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ʢʦʥʩʪʨʫʢʮʽʾ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʴ ï ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 62000 ʤ3/ʜʦʙʫ.

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʴ ï ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʪʨʘʜʠʮʽʡʥʦʾ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 
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ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʦʥʢʦʰʘʨʦʚʠʭ ʤʦʜʫʣʽʚ. 



ABSTRACT 

Master's qualification work "Development of the city's water supply system 

with a study of the efficiency of the treatment facilities":  p, fig, tabl., sources, 

appendices. 

Keywords: WATER SUPPLY SYSTEM; WATER NETWORK; 

TREATMENT PLANT; EFFICIENCY; ENVIRONMENTAL JUSTIFICATION; 

ECONOMIC INDICATORS. 

The purpose of the work is the development of the water supply system of the 

settlement with the study of the efficiency of the structures for water retention when 

the structure is changed. 

The object of research is a sewage treatment plant with a capacity of 50,000 

m3/day. 

The subject of research is the structural and technological parameters of 

traditional and improved construction sewage treatment plants. 

The elements of the water supply system for a settlement with a population of 

96,720 people were developed, the efficiency of horizontal settling tanks was 

investigated, taking into account their modernization through the use of thin-layer 

modules 
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ʦʙʣʘʜʥʘʥʥʷééééééééééééééééééééééééééé. 
2.6.8 ɸʥʘʣʽʟ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘʩʦʩʽʚ ʪʘ ʫʪʦʯʥʝʥʥʷ ʾʭ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
3 ɽʂʆʃʆɻɯʏʅɽ ʆɹɻʈʋʅʊʋɺɸʅʅʗéééééééééééééééé.. 
3. ʈʆɿʈʆɹʂɸ ʉʍɽʄʀ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʇʈʆʎɽʉʋ ʂʆɸɻʋʃʖɺɸʅʅʗ
4. ʆʈɻɸʅɯɿɸʎɯʗ ʊɸ ʇʃɸʅʋɺɸʅʅʗ ʈʆɹʆʊʀ ɺʆɼʆʇʈʆɺɯɼʅʆɻʆ
ɻʆʉʇʆɼɸʈʉʊɺɸéééééééééééééééééééééééé. 
4.1 ʇʣʘʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ ʢʝʨʫʚʘʥʥʷ ʩʪʘʥʮʽʾ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 
4.2  ʇʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʟʚ'ʷʟʢʽʚéééééééééééééééé.. 



4.3 ʇʣʘʥʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫééééééééééé 
4.4 ʇʣʘʥʫʚʘʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʦʯʠʭéééééé.. 
4.5 ʇʣʘʥʫʚʘʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʩʧʝʮʽʘʣʽʩʪʽʚ ʪʘ ʢʝʨʽʚʥʦʛʦ ʩʢʣʘʜʫééééééé. 
4.6 ʇʣʘʥʫʚʘʥʥʷ ʬʦʥʜʫ ʦʧʣʘʪʠ ʧʨʘʮʽʚʥʠʢʽʚééééééééééééééé 
4.7 ʈʦʟʨʘʭʫʥʦʢ ʬʦʥʜʫ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʪʘ ʢʝʨʽʚʥʦʛʦ ʩʢʣʘʜʫéé. 
5. ɽʢʦʥʦʤʽʯʥʝ ʦʙʛʨʫʥʪʫʚʘʥʥʷéééééééééééééééééééé..
5.1 ɽʢʦʥʦʤʽʯʥʝ ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʽʘʥʪʽʚ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷéééééééééé. 
5.2 ʇʣʘʥʫʚʘʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪéééééééééééééééééé 
5.3 ʇʣʘʥʫʚʘʥʥʷ ʧʦʪʦʯʥʠʭ ʚʠʪʨʘʪééééééééééééééééééé 
5.3.1 ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʥʘ ʩʠʨʦʚʠʥʫ ʽ ʤʘʪʝʨʽʘʣʠ éééééééééééé. 
5.3.2 ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʥʘ ʧʘʣʠʚʦ ʽ ʝʥʝʨʛʽʶ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʮʽʣʽééééé.. 
5.3.3    ɺʠʪʨʘʪʠ ʥʘ ʦʩʥʦʚʥʫ ʽ ʜʦʜʘʪʢʦʚʫ ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʫééééééééé.. 
5.3.4 ɺʠʪʨʘʪʠ ʥʘ ʚʽʜʨʘʭʫʚʘʥʥʷ ʥʘ ʩʦʮʽʘʣʴʥʝ ʩʪʨʘʭʫʚʘʥʥʷééééééééé. 
5.3.5 ɺʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʶ ʫʩʪʘʪʢʫʚʘʥʥʷéééééééé.. 
5.3.6 ɯʥʰʽ ʚʠʨʦʙʥʠʯʽ ʚʠʪʨʘʪʠéééééééééééééééééééé.. 
5.3.7 ʈʦʟʨʘʭʫʥʦʢ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʦʩʣʫʛ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷéééééééééé 
5.3.8 ʈʦʟʨʘʭʫʥʦʢ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʩʣʫʛ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 
ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃéééééééééééééé.
ɼʦʜʘʪʦʢ ɸéééééééééééééééééééééééééééé 
ɼʦʜʘʪʦʢ ɹéééééééééééééééééééééééééééé. 
ɼʦʜʘʪʦʢ ɺéééééééééééééééééééééééééééé. 



ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ ʢʨʘʾʥʘʭ, ʷʢʽ ʧʦʩʪʨʘʞʜʘʣʠ 

ʚʽʜ ʢʦʥʬʣʽʢʪʫ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ ʫʩʢʣʘʜʥʝʥʥʷ ʩʠʪʫʘʮʽʾ: 

ʟʤʝʥʰʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʦʟʥʘʯʘʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʧʦʞʠʚʘʯʽʚ ʥʝʦʙʭʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʦʜʠ ʪʘ ʥʝʦʙʭʽʜʥʠʤ ʪʠʩʢʦʤ ʚ ʩʠʩʪʝʤʽ, 

ʢʦʤʫʥʘʣʴʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʚʪʨʘʯʘʻ ʜʦʚʽʨʫ ʪʘ ʘʚʪʦʨʠʪʝʪ ʩʧʦʞʠʚʘʯʽʚ, ʷʢʽ 

ʫʪʨʠʤʫʶʪʴ ʩʚʦʾ ʧʣʘʪʝʞʽ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ; ʚ ʫʤʦʚʘʭ 

ʥʝʧʣʘʪʝʞʽʚ ʢʦʤʫʥʘʣʴʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʚʪʨʘʯʘʻ ʬʽʥʘʥʩʦʚʫ ʩʘʤʦʜʦʩʪʘʪʥʽʩʪʴ ʽ ʩʪʘʻ 

ʟʘʣʝʞʥʠʤ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʬʽʥʘʥʩʦʚʦʾ ʧʽʜʪʨʠʤʢʠ. ʆʩʪʘʥʥʽ ʨʦʢʠ ʚ ʋʢʨʘʾʥʽ 

ʧʨʦʚʦʜʠʪʴʩʷ ʤʦʜʝʨʥʽʟʘʮʽʷ ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʩʪʘʥʮʽʡ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʦʯʠʱʝʥʥʷ ʚʦʜʠ. ʎʽ ʟʘʭʦʜʠ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʜʣʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʧʦʨʫʜ ʜʣʷ ʚʽʜʩʪʦʶʚʘʥʥʷ ʚʦʜʠ ʧʨʠ ʟʤʽʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʴ ï ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 50000 ʤ3/ʜʦʙʫ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʴ ï ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʪʨʘʜʠʮʽʡʥʦʾ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɿʘʩʪʦʩʦʚʘʥʽ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʤʝʪʦʜʠ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʢʠ 

ʩʠʩʪʝʤʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʚʽʜʙʫʜʦʚʠ ʟʨʫʡʥʦʚʘʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʽʩʪ ʚʥʘʩʣʽʜʦʢ ʧʨʦʚʝʜʝʥʥʷ ʙʦʡʦʚʠʭ ʜʽʡ. 

ʈʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʟ ʪʦʥʢʦʰʘʨʦʚʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ 

ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ, ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʧʨʦʮʝʩʫ ʦʩʚʽʪʣʝʥʥʷ ʚʦʜʠ, ʟʙʽʣʴʰʠʪʠ 



ʪʨʠʚʘʣʽʩʪʴ ʬʽʣʴʪʨʦʮʠʢʣʫ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʪʘ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʠʚʥʦʾ 

ʚʦʜʠ. 

ɸʧʨʦʙʘʮʽʷ ʨʦʙʦʪʠ. ɻʦʣʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʦʧʦʚʽʜʘʣʠʩʴ ʥʘ XVI 

ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ, 

ʜʦʢʪʦʨʘʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʘ ʥʘʫʢʘ-2023è, ʱʦ ʧʨʦʭʦʜʠʣʘ 17-22 

ʢʚʽʪʥʷ 2023 ʨʦʢʫ (ʤ. ɿʘʧʦʨʽʞʞʷ), VIII ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ   ʱʦ ʧʨʦʭʦʜʠʣʘ 12 ʪʨʘʚʥʷ 

2023 ʨʦʢʫ, (ʤ. ʃʫʮʴʢ), III ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟʘ 

ʫʯʘʩʪʶ ʤʦʣʦʜʠʭ ʥʘʫʢʦʚʮʽʚ çɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʩʪʘʣʦʛʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʪʘ 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠè, ʷʢʘ ʧʨʦʚʦʜʠʣʘʩʴ 17-20

ʞʦʚʪʥʷ 2023 ʨʦʢʫ, (ʤ. ɿʘʧʦʨʽʞʞʷ).  



ʈʆɿɼɯʃ 1. ɸʅɸʃɯɿ ʅʆɺɯʊʅɯʍ ʊɽʍʅʆʃʆɻɯʁ ɺ ʉʀʉʊɽʄɸʍ 

ɺʆɼʆʇʆʉʊɸʏɸʅʅʗ ʄɯʉʊ 

1.2 ʇʠʪʘʥʥʷ ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ 

ɺʦʜʦʧʦʩʪʘʯʘʥʥʷ ʻ ʛʦʣʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʝʢʦʥʦʤʽʯʥʦʛʦ ʪʘ ʩʦʮʽʘʣʴʥʦʛʦ 

ʨʦʟʚʠʪʢʫ. ʁʦʛʦ ʟʥʘʯʝʥʥʷ ʚʘʞʢʦ ʧʝʨʝʦʮʽʥʠʪʠ: ʮʝ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʜʦʨʦʚʦʛʦ  ʞʠʪʪʷ, 

ʫʤʦʚʠ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ, ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʪʘ ʧʽʜʪʨʠʤʢʘ ʥʘʩʝʣʝʥʥʷ. 

ɼʦʩʣʽʜʥʠʢʠ [25], ʚʢʘʟʫʶʪʴ ʛʨʫʧʫ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʥʝʩʫʪʴ ʦʩʥʦʚʥʽ ʟʘʛʨʦʟʠ 

ʚʦʜʥʽʡ ʙʝʟʧʝʮʽ, ʘ ʩʘʤʝ çʥʠʟʴʢʠʡ ʽʥʩʪʠʪʫʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ; ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʛʘʣʴʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʚʦʜʠ ʚʥʘʩʣʽʜʦʢ ʥʝʟʜʘʪʥʦʩʪʽ 

ʧʣʘʪʠʪʠ, ʩʦʮʽʘʣʴʥʦʛʦ ʯʠ ʧʦʣʽʪʠʯʥʦʛʦ ʩʪʘʪʫʩʫ; ʥʝʟʘʜʦʚʽʣʴʥʘ ʩʘʥʽʪʘʨʽʷ ʪʘ ʛʽʛʽʻʥʘ 

ʩʠʩʪʝʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ; ʰʚʠʜʢʝ ʟʨʦʩʪʘʥʥʷ ʥʘʩʝʣʝʥʥʷ; ʟʤʽʥʘ ʢʣʽʤʘʪʫè. 

ʂʣʽʤʘʪ ʚʧʣʠʚʘʻ  ʥʘ ʧʽʚʜʝʥʥʽ ʨʝʛʽʦʥʠ. ʋʢʨʘʾʥʠ. ɺ ʦʜʥʦʤʫ ʽʟ ʜʦʩʣʽʜʞʝʥʴ [23] 

ʫʢʨʘʾʥʩʴʢʽ ʥʘʫʢʦʚʮʽ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ, ʷʢ ʟʤʽʥʶʚʘʪʠʤʫʪʴʩʷ ʨʽʯʢʠ ʟʘ ʜʚʦʭ ʨʽʟʥʠʭ 

ʩʮʝʥʘʨʽʾʚ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʟ 2041 ʨʦʢʫ ʤʦʞʣʠʚʝ ʧʨʠʧʠʥʝʥʥʷ ʤʽʩʮʝʚʦʛʦ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʫ ʤʘʣʦʚʦʜʥʽ ʨʽʯʢʠ ʫ ʍʝʨʩʦʥʩʴʢʽʡ, ʆʜʝʩʴʢʽʡ, ʄʠʢʦʣʘʾʚʩʴʢʽʡ, 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ ʪʘ ɿʘʧʦʨʽʟʴʢʽʡ ʦʙʣʘʩʪʷʭ. ɿʦʢʨʝʤʘ, ʫ ɿʘʧʦʨʽʟʴʢʽʡ ʦʙʣʘʩʪʽ 

çʢʣʽʤʘʪʠʯʥʠʡ ʩʪʽʢè ʤʦʞʝ ʟʤʝʥʰʠʪʠʩʷ ʚʜʝʩʷʪʝʨʦ, ʫ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ ï ʫ 6, ʫ 

ʄʠʢʦʣʘʾʚʩʴʢʽʡ ï ʫ 3,6 ʨʘʟʘ, ʘ ʚ ʂʨʠʤʫ ï ʫʜʚʽʯʽ [15]. 

ɻʦʣʦʚʥʦʶ ʫʤʦʚʦʶ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʜʦ 2030 ʨʦʢʫ ʻ ʚʦʜʥʘ 

ʙʝʟʧʝʢʘ. ɺʦʜʥʘ ʧʨʦʙʣʝʤʘ ʟʘʛʦʩʪʨʠʣʘʩʴ ʽ ʜʣʷ ʋʢʨʘʾʥʠ, ʪʦʤʫ ʱʦ ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʘ ʙʝʟʧʝʢʘ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʪʘʣʠ ʚʢʨʘʡ ʘʢʪʫʘʣʴʥʠʤʠ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ 

ʩʪʘʥʫ. 

ɺʦʜʥʘ ʙʝʟʧʝʢʘ ʻ ʥʝʚʽʜʜʽʣʴʥʠʤ  ʝʣʝʤʝʥʪʦʤ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ [28]. ɿʘ ʜʘʥʠʤʠ [21] ʟʘ ʟʘʧʘʩʘʤʠ ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʘ ʥʘʣʝʞʠʪʴ ʜʦ ʤʘʣʦʟʘʙʝʟʧʝʯʝʥʠʭ ʢʨʘʾʥ ʟʘ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ɿʘ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ ʋʢʨʘʾʥʘ ʧʝʨʝʙʫʚʘʻ ʥʘ 111 ʤʽʩʮʽ ʩʝʨʝʜ 152 ʢʨʘʾʥ 

ʩʚʽʪʫ, ʘ ʩʝʨʝʜ 20 ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ ʧʦʩʽʜʘʻ 17 ʤʽʩʮʝ. 



ʋ ʨʦʙʦʪʽ [3] ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʪʨʴʦʭ ʧʽʜʭʦʜʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʚ 

ʫʤʦʚʘʭ ʢʦʥʬʣʽʢʪʫ: ʧʦʣʽʪʠʯʥʦʤʫ, ʪʘʢʪʠʯʥʦʤʫ ʽ ʧʩʠʭʦʣʦʛʽʯʥʦʤʫ ɼʣʷ ʋʢʨʘʾʥʠ ʮʝ ʽ 

ʪʠʩʢ ʥʘ ʤʽʩʮʝʚʝ ʥʘʩʝʣʝʥʥʷ, ʽ çʚʦʜʘ ʷʢ ʪʘʢʪʠʯʥʘ ʟʙʨʦʷè, ʽ ʧʩʠʭʦʣʦʛʽʯʥʘ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ-ʪʨʠʚʦʞʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ. ɿʘ ʜʘʥʠʤʠ [26] ʜʽʪʠ, ʥʘʨʦʜʞʝʥʽ ʚ 

ʢʨʘʾʥʘʭ, ʱʦ ʧʦʩʪʨʘʞʜʘʣʠ ʚʽʜ ʢʦʥʬʣʽʢʪʫ, ʤʘʡʞʝ ʚʜʚʽʯʽ ʯʘʩʪʽʰʝ ʥʝ ʤʘʶʪʴ ʜʦʩʪʫʧʫ 

ʜʦ ʧʦʢʨʘʱʝʥʦʛʦ ʜʞʝʨʝʣʘ ʚʦʜʠ. ɿ ʙʝʨʝʟʥʷ 2022 ʨʦʢʫ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ  

ʧʨʦʜʦʚʞʫʶʪʴʩʷ ʦʙʩʪʨʽʣʠ ʪʘ ʧʦʧʘʜʘʥʥʷ ʩʥʘʨʷʜʽʚ ʫ ʥʘʩʦʩʥʽʡ ʩʪʘʥʮʽʾ, ʚʦʜʦʧʨʦʚʽʜʥʽ 

ʤʝʨʝʞʽ, ʩʧʦʨʫʜʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ. ʎʝ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʜʦʩʪʫʧ ʣʶʜʝʡ 

ʜʦ ʧʠʪʥʦʾ ʚʦʜʠ, ʤʘʻ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʻ 

ʧʨʠʯʠʥʦʶ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʪʦʢʽʚ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʅʘʧʨʠʢʣʘʜ, ʙʝʟ 

ʚʦʜʠ ʟʘʣʠʰʠʣʠʩʷ ʞʠʪʝʣʽ ʄʘʨʽʫʧʦʣʷ, ʷʢʠʤ ʧʨʠʡʰʣʦʩʴ ʥʘʚʽʪʴ ʚʞʠʚʘʪʠ ʚʦʜʫ ʟ 

ʢʘʣʶʞ. ʋ ʙʝʨʝʟʥʽ 2022 ʨʦʢʫ ʞʠʪʝʣʽ ʏʝʨʥʽʛʦʚʘ ʥʝ ʤʘʣʠ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʫʚʘʪʠ 

ʧʠʪʥʫ ʚʦʜʫ ʪʘ ʢʦʨʠʩʪʫʚʘʣʠʩʷ ʚʦʜʦʶ ʟ ɼʝʩʥʠ, ʟ ʢʚʽʪʥʷ 2023 ʨʦʢʫ ʟ ʧʦʜʽʙʥʦʶ 

ʧʨʦʙʣʝʤʦʶ ʩʪʠʢʥʫʣʠʩʷ ʞʠʪʝʣʽ ʄʠʢʦʣʘʻʚʘ.  

ʅʘʩʣʽʜʢʦʤ ʧʨʦʚʝʜʝʥʥʷ ʚʦʻʥʥʠʭ ʜʽʡ ʻ ʨʫʡʥʫʚʘʥʥʷ ʚʦʜʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, 

ʤʽʥʫʚʘʥʥʷ ʛʨʝʙʝʣʴ, ʧʨʦʚʦʜʷʪʴ ʚʽʡʩʴʢʦʚʽ ʦʧʝʨʘʮʽʾ ʥʘ ʪʝʨʠʪʦʨʽʾ ʏʦʨʥʦʛʦ ʪʘ 

ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʩʪʨʽʣʫ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ɺʘʩʠʣʴʢʽʚʩʴʢʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʮʝʭʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʙʫʣʘ ʟʨʫʡʥʦʚʘʥʘ 

ʙʫʜʽʚʣʷ ʢʘʥʘʣʽʟʘʮʽʡʥʦʾ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʩʪʽʯʥʽ ʚʦʜʠ ʙʝʟ ʙʫʜʴ-

ʷʢʦʾ ʦʯʠʱʝʥʥʷ ʟʣʠʚʘʣʠʩʴ ʫ ʨʽʯʢʫ ɼʥʽʧʨʦ. 

ɺ ʫʤʦʚʘʭ ʚʽʡʥʠ ʙʫʣʠ ʟʨʫʡʥʦʚʘʥʽ ʥʘʬʪʦʙʘʟʠ ʫ ʙʘʛʘʪʴʦʭ ʤʽʩʪʘʭ, ʚʠʙʫʭʠ ʪʘ 

ʧʦʞʝʞʽ ʧʨʠʟʚʝʣʠ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʷʢ ˇʨʫʥʪʫ, ʪʘʢ ʽ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʫʡʥʫʚʘʥʥʷ ʛʨʝʙʝʣʴ ʽʩʥʫʻ ʥʝʙʝʟʧʝʢʘ ʟʘʪʦʧʣʝʥʥʷ ʟʥʘʯʥʠʭ ʪʝʨʠʪʦʨʽʡ, 

ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʙʘʛʘʪʦ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʜʝ ʤʝʰʢʘʶʪʴ ʩʦʪʥʽ ʪʠʩʷʯ ʛʨʦʤʘʜʷʥ. 

ɼʣʷ ʨʽʯʦʢ ʽ ʚʦʜʦʩʭʦʚʠʱ ʋʢʨʘʾʥʠ ʘʚʪʦʨ ʜʘʻ ʦʧʠʩ ʟʘʛʨʦʟʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ 

ʥʝʙʝʟʧʝʢʠ [27]. ʅʘʧʨʠʢʣʘʜ, ʫ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʤʫ ʝʢʦʥʦʤʽʯʥʦʤʫ ʨʘʡʦʥʽ ʻ 3 

ʚʦʜʦʩʭʦʚʠʱʘ (ʂʘʤôʷʥʩʴʢʝ, ʂʘʨʘʯʫʥʽʚʩʴʢʝ, ʂʨʝʤʝʥʯʫʮʴʢʝ), ʘʚʘʨʽʾ ʥʘ ʛʨʝʙʣʷʭ ʷʢʠʭ 

ʩʧʨʠʯʠʥʷʪʴ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ, ɿʘʧʦʨʽʟʴʢʦʾ 

ʪʘ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʝʡ. 



ʌʘʭʽʚʮʷʤʠ [12] ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʤʦʜʝʣʴ ʦʮʽʥʢʠ ʨʝʩʫʨʩʽʚ 

ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʭʥʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ, 

ʧʦʪʝʥʮʽʡʥʠʭ ʥʘʩʣʽʜʢʽʚ ʟʙʨʦʡʥʦʛʦ ʢʦʥʬʣʽʢʪʫ. ɺʧʣʠʚ ʚʦʻʥʥʠʭ ʢʦʥʬʣʽʢʪʽʚ ʥʘ ʩʪʘʥ 

ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟʘʟʚʠʯʘʡ ʧʦʚôʷʟʘʥʽ ʟ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ. ɼʣʷ ʦʮʽʥʢʠ 

ʧʝʨʝʤʽʱʝʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʥ ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʄʽʞʥʘʨʦʜʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʟ ʤʽʛʨʘʮʽʾ (ʄʆʄ), ʷʢʘ ʟʦʢʨʝʤʘ 

ʫ ʢʚʽʪʥʽ 2022 ʨʦʢʫ ʧʨʦʚʝʣʘ ʜʨʫʛʠʡ ʨʘʫʥʜ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ ʝʢʩʧʨʝʩ-

ʦʮʽʥʶʚʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ [14]. ʅʘ ʨʠʩ. 1.1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʽ 

ʱʦ ʚʥʫʪʨʽʰʥʴʦ ʧʝʨʝʤʽʱʝʥʠʭ ʦʩʽʙ ʧʦ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ, ʱʦ ʩʫʪʪʻʚʦ ʤʦʞʝ 

ʚʧʣʠʚʘʪʠ ʥʘ ʷʢʽʩʪʴ  ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʈʠʩʫʥʦʢ 1.1 ï ɯʥʬʦʨʤʘʮʽʡʥʽ ʜʘʥʽ ʱʦʜʦ ʤʽʛʨʘʮʽʾ ʥʘʩʝʣʝʥʥʷ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ 

ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʠʭ ʦʩʽʙ ʟʘʬʽʢʩʦʚʘʥʘ ʫ ʧʽʚʜʝʥʥʠʭ ʪʘ ʩʭʽʜʥʠʭ 

ʨʝʛʽʦʥʘʭ, ʱʦ ʽʣʶʩʪʨʫʻ ʥʘʩʣʽʜʢʠ ʙʦʡʦʚʠʭ ʧʦʜʽʡ: ʨʫʡʥʘʮʽʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ 

ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʧʨʦʙʣʝʤʠ. ɺ ʪʘʙʣʠʮʽ 1 ʚʢʘʟʘʥʽ ʛʦʣʦʚʥʽ ʥʘʩʣʽʜʢʠ ʚʦʻʥʥʦʛʦ 

ʢʦʥʬʣʽʢʪʫ ʜʣʷ ʩʬʝʨʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ ʋʢʨʘʾʥʽ [15]. 



ʊʘʙʣʠʮʷ 1 ï ʅʘʩʣʽʜʢʠ ʚʦʻʥʥʦʛʦ ʢʦʥʬʣʽʢʪʫ ʜʣʷ ʋʢʨʘʾʥʠ 

ʇʘʨʘʤʝʪʨ ɹʽʦʬʽʟʠʯʥʘ ʰʢʘʣʘ ʇʦʢʘʟʥʠʢ ʈʠʟʠʢ ʈʠʟʠʢ 

ɺʧʣʠʚ 
ʚʦʻʥʥʠʭ 
ʧʦʜʽʡ 

ʅʘʩʝʣʝʥʥʷ ʇʦʤʽʨʥʝ ʇʝʨʝʤʽʱʝʥʥʷ ɿʙʽʣʴʰʝʥʥʷ 
ʧʦʪʨʝʙʠ ʫ ʚʦʜʽ 

ɺʦʜʦʧʦʩʪʘʯʘʥʥʷ ɺʠʩʦʢʝ ɿʤʽʥʘ 
ʫʧʦʜʦʙʘʥʴ 
ʱʦʜʦ 
ʧʦʩʪʘʯʘʥʥʷ 

ɿʥʠʞʝʥʘ 
ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ 
ʧʦʩʪʘʯʘʥʥʷ 
ʚʦʜʠ 

ʋʧʨʘʚʣʽʥʥʷ 
ʚʦʜʦʧʦʩʪʘʯʘʥʥʷʤ 

ɺʠʩʦʢʝ ɺʽʜʩʫʪʥʽʩʪʴ 
ʫʧʨʘʚʣʽʥʥʷ 

ɿʤʝʥʰʝʥʝ 
ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʗʢʽʩʪʴ ʚʦʜʠ ɺʠʩʦʢʝ ɿʥʠʞʝʥʥʷ 
ʷʢʦʩʪʽ 
ʚʦʜʠ 

ʇʽʜʚʠʱʝʥʠʡ 
ʨʠʟʠʢ ʜʣʷ 
ʟʜʦʨʦʚ'ʷ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʫ ʰʝʩʪʠ ʢʨʘʾʥʘʭ, ʷʢʽ ʧʦʩʪʨʘʞʜʘʣʠ ʚʽʜ ʢʦʥʬʣʽʢʪʫ ʚ ʨʦʙʦʪʽ [22] 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʨʠ ʩʪʘʜʽʾ ʫʩʢʣʘʜʥʝʥʥʷ ʩʠʪʫʘʮʽʾ:  

− ʟʥʠʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ï ʪʦʙʪʦ ʫʥʝʤʦʞʣʠʚʣʝʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʧʦʞʠʚʘʯʽʚ ʥʝʦʙʭʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʦʜʠ ʪʘ ʥʝʦʙʭʽʜʥʠʭ ʪʠʩʢʽʚ ʫ ʤʝʨʝʞʽ; 

 ʢʦʤʫʥʘʣʴʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʚʪʨʘʯʘʻ ʜʦʚʽʨʫ ʪʘ ʘʚʪʦʨʠʪʝʪ ʩʧʦʞʠʚʘʯʽʚ, ʷʢʽ 

ʫʪʨʠʤʫʶʪʴ ʩʚʦʾ ʧʣʘʪʝʞʽ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʚʽʜʥʦʚʣʝʥʦ ʥʘʜʽʡʥʽʩʪʴ ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ; 

 − ʢʦʤʫʥʘʣʴʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʚ ʫʤʦʚʘʭ ʥʝʧʣʘʪʝʞʽʚ ʧʝʨʝʩʪʘʻ ʙʫʪʠ ʬʽʥʘʥʩʦʚʦ 

ʩʘʤʦʜʦʩʪʘʪʥʽʤ ʽ ʩʪʘʻ ʟʘʣʝʞʥʠʤ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʬʽʥʘʥʩʦʚʦʾ ʧʽʜʪʨʠʤʢʠ. 

ʆʩʪʘʥʥʽ ʨʦʢʠ ʚ ʋʢʨʘʾʥʽ ʧʨʦʚʦʜʠʪʴʩʷ ʤʦʜʝʨʥʽʟʘʮʽʷ ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʥʘʩʦʩʥʠʭ 

ʩʪʘʥʮʽʡ, ʚʽʜʥʦʚʣʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʽ ʟʥʦʰʝʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ [20]. ʎʝ ʻ ʦʩʥʦʚʥʠʤ 

ʨʽʰʝʥʥʷʤ ʟ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʩʫʨʩʽʚ. 



ɿʘʢʦʥʦʤʽʨʥʦ, ʱʦ ʥʦʚʦʶ ʛʣʦʙʘʣʴʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʩʫʯʘʩʥʦʛʦ ʨʦʟʚʠʪʢʫ ʻ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʦʩʥʦʚʥʽ ʩʪʨʘʪʝʛʽʯʥʽ ʨʝʩʫʨʩʠ, ʷʢʽ ʜʝʜʘʣʽ ʯʘʩʪʽʰʝ 

ʩʪʘʶʪʴ ʧʨʝʜʤʝʪʦʤ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʣʽʢʪʽʚ, ʟʙʨʦʡʥʠʭ ʟʽʪʢʥʝʥʴ ʽ ʥʘʚʽʪʴ ʟʙʨʦʡʥʠʭ 

ʢʦʥʬʣʽʢʪʽʚ. ɺʦʜʘ ï ʮʝ ʮʽʥʥʠʡ, ʘʣʝ ʦʙʤʝʞʝʥʠʡ ʨʝʩʫʨʩ, ʦʩʦʙʣʠʚʦ ʫ ʧʽʚʜʝʥʥʠʭ ʪʘ 

ʩʭʽʜʥʠʭ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ. ɹʝʟʫʤʦʚʥʦ, ʚʽʡʩʴʢʦʚʽ ʜʽʾ ʧʦʛʽʨʰʫʶʪʴ ʩʠʪʫʘʮʽʶ ʟ ʚʦʜʦʶ 

ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ, ʘʣʝ ʚʩʽ ʚʦʜʥʽ ʟʘʛʨʦʟʠ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʨʛʘʥʘʤ ʚʣʘʜʠ ʪʘ 

ʚʪʽʣʶʶʪʴʩʷ ʟʘʭʦʜʠ ʱʦʜʦ ʧʦʜʦʣʘʥʥʷ ʾʾ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ. 

1.2 ʉʭʝʤʠ ʪʘ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ɺ ʙʘʛʘʪʴʦʭ ʟʨʫʡʥʦʚʘʥʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ ʪʨʝʙʘ ʚʽʜʙʫʜʦʚʫʚʘʪʠ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʘ ʟʥʘʯʠʪʴ ʨʦʟʚ'ʷʟʫʚʘʪʠ ʧʠʪʘʥʥʷ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʄʝʪʦʜ ʦʙʨʦʙʢʠ ʚʦʜʠ, ʩʢʣʘʜ ʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʩʧʦʨʫʜ 

ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʦʟʠ ʨʝʘʛʝʥʪʽʚ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʶʚʘʪʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʩʪʽ ʚʦʜʠ ʚ ʜʞʝʨʝʣʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʧʨʠʟʥʘʯʝʥʥʷ ʚʦʜʦʧʨʦʚʦʜʫ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʪʘʥʮʽʾ ʪʘ ʤʽʩʮʝʚʠʭ ʫʤʦʚ ʥʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ 

ʨʦʙʽʪ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʧʝʨʝʜ ʧʨʦʻʢʪʫʚʘʥʥʷʤ ʧʨʠ ʥʦʚʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʧʦʨʫʜ [4, ʧ. 10.1.2]. ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ ʨʦʙʦʪʽ [19], 

ʷʢʽʩʪʴ ʧʠʪʥʦʾ ʚʦʜʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʩʢʣʘʜʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʜʞʝʨʝʣʽ, ʫ 

ʚʦʜʦʧʨʦʚʦʜʽ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʝʢʦʥʦʤʽʯʥʠʭ ʤʽʨʢʫʚʘʥʴ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʾʾ ʩʢʣʘʜʦʚʽ ʝʣʝʤʝʥʪʠ 

ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ. ʅʘ ʨʠʩ. 1.2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʽʟ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʜʞʝʨʝʣʘ [5]. 

1 ï ʚʦʜʦʟʘʙʽʨʥʽ ʩʧʦʨʫʜʠ; 2, 5 ï ʥʘʩʦʩʥʽ ʩʪʘʥʮʽʾ; 3 ï ʩʧʦʨʫʜʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʠ; 6, 
8 ï ʚʦʜʦʧʨʦʚʽʜʥʽ ʤʝʨʝʞʽ; 7, 4 ï ʚʦʜʦʥʘʧʽʨʥʽ ʚʝʞʽ ʪʘ ʨʝʟʝʨʚʫʘʨʠ 

ʈʠʩʫʥʦʢ 1.2 ï ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟ ʧʦʚʝʨʭʥʝʚʦʛʦ ʜʞʝʨʝʣʘ ʜʣʷ 
ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʠʭ ʧʦʪʨʝʙ ʤʽʩʪʘ 



ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʙʝʟ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.3. 

ʩʚ.1ïʩʚ.6 ï ʘʨʪʝʟʽʘʥʩʴʢʽ ʩʚʝʨʜʣʦʚʠʥʠ; 1 ï ʨʝʟʝʨʚʫʘʨʠ; 2 ï ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ; 
3 ï ʚʦʜʦʚʦʜʠ; 4 ï ʚʦʜʦʧʨʦʚʽʜʥʘ ʤʝʨʝʞʘ; 5 ï ʚʦʜʦʥʘʧʽʨʥʘ ʚʝʞʘ  

ʈʠʩʫʥʦʢ 1.3 ï ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟ ʧʽʜʟʝʤʥʠʭ ʜʞʝʨʝʣ 

ʋ ʩʭʝʤʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʩʫʪʥʽ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ, ʷʢʱʦ ʚʠʩʦʢʘ ʷʢʽʩʪʴ ʚʦʜʠ ʫ ʜʞʝʨʝʣʽ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɸʣʝ ʪʘʢʽ ʩʭʝʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʝʯʘʩʪʦ ʚʥʘʩʣʽʜʦʢ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. ʇʨʠ ʟʥʘʯʥʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʩʚʝʨʜʣʦʚʠʥ ʪʘ ʾʭ ʤʘʣʽʡ ʢʽʣʴʢʦʩʪʽ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʦʙ'ʻʢʪʘ ʤʦʞʝ 

ʤʘʪʠ ʚʠʛʣʷʜ, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.4. 

ʩʚ.1-ʩʚ.2 ï ʘʨʪʝʟʽʘʥʩʴʢʽ ʩʚʝʨʜʣʦʚʠʥʠ; 1 ï ʚʦʜʦʚʦʜʠ; 2 ï ʚʦʜʦʧʨʦʚʽʜʥʘ 
ʤʝʨʝʞʘ; 3 ï ʚʦʜʦʥʘʧʽʨʥʘ ʙʘʰʪʘ 

ʈʠʩʫʥʦʢ 1.4 ï ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟ ʧʽʜʟʝʤʥʦʛʦ ʜʞʝʨʝʣʘ ʟ 
ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʧʦʜʘʯʝʶ ʚʦʜʠ ʚ ʤʝʨʝʞʫ 



ʋ ʤʽʩʪʽ ʤʦʞʝ ʙʫʪʠ ʻʜʠʥʘ ʩʠʩʪʝʤʘ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʠʪʥʦʶ ʚʦʜʦʶ ʷʢ ʥʘʩʝʣʝʥʥʷ, ʪʘʢ ʽ ʧʨʦʤʠʩʣʦʚʽʩʪʴ. ʆʜʥʘʢ ʟ ʪʠʭ ʯʠ 

ʽʥʰʠʭ ʧʨʠʯʠʥ (ʥʝʦʜʥʦʯʘʩʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʞʠʪʣʦʚʦʾ 

ʟʦʥʠ) ʧʨʦʻʢʪʫʶʪʴʩʷ ʨʦʟʜʽʣʴʥʽ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʽ ʚʦʜʦʧʨʦʚʦʜʠ ʤʽʩʪʘ ʽ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ (ʥʘʧʨʠʢʣʘʜ, ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʠʡ ʚʦʜʦʧʨʦʚʽʜ 

ʢʦʤʙʽʥʘʪʫ çɿʘʧʦʨʽʞʩʪʘʣʴè). 

ɺ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʩʪʽ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʽ 

ʩʭʝʤʠ ʩʠʩʪʝʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʚ ʷʢʠʭ ʧʽʜʟʝʤʥʝ ʜʞʝʨʝʣʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʜʦʧʦʚʥʝʥʥʷ ʚʽʜʢʨʠʪʦʛʦ ʜʞʝʨʝʣʘ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʋʢʨʘʾʥʽ ʤʦʞʥʘ 

ʥʘʟʚʘʪʠ ʩʠʩʪʝʤʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʂʨʠʤʫ, ʚ ʷʢʽʡ ʜʦ ʪʘʢ ʥʘʟʚʘʥʦʾ çʚʝʣʠʢʦʾ ʚʦʜʠè, 

ʷʢʫ ʦʜʝʨʞʫʶʪʴ ʟ ʚʦʜʦʡʤʠʱʘ, ʜʦʜʘʻʪʴʩʷ ʚʦʜʘ ʟ ʛʽʨʩʴʢʠʭ ʜʞʝʨʝʣ. ɿ ʽʥʰʠʭ 

ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʩʠʩʪʝʤʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤ. ʄʠʢʦʣʘʻʚʘ ʪʘ 

ʽʥʰʽ.  

ɼʣʷ ʨʦʟʨʦʙʢʠ ʥʘʜʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʩʣʽʜ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʦʩʚʽʜ 

ʽʥʰʠʭ ʢʨʘʾʥ. ʊʘʢ ʟʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʦʜʠʥʘʜʮʷʪʠ ʢʨʘʾʥ ʎʝʥʪʨʘʣʴʥʦʛʦ ʽ 

ʉʭʽʜʥʦʛʦ ɭʚʨʦʨʝʛʽʦʥʫ (ʎʉɭ) ɻʣʦʙʘʣʴʥʦʛʦ ʚʦʜʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ, ʱʦ ʟʘʡʤʘʶʪʴ 

ʙʣʠʟʴʢʦ 16% ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ ʪʝʨʠʪʦʨʽʾ ʪʘ ʜʝ ʧʨʦʞʠʚʘʻ ʙʣʠʟʴʢʦ 20% ʥʘʩʝʣʝʥʥʷ 

ɭʚʨʦʧʠ [1] ʯʘʩʪʢʘ ʥʘʩʝʣʝʥʥʷ ʢʨʘʾʥ ʎʉɭ, ʱʦ ʤʘʻ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ ʚʽʜ 53,5% ʜʣʷ ʈʫʤʫʥʽʾ ʜʦ 98,8% ʜʣʷ 

ɹʦʣʛʘʨʽʾ (ʪʘʢʝ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʻ ʥʝʩʧʦʜʽʚʘʥʠʤ, ʡʦʛʦ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʚʠʩʦʢʦ 

ʨʦʟʚʠʥʫʪʠʤʠ ʢʨʘʾʥʘʤʠ, ʪʘʢʠʤʠ ʷʢ ɼʘʥʽʷ, ʅʽʤʝʯʯʠʥʘ ʪʘ ʽʥ.). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ 

[4, ʪʘʙʣ. 1] ʧʠʪʦʤʝ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʧʨʠʡʤʘʻʪʴʩʷ ʚʽʜ 50 ʜʦ 280 ʣ/ʜʦʙʫ 

ʥʘ 1 ʣʶʜʠʥʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʫʧʝʥʷ ʜʦʙʨʦʫʩʪʨʦʶ ʙʫʜʠʥʢʽʚ. ɺ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ 

ʧʦʙʫʪʦʚʝ ʩʧʦʞʠʚʘʥʥʷ ʚʦʜʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʷʢʘ ʨʝʘʣʴʥʦ 

ʚʠʢʦʨʠʩʪʘʥʘ ʦʢʨʝʤʠʤ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʦʤ, ʦʙʣʽʢʦʚʘʥʘ ʣʽʯʠʣʴʥʠʢʦʤ ʪʘ ʟʘ ʷʢʫ 

ʤʘʻ ʙʫʪʠ ʩʧʣʘʯʝʥʦ. ʆʙôʻʤ ʧʦʙʫʪʦʚʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʚʘʨʽʶʻ ʚʽʜ 74 

ʣ/ʣʶʜ.ʜʦʙʫ (ʃʠʪʚʘ ð ʜʫʞʝ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʩʧʦʞʠʚʘʥʥʷ) ʜʦ 250ð320 

ʣ/ʣʶʜ.ʜʦʙʫ (ʈʫʤʫʥʽʷ ʪʘ ʋʢʨʘʾʥʘ ð ʜʫʞʝ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʧʦʞʠʚʘʥʥʷ ʤʦʞʣʠʚʦ 

ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʥʘ ʚʣʘʩʥʫ ʤʘʣʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ, 

ʥʝʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʝʣʠʢʽ ʚʪʨʘʪʠ ʚʦʜʠ, ʚʽʜʩʫʪʥʽʩʪʴ ʦʙʣʽʢʫ 



ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʪʘ ʽʥ.). ʈʝʰʪʘ ʢʨʘʾʥ ʤʘʻ ʚʽʜʥʦʩʥʦ ʧʦʨʽʚʥʷʥʽ ʟʥʘʯʝʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʚʦʜʠ, 90ï150 ʣ/ʣʶʜ.ʜʦʙʫ. ʈʽʚʝʥʴ ʧʦʙʫʪʦʚʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ 

ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1.5.  

ʈʠʩʫʥʦʢ 1.5 ï ʈʽʚʝʥʴ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʫ ʉʣʦʚʘʮʴʢʽʡ ʈʝʩʧʫʙʣʽʮʽ 

ʅʘ ʨʠʩ. 1.5 ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʩʪʽʡʢʫ ʪʝʥʜʝʥʮʽʶ ʟʤʝʥʰʝʥʥʷ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ 

ï çʨʝʞʠʤ ʝʢʦʥʦʤʽʾè ʧʦʷʩʥʶʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʧʦʩʣʫʛ ʚʦʜʥʠʭ ʢʦʤʧʘʥʽʡ, ʮʷ

ʪʝʥʜʝʥʮʽʷ ʧʨʠʪʘʤʘʥʥʘ ʪʘʢʦʞ ʫʢʨʘʾʥʩʴʢʠʤ ʢʦʤʫʥʘʣʴʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ. 

ɿ 1990 ʨ. ʚ ʅʽʤʝʯʯʠʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʦʜʠ, ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ, ʙʘʛʘʪʦʨʘʟʦʚʠʤ ʽ 

ʧʦʚʪʦʨʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʜʠ ʫ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʘʭ ʽ ʦʱʘʜʣʠʚʠʤ 

ʩʪʘʚʣʝʥʥʷʤ ʜʦ ʚʦʜʠ ʩʧʦʞʠʚʘʯʽʚ. ʅʽʤʝʯʯʠʥʘ ʩʝʨʝʜ ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ 

ʚʠʨʽʟʥʷʻʪʴʩʷ ʦʜʥʠʤ ʟ ʥʘʡʥʠʞʯʠʭ ʨʽʚʥʽʚ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ [2]. 

ɿʘ ʜʘʥʠʤʠ [24] ʫ ɺʝʣʠʢʽʡ ɹʨʠʪʘʥʽʾ ʬʽʥʘʥʩʦʚʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ 

ʙʘʩʝʡʥʦʚʠʭ ʫʧʨʘʚʣʽʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘʚʜʷʢʠ ʧʨʦʜʘʞʫ ʧʦʩʣʫʛ ʫ ʩʬʝʨʽ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʟʘ ʨʝʛʽʦʥʘʤʠ ʢʨʘʾʥʠ ʟʜʽʡʩʥʝʥʘ ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʧʣʘʪʝʞʽʚ ʟʘ ʟʘʙʽʨ 

ʚʦʜʠ ʟ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ. 

ʊʝʨʠʪʦʨʽʷ ʌʨʘʥʮʽʾ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʫ [18], ʨʦʟʜʽʣʝʥʘ ʥʘ ʰʽʩʪʴ ʛʽʜʨʦʛʨʘʬʽʯʥʠʭ 

ʙʘʩʝʡʥʽʚ, ʚʦʜʥʽ ʘʛʝʥʪʩʪʚʘ ʟʘʭʠʱʘʶʪʴ ʚʦʜʥʽ ʨʝʩʫʨʩʠ ʪʘ ʽʥʪʝʨʝʩʠ 

ʚʦʜʦʢʦʨʠʩʪʫʚʘʯʽʚ, ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʤʽʨ ʽ ʧʦʨʷʜʦʢ ʩʪʷʛʥʝʥʥʷ ʧʣʘʪʠ ʟʘ ʚʦʜʫ. 



ʋ ʜʝʷʢʠʭ ʨʝʛʽʦʥʘʭ ɯʩʧʘʥʽʾ ʽʩʥʫʻ ʜʝʬʽʮʠʪ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʪʦʤʫ ʤʽʩʮʝʚʽ 

ʦʨʛʘʥʠ ʫʧʨʘʚʣʽʥʥʷ ʚʩʪʘʥʦʚʠʣʠ ʣʽʤʽʪʠ ʥʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʫ ʢʨʘʾʥʽ ʜʽʻ 

ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʚʦʜʦʨʝʛʫʣʶʚʘʥʥʷ [18], ʚ ʥʴʦʤʫ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʩʧʣʘʪʘ ʟʘ ʧʦʩʣʫʛʠ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʻʜʠʥʦʾ ʩʪʘʚʢʠ, ʧʨʦʧʦʨʮʽʡʥʦʾ ʨʽʚʥʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ.  

ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʚ ɼʘʥʽʾ ɼʠʨʝʢʪʠʚʠ ɭʉ ʧʨʦ ʧʦʚʝʥʽ (2007/60/ɭʉ) 

ʧʽʜʢʨʝʩʣʠʣʦ ʚʠʢʣʠʢ, ʟ ʷʢʠʤ ʩʪʠʢʘʶʪʴʩʷ ʦʨʛʘʥʠ ʚʣʘʜʠ ʯʝʨʝʟ ʮʝ ʧʨʠʨʦʜʥʝ ʷʚʠʱʝ. 

ʅʠʟʢʘ ʤʫʥʽʮʠʧʘʣʽʪʝʪʽʚ ʽ ʢʦʤʫʥʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʩʧʽʚʧʨʘʮʶʶʪʴ ʥʘ ʤʽʩʮʝʚʦʤʫ 

ʨʽʚʥʽ, ʱʦʙ ʟʘʭʠʩʪʠʪʠ ʩʚʦʾ ʤʽʩʪʘ ʚʽʜ ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ [16]. 

ʋ ɿʘʭʽʜʥʽʡ ɭʚʨʦʧʽ ʢʦʤʙʽʥʦʚʘʥʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʷʢ ʯʝʨʝʟ 

ʦʙʤʝʞʝʥʽʩʪʴ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʪʘʢ ʽ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ ʟʘʙʫʜʦʚʠ. ʊʘʢʫ 

ʩʠʩʪʝʤʫ ʤʘʻ ʤ. ɸʤʩʪʝʨʜʘʤ (ʅʽʜʝʨʣʘʥʜʠ), ʤ. ɹʘʨʩʝʣʦʥʘ (ɯʩʧʘʥʽʷ), ʤ. ɹʨʶʩʩʝʣʴ 

(ɹʝʣʴʛʽʷ), ʤ. ɹʫʜʘʧʝʰʪ (ʋʛʦʨʱʠʥʘ), ʤ. ɺʽʜʝʥʴ (ɸʚʩʪʨʽʷ), ʤ. ʃʽʩʘʙʦʥ 

(ʇʦʨʪʫʛʘʣʽʷ), ʤ. ʇʘʨʠʞ (ʌʨʘʥʮʽʷ), ʤ. ʈʠʤ (ɯʪʘʣʽʷ), ʤ. ʎʶʨʠʭ (ʐʚʝʡʮʘʨʽʷ), ʤ. 

ʊʫʥʽʩ (ɸʬʨʠʢʘ) ʽ ʽʥ. [1]. 

ʉʢʣʘʜ ʩʧʦʨʫʜ ʫ ʩʠʩʪʝʤʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ. 

ʉʢʣʘʜ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʯʠ ʾʭ ʚʽʜʩʫʪʥʽʩʪʴ ʫ ʩʠʩʪʝʤʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʚʦʜʠ, ʱʦ ʟʘʙʠʨʘʻʪʴʩʷ ʟ ʜʞʝʨʝʣʘ. ʗʢʱʦ ʷʢʽʩʪʴ ʚʦʜʠ ʚ ʜʞʝʨʝʣʽ 

ʚʽʜʧʦʚʽʜʘʻ ʜʝʨʞʘʚʥʠʤ ʩʪʘʥʜʘʨʪʘʤ, ʪʦ ʚʦʥʘ ʧʦʜʘʻʪʴʩʷ ʚ ʨʝʟʝʨʚʫʘʨʠ ʯʠʩʪʦʾ ʚʦʜʠ 

ʙʝʟ ʦʯʠʱʝʥʥʷ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʻ ʩʠʩʪʝʤʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʇʽʚʜʝʥʥʦʛʦ 

ʙʝʨʝʛʘ ʂʨʠʤʫ (ɺʝʣʠʢʦʾ ʗʣʪʠ). ʈʘʟʦʤ ʟ ʪʠʤ ʽʥʦʜʽ ʧʨʠ ʟʘʙʦʨʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʟʽ ʩʧʝʮʠʬʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʦʯʠʱʝʥʥʷ. ʊʘʢ ʚ ʩʠʩʪʝʤʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤ. ɹʨʶʩʩʝʣʷ (ɹʝʣʴʛʽʷ) ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ 

ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ ʧʦʜʘʻʪʴʩʷ ʚ ʤʽʩʪʦ ʙʝʟ ʦʯʠʱʝʥʥʷ, ʘʣʝ ʙʣʠʟʴʢʦ 12% ʟʘʛʘʣʴʥʦʾ 

ʚʠʪʨʘʪʠ ʧʽʜʜʘʻʪʴʩʷ ʟʥʝʟʘʣʽʟʥʝʥʥʶ ʽ 8% ï ʦʩʚʽʪʣʝʥʥʶ ʟ ʥʘʩʪʫʧʥʠʤ 

ʟʥʝʟʘʨʘʞʝʥʥʷʤ [1]. ʋ ʩʠʩʪʝʤʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤ. ɻʘʤʙʫʨʛʫ ʧʽʜʟʝʤʥʘ ʚʦʜʘ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʣʽʟʘ ʽ ʤʘʨʛʘʥʮʶ. ʋ ʩʠʩʪʝʤʽ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤ. ʂʦʧʝʥʛʘʛʝʥʘ (ɼʘʥʽʷ) ʝʢʩʧʣʫʘʪʫʶʪʴ ʩʧʦʨʫʜʠ ʜʣʷ ʚʠʜʘʣʝʥʥʷ 

ʤʝʪʘʥʫ ʽ ʟʘʣʽʟʘ. ʋ ʩʠʩʪʝʤʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤ. ʃʽʩʘʙʦʥʘ (ʇʦʨʪʫʛʘʣʽʷ) ʙʣʠʟʴʢʦ 

20% ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ ʟʥʝʟʘʣʽʟʥʶʶʪʴ, ʘ 80% ʪʽʣʴʢʠ ʟʥʝʟʘʨʘʞʫʶʪʴ. 



ʈʝʘʣʴʥʽ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚʝʣʠʢʠʭ ʤʽʩʴʢʠʭ ʢʦʥʛʣʦʤʝʨʘʪʽʚ ʤʦʞʫʪʴ 

ʧʦʻʜʥʫʚʘʪʠ ʢʽʣʴʢʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʩʠʩʪʝʤ ʟ ʜʝʢʽʣʴʢʦʤʘ ʛʦʣʦʚʥʠʤʠ ʩʧʦʨʫʜʘʤʠ. 

ʇʨʠ ʞʠʚʣʝʥʥʽ ʟ ʛʽʨʩʴʢʠʭ ʜʞʝʨʝʣ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʩʫʪʥʽʤʠ ʥʘʩʦʩʥʽ ʩʪʘʥʮʽʾ, ʘ 

ʦʯʠʱʝʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʽʜʩʪʦʶʚʘʥʥʷ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 1.6. 

1 ï ʚʦʜʦʟʘʙʽʨʥʽ ʩʧʦʨʫʜʠ; 2 ï ʚʽʜʩʪʽʡʥʠʢʠ; 3 ï ʨʝʟʝʨʚʫʘʨʠ ʯʠʩʪʦʾ ʚʦʜʠ; 4 ï 
ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʽ ʨʝʟʝʨʚʫʘʨʠ; 5 ï ʚʦʜʦʚʦʜʠ; 6 ï ʚʦʜʦʧʨʦʚʽʜʥʘ ʤʝʨʝʞʘ;  
7 ï ʩʧʦʨʫʜʠ ʜʣʷ ʟʥʝʟʘʨʘʞʝʥʥʷ; 

ʈʠʩʫʥʦʢ 1.6 ï ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟ ʛʽʨʩʴʢʦʛʦ ʜʞʝʨʝʣʘ 
ɺ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʽʭ ʟʘʧʘʩʽʚ ʚʦʜʠ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʦʜʝʨʞʘʣʠ ʛʨʫʧʦʚʽ 

ʘʙʦ ʨʘʡʦʥʥʽ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʉʭʝʤʘ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.7. 

1 ï ʚʦʜʦʟʘʙʽʨ; 2 ï ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ I ʧʽʜʡʦʤʫ; 3 - ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ; 4 ï ʨʝʟʝʨʚʫʘʨʠ 
ʯʠʩʪʦʾ ʚʦʜʠ; 5 ï ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ II ʧʽʜʡʦʤʫ;6 ï ʚʦʜʦʚʦʜʠ;7 ï ʟʘʧʘʩʥʽ ʨʝʟʝʨʚʫʘʨʠ 
ʯʠʩʪʦʾ ʚʦʜʠ;8 ï ʥʘʩʦʩʥʽ ʩʪʘʥʮʽʾ III ʧʽʜʡʦʤʫ;9 ï ʚʦʜʦʛʽʥʥʽ ʤʝʨʝʞʽ ʦʢʨʝʤʠʭ 
ʥʘʩʝʣʝʥʠʭ ʤʽʩʮʴ; 10 ï ʚʦʜʦʥʘʧʽʨʥʽ ʙʘʰʪʠ 

ʈʠʩʫʥʦʢ 1.7 ï ʉʭʝʤʘ ʨʘʡʦʥʥʦʾ (ʛʨʫʧʦʚʦʾ) ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ɼʣʷ ʋʢʨʘʾʥʠ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʻ ʜʦʩʚʽʜ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ (ʌʨʘʥʮʽʾ, 

ɯʩʧʘʥʽʾ, ʇʦʨʪʫʛʘʣʽʾ, ɺʝʣʠʢʦʾ ɹʨʠʪʘʥʽʾ, ʅʽʜʝʨʣʘʥʜʽʚ ʪʘ ʽʥ.), ʷʢʠʡ ʪʨʝʙʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʷʢ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʜʣʷ ʫʩʧʽʰʥʦʛʦ 



ʧʨʦʪʠʩʪʦʷʥʥʷ ʚʠʢʣʠʢʘʤ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʢʣʽʤʘʪʠʯʥʠʤʠ ʪʘ ʧʦʣʽʪʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ.  

1.3 ɯʥʥʦʚʘʮʽʡʥʽ ʨʦʟʨʦʙʢʠ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ 

ʇʦʜʘʯʘ ʚ ʤʽʩʪʦ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ ï ʮʝ ʪʽʣʴʢʠ ʧʝʨʰʘ ʯʘʩʪʠʥʘ 

ʟʘʜʘʯʽ. ɼʨʫʛʘ ʟʘʜʘʯʘ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ 

ʚʦʜʠ. ʎʝ ʟʘʜʘʯʫ ʚʠʨʽʰʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ. ʈʦʟʚ'ʷʟʘʥʥʷ ʮʽʻʾ 

ʟʘʜʘʯʽ ʪʠʤ ʧʨʦʩʪʽʰʝ, ʯʠʤ ʤʝʥʰʝ ʟʘʙʨʫʜʥʝʥʘ ʚʦʜʘ. ɺʦʜʘ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʚ ʤʽʩʪʦ, 

ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʠʤʦʛʘʤ [4, 10], ʘ ʷʢʽʩʪʴ ʚʦʜʠ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʤʦʛʘʤʠ ʪʝʭʥʦʣʦʛʽʾ. ʊʦʤʫ ʚʦʜʦʧʽʜʛʦʪʦʚʢʘ ʥʘ 

ʚʠʨʦʙʥʠʯʽ ʧʦʪʨʝʙʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʢʨʝʤʦ ʚʽʜ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʜʣʷ ʛʦʩʧʦʜʘʨʩʴʢʦ-

ʧʠʪʥʠʭ ʧʦʪʨʝʙ. ʗʢʱʦ ʞ ʜʣʷ ʜʦ ʷʢʦʩʪʽ ʚʦʜʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʩʪʘʚʣʷʪʴʩʷ ʦʩʦʙʣʠʚʽ 

ʚʠʤʦʛʠ, ʪʦ ʧʠʪʥʘ ʚʦʜʘ ʦʯʠʱʫʻʪʴʩʷ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ (ʥʘʧʨʠʢʣʘʜ, 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʢʦʪʝʣʝʥʴ, ʟʥʝʩʦʣʝʥʥʷ ʚʦʜʠ ʚ ʨʘʜʽʦʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʽʥʰʝ). ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʦʜʠ ʚ ʙʽʣʴʰʦʩʪʽ ʝʢʦʥʦʤʽʯʥʦ 

ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥ ʨʦʟʨʦʙʣʝʥʽ ʩʪʘʥʜʘʨʪʠ (ʉʐɸ, ʂʘʥʘʜʘ, ʗʧʦʥʽʷ ʪʘ ʽʥʰʽ). ʂʨʽʤ 

ʪʦʛʦ, ʫ ʉʐɸ ʽʩʥʫʶʪʴ ʩʪʘʥʜʘʨʪʠ ʦʢʨʝʤʠʭ ʰʪʘʪʽʚ ʽ ʜʝʷʢʠʭ ʚʝʣʠʢʠʭ ʤʽʩʪ. ɺ 

ʢʨʘʾʥʘʭ ɭʚʨʦʧʝʡʩʴʢʦʾ ʉʧʽʚʜʨʫʞʥʦʩʪʽ ʧʨʠʡʥʷʪʦ ʟʘʛʘʣʴʥʠʡ ʩʪʘʥʜʘʨʪ. ʋ ʢʨʘʾʥʘʭ, 

ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʢʦʨʠʩʪʫʶʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ɺʩʝʩʚʽʪʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ 

ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ (ʩʪʘʥʜʘʨʪʠ ɺʆɿ). ʇʦʨʽʚʥʷʥʥʷ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʚʦʜʠ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʨʽʟʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.2 [9]. 

ʊʘʙʣʠʮʷ 1.2 ï ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ ʚ ʨʽʟʥʠʭ ʩʪʘʥʜʘʨʪʘʭ 

ʇʦʢʘʟʥʠʢʠ 

ʉʪʘʥʜʘʨʪ 

ɻʆʉʊ 
2874-
82 

ɽʉ ʀʩʧʘʥʠʷ ʐʚʝ 
ʮʠʷ 

ʐʚʝ
ʡ 

ʮʘʨʠ
ʷ

ʂʘʥʘ
ʜʘ 

ʉʐ
ɸ ɺʆɿ 

1 2 3 4 5 6 7 8 9 
ʂʘʣʘʤʫʪʥʽʩʪʴ, ʤʛ/ʣ 1,5 1-10 5-10 - 1 5 1-5 1-5 
ʂʦʣʴʦʨʦʚʽʩʪʴ, ʛʨʘʜ 20 1-20 5-15 20-40 - 15 3-15 - 

1 2 3 4 5 6 7 8 9 
ʨʅ 6,0-9,0 6,5-8,5 7-9,2 7-9,5 - 6,5-

8,3
- 6,5-

8,5ɾʦʨʩʪʢʽʩʪʴ, ʤʛ-
ʝʢʚ/ʣ ʟʘʛʘʣʴʥʘ, ʤʛ-
ʝʢʚ/ʣ

7,0 7,5-9,0 10 4-8 - 3,6-
10

5-10 10 
ʉʫʣʴʬʘʪʠ, ʤʛ/ʣ 500 25-250 200-400 100-200 - 500 250 400 



ʍʣʦʨʠʜʠ, ʤʛ/ʣ 350 25 250-350 100-300 10 250 250 250 
ɸʟʦʪ ʥʽʪʨʘʪʽʚ, ʤʛ/ʣ 45 6-10 6,8 - 4,5 - 10 10 
ɸʟʦʪ ʘʤʤʦʥʽʡʥʠʡ, 
ʤʛ/ʣ

- 0,05-0,5 - 0,05 - 0,5 - - 
ʆʢʠʩʣʶʚʘʥʽʩʪʴ 
(ʧʝʨʤʘʛʘʥʘʪʥʘ), 
ʤʛ/ʣ

3 (ʧʦ 

ʚʦʜʦʡʤ
.)

2-5 12 - - - - - 

ʉʫʭʠʡ ʟʘʣʠʰʦʢ, 
ʤʛ/ʣ

1000 1500 - - - - - 1000 
ɿʘʣʽʟʦ ʟʘʛʘʣʴʥʝ, 
ʤʛ/ʣ

0,3 0,05-0,2 0,2-0,3 0,2-0,4 0,1 0,3 0,05
-0,3

0,3 
ʄʘʨʛʘʥʝʮʴ, ʤʛ/ʣ 0,1 0,02-

0,05 
1,5 

(Fe+Mn) 
0,1 - - - 0,1 

ɹʽʣʴʰʽʩʪʴ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʚ ʋʢʨʘʾʥʽ ʤʘʶʪʴ ʪʨʘʜʠʮʽʡʥʽ ʦʜʥʦ- ʽ 

ʜʚʦʩʪʫʧʝʥʝʚʽ ʩʭʝʤʠ ʟʽ ʰʚʠʜʢʠʤʠ ʬʽʣʴʪʨʘʤʠ. ɿ ʚʝʣʠʢʠʭ ʤʽʩʪ ʪʽʣʴʢʠ ʚ ʆʜʝʩʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʚʽʣʴʥʽ ʬʽʣʴʪʨʠ. ʋ ʤ. ɿʘʧʦʨʽʞʞʽ ʥʘ ʩʪʘʥʮʽʾ ɼɺʉ-2 

ʧʦʙʫʜʦʚʘʥʘ ʦʜʥʦʩʪʫʧʝʥʝʚʘ ʩʭʝʤʘ ʟ ʢʦʥʪʘʢʪʥʠʤʠ ʦʩʚʽʪʣʶʚʘʯʘʤʠ, ʘ ʥʘ ʩʪʘʥʮʽʾ 

ɼɺʉ-1 ʥʘ ʣʽʥʽʾ, ʷʢʘ ʙʫʜʫʚʘʣʘʩʷ ʚ 30-ʽ ʨʦʢʠ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʧʦʙʫʜʦʚʘʥʘ 

ʜʚʦʩʪʫʧʝʥʝʚʘ ʩʭʝʤʘ ʟ ʚʽʜʩʪʽʡʥʠʢʘʤʠ ʪʘ ʰʚʠʜʢʠʤʠ ʬʽʣʴʪʨʘʤʠ. ʅʘ ʮʽʡ ʞʝ ʩʪʘʥʮʽʾ 

ʥʘ ʣʽʥʽʷʭ, ʱʦ ʙʫʜʫʚʘʣʠʩʷ ʧʽʟʥʽʰʝ, ʬʫʥʢʮʽʦʥʫʶʪʴ ʦʜʥʦʩʪʫʧʝʥʝʚʽ ʩʭʝʤʠ ʟ 

ʢʦʥʪʘʢʪʥʠʤʠ ʦʩʚʽʪʣʶʚʘʯʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʥʝʤʦ ʩʠʩʪʝʤʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʤ. ɸʤʩʪʝʨʜʘʤʘ (ʅʽʜʝʨʣʘʥʜʠ) [1,9]. ʋ ʥʽʡ ʧʦʙʫʜʦʚʘʥʦ ʜʚʽ ʥʝʟʘʣʝʞʥʽ ʣʽʥʽʾ 

ʧʽʜʛʦʪʦʚʢʠ ʚʦʜʠ, ʫ ʢʦʞʥʽʡ ʟ ʷʢʠʡ ʧʝʨʝʜʙʘʯʝʥʠʡ ʙʣʦʢ ʩʧʦʨʫʜ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ, ʧʽʩʣʷ ʷʢʦʛʦ ʻ ʱʝ ʦʜʠʥ ʙʣʦʢ ʜʦʦʯʠʱʝʥʥʷ ʚʦʜʠ. ʅʘ ʧʝʨʰʽʡ ʣʽʥʽʾ 

ʧʝʨʝʜʙʘʯʝʥʘ ʩʪʘʥʮʽʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʨʝʡʥʩʴʢʦʾ ʚʦʜʠ ʚ ʅʴʶʚʝʛʝʡʥʝ, ʱʦ 

ʧʨʘʮʶʻ ʟʘ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʩʭʝʤʦʶ, ʷʢʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.8. 

1 ï ʟʤʽʰʫʚʘʯʽ; 2 ï ʢʘʤʝʨʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ; 3 ï ʛʦʨʠʟʦʥʪʘʣʴʥʽ 
ʚʽʜʩʪʽʡʥʠʢʠ; 4 ï ʧʽʜʟʝʤʥʽ ʈʏɺ; 5 ï ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ II ʧʽʜʡʦʤʫ; 6 ï ʜʽʣʷʥʢʠ 
ʬʽʣʴʪʨʘʮʽʾ; 7 ï ʜʨʫʛʠʡ ʚʦʜʦʟʘʙʽʨ 

ʈʠʩʫʥʦʢ 1.8 ï ʇʨʠʥʮʠʧʦʚʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʦʜʦʦʯʠʩʥʦʾ ʩʪʘʥʮʽʾ ʚ 
ʅʴʶʚʝʛʝʡʥʝ 

ɼʣʷ ʢʦʘʛʫʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʭʣʦʨʥʝ ʟʘʣʽʟʦ ʧʨʠ ʜʦʟʽ 3 ʤʛ/ʣ, ʘ 
ʧʽʜʣʫʞʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʢʘʫʩʪʠʯʥʦʶ ʩʦʜʦʶ ʟ ʜʦʟʦʶ 10 ï 15 ʤʛ/ʣ. 



ʍʣʦʨʥʝ ʟʘʣʽʟʦ ʧʦʩʪʘʚʣʷʻʪʴʩʷ ʘʚʪʦʮʠʩʪʝʨʥʘʤʠ ʫ ʚʠʛʣʷʜʽ ʨʦʟʯʠʥʫ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 41%, ʢʘʫʩʪʠʯʥʘ ʩʦʜʘ ï ʫ ʚʠʛʣʷʜʽ 50%-ʛʦ ʨʦʟʯʠʥʫ. ʍʣʦʨʥʝ ʟʘʣʽʟʦ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ 10 ʘʨʤʦʚʘʥʠʭ ʧʣʘʩʪʤʘʩʦʚʠʭ ʙʘʢʘʭ ʜʽʘʤʝʪʨʦʤ ɼ=2,6 ʤ ʪʘ ʦʙ'ʻʤʦʤ 

ʧʦ 32 ʤ3 ʢʦʞʥʠʡ. ʉʦʜʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ 3-ʭ ʨʝʟʝʨʚʫʘʨʘʭ ʟʘʛʘʣʴʥʦʶ ʤʽʩʪʢʽʩʪʶ 

1310 ʤ3. ɼʦʟʫʚʘʥʥʷ ʨʝʘʛʝʥʪʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʨʰʥʝʚʠʤʠ ʥʘʩʦʩʘʤʠ ʟ 

ʨʝʛʫʣʴʦʚʘʥʠʤ ʭʦʜʦʤ ʧʦʨʰʥʷ ʽ ʟʤʽʥʥʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. 

ʂʘʤʝʨʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ ʚ ʢʽʣʴʢʦʩʪʽ 6 ʰʪ. ʚʤʦʥʪʦʚʘʥʽ ʚ 3 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʚʽʜʩʪʽʡʥʠʢʠ. ɺʦʥʠ ʤʘʶʪʴ ʤʝʭʘʥʽʯʥʽ ʤʽʰʘʣʢʠ ʜʽʘʤʝʪʨʦʤ 3,5 ʤ ʟ 

ʟʤʽʥʥʦʶ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ 0-4 ʦʙ/ʭʚ. ʏʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʚʦʜʠ ʚ ʢʘʤʝʨʘʭ 20 ʭʚ. 

ɺʽʜʩʪʽʡʥʠʢʠ ʤʘʶʪʴ ʨʦʟʤʽʨʠ 300Ĭ40Ĭ2,5 ʤ, ʢʽʣʴʢʽʩʪʴ ʧʽʱʘʥʠʭ ʬʽʣʴʪʨʽʚ 

80 ʰʪʫʢ, ʧʣʦʱʘ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ ʩʢʣʘʜʘʻ 54 ʤ2, ʦʙôʻʤ ʧʽʜʟʝʤʥʠʭ ʨʝʟʝʨʚʫʘʨʽʚ 

400 ʤ3. ʅʘʩʦʩʥʘ ʩʪʘʥʮʽʷ II ʧʽʜʡʦʤʫ ʧʦʜʘʻ ʦʯʠʱʝʥʫ ʚʦʜʫ ʚ 40 ʽʥʬʽʣʴʪʨʘʮʽʡʥʠʭ 

ʙʘʩʝʡʥʽʚ ʫ ʌʦʛʝʥʣʝʥʟʘʥʛʝ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʽʥʬʽʣʴʪʨʘʮʽʾ ʷʢʽʩʪʴ ʚʠʭʽʜʥʦʾ ʚʦʜʠ 

ʽʩʪʦʪʥʦ ʚʠʨʽʚʥʶʻʪʴʩʷ ʚ ʯʘʩʽ, ʟʥʠʞʫʻʪʴʩʷ ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ ʜʦ 3ï5 ʤʛ/ʣ, ʟʨʦʩʪʘʻ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʧʦʤʽʪʥʦ ʧʦʢʨʘʱʫʶʪʴʩʷ ʙʘʢʪʝʨʽʦʣʦʛʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ. ʆʜʥʘʢ ʦʢʠʩʣʶʚʘʥʽʩʪʴ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʩʦʢʦʶ, ʚʠʩʦʢʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʽ 

ʚʤʽʩʪ ʟʘʣʽʟʘ ʽ ʢʦʣʴʦʨʦʚʽʩʪʴ. ɯʥʬʽʣʴʪʨʘʪ ʟʙʠʨʘʻʪʴʩʷ ʜʨʝʥʘʤʠ ʽ ʚʠʣʠʚʘʻʪʴʩʷ ʫ 

ʚʽʜʢʨʠʪʠʡ ʨʝʟʝʨʚʫʘʨ, ʟ ʥʴʦʛʦ ʥʘʩʦʩʘʤʠ ʧʦʜʘʻʪʴʩʷ ʥʘ ʦʯʠʩʥʫ ʩʪʘʥʮʽʶ ʜʦʦʯʠʩʪʢʠ 

ʚ ʃʝʡʜʫʽʥʽ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʷʢʦʾ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.9. 

1 ï ʟʤʽʰʫʚʘʯʽ; 2 ï ʢʘʤʝʨʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ; 3 ï ʥʘʣʠʚʥʝ ʚʦʜʦʡʤʠʱʝ;  
4 ï ʥʘʩʦʩʠ, ʱʦ ʧʦʜʘʶʪʴ ʚʦʜʫ ʥʘ ʰʚʠʜʢʽ ʬʽʣʴʪʨʠ; 5 ï ʰʚʠʜʢʽ ʬʽʣʴʪʨʠ; 6 ï ʈʏɺ; 
7 ï ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ ʜʣʷ ʧʦʜʘʯʽ ʚʦʜʠ ʥʘ ʩʪʘʥʮʽʶ ʜʦʦʯʠʱʝʥʥʷ  

ʈʠʩʫʥʦʢ 1.9 ï ʇʨʠʥʮʠʧʦʚʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʦʜʦʦʯʠʩʥʦʾ ʩʪʘʥʮʽʾ 

ʅʘ ʩʪʘʥʮʽʾ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ ʚʦʜʘ ʦʙʨʦʙʣʷʻʪʴʩʷ ʭʣʦʨʥʠʤ ʟʘʣʽʟʦʤ ʟ 

ʜʦʟʦʶ 7ï8 ʤʛ/ʣ ʽ ʧʦʜʘʻʪʴʩʷ ʚ ʥʘʣʠʚʥʝ ʚʦʜʦʡʤʠʱʝ ʟ ʧʣʦʱʝʶ ʜʟʝʨʢʘʣʘ 130 ʛʘ, 

ʤʽʩʪʢʽʩʪʶ 10 ʤʣʥ. ʤ3, ʜʝ ʚʦʥʘ ʧʝʨʝʙʫʚʘʻ ʧʨʦʪʷʛʦʤ 100 ʜʽʙ ʽ ʩʘʤʦʦʯʠʱʫʻʪʴʩʷ. 



ʇʦʪʽʤ ʚʦʜʘ ʧʦʜʘʻʪʴʩʷ ʥʘ ʬʽʣʴʪʨʠ, ʟʘʚʘʥʪʘʞʝʥʽ ʢʚʘʨʮʝʚʠʤ ʧʽʩʢʦʤ ʽʟ ʢʨʫʧʥʽʩʪʶ 

ʟʝʨʝʥ 1,0ï1,65 ʤ, ʪʦʚʱʠʥʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ï 1200 ʤʤ.  

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʜʦʦʯʠʱʝʥʥʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.10. 

1ï ʢʦʥʪʘʢʪʥʽ ʢʘʤʝʨʠ ʜʣʷ ʦʟʦʥʫʚʘʥʥʷ; 2 ï ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ ʜʣʷ ʧʽʜʡʦʤʫ ʚʦʜʠ; 
3 ï ʢʘʤʝʨʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ; 4 ï ʪʦʥʢʦʰʘʨʦʚʽ ʙʣʦʢʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 
ʚʽʜʩʪʽʡʥʠʢʘʭ; 5 ï ʰʚʠʜʢʽ ʬʽʣʴʪʨʠ; 6 ï ʧʦʚʽʣʴʥʽ ʬʽʣʴʪʨʠ; 7 ï ʢʦʥʪʘʢʪʥʽ 
ʨʝʟʝʨʚʫʘʨʠ ʜʣʷ ʭʣʦʨʫʚʘʥʥʷ; 8 ï ʥʘʩʦʩʠ ʜʣʷ ʧʦʜʘʯʽ ʚʦʜʠ ʚ ʈʏɺ; 9 ï ʈʏɺ; 10 ï 
ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ ʜʣʷ ʧʦʜʘʯʽ ʚʦʜʠ ʚ ʤʝʨʝʞʫ 

ʈʠʩʫʥʦʢ 1.10ï ʇʨʠʥʮʠʧʦʚʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʦʜʦʦʯʠʩʥʦʾ ʩʪʘʥʮʽʾ 

ʅʘ ʩʪʘʥʮʽʾ ʧʝʨʝʜʙʘʯʝʥʝ ʦʟʦʥʫʚʘʥʥʷ ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ ʚʘʞʢʦʦʢʠʩʣʶʚʘʥʠʭ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ (ʧʝʨʤʘʥʛʘʥʘʪʥʘ ʦʢʠʩʣʶʚʘʥʽʩʪʴ ʚʠʩʦʢʘ), ʜʦʟʘ ʦʟʦʥʫ ï 

2,3 ʤʛ/ʣ. ʇʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ ʟ ʜʦʟʦʶ 5 ʤʛ/ʣ ʚʚʦʜʷʪʴʩʷ ʜʣʷ ʩʦʨʙʮʽʾ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ. ʇʽʜʣʫʞʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʘʫʩʪʠʯʥʦʶ ʩʦʜʦʶ ʟ ʜʦʟʦʶ 

20 ʤʛ/ʣ, ʘ ʢʦʘʛʫʣʷʮʽʷ ï ʭʣʦʨʥʠʤ ʟʘʣʽʟʦʤ ʟ ʜʦʟʦʶ 10 ʤʛ/ʣ ʟ ʜʦʜʘʚʘʥʥʷʤ 

ʬʣʦʢʫʣʷʥʪʘ ʧʨʠ ʜʦʟʽ 1,6 ʤʛ/ʣ. 

ʂʘʤʝʨʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ ʦʙʣʘʜʥʘʥʽ  ʤʝʭʘʥʽʯʥʠʤʠ ʤʽʰʘʣʢʘʤʠ ʜʽʘʤʝʪʨʦʤ 

ɼ=2 ʤ ʟ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ 0,45 ï 9 ʦʙ/ʭʚ ʽ ʜʽʘʤʝʪʨʦʤ ɼ=3,2 ʤ ʟ ʯʘʩʪʦʪʦʶ 

ʦʙʝʨʪʘʥʥʷ 0,2ï4  ʦʙ/ʭʚ. ʇʦʪʽʤ ʚʦʜʘ ʧʦʜʘʻʪʴʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʚʽʜʩʪʽʡʥʠʢʠ ʟ 

ʪʦʥʢʦʰʘʨʦʚʠʤʠ ʧʣʘʩʪʠʥʯʘʩʪʠʤʠ ʤʦʜʫʣʷʤʠ, ʰʚʠʜʢʽ ʽ ʧʦʚʽʣʴʥʽ ʬʽʣʴʪʨʠ. 

ʍʣʦʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʛʽʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʽʶ ʟ ʜʦʟʦʶ 0,4 ʤʛ/ʣ ʟʘ ʘʢʪʠʚʥʠʤ 

ʭʣʦʨʦʤ. 

ʋ ʩʭʝʤʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤ. ɸʥʪʚʝʨʧʝʥʘ ï ʜʚʽ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ: 

ʩʪʘʥʮʽʷ ʅʦʪʤʝʽʨ-ɺʘʣʝʤ ʽ ʩʪʘʥʮʽʷ ʆʣʝʛʝʤ. ɺʦʜʘ ʥʘ ʩʪʘʥʮʽʶ ʅʦʪʤʝʽʨ-ɺʘʣʝʤ 

ʧʦʜʘʻʪʴʩʷ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʚʦʜʦʟʘʙʦʨʫ ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʽʜʩʪʦʶʚʘʥʥʷ ʚ ʧ'ʷʪʠ 

ʚʦʜʦʡʤʠʱʘʭ-ʚʽʜʩʪʽʡʥʠʢʘʭ ʜʚʦʤʘ ʥʘʩʦʩʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ʧʦ ʣʽʥʽʷʭ ɸ ʽ ɺ (ʨʠʩ. 

1.11). 



ʈʠʩʫʥʦʢ 1.11 ï ʉʭʝʤʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤ. ɸʥʪʚʝʨʧʝʥʘ 
ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1.11, ʣʽʥʽʷ ɸ ʤʘʻ ʪʫ ʦʩʦʙʣʠʚʽʩʪʴ, ʱʦ ʚ ʥʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʦʩʪʫʧʝʥʝʚʝ ʬʽʣʴʪʨʫʚʘʥʥʷ ʥʘ 16 ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ ʟ 

ʧʣʦʱʝʶ  90 ʤ2, ʬʽʣʴʪʨʠ ʟʘʚʘʥʪʘʞʝʥʽ ʢʚʘʨʮʦʚʠʤ ʧʽʩʢʦʤ ʽʟ ʢʨʫʧʥʽʩʪʶ ʟʝʨʝʥ 0,8 ï 

1,25 ʤʤ (ʪʦʚʱʠʥʘ ʰʘʨʫ 900 ʤʤ), ʽ 38 ʧʦʚʽʣʴʥʠʭ ʬʽʣʴʪʨʘʭ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 

55300 ʤ2, ʟʘʚʘʥʪʘʞʝʥʠʭ ʧʽʩʢʦʤ ʢʨʫʧʥʽʩʪʶ 0,25 ï 0,65 ʤʤ ʧʨʠ ʪʦʚʱʠʥʽ ʰʘʨʫ 

750 ʤʤ ʽ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ 0,15 ʤ/ʛʦʜ. 

ʃʽʥʽʷ ɺ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 264 ʪʠʩ.ʤ3/ʜʦʙʫ, ʘʣʝ ʧʨʦʧʫʩʢʘʻ ʚ 

ʩʝʨʝʜʥʴʦʤʫ 160 ʪʠʩ.ʤ3/ʜʦʙʫ. ɹʣʦʢ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚʢʣʶʯʘʻ 22 ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʠ 

ʧʣʦʱʝʶ ʧʦ 43 ʤ2. ʌʽʣʴʪʨʘʮʽʡʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʚʘʨʮʦʚʦʛʦ ʧʽʩʢʫ 



ʢʨʫʧʥʽʩʪʶ ʟʝʨʝʥ 0,4 ï 0,8 ʤʤ ʽ ʪʦʚʱʠʥʦʶ ʰʘʨʫ 300 ʤʤ ʪʘ ʛʽʜʨʦʘʥʪʨʘʮʠʪʫ 

(ʜʨʦʙʣʝʥʦʛʦ ʘʥʪʨʘʮʠʪʫ, ʦʙʨʦʙʣʝʥʦʛʦ ʩʽʨʯʘʥʦʶ ʢʠʩʣʦʪʦʶ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʽ ʰʦʨʩʪʢʦʩʪʽ ʟʝʨʝʥ) ʢʨʫʧʥʽʩʪʶ ʟʝʨʝʥ 0,8 ï 1,4 ʤʤ, ʪʦʚʱʠʥʦʶ 

ʰʘʨʫ 600 ʤʤ. ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 10 ʤ/ʛʦʜ. 

ɼʦ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʚʦʜʘ ʦʙʨʦʙʣʷʻʪʴʩʷ ʩʽʨʯʘʥʦʢʠʩʣʠʤ ʘʣʶʤʽʥʽʻʤ ʽ 

ʘʢʪʠʚʦʚʘʥʦʶ ʢʨʝʤʥʽʻʚʦʶ ʢʠʩʣʦʪʦʶ. ʇʽʩʣʷ ʬʽʣʴʪʨʽʚ ʚʦʜʘ ʜʝʭʣʦʨʫʻʪʴʩʷ 

ʙʽʩʫʣʴʬʽʪʦʤ ʥʘʪʨʽʶ ʽ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʢʘʫʩʪʠʯʥʦʶ ʩʦʜʦʶ. ʇʝʨʝʜ ʧʦʜʘʯʝʶ ʚʦʜʠ ʚ 

ʤʝʨʝʞʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʾʾ ʦʙʨʦʙʢʘ ʭʣʦʨʥʠʤ ʨʦʟʯʠʥʦʤ ʟ ʜʦʟʦʶ ʭʣʦʨʫ 0,5 ʤʛ/ʣ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʚ ʨʦʟʧʦʜʽʣʴʥʽʡ ʤʝʨʝʞʽ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʦʯʠʱʝʥʥʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʟʥʝʟʘʨʘʞʝʥʫ ʚʦʜʫ ʫ 

ʢʽʣʴʢʦʩʪʽ, ʥʝʦʙʭʽʜʥʽʡ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʽʚ ʤʽʩʪʘ. ʇʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʦʘʛʫʣʷʥʪʽʚ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʉʪʘʙʽʣʽʟʘʮʽʡʥʘ 

ʦʙʨʦʙʢʘ ʚʦʜʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʷ ʢʘʨʙʦʥʘʪʥʠʭ ʚʽʜʢʣʘʜʝʥʴ 

ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. 

ʅʘ ʩʪʘʥʮʽʾ ʆʣʝʛʝʤ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʷʢʦʾ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.12, ʚʦʜʘ 

ʦʩʚʽʪʣʶʻʪʴʩʷ ʚ ʰʘʨʽ ʟʚʘʞʝʥʦʛʦ ʦʩʘʜʫ, ʧʦʪʽʤ ʥʘ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ, 

ʩʘʤʦʦʯʠʱʘʻʪʴʩʷ ʚ ʧʨʦʤʽʞʥʠʭ ʨʝʟʝʨʚʫʘʨʘʭ ʽ ʧʦʪʽʤ ʥʘ ʧʦʚʽʣʴʥʠʭ ʬʽʣʴʪʨʘʭ. 

ʇʽʩʣʷ ʟʤʽʰʫʚʘʯʽʚ ʚʦʜʘ ʧʨʦʜʘʻʪʴʩʷ ʚ ʯʦʪʠʨʠ ʢʘʤʝʨʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ, 

ʫʙʫʜʦʚʘʥʽ ʚ ʪʘʢʝ ʞ ʯʠʩʣʦ ʦʩʚʽʪʣʶʚʘʯʽʚ. ʂʦʞʥʘ ʢʘʤʝʨʘ ʨʦʟʜʽʣʝʥʘ ʧʝʨʝʛʦʨʦʜʢʘʤʠ 

ʥʘ ʪʨʠ ʩʝʢʮʽʾ, ʫ ʷʢʠʭ ʫʩʪʘʥʦʚʣʝʥʽ ʣʦʧʘʪʝʚʽ ʤʽʰʘʣʢʠ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʚʘʣʦʤ. 

ʂʘʤʝʨʘ ʨʦʟʜʽʣʝʥʘ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʥʘ ʪʨʠ ʩʝʢʮʽʾ, ʫ ʷʢʠʭ ʫʩʪʘʥʦʚʣʝʥʽ ʣʦʧʘʪʝʚʽ 

ʤʽʰʘʣʢʠ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʚʘʣʦʤ, ʦʙôʻʤ ʢʦʞʥʦʾ ʢʘʤʝʨʠ ï 440 ʤ3. ʆʩʚʽʪʣʶʚʘʯʽ 

ʤʘʶʪʴ ʨʦʟʤʽʨʠ 32Ĭ32ʤ, ʦʙôʻʤʦʤ 2400 ʤ3. ʇʦʪʽʤ ʚʦʜʘ ʥʘʜʭʦʜʠʪʴ ʥʘ 20 ʰʚʠʜʢʠʭ 

ʬʽʣʴʪʨʽʚ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 900 ʤ3. ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ ï 5 ʤ/ʛʦʜ. ʌʽʣʴʪʨʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʧʨʦʩʪʦ ʥʝʙʘ ʽ ʧʝʨʝʢʨʠʪʽ ʦʙʦʣʦʥʢʘʤʠ ʟ ʧʣʘʩʪʤʘʩʦʚʦʾ ʧʣʽʚʢʠ. ʇʨʠ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʧʽʜ ʦʙʦʣʦʥʢʠ ʧʦʜʘʻʪʴʩʷ ʧʽʜʽʛʨʽʪʝ 

ʧʦʚʽʪʨʷ, ʱʦʙ ʫʩʫʥʫʪʠ ʟʘʤʝʨʟʘʥʥʷ ʧʦʧʣʘʚʢʦʚʦʛʦ ʨʝʣʝ ʨʽʚʥʷ. ʇʨʦʤʽʞʥʠʭ 

ʚʦʜʦʡʤʠʱ ʜʚʘ: ʦʜʥʝ ʟ ʧʣʦʱʝʶ ʜʟʝʨʢʘʣʘ 8 ʛʘ ʪʘ ʦʙôʻʤʦʤ 430000 ʤ3 ʽ ʜʨʫʛʝ ʤʘʻ 

ʧʣʦʱʫ 4 ʛʘ ʪʘ ʦʙôʻʤ 200000 ʤ3. ʅʘ ʩʪʘʥʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦ 24 ʧʦʚʽʣʴʥʠʭ ʬʽʣʴʪʨʠ  



ʨʦʟʤʽʨʘʤʠ 60Ĭ24ʤ ʧʣʦʱʝʶ 1500 ʤ2, ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ ï 240,11 ʤ/ʛʦʜ. 

ɿʘʚʘʥʪʘʞʝʥʥʷ ï ʰʘʨ ʧʽʩʢʫ ʪʦʚʱʠʥʦʶ 1200 ʤʤ ʟ ʢʨʫʧʥʽʩʪʶ ʟʝʨʝʥ 0,25ï0,65 ʤʤ. 

 

1 ï ʟʤʽʰʫʚʘʯʽ; 2 ï ʦʩʚʽʪʣʶʚʘʯʽ ʟʽ ʟʚʘʞʝʥʠʤ ʦʩʘʜʦʤ ʟ ʫʙʫʜʦʚʘʥʠʤʠ 
ʢʘʤʝʨʘʤʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ; 3 ï ʰʚʠʜʢʽ ʬʽʣʴʪʨʠ; 4 ï ʧʨʦʤʽʞʥʽ ʚʦʜʦʡʤʠʱʘ; 5 
ï ʧʦʚʽʣʴʥʽ ʬʽʣʴʪʨʠ; 6 ï ʢʦʥʪʘʢʪʥʽ ʨʝʟʝʨʚʫʘʨʠ; 7 ï ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ II ʧʽʜʡʦʤʫ 

ʈʠʩʫʥʦʢ 1.12 ï ʇʨʠʥʮʠʧʦʚʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʩʪʘʥʮʽʾ ʆʣʝʛʝʤ 

ʅʘʡʙʽʣʴʰʝ ʤʽʩʪʦ ɼʘʥʽʾ ʂʦʧʝʥʛʘʛʝʥ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ 85% ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʧʽʜʟʝʤʥʦʶ ʚʦʜʦʶ ʽ ʪʽʣʴʢʠ ʥʘ 15% ï ʟ ʦʟʝʨ ʍʘʨʘʣʩʪʝʜ ʽ ʉʝʥʜʝʨʩʝ. ʈʘʟʦʤ ʟ ʪʠʤ ʥʘ 

ʚʦʜʽ ʟ ʧʽʜʟʝʤʥʠʭ ʜʞʝʨʝʣ ʫʣʘʰʪʦʚʘʥʦ 8 ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʽ 2 ʢʦʤʧʣʝʢʩʠ ʦʯʠʩʥʠʭ 

ʩʧʦʨʫʜ ʥʘ ʦʟʝʨʥʠʭ ʜʞʝʨʝʣʘʭ. ʉʽʤ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʟ ʧʽʜʟʝʤʥʠʭ ʜʞʝʨʝʣ ʚ 

ʦʩʥʦʚʥʦʤʫ ʤʘʶʪʴ ʪʨʘʜʠʮʽʡʥʽ ʩʭʝʤʠ ʟʥʝʟʘʣʽʟʥʝʥʥʷ, ʽ ʚʢʣʶʯʘʶʪʴ ʘʝʨʘʮʽʶ, 

ʜʚʦʩʪʫʧʝʥʝʚʝ ʬʽʣʴʪʨʫʚʘʥʥʷ ʽ ʟʥʝʟʘʨʘʞʫʚʘʥʥʷ. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʮʠʭ ʩʭʝʤ ʚʽʜ 

ʚʽʪʯʠʟʥʷʥʠʭ ʧʦʣʷʛʘʻ ʫ ʟʜʽʡʩʥʝʥʥʽ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʫʚʘʥʥʷ ʫ ʜʚʽ ʩʪʘʜʽʾ: ʧʦʧʝʨʝʜʥʻ 



ʬʽʣʴʪʨʫʚʘʥʥʷ ʟʥʠʟʫ ʚʚʝʨʭ ʥʘ ʛʨʫʙʦʟʝʨʥʠʩʪʠʭ ʬʽʣʴʪʨʘʭ ʽ ʦʩʪʘʪʦʯʥʝ ʬʽʣʴʪʨʫʚʘʥʥʷ 

ʟʚʝʨʭʫ ʚʥʠʟ ʥʘ ʟʚʠʯʘʡʥʠʭ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ. 

ʆʨʠʛʽʥʘʣʴʥʘ ʩʭʝʤʘ ʦʯʠʱʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʽʜ ʤʝʪʘʥʫ ʧʝʨʝʜʙʘʯʝʥʘ ʥʘ 

ʩʪʘʥʮʽʾ ɽʙʝʣʭʦʣʪ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʪʘʥʮʽʾ ʩʪʘʥʦʚʠʪʴ 7 ʪʠʩ.ʤ3/ʜʦʙʫ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʭʝʤʠ ʪʨʘʜʠʮʽʡʥʦʾ ʘʝʨʘʮʽʾ ʟ ʥʘʩʪʫʧʥʠʤ ʬʽʣʴʪʨʫʚʘʥʥʷʤ 

ʧʨʠʡʥʷʪʘ ʩʭʝʤʘ ʟ ʨʦʟʙʨʠʟʢʫʚʘʥʥʷʤ ʚʦʜʠ ʫ ʚʠʩʦʢʠʭ ʛʝʨʤʝʪʠʯʥʠʭ ʨʝʟʝʨʚʫʘʨʘʭ, 

ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʚʘʢʫʫʤʦʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʽʜʞʝʥʥʷ ʤʝʪʘʥ ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʟ 

ʜʨʽʙʥʠʭ ʢʨʘʧʝʣʴ ʽ ʚʠʜʘʣʷʻʪʴʩʷ ʚʘʢʫʫʤ-ʧʦʤʧʦʶ. ʈʝʟʝʨʚʫʘʨʠ ʤʘʶʪʴ ʜʽʘʤʝʪʨ 2,5 ʤ 

ʽ ʚʠʩʦʪʫ 14 ʤ. ɰʭʥʷ ʢʽʣʴʢʽʩʪʴ ï 2 ʰʪ. ʆʨʠʛʽʥʘʣʴʥʽʩʪʴ ʪʘʢʦʛʦ ʨʽʰʝʥʥʷ ʱʝ ʡ ʫ ʪʽʤ, 

ʱʦ ʟʘʚʜʷʢʠ ʚʽʜʩʫʪʥʦʩʪʽ ʘʝʨʘʮʽʾ ʚʦʜʘ ʥʝ ʥʘʩʠʯʫʻʪʴʩʷ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ, ʱʦ 

ʧʝʨʝʰʢʦʜʞʘʻ ʦʢʠʩʣʶʚʘʥʥʶ ʜʚʦʚʘʣʝʥʪʥʦʛʦ ʟʘʣʽʟʘ ʫ ʪʨʠʚʘʣʝʥʪʥʝ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʫ 

ʚʦʜʽ ʚʽʜʩʫʪʥʽ ʧʣʘʩʪʽʚʮʽ ʛʽʜʨʦʦʢʠʩʫ ʟʘʣʽʟʘ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʝʨʝʢʘʯʫʚʘʪʠ ʚʦʜʫ ʥʘ 

ʚʽʜʩʪʘʥʴ 8 ʢʤ ʥʘ ʛʨʫʧʦʚʽ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ. ʇʣʘʥ ʦʯʠʩʥʦʾ ʩʪʘʥʮʽʾ ʪʘ ʛʦʣʦʚʥʽ 

ʝʣʝʤʝʥʪʠ ʩʭʝʤʠ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1.13. 

1 ï ʚʘʢʫʫʤ-ʢʦʪʝʣ; 2 ï ʥʘʩʦʩʠ, ʱʦ ʧʦʜʘʶʪʴ ʚʦʜʫ ʚ ʨʝʘʢʪʦʨ; 3 ï ʨʝʘʢʪʦʨ ʜʣʷ 
ʚʠʧʘʨʫ ʤʝʪʘʥʫ ʧʽʜ ʚʘʢʫʫʤʦʤ; 4 ï ʥʘʩʦʩʠ, ʱʦ ʧʦʜʘʶʪʴ ʦʯʠʱʝʥʫ ʚʦʜʫ ʫ ʚʦʜʦʚʽʜ; 5 
ï ʜʦ ʚʘʢʫʫʤ-ʥʘʩʦʩʘ.

ʈʠʩʫʥʦʢ 1.13 ï ʇʣʘʥ ʦʯʠʩʥʦʾ ʩʪʘʥʮʽʾ 



ɺʦʜʘ ʟʽ ʩʚʝʨʜʣʦʚʠʥ ʧʦʜʘʻʪʴʩʷ ʫ ʚʘʢʫʫʤ-ʢʦʪʝʣ 1, ʟ ʷʢʦʛʦ ʚʽʜʮʝʥʪʨʦʚʠʤ 

ʥʘʩʦʩʦʤ ʧʦʜʘʻʪʴʩʷ ʫ ʜʚʘ ʛʝʨʤʝʪʠʯʥʠʭ ʩʪʘʣʝʚʠʭ ʮʠʣʽʥʜʨʠ ʜʽʘʤʝʪʨʦʤ 2,5 ʤ ʽ 

ʚʠʩʦʪʦʶ 14 ʤ, ʚ ʷʢʠʭ ʚʣʘʰʪʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʽʟ ʪʨʠʢʫʪʥʠʭ ʜʝʨʝʚ'ʷʥʠʭ ʨʝʡʦʢ. 

ʇʦʚʽʪʨʷ ʟ ʮʠʣʽʥʜʨʽʚ ʚʠʜʘʣʷʻʪʴʩʷ ʚʘʢʫʫʤ-ʥʘʩʦʩʘʤʠ. ɺʦʜʘ ʟʙʠʨʘʻʪʴʩʷ ʚ ʥʠʞʥʽʡ 

ʯʘʩʪʠʥʽ ʮʠʣʽʥʜʨʽʚ ʽ ʚʽʜʮʝʥʪʨʦʚʠʤ ʥʘʩʦʩʦʤ ʧʦʜʘʻʪʴʩʷ ʫ ʚʦʜʦʚʽʜ. ʗʢʽʩʪʴ 

ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʩʧʦʞʠʚʘʯʽʚ. 

ʇʽʜʛʦʪʦʚʢʫ ʚʦʜʠ ʜʣʷ ʇʘʨʠʞʘ ʽ ʧʨʠʛʦʨʦʜʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ 16 ʚʦʜʦʧʨʦʚʽʜʥʠʭ 

ʩʪʘʥʮʽʡ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 10 ï 800 ʪʠʩ.ʤ3/ʜʦʙ. [1]. 

ɸʥʘʣʽʟʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʩʪʝʤ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʚ ʟʘʢʦʨʜʦʥʥʠʭ ʢʨʘʾʥʘʭ 

[21], ʩʣʽʜ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʽʜʟʥʘʯʠʪʠ ʩʪʘʨʘʥʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʚʦʜʠ ʟ 

ʧʦʚʝʨʭʥʝʚʠʭ ʜʞʝʨʝʣ ʧʝʨʝʜ ʬʽʣʴʪʨʫʚʘʥʥʷʤ. ʏʘʩʪʦ ʮʷ ʦʙʨʦʙʢʘ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʧʨʦʮʝʩʽʚ ʩʘʤʦʦʯʠʱʝʥʥʷ ʚ ʧʨʠʙʝʨʝʞʥʠʭ (ʥʘʣʠʚʥʠʭ) ʚʦʜʦʡʤʠʱʘʭ, ʚ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʚʦʜʘ ʧʽʜʜʘʻʪʴʩʷ ʰʪʫʯʥʽʡ ʘʝʨʘʮʽʾ ʟ ʤʝʪʦʶ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʠʨʦʜʥʦʛʦ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʪʘ ʫʥʠʢʥʝʥʥʷ ʥʘʜʤʽʨʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚʦʜʦʨʦʩʪʝʡ. ʇʽʜ ʯʘʩ 

ʚʽʜʙʫʜʦʚʠ ʟʨʫʡʥʦʚʘʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʨʝʙʘ ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʟʘʜʦʚʦʣʴʥʷʪʠ 

ʚʠʤʦʛʠ ʜʝʨʞʘʚʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤ [4], ʧʨʦʚʦʜʠʪʠ ʤʦʜʝʨʥʽʟʘʮʽʶ ʦʯʠʩʥʠʭ 

ʩʧʦʨʫʜ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʩʚʽʜʫ 

ʟʘʢʦʨʜʦʥʥʠʭ ʬʘʭʽʚʮʽʚ. 

1.4 ɹʫʜʽʚʝʣʴʥʽ ʨʽʰʝʥʥʷ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ 
ʈʦʟʛʣʷʥʝʤʦ ʙʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ʊʠʧʦʚʽ ʩʭʝʤʠ ʚʦʜʦʟʘʙʽʨʥʠʭ ʩʧʦʨʫʜ ʜʦʙʨʝ ʚʽʜʦʤʽ [10]. ʅʘʡʙʽʣʴʰʝ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʪʨʠʤʘʣʠ ʜʚʽ ʩʭʝʤʠ ʚʦʜʦʟʘʙʦʨʽʚ ʟ ʧʦʚʝʨʭʥʝʚʠʭ ʜʞʝʨʝʣ: 

ʙʝʨʝʛʦʚʦʛʦ ʪʠʧʫ, ʚ ʷʢʠʭ ʚʦʜʦʧʨʠʡʤʘʣʴʥʠʢ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʥʘ ʙʝʨʝʟʽ; ʨʫʩʣʦʚʦʛʦ 

ʪʠʧʫ, ʚʦʜʦʧʨʠʡʤʘʣʴʥʠʢʠ ʷʢʦʛʦ ʟʘʪʦʧʣʝʥʽ ʪʘ ʚʽʜʜʘʣʝʥʽ ʚʽʜ ʙʝʨʝʛʘ. ʅʘ ʨʠʩ. 1.14 

ʧʦʢʘʟʘʥʽ ʙʫʜʽʚʣʽ ʚʦʜʦʟʘʙʽʨʥʠʭ ʩʧʦʨʫʜ ʙʝʨʝʛʦʚʦʛʦ ʪʠʧʫ. 



ʈʠʩʫʥʦʢ 1.14 ï ɹʫʜʽʚʣʽ ʚʦʜʦʟʘʙʽʨʥʠʭ ʩʧʦʨʫʜ 

ɺʦʜʦʟʘʙʦʨʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʟʘʢʦʨʜʦʥʥʽʡ ʧʨʘʢʪʠʮʽ, ʫ ʩʚʦʻʾ 

ʧʨʠʡʤʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʘʥʘʣʦʛʽʯʥʽ ʪʠʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʽʪʯʠʟʥʷʥʽʡ 

ʧʨʘʢʪʠʮʽ. ʆʜʥʘʢ ʧʨʦʻʢʪʥʽ ʨʽʰʝʥʥʷ, ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʞʝʨʝʣ ʽ 

ʛʦʨʠʟʦʥʪʠ ʧʽʜʟʝʤʥʠʭ ʜʞʝʨʝʣ ʜʣʷ ʨʷʜʫ ʤʽʩʪ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʨʠʛʽʥʘʣʴʥʽʩʪʶ ʩʭʝʤ. 

ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʚʦʜʦʟʘʙʦʨʫ ʤʦʞʝ ʙʫʪʠ ʚʦʜʦʟʘʙʽʨ ʤ. ɸʤʩʪʝʨʜʘʤʘ  

(ʅʽʜʝʨʣʘʥʜʠ) [11]. ʄʘʡʞʝ 74% ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʫ ʤʽʩʪʽ ɸʤʩʪʝʨʜʘʤ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʦʜʠ ʨ. ʈʝʡʥ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʰʪʫʯʥʦʛʦ 

ʧʦʧʦʚʥʝʥʥʷ ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ ʥʘ ʜʽʣʷʥʮʽ ʚ ʧʨʠʙʝʨʝʞʥʠʭ ʜʶʥʘʭ ʫ ʇʽʚʥʽʯʥʦʛʦ ʤʦʨʷ. 

ʇʝʨʝʜ ʧʦʜʘʯʝʶ ʚ ʽʥʬʽʣʴʪʨʘʮʽʡʥʽ ʙʘʩʝʡʥʠ ʨʽʯʢʦʚʘ ʚʦʜʘ ʧʽʜʜʘʻʪʴʩʷ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʦʩʚʽʪʣʝʥʥʶ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʩʭʝʤʦʶ ʟ ʚʽʜʩʪʦʶʚʘʥʥʷʤ ʽ ʬʽʣʴʪʨʫʚʘʥʥʷʤ. 

ʇʨʦʷʩʥʝʥʘ ʚʦʜʘ ʧʨʦʩʦʯʫʻʪʴʩʷ ʟ ʙʘʩʝʡʥʽʚ ʫ ʚʦʜʦʥʦʩʥʠʡ ʰʘʨ ʟ ʧʽʩʢʫ, ʷʢʠʡ 

ʧʽʜʩʪʠʣʘʻʪʴʩʷ ʛʣʠʥʦʶ ʽ ʪʦʨʬʦʤ, ʧʽʜʜʘʻʪʴʩʷ ʧʨʠʨʦʜʥʦʤʫ ʦʯʠʱʝʥʥʶ ʽ ʟʤʽʰʫʻʪʴʩʷ 

ʟ ʧʨʠʨʦʜʥʦʶ ʧʽʜʟʝʤʥʦʶ ʚʦʜʦʶ, ʷʢʘ ʬʦʨʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ. 

ɿʤʽʰʘʥʘ ʧʽʜʟʝʤʥʘ ʚʦʜʘ ʧʦʪʽʤ ʧʨʦʭʦʜʠʪʴ ʜʦʜʘʪʢʦʚʝ ʦʯʠʱʝʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʘʝʨʘʮʽʾ, ʩʦʨʙʮʽʾ, ʰʚʠʜʢʦʛʦ ʽ ʧʦʚʽʣʴʥʦʛʦ ʬʽʣʴʪʨʫʚʘʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʧʦʜʘʻʪʴʩʷ ʚ 

ʤʽʩʴʢʫ ʨʦʟʧʦʜʽʣʴʯʫ ʤʝʨʝʞʫ. ɼʽʣʷʥʢʘ ʚ ʧʨʠʙʝʨʝʞʥʠʭ ʜʶʥʘʭ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʦʨʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʰʣʷʭʦʤ ʽʥʬʽʣʴʪʨʘʮʽʾ, ʟʘʡʤʘʻ 

ʧʣʦʱʫ ʚ 36  ʢʤ2. ʏʘʩʪʠʥʘ ʮʽʻʾ ʧʣʦʱʽ ʚʽʜʚʝʜʝʥʘ ʧʽʜ ʽʥʬʽʣʴʪʨʘʮʽʡʥʽ ʙʘʩʝʡʥʠ. 

ɺʥʘʩʣʽʜʦʢ ʦʧʘʜʽʚ ʥʘʜʭʦʜʠʪʴ ʧʨʠʙʣʠʟʥʦ 13 ʤʣʥ ʤ3/ʨʽʢ ʚʦʜʠ. ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʮʴʦʛʦ 

ʥʘ ʽʥʬʽʣʴʪʨʘʮʽʶ ʧʦʜʘʻʪʴʩʷ ʙʣʠʟʴʢʦ 55  ʤʣʥ ʤ3/ʨʽʢ ʨʽʯʢʦʚʦʾ ʚʦʜʠ. ɺʣʘʰʪʦʚʘʥʦ 40 

ʽʥʬʽʣʴʪʨʘʮʽʡʥʠʭ ʙʘʩʝʡʥʽʚ ʟʘʛʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ 246 ʢʤ. ʐʠʨʠʥʘ ʙʘʩʝʡʥʽʚ ʧʦ 

ʜʥʫ ʙʣʠʟʴʢʦ 20 ʤ, ʾʭʥʷ ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ 430 ʛʘ, ʛʣʠʙʠʥʘ ʰʘʨʫ ʚʦʜʠ 0,8 ʤ, ʩʝʨʝʜʥʷ 

ʰʚʠʜʢʽʩʪʴ ʽʥʬʽʣʴʪʨʘʮʽʾ 0,25 ʤ/ʜʦʙʫ, ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʚʦʜʠ ʚ ˇʨʫʥʪʽ  2 ï 3 ʤʽʩʷʮʽ. 



ɯʥʬʽʣʴʪʨʘʪ ʟʙʠʨʘʻʪʴʩʷ ʜʨʝʥʘʤʠ ʟ ʙʝʪʦʥʥʠʭ ʪʨʫʙ ʜʽʘʤʝʪʨʦʤ 200-400 ʤʤ ʽʟ 

ʛʨʘʚʽʡʥʦʶ ʦʙʩʠʧʢʦʶ ʽ ʧʦ ʚʽʜʢʨʠʪʠʭ ʢʘʥʘʣʘʭ ʧʦʜʘʻʪʴʩʷ ʚ ʧʨʠʡʤʘʣʴʥʠʡ ʙʘʩʝʡʥ, ʟ 

ʥʴʦʛʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʩʧʦʨʫʜʠ ʜʦʜʘʪʢʦʚʦʛʦ ʦʯʠʱʝʥʥʷ. ɿʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʜʨʝʥ 

ʩʢʣʘʜʘʻ ʙʽʣʴʰ ʷʢ 9 ʢʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʽʥʬʽʣʴʪʨʘʮʽʾ ʷʢʽʩʪʴ ʚʠʭʽʜʥʦʾ ʚʦʜʠ ʽʩʪʦʪʥʦ ʚʠʨʽʚʥʶʻʪʴʩʷ ʚ 

ʯʘʩʽ, ʧʦʤʽʪʥʦ ʧʦʢʨʘʱʫʶʪʴʩʷ ʙʘʢʪʝʨʽʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʟʨʦʩʪʘʻ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʘ ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 3 ï 5 ʤʛ/ʣ. ʆʜʥʘʢ ʚʦʜʘ 

ʚʠʤʘʛʘʻ ʜʦʦʯʠʱʝʥʥʷ. 

ʂʨʽʤ ʮʽʻʾ ʩʠʩʪʝʤʠ, ʫ ʤʝʨʝʞʫ ʧʦʜʘʻʪʴʩʷ ʚʦʜʘ ʚʽʜ çʦʟʝʨʥʦʛʦè ʚʦʜʦʧʨʦʚʦʜʫ 

ʧʽʩʣʷ ʾʾ ʛʣʠʙʦʢʦʛʦ ʦʯʠʱʝʥʥʷ, ʘ ʪʘʢʦʞ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ (5 ʪʠʩ.ʤ3/ʜʦʙʫ) ʚʽʜ 

ʛʨʫʧʠ ʢʦʣʦʜʷʟʽʚ ʧʽʩʣʷ ʾʾ ʜʦʦʯʠʱʝʥʥʷ. 

ʄʽʩʪʦ ɸʥʪʚʝʨʧʝʥ ʦʜʝʨʞʫʻ ʚʦʜʫ ʚʽʜ ʜʚʦʭ ʚʦʜʦʟʘʙʦʨʽʚ. ʆʜʠʥ ʚʦʜʦʟʘʙʽʨ 

ʟʘʙʠʨʘʻ ʚʦʜʫ ʟ ʢʘʥʘʣʫ ʅʝʪʽ, ʢʦʪʨʠʡ ʟ'ʻʜʥʫʻ ʨ. ʄʘʘʩ ʟ ʨ. ʅʝʪʽ, ʧʨʘʚʠʤ ʨʫʢʘʚʦʤ 

ʨ. ʐʝʣʴʜʠ. ɼʨʫʛʠʡ ʚʦʜʦʟʘʙʽʨ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʢʘʥʘʣʽ ɸʣʴʙʝʨʪʘ ʟʘʛʘʣʴʥʦʶ 

ʜʦʚʞʠʥʦʶ 125 ʢʤ, ʱʦ ʟ'ʻʜʥʫʻ ʨ. ʄʘʘʩ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʨ. ʐʝʣʴʜʘ. ʆʙʠʜʚʘ 

ʚʦʜʦʟʘʙʦʨʠ ʤʦʞʫʪʴ ʧʦʜʘʚʘʪʠ ʜʦ 564000 ʤ3/ʜʦʙʫ (ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ). 

ʇʝʨʰʠʡ ʚʦʜʦʟʘʙʽʨ ʧʦʜʘʻ ʚʦʜʫ ʥʘ ʩʪʘʥʮʽʶ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 8 ʢʤ ʥʠʞʯʝ 

ʟʘ ʪʝʯʽʻʶ ʢʘʥʘʣʫ, ʤʘʻ ʚʦʜʦʧʨʠʡʤʘʣʴʥʠʢ ʙʝʨʝʛʦʚʦʛʦ ʪʠʧʫ. ɺʦʜʘ, ʷʢʘ ʟʘʙʠʨʘʻʪʴʩʷ 

ʟ ʢʘʥʘʣʫ, ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʛʨʫʙʽ ˇʨʘʪʠ ʟ ʧʨʦʟʦʨʘʤʠ 10 ʩʤ, ʧʦʪʽʤ ʣʦʪʢʠ ɺʝʥʪʫʨʽ ʡ 

ʜʘʣʽ ʥʘʜʭʦʜʠʪʴ ʫ ʟʤʽʰʫʚʘʣʴʥʫ ʢʘʤʝʨʫ, ʢʫʜʠ ʚʚʦʜʠʪʴʩʷ ʨʦʟʯʠʥ ʩʽʨʯʘʥʦʢʠʩʣʦʛʦ 

ʘʣʶʤʽʥʽʶ ʟ ʜʦʟʦʶ 10 ï 200 ʤʛ/ʣ. ʇʽʩʣʷ ʟʤʽʰʫʚʘʥʥʷ ʟ ʢʦʘʛʫʣʷʥʪʦʤ ʚʦʜʘ 

ʨʫʭʘʻʪʴʩʷ ʩʘʤʦʧʣʠʚʦʤ ʯʝʨʝʟ ʧ'ʷʪʴ ʧʦʩʣʽʜʦʚʥʦ ʟ'ʻʜʥʘʥʠʭ ʧʨʠʙʝʨʝʞʥʠʭ 

ʚʦʜʦʡʤʠʱ-ʚʽʜʩʪʽʡʥʠʢʽʚ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ. 

ʇʦʚʥʘ ʩʭʝʤʘ ʚʦʜʦʟʘʙʦʨʫ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.17 [1]. 



1 ï ʚʦʜʦʧʨʠʡʤʘʯ; 2 ï ʣʦʪʦʢ ɺʝʥʪʫʨʽ; 3-7 ï ʚʦʜʦʡʤʠʱʘ ʚʽʜʩʪʽʡʥʠʢʠ; 
8 ï ʪʨʠ ʚʽʜʩʪʽʡʥʠʭ ʙʘʩʝʡʥʠ; 9, 10 ï ʥʘʩʦʩʥʽ ʩʪʘʥʮʽʾ I ʧʽʜʡʦʤʫ 

ʈʠʩʫʥʦʢ 1.15 ï ʉʭʝʤʘ ʚʦʜʦʟʘʙʦʨʫ ʤ. ɸʥʪʚʝʨʧʝʥʘ 

ʇʣʦʱʘ ʜʟʝʨʢʘʣʘ ʫʩʽʭ ʚʦʜʦʡʤʠʱ-ʚʽʜʩʪʽʡʥʠʢʽʚ 64 ʛʘ, ʥʘʡʙʽʣʴʰʘ ʛʣʠʙʠʥʘ 3 ï

5 ʤ, ʧʦʚʥʠʡ ʦʙôʻʤ 2755 ʪʠʩ.ʤ3. ʉʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʚʦʜʠ ʚ ʮʠʭ ʩʧʦʨʫʜʘʭ 

ʙʣʠʟʴʢʦ 7 ʜʽʙ. 

ʇʦʪʽʤ ʟʘʛʘʣʴʥʠʡ ʧʦʪʽʢ ʜʽʣʠʪʴʩʷ ʥʘ 2 ʯʘʩʪʠʥʠ: ʣʽʥʽʷ ɸ ʩ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 165 ʪʠʩ.ʤ3/ʜʦʙʫ, ʣʽʥʽʷ ɺ ʩ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 

264 ʪʠʩ.ʤ3/ʜʦʙʫ. ʎʽ ʧʦʪʦʢʠ ʧʽʜʭʦʜʷʪʴ ʜʦ ʥʘʩʦʩʥʠʭ ʩʪʘʥʮʽʡ I ʧʽʜʡʦʤʫ, ʷʢʠʤʠ 

ʚʦʥʠ ʧʦʜʘʶʪʴʩʷ ʥʘ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ. ʇʝʨʝʜ ʥʘʩʦʩʥʦʶ ʩʪʘʥʮʽʻʶ ʥʘ ʣʽʥʽʾ ɸ ʚʦʜʘ 

ʘʝʨʫʻʪʴʩʷ ʽ ʢʦʘʛʫʣʶʻʪʴʩʷ, ʥʘ ʦʙʦʭ ʣʽʥʽʷʭ ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʨʠʛʫʚʘʥʥʷ pH ʩʽʨʯʘʥʦʶ 

ʢʠʩʣʦʪʦʶ ʯʠ ʚʘʧʥʦʤ, ʘ ʥʘ ʣʽʥʽʾ ɺ ʱʝ ʽ ʭʣʦʨʫʻʪʴʩʷ. 

ɼʨʫʛʠʡ ʚʦʜʦʟʘʙʽʨ ʧʦʜʘʻ ʚʦʜʫ ʥʘ ʚʦʜʦʧʨʦʚʽʜʥʫ ʩʪʘʥʮʽʶ ʆʣʝʛʝʤ. ɺʦʜʦʟʘʙʽʨ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʝʨʝʛʦʚʦʛʦ ʟʘʪʦʧʣʝʥʦʛʦ ʚʦʜʦʧʨʠʡʤʘʣʴʥʠʢʘ, ʩʘʤʦʧʣʠʚʥʠʭ ʪʨʫʙ, 

ʙʫʜʠʥʢʫ ˇʨʘʪ ʪʘ ʙʘʨʘʙʘʥʥʠʭ ʩʽʪʦʢ ʽ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ I ʧʽʜʡʦʤʫ. 

ɺʦʜʦʧʨʠʡʤʘʣʴʥʠʢ ʤʘʻ ʯʦʪʠʨʠ ʚʭʽʜʥʠʭ ʚʽʢʥʘ ʽ ʩʪʽʣʴʢʠ ʞ ʩʘʤʦʧʣʠʚʥʠʭ ʪʨʫʙ. 

ɺʽʢʥʘ ʟʘʛʣʠʙʣʝʥʽ ʥʘ 2 ï3 ʤ ʚʽʜʥʦʩʥʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʚʦʜʠ ʚ ʢʘʥʘʣʽ. 

ʐʚʠʜʢʽʩʪʴ ʚʭʦʜʫ ʚʦʜʠ ʫ ʚʦʜʦʧʨʠʡʤʘʣʴʥʽ ʚʽʢʥʘ Vʚʭ Ò 0,3 ʤ/ʩ. ʉʘʤʦʧʣʠʚʥʽ ʪʨʫʙʠ 

ʚʠʢʦʥʘʥʽ ʽʟ ʟʘʣʽʟʦʙʝʪʦʥʫ, ʤʘʶʪʴ ʧʨʷʤʦʢʫʪʥʠʡ ʧʝʨʝʪʠʥ ʨʦʟʤʽʨʦʤ 2,2Ĭ2,0 ʤ ʽ 

Лінія АЛінія В



ʜʦʚʞʠʥʦʶ 37 ʤ. ʋ ʙʫʜʠʥʢʫ ˇʨʘʪ ʪʨʫʙʠ ʚʭʦʜʷʪʴ ʫ 2 ʚʽʜʢʨʠʪʠʭ ʢʘʥʘʣʠ ʰʠʨʠʥʦʶ 

ʧʦ 3 ʤ, ʦʜʠʥ ʽʟ ʷʢʠʭ ʨʦʙʦʯʠʡ, ʜʨʫʛʠʡ ï ʨʝʟʝʨʚʥʠʡ. ɺ ʢʘʥʘʣʘʭ ʚʩʪʘʥʦʚʣʝʥʽ 

ʧʦʩʣʽʜʦʚʥʦ ʧʦ ʜʚʽ ʤʝʭʘʥʽʟʦʚʘʥʽ ˇʨʘʪʠ: ʧʝʨʰʘ ʟ ʧʨʦʟʦʨʘʤʠ 60 ʤʤ, ʜʨʫʛʘ ï ʽʟ 

ʧʨʦʟʦʨʘʤʠ 16 ʤʤ. ɿʘ ˇʨʘʪʘʤʠ ʨʦʟʪʘʰʦʚʘʥʽ ʩʽʪʯʘʩʪʽ ʙʘʨʘʙʘʥʥʽ ʬʽʣʴʪʨʠ ʽʟ ʩʽʪʢʘʤʠ 

ʟ ʦʪʚʦʨʘʤʠ 0,58 ʤʤ. ʉʽʪʢʠ ʧʨʦʤʠʚʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ, ʇʨʠ ʟʘʙʨʫʜʥʝʥʥʽ ʩʽʪʦʢ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʢʣʘʧʘʥ ʥʘ ʦʙʚʽʜʥʽʡ ʣʽʥʽʾ, ʧʦ 

ʷʢʦʤʫ ʚʦʜʘ ʤʦʞʝ ʥʘʜʭʦʜʠʪʠ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʽ ʢʘʥʘʣʠ ʥʘʩʦʩʽʚ I ʧʽʜʡʦʤʫ. ʋ 

ʥʘʩʦʩʥʽʡ ʩʪʘʥʮʽʾ I ʧʽʜʡʦʤʫ ʚʩʪʘʥʦʚʣʝʥʽ ʧ'ʷʪʴ ʥʘʩʦʩʽʚ: ʜʚʘ ʟ ʧʦʜʘʯʝʶ ʧʦ 

1100 ʤ3/ʛʦʜ ʽ ʪʨʠ ï ʧʦ 2200 ʤ3/ʛʦʜ. 

ɸʥʘʣʽʟ ʨʦʙʦʪʠ ʨʝʘʣʴʥʠʭ ʚʦʜʦʟʘʙʦʨʽʚ ʟ ʧʦʚʝʨʭʥʝʚʠʭ ʜʞʝʨʝʣ ʜʦʟʚʦʣʷʻ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʨʽʰʝʥʥʶ ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʾʭʥʴʦʾ ʨʦʙʦʪʠ [23,24]: ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʚʦʜʦʧʨʠʡʤʘʯʽʚ ʧʨʠ ʟʥʠʞʝʥʥʽ ʾʭ ʟʘʙʨʫʜʥʶʚʘʥʥʷ; ʫʜʦʩʢʦʥʘʣʶʚʘʥʥʷ ʤʝʪʦʜʽʚ ʨʠʙʦ 

ʟʘʭʠʩʪʫ ʚ ʥʘʧʨʷʤʢʫ ʾʭʥʴʦʾ ʥʘʜʽʡʥʦʩʪʽ ʡ ʫʚ'ʷʟʫʚʘʥʥʷ ʟ ʪʝʭʥʦʣʦʛʽʻʶ ʟʘʙʦʨʫ ʚʦʜʠ; 

ʩʧʨʦʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ˇʨʘʪ ʽ ʩʽʪʦʢ; ʫʜʦʩʢʦʥʘʣʶʚʘʥʥʷ ʤʝʪʦʜʽʚ ʚʠʜʘʣʝʥʥʷ ʦʩʘʜʫ 

ʟ ʧʨʠʡʦʤʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʽ ʚʽʜʜʽʣʝʥʥʷ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʪʨʫʙ ʙʝʨʝʛʦʚʦʛʦ 

ʢʦʣʦʜʷʟʷ; ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʤʠʚʘʥʴ ʩʘʤʦʧʣʠʚʥʠʭ ʽ ʩʠʬʦʥʥʠʭ ʣʽʥʽʡ; 

ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʢʨʽʧʣʝʥʥʷ ʩʘʤʦʧʣʠʚʥʠʭ ʽ ʩʠʬʦʥʥʠʭ ʣʽʥʽʡ ʜʣʷ 

ʚʠʢʣʶʯʝʥʥʷ ʾʭ ʩʧʣʠʚʘʥʥʷ ʚ ʘʚʘʨʽʡʥʠʭ ʫʤʦʚʘʭ. ʅʘ ʨʠʩ.1.16 ʧʦʢʘʟʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʙʫʜʽʚʝʣʴ ʚʦʜʦʥʘʧʽʨʥʠʭ ʚʝʞ, ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʽʪʯʠʟʥʷʥʦʤʫ 

ʙʫʜʽʚʥʠʮʪʚʽ. ɿʘ ʢʦʨʜʦʥʦʤ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʮʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ. ʚ ʅʴʶ-ʁʦʨʢʫ ʚʦʜʦʥʘʧʽʨʥʠʭ ʙʘʰʪ ʙʘʛʘʪʦ. ʎʝ ʥʝ 

ʪʽʣʴʢʠ ʚʽʜʜʘʣʝʥʽ ʩʧʘʣʴʥʽ ʨʘʡʦʥʠ ɹʨʫʢʣʽʥʫ ð ʧʨʷʤʦ ʚ ʮʝʥʪʨʽ ʄʘʥʭʝʪʪʝʥʫ ʥʘ 

ʜʘʭʘʭ ʙʫʜʠʥʢʽʚ ʨʦʟʪʘʰʦʚʘʥʽ ʪʠʩʷʯʽ ʪʘʢʠʭ ʰʪʫʢʦʚʠʥ. 

 
ʈʠʩʫʥʦʢ 1.16 ï ʂʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʝʣʴ ʚʦʜʦʥʘʧʽʨʥʠʭ ʚʝʞ (ʋʢʨʘʾʥʘ) 

 



ʅʘ ʨʠʩ. 1.17 ʧʦʢʘʟʘʥʦ  ʚʠʜ ʟ ʦʜʥʽʻʾ ʟ ʪʝʨʘʩ ʥʴʶ-ʡʦʨʢʩʴʢʦʛʦ ʦʬʽʩʫ Google. 

ʅʘ ʛʦʨʠʟʦʥʪʽ ð ʢʨʘʩʠʚʽ ʩʪʘʨʽ ʭʤʘʨʦʯʦʩʠ ʄʠʜʪʘʫʥʫ, ʪʫʪ ʚʘʤ ʽ ɽʤʧʘʡʨ-ʩʪʝʡʪ-

ʙʽʣʜʽʥʛ, ʽ ʂʨʘʡʩʣʝʨ, ʥʘ ʙʫʜʽʚʣʷʭ ʷʢʠʭ ʨʦʟʪʘʰʦʚʘʥʽ ʚʦʜʦʥʘʧʽʨʥʽ ʚʝʞʽ. 

ʈʠʩʫʥʦʢ 1. 17 ï ɾʠʪʣʦʚʽ ʙʫʜʽʚʣʽ ʟ ʚʦʜʦʥʘʧʽʨʥʠʤʠ ʚʝʞʘʤʠ (ʅʴʶ-ʁʦʨʢ) 

ɺ ʙʘʛʘʪʴʦʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʽʩʪʘʭ ʚʦʜʦʥʘʧʽʨʥʽ ʚʝʞʽ ʚʠʢʦʥʫʶʪʴ ʥʝ ʪʽʣʴʢʠ 

ʬʫʥʢʮʽʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʠʩʢʽʚ ʫ ʤʝʨʝʞʽ, ʘʣʝ ʽ ʷʚʣʷʶʪʴʩʷ ʥʝʚʽʜʜʽʣʴʥʠʤ  ʝʣʝʤʝʥʪʦʤ 

ʤʽʩʴʢʦʾ ʘʨʭʽʪʝʢʪʫʨʠ (ʨʠʩ. 1.18). 

ʈʠʩʫʥʦʢ 1.18 ï ɾʠʪʣʦʚʽ ʙʫʜʽʚʣʽ ʟ ʚʦʜʦʥʘʧʽʨʥʠʤʠ ʚʝʞʘʤʠ (ʅʴʶ-ʁʦʨʢ) 

ʊʨʘʜʠʮʽʡʥʘ ʪʘ ʤʦʜʫʣʴʥʘ ʙʫʜʽʚʣʽ ʥʘʩʦʩʥʠʭ ʩʪʘʥʮʽʡ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1.19. 

ʄʦʜʫʣʴʥʽ ʙʫʜʽʚʣʽ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʚʽʜʙʫʜʦʚʠ ʤʽʩʴʢʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 



ɸ) ʢʘʧʽʪʘʣʴʥʘ ʙʫʜʽʚʣʷ; ɹ) ʤʦʜʫʣʴʥʘ ʙʫʜʽʚʣʷ 
ʈʠʩ. 1.19 ï ɹʫʜʽʚʣʽ ʥʘʩʦʩʥʠʭ ʩʪʘʥʮʽʡ 

ʂʨʘʱʠʡ ʻʚʨʦʧʝʡʩʴʢʠʡ ʜʦʩʚʽʜ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʫ ʩʬʝʨʽ 

ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʤʦʞʝ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʚʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴ ʰʚʠʜʢʠʡ ʽ ʝʬʝʢʪʠʚʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ 

ʩʴʦʛʦʜʥʽʰʥʽʭ ʧʨʘʢʪʠʢ ʚʽʜʙʫʜʦʚʠ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʤʽʩʴʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

1.5 ɿʘʜʘʯʽ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟʨʦʙʣʝʥʦ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʜʦʤʽʰʦʢ ʽʟ ʧʨʠʨʦʜʥʦʾ ʚʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʩʫʯʘʩʥʽ ʪʠʧʠ 

ʩʧʦʨʫʜ ʜʣʷ ʧʨʦʷʩʥʝʥʥʷ ʪʘ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚʦʜʠ: ʚʽʜʩʪʽʡʥʠʢʠ ʪʘ ʬʽʣʴʪʨʠ; ʩʫʯʘʩʥʦʶ 

ʪʝʥʜʝʥʮʽʻʶ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʙʦʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʦʥʢʦʰʘʨʦʚʠʭ ʤʦʜʫʣʽʚ; ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʧʦʨʫʜ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ 

ʚʦʜʠ ʨʝʘʣʽʟʫʻʪʴʩʷ: ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʦʚʠʭ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʽʣʴʪʨʽʚ ʟ ʙʘʛʘʪʦʰʘʨʦʚʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ, ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ 

ʨʦʟʧʦʜʽʣʴʯʦʾ ʩʠʩʪʝʤʠ ʬʽʣʴʪʨʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʤʠʚʢʠ; ʢʦʨʠʩʥʠʤ ʜʦʩʚʽʜʦʤ ʜʣʷ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʤʝʨʝʞ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʦʜʠ ʻ ʟʦʥʫʚʘʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʦʜʦʥʘʧʽʨʥʠʭ ʚʝʞ.  

ɿʘʜʘʯʽ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ: 

o ʨʦʟʨʘʭʫʥʦʢ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤʽʩʪʘ;

o ʨʦʟʨʦʙʢʘ ʩʭʝʤʠ ʚʦʜʦʧʨʦʚʽʜʥʦʾ ʤʝʨʝʞʽ ʤʽʩʪʘ;

o ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ;

o ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʧʦʨʫʜ ʜʣʷ ʚʽʜʩʪʦʶʚʘʥʥʷ ʚʦʜʠ ʧʨʠ

ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʦʥʢʦʰʘʨʦʚʠʭ ʤʦʜʫʣʽʚ; 

o ʝʢʦʣʦʛʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ.



ʈʆɿɼɯʃ 2. ʈʆɿʈʆɹʂɸ ʉʍɽʄʀ ʉʀʉʊɽʄʀ ɺʆɼʆʇʆʉʊɸʏɸʅʅʗ 
ʊɸ ʈʆɿʈɸʍʋʅʆʂ ɰɰ ɽʃɽʄɽʅʊɯɺ 

2.1 ʌʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

2.1.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ ʤʽʩʪʘ ʽ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʢʽʣʴʢʦʩʪʽ ʥʘʩʝʣʝʥʥʷ 

ɿʘ ʩʪʫʧʝʥʝʤ ʙʣʘʛʦʫʩʪʨʦʶ ʪʘ ʭʘʨʘʢʪʝʨʦʤ ʟʘʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʷ ʤʽʩʪʘ ʤʦʞʝ 

ʙʫʪʠ ʨʦʟʜʽʣʝʥʘ ʥʘ ʜʚʘ ʨʘʡʦʥʠ. ʇʝʨʰʠʡ ʨʘʡʦʥ ʤʘʻ ʧʝʨʝʚʘʞʥʦ 5-ʧʦʚʝʨʭʦʚʫ 

ʟʘʙʫʜʦʚʫ: ʙʫʜʠʥʢʠ ʦʙʣʘʜʥʘʥʽ ʚʥʫʪʨʽʰʥʽʤ ʚʦʜʦʧʨʦʚʦʜʦʤ, ʢʘʥʘʣʽʟʘʮʽʻʶ ʪʘ 

ʚʘʥʥʘʤʠ ʟ ʤʽʩʮʝʚʠʤʠ ʚʦʜʦʥʘʛʨʽʚʘʯʘʤʠ, ʚ  ʜʨʫʛʦʤʫ ʨʘʡʦʥʽ - 9-ʧʦʚʝʨʭʦʚʽ ʙʫʜʠʥʢʠ 

ʟ ʚʥʫʪʨʽʰʥʽʤ ʚʦʜʦʧʨʦʚʦʜʦʤ, ʢʘʥʘʣʽʟʘʮʽʻʶ ʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʛʘʨʷʯʠʤ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷʤ. ʋ ʤʽʩʪʽ ʻ ʜʚʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʷʢʠʭ ʧʦʜʘʶʪʴʩʷ ʚ ʪʘʙʣʠʮʽ 2.1. 

ʊʘʙʣʠʮʷ 2.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʽʜʧʨʠʻʤʩʪʚ 
ʅʘʟʚʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘ 
ɺʠʪʨʘ 
ʪʘ ʚʦʜʠ 
ʥʘ ʦʜ. 
ʧʨʦʜʫʢ 
ʮʽʾ 

ʇʨʦʜʫʢʪʠʚ 
ʥʽʩʪʴ ʧʽʜʧʨʠʻʤ 

ʩʪʚʘ 

ɺʠʪʨʘʪʘ 
ʚʦʜʠ ʥʘ 

ʚʠʨʦʙʥʠʮʪ
ʚʦ 

ʂʽʣʴʢʽʩʪʴ 
ʧʨʘʮʶʶʯʠʭ ʧʦ 

ʟʤʽʥʘʭ 

ʋʩʴʦ 
ʛʦ 

ʤ3/ʪ ʪ/ʜʦʙ ʤ3/ʜʦʙ 1 2 3 

ʇʽʜʧʨʠʻʤ 
ʩʪʚʦ 

ˉ1(ʬʘʙʨʠʢʘ 
ʢʦʚʙʘʩʥʠʭ 
ʚʠʨʦʙʽʚ) 

25 150 3750 80
0 

40
0 

- 1200 

ʇʽʜʧʨʠʻʤ 
ʩʪʚʦ ˉ2 
(ʪʨʫʙʥʠʡ 
ʟʘʚʦʜ) 

150 100 15000 70
0 

60
0 

50
0 

1800 

ʂʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʚ ʢʦʞʥʦʤʫ   ʨʘʡʦʥʽ ʤʽʩʪʘ ʦʙʯʠʩʣʝʥʦ ʧʦ ʬʦʨʤʫʣʽ: 

i
F

i
P

i
N = ,  (2.1) 

ʜʝ 
i

P ï ʛʫʩʪʠʥʘ ʥʘʩʝʣʝʥʥʷ, ʯʦʣ/ʛʘ; 

i
F ï ʧʣʦʱʘ i-ʛʦ ʨʘʡʦʥʫ. 

607202302641 ==N ʯʦʣ.   360003001202 ==N ʯʦʣ. 



2.1.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʞʝʨʝʣʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʟʘʙʦʨʫ ʚʦʜʠ 

ɼʞʝʨʝʣʦʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʻ ʨʽʯʢʘ, ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʚʦʜʠ ʚ ʥʽʡ ʥʘʚʝʜʝʥʽ 

ʥʠʞʯʝ. 

ɺʠʪʨʘʪʘ ʚʦʜʠ: 
-ʤʘʢʩʠʤʘʣʴʥʘ  20 ʤ3/ʩ 
-ʤʽʥʽʤʘʣʴʥʘ  15 ʤ3/ʩ 
ʐʚʠʜʢʽʩʪʴ ʚʦʜʠ ʚ ʨʽʯʮʽ 
-ʤʘʢʩʠʤʘʣʴʥʘ 0,9 ʤ/ʩ 
-ʤʽʥʽʤʘʣʴʥʘ 0,4 ʤ/ʩ 
ʈʽʚʝʥʴ ʚʦʜʠ ʚ ʨʽʯʮʽ  
-ʟʠʤʦʚʠʡ   8 ʤ (48,0ʤ) 
-ʣʽʪʥʽʡ  5,5 ʤ (45,5ʤ) 
-ʚ ʧʘʚʦʜʦʢ   9,0 ʤ (49ʤ) 
ɻʽʜʨʘʚʣʽʯʥʘ ʢʨʫʧʥʽʩʪʴ ʥʘʥʦʩʽʚ  100 ʤʤ/ʩ 
ʊʦʚʱʠʥʘ ʣʴʦʜʫ   0,7 ʤ 
ɺʠʩʦʪʘ ʭʚʠʣʽ  0,5 ʤ 
ɻʨʫʥʪʠ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʙʝʨʝʛ ʨʽʯʢʠ 
-ʜʦ 3 ʤ ʧʽʩʦʢ 
-ʜʦ 6 ʤ  ʩʫʧʽʩʴ 
-ʙʽʣʴʰʝ 6 ʤ  ʩʫʛʣʽʥʦʢ 
ʗʢʽʩʥʠʡ ʩʢʣʘʜ ʚʦʜʠ 
-ʢʘʣʘʤʫʪʥʽʩʪʴ  150 ʤʛ/ʣ 
-ʢʦʣʴʦʨʦʚʽʩʪʴ  75 ʛʨʘʜ 
-ʣʫʞʥʽʩʪʴ   3,5 ʤʛ-ʝʢʚ/ʣ 
ʨʅ  7,5 
- ʚʤʽʩʪ ʉʘ2+  4,4 ʤʛ-ʝʢʚ/ʣ 
- ʚʤʽʩʪ ʄg2+ 2,0 ʤʛ-
ʝʢʚ/ʣ 
- ʚʤʽʩʪ Na++K+  0,78 ʤʛ-ʝʢʚ/ʣ 
- ʚʤʽʩʪ ʉl-   1,62 ʤʛ-ʝʢʚ/ʣ 
- ʚʤʽʩʪ SO2-

4     2,23 ʤʛ-ʝʢʚ/ʣ 
-ʚʤʽʩʪ F- 
ʉʦʣʝʚʤʽʩʪ   485 ʤʛ/ʣ 
ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʚʟʠʤʢʫ 00ʉ 
ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʚʣʽʪʢʫ        200ʉ 
ʊʚʝʨʜʽʩʪʴ ʚʦʜʠ   4,5 ʤʛ-ʝʢʚ/ʣ 
ʉʫʭʠʡ ʟʘʣʠʰʦʢ   485 ʤʛ/ʣ 

2.1.3 ɺʠʟʥʘʯʝʥʥʷ ʜʦʙʦʚʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʠʪʨʘʪ ʚʦʜʠ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ 

ɺ ʥʘʩʝʣʝʥʦʤʫ ʧʫʥʢʪʽ ʚʠʪʨʘʪʘ ʚʦʜʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʽ 

ʧʦʪʨʝʙʠ ʥʘʩʝʣʝʥʥʷ, ʧʦʣʠʚ ʚʫʣʠʮʴ ʪʘ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ, ʥʘ ʧʦʪʨʝʙʠ 



ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɼʣʷ ʢʦʞʥʦʛʦ ʽʟ ʜʚʦʭ ʨʘʡʦʥʽʚ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ 

ʛʦʩʧʦʜʘʨʩʴʢʦ ïʧʠʪʥʽ ʧʦʪʨʝʙʠ ʪʘ ʥʘ ʧʦʣʠʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʢʨʝʤʦ. ʉʝʨʝʜʥʴʦʜʦʙʦʚʘ 

ʚʠʪʨʘʪʘ ʚʦʜʠ ʽ-ʛʦ ʨʘʡʦʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ, ʤ3/ʜʦʙ: 

1000/iiдобi qNQ = ,  (2.2) 

ʜʝ 
iq  ï ʧʠʪʦʤʝ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʝ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʜʥʦʛʦ ʤʝʰʢʘʥʮʷ,  ʣ/ʜʦʙ 

[4, ʪʘʙʣ.1]. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʚʠʪʨʘʪʠ ʚʦʜʠ ʜʣʷ ʦʢʨʝʤʠʭ ʨʘʡʦʥʽʚ ʫ ʜʦʙʫ ʥʘʡʙʽʣʴʰʦʛʦ ʪʘ 

ʥʘʡʤʝʥʰʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ, ʤ3/ʜʦʙ, ʚʠʟʥʘʯʝʥʽ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

добiм аксiдобм аксiдоб QKQ = ... , (2.3) 

добм iнiдобм инiдоб QKQ = ... (2.4) 

ʜʝ ..м аксiдобK ..м інiдобK ï ʚʽʜʧʦʚʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʽ ʤʽʥʽʤʘʣʴʥʠʡ

ʢʦʝʬʽʮʽʻʥʪ ʜʦʙʦʚʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ i-ʛʦ ʨʘʡʦʥʫ [4, ʧ. 2.2]. 

ʋ ʪʘʙʣʠʮʽ 2.2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʜʦʙʦʚʠʭ ʚʠʪʨʘʪ 

ʚʦʜʠ. 

ʊʘʙʣʠʮʷ 2.2 ï  ɼʦʙʦʚʽ ʚʠʪʨʘʪʠ ʚʦʜʠ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʽ ʧʦʪʨʝʙʠ 
ʥʘʩʝʣʝʥʥʷ  
ʈʘʡʦʥ ʂʽʣʴ 

ʢʽʩʪʴ 
ʥʘʩʝʣʝʥ

ʥʷ 

ʇʠʪʦʤʝ 
ʚʦʜʦʩʧʦ 
ʞʠʚʘʥʥʷ
, ʣ/ʜʦʙ 
ʯʦʣ 

ʂʜʦʙ.ʤʘ

ʢʩ. 

ʂʜʦʙ.ʤʽʥ. м аксiдобQ . м інiдобQ . ..сердобQ

1 60720 230 1,25 0,85 17457 11870,8 13965,6 

2 36000 350 1,2 0,8 15120 10080 12600 

96720 32577 21950,8 26565,6 

ɼʦʙʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʧʦʣʠʚ ʚʫʣʠʮʴ ʽ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʚʠʟʥʘʯʝʥʘ ʟʘ 

ʧʠʪʦʤʠʤʠ ʚʠʪʨʘʪʘʤʠ ʚʦʜʠ ʚ ʧʝʨʝʨʘʭʫʚʘʥʥʽ ʥʘ ʦʜʥʦʛʦ ʤʝʰʢʘʥʮʷ [4, ʧʨʠʤʽʪʢʘ 1 

ʜʦ ʪʘʙʣ. 3]. ʋ ʪʘʙʣʠʮʽ 2.3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʚʦʜʠ ʥʘ ʧʦʣʠʚ ʚʫʣʠʮʴ 

ʽ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ. 



ʊʘʙʣʠʮʷ 2.3 ï ɼʦʙʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʧʦʣʠʚ ʚʫʣʠʮʴ ʽ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ 

ʈʘʡʦʥ 
ʤʽʩʪʘ 

ʂʽʣʴʢʽʩʪʴ 
ʤʝʰʢʘʥʮʽʚ 

ʇʠʪʦʤʘ 
ʚʠʪʨʘʪʘ 

ʥʘ 
ʧʦʣʠʚ, 
ʣ/ʤʝʰ 

ɼʦʙʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ 
ʧʦʣʠʚ,ʤ3/ʜʦʙ 

ɺʩʴʦʛʦ 
ʧʦ 

ʨʘʡʦʥʫ 

ɼʚʽʨʥʠʢʘʤʠ, 
40% 

ʄʘʰʠʥʘʤʠ, 
60% 

ʇʝʨʰʠʡ 
ʨʘʡʦʥ 

60720 70 4250 1700 2550 

ɼʨʫʛʠʡ 
ʨʘʡʦʥ 

36000 90 3240 1296 1944 

ʋʩʴʦʛʦ 96720 7490 2996 4494 

ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʚʦʜʠ ʥʘ ʧʨʦʤʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ  ʚ ʪʘʙʣʠʮʽ 

2.4. 

ʊʘʙʣʠʮʷ 2.4 ï ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʠʪʨʘʪ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʽ 
ʧʦʪʨʝʙʠ ʨʦʙʽʪʥʠʢʽʚ 

ɿʤʽ
ʥʘ 

ʂʽʣʴ 
ʢʽʩʪʴ 
ʨʦʙʽʪʥʠ 
ʢʽʚ 

ɻʘʨʷʯʽ ʮʝʭʘ ʍʦʣʦʜʥʽ ʮʝʭʘ ɿʘʛʘʣʴ 
ʥʘ 
ʚʠʪʨʘ 
ʪʘ 

ʂʽʣʴ 
ʢʽʩʪʴ 
ʨʦʙʽʪʥʠ 
ʢʽʚ, ʯʦʣ 

ʇʠʪʦ 
ʤʘ 
ʚʠʪʨʘ 
ʪʘ, 
ʣ/ʟʤ 
ʯʦʣ 

ɺʠʪʨʘʪʘ 
ʚʦʜʠ, ʤ3 

ʂʽʣʴ 
ʢʽʩʪʴ 
ʨʦʙʽʪʥʠ 
ʢʽʚ.ʯʦʣ 

ʇʠʪʦ 
ʤʘ 
ʚʠʪʨʘ 
ʪʘ, 
ʣ/ʟʤ 
ʯʦʣ 

ɺʠʪʨʘ 
ʪʘ 
ʚʦʜʠ, 
ʤ3 

ʇʽʜʧʨʠʻʤʩʪʚʦ ˉ 1 

1 800 320 45 14,4 480 25 12 26,4 

2 400 160 7,2 240 6 13,2 

3 0 0 0 0 0 0 

1200 480 21,6 720 18 39,6 

ʇʽʜʧʨʠʻʤʩʪʚʦ ˉ 2 

1 700 350 45 15,75 350 25 8,75 24,5 

2 600 300 13,5 300 7,5 21 

3 500 250 11.25 250 6.25 17.5 

1800 900 40.5 900 22.5 63.0 



ɺʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʫʰʝʤ ʥʘ ʧʨʦʤʧʽʜʧʨʠʻʤʩʪʚʽ: 

= ii nNQ /5,0 ,  (2.5) 

ʜʝ 0.5 ï ʛʦʜʠʥʥʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʦʜʥʫ ʜʫʰʦʚʫ ʩʽʪʢʫ, ʤ3; 

iN  ï ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪʥʠʢʽʚ;

in -ʨʦʟʨʘʭʫʥʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ ʥʘ ʦʜʥʫ ʜʫʰʦʚʫ ʩʽʪʢʫ [5].

ʊʘʙʣʠʮʷ 2.5 ï ɺʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʫʰʦʚʠʤʠ ʩʽʪʢʘʤʠ ʥʘ 
ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ɿʘʚʦʜ ʢʦʚʙʘʩʥʠʭ ʚʠʨʦʙʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻ 25 ʤ3 ʚʦʜʠ ʥʘ 1ʪ ʧʨʦʜʫʢʮʽʾ, 

ʚʠʛʦʪʦʚʣʷʻ 150ʪ ʧʨʦʜʫʢʮʽʾ ʟʘ ʜʦʙʫ, ʪʘʢʠʤ ʯʠʥʦʤ, ʜʦʙʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʩʢʣʘʜʘʻ 

3750 ʤ3. ʊʨʫʙʥʠʡ ʟʘʚʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ 150 ʤ3 ʚʦʜʠ ʥʘ 1 ʪ  ʧʨʦʜʫʢʮʽʾ, ʚʠʛʦʪʦʚʣʷʻ 

1000 ʪ ʧʨʦʜʫʢʮʽʾ ʟʘ ʜʦʙʫ, ʪʘʢʠʤ ʯʠʥʦʤ, ʜʦʙʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʩʢʣʘʜʘʻ 15000 ʤ3. 

ɿʘʛʘʣʴʥʘ ʚʠʪʨʘʪʘ ʥʘ ʧʦʞʝʞʝʛʘʩʽʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

Qʧ = підвнзов qq 5.0)n(q ++ ,  (2.6) 

ʜʝ nʧ ï ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʯʘʩʥʠʭ ʧʦʞʝʞ 

зовq  ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʛʘʩʽʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʧʦʞʝʞʽ, ʣ/ʩ; 

qʚʥ ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʚʥʫʪʨʽʰʥʻ ʧʦʞʝʞʝʛʘʩʽʥʥʷ, ʣ/ʩ; 

підq - ʚʠʪʨʘʪʘ ʥʘ ʧʦʞʝʞʝʛʘʩʽʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ 

1 2 3 1 2 3 1 2 3

П.п№1

гарячий цех 320 160 0 ІІв 5 64 32 0 32,00 16,00

холодний цех 480 240 0 Іб 7 69 34 0 34,50 17,00

усього 800 400 66,50 33,00

П.п№2

гарячий цех 350 300 250 ІІг 3 117 100 83 58,50 50,00 41,50

холодний цех 350 300 250 Іб 7 50 43 36 25,00 21,50 18,00

усього 700 600 500 119 83,50 71,50 59,50
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Qʧ =2(35+5)+0,5Ĭ(20+15)=97,5 ʣ/ʩ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʪʨʠʚʘʣʦʩʪʽ ʛʘʩʽʥʥʷ ʧʦʞʝʞʽ, ʱʦ ʜʦʨʽʚʥʶʻ 3 ʛʦʜʠʥʘʤ, 

ʦʙôʻʤ ʚʦʜʠ ʥʘ ʧʦʪʨʝʙʠ ʧʦʞʝʞʝʛʘʩʽʥʥʷ ʩʪʘʥʦʚʠʪʴ: 

=пожW 3Ĭ3600Ĭ97,5/1000=1053 ʤ3 

2.1.4 ʈʝʞʠʤ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʤʽʩʪʘ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʚʦʜʠ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʽ 

ʧʦʪʨʝʙʠ ʜʣʷ ʢʦʞʥʦʛʦ ʨʘʡʦʥʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʛʦʜʠʥʥʦʾ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʦ ʬʦʨʤʫʣʽ:  

Kʛʦʜ 1=1 1 (2.7) 

Kʛʦʜ 2=2 2  (2.8)

ʜʝ  ï ʢʦʝʬʽʮʽʻʥʪ, ʜʦʙʨʦʫʩʪʨʦʶ ʙʫʜʠʥʢʽʚ, [1, ʧ. 2,2], 1=1,24;  2=1,2;  

 ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʯʠʩʣʦ ʤʝʰʢʘʥʮʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʘʡʦʥʽ, [4, ʧ. 2,2], 

 1=1,14;  2=1,18. Kʛʦʜ 1= 41,114.124,1 = ; Kʛʦʜ 2= 42,118.12,1 = . 

ʈʦʟʧʦʜʽʣ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʟʘ ʛʦʜʠʥʘʤʠ ʜʦʙʠ ʧʨʠʡʤʘʻʪʴʩʷ ʜʣʷ ʧʝʨʰʦʛʦ ʽ 

ʜʨʫʛʦʛʦ ʨʘʡʦʥʫ ï ʟʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʂ=1,4. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʫ 

ʚʽʜʩʦʪʢʘʭ ʚʽʜ Qʜʦʙ ʫ ʛʦʜʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʟʤʽʥʝʥʽ ʥʘ 

ʟʥʘʯʝʥʥʷ: 

ʈʩʢ = ʂʽ Ĭ 4,17,  (2.9) 

ʈʩʢI =1.41 Ĭ  4.17 = 5.87, ʈʩʢII = 1.42 Ĭ 4.17 =5,92. 

ɺʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʽ ʧʦʪʨʝʙʠ ʜʣʷ ʢʦʞʥʦʾ ʛʦʜʠʥʠ ʜʦʙʠ 

ʚʠʟʥʘʯʝʥʘ ʧʦ ʬʦʨʤʫʣʽ: 

Qi = Pi Ĭ Qiʜʦʙ ʤʘʢʩ/100,  (2.10) 

ʜʝ Pi ï ʟʥʘʯʝʥʥʷ ʽ-ʾ ʛʦʜʠʥʥʦʾ ʚʠʪʨʘʪʠ; 

Qi ʜʦʙ ʤʘʢʩ ï ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ ʜʣʷ ʽ-ʛʦ ʨʘʡʦʥʫ ʤʽʩʪʘ. 

ʈʝʞʠʤ ʚʠʪʨʘʪʠ ʚʦʜʠ ʥʘ ʧʦʣʠʚʘʥʥʷ ʚʫʣʠʮʴ ʽ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ 

ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʠʤ ʧʨʦʪʷʛʦʤ ʯʘʩʪʠʥʠ ʜʦʙʠ. ʇʨʠ ʮʴʦʤʫ ʧʦʣʠʚ ʩʠʣʘʤʠ 



ʜʚʽʨʥʠʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ 4 ʛʦʜʠʥʠ ʫʨʘʥʮʽ ʪʘ ʚʚʝʯʝʨʽ. ʇʦʣʠʚ ʤʘʰʠʥʘʤʠ 

ʧʝʨʝʜʙʘʯʝʥʦ ʙʝʟʫʧʠʥʥʦ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʟʤʽʥ ʧʦ 7 ʛʦʜʠʥ. ɻʦʜʠʥʥʘ ʚʠʪʨʘʪʘ ʥʘ 

ʧʦʣʠʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

Qʛʦʜ. ʧʦʣ=Qʛʦʜ ʧʦʣ/Tʧʦʣ,  (2.11) 

ʜʝ Qʜʦʙ ʧʦʣ ï ʚʠʪʨʘʪʘ ʥʘ ʧʦʣʠʚ, ʤ3/ʜʦʙ; Tʧʦʣ ï ʪʨʠʚʘʣʽʩʪʴ ʧʦʣʠʚʫ, ʛʦʜ. 

ɼʣʷ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʨʠʡʤʘʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪ ʛʦʜʠʥʥʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚ ʛʘʨʷʯʠʭ ʮʝʭʘʭ ï 2,5, ʫ ʭʦʣʦʜʥʠʭ ï 3. ɺʦʜʘ 

ʥʘ ʧʨʠʡʥʷʪʪʷ ʜʫʰʫ ʚʠʪʨʘʯʘʻʪʴʩʷ ʧʦ ʟʘʢʽʥʯʝʥʥʶ ʟʤʽʥ. ʈʝʞʠʤ ʚʠʪʨʘʪʠ ʚʦʜʠ ʥʘ 

ʚʠʨʦʙʥʠʯʽ ʧʦʪʨʝʙʠ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʠʤ. ɺʠʪʨʘʪʘ ʚʦʜʠ ʜʣʷ ʢʦʞʥʦʾ ʛʦʜʠʥʠ 

ʟʤʽʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ, ʘʥʘʣʦʛʽʯʥʦʶ (2.8). ʈʦʟʨʘʭʦʚʘʥʽ ʚʠʪʨʘʪʠ ʚʦʜʠ 

ʜʣʷ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ ɸ.1 

(ʜʦʜʘʪʦʢ ɸ), ʛʨʘʬʽʢ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ï ʥʘ ʨʠʩ 2.1. 

2.1.5 ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤʽʩʪʘ 

ʅʘ ʨʠʩ. 2.2 ʧʦʢʘʟʘʥʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʛʦʣʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʦʜʦʧʨʠʡʤʘʣʴʥʦʾ ʩʧʦʨʫʜʠ 1 ʚʦʜʘ ʟʘʙʠʨʘʻʪʴʩʷ ʽʟ 

ʜʞʝʨʝʣʘ  ʽ ʧʦʜʘʻʪʴʩʷ ʥʘʩʦʩʘʤʠ ʧʝʨʰʦʛʦ ʧʽʜʡʦʤʫ 2 ʧʦ ʚʦʜʦʚʦʜʘʤ 3 ʥʘ ʦʯʠʩʥʽ 

ʩʧʦʨʫʜʠ 4. ʆʯʠʱʝʥʘ ʚʦʜʘ ʥʘʜʭʦʜʠʪʴ ʚ ʨʝʟʝʨʚʫʘʨʠ ʯʠʩʪʦʾ ʚʦʜʠ 5,ʟ ʷʢʠʭ ʥʘʩʦʩʘʤʠ 

ʜʨʫʛʦʛʦ ʧʽʜʡʦʤʫ 6 ʧʦ ʚʦʜʦʚʦʜʘʭ 7 ʧʦʜʘʻʪʴʩʷ ʚ ʤʽʩʴʢʫ ʚʦʜʦʧʨʦʚʽʜʥʫ ʤʝʨʝʞʫ 8. ɺ 

ʩʭʝʤʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤʽʩʪʘ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʦʜʦʥʘʧʽʨʥʦʾ ʙʘʰʪʠ 

9. 
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Ряд1

ʈʠʩ. 2.1 ï ɺʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤʽʩʪʘ 



2.2 ʈʦʟʨʦʙʢʘ ʤʝʨʝʞʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʦʜʠ ʪʘ ʾʾ ʛʽʜʨʘʚʣʽʯʥʠʡ 

ʨʦʟʨʘʭʫʥʦʢ 

2.2.1 ʈʦʟʨʦʙʢʘ ʩʭʝʤʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʦʜʠ 

ɺʦʜʦʥʘʧʽʨʥʘ ʙʘʰʪʘ ʧʽʜʢʣʶʯʝʥʘ ʜʦ ʤʝʨʝʞʽ ʫ ʥʘʡʚʠʱʦʤʫ ʤʽʩʮʽ ʥʘ ʧʦʟʥʘʯʮʽ 

67,0 ʤ ï ʥʘ ʧʨʦʪʠʣʝʞʥʦʤʫ ʙʦʮʽ ʚʽʜʥʦʩʥʦ ʚʫʟʣʘ ʧʨʠʻʜʥʘʥʥʷ ʚʦʜʦʚʦʜʽʚ ʜʦ ʤʝʨʝʞʽ. 

ɼʦ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʤʘʻʪʴʩʷ ʩʭʝʤʘ ʟ ʢʦʥʪʨʨʝʟʝʨʚʫʘʨʦʤ. ɺʦʜʘ ʚ ʤʝʨʝʞʫ 

ʧʦʜʘʻʪʴʩʷ ʧʦ ʤʘʛʽʩʪʨʘʣʷʭ4-10-16-21-24; 3-9-15-20-23; 2-8; 1-7-14-19; 5-11-17; 6-

12-13-18-22, ʷʢʽ ʟ'ʻʜʥʫʶʪʴʩʷ ʧʝʨʝʤʠʯʢʘʤʠ4-3-2-1; 4-5-6; 12-11-10-9-8-7; 18-17-

16-15-14; 22-21-20; 24-23-19. ʄʽʥʽʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʫʢʣʘʜʘʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ï 

1,5 ʤ. ʂʦʥʬʽʛʫʨʘʮʽʷ ʤʝʨʝʞʽ ʧʦʢʘʟʘʥʘ ʥʘ ʣʠʩʪʘʭ ˉ 1, 2, 3 ʛʨʘʬʽʯʥʦʾ ʯʘʩʪʠʥʠ 

ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

2.2.2 ɺʠʙʽʨ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʜʨʫʛʦʛʦ ʧʽʜʡʦʤʫ ʪʘ 

ʨʦʟʨʘʭʫʥʦʢ ʤʽʩʪʢʦʩʪʽ ʚʦʜʦʥʘʧʽʨʥʦʛʦ ʙʘʢʫ 

ʈʝʞʠʤ ʨʦʙʦʪʠ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʜʨʫʛʦʛʦ ʧʽʜʡʦʤʫ ʧʨʠʡʥʷʪʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʛʨʘʬʽʢʫ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʤʽʩʪʘ, ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʥʘʙʣʠʞʝʥʦ ʜʦ ʨʝʞʠʤʫ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷʤ (ʨʠʩ. 2.1). ʇʨʠʡʤʘʻʪʴʩʷ ʜʚʘ 

ʩʪʫʧʝʥʷ ʨʦʙʦʪʠ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʜʨʫʛʦʛʦ ʧʽʜʡʦʤʫ: ʧʝʨʰʠʡ ʟ 000 ʜʦ 500 ʛʦʜ ʪʘ ʟ 

2200 ʜʦ2400 ʛʦʜ, ʜʨʫʛʠʡ ï ʟ 600 ʜʦ 2200. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʚʦʜʷʪʴʩʷ ʚ 

ʪʘʙʣʠʮʽ 2.7. 

ʊʘʙʣʠʮʷ 2.6 ï ɺʠʙʽʨ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʜʨʫʛʦʛʦ ʧʽʜʡʦʤʫ ʪʘ 

ʨʦʟʨʘʭʫʥʦʢ ʨʝʛʫʣʶʶʯʦʾ ʻʤʥʦʩʪʽ 

ɻʦʜʠʥʠ 
ʜʦʙʠ 

ɺʦʜʦʩʧʦʞʠʚʘʥʥʷ 
ʤʽʩʪʘ,% 

ʇʦʜʘʯʘ 
ʥʘʩʦʩʽʚ,% 

ʇʦʜʘʯʘ 
ʚ 

ʙʘʢ,% 

ɺʠʪʨʘʪʘ 
ʟ 

ʙʘʢʫ,% 

ɿʘʣʠʰʦʢ,% 

1 2 3 4 5 6 
0-1 2,61 2,93 0,32 0,32 
1-2 2,52 2,93 0,41 0,73 
2-3 2,27 2,93 0,66 1,39 
3-4 2,30 2,93 0,63 2,02 
4-5 3,45 2,93 0,52 1,5 



1 2 3 4 5 6 
5-6 3,84 4,68 0,84 2,34 
6-7 4,71 4,68 0,03 2,31 
7-8 5,04 4,68 0,36 1,95 
8-9 5,05 4,68 0,37 1,58 
9-10 5,24 4,68 0,56 1,02 
10-11 4,92 4,68 0,24 0,78 
11-12 4,90 4,68 0,22 0,56 
12-13 4,54 4,67 0,13 0,69 
13-14 4,42 4,67 0,25 0,94 
14-15 4,53 4,67 0,14 1,08 
15-16 4,53 4,67 0,14 1,22 
16-17 4,95 4,67 0,27 0,95 
17-18 5,16 4,67 0,49 0,46 
18-19 5,22 4,67 0,54 -0,08 
19-20 5,11 4,68 0,43 -0,51 
20-21 4,51 4,68 0,17 -0,34 
21-22 3,77 4,68 0,91 0,57 
22-23 3,49 2,93 0,56 0,01 
23-24 2,94 2,93 0,01 0,00 
ɺʩʴʦʛʦ 100,00 100 

ʇʦʚʥʘ ʻʤʥʽʩʪʴ ʚʦʜʦʥʘʧʽʨʥʦʛʦ ʙʘʢʫ: 

б ег н зW W W= +р . .
, (2.12) 

ʜʝ регW  ï ʨʝʛʫʣʶʶʯʠʡ ʦʙôʻʤ ʚʦʜʦʥʘʧʽʨʥʦʛʦ ʙʘʢʫ, ʤ3 (ʪʘʙʣ.ɸ.1);

%85.234.251.0ʨ =+−=W ег
 

н зW . .
. ï ʥʝʜʦʪʦʨʢʘʥʠʡ ʟʘʧʘʩ ʚʦʜʠ ʚ ʙʘʮʽ, ʨʽʚʥʠʡ 10-ʭʚʠʣʠʥʥʽʡ ʪʨʠʚʘʣʦʩʪʽ 

ʛʘʩʽʥʥʷ ʦʜʥʽʻʾ ʟʦʚʥʽʰʥʴʦʾ ʪʘ ʦʜʥʽʻʾ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʞʝʞʽ, ʤ3. 








+= qqW вн’зн н

6,0...
 (2.13) 



ʜʝ 
н вн
q q

.
, ï ʚʽʜʧʦʚʽʜʥʦ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʟʦʚʥʽʰʥʻ ʪʘ ʚʥʫʪʨʽʰʥʻ

ʧʦʞʝʞʝʛʘʩʽʥʥʷ ʚ ʤʽʩʪʽ, ʪʘʙʣ. 5 [4]. 

=W  0,6  (35+5) = 24 ʤ3

100/QWW ʟʘʛʨʝʛ = , 

Wрег=2.85×59233.64/100=1688.2 ʤ3

2.1712242.1688 =+=бW  ʤ3

ɼʽʘʤʝʪʨ ʙʘʢʫ ʚʦʜʦʥʘʧʽʨʥʦʾ ʙʘʰʪʠ: 

б бD W= 0553 ,  (2.14) 

м6.1455,0
2.1712D 3ʙ ==  

ɺʠʩʦʪʘ ʰʘʨʫ ʚʦʜʠ ʚ ʙʘʮʽ: 

б б бН W D= 4 2/ ( )  (2.15) 

мНб 23.10)8,1414,3/(2.17124 2 == . 

ɿ ʦʛʣʷʜʫ ʥʘ ʥʝʦʙʭʽʜʥʠʡ ʙʫʜʽʚʝʣʴʥʠʡ ʟʘʧʘʩ ʟʘʛʘʣʴʥʘ ʚʠʩʦʪʘ ʙʘʢʫ 

ʧʨʠʡʤʘʻʪʴʩʷ 11 ʤ. 

2.2.3 ɺʠʟʥʘʯʝʥʥʷ ʚʫʟʣʦʚʠʭ ʪʘ ʰʣʷʭʦʚʠʭ ʚʠʪʨʘʪ ʚʦʜʠ 

ɺʦʜʦʧʨʦʚʽʜʥʘ ʤʝʨʝʞʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ 3 ʨʝʞʠʤʠ ï ʨʝʞʠʤ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ, ʨʝʞʠʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʨʘʥʟʠʪʫ ʚʦʜʠ ʚ ʙʘʰʪʫ 

ʪʘ ʨʝʞʠʤ ʧʦʞʝʞʝʛʘʩʽʥʥʷ ʚ ʛʦʜʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ. ʈʦʟʨʘʭʫʥʦʢ 

ʚʦʜʠ ʥʘ ʧʦʞʝʞʝʛʘʩʽʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʛʽʜʥʦ [4, ʧ 2.23] ʽ ʩʪʘʥʦʚʠʪʴ 97,5 ʣ/ʩ. (4, 

ʧ.2.1.1). 

ɺʠʪʨʘʪʘ ʚʦʜʠ ʚ ʙʘʰʪʫ ʚ ʛʦʜʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʨʘʥʟʠʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

100/Qʤʘʢʩ.ʜʦʙ... =трмаксQ ,  (2.16) 

ʜʝ  ï ʥʘʡʙʽʣʴʰʠʡ ʚʽʜʩʦʪʦʢ ʥʘʜʭʦʜʞʝʥʥʷ ʚʦʜʠ ʚ ʙʘʰʪʫ, ʪʘʙʣ. 2.6; 



ʤʘʢʩ.ʜʦʙ.Q ï ʚʠʪʨʘʪʘ ʚʦʜʠ ʟʘ ʜʦʙʫ ʥʘʡʙʽʣʴʰʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ, ʤ3/ʜʦʙ,
ʜʠʚ. ʪʘʙʣ. ɸ.1. 

слгодм /4.150/539100/64.5923391.0Q 3
ʤʘʢʩ.ʪʨ. ===

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʜʣʷ ʽ-ʛʦ ʨʘʡʦʥʫ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʦʜʦʩʧʦʞʠʚʘʥʥʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

( ) = − lQQq iciiіпит
/

.
(2.17) 

ʜʝ 
i
Q ï ʧʦʚʥʘ ʚʠʪʨʘʪʘ ʚʦʜʠ  ʜʣʷ i-ʛʦ ʨʘʡʦʥʫ, ʱʦ ʚʽʜʙʠʨʘʻʪʴʩʷ ʟ ʤʝʨʝʞʽ ʧʨʠ

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʦʜʦʩʧʦʞʠʚʘʥʥʽ, ʣ/ʩ; 

ci
Q  ï ʩʫʤʘʨʥʘ ʟʦʩʝʨʝʜʞʝʥʘ ʚʠʪʨʘʪʘ ʚ i-ʤʫ ʨʘʡʦʥʽ, ʣ/ʩ;

il ï ʟʘʛʘʣʴʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʜʦʚʞʠʥʘ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʽ-ʛʦ ʨʘʡʦʥʫ, ʤ.

1-ʡ ʨʘʡʦʥ мслqпит == /033,010190/)6.3/8.1206(1.  

2-ʡ ʨʘʡʦʥ мсл == /0473,06070/)6.3/1034(qʧʠʪ2  

ʇʠʪʦʤʽ ʚʠʪʨʘʪʠ ʜʣʷ ʽ-ʛʦ ʨʘʡʦʥʫ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʪʨʘʥʟʠʪʽ ʚʦʜʠ ʚ 

ʙʘʰʪʫ ʩʢʣʘʜʫʪʴ: 

1-ʡ ʨʘʡʦʥ qʧʠʪ.1=(733,2/3,6)/10190=0,0199 ʣ/ʩĬʤ; 

2-ʡ ʨʘʡʦʥ мсл == /029,06070/)6.3/635(qʧʠʪ2  

ʐʣʷʭʦʚʽ ʚʠʪʨʘʪʠ ʜʽʣʷʥʦʢ ʚʠʟʥʘʯʝʥʽ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʜʽʣʧʠʪ.ʽʰʣ lqQ = , (2.18) 

ʜʝ ʜʽʣl ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʜʦʚʞʠʥʘ ʜʽʣʷʥʢʠ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʤ.

ʈʦʟʨʘʭʫʥʦʢ ʰʣʷʭʦʚʠʭ ʚʠʪʨʘʪ ʜʽʣʷʥʦʢ ʜʣʷ ʚʠʧʘʜʢʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. ɹ.1 (ʜʦʜʘʪʦʢ ɹ). 

ʉʫʤʘʨʥʽ ʰʣʷʭʦʚʽ ʚʠʪʨʘʪʠ ʜʣʷ ʨʝʞʠʤʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʜʦʨʦʟʙʦʨʫ ʧʦ 

ʜʚʦʭ ʨʘʡʦʥʘʭ ʩʪʘʥʦʚʣʷʪʴ: 

ʰʣQ =622,4 ʣ/ʩ

ʈʦʟʨʘʭʫʥʦʢ ʰʣʷʭʦʚʠʭ ʚʠʪʨʘʪ ʜʽʣʷʥʦʢ ʜʣʷ ʨʝʞʠʤʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʪʨʘʥʟʠʪʫ ʚʦʜʠ ʚ ʙʘʰʪʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. ɹ.2 (ʜʦʜʘʪʦʢ ɹ). 



ʉʫʤʘʨʥʽ ʰʣʷʭʦʚʽ ʚʠʪʨʘʪʠ ʜʣʷ ʨʝʞʠʤʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʨʘʥʟʠʪʫ ʚʦʜʠ ʚ 

ʙʘʰʪʫ ʧʦ ʜʚʦʭ ʨʘʡʦʥʘʭ ʩʪʘʥʦʚʣʷʪʴ: ʰʣQ =380,1 ʣ/ʩ.

ʈʦʟʨʘʭʫʥʦʢ ʚʫʟʣʦʚʠʭ ʚʠʪʨʘʪ ʜʣʷ ʨʝʞʠʤʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ  

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. ɹ.3 (ʜʦʜʘʪʦʢ ɹ). ʈʦʟʨʘʭʫʥʦʢ ʚʫʟʣʦʚʠʭ ʚʠʪʨʘʪ ʜʣʷ ʨʝʞʠʤʫ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʨʘʥʟʠʪʫ ʚʦʜʠ ʚ ʙʘʰʪʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. ɹ.4 (ʜʦʜʘʪʦʢ ɹ). 

2.2.4 ɺʠʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʽʚ ʜʽʣʷʥʦʢ ʤʝʨʝʞʽ 

ɼʣʷ  ʚʠʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʫ ʜʽʣʷʥʦʢ ʚʦʜʦʧʨʦʚʽʜʥʦʾ ʤʝʨʝʞʽ ʟʥʘʯʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʬʘʢʪʦʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

bЕ
ф

/3730  = , (2.19) 

ʜʝ   ï ʚʘʨʪʽʩʪʴ 1 ʢʚʪʨʽʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʛʨʥ.;

b  ï ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʨʦʢʣʘʜʢʠ 1 ʤʝʪʨʫ ʚʦʜʧʨʦʚʽʜʥʦʾ
ʤʝʨʝʞʽ, ʧʦ ʪʘʙʣ. 15 [2]; 
  ï ʢʦʝʬʽʮʽʻʥʪ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ:

нk356,0 /= , (2.20) 

kʥ ï ʢʦʝʬʽʮʽʻʥʪ ʛʦʜʠʥʥʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ. 

ɼʣʷ 4.1=k  204.04.1/56.0 3 == , 

, 

ɼʣʷ ʦʪʨʠʤʘʥʦʛʦ ʟʥʘʯʝʥʥʷ E ʬ ʧʽʜʙʠʨʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ ф
E , [3,

ʪʘʙʣ. 12]: 
ф

E =1,0.

ɼʽʘʤʝʪʨ ʜʽʣʷʥʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʚʝʜʝʥʦʶ  ʚʠʪʨʘʪʦʶ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʦ ʬʦʨʤʫʣʽ : 

3
. EEqq табл

kikiнав −
=

−
,  (2.21) 

ʜʝ 
i k
q

−
 ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʜʽʣʷʥʢʠ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʣ/ʩ.



ɿʥʘʯʝʥʥʷ ʥʘʚʝʜʝʥʠʭ ʚʠʪʨʘʪ ʪʘ ʚʠʟʥʘʯʝʥʠʭ ʜʽʘʤʝʪʨʽʚ ʜʽʣʷʥʦʢ ʟʚʦʜʷʪʴʩʷ ʚ 

ʪʘʙʣ. ɺ.1 (ʜʦʜʘʪʦʢ ɺ). ɼʽʘʤʝʪʨʠ ʜʽʣʷʥʦʢ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʥʘʚq ʪʘ 

таблE  [3 ʧʦ ʪʘʙʣ. 12]. 

2.2.5 ɻʽʜʨʘʚʣʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʚʦʜʦʧʨʦʚʽʜʥʦʾ ʤʝʨʝʞʽ 

ɺʦʜʦʧʨʦʚʽʜʥʘ ʤʝʨʝʞʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ 3 ʨʝʞʠʤʠ ï ʨʝʞʠʤ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ, ʨʝʞʠʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʨʘʥʟʠʪʫ ʚʦʜʠ ʚ ʙʘʰʪʫ 

ʪʘ ʨʝʞʠʤ ʧʦʞʝʞʝʛʘʩʽʥʥʷ ʚ ʛʦʜʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ. ʈʦʟʨʘʭʫʥʦʢ 

ʚʦʜʠ ʥʘ ʧʦʞʝʞʝʛʘʩʽʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʛʽʜʥʦ [4, ʧ 2.23] ʽ ʩʪʘʥʦʚʠʪʴ 97,5 ʣ/ʩ. (4, 

ʧ.2.1.1). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʘʙʣ.ɸ.1 ʚ ʛʦʜʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʨʘʥʟʠʪʫ ʚʦʜʠ ʚ ʙʘʰʪʫ 

(21-22 ʚ ʙʘʢ ʧʦʜʘʻʪʴʩʷ 0,91% Qʜʦʙ ʘʙʦ 149.7 ʣ/ʩ, ʧʨʠ ʜʽʘʤʝʪʨʽ ʚʦʜʦʚʦʜʽʚ, ʱʦ 

ʡʜʫʪʴ ʚʽʜ ʙʘʰʪʠ ʜʦ ʤʝʨʝʞʽ, ɼ=250  ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ 1,41 ʤ/ʩ, 1000ʽ=12,3. 

ɺ ʛʦʜʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʜʦʨʦʟʙʦʨʫ (9-10) ʟ ʙʘʢʫ ʚʠʪʨʘʯʘʻʪʴʩʷ 0,56% 

Qʜʦʙ ʘʙʦ 92.1 ʣ/ʩ (ʪʘʙʣ. ɸ.1), ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ 0,87 ʤ/ʩ, 1000ʽ=4.85. 

ɻʽʜʨʘʚʣʽʯʥʝ ʫʚ'ʷʟʫʚʘʥʥʷ ʤʝʨʝʞʽ ʚʠʢʦʥʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʧʨʦʛʨʘʤʠ Gidrast. ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʮʽʻʾ ʧʨʦʛʨʘʤʠ ʻ 

ʜʦʚʞʠʥʘ ʽ ʜʽʘʤʝʪʨ ʜʽʣʷʥʦʢ, ʚʠʪʨʘʪʠ ʧʨʠ ʧʦʯʘʪʢʦʚʦʤʫ ʧʦʪʦʢʦʨʦʟʧʦʜʽʣʫ, 

ʢʦʜ ʜʽʣʷʥʦʢ, ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʽ ʢʦʥʪʫʨʽʚ, ʘ ʪʘʢʦʞ ʧʨʠʧʫʩʪʠʤʝ ʥʝʚ'ʷʟʘʥʥʷ 

(ʨʠʩ.ɺ.1.õɺ.3). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʛʨʘʬʽʯʥʽʡ ʯʘʩʪʠʥʽ 

ʨʦʙʦʪʠ ʥʘ ʧôʻʟʦʤʝʪʨʠʯʥʠʭ ʢʘʨʪʘʭ ʪʘ ʧôʻʟʦʤʝʪʨʠʯʥʠʭ ʣʽʥʽʷʭ(ʣʠʩʪʠ 2õ3). ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʚʠʟʥʘʯʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʡʥʷʪʠʭ ʜʽʘʤʝʪʨʽʚ 

ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʜʽʣʷʥʢʘʭ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʚʦʜʠ ʤʝʨʝʞʝʶ. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʥʘʧʦʨʫ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʜʨʫʛʦʤʫ ʟʘʢʦʥʫ ʂʽʨʭʛʦʬʘ ʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ 

ʧ'ôʟʦʤʝʪʨʠʯʥʽ ʧʦʟʥʘʯʢʠ ʠ ʬʘʢʪʠʯʥʽ ʚʽʣʴʥʽ ʥʘʧʦʨʠ ʫ ʚʩʽʭ ʚʫʟʣʘʭ ʤʝʨʝʞʽ, ʘ 

ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʥʘʧʽʨ ʥʘʩʦʩʽʚ, ʷʢʽ ʧʦʜʘʶʪʴ ʚʦʜʫ ʚ ʤʝʨʝʞʫ, ʽ 

ʚʠʩʦʪʫ ʚʦʜʦʥʘʧʽʨʥʦʾ ʙʘʰʪʠ. 

ʇôʻʟʦʤʝʪʨʠʯʥʽ ʧʦʟʥʘʯʢʠ ʪʘ ʬʘʢʪʠʯʥʽ ʚʽʣʴʥʽ ʥʘʧʦʨʠ ʫ ʚʩʽʭ ʚʫʟʣʘʭ ʤʝʨʝʞʽ 

ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʚʪʨʘʪ ʥʘʧʦʨʫ ʥʘ ʜʽʣʷʥʢʘʭ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʛʽʜʨʘʚʣʽʯʥʦʾ ʫʚôʷʟʢʠ ʤʝʨʝʞʽ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʧôʻʟʦʤʝʪʨʠʯʥʽ ʧʦʟʥʘʯʢʠ ʚʠʟʥʘʯʝʥʽ 



ʧʽʩʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʥʝʚʠʛʽʜʥʦʾ ʪʦʯʢʠ, ʱʦ ʚʠʤʘʛʘʻ ʥʘʡʙʽʣʴʰʦʾ ʧôʻʟʦʤʝʪʨʠʯʥʦʾ 

ʧʦʟʥʘʯʢʠ ʚ ʪʦʯʮʽ ʧʽʜʢʣʶʯʝʥʥʷ ʚʦʜʦʚʦʜʽʚ ʜʦ ʤʝʨʝʞʽ. ɼʣʷ ʨʝʞʠʤʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ï ʮʝ ʚʫʟʦʣ ˉ22, ʜʣʷ ʨʝʞʠʤʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʨʘʥʟʠʪʫ ʚʦʜʠ ʚ 

ʙʘʰʪʫ ʥʝʚʠʛʽʜʥʦʶ ʪʦʯʢʦʶ ʻ ʚʦʜʦʥʘʧʽʨʥʘ ʙʘʰʪʘ, ʜʣʷ ʨʝʞʠʤʫ ʧʦʞʝʞʽ ʚ ʛʦʜʠʥʫ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷï ʚʫʟʦʣ ˉ24. 

ʆʪʨʠʤʘʥʽ ʬʘʢʪʠʯʥʽ ʚʽʣʴʥʽ ʥʘʧʦʨʠ ʫ ʚʫʟʣʘʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʩʪʫʧʥʽʡ ʫʤʦʚʽ: 

Нвіл.потр.i = 6 + 4n,  (2.22)
ʜʝ Нвіл.потр.i ï ʥʝʦʙʭʽʜʥʠʡ ʚʽʣʴʥʠʡ ʥʘʧʽʨ ʚ i-ʡ ʪʦʯʮʽ, ʤ;

n ï ʢʽʣʴʢʽʩʪʴ ʧʦʚʝʨʭʽʚ ʙʫʜʠʥʢʽʚ ʚ ʨʘʡʦʥʽ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ.
ɼʣʷ ʞʠʪʣʦʚʠʭ ʢʚʘʨʪʘʣʽʚ ʧʝʨʰʦʛʦ ʨʘʡʦʥʫ ʧʨʠ 5=n  Нвіл.потр.i=26 ʤ, ʜʣʷ 

ʞʠʪʣʦʚʠʭ ʢʚʘʨʪʘʣʽʚ ʜʨʫʛʦʛʦ ʨʘʡʦʥʫ ʧʨʠ 9=n  Нвіл.потр.i=42 ʤ. 

ʇʨʠ ʧʦʞʝʞʽ ʥʝʦʙʭʽʜʥʠʡ ʥʘʧʽʨ ʫ ʥʝʚʠʛʽʜʥʽʡ  ʪʦʯʮʽ Нвіл.потр.i = 10 ʤ.

ʇôʻʟʦʤʝʪʨʠʯʥʽ ʧʦʟʥʘʯʢʠ ʪʘ ʚʽʣʴʥʽ ʥʘʧʦʨʠ ʫ ʚʫʟʣʘʭ ʜʣʷ ʚʩʽʭ ʨʝʞʠʤʽʚ ʥʘʚʝʜʝʥʽ 

ʥʘ ʧôʻʟʦʤʝʪʨʠʯʥʠʭ  ʢʘʨʪʘʭ ( ʣʠʩʪ ˉ2 ʛʨʘʬʽʯʥʦʾ ʯʘʩʪʠʥʠ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ).    

ɿʘ ʧôʻʟʦʤʝʪʨʠʯʥʠʤʠ ʧʦʟʥʘʯʢʘʤʠ ʧʦʙʫʜʦʚʘʥʽ ʧôʻʟʦʤʝʪʨʠʯʥʽ ʣʽʥʽʾ (ʣʠʩʪˉ 3 

ʛʨʘʬʽʯʥʦʾ ʯʘʩʪʠʥʠ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ). 

2.3 ʈʦʟʨʦʙʢʘ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ 

2.3.1 ʄʝʪʦʜ ʦʙʨʦʙʢʠ ʚʦʜʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʚʠʪʨʘʪʠ 

ʄʝʪʦʜ ʪʘ ʩʭʝʤʫ ʦʙʨʦʙʢʠ ʚʦʜʠ ʚʠʙʨʘʥʦ ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʢʦʤʝʥʜʘʮʽʡ [4, ʪʘʙʣ.15] 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢʦʩʪʽ ʚʦʜʠ ʚ ʜʞʝʨʝʣʽ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʧʨʠʟʥʘʯʝʥʥʷ ʚʦʜʦʧʨʦʚʦʜʫ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʪʘʥʮʽʾ ʪʘ ʤʽʩʮʝʚʠʭ ʫʤʦʚ. ɼʣʷ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜʘʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʯʢʦʚʫ ʚʦʜʫ, ʚʦʜʘ 

ʦʩʚʽʪʣʶʻʪʴʩʷ, ʟʥʝʙʘʨʚʣʶʻʪʴʩʷ, ʫʩʫʚʘʶʪʴʩʷ ʟʘʧʘʭʠ ʪʘ ʧʨʠʚʢʫʩʠ ʚʦʜʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʚʦʜʠ: ʚʤʽʩʪ ʟʘʚʠʩʣʠʭ 

ʨʝʯʦʚʠʥ 150 ʤʛ/ʣ, ʢʦʣʴʦʨʦʚʽʩʪʴ 75 ʛʨʘʜ ʽ ʟ ʦʛʣʷʜʫ ʥʘ ʥʝʦʙʭʽʜʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ 59233,64 ʤ3/ʜʦʙ, ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʩʭʝʤʘ ʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʚʽʜʩʪʽʡʥʠʢʘʤʠ ʪʘ ʰʚʠʜʢʠʤʠ ʬʽʣʴʪʨʘʤʠ (ʨʠʩ. 2.5), ʤʝʪʦʜ ʦʙʨʦʙʢʠ 

ʚʦʜʠ ï ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʘʛʫʣʷʥʪʫ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʪʘʥʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʠʪʨʘʪʠ ʚʦʜʠ ʥʘ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ ʚ ʢʽʣʴʢʦʩʪʽ 4% ʩʪʘʥʦʚʠʪʴ: 



слгодмдоб /713/8,2566/ʤ616031,0464,59233Q 33 ====

2.3.2 ʈʝʘʛʝʥʪʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ

 ɺʠʟʥʘʯʝʥʥʷ ʜʦʟʠ ʢʦʘʛʫʣʷʥʪʫ 

ɼʦʟʫ ʢʦʘʛʫʣʷʥʪʫ, Дк.,,ʤʛ/ʣ, ʨʦʟʨʘʭʦʚʫʶʯʠ ʥʘ Al(SO4)3 ʧʦ ʙʝʟʚʦʜʥʽʡ ʨʝʯʦʚʠʥʽ, 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʨʠʡʤʘʪʠ ʧʨʠ ʦʙʨʦʙʮʽ ʤʫʪʥʠʭ ʚʦʜ ʟʘ ʪʘʙʣ. 16 [4]: 

Дк.=35 ʤʛ/ʣ 

ɼʦʟʘ ʢʦʘʛʫʣʷʥʪʫ ʧʨʠ ʦʙʨʦʙʮʽ ʢʦʣʴʦʨʦʚʠʭ ʚʦʜ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

Дк.= Ц4 , (2.23)
ʜʝ Ц ï ʢʦʣʴʦʨʦʚʽʩʪʴ ʚʦʜʠ, ʛʨʘʜ. 

Дк.= лмг /6.34754 = , 

ʇʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʚʤʽʩʪʽ ʫ ʚʦʜʽ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʽ ʢʦʣʴʦʨʦʚʦʩʪʽ 

ʧʨʠʡʤʘʻʪʴʩʷ ʙʽʣʴʰʘ ʽʟ ʜʦʟ- Дк.=35 ʤʛ/ʣ. 

ɺʠʟʥʘʯʝʥʥʷ ʜʦʟʠ ʧʽʜʣʫʞʥʶʶʯʠʭ ʨʝʘʛʝʥʪʽʚ 

ɼʦʟʠ ʧʽʜʣʫʞʥʶʶʯʠʭ ʨʝʘʛʝʥʪʽʚ, Длуг,,ʤʛ/ʣ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ 

ʧʨʦʮʝʩʫ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

),1/( 0 +−= ЩеДКД кклуглуг  (2.24)
ʜʝ Дк ï ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʧʝʨʽʦʜ ʧʽʜʣʫʞʥʝʥʥʷ ʜʦʟʘ ʙʝʟʚʦʜʥʦʛʦ ʢʦʘʛʫʣʷʥʪʫ, ʤʛ/ʣ; 

ке ï ʢʚʽʚʘʣʝʥʪʥʘ ʤʘʩʘ ʢʦʘʛʫʣʷʥʪʫ, ʤʛ-ʝʢʚ/ʣ; 

лугК ï ʢʦʝʬʽʮʽʻʥʪ, ʧʨʠʡʥʷʪʠʡ ʨʽʚʥʠʤ ʜʣʷ ʚʘʧʥʘ (ʧʦ ʉʘʆ) ï 28; 

0Щ ï ʤʽʥʽʤʘʣʴʥʘ ʣʫʞʥʽʩʪʴ ʚʦʜʠ, ʤʛ-ʝʢʚ/ʣ. 

лмгД луг /2,47)13,357/35(28 −=+−=

ʆʪʨʠʤʘʥʝ ʯʠʩʣʦ ʟʽ ʟʥʘʢʦʤ ñ-ñ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʽʜʣʫʞʝʥʥʷ ʥʝ ʧʦʪʨʽʙʥʝ. 

ɺʠʟʥʘʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʦʜʠ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʢʦʘʛʫʣʷʥʪʫ 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʚʤʽʩʪ ʜʚʦʦʢʠʩʫ ʚʫʛʣʝʮʶ ʫ ʚʠʭʽʜʥʽʡ ʚʦʜʽ, ʤʛ/ʣ: 

+



=

рН
К

Щ
СО

10
44

1
2 , (2.25)



ʜʝ Щ ï ʚʠʭʽʜʥʘ ʣʫʞʥʽʩʪʴ, ʤʛ-ʝʢʚ/ʣ;

1К ï ʢʦʥʩʪʘʥʪʘ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʜʠʩʦʮʽʘʮʽʾ ʚʫʛʽʣʴʥʦʾ ʢʠʩʣʦʪʠ, ʧʨʠ t0=00ʉ ï

1К =2,61Ĭ10-7, ʧʨʠ t0=200ʉ ï 1К =4,05Ĭ10-7. 

 ï ʽʦʥʥʘ ʩʠʣʘ ʨʦʟʯʠʥʫ:

Р000022,0= , 

ʜʝ Р ï ʩʦʣʝʚʤʽʩʪ, ʤʛ/ʣ 
3109,105.495000022,0 −== , (2.26)

лмгСО
зим /2.2

101061,2

3,344
3109,103.872 =




=

−+− , 

лмгСО
літ /41.1

101005,4

3,344
3109,103.872 =




=

−+− . 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʫ ʚʦʜʽ ʚʽʣʴʥʦʾ ʚʫʛʣʝʢʠʩʣʦʪʠ ʧʽʩʣʷ ʢʦʘʛʫʣʷʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 
ʬʦʨʤʫʣʦʶ: 

,/*44)( 22 ккв іл еДCOCO += (2.27)
лмгCO в іл

взим /2.2957/35*442.2)( 2 =+= , 

. лмгCO в іл
вл іт /4.2857/35*4441.1)( 2 =+=

ʃʫʞʥʽʩʪʴ ʚʦʜʠ ʧʽʩʣʷ ʢʦʘʛʫʣʷʮʽʾ ʜʦʨʽʚʥʶʻ: 

,/0 ккк еДЩЩ −= (2.28)
леквмгЩк /69,257/353,3 −=−= . 

ɿʘ ʥʦʤʦʛʨʘʤʦʶ ʨʠʩ.2 ʜʦʜʘʪʢʫ 5 [4] ʚʠʟʥʘʯʘʻʪʴʩʷ 0рН - ʚʦʜʥʝʚʠʡ 
ʧʦʢʘʟʥʠʢ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʫ ʚʦʜʫ ʢʦʘʛʫʣʷʥʪʫ: 

0.70 =
вліт

рН ; 95,60 =
взим

рН

ʇʦ ʥʦʤʦʛʨʘʤʽ ʨʠʩ.1 ʜʦʜʘʪʦʢ 5 [4] ʚʠʟʥʘʯʘʻʪʴʩʷ sрН  - ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ʚ
ʫʤʦʚʘʭ ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʽʶ: 

45.7s =
вліт

рН ; 75.7=взим

sрН  

ɺʠʟʥʘʯʘʻʪʴʩʷ ʽʥʜʝʢʩ ʥʘʩʠʯʝʥʥʷ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʽʶ: 



spHpHJ −= 0 , (2.29)
45,045,70,7 −=−=вл ітJ ; 8,075,795,6 −=−=взимJ . 

ʆʪʨʠʤʘʥʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʥʘʩʠʯʝʥʥʷ ʤʘʶʪʴ ʟʥʘʢ ç-è, ʪʦʙʪʦ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʚʦʜʠ ʥʝʦʙʭʽʜʥʘ ʾʾ ʦʙʨʦʙʢʘ ʣʫʞʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʦʙʨʦʙʢʘ ʚʦʜʠ ʚʘʧʥʦʤ. ɼʦʟʘ ʚʘʧʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 
ʬʦʨʤʫʣʦʶ: 

ЩКД tвихв 28= , (2.30)

ʜʝ в их ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʦʤʦʛʨʘʤʤʦʶ ʨʠʩ.4, ʜʦʜ.5 [1];

tК ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ: ʧʨʠ t=200ʉ tК = 1;

Щ ï ʣʫʞʥʽʩʪʴ ʚʦʜʠ ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ, ʤʛ-ʝʢʚ/ʣ.

лмгДв /03,669,2108,028 ==

2.3.3 ʈʦʟʨʘʭʫʥʦʢ ʦʙʣʘʜʥʘʥʥʷ ʨʝʘʛʝʥʪʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʈʦʟʨʘʭʫʥʦʢ ʻʤʥʦʩʪʝʡ ʢʦʘʛʫʣʷʥʪʫ 

ɼʦʙʦʚʘ ʧʦʪʨʝʙʘ ʚ ʪʝʭʥʽʯʥʦʤʫ ʢʦʘʛʫʣʷʥʪʽ: 

k

к
доб

Д
G




=
10000

Q
, (2.30)

ʜʝ кД ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʜʦʟʘ ʢʦʘʛʫʣʷʥʪʫ, ʤʛ/ʣ; 

Q ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʜʦʙʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʪʘʥʮʽʾ, ʤ3/ʜʦʙ; 

к ï ʚʽʜʩʦʪʢʦʚʠʡ ʚʤʽʩʪ ʯʠʩʪʦʾ ʙʝʟʚʦʜʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʪʝʭʥʽʯʥʦʤʫ ʧʨʦʜʫʢʪʽ, ʜʣʷ
ʦʯʠʱʝʥʦʛʦ ʢʦʘʛʫʣʷʥʪʫ, %5.33=к . 

добтGдоб /2,6
5.3310000
64,5923335

=



=

ʄʽʩʷʯʥʘ ʧʦʪʨʝʙʘ ʚ ʪʝʭʥʽʯʥʦʤʫ ʢʦʘʛʫʣʷʥʪʽ: 

30GG ʜʦʙʤʽʩ = , 

т186302,6Gʤʽʩ == . 

ʇʨʠʡʤʘʻʪʴʩʷ ʤʦʢʨʝ ʟʙʝʨʽʛʘʥʥʷ ʢʦʘʛʫʣʷʥʪʫ. ʂʦʘʛʫʣʷʥʪ ʩʘʤʦʩʢʠʜʘʤʠ 

ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʚ ʨʦʟʯʠʥʥʽ ʙʘʢʠ. ɺ ʙʘʢʘʭ ʛʦʪʫʻʪʴʩʷ 15%-ʚʠʡ ʨʦʟʯʠʥ, ʷʢʠʡ 

ʧʝʨʝʤʽʰʫʻʪʴʩʷ ʩʪʠʩʥʝʥʠʤ ʧʦʚʽʪʨʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʽʪʨʦʜʫʚʦʢ. ʇʦʪʽʤ ʨʦʟʯʠʥ 



ʢʦʘʛʫʣʷʥʪʫ ʥʘʩʦʩʘʤʠ ʧʦʜʘʻʪʴʩʷ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʫ ʨʝʟʝʨʚʫʘʨʠ-ʩʭʦʚʠʱʘ, ʜʝ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʧʨʦʪʷʟʽ 15 ʜʽʙ. ɿʚʽʜʩʠ 15%-ʚʠʡ ʨʦʟʯʠʥ ʢʦʘʛʫʣʷʥʪʫ ʧʝʨʝʢʘʯʫʻʪʴʩʷ ʫ 

ʚʠʪʨʘʪʥʽ ʙʘʢʠ, ʜʝ ʨʦʟʙʘʚʣʷʻʪʴʩʷ ʚʦʜʦʶ ʜʦ 5%-ʾ ʢʦʥʮʝʥʪʨʘʮʽʾ. ʇʝʨʝʤʽʰʫʚʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʚʽʪʨʦʜʫʚʢʘʤʠ. ɿ ʚʠʪʨʘʪʥʠʭ ʙʘʢʽʚ 5%-ʠʡ ʨʦʟʯʠʥ ʧʦʜʘʻʪʴʩʷ ʫ 

ʟʤʽʰʫʚʘʯʽ. 

ɭʤʥʽʩʪʴ ʨʦʟʯʠʥʥʠʭ ʙʘʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

k

к

розч

Д
W




=

p

kʛʦʜ

b10
nQ

(2.31)

ʜʝ годQ ï ʛʦʜʠʥʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ, ʤ3/ʛʦʜ;

n k ï ʯʘʩ, ʥʘ ʷʢʠʡ ʟʘʛʦʪʦʚʣʶʻʪʴʩʷ ʨʦʟʯʠʥ ʢʦʘʛʫʣʷʥʪʫ, ʛʦʜ; 

pb ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʙʦʯʦʛʦ ʨʦʟʯʠʥʫ ʢʦʘʛʫʣʷʥʪʫ, %;

k ï ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ ʢʦʘʛʫʣʷʥʪʫ, ʢʛ/ʤ3.

32,7
10001510

128,256635
мWрозч =




= . 

ɺʩʪʘʥʦʚʣʶʶʪʴʩʷ ʪʨʠ ʙʘʢʠ ʧʦʚʥʦʶ ʻʤʥʽʩʪʶ 2,5 ʤ3 ʢʦʞʥʠʡ. ʈʦʟʤʽʨʠ ʙʘʢʫ ʫ 

ʧʣʘʥʽ ï 1,3Ĭ1,3Ĭ1,5 (ʧʨʠ ʚʠʩʦʪʽ ʰʘʨʫ ʨʦʟʯʠʥʫ ï 1,3 ʤ). 

ɭʤʥʽʩʪʴ ʚʠʪʨʘʪʥʠʭ ʙʘʢʽʚ: 

b
витр

pʨʦʟʯ bW
W


= , (2.32)

ʜʝ b ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ ʢʦʘʛʫʣʷʥʪʫ ʫ ʚʠʪʨʘʪʥʦʤʫ ʙʘʮʽ, %.
36,21

5
157,2W мвитр =


= . 

ɺʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʚʘ ʚʠʪʨʘʪʥʠʭ ʙʘʢʠ ʻʤʥʽʩʪʶ 11 ʤ3 ʢʦʞʥʠʡ. ʈʦʟʤʽʨʠ ʚ ʧʣʘʥʽ 

2Ĭ2,5Ĭ2,3 ʤ3  (ʧʨʠ  ʚʠʩʦʪʽ ʰʘʨʫ ʨʦʟʯʠʥʫ ï 2,16 ʤ). 

ʅʝʦʙʭʽʜʥʠʡ 15-ʪʠ ʜʦʙʦʚʠʡ ʟʘʧʘʩ ʨʦʟʯʠʥʫ ʢʦʘʛʫʣʷʥʪʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ 

ʨʝʟʝʨʚʫʘʨʘʭ-ʩʭʦʚʠʱʘʭ: 



k

к

сх

Д
W




=

pb10
15Q

(2.33)

3,207
10001510

1564.5923335
=




=схW  ʤ3

ʅʘ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʪʨʠ ʨʝʟʝʨʚʫʘʨʠ-ʩʭʦʚʠʱʘ 

ʦʙôʻʤʦʤ 75 ʤ3 ʢʦʞʥʠʡ ʟ ʨʦʟʤʽʨʘʤʠ ʚ ʧʣʘʥʽ ï 5Ĭ5Ĭ3,0 ʤ3 (ʧʨʠ  ʚʠʩʦʪʽ ʰʘʨʫ ʨʦʟʯʠʥʫ 

ï 2,8 ʤ).

ʈʦʟʨʘʭʫʥʦʢ ʧʦʚʽʪʨʦʜʫʚʦʢ 

ɼʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʨʦʟʯʠʥʝʥʥʷ ʢʦʘʛʫʣʷʥʪʫ ʪʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʨʦʟʯʠʥʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʦʜʘʯʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʙʘʢ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ: 

ʽʧF06,0 = іпіпк іQ , (2.34)

ʜʝ  іпі ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ, ʣ/(ʩ*ʤ2 ), [1,ʧ.6.23];

ʽʧF ï ʧʣʦʱʘ ʚʽʜʧʦʚʽʜʥʠʭ ʙʘʢʽʚ ʫ ʧʣʘʥʽ, ʤ2 .

ʈʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʨʦʟʯʠʥʥʽ ʙʘʢʠ: 

хвмQ пк /04,307,51006,0 3
1 ==  

ʈʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʙʘʢʠ-ʩʭʦʚʠʱʘ: 

хвмQ пк /5,1375306,0 3
2 ==  

ʈʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʫ ʚʠʪʨʘʪʥʽ ʙʘʢʠ: 

хвмQ пк /310506,0 3
3 ==

ɿʘʛʘʣʴʥʘ ʚʠʪʨʘʪʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ: 

пкQ = пкQ1 + пкQ2 + пкQ3 ,



пкQ =3,04+13,5+3=19,54 м3/хв.

ʅʘ ʩʪʘʥʮʽʾ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 3 ʧʦʚʽʪʨʦʜʫʚʢʠ (2 ʨʦʙʦʯʠʭ,1 ʨʝʟʝʨʚʥʘ) ʤʘʨʢʠ ɺʂ-

12 ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 12 ʤ3/ʭʚ ʢʦʞʥʘ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʪʠʧʫ ɸ72-4 ʧʦʪʫʞʥʽʩʪʶ 28 

ʢɺʪ ʽ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ 1450 ʦʙ/ʭʚ. 

ɼʦʟʫʶʯʽ ʧʨʠʩʪʨʦʾ 

ɼʣʷ ʜʦʟʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʢʦʘʛʫʣʷʥʪʫ ʧʨʠʡʤʘʶʪʴʩʷ ʥʘʩʦʩʠ ï ʜʦʟʘʪʦʨʠ ʤʘʨʢʠ 

ʅɼ.  ɻʦʜʠʥʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʩʦʩʘ-ʜʦʟʘʪʦʨʘ: 

k

ʚʠʪʨ
.. n

1000W 
=днQ (2.35)

ʜʝ витрW - ʢʦʨʠʩʥʠʡ ʦʙôʻʤ ʚʠʪʨʘʪʥʦʛʦ ʙʘʢʫ, ʤ3 ; 

kn -ʯʘʩ ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʢʦʘʛʫʣʷʥʪʫ, ʛʦʜ.

годлQ дн /3.833
12
100010

.. =


=

ɼʦ ʫʩʪʘʥʦʚʢʠ ʧʨʠʡʤʘʶʪʴʩʷ 2 ʥʘʩʦʩʠ (ʦʜʠʥ ʨʦʙʦʯʠʡ ʪʘ ʦʜʠʥ ʨʝʟʝʨʚʥʠʡ) 
ʤʘʨʢʠ ʅɼ 500/10 ʟ ʜʚʠʛʫʥʦʤ  ʧʦʪʫʞʥʽʩʪʶ  3 ʢɺʪ. 

ʈʦʟʯʠʥ ʢʦʘʛʫʣʷʥʪʫ ʟʘʙʠʨʘʻʪʴʩʷ ʟ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ  ʚʠʪʨʘʪʥʠʭ ʙʘʢʽʚ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʧʦʧʣʘʚʮʽʚ. 

ɺʘʧʥʷʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʡ ʦʙôʻʤ ʚʘʧʥʘ, ʱʦ ʤʽʩʪʠʪʴ 78% ʙʝʟʚʦʜʥʦʛʦ ʧʨʦʜʫʢʪʫ: 

1000078
Qɼ

W ʚʘʧ




= (2.36)

ʜʝ W ï ʢʦʨʠʩʥʠʡ ʦʙôʻʤ ʚʠʪʨʘʪʥʦʛʦ ʙʘʢʫ, ʤ3 ; 

Двап ï ʜʦʟʘ ʚʘʧʥʘ, ʤʛ/ʣ; 

Q ï ʜʦʙʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʪʘʥʮʽʾ, ʤ3/ʜʦʙ. 

добт /5,0
1000078

64,592336,03W =



= . 



ʇʨʠ ʚʠʩʦʪʽ ʰʘʨʫ ʥʝʛʘʰʝʥʦʛʦ ʚʘʧʥʘ -1 ʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʠʭ ʧʨʦʭʦʜʽʚ 

ʪʘ ʧʨʦʾʟʜʽʚ ʨʦʟʤʽʨʠ ʩʢʣʘʜʫ ʚ ʧʣʘʥʽ ʩʢʣʘʜʫʪʴ 12Ĭ12 ʤ. 

ɼʣʷ ʛʘʩʽʥʥʷ ʚʘʧʥʘ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʤʝʭʘʥʽʯʥʘ ʣʦʧʘʪʝʚʘ ʤʽʰʘʣʢʘ ʉ-32 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 1 ʪ/ʛʦʜ (ʨʦʟʤʽʨ ʚ ʧʣʘʥʽ 1,77Ĭ1,75Ĭ1,54ʤ) ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ɸʊ-

42-4 ʧʦʪʫʞʥʽʩʪʶ 2,8ʢɺʪ. ʇʽʩʣʷ ʛʘʩʽʥʥʷ ʨʦʟʯʠʥ ʧʦʜʘʻʪʴʩʷ ʚ ʙʘʢ ʚʘʧʥʷʥʦʛʦ ʤʦʣʦʢʘ, 

ʦʙʣʘʜʥʘʥʠʡ ʤʽʰʘʣʢʦʶ, ʜʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʧʥʘ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 5 %. 

ɭʤʥʽʩʪʴ ʚʠʪʨʘʪʥʠʭ ʙʘʢʽʚ: 

вапвап

вап
вап

b

nqД
W




=
10000 , (2.37)

ʜʝ q  ï ʛʦʜʠʥʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʪʘʥʮʽʾ, ʤ3/ʛʦʜ;

n ï ʯʘʩ, ʥʘ ʷʢʠʡ ʟʘʛʦʪʦʚʣʶʻʪʴʩʷ ʧʨʦʜʫʢʪ, 6õ12 ʛʦʜ;

в апb ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʧʥʘ,%;

вап ï ʛʫʩʪʠʥʘ ʨʦʟʯʠʥʫ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʪ/ʤ3

37,3
1510000
128,256603,6

мWвап =



=

ʇʨʠʡʤʘʻʪʴʩʷ ʜʚʘ ʙʘʢʠ ʻʤʥʽʩʪʶ W=2,0 ʤ3 ʢʦʞʥʠʡ. ɺʽʜʥʦʰʝʥʥʷ ʜʽʘʤʝʪʨʘ D 

ʙʘʢʫ ʜʦ ʡʦʛʦ ʚʠʩʦʪʠ ʅ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ 1, ʪʦʜʽ: 

м
W

D 6,1
14.3
244 / =


=


=


. 

ɼʣʷ ʜʦʟʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʚʘʧʥʘ ʧʨʠʡʤʘʶʪʴʩʷ ʥʘʩʦʩʠ-ʜʦʟʘʪʦʨʠ ʤʘʨʢʠ ʅɼ. 

ɻʦʜʠʥʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʩʦʩʘ-ʜʦʟʘʪʦʨʘ: 

n
1000W

Q ʚʘʧ
ʥ.ʜ.


= (2.38)

годл /3,308
12
10003,7Qʥ.ʜ. =


=

ɼʦ ʫʩʪʘʥʦʚʢʠ ʧʨʠʡʤʘʶʪʴʩʷ ʜʚʘ ʥʘʩʦʩʠ-ʜʦʟʘʪʦʨʠ ʤʘʨʢʠ ʅɼ 500/10 (ʦʜʠʥ 

ʨʦʙʦʯʠʡ ʪʘ ʦʜʠʥ ʨʝʟʝʨʚʥʠʡ). 



2.4 ʈʦʟʨʘʭʫʥʦʢ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ 

2.4.1 ʈʦʟʨʘʭʫʥʦʢ ʟʤʽʰʫʚʘʯʽʚ 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʜʥʦʛʦ ʟʤʽʰʫʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ  ʟʘ ʬʦʨʤʫʣʦʶ: 

n

Q
Q доб

зм


=
24 (2.39)

ʜʝ n - ʢʽʣʴʢʽʩʪʴ ʟʤʽʰʫʚʘʯʽʚ,    n=4 . 

сгодмQзм /2,178/7,641
424

61603 3 ==


= =0,18 м3/с 

ʇʣʦʱʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʟʤʽʰʫʚʘʯʘ, ʤ2 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

B

зм
B

V

Q
F = , (2.40)

ʜʝ VB ï ʰʚʠʜʢʽʩʪʴ ʚʠʩʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ,VB = 100ʤ/ʛʦʜ [1]. 

24,6
100

7,641
мFB ==

ɼʣʷ ʢʚʘʜʨʘʪʥʦʛʦ ʟʤʽʰʫʚʘʯʘ ʚ ʧʣʘʥʽ ʰʠʨʠʥʘ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ, ʤ: 

BB Fb = ; (2.41)

мbB 5.24.6 == . 

ʈʦʟʤʽʨʠ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʟʤʽʰʫʚʘʯʘ ʧʨʠʡʤʘʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʽʘʤʝʪʨʘ 

ʪʨʫʙʦʧʨʦʚʦʜʫ, ʱʦ ʧʽʜʚʦʜʠʪʴ ʚʦʜʫ. ɼʽʘʤʝʪʨ ʧʨʠʡʤʘʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟʽ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ 1ï1,2 ʤ/ʩ [1, ʧ.6.45]. ɿʘ [3] ʧʨʠʡʤʘʻʤʦ ʜʽʘʤʝʪʨ 500 ʤʤ ʧʨʠ ʰʚʠʜʢʦʩʪʽ 1,2 ʤ/ʩ. 

ɺʠʩʦʪʘ ʥʠʞʥʴʦʾ, ʧʽʨʘʤʽʜʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʟʤʽʰʫʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 
ʬʦʨʤʫʣʦʶ: 

( )
22

1 
ctgbbh HBH −= , (2.42)

ʜʝ bH ï ʰʠʨʠʥʘ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʟʤʽʰʫʚʘʯʘ, ʤ; 
 ï ʢʫʪ ʤʽʞ ʩʪʽʥʢʘʤʠ ʜʥʘ. 

( ) мctghH 0,3
2
4048,05,2

2
1

=−= . 



ɭʤʥʽʩʪʴ ʧʽʨʘʤʽʜʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʟʤʽʰʫʚʘʯʘ, ʤ3: 

( )HBHBHH FFFFhW ++=
3
1 ,  (2.43)

  ( )  322 8,848,04.648,04.60,3
3
1

мWH =++= . 

ʇʦʚʥʘ ʻʤʥʽʩʪʴ ʟʤʽʰʫʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

60
tQ

W зм = , (2.44)

ʜʝ t ï ʪʝʨʤʽʥ ʧʝʨʝʙʫʚʘʥʥʷ ʚʦʜʠ ʚ ʟʤʽʰʫʚʘʯʽ (2 ʭʚʠʣʠʥʠ). 

        34.21
60

2 641.7
мW =


= . 

ɭʤʥʽʩʪʴ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʟʤʽʰʫʚʘʯʘ: 

WB = W – WH. 
WB =21.4-8.8=12,6 м3. 

ɺʠʩʦʪʘ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʟʤʽʰʫʚʘʯʘ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ: 

мhв 8.1
4.6
6.12
==  

ʇʦʚʥʘ ʚʠʩʦʪʘ ʟʤʽʰʫʚʘʯʘ: 

HB hhh += ; (2.45)
мh 4,52,32,2 =+= . 

ʇʣʦʱʘ ʞʠʚʦʛʦ ʧʝʨʝʪʠʥʫ ʚʦʜʦʟʙʽʨʥʦʛʦ ʣʦʪʢʘ: 

nv

Q
w зм

л


= ,  (2.46) 

ʜʝ v ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʫ ʣʦʪʢʫ, [4, ʧ.6.45]; 

n  ï ʯʠʩʣʦ ʚʦʜʦʟʙʽʨʥʠʭ ʣʦʪʢʽʚ. 

315,0
360026,0
7.641

мwл =


=

ʇʨʠ ʰʠʨʠʥʽ ʣʦʪʢʘ 0,5 ʤ ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʩʦʪʘ ʰʘʨʫ ʚʦʜʠ ʚ ʣʦʪʢʫ: 

ʣ

ʣ
ʣ b

w
h = , (2.47) 



м3,0
0,5
0,15hʣ ==

ʋʭʠʣ ʜʥʘ ʣʦʪʢʘ ʧʨʠʡʤʘʻʪʴʩʷ ʽ=0,02. ʇʣʦʱʘ ʚʩʽʭ ʟʘʪʦʧʣʝʥʠʭ ʦʪʚʦʨʽʚ ʚ 
ʩʪʽʥʢʘʭ ʟʙʽʨʥʠʭ ʣʦʪʢʽʚ: 

3600
=

o

o
v

Q
F , (2.48) 

ʜʝ ov ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʯʝʨʝʟ ʦʪʚʦʨʠ, ʤ/ʛʦʜ.

218.0
36001
7.641

мFo =


= . 

ʇʨʠ ʜʽʘʤʝʪʨʽ ʦʜʥʦʛʦ ʦʪʚʦʨʫ ʨʽʚʥʦʤʫ od =80 ʤʤ, ʧʣʦʱʘ ʦʜʥʦʛʦ ʦʪʚʦʨʫ:

2
22

0 00503.0
4
08.014.3

4
м

d
fo =


=


=
 . 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʪʚʦʨʽʚ: 

штf 3600503.0/18.0/Fn 00 == . 

ʆʪʚʦʨʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʧʦ  ʙʽʯʥʽʡ ʧʦʚʝʨʭʥʽ ʣʦʪʢʘ ʥʘ ʚʽʜʩʪʘʥʽ h=110ʤʤ ʚʽʜ 

ʚʝʨʭʥʴʦʾ ʢʨʦʤʢʠ ʣʦʪʢʘ ʜʦ ʦʩʽ ʦʪʚʦʨʽʚ. ɿʽ ʟʙʽʨʥʦʛʦ ʣʦʪʢʘ ʚʦʜʘ ʥʘʜʭʦʜʠʪʴ ʫ ʙʽʯʥʠʡ 

ʢʘʨʤʘʥ ʰʠʨʠʥʦʶ 0,8 ʤ. 

2.4.2 ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʜʣʷ ʚʽʜʩʪʦʶʚʘʥʥʷ ʚʦʜʠ 

2.4.2.1 ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ 
ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʜʣʷ ʚʽʜʩʪʦʶʚʘʥʥʷ ʚʦʜʠ 
ʚʠʢʦʥʘʥʦ ʟʘ ʥʘʩʪʫʧʥʦʶ ʤʝʪʦʜʠʢʦʶ 
− ʨʦʟʨʦʙʢʘ ʩʭʝʤ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʟʘ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ; 
− ʨʦʟʨʘʭʫʥʦʢ ʦʯʠʩʥʦʾ ʩʧʦʨʫʜʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʦʯʠʱʝʥʥʷ ʚʦʜʠ: 
ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʴ, ʯʘʩʫ ʦʯʠʱʝʥʥʷ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ; 
− ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʫʤʦʚ ʚʽʜʩʪʦʶʚʘʥʥʷ ʚʦʜʠ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 
ʢʦʥʩʪʨʫʢʮʽʾ ʩʧʦʨʫʜʠ; 
− ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʟʤʽʥ 
ʩʧʦʨʫʜʠ; 
− ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ. 



ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ Q=49810 ʤ3/ʜʦʙ 

(ʪʘʙʣ.ɸ.1) ʪʘ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʷʢʦʩʪʽ ʚʦʜʠ ʚ ʜʞʝʨʝʣʽ (ʜʠʚ. ʧ. 2.2.1) ʟʘ [4, ʪʘʙʣ.14] ʜʦ 

ʨʦʟʛʣʷʜʫ ʧʨʠʡʥʷʪʦ ʜʚʽ ʩʭʝʤʠ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ: çʛʦʨʠʟʦʥʪʘʣʴʥʽ ʚʽʜʩʪʽʡʥʠʢʠ ï 

ʰʚʠʜʢʽ ʬʽʣʴʪʨʠè ʪʘ çʦʩʚʽʪʣʶʚʘʯʽ ʟʽ ʟʚʘʞʝʥʠʤ ʦʩʘʜʦʤ ï ʰʚʠʜʢʽ ʬʽʣʴʪʨʠè. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʘʨʽʘʥʪʽʚ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ 

(ʧ.5.1) ʜʦ ʨʦʟʨʦʙʢʠ ʧʨʠʡʥʷʪʦ ʩʭʝʤʫ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʚʽʜʩʪʽʡʥʠʢʘʤʠ ʪʘ 

ʰʚʠʜʢʠʤʠ ʬʽʣʴʪʨʘʤʠ. 

ʗʢ ʚʘʨʽʘʥʪ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʫʤʦʚ ʚʽʜʩʪʦʶʚʘʥʥʷ ʚʦʜʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʦʥʢʦʰʘʨʦʚʠʭ 

ʤʦʜʫʣʽʚ. 

2.4.2.2 ʈʦʟʨʘʭʫʥʦʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ  ʟʚʠʯʘʡʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 




=
06.3 U

q
F , (2.49) 

ʜʝ q ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ, ʤ3/ʛʦʜ; 

0U ï ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʟʚʘʞʝʥʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʟʘʪʨʠʤʫʶʪʴʩʷ ʚʽʜʩʪʽʡʥʠʢʦʤ, 

ʤʤ/ʩ, [4, ʪʘʙʣ.18]; ʚʨʘʭʦʚʫʶʯʠ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʩʘʜʞʝʥʥʷ ʫ ʟʚôʷʟʢʫ ʟ 

ʥʘʷʚʥʽʩʪʶ ʚʙʫʜʦʚʘʥʦʾ ʢʘʤʝʨʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ [4, ʪʘʙʣ.18, ʧʨʠʤ.1],ʛʽʜʨʘʚʣʽʯʥʘ 

ʢʨʫʧʥʽʩʪʴ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 0,45+0,45*0,15=0,52 ʤʤ/ʩ; 

 ïʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ, 
 =1,3 [4, ʧ.6.67]. 

ɼʣʷ ʟʠʤʦʚʦʛʦ ʧʝʨʽʦʜʫ: 

28,15653,1
52,06.3
7,2254

мFз =


=

ɼʣʷ ʣʽʪʥʴʦʛʦ ʧʝʨʽʦʜʫ: 

25,17823,1
52,06.3
8,2566

мFл =


=

ʐʠʨʠʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

NНV

q
В

срср 
=

6.3 , (2.50) 



ʜʝ ʩʨV  ï ʩʝʨʝʜʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʫ ʚʽʜʩʪʽʡʥʠʢʫ, ʩʨV =7ʤʤ/ʩ
[4, ʧ.6.68]; 

срН  ï ʩʝʨʝʜʥʷ ʚʠʩʦʪʘ ʟʦʥʠ ʦʩʘʜʞʝʥʥʷ, ʤ; ʧʨʠʡʤʘʻʪʴʩʷ срН =3,0 ʤ [4, ʧ.6.68]; 

N ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʩʪʽʡʥʠʢʽʚ, ʧʨʠʡʤʘʻʪʴʩʷ N =4 ʰʪ. 

мВ 5,8
4376.3

8,2566
=


=

ʐʠʨʠʥʘ ʚʽʜʩʪʽʡʥʠʢʘ ʧʨʠʡʤʘʻʪʴʩʷ 9 ʤ. 
ɼʦʚʞʠʥʘ ʚʽʜʩʪʽʡʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

NBFL = / , (2.51) 

ʤ4949/5,1782 =L  

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʠʡʤʘʶʪʴʩʷ ʨʦʟʤʽʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ: 

ʤ49=L ; мВ 9= . ʂʦʞʥʠʡ ʚʽʜʩʪʽʡʥʠʢ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʩʘʤʦʩʪʽʡʥʦ ʜʽʶʯʽ ʩʝʢʮʽʾ 

ʰʠʨʠʥʦʶ 4,5 ʤ [4, ʧ.6.68], ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʝʢʮʽʡ-8 ʰʪ. 

ʆʩʘʜ ʟ ʚʽʜʩʪʽʡʥʠʢʘ ʚʠʜʘʣʷʻʪʴʩʷ ʛʽʜʨʘʚʣʽʯʥʠʤ ʩʧʦʩʦʙʦʤ  [4, ʧ.6.69]. ʆʙôʻʤ 
ʟʦʥʠ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʫʱʽʣʴʥʝʥʥʷ ʦʩʘʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

qN
)(

.


−
=

осввp

ос

МCqT
W , (2.52) 

ʜʝ рТ ï ʧʝʨʽʦʜ ʨʦʙʦʪʠ ʚʽʜʩʪʽʡʥʠʢʘ ʤʽʞ ʩʢʠʜʘʤʠ ʦʩʘʜʫ, ʛʦʜ; ʧʨʠʡʤʘʻʪʴʩʷ рТ =72
ʛʦʜ [4]; 

вС ïʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʽ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʚʽʜʩʪʽʡʥʠʢʘ, ʛ/ʤ3; 

осв
М -ʢʽʣʴʢʽʩʪʴ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʽ, ʱʦ ʚʠʭʦʜʠʪʴ ʟ ʚʽʜʩʪʽʡʥʠʢʘ, 

осв
М =8 ʛ/ʤ3;

 ïʩʝʨʝʜʥʷ ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ ʦʩʘʜʞʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʚʝʨʜʦʾ ʬʘʟʠ 

ʦʩʘʜʫ, ʛ/ʤ3; ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʘʣʘʤʫʪʥʦʩʪʽ ʚʦʜʠ ʪʘ ʪʨʠʚʘʣʦʩʪʽ 

ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʩʢʠʜʘʤʠ ʦʩʘʜʫ  =40000 ʛ/ʤ3 [4]. 

ʄʘʢʩʠʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʽ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

вапккв ВЦДКМС +++= 25,0 , (2.53) 

ʜʝ кК ïʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʩʪʫʧʽʥʴ ʯʠʩʪʦʪʠ ʢʦʘʛʫʣʷʥʪʫ, ʧʨʠʡʤʘʻʪʴʩʷ

кК =0,5 [4, ʧ.6.65];



вапВ ïʢʽʣʴʢʽʩʪʴ ʥʝʨʦʟʯʠʥʝʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʚʥʦʩʷʪʴʩʷ ʟ ʚʘʧʥʦʤ [4, ʧ.6,65]: 

в

в

в
вап Д

К

Д
В −= (2.54) 

ʜʝ  вК ï ʚʤʽʩʪ ʉʘʆ ʫ ʚʘʧʥʽ, ʜʦʣʽ ʦʜʠʥʠʮʽ.

лмгВв ап /0,303.6
67,0
03,6

−=  

лмгСв /3,18937525,0355,0150 =+++=  

3
. 7,104

400008
)83,189(8,256672

мWос =


−
=

ʄʘʢʩʠʤʘʣʴʥʘ ʚʠʩʦʪʘ ʚʽʜʩʪʽʡʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

LіННН нсрвід +++= ʙʫʜh (2.55) 

ʜʝ нН ï ʚʠʩʦʪʘ ʟʦʥʠ ʥʘʢʦʧʠʯʝʥʥʷ ʦʩʘʜʫ, ʤ; 

ʙʫʜh ï ʚʝʣʠʯʠʥʘ ʟʘʚʠʱʝʥʥʷ ʙʫʜʽʚʝʣʴʥʦʾ ʚʠʩʦʪʠ ʥʘʜ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʨʽʚʥʝʤ ʚʦʜʠ, ʤ, 
ʧʨʠʡʤʘʻʪʴʩʷ ʙʫʜh =0,35ʤ [4, ʧ.6.73]; 

іïʧʦʟʜʦʚʞʥʽʡ ʫʭʠʣ ʜʥʘ ʚʽʜʩʪʽʡʥʠʢʘ, ʧʨʠʡʤʘʻʪʴʩʷ ʽ=0,005 [4, ʧ.6.74]. 
ɺʠʩʦʪʘ ʟʦʥʠ ʥʘʢʦʧʠʯʝʥʥʷ ʦʩʘʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

0

..

F

W
Н чос

н = (2.56) 

ʜʝ 0F ï ʧʣʦʱʘ ʦʜʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ, ʤ2.

ʇʣʦʱʘ ʦʜʥʽʻʾ ʩʝʢʮʽʾ ʚʽʜʩʪʽʡʥʠʢʘ ʩʢʣʘʜʘʻ: 
2

0 5,2205,449BLF м===

мНн 5,0
5,220
7,104
=

мНв ід 1,449005,035,05,03 =+++=  

ʉʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʚʦʜʠ ʫ ʚʽʜʩʪʽʡʥʠʢʫ: 

2
L

++=
і

ННН нср

ср

вод

мН ср

вод 62.349005.05.00.3 =


++=

2

ʈʫ 



ʂʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʱʦ ʚʠʜʘʣʷʻʪʴʩʷ ʨʘʟʦʤ ʟ ʦʩʘʜʦʤ, ʫ % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʚʠʪʨʘʪʠ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

,100
Tq
W

p

ʦʩ.ʯ.





=

рк
Р  (2.57) 

ʜʝ  pk - ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʙʘʚʣʝʥʥʷ, ʧʨʠʡʤʘʻʪʴʩʷ pk =1,5 [1, ʧ.6.74].

%08,0100
722566,8
7,1045.1

=



=Р  

ɼʣʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʦʩʘʜʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʟ ʧʝʨʬʦʨʦʚʘʥʠʭ 

ʪʨʫʙ ʟ ʦʪʚʦʨʘʤʠ ʜʽʘʤʝʪʨʦʤ ммd 250 = . 

ɼʥʦ ʚʽʜʩʪʽʡʥʠʢʘ ʤʽʞ ʪʨʫʙʘʤʠ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʦʩʘʜʫ ʧʨʠʡʤʘʻʪʴʩʷ 

ʧʨʠʟʤʘʪʠʯʥʠʤ ʟ ʢʫʪʦʤ ʥʘʭʠʣʫ ʛʨʘʥʝʡ 450 [4, ʧ.6.71]. 

ʂʽʣʴʢʽʩʪʴ ʪʨʫʙ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʦʩʘʜʫ ʟ ʦʜʥʽʻʾ ʩʝʢʮʽʾ ʚʽʜʩʪʽʡʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 
ʟʘ ʬʦʨʤʫʣʦʶ: 

ʪʨʪʨ B/ln = , (2.58) 

ʜʝ ʪʨl  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʽʩʷʤʠ ʪʨʫʙ, ʤ; ʧʨʠʡʤʘʻʪʴʩʷ ʜʣʷ ʧʨʠʟʤʘʪʠʯʥʦʛʦ ʜʥʠʱʘ  

ʪʨl =3,0 ʤ [4, ʧ.6.71]. 

2/35,4n ʪʨ = ʰʪ. 

ʂʽʣʴʢʽʩʪʴ ʦʩʘʜʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʢʦʞʥʫ ʪʨʫʙʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 
ʬʦʨʤʫʣʦʶ: 

сбтр

чос
остр

tn

W
q


= ..

.. (2.59) 

ʜʝ ʩʙt  ï ʯʘʩ ʩʢʠʜʫ ʦʩʘʜʫ, ʛʦʜ; ʧʨʠʡʤʘʻʪʴʩʷ ʩʙt =20 ʭʚ=0,33ʛʦʜ [1].

слгодмq остр /1,44/6,158
33,02
7,104 3

.. ==


=  

ɼʣʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʦʩʘʜʫ ʫ ʢʽʥʮʽ ʪʨʫʙ ʥʝ ʤʝʥʰʝ 1,0 ʤ/ʩ [4] ʧʨʠʡʤʘʻʪʴʩʷ 
Дтр.ос.=200 ʤʤ; v=1,36 ʤ/ʩ; 1000ʽ=15,9. 

ʈʦʟʨʘʭʫʥʦʢ ʩʠʩʪʝʤʠ ʚʠʜʘʣʝʥʥʷ ʦʩʚʽʪʣʝʥʦʾ ʚʦʜʠ 



ʆʩʚʽʪʣʝʥʘ ʚʦʜʘ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʚʽʜʩʪʽʡʥʠʢʫ ʟʙʠʨʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʩʪʝʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʜʽʨʯʘʩʪʠʭ ʪʨʫʙ. 

ɼʦʚʞʠʥʘ ʨʦʟʧʦʜʽʣʴʯʠʭ ʪʨʫʙ ʚʠʟʥʘʯʘʻʪʴʩʷ  ʧʦ ʬʦʨʤʫʣʽ: 

ʧʠʪʢʦʣ/qql = , (2.60) 

ʜʝ ʢʦʣq  ï ʚʠʪʨʘʪʘ ʦʩʚʽʪʣʝʥʦʾ ʚʦʜʠ ʫ ʢʦʣʝʢʪʦʨʽ ʩʠʩʪʝʤʠ, ʣ/ʩ; 

ʧʠʪq ï ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʦʩʚʽʪʣʝʥʦʾ ʚʦʜʠ ʥʘ 1 ʤ ʪʨʫʙ ʩʠʩʪʝʤʠ ʚʠʜʘʣʝʥʥʷ ʚʦʜʠ, ʣ/ʩ*ʤ 

[ 4 ], ʧʨʠʡʤʘʻʪʴʩʷ ʧʠʪq =5,0 ʣ/ʩ*ʤ. 

ɺʠʪʨʘʪʘ ʦʩʚʽʪʣʝʥʦʾ ʚʦʜʠ ʚ ʢʦʣʝʢʪʦʨʽ ʩʠʩʪʝʤʠ: 

6.3/ = колкол Nqq  (2.61) 

слqкол /1.896,38/8.2566 ==

ʤ8.17/51.89l ==

ɼʣʷ ʰʚʠʜʢʦʩʪʽ ʚʦʜʠ ʫ ʢʽʥʮʽ ʢʦʣʝʢʪʦʨʘ 0,6é0,8ʤ/ʩ [4, ʧ.6.75] ʧʨʠʡʤʘʻʪʴʩʷ 

Дтр.ос.=400 ʤʤ; v=0,70 1000ʽ=1,88. 

ɼʦʚʞʠʥʘ ʨʦʟʧʦʜʽʣʴʯʠʭ ʪʨʫʙ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
вн

колДВ −−= ʩʪʨ.ʪʨ. l2l (2.62) 

ʜʝ ʩʪl ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʢʽʥʮʷ ʨʦʟʧʦʜʽʣʴʯʦʾ ʪʨʫʙʠ ʜʦ ʩʪʽʥʠ ʚʽʜʩʪʽʡʥʠʢʘ, ʤ;

ʧʨʠʡʤʘʻʪʴʩʷ ʩʪl =0,1 ʤ [4].
вн

колД ï ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʢʦʣʝʢʪʦʨʘ. ʧʨʠʡʤʘʻʪʴʩʷ
вн

колД .=426ʤʤ.

м9,3426,01,025,4lʨ.ʪʨ. =−−=  

ʂʽʣʴʢʽʩʪʴ ʨʦʟʧʦʜʽʣʴʯʠʭ ʪʨʫʙ: 

.... / трртрр lln = (2.63) 

штn трр 59,3/8.17.. ==  

ʊʨʫʙʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʚʽʜ ʢʦʣʝʢʪʦʨʘ. 

ɺʠʪʨʘʪʘ ʦʜʥʽʻʾ ʨʦʟʧʦʜʽʣʴʯʦʾ ʪʨʫʙʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

ʨ.ʪʨ.ʢʦʣʨ.ʪʨ. n/2qq = (2.64) 



сл /9.85/21.89qʨ.ʪʨ. ==

ʇʨʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚ ʨʦʟʧʦʜʽʣʴʯʠʭ ʪʨʫʙʘʭ 0,6é0,8 ʤ/ʩ [] ʧʨʠʡʤʘʻʪʴʩʷ 

Дтр.ос.=125 ʤʤ; v=0,7; 1000ʽ=8,31. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʚʽʩʷʤʠ ʨʦʟʧʦʜʽʣʴʯʠʭ ʪʨʫʙ: 

.... / тррсисттрр nLt = , (2.65) 

ʜʝ систL  ï ʜʦʚʞʠʥʘ ʜʽʣʷʥʢʠ, ʥʘ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʘ ʩʠʩʪʝʤʘ ʚʠʜʘʣʝʥʥʷ ʦʩʘʜʫ,ʤ.

ʉʠʩʪʝʤʘ ʚʠʜʘʣʝʥʥʷ ʦʩʚʽʪʣʝʥʦʾ ʚʦʜʠ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʥʘ ʜʽʣʷʥʮʽ, ʱʦ ʜʦʨʽʚʥʶʻ 

2/3 ʚʽʜ ʜʦʚʞʠʥʠ ʚʽʜʩʪʽʡʥʠʢʘ, ʪʦʙʪʦ 

L/4=систL  

ʤ 33
3
249 ==систL

мt трр 3.84/33.. ==  

2.4.2.3 ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʝʥʽ ʨʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ: ʜʦʚʞʠʥʘ L =49 ʤ, ʰʠʨʠʥʘ В=9 ʤ, ʨʦʙʦʯʘ ʛʣʠʙʠʥʘ Нр 

=3,0 ʤ, ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ v =7 ʤʤ/ʩ, ʚ ʥʴʦʤʫ ʟʘʪʨʠʤʫʶʪʴʩʷ 

ʟʘʚʠʩʣʽ ʨʝʯʦʚʠʥʠ ʟ ʛʽʜʨʘʚʣʽʯʥʦʶ ʢʨʫʧʥʽʩʪʶ u=0,52 ʤʤ/ʩ. ʊʦʥʢʦʰʘʨʦʚʽ ʙʣʦʢʠ 

ʚʣʘʰʪʦʚʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʘʢʝʪʽʚ ʚʠʩʦʪʦʶ hn = Hp ʟ ʧʣʘʩʪʠʥʘʤʠ ʧʽʜ ʢʫʪʦʤ 600 ʜʦ 

ʛʦʨʠʟʦʥʪʫ, ʚʠʩʦʪʘ ʥʝʧʨʦʪʽʯʥʦʾ ʯʘʩʪʠʥʠ hв = 0,5 м. ɺʽʜʩʪʘʥʴ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ вп = 

0,04 м, ʧʣʘʩʪʠʥʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟʽ ʩʢʣʘ ʪʦʚʱʠʥʦʶ в1=0,004м. ʄʦʥʪʘʞʥʽ ʟʘʟʦʨʠ  ʤʽʞ  

ʧʘʢʝʪʘʤʠ ʽ ʩʪʽʥʢʘʤʠ t = 0.2м. 

ɻʦʜʠʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʜʩʪʽʡʥʠʢ ʜʦ ʡʦʛʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ: 
, 

ʜʝ F ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

. 

ʋ ʚʽʜʩʪʽʡʥʠʢʫ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʚʘ ʧʘʢʝʪʘ ʧʣʘʩʪʠʥ ʟʘʛʘʣʴʥʦʶ ʚʠʩʦʪʦʶ hn 

= 1,6м, ʧʘʢʝʪʠ ʥʘʭʠʣʝʥʽ ʧʽʜ ʢʫʪʦʤ 600 ʜʦ ʛʦʨʠʟʦʥʪʫ. 



ɿʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ Ln, ʷʢʘ ʙʫʜʝ ʟʘʡʥʷʪʘ ʧʣʘʩʪʠʥʘʤʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 =49-2Ĭ1,6Ĭ0,57735-2Ĭ0,2=46,8 ʤ. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʝʪʽʚ ʟʘʩʪʦʩʦʚʘʥʦ ʚʽʢʦʥʥʝ ʩʢʣʦ ʪʦʚʱʠʥʦʶ в1 = 0,004 

ʤ. ɺʽʜʩʪʘʥʴ ʚʽʜ ʚʝʨʭʫ ʧʘʢʝʪʘ ʜʦ ʚʝʨʭʥʴʦʾ ʢʨʦʤʢʠ ʧʣʘʩʪʠʥ ʩʪʘʥʦʚʠʪʴ hв = 0,5 ʤ. ɺ 

ʧʣʘʩʪʠʥʘʭ ʜʦʚʞʠʥʘ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʩʪʘʥʦʚʠʪʴ: 

. 

 =(1,6ï0,5)/сos300=1,27 м. 

ʂʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ ʫ ʚʽʜʩʪʽʡʥʠʢʫ 

46,8/(0,004+0,0004)=1064 ʰʪ. 

ʊʨʠʚʘʣʽʩʪʴ ʚʽʜʩʪʦʶʚʘʥʥʷ ʫ ʧʘʢʝʪʽ 

. 

0,04Ĭ1000/(0,5Ĭ0,52)=153 ʩ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʚ ʧʘʢʝʪʽ 

. 

1,27-153=0,008 ʤ/ʩ. 

2.4.2.4 ɺʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʜʦʧʫʩʪʠʤʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʩʣʷ 
ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʩʪʽʡʥʠʢʘ 

ʇʽʩʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʦʜʠʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʜʩʪʽʡʥʠʢ ʟʘ 
ʬʦʨʤʫʣʦʶ 

, 

ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ, 5.25.1 =k . 

. 

ɿʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʜʩʪʽʡʥʠʢ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ 

. 



ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʜʩʪʽʡʥʠʢ ʜʦ ʪʘ ʧʽʩʣʷ ʡʦʛʦ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʦʥʢʦʰʘʨʦʚʠʭ ʤʦʜʫʣʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ 

ʮʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ 4,8 ʨʘʟʠ.  

ʗʢʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʣʠʰʠʪʠ ʥʝʟʤʽʥʥʠʤ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʪʨʠʤʘʥʥʷ ʤʝʥʰʠʭ ʯʘʩʪʠʥʦʢ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʟʤʝʥʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʚ ʧʘʢʝʪʘʭ ʜʦ ʚʝʣʠʯʠʥʠ 

340,3Ĭ1000Ĭ1,7/(2Ĭ0,755Ĭ1064Ĭ1,5Ĭ0,04Ĭ3600)=1,7 ʤʤ/ʩ. 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʯʠʩʣʦ ʌʨʫʜʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʩʪʽʡʢʦʩʪʽ ʨʦʙʦʪʠ ʚʽʜʩʪʽʡʥʠʢʘ ʟʘ 

ʬʦʨʤʫʣʦʶ 

, 

ʜʝ R ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʨʘʜʽʫʩ, ʤ. 

. 

R=(1,5Ĭ0,04)/(2Ĭ(1,5+0,04)=1,95Ĭ10-2 

ʊʦʜʽ 

. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʪʽʢ ʙʫʜʝ ʟʘʣʠʰʘʪʠʩʷ ʩʪʽʡʢʠʤ, ʪʦʤʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ 

ʟʘʣʠʰʠʪʴʩʷ ʙʝʟ ʟʙʽʣʴʰʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʽʜʩʪʽʡʥʠʢ. 

2.4.3 ʈʦʟʨʘʭʫʥʦʢ ʢʘʤʝʨ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ 

ɼʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʨʠʡʤʘʶʪʴʩʷ ʚʙʫʜʦʚʘʥʽ ʢʘʤʝʨʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ, 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʦʯʘʪʢʫ ʚʽʜʩʪʽʡʥʠʢʽʚ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʢʦʤʧʦʥʫʚʘʥʥʷ ʟ 

ʚʽʜʩʪʽʡʥʠʢʘʤʠ ʧʨʠʡʤʘʶʪʴʩʷ ʪʠʧʦʚʽ ʢʘʤʝʨʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ ʫ ʢʽʣʴʢʦʩʪʽ 8 ʰʪ ʟ 

ʨʦʟʤʽʨʘʤʠ ʦʜʥʽʻʾ ʢʘʤʝʨʠ: ʰʠʨʠʥʘ Вк=4,5 ʤ, ʜʦʚʞʠʥʘ Lк=9,0 ʤ. 

ɺʠʪʨʘʪʘ ʚʦʜʠ ʜʣʷ ʦʜʥʽʻʾ ʢʘʤʝʨʠ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ: 



kk q/Nq = . (2.66) 

смслгод /089,0/1,89/ʤ9,320/88,2566q 33
k ====  

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚ ʦʜʥʽʡ ʢʘʤʝʨʽ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

( )3600/ = kkkk LBqV , (2.67) 

( ) сммcмVk /2,2/0022.0360095,4/9,320 ===

ɺʠʩʦʪʘ ʚʦʜʠ ʚ ʢʘʤʝʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

hHcp +=kh , (2.68) 

ʜʝ  cpH ï ʩʝʨʝʜʥʷ ʚʠʩʦʪʘ ʟʦʥʠ ʦʩʘʜʞʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ, ʤ. 

ʧʨʠʡʤʘʻʪʴʩʷ   мHcp 0.3= [4, ʧ.6.68]; 

h ïʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʢʘʤʝʨʽ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ,ʤ, ʧʨʠʡʤʘʶʪʴʩʷ h =0,4 ʤ 
 [4, ʧ.6.219] 

м4,34,00,3h k =+= (2.69) 

ʊʨʠʚʘʣʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʚʦʜʠ ʫ ʢʘʤʝʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:: 

60/ = kk Vht (2.70) 

хвt 8,25600022.0/4.3 == . 

2.4.4 ʈʦʟʨʘʭʫʥʦʢ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ 

ɼʦ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʤʘʻʪʴʩʷ ʰʚʠʜʢʠʡ ʬʽʣʴʪʨ, ʷʢʠʡ ʤʘʻ ʜʚʦʭʰʘʨʦʚʝ 

ʟʘʚʘʥʪʘʞʝʥʥʷ: ʚʝʨʭʥʽʡ ʰʘʨ ʚʠʩʦʪʦʶ 0,5 ʤ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʝʨʝʥ ʧʦʜʨʽʙʥʝʥʦʛʦ 

ʘʥʪʨʘʮʠʪʫ ʢʨʫʧʥʽʩʪʶ 0,8é1,8 ʤʤ, ʘ ʥʠʞʥʽʡ ʰʘʨ ʚʠʩʦʪʦʶ 0,8 ʤ ï ʽʟ ʟʝʨʝʥ ʧʽʩʢʫ 

ʢʨʫʧʥʽʩʪʶ 0,5é1,2 ʤʤ. ɺʦʜʘ ʥʘʜʭʦʜʠʪʴ ʜʦ ʬʽʣʴʪʨʽʚ ʧʦ ʞʦʣʦʙʘʤ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʥʘʜ ʬʽʣʴʪʨʫʶʯʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ. 

ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʬʽʣʴʪʨʘ 

ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ [4, ʧ.6.98]: 

нст

повн
ф

vnqnТ

Q

−−
=

ʧʨʧʨʧʨʧʨʥv
F

 , (2.71) 



ʜʝ ʧʦʚʥQ ï ʢʦʨʠʩʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʪʘʥʮʽʾ, ʤ3/ʜʦʙ, ʧʦʚʥQ =59233,64 ʤ3/ʜʦʙ; 

стТ ïʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ ʥʘ ʧʨʦʪʷʟʽ ʜʦʙʠ, ʛʦʜ, стТ =24 ʛʦʜ;

ʥv ïʨʦʟʨʘʭʫʥʢʦʚʘ ʰʚʠʜʢʽʩʪʴ  ʬʽʣʴʪʨʫʚʘʥʥʷ, ʤ/ʛʦʜ, ʥv =10 ʤ/ʛʦ  [4, ʪʘʙʣ.21] 

ʧʨn ï ʯʠʩʣʦ ʧʨʦʤʠʚʦʢ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ ʥʘ ʜʦʙʫ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨn =2;

ʧʨq ï ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʦʜʥʫ ʧʨʦʤʠʚʢʫ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ, ʤ3/ʤ2;

пр ïʯʘʩ ʧʨʦʩʪʦʶ ʬʽʣʴʪʨʘ ʫ ʟʚôʷʟʢʫ ʟ ʧʨʦʤʠʚʢʦʶ, ʛʦʜ, ʜʣʷ ʬʽʣʴʪʨʽʚ, ʱʦ

ʧʨʦʤʠʚʘʶʪʴʩʷ ʚʦʜʦʶ, ʧʨʠʡʤʘʻʪʴʩʷ 0.33 ʛʦʜ [4, ʧ. 6.98]. 

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʦʜʥʫ ʧʨʦʤʠʚʢʫ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 
ʬʦʨʤʫʣʦʶ: 

прпр tWq = , (2.72) 

ʜʝ W ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʤʠʚʢʠ, ʣ/(ʩ*ʤ2), ʧʨʠʡʤʘʻʪʴʩʷ 16 ʣ/(ʩĬʤ2) [4, ʪʘʙʣ..23]; 

прt ï ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʤʠʚʢʠ, ʩ, ʧʨʠʡʤʘʻʪʴʩʷ прt = 6ʭʚ =0,1ʛʦʜ = 360 ʩ 

2
ʬ 7.262

90.332-5.762-1024
59233.64F м=


=

ʂʽʣʴʢʽʩʪʴ ʬʽʣʴʪʨʽʚ ʚʠʟʥʘʯʝʥʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʬF0.5N = (2.73) 

шт87.2625,0F0.5N ʬ ==  

ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ ʜʣʷ ʬʦʨʩʦʚʘʥʦʛʦ ʨʝʞʠʤʫ: 

1

v
NN

N
vнф

−
= (2.74) 

ʜʝ 1N ï ʢʽʣʴʢʽʩʪʴ ʬʽʣʴʪʨʽʚ, ʱʦ ʨʝʤʦʥʪʫʶʪʴʩʷ, ʧʨʠʡʤʘʻʪʴʩʷ 1N =1 [4, ʧ.6.95].

годмф /4.11
18

810v =
−

=



ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʨʠ ʬʦʨʩʦʚʘʥʦʤʫ ʨʝʞʠʤʫ ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 12 ʤ/ʛʦʜ [4, ʪʘʙʣ.21], ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʘʜʦʚʦʣʴʥʷʻ ʮʽʡ 

ʚʠʤʦʟʽ. 

ʇʣʦʱʘ ʯʘʨʫʥʢʠ ʬʽʣʴʪʨʘ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ: 

NFфф /F = , (2.75) 

2338/7.262F мф =

ʇʨʠʡʤʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʨʦʟʤʽʨʠ ʯʘʨʫʥʢʠ ʰʚʠʜʢʦʛʦ ʬʽʣʴʪʨʫ ʫ ʧʣʘʥʽ: ʜʦʚʞʠʥʘ 

L=5,8 ʤ, ʰʠʨʠʥʘ B=5,8ʤ. 

ʅʠʞʥʷ ʯʘʩʪʠʥʘ ʬʽʣʴʪʨʫ ʥʘ ʚʠʩʦʪʫ 0,8 ʤ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʧʽʜʪʨʠʤʫʶʯʠʤ 

ʰʘʨʦʤ ʛʨʘʚʽʶ ʽʟ ʟʝʨʥʘʤʠ ʢʨʫʧʥʽʩʪʶ 2é40 ʤʤ [4 ,ʪʘʙʣ.22]. ɿʘʛʘʣʴʥʘ ʚʠʩʦʪʘ ʚʩʴʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʫ ʩʢʣʘʜʘʻ 0,5+0,8+0,8=2,1 ʤ. ɺʠʩʦʪʘ ʰʘʨʫ ʚʦʜʠ ʥʘʜ 

ʧʦʚʝʨʭʥʝʶ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ 2,0 ʤ, ʧʝʨʝʚʠʱʝʥʥʷ ʙʫʜʽʚʝʣʴʥʦʾ ʚʠʩʦʪʠ ʥʘʜ 

ʨʽʚʥʝʤ ʚʦʜʠ 0,5 ʤ [4, ʧ.6.101]. 

ɺʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʥʘʧʦʨʫ ʧʽʜ ʯʘʩ ʧʨʦʤʠʚʢʠ 

 ++++++= ʚʩ.ʤ.ʚʩ.ʜʚ.ʤʜʚʛʨʬ hhhhhhhh (2.76) 

ʜʝ h ïʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʨʦʟʧʦʜʽʣʴʯʽʡ ʩʠʩʪʝʤʽ ʬʽʣʴʪʨʫ,ʤ;

фh ïʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʬʽʣʴʪʨʫʶʯʦʤʫ ʰʘʨʽ, ʤ; 

грh ïʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʛʨʘʚʽʡʥʦʤʫ ʰʘʨʽ, ʤ;

двh ïʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʪʨʫʙʦʧʨʦʚʦʜʽ, ʷʢʠʡ ʧʽʜʚʦʜʠʪʴ ʧʨʦʤʠʚʥʫ ʚʦʜʫ ʜʦ

ʨʦʟʧʦʜʽʣʴʯʦʾ ʩʠʩʪʝʤʠ ʬʽʣʴʪʨʫ, ʤ; 

мh ïʚʪʨʘʪʠ ʥʘʧʦʨʫ ʥʘ ʤʽʩʮʝʚʽ ʦʧʦʨʠ ʫ ʬʘʩʦʥʥʠʭ ʯʘʩʪʠʥʘʭ ʪʘ ʘʨʤʘʪʫʨʽ, ʤ;

..двв сh ïʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʽʡ ʣʽʥʽʾ ʧʦ ʜʦʚʞʠʥʽ, ʤ;

..мв сh ïʚʪʨʘʪʠ ʥʘʧʦʨʫ ʥʘ ʤʽʩʮʝʚʽ ʦʧʦʨʠ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʽʡ ʣʽʥʽʾ, ʤ.

ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʨʦʟʧʦʜʽʣʴʯʽʡ ʩʠʩʪʝʤʽ ʬʽʣʴʪʨʫ: 
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 , (2.77) 

ʜʝ ʢv ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʥʘ ʧʦʯʘʪʢʫ ʢʦʣʝʢʪʦʨʘ, ʤ/ʩ; ʧʨʠʡʥʷʪʘ ʢv =1,12 ʤ/ʩ; 

ʙ.ʚ.v ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʥʘ ʚʭʦʜʽ ʫ ʚʽʜʛʘʣʫʞʝʥʥʷ, ʤ/ʩ; ʧʨʠʡʥʷʪʘ ʙ.ʚ.v =1.76 ʤ/ʩ; 

 ï ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ.

ʂʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʜʣʷ ʢʦʣʣʝʢʪʦʨʘ ʟ ʚʽʜʛʘʣʫʞʝʥʥʷʤʠ ʟ 

ʢʨʫʛʣʠʤʠ ʦʪʚʦʨʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

12,2
2
n

+=
К

 , (2.78) 

ʜʝ nʂ ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʬʦʨʘʮʽʾ, 215.0  nK  [4, ʧ.6.86]. 

ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʬʦʨʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

00 / SFKn = , (2.79) 

ʜʝ 0F ï ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʦʪʚʦʨʽʚ, 2м ; 0F =0,0841 2м

0S ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʢʦʣʝʢʪʦʨʘ, 2м : 

4/2
0 колДS =  , (2.80) 

22
0 5,04/8,014,3 мS == ; 17,05,0/0841,0 ==nK ; 1.771

18,0
2,2
2 =+=  

мh 04,5
81,92

76,1
81,92

12,1
1.77

22

=


+


= . 

ɺʪʨʘʪʠ ʫ ʬʽʣʴʪʨʫʶʯʦʤʫ ʰʘʨʽ ʧʨʠʡʤʘʶʪʴʩʷ ʨʽʚʥʠʤʠ ʪʦʚʱʠʥʽ ʰʘʨʫ 

ʟʘʚʘʥʪʘʞʝʥʥʷ, ʪʦʙʪʦ фh =1,3 ʤ. 

ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʛʨʘʚʽʡʥʦʤʫ ʰʘʨʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

W022,0 .. = шгргр hh , (2.81) 

ʜʝ ..шгрh ï ʪʦʚʱʠʥʘ ʛʨʘʚʽʡʥʦʛʦ ʰʘʨʫ, ʤ; ʧʨʠʡʥʷʪʘ ..шгрh =0,8ʤ.

мhгр 28,0168,0022,0 ==



ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʪʨʫʙʦʧʨʦʚʦʜʽ, ʱʦ ʧʽʜʚʦʜʠʪʴ ʧʨʦʤʠʚʥʫ ʚʦʜʫ ʜʦ 

ʨʦʟʧʦʜʽʣʴʯʦʾ ʩʠʩʪʝʤʠ ʬʽʣʴʪʨʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

ʪʨl= трдв іh . (2.82) 

ʜʝ трі  ï ʧʠʪʦʤʽ ʚʪʨʘʪʠ ʥʘʧʦʨʫ, ʥʘ ʦʜʠʥ ʬʽʣʴʪʨ ʥʘʜʭʦʜʠʪʴ ʚʠʪʨʘʪʘ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ

сл /528 , cмvммd /03,1;800 == ; 

ʪʨl  ï ʜʦʚʞʠʥʘ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʧʦ ʧʣʘʥʫ ʙʫʜʽʚʣʽ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʧʨʠʡʤʘʻʪʴʩʷ 68 ʤ. 

ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʥʘ ʤʽʩʮʝʚʽ ʦʧʦʨʠ ʫ ʬʘʩʦʥʥʠʭ ʯʘʩʪʠʥʘʭ ʪʘ ʘʨʤʘʪʫʨʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

двм hh = 3,0 (2.83) 

мhм 3,01.03,0 ==  

ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʽʡ ʣʽʥʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

=..дввсh ʚʩlв сі , (2.84) 

ʜʝ в сі ï ʧʠʪʦʤʽ ʚʪʨʘʪʠ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʽʡ ʣʽʥʽʾ, ʤ;

ʚʩl ïʜʦʚʞʠʥʘ ʚʩʤʦʢʪʫʚʘʣʴʥʦʾ ʣʽʥʽʾ, ʤ;  ʚʩl =100 ʤ.

ʇʨʠ ʧʨq =528 ʣ/ʩ ʧʨʠʡʤʘʻʪʴʩʷ ʜʽʘʤʝʪʨ ʚʩʤʦʢʪʫʚʘʣʴʥʦʾ ʣʽʥʽʾ 

ɼ=900ʤʤ; смvi /88.0;826.01000 == . 

=..дввсh м1,0100000826,0 = . 

ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʥʘ ʤʽʩʮʝʚʽ ʦʧʦʨʠ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʽʡ ʣʽʥʽʾ: 
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2

..  , (2.85) 

ʜʝ м  ï ʢʦʝʬʽʮʽʻʥʪ ʤʽʩʮʝʚʠʭ ʦʧʦʨʽʚ: ʢʦʣʽʥʦ 900: 5,01=м  ï 1ʰʪ; ʟʘʩʫʚʢʘ: 15,02=м  ï 1

ʰʪ; ʚʭʽʜ ʫ ʪʨʫʙʫ: 5,03=м  ï 1 ʰʪ; ʧʝʨʝʭʦʜʠ: 2,04=м  ï 2 ʰʪ.



55,122,05,015,05,02111 4321 =+++=+++= ммммм  . 

061.0
81.92

88.055.1
2

.. =


=мв сh ʤ. 

 =++++++= м2,7061,01,03,01,028,03,109,5h . 

ʅʘʩʦʩʠ ʜʣʷ ʧʨʦʤʠʚʢʠ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ 

ʅʝʦʙʭʽʜʥʠʡ ʥʘʧʽʨ ʥʘʩʦʩʫ ʜʣʷ ʧʨʦʤʠʚʢʠ ʰʚʠʜʢʦʛʦ ʬʽʣʴʪʨʫ: 

 ++= ʥʘʩʛ hhhнасН , (2.86) 

ʜʝ ʛh -ʛʝʦʤʝʪʨʠʯʥʘ ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ ʚʦʜʠ ʚʽʜ ʜʥʘ ʈʏɺ ʜʦ ʚʝʨʭʥʴʦʾ ʢʨʦʤʢʠ ʞʦʣʦʙʽʚ 

ʫ ʰʚʠʜʢʦʤʫ ʬʽʣʴʪʨʽ,ʤ; 

ʥʘʩh -ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʥʘʩʦʩʥʽʡ ʩʪʘʥʮʽʾ, ʤ; ʧʨʠʡʥʷʪʽ ʥʘʩh =1,5 ʤ [ 5 ]. 

ɻʝʦʤʝʪʨʠʯʥʘ ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

жзРЧВг HHHh ++= (2.87) 

ʜʝ РЧВH - ʛʣʠʙʠʥʘ ʚʦʜʠ ʚ ʨʝʟʝʨʚʫʘʨʽ ʯʠʩʪʦʾ ʚʦʜʠ, ʤ; ʧʨʠʡʤʘʻʪʴʩʷ РЧВH =5ʤ; 

зH -ʚʠʩʦʪʘ ʬʽʣʴʪʨʫʶʯʦʛʦ  ʰʘʨʫ, ʤ; ʧʨʠʡʤʘʻʪʴʩʷ зH =1,3 ʤ; 

жH -ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʢʨʦʤʦʢ ʞʦʣʦʙʽʚ, 

жH =0,95 ʤ. 

мhг 25,795,03,15 =++= . мНнас 2,165,14,725,7 =++= . 

ʅʝʦʙʭʽʜʥʘ ʧʦʜʘʯʘ ʥʘʩʦʩʫ ʩʪʘʥʦʚʠʪʴ ʧʨq =528ʣ/ʩ=1900,8 годм /3 . ɺʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʧʨʦʤʠʚʥʽ ʥʘʩʦʩʠ ɼ2000-21 (1ʨʦʙʦʯʠʡ ʪʘ 1 ʨʝʟʝʨʚʥʠʡ). 

2.4.5 ʈʦʟʨʘʭʫʥʦʢ ʨʝʟʝʨʚʫʘʨʽʚ ʯʠʩʪʦʾ ʚʦʜʠ 

ʅʘ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʨʝʟʝʨʚʫʘʨʠ ʯʠʩʪʦʾ ʚʦʜʠ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ 

ʨʝʛʫʣʶʶʯʦʾ ʪʘ ʟʘʧʘʩʥʦʾ ʻʤʥʦʩʪʽ.  

ʇʦʚʥʠʡ ʦʙôʻʤ ʨʝʟʝʨʚʫʘʨʽʚ ʯʠʩʪʦʾ ʚʦʜʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 



пфшрегРЧВ WWWW ++= .. , (2.88) 

ʜʝ регW ï ʨʝʛʫʣʶʶʯʠʡ ʦʙʻʤ ʈʏɺ, 3м ; 

..фшW ï ʦʙ ʻʤ ʚʦʜʠ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʨʦʤʠʚʢʠ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ, 3м ; 

пW ï ʦʙôʻʤ ʥʝʜʦʪʦʨʢʘʥʦʛʦ ʧʦʞʝʞʥʦʛʦ ʟʘʧʘʩʫ, 3м . 

ʈʝʛʫʣʶʶʯʠʡ ʦʙ,ʻʤ ʨʝʟʝʨʚʫʘʨʽʚ ʯʠʩʪʦʾ ʚʦʜʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ  

ʦʙ, ʻʤʫ ʚʦʜʦʥʘʧʽʨʥʦʾ ʙʘʰʪʠ.  

ʊʘʙʣʠʮʷ  2.7 ï ɺʠʟʥʘʯʝʥʥʷ ʨʝʛʫʣʶʶʯʦʛʦ ʦʙ,ʻʤʫ ʨʝʟʝʨʚʫʘʨʽʚ ʯʠʩʪʦʾ ʚʦʜʠ 

ɻʦʜʠʥʠ 
ʜʦʙʠ 

ɺʽʜʙʽʨ 
ʥʘʩʦʩʘʤʠ,% 

ʅʘʜʭʦʜʞʝʥʥʷ 
ʟ ʦʯʠʩʥʠʭ 
ʩʧʦʨʫʜ,% 

ʅʘʜʭʦʜʞʝʥʥʷ 
ʚ ʈʏɺ, % 

ɺʽʜʙʽʨ ʟ 
ʈʏɺ,% 

ɿʘʣʠʰʦʢ 
ʫ ʈʏɺ,% 

1 2 3 4 5 6 
0-1 2,93 4,17 1,24 -1,24 
1-2 2,93 4,17 1,24 -2,48 
2-3 2,93 4,17 1,24 -3,72 
1 2 3 4 5 6 
3-4 2,93 4,17 1,24 -4,96 
4-5 2,93 4,17 1,24 -6,2 
5-6 4,68 4,17 0,51 -5,69 
6-7 4,68 4,17 0,51 -5,18 
7-8 4,68 4,17 0,51 -4,67 
8-9 4,68 4,17 0,51 -4,16 
9-10 4,68 4,17 0,51 -3,65 
10-11 4,68 4,16 0,52 -3,13 
11-12 4,68 4,16 0,52 -2,61 
12-13 4,67 4,16 0,51 -2,1 
13-14 4,67 4,16 0,51 -1,59 
14-15 4,67 4,16 0,51 -1,08 
15-16 4,67 4,16 0,51 -0,57 



16-17 4,67 4,16 0,51 -0,06 
17-18 4,67 4,16 0,51 0,45 
18-19 4,67 4,17 0,5 0,95 
19-20 4,68 4,17 0,51 1,46 
20-21 4,68 4,17 0,51 1,97 
21-22 4,68 4,17 0,51 2,48 
22-23 2,93 4,17 1,24 1,24 
23-24 2,93 4,17 1,24 0 
ɺʩʴʦʛʦ 100 100 8,68 8,68 

регW = /-6,2/+2,48=8,68%, ʪʦʙʪʦ 5141,5 3м

Qʧ =2(35+5)+*0,5*(20+15)=97,5 ʣ/ʩ. 

ʆʙôʻʤ ʥʝʜʦʪʦʨʢʘʥʦʛʦ ʧʦʞʝʞʥʦʛʦ ʟʘʧʘʩʫ: 

 −+= 1QQQtW макспожп ,  (2.89) 

ʜʝ пожQ ï ʧʦʚʥʘ ʧʦʞʝʞʥʘ ʚʠʪʨʘʪʘ, 3м : 

1000
m3600 пож

пож

q
Q


= ,  (2.90) 

ʜʝ m ï-ʯʠʩʣʦ ʦʜʥʦʯʘʩʥʠʭ ʧʦʞʝʞ, m =2; пожQ =35ʣ/ʩ ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʥʘ 
ʟʦʚʥʽʰʥʻ ʧʦʞʝʞʝʛʘʩʽʥʥʷ; t ï ʪʨʠʚʘʣʽʩʪʴ ʧʦʞʝʞʝʛʘʩʽʥʥʷ, 3 ʛʦʜ, 

годмQпож /252
1000

3523600 3=


= ;  максQ ï ʩʫʤʘʨʥʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʟʘ ʪʨʠ ʩʫʤʽʞʥʠʭ

ʛʦʜʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ, 3м ; 1Q ï ʚʠʪʨʘʪʘ ʚʦʜʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ 
ʬʦʨʤʫʣʦʶ: 

tQQ = 17.41  (2.91 
3

1 1.7410100/364.5923317.4Q м==

ʆʙôʻʤ ʚʦʜʠ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 2 ʧʨʦʤʠʚʦʢ ʰʚʠʜʢʦʛʦ ʬʽʣʴʪʨʫ: 

60tq2W ʧʨ =  (2.92) 
3

.hʬ. ʤ2,380606528,02W ==

ʊʦʜʽ пW =3Ĭ252+2991,32+3105,08+2912,00-7410,1=2354,3 3м

378763.23542,3805.5141 мWРЧВ =++=



ʇʨʠʡʤʘʶʪʴʩʷ 3 ʨʝʟʝʨʚʫʘʨʠ ʯʠʩʪʦʾ ʚʦʜʠ ʻʤʥʽʩʪʶ 4050 3м  ʟ ʨʦʟʤʽʨʘʤʠ 27Ĭ27 ʤ 

ʪʘ ʚʠʩʦʪʦʶ 3,9 ʤ(ʚʠʩʦʪʘ ʰʘʨʫ ʚʦʜʠ 3,6 ʤ). 

2.4.6 ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʦʯʠʱʝʥʥʷ ʧʨʦʤʠʚʥʠʭ ʚʦʜ 

2.4.6.1 ɺʠʟʥʘʯʝʥʥʷ ʦʙ, ʻʤʫ ʧʨʦʤʠʚʥʠʭ ʚʦʜ 

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʦʜʥʫ ʧʨʦʤʠʚʢʫ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ (2.74): 

ɺʠʪʨʘʪʘ ʚʦʜʠ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʦʤʠʚʢʠ ʦʜʥʽʻʾ ʯʘʨʫʥʢʠ ʬʽʣʴʪʨʘ ʚʠʟʥʘʯʝʥʘ 

ʧʦ ʬʦʨʤʫʣʽ  (2.78): 

смслq /538,0/5281664.33 3
ʧʨʦʤ ===

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ  ʪʨʠʚʘʣʽʩʪʴ ʦʜʥʽʻʾ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʘ 0,1 ʛʦʜ=360ʩ, ʘ ʟʘ ʜʦʙʫ 

ʢʦʞʥʠʡ ʬʽʣʴʪʨ ʧʨʦʠʤʠʚʘʻʪʴʩʷ 2 ʨʘʟʠ, ʪʦ ʥʘ ʧʨʦʤʠʚʢʫ ʦʜʥʦʛʦ ʰʚʠʜʢʦʛʦ ʬʽʣʴʪʨʘ ʟʘ 

ʜʦʙʫ ʚʠʪʨʘʯʘʻʪʴʩʷ: 

34.387360538,02 м=  

2.4.6.2 ʈʦʟʨʘʭʫʥʦʢ ʧʨʠʡʤʘʣʴʥʠʭ ʢʘʤʝʨ 

ʇʽʩʣʷ ʧʨʦʤʠʚʢʠ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʧʨʦʤʠʚʥʘ ʚʦʜʘ ʫ ʢʽʣʴʢʦʩʪʽ 

слqпром /538= ʥʘʜʭʦʜʠʪʴ ʥʘ ʩʪʘʥʮʽʶ ʦʯʠʱʝʥʥʷ ʧʦ ʜʚʦʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ 

ʜʽʘʤʝʪʨʦʤ 400 ʤʤ ʢʦʞʥʠʡ. ɺʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʠʧʦʚʘ ʧʨʠʡʤʘʣʴʥʘ ʢʘʤʝʨʘ ʇʂ-2-60 ʟ 

ʨʦʟʤʽʨʘʤʠ: ʜʦʚʞʠʥʘ ɸ= 1600 ʤʤ; ʰʠʨʠʥʘ ɺ= 2000ʤʤ; ʛʣʠʙʠʥʘ ʅ=1600 ʤʤ. 

2.4.6.3 ʈʦʟʨʘʭʫʥʦʢ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯʽʚ 

ɿ ʧʨʠʡʤʘʣʴʥʦʾ ʢʘʤʝʨʠ ʚʦʜʘ ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯ. ʇʨʠʡʤʘʻʪʴʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯ ʟ ʧʨʷʤʦʣʽʥʽʡʥʠʤ ʨʫʭʦʤ ʚʦʜʠ ʥʘ ʜʚʘ ʨʦʙʦʯʠʭ 

ʚʽʜʜʽʣʝʥʥʷ (ʦʜʥʝ ʚʽʜʜʽʣʝʥʥʷ ʨʝʟʝʨʚʥʝ)[9]. ʇʣʦʱʘ ʞʠʚʦʛʦ ʧʝʨʝʪʠʥʫ ʢʦʞʥʦʛʦ 

ʚʽʜʜʽʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ: 

nV

q
w


= ,  (2.93) 



ʜʝ qï ʚʠʪʨʘʪʘ ʚʦʜʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯ, ʤ3/ʩ; 

V ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ, ʤ/ʩ [9]; 

n ï ʯʠʩʣʦ ʚʽʜʜʽʣʝʥʴ ʫ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯʽ [8]. 

29,0
23,0

538,0
мw =


=

ɻʣʠʙʠʥʘ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠʡʤʘʻʪʴʩʷ мh 7.0= [9]. ʐʠʨʠʥʘ ʚʽʜʜʽʣʝʥʥʷ: 

мhwB 3.17.0/9.0/ ===

ɼʦʚʞʠʥʘ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

oU

1000VhkL 
= ,  (2.94) 

ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ, ʧʨʠʡʥʷʪʠʡ ʧʦ [9], k =1,3; 

oU ï ʛʽʜʨʘʚʣʽʯʥʘ ʢʨʫʧʥʽʩʪʴ ʧʽʩʢʫ, ʤʤ/ʩ ʧʦ [9] oU =22,4 ʤʤ/ʩ. 

м2.12
4.22

10000,30,71,3L =


= . 

ʊʦʜʽ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʚ ʧʽʩʢʦʚʣʦʚʣʶʚʘʯʽ: 

сщоcVLT 30,7.403.0/2.12/ === . 

ʊʨʠʚʘʣʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ [9]. 

ɻʝʦʤʝʪʨʠʯʥʘ ʛʣʠʙʠʥʘ ʧʽʩʢʦʣʦʚʢʠ ʧʨʠʡʤʘʻʪʴʩʷ: 

мhhH пп 6,17,02,07,07.01 =++=++= . 

2.4.6.4 ʈʦʟʨʘʭʫʥʦʢ ʟʛʫʱʫʚʘʯʽʚ 

ʆʙ, ʻʤ ʟʛʫʱʫʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

....3.1W чосорзг WK = ,  (2.95) 

ʜʝ ..орK ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʙʘʚʣʝʥʥʷ ʦʩʘʜʫ, ..орK =1,5 [1, ʧ.6.74]. 

..чосW ï ʦʙʻʤ ʦʩʘʜʫ, ʤ3. 

ʇʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʽʟ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ 80% 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʚʪʦʨʥʦ, ʘ 20% ʩʢʠʜʘʻʪʴʩʷ ʟ ʦʩʘʜʦʤ. ɿʛʽʜʥʦ [1, ʜʦʜ.9] ʯʠʩʣʦ 



ʟʛʫʱʫʚʘʯʽʚ ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʽʦʜʠʯʥʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʦʩʘʜʫ ʪʘ 

ʪʨʠʚʘʣʦʩʪʽ ʮʠʢʣʫ ʟʛʫʱʝʥʥʷ. ʊʦʜʽ ʢʽʣʴʢʽʩʪʴ ʚʽʜʩʪʦʷʥʦʾ ʚʦʜʠ, ʱʦ ʧʝʨʝʢʘʯʫʻʪʴʩʷ ʥʘ 

ʧʦʚʪʦʨʥʫ ʦʯʠʩʪʢʫ ʩʪʘʥʦʚʠʪʴ: 3
1 3108.04.3878.0Q мq == . ʊʨʠʚʘʣʽʩʪʴ 

ʧʝʨʝʢʘʯʫʚʘʥʥʷ годхв 25,015t1 == . ʇʨʦʜʢʫʪʠʚʥʽʩʪʴ ʥʘʩʦʩʽʚ: 

годмtQq /124025.0/310/ 3
111 === . ʇʨʠʡʤʘʶʪʴʩʷ 2 ʥʘʩʦʩʠ (1 ʨʦʙʦʯʠʡ ʪʘ 1 ʨʝʟʝʨʚʥʠʡ) 

ʤʘʨʢʠ ɼ1250-14 [4,5]. ʆʩʘʜ ʚ ʦʙ,ʻʤʽ 3
2 5.772.04.387Q м==  ʧʦʜʘʻʪʴʩʷ ʫ ʟʛʫʱʫʚʘʯ. 

ʊʨʠʚʘʣʽʩʪʴ ʧʝʨʝʢʘʯʫʚʘʥʥʷ годхв 33,020t 2 == , ʪʦʜʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʩʦʩʫ: 

годмtQq /8.23433.0/5.77/ 3
222 === . 

ɼʣʷ ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʦʩʘʜʫ ʧʨʠʡʤʘʻʪʴʩʷ ʜʚʘ ʥʘʩʦʩʠ ʤʘʨʢʠ ʉɼ 250/14 (1 

ʨʦʙʦʯʠʡ ʪʘ 1 ʨʝʟʝʨʚʥʠʡ). 
39.2515.775,23.1W мзг ==

ʇʨʠʡʤʘʶʪʴʩʷ 2 ʟʛʫʱʫʚʘʯʘ ʜʽʘʤʝʪʨʦʤ 6,0ʤ; ʛʣʠʙʠʥʦʶ 4,5 ʤ. ʋʭʠʣ ʜʥʘ ʜʦ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʠʷʤʢʘ ʩʪʘʥʦʚʠʪʴ 80.ʊʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ ʟʛʫʱʝʥʥʷ ʜʣʷ ʚʦʜ ʩʝʨʝʜʥʴʦʾ 

ʤʫʪʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ 8 ʛʦʜ, ʩʝʨʝʜʥʷ ʚʦʣʦʛʽʩʪʴ ʟʛʫʱʝʥʦʛʦ ʦʩʘʜʫ ï 96,8-97,3 % [4, ʜʦʜ. 

9]. 

2.4.6.5 ʈʦʟʨʘʭʫʥʦʢ ʥʘʢʦʧʠʯʫʚʘʯʽʚ 

ɿʛʫʱʝʥʠʡ ʦʩʘʜ ʚʠʚʦʟʠʪʴʩʷ ʜʦ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ï ʩʧʣʘʥʦʚʘʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ 

ʛʣʠʙʠʥʦʶ  2 ʤ, ʦʙʚʘʣʦʚʘʥʠʭ ʛʨʫʥʪʦʤ, ʥʘ ʧʨʠʨʦʜʥʽʡ ʦʩʥʦʚʽ. ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʧʝʨʽʦʜ 

ʧʦʜʘʯʽ ʦʩʘʜʫ ʚ ʥʘʢʦʧʠʯʫʚʘʯʽ ʧʨʠʡʤʘʻʪʴʩʷ 5 ʨʦʢʽʚ [1, ʜʦʜ. 9]. ʆʙ,ʻʤ ʥʘʢʦʧʠʯʫʚʘʯʘ 

ʚʠʟʥʘʯʝʥʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

])100/(1...)100/(1)100/(1[876.0W nn21  осососвнак PPPCq −++−+−=  

ʜʝ qï ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʤ3/ʛʦʜ; 

n21 ...; ососос PPP ï ʚʽʜʧʦʚʽʜʥʦ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʫ ʚʽʜʩʦʪʢʘʭ ʧʝʨʰʦʛʦ, 

ʜʨʫʛʦʛʦ, n-ʛʦ ʨʦʢʫ ʫʱʽʣʴʥʝʥʥʷ ʦʩʘʜʫ [4, ʜʦʜ. 9, ʨʠʩ. 1]; 

n21 ...;  ï ʛʫʩʪʠʥʘ ʦʩʘʜʫ ʧʝʨʰʦʛʦ; ʜʨʫʛʦʛʦ, n-ʛʦ ʨʦʢʫ ʫʱʽʣʴʥʝʥʥʷ, ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ 

[4, ʜʦʜ. 9, ʨʠʩ. 1]; 

n  ï ʧʝʨʽʦʜ ʧʦʜʘʯʽ ʦʩʘʜʫ ʚ ʥʘʢʦʧʠʯʫʚʘʯ, ʜʦʨʽʚʥʶʻ 5 ʨʦʢʽʚ; 



вC ï ʩʝʨʝʜʥʴʦʨʽʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʯʘʪʢʦʚʽʡ ʚʦʜʽ, ʛ/ʤ3,

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ (2.52): 

лмгСв /3,18937525,0355,0150 =+++=  

( ) ( ) ( ) ( ) ( ) 17,173100/116,174100/115,176100/114,178100/11,183100/1
103.1891.2468876,0W

3

−+−+−+−+−


=

−

нак

32110W мнак = . 

ʇʨʠʡʤʘʻʪʴʩʷ  ʯʦʪʠʨʴʦʭʩʝʢʮʽʡʥʠʡ ʥʘʢʦʧʠʯʫʚʘʯ (ʦʙʻʤ ʩʝʢʮʽʾ 529,2ʤ3), ʨʦʟʤʽʨ 

ʦʜʥʽʻʾ ʩʝʢʮʽʾ ʫ ʧʣʘʥʽ 21Ĭ21Ĭ1,2ʤ. 

2.4.7 ɺʠʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʽʚ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ 

ʈʝʟʫʣʴʪʘʪʠ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 

2.8. 

ʊʘʙʣʠʮʷ 2.8 ï ɺʠʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʽʚ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʚ 
ʪʨʫʙʦʧʨʦʚʦʜʽ 

ɼ, ʤʤ ʈʝʢʦʤʝʥʜʦʚʘʥʘ 
ʰʚʠʜʢʽʩʪʴ, ʤ/ʩ 

ʌʘʢʪʠʯʥʝ 
ʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ 
1.ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ ʚʦʜʠ ʥʘ
ʟʤʽʰʫʚʘʯʽ 
ʥʘ ʦʜʠʥ ʟʤʽʰʫʚʘʯ 

800 
450 

1,2é1,5 1,41 
1,39 

2.ɺʽʜʚʝʜʝʥʥʷ ʚʦʜʠ:
ʚʽʜ ʫʩʽʭ ʟʤʽʰʫʚʘʯʽʚ 
ʚʽʜ ʦʜʥʦʛʦ ʟʤʽʰʫʚʘʯʘ 

1000 
600 

0,6é1,0 0,9 
0,6 

3.ʇʦʜʘʯʘ ʚʦʜʠ ʥʘ ʚʽʜʩʪʽʥʠʢʠ:
ʟʘʛʘʣʴʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ 
ʥʘ ʦʜʠʥ ʚʽʜʩʪʽʡʥʠʢ 

1200 
450 

0,5é0,6 0,629 
0,52 

4.ʇʦʜʘʯʘ ʚʽʜʩʪʦʷʥʦʾ ʚʦʜʠ:
ʥʘ ʬʽʣʴʪʨʠ (ʟʘʛʘʣʴʥʠʡ) 
ʚʽʜ ʦʜʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ 

1000 
400 

0,6é0,9 0,9 
0,67 

5.ʊʨʫʙʦʧʨʦʚʽʜ ʚʽʜʚʝʜʝʥʥʷ 
ʦʩʘʜʫ: 
ʚʽʜ ʦʜʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ 
 ʟʘʛʘʣʴʥʠʡ 

200 
1400 

ʅʝ ʤʝʥʰʝ 1 ʤ/ʩ 1,14 

1,46 



2.4.8 ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ 

ɿʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ ʚʠʢʦʥʫʻʪʴʩʷ ʭʣʦʨʥʦʶ ʚʦʜʦʶ ʧʝʨʝʜ ʟʤʽʰʫʚʘʯʘʤʠ ʪʘ 

ʧʝʨʝʜ ʈʏɺ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʛʦʜʠʥʘ ʚʠʪʨʘʪʘ ʭʣʦʨʫ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʭʣʦʨʫʚʘʥʥʷ: 

241000
ɼQ

Q
/
ʭʣʜʦʙ/

ʭʣ



= ,  (2.96) 

ʜʝ /
хлД ï ʜʦʟʘ ʭʣʦʨʫ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ  ʭʣʦʨʫʚʘʥʥʷ, ʤʛ/ʣ, /

хлД =3 ʤʛ/ʣ [4]. 

годкг /7.7
241000
361603Q /

ʭʣ =



=

ʈʦʟʨʘʭʫʥʢʦʚʘ ʛʦʜʠʥʘ ʚʠʪʨʘʪʘ ʜʣʷ ʚʪʦʨʠʥʥʦʛʦ ʭʣʨʦʨʫʚʘʥʥʷ: 

241000
ɼQ

Q
//
ʭʣʜʦʙ//

ʭʣ



=

ʜʝ /
хлД ï ʜʦʟʘ ʭʣʦʨʫ ʜʣʷ ʚʪʦʨʠʥʥʦʛʦ  ʭʣʦʨʫʚʘʥʥʷ, ʤʛ/ʣ, /

хлД =1 ʤʛ/ʣ [ 4 ]. 

годкг /6,2
241000
161603Q /

ʭʣ =



=

ɺ ʭʣʦʨʘʪʦʨʥʽʡ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʘʢʫʫʤʥʽ ʭʣʦʨʘʪʦʨʠ ʃʆʅʀʀ-100 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 4,5 ʢʛ/ʛʦʜ  ʫ ʢʽʣʴʢʦʩʪʽ 3 ʰʪ (2 ʨʦʙʦʯʠʭ ʪʘ 1 ʨʝʟʝʨʚʥʠʡ) ʜʣʷ 

ʧʝʨʚʠʥʥʦʛʦ ʭʣʦʨʫʚʘʥʥʷ ʪʘ ʪʨʠ ʭʣʦʨʘʪʦʨʘ (2 ʨʦʙʦʯʠʭ ʪʘ 1 ʨʝʟʝʨʚʥʠʡ)  

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 1,5 ʢʛ/ʛʦʜ ʜʣʷ ʚʪʦʨʠʥʥʦʛʦ ʭʣʦʨʫʚʘʥʥʷ. 

ɿʘʛʘʣʴʥʘ ʚʠʪʨʘʪʘ ʭʣʦʨʫ ʩʪʘʥʦʚʠʪʴ: 

6.ʊʨʫʙʦʧʨʦʚʽʜ ʧʽʜʚʝʜʝʥʥʷ 
ʚʦʜʠ ʥʘ ʦʩʚʽʪʣʝʥʥʷ: 
ʥʘ ʚʩʽ ʬʽʣʴʪʨʠ 
ʥʘ ʦʜʠʥ ʬʽʣʴʪʨ 

800 
300 

1é1,5 
1,41 
1,17 

7.ʊʨʫʙʦʧʨʦʚʽʜ ʚʽʜʚʝʜʝʥʥʷ 
ʦʩʚʽʪʣʝʥʦʾ ʚʦʜʠ: 
ʚʽʜ ʦʜʥʦʛʦ ʬʽʣʴʪʨʘ 
ʟʘʛʘʣʴʥʠʡ 

300 
800 

1é1,5 1,17 
1,41 

8.ʊʨʫʙʦʧʨʦʚʽʜ ʥʘʜʭʦʜʞʝʥʥʷ
ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ (528 ʣ/ʩ) 

800 
0,8é1,2 

1,03 
9. ɺʽʜʚʝʜʝʥʥʷ ʧʨʦʤʠʚʥʦʾ
ʚʦʜʠ 

800 0,8é1,2 1,03 



///
хлхлхл QQQ +=  (2.97) 

годкгQхл /3.106.27.7 =+=  

ʂʽʣʴʢʽʩʪʴ ʚʠʪʨʘʪʥʠʭ ʭʣʦʨʥʠʭ ʙʘʣʦʥʽʚ: 

балхлбал SQn /= ,  (2.98) 

ʜʝ балS ï ʢʽʣʴʢʽʩʪʴ ʭʣʦʨʫ, ʷʢʠʡ ʤʦʞʥʘ ʚʟʷʪʠ ʟ ʦʜʥʦʛʦ ʙʘʣʦʥʫ ʻʤʥʽʩʪʶ 40 ʣ ʙʝʟ 

ʰʪʫʯʥʦʛʦ ʧʽʜʽʛʨʽʚʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ С016 ; ʧʨʠʡʤʘʻʪʴʩʷ балS =0,7 ʢʛ/ʛʦʜ. 

штnбал 157.147,0/3.10 ==  

ʅʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʜʽʞʦʢ - ʚʠʧʘʨʶʚʘʯʽʚ ʜʣʷ ʭʣʦʨʫ: 

)/( діждіжхлдіж FSQn = ,  (2.99) 

ʜʝ діжS ï ʢʽʣʴʢʽʩʪʴ ʭʣʦʨʫ, ʷʢʠʡ ʤʦʞʥʘ ʚʟʷʪʠ ʟ  1 2м ʙʦʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʦʜʥʽʻʾ ʜʽʞʢʠ 
ʧʨʠʡʤʘʻʪʴʩʷ діжS =3,0 ʢʛ/ʛʦʜ [ 6 ]; 

діжF ï ʧʣʦʱʘ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ  ʜʽʞʢʠ -ʚʠʧʘʨʶʚʘʯʘ, 2м ; ʧʨʠʡʤʘʻʪʴʩʷ діжF =4,7 
2м . 

штnдіж 1)7,43/(3.10 =  

ɿʘʛʘʣʴʥʘ ʥʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʙʘʣʦʥʽʚ ʟʘ ʜʦʙʫ: 

24= балбал nN , 

штNбал 3602415 == . 

ʇʦʨʷʜ ʟ ʭʣʦʨʘʪʦʨʥʦʶ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʨʠʤʽʱʝʥʥʷ, ʚ ʷʢʦʤʫ ʟʙʝʨʽʛʘʻʪʴʩʷ 3-

ʜʦʙʦʚʠʡ ʟʘʧʘʩ ʙʘʣʦʥʽʚ. 

2.4.9 ʈʦʟʨʘʭʫʥʦʢ ʚʠʩʦʪʥʦʾ ʩʭʝʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ 

ʇʦ ʪʝʨʠʪʦʨʽʾ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʚʦʜʘ ʨʫʭʘʻʪʴʩʷ ʩʘʤʦʧʣʠʚʦʤ. ʇʦʟʥʘʯʢʠ 

ʨʽʚʥʽʚ ʚʦʜʠ ʚ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜʘʭ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʧʦʟʥʘʯʦʢ ʨʽʚʥʶ ʟʝʤʣʽ. 

ʇʦʟʥʘʯʢʘ ʚʦʜʠ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʯʠʩʪʦʾ ʚʦʜʠ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘ 0,5 ʤʝʪʨʘ ʚʠʱʝ ʧʦʟʥʘʯʢʠ 

ʟʝʤʣʽ, ʪʦʙʪʦ: 

мZРЧВ 5,535.00,53 =+= .

ɺʝʣʠʯʠʥʠ ʚʪʨʘʪ ʥʘʧʦʨʫ ʚ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜʘʭ ʽ ʢʦʤʫʥʽʢʘʮʽʷʭ ʧʨʠʡʤʘʶʪʴʩʷ 

ʟʛʽʜʥʦ ʽʟ [4, ʧ.6.219]. 



ʇʦʟʥʘʯʢʘ ʚʦʜʠ ʚ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ: 

1.. h+= РЧВфш ZZ ,  (2.100) 

ʜʝ 1h ï ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʚ ʢʦʤʫʥʽʢʘʮʽʷʭ ʥʘ ʰʣʷʭʫ ʚʽʜ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʜʦ

ʨʝʟʝʨʚʫʘʨʽʚ ʯʠʩʪʦʾ ʚʦʜʠ, ʤ; 1h =0,5 ʤ [4, ʧ.6.219].

мZ фш 545,05,53.. =+=

ɺʨʘʭʦʚʫʶʯʠ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ, ʧʨʠʡʤʘʻʪʴʩʷ =..фшZ 54,0 ʤ. 

ʇʦʟʥʘʯʢʘ ʚʦʜʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʚʽʜʩʪʽʡʥʠʢʘʭ: 

32.... hhZZ фшвг ++=  (2.101) 

ʜʝ 2h ï ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʘʭ, ʤ; 2h =3,0 ʤ [1, ʧ.6.219];

3h ï ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʚ ʢʦʤʫʥʽʢʘʮʽʷʭ ʥʘ ʰʣʷʭʫ ʚʽʜ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ ʜʦ

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ, ʤ; 1h =0,5 ʤ [4, ʧ.6.219].

мZ вг 5,575,00,354.. =++=

ʇʦʟʥʘʯʢʘ ʚʦʜʠ ʫ ʢʘʤʝʨʘʭ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ: 

4.... hZZ вгпк += , (2.102) 

ʜʝ 4h ï ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʚʽʜʩʪʽʡʥʠʢʘʭ, ʤ; 4h =0,7ʤ

[4, ʧ.6.219]. 

мZ пк 2,587,05,57.. =+=

ʇʦʟʥʘʯʢʘ ʚʦʜʠ ʫ ʟʤʽʰʫʚʘʯʘʭ: 

65... hhZZ пкзм ++= ,  (2.103) 

ʜʝ 5h ï ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʢʘʤʝʨʘʭ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ, ʤ; 5h =0,5ʤ

[4, ʧ.6.219]; 

3h ï ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʚ ʢʦʤʫʥʽʢʘʮʽʷʭ ʥʘ ʰʣʷʭʫ ʚʽʜ ʢʘʤʝʨ ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ

ʜʦ ʟʤʽʰʫʚʘʯʽʚ, ʤ; 1h =0,4 ʤ [4, ʧ.6.219].
мZзм 1,594,05,02,58. =++=



ɺʨʘʭʦʚʫʶʯʠ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ, ʧʨʠʡʤʘʻʪʴʩʷ мZзм 0.62. = . ɺʠʩʦʪʥʘ ʩʭʝʤʘ 

ʥʘʚʝʜʝʥʘ ʚ ʛʨʘʬʽʯʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʪʠ (ʣʠʩʪ ˉ 4). 

2.5 ʈʦʟʨʦʙʢʘ ʚʦʜʦʟʘʙʽʨʥʦʾ ʩʧʦʨʫʜʠ 

2.5.1 ʈʦʟʨʘʭʫʥʦʢ ʝʣʝʤʝʥʪʽʚ ʚʦʜʦʟʘʙʽʨʥʠʭ ʩʧʦʨʫʜ 

ʈʦʟʨʘʭʫʥʦʢ ʦʛʦʣʦʚʢʫ 

ʇʨʠʡʤʘʻʪʴʩʷ ʙʝʪʦʥʥʠʡ ʦʛʦʣʦʚʦʢ ʫ ʤʝʪʘʣʝʚʦʤʫ ʢʦʞʫʩʽ. ʆʛʦʣʦʚʦʢ 

ʦʙʣʘʜʥʘʥʠʡ ʛʨʘʪʘʤʠ, ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

ʚʪV/25,1 стргр Кq = ,  (2.104) 

ʜʝ рq ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʦʛʦʣʦʚʢʫ, рq =0,69 ʤ3/ʩ; 

ʚʪV ï ʰʚʠʜʢʽʩʪʴ ʚʪʽʢʘʥʥʷ ʚʦʜʠ ʫ ʚʦʜʦʧʨʠʡʤʘʣʴʥʽ ʦʪʚʦʨʠ [1,ʧ.5.95], ʤ/ʩ; 

стК ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʪʠʩʥʝʥʥʷ ʦʪʚʦʨʽʚ ʩʪʝʨʞʥʷʤʠ ʛʨʘʪ: 

стстстст асаК /)( += , (2.105) 

ʜʝ ста  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʪʝʨʞʥʷʤʠ ʚ ʧʨʦʩʚʽʪʽ, ʤʤ; 

стс ï ʪʦʚʱʠʥʘ ʩʪʝʨʞʥʽʚ, ʤʤ. 

12,1100/)12100( =+=стК , 

283,42,0/12,169,025,1 мгр == . 

ʇʨʠʡʤʘʶʪʴʩʷ 2 ʩʪʘʥʜʘʨʪʥʽ ʛʨʘʪʠ ʨʦʟʤʽʨʦʤ 1250Ĭ2000. ʇʣʦʱʘ ʚʽʢʥʘ ʦʜʥʽʻʾ 

ʛʨʘʪʠ ï2,5ʤ2 .  

ʆʛʦʣʦʚʦʢ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʤʽʥʽʤʘʣʴʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʫʨʽʟʫ ʚʦʜʠ ʧʨʠ ʨʽʚʥʽ ʥʠʟʴʢʠʭ 

ʚʦʜ, ʜʝ ʛʣʠʙʠʥʘ ʜʦʩʪʘʪʥʷ ʜʣʷ ʜʦʪʨʠʤʘʥʥʷ ʫʤʦʚʠ: 

8,0h5,0h5,00,2 ʚʨ +++=мінН ,  (2.106) 

ʜʝ ʨh ï ʚʠʩʦʪʘ ʧʨʠʡʥʷʪʠʭ ʛʨʘʪ, ʤ;

ʚh ï ʚʠʩʦʪʘ ʭʚʠʣʽ, ʤ.

мНм ін 1.48,05.05.00.25,00,2 =+++=  



ʈʦʟʨʘʭʫʥʦʢ ʩʘʤʦʧʣʠʚʥʠʭ ʣʽʥʽʡ 

ɼʦʚʞʠʥʘ ʩʘʤʦʧʣʠʚʥʠʭ ʣʽʥʽʡ ʜʦʨʽʚʥʶʻ ʚʽʜʩʪʘʥʽ ʤʽʞ ʦʛʦʣʦʚʢʦʤ ʪʘ ʙʝʨʝʛʦʚʠʤ 

ʢʦʣʦʜʷʟʝʤ. ʄʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʝʨʝʛʦʚʦʛʦ ʢʦʣʦʜʷʟʷ ʚʠʙʨʘʥʦ ʥʘ ʧʦʟʥʘʯʮʽ, ʱʦ 

ʧʝʨʝʚʠʱʫʻ ʧʦʟʥʘʯʢʫ ʨʽʚʥʷ ʚʝʨʭʥʽʭ ʚʦʜ ʥʘ ʚʝʣʠʯʠʥʫ, ʥʝ ʤʝʥʰʝ, ʤ: 

5,05,0 += вк hН  (2.107) 

мН к 75,05,05,05,0 =+=

ɹʝʨʝʛʦʚʠʡ ʢʦʣʦʜʷʟʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʧʦʟʥʘʯʮʽ 50,0 ʤ, ʱʦ ʥʘ 1 ʤ ʚʠʱʝ 

ʨʽʚʥʷ ʚʝʨʭʥʽʭ ʚʦʜ, ʪʦʜʽ ʜʦʚʞʠʥʘ ʩʘʤʦʧʣʠʚʥʠʭ ʣʽʥʽʡ ʩʪʘʥʦʚʠʪʴ мl 100= . ɼʦ 

ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʤʘʶʪʴʩʷ  ʜʚʽ ʩʘʤʦʧʣʠʚʥʽ ʣʽʥʽʾ (ʦʙʠʜʚʽ ʨʦʙʦʯʽ), ʚʠʪʨʘʪʘ ʦʜʥʽʻʾ 

ʜʦʨʽʚʥʶʻ:  ɿ ʦʛʣʷʜʫ ʥʘ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʨʝʢʦʤʝʥʜʦʚʘʥʽ 

[4,ʪʘʙʣ.14], ʧʨʠʡʤʘʶʪʴʩʷ ʩʘʤʦʧʣʠʚʥʽ ʣʽʥʽʾ ɼ=600 ʤʤ, v=1,175 ʤ/c, 1000ʽ= 2,78. 

ʅʝʟʘʤʫʣʶʚʘʥʽʩʪʴ ʩʘʤʦʧʣʠʚʥʠʭ ʣʽʥʽʡ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

)g()
u

1(11,0 ʩʝʨ
33,4

1

DVсер

сер



 − ,  (2.108) 

ʜʝ  ï ʤʫʪʥʽʩʪʴ ʚʦʜʠ ʚʦʜʦʡʤʠ, ʢʛ/ʤ3; 

ʩʝʨ ï ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʘ ʛʽʜʨʘʚʣʽʯʥʘ ʢʨʫʧʥʽʩʪʴ ʯʘʩʪʦʢ, ʤ/ʩ; 

срV ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ. ʤ/ʩ; 
D ï ʜʽʘʤʝʪʨ ʩʘʤʦʧʣʠʚʥʦʾ ʣʽʥʽʾ, ʤʤ; 
1u ï ʰʚʠʜʢʽʩʪʴ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

Сgu /Vʩʝʨ1 = ,  (2.109) 

ʜʝ С ï ʢʦʝʬʽʮʽʻʥʪ ʐʝʟʽ: 
nДС /)4/( 3,4= ,  (2.110) 

ʜʝ n ï ʢʦʝʬʽʮʽʻʥʪ ʰʦʨʩʪʢʦʩʪʽ, ʜʣʷ ʟʘʙʨʫʜʥʝʥʠʭè ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʪʨʫʙ ʧʨʠʡʤʘʻʪʴʩʷ-
0,014. 

02.0014.0/)4/600( 3,4 ==С , 

2.15802.0/01.181.91 ==u . 

ʊʦʜʽ 
29.0)6.01.081.9/(175.1)

2.158
1.01(11,0 33..4 =− . 

0,14 0,29, ʪʦʙʪʦ ʫ ʩʘʤʦʧʣʠʚʥʠʭ ʣʽʥʽʷʭ ʨʦʟʨʘʭʫʥʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʨʠ ʥʦʨʤʘʣʴʥʽʡ 

ʨʦʙʦʪʽ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʥʝʟʘʤʫʣʶʚʘʥʽʩʪʴ. 



ʇʦʚʥʽ ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʩʘʤʦʧʣʠʚʥʠʭ ʣʽʥʽʷʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

)2/( 2 += gVLih s ,  (2.111) 

ʜʝ  ï ʢʦʝʬʽʮʽʻʥʪ ʤʽʩʮʝʚʦʛʦ ʦʧʦʨʫ;

Lï ʜʦʚʞʠʥʘ ʩʘʤʦʧʣʠʚʥʦʾ ʣʽʥʽʾ, ʤ; 

V ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʚ ʩʘʤʦʧʣʠʚʥʽʡ ʣʽʥʽʾ, ʤ/ʩ 

мh 36.0)81.92/175.11.1(10000278.0 2 =+= . 

ʈʦʟʨʘʭʫʥʦʢ ʩʽʪʦʢ 

ʂʦʝʬʽʮʽʻʥʪ ʩʪʠʩʥʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

( ) 2/ стстстст ссаК += , (2.112) 

( )  56,22/22,1 2
=+=стК . 

ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʩʽʪʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

283.825,0/56,269,025,1 мсіток == . 
ɼʦ ʫʩʪʘʥʦʚʢʠ ʧʨʠʡʤʘʻʪʴʩʷ 4 ʧʣʦʩʢʽ ʩʽʪʢʠ ʧʣʦʱʝʶ 2,25 ʤ2 ʢʦʞʥʘ ʟ ʨʦʟʤʽʨʘʤʠ 

ʚ ʧʣʘʥʽ 1250Ĭ2000 ʤʤ [10]. 

2.5.2 ʈʦʟʨʘʭʫʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʘ ʜʦʧʦʤʽʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʥʘʧʽʨʥʦʛʦ ʚʦʜʦʚʦʜʫ ʩʪʘʥʦʚʠʪʴ: 

....... / внстнмаксвн nQQ = , (2.113) 

ʜʝ ..внn ï ʢʽʣʴʢʽʩʪʴ ʥʘʧʽʨʥʠʭ ʚʦʜʦʚʦʜʽʚ, ʰʪ.

смQ вн /345,02/69,0 3
.. == .

ɿʛʽʜʥʦ ʽʟ ʪʘʙʣʠʮʷʤʠ ʜʣʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘʧʽʨʥʠʡ 

ʚʦʜʦʚʽʜ  ʟ ʥʘʩʪʫʧʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ɼ=500 ʤʤ; V=1.65  ʤ/ʩ; 1000ʽ=6,9. 

ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʚ ʥʘʧʽʨʥʦʤʫ ʚʦʜʦʚʦʜʽ: 

міh вн 55.46000.00691.1L1,1.. === . 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʚʩʤʦʢʪʫʚʘʣʴʥʦʛʦ ʚʦʜʦʚʦʜʫ: 

смQ вв /345,02/69,0 3
. == . 



ɿʛʽʜʥʦ ʽʟ ʪʘʙʣʠʮʷʤʠ ʜʣʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʤʘʻʪʴʩʷ 

ʚʩʤʦʢʪʫʚʘʣʴʥʠʡ ʚʦʜʦʚʽʜ  ʟ ʥʘʩʪʫʧʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ɼ=600 ʤʤ; V=1.175  

ʤ/ʩ; 1000ʽ=2,78. ʅʝʦʙʭʽʜʥʠʡ ʥʘʧʽʨ ʥʘʩʦʩʽʚ ʩʢʣʘʜʝ: 

вилвнвдмснввст hhhhhНН +++++= ....... ,  (2.114) 

ʜʝ .стН ï ʩʪʘʪʠʯʥʠʡ ʥʘʧʽʨ, ʪʦʙʪʦ ʨʽʟʥʠʮʷ ʧʦʟʥʘʯʦʢ ʨʽʚʥʽʚ ʚʦʜʠ ʫ ʟʤʽʰʫʚʘʯʽd ʪʘ 
ʙʽʣʷ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʚʦʜʦʚʦʜʽʚ ʫ ʧʨʠʡʤʘʣʴʥʦʤʫ ʚʽʜʜʽʣʝʥʥʽ ʙʝʨʝʛʦʚʦʛʦ ʢʦʣʦʜʷʟʷ, 

.стН =16,9 ʤ; 

..снh ï ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʪʘ ʥʘʧʽʨʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʥʘʩʦʩʥʦʾ 
ʩʪʘʥʮʽʾ, ..снh =2,0 ʤ; 

в дмh ï ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʚʦʜʦʤʽʨʽ, в дмh =1,5ʤ; 

..внh ï ʛʽʜʨʘʚʣʽʯʥʽ ʚʪʨʘʪʠ ʫ ʥʘʧʽʨʥʦʤʫ ʚʦʜʦʚʦʜʽ, ..внh =4,55ʤ; 

в илh ï ʟʘʧʘʩ ʥʘʧʦʨʫ ʥʘ ʚʠʣʠʚ, в илh =0,5 ʤ. 
мН 5.255,055,45,129.16 =++++=

ɼʦ ʫʩʪʘʥʦʚʢʠ ʧʨʠʡʤʘʶʪʴʩʷ ʥʘʩʦʩʠ ʤʘʨʢʠ ɼ1000-40 (2 ʨʦʙʦʯʠʭ ʪʘ 2 

ʨʝʟʝʨʚʥʠʭ) [5]: ʚʠʪʨʘʪʘ 375 ʣ/ʩ; ʥʘʧʽʨ 34,0 ʤ; ʧʦʪʫʞʥʽʩʪʴ ʥʘʩʦʩʫ 150 ʢɺʪ;ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ-960 ʭʚ-1. ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʜʨʝʥʘʞʥʦʾ ʚʦʜʠ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘʩʦʩ ɺʂʩ 4/24, ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʦʩʘʜʫ ʽʟ ʧʨʠʡʤʘʣʴʥʠʭ ʢʘʤʝʨ-ʥʘʩʦʩ 

ʉɼ-16/25, ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʽʚ ï ʢʨʘʥ-ʙʘʣʢʘ ʟ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 

ʚʘʥʪʘʞʦʧʽʜʽʡʤʘʣʴʥʽʩʪʶ 3,2 ʪ ʽ ʢʨʘʥ ʤʦʩʪʦʚʠʡ ʨʘʜʽʘʣʴʥʠʡ ʚʘʥʪʘʞʦʧʽʜʽʡʤʘʣʴʥʽʩʪʶ 

5,0 ʪ [4]. 

2.5.3 ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʚʦʜʦʟʘʙʦʨʫ 

ʇʦʟʥʘʯʢʘ ʨʽʚʥʷ ʚʦʜʠ ʚ ʧʨʠʡʤʘʣʴʥʦʤʫ ʚʽʜʜʽʣʝʥʥʽ ʚʠʟʥʘʯʝʥʘ ʧʦ ʬʦʨʤʫʣʽ: 

−= hZZ РНВпрв .. ,  (2.115) 

ʜʝ РНВZ ï ʧʦʟʥʘʯʢʘ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʚʦʜʠ ʚ ʜʞʝʨʝʣʽ, ʤ;

h ï ʩʫʤʘʨʥʽ ʚʪʨʘʪʠ ʚ ʩʘʤʦʧʣʠʚʥʠʭ ʣʽʥʽʾ ʧʨʠ ʚʽʜʢʣʶʯʝʥʥʽ ʜʨʫʛʦʾ ʣʽʥʽʾ:

м2.11000108.01.1h == .

мZ прв 3.442.15,45.. =−= . 

ʇʦʟʥʘʯʢʘ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʽʜʜʽʣʝʥʥʽ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʪʨʫʙ: 



ʩʚ.ʧʨ.ʚ.ʚʩ. h-ZZ = ,  (2.116) 

ʜʝ ʩh ï ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʚ ʩʽʪʢʘʭ, ʩh =0,1 ʤ 

м2.441,03.44Zʚ.ʚʩ. =−=  

ʊʘʢ ʷʢ ʢʽʥʮʽ ʩʘʤʦʧʣʠʚʥʠʭ ʣʽʥʽʡ ʦʙʣʘʜʥʘʥʽ ʟʘʩʫʚʢʘʤʠ, ʪʦ ʧʦʟʥʘʯʢʘ ʜʥʘ 
ʧʨʠʡʤʘʣʴʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ: 

1..... h−−−= сспрввідпрд ДZZZ ,  (2.117) 

ʜʝ сZ ï ʛʣʠʙʠʥʘ ʟʘʥʫʨʝʥʥʷ ʩʘʤʦʧʣʠʚʥʠʭ ʣʽʥʽʡ ʧʽʜ ʨʽʚʝʥʴ ʚʦʜʠ, 0,5 ʤ; 

сД ï ʜʽʘʤʝʪʨ ʩʘʤʦʧʣʠʚʥʠʭ ʣʽʥʽʡ, ʤ; 

1h ï ʟʘʧʘʩ ʥʘ ʥʘʢʦʧʠʯʝʥʥʷ ʦʩʘʜʫ, 1h =0,8 ʤ 

мZ відпрд 7,428,06,05,03.44... =−−−=

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʧʫʩʢʫ ʚʦʜʠ ʯʝʨʝʟ ʩʽʪʢʠ ʧʦʟʥʘʯʢʘ ʜʥʘ ʧʨʠʡʤʘʣʴʥʦʛʦ 
ʚʽʜʜʽʣʝʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʣʦʩʢʠʭ ʩʽʪʦʢ ʧʦʚʠʥʥʘ ʙʫʪʠ: 

5.0..... −−= спрввідпрд HZZ ,  (2.118) 

ʜʝ сH ï ʚʠʩʦʪʘ ʩʽʪʢʠ, ʤ; 

мZ відпрд 3.425,05,13.44... =−−= . 

ʇʦʟʥʘʯʢʘ ʜʥʘ ʚʽʜʜʽʣʝʥʥʷ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʪʨʫʙ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʾʭ 

ʨʦʟʪʘʰʫʚʘʥʥʽ: 

всД7,5Z3.8ɼ-ZZ ʚ.ʚʩ.ʚʭʚ.ʚʩ.ʜ..ʚʽʜ.ʚʩ. −== ,  (2.119) 

ʜʝ в сД ï ʜʽʘʤʝʪʨ ʚʩʤʦʢʪʫʚʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ,ʤ 

м78.406,07,52.44Zʜ..ʚʽʜ.ʚʩ. =−= . 

ɿʘ ʨʦʟʨʘʭʫʥʢʦʚʫ ʧʦʟʥʘʯʢʫ ʜʥʘ ʙʝʨʝʛʦʚʦʛʦ ʢʦʣʦʜʷʟʷ ʧʨʠʡʤʘʻʪʴʩʷ 40,78 ʤ, 

ʛʣʠʙʠʥʘ ʢʦʣʦʜʷʟʷ 50,0-40,78=9,22 ʤ. 

2.5.4 ʈʦʟʨʦʙʢʘ ʟʦʥ ʩʘʥʽʪʘʨʥʦʾ ʦʭʦʨʦʥʠ ʚʦʜʦʟʘʙʽʨʥʦʾ ʩʧʦʨʫʜʠ 

ʄʝʞʽ ʧʝʨʰʦʛʦ ʧʦʷʩʘ ʟʦʥʠ ʩʘʥʽʪʘʨʥʦʾ ʦʭʦʨʦʥʠ ʥʘʩʪʫʧʥʽ: ʫʚʝʨʭ ʟʘ ʪʝʯʽʻʶ- ʥʝ 

ʤʝʥʰʝ 200 ʤ ʚʽʜ ʚʦʜʦʟʘʙʦʨʫ; ʚʥʠʟ ʟʘ ʪʝʯʽʻʶ- ʥʝ ʤʝʥʰʝ 100 ʤ ʚʽʜ ʚʦʜʦʟʘʙʦʨʫ;  ʧʦ 

ʙʝʨʝʟʽ, ʱʦ ʧʨʠʣʷʛʘʻ ʜʦ ʚʦʜʦʟʘʙʦʨʫ- ʥʝ ʤʝʥʰʝ 100 ʤ ʚʽʜ ʣʽʥʽʾ ʫʨʽʟʫ ʚʦʜʠ ʧʨʠ 



ʥʘʡʚʠʱʦʤʫ ʾʾ ʨʽʚʥʽ; ʚ ʥʘʧʨʷʤʢʫ ʚʽʜ ʙʝʨʝʛʘ, ʱʦ ʧʨʠʣʷʛʘʻ ʜʦ ʚʦʜʦʟʘʙʦʨʫ ʚ ʙʽʢ 

ʚʦʜʦʡʤʠʱʘ- ʥʝ ʤʝʥʰʝ 100 ʤ. 

ʄʝʞʘ ʜʨʫʛʦʛʦ ʧʦʷʩʫ ʥʘ ʨʽʯʮʽ ʫʚʝʨʭ ʟʘ ʪʝʯʽʻʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

tvL =2 ,  (2.120) 

ʜʝ v  ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʚ ʨʽʯʮʽ, ʤ/ʩ; 

t  ï ʯʘʩ ʜʦʙʽʛʘʥʥʷ ʚʦʜʠ ʚʽʜ ʤʝʞʽ ʧʦʷʩʫ ʜʦ ʚʦʜʦʟʘʙʦʨʫ ʧʨʠ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽʡ ʚʠʪʨʘʪʽ 

ʚʦʜʠ ʫ ʣʽʪʥʴʦ-ʦʩʽʥʥʶ ʤʝʞʝʥ ʧʨʠ 95% ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ. 

кммL 7,10310368036002434,02 ==  

ʋʥʠʟ ʟʘ ʪʝʯʽʻʶ - ʥʝ ʤʝʥʰʝ 250 ʢʤ, ʙʦʢʦʚʽ ʤʝʞʽ ï ʧʦ ʚʦʜʦʨʦʟʜʽʣʫ. ʄʝʞʽ 

ʪʨʝʪʴʦʛʦ ʧʦʷʩʫ ʜʞʝʨʝʣʘ ʧʨʠʡʤʘʶʪʴʩʷ ʫʚʝʨʭ ʪʘ ʫʥʠʟ ʟʘ ʪʝʯʽʻʶ,ʘʙʦ ʫ ʚʩʽ ʩʪʦʨʦʥʠ 

ʘʢʚʘʪʦʨʽʾ ʚʦʜʦʡʤʠ ʪʘʢʠʤʠ ʞ, ʷʢ ʽ ʜʣʷ ʜʨʫʛʦʛʦ ʧʦʷʩʫ. 

2.6 ʈʦʟʨʘʭʫʥʦʢ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʜʨʫʛʦʛʦ ʧʽʜʡʦʤʫ 

2.6.1 ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʧʦʜʘʯʽ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ 

ʅʘʩʦʩʥʘ ʩʪʘʥʮʽʷ ʧʨʘʮʽʶʻ ʫ ʜʚʦʩʪʫʧʝʥʝʚʦʤʫ ʨʝʞʠʤʽ. ɻʦʜʠʥʘ ʧʦʜʘʯʘ ʥʘʩʦʩʥʦʾ 

ʩʪʘʥʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʩʪʫʧʝʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

Qi н.ст=Qдоб ×Рi/100,  (2.121) 

ʜʝ Q Рi ï ʧʦʜʘʯʘ i-ʛʦ ʩʪʫʧʝʥʷ ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʜʦʙʦʚʦʾ ʚʠʪʨʘʪʠ ʽ 3м  ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ: Q1=59233,64Ĭ2,93/100=1735,5ʤ3/ʛʦʜ=482,1 ʣ/ʩ; 

ʜʣʷ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ: 2Q  =59233,64Ĭ4,68/100=2772,1ʤ3/ʛʦʜ=770 ʣ/ʩ.

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʶ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʚʦʤʘ ʥʘʩʦʩʘʤʠ, ʥʘ 

ʜʨʫʛʦʤʫ ʩʪʫʧʝʥʶ ʧʨʘʮʶʶʪʴ ʯʦʪʠʨʠ ʧʘʨʘʣʝʣʴʥʦ ʧʽʜʢʣʶʯʝʥʽ ʥʘʩʦʩʠ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʧʘʜʢʫ ʧʦʜʘʯʘ ʦʜʥʦʛʦ ʥʘʩʦʩʫ ʧʨʠʡʤʘʻʪʴʩʷ: 

Qн=(0,55-0,6)×Q1,  (2.122) 

Qн=0,55×1735.5=954.5 годм /3 . 



2.6.2 ɺʠʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʽʚ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʽ ʥʘʧʽʨʥʠʭ ʚʦʜʦʚʦʜʽʚ 

ɿʛʽʜʥʦ [4] ʢʽʣʴʢʽʩʪʴ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʣʽʥʽʡ ʥʘ ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʥʘʩʦʩʥʠʭ 

ʩʪʘʥʮʽʷʭ ɯ ʽ ɯɯ ʢʘʪʝʛʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʛʨʫʧ ʥʘʩʦʩʽʚ, 

ʚʢʣʶʯʘʶʯʠ ʧʦʞʝʞʥʽ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʝ ʜʚʦʭ, ʧʨʠ ʚʠʤʠʢʘʥʥʽ ʦʜʥʽʻʾ ʣʽʥʽʾ 

ʟʘʣʠʰʦʢ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʧʨʦʧʫʩʢ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʚʠʪʨʘʪʠ ʜʣʷ ʥʘʩʦʩʥʠʭ ʩʪʘʥʮʽʾ ɯ 

ʽ ɯɯ ʢʘʪʝʛʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ. ɺʩʤʦʢʪʫʚʘʣʴʥʽ ʣʽʥʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʽʟ ʩʪʘʣʝʚʠʭ ʪʨʫʙ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪ ʢʦʞʥʦʛʦ ʽʟ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʚʦʜʦʚʦʜʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

Qвс.в=Qмакс. н. ст./(nвс-1),  (2.123) 

ʜʝ Qмакс. н. ст  ï ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʜʘʯʘ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ, ʣ/ʩ; 

nвс ï ʢʽʣʴʢʽʩʪʴ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʚʦʜʦʚʦʜʽʚ. 

Qʚʩ.ʚ=770 /(2-1)=770 ʣ/ʩ. 

ʇʨʠʡʤʘʶʪʴʩʷ ʚʦʜʦʚʦʜʠ ʜʽʘʤʝʪʨʦʤ ɼ=800 ʤʤ, v=1,5 ʤ/ʩ, 1000i=3,27, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ [4].  ʏʠʩʣʦ ʥʘʧʽʨʥʠʭ ʚʦʜʦʚʦʜʽʚ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ 2 [4, 

ʧ.7.6]. ʈʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʧʦ ʢʦʞʥʦʤʫ ʽʟ ʚʦʜʦʚʦʜʽʚ: 

Qʥ.ʚ=Qʤʘʢʩ. ʥ. ʩʪ./nʥ,  (2.124) 

ʜʝ nʥ ï ʢʽʣʴʢʽʩʪʴ ʥʘʧʽʨʥʠʭ ʚʦʜʦʚʦʜʽʚ. 

Qʥ.ʚ= 770 /2=385 ʣ/ʩ. 

ʇʨʠʡʤʘʶʪʴʩʷ ʩʪʘʣʝʚʽ ʥʘʧʽʨʥʽ ʚʦʜʦʚʦʜʠ ʜʽʘʤʝʪʨʦʤ ɼʥ=600 ʤʤ, v=1,29 ʤ/ʩ, 

1000i=3,34, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ [4].  

2.6.3 ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʧʦʨʫ ʥʘʩʦʩʽʚ 

ɼʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʠʡ ʥʘʧʽʨ ʥʘʩʦʩʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

мвнвдмснвв hhhhhHH
ст

+++++= .....  (2.125) 



ʜʝ 
ст

H ï ʩʪʘʪʠʯʥʠʡ ʥʘʧʽʨ, ʤ; ..снh ï ʩʫʤʘʨʥʽ ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʽ 

ʥʘʧʽʨʥʠʭ ʢʦʤʫʥʽʢʘʮʽʷʭ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ, hк -2,0 ʤ; ввh .  ï ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ

ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʚʦʜʦʚʦʜʘʭ ʜʣʷ ʥʘʡʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ, ʷʢʫ ʧʝʨʝʢʘʯʫʻ ʥʘʩʦʩʥʘ 

ʩʪʘʥʮʽʷ, ʤ; в дмh ï ʚʪʨʘʪʠ ʫ ʚʦʜʦʤʽʨʽ, ʟh =1,5 ʤ; ..внh ï ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʥʘʧʽʨʥʠʭ

ʚʦʜʦʚʦʜʘʭ ʜʣʷ ʥʘʡʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ, ʷʢʫ ʧʝʨʝʢʘʯʫʻ ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ, ʤ; мh ï 

ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʤʝʨʝʞʽ ʧʨʠ ʧʦʜʘʯʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ,ʤ 

ʉʪʘʪʠʯʥʠʡ ʥʘʧʽʨ: 

12Z ZНст −= ,  (2.126) 

ʜʝ 2Z ï ʘʙʩʦʣʶʪʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʟʥʘʯʢʘ ʧʽʜʡʦʤʫ ʚʦʜʠ, ʤ; 

1Z  ï ʘʙʩʦʣʶʪʥʘ ʤʽʥʽʤʘʣʴʥʘ ʧʦʟʥʘʯʢʘ ʚ ʈʏɺ ʜʣʷ ʚʠʧʘʜʢʫ ʧʦʞʝʞʝʛʘʩʽʥʥʷ, ʤ. 

мНг 0.560.50106 =−=

ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʠʭ ʚʦʜʦʚʦʜʘʭ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʚʦʜʦʩʧʦʞʠʚʘʥʥʽ: 

ввh . =1,1×i×l,  (2.127) 

ʜʝ i ï ʧʠʪʦʤʽ ʚʪʨʘʪʠ ʥʘʧʦʨʫ; 

l ï ʜʦʚʞʠʥʘ ʚʦʜʦʚʦʜʫ, ввh . =1,1Ĭ0,00327Ĭ45=0,16 ʤ. 

ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʥʘʧʽʨʥʠʭ ʚʦʜʦʚʦʜʘʭ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʦʜʦʩʧʦʞʠʚʘʥʥʽ: 

внh . =1,1×0,00334×2500=9,2 м; 

ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʤʝʨʝʞʽ (ʣʠʩʪ ˉ2) ʧʨʠ ʧʦʜʘʯʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ 

мh =8,7 ʤ.

6.777.82.95.10.216.00.56 =+++++=H ʤ. 

2.6.4 ʈʦʟʨʘʭʫʥʦʢ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʧʨʠ ʧʦʞʝʞʝʛʘʩʽʥʥʽ 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʧʦʜʘʯʘ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʧʨʠ ʧʦʞʝʞʽ: 



п
Q

стн
QстнQ += ...

/
,  (2.128) 

ʜʝ ..стн
Q ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʧʦʜʘʯʘ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʜʣʷ ʛʦʜʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ

ʩʧʦʞʠʚʘʥʥʷ, 770 ʣ/ʩ; 

п
Q  ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʚʠʪʨʘʪʘ ʥʘ ʧʦʞʝʞʝʛʘʩʽʥʥʷ,  97,5 ʣ/ʩ 

..стн
Q  =770+97,5=867,5 ʣ/c 

ʅʘʧʽʨ ʥʘʩʦʩʽʚ ʧʨʠ ʧʦʞʝʞʝʛʘʩʽʥʥʽ: 
пН =Zн.т.+Hв+hв.п+ hм.п.-Zр (2.129)

ʜʝ Zн.т ï ʘʙʩʦʣʶʪʥʘ ʧʦʟʥʘʯʢʘ ʥʝʚʽʛʽʜʥʦʾ ʪʦʯʢʠ ʧʨʠ ʧʦʞʝʞʽ, Zн.т=66,0 ʤ; 
 H ï -ʚʽʣʴʥʠʡ ʥʘʧʽʨ ʚ ʥʝʚʠʛʽʜʥʽʡ ʪʦʯʮʽ ʧʨʠ ʧʦʞʝʞʽ, Hсв=10 ʤ; 

hв.п ï  ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʫ ʚʦʜʦʚʦʜʘʭ ʧʨʠ ʧʦʞʝʞʽ,  

hв.п =1,1Ĭ0,00426Ĭ2500=11,7 ʤ, 

hм.п ï ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʚ ʤʝʨʝʞʽ ʚʽʜ ʥʝʚʠʛʽʜʥʦʾ ʪʦʯʢʠ ʜʦ ʪʦʯʢʠ ʧʽʜʢʣʶʯʝʥʥʷ 

ʚʦʜʦʚʦʜʽʚ ʜʦ ʤʝʨʝʞʽ, hм.п=19,82 ʤ; 

Zр ï ʘʙʩʦʣʶʪʥʘ ʧʦʟʥʘʯʢʘ ʜʥʘ ʨʝʟʝʨʚʫʘʨʫ,Zр=49,6 ʤ. 

пН =66,0+10+11,7+19,82-49,6=57,9,5 м 

Н   Нп, ʪʦ рʝʞʠʤ ʨʦʙʦʪʠ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʫ ʚʠʧʘʜʢʫ ʧʦʞʝʞʽ ʤʦʞʝ ʙʫʪʠ 

ʟʘʙʝʟʧʝʯʝʥʠʡ ʥʘʩʦʩʘʤʠ, ʧʽʜʽʙʨʘʥʠʤʠ ʜʣʷ ʚʠʧʘʜʢʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ 

ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʾʭ ʥʘʧʦʨʫ. 

2.6.5 ʇʽʜʙʽʨ ʥʘʩʦʩʽʚ ʪʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʜʦ ʥʠʭ 

ʇʦʜʘʯʘ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ 1Q , 2Q ʪʘ ʥʘʧʦʨʠ 

рН /
, рН // ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʨʦʙʦʪʦʶ ʥʘ ɯ ʩʪʫʧʝʥʽ ʜʚʦʭ, ʘ ʥʘ ɯɯ ʩʪʫʧʝʥʽ ʧʘʨʘʣʝʣʴʥʦʶ 

ʨʦʙʦʪʦʶ ʯʦʪʠʨʴʦʭ ʥʘʩʦʩʽʚ ʤʘʨʢʠ ɼ630-90 (n=1450 ʦʙ/ʭʚ) . 

ɺ ʤʘʰʠʥʥʦʤʫ ʟʘʣʽ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 4 ʨʦʙʦʯʠʭ ʪʘ ʜʚʘ 

ʨʝʟʝʨʚʥʠʭ ʥʘʩʦʩʠ ʤʘʨʢʠ ɼ630-90. ʈʦʙʦʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʽʚ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 

ʇʦʪʫʞʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʠʚʦʜʫ ʥʘʩʦʩʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 



пHн
HQqр  = 1000/ ,  (2.130) 

ʜʝ   ïʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ, ʨʽʚʥʠʡ 1.1;

  ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ, ʢʛ/ʤ3,  = 1000ʢʛ/ʤ3;

Q ï ʧʦʜʘʯʘ ʥʘʩʦʩʫ, 
Hм

QкQ=  ʤ3/ʩ[ 4 ],

175,025,1 ==
Hм

QкQ =0,22 см /3 ; 

Н ï ʥʘʧʽʨ ʥʘʩʦʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ Q,,  Н=77.5ʤ. [4,5] ; 

Н
 ï ʂʂɼ ʥʘʩʦʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ Q , 

Н
 =0,75 [4,5];

п
 ï ʂʂɼ ʧʝʨʝʜʘʯʽ, п

 =1 [4 ]; 
кВтр

н
1.245175,01000/5.7722,08,910001,1 ==  

ʇʨʠʡʤʘʻʪʴʩʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʤʘʨʢʠ ɸɯɯɯ-4ʄ (ʃʠʚʛʠʜʨʦʤʘʰ) ʧʦʪʫʞʥʽʩʪʶ N-250 
ʢɺʪ [ 5 ]. 

2.6.6.  ɺʠʟʥʘʯʝʥʥʷ ʧʦʟʥʘʯʦʢ ʚʽʩʽ ʥʘʩʦʩʽʚ ʽ ʜʦʣʫ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ 

ɺʨʘʭʦʚʫʶʯʠ ʥʝʛʣʠʙʦʢʠʡ ʨʽʚʝʥʴ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʢʦʨʧʫʩ ʥʘʩʦʩʽʚ ʥʘʩʦʩʥʦʾ 

ʩʪʘʥʮʽʾ ʜʨʫʛʦʛʦ ʧʽʜʡʦʤʫ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʧʽʜ ʟʘʣʠʚʦʤ ʚʽʜ ʨʽʚʥʷ ʧʦʞʝʞʥʦʛʦ ʟʘʧʘʩʫ 

ʚʦʜʠ ʫ ʨʝʟʝʨʚʫʘʨʽ. 

ʇʦʟʥʘʯʢʘ ʚʝʨʭʘ ʥʘʩʦʩʫ: 

Zʚ.ʥ=Zʧʦʞ.-0,5,  (2.131) 

ʜʝ Zʧʦʞ ï ʧʦʟʥʘʯʢʘ ʧʦʞʝʞʥʦʛʦ ʨʽʚʥʶ ʫ ʈʏɺ, ʤ, Zʧʦʞ=79,8 ʤ; 

Zʚ.ʥ=50,0-0,5=49,5  ʤ 
ʇʦʟʥʘʯʢʘ ʚʽʩʽ ʥʘʩʦʩʫ: 

Zʚʩ=Zʚ.ʥ.-A  (2.132) 

ʜʝ ɸ ï ʚʠʩʦʪʘ ʥʘʩʦʩʫ ʚʽʜ ʚʝʨʭʘ ʜʦ ʚʽʩʽ,ʤ. 
Zвс=49,5-0,39=49,11 м 

ʇʦʟʥʘʯʢʘ ʚʝʨʭʘ ʬʫʥʜʘʤʝʥʪʫ: 

Zф= Zвс-Ал,  (2.133) 

ʜʝ Ал –ʚʠʩʦʪʘ ʥʘʩʦʩʫ ʚʽʜ ʚʽʩʽ ʜʦ ʣʘʧ, ʤ 



Zф=49,11-0,48=48,63 м. 

ɺʠʩʦʪʘ ʬʫʥʜʘʤʝʥʪʫ ʧʨʠʡʤʘʻʪʴʩʷ-0,5 ʤ, ʪʦʜʽ ʚʽʜʤʽʪʢʘ ʧʽʜʣʦʛʠ: 

Zп=48,63-0,5=48,13м. 

ʄʽʥʽʤʘʣʴʥʝ ʟʘʛʣʠʙʣʝʥʥʷ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʧʦʚʠʥʥʦ ʩʢʣʘʜʘʪʠ:   

h=50,9-48,13=2,8 м. 

ɿʘʛʣʠʙʣʝʥʥʷ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʧʨʠʡʤʘʻʪʴʩʷ 3,0 ʤ. 

2.6.7 ɺʠʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʤʘʰʠʥʥʦʛʦ ʟʘʣʫ ʪʘ ʧʽʜʙʽʨ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ 

ʄʽʥʽʤʘʣʴʥʘ ʚʠʩʦʪʘ ʤʘʰʠʥʥʦʛʦ ʟʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

Н=h1+h2+h3+h4+h5+0,5,  (2.134) 

ʜʝ h1 ï ʚʠʩʦʪʘ ʤʦʥʦʨʝʣʴʩʫ, h1 =0,38 ʤ [4,9], ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 0,1 ʤ ʜʦ 

ʥʠʟʫ ʧʝʨʝʢʨʠʪʪʷ; 

h2 ï ʤʽʥʽʤʘʣʴʥʘ ʚʠʩʦʪʘ ʚʽʜ ʢʨʶʢʘ ʜʦ ʥʠʟʫ ʤʦʥʦʨʝʣʴʩʫ, h2  =0,755 ʤ; 

h3 ï ʚʠʩʦʪʘ ʩʪʨʦʧʦʚʢʠ ʚʘʥʪʘʞʫ, h3  =1 ʤ; 

h4 ï ʚʠʩʦʪʘ ʚʘʥʪʘʞʫ, ʤ, h4  =3,29ʤ; 

h5 ï ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʩʦʪʘ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, h5 =2,27 ʤ. 

Н=0,38+0,755+1+3,29+2,27+0,5 =8,2 м. 

ɺʠʩʦʪʘ ʤʘʰʠʥʥʦʛʦ ʟʘʣʫ ʧʨʠʡʤʘʻʪʴʩʷ 8,4 ʤ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʛʦʣʦʚʥʘ ʤʘʩʘ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʤʝʞʘʭ m=1000-5000ʢʛ, ʚ ʷʢʦʩʪʽ ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʧʨʠʡʤʘʻʪʴʩʷ ʢʨʘʥ-ʙʘʣʢʘ ʟ ʨʫʯʥʠʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ [ 4 ]. 

3 ɽʂʆʃʆɻɯʏʅɽ ʆɹɻʈʋʅʊʋɺɸʅʅʗ

ɿ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʦʡʤʠʱʘ ʪʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪʠ 

ʚʦʜʠ ʜʣʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʩʪʘʥʮʽʾ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʩʧʦʨʫʜʞʝʥʥʷ ʜʣʷ ʦʯʠʩʪʢʠ 

ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʩʢʠʜʥʫ ʚʦʜʫ ʧʽʩʣʷ 

ʧʨʦʤʠʚʢʠ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ. 

ʂʽʣʴʢʽʩʪʴ ʟʘʙʨʫʜʥʝʥʦʾ ʚʦʜʠ ʧʽʩʣʷ ʧʨʦʤʠʚʢʠ ʬʽʣʴʪʨʽʚ ʟʘ ʨʽʢ ʩʪʘʥʦʚʠʪʴ: 

1000/365.... = добпрфш WQ (2.135) 



..добпрW ï ʜʦʙʦʚʠʡ ʦʙ'ʻʤ ʚʦʜʠ ʧʽʩʣʷ ʧʨʦʤʠʚʢʠ ʰʚʠʜʢʠʭ ʬʽʣʴʪʨʽʚ, ʤ3 (ʧ.2.3.1):

Qʰ.ʬ. = 3317,8Ĭ365/1000=1211 ʪʠʩ ʤ3/ʜʦʙ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʨʫʜ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ 

ʜʦʟʚʦʣʷʻ ʟʘʧʦʙʽʛʪʠ ʩʢʠʜʘʥʥʶ ʢʦʘʛʫʣʷʥʪʘ ɸ12(8ʆ4)ʟ ʫ ʚʦʜʦʡʤʫ ʫ ʢʽʣʴʢʦʩʪʽ 

1000/... кфшкоагул ДQQ =  (2.136) 

ʜʝ ɼʢ ï ʜʦʟʘ ʢʦʘʛʫʣʷʥʪʫ ɸ12(8ʆ4)ʟ, ɼʢ = 37 ʛ/ʤ3. 

. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʫʟʣʘ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ ʜʦʟʚʦʣʷʻ 

ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ, ʷʢʽ ʩʢʠʜʘʶʪʴ ʫ ʚʦʜʦʡʤʫ ʽ 

ʧʦʚʝʨʥʫʪʠ ʚʦʜʫ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʥʘ  ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʱʦ 

ʜʘʻ ʟʥʘʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ. 



4. ʆʈɻɸʅɯɿɸʎɯʗ ʊɸ ʇʃɸʅʋɺɸʅʅʗ ʈʆɹʆʊʀ ɺʆɼʆʇʈʆɺɯɼʅʆɻʆ
ɻʆʉʇʆɼɸʈʉʊɺɸ 

4.1 ʇʣʘʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ ʢʝʨʫʚʘʥʥʷ ʩʪʘʥʮʽʾ 
ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ  ʧʨʦʮʝʩʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 

ʈʠʩ. 4.1 ï ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ: 

1- ʚʦʜʦʟʘʙʽʨʥʘ ʩʧʦʨʫʜʘ ʨʫʩʣʦʚʦʛʦ ʪʠʧʫ ʩʫʤʽʩʥʦʾ ʢʦʤʧʦʥʦʚʢʠ ʟ ʥʘʩʦʩʥʦʶ 
ʩʪʘʥʮʽʻʶ ʧʝʨʰʦʛʦ ʧʽʜʡʦʤʫ, 2- ʚʦʜʦʦʯʠʩʥʘ ʩʪʘʥʮʽʷ, 3- ʨʝʟʝʨʚʫʘʨʠ ʯʠʩʪʦʾ ʚʦʜʠ, 
4- ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ ʜʨʫʛʦʛʦ ʧʽʜʡʦʤʫ, 5- ʤʘʛʽʩʪʨʘʣʴʥʘ ʚʦʜʦʧʨʦʚʽʜʥʘ ʤʝʨʝʞʘ. 

ɺʠʭʽʜʥʘ ʚʦʜʘ ʟʘʙʠʨʘʻʪʴʩʷ ʟ ʨʽʯʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʦʜʦʟʘʙʽʨʥʠʭ ʩʧʦʨʫʜ 

ʨʫʩʣʦʚʦʛʦ ʪʠʧʫ, ʜʘʣʽ ʥʘʩʦʩʘʤʠ ʧʝʨʰʦʛʦ ʧʽʜʡʦʤʫ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʧʨʠʤʽʱʝʥʥʽ, ʩʢʦʤʧʦʥʦʚʘʥʦʤʫ ʟ ʙʝʨʝʛʦʚʠʤ ʢʦʣʦʜʷʟʝʤ, ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʚʦʜʘ ʽʟ ʈʏɺ ʥʘʩʦʩʘʤʠ 

ʜʨʫʛʦʛʦ ʧʽʜʡʦʤʫ ʧʦʜʘʻʪʴʩʷ ʚ ʤʘʛʽʩʪʨʘʣʴʥʫ ʤʝʨʝʞʫ ʪʘ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ 

ʩʧʦʞʠʚʘʯʘʤʠ. ʉʪʨʫʢʪʫʨʘ ʢʝʨʫʚʘʥʥʷ ʩʪʘʥʮʽʻʶ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 

4.2. 

ʈʠʩʫʥʦʢ 4.2 ï ʉʪʨʫʢʪʫʨʘ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 



ʂʝʨʽʚʥʠʮʪʚʦ ʩʪʘʥʮʽʻʶ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʽʥʞʝʥʝʨʦʤ. 

ɺʽʥ ʧʦʚʠʥʝʥ ʧʨʘʚʠʣʴʥʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʩʪʘʥʮʽʾ, ʦʨʛʘʥʽʟʫʚʘʪʠ ʚʠʨʦʙʥʠʯʦ-

ʪʝʭʥʽʯʥʽ ʨʦʙʦʪʠ ʧʦ ʩʪʘʥʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʠʢʦʥʘʥʥʷ ʚʠʨʦʙʥʠʯʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ. ɻʦʣʦʚʥʦʤʫ ʽʥʞʝʥʝʨʫ ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʥʘʯʘʣʴʥʠʢ ʜʽʣʷʥʢʠ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʽʥʞʝʥʝʨ-ʪʝʭʥʦʣʦʛ, ʽʥʞʝʥʝʨ-ʝʥʝʨʛʝʪʠʢ, ʽʥʞʝʥʝʨ-ʤʝʭʘʥʽʢ, 

ʽʥʞʝʥʝʨ-ʭʽʤʽʢ ʪʘ ʽʥʞʝʥʝʨ ʧʦ ʂɺʇ. 

4.2 ʇʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʟʚ'ʷʟʢʽʚ 

ʉʭʝʤʘ ʚʠʨʦʙʥʠʯʠʭ ʟʚ'ʷʟʢʽʚ ʟʘʧʨʦʝʢʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.3. 

ʈʠʩ. 4.3 ï ɺʠʨʦʙʥʠʯʽ ʟʚôʷʟʢʠ 

4.3 ʇʣʘʥʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʧʦʨʫʜ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

ʚʦʜʦʧʨʦʚʽʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʧʝʨʝʜʙʘʯʝʥʽ ʧʦʪʦʯʥʽ ʦʛʣʷʜʠ, ʢʘʧʽʪʘʣʴʥʽ ʨʝʤʦʥʪʠ ʽ 

ʩʢʣʘʜʝʥʽ ʛʨʘʬʽʢʠ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʝʤʦʥʪʽʚ ʜʣʷ ʢʦʞʥʦʾ ʩʧʦʨʫʜʠ ʽ ʦʩʥʦʚʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ (ʪʘʙʣ. 4.1). 



ʊʘʙʣʠʮʷ 4.1 ï ɻʨʘʬʽʢʠ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʝʤʦʥʪʽʚ ʛʦʣʦʚʥʠʭ ʩʧʦʨʫʜ ʽ 

ʦʙʣʘʜʥʘʥʥʷ 

ʉʧʦʨʫʜʠ, ʫʩʪʘʪʢʫʚʘʥʥʷ ʊʨʠʚʘʣʽʩʪʴ         ʨʦʙʦʪʠ         ʩʧʦʨʫʜ 

(ʫʩʪʘʪʢʫʚʘʥʥʷ) ʧʽʩʣʷ ʨʝʤʦʥʪʫ, ʤʽʩ. 
ʧʦʪʦʯʥʦʛʦ ʢʘʧʽʪʘʣʴʥʦʛʦ 

1 2 3 
ʅʘʩʦʩʠ ʪʠʧʫ ɼ: 

ɼ630-90 3 27 
ɼ2000-21 2 30 

ʅʘʩʦʩ- ʜʦʟʘʪʦʨ ʅɼ500/10 3 32 
1 2 3 

ɼʨʝʥʘʞʥʠʡ ʥʘʩʦʩ ɺʂʉ 10/45 - 6 
ʋʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʢʦʘʛʫʣʶʚʘʥʥʷ ʚʦʜʠ: 

ʚʦʜʠ:ʤʽʰʘʣʢʘ ʤʽʰʘʣʢʘ 2 ʈʝʤʦʥʪ ʥʝʦʙʭʽʜʥʦ 
ʚʠʢʦʥʫʚʘʪʠ 

ʧʨʦʪʷʛʦʤ ʨʦʢʫ
ʜʦʟʘʪʦʨ 1 

ɿʘʧʽʨʥʦ-ʨʝʛʫʣʶʶʯʘ ʘʨʤʘʪʫʨʘ: ʟʘʩʫʚʢʘ 12 72 
ʇʦʞʝʞʥʠʡ ʛʽʜʨʘʥʪ 6 30 

ɺʘʥʪʫʟ 2 24 
ʈʫʩʣʦʚʘ ʚʦʜʦʟʘʙʽʨʥʘ ʩʧʦʨʫʜʘ, ʩʫʤʽʱʝʥʘ ʟ 

ʥʘʩʦʩʥʦʶ ʩʪʘʥʮʽʻʶ  ɯ ʧʽʜʡʦʤʫ 

1 54 

ɿʤʽʰʫʚʘʯ 3 24 
ɻʦʨʠʟʦʥʪʘʣʴʥʠʡ ʚʽʜʩʪʽʡʥʠʢ 10 20 

ʐʚʠʜʢʠʡ ʬʽʣʴʪʨ 3 22 
ʇʽʩʢʦʣʦʚʢʘ 10 22 
ɿʛʫʱʫʚʘʯ 3 15 

ʈʝʟʝʨʚʫʘʨ ʯʠʩʪʦʾ ʚʦʜʠ 9 21 
ɺʦʜʦʥʘʧʽʨʥʘ ʙʘʰʪʘ 3 27 

ʍʣʦʨʘʪʦʨ 2 14 
ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʧʽʜ ʯʘʩ ʨʝʤʦʥʪʫ ʦʙôʻʤ ʚʦʜʠ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 

ʨʦʙʦʯʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʨʝʟʝʨʚʥʝ, ʧʦʪʦʯʥʽ ʧʨʦʩʪʦʾ ʥʝ ʟʘʧʣʘʥʦʚʘʥʽ. ɺ ʪʘʙʣ. 4.2 

ʥʘʚʝʜʝʥʦ ʙʘʣʘʥʩ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ: 

кф ТТвикК /= , (4.1) 

ʜʝ фТ ï ʬʘʢʪʠʯʥʠʡ ʯʘʩ ʨʦʙʦʪʠ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʛʦʜ; кТ ï ʢʘʣʝʥʜʘʨʥʠʡ ʯʘʩ 

ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ, ʛʦʜ 



ʊʘʙʣʠʮʷ 4.2 ï ɹʘʣʘʥʩ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ˉ ʧ/ʧ ʇʦʢʘʟʥʠʢ ʏʘʩ 

1 ʈʝʞʠʤ ʨʦʙʦʪʠ ʙʝʟʧʝʨʝʨʚʥʠʡ 

2 ʂʘʣʝʥʜʘʨʥʠʡ ʯʘʩ: 
ʜʥʽʚ 

ʛʦʜʠʥ 

365 

8760 

3 ʇʨʦʩʪʦʾ ʥʘ ʧʣʘʥʦʚʠʭ ʨʝʤʦʥʪʘʭ 0 

4 ʅʦʤʽʥʘʣʴʥʠʡ ʯʘʩ, ʛʦʜ 8760 

5 ʇʦʪʦʯʥʽ ʧʨʦʩʪʦʾ, ʛʦʜ - 

6 ʌʘʢʪʠʯʥʠʡ ʯʘʩ ʨʦʙʦʪʠ, ʛʦʜ 8760 

18760/8760
876024365
==

===

викК

годТТ кф . 

4.4 ʇʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʧʨʦʛʨʘʤʠ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ɺʠʨʦʙʥʠʯʘ ʧʦʪʫʞʥʽʩʪʴ ʩʪʘʥʮʽʾ ʚʠʟʥʘʯʝʥʘ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ 

ʚʠʧʫʩʢʦʤ ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʫʤʦʚʽ ʧʦʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. 

ɺʠʨʦʙʥʠʯʘ ʧʦʪʫʞʥʽʩʪʴ ʩʪʘʥʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

,TNП = (4.2) 

ʜʝ N ï ʪʝʭʥʽʯʥʘ ʥʦʨʤʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ, 

ʟʛʽʜʥʦ ʽʟ ʨʦʟʨʘʭʫʥʢʦʤ годмN /8.2566 3= ; 

T ï ʨʽʯʥʠʡ ʬʦʥʜ ʬʘʢʪʠʯʥʦʛʦ ʯʘʩʫ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ,  годТTфакт 8760== , 

рікмП /2248516887608.2566 3==

4.5 ʇʣʘʥʫʚʘʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʦʯʠʭ 

ɺʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʠʩʝʣʴʥʦʩʪʽ ʨʦʙʽʪʥʠʢʽʚ ʻ ʜʘʥʽ 

ʱʦʜʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʧʦʨʫʜ, ʜʦʚʞʠʥʠ ʤʝʨʝʞ ʚʦʜʦʧʨʦʚʦʜʫ, ʟʘʧʣʘʥʦʚʘʥʦʛʦ 

ʛʨʘʬʽʢʫ ʨʦʙʦʪʠ ʧʨʘʮʽʚʥʠʢʽʚ. 



ʗʢʽʩʥʠʡ ʩʢʣʘʜ ʨʦʙʽʪʥʠʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʝʨʝʣʽʢʦʤ ʨʦʙʽʪ ʦʩʥʦʚʥʦʛʦ ʪʘ 

ʜʦʧʦʤʽʞʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʨʦʟʨʷʜ ʨʦʙʽʪʥʠʢʽʚ ʦʩʥʦʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʚʠʥʝʥ 

ʚʽʜʧʦʚʽʜʘʪʠ ʨʦʟʨʷʜʫ ʨʦʙʽʪ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ. 

ʈʦʟʨʘʭʫʥʦʢ ʯʠʩʝʣʴʥʦʩʪʽ ʨʦʙʽʪʥʠʢʽʚ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.3. 

ʐʪʘʪʥʘ ʯʠʩʝʣʴʥʽʩʪʴ ʨʦʙʽʪʥʠʢʽʚ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

)( підпробявшт ССЧЧ += ,  (4.3) 

ʜʝ робС ï ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʙʨʠʛʘʜ. ʇʣʘʥʫʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʠʡ 3-ʭ ʟʤʽʥʥʠʡ ʛʨʘʬʽʢ 

ʨʦʙʦʪʠ, N=3; 

підпС ï ʢʽʣʴʢʽʩʪʴ ʧʽʜʤʽʥʥʠʭ ʙʨʠʛʘʜ, 
підпС =1. 

ʆʙʣʽʢʦʚʘ ʯʠʩʝʣʴʥʽʩʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʝʨʚʫ ʥʘ ʚʽʜʧʫʩʪʢʠ, ʚʠʭʽʜʥʽ ʜʥʽ ʪʘ 

ʥʝʚʠʭʦʜʠ ʥʘ ʨʦʙʦʪʫ  ʟʘ ʧʦʚʘʞʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

обштоб КЧЧ = , (4.4) 

ʜʝ 
обК ï ʦʙʣʽʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ, 

обК =1,12. 

ʊʘʙʣʠʮʷ 4.3 ï ʈʦʟʨʘʭʫʥʦʢ ʯʠʩʝʣʴʥʦʩʪʽ ʨʦʙʽʪʥʠʢʽʚ ʦʩʥʦʚʥʦʛʦ ʽ ʜʦʧʦʤʽʞʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ 

ˉ ʗʢʽʩʥʠʡ ʩʢʣʘʜ 
ʨʦʙʽʪʥʠʢʽʚ 

ʂ
ʽʣ
ʴʢ
ʽʩ
ʪʴ
. ʯ
ʦʣ
. 

ʈʝʞʠʤ 
ʨʦʙʦʪʠ 

ʇʦʪʨʝʙʘ ʚ ʢʘʜʨʘʭ 

ʷʚʦʯʥʘ ʰʪʘʪʥʘ ʦʙʣʽʢʦ 

ʚʘ 1 
ʙʨʠʛ
ʘ 

ʜʘ 

2 
ʙʨʠ
ʛʘʜʘ 

3 
ʙʨʠʛ
ʘʜʘ 

ʆʩʥʦʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 

1 ʄʘʰʠʥʽʩʪ ʥʘʩʦʩʥʦʾ 
ʩʪʘʥʮʽʾ ɯ ʧʽʜʡʦʤʫ 

3 ʙʝʟʧʝʨʝʨʚʥʠʡ 2 1 1 6 7 

2 ʄʘʰʠʥʽʩʪ ʥʘʩʦʩʥʦʾ 
ʩʪʘʥʮʽʾ ɯɯ ʧʽʜʡʦʤʫ

3 ʙʝʟʧʝʨʝʨʚʥʠʡ 2 1 1 6 7 

3 ʆʧʝʨʘʪʦʨ ʦʯʠʩʥʠʭ 
ʩʧʦʨʫʜ

3 ʙʝʟʧʝʨʝʨʚʥʠʡ 2 2 1 7 8 



4 ʆʧʝʨʘʪʦʨ ʭʣʦʨʘʪʦʨʥʦʾ 3 ʙʝʟʧʝʨʝʨʚʥʠʡ 2 1 1 6 7 

5 ʂʦʘʛʫʣʷʪʦʨʱʠʢ 3 ʙʝʟʧʝʨʝʨʚʥʠʡ 2 2 1 7 8 

ʚʩʴʦʛʦ 10 7 5 32 37 

ɼʦʧʦʤʽʞʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 

1 ɽʣʝʢʪʨʦʤʦʥʪʝʨ 
ʧʦ ʨʝʤʦʥʪʫ 
ʦʙʣʘʜʥʘʥʥʷ 

3 ʙʝʟʧʝʨʝʨʚʥʠʡ 2 1 1 6 7 

2 ɽʣʝʢʪʨʦʤʦʥʪʝʨ 
ʧʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʶ 
ʦʙʣʘʜʥʘʥʥʷ 

3 ʙʝʟʧʝʨʝʨʚʥʠʡ 2 2 1 7 8 

3 ʉʣʶʩʘʨ ʂɺʇʘ 3 ʙʝʟʧʝʨʝʨʚʥʠʡ 1 1 0 2 2 

4 ʉʣʶʩʘʨ ʘʚʘʨʽʡʥʦ-
ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ 

ʨʦʙʽʪ 

3,4 ʙʝʟʧʝʨʝʨʚʥʠʡ 4 3 3 14 16 

5 ɻʘʟʦʝʣʝʢʪʨʦʟʚʘʨʥ
ʠʢ 

3 ʙʝʟʧʝʨʝʨʚʥʠʡ 1 1 0 2 2 

6 ʃʘʙʦʨʘʥʪ ʭʽʤʽʢʦ-
ʙʘʢʪʝʨʽʦʣʦʛʽʯʥʦʾ 
ʣʘʙʦʨʘʪʦʨʽʾ 

3 ʙʝʟʧʝʨʝʨʚʥʠʡ 1 1 1 4 4 

7 ʆʙʭʽʜʥʠʢ ʧʦ 
ʜʽʣʷʥʢʘʤ 

ʚʦʜʦʧʨʦʚʽʜʥʦʾ 
ʤʝʨʝʞʽ 

2,3,
4 

ʙʝʟʧʝʨʝʨʚʥʠʡ 4 3 3 14 16 

8 ʄʆʇ ʧʝʨʝʨʚʥʠʡ 2 2 0 4 4 

ɺʩʴʦʛʦ 17 14 9 53 59 

ɺʩʴʦʛʦ ʧʦ ʩʪʘʥʮʽʾ 27 21 14 85 96 

ɺ ʪʘʙʣ. 4.4. ʥʘʚʝʜʝʥʦ ʙʘʣʘʥʩ ʯʘʩʫ ʨʦʙʽʪʥʠʢʘ ʩʪʘʥʮʽʾ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ 

(ʚʠʨʦʙʥʠʮʪʚʦ-ʙʝʟʧʝʨʝʨʚʥʝ, 8-ʤʠ ʛʦʜʠʥʥʘ ʟʤʽʥʘ, 4-ʭ ʙʨʠʛʘʜʥʠʡ ʛʨʘʬʽʢ).  



ʊʘʙʣʠʮʷ 4.4 ï ɹʘʣʘʥʩ ʯʘʩʫ ʨʦʙʦʪʠ ʨʦʙʽʪʥʠʢʘ ʩʪʘʥʮʽʾ 

ˉʧ/ʧ ʇʦʢʘʟʥʠʢ ʏʘʩ 

1 ʏʠʩʣʦ ʢʘʣʝʥʜʘʨʥʠʭ ʜʥʽʚ 365 

2 ʏʠʩʣʦ ʚʠʭʽʜʥʠʭ ʪʘ ʩʚʷʪʢʦʚʠʭ ʜʥʽʚ 91,25 

3 ʅʦʤʽʥʘʣʴʥʠʡ ʬʦʥʜ ʨʦʙʦʯʦʛʦ ʯʘʩʫ, ʜʥʽʚ 273,75 

4 ʅʝʚʠʭʦʜʠ ʥʘ ʨʦʙʦʪʫ, ʜʥʽʚ 30 

5 ʌʘʢʪʠʯʥʠʡ ʯʘʩ ʨʦʙʦʪʠ, ʜʥʽʚ 243,75 

4.6 ʇʣʘʥʫʚʘʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʩʧʝʮʽʘʣʽʩʪʽʚ ʪʘ ʢʝʨʽʚʥʦʛʦ ʩʢʣʘʜʫ 

ʈʦʟʨʘʭʫʥʦʢ ʯʠʩʝʣʴʥʦʩʪʽ ʚʠʢʦʥʘʥʦ  ʫ ʚʠʛʣʷʜʽ ʪʘʙʣ. 4.5 

ʊʘʙʣʠʮʷ 4.5 ï ʈʦʟʨʘʭʫʥʦʢ ʥʦʨʤʘʪʠʚʥʦʾ ʯʠʩʝʣʴʥʦʩʪʽ ʩʧʝʮʽʘʣʽʩʪʽʚ 

ˉ ʇʝʨʝʣʽʢ ʧʦʩʘʜ ʂʽʣʴʢʽʩʪʴ, ʯʦʣ. 

1 ʅʘʯʘʣʴʥʠʢ ʫʧʨʘʚʣʽʥʥʷ 1 

2 ɻʦʣʦʚʥʠʡ ʽʥʞʝʥʝʨ-ʪʝʭʥʦʣʦʛ 1 

3 ɯʥʞʝʥʝʨ-ʝʥʝʨʛʝʪʠʢ 1 

4 ɯʥʞʝʥʝʨ-ʤʝʭʘʥʽʢ 1 

5 ɯʥʞʝʥʝʨ ʂɺʇʘ 1 

6 ɯʥʞʝʥʝʨ-ʭʽʤʽʢ 1 

7 ʅʘʯʘʣʴʥʠʢ ʜʽʣʷʥʢʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 1 

8 ʊʝʭʥʽʢ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʝʨʝʞ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 1 

9 ʄʘʡʩʪʝʨ ʟʤʽʥʠ 4 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 12 



ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʘʮʽʚʥʠʢʽʚ ʩʪʘʥʮʽʾ ʩʪʘʥʦʚʠʪʴ: 

.1081296 чолЧ роб =+=  

4.7 ʇʣʘʥʫʚʘʥʥʷ ʬʦʥʜʫ ʦʧʣʘʪʠ ʧʨʘʮʽʚʥʠʢʽʚ 

ʆʩʥʦʚʥʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ɿʪ.= ʊʩʝʨ.ĬʇĬɺĬʐ, (4.5) 

ʜʝ ʊʩʝʨ. ï ʩʝʨʝʜʥʴʦʛʦʜʠʥʥʘ ʪʘʨʠʬʥʘ ʩʪʘʚʢʘ, ʛʨʥ.: 

ʊʩʝʨ.= (ʊ1Ĭʐ1 + ʊ2 Ĭʐ2+é+ ʊʥĬʐʥ) / (ʐ1+ ʐ2+é+ ʐʥ), (4.6) 

ʜʝʊ1,ʊ2,ʊʥ ï ʪʘʨʠʬʥʽ ʩʪʘʚʢʠ ʨʦʙʦʯʠʭ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʨʷʜʽʚ, ʛʨʥ; ʐ1,ʐ2,ʐʥ ï 

ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪʥʠʢʽʚ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʨʷʜʫ, ʯʦʣ; ʇ ï ʪʨʠʚʘʣʽʩʪʴ ʟʤʽʥʠ, ʛʦʜ; 

ɺ ï ʥʦʤʽʥʘʣʴʥʠʡ ʯʘʩ ʨʦʙʦʪʠ, ʜʥʽʚ; ʐ ï ʰʪʘʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʽʜʤʽʥʠ ʥʘ ʚʠʭʽʜʥʽ ʜʥʽ, 

ʯʦʣ. 

ɼʣʷ ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ:  , 

ɿʪ.=57Ĭ8Ĭ273,75Ĭ37=4618710ʛʨʥ. 

ɼʣʷ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʦʯʠʭ:  ʧʨʘʮʶʶʯʠʭ ʙʝʟʧʝʨʝʨʚʥʦ (8-ʛʦʜʠʥʥʘ ʟʤʽʥʘ): 

ɿʪ.=57,2Ĭ8Ĭ273,75Ĭ51=6388668 ʛʨʥ. 

ʜʣʷ ʧʨʘʮʶʶʯʠʭ ʧʝʨʝʨʚʥʦ (8-ʛʦʜʠʥʥʘ ʟʤʽʥʘ, 5-ʪʠ ʜʦʙʦʚʠʡ ʨʦʙʦʯʠʡ 
ʪʠʞʜʝʥʴ): 

ɿʪ.=56,8Ĭ8Ĭ251Ĭ8=912435,2 ʛʨʥ 

ɼʦʜʘʪʢʦʚʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ: ʜʦʧʣʘʪʠ ʟʘ ʨʦʙʦʪʫ ʚ ʚʝʯʽʨʥʽ ʛʦʜʠʥʠ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ɿ ʚʝʯ.=0,2Ĭ ʊʩʝʨ.Ĭɺʚʝʯ.ĬʐĬʇ, (4.7) 

ʜʝ ɺ ʚʝʯ. ï ʚʝʯʽʨʥʽ ʛʦʜʠʥʠ ʨʦʙʦʪʠ, ʟʤʽʥ. ɺʝʯʽʨʥʽʤʠ ʛʦʜʠʥʘʤʠ ʨʦʙʦʪʠ ʚʚʘʞʘʶʪʴʩʷ 

ʛʦʜʠʥʠ ʜʦʙʠ ʟ 1600 ʜʦ 2200, ʪʦʙʪʦ 1/ 4 ʜʦʙʠ. 



ʊʦʜʽ ʟʘ ʨʽʢ : ɺ ʚʝʯ.=(365Ĭ3)/ 4 Ĭ 1/4 = 68,4 ʟʤʽʥ. ɼʣʷ ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ: 

ɿ ʚʝʯ.=0,2Ĭ 57Ĭ68,4Ĭ37Ĭ8=230809 ʛʨʥ. 

ɼʣʷ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʦʯʠʭ, ʱʦ ʧʨʘʮʶʶʪʴ ʙʝʟʧʝʨʝʨʚʥʦ: ɿ ʚʝʯ.=0,2Ĭ 

57Ĭ68,4Ĭ51Ĭ8=318142,1 ʛʨʥ. 

ɼʦʧʣʘʪʠ ʟʘ ʨʦʙʦʪʫ ʚ ʥʽʯʥʽ ʛʦʜʠʥʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ɿ ʥʽʯ.=0,4Ĭ ʊʩʝʨ.Ĭɺʥʽʯ.ĬʐĬʇ, (4.8) 

ʜʝ ɺʥʽʯ. ï ʥʽʯʥʽ ʛʦʜʠʥʠ ʨʦʙʦʪʠ, ʟʤʽʥ. ʅʽʯʥʠʤʠ ʚʚʘʞʘʶʪʴʩʷ ʛʦʜʠʥʠ ʜʦʙʠ ʟ 2200 ʜʦ 

600, ʪʦʙʪʦ 1/3 ʜʦʙʠ. 

ɿʘ ʨʽʢ: ɺ ʥʽʯ.= (365Ĭ3) / 4 Ĭ 1/3 = 91,25 ʟʤʽʥ. 

ɼʣʷ ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ: ɿ ʥʽʯ.=0,4Ĭ 57Ĭ91,25Ĭ37Ĭ8=615828 ʛʨʥ., ʜʣʷ 

ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʦʯʠʭ: ɿ ʥʽʯ.=0,4Ĭ 57Ĭ91,25Ĭ51Ĭ8=848843,8 ʛʨʥ. 

ʇʨʝʤʽʘʣʴʥʽ ʚʠʧʣʘʪʠ ʜʦʨʽʚʥʶʶʪʴ. 

ɿʧʨʝʤ.= ɿʪʘʨ.Ĭ ʈʧʨ. / 100,  (4.9) 

ʜʝ ʈʧʨ. ï ʨʦʟʤʽʨ ʧʨʝʤʽʾ, % 

ɼʣʷ ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ: 

ɿʧʨʝʤ.= 4618710Ĭ 40 / 100=1847484 ʛʨʥ 

ɼʣʷ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʦʯʠʭ: 

-ʧʨʘʮʶʶʯʠʭ ʙʝʟʧʝʨʝʨʚʥʦ: 

ɿʧʨʝʤ.= 6388668* 30 / 100=1916600,4 ʛʨʥ; 

-ʧʨʘʮʶʶʯʠʭ ʧʝʨʝʨʚʥʦ: 

ɿʧʨʝʤ.= 912435,2 * 30 / 100=273730,6 ʛʨʥ 

ɼʦʧʣʘʪʠ ʟʘ ʨʦʙʦʪʫ ʚ ʩʚʷʪʢʦʚʽ ʜʥʽ ʩʢʣʘʜʘʶʪʴ: 

ɿ ʩʚʷʪ.= ʊʩʝʨ.ĬʇĬɼĬɽĬʐ,  (4.10) 

ʜʝ ɼ ï ʯʠʩʣʦ ʩʚʷʪʢʦʚʠʭ ʜʥʽʚ ʟʘ ʨʽʢ, ʜʥʽʚ; ɽ ï ʯʘʩʪʠʥʘ ʧʨʘʮʶʶʯʠʭ ʚ ʩʚʷʪʢʦʚʽ ʜʥʽ 4 

ɽ= 3 ʟʤʽʥʠ / 4 ʙʨʠʛʘʜʠ=0,75. 

ɼʣʷ ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ: ɿ ʩʚʷʪ.= 57Ĭ8Ĭ10Ĭ0,75Ĭ37=126540 ʛʨʥ. 

ɼʣʷ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʦʯʠʭ: ɿ ʩʚʷʪ.= 57Ĭ8Ĭ10Ĭ0,75Ĭ51=174420 ʛʨʥ. 



ɼʦʧʣʘʪʠ ʟʘ ʧʝʨʝʨʦʙʢʫ ʧʦ ʛʨʘʬʽʢʫ: 

ɿ ʧʝʨ.= 0,5Ĭʊʩʝʨ.Ĭ0,75ĬʃĬʐ, 

ʜʝ ʃ ï ʧʝʨʝʨʦʙʢʘ ʟʘ ʨʽʢ, ʛʦʜ: 
ʃ= ʃ1-ʃ2-ʃ3,  (4.11) 

ʃ1 ï ʚʽʜʧʨʘʮʴʦʚʘʥʦ ʟʘ ʨʽʢ ʦʜʥʠʤ ʧʨʘʮʶʶʯʠʤ ʧʨʠ ʙʝʟʫʧʠʥʥʦʤʫ ʛʨʘʬʽʢʫ ʨʦʙʦʪʠ, 

ʛʦʜ; ʃ2 ïʚʽʜʧʨʘʮʴʦʚʘʥʦ ʟʘ ʨʽʢ ʨʦʙʦʯʠʤ ʧʨʠ 41-ʛʦʜʠʥʥʦʤʫ ʨʦʙʦʯʦʤʫ ʪʠʞʥʽ (ʟʛʽʜʥʦ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ); ʃ2= (365-10-52-52) *8,2= 2058 ʛʦʜ.; 10 ï ʢʽʣʴʢʽʩʪʴ ʩʚʷʪʢʦʚʠʭ ʜʥʽʚ 

ʟʘ ʨʽʢ; 52ï ʢʽʣʴʢʽʩʪʴ ʩʫʙʦʪ ʪʘ ʥʝʜʽʣʴ ʟʘ ʨʽʢ; 8,2ïʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʯʦʛʦ ʜʥʷ ʧʨʠ 5-

ʜʦʙʦʚʦʤʫ ʨʦʙʦʯʦʤʫ ʪʠʞʥʽ; ʃ3 ï ʚʽʜʧʨʘʮʴʦʚʘʥʦ ʟʘ ʨʽʢ ʦʜʥʠʤ ʨʦʙʦʯʠʤ ʚ ʩʚʷʪʢʦʚʽ 

ʜʥʽ: 

ʃ3= (10*3*8) / 4=60 

ʊʦʜʽ 
годЛ 72602058)875,273( =−−=

ɼʣʷ ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ: 

ɿ ʧʝʨ.= 0,5*57*0,75*72*37=56942,5 ʛʨʥ. 

ɼʣʷ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʦʯʠʭ: 

ɿ ʧʝʨ.= 0,5*57*0,75*72*51=48488,8 ʛʨʥ. 

ʆʧʣʘʪʘ ʚʽʜʧʫʩʪʦʢ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ɿ ʚʽʜ.=(ɿʪʘʨ.+ ɿʜʦʜ.1)Ĭʆ / ɺ,  (4.12) 

ʜʝ ʆï ʪʨʠʚʘʣʽʩʪʴ ʚʽʜʧʫʩʪʢʠ, ʜʥʽʚ 

ɿʜʦʜ.1=ɿʥʽʯ.+ɿʚʝʯ.+ɿʩʚʷʪ.  (4.13) 

ɺ ï ʥʦʤʽʥʘʣʴʥʠʡ ʯʘʩ, ɺ = (365*3)/ 4=273,75 ʜʥʽʚ 

ɿ ʚʽʜ.=ɿʪʘʨ.+ (Зніч.+Звеч.+Зсвят ))*ʆ / ɺ,  (4.14) 

ɼʣʷ ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ: 

ɿ ʚʽʜ.= 4618710+ (230809+615828+126540 ))Ĭ28 /273,75=4718249,6 ʛʨʥ. 

ɼʣʷ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʦʯʠʭ: ʧʨʘʮʶʶʯʠʭ ʙʝʟʧʝʨʝʨʚʥʦ: 

ɿ ʚʽʜ.= 6388668+ (318142,1 +848843,8 +174420))*28 /273,75=790656 ʛʨʥ. 

ɼʣʷ ʧʨʘʮʶʶʯʠʭ ʧʝʨʝʨʚʥʦ: ɿ ʚʽʜ.= 912435,2Ĭ24 /251,00=87244,8 ʛʨʥ. 



ʈʽʯʥʘ ʩʫʤʘ ʟʘʛʘʣʴʥʦʾ ʜʦʜʘʪʢʦʚʦʾ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʩʢʣʘʜʘʻʪʴʩʷ: 

ɿ ʜʦʜ.= ɿ ʚʝʯ. + ɿ ʥʽʯ. + ɿʧʨʝʤ. + ɿ ʩʚʷʪ.+ ɿ ʧʝʨ. + ɿ ʚʽʜ.       (5.15) 

ɼʣʷ ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ: 

ɿ ʜʦʜ.= 230809+ 615828. + 1847484+ 126540+ 56942,5 + 4718249,6 =7595853,1 ʛʨʥ 

ɼʣʷ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʦʯʠʭ: ʧʨʘʮʶʶʯʠʭ ʙʝʟʧʝʨʝʨʚʥʦ: 

ɿ ʜʦʜ.= 318142,1 + 848843,8 + 1916600,4 + 174420+48488,8 790656=4097151,1 ʛʨʥ 

ɼʣʷ ʧʨʘʮʶʶʯʠʭ ʧʝʨʝʨʚʥʦ: ɿ ʜʦʜ.= 273730,6 +87244,8 =360975,4 ʛʨʥ. 

ɿʘʛʘʣʴʥʠʡ ʬʦʥʜ ʦʧʣʘʪʠ ʧʨʘʮʽ ʨʦʙʦʯʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʦʾ ʟʘʨʦʙʽʪʥʦʾ 

ʧʣʘʪʠ (ɿ ʦʩʥ.=ɿʪʘʨ) ʪʘ ʜʦʜʘʪʢʦʚʦʾ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ (ɿ ʜʦʜ.). 

ɿʟʘʛ.= ɿ ʦʩʥ.+ɿʜʦʜ. 

ɼʣʷ ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ:ɿʟʘʛ.= 4618710+7595853,1 =12214563,1 ʛʨʥ. 

ɼʣʷ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʦʯʠʭ: ʧʨʘʮʶʶʯʠʭ ʙʝʟʧʝʨʝʨʚʥʦ: 

ɿʟʘʛ.= 6388668+4097151,1 =10485819,1 ʛʨʥ. 

ɼʣʷ ʧʨʘʮʶʶʯʠʭ ʧʝʨʝʚʥʦ: ɿʟʘʛ.= 912435,2 +360975,4 =1273410,6 ʛʨʥ. 

ʄʽʩʷʯʥʘ ʩʝʨʝʜʥʷ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʧʦ ʧʽʜʧʨʠʻʤʩʪʚʫ : 

ɿʩʝʨ.= ɿ ʟʘʛ/ (12Ĭ ʐ) 

ɼʣʷ ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ: ɿʩʝʨ.= 12214563,1 /(12*37)=27510,3 ʛʨʥ. 

ɼʣʷ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʦʯʠʭ:ʧʨʘʮʶʶʯʠʭ ʙʝʟʧʝʨʝʨʚʥʦ: ɿʩʝʨ.= 10485819,1/ 

/(12Ĭ51)=17133,7 ʛʨʥ. ɼʣʷ ʧʨʘʮʶʶʯʠʭ ʧʝʨʝʨʚʥʦ: ɿʩʝʨ.= 1273410,6/ 

/(12Ĭ8)=13264,7ʛʨʥ. 

4.8 ʈʦʟʨʘʭʫʥʦʢ ʬʦʥʜʫ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʪʘ ʢʝʨʽʚʥʦʛʦ

ʩʢʣʘʜʫ 

ʌʦʥʜ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʾ ʧʦʩʘʜʠ : 

ɿ ʩʧʝʮ. ʢʝʨ.=ʏĬʆʤĬ12, (4.16) 



ʜʝ ʏ ï ʯʠʩʝʣʴʥʽʩʪʴ ʨʦʙʽʪʥʠʢʽʚ ʥʘ ʜʘʥʽʡ ʧʦʩʘʜʽ, ʯʦʣ; ʆʤ ï ʧʦʩʘʜʦʚʠʡ ʤʽʩʷʯʥʠʡ 

ʦʢʣʘʜ, ʛʨʥ. 

ɺ ʮʴʦʤʫ ʨʘʟʽ ʦʧʣʘʪʘ ʚʽʜʧʫʩʪʦʢ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʟʘʛʘʣʴʥʠʡ ʬʦʥʜ ʟʘʨʦʙʽʪʥʦʾ 

ʧʣʘʪʠ, ʪʦʤʫ ʦʧʣʘʪʘ ʚʽʜʧʫʩʪʦʢ ʜʦʜʘʪʢʦʚʦ ʥʝ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ. ʈʦʟʨʘʭʫʥʦʢ ʬʦʥʜʫ 

ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʧʨʦʚʦʜʠʪʴʩʷ  ʫ ʬʦʨʤʽ ʪʘʙʣ. 4.6. 

ʊʘʙʣʠʮʷ 4.6ï  ʈʽʯʥʠʡ ʬʦʥʜ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʩʧʝʮʽʘʣʽʩʪʽʚ ʪʘ ʢʝʨʽʚʥʦʛʦ ʩʢʣʘʜʫ 

ˉ ʇʦʩʘʜʘ ʏʠʩʝʣʴʥʽʩʪʴ, 
ʯʦʣ. 

ʇʦʩʘʜʦʚʠʡ 
ʦʢʣʘʜ, ʛʨʥ. 

ʈʽʯʥʠʡ 
ʬʦʥʜ 

ʟʘʨʦʙʽʪʥʦʾ 
ʧʣʘʪʠ, 
ʛʨʥ. 

1 ʅʘʯʘʣʴʥʠʢ ʩʪʘʥʮʽʾ 1 20000 240000 

2 ɻʦʣʦʚʥʠʡ ʽʥʞʝʥʝʨ-ʪʝʭʥʦʣʦʛ 1 18000 216000 

3 ɯʥʞʝʥʝʨ-ʝʥʝʨʛʝʪʠʢ 1 18000 216000 

4 ɯʥʞʝʥʝʨ-ʤʝʭʘʥʽʢ 1 18000 216000 

5 ʅʘʯʘʣʴʥʠʢ ʜʽʣʷʥʢʠ 
ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

1 15000 180000 

6 ɯʥʞʝʥʝʨ -ʭʽʤʽʢ 1 14000 168000 

7 ɯʥʞʝʥʝʨ ʂɺʇʘ 1 14000 168000 

8 ʊʝʭʥʽʢ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʝʨʝʞ ʪʘ 
ʦʙʣʘʜʥʘʥʥʷ 

1 14000 168000 

9 ʄʘʡʩʪʝʨ ʟʤʽʥʠ 4 12000 144000 

ʈʘʟʦʤ 1716000 
ɿ ʩʧʝʮ. ʢʝʨ=1716000 ʛʨʥ 

ɿʘʛʘʣʴʥʠʡ ʬʦʥʜ ʦʧʣʘʪʠ ʧʨʘʮʽ (ʌʆʇ) ʟʘ ʨʽʢ ʧʣʘʥʫʻʪʴʩʷ ʚ ʨʦʟʤʽʨʽ: 

ʌʆʇ=ɿʟʘʛ+ɿʩʧʝʮ.ʢʝʨ.

ʌʆʇ=(12214563,1 +10485819,1 +1273410,6)+ 1716000=14696686 ʛʨʥ. 



5.ɽʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʦʝʢʪʫ

5.1 ɽʢʦʥʦʤʽʯʥʝ ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʽʘʥʪʽʚ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʚʠʟʥʘʯʝʥʘ ʥʘ ʦʩʥʦʚʽ 

ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʤʽʞ ʩʦʙʦʶ ʽʟ ʚʠʟʥʘʯʝʥʥʷʤ ʧʨʠʚʝʜʝʥʠʭ ʚʠʪʨʘʪ ʜʣʷ ʢʦʞʥʦʛʦ ʟ 

ʚʘʨʽʘʥʪʽʚ ʟʘ ʬʦʨʤʫʣʦʶ:  

  ʇ ʽ= ʉʽ + ɽʥʂ ʽ, (5.1) 

ʜʝ ʇ ʽ ï ʧʨʠʚʝʜʝʥʽ ʚʠʪʨʘʪʠ ʧʦ ʢʦʞʥʦʤʫ ʚʘʨʽʘʥʪʫ, ʛʨʥ.; ʉʽ ï ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ 

ʧʦ ʢʦʞʥʦʤʫ ʚʘʨʽʘʥʪʫ, ʪʠʩ. ʛʨʥ; ʂ ʽ ï ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʦ ʢʦʞʥʦʤʫ ʚʘʨʽʘʥʪʫ, ʪʠʩ. 

ʛʨʥ; ɽʥ ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʨʽʚʥʷʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʠʡ ʧʨʠʡʤʘʻʪʴʩʷ: ɽʥ= 0,15 ï ʜʣʷ 

ʩʠʩʪʝʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ʇʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʜʚʽ ʤʦʞʣʠʚʽ ʩʭʝʤʠ 

ʦʙʨʦʙʢʠ ʚʦʜʠ (ʨʠʩ. 5.1). 

ʈʠʩʫʥʦʢ 5.1 ï ɺʘʨʽʘʥʪʠ ʦʯʠʱʝʥʥʷ ʚʦʜʠ 

ɿʘ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʪʘ ʢʘʧʽʪʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʚʘʨʪʦʩʪʽ 

ʜʣʷ ʩʧʦʨʫʜ ʦʯʠʩʪʢʠ ʚʦʜʠ ʧʨʠʚʝʜʝʥʽ ʚʠʪʨʘʪʠ ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʚʘʨʽʘʥʪʽʚ ʦʯʠʩʪʢʠ 

ʚʦʜʠ  ʩʪʘʥʦʚʣʷʪʴ: ʟʘ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʧʠʪʦʤʠʤ ʚʠʪʨʘʪʘʤʠ ʜʣʷ ʧʝʨʰʦʛʦ ʚʘʨʽʘʥʪʘ 

ʦʯʠʱʝʥʥʷ: ʉ1= 65,00 ʪʠʩ. ʛʨʥ., ʂ1= 850,00 ʪʠʩ. ʛʨʥ  

ʇ1= 85000,0Ĭ0,15 + 43483,4 = 56233,4 ʪʠʩ. ʛʨʥ 

- ʜʣʷ ʜʨʫʛʦʛʦ ʚʘʨʽʘʥʪʘ ʦʯʠʱʝʥʥʷ: ʉ2= 75,00 ʪʠʩ. ʛʨʥ., ʂ2= 700,00 ʪʠʩ. ʛʨʥ, 



ʪʦʜʽ, ʇ2= 70000,0Ĭ0,15 + 39483,4 = 49983,4 ʪʠʩ. ʛʨʥ. 

ʅʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʜʨʫʛʠʡ ʚʘʨʽʘʥʪ ʦʯʠʱʝʥʥʷ ʚʦʜʠ, ʷʢʠʡ 

ʤʘʻ ʤʽʥʽʤʘʣʴʥʽ ʧʨʠʚʝʜʝʥʽ ʚʠʪʨʘʪʠ, ʪʦʤʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʜʝʪʘʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʦʙʠʨʘʻʪʴʩʷ ʚʘʨʽʘʥʪ ʦʯʠʩʪʢʠ ʚʦʜʠ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʚʽʜʩʪʽʡʥʠʢʘʤʠ ʪʘ ʰʚʠʜʢʠʤʠ 

ʬʽʣʴʪʨʘʤʠ. 

5.2 ʇʣʘʥʫʚʘʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ 

ʇʣʘʥʫʚʘʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʧʨʠʡʥʷʪʦʛʦ  ʟʘ  

ʥʘʡʤʝʥʰʠʤʠ ʧʨʠʚʝʜʝʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʚʘʨʽʘʥʪʫ ʦʯʠʩʪʢʠ ʚʦʜʠ  ʥʘ ʦʩʥʦʚʽ ʧʠʪʦʤʠʭ 

ʚʠʪʨʘʪ ʧʦ ʚʩʽʤ  ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʘʤ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ:  ʦʩʥʦʚʥʠʤ 

ʙʫʜʽʚʣʷʤ, ʩʧʦʨʫʜʘʤ, ʤʝʨʝʞʘʤ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʚʦʜʷʪʴ ʜʦ ʪʘʙʣ.5.1 

ʊʘʙʣʠʮʷ 5.1-ʈʦʟʨʘʭʫʥʦʢ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ 

ˉ 
ʧ/ʧ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʂʽʣʴʢʽʩʪʴ ʎʽʥʘ ʟʘ 
ʦʜʠʥʠʮʶ, 
ʪʠʩ.ʛʨʥ. 

ʉʫʤʘʨʥʘ 
ʚʘʨʪʽʩʪʴ, 
ʪʠʩ. ʛʨʥ. 

1 2 3 4 5 
ɹʫʜʽʚʣʽ 

1 

2 

-ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ ʧʝʨʰʦʛʦ ʧʽʜʡʦʤʫ 
ʩʫʤʽʱʝʥʘ ʟ ʚʦʜʦʟʘʙʽʨʥʦʶ ʩʧʦʨʫʜʦʶ 

1 300000 300000 

-ʥʘʩʦʩʥʘ ʩʪʘʥʮʽʷ ʜʨʫʛʦʛʦ ʧʽʜʡʦʤʫ 1 120000 120000 
-ʛʦʣʦʚʥʘ ʙʫʜʽʚʣʷ ʩʪʘʥʮʽʾ 

ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ 
1 205000 205000 

-ʨʝʘʛʝʥʪʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ 1 55000 55000 
-ʩʢʣʘʜ ʭʣʦʨʫ 1 22000 22000 
-ʤʘʡʩʪʝʨʥʷ 1 6000 6000 
-ʢʦʪʝʣʴʥʷ 1 10000 10000 
-ʧʨʦʭʽʜʥʘ 1 350 350 

ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ 718350 
ʆʩʥʦʚʥʽ ʩʧʦʨʫʜʠ 
-ʟʤʽʰʫʚʘʯ 4 400 160000 
- ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʚʽʜʩʪʽʡʥʠʢʠ ʽʟ 
ʚʩʪʨʦʻʥʠʤʠ ʢʘʤʝʨʘʤʠ 
ʧʣʘʩʪʽʚʮʝʫʪʚʦʨʝʥʥʷ 

8 2100 16800 

- h ʚʠʜʢʽ ʬʽʣʴʪʨʠ 8 2250 18000 

- ʨʝʟʝʨʚʫʘʨʠ ʯʠʩʪʦʾ ʚʦʜʠ 3 1000 3000 

- ʙʘʢʠ ʜʣʷ ʧʽʩʢʫ 2 15 30 

- ʙʘʢ ʜʣʷ ʢʦʘʛʫʣʷʥʪʫ 5 5 25 



- ʙʘʢ ʜʣʷ ʚʘʧʥʘ 2 8 16 
- ʧʨʠʡʤʘʣʴʥʘ ʢʘʤʝʨʘ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ 2 60 120 

- ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʽʩʢʦʣʦʚʢʠ 2 120 240 

- ʚʽʜʩʪʽʡʥʠʢʠ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ 3 550,5 1651,5 
- ʟʛʫʱʫʚʘʯʽ 2 305,4 610,8 

ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ 200493,3 
3 ʆʩʥʦʚʥʝ ʦʙʣʘʜʥʘʥʥʷ 

-ʥʘʩʦʩ ɼ630-90 6 92,5 555 
-ʥʘʩʦʩ ɼ2000-21 2 100,5 201 
-ʥʘʩʦʩ ɼ1000-40 4 105,5 422,0 
-ʢʨʘʥ-ʙʘʣʢʘ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ 
3,2 ʪ 

1 85 85 

-ʢʨʘʥ ʤʦʩʪʦʚʠʡ ʨʘʜʽʘʣʴʥʠʡ 
ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ 5,0 ʪ 

1 225,0 225,0 

-ʢʨʘʥ-ʙʘʣʢʘ ʟ ʨʫʯʥʠʤ 
ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ 
ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ 5,0 ʪ 

1 186,5 186,5 

ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ 1674,5 

4 ʄʝʨʝʞʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʾ 154500 
ʂʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʦ ʩʠʩʪʝʤʽ 
ʚ ʮʽʣʦʤʫ 

1075017,8 

5.3 ʇʣʘʥʫʚʘʥʥʷ ʧʦʪʦʯʥʠʭ ʚʠʪʨʘʪ 

ʈʽʯʥʽ ʧʦʪʦʯʥʽ ʚʠʪʨʘʪʠ ʜʣʷ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ  ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ  

ʚʠʟʥʘʯʘʶʪʴʩʷ: 

С = 
=

N

іі

іC
1

,  (5.2) 

ʜʝ 
=

N

іі

іC
1

- ʨʽʯʥʘ ʩʫʤʘ ʚʠʪʨʘʪ ʟʘ ʩʪʘʪʪʷʤʠ ʢʘʣʴʢʫʣʷʮʽʾ, ʛʨʥ. 

ʂʘʣʴʢʫʣʷʮʽʷ ʨʽʯʥʠʭ ʧʦʪʦʯʥʠʭ ʚʠʪʨʘʪ ʩʢʣʘʜʘʻʪʴʩʷ ʧʦ ʦʩʥʦʚʥʠʤ ʩʪʘʪʪʷʤ: 

ʨʝʘʛʝʥʪʠ, ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ, ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ, ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ, ʘʤʦʨʪʠʟʘʮʽʡʥʽ 

ʚʽʜʨʘʭʫʚʘʥʥʷ, ʧʦʪʦʯʥʠʡ ʨʝʤʦʥʪ, ʽʥʰʽ ʚʠʪʨʘʪʠ. 


=

N

іі

іC
1

 =  С1 + С2 + С3 + С4 + С5 + С6 + С7 + С8 1  (5.3) 



ʜʝ ʉ1ï ʚʠʪʨʘʪʠ ʥʘ ʩʠʨʦʚʠʥʫ ʽ ʤʘʪʝʨʽʘʣʠ, ʛʨʥ.; ʉ2ï ʚʠʪʨʘʪʠ ʥʘ ʧʘʣʠʚʦ ʪʘ ʝʥʝʨʛʽʶ ʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʮʽʣʽ, ʛʨʥ; ʉ3ï ʚʠʪʨʘʪʠ ʥʘ ʦʩʥʦʚʥʫ ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʫ,ʛʨʥ; ʉ4ï ʚʠʪʨʘʪʠ ʥʘ 

ʜʦʜʘʪʢʦʚʫ ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʫ, ʛʨʥ; ʉ5ï ʚʽʜʨʘʭʫʚʘʥʥʷ ʥʘ ʩʦʮʽʘʣʴʥʝ ʩʪʨʘʭʫʚʘʥʥʷ,ʛʨʥ ; 

ʉ6ï  ʚʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʶ ʫʩʪʘʪʢʫʚʘʥʥʷ,ʛʨʥ; ʉ8 ï ʽʥʰʽ ʚʠʨʦʙʥʠʯʽ 

ʚʠʪʨʘʪʠ, ʛʨʥ; C10ïʧʦʙʽʯʥʽ ʚʠʪʨʘʪʠ, ʛʨʥ; C11ï ʟʚʦʨʦʪʥʽ ʚʠʪʨʘʪʠ, ʛʨʥ. 

5.3.1 ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʥʘ ʩʠʨʦʚʠʥʫ ʽ ʤʘʪʝʨʽʘʣʠ 

ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʚ ʚʘʨʪʽʩʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʥʘ ʨʝʘʛʝʥʪʠ ʪʘ ʤʘʪʝʨʽʘʣʠ 

ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʪʘʙʣ.5.2 

ʊʘʙʣʠʮʷ  5.2 ï ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʥʘ ʤʘʪʝʨʽʘʣʠ (ʨʝʘʛʝʥʪʠ) 
ˉ 
ʧ/ʧ ʄʘʪʝʨʽʘʣʠ 

ʈʽʯʥʘ ʚʠʪʨʘʪʘ ʨʝʘʛʝʥʪʫ, 
ʤʘʪʝʨʽʘʣʫ 
ʪ/ʨʽʢ 

ɺʘʨʪʽʩʪʴ 1ʪ 
ʤʘʪʝʨʽʘʣʫ, ʛʨʥ 

ʈʽʯʥʽ ʚʠʪʨʘʪʠ ʥʘ 
ʤʘʪʝʨʽʘʣʠ, 

 ʛʨʥ 
1 ʂʦʘʛʫʣʷʥʪ 2263 (6,2ʪ/ʜʦʙ365) 18000 40734000 

2 ɺʘʧʥʦ 182,5(0,5ʪ/ʜʦʙ365) 8500 1551250 
3 ʇʽʩʦʢ 65,13(ʧ.2.2.9) 3750 244237,5 
4 ʍʣʦʨ 90,23(10,3ʢʛ/ʛʦʜ 

24365) 
45000 4060350 

Всього : 46589837,5 

ɺʠʪʨʘʪʠ ʥʘ ʩʠʨʦʚʠʥʫ ʽ ʤʘʪʝʨʽʘʣʠ ʩʪʘʥʦʚʣʷʪʴ ʉ1=46589837,5 ʛʨʥ. 

5.3.2 ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʥʘ ʧʘʣʠʚʦ ʽ ʝʥʝʨʛʽʶ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʮʽʣʽ 

ɼʣʷ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʧʝʨʰʦʛʦ ʧʽʜʡʦʤʫ ʥʘ ʷʢʽʡ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘʩʦʩʠ ɼ1000-40 

ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ: 

 = (0,00273Ĭʅ)/   (5.4) 

ʜʝ ʅ ï ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ ʚʦʜʠ, ʤ; ï ʂʂɼ ʥʘʩʦʩʫ, 

ɿʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ʩʧʝʮʽʘʣʴʥʦʾ ʯʘʩʪʠʥʠ:  ʜʣʷ ʥʘʩʦʩʽʚ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʧʝʨʰʦʛʦ 

ʧʽʜʡʦʤʫ ʅ1=25,5ʤ;  = 75%. ɼʣʷ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ʧʝʨʰʦʛʦ ʧʽʜʦʡʤʫ: 

1 = (0,00273Ĭʅ)/  = 0,00273Ĭ25,5/0,75 =0,093 ʢɺʪ ʛʦʜ/ʤ3 



ɼʣʷ ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ ɯɯ ʧʽʜʡʦʤʫ ʩʝʨʝʜʥʷ ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʦʙʯʠʩʣʶʻʪʴʩʷ: 

ʩʝʨ.= 0,01  (ʈʽ Ĭʽ), (5.5) 

ʜʝ ʈʽï ʧʦʛʦʜʠʥʥʘ ʧʦʜʘʯʘ ʥʘʩʦʩʽʚ, % ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪʘ ʥʘ ʜʦʙʫ. 

ɿʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ʩʧʝʮʽʘʣʴʥʦʾ ʯʘʩʪʠʥʠ  (ʩʪʫʧʝʥʝʚʠʤ ʛʨʘʬʽʢʦʤ ʧʦʜʘʯʽ): 

ʜʣʷ ʧʝʨʰʦʾ ʩʪʫʧʝʥʽ ʈ1=2,93 %, ʜʣʷ ʜʨʫʛʦʾ - ʈ11=4,68 % 

ʽ ï ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʜʘʥʫ ʛʦʜʠʥʫ. 

ʽ =  N / Q, (5.6) 

 N ï ʩʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʦʜʥʦʯʘʩʥʦ ʧʨʘʮʶʶʯʠʭ ʜʚʠʛʫʥʽʚ, ʢɺʪ; 

Q ï ʩʫʤʘʨʥʘ ʧʦʜʘʯʘ ʚʦʜʠ ʥʘʩʦʩʘʤʠ, ʤ3/ ʛʦʜ 

ʜʣʷ ʧʝʨʰʦʾ ʩʪʫʧʝʥʽ ʧʨʠ ʨʦʙʦʪʽ ʜʚʦʭ ʦʜʥʦʛʦ ʥʘʩʦʩʫ  ʟ ʧʦʜʘʯʝʶ 1215,4 

ʤ3/ʛʦʜ: 

1 = 2Ĭ250/1735,5 = 0,29 ʢɺʪ ʛʦʜ/ʤ3

ɼʣʷ ʜʨʫʛʦʾ ʩʪʫʧʝʥʽ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ ʨʦʙʦʪʽ 4 -ʭ ʥʘʩʦʩʽʚ ʟ ʩʫʤʘʨʥʦʶ ʧʦʜʘʯʝʶ 

2772,1 ʤ3/ʛʦʜ: 

11 = 4Ĭ250/2772,1= 0,36 ʢɺʪ ʛʦʜ/ʤ3 

ʩʝʨ.= 0,01Ĭ (2,93 Ĭ0,29 + 4,68Ĭ0,36)=0,025 ʢɺʪ ʛʦʜ/ʤ3 

ʈʽʯʥʽ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ: 

     ɽʨ = Q ʜʦʙĬnĬʩʝʨ (5.7) 

ʜʝ Q.ʜʦʙ. ï ʜʦʙʦʚʝ  ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ  ʥʘʩʝʣʝʥʠʤ  ʧʫʥʢʪʦʤ, ʤ3/ ʜʦʙʫ; 

n ï ʯʠʩʣʦ ʜʥʽʚ  ʨʦʙʦʪʠ ʥʘʩʦʩʽʚ ʟʘ ʨʽʢ. 

ʈʽʯʥʽ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʧʨʦʤʠʚʢʫ ʬʽʣʴʪʨʽʚ ʥʘʩʦʩʘʤʠ ʤʘʨʢʠ 

ɼ 1000-40  ʚʠʟʥʘʯʘʶʪʴʩʷ: 

)102/(2,1 = фпромпрпромпромр NntНqЕ   (5.8) 



ʜʝ 1,2 ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʧʦʪʫʞʥʦʩʪʽ; промq ï ʚʠʪʨʘʪʘ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ, промq = 528 

ʣ/ʩ = 1900,8 ʤ3/ʛʦʜ; промН ï ʥʘʧʽʨ ʧʨʦʤʠʚʥʠʭ ʥʘʩʦʩʽʚ ʟʘ ʨʦʟʨʘʭʫʥʢʦʤ, ʤ, промН =16,2 

ʤ; прt ï ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʤʠʚʢʠ, ʛʦʜ, прt  = 6 ʭʚ =0,1 ʛʦʜ; промn ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʠʚʦʢ ʟʘ 

ʨʽʢ, промn = 2Ĭ365= 730;  - ʂʂɼ ʧʨʦʤʠʚʥʦʛʦ ʥʘʩʦʩʫ, =0,76; фN ï кількість 

фільтрів, фN = 8. 

ɽʨ= 1,2*1900,8*16,2*0,1*730*8/(102*0,76)=276657,6  ʢɺʪ ʛʦʜ / ʨʽʢ 

ɺʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʨʽʢ : 

ʕʨ= ɽʨ.Ĭ ʎ, (5.9) 

ʜʝ ɽʨ ï ʨʽʯʥʘ ʚʠʪʨʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʢɺʪ ʛʦʜ ʟʘ ʨʽʢ. 

ʎ ï ʮʽʥʘ 1 ʢɺʪ ʛʦʜ, ʛʨʥ. 

ʈʦʟʨʘʭʫʥʦʢ ʨʽʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ  ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʪʨʝʙʠ 

ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʪʘʙʣ. 5.3. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ  ʽʥʰʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ (ʥʘʩʦʩʘʤʠ -ʜʦʟʘʪʦʨʘʤʠ,  ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ):  

ʉ2= 1,3Ĭ19299,384 =25089,2 ʪʠʩ. ʛʨʥ. 

5.3.3 ɺʠʪʨʘʪʠ ʥʘ ʦʩʥʦʚʥʫ ʽ ʜʦʜʘʪʢʦʚʫ ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʫ 

ʆʩʥʦʚʥʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ ʩʪʘʥʦʚʠʪʴ: ʉ3= 4618710 ʛʨʥ.; 

ʜʦʜʘʪʢʦʚʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ: ʉ4=7595853,1 ʛʨʥ. 

5.3.4 ɺʠʪʨʘʪʠ ʥʘ ʚʽʜʨʘʭʫʚʘʥʥʷ ʥʘ ʩʦʮʽʘʣʴʥʝ ʩʪʨʘʭʫʚʘʥʥʷ 

ɺʠʪʨʘʪʠ ʥʘ ʚʽʜʨʘʭʫʚʘʥʥʷ ʥʘ ʩʦʮʽʘʣʴʥʝ ʩʪʨʘʭʫʚʘʥʥʷ ʧʨʠʡʤʘʶʪʴʩʷ ʚ ʨʦʟʤʽʨʽ 

38% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʬʦʥʜʫ ʦʧʣʘʪʠ ʧʨʘʮʽ ʚʠʨʦʙʥʠʯʠʭ ʨʦʙʦʯʠʭ: 

ʉ5=12214563,10,38=4641534 ʛʨʥ. 

5.3.5 ɺʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʶ ʫʩʪʘʪʢʫʚʘʥʥʷ 

ʋ ʮʶ ʩʪʘʪʪʶ ʚʢʣʶʯʘʶʪʴʩʷ: ʘʤʦʨʪʠʟʘʮʽʡʥʽ ʚʽʜʨʘʭʫʚʘʥʥʷ, ʚʠʪʨʘʪʠ ʥʘ 

ʫʪʨʠʤʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚʠʨʦʙʥʠʯʦʛʦ ʽ ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚ 

ʨʦʟʤʽʨʽ 10% - 30% ʚʽʜ ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ ʚʽʜʨʘʭʫʚʘʥʴ, ʚʠʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪ, ʫ ʨʦʟʤʽʨʽ 



6%-10% ʚʽʜ ʩʫʤʠ ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ ʚʽʜʨʘʭʫʚʘʥʴ, ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ (ʦʩʥʦʚʥʘ, 

ʜʦʜʘʪʢʦʚʘ), ʘ ʪʘʢʦʞ ʚʽʜʨʘʭʫʚʘʥʥʷ ʥʘ ʩʦʮʽʘʣʴʥʝ ʩʪʨʘʭʫʚʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ 

ʨʦʙʽʪʥʠʢʽʚ. ɺʝʣʠʯʠʥʘ ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ ʚʽʜʨʘʭʫʚʘʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤʠ 

ʥʦʨʤʘʤʠ ʘʤʦʨʪʠʟʘʮʽʾ ʫ ʚʽʜʩʦʪʢʘʭ ʜʦ ʙʘʣʘʥʩʦʚʦʾ ʚʘʨʪʦʩʪʽ ʦʙ`ʻʢʪʫ ʜʣʷ:  ʙʫʜʦʚ, 

ʩʧʦʨʫʜ ʪʘ ʧʝʨʝʜʘʪʦʯʥʠʭ ʧʨʠʩʪʨʦʽʚ-5%; ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʪʨʘʥʩʧʦʨʪʫ ï 

25%; ʽʥʰʠʭ ʪʠʧʽʚ ʦʙʣʘʜʥʘʥʥʷ ï 15%. ʈʦʟʨʘʭʫʥʦʢ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʜʦʧʦʤʽʞʥʠʭ 

ʨʦʙʽʪʥʠʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʚ ʦʨʛʘʥʽʟʘʮʽʡʥʽʡ 

ʯʘʩʪʠʥʽ ʧʨʦʝʢʪʫ. ʈʦʟʨʘʭʫʥʦʢ ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ ʚʽʜʨʘʭʫʚʘʥʴ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʪʘʙʣ. 5.4. 



ʊʘʙʣʠʮʷ 5.3 ï ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 
ʚʠʪʨʘʪ 

ʏʠʩʣʦ 
ʨʦʙʦʯ
ʠʭ 

ʥʘʩʦʩʽ
ʚ 

ʇʦʪʫʞ
ʥʽʩʪʴ 
ʜʚʠʛʫʥ

ʘ 

ʢɺʪ 

ʈʝʞʠʤ 

ʨʦʙʦʪʠ 
ʥʘʩʦʩʽʚ 

ʏʠʩʣʦ 

 ʜʥʽʚ ʨʦʙʦʪʠ 
ʘʛʨʝʛʘʪʽʚ 

 ʟʘ ʨʽʢ, 

ʜʥʽʚ 

ʇʠʪʦʤʘ  

ʚʠʪʨʘʪʘ 
ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʢɺʪ ʛʦʜ / ʤ3 

ɼʦʙʦʚʘ 
ʚʠʪʨʘʪʘ 
ʚʦʜʠ, 
ʤ3/ʜʦʙʫ 

ʈʽʯʥʘ 
ʚʠʪʨʘʪʘ 

ʝʣʝʢʪʨʦʝʥʝʨ
ʛʽʾ, ʢɺʪ  ʛʦʜ 

ʟʘ ʨʽʢ 

ɺʘʨʪʽʩʪʴ 
ʝʣʝʢʪʨʦʝʥʝʨ
ʛʽʾ ʟʘ 1 ʂʚʪ 

ʛʦʜ 

ʈʽʯʥʘ 
ʚʘʨʪʽʩʪʴ 
ʝʣʝʢʪʨʦʝʥ
ʝʨʛʽʾ  ʪʠʩ. 

ʛʨʥ 

ʅʘʩʦʩʥʘ ʩʪʘʥʮʽʷ 
1 ʧʽʜʡʦʤʫ: 

- ɼ1000-40 2 

255 ʨʽʚʥʦʤʽ
ʨʥʠʡ 

365 0,093 59233,64 2010686 

1,12 

6,8 

13672,66
5 

ʅʘʩʦʩʥʘ ʩʪʘʥʮʽʷ 
11 ʧʽʜʡʦʤʫ: 

-ɼ630-90 

-ɼ2000-21 
4 

1 

250 ʩʪʫʧʽʥ. 365 0,025 59233,64 

540507 

276657,6  

3675,448 

1881,272 

Всього: 2827850,6 19299,38
4 



ʊʘʙʣʠʮʷ 5.4 ï ʈʦʟʨʘʭʫʥʦʢ ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ ʚʽʜʨʘʭʫʚʘʥʴ 

ˉ ʆʩʥʦʚʥʽ ʬʦʥʜʠ ʇʝʨʚʽʩʥʘ 

(ʙʘʣʘʥʩʦʚʘ) 
ʚʘʨʪʽʩʪʴ ʦʩʥʦʚʥʠʭ 
ʬʦʥʜʽʚ, ʪʠʩ. ʛʨʥ. 

ɸʤʦʨʪʠʟʘʮʽʡʥʽ 
ʚʽʜʨʘʭʫʚʘʥʥʷ, 

ʅʦʨʤʘ, % ʉʫʤʘ, ʪʠʩ. 
ʛʨʥ 

1 ɹʫʜʽʚʣʽ 718350 5 35917,5 

2 ʉʧʦʨʫʜʠ 200493,3 5 10024,7 

3 ʆʙʣʘʜʥʘʥʥʷ 1674,5 15 251,175 

4 ʄʝʨʝʞʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʾ 154500 15 23175 

ʈʘʟʦʤ: 69368.4 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʪʨʘʪ ʥʘ ʫʪʨʠʤʘʥʥʷ ʪʘ ʨʝʤʦʥʪ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʽ 

ʧʨʠʡʤʘʶʪʴʩʷ ʚ ʨʦʟʤʽʨʽ (10% ʥʘ ʫʪʨʠʤʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ + 6% ʥʘ ʨʝʤʦʥʪ) 

ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʘʤʦʨʪʠʟʘʮʽʶ, ʫʪʨʠʤʘʥʥʷ ʪʘ ʨʝʤʦʥʪ ʦʙʣʘʜʥʘʥʥʷ ʩʢʣʘʜʘʶʪʴ: 

69368.4 Ĭ 1,16= 80467,3ʛʨʥ. 

ɿʘʨʦʙʽʪʥʘ ʧʣʘʪʘ (ʦʩʥʦʚʥʘ, ʜʦʜʘʪʢʦʚʘ), ʘ ʪʘʢʦʞ ʚʽʜʨʘʭʫʚʘʥʥʷ ʥʘ ʩʦʮʽʘʣʴʥʝ 

ʩʪʨʘʭʫʚʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʽʪʥʠʢʽʚ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ, 

ʩʪʘʥʦʚʣʷʪʴ: 

10485819,1 +1273410,6)+0,38(10485819,1 +1273410,6)=16227737 ʛʨʥ . 

ʊʦʜʽ ʚʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ ʩʢʣʘʜʫʪʴ: 

ʉ6=80467,3+16227737=16308204,3 ʛʨʥ. 

5.3.6     ɿʘʛʘʣʴʥʦʚʠʨʦʙʥʠʯʽ ʚʠʪʨʘʪʠ 

ɺʠʪʨʘʪʠ ʥʘ ʦʭʦʨʦʥʫ ʧʨʘʮʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʡʤʘʶʪʴʩʷ ʚ ʨʦʟʤʽʨʽ 300 

ʛʨʥ. ʥʘ 1 ʨʦʙʦʯʦʛʦ: ʉ7=1716000+69368.4  0,16+(30096)=1755899 ʛʨʥ. 

5.3.7 ɯʥʰʽ ʚʠʨʦʙʥʠʯʽ ʚʠʪʨʘʪʠ 

ɺʠʪʨʘʪʠ ʧʦ ʮʽʡ ʩʪʘʪʪʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʝʨʽʦʜʠʯʥʦʶ ʧʝʨʝʚʽʨʢʦʶ ʷʢʦʩʪʽ ʚʦʜʠ ʽ 

ʧʨʠʡʤʘʶʪʴʩʷ ʫ ʨʦʟʤʽʨʽ 1% ʚʽʜ ʩʫʤʠ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʚʠʨʦʙʥʠʯʠʭ ʨʦʙʦʯʠʭ ʪʘ 



ʚʠʪʨʘʪ ʥʘ ʫʪʨʠʤʘʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ ʚʠʨʦʙʥʠʯʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ɺʠʪʨʘʪʠ ʧʦ ʮʽʡ ʩʪʘʪʪʽ ʜʦʨʽʚʥʶʶʪʴ: 

ʉ8=0,01 (4618710+16308204,3)=20926914,3 ʛʨʥ. 

5.3.8  ʈʦʟʨʘʭʫʥʦʢ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʦʩʣʫʛ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ 1ʤ3 ʚʦʜʠ ʫʩʽ ʚʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʘ 

ʩʪʘʪʪʷʤʠ ʢʘʣʴʢʫʣʷʮʽʾ ʟʚʦʜʷʪʴʩʷ ʚ ʪʘʙʣ. 6.5. ʉʦʙʽʚʘʨʪʽʩʪʴ  ʦʜʠʥʠʮʽ ʧʦʩʣʫʛ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʉ 1ʤ3 = В/П,  (5.10) 

ʜʝ ʇ ï ʨʽʯʥʠʡ ʦʙʩʷʛ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ , ʤ3/ʨʽʢ, ʇ= 59233,64*365=21620278,6 
ʤ3/ʜʦʙ. 

ʊʘʙʣʠʮʷ 5.5 ï ʂʘʣʴʢʫʣʷʮʽʷ ʩʦʙʽʚʘʨʪʦʩʪʽ 
ʉʪʘʪʪʷ ʚʠʪʨʘʪ ʆʜʠʥʠʮʷ 

ʚʠʤʽʨʫ 
ʉʫʤʘ ʚʠʪʨʘʪ 

ʅʘ  ʨʽʯʥʠʡ 
ʦʙôʻʤ  
 ʚʦʜʠ 

ʥʘ ʢʘʣʴʢʫʣʷʮʽʡʥʫ 
ʦʜʠʥʠʮʶ 

ʉʠʨʦʚʠʥʘ ʽ ʤʘʪʝʨʽʘʣʠ ʛʨʥ. 46589837,5 2,15 
ʇʘʣʠʚʦ ʽ ʝʥʝʨʛʽʷ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ 
ʮʽʣʽ 

ʛʨʥ. 25089200 
1,16 

ʆʩʥʦʚʥʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʛʨʥ. 4618710 0,214 
ɼʦʜʘʪʢʦʚʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʛʨʥ. 7595853,1 0,351 
ʉʦʮʽʘʣʴʥʝ ʩʪʨʘʭʫʚʘʥʥʷ ʛʨʥ. 4641534 0,215 
ʋʪʨʠʤʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʷ 
ʫʩʪʘʪʢʫʚʘʥʥʷ 

ʛʨʥ. 16308204,3 
0,754 

ɿʘʛʘʣʴʥʦʚʠʨʦʙʥʠʯʽ ʚʠʪʨʘʪʠ ʛʨʥ. 1755899 0,081 
ɯʥʰʽ ʚʠʨʦʙʥʠʯʽ ʚʠʪʨʘʪʠ ʛʨʥ. 20926914,3 0,968 
ɺʩʴʦʛʦ ʚʠʪʨʘʪ ʛʨʥ. 127526152 

5,9 

ʉ 1ʤ3 =127526152/21620278,6 =5,9 ʛʨʥ. 

5.4  ʈʦʟʨʘʭʫʥʦʢ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʩʣʫʛ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ: 

ʘʙʩʦʣʶʪʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʩʠʩʪʝʤʠ, ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʧʦʩʣʫʛ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ . 



ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʘʙʩʦʣʶʪʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ : 

ɽʘ= (ʎ-ʉ)Q /ʂ= (ʇ*Q)/ʂ  (5.11) 

ʜʝ ʎ ï ʮʽʥʘ  ʟʘ ʧʦʩʣʫʛʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʟʘ 1ʤ3,  ʛʨʥ., ʎ=4,5 

ʛʨʥ.- ʜʣʷ ʥʘʩʝʣʝʥʥʷ, ʎ=4,5 ʛʨʥ.- ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ; 

ʉ ï ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʦʩʣʫʛʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟʘ 1ʤ3,  ʛʨʥ., ʉ=0,62 ʛʨʥ/ʤ3; 

ʇ ï ʩʫʤʘ ʧʨʠʙʫʪʢʫ  ʟ 1ʤ3,  ʛʨʥ. 

ʂ ï ʩʫʤʘ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ, ʛʨʥ., ʂ= 140090200 ʛʨʥ. 1075017800 

Q ï ʨʽʯʥʠʡ ʦʙôʻʤ ʧʦʩʣʫʛ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʤ3; ʜʣʷ ʥʘʩʝʣʝʥʥʷ ï 14624455 ʤ3/ʨʽʢ, 

ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ï 6995823,6 ʤ3/ʨʽʢ. 

ɽʘ= ((17,8-5,9)  14624455+(17,8-5,9) 6995823,6)/ 1075017800=0,24 

ɿʘʧʣʘʥʦʚʘʥʠʡ ʧʨʠʙʫʪʦʢ ʜʦʨʽʚʥʶʚʘʪʠʤʝ: 

ʇ=((2,5-0,62)  14624455+(4,0-0,62) 6995823,6)=51139859,2 ʛʨʥ. 

ʇ=((17,8-5,9)  14624455+(17,8-5,9) 6995823,6)=257281315,34 ʛʨʥ. 

ʊʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ: 

ʊ= 1/ ɽʘ = ʂ / (ʇ ĬQ)        

ʊ=1/0,24=4,2 ʨʦʢʠ 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ɽʥ ʽ ʊʥ., ʷʢʽ ʜʣʷ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʜʦʨʽʚʥʶʶʪʴ:  

ɽʥ   =0,15, ʊʥ=1/0,15=6,7 ʨʦʢʠ. 

ɸʙʩʦʣʶʪʥʘ ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʝ ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʘʪʠʚʥʝ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʦʨʤʘʪʠʚʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʜʘʥʦʾ ʩʠʩʪʝʤʠ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʦʢʫʧʘʶʪʴʩʷ ʯʝʨʝʟ 5,6 ʨʦʢʠ, ʱʦ ʪʘʢʦʞ 

ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ.  



ɺʀʉʅʆɺʂʀ 

1. Розроблено систему водопостачання для міста із загальною

площею 385 га та кількістю населення 97000 чол. та головні елементи 

системи: 

- схему водопровідної мережі, яка складається із 24 вузлів 13 кілець та 

36 ділянок; 

водозабірні споруди річищного типу продуктивністю 0,69 м3/с; 

станцію водопідготовки продуктивністю 62000 м3/добу у складі 4 

змішувачів, 8 секцій (48×9×3) горизонтальних відстійників, 8 швидких 

фільтрів, 3 резервуарів чистої води (27×27×3), реагентного господарства, 

споруд для знезараження води, споруди для очищення промивних вод від 

швидких фільтрів; 

насосну станцію другого підйому, яка обладнана  насосами типу Д 630-

90(4 робочих та 2 резервних). 

2. Розроблено екологічне обґрунтування: спорудження для

очищення промивної води дозволяє повторно використати скидну воду 

після промивки швидких фільтрів: економія води за рік становить 1211 

тис. м3/рік або 20587000 грн. Застосування споруд для повторного 

використання промивної води дозволяє запобігти скиданню 

коагулянту А12(8О4)з у водойму у кількості  45 т за рік. 

3.Розраховані економічні показники: собівартість очищення становить

5,9 грн. Запланований прибуток дорівнюватиме 257281315,34 грн. Термін 

окупності 4,2 року. 
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ɼʦʜʘʪʦʢ ɸ 
ʊʘʙʣʠʮʷ ɸ.1 ï ɼʦʙʦʚʽ ʚʠʪʨʘʪʠ ʚʦʜʠ ʤʽʩʪʘ  

ɻʦʜʠʥʠ 
ʜʦʙʠ 

ɻʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʽ ʧʦʪʨʝʙʠ ʚʠʪʨʘʪʘ ʥʘ ʧʦʣʠʚ     

ɼʫʰ 
ɺʠʨʦʙ. 
ʧʦʪʨʝʙʠ 

ʇʝʨʰʠʡ ʨʘʡʦʥ ɼʨʫʛʠʡ ʨʘʡʦʥ ʇʝʨʰʠʡ ʨʘʡʦʥ ɼʨʫʛʠʡ ʨʘʡʦʥ ɻʘʨʷʯʽ ʍʦʣʦʜʥʽ 

% ʢʫʙ. ʤ % ʢʫʙ. ʤ ʜʚʽʨʥʠʢʠ ʤʘʰʠʥʠ ʜʚʽʨʥʠʢʠ ʤʘʰʠʥʠ % ʢʫʙ.ʤ. % ʢʫʙ.ʤ. 

0-1 1,5 242,8 3,0 590,8                 22   
1-2 1,5 242,8 3,2 630,2                     
2-3 1,5 242,8 2,5 492,4                     
3-4 1,5 242,8 2,6 512,1                     
4-5 2,5 404,7 3,5 689,3 129,5   335,8               
5-6 3,5 566,5 4,1 807,5 129,5   335,8               
6-7 4,5 728,4 4,5 886,3 129,5 111,0 335,8 287,8             
7-8 5,5 890,2 4,9 965,1 129,5 111,0 335,8 287,8             
8-9 6,1 985,7 4,9 965,1   111,0   287,8 15,65 1,4789 18,75 2,29688   31,25 
9-10 6,1 985,7 5,7 1116,7   111,0   287,8 12,05 1,1387 6,25 0,76563   31,25 
10-11 6,1 985,7 4,2 827,2   111,0   287,8 12,05 1,1387 12,5 1,53125   31,25 
11-12 6,1 985,7 4,7 925,7   111,0   287,8 12,05 1,1387 12,5 1,53125   31,25 
12-13 5,0 809,3 4,4 866,6   111,0   287,8 12,05 1,1387 18,75 2,29688   31,25 
13-14 5,0 809,3 4,1 807,5   111,0   287,7 12,05 1,1387 6,25 0,76563   31,25 
14-15 5,5 890,2 4,1 807,5   111,0   287,7 12,05 1,1387 12,5 1,53125   31,25 
15-16 6,0 971,2 4,4 866,6   111,0   287,7 12,05 1,1387 12,5 1,53125   31,25 
16-17 6,0 971,2 4,3 846,9   111,0   287,7 15,65 1,0564 18,75 1,64063 31,5 31,25 
17-18 5,5 890,2 4,1 807,5 129,5 111,0 335,7 287,7 12,05 0,8134 6,25 0,54688   31,25 
18-19 5,2 835,2 4,5 886,3 129,5 111,0 335,7 287,7 12,05 0,8134 12,5 1,09375   31,25 
19-20 4,5 728,4 4,5 886,3 129,5 111,0 335,7 287,7 12,05 0,8134 12,5 1,09375   31,25 
20-21 4,2 673,3 4,5 886,3 129,5   335,7   12,05 0,8134 18,75 1,64063   31,25 
21-22 3,2 511,5 5,01 986,7         12,05 0,8134 6,25 0,54688   31,25 

22-23 2,2 349,6 4,8 947,3         12,05 0,8134 12,5 1,09375   31,25 

23-24 1,5 242,61 3,5 691,3         12,05 0,8134 12,5 1,09375   31,25 

ɺʩʝʛʦ 100,00 16186 100,00 19696 1036 1554 2686 4028,5 200,00 16,2 200 21,0 53,5 500 
 



ʧʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ ɸ.1 

ɻʘʨʷʯʽ ʍʦʣʦʜʥʽ ɼʫʰ ɺʠʨʦʙ. 
ʧʦʪʨʝʙʠ 

ɿʘʛ. ʚʠʪʨʘʪʘ 
% ʢʫʙ.ʤ. % ʢʫʙ.ʤ. ʢʫʙ.ʤ. % 

27 882,64 1,77 
873,03 1,75 
735,17 1,48 
754,86 1,52 
1559,28 3,13 
1839,31 3,69 
2478,75 4,98 
2719,39 5,46 

15,65 1,98 18,75 2,95 245 2634,47 5,29 
12,05 1,46 6,25 0,98 245 2781,84 5,58 
12,05 1,46 12,5 1,97 245 2494,08 5,01 
12,05 1,46 12,5 1,97 245 2592,55 5,20 
12,05 1,46 18,75 2,95 245 2358,79 4,74 
12,05 1,46 6,25 0,98 245 2296,10 4,61 
12,05 1,46 12,5 1,97 245 2378,79 4,78 
12,05 1,46 12,5 1,97 245 2518,80 5,06 
15,65 1,27 18,75 1,97 40 245 2570,44 5,16 
12,05 0,98 6,25 0,66 245 2840,87 5,70 
12,05 0,98 12,5 1,31 245 2865,82 5,75 
12,05 0,98 12,5 1,31 245 2759,00 5,54 
12,05 0,98 18,75 1,97 245 2306,47 4,63 
12,05 0,98 6,25 0,66 245 1777,44 3,57 

12,05 0,98 12,5 1,31 245 1577,39 3,17 

12,05 0,98 12,5 1,31 245 1214,53 2,44 

200,00 20,25 200 26,25 67 3920 49809,82 100,00 



ɼʦʜʘʪʦʢ ɹ 

ʊʘʙʣʠʮʷ ɹ.1– ʐʣʷʭʦʚʽ ʚʠʪʨʘʪʠ ʜʣʷ ʨʝʞʠʤʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 
ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ 

ˉ ʅʫʤʝʨ 
ʜʽʣʷʥʢʠ 

ʈʦʟʨʘʭʫʥʢʦʚʘ 
ʜʦʚʞʠʥʘ, ʤ 

ʇʠʪʦʤʘ 
ʚʠʪʨʘʪʘ, 

ʧʠʪ.ʽq ,ʣ/ʩ*ʤ 

ʐʣʷʭʦʚʘ 
ʚʠʪʨʘʪʘ, 

ʰʣQ ,ʣ/ʩ
1 2 3 4 5 

1 1-2 250 0,033 8,25 

2 2-3 300 0,033 9,9 

1 2 3 4 5 

3 3-4 230 0,033 7,59 

4 4-5 330 0,033 10,89 

5 5-6 150 0,033 4,95 

6 1-7 330 0,033 10,89 

7 2-8 660 0,033 21,78 

8 3-9 800 0,033 26,4 

9 4-10 700 0,033 23,1 

10 5-11 680 0,033 22,44 

11 6-12 250 0,033 8,25 

12 7-8 460 0,033 15,18 

13 8-9 240 0,033 7,92 

14 9-10 640 0,033 21,12 

15 10-11 600 0,033 19,8 

16 11-12 460 0,033 15,18 

17 7-14 220 0,033 7,26 

18 9-15 430 0,033 14,19 

19 10-16 420 0,033 13,86 

20 11-17 420 0,033 13,86 

21 12-13 200 0,033 6,6 

22 20-23 620 0,0473 29,326 



23 13-18 270 0,033 8,91 

1 2 3 4 5 

24 14-15 600 0,039 23,4 

25 15-16 700 0,04 28 

26 16-17 620 0,04 24,8 

27 17-18 380 0,04 15,2 

28 18-22 320 0,0473 15,136 

29 14-19 280 0,0473 13,244 

30 15-20 400 0,0473 18,92 

31 16-21 420 0,0473 19,866 

32 20-21 760 0,0473 35,948 

33 21-22 540 0,0473 25,542 

34 19-23 480 0,0473 22,704 

35 23-24 400 0,0473 18,92 

36 21-24 700 0,0473 33,11 

  16260  622,436 

 

ʊʘʙʣʠʮʷ ɹ.2 – ʐʣʷʭʦʚʽ ʚʠʪʨʘʪʠ ʜʣʷ ʨʝʞʠʤʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʨʘʥʟʠʪʫ 
ʚʦʜʠ ʚ ʙʘʰʪʫ 

ˉ ʅʫʤʝʨ 
ʜʽʣʷʥʢʠ 

ʈʦʟʨʘʭʫʥʢʦʚʘ 
ʜʦʚʞʠʥʘ, ʤ 

ʇʠʪʦʤʘ 
ʚʠʪʨʘʪʘ, 

ʧʠʪ.ʽq ,ʣ/ʩĬʤ 

ʐʣʷʭʦʚʘ 
ʚʠʪʨʘʪʘ, 

ʰʣQ ,ʣ/ʩ 
1 2 3 4 5 

1 1-2 250 0,0199 4,975 

2 2-3 300 0,0199 5,97 

3 3-4 230 0,0199 4,577 

1 2 3 4 5 

4 4-5 330 0,0199 6,567 

5 5-6 150 0,0199 2,985 

6 1-7 330 0,0199 6,567 



7 2-8 660 0,0199 13,134 

8 3-9 800 0,0199 15,92 

9 4-10 700 0,0199 13,93 

10 5-11 680 0,0199 13,532 

11 6-12 250 0,0199 4,975 

12 7-8 460 0,0199 9,154 

13 8-9 240 0,0199 4,776 

14 9-10 640 0,0199 12,736 

15 10-11 600 0,0199 11,94 

16 11-12 460 0,0199 9,154 

17 7-14 220 0,0199 4,378 

18 9-15 430 0,0199 8,557 

19 10-16 420 0,0199 8,358 

20 11-17 420 0,0199 8,358 

21 12-13 200 0,0199 3,98 

22 20-23 620 0,029 17,98 

23 13-18 270 0,0199 5,373 

24 14-15 600 0,025 15 

25 15-16 700 0,025 17,5 

26 16-17 620 0,025 15,5 

27 17-18 380 0,025 9,5 

28 18-22 320 0,029 9,26 

29 14-19 280 0,029 8,12 

30 15-20 400 0,029 11,6 

31 16-21 420 0,029 12,18 

1 2 3 4 5 

32 20-21 760 0,029 22,04 

33 21-22 540 0,029 15,66 

34 19-23 480 0,029 13,92 



35 23-24 400 0,029 11,6 

36 21-24 700 0,029 20,3 

ʋʩʴʦʛʦ    

380,1 

 

 

ʊʘʙʣʠʮʷ ɹ.3 ï ɺʫʟʣʦʚʽ ʚʠʪʨʘʪʠ ʜʣʷ ʨʝʞʠʤʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 
ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ 

ˉ ʚʫʟʣʘ ɼʽʣʷʥʢʠ, ʱʦ 
ʧʨʠʤʠʢʘʶʪʴ  ʜʦ 

ʚʫʟʣʘ 

(Qʰʣ)ʚʫʟʣ, Qʚʫʟʣ j = 0,5 
(Qʰʣ)ʚʫʟʣ (ʣ/ʩ) 

1 2 3 4 

1 1-2 8,25 9,60 

1-7 10,89 

2 2-3 9,90 20,00 

2-8 21,78 

1-2 8,25 

3 2-3 9,90 22,00 

3-4 7,59 

3-9 26,4 

4 3-4 7,59 20,70 

4-10 23,10 

4-5 10,89 

1 2 3 4 

5 5-6 4,95 19,00 

5-11 22,44 

4-5 10,89 

6 5-6 4,95 6,60 

6-12 8,25 

7 7-14 7,26 16,60 

1-7 10,89 



7-8 15,18 

8 7-8 15,18 22,40 

8-9 7,92 

2-8 21,78 

9 8-9 7,92 34,80 

3-9 26,40 

9-10 21,12 

9-15 14,19 

10 9-10 21,12 38,90 

4-10 23,10 

10-11 19,80 

10-16 13,86 

11 10-11 19,80 35,60 

5-11 22,44 

11-12 15,18 

11-17 13,86 

12 11-12 15,18 15 

6-12 8,25 

12-13 6,6 

13 12-13 6,6 8,3 

13-18 8,91 

1 2 3 4 

14 7-14 7,26 22 

14-15 23,4 

14-19 13,244 

15 14-15 23,4 42,2 

9-15 14,19 

15-16 28 

15-20 18,92 



16 15-16 28 43,3 

10-16 13,86 

16-17 24,8 

16-21 19,866 

17 16-17 24,8 26,9 

11-17 13,86 

17-18 15,2 

18 17-18 15,2 19,5 

13-18 8,91 

18-22 15,136 

19 14-19 13,244 18 

19-23 22,704 

20 15-20 18,92 42 

20-21 35,948 

20-23 29,326 

21 20-21 35,948 57,2 

16-21 19,866 

21-24 33,11 

21-22 25,542 

22 21-22 25,542 20,3 

18-22 15,136 

1 2 3 4 

23 19-23 22,704 35,5 

20-23 29,326 

23-24 18,92 

24 23-24 18,92 26 

21-24 33,11 

ʋʩʴʦʛʦ   622,40 

 
 



ʊʘʙʣʠʮʷ ɹ.4 ï ɺʫʟʣʦʚʽ ʚʠʪʨʘʪʠ ʜʣʷ ʨʝʞʠʤʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʨʘʥʟʠʪʫ 

ʚʦʜʠ ʚ ʙʘʰʪʫ 

ˉ 
ʚʫʟʣʘ 

ɼʽʣʷʥʢʠ, ʱʦ 
ʧʨʠʤʠʢʘʶʪʴ  ʜʦ 

ʚʫʟʣʘ 

(Qʰʣ)ʚʫʟʣ, Qʚʫʟʣ j = 0,5 (Qʰʣ)ʚʫʟʣ 
(ʣ/ʩ) 

1 2 3 4 
1 

  

1-2 4,975 5,8 

  1-7 6,567 

2 

  

  

2-3 5,97 12 

  

  

2-8 13,134 

1-2 4,975 

3 

  

  

2-3 5,97 13,2 

  

  

3-4 4,577 

3-9 15,92 

4 

  

  

3-4 4,577 12,5 

  

  

4-10 13,93 

4-5 6,567 

5 

  

  

5-6 2,985 11,5 

  

  

5-11 13,532 

4-5 6,567 

1 2 3 4 

6 

  

5-6 2,985 3,98 

  6-12 4,975 

  

  

7 

7-14 4,378 10 

  

  

1-7 6,567 

7-8 9,154 

8 

  

  

7-8 9,154 13,5 

  

  

8-9 4,776 

2-8 13,134 

9 8-9 4,776 21 



  

  

  

3-9 15,92   

  

  

9-10 12,736 

9-15 8,557 

10 

  

  

  

9-10 12,736 23,4 

  

  

  

4-10 13,93 

10-11 11,94 

10-16 8,358 

11 

  

  

  

10-11 11,94 21,5 

  

  

  

5-11 13,532 

11-12 9,154 

11-17 8,358 

12 

  

  

11-12 9,154 9 

  

  

6-12 4,975 

12-13 3,98 

13 

  

12-13 3,98 4,8 

  13-18 5,373 

14 

  

  

7-14 4,378 13,7 

  

  

14-15 15 

14-19 8,12 

1 2 3 4 

15 

  

  

  

14-15 15 26,2 

  

  

  

9-15 8,557 

15-16 17,5 

15-20 11,6 

16 

  

  

  

15-16 17,5 26,9 

  

  

  

10-16 8,358 

16-17 15,5 

16-21 12,18 

17 16-17 15,5 16,7 



  

  

11-17 8,358   

  17-18 9,5 

18 

  

  

17-18 9,5 12,1 

  

  

13-18 5,373 

18-22 9,26 

19 

  

14-19 8,12 11 

  19-23 13,92 

20 

  

  

15-20 11,6 25,9 

  

  

20-21 22,04 

20-23 17,98 

21 

  

  

  

20-21 22,04 35,1 

  

  

  

16-21 12,18 

21-24 20,3 

21-22 15,66 

22 

  

21-22 15,66 12,5 

  18-22 9,26 

23 

  

  

19-23 13,92 21,8 

  

  

20-23 17,98 

23-24 11,6 

1 2 3 4 

24 

  

23-24 11,6 

16 21-24 20,3 

ʋʩʴʦʛʦ   380,1 

 
 
 
 
 
 
 
 
 



ɼʦʜʘʪʦʢ ɺ 
ʊʘʙʣʠʮʷ ɺ.1 ï ɺʠʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʽʚ ʜʽʣʷʥʦʢ 

ˉ 
ʜʽʣʷʥʢʠ 

ɺʠʪʨʘʪʘ ʚ 
ʛʦʜʠʥʫ 

ʤʘʢʩʠʤʘʣʴ 
ʥʦʛʦ ʚʦʜʦ 
ʩʧʦʞʠʚʘʥ 
ʥʷ, ʣ/ʩ 

ɺʠʪʨʘʪʘ ʚ 
ʛʦʜʠʥʫ 

ʤʘʢʩʠʤʘʣʴʥʦ
ʛʦ ʪʨʘʥʟʠʪʫ 
ʚʦʜʠ ʚ 

ʙʘʰʪʫ, ʣ/ʩ 

ɺʠʪʨʘʪʘ ʧʨʠ 
ʧʦʞʝʞʝʛʘʩʽʥʥ

ʽ, ʣ/ʩ 

ʇʨʠʚʝʜʝʥ
ʘ ʚʠʪʨʘʪʘ, 

ʣ/ʩ 

ɼʽʘʤʝʪʨ, 
ʤʤ 

1 2 3 4 5 6 

1-2 49,6 55,8 55,8 53,5 250 

2-3 109,6 117,8 122 117 400 

3-4 254,9 241,9 275,2 244,3 500 

4-5 83,0 74,08 76,8 79,5 300 

5-6 25,5 23,98 23,5 24,4 200 

7-8 46,6 90,0 82,8 86,2 300 

8-9 59 53,5 51,4 56,5 250 

9-10 100 100 100 95,8 350 

10-11 38,0 38,0 38,0 36,4 200 

11-12 17,0 28,4 17,0 27,2 150 

13-18 12,6 34,6 22,0 33,2 150 

14-15 144,3 154,1 174,2 147,7 450 

15-16 100 100 100 95,8 350 

16-17 20 20 20 19,2 150 

17-18 17 30 24,2 28,7 150 

20-21 40 55 55,4 52,7 250 

21-22 10,2 40 26 38,3 200 

19-23 30,0 85,2 80,0 81,6 250 

23-24 30 83,2 30 79,7 300 

1-7 40 50 50 47,9 250 

2-8 40 50 50 47,9 250 

3-9 123,3 110,9 135 118,2 400 

1 2 3 4 5 6 



4-10 411,5 441,62 498,7 423,2 700 

5-11 38,5 38,6 38,1 36,9 200 

6-12 18,9 20,0 20,7 19,2 150 

7-14 100 130 120 124,6 350 

9-15 129,5 136,4 152,6 130,7 400 

10-16 234,6 280,2 325,6 268,5 600 

11-17 23,9 26,7 27,3 25,6 150 

12-13 20,9 39,4 26,5 37,8 200 

15-20 43,0 56,1 40,0 53,8 250 

16-21 71,3 133,3 166,1 127,7 400 

18-22 10,1 52,5 30,5 50,3 150 

14-19 222,3 270,4 276 259 600 

20-23 41,0 85,2 57,2 81,6 250 

21-24 36,1 83,2 32,2 34,5 150 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





 



 

 




