦʣʥʦʚʘʪʦʝ 
ʣʠʮʦ), ʪʦ ʧʨʠ ʧʦʭʫʜʝʥʠʠ ʩʠ-
ʩʪʝʤʘ ʤʦʞʝʪ ʥʝ ʨʘʩʧʦʟʥʘʪʴ 
ʢʣʠʝʥʪʘ 

ʇɸʆ çɺʊɹè ï ʛʦʣʦʩ ʠ ʛʝʦʤʝʪʨʠʷ ʣʠʮʘ 
ʉʦʟʜʘʥʠʝ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʝʢʩʪʦʥʝʟʘ-
ʚʠʩʠʤʦʛʦ ʵʪʘʣʦʥʘ ʛʦʣʦʩʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
2D-ʜʘʪʯʠʢʘ ʜʣʷ ʟʘʭʚʘʪʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʠʮʘ 

1. ʊʝʢʩʪ ʟʘʥʦʩʠʪʩʷ ʚ ʙʘʟʫ 
ʜʘʥʥʳʭ, ʧʨʠʯʝʤ ʦʥ ʥʝ ʦʧʠ-
ʨʘʝʪʩʷ ʥʘ ʪʦʯʥʳʝ ʩʣʦʚʘ; 
ʙʠʦʤʝʪʨʠʷ ʠʜʝʥʪʠʬʠʮʠ-
ʨʫʝʪ ʤʝʣʦʜʠʢʫ ʛʦʣʦʩʘ; 
2. ɻʝʦʤʝʪʨʠʷ ʫʰʥʳʭ ʨʘʢʦ-
ʚʠʥ, ʥʘʜʙʨʦʚʥʳʭ ʜʫʛ, ʨʘʟ-
ʨʝʟʘ ʛʣʘʟ ʠ ʜʨ. ʧʦʟʚʦʣʷʝʪ 
ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʪʦʯʥʳʡ 
ʙʠʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʨʪʨʝʪ 

1. ɹʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʚʟʣʦʤʘʥʘ ʠ 
ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʫ-
ʜʫʪ ʧʦʭʠʱʝʥʳ ʙʝʟ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʟʘʤʝʥʳ; 
2. ɽʩʣʠ ʙʠʦʤʝʪʨʠʶ ʩʜʘʚʘʣ 
ʧʦʣʥʳʡ ʯʝʣʦʚʝʢ (ʧʦʣʥʦʚʘʪʦʝ 
ʣʠʮʦ), ʪʦ ʧʨʠ ʧʦʭʫʜʝʥʠʠ ʩʠ-
ʩʪʝʤʘ ʤʦʞʝʪ ʥʝ ʨʘʩʧʦʟʥʘʪʴ 
ʢʣʠʝʥʪʘ; 
3. ʀʟ-ʟʘ ʧʨʦʩʪʫʜʳ ʠʣʠ ʧʨʦʯʠʭ 
ʩʦʙʳʪʠʡ ʛʦʣʦʩ ʤʦʞʝʪ ʠʟʤʝ-
ʥʠʪʴʩʷ (ʩʪʘʪʴ ʛʨʫʙʝʝ, ʪʦʥʴʰʝ 
ʠ ʜʨ.), ʯʪʦ ʥʝ ʧʦʟʚʦʣʠʪ ʠʜʝʥ-
ʪʠʬʠʮʠʨʦʚʘʪʴ ʢʣʠʝʥʪʘ 
 

ʇɸʆ çʇʦʯʪʘ ɹʘʥʢè ï ʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʝʤʢʦʩʪʥʳʭ ʩʠʣʠʢʦʥʦʚʳʭ 
ʜʘʪʯʠʢʦʚ ʜʣʷ ʟʘʭʚʘʪʘ ʦʪʧʝʯʘʪʢʘ ʧʘʣʴʮʘ 
ʧʝʨʚʠʯʥʳʤ ʩʢʘʥʝʨʦʤ, ʩʨʘʚʥʝʥʠʝ ʦʪʧʝ-
ʯʘʪʢʘ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

1. ʉʦʟʜʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ 
ʚʩʝʭ ʦʪʧʝʯʘʪʢʦʚ; 
2. ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʝʨ-
ʚʠʯʥʦʛʦ ʩʢʘʥʝʨʘ; 
3. ʇʦʣʥʳʡ ʟʘʭʚʘʪ ʛʝʦʤʝʪ-
ʨʠʠ ʦʪʧʝʯʘʪʢʘ ʧʘʣʴʮʘ 

1. ɹʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʚʟʣʦʤʘʥʘ ʠ 
ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʫ-
ʜʫʪ ʧʦʭʠʱʝʥʳ ʙʝʟ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʟʘʤʝʥʳ; 
2. ʇʦʨʝʟʳ ʠ ʧʨʦʯʠʝ ʪʨʘʚʳ 
ʧʘʣʴʮʘ ʤʦʛʫʪ ʥʝ ʧʦʟʚʦʣʠʪʴ 
ʧʨʦʚʝʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ; 
3. ɺʦʟʤʦʞʥʘ ʟʘʤʝʥʘ ʦʜʥʠʭ ʦʪ-
ʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚ ʜʨʫʛʠʤʠ 

ɹʘʥʢ çʌʠʥʘʥʩʦʚʘʷ ʢʦʨʧʦʨʘʮʠʷ ʆʪʢʨʳ-
ʪʠʝè ï ʜʝʥʝʞʥʳʝ ʧʝʨʝʚʦʜʳ ʧʦ ʬʦʪʦʛʨʘ-
ʬʠʠ ʢʣʠʝʥʪʘ 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ 2D-ʜʘʪʯʠʢʘ ʜʣʷ ʟʘʭʚʘʪʘ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʠʮʘ 

1. ɻʝʦʤʝʪʨʠʷ ʫʰʥʳʭ ʨʘʢʦ-
ʚʠʥ, ʥʘʜʙʨʦʚʥʳʭ ʜʫʛ, ʨʘʟ-
ʨʝʟʘ ʛʣʘʟ ʠ ʜʨ. ʧʦʟʚʦʣʷʝʪ 
ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʪʦʯʥʳʡ 
ʙʠʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʨʪʨʝʪ 

1. ɹʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʚʟʣʦʤʘʥʘ ʠ 
ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʫ-
ʜʫʪ ʧʦʭʠʱʝʥʳ ʙʝʟ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʟʘʤʝʥʳ; 
2. ɽʩʣʠ ʙʠʦʤʝʪʨʠʶ ʩʜʘʚʘʣ 
ʧʦʣʥʳʡ ʯʝʣʦʚʝʢ (ʧʦʣʥʦʚʘʪʦʝ 
ʣʠʮʦ), ʪʦ ʧʨʠ ʧʦʭʫʜʝʥʠʠ ʩʠ-
ʩʪʝʤʘ ʤʦʞʝʪ ʥʝ ʨʘʩʧʦʟʥʘʪʴ 
ʢʣʠʝʥʪʘ 
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SnapPay ï ʧʨʦʚʝʜʝʥʠʝ ʮʠʬʨʦʚʳʭ ʧʣʘʪʝ-
ʞʝʡ ʧʦ ʬʦʪʦʛʨʘʬʠʠ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ 
ʧʝʨʚʠʯʥʦʡ ʙʠʦʤʝʪʨʠʠ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʚ 
ʨʝʞʠʤʝ-ʦʥʣʘʡʥ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 2D-ʜʘʪ-
ʯʠʢʘ ʜʣʷ ʟʘʭʚʘʪʘ ʠʟʦʙʨʘʞʝʥʠʷ 

1. ɹʳʩʪʨʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ; 
2. ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʥʦʚʣʝ-
ʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʙʠʦʤʝʪʨʠʠ; 
3. ɻʝʦʤʝʪʨʠʷ ʫʰʥʳʭ ʨʘʢʦ-
ʚʠʥ, ʥʘʜʙʨʦʚʥʳʭ ʜʫʛ, ʨʘʟ-
ʨʝʟʘ ʛʣʘʟ ʠ ʜʨ. ʧʦʟʚʦʣʷʝʪ 
ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʪʦʯʥʳʡ 
ʙʠʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʨʪʨʝʪ 

1. ɹʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʚʟʣʦʤʘʥʘ ʠ 
ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʫ-
ʜʫʪ ʧʦʭʠʱʝʥʳ ʙʝʟ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʟʘʤʝʥʳ; 
2. ʇʣʦʭʘʷ ʚʠʜʠʤʦʩʪʴ ʤʦʞʝʪ 
ʥʝ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʩʧʦʟʥʘ-
ʚʘʥʠʶ ʢʣʠʝʥʪʘ; 
3. ʆʪʩʫʪʩʪʚʠʝ ʀʥʪʝʨʥʝʪ-ʩʦ-
ʝʜʠʥʝʥʠʷ ʤʦʞʝʪ ʥʝ ʩʧʦʩʦʙ-
ʩʪʚʦʚʘʪʴ ʧʨʦʚʝʜʝʥʠʶ ʧʨʦʮʝ-
ʜʫʨʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ/ʧʣʘ-
ʪʝʞʘ 

BankofAmerica, JPMorganChase, Wells-
Fargo ï ʦʪʧʝʯʘʪʦʢ ʙʦʣʴʰʦʛʦ ʧʘʣʴʮʘ ʜʣʷ 
ʚʭʦʜʘ ʚ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ 
ɿʘʭʚʘʪ ʦʪʧʝʯʘʪʢʘ ʧʘʣʴʮʘ ʩʠʣʠʢʦʥʦʚʳʤ 
ʯʠʧʦʤ, ʧʨʷʤʦʝ ʦʧʪʠʯʝʩʢʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ 

1. ɹʳʩʪʨʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 
ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ; 
2. ʆʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦ-
ʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜ-
ʪʚʝʨʞʜʘʪʴ ʩʚʦʶ ʣʠʯʥʦʩʪʴ; 
3. ʀʥʬʦʨʤʘʮʠʷ ʩ ʙʠʦʤʝʪ-
ʨʠʝʡ ʤʦʞʝʪ ʙʳʪʴ ʫʜʘʣʝʥʘ ʩ 
ʧʨʠʣʦʞʝʥʠʷ ʚʚʠʜʫ ʥʝʥʘ-
ʜʦʙʥʦʩʪʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ 

1. ɹʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʚʟʣʦʤʘʥʘ ʠ 
ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʫ-
ʜʫʪ ʧʦʭʠʱʝʥʳ ʙʝʟ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʟʘʤʝʥʳ; 
2. ʅʝʨʘʙʦʪʘʶʱʠʡ ʯʠʧ ʥʘ ʪʝʣʝ-
ʬʦʥʝ (ʩʙʦʢʫ) ʤʦʞʝʪ ʥʝ ʧʦʟʚʦ-
ʣʠʪʴ ʢʣʠʝʥʪʫ ʧʨʦʚʝʩʪʠ ʠʜʝʥ-
ʪʠʬʠʢʘʮʠʶ; 
3. ʉʠʩʪʝʤʥʳʡ ʩʙʦʡ ʚ ʙʘʟʝ ʜʘʥ-
ʥʳʭ ʥʝ ʧʦʟʚʦʣʠʪ ʢʣʠʝʥʪʫ ʧʨʦ-
ʚʝʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ 

Barclays ï ʜʦʩʪʫʧ ʚ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝ-
ʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʨʠʩʫʥʢʘ ʚʝʥ ʧʘʣʴʮʘ 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝ-
ʥʠʷ ʜʣʷ ʟʘʭʚʘʪʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʤʝʪʦʜ 
ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʨʠʩʫʥʢʦʤ ʠʟ 
ʙʘʟʳ ʜʘʥʥʳʭ 

1. ʀʥʠʮʠʘʮʠʷ ʜʘʪʯʠʢʘ ʜʘʚ-
ʣʝʥʠʷ ʠ ʀʂ-ʠʟʣʫʯʝʥʠʷ ʜʣʷ 
ʪʦʯʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʪʧʝ-
ʯʘʪʢʘ ʧʘʣʴʮʘ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 
(ʧʝʨʚʠʯʥʳʡ ʩʙʦʨ ʧʨʦʚʦ-
ʜʠʪʩʷ ʚ ʙʘʥʢʝ, ʛʜʝ ʝʩʪʴ ʧʨʠ-
ʙʦʨ ʩ ʟʘʭʚʘʪʦʤ ʀʂ-
ʠʟʣʫʯʝʥʠʷ, ʚʪʦʨʠʯʥʘʷ ʙʠʦ-
ʤʝʪʨʠʷ ï ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ); 
2. ʀʥʬʦʨʤʘʮʠʷ ʩ ʙʠʦʤʝʪ-
ʨʠʝʡ ʤʦʞʝʪ ʙʳʪʴ ʫʜʘʣʝʥʘ ʩ 
ʧʨʠʣʦʞʝʥʠʷ ʚʚʠʜʫ ʥʝʥʘ-
ʜʦʙʥʦʩʪʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ (ʚ ʙʘʥʢʝ ʠʥʬʦʨʤʘʮʠʷ 
ʥʝ ʫʜʘʣʷʝʪʩʷ) 

1. ɹʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʚʟʣʦʤʘʥʘ ʠ 
ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʫ-
ʜʫʪ ʧʦʭʠʱʝʥʳ ʙʝʟ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʟʘʤʝʥʳ; 
2. ʀʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʫʜʘ-
ʣʠʪʴ ʣʠʰʴ ʩ ʧʨʠʣʦʞʝʥʠʷ, ʥʦ ʚ 
ʙʘʥʢʝ ʦʥʘ ʩʦʭʨʘʥʠʪʩʷ; 
3. ʅʝʨʘʙʦʪʘʶʱʠʡ ʯʠʧ ʥʘ ʪʝʣʝ-
ʬʦʥʝ (ʩʙʦʢʫ) ʤʦʞʝʪ ʥʝ ʧʦʟʚʦ-
ʣʠʪʴ ʢʣʠʝʥʪʫ ʧʨʦʚʝʩʪʠ ʠʜʝʥ-
ʪʠʬʠʢʘʮʠʶ 
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FEATURES OF INFORMATION SUPPORT OF CRM -SYSTEMS OF MEDIA-SELLING AGENCIES  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ CRM-ʩʠʩʪʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝʜʠʘʩʝʣʣʠʥʛʦʚʳʭ ʘʛʝʥʪʩʪʚ, ʠʩʩʣʝʜʫʝʪʩʷ ʩʧʝʮʠʬʠʢʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʜʠʘʩʝʣʣʝʨʦʚ, ʥʘʟʥʘ-

ʯʝʥʠʝ CRM-ʩʠʩʪʝʤ ʚ ʤʝʜʠʘʩʝʣʣʠʥʛʦʚʳʭ ʘʛʝʥʪʩʪʚʘʭ, ʚʢʣʶʯʘʷ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ CRM-ʩʠʩʪʝʤ ʠ ʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʣʷ ʤʝʜʠʘʩʝʣʣʝʨʦʚ.  

Abstract 

This article discusses the information support of CRM systems in accordance with the characteristics of me-

dia selling agencies, explores the specifics of media sellers, the purpose of CRM systems in media selling agencies, 

including the goals and objectives of their use, as well as a description of the functionality of CRM systems and 

their features for media sellers. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, ʚʭʦʜʷʱʠʝ ʧʦʪʦʢʠ, ʠʩʭʦʜʷʱʠʝ 

ʧʦʪʦʢʠ, ʤʝʜʠʘʩʝʣʣʝʨ, CRM-ʩʠʩʪʝʤʘ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʨʝʢʣʘʤʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʤʝʜʠʘ-

ʢʘʣʴʢʫʣʷʪʦʨ, ʤʝʜʠʘʧʣʘʥ.  

Keywords: information system, information flows, incoming flows, outgoing flows, media seller, CRM system, 
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ɺʚʝʜʝʥʠʝ 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʪʫʘʮʠʷ ʥʘ ʨʝʢʣʘʤʥʦʤ 

ʨʳʥʢʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʩʪʘʙʠʣʴʥʦʡ. ɹʦʣʴ-

ʰʠʥʩʪʚʦ ʤʝʜʠʘʩʝʛʤʝʥʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʪʨʠʮʘ-

ʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʢʦʥʢʫ-

ʨʝʥʮʠʠ ʩʨʝʜʠ ʤʝʜʠʘʢʦʤʧʘʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʦʩʪʘ-

ʪʦʯʥʦ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ ʜʣʷ 

ʨʝʢʣʘʤʥʳʭ ʢʦʤʧʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʝʜʠʘʩʝʣʣʠʥ-

ʛʦʚʳʭ ʘʛʝʥʪʩʪʚ. CRM-ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʪʴ ʚʩʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʜʘʞʝʡ 

ʨʝʢʣʘʤʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

CRM-ʩʠʩʪʝʤ ʜʣʷ ʤʝʜʠʘʩʝʣʣʠʥʛʦʚʳʭ ʢʦʤʧʘʥʠʡ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ʈʘʩʩʤʦʪʨʝʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝ-

ʜʠʘʩʝʣʣʠʥʛʦʚʳʭ ʢʦʤʧʘʥʠʡ. 

2. ʀʟʫʯʠʪʴ ʮʝʣʠ ʠ ʟʘʜʘʯʠ CRM-ʩʠʩʪʝʤ ʚ ʤʝʜʠʘ-

ʩʝʣʣʠʥʛʦʚʳʭ ʘʛʝʥʪʩʪʚʘʭ.  

3. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ CRM-ʩʠʩʪʝʤ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʣʷ 

ʤʝʜʠʘʩʝʣʣʝʨʦʚ. 

4. ʈʘʩʩʤʦʪʨʝʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

CRM-ʩʠʩʪʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝ-

ʜʠʘʩʝʣʣʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ.  

1. ʅʘʟʥʘʯʝʥʠʝ CRM-ʩʠʩʪʝʤ ʚ ʤʝʜʠʘʩʝʣʣʠʥ-

ʛʦʚʳʭ ʘʛʝʥʪʩʪʚʘʭ 

ʉʧʝʮʠʬʠʢʘ ʤʝʜʠʡʥʦʛʦ ʨʳʥʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʥʝ ʢʘʞʜʘʷ CRM-ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʚʦʩʧʦʣ-

ʥʠʪʴ ʚʩʝ ʧʦʪʨʝʙʥʦʩʪʠ ʟʘʢʘʟʯʠʢʦʚ ʧʨʠ ʚʝʜʝʥʠʠ ʨʝ-

ʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ. ɼʣʷ ʢʦʤʧʘʥʠʠ, ʢʣʠʝʥʪʘʤʠ ʢʦ-

ʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʨʝʢʣʘʤʦʜʘʪʝʣʠ ʠ ʧʨʦʯʠʝ ʫʯʘʩʪʥʠʢʠ 

ʤʝʜʠʡʥʦʛʦ ʨʳʥʢʘ ʥʫʞʥʦ ʝʜʠʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʙʫʜʝʪ ʦʭʚʘʪʳʚʘʪʴ ʚʩʝ ʧʨʦʮʝʩʩʳ ʧʦ ʚʟʘʠʤʦʦʪʥʦʰʝ-

ʥʠʶ ʩ ʢʣʠʝʥʪʘʤʠ: ʦʪ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʟʘ-

ʧʨʦʩʘʤ ʨʝʢʣʘʤʦʜʘʪʝʣʝʡ ʜʦ ʧʦʣʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦ-

ʜʘʞ. ɼʣʷ ʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦ ʤʝ-

ʜʠʘʩʝʣʣʠʥʛʦʚʳʭ ʘʛʝʥʪʩʪʚ ʚ ʨʝʢʣʘʤʥʦʡ ʦʪʨʘʩʣʠ. 

ʇʦʜ ʤʝʜʠʘʩʝʣʣʠʥʛʦʤ ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʜʘʞʘ ʨʝ-

ʢʣʘʤʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʨʝʢʣʘʤʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ, ʘ ʠʤʝʥʥʦ: 

ð ʵʬʠʨʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʪʝʣʝʚʠʜʝʥʠʠ ʠ ʨʘʜʠʦ; 

ð ʛʘʟʝʪʥʳʭ ʠ ʞʫʨʥʘʣʴʥʳʭ ʧʣʦʱʘʜʝʡ; 

ð ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ. 

ʄʝʜʠʘʩʝʣʣʝʨ ʠʣʠ ʤʝʜʠʘʩʝʣʣʠʥʛʦʚʦʝ ʘʛʝʥʪʩʪʚʦ 

ð ʵʪʦ ʢʦʤʧʘʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩʳ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʤʝʜʠʘ, ʥʘʧʨʠʤʝʨ, ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʢʘ-

ʥʘʣʘ, ʠ ʧʨʦʜʘʝʪ ʝʛʦ ʨʝʢʣʘʤʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪ ʝʛʦ 

ʠʤʝʥʠ ʠ ʧʦ ʝʛʦ ʧʦʨʫʯʝʥʠʶ [3].  

ʇʨʠʥʮʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʪʝʣʝʚʠʟʠʦʥʥʳʝ ʢʘʥʘʣʳ, ʠʤʝʷ ʧʨʘʚʦ ʥʘ ʧʨʦʜʘʞʫ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʠ ʩʚʦʝʛʦ ʵʬʠʨʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ 

ʨʘʟʤʝʱʝʥʠʝ ʨʝʢʣʘʤʳ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʘʪʴ ʵʪʦ ʧʨʘʚʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʦʪʜʝʣʘ 

ʧʨʦʜʘʞ, ʣʠʙʦ ʧʨʦʜʘʚʘʪʴ ʚʩʝ ʚʳʜʝʣʝʥʥʳʝ ʨʝʢʣʘʤʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʜʠʘʩʝʣʣʝʨʫ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʟʘʥʠ-

ʤʘʪʴʩʷ ʠʭ ʨʝʘʣʠʟʘʮʠʝʡ ʦʪ ʠʭ ʣʠʮʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 
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ʩʣʫʯʘʝʚ ʨʝʘʣʠʟʘʮʠʝʡ ʨʝʢʣʘʤʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝ-

ʜʠʡʥʳʭ ʢʦʤʧʘʥʠʡ ʟʘʥʠʤʘʶʪʩʷ ʤʝʜʠʘʩʝʣʣʠʥʛʦʚʳʝ 

ʘʛʝʥʪʩʪʚʘ.  

ʈʝʢʣʘʤʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʦʙʨʝʪʘʶʪ ʨʝʢʣʘ-

ʤʦʜʘʪʝʣʠ ʥʘʧʨʷʤʫʶ, ʣʠʙʦ ʤʝʜʠʘʙʘʡʝʨʳ ð 

ʘʛʝʥʪʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩʳ ʨʝʢʣʘ-

ʤʦʜʘʪʝʣʝʡ. ʄʝʜʠʘʙʘʡʝʨʳ ʟʘʨʘʙʘʪʳʚʘʶʪ ʥʘ ʧʝʨʝ-

ʧʨʦʜʘʞʝ ʨʝʢʣʘʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʥʘ ʦʢʘʟʘʥʠʠ 

ʫʩʣʫʛ ʤʝʜʠʘʧʣʘʥʠʨʦʚʘʥʠʷ [3]. 

ʅʘ ʈʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ ʫʯʘʩʪʥʠʢʦʚ ʨʝʢʣʘʤʥʦʛʦ ʨʳʥʢʘ. 

 
ʈʠʩʫʥʦʢ 1 ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʘʩʪʥʠʢʦʚ ʨʝʢʣʘʤʥʦʛʦ ʨʳʥʢʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʜʠʘʩʝʣʣʠʥʛʦʚʳʝ ʢʦʤʧʘʥʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʨʝʢʣʘʤʦʜʘʪʝʣʷʤʠ, ʤʝʜʠʘʙʘʡʝ-

ʨʘʤʠ ʠ ʤʝʜʠʘʢʦʤʧʘʥʠʷʤʠ. ʇʘʨʪʥʝʨʘʤʠ ʤʝʜʠʘʩʝʣʣʝ-

ʨʦʚ ʷʚʣʷʶʪʩʷ ʤʝʜʠʘ, ʘ ʢʣʠʝʥʪʘʤʠ ʚʳʩʪʫʧʘʶʪ ʨʝʢʣʘ-

ʤʦʜʘʪʝʣʠ ʠ ʤʝʜʠʘʙʘʡʝʨʳ. 

ʇʦ ʧʨʦʛʥʦʟʘʤ ɸʩʩʦʮʠʘʮʠʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥ-

ʥʳʭ ʘʛʝʥʪʩʪʚ ʈʦʩʩʠʠ, ʥʘ 2019 ʛʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʣʘʩʴ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʚʩʝʭ ʩʝʛʤʝʥʪʦʚ ʨʝʢʣʘʤ-

ʥʦʛʦ ʨʳʥʢʘ ʢʨʦʤʝ ʠʥʪʝʨʥʝʪʘ [1]. ɺ ʫʩʣʦʚʠʷʭ ʞʝʩʪ-

ʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʨʝʢʣʘʤʥʦʤ ʨʳʥʢʝ ʢʦʤʧʘʥʠʷʤ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʢʣʠʝʥʪʦʦʨʠʝʥʪʠʨʦʚʘʥ-

ʥʳʡ ʧʦʜʭʦʜ. ʊʘʢ ʢʘʢ ʨʝʢʣʘʤʦʜʘʪʝʣʠ ʙʦʣʝʝ ʪʱʘ-

ʪʝʣʴʥʦ ʧʣʘʥʠʨʫʶʪ ʩʚʦʠ ʨʝʢʣʘʤʥʳʝ ʙʶʜʞʝʪʳ, ʘʥʘ-

ʣʠʟʠʨʫʶʪ ʩʪʨʫʢʪʫʨʫ ʜʦʭʦʜʦʚ ʠ ʨʘʩʭʦʜʦʚ, ʤʝʜʠʘʩʝʣ-

ʣʠʥʛʦʚʳʤ ʘʛʝʥʪʩʪʚʘʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʪʨʘʠʚʘʪʴ 

ʚʳʛʦʜʥʫʶ ʩʭʝʤʫ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ ʢʣʠʝʥʪʘʤʠ. 

CRM-ʩʠʩʪʝʤʳ ʠʣʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʟʘʠ-

ʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ ʧʦʤʦʛʘʶʪ ʩʦʟʜʘʪʴ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʩʪʘʥʦʚʷʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʢʘʤʧʘʥʠʡ, ʩʪʠʤʫʣʠʨʦ-

ʚʘʥʠʝ ʧʨʦʜʘʞ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝ-

ʥʠʷ ʩ ʢʣʠʝʥʪʘʤʠ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘ-

ʙʦʪʳ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʦʜʘʞ ʨʝʢʣʘʤ-

ʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝʜʠʘʩʝʣʣʠʥʛʦʚʳʤ ʘʛʝʥʪʩʪʚʘʤ 

ʥʝʦʙʭʦʜʠʤʳ CRM-ʩʠʩʪʝʤʳ. ʆʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ 

ʚʥʝʜʨʝʥʠʷ CRM-ʩʠʩʪʝʤ ʚ ʤʝʜʠʘʩʝʣʣʠʥʛʦʚʳʝ 

ʘʛʝʥʪʩʪʚʘ ʷʚʣʷʶʪʩʷ: 

ð ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʘʞ ʠ ʧʨʠʙʳʣʠ ʘʛʝʥʪʩʪʚʘ; 

ð ʧʦʚʳʰʝʥʠʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʦ-

ʪʨʫʜʥʠʢʦʚ; 

ð ʧʦʚʳʰʝʥʠʝ ʣʦʷʣʴʥʦʩʪʠ ʨʝʢʣʘʤʦʜʘʪʝʣʝʡ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʪʦʷʥʥʳʭ ʢʣʠʝʥʪʦʚ. 

CRM-ʩʠʩʪʝʤʳ ʦʙʲʝʜʠʥʷʶʪ ʩʪʨʫʢʪʫʨʥʳʝ ʧʦʜ-

ʨʘʟʜʝʣʝʥʠʷ ʤʝʜʠʘʩʝʣʣʝʨʦʚ. ʄʝʥʝʜʞʝʨʳ ʨʘʙʦʪʘʶʪ ʚ 

ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ, ʧʝʨʩʦʥʘ-

ʣʦʤ, ʬʠʥʘʥʩʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʠ ʜʨʫʛʠʤʠ ʨʝʩʫʨʩʘʤʠ, 

ʯʪʦ ʧʦʚʳʰʘʝʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦ-

ʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʠʟʥʝʩʘ, ʨʦʩʪʫ ʦʙʲʝʤʦʚ 

ʧʨʦʜʘʞ ʠ ʧʨʠʙʳʣʠ ʘʛʝʥʪʩʪʚʘ.  

ʀʩʭʦʜʷ ʠʟ ʮʝʣʝʡ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʜʘʯʠ, 

ʢʦʪʦʨʳʝ ʨʝʰʘʶʪ CRM-ʩʠʩʪʝʤʳ ʚ ʤʝʜʠʘʩʝʣʣʠʥʛʦ-

ʚʦʤ ʘʛʝʥʪʩʪʚʝ: 

ð ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ, ʧʦʠʩʢʘ, 

ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ; 

ð ʫʧʨʦʱʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʥʝʜʞʝʨʦʚ ʩ 

ʜʘʥʥʳʤʠ; 

ð ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʠ 

ʩʦʢʨʘʱʝʥʠʝ ʮʠʢʣʘ ʩʜʝʣʦʢ; 

ð ʚʝʜʝʥʠʝ ʙʘʟʳ ʢʣʠʝʥʪʦʚ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʢʣʘʤʦʜʘʪʝʣʷʭ; 

ð ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʜʝʡʩʪʚʠʷʤʠ ʠ ʟʘʥʷʪʦ-

ʩʪʴʶ ʧʝʨʩʦʥʘʣʘ; 

ð ʫʧʨʦʱʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʤʝ-

ʱʝʥʠʷ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ; 

ð ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʠ ʟʘʜʘʯ; 

ð ʩʙʦʨ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʨʝʢʣʘʤʦʜʘʪʝʣʷʤ ʠ ʩʜʝʣ-

ʢʘʤ; 

ð ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʪʯʝ-

ʪʦʚ.  

CRM-ʩʠʩʪʝʤʘ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ 

ʢʦʤʧʘʥʠʠ: ʦʪ ʫʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʠ ʠʩʪʦʯʥʠʢʦʚ ʥʦʚʳʭ 

ʢʣʠʝʥʪʦʚ, ʚʝʜʝʥʠʷ ʠʩʪʦʨʠʠ ʚʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʢʣʠ-

ʝʥʪʘʤʠ, ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʪʘʪʫʩʘ ʟʘʢʘʟʘ ʜʦ ʢʦʥʪʨʦʣʷ 

ʚʩʝʭ ʵʪʘʧʦʚ ʧʨʦʮʝʩʩʘ ʧʨʦʜʘʞ [2]. ɹʣʘʛʦʜʘʨʷ CRM-

ʩʠʩʪʝʤʘʤ ʢʣʠʝʥʪʩʢʘʷ ʙʘʟʘ ʤʝʜʠʘʩʝʣʣʝʨʘ ʥʘʨʘʱʠʚʘ-

ʝʪʩʷ, ʧʨʦʜʘʞʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʟʘ ʩʯʝʪ ʧʦʚʪʦʨʥʳʭ 

ʧʨʦʜʘʞ ʠ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʚʣʝʯʝʥʠʷ 

ʥʦʚʳʭ ʢʣʠʝʥʪʦʚ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ 

ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʚʪʦʨʷʝʤʳʭ ʜʝʡ-

ʩʪʚʠʡ ʧʦʤʦʛʘʝʪ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʚ ʨʘ-

ʙʦʪʝ, ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩʳ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ.  

ʈʘʩʪʫʱʘʷ ʢʣʠʝʥʪʩʢʘʷ ʙʘʟʘ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʧʘʨʪʥʝʨʦʚ, ʧʦʩʪʦʷʥʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʜʠʘ-

ʩʝʣʣʠʥʛʦʚʦʛʦ ʘʛʝʥʪʩʪʚʘ ʛʦʚʦʨʷʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʩʠʩʪʝʤʘ, ʩʧʦʩʦʙʥʘʷ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ 

ʨʘʟʤʝʱʝʥʠʷʤʠ ʨʝʢʣʘʤʥʦʛʦ ʢʦʥʪʝʥʪʘ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʨʝʩʫʨʩʘʭ (ʊɺ, ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ, ʧʝʯʘʪʥʳʝ ʉʄʀ ʠ 

ʪ.ʧ.). 

CRM-ʩʠʩʪʝʤʘ ʜʣʷ ʤʝʜʠʘʩʝʣʣʠʥʛʦʚʦʛʦ 

ʘʛʝʥʪʩʪʚʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʬʫʥʢʮʠ-

ʦʥʘʣʦʤ. ʆʥ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʢʣʘʩʩʠʯʝʩʢʠʝ 
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ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ CRM-ʩʠʩʪʝʤ ʠ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʩʦʛʣʘʩʥʦ ʧʦʪʨʝʙʥʦʩʪʷʤ ʤʝʜʠʘʩʝʣʣʝʨʦʚ, 

ʪʘʢ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʞʝ ʚʣʠʷʶʪ ʠ ʥʘ 

ʩʧʝʮʠʬʠʢʫ CRM-ʨʝʰʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚʟʘʠʤʦʩʚʷʟʴ 

ʚʩʝʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. ɽʩʣʠ ʚ ʜʨʫʛʦʡ ʦʪʨʘʩʣʠ CRM-

ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʥʝ ʟʘʪʨʘʛʠʚʘʪʴ ʜʨʫʛʠʝ ʧʦʜʨʘʟʜʝʣʝ-

ʥʠʷ ʢʨʦʤʝ ʦʪʜʝʣʘ ʧʨʦʜʘʞ, ʪʦ ʧʨʦʮʝʩʩʳ ʨʘʟʤʝʱʝʥʠʷ 

ʨʝʢʣʘʤʳ ʢʘʩʘʶʪʩʷ ʚʩʝʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʤʝʜʠʘʩʝʣ-

ʣʠʥʛʦʚʦʛʦ ʘʛʝʥʪʩʪʚʘ. ʇʨʠʚʣʝʯʝʥʠʝ ʨʝʢʣʘʤʦʜʘʪʝʣʝʡ, 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʤʘʢʝʪʦʚ ʠ ʨʝʢʣʘʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʨʘʟ-

ʤʝʱʝʥʠʝ ʨʝʢʣʘʤʥʳʭ ʤʦʜʫʣʝʡ, ʢʦʥʪʨʦʣʴ ʚʳʭʦʜʘ ʚ 

ʵʬʠʨ ʠ ʜʨ. ɼʝʡʩʪʚʠʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʘ ʟʘʚʠʩʷʪ ʦʪ ʜʝʡ-

ʩʪʚʠʡ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʧʨʠ ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʠʭ ʨʘʤʦʢ 

ʧʦ ʩʨʦʢʘʤ. ʋʩʧʝʰʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʣʶʙʦʡ ʨʝʢʣʘʤ-

ʥʦʡ ʢʘʤʧʘʥʠʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ 

ʛʨʘʤʦʪʥʦ ʚʳʩʪʨʦʝʥʳ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ 

ʧʨʦʮʝʩʩʳ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ CRM-ʩʠʩʪʝʤʳ 

ʜʣʷ ʤʝʜʠʘʩʝʣʣʠʥʛʦʚʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1  

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ CRM-ʩʠʩʪʝʤʳ ʜʣʷ ʤʝʜʠʘʩʝʣʣʠʥʛʦʚʦʛʦ ʘʛʝʥʪʩʪʚʘ 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

- ʚʝʜʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʢʣʠʝʥʪʦʚ (ʨʝʢʣʘ-

ʤʦʜʘʪʝʣʝʡ) ʩ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

ʧʦ ʢʘʞʜʦʤʫ ʢʣʠʝʥʪʫ; 

- ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʨʝ-

ʢʣʘʤʦʜʘʪʝʣʝʡ; 

- ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʢʣʘʤʦʜʘʪʝʣʝʡ ʧʦ ʢʫ-

ʨʠʨʫʶʱʠʤ ʤʝʥʝʜʞʝʨʘʤ; 

- ʚʝʜʝʥʠʝ ʠʩʪʦʨʠʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ 

ʢʣʠʝʥʪʘʤʠ; 

- ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʨʦ-

ʜʘʞʠ ʨʝʢʣʘʤʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʪʨʦʝʥʥʦʛʦ ʧʦʯʪʦʚʦʛʦ 

ʢʣʠʝʥʪʘ, SMS ʠ e-mail-ʨʘʩʩʳʣʦʢ; 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ; 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʟʫʘʣʴʥʳʡ 

ʢʦʥʩʪʨʫʢʪʦʨ; 

- ʠʥʪʝʛʨʘʮʠʷ ʩ IP-ʪʝʣʝʬʦʥʠʝʡ, ʞʫʨʥʘʣ 

ʟʚʦʥʢʦʚ ʩ ʬʫʥʢʮʠʝʡ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʟʘ-

ʧʠʩʝʡ ʨʘʟʛʦʚʦʨʦʚ; 

- ʢʘʣʝʥʜʘʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʢʦʥʪʨʦʣʴ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʯ ʩʦʪʨʫʜʥʠʢʦʚ; 

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʝʜʝʥʠʝ ʤʘʨʢʝʪʠʥ-

ʛʦʚʳʭ ʢʘʤʧʘʥʠʡ; 

- ʘʥʘʣʠʟ ʧʨʦʜʘʞ ʧʦ ʚʳʙʨʘʥʥʳʤ ʧʘʨʘʤʝʪ-

ʨʘʤ; 

- ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʧʨʘʚ ʜʦʩʪʫʧʘ ʩʦʪʨʫʜʥʠ-

ʢʦʚ ʢ ʩʠʩʪʝʤʝ;  

- ʝʜʠʥʘʷ ʙʘʟʘ ʢʦʥʪʘʢʪʦʚ ʧʦ ʢʦʥʪʨʘʛʝʥ-

ʪʘʤ; 

- ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʜʝʥʠʷ ʩʜʝʣʦʢ 

ʧʦ ʵʪʘʧʘʤ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʦʪʯʝʪʦʚ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ; 

- ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʦʚ 

ʧʦ ʨʝʟʫʣʴʪʘʪʫ ʢʘʞʜʦʡ ʩʜʝʣʢʠ. 

 

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʟʤʝʱʝʥʠʷ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʢʘʪʝʛʦʨʠʟʘʮʠʶ ʨʝʢʣʘʤʦʜʘʪʝʣʝʡ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʢʨʠʪʝʨʠʷʤ, ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʜʝʣʢʠ; 

- ʤʝʜʠʘʢʘʣʴʢʫʣʷʪʦʨ (ʝʜʠʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʦ ʨʘʩʯʝʪʫ ʩʪʦʠʤʦ-

ʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʨʝʢʣʘʤʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʧʨʘʰʠʚʘʝʤʳʤʠ 

ʢʨʠʪʝʨʠʷʤʠ ʟʘʢʘʟʯʠʢʘ: ʪʠʧ, ʩʨʦʢ, ʢʘʥʘʣ); 

- ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʨʝʢʣʘʤʥʳʤ ʤʘʪʝʨʠʘʣʘʤ (ʙʘʥʥʝʨʘʤ, ʨʦʣʠ-

ʢʘʤ ʠ ʪ.ʧ.). ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʢʣʠʝʥʪʫ; 

- ʠʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʢʣʘʤʦʡ, ʩʠʩʪʝʤʘʤʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʢʘʤʠ ʚʝʱʘʥʠʷ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʝʪʘ ʩʢʚʦʟʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʝʪʢʠ ʧʦ ʪʝʣʝʢʘ-

ʥʘʣʘʤ, ʫʯʝʪ ʨʘʩʧʠʩʘʥʠʷ ʚʳʭʦʜʦʚ ʨʝʢʣʘʤʥʳʭ ʙʣʦʢʦʚ, ʠʭ ʭʨʦ-

ʥʦʤʝʪʨʘʞʘ ʠ ʩʪʦʠʤʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʨʝʢʣʘʤʳ; 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʩʦʟʜʘʥʠʝ ʤʝʜʠʘʧʣʘʥʦʚ ʩ ʨʘʩʯʝʪʦʤ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʠ ʢʦʥʪʨʦʣʝʤ ʧʝʨʝʧʦʣʥʝʥʠʷ ʨʝʢʣʘʤʥʳʭ ʙʣʦʢʦʚ; 

- ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʜʦʩʪʫʧʥʳʤ ʚʘʨʠʘʥʪʘʤ ʨʘʟ-

ʤʝʱʝʥʠʷ ʨʝʢʣʘʤʳ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʧʣʘʥʦʚʳʭ ʠ ʧʨʦʛʥʦʟʥʳʭ 

ʨʘʩʯʝʪʦʚ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʦʜʜʝʨʞʢʦʡ ʧʦʩʝʢʫʥʜʥʦʡ 

ʪʘʨʠʬʠʢʘʮʠʠ; 

- ʝʜʠʥʦʝ ʭʨʘʥʠʣʠʱʝ ʤʘʢʝʪʦʚ ʠ ʩʩʳʣʦʢ ʥʘ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʬʘʡʣʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʤʦʜʫʣʷʤ ʨʝʢʣʘʤʦʜʘʪʝʣʝʡ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʙʨʦʥʠʨʦʚʘʥʠʷ ʢʣʠʝʥʪʘʤʠ ʤʦʜʫʣʝʡ ʥʘ ʧʦʣʦʩʘʭ 

ʠʟʜʘʥʠʡ/ʚʨʝʤʝʥʠ ʚ ʵʬʠʨʝ; 

- ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʭʨʘʥʝʥʠʷ ʚʩʝʭ ʜʦʛʦʚʦʨʦʚ ʧʦ ʩʜʝʣʢʘʤ ʩ ʨʝ-

ʢʣʘʤʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʦ ʨʘʟʤʝʱʝʥʠʶ 

- ʫʯʝʪ ʧʨʦʜʘʞ ʩʧʦʥʩʦʨʩʢʦʡ ʠ ʠʥʪʝʨʥʝʪ-ʨʝʢʣʘʤʳ. 

 

ʉʫʱʝʩʪʚʫʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʮʝʥʦʚʦʡ ʧʦʣʠʪʠʢʠ ʤʝʜʠʘʩʝʣʣʝʨʦʚ ð ʨʘʟʤʝʱʝʥʠʝ 

ʪʠʧʦʚʦʛʦ ʨʝʢʣʘʤʥʦʛʦ ʤʦʜʫʣʷ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʥʶ-

ʘʥʩʦʚ: ʨʘʟʤʝʨ ʠ ʮʚʝʪʥʦʩʪʴ, ʜʣʠʪʝʣʴʥʦʩʪʴ, ʨʘʩʧʦʣʦ-

ʞʝʥʠʝ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʨʫʙʨʠʢʝ, ʨʘʟʤʝʱʝʥʠʝ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʦʢʨʫʞʝʥʠʠ (ʪʝʤʘʪʠʯʝʩʢʠʝ ʩʪʘʪʴʠ, ʦʪ-

ʩʫʪʩʪʚʠʝ ʨʷʜʦʤ ʢʦʥʢʫʨʝʥʪʦʚ) ʠ ʜʨʫʛʠʝ. 

CRM-ʩʠʩʪʝʤʘ ʜʣʷ ʤʝʜʠʘʩʝʣʣʠʥʛʦʚʦʛʦ 

ʘʛʝʥʪʩʪʚʘ ʜʦʣʞʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩ-

ʯʝʪ ʮʝʥʳ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʙʘʟʦʚʦʡ 

ʩʪʦʠʤʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʝ, ʘ ʪʘʢʞʝ ʥʘʙʦʨʝ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ ʠ ʥʘʮʝʥʦʢ. ɺ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʣʶʙʦʡ ʤʝʜʠʘ-

ʩʝʣʣʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ ʩʫʱʝʩʪʚʫʶʪ ʩʠʩʪʝʤʳ ʚʝʜʝ-

ʥʠʷ ʚʩʝʭ ʧʣʘʪʝʞʝʡ ʠ ʨʘʩʭʦʜʦʚ, ʩʠʩʪʝʤʳ ʫʯʝʪʘ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʩʝʪʦʢ ʧʦ ʢʘʞʜʦʤʫ ʪʝʣʝ ʠ ʨʘʜʠʦʢʘʥʘʣʫ ʠ 

ʨʘʩʧʠʩʘʥʠʷ ʚʳʭʦʜʦʚ ʨʝʢʣʘʤʥʳʭ ʙʣʦʢʦʚ, ʠʭ ʭʨʦʥʦ-

ʤʝʪʨʘʞʘ ʠ ʩʪʦʠʤʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʨʝʢʣʘʤʳ, ʘ ʪʘʢʞʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘ ʨʝʢʣʘʤʳ. 

CRM-ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʠ-

ʨʦʚʘʪʴʩʷ ʩʦ ʚʩʝʤʠ ʵʪʠʤʠ ʩʠʩʪʝʤʘʤʠ. 



ζColloquium - journal Ȼ#2 5(49),2019 / TECHNICAL SCIENCE 93 

2. ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ CRM-

ʩʠʩʪʝʤ ʜʣʷ ʤʝʜʠʘʩʝʣʣʝʨʦʚ 

ʅʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʘʩʪʥʠ-

ʢʦʚ ʨʝʢʣʘʤʥʦʛʦ ʨʳʥʢʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞ-

ʥʦʩʪʝʡ CRM-ʩʠʩʪʝʤ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʠʭ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ.  

ɺʭʦʜʷʱʠʝ ʠ ʚʳʭʦʜʷʱʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦ-

ʪʦʢʠ CRM-ʩʠʩʪʝʤʳ ʤʝʜʠʘʩʝʣʣʝʨʘ ʩ ʫʯʝʪʦʤ ʨʘʙʦʪʳ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩ ʩʠʩʪʝʤʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠ-

ʩʫʥʢʝ 2. CRM-ʩʠʩʪʝʤʘ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʟʘʜʘʯʫ ʫʯʝʪʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʜʠʘʩʝʣʣʝʨʘ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ, 

ʨʘʟʤʝʱʝʥʠʡ ʨʝʢʣʘʤʳ ʠ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʢʘʤʧʘʥʠʡ. 

ʅʘ ʩʭʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʤʝʜʠʘʩʝʣ-

ʣʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚʦ ʚʩʝʭ 

ʧʨʦʮʝʩʩʘʭ ʨʘʟʤʝʱʝʥʠʷ ʨʝʢʣʘʤʳ ʠ ʚʟʘʠʤʦʦʪʥʦʰʝ-

ʥʠʡ ʩ ʢʣʠʝʥʪʘʤʠ. 

 

 
ʈʠʩʫʥʦʢ 2 ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ CRM-ʩʠʩʪʝʤʳ ʤʝʜʠʘʩʝʣʣʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ 

 

ɺʭʦʜʷʱʠʤʠ ʧʦʪʦʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʚ CRM-

ʩʠʩʪʝʤʫ ʤʝʜʠʘʩʝʣʣʝʨʘ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ: ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʢʣʠʝʥʪʘʭ (ʨʝʢʣʘʤʦʜʘʪʝʣʷʭ ʠ ʤʝʜʠʘʙʘʡʝʨʘʭ), ʤʝ-

ʜʠʘ ʠ ʩʧʦʥʩʦʨʘʭ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʜʝʣʢʘʭ, ʤʝʜʠʘʤʝ-

ʪʝʨʠʘʣʳ, ʧʣʘʥ ʠ ʧʘʨʘʤʝʪʨʳ ʨʘʟʤʝʱʝʥʠʷ ʨʝʢʣʘʤʳ. 

ʊʘʢʞʝ ʩʶʜʘ ʙʫʜʫʪ ʚʭʦʜʠʪʴ ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʜʦʛʦ-

ʚʦʨʘ, ʩʧʨʘʚʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʩʯʝʪʘ ʥʘ ʦʧʣʘʪʫ, ʠʥ-

ʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʤʝʜʠʘʨʳʥʢʘ ʠ ʤʘʨʢʝʪʠʥʛʦ-

ʚʳʭ ʢʘʤʧʘʥʠʡ ʤʝʜʠʘʩʝʣʣʝʨʘ.  

ʀʩʭʦʜʷʱʠʤʠ ʧʦʪʦʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʠʟ CRM-

ʩʠʩʪʝʤʳ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ: ʠʩʪʦʨʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ 

ʩ ʤʝʜʠʘ, ʢʣʠʝʥʪʘʤʠ ʠ ʩʧʦʥʩʦʨʘʤʠ, ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʤʝʜʠʘ, ʢʣʠʝʥʪʘʭ ʠ ʩʧʦʥʩʦʨʘʭ, ʤʝʜʠʘʧʣʘʥʳ, ʩʪʘʪʫʩʳ 

ʩʜʝʣʦʢ, ʤʝʜʠʘʤʘʪʝʨʠʘʣʳ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʧʨʦʛʥʦʟ-

ʥʳʝ ʦʪʯʝʪʳ, ʩʪʦʠʤʦʩʪʴ ʨʘʟʤʝʱʝʥʠʡ ʨʝʢʣʘʤʳ, ʨʘʩ-

ʩʯʠʪʘʥʥʘʷ ʤʝʜʠʘʢʘʣʴʢʫʣʷʪʦʨʦʤ, ʘ ʪʘʢʞʝ ʜʦʛʦʚʦʨʘ, 

ʩʯʝʪʘ ʥʘ ʦʧʣʘʪʫ, ʘʢʪʳ ʦʢʘʟʘʥʠʷ ʫʩʣʫʛ ʠ ʦʪʯʝʪʥʳʝ ʜʦ-

ʢʫʤʝʥʪʳ.  

ʊʘʢʞʝ, ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʠʩʪʝʤʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʨʝʢʣʘʤʦʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʩʝʪʢʘʤʠ 

ʚʝʱʘʥʠʷ, ʚ CRM-ʩʠʩʪʝʤʫ ʙʫʜʝʪ ʧʦʩʪʫʧʘʪʴ ʠʥʬʦʨ-

ʤʘʮʠʷ ʦ ʨʝʢʣʘʤʥʳʭ ʙʣʦʢʘʭ, ʜʦʩʪʫʧʥʳʭ ʚʘʨʠʘʥʪʘʭ 

ʨʘʟʤʝʱʝʥʠʷ ʠ ʵʬʠʨʥʳʝ ʩʝʪʢʠ ʪʝʣʝʢʘʥʘʣʦʚ ʠʣʠ ʨʘ-

ʜʠʦ, ʢʦʪʦʨʫʶ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʚ ʜʘʣʴʥʝʡ-

ʰʝʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʜʝʣ ʨʘʟʤʝʱʝʥʠʷ ʨʝ-

ʢʣʘʤʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʷʚ-

ʣʷʪʴʩʷ ʠ ʠʩʭʦʜʷʱʠʤ ʧʦʪʦʢʦʤ ʠʟ ʩʠʩʪʝʤʳ. 

ʄʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʠ ʩʧʨʘ-

ʚʦʯʥʳʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʈʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3 ð ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ CRM ʩʠʩʪʝʤʳ ʤʝʜʠʘʩʝʣʣʠʥʛʘ 

 

ʂʣʠʝʥʪʩʢʘʷ ʙʘʟʘ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠ ʜʚʫʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ: ʢʦʥʪʘʢʪʳ ʠ ʢʦʥʪʨʘʛʝʥʪʳ. ʇʦʢʘʟʘʪʝʣʴ ʢʦʥ-

ʪʘʢʪʦʚ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʩʣʝʜʫʶʱʫʶ ʢʦʥʪʘʢʪʥʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ: ʌʀʆ, E-mail, ʪʝʣʝʬʦʥ, ʪʠʧ ʢʦʥʪʘʢʪʘ 

(ʨʝʢʣʘʤʦʜʘʪʝʣʴ, ʤʝʜʠʘʙʘʡʝʨ, ʤʝʜʠʘ, ʩʧʦʥʩʦʨ), ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʤʝʥʝʜʞʝʨ). ʇʦʢʘʟʘ-

ʪʝʣʴ ʢʦʥʪʨʘʛʝʥʪʦʚ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥʪʨ-

ʘʛʝʥʪʝ (ʤʝʜʠʘ, ʨʝʢʣʘʤʦʜʘʪʝʣʴ, ʩʧʦʥʩʦʨ): ʀʅʅ, ʶʨʠ-

ʜʠʯʝʩʢʠʡ ʘʜʨʝʩ, ʨʝʢʚʠʟʠʪʳ ʠ ʧʨʦʯʠʝ ʩʚʝʜʝʥʠʷ. ɺ 

ʜʦʧʦʣʥʝʥʠʝ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘ-

ʢʨʝʧʣʷʪʴ ʟʘ ʢʦʤʧʘʥʠʝʡ ʪʠʧ ʨʝʢʣʘʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʧʨʠʩʫʱʠ ʜʘʥʥʦʤʫ ʢʣʠʝʥʪʫ. ʄʝʥʝʜʞʝʨʳ 

ʩʤʦʛʫʪ ʚʥʦʩʠʪʴ ʪʘʢʞʝ ʬʦʨʤʳ ʦʪʯʝʪʦʚ, ʨʝʢʣʘʤʥʳʝ 

ʧʣʦʱʘʜʢʠ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʜʣʷ ʢʣʠʝʥʪʘ. 

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ 

ʚʩʝʭ ʢʦʥʪʨʘʛʝʥʪʦʚ ʤʝʜʠʘʩʝʣʣʝʨʘ. ʅʘʧʨʠʤʝʨ, ʨʝʢʣʘ-

ʤʦʜʘʪʝʣʝʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʦ ʪʠʧʫ ʨʘʟʤʝʱʝʥʠʷ 

(ʵʬʠʨʥʦʝ ʚʨʝʤʷ ʊɺ ʠʣʠ ʨʘʜʠʦ, ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ, 

ʪʨʘʥʩʤʝʜʠʡʥʦʝ ʨʘʟʤʝʱʝʥʠʝ, ʩʧʦʥʩʦʨʩʪʚʦ). ʄʝʜʠʘ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʦ ʚʠʜʫ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʪʝʣʝʚʠʟʠ-

ʦʥʥʡr ʢʘʥʘʣ, ʨʘʜʠʦʩʪʘʥʮʠʷ, ʧʝʯʘʪʥʦʝ ʉʄʀ) ʠ ʪ.ʜ. 

ʇʦʢʘʟʘʪʝʣʴ ʩʜʝʣʦʢ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʩʣʝʜʫʶ-

ʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʜʝʣʢʘʭ: ʥʘʟʚʘʥʠʝ, ʜʘʪʘ ʩʦʟʜʘ-

ʥʠʷ, ʢʦʥʪʘʢʪ, ʢʦʤʧʘʥʠʷ, ʙʶʜʞʝʪ ʩʜʝʣʢʠ, ʩʪʘʪʫʩ 

ʩʜʝʣʢʠ, ʵʪʘʧ ʩʜʝʣʢʠ. ɺ ʩʧʨʘʚʦʯʥʠʢʘʭ ʙʫʜʝʪ ʦʪʦʙʨʘ-

ʞʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʝʢʣʘʤʥʳʭ ʨʝʩʫʨʩʘʭ: ʨʝʢʣʘʤ-

ʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʨʝʢʣʘʤʥʳʭ ʧʣʦʱʘʜʢʘʭ.  

ʇʨʠʤʝʨʳ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʢʣʘʤ-

ʥʳʭ ʨʝʩʫʨʩʘʭ ʚ CRM-ʩʠʩʪʝʤʝ ʤʝʜʠʘʩʝʣʣʝʨʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2 ʠ ʊʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 2 

ʆʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʢʣʘʤʥʦʤ ʤʘʪʝʨʠʘʣʝ ʚ ʩʠʩʪʝʤʝ 

ʈʝʢʣʘʤʥʳʡ ʤʘʪʝʨʠʘʣ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʅʘʠʤʝʥʦʚʘʥʠʝ ʨʝʢʣʘʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʌʦʨʤʘʪ ʌʦʨʤʘʪ ʨʝʢʣʘʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʆʛʨʘʥʠʯʝʥʠʷ ɿʘʚʠʩʠʪ ʦʪ ʧʣʦʱʘʜʢʠ 

ʊʠʧ ʤʘʪʝʨʠʘʣʘ ɺʠʜʝʦ/ʙʘʥʥʝʨ/ʨʝʢʣʘʤʥʳʡ ʨʦʣʠʢ ʠ ʜʨ. 

ʆʙʲʝʢʪ ʨʝʢʣʘʤʳ ʆʙʲʝʢʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʨʝʢʣʘʤʝ 

 
ʊʦʚʘʨ/ʫʩʣʫʛʘ/ʠʜʝʷ 

ʂʦʤʧʘʥʠʷ/ʦʨʛʘʥʠʟʘʮʠʷ 

ʇʣʦʱʘʜʢʘ ʨʘʟʤʝʱʝʥʠʷ ʊʝʣʝʚʠʟʠʦʥʥʳʡ ʢʘʥʘʣ/ʨʘʜʠʦʩʪʘʥʮʠʷ/ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ/ʛʘʟʝʪʘ/ʞʫʨʥʘʣ 

 

ʈʝʢʣʘʤʥʘʷ ʧʣʦʱʘʜʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ: ʤʝʩʪʦʤ, ʚʨʝʤʝʥʝʤ ʚ ʵʬʠʨʝ, ʦʭʚʘʪʦʤ, ʪʠʧʦʤ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ, 

ʯʘʩʪʦʪʦʡ ʢʦʥʪʘʢʪʦʚ ʩ ʘʫʜʠʪʦʨʠʝʡ.  

ʊʘʙʣʠʮʘ 3 

ʆʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʢʣʘʤʥʦʡ ʧʣʦʱʘʜʢʝ ʚ ʩʠʩʪʝʤʝ 

ʈʝʢʣʘʤʥʘʷ ʧʣʦʱʘʜʢʘ 

ʇʣʦʱʘʜʢʘ ʨʘʟʤʝʱʝʥʠʷ ʊʝʣʝʚʠʟʠʦʥʥʳʡ ʢʘʥʘʣ/ʨʘʜʠʦʩʪʘʥʮʠʷ/ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ/ʛʘʟʝʪʘ/ʞʫʨʥʘʣ 

ʈʘʩʧʠʩʘʥʠʝ ʵʬʠʨʥʦʛʦ 

ʚʨʝʤʝʥʠ 
ʕʬʠʨʥʘʷ ʩʝʪʢʘ ʩ ʜʦʩʪʫʧʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʨʘʟʤʝʱʝʥʠʷ 

ɼʦʩʪʫʧʥʳʝ ʨʝʢʣʘʤʥʳʝ 

ʙʣʦʢʠ 

ʈʝʢʣʘʤʥʳʝ ʙʣʦʢʠ ʩ ʦʧʠʩʘʥʥʳʤ ʭʨʦʥʦʤʝʪʨʘʞʝʤ, ʵʬʠʨʥʳʤ ʚʨʝʤʝʥʝʤ, ʬʦʨʤʘʪʦʤ 

ʚʝʱʘʥʠʷ 

ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ ʆʧʠʩʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʪʨʘʛʠʚʘʝʤʦʡ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ 

ʆʭʚʘʪ 
ʏʠʩʣʦ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ, ʢʦʥʪʘʢʪʠʨʦʚʘʚʰʠʭ ʩ ʨʝʢʣʘʤʦʡ ʚ ʪʝ-

ʯʝʥʠʠ ʦʜʥʦʛʦ ʨʝʢʣʘʤʥʦʛʦ ʮʠʢʣʘ 

ʏʘʩʪʦʪʘ ʢʦʥʪʘʢʪʦʚ 
ʂʦʣʠʯʝʩʪʚʦ ʢʦʥʪʘʢʪʦʚ ʩ ʦʜʥʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ ʟʘ ʦʜʠʥ ʨʝ-

ʢʣʘʤʥʳʡ ʮʠʢʣ 

ʉʪʦʠʤʦʩʪʴ ʢʦʥʪʘʢʪʘ ʈʘʩʯʝʪʥʘʷ ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ ʢʦʥʪʘʢʪʘ 
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ʉʨʝʜʩʪʚʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ CRM-ʩʠʩʪʝʤʝ 

ʤʝʜʠʘʩʝʣʣʠʥʛʦʚʦʛʦ ʘʛʝʥʪʩʪʚʘ ʙʫʜʫʪ ʚʳʩʪʫʧʘʪʴ ʩʣʝ-

ʜʫʶʱʠʝ ʤʦʜʫʣʠ: ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʪʯʝʪʳ, ʤʝʜʠʘ-

ʧʣʘʥʳ ʠ ʤʝʜʠʘʢʘʣʴʢʫʣʷʪʦʨ.  

ʄʦʜʫʣʴ ʤʝʜʠʘʢʘʣʴʢʫʣʷʪʦʨʘ ʚ CRM-ʩʠʩʪʝʤʝ 

ʧʦʟʚʦʣʠʪ ʤʝʜʠʘʩʝʣʣʝʨʫ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳ-

ʚʘʪʴ ʮʝʥʫ ʨʝʢʣʘʤʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʣʘʥʘ 

ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʤʝʱʝʥʠʷ. ʄʦʜʫʣʴ ʤʝʜʠʘʧʣʘʥʦʚ 

ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʣʘʥ ʨʘʟ-

ʤʝʱʝʥʠʷ ʨʝʢʣʘʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʄʦʜʫʣʴ ʘʥʘʣʠʪʠʢʠ ʧʦʟʚʦʣʠʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ-

ʯʝʪʳ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʝ ʧʨʦʮʝʩʩʦʚ: 

ð ʦʪʯʝʪʳ ʦ ʚʦʨʦʥʢʘʭ ʧʨʦʜʘʞ (ʩʦʚʝʨʰʝʥʠʷ ʩʜʝ-

ʣʦʢ; 

ð ʦʪʯʝʪʳ ʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʭ ʩ ʢʣʠʝʥʪʘʤʠ ʠ 

ʤʝʜʠʘ; 

ð ʦʪʯʝʪʳ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʣʘʤʥʳʭ ʨʘʟʤʝ-

ʱʝʥʠʡ; 

ð ʦʪʯʝʪʳ ʦ ʧʨʦʚʝʜʝʥʥʳʭ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʢʘʤ-

ʧʘʥʠʷʭ; 

ð ʦʪʯʝʪʳ ʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠ-

ʢʦʚ ʠ ʜʨ. 

ʈʘʩʩʤʦʪʨʝʥʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

CRM-ʩʠʩʪʝʤʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʧʦʪʨʝʙʥʦʩʪʷʤ ʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʝʜʠʘʩʝʣʣʠʥʛʦʚʦʛʦ ʘʛʝʥʪʩʪʚʘ, ʷʚʣʷ-

ʝʪʩʷ ʚʥʝʤʘʰʠʥʥʳʤ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥʦ ʙʫʜʝʪ ʤʝ-

ʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʦʤʧʘʥʠʠ. 

ɺʥʫʪʨʠʤʘʰʠʥʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩ 

ʣʦʛʠʯʝʩʢʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʜʦʨʘʙʦʪʦʢ, ʪʘʢ ʢʘʢ ʨʘʩʰʠʨʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚ ʨʘʙʦʪʝ CRM-ʩʠʩʪʝʤʳ ʙʫʜʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩ 

ʜʨʫʛʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ɿʘʢʣʶʯʝʥʠʝ 
ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʧʨʝʜʣʘʛʘʝʪ ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʵʬʬʝʢ-

ʪʠʚʥʦʡ CRM-ʩʠʩʪʝʤʦʡ ʜʣʷ ʤʝʜʠʘʩʝʣʣʝʨʘ ʩʪʘʥʝʪ ʩʠ-

ʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʠʥʮʠʧʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʧʝʮʠʬʠʢʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʤʝʜʠʘ-

ʩʝʣʣʠʥʛʦʚʦʛʦ ʘʛʝʥʪʩʪʚʘ. ɼʣʷ ʢʦʤʧʘʥʠʠ-ʤʝʜʠʘʩʝʣ-

ʣʝʨʘ ʥʫʞʥʘ ʛʠʙʢʘʷ CRM-ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʦ-

ʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʝ ʤʦʜʫʣʠ ʠ ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʤʧʘʥʠʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥ-

ʪʝʛʨʠʨʦʚʘʪʴʩʷ ʩ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʢʣʘʤʦʡ, 

ʩʝʪʢʘʤʠ ʚʝʱʘʥʠʷ ʠ ʜʨʫʛʠʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʚ ʨʘʩʩʤʦʪ-

ʨʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ CRM-ʩʠʩʪʝʤ ʜʣʷ ʤʝʜʠʘʩʝʣʣʠʥʛʦʚʳʭ ʢʦʤʧʘʥʠʡ 

ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʚ ʩʪʘʪʴʝ ʙʳʣʠ ʨʝ-

ʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝ-

ʜʠʘʩʝʣʣʠʥʛʦʚʳʭ ʢʦʤʧʘʥʠʡ. 

2. ʀʟʫʯʝʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ CRM-ʩʠʩʪʝʤ ʚ ʤʝ-

ʜʠʘʩʝʣʣʠʥʛʦʚʳʭ ʘʛʝʥʪʩʪʚʘʭ.  

3. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ CRM-ʩʠʩʪʝʤ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʣʷ 

ʤʝʜʠʘʩʝʣʣʝʨʦʚ. 

4. ʈʘʩʩʤʦʪʨʝʥʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

CRM-ʩʠʩʪʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝ-

ʜʠʘʩʝʣʣʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʂɸʈ ð ɸʩʩʦʮʠʘʮʠʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʘʛʝʥʪʩʪʚ ʈʦʩʩʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦ-

ʩʪʫʧʘ: http://www.akarussia.ru (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

30.10.2019) 

2. ɸʢʫʣʠʯ ʄ.ɺ. ʋʧʨʘʚʣʝʥʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠ-

ʷʤʠ ʩ ʢʣʠʝʥʪʘʤʠ (CRM). ð ɽʢʙ.: ʀʟʜʘʪʝʣʴʩʢʠʝ ʨʝ-

ʰʝʥʠʷ, 2019. ð 110 ʩ. 

3. ɺʘʨʪʘʥʦʚʘ ɽ.ʃ. ʆʩʥʦʚʳ ʤʝʜʠʘʙʠʟʥʝʩʘ: ʫʯʝʙ-

ʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ. ð ʄ.: ɸʩʧʝʢʪ ʇʨʝʩʩ, 2014. 

ð 400 ʩ. 

 

ʋɼʂ 620.19 

ʉʢʣʘʜʥʦʚʘ ʄʘʨʠʷ ʉʝʨʛʝʝʚʥʘ 

ʤʘʛʠʩʪʨʘʥʪ, ʄʀʈʕɸ- ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ 

DOI: 10.24411/2520-6990-2019-10882 

ʄɽʊʆɼʓ ʂʆʅʊʈʆʃʗ ʇɽʏɸʊʅʓʍ ʇʃɸʊ 

 

Skladnova Maria Sergeevna 

Student, MIREA- Russian Technological University, Moscow 

 

PCB CONTROL  METHODS 

 

ɸʥʥʦʪʘʮʠʷ 

ʆʧʠʩʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʧʝʯʘʪʥʳʭ ʧʣʘʪ. ʇʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ 

ʦʧʪʠʯʝʩʢʦʤʫ ʚʠʜʫ ʢʦʥʪʨʦʣʷ ʧʝʯʘʪʥʳʭ ʧʣʘʪ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʦʙʥʘʨʫ-

ʞʠʪʴ ʜʝʬʝʢʪʳ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʥʦ ʠ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʜʣʷ ʧʨʠʥʷʪʠʷ ʜʝʡʩʪʚʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʧʣʘʪ. 

Abstract 

The existing methods of detection of PCB defects are described. Preference is given to the optical type of 

PCB control. When implementing this method, it is possible not only to detect defects in printed circuit boards, 

but also to identify patterns for action to improve the quality of the boards. 
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ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʥʘʨʫ-

ʞʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ ʧʝ-

ʯʘʪʥʳʭ ʧʣʘʪ ʠʩʧʦʣʴʟʫʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠ-

ʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʢʦʥ-

ʪʨʦʣʴ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʷ ʥʘ ʚʩʝʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʵʪʘʧʘʭ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʥʬʦʨ-

ʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝ-

ʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʜʝ-

ʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʦʪʢʘʟʫ. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʢʦʥ-

ʪʨʦʣʷ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʪʘʢʠʝ ʚʠʜʳ ʢʦʥʪʨʦʣʷ ʢʘʢ ʦʧʪʠʯʝʩʢʠʡ, ʨʝʥʪʛʝ-

ʥʦʚʩʢʠʡ, ʪʝʧʣʦʚʦʡ, ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʡ, ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʡ, ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ, ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ.  

ʄʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʠʥʪʨʦʩʢʦʧʠʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʨʘʜʠʘʮʠʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʥ-

ʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʩʚʝʪʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ 

ʚʳʭʦʜʥʦʤ ʵʢʨʘʥʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʷ [1]. ʄʝʪʦʜ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘ, 

ʚ ʪʨʝʭ ʧʣʦʩʢʦʩʪʷʭ, ʙʦʣʴʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʝ-

ʦʜʥʦʨʦʜʥʦʩʪʷʤ, ʚʢʨʘʧʣʝʥʠʷʤ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝ-

ʨʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ ʩ ʦʪʢʣʦʥʝʥʠʷʤʠ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʵʪʦʪ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ 

ʢʦʥʪʨʦʣʷ ʧʣʘʪʳ.  

ʄʝʪʦʜ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ 

ʦʙʲʸʤʫ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʝʥʝʚʳʭ ʧʨʦʝʢʮʠʡ, ʧʦʣʫ-

ʯʝʥʥʳʭ ʧʨʠ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʧʨʦʩʚʝʯʠʚʘʥʠʠ. ʄʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʢʦʥʪʨʦ-

ʣʠʨʦʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʦʙʲʸʤ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠ-

ʘʣʦʚ [2]. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪ-

ʥʝʩʪʠ ʥʠʟʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʦʩʦʙʳʝ ʤʝʨʳ 

ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʟ-ʟʘ ʨʘʙʦʪʳ ʩ ʨʘʜʠʦʘʢ-

ʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ʊʝʧʣʦʚʦʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʨʦʭʦʞʜʝʥʠʷ ʪʦʢʘ ʯʝʨʝʟ ʢʦʥʪʨʦ-

ʣʠʨʫʝʤʫʶ ʮʝʧʴ, ʛʜʝ ʚ ʤʝʩʪʘʭ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʝʢʪʘ 

ʠʟʤʝʥʷʝʪʩʷ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʝʧʣʦʚʦʡ ʢʦʥ-

ʪʨʦʣʴ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʚʠʜʠʤʳʡ ʩʧʝʢʪʨ. ʀʥʬʨʘʢʨʘʩʥʳʡ ʩʧʦ-

ʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʥʘʛʨʝʚʘʝʤʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʮʝʧʝʡ ʧʝʯʘʪʥʦʡ 

ʧʣʘʪʳ. ʀʥʬʨʘʢʨʘʩʥʳʤ ʩʧʦʩʦʙʦʤ ʪʝʧʣʦʚʦʛʦ ʤʝʪʦʜʘ 

ʠʟʤʝʨʝʥʠʷ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʪʘʢʠʝ ʜʝʬʝʢʪʳ ʢʘʢ: 

ʧʦʨʠʩʪʦʩʪʴ, ʦʙʨʳʚ ʠ ʫʪʦʥʝʥʠʝ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʚʦʜʥʠʢʘ, ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ [3]. ʊʝʧʣʦʚʦʡ 

ʢʦʥʪʨʦʣʴ ʯʘʱʝ ʚʩʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ 

ʧʨʠʙʦʨʦʤ ï ʪʝʧʣʦʚʠʟʦʨʦʤ, ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʥʘʙʣʶ-

ʜʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʧʫ-

ʩʪʦʪʳ, ʪʨʝʱʠʥʳ, ʧʦʨʳ, ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʠʟʜʝ-

ʣʠʷ, ʢʦʨʨʦʟʠʦʥʥʳʡ ʠʟʥʦʩ ʤʘʪʝʨʠʘʣʘ, ʦʪʩʣʦʝʥʠʝ 

ʜʦʨʦʞʝʢ, ʥʝʢʘʯʝʩʪʚʝʥʥʫʶ ʤʝʪʘʣʣʠʟʘʮʠʶ, ʨʘʩʩʣʦʝ-

ʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ [4].  

ɼʣʷ ʦʪʙʨʘʢʦʚʢʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ 

ʩ ʤʘʣʦʥʘʜʝʞʥʳʤʠ ʪʦʢʦʧʨʦʚʦʜʷʱʠʤʠ ʮʝʧʷʤʠ ʠʩ-

ʧʦʣʴʟʫʶʪ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʧʝ-

ʯʘʪʥʳʭ ʧʣʘʪ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʧʫʩʢʘ-

ʥʠʠ ʪʦʢʘ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʳ ʯʝʨʝʟ ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ 

ʮʝʧʠ ʧʣʘʪʳ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ 

ʪʦʢʘ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢ ʯʪʦ ʙʳ ʨʘʟʦʛʨʝʚ ʜʝʬʝʢʪʥʦʛʦ 

ʫʯʘʩʪʢʘ ʮʝʧʠ ʚʳʟʳʚʘʝʪ ʝʛʦ ʨʘʩʧʣʘʚʣʝʥʠʝ, ʘ ʥʘʛʨʝʚ 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʮʝʧʠ ʥʝ ʚʳʟʳʚʘʝʪ ʥʠ-

ʢʘʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʦʩʪ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʘʚʪʦʨʠʟʠʨʦʚʘʥ, ʥʦ ʤʦʞʝʪ ʩʘʤ ʚʳʟʚʘʪʴ ʜʝʬʝʢʪ 

ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʮʝʧʠ ʧʣʘʪʳ, ʤʘʣʦ ʠʥʬʦʨʤʘʪʠʚʝʥ ʠ 

ʧʦʵʪʦʤʫ ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ.  

ʅʘ ʚʳʭʦʜʥʦʤ ʢʦʥʪʨʦʣʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘ-

ʝʪʩʷ ʚ ʩʝʙʷ ʧʨʦʚʝʨʢʫ ʥʘ ʮʝʣʦʩʪʥʦʩʪʴ ʮʝʧʝʡ ʠ ʦʪʩʫʪ-

ʩʪʚʠʝ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ [5]. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʥ-

ʪʨʦʣʴ ʙʳʚʘʝʪ ʢʦʥʪʘʢʪʥʳʡ ʠ ʙʝʩʢʦʥʪʘʢʪʥʳʡ. ʂʦʥ-

ʪʘʢʪʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʥʠʢʦʚ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʩ ʧʦʤʦ-

ʱʴʶ ʯʝʪʳʨʝʭ ʟʦʥʜʦʚʦʡ ʩʭʝʤʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫ-

ʯʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʥʝʪʦʯʥʳ, ʥʦ ʠʤʝʶʪ 

ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ.  

ʈʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʢʦʥ-

ʪʨʦʣʷ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ 

ʮʝʧʝʡ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʠʟʤʝʨʝ-

ʥʠʷ ʝʤʢʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʤʝʪʦʜ ʥʘʰʝʣ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʰʫʤʦʚ ʚ 

ʥʝʢʘʯʝʩʪʚʝʥʥʳʭ ʤʝʞʩʣʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʧʨʠ ʚʠʙ-

ʨʘʮʠʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ. 

ʇʨʦʮʝʜʫʨʘ ʢʦʥʪʨʦʣʷ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʜʦʣʞʥʘ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʟʘ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʠ ʩ ʥʘʠʤʝʥʴ-

ʰʠʤʠ ʟʘʪʨʘʪʘʤʠ. ʊʘʢʠʤ ʫʩʣʦʚʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʧʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʧʣʘʪ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦ-

ʨʦʛʦ ʚʦʟʤʦʞʝʥ ʢʦʥʪʨʦʣʴ ʢʘʢ ʧʝʯʘʪʥʳʭ ʫʟʣʦʚ, ʪʘʢ ʠ 

ʧʝʯʘʪʥʳʭ ʧʣʘʪ. ʆʧʪʠʯʝʩʢʠʡ ʚʠʜ ʢʦʥʪʨʦʣʷ ʦʩʥʦʚʘʥ 

ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʢʦʥʪʨʦ-

ʣʠʨʫʝʤʳʤ ʦʙʲʝʢʪʦʤ. ɼʣʷ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʜʦʩʪʘʪʦʯʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʩʢʦʧʘ, ʦʜʥʘʢʦ ʝʩʣʠ ʦʙʲʝʤʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʝʣʠʢʠ, ʪʦ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠ-

ʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘ-

ʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ɼʣʷ ʩʠʩʪʝʤ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠʩ-

ʧʦʣʴʟʫʶʪ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʫʶ ʦʧʪʠʢʫ, ʘʧʧʘʨʘʪʥʦʝ 

ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʨʘʚʥʠʚʘʝʪ 

ʧʦʣʫʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʧʘʥʝʣʴʶ ʵʪʘʣʦʥʦʚ ʠ 

ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ, ʷʚʣʷʶʪʩʷ ʣʠ ʨʘʟʣʠʯʠʷ ʚ ʵʪʘ-

ʣʦʥʝ ʠ ʧʨʦʚʝʨʷʝʤʦʤ ʦʙʲʝʢʪʝ ʜʝʬʝʢʪʘʤʠ ʠʣʠ ʥʝʪ. 

 ʉ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʚʠʜʘ ʢʦʥʪʨʦʣʷ 

ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʥʝ ʪʦʣʴʢʦ ʙʨʘʢ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, 

ʥʦ ʠ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʜʣʷ ʧʨʠʥʷʪʠʷ ʜʝʡ-

ʩʪʚʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʣʘʪ ʠ ʠʟʤʝʥʝʥʠʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʇʨʠ ʚʩʝʤ ʤʥʦʛʦʦʙʨʘʟʠʠ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʧʝ-

ʯʘʪʥʳʭ ʧʣʘʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʦʧʪʠʯʝʩʢʦʤʫ 
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ʤʝʪʦʜʫ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʨʝʥʪʘʙʝʣʴʥʳʤ 

ʨʝʰʝʥʠʝʤ ʥʘ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 
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ɸʥʥʦʪʘʮʠʷ  

ʉʦʚʨʝʤʝʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʧʦʵʪʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʝ ʥʘ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʩʣʝʜʥʠʭ ʪʝʭʥʦʣʦ-

ʛʠʡ. ʆʜʥʠʤ ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʚʠʜʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʷʚʣʷʝʪʩʷ ʚʠʜʝʦʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ 

ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʜʝʪʘʣʝʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʚʩʝʭ ʚʳʩʦʢʦʪʦʯʥʳʭ 2D ,2İD ʠ 3D ʠʟʤʝʨʝʥʠʷʭ. ʂʦʤʧʦ-

ʥʝʥʪʳ ʪʘʢʠʭ ʤʘʰʠʥ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʟʜʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʩʣʝʜʥʠʭ ʪʝʭʥʦʣʦʛʠʡ CAD ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʜʣʠʪʝʣʴʥʦʡ 

ʨʘʙʦʪʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʠʜʝʦʠʟʤʝʨʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ ʬʠʨʤʳ Mitutoyo ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝ-

ʩʪʚʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʩʥʘʩʪʠ ʠ ʪʨʘʬʘʨʝʪʦʚ. 

Abstract 

Modern industry is rapidly developing and therefore the equipment used in the production must meet all the 

necessary requirements with the use of the latest technologies. One of the necessary types of equipment in the 

production is video measuring machines to control the quality of parts and materials in all high-precision 2D, 

2İD and 3D measurements. Components of such machines must be created using the latest CAD technologies to 

ensure maximum performance and made of materials for guaranteed long-term operation. In this work the video 

measuring machine of Mitutoyo firm for quality control of production of equipment and stencils is considered. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʠʜʝʦʠʟʤʝʨʝʥʠʝ, Mitutoyo, Quick vision Active, ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ, ʙʝʩʢʦʥʪʘʢʪʥʦʝ 

ʠʟʤʝʨʝʥʠʝ, ʦʧʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ, ʢʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ. 

Keywords: Video measurement, Mitutoyo, Quick vision Active, quality control, non-contact measurement, 

optical control, coordinate measuring machines 

 

ɺ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʥʘ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʨʝʙʫʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘ-

ʣʝʡ ʦʯʝʥʴ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʜʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ 

ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ 

ʜʝʬʝʢʪʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʪʢʘʟʫ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝ-

ʩʪʚʘ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʜʝʪʘʣʝʡ ʦʩʥʘʩʪʢʠ ʠ ʪʨʘʬʘʨʝ-

ʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʚʠʜʝʦʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ. 

ɺʠʜʝʦʠʟʤʝʨʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ ʩ ʏʇʋ ï ʵʪʦ ʩʠ-

ʩʪʝʤʘ QV, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪ ʙʝʩʢʦʥʪʘʢʪʥʦʝ ʠʟʤʝ-

ʨʝʥʠʝ ʨʘʟʤʝʨʦʚ. ʕʪʦʪ ʚʠʜʝʦʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ 

ʦʩʥʘʱʝʥʥʳʡ ʤʦʪʦʨʠʟʠʨʦʚʘʥʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʛʦ-

ʣʦʚʢʦʡ, ʢʦʪʦʨʘʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʣʠʥʝʡʥʳʤ ʦʩʷʤ 

X, Y, ʤʦʪʦʨʠʟʠʨʦʚʘʥʥʳʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʩʪʦʣʦʤ, 

ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʦʩʠ Y ʚ ʧʨʝʜʝʣʘʭ ʜʠʘʧʘ-

ʟʦʥʘ ʠʟʤʝʨʝʥʠʡ. ʉ ʧʦʤʦʱʴʶ ʮʚʝʪʥʦʡ ʢʘʤʝʨʳ ʚʳʩʦ-

ʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʦʣʫʯʘʶʪ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʝ, ʫʚʝ-

ʣʠʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʘʝʚ ʧʨʠʤʝʥʷʝʪʩʷ ʩʣʦʞʥʳʡ ʘʣʛʦʨʠʪʤ 

ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʙʝʩ-

ʢʦʥʪʘʢʪʥʦ ʠʟʤʝʨʷʪʴ ʨʘʟʤʝʨʳ ʜʝʪʘʣʠ. ʇʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʰʠʥʳ ʧʨʦʠʟʚʦʜʠʪ ʨʘʩʯʝʪ ʠʟʤʝʨʷʝ-

ʤʳʭ ʨʘʟʤʝʨʦʚ, ʢʦʦʨʜʠʥʘʪ ʠ ʢʦʥʪʫʨʦʚ ʜʝʪʘʣʠ ʠ ʩʨʘʚ-

ʥʠʚʘʝʪ ʠʭ ʩ ʜʦʧʫʩʢʘʤʠ ʠ ʥʦʤʠʥʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠ-

ʷʤʠ. ʉ ʧʦʤʦʱʴʶ ʚʠʜʝʦʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʜʝʪʘʣʠ ʩ ʦʯʝʥʴ ʤʝʣʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʪʨʘʬʘʨʝʪʳ ʠ ʦʩʥʘʩʪʢʫ, ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ, ʜʝʪʘʣʠ, ʢʦ-

ʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʜʝʬʦʨʤʠʨʦʚʘʥʳ ʠʣʠ ʟʘʛʨʷʟʥʝʥʳ 

ʧʨʠ ʧʨʠʢʦʩʥʦʚʝʥʠʠ.  

ʊʘʢʠʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʚʠ-

ʜʝʦʠʟʤʝʨʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ Mitutoyo Quick Vision 

Active (ʈʠʩʫʥʦʢ 1). ʉʠʩʪʝʤʘ ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʚʠ-

ʜʝʦʠʟʤʝʨʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʢʘ ʦʧʪʠʯʝʩʢʦʛʦ ʫʚʝʣʠ-

ʯʝʥʠʷ ʠ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʙʣʦʢʘ ʧʦʜʩʚʝʪʢʠ (ʧʦʜʩʚʝʪʢʘ 

ʩʪʦʣʠʢʘ, ʢʦʘʢʩʠʘʣʴʥʳʡ ʩʚʝʪ ʠ ʢʦʣʴʮʝʚʘʷ ʧʦʜʩʚʝʪʢʘ 

ʚ 4 ʢʚʘʜʨʘʥʪʘ). ɹʣʦʢ ʦʧʪʠʯʝʩʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʮʚʝʪʥʦʡ ʢʘʤʝʨʦʡ ʠ ʠʤʝʝʪ 8-ʤʠ 

ʩʪʫʧʝʥʯʘʪʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʪ 0,75ʭ ʜʦ 5, 25ʭ.ɼʦʧʦʣ-

ʥʠʪʝʣʴʦ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʦʙʲʝʢʪʠʚʥʳʡ ʙʣʦʢ ʩ ʦʙ-

ʱʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪ 0,5ʭ ʜʦ 7,0ʭ.  

https://cyberleninka.ru/journal/n/trudy-mezhdunarodnogo-simpoziuma-nadezhnost-i-kachestvo
https://cyberleninka.ru/journal/n/trudy-mezhdunarodnogo-simpoziuma-nadezhnost-i-kachestvo
http://www.ntcexpert.ru/
https://doi.org/10.24411/2520-6990-2019-10883
https://doi.org/10.24411/2520-6990-2019-10883
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ʈʠʩʫʥʦʢ 1. ɺʠʜʝʦʠʟʤʝʨʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ Mitutoyo Quick Vision Active 

 

ʋʩʪʨʦʡʩʪʚʦ ʚʠʜʝʦʠʟʤʝʨʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʠʩ-

ʧʦʣʴʟʫʝʪ ʦʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʟʦʙ-

ʨʘʞʝʥʠʷ ʜʝʪʘʣʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʧʨʝʜʤʝʪʥʦʝ 

ʩʪʝʢʣʦ, ʚʚʦʜʠʪ ʢʦʦʨʜʠʥʘʪʥʳʝ ʜʘʥʥʳʝ ʚ ʧʦʣʦʞʝʥʠʝ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠ ʚʳʚʦʜʠʪ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʝ ʩ 

ʙʣʦʢʘ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʢʘʤʝʨʫ. ʉʪʦʣʠʢ ʜʣʷ ʠʟʤʝʨʝ-

ʥʠʡ ʠ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʤʝʱʘʶʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʢʦʤʧʴʶʪʝ-

ʨʦʤ. ʕʪʠ ʜʚʠʞʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦ-

ʝʥʥʦʡ ʰʢʘʣʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʪʩʯʝʪ ʧʦʣʦʞʝʥʠʡ ʠʟʤʝ-

ʨʝʥʠʷ. ʆʩʥʦʚʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ 

ʙʣʦʢʘ ʧʠʪʘʥʠʷ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ, ʚ ʢʦʪʦʨʦʤ 

ʥʘʭʦʜʷʪʩʷ ʩʠʩʪʝʤʘ ʧʨʠʚʦʜʘ ʠ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ. 

(ʈʠʩʫʥʦʢ 2) 

 
ʈʠʩʫʥʦʢ 2. ʋʩʪʨʦʡʩʪʚʦ ʚʠʜʝʦʠʟʤʝʨʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ 

 

ʆʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʧʪʠʯʝ-

ʩʢʠʡ ʙʣʦʢ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʰʘʛʦʚʦ ʠʟ-

ʤʝʥʷʝʪ ʦʧʪʠʯʝʩʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʚʳʜʝʣʝʥ-

ʥʦʛʦ ʦʙʲʝʢʪʠʚʘ, ʢʦʘʢʩʠʘʣʴʥʦʡ ʧʦʜʩʚʝʪʢʠ ʜʝʪʘʣʝʡ 

ʧʦ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʠ ʢʦʣʴʮʝʚʦʡ ʧʦʜʩʚʝʪʢʠ, ʧʦʜʩʚʝ-

ʯʠʚʘʶʱʝʡ ʟʘʛʦʪʦʚʢʫ ʧʦʜ ʥʘʢʣʦʥʦʤ. (ʈʠʩʫʥʦʢ3). 

 



ζColloquium - journal Ȼ#2 5(49),2019 / TECHNICAL SCIENCE 99 

 
ʈʠʩʫʥʦʢ 3. ʆʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

 

ʂʦʤʧʘʥʠʷ Mitutoyo ʧʨʦʠʟʚʦʜʠʪ ʚʠʜʝʦʠʟʤʝʨʠ-

ʪʝʣʴʥʳʡ ʤʘʰʠʥʳ ʩ ʚʩʪʨʦʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩ-

ʧʝʯʝʥʠʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʙʠʨʘʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʧʦʜʩʚʝʪʢʠ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʪʨʘʞʝ-

ʥʠʝ ʩʚʝʪʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥ-

ʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʦʣʠʤʝʨʳ. 
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IMPROVING THE RELIABILITY OF TECHNOLOGICAL PIPELINES AND ELIMINATING MAN -

MADE DISASTERS IN THE OIL REFINING INDUSTRY  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʥʝʜʦʧʫʱʝʥʠʶ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦʚʳʰʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ ʜʦʩʪʠʛʘ-

ʝʪʩʷ ʧʫʪʸʤ ʧʨʦʙ ʠ ʦʰʠʙʦʢ ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʷʪ ʪʦʣʴʢʦ ʩ ʦʧʳʪʦʤ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʠʭ ʩʦʩʪʦʷʥʠʝʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʠ ʨʘʟʨʘ-

ʙʦʪʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʘʚʘʨʠʡ ʠ ʩʦʭʨʘʥʠʪʴ ʞʠʟʥʠ ʣʶʜʝʡ. 

Abstract 

In this work the necessity of application of a complex of actions for prevention of emergency situations in the 

oil refining industry is considered. Improving reliability is achieved through trial and error which only come with 

experience. The main reasons for depressurization of pipelines is poor control over their condition and operation. 

Compliance with the rules and measures developed will reduce the number of accidents and save lives. 
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ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʧʨʦʠʩʰʝʩʪʚʠʷʤʠ ʥʘ ʧʨʝʜ-

ʧʨʠʷʪʠʷʭ ʥʝʬʪʷʥʦʡ ʠ ʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚ-

ʣʷʶʪʩʷ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʨʫʙʦʧʨʦ-

ʚʦʜʦʚ. ɺ ʆʙʱʝʩʪʚʘʭ ʛʨʫʧʧʳ ʙʠʟʥʝʩ-ʙʣʦʢʦʚ çʅʝʬʪʝ-

ʧʝʨʝʨʘʙʦʪʢʘè ʠ çʅʝʬʪʝʛʘʟʦʭʠʤʠʷ, ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ 

ʧʦʣʦʚʠʥʳ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʨʦʢʘ ʩʣʫʞʙʳ ʪʨʫʙʦʧʨʦ-

ʚʦʜʦʚ ʜʦ ʤʦʤʝʥʪʘ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ 50% ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʧʨʦʠʟʦʰʣʠ ʥʘ ʦʙʦʨʫʜʦʚʘ-

ʥʠʠ, ʦʪʨʘʙʦʪʘʚʰʝʤ ʥʦʨʤʘʪʠʚʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ.  

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʪʨʫʙʦ-

ʧʨʦʚʦʜʦʚ: ʢʦʨʨʦʟʠʦʥʥʳʡ ʠʟʥʦʩ (ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʩʨʝʜʳ); ʧʦʯʚʝʥʥʘʷ ʢʦʨʨʦʟʠʷ; ʜʝ-

ʬʝʢʪ ʠʟʛʦʪʦʚʣʝʥʠʷ; ʥʝʢʘʯʝʩʪʚʝʥʥʳʡ ʨʝʤʦʥʪ; ʬʣʘʥ-

ʮʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ; ʨʘʟʤʦʨʘʞʠʚʘʥʠʝ; ʥʘʨʫʰʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʦʙʦʨʫ-

ʜʦʚʘʥʠʶ ʧʦʜʚʝʨʞʝʥʥʦʤʫ  

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʢʦʨʨʦ-

ʟʠʠ (Tʵʢʩʧʣ > 260ÁC) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʊʄ ʧʦ ʤʘ-

ʪʝʨʠʘʣʴʥʦʤʫ ʠʩʧʦʣʥʝʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʅʇɿ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʠʟ ʪʝʧʣʦʫʩʪʦʡʯʠʚʳʭ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡ-

ʢʠʭ ʭʨʦʤʦʤʦʣʠʙʜʝʥʦʚʳʭ ʩʪʘʣʝʡ ʤʘʨʦʢ 15ʍ5ʄ, 

ʍ9ʄ, 12ʍ8ɺʌ, 15ʍ5, ʍ8 ʠ ʜʨ. ʇʨʠ ʩʚʘʨʢʝ ʜʘʥʥʳʭ 

ʩʪʘʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʩʚʘʨʢʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʩʚʘʨʢʠ, ʧʝʨʣʠʪ-

ʥʳʡ ʠ ʘʫʩʪʝʥʠʪʥʳʡ. 

 

 
ʈʠʩ.1 

 
ʇʝʨʣʠʪʥʳʡ ʚʘʨʠʘʥʪ (ʦʜʥʦʨʦʜʥʳʡ) ʨʝʢʦʤʝʥʜʫ-

ʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʜʳ ʎʃ-17, ʆʂ 76.35 
(15ʍ5ʄ+15ʍ5ʄ), ʆʂ 76.96 (15ʍ5ʄ+ʍ9ʄ), ʊʄʃ-
1ʋ, 48ʅ-10, ʆʂ 76.28 (15ʍ5ʄ+12ʍ2ʄ1). ʇʦʩʣʝ ʟʘ-
ʚʝʨʰʝʥʠʷ ʩʚʘʨʦʯʥʳʭ ʨʘʙʦʪ ʧʨʦʠʟʚʦʜʠʪʴ ʪʝʨʤʦʦʙ-
ʨʘʙʦʪʢʫ: ʦʪʧʫʩʢ 730-750ÁC ʩ ʚʳʜʝʨʞʢʦʡ 3 ʯʘʩʘ, 
ʦʭʣʘʞʜʝʥʠʝ ʜʦ 300ÁC ʩ Vʦʭʣ Ò 100ÁC/ʯʘʩ, ʜʘʣʝʝ ʚ 
ʪʝʧʣʦʠʟʦʣʷʮʠʠ (ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʥʘ ʪʝʨʤʦʦʙʨʘ-
ʙʦʪʢʫ 6 ʯʘʩʦʚ/ʩʪʳʢ).  
ɸʫʩʪʝʥʠʪʥʳʡ ʚʘʨʠʘʥʪ (ʨʘʟʥʦʨʦʜʥʳʡ) ʨʝʢʦʤʝʥ-

ʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ; ʵʣʝʢʪʨʦʜʳ ɸʅɾʈ-2, ʆɿʃ-
25ɹ, ʆʂ 92.45 (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʪʘʥʦʚʢʠ ʠ ʪʝʤ-
ʧʝʨʘʪʫʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ), ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʥʝ ʪʨʝʙʫ-
ʝʪʩʷ (ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ 
çʦʪʜʳʭè: ʥʘʛʨʝʚ ʜʦ 300ÁC, ʚʳʜʝʨʞʢʘ 40-50 ʤʠʥʫʪ, 
ʦʭʣʘʞʜʝʥʠʝ ʥʘ ʚʦʟʜʫʭʝ).  
ɼʣʷ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ ʦʩʦʙʝʥʥʦ ʦʧʘʩʝʥ ʧʘʨ, 

ʩʦʜʝʨʞʘʱʠʡ ʢʠʩʣʦʨʦʜ ʠ ʭʣʦʨʠʜʳ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 
ʧʨʦʧʘʨʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦ ʚʨʝʤʷ 
ʧʦʜʛʦʪʦʚʢʠ ʢ ʢʘʧʠʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʫ ʥʝ ʧʨʝʜʫʩʤʘʪ-
ʨʠʚʘʶʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʠʩʢʣʶʯʝʥʠʶ ʭʣʦʨʠʜʦʚ ʠ 
ʢʠʩʣʦʨʦʜʘ ʚ ʧʘʨʝ, ʘ ʪʘʢʞʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʣʥʦʝ 
ʫʜʘʣʝʥʠʶ ʢʦʥʜʝʥʩʘʪʘ ʧʦʩʣʝ ʧʨʦʧʘʨʢʠ. ʂʦʨʨʦʟʠʦʥ-
ʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ (ʠ ʘʫʩʪʝ-
ʥʠʪʥʳʭ ʩʚʘʨʥʳʭ ʰʚʦʚ) ʥʘʩʪʫʧʘʝʪ ʚ ʢʦʥʜʝʥʩʠʨʫʶ-
ʱʝʤʩʷ ʧʘʨʝ, ʧʦʣʫʯʝʥʥʦʤ ʠʟ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʭʣʦ-
ʨʠʜʳ ʠ ʢʠʩʣʦʨʦʜ ʙʦʣʝʝ ʯʝʤ 0,5 ʤʛ/ʣ.  
ɺʳʷʚʣʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ 

ʫʩʣʦʞʥʷʝʪʩʷ ʚ ʩʚʷʟʠ ʩ  

ʧʦʷʚʣʝʥʠʝʤ ʪʨʝʱʠʥ ʚ ʧʝʨʠʦʜ ʥʘʙʦʨʘ ʜʘʚʣʝʥʠʷ 
ʚʦ ʚʨʝʤʷ ʧʫʩʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ (ʧʨʠ 
ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʪʨʦʣʷ ʚ ʧʝʨʠʦʜ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝ-
ʤʦʥʪʘ ʪʨʝʱʠʥʳ ʦʪʩʫʪʩʪʚʦʚʘʣʠ).  
ʅʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʢʘʭ ʥʝʬʪʝʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʥʝʬʪʝ-
ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘʰʣʠ ʪʨʫʙʦʧʨʦʚʦʜʳ ʠʟ 
ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ 
ʚʳʩʦʢʠʤ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡ-
ʢʦʩʪʴʶ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʪʝʭʥʦʣʦʛʠʯʥʳ ʧʨʠ ʩʪʨʦʠ-
ʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʠ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪʘʭ, ʦʙʣʘʜʘʶʪ 
ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ.  
ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʠʟʫʘʣʴʥʦ ʥʝ ʚʦʟʤʦʞʥʘ (ʥʝʙʦʣʴʰʦʡ 
ʜʠʘʤʝʪʨ, ʧʨʠ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ). ʉʫʱʝʩʪʚʫ-
ʶʱʠʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʚʦʜʷʪʩʷ ʢ ʪʦʯʝʯʥʦʤʫ 
ʠʟʤʝʨʝʥʠʶ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʩʥʘʨʫʞʠ ʪʨʫʙʦʧʨʦ-
ʚʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʣʠʰʴ ʦʙ ʦʙʱʝʡ 
ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʚʩʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʦ ʥʝ ʧʦʟ-
ʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʜʝʬʝʢʪʳ ʚ ʢʦʥʢʨʝʪʥʦʤ ʵʣʝʤʝʥʪʝ 
ʪʨʫʙʦʧʨʦʚʦʜʘ (ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʫʣʴʪʨʘ-
ʟʚʫʢʦʚʳʤ ʪʦʣʱʠʥʦʤʝʨʦʤ ʷʟʚʝʥʥʦʡ ʢʦʨʨʦʟʠʠ ʠʣʠ 
ʟʘʚʦʜʩʢʦʛʦ ʜʝʬʝʢʪʘ ʵʣʝʤʝʥʪʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʘʢʪʠ-
ʯʝʩʢʠ ʨʘʚʥʘ ʥʫʣʶ). ʇʦ ʩʫʪʠ, ʨʝʚʠʟʠʷ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʥʮʠʧʫ, ʧʦ-
ʧʘʣ ʚ ʷʟʚʫ ï ʧʦʚʝʟʣʦ, ʥʝ ʧʦʧʘʣ ï ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʷ.  
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ʈʠʩ.2 

 

ʅʝʬʪʝʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʠ ʥʝʬʪʝʭʠʤʠʯʝ-

ʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʠ ʚʚʝʜʝʥʳ ʚ ʵʢʩ-

ʧʣʫʘʪʘʮʠʶ 40-70 ʣʝʪ ʥʘʟʘʜ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʦʢ 

ʩʣʫʞʙʳ ʙʦʣʴʰʠʥʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙʦʧʨʦ-

ʚʦʜʦʚ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʧʠʩʘʥʥʳʝ 20 ʣʝʪ, ʢʨʦʤʝ ʵʪʦʛʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦʭʦʜʠʣʠ 

ʵʢʩʧʝʨʪʠʟʫ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʄʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʕʇɹ ʥʠ-

ʯʝʤ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʝ 

ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʚʠʟʠʠ ʧʦʵʪʦʤʫ ʨʝ-

ʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝ ʜʘʶʪ ʛʘʨʘʥʪʠʠ ʙʝʟʦʧʘʩʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʟʘʪʨʘʪʳ ʥʘ ʧʦʣʥʫʶ ʟʘʤʝʥʫ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʨʦʚʝʜʝʥʠʝʤ 4 ʕʇɹ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʩ ʫʯʝʪʦʤ ʟʘʪʨʘʪ ʥʘ ʜʝʤʦʥʪʘʞ-ʤʦʥʪʘʞ 

ʠʟʦʣʷʮʠʠ, ʫʩʪʨʦʡʩʪʚʦ ʣʝʩʦʚ ʠ ʦʧʣʘʪʫ ʵʢʩʧʝʨʪʘʤ.  

ʇʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʤ ʧʝʨʝʚʦʦʨʫ-

ʞʝʥʠʠ ʚʚʦʜʠʣʠʩʴ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʩʭʝʤʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʡ ʩʭʝʤ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʪʫʧʠʢʦʚʳʝ ʫʯʘʩʪʢʠ, ʢʦʪʦʨʳʝ ʷʚʣʷ-

ʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤʠ ʫʯʘʩʪʢʘʤʠ. ɺ ʪʘʢʠʭ 

ʫʯʘʩʪʢʘʭ ʩʢʘʧʣʠʚʘʶʪʩʷ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʝ ʚʝ-

ʱʝʩʪʚʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʠʣʝʥʥʳʡ ʢʦʨʨʦʟʠʦʥʥʳʡ ʠʟ-

ʥʦʩ, ʫʚʝʣʠʯʝʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ (ʠʟ-ʟʘ 

ʪʨʫʜʥʦʩʪʝʡ ʫʜʘʣʝʥʠʷ ʚʦʜʳ ʧʦʩʣʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ).  

ʊʫʧʠʢʦʚʳʡ ʫʯʘʩʪʦʢ ï ʥʝʠʩʧʦʣʴʟʫʝʤʳʡ ʠʣʠ 

ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʫʯʘ-

ʩʪʦʢ ʪʨʫʙʦʧʨʦʚʦʜʘ ʨʘʟʣʠʯʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, 

ʥʘʭʦʜʷʱʠʡʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʨʦʜʫʢʪʘ, ʥʦ ʙʝʟ ʧʨʦ-

ʪʦʢʘ (ʙʝʟ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʡ ʩʨʝʜʳ). ʇʨʠ ʵʪʦʤ ʪʨʫʙʦ-

ʧʨʦʚʦʜʳ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʨʝʜʢʦ ʠʩʧʦʣʴ-

ʟʫʝʤʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʢ ʪʫʧʠʢʦʚʳʤ ʫʯʘʩʪʢʘʤ ʥʝ ʦʪ-

ʥʦʩʷʪʩʷ. 

ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʤʘʪʝʨʠʘʣʴ-

ʥʦʤʫ ʠʩʧʦʣʥʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʨʝʧʝʞʘ. ʀʩʢʣʶ-

ʯʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʦʨʦʜʥʦʛʦ ʢʨʝʧʝʞʘ ʥʘ 

ʬʣʘʥʮʝʚʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʪʘʢ ʢʘʢ ʫ ʩʪʘʣʠ ʨʘʟʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʘʩʰʠʨʝʥʠʷ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠʣʠ 

ʦʭʣʘʞʜʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʝʨʘʚʥʦʤʝʨ-

ʥʦʝ ʦʙʞʘʪʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʨʘʟ-

ʛʝʨʤʝʪʠʟʘʮʠʶ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

 

 
ʈʠʩ. 3 

 

ʂʨʝʧʸʞʥʳʝ ʠʟʜʝʣʠʷ ï ʙʦʣʪʳ, ʰʧʠʣʴʢʠ, ʛʘʡʢʠ ʠ ʰʘʡʙʳ ʩʣʝʜʫʝʪ ʠʟʛʦʪʦʚʣʷʪʴ ʧʦ ɻʆʉʊ 9064-75, ɻʆʉʊ 

9065-75, ɻʆʉʊ 9066-75 ʠʣʠ ʨʘʙʦʯʠʤ ʯʝʨʪʝʞʘʤ ʠʟ ʩʪʘʣʠ ʤʘʨʦʢ, ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 

ʄʘʨʢʠ 

ʩʪʘʣʠ 

ʆʙʦʟʥʘʯʝ-

ʥʠʝ ʩʪʘʥ-

ʜʘʨʪʘ 

ʇʨʝʜʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ɹʦʣʪʳ, ʰʧʠʣʴʢʠ, 

ʧʨʦʙʢʠ ʠ ʭʦʤʫʪʳ 
ɻʘʡʢʠ ʐʘʡʙʳ 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ 

ʩʨʝʜʳ Áʉ 

ʋʩʣʦʚʥʦʝ 

ʜʘʚʣʝʥʠʝ 

ʈʫ, ʄʧʘ 

(ʢʛʩ/ʩʤĮ) 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ 

ʩʨʝʜʳ Áʉ 

ʋʩʣʦʚʥʦʝ 

ʜʘʚʣʝʥʠʝ 

ʈʫ, ʄʧʘ 

(ʢʛʩ/ʩʤĮ) 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ 

ʩʨʝʜʳ Áʉ 

ʋʩʣʦʚʥʦʝ 

ʜʘʚʣʝʥʠʝ 

ʈʫ, ʄʧʘ 

(ʢʛʩ/ʩʤĮ) 

25,35 

ɻʆʉʊ 

1050-88, 

ɻʆʉʊ 

1070278 

ɼʦ 425 10(100) ɼʦ 425 20(200) - - 

30ʍʄɸ 

ɻʆʉʊ 

10702-78, 

ɻʆʉʊ 

4543-71 

ɼʦ 450 
ʅʝ ʦʛʨʘ-

ʥʠʯʝʥʦ 
ɼʦ 510 

ʅʝ ʦʛʨʘ-

ʥʠʯʝʥʦ 
- - 

35ʍ 

ɻʆʉʊ 

10702-78, 

ɻʆʉʊ 

4543-71 

ɼʦ 425 20(200) ɼʦ 450 20(200) - - 

25ʍ1ʄʌ 
ɻʆʉʊ 

20072-74 
ɼʦ510 

ʅʝ ʦʛʨʘ-

ʥʠʯʝʥʦ 
ɼʦ 540 

ʅʝ ʦʛʨʘ-

ʥʠʯʝʥʦ 
- - 

12ʍ18ʅ10ʊ, 

08ʍ18ʅ10ʊ 

ɻʆʉʊ 

5949-75 
- - - - ɼʦ 650 

ʅʝ ʦʛʨʘ-

ʥʠʯʝʥʦ 

 

ɼʣʷ ʥʝʜʦʧʫʱʝʥʠʷ ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ:  

1)ɺʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ - ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʚʢʣʶʯʘʶʱʠʡ ʢʦʤʠʩʩʠʦʥʥʫʶ ʧʨʠʝʤʢʫ ʄʊʈ, ʵʢʩ-

ʧʝʨʪʠʟʫ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʫʩʣʦʚʠʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ, 

ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʷ ʢʘʯʝʩʪʚʘ ʄʊʈ, ʧʨʦʚʝʨʢʘ 

ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʚʳʜʘʯʫ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʩʦʦʙʱʝʥʠʡ ʠ ʟʘʢʣʶʯʝʥʠʡ, ʤʘʨʢʠ-

ʨʦʚʢʘ;  

2)ʢʦʥʪʨʦʣʴ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʩʚʘʨʢʦʡ (ʧʨʦʚʝʨʢʘ ʩʪʠʣʦʩʢʦ-

ʧʦʤ);  

3)ʂʦʥʪʨʦʣʴ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʩʠʣʘʤʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ ʧʦʩʣʝ ʨʝʤʦʥʪʘ;  

4)ʆʛʨʘʥʠʯʝʥʠʝ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦʜ-

ʨʷʜʯʠʢʘ;  

5)ɺʳʷʚʣʝʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ ʨʘʟʥʦʨʦʜʥʦʛʦ ʢʨʝ-

ʧʝʞʘ; 

6)ʃʠʢʚʠʜʘʮʠʷ ʪʫʧʠʢʦʚʳʭ ʫʯʘʩʪʢʦʚ (ʩʦʢʨʘʱʝ-

ʥʠʝ ʜʣʠʥʳ), ʜʦ ʣʠʢʚʠʜʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦ-

ʚʘʪʴ ʫʩʠʣʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʪʫʧʠʢʦʚʦʛʦ ʫʯʘʩʪʢʘ (ʩʤʦʥʪʠʨʦʚʘʪʴ ʦʙʦʛʨʝʚ, ʧʝʨʠʦ-

ʜʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʦʣʱʠʥʫ ʩʪʝʥʢʠ ʠ ʪ.ʜ.)  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʇɽʈʉʇɽʂʊʀɺʓ ʀ ʆʉʆɹɽʅʅʆʉʊʀ ɺʅɽɼʈɽʅʀʗ ʂʆʅʎɽʇʎʀʀ SMART GRID ɺ 

ʈʆʉʉʀʁʉʂʀʁ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʏɽʉʂʀʁ ʂʆʄʇʃɽʂʉ 

 

Tsvetkova J.A. 

Student National Research University MPEI, Smolensk Branch 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ. ɼʘʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʘʟ-

ʚʠʪʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʢʦʥʮʝʧʮʠʠ Smart Grid. ɺ 

ʨʘʙʦʪʝ ʜʘʥʦ ʩʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜ-

ʭʦʜʘ, ʘ ʪʘʢʞʝ ʦʪʨʘʞʝʥʘ ʝʛʦ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʥʮʝʧ-

ʮʠʠ. ʆʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʩʝʪʠ ʥʘ 

ʙʘʟʝ ʢʦʥʮʝʧʮʠʠ Smart Grid, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʝ ʵʬʬʝʢʪʳ ʧʨʠ ʝʝ ʨʝʘʣʠʟʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʠʪʴ 

ʧʝʨʝʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʠ ʥʘ ʙʦʣʝʝ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ. 

Abstract 

The article discusses the current problems of energy efficiency and energy saving in the domestic electric 

power complex. It gives an idea of the main features of the development of the electric power industry in Russia, 

as well as the necessary conditions for the implementation of the Smart Grid concept. The paper gives a schematic 

representation of the electric grid based on the traditional approach, and also reflects its transformation after the 

transition to the use of the concept under consideration. The main differences of the traditional approach to build-

ing an energy network and a network based on the Smart Grid concept are reflected, as well as possible effects 

during its implementation, which will make it possible to transfer the electric power industry of Russia to a more 

innovative level of development. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʩʭʦʜʠʪ ʚʩʝ ʙʦʣʝʝ ʙʳʩʪʨʳʤʠ 

ʪʝʤʧʘʤʠ. ʅʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬ-

ʨʦʚʦʡ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʝʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʇʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʨ-

ʛʘʥʠʟʘʮʠʡ, ʨʫʢʦʚʦʜʩʪʚʦ ʢʦʪʦʨʳʭ ʧʦʥʠʤʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʚ ʮʠʬʨʦʚʫʶ ʩʨʝʜʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ.  

ʆʜʥʦʡ ʠʟ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʦʪʨʘʩʣʴ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ. 

ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʚʦ ʚʩʝʤ ʤʠʨʝ ʧʝ-

ʨʝʞʠʚʘʝʪ ʨʷʜ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʀʭ ʦʩʥʦʚ-

ʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦ-

ʚʘʮʠʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʡ ʢʦʥ-

ʮʝʧʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʠʣʘ ʩʚʦʶ ʥʘʠʙʦʣʴʰʫʶ 

ʠʟʚʝʩʪʥʦʩʪʴ ʚ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ. ɼʘʥʥʘʷ ʪʝʭʥʦ-

ʣʦʛʠʷ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ Smart Grid ʠʣʠ ʫʤʥʘʷ ʩʝʪʴ 

(ʵʥʝʨʛʦʩʠʩʪʝʤʘ), ʢʦʪʦʨʘʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʝʢʪʦʨʘ ʢ ʥʦʚʦʤʫ 

ʵʪʘʧʫ ʚ ʝʛʦ ʨʘʟʚʠʪʠʠ.  

ʆʩʥʦʚʦʧʦʣʦʞʥʠʢʘʤʠ ʢʦʥʮʝʧʮʠʠ ʫʤʥʳʭ ʩʝʪʝʡ 

ʷʚʣʷʶʪʩʷ ʉʐɸ ʠ ʩʪʨʘʥʳ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ (ɽʉ), 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʠʣʠ ʝʝ ʢʘʢ ʦʜʥʫ ʠʟ ʦʩʥʦʚ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʦʛʦ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʅʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚ ʕʥʝʨʛʝʪʠʯʝ-

ʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʈʦʩʩʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛ., ʫʪʚʝʨ-

ʞʜʝʥʥʦʡ ʨʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 13 ʥʦʷʙʨʷ 2009 ʛ. ˉ 1715-ʨ [1]. 

ʉʪʨʘʪʝʛʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʦʩʥʦʚʥʳʭ ʮʝ-

ʣʝʡ ʠ ʟʘʜʘʯ ʧʦ ʨʘʟʚʠʪʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪ-

ʨʘʩʣʠ ʩʪʨʘʥʳ ʚ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ. ʆʩʥʦʚʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝ-

ʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʯʪʦ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʆʙʱʠʝ ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ 2016 

ʛ. ʩʦʩʪʘʚʠʣʠ ʦʢʦʣʦ 54279,9 ʤʣʥ.ʢɺʪ.ʯ, ʯʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ 8,46% ʦʪ ʩʫʤʤʘʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʚ 2017 ʛ. 54968,9 ʤʣʥ.ʢɺʪ.ʯ 

(8,47%), ʘ ʚ 2018 ʛ. 55121 ʤʣʥ.ʢɺʪ.ʯ (8,47%) [2]. 

ʇʣʘʥʠʨʫʝʪʩʷ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ 

çʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 2030è, ʫʪʚʝʨʞʜʝʥʥʦʡ ʚ 

ʨʘʤʢʘʭ ʦʯʥʦʛʦ ʟʘʩʝʜʘʥʠʷ ʩʦʚʝʪʘ ʜʠʨʝʢʪʦʨʦʚ ʇɸʆ 

çʈʦʩʩʝʪʠè ʧʦʜ ʧʨʝʜʩʝʜʘʪʝʣʴʩʪʚʦʤ ʤʠʥʠʩʪʨʘ ʵʥʝʨʛʝ-

ʪʠʢʠ ɸ. ʅʦʚʘʢʘ 21 ʜʝʢʘʙʨʷ 2018 ʛ. ʩʝʪʝʚʳʝ ʧʨʝʜʧʨʠ-

ʷʪʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʠ ʦʩʥʘʩʪʷʪ ʚʩʝ ʪʦʯʢʠ 

ʥʘ ʛʨʘʥʠʮʝ ʙʘʣʘʥʩʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʫʯʝʪʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ 
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ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʧʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʘ ʢ ʢʦʥʮʫ 2030 ʛʦʜʘ ʧʦʪʝʨʠ ʚ ʩʝʪʷʭ 0,4ï20 ʢɺ 

ʚ ʩʨʝʜʥʝʤ ʧʦ ʈʦʩʩʠʠ ʥʝ ʧʨʝʚʳʩʷʪ 8% [3]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʘʥʘʣʠʟʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥ-

ʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʮʝʧʮʠʠ 

Smart Grid. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʦʡ ʢʦʥʮʝʧʮʠʠ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥ-

ʥʦʛʦ ʩʝʢʪʦʨʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʨʦʩʩʠʡʩʢʦʤ ʩʝʢ-

ʪʦʨʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʩʪʨʘʥʘʤʠ, ʧʨʠ-

ʤʝʥʷʶʱʠʤʠ ʜʘʥʥʳʡ ʧʦʜʭʦʜ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦ-

ʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʩʠʣʫ ʩʧʝʮʠʬʠʢʠ ʠ ʭʘʨʘʢʪʝʨʘ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ, ʨʝʩʫʨʩʥʦʤ ʧʣʘʥʘʭ [4] 

(ʪʘʙʣʠʮʘ 1). 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʨʘʙʦʪʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʈʦʩʩʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʢʦʥ-

ʮʝʧʮʠʠ Smart Grid. 

ʊʘʙʣʠʮʘ 1 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʝʨʝʭʦʜʘ ʢ ʢʦʥʮʝʧʮʠʠ Smart Grid  

ɻʨʫʧʧʘ 

ʫʩʣʦʚʠʡ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʦʵʥʝʨʛʝ-

ʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 
ʋʩʣʦʚʠʷ ʧʝʨʝʭʦʜʘ ʢ Smart Grid 

ʆʨʛʘʥʠʟʘ-

ʮʠʦʥʥʦ-

ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʝ 

1. ʆʪʩʫʪʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʮʝʥʪʨ ʢʦʦʨʜʠʥʘʮʠʠ 

ʠ ʤʝʭʘʥʠʟʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʬʫʥʢʮʠ-

ʦʥʠʨʦʚʘʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʦʪʨʘʩʣʠ; 

2. ʀʤʝʝʪ ʤʝʩʪʦ ʨʘʟʜʝʣʝʥʠʝ ʩʬʝʨ ʦʪʚʝʪʩʪʚʝʥʥʦ-

ʩʪʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

1. ʉʦʟʜʘʥʠʝ ʯʝʪʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, 

ʢʘʢ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʦʚʳʝ ʪʝʭʥʠ-

ʯʝʩʢʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ 

ʙʫʜʫʪ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʠ, 

ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʫʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʝʤ ʠ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʚ ʙʫ-

ʜʫʱʝʤ. 

ʆʙʱʝ-

ʩʪʚʝʥʥʦ-

ʧʦʣʠʪʠʯʝ-

ʩʢʠʝ 

1. ʇʦʣʠʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʩʪʨʘʥʳ ʟʘʷʚʠʣʦ 

ʧʝʨʝʭʦʜ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʨʘʟ-

ʚʠʪʠʝ ʦʪʨʘʩʣʠ; 

2. ʆʙʦʟʥʘʯʝʥʦ ʧʨʠʦʨʠʪʝʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

1. ʆʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʷ ʦ ʥʝʦʙʭʦʜʠʤʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʠ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʠʥʠʮʠʘʪʠʚʘʭ; 

2. ʈʘʟʨʘʙʦʪʢʘ ʯʝʪʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʦʚʦʛʦ ʧʫʪʠ ʨʘʟʚʠʪʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ. 

ʊʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʝ 

1. ʊʦʧʦʣʦʛʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʣʘʩʩʳ ʥʘʧʨʷʞʝ-

ʥʠʷ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʨʝʞʠʤʥʳʝ ʫʩʣʦʚʠʷ, ʘ 

ʪʘʢʞʝ ʜʝʡʩʪʚʫʶʱʘʷ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʘʷ ʙʘʟʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʟʘʨʫʙʝʞ-

ʥʳʭ; 

2. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʦʪʨʘʩʣʠ ʚʦ ʤʥʦʛʠʭ ʤʝ-

ʛʘʧʦʣʠʩʘʭ ʠ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʟʘ ʩʯʝʪ ʟʘʤʝʱʝʥʠʷ 

ʚʳʙʳʚʘʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʥʘ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʦ ʢʨʫʧʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʝʚʦʟ-

ʤʦʞʥʳ; 

3. ʆʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ʛʝʥʝʨʘʮʠʠ ʢ ʧʦʪʨʝʙʣʝʥʠʶ; 

4. ʅʝʥʘʜʝʞʥʦʩʪʴ ʠʟʥʦʰʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʥʘʛʨʫʟʢʠ ʵʥʝʨʛʦʩʠʩʪʝʤ ʧʦ ʧʦʛʦʜʝ ʠ ʩʦʮʠʘʣʴʥʦʤʫ 

ʧʦʚʝʜʝʥʠʶ ʥʘʩʝʣʝʥʠʷ ʚʝʜʫʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʜʝʨʞʘʪʴ ʚ ʨʘʙʦʪʝ ʟʘʚʳʰʝʥʥʳʝ ʨʝʟʝʨʚʥʳʝ ʤʦʱʥʦ-

ʩʪʠ. 

1. ʈʘʟʨʘʙʦʪʢʘ ʝʜʠʥʳʭ ʢʦʜʦʚ ʠ ʩʪʘʥ-

ʜʘʨʪʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʜʝʨʞʢʠ ʧʦ-

ʚʩʝʤʝʩʪʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

Smart Grid; 

2. ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʡ ʩʠʩʪʝʤʳ 

ʩʚʷʟʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

3. ʆʙʝʩʧʝʯʝʥʠʝ ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʟʥʦ-

ʨʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘ-

ʮʠʠ ʢʦʥʮʝʧʮʠʠ; 

4. ʆʙʝʩʧʝʯʝʥʠʝ ʩʥʠʞʝʥʠʷ ʮʝʥ ʥʘ ʥʦ-

ʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʝ-

ʧʝʥʠ  

ʠʭ ʚʥʝʜʨʝʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧ-

ʮʠʠ Smart Grid; 

5. ʆʙʝʩʧʝʯʝʥʠʝ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ 

ʚʦʧʨʦʩʦʚ ʨʘʙʦʪʳ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʀʥʬʨʘ-

ʩʪʨʫʢʪʫʨ-

ʥʳʝ 

1. ʆʪʩʫʪʩʪʚʫʝʪ ʮʝʣʦʩʪʥʘʷ ʩʠʩʪʝʤʘ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʥʘʫʢʠ ʠ ʙʠʟʥʝʩʘ; 

2. ʆʪʩʫʪʩʪʚʫʝʪ ʨʘʟʚʠʪʘʷ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʘ. 

1. ʆʙʝʩʧʝʯʝʥʠʝ ʙʦʣʝʝ ʪʝʩʥʦʛʦ ʩʦʪʨʫʜ-

ʥʠʯʝʩʪʚʘ ʩ ʥʘʫʯʥʳʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʚ ʮʝʣʷʭ ʨʘʟʚʠʪʠʷ ʯʝʣʦ-

ʚʝʯʝʩʢʦʛʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʪʝʥ-

ʮʠʘʣʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʠʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʦʡ ʩʝʪʠ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ, ʚʢʣʶʯʘʶʱʫʶ 

ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

ï ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʥʮʝʧʮʠʶ ʩʦʟʜʘʥʠʷ çʫʤʥʦʡè 

ʩʝʪʠ;  

ï ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʥʦʚʳʝ ʪʠʧʳ ʩʠʣʦʚʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʧʦʜʩʪʘʥʮʠʡ (ʇʉ) ʠ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

ʜʣʷ çʫʤʥʦʡè ʩʝʪʠ;  

ï ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʩʝʪʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ;  

ï ʦʧʨʝʜʝʣʠʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ çʫʤʥʦʡè 

ʩʝʪʠ;  

ï ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʟʘʱʠʪʳ 

ʩʝʪʝʡ ʦʪ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʈʦʩʩʠʠ ʫʞʝ ʦʩʫ-

ʱʝʩʪʚʣʷʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʟʚʠʪʠʷ 
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ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʚʝʨ-

ʰʝʥʩʪʚʫʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʟʘʱʠʪʳ 

ʦʪ ʤʦʣʥʠʡ ɺʃ ʠ ʇʉ 110-750 ʢɺ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʵʣʝʛʘʟʦʚʦʡ ʠʟʦʣʷʮʠʝʡ (ʂʈʋʕ) ʜʣʷ ʩʦ-

ʟʜʘʥʠʷ ʧʦʜʩʪʘʥʮʠʡ ʥʦʚʦʛʦ ʪʠʧʘ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ. ʈʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘ-

ʪʫʨʥʳʝ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʢʘʙʝʣʴʥʳʝ ʣʠʥʠʠ, ʨʘʩ-

ʩʯʠʪʘʥʥʳʝ ʥʘ ʥʘʧʨʷʞʝʥʠʝ ʜʦ 20ʢɺ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʪʨʘ-

ʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʩʨʝʜʩʪʚʘʤʠ. ʊʘʢ, ʥʘʧʨʠ-

ʤʝʨ, ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʨʫʰʝʥʠʠ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʩʝʪʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʩʭʦʜʷ ʠʟ ʧʝʨʝʜʘʥʥʳʭ 

ʜʘʥʥʳʭ ʦʪ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʚ ʮʝʥʪʨ ʫʧʨʘʚʣʝ-

ʥʠʷ ʩʝʪʷʤʠ (ʎʋʉ), ʯʪʦ ʦʯʝʥʴ ʟʘʪʨʫʜʥʷʝʪ ʠ ʫʚʝʣʠʯʠ-

ʚʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʠʩʢʘ ʤʝʩʪʘ ʘʚʘʨʠʠ. 

ʆʩʣʦʞʥʝʥ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 

ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʦ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠ-

ʪʝʣʷ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʝʝ ʛʝʥʝʨʘʮʠʠ. ʇʝʨʝʭʦʜ ʢ ʥʦʚʦʡ 

ʢʦʥʮʝʧʮʠʠ Smart Grid ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʩʪʠ ʛʣʦʙʘʣʴ-

ʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʝʝ ʨʘʙʦʪʳ [5]. ʂ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ï ʢʦʤʧʣʝʢʩʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʚ ʝʜʠʥʫʶ ʩʝʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʧʦʩʪʘʚʱʠʢʦʚ ʠ ʢʦʥʝʯʥʳʭ ʧʦʪʨʝʙʠ-

ʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

ï ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʟʘ ʩʯʝʪ ʩʦʟʜʘ-

ʥʠʷ ʝʜʠʥʦʛʦ ʮʝʥʪʨʘ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʷʤʠ (ɽʎʋʉ); 

ï ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʥʘ ʦʩ-

ʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ Big Data; 

ï ʩʦʢʨʘʱʝʥʠʝ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʤʝʩʪʘ 

ʧʦʚʨʝʞʜʝʥʠʷ ʜʦ ɽʎʋʉ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭ-

ʥʦʣʦʛʠʡ ʀʥʪʝʨʥʝʪ. 

ɺʳʷʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 1. 

ʇʦʩʣʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʤʝʥʝ-

ʥʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʦʪʣʠʯʠʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢ ʫʧʨʘʚʣʝ-

ʥʠʶ ʩʝʪʷʤʠ (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 

ʆʪʣʠʯʠʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʩʝʪʠ ʥʘ ʙʘʟʝ ʢʦʥʮʝʧʮʠʠ 

Smart Grid  

ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʘʷ ʩʠʩʪʝʤʘ 

ʇʦʜʭʦʜ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʘ 

ʥʘ ʙʘʟʝ ʢʦʥʮʝʧʮʠʠ Smart Grid 

ʆʜʥʦʩʪʦʨʦʥʥʷʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤ ʠʣʠ 

ʝʝ ʦʪʩʫʪʩʪʚʠʝ 
ɼʚʫʩʪʦʨʦʥʥʠʝ ʢʦʤʤʫʥʠʢʘʮʠʠ 

ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʛʝʥʝʨʘʮʠʷ ï ʩʣʦʞʥʦ ʠʥʪʝʛʨʠʨʫʝ-

ʤʘʷ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʛʝʥʝʨʘʮʠʷ 
ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ ʛʝʥʝʨʘʮʠʷ 

ʈʘʜʠʘʣʴʥʘʷ ʪʦʧʦʣʦʛʠʷ ʉʝʪʝʚʘʷ ʪʦʧʦʣʦʛʠʷ 

ʈʝʘʢʮʠʷ ʥʘ ʧʦʩʣʝʜʩʪʚʠʷ ʘʚʘʨʠʠ ʈʝʘʢʮʠʷ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʘʚʘʨʠʠ 

ʈʘʙʦʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦ ʦʪʢʘʟʘ ʄʦʥʠʪʦʨʠʥʛ ʠ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʘ 

ʈʫʯʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʇʦʜʚʝʨʞʝʥʥʦʩʪʴ ʩʠʩʪʝʤʥʳʤ ʘʚʘʨʠʷʤ ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʥʳʭ ʘʚʘʨʠʡ 

ʇʨʦʚʝʨʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʤʝʩʪʫ ʋʜʘʣʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʅʝʜʦʩʪʫʧʥʘʷ ʠʣʠ ʟʘʧʦʟʜʘʚʰʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʮʝʥʝ ʎʝʥʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʄʦʞʥʦ ʦʞʠʜʘʪʴ ʩʣʝʜʫʶʱʠʭ ʵʬʬʝʢʪʦʚ ʦʪ ʨʝʘ-

ʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ Smart Grid ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʩʝʢʪʦʨʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ: 

ï ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʵʥʝʨʛʦʩʠ-

ʩʪʝʤʳ ʠ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ; 

ï ʩʥʠʞʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦ-

ʪʝʨʴ ʚ ʩʝʪʠ; 

ï ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʝʪʠ; 

ï ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʚʘʨʠʡ ʠ ʩʦʢʨʘʱʝʥʠʝ 

ʚʨʝʤʝʥʠ ʫʩʪʨʘʥʝʥʠʷ; 

ï ʩʦʢʨʘʱʝʥʠʝ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ. 

ï ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

ʥʘʩʝʣʝʥʠʷ [6]. 
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ʈʠʩʫʥʦʢ 1 ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʠ Smart Grid 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʝ-

ʩʪʨʦʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʨʛʘʥʠʟʘʮʠʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʈʦʩʩʠʠ ʧʦʟʚʦ-

ʣʠʪ ʦʩʫʱʝʩʪʚʠʪʴ ʝʝ ʧʝʨʝʭʦʜ ʥʘ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ. 
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ASYNCHRONOUS ACCESS TO A NETWORK SHARE USING A FILE LOADER AS AN EXAMPLE  

 

ɸʥʥʦʪʘʮʠʷ 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʥʮʠʧʳ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʦʩʪʫʧʘ ʥʘ ʧʨʠʤʝʨʝ ʜʦʩʪʫʧʘ ʢ ʩʝʪʝʚʦʤʫ ʨʝ-

ʩʫʨʩʫ. ʇʨʠ ʘʩʠʥʭʨʦʥʥʦʤ ʜʦʩʪʫʧʝ ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʢʘʢʠʝ-ʪʦ ʜʝʡʩʪʚʠʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʫʞʝ 

ʟʘʧʫʱʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʚʤʝʩʪʦ ʦʞʠʜʘʥʠʷ ʦʢʦʥʯʘʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʧʫʩʢʦʤ ʜʝʡʩʪʚʠʡ. 

ʆʩʥʦʚʥʦʡ ʧʦʪʦʢ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ ʚʳʧʦʣʥʷʪʴ ʜʨʫʛʠʝ ʦʧʝʨʘʮʠʠ ʠ ʧʦʣʫʯʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʧʦʟʞʝ. ʊʘʢʞʝ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʟʘʧʨʦʩʳ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʤʦʛʫʪ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʕʪʦ ʠ ʝʩʪʴ ʛʣʘʚʥʘʷ ʠʜʝʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʦʩʪʫʧʘ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʩʠʥʭʨʦʥʥʳʡ ʜʦʩʪʫʧ ʦʯʝʥʴ ʚʘʞʝʥ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʣʠʝʥʪʩʢʠʭ ʠ ʩʝʨʚʝʨʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʦʥ ʥʝʦʙʭʦʜʠʤ, ʯʪʦʙʳ ʧʨʠ ʩʢʘʯʠʚʘʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʬʘʡʣʘ, ʙʳʣʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʘʚʠʪʴ ʝʱʝ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʬʘʡʣʦʚ ʥʘ ʩʢʘʯʠʚʘʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦ.  

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʘʣʠʟʘʮʠʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʝʪʝʚʦʤʫ ʨʝʩʫʨʩʫ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʜʘʣʝʝ. 

Abstract 

This article demonstrates the principles of asynchronous access on the example of access to a network re-

source. In case of asynchronous access, the application can perform some actions in parallel with the already 

launched process instead of waiting for the end of this process with the following launch of actions. The main 

thread will continue to perform other operations and will be able to process data later. Also, multiple input and 

output requests can be processed simultaneously. This is the main idea of asynchronous access.  

It should be noted that asynchronous access is very important for the implementation of client and server 

applications. For example, in this work it is necessary that when a user downloads a file, there is an opportunity 

to put one or more files for downloading in parallel.  

One of the ways of implementing asynchronous access to a network resource will be considered further. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʛʨʫʟʯʠʢ ʬʘʡʣʦʚ, ʘʩʠʥʭʨʦʥʥʦʩʪʴ, C#, ʩʪʘʥʜʘʨʪʥʳʝ ʤʦʜʫʣʠ, ʩʝʪʝʚʦʡ ʨʝʩʫʨʩ. 

Keywords: file uploader, asynchrony, C#, standard modules, network resources. 

 

ʈʝʘʣʠʟʘʮʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʝʪʝʚʦʤʫ 

ʨʝʩʫʨʩʫ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ System.Net 

ʇʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ System.Net ʩʦʜʝʨʞʘʪ 

ʢʣʘʩʩʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʦʩʪʦʡ ʠʥʪʝʨʬʝʡʩ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ 

ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʜʦʩʪʫʧ ʠ ʦʙʥʦʚʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘ-

ʮʠʡ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚ ʠʤʝʥ System.Net, ʦʧʨʝʜʝʣʷʶ-

ʱʠʝ ʧʦʣʠʪʠʢʠ ʢʵʰʠʨʦʚʘʥʠʷ ʚʝʙ-ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ 

ʧʦʨʷʜʦʢ ʩʦʟʜʘʥʠʷ ʠ ʦʪʧʨʘʚʢʠ ʩʦʦʙʱʝʥʠʡ ʵʣʝʢʪʨʦʥ-

ʥʦʡ ʧʦʯʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʟʘʛʦʣʦʚʢʠ MIME, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʦ ʪʨʘʬʠʢʝ ʠ ʩʝ-

ʪʝʚʳʭ ʘʜʨʝʩʘʭ, ʘ ʪʘʢʞʝ ʜʦʩʪʫʧ ʢ ʬʫʥʢʮʠʠ ʦʜʥʦʨʘʥ-

ʛʦʚʳʭ ʩʝʪʝʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʦʯʝʨʥʠʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʠʤʝʥ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʧʨʘʚʣʷʝʤʫʶ ʨʝʘʣʠʟʘʮʠʶ 

ʠʥʪʝʨʬʝʡʩʘ Windows Sockets (Winsock) ʠ ʜʦʩʪʫʧ ʢ 

ʩʝʪʝʚʳʤ ʧʦʪʦʢʘʤ ʜʣʷ ʟʘʱʠʪʳ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 

ʤʝʞʜʫ ʫʟʣʘʤʠ [1]. 

ɼʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʝʪʝʚʦʤʫ ʨʝʩʫʨʩʫ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʣʘʩʩ WebClient (ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʠʤʝʥ System.Net), ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʙʱʠʝ 

ʤʝʪʦʜʳ ʜʣʷ ʦʪʧʨʘʚʢʠ ʠ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʨʝ-

ʩʫʨʩʘ, ʫʢʘʟʘʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ URI (Uniform 

Resource Identifier). 

ɼʣʷ ʩʢʘʯʠʚʘʥʠʷ ʬʘʡʣʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝ-

ʪʦʜ WebClient.DownloadFileAsync (address, 

fileName) [2]. 

ʕʪʦʪ ʤʝʪʦʜ ʟʘʛʨʫʞʘʝʪ ʨʝʩʫʨʩ ʧʦ URI, ʫʢʘʟʘʥ-

ʥʦʤʫ ʚ address ʧʘʨʘʤʝʪʨ. ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʟʘʚʝʨ-

ʰʝʥʠʷ ʟʘʛʨʫʟʢʠ ʟʘʛʨʫʞʝʥʥʳʡ ʬʘʡʣ ʥʘʟʳʚʘʝʪʩʷ 

fileName ʥʘ ʣʦʢʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ. ʌʘʡʣ ʟʘʛʨʫʞʘ-

ʝʪʩʷ ʘʩʠʥʭʨʦʥʥʦ ʩ ʧʦʤʦʱʴʶ ʨʝʩʫʨʩʦʚ ʧʦʪʦʢʘ, ʢʦʪʦ-

ʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʜʘʶʪʩʷ ʠʟ ʧʫʣʘ ʧʦʪʦʢʦʚ. 

ʏʪʦʙʳ ʧʦʣʫʯʘʪʴ ʫʚʝʜʦʤʣʝʥʠʷ, ʝʩʣʠ ʬʘʡʣ ʜʦʩʪʫʧʝʥ, 

ʜʦʙʘʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʯʠʢ ʩʦʙʳʪʠʡ ʜʣʷ 

DownloadFileCompleted ʩʦʙʳʪʠʷ. 

ʕʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʢʦʤʘʥʜʫ RETR ʜʣʷ ʟʘ-

ʛʨʫʟʢʠ FTP-ʨʝʩʫʨʩʘ. ɼʣʷ HTTP-ʨʝʩʫʨʩʘ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʤʝʪʦʜ GET [3]. 

ʉʦʟʜʘʜʠʤ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʢʘʯʠʚʘʝʪ 

ʬʘʡʣ ʩ web-ʩʝʨʚʝʨʘ ʧʦ ʫʢʘʟʘʥʥʦʤʫ ʘʜʨʝʩʫ, ʩʢʘʯʠʚʘ-

ʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʘʩʠʥʭʨʦʥʥʦ, ʪʦ ʝʩʪʴ ʚ ʵʪʦʪ ʤʦʤʝʥʪ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʜʨʫʛʠʝ ʦʧʝʨʘʮʠʠ ʩ 

ʧʨʠʣʦʞʝʥʠʝʤ. 

ɺʥʘʯʘʣʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʭʨʘʥʷʪʴ ʜʘʥʥʳʝ ʦʙ 

ʫʞʝ ʩʢʘʯʘʥʥʳʭ ʬʘʡʣʘʭ ʙʳʣʘ ʩʦʟʜʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ 

(DataSet) ʩ ʝʜʠʥʩʪʚʝʥʥʦʡ ʪʘʙʣʠʮʝʡ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦ-

ʨʦʡ ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1.  
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ʈʠʩʫʥʦʢ 1 ʉʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ 

 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʦʡ ɹɼ ʙʳʣ ʩʦʟʜʘʥ ʢʣʘʩʩ App ʠ ʧʦʤʝʱʝʥ ʚ ʬʘʡʣ App.cs (ʣʠʩʪʠʥʛ 1). 

ʃʠʩʪʠʥʛ 1 ï ʬʘʡʣ App.cs 

using System; 

using System.Collections.Generic; 

using System.Linq; 

using System.Text; 

using System.Threading.Tasks; 

 

namespace MLoader 

{  

static class App 

{  

static Database db; 

public static Database DB 

{  

get 

{  

if (db == null) 

db = new Database(); 

return db; 

}  

}  

}  

}  

 

ɼʘʣʝʝ ʙʳʣʘ ʩʦʟʜʘʥʘ ʛʣʘʚʥʘʷ ʬʦʨʤʘ (ʨʠʩʫʥʦʢ 2, ʣʠʩʪʠʥʛ 2), ʬʦʨʤʘ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ URL ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ 

(ʨʠʩʫʥʦʢ 3, ʣʠʩʪʠʥʛ 3), ʬʦʨʤʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘʩʪʨʦʝʢ ʧʨʦʛʨʘʤʤʳ (ʨʠʩʫʥʦʢ 4, ʣʠʩʪʠʥʛ 4), ʬʦʨʤʘ ʟʘʛʨʫʟʢʠ 

ʬʘʡʣʘ (ʨʠʩʫʥʦʢ 5, ʣʠʩʪʠʥʛ 5). 

 

 
ʈʠʩʫʥʦʢ 2 ɻʣʘʚʥʘʷ ʬʦʨʤʘ 

 

ʃʠʩʪʠʥʛ 2 ï ʬʘʡʣ frmMain.cs using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Drawing; 

using System.IO; 

using System.Linq; 

using System.Text; 

using System.Threading.Tasks; 

using System.Windows.Forms; 

 

namespace MLoader 

{  

public partial class frmMain : Form 

{  

public frmMain() 

{  

InitializeComponent(); 

}  
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private void tsSettings_Click(object sender, EventArgs e) 

{  

using (frmSettings frm = new frmSettings()) 

{  

frm.ShowDialog(); 

}  

}  

 

private void tsAddUrl_Click(object sender, EventArgs e) 

{  

using(frmAddUrl frm = new frmAddUrl()) 

{  

if (frm.ShowDialog() == DialogResult.OK) 

{  

frmDownload frmDownload = new frmDownload(this); 

if (Uri.IsWellFormedUriString(frm.Url, UriKind.Absolute)) 

{  

frmDownload.Url = frm.Url; 

frmDownload.Show(); 

}  

else 

MessageBox.Show("Wrong URL", "Error", MessageBoxButtons.OK, MessageBoxIcon.Error); 

}  

}  

}  

 

private void tsRemove_Click(object sender, EventArgs e) 

{  

if (listView1.Items.Count == 0) 

MessageBox.Show("No records in list", "Error", MessageBoxButtons.OK, MessageBoxIcon.Error); 

else 

{  

if (listView1.SelectedItems.Count == 0) 

MessageBox.Show("No selected records", "Error", MessageBoxButtons.OK, MessageBoxIcon.Error); 

else 

{  

if (MessageBox.Show("Are you really want to delete this record?", "Message", MessageBoxButtons.YesNo, 

MessageBoxIcon.Question) == DialogResult.Yes) 

{  

for (int i = listView1.SelectedItems.Count; i > 0; i--) 

{  

ListViewItem item = listView1.SelectedItems[i - 1]; 

App.DB.Files.Rows[item.Index].Delete(); 

listView1.Items[item.Index].Remove(); 

}  

App.DB.AcceptChanges(); 

App.DB.WriteXml(string.Format("{0}/data.dat", Application.StartupPath)); 

}  

}  

}  

}  

 

private void frmMain_Load(object sender, EventArgs e) 

{  

string fileName = string.Format("{0}/data.dat", Application.StartupPath); 

if (File.Exists(fileName)) 

{  

App.DB.ReadXml(fileName); 

foreach (Database.FilesRow row in App.DB.Files) 

{  

ListViewItem item = new ListViewItem(row.Id.ToString()); 

item.SubItems.Add(row.FileName); 
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item.SubItems.Add(row.Url); 

item.SubItems.Add(row.FileSize); 

item.SubItems.Add(row.DataTime.ToLongDateString()); 

listView1.Items.Add(item); 

}  

}  

}  

}  

}  

 

 
ʈʠʩʫʥʦʢ 3 ʌʦʨʤʘ ʜʦʙʘʚʣʝʥʠʷ ʩʩʳʣʢʠ ʥʘ ʩʢʘʯʠʚʘʥʠʝ ʬʘʡʣʘ 

 

 

ʃʠʩʪʠʥʛ 3 ï ʬʘʡʣ frmAddUrl.cs 

using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Threading.Tasks; 

using System.Windows.Forms; 

 

namespace MLoader 

{  

public partial class frmAddUrl : Form 

{  

public frmAddUrl() 

{  

InitializeComponent(); 

}  

 

public string Url { get; set; } 

 

private void btnOK_Click(object sender, EventArgs e) 

{  

this.Url = txtUrl.Text; 

}  

}  

}  
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ʈʠʩʫʥʦʢ 4 ʌʦʨʤʘ ʫʩʪʘʥʦʚʢʠ ʥʘʩʪʨʦʝʢ ʧʨʦʛʨʘʤʤʳ 

 

ʃʠʩʪʠʥʛ 4 ïfrmSettings.cs using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Drawing; 

using System.Linq; 

using System.Text; 

using System.Threading.Tasks; 

using System.Windows.Forms; 

 

namespace MLoader 

{  

public partial class frmSettings : Form 

{  

public frmSettings() 

{  

InitializeComponent(); 

}  

 

private void btnBrowse_Click(object sender, EventArgs e) 

{  

using (FolderBrowserDialog fbd = new FolderBrowserDialog() { Description = "Select your path" }) 

if (fbd.ShowDialog() == DialogResult.OK) 

txtPath.Text = fbd.SelectedPath; 

}  

 

private void btnSave_Click(object sender, EventArgs e) 

{  

if(!string.IsNullOrEmpty(txtPath.Text) && !string.IsNullOrWhiteSpace(txtPath.Text)) 

{  

Properties.Settings.Default.Path = txtPath.Text; 

Properties.Settings.Default.Save(); 

this.Close(); 

}  

else 

{  

MessageBox.Show("Please select your path", "Message", MessageBoxButtons.OK, MessageBoxIcon.Infor-

mation); 

}  

}  

 

private void frmSettings_Load(object sender, EventArgs e) 

{  

if(Properties.Settings.Default.Path != null) 

txtPath.Text = Properties.Settings.Default.Path; 
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}  

}  

}  

 
ʈʠʩʫʥʦʢ 5 ʌʦʨʤʘ ʟʘʛʨʫʟʢʠ ʬʘʡʣʘ 

 

ʃʠʩʪʠʥʛ 5 ï ʬʘʡʣ frmDownload.cs using System; 

using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 

using System.Drawing; 

using System.Linq; 

using System.Net; 

using System.Text; 

using System.Threading.Tasks; 

using System.Windows.Forms; 

 

namespace MLoader 

{  

public partial class frmDownload : Form 

{  

public frmDownload(frmMain frm) 

{  

InitializeComponent(); 

frmMain = frm; 

}  

 

private void btnStart_Click(object sender, EventArgs e) 

{  

Uri uri = new Uri(this.Url); 

FileName = System.IO.Path.GetFileName(uri.AbsolutePath); 

if (!string.IsNullOrEmpty(Properties.Settings.Default.Path) && !string.IsNullOrWhiteSpace(Properties.Set-

tings.Default.Path)) 

client.DownloadFileAsync(uri, Properties.Settings.Default.Path+"/"+FileName); 

else 

MessageBox.Show("Please select your path", "Message", MessageBoxButtons.OK, MessageBoxIcon.Infor-

mation); 

}  

 

private void btnStop_Click(object sender, EventArgs e) 

{  

client.CancelAsync(); 

}  

 

private void btnBrowse_Click(object sender, EventArgs e) 

{  

using (FolderBrowserDialog fbd = new FolderBrowserDialog() { Description = "Select your path" }) 

{  

if (fbd.ShowDialog() == DialogResult.OK) 

{  

if (!string.IsNullOrEmpty(fbd.SelectedPath) && !string.IsNullOrWhiteSpace(fbd.SelectedPath)) 

{  

txtPath.Text = fbd.SelectedPath; 
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Properties.Settings.Default.Path = txtPath.Text; 

Properties.Settings.Default.Save(); 

}  

else 

{  

MessageBox.Show("Please select your path", "Message", MessageBoxButtons.OK, MessageBoxIcon.Infor-

mation); 

}  

}  

}  

}  

WebClient client; 

public string Url { set; get; } 

public string FileName { set; get;} 

public double FileSize { get; set; } 

public double Percentage { get; set; } 

private frmMain _frmMain; 

 

private void frmDownload_Load(object sender, EventArgs e) 

{  

client = new WebClient(); 

client.DownloadProgressChanged += Client_DownloadProgressChanged; 

client.DownloadFileCompleted += Client_DownloadFileCompleted; 

txtAdress.Text = Url; 

txtPath.Text = Properties.Settings.Default.Path; 

}  

 

private void Client_DownloadFileCompleted(object sender, AsyncCompletedEventArgs e) 

{  

if (e.Error != null) 

{  

MessageBox.Show("An error occurred", "Error", MessageBoxButtons.OK, MessageBoxIcon.Error); 

}  

else 

{  

Database.FilesRow row = App.DB.Files.NewFilesRow(); 

row.Url = Url; 

row.FileName = FileName; 

row.FileSize = (string.Format("{0:0.##} KB", FileSize / 1024)); 

row.DataTime = DateTime.Now; 

App.DB.Files.AddFilesRow(row); 

App.DB.AcceptChanges(); 

App.DB.WriteXml(string.Format("{0}/data.dat", Application.StartupPath)); 

ListViewItem item = new ListViewItem(row.Id.ToString()); 

item.SubItems.Add(row.FileName); 

item.SubItems.Add(row.Url); 

item.SubItems.Add(row.FileSize); 

 item.SubItems.Add(row.DataTime.ToLongDateString()); 

_frmMain.listView1.Items.Add(item); 

}  

this.Close(); 

}  

 

private void Client_DownloadProgressChanged(object sender, DownloadProgressChangedEventArgs e) 

{  

progressBar.Minimum = 0; 

double receive = double.Parse(e.BytesReceived.ToString()); 

FileSize = double.Parse(e.TotalBytesToReceive.ToString()); 

Percentage = receive / FileSize * 100; 

lblStatus.Text = "Downloaded: " + Percentage.ToString("0.00") + '%' + " (" + (receive / 

1048576).ToString("0.00") + "/" + (FileSize / 1048576).ToString("0.00") + " Mbyte)"; 

progressBar.Value = int.Parse(Math.Truncate(Percentage).ToString()); 

progressBar.Update(); 
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}  

}  

}  

ɼʝʤʦʥʩʪʨʘʮʠʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ 

ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ ʦʪʢʨʳʚʘʝʪʩʷ ʛʣʘʚʥʘʷ ʬʦʨʤʘ, ʧʦ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ çAdd URLè ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ 

ʥʦʚʳʡ ʬʘʡʣ ʢ ʟʘʛʨʫʟʢʝ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʩʘʤ URL ʠ ʥʘʞʘʪʴ ʢʥʦʧʢʫ çOKè. ʆʪʢʨʳʚʘʝʪʩʷ ʬʦʨʤʘ 

ʟʘʛʨʫʟʢʠ ʬʘʡʣʘ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʟʘʛʨʫʟʢʠ ʬʘʡʣʘ ʬʦʨʤʘ ʟʘʢʨʳʚʘʝʪʩʷ, ʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʢʘʯʘʥʥʦʤ ʬʘʡʣʝ ʜʦ-

ʙʘʚʣʷʝʪʩʷ ʚ ʩʧʠʩʦʢ. ɺʝʩʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʠʣʣʶʩʪʨʠʨʫʶʪ ʨʠʩʫʥʢʠ 6.1-6.4. 

 

 
ʈʠʩʫʥʦʢ 6.1 ɼʦʙʘʚʣʝʥʠʝ ʩʩʳʣʢʠ ʜʣʷ ʟʘʛʨʫʞʘʝʤʦʛʦ ʬʘʡʣʘ 

 

 
ʈʠʩʫʥʦʢ 6.2 ʌʦʨʤʘ ʟʘʛʨʫʟʢʠ ʬʘʡʣʘ 

 

 
ʈʠʩʫʥʦʢ 6.3 ʇʨʦʮʝʩʩ ʟʘʛʨʫʟʢʠ 
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ʈʠʩʫʥʦʢ 6.4 ɼʦʙʘʚʣʝʥʠʝ ʚ ʩʧʠʩʦʢ ʟʘʛʨʫʞʝʥʥʳʭ ʬʘʡʣʦʚ 
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INTERACTION OF WORKING ELEMENTS OF  MIXING AUGER WITH TRANSPORTING 

MATERIALS IN BIOGAS PLANT  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʤʝʰʠʚʘʶ-

ʱʝʛʦ ʰʥʝʢʘ ʩ ʙʠʦʤʘʩʩʦʡ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʙʠʦʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦ ʧʘ-

ʪʝʥʪʫ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ˉ31646 [1]. ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʰʥʝʢʘ ʩ ʙʠʦʤʘʩʩʦʡ ʩ ʫʯʝʪʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʤʘʪʝʨʠʘʣʴʥʦʡ 

ʩʨʝʜʦʡ ʠ ʩʦʩʪʘʚʣʝʥʳ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ ʙʠʦʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʚʷʟʢʠʤ ʤʘʪʝʨʠʘ-

ʣʦʤ ʚ ʚʠʜʝ ʙʠʦʤʘʩʩʳ ʠ ʜʘʥʘ ʝʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ. 

Abstract 

This article presents studies on the interaction of the working elements of the mixing screw with biomass in 

the process of transportation and mixing in a biogas plant under the invention patent of the Republic of Kazakhstan 

No. 31646 [1]. The article analyzes the interaction of the auger with biomass, taking into account the classification 

of the interaction of the elements of the working bodies with the material environment, and the scheme of interac-

tion of the working elements of the biogas plant with a viscous material in the form of biomass and gives it a 

mathematical description. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʛʘʟʦʚʘʷ ʫʩʪʘʥʦʚʢʘ, ʰʥʝʢ, ʨʘʙʦʯʠʡ ʵʣʝʤʝʥʪ, ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʙʠʦʤʘʩʩʳ, ʚʷʟʢʠʡ 

ʤʘʪʝʨʠʘʣ 

Keywords: biogas plant, auger, working element, biomass mixing, viscous material 
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ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʫʣʫʯʰʝʥʠʷ ʘʥʘʵʨʦʙʥʦʛʦ ʩʙʨʘ-

ʞʠʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ ʷʚʣʷʝʪʩʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʙʠʦʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʧʫʪʝʤ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʮʠʨ-

ʢʫʣʷʮʠʠ ʙʠʦʤʘʩʩʳ ʚ ʙʠʦʨʝʘʢʪʦʨʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʨʘʩʩʤʦʪʨʝʥʘ ʙʠʦʛʘʟʦʚʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʥʘ ʨʠʩʫʥʢʝ 1, ʥʘ ʢʦʪʦʨʦʡ ʧʨʠʤʝʥʝʥʦ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʰʥʝʢʘ (ʚʠʥʪʘ) ʠ ʚʠʥʪʦ-

ʚʳʭ ʣʦʧʘʩʪʝʡ (ʚ ʮʝʥʪʨʝ ʙʠʦʨʝʘʢʪʦʨʘ) ʠ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʧʝʨʝʛʦʨʦʜʢʠ ʤʝʞʜʫ ʦʪʩʝʢʘʤʠ ʠ ʪʨʝʭʫʛʦʣʴʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝ-

ʤʝʥʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʮʠʨʢʫʣʷʮʠʠ 

ʙʠʦʤʘʩʩʳ ʚ ʙʠʦʨʝʘʢʪʦʨʝ. ʆʩʥʦʚʥʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘ-

ʥʦʤ ʷʚʣʷʝʪʩʷ ʰʥʝʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʝʨʝʤʝʰʠʚʘ-

ʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʙʠʦʤʘʩʩʳ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʪʭʦʜʦʚ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ʨʘʟʨʘʙʦʪʢʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ, ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʟ-

ʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʡ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʦ ʩʨʝ-

ʜʦʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦ-

ʩʦʙʳ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʳ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʛʨʫʥʪʦʚ: ʤʝʭʘʥʠʯʝʩʢʠʡ (ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʠʥʩʪʨʫʤʝʥʪʘ); ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ (ʨʘʟʤʳʚ ʩʪʨʫʝʡ 

ʚʦʜʳ ʠʣʠ ʚʩʘʩʳʚʘʥʠʷ ʩʦ ʜʥʘ ʚʦʜʦʝʤʘ ʚʤʝʩʪʝ ʩ ʚʦ-

ʜʦʡ); ʚʟʨʳʚʥʦʡ(ʨʘʟʨʫʰʝʥʠʝ ʜʘʚʣʝʥʠʝʤ ʛʘʟʦʚ ʧʨʠ 

ʚʦʩʧʣʘʤʝʥʝʥʠʠ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ); ʬʠʟʠʯʝʩʢʠʡ 

(ʚʦʟʜʝʡʩʪʚʠʝ ʫʣʴʪʨʘʟʚʫʢʘ, ʪʦʢʘ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ, 

ʪʝʤʧʝʨʘʪʫʨʳ); ʭʠʤʠʯʝʩʢʠʡ (ʧʝʨʝʚʦʜ ʛʨʫʥʪʘ ʚ ʞʠʜ-

ʢʦʝ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ); ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʳʡ (ʩʦʯʝʪʘʥʠʝ ʚʟʨʳʚʥʦʛʦ ʠʣʠ ʬʠʟʠʯʝʩʢʦʛʦ ʩ ʤʝʭʘ-

ʥʠʯʝʩʢʠʤ, ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʡ, ʧʥʝʚʤʘʪʠʯʝ-

ʩʢʠʡ, ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʡ). ʅʘ ʛʨʫʥʪ ʤʦʞʝʪ 

ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ, ʪʚʝʨʜʦʝ ʪʝʣʦ (ʨʘʙʦʯʠʡ ʦʨʛʘʥ), ʞʠʜ-

ʢʦʩʪʴ ʠʣʠ ʛʘʟ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ, ʜʠʥʘʤʠʯʝʩʢʦʤ 

(ʫʜʘʨʥʦʤ), ʚʠʙʨʘʮʠʦʥʥʦʤ ʠʣʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝ-

ʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ [2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʜʝʡʩʪʚʠʝ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ 

ʩʨʝʜʫ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘ-

ʙʦʯʠʤ ʦʨʛʘʥʦʤ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʨʘʙʦʯʝʝ ʪʝʣʦ (ʚʦʜʘ, 

ʛʘʟ) ʠʣʠ ʬʠʟʠʯʝʩʢʦʝ ʧʦʣʝ, ʪ.ʝ. ʦʧʦʩʨʝʜʩʪʚʦʚʘʥʥʦ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. 

 
 

ʈʠʩʫʥʦʢ 1 ï ɹʠʦʛʘʟʦʚʘʷ ʫʩʪʘʥʦʚʢʘ (ʙʠʦʨʝʘʢʪʦʨ) 

ʇʨʠʤʝʯʘʥʠʝ - [71] 

 
ʇʨʠ ʠʟʫʯʝʥʠʠ ʬʠʟʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʠʩʧʦʣʴʟʫʶʪ 
ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʠ ʩʨʝʜʩʪʚʘ. ʈʝʛʠʩʪʨʘʮʠʷ ʧʝʨʝ-
ʤʝʱʝʥʠʡ ʯʘʩʪʠʮ ʤʘʪʝʨʠʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʩʩʠʚʘ ʠ 
ʵʣʝʤʝʥʪʦʚ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʧʝʨʝʜʘʶʱʝʛʦ ʚʥʝʰ-
ʥʶʶ ʥʘʛʨʫʟʢʫ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ 
ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʝʟʘʥʠʷ ʠ 
ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʦʚ, ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠ-
ʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʛʨʫʞʝʥʠʷ ʩʚʘʡ, ʦʙʨʘʙʦʪʢʠ 
ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ, ʜʚʠʞʝʥʠʷ ʪʝʣ ʨʘʟʣʠʯʥʦʡ ʢʦʥ-
ʬʠʛʫʨʘʮʠʠ ʚ ʞʠʜʢʦʩʪʷʭ ʠ ʛʘʟʘʭ ʠ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ. 
ʇʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʠʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʚʠʩʷʪ ʦʪ ʛʝʦ-
ʤʝʪʨʠʯʝʩʢʠʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦ-
ʯʝʛʦ ʦʨʛʘʥʘ, ʪʨʘʝʢʪʦʨʠʠ ʝʛʦ ʜʚʠʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ ʩʨʝʟʘʝʤʦʡ ʩʪʨʫʞʢʠ, ʩʭʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘ-
ʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ ʤʘʪʝʨʠʘʣʦʤ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʦʡʩʪʚ 
ʩʨʝʜʳ. ʉʦʦʪʥʦʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝ-
ʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʚʥʝʰʥʝʛʦ ʝʛʦ ʪʨʝʥʠʷ ʧʦ ʩʪʘʣʠ 

ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʘʣʘ ʩ ʦʢʨʫ-
ʞʘʶʱʠʤ ʥʦʞʦʤ. 
ʈʘʩʩʤʘʪʨʠʚʘʷ (ʧʨʠʙʣʠʞʝʥʥʫʶ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʫʶ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʯʝʛʦ ʦʨ-
ʛʘʥʘ ʩ ʛʨʫʥʪʦʤ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʝʭʘ-
ʥʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ɺ.ʀ. ɹʘʣʦʚʥʝʚ [3] ʚʳʜʝʣʷʝʪ 
ʜʣʷ ʢʦʚʰʦʚʳʭ ʠ ʦʪʚʘʣʴʥʳʭ ʦʨʛʘʥʦʚ ʟʝʤʣʝʨʦʡʥʳʡ 
ʤʘʰʠʥ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʭ ʟʦʥʳ. ɸ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʷ ʦʪʚʘʣʘ ʩ ʛʨʫʥʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶ-
ʱʠʤʠ ʟʦʥʘʤʠ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʞʢʠ ʫ ʨʝʞʫʱʝʡ 
ʢʨʦʤʢʠ, ʜʚʠʞʝʥʠʝ ʧʣʘʩʪʘ ʧʦ ʦʪʚʘʣʫ ʠ ʟʦʥʘ ʨʘʟʨʫʰʝ-
ʥʠʷ' ʧʣʘʩʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠʟʤʳ ʚʦʣʦʯʝʥʠʷ. ɺʟʘ-
ʠʤʦʜʝʡʩʪʚʠʷ ʢʦʚʰʦʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚ ʦʙʱʠʭ 
ʯʝʨʪʘʭ ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. ʂʦʥʝʯʥʳʡ 
ʵʪʘʧ ʥʘʧʦʣʥʝʥʠʷ ʢʦʚʰʘ ʩʢʨʝʧʝʨʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠ-
ʟʫʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʪʨʝʭ ʟʦʥ: ʦʪʜʝʣʝʥʠʝ ʛʨʫʥʪʘ ʦʪ 
ʤʘʩʩʠʚʘ ʫ ʥʦʞʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʩʪʘ, ʜʚʠʞʝʥʠʝ 
ʧʣʘʩʪʘ (ʯʘʩʪʠ ʛʨʫʥʪʘ) ʚʥʫʪʨʠ ʢʦʚʰʘ ʠ ʥʝʧʦʜʚʠʞʥʳʝ 
ʫʯʘʩʪʢʠ ʛʨʫʥʪʘ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ 
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ʜʚʠʞʫʱʝʛʦʩʷ ʧʣʘʩʪʘ ʫ ʟʘʜʥʝʡ ʩʪʝʥʢʠ ʢʦʚʰʘ ʠ ʫ ʟʘ-
ʩʣʦʥʢʠ. 
ɸʥʘʣʠʟ ʤʝʭʘʥʠʟʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘ-

ʥʦʚ ʟʝʤʣʝʨʦʡʥʳʭ ʤʘʰʠʥ ʠ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʧʦʜʩʠ-
ʩʪʝʤʳ çʨʘʙʦʯʠʡ ʦʨʛʘʥ - ʛʨʫʥʪè ʧʦʟʚʦʣʠʣ ʩʠʩʪʝʤʘ-
ʪʠʟʠʨʦʚʘʪʴ ʝʝ ʦʙʱʠʝ ʵʣʝʤʝʥʪʳ. ʇʦʜʩʠʩʪʝʤʘ çʥʦʞʝ-
ʚʠʜʥʳʡ ʠʣʠ ʟʫʙʦʦʙʨʘʟʥʳʡ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ï ʛʨʫʥʪè 
ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʣʦʙʦʚʘʷ ʧʦ-
ʚʝʨʭʥʦʩʪʴ, ʣʝʟʚʠʝ ʥʦʞʘ, ʧʨʘʚʘʷ ʠ ʣʝʚʘʷ ʙʦʢʦʚʳʝ 
ʛʨʘʥʠ ʥʦʞʘ, ʧʦʚʝʨʭʥʦʩʪʴ ʩʜʚʠʛʘ ʧʦ ʛʨʫʥʪʫ, ʧʦʚʝʨʭ-
ʥʦʩʪʴ ʩʜʚʠʛʘ ʧʦ ʤʝʪʘʣʣʫ ʦʪʚʘʣʘ, ʧʨʠʟʤʘ ʛʨʫʥʪʘ ʧʝ-
ʨʝʜ ʦʪʚʘʣʦʤ. ʇʦʜʩʠʩʪʝʤʘ çʢʦʚʰʦʚʳʡ ʨʘʙʦʯʠʡ ʦʨ-
ʛʘʥ - ʛʨʫʥʪè ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʵʣʝ-
ʤʝʥʪʦʚ: ʣʦʙʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʦʞʘ, ʣʝʟʚʠʝ ʥʦʞʘ, 
ʙʦʢʦʚʳʝ ʛʨʘʥʠ ʥʦʞʘ, ʧʦʚʝʨʭʥʦʩʪʠ ʩʜʚʠʛʘ ʧʦ ʛʨʫʥʪʫ 
ʠ ʧʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʚʰʘ (ʤʝʪʘʣʣʫ), ʧʨʠʟʤʘ 
ʚʦʣʦʯʝʥʠʷ. ʂʘʞʜʳʡ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʦʨʛʘʥʦʚ ʩʦ-
ʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʪʠʧʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. 
ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʦʙʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦ-

ʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʦ ʩʨʝʜʦʡ ʩ 
ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʧʘʥʠʶ ʧʦʟʚʦ-
ʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʠʩʪʝʤʫ ʯʘʩʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 
ʤʦʜʝʣʝʡ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ [4]. ʅʘʧʨʠ-
ʤʝʨ, ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʢʦʚʰʦʚʦʛʦ ʪʠʧʘ ʤʦʞʝʪ ʙʳʪʴ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʨʘʩʯʣʝʥʝʥ ʧʦ ʘʥʘʣʠʟʫ ʤʘʪʝʤʘʪʠʯʝ-
ʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʜʝʚʷʪʴ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʙʨʘ-
ʟʦʚʘʥʠʝ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʩ ʥʦʚʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʤʦʜʝʣʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʤʠʥʠʤʠ-
ʟʘʮʠʷ ʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʳʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʨʘ-
ʙʦʯʠʝ ʦʨʛʘʥʳ ʠ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ. 
ʇʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʦ 

ʩʨʝʜʦʡ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 
ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʫʩʣʦʚʠʡ ʚʦʟʜʝʡʩʪʚʠʷ ʝʛʦ ʥʘ ʛʨʫʥʪ 
ʧʨʦʠʩʭʦʜʷʪ ʜʝʬʦʨʤʘʮʠʠ ʩʞʘʪʠʷ, ʩʜʚʠʛʘ ʠ ʨʘʩʪʷʞʝ-
ʥʠʷ, ʟʨʝʥʠʷ ʛʨʫʥʪʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, 
ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʧʦ ʤʘʩʩʠʚʫ ʛʨʫʥʪʘ ʠ ʛʨʫʥʪʘ ʧʦ 
ʛʨʫʥʪʫ. ɺʣʠʷʥʠʝ ʬʘʢʪʦʨʘ ʚʨʝʤʝʥʠ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ 
ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʳ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʫʯʠʪʳʚʘʪʴ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ. 
ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʤʘ-

ʰʠʥ ʩ ʛʨʫʟʘʤʠ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ, ʦʧʨʝʜʝ-
ʣʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ (ʨʘʟʛʨʫʟʢʠ) ʠ 
ʚʦʟʥʠʢʘʶʱʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʘʰʠʥ. ʊʨʘʥʩ-
ʧʦʨʪʠʨʦʚʘʥʠʝ ʥʘʚʘʣʦʯʥʳʭ ʛʨʫʟʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʤʘʰʠʥʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡ-
ʩʪʚʠʷ. 
ɼʣʷ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ, ʚʦʜ-

ʥʦʛʦ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʝʨʝʤʝʱʘʶ-
ʱʝʛʦ ʛʨʫʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ: ʦʙʦʨʫʜʦʚʘʥʠʡ 
(ʥʘʩʳʧʴʶ) ʠʣʠ ʚ ʢʦʥʪʝʡʥʝʨʘʭ, ʭʘʨʘʢʪʝʨʥʦ ʧʦʜʦʙʠʝ 
ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʅʘʭʦʜʷʩʴ ʥʘ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʠ 
ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʥʘʣʠʧʘʪʴ, ʧʨʠʤʝʨʟʘʪʴ; ʚʳʟʳʚʘʪʴ 
ʢʦʨʨʦʟʠʶ ʠ ʜʨʫʛʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ. 
ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʨʘʥʩ-
ʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦ-
ʨʦʚ: ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʚʠʙʨʘʮʠʷ, ʜʘʚʣʝʥʠʝ), 
ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʠ ʪ.ʜ. 
ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʘʜʛʝʟʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʷʟʢʠʭ (ʣʠʧʢʠʭ) ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦ-
ʚʝʨʭʥʦʩʪʴʶ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʧʝ-
ʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʥʘʷ ʠ ʙʝʩʧʨʝ-

ʧʷʪʩʪʚʝʥʥʘʷ ʨʘʟʛʨʫʟʢʘ. ʇʨʦʯʥʦʩʪʴ ʩʚʷʟʝʡ, ʚʦʟʥʠʢʘ-
ʶʱʠʭ ʥʘ ʛʨʘʥʠʮʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʤʝ-
ʥʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʨʘʟʛʨʫʟʢʠ ʥʘʢʣʦʥʦʤ (ʧʦʚʦʨʦʪʦʤ) 
ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʣʫʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʩ ʯʘ-
ʩʪʠʯʥʦʡ ʦʯʠʩʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʣʠ ʧʨʠʥʫʜʠʪʝʣʴ-
ʥʦʡ ʩʦ ʩʪʘʣʢʠʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʧʦʜʚʠʞʥʳʤʠ ʵʣʝ-
ʤʝʥʪʘʤʠ. ɺʳʙʦʨ ʩʧʦʩʦʙʘ ʨʘʟʛʨʫʟʢʠ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠ-
ʯʠʥʳ ʧʨʝʦʜʦʣʝʚʘʝʤʳʭ ʩʠʣ ʪʨʝʥʠʷ ʠʣʠ ʩʮʝʧʣʝʥʠʷ 
ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 
ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʠ ʧʨʦʩʪʦʡ ʷʚʣʷʝʪʩʷ 
ʩʚʦʙʦʜʥʘʷ ʨʘʟʛʨʫʟʢʘ, ʥʦ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ 
ʚʷʟʢʠʭ, ʣʠʧʢʠʭ ʠ ʚʣʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʥʘ ʥʝ ʵʬ-
ʬʝʢʪʠʚʥʘ. 
ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʥʠʞʝʥʠʷ ʘʜʛʝʟʠʠ ʚʣʘʞ-

ʥʳʭ ʛʨʫʥʪʦʚ ʷʚʣʷʶʪʩʷ [5]: ʩʦʟʜʘʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʢʦʥ-
ʪʘʢʪʘ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ ʩ ʤʝʥʴʰʝʡ ʘʜʛʝʟʠʦʥʥʦʡ ʩʧʦ-
ʩʦʙʥʦʩʪʴʶ ʠʣʠ ʚʦʜʥʳʭ ʧʨʦʩʣʦʝʢ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢ-
ʪʨʦʦʩʤʦʩʘ; ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʙʨʘʮʠʝʡ 
ʟʚʫʢʦʚʦʡ ʯʘʩʪʦʪʳ, ʫʣʴʪʨʘʟʚʫʢʦʤ, ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ 
ʠʣʠ ʥʘʛʨʝʚ ʧʦʚʝʨʭʥʦʩʪʠ; ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝ-
ʪʦʜʳ; ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷ-
ʪʠʷ (ʩʥʠʞʝʥʠʝ ʧʣʦʱʘʜʠ ʠ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ). ɺ 
ʙʦʨʴʙʝ ʩ ʥʘʣʠʧʘʥʠʝʤ ʛʦʨʥʦʡ ʤʘʩʩʳ ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ 
ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʢʘʨʴʝʨʘʭ ʥʘʠʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳ ʵʣʝʢʪʨʦʦʩʤʦʩ ʠ ʘʥʪʠʘʜʛʝʟʠʦʥʥʳʝ ʧʨʦ-
ʩʣʦʡʢʠ. 
ʇʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʥʝ-

ʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʛʨʫʟʳ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʫʶʪ ʩ ʨʘʙʦʯʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʨʠ ʨʘʙʦʪʝ ʚʠʥʪʦ-
ʚʦʛʦ ʢʦʥʚʝʡʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʦʟ-
ʥʠʢʥʦʚʝʥʠʝ ʩʠʣ ʪʨʝʥʠʷ ʥʘ ʵʣʝʤʝʥʪʘʭ ʚʠʥʪʘ (ʚʘʣ, 
ʣʦʧʘʩʪʠ ʠʣʠ ʣʝʥʪʘ) ʠ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʢʦʞʫʭʘ. ɺ ʤʝʩʪʘʭ ʧʨʠʤʳʢʘʥʠʷ ʚʘʣʘ: ʢʣʝʠʪʝ ʚʠʥʪʘ 
(ʥʘ ʝʝ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʝ) ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʟʘ-
ʩʪʦʡʥʳʝ ʟʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 
ʠʩʧʳʪʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʣ ʪʨʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʭ 
ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʦʞʫʭʘ. ʇʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʴ ʚʠʥʪʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʢʨʫ-
ʛʦʚʦʤ ʜʚʠʞʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʘʣʘ. ɼʣʷ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʪʦʛʦ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ 
ʩʚʷʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪ ʣʝʥʪʦʯʥʳʝ ʠ ʧʨʝ-
ʨʳʚʠʩʪʳʝ ʚʠʥʪʳ [6, 7]. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʠʧʢʦʩʪʠ ʧʦʯʚʦ-ʛʨʫʥʪʦʚ ʠ ʤʝʨʦ-

ʧʨʠʷʪʠʡ ʧʦ ʝʸ ʩʥʠʞʝʥʠʶ ʚʳʧʦʣʥʝʥʳ ʈ.ʇ ɿʘʜʥʝ-
ʧʨʦʚʩʢʠʤ [5, 8 ï 14]. 
ʇʨʠ ʚʩʸʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʵʪʠʤʠ 

ʘʚʪʦʨʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘʧʨʘʰʠʚʘ-
ʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦ ʢʦʥ-
ʩʪʨʫʢʮʠʠ ʠ ʥʘʟʥʘʯʝʥʠʶ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʤʘʪʝʨʠ-
ʘʣʴʥʦʡ ʩʨʝʜʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʨʝʞʠ-
ʤʦʤ ʨʘʙʦʪʳ ʤʘʰʠʥʳ, ʠ ʩʚʦʡʩʪʚʘʤʠ ʩʨʝʜʳ. 
ʄʝʭʘʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣʴʥʫʶ ʩʨʝʜʫ 
ʩʦʩʪʘʚʣʷʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʦʪʲʝʤʣʝʤʫʶ ʯʘʩʪʴ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʦʩʥʦʚ-
ʥʦʤ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʚʥʝʰʥʠʤ ʧʨʠʚʦʜʦʤ ʤʝʭʘʥʠʯʝ-
ʩʢʦʡ ʵʥʝʨʛʠʠ. ʇʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʭʘʨʘʢʪʝʨʠ-
ʟʫʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʦʙʲʝʢʪʦʤ. 
ʀʩʪʦʯʥʠʢʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ ʨʘʙʦʯʠʡ 
ʦʨʛʘʥ ʠʣʠ ʝʛʦ ʵʣʝʤʝʥʪ, ʪʘʢ ʠ ʤʘʪʝʨʠʘʣʴʥʘʷ ʩʨʝʜʘ. 
ʀʩʪʦʯʥʠʢʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʥʘ ʤʘʪʝ-
ʨʠʘʣʴʥʫʶ ʩʨʝʜʫ ʷʚʣʷʝʪʩʷ: ʨʝʞʫʱʠʡ ʵʣʝʤʝʥʪ ʨʘʙʦ-
ʯʠʭ ʦʨʛʘʥʦʚ ʦʪʚʘʣʴʥʦʛʦ ʠ ʢʦʚʰʦʚʦʛʦ ʪʠʧʘ, ʣʝʥʪʘ 
ʚʠʥʪʘ ʚʠʥʪʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ, ʩʢʨʝʙʦʢ ʩʢʨʝʙʢʦʚʦʛʦ 
ʢʦʥʚʝʡʝʨʘ, ʦʧʦʨʥʦ-ʭʦʜʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʘʰʠʥ ʠ 
ʜʨ. ʄʘʪʝʨʠʘʣʴʥʘʷ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟ-
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ʜʝʡʩʪʚʠʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫ-
ʜʦʚʘʥʠʷ: ʣʦʙʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ-
ʚʘʣʴʥʦʛʦ ʪʠʧʘ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʚʰʝʚʦʛʦ ʨʘʙʦʯʝʛʦ 
ʦʨʛʘʥʘ, ʢʫʟʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʥʪʝʡʥʝʨ, 
ʢʦʨʧʫʩ (ʣʝʥʪʫ) ʢʦʥʚʝʡʝʨʘ ʠ ʜʨ. 
ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘ-

ʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʦ ʩʨʝʜʦʡ ʠʣʠ ʩʨʝʜʳ ʩ ʨʘʙʦʯʠʤ ʦʨʛʘ-
ʥʦʤ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʙʝʟ ʚʟʘʠʤʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 
(ʩʢʦʣʴʞʝʥʠʷ) ʠʣʠ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʠʩʪʦʯ-
ʥʠʢ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ - ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ 
ʦʙʲʝʢʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʣʠ ʯʝʨʝʟ ʘʛʝʥʪʘ (ʨʘʙʦʯʝʝ 
ʪʝʣʦ, ʬʠʟʠʯʝʩʢʦʝ ʧʦʣʝ), ʪ.ʝ. ʦʧʦʩʨʝʜʩʪʚʦʚʘʥʥʦ. ɺ 
ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, 
ʚʳʜʝʣʠʪʴ ʦʜʥʦʪʠʧʥʳʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʦ ʩʨʝʜʦʡ ʠʣʠ ʩʨʝʜʳ ʩ ʨʘʙʦ-
ʯʠʤ ʦʨʛʘʥʦʤ, ʦʙʲʝʜʠʥʠʪʴ ʠʭ ʚ ʛʨʫʧʧʳ ʧʦ ʦʙʱʥʦʩʪʠ 
ʢʦʥʝʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʦʙʦʩʥʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬ-
ʬʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʠ 
ʩʦʟʜʘʥʠʶ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʙʦʯʝʛʦ 
ʦʨʛʘʥʘ ʩ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʛʦ ʵʣʝʤʝʥʪʦʚ. ɸʥʘ-
ʣʠʟʠʨʫʷ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʨʘʥʝʝ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʷ, ɺ.ʉ. ɹʦʯʘʨʦʚ [15] ʚʳʜʝʣʠʣ ʠʟ ʜʝʡʩʪʚʫʶʱʝʡ 
ʩʦʚʦʢʫʧʥʦʩʪʠ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣ ʩʣʝʜʫʶʱʠʝ ʦʩ-
ʥʦʚʥʳʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ 
ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ: ʘʢʪʠʚʥʦʝ, ʧʘʩʩʠʚʥʦʝ ʠ ʦʧʦʩʨʝʜ-
ʩʪʚʦʚʘʥʥʦʝ (ʨʠʩʫʥʦʢ 2). 
ʇʨʠ ʘʢʪʠʚʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʤʝʥʪʘ ʨʘʙʦ-

ʯʝʛʦ ʦʨʛʘʥʘ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʫʶ (ʤʘʪʝʨʠʘʣʴʥʫʶ) 

ʩʨʝʜʫ ʚʥʝʰʥʠʤ ʧʦʜʚʦʜʦʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 
ʧʨʦʠʩʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ 
(ʩʨʝʜʳ), ʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʝʥʠʷ ʩʨʝʜʳ ʘʜʛʝʟʠʠ ʠ 
ʜʨ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʧʷʪʩʪʚʫʝʪ 
ʧʝʨʝʤʝʱʝʥʠʶ ʨʘʙʦʯʝʛʦ ʵʣʝʤʝʥʪʘ (ʦʨʛʘʥʘ) ʚʦ ʚʨʝ-
ʤʝʥʠ, ʢʦʪʦʨʘʷ ʧʨʦʪʝʢʘʝʪ ʩ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʝʤ ʚ ʤʘʩ-
ʩʠʚʝ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ (ʤʘʪʝʨʠʘʣʴʥʦʡ) ʩʨʝʜʳ ʠʣʠ 
ʙʝʟ ʪʘʢʦʚʦʛʦ, ʧʨʝʦʜʦʣʝʚʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʦʙʫʩʣʦʚ-
ʣʝʥʥʦʝ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦ-
ʧʨʦʪʠʚʣʝʥʠʝʤ ʚʥʫʪʨʠ ʤʘʩʩʠʚʘ ʤʘʪʝʨʠʘʣʘ ʠ ʥʘ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʵʣʝʤʝʥʪʘ. 
ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 
ʨʝʘʣʴʥʳʭ ʩʢʦʨʦʩʪʷʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʧʨʠ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʠ ʙʝʟ ʧʝʨʝʤʝʱʝʥʠʷ ʩʢʦʨʦʩʪʴ ʚʦʟʜʝʡʩʪʚʫʶ-
ʱʝʛʦ ʵʣʝʤʝʥʪʘ ʨʘʚʥʘ ʥʫʣʶ, ʠ ʦʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ ʤʘʪʝ-
ʨʠʘʣʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʢʠ. 
ʇʨʠ ʧʘʩʩʠʚʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʚʦʟʜʝʡʩʪʚʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʩʠʣʦʡ ʪʷʞʝʩʪʠ, ʪʨʘʥʩʧʦʨʪʠ-
ʨʫʝʤʦʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʳ ʥʘ ʵʣʝʤʝʥʪ ʨʘʙʦʯʝʛʦ 
ʦʨʛʘʥʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʝʭ ʞʝ 
ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ. ʇʘʩʩʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʝʨʝʤʝʱʝʥʠʶ ʤʘʪʝʨʠʘʣʘ ʧʦ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʵʣʝʤʝʥʪʘ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚ-
ʣʷʪʴʩʷ ʢʘʢ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ, ʪʘʢ ʠ ʙʝʟ ʥʝʛʦ. ʉʦʧʨʦ-
ʪʠʚʣʝʥʠʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ 
ʢʦʥʪʘʢʪʘ çʩʨʝʜʘ - ʨʘʙʦʯʠʡ ʵʣʝʤʝʥʪè ʠ ʦʧʨʝʜʝʣʷʪʩʷ 
ʧʨʦʯʥʦʩʪʴʶ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʵʪʦʤ ʩʠʣ ʩʮʝʧʣʝʥʠʷ, 
ʬʨʠʢʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʝʣ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʦʡ 

ʇʨʠʤʝʯʘʥʠʝ - [16] 
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ʇʨʠ ʦʧʦʩʨʝʜʩʪʚʦʚʘʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʥ-

ʪʘʢʪʘ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʪʨʘʥʩ-

ʧʦʨʪʠʨʫʝʤʦʡ ʩʨʝʜʳ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʩʨʝʜʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ ʯʝʨʝʟ ʢʘʢʦʝ-

ʣʠʙʦ ʨʘʙʦʯʝʝ ʪʝʣʦ (ʛʘʟʦʦʙʨʘʟʥʦʝ, ʞʠʜʢʦʝ, ʧʦʨʦʰʢʦ-

ʦʙʨʘʟʥʦʝ, ʪʚʝʨʜʦʝ) ʠʣʠ ʬʠʟʠʯʝʩʢʦʝ ʧʦʣʝ (ʪʝʧʣʦʚʦʝ, 

ʤʘʛʥʠʪʥʦʝ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ, ʚʠʙʨʘʮʠʦʥʥʦʝ ʠ 

ʜʨ.). 

ʀ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʦʧʦʩʨʝʜʩʪʚʦʚʘʥʥʦʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ, 

ʢʦʛʜʘ ʥʝʪ ʚʟʘʠʤʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠʣʠ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʬʠʟʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, ʠ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʦʧʦʩʨʝʜ-

ʩʪʚʦʚʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʠ ʞʝ 

ʬʘʢʪʦʨʘʤʠ, ʢʘʢ ʠ ʧʨʠ ʘʢʪʠʚʥʦʤ ʠ ʧʘʩʩʠʚʥʦʤ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷʭ, ʥʦ ʝʛʦ ʚʝʣʠʯʠʥʫ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʚʦʟ-

ʜʝʡʩʪʚʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʧʘ ʧʨʦʷʚʣʝʥʠʝ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʳ ʠʣʠ ʚʚʦʜʦʤ ʨʘʙʦʯʝʛʦ 

ʪʝʣʘ ʚ ʟʦʥʫ ʢʦʥʪʘʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. [16] 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʳ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʪʫ ʠʣʠ ʠʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ (ʩʫʤʤʫ) ʚʳ-

ʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʵʣʝʤʝʥ-

ʪʦʚ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. ʉʫʤʤʘʨʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʘʨ-

ʥʳʭ ʚʦʟʜʝʡʩʪʚʠʠ, ʧʦʵʪʦʤʫ, ʩʥʠʞʘʷ ʜʦʣʶ ʥʘʠʙʦʣʝʝ 

ʵʥʝʨʛʦʸʤʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʘʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʫʷ 

ʥʘ ʠʭ ʩʫʤʤʫ, ʟʘʤʝʥʷʷ ʦʜʥʦ ʜʨʫʛʠʤ, ʤʦʞʥʦ ʦʧʪʠʤʠ-

ʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʧʦʚʳʩʠʪʴ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

[16] 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʩʫʤʤʘʨʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

 ὡ ὑ ὃ ὑὃ ὑ̒˜˜̒ ˗˜˜ ˗̒˛˛̒ ˗̒˛, (1) 

 

ʧʨʠ ʵʪʦʤ  

 

ὑ ὑ ὑ̒˜ ˗˜ ˗̒˛ ˗˛ ρ,  (2) 

 

ʛʜʝ ὑȟὑ  ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ 

ʘʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦ 

ʩʜʚʠʛʦʤ ʠ ʙʝʟ ʩʜʚʠʛʘ; 

ὑ̒˜Ƞὑ̏˜ ï ʪʦ ʞʝ ʜʣʷ ʦʧʦʩʨʝʜʩʪʚʦʚʘʥʥʦʛʦ ʚʟʘʠ-
ʤʦʜʝʡʩʪʚʠʷ; 

ὃȠὃ ï ʜʦʣʷ ʫʯʘʩʪʠʷ ʚ ʦʙʱʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʘʢ-

ʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦ ʩʜʚʠ-

ʛʦʤ ʠ ʙʝʟ ʩʜʚʠʛʘ; 

˜̒Ƞ̃  ï ʪʦ ʞʝ ʜʣʷ ʧʘʩʩʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

˛̒Ƞ̨  - ʪʦ ʞʝ ʜʣʷ ʦʧʦʩʨʝʜʩʪʚʦʚʘʥʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦ-

ʯʠʭ ʦʨʛʘʥʦʚ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʩ ʙʠʪʫʤ ʩʦʜʝʨʞʘ-

ʱʠʤʠ ʧʦʨʦʜʘʤʠ ʧʨʠ ʠʭ ʜʦʙʳʯʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘ-

ʥʠʠ, ʧʦʜʛʦʪʦʚʢʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʘʨ-

ʥʳʭ ʪʠʧʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʨʠʩʫʥʦʢ 3). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʨʦʜʳ ʩ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡ-

ʩʪʚʠʷ (ʘʚʪʦʤʦʙʠʣʴʥʳʝ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ), ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʢʦʥʪʝʡʥʝʨʦʚ, ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʢʦʚʰʝ-

ʚʦʛʦ ʪʠʧʘ ʧʨʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʠ ʠʟ ʟʘʙʦʷ ʢ ʤʝʩʪʫ 

ʨʘʟʛʨʫʟʢʠ, ʢʦʚʰʘ ʩʢʠʧʦʚʦʛʦ ʪʠʧʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʘʩʩʠʚʥʳʤ ʠʣʠ ʦʧʦʩʨʝʜʩʪʚʦʚʘʥʥʳʤ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝʤ ʙʝʟ ʩʜʚʠʛʘ [2].  

 

 

 

ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʚʷʟʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (ʙʠʪʫʤʦʩʦʜʝʨ-

ʞʘʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ) 

 

1, 2 ï ʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʜʚʠʛʦʤ ʠ ʙʝʟ ʩʜʚʠʛʘ; 

3, 4 ï ʧʘʩʩʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʜʚʠʛʦʤ ʠ ʙʝʟ ʩʜʚʠʛʘ; 

5, 6 ï ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʜʚʠʛʦʤ ʠ ʙʝʟ ʩʜʚʠʛʘ. 

 

ʇʨʠʤʝʯʘʥʠʝ - [ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ] 

 

ʇʨʠ ʠʭ ʨʘʟʛʨʫʟʢʝ ʦʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʜʚʠʛʦʤ. ɼʣʷ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʩʨʝʜʩʪʚ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʩʢʨʝʙʢʦʚʳʡ, 

ʚʠʥʪʦʚʦʡ ʠ ʣʝʥʪʦʯʥʳʡ ʢʦʥʚʝʡʝʨʳ) ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩʦʩʪʦʠʪ ʠʟ ʧʘʩʩʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʩʦ ʩʜʚʠʛʦʤ ʧʦʨʦʜʳ ʩ ʢʦʨʧʫʩʦʤ (ʂʂ), ʣʝʥʪʦʡ 

ʥʘ ʫʯʘʩʪʢʝ ʟʘʛʨʫʟʢʠ (ʨʘʟʛʦʥʘ) ʛʨʫʟʘ, (ʈʃ) ʠ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʚʠʥʪʘ (ʇɺ), ʘ ʪʘʢʞʝ ʧʘʩʩʠʚʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʙʝʟ ʩʜʚʠʛʘ ʧʦʨʦʜʳ ʩ ʣʝʥʪʦʡ ʧʦʩʣʝ ʝʸ ʨʘʟ-

ʛʦʥʘ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝ ʩʢʦʨʦʩʪʝʡ ʛʨʫʟʘ ʠ ʣʝʥʪʳ (ʇʃ). 

ɽʩʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʦʥʚʝʡʝʨʦʚ, ʢʦʥʪʘʢʪʠʨʫʶ-

ʱʠʭ ʩ ʧʦʨʦʜʦʡ, ʨʘʩʧʦʣʦʞʠʪʴ ʤʘʪʝʨʠʘʣ ʩ ʤʝʥʴʰʝʡ 
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ʘʜʛʝʟʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʠʣʠ ʥʘʥʦʩʠʪʴ ʧʨʦ-

ʩʣʦʡʢʠ ʠʟ ʩʳʧʫʯʠʭ ʠʣʠ ʞʠʜʢʠʭ ʚʝʱʝʩʪʚ, ʪʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʧʝʨʝʡʜʝʪ ʚ ʦʧʦʩʨʝʜʩʪʚʦʚʘʥʥʦʝ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʩʦ ʩʜʚʠʛʦʤ ʠʣʠ ʙʝʟ ʩʜʚʠʛʘ. 

ɼʣʷ ʚʠʥʪʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦ-

ʩʪʘʚʣʷʝʪ: 

ʙʝʟ ʨʝʛʫʣʠʨʫʶʱʠʭ ʜʝʡʩʪʚʠʡ: 

 

ὡ̃ ̋ ˗̒̐˜̒ ̌̌ ˗̒̐˜̒ ̐ ,̃  (3) 

 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  

 

ὡ̃ ̋ ˗̒˜̒ ̋̋ ˗̒˛˛̒ ̐ ,̃  (4) 

 

ʧʨʠ ʵʪʦʤ  

 

˗̒̐˜̒ ̐̃ ˗̒˛˛̒ ̐ .̃  (5) 

 

ʅʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʠʦʛʘʟʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ ʧʨʦʠʩʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ (ʦʨʛʘʥʦʚ) ʩ ʚʷʟʢʠʤ ʤʘʪʝʨʠʘʣʦʤ 

(ʙʠʦʤʘʩʩʦʡ) ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʨʘʙʦʪʝ ʧʦ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ ʘʥʘʵʨʦʙʥʦʛʦ ʙʨʦʞʝʥʠʷ: 

ʘ ï ʧʨʠ ʟʘʣʝʛʘʥʠʠ ʟʘʛʨʫʞʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʪʭʦʜʦʚ ʚ ʩʝʢʮʠʠ ʟʘʛʨʫʟʢʠ ʚ ʚʠʜʝ ʙʫʥʢʝʨʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ, ʥʘ ʢʦʪʦʨʦʝ ʤʦʛʫʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʧʘʩʩʠʚʥʦʝ ʙʝʟ ʩʜʚʠʛʘ 4 ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ 

ʙʝʟ ʩʜʚʠʛʘ 6; 

ʙ ï ʰʥʝʢ (ʦʩʥʦʚʥʦʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ) ʧʨʦʭʦʜʷ-

ʱʠʡ ʯʝʨʝʟ ʪʨʠ ʩʝʢʮʠʠ (ʟʘʛʨʫʟʢʠ, ʦʩʥʦʚʥʘʷ ʨʘʙʦʯʘʷ 

ʠ ʚʳʛʨʫʟʢʠ) ʠ ʪʨʫʙʯʘʪʦ-ʣʦʪʢʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦ 

ʪʠʧʫ ʚʠʥʪʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ ʥʘ ʢʦʪʦʨʦʝ ʤʦʛʫʪ ʚʦʟʜʝʡ-

ʩʪʚʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʦʝ ʩʦ ʩʜʚʠʛʦʤ 1 ʠ 

ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʩʦ ʩʜʚʠʛʦʤ 5 ʥʘ ʰʥʝʢ ʠ ʧʘʩʩʠʚʥʦʝ 

ʩʦ ʩʜʚʠʛʦʤ 3 ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʩʦ ʩʜʚʠʛʦʤ 5 ʥʘ 

ʩʪʝʥʢʠ ʪʨʫʙʯʘʪʦ-ʣʦʪʢʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʠʦʛʘʟʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ; 

ʚ ï ʧʨʠ ʠʩʧʦʣʥʝʥʠʠ ʰʥʝʢʘ ʚ ʩʝʨʝʜʠʥʝ ʦʩʥʦʚʥʦʡ 

ʨʘʙʦʯʝʡ ʩʝʢʮʠʠ ʚ ʚʠʜʝ ʣʦʧʘʩʪʝʡ ʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʩʦ ʩʜʚʠʛʦʤ 1 ʥʘ ʣʦʧʘʩʪʠ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʜʚʠʛʦʤ 5 ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʫʶ 

ʩʨʝʜʫ (ʙʠʦʤʘʩʩʫ). 
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ʛ. ï ʊ.1, çʄʦʜʝʨʥʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠè. ï ʇʝʨʤʴ: ʇʅʀʇʋ, 2012. ï ʉ. 11 ï 20. 
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Tsygankov I.S., 

Marshalka A.Yu. 

 

 EVALUATION OF THE INFLUENCE OF CHARACTERISTICS OF SINGLE BORE -INJECTION 

PILES ON MOVEMENT UNDER THE ACTION OF HORI ZONTAL LOADS  

 

Abstract 

Numerous field tests of bored piles for vertical and horizontal loads in various engineering and geological 

conditions show that their ground bearing capacity is much higher than calculated according to regulatory doc-

uments. 

The question of the influence of the structural and technological parameters of injection piles on their bearing 

capacity has not yet been adequately studied. 

ɸʥʥʦʪʘʮʠʷ  
ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʥʘʛʨʫʟʢʠ ʚ ʨʘʟʣʠʯʥʳʭ ʠʥʞʝʥʝʨʥʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʭ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ 

ʛʨʫʥʪʫ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ.  

ɺʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʥʘ ʠʭ ʥʝ-

ʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥ.  

 

Keywords Bored pile, foundations and foundations, calculation for horizontal load, bending stiffness. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ɹʫʨʦʠʥʲʝʢʮʠʦʥʥʘʷ ʩʚʘʷ, ʦʩʥʦʚʘʥʠʷ ʠ ʬʫʥʜʘʤʝʥʪʳ, ʨʘʩʯʝʪ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʥʘʛʨʫʟʢʫ, ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ.  

  

ʈʘʩʯʝʪʥʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʘʠ ʥʘ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʦʩ-

ʥʦʚʝ ʪʨʝʭ ʤʦʜʝʣʝʡ ʛʨʫʥʪʘ: ʤʦʜʝʣʠ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘ-

ʥʠʷ ʌʫʩʩʦ-ɺʠʥʢʣʝʨʘ, ʤʦʜʝʣʠ ʫʧʨʫʛʦʛʦ ʧʦʣʫʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ɾʝʤʦʯʢʠʥʘ ʠ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʄʦʨʘ-ʂʫʣʦʥʘ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʦʜʠʥʦʯ-

ʥʦʡ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ ʚ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʘʭ 

ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦ-

ʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Plʘxis 2D ʧʦ ʩʣʝʜʫʶʱʝʡ ʟʘ-

ʜʘʯʝ:  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʙʦʪʳ ʦʜʠʥʦʯʥʦʡ ʩʚʘʠ ʥʘ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʜʣʠʥʳ ʠ ʜʠʘʤʝʪʨʘ (L/d=12, 25, 40).  

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʛʨʫʥʪʘ ʧʨʠʥʷʪʘ ʤʦʜʝʣʴ 

ʄʦʨʘ-ʂʫʣʦʥʘ. ɽʝ ʦʩʥʦʚʦʡ ʷʚʣʷʶʪʩʷ ʧʷʪʴ ʧʘʨʘʤʝʪ-

ʨʦʚ (ʫʜʝʣʴʥʳʡ ʚʝʩ, ʫʜʝʣʴʥʦʝ ʩʮʝʧʣʝʥʠʝ, ʫʛʦʣ ʚʥʫʪ-

ʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʠ ʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʇʫʘʩʩʦʥʘ). ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ ʛʣʠʥʠ-

ʩʪʳʡ ʛʨʫʥʪ -  ʩʫʛʣʠʥʦʢ ʪʫʛʦʧʣʘʩʪʠʯʥʦʡ 

ʢʦʥʩʠʩʪʝʥʮʠʠ.  

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Plʘxis 2D ʥʘ ʦʩʥʦʚʝ 

ʨʘʩʯʸʪʥʦʡ ʩʭʝʤʳ ʩʦʟʜʘʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠ ʢʦ-

ʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʠ ʦʩʥʦʚʘʥʠʷ ʠ ʦʜʠʥʦʯʥʦʡ 

ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ (ʨʠʩ. 1.1-1.2). ʢʦʥʩʠʩʪʝʥ-

ʮʠʠ ʛʨʫʥʪʘ). 
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ʈʠʩ. 1.1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ   

  
 ʈʠʩ. 1.2. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Plʘxis 2D  
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʠʥʳ ʩʚʘʠ ʠ ʜʠʘʤʝʪʨʘ l/d =12é40 ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 

ʩʚʘʠ 50 ʤʤ, ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 420 ʜʦ 275 ʢʅ.  

  
ʈʠʩ. 1.3. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʤʝʱʝʥʠʷ ux ʦʛʦʣʦʚʢʘ ʩʚʘʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ (ʜʘʚʣʝ-

ʥʠʝ ʦʧʨʝʩʩʦʚʢʠ ʦʪʩʫʪʩʪʚʫʝʪ)   

 

ɸʥʘʣʠʟʠʨʫʷ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ ʩʣʝʜʫʶʱʝʝ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʨʘʙʦʪʳ ʦʜʠʥʦʯʥʦʡ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʦʡ ʩʚʘʠ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʧʘ-

ʨʘʤʝʪʨʦʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ L/d ʩʚʘʠ ʠ 

ʢʦʥʩʠʩʪʝʥʮʠʶ ʛʣʠʥʠʩʪʦʛʦ ʛʨʫʥʪʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʪʳ ʦʜʠʥʦʯʥʦʡ ʙʫʨʦʠʥʲʝʢʮʠʦʥ-

ʥʦʡ ʩʚʘʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘʠʙʦʣʝʝ ʟʥʘ-

ʯʠʤʳʤ  ʧʘʨʘʤʝʪʨʦʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʘʢʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʛʨʫʥʪ, ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʪʝʢʫʯʝʩʪʠ, ʤʦʜʫʣʴ 

ʜʝʬʦʨʤʘʮʠʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ.  

ʉʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʤʝʪʦʜʠʢʦʡ ʨʘʩʯʝʪʘ 

ʩʚʘʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠ-

ʯʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʤʦʤʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ:  

æὶ Ò ‎ʧʨ; • Ò •ʧʨ.  
ɻʜʝ æὶ, • ï ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ʦʛʦʣʦʚʢʘ ʩʚʘʠ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʛʦ-

ʣʦʚʢʘ ʩʚʘʠ;  

‎ʧʨ, •ʧʨ - ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʘ 
ʧʦʚʦʨʦʪʘ ʦʛʦʣʦʚʢʘ ʩʚʘʠ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʦʛʦʣʦʚʢʘ ʩʚʘʠ.  

ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʩʚʘʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ:  

 

Ὗ Ὗ ɰ
Ὄὥ

σὉὍ

ὓὥ

ςὉὍ
 

ɰ ɰ
ὌὍ

σὉὍ

ὓὍ

ὉὍ
 

 

ɻʜʝ Ὗʨ ï ʨʘʩʯʝʪʥʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝ-
ʥʠʝ;  

Ɋʨ ï ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ;  

ʅ ʠ ʄ ï ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ 

ʠ ʤʦʤʝʥʪʘ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʦʛʦʣʦʚʦʢ ʩʚʘʠ;  

ɽ ʠ  I ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʙʝʪʦʥʘ ʠ ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʚʘʠ.  

Ὗ Ὄ ὓ  

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝ-

ʯʝʥʠʷ ʚ ʫʨʦʚʥʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʘ;  

‪ Ὄ ὓ  

ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ  ʚ ʫʨʦʚʥʝ  

ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʘ;  

ɻʜʝ ‐ - ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʩʝʯʝʥʠʷ 

ʦʪ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʅ=1, ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʫʨʦʚʥʝ ʨʘʩ-

ʯʝʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤ/ʢʅ; ‐ - - ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʩʝʯʝʥʠʷ ʦʪ ʤʦʤʝʥʪʘ ʄ=1, ʜʝʡʩʪʚʫʶ-

ʱʝʛʦ ʚ ʫʨʦʚʥʝ ʨʘʩʯʝʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 1/ʢʅ; ‐ -- 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʩʝʯʝʥʠʷ ʦʪ ʩʠʣʳ ʅ=1, ʨʘʜ/ʢʅ; ‐ - 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʩʝʯʝʥʠʷ, ʨʘʜ/(ʢʅ/ʤ), ʦʪ ʤʦʤʝʥʪʘ ʄ 

=1.  

ɽʜʠʥʠʯʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʧʦ ʬʦʨʤʫ-

ʣʘʤ: 1 
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ɻʜʝ ‌- ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʬʦʨʤʘʮʠʠ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʠʡ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʩʚʘʠ ʠ ʛʨʫʥʪʘ:  

 

‌
ὑὦ

‎ὉὍ
 

 

ɺ ʢʘʯʝʩʪʚʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠ ʨʘʩʯʸʪʘʭ ʞʝʩʪʢʦʩʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʚʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʂ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʚʠʩʷʱʠʡ ʦʪ ʜʘʚʣʝʥʠʷ ʦʧʨʝʩ-

ʩʦʚʢʠ ʠ ʫʯʠʪʳʚʘʶʱʠʡ ʫʰʠʨʝʥʠʝ ʩʚʘʠ ʧʨʠ ʜʘʥʥʦʤ 

ʧʨʦʮʝʩʩʝ, ʘ ʪʘʢʞʝ ʫʧʣʦʪʥʝʥʠʝ ʦʢʦʣʦʩʚʘʡʥʦʛʦ 

ʛʨʫʥʪʘ.  
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʳʰʘʶʱʝʛʦ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʨʝ-

ʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ, ʦʮʝʥʠʚʘʣʘʩʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘ-

ʮʠʠ ʠ ʩʪʨʦʠʣʩʷ ʛʨʘʬʠʢ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (ʈʠʩ. 

1.4).  

 
ʈʠʩʫʥʦʢ 1.4 ï ʨʝʟʫʣʴʪʘʪʳ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ  

 

ʂʘʢ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʣʠʥʝʡ-

ʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʦʪʤʝʯʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʝ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʚʘʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʘʠ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (+13,5% ʧʨʠʨʘʱʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ 1 ʄʇʘ ʦʧʨʝʩʩʦʚʢʠ) ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʜʣʠʥʳ ʩʚʘʠ ʢ ʜʠʘʤʝʪʨʫ, ʨʘʚʥʦʤ 

25. ʅʘʠʤʝʥʴʰʝʝ ʧʨʠʨʘʱʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

l/d=12 (+7,5% ʧʨʠʨʘʱʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ 1 ʄʇʘ 

ʦʧʨʝʩʩʦʚʢʠ).  

ʂʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠ-

ʦʥʥʳʭ ʢʨʠʚʳʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,98-

0,995.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝ-

ʨʦʷʪʥʦʩʪʠ P=0.95, ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʧʨʝʜ-

ʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʢ ʠʪʦʛʘʤ: 

ʂ=1,075Ppr, ʛʜʝ Ppr ï ʜʘʚʣʝʥʠʝ ʦʧʨʝʩʩʦʚʢʠ, ʄʇʘ.  

ɸʥʘʣʠʟʠʨʫʷ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʘ ʩʦʦʪʥʦʰʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ l/d ʥʘ ʥʝʩʫʱʫʶ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʩʚʘʠ, ʥʘ ʦʩʥʦʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʫʯʝʥ-

ʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʥʞʝʥʝʨʥʘʷ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʩʚʘʠ (ʨʠʩʫʥʦʢ 1.5).  

 
ʈʠʩʫʥʦʢ 1.5 ï ʨʝʟʫʣʴʪʘʪʳ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʚʘʠ ʩʜʚʠʛʫ ʦʪ ʝʝ ʛʠʙ-

ʢʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʛʠʙʢʦʩʪʠ ʩʚʘʠ ʥʘ 

ʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠʛʘʶʱʝʡ ʩʠʣʳ ʩʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝ-

ʨʠʟʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ (ʂʦʵʬ-

ʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

0,99-0,1) ʤʝʞʜʫ ʛʠʙʢʦʩʪʴʶ ʩʚʘʠ ʠ ʝʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʶ ʩʜʚʠʛʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝ-

ʣʠʯʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʛʠʙʢʦʩʪʠ ʩʚʘʠ ʥʘ ʦʜʥʫ ʝʜʠ-

ʥʠʮʫ ʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠʛʫ ʧʘʜʘʝʪ ʥʘ 1,1% ʥʝʟʘ-

ʚʠʩʠʤʦ ʦʪ ʜʘʚʣʝʥʠʷ ʥʘʛʥʝʪʘʥʠʷ.  

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴ-

ʥʳʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʨʝʥʠʡ ʛʠʙʢʦʩʪʠ ʦʪ 12 ʜʦ 40, 

ʜʘʚʣʝʥʠʷ ʥʘʛʥʝʪʘʥʠʷ 0-0,5 ʄʇʘ, ʜʣʷ ʩʚʘʡ, ʠʟʛʦʪʦʚ-

ʣʝʥʥʳʭ ʠʟ ʙʝʪʦʥʘ ʢʣʘʩʩʘ ɺ25, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʮʝ-

ʣʠʢʦʤ ʚ ʛʣʠʥʠʩʪʦʤ ʛʨʫʥʪʝ ʪʫʛʦʧʣʘʩʪʠʯʥʦʡ ʢʦʥʩʠ-

ʩʠʪʝʥʮʠʠ. ɼʣʷ ʦʮʝʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʘʨʘʤʘʪʝ-

ʨʦʚ ʚ ʛʨʫʥʪʘʭ ʩ ʜʨʫʛʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ 

ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʦʧʨʝʩʩʦʚʢʠ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʩʣʝʜʫʝʪ 

ʚʳʧʦʣʥʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ.   
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FORMATION OF CALCULATION OF STORED ENERGY BY PASSIVE EXOSCELETON OF 

HUMAN LOWER EXTREMITIES  

 

ɸʥʥʦʪʘʮʠʷ:  

ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʟʘʧʘʩʘʥʠʷ ʵʥʝʨʛʠʠ ʜʚʠʞʝʥʠʡ ʯʝʣʦʚʝʢʘ ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʩʩʠʚʥʦʛʦ ʵʢʟʦʩʢʝʣʝʪʘ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʩʥʦʚʘʥ ʥʘ 

ʟʘʧʘʩʘʥʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩ-

ʧʳʪʫʝʤʳʭ (ʫʛʣʦʚʳʝ ʧʦʣʦʞʝʥʠʷ, ʩʢʦʨʦʩʪʠ, ʫʩʢʦʨʝʥʠʷ), ʤʘʩʩʦ-ʠʥʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʈʝʟʫʣʴʪʘ-

ʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʠ ʫʧʨʘʚʣʷʶʱʠʝ ʤʦʤʝʥʪʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʤʳʰʮʘʤʠ ʧʨʠ ʭʦʜʴʙʝ ʠ ʧʨʠʩʝʜʘʥʠʷʭ. 

ʊʘʢʞʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʪʝʩʪʦʚʦʛʦ ʵʢʟʦʩʢʝʣʝʪʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʥʘʢʦʧʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʚʳʚʝʜʝʥʘ ʬʫʥʢʮʠʷ ʟʘʧʘʩʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. 

Abstract:  
The article shows one of the possible algorithms for storing the energy of human movements based on the use 

of a passive exoskeleton of the lower extremities of a person, which in turn is based on the storage of potential 

energy. The initial data are the kinematic characteristics of the subjects (angular positions, speeds, accelerations), 

mass-inertial characteristics. The results of the research were control moments created by the muscles when walk-

ing and squats. The design of a test exoskeleton was also proposed to test the proposed options for the accumula-

tion of mechanical energy, and the function of storing potential energy was also derived. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʟʦʩʢʝʣʝʪ, ʭʦʜʴʙʘ, ʧʨʠʩʝʜʘʥʠʷ, ʜʠʥʘʤʠʢʘ, ʟʘʧʘʩʘʥʠʝ ʵʥʝʨʛʠʠ. 

Keywords: exoskeleton, walking, squats, dynamics, energy storage. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʤʢʘʭ ʜʦʛʦʚʦʨʘ (ʩʦʛʣʘʰʝʥʠʷ) ˉ 14154ɻʋ/2019 ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʛʨʘʥʪʘ 

ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʠ ʦʮʝʥʢʫ ʧʝʨʩʧʝʢʪʠʚ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ. ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʅʀʈ ʧʦ ʜʦʛʦ-

ʚʦʨʫ ʟʘ 1-ʡ ʛʦʜ. 

 

ɺʚʝʜʝʥʠʝ 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʣʦʛʠʯʝʩʢʠʤ ʧʨʦ-

ʜʦʣʞʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ [1], ʚ ʢʦʪʦʨʦʤ ʥʘʡʜʝʥʳ 

ʫʛʣʦʚʳʝ ʧʦʣʦʞʝʥʠʷ, ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʥʠʞʥʠʭ 

ʟʚʝʥʴʝʚ ʯʝʣʦʚʝʢʘ ʧʨʠ ʭʦʜʴʙʝ, ʘ ʪʘʢʞʝ ʤʘʩʩʦ-ʠʥʥʝʨ-

ʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 10-ʪʠ ʠʩʧʳʪʫʝʤʳʭ 

(ʧʨʠʣʦʞʝʥʠʝ ɸ).  

https://doi.org/10.24411/2520-6990-2019-10924
https://doi.org/10.24411/2520-6990-2019-10924
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ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ ʬʫʥʢʮʠʠ ʟʘʧʘʩʘ-

ʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʩ-

ʩʠʚʥʦʛʦ ʵʢʟʦʩʢʝʣʝʪʘ ʧʨʠ ʭʦʜʴʙʝ ʠ ʧʨʠʩʝʜʘʥʠʷʭ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦ-

ʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʈʝʰʝʥʠʝ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʜʠʥʘʤʠʢʠ ʥʘ ʦʩ-
ʥʦʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʦʧʨʝʜʝʣʝʥʠʝ ʜʚʠʞʫʱʠʭ ʩʠʣ 

ʠ ʤʦʤʝʥʪʦʚ; 

2) ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʫʩʪʘʥʦʚʢʠ 
ʜʣʷ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʡ ʠ ʙʝʟʦʧʘʩʥʳʡ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʧʦʩʦʙ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʚʠʞʝʥʠʷ 

ʯʝʣʦʚʝʢʘ; 

3) ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝ-
ʩʪʚʘ ʟʘʧʘʩʘʝʤʦʡ ʵʥʝʨʛʠʠ ʥʘ ʙʘʟʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ; 

4) ʉʨʘʚʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʯʝʣʦʚʝ-
ʢʦʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʫʧʨʘʞʥʝʥʠʡ ʩ/ʙʝʟ 

ʪʝʩʪʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ˉ1 

ʅʠʞʥʠʝ ʢʦʥʝʯʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʩʧʠʥʫ, ʚ 

ʢʦʪʦʨʦʡ ʟʘʣʦʞʠʤ ʤʘʩʩʫ ʦʩʪʘʣʴʥʦʛʦ ʪʝʣʘ, ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 5-ʟʚʝʥʥʦʛʦ ʤʝʭʘ-

ʥʠʟʤʘ ʩ ʦʪʢʨʳʪʦʡ ʮʝʧʴʶ [2], ʩʚʦʝʛʦ ʨʦʜʘ ʤʘʥʠʧʫʣʷ-

ʪʦʨ, ʢʘʞʜʦʝ ʟʚʝʥʦ ʢʦʪʦʨʦʛʦ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʳʤ 

ʧʨʠʚʦʜʦʤ, ʧʨʝʦʙʨʘʟʫʶʱʠʤ ʵʥʝʨʛʠʶ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝ-

ʥʠʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʚʩʝʤʫ ʤʝʭʘʥʠʟʤʫ 

ʩʦʚʝʨʰʘʪʴ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ʉʪʦʠʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʣʦʩʢʠʡ ʤʝʭʘ-

ʥʠʟʤ, ʪ.ʢ. ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʟʚʝʥʴʷ ʯʝʣʦʚʝʢʘ ʜʚʠ-

ʞʫʪʩʷ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. ʉʭʝʤʘ ʤʝʭʘ-

ʥʠʟʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.

 

 
ʈʠʩʫʥʦʢ 6. ʉʭʝʤʘ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʩ ʩʧʠʥʥʳʤʠ ʟʚʝʥʦʤ 

 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʠʥʜʝʢʩ 1 ʦʪʥʦʩʠʪʩʷ ʢ ʦʧʦʨʥʦʡ 

ʥʦʛʝ, ʠʥʜʝʢʩ 2 ï ʢ ʧʝʨʝʥʦʩʠʤʦʡ. ɿʚʝʥʴʷ ʤʝʭʘʥʠʟʤʘ 

ï ʩʧʠʥʳ, ʙʝʜʨʘ ʠ ʛʦʣʝʥʠ ʚʝʩʦʤʳʝ, ʘ ʩʪʦʧʳ ï ʥʝʚʝʩʦ-

ʤʳʝ. ʇʦʜʦʙʥʘʷ ʤʦʜʝʣʴ ʧʨʠʥʠʤʘʝʪʩʷ ʪʘʢʞʝ ʚ ʨʘʙʦ-

ʪʘʭ [3, 4, 5], ʚ ʢʦʪʦʨʳʭ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʘʢʪʠʚʥʦʛʦ ʵʢʟʦʩʢʝʣʝʪʘ ï ʥʘʭʦʞʜʝʥʠʝ ʤʦʤʝʥʪʦʚ, 

ʩʦʟʜʘʚʘʝʤʳʭ ʜʚʠʛʘʪʝʣʷʤʠ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʰʘʛʘ, ʘ 

ʯʝʣʦʚʝʢ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʥʝʛʦ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʥʘ ʧʣʦʩʢʦ-

ʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩ ʦʪʢʨʳʪʦʡ ʮʝʧʴʶ 

(ʦʜʥʦʦʧʦʨʥʘʷ ʬʘʟʘ [2]) ʤʦʞʥʦ ʟʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʚʝʢʪʦʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ 5 ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ: 

2 ɾȿɻȿɻȿɼȿɼ  (1) 

ɺ ʬʦʨʤʫʣʝ (1) x, y ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʦʣʦ-

ʞʝʥʠʷ ʪʘʟʦʙʝʜʨʝʥʥʦʛʦ ʩʫʩʪʘʚʘ. ʂʘʞʜʦʡ ʦʙʦʙʱʝʥ-

ʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʦʙʱʝʥʥʘʷ ʩʠʣʘ 1 , 

1 , 1 , 1 , 1  [6]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʝ-

ʰʠʪʴ ʧʨʷʤʫʶ ʟʘʜʘʯʫ ʜʠʥʘʤʠʢʠ, ʚ ʦʧʠʩʳʚʘʝʤʦʤ 

ʩʣʫʯʘʝ - ʥʘʡʪʠ ʫʧʨʘʚʣʷʶʱʠʝ ʤʦʤʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʠʤ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝ-

ʥʠʡ ʜʚʠʞʝʥʠʷ ʃʘʛʨʘʥʞʘ II  ʨʦʜʘ [3, 4]: 
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Ø Ë ɾ ÃÏÓɾ ɾÓÉÎɾ Ë ɻÃÏÓɻ ɻÓÉÎɻ Ë ɼÃÏÓɼ ɼÓÉÎɼ 1  

-Ù Ë ɾ ÓÉÎɾ ɾÃÏÓɾ Ë ɻÓÉÎɻ ɻÃÏÓɻ Ë ɼÓÉÎɼ ɼÃÏÓɼ 1 -Ç 

 

)ɾ Ë ØÓÉÎɾ ÙÃÏÓɾ ÇËÓÉÎɾ 1      (2) 

 

)ɻ )ɼÃÏÓɻ ɼ Ë ØÃÏÓɻ ÙÓÉÎɻ )ɼ ÓÉÎɻ ɼ ÇËÓÉÎɻ 1  

 

)ɼ )ɻÃÏÓɻ ɼ Ë ØÃÏÓɼ ÙÓÉÎɼ )ɻ ÓÉÎɻ ɼ ÇËÓÉÎɼ 1  

 

ɺ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ (4) I ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʟʚʝʥʘ ʢʦʨʧʫʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʪʘʟʦʙʝʜʨʝʥʥʦʛʦ ʩʫ-

ʩʪʘʚʘ, M ï ʤʘʩʩʘ ʢʦʨʧʫʩʘ, ) ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʙʝʜʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʪʘʟʦʙʝʜʨʝʥʥʦʛʦ ʩʫʩʪʘʚʘ, ) 

ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʛʦʣʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʢʦʣʝʥ-

ʥʦʛʦ ʩʫʩʪʘʚʘ, Ë ÁÍ , Ë ÂÍ , a ï ʨʘʩʩʪʦʷʥʠʝ 

ʤ/ʫ ʪʘʟʦʙʝʜʨʝʥʥʳʤ ʩʫʩʪʘʚʦʤ ʠ ʮ.ʤ. ʙʝʜʨʘ, b ï ʨʘʩ-

ʩʪʦʷʥʠʝ ʤ/ʫ ʢʦʣʝʥʥʳʤ ʩʫʩʪʘʚʦʤ ʠ ʮ.ʤ. ʛʦʣʝʥʠ, Í  ʠ 

Í  ï ʤʘʩʩʳ ʙʝʜʨʘ ʠ ʛʦʣʝʥʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʦʙʱʝʥʥʳʝ ʩʠʣʳ ʚ ʩʣʫʯʘʝ ʦʜ-

ʥʦʦʧʦʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʨʘʚʥʳ [4]: 

1 2  

1 2  

1 Ñ Ñ 

1  Õ Ñ ςÁ2 ÃÏÓɻ 2 ÓÉÎɻ  (3) 

1 Õ Ñ 

1 Õ ςÂ2 ÃÏÓɼ 2 ÓÉÎɼ Ð 

1 Õ 

ɺ ʫʨʘʚʥʝʥʠʷʭ (3) 2 ȟ  ï ʩʠʣʘ ʨʝʘʢʮʠʠ ʚ ʪʦʯʢʝ 

ʦʧʦʨʳ, q ï ʤʦʤʝʥʪ, ʩʦʟʜʘʶʱʠʡʩʷ ʤʳʰʮʘʤʠ ʪʝʣʘ ʯʝ-

ʣʦʚʝʢʘ ʤ/ʫ ʙʝʜʨʘʤʠ ʠ ʢʦʨʧʫʩʦʤ, u ï ʤʦʤʝʥʪ ʚ ʢʦʣʝʥ-

ʥʳʭ ʩʫʩʪʘʚʘʭ, p ï ʤʦʤʝʥʪ, ʩʦʟʜʘʶʱʠʡʩʷ ʚ ʛʦʣʝʥʦ-

ʩʪʦʧʥʦʤ ʩʫʩʪʘʚʝ ʦʧʦʨʥʦʡ ʥʦʛʠ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ (4) ʠʤʝʝʪ ʩʤʳʩʣ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦ ʠ 

ʥʘʛʣʷʜʥʦ ʟʘʧʠʩʘʪʴ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ [3, 5]: 

2ȿ2ȿ $2 2 !ÇȿÓÉÎ2ȿ #ȿÑȟÑȟÕȟÕȟÐȿ (4) 

ɺ ʤʘʪʨʠʯʥʦʤ ʫʨʘʚʥʝʥʠʝ B(R), C, D(R), A ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʤʘʪʨʠʮʳ, ʚ ʢʦʪʦʨʳʭ ʟʘʣʦʞʝʥʳ 

ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʨʠʣʦʞʝʥʠʝ ɹ) [5], g 

ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ʊ.ʢ. ʤʘʪʨʠʮʘ ʉ ʷʚ-

ʣʷʝʪʩʷ ʢʚʘʜʨʘʪʥʦʡ, ʪʦ ʫʨʘʚʥʝʥʠʝ ʨʘʟʨʝʰʠʤʦ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʧʨʘʚʦʡ ʯʘʩʪʠ. ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʠʤ ʨʝʟʫʣʴ-

ʪʘʪʳ ʨʝʰʝʥʠʷ ʥʘʩʪʦʷʱʝʡ ʟʘʜʘʯʠ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʠʩ-

ʧʳʪʫʝʤʳʭ. 

 

 
 ʈʠʩʫʥʦʢ 7ʘ. ʄʦʤʝʥʪ ʚ ʢʦʣʝʥʥʦʤ ʩʫʩʪʘʚʝ ʦʧʦʨʥʦʡ ʥʦʛʠ 
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ʈʠʩʫʥʦʢ 2ʙ. ʄʦʤʝʥʪ ʚ ʪʘʟʦʙʝʜʨʝʥʥʦʤ ʩʫʩʪʘʚʝ ʦʧʦʨʥʦʡ ʥʦʛʠ 

 

ʅʘ ʨʠʩʫʥʢʘʭ 2ʘ, 2ʙ ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪ ʤʘʢʩʠ-

ʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʙʘ ʩʫʩʪʘʚʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

Tå0, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʘʤʦʡ ʰʠʨʦʢʦʡ ʨʘʩʩʪʘʥʦʚʢʝ 

ʥʦʛ, ʪ.ʝ. ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʜʚʫʭʦʧʦʨʥʦʡ ʚ ʦʜʥʦʧʦʨ-

ʥʫʶ ʬʘʟʳ. ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʧʦʢʘʟʘʣʠ ʨʘʟʥʠʮʫ ʚ 30,1%. ɺ ʩʣʫʯʘʝ ʧʨʠʩʝʜʘʥʠʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʭʦʞʘʷ ʢʘʨʪʠʥʘ. 

 
ʈʠʩʫʥʦʢ 2ʚ. ʄʦʤʝʥʪ ʚ ʢʦʣʝʥʥʦʤ ʩʫʩʪʘʚʝ ʧʝʨʝʥʦʩʠʤʦʡ ʥʦʛʠ 
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ʈʠʩʫʥʦʢ 2ʛ. ʄʦʤʝʥʪ ʚ ʪʘʟʦʙʝʜʨʝʥʥʦʤ ʩʫʩʪʘʚʝ ʧʝʨʝʥʦʩʠʤʦʡ 

 

ʇʦʣʫʯʝʥʥʳʝ ʤʦʤʝʥʪʳ ʙʣʠʟʢʠ ʢ ʜʘʥʥʳʤ, ʧʦʣʫ-

ʯʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [7, 8], ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʭʦʜʴʙʝ ʠʩʧʳʪʫʝʤʳʭ, ʘ ʪʘʢʞʝ ʦ ʧʨʠʝʤʣʝʤʦʡ ʬʠʣʴ-

ʪʨʘʮʠʠ. ɺ ʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʦʣʦʞʝʥʠʝ ʯʝ-

ʣʦʚʝʢʘ ʘʙʩʦʣʶʪʥʦ ʚʝʨʪʠʢʘʣʴʥʦ (ʥʘ ʨʠʩʫʥʢʝ 12ʘ, ʙ, 

ʚ, ʛ Tå0,27), ʫʧʨʘʚʣʷʶʱʠʝ ʤʦʤʝʥʪʳ, ʧʨʠʣʦʞʝʥʥʳʝ 

ʢ ʟʚʝʥʴʷʤ a, b ʦʙʦʠʭ ʥʦʛ, ʨʘʚʥʳ ʥʫʣʶ. ɺʦ ʚʨʝʤʷ 

ʬʘʟʳ ʧʦʜʲʝʤʘ ʯʝʣʦʚʝʢ ʩ ʧʦʤʦʱʴʶ ʦʧʦʨʥʦʡ ʥʦʛʠ 

ʧʨʝʦʜʦʣʝʚʘʝʪ ʩʠʣʫ ʪʷʞʝʩʪʠ, ʘ ʧʝʨʝʥʦʩʠʤʘʷ ʥʦʛʘ, 

ʥʘʦʙʦʨʦʪ, ʯʘʩʪʠʯʥʦ ʜʚʠʞʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ 

ʪʷʞʝʩʪʠ. ɺ ʬʘʟʝ ʩʧʫʩʢʘ ʵʪʦʪ ʘʩʧʝʢʪ ʦʙʨʘʪʝʥ. ʇʦ-

ʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ, ʩʫʱʝʩʪʚʫʶʪ ʦʧʠʩʘʥʠʷ ʭʦʜʴʙʳ ʢʘʢ 

çʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʧʘʜʝʥʠʝè [9]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, 

ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʤʦʤʝʥʪ ʟʘʧʘʩʘʥʠʷ ʵʥʝʨʛʠʠ 

ʜʣʷ ʦʧʦʨʥʦʡ ʥʦʛʠ ï ʬʘʟʘ ʩʧʫʩʢʘ, ʘ ʜʣʷ ʧʝʨʝʥʦʩʠʤʦʡ 

ʥʦʛʠ ï ʬʘʟʘ ʧʦʜʲʝʤʘ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ˉ2 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʦʙʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʙʫʩʣʘʚ-

ʣʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴʶ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠ-

ʘʥʪʦʚ ʟʘʧʘʩʘʥʠʷ ʵʥʝʨʛʠʠ ʜʚʠʞʝʥʠʷ ʯʝʣʦʚʝʢʘ. 

ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʚʘʨʠʘʥʪʦʚ (ʜʘʣʝʝ ʊʝ-

ʩʪʝʨ, ʦʪ ʘʥʛʣ. tester) ʨʘʟʨʘʙʦʪʘʥʦ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ [5].  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʪʨʝʙʫʝʪʩʷ ʩʦʩʪʘʚʠʪʴ ʪʘʙʣʠʮʫ, ʚ 

ʢʦʪʦʨʦʡ ʦʙʦʟʥʘʯʠʤ ʘʥʘʪʦʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʊʝ-

ʩʪʝʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʘʥʘʪʦʤʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪ-

ʨʠʟʘʮʠʠ ʊʝʩʪʝʨʘ [10, 19], ʘ ʪʘʢʞʝ ʜʘʜʠʤ ʧʦʷʩʥʝʥʠʷ 

ʢ ʢʘʞʜʦʤʫ ʠʟ ʥʠʭ. 

ʊʘʙʣʠʮʘ 1 

ɸʥʘʪʦʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʊʝʩʪʝʨʘ 

ˉ 

ʧ/ʧ 

ʀʥʜʝʢʩ ʘʥʘʪʦʤʠ-

ʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʏʠʩʣʦʚʦʝ ʟʥʘ-

ʯʝʥʠʝ 
ʂʦʤʤʝʥʪʘʨʠʡ 

1 S1 0,4-0,55 ʤ 
ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʠʥʜʝʢʩʘ ʧʦʟʚʦʣʷʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʊʝʩʪʝʨ ʣʶʜʷʤ ʩ ʨʘʟʣʠʯʥʳʤ ʨʦʩʪʦʤ 

2 S2 0,4-0,55 ʤ -ç- 

3 S3 0..45 Ü 
ʀʥʜʝʢʩ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʣʠʯʥʦʡ ʧʦʩʪʘ-

ʥʦʚʢʠ ʩʪʦʧ ʧʨʠ ʭʦʜʴʙʝ 

4 S4 -135..0 Ü ʀʥʜʝʢʩ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ ʢʦʣʝʥʥʦʛʦ ʩʫʩʪʘʚʘ 

5 S5 0...135Ü 
ʀʥʜʝʢʩ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ ʪʘʟʦʙʝʜʨʝʥʥʦʛʦ ʩʫ-

ʩʪʘʚʘ 

6 S6 0;0 ʤ 

ʀʥʜʝʢʩ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ 0 ʜʣʷ ʙʝʜʨʘ ʠ ʛʦʣʝʥʠ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʚ ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʯʝʣʦʚʝʢ-ʵʢ-

ʟʦʩʢʝʣʝʪ ʥʝ ʧʨʦʠʟʦʰʣʦ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʦʚ ʤʘʩʩ ʢʦʥʝʯ-

ʥʦʩʪʝʡ ʚ ʩʘʛʠʪʪʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ 

7 C1 0..5 Ü 
ʀʥʜʝʢʩ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʜʦʨʦʚʦʛʦ çʧʦʢʘʯʠ-

ʚʘʥʠʷè ʪʘʟʦʤ ʧʨʠ ʭʦʜʴʙʝ.  

 

ɺ ʪʘʙʣʠʮʝ 1, ʦʙʦʟʥʘʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʠʭ ʠʥ-

ʜʝʢʩʘʮʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʦʙʦʟʥʘʯʝʥʥʦʡ ʨʘʥʝʝ ʚ ʨʘʙʦʪʝ 

[1]. 

ɼʣʷ ʧʦʩʪʨʦʡʢʠ ʊʝʩʪʝʨʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚ ʢʘ-

ʯʝʩʪʚʝ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʘ ʪʨʫʙ Joker 

[11]. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥ ʛʦʪʦʚʳʡ ʚʘʨʠʘʥʪ ʧʝʨʚʦʛʦ 

ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʵʢʟʦʩʢʝʣʝʪʘ ʥʠʞʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ 

ʯʝʣʦʚʝʢʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʯʘʪʥʳʭ ʧʣʘʩʪʠʢʦʚʳʭ 

ʜʝʪʘʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʛʫʣʠʨʦʚʘʪʴ ʜʣʠʥʳ ʟʚʝʥʴʝʚ 

ʧʦ ʪʠʧʫ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʫʢʘʟʢʠ. 



130 TECHNICAL SCIENCE / ζColloquium - journal Ȼ#2 5(49),2019 

 
ʈʠʩʫʥʦʢ 8. ʊʝʩʪʝʨ 

 

ɼʣʷ ʟʘʧʘʩʘʥʠʷ ʵʥʝʨʛʠʠ ʜʚʠʞʝʥʠʷ ʯʝʣʦʚʝʢʘ 

ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʡ: 

1) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘ-
ʮʠʠ ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

2) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʩʞʘʪʠʷ ʛʘʟʦʚʳʭ 

ʩʨʝʜ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʜʘʚʣʝʥʠʷ. 

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʢʘʞʜʦʤ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʘ-

ʨʠʘʥʪʦʚ ʧʦʧʦʜʨʦʙʥʝʝ.  

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʫʩʪʨʦʡʩʪʚʦʤ, ʥʘʢʘʧʣʠʚʘʶʱʝʝ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʠ, ʥʘʧʨʠʤʝʨ, ʙʫʜʝʪ ʧʨʫʞʠʥʘ, 

ʨʝʩʩʦʨʘ ʣʠʙʦ ʣʶʙʦʡ ʜʨʫʛʦʡ ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ. ɺʩʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʘʢʦʧʠʪʝʣʠ ʟʘʧʘʩʘʶʪ ʵʥʝʨʛʠʶ ʧʫ-

ʪʝʤ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ [12]. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʤʝʭʘʥʠʢʝ ʩʧʣʦʰʥʳʭ 

ʩʨʝʜ, ʘ ʠʤʝʥʥʦ ʚ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ [13], ʫʩʪʘʥʦʚ-

ʣʝʥʦ ʟʘʢʦʥʦʤ ɻʫʢʘ ï ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ ʵʣʘʩʪʠʯ-

ʥʦʤʫ ʩʪʝʨʞʥʶ ʚʜʦʣʴ ʦʩʠ ʩʠʣʳ ʩʪʝʨʞʝʥʴ ʨʘʩʪʷʛʠʚʘ-

ʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʝʣʠʯʠʥʝ ʵʪʦʡ ʩʠʣʳ [13]. 

ʆʜʥʘʢʦ, ʝʩʣʠ ʩʠʣʘ ʩʦʟʜʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʚ ʤʘʪʝʨʠʘʣʝ, 

ʧʨʝʚʳʰʘʶʱʝʝ ʦʧʨʝʜʝʣʝʥʥʳʡ ʙʘʨʴʝʨ, ʘ ʠʤʝʥʥʦ ʧʨʝ-

ʜʝʣ ʪʝʢʫʯʝʩʪʠ [14], ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʦʠʩʭʦʜʷʪ ʥʝʦʙʨʘ-

ʪʠʤʳʝ ʨʘʟʨʫʰʝʥʠʷ. ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ 

ʯʝʪʢʦ ʦʙʦʟʥʘʯʝʥʥʳʤ ʧʨʝʜʝʣʦʤ ʜʣʷ ʤʥʦʛʠʭ ʨʝʘʣʴʥʦ 

ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ [12, 14], ʥʘʧʨʠʤʝʨ, ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʧʣʘʩʪʠʢʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʦʟʤʦʞʥʘ ʧʦ-

ʪʝʨʷ ʫʧʨʫʛʦʩʪʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʜ-

ʥʘʢʦ, ʚ ʵʪʦʪ ʞʝ ʩʘʤʳʡ ʤʦʤʝʥʪ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝ-

ʪʠʪʴ ʠ ʧʣʶʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʂ 

ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʚʳʩʦʢʠʡ ʂʇɼ. ʅʘʧʨʠʤʝʨ, ʧʣʦʩʢʠʝ 

ʩʧʠʨʘʣʴʥʳʝ ʧʨʫʞʠʥʳ, ʧʨʠ ʥʘʣʠʯʠʠ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʤʘʩʣʷʥʦʡ ʩʤʘʟʢʠ, ʦʙʣʘʜʘʶʪ ʂʇɼ ʚ 70-75%. ʂ ʧʣʶ-

ʩʘʤ ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʟʘ-

ʢʫʧʦʯʥʫʶ ʩʪʦʠʤʦʩʪʴ ʫʧʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʘʣʳʝ 

ʛʘʙʘʨʠʪʳ ʚ ʥʝʥʘʛʨʫʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɼʣʷ ʦʙʦʟʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 2 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠ-

ʤʝʨʘ ʚʦʟʴʤʝʤ ʧʨʫʞʠʥʫ, ʪʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʛʘʟʦ-

ʚʫʶ. ɺ ʛʘʟʦʚʦʡ ʧʨʫʞʠʥʝ ʫʧʨʫʛʠʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷ-

ʝʪʩʷ ʛʘʟʦʚʘʷ ʩʨʝʜʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʟʘʤʢʥʫʪʦʤ ʦʙʲ-

ʝʤʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʞʠʤʘʶʱʘʷʩʷ 

ʧʦʨʰʥʝʤ. ɺ ʜʦʩʪʦʠʥʩʪʚʘ ʧʦʜʦʙʥʳʭ ʧʨʫʞʠʥ ʷʚʣʷ-

ʝʪʩʷ ʪʦ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ 

ʫʧʨʫʛʦʩʪʠ. ʊʘʢʞʝ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʠʚʳʯʥʳʤʠ ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʤʠ/ʧʣʘʩʪʠʢʦʚʳʤʠ ʧʨʫʞʠʥʘʤʠ, ʛʘʟʦʚʘʷ ʚ 

ʩʠʣʫ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʤʝʝʪ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʭʦʜ 

ʧʦʨʰʥʷ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʧʦʜʦʙʥʳʭ ʛʘʟʦʚʳʭ ʧʨʫʞʠʥ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʠʟʢʦʝ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʫʜʣʠʥʝʥʠʝ ʧʨʫʞʠʥʳ. ʉʘʤʦʝ ʛʣʘʚʥʦʝ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ï ʙʝʟʦʧʘʩʥʦʩʪʴ. ɻʘʟʦʚʳʝ ʧʨʫ-

ʞʠʥʳ ʪʨʝʙʫʶʪ ʦʙʝʩʧʝʯʝʥʠʷ ʦʯʝʥʴ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʃʶʙʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʨ-

ʧʫʩʘ ʪʘʢʦʡ ʧʨʫʞʠʥʳ ʤʦʛʫʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ 

ʪʨʘʚʤʳ ʣʶʙʦʡ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ. 
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ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʧʨʝʜ-

ʧʦʣʦʞʠʪʴ, ʯʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ (ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ, 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ, ʙʝʨʷ ʚʦ ʚʥʠʤʘʥʠʝ ʘʩ-

ʧʝʢʪ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ ʙʫʜʫʱʝʛʦ ʵʢʟʦʩʢʝ-

ʣʝʪʘ), ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʥʘʢʦʧʠʪʝʣʷ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʚʦʡʩʪʚʦ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ˉ3 

ɺ ʢʦʥʩʪʨʫʢʮʠʶ ʊʝʩʪʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ 

ʚ ʢʦʣʝʥʥʳʡ ʠ ʪʘʟʦʙʝʜʨʝʥʥʳʝ ʩʫʩʪʘʚʳ ʥʘʢʦʧʠʪʝʣʠ ï 

ʧʨʫʞʠʥʳ. 

 
ʈʠʩʫʥʦʢ 9. ʂʦʣʝʥʥʘʷ ʧʨʫʞʠʥʘ 

 

ɼʣʷ ʪʘʟʦʙʝʜʨʝʥʥʦʛʦ ʩʫʩʪʘʚʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʩʣʝʜʫʶʱʘʷ ʙʣʦʯʥʘʷ ʩʭʝʤʘ ʢʨʝʧʣʝʥʠʷ ʧʨʫʞʠʥ (ʨʠ-

ʩʫʥʦʢ 5). 

 
ʈʠʩʫʥʦʢ 10. ɹʣʦʯʥʘʷ ʩʭʝʤʘ ʢʨʝʧʣʝʥʠʷ ʧʨʫʞʠʥ ʚ ʧʦʷʩʥʠʯʥʦʤ ʦʪʜʝʣʝ 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʫʞʠʥʘ, ʪʨʦʩ ʠ ʙʣʦʢ ʦʙʦʟʥʘʯʝʥʳ 

ʮʠʬʨʘʤʠ 1, 2, 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʋʛʣʦʚʳʝ ʢʨʫʪʠʣʴʥʳʝ ʞʝʩʪʢʦʩʪʠ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ ʢʦʣʝʥʥʦʤ ʩʫʩʪʘʚʝ 

ʥʘʭʦʜʷʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

˞     (5) 

ɺ ʬʦʨʤʫʣʝ (5) ȹɗ1 ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʫʛʣʦʚʘʷ ʢʦ-

ʦʨʜʠʥʘʪʘ ʤ/ʫ ʙʝʜʨʦ-ʛʦʣʝʥʴ. ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʫʞʠʥʳ ʩ ʞʝʩʪʢʦʩʪʴʶ, 

ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝ ʙʦʣʝʝ ʤʦʤʝʥʪʫ, ʩʦʩʪʘʚʣʷ-

ʶʱʝʤʫ ʥʝ ʙʦʣʝʝ 25% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʟʚʠʚʘʝʤʦʛʦ 

ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʧʳʪʫʝʤʦʛʦ (ʵʪʦ ʟʥʘʯʝʥʠʝ ʤʦʞʝʪ ʤʝ-

ʥʷʪʴʩʷ ʚ ʩʣʫʯʘʝ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʦʧʝʨʘʪʦʨʘ). ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʟʘʢʨʫʯʝʥʥʦʡ ʥʘ 

ʫʛʦʣ ű ʧʨʫʞʠʥʳ ʥʘʭʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ - 

7 - ʒzȾς. ʇʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʥʝ ʫʯʠʪʳ-
ʚʘʶʪ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʫʧʦʨʥʳʭ ʢʦʥʮʘʭ ʧʨʫ-

ʞʠʥ. 

ɼʣʷ ʵʥʝʨʛʠʠ, ʟʘʧʘʩʘʶʱʝʡʩʷ ʚ ʧʦʷʩʥʠʯʥʳʭ ʧʨʫ-

ʞʠʥʘʭ, ʜʝʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʩʣʝʜʩʪʚʠʠ ʩʛʠʙʘ ʥʦʛʠ ʚ 

ʪʘʟʦʙʝʜʨʝʥʥʦʤ ʩʫʩʪʘʚʝ, ʩ ʫʯʝʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʣʦʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠʥʠʤʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʬʦʨʤʫʣʘ [15]: 

7 πȢςυ  ,   (6) 

ɺ ʬʦʨʤʫʣʝ (6) ɝʃ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʫʛʣʦʚʘʷ ʢʦ-

ʦʨʜʠʥʘʪʘ ʤ/ʫ ʩʧʠʥʦʡ ʠ ʙʝʜʨʦʤ, L ï ʫʜʣʠʥʝʥʠʝ ʧʨʫ-

ʞʠʥʳ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʳʪʥʳʤ ʧʫʪʝʤ 

ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʧʳʪʫʝʤʦʛʦ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣʳ, 

ʚ ʩʣʫʯʘʝ ʩ ʧʦʷʩʥʠʯʥʦʡ ʧʨʫʞʠʥʦʡ ʝʝ ʞʝʩʪʢʦʩʪʴ ʚʟʷʪʘ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 25% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ. 

ʈʝʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʧʘʩʘʝʤʦʡ ʵʥʝʨʛʠʠ ʙʫʜʫʪ 

ʥʠʞʝ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʨʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʚ 

ʦʙʨʘʪʥʦʤ ʜʚʠʞʝʥʠʠ, ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʪʨʝʥʠʝ ʚ ʦʙ-

ʨʘʟʦʚʘʚʰʠʭʩʷ ʩʫʩʪʘʚʘʭ ï ʢʦʣʝʥʥʦʤ ʠ ʪʘʟʦʙʝʜʨʝʥ-

ʥʦʤ, ʘ ʪʘʢʞʝ ʥʘ ʜʨʫʛʠʝ ʧʦʪʝʨʠ, ʥʘʧʨʠʤʝʨ, ʥʘ ʩʢʦʣʴ-

ʞʝʥʠʝ ʪʨʦʩʘ ʧʦ ʞʝʣʦʙʫ ʙʣʦʢʘ.  
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ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ˉ4 

ɼʣʷ ʠʩʧʳʪʘʥʠʷ ʊʝʩʪʝʨʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʜʚʠ-

ʞʝʥʠʝ ʩ ʩʘʤʦʡ ʥʘʠʙʦʣʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ ï ʧʨʠʩʝʜʘ-

ʥʠʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʰʪʘʥʛʘ ʚʝʩʦʤ 21 ʢʛ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʙʫʜʝʤ ʬʠʢʩʠʨʦʚʘʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ 

ʯʝʣʦʚʝʢʘ ʢʦʩʚʝʥʥʳʤ ʧʫʪʝʤ ï ʬʠʢʩʘʮʠʝʡ ʩʝʨʜʝʯʥʳʭ 

ʩʦʢʨʘʱʝʥʠʡ. 

ʏʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʙʫʜʝʪ ʟʘʧʠʩʳ-

ʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ Polar 

H10 [16], ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝʤ 

[17], ʚ ʢʦʪʦʨʦʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʬʫʥʢʮʠʷ ʟʘʧʠʩʠ 

ʪʨʝʢʘ ʏʉʉ ʩ ʥʘʩʪʨʘʠʚʘʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʟʘʧʠʩʠ (ʢʦ-

ʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʚ ʩʝʢʫʥʜʫ/ʤʠʥʫʪʫ/ʯʘʩ). ʅʘ ʨʠʩʫʥʢʝ 

6 ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʏʉʉ ʧʨʠ ʧʨʠʩʝʜʘʥʠʷʭ ʩʦ ʰʪʘʥʛʦʡ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʟʦʩʢʝʣʝʪʘ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʠʩʧʳ-

ʪʫʝʤʳʭ. 

 
ʈʠʩʫʥʦʢ 11. ʉʝʨʜʝʯʥʳʝ ʩʦʢʨʘʱʝʥʠʷ ʧʨʠ ʧʨʠʩʝʜʘʥʠʷʭ. ʉʧʣʦʰʥʦʡ ʛʨʘʬʠʢ ï ʩ ʊʝʩʪʝʨʦʤ, ʧʨʝʨʳʚʠʩʪʳʡ ï 

ʙʝʟ. 

 

ʀʟ ʛʨʘʬʠʢʘ ʭʦʨʦʰʦ ʟʘʤʝʪʝʥ ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʘ-

ʝʤʳʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʩʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʵʢ-

ʟʦʩʢʝʣʝʪʘ. ʅʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʧʦʣʴʟʳ ʧʘʩʩʠʚʥʳʭ ʚʥʝʰʥʠʭ ʵʢʟʦʩʢʝʣʝʪʦʚ ʷʚ-

ʣʷʝʪʩʷ ʫʤʝʥʠʝ ʦʧʝʨʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʙʩʪʚʝʥ-

ʥʳʡ ʚʝʩ ʜʣʷ ʩʞʘʪʠʷ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʧʨʠ ʦʙ-

ʨʘʪʥʦʤ ʜʚʠʞʝʥʠʠ ʥʘʦʙʦʨʦʪ ï ʥʝ ʤʝʰʘʪʴ. ɺ ʩʣʫʯʘʝ 

ʥʝʫʤʝʣʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʝ ʫʩʪʘʥʦʚʢʠ ʤʦ-

ʛʫʪ ʥʝ ʪʦʣʴʢʦ ʥʝ ʜʘʪʴ ʨʝʟʫʣʴʪʘʪʘ, ʥʦ ʠ ʥʘʚʨʝʜʠʪʴ 

ʜʚʠʞʝʥʠʷʤ ʯʝʣʦʚʝʢʘ, ʧʦʚʳʰʘʷ ʫʩʪʘʣʦʩʪʴ ʠ ʨʘʩʭʦʜ 

ʵʥʝʨʛʠʠ. 
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ʇʨʠʣʦʞʝʥʠʝ ɸ 

ɸʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʯʘʩʪʥʠʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 ̄ ɺʦʟʨʘʩʪ ʈʦʩʪ, ʤ 
ɺʝʩ, 

ʢʛ 

ɼʣʠʥʘ 

ʰʘʛʘ, ʤ 

ɼʣʠʥʘ 

ʙʝʜʨʘ, ʤ 

ɼʣʠʥʘ 

ʛʦʣʝʥʠ, 

ʤ 

ʄʘʩʩʘ 

ʙʝʜʨʘ, ʢʛ 

ʄʘʩʩʘ ʛʦ-

ʣʝʥʠ, ʢʛ 

1 22 1,83 80,2 0,82 0,46 0,47 11,591 3,522 

2 18 1,71 66,2 0,77 0,40 0.41 9,379 2,871 

3 21 1,74 71,8 0,80 0,42 0.40 10,239 3,110 

4 22 1,73 61,7 0,76 0,41 0.42 8,748 2,732 

5 23 1,79 75,3 0,82 0.43 0.44 10,820 3,297 

6 20 1,75 66,8 0,74 0,42 0,43 9,521 2,941 

7 26 1,73 70,4 0,76 0,42 0,42 10,021 3,047 

8 19 1,82 85,9 0,81 0,47 0,47 12,412 3,716 

9 30 1,90 101,4 0,85 0,48 0,51 14,789 4,374 

10 26 1,77 73,1 0,79 0,45 0,46 10,470 3,193 

 

ʇʨʠʣʦʞʝʥʠʝ ɹ 
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ʇʨʦʝʢʪ ʚʳʧʦʣʥʝʥ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ˉ 18-

08-00963 ɸ). 

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʩʠʩʪʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʜʝʬʝʢʪʦ-

ʩʢʦʧʠʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ. 

ɼʣʷ ʘʧʨʦʙʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʠʟʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ ʩ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʡ 

ʤʝʪʦʜʦʣʦʛʠʠ. ʆʧʠʩʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʘʧʨʦʙʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ. 

Abstract 

A method for the synthesis of small-sized high-speed measuring defectoscopy systems has been developed, 

with the use of which it is possible to develop and create systems to solve this problem. To test this method, a 

prototype of the system was developed taking into account the stated methodology. Description of the prototype 

and the results of its testing are given in this article. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʣʘʟʝʨʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʨʘʩʩʪʦʷʥʠʝ, ʨʠʩʫʥʦʢ, ʆʧʪʠʯʝʩʢʘʷ 

ʰʪʨʠʭʦʚʘʷ ʤʠʨʘ, ʵʣʝʤʝʥʪ ʤʠʨʳ, ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʤʝʨʳ 

Keywords: software, laser lighting, distance, pattern, optical line art of the world, worlds element, camera 

resolution 

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʇʨʦʪʦʪʠʧ ʩʠʩʪʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʜʝʬʝʢʪʦʩʢʦ-

ʧʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʦʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʟʘ-

ʢʨʝʧʣʝʥʥʫʶ ʥʘ ʛʠʙʢʦʤ ʩʨʝʜʩʪʚʝ ʜʦʩʪʘʚʢʠ, ʩʥʘʙʞʝʥ-

ʥʫʶ ʣʘʟʝʨʥʳʤ ʦʩʚʝʪʠʪʝʣʝʤ, ʬʦʨʤʠʨʫʶʱʝʤ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʧʦʜʩʚʝʪʢʫ 

ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʳ. ɼʠʘʤʝʪʨ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʩʠʩʪʝʤʳ ï ʤʝʥʝʝ 12 ʤʤ.  

ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʠʪ ʠʟ: 

- ʤʠʥʠʘʪʶʨʥʦʡ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ, ʬʦʨʤʠʨʫʶ-

ʱʝʡ ʮʠʬʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

- ʙʣʦʢʘ ʦʩʚʝʱʝʥʠʷ, 

- ʣʘʟʝʨʥʦʛʦ ʦʩʚʝʪʠʪʝʣʷ, 

- ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʘʨʪʠʢʫʣʷʮʠʠ; 

- ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʘʨʪʠʢʫʣʷʮʠʝʡ; 

- ʇʂ ʜʣʷ ʧʦʣʫʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ. 

ɹʣʦʢ ʦʩʚʝʱʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦ-

ʚʦʛʦ ʣʘʟʝʨʘ. ʉʚʝʪʦʚʳʝ ʧʦʪʦʢʠ ʣʘʟʝʨʘ ʥʘʧʨʘʚʣʷʶʪʩʷ 

ʚ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ. ʅʘ ʚʳʭʦʜʝ ʠʟ ʚʦʣʦʢʥʘ ʣʘʟʝʨ-

ʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʣʠʥʟʘ ʜʣʷ ʧʨʠ-

ʜʘʥʠʷ ʧʦʪʦʢʫ ʥʝʦʙʭʦʜʠʤʫʶ ʩʭʦʜʠʤʦʩʪʴ, ʚ ʬʦʢʫʩ-

ʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʣʠʥʟʳ ʨʘʩʧʦʣʦʞʝʥ ɼʠʬʨʘʢʮʠʦʥ-

ʥʳʡ ʆʧʪʠʯʝʩʢʠʡ ʕʣʝʤʝʥʪ (ɼʆʕ). 

ʋʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʧʦʚʦʨʦʪʘ ʨʫʯʢʠ ʥʘ ʧʫʣʴʪʝ ʫʧʨʘʚʣʝʥʠʷ ʘʨʪʠʢʫʣʷ-

ʮʠʝʡ, ʧʨʠ ʵʪʦʤ ʚʨʘʱʝʥʠʝ ʚʳʟʳʚʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ 

ʪʨʦʩʦʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʙʦʯʘʷ ʯʘʩʪʴ ʵʥʜʦʩʢʦʧʘ ʤʦ-

ʞʝʪ ʠʟʛʠʙʘʪʴʩʷ ʚ ʜʚʫʭ ʚʟʘʠʤʦʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ɺʩʷ ʠʩʧʦʣʥʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ 

ʜʦʩʪʘʚʣʷʝʪʩʷ ʚʥʫʪʨʴ ʪʫʨʙʠʥʳ ʫʙʨʘʥʘ ʚ ʛʠʙʢʠʡ ʪʫ-

ʙʫʩ, ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʛʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 12 

ʤʤ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʦʩʤʘʪʨʠʚʘʝʪʩʷ ʤʠʥʠʘ-

ʪʶʨʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʢʘʤʝʨʦʡ, ʧʨʠ ʵʪʦʤ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʧʨʦʝʮʠʨʫʝʪʩʷ ʣʘʟʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʝʣʢʠʭ 

ʧʷʪʝʥ ʩ ʠʟʚʝʩʪʥʳʤ ʨʠʩʫʥʢʦʤ. ʀʟʦʙʨʘʞʝʥʠʝ, ʩʬʦʨ-

ʤʠʨʦʚʘʥʥʦʝ ʢʘʤʝʨʦʡ ʧʝʨʝʜʘʝʪʩʷ ʚ ʢʦʤʧʴʶʪʝʨ ʯʝʨʝʟ 

ʠʥʪʝʨʬʝʡʩ USB. 

ʀʩʧʦʣʴʟʫʷ ʮʠʬʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ ʠ 

ʩʧʨʦʝʮʠʨʦʚʘʥʥʦʝ ʥʘ ʥʝʝ ʣʘʟʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʣʘ-

ʟʝʨʥʳʭ ʧʷʪʝʥ ʢʦʤʧʴʶʪʝʨʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʦʜʠʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʠʷ 

ʥʝʩʧʣʦʰʥʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʝʝ ʧʣʦʱʘʜʠ, 

ʜʣʠʥʳ ʠ ʰʠʨʠʥʳ. 

ʇʦʜʦʙʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʬʦʨʤʫ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʜʝʪʘʣʝʡ ʥʘ ʧʨʝʜʤʝʪ ʥʘʣʠ-

ʯʠʷ ʜʝʬʝʢʪʦʚ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʠʭ ʜʝʤʦʥʪʘʞʘ ʠ ʨʘʟ-

ʙʦʨʘ. ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʩʥʠʞʘʝʪ ʨʠʩʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʘʭ ʵʢʦʥʦʤʠʢʠ. 



ζColloquium - journal Ȼ#2 5(49),2019 / TECHNICAL SCIENCE 135 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ 

ʢʘʢ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ, ʪʘʢ ʠ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʝʝ ʧʨʠ ʧʨʦʜʣʝʥʠʠ ʨʝʩʫʨʩʘ ʠ ʩʙʦʨʢʝ ʩʣʦʞʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʟʣʦʚ ʠ ʪʨʝʙʦʚʘ-

ʥʠʷ ʢ ʥʠʤ ʙʳʣʠ ʦʧʠʩʘʥʳ ʨʘʥʝʝ [1]. 

ʇʨʦʪʦʪʠʧ ʩʠʩʪʝʤʳ ʜʝʬʝʢʪʦʩʢʦʧʠʠ 

ʀʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ 

ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʧʨʦʪʦʪʠʧ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʠʡ ʠʟ ʩʝʙʷ ʛʠʙʢʫʶ ʯʘʩʪʴ, ʥʘ ʜʠʩʪʘʣʴʥʦʡ ʢʦʥʮʝ ʢʦ-

ʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʘ ʥʘ ʧʨʦʢʩʠ-

ʤʘʣʴʥʦʤ ʢʦʥʮʝ ʩʠʩʪʝʤʘ ʘʨʪʠʢʫʣʷʮʠʠ ʠ ʙʣʦʢ ʧʨʠʝʤʘ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ.  

ʅʘ ʨʠʩʫʥʢʝ 1.1 ʧʨʝʜʩʪʘʚʣʝʥ ʚʠʜ ʜʠʩʪʘʣʴʥʦʡ ʯʘ-

ʩʪʠ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ. ɹʣʦʢ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʣʘʟʝʨ-

ʥʳʤ ʦʩʚʝʱʝʥʠʝʤ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.2. ʅʘ ʨʠ-

ʩʫʥʢʝ 1.3 (ʘ,ʙ) ʧʨʝʜʩʪʘʚʣʝʥ ʫʟʝʣ ʫʧʨʘʚʣʝʥʠʷ ʘʨʪʠʢʫ-

ʣʷʮʠʝʡ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ. 

ɼʠʩʪʘʣʴʥʳʡ ʢʦʥʝʮ ʚʢʣʶʯʘʝʪ ʜʚʝ ʤʠʥʠʘʪʶʨʥʳʝ 

ʚʠʜʝʦʢʘʤʝʨʳ ʠ ʙʣʦʢ ʣʘʟʝʨʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ɹʣʦʢ ʣʘ-

ʟʝʨʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ 

ʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʜʠ-

ʬʨʘʢʮʠʦʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ [1].

 

 
ʈʠʩʫʥʦʢ 1.1 ɺʠʜ ʜʠʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ 
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ʅʘ ʨʠʩʫʥʢʝ 1.2 ɹʣʦʢ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

 

  
(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.3 (ʘ,ʙ) ʋʟʝʣ ʫʧʨʘʚʣʝʥʠʷ ʘʨʪʠʢʫʣʷʮʠʝʡ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘ-

ʞʝʥʠʷ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʥʝ-

ʩʧʣʦʰʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʨʝʘʣʠʟʫʶ-

ʱʝʝ ʨʘʙʦʪʫ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ ʜʝʬʝʢʪʦʩʢʦʧʠʠ. 

ɼʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ: 
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-ʧʨʦʚʝʩʪʠ ʢʘʣʠʙʨʦʚʢʫ ʧʦ ʦʙʲʝʢʪʫ ʩ ʠʟʚʝʩʪʥʦʡ 

ʬʦʨʤʦʡ ʚ ʚʠʜʝ ʰʘʭʤʘʪʥʦʡ ʜʦʩʢʠ ï ʩ ʙʝʣʳʤʠ ʠ ʯʝʨ-

ʥʳʤʠ ʢʚʘʜʨʘʪʘʤʠ; 

- ʧʦʣʫʯʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʢʘʤʝʨʳ ʠ ʟʘʧʠʩʘʪʴ ʝʛʦ ʥʘ ʞʝʩʪʢʠʡ ʜʠʩʢ ʢʦʤʧʴʶ-

ʪʝʨʘ; 

- ʚʦʩʩʪʘʥʦʚʠʪʴ ʪʨʝʭʤʝʨʥʳʡ ʵʣʝʤʝʥʪ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʦʙʲʝʢʪʘ, ʥʘʙʣʶʜʘʝʤʳʡ ʩ ʦʜʥʦʛʦ ʨʘʢʫʨʩʘ; 

- ʦʙʲʝʜʠʥʠʪʴ ɻ ʣʝʤʝʥʪʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʙʣʶʜʘ-

ʝʤʳʝ ʩ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʜʝʣʠʪʴ ʜʝʬʝʢʪʥʳʝ ʦʙʣʘʩʪʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ; 

- ʨʘʩʩʯʠʪʘʪʴ ʜʣʠʥʫ ʠ ʰʠʨʠʥʫ ʜʝʬʝʢʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʚʦʜʷʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʠ ʩʦʭʨʘ-

ʥʷʶʪʩʷ ʥʘ ʞʝʩʪʢʠʡ ʜʠʩʢ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʳʣ ʠʟʣʦʞʝʥ ʨʘʥʝʝ [1]. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʨʦʪʦ-

ʪʠʧʘ ʧʨʦʛʨʘʤʤʘ ʙʳʣʘ ʜʦʨʘʙʦʪʘʥʘ ʠ ʦʪʣʘʞʝʥʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʠʭ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʩ 

ʚʳʜʘʯʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʪʦʪʠʧʘ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʳʣʦ ʜʦʨʘʙʦ-

ʪʘʥʦ ʩ ʮʝʣʴʶ ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʣʦʞʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʨʝʭʤʝʨʥʦʡ 

ʬʦʨʤʝ ʦʙʲʝʢʪʘ. 

ɼʘʥʥʳʡ ʬʫʥʢʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʪʝʨʘʪʠʚʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʧʨʠʙʣʠʞʝʥʠʷ ʪʦʯʝʢ ï Iterative Closest 

Point (ICP). ɼʣʷ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʥʠʤʘʪʴ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʩ ʨʘʟʣʠʯʥʳʭ ʨʘʢʫʨʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩ ʧʝ-

ʨʝʢʨʳʪʠʝʤ 15-20%. ɼʘʥʥʳʝ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʩ ʥʘʠʙʦʣʴʰʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ. ɸʣʛʦ-

ʨʠʪʤ ʨʘʙʦʪʘʝʪ ʠʪʝʨʘʪʠʚʥʦ, ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ï 

40-60. ʊʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʘ-

ʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʧʨʦʛʨʘʤʤʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩ ʟʘʜʝʨʞʢʦʡ ʚ 20 ʩʝʢʫʥʜ 

ʥʘ ʢʘʞʜʦʝ ʥʘʣʦʞʝʥʠʝ ʨʘʢʫʨʩʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʬʫʥʢʮʠʠ ʥʘʣʦʞʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ ʥʘ ʷʟʳʢʝ ʩ++ ʠʩ-

ʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʥʜʘʨʪʥʘʷ ʙʠʙʣʠʦʪʝʢʘ Point Cloud 

Library ʚʝʨʩʠʠ 1.7.1.  

ʅʘ ʨʠʩʫʥʢʝ 1.4 ʧʨʠʚʝʜʝʥʘ ʠʣʣʶʩʪʨʘʮʠʷ ʨʘʙʦʪʳ 

ʘʣʛʦʨʠʪʤʘ. 

 
ʈʠʩʫʥʦʢ 1.4 ʀʣʣʶʩʪʨʘʮʠʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʨʘʢʫʨʩʦʚ 

 

ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʦ-

ʪʦʪʠʧʘ ʩʠʩʪʝʤʳ ʜʝʬʝʢʪʦʩʢʦʧʠʠ  

ɺ ʢʘʯʝʩʪʚʝ ʤʠʥʠʘʪʶʨʥʦʡ ʢʘʤʝʨʳ ʧʨʠʤʝʥʝʥʘ 

ʢʘʤʝʨʘ AWAIBA Naneye, ʠʤʝʶʱʘʷ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟ-

ʤʝʨʳ 1ʭ1ʭ3 ʤʤ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠ-

ʥʠʤʘʣʴʥʳʭ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʚʝʜʝʤ ʟʘʭʚʘʪ ʠʟʦʙ-

ʨʘʞʝʥʠʡ ʩ ʢʘʤʝʨʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʢʘʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʰʪʨʠʭʦʚʘʷ ʤʠʨʘ ɻʆʀ ˉ5, 

ʚʳʧʦʣʥʝʥʥʘʷ ʧʦ ɻʆʉʊ 19803 [2]. ʄʠʨʘ ʩʥʠʤʘʣʘʩʴ ʩ 

ʨʘʩʩʪʦʷʥʠʡ 1ʩʤ; 1,5ʩʤ ʠ 2ʩʤ. 

ʅʘ ʨʠʩ 2.1 (ʘ, ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ 

ʤʠʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1ʩʤ. 
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a)  ʙ) 

ʈʠʩʫʥʦʢ 2.1 ʆʧʪʠʯʝʩʢʘʷ ʰʪʨʠʭʦʚʘʷ ʤʠʨʘ ˉ 5 ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʨʘʩʩʪʦʷʥʠʷ 1 ʩʤ 

 

ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʨʘʟʣʠʯʘʶʪʩʷ ʰʪʨʠʭʠ ʥʘ 6 

ʵʣʝʤʝʥʪʝ ʤʠʨʳ, ʠʭ ʰʠʨʠʥʘ 119,8 ʤʢʤ [2]. ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʣʠʥʝʡʥʘʷ ʨʘʟʨʝʟʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘ-

ʤʝʨʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʩʤ ʥʝ ʭʫʞʝ 119,8 ʤʢʤ. 

ʅʘ ʨʠʩ 2.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʨʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,5 ʩʤ. 

 

 
 a)   ʙ) 

 

 ʈʠʩʫʥʦʢ 2.2 ʆʧʪʠʯʝʩʢʘʷ ʰʪʨʠʭʦʚʘʷ ʤʠʨʘ ˉ 5 ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʨʘʩʩʪʦʷʥʠʷ 1,5 ʩʤ 

 

ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʨʘʟʣʠʯʘʶʪʩʷ ʰʪʨʠʭʠ ʥʘ 1 ʵʣʝʤʝʥʪʝ ʤʠʨʳ. ʐʠʨʠʥʘ ʰʪʨʠʭʦʚ ʥʘ ʵʪʦʤ ʵʣʝʤʝʥʪʝ ʤʠʨʳ 

ʩʦʩʪʘʚʣʷʝʪ 160,0 ʤʢʤ [3], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʠʥʝʡʥʘʷ ʨʘʟʨʝʟʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʤʝʨʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,5 ʩʤ 

ʥʝ ʭʫʞʝ 160,0 ʤʢʤ  

ʅʘ ʨʠʩ 2.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʤʠʨʳ ʩ ʨʘʩʩʪʦʷʥʠʷ 2ʩʤ. 

 
















