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ɸʪʘʥʘʩ ɼʝʷʥʦʚ, ɼʠʤʠʪʲʨ ʇʦʧʦʚ 

 
ʇʨʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʷ ʤʦʜʝʣ ʝ ʠʟʧʦʣʟʚʘʥ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠʷ ʢʦʜ 

EBSILON
È
 Professional. ʉʦʬʪʫʝʨʥʠʷ ʧʨʦʜʫʢʪ ʧʦʟʚʦʣʷʚʘ ʚʲʚʝʞʜʘʥʝ ʥʘ ʬʠʟʠʯʥʠʪʝ ʨʘʟʤʝʨʠ 

ʥʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʠ ʥʝʛʦʚʠʪʝ ʥʘʛʨʝʚʥʠ ʧʦʚʲʨʭʥʦʩʪʠ,  ʢʦʝʪʦ ʝ ʦʪ ʠʟʢʣʶʯʠʪʝʣʥʘ 
ʚʘʞʥʦʩʪ ʟʘ ʜʦʩʪʦʚʝʨʥʦʪʦ ʦʧʠʩʘʥʠʝ ʥʘ ʧʨʦʮʝʩʠʪʝ ʚ ʥʝʛʦ. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ 
ʩʨʘʚʥʝʥʠ ʩ ʜʘʥʥʠ ʦʪ ʨʝʘʣʥʠ ʠʟʤʝʨʚʘʥʠʷ ʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ ʚ ʊɽʎ Ăʂʦʥʪʫʨɻʣʦʙʘʣ ʄʘʨʠʮʘ 
ʠʟʪʦʢ 3ñ.ʉʲʟʜʘʜʝʥʠʷʪ ʤʦʜʝʣ ʨʘʙʦʪʠ ʩʲʩ ʟʘʜʦʚʦʣʠʪʝʣʥʘ ʪʦʯʥʦʩʪ. 

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʇ-62, ʤʘʪʝʤʘʪʠʯʝʥ ʤʦʜʝʣ, ʣʠʛʥʠʪʥʠ ʚʲʛʣʠʱʘ, ʪʦʧʣʠʥʥʠ ʙʘʣʘʥʩʠ 
 

 Mathematical modeling of the heat balances in boiler type P-62 
 

Atanas Deyanov, Dimitar Popov 

 
During the development of the mathematical model an EBSILON Professional software is 

used. The software product allows introduction of physical dimensions of the steam generator and 
its heating surfaces, which is essential in obtaining reliable results. After completion of the model 
results were compared with operational data from TPP "ContourGlobal Maritsa East 3". The 
created model is sufficiently accurate. 

 
Keywords: P-62, mathematical model, lignites, heat balances 
 
ɺʲʚʝʜʝʥʠʝ 
ʇʘʨʦʛʝʥʝʨʘʪʦʨʠ ʪʠʧ ʇ-62 ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʮʝʥʪʨʘʣʠʪʝ ʚ ʢʦʤʧʣʝʢʩʘ Ăʄʘʨʠʮʘ ʠʟʪʦʢñ ʟʘ 

ʠʟʛʘʨʷʥʝ ʥʘ ʥʠʩʢʦʢʘʯʝʩʪʚʝʥʠ ʣʠʛʥʠʪʥʠ ʚʲʛʣʠʱʘ. ʇʨʠ ʩʲʩʪʘʚʷʥʝʪʦ ʠ ʚʝʨʠʬʠʢʘʮʠʷʪʘ ʥʘ 
ʤʘʪʝʤʘʪʠʯʥʠʷ ʤʦʜʝʣ ʩʘ ʠʟʧʦʣʟʚʘʣʠ ʜʘʥʥʠ ʦʪ ʊɽʎ Ăʂʦʥʪʫʨɻʣʦʙʘʣ ʄʘʨʠʮʘ ʠʟʪʦʢ 3ñ ʢʲʜʝʪʦ ʚ 
ʝʢʩʧʣʦʘʪʘʮʠʷ ʩʘ ʯʝʪʠʨʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʪʠʧ ʇ-62 (ɽʇ 670/140) ʨʘʙʦʪʝʱʠ ʚ ʤʦʥʦʙʣʦʢ ʩ 
ʧʘʨʥʠ ʪʫʨʙʠʥʠ ʂ-225-130-2ʄ. 

ʆʧʠʩʘʥʠʝ ʥʘ ʦʙʝʢʪʘ ʥʘ ʤʦʜʝʣʠʨʘʥʝʪʦ 
ʇ-62 ʝ ʙʘʨʘʙʘʥʝʥ ʧʘʨʦʛʝʥʝʨʘʪʦʨ ʩ ʊ-ʦʙʨʘʟʥʘ ʢʦʥʩʪʨʫʢʮʠʷ, ʝʩʪʝʩʪʚʝʥʘ ʮʠʨʢʫʣʘʮʠʷ ʥʘ 

ʚʦʜʘʪʘ ʠ ʧʘʨʦʚʦʜʥʘʪʘ ʩʤʝʩ ʚ ʠʟʧʘʨʠʪʝʣʥʠʷ ʢʦʥʪʫʨ ʠ ʝʜʥʦʢʨʘʪʥʦ ʜʚʫʩʪʲʧʘʣʥʦ ʤʝʞʜʠʥʥʦ 
ʧʨʝʛʨʷʚʘʥʝ ʥʘ ʧʘʨʘʪʘ ʩʣʝʜ ʎɺʅ ʥʘ ʧʘʨʥʘʪʘ ʪʫʨʙʠʥʘ. ʇʦʜʭʨʘʥʚʘʱʘʪʘ ʚʦʜʘ, ʢʦʷʪʦ ʩʝ ʧʦʜʘʚʘ 
ʢʲʤ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ, ʝ ʩ ʪʝʤʧʝʨʘʪʫʨʘ 242ÁC ʠ ʥʘʣʷʛʘʥʝ 180 Bar. ʅʦʤʠʥʘʣʥʦʪʦ 
ʧʘʨʦʧʨʦʠʟʚʦʜʩʪʚʦ ʝ 670 t/h ʧʘʨʘ ʩ ʪʝʤʧʝʨʘʪʫʨʘ 545ÁC ʠ ʥʘʣʷʛʘʥʝ 137 Bar.  ɺ ʨʝʟʫʣʪʘʪ ʥʘ 
ʠʟʚʲʨʰʝʥʘʪʘ ʨʝʭʘʙʠʣʠʪʘʮʠʷ ʥʘ ʮʝʥʪʨʘʣʘʪʘ ʚ ʧʝʨʠʦʜʘ 2006-2009 ʛ. ʧʘʨʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʝ 
ʟʘʚʠʰʝʥʦ ʜʦ 700 t/h ʩ ʦʛʣʝʜ ʧʦʚʠʰʝʥʘʪʘ ʤʦʱʥʦʩʪ ʥʘ ʧʘʨʥʘʪʘ ʪʫʨʙʠʥʘ. ʉʣʝʜ ʎɺʅ ʧʨʦʝʢʪʥʠʪʝ 
ʧʘʨʘʤʝʪʨʠ ʥʘ ʧʘʨʘʪʘ ʩʘ ʪʝʤʧʝʨʘʪʫʨʘ 337ÁC ʠ ʥʘʣʷʛʘʥʝ 28 bar, ʢʘʪʦ ʩʣʝʜ ʤʝʞʜʠʥʝʥ 
ʧʘʨʦʧʨʝʛʨʝʚʘʪʝʣ II-ʩʪʝʧʝʥ ʧʘʨʘʪʘ ʝ ʩ ʪʝʤʧʝʨʘʪʫʨʘ 545ÁC ʠ ʥʘʣʷʛʘʥʝ 24 bar. ʉʪʝʥʠʪʝ ʥʘ 
ʧʝʱʪʘ ʩʘ ʧʦʢʨʠʪʠ ʦʪ ʤʝʤʙʨʘʥʥʠ ʝʢʨʘʥʠ. ʈʘʟʭʦʜʘ ʥʘ ʛʦʨʠʚʦ ʧʨʠ ʥʦʤʠʥʘʣʥʦ 
ʧʘʨʦʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʚ ʠʥʪʝʨʚʘʣʘ 330-350 t/h, a ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʠʟʭʦʜʷʱʠʪʝ ʛʘʟʦʚʝ ʝ ʦʢʦʣʦ 
175ÁC. ʅʘ ʌʠʛ. 1 ʝ ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʣʷʚʘʪʘ ʯʘʩʪ ʥʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨ ʇ-62, 
ʜʷʩʥʘʪʘ ʩʪʨʘʥʘ ʝ ʦʛʣʝʜʘʣʥʦ ʢʦʧʠʝ ʥʘ ʣʷʚʘʪʘ. ʆʪ ʧʨʠʥʮʠʧʥʘʪʘ ʩʭʝʤʘ ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʠʝ 
ʧʨʝʜʩʪʘʚʘ ʟʘ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʥʘʛʨʝʚʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ ʠ ʟʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʜʠʤʥʠʪʝ 
ʛʘʟʦʚʝ, ʧʦʜʭʨʘʥʚʘʱʘʪʘ ʚʦʜʘ, ʧʘʨʦ-ʚʦʜʥʘʪʘ ʩʤʝʩ, ʩʚʝʞʘʪʘ ʧʘʨʘ ʠ ʚʪʦʨʠʯʥʦ ʧʨʝʛʨʷʚʘʥʘʪʘ 
ʧʘʨʘ. 
 



 
10  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 
 

ʌʠʛ. 1 ʇʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʣʷʚʘ ʯʘʩʪ ʥʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨ ʇ-62 
 
ʇʨʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʤʦʜʝʣʘ ʦʩʚʝʥ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʥʘʛʨʝʚʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ ʩʘ ʚʟʝʪʠ 

ʧʦʜ ʚʥʠʤʘʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʦʪ ʢʦʡʪʦ ʩʘ ʠʟʨʘʙʦʪʝʥʠ, ʪʷʭʥʘʪʘ ʧʣʦʱ, ʥʘʧʨʝʯʥʘ, ʥʘʜʣʲʞʥʘ ʩʪʲʧʢʘ 
ʥʘ ʪʨʲʙʠʪʝ ʠ ʪʷʭʥʠʷ ʚʲʪʨʝʰʝʥ ʠ ʚʲʥʰʝʥ ʜʠʘʤʝʪʲʨ. ɺ ʊʘʙʣ. 1 ʩʘ ʧʦʩʦʯʝʥʠ ʧʦ-ʚʘʞʥʠʪʝ 
ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʥʘʛʨʝʚʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ, ʢʦʠʪʦ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ ʩʲʩʪʘʚʷʥʝʪʦ 
ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʷ ʤʦʜʝʣ. 
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ʊʘʙʣʠʮʘ 1 
ʂʦʥʩʪʨʫʢʪʠʚʥʠ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʥʘʛʨʝʚʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ 

ʅʘʛʨʝʚʥʘ 
ʧʦʚʲʨʭʥʦʩʪ 

ʇʣʦʱ, m2 ʉʧʝʮʠʬʠʯʥʠ ʦʩʦʙʝʥʦʩʪʠ ʄʘʪʝʨʠʘʣ 

ɽʢʨʘʥʠ 1638 
ɻʘʟʦʧʣʲʪʥʠ, ʚʝʨʪʠʢʘʣʥʠ ʩ ʚʲʟʭʦʜʷʱʦ 
ʜʚʠʞʝʥʠʝ ʥʘ ʧʘʨʦʚʦʜʥʘʪʘ ʩʤʝʩ 

20 (ʉʪʦʤʘʥʘ 
20) 

ɻʈʏ  

ʉʧʦʤʘʛʘʪʝʣʥʘ ʥʘʛʨʝʚʥʘ ʧʦʚʲʨʭʥʦʩʪ, ʩʤʝʩʝʥ 
ʧʦʪʦʢ ʥʘ ʧʘʨʘʪʘ ʩʧʨʷʤʦ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ, 
ʨʘʟʧʦʣʦʞʝʥʘ ʧʦ ʩʪʝʥʠʪʝ ʥʘ ʛʦʨʥʘʪʘ ʯʘʩʪ ʥʘ 
ʧʝʱʪʘ ʠ ʭʦʨʠʟʦʥʪʘʣʥʠʷ ʛʘʟʦʭʦʜ 

 

ʅʘʜ ʇʂ 310  12ʍ1ʄʌ 

ɺ ʟʦʥʘʪʘ ʥʘ 
ʐʇʇ 

130 
 

20 

ɺ ʟʦʥʘʪʘ ʥʘ 
ʂʇʇ II 

115 
 

20 

ɺ ʟʦʥʘʪʘ ʥʘ 
ʄʇʇ II 

42 
 

20 

ʅʘʜ ʂʐ 344  20 

ʊʇʇ  

ʉʧʦʤʘʛʘʪʝʣʥʘ ʥʘʛʨʝʚʥʘ ʧʦʚʲʨʭʥʦʩʪ, ʩʤʝʩʝʥ 
ʧʦʪʦʢ ʥʘ ʧʘʨʘʪʘ ʩʧʨʷʤʦ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ, 
ʨʘʟʧʦʣʦʞʝʥʘ ʧʦ ʪʘʚʘʥʘ ʥʘ ʧʝʱʪʘ ʠ 
ʭʦʨʠʟʦʥʪʘʣʥʠʷ ʛʘʟʦʭʦʜ 

 

ʅʘʜ ʇʂ 139  12ʍ1ʄʌ 

ɺ ʟʦʥʘʪʘ ʥʘ 
ʐʇʇ 

81,5 
 

20 

ɺ ʟʦʥʘʪʘ ʥʘ 
ʂʇʇ II 

81,5 
 

20 

ɺ ʟʦʥʘʪʘ ʥʘ 
ʄʇʇ II 

59 
 

20 

ʅʘʜ ʂʐ 245  20 

ʐʇʇ 

Hʨ=295 ʇʦʣʫʨʘʜʠʘʮʠʦʥʥʘ ʥʘʛʨʝʚʥʘ ʧʦʚʲʨʭʥʦʩʪ, 
ʢʦʨʠʜʦʨʥʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʪʨʲʙʥʠʪʝ 
ʩʥʦʧʦʚʝ, ʧʨʘʚʦʪʦʢʦʚʦ ʜʚʠʞʝʥʠʝ ʥʘ ʜʚʘʪʘ 
ʬʣʫʠʜʘ 

12ʍ1ʄʌ Hʢ=715 

H=1010 

ʂʇʇ II ʩʪʝʧʝʥ  1260 
ʂʦʨʠʜʦʨʥʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʪʨʲʙʥʠʪʝ 
ʩʥʦʧʦʚʝ, ʧʨʘʚʦʪʦʢʦʚʦ ʜʚʠʞʝʥʠʝ ʥʘ ʜʚʘʪʘ 
ʬʣʫʠʜʘ 

ʍ18ʍ12ʊ 

ʄʇʇ II 
ʩʪʝʧʝʥ  

1940 
ʐʘʭʤʘʪʥʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʪʨʲʙʥʠʪʝ ʩʥʦʧʦʚʝ, 
ʧʨʘʚʦʪʦʢʦʚʦ ʜʚʠʞʝʥʠʝ ʥʘ ʜʚʘʪʘ ʬʣʫʠʜʘ 

ʍ18ʍ12ʊ 

ʂʇʇ I ʩʪʝʧʝʥ 2540 
ʐʘʭʤʘʪʥʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʪʨʲʙʥʠʪʝ ʩʥʦʧʦʚʝ, 
ʧʨʦʪʠʚʦʪʦʢʦʚʦ ʜʚʠʞʝʥʠʝ ʥʘ ʜʚʘʪʘ ʬʣʫʠʜʘ 

12ʍ1ʄʌ 

ʄʇʇ I ʩʪʝʧʝʥ 5100 
ʐʘʭʤʘʪʥʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʪʨʲʙʥʠʪʝ ʩʥʦʧʦʚʝ, 
ʧʨʦʪʠʚʦʪʦʢʦʚʦ ʜʚʠʞʝʥʠʝ ʥʘ ʜʚʘʪʘ ʬʣʫʠʜʘ 

12ʍ1ʄʌ 

ɽʂʆ II ʩʪʝʧʝʥ 4516 
ʐʘʭʤʘʪʥʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʪʨʲʙʥʠʪʝ ʩʥʦʧʦʚʝ, 
ʧʨʦʪʠʚʦʪʦʢʦʚʦ ʜʚʠʞʝʥʠʝ ʥʘ ʜʚʘʪʘ ʬʣʫʠʜʘ 

20 

ɽʂʆ I ʩʪʝʧʝʥ 10320 
ʐʘʭʤʘʪʥʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʪʨʲʙʥʠʪʝ ʩʥʦʧʦʚʝ, 
ʧʨʦʪʠʚʦʪʦʢʦʚʦ ʜʚʠʞʝʥʠʝ ʥʘ ʜʚʘʪʘ ʬʣʫʠʜʘ 

20 



 
12  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 
 

ʂʨʘʪʢʠ ʩʚʝʜʝʥʠʷ ʥʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʠʟʧʦʣʟʚʘʥʠʷ ʩʦʬʪʫʝʨ 

EBSILON
È
 Professional ʝ ʧʨʦʛʨʘʤʘ, ʢʦʷʪʦ ʧʨʝʩʤʷʪʘ ʪʦʧʣʠʥʥʠ ʠ ʤʘʩʦʚʠ ʙʘʣʘʥʩʠ ʚ 

ʪʦʧʣʦʝʥʝʨʛʠʡʥʠ ʩʲʦʨʲʞʝʥʠʷ. ʊʷ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʦʧʪʠʤʠʟʠʨʘʥʝ ʨʘʙʦʪʘʪʘ ʥʘ 
ʪʝʨʤʠʯʥʠ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ. 

ʇʨʝʜʠʤʩʪʚʘ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʧʨʠ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʝʥʝʨʛʠʡʥʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ ʩʘ 
ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʚʲʚʝʞʜʘʥʝ ʥʘ ʬʠʟʠʯʥʠʪʝ ʨʘʟʤʝʨʠ ʥʘ ʛʘʟʦʭʦʜʠ ʠ ʥʘʛʨʝʚʥʠ ʧʦʚʲʨʭʥʦʩʪʠ, 
ʠʟʙʠʨʘʥʝ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ, ʦʪ ʢʦʡʪʦ ʩʘ ʠʟʨʘʙʦʪʝʥʠ ʥʘʛʨʝʚʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ, ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ 
ʚʲʚʝʞʜʘʥʝ ʥʘ ʬʘʢʪʦʨ ʥʘ ʟʘʤʲʨʩʷʚʘʥʝʪʦ. ɿʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ ʩ ʛʦʣʷʤʘ ʝʜʠʥʠʯʥʘ ʤʦʱʥʦʩʪ 
ʛʦʣʷʤʦ ʧʨʝʜʠʤʩʪʚʦ ʝ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʧʦʩʪʘʚʷʥʝ ʥʘ ʩʧʦʤʘʛʘʪʝʣʥʠ ʥʘʛʨʝʚʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʚ 
ʢʦʤʙʠʥʘʮʠʷ ʩ ʦʩʥʦʚʥʠʪʝ. 
ʇʨʦʛʨʘʤʘʪʘ ʠʤʘ ʛʦʣʷʤ ʥʘʙʦʨ ʦʪ ʧʘʨʘʤʝʪʨʠ, ʢʦʠʪʦ ʧʨʠʝʤʘʪ ʩʪʦʡʥʦʩʪʠ ʧʦ ʧʦʜʨʘʟʙʠʨʘʥʝ 

ʧʨʠ ʠʟʙʦʨ ʥʘ ʚʠʜʘ ʥʘ ʠʟʛʘʨʷʥʦʪʦ ʛʦʨʠʚʦ, ʥʦ ʧʨʠ ʥʫʞʜʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʨʦʤʝʥʝʥʠ ʦʪ 
ʧʦʣʟʚʘʪʝʣʷ, ʢʦʝʪʦ ʥʘʤʘʣʷʚʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʜʦʧʫʩʢʘʥʝ ʥʘ ʛʨʝʰʢʠ ʦʪ ʧʦʣʟʚʘʪʝʣʠ, ʢʦʠʪʦ 
ʥʷʤʘʪ ʦʧʠʪ ʚ ʧʨʦʝʢʪʥʠ ʧʨʝʩʤʷʪʘʥʠʷ ʥʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ ʢʘʪʦ ʧʦʟʚʦʣʷʚʘ ʧʦʣʟʚʘʥʝʪʦ ʥʘ ʦʧʠʪʘ 
ʥʘ ʝʥʝʨʛʠʡʥʘʪʘ ʢʦʤʧʘʥʠʷ ʩʲʟʜʘʪʝʣ ʥʘ ʩʦʬʪʫʝʨʘ - STEAG GmbH. ʅʝʜʦʩʪʘʪʲʢ ʥʘ ʩʦʬʪʫʝʨʥʠʷ 
ʧʨʦʜʫʢʪ ʝ ʣʠʧʩʘʪʘ ʥʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʦʜʨʦʙʥʦ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʛʦʨʠʚʥʠʷ ʧʨʦʮʝʩ ʠ ʧʨʦʮʝʩʘ ʥʘ 
ʧʦʜʛʦʪʦʚʢʘ ʟʘ ʠʟʛʘʨʷʥʝ ʥʘ ʛʦʨʠʚʦʪʦ. ʇʨʠ ʠʟʛʦʪʚʷʥʝʪʦ ʥʘ ʤʦʜʝʣʘ ʩʝ ʩʨʝʱʘʪ ʪʨʫʜʥʦʩʪʠ ʩʲʩ 
ʩʠʤʫʣʠʨʘʥʝʪʦ ʥʘ ʯʘʩʪʪʘ ʥʘ ʚʲʟʧʨʠʝʤʘʥʘʪʘ ʯʨʝʟ ʨʘʜʠʘʮʠʷ ʪʦʧʣʠʥʘ ʦʪ ʐʇʇ, ɻʈʏ ʠ ʊʇʇ ʥʘʜ 
ʇʂ ʢʘʪʦ ʧʨʠʯʠʥʘʪʘ ʟʘ ʪʦʚʘ ʝ  ʥʝʜʦʩʪʘʪʲʯʥʠʷ ʙʨʦʡ ʦʧʮʠʠ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʚʠʜʘ ʥʘ 
ʥʘʛʨʝʚʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. 

ʆʧʠʩʘʥʠʝ ʥʘ ʩʲʩʪʘʚʝʥʠʷ ʤʦʜʝʣ 
ʄʦʜʝʣʲʪ ʝ ʩʲʩʪʘʚʝʥ ʥʘ ʙʘʟʘʪʘ ʥʘ ʧʨʦʝʢʪʥʘʪʘ ʜʦʢʫʤʝʥʪʘʮʠʷ ʥʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʠ 

ʥʘʧʨʘʚʝʥʠʪʝ ʧʨʦʚʝʨʦʚʲʯʥʠ ʧʨʝʩʤʷʪʘʥʠʷ ʧʨʝʟ 2011-2012 ʛʦʜʠʥʘ ʦʪ Steinm¿ller Engineering 
GmbH ʚʲʚ ʚʨʲʟʢʘ ʩ ʧʨʝʜʩʪʦʷʱʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩ ʮʝʣ ʧʨʠʣʘʛʘʥʝ ʥʘ ʧʲʨʚʠʯʥʠ ʤʝʨʢʠ ʟʘ 
ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʘʟʦʪʥʠʪʝ ʦʢʩʠʜʠ ʝʤʠʪʠʨʘʥʠ ʦʪ ʠʥʩʪʘʣʘʮʠʷʪʘ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʥʘʧʨʘʚʝʥʘʪʘ 
ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʝ ʝ ʧʦʣʫʯʠʣʦ ʧʨʝʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʚʲʟʧʨʠʝʤʘʥʘʪʘ ʪʦʧʣʠʥʘ ʢʘʪʦ ʯʘʩʪʪʘ, ʢʦʷʪʦ 
ʩʝ ʚʲʟʧʨʠʝʤʘ ʦʪ ʧʦʣʫʨʘʜʠʘʮʠʦʥʥʠʪʝ ʠ ʢʦʥʚʝʢʪʠʚʥʠ ʥʘʛʨʝʚʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʩʝ ʝ ʫʚʝʣʠʯʠʣʘ. 
ʉʲʩʪʘʚʷʥʝʪʦ ʥʘ ʤʦʜʝʣʘ ʟʘʧʦʯʥʘ ʩ ʠʟʙʦʨ ʥʘ ʝʣʝʤʝʥʪʥʠʷ ʩʲʩʪʘʚ ʥʘ ʛʦʨʠʚʦʪʦ, ʯʘʩʪʪʘ ʥʘ 

ʥʝʛʦʨʠʤʘʪʘ ʬʨʘʢʮʠʷ, ʢʦʷʪʦ ʩʝ ʦʪʜʝʣʷ ʢʘʪʦ ʰʣʘʢʘ ʦʪ ʜʦʣʥʘʪʘ ʯʘʩʪ ʥʘ ʧʝʱʪʘ ʠ ʩʲʦʪʚʝʪʥʦ 
ʯʘʩʪʪʘ, ʢʦʷʪʦ ʩʝ ʦʪʥʘʩʷ ʦʪ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʢʘʪʦ ʣʝʪʷʱʘ ʧʝʧʝʣ. ʉʲʱʦ ʪʘʢʘ ʥʘ ʪʦʟʠ ʝʪʘʧ 
ʪʨʷʙʚʘʰʝ ʜʘ ʩʝ ʚʲʚʝʜʝ ʧʨʦʮʝʥʪʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʥʝʠʟʛʦʨʷʣʦ ʛʦʨʠʚʦ ʚ ʰʣʘʢʘ ʠ ʣʝʪʷʱʘʪʘ 
ʧʝʧʝʣ. ʊʝʟʠ ʧʘʨʘʤʝʪʨʠ ʙʷʭʘ ʚʲʚʝʜʝʥʠ ʢʘʪʦ ʠʟʭʦʜʥʠ ʜʘʥʥʠ ʟʘ ʧʝʱʪʘ ʢʘʪʦ ʩʲʱʦ ʪʘʢʘ ʩʝ 
ʚʲʚʝʜʦʭʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʠʟʣʠʰʲʢ ʥʘ ʚʲʟʜʫʭ ʥʘ ʠʟʭʦʜʘ ʥʘ ʧʝʱʪʘ. ʉʣʝʜ ʪʦʚʘ ʧʨʠʩʪʲʧʠʭʤʝ 
ʢʲʤ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʪʦʧʣʠʥʠʪʝ ʙʘʣʘʥʩʠ ʚ ʝʢʨʘʥʥʠʪʝ ʥʘʛʨʝʚʥʠ ʧʦʚʲʨʭʥʦʩʪʠ.  
ʅʘ ʠʟʭʦʜʘ ʥʘ ʧʝʱʪʘ ʚ ʤʦʜʝʣʘ ʝ ʧʦʩʪʘʚʝʥ ʬʦʨʤʘʣʝʥ ʨʘʟʜʝʣʠʪʝʣ (ʪʨʦʡʥʠʢ), ʢʦʡʪʦ ʜʘ ʨʘʟʜʝʣʷ 

ʜʠʤʥʠʷ ʛʘʟ ʥʘ ʜʚʝ ʨʘʚʥʠ ʯʘʩʪʠ, ʢʦʝʪʦ ʝ ʩʧʝʮʠʬʠʯʥʘ ʦʩʦʙʝʥʦʩʪ ʥʘ ʊ-ʦʙʨʘʟʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ. 
ʉʣʝʜ ʢʘʪʦ ʩʝ ʨʘʟʜʝʣʠ ʥʘ ʜʚʘ ʧʦʪʦʢʘ ʩ ʨʘʚʝʥ ʜʝʙʠʪ ʜʠʤʥʠʷ ʛʘʟ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʝʣʝʤʝʥʪʠ ʩ 
ʧʨʘʚʦʲʛʲʣʥʦ ʩʝʯʝʥʠʝ ʩ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥʠ ʨʘʟʤʝʨʠ, ʢʦʠʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʛʘʟʦʭʦʜʠʪʝ. 
ʂʲʤ ʪʷʭ ʩʘ ʩʚʲʨʟʘʥʠ ʦʩʥʦʚʥʠʪʝ ʠ ʩʧʦʤʘʛʘʪʝʣʥʠʪʝ ʥʘʛʨʝʚʥʠ ʧʦʚʲʨʭʥʦʩʪʠ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ 
ʦʪʯʝʪʝ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʛʘʟʦʭʦʜʘ ʠ ʥʘʛʨʝʚʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ ʩ ʮʝʣ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ 
ʜʠʤʥʠʷ ʛʘʟ ʠ ʧʦ-ʪʦʯʥʦ ʧʦʩʣʝʜʚʘʱʦ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʪʦʧʣʦʧʨʝʤʠʥʘʚʘʥʝ. 
ʇʦ ʧʲʪʷ ʥʘ ʜʠʤʥʠʷ ʛʘʟ ʚ ʤʦʜʝʣʘ ʩʘ ʧʦʩʪʘʚʝʥʠ ʩʤʝʩʠʪʝʣʥʠ ʝʣʝʤʝʥʪʠ, ʧʨʝʟ ʢʦʠʪʦ ʩʝ 

ʬʦʨʤʘʣʥʦ ʩʝ ʧʨʦʧʫʩʢʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʠʟʯʠʩʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʚʲʟʜʫʭ, ʟʘ ʜʘ ʩʝ ʧʨʝʩʲʟʜʘʜʘʪ 
ʥʝʠʟʙʝʞʥʠʪʝ ʧʨʦʩʤʫʢʚʘʥʠʷʪʘ, ʪʘʢʘ ʯʝ ʩʣʝʜ ʀɺʇ ʥʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ 
ʢʠʩʣʦʨʦʜ ʚ ʩʫʭʠʪʝ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʜʘ ʝ 8,5 %. ʅʘ ʌʠʛ. 2 ʝ ʧʦʢʘʟʘʥ ʦʙʱ ʠʟʛʣʝʜ ʥʘ ʩʲʩʪʘʚʝʥʠʷ 
ʤʦʜʝʣ ʥʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨ ʪʠʧ ʇ-62. ɺ ʜʦʣʥʘʪʘ ʯʘʩʪ ʝ ʠʟʦʙʨʘʟʝʥʘ ʛʦʨʠʚʥʘʪʘ ʠ ʠʟʧʘʨʠʪʝʣʥʘʪʘ 
ʩʠʩʪʝʤʘ ʢʘʪʦ ʷʩʥʦ ʩʝ ʚʠʞʜʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʜʚʘ ʙʘʨʘʙʘʥʘ ʠ ʦʙʱʘ ʧʝʱ. ʇʨʠ ʠʟʛʘʨʷʥʝʪʦ ʥʘ 
ʛʦʨʠʚʦʪʦ ʠʟʚʝʩʪʥʦ ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʥʘ ʩʝ ʧʨʝʜʘʚʘ ʯʨʝʟ ʨʘʜʠʘʮʠʦʥʝʥ ʪʦʧʣʦʦʙʤʝʥ ʥʘ ʧʝʱʥʠʪʝ 
ʝʢʨʘʥʠ, ʐʇʇ, ɻʈʏ ʠ ʊʇʇ ʢʘʪʦ ʚ ʤʦʜʝʣʘ ʪʦʚʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʣʦʛʠʯʝʩʢʠ ʚʨʲʟʢʠ ʤʝʞʜʫ 
ʛʦʨʠʚʥʘʪʘ ʢʘʤʝʨʘ, ʧʝʱʥʠʪʝ ʝʢʨʘʥʠ ʠ ʧʦʣʫʨʘʜʠʘʮʠʦʥʥʠʪʝ ʥʘʛʨʝʚʥʠ ʧʦʚʲʨʭʥʦʩʪʠ. ɺ ʛʦʨʥʘʪʘ 
ʯʘʩʪ ʩʘ ʠʟʦʙʨʘʟʝʥʠ ʛʘʟʦʭʦʜʠʪʝ, ʥʘʛʨʝʚʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ ʟʘ ʧʲʨʚʠʯʥʦ ʠ ʚʪʦʨʠʯʥʦ ʧʨʝʛʨʷʚʘʥʝ 
ʥʘ ʧʘʨʘʪʘ,  ʜʚʫʩʪʝʧʝʥʥʠʷ ʝʢʦʥʦʤʘʡʟʝʨ ʠ ʠʟʥʝʩʝʥʠʷ ʚʲʟʜʫʭʦʧʦʜʛʨʝʚʘʪʝʣ. 
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ʌʠʛ. 2 ʀʟʯʠʩʣʠʪʝʣʥʘ ʩʭʝʤʘ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʷ ʤʦʜʝʣ 
 

 ɺʝʨʠʬʠʢʘʮʠʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠ ʤʦʜʝʣ ʧʨʠ ʥʦʤʠʥʘʣʝʥ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ 
ʉʣʝʜ ʠʟʛʦʪʚʷʥʝʪʦ ʥʘ ʤʦʜʝʣʘ ʩʝ ʧʨʠʩʪʲʧʠ ʢʲʤ ʥʝʛʦʚʘʪʘ ʚʝʨʠʬʠʢʘʮʠʷ ʚʝʨʠʬʠʢʘʮʠʷ. 

ɺʲʚʝʞʜʘʥʠʪʝ ʚʭʦʜʥʠ ʜʘʥʥʠ ʚʢʣʶʯʚʘʪ ʪʝʨʤʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʠ ʜʝʙʠʪʘ ʥʘ ʧʦʜʭʨʘʥʚʘʱʘ ʚʦʜʘ, 
ʨʘʟʭʦʜʘ ʥʘ ʛʦʨʠʚʦ, ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʧʘʨʘʪʘ ʟʘ ʤʝʞʜʠʥʝʥ ʧʨʝʛʨʝʚ ʠ ʪʝʤʧʝʨʘʪʫʨʥʘʪʘ ʨʘʟʣʠʢʘ 
ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʭʦʜʷʱʠʷ ʚ ʀɺʇ ʚʲʟʜʫʭ ʠ ʠʟʭʦʜʷʱʠʪʝ ʜʠʤʥʠ ʛʘʟʦʚʝ. 

ʇʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʨʘʟʭʦʜʘ ʥʘ ʛʦʨʠʚʦ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʜʘʥʥʠ ʦʪ ʪʦʧʣʠʥʥʠʷ ʙʘʣʘʥʩ ʥʘ 
ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʥʦʤʠʥʘʣʝʥ ʪʦʚʘʨ ʩʣʝʜ ʥʘʧʨʘʚʝʥʘʪʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 
ʝʤʠʩʠʠʪʝ ʥʘ ʘʟʦʪʥʠ ʦʢʩʠʜʠ. ʇʦ ʚʨʝʤʝ ʥʘ ʪʝʟʠ ʩʲʦʪʚʝʥʠʪʝ ʠʟʧʠʪʘʥʠʷ ʚʣʦʞʝʥʘʪʘ ʚ ʢʦʪʝʣʘ 
ʪʦʧʣʠʥʘ ʝ ʙʠʣʘ ʦʢʦʣʦ 660 ʄWt. 
ɺ ʊʘʙʣ. 2 ʩʝ ʚʠʞʜʘʪ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʥʘʧʨʘʚʝʥʘʪʘ ʩʠʤʫʣʘʮʠʷ ʧʨʠ ʚʣʘʛʘʥʝ ʥʘ 658.34 MWt 

ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʠʟʭʦʜʷʱʠʪʝ ʜʠʤʥʠ ʛʘʟʦʚʝ 175 ÁC. 
ʈʘʟʣʠʢʘʪʘ ʚ Q2 ʠ ʩʲʦʪʚʝʪʥʦ ʚ ʦʙʱʘʪʘ ʟʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʩʝ ʜʲʣʞʠ ʥʘ ʨʘʟʣʠʢʘʪʘ ʚ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʠʟʭʦʜʷʱʠʪʝ ʛʘʟʦʚʝ ʧʦ ʚʨʝʤʝ ʥʘ ʩʣʝʜʨʝʤʦʥʪʥʠʪʝ ʠʟʧʠʪʘʥʠʷ ʠ ʪʘʟʠ, ʢʦʷʪʦ ʝ 
ʟʘʣʦʞʝʥʘ ʚ ʤʘʪʝʤʘʪʠʯʥʠʷ ʤʦʜʝʣ. ʇʨʠ ʩʲʩʪʘʚʷʥʝʪʦ ʥʘ ʤʦʜʝʣʘ ʝ ʧʨʠʝʪʘ ʩʪʦʡʥʦʩʪ 175 ÁC ʠ  
ʪʘʟʠ ʪʝʤʧʝʨʘʪʫʨʘ ʝ ʟʘʣʦʞʝʥʘ ʚ ʣʦʛʠʢʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ, ʪʲʡ ʢʘʪʦ ʪʦʚʘ ʝ 
ʧʨʦʝʢʪʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ tʠ.ʛ.. 

 ʈʘʟʣʠʢʘʪʘ ʚ Q4 ʩʝ ʜʲʣʞʠ ʥʘ ʩʧʝʮʠʬʠʯʥʘ ʦʩʦʙʝʥʦʩʪ ʥʘ ʩʪʘʥʜʘʨʪʘ, ʧʦ ʢʦʡʪʦ ʝ 
ʦʧʨʝʜʝʣʝʥ ʂʇɼ ʥʘ ʢʦʪʝʣʘ ʧʦ ʚʨʝʤʝ ʥʘ ʩʣʝʜʨʝʤʦʥʪʥʠʪʝ ʠʟʧʠʪʘʥʠʷ. ʇʨʠ ʥʝʛʦ ʟʘʛʫʙʘʪʘ ʥʘ 
ʪʦʧʣʠʥʘ ʦʪ ʥʝʠʟʛʦʨʷʣʦ ʚ ʰʣʘʢʘʪʘ ʠ ʚ ʣʝʪʷʱʘʪʘ ʧʝʧʝʣ ʠ ʟʘʛʫʙʘʪʘ ʥʘ ʪʦʧʣʠʥʘ ʩ ʬʠʟʠʯʥʘʪʘ 
ʪʦʧʣʠʥʘ ʥʘ ʰʣʘʢʘʪʘ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʢʘʪʦ ʦʙʱʘ ʩʪʦʡʥʦʩʪ (Q4+Q6). 
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ʊʘʙʣʠʮʘ 2 
ʉʨʘʚʥʝʥʠʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʤʘʪʝʤʘʪʠʯʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʩ ʜʘʥʥʠ ʦʪ ʨʝʘʣʥʠ ʠʟʤʝʨʚʘʥʠʷ 

ʧʨʠ ʥʦʤʠʥʘʣʥʘ ʪʦʧʣʠʥʥʘ ʤʦʱʥʦʩʪ 

ʇʘʨʘʤʝʪʲʨ 
ʄʝʨʥʘ 
ʝʜʠʥʠʮʘ 

ʄʘʪʝʤʘʪʠ-
ʯʝʥ ʤʦʜʝʣ 

ʉʣʝʜʨʝʤʦʥʪʥ
ʠ ʠʟʧʠʪʘʥʠʷ 

ʆʪʢʣʦʥʝʥʠʝ, % 

ɺʥʝʩʝʥʘ ʪʦʧʣʠʥʘ, Qʚʥ MW 652,95 674 3,12 

ɿʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʩ ʠʟʭʦʜʷʱʠ 
ʛʘʟʦʚʝ, Q2 

MW 80,51 86,818 7,27 

ɿʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʦʪ ʥʝʠʟʛʦʨʷʣʦ 
ʚ ʰʣʘʢʘʪʘ ʠ ʚ ʣʝʪʷʱʘʪʘ ʧʝʧʝʣ, 
Q4 

MW 18,69 20,315 8 

ɿʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʦʪ ʭʠʤʠʯʥʦ 
ʥʝʜʦʠʟʛʘʨʷʥʝ, Q3 

MW 0,05 0,056 10,71 

ɿʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʯʨʝʟ 
ʪʦʧʣʦʦʙʤʝʥ ʩ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, Q5 

MW 2,59 2,656 2,48 

ɿʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʩ ʬʠʟʠʯʥʘʪʘ 
ʪʦʧʣʠʥʘ ʥʘ ʰʣʘʢʘʪʘ, Q6 

MW 0,914 - - 

ʆʙʱʦ ʟʘʛʫʙʝʥʘ ʪʦʧʣʠʥʘ, Qʟʘʛ MW 102,75 109,85 6,46 

ʂʇɼ, ɖ % 84,26 83,7 0,67 

ʈʘʟʭʦʜ ʥʘ ʧʦʜʭʨʘʥʚʘʱʘ ʚʦʜʘ kg/s 163,88 153,26 6,93 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʜʭʨʘʥʚʘʱʘ 
ʚʦʜʘ 

ÁC 242,5 235,09 3,15 

ʅʘʣʷʛʘʥʝ ʥʘ ʧʦʜʭʨ. ʚʦʜʘ Bar 176 176,9 0,51 

ʈʘʟʭʦʜ ʥʘ ʩʚʝʞʘ ʧʘʨʘ, D0 kg/s 191,4 195,58 2,14 

ɽʥʪʘʣʧʠʷ ʥʘ ʩʚʝʞʘ ʧʘʨʘ, h0 kJ/kg 3440,03 3445,16 0,15 

ʈʘʟʭʦʜ ʥʘ ʧʘʨʘ ʟʘ ʤʝʞʜʠʥʥʦ 
ʧʨʝʛʨʷʚʘʥʝ, Dʤʧʧ 

kg/s 176,2 176,02 0,1 

ɽʥʪʘʣʧʠʷ ʥʘ ʤʝʞʜʠʥʥʦ ʧʨʝʛʨʷʪʘ 
ʧʘʨʘ, hʤʧ 

kJ/kg 3562,31 3543,7 0,53 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʠʟʭʦʜʷʱʠ ʜʠʤʥʠ 
ʛʘʟʦʚʝ, tʠ.ʛ. 

ÁC 175  179,25 2,37 

 
ʆʪ ʪʘʙʣʠʮʘʪʘ ʩʝ ʚʠʞʜʘ, ʯʝ ʨʝʞʠʤʘ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʚʠʨʪʫʘʣʥʠʷ ʤʦʜʝʣ ʥʘ ʧʨʠ ʥʦʤʠʥʘʣʥʦ 

ʥʘʪʦʚʘʨʚʘʥʝ ʝ ʩʭʦʜʝʥ ʩ ʨʝʞʠʤʘ ʥʘ ʨʘʙʦʪʘ ʥʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ. 

ɺʝʨʠʬʠʢʘʮʠʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʷ ʤʦʜʝʣ ʧʨʠ 80 % ʠ 65 % ʪʦʧʣʠʥʥʘ ʤʦʱʥʦʩʪ 
ʂʘʪʦ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʚʝʨʠʬʠʢʘʮʠʷʪʘ ʥʘ ʤʦʜʝʣʘ ʩʘ ʧʨʦʚʝʜʝʥʠ ʩʠʤʫʣʘʮʠʠ ʧʨʠ 80% ʠ 65 

% ʥʘʪʦʚʘʨʚʘʥʝ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʥʘʧʨʘʚʝʥʘʪʘ ʩʠʤʫʣʘʮʠʷ ʧʨʠ 80% ʦʪ ʥʦʤʠʥʘʣʥʘʪʘ ʪʦʧʣʠʥʥʘ 
ʤʦʱʥʦʩʪ ʟʘ ʧʦʢʘʟʘʥʠ ʚ ʊʘʙʣ. 3. 
ʇʨʠ ʩʨʘʚʥʝʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʩʝ ʚʠʞʜʘ, ʯʝ ʦʪʥʦʚʦ ʠʤʘ ʜʦʙʨʦ ʩʲʦʪʚʝʪʩʪʚʠʝ ʥʘ 

ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʠʟʚʲʨʰʝʥʠʪʝ ʠʟʧʠʪʘʥʠʷ ʥʘ 
ʨʝʘʣʥʠʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨ. ʈʘʟʣʠʢʘʪʘ ʚ ʂ.ʇ.ɼ. ʩʝ ʜʲʣʞʠ ʥʘ ʧʦ-ʣʦʰʦʪʦ ʢʘʯʝʩʪʚʦ ʥʘ ʚʲʛʣʠʱʘʪʘ, 
ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ ʩʠʤʫʣʠʨʘʥʝʪʦ ʩʧʨʷʤʦ ʪʝʟʠ ʧʨʠ ʩʣʝʜʨʝʤʦʥʪʥʠʪʝ ʠʟʧʠʪʘʥʠʷ. 
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ʊʘʙʣʠʮʘ 3 
ʉʨʘʚʥʝʥʠʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʤʘʪʝʤʘʪʠʯʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʩ ʜʘʥʥʠ ʦʪ ʨʝʘʣʥʠ ʠʟʤʝʨʚʘʥʠʷ 

ʧʨʠ ʪʦʧʣʠʥʥʘ ʤʦʱʥʦʩʪ 80% ʦʪ ʥʦʤʠʥʘʣʥʘʪʘ 

ʇʘʨʘʤʝʪʲʨ 
ʄʝʨʥʘ 
ʝʜʠʥʠʮʘ 

ʄʘʪʝʤʘʪʠʯʝʥ 
ʤʦʜʝʣ 

ʉʣʝʜʨʝʤʦʥʪʥʠ 
ʠʟʧʠʪʘʥʠʷ 

ʆʪʢʣʦʥʝʥʠe, % 

ɺʥʝʩʝʥʘ ʪʦʧʣʠʥʘ, Qʚʥ MW 546,62 556,555 1,79 

ɿʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʩ 
ʠʟʭʦʜʷʱʠ ʛʘʟʦʚʝ, Q2 

MW 68,99 71,14 3,02 

ɿʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʦʪ 
ʥʝʠʟʛʦʨʷʣʦ ʚ ʰʣʘʢʘʪʘ ʠ ʚ 
ʣʝʪʷʱʘʪʘ ʧʝʧʝʣ, Q4 

MW 9,24 8,85 4,41 

ɿʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʦʪ 
ʭʠʤʠʯʥʦ ʥʝʜʦʠʟʛʘʨʷʥʝ, Q3 

MW - 0,051 - 

ɿʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʯʨʝʟ 
ʪʦʧʣʦʦʙʤʝʥ ʩ ʦʢʦʣʥʘʪʘ 
ʩʨʝʜʘ, Q5 

MW 2,247 2,352 4,46 

ɿʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʩ 
ʬʠʟʠʯʥʘʪʘ ʪʦʧʣʠʥʘ ʥʘ 
ʰʣʘʢʘʪʘ, Q6 

MW 0,763 - - 

ʆʙʱʦ ʟʘʛʫʙʝʥʘ ʪʦʧʣʠʥʘ, 
Qʟʘʛ 

MW 81,24 82,4 1,41 

ʂʇɼ, ɖ % 85,13 85,2 0,08 

ʈʘʟʭʦʜ ʥʘ ʧʦʜʭʨ. ʚʦʜʘ kg/s 133,34 130,1 2,49 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʜʭʨ. ʚʦʜʘ ÁC 234 229,83 1,81 

ʅʘʣʷʛʘʥʝ ʥʘ ʧʦʜʭʨ. ʚʦʜʘ Bar 176 185.3 5 

ʈʘʟʭʦʜ ʥʘ ʩʚʝʞʘ ʧʘʨʘ, D0 kg/s 159,44 160,52 0,67 

ɽʥʪʘʣʧʠʷ ʥʘ ʩʚʝʞʘ ʧʘʨʘ, h0 kJ/kg 3440,03 3446,67 0,19 

ʈʘʟʭʦʜ ʥʘ ʧʘʨʘ ʟʘ ʤʝʞʜʠʥʥʦ 
ʧʨʝʛʨʷʚʘʥʝ, Dʤʧʧ 

kg/s 142,46 144,46 1,38 

ɽʥʪʘʣʧʠʷ ʥʘ ʤʝʞʜʠʥʥʦ 
ʧʨʝʛʨʷʪʘ ʧʘʨʘ, hʤʧ 

kJ/kg 3557,85 3555,6  0,06 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʠʟʭʦʜʷʱʠ 
ʜʠʤʥʠ ʛʘʟʦʚʝ, tʠ.ʛ. 

ÁC 175  178,9 2,18 

 
65% ʝ ʤʠʥʠʤʘʣʥʦʪʦ ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ ʙʣʦʢʘ, ʧʨʠ ʢʦʝʪʦ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʨʘʙʦʪʠ ʩʪʘʙʠʣʥʦ 

ʥʘ ʦʩʥʦʚʥʦ ʛʦʨʠʚʦ. ʇʨʠ ʧʦ-ʥʠʩʢʠ ʥʘʪʦʚʘʨʚʘʥʠʷ ʛʦʨʥʠʷ ʧʨʦʮʝʩ ʩʪʘʚʘ ʥʝʩʪʘʙʠʣʝʥ ʠ ʩʝ ʥʘʣʘʛʘ 
ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʦʜʜʲʨʞʘʱʦ ʛʦʨʠʚʦ, ʚ ʩʣʫʯʘʷ ʤʘʟʫʪ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʚʝʨʠʬʠʢʘʮʠʷʪʘ ʩʘ 
ʧʦʢʘʟʘʥʠ ʚ ʊʘʙʣ. 4. 
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ʊʘʙʣʠʮʘ 4 
ʉʨʘʚʥʝʥʠʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʤʘʪʝʤʘʪʠʯʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʩ ʜʘʥʥʠ ʦʪ ʨʝʘʣʥʠ ʠʟʤʝʨʚʘʥʠʷ 

ʧʨʠ ʪʦʧʣʠʥʥʘ ʤʦʱʥʦʩʪ 65 % ʦʪ ʥʦʤʠʥʘʣʥʘʪʘ 

ʇʘʨʘʤʝʪʲʨ 
ʄʝʨʥʘ 
ʝʜʠʥʠʮʘ 

ʄʘʪʝʤʘʪʠʯʝʥ 
ʤʦʜʝʣ 

ʉʣʝʜʨʝʤʦʥʪʥʠ 
ʠʟʧʠʪʘʥʠʷ 

ʆʪʢʣʦʥʝʥʠe, % 

ɺʥʝʩʝʥʘ ʪʦʧʣʠʥʘ, Qʚʥ MW 473,08 453,985 4,21 

ɿʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʩ 
ʠʟʭʦʜʷʱʠ ʛʘʟʦʚʝ, Q2 

MW 60,92 59,74 1,98 

ɿʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʦʪ 
ʥʝʠʟʛʦʨʷʣʦ ʚ ʰʣʘʢʘʪʘ ʠ ʚ 
ʣʝʪʷʱʘʪʘ ʧʝʧʝʣ, Q4 

MW 9,34 8,685 7,54 

ɿʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʦʪ 
ʭʠʤʠʯʥʦ ʥʝʜʦʠʟʛʘʨʷʥʝ, Q3 

MW - 0,032 - 

ɿʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʯʨʝʟ 
ʪʦʧʣʦʦʙʤʝʥ ʩ ʦʢʦʣʥʘʪʘ 
ʩʨʝʜʘ, Q5 

MW 2,136 2,027 5,37 

ɿʘʛʫʙʘ ʥʘ ʪʦʧʣʠʥʘ ʩ 
ʬʠʟʠʯʥʘʪʘ ʪʦʧʣʠʥʘ ʥʘ 
ʰʣʘʢʘʪʘ, Q6 

MW 0,66 - - 

ɿʘʛʫʙʝʥʘ ʪʦʧʣʠʥʘ,Qʟʘʛ MW 73,06 70,48 3,66 

ʂʇɼ, ɖ % 84,6 84,47 0,15 

ʈʘʟʭʦʜ ʥʘ ʧʦʜʭʨ. ʚʦʜʘ kg/s 110 104,21 5,56 

ʊʝʤʧʝʨ. ʥʘ ʧʦʜʭʨ. ʚʦʜʘ ÁC 220 217,95 0,94 

ʅʘʣʷʛʘʥʝ ʥʘ ʧʦʜʭʨ. ʚʦʜʘ MPa 18,6 19,32 3,73 

ʈʘʟʭʦʜ ʥʘ ʩʚʝʞʘ ʧʘʨʘ, D0 kg/s 133,85 129,21 3,59 

ɽʥʪʘʣʧʠʷ ʥʘ ʩʚʝʞʘ ʧʘʨʘ, h0 kJ/kg 3440,03 3442,15 0,06 

ʈʘʟʭʦʜ ʥʘ ʧʘʨʘ ʟʘ 
ʤʝʞʜʠʥʥʦ ʧʨʝʛʨʷʚʘʥʝ, Dʤʧʧ 

kg/s 116,3 116,28 0,02 

ɽʥʪʘʣʧʠʷ ʥʘ ʤʝʞʜʠʥʥʦ 
ʧʨʝʛʨʷʪʘ ʧʘʨʘ, hʤʧ 

kJ/kg 3568,9 3541,3  0,78 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʠʟʭʦʜʷʱʠ 
ʜʠʤʥʠ ʛʘʟʦʚʝ, tʠ.ʛ. 

ÁC 175  180,8 3,21 

 
ʀʟʚʦʜʠ 
ʆʪ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʶʯʠ, ʯʝ ʩʲʩʪʘʚʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʥ ʤʦʜʝʣ ʥʘ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨ ʇ-62 ʩʲʟʜʘʜʝʥ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʦʬʪʫʝʨʥʠʷ ʧʨʦʜʫʢʪ EBSILONÈ Professional 
ʦʧʠʩʚʘ ʨʘʙʦʪʘʪʘ ʥʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʩʲʩ ʟʘʜʦʚʦʣʠʪʝʣʥʘ ʪʦʯʥʦʩʪ ʠ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ 
ʟʘ ʙʲʜʝʱʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʨʠ ʧʨʦʤʝʥʣʠʚʠ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ. 

 
 
ʤʘʛ. ʠʥʞ. ɸʪʘʥʘʩ ɼʝʷʥʦʚ, Ăʂʦʥʪʫʨɻʣʦʙʘʣ ʆʧʝʨʝʡʰʲʥʩ ɹʲʣʛʘʨʠʷñ ɸɼ, ʪʝʣ. 0894 928 888, 

e-mail:naskodeyanov@gmail.com 
ʧʨʦʬ. ʜ-ʨ ɼʠʤʠʪʲʨ ʇʦʧʦʚ, ʊʋïʉʦʬʠʷ, ʢʘʪʝʜʨʘ Ăʊʦʧʣʦʝʥʝʨʛʝʪʠʢʘ ʠ ʷʜʨʝʥʘ ʝʥʝʨʛʝʪʠʢʘñ, 

ʪʝʣ. 02 965 23 03, e-mail: dpopov@tu-sofia.bg 

mailto:naskodeyanov@gmail.com
mailto:dpopov@tu-sofia.bg


 

ȜȸȹȵȸȯȷȯȺȭȯȼȲȴȪ Ȳ ɉȮȺȯȷȪ ȯȷȯȺȭȯȼȲȴȪ   17 
 

 

 
 
 
 

ʈʘʮʠʦʥʘʣʠʟʠʨʘʥʝ ʥʘ ʧʦʜʛʨʷʚʘʥʝʪʦ ʥʘ ʚʲʟʜʫʭʘ ʟʘ ʛʦʨʝʥʝ ʚ ʤʦʱʝʥ 
ʩʦʜʦʨʝʛʝʥʝʨʘʮʠʦʥʝʥ ʢʦʪʝʣʝʥ ʘʛʨʝʛʘʪ 

 
ɼʠʣʷʥʘ  ʂʦʣʝʚʘ, ɼʠʤʠʪʲʨ ʇʦʧʦʚ 

 
ʋʪʠʣʠʟʠʨʘʥʝʪʦ ʥʘ ʦʪʧʘʜʥʘʪʘ ʪʦʧʣʠʥʘ ʦʪ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʝ ʥʘʡ-ʝʬʝʢʪʠʚʥʠʷʪ 

ʥʘʯʠʥ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʚʩʷʢʘ ʠʥʩʪʘʣʘʮʠʷ, ʚ ʢʦʷʪʦ ʧʨʦʪʠʯʘ ʛʦʨʠʚʝʥ 
ʧʨʦʮʝʩ. ɽʜʠʥ ʦʪ ʥʘʯʠʥʠʪʝ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʪʝʭʥʠʢʦ-ʠʢʦʥʦʤʠʯʝʩʢʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ 
ʠʥʩʪʘʣʘʮʠʠʪʝ ʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʦʪʧʘʜʥʘʪʘ ʝʥʝʨʛʠʷ ʟʘ ʧʦʜʛʨʷʚʘʥʝ ʥʘ ʚʭʦʜʥʠʪʝ ʧʦʪʦʮʠ 
ʢʲʤ ʠʥʩʪʘʣʘʮʠʷʪʘ. ʇʨʠʤʝʨ ʟʘ ʪʦʚʘ ʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʝʥʝʨʛʠʷʪʘ ʩʲʜʲʨʞʘʱʘ ʩʝ ʚ 
ʠʟʭʦʜʷʱʠʪʝ ʜʠʤʥʠ ʛʘʟʦʚʝ ʟʘ ʧʦʜʛʨʷʚʘʥʝ ʥʘ ʧʦʩʪʲʧʚʘʱʠʷʪ ʛʦʨʠʚʝʥ ʚʲʟʜʫʭ.  

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʝʬʝʢʪʠʚʥʦʩʪ, ʦʪʧʘʜʥʘ ʪʦʧʣʠʥʘ, ʩʦʜʦʨʝʛʝʥʝʨʘʮʠʦʥʝʥ ʢʦʪʝʣ, ʫʪʠʣʠʟʘʮʠʷ 
 

Rationalization of combustion air heating in a large recovery boiler 
 

Dilyana Koleva, Dimitar Popov 

 
The use of waste heat from flue gas is the most effective way to increase the efficiency of any 

installation where a combustion process takes place. One way to improve the technical and 
economic parameters of installations is to use the waste energy, which in normal operation is taken 
out of the facilities, to heat the input streams to the installation. An example of this is the use of the 
energy contained in the exhaust fumes to heat the incoming combustion air.  

 
Keywords: efficiency, soda recovery boiler, utilization, waste heat 

 
ʋʚʦʜ 
ʆʪʧʘʜʥʘʪʘ ʪʦʧʣʠʥʘ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʧʨʦʮʝʩʠ ʤʦʞʝ ʜʘ ʙʲʜʝ ʫʪʠʣʠʟʠʨʘʥʘ ʧʦ ʜʚʘ 

ʦʩʥʦʚʥʠ ʥʘʯʠʥʘ ï ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʯʨʝʟ ʧʦʜʛʨʷʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ 
ʬʣʫʠʜʥʠ ʧʦʪʦʮʠ ʠ/ʠʣʠ ʯʨʝʟ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʠʟʭʦʜʷʱʘʪʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʚ 
ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ. ʆʧʦʣʟʦʪʚʦʨʷʚʘʥʝʪʦ ʥʘ ʦʪʧʘʜʥʘʪʘ ʪʦʧʣʠʥʘ ʩ ʮʝʣ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣ. 
ʝʥʝʨʛʠʷ ʤʦʞʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʯʨʝʟ ʠʥʦʚʘʪʠʚʥʠ ʪʝʨʤʦʜʠʥʘʤʠʯʥʠ ʮʠʢʣʠ, ʢʦʠʪʦ ʠʟʠʩʢʚʘʪ 
ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʥʦʚʠ ʠ ʩʨʘʚʥʠʪʝʣʥʦ ʩʢʲʧʠ ʠʥʩʪʘʣʘʮʠʠ. ʇʦ-ʜʦʩʪʲʧʥʠʷʪ ʠ ʣʝʩʝʥ ʚʘʨʠʘʥʪ ʝ 
ʚʨʲʱʘʥʝʪʦ ʥʘ ʝʥʝʨʛʠʷʪʘ ʦʙʨʘʪʥʦ ʚ ʧʨʦʮʝʩʘ, ʧʨʠʤʝʨʥʦ ʟʘ ʮʝʣʠʪʝ ʥʘ ʧʦʜʛʨʷʚʘʥʝʪʦ ʥʘ 
ʚʲʟʜʫʭʘ ʠʟʧʦʣʟʚʘʥ ʟʘ ʛʦʨʝʥʝ. ɺ ʥʘʩʪʦʷʱʠʷʪ ʜʦʢʣʘʜ ʝ ʦʧʠʩʘʥʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤʝʥʥʦ ʥʘ ʪʦʟʠ 
ʧʦʜʭʦʜ ïʧʦʜʛʨʷʚʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ʥʝʦʙʭʦʜʠʤ ʟʘ ʛʦʨʠʚʥʠʷ ʧʨʦʮʝʩ ʚ ʩʦʜʦʨʝʛʝʥʝʨʘʮʠʦʥʝʥ 
ʢʦʪʝʣʝʥ ʘʛʨʝʛʘʪ ʟʘ ʩʤʝʪʢʘ ʥʘ ʪʦʧʣʠʥʘʪʘ ʠʟʚʣʠʯʘʥʘ ʦʪ ʠʟʭʦʜʷʱʠʪʝ ʜʠʤʥʠ ʛʘʟʦʚʝ. ʊʦʚʘ ʙʠ 
ʜʦʚʝʣʦ ʥʝʠʟʙʝʞʥʦ ʠ ʜʦ ʪʷʭʥʦʪʦ ʩʲʱʝʩʪʚʝʥʦ ʦʭʣʘʞʜʘʥʝ. ʆʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʦʙʠʯʘʡʥʘʪʘ 
ʢʦʪʝʣʥʘ ʧʨʘʢʪʠʢʘ, ʛʦʨʝʧʦʩʦʯʝʥʠʷʪ ʧʦʜʭʦʜ ʙʠ ʠʤʘʣ ʦʛʨʘʥʠʯʝʥʦ ʧʨʠʣʦʞʝʥʠʝ ʪʲʡ ʢʘʪʦ 
ʦʭʣʘʞʜʘʥʝʪʦ ʥʘ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʚʲʟʥʠʢʚʘʥʝʪʦ ʥʘ ʟʥʘʯʠʪʝʣʥʘ ʧʦ ʦʙʭʚʘʪ 
ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʩʷʨʥʦʢʠʩʝʣʘ ʢʦʨʦʟʠʷ [1]. ʊʦʚʘ ʝ ʩʝʨʠʦʟʝʥ ʧʨʦʙʣʝʤ ʟʘ ʢʦʪʣʠʪʝ, ʚ ʢʦʠʪʦ ʩʝ 
ʠʟʛʘʨʷʪ ʛʦʨʠʚʘ ʩʲʩ ʟʥʘʯʠʪʝʣʥʦ ʩʲʜʲʨʞʘʥʠʷ ʥʘ ʩʷʨʘ ʢʘʪʦ ʤʘʟʫʪ ʠ ʥʷʢʦʠ ʣʠʛʥʠʪʥʠ ʚʲʛʣʠʱʘ. 
ʇʨʠ ʩʦʜʦʨʝʛʝʥʝʨʘʮʠʦʥʥʠʪʝ ʢʦʪʣʠ ʥʝʱʘʪʘ ʩʪʦʷʪ ʤʘʣʢʦ ʧʦ-ʨʘʟʣʠʯʥʦ.  

ʆʩʦʙʝʥʦʩʪʠ ʥʘ ʩʦʜʦʨʝʛʝʥʝʨʘʮʠʦʥʥʠʪʝ ʢʦʪʝʣʥʠ ʘʛʨʝʛʘʪʠ (ʉʈʂɸ) 
ʆʩʥʦʚʥʦʪʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʥʘ ʉʈʂɸ ʝ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʨʝʛʝʥʝʨʠʨʘʮʠʷʪʘ ʥʘ 

ʭʠʤʠʢʘʣʠ ʫʧʦʪʨʝʙʷʚʘʥʠ ʚ ʧʨʦʮʝʩʘ ʥʘ ʮʝʣʫʣʦʟʥʦ ï ʭʘʨʪʠʝʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɻʣʘʚʥʦʪʦ 
ʛʦʨʠʚʦ  ʥʘ ʉʈʂɸ ʝ ʭʠʤʠʢʘʣ ʥʘʨʠʯʘʥ ʯʝʨʥʘ ʣʫʛʘ, ʢʦʡʪʦ ʩʝ ʷʚʷʚʘ ʦʪʧʘʜʲʯʝʥ ʧʨʦʜʫʢʪ ʧʨʠ 
ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʮʝʣʫʣʦʟʘ ʧʦ ʩʫʣʬʘʪʥʠʷ ʤʝʪʦʜ. ʏʝʨʥʘʪʘ ʣʫʛʘ ʩʝ ʩʲʩʪʦʠ ʦʪ ʛʦʣʷʤ ʙʨʦʡ 
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ʦʨʛʘʥʠʯʥʠ ʠ ʥʝʦʨʛʘʥʠʯʥʠ ʩʲʝʜʠʥʝʥʠʷ. ʅʝʡʥʠʷ ʩʲʩʪʘʚ ʟʘʚʠʩʠ ʦʪ ʠʟʧʦʣʟʚʘʥʠʪʝ ʜʲʨʚʝʩʥʠ 
ʚʠʜʦʚʝ, ʤʝʪʦʜʘ ʥʘ ʠʟʚʘʨʷʚʘʥʝ ʥʘ ʜʲʨʚʝʩʠʥʘʪʘ ʠ ʧʨʦʮʝʩʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʮʝʣʫʣʦʟʘʪʘ. 
ʆʨʛʘʥʠʯʥʘʪʘ ʯʘʩʪ ʦʪ ʯʝʨʥʘ ʣʫʛʘ ʩʝ ʠʟʛʘʨʷ ʚ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʉʈʂɸ. ʏʝʨʥʘʪʘ ʣʫʛʘ ʝ ʝʜʥʦ 
ʦʪ ʥʘʡ-ʥʠʩʢʦ ʢʘʣʦʨʠʯʥʠʪʝ ʛʦʨʠʚʘ. ʊʦʚʘ ʝ ʪʘʢʘ, ʟʘʱʦʪʦ ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʥʝʷ ʝ ʩʲʩʪʘʚʝʥʘ ʦʪ 
ʥʝʦʨʛʘʥʠʯʥʘ ʯʘʩʪ ʩ ʚʠʩʦʢʘ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʚʣʘʛʘ ʠ ʧʝʧʝʣ. ʊʦʟʠ ʩʲʩʪʘʚ ʟʘʪʨʫʜʥʷʚʘ ʠʟʛʘʨʷʥʝʪʦ 
ʠ ʥʘʣʘʛʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʦʜʜʲʨʞʘʱʦ ʛʦʨʠʚʦ ʤʘʟʫʪ ʧʨʠ ʨʘʙʦʪʘ ʥʘ ʢʦʪʝʣʘ ʩ ʥʘʤʘʣʝʥʦ 
ʧʘʨʦʧʨʦʠʟʚʦʜʩʪʚʦ.  
ʊʠʧʠʯʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ (ʇʂ) ʥʘ ʉʈʂɸ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ. 1. ɺʲʟʜʫʭʘ 

ʟʘ ʛʦʨʝʥʝ ʩʝ ʧʦʜʘʚʘ ʥʘ ʪʨʠ ʥʠʚʘ, ʩʲʦʪʚʝʪʥʦ ʧʲʨʚʠʯʝʥ, ʚʪʦʨʠʯʝʥ ʠ ʪʨʝʪʠʯʝʥ.  ʅʘ ʜʲʥʦʪʦ ʥʘ 
ʇʂ ʝ ʩʝ ʥʘʪʨʫʧʚʘ ʩʪʦʧʠʣʢʘ ʦʪ ʭʠʤʠʢʘʣʠʪʝ ʩʲʜʲʨʞʘʱʠ ʩʝ ʤʠʥʝʨʘʣʥʘʪʘ ʯʘʩʪ ʥʘ ʣʫʛʘʪʘ. ʊʦ ʩʝ 
ʢʦʥʩʪʨʫʠʨʘ ʧʦʜ ʥʘʢʣʦʥ ʠ ʩʪʦʧʠʣʢʘʪʘ ʩʝ ʠʟʚʝʞʜʘ ʦʪ ʩʧʝʮʠʘʣʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʫʣʝʠ.  

 
ʌʠʛ.1 ʇʦʪʦʮʠ ʚ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʉʈʂɸ 

 
ʇʨʦʮʝʩʲʪ ʥʘ ʠʟʛʘʨʷʥʝ ʥʘ ʩʫʣʬʘʪʥʘʪʘ ʣʫʛʘ, ʢʘʢʪʦ ʠ ʥʘʪʨʦʥʦʚʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʜʝʣʠ ʥʘ 

ʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʝʪʘʧʘ: 

¶ ʀʟʩʫʰʘʚʘʥʝ ʥʘ ʣʫʛʘʪʘ; 

¶ ʇʠʨʦʣʠʟʘ ʠ ʢʦʢʩʫʚʘʥʝ ʥʘ ʦʨʛʘʥʠʯʥʠʷ ʦʩʪʘʪʲʢ, ʩʲʧʨʦʚʦʜʝʥ ʩ ʢʘʨʙʦʥʠʟʘʮʠʷ ʥʘ ʦʩʥʦʚʘʪʘ; 

¶ ʀʟʛʘʨʷʥʝ ʥʘ ʢʦʢʩʘ ʠ ʚʪʝʯʥʷʚʘʥʝ ʥʘ ʤʠʥʝʨʘʣʥʠʷ ʦʩʪʘʪʲʢ, ʩʲʧʨʦʚʦʜʝʥ ʩ ʨʝʜʫʢʮʠʷʪʘ ʥʘ 
ʩʫʣʬʘʪʘ. 
ʍʠʤʠʯʝʩʢʠʪʝ ʧʨʦʮʝʩʠ, ʧʨʦʪʠʯʘʱʠ ʚ ʧʲʨʚʠʷ ʩʪʘʜʠʡ ʧʨʝʟ ʚʨʝʤʝʪʦ ʥʘ ʧʦʜʩʫʰʘʚʘʥʝ ʥʘ 

ʣʫʛʘʪʘ, ʩʝ ʩʲʩʪʦʷʪ ʚ  ʥʝʡʥʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʩ ʛʦʨʝʱʠʪʝ ʜʠʤʥʠ ʛʘʟʦʚʝ ʚ ʇʂ. ʆʩʚʝʥ ʉʆ2 ʠ 
ʩʚʦʙʦʜʥʘ NaOH, ʚ ʪʦʟʠ ʩʪʘʜʠʡ ʤʦʛʘʪ ʜʘ ʚʟʝʤʘʪ ʫʯʘʩʪʠʝ ʠ SO2, SO3 ʩʲʜʲʨʞʘʱʠ ʩʝ ʚ 
ʛʘʟʦʚʝʪʝ, Na2S ʠ ʦʨʛʘʥʠʯʝʩʢʠ ʩʚʲʨʟʘʥ Na. 

2NaOH  +  CO2   Ÿ Na2CO3  +  H2O 
2NaOH  +  SO2   Ÿ Na2SO3  +  H2O 
2NaOH  +  SO3   Ÿ Na2SO4  +  H2O 
Na2S   +  CO2   +  H2O Ÿ Na2CO3  + H2S 
2 Na2S +  2SO2 + ʆ2 Ÿ 2Na2S2O3 
Na2S   +  SO3 +  H2O Ÿ Na2SO4 +  H2S 
2RCOONa + SO2 +  H2O Ÿ Na2SO3 + 2RCOOH 
2RCOONa + SO3 +  H2O Ÿ Na2SO4 + 2RCOOH 
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ʇʨʠ ʚʪʦʨʠʷ ʩʪʘʜʠʡ ʧʨʝʟ ʚʨʝʤʝʪʦ ʥʘ ʧʠʨʦʣʠʟʘ ʥʘ ʦʨʛʘʥʠʯʥʘʪʘ ʯʘʩʪ ʥʘ ʩʫʣʬʘʪʥʘʪʘ ʣʫʛʘ, 
ʟʘʝʜʥʦ ʩ CH3OH, ʬʝʥʦʣʘ ʠ ʜʨʫʛʠ ʧʨʦʜʫʢʪʠ, ʩʝ ʦʪʜʝʣʷʪ ʚ ʦʪʥʦʩʠʪʝʣʥʦ ʥʝ-ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʘ 
ʨʘʟʣʠʯʥʠ ʩʝʨʥʠ ʩʲʝʜʠʥʝʥʠʷ: H2S, CH3CHS, (CH3)2S, ʜʦʩʪʘ ʩʣʦʞʥʠ ʘʣʢʠʣʩʫʣʬʠʜʠ ʠ ʥʷʢʦʡ 
ʜʨʫʛʠ ʣʝʪʣʠʚʠ ʧʨʦʜʫʢʪʠ. ɻʦʣʷʤʘ ʯʘʩʪ ʦʪ ʪʝʟʠ ʧʨʦʜʫʢʪʠ ʩʝ ʚʲʟʧʣʘʤʝʥʷʚʘʪ ʠ ʠʟʛʘʨʷʪ, 
ʦʙʨʘʟʫʚʘʡʢʠ ʉʆ, ʉʆ2, ʅ2, ʅ2ʆ, SO2 ʠ ʫʚʝʣʠʯʘʚʘʪ ʪʦʧʣʦ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʛʘʟʦʚʠʪʝ ʩʤʝʩʠ. ʊʦʟʠ 
ʧʨʦʮʝʩ ʟʘʧʦʯʚʘ ʦʱʝ ʧʨʠ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʚʦʜʘ ʚ ʣʫʛʘʪʘ ʦʪ 10 ï 15 % ʠ ʪʝʤʧʝʨʘʪʫʨʘ 150 ï 200Áʉ. 
ʊʨʝʪʠʷʪ ʩʪʘʜʠʡ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʠʟʛʘʨʷʥʝ ʥʘ ʢʦʢʩʘ ʠ ʩʝ ʩʲʧʨʦʚʦʞʜʘ ʩʲʩ ʟʥʘʯʠʪʝʣʥʦ 

ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʩʪʦʧʷʚʘʥʝ ʥʘ ʤʠʥʝʨʘʣʥʠʪʝ ʦʩʪʘʪʲʮʠ. ɺʪʝʯʥʷʚʘʥʝʪʦ ʥʘ 
ʯʘʩʪʠʮʠʪʝ Na2CO3 ʟʘʧʦʯʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ 850Áʉ. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʟʦʥʘʪʘ ʥʘ ʛʦʨʝʥʝ 
ʚʲʟʣʠʟʘ ʥʘ 1200Áʉ ʠ ʝ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ.. 
ɿʘ ʥʦʨʤʘʣʥʦ ʧʨʦʪʠʯʘʥʝ ʥʘ ʧʨʦʮʝʩʘ ʨʝʜʫʢʮʠʷ ʥʘ Na2SO4 ʜʦ Na2S, ʦʩʥʦʚʥʦ ʟʥʘʯʝʥʠʝ ʠʤʘʪ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʠʟʣʠʰʲʢʲʪ ʥʘ ʉ, ʘ ʪʘʢʘ ʩʲʱʦ ʠ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʠʟʣʠʰʲʢ ʥʘ ʚʲʟʜʫʭ ʚ ʟʦʥʘʪʘ 
ʥʘ ʨʝʘʢʮʠʷʪʘ. ʆʩʥʦʚʥʠ ʨʝʘʢʮʠʠ, ʧʨʦʪʠʯʘʱʠ ʧʨʝʟ ʚʨʝʤʝʪʦ ʥʘ ʪʨʝʪʠʷ ʩʪʘʜʠʠ ʥʘ ʠʟʛʘʨʷʥʝ ʥʘ 
ʣʫʛʘʪʘ ʩʝ ʷʚʷʚʘʪ ʨʝʘʢʮʠʠʪʝ ʥʘ ʨʝʜʫʮʠʨʘʥʝ ʥʘ Na2SO4 ʜʦ Na2S ʦʪ ʦʨʛʘʥʠʯʥʠʷ ʢʦʢʩ. 
ʊʝʦʨʝʪʠʯʝʩʢʠ ʩʘ ʚʲʟʤʦʞʥʠ ʩʣʝʜʥʠʪʝ ʨʝʘʢʮʠʠ: 

Na2SO4     + 4C Ÿ Na2S  +  2CO2 - 53,6 Kcal 
Na2SO4     + 4C Ÿ Na2S  + 4CO - 136,0 Kcal 
Na2SO4     + 4CO Ÿ Na2S  + 4 CO2 + 28.8 Kcal 

ɽʜʥʘ ʤʘʣʢʘ ʯʘʩʪ ʦʪ ʤʠʥʝʨʘʣʥʠʪʝ ʦʩʪʘʪʲʮʠ ʩʝ ʠʟʥʘʩʷ ʩ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ 
ʣʝʪʷʱʘ ʧʝʧʝʣ ʠ ʩʝ ʫʣʘʚʷ ʩ ʝʣʝʢʪʨʦʬʠʣʪʲʨ ʨʘʟʧʦʣʦʞʝʥ ʩʣʝʜ ʢʦʪʝʣʘ. 
ʆʙʠʯʘʡʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʧʘʨʦʚʦʜʥʠʷ ʪʨʘʢʪ ʥʘ ʉʈʂɸ ʚʢʣʶʯʚʘ ʜʚʫʙʘʨʘʙʘʥʝʥ 

ʚʝʨʪʠʢʘʣʥʦ ʨʘʟʧʦʣʦʞʝʥ ʠʟʧʘʨʠʪʝʣʝʥ ʩʥʦʧ ʩ ʝʩʪʝʩʪʚʝʥʘ ʮʠʨʢʫʣʘʮʠʷ ʠ  ʠʟʮʷʣʦ ʝʢʨʘʥʠʨʘʥʘ 
ʇʂ. ʂʦʥʚʝʢʪʠʚʥʠʪʝ ʥʘʛʨʝʚʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʩʝ ʩʲʩʪʦʷʪ ʦʪ ʧʘʨʦʧʨʝʛʨʝʚʘʪʝʣ, ʝʢʦʥʦʤʘʡʟʝʨ ʠ 
ʚʲʟʜʫʭʦʧʦʜʛʨʝʚʘʪʝʣ. ɺ ʨʘʟʛʣʝʞʜʘʥʠʷ ʩʣʫʯʘʡ ʧʦʜʛʨʷʚʘʥʝʪʦ ʥʘ ʚʲʟʜʫʭʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ 
ʧʘʨʘ ʦʪ ʨʝʛʫʣʠʨʫʝʤʦ ʧʘʨʦʦʪʤʘʥʝ ʩ ʥʘʣʷʛʘʥʝ  5 Bar ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʦʣʦ 200Áʉ. ʊʦʟʠ ʥʘʯʠʥ 
ʥʘ ʧʦʜʛʨʷʚʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ʝ ʪʠʧʠʯʥʦ ʨʝʰʝʥʠʝ ʟʘ ʧʦʚʝʯʝʪʦ ʉʈʂɸ ʥʘʤʠʨʘʱʠ ʩʝ ʧʦʥʘʩʪʦʷʱʝʤ 
ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ.  
ʇʨʝʜʣʘʛʘʥʦʪʦ ʚ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʧʨʝʤʠʥʘʚʘʥʝ ʢʲʤ ʩʭʝʤʘ ʩ ʜʠʨʝʢʪʥʦ ʧʦʜʛʨʷʚʘʥʝ 

ʥʘ ʛʦʨʠʚʥʠʷ ʚʲʟʜʫʭ ʱʝ ʜʦʚʝʜʝ ʜʦ ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʜʠʤʥʠʪʝ 
ʛʘʟʦʚʝ, ʥʘʧʫʩʢʘʱʠ ʢʦʪʝʣʘ. ʆʯʘʢʚʘʥʠʷ ʧʦʣʝʟʥʠʷʪ ʢʨʘʝʥ ʨʝʟʫʣʪʘʪ ʱʝ ʚʢʣʶʯʚʘ ʥʘʤʘʣʷʚʘʥʝʪʦ 
ʥʘ ʨʘʟʭʦʜa ʧʘʨʘ ʟʘ ʩʦʙʩʪʚʝʥʠ ʥʫʞʜʠ. ʂʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ ʧʦ-ʛʦʨʝ ʩʝʨʥʠʪʝ ʦʢʩʠʜʠ ʫʯʘʩʪʚʘʪ ʚ 
ʭʠʤʠʯʝʩʢʠʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ. ʉ ʪʦʚʘ ʩʝ ʥʘʤʘʣʷʚʘ ʪʷʭʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʚ ʠʟʭʦʜʷʱʠʪʝ ʜʠʤʥʠ ʛʘʟʦʚʝ, ʨʝʩʧ. ʩʝ ʥʘʤʘʣʷʚʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʩʲʦʪʚʝʪʩʪʚʘʱʘ ʥʘ ʪʦʯʢʘʪʘ ʥʘ 
ʦʨʦʩʷʚʘʥʝʪʦ ʠʤ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʪʝʟʠ ʝʬʝʢʪʠ ʩʘ ʠʟʩʣʝʜʚʘʥʠ ʚ [2], ʢʲʜʝʪʦ ʘʚʪʦʨʠʪʝ 
ʟʘʢʣʶʯʘʚʘʪ, ʯʝ ʧʦʥʠʞʘʚʘʥʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʠʟʭʦʜʷʱʠʪʝ ʜʠʤʥʠ ʛʘʟʦʚʝ ʥʘ ʠʟʭʦʜʘ ʦʪ 
ʉʈʂɸ ʥʝ ʚʦʜʠ ʜʦ ʚʲʟʥʠʢʚʘʥʝ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʩʷʨʥʦʢʠʩʝʣʘ ʢʦʨʦʟʠʷ.   

ʆʮʝʥʢʘ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʥʘ ʠʟʭʦʜʘ ʦʪ ʉʈʂɸ 
ʆʮʝʥʢʘʪʘ ʥʘ ʧʦʜʛʨʷʚʘʥʝʪʦ ʥʘ ʚʲʟʜʫʭʘ ʟʘ ʛʦʨʝʥʝ ʩ ʠʟʭʦʜʷʱʠ ʜʠʤʥʠ ʛʘʟʦʚʝ ʠʟʠʩʢʚʘ 

ʩʲʩʪʘʚʷʥʝ ʥʘ ʫʨʘʚʥʝʥʠʝʪʦ ʥʘ ʪʦʧʣʠʥʥʠʷ ʙʘʣʘʥʩ ʥʘ ʩʲʦʪʚʝʪʥʠʷ ʚʲʟʜʫʭʦʧʦʜʛʨʝʚʘʪʝʣ, ʘ 
ʠʤʝʥʥʦ: 

ὗȢὬ̅Ȣ̄Ȣ
̃Ȣ̖  Ὤ̅Ȣ̄Ȣ

̉̈Ȣ̖ ὈȢὬ̃Ⱦ̖
̃Ȣ̖ Ὤ̃Ⱦ̖

̉̈Ȣ̖ ,              (1) 

ʢʲʜʝʪʦ:  
Q ʠ D ʩʘ ʜʝʙʠʪʠʪʝ ʥʘ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʠ ʚʲʟʜʫʭʘ ʧʨʝʤʠʥʘʚʘʱʠ ʧʨʝʟ 
ʚʲʟʜʫʭʦʧʦʜʛʨʝʚʘʪʝʣʷ, kg/s; 

 Ὤ̅Ȣ̄Ȣ
̃Ȣ̖ ʠ Ὤ̅Ȣ̄Ȣ

̉̈Ȣ̖ ʩʘ ʝʥʪʘʣʧʠʠʪʝ ʥʘ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʥʘ ʚʭʦʜ/ʠʟʭʦʜ ʥʘ  ʪʦʧʣʦʦʙʤʝʥʥʠʢʘ, kJ/kg; 

 Ὤ̃Ⱦ̖
̃Ȣ̖ ʠ Ὤ̃Ⱦ̖

̉̈Ȣ̖ ʩʘ ʝʥʪʘʣʧʠʠʪʝ ʥʘ ʚʲʟʜʠʭʘ ʥʘ ʚʭʦʜ/ʠʟʭʦʜ ʥʘ  ʪʦʧʣʦʦʙʤʝʥʥʠʢʘ, kJ/kg; 

ʊʲʡ ʢʘʪʦ ʚ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʝ ʨʘʟʛʣʝʞʜʘ ʩʲʱʝʩʪʚʫʚʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʉʈʂɸ, ʪʦ ʯʠʩʣʝʥʠʪʝ 
ʩʪʦʡʥʦʩʪʠ ʠ ʧʘʨʘʤʝʪʨʠʪʝ ʚ ʛʦʨʥʦʪʦ ʫʨʘʚʥʝʥʠʝ ʪʨʷʙʚʘ ʜʘ ʩʘ ʩʲʦʙʨʘʟʝʥʠ ʩ ʨʝʘʣʥʠʪʝ (ʠʣʠ 
ʧʨʦʝʢʪʥʠʪʝ) ʪʘʢʠʚʘ ʥʘ ʩʲʦʨʲʞʝʥʠʝʪʦ. ɿʘ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʝʥʪʘʣʧʠʠʪʝ ʥʘ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʧʦ-
ʩʧʝʮʠʘʣʥʦ ʝ ʥʫʞʥʦ ʜʘ ʩʝ ʟʥʘʝ ʪʝʭʥʠʷʪ ʩʲʩʪʘʚ.    



 
20  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

ʉ ʮʝʣ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʧʦ-ʛʦʣʷʤʘʪʘ ʯʘʩʪ ʦʪ ʧʘʨʘʤʝʪʨʠʪʝ, ʫʯʘʩʪʚʘʱʠ ʚ 
ʫʨʘʚʥʝʥʠʝʪʦ ʥʘ ʪʦʧʣʠʥʥʠʷ ʙʘʣʘʥʩ ʥʘ ʙʲʜʝʱʠʷ ʚʲʟʜʫʭʦʧʦʜʛʨʝʚʘʪʝʣ, ʙʝ ʩʲʩʪʘʚʝʥ ʦʧʨʦʩʪʝʥ 
ʤʘʪʝʤʘʪʠʯʝʥ ʤʦʜʝʣ ʥʘ ʉʈʂɸ. ʀʟʧʦʣʟʚʘʥ ʙʝ ʩʦʬʪʫʝʨʥʠʷ ʧʨʦʜʫʢʪ ThermoflexÈ. ʊʲʡ ʢʘʪʦ ʚ 
ʛʦʨʠʚʥʠʷ ʧʨʦʮʝʩ, ʨʝʩʧ. ʧʨʠ ʛʝʥʝʨʘʮʠʷʪʘ ʥʘ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʫʯʘʩʪʚʘ ʧʦʯʪʠ ʠʟʢʣʶʯʠʪʝʣʥʦ 
ʩʘʤʦ ʦʨʛʘʥʠʯʥʘʪʘ ʯʘʩʪ ʥʘ ʯʝʨʥʘʪʘ ʣʫʛʘ, ʪʦ ʥʝʡʥʠʷʪ ʝʣʝʤʝʥʪʝʥ ʩʲʩʪʘʚ ʙʝ ʟʘʣʦʞʝʥ ʚ ʤʦʜʝʣʘ, 
ʊʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1  
ɽʣʝʤʝʥʪʝʥ ʩʲʩʪʘʚ ʥʘ ʨʘʙʦʪʥʘ ʤʘʩʘ ʥʘ ʯʝʨʥʘʪʘ ʣʫʛʘ ï ʦʨʛʘʥʠʯʥʘ ʯʘʩʪ 

ɺʲʛʣʝʨʦʜ 42,00% 

ɺʦʜʦʨʦʜ 5,00% 

ʉʷʨʘ 1,60% 

ʂʠʩʣʦʨʦʜ 20,00% 

ɸʪʦʪ 1,40% 

ɺʣʘʛʘ 30,00% 

ɼʦʣʥʘ ʪʦʧʣʦʪʚʦʨʥʘ ʩʧʦʩʦʙʥʦʩʪ 11 176 kJ/kg 

 
ʀʟʯʠʩʣʠʪʝʣʥʘʪʘ ʩʭʝʤʘ ʚʲʟʧʨʠʝʪʘ ʧʨʠ ʩʲʩʪʘʚʷʥʝʪʦ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʷ ʤʦʜʝʣ ʝ ʧʦʢʘʟʘʥʘ 

ʥʘ ʌʠʛ. 1. ʂʲʤ ʥʘʩʪʦʷʱʠʷʪ ʤʦʤʝʥʪ ʧʦʜʛʨʷʚʘʥʝʪʦ ʥʘ ʚʲʟʜʫʭʘ ʟʘ ʛʦʨʝʥʝ ʥʘ ʉʈʂɸ ʩʝ 
ʦʩʲʱʝʩʪʚʷʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʘʨʥʠ ʢʘʣʦʨʠʬʝʨʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ 130ϲʉ. ɿʘ 
ʢʘʣʦʨʠʬʝʨʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘ ʧʘʨʘ ʦʪ ʢʦʣʝʢʪʦʨ ʩʦʙʩʪʚʝʥʠ ʥʫʞʜʠ ʚ ʊɽʎ, ʢʦʡʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʩʝ 
ʟʘʭʨʘʥʚʘ ʦʪ ʨʝʛʫʣʠʨʫʝʤʦ ʧʘʨʦʦʪʥʝʤʘʥʝ ʦʪ ʧʘʨʥʘ ʪʫʨʙʠʥʘ ʩ ʤʦʱʥʦʩʪ 17 MW. ʊʝʤʧʝʨʘʪʫʨʘʪʘ 
ʥʘ ʠʟʭʦʜʷʱʠʪʝ ʜʠʤʥʠ ʛʘʟʦʚʝ ʚ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠ ʫʩʣʦʚʠʷ ʝ ʦʪʥʦʩʠʪʝʣʥʦ ʚʠʩʦʢʘ, ʢʘʪʦ ʚʘʨʠʨʘ 
ʤʝʞʜʫ 210 ʠ 230Áʉ. ɿʘ ʠʟʯʠʩʣʝʥʠʷʪʘ ʝ ʧʨʠʝʪʘ ʩʨʝʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 218Áʉ. ɼʝʙʠʪʲʪ ʠ 
ʦʩʪʘʥʘʣʠʪʝ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʧʨʝʛʨʷʪʘ ʧʘʨʘ ʝ ʩʲʦʙʨʘʟʝʥʠ ʩ 
ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠʪʝ ʪʘʢʠʚʘ. ʉʲʱʦʪʦ ʚʘʞʠ ʠ ʟʘ ʧʦʚʝʯʝʪʦ ʦʪ ʦʩʪʘʥʘʣʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʉʈʂɸ 
ʢʘʪʦ ʜʝʙʠʪ ʥʘ ʛʦʨʠʚʦʪʦ, ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʠʟʣʠʰʲʢ ʥʘ ʚʲʟʜʫʭ, ʧʘʨʘʤʝʪʨʠ ʥʘ ʧʘʨʘʪʘ ʟʘ 
ʢʘʣʦʨʠʬʝʨʠʪʝ ʠ ʜʨ.  

 
ʌʠʛ. 2 ʀʟʯʠʩʣʠʪʝʣʥʘ ʩʭʝʤʘ ʥʘ ʉʂʈɸ ʩ ʧʘʨʥʦ ʧʦʜʛʨʷʚʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ʟʘ ʛʦʨʝʥʝ 

 
1 ʇʘʨʦʧʨʝʛʨʝʚʘʪʝʣ   7 ʇʘʨʦʧʨʦʚʦʜ    13 ʂʦʥʜʝʥʟʘʪ 
2 ʇʝʱʥʘ ʢʘʤʝʨʘ   8 ʀʟʪʦʯʥʠʢ ʥʘ ʧʦʜʭʨ. ʚʦʜʘ 
3 ɽʢʦʥʦʤʘʡʟʝʨ    9 ʀʟʪʦʯʥʠʢ ʥʘ ʚʲʟʜʫʭ 
4 ɽʣʝʢʪʨʦʬʠʣʪʲʨ   10 ʇʘʨʦʧʨʝʛʨʝʚʘʪʝʣ 
5 ʂʦʤʠʥ    11 ʂʘʣʦʨʠʬʝʨ 
6 ʀʟʪʦʯʥʠʢ ʥʘ ʛʦʨʠʚʦ   12 ʇʘʨʘ ʟʘ ʢʘʣʦʨʠʬʝʨʘ 



 

ȜȸȹȵȸȯȷȯȺȭȯȼȲȴȪ Ȳ ɉȮȺȯȷȪ ȯȷȯȺȭȯȼȲȴȪ   21 
 

 

ʊʘʙʣʠʮʘ 2 
ʉʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ 

ʇʘʨʘʤʝʪʨʠ 
ɽʢʩʧʣʦʘʪʘʮʠʦʥʥʠ 
ʧʘʨʘʤʝʪʨʠ 

ʇʘʨʘʤʝʪʨʠ, ʧʦʣʫʯʝʥʠ ʩ 
ʤʦʜʝʣʘ 

ɼʝʙʠʪ ʛʦʨʠʚʦʪʦ, kg/s 5,3 5,3 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʛʦʨʠʚʦʪʦ,Áʉ 125 125 

ɼʝʙʠʪ ʥʘ ʚʲʟʜʫʭʘ, kg/s 37 37,6 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʟʜʫʭʘ ʧʨʝʜ 
ʢʘʣʦʨʠʬʝʨʘ,Áʉ 

35 35 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʟʜʫʭʘ ʩʣʝʜ 
ʢʘʣʦʨʠʬʝʨʘ,Áʉ 

130 130 

ɼʝʙʠʪ ʧʦʜʭʨʘʥʚʘʱʘ ʚʦʜʘ, kg/s 20 20 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʜʭʨʘʥʚʘʱʘ ʚʦʜʘ,Áʉ 105 105 

ɼʝʙʠʪ ʧʨʝʛʨʷʪʘ ʧʘʨʘ, kg/s 19,4 19,4 

ɼʝʙʠʪ ʥʘ ʧʘʨʘ ʟʘ ʢʘʣʦʨʠʬʝʨʘ, kg/s  1,72 1,72 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʠʟʭʦʜʷʱʠ ɼɻ,Áʉ 218 218 

ɼʝʙʠʪ ʥʘ ʠʟʭʦʜʷʱʠ ɼɻ, kg/s 42,3 43 

ɺʦʜʥʠ ʧʘʨʠ ʚ ɼɻ, % 15,6 17,46 

ʂʠʩʣʦʨʦʜ ʚ ɼɻ,% 3,01 2,95 

ɺʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ ʚ ɼɻ,% 12,7 12,4 

ɸʟʦʪ ʚ ɼɻ, % 67,6 66,18 

 
ʂʘʢʪʦ ʙʝ ʧʦʩʦʯʝʥʦ ʠ ʧʦ-ʛʦʨʝ ʮʝʣʪʘ ʥʘ ʤʦʜʝʣʠʨʘʥʝʪʦ ʙʝ ʜʘ ʩʝ ʧʦʣʫʯʘʪ ʜʦʩʪʦʚʝʨʥʠ 

ʩʪʦʡʥʦʩʪʠ ʟʘ ʜʝʙʠʪʘ ʠ ʩʲʩʪʘʚʘ ʥʘ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʥʘ ʠʟʭʦʜʘ ʦʪ ʉʈʂɸ. ʉ ʦʛʣʝʜ ʚʝʨʠʬʠʢʘʮʠʷ 
ʥʘ ʪʘʢʘ ʩʲʩʪʘʚʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʥ ʤʦʜʝʣ ʚ ʊʘʙʣ. 2 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʜʘʥʥʠ ʦʪ ʝʢʩʧʣʦʪʘʮʠʦʥʥʠ 
ʠʟʤʝʨʚʘʥʠʷ ʠ ʠʟʯʠʩʣʝʥʠ ʩʪʦʡʥʦʩʪʠ ʟʘ ʩʲʦʪʚʝʪʥʠʪʝ ʧʘʨʘʤʝʪʨʠ.  
ʆʯʝʚʠʜʥʦ ʧʨʝʩʤʷʪʘʥʠʷʪʘ ʩ ʤʘʪʝʤʘʪʠʯʥʠʷ ʤʦʜʝʣ ʩʘ ʜʦʩʪʘʪʲʯʥʦ ʧʨʝʜʩʪʘʚʠʪʝʣʥʠ ʠ 

ʤʦʜʝʣʲʪ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʧʨʝʜʚʠʜʝʥʠʪʝ ʚ ʠʟʩʣʝʜʚʘʥʝʪʦ ʘʥʘʣʠʟʠ. 

ʆʮʝʥʢʘ ʥʘ ʩʭʝʤʘʪʘ ʩ ʛʘʟʦʚʦ ʧʦʜʛʨʷʚʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ʟʘ ʛʦʨʝʥʝ 
ʇʨʝʜʣʦʞʝʥʠʝʪʦ ʟʘ ʧʨʦʤʷʥʘ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʠʥʩʪʘʣʘʮʠʷ ʟʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʧʦʜʛʨʷʚʘʥʝ ʥʘ 

ʚʲʟʜʫʭʘ ʟʘ ʛʦʨʝʥʝ ʝ ʩʚʲʨʟʘʥʦ ʩ ʧʨʝʤʘʭʚʘʥʝʪʦ ʥʘ ʧʘʨʥʠʪʝ ʢʘʣʦʨʠʬʝʨʠ ʠ ʠʥʩʪʘʣʠʨʘʥʝʪʦ ʥʘ 
ʚʲʟʜʫʭʦʧʦʜʛʨʝʚʘʪʝʣ ʠʟʧʦʣʟʚʘʱ ʪʦʧʣʠʥʘʪʘ ʥʘ ʠʟʭʦʜʷʱʠʝ ʜʠʤʥʠ ʛʘʟʦʚʝ. ʅʘ ʌʠʛ. 3 ʝ 
ʧʨʝʜʩʪʘʚʝʥʘ ʚʲʟʧʨʠʝʪʘʪʘ ʠʟʯʠʩʣʠʪʝʣʥʘ ʩʭʝʤʘ, ʦʪ ʢʦʷʪʦ ʩʪʘʚʘ ʚʠʜʥʦ ʯʝ ʟʘ ʮʝʣʪʘ ʩʝ ʧʨʠʣʘʛʘ 
ʧʦʚʲʨʭʥʦʩʪʝʥ ʪʦʧʣʦʦʙʤʝʥʥʠʢ ʩ ʪʨʲʙʝʥ ʩʥʦʧ. ʅʘʧʨʘʚʝʥʠ ʩʘ ʩʲʦʪʚʝʪʥʠʪʝ ʢʦʨʝʢʮʠʠ ʠ ʚ 
ʤʘʪʝʤʘʪʠʯʥʠʷ ʤʦʜʝʣ. ɺʲʟʜʫʭʦʧʦʜʛʨʝʚʘʪʝʣʷʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʩ ʝʣʝʤʝʥʪ 11. 
ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʯʘʩʪ ʦʪ ʪʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ ʥʘ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʟʘ ʧʦʜʛʨʷʚʘʥʝ ʥʘ 

ʚʲʟʜʫʭʘ ʚʦʜʠ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʪʷʭʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 218ϲʉ ʜʦ 140ϲʉ. ʉʲʦʪʚʝʪʥʦʪʦ 
ʧʨʝʤʘʭʚʘʥʝʪʦ ʥʘ ʢʘʣʦʨʠʬʝʨʠʪʝ ʦʩʚʦʙʦʞʜʘʚʘ ʧʘʨʝʥ ʧʦʪʦʢ ʩ ʜʝʙʠʪ 1,72 kg/s. ʉ ʪʦʚʘ 
ʢʦʣʠʯʝʩʪʚʦ ʩʝ ʥʘʤʘʣʷʚʘ ʜʝʙʠʪʘ ʥʘ ʨʝʛʫʣʠʨʫʝʤʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ ʥʘ ʪʫʨʙʠʥʘʪʘ, ʨʝʩʧ. ʢʲʤ 
ʥʝʡʥʘʪʘ ʏʘʩʪ ʅʠʩʢʦ ʅʘʣʷʛʘʥʝ ʩʝ ʥʘʩʦʯʚʘ ʧʦ-ʛʦʣʷʤ ʧʘʨʝʥ ʧʦʪʦʢ, ʢʦʝʪʦ ʜʦʧʨʠʥʘʩʷ ʟʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʢʦʣʠʯʝʩʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ ʚ ʛʝʥʝʨʘʪʦʨʘ. ʆʮʝʥʢʘʪʘ ʥʘ 
ʨʘʟʤʝʨʘ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʝʣʝʢʪʨʦ-ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʠʟʚʲʨʰʝʥʘ ʝʩʢʧʨʝʩʥʦ ʩʲʩ ʧʦʤʦʱʪʘ ʥʘ 
ʩʲʱʠʷ ʩʦʬʪʫʝʨ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʝʩʤʷʪʘʥʝʪʦ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛ. 4. 
ɼʦʧʲʣʥʠʪʝʣʥʠʪʝʣʥʦ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ ʱʝ ʙʲʜʝ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ 900 kW ʟʘ 

ʯʘʩ. ʇʨʠ ʩʲʦʪʚʝʪʥʘʪʘ ʮʝʥʘ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷʪʘ, ʧʨʦʜʘʚʘʥʘ ʦʪ ʧʨʝʜʧʨʠʷʪʠʝʪʦ, ʪʦʚʘ 
ʦʟʥʘʯʘʚʘ ʧʨʠʭʦʜʠ ʥʘ ʛʦʜʠʰʥʘ ʙʘʟʘ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ 500 000 ʣʚ. 
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ʌʠʛ. 3 ʀʟʯʠʩʣʠʪʝʣʥʘ ʩʭʝʤʘ ʥʘ ʉʂʈɸ ʩ ʛʘʟʦʚʦ ʧʦʜʛʨʷʚʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ʟʘ ʛʦʨʝʥʝ 
 

 
ʌʠʛ. 4 ʇʘʨʘʤʝʪʨʠ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʝʣʝʢʪʨʦ-ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʏʅʅ ʥʘ ʪʫʨʙʠʥʘʪʘ 

 
ʀʟʚʦʜʠ 
ɺ ʥʘʩʪʦʷʱʠʷ ʜʦʢʣʘʜ ʙʝ ʠʟʚʲʨʰʝʥ ʘʥʘʣʠʟ ʥʘ ʨʘʙʦʪʘ ʥʘ ʩʦʜʦʨʝʛʝʥʝʨʘʮʠʦʥʝʥ ʢʦʪʝʣ ʚ 

ʮʝʣʫʣʦʟʥʦ ï ʭʘʨʪʠʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʂʦʥʩʪʘʪʠʨʘʥʦ ʙʝ, ʯʝ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʤʫ ʝ ʩʲʧʲʪʩʪʚʘʥʘ 
ʩ ʦʪʜʝʣʷʥʝʪʦ ʥʘ ʟʥʘʯʠʪʝʣʥʠ ʢʦʣʠʯʝʩʪʚʘ ʦʪʧʘʜʥʘ ʪʦʧʣʠʥʘ, ʢʦʷʪʦ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʛʦʨʝʱʠ 
ʜʠʤʥʠ ʛʘʟʦʚʝ, ʩʝ ʠʟʭʚʲʨʣʷ ʚ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʉʠʥʪʝʟʠʨʘʥʦ ʙʝ ʧʨʝʜʣʦʞʝʥʠʝ ʟʘ ʦʪʢʘʟ ʦʪ 
ʩʲʱʝʩʪʚʫʚʘʱʦʪʦ ʧʘʨʥʦ ʧʦʜʛʨʷʚʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ʟʘ ʛʦʨʝʥʝ ʠ ʧʨʝʤʠʥʘʚʘʥʝ ʢʲʤ ʧʦʜʛʨʷʚʘʥʝ ʩ 
ʠʟʭʦʜʷʱʠ ʜʠʤʥʠ ʛʘʟʦʚʝ. ʉ ʤʝʪʦʜʠʪʝ ʥʘ ʤʘʪʝʤʘʪʠʯʥʦʪʦ ʤʦʜʝʣʠʨʘʥʝ  ʙʷʭʘ ʦʮʝʥʝʥʠ ʦʙʝʤʠʪʝ 
ʥʘ ʚʲʟʜʫʭʘ ʠ ʥʘ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʠ ʪʝʭʥʠʷ ʩʲʩʪʘʚ. ʇʨʝʩʤʝʪʥʘʪʦ ʙʝ, ʯʝ ʧʨʝʤʠʥʘʚʘʥʝʪʦ ʢʲʤ 
ʛʘʟʦʚʦ ʧʦʜʛʨʷʚʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ʚʦʜʠ ʜʦ ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʨʘʟʭʦʜʠʪʝ ʥʘ 
ʪʝʭʥʦʣʦʛʠʯʥʘ ʧʘʨʘ ʟʘ ʩʦʙʩʪʚʝʥʠ ʥʫʞʜʠ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʦ 
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ʢʦʣʠʯʝʩʪʚʦ ʝʣ. ʝʥʝʨʛʠʷ ʱʝ ʫʚʝʣʠʯʠ ʩʲʱʝʩʪʚʝʥʦ ʧʨʠʭʦʜʠʪʝ ʥʘ ʊɽʎ ʠ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ 
ʦʙʦʩʥʦʚʝ  ʨʝʥʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʧʨʝʣʦʞʝʥʘʪʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ.  
ʀʟʚʲʨʰʝʥʘʪʘ ʠʟʯʠʩʣʠʪʝʣʥʘʪʘ ʦʮʝʥʢʘ ʥʘ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʠʟʭʦʜʷʱʠʪʝ ʦʪ ʉʈʂɸ ʜʠʤʥʠ 

ʛʘʟʦʚʝ, ʧʨʝʜʦʩʪʘʚʷ ʚʲʟʤʦʞʥʦʩʪ ʠ ʟʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ 
ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʷʭʥʘʪʘ ʪʦʧʣʠʥʘ ʟʘ ʜʠʨʝʢʪʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣ. ʝʥʝʨʛʠʷ ʩ ʆʨʛʘʥʠʯʝʥ 
ʎʠʢʲʣ ʥʘ ʈʝʥʢʠʥ.  
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ɸʥʘʣʠʟ ʥʘ ʧʨʘʭʦʚʠʪʝ ʝʤʠʩʠʠ ʦʪ ʧʫʩʢʦʚʠʪʝ ʨʝʞʠʤʠ ʥʘ ʢʦʪʣʠʪʝ ʚ ʊɽʎ Ăʄʘʨʠʮʘ 
ʀʟʪʦʢ 2ñ ɽɸɼ 

 
ʅʠʢʦʣʘ ɹʘʡʢʘʣʦʚ, ɹʦʥʯʦ ɹʦʥʝʚ 

 
ɺ ʧʨʦʮʝʩʘ ʥʘ ʧʫʩʢ ʥʘ ʢʦʪʣʠ ʇʂ-38-4 ʠ ɽʇ 670/140 ʥʘ ʊɽʎ Ăʄʘʨʠʮʘ ʀʟʪʦʢ 2ñ ɽɸɼ ʦʪ 

ʨʘʟʣʠʯʥʠʪʝ ʪʦʧʣʠʥʥʠ ʩʲʩʪʦʷʥʠʷ ʩʝ ʠʟʧʦʣʟʚʘ ʤʘʟʫʪ. ʅʘʣʠʯʠʝʪʦ ʥʘ ʤʘʟʥʠ ʩʘʞʜʠ ʚ 
ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʚʦʜʠ ʜʦ ʦʛʨʘʥʠʯʘʚʘʥʝ ʨʘʙʦʪʘʪʘ ʥʘ ʝʣʝʢʪʨʦʬʠʣʪʲʨʘ (ɽʌ) ʠ 
ʩʷʨʦʦʯʠʩʪʚʘʱʘʪʘ ʠʥʩʪʘʣʘʮʠʷ (ʉʆʀ), ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʩʲʟʜʘʚʘ ʧʨʦʙʣʝʤʠ ʩʲʩ 
ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ɺ ʥʘʩʪʦʷʱʘʪʘ ʧʫʙʣʠʢʘʮʠʷ ʝ ʧʨʝʜʩʪʘʚʝʥʦ 
ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʝʤʠʩʠʠʪʝ ʦʪ ʧʨʘʭ, ʛʝʥʝʨʠʨʘʥʠ ʚ ʧʝʨʠʦʜʘ ʥʘ ʧʫʩʢ. ʀʟʯʠʩʣʝʥʠʷʪʘ 
ʦʙʭʚʘʱʘʪ ʧʝʨʠʦʜʘ ʚ ʢʦʡʪʦ ʥʝ ʨʘʙʦʪʷʪ ɽʌ, ʪ.ʝ. ʪʦʚʘ ʝ ʧʝʨʠʦʜʲʪ ʧʨʝʟ ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ 
ʪʝʯʥʦ ʛʦʨʠʚʦ. 

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʧʫʩʢʦʚʠ ʨʝʞʠʤʠ, ʝʤʠʩʠʠ ʧʨʘʭ, ʧʘʨʦʛʝʥʝʨʘʪʦʨ 
 

Analysis of dust emissions of boilers starting modes on boilers in TPP ñMaritsa 
East 2òEAD 

 
Nikola Baykalov, Boncho Bonev 

 
At the start-up process of PK-38-4 and EP 670/140 boilers in TPP ñMaritsa East 2ò EAD from 

the different temperature condition use oil fuel. The oily ashes in the fuel gases stop the 
Electrostatic precipitator (ESP) and the Flue Gas Desulfurization (FGD) operation, wich lead to 
problems with environmental pollution. In the report are presented quantity of emissions of dust 
generated during the start-up. The estimates cover the period in which no work ESP, i.e. this is the 
period during which use liquid fuel. 

 
Keywords: boiler starting modes, dust emissions, steam generator  
 
ɺʲʚʝʜʝʥʠʝ  
ɺ ʥʘʩʪʦʷʱʘʪʘ ʧʫʙʣʠʢʘʮʠʷ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʝʤʠʩʠʠʪʝ ʦʪ ʧʨʘʭ ʛʝʥʝʨʠʨʘʥʠ 

ʚ  ʧʝʨʠʦʜʘ ʥʘ ʧʫʩʢ ʥʘ ʢʦʪʣʠʪʝ ʚ ʊɽʎ Ăʄʘʨʠʮʘ ʀʟʪʦʢ 2ñ. ʊʦʟʠ ʧʝʨʠʦʜ ʝ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥ ʥʘ 
ʪʨʠ ʝʪʘʧʘ: 

¶ ʇʲʨʚʠ ʝʪʘʧ - ʨʘʙʦʪʷʪ ʩʘʤʦ ʤʘʟʫʪʥʠ ʛʦʨʝʣʢʠ (ʄɻ); 

¶ ɺʪʦʨʠ ʝʪʘʧ - ʨʘʙʦʪʷʪ ʄɻ ʠ ʧʨʘʭʦʚʠ ʛʦʨʝʣʢʠ; 

¶ ʊʨʝʪʠ ʝʪʘʧ - ʨʘʙʦʪʷʪ ʩʘʤʦ ʧʨʘʭʦʚʠ ʛʦʨʝʣʢʠ. 
ʀʟʯʠʩʣʝʥʠʷʪʘ ʦʙʭʚʘʱʘʪ ʮʝʣʠʷ ʧʫʩʢʦʚ ʧʝʨʠʦʜ ʧʦ ʚʨʝʤʝ ʥʘ ʢʦʡʪʦ ʥʝ ʨʘʙʦʪʠ ɽʌ, ʪ.ʝ. ʪʦʚʘ 

ʝ ʧʝʨʠʦʜʲʪ ʧʨʝʟ ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʪʝʯʥʦ ʛʦʨʠʚʦ. ɺ ʩʣʝʜʩʪʚʠʝ ʥʘ ʥʝʛʦʚʦʪʦ ʠʟʛʘʨʷʥʝ ʩʝ 
ʥʘʙʣʶʜʘʚʘ ʥʘʣʠʯʠʝ ʥʘ ʤʘʟʥʠ ʩʘʞʜʠ ʚ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʦʛʨʘʥʠʯʘʚʘʥʝ ʨʘʙʦʪʘʪʘ 
ʥʘ ɽʌ, ʢʦʝʪʦ ʧʲʢ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʩʲʟʜʘʚʘ ʧʨʦʙʣʝʤʠ ʩʲʩ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. 
ʇʲʨʚʦʥʘʯʘʣʥʦ ʩʝ ʠʟʛʘʨʷ ʩʘʤʦ ʤʘʟʫʪ, ʘ ʩʣʝʜ ʜʦʩʪʠʛʘʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠ 
ʧʘʨʘʤʝʪʨʠ ʩʝ ʧʫʩʢʘʪ ʠ ʧʨʘʭʦʚʠ ʛʦʨʝʣʢʠ. ʇʦʨʘʜʠ ʪʦʚʘ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʧʫʩʢʘ ʧʨʘʭʦʚʠʪʝ ʝʤʠʩʠʠ 
ʩʝ ʛʝʥʝʨʠʨʘʪ ʦʪ ʧʝʧʝʣʥʠʪʝ ʯʘʩʪʠʮʠ (ʢʦʢʩ), ʦʙʨʘʟʫʚʘʥʠ ʧʨʠ  ʥʝ ʧʲʣʥʦʪʦ ʠʟʛʘʨʷʥʝ ʥʘ ʪʝʯʥʦʪʦ 
ʛʦʨʠʚʦ, ʘ ʩʣʝʜ ʧʫʩʢʘʥʝ ʚ ʜʝʡʩʪʚʠʝ ʥʘ ʧʨʘʭʦʚʠ ʛʦʨʝʣʢʠ, ʧʨʘʭ ʩʝ ʦʙʨʘʟʫʚʘ ʠ ʦʪ ʧʝʧʝʣʪʘ, 
ʩʲʜʲʨʞʘʱʘ ʩʝ ʚʲʚ ʚʲʛʣʠʱʘʪʘ. 

 
 



 

ȜȸȹȵȸȯȷȯȺȭȯȼȲȴȪ Ȳ ɉȮȺȯȷȪ ȯȷȯȺȭȯȼȲȴȪ   25 
 

 

ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ ʦʪ ʧʨʘʭ ʧʦ ʚʨʝʤʝ ʥʘ ʧʫʩʢʦʚʠʷ ʧʝʨʠʦʜ ʥʘ ʢʦʪʣʠʪʝ ʇʂ-38-4 
ʠ ɽʇ 670/140 
ʂʦʣʠʯʝʩʪʚʦʪʦ ʧʝʧʝʣ, ʦʙʨʘʟʫʚʘʥʘ ʦʪ ʠʟʛʘʨʷʥʝʪʦ ʥʘ ʤʘʟʫʪ, ʟʘʚʠʩʠ ʦʪ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʥʘ 

ʛʦʨʠʚʥʠʷ ʧʨʦʮʝʩ ʥʘ ʄɻ. ʀʟʛʘʨʷʥʝʪʦ ʥʘ ʪʝʯʥʠʪʝ ʛʦʨʠʚʘ ʩʪʘʚʘ ʩʣʝʜ ʪʷʭʥʦʪʦ ʠʟʧʘʨʝʥʠʝ, ʢʘʪʦ 
ʥʝʛʦʚʘʪʘ ʠʥʪʝʥʟʠʬʠʢʘʮʠʷ ʟʘʚʠʩʠ ʦʪ ʠʥʪʝʥʟʠʬʠʢʘʮʠʷʪʘ ʥʘ ʠʟʧʘʨʝʥʠʝʪʦ ʠ ʥʘ 
ʩʤʝʩʦʦʙʨʘʟʫʚʘʥʝʪʦ. ʇʫʩʢʲʪ ʦʪ ʩʪʫʜʝʥʦ ʩʲʩʪʦʷʥʠʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʨʘʟʧʘʣʚʘʥʝʪʦ ʥʘ ʜʚʝ 
ʄɻ. ʅʘʯʘʣʥʠʪʝ ʫʩʣʦʚʠʷ ʩʘ ʥʠʩʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʱʘ (ʟʠʜʘʨʠʷʪʘ ʝ ʩʪʫʜʝʥʘ), ʦʪʢʲʜʝʪʦ 
ʠʟʧʘʨʝʥʠʝʪʦ ʥʘ ʢʘʧʢʠʪʝ ʪʝʯʥʦ ʛʦʨʠʚʦ ʥʝ ʝ ʜʦʩʪʘʪʲʯʥʦ ʠʥʪʝʥʟʠʚʥʦ, ʦʪ ʢʲʜʝʪʦ ʩʝ ʫʚʝʣʠʯʘʚʘ 
ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʥʝʠʟʛʦʨʷʣʦ ʛʦʨʠʚʦ ʚʲʚ ʚʠʜ ʥʘ ʩʘʞʜʠ ʝ ʟʥʘʯʠʪʝʣʥʦ. ʅʘʧʨʘʚʝʥʠ ʩʘ 
ʠʟʤʝʨʚʘʥʠʷ ʥʘ ʤʘʟʫʪʥʠʪʝ ʩʘʞʜʠ ʚ ʧʫʩʢʦʚʠʷ ʧʝʨʠʦʜ ʥʘ ʢʦʪʝʣ ʇʂ-38-4 (ʧʦ-ʢʦʥʢʨʝʪʥʦ ʂɸ-1 ʩ ɽʌ 
ʪʠʧ ʕɻɸ 2-58-12-6-4) [3]. ɼʘʥʥʠʪʝ ʦʪ ʪʝʟʠ ʠʟʤʝʨʚʘʥʠʷ ʩʘ ʩʠʩʪʝʤʘʪʠʟʠʨʘʥʠ ʚ ʜʠʘʛʨʘʤʘ ʥʘ 
ʌʠʛ.1, ʢʦʠʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʠʟʤʝʥʝʥʠʝ ʥʘ ʜʝʙʠʪʘ ʥʘ ʤʘʟʫʪʥʠʪʝ ʩʘʞʜʠ ʧʦ ʚʨʝʤʝ ʥʘ ʧʫʩʢ ʥʘ 
ʢʦʪʝʣ ʇʂ-38-4 ʦʪ ʩʪʫʜʝʥʦ ʩʲʩʪʦʷʥʠʝ, ʩʲʦʪʚʝʪʥʦ ʟʘ ʜʠʤʦʭʦʜ ɸ ʠ ɹ ʧʨʝʜ ɽʌ ʧʨʝʟ ʧʲʨʚʠʷ ʝʪʘʧ. 

 

 

ʌʠʛ. 1 ɼʝʙʠʪ ʥʘ ʤʘʟʫʪʥʠʪʝ ʩʘʞʜʠ ʥʘ ʇʂ-38-4 ʧʨʝʟ ʧʲʨʚʠ ʝʪʘʧ 
 
ʆʪ ʛʨʘʬʠʢʘʪʘ ʥʘ ʌʠʛ. 1 ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʩʘʞʜʠ ʦʪʜʝʣʝʥʦ ʦʪ 

ʝʜʥʘ ʄɻ ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʙʨʦʷ ʠʤ. ʊʦʚʘ ʝ ʚ ʩʣʝʜʩʪʚʠʝ ʥʘ ʧʦʚʠʰʝʥʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 
ʧʝʱʥʠ ʛʘʟʦʚʝ ʚ ʧʝʱʪʘ. ʉʲʱʦ ʪʘʢʘ ʩʝ ʟʘʙʝʣʷʟʚʘ ʧʲʨʚʦʥʘʯʘʣʥʦ ʧʦʚʠʰʝʥʠʝ ʥʘ 
ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʤʘʟʫʪʥʠʪʝ ʩʘʞʜʠ ʩʣʝʜ ʧʫʩʢ ʥʘ ʥʦʚʘ ʄɻ ʠ ʧʦʩʣʝʜʚʘʱʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 
ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ. ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʥʝ ʜʦʙʲʨ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ ʥʘ ʛʦʨʝʣʢʘʪʘ ʧʲʨʚʦʥʘʯʘʣʥʦ ʠ 
ʧʦʩʣʝʜʚʘʱʦʪʦ ʠ ʩʪʘʙʠʣʠʟʠʨʘʥʝ ʜʦʩʪʠʛʘʥʝ ʜʦ ʦʧʪʠʤʘʣʝʥ ʨʝʞʠʤ.  
ʆʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘʜʝʞʜʥʦʩʪʪʘ ʥʘ ʨʘʙʦʪʘ ʥʘ ʧʨʘʭʦʚʠʪʝ ʛʦʨʝʣʢʠ, ʪʝ ʩʝ ʧʫʩʢʘʪ ʚ ʨʘʙʦʪʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʝʱʪʘ ʥʘʜ 400ʦ - 450ʦʉ. ʉʣʝʜ ʧʫʩʢʘʥʝ ʚ ʨʘʙʦʪʘ ʥʘ ʧʲʨʚʘʪʘ ʧʨʘʭʦʚʘ 
ʛʦʨʝʣʢʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʧʝʱʪʘ ʨʷʟʢʦ ʩʝ ʧʦʚʠʰʘʚʘ ʜʦ 530o - 550ʦʉ, ʢʘʪʦ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ 
ʤʘʟʫʪʥʠʪʝ ʩʘʞʜʠ ʥʘʤʘʣʷʚʘ. ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʧʦʜʦʙʨʝʥʠʪʝ ʫʩʣʦʚʠʷ ʟʘ ʠʟʛʘʨʷʥʝ ʚ ʧʝʱʥʘʪʘ 
ʢʘʤʝʨʘ. ɿʘ ʪʦʟʠ ʧʝʨʠʦʜ ʦʪ ʧʫʩʢʘ,  ʧʨʠ ʢʦʡʪʦ ʚ ʧʨʦʮʝʩʘ ʥʘ ʛʦʨʝʥʝ ʫʯʘʩʪʚʘʪ ʤʘʟʫʪʥʠ ʠ ʧʨʘʭʦʚʠ 
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ʛʦʨʝʣʢʠ, ʩʘ ʥʘʧʨʘʚʝʥʠ ʜʦʧʲʣʥʠʪʝʣʥʠ ʠʟʤʝʨʚʘʥʠʷ ʥʘ ʤʘʩʘʪʘ ʥʘ ʤʘʟʫʪʥʠʪʝ ʩʘʞʜʠ, ʢʘʪʦ 
ʜʘʥʥʠʪʝ ʦʪ ʚʪʦʨʠʷ ʝʪʘʧ ʦʪ ʧʫʩʢʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʜʠʘʛʨʘʤʘ ʥʘ ʌʠʛ. 2 [3]. 

 

 

ʌʠʛ. 2 ɼʝʙʠʪ ʥʘ ʤʘʟʫʪʥʠʪʝ ʩʘʞʜʠ ʥʘ ʇʂ-38-4 ʧʨʝʟ ʚʪʦʨʠ ʝʪʘʧ, ʜʠʤʦʭʦʜ ɸ 
 

ɻʨʘʬʠʢʘʪʘ ʥʘ ʌʠʛ. 2 ʧʦʢʘʟʚʘ ʝʜʥʦʟʥʘʯʥʦ, ʯʝ ʩʣʝʜ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʚ ʇʂ, ʚ 
ʩʣʝʜʩʪʚʠʝ ʫʯʘʩʪʠʝʪʦ ʥʘ ʧʨʘʭʦʚʠ ʛʦʨʝʣʢʠ ʚ ʛʦʨʠʚʥʠʷ ʧʨʦʮʝʩ, ʤʘʩʘʪʘ ʥʘ ʤʘʟʫʪʥʠ ʩʘʞʜʠ ʥʝ 
ʩʘʤʦ ʥʘʤʘʣʷʚʘ ʚ ʧʲʪʠ, ʘ ʠ ʜʦʩʪʠʛʘ ʜʦ ʥʫʣʝʚʠ ʩʪʦʡʥʦʩʪʠ. 
ʊʝʟʠ ʠʟʤʝʨʚʘʥʠʷʪʘ ʩʘ ʥʘʧʨʘʚʝʥʠ ʥʘ ʢʦʪʝʣ ʇʂ-38-4 ʚ ʧʫʩʢʦʚʠʷ ʧʝʨʠʦʜ ʧʨʠ ʨʘʟʧʘʣʚʘʥʝ ʦʪ 

ʩʪʫʜʝʥʦ ʩʲʩʪʦʷʥʠʝ [3]. ʇʦʨʘʜʠ ʬʘʢʪʘ, ʯʝ ʚʩʝʢʠ ʧʫʩʢ ʝ ʨʘʟʣʠʯʝʥ ʠ ʟʘʚʠʩʠ ʦʪ ʨʝʜʠʮʘ ʬʘʢʪʦʨʠ, 
ʪʝʟʠ ʠʟʤʝʨʚʘʥʠʷ ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʧʦʣʟʚʘʪ ʢʘʪʦ ʝʪʘʣʦʥʥʠ ʟʘ ʚʩʠʯʢʠ ʧʫʩʢʦʚʝ, ʥʦ ʤʦʞʝ ʜʘ 
ʧʦʩʣʫʞʘʪ ʢʘʪʦ ʦʨʠʝʥʪʠʨʦʚʲʯʥʘ ʩʪʦʡʥʦʩʪ. ʉʣʝʜ ʦʩʨʝʜʥʷʚʘʥʝ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʦʪ ʜʠʘʛʨʘʤʠʪʝ 
ʥʘ ʌʠʛ. 1 ʠ ʌʠʛ. 2 ʩʝ ʧʦʣʫʯʘʚʘ 18,6 ʢʛ ʤʘʟʫʪʥʠ ʩʘʞʜʠ ʟʘ ʧʝʨʠʦʜʘ ʥʘ ʮʝʣʠʷ ʧʫʩʢ ʦʪ ʩʪʫʜʝʥʦ 
ʩʲʩʪʦʷʥʠʝ. ʀʟʤʝʨʚʘʥʠʷʪʘ ʩʘ ʥʘʧʨʘʚʝʥʠ ʚ ʛʘʟʦʭʦʜʘ ʧʨʝʜ ɽʌ ʠ ʧʨʠ ʧʨʝʤʠʥʘʚʘʥʝʪʦ ʥʘ 
ʤʘʟʫʪʥʠʪʝ ʩʘʞʜʠ ʧʨʝʟ ʥʝʛʦ, ʧʦ- ʛʦʣʷʤʘʪʘ ʯʘʩʪ ʦʪ ʪʷʭ ʧʨʦʧʘʜʘʪ ʚ ʧʝʧʝʣʥʠʪʝ ʙʫʥʢʝʨʠ. 
ʂʦʣʠʯʝʩʪʚʦʪʦ ʝ ʤʠʥʠʤʘʣʥʦ ʠ ʥʝ ʝ ʚʟʝʪʦ ʚ ʧʨʝʜʚʠʜ ʧʨʠ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʧʨʘʭʦʚʠʪʝ ʝʤʠʩʠʠ.  
ʉʣʝʜ ʧʫʩʢʘʥʝ ʚ ʨʘʙʦʪʘ ʥʘ ʧʨʘʭʦʚʠʪʝ ʛʦʨʝʣʢʠ,  ʜʦʤʠʥʠʨʘʱʘ ʝ ʧʝʧʝʣʪʘ ʦʪʜʝʣʝʥʘ ʦʪ 

ʠʟʛʘʨʷʥʝʪʦ ʥʘ ʚʲʛʣʠʱʘʪʘ. ɿʘ ʜʘ ʩʝ ʠʟʯʠʩʣʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʝʤʠʩʠʠʪʝ ʦʪ ʧʨʘʭ ʧʲʨʚʦʥʘʯʘʣʥʦ 
ʩʝ ʦʧʨʝʜʝʣʷ ʙʨʦʷ ʠ ʚʨʝʤʝʪʦ ʥʘ ʨʘʙʦʪʘ ʥʘ ʧʨʘʭʦʚʠʪʝ ʛʦʨʝʣʢʠ ʦʪ ʧʫʩʢʦʚʠʪʝ ʜʠʘʛʨʘʤʠ [2], 
ʢʘʢʪʦ ʠ ʨʘʟʭʦʜʘ ʥʘ ʚʲʛʣʠʱʘ ʥʘ ʝʜʥʘ ʧʨʘʭʦʚʘ ʛʦʨʝʣʢʘ ʟʘ ʜʚʘʪʘ ʚʠʜʘ ʢʦʪʣʠ. ɿʘ ʮʝʣʪʘ ʥʘ 
ʦʪʜʝʣʥʠ ʛʨʘʬʠʢʠ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʧʨʦʤʷʥʘʪʘ ʥʘ ʨʘʟʭʦʜʲʪ ʥʘ ʚʲʛʣʠʱʘ ʧʦ ʚʨʝʤʝ ʥʘ 
ʨʘʟʧʘʣʚʘʥʝʪʦ ʦʪ ʩʪʫʜʝʥʦ ʠ ʛʦʨʝʱʦ ʪʦʧʣʠʥʥʦ ʩʲʩʪʦʷʥʠʝ. ʅʘ ʜʠʘʛʨʘʤʠʪʝ ʥʘ ʌʠʛ. 3 ʠ ʌʠʛ. 4 ʝ 
ʧʨʝʜʩʪʘʚʝʥ ʨʘʟʭʦʜʲʪ ʥʘ ʚʲʛʣʠʱʘ ʥʘ ʢʦʪʣʠ ʇʂ-38-4 ʦʪ ʩʪʫʜʝʥʦ ʠ ʛʦʨʝʱʦ ʩʲʩʪʦʷʥʠʝ ʟʘ 
ʚʨʝʤʝʪʦ ʦʪ ʧʫʩʢʘ ʥʘ ʧʲʨʚʘʪʘ ʇʇʉ ʥʘ ʢʦʪʝʣʘ  ʜʦ ʧʫʩʢʘ ʥʘ ʧʦʩʣʝʜʥʘʪʘ. ɺ ʪʦʟʠ ʤʦʤʝʥʪ ʢʦʪʝʣʲʪ 
ʨʘʙʦʪʠ ʩ ʯʝʪʝʨʠ ʇʇʉ ʠ ʩʣʝʜ 30õ60 min ʩʝ ʚʢʣʶʯʚʘʪ ɽʌ. ʅʦʤʠʥʘʣʥʠʷʪ ʨʘʟʭʦʜʲʪ ʥʘ ʝʜʥʘ ʇʇʉ 
ʝ 12,5 kg/s (45 000kg/h). 
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ʌʠʛ. 3 ʈʘʟʭʦʜ ʥʘ ʚʲʛʣʠʱʘ ʦʪ ʩʪʫʜʝʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʇʂ-38-4 
 

 

ʌʠʛ. 4 ʈʘʟʭʦʜ ʥʘ ʚʲʛʣʠʱʘ ʦʪ ʛʦʨʝʱʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʇʂ-38-4 
 
ʅʘ ʩʣʝʜʚʘʱʠʪʝ ʌʠʛ. 5 ʠ ʌʠʛ. 6 ʝ ʧʨʝʜʩʪʘʚʝʥ ʨʘʟʭʦʜʘ ʥʘ ʚʲʛʣʠʱʘ ʥʘ ʢʦʪʣʠ ɽʇ 670/140 ʦʪ 

ʩʪʫʜʝʥʦ ʠ ʛʦʨʝʱʦ ʩʲʩʪʦʷʥʠʝ, ʟʘ ʚʨʝʤʝʪʦ ʦʪ ʧʫʩʢʘ ʥʘ ʧʲʨʚʘʪʘ ʇʇʉ ʥʘ ʢʦʪʝʣʘ  ʜʦ ʧʫʩʢʘ ʥʘ 



 
28  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

ʧʦʩʣʝʜʥʘʪʘ. ɺ ʪʦʟʠ ʤʦʤʝʥʪ ʢʦʪʝʣʲʪ ʨʘʙʦʪʠ ʩ ʦʩʝʤ ʇʇʉ ʠ ʩʣʝʜ 30õ60 min. ʩʝ ʚʢʣʶʯʚʘʪ ɽʌ. 
ʈʘʟʭʦʜʲʪ ʥʘ ʝʜʥʘ ʇʇʉ ʝ 16,1 kg/s (58 000kg/h). 

 

 

ʌʠʛ. 5 ʈʘʟʭʦʜ ʥʘ ʚʲʛʣʠʱʘ ʦʪ ʩʪʫʜʝʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ɽʇ 670/140 
 

 

ʌʠʛ. 6 ʈʘʟʭʦʜ ʥʘ ʚʲʛʣʠʱʘ ʦʪ ʛʦʨʝʱʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ɽʇ 670/140 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʠʟʧʦʣʟʚʘʥʦʪʦ ʪʝʯʥʦ ʛʦʨʠʚʦ (ʤʘʟʫʪ) ʠ ʪʚʲʨʜʦ ʛʦʨʠʚʦ (ʣʠʛʥʠʪʥʠ 
ʚʲʛʣʠʱʘ), ʥʝʦʙʭʦʜʠʤʠ ʚ ʥʘʩʪʦʷʱʠʪʝ ʠʟʯʠʩʣʝʥʠʷ ʩʘ ʧʦʢʘʟʘʥʠ ʚ ʊʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʛʦʨʠʚʦʪʦ 

 ʄʘʟʫʪ ɺʲʛʣʠʱʘ (ʃʠʛʥʠʪʥʠ) 

Qi
r ,  MJ/kg 40,7 6,527 

ɸr,  % 0,006 17,7 

 
ʅʦʤʠʥʘʣʥʠʷʪ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʟʘ ʛʦʨʝʣʢʠʪʝ ʥʘ ʪʚʲʨʜʦ ʛʦʨʠʚʦ ʥʘ ʢʦʪʣʠ ʇʂ-38-4 ʝ 45 000 

kg/h, ʘ ʥʘ ʢʦʪʣʠ ɽʇ 670/140 ʝ 58 000 kg/h. ɺʠʞʜʘ ʩʝ, ʯʝ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʧʝʧʝʣʪʘ ʧʦʣʫʯʝʥʘ 
ʧʨʠ ʛʦʨʠʚʥʠʷ ʧʨʦʮʝʩ ʧʨʝʜʩʪʘʚʣʷʚʘ 17,7% ʦʪ ʤʘʩʘʪʘ ʥʘ ʠʟʛʦʨʝʥʠʪʝ ʚʲʛʣʠʱʘ. ʏʘʩʪ ʦʪ ʪʘʟʠ 
ʧʝʧʝʣ ʧʨʦʧʘʜʘ ʚ ʰʣʘʢʦʚʘʪʘ ʚʘʥʘ (ʐɺ), ʜʨʫʛʘ ʯʘʩʪ ʩʝ ʦʪʜʝʣʷ ʚ ʧʝʧʝʣʥʠʪʝ ʙʫʥʢʝʨʠ ʧʦʜ 
ʢʦʥʚʝʢʪʠʚʥʘ ʰʘʭʪʘ (ʂʐ) ʠ ʠʟʥʝʩʝʥʠʷ ʚʲʟʜʫʭʦʧʦʜʛʨʝʚʘʪʝʣ (ʀɺʇ), ʢʘʪʦ ʥʘʡ-ʛʦʣʷʤʦ 
ʢʦʣʠʯʝʩʪʚʦ ʩʝ ʦʪʜʝʣʷ ʚ ɽʌ. ʆʧʠʪʥʦ ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʢʦʣʠʯʝʩʪʚʦʪʦ ʧʝʧʝʣ ʥʘ ʥʝʛʦʚʠʷ ʚʭʦʜ ʝ 
87% ʦʪ ʮʷʣʦʪʦ ʢʦʣʠʯʝʩʪʚʦ, ʩʲʜʲʨʞʘʰʦ ʩʝ ʚ ʛʦʨʠʚʦʪʦ. ɼʨʫʛʘʪʘ ʯʘʩʪ ʧʨʦʧʘʜʘ ʚ ʐɺ ï ʦʢʦʣʦ 
10%, ʧʦʜ ʂʐ ʠ ʧʦʜ ʀɺʇ  ï ʦʢʦʣʦ 3%. ʇʨʠ ʨʘʙʦʪʝʱʠ ʘʛʨʝʛʘʪʠ ʥʘ ɽʌ ʥʝʛʦʚʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʝ 
ʥʘʜ 99,9%, ʢʘʪʦ ʝʤʠʩʠʠʪʝ ʧʨʘʭ ʩʣʝʜ ʥʝʛʦ ʩʘ ʧʦʜ ʠʟʠʩʢʚʘʥʠʪʝ ʥʦʨʤʘʪʠʚʠ (50 mg/Nm3). ʇʨʠ 
ʧʫʩʢ ʦʙʘʯʝ, ʘʛʨʝʛʘʪʠʪʝ ʥʘ ɽʌ ʥʝ ʨʘʙʦʪʷʪ ʠ ʥʝʛʦʚʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘʤʘʣʷʚʘ. ʆʪ ʧʨʦʚʝʜʝʥʠʪʝ 
ʨʝʞʠʤʦ-ʥʘʩʪʨʦʝʯʥʠ ʠʟʧʠʪʘʥʠʷ ʥʘ ɽʌ ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʢʦʣʠʯʝʩʪʚʦʪʦ ʧʝʧʝʣ, ʢʦʝʪʦ ʧʨʦʧʘʜʘ 
ʧʦʜ ɽʌ, ʧʨʠ ʥʝʨʘʙʦʪʝʱʠ ʘʛʨʝʛʘʪʠ ʝ ʚ ʛʨʘʥʠʮʠʪʝ ʦʪ 63% ʜʦ 76%. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʧʨʠ 
ʧʫʩʢʦʚʠ ʦʧʝʨʘʮʠʠ, ʩʘʤʦ ʦʧʨʝʜʝʣʝʥ ʧʨʦʮʝʥʪ ʦʪ ʧʝʧʝʣʪʘ ʧʦʩʪʲʧʚʘ ʜʠʨʝʢʪʥʦ ʚ ʘʪʤʦʩʬʝʨʘʪʘ. 
ɽʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ɽʌ ʧʨʠ ʥʝʨʘʙʦʪʝʱʠ ʘʛʨʝʛʘʪʠ ʥʘ ʪʨʠʪʝ ʚʠʜʘ ɽʌ ʚ ʊɽʎ Ăʄʘʨʠʮʘ ʀʟʪʦʢ 2ñ 
[4],[5],[6] ʩʘ ʧʦʢʘʟʘʥʠ ʚ ʊʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 
ɽʬʝʢʪʠʚʥʦʩʪ ʥʘ ʝʣʝʢʪʨʦʬʠʣʪʲʨʘ  ʧʨʠ ʥʝʨʘʙʦʪʝʱʠ ʘʛʨʝʛʘʪʠ 

ɽʌ, ʪʠʧ ʕɻɸ 2-58-12-6-4 
(ʇʂ-38-4) 

ʋɻ ɿ-4-177 
(ʇʂ-38-4) 

ʕɻɸ 2-58-12-6-4ʋ 
(ɽʇ 670/140) 

ʂʇɼ, % 68 - 72 63 - 76 65 - 70 

 
ʂʦʣʠʯʝʩʪʚʦʪʦ ʝʤʠʩʠʠ ʧʨʘʭ (ɽʧʨʘʭ, kg) ʱʝ ʧʦʣʫʯʠʤ ʦʪ ʩʣʝʜʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ: 
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ʢʲʜʝʪʦ     ɸr ï ʧʝʧʝʣʥʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʚʲʛʣʠʱʘʪʘ ʥʘ ʨʘʙʦʪʥʘ ʤʘʩʘ, %; 
  ʄr ï ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʚʲʛʣʠʱʘʪʘ ʥʘ ʨʘʙʦʪʥʘ ʤʘʩʘ, kg; 
  ɖʝʬ

off ï ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ɽʌ ʧʨʠ ʠʟʢʣʶʯʝʥʠ ʘʛʨʝʛʘʪʠ, % ; 
  ɸóʝʬ ï ʢʦʣʠʯʝʩʪʚʝʥ ʜʷʣ ʥʘ ʧʝʧʝʣʪʘ ʧʨʝʜ ɽʌ, %. 

ɿʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ɖʝʬ
off ʚʲʚ ʬʦʨʤʫʣʘʪʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʧʦ-ʤʘʣʢʠʪʝ ʩʪʦʡʥʦʩʪʠ, ʟʘ ʜʘ ʩʝ 

ʧʨʝʜʩʪʘʚʠ ʚʲʟʤʦʞʥʦ ʥʘʡ-ʣʦʰʠʷʪ ʩʮʝʥʘʨʠʡ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʇʨʠ ʟʘʤʝʩʪʚʘʥʝ ʟʘ ʝʜʥʘ ʇʇʉ, 
ʟʘ ʚʨʝʤʝ 1 ʯ. ʩʝ ʧʦʣʫʯʘʚʘʪ ʩʪʦʡʥʦʩʪʠʪʝ, ʧʦʢʘʟʘʥʠ ʚ ʊʘʙʣ. 3. 

ʊʘʙʣʠʮʘ 3 
ʂʦʣʠʯʝʩʪʚʦ ʝʤʠʩʠʠ ʧʨʘʭ ʟʘ ʯʘʩ 

                    ɽʌ 
ɽʤʠʩʠʠ 

ʕɻɸ 2-58-12-6-4 
(ʇʂ-38-4) 

ʋɻ ɿ-4-177 (ʇʂ-38-4) ʕɻɸ 2-58-12-6-ʋ 
(ɽʇ 670/140) 

Eʧʨʘʭ ʟʘ ʝʜʥʘ ʇʇʉ,kg/h 2217,5 2563,9 3126,1 

 
ʅʘ ʙʘʟʘʪʘ ʥʘ ʛʨʘʬʠʢʠ ʦʪ ʌʠʛ. 3 ʠ 4, ʠ ʧʨʠ ʠʟʚʝʩʪʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ɽʧʨʘʭ, ʦʪʜʝʣʝʥʠ ʦʪ ʝʜʥʘ 

ʇʇʉ, ʩʘ ʧʦʩʪʨʦʝʥʠ ʛʨʘʬʠʢʠ ʟʘ ʜʝʙʠʪʘ ʥʘ ʧʨʘʭʦʚʠ ʝʤʠʩʠʠ ʧʨʝʟ ʧʝʨʠʦʜʘ ʥʘ ʧʫʩʢ ʥʘ ʢʦʪʣʠʪʝ. 
ʊʦʚʘ ʩʘ ʛʨʘʬʠʢʠʪʝ ʟʘ ʨʘʙʦʪʘʪʘ ʥʘ ʇʇʉ ʧʦ ʚʨʝʤʝ ʥʘ ʧʫʩʢʘ ʥʘ ʇʂ-38-4 ʦʪ ʛʦʨʝʱʦ ʠ ʩʪʫʜʝʥʦ 
ʩʩ̡ʪʦʷʥʠʝ. 



 
30  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

 

 

ʌʠʛ. 7 Eʧʨʘʭ ʦʪ ʩʪʫʜʝʥʦ ʩʲʩʪʦʷʥʠʝ ʩʣʝʜ ʜʚʘʪʘ ʚʠʜʘ ɽʌ ʥʘ ʇʂ-38-4 
 

 

ʌʠʛ. 8 Eʧʨʘʭ ʦʪ ʛʦʨʝʱʦ ʩʲʩʪʦʷʥʠʝ ʩʣʝʜ ʜʚʘʪʘ ʚʠʜʘ ɽʌ ʥʘ ʇʂ-38-4 
 
ɺ ʊʘʙʣ. 4 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʝʤʠʩʠʠ ʧʨʘʭ, ʦʪʜʝʣʝʥʠ ʚ ʘʪʤʦʩʬʝʨʘʪʘ ʟʘ ʧʫʩʢ ʥʘ 

ʇʂ-38-4, ʟʘ ʚʩʝʢʠ ʦʪ ʜʚʘʪʘ ʪʠʧʘ ɽʌ. 
ʊʘʙʣʠʮʘ 4 

ʂʦʣʠʯʝʩʪʚʦ ʝʤʠʩʠʠ ʧʨʘʭ, ʦʪʜʝʣʝʥʠ ʚ ʘʪʤʦʩʬʝʨʘʪʘ, ʟʘ ʧʫʩʢ ʥʘ ʇʂ-38-4 

 ʇʫʩʢ               ɽʌ                   
ʕɻɸ 2-58-12-6-4 

 (ʇʂ-38-4) 
ʋɻ ɿ-4-177 

ʄʘʩʘ ʥʘ ɽʧʨʘʭ, 
kg 

ʉʪʫʜʝʥʦ ʩʲʩʪʦʷʥʠʝ 45 828,3 52 987,3 

ɻʦʨʝʱʦ ʩʲʩʪʦʷʥʠʝ 10 902,7 12 605,8 

 
ʀ ʧʨʠ ʜʚʘʪʘ ʚʠʜʘ ɽʌ, ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʧʨʘʭʦʚʠʪʝ ʝʤʠʩʠʠ ʝ ʧʦ ʛʦʣʷʤʦ ʧʨʠ ʧʫʩʢ ʦʪ 

ʩʪʫʜʝʥʦ ʩʲʩʪʦʷʥʠʝ. ʆʪ ʛʦʨʝʱʦ ʩʲʩʪʦʷʥʠʝ ʝ ʚ ʧʲʪʠ ʧʦ ï ʤʘʣʢʦ, ʥʦ ʠ ʧʝʨʠʦʜʲʪ, ʥʝʦʙʭʦʜʠʤ ʟʘ 
ʧʫʩʢʘ, ʝ ʧʦ ï ʢʨʘʪʲʢ. 
ɸʥʘʣʦʛʠʯʥʦ ʥʘ ʛʨʘʬʠʢʠʪʝ ʟʘ ʇʂ-38-4, ʧʨʠ ʠʟʚʝʩʪʥʠ ʚʝʯʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ɽʧʨʘʭ ʟʘ ʝʜʥʘ ʇʇʉ 

ʥʘ ɽʇ 670/140, ʩʘ ʧʦʩʪʨʦʝʥʠ ʛʨʘʬʠʢʠ ʟʘ ʜʝʙʠʪʘ ʧʨʘʭʦʚʠ ʝʤʠʩʠʠ ʦʪʜʝʣʝʥʠ ʧʨʠ ʜʚʪʘ ʚʠʜʘ 
ʧʫʩʢʦʚʝ. 

 



 

ȜȸȹȵȸȯȷȯȺȭȯȼȲȴȪ Ȳ ɉȮȺȯȷȪ ȯȷȯȺȭȯȼȲȴȪ   31 
 

 

 

ʌʠʛ. 9 Eʧʨʘʭ ʦʪ ʩʪʫʜʝʥʦ ʩʲʩʪʦʷʥʠʝ ʩʣʝʜ ɽʌ ʥʘ ɽʇ 670/140 
 

 

ʌʠʛ. 10 Eʧʨʘʭ ʦʪ ʛʦʨʝʱʦ ʩʲʩʪʦʷʥʠʝ ʩʣʝʜ ɽʌ ʥʘ ɽʇ 670/140 
 
ɺ ʊʘʙʣ. 5 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʝʤʠʩʠʠ ʧʨʘʭ, ʦʪʜʝʣʝʥʠ ʚ ʘʪʤʦʩʬʝʨʘʪʘ ʧʨʠ ʧʫʩʢ 

ʥʘ ɽʇ 670/140. 
ʊʘʙʣʠʮʘ 5 

ʂʦʣʠʯʝʩʪʚʦ ʝʤʠʩʠʠ ʧʨʘʭ, ʦʪʜʝʣʝʥʠ ʚ ʘʪʤʦʩʬʝʨʘʪʘ, ʟʘ ʧʫʩʢ ʥʘ ɽʇ 670/140 

 ʇʫʩʢ               ɽʌ                   ʕɻɸ 2-58-12-6-ʋ 

ʄʘʩʘ ʥʘ ɽʧʨʘʭ, kg 
ʉʪʫʜʝʥʦ ʩʲʩʪʦʷʥʠʝ 69 816,2 

ɻʦʨʝʱʦ ʩʲʩʪʦʷʥʠʝ 95 606,6 

 
ʆʪ ʨʝʟʫʣʪʘʪʠʪʝ, ʧʦʢʘʟʘʥʠ ʚ ʊʘʙʣ. 5, ʩʝ ʥʘʙʣʶʜʘʚʘ ʨʘʟʣʠʢʘ ʚ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʝʤʠʩʠʠʪʝ 

ʦʪ ʧʨʘʭ, ʘ ʠʤʝʥʥʦ ʧʦ - ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠ ʧʫʩʢʘ ʦʪ ʛʦʨʝʱʦ ʩʲʩʪʦʷʥʠʝ. ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ 
ʟʘʧʘʟʝʥʠʪʝ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠ ʢʦʝʪʦ ʧʦ ʨʘʥʦ ʩʝ ʜʦʩʪʠʛʘ ʜʦ ʥʝʦʙʭʦʜʠʤʠʪʝ ʫʩʣʦʚʠʷ ʟʘ 
ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʧʨʘʭʦʚʠʪʝ ʛʦʨʝʣʢʠ ʠ ʪʘʢʘ ʦʙʱʦʪʦ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘ ʥʘ ʚʩʠʯʢʠ ʇʇʉ ʟʘ ʧʝʨʠʦʜʘ 



 
32  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

ʥʘ ʧʫʩʢ, ʝ ʧʦʚʝʯʝ ʦʪ ʦʙʱʦʪʦ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘ ʥʘ ʇʇʉ ʧʦ ʚʨʝʤʝ ʥʘ ʧʫʩʢ ʦʪ ʩʪʫʜʝʥʦ 
ʩʲʩʪʦʷʥʠʝ.  

ɿʘʢʣʶʯʝʥʠʝ 
ʇʨʠ ʥʘʧʨʘʚʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʩʝ ʫʩʪʘʥʦʚʷʚʘ, ʯʝ ʧʨʠ ʧʲʨʚʦʥʘʯʘʣʥʦ ʨʘʟʧʘʣʚʘʥʝ ʥʘ ʄɻ, 

ʧʝʧʝʣʪʘ ʦʪʜʝʣʝʥʘ ʦʪ ʪʷʭ ʝ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʥʠʩʢʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʝʱʪʘ ʠ ʥʝ ʧʲʣʥʦʪʦ 
ʠʟʛʘʨʷʥʝ ʥʘ ʤʘʟʫʪʘ. ʉ ʪʝʯʝʥʠʝ ʥʘ ʚʨʝʤʝ, ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʩʝ ʧʦʚʠʰʘʚʘʪ ʠ ʦʪ ʪʘʤ ʢʦʣʠʯʝʩʪʚʦʪʦ 
ʩʘʞʜʠ ʥʘʤʘʣʷʚʘ. ʇʨʠ ʧʫʩʢ ʥʘ ʚʩʷʢʘ ʩʣʝʜʚʘʱʘ ʄɻ, ʧʲʨʚʦʥʘʯʘʣʥʦ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʩʘʞʜʠ ʚ 
ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʩʝ ʫʚʝʣʠʯʘʚʘ, ʢʘʪʦ ʩʣʝʜ ʠʟʚʝʩʪʥʦ ʚʨʝʤʝ ʥʘʤʘʣʷʚʘʪ ï ʪʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ 
ʧʲʨʚʦʥʘʯʘʣʥʦ ʥʝ ʜʦʙʨʠʷ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ ʥʘ ʛʦʨʝʣʢʘʪʘ ʠ ʧʦʩʣʝʜʚʘʱʦʪʦ ʠ ʩʪʘʙʠʣʠʟʠʨʘʥʝ. ʉ 
ʜʦʩʪʠʛʘʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʠʪʝ ʫʩʣʦʚʠʷ ʠ ʧʫʩʢ ʥʘ ʧʨʘʭʦʚʠ ʛʦʨʝʣʢʠ ʢʘʨʪʠʥʘʪʘ ʩʝ ʧʨʦʤʝʥʷ ï 
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʛʘʟʦʚʝʪʝ ʚ ʧʝʱʪʘ ʩʝ ʧʦʚʠʰʘʚʘ ʠ ʠʟʛʘʨʷʥʝʪʦ ʥʘ ʪʝʯʥʦʪʦ ʛʦʨʠʚʦ ʝ ʧʦʯʪʠ ʙʝʟ 
ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʩʘʞʜʠ. ʂʦʣʠʯʝʩʪʚʦʪʦ ʠʤ ʜʦʙʣʠʞʘʚʘ ʥʫʣʝʚʠ ʩʪʦʡʥʦʩʪʠ. ʇʝʨʠʦʜʲʪ, ʧʨʝʟ 
ʢʦʡʪʦ ʩʝ ʦʪʜʝʣʷʪ ʤʘʟʥʠ ʩʘʞʜʠ ʦʪ ʥʝʜʦʙʨʦʪʦ ʠʟʛʘʨʷʥʝ ʥʘ ʤʘʟʫʪʘ, ʥʝ ʝ ʤʥʦʛʦ ʛʦʣʷʤ, ʢʘʢʪʦ ʠ 
ʦʙʱʦʪʦ ʠʤ ʢʦʣʠʯʝʩʪʚʦ. 
ɿʥʘʯʠʪʝʣʥʠ (ʠ ʥʘʜ ʜʦʧʫʩʪʠʤʠʪʝ) ʩʘ ʧʨʘʭʦʚʠʪʝ ʝʤʠʩʠʠ ʦʪ ʠʟʛʘʨʷʥʝ ʥʘ ʚʲʛʣʠʱʘ ʚ 

ʧʫʩʢʦʚʠʪʝ ʧʝʨʠʦʜʠ. ʂʘʪʦ ʮʷʣʦ, ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʠʟʛʦʨʝʥʠʪʝ ʚʲʛʣʠʱʘ ʝ ʚ ʧʲʪʠ ʧʦʚʝʯʝ ʦʪ ʪʦʚʘ 
ʥʘ ʤʘʟʫʪʘ, ʘ ʧʝʧʝʣʥʦʪʦ ʠʤ ʩʲʜʲʨʞʘʥʠʝ ʝ 17,7% ʥʘ ʨʘʙʦʪʥʘ ʤʘʩʘ. ʉʣʝʜ ʥʘʧʨʘʚʝʥʠʷ ʘʥʘʣʠʟ 
ʩʝ ʩʪʠʛʘ ʜʦ ʟʘʢʣʶʯʝʥʠʝʪʦ, ʯʝ ʩʘʤʦ ʦʢʦʣʦ 57% ʦʪ ʚʩʠʯʢʘʪʘ ʧʝʧʝʣ, ʩʲʜʲʨʞʘʱʘ ʩʝ ʚʲʚ 
ʚʲʛʣʠʱʘʪʘ, ʧʨʝʤʠʥʘʚʘ ʚ ʘʪʤʦʩʬʝʨʘʪʘ ʢʘʪʦ ʟʘʤʲʨʩʠʪʝʣ. 
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ʄʦʜʝʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʚʲʛʣʠʱʝʥ ʠʥʝʨʮʠʦʥʝʥ ʩʝʧʘʨʘʪʦʨ,  ʯʘʩʪ ʦʪ 
ʧʨʘʭʦʧʨʠʛʦʪʚʷʱʠʪʝ ʩʠʩʪʝʤʠ ʥʘ ʢʦʪʣʠ ʇ-62 ʚ ʊɽʎ ñʂʦʥʪʫʨɻʣʦʙʘʣ ʄʘʨʠʮʘ ʀʟʪʦʢ 3ñ 

 
ɺʘʩʠʣ ʈʘʜʝʥʢʦʚ, ʊʦʪʴʦ ʊʦʪʝʚ 

 
ʉʲʟʜʘʜʝʥ ʠ ʚʘʣʠʜʠʨʘʥ ʝ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʠʥʝʨʮʠʦʥʝʥ 

ʩʝʧʘʨʘʪʦʨ, ʯʘʩʪ ʦʪ ʧʨʘʭʦʧʨʠʛʦʪʚʷʱʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʢʦʪʣʠ ʪʠʧ ʇ-62 ʚ ʊɽʎ 
ñʂʦʥʪʫʨɻʣʦʙʘʣ ʄʘʨʠʮʘ ʀʟʪʦʢ 3ñ. ʀʟʚʲʨʰʝʥʠ ʩʘ ʤʦʜʝʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ. ʅʘ ʙʘʟʘ ʧʦʣʫʯʝʥʠʪʝ 
ʨʝʟʫʣʪʘʪʠ ʝ ʥʘʧʨʘʚʝʥ ʘʥʘʣʠʟ ʟʘ ʩʲʩʪʦʷʥʠʝʪʦ ʠ ʨʘʙʦʪʘʪʘ ʤʫ. 

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʥʘʩʪʦʷʱʘ ʢʦʥʩʪʨʫʢʮʠʷ, ʩʝʧʘʨʘʪʦʨ, ʮʠʬʨʦʚ ʤʦʜʝʣ 

 

Model investigations of coal classifier, part of boiler coal preparation system of 
boilers type P-62 at ContourGlobal Maritsa East 3 

 
Vasil Radenkov, Totyo Totev 

 
A numerical model of classifier`s current construction of boilers type P-62 at ContourGlobal 

Maritsa East 3 TPP is prepared and validated. Model investigations are performed and from the 
obtained results classifiers state is analyzed. 

 
Keywords: present construction, classifier, numerical model 
 
ɺʲʚʝʜʝʥʠʝ 
ɺ ʧʝʨʠʦʜʘ 1972 ï 1974 ʩʘ 

ʚʲʚʝʜʝʥʠ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ 4 ʙʨʦʷ 
ʙʘʨʘʙʘʥʥʠ ʢʦʪʣʠ ʪʠʧ ʇ-62 [1] ʥʘ 
ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʊɽʎ ñʂʦʥʪʫʨɻʣʦ-
ʙʘʣ ʄʘʨʠʮʘ ʀʟʪʦʢ 3ò. ʇʨʦʝʢʪʠʨʘʥʠ 
ʩʘ ʜʘ ʠʟʛʘʨʷʪ ʤʝʩʪʥʠ ʣʠʛʥʠʪʥʠ 
ʚʲʛʣʠʱʘ ʚ ʧʨʘʭʦʦʙʨʘʟʥʦ ʩʲʩʪʦ-
ʷʥʠʝ. ʉʤʠʣʘʥʝʪʦ ʠʤ ʩʝ ʦʩʲʱʝʩʪ-
ʚʷʚʘ ʚ ʤʝʣʝʱʠ ʚʝʥʪʠʣʘʪʦʨʠ (ʄɺ), 
ʘ ʛʘʨʘʥʪʠʨʘʥʝʪʦ ʥʘ ʦʧʨʝʜʝʣʝʥʘ 
ʬʠʥʦʩʪ ʥʘ ʧʨʘʭʘ [2]  ʩʝ ʧʦʩʪʠʛʘ 
ʯʨʝʟ ʚʲʛʣʠʱʥʠ ʠʥʝʨʮʠʦʥʥʠ ʩʝʧʘ-
ʨʘʪʦʨʠ ï ʌʠʛ. 1. 
ʇʦ-ʢʲʩʥʦ ʧʨʝʟ 2003 ï 2008 ʝ 

ʠʟʚʲʨʰʝʥʘ ʤʘʱʘʙʥʘ ʨʝʭʘʙʠʣʠʪʘ-
ʮʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʥʘ ʪʝʟʠ ʢʦʪʣʠ. 
ʅʘʡ-ʩʲʱʝʩʪʚʝʥʠ ʧʨʦʤʝʥʠ ʩʘ 
ʠʟʚʲʨʰʝʥʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʥʘ 
ʛʦʨʠʚʥʠʷ ʧʨʦʮʝʩ. ʈʝʢʦʥʩʪʨʫʠʨʘʥʠ 
ʩʘ ʩʝʧʘʨʘʪʦʨʠʪʝ ʠ ʧʨʘʭʦʢʦʥʮʝʥ-
ʪʨʘʪʦʨʠʪʝ ʥʘ ʧʨʘʭʦʧʨʠʛʦʪʚʷʱʠʪʝ 
ʩʠʩʪʝʤʠ ʠ ʩʘ ʧʨʦʝʢʪʠʨʘʥʠ ʠʟʮʷʣʦ ʥʦʚʠ ʛʦʨʠʚʥʠ ʫʨʝʜʙʠ ʥʘ ʪʨʠ ʥʠʚʘ ï ʜʦʣʥʘ ʦʩʥʦʚʥʘ ʛʦʨʝʣʢʘ, 
ʛʦʨʥʘ ʦʩʥʦʚʥʘ ʛʦʨʝʣʢʘ ʠ ʙʨʠʜʦʚʘ ʛʦʨʝʣʢʘ. 
ʅʘʩʪʦʷʱʘʪʘ ʧʫʙʣʠʢʘʮʠʷ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʧʨʝʜʩʪʘʚʠ ʨʘʙʦʪʘʪʘ ʥʘ ʨʝʢʦʥʩʪʨʫʠʨʘʥʠʷ 

ʩʝʧʘʨʘʪʦʨ. ʅʘ ʌʠʛ. 2 ʝ ʧʦʢʘʟʘʥ ʥʦʚʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʩʝʧʘʨʘʪʦʨ ʢʲʤ ʢʦʪʣʠ ʪʠʧ ʇ-62. 

 
ʌʠʛ. 1 ʇʲʨʚʦʥʘʯʘʣʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʩʝʧʘʨʘʪʦʨ ʥʘ 

ʢʦʪʣʠ ʪʠʧ ʇ-62 ï ʩʲʩ 7 ʙʨ. ʢʣʘʧʠ 
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ɺ ʪʘʟʠ ʢʦʥʩʪʨʫʢʮʠʷ ʩʘ 
ʤʦʥʪʠʨʘʥʠ 3 ʙʨʦʷ ʢʣʘʧʠ. 
ʇʦʜʚʠʞʥʘʪʘ ʢʣʘʧʘ (ʧʦʟ. 1) ʝ 
ʧʦʩʪʘʚʝʥʘ ʩʨʝʱʫ ʧʦʪʦʢʘ, ʢʘʪʦ 
ʜʠʘʧʘʟʦʥʲʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘ 
ʲʛʲʣʘ ʥʘ ʥʘʢʣʦʥ ʝ 0Üõ45Ü ʠʣʠ 

ʩʲʦʪʚʝʪʥʦ ʨʘʟʩʪʦʷʥʠʝ ʜʦ ʩʪʝʥʘʪʘ 
ʥʘ ʩʝʧʘʨʘʪʦʨʘ ʦʪ 408 ʜʦ 916 mm.  

ʅʝʧʦʩʨʝʜʩʪʚʝʥʦ ʜʦ ʥʝʷ ʝ 
ʧʦʩʪʘʚʝʥʘ ʢʣʘʧʘ, ʢʦʷʪʦ ʝ 
ʥʝʧʦʜʚʠʞʥʘ (ʧʦʟ. 2). ʂʣʘʧʘʪʘ, 
ʦʙʦʟʥʘʯʝʥʘ ʩ ʧʦʟ. 3, ʩʲʱʦ ʝ 
ʧʦʜʚʠʞʥʘ. ʅʝʡʥʘʪʘ ʬʫʥʢʮʠʷ ʝ ʜʘ 
ʧʨʝʜʦʪʚʨʘʪʠ ʦʪʥʘʩʷʥʝʪʦ ʥʘ 
ʟʘʚʠʭʨʝʥʠ ʚʲʛʣʠʱʥʠ ʯʘʩʪʠʮʠ 
ʥʘʤʠʨʘʱʠ ʩʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ 
ʧʨʝʜ ʦʪʚʦʨʘ ʟʘ ʨʝʮʠʨʢʫʣʘʮʠʷ ʢʲʤ 
ʧʦʪʦʢʘ ʚʣʠʟʘʱ ʚ ʩʝʧʘʨʘʪʦʨʘ.  
ɿʘ ʜʘ ʦʮʝʥʠʤ ʨʘʙʦʪʘ ʥʘ 

ʥʘʩʪʦʷʱʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ 
ʩʝʧʘʨʘʪʦʨ ʙʝ ʠʟʧʦʣʟʚʘʥʦ ʮʠʬʨʦ-
ʚʦʪʦ ʩʠʤʫʣʘʮʠʦʥʥʦ ʤʦʜʝʣʠʨʘʥʝ 
ʢʘʪʦ ʩʨʝʜʩʪʚʦ ʟʘ ʠʟʩʣʝʜʚʘʥʝ.  
ʀʟʧʦʣʟʚʘʡʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʜʘʥʥʠ (ʌʠʛ. 2) ʝ ʠʟʛʨʘʜʝʥ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʥʘʩʪʦʷʱʠʷ 
ʠʥʝʨʮʠʦʥʝʥ ʩʝʧʘʨʘʪʦʨ ʥʘ ʢʦʪʣʠ ʪʠʧ ʇ-62 ʚ ʊɽʎ ñʂʦʥʪʫʨɻʣʦʙʘʣ ʄʘʨʠʮʘ ʀʟʪʦʢ 3ñ. 

ʄʦʜʝʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʠʥʝʨʮʠʦʥʝʥ ʩʝʧʘʨʘʪʦʨ 

ʊʝʦʨʝʪʠʯʥʠ ʧʨʝʜʧʦʩʪʘʚʢʠ ʟʘ ʮʠʬʨʦʚʘ 
ʩʠʤʫʣʘʮʠʷ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʚʲʛʣʠʱʝʥ 
ʩʝʧʘʨʘʪʦʨ ʙʷʭʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʧʨʝʜʭʦʜʥʘ 
ʧʫʙʣʠʢʘʮʠʷ [3]. ɺ ʥʝʷ ʙʝ ʩʲʟʜʘʜʝʥ ʠ 
ʚʝʨʠʬʠʮʠʨʘʥ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʚʲʛʣʠʱʝʥ 
ʠʥʝʨʮʠʦʥʝʥ ʩʝʧʘʨʘʪʦʨ ʩ ʨʝʟʫʣʪʘʪʠ ʦʪ 
ʥʘʪʫʨʥʠ ʠʟʧʠʪʘʥʠʷ. ɺ [4] ʪʦʟʠ ʤʦʜʝʣ ʙʝ 
ʧʨʠʣʦʞʝʥ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʨʘʙʦʪʘ ʥʘ 
ʠʥʝʨʮʠʦʥʥʠʷ ʩʝʧʘʨʘʪʦʨ ʥʘ ʇʇʉ ʢʲʤ ʢʦʪʣʠ 
ˉ11 ʠ ˉ12 ʥʘʤʠʨʘʱʠ ʩʝ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ ʚ 
ʊɽʎ ñʄʘʨʠʮʘ ʀʟʪʦʢ 2ò.  
ɿʘ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʚ CAD ʩʨʝʜʘ 

(AutoCAD) ʩʘ ʩʲʟʜʘʜʝʥʠ ʪʨʠʠʟʤʝʨʥʠ ʤʦʜʝʣʠ 
ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʩʝʧʘʨʘʪʦʨʘ 
(ʌʠʛ. 3) ʧʨʠ ʨʘʟʣʠʯʥʦ ʨʘʟʩʪʦʷʥʠʝ ʦʪ 
ʨʝʛʫʣʠʨʫʝʤʘʪʘ ʢʣʘʧʘ ʜʦ ʩʪʝʥʘʪʘ ʥʘ 
ʩʝʧʘʨʘʪʦʨʘ (408 mm, 685 mm ʠ 916mm). 
ɺʲʨʭʫ ʪʘʢʘ ʩʲʟʜʘʜʝʥʠʪʝ 3D ʤʦʜʝʣʠ ʩʘ 
ʛʝʥʝʨʠʨʘʥʠ ʭʝʢʩʘʛʦʥʘʣʥʠ ʠʟʯʠʩʣʠʪʝʣʥʠ 
ʤʨʝʞʠ ʩʲʩ ʦʢʦʣʦ 180 000 ʝʣʝʤʝʥʪʘ ʠ ʩʘ 
ʧʨʠʣʦʞʝʥʠ ʢʲʤ ʩʧʦʤʝʥʘʪʠʷ ʚʝʨʠʬʠʮʠʨʘʥ 
ʮʠʬʨʦʚ ʤʦʜʝʣ. 

ʂʘʪʦ ʚʭʦʜʥʠ ʜʘʥʥʠ ʟʘ ʤʦʜʝʣʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʩʣʝʜʥʠʪʝ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠ 
ʧʘʨʘʤʝʪʨʠ: 

 

 
ʌʠʛ. 2 ʈʝʢʦʥʩʪʨʫʠʨʘʥ ʠʥʝʨʮʠʦʥʝʥ ʩʝʧʘʨʘʪʦʨ ʥʘ ʢʦʪʣʠ 

ʪʠʧ ʇ-62  

 
ʌʠʛ. 3  3D ʤʦʜʝʣ ʥʘ ʥʘʩʪʦʷʱʠʷ ʩʝʧʘʨʘʪʦʨ 
(ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʜʚʠʞʥʘʪʘ ʢʣʘʧʘ ʠ 
ʩʪʝʥʘʪʘ ʥʘ ʩʝʧʘʨʘʪʦʨʘ ï 685 mm) 



 
36  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

ʊʘʙʣʠʮʘ 1 
ʅʘʯʘʣʥʠ ʫʩʣʦʚʠʷ ʥʘ ʠʟʯʠʩʣʠʪʝʣʝʥ ʤʦʜʝʣ ʥʘ ʩʝʧʘʨʘʪʦʨ ʥʘ ʇʇʉ ʢʲʤ ʢʦʪʣʠ ʪʠʧ ʇ-62 ʚ ʊɽʎ 

ñʂʦʥʪʫʨɻʣʦʙʘʣ ʄʘʨʠʮʘ ʀʟʪʦʢ 3ñ 

ɺʝʣʠʯʠʥʘ ʆʟʥʘʯʝʥʠʝ ɼʠʤʝʥʩʠʷ ʉʪʦʡʥʦʩʪ 

 ʈʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʜʚʠʞʥʘʪʘ ʢʣʘʧʘ ʠ ʩʪʝʥʘʪʘ - mm 408 

 ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʘʝʨʦʩʤʝʩʪʘ  t2 
o
C 195 

 ʂʦʣʠʯʝʩʪʚʦ ʪʨʘʥʩʧʦʨʪʠʨʘʱ ʘʛʝʥʪ ʥʘ ʚʭʦʜʘ ʥʘ ʩʝʧʘʨʘʪʦʨʘ Vʤʚ m
3
/h, x10

3
 319 

 ʇʨʝʠʟʯʠʩʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʩʫʨʦʚʦ ʛʦʨʠʚʦ ʥʘ ʚʭʦʜ ʥʘ ʩʝʧʘʨʘʪʦʨʘ ɺ t/h 72 

 
ɿʘ ʦʮʝʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʪʘ ʥʘ ʠʟʛʨʘʜʝʥʠʷ ʤʦʜʝʣ, ʝ ʠʟʚʲʨʰʝʥʦ ʩʨʘʚʥʝʥʠʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ, 

ʧʦʣʫʯʝʥʠ ʦʪ ʤʦʜʝʣʘ ʩ ʧʨʦʚʝʜʝʥʠ ʦʪ ʥʘʩ ʥʘʪʫʨʥʠ ʠʟʧʠʪʘʥʠʷ ʥʘ ʧʨʘʭʦʧʨʠʛʦʪʚʷʱʘ ʩʠʩʪʝʤʘ ˉ 
3 ʢʲʤ ʂʦʪʝʣ ˉ 4 ʚ ʊɽʎ ñʂʦʥʪʫʨɻʣʦʙʘʣ ʄʘʨʠʮʘ ʀʟʪʦʢ 3ò - ʊʘʙʣʠʮʘ 2. 

ʊʘʙʣʠʮʘ 2 
ʉʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʨʝʟʫʣʪʘʪʠ, ʧʦʣʫʯʝʥʠ ʦʪ ʥʘʪʫʨʥʠ ʠʟʧʠʪʘʥʠʷ ʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʮʠʬʨʦʚ ʤʦʜʝʣ 

ʥʘ ʩʝʧʘʨʘʪʦʨ ʥʘ ʇʇʉ ʢʲʤ ʢʦʪʣʠ ʪʠʧ ʇ-62 

ɺʝʣʠʯʠʥʘ ʆʟʥʘʯʝʥʠʝ ɼʠʤʝʥʩʠʷ 
ʅʘʪʫʨʥʠ 
ʠʟʧʠʪʘʥʠʷ 

ʎʠʬʨʦʚ 
ʤʦʜʝʣ 

ʈʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʜʚʠʞʥʘʪʘ ʢʣʘʧʘ ʠ ʩʪʝʥʘʪʘ - mm 408 408 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʘʝʨʦʩʤʝʩ ʩʣʝʜ ʄɺ t2 
o
C 195 195 

ɺʝʥʪʠʣ. ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʩʣʝʜ ʩʝʧʘʨʘʪʦʨʘ - 
ʠʟʤʝʨʝʥʘ 

Vʤʚ  m
3
/h,ʭ10

3
 277,7 - 

ɺʝʥʪʠʣ. ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʢʦʨʠʛʠʨʘʥʘ ʧʦ 
ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʟʘʧʨʘʰʝʥʦʩʪ ʥʘ ʧʦʪʦʢʘ 

Vʤʚ m t2 m
3
/h,ʭ10

3
 264 261,3 

ʆʩʪʘʪʲʢ - ʩʠʪʦ ʩ ʨʘʟʤʝʨ  R1000 R1000 % 1,68 - 

ʆʩʪʘʪʲʢ -ʩʠʪʦ ʩ ʨʘʟʤʝʨ R400 R400 % 12,69 - 

ʆʩʪʘʪʲʢ -ʩʠʪʦ ʩ ʨʘʟʤʝʨ R200 R200 % 36,51 - 

ʆʩʪʘʪʲʢ -ʩʠʪʦ ʩ ʨʘʟʤʝʨ R90 R90 % 69,57 - 

ʉʨ. ʜʠʘʤʝʪʲʨ ʥʘ ʚʲʛʣʠʱʥʠʪʝ ʯʘʩʪʠʮʠ - ɛm 229 226 

ʆʪ ʥʘʧʨʘʚʝʥʦʪʦ ʩʨʘʚʥʝʥʠʝ ʩʝ ʚʠʞʜʘ, ʯʝ ʠʤʘʤʝ ʘʜʝʢʚʘʪʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʬʠʟʠʯʝʩʢʘʪʘ 
ʜʝʡʩʪʚʠʪʝʣʥʦʩʪ ʦʪ ʩʪʨʘʥʘ ʥʘ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʠʤʫʣʘʮʠʷ.  
ʉ ʪʘʢʘ ʧʨʦʚʝʨʝʥʠʷ ʤʦʜʝʣ ʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʥʦ ʠʟʩʣʝʜʚʘʥʝ ʧʨʠ ʩʲʱʠʪʝ ʥʘʯʘʣʥʠ 

ʫʩʣʦʚʠʷ, ʥʦ ʧʨʠ ʨʘʟʣʠʯʥʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʨʝʛʫʣʠʨʫʝʤʘʪʘ ʢʣʘʧʘ (408 mm, 685 mm ʠ 916 mm 
ʨʘʟʩʪʦʷʥʠʝ ʜʦ ʩʪʝʥʘʪʘ ʥʘ ʩʝʧʘʨʘʪʦʨʘ). ʂʘʪʦ ʨʝʟʫʣʪʘʪ ʦʪ ʤʦʜʝʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʩʝ 
ʧʦʣʫʯʘʚʘ ʛʦʣʷʤ ʦʙʝʤ ʦʪ ʜʘʥʥʠ. ʅʘ ʌʠʛ. 4 ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʠʟʤʝʥʝʥʠʝ ʥʘ  ʥʘʣʷʛʘʥʝʪʦ ʚ ʦʙʝʤʘ 
ʥʘ ʩʝʧʘʨʘʪʦʨʘ ʧʨʠ ʨʘʟʛʣʝʜʘʥʠʪʝ ʩʣʫʯʘʡ.  

 

 
ʌʠʛ. 4 ʉʝʯʝʥʠʝ ʧʨʝʟ ʩʝʧʘʨʘʪʦʨʘ ʠʟʦʙʨʘʟʷʚʘʱʦ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʥʘʣʷʛʘʥʝ,  

ʧʨʠ ʨʘʟʣʠʯʥʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʨʝʛʫʣʠʨʫʝʤʘʪʘ ʢʣʘʧʘ 



 

ȜȸȹȵȸȯȷȯȺȭȯȼȲȴȪ Ȳ ɉȮȺȯȷȪ ȯȷȯȺȭȯȼȲȴȪ   37 
 

 

ʅʘ ʌʠʛ. 5 ʠ 6 ʩʘ ʧʦʢʘʟʘʥʠ ʪʨʘʝʢʪʦʨʠʷʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʘʱʠʷ ʘʛʝʥʪ ʠ 
ʚʲʛʣʠʱʥʠʪʝ ʯʘʩʪʠʮʠ. 

 
ʌʠʛ. 5 ʊʦʢʦʚʠ ʣʠʥʠʠ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʘʱʠʷ ʘʛʝʥʪ,  

ʧʨʠ ʨʘʟʣʠʯʥʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʨʝʛʫʣʠʨʫʝʤʘʪʘ ʢʣʘʧʘ 

 
ʌʠʛ. 6 ʊʨʘʝʢʪʦʨʠʠ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʧʨʘʭʦʚʠʪʝ ʯʘʩʪʠʮʠ, 
ʧʨʠ ʨʘʟʣʠʯʥʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʨʝʛʫʣʠʨʫʝʤʘʪʘ ʢʣʘʧʘ 

ɿʘ ʧʦ-ʛʦʣʷʤʘ ʧʨʝʛʣʝʜʥʦʩʪ, ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʩʨʝʜʥʠʷ ʜʠʘʤʝʪʲʨ ʥʘ ʚʲʛʣʠʱʥʠʪʝ ʯʘʩʪʠʮʠ 
ʥʘʧʫʩʢʘʱʠ ʩʝʧʘʨʘʪʦʨʘ, ʘʝʨʦʜʠʥʘʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʠ ʧʨʦʮʝʥʪʥʠʷ ʜʷʣ ʥʘ ñʛʦʪʦʚʠʷò ʟʘ 
ʠʟʛʘʨʷʥʝ ʚʲʛʣʠʱʝʥ ʧʨʘʭ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʛʨʘʬʠʯʥʦ ʥʘ ʌʠʛ. 7. 

 
ʌʠʛ. 7 ʈʝʟʫʣʪʘʪʠ ʦʪ ʤʦʜʝʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʩʝʧʘʨʘʪʦʨʘ ʥʘ 

ʇʇʉ ʢʲʤ ʢʦʪʣʠ ʪʠʧ ʇ-62 ʚ ʊɽʎ ñʂʦʥʪʫʨɻʣʦʙʘʣ ʄʘʨʠʮʘ ʀʟʪʦʢ 3ò 
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ɸʥʘʣʠʟ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠʪʝ 
ʅʘ ʦʩʥʦʚʘʪʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʤʦʜʝʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʩʝʧʘʨʘʪʦʨʘ ʥʘ ʇʇʉ 

ʢʲʤ ʢʦʪʣʠ ʪʠʧ ʇ-62 ʚ ʊɽʎ ñʂʦʥʪʫʨɻʣʦʙʘʣ ʄʘʨʠʮʘ ʀʟʪʦʢ 3ò, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʥʘʧʨʘʚʝʥʠ 
ʩʣʝʜʥʠʪʝ ʠʟʚʦʜʠ: 

¶ ʉ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʥʘʢʣʦʥʘ ʥʘ ʨʝʛʫʣʠʨʫʝʤʘʪʘ ʢʣʘʧʘ, ʨʝʩʧʝʢʪʠʚʥʦ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ 
ʢʣʘʧʘʪʘ ʠ ʩʪʝʥʘʪʘ ʥʘ ʩʝʧʘʨʘʪʦʨʘ, ʩʝ ʥʘʙʣʶʜʘʚʘ ʟʘʬʠʥʷʚʘʥʝ ʥʘ ñʛʦʪʦʚʠʷò ʚʲʛʣʠʱʝʥ 
ʧʨʘʭ, ʙʝʟ ʪʦʚʘ ʜʘ ʚʦʜʠ ʜʦ ʩʲʱʝʩʪʚʝʥʘ ʧʨʦʤʷʥʘ ʚ ʩʪʝʧʝʥʪʘ ʥʘ ʨʝʮʠʨʢʫʣʘʮʠʷ, ʪ.ʝ. ʜʦ 
ʧʨʦʤʷʥʘ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ñʛʦʪʦʚò ʧʨʘʭ ʟʘ ʠʟʛʘʨʷʥʝ. ʀʥʪʝʨʝʩʥʦʪʦ ʧʨʠ ʪʘʟʠ ʢʦʥʩʪʨʫʢʮʠʷ ʝ 
ʘʝʨʦʜʠʥʘʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ, ʢʦʝʪʦ ʥʘʤʘʣʷʚʘ ʧʨʠ ʧʦʜʘʚʘʥʝʪʦ ʥʘ ʧʦ-ʬʠʥ ʧʨʘʭ; 

¶ ɸʝʨʦʜʠʥʘʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʩʝʧʘʨʘʪʦʨʘ ʥʘʤʘʣʷʚʘ, ʚ ʮʝʣʠʷ ʜʠʘʧʘʟʦʥ,  ʥʘ 
ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ ʢʣʘʧʘʪʘ ʜʦ ʩʪʝʥʘʪʘ; 

¶ ʀʥʪʝʨʚʘʣʲʪ ʥʘ ʨʝʛʫʣʠʨʫʝʤʠʷʪ ʜʠʘʧʘʟʦʥ ʟʘ ʝʜʨʠʥʘʪʘ ʥʘ ʚʲʛʣʠʱʥʠʷ ʧʨʘʭ ʝ ʪʚʲʨʜʝ ʪʝʩʝʥ 
(ʩʨʘʚʥʝʥ ʩ ʧʦʜʦʙʥʠ ʜʨʫʛʠ ʢʦʥʩʪʨʫʢʮʠʠ [4]) 71 Õm - ʦʪ 155 ʜʦ 226 Õm (ʬʠʛ. 7); 

¶ ɿʘʬʠʥʷʚʘʥʝʪʦ ʥʘ ʚʲʛʣʠʱʥʠʷ ʧʨʘʭ ʥʘ ʠʟʭʦʜʘ ʦʪ ʩʝʧʘʨʘʪʦʨʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʘʤʦ ʜʦ 
ʩʪʦʡʥʦʩʪ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ ʢʣʘʧʘʪʘ ʜʦ ʩʪʝʥʘʪʘ ï 685 mm. ʇʦ-ʥʘʪʘʪʲʰʥʦʪʦ ʫʚʝʣʠʯʘʚʘʥʝ 
ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʢʣʘʧʘʪʘ ʠ ʩʪʝʥʘʪʘ ʥʝ ʚʦʜʠ ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʧʦ-ʬʠʥ ʧʨʘʭ. 
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ʄʦʜʝʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʚʲʛʣʠʱʝʥ ʠʥʝʨʮʠʦʥʝʥ ʩʝʧʘʨʘʪʦʨ, ʯʘʩʪ ʦʪ 
ʧʨʘʭʦʧʨʠʛʦʪʚʷʱʠʪʝ ʩʠʩʪʝʤʠ ʥʘ ʂɸ11 ʠ ʂɸ12 ʚ Ăʊɽʎ ʄʘʨʠʮʘ ʀʟʪʦʢ 2ñ 

 
ʊʦʪʴʦ ʊʦʪʝʚ, ɺʘʩʠʣ ʈʘʜʝʥʢʦʚ, ɹʦʨʠʩʣʘʚ ɸʥʛʝʣʦʚ  

 
ʉʲʟʜʘʜʝʥ ʠ ʚʘʣʠʜʠʨʘʥ ʝ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʠʥʝʨʮʠʦʥʝʥ 

ʩʝʧʘʨʘʪʦʨ, ʯʘʩʪ ʦʪ ʧʨʘʭʦʧʨʠʛʦʪʚʷʱʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʢʦʪʣʠ ˉ 11 ʠ ˉ 12 ʚ Ăʊɽʎ ʄʘʨʠʮʘ 
ʀʟʪʦʢ 2ñ. ʀʟʚʲʨʰʝʥʠ ʩʘ ʤʦʜʝʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ. ʅʘ ʙʘʟʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʝ ʥʘʧʨʘʚʝʥ 
ʘʥʘʣʠʟ ʟʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʩʝʧʘʨʘʪʦʨʠʪʝ ʠ ʝ ʦʮʝʥʝʥʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ 
ʥʝʛʦʚʘʪʘ ʨʘʙʦʪʘ. 
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Model investigations of coal classifier, part of boiler coal preparation system of 
boilers No 11 and No 12 at TPP Maritsa East 2 

 
Totyo Totev, Vasil Radenkov, Borislav Angelov 

 
A numerical model of classifier`s current construction of boilers No 11 and No 12 at TPP 

Maritsa East 2 is prepared and validated. Model investigations are performed and from the 
obtained results classifiers state is analyzed. 
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ɺʲʚʝʜʝʥʠʝ 
ɽʜʠʥ ʦʪ ʦʩʥʦʚʥʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʧʨʘʭʦʧʨʠʛʦʪʚʷʱʠʪʝ ʩʠʩʪʝʤʠ (ʇʇʉ) ʝ ʩʝʧʘʨʘʪʦʨʘ. 

ʅʝʛʦʚʦʪʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʝ ʜʘ ʨʘʟʜʝʣʠ ʧʨʦʜʫʢʪʘ, ʢʦʡʪʦ ʥʘʧʫʩʢʘ ʤʝʣʥʠʮʘʪʘ: ʥʘ ʯʘʩʪʠʮʠ, 
ʢʦʠʪʦ ʠʤʘʪ ʥʫʞʥʘʪʘ ʝʜʨʠʥʘ ʟʘ ʠʟʛʘʨʷʥʝ (ʪʝ ʩʝ ʧʦʜʘʚʘʪ ʢʲʤ ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ), ʦʪ ʪʝʟʠ ʢʦʠʪʦ 
ʩʘ ʩ ʧʦ-ʛʦʣʷʤʘ ʝʜʨʠʥʘ (ʪʝ ʩʝ ʧʦʜʘʚʘʪ ʥʘ ʚʭʦʜʘ ʥʘ ʤʝʣʥʠʮʘʪʘ ʟʘ ʧʦʚʪʦʨʥʦ ʩʤʠʣʘʥʝ). 
ʇʦʜʦʙʥʠ ʩʲʦʨʲʞʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʇʇʉ ʩʘ ʧʨʘʭʦʫʣʦʚʠʪʝʣʠʪʝ (ʮʠʢʣʦʥʠʪʝ) ʠ 

ʧʨʘʭʦʢʦʥʮʝʥʪʨʘʪʦʨʠʪʝ. ʇʨʠʥʮʠʧʲʪ ʥʘ ʨʘʙʦʪʘ ʥʘ ʧʦ-ʛʦʨʝ ʩʧʦʤʝʥʘʪʠʪʝ ʩʲʦʨʲʞʝʥʠʷ ʝ ʩʭʦʜʝʥ 
ï ʧʨʘʭʦʚʠʪʝ ʯʘʩʪʠʮʠ ʩʝ ʦʪʜʝʣʷʪ ʦʪ ʛʘʟʦʚʠʷ ʧʦʪʦʢ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʠʥʝʨʮʠʦʥʥʠ ʠʣʠ 
ʮʝʥʪʨʦʙʝʞʥʠ ʩʠʣʠ ʠʣʠ ʦʪ ʩʠʣʘʪʘ ʥʘ ʪʝʛʣʦʪʦ ʩʠ [1]. ʂʘʪʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʜʝʣʝʥʠʝʪʦ 
ʠʣʠ ʥʘ ʨʘʟʜʝʣʷʥʝʪʦ ʥʘ ʧʦʪʦʢʘ, ʩʝ ʷʚʷʚʘʪ ʩʲʧʨʦʪʠʚʠʪʝʣʥʠʪʝ ʩʠʣʠ (ʜʠʥʘʤʠʯʥʦʪʦ ʥʘʣʷʛʘʥʝ) ʥʘ 
ʛʘʟʦʚʠʷ ʧʦʪʦʢ. ʇʨʦʮʝʥʪʘ ʥʘ ʨʘʟʜʝʣʷʥʝʪʦ ʩʘ ʧʨʘʭʘ ʩʝ ʩʲʩʪʦʠ ʚ ʪʦʚʘ, ʯʝ ʧʨʠʪʝʛʣʷʥʝʪʦ ʥʘ 
ʜʚʠʞʝʱʠʪʝ ʩʝ ʯʘʩʪʠʮʠ ʚ ʧʦʪʦʢʘ ʩʝ ʦʪʧʨʘʚʷʪ ʚ ʨʘʟʣʠʯʥʠ ʧʦʩʦʢʠ (ʥʘʧʨʘʚʣʝʥʠʷ) ï ʛʦʣʝʤʠʪʝ 
ʯʘʩʪʠʮʠ, ʚ ʩʚʦʝʪʦ ʤʥʦʞʝʩʪʚʦ, ʩʝ ʥʘʩʦʯʚʘʪ ʧʦʜ ʚʲʟʜʝʡʩʪʚʠʝ ʥʘ ʠʥʝʨʮʠʦʥʥʠʪʝ ʩʠʣʠ ʠ ʥʘ 
ʩʠʣʠʪʝ ʥʘ ʪʝʛʣʦʪʦ ʩʠ, ʘ ʤʘʣʢʠʪʝ ï ʧʦʜ ʚʲʟʜʝʡʩʪʚʠʝ ʥʘ ʩʲʧʨʦʪʠʚʠʪʝʣʥʠʪʝ ʩʠʣʠ ʥʘ ʛʘʟʦʚʠʷ 
ʧʦʪʦʢ. ʏʘʩʪʠʮʠʪʝ, ʚʲʨʭʫ ʢʦʠʪʦ, ʚ ʩʣʝʜʩʪʚʠʝ ʥʘ ʪʝʭʥʠʷ ʨʘʟʤʝʨ ʠʣʠ ʧʣʲʪʥʦʩʪ, ʩʠʣʘʪʘ ʥʘ 
ʪʝʛʣʦʪʦ ʝ ʧʦ-ʛʦʣʷʤʘ ʦʪ ʩʲʧʨʦʪʠʚʣʝʥʠʝʪʦ, ʧʨʦʜʲʣʞʘʚʘʪ ʜʚʠʞʝʥʠʝʪʦ ʩʠ ʧʦ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ 
ʪʨʘʝʢʪʦʨʠʷ ʠ ʧʦʧʘʜʘʪ ʚ ʛʨʫʙʠʷ ʧʨʦʜʫʢʪ. ʏʘʩʪʠʮʠʪʝ ʩ ʧʦ-ʤʘʣʢʠ ʨʘʟʤʝʨʠ ʠ ʧʣʲʪʥʦʩʪ ʩʣʝʜʚʘʪ 
ʛʘʟʦʚʠʷ ʧʦʪʦʢ ʠ ʩʝ ʦʪʥʘʩʷʪ ʢʲʤ ʬʠʥʠʷ ʧʨʦʜʫʢʪ. ɺ ʇʇʉ, ʤʝʣʥʠʯʥʠʷʪ ʧʨʦʜʫʢʪ ʩʝ ʠʟʥʘʩʷ ʦʪ 
ʤʝʣʥʠʮʘʪʘ ʯʨʝʟ ʚʲʟʜʫʰʝʥ (ʛʘʟʦʚ) ʧʦʪʦʢ ʠ ʚ ʩʝʧʘʨʘʪʦʨʘ ʩʝ ʨʘʟʜʝʣʷ ʧʨʘʭʘ ʥʘ ñʛʦʪʦʚò 
ʚʲʛʣʠʱʝʥ ʧʨʘʭ ʠ ʥʘ ʥʝʜʦʩʪʘʪʲʯʥʦ ʩʤʣʷʥʘ (ʩʤʝʣʝʥʘ) ʯʘʩʪ, ʢʦʷʪʦ ʩʝ ʥʘʨʠʯʘ ʚʲʟʚʨʘʪ ʦʪ 
ʩʝʧʘʨʘʪʦʨʘ ʠʣʠ ʧʨʦʩʪʦ ʚʲʟʚʨʘʪ. ʆʙʠʢʥʦʚʝʥʦ ʨʝʞʠʤʠʪʝ ʥʘ ʨʘʙʦʪʘ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʤʝʣʥʠʮʠ ʝ 
ʪʘʢʲʚ, ʯʝ ʤʝʞʜʫ 15 ʠ 50% ʦʪ ʤʝʣʥʠʯʥʠʷ ʧʨʦʜʫʢʪ ʝ ʛʦʪʦʚ ʟʘ ʠʟʛʘʨʷʥʝ. ʊʦʟʠ ʨʝʞʠʤ ʝ 
ʧʨʦʜʠʢʪʫʚʘʥ ʦʪ ʩʧʝʮʠʬʠʢʘʪʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʩʤʠʣʘʥʝ ʟʘ ʢʦʥʢʨʝʪʥʠʷ ʪʠʧ 
ʤʝʣʥʠʮʘ. ʉʪʨʝʤʝʞʲʪ ʝ ʧʨʘʭʲʪ ʜʘ ʥʝ ʙʲʜʝ ʧʨʝʢʘʣʝʥʦ ʬʠʥ (ʪ.ʝ. ʠʟʣʠʰʥʦ ʜʘ ʝ ʩʤʣʷʥ). 
ʂʨʘʪʥʦʩʪʪʘ ʥʘ ʮʠʨʢʫʣʘʮʠʷ ʥʘ ʛʦʨʠʚʦʪʦ ʂRE ʚ ʩʠʩʪʝʤʘʪʘ ʤʝʣʥʠʮʘ-ʩʝʧʘʨʘʪʦʨ ʩʝ ʠʟʨʘʟʷʚʘ ʯʨʝʟ 
ʫʨʘʚʥʝʥʠʝʪʦ: 



 
40  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

ὑ  ,          (1) 

ʢʲʜʝʪʦ: G1 ï ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʤʝʣʥʠʯʥʠʷ ʧʨʦʜʫʢʪ, t/h; G2 ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʤʠʥʘʣʦ ʧʨʝʟ 
ʚʲʟʚʨʘʪʘ, t/h; G3 ï ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʥʘ ʤʝʣʥʠʮʘʪʘ ʧʦ ʛʦʪʦʚ ʧʨʘʭ (ʪʦʚʘ ʢʦʝʪʦ ʦʪʠʚʘ ʢʲʤ 
ʛʦʨʝʣʢʠʪʝ), t/h. 
ʂʨʘʪʥʦʩʪʪʘ ʥʘ ʮʠʨʢʫʣʘʮʠʷ ʟʘʚʠʩʠ ʦʪ ʪʠʧʘ ʥʘ ʤʝʣʥʠʮʘʪʘ, ʩʤʠʣʘʪʝʣʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ 

ʛʦʨʠʚʦʪʦ, ʝʜʨʠʥʘʪʘ ʥʘ ʩʤʠʣʘʥʝ, ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʥʘ ʤʝʣʥʠʮʘʪʘ ʠ ʥʝʡʥʘʪʘ 
ʚʝʥʪʠʣʘʮʠʦʥʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ [2]. 
ʇʦʩʣʝʜʥʠʷʪ ʬʘʢʪʦʨ ʝ ʚ ʨʲʮʝʪʝ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠʷ ʧʝʨʩʦʥʘʣ. ʋʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ 

ʩʫʰʠʣʥʦ-ʚʝʥʪʠʣʘʮʠʦʥʥʠʷ ʘʛʝʥʪ ʚ ʤʝʣʥʠʮʘʪʘ ʠ ʩʲʦʪʚʝʪʥʦ ʧʨʦʤʷʥʘʪʘ ʚ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ 
ʰʠʙʲʨʠ (ʚʣʠʷʝʱʠ ʚʲʨʭʫ ʝʜʨʠʥʘʪʘ ʥʘ ʧʨʘʭʘ) ʤʦʞʝ ʟʥʘʯʠʪʝʣʥʦ ʜʘ ʧʦʚʣʠʷʝ ʚʲʨʭʫ ʩʪʦʡʥʦʩʪʪʘ 
ʥʘ ʂRE, ʩʲʭʨʘʥʷʚʘʡʢʠ ʝʜʨʠʥʘʪʘ ʥʘ ʧʨʘʭʘ (ʢʘʪʦ ʦʩʪʘʪʲʢ ʚʲʨʭʫ ʢʦʝ ʜʘ ʝ ʩʠʪʦ) ʥʘ ʩʲʱʦʪʦ ʥʠʚʦ. 
ɺ ʨʝʟʫʣʪʘʪ, ʤʦʞʝ ʜʘ ʩʝ ʧʦʣʫʯʠ ʚʣʦʰʘʚʘʥʝ ʥʘ ʟʲʨʥʦʤʝʪʨʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʧʨʘʭʘ, 
ʫʚʝʣʠʯʘʚʘʡʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʥʘ ʤʝʣʥʠʮʘʪʘ, ʝʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʦʚʘ ʜʘ ʥʘʨʘʩʥʘʪ 
ʟʘʛʫʙʠʪʝ ʥʘ ʝʥʝʨʛʠʷ ʟʘ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪ. ʂʘʪʦ ʮʷʣʦ ʤʦʞʝ ʜʘ ʩʥʠʞʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ 
ʩʝʧʘʨʘʪʦʨʘ ʚʲʚ ʚʨʲʟʢʘ ʩ ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʥʝʛʦʚʦʪʦ ʥʘʪʦʚʘʨʚʘʥʝ. 
ʀʥʝʨʮʠʦʥʥʠʪʝ ʩʝʧʘʨʘʪʦʨʠ ʩʘ ʧʦʣʫʯʠʣʠ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ (ʧʨʠʣʦʞʝʥʠʝ) ʚ ʩʲʯʝʪʘʥʠʝ ʩ 

ʯʫʢʦʚʠ ʤʝʣʥʠʮʠ (ʏʄ) ʠ ʤʝʣʝʱʠ ʚʝʥʪʠʣʘʪʦʨʠ (ʄɺ) ʧʨʠ ʩʤʠʣʘʥʝʪʦ ʥʘ ʢʘʬʷʚʠ ʠʣʠ ʣʠʛʥʠʪʥʠ 
ʚʲʛʣʠʱʘ, ʪ.ʝ. ʛʦʨʠʚʘ ʢʦʠʪʦ ʥʝ ʠʟʠʩʢʚʘʪ ʤʥʦʛʦ ʟʥʘʯʠʤʦ (ʩʠʣʥʦ) ʠʟʤʝʥʝʥʠʝ (ʩʤʠʣʘʥʝ). 
ʈʘʟʜʝʣʷʥʝʪʦ ʥʘ ʤʝʣʥʠʯʥʠʷ ʧʨʦʜʫʢʪ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʚ ʩʝʧʘʨʘʪʦʨʠ ʦʪ ʪʦʟʠ ʪʠʧ (ʌʠʛ. 1). 
ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʥʷʢʦʣʢʦʪʦ ʟʘʚʦʷ ʥʘ ʧʦʪʦʢʘ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʠʥʝʨʮʠʦʥʥʠʪʝ ʩʠʣʠ ʩʝ 
ʦʪʜʝʣʷʪ ʥʘʡ-ʛʦʣʝʤʠʪʝ (ʝʜʨʠʪʝ) ʬʨʘʢʮʠʠ. ʌʠʥʠʪʝ ʬʨʘʢʮʠʠ (ʚ ʩʚʦʷʪʘ ʦʩʥʦʚʥʘ ʯʘʩʪ) ʩʝ 
ʫʚʣʠʯʘʪ ʦʪ ʛʘʟʦʚʠʷ ʧʦʪʦʢ ʢʲʤ ʠʟʭʦʜʘ ʥʘ ʩʝʧʘʨʘʪʦʨʘ. 
ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʮʝʥʪʨʦʙʝʞʥʠʪʝ ʩʝʧʘʨʘʪʦʨ, ʨʘʟʜʝʣʷʥʝʪʦ ʥʘ ʧʨʘʭʘ ʚ ʠʥʝʨʮʠʦʥʥʠʷ ʩʝ 

ʦʩʲʱʝʩʪʚʷʚʘ ʚ ʤʥʦʛʦ ʧʦ ʩʲʩʨʝʜʦʪʦʯʝʥ ʧʦʪʦʢ, ʚʩʣʝʜʩʪʚʠʝ ʥʘ ʢʦʝʪʦ ʢʘʪʦ ʧʨʘʚʠʣʦ ʪʦʡ ʩʝ ʷʚʷʚʘ 
ʩ ʪʦʣʢʦʚʘ ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ ʨʘʟʜʝʣʷʥʝ. ʇʦʨʘʜʠ ʩʚʦʷʪʘ ʢʦʤʧʘʢʪʥʦʩʪ (ʥʘ ʧʦʪʦʢʘ) ʠʥʝʨʮʠʦʥʥʠʷ 
ʩʝʧʘʨʘʪʦʨ ʩʝ ʷʚʷʚʘ ʤʥʦʛʦ ʫʜʦʙʝʥ ʟʘ ʏʄ ʠ ʄɺ, ʘ ʩʲʱʦ ʪʘʢʘ ʠ ʧʦʨʘʜʠ ʩʚʦʝʪʦ ʩʨʘʚʥʠʪʝʣʥʦ 
ʥʝʛʦʣʷʤʦ ʘʝʨʦʜʠʥʘʤʠʯʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ, ʝ ʧʨʠʯʠʥʘ ʟʘ ʥʝʛʦʚʦʪʦ ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ. 
ɺ ʢʦʤʧʣʝʢʩʘ Ăʄʘʨʠʮʘ ʀʟʪʦʢñ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ 

ʩʘ 8 ʙʨʦʷ ʧʨʘʚʦʪʦʢʦʚʠ ʢʦʪʣʠ ʪʠʧ ʇʂ 38-4 ʠ 8 ʙʨʦʷ 
ʙʘʨʘʙʘʥʥʠ ʢʦʪʣʠ ʪʠʧ ʇ-62 [3]. ɺ ʜʚʘʪʘ ʪʠʧʘ 
ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ ʩʝ ʠʟʛʘʨʷʪ ʤʝʩʪʥʠ ʣʠʛʥʠʪʥʠ 
ʚʲʛʣʠʱʘ ʚ ʧʨʘʭʦʦʙʨʘʟʥʦ ʩʲʩʪʦʷʥʠʝ. ʉʤʠʣʘʥʝʪʦ 
ʠʤ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʚ ʤʝʣʝʱʠ ʚʝʥʪʠʣʘʪʦʨʠ (ʄɺ), 
ʘ ʛʘʨʘʥʪʠʨʘʥʝʪʦ ʥʘ ʦʧʨʝʜʝʣʝʥʘ ʬʠʥʦʩʪ ʥʘ ʧʨʘʭʘ 
ʩʝ ʧʦʩʪʠʛʘ ʯʨʝʟ ʚʲʛʣʠʱʥʠ ʠʥʝʨʮʠʦʥʥʠ 
ʩʝʧʘʨʘʪʦʨʠ. 
ɺ [4] ʙʝ ʥʘʧʨʘʚʝʥ ʦʙʟʦʨ ʥʘ ʤʦʜʠʬʠʢʘʮʠʠʪʝ, 

ʢʦʠʪʦ ʪʝʟʠ ʩʝʧʘʨʘʪʦʨʠ ʩʘ ʧʨʝʪʲʨʧʝʣʠ ʧʨʝʟ 
ʛʦʜʠʥʠʪʝ. ʎʝʣ ʥʘ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʜʘ ʩʝ 
ʥʘʧʨʘʚʠ ʟʘʜʲʣʙʦʯʝʥ ʘʥʘʣʠʟ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ 
ʢʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʠʥʝʨʮʠʦʥʥʠʪʝ 
ʩʝʧʘʨʘʪʦʨʠ ʥʘ ʢʦʪʣʠ ˉ 11 ʠ ˉ12 ʚ ʊɽʎ ñʄʘʨʠʮʘ 
ʀʟʪʦʢ 2ò, ʚʲʨʭʫ ʝʜʨʠʥʘʪʘ ʥʘ ʧʦʣʫʯʘʚʘʥʠʷ 
ʚʲʛʣʠʱʝʥ ʧʨʘʭ, ʢʘʢʪʦ ʠ ʚʲʨʭʫ ʭʠʜʨʘʚʣʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʢʦʝʪʦ ʫʢʘʟʚʘ ʚʲʨʭʫ 
ʧʨʘʭʦʩʠʩʪʝʤʘʪʘ.  
ʅʘ ʌʠʛ. 1 ʝ ʧʦʢʘʟʘʥ ʧʲʨʚʦʥʘʯʘʣʥʠʷ ʚʠʜ ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʩʝʧʘʨʘʪʦʨ ʢʲʤ ʢʦʪʣʠ ʪʠʧ ʇ-

62. ɺ ʦʙʝʤʘ ʥʘ ʩʝʧʘʨʘʪʦʨʘ ʩʘ ʤʦʥʪʠʨʘʥʠ 7 ʙʨʦʷ ʢʣʘʧʠ, ʥʘʩʦʯʚʘʱʠ ʧʨʘʭʦ-ʛʘʟʦʚʘʪʘ ʩʤʝʩ. 
ʐʝʩʪ ʦʪ ʢʣʘʧʠʪʝ ʩʘ ʥʝʧʦʜʚʠʞʥʠ, ʘ ʝʜʥʘ (ʥʘʡ-ʛʦʨʥʦ ʨʘʟʧʦʣʦʞʝʥʘʪʘ) ʝ ʧʦʜʚʠʞʥʘ, ʢʘʪʦ ʪʷ 
ʠʟʤʝʥʷ ʥʘʢʣʦʥʘ ʩʠ ʚ ʜʠʘʧʘʟʦʥʘ 0Üõ45Ü. ʅʝʧʦʜʚʠʞʥʠʪʝ ʢʣʘʧʠ ʩʘ ʩ ʥʘʢʣʦʥ 35Ü ʠ ʩʘ 
ʨʘʟʧʦʣʦʞʝʥʠ ʚ ʦʙʝʤʘ ʥʘ ʩʝʧʘʨʘʪʦʨʘ ʥʘ ʨʘʟʩʪʦʷʥʠʝ ʦʪ ʧʦ 300 mm ʦʪ ʣʷʚʘʪʘ ʠ ʜʷʩʥʘ ʩʪʝʥʘ 
(ʌʠʛ. 2). 

 
ʌʠʛ. 1 ʇʲʨʚʦʥʘʯʘʣʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ 
ʩʝʧʘʨʘʪʦʨ ʥʘ ʢʦʪʣʠ ʪʠʧ ʇ-62 ï ʩʲʩ 7 ʙʨ. 

ʢʣʘʧʠ 
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ʇʨʝʟ ʛʦʜʠʥʠʪʝ ʪʘʟʠ ʢʦʥʩʪʨʫʢʮʠʷ ʝ ʧʨʝʪʲʨʧʷʣʘ ʥʷʢʦʠ ʧʨʦʤʝʥʠ. ʉ ʮʝʣ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 
ʘʝʨʦʜʠʥʘʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝʪʦ, ʧʲʨʚʦ ʩʘ ʧʨʝʤʘʭʥʘʪʠ 3 ʙʨʦʷ ʢʣʘʧʠ (ʌʠʛ. 2), ʘ ʚ 
ʧʦʩʣʝʜʩʪʚʠʝ ʝ ʧʨʝʤʘʭʥʘʪʘ ʠ ʦʱʝ ʝʜʥʘ (ʌʠʛ. 3).  

  

ʌʠʛ. 2 ʂʦʥʩʪʨʫʢʮʠʷ ʥʘ ʠʥʝʨʮʠʦʥʝʥ ʩʝʧʘʨʘʪʦʨ ʥʘ ʢʦʪʣʠ 
ʪʠʧ ʇ-62 ï ʩ 4 ʙʨ. ʢʣʘʧʠ 

ʌʠʛ. 3 ʂʦʥʩʪʨʫʢʮʠʷ ʥʘ 
ʩʝʧʘʨʘʪʦʨ ʥʘ ʢʦʪʣʠ ʪʠʧ ʇ-62 ï ʩ 

3 ʙʨ. ʢʣʘʧʠ 
ɺ ʦʙʝʤʘ ʥʘ ʩʝʧʘʨʘʪʦʨʘ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʪʨʠ ʢʣʘʧʠ - ʜʚʝ ʥʝʧʦʜʚʠʞʥʠ ʠ ʝʜʥʘ ʧʦʜʚʠʞʥʘ. 

ʇʦʜʚʠʞʥʘʪʘ ʢʣʘʧʘ ʩʝ ʥʘʤʠʨʘ ʧʦʜ ʪʘʚʘʥʘ ʥʘ ʩʝʧʘʨʘʪʦʨʘ, ʘ ʜʠʘʧʘʟʦʥʲʪ ʠ ʥʘ ʠʟʤʝʥʝʥʠʝ ʝ 
ʤʝʞʜʫ 0Ü ʠ 45Ü. ɼʚʝʪʝ ʥʝʧʦʜʚʠʞʥʠ ʢʣʘʧʠ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʧʦʜ ʧʦʜʚʠʞʥʘʪʘ ʥʘ ʨʘʟʩʪʦʷʥʠʝ ʦʪ 
ʪʘʚʘʥʘ ʥʘ ʩʝʧʘʨʘʪʦʨʘ ʩʲʦʪʚʝʪʥʦ 850 mm ʠ 1550 mm, ʘ ʥʘʢʣʦʥʘ ʠʤ ʝ 35Ü. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 
ʞʝʣʘʥʘʪʘ ʟʲʨʥʦʤʝʪʨʠʷ ʥʘ ʠʟʭʦʜʘ ʥʘ ʩʝʧʘʨʘʪʦʨʘ ʩʝ ʧʨʦʤʝʥʷ ʥʘʢʣʦʥʘ ʥʘ ʧʦʜʚʠʞʥʘʪʘ ʢʣʘʧʘ. 
ʆʪ ʜʲʣʛʦʛʦʜʠʰʥʘʪʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʪʝʟʠ ʩʝʧʘʨʘʪʦʨʠ ʠ ʤʥʦʞʝʩʪʚʦ ʧʨʦʚʝʜʝʥʠ ʠʟʧʠʪʘʥʠʷ 

ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʦ-ʪʝʭʥʦʣʦʛʠʯʥʠʷ ʦʪʜʝʣ (ʇʊʆ) ʥʘ ʊɽʎ ñʄʘʨʠʮʘ ʀʟʪʦʢ 2ò ʝ ʥʘʧʨʘʚʝʥʦ 
ʟʘʢʣʶʯʝʥʠʝ, ʯʝ ʨʘʙʦʪʥʠʷʪ ʜʠʘʧʘʟʦʥ ʥʘ ʧʦʜʚʠʞʥʘʪʘ ʢʣʘʧʘ ʝ ʤʝʞʜʫ 0Ü ʠ 20-25Ü. ʆʪ 25Ü ʜʦ 45Ü 
ʢʣʘʧʘʪʘ ʠʤʘ ʦʙʨʘʪʝʥ ʝʬʝʢʪ, ʪ.ʝ. ʚʤʝʩʪʦ ʜʘ ʟʘʬʠʥʷʚʘ ʚʲʛʣʠʱʥʠʷ ʧʨʘʭ ʪʷ ʛʦ ʟʘʛʨʫʙʷʚʘ. 

ɿʘ ʜʘ ʦʮʝʥʠʤ ʨʘʙʦʪʘ ʥʘ ʩʝʛʘʰʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ 
ʥʘ ʩʝʧʘʨʘʪʦʨ ʙʝ ʠʟʧʦʣʟʚʘʥʦ ʮʠʬʨʦʚʦʪʦ 
ʩʠʤʫʣʘʮʠʦʥʥʦ ʤʦʜʝʣʠʨʘʥʝ ʢʘʪʦ ʩʨʝʜʩʪʚʦ ʟʘ 
ʠʟʩʣʝʜʚʘʥʝ.  ʀʟʧʦʣʟʚʘʡʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʜʘʥʥʠ 
(ʌʠʛ. 2 ʠ ʌʠʛ. 3) ʝ ʠʟʛʨʘʜʝʥ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ 
ʥʘʩʪʦʷʱʠʷ ʠʥʝʨʮʠʦʥʝʥ ʩʝʧʘʨʘʪʦʨ ʥʘ ʢʦʪʣʠ ˉ11 ʠ 
ˉ12 ʚ Ăʊɽʎ ʄʘʨʠʮʘ ʀʟʪʦʢ 2ñ. 

ʄʦʜʝʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʠʥʝʨʮʠʦʥʝʥ 
ʩʝʧʘʨʘʪʦʨ 
ʊʝʦʨʝʪʠʯʥʠ ʧʨʝʜʧʦʩʪʘʚʢʠ ʟʘ ʮʠʬʨʦʚʘ ʩʠʤʫʣʘʮʠʷ 

ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʚʲʛʣʠʱʝʥ ʩʝʧʘʨʘʪʦʨ ʙʷʭʘ 
ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʧʨʝʜʭʦʜʥʘ ʧʫʙʣʠʢʘʮʠʷ [4]. ɺ ʥʝʷ ʙʝ 
ʩʲʟʜʘʜʝʥ ʠ ʚʘʣʠʜʠʨʘʥ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʚʲʛʣʠʱʝʥ 
ʠʥʝʨʮʠʦʥʝʥ ʩʝʧʘʨʘʪʦʨ ʩ ʨʝʟʫʣʪʘʪʠ ʦʪ ʥʘʪʫʨʥʠ 
ʠʟʧʠʪʘʥʠʷ.  

ɿʘ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʚ CAD ʩʨʝʜʘ (AutoCAD) ʩʘ ʩʲʟʜʘʜʝʥʠ ʪʨʠʠʟʤʝʨʥʠ ʤʦʜʝʣʠ ʥʘ 
ʥʘʩʪʦʷʱʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʩʝʧʘʨʘʪʦʨʘ (ʌʠʛ. 4) ʧʨʠ ʨʘʟʣʠʯʝʥ ʥʘʢʣʦʥ ʥʘ ʨʝʛʫʣʠʨʫʝʤʘʪʘ 
ʢʣʘʧʘ (0Ü, 10Ü, 20Ü, 30Ü ʠ 45Ü). ɺʲʨʭʫ ʪʘʢʘ ʩʲʟʜʘʜʝʥʠʪʝ 3D ʤʦʜʝʣʠ ʩʘ ʛʝʥʝʨʠʨʘʥʠ 
ʭʝʢʩʘʛʦʥʘʣʥʠ ʠʟʯʠʩʣʠʪʝʣʥʠ ʤʨʝʞʠ ʩʲʩ ʦʢʦʣʦ 200 000 ʝʣʝʤʝʥʪʘ ʠ ʩʘ ʧʨʠʣʦʞʝʥʠ ʢʲʤ 
ʩʧʦʤʝʥʘʪʠʷ ʚʝʨʠʬʠʮʠʨʘʥ ʮʠʬʨʦʚ ʤʦʜʝʣ. 

 
ʌʠʛ. 4 3D ʤʦʜʝʣ ʥʘ ʥʘʩʪʦʷʱʠʷ 

ʩʝʧʘʨʘʪʦʨ (30Ü) 
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ʂʘʪʦ ʚʭʦʜʥʠ ʜʘʥʥʠ ʟʘ ʤʦʜʝʣʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʩʣʝʜʥʠʪʝ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠ 
ʧʘʨʘʤʝʪʨʠ: 

ʊʘʙʣʠʮʘ 1  
ʅʘʯʘʣʥʠ ʫʩʣʦʚʠʷ ʥʘ ʠʟʯʠʩʣʠʪʝʣʝʥ ʤʦʜʝʣ ʥʘ ʩʝʧʘʨʘʪʦʨ ʥʘ ʇʇʉ 

ʢʲʤ ʢʦʪʣʠ ˉ11 ʠ ˉ12 
ɺʝʣʠʯʠʥʘ ʆʟʥʘʯʝʥʠʝ ɼʠʤʝʥʩʠʷ ʉʪʦʡʥʦʩʪ 

ʇʦʣʦʞʝʥʠʝ ʥʘ ʧʦʜʚʠʞʥʘʪʘ 
ʢʣʘʧʘ ʥʘ ʩʝʧʘʨʘʪʦʨʘ 

- grad
o
 0 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʘʝʨʦʩʤʝʩʪʪʘ  t2 
o
C 180 

ʂʦʣʠʯʝʩʪʚʦ ʪʨʘʥʩʧʦʨʪʠʨʘʱ 
ʘʛʝʥʪ ʥʘ ʚʭʦʜʘ ʥʘ ʩʝʧʘʨʘʪʦʨʘ 

Vʤʚ m
3
/h, x10

3
 248 

ʇʨʝʠʟʯʠʩʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ 
ʩʫʨʦʚʦ ʛʦʨʠʚʦ ʥʘ ʚʭʦʜ ʥʘ 
ʩʝʧʘʨʘʪʦʨʘ 

ɺ t/h 72 

 
ɿʘ ʦʮʝʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʪʘ ʥʘ ʠʟʛʨʘʜʝʥʠʷ ʤʦʜʝʣ, ʝ ʠʟʚʲʨʰʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ, ʧʦʣʫʯʝʥʠ ʦʪ ʤʦʜʝʣʘ ʩ ʜʘʥʥʠ ʦʪ ʥʘʪʫʨʥʠ 
ʠʟʧʠʪʘʥʠʷ - ʊʘʙʣʠʮʘ 2. 

ʊʘʙʣʠʮʘ 2 
ʉʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʨʝʟʫʣʪʘʪʠ, ʧʦʣʫʯʝʥʠ ʦʪ ʥʘʪʫʨʥʠ ʠʟʧʠʪʘʥʠʷ ʠ 

ʨʝʟʫʣʪʘʪʠ ʦʪ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʩʝʧʘʨʘʪʦʨ ʥʘ ʇʇʉ 
ʢʲʤ ʢʦʪʣʠ ˉ11 ʠ ˉ12 

ɺʝʣʠʯʠʥʘ 
ʆʟʥʘ-
ʯʝʥʠʝ 

ɼʠʤʝʥ-
ʩʠʷ 

ʅʘʪʫʨʥʠ 
ʠʟʧʠʪʘʥʠʷ 

ʎʠʬʨʦʚ 
ʤʦʜʝʣ 

ʇʦʣʦʞʝʥʠʝ ʥʘ ʧʦʜʚʠʞʥʘʪʘ 
ʢʣʘʧʘ  

- grad
o
 0 0 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʘʝʨʦʩʤʝʩ 
ʩʣʝʜ ʄɺ 

t2 
o
C 183,7 180 

ɺʝʥʪʠʣ. ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ 
ʩʣʝʜ ʩʝʧʘʨʘʪʦʨʘ - ʠʟʤʝʨʝʥʘ 

Vʤʚ  m
3
/h,ʭ10

3
 221,4 221 

ɺʝʥʪʠʣ. ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ 
ʢʦʨʠʛʠʨʘʥʘ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠ 
ʟʘʧʨʘʰʝʥʦʩʪ ʥʘ ʧʦʪʦʢʘ 

Vʤʚ m t2 m
3
/h,ʭ10

3
 215,2 - 

ʇʨʝʠʟʯʠʩʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ 
ʩʫʨʦʚʦ ʛʦʨʠʚʦ ʥʘ ʠʟʭʦʜ ʥʘ 
ʩʝʧʘʨʘʪʦʨʘ - ʪʦʧʣʠʥʝʥ ʙʘʣʘʥʩ 

ɺʤʚ
ʪʦʧʣ,

 t/h 51,65 52 

ʇʨʝʠʟʯʠʩʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ 
ʩʫʨʦʚʦ ʛʦʨʠʚʦ ʥʘ ʠʟʭʦʜ ʥʘ 
ʩʝʧʘʨʘʪʦʨʘ - ʧʨʘʚ ʙʘʣʘʥʩ 

ɺʤʚ
ʧʨʘʚ

 t/h 54,38 - 

ʆʩʪʘʪʲʢ - ʩʠʪʦ ʩ ʨʘʟʤʝʨ  R1000 R1000 % 1,44 - 

ʆʩʪʘʪʲʢ -ʩʠʪʦ ʩ ʨʘʟʤʝʨ R400 R400 % 11,54 - 

ʆʩʪʘʪʲʢ -ʩʠʪʦ ʩ ʨʘʟʤʝʨ R200 R200 % 36,22 - 

ʆʩʪʘʪʲʢ -ʩʠʪʦ ʩ ʨʘʟʤʝʨ R90 R90 % 71,92 - 

ʉʨ. ʜʠʘʤʝʪʲʨ ʥʘ ʚʲʛʣʠʱʥʠʪʝ 
ʯʘʩʪʠʮʠ 

- ɛm 226 222 

ʆʪ ʥʘʧʨʘʚʝʥʦʪʦ ʩʨʘʚʥʝʥʠʝ ʩʝ ʚʠʞʜʘ, ʯʝ ʠʤʘʤʝ ʘʜʝʢʚʘʪʥʦ 
ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʬʠʟʠʯʝʩʢʘʪʘ ʜʝʡʩʪʚʠʪʝʣʥʦʩʪ ʦʪ ʩʪʨʘʥʘ ʥʘ 
ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʠʤʫʣʘʮʠʷ.  
ʉ ʪʘʢʘ ʧʨʦʚʝʨʝʥʠʷ ʤʦʜʝʣ ʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʥʦ ʠʟʩʣʝʜʚʘʥʝ ʧʨʠ 

ʩʲʱʠʪʝ ʥʘʯʘʣʥʠ ʫʩʣʦʚʠʷ, ʥʦ ʧʨʠ ʨʘʟʣʠʯʝʥ ʥʘʢʣʦʥ ʥʘ ʨʝʛʫʣʠʨʫʝʤʘʪʘ 
ʢʣʘʧʘ (0Ü, 10Ü, 20Ü, 30Ü ʠ 45Ü). ʂʘʪʦ ʨʝʟʫʣʪʘʪ ʦʪ ʤʦʜʝʣʥʠʪʝ 
ʠʟʩʣʝʜʚʘʥʠʷ ʩʝ ʧʦʣʫʯʘʚʘ ʛʦʣʷʤ ʦʙʝʤ ʦʪ ʜʘʥʥʠ. ʅʘ ʌʠʛ. 5 ʝ 
ʧʨʝʜʩʪʘʚʝʥ ʩʢʦʨʦʩʪʝʥ ʧʨʦʬʠʣ ʚ ʦʙʝʤʘ ʥʘ ʩʝʧʘʨʘʪʦʨʘ ʧʨʠ 

 

 
ʌʠʛ. 5 ʉʢʦʨʦʩʪʝʥ 
ʧʨʦʬʠʣ ʚ ʦʙʝʤʘ ʥʘ 
ʩʝʧʘʨʘʪʦʨʘ ʧʨʠ 
ʨʘʟʣʠʯʝʥ ʥʘʢʣʦʥ ʥʘ 
ʨʝʛʫʣʠʨʫʝʤʘʪʘ ʢʣʘʧʘ 
(ʦʪʛʦʨʝ ʥʘʜʦʣʫ - 0Ü, 
10Ü, 20Ü, 30Ü ʠ 45Ü)   



 

ȜȸȹȵȸȯȷȯȺȭȯȼȲȴȪ Ȳ ɉȮȺȯȷȪ ȯȷȯȺȭȯȼȲȴȪ   43 
 

 

ʨʘʟʛʣʝʜʘʥʠʪʝ ʩʣʫʯʘʡ. ɿʘ ʧʦ-ʛʦʣʷʤʘ ʧʨʝʛʣʝʜʥʦʩʪ, ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʩʨʝʜʥʠʷ ʜʠʘʤʝʪʲʨ ʥʘ 
ʚʲʛʣʠʱʥʠʪʝ ʯʘʩʪʠʮʠ ʥʘʧʫʩʢʘʱʠ ʩʝʧʘʨʘʪʦʨʘ, ʘʝʨʦʜʠʥʘʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʠ ʧʨʦʮʝʥʪʥʠʷ 
ʜʷʣ ʥʘ ñʛʦʪʦʚʠʷò ʟʘ ʠʟʛʘʨʷʥʝ ʚʲʛʣʠʱʝʥ ʧʨʘʭ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʛʨʘʬʠʯʥʦ ʥʘ ʌʠʛ. 6. 

 
ʌʠʛ. 6 ʈʝʟʫʣʪʘʪʠ ʦʪ ʤʦʜʝʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʩʝʧʘʨʘʪʦʨʘ ʥʘ 

ʇʇʉ ʢʲʤ ʢʦʪʣʠ ˉ11 ʠ ˉ12 

ʉ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʥʘʢʣʦʥʘ ʥʘ ʨʝʛʫʣʠʨʫʝʤʘʪʘ ʢʣʘʧʘ ʦʪ 0Ü ʜʦ 20Ü ʩʝ ʥʘʙʣʶʜʘʚʘ 
ʟʘʬʠʥʷʚʘʥʝ ʥʘ ñʛʦʪʦʚʠʷò ʚʲʛʣʠʱʝʥ ʧʨʘʭ, ʨʝʩʧʝʢʪʠʚʥʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʥʝʛʦʚʦʪʦ ʢʦʣʠʯʝʩʪʚʦ 
ʪ.ʝ. ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʩʪʝʧʝʥʪʘ ʥʘ ʮʠʨʢʫʣʘʮʠʷ. ʇʦ-ʥʘʪʘʪʲʰʥʘʪʘ ʧʨʦʤʷʥʘ ʥʘ ʢʣʘʧʘʪʘ, ʜʦ 45Ü, 
ʚʦʜʠ ʜʦ ʟʘʛʨʫʙʷʚʘʥʝ ʥʘ ʧʨʘʭʘ ʥʘ ʠʟʭʦʜʘ ʦʪ ʩʝʧʘʨʘʪʦʨʘ ʠ ʩʲʦʪʚʝʪʥʦ ʜʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 
ʥʝʛʦʚʦʪʦ ʢʦʣʠʯʝʩʪʚʦ. ʊʝʟʠ ʨʝʟʫʣʪʘʪʠ ʧʦʪʚʲʨʞʜʘʚʘʪ ʪʚʲʨʜʝʥʠʝʪʦ ʥʘ ʇʊʆ, ʯʝ ʨʘʙʦʪʥʠʷ 
ʜʠʘʧʘʟʦʥ ʥʘ ʢʣʘʧʘʪʘ ʝ ʦʪ 0Ü ʜʦ 20Ü. ʆʯʘʢʚʘʥʦ, ʘʝʨʦʜʠʥʘʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘʨʘʩʪʚʘ 
ʧʨʠ ʧʦ-ʛʦʣʷʤ ʲʛʲʣ ʥʘ ʧʦʜʚʠʞʥʘʪʘ ʢʣʘʧʘ.  
ɿʘ ʦʮʝʥʢʘ ʥʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʨʘʙʦʪʥʠʷ ʜʠʘʧʘʟʦʥ ʥʘ ʩʝʧʘʨʘʪʦʨʘ ʙʷʭʘ 

ʧʨʦʚʝʜʝʥʠ ʤʥʦʞʝʩʪʚʦ ʤʦʜʝʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ. ʊʝ ʙʷʭʘ ʩʚʲʨʟʘʥʠ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʠʟʤʝʥʝʥʠʷ 
ʧʦ ʢʦʨʧʫʩʘ ʠ ʬʦʨʤʘʪʘ ʥʘ ʨʝʛʫʣʠʨʫʝʤʘʪʘ ʣʦʧʘʪʢʘ, ʥʦ ʥʝ ʜʦʚʝʜʦʭʘ ʜʦ ʞʝʣʘʥʠʷ ʨʝʟʫʣʪʘʪ.  

 

 
ʌʠʛ. 7 ʀʟʤʝʥʝʥʠʝ ʥʘ ʩʨʝʜʥʘʪʘ ʟʲʨʥʦʤʝʪʨʠʷ ʥʘ ñʛʦʪʦʚʠʷò ʚʲʛʣʠʱʝʥ ʧʨʘʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʢʣʘʧʠʪʝ ʥʘ ʩʝʧʘʨʘʪʦʨʘ 
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˽͔͙͔ͦͦ͗ͤ͡ ͤ͊ ͍͙ͨͦ͒͗ͤ͊ͭ͊ ͊ͨ͊͟͡Σ grad   

˿͔͔ͪ͒ͤ ͙͔͒͊ͣͭΆͪ 

҈ Ϧ͎͍ͦͭͦϦ ͨͪ͊ͻ 

˿Ά͙͍͔͙͔ͨͪͦͭͤ͡ 
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 ʀʟʩʣʝʜʚʘʥʝʪʦ, ʢʦʝʪʦ ʜʦʚʝʜʝ ʜʦ ʠʥʪʝʨʝʩʥʠ ʨʝʟʫʣʪʘʪʠ ʝ ʩʚʲʨʟʘʥʦ ʩ ʧʨʦʤʷʥʘ ʥʘ ʲʛʲʣʘ ʥʘ 
ʥʘʢʣʦʥʘ ʥʘ ʥʝʧʦʜʚʠʞʥʠʪʝ ʢʣʘʧʠ ʦʪ 35Ü ʥʘ 20Ü ʠ 45Ü. ʂʘʪʦ ʨʝʟʫʣʪʘʪ ʦʪ ʪʦʚʘ ʤʦʜʝʣʥʦ 
ʠʟʩʣʝʜʚʘʥʝ, ʥʘ ʌʠʛ. 7 ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʝʜʨʠʥʘʪʘ ʥʘ ñʛʦʪʦʚʠʷò ʟʘ ʠʟʛʘʨʷʥʝ 
ʚʲʛʣʠʱʝʥ ʧʨʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʢʣʘʧʠʪʝ ʧʨʠ ʥʘʩʪʦʷʱʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ. 
ʂʦʥʢʨʝʪʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʟʘ ʩʨʝʜʥʠʷ ʟʲʨʥʦʤʝʪʨʠʯʝʥ ʩʲʩʪʘʚ ʠ ʘʝʨʦʜʠʥʘʤʠʯʥʦʪʦ 
ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʨʘʟʛʣʝʜʘʥʠʪʝ ʩʣʫʯʘʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʛʨʘʬʠʯʥʦ ʯʨʝʟ ʌʠʛ. 8. 

 

 

 
ʌʠʛ. 8 ʉʨʝʜʥʘ ʟʲʨʥʦʤʝʪʨʠʷ ʥʘ ñʛʦʪʦʚʠʷò ʚʲʛʣʠʱʝʥ ʧʨʘʭ ʠ ʘʝʨʦʜʠʥʘʤʠʯʥʦ 
ʩʲʧʨʦʪʠʚʣʝʥʠʝ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʢʣʘʧʠʪʝ ʥʘ ʩʝʧʘʨʘʪʦʨʘ 

 
ɸʥʘʣʠʟ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠʪʝ  
ʅʘ ʦʩʥʦʚʘʪʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʤʦʜʝʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʩʝʧʘʨʘʪʦʨʘ ʥʘ ʇʇʉ 

ʢʲʤ ʢʦʪʣʠ ˉ 11 ʠ ˉ12, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʥʘʧʨʘʚʝʥʠ ʩʣʝʜʥʠʪʝ ʠʟʚʦʜʠ: 

¶ ʈʝʛʫʣʠʨʫʝʤʠʷʪ ʜʠʘʧʘʟʦʥ ʟʘ ʝʜʨʠʥʘʪʘ ʥʘ ʚʲʛʣʠʱʥʠʷ ʧʨʘʭ ʧʨʠ ʥʘʩʪʦʷʱʘʪʘ 
ʢʦʥʩʪʨʫʢʮʠʷ ʩʝ ʠʟʤʝʥʷ ʚ ʠʥʪʝʨʚʘʣʘ ʦʪ 0Ü ʜʦ 20Ü ʥʘ ʧʦʜʚʠʞʥʘʪʘ ʢʣʘʧʘ. ʀʥʪʝʨʚʘʣʲʪ ʥʘ 
ʠʟʤʝʥʝʥʠʝ ʥʘ ʟʲʨʥʦʤʝʪʨʠʷʪʘ ʝ 170 Õm - ʦʪ 52 ʜʦ 222 Õm (ʬʠʛ. 6); 

¶ ʇʨʦʤʷʥʘʪʘ ʥʘ ʲʛʲʣʘ ʥʘ ʥʘʢʣʦʥ ʥʘ ʥʝʧʦʜʚʠʞʥʠʪʝ ʢʣʘʧʠ ʦʪ 35Ü ʥʘ 20Ü ʱʝ ʜʦʚʝʜʝ ʜʦ 
ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʠʥʪʝʨʚʘʣʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʟʲʨʥʦʤʝʪʨʠʷʪʘ (179 Õm), ʥʦ ʧʨʠ ʧʦ-
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˽͔͙͔ͦͦ͗ͤ͡ ͤ͊ ͍͙ͨͦ͒͗ͤ͊ͭ͊ ͊ͨ͊͟͡Σ grad   

20  ͤ ͊ ͔͍͙͙͔ͤͨͦ͒͗ͤͭ ͙͊ͨ͟͡ 

35  ͤ ͊ ͔͍͙͙͔ͤͨͦ͒͗ͤͭ ͙͊ͨ͟͡ 

45  ͤ ͊ ͔͍͙͙͔ͤͨͦ͒͗ͤͭ ͙͊ͨ͟͡ 



 

ȜȸȹȵȸȯȷȯȺȭȯȼȲȴȪ Ȳ ɉȮȺȯȷȪ ȯȷȯȺȭȯȼȲȴȪ   45 
 

 

ʛʨʫʙʘ ʬʨʘʢʮʠʷ ʦʪ 89 ʜʦ 268 Õm. ʊʦʚʘ ʠʟʤʝʥʝʥʠʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʦ-ʧʣʘʚʥʦ (ʧʦ-
ʝʜʥʦʟʥʘʯʥʦ) ʦʪ 0Ü ʜʦ 30Ü ʥʘ ʧʦʜʚʠʞʥʘʪʘ ʢʣʘʧʘ (ʌʠʛ. 8); 

¶ ʇʦʩʪʘʚʷʥʝʪʦ ʥʘ ʥʝʧʦʜʚʠʞʥʠʪʝ ʢʣʘʧʠ ʧʦʜ ʲʛʲʣ 45Ü, ʥʘʤʘʣʷʚʘ ʠʥʪʝʨʚʘʣʘ ʥʘ 
ʠʟʤʝʥʝʥʠʝ ʥʘ ʟʲʨʥʦʤʝʪʨʠʯʥʠʷ ʩʲʩʪʘʚ (63 Õm) ï ʦʪ 79 ʜʦ 142 Õm (ʌʠʛ. 8); 

¶ ʇʨʠ ʧʦʩʪʘʚʷʥʝʪʦ ʥʘ ʥʝʧʦʜʚʠʞʥʠʪʝ ʢʣʘʧʠ ʧʦʜ ʲʛʲʣ ʦʪ 20Ü ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʦʚʠʰʘʚʘʥʝ 
ʥʘ ʘʝʨʦʜʠʥʘʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʩʝʧʘʨʘʪʦʨʘ. ʊʦʚʘ ʧʦʚʠʰʘʚʘʥʝ ʝ ʟʘ ʨʘʙʦʪʥʠʷ 
ʜʠʘʧʘʟʦʥ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʧʦʜʚʠʞʥʘʪʘ ʢʣʘʧʘ ʦʪ 0Ü ʜʦ 20Ü (ʌʠʛ. 8).  
 
ʃʠʪʝʨʘʪʫʨʘ 

1. ʃʝʚʠʪ ɻ.ʊ., ʀʩʧʠʪʘʥʠʝ ʧʠʣʝʧʨʠʛʦʦʪʚʠʪʝʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ, ɽʥʝʨʛʠʷ, ʄʦʩʢʚʘ, 1977. 
2. ɻʝʦʨʛʠʝʚ ɸ., ʎʚʝʪʘʥʩʢʠ ɸ., ɽʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʧʨʘʭʦʧʨʠʛʦʪʚʷʱʠ ʩʠʩʪʝʤʠ. ʊʝʭʥʠʢʘ, 1971. 
3. ʊʦʜʦʨʠʝʚ ʅ., ʏʦʨʙʘʜʞʠʡʩʢʠ ʀ., ɽʥʝʨʛʠʡʥʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ, ɼʀ "ʊʝʭʥʠʢʘ", 1983. 
4. ɸʥʛʝʣʦʚ ɹ., ʂ. ʊʦʜʦʨʦʚ, ɺ. ʈʘʜʝʥʢʦʚ., Ăʄʦʜʝʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʚʲʛʣʠʱʝʥ ʠʥʝʨʮʠʦʥʝʥ 
ʩʝʧʘʨʘʪʦʨ, ʯʘʩʪ ʦʪ ʧʨʘʭʦʧʨʠʛʦʪʚʷʱʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʢʦʪʣʠ ʚ Ăʊɽʎ ʄʘʨʠʮʘ ʀʟʪʦʢ 2ñ, XIX-ʪʘ 
ʅʘʫʯʥʘ ʂʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʦ ʫʯʘʩʪʠʝ ɽʄʌ ó2014, (14 ï 17) ʩʝʧʪʝʤʚʨʠ 2014, 
ʉʦʟʦʧʦʣ. 

 
 
ʧʨʦʬ. ʜ-ʨ ʊʦʪʴʦ ʊʦʪʝʚ, ʊʋ-ʉʦʬʠʷ, ʢʘʪʝʜʨʘ Ăʊʦʧʣʦʝʥʝʨʛʝʪʠʢʘ ʠ ʷʜʨʝʥʘ ʝʥʝʨʛʝʪʠʢʘñ, ʪʝʣ.: 

02 956 22 95, e-mail: t-totev@tu-sofia.bg 
ʤʘʛ. ʠʥʞ. ɺʘʩʠʣ ʈʘʜʝʥʢʦʚ, ʊʋ-ʉʦʬʠʷ, ʢʘʪʝʜʨʘ Ăʊʦʧʣʦʝʥʝʨʛʝʪʠʢʘ ʠ ʷʜʨʝʥʘ ʝʥʝʨʛʝʪʠʢʘñ, e-

mail: vradenkov@gmail.com 
ʤʘʛ. ʠʥʞ. ɹʦʨʠʩʣʘʚ ɸʥʛʝʣʦʚ, ʊʋ-ʉʦʬʠʷ, ʢʘʪʝʜʨʘ Ăʊʦʧʣʦʝʥʝʨʛʝʪʠʢʘ ʠ ʷʜʨʝʥʘ ʝʥʝʨʛʝʪʠʢʘñ, 

e-mail: b_angelov@tu-sofia.bg 
  

mailto:t-totev@tu-sofia.bg
mailto:vradenkov@gmail.com
mailto:b_angelov@tu-sofia.bg


 
46  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

 
 
 

ʀʟʛʨʘʞʜʘʥʝ ʠ ʚʘʣʠʜʠʨʘʥʝ ʥʘ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ 
ʥʘ ʢʦʪʝʣ ʩʪ. ˉ 12 ʚ ñʊɽʎ ʄʘʨʠʮʘ ʀʟʪʦʢ 2ò 

 
ɹʦʨʠʩʣʘʚ ɸʥʛʝʣʦʚ 

 
ʉʲʟʜʘʜʝʥ ʝ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʩ ʧʨʦʝʢʪʥʘ ʛʦʨʠʚʥʘ ʫʨʝʜʙʘ ʥʘ ʢʦʪʝʣ 

ʩʪ. ˉ 12 ʚ ñʊɽʎ ʄʘʨʠʮʘ ʀʟʪʦʢ 2ò. ʄʦʜʝʣʲʪ ʝ ʚʘʣʠʜʠʨʘʥ ʯʨʝʟ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʩʪʦʡʥʦʩʪʠ 
ʦʪ ʧʨʦʝʢʪʥʠ ʠʟʯʠʩʣʝʥʠʷ. ʅʘʧʨʘʚʝʥ ʝ ʘʥʘʣʠʟ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʚʘʣʠʜʠʨʘʥʠʷ ʮʠʬʨʦʚ 
ʤʦʜʝʣ. 

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʢʦʪʝʣ, ʧʝʱʥʘ ʢʘʤʝʨʘ, ʛʦʨʠʚʥʘ ʫʨʝʜʙʘ, ʮʠʬʨʦʚ ʤʦʜʝʣ, ʚʘʣʠʜʠʨʘʥʝ 

 

Preparation and validation of numerical model of combustion chamber behavior of 
boiler No12 at TPP Maritsa East 2 

 
Borislav Angelov 

 
A numerical model of combustion chamber with design burners of boiler No12 at TPP Maritsa 

East 2 is prepared. The model is validated through comparison with design calculation values. 
Results from the validated numerical model are analyzed. 

 
Keywords: boiler, combustion chamber, burners, numerical model, validation 
 
ɺʲʚʝʜʝʥʠʝ 
ɺ Ăʊɽʎ ʄʘʨʠʮʘ ʀʟʪʦʢ 2ñ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ ʩʘ 4 ʙʨʦʷ ʙʘʨʘʙʘʥʥʠ ʢʦʪʣʠ ʪʠʧ ɽʧ 670/140 (ʇ-62), 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʇʦʜʦʣʩʢʠʷ ʢʦʪʣʦʩʪʨʦʠʪʝʣʝʥ ʟʘʚʦʜ (ʌʠʛ. 1). ʊʝʟʠ ʢʦʪʣʠ, ʠʟʛʘʨʷʱʠ ʣʠʛʥʠʪʥʠ 
ʚʲʛʣʠʱʘ, ʦʙʦʟʥʘʯʝʥʠ ʩʲʩ ʩʪ. ˉ 9, 10, 11 ʠ 12 ʩʘ ʚʲʚʝʜʝʥʠ ʚ ʨʘʙʦʪʘ ʧʨʝʟ ʧʝʨʠʦʜʘ 1985 õ 1995 ʛ. 
ʂʦʪʝʣ ʇ-62 ʝ ʩʥʘʙʜʝʥ ʩ 8 ʙʨʦʷ ʠʥʜʠʚʠʜʫʘʣʥʠ ʧʨʘʭʦʧʨʠʛʦʪʚʷʱʠ ʩʠʩʪʝʤʠ (ʇʇʉ), ʧʦ 2 ʙʨ. 

ʥʘ ʚʩʷʢʘ ʦʪ ʯʝʪʠʨʠʪʝ 
ʩʪʝʥʠ. ʇʇʉ ʩʘ ʩ ʧʨʷʢʦ 
ʚʜʫʭʚʘʥʝ ʩ ʧʨʘʭʦʢʦʥ-
ʮʝʥʪʨʘʪʦʨʠ ʠ ʩʘ ʧʨʝʜ-
ʥʘʟʥʘʯʝʥʠ ʜʘ ʜʦʟʠʨʘʪ, 
ʪʨʘʥʩʧʦʨʪʠʨʘʪ, ʧʦʜʩʫ-
ʰʘʚʘʪ, ʩʤʠʣʘʪ ʠ ʧʦʜʘ-
ʚʘʪ ʩʤʣʷʥʦʪʦ ʛʦʨʠʚʦ 
ʢʲʤ ʢʦʪʝʣʘ. 
ɺ ʊɽʎ "ʄʘʨʠʮʘ 

ʀʟʪʦʢ 2" ʜʚʘ ʦʪ ʢʦʪ-
ʣʠʪʝ ʪʠʧ ʇ-62 ʩʘ ʩ ʧʨʦ-
ʝʢʪʥʠ ʛʦʨʠʚʥʠ ʫʨʝʜʙʠ, 
ʪʦʚʘ ʩʘ ʢʦʪʣʠ ʩʪ. ˉ 11 
ʠ ʩʪ. ˉ 12. 

ɺ [1] ʝ ʥʘʧʨʘʚʝʥʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʠʝ ʠ ʝ ʧʨʝʜʩʪʘʚʝʥ ʦʙʱʠʷ ʚʠʜ ʥʘ ʧʨʦʝʢʪʥʠʪʝ ʛʦʨʠʚʥʠ 
ʫʨʝʜʙʠ ʥʘ ʢʦʪʣʠ ʪʠʧ ʇ-62. 
ʆʧʠʪʲʪ, ʥʘʪʨʫʧʘʥ ʧʦ ʚʨʝʤʝ ʥʘ ʜʲʣʛʦʛʦʜʠʰʥʘʪʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʢʦʪʝʣ ʩʪ. ˉ 12 ʚ ʊɽʎ 

Ăʄʘʨʠʮʘ ʀʟʪʦʢ 2ò ɽɸɼ, ʢʘʢʪʦ ʠ ʧʨʦʚʝʜʝʥʠʪʝ ʨʝʜʠʮʘ ʥʘʪʫʨʥʠ ʠʟʧʠʪʘʥʠʷ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʦ-
ʪʝʭʥʦʣʦʛʠʯʥʠʷ ʦʪʜʝʣ (ʇʊʆ) ʥʘ ʮʝʥʪʨʘʣʘʪʘ, ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʢʦʥʢʨʝʪʠʟʠʨʘʪ ʩʣʝʜʥʠʪʝ 
ʥʝʞʝʣʘʥʠ ʧʨʦʷʚʣʝʥʠʷ: 

 
ʌʠʛ. 1  ʆʙʱ ʚʠʜ ʥʘ ʢʦʪʝʣ ʪʠʧ  ɽʧ 670/140 (ʇ-62) 



 

ȜȸȹȵȸȯȷȯȺȭȯȼȲȴȪ Ȳ ɉȮȺȯȷȪ ȯȷȯȺȭȯȼȲȴȪ   47 
 

 

ü ʇʦʩʪʝʧʝʥʥʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʚ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ, ʚ ʧʨʦʮʝʩʘ ʥʘ ʪʷʭʥʘʪʘ 
ʝʢʩʧʣʦʘʪʘʮʠʷ; 

ü ʂʘʪʦ ʨʝʟʫʣʪʘʪ ʦʪ ʧʦʚʠʰʝʥʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝ ʫʚʝʣʠʯʘʚʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʦʪ ʦʙʨʘʟʫʚʘʥʝ ʥʘ 
ʤʠʥʝʨʘʣʥʠ ʦʪʣʦʞʝʥʠʷ ʧʦ ʝʢʨʘʥʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ; 

ü ʊʲʨʩʝʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʚʲʟʜʝʡʩʪʚʠʷ ʩ ʮʝʣ ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʯʘʩʪ ʦʪ ʧʦ-ʛʦʨʝ ʧʦʩʦʯʝʥʠʪʝ 
ʧʨʦʙʣʝʤʠ, ʝ ʜʦʚʝʣʦ ʜʦ ʧʦʜʘʚʘʥʝʪʦ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʢʦʣʠʯʝʩʪʚʦ ʚʲʟʜʫʭ. ʅʘ ʦʧʨʝʜʝʣʝʥ 
ʝʪʘʧ, ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʦʚʘ ʩʨʝʜʩʪʚʦ ʝ ʜʘʚʘʣʦ ʠʟʚʝʩʪʥʠ ʨʝʟʫʣʪʘʪʠ, ʥʝʟʘʚʠʩʠʤʦ, ʯʝ ʝ 
ʚʦʜʝʣʦ ʜʦ ʧʨʦʙʣʝʤʠ ʩ ʧʦʥʠʞʘʚʘʥʝʪʦ ʥʘ ʂʇɼ; ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʥʘʪʦʚʘʨʚʘʥʝʪʦ ʥʘ 
ʚʲʟʜʫʰʥʠʪʝ ʠ ʜʠʤʥʠʪʝ ʚʝʥʪʠʣʘʪʦʨʠ ʠ ʜʨ.; 

ü ʉ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʥʦʚʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʥʦʨʤʠʪʝ ʟʘ ʜʦʧʫʩʪʠʤʠ ʝʤʠʩʠʠ ʦʪ ʘʟʦʪʥʠ ʦʢʩʠʜʠ 
ʜʦ 200 mg/Nm3 (O2 = 6 vol %) ʦʪ 01.01.2016 ʛ., ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʨʝʜʩʪʚʦʪʦ 
Ăʜʦʧʲʣʥʠʪʝʣʝʥ ʚʲʟʜʫʭñ, ʩʪʘʚʘ ʥʝʧʨʠʣʦʞʠʤʦ, ʪ.ʝ. ʥʘʣʘʛʘ ʩʝ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʪʲʨʩʝʥʝ 
ʥʘ ʧʦ ʜʨʘʩʪʠʯʥʠ ʤʝʨʢʠ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʢʲʤ ʢʦʪʝʣʘ. 

ɿʘ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʜʘʣʠ ʝ ʚʲʟʤʦʞʥʦ ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʪʘʢʘ ʥʘʪʨʫʧʘʣʠʪʝ ʩʝ ʧʨʦʙʣʝʤʠ ʤʦʛʘʪ 
ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʨʝʜʩʪʚʘʪʘ ʥʘ ʮʠʬʨʦʚʦʪʦ ʤʦʜʝʣʠʨʘʥʝ. 

ʄʦʜʝʣ ʟʘ ʠʟʛʘʨʷʥʝʪʦ ʥʘ ʚʲʛʣʠʱʘ ʚ ʩʠʤʫʣʘʮʠʦʥʥʘʪʘ ʩʨʝʜʘ ANSYS CFX 
ɿʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʢʦʪʝʣ ʩʪ. ˉ 12 ʚ 

ñʊɽʎ ʄʘʨʠʮʘ ʀʟʪʦʢ 2ò ʝ ʠʟʧʦʣʟʚʘʥ ʧʨʦʛʨʘʤʥʠʷ ʧʨʦʜʫʢʪ ANSYS CFX. ʉʠʤʫʣʠʨʘʥʝʪʦ ʥʘ 
ʠʟʛʘʨʷʥʝ ʥʘ ʚʲʛʣʠʱʘ ʚ ʪʦʟʠ ʧʨʦʛʨʘʤʝʥ ʧʨʦʜʫʢʪ ʩʝ ʠʟʨʘʟʷʚʘ ʯʨʝʟ ʢʦʤʙʠʥʠʨʘʥʝ ʥʘ ʠʟʯʠʩʣʝʥʠʷ 
ʟʘ ʪʨʘʥʩʧʦʨʪʠʨʘʥʝ ʥʘ ʚʲʛʣʠʱʥʠʪʝ ʯʘʩʪʠʮʠ ʩ ʠʟʯʠʩʣʝʥʠʷ ʟʘ ʚʠʭʨʦʚʦ ʨʘʟʩʝʡʚʘʥʝ ʧʨʠ 
ʠʟʛʘʨʷʥʝʪʦ ʥʘ ʣʝʪʣʠʚʠʪʝ ʛʘʟʦʚʝ ʚ ʛʘʟʦʚʘʪʘ ʬʘʟʘ. 
ɻʦʨʝʥʝʪʦ ʥʘ ʪʚʲʨʜʦ ʛʦʨʠʚʦ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʥʷʢʦʣʢʦ ʝʪʘʧʘ: ʧʦʜʛʨʷʚʘʥʝ ʠ ʧʦʜʩʫʰʘʚʘʥʝ ʥʘ 

ʛʦʨʠʚʦʪʦ, ʦʪʜʝʣʷʥʝ ʥʘ ʣʝʪʣʠʚʠ ʠ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʢʦʢʩ, ʛʦʨʝʥʝ ʥʘ ʣʝʪʣʠʚʠʪʝ ʠ ʥʘ ʢʦʢʩʘ. 
ɻʦʨʝʥʝʪʦ ʚ ʛʘʟʦʚʘ ʩʨʝʜʘ ʩʝ ʤʦʜʝʣʠʨʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʝʜʥʦʬʘʟʥʠ ʨʝʘʢʮʠʠ. ʊʨʘʥʩʧʦʨʪʥʦʪʦ 
ʫʨʘʚʥʝʥʠʝ ʩʝ ʨʝʰʘʚʘ ʟʘ ʚʩʷʢʦ ʚʝʱʝʩʪʚʦ, ʦʪʜʝʣʝʥʦ ʦʪ ʯʘʩʪʠʮʠʪʝ ʛʦʨʠʚʦ. ʃʝʪʣʠʚʠʪʝ 
ʚʝʱʝʩʪʚʘ ʤʦʛʘʪ ʜʘ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʯʠʩʪʠ ʚʝʱʝʩʪʚʘ, ʩʤʝʩ ʩ ʬʠʢʩʠʨʘʥ ʩʲʩʪʘʚ ʠʣʠ ʥʷʢʦʣʢʦ 
ʥʝʟʘʚʠʩʠʤʠ ʚʝʱʝʩʪʚʘ. 
ɺʲʚʝʞʜʘʥʠʪʝ ʚʭʦʜʥʠ ʜʘʥʥʠ ʚ ʩʦʬʪʫʝʨʘ ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘʪ ʚʩʠʯʢʠ 

ʩʚʦʡʩʪʚʘ ʥʘ ʪʚʲʨʜʦ ʚʲʛʣʝʚʦʜʦʨʦʜʥʦ ʛʦʨʠʚʦ. ɺʲʚʝʜʝʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ 
ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʥʘʯʘʣʥʠʷ ʤʘʩʦʚ ʜʷʣ ʥʘ ʯʘʩʪʠʮʠʪʝ, ʤʘʪʝʨʠʘʣʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʦʪʜʝʣʝʥʠʪʝ 
ʣʝʪʣʠʚʠ ʚʝʱʝʩʪʚʘ, ʢʘʢʪʦ ʠ ʟʘ ʩʪʝʭʠʦʤʝʪʨʠʯʥʠ ʠʣʠ ʤʘʩʦʚʠ ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ ʨʝʘʢʮʠʠʪʝ.  
ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʚʲʛʣʝʨʦʜ, ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ ʚ ʣʝʪʣʠʚʠʪʝ ʚʝʱʝʩʪʚʘ ʩʝ ʠʟʯʠʩʣʷʚʘ ʥʘ 

ʙʘʟʘ ʥʘ ʝʣʝʤʝʥʪʥʠʷ ʩʲʩʪʘʚ ʥʘ ʛʦʨʠʚʦʪʦ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʦʧʨʝʜʝʣʷ ʩʪʝʭʠʦʤʝʪʨʠʯʥʠʪʝ 
ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ ʨʝʘʢʮʠʠʪʝ ʚ ʛʘʟʦʚʘʪʘ ʬʘʟʘ, ʚʢʣʶʯʚʘʱʠ ʣʝʪʣʠʚʠʪʝ. ʂʦʛʘʪʦ ʘʟʦʪʥʠʷʪ ʤʦʜʝʣ ʝ 
ʚʢʣʶʯʝʥ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʢʦʨʝʢʮʠʷ, ʦʪʯʠʪʘʱʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʚʲʛʣʝʨʦʜ ʠ ʚʦʜʦʨʦʜ, ʦʪʜʝʣʝʥʠ 
ʢʘʪʦ HCN. 

1. ʄʦʜʝʣ ʥʘ ʦʪʜʝʣʷʥʝʪʦ ʥʘ ʣʝʪʣʠʚʠʪʝ ʠ ʦʢʠʩʣʝʥʠʝʪʦ ʥʘ ʢʦʢʩʘ 
ʏʘʩʪʠʮʠʪʝ ʚʲʛʣʠʱʝʥ ʧʨʘʭ ʩʝ ʪʨʝʪʠʨʘʪ ʚ ANSYS CFX ʢʘʪʦ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʘʱʠ ʩʬʝʨʠ ʩ 

ʧʨʦʪʠʯʘʱʠ ʚʲʪʨʝʰʥʠ ʨʝʘʢʮʠʠ, ʪʦʧʣʦʦʙʤʝʥ ʠ ʥʘʧʲʣʥʦ ʩʚʲʨʟʘʥʠ ʧʦ ʤʘʩʘ, ʤʦʤʝʥʪ ʠ ʝʥʝʨʛʠʷ ʩ 
ʛʘʟʦʚʘʪʘ ʬʘʟʘ.  
ʆʪʜʝʣʷʥʝʪʦ ʥʘ ʣʝʪʣʠʚʠ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʤʦʜʝʣʠʨʘ ʢʘʪʦ ʝʜʥʦʩʪʲʧʢʦʚ ʠʣʠ ʜʚʫʩʪʲʧʢʦʚ 

ʧʨʦʮʝʩ. ʆʢʠʩʣʝʥʠʝʪʦ ʥʘ ʢʦʢʩʘ ʩʝ ʤʦʜʝʣʠʨʘ ʠʣʠ ʢʘʪʦ ʛʣʦʙʘʣʥʘ ʨʝʘʢʮʠʷ ʠʣʠ ʠʟʧʦʣʟʚʘʡʢʠ 
ʘʥʘʣʠʪʠʯʥʦ ʨʝʰʝʥʠʝ ʟʘ ʜʠʬʫʟʠʷʪʘ ʠ ʨʝʘʢʮʠʷʪʘ ʥʘ ʢʠʩʣʦʨʦʜʘ ʚʲʪʨʝ ʚ ʧʦʨʠʪʝ ʥʘ ʢʦʢʩʦʚʘʪʘ 
ʯʘʩʪʠʮʘ. 
ʇʨʦʮʝʩʠʪʝ ʥʘ ʦʪʜʝʣʷʥʝ ʥʘ ʣʝʪʣʠʚʠʪʝ ʚʝʱʝʩʪʚʘ ʠ ʦʢʠʩʣʝʥʠʝ ʥʘ ʢʦʢʩʘ ʤʦʛʘʪ ʜʘ ʚʲʟʥʠʢʥʘʪ 

ʟʘ ʚʨʝʤʝ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ ʤʠʣʠʩʝʢʫʥʜʠ, ʢʦʠʪʦ ʩʘ ʩ ʥʷʢʦʣʢʦ ʧʦʨʷʜʲʢʘ ʧʦ-ʤʘʣʢʠ ʦʪ ʪʠʧʠʯʥʦʪʦ 
ʚʨʝʤʝ ʟʘ ʧʨʝʩʪʦʡ ʥʘ ʯʘʩʪʠʮʘʪʘ ʚ ʧʝʱʪʘ. ɻʦʣʝʤʠʪʝ ʚʨʝʤʝʚʠ ʚʘʨʠʘʮʠʠ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ 
ʫʨʘʚʥʝʥʠʷ ʩ ʥʝʫʩʪʦʡʯʠʚʦ ʨʝʰʝʥʠʝ (ʪʚʲʨʜʠ ʫʨʘʚʥʝʥʠʷ), ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʧʨʠʯʠʥʷʪ ʧʨʦʙʣʝʤʠ ʚ 
ʪʦʯʥʦʩʪʪʘ ʩ ʦʧʨʝʜʝʣʝʥʠ ʠʥʪʝʛʨʘʮʠʦʥʥʠ ʘʣʛʦʨʠʪʤʠ. ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʷʪ ʤʦʜʝʣ ʚ 
ANSYS CFX ʩʝ ʙʘʟʠʨʘ ʥʘ ʚʨʝʤʝʚʠ ʩʪʲʧʢʠ, ʟʘʚʠʩʝʱʠ ʦʪ ʩʢʦʨʦʩʪʪʘ ʥʘ ʨʝʘʢʮʠʷʪʘ, ʩ ʮʝʣ ʜʘ ʩʝ 
ʦʩʠʛʫʨʠ ʥʫʞʥʘʪʘ ʪʦʯʥʦʩʪ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ.  



 
48  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

ʈʝʘʢʮʠʠʪʝ ʦʧʠʩʚʘʱʠ ʠʟʛʘʨʷʥʝʪʦ ʥʘ ʚʲʛʣʠʱʘ ʠʟʠʩʢʚʘʪ ʤʦʜʝʣ ʟʘ ʦʢʠʩʣʷʚʘʥʝ ʥʘ ʢʦʢʩʘ.  
ʉʣʝʜ ʦʪʜʝʣʷʥʝ ʥʘ ʣʝʪʣʠʚʠʪʝ ʚʝʱʝʩʪʚʘ ʠ ʠʟʛʘʨʷʥʝ ʥʘ ʦʩʥʦʚʥʘʪʘ ʠʤ ʤʘʩʘ, ʢʦʢʩʲʪ ʜʦʩʪʠʛʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʷʪʦ ʟʘʧʦʯʚʘ ʥʝʛʦʚʦʪʦ ʛʦʨʝʥʝ. ʇʦ-ʥʘʪʘʪʲʢ ʛʦʨʝʥʝʪʦ ʥʘ ʣʝʪʣʠʚʠʪʝ ʠ ʥʘ 
ʢʦʢʩʘ ʧʨʦʪʠʯʘʪ ʫʩʧʦʨʝʜʥʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʩʲʚʤʝʩʪʥʦʪʦ ʛʦʨʝʥʝ, ʥʦ ʩ 
ʥʷʢʘʢʚʦ ʠʟʧʨʝʚʘʨʚʘʥʝ ʥʘ ʛʦʨʝʥʝʪʦ ʥʘ ʣʝʪʣʠʚʠʪʝ. ʆʢʠʩʣʝʥʠʝʪʦ ʥʘ ʢʦʢʩʘ ʩʝ ʤʦʜʝʣʠʨʘ ʠʣʠ 
ʢʘʪʦ ʛʣʦʙʘʣʥʘ ʨʝʘʢʮʠʷ (ʤʦʜʝʣ ʥʘ ʌʠʡʣʜ) ʠʣʠ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʦʧʨʦʩʪʝʥ ʘʥʘʣʠʪʠʯʝʥ 
ʧʦʜʭʦʜ ʟʘ ʜʠʬʫʟʠʷʪʘ ʥʘ ʢʠʩʣʦʨʦʜʘ ʚ ʤʝʞʜʫʤʦʣʝʢʫʣʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʧʦʨʠʪʝ) ʥʘ ʯʘʩʪʠʮʠʪʝ 
ʢʦʢʩ (ʤʦʜʝʣ ʥʘ ɻʠʙ). ɺ ʢʦʥʢʨʝʪʥʠʷʪ ʤʦʜʝʣ ʝ ʧʨʠʣʦʞʝʥ ʤʦʜʝʣʘ ʥʘ ʌʠʡʣʜ ʟʘ ʦʢʠʩʣʝʥʠʝ ʥʘ 
ʢʦʢʩʦʚʠʪʝ ʯʘʩʪʠʮʠ. 
2. ʄʦʜʝʣ ʥʘ ʌʠʡʣʜ ʟʘ ʦʢʠʩʣʝʥʠʝ ʥʘ ʢʦʢʩʘ 
ɺ ʤʦʜʝʣʘ ʥʘ ʌʠʡʣʜ, ʩʝ ʧʨʠʝʤʘ, ʯʝ ʢʦʢʩʦʚʘʪʘ ʯʘʩʪʠʮʘ ʝ ʩʬʝʨʘ ʟʘʦʙʠʢʦʣʝʥʘ ʦʪ ʙʘʚʥʦ 

ʧʨʦʤʝʥʷʱ ʩʝ ʛʨʘʥʠʯʝʥ ʩʣʦʡ, ʧʨʝʟ ʢʦʡʪʦ ʢʠʩʣʦʨʦʜʘ ʪʨʷʙʚʘ ʜʘ ʜʠʬʫʥʜʠʨʘ ʧʨʝʜʠ ʜʘ 
ʚʟʘʠʤʦʜʝʡʩʪʚʘ ʩ ʢʦʢʩʘ. ʇʨʝʩʤʷʪʘʥʝʪʦ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʨʝʘʢʮʠʷʪʘ ʥʘ ʦʢʠʩʣʝʥʠʝ ʥʘ ʢʦʢʩʘ ʩʝ 
ʦʩʥʦʚʘʚʘ ʥʘ ʜʦʧʫʩʢʘʥʝʪʦ, ʯʝ ʧʨʦʮʝʩʘ ʝ ʦʛʨʘʥʠʯʝʥ ʦʪ ʜʠʬʫʟʠʷʪʘ ʥʘ ʢʠʩʣʦʨʦʜ ʧʦ ʚʲʥʰʥʘʪʘ 
ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʢʦʢʩʦʚʘʪʘ ʯʘʩʪʠʮʘ ʠ ʦʪ ʨʝʘʢʮʠʦʥʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʢʦʢʩʘ. 
ʈʝʘʛʠʨʘʥʝʪʦ ʥʘ ʢʦʢʩʘ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʠʬʫʟʠʷ ʥʘ ʢʠʩʣʦʨʦʜ ʢʲʤ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʯʘʩʪʠʮʘʪʘ ʠ ʦʪ ʩʢʦʨʦʩʪʪʘ ʥʘ ʭʠʤʠʯʥʘʪʘ ʨʝʘʢʮʠʷ ʧʨʦʪʠʯʘʱʘ ʥʘ 
ʧʦʚʲʨʭʥʦʩʪʪʘ. ɼʦʧʫʩʢʘ ʩʝ, ʯʝ ʨʝʘʢʮʠʷʪʘ ʧʨʦʪʠʯʘʱʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʯʘʩʪʠʮʘʪʘ ʝ ʦʪ 
ʧʲʨʚʠ ʧʦʨʷʜʲʢ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʤʦʣʘʨʥʘʪʘ ʬʨʘʢʮʠʷ ʥʘ ʢʠʩʣʦʨʦʜʘ. 
ʉʢʦʨʦʩʪʪʘ ʥʘ ʢʠʩʣʦʨʦʜʥʘʪʘ ʜʠʬʫʟʠʷ ʟʘ ʝʜʠʥʠʮʘ ʧʣʦʱ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʯʘʩʪʠʮʘʪʘ ʝ 

ʜʘʜʝʥʘ ʯʨʝʟ kd(Xg-Xs), ʢʲʜʝʪʦ Xg ʝ ʤʦʣʘʨʥʘʪʘ ʬʨʘʢʮʠʷ ʥʘ ʢʠʩʣʦʨʦʜʘ ʚ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ, ʢʦʠʪʦ 
ʩʘ ʦʪʜʘʣʝʯʝʥʠ ʦʪ ʛʨʘʥʠʯʥʠʷ ʩʣʦʡ ʥʘ ʯʘʩʪʠʮʘʪʘ, ʘ Xs - ʤʦʣʘʨʥʘʪʘ ʬʨʘʢʮʠʷ ʥʘ ʢʠʩʣʦʨʦʜʘ ʥʘ 
ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʯʘʩʪʠʮʘʪʘ. kd ʩʝ ʠʟʨʘʟʷʚʘ ʢʘʪʦ: 
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ʢʲʜʝʪʦ: rp ï ʨʘʜʠʫʩ ʥʘ ʯʘʩʪʠʮʘʪʘ; TP ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʯʘʩʪʠʮʘʪʘ; Tg ï ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ 
ʛʘʟʦʚʦʪʦ ʧʦʣʝ, ʦʪʜʘʣʝʯʝʥʦ ʦʪ ʛʨʘʥʠʯʥʠʷ ʩʣʦʡ ʥʘ ʯʘʩʪʠʮʘʪʘ; P ï ʣʦʢʘʣʥʦ ʥʘʣʷʛʘʥʝ; PA ï 
ʘʪʤʦʩʬʝʨʥʦ ʥʘʣʷʛʘʥʝ; Dref ï ʜʠʥʘʤʠʯʥʘ ʜʠʬʫʟʠʷ (ʧʨʝʧʦʨʲʯʠʪʝʣʥʘ ʩʪʦʡʥʦʩʪ 1.8x10-5 [kg.m-

1.s-1]); Trefï ʨʝʬʝʨʝʥʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ (ʧʨʝʧʦʨʲʯʠʪʝʣʥʘ ʩʪʦʡʥʦʩʪ 293 [
ʦK]); Ŭ ï ʩʪʝʧʝʥʝʥ 

ʧʦʢʘʟʘʪʝʣ ʩʲʩ ʩʪʦʡʥʦʩʪ 0,75. 
ʉʢʦʨʦʩʪʪʘ ʥʘ ʦʢʠʩʣʝʥʠʝ ʥʘ ʢʦʢʩʘ ʟʘ ʝʜʠʥʠʮʘ ʧʦʚʲʨʭʥʦʩʪ ʦʪ ʯʘʩʪʠʮʘʪʘ ʩʝ ʟʘʜʘʚʘ ʯʨʝʟ 

ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ kcxs. ʂʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʭʠʤʠʯʥʘʪʘ ʨʝʘʢʮʠʷ kc ʩʝ ʦʧʨʝʜʝʣʷ 
ʧʦʩʨʝʜʩʪʚʦʤ: 
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ʢʲʜʝʪʦ: Aʉ ʠ Tʉ ï ʧʘʨʘʤʝʪʨʠ, ʟʘʚʠʩʝʱʠ ʦʪ ʚʠʜʘ ʥʘ ʚʲʛʣʠʱʘʪʘ ʠ ʚʲʚʝʞʜʘʱʠ ʩʝ ʢʘʪʦ 
ʚʭʦʜʥʠ ʜʘʥʥʠ. ʇʦ ʧʦʜʨʘʟʙʠʨʘʥʝ ʩʪʦʡʥʦʩʪʠʪʝ ʟʘ Aʉ ʠ Tʉ ʩʘ ʩʲʦʪʚʝʪʥʦ 497 [kg.m

-2.s-1] ʠ 8540 
[K]; n ï ʩʪʦʡʥʦʩʪʪʘ  ʧʦ ʧʦʜʨʘʟʙʠʨʘʥʝ ʝ 0,0; kd ʠ kʩ ï ʠʤʘʪ ʜʠʤʝʥʩʠʷ [kg.m

-2.s-1]; 
ʉʣʝʜ ʧʨʠʨʘʚʥʷʚʘʥʝ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʠʬʫʟʠʷ ʠ ʪʘʟʠ ʥʘ ʭʠʤʠʯʥʘʪʘ ʨʝʘʢʮʠʷ ʟʘ 

ʧʨʝʤʘʭʚʘʥʝ ʥʘ Xs, ʩʝ ʧʦʣʫʯʘʚʘ ʩʣʝʜʥʠʷ ʦʙʦʙʱʝʥ ʠʟʨʘʟ ʟʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʨʝʘʛʠʨʘʥʝ ʥʘ ʢʦʢʩʘ, 
ʢʦʡʪʦ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʦʪ ʥʘʡ-ʤʘʣʢʠʪʝ ʩʢʦʨʦʩʪʠ kd ʠ kc: 
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ʀʟʛʨʘʞʜʘʥʝ ʥʘ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʧʨʠ ʧʨʦʝʢʪʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ 
ʛʦʨʠʚʥʘʪʘ ʫʨʝʜʙʘ ʥʘ ʂʦʪʝʣ ʩʪ. ˉ 12 ʚ ñʊɽʎ ʄʘʨʠʮʘ ʀʟʪʦʢ 2ò. 
ʀʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʧʝʱʥʠʪʝ ʧʨʦʮʝʩʠ ʟʘ ʚʩʝʢʠ ʪʠʧ ʢʦʪʝʣ, ʠʟʠʩʢʚʘ ʧʦʟʥʘʚʘʥʝ ʥʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ, ʛʦʨʠʚʥʘʪʘ ʫʨʝʜʙʘ ï ʛʦʨʠʚʥʠ ʠ ʚʲʟʜʫʰʥʠ 
ʢʘʥʘʣʠ, ʢʘʢʪʦ ʠ ʥʘ ʚʲʟʜʫʭʦʚʦʜʠʪʝ ʨʘʟʧʨʝʜʝʣʷʱʠ ʦʢʠʩʣʠʪʝʣʷ ʧʦ ʚʠʩʦʯʠʥʘ ʥʘ ʛʦʨʝʣʢʠʪʝ. 
ɿʘ ʥʫʞʜʠʪʝ ʥʘ ʤʦʜʝʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ, ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʇ-62 ʝ ʠʟʛʨʘʜʝʥʘ ʦʪ 

ʠʟʧʘʨʠʪʝʣʥʠ ʥʘʛʨʝʚʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʠ ʧʘʨʦʧʨʝʛʨʝʚʘʪʝʣʥʠ ʪʘʢʠʚʘ. ɻʦʨʠʚʥʘʪʘ ʫʨʝʜʙʘ 
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(ʚʲʟʜʫʰʥʠʪʝ ʠ ʛʦʨʠʚʥʠ ʢʘʥʘʣʠ) ʝ ʠʟʯʝʨʪʘʥʘ ʩʲʛʣʘʩʥʦ ʧʨʦʝʢʪʥʘʪʘ 
ʪʝʭʥʠʯʝʩʢʘ ʜʦʢʫʤʝʥʪʘʮʠʷ (ʌʠʛ. 2).  
ɻʨʘʥʠʮʠʪʝ ʥʘ ʤʦʜʝʣʠʨʘʥʠʷ ʦʙʝʢʪ ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʢʘʢʪʦ ʩʣʝʜʚʘ: 
ʉʪʝʥʠ: 

- ʠʟʧʘʨʠʪʝʣʥʠ ʥʘʛʨʝʚʥʠ ʧʦʚʲʨʭʥʦʩʪʠ: 
ü ɼʦʣʥʘ ʨʘʜʠʘʮʠʦʥʥʘ ʯʘʩʪ; 

- ʧʘʨʦʧʨʝʛʨʝʚʘʪʝʣʥʠ ʥʘʛʨʝʚʥʠ ʧʦʚʲʨʭʥʦʩʪʠ: 
ü ɻʦʨʥʘ ʨʘʜʠʘʮʠʦʥʥʘ ʯʘʩʪ. 
ɺʭʦʜʦʚʝ: 
ü ɻʦʨʠʚʥʠ ʚʭʦʜʦʚʝ ʥʘ ʦʩʥʦʚʥʠ ʠ ʙʨʠʜʦʚʠ ʛʦʨʝʣʢʠ; 
ü ɺʲʟʜʫʰʥʠ ʚʭʦʜʦʚʝ ʥʘ ʦʩʥʦʚʥʠ ʠ ʙʨʠʜʦʚʠ ʛʦʨʝʣʢʠ; 
ʀʟʭʦʜʠ: 
ü ɻʘʟʦʟʘʙʦʨʥʠ ʰʘʭʪʠ; 
ü ʀʟʭʦʜ ʥʘ ʧʝʱʥʘ ʢʘʤʝʨʘ (ʣʷʚʦ ʠ ʜʷʩʥʦ). 
ʅʘ ʌʠʛ. 3 ʝ ʧʨʝʜʩʪʘʚʝʥ ʠʟʛʨʘʜʝʥʠʷ ʪʨʠʠʟʤʝʨʝʥ ʤʦʜʝʣ ʥʘ ʦʙʝʤʘ 

ʦʪ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ, ʟʘʪʚʦʨʝʥ ʦʪ ʜʦʣʥʘ ʨʘʜʠʘʮʠʦʥʥʘ ʯʘʩʪ ï ɼʈʏ (ʚ 
ʪʲʤʥʦ ʩʠʥ ʮʚʷʪ) ʠ ʛʦʨʥʘ ʨʘʜʠʘʮʠʦʥʥʘ ʯʘʩʪ ï ɻʈʏ (ʚ ʩʚʝʪʣʦ ʩʠʥ ʮʚʷʪ). 

ʅʘ ʌʠʛ. 4 ʝ ʧʦʢʘʟʘʥʘ ʠʟʯʠʩʣʠʪʝʣʥʘʪʘ ʤʨʝʞʘ ʥʘ ʠʟʛʨʘʜʝʥʠʷ 
ʤʦʜʝʣ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ, ʛʝʥʝʨʠʨʘʥʘ ʟʘ ʤʦʜʝʣʥʠʪʝ 
ʠʟʩʣʝʜʚʘʥʠʷ. ʀʟʧʦʣʟʚʘʥʘ ʝ ʭʝʢʩʘʛʦʥʘʣʥʘ ʠʟʯʠʩʣʠʪʝʣʥʘ ʨʝʰʝʪʢʘ, 
ʩ 5 ʤʠʣʠʦʥʘ ʢʣʝʪʢʠ. ʅʘ ʬʠʛʫʨʘʪʘ ʤʦʛʘʪ ʜʘ ʩʝ ʚʠʜʷʪ ʧʦ-ʛʦʨʝ 
ʧʦʩʦʯʝʥʠʪʝ ʛʨʘʥʠʮʠ ʥʘ ʦʙʝʢʪʘ ï ʩʪʝʥʠ, ʚʭʦʜʦʚʝ ʠ ʠʟʭʦʜʠ. 

ɺʘʣʠʜʠʨʘʥʝ ʥʘ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʂʦʪʝʣ 
ʩʪ. ˉ 12 ʚ ñʊɽʎ ʄʘʨʠʮʘ ʀʟʪʦʢ 2ò. 
ɿʘ ʜʘ ʙʲʜʝ ʠʟʚʲʨʰʝʥʦ ʚʘʣʠʜʠʨʘʥʝʪʦ ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʠʷ 

ʤʦʜʝʣ, ʝ ʥʘʧʨʘʚʝʥ ʩʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʤʝʞʜʫ ʩʪʦʡʥʦʩʪʠ 
ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʨʘʙʦʪʘʪʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʧʦʣʫʯʝʥʠ ʧʦ ʜʚʘ 
ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʘ ï ʨʝʟʫʣʪʘʪʠ ʦʪ ʧʨʦʝʢʪʥʠʪʝ ʪʦʧʣʠʥʥʠ 
ʧʨʝʩʤʷʪʘʥʠʷ ʥʘ ʧʝʱʪʘ ʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʤʦʜʝʣʘ.  
1. ʅʘʯʘʣʥʠ ʫʩʣʦʚʠʷ 
ʀʟʩʣʝʜʚʘʥʝʪʦ ʝ ʧʨʦʚʝʜʝʥʦ ʟʘ ʤʘʢʩʠʤʘʣʝʥ ʧʘʨʦʚ ʪʦʚʘʨ ʥʘ 

ʢʦʪʝʣʘ. ʂʦʣʠʯʝʩʪʚʦʪʦ ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥ ʚʲʟʜʫʭ ʝ 735 000 
Nm3/h. ʈʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʤʫ ʧʦ ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ ʝ ʨʘʚʥʦʤʝʨʥʦ 
ʪ.ʝ. ʧʦ 91 875 Nm3/h. ʇʦ ʚʠʩʦʯʠʥʘ ʥʘ ʛʦʨʝʣʢʘʪʘ, ʚʲʟʜʫʭʘ ʩʝ 
ʨʘʟʧʨʝʜʝʣʷ ʨʘʚʥʦʤʝʨʥʦ ʩʧʦʨʝʜ ʩʚʝʪʣʦʪʦ ʩʝʯʝʥʠʝ ʥʘ ʦʪʜʝʣʥʠʪʝ 
ʚʲʟʜʫʰʥʠ ʢʘʥʘʣʠ. 
ɽʣʝʤʝʥʪʥʠʷ ʩʲʩʪʘʚ ʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʛʦʨʠʚʦʪʦ, ʠʟʧʦʣʟʚʘʥʦ ʧʨʠ 

ʤʦʜʝʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʢʦʪʝʣʘ ʩʘ ʧʦʢʘʟʘʥʠ ʚ ʊʘʙʣ. 1. 

ʈʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ (ʥʘ 
ʨʘʙʦʪʥʘ ʤʘʩʘ) ʝ 350 t/h. 
ʈʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʛʦʨʠ-
ʚʦʪʦ ʠ ʪʨʘʥʩʧʦʨʪʠʨʘʱʠʪʝ 
ʛʦ ʜʠʤʥʠ ʛʘʟʦʚʝ, ʧʦʩʪʲʧʚʘ-
ʱʠ ʧʨʝʟ ʛʦʨʝʣʢʠʪʝ ʧʦ ʚʠ-
ʩʦʯʠʥʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ 
e ʧʦʢʘʟʘʥʦ ʚ ʊʘʙʣ. 2. ɿʲʨ-
ʥʦʤʝʪʨʠʯʥʠʷʪ ʩʲʩʪʘʚ ʥʘ 
ʠʟʧʦʣʟʚʘʥʦʪʦ ʨʘʟʧʨʘʰʝʥʦ 
ʛʦʨʠʚʦ ʝ ʧʨʝʜʩʪʘʚʝʥ ʚ 
ʊʘʙʣ. 3. 

 
ʌʠʛ. 2 ʇʨʦʝʢʪʥʘ 
ʛʦʨʠʚʥʘ ʫʨʝʜʙʘ 
ʥʘ ʢʦʪʣʠ ʪʠʧ ʇ-62 

 
ʌʠʛ.3 ʆʙʝʤ ʦʪ 
ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ 
ʟʘʪʚʦʨʝʥ ʦʪ ɼʈʏ ʠ 

ɻʈʏ 

ʊʘʙʣʠʮʘ 1 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʛʦʨʠʚʦʪʦ 

ɽʣʝʤʝʥʪʝʥ ʩʲʩʪʘʚ 
ʠ ʢʘʣʦʨʠʯʥʦʩʪ 

ʈʘʙʦʪʥʘ ʤʘʩʘ ʉʫʭʘ ʤʘʩʘ 

ɺʲʛʣʝʨʦʜ, C [%] 19,88 40,57 

ɺʦʜʦʨʦʜ, H [%] 1,88 3,83 

ʂʠʩʣʦʨʦʜ, O [%] 7,74 15,80 

ɸʟʦʪ, N [%] 0,35 0,71 

ʉʷʨʘ, S [%] 1,91 3,90 

ɺʣʘʛʘ [%] 51,00 - 

ʇʝʧʝʣ [%] 17,25 35,20 

Q
i
r [MJ/kg] 6,559 13,387 



 
50  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

 ʄʦʜʝʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʨʝʘʣʠʟʠʨʘʥʦ ʟʘ 7 ʙʨʦʷ 
ʧʨʘʭʦʧʨʠʛʦʪʚʷʱʠ ʩʠʩʪʝʤʠ (ʇʇʉ) ʚ ʨʘʙʦʪʘ ʦʪ ʦʙʱʦ 8. ʈʘʙʦʪʝʱʠ 
ʩʘ ʩʣʝʜʥʠʪʝ ʇʇʉ: Ăɸñ, Ăɹò, Ăɺñ, Ăɻñ, Ăɽñ, Ăɾñ, Ăʀñ, ʘ ʥʝʨʘʙʦʪʝʱʘ ʝ 
ʇʇʉ Ăɼò. 
2. ʈʝʟʫʣʪʘʪʠ 
ʂʘʪʦ ʨʝʟʫʣʪʘʪ ʦʪ ʤʦʜʝʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʩʝ ʧʦʣʫʯʘʚʘ ʙʘʟʘ 

ʦʪ ʜʘʥʥʠ (ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘʣʷʛʘʥʝ, ʩʢʦʨʦʩʪʥʠ ʚʝʢʪʦʨʠ, ʤʘʩʦʚʘ 
ʬʨʘʢʮʠʷ ʥʘ ʨʘʟʣʠʯʥʠ ʛʘʟʦʚʠ ʢʦʤʧʦʥʝʥʪʠ ʠ ʤʥʦʛʦ ʜʨʫʛʠ) ʟʘ ʚʩʝʢʠ 
ʝʜʠʥ ʝʣʝʤʝʥʪʘʨʝʥ ʦʙʝʤ ʦʪ ʠʟʯʠʩʣʠʪʝʣʥʘʪʘ ʤʨʝʞʘ ʚ ʯʠʩʣʝʥ ʠ 
ʛʨʘʬʠʯʝʥ ʚʠʜ.  
ɺ ʊʘʙʣ. 4 ʝ ʥʘʧʨʘʚʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʥʷʢʦʠ ʦʩʥʦʚʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʩʧʦʨʝʜ 
ʧʨʦʝʢʪʥʠʪʝ ʧʨʝʩʤʷʪʘʥʠʷ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʣʫʯʝʥʠ ʦʪ ʤʦʜʝʣʥʠʪʝ 
ʠʟʩʣʝʜʚʘʥʠʷ. 
ʅʘʧʨʘʚʝʥʦʪʦ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʦʝʢʪʥʠʪʝ 

ʠʟʯʠʩʣʝʥʠʷ ʠ ʪʝʟʠ ʦʪ ʮʠʬʨʦʚʠʷ ʤʦʜʝʣ (ʊʘʙʣ. 4) ʧʦʢʘʟʚʘ 
ʘʜʝʢʚʘʪʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʬʠʟʠʯʝʩʢʘʪʘ ʜʝʡʩʪʚʠʪʝʣʥʦʩʪ ʦʪ 
ʩʪʨʘʥʘ ʥʘ ʢʦʤʧʶʪʲʨʥʘʪʘ ʩʠʤʫʣʘʮʠʷ ʦʪʥʦʩʥʦ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ 
ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʢʦʪʣʠ ʪʠʧ ʇ-62. 

ʊʘʙʣʠʮʘ 2 
ʈʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʦʨʠʚʦʪʦ ʠ ʪʨʘʥʩʧʦʨʪʠʨʘʱʠʷ ʘʛʝʥʪ ʧʦ ʚʠʩʦʯʠʥʘ ʥʘ ʛʦʨʠʚʥʘʪʘ ʫʨʝʜʙʘ 

ɺʭʦʜʥʠ ʧʦʪʦʮʠ 
ʇʦʪʦʢ ʛʦʨʠʚʦ 
(ʩʫʭʘ ʤʘʩʘ) [kg/s] 

g 
ɻʘʟʦʚ ʧʦʪʦʢ 

[kg/s] 
l 

ɹʨʠʜʦʚʘ ʛʦʨʝʣʢʘ 1,701 0,25 27,9 0,60 

ʆʩʥʦʚʥʘ ʛʦʨʝʣʢʘ 5,104 0,75 18,6 0,40 

ʊʘʙʣʠʮʘ 3 
ɿʲʨʥʦʤʝʪʨʠʯʝʥ ʩʲʩʪʘʚ (ʟʘ ʠʟʥʦʩʝʥʘ ʤʝʣʥʠʮʘ) 

ʆʩʪʘʪʲʢ ʥʘ ʩʠʪʦ ʩ ʦʪʚʦʨ 1 000 mm, R1000 % 2,59 

ʆʩʪʘʪʲʢ ʥʘ ʩʠʪʦ ʩ ʦʪʚʦʨ 400 mm, R400 % 12,59 

ʆʩʪʘʪʲʢ ʥʘ ʩʠʪʦ ʩ ʦʪʚʦʨ 200 mm, R200 % 37,79 

ʆʩʪʘʪʲʢ ʥʘ ʩʠʪʦ ʩ ʦʪʚʦʨ 90 mm, R90 % 72,16 

ʊʘʙʣʠʮʘ 4 
ʉʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʧʨʦʝʢʪʥʠ ʠʟʯʠʩʣʝʥʠʷ ʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʤʦʜʝʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʧʨʦʮʝʩʠʪʝ ʚ 

ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʂʦʪʝʣ ʩʪ. ˉ 12 ʚ ñʊɽʎ ʄʘʨʠʮʘ ʀʟʪʦʢ 2ò 
ˉ ɺʝʣʠʯʠʥʘ ɼʠʤʝʥʩʠʷ ʇʨʦʝʢʪ ʄʦʜʝʣ 

1 ʂʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʥʘ ʚʲʟʧʨʠʝʪʘ ʦʪ ʝʢʨʘʥʥʠʪʝ 
ʩʪʝʥʠ ʥʘ ʇʂ 

MW 151,6 145,5 

2 ʉʨʝʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʥʘ 
ʠʟʭʦʜʘ ʦʪ ʇʂ 

Áʉ 854 864 

3 ʉʨʝʜʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ O2 ʚ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʥʘ 
ʠʟʭʦʜʘ ʦʪ ʇʂ 

% 3,5 3,8 

4 ʉʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʜʠʤʝʥ ʛʘʟ 
ʟʘʩʤʫʢʘʥ ʧʨʝʟ ɻɿʐ ʥʘ ʨʘʙʦʪʝʱʠʪʝ ʇʇʉ 

kg/s 24,06 26,02 

 
ɻʦʣʷʤʘʪʘ ʙʘʟʘ ʜʘʥʥʠ ʦʪ ʨʝʟʫʣʪʘʪʠ, ʧʦʣʫʯʝʥʠ ʦʪ ʮʠʬʨʦʚʠʷ ʤʦʜʝʣ, ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ 

ʩʝ ʧʦʜʙʝʨʘʪ ʥʷʢʦʣʢʦ ʢʦʥʢʨʝʪʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʠʪʦ ʜʘʜʘʪ ʥʝʦʙʭʦʜʠʤʘʪʘ ʠʥʬʦʨʤʘʮʠʷ, 
ʢʦʷʪʦ ʜʘ ʧʦʤʦʛʥʝ ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʰʣʘʢʦʦʙʨʘʟʫʚʘʥʝʪʦ ʧʦ ʝʢʨʘʥʠʪʝ ʠ ʦʛʨʘʥʠʯʘʚʘʥʝ 
ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʘʟʦʪʥʠ ʦʢʩʠʜʠ, ʘ ʠʤʝʥʥʦ: 
ü ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʙʣʠʟʦʩʪ ʜʦ ʩʪʝʥʠʪʝ ʠ ʚ ʦʙʝʤʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ; 
ü ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʢʠʩʣʦʨʦʜ ʚ ʙʣʠʟʦʩʪ ʜʦ ʩʪʝʥʠʪʝ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ; 
ü ʠʟʤʝʥʝʥʠʝ ʥʘ ʤʘʩʦʚʠʷ ʧʦʪʦʢ ʥʘ ʘʟʦʪʥʠ ʦʢʩʠʜʠ ʧʦ ʚʠʩʦʯʠʥʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ; 
ʇʲʨʚʘʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʢʦʷʪʦ ʝ ʨʘʟʛʣʝʜʘʥʘ ʝ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʦʙʝʤʘ ʥʘ ʧʝʱʥʘʪʘ 

ʢʘʤʝʨʘ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʘ ʙʣʠʟʦʩʪ ʜʦ ʩʪʝʥʠʪʝ. ʅʘ ʌʠʛ. 5 ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʥʝʡʥʦʪʦ ʠʟʤʝʥʝʥʠʝ ʚ 

 
ʌʠʛ. 4 ʀʟʯʠʩʣʠʪʝʣʥʘ 
ʤʨʝʞʘ ʥʘ ʧʝʱʥʘʪʘ 

ʢʘʤʝʨʘ 



 

ȜȸȹȵȸȯȷȯȺȭȯȼȲȴȪ Ȳ ɉȮȺȯȷȪ ȯȷȯȺȭȯȼȲȴȪ   51 
 

 

ʪʨʠ ʩʝʯʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʘ ʚʠʩʦʯʠʥʘ ʚ ʦʙʝʤʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʢʦʪʝʣʘ, ʘ ʠʤʝʥʥʦ: 

¶ ʧʨʝʟ ʩʨʝʜʘʪʘ ʥʘ ʦʩʥʦʚʥʠ ʛʦʨʝʣʢʠ;  

¶ ʥʘʜ ʦʩʥʦʚʥʠ ʛʦʨʝʣʢʠ; 

¶ ʧʨʝʟ ʩʨʝʜʘʪʘ ʥʘ ʙʨʠʜʦʚʠ ʛʦʨʝʣʢʠ. 

ɺʠʟʫʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʪʝʟʠ ʩʝʯʝʥʠʷ ʜʘʚʘ ʧʨʝʜʩʪʘʚʘ ʟʘ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ 
ʥʘ ʬʘʢʝʣʘ ʚ ʦʙʝʤʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ. ʏʨʝʟ ʪʝʟʠ ʪʝʤʧʝʨʘʪʫʨʥʠ ʧʦʣʝʪʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ 
ʘʥʘʣʠʟ ʟʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʩʷʢʘ ʝʜʥʘ ʦʪ ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ ʚʲʨʭʫ ʛʦʨʠʚʥʠʪʝ ʧʨʦʮʝʩʠ. 
ɿʘ ʜʘ ʩʝ ʦʪʢʨʠʷʪ ʟʦʥʠʪʝ ʩ ʧʦ-ʚʠʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪ ʟʘ ʰʣʘʢʦʚʘʥʝ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʠ 

ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʘ ʙʣʠʟʦʩʪ ʜʦ ʠʟʧʘʨʠʪʝʣʥʠʪʝ ʥʘʛʨʝʚʥʠ 
ʧʦʚʲʨʭʥʦʩʪʠ (ʌʠʛ. 6). 

                   ̅ͪͦͤͭ                 ˨Ύͫͤ͊ ͔ͫͭͤ͊                         ͙́ ͡            ˶ Ύ͍͊ ͔ͫͭͤ͊ 

 
ʌʠʛ. 6 ʀʟʤʝʥʝʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʙʣʠʟʦʩʪ ʜʦ ʩʪʝʥʠʪʝ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ 

ʆʩʚʝʥ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠʪʝ, ʜʨʫʛ ʦʩʥʦʚʝʥ ʬʘʢʪʦʨ ʚʣʠʷʝʱ ʚʲʨʭʫ ʰʣʘʢʦʚʘʥʝʪʦ 
ʝ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʦʢʠʩʣʠʪʝʣʷ (ʢʠʩʣʦʨʦʜʘ) ʚ ʙʣʠʟʦʩʪ ʜʦ ʩʪʝʥʠʪʝ ʥʘ 
ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʢʦʪʝʣʘ (ʌʠʛ. 7). 

 

ʇʨʝʟ ʩʨʝʜʘʪʘ ʥʘ ʆɻ                          ʅʘʜ ʆɻ                     ʇʨʝʟ ʩʨʝʜʘʪʘ ʥʘ ɹɻ 
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ɺʘʞʝʥ ʧʦʢʘʟʘʪʝʣ ʟʘ ʨʘʙʦʪʘʪʘ ʥʘ ʧʝʱʥʘʪʘ 
ʢʘʤʝʨʘ ʝ ʠ ʦʮʝʥʢʘʪʘ ʟʘ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ 
ʘʟʦʪʥʠʪʝ ʦʢʩʠʜʠ ʚ ʩʣʝʜʩʪʚʠʝ ʥʘ ʛʦʨʠʚʥʠʷ 
ʧʨʦʮʝʩ. ɻʨʘʬʠʢʘʪʘ ʧʨʝʜʩʪʘʚʝʥʘ ʚʲʚ ʌʠʛ. 8 
ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʦʮʝʥʢʘ ʟʘ 
ʦʙʣʘʩʪʠʪʝ, ʚ ʢʦʠʪʦ ʥʘʡ-ʙʲʨʟʦ ʩʝ ʦʙʨʘʟʫʚʘʪ 
ʘʟʦʪʥʠ ʦʢʩʠʜʠ (NOx). ʊʷ ʧʨʝʜʩʪʘʚʷ 
ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʤʘʩʦʚʠʷ ʧʦʪʦʢ (kg/s) ʥʘ 
ʘʟʦʪʝʥ ʦʢʩʠʜ ʧʦ ʚʠʩʦʯʠʥʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ 
ʧʨʠ ʧʨʦʝʢʪʥʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠ ʫʩʣʦʚʠʷ ʥʘ 
ʢʦʪʣʠ ʪʠʧ ʇ-62. 
ʂʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʘʟʦʪʥʠ ʦʢʩʠʜʠ (NOx) 

ʧʦʣʫʯʝʥʘ ʦʪ ʮʠʬʨʦʚʠʷ ʤʦʜʝʣ ʥʘ ʠʟʭʦʜ ʦʪ 
ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʂʦʪʝʣ ʩʪ. ˉ 12 ʝ 287 
mg/Nm3, ʧʨʠ ʨʝʬʝʨʝʥʪʥʘ ʩʪʦʡʥʦʩʪ ʥʘ 
ʢʠʩʣʦʨʦʜ ʦʪ 6 %. ʊʘʟʠ ʩʪʦʡʥʦʩʪ ʝ ʚʘʣʠʜʥʘ ʟʘ 
ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠ ʫʩʣʦʚʠʷ ʩʘʤʦ ʧʨʠ ʯʠʩʪʠ 
(ʥʝʟʘʰʣʘʢʦʚʘʥʠ) ʥʘʛʨʝʚʥʠ ʧʦʚʲʨʭʥʦʩʪʠ. 
ɿʘʛʫʙʠʪʝ ʦʪ ʤʝʭʘʥʠʯʥʦ ʥʝʜʦʠʟʛʘʨʷʥʝ q4, 

ʧʦʣʫʯʝʥʠ ʦʪ ʠʟʛʨʘʜʝʥʠʷ ʤʦʜʝʣ ʩʘ 2,8 %. 

ɸʥʘʣʠʟ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ 
ʇʦʣʫʯʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʟʘ ʤʘʩʦʚʠʷ ʧʦʪʦʢ 

ʥʘ ʘʟʦʪʝʥ ʦʢʩʠʜ ʧʦ ʚʠʩʦʯʠʥʘ ʥʘ ʧʝʱʥʘʪʘ 
ʢʘʤʝʨʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʛʨʘʬʠʢʘʪʘ ʚʲʚ ʌʠʛ. 8, 
ʧʦʢʘʟʚʘʪ ʥʝʜʚʫʩʤʠʩʣʝʥʦ, ʯʝ ʠʤʝʥʥʦ ʚ 
ʦʩʥʦʚʥʘʪʘ ʛʦʨʠʚʥʘ ʟʦʥʘ (ʦʪ ʦʩʥʦʚʥʠ ʜʦ 
ʙʨʠʜʦʚʠ ʛʦʨʝʣʢʠ) ʩʝ ʬʦʨʤʠʨʘʪ NOx. ʆʪ 
ʛʨʘʬʠʢʘʪʘ ʩʝ ʚʠʞʜʘ ʦʱʝ, ʯʝ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʥʘ 

                  ̅ͪͦͤͭ                   ˨Ύͫͤ͊ ͔ͫͭͤ͊         ́ ͙͡                         ˶Ύ͍͊ ͔ͫͭͤ͊ 

 
ʌʠʛ. 7 ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʢʠʩʣʦʨʦʜ (0õ10 vol.%) 

ʚ ʙʣʠʟʦʩʪ ʜʦ ʩʪʝʥʠʪʝ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ 

 
ʌʠʛ. 8 ʀʟʤʝʥʝʥʠʝ ʥʘ ʤʘʩʦʚʠʷ ʧʦʪʦʢ NO ʧʦ 
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ʛʘʟʦʟʘʙʦʨʥʠ ʰʘʭʪʠ ʤʘʩʦʚʠʷ ʧʦʪʦʢ ʥʘ NO ʥʘʤʘʣʷʚʘ. ʊʦʚʘ ʝ ʪʘʢʘ, ʟʘʱʦʪʦ ʯʘʩʪ ʦʪ ʜʠʤʥʠʪʝ 
ʛʘʟʦʚʝ ʥʘʧʫʩʢʘʪ ʦʙʝʤʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʧʨʝʟ ʛʘʟʦʟʘʙʦʨʥʠʪʝ ʰʘʭʪʠ, ʨʝʩʧʝʢʪʠʚʥʦ ʯʘʩʪ ʦʪ 
ʘʟʦʪʥʠʪʝ ʦʢʩʠʜʠ ʩʲʱʦ. 
ɺʲʚ ʚʠʩʦʯʠʥʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ (ʩʣʝʜ ʛʘʟʦʟʘʙʦʨʥʠʪʝ ʰʘʭʪʠ), ʤʘʩʦʚʠʷʪ ʧʦʪʦʢ ʥʘ NO ʩʝ 

ʠʟʤʝʥʷ ʚ ʤʥʦʛʦ ʪʝʩʥʠ ʛʨʘʥʠʮʠ. ʊʦʚʘ ʦʪʥʦʚʦ ʧʦʪʚʲʨʞʜʘʚʘ ʬʘʢʪʘ, ʯʝ ʚ ʩʣʫʯʘʷ ʘʟʦʪʥʠʪʝ ʦʢʩʠʜʠ 
ʩʝ ʬʦʨʤʠʨʘʪ ʚ ʦʩʥʦʚʥʘʪʘ ʛʦʨʠʚʥʘ ʟʦʥʘ. 
ɿʘ ʜʘ ʩʝ ʦʛʨʘʥʠʯʠ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ NOx ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʥʘʤʘʣʷʪ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʠ 

ʢʦʣʠʯʝʩʪʚʦʪʦ ʦʢʠʩʣʠʪʝʣ ʚ ʦʩʥʦʚʥʘ ʟʦʥʘ. ʊʦʚʘ ʙʠ ʜʦʚʝʣʦ ʜʦ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʧʦ-ʤʘʣʢʦ 
ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʥʠ ʦʢʩʠʜʠ ʠ/ʠʣʠ ʧʦʩʪʠʛʘʥʝ ʥʘ ʩʨʝʜʘ ʙʣʘʛʦʧʨʠʷʪʥʘ ʟʘ ʪʷʭʥʦʪʦ ʨʘʟʧʘʜʘʥʝ. 
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ʄʦʜʝʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʧʨʦʮʝʩʠʪʝ ʚ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʂʦʪʝʣ ʩʪ. ˉ 12 ʚ ʊɽʎ 
ñʄʘʨʠʮʘ ʀʟʪʦʢ 2ò 

 
ʊʦʪʴʦ ʊʦʪʝʚ, ɹʦʨʠʩʣʘʚ ɸʥʛʝʣʦʚ, ɺʘʩʠʣ ʈʘʜʝʥʢʦʚ, ɹʦʨʠʩʣʘʚ ʀʛʥʘʪʦʚ 

 
ʀʟʧʦʣʟʚʘʡʢʠ ʩʲʟʜʘʜʝʥ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʂʦʪʝʣ ʩʪ. ˉ 12 ʚ ʊɽʎ 

ñʄʘʨʠʮʘ ʀʟʪʦʢ 2ò ʩʘ ʧʨʦʚʝʜʝʥʠ ʤʦʜʝʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ. ʅʘʯʘʣʥʠʪʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʠʪʦ ʩʘ 
ʦʩʲʱʝʩʪʚʝʥʠ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʨʦʝʢʪʥʘʪʘ ʛʦʨʠʚʥʘ ʫʨʝʜʙʘ, 
ʢʘʢʪʦ ʠ ʧʨʝʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ ʧʦ ʚʠʩʦʯʠʥʘ ʥʘ ʧʝʱʥʘʪʘ 
ʢʘʤʝʨʘ. 

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʢʦʪʝʣ, ʧʝʱʥʘ ʢʘʤʝʨʘ, ʛʦʨʠʚʥʘ ʫʨʝʜʙʘ, ʥʘʜʛʦʨʠʚʝʥ ʚʲʟʜʫʭ 

 

Models studies of combustion chamber processes of Boiler No 12 at TPP Maritsa 
East 2 

 
Totyo Totev, Borislav Angelov, Vasil Radenkov, Borislav Ignatov 

 
Models studies are performed with combustion chamber numerical model of Boiler No 12 at 

TPP Maritsa East 2. The initial conditions under which the studies were carried out are related to 
the use of the design burners and the redistribution of the air supply to the combustion chamber. 

 
Keywords: boiler, combustion chamber, burners, overfire air 
 
ɺʲʚʝʜʝʥʠʝ 
ɺ ʧʨʝʜʭʦʜʥʦ ʥʘʰʝ ʠʟʩʣʝʜʚʘʥʝ [1] ʝ ʧʨʝʜʩʪʘʚʝʥ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ 

ʢʦʪʝʣ ʩʪ. ˉ 12. ʍʘʨʘʢʪʝʨʥʘʪʘ ʦʩʦʙʝʥʦʩʪ ʥʘ ʪʦʟʠ ʦʙʝʢʪ ʩʘ ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ, ʢʦʠʪʦ ʩʘ 
ʧʨʦʝʢʪʥʠʪʝ. ʄʦʜʝʣʲʪ ʝ ʚʘʣʠʜʠʨʘʥ ʢʘʪʦ ʯʘʩʪ ʦʪ ʧʦʣʫʯʝʥʠʪʝ ʦʪ ʥʝʛʦ ʨʝʟʫʣʪʘʪʠ ʩʘ ʩʨʘʚʥʝʥʠ 
ʩʲʩ ʩʪʦʡʥʦʩʪʠ ʦʪ ʧʨʦʝʢʪʥʠʪʝ ʠʟʯʠʩʣʝʥʠʷ, ʢʘʢʪʦ ʠ ʩ ʨʝʟʫʣʪʘʪʠ ʦʪ ʥʘʪʫʨʥʠ ʠʟʤʝʨʚʘʥʠʷ.  
ʉʲʱʝʩʪʚʝʥʘ ʦʩʦʙʝʥʦʩʪ ʧʨʠ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʥʘ ʢʦʪʣʠ ʪʠʧ ʇ-62, ʠʟʛʘʨʷʱʠ ʣʠʛʥʠʪʥʠ 

ʚʲʛʣʠʱʘ ʦʪ ʙʘʩʝʡʥʘ ñʄʘʨʠʮʘ ʀʟʪʦʢò ʝ ʨʘʟʭʦʜʲʪ ʥʘ ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ ʢʲʤ 
ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ. ɺʲʧʨʝʢʠ, ʯʝ ʧʨʦʝʢʪʥʠʷʪ ʨʘʟʭʦʜ ʥʘ ʚʲʟʜʫʭ (ʧʨʠ ʥʦʤʠʥʘʣʝʥ ʪʦʚʘʨ) ʝ 735 000 
Nm3/h, ʪʦ ʤʥʦʛʦ ʯʝʩʪʦ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʥʘ ʪʝʟʠ ʢʦʪʣʠ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʧʦ-ʚʠʩʦʢ ʪʘʢʲʚ. 
ʅʝʦʙʭʦʜʠʤʦʩʪʪʘ ʟʘ ʧʦʜʘʚʘʥʝʪʦ ʥʘ ʧʦ-ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʟʠʨʘʥ ʚʲʟʜʫʭ ʝ 
ʧʨʦʜʠʢʪʫʚʘʥʘ ʦʪ ʩʪʨʝʤʝʞʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʦʪ ʰʣʘʢʦʚʘʥʝ ʥʘ ʠʟʧʘʨʠʪʝʣʥʠʪʝ 
ʥʘʛʨʝʚʥʠ ʧʦʚʲʨʭʥʦʩʪʠ. ʇʦ-ʛʦʣʷʤʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʟʠʨʘʥ ʚʲʟʜʫʭ ʚʦʜʠ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 
ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʚ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʠ ʥʘ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʥʘ ʚʭʦʜʘ ʥʘ ʛʘʟʦʟʘʙʦʨʥʠʪʝ ʰʘʭʪʠ 
(ɻɿʐ). ʆʩʚʝʥ ʪʦʚʘ, ʦʩʠʛʫʨʝʥʘʪʘ ʦʢʠʩʣʠʪʝʣʥʘ ʩʨʝʜʘ ʚ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ, ʚʦʜʠ ʜʦ ʧʦʚʠʰʘʚʘʥʝ 
ʪʦʧʠʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʝʧʝʣʪʘ, ʧʦʣʫʯʝʥʘ ʧʨʠ ʠʟʛʘʨʷʥʝʪʦ ʥʘ ʚʲʛʣʠʱʘʪʘ. 
ɿʘʧʘʟʚʘʡʢʠ ʝʜʥʘʢʚʠ ʚʩʠʯʢʠ ʥʘʯʘʣʥʠ ʫʩʣʦʚʠʷ, ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʦʙʱʠʷ ʨʘʟʭʦʜ ʥʘ 

ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ, ʩʘ ʠʟʩʣʝʜʚʘʥʠ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ 2 ʤʦʜʝʣʥʠ 
ʨʝʰʝʥʠʷ: 

¶ ʇʨʠ ʦʙʱ ʨʘʟʭʦʜ ʥʘ ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥ ʚʲʟʜʫʭ - 735 000 Nm3/h ï ʉʣʫʯʘʡ 0; 

¶ ʇʨʠ ʦʙʱ ʨʘʟʭʦʜ ʥʘ ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥ ʚʲʟʜʫʭ - 800 000 Nm3/h ï ʉʣʫʯʘʡ 1. 
ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʪʚʲʨʞʜʘʚʘʪ ʥʘʙʣʶʜʝʥʠʷʪʘ ʦʪ ʧʨʘʢʪʠʢʘʪʘ, ʯʝ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʚ ʟʦʥʘʪʘ ʥʘ 

ʦʩʥʦʚʥʠ ʛʦʨʝʣʢʠ ʩʝ ʥʘʤʘʣʷʚʘ ʩ ʦʢʦʣʦ 68ʉ̄, ʘ ʩʨʝʜʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ 

ʧʦʩʪʲʧʚʘʱʠ ʚ ɻɿʐ ʥʘʤʘʣʷʚʘ ʩ ʦʢʦʣʦ 45ʉ̄. ʅʘʙʣʶʜʘʚʘ ʩʝ ʠ ʦʱʝ ʝʜʠʥ ʧʦʣʦʞʠʪʝʣʝʥ ʨʝʟʫʣʪʘʪ 
ï ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʝʠʟʛʦʨʷʣ ʢʦʢʩ (ʢʦʡʪʦ ʝ ʧʦʢʘʟʘʪʝʣ ʟʘ ʟʘʛʫʙʠʪʝ ʥʘ ʪʦʧʣʠʥʘ ʦʪ ʤʝʭʘʥʠʯʥʦ 
ʥʝʠʟʛʦʨʷʣʦ) ʩʲʱʦ ʥʘʤʘʣʷʚʘ. 
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ʅʘʨʝʜ ʩ ʪʘʢʘ ʧʦʩʦʯʝʥʠʪʝ ʧʦʣʦʞʠʪʝʣʥʠ 
ʨʝʟʫʣʪʘʪʠ, ʥʘ ʣʠʮʝ ʩʘ ʠ ʥʷʢʦʠ ʥʝʛʘʪʠʚʥʠ 
ʧʦʩʣʝʜʩʪʚʠʷ ʦʪ ʧʦʜʘʚʘʥʝʪʦ ʥʘ ʧʦ-ʛʦʣʷʤʦ (ʦʪ 
ʧʨʦʝʢʪʥʦʪʦ) ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʟʠʨʘʥ ʚʲʟʜʫʭ ʢʲʤ 
ʢʦʪʝʣʘ: 

¶ ʇʦʚʠʰʘʚʘʥʝ ʥʘ ʪʦʧʣʠʥʥʠʪʝ ʟʘʛʫʙʠ ʥʘ 
ʢʦʪʝʣʘ (ʟʘʛʫʙʠʪʝ ʥʘ ʪʦʧʣʠʥʘ ʩ ʠʟʭʦʜʷʱʠʪʝ ʛʘʟʦʚʝ); 

¶ ʇʦʚʠʰʘʚʘʥʝ ʥʘ ʩʦʙʩʪʚʝʥʠʪʝ ʥʫʞʜʠ ʦʪ 
ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ (ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝʪʦ 
ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ ʟʘ ʚʲʟʜʫʰʥʠ ʠ ʜʠʤʥʠ 
ʚʝʥʪʠʣʘʪʦʨʠ); 

¶ ʇʦʚʠʰʘʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʦʪ 
ʘʟʦʪʥʠʪʝ ʦʢʩʠʜʠ ʥʘ ʠʟʭʦʜʘ ʦʪ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ. 
ʅʘ ʌʠʛ. 1 ʝ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ 

ʤʘʩʦʚʠʷ ʧʦʪʦʢ (kg/s) ʥʘ ʘʟʦʪʥʠ ʦʢʩʠʜʠ ʧʦ 
ʚʠʩʦʯʠʥʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʧʨʠ ʧʦʜʘʚʘʥʝʪʦ ʥʘ 
ʧʨʦʝʢʪʝʥ ʨʘʟʭʦʜ ʥʘ ʚʲʟʜʫʭ (ʉʣʫʯʘʡ 0) ʠ ʟʘʚʠʰʝʥ 
ʪʘʢʲʚ (ʉʣʫʯʘʡ 1). ʆʪ ʬʠʛʫʨʘʪʘ ʩʝ ʚʠʞʜʘ, ʯʝ: 

¶ ʧʨʠ ʜʚʘʪʘ ʩʣʫʯʘʷ, NOx ʩʝ ʬʦʨʤʠʨʘʪ ʚ 
ʦʩʥʦʚʥʘʪʘ ʛʦʨʠʚʥʘ ʟʦʥʘ ʠʣʠ ʩ ʜʨʫʛʠ ʜʫʤʠ ʚ 
ʟʦʥʘʪʘ ʤʝʞʜʫ ʦʩʥʦʚʥʠ ʠ ʙʨʠʜʦʚʠ ʛʦʨʝʣʢʠ; 

¶ ɺ ʩʣʫʯʘʷ ʩ ʧʨʦʝʢʪʝʥ ʨʘʟʭʦʜ ʥʘ ʚʲʟʜʫʭ 
ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʘʟʦʪʥʠ ʦʢʩʠʜʠ ʥʘ ʠʟʭʦʜʘ ʦʪ 
ʧʝʱʥʘ ʢʘʤʝʨʘ ʝ 287 mg/Nm3, ʘ ʟʘ ʉʣʫʯʘʡ 1 (ʧʨʠ 
ʨʘʟʭʦʜ ʥʘ ʚʲʟʜʫʭ ʦʪ 800 000 Nm3/h) NOX=306 
mg/Nm3. ʊʦʟʠ ʨʝʟʫʣʪʘʪ ʝ ʦʯʘʢʚʘʥ, ʚ ʧʨʝʜʚʠʜ, ʯʝ 
ʦʩʥʦʚʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʥʠ ʦʢʩʠʜʠ, ʢʦʠʪʦ ʩʝ 
ʬʦʨʤʠʨʘʪ ʧʨʠ ʠʟʛʘʨʷʥʝʪʦ ʥʘ ʣʠʛʥʠʪʥʠʪʝ 
ʚʲʛʣʠʱʘ ʩʘ ʪʘʢʘ ʥʘʨʝʯʝʥʠʪʝ ñʛʦʨʠʚʥʠ ʘʟʦʪʥʠ 
ʦʢʩʠʜʠò. 

ʇʨʝʜʣʦʞʝʥʠʷ ʟʘ ʧʨʦʤʷʥʘ ʚ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʥʘ ʧʦʜʘʚʘʥʠʷ ʦʨʛʘʥʠʟʠʨʘʥ ʚʲʟʜʫʭ ʠ 
ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʝʢʪʥʠʪʝ ʛʦʨʠʚʥʠ ʫʨʝʜʙʠ ʥʘ ʂʦʪʝʣ ʩʪ. ˉ 12 ʚ ʊɽʎ 
ñʄʘʨʠʮʘ ʀʟʪʦʢ 2 
ʉ ʮʝʣ ʨʝʜʫʮʠʨʘʥʝ ʥʘ ʛʝʥʝʨʠʨʘʥʠʪʝ ʘʟʦʪʥʠ ʦʢʩʠʜʠ ʚ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ, ʥʘʧʨʘʚʠʭʤʝ ʥʷʢʦʠ 

ʧʨʦʤʝʥʠ ʧʦ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ, ʢʘʢʪʦ ʠ ʧʦ ʨʝʞʠʤʘ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʥʘ 
ʪʦʟʠ ʢʦʪʝʣ, ʘ ʠʤʝʥʥʦ: 

¶ ʆʩʠʛʫʨʷʚʘʥʝ ʥʘ ʨʝʜʫʢʮʠʦʥʥʘ ʩʨʝʜʘ ʚ ʟʦʥʘʪʘ ʥʘ ʦʩʥʦʚʥʠ ʛʦʨʝʣʢʠ ʪ.ʝ. ʢʦʝʬʠʮʠʝʥʪ ʥʘ 
ʠʟʣʠʰʲʢ ʥʘ ʚʲʟʜʫʭ ʚ ʦʩʥʦʚʥʘʪʘ ʛʦʨʠʚʥʘ ʟʦʥʘ ʧʦ-ʥʠʩʲʢ ʦʪ ʝʜʠʥʠʮʘ (Ŭ < 1). ʈʝʘʣʠʟʠʨʘʥʝʪʦ 
ʥʘ ʪʦʚʘ ʫʩʣʦʚʠʝ ʠʟʠʩʢʚʘ ʠʟʚʲʨʰʚʘʥʝʪʦ ʥʘ ʧʨʦʤʝʥʠ ʧʦ ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ ï ʥʘʡ-ʚʝʯʝ 
ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʩʝʯʝʥʠʝʪʦ ʥʘ ʚʲʟʜʫʰʥʠʪʝ ʦʪʚʦʨʠ ʚ ʛʦʨʝʣʢʘʪʘ; 

¶ ʅʝʧʦʜʘʜʝʥʠʷʪ ʦʨʛʘʥʠʟʠʨʘʥ ʚʲʟʜʫʭ ʚ ʦʩʥʦʚʥʘ ʟʦʥʘ ʩʝ ʧʨʝʨʘʟʧʨʝʜʝʣʷ ʧʦ ʚʠʩʦʯʠʥʘ ʥʘ 
ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ. ɿʘ ʪʘʟʠ ʮʝʣ ʙʷʭʘ ʦʧʨʝʜʝʣʝʥʠ ʤʝʩʪʘʪʘ ʥʘ ʧʦʜʘʚʘʥʝʪʦ ʥʘ 
ʪ.ʥ.òʥʘʜʛʦʨʠʚʝʥ ʚʲʟʜʫʭò. 
ʅʘ ʌʠʛ. 2 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʠʟʭʦʜʥʠʪʝ ʩʝʯʝʥʠʷ ʥʘ ʧʨʦʝʢʪʥʘʪʘ ʠ ʚʠʜʦʠʟʤʝʥʝʥʘʪʘ ʛʦʨʝʣʢʘ. 
ʀʟʙʦʨʲʪ ʥʘ ʤʝʩʪʘ ʟʘ ʦʪʚʦʨʠ ʟʘ ʥʘʜʛʦʨʠʚʝʥ ʚʲʟʜʫʭ ʝ ʥʘʧʨʘʚʝʥ ʩʲʦʙʨʘʟʥʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʢʦʪʣʠ ʪʠʧ ʇ-62 ï ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʥʦʩʝʱʠ ʠ ʫʢʨʝʧʚʘʱʠ 
ʛʨʝʜʠ, ʧʘʨʦʧʨʦʚʦʜʠ, ʢʦʣʝʢʪʦʨʠ ʠ ʪ.ʥ. ʇʦʩʪʘʚʝʥʠ ʩʘ ʦʙʱʦ 6 ʜʶʟʠ ï ʧʦ ʝʜʥʘ ʥʘ ʣʷʚʘʪʘ ʠ 
ʜʷʩʥʘʪʘ ʩʪʝʥʘ ʥʘ ʜʦʣʥʘ ʨʘʜʠʘʮʠʦʥʥʘ ʯʘʩʪ (ɼʈʏ), ʥʘʜ ʛʘʟʦʟʘʙʦʨʥʘ ʰʘʭʪʘ (ɻɿʐ) ʠ ʧʦ ʜʚʝ ʥʘ 
ʧʨʝʜʥʘʪʘ ʠ ʟʘʜʥʘʪʘ ʩʪʝʥʘ ʥʘ ʛʦʨʥʘ ʨʘʜʠʘʮʠʦʥʥʘ ʯʘʩʪ (ɻʈʏ), ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʩʣʝʜ ʠʟʭʦʜʘ ʥʘ 
ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ (ʧʨʝʜʠ ʰʠʨʤʦʚʠʷ ʧʘʨʦʧʨʝʛʨʝʚʘʪʝʣ) ï ʌʠʛ. 3. 
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ʇʨʦʝʢʪʥʦ 
ʩʲʩʪʦʷʥʠʝ 

ʅʦʚʦ 
ʧʨʝʜʣʦʞʝʥʠʝ 

  

ʌʠʛ. 2 ʇʨʝʜʣʦʞʝʥʠʝ ʟʘ ʠʟʤʝʥʝʥʠʝ 
ʥʘ ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ 

ʌʠʛ. 3 ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʥʘ ʜʶʟʠʪʝ ʟʘ ʥʘʜʛʦʨʠʚʝʥ 
ʚʲʟʜʫʭ 

ʇʨʝʜʣʦʞʝʥʠʪʝ ʧʨʦʤʝʥʠ ʚ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʘʟʜʝʣʝʥʠ 
ʚ ʜʚʝ ʛʨʫʧʠ: 

1. ʅʘʤʘʣʷʚʘʥʝ ʥʘ ʩʚʝʪʣʦʪʦ ʩʝʯʝʥʠʝ ʥʘ ʚʲʟʜʫʰʥʠʪʝ ʢʘʥʘʣʠ 
ʇʨʠ ʥʦʚʘʪʘ ʛʦʨʝʣʢʘ ʝ ʥʘʤʘʣʝʥʦ ʦʙʱʦʪʦ ʩʝʯʝʥʠʝ ʥʘ ʚʲʟʜʫʰʥʠʪʝ ʢʘʥʘʣʠ, ʩʧʨʷʤʦ 

ʧʨʦʝʢʪʥʘʪʘ ʩ ʮʝʣ ʟʘʧʘʟʚʘʥʝ ʥʘ ʩʢʦʨʦʩʪʠʪʝ ʥʘ ʠʟʪʠʯʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ʧʨʠ ʧʦ-ʥʠʩʢʠʪʝ ʜʝʙʠʪʠ ʥʘ 
ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥ ʚʲʟʜʫʭ. ʊʦʚʘ ʝ ʧʦʩʪʠʛʥʘʪʦ ʯʨʝʟ ʯʘʩʪʠʯʥʦ ʟʘʧʫʰʚʘʥʝ ʥʘ ʯʘʩʪ ʦʪ 
ʢʘʥʘʣʠʪʝ ʟʘ ʚʲʟʜʫʭ ʚ ʦʩʥʦʚʥʠ ʠ ʙʨʠʜʦʚʠ ʛʦʨʝʣʢʠ. ʉʣʝʜ ʟʘʧʫʰʚʘʥʝʪʦ ʦʙʱʦʪʦ ʩʝʯʝʥʠʝ ʟʘ 
ʚʲʟʜʫʭ ʥʘ ʝʜʥʘ ʛʦʨʠʚʥʘ ʫʨʝʜʙʘ ʝ 0,8185 m2 ʩʧʨʷʤʦ 1,0596 m2 ʧʦ ʧʨʦʝʢʪ ʠʣʠ ʥʘʤʘʣʝʥʠʝ ʩ 
ʧʨʠʙʣʠʟʠʪʝʣʥʦ 23 %. 

2. ʇʦʩʪʘʚʷʥʝ ʥʘ ʪʫʨʙʫʣʠʟʠʨʘʱʠ ʧʣʘʥʢʠ ʥʘ ʛʦʨʠʚʥʠʪʝ ʦʪʚʦʨʠ 
ʊʝʟʠ ʧʣʘʥʢʠ ʠʤʘʪ ʟʘ ʮʝʣ ʜʘ ʠʥʪʝʥʟʠʬʠʮʠʨʘʪ ʩʤʝʩʚʘʥʝʪʦ ʥʘ ʛʦʨʠʚʦʪʦ ʠ ʚʲʟʜʫʭʘ, ʢʘʪʦ 

ʪʫʨʙʫʣʠʟʠʨʘʪ ʧʨʘʭʦ-ʛʘʟʦʚʠʷ ʧʦʪʦʢ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʮʝʣʠ ʜʘ ʩʝ ʧʦʣʫʯʠ ʧʦ-ʩʪʘʙʠʣʝʥ ʛʦʨʠʚʝʥ 
ʧʨʦʮʝʩ. 

ʄʦʜʝʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʧʨʦʮʝʩʠʪʝ ʚ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʂʦʪʝʣ ˉ 12 ʩ ʥʦʚʠʪʝ 
ʧʨʝʜʣʦʞʝʥʠʷ ï ʧʨʝʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ ʠ ʧʨʦʤʝʥʝʥʠ 
ʛʦʨʠʚʥʠ ʫʨʝʜʙʠ 
ɿʘ ʥʫʞʜʠʪʝ ʥʘ ʤʦʜʝʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʠʟʧʦʣʟʚʘʥ ʦʧʠʩʘʥʠʷ ʚ [1] ʤʦʜʝʣ, ʢʘʪʦ ʩʘ 

ʦʪʨʘʟʝʥʠ ʧʨʦʤʝʥʠʪʝ ʧʦ ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ ʠ ʩʘ ʜʦʙʘʚʝʥʠ ʦʪʚʦʨʠʪʝ ʟʘ ʜʶʟʠʪʝ ʟʘ ʥʘʜʛʦʨʠʚʝʥ 
ʚʲʟʜʫʭ.  
ʅʘ ʌʠʛ. 4 ʝ ʧʦʢʘʟʘʥʘ ʛʝʥʝʨʠʨʘʥʘʪʘ ʠʟʯʠʩʣʠʪʝʣʥʘ ʤʨʝʞʘ ʥʘ ʤʦʜʝʣʘ ʠ ʛʨʘʥʠʮʠʪʝ ʥʘ 

ʦʙʝʢʪʘ ï ʩʪʝʥʠ, ʚʭʦʜʦʚʝ ʠ ʠʟʭʦʜʠ. ʆʩʚʝʥ ʪʦʚʘ ʥʘ ʬʠʛʫʨʘʪʘ ʩʝ ʚʠʞʜʘʪ ʠ ʦʪʚʦʨʠʪʝ ʟʘ ʜʶʟʠʪʝ 
ʟʘ ʥʘʜʛʦʨʠʚʝʥ ʚʲʟʜʫʭ, ʢʦʠʪʦ ʩʘ ʦʛʨʘʜʝʥʠ ʚ ʯʝʨʚʝʥʦ. 
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ʇʨʦʚʝʜʝʥʠ ʩʘ ʯʝʪʠʨʠ ʤʦʜʝʣʥʠ 
ʠʟʩʣʝʜʚʘʥʠʷ ʩ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʯʥʠ 
ʧʨʝʜʣʦʞʝʥʠʷ ï ʧʨʝʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ 
ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ ʠ ʧʨʦʤʝʥʝʥʠ 
ʛʦʨʠʚʥʠ ʫʨʝʜʙʠ. ʊʝʟʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠʤʘʪ ʟʘ ʮʝʣ 
ʜʘ ʧʨʦʫʯʘʪ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʛʦʨʠʚʥʠʷʪ ʧʨʦʮʝʩ 
ʧʨʠ ʨʘʟʣʠʯʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʦʨʛʘʥʠʟʠʨʘʥʦ 
ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ ʧʦ ʚʠʩʦʯʠʥʘ ʥʘ ʧʝʱʥʘʪʘ 
ʢʘʤʝʨʘ ʥʘ ʂʦʪʝʣ ʩʪ. ˉ 12.  
ʉʧʨʷʤʦ ʜʚʘʪʘ ʧʨʦʝʢʪʥʠ ʩʣʫʯʘʷ 

(ʨʘʟʛʣʝʜʘʥʠ ʚ ʪ. 2) ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ 
ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥ ʚʲʟʜʫʭ ʧʨʠ ʪʝʟʠ 
ʤʦʜʝʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʝ ʥʘʤʘʣʝʥʦ ʩʲʦʪʚʝʪʥʦ ʩ 
50 000 Nm3/h ʠ 115 000 Nm3/h, ʪ.ʝ. ʪʦʚʘ 
ʢʦʣʠʯʝʩʪʚʦ ʝ 685 000 Nm3/h. ʈʘʟʣʠʢʘʪʘ ʤʝʞʜʫ 
ʦʪʜʝʣʥʠʪʝ ʩʣʫʯʘʠ ʝ ʚ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ 
ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘʜʛʦʨʠʚʝʥ ʚʲʟʜʫʭ ʟʘ ʩʤʝʪʢʘ ʥʘ 
ʚʲʟʜʫʭʘ ʧʨʝʟ ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ. 
ɺʭʦʜʥʠʪʝ ʜʘʥʥʠ ʢʘʩʘʝʱʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝ 

ʥʘ ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ ʟʘ 
ʦʪʜʝʣʥʠʪʝ ʩʣʫʯʘʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣ. 1.  
ʆʩʪʘʥʘʣʠʪʝ ʚʭʦʜʥʠ ʜʘʥʥʠ: ʢʘʪʦ ʝʣʝʤʝʥʪʝʥ 

ʠ ʟʲʨʥʦʤʝʪʨʠʯʝʥ ʩʲʩʪʘʚ; ʢʘʯʝʩʪʚʦ ʠ ʨʘʟʭʦʜ ʥʘ 
ʛʦʨʠʚʦʪʦ; ʢʘʢʪʦ ʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʛʦʨʠʚʦ-
ʪʦ ʠ ʪʨʘʥʩʧʦʨʪʠʨʘʱʠʪʝ ʛʦ ʜʠʤʥʠ ʛʘʟʦʚʝ 
ʧʦʩʪʲʧʚʘʱʠ ʧʨʝʟ ʛʦʨʝʣʢʠʪʝ ʧʦ ʚʠʩʦʯʠʥʘ ʥʘ 
ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʩʘ ʩʲʱʠʪʝ ʢʘʪʦ ʪʝʟʠ ʠʟʧʦʣʟ-
ʚʘʥʠ ʧʨʠ ʧʨʦʝʢʪʥʠʷ ʩʣʫʯʘʡ ʠ ʦʧʠʩʘʥʠ ʚ [1]. 

 

ʊʘʙʣʠʮʘ 1 
ʈʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ ʟʘ ʦʪʜʝʣʥʠʪʝ ʩʣʫʯʘʠ 

ɺʠʜ ʚʲʟʜʫʭ ʉʣʫʯʘʡ 2 ʉʣʫʯʘʡ 3 ʉʣʫʯʘʡ 4 ʉʣʫʯʘʡ 5 

ʆʙʱʦ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʟʠʨʘʥʦ 
ʧʦʜʘʚʘʥ ʚʲʟʜʫʭ, Nm3/h 

685 000 685 000 685 000 685 000 

ɺʲʟʜʫʭ ʧʨʝʟ ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ, 
Nm3/h 

685 000 643 000 601 000 580 000 

ʅʘʜʛʦʨʠʚʝʥ ʚʲʟʜʫʭ, Nm3/h 0 42 000 84 000 105 000 

 
ʂʘʢʪʦ ʠ ʧʨʠ ʤʦʜʝʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʦʪʨʘʟʷʚʘʱʠ ʧʨʦʝʢʪʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʛʦʨʠʚʥʠʪʝ 

ʫʨʝʜʙʠ, ʪʘʢʘ ʠ ʧʨʠ ʤʦʜʝʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʨʝʘʣʠʟʠʨʘʥʠ ʟʘ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʯʥʠ 
ʧʨʝʜʣʦʞʝʥʠʷ, ʚ ʨʘʙʦʪʘ ʩʘ 7 ʙʨʦʷ ʛʦʨʠʚʥʠ ʫʨʝʜʙʠ ʦʪ ʦʙʱʦ 8. ʈʘʟʣʠʯʥʦʪʦ ʝ ʨʘʟʭʦʜʲʪ ʥʘ 
ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ ʢʲʤ ʝʜʥʘʪʘ ʥʝʨʘʙʦʪʝʱʘ ʛʦʨʠʚʥʘ ʫʨʝʜʙʘ. ɺ ʧʨʦʝʢʪʥʠʷ ʩʣʫʯʘʡ ʚʲʟʜʫʭʘ ʢʲʤ 
ʛʦʨʝʣʢʠʪʝ ʩʝ ʧʦʜʘʚʘ ʨʘʚʥʦʤʝʨʥʦ ʥʝʟʘʚʠʩʠʤʦ ʜʘʣʠ ʩʘ ʚ ʨʘʙʦʪʘ ʠʣʠ ʥʝ. ɺ ʩʣʫʯʘʠʪʝ ʩ 
ʧʨʦʤʝʥʝʥʘ ʛʦʨʠʚʥʘ ʫʨʝʜʙʘ ʠ ʧʨʝʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʚʲʟʜʫʭ, ʢʲʤ ʥʝʨʘʙʦʪʝʱʠʪʝ ʩʝ ʧʦʜʘʚʘ 
20% ʦʪ ʧʦʣʘʛʘʱʠʷ ʠʤ ʩʝ ʚʲʟʜʫʭ, ʘ ʦʩʪʘʥʘʣʠʪʝ 80% ʩʝ ʜʦʙʘʚʷʪ ʨʘʚʥʦʤʝʨʥʦ ʢʲʤ ʨʘʙʦʪʝʱʠʪʝ. 

ʈʝʟʫʣʪʘʪʠ ʦʪ ʤʦʜʝʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ 
ʀʟʛʨʘʜʝʥʠʷʪ ʪʨʠʠʟʤʝʨʝʥ ʩʠʤʫʣʘʮʠʦʥʝʥ ʤʦʜʝʣ, ʦʧʠʩʚʘʱ ʧʨʦʮʝʩʠʪʝ ʚ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ, 

ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʥʝ ʩʘʤʦ ʜʘ ʙʲʜʘʪ ʠʟʯʠʩʣʝʥʠ ʢʨʘʡʥʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʘʟʦʪʥʠʪʝ ʝʤʠʩʠʠ, 
ʢʦʠʪʦ ʥʘʧʫʩʢʘʪ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ, ʥʦ ʠ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʤʝʩʪʘʪʘ, ʚ ʢʦʠʪʦ ʥʘʡ-ʠʥʪʝʥʟʠʚʥʦ ʩʝ 
ʦʙʨʘʟʫʚʘʪ ʪʝʟʠ ʩʲʝʜʠʥʝʥʠʷ. ʊʘʟʠ ʠʥʬʦʨʤʘʮʠʷ ʝ ʤʥʦʛʦ ʧʦʣʝʟʥʘ ʠ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 
ʚʟʝʤʘʥʝ ʥʘ ʠʥʬʦʨʤʠʨʘʥʦ ʨʝʰʝʥʠʝ ʟʘ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʧʝʱʥʠʪʝ ʧʨʦʮʝʩʠ. 

 
ʌʠʛ. 4 ʀʟʯʠʩʣʠʪʝʣʥʘ ʤʨʝʞʘ ʥʘ ʤʦʜʝʣ ʥʘ 
ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʂʦʪʝʣ ʩʪ. ˉ 12 
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ʅʘ ʌʠʛ. 5 ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ 
ʤʘʩʦʚʠʷ ʧʦʪʦʢ ʥʘ ʘʟʦʪʥʠʪʝ ʦʢʩʠʜʠ ʧʦ ʚʠʩʦʯʠʥʘ 
ʥʘ ʇʂ ʧʨʠ ʨʘʟʣʠʯʥʦ ʢʦʣʠʯʝʩʪʚʦ ʚʲʟʜʫʭ, ʢʦʡʪʦ 
ʧʦʩʪʲʧʚʘ ʧʨʝʟ ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ ʠ ʢʘʪʦ 
ʥʘʜʛʦʨʠʚʝʥ ʚʲʟʜʫʭ. ɺʠʞʜʘ ʩʝ, ʯʝ ʧʨʠ 
ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʨʘʟʭʦʜʘ ʥʘ ʚʲʟʜʫʭ ʧʨʝʟ 
ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ (ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ ʠ ʩʲʟʜʘʚʘʥʝ 
ʥʘ ʧʦʜʩʪʝʭʠʦʤʝʪʨʠʯʥʠ ʫʩʣʦʚʠʷ ʟʘ ʛʦʨʝʥʝ), 
ʤʘʩʦʚʠʷʪ ʧʦʪʦʢ ʥʘ ʘʟʦʪʥʠʪʝ ʦʢʩʠʜʠ ʥʘʤʘʣʷʚʘ. 
ʊʦʟʠ ʬʘʢʪ ʝ ʧʨʝʜʧʦʩʪʘʚʢʘ ʠ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 
ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ NOx ʥʘ ʠʟʭʦʜʘ ʦʪ ʧʝʱʥʘʪʘ 
ʢʘʤʝʨʘ. 
ʅʘ ʌʠʛ. 6 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʛʨʘʬʠʢʘ ʟʘ 

ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ NOx, 
[mg/Nm3] ʧʨʠ O2=6 %, ʥʘ ʠʟʭʦʜʘ ʦʪ ʧʝʱʥʘʪʘ 
ʢʘʤʝʨʘ ʟʘ ʠʟʩʣʝʜʚʘʥʠʪʝ 4 ʩʣʫʯʘʷ. ʆʪ ʪʘʟʠ 
ʛʨʘʬʠʢʘ ʩʲʱʦ ʩʝ ʚʠʞʜʘ, ʯʝ ʦʪʥʝʤʘʥʝʪʦ ʥʘ 
ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥ 
ʚʲʟʜʫʭ ʦʪ ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ ʠ ʧʨʘʱʘʥʝʪʦ ʤʫ 
ʢʘʪʦ ʥʘʜʛʦʨʠʚʝʥ ʚʲʟʜʫʭ ʚʦʜʠ ʜʦ ʧʦʥʠʞʘʚʘʥʝ ʥʘ 
ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʘʟʦʪʥʠ ʦʢʩʠʜʠ ʥʘ ʠʟʭʦʜʘ ʦʪ 
ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ. 
ʂʘʢʪʦ ʙʝ ʦʪʙʝʣʷʟʘʥʦ ʧʦ-ʛʦʨʝ, ʨʘʟʛʣʝʜʘʥʠ ʩʘ 

ʜʚʘ ʩʣʫʯʘʷ ʧʨʠ ʤʦʜʝʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ 
ʨʘʙʦʪʘʪʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʧʨʠ ʧʨʦʝʢʪʥʦ 
ʩʲʩʪʦʷʥʠʝ ʥʘ ʛʦʨʠʚʥʘʪʘ ʫʨʝʜʙʘ. ʇʨʠ ʉʣʫʯʘʡ 0 
ʢʦʣʠʯʝʩʪʚʦʪʦ ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥ ʚʲʟʜʫʭ 
ʧʨʝʟ ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ ʝ 735 000 Nm3/h, ʘ ʧʨʠ 
ʉʣʫʯʘʡ 1 ʝ 800 000 Nm3/h. 

 

 
ʌʠʛ. 6 ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘ NOx ʥʘ ʠʟʭʦʜʘ ʦʪ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 

ʧʨʝʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ 
 

 
ʌʠʛ. 5 ʀʟʤʝʥʝʥʠʝ ʥʘ ʤʘʩʦʚʠʷ ʧʦʪʦʢ ʥʘ 

NOx ʧʦ ʚʠʩʦʯʠʥʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ, ʧʨʠ 
ʨʘʟʣʠʯʝʥ ʜʝʙʠʪ ʥʘ ʥʘʜʛʦʨʠʚʝʥ ʚʲʟʜʫʭ 



 

ȜȸȹȵȸȯȷȯȺȭȯȼȲȴȪ Ȳ ɉȮȺȯȷȪ ȯȷȯȺȭȯȼȲȴȪ   59 
 

 

ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʧʨʠ ʤʦʜʝʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʂʦʪʝʣ ʩʪ. ˉ 12 ʩ 
ʧʨʦʤʷʥʘ ʚ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʥʘ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʧʨʦʤʝʥʠ ʚ ʧʨʦʝʢʪʥʠʪʝ 
ʛʦʨʠʚʥʠ ʫʨʝʜʙʠ ʩʘ ʨʘʟʛʣʝʜʘʥʠ 4 ʩʣʫʯʘʷ. ʈʘʟʣʠʢʘʪʘ ʚ ʪʝʟʠ ʩʣʫʯʘʠ ʝ ʧʨʝʨʘʟʧʨʝʜʝʣʝʥʦʪʦ 
ʢʦʣʠʯʝʩʪʚʦ ʚʲʟʜʫʭ ʧʨʝʟ ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ ʠ ʢʘʪʦ ʥʘʜʛʦʨʠʚʝʥ. ʄʘʢʩʠʤʘʣʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ 
ʚʲʟʜʫʭ, ʢʦʝʪʦ ʧʨʝʜʣʦʞʝʥʠʪʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʧʨʦʤʝʥʠ ʧʦʟʚʦʣʷʚʘʪ ʜʘ ʩʝ ʧʦʜʘʜʝ ʢʘʪʦ 
ʥʘʜʛʦʨʠʚʝʥ ʝ 84 000 Nm3/h (ʉʣʫʯʘʡ 4). ʆʩʚʝʥ ʪʦʚʘ ʧʨʠ ʪʦʟʠ ʩʣʫʯʘʡ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ NOx 
ʥʘ ʠʟʭʦʜʘ ʦʪ ʢʦʪʝʣʘ ʝ 191 mg/Nm3 (ʆ2 = 6 %), ʪ.ʝ. ʧʦʜ ʥʦʨʤʘʪʠʚʥʦʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʦʪ 200 
mg/Nm3.  
ʆʛʨʦʤʥʘʪʘ ʙʘʟʘ ʜʘʥʥʠ, ʢʦʷʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʢʘʪʦ ʨʝʟʫʣʪʘʪ ʦʪ ʤʦʜʝʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ, 

ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʷʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʠʪʦ ʜʘ ʥʦʩʷʪ 
ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʚʟʝʤʘʥʝʪʦ ʥʘ ʤʝʨʢʠ ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʰʣʘʢʦʦʙʨʘʟʫʚʘʥʝʪʦ ʧʦ ʝʢʨʘʥʠʪʝ 
ʠ ʦʛʨʘʥʠʯʘʚʘʥʝ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʘʟʦʪʥʠ ʦʢʩʠʜʠ.ʂʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ NOx ʥʘ ʠʟʭʦʜʘ ʦʪ 
ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʠ ʟʘʛʫʙʠʪʝ ʦʪ ʤʝʭʘʥʠʯʥʦ ʥʝʜʦʠʟʛʘʨʷʥʝ ʟʘ ʩʨʘʚʥʷʚʘʥʠʪʝ ʩʣʫʯʘʠ ʩʘ 
ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣ. 2, ʟʘʝʜʥʦ ʩ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʚʩʠʯʢʠ ʨʘʟʛʣʝʜʘʥʠ ʩʣʫʯʘʠ. 

ʊʘʙʣʠʮʘ 2 
ʈʝʟʫʣʪʘʪʠ ʦʪ ʤʦʜʝʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʂʦʪʝʣ ʩʪ. ˉ 12 

ˉ ɺʝʣʠʯʠʥʘ 
ʉʣʫʯʘʡ 

0 
ʉʣʫʯʘʡ 

1 
ʉʣʫʯʘʡ 

2 
ʉʣʫʯʘʡ 

3 
ʉʣʫʯʘʡ 

4 
ʉʣʫʯʘʡ 

5 

1 
ɺ̡ ʟʜʫʭ ʧʨʝʟ ʛʦʨʠʚʥʠʪʝ 
ʫʨʝʜʙʠ, Nm3/h 

735 000 800 000 685 000 643 000 601 000 580 000 

2 ʅʘʜʛʦʨʠʚʝʥ ʚʲʟʜʫʭ, Nm3/h - - 0 42 000 84 000 105 000 

3 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʘʟʦʪʥʠ 
ʦʢʩʠʜʠ (Nʆx) ʥʘ ʠʟʭʦʜ ʦʪ 
ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ*, mg/Nm3 
(O2=6 %) 

287 306 240 212 191 174 

4 
ɿʘʛʫʙʠ ʦʪ ʤʝʭʘʥʠʯʥʦ 
ʥʝʜʦʠʟʛʘʨʷʥʝ - q4, % 

2,8 2,4 2,9 3,1 3,7 4,0 

* ʊʘʟʠ ʩʪʦʡʥʦʩʪ ʝ ʚʘʣʠʜʥʘ ʟʘ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠ ʫʩʣʦʚʠʷ ʩʘʤʦ ʧʨʠ ʯʠʩʪʠ (ʥʝʟʘʰʣʘʢʦʚʘʥʠ) ʥʘʛʨʝʚʥʠ 
ʧʦʚʲʨʭʥʦʩʪʠ ʠ ʙʝʟ ʧʦʩʪʲʧʚʘʥʝʪʦ ʥʘ ʥʝʦʨʛʘʥʠʟʠʨʘʥ ʚʲʟʜʫʭ ʚ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ. 

ɿʘʢʣʶʯʝʥʠʝ 
ʅʘ ʦʩʥʦʚʘʪʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʦʧʠʩʘʥʘ ʧʦ-ʛʦʨʝ ʠ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʤʦʜʝʣʥʠʪʝ 

ʠʟʩʣʝʜʚʘʥʠʷ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʥʘʧʨʘʚʝʥʠ ʩʣʝʜʥʠʪʝ ʦʙʦʙʱʝʥʠʷ: 
1. ʉʲʟʜʘʜʝʥ ʝ ʮʠʬʨʦʚ ʩʠʤʫʣʘʮʠʦʥʝʥ ʤʦʜʝʣ ʥʘ ʧʨʦʮʝʩʠʪʝ ʧʨʦʪʠʯʘʱʠ ʚ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʥʘ 
ʂʦʪʝʣ ʩʪ. ˉ 12. ɿʘ ʪʘʟʠ ʮʝʣ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠ ʜʘʥʥʠ ʦʪ 
ʥʝʛʦʚʘʪʘ ʨʘʙʦʪʘ ʜʦ ʥʘʩʪʦʷʱʠʷ ʤʦʤʝʥʪ. ʆʩʥʦʚʥʘʪʘ ʟʘʜʘʯʘ ʥʘ ʪʦʟʠ ʤʦʜʝʣ ʩʝ ʩʲʩʪʦʝʰʝ ʚ 
ʪʦʚʘ ʜʘ ʙʲʜʝ ʚʘʣʠʜʠʨʘʥ ʘʟʦʪʥʠʷ ʤʦʜʝʣ, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʩʦʬʪʫʝʨʘ. ʇʦʣʫʯʝʥʠʪʝ 
ʨʝʟʫʣʪʘʪʠ ʦʪ ʤʦʜʝʣʘ ʧʦʢʨʠʚʘʪ ʩ ʜʦʩʪʘʪʲʯʥʘ ʪʦʯʥʦʩʪ, ʢʘʢʪʦ ʦʩʥʦʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ, 
ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʨʘʙʦʪʘʪʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ, ʪʘʢʘ ʠ ʧʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʦʪ ʨʝʘʣʠʟʠʨʘʥʠ 
ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʘʟʦʪʥʠ ʦʢʩʠʜʠ ʥʘ ʠʟʭʦʜʘ ʦʪ ʢʦʪʝʣʘ. 

2. ʀʟʛʨʘʜʝʥ ʝ ʤʦʜʝʣ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʩ ʧʨʝʜʣʦʞʝʥʠʷ ʟʘ ʠʟʤʝʥʝʥʠʷ ʧʦ ʛʦʨʠʚʥʠʪʝ ʫʨʝʜʙʠ 
ʠ ʧʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥʠʷ ʥʘ ʚʲʟʜʫʭ, ʯʨʝʟ ʜʦʙʘʚʷʥʝ ʥʘ 6 ʜʶʟʠ 
ʟʘ ʥʘʜʛʦʨʠʚʝʥ ʚʲʟʜʫʭ. ʎʝʣʠʪʝ ʥʘ ʪʘʢʘ ʧʨʝʜʣʦʞʝʥʠʪʝ ʠʟʤʝʥʝʥʠʷ ʩʘ ʜʚʝ: ʨʝʜʫʢʮʠʷ ʥʘ 
ʢʦʣʠʯʝʩʪʚʦʪʦ ʦʙʨʘʟʫʚʘʣʠ ʩʝ ʘʟʦʪʥʠ ʦʢʩʠʜʠ ʥʘ ʠʟʭʦʜʘ ʦʪ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ (ʦʪʯʝʪʝʥʦ ʢʘʪʦ 
ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ NOX ʧʦʜ 200 mg/Nm3 ʧʨʠ O2 = 6 %) ʠ ʥʘʤʘʣʝʥʠʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ 
ʟʘʰʣʘʢʦʚʘʥʝ ʥʘ ʦʩʥʦʚʥʘ ʟʦʥʘ. ɿʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʛʝʥʝʨʠʨʘʥʠ ʘʟʦʪʥʠ 
ʦʢʩʠʜʠ ʝ ʠʟʧʦʣʟʚʘʥ ʚʘʣʠʜʠʨʘʥʠʷ Ăʘʟʦʪʝʥ ʤʦʜʝʣò. 

3. ʀʟʚʲʨʰʝʥʠ ʩʘ ʠʟʩʣʝʜʚʘʥʠʷ ʩ ʪʘʢʘ ʠʟʛʨʘʜʝʥʠʷ ʤʦʜʝʣ, ʢʦʠʪʦ ʠʟʧʦʣʟʚʘʪ ʨʘʟʣʠʯʥʠ ʥʘʯʘʣʥʠ 
ʫʩʣʦʚʠʷ. ʊʝʟʠ ʨʘʟʣʠʯʥʠ ʥʘʯʘʣʥʠ ʫʩʣʦʚʠʷ ʩʝ ʩʚʝʞʜʘʪ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʠ 
ʧʨʝʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʧʦʜʘʚʘʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʟʠʨʘʥ ʚʲʟʜʫʭ. ʇʦʣʫʯʝʥʠʪʝ 
ʩʪʦʡʥʦʩʪʠ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ NOX ʥʘ ʠʟʭʦʜʘ ʦʪ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʧʨʠ ʚʩʠʯʢʠ 
ʨʘʟʛʣʝʜʘʥʠ ʩʣʫʯʘʠ, ʢʘʢʪʦ ʠ ʩʪʝʧʝʥʪʘ ʥʘ ʟʘʛʫʙʠʪʝ ʦʪ ʤʝʭʘʥʠʯʥʦ ʥʝʜʦʠʟʛʘʨʷʥʝ ʩʘ 
ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣ. 2. 



 
60  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

4. ɺʲʧʨʝʢʠ ʯʝ ʤʦʜʝʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦ ʧʨʠʥʮʠʧ ʜʘʚʘʪ ʦʧʨʝʜʝʣʝʥʠ ʪʝʥʜʝʥʮʠʠ, ʪʦ ʚ ʥʷʢʦʠ 
ʩʣʫʯʘʠ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ ʟʘ ʢʦʣʠʯʝʩʪʚʝʥʘ ʦʮʝʥʢʘ. ʆʪ ʊʘʙʣʠʮʘ 2 ʩʝ ʚʠʞʜʘ, ʯʝ ʩʝ 

ʧʦʣʫʯʘʚʘ ʨʝʜʫʢʮʠʷ ʥʘ ʘʟʦʪʥʠʪʝ ʦʢʩʠʜʠ ʤʝʞʜʫ 33 · 38 % (96 · 115 mg/Nm3) ʢʘʪʦ ʩʝ 
ʩʨʘʚʥʠ ʉʣʫʯʘʡ 4 ʩʧʨʷʤʦ ʜʚʘʪʘ ñʧʨʦʝʢʪʥʠò ʩʣʫʯʘʷ (ʉʣʫʯʘʡ 0 ʠ ʉʣʫʯʘʡ 1). 

5. ʅʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ ʚ ʦʩʥʦʚʥʘ ʟʦʥʘ ʚʦʜʠ ʜʦ ʚʣʦʰʘʚʘʥʝ ʥʘ 
ʛʦʨʠʚʥʠʷ ʧʨʦʮʝʩ, ʢʦʝʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʟʘʛʫʙʠʪʝ ʦʪ ʤʝʭʘʥʠʯʥʦ 

ʥʝʜʦʠʟʛʘʨʷʥʝ (q4) ʩ ʦʢʦʣʦ 1,3 · 1,5 %.  
 

ʃʠʪʝʨʘʪʫʨʘ 
1. ɸʥʛʝʣʦʚ ɹ., ñʀʟʛʨʘʞʜʘʥʝ ʠ ʚʘʣʠʜʠʨʘʥʝ ʥʘ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʧʝʱʥʘʪʘ 
ʢʘʤʝʨʘ ʥʘ ʢʦʪʝʣ ʩʪ. ˉ 12 ʚ ñʊɽʎ ʄʘʨʠʮʘ ʀʟʪʦʢ 2ò, XXII ʅʘʫʯʥʘ ʂʦʥʬʝʨʝʥʮʠʷ ʩ 
ʤʝʞʜʫʥʘʨʦʜʥʦ ʫʯʘʩʪʠʝ ɽʄʌ 2017, 17 ï 20 ʩʝʧʪʝʤʚʨʠ 2017, ʉʦʟʦʧʦʣ. 

2. ʊʦʪʝʚ ʊ., ɺ. ʈʘʜʝʥʢʦʚ, ɼ. ʂʲʥʝʚ, ñʆʮʝʥʢʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʦʨʛʘʥʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ 
ʚʲʨʭʫ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʘʟʦʪʥʠ ʦʢʩʠʜʠ ʧʨʠ ʠʟʛʘʨʷʥʝʪʦ ʥʘ ʚʲʛʣʠʱʘ ʚ ʢʦʪʣʠ ʪʠʧ ʇʂ-38-4 ʚ 
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ʈʘʟʧʨʝʜʝʣʷʥʝ ʥʘ ʛʦʨʠʚʦʪʦ ʤʝʞʜʫ ʪʦʧʣʠʥʥʘʪʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʝʥʝʨʛʠʷ ʧʨʠ 
ʪʷʭʥʦʪʦ ʢʦʤʙʠʥʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 

 
ʂʘʣʦʷʥ ʍʨʠʩʪʦʚ, ʀʚʘʥ ɻʝʥʦʚʩʢʠ  

 

ʇʨʠ ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʪʨʷʙʚʘ ʜʘ ʩʝ 
ʨʘʟʧʨʝʜʝʣʠ ʦʙʱʠʷʪ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʤʝʞʜʫ ʜʚʘʪʘ ʧʨʦʠʟʚʝʞʜʘʥʠ ʧʨʦʜʫʢʪʘ. ɿʘ 
ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʙʘʣʘʥʩʦʚʠ (ʪʝʨʤʦʜʠʥʘʤʠʯʥʠ) ʠ ʠʢʦʥʦʤʠʯʝʩʢʠ 
ʤʝʪʦʜʠ. ʀʟʙʦʨʲʪ ʥʘ ʤʝʪʦʜ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʦʨʠʚʦʪʦ ʚʣʠʷʝ ʚʲʨʭʫ ʮʝʥʘʪʘ ʥʘ 
ʧʨʝʜʣʘʛʘʥʠʷ ʧʨʦʜʫʢʪ, ʪʲʡ ʢʘʪʦ ʛʦʨʠʚʦʪʦ ʝ ʦʩʥʦʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʚ ʥʝʷ. ɺ ʥʘʩʪʦʷʱʠʷ 
ʜʦʢʣʘʜ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʦʩʦʙʝʥʦʩʪʠʪʝ ʠ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʤʝʪʦʜʠ ʟʘ 
ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʦʨʠʚʦʪʦ ʧʨʠ ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʞʜʫ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʠ 
ʪʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ. 

 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʢʦʤʙʠʥʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʦʨʠʚʦʪʦ, ʧʘʨʦʪʫʨʙʠʥʥʘ 
ʠʥʩʪʘʣʘʮʠʷ 

 

Allocation of fuel consumption in the production of heat and electricity in their 
combined production 

 
Kaloyan Hristov, Ivan Genovski 

 

On the combined heat and power generation, the total fuel consumption should be allocated 
between the two products produced. For allocation may be used balance (thermodynamic) and 
economic methods. Choosing a fuel allocation method influence the price of the product, as fuel is 
a major component of the fuel. This report analyzes the peculiarities of the different fuel allocation 
methods in cogeneration between electricity and heat and the results obtained when applied. 

 
Keywords: combined heat and power, allocation of fuel consumption, steam turbine instalation 

 
ɺʲʚʝʜʝʥʠʝ 
ʊʦʧʣʦʬʠʢʘʮʠʦʥʥʠʪʝ ʮʝʥʪʨʘʣʠ ʧʨʦʠʟʚʝʞʜʘʪ ʢʦʤʙʠʥʠʨʘʥʦ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ɽ (kWh) 

ʠ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ Q (kWh). ʊʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ ʩʝ ʦʧʫʩʢʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʘʨʘ Qʇ (ʟʘ 
ʧʨʦʤʠʰʣʝʥʠʪʝ ʧʦʪʨʝʙʠʪʝʣʠ) ʠ ʛʦʨʝʱʘ ʚʦʜʘ Qʊ (ʟʘ ʙʠʪʦʚʠʪʝ ʧʦʪʨʝʙʠʪʝʣʠ). ʆʩʥʦʚʥʦʪʦ 
ʧʨʝʜʠʤʩʪʚʦ ʥʘ ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʨʘʟʜʝʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝ 
ʠʢʦʥʦʤʠʷʪʘ ʥʘ ʛʦʨʠʚʦ ʟʘ ʝʜʥʠ ʩʲʱʠ ʧʨʦʠʟʚʝʜʝʥʠ ʢʦʣʠʯʝʩʪʚʘ ʪʦʧʣʠʥʥʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘ 
ʝʥʝʨʛʠʷ.  
ʄʝʪʦʜʠʪʝ, ʢʦʠʪʦ ʩʝ ʧʨʠʣʘʛʘʪ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʦʨʠʚʦʪʦ ʤʝʞʜʫ ʧʨʦʠʟʚʝʜʝʥʘʪʘ 

ʪʦʧʣʠʥʥʘʪʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʝʥʝʨʛʠʷʪʘ ʚ ʢʦʛʝʥʝʨʘʮʠʦʥʥʘʪʘ ʠʥʩʪʘʣʘʮʠʷ, ʤʦʛʘʪ ʜʘ ʩʝ 
ʨʘʟʜʝʣʷʪ ʥʘ ʙʘʣʘʥʩʦʚʠ ʠ ʠʢʦʥʦʤʠʯʝʩʢʠ [1,5]. 

ɹʘʣʘʥʩʦʚʠ ʤʝʪʦʜʠ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʚʣʦʞʝʥʦʪʦ ʛʦʨʠʚʦ ʧʨʠ ʢʦʤʙʠʥʠʨʘʥʦ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʠ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ  
ʊʝʟʠ ʤʝʪʦʜʠ ʩʝ ʦʩʥʦʚʘʪ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʘ ʪʦʧʣʠʥʥʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʠ ʥʘ ʩʧʘʟʚʘʥʝ ʥʘ ʟʘʢʦʥʠʪʝ ʥʘ ʩʲʭʨʘʥʝʥʠʝ ʠ 
ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʝʥʝʨʛʠʷʪʘ. ʏʨʝʟ ʪʷʭ ʤʦʞʝ ʜʘ ʩʝ ʦʮʝʥʠ ʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʨʘʙʦʪʘ ʥʘ 
ʠʥʩʪʘʣʘʮʠʠʪʝ. ʆʩʥʦʚʥʠʪʝ ʙʘʣʘʥʩʦʚʠ ʤʝʪʦʜʠ ʩʘ: 

¶ ʌʠʟʠʯʝʩʢʠʷʪ ʤʝʪʦʜ; 

¶ ɽʢʩʝʨʛʠʡʥʠʷʪ ʤʝʪʦʜ; 

¶ ʄʝʪʦʜʲʪ, ʦʪʯʠʪʘʱ ʝʥʝʨʛʠʡʥʘʪʘ Ăʮʝʥʥʦʩʪñ ʥʘ ʦʪʚʝʞʜʘʥʘʪʘ ʧʘʨʘ ʦʪ ʪʫʨʙʠʥʘʪʘ; 

¶ ʄʝʪʦʜʲʪ ʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʨʘʟʭʦʜʠʪʝ ʥʘ ʪʦʧʣʠʥʘ. 
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ʄʝʪʦʜʲʪ, ʢʦʡʪʦ ʩʝ ʧʨʠʣʘʛʘ ʚ ɹʲʣʛʘʨʠʷ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʚʣʦʞʝʥʦʪʦ ʛʦʨʠʚʦ ʤʝʞʜʫ 
ʪʦʧʣʠʥʥʘʪʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʝʥʝʨʛʠʷ ʧʨʠ ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʝ ʬʠʟʠʯʝʩʢʠʷʪ. 
ʇʨʠ ʥʝʛʦ ʩʝ ʧʨʠʝʤʘ, ʯʝ ʤʝʞʜʫ ʜʚʘʪʘ ʧʨʦʠʟʚʝʜʝʥʠ ʧʨʦʜʫʢʪʘ ʥʷʤʘ ʢʘʯʝʩʪʚʝʥʘ ʨʘʟʣʠʢʘ 
(ʪʦʧʣʠʥʥʘʪʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʝʥʝʨʛʠʷ ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʢʘʪʦ ʨʘʚʥʦʩʪʦʡʥʠ). 
ʊʦʧʣʠʥʘʪʘ ʟʘ ʟʘʜʦʚʦʣʷʚʘʥʝ ʥʘ ʪʦʧʣʠʥʥʠʪʝ ʧʦʪʨʝʙʥʦʩʪʠ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʩʝ ʦʪʚʝʞʜʘ ʦʪ 

ʨʝʛʫʣʠʨʫʝʤʠʪʝ ʧʘʨʦʦʪʥʝʤʘʥʠʷ ʠʣʠ ʙʦʡʣʝʨ ʢʦʥʜʝʥʟʘʪʦʨʘ ʥʘ ʧʘʨʦʪʫʨʙʠʥʥʘʪʘ ʠʥʩʪʘʣʘʮʠʷ, ʘ 
ʪʦʧʣʠʥʘʪʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʩʝ ʧʦʣʫʯʘʚʘ ʢʘʪʦ ʦʪ ʦʙʱʠʷʪ ʨʘʟʭʦʜ ʥʘ 
ʪʦʧʣʠʥʘ ʥʘ ʚʭʦʜʘ ʥʘ ʪʫʨʙʠʥʘʪʘ, ʩʝ ʠʟʚʘʜʠ ʦʪʚʝʜʝʥʘʪʘ ʟʘ ʪʦʧʣʠʥʥʠʷ ʪʦʚʘʨ. ʆʪ ʪʦʚʘ ʩʣʝʜʚʘ, 
ʯʝ ʚ ʢʦʥʜʝʥʟʘʮʠʦʥʥʘ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʘ, ʢʲʜʝʪʦ ʥʝ ʩʝ ʦʪʚʝʞʜʘ ʪʦʧʣʠʥʘ ʟʘ ʧʦʪʨʝʙʠʪʝʣʠ, ʩʝ 
ʠʟʨʘʟʭʦʜʚʘ ʧʦʚʝʯʝ ʪʦʧʣʠʥʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʩʲʱʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ 
ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʛʝʥʝʨʘʮʠʦʥʥʘʪʘ ʠʥʩʪʘʣʘʮʠʷ. ʅʘʧʨʠʤʝʨ, ʩʧʝʮʠʬʠʯʥʠʷʪ ʨʘʟʭʦʜ ʥʘ ʫʩʣʦʚʥʦ 
ʛʦʨʠʚʦ ʟʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ ʦʪ ʊɽʎ (ʜʦʨʠ ʠ ʩʲʩ ʩʪʘʨʦ ʦʙʦʨʫʜʚʘʥʝ) ʥʝ ʧʨʝʚʠʰʘʚʘ 0,260 
kg/kWh, ʜʦʢʘʪʦ ʟʘ ʝʜʥʘ ʩʲʚʨʝʤʝʥʥʘ ʢʦʥʜʝʥʟʘʮʠʦʥʥʘ ʮʝʥʪʨʘʣʘ ʪʦʡ ʥʝ ʝ ʧʦ-ʤʘʣʲʢ ʦʪ 0,310 
kg/kWh. [4]. ʊʦʚʘ ʧʦʢʘʟʚʘ, ʯʝ ʬʠʟʠʯʝʩʢʠʷʪ ʤʝʪʦʜ ʠʟʢʨʠʚʷʚʘ ʢʘʨʪʠʥʘʪʘ ʥʘ ʝʬʝʢʪʠʚʥʘ ʨʘʙʦʪʘ 
ʥʘ ʝʥʝʨʛʠʡʥʠʪʝ ʧʨʝʜʧʨʠʷʪʠʷ. 
ʌʠʟʠʯʝʩʢʠʷʪ ʤʝʪʦʜ ʝ ʥʘʤʝʨʠʣ ʰʠʨʦʢʦ ʧʨʘʢʪʠʯʝʩʢʦ ʧʨʠʣʦʞʝʥʠʝ ʟʘʨʘʜʠ ʩʚʦʷʪʘ 

ʧʨʝʛʣʝʜʥʦʩʪ [3,5]. ʇʨʠ ʥʝʛʦ ʨʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ TB ʟʘ 

ʚʲʥʰʥʠʪʝ ʪʦʧʣʠʥʥʠ ʧʦʪʨʝʙʠʪʝʣʠ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ: 
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 ʝ ʪʦʧʣʠʥʘʪʘ, ʢʦʷʪʦ ʩʝ ʦʪʧʫʩʢʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʦʪ ʧʘʨʦʦʪʥʝʤʘʥʠʷʪʘ ʠʣʠ ʙʦʡʣʝʨ-

ʢʦʥʜʝʥʟʘʪʦʨʘ ʥʘ ʪʫʨʙʠʥʘʪʘ, kWh;  
ɼ

ʈQ  ʝ ʢʘʣʦʨʠʯʥʦʩʪʪʘ ʥʘ ʛʦʨʠʚʦʪʦ, kWh/kg; 

ʇɻɖ , ʇɖ  - ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʧʦʣʝʟʥʦ ʜʝʡʩʪʚʠʝ ʥʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʠ ʧʘʨʦʧʨʦʚʦʜʠʪʝ. 

ʉʧʝʮʠʬʠʯʥʠʷʪ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʥʝ ʟʘʚʠʩʠ ʦʪ 
ʥʘʣʷʛʘʥʝʪʦ, ʧʨʠ ʢʦʝʪʦ ʩʝ ʦʪʚʝʞʜʘ ʪʦʧʣʠʥʥʠʷ ʧʦʪʦʢ ʠ ʝ ʧʨʘʢʪʠʯʝʩʢʠ ʝʜʥʘʢʲʚ ʩ ʪʦʟʠ ʧʨʠ 
ʨʘʟʜʝʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. 
ʈʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʪʦ ʦʪ 

ʦʙʱʠʷʪ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʟʘ ʠʥʩʪʘʣʘʮʠʷʪʘ ʩʝ ʠʟʚʘʜʠ ʨʘʟʭʦʜʘ ʟʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ:  

E TB B B= - .           (2) 

ɺʠʞʜʘ ʩʝ, ʯʝ ʮʷʣʘʪʘ ʠʢʦʥʦʤʠʷ ʥʘ ʛʦʨʠʚʦ ʦʪ ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʝ ʧʨʝʭʚʲʨʣʷ 
ʚʲʨʭʫ ʝʣʝʢʪʨʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. 
ʇʨʠ ʝʢʩʝʨʛʠʡʥʠʷ ʤʝʪʦʜ ʦʪʥʦʚʦ ʩʝ ʧʨʠʣʘʛʘʪ ʟʘʢʦʥʠʪʝ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʠ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ 

ʝʥʝʨʛʠʷʪʘ, ʥʦ ʩʨʘʚʥʷʚʘʥʝʪʦ ʤʝʞʜʫ ʪʦʧʣʠʥʥʘʪʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʝʥʝʨʛʠʷ ʩʝ ʠʟʚʲʨʰʚʘ ʥʝ ʧʦ 
ʝʥʝʨʛʠʡʥʠʪʝ, ʘ ʧʦ ʝʢʩʝʨʛʠʡʥʠʪʝ ʠʤ ʝʢʚʠʚʘʣʝʥʪʠ. ɽʢʩʝʨʛʠʷʪʘ (ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ) 
ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʥʝ ʩʘʤʦ ʢʦʣʠʯʝʩʪʚʦʪʦ, ʥʦ ʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʝʥʝʨʛʠʷʪʘ. 
ɿʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʦʨʠʚʦʪʦ ʧʦ ʝʢʩʝʨʛʠʡʥʠʷ ʤʝʪʦʜ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ 

ʩʧʝʮʠʬʠʯʥʠʷʪ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʢʩʝʨʛʠʷ (ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪ) Eʂʉb

(kg/kWh) ʢʘʪʦ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʮʝʣʠʷ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ B (kg) ʢʲʤ ʦʙʱʘʪʘ ʝʢʩʝʨʛʠʷ ʥʘ 
ʧʨʦʠʟʚʝʜʝʥʠʪʝ ʧʨʦʜʫʢʪʠ - ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ ʠ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ: 

Eʂʉ Ti E

1

=  B/( E + E )b
n

i=

ä ,          (3) 

ʢʲʜʝʪʦ:  

Ti

1

E
n

i=

ä ʝ  ʝʢʩʝʨʛʠʷʪʘ ʥʘ ʪʦʧʣʠʥʘʪʘ, ʢʦʷʪʦ ʩʝ ʦʪʧʫʩʢʘʪ ʢʲʤ ʧʦʪʨʝʙʠʪʝʣʠʪʝ, kWh; 
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Eɽ - ʝʢʩʝʨʛʠʷʪʘ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʝʥʝʨʛʠʷ, kWh. 

ɽʢʩʝʨʛʠʷʪʘ ʥʘ i-ʷ ʪʦʧʣʠʥʝʥ ʧʦʪʦʢ iQ  ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ: 

i

n

Ti o ʇ i

i=1

E = (1 - T / T ) Qä  ,         (4) 

ʢʲʜʝʪʦ: 
ʊʦ ʝ ʩʨʝʜʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ; 

iʇ
T - ʩʨʝʜʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʘʨʘʪʘ, ʢʦʷʪʦ ʩʝ ʦʪʚʝʞʜʘ ʦʪ ʨʝʛʫʣʠʨʫʝʤʦʪʦ 

ʧʘʨʦʦʪʥʝʤʘʥʝ. 
ɺʝʣʠʯʠʥʘʪʘ ɽɽ ʝ ʨʘʚʥʘ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʝʥʝʨʛʠʷ, ʢʦʷʪʦ ʥʘʧʲʣʥʦ ʩʝ ʧʨʝʦʙʨʘʟʫʚʘ ʚ 

ʝʢʩʝʨʛʠʷ. ʆʪʪʫʢ ʩʣʝʜʚʘ, ʯʝ  ʩʧʝʮʠʬʠʯʥʠʷʪ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ 

ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ Eb ʝ ʨʘʚʝʥ ʥʘ ʩʧʝʮʠʬʠʯʥʠʷ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ 

ʝʜʠʥʠʮʘ ʝʢʩʝʨʛʠʷ ( E Eʂʉb = b ).  

ʈʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʦʪ ʠʥʩʪʘʣʘʮʠʷʪʘ ʩʝ 
ʧʦʣʫʯʘʚʘ ʢʘʪʦ ʩʝ ʫʤʥʦʞʠ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ (E, kWh) ʩʲʩ ʩʧʝʮʠʬʠʯʥʠʷ 
ʨʘʟʭʦʜ ʟʘ ʥʝʛʦʚʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ: 

E EB b ɽ= Ö.           (5) 

ʉʧʝʮʠʬʠʯʥʠʷʪ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ, ʦʪʧʫʩʥʘʪʘ ʦʪ i-ʪʦ 
ʧʘʨʦʦʪʥʝʤʘʥʝ ʠʣʠ ʙʦʡʣʝʨ ʢʦʥʜʝʥʟʘʪʦʨʘ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ: 

i

o
Ti ɽʂʉ

ʇ

T
b = (1- )b

T
.          (6) 

ʈʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʪʦʧʣʦʧʨʦʠʟʚʦʜʩʪʚʦ TB  ʩʝ ʦʧʨʝʜʝʣʷʪ ʯʨʝʟ ʩʧʝʮʠʬʠʯʥʠʷ ʨʘʟʭʦʜ ʥʘ 

ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ: 
n

T Ti i

i=1

B = b Qä .           (7) 

ʆʩʥʦʚʝʥ ʥʝʜʦʩʪʘʪʲʢ ʟʘ ʝʢʩʝʨʛʠʡʥʠʷ ʤʝʪʦʜ ʟʘ ʧʨʘʢʪʠʯʝʩʢʦ ʧʨʠʣʦʞʝʥʠʝ ʝ ʟʥʘʯʠʪʝʣʥʠʷʪ 
ʙʨʦʡ ʚʝʣʠʯʠʥʠ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʯʝʪʘʪ ʩ ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ [3]. 
ʄʝʪʦʜʲʪ, ʦʪʯʠʪʘʱ ʝʥʝʨʛʠʡʥʘʪʘ Ăʮʝʥʥʦʩʪñ ʥʘ ʦʪʚʝʞʜʘʥʘʪʘ ʧʘʨʘ, ʟʘʝʤʘ ʤʝʞʜʠʥʥʦ 

ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʷ ʠ ʝʢʩʝʨʛʠʡʥʠʷ ʤʝʪʦʜ. ʇʨʠ ʥʝʛʦ ʦʪʥʦʚʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘʢʦʥʠʪʝ 
ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʠ ʧʨʝʚʨʲʱʘʥʝ ʥʘ ʝʥʝʨʛʠʷʪʘ, ʥʦ ʩʨʘʚʥʝʥʠʝʪʦ ʤʝʞʜʫ ʜʚʘʪʘ ʧʨʦʜʫʢʪʘ ʩʝ 
ʠʟʚʲʨʰʚʘ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ Ăʮʝʥʥʦʩʪʪʘñ ʥʘ ʪʦʧʣʠʥʘʪʘ ʥʘ ʦʪʚʝʞʜʘʥʘʪʘ ʧʘʨʘ ʠ ʩʝ ʦʪʯʠʪʘ ʥʘʯʠʥʘ 
ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ. 
ɺ ʦʩʥʦʚʘʪʘ ʥʘ ʤʝʪʦʜʘ ʝ ʟʘʣʦʞʝʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʢʲʤ ʜʚʘʪʘ ʧʨʦʜʫʢʪʘ ʥʘ ʝʥʝʨʛʠʡʥʠʷ 

ʝʬʝʢʪ ʦʪ ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɿʘ ʮʝʣʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʝʥʪʘʣʧʠʷʪʘ ʥʘ ʩʚʝʞʘʪʘ ʧʘʨʘ 
(h0, kJ/kg), ʝʥʪʘʣʧʠʷʪʘ ʥʘ ʧʘʨʘʪʘ ʚ ʨʝʛʫʣʠʨʫʝʤʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ (hi, kJ/kg) ʠ ʥʘ ʧʘʨʘʪʘ ʚ 

ʢʦʥʜʝʥʟʘʪʦʨʘ (hʢ, kJ/kg) ʩʝ ʦʧʨʝʜʝʣʷʪ ʢʦʝʬʠʮʠʝʥʪʠ iɕ, ʢʦʠʪʦ ʦʪʯʠʪʘʪ Ăʮʝʥʥʦʩʪʪʘñ ʥʘ 

ʪʦʧʣʠʥʘʪʘ ʥʘ ʦʪʚʝʞʜʘʥʘʪʘ ʧʘʨʘ ʦʪ ʧʘʨʦʦʪʥʝʤʘʥʠʷʪʘ: 

o ii k
i

k k

h hh h
k

h h h h

å õ--
z = Ö +æ ö

- -ç ÷0 0

1 ,         (8) 

ʢʲʜʝʪʦ: 
k ʝ ʢʦʝʬʠʮʠʝʥʪ, ʢʦʡʪʦ ʦʪʯʠʪʘ ʨʝʛʝʥʝʨʘʪʠʚʥʦʪʦ ʧʦʜʛʨʷʚʘʥʝ ʥʘ ʦʩʥʦʚʥʠʷ ʢʦʥʜʝʥʟʘʪ. 

ʅʝʛʦʚʘʪʘ ʩʪʦʡʥʦʩʪ ʟʘʚʠʩʠ ʦʪ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʚʝʞʘʪʘ ʧʘʨʘ ʥʘ ʚʭʦʜʘ ʪʫʨʙʠʥʘʪʘ. 

ʈʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ EB (kg) ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ: 

OT
E E

ʉʅ

E
B K B

ɽ - ɽ
=  ,          (9) 

ʢʲʜʝʪʦ: 
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B ʝ ʦʙʱʠʷʪ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ, kg; 
ʂE  ʝ ʢʦʝʬʠʮʠʝʥʪ, ʦʪʯʠʪʘʱ ʜʷʣʘ ʥʘ  ʛʦʨʠʚʦʪʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ 

ʦʪ ʠʥʩʪʘʣʘʮʠʷʪʘ ʟʘ ʢʦʤʙʠʥʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ; 
ɽʆʊ

 - ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʝʥʝʨʛʠʷ, ʦʪʧʫʩʥʘʪʘ ʢʲʤ ʝʣʝʢʪʨʦʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ, kWh; 

ʉʅɽ - ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʝʥʝʨʛʠʷ ʟʘ ʩʦʙʩʪʚʝʥʠ ʥʫʞʜʠ ʧʨʠ ʝʣʝʢʪʨʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, kWh. 

ʂʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʩʪ ʂE ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ: 
n

E O ʉʅ i i ʆ ʉʅ

i

K =(Q - Q - Qɕ )/(Q - Q )ä ,        (10) 

ʢʲʜʝʪʦ: 

ʆQ  ʝ ʨʘʟʭʦʜʲʪ ʥʘ ʪʦʧʣʠʥʘ ʥʘ ʚʭʦʜʘ ʥʘ ʪʫʨʙʠʥʘʪʘ ʟʘ ʢʦʤʙʠʥʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, kWh;
  

ʉʅQ  - ʨʘʟʭʦʜʲʪ ʥʘ ʪʦʧʣʠʥʘ ʟʘ ʩʦʙʩʪʚʝʥʠ ʥʫʞʜʠ ʟʘ ʪʦʧʣʦʧʨʦʠʟʚʦʜʩʪʚʦ, kWh. 

ʈʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ TB  ʥʘ ʠʥʩʪʘʣʘʮʠʷʪʘ ʩʝ 

ʦʧʨʝʜʝʣʷ ʯʨʝʟ ʩʧʝʮʠʬʠʯʥʠʷ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʟʘ ʨʘʟʜʝʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨ

Tb  ʠ 

ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʮʝʥʥʦʩʪ ʥʘ ʪʦʧʣʠʥʘʪʘ izʟʘ ʚʩʝʢʠ ʪʦʧʣʠʥʝʥ ʧʦʪʦʢ: 

n
ʨ

T T i i

i

B b Q
=

= zä
1

.           (11)

 
ʆʩʥʦʚʥʘʪʘ ʪʨʫʜʥʦʩʪ ʟʘ ʧʨʘʢʪʠʯʝʩʢʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʪʦʟʠ ʤʝʪʦʜ ʝ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ 

ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʮʝʥʥʦʩʪ ʥʘ ʧʘʨʘʪʘ, ʥʘʡ-ʚʝʯʝ ʟʘʨʘʜʠ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʝʥʪʘʣʧʠʷʪʘ ʥʘ 
ʧʘʨʘʪʘ ʚ ʢʦʥʜʝʥʟʘʪʦʨʘ.  
ʇʨʠ ʤʝʪʦʜʘ ʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʨʘʟʭʦʜʠʪʝ ʥʘ ʪʦʧʣʠʥʘ ʧʦʣʟʘʪʘ ʦʪ 

ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝ ʨʘʟʧʨʝʜʝʣʷ ʧʦʨʘʚʥʦ ʤʝʞʜʫ ʜʚʘʪʘ ʧʨʦʜʫʢʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 
ʦʙʝʤʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʢʘʪʦ ʩʝ ʦʪʯʠʪʘʪ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ Ăʮʝʥʥʦʩʪñ ʥʘ ʦʪʚʝʞʜʘʥʘʪʘ 
ʧʘʨʘ ʧʨʝʟ ʨʝʛʫʣʠʨʫʝʤʠʪʝ ʧʘʨʦʦʪʥʝʤʘʥʠʷ.  
ʈʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ  ʟʘ ʝʣʝʢʪʨʦʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝ ʧʨʝʩʤʷʪʘ ʧʦ ʬʦʨʤʫʣʘ (9).  
ʂʦʝʬʠʮʠʝʥʪʲʪ, ʢʦʡʪʦ ʦʪʯʠʪʘ ʜʷʣʘ ʥʘ ʛʦʨʠʚʦʪʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ, 

ʩʝ ʠʟʯʠʩʣʷʚʘ ʦʪ: 
n

E E ʉʅ E E ʉʅ T i

i

K =(Q + Q + Q ) / (Q + Q + Q Q )
=

D D +ä
1

,      (12) 

ʢʲʜʝʪʦ: 

EQ  ʝ ʨʘʟʭʦʜʲʪ ʥʘ ʪʦʧʣʠʥʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ, kWh, ʢʦʡʪʦ ʩʝ 

ʦʧʨʝʜʝʣʷ ʩʲʛʣʘʩʥʦ ʬʠʟʠʯʝʩʢʠʷ ʤʝʪʦʜ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʦʨʠʚʦʪʦ; 
n

E i i

i

Q Q ( )
=

D = -zä
1

1
 

- ʜʦʧʲʣʥʠʪʝʣʝʥ ʨʘʟʭʦʜ ʥʘ ʪʦʧʣʠʥʘ ʟʘ ʝʣʝʢʪʨʦʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʠ 

ʢʦʤʙʠʥʠʨʘʥʘʪʘ ʩʭʝʤʘ, kWh. 
ʈʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪ ʠʥʩʪʘʣʘʮʠʷʪʘ ʩʝ ʦʧʨʝʜʝʣʷ 

ʯʨʝʟ ʩʧʝʮʠʬʠʯʥʠʷ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʧʨʠ ʨʘʟʜʝʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʠ 
ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ Ăʮʝʥʥʦʩʪñ ʥʘ ʧʘʨʘʪʘ: 

n n
ʨ

T T Ti i

i i

B (b b ) Q
= =

= - Dä ä
1 1

 ,         (13) 

ʀʟʨʘʟʲʪ 
n

ʨ

ʪ ʪi

i

(b b )
=

- Dä
1

 ʦʪʯʠʪʘ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʩʧʝʮʠʬʠʯʥʠʷ ʨʘʟʭʦʜ ʥʘ ʫʩʣʦʚʥʦ ʛʦʨʠʚʦ  

ʦʪ ʠʥʩʪʘʣʘʮʠʷʪʘ ʟʘ ʢʦʤʙʠʥʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ.  

ɺʝʣʠʯʠʥʘʪʘ 
ʪibD ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʠʟʨʘʟʘ: 
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n
ʨ

Ti T E i i ʉʈ

i

b (b ((B B ) / Q ))( ) / ( )
=

D = - - -z -zä
1

1 1 ,      (14) 

ʢʲʜʝʪʦ: 

ʉʈz  ʝ ʩʨʝʜʥʠʷʪ ʢʦʝʬʠʮʠʝʥʪ ʥʘ Ăʮʝʥʥʦʩʪñ ʥʘ ʦʪʧʫʩʢʘʥʘʪʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ. 

ʊʦʟʠ ʤʝʪʦʜ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʦʪʯʝʪʘʪ ʨʘʟʣʠʯʥʠʪʝ ʝʥʝʨʛʠʡʥʠ ʢʘʯʝʩʪʚʘ ʥʘ ʦʪʧʫʩʥʘʪʘ 
ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪ ʚʩʷʢʦ ʧʘʨʦʦʪʥʝʤʘʥʝ ʥʘ ʠʥʩʪʘʣʘʮʠʷʪʘ ʟʘ ʢʦʤʙʠʥʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. 
ʄʝʪʦʜʲʪ ʦʪʯʠʪʘ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʨʘʟʭʦʜʘ ʥʘ ʪʦʧʣʠʥʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ 
ʦʪ ʠʥʩʪʘʣʘʮʠʷʪʘ ʟʘ ʢʦʤʙʠʥʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʨʘʟʜʝʣʥʦʪʦ Ⱬ ʧʨʦʠʟʚʦʜʩʪʚʦ. 
ʄʝʪʦʜʲʪ ʧʨʠʪʝʞʘʚʘ ʥʝʜʦʩʪʘʪʲʮʠʪʝ, ʢʦʠʪʦ ʩʘ ʭʘʨʘʢʪʝʨʥʠ ʟʘ ʤʝʪʦʜʘ, ʢʦʡʪʦ ʦʪʯʠʪʘ 

Ăʮʝʥʥʦʩʪʪʘñ ʥʘ ʦʪʚʝʞʜʘʥʘʪʘ ʧʘʨʘ. 

ʀʢʦʥʦʤʠʯʝʩʢʠ ʤʝʪʦʜʠ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʦʨʠʚʦʪʦ ʧʨʠ ʢʦʤʙʠʥʠʨʘʥʦ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ 
ʂʲʤ ʪʘʟʠ ʛʨʫʧʘ ʤʝʪʦʜʠ ʩʧʘʜʘʪ [1,2] : 

¶ ɽʥʝʨʛʠʝʥ ʤʝʪʦʜ (energy method); 

¶ ʄʝʪʦʜ ʥʘ ʟʘʤʝʩʪʚʘʱʘʪʘ ʤʦʱʥʦʩʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ (method of 
alternative way of heat supply); 

¶ ʄʝʪʦʜ ʥʘ ʟʘʤʝʩʪʚʘʱʘʪʘ ʤʦʱʥʦʩʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ (method of 
alternative way of electricity supply); 

¶ ʤʝʪʦʜ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʠʢʦʥʦʤʠʷʪʘ (benefit distribution method). 
ɽʥʝʨʛʠʡʥʠʷʪ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʚʘ ʨʘʟʥʦʚʠʜʥʦʩʪ ʥʘ ʬʠʟʠʯʝʩʢʠʷ ʤʝʪʦʜ ʟʘ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʦʨʠʚʦʪʦ ʤʝʞʜʫ ʧʨʦʠʟʚʝʜʝʥʠʪʝ ʧʨʦʜʫʢʪʠ ʥʘ ʠʥʩʪʘʣʘʮʠʷʪʘ ʟʘ 
ʢʦʤʙʠʥʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʊʦʧʣʠʥʥʘʪʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʝʥʝʨʛʠʷ ʩʝ ʧʨʠʝʤʘʪ ʟʘ 
ʨʘʚʥʦʩʪʦʡʥʠ ʧʨʦʜʫʢʪʠ, ʘ ʠʟʨʘʟʭʦʜʚʘʥʦʪʦ ʛʦʨʠʚʦ ʟʘ ʚʩʝʢʠ ʧʨʦʜʫʢʪ ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʥʘ 
ʥʝʛʦʚʠʷ ʜʷʣ ʦʪ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʦʪ ʠʥʩʪʘʣʘʮʠʷʪʘ ʪʦʧʣʠʥʥʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ. 
ʈʘʟʭʦʜʠʪʝ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ɽ ʠ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ (ʦʪ 

ʧʨʦʤʠʰʣʝʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ ʇQ ) ʠ ʦʪ ʪʦʧʣʦʬʠʢʘʮʠʦʥʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ ʊQ ) ʩʝ ʦʧʨʝʜʝʣʷʪ 

ʦʪ ʩʣʝʜʥʠʪʝ ʠʟʨʘʟʠ: 

E

ʇ ʊ

E
B B

E Q Q
=

+ +
,          (15) 

ʇ
ʇ

ʇ ʊ

Q
B B

E Q Q
=

+ +
,          (16) 

T
ʪ

ʇ ʊ

Q
B B

E Q Q
=

+ +
.          (17) 

ɺ ʩʪʨʘʥʠʪʝ ʩ ʨʘʟʚʠʪʠ ʧʘʟʘʨʠ (ɻʝʨʤʘʥʠʷ ʠ ɼʘʥʠʷ) ʥʘ ʪʲʨʛʦʚʠʷ ʩ ʪʦʧʣʠʥʥʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘ 
ʝʥʝʨʛʠʷ ʝʜʠʥ ʦʪ ʜʚʘʪʘ ʧʨʦʜʫʢʪʘ ʩʝ ʧʨʠʝʤʘ ʟʘ ʦʩʥʦʚʝʥ, ʘ ʜʨʫʛʠʷʪ ʟʘ ʩʲʧʲʪʩʪʚʘʱ 
(ʚʪʦʨʦʩʪʝʧʝʥʝʥ). ʉʲʧʲʪʩʪʚʘʱʠʷʪ ʩʝ ʠʟʢʫʧʫʚʘ ʥʘ ʜʦʛʦʚʦʨʝʥʘ ʮʝʥʘ, ʢʘʪʦ ʟʘ ʥʝʛʦ ʥʝ ʩʝ 
ʧʨʝʩʤʷʪʘ ʩʝʙʝʩʪʦʡʥʦʩʪ. ʇʦʩʪʲʧʣʝʥʠʷʪʘ ʦʪ ʠʟʢʫʧʫʚʘʥʝʪʦ ʥʘ ʧʨʦʜʫʢʪʘ ʩ ʜʦʛʦʚʦʨʝʥʘ ʮʝʥʘ ʩʝ 
ʠʟʚʘʞʜʘʪ ʦʪ ʨʘʟʭʦʜʠʪʝ ʟʘ ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʦʩʪʘʪʲʢʲʪ ʩʝ ʦʪʥʘʩʷ ʢʲʤ ʦʩʥʦʚʥʠʷ 
ʧʨʦʜʫʢʪ.  
ʇʨʠ ʤʝʪʦʜʘ ʥʘ ʟʘʤʝʩʪʚʘʱʘʪʘ ʤʦʱʥʦʩʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ  ʩʝ 

ʧʨʠʝʤʘ, ʯʝ ʪʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ ʝ ʧʨʦʠʟʚʝʜʝʥʘ ʧʦ ʨʘʟʜʝʣʝʥ ʤʝʪʦʜ ʦʪ ʚʦʜʦʛʨʝʝʥ ʢʦʪʝʣ ʟʘ 
ʙʠʪʦʚʠʪʝ ʧʦʪʨʝʙʠʪʝʣʠ, ʘ ʟʘ ʧʨʦʤʠʰʣʝʥʠʪʝ ʧʦʪʨʝʙʠʪʝʣʠ ʦʪ ʧʘʨʝʥ ʢʦʪʝʣ.  
ʈʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ: 

ɼ

ʊ T ʈ ɺʂB Q /Q .ɖ=  .          (18) 

ʈʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʟʘ ʧʨʦʤʠʰʣʝʥʠʪʝ ʧʦʪʨʝʙʠʪʝʣʠ 
ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ: 

ɼ

ʇ ʇ ʈ ʇʂB Q /Q .ɖ=  .          (19) 
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ʈʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʝʣʝʢʪʨʦʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ: 

E T ʇB B - (B B )= + .          (20) 

ʇʨʠ ʪʦʟʠ ʤʝʪʦʜ ʦʪʧʫʩʢʘʥʝʪʦ ʥʘ ʧʦ-ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʧʦʥʠʞʘʚʘ 
ʩʧʝʮʠʬʠʯʥʠʷ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ.  
ɸʥʘʣʦʛʠʯʝʥ ʥʘ ʧʨʝʜʭʦʜʥʠʷ ʤʝʪʦʜ ʝ ʤʝʪʦʜʲʪ ʥʘ ʟʘʤʝʩʪʚʘʱʘʪʘ ʤʦʱʥʦʩʪ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ. ʇʨʠʝʤʘ ʩʝ, ʯʝ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʝʥʝʨʛʠʷ ʩʝ 
ʧʨʦʠʟʚʝʞʜʘ ʦʪ ʢʦʥʜʝʥʟʘʮʠʦʥʥʘ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʘ ʩʲʩ ʩʲʱʠʪʝ ʧʘʨʘʤʝʪʨʠ. 
ʈʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʧʨʠ ʪʦʟʠ ʤʝʪʦʜ ʝ ʨʘʚʝʥ ʥʘ: 

ɼ

ɽ ʈ ʂɽʎB ɽ/Q .ɖ=  ,          (21) 

ʢʲʜʝʪʦ: 
ʈ

EB  ʝ ʨʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʧʦ ʨʘʟʜʝʣʝʥ ʤʝʪʦʜ, 

kg; 

ʂɽʎɖ - ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʧʦʣʝʟʥʦ ʜʝʡʩʪʚʠʝ ʥʘ ʢʦʥʜʝʥʟʘʮʠʦʥʥʘʪʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʮʝʥʪʨʘʣʘ. 

ʈʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʨʦʤʠʰʣʝʥʘ ʧʘʨʘ ʠ ʪʦʧʣʠʥʘ ʝ ʨʘʚʝʥ ʥʘ: 

ʇ
ʇ E

ʇ ʊ

Q
B (B B )

Q Q
= -

+
 ,         (22)

 

T
ʪ E

ʇ ʊ

Q
B (B B )

Q Q
= -

+
 .         (23) 

ʊʲʡ ʢʘʪʦ ʩʧʝʮʠʬʠʯʥʠʷʪ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʟʘ ʝʣʝʢʪʨʦʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʠ ʢʦʥʜʝʥʟʘʮʠʦʥʥʘʪʘ 
ʮʝʥʪʨʘʣʘ ʝ ʧʦ-ʚʠʩʦʢ ʦʪ ʮʝʥʪʨʘʣʘʪʘ ʟʘ ʢʦʤʙʠʥʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʪʦ ʧʦʣʟʠʪʝ ʦʪ 
ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʠ ʪʦʟʠ ʤʝʪʦʜ ʩʝ ʦʪʥʘʩʷʪ ʢʲʤ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʪʦʧʣʠʥʥʘ 
ʝʥʝʨʛʠʷ. 
ʄʝʪʦʜʲʪ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʠʢʦʥʦʤʠʷʪʘ ʝ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʜʚʘʪʘ ʧʨʝʜʠʰʥʠ ʤʝʪʦʜʘ. 

ʈʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʩʝ ʨʘʟʧʨʝʜʝʣʷ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʨʘʟʜʝʣʥʠ ʩʭʝʤʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ 
ʩʲʱʠʪʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʥʥʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʩ ʦʪʯʠʪʘʥʝ ʥʘ ʜʷʣʦʚʝʪʝ ʥʘ ʜʚʘʪʘ 
ʧʨʦʜʫʢʪʘ:  

ʈ

E E PB B . B / B=  ,          (24) 

ʈ

ʇ ʇ PB B . B / B=
,
 

ʈ

T T PB B . B / B=  ,          (25) 

ʢʲʜʝʪʦ: 
Bʨ ʝ ʦʙʱʠʷʪ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʠ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʧʦ 

ʨʘʟʜʝʣʥʠ ʩʭʝʤʠ, kg; 
ʈ

EB  - ʨʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʧʦ ʨʘʟʜʝʣʝʥ ʤʝʪʦʜ, 

kg; 
ʈ

TB - ʨʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʧʦ ʨʘʟʜʝʣʝʥ ʤʝʪʦʜ, kg. 

ʉʨʘʚʥʷʚʘʥʝ ʥʘ ʤʝʪʦʜʠʪʝ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʦʨʠʚʦʪʦ 
ɿʘ ʩʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʥʘ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʧʦ-ʛʦʨʝ ʤʝʪʦʜʠ ʝ ʠʟʚʲʨʰʝʥʦ ʨʘʟʧʨʝʜʝʣʷʥʝ ʥʘ 

ʨʘʟʭʦʜʠʪʝ ʥʘ ʫʩʣʦʚʥʦ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʦʪ 
ʧʘʨʦʪʫʨʙʠʥʥʘ ʠʥʩʪʘʣʘʮʠʷ ʩ ʨʝʛʫʣʠʨʫʝʤʠ ʧʘʨʦʦʪʙʦʨʠ ʇʊ-30-90/10. ʀʟʧʦʣʟʚʘʥʠ ʩʘ ʜʘʥʥʠ ʟʘ 
ʝʜʥʦʤʝʩʝʯʝʥ ʧʝʨʠʦʜ ʥʘ ʨʘʙʦʪʘ: 

¶ ʇʨʦʠʟʚʝʜʝʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ ï 22320 MWh; 

¶ ʆʪʧʫʩʥʘʪʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʯʨʝʟ ʪʦʧʣʦʬʠʢʘʮʠʦʥʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ ï 27379 MWh; 

¶ ʆʪʧʫʩʥʘʪʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʯʨʝʟ ʧʨʦʤʠʰʣʝʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ ï 340752 MWh; 

¶ ʈʘʟʭʦʜ ʥʘ ʫʩʣʦʚʥʦ ʛʦʨʠʚʦ ʟʘ ʠʥʩʪʘʣʘʮʠʷʪʘ  ï 12601 t.  
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ʅʘ ʌʠʛ. 1 ʠ ʌʠʛ. 2 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʲʦʪʚʝʪʥʦ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ 
ʥʘ ʚʣʦʞʝʥʦʪʦ ʛʦʨʠʚʦ ʤʝʞʜʫ ʜʚʘʪʘ ʧʨʦʜʫʢʪʘ ʠ ʩʧʝʮʠʬʠʯʥʠʪʝ ʨʘʟʭʦʜʠ ʥʘ ʛʦʨʠʚʦ ʟʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʙʘʣʘʥʩʦʚʠʪʝ ʤʝʪʦʜʠ.  

 

ʌʠʛ. 1 ʈʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʨʘʟʭʦʜʘ ʟʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ, 
ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪ ʪʦʧʣʦʬʠʢʘʮʠʦʥʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ ʠ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪ 

ʧʨʦʤʠʰʣʝʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʙʘʣʘʥʩʦʚʠʪʝ ʤʝʪʦʜʠ 
(1. ʌʠʟʠʯʝʩʢʠ ʤʝʪʦʜ; 2. ɽʢʩʝʨʛʠʝʥ ʤʝʪʦʜ; 3. ʄʝʪʦʜ ʩ ʦʪʯʠʪʘʥʝ ʝʥʝʨʛʠʡʥʘʪʘ Ăʮʝʥʥʦʩʪñ ʥʘ 
ʪʦʧʣʠʥʘʪʘ; 4. ʄʝʪʦʜ ʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʨʘʟʭʦʜʠʪʝ ʥʘ ʪʦʧʣʠʥʘ) 

 
ɺʠʞʜʘ ʩʝ, ʯʝ ʨʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʝʥʝʨʛʠʷ ʝ ʥʘʡ-

ʥʠʩʲʢ ʧʨʠ ʬʠʟʠʯʝʩʢʠʷʪ ʤʝʪʦʜ ï 33 %, ʘ ʥʘʡ-ʚʠʩʦʢ ʧʨʠ ʤʝʪʦʜʘ Ăʮʝʥʥʦʩʪñ ʥʘ ʧʘʨʘʪʘ (66 %). 
ʇʨʠ ʥʝʛʦ ʜʷʣʲʪ ʥʘ ʛʦʨʠʚʦʪʦ ʟʘ ʪʦʧʣʦʧʨʦʠʟʚʦʜʩʪʚʦ ʝ ʥʘʡ-ʥʠʩʲʢ ï 7 %. ʈʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ 
ʨʘʟʭʦʜʠʪʝ ʥʘ ʛʦʨʠʚʦ ʩʘ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʝʜʥʘʢʚʠ ʧʨʠ ʝʢʩʝʨʛʠʡʥʠʷ ʤʝʪʦʜ ʠ ʤʝʪʦʜʘ ʥʘ 
ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʨʘʟʭʦʜʠʪʝ. 

 

 

ʌʠʛ. 2 ʀʟʤʝʥʝʥʠʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠʷ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ 
ʝʥʝʨʛʠʷ, ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪ ʪʦʧʣʦʬʠʢʘʮʠʦʥʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ ʠ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪ 

ʧʨʦʤʠʰʣʝʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʙʘʣʘʥʩʦʚʠʪʝ ʤʝʪʦʜʠ 
(1. ʌʠʟʠʯʝʩʢʠ ʤʝʪʦʜ; 2. ɽʢʩʝʨʛʠʝʥ ʤʝʪʦʜ; 3. ʄʝʪʦʜ ʩ ʦʪʯʠʪʘʥʝ ʝʥʝʨʛʠʡʥʘ ʪʘĂʮʝʥʥʦʩʪʪʘñ ʥʘ 
ʪʦʧʣʠʥʘʪʘ; 4. ʄʝʪʦʜ ʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʨʘʟʭʦʜʠʪʝ ʥʘ ʪʦʧʣʠʥʘ) 
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ʅʘʡ-ʥʠʩʲʢ ʩʧʝʮʠʬʠʯʝʥ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ 

(0,195 kg/kWh) ʠʤʘ ʬʠʟʠʯʝʩʢʠʷʪ ʤʝʪʦʜ ï ʌʠʛ. 2. ʇʨʠ ʥʝʛʦ ʩʧʝʮʠʬʠʯʥʠʪʝ ʨʘʟʭʦʜʠ ʟʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪ ʪʦʧʣʦʬʠʢʘʮʠʦʥʥʦʪʦ ʠ ʧʨʦʤʠʰʣʝʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ 
ʠʤʘʪ ʝʜʥʘʢʚʘ ʩʪʦʡʥʦʩʪ ʪʲʡ ʢʘʪʦ ʪʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʠʪʝ, ʧʨʠ ʢʦʠʪʦ ʪʦʧʣʠʥʘʪʘ ʩʝ 
ʦʪʚʝʞʜʘ ʦʪ ʠʥʩʪʘʣʘʮʠʷʪʘ.  
ʅʘʡ-ʚʠʩʦʢ ʩʧʝʮʠʬʠʯʝʥ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʩʝ 

ʧʦʣʫʯʘʚʘ ʧʨʠ ʤʝʪʦʜʘ ʩ ʦʪʯʠʪʘʥʝ Ăʮʝʥʥʦʩʪʪʘñ ʥʘ ʪʦʧʣʠʥʘʪʘ - 0,394 kg/kWh. ʊʘʟʠ ʩʪʦʡʥʦʩʪ 
ʦʪʛʦʚʘʨʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʦʪ ʢʦʥʜʝʥʟʘʮʠʦʥʥʘ ʠʥʩʪʘʣʘʮʠʷ. 
ʉʧʝʮʠʬʠʯʥʠʪʝ ʨʘʟʭʦʜʠ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʧʨʠ ʪʦʟʠ ʤʝʪʦʜ ʠʤʘʪ 
ʥʘʡ-ʥʠʩʢʘ ʩʪʦʡʥʦʩʪ, ʪʲʡ ʢʘʪʦ ʧʦʣʟʘʪʘ ʦʪ ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝ ʨʘʟʧʨʝʜʝʣʷ ʢʲʤ 
ʪʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ. 
ʉ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʬʠʟʠʯʝʩʢʠʷ ʤʝʪʦʜ ʜʨʫʛʠʪʝ ʪʨʠ ʤʝʪʦʜʘ ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʦʮʝʥʠ 

ʨʘʟʣʠʯʥʠʷʪ ʝʥʝʨʛʠʝʥ ʧʦʪʝʥʮʠʘʣ ʥʘ ʪʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ ʦʪ ʪʦʧʣʦʬʠʢʘʮʠʦʥʥʦʪʦ ʠ 
ʧʨʦʤʠʰʣʝʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ. ɺʠʞʜʘ ʩʝ, ʯʝ ʩʧʝʮʠʬʠʯʥʠʷʪ ʨʘʟʭʦʜ ʥʘ ʫʩʣʦʚʥʦ ʛʦʨʠʚʦ ʟʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪ ʧʨʦʤʠʰʣʝʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ ʝ ʧʦ-ʚʠʩʦʢ ʦʪ ʪʦʟʠ ʧʨʠ 
ʪʦʧʣʦʬʠʢʘʮʠʦʥʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ, ʧʦʨʘʜʠ ʧʦ-ʚʠʩʦʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ 
ʦʪʚʝʞʜʘʥʘʪʘ ʧʘʨʘ ʦʪ ʠʥʩʪʘʣʘʮʠʷʪʘ. 
ʅʘ ʌʠʛ. 3 ʠ ʌʠʛ. 4 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʚʣʦʞʝʥʦʪʦ ʛʦʨʠʚʦ 

ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʩʧʝʮʠʬʠʯʥʠʪʝ ʨʘʟʭʦʜʠ ʥʘ ʛʦʨʠʚʦ ʟʘ ʪʦʧʣʠʥʥʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʧʨʠ 
ʧʨʠʣʘʛʘʥʝ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʠʪʝ ʤʝʪʦʜʠ.  

 

ʌʠʛ. 3 ʈʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʨʘʟʭʦʜʘ ʟʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ, 
ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪ ʪʦʧʣʦʬʠʢʘʮʠʦʥʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ ʠ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪ 
ʧʨʦʤʠʰʣʝʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʠʪʝ ʤʝʪʦʜʠ 

(1. ɽʥʝʨʛʠʝʥ ʤʝʪʦʜ; 2. ʄʝʪʦʜ ʥʘ ʟʘʤʝʩʪʚʘʱʘʪʘ ʤʦʱʥʦʩʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ; 
ʄʝʪʦʜ ʥʘ ʟʘʤʝʩʪʚʘʱʘʪʘ ʤʦʱʥʦʩʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ; 4. ʄʝʪʦʜ ʥʘ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʠʢʦʥʦʤʠʷʪʘ) 

 
ɺʠʞʜʘ ʩʝ, ʯʝ ʨʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʠʤʘ ʥʘʡ-

ʚʠʩʦʢ ʜʷʣ ʧʨʠ ʤʝʪʦʜʘ ʥʘ ʟʘʤʝʩʪʚʘʱʘʪʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʤʦʱʥʦʩʪ ʠ ʤʝʪʦʜʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ 
ʥʘ ʠʢʦʥʦʤʠʷʪʘ, ʪʲʡ ʢʘʪʦ ʧʨʠ ʪʷʭ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʨʘʟʭʦʜʘ ʥʘ ʛʦʨʠʚʦ ʤʝʞʜʫ ʢʨʘʡʥʠʪʝ 
ʧʨʦʜʫʢʪʠ ʩʝ ʠʟʧʦʣʟʚʘ ʨʘʟʭʦʜʲʪ ʥʘ ʛʦʨʠʚʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʦʪ 
ʢʦʥʜʝʥʟʘʮʠʦʥʥʘ ʠʥʩʪʘʣʘʮʠʷ. ʅʘʡ-ʥʠʩʲʢ ʝ ʜʝʣʲʪ ʥʘ ʨʘʟʭʦʜʘ ʟʘ ʛʦʨʠʚʦ ʟʘ ʝʣʝʢʪʨʠʯʝʩʢʘ 
ʝʥʝʨʛʠʷ ʧʨʠ ʝʥʝʨʛʠʡʥʠʷ ʤʝʪʦʜ, ʧʦʨʘʜʠ ʧʦ-ʛʦʣʝʤʠʷʪ ʜʷʣ ʥʘ ʪʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ ʦʪʧʫʩʥʘʪʘ ʦʪ 
ʠʥʩʪʘʣʘʮʠʷʪʘ.  
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ʆʪ ʌʠʛ. 4 ʩʝ ʚʠʞʜʘ, ʯʝ ʥʘʡ-ʥʠʩʢʘ e ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʩʧʝʮʠʬʠʯʥʠʷ ʨʘʟʭʦʜ ʥʘ ʫʩʣʦʚʥʦ ʛʦʨʠʚʦ 
ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ, ʧʦʣʫʯʝʥ ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʝʥʝʨʛʠʡʥʠʷ ʤʝʪʦʜ - 
0,161 kg/kWh. ʇʨʠ ʥʝʛʦ ʩʧʝʮʠʬʠʯʥʠʪʝ ʨʘʟʭʦʜʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʠ ʪʦʧʣʠʥʥʘ 
ʝʥʝʨʛʠʷ ʩʘ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʝʜʥʘʢʚʠ, ʘ ʧʦʣʟʘʪʘ ʦʪ ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝ ʧʨʝʭʚʲʨʣʷ 
ʢʲʤ ʝʣʝʢʪʨʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ʅʘʡ-ʚʠʩʦʢ ʝ ʩʧʝʮʠʬʠʯʥʠʷʪ ʨʘʟʭʦʜ ʥʘ ʫʩʣʦʚʥʦ ʛʦʨʠʚʦ ʟʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʧʨʠ ʤʝʪʦʜʘ ʩʲʩ ʟʘʤʝʩʪʚʘʱʘʪʘ ʤʦʱʥʦʩʪ ʟʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʠ ʤʝʪʦʜʘ ʩ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʠʢʦʥʦʤʠʷʪʘ, ʪʲʡ ʢʘʪʦ ʧʨʠ 
ʪʷʭ ʟʘ ʠʟʯʠʩʣʝʥʠʷʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ʩʧʝʮʠʬʠʯʥʠʷʪ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʟʘ ʝʣʝʢʪʨʦʧʨʦʠʟʚʦʜʩʪʚʦ ʦʪ 
ʢʦʥʜʝʥʟʘʮʠʦʥʥʘ ʠʥʩʪʘʣʘʮʠʷ. ʄʝʪʦʜʲʪ ʩʲʩ ʟʘʤʝʩʪʚʘʱʘʪʘ ʤʦʱʥʦʩʪ ʟʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʝ 
ʝʜʠʥʩʪʚʝʥʠʷʪ ʦʪ ʨʘʟʛʣʝʜʘʥʠʪʝ, ʢʦʡʪʦ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʦʮʝʥʠ ʨʘʟʣʠʯʥʠʷ ʝʥʝʨʛʠʝʥ 
ʧʦʪʝʥʮʠʘʣ ʥʘ ʦʪʚʝʞʜʘʥʘʪʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪ ʠʥʩʪʘʣʘʮʠʷʪʘ ʟʘ ʢʦʤʙʠʥʠʨʘʥʦ 
ʧʨʦʠʟʚʦʜʩʪʚʦ.  

 
ʌʠʛ. 4 ʀʟʤʝʥʝʥʠʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠʷ ʨʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ 
ʝʥʝʨʛʠʷ, ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪ ʪʦʧʣʦʬʠʢʘʮʠʦʥʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ ʠ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪ 

ʧʨʦʤʠʰʣʝʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʠʪʝ  ʤʝʪʦʜʠ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ 
ʛʦʨʠʚʦʪʦ 

(1. ɽʥʝʨʛʠʝʥ ʤʝʪʦʜ; 2. ʄʝʪʦʜ ʥʘ ʟʘʤʝʩʪʚʘʱʘʪʘ ʤʦʱʥʦʩʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ; 3.  
ʄʝʪʦʜ ʥʘ ʟʘʤʝʩʪʚʘʱʘʪʘ ʤʦʱʥʦʩʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ; 4. ʄʝʪʦʜ ʥʘ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʠʢʦʥʦʤʠʷʪʘ) 

ɿʘʢʣʶʯʝʥʠʝ 
ʅʘʧʨʘʚʝʥʦ ʝ ʩʨʘʚʥʝʥʠʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʪʝʨʤʦʜʠʥʘʤʠʯʥʠ ʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʤʝʪʦʜʠ, ʢʦʠʪʦ ʩʝ 

ʧʨʠʣʘʛʘʪ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʦʨʠʚʦʪʦ ʧʨʠ ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʠ 
ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ. ʄʝʪʦʜʠʪʝ ʩʘ ʧʨʠʣʦʞʝʥʠ ʟʘ ʨʘʟʧʨʝʜʝʣʷʥʝ ʥʘ ʛʦʨʠʚʦʪʦ ʧʨʠ 
ʧʘʨʦʪʫʨʙʠʥʥʘʪʘ ʠʥʩʪʘʣʘʮʠʷ ʟʘ ʢʦʤʙʠʥʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩ ʨʝʛʫʣʠʨʫʝʤʠ ʧʘʨʦʦʪʥʝʤʘʥʠʷ 
ʇʊ-30-90/10.  
ʇʨʠ ʬʠʟʠʯʝʩʢʠʷ ʤʝʪʦʜ ʪʦʧʣʠʥʥʘʪʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʝʥʝʨʛʠʷ ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʢʘʪʦ 

ʨʘʚʥʦʩʪʦʡʥʠ. ʊʦʡ ʥʝ ʦʪʯʠʪʘ ʠ ʨʘʟʣʠʯʠʷʪʘ ʚ  ʝʥʝʨʛʠʡʥʠʪʝ ʧʦʪʝʥʮʠʘʣʠ ʥʘ ʪʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ 
ʦʪʧʫʩʥʘʪʘ ʦʪ ʪʦʧʣʦʬʠʢʘʮʠʦʥʥʦʪʦ ʠ ʧʨʦʤʠʰʣʝʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ. ʎʷʣʘʪʘ ʠʢʦʥʦʤʠʷ ʦʪ 
ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʠ ʥʝʛʦ ʩʝ ʧʨʝʭʚʲʨʣʷ ʢʲʤ ʝʣʝʢʪʨʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. 
ɽʢʩʝʨʛʠʡʥʠʷʪ ʤʝʪʦʜ ʦʪʯʠʪʘ ʥʝʝʢʚʠʚʘʣʝʥʪʥʦʩʪʪʘ ʤʝʞʜʫ ʪʦʧʣʠʥʥʘʪʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ 
ʝʥʝʨʛʠʷ, ʥʦ ʝ ʪʨʫʜʝʥ ʟʘ ʧʨʠʣʦʞʝʥʠʝ ʧʦʨʘʜʠ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʦʪʯʠʪʘʥʝʪʦ ʤʥʦʛʦ ʥʘ ʙʨʦʡ 
ʢʦʝʬʠʮʠʝʥʪʠ. ʇʨʠ ʥʝʛʦ ʧʦʣʟʘʪʘ ʦʪ ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝ ʧʨʝʭʚʲʨʣʷ ʢʲʤ 
ʪʦʧʣʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ʄʝʪʦʜʲʪ ʩ ʝʥʝʨʛʠʡʥʘʪʘ Ăʮʝʥʥʦʩʪñ ʥʘ ʪʦʧʣʠʥʘʪʘ ʠ ʤʝʪʦʜʲʪ ʥʘ 
ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʨʘʟʭʦʜʠʪʝ ʟʘʝʤʘʪ ʤʝʞʜʠʥʥʦ ʤʷʩʪʦ ʤʝʞʜʫ ʝʢʩʝʨʛʠʡʥʠʷ ʠ 
ʬʠʟʠʯʝʩʢʠʷ ʤʝʪʦʜ.  
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ʇʦʚʝʯʝʪʦ ʠʢʦʥʦʤʠʯʝʩʢʠ ʤʝʪʦʜʠ ʥʝ ʦʪʯʠʪʘʪ ʨʘʟʣʠʢʘʪʘ ʚ ʝʥʝʨʛʠʡʥʠʪʝ ʧʦʪʝʥʮʠʘʣʠ ʥʘ 
ʪʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ ʦʪʧʫʩʥʘʪʘ ʦʪ ʪʦʧʣʦʬʠʢʘʮʠʦʥʥʦʪʦ ʠ ʧʨʦʤʠʰʣʝʥʦʪʦ ʧʘʨʦʦʪʥʝʤʘʥʝ. 
ʀʟʢʣʶʯʝʥʠʝ ʧʨʘʚʠ ʤʝʪʦʜʘ ʥʘ ʟʘʤʝʩʪʚʘʱʘʪʘ ʤʦʱʥʦʩʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʪʦʧʣʠʥʥʘ 
ʝʥʝʨʛʠʷ. ʄʝʪʦʜʲʪ ʥʘ ʟʘʤʝʩʪʚʘʱʘʪʘ ʤʦʱʥʦʩʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ 
ʧʨʝʭʚʲʨʣʷ ʧʦʣʟʘʪʘ ʦʪ ʢʦʤʙʠʥʠʨʘʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʲʤ ʪʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ. ʇʨʠ ʤʝʪʦʜʘ ʥʘ 
ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʠʢʦʥʦʤʠʷʪʘ, ʛʦʨʠʚʦʪʦ ʤʝʞʜʫ ʢʨʘʡʥʠʪʝ ʧʨʦʜʫʢʪʠ ʩʝ ʨʘʟʧʨʝʜʝʣʷ 
ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʭʥʠʪʝ ʜʷʣʦʚʝ ʠ ʦʪʯʠʪʘʥʝ ʥʘ ʨʘʟʜʝʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʥʘ ʠ 
ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ. ʊʦʟʠ ʤʝʪʦʜ ʨʘʟʧʨʝʜʝʣʷ ʠʢʦʥʦʤʠʷʪʘ ʤʝʞʜʫ ʜʚʘʪʘ ʚʠʜʘ ʝʥʝʨʛʠʷ. 
ɽʥʝʨʛʠʡʥʠʷʪ ʤʝʪʦʜ ʥʝ ʨʘʟʧʨʝʜʝʣʷ ʠʢʦʥʦʤʠʷʪʘ ʥʘ ʛʦʨʠʚʦ ʤʝʞʜʫ ʥʠʪʦ ʝʜʠʥ ʦʪ  ʜʚʘʪʘ 
ʧʨʦʜʫʢʪʘ, ʘ ʠʟʨʘʟʭʦʜʚʘʥʦʪʦ ʛʦʨʠʚʦ ʟʘ ʚʩʝʢʠ ʧʨʦʜʫʢʪ ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʥʘ ʥʝʛʦʚʠʷ ʜʷʣ ʦʪ 
ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʦʪ ʠʥʩʪʘʣʘʮʠʷʪʘ ʪʦʧʣʠʥʥʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ. 
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ɸʥʘʣʠʟ ʥʘ ʝʤʠʩʠʠʪʝ ʦʪ ʘʟʦʪʥʠ ʦʢʩʠʜʠ ʠ ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ ʛʝʥʝʨʠʨʘʥʠ ʦʪ 
ʝʥʝʨʛʠʡʥʠʪʝ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ ʥʘ ʊɽʎ Ăʉʦʬʠʷñ 

 
ʉʪʦʠʣ ʈʫʩʝʚ, ʊʦʪʴʦ ʊʦʪʝʚ, ɹʦʨʠʩʣʘʚ ʀʛʥʘʪʦʚ 

 
ɺ ʪʝʢʫʱʠʷʪ ʜʦʢʣʘʜ ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʝʤʠʩʠʠʪʝ ʥʘ ʘʟʦʪʥʠ ʦʢʩʠʜʠ (NOx) ʠ ʚʲʛʣʝʨʦʜʝʥ 

ʦʢʩʠʜ (ʉʆ) ʦʪʜʝʣʝʥʠ ʚ ʘʪʤʦʩʬʝʨʘʪʘ ʧʨʠ ʨʘʙʦʪʘ ʥʘ  ʝʥʝʨʛʠʡʥʠʪʝ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ ʥʘ 
ʊɽʎ Ăʉʦʬʠʷñ. ʅʘʧʨʘʚʝʥ ʝ ʘʥʘʣʠʟ ʥʘ ʝʤʠʩʠʠʪʝ ʦʪ ʚʩʝʢʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨ, ʢʘʢʪʦ ʧʨʝʟ 
ʦʪʦʧʣʠʪʝʣʥʠʷ ʩʝʟʦʥ ʪʘʢʘ ʠ ʠʟʚʲʥ ʥʝʛʦ. 

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʪʦʧʣʦʬʠʢʘʮʠʷ; ʝʥʝʨʛʠʝʥ ʧʘʨʦʛʝʥʝʨʘʪʦʨ; ʘʟʦʪʥʠ ʝʤʠʩʠʠ NOX  

 

Analysis of emissions of nitrogen oxides and carbon monoxide emitted from the 
energy part of the Power Plant of Sofia 

 
Stoil Rusev, Totyo Totev, Borislav Ignatov 

 
The current report deals with the emissions of nitrogen oxides (NOx) and carbon monoxide 

(CO) released in the atmosphere during the operation of the power steam  generators of Power 
Plant of Sofia. The emissions of each steam generator in and outside the heating seasons for the 
period considered are compared. 

 
Keywords: district heating; steam generator; nitrogen oxides emissions NOX 
 
ɺʲʚʝʜʝʥʠʝ 
ɺ ʊɽʎ Ăʉʦʬʠʷñ ʩʝ ʝʢʩʧʣʦʘʪʠʨʘʪ ʯʝʪʠʨʠ ʙʨʦʷ ʝʥʝʨʛʠʡʥʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ ʠ ʰʝʩʪ ʙʨʦʷ 

ʚʦʜʦʛʨʝʡʥʠ ʢʦʪʣʠ. ʉʧʦʨʝʜ ʩʝʛʘ ʜʝʡʩʪʚʘʱʘʪʘ, ʥʦʨʤʘʪʠʚʥʘ ʫʨʝʜʙʘ ʚ ʨʝʧʫʙʣʠʢʘ ɹʲʣʛʘʨʠʷ, 
ʧʨʝʜʝʣʥʦ ʜʦʧʫʩʪʠʤʘʪʘ ʥʦʨʤʘ ʦʪ ʘʟʦʪʥʠ ʦʢʩʠʜʠ (NOʍ) ʛʝʥʝʨʠʨʘʥʠ ʛʦʣʝʤʠʪʝ ʛʦʨʠʚʥʠ 
ʠʥʩʪʘʣʘʮʠʠ (ɻɻʀ) ʝ 200 mg/Nm3. ʆʪ 2020 ʛ. ʪʝʟʠ ʝʤʠʩʠʠ ʪʨʷʙʚʘ ʜʘ ʩʝ ʨʝʜʫʮʠʨʘʪ ʜʦ 100 
mg/Nm3, ʟʘ ʝʥʝʨʛʠʡʥʠ ʢʦʪʣʠ ʠʟʛʘʨʷʱʠ ʧʨʠʨʦʜʝʥ ʛʘʟ. 
ɽʥʝʨʛʠʡʥʠʪʝ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ ʚ ʊɽʎ ñʉʦʬʠʷò ʠʤʘʪ ʥʘʪʦʚʘʨʚʘʥʝ ʧʨʝʟ ʛʦʜʠʥʘʪʘ ʦʪ ʦʢʦʣʦ 

4500 ʯʘʩʘ. ʊʲʡ ʢʘʪʦ ʪʝ ʫʯʘʩʪʚʘʪ ʚ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʚʠʩʦʢʦ ʝʬʝʢʪʠʚʝʥ ʮʠʢʲʣ (ʢʦʤʙʠʥʠʨʘʥʦ 
ʝʣʝʢʪʨʦ- ʠ ʪʦʧʣʦʧʨʦʠʟʚʦʜʩʪʚʦ), ʪʝ ʨʘʙʦʪʷʪ ʧʨʠʦʨʠʪʝʪʥʦ ʩʧʨʷʤʦ ʚʦʜʦʛʨʝʡʥʠʪʝ ʢʦʪʣʠ. 
ɽʥʝʨʛʠʡʥʠʪʝ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ ʩʝ ʷʚʷʚʘʪ ʦʩʥʦʚʥʠ ʩʲʦʨʲʞʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 
Ăʊʦʧʣʦʬʠʢʘʮʠʷ ʉʦʬʠʷñ ɽɸɼ. ɽʪʦ ʟʘʱʦ ʝ ʦʪ ʦʩʦʙʝʥ ʠʥʪʝʨʝʩ, ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʝʤʠʩʠʠʪʝ ʦʪ 
ʘʟʦʪʥʠ ʦʢʩʠʜʠ NOX ʛʝʥʝʨʠʨʘʥʠ ʦʪ ʚʩʝʢʠ ʦʪ ʝʥʝʨʛʠʡʥʠʪʝ ʢʦʪʣʠ, ʟʘ ʜʘ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʝʣʝʞʘʪ ʠ 
ʧʨʝʜʧʨʠʝʤʘʪ ʩʲʦʪʚʝʪʥʠʪʝ ʤʝʨʢʠ ʟʘ ʪʷʭʥʘʪʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʠ ʩʣʝʜ 2020 ʛ. 

ʊʦʧʣʠʥʥʘ ʩʭʝʤʘ ʥʘ ʊɽʎ ñʉʦʬʠʷò. ʆʧʠʩʘʥʠʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʩʲʦʨʲʞʝʥʠʷ 
ʊʦʧʣʠʥʥʘʪʘ ʩʭʝʤʘ ʥʘ ʊɽʎ ñʉʦʬʠʷò ʩʝ ʩʲʩʪʦʠ ʦʪ ʯʝʪʠʨʠ ʝʥʝʨʛʠʡʥʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ, 

ʩʚʲʨʟʘʥʠ ʫʩʧʦʨʝʜʥʦ ʠ ʪʨʠ ʧʘʨʥʠ ʪʫʨʙʠʥʠ. ɼʚʝ ʦʪ ʪʫʨʙʠʥʠʪʝ ʩʘ ʧʨʦʪʠʚʦʥʘʣʝʛʘʪʝʣʥʠ ʘ ʝʜʥʘ ʝ 
ʩ ʙʦʡʣʝʨ ʢʦʥʜʝʥʟʘʪʦʨ. ʆʩʥʦʚʥʠʪʝ ʢʦʣʝʢʪʦʨʠ ʚ ʮʝʥʪʨʘʣʘʪʘ ʩʘ: ʢʦʣʝʢʪʦʨ 150 ata; ʢʦʣʝʢʪʦʨ 100 
ʘtʘ; ʢʦʣʝʢʪʦʨ 13 ʘtʘ ʠ ʢʦʣʝʢʪʦʨ 2 ʘtʘ. ʂʦʣʝʢʪʦʨ 150 ata ʟʘʭʨʘʥʚʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠʪʝ ʩ 
ʧʦʜʭʨʘʥʚʘʱʘ ʚʦʜʘ. ʇʨʝʛʨʷʪʘʪʘ ʧʘʨʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʪ ʇɻ ʩʪ. ˉ 6, ʩʪ. ˉ 7, ʩʪ. ˉ 8 ʠ ʩʪ. ˉ 9 
ʩʝ ʧʦʩʪʲʧʚʘ ʚ ʢʦʣʝʢʪʦʨ 100 ʘtʘ, ʦʪ ʢʲʜʝʪʦ ʪʷ ʩʝ ʧʦʜʘʚʘ ʢʲʤ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʠ(ʊɻ), ʩʲʩ 
ʩʪʘʮʠʦʥʘʨʥʠ ʥʦʤʝʨʘ 8 ʠ 9. ʆʪʨʘʙʦʪʝʥʘʪʘ ʧʘʨʘ ʦʪ ʊɻ ʩʪ. ˉ 9 ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʧʦʜʛʨʷʚʘʥʝ ʥʘ 
ʤʨʝʞʦʚʘ ʚʦʜʘ, ʘ ʪʘʟʠ ʦʪ ʊɻ ʩʪ. ˉ 8 ʩʝ ʥʘʩʦʯʚʘ ʢʲʤ ʢʦʣʝʢʪʦʨ 13 ʘtʘ, ʢʲʜʝʪʦ ʦʩʚʝʥ ʟʘ 
ʩʧʦʤʘʛʘʪʝʣʥʠ ʩʲʦʨʲʞʝʥʠʷ ʩʝ ʠʟʧʦʣʟʚʘ ʠ ʢʘʪʦ ʩʚʝʞʘ ʧʘʨʘ ʟʘ ʊɻ ʩʪ. ˉ 8ʘ. ʊʷ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ 
ʦʪʨʘʙʦʪʚʘ ʧʘʨʘʪʘ ʠ ʷ ʧʦʜʘʚʘ ʚ ʢʦʣʝʢʪʦʨ 2 ʘtʘ ʢʲʜʝʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʧʦʜʛʨʷʚʘʥʝ ʥʘ ʤʨʝʞʦʚʘ 
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ʚʦʜʘ ʚʲʚ ʚʦʜʦʧʦʜʛʦʪʚʠʪʝʣʥʘʪʘ ʠʥʩʪʘʣʘʮʠʷ ʠ ʙʦʡʣʝʨʥʠʪʝ ʫʨʝʜʙʠ. ʀʟʧʦʣʟʚʘʥʦʪʦ ʦʩʥʦʚʥʦ 
ʛʦʨʠʚʦ ʟʘ ʇɻ ʝ ʧʨʠʨʦʜʝʥ ʛʘʟ, ʘ ʢʘʪʦ ʘʚʘʨʠʡʥʦ ʩʝ ʠʟʧʦʣʟʚʘ ʤʘʟʫʪ. 
ʇʘʨʦʛʝʥʝʨʘʪʦʨʠʪʝ ʥʘʤʠʨʘʱʠ ʩʝ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ ʝ ʝʥʝʨʛʠʡʥʘʪʘ ʯʘʩʪ ʥʘ ʊɽʎ ñʉʦʬʠʷò ʩʘ 

ʩʣʝʜʥʠʪʝ ʪʠʧʦʚʝ: 
ʇɻ ʩʪ. ˉ 6 - ʪʠʧ ʊʇ-170-1ʄɻ 
ʇɻ ʩʪ. ˉ 6 ʝ ʤʦʥʪʠʨʘʥ ʠ ʧʫʩʥʘʪ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ ʧʨʝʟ 1959 ʛ. ʇʲʨʚʦʥʘʯʘʣʥʦ ʝ ʙʠʣ 

ʧʨʦʝʢʪʠʨʘʥ ʟʘ ʢʘʤʝʨʥʦ ʠʟʛʘʨʷʥʝ ʥʘ ʣʠʛʥʠʪʥʠ ʚʲʛʣʠʱʘ ʩ ʧʘʨʦʧʨʦʠʟʚʦʜʩʪʚʦ 170 t/h. ɺ ʧʝʨʠʦʜʘ 
1970ʛ. ï 1976ʛ ʝ ʠʟʚʲʨʰʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩ ʮʝʣ ʠʟʛʘʨʷʥʝ ʥʘ ʤʘʟʫʪ ʠ ʧʨʠʨʦʜʝʥ ʛʘʟ ʩ 
ʧʘʨʦʧʨʦʠʟʚʦʜʩʪʚʦ 220 t/h. ʇʨʘʭʦʚʠʪʝ ʛʦʨʝʣʢʠ ʩʘ ʟʘʤʝʥʝʥʠ ʩ ʯʝʪʠʨʠ ʙʨʦʷ ʛʘʟʦʤʘʟʫʪʥʠ 
ʛʦʨʝʣʢʠ, ʢʘʪʦ ʩʘ ʦʩʪʘʚʝʥʠ ʯʝʪʠʨʠ ʦʪʚʦʨʘ ʟʘ ʧʦʜʘʚʘʥʝ ʥʘ ʨʝʮʠʨʢʫʣʠʨʘʱʠ ʜʠʤʥʠ ʛʘʟʦʚʝ. ʊʦʟʠ 
ʧʘʨʦʛʝʥʝʨʘʪʦʨ ʝ ʩ Ăʇñ ʦʙʨʘʟʥʘ ʢʦʤʧʘʥʦʚʢʘ, ʜʚʘ ʙʨʦʷ ʙʘʨʘʙʘʥʠ ʠ ʚʦʜʦʪʨʲʙʥʘ ʧʝʱʥʘ ʢʘʤʝʨʘ. 
ʀʤʘ 3 ʙʨʦʷ ʧʘʨʦʧʨʝʛʨʝʚʘʪʝʣʠ (ʇʇ). ʇʇ 1 ʠʣʠ ʊʘʚʘʥʝʥ ʇʇ ʝ ʨʘʟʧʦʣʦʞʝʥ ʚ ʛʦʨʥʘʪʘ ʯʘʩʪ ʥʘ 
ʛʦʨʠʚʥʘʪʘ ʢʘʤʝʨʘ ʠ ʭʦʨʠʟʦʥʪʘʣʥʠʷ ʛʘʟʦʭʦʜ. ʇʇ 2 ʠʣʠ ʢʦʥʚʝʢʪʠʚʝʥ ʇʇ I-ʚʘ ʩʪʝʧʝʥ ʝ 
ʨʘʟʧʦʣʦʞʝʥ ʚ ʭʦʨʠʟʦʥʪʘʣʥʠʷ ʢʦʥʚʝʢʪʠʚʝʥ ʛʘʟʦʭʦʜ ʤʝʞʜʫ ʛʦʨʠʚʥʘʪʘ ʢʘʤʝʨʘ ʠ ʢʦʥʚʝʢʪʠʚʥʘʪʘ 
ʰʘʭʪʘ. ʉʲʩʪʦʠ ʩʝ ʦʪ ʚʝʨʪʠʢʘʣʥʠ ʪʨʲʙʥʠ ʩʥʦʧʦʚʝ ʩ ʢʦʣʝʪʦʨʠ. ʇʇ 3 ʠʣʠ ʢʦʥʚʝʢʪʠʚʝʥ ʇʇ II-ʨʘ 
ʩʪʝʧʝʥ ʩʝ ʥʘʤʠʨʘ ʭʦʨʠʟʦʥʪʘʣʥʠʷ ʢʦʥʚʝʢʪʠʚʝʥ ʛʘʟʦʭʦʜ ʤʝʞʜʫ ʛʦʨʠʚʥʘʪʘ ʢʘʤʝʨʘ ʠ 
ʢʦʥʚʝʢʪʠʚʥʘʪʘ ʰʘʭʪʘ ʧʨʝʜʠ ʂʇʇ I-ʚʘ ʩʪʝʧʝʥ.  
 

  

ʌʠʛ. 1 ʊʦʧʣʠʥʥʘ ʩʭʝʤʘ ʥʘ ʊɽʎ Ăʉʦʬʠʷñ 
 
ʇɻ ʩʪ. ˉ 7 ʠ ʩʪ. ˉ 8 - ʪʠʧ ʊɻʄ-151 
ʇɻ ʩʪ. ˉ 7 ʠ ʩʪ. ˉ 8 ʩʘ ʧʨʦʠʟʚʝʜʝʥʠ 1962 ʛ. ʊʝ ʩʘ ʝʜʥʦʙʘʨʘʙʘʥʥʠ ʢʘʤʝʨʥʠ ʩ ʝʩʪʝʩʪʚʝʥʘ 

ʮʠʨʢʫʣʘʮʠʷ ʥʘ ʚʦʜʘʪʘ. ʆʙʦʨʫʜʚʘʥʠ ʩʘ ʩ ʧʦ ʜʚʘ ʚʲʟʜʫʰʥʠ ʠ ʜʠʤʥʠ ʚʝʥʪʠʣʘʪʦʨʘ. ɻʦʨʠʚʥʘʪʘ 
ʫʨʝʜʙʘ ʝ ʧʨʦʝʢʪʠʨʘʥʘ ʦʪ ʬʠʨʤʘ Ăɹʘʙʢʦʢñ. ɻʦʨʠʚʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʢʦʪʣʠʪʝ ʝ ʧʨʠʟʤʘʪʠʯʥʘ ʧʦ 
ʚʲʪʨʝʰʥʘʪʘ ʩʪʝʥʘ, ʥʘ ʢʦʷʪʦ ʝ ʠʟʛʨʘʜʝʥʘ ʝʢʨʘʥʥʘ ʠʟʧʘʨʠʪʝʣʥʘ ʩʠʩʪʝʤʘ. ʇɻ ʩʪ. ˉ 7 ʠ ʩʪ. ˉ 8 
ʠʤʘʪ ʧʦ ʯʝʪʠʨʠ ʇʇ. ʇʇ 1 ʠʣʠ ʊʇʇ ʝ ʨʘʟʧʦʣʦʞʝʥ ʚ ʛʦʨʥʘʪʘ ʯʘʩʪ ʥʘ ʛʦʨʠʚʥʘʪʘ ʢʘʤʝʨʘ ʠ 
ʭʦʨʠʟʦʥʪʘʣʥʠʷ ʛʘʟʦʭʦʜ. ʇʇ 2 ʠʣʠ ʰʠʨʤʦʚ ʇʇ ʝ ʧʦʟʠʮʠʦʥʠʨʘʥ ʧʦʜ ʊʇʇ. ʇʦʣʦʚʠʥʘʪʘ ʪʨʲʙʠ 



 

ȜȸȹȵȸȯȷȯȺȭȯȼȲȴȪ Ȳ ɉȮȺȯȷȪ ȯȷȯȺȭȯȼȲȴȪ   73 
 

 

ʩʘ ʨʘʜʠʘʮʠʦʥʥʠ, ʘ ʜʨʫʛʘʪʘ ʧʦʣʦʚʠʥʘ -  ʢʦʥʚʝʢʪʠʚʥʠ. ʇʇ3 ʠʣʠ ʂʇʇ 1 ʝ ʨʘʟʧʦʣʦʞʝʥ ʚ 
ʥʠʟʭʦʜʷʱʠʷ ʛʘʟʦʭʦʜ, ʥʘʜ ʚʦʜʥʠʷ ʝʢʦʥʦʤʘʡʟʝʨ. ʇʇ 4 ʠʣʠ ʂʇʇ2  ʝ ʨʘʟʧʦʣʦʞʝʥ ʧʨʝʜʠ ʂʇʇ 1. 
ɽʢʦʥʦʤʘʡʟʝʨʲʪ ʥʘ ʇɻ ʩʪ. ˉ 7 ʠ ʩʪ. ˉ ʝ ʦʪ ʢʠʧʷʱ ʪʠʧ ʠ ʩʝ ʩʲʩʪʦʠ ʦʪ ʯʝʪʠʨʠ ʧʘʢʝʪʘ. ʂʦʪʣʠʪʝ 
ʠʤʘʪ ʤʦʥʪʠʨʘʥʠ ʧʦ ʦʩʝʤ ʙʨʦʷ ʛʘʟʦʤʘʟʫʪʥʠ ʛʦʨʝʣʢʠ. 
ʇɻ ʩʪ. ˉ 9 - ʪʠʧ ɽʂ 220 
ʇɻ ʩʪ. ˉ9 ʝ ʧʫʩʥʘʪ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ ʧʨʝʟ 1978 ʛ. ʊʦʡ ʝ ʝʜʥʦʙʘʨʘʙʘʥʝʥ ʩ ʝʩʪʝʩʪʚʝʥʘ 

ʮʠʨʢʫʣʘʮʠʷ ʠ ʨʘʜʠʘʮʠʦʥʥʘ ʤʝʤʙʨʘʥʥʘ ʧʝʱʥʘ ʢʘʤʝʨʘ. ʅʘʛʨʝʚʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʝʢʨʘʥʠʪʝ, 
ʨʘʟʧʦʣʦʞʝʥʘ ʧʦ ʩʪʝʥʠʪʝ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʝ 980 m2 ʠ ʝ ʧʦʜʣʦʞʝʥʘ ʠʟʮʷʣʦ ʥʘ ʨʘʜʠʘʮʠʦʥʝʥ 
ʪʦʧʣʦʦʙʤʝʥ. ɺʲʚ ʚʲʟʭʦʜʷʱʘʪʘ ʠ ʥʠʟʭʦʜʷʱʘʪʘ ʯʘʩʪ ʥʘ ʢʦʥʚʝʢʪʠʚʥʘʪʘ ʰʘʭʪʘ ʩʘ ʠʥʩʪʘʣʠʨʘʥʠ 
ʯʝʪʠʨʠ ʧʘʨʦʧʨʝʛʨʝʚʘʪʝʣʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʠ ʜʚʘ ʝʢʦʥʦʤʘʡʟʝʨʥʠ ʧʘʢʝʪʘ. ʇʇ 1 ʝ ʠʟʛʨʘʜʝʥ ʦʪ 
ʧʦʜʚʝʩʥʠ ʪʨʲʙʠ, ʥʦʩʝʱʠ ʚʩʠʯʢʠ ʢʦʥʚʝʢʪʠʚʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʠ ʦʪ ʤʝʤʙʨʘʥʝʥ ʝʢʨʘʥ, ʢʦʡʪʦ 
ʦʬʦʨʤʷ ʪʘʚʘʥʘ ʠ ʟʘʜʥʘʪʘ ʯʘʩʪ ʥʘ ʢʦʥʚʝʢʪʠʚʥʘʪʘ ʰʘʭʪʘ. ʇʇ 2 ʝ ʢʦʥʚʝʢʪʠʚʝʥ ʩʥʦʧ ʨʘʟʜʝʣʝʥ 
ʥʘ ʜʚʘ ʧʘʢʝʪʘ ʠ ʝ ʨʘʟʧʦʣʦʞʝʥ ʚ ʥʠʟʭʦʜʷʱʘʪʘ ʯʘʩʪ ʥʘ ʢʦʥʚʝʢʪʠʚʥʘʪʘ ʰʘʭʪʘ. ʇʇ 3 ʩʲʱʦ ʝ 
ʢʦʥʚʝʢʪʠʚʝʥ ʩʥʦʧ, ʢʦʡʪʦ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʘ ʧʘʢʝʪʘ. ʈʘʟʧʦʣʦʞʝʥ ʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʥʘʜ 
ʛʦʨʠʚʥʘʪʘ ʢʘʤʝʨʘ, ʢʦʝʪʦ ʧʨʘʚʠ ʧʦʚʲʨʭʥʦʩʪʪʘ ʤʫ ʥʘʡ-ʩʠʣʥʦ ʥʘʪʦʚʘʨʝʥʘ. ʇʇ 4 ʝ ʠʟʮʷʣʦ 
ʢʦʥʚʝʢʪʠʚʥʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘʤʠʨʘʱʘ ʩʝ ʚʲʚ ʚʲʟʭʦʜʷʱʘʪʘ ʯʘʩʪ ʥʘ ʢʦʥʚʝʢʪʠʚʥʘʪʘ ʰʘʭʪʘ (ʥʘʜ 
ʇʇ 3). ʀʤʘ ʤʦʥʪʠʨʘʥʠ ʜʝʚʝʪ ʙʨʦʷ ʛʘʟʦʤʘʟʫʪʥʠ ʛʦʨʝʣʢʠ. 

ʊʘʙʣʠʮʘ 1 
ʊʝʭʥʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʇɻ  ʩʪ. ˉ 6, ʩʪ. ˉ 7, ʩʪ. ˉ 8 ʠ ʩʪ. ˉ 9 

ʇʦʢʘʟʘʪʝʣ ɼʠʤ. 
ʇʘʨʦʛʝʥʝʨʘʪʦʨ ʩʪ. ˉ: 

 6 7 8 9 

ʄʘʢʩʠʤʘʣʥʘ ʧʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ t/h 220 220 220 220 

ʅʘʣʷʛʘʥʝ ʥʘ ʧʨʝʛʨʷʪʘʪʘ ʧʘʨʘ ata 100 100 100 98 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʨʝʛʨʷʪʘʪʘ ʧʘʨʘ ʉ 510 540 540 540 

ʈʘʙʦʪʥʦ ʥʘʣʷʛʘʥʝ ʚ ʙʘʨʘʙʘʥʘ ata 110 110 110 110 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʠʪʘʪʝʣʥʘʪʘ ʚʦʜʘ ʥʘ ʩʪʫʜʝʥʘ 
ʣʠʥʠʷ 

ʉ 150 150 150 150 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʠʪʘʪʝʣʥʘʪʘ ʚʦʜʘ ʥʘ ʪʦʧʣʘ 
ʣʠʥʠʷ 

ʉ 215 215 215 215 

ʅʘʣʷʛʘʥʝ ʥʘ ʧʠʪʘʪʝʣʥʘʪʘ ʚʦʜʘ ata 150 140 140 140 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʛʦʨʝʱʠʷ ʚʲʟʜʫʭ ʟʘ ʛʦʨʝʥʝ ʥʘ 
ʧʨʠʨʦʜʝʥ ʛʘʟ 

ʉ 260 285 285 285 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʛʦʨʝʱʠʷ ʚʲʟʜʫʭ ʟʘ ʛʦʨʝʥʝ ʥʘ 
ʤʘʟʫʪ 

ʉ 320 285 285 285 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʠʟʭʦʜʷʱʠʪʝ ʜʠʤʥʠ ʛʘʟʦʚʝ ʧʨʠ 
ʠʟʛʘʨʷʥʝ ʥʘ ʧʨʠʨʦʜʝʥ ʛʘʟ 

ʉ 125 125 125 120 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʠʟʭʦʜʷʱʠʪʝ ʜʠʤʥʠ ʛʘʟʦʚʝ ʧʨʠ 
ʠʟʛʘʨʷʥʝ ʥʘ ʧʨʠʨʦʜʝʥ ʤʘʟʫʪ 

ʉ 170 170 170 170 

ʈʘʟʭʦʜ ʥʘ ʧʨʠʨʦʜʝʥ ʛʘʟ ʧʨʠ ʤʘʢʩʠʤʘʣʥʦ 
ʧʘʨʦʧʨʦʠʟʚʦʜʩʪʚʦ 

Nm3/h 16000 18000 18000 19000 

ʈʘʟʭʦʜ ʥʘ ʤʘʟʫʪ ʧʨʠ ʤʘʢʩʠʤʘʣʥʦ 
ʧʘʨʦʧʨʦʠʟʚʦʜʩʪʚʦ 

kg/h 16000 18000 18000 16200 

ʈʘʟʨʝʞʜʘʥʝ ʚ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ  ʈʘ 20-30 20-30 20-30 20-30 

 
ɽʤʠʩʠʠ ʥʘ CO ʠ NOX, ʛʝʥʝʨʠʨʘʥʠ ʦʪ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠʪʝ ʚ ʊɽʎ ñʉʦʬʠʷò, ʧʨʠ ʟʠʤʝʥ ʠ 

ʣʝʪʝʥ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ 
ɺʩʠʯʢʠ ʠʟʧʫʩʢʘʱʠ ʫʩʪʨʦʡʩʪʚʘ (ʢʦʤʠʥʠ) ʥʘ ʊɽʎ Ăʉʦʬʠʷñ ʩʘ ʦʙʦʨʫʜʚʘʥʠ ʩʲʩ ʩʠʩʪʝʤʠ ʟʘ 

ʩʦʙʩʪʚʝʥʠ ʥʝʧʨʝʢʲʩʥʘʪʠ ʠʟʤʝʨʚʘʥʠʷ (ʉʅʀ), ʥʘ ʚʨʝʜʥʠ ʚʝʱʝʩʪʚʘ, ʠʟʧʫʩʢʘʥʠ ʚ ʘʪʤʦʩʬʝʨʥʠʷ 
ʚʲʟʜʫʭ. ʅʘ ʚʩʝʢʠ ʢʨʲʛʲʣ ʯʘʩ ʠʟʤʝʨʝʥʠ ʜʘʥʥʠ ʩʝ ʦʙʦʙʱʘʚʘʪ ʠ ʩʲʦʪʚʝʪʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʩʝ 
ʧʨʝʜʦʩʪʘʚʷ ʥʘ ʨʝʛʠʦʥʘʣʥʘʪʘ ʠʥʩʧʝʢʮʠʷ ʧʦ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʚʦʜʠʪʝ (ʈʀʆʉɺ).  
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ɺ ʪʘʙʣʠʯʝʥ ʠ ʛʨʘʬʠʯʝʥ ʚʠʜ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʝʤʠʩʠʠʪʝ ʦʪ ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ ʉʆ ʠ ʘʟʦʪʥʠ 
ʦʢʩʠʜʠ NOʍ ʟʘ ʧʝʨʠʦʜʘ ʚʢʣʶʯʚʘʱ ʛʦʜʠʥʠʪʝ ʦʪ 2014 ʜʦ 2017 ʛʦʜʠʥʘ. ɼʘʥʥʠʪʝ ʩʘ ʨʘʟʜʝʣʝʥʠ 
ʟʘ ʟʠʤʝʥ ʠ ʣʝʪʝʥ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ ʥʘ ʩʲʦʨʲʞʝʥʠʷʪʘ ʚ ʊɽʎ ñʉʦʬʠʷò. 

ʊʘʙʣʠʮʘ 2 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘ NOX ʠ ʉʆ: 2014ʛ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘ NOX ʠ ʉʆ: 2015ʛ. 

Mʝʩʝʮ 
ɹʨ. 
ʜʥʠ 

Nʆʍ, 
mg/Nm3 

CO, 
mg/Nm3 

Mʝʩʝʮ 
ɹʨ. 
ʜʥʠ 

Nʆʍ, 
mg/Nm3 

CO, 
mg/Nm3 

ʚ ʦʪʦʧʣʠʪʝʣʝʥ ʩʝʟʦʥ ʚ ʦʪʦʧʣʠʪʝʣʝʥ ʩʝʟʦʥ 

ʗʥʫʘʨʠ 31 344,27 12,55 ʗʥʫʘʨʠ 31 199,4 4,64 

ʌʝʚʨʫʘʨʠ 28 331,14 11,30 ʌʝʚʨʫʘʨʠ 28 187,47 4,98 

ʄʘʨʪ 31 304,57 11,03 ʄʘʨʪ 31 238,21 7,63 

ɸʧʨʠʣ 30 226,93 10,57 ɸʧʨʠʣ 30 158,57 4,8 

ʚ ʣʝʪʝʥ ʩʝʟʦʥ ʚ ʣʝʪʝʥ ʩʝʟʦʥ 

ʄʘʡ 31 196,12 7,13 ʄʘʡ 25 148,14 7,9 

ʖʥʠ 30 164,88 6,11 ʖʥʠ 30 126,81 4,99 

ʖʣʠ 31 132,89 4,86 ʖʣʠ 31 97 5,92 

ɸʚʛʫʩʪ 15 91,43 3,95 ɸʚʛʫʩʪ 17 111,89 9,48 

ʉʝʧʪʝʤʚʨʠ 0 0 0 ʉʝʧʪʝʤʚʨʠ 24 115,66 7,12 

ʚ ʦʪʦʧʣʠʪʝʣʝʥ ʩʝʟʦʥ ʚ ʦʪʦʧʣʠʪʝʣʝʥ ʩʝʟʦʥ 

ʆʢʪʦʤʚʨʠ 7 116,65 4,88 ʆʢʪʦʤʚʨʠ 26 158,08 6,88 

ʅʦʝʤʚʨʠ 30 240,16 10,04 ʅʦʝʤʚʨʠ 30 184,14 5,15 

ɼʝʢʝʤʚʨʠ 31 244,21 9,12 ɼʝʢʝʤʚʨʠ 31 253,7 9,12 

ʃʷʪʦ 2014 ʛ. 107 154,37 5,74 ʃʷʪʦ 2015 ʛ. 127 119,63 6,79 

ʉʝʟʦʥ 14/15 188 208,32 6,8 ʉʝʟʦʥ 15/16 208 239,08 8,5 

ʊʘʙʣʠʮʘ 3 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘ NOX ʠ ʉʆ: 2016ʛ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘ NOX ʠ ʉʆ: 2017ʛ. 

Mʝʩʝʮ 
ɹʨ. 
ʜʥʠ 

Nʆʍ, 
mg/Nm3 

CO, 
mg/Nm3 

Mʝʩʝʮ 
ɹʨ. 
ʜʥʠ 

Nʆʍ, 
mg/Nm3 

CO, 
mg/Nm3 

ʚ ʦʪʦʧʣʠʪʝʣʝʥ ʩʝʟʦʥ ʚ ʦʪʦʧʣʠʪʝʣʝʥ ʩʝʟʦʥ 

ʗʥʫʘʨʠ 31 273,71 7,25 ʗʥʫʘʨʠ 30 297,84 9,32 

ʌʝʚʨʫʘʨʠ 29 289,05 11,29 ʌʝʚʨʫʘʨʠ 28 312,91 9,98 

ʄʘʨʪ 31 285,39 12,96 ʄʘʨʪ 31 256,9 8,23 

ɸʧʨʠʣ 30 217,18 6,8 ɸʧʨʠʣ 30 182,75 4,02 

ʚ ʣʝʪʝʥ ʩʝʟʦʥ ʚ ʣʝʪʝʥ ʩʝʟʦʥ 

ʄʘʡ 31 169,81 21 ʄʘʡ 31 171,95 3,63 

ʖʥʠ 30 164,02 16,89 ʖʥʠ N/A N/A N/A 

ʖʣʠ 31 98,43 10,91 ʖʣʠ N/A N/A N/A 

ɸʚʛʫʩʪ 31 90,38 5,9 ɸʚʛʫʩʪ N/A N/A N/A 

ʉʝʧʪʝʤʚʨʠ 30 131,76 7,87 ʉʝʧʪʝʤʚʨʠ N/A N/A N/A 

ʚ ʦʪʦʧʣʠʪʝʣʝʥ ʩʝʟʦʥ ʚ ʦʪʦʧʣʠʪʝʣʝʥ ʩʝʟʦʥ 

ʆʢʪʦʤʚʨʠ 31 191,92 10,45 ʆʢʪʦʤʚʨʠ N/A N/A N/A 

ʅʦʝʤʚʨʠ 30 246,29 8,56 ʅʦʝʤʚʨʠ N/A N/A N/A 

ɼʝʢʝʤʚʨʠ 31 276,63 9,43 ɼʝʢʝʤʚʨʠ N/A N/A N/A 

ʃʷʪʦ 2016 ʛ. 153 130,66 12,52 ʃʷʪʦ 2017 ʛ. N/A N/A N/A 

ʉʝʟʦʥ 16/17 211 251,45 8,6 ʉʝʟʦʥ 17/18 N/A N/A N/A 
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ʌʠʛ. 2 ɽʤʠʩʠʠ ʦʪ NOX ʠ ʉʆ ʦʪ ʇɻ ʩʪ.ˉ 6 ʚ ñʟʠʤʝʥò ʠ ñʣʝʪʝʥò ʩʝʟʦʥ ʥʘ ʨʘʙʦʪʘ 

 

 

 
ʌʠʛ. 3 ɽʤʠʩʠʠ ʦʪ NOX ʠ ʉʆ ʦʪ ʇɻ ʩʪ.ˉ 7 ʚ ñʟʠʤʝʥò ʠ ñʣʝʪʝʥò ʩʝʟʦʥ ʥʘ ʨʘʙʦʪʘ 
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ʅʘʙʝʣʷʟʘʥʠ ʤʝʨʢʠ ʟʘ ʫʜʲʣʞʘʚʘʥʝ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠʷ ʩʨʦʢ ʥʘ ʝʥʝʨʛʠʡʥʠʪʝ 
ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ ʚ ʊɽʎ ñʉʦʬʠʷò 
ʂʘʢʪʦ ʝ ʚʠʜʥʦ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʜʘʥʥʠ ʟʘ ʝʤʠʩʠʠʪʝ ʥʘ ʦʪʜʝʣʥʠʪʝ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ ʚ ʊɽʎ 

ñʉʦʬʠʷ, ʝʤʠʩʠʠʪʝ ʦʪ ʘʟʦʪʥʠ ʦʢʩʠʜʠ NOX ʩʘ ʧʦ ʛʦʣʝʤʠ ʦʪ 100 mg/Nm3, ʢʘʢʚʘʪʦ ʱʝ ʙʲʜʝ 
ʧʨʝʜʝʣʥʦ ʜʦʧʫʩʪʠʤʘʪʘ ʥʦʨʤʘ ʦʪ 2020 ʛ. ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʘʪ ʥʦʚʠʪʝ ʧʦ ʩʪʨʦʛʠ ʥʦʨʤʠ ʟʘ NOX, 
ʧʘʨʦʛʝʥʝʨʘʪʦʨʠʪʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʤʦʜʝʨʥʠʟʠʨʘʪ. ʈʲʢʦʚʦʜʩʪʚʦʪʦ ʥʘ ʊɽʎ ñʉʦʬʠʷò ʠʤʘ ʩʣʝʜʥʠʪʝ 
ʧʣʘʥʦʚʝ ʟʘ ʚʩʝʢʠ ʦʪ ʪʷʭ: 

¶ ʇɻ ʩʪ. ˉ 6 ʝ ʢʲʤ ʢʨʘʷ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠʷʪ ʩʠ ʧʝʨʠʦʜ. ʀʤʝʥʥʦ ʧʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʟʘ 
ʥʝʛʦ ʥʝ ʩʝ ʧʨʝʜʚʠʞʜʘʪ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʆʯʘʢʚʘ ʩʝ ʪʦʡ ʜʘ ʨʘʙʦʪʠ ʜʦ 2020ʛ., ʥʦ ʧʨʠ 
ʚʲʟʤʦʞʥʦʩʪ ʪʦʡ ʱʝ ʩʝ ʝʢʩʧʣʦʘʪʠʨʘ ʠ ʩʣʝʜ ʪʦʚʘ. 

¶ ʇɻ ʩʪ. ˉ 7 ʝ ʠʟʚʝʜʝʥ ʦʪ ʝʢʩʧʣʦʘʪʘʮʠʷ ʧʨʝʟ 2017ʛ ʩ ʮʝʣ ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʦʩʠʛʫʨʷʚʘʱʘ 
ʨʝʜʫʮʠʨʘʥʝ ʥʘ NOx ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʝʚʨʦʧʝʡʩʢʠʪʝ ʥʦʨʤʠ. ʆʩʥʦʚʥʘʪʘ ʠʜʝʷ ʝ ʮʷʣʦʩʪʥʘ 
ʧʦʜʤʷʥʘ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʙʘʨʘʙʘʥʠʪʝ ʠ ʥʦʩʝʱʠʪʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʉʣʝʜ 
ʧʨʠʣʘʛʘʥʝ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʤʝʨʦʧʨʠʷʪʠʷ ʩʝ ʦʯʘʢʚʘ ʨʘʙʦʪʥʠʷ ʨʝʩʫʨʩ ʥʘ ʇɻ ʜʘ ʥʘʨʘʩʥʝ ʦʪ 50 
000 ʯʘʩʘ ʜʦ 100 000 ʯʘʩʘ. ʀʥʚʝʩʪʠʮʠʷʪʘ ʝ ʧʨʝʜʚʠʜʝʥʘ ʦʪ ʠʥʚʝʩʪʠʮʠʦʥʝʥ ʬʦʥʜ Ăʂʦʟʣʦʜʫʡñ. 

¶ ʇʣʘʥʠʨʘ ʩʝ ʚʨʝʤʝʥʥʦ ʠʟʚʝʞʜʘʥʝ ʦʪ ʝʢʩʧʣʦʘʪʘʮʠʷ ʠ ʥʘ ʇɻ ʩʪ. ˉ 8 ʠ ʠʟʚʲʨʰʚʘʥʝ ʥʘ 
ʧʦʜʦʙʥʘ ʨʝʢʦʥʩʪʨʫʠʨʘʥʝ, ʢʘʪʦ ʪʘʟʠ ʥʘ ʇɻ ʩʪ. ˉ 7.  

¶ ʉʣʝʜ ʠʟʚʲʨʰʝʥʠ ʧʨʦʫʯʚʘʥʠʷ ʇɻ ʩʪ. ˉ 9 ʦʩʪʘʚʘ ʜʘ ʨʘʙʦʪʠ ʦʱʝ 200 000 ʯʘʩʘ. ʀʤʘ 
ʧʨʝʜʣʦʞʝʥʠʝ ʥʘ ʀʀʍ ï ɹɸʅ ʠʤʘʱʦ ʟʘ ʮʝʣ ʩʥʠʞʘʚʘʥʝʪʦ ʥʘ NOx ʝʤʠʩʠʠʪʝ, ʢʦʝʪʦ ʜʘ ʩʝ 
ʧʦʩʪʠʛʥʝ, ʯʨʝʟ ʧʨʝʤʘʭʥʝ ʥʘ ʚʲʟʜʫʭʦʧʦʜʛʨʝʚʘʪʝʣʷ. ʈʝʟʫʣʪʘʪʲʪ ʦʪ ʪʦʚʘ ʝ ʨʝʜʫʮʠʨʘʥʝ 
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ ʟʘ ʛʦʨʝʥʝ. ʉʧʦʨʝʜ ʩʚʝʪʦʚʥʠ ʣʠʪʝʨʘʪʫʨʥʠ ʠʟʪʦʯʥʠʮʠ 
ʪʦʚʘ ʱʝ ʜʦʚʝʜʝ ʜʦ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ñʪʝʨʤʠʯʥʠñ ʘʟʦʪʥʠ ʦʢʩʠʜʠ. ʉʲʱʝʚʨʝʤʝʥʥʦ 
ʱʝ ʩʝ ʚʣʦʰʠ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʧʦʣʝʟʥʦ ʜʝʡʩʪʚʠʝ ʥʘ ʢʦʪʝʣʘ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʤʦʞʝ ʜʘ 
ʙʲʜʝ ʢʦʤʧʝʥʩʠʨʘʥʦ ʯʨʝʟ ʜʦʧʲʣʥʠʪʝʣʥʦ ʚʛʨʘʞʜʘʥʝ ʥʘ ʯʝʪʠʨʠ ʥʦʚʠ ʪʦʧʣʦʦʙʤʝʥʥʠʢʘ, ʘ 
ʠʤʝʥʥʦ: 
- ʂʦʥʪʘʢʪʥʠ ʝʢʦʥʦʤʘʡʟʝʨʘ: 2 ʙʨʦʷ; 
- ʆʚʣʘʞʥʠʪʝʣʥʘ ʢʦʣʦʥʠʷ: 1 ʙʨʦʡ; 
- ʇʦʚʲʨʭʥʦʩʪʝʥ ʪʦʧʣʦʦʙʤʝʥʥʠʢ: 1 ʙʨʦʡ. 
ɿʘʜʘʯʘʪʘ ʥʘ ʪʝʟʠ ʪʦʧʣʦʦʙʤʝʥʥʠʮʠ ʝ, ʢʘʢʪʦ ʫʪʠʣʠʟʘʮʠʷ ʥʘ ʠʟʧʫʩʥʘʪʘʪʘ ʦʪ ʢʦʪʝʣʘ 

ʪʦʧʣʠʥʘ, ʪʘʢʘ ʠ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʚʲʟʜʫʭʘ ʟʘ ʠʟʛʘʨʷʥʝ (ʧʦʜʛʨʷʚʘʥʝ ʜʦ 41 ʉ ʠ ʜʦʧʲʣʥʠʪʝʣʥʦʪʦ 
ʦʙʦʛʘʪʷʚʘʥʝ ʩ ʚʦʜʥʠ ʧʘʨʠ ʜʦ 0,07 kg/kg).   

ɸʥʘʣʠʟʠ ʠ ʠʟʚʦʜʠ 
ʆʪ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʚ ʜʦʢʣʘʜʘ ʜʘʥʥʠ ʟʘ ʨʘʙʦʪʠʪʝ ʥʘ ʝʥʝʨʛʠʡʥʠʪʝ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ ʚ ʊɽʎ 

ñʉʦʬʠʷò, ʝ ʚʠʜʥʦ ʯʝ, ʧʨʝʟ ʦʪʦʧʣʠʪʝʣʥʠʷ ʩʝʟʦʥ, ʝʤʠʩʠʠʪʝ ʦʪ ʘʟʦʪʥʠ ʦʢʩʠʜʠ NOX, ʩʘ ʚ 
ʠʥʪʝʨʚʘʣʘ ʦʪ 176 mg/Nm3 ʟʘ ʇɻ ʩʪ. ˉ 8, ʜʦ 238 mg/Nm3 ʟʘ ʇɻ ʩʪ. ˉ 6. ʇʨʝʟ ʣʝʪʥʠʷ ʨʝʞʠʤ ʥʘ 
ʨʘʙʦʪʘ ʥʘ ʢʦʪʣʠʪʝ NOX ʩʝ ʠʟʤʝʥʷ ʚ ʠʥʪʝʨʚʘʣʘ ʦʪ 90 mg/Nm3 ʟʘ ʇɻ ʩʪ. ˉ 6 ʠ ʩʪ. ˉ 8 ʜʦ 130 
mg/Nm3 ʟʘ ʇɻ ʩʪ. ˉ 9.  

ʊʘʙʣʠʮʘ 4 

ɺʝʣʠʯʠʥʘ ɼʠʤʝʥʩʠʷ ʇɻ ʩʪ. ˉ 6 ʇɻ ʩʪ. ˉ 7 ʇɻ ʩʪ. ˉ 8 ʇɻ ʩʪ. ˉ 9 

ɿʠʤʝʥ ʨʝʞʠʤ 

Dʇʇ t/h 180 165 165 185 

NOX mg/Nm3 238 186 176 229 

CO mg/Nm3 11 5 8 6 

ʃʝʪʝʥ ʨʝʞʠʤ 

Dʇʇ t/h 150 140 155 160 

NOX mg/Nm3 90 120 90 130 

CO mg/Nm3 8 5 9 7 

 
ɿʥʘʯʠʪʝʣʥʦʪʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ ʦʪ ʘʟʦʪʥʠ ʦʢʩʠʜʠ NOʍ ʧʨʝʟ ʣʝʪʥʠʷ ʨʝʞʠʤ ʥʘ 

ʨʘʙʦʪʘ ʥʘ ʢʦʪʣʠʪʝ ʩʝ ʜʲʣʞʠ ʥʘ ʩʣʝʜʥʠʪʝ ʬʘʢʪʦʨʠ: 

¶ ʅʘʤʘʣʝʥʦʪʦ ʧʘʨʦʧʨʦʠʟʚʦʜʩʪʚʦ; 

¶ ʇʦʜʘʚʘʥʝʪʦ ʥʘ ʦʨʛʘʥʠʟʠʨʘʥ ʚʲʟʜʫʭ ʟʘ ʛʦʨʝʥʝ ʩ ʦʢʦʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ (ʥʝ ʨʘʙʦʪʷʪ 
ʚʲʟʜʫʭʦʧʦʜʛʨʝʚʘʪʝʣʠʪʝ). 
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ɺʠʜʥʦ ʝ ʯʝ, ʝʢʦʣʦʛʠʯʥʠʪʝ ʥʦʨʤʠ ʟʘ ʘʟʦʪʥʠ ʦʢʩʠʜʠ NOʍ, ʢʦʠʪʦ ʦʪ 2020 ʛ. ʱʝ ʙʲʜʘʪ 100 
mg/Nm3, ʥʷʤʘ ʜʘ ʤʦʛʘʪ ʜʘ ʩʝ ʧʦʩʪʠʛʥʘʪ ʙʝʟ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʟʥʘʯʠʪʝʣʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʥʘ 
ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʤʦʱʥʦʩʪʠ ʚ ʊɽʎ ñʉʦʬʠʷò.  
 
ʃʠʪʝʨʘʪʫʨʘ 

1. ʊʝʭʥʠʯʝʩʢʘ ʜʦʢʫʤʝʥʪʘʮʠʷ ʥʘ ʊɽʎ Ăʉʦʬʠʷñ. 
2. ɼʘʥʥʠ ʦʪ ʩʠʩʪʝʤʘ ʟʘ ʥʝʧʨʝʢʲʩʥʘʪ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʊɽʎ Ăʉʦʬʠʷñ. 
3. ʈʝʛʠʦʥʘʣʝʥ ʜʦʢʣʘʜ ʟʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʧʨʝʟ 2016 ʛʦʜʠʥʘ. 
4. ʂʦʤʧʣʝʢʩʥʦ ʨʘʟʨʝʰʠʪʝʣʥʦ ʥʘ Ăʊʦʧʣʦʬʠʢʘʮʠʷ ʉʦʬʠʷñ ɽɸɼ. 
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ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʢʦʥʩʫʤʘʮʠʷʪʘ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʚ ʞʠʣʠʱʥʘ ʩʛʨʘʜʘ ʧʨʠ 
ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʚʲʪʨʝʰʥʘ ʠʥʩʪʘʣʘʮʠʷ ʟʘ ʦʪʦʧʣʝʥʠʝ 

 
ɸʩʝʥ ɸʩʝʥʦʚ, ɺʝʨʛʠʣʠʷ ɼʲʙʦʚʘ 

 

ʇʨʠ ʨʝʘʣʥʠ ʫʩʣʦʚʠʷ ʝ ʥʘʧʨʘʚʝʥʦ ʩʨʘʚʥʝʥʠʝ ʥʘ ʢʦʥʩʫʤʘʮʠʷʪʘ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪ 
ʩʛʨʘʜʘ ʚ ʨʝʞʠʤ ʥʘ ʝʪʘʞʥʘ ʩʦʙʩʪʚʝʥʦʩʪ. ʈʝʟʫʣʪʘʪʠʪʝ ʧʨʝʜʩʪʘʚʷʪ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ 
ʢʦʣʠʯʝʩʪʚʦʪʦ ʝʥʝʨʛʠʷ ʟʘ ʩʛʨʘʜʥʘ ʠʥʩʪʘʣʘʮʠʷ ʥʘ ʩʛʨʘʜʘ, ʩ ʠʟʚʲʨʰʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʥʘ 
ʚʲʪʨʝʰʥʘʪʘ ʠʥʩʪʘʣʘʮʠʷ ʟʘ ʦʪʦʧʣʝʥʠʝ, ʦʪ ʚʝʨʪʠʢʘʣʝʥ ʚ ʭʦʨʠʟʦʥʪʘʣʝʥ ʚʠʜ. 

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʦʪʦʧʣʠʪʝʣʥʘ ʠʥʩʪʘʣʘʮʠʷ, ʠʥʜʠʚʠʜʫʘʣʝʥ ʪʦʧʣʦʤʝʨ, ʝʥʝʨʛʠʷ ʟʘ ʩʛʨʘʜʥʘ 

ʠʥʩʪʘʣʘʮʠʷ 
 

Study of consumption of heating energy in a residential building with 
reconstruction of the internal heating system 

 
Asen Asenov, Vergiliya Dabova 

 

Under real conditions, is made a study of the consumption of heating energy of a building in 
condominium mode. The results represent the change of the amount energy for common heating 
of the system of a building with a reconstruction of the internal heating system from a vertical to e 
horizontal one.  

 
Keywords: heating system, individual heating meter, common heating system energy 
 
ɺʲʚʝʜʝʥʠʝ 
ʉ ʇʦʩʪʘʥʦʚʣʝʥʠʝ ˉ 18 ʦʪ 02.02.2015 ʥʘ ʄʠʥʠʩʪʝʨʩʢʠ ʩʲʚʝʪ ʝ ʧʨʠʝʪʘ ʅʘʮʠʦʥʘʣʥʘ 

ʧʨʦʛʨʘʤʘ ʟʘ ʝʥʝʨʛʠʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʤʥʦʛʦʬʘʤʠʣʥʠ ʞʠʣʠʱʥʠ ʩʛʨʘʜʠ, ʢʦʷʪʦ ʮʝʣʠ 
ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦ-ʚʠʩʦʢʦ ʢʘʯʝʩʪʚʦ ʥʘ ʞʠʟʥʝʥʘʪʘ ʩʨʝʜʘ, ʯʨʝʟ: 

- ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʨʘʟʭʦʜʠʪʝ ʟʘ ʝʥʝʨʛʠʷ ʧʨʠ ʧʦ-ʚʠʩʦʢʦ ʥʦʚʦ ʥʘ ʝʥʝʨʛʠʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪ; 
- ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʫʜʲʣʞʘʚʘʥʝ ʞʠʚʦʪʘ ʥʘ ʩʨʘʜʠʪʝ; 
- ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʞʠʟʥʝʥʘ ʩʨʝʜʘ ʩʲʦʙʨʘʟʝʥʘ ʩ ʢʨʠʪʝʨʠʠʪʝ ʟʘ ʫʩʪʦʡʯʠʚʦ ʨʘʟʚʠʪʠʝ. 
ʆʩʥʦʚʥʠʪʝ ʜʝʡʥʦʩʪʠ ʧʦ ʇʨʦʛʨʘʤʘʪʘ ʩʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ, ʦʙʥʦʚʷʚʘʥʝ ʥʘ 

ʦʙʱʠʪʝ ʯʘʩʪʠ, ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʢʦʥʢʨʝʪʥʦ ʧʨʝʜʧʠʩʘʥʠ ʤʝʨʢʠ ʟʘ ʝʥʝʨʛʠʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʠ 
ʜʝʡʥʦʩʪʠ ʩʲʧʲʪʩʪʚʘʱʠ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʤʝʨʢʠʪʝ. 
ʈʝʜʠʮʘ ʩʛʨʘʜʠ ʫʩʧʷʚʘʪ ʩʲʩ ʩʦʙʩʪʚʝʥʠ ʩʠʣʠ ʜʘ ʨʝʤʦʥʪʠʨʘʪ ʩʛʨʘʜʠʪʝ ʩʠ, ʢʘʪʦ ʮʝʣʪʘ ʠʤ 

ʩʲʚʧʘʜʘ ʩ ʪʘʟʠ ʥʘ ʇʨʦʛʨʘʤʘʪʘ. 
ʇʦ ʘʥʘʣʦʛʠʷ, ʝʜʥʘ ʤʥʦʛʦʬʘʤʠʣʥʘ ʞʠʣʠʱʥʘ ʩʛʨʘʜʘ, ʢʦʷʪʦ ʥʝ ʝ ʦʜʦʙʨʝʥʘ ʟʘ ʬʠʥʘʥʩʠʨʘʥʝ 

ʧʦ ʇʨʦʛʨʘʤʘʪʘ, ʫʩʧʷʚʘ ʩʲʩ ʩʦʙʩʪʚʝʥʠ ʩʠʣʠ ʠ ʩʲʚʤʝʩʪʥʦ ʩ ɽɺʅ ɹʲʣʛʘʨʠʷ ʊʦʧʣʦʬʠʢʘʮʠʷ ɽɸɼ 
ʜʘ ʠʟʧʲʣʥʠ ʤʷʨʢʘ ʧʦ ʝʥʝʨʛʠʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪ, ʘ ʠʤʝʥʥʦ ʜʘ ʨʝʢʦʥʩʪʨʫʠʨʘ ʚʲʪʨʝʰʥʘʪʘ 
ʠʥʩʪʘʣʘʮʠʷ ʟʘ ʦʪʦʧʣʝʥʠʝ ʦʪ ʚʝʨʪʠʢʘʣʝʥ ʚ ʭʦʨʠʟʦʥʪʘʣʝʥ ʪʠʧ. 
ʉʛʨʘʜʘʪʘ 
ʉʛʨʘʜʘʪʘ, ʧʨʝʜʤʝʪ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʚʲʪʨʝʰʥʘ ʦʪʦʧʣʠʪʝʣʥʘ ʠʥʩʪʘʣʘʮʠʷ, ʝ ʩʠʪʫʠʨʘʥʘ 

ʚ ʮʝʥʪʨʘʣʥʘʪʘ ʯʘʩʪ ʥʘ ʛʨ. ʇʣʦʚʜʠʚ. ʇʦʩʪʨʦʝʥʘ ʝ ʧʨʝʟ 1975 ʛ. ʢʘʪʦ ʩʝ ʩʲʩʪʦʠ ʦʪ 7 ʞʠʣʠʱʥʠ 
ʝʪʘʞʘ ʩ ʧʦ 4 ʘʧʘʨʪʘʤʝʥʪʘ. 
ʇʨʠʩʲʝʜʠʥʷʚʘʥʝʪʦ ʥʘ ʩʛʨʘʜʘʪʘ ʢʲʤ ʛʨʘʜʩʢʘʪʘ ʪʦʧʣʦʧʨʝʥʦʩʥʘ ʤʨʝʞʘ ʝ ʠʟʚʲʨʰʝʥʦ ʯʨʝʟ 

ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʢʲʤ ʩʲʱʝʩʪʚʫʚʘʱʘ ʛʨʫʧʦʚʘ ʘʙʦʥʘʪʥʘ ʩʪʘʥʮʠʷ ʚ ʩʲʩʝʜʝʥ ʞʠʣʠʱʝʥ 
ʙʣʦʢ.ɺʲʪʨʝʰʥʘʪʘ ʦʪʦʧʣʠʪʝʣʥʘ ʠʥʩʪʘʣʘʮʠʷ ʝ ʙʠʣʘ ʠʟʧʲʣʥʝʥʘ ʦʪ 16 ʩʪʦʤʘʥʝʥʠ ʚʝʨʪʠʢʘʣʥʠ 
ʨɦʘʥʛʘ, ʩʚʲʨʟʘʥʠ ʧʦ ʩʭʝʤʘ Ăʊʠʭʝʣʤʘʥò ʢʲʤ ʦʙʱʦʪʦ ʦʪʢʣʦʥʝʥʠʝ  ʦʪ ʘʙʦʥʘʪʥʘʪʘ ʩʪʘʥʮʠʷ. 
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ʉʛʨʘʜʘʪʘ ʠʤʘ ʠʟʛʨʘʜʝʥʘ ʠ ʠʥʩʪʘʣʘʮʠʷ ʟʘ ʛʦʨʝʱʘ ʚʦʜʘ ʟʘ ʙʠʪʦʚʠ ʥʫʞʜʠ ʩʲʱʦ ʦʪ ʛʨʫʧʦʚʘʪʘ 
ʘʙʦʥʘʪʥʘ ʩʪʘʥʮʠʷ. 

 

 
ʌʠʛ. 1 ʉʭʝʤʘ ʥʘ ʪʠʧʦʚ ʝʪʘʞ 

ʊʘʙʣʠʮʘ 1 
ʀʥʩʪʘʣʠʨʘʥʘ ʤʦʱʥʦʩʪ ʥʘ ʦʪʦʧʣʠʪʝʣʥʠʪʝ ʪʝʣʘ 

ʊʠʧ ʄʦʱʥʦʩʪ ɹʨʦʡ 
 

ʊʠʧ ʄʦʱʥʦʩʪ ɹʨʦʡ 

- W - 
 

- W - 

ɸ 2080 1 
 

D 2080 1 

ɸ 1860 2 
 

D 1860 2 

ɸ 490 1 
 

D 490 1 

ʆʙʱʦ 6290 W 
 

ʆʙʱʦ 6290 W 

       ʊʠʧ ʄʦʱʥʦʩʪ ɹʨʦʡ 
 

ʊʠʧ ʄʦʱʥʦʩʪ ɹʨʦʡ 

- W - 
 

- W - 

ɺ 2080 1 
 

ʉ 2080 1 

ɺ 2070 1 
 

ʉ 2070 1 

ɺ 1860 1 
 

ʉ 1860 1 

ɺ 660 1 
 

ʉ 660 1 

ʆʙʱʦ 6670 W 
 

ʆʙʱʦ 2080 W 

 
ʇʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷʪʘ ʩʘ ʠʟʛʨʘʜʝʥʠ ʩʘʤʦʩʪʦʷʪʝʣʥʠ ʦʪʢʣʦʥʝʥʠʷ ʟʘ ʚʩʝʢʠ ʝʜʠʥ ʠʤʦʪ, 

ʩʥʘʙʜʝʥʠ ʩ ʠʥʜʠʚʠʜʫʘʣʥʠ ʪʘʙʣʘ, ʢʲʜʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʦʪʯʠʪʘʥʝʪʦ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ 
ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʥʪʠʨʘʥʠ ʘʧʘʨʪʘʤʝʥʪʥʠ ʪʦʧʣʦʤʝʨʠ. 
ʀʟʛʨʘʜʝʥʘ ʝ ʩʘʤʦʩʪʦʷʪʝʣʥʘ ʘʙʦʥʘʪʥʘ ʩʪʘʥʮʠʷ ʟʘ ʩʛʨʘʜʘʪʘ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʪʷ ʩʪʘʚʘ 

ʩʘʤʦʩʪʦʷʪʝʣʝʥ ʦʙʝʢʪ ʥʘ ʨʘʟʧʨʝʜʝʣʷʥʝ ʥʘ ʪʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ ʟʘ ʦʪʦʧʣʝʥʠʝ ʠ ʙʠʪʦʚʘ ʛʦʨʝʱʘ 
ʚʦʜʘ. ɺʨʲʟʢʠʪʝ ʢʲʤ ʛʨʫʧʦʚʘʪʘ ʘʙʦʥʘʪʥʘ ʩʪʘʥʮʠʷ ʩʘ ʧʨʝʤʘʭʥʘʪʠ ʟʘ ʦʙʝʟʦʧʘʩʷʚʘʥʝ ʥʘ 
ʠʥʩʪʘʣʘʮʠʷʪʘ ʠ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʥʝʨʝʛʣʘʤʝʥʪʠʨʘʥʦ ʧʦʣʟʚʘʥʝ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ. 

ʈʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ 
ʉʲʛʣʘʩʥʦ ʅʘʨʝʜʙʘ 16-334 ʟʘ ʊʦʧʣʦʩʥʘʙʜʷʚʘʥʝʪʦ, ʢʦʛʘʪʦ ʢʲʤ ʝʜʥʘ ʘʙʦʥʘʪʥʘ ʩʪʘʥʮʠʷ ʩʘ 

ʧʨʠʩʲʝʜʠʥʝʥʠ ʧʦʚʝʯʝ ʦʪ ʝʜʥʘ ʩʛʨʘʜʠ, ʢʘʢʲʚʪʦ ʝ ʨʘʟʛʣʝʞʜʘʥʠʷ ʩʣʫʯʘʡ, ʢʦʣʠʯʝʩʪʚʦʪʦ 
ʜʦʩʪʘʚʝʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʩʝ ʨʘʟʜʝʣʷ ʤʝʞʜʫ ʪʷʭ ʧʦ ʢʦʥʪʨʦʣʥʠ ʪʦʧʣʦʤʝʨʠ ʠ ʚʦʜʦʤʝʨʠ ʟʘ 
ʪʦʧʣʘ ʚʦʜʘ ʠʣʠ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʥʘ ʠʥʩʪʘʣʠʨʘʥʘʪʘ ʤʦʱʥʦʩʪ ʥʘ ʩʛʨʘʜʥʠʪʝ ʠʥʩʪʘʣʘʮʠʠ. 
ɺʲʪʨʝʰʥʘʪʘ ʠʥʩʪʘʣʘʮʠʷ ʟʘ ʦʪʦʧʣʝʥʠʝ ʥʘ ʞʠʣʠʱʥʠʷ ʙʣʦʢ ʥʘ ʫʣ. Ăʍʘʥ ʂʫʙʨʘʪò 8 ʝ 

ʧʦʟʚʦʣʷʚʘʣʘ ʦʪʯʠʪʘʥʝ ʥʘ ʪʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ ʯʨʝʟ ʠʥʩʪʘʣʠʨʘʥʠ ʢʦʥʪʨʦʣʝʥ ʪʦʧʣʦʤʝʨ ʠ 
ʚʦʜʦʤʝʨ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʥʦʪʦ ʟʘ ʩʛʨʘʜʘʪʘ ʦʪʦʢʣʦʥʝʥʠʝ. 
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ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʬʘʢʪʠʯʝʩʢʦ ʨʘʟʜʝʣʷʥʝ ʥʘ ʜʚʘʪʘ ʞʠʣʠʱʥʠ ʙʣʦʢʘ, ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ 
ʪʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ ʤʝʞʜʫ ʩʘʤʦʩʪʦʷʪʝʣʥʠʪʝ ʦʙʝʢʪʠ ʚ ʨʘʟʛʣʝʞʜʘʥʘʪʘ ʩʛʨʘʜʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ 
ʩ ʧʨʠʣʘʛʘʥʝ ʥʘ ʯʣ. 61 (1) ʦʪ ʅʘʨʝʜʙʘʪʘ, ʘ ʠʤʝʥʥʦ ʧʦ ʤʝʪʦʜʠʢʘʪʘ ʟʘ ʜʷʣʦʚʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ 
ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʤʝʞʜʫ ʢʣʠʝʥʪʠ ʚ ʛʨʘʜʘ ï ʝʪʘʞʥʘ ʩʦʙʩʪʚʝʥʦʩʪ ʧʦʩʨʝʜʩʪʚʦʤ ʝʞʝʤʝʩʝʯʥʦ 
ʦʪʯʠʪʘʥʝ ʥʘ ʚʦʜʦʤʝʨʠ ʟʘ ʪʦʧʣʘ ʚʦʜʘ ʠ ʠʥʜʠʚʠʜʫʘʣʥʠ ʨʘʟʧʨʝʜʝʣʠʪʝʣʝʥʠ ʫʩʪʨʦʡʩʪʚʘ 
ʤʦʥʪʠʨʘʥʠ ʥʘ ʦʪʦʧʣʠʪʝʣʥʠʪʝ ʪʝʣʘ. 
ʈʘʟʧʨʝʜʝʣʠʪʝʣʥʦʪʦ ʫʩʪʨʦʡʩʪʚʦ ʩʫʤʠʨʘ ʠʥʜʠʚʠʜʫʘʣʥʦ ʢʦʥʩʫʤʠʨʘʥʘʪʘ ʦʪ ʩʲʦʪʚʝʪʥʦʪʦ 

ʦʪʦʧʣʠʪʝʣʥʦ ʪʷʣʦ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʟʘ ʢʦʥʢʨʝʪʥʠʷ ʦʪʯʝʪʝʥ ʧʝʨʠʦʜ. ʊʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ ʟʘ 
ʩʛʨʘʜʥʘ ʠʥʩʪʘʣʘʮʠʷ ʩʝ ʠʟʯʠʩʣʷʚʘ ʥʘ ʙʘʟʘ ʜʘʥʥʠ ʦʪ ʨʘʟʧʨʝʜʝʣʠʪʝʣʥʠʪʝ ʫʩʪʨʦʡʚʘ, 
ʚʦʜʦʤʝʨʠʪʝ ʟʘ ʪʦʧʣʘ ʚʦʜʘ, ʦʙʱʠʷ ʚʦʜʦʤʝʨ ʠ ʪʦʧʣʦʤʝʨ ʟʘ ʩʛʨʘʜʘʪʘ ʢʘʪʦ ʢʨʘʡʥʘʪʘ ʩʫʤʘ ʩʝ 
ʨʘʟʧʨʝʜʝʣʷ ʤʝʞʜʫ ʚʩʠʯʢʠ ʢʦʥʩʫʤʘʪʦʨʠ ʚ ʩʛʨʘʜʘʪʘ. 
ʉʣʝʜ ʨʝʢʦʥʩʪʨʫʢʮʠʷʪʘ, ʩʲʦʙʨʘʟʝʥʦ ʩ ʅʘʨʝʜʙʘ 16-334, ʦʪʯʠʪʘʥʝʪʦ ʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ 

ʝʥʝʨʛʠʷ ʟʘ ʦʪʦʧʣʝʥʠʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʠʥʜʠʚʠʜʫʘʣʥʠ ʪʦʧʣʦʤʝʨʠ, ʤʦʥʪʠʨʘʥʠ ʥʘ ʚʩʝʢʠ 
ʠʤʦʪ ï ʠʥʜʠʚʠʜʫʘʣʝʥ ʦʙʝʢʪ ʦʪ ʩʛʨʘʜʘʪʘ ï ʝʪʘʞʥʘ ʩʦʙʩʪʚʝʥʦʩʪ. 

ʀʟʩʣʝʜʚʘʥʠʷ 
ɿʘ ʨʘʟʛʣʝʞʜʘʥʠʷ ʦʙʝʢʪ ʩʘ ʩʥʝʪʠ ʜʘʥʥʠ ʟʘ ʢʦʥʩʫʤʠʨʘʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʟʘ ʩʛʨʘʜʥʘ 

ʠʥʩʪʘʣʘʮʠʷ ʟʘ ʦʪʦʧʣʠʪʝʣʥʠ ʩʝʟʦʥʠ 2013/2014, 2014/2015 ʠ 2015/2016. 
ʈʝʢʦʥʩʪʨʫʢʮʠʷʪʘ ʝ  ʠʟʚʲʨʰʝʥʘ ʧʨʝʟ 2015 ʛ. ʧʨʝʜʠ ʩʪʘʨʪʘ ʥʘ ʦʪʦʧʣʠʪʝʣʥʠʷ ʩʝʟʦʥ, ʢʦʝʪʦ 

ʜʘʚʘ ʙʘʟʘ ʟʘ ʩʨʘʚʥʝʥʠʝ ʩ ʜʘʥʥʠ ʟʘ ʮʷʣ ʩʝʟʦʥ ʩʣʝʜ ʧʨʦʤʷʥʘ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʠʥʩʪʘʣʘʮʠʷ ʠ 
ʩʲʦʪʚʝʪʥʦ ʤʝʪʦʜʲʪ ʥʘ ʦʪʯʠʪʘʥʝ ʠ ʨʘʟʧʨʝʜʝʣʷʥʝ ʥʘ ʪʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ ʚ ʩʛʨʘʜʘʪʘ. 
ʊʲʡ ʢʘʪʦ ʩʣʝʜ ʨʝʢʦʥʩʪʨʫʢʮʠʷʪʘ, ʢʦʥʩʫʤʠʨʘʥʘʪʘ ʝʥʝʨʛʠʷ ʟʘ ʦʪʦʧʣʝʥʠʝ ʦʪ ʦʪʜʝʣʥʠʪʝ 

ʠʤʦʪʠ ʣʝʩʥʦ ʩʝ ʦʪʯʠʪʘ ʯʨʝʟ ʘʧʘʨʪʘʤʝʥʪʥʠ ʪʦʧʣʦʤʝʨʠ ʠ ʩʘʤʘʪʘ ʢʦʥʩʫʤʘʮʠʷ ʟʘ ʦʪʦʧʣʝʥʠʝ 
ʩʪʨʦʛʦ ʟʘʚʠʩʠ ʦʪ ʥʘʚʠʮʠʪʝ ʥʘ ʧʦʣʟʚʘʪʝʣʠʪʝ, ʧʦʢʘʟʘʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʦʪʥʘʩʷʪ ʩʘʤʦ ʜʦ 
ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪʜʘʜʝʥʘ ʦʪ ʩʛʨʘʜʥʘʪʘ ʠʥʩʪʘʣʘʮʠʷ. 
ʌʠʛʫʨʘʪʘ ʧʦ-ʜʦʣʫ ʧʨʝʜʩʪʘʚʷ ʜʘʥʥʠ ʟʘ ʢʦʥʩʫʤʘʮʠʷ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʟʘ ʩʛʨʘʜʥʘ 

ʠʥʩʪʘʣʘʮʠʷ, ʦʪʯʝʪʝʥʠ ʦʪ ʜʨʫʞʝʩʪʚʦʪʦ ʟʘ ʜʷʣʦʚʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʟʘ ʠʜʝʥʪʠʯʥʠ ʟʠʤʥʠ ʤʝʩʝʮʠ 
ʦʪ ʥʷʢʦʣʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʦʪʦʧʣʠʪʝʣʥʠ ʩʝʟʦʥʘ. 

 

 
ʌʠʛ. 2 ʊʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʟʘ ʩʛʨʘʜʥʘ ʠʥʩʪʘʣʘʮʠʷ ʟʘ ʤʠʥʘʣʠ ʧʝʨʠʦʜʠ, MWh 

 
ʉ ʮʝʣ ʧʦʜʨʦʙʥʦ ʨʘʟʛʣʝʞʜʘʥʝ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ʮʷʣ ʦʪʦʧʣʠʪʝʣʝʥ ʩʝʟʦʥ, ʙʝ ʥʘʧʨʘʚʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʜʝʡʩʪʚʠʪʝʣʥʠʪʝ ʦʪʯʝʪʝʥʠ ʜʘʥʥʠ ʟʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʟʘ ʩʛʨʘʜʥʘ 
ʠʥʩʪʘʣʘʮʠʷ ʟʘ ʧʦʨʝʜʥʠʪʝ ʤʝʩʝʮʠ ʦʪ ʦʪʦʧʣʠʪʝʣʝʥ ʩʝʟʦʥ 2015/2016 ʩʣʝʜ ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʩ 
ʠʟʯʠʩʣʝʥʠ ʪʘʢʠʚʘ ʟʘ ʩʲʱʠʷ ʧʝʨʠʦʜ ʧʨʝʜʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʩ ʦʪʯʠʚʘʥʝ ʥʘ ʜʝʥʛʨʘʜʫʩʠʪʝ ʟʘ 
ʮʠʪʠʨʘʥʠʷ ʧʝʨʠʦʜ. 
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ʌʠʛ. 3 ʂʦʥʩʫʤʘʮʠʷ ʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʟʘ ʩʛʨʘʜʥʘ ʠʥʩʪʘʣʘʮʠʷ, MWh 

ɿʘʢʣʶʯʝʥʠʝ 
ʅʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʪʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ ʟʘ ʩʛʨʘʜʥʘ ʠʥʩʪʘʣʘʮʠʷ ʩʝ ʜʲʣʞʠ ʛʣʘʚʥʦ ʥʘ ʧʦ-

ʜʦʙʨʠʪʝ ʪʦʧʣʦʬʠʟʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʥʦʚʠʪʝ ʪʨʲʙʠ, ʢʘʯʝʩʪʚʝʥʘʪʘ ʠʟʦʣʘʮʠʷ ʚ ʦʙʱʠʪʝ 
ʯʘʩʪʠ ʠ ʧʦ-ʤʘʣʢʦʪʦ ʪʨʘʩʝ ʚ ʦʙʱʠʪʝ ʯʘʩʪʠ, ʧʦʨʘʜʠ ʧʨʝʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʟʘʭʨʘʥʚʘʥʝ ʥʘ 
ʩʛʨʘʜʘʪʘ ʦʪ ʛʨʫʧʦʚʘʪʘ ʘʙʦʥʘʪʥʘ ʩʪʘʥʮʠʷ. 
ʅʦʚʠʷʪ ʚʠʜ ʠʥʩʪʘʣʘʮʠʷ ʥʝ ʧʨʦʤʝʥʷ ʤʝʪʦʜʘ ʥʘ ʠʟʯʠʩʣʝʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʪʦʧʣʠʥʥʘ 

ʝʥʝʨʛʠʷ ʟʘ ʩʛʨʘʜʥʘ ʠʥʩʪʘʣʘʮʠʷ, ʥʦ ʧʦʤʘʛʘ ʥʘ ʦʪʜʝʣʥʠʪʝ ʧʦʪʨʝʙʠʪʝʣʠ ʩʘʤʠ ʜʘ ʩʣʝʜʷʪ ʠ 
ʢʦʥʪʨʦʣʠʨʘʪ ʢʦʣʠʯʝʩʪʚʦʪʦ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʟʘ ʦʪʦʧʣʝʥʠʝ. 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʚʲʪʨʝʰʥʘʪʘ ʠʥʩʪʘʣʘʮʠʷ ʟʘ ʦʪʦʧʣʝʥʠʝ ʚ ʞʠʣʠʱʥʠ ʩʛʨʘʜʠ ʚ ʨʝʞʠʤ ʥʘ 

ʝʪʘʞʥʘ ʩʦʙʩʪʚʝʥʦʩʪ ʝ ʝʜʠʥʩʪʚʝʥʦ ʠʟʧʲʣʥʠʤʦ ʧʨʠ ʩʲʛʣʘʩʠʝ ʥʘ ʚʩʠʯʢʠ ʧʦʪʨʝʙʠʪʝʣʠ 
ʧʨʠʩʲʝʜʠʥʝʥʠ ʢʲʤ ʜʘʜʝʥʘ ʘʙʦʥʘʪʥʘ ʩʪʘʥʮʠʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʙʨʦʷ ʥʘ ʦʪʜʝʣʥʠʪʝ ʩʛʨʘʜʠ. 
 
ʃʠʪʝʨʘʪʫʨʘ 

1. ʅʘʨʝʜʙʘ ˉ 16-334 ʦʪ 6 ʘʧʨʠʣ 2007 ʛ. ʟʘ ʪʦʧʣʦʩʥʘʙʜʷʚʘʥʝʪʦ 
2. www.evn.bg 

 
 
ʜʦʮ. ʜ-ʨ ɸʩʝʥ ɸʩʝʥʦʚ, ʊʋïʉʦʬʠʷ, ʢʘʪʝʜʨʘ Ăʊʦʧʣʦʝʥʝʨʛʝʪʠʢʘ ʠ ʷʜʨʝʥʘ ʝʥʝʨʛʝʪʠʢʘò, e-

mail: a.asenov@tu-sofia.bg  
ʤʘʛ. ʠʥʞ. ɺʝʨʛʠʣʠʷ ɼʲʙʦʚʘ, ʊʋïʉʦʬʠʷ, ʢʘʪʝʜʨʘ Ăʊʦʧʣʦʝʥʝʨʛʝʪʠʢʘ ʠ ʷʜʨʝʥʘ ʝʥʝʨʛʝʪʠʢʘò, 

e-mail: vergilia.dabova@gmail.com  
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ʂʘʣʠʙʨʠʨʘʥʝ ʥʘ ʛʘʤʘ ʧʣʲʪʥʦʤʝʨʠ 
 

 ʄʘʨʠʝʣʘ ʄʣʘʜʝʥʦʚʘ, ɸʩʝʥ ɸʩʝʥʦʚ 

 
ʂʘʣʠʙʨʠʨʘʥʝʪʦ ʥʘ ʨʘʜʠʦʠʟʦʪʥʠʪʝ ʧʣʲʪʥʦʤʝʨʠ ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʘʧʨʘʚʝʥʦ ʧʦ 3 ʥʘʯʠʥʘ. 

ʂʘʪʦ ʠʟʙʦʨʲʪ ʟʘʚʠʩʠ ʦʪ ʫʩʣʦʚʠʷʪʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʦʪʦ ʧʨʝʜʧʨʠʷʪʠʝ, ʢʦʥʪʨʦʣʠʨʘʥʘʪʘ 
ʩʨʝʜʘ ʠ ʞʝʣʘʥʘʪʘ ʧʨʝʮʠʟʥʦʩʪ ʥʘ ʠʟʤʝʨʚʘʥʝʪʦ. ɺ ʩʣʫʯʘʷ ʠʟʤʝʨʚʘʪʝʣʥʠʷʪ ʫʨʝʜ ʝ 
ʠʥʩʪʘʣʠʨʘʥ ʥʘ ʪʨʲʙʦʧʨʦʚʦʜ, ʧʦ ʢʦʡʪʦ ʦʪʧʘʜʲʮʠʪʝ ʦʪ ʧʨʝʜʧʨʠʷʪʠʝʪʦ ʩʝ ʦʪʚʝʞʜʘʪ ʢʲʤ 
ʭʨʘʥʠʣʠʱʝ. ʀʟʧʦʣʟʚʘʥʠʷʪ ʤʝʪʦʜ ʟʘ ʢʘʣʠʙʨʠʨʘʥʝ ʝ ʝʜʥʦʪʦʯʢʦʚ. 

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʨʘʜʠʦʘʢʪʠʚʥʦʩʪ, ʧʣʲʪʥʦʩʪ, ʠʟʪʦʯʥʠʢ, ʜʝʪʝʢʪʦʨ, ʢʘʣʠʙʨʠʨʘʥʝ 
 

Calibration of gamma densitometers 
 

Mariela Mladenova, Asen Asenov 

 
Three types of radioisotope densitometers calibration are possible. The calibration method 

choice depends on the process conditions, the medium and the desired precision of the 
measurement. In this case, the measuring gauge is installed on a pipeline where the mining waste 
from the plant is taken to a tailing pond. The calibration method used for this gamma densitometer 
is one-point calibration. 

 
Keywords: radioactivity, density, source, detector, calibration 

 

ɺʲʚʝʜʝʥʠʝ 
ʂʣʘʩʠʯʝʩʢʠʪʝ ʤʝʪʦʜʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ʦʙʠʢʥʦʚʝʥʦ ʠʟʠʩʢʚʘʪ ʢʦʥʪʘʢʪ ʩ ʢʦʥʪʨʦʣʠʨʘʥʘʪʘ 

ʩʨʝʜʘ, ʢʦʝʪʦ ʟʘʪʨʫʜʥʷʚʘ ʪʝʭʥʦʣʦʛʠʯʥʠʷ ʧʨʦʮʝʩ ʠ ʥʝ ʧʦʟʚʦʣʷʚʘ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʛʫʣʠʨʘʥʝ ʥʘ 
ʧʣʲʪʥʦʩʪʪʘ ʚ ʦʧʨʝʜʝʣʝʥʠ ʛʨʘʥʠʮʠ. ɽʪʦ ʟʘʱʦ ʨʘʜʠʦʤʝʪʨʠʯʥʠʷʪ ʤʝʪʦʜ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘʤʠʨʘ 
ʚʩʝ ʧʦ-ʛʦʣʷʤʦ ʧʨʠʣʦʞʝʥʠʝ ʠ ʝ ʝʜʠʥ ʦʪ ʧʨʝʜʧʦʯʠʪʘʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʨʦʮʝʩʥʠʪʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʘʟʣʠʯʥʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʭʠʤʠʯʝʩʢʘʪʘ ʧʨʦʤʠʰʣʝʥʦʩʪ, ʥʝʬʪʦ- ʠ 
ʛʘʟʦʜʦʙʠʚʥʘʪʘ ʧʨʦʤʠʰʣʝʥʦʩʪ, ʭʨʘʥʠʪʝʣʥʦ-ʚʢʫʩʦʚʘʪʘ ʧʨʦʤʠʰʣʝʥʦʩʪ, ʬʘʨʤʘʮʝʚʪʠʯʥʘʪʘ 
ʧʨʦʤʠʰʣʝʥʦʩʪ, ʦʙʨʘʙʦʪʢʘ ʥʘ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ, ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʥʝʨʛʠʷ ʠ ʜʨ.   
ʀʟʤʝʨʚʘʥʝʪʦ ʩ ʨʘʜʠʘʮʠʦʥʥʠ ʩʝʥʟʦʨʠ ʝ ʙʝʟʢʦʥʪʘʢʪʥʦ, ʢʦʝʪʦ ʥʝ ʥʘʣʘʛʘ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʠʟʤʝʨʚʘʥʘʪʘ ʩʨʝʜʘ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʤʥʦʛʦ ʜʨʫʛʠ ʠʟʤʝʨʚʘʪʝʣʥʠ ʤʝʪʦʜʠ,  ʧʨʠ ʨʘʜʠʦʤʝʪʨʠʯʥʠʷ 
ʤʝʪʦʜ ʤʦʞʝ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ ʥʘʜʝʞʜʥʦ ʠʟʤʝʨʚʘʥʝ ʜʦʨʠ ʠ ʧʨʠ ʝʢʩʪʨʝʤʘʣʥʠ ʫʩʣʦʚʠʷ ï ʚʠʩʦʢʠ 
ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʩʦʢʦ ʥʘʣʷʛʘʥʝ, ʪʦʢʩʠʯʥʦʩʪ, ʢʦʨʦʟʠʦʥʥʠ ʩʨʝʜʠ ʠ ʜʨ.  
ʃʝʩʥʦʪʦ ʠʥʩʪʘʣʠʨʘʥʝ ʥʘ ʩʝʥʟʦʨʠʪʝ ʝ ʩʲʱʦ ʝʜʥʦ ʦʪ ʧʨʝʜʠʤʩʪʚʘʪʘ ʠʤ. ʌʘʢʪʲʪ, ʯʝ ʥʝ ʝ 

ʥʫʞʝʥ ʢʦʥʪʘʢʪ ʩ ʠʟʤʝʨʚʘʥʦʪʦ ʚʝʱʝʩʪʚʦ, ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʪʝ ʜʘ ʙʲʜʘʪ ʧʦʩʪʘʚʝʥʠ ʢʘʢʪʦ ʥʘ 
ʥʦʚʦʩʪʨʦʷʱʠ ʩʝ ʠʥʩʪʘʣʘʮʠʠ, ʪʘʢʘ ʠ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠ ʚʝʯʝ ʪʘʢʠʚʘ.  
ʈʘʜʠʦʤʝʪʨʠʯʥʘʪʘ ʠʟʤʝʨʚʘʪʝʣʥʘ ʩʠʩʪʝʤʘ ʩʝ ʩʲʩʪʦʠ ʠ ʦʪ ʠʟʪʦʯʥʠʢ, ʨʘʟʧʦʣʦʞʝʥ ʚ ʟʘʱʠʪʝʥ 

ʢʦʥʪʝʡʥʝʨ ʠ ʜʝʪʝʢʪʦʨ, ʩʲʩʪʦʷʱ ʩʝ ʦʪ ʩʮʠʥʪʠʣʘʮʠʦʥʝʥ ʢʨʠʩʪʘʣ (ʠʣʠ ʜʨʫʛ ʚʠʜ ʩʮʠʥʪʠʣʠʨʘʱ 
ʤʘʪʝʨʠʘʣ), ʢʦʡʪʦ ʝ ʚ ʦʧʪʠʯʥʘ ʚʨʲʟʢʘ ʩ ʬʦʪʦʫʤʥʦʞʠʪʝʣ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʢʲʤ ʮʦʢʲʣʘ ʥʘ 
ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ ʝ ʤʦʥʪʠʨʘʥ ʜʝʣʠʪʝʣ ʥʘ ʥʘʧʨʝʞʝʥʠʝ ʠ ʯʝʩʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʩʣʝʜ ʥʝʛʦ ʠʤʘ 
ʧʨʝʜʫʩʠʣʚʘʪʝʣ (ʇʋ). ɺʩʠʯʢʠ ʠʟʙʨʦʝʥʠ ʝʣʝʤʝʥʪʠ ʟʘʝʜʥʦ ʩ ʇʋ ʩʘ ʟʘʪʚʦʨʝʥʠ ʚ ʥʝʧʨʦʥʠʮʘʝʤ ʟʘ 
ʩʚʝʪʣʠʥʘ ʢʦʞʫʭ, ʦʪ ʢʦʡʪʦ ʠʟʣʠʟʘʪ ʩʘʤʦ ʢʘʙʝʣʠʪʝ ʜʦ ʚʠʩʦʢʦʚʦʣʪʦʚʦʪʦ ʟʘʭʨʘʥʚʘʥʝ ʥʘ ʌɽʋ ʠ 
ʜʦ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʪʝ ʙʣʦʢʦʚʝ. 
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ʇʨʠʥʮʠʧ ʥʘ ʨʘʙʦʪʘ 
ʇʨʠʥʮʠʧʲʪ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʛʘʤʘ-

ʧʣʲʪʥʦʤʝʨʘ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʠʟʣʲʯʚʘʥʝ ʥʘ 
ʛʘʤʘ ʣʲʯʠ ʦʪ ʠʟʪʦʯʥʠʢ ʥʘ ʡʦʥʠʟʠʨʘʱʦ 
ʣʲʯʝʥʠʝ, ʢʦʠʪʦ ʦʪʩʣʘʙʚʘʪ ʧʨʠ ʧʨʝʤʠʥʘ-
ʚʘʥʝʪʦ ʠʤ ʧʨʝʟ ʪʨʲʙʦʧʨʦʚʦʜʘ ʠ ʧʨʦʣʲʯ-
ʚʘʥʘʪʘ ʩʨʝʜʘ. ɼʝʪʝʢʪʦʨ, ʨʘʟʧʦʣʦʞʝʥ ʦʪ 
ʜʨʫʛʘʪʘ ʩʪʨʘʥʘ ʦʪʯʠʪʘ ʪʦʚʘ ʦʪʩʣʘʙʚʘʥʝ. 
ʉʪʝʧʝʥʪʘ ʥʘ ʟʘʪʠʭʚʘʥʝ ʟʘʚʠʩʠ ʦʩʥʦʚʥʦ ʦʪ 
ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʠʟʤʝʨʚʘʥʘʪʘ ʩʨʝʜʘ, 
ʤʠʥʘʚʘʱʘ ʧʨʝʟ ʪʨʲʙʦʧʨʦʚʦʜʘ. ʇʨʠ ʧʦ-
ʛʦʣʷʤʘ ʧʣʲʪʥʦʩʪ, ʜʝʪʝʢʪʦʨʲʪ ʦʪʯʠʪʘ ʧʦ-
ʤʘʣʢʘ ʤʦʱʥʦʩʪ ʥʘ ʜʦʟʘʪʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ 
ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʧʨʝʜʝʣʝʥʘ ʧʣʲʪʥʦʩʪʪʘ, ʙʝʟ 
ʜʘ ʝ ʥʝʦʙʭʦʜʠʤ ʢʦʥʪʘʢʪ ʩ ʠʟʤʝʨʚʘʥʘʪʘ 
ʩʨʝʜʘ.          ʌʠʛ. 1 ʇʨʠʥʮʠʧ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʛʘʤʘ-ʧʣʲʪʥʦʤʝʨ           

ʇʨʠʥʮʠʧʲʪ ʥʘ ʠʟʤʝʨʚʘʥʝ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʟʘʢʦʥʘ ʟʘ ʦʪʩʣʘʙʚʘʥʝ ʥʘ ʠʥʪʝʥʟʠʚʥʦʩʪʪʘ ʥʘ 
ʡʦʥʠʟʠʨʘʱʠʪʝ ʣʲʯʝʥʠʷ ʧʨʠ ʧʨʝʤʠʥʘʚʘʥʝʪʦ ʠʤ ʧʨʝʟ ʚʝʱʝʩʪʚʦʪʦ (ʌʠʛ. 1).  
ʉʪʝʧʝʥʪʘ, ʜʦ ʢʦʷʪʦ ʪʷ ʩʝ ʥʘʤʘʣʷʚʘ ʝ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʩʲʜʘ/ʪʨʲʙʘʪʘ  ʠ ʦʪ 

ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʧʨʦʜʫʢʪʘ.                              
I = I0 Ŀ Exp(-Õ Ŀ ɟ Ŀ D),                                                                            (1) 

ʂʲʜʝʪʦ: 
ɛ ï ʣʠʥʝʝʥ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʦʪʩʣʘʙʚʘʥʝ, m2/kg; 
I ï ʠʤʧʫʣʩ, c/s; 
ɟ ï ʧʣʲʪʥʦʩʪ ʥʘ ʩʨʝʜʘʪʘ, kg/m3; 
D ï ʚʲʪʨʝʰʝʥ ʜʠʘʤʝʪʲʨ ʥʘ ʪʨʲʙʘʪʘ, m. 
ɻʘʤʘ-ʧʣʪ̡ʥʦʤʝʨʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʣʲʪʥʦʩʪ ʥʘ ʪʝʯʥʦʩʪʠ, ʢʘʢʪʦ ʠ ʥʘ 

ʩʤʝʩʠ ʦʪ ʪʝʯʥʦʩʪʠ ʠ ʪʚʲʨʜʠ ʯʘʩʪʠʮʠ, ʜʚʠʞʝʱʠ ʩʝ ʧʦ ʪʨʲʙʦʧʨʦʚʦʜʠ. ʇʦʜʭʦʜʷʱʠ ʩʘ ʠ ʟʘ 
ʩʧʝʮʠʬʠʯʥʠ ʬʣʫʠʜʠ ʢʘʪʦ ʧʫʣʧʦʚʝ ʠ ʩʫʩʧʝʥʟʠʠ.  
ʈʘʜʠʘʮʠʦʥʥʠʷʪ ʧʣʲʪʥʦʤʝʨ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʥʩʪʘʣʠʨʘʥ  ʧʦʜ ʲʛʣʠ 90ʦ, 45ʦ ʠ 30ʦ, ʢʘʢʪʦ ʠ ʥʘ 

ʨʘʟʣʠʯʥʠ ʩʲʜʦʚʝ. ʀʥʩʪʘʣʠʨʘʥʝʪʦ ʟʘʚʠʩʠ ʦʪ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʪʨʲʙʦʧʨʦʚʦʜʘ, ʞʝʣʘʥʘʪʘ ʪʦʯʥʦʩʪ 
ʥʘ ʠʟʤʝʨʚʘʥʝ ʠ ʥʷʢʦʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʘʩʧʝʢʪʠ. 90ʦ ʠʥʩʪʘʣʠʨʘʥʝ ʝ ʠʜʝʘʣʥʦ ʟʘ ʪʨʲʙʠ ʩ ʛʦʣʷʤ 
ʜʠʘʤʝʪʲʨ, ʧʨʠ ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠʟʪʦʯʥʠʮʠ, ʢʦʠʪʦ ʩʘ ʩʣʘʙʦ ʘʢʪʠʚʥʠ, ʪʲʡ ʢʘʪʦ 
ʛʘʤʘ-ʣʲʯʠʪʝ ʱʝ ʠʟʤʠʥʘʪ ʧʦ-ʤʘʣʲʢ ʧʲʪ. 45ʦ ʠ 30ʦ ʠʥʩʪʘʣʠʨʘʥʝ ʝ ʧʦʜʭʦʜʷʱʦ ʧʨʠ ʤʘʣʲʢ 
ʜʠʘʧʘʟʦʥ ʥʘ ʠʟʤʝʨʚʘʥʝ ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ. ʇʦʩʪʘʚʷʥʝʪʦ ʥʘ ʧʣʲʪʥʦʤʝʨʘ ʥʘ S- 
ʠ U-ʦʙʨʘʟʥʠ ʪʨʲʙʠ ʩʝ ʠʥʩʪʘʣʠʨʘ ʧʨʠ ʤʘʣʢʠ ʜʠʘʤʝʪʨʠ ʠ ʤʘʣʢʠ ʨʘʟʣʠʢʠ ʚ ʧʣʲʪʥʦʩʪʠʪʝ. 

ɼʘʥʥʠ ʟʘ ʦʙʝʢʪʘ ʠ ʪʝʭʥʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʆʙʝʢʪʲʪ, ʢʲʜʝʪʦ ʱʝ ʩʝ ʠʟʧʦʣʟʚʘ ʛʘʤʘ-ʧʣʲʪʥʦʤʝʨʘ ʝ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ. ʀʟʤʝʨʚʘʪʝʣʥʠʷʪ 
ʫʨʝʜ ʝ ʠʥʩʪʘʣʠʨʘʥ ʥʘ ʪʨʲʙʦʧʨʦʚʦʜ, ʧʦ ʢʦʡʪʦ ʦʪʧʘʜʲʮʠʪʝ ʦʪ ʧʨʝʜʧʨʠʷʪʠʝʪʦ ʩʝ ʦʪʚʝʞʜʘʪ ʢʲʤ 
ʭʨʘʥʠʣʠʱʝʪʦ. ʇʣʲʪʥʦʤʝʨʲʪ ʝ ʤʦʥʪʠʨʘʥ ʠʟʚʲʥ ʨʘʙʦʪʥʠʪʝ ʧʦʤʝʱʝʥʠʷ, ʥʘ ʦʪʢʨʠʪʦ. 
ʀʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʦʙʝʢʪʘ, ʢʦʡʪʦ ʱʝ ʩʝ ʠʟʤʝʨʚʘ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚ ʊʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʠʟʤʝʨʚʘʥʘʪʘ ʩʨʝʜʘ 

ʇʘʨʘʤʝʪʲʨ ʉʪʦʡʥʦʩʪ 

ʇʨʦʜʫʢʪ / ʂʦʥʪʨʦʣʠʨʘʥʘ ʩʨʝʜʘ ʍʚʦʩʪ 

ʄin. ʧʣʲʪʥʦʩʪ 1 g/cm3 

ʄʘʭ. ʧʣʲʪʥʦʩʪ 2 g/cm3 

ɼʠʘʤʝʪʲʨ ʥʘ ʪʨʲʙʦʧʨʦʚʦʜʘ 813 mm 



 

ȜȸȹȵȸȯȷȯȺȭȯȼȲȴȪ Ȳ ɉȮȺȯȷȪ ȯȷȯȺȭȯȼȲȴȪ   85 
 

 

ʈʘʜʠʘʮʠʦʥʥʠʷʪ ʧʣʲʪʥʦʤʝʨ ʩʝ ʩʲʩʪʦʠ 
ʦʪ ʪʦʯʢʦʚ ʠʟʪʦʯʥʠʢ, ʧʦʩʪʘʚʝʥ ʚ ʟʘʱʠʪʝʥ 
ʢʦʥʪʝʡʥʝʨ ʠ ʜʝʪʝʢʪʦʨ, ʩʲʩʪʦʷʱ ʩʝ ʦʪ 
ʩʮʠʥʪʠʣʘʪʦʨ, ʬʦʪʦʝʣʝʢʪʨʦʥʝʥ ʫʤʥʦʞʠ-
ʪʝʣ (ʌɽʋ), ʜʝʣʠʪʝʣ ʥʘ ʥʘʧʨʝʞʝʥʠʝ ʠ 
ʝʣʝʢʪʨʦʥʥʘ ʯʘʩʪ. 
ʀʟʧʦʣʟʚʘʥʠʷʪ ʨʘʜʠʦʥʫʢʣʠʜ ʝ Cs137, 

ʢʦʡʪʦ ʠʤʘ ʧʝʨʠʦʜ ʥʘ ʧʦʣʫʨʘʟʧʘʜ ʥʘʜ 30 
ʛʦʜʠʥʠ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʧʨʦʜʲʣʞʠʪʝʣʥʘ 
ʨʘʙʦʪʘ ʥʘ ʫʩʪʘʥʦʚʢʘʪʘ ʙʝʟ ʟʘʤʷʥʘ ʥʘ 
ʠʟʪʦʯʥʠʢa. ʈʘʜʠʦʘʢʪʠʚʥʠʷʪ ʠʟʪʦʯʥʠʢ ʝ 
ʨʘʟʧʦʣʦʞʝʥ ʚ ʟʘʱʠʪʝʥ ʢʦʥʪʝʡʥʝʨ, ʢʦʡʪʦ 
ʧʨʦʧʫʩʢʘ ʤʥʦʛʦ ʪʝʩʝʥ ʩʥʦʧ ʛʘʤʘ ʣʲʯʝʥʠʝ 
ʩʘʤʦ ʚ ʧʦʩʦʢʘʪʘ, ʥʘʢʲʜʝʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ 
ʟʘ ʜʘ ʨʘʙʦʪʠ ʩʠʩʪʝʤʘʪʘ.         ʌʠʛ. 2 ʈʘʜʠʦʠʟʦʪʦʧʝʥ ʧʣʲʪʥʦʤʝʨ 
ɺʲʚ ʚʩʠʯʢʠ ʜʨʫʛʠ ʧʦʩʦʢʠ ʠʥʪʝʥʟʠʚʥʦʩʪʪʘ ʥʘ ʣʲʯʝʥʠʝʪʦ ʝ ʥʘʤʘʣʝʥʘ ʯʨʝʟ ʧʦʛʣʲʱʘʥʝ 3100 

ʧʲʪʠ. ʂʦʥʪʝʡʥʝʨʲʪ ʠʤʘ ʫʩʪʨʦʡʩʪʚʦ, ʯʨʝʟ ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʦʪʚʘʨʷ ʠ ʟʘʪʚʘʨʷ ʨʘʙʦʪʥʠʷʪ ʩʥʦʧ 
ʛʘʤʘ ʣʲʯʝʥʠʝ. ʇʨʝʜʚʠʜʝʥʦ ʝ ʨʘʙʦʪʥʠʷʪ ʩʥʦʧ ʜʘ ʙʲʜʝ ʥʘʩʦʯʝʥ ʚ ʧʦʩʦʢʘ ʦʪʛʦʨʝ-ʥʘʜʦʣʫ, ʟʘ ʜʘ 
ʤʦʞʝ, ʩʣʝʜ ʢʘʪʦ ʝ ʧʨʝʤʠʥʘʣ ʧʨʝʟ ʪʨʲʙʦʧʨʦʚʦʜʘ, ʜʘ ʩʝ ʧʦʛʲʣʥʝ ʚ ʧʦʯʚʘʪʘ. 
ʀʟʧʦʣʟʚʘʥʠʷʪ ʜʝʪʝʢʪʦʨ ʝ ʩʲʩ ʩʮʠʥʪʠʣʘʪʦʨ 50ʭ50 NaI. ʉʮʠʥʪʠʣʘʪʦʨʲʪ ʪʨʘʥʩʬʦʨʤʠʨʘ 

ʝʥʝʨʛʠʷʪʘ ʥʘ ʟʘʨʝʜʝʥʘʪʘ ʯʘʩʪʠʮʘ ʚ ʩʚʝʪʣʠʥʘ. ɸ ʧʦʩʪʘʚʝʥʠʷʪ ʩʣʝʜ ʥʝʛʦ ʬʦʪʦʝʣʝʢʪʨʦʥʝʥ 
ʫʤʥʦʞʠʪʝʣ ʧʨʝʦʙʨʘʟʫʚʘ ʩʚʝʪʣʠʥʥʠʷ ʠʤʧʫʣʩ ʚ ʝʣʝʢʪʨʠʯʝʩʢʠ. ʊʲʡ ʢʘʪʦ ʩʠʛʥʘʣʘ ʦʪ ʠʟʭʦʜʘ ʥʘ 
ʬʦʪʦʤʥʦʞʠʪʝʣ ̫ʝ ʤʥʦʛʦ ʩʣʘʙ, ʪʦʡ ʪʨʷʙʚʘ ʜʘ ʩʝ ʫʩʠʣʠ ʦʪ ʠʤʧʫʣʩʝʥ ʧʨʝʜʫʩʠʣʚʘʪʝʣ. ʊʘʢʘ 
ʫʩʠʣʝʥʠʷ ʠʤʧʫʣʩ ʩʝ ʧʦʜʘʚʘ ʥʘ ɼʠʩʢʨʠʤʠʥʘʪʦʨ. ɼʠʩʢʨʠʤʠʥʘʪʦʨʲʪ ʩʨʘʚʥʷʚʘ ʚʭʦʜʥʠʷ ʠʤʧʫʣʩ ʩ 
ʜʚʝ ʦʧʦʨʥʠ ʥʘʧʨʝʞʝʥʠʷ ʠ ʛʠ ʨʘʟʧʨʝʜʝʣʷ ʥʘ ʜʚʝ ʛʨʫʧʠ. ɽʜʥʘʪʘ ʛʨʫʧʘ ʠʤʧʫʣʩʠ ʝ ʩ ʧʦ-ʥʠʩʢʘ, ʘ 
ʜʨʫʛʘʪʘ ʩ ʧʦ-ʚʠʩʦʢʘ ʘʤʧʣʠʪʫʜʘ ʦʪ ʦʧʦʨʥʠʪʝ ʥʘʧʨʝʞʝʥʠʷ. ʀʤʧʫʣʩʠʪʝ ʩ ʧʦ-ʥʠʩʢʠ ʘʤʧʣʠʪʫʜʠ ʩʝ 
ʝʣʠʤʠʥʠʨʘʪ ʦʪ ʧʦ-ʥʠʩʢʦʪʦ ʨʝʬʝʨʝʥʪʥʦ ʥʠʚʦ ʥʘ ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ (LLD) ʠ ʚ ʧʦʚʝʯʝʪʦ ʩʣʫʯʘʠ 
ʠʤʧʫʣʩʠʪʝ ʩ ʧʦ-ʚʠʩʦʢʠ ʘʤʧʣʠʪʫʜʠ ʩʝ ʝʣʠʤʠʥʠʨʘʪ ʦʪ ʧʦ-ʚʠʩʦʢʦʪʦ ʨʝʬʝʨʝʥʪʥʦ ʥʠʚʦ ʥʘ 
ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ (ULD). ʀʤʧʫʣʩʠʪʝ ʠʟʣʠʟʘʱʠ ʦʪ ɼʠʩʢʨʠʤʠʥʘʪʦʨʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʩʝ 
ʧʨʝʦʙʨʘʟʫʚʘʪ ʦʪ ʌʦʨʤʠʨʦʚʘʪʝʣ ʥʘ ʠʤʧʫʣʩʠ ʩ ʮʝʣ ʜʘ ʙʲʜʘʪ ʧʨʘʚʠʣʥʦ ʧʨʦʯʝʪʝʥʠ ʦʪ 
ʧʦʩʪʘʚʝʥʠʷ ʚ ʢʨʘʷ ʙʨʦʷʯ. 
ɺ ʊʘʙʣ. 2 ʩʘ ʜʘʜʝʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʠʟʧʦʣʟʚʘʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ 

ʧʣʲʪʥʦʩʪ. 
ʊʘʙʣʠʮʘ 2 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʨʘʜʠʦʠʟʦʪʦʧʥʠʷ ʧʣʲʪʥʦʤʝʨ 

ʇʘʨʘʤʝʪʲʨ ʉʪʦʡʥʦʩʪ 

ʀʟʣʲʯʚʘʪʝʣ/ʀʟʪʦʯʥʠʢ Cs137, 29.6 GBq 

ʂʦʥʪʝʡʥʝʨ 86 kg, Ï 22 mm 

ʉʮʠʥʪʠʣʘʪʦʨ NaI 50x50 

ʏʫʚʩʪʚʠʪʝʣʥʦʩʪ ʢʲʤ Cs137  

(c/s)/(ÕSv/h) 

1250 

ʊʝʤʧʝʨʘʪʫʨʝʥ ʜʠʘʧʘʟʦʥ -40 ʜʦ +60 ÁC 

ʀʟʭʦʜʝʥ ʩʠʛʥʘʣ 4 ʜʦ 20 mA 

ɿʘʭʨʘʥʚʘʥʝ 220 VAC 

 
 
 
 



 
86  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

ʂʘʣʠʙʨʠʨʘʥʝ 

1. ɺʲʚʝʞʜʘʥʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ / ʇʦʜʛʦʪʦʚʢʘ ʟʘ ʢʘʣʠʙʨʠʨʘʥʝ 
ʇʲʨʚʘʪʘ ʩʪʲʧʢʘ ʝ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʜʘʪʘ ʠ ʯʘʩ. ʇʨʘʚʠʣʥʘʪʘ ʜʘʪʘ ʝ ʚʘʞʥʘ ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ 

ʥʘ ʘʚʪʦʤʘʪʠʯʥʘʪʘ ʢʦʤʧʝʥʩʘʮʠʷ ʥʘ ʨʘʟʧʘʜʘ ʥʘ ʠʟʦʪʦʧʘ. ʊʲʡ ʢʘʪʦ ʘʢʪʠʚʥʦʩʪʪʘ ʥʘ ʠʟʪʦʯʥʠʢʘ 
ʥʘʤʘʣʷʚʘ ʩ ʪʝʯʝʥʠʝ ʥʘ ʚʨʝʤʝʪʦ, ʢʘʣʠʙʨʘʮʠʦʥʥʠʪʝ ʠʤʧʫʣʩʠ ʱʝ ʩʝ ʢʦʤʧʝʥʩʠʨʘʪ ʘʚʪʦʤʘʪʠʯʥʦ. 
ɼʘʪʘʪʘ ʠ ʯʘʩʲʪ ʩʧʦʤʘʛʘʪ ʠ ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʧʨʘʚʠʣʥʦʪʦ ʬʫʥʢʮʠʦʥʠʨʘʥʝ ʥʘ ʜʝʪʝʢʪʦʨʘ: ʧʨʠ 
ʥʘʣʠʯʠʝ ʥʘ ʛʨʝʰʢʘ, ʣʝʩʥʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʦʚʝʨʝʥʦ ʪʦʯʥʦʪʦ ʚʨʝʤʝ ʥʘ ʚʲʟʥʠʢʚʘʥʝ. 
ʉʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʝ ʠʟʙʠʨʘʥʝʪʦ ʥʘ ʥʫʢʣʠʜʘ, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʩʠʩʪʝʤʘʪʘ. ʇʨʠ 

ʨʘʜʠoʠʟʦʪʦʧʥʠʪʝ ʧʣʲʪʥʦʤʝʨʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠʟʪʦʯʥʠʮʠ ʥʘ ʛʘʤʘ ʣʲʯʠ. ʅʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʪʝ 
ʨʘʜʠʦʥʫʢʣʠʜʠ ʩʘ Cs137 ʠ Co60, ʥʦ ʩʲʱʦ ʪʘʢʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘʤʠʨʘ ʠ Am241. ɺʲʚʝʞʜʘʥʝʪʦ ʥʘ 
ʠʟʦʪʦʧʘ ʝ ʥʫʞʥʦ ʟʘ ʢʦʤʧʝʥʩʠʨʘʥʝʪʦ ʥʘ ʨʘʟʧʘʜʘ. ɺ ʢʦʥʢʨʝʪʥʠʷ ʩʣʫʯʘʡ ʝ ʠʟʙʨʘʥ ʠʟʦʪʦʧʘ Cs137. 
ʉʣʝʜʚʘʱʠʪʝ ʥʷʢʦʣʢʦ ʩʪʲʧʢʠ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʨʝʞʠʤʘ ʥʘ ʨʘʙʦʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ. ʊʨʷʙʚʘ ʜʘ 

ʙʲʜʘʪ ʚʲʚʝʜʝʥʠ ʜʘʥʥʠ ʟʘ ʪʦʚʘ ʜʘʣʠ ʪʷ ʱʝ 
ʨʘʙʦʪʠ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʠʣʠ ʟʘ ʥʫʞʜʠʪʝ ʥʘ 
ʠʟʤʝʨʚʘʥʝʪʦ ʩʘ ʚʢʣʶʯʝʥʠ ʥʷʢʦʣʢʦ ʙʨʦʷ ʩʠʩʪʝʤʠ 
(Master-Slave), ʠʟʙʦʨ ʥʘ ʨʝʞʠʤ ʥʘ ʠʟʤʝʨʚʘʥʝ 
(ʪ.ʝ. ʜʘʣʠ ʱʝ ʙʲʜʝ ʠʟʤʝʨʚʘʥʦ ʥʠʚʦ, 
ʥʠʚʦʩʠʛʥʘʣʠʟʠʨʘʥʝ ʠʣʠ ʧʣʲʪʥʦʩʪ), ʠʟʙʦʨ ʥʘ 
ʝʜʠʥʠʮʘ ʟʘ ʠʟʤʝʨʚʘʥʝ, ʤʠʥʠʤʘʣʥʘ ʠ ʤʘʢʩʠʤʘʣʥʘ 
ʩʪʦʡʥʦʩʪ ʥʘ ʧʣʲʪʥʦʩʪʪʘ. ʉʲʱʦ ʪʘʢʘ ʩʝ ʚʲʚʝʞʜʘʪ 
ʜʠʘʤʝʪʲʨ ʥʘ ʪʨʲʙʦʧʨʦʚʦʜʘ ʠ ʠʟʤʝʨʚʘʪʝʣʥʘʪʘ 
ʝʜʠʥʠʮʘ. ʊʘʟʠ ʠʥʬʦʨʤʘʮʠʷ ʝ ʚʘʞʥʘ ʟʘ 
ʠʟʯʠʩʣʝʥʠʝ ʥʘ ʧʲʪʷ ʥʘ ʣʲʯʠʪʝ. ɿʘ ʩʪʘʥʜʘʨʪʥʘ 
ʠʥʩʪʘʣʘʮʠʷ 90ʦ, ʧʲʪʷʪ ʝ ʨʘʚʝʥ ʥʘ ʜʠʘʤʝʪʲʨʘ ʥʘ 
ʪʨʲʙʦʧʨʦʚʦʜʘ. ʇʨʠ ʜʨʫʛ ʪʠʧ ʠʥʩʪʘʣʘʮʠʠ 30ʦ ʠ 45ʦ 
ʩʝ ʚʟʝʤʘ ʧʨʝʜʚʠʜ ʲʛʲʣʲʪ ʥʘ ʠʥʩʪʘʣʠʨʘʥʝ. ɸ ʧʨʠ 
ʠʟʙʦʨ ʥʘ U-ʦʙʨʘʟʥʘ ʩʭʝʤʘ, ʩʝ ʚʟʠʤʘ ʜʲʣʞʠʥʘʪʘ 
ʥʘ ʪʨʲʙʦʧʨʦʚʦʜʘ. ɺ ʩʣʫʯʘʷ, ʧʦʨʘʜʠ ʛʦʣʝʤʠʷ 
ʜʠʘʤʝʪʲʨ ʥʘ ʪʨʲʙʦʧʨʦʚʦʜʘ ʝ ʠʟʙʨʘʥʦ 90ʦ 
ʠʥʩʪʘʣʠʨʘʥʝ (ʌʠʛ. 3).        ʌʠʛ. 3 ʄʦʥʪʘʞ ʥʘ ʧʣʲʪʥʦʤʝʨʘ 
ʉʣʝʜʚʘ ʚʲʚʝʞʜʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʦʪʢʣʠʢ, ʪ.ʝ. ʚʨʝʤʝʪʦ, ʟʘ ʢʦʝʪʦ ʠʟʤʝʨʚʘʥʘʪʘ ʚʝʣʠʯʠʥʘ 

ʧʨʝʤʠʥʘʚʘ ʦʪ ʝʜʥʘ ʢʲʤ ʜʨʫʛʘ ʩʪʦʡʥʦʩʪ. ɺʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ ʟʘʚʠʩʠ ʦʪ ʧʨʦʮʝʩʥʠʪʝ ʫʩʣʦʚʠʷ. 
ʉ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʦʪʢʣʠʢ, ʠʟʤʝʨʚʘʥʘʪʘ ʩʪʦʡʥʦʩʪ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʩʪʘʙʠʣʥʘ, ʥʦ 
ʩʲʱʝʚʨʝʤʝʥʥʦ ʠ ʧʦ-ʙʘʚʥʘ. ʇʦ-ʛʦʣʷʤ ʠʥʪʝʨʚʘʣ ʩʝ ʧʨʝʧʦʨʲʯʚʘ ʧʨʠ ʩʠʣʥʦ ʢʦʣʝʙʘʝʱʠ ʩʝ 
ʩʪʦʡʥʦʩʪʠ ʠʣʠ ʥʘ ʤʝʩʪʘ ʢʲʜʝʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʙʲʨʢʘʣʢʠ. ʇʦ-ʤʘʣʲʢ ʠʥʪʝʨʚʘʣ ʩʝ ʧʨʝʧʦʨʲʯʚʘ 
ʧʨʠ ʙʲʨʟʦ ʧʨʦʤʝʥʷʱʠ ʩʝ ʩʪʦʡʥʦʩʪʠ, ʟʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʧʦ-ʛʦʣʷʤʘ ʪʦʯʥʦʩʪ ʥʘ ʠʟʤʝʨʚʘʥʝʪʦ. 
ɺʲʟʤʦʞʥʠʷʪ ʦʙʭʚʘʪ ʝ ʦʪ 1 ʜʦ 999 s. ɿʘ ʠʟʤʝʨʚʘʥʝ ʥʘ  ʧʣʲʪʥʦʩʪ ʩʝ ʠʟʧʦʣʟʚʘ ɺʨʝʤʝ ʟʘ 
ʨʝʘʢʮʠʷ ʦʪ 60 s. 

2. ɺʠʜʦʚʝ ʢʘʣʠʙʨʠʨʘʥʝ 
ʂʘʣʠʙʨʠʨʘʥʝʪʦ ʥʘ ʨʘʜʠʦʠʟʦʪʥʠʷ ʧʣʲʪʥʦʤʝʨ ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʘʧʨʘʚʝʥʦ ʧʦ 3 ʥʘʯʠʥʘ. ʂʘʪʦ 

ʠʟʙʦʨʲʪ ʟʘʚʠʩʠ ʦʪ ʫʩʣʦʚʠʷʪʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʦʪʦ ʧʨʝʜʧʨʠʷʪʠʝ, ʢʦʥʪʨʦʣʠʨʘʥʘʪʘ ʩʨʝʜʘ ʠ 
ʞʝʣʘʥʘʪʘ ʧʨʝʮʠʟʥʦʩʪ ʥʘ ʠʟʤʝʨʚʘʥʝʪʦ. ʂʘʣʠʙʨʠʨʘʥʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʝʜʥʘ 
ʠʟʤʝʨʚʝʘʪʝʣʥʘ ʪʦʯʢʘ, ʥʘ ʜʚʝ ʪʦʯʢʠ ʠʣʠ ʥʘ ʤʥʦʛʦ ʪʦʯʢʠ, ʪ.ʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʚʲʨʰʝʥʦ 
ʝʥʦʪʦʯʢʦʚʦ, ʜʚʫʪʦʯʢʦʚʦ ʠʣʠ ʤʥʦʛʦʪʦʯʢʦʚʦ ʢʘʣʠʙʨʠʨʘʥʝ. 

 ɽʜʥʦʪʦʯʢʦʚʦʪʦ ʢʘʣʠʙʨʠʨʘʥʝ ʩʝ ʠʟʧʦʣʟʚʘ, ʢʦʛʘʪʦ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʠʟʤʝʨʠ ʩʘʤʦ ʝʜʥʘ 
ʩʪʦʡʥʦʩʪ ʥʘ ʧʣʲʪʥʦʩʪʪʘ ʠʣʠ ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʚʝʱʝʩʪʚʦʪʦ ʝ ʚ ʤʥʦʛʦ ʙʣʠʟʢʠ ʛʨʘʥʠʮʠ. ɿʘ ʮʝʣʪʘ 
ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʚʲʚʝʜʝʥʠ ʩʣʝʜʥʠʪʝ ʧʘʨʘʤʝʪʨʠ: 

- ʠʟʤʝʨʝʥʘʪʘ ʜʚʦʡʢʘ (ʠʤʧʫʣʩʠ ʠ ʧʣʲʪʥʦʩʪ); 
- ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʘʙʩʦʨʙʮʠʷ; 
- ʜʲʣʞʠʥʘʪʘ ʥʘ ʘʙʩʦʨʙʮʠʷ. 
ɿʘ ʜʘ ʥʝ ʙʲʜʝ ʜʦʧʫʩʥʘʪʘ ʛʨʝʰʢʘ ʧʨʠ ʢʘʣʠʙʨʠʨʘʥʝʪʦ, ʝ ʥʫʞʥʦ ʚʲʚʝʜʝʥʘʪʘ ʧʣʲʪʥʦʩʪ ʜʘ 

ʙʲʜʝ ʧʨʝʮʠʟʥʦ ʠʟʤʝʨʝʥʘ. 



 

ȜȸȹȵȸȯȷȯȺȭȯȼȲȴȪ Ȳ ɉȮȺȯȷȪ ȯȷȯȺȭȯȼȲȴȪ   87 
 

 

ɼʚʫʪʦʯʢʦʚʦʪʦ ʢʘʣʠʙʨʠʨʘʥʝ ʝ ʧʨʝʧʦʨʲʯʠʪʝʣʥʦ ʧʨʠ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʣʲʪʥʦʩʪ ʥʘ 
ʚʝʱʝʩʪʚʘʪʘ. ɼʚʝʪʝ ʠʟʤʝʨʝʥʠ ʪʦʯʢʠ, ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʙʲʜʝ ʧʦʩʪʨʦʝʥʘ ʧʨʘʚʠʣʥʦ 
ʣʠʥʝʡʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ ʠʤʧʫʣʩʠʪʝ ʦʪ ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʧʨʦʜʫʢʪʘ. 
ʄʥʦʛʦʪʦʯʢʦʚʦʪʦ ʢʘʣʠʙʨʠʨʘʥʝ ʩʝ ʧʨʝʜʧʦʯʠʪʘ ʧʨʠ ʠʟʤʝʨʚʘʥʝ ʥʘ ʚʝʱʝʩʪʚʘ ʩ ʨʘʟʣʠʯʥʘ 

ʧʣʲʪʥʦʩʪ, ʢʦʷʪʦ ʚʘʨʠʨʘ ʚ ʰʠʨʦʢʠ ʛʨʘʥʠʮʠ, ʢʘʢʪʦ ʠ ʟʘ ʧʨʝʮʠʟʥʦ ʠʟʤʝʨʚʘʥʝ. ʊʦʯʢʠʪʝ ʟʘ 
ʢʘʣʠʙʨʠʨʘʥʝ ʪʨʷʙʚʘ ʜʘ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʚʲʟʤʦʞʥʦ ʥʘʡ-ʜʘʣʝʯ ʝʜʥʘ ʦʪ ʜʨʫʛʘ ʠ ʜʘ ʙʲʜʘʪ 
ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠ ʧʦ ʦʙʭʚʘʪʘ ʥʘ ʠʟʤʝʨʚʘʥʝ. ʉʣʝʜ ʚʲʚʝʞʜʘʥʝʪʦ ʠʤ, ʫʨʝʜʲʪ 
ʘʚʪʦʤʘʪʠʯʥʦ ʠʟʯʠʩʣʷʚʘ ʧʘʨʘʤʝʪʨʠʪʝ I0 ʠ Õ. 

3. ʂʘʣʠʙʨʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ 
ɺ ʢʦʥʢʨʝʪʥʠʷ ʩʣʫʯʘʡ ʝ ʠʟʙʨʘʥʦ ʝʜʥʦʪʦʯʢʦʚʦ ʢʘʣʠʙʨʠʨʘʥʝ, ʪʲʡ ʢʘʪʦ ʧʣʲʪʥʦʩʪʪʘ ʥʘ 

ʚʝʱʝʩʪʚʦʪʦ ʥʝ ʚʘʨʠʨʘ ʚ ʛʦʣʝʤʠ ʛʨʘʥʠʮʠ.  
ʉʣʝʜ ʚʲʚʝʞʜʘʥʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ (ʦʧʠʩʘʥʠ ʚ ʪ. 1) ʝ ʥʘʙʨʘʥ ʝʩʪʝʩʪʚʝʥʠʷʪ 

ʨʘʜʠʘʮʠʦʥʝʥ ʬʦʥ. ʇʨʠ ʟʘʪʚʦʨʝʥ ʟʘʱʠʪʝʥ ʢʦʥʪʝʡʥʝʨ, ʜʝʪʝʢʪʦʨʲʪ ʦʪʯʠʪʘ 223 cps. ʀʟʧʦʣʟʚʘʥʦ 
ʝ ʤʘʢʩʠʤʘʣʥʦʪʦ ʚʨʝʤʝ ʟʘ ʥʘʙʠʨʘʥʝ, t bgr = 1000 s. 
ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʤʘʢʩʠʤʘʣʥʘ ʪʦʯʥʦʩʪ ʥʘ ʠʟʯʠʩʣʝʥʠʝ ʥʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʧʣʲʪʥʦʩʪʪʘ, ʚ 

ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ 1 h, ʩʘ ʩʨʘʚʥʷʚʘʥʠ ʠʟʤʝʨʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʦʪ ʘʧʘʨʘʪʫʨʘʪʘ ʩ ʠʟʤʝʨʝʥʘʪʘ 
ʧʣʲʪʥʦʩʪ ʦʪ ʧʨʝʜʩʪʘʚʠʪʝʣʥʠ ʧʨʦʙʠ. 
ʀʟʧʦʣʟʚʘʥʠʷʪ ʤʝʪʦʜ ʟʘ ʣʘʙʦʨʘʪʦʨʥʦ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʣʲʪʥʦʩʪʪʘ ʝ ʛʨʘʚʠʤʝʪʨʠʯʝʥ ʤʝʪʦʜ 

ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʥʠ ʧʨʦʙʠ. ɺʟʝʪʘʪʘ ʧʨʦʙʘ ʩʝ ʧʦʩʪʘʚʷ ʚ ʢʦʣʙʘ ʩ ʦʙʝʤ 1 l. ʉʣʝʜ 
ʢʦʝʪʦ ʟʘʧʲʣʥʝʥʠʷʪ ʩʲʜ ʩʝ ʧʦʩʪʘʚʷ ʥʘ ʚʝʟʥʘ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʤʘʩʘʪʘ ʥʘ ʚʝʱʝʩʪʚʦʪʦ. ʇʦ 
ʧʦʟʥʘʪʘʪʘ ʬʦʨʤʫʣʘ ʩʝ ʠʟʯʠʩʣʷʚʘ ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʧʨʦʙʘʪʘ: 

”  , kg/m3,                                  (2) 

ʂʲʜʝʪʦ: 
m ï ʤʘʩʘʪʘ ʥʘ ʚʝʱʝʩʪʚʦʪʦ, kg; 
V ï ʦʙʝʤ ʥʘ ʚʝʱʝʩʪʚʦʪʦ, m3. 
ʂʘʪʦ ʩʧʦʤʘʛʘʪʝʣʥʘ ʘʧʘʨʘʪʫʨʘ ʝ ʠʟʧʦʣʟʚʘʥ ʫʣʪʨʘʟʚʫʢʦʚ ʨʘʟʭʦʜʦʤʝʨ, ʩ ʢʦʡʪʦ ʜʘ ʙʲʜʝ 

ʩʣʝʜʝʥ ʨʘʟʭʦʜʲʪ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʘʪʘ ʩʨʝʜʘ ʧʦ ʚʨʝʤʝ ʥʘ ʢʘʣʠʙʨʠʨʘʥʝʪʦ. ʅʫʞʜʘʪʘ ʦʪ ʪʦʚʘ 
ʠʟʤʝʨʚʘʥʝ ʧʨʦʠʟʪʠʯʘ ʦʪ ʥʝʚʲʟʤʦʞʥʦʩʪʪʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʝʪʦ ʜʘ ʧʦʜʘʚʘ ʧʦʩʪʦʷʥʥʦ ʢʦʣʠʯʝʩʪʚʦ 
ʦʪʧʘʜʲʮʠ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʝ ʦʪ ʠʟʢʣʶʯʠʪʝʣʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʧʨʘʚʠʣʥʦʪʦ ʢʘʣʠʙʨʠʨʘʥʝ ʥʘ 
ʩʠʩʪʝʤʘʪʘ. 
ʇʨʦʤʷʥʘʪʘ ʚ ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʚʝʱʝʩʪʚʦʪʦ, ʦʪʯʝʪʝʥʘ ʩ ʨʘʜʠʦʠʟʦʪʦʧʥʠʷ ʧʣʲʪʥʦʤʝʨ, ʧʦ 

ʚʨʝʤʝ ʥʘ ʢʘʣʠʙʨʠʨʘʥʝʪʦ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʩʣʝʜʚʘʱʘʪʘ ʛʨʘʬʠʢʘ. 

 

ʌʠʛ. 4 ʀʟʤʝʨʝʥʘʪʘ ʧʣʲʪʥʦʩʪ ʠ ʠʤʧʫʣʩʠʪʝ ʦʪ ʈʘʜʠʦʤʝʪʨʠʯʥʠʷ ʧʣʲʪʥʦʤʝʨ 



 
88  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

ʇʦʣʫʯʝʥʘʪʘ ʩʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʭʚʦʩʪʘ, ʤʠʥʘʚʘʱ ʧʨʝʟ ʪʨʲʙʦʧʨʦʚʦʜʘ ʝ 1.3 
g/cm3. ɺ ʊʘʙʣ. 3 ʩʘ ʧʦʢʘʟʘʥʠ ʢʨʘʡʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʚʲʚʝʜʝʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʧʨʠ 
ʢʘʣʠʙʨʠʨʘʥʝʪʦ. 

ʊʘʙʣʠʮʘ 3 
ɺʲʚʝʜʝʥʠ ʢʘʣʠʙʨʘʮʠʦʥʥʠ ʧʘʨʘʤʝʪʨʠ 

ʇʘʨʘʤʝʪʲʨ ʉʪʦʡʥʦʩʪ 

ɽʩʪʝʩʪʚʝʥ ʨʘʜʠʘʮʠʦʥʝʥ ʬʦʥ 223 cps 

ʇʣʲʪʥʦʩʪ ʥʘ ʩʨʝʜʘʪʘ 1.3 g/cm3 

ʇʦʣʫʯʝʥʠ ʠʤʧʫʣʩʠ 3800 cps 

ʂʦʝʬ. ʥʘ ʘʙʩʦʨʙʮʠʷ 7.7 mm2/g 

ʈʝʬʝʨʝʥʪʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʠʤʧʫʣʩʠʪʝ 31678 cps 

 
ʉʣʝʜ ʚʲʚʝʞʜʘʥʝ ʥʘ ʢʨʘʡʥʠʪʝ ʩʪʦʡʥʦʩʪʠ, ʟʘ ʜʘ ʙʲʜʝ ʧʨʦʚʝʨʝʥʦ ʧʨʘʚʠʣʥʦʪʦ 

ʬʫʥʢʮʠʦʥʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʝ ʥʘʧʨʘʚʝʥʦ ʦʱʝ ʝʜʥʦ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʣʲʪʥʦʩʪʪʘ. ʇʨʠ 
ʧʣʲʪʥʦʩʪ ʦʪ 1.2859 g/cm3, ʫʨʝʜʲʪ ʨʝʛʠʩʪʨʠʨʘʰʝ 4156 cps. 

ɿʘʢʣʶʯʝʥʠʝ 
ʀʟʤʝʨʚʘʥʝʪʦ ʥʘ ʧʣʲʪʥʦʩʪ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʧʦʟʚʦʣʷʚʘ ʣʝʩʥʦ ʜʘ ʙʲʜʝ ʦʧʨʝʜʝʥ ʤʘʩʦʚʠʷ 

ʜʝʙʠʪ ʥʘ ʜʘʜʝʥʦ ʚʝʱʝʩʪʚʦ ʚ ʪʝʭʥʦʣʦʛʠʯʥʠʷ ʧʨʦʮʝʩ ʥʘ ʧʨʝʜʧʨʠʷʪʠʝʪʦ. ʇʨʘʚʠʣʥʦʪʦ 
ʢʘʣʠʙʨʠʨʘʥʝ ʥʘ ʠʟʤʝʨʚʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ ʝ ʚʘʞʥʦ ʟʘ ʪʦʯʥʦʪʦ ʤʫ ʠʟʤʝʨʚʘʥʝ. ʂʦʥʪʨʦʣʠʨʘʥʝʪʦ 
ʧʨʠ ʟʘʧʲʣʚʘʥʝ ʥʘ ʜʘʜʝʥ ʦʙʝʤ, ʚ ʢʦʥʢʨʝʪʥʠʷ ʩʣʫʯʘʡ ï ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ, ʝ ʦʪ ʠʟʢʣʶʯʠʪʝʣʥʘ 
ʚʘʞʥʦʩʪ ʢʘʢʪʦ ʟʘ ʨʘʙʦʪʘʪʘ ʥʘ ʩʘʤʦʪʦ ʧʨʝʜʧʨʠʷʪʠʝ, ʪʘʢʘ ʠ ʟʘ ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. 
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ɼʠʥʢʦ ʂʲʥʝʚ 
 
ɺ ʥʘʩʪʦʷʱʘʪʘ ʩʪʘʪʠʷ ʝ ʥʘʧʨʘʚʝʥ ʦʙʟʦʨ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʠ 

ʟʘ ʪʨʝʪʠʨʘʥʝ ʥʘ ʙʠʪʦʚʠ ʦʪʧʘʜʲʮʠ, ʟʘ ʛʝʥʝʨʘʮʠʷ ʥʘ ʪʦʧʣʠʥʥʘ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ. 
ʇʦʨʘʜʠ ʦʛʨʦʤʥʠʷ ʦʙʝʤ ʠ ʤʥʦʛʦʦʙʨʘʟʠʝʪʦ ʥʘ ʚʠʜʦʚʝʪʝ ʦʪʧʘʜʲʮʠ, ʧʨʦʜʫʢʪ ʥʘ ʯʦʚʝʰʢʘʪʘ 
ʜʝʡʥʦʩʪ, ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʦʪʧʘʜʲʮʠʪʝ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʫʩʪʦʡʯʠʚʦʪʦ 
ʨʘʟʚʠʪʠʝ ʥʘ ʩʚʝʪʦʚʥʦʪʦ ʥʘʩʝʣʝʥʠʝ ʠ ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ.  
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Municipal waste treatment technologies for energy production 
  

Dinko Kanev 

 
The present paper summarizes the current technologies and systems for heat and energy 

production from wastes treatment. Due to the large volume and diversity of the wastes derived 
from human activity, waste management is key to sustainable progress and environmental 
protection.    
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ɺ̡ ʚʝʜʝʥʠʝ 
ʊʚʲʨʜʠʪʝ ʦʪʧʘʜʲʮʠ ʩʘ ʥʝʠʟʙʝʞʝʥ ʧʨʦʜʫʢʪ ʦʪ ʯʦʚʝʰʢʘʪʘ ʜʝʡʥʦʩʪ. ɺ ʪʘʟʠ ʢʘʪʝʛʦʨʠʷ 

ʧʦʧʘʜʘʪ ʪʚʲʨʜʠ ʙʠʪʦʚʠ ʠ ʧʨʦʤʠʰʣʝʥʠ ʦʪʧʘʜʲʮʠ, ʩʪʨʦʠʪʝʣʥʠ ʦʪʧʘʜʲʮʠ, ʦʪʧʘʜʲʮʠ ʦʪ 
ʪʲʨʛʦʚʩʢʠ ʦʙʝʢʪʠ, ʩʫʭʠ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠ ʦʪʧʘʜʲʮʠ, ʙʠʦʤʘʩʘ, ʠʟʧʦʣʟʚʘʥʠ ʛʫʤʠ ʠ ʢʘʫʯʫʢʦʚʠ 
ʠʟʜʝʣʠʷ, ʦʨʛʘʥʠʯʥʠ ʤʘʪʝʨʠʘʣʠ ʩʲʩ ʩʨʘʚʥʠʪʝʣʥʦ ʧʦ-ʚʠʩʦʢʘ ʚʣʘʞʥʦʩʪ (ʫʪʘʡʢʠ ʦʪ ʇʉʆɺ, 
ʭʨʘʥʠʪʝʣʥʠ ʠ ʨʘʩʪʠʪʝʣʥʠ ʦʪʧʘʜʲʮʠ) ʠ ʜʨ. ʉʲʚʨʝʤʝʥʥʠʪʝ ʦʙʱʝʩʪʚʘ ʠ ʠʥʜʫʩʪʨʠʠ ʩʝ ʩʪʨʝʤʷʪ 
ʢʲʤ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʘʪʘ ʧʨʦʠʟʚʝʜʝʥʠ ʪʚʲʨʜʠ ʙʠʪʦʚʠ ʦʪʧʘʜʲʮʠ (ʊɹʆ) ʠ ʚʩʝ ʧʦ-
ʘʢʪʠʚʥʦ ʨʘʟʜʝʣʥʦ ʩʲʙʠʨʘʥʝ, ʩʝʧʘʨʠʨʘʥʝ ʠ ʨʝʮʠʢʣʠʨʘʥʝ. ɼʦʨʠ ʩʣʝʜ ʨʝʮʠʢʣʠʨʘʥʝ ʠʣʠ 
ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʦʙʨʘʙʦʪʢʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʤʦʜʠʬʠʮʠʨʘʥʦ ʛʦʨʠʚʦ (RDF), ʦʩʪʘʚʘ ʟʥʘʯʠʪʝʣʝʥ 
ʦʙʝʤ ʥʝʨʝʮʠʢʣʠʨʫʝʤ ʪʚʲʨʜ ʦʪʧʘʜʲʢ, ʢʦʡʪʦ ʩʝ ʥʘʣʘʛʘ ʜʘ ʙʲʜʝ ʜʝʧʦʥʠʨʘʥ. ʇʦʨʘʜʠ ʥʝʜʦʩʪʠʛʲʪ 
ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘ ʜʝʧʦʥʠʨʘʥʝ ʚ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ ʠ ʥʝʛʘʪʠʚʥʠʪʝ ʝʬʝʢʪʠ ʚʲʨʭʫ ʦʢʦʣʥʘʪʘ 
ʩʨʝʜʘ, ʚʩʝ ʧʦʚʝʯʝ ʜʲʨʞʘʚʠ ʨʘʟʨʘʙʦʪʚʘʪ ʧʨʦʛʨʘʤʠ ʟʘ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ ʪʚʲʨʜʠʪʝ 
ʦʪʧʘʜʲʮʠ, ʢʘʪʦ ʩ ʥʘʡ-ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʝ ʧʦʪʝʥʮʠʘʣʲʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ 
ʠʣʠ ʢʦʛʝʥʝʨʘʮʠʷ. 
ʉʲʱʝʩʪʚʫʚʘʪ ʨʝʜʠʮʘ ʤʝʪʦʜʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʥʝʨʛʠʷ ʦʪ ʙʠʪʦʚʠ ʦʪʧʘʜʲʮʠ, ʢʦʠʪʦ ʩʝ 

ʨʘʟʣʠʯʘʚʘʪ ʧʦ ʪʝʭʥʦʣʦʛʠʷ, ʥʘʯʠʥ ʥʘ ʠʟʧʲʣʥʝʥʠʝ, ʢʘʧʘʮʠʪʝʪ, ʝʬʝʢʪʠʚʥʦʩʪ, ʠʢʦʥʦʤʠʯʝʩʢʘ 
ʨʝʥʪʘʙʠʣʥʦʩʪ ʠ ʝʬʝʢʪ ʚʲʨʭʫ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʆʩʥʦʚʥʦ ʤʝʪʦʜʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ 
ʪʝʨʤʦʭʠʤʠʯʥʠ (ʩʨʝʜ ʢʦʠʪʦ ʥʘʡ-ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘʤʠʨʘʪ - ʜʠʨʝʢʪʥʦʪʦ ʠʟʛʘʨʷʥʝ, 
ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦ ʠʟʛʘʨʷʥʝ ʠʣʠ ʠʥʩʠʥʝʨʘʮʠʷ, ʧʠʨʦʣʠʟʘ, ʛʘʟʠʬʠʢʘʮʠʷ [1], ʧʣʘʟʤʝʥʠ 
ʪʝʭʥʦʣʦʛʠʠ [2], ʘ ʧʦ-ʨʷʜʢʦ ʠ ʭʠʜʨʠʨʘʥʝ ʠ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʥʷʢʦʠ ʦʪ ʪʝʟʠ ʤʝʪʦʜʠ) ʠ ʙʠʦʣʦʛʠʯʥʠ. 
ʇʨʠ ʙʠʦʣʦʛʠʯʥʠʪʝ ʤʝʪʦʜʠ ʩʝ ʨʘʟʛʨʘʥʠʯʘʚʘʪ ʜʚʘ ʪʠʧʘ ʧʨʦʮʝʩʠ ï ʧʨʦʪʠʯʘʱʠ ʩ ʫʯʘʩʪʠʝ 
(ʘʝʨʦʙʥʠ) ʠʣʠ ʚ ʦʪʩʲʩʪʚʠʝ (ʘʥʘʝʨʦʙʥʠ) ʥʘ ʢʠʩʣʦʨʦʜ, ʢʘʪʦ ʢʲʤ ʘʝʨʦʙʥʠʪʝ ʩʝ ʧʨʠʯʠʩʣʷʚʘʪ 
ʢʦʤʧʦʩʪʠʨʘʥʝʪʦ, ʘ ʢʲʤ ʘʥʘʝʨʦʙʥʠʪʝ (ʠʟʚʝʩʪʥʠ ʦʱʝ ʢʘʪʦ ʙʠʦʛʘʟʠʬʠʢʘʮʠʷ) ï ʘʥʘʝʨʦʙʥʦʪʦ 
ʨʘʟʛʨʘʞʜʘʥʝ, ʘʥʘʝʨʦʙʥʘʪʘ ʬʝʨʤʝʥʪʘʮʠʷ ʠ ʜʨ. 
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ɺʠʜʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʪʨʝʪʠʨʘʥʝ ʥʘ ʦʪʧʘʜʲʯʥʠ ʛʦʨʠʚʘ 
ɻʦʣʷʤʦʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʲʚ ʚʠʜʘ ʠ ʩʲʩʪʘʚʘ ʥʘ ʦʪʧʘʜʲʮʠʪʝ, ʢʘʢʪʦ ʠ ʭʘʨʘʢʪʝʨʘ ʠ 

ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʚʨʝʜʥʠ ʚʝʱʝʩʪʚʘ ʚ ʪʷʭ, ʦʧʨʝʜʝʣʷ ʤʥʦʛʦʦʙʨʘʟʠʝʪʦ ʦʪ ʤʝʪʦʜʠ ʠ 
ʩʲʦʨʲʞʝʥʠʷ ʟʘ ʪʷʭʥʦʪʦ ʪʝʨʤʦʭʠʤʠʯʥʦ ʪʨʝʪʠʨʘʥʝ [3]. ʆʙʱʦʪʦ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʧʨʦʮʝʩʠ ʝ 
ʧʨʦʚʝʞʜʘʥʝʪʦ ʠʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʜ 300Áʉ ʟʘ ʦʙʝʟʚʨʝʞʜʘʥʝ ʠ/ʣʠ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ 
ʪʚʲʨʜʠʪʝ ʙʠʪʦʚʠ ʦʪʧʘʜʲʮʠ ʟʘ ʜʦʙʠʚ ʥʘ ʝʥʝʨʛʠʷ ʠ/ʣʠ ʚʪʦʨʠʯʥʠ ʩʫʨʦʚʠʥʠ. ʅʘ ʪʝʨʤʠʯʥʦ 
ʪʨʝʪʠʨʘʥʝ ʩʝ ʧʦʜʣʘʛʘʪ ʩʤʝʩʝʥʠ ʪʚʲʨʜʠ ʦʪʧʘʜʲʮʠ ʩ ʨʘʟʣʠʯʝʥ ʩʲʩʪʘʚ ʠ ʦʪʜʝʣʷʥʠʪʝ ʦʪ ʪʷʭ 
ʯʨʝʟ ʤʝʭʘʥʠʯʥʦ ʩʦʨʪʠʨʘʥʝ ʛʦʨʠʚʥʠ ʢʦʤʧʦʥʝʥʪʠ, ʢʘʢʪʦ ʠ ʨʘʟʜʝʣʥʦ ʩʲʙʨʘʥʠʪʝ ʛʦʨʠʤʠ, ʥʦ 
ʥʝʨʝʮʠʢʣʠʨʘʥʠ ʪʚʲʨʜʠ ʦʪʧʘʜʲʮʠ. ʅʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠ ʚ ʧʨʘʢʪʠʢʘʪʘ ʩʘ ʤʝʪʦʜʠʪʝ ʜʠʨʝʢʪʥʦ 
ʠʟʛʘʨʷʥʝ/ ʠʥʩʠʥʝʨʘʮʠʷ, ʧʠʨʦʣʠʟʘ, ʛʘʟʠʬʠʢʘʮʠʷ ʠ ʧʣʘʟʤʝʥʠ ʪʝʭʥʦʣʦʛʠʠ [4]. 

1. ɼʠʨʝʢʪʥʦ ʠʟʛʘʨʷʥʝ 
ʇʨʠ ʪʝʨʤʠʯʥʦʪʦ ʪʨʝʪʠʨʘʥʝ ʥʘ ʙʠʪʦʚʠʪʝ ʦʪʧʘʜʲʮʠ ʩ ʮʝʣ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ ʝʥʝʨʛʠʷʪʘ 

ʩʝ ʧʨʠʣʘʛʘʪ ʜʚʘ ʦʩʥʦʚʥʠ ʧʦʜʭʦʜʘ: ʠʟʛʘʨʷʥʝ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʩʦʨʪʠʨʘʥʝ ʧʦ ʚʠʜ (ʦʩʚʝʥ 
ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʥʘ ʧʦ-ʦʙʝʤʠʩʪʠʪʝ ʦʪʧʘʜʲʮʠ) ʠ ʠʟʛʘʨʷʥʝ ʥʘ ʦʪʜʝʣʥʠ ʬʨʘʢʮʠʠ ʦʪʧʘʜʲʮʠ ʩ 
ʚʠʩʦʢʘ ʢʘʣʦʨʠʯʥʦʩʪ. ʅʝʩʦʨʪʠʨʘʥʠʪʝ ʙʠʪʦʚʠ ʦʪʧʘʜʲʮʠ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʠʟʛʘʨʷʪ ʚ ʧʝʱʠ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʜ 800 ʦʉ. ʆʪʜʝʣʝʥʘʪʘ ʧʨʠ ʠʟʛʘʨʷʥʝʪʦ ʝʥʝʨʛʠʷ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ ʠʣʠ ʟʘ ʦʪʦʧʣʝʥʠʝ. ʀʟʛʘʨʷʥʝʪʦ ʥʘ ʩʦʨʪʠʨʘʥʠ ʦʪʧʘʜʲʮʠ 
ʚʢʣʶʯʚʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʩʝʧʘʨʠʨʘʥʝ ʥʘ ʥʝʛʦʨʠʤʘʪʘ ʯʘʩʪ ʦʪ ʪʚʲʨʜʠʪʝ ʙʠʪʦʚʠ ʦʪʧʘʜʲʮʠ 
(ʤʝʪʘʣʠ, ʩʪʲʢʣʦ ʠ ʜʨ.) ʠ ʧʨʝʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʦʩʪʘʥʘʣʘʪʘ ʯʘʩʪ ʯʨʝʟ ʩʫʰʝʥʝ ʠ ʙʨʠʢʝʪʠʨʘʥʝ. ʇʦ 
ʪʦʟʠ ʥʘʯʠʥ ʢʘʣʦʨʠʯʥʦʩʪʪʘ ʥʘʨʘʩʪʚʘ 2-3 ʧʲʪʠ ʠ ʥʘʤʘʣʷʚʘ ʦʙʱʠʷ ʦʙʝʤ ʟʘ ʪʝʨʤʠʯʥʦ 
ʪʨʝʪʠʨʘʥʝ.  
ɺ ʧʨʘʢʪʠʢʘʪʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʧʝʱʠ ʟʘ ʠʟʛʘʨʷʥʝ ʥʘ ʦʪʧʘʜʲʮʠʪʝ ï ʩʢʘʨʥʠ, ʩ 

ʨʦʪʘʮʠʦʥʥʠ ʧʝʱʠ ʠ ʩ ʢʠʧʷʱ ʩʣʦʡ. ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦ-ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʛʦʨʝʥʝ 
ʧʦʥʷʢʦʛʘ ʩʝ ʢʦʤʙʠʥʠʨʘ ʠʟʛʘʨʷʥʝ ʥʘ ʦʪʧʘʜʲʮʠ ʩ ʜʨʫʛʠ ʛʦʨʠʚʘ ï ʚʲʛʣʠʱʘ, ʪʝʯʥʠ ʛʦʨʠʚʘ ʠʣʠ 
ʧʨʠʨʦʜʝʥ ʛʘʟ.  
ʇʨʠ ʠʟʛʘʨʷʥʝ ʩ ʧʲʣʥʦ ʦʢʠʩʣʝʥʠʝ, ʦʩʥʦʚʥʠʪʝ ʩʲʩʪʘʚʥʠ ʥʘ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʩʘ ʚʦʜʥʠʪʝ 

ʧʘʨʠ, ʘʟʦʪ, ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ ʠ ʢʠʩʣʦʨʦʜ. ɿʘ ʝʬʝʢʪʠʚʥʦ ʦʢʠʩʣʝʥʠʝ ʧʦ ʚʨʝʤʝ ʥʘ ʛʦʨʠʚʥʠʷ 
ʧʨʦʮʝʩ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʘʪʲʯʥʦ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜ. ʉʪʝʭʠʦʤʝʪʨʠʯʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ 
ʚʲʟʜʫʭ ʚʘʨʠʨʘ ʦʪ 1,2 ʜʦ 2,5 ʩʧʦʨʝʜ ʚʠʜʘ ʥʘ ʧʝʱʥʘʪʘ ʢʘʤʝʨʘ ʠ ʪʠʧʘ ʛʦʨʠʚʦ ï ʪʚʲʨʜʦ, ʪʝʯʥʦ 
ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʦ. ɺ ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʩʣʫʯʘʠʪʝ, ʝʥʝʨʛʠʷʪʘ ʠʤ ʥʘʜʚʠʰʘʚʘ ʧʨʦʮʝʩʥʠʪʝ 
ʠʟʠʩʢʚʘʥʠʷ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʦʪʨʘʟʠ ʥʘ ʝʥʝʨʛʦʛʝʥʝʨʠʨʘʥʝʪʦ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʩʲʩʪʘʚʘ ʥʘ 
ʠʟʛʘʨʷʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʠ ʦʪ ʨʘʙʦʪʥʠʪʝ ʫʩʣʦʚʠʷ, ʩʝ ʬʦʨʤʠʨʘʪ ʠʣʠ ʦʩʪʘʚʘʪ ʚ ʤʘʣʢʠ ʢʦʣʠʯʝʩʪʚʘ 
CO, HCl, HF, HBr, Hl, NOx, SO2, ʃʆʉ (ʣʝʪʣʠʚʠ ʦʨʛʘʥʠʯʥʠ ʩʲʝʜʠʥʝʥʠʷ), ʬʫʨʘʥʠ, ʜʠʦʢʩʠʥʠ ʠ 
ʪʝʞʢʠ ʤʝʪʘʣʠ. ʆʪʜʝʣʷʪ ʩʝ ʠ ʟʥʘʯʠʪʝʣʥʠ ʢʦʣʠʯʝʩʪʚʘ ʪʚʲʨʜʠ ʯʘʩʪʠʮʠ. ʇʦʨʘʜʠ ʪʦʚʘ, ʪʘʟʠ 
ʪʝʭʥʦʣʦʛʠʷ ʝ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʩʝʨʠʦʟʥʠ ʚʨʝʜʠ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʥʦ ʚʣʠʷʥʠʝʪʦ Ⱬ 
ʤʦʞʝ ʜʘ ʩʝ ʦʛʨʘʥʠʯʠ ʚ ʠʟʚʝʩʪʥʠ ʛʨʘʥʠʮʠ, ʘʢʦ ʩʝ ʢʦʤʙʠʥʠʨʘ ʩ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ 
ʧʦʣʫʯʝʥʘʪʘ ʝʥʝʨʛʠʷ, ʢʦʥʪʨʦʣ ʥʘ ʝʤʠʩʠʠʪʝ ʠ ʧʦʜʭʦʜʷʱ ʤʝʪʦʜ ʟʘ ʠʟʭʚʲʨʣʷʥʝ ʥʘ ʢʨʘʡʥʠʷ 
ʥʝʠʟʧʦʣʟʚʘʝʤ ʦʪʧʘʜʲʢ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʧʦ ʚʨʝʤʝ ʥʘ ʛʦʨʝʥʝʪʦ, ʣʝʪʣʠʚʠ ʪʝʞʢʠ 
ʤʝʪʘʣʠ ʠ ʥʝʦʨʛʘʥʠʯʥʠ ʢʦʤʧʦʥʝʥʪʠ (ʥʘʧʨʠʤʝʨ ʩʦʣʠ), ʯʘʩʪʠʯʥʦ ʠʣʠ ʠʟʮʷʣʦ ʩʝ ʠʟʧʘʨʷʚʘʪ ʢʘʪʦ 
ʩʝ ʧʨʝʥʘʩʷʪ ʦʪ ʩʫʨʦʚʦʪʦ ʛʦʨʠʚʦ ʚ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʠ ʣʝʪʷʱʘʪʘ ʧʝʧʝʣ. ʆʙʨʘʟʫʚʘʪ ʩʝ 
ʤʠʥʝʨʘʣʥʠʷʪ ʦʩʪʘʪʲʢ ʚ ʣʝʪʷʱʘʪʘ ʧʝʧʝʣ (ʧʨʘʭ) ʠ ʧʦ-ʪʝʞʢʘ ʪʚʲʨʜʘ ʧʝʧʝʣ (ʜʲʥʥʘ ʧʝʧʝʣ). 
ɼʝʣʲʪ ʥʘ ʜʲʥʥʘʪʘ ʧʝʧʝʣ ʚʘʨʠʨʘ ʚ ʛʦʣʝʤʠ ʛʨʘʥʠʮʠ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʠʧʘ ʥʘ ʦʪʧʘʜʲʯʥʦʪʦ 
ʛʦʨʠʚʦ ʠ ʜʠʟʘʡʥʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʠʟʛʘʨʷʥʝ. ʇʨʠ ʠʥʩʠʥʝʨʘʪʦʨʠʪʝ ʟʘ ʪʚʲʨʜʠ ʙʠʪʦʚʠ 
ʦʪʧʘʜʲʮʠ, ʜʲʥʥʘʪʘ ʧʝʧʝʣ ʧʨʝʜʩʪʘʚʣʷʚʘ 25 ʜʦ 30 % ʦʪ ʤʘʩʘʪʘ ʥʘ ʪʚʲʨʜʠʷ ʦʪʧʘʜʲʢ. 
ɼʦʧʲʣʥʠʪʝʣʥʘ ʦʙʨʘʙʦʪʢʘ ʤʦʞʝ ʜʘ ʧʦʜʦʙʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʧʝʧʝʣʪʘ ʢʘʪʦ ʦʙʫʩʣʘʚʷ ʠ 
ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʫʪʠʣʠʟʘʮʠʷʪʘ ʡ ʚ ʮʠʤʝʥʪʦʜʦʙʠʚʘ. ʃʝʪʷʱʘʪʘ ʧʝʧʝʣ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʠʤʘ ʤʥʦʛʦ 
ʧʦ-ʤʘʣʲʢ ʤʘʩʦʚ ʜʷʣ ï ʦʪ 1 ʜʦ 5 %. ñʀʤʦʙʠʣʠʟʠʨʘʥʝʪʦñ ʥʘ ʣʝʪʷʱʘʪʘ ʧʝʧʝʣ ʝ ʥʘʣʦʞʠʪʝʣʥʦ, ʟʘ 
ʜʘ ʩʝ ʦʩʠʛʫʨʷʪ ʙʝʟʦʧʘʩʥʠ ʫʩʣʦʚʠʷ ʟʘ ʜʝʧʦʥʠʨʘʥʝʪʦ ʡ. ʇʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʝʜʠʥ 
ʠʥʩʠʥʝʨʘʪʦʨʥʘ ʝʥʝʨʛʠʡʥʘ ʠʥʩʪʘʣʘʮʠʷ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ. 1. ʊʝʭʥʦʣʦʛʠʷʪʘ ʚʢʣʶʯʚʘ ʩʣʝʜʥʠʪʝ 
ʦʧʝʨʘʮʠʠ: ʧʦʩʪʲʧʚʘʥʝ ʥʘ ʦʪʧʘʜʥʠʪʝ ʤʘʪʝʨʠʘʣʠ, ʩʲʭʨʘʥʝʥʠʝ, ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʦʙʨʘʙʦʪʢʘ (ʥʘ 
ʩʘʤʘʪʘ ʧʣʦʱʘʜʢʘ ʠʣʠ ʧʨʝʜʠ ʪʦʚʘ), ʧʦʜʘʚʘʥʝ ʥʘ ʛʦʨʠʚʦʪʦ, ʪʝʨʤʠʯʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ 
ʦʪʧʘʜʲʮʠʪʝ, ʫʩʚʦʷʚʘʥʝ ʠ ʢʦʥʚʝʨʩʠʷ ʥʘ ʝʥʝʨʛʠʷʪʘ (ʧʨʠʤʝʨʥʦ ʚ ʢʦʪʝʣ), ʦʯʠʩʪʚʘʥʝ ʥʘ ʜʠʤʥʠʪʝ 
ʛʘʟʦʚʝ/ ʦʙʨʘʙʦʪʢʘ ʥʘ ʦʩʪʘʪʲʯʥʠʪʝ ʧʨʦʜʫʢʪʠ/ ʦʪʚʝʞʜʘʥʝ, ʤʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʪʨʦʣ ʥʘ ʝʤʠʩʠʠʪʝ, 
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ʢʦʥʪʨʦʣ ʠ ʧʨʝʨʘʙʦʪʢʘ ʥʘ ʦʪʧʘʜʥʠʪʝ ʚʦʜʠ (ʯʨʝʟ ʜʨʝʥʘʞʠ, ʩʲʭʨʘʥʝʥʠʝ ʠ ʜʨ.), ʫʧʨʘʚʣʝʥʠʝ ʠ 
ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʲʥʥʘʪʘ ʧʝʧʝʣ, ʦʪʚʝʞʜʘʥʝ/ ʜʝʧʦʥʠʨʘʥʝ ʥʘ ʪʚʲʨʜʠʷ ʥʝʛʦʨʠʤ ʦʩʪʘʪʲʢ. 

ɼʝʪʘʡʣʥʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ 
ʥʘ ʪʝʟʠ ʠʥʩʪʘʣʘʮʠʠ ʱʝ 
ʩʝ ʚʣʠʷʝ ʦʪ ʪʠʧʘ ʥʘ 
ʠʟʧʦʣʟʚʘʥʦʪʦ ʦʪʧʘʜʲʯ-
ʥʦʪʦ ʛʦʨʠʚʦ (ʝʣʝʤʝʥʪʝʥ 
ʩʲʩʪʘʚ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʥʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ).  
ɼʠʨʝʢʪʥʦʪʦ ʠʟʛʘʨʷʥʝ 

ʥʘ ʦʪʧʘʜʲʮʠ ʠʤʘ ʥʷʢʦʠ 
ʩʲʱʝʩʪʚʝʥʠ ʥʝʜʦʩʪʘʪʲʮʠ 
ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʥʝʢʦʥʪʨʦ-
ʣʠʨʫʝʤʦʪʦ ʦʪʜʝʣʷʥʝ ʥʘ 
ʚʨʝʜʥʠ ʚʝʱʝʩʪʚʘ ʚ ʦʢʦʣ-
ʥʘʪʘ ʩʨʝʜʘ. ɺʲʧʨʝʢʠ  
ʦʯʠʩʪʚʘʥʝʪʦ ʥʘ ʜʠʤʥʠʪʝ 
ʛʘʟʦʚʝ ʧʦ ʨʘʟʣʠʯʥʠ ʤʝʪʦ-
ʜʠ, ʪʝʭʥʦʣʦʛʠʷʪʘ ʚʩʝ ʧʦ-
ʚʝʯʝ ʩʝ ʚʲʟʧʨʠʝʤʘ ʢʘʪʦ 
ʥʝ ʥʝʝʬʝʢʪʠʚʝʥ ʥʘʯʠʥ ʟʘ 
ʪʷʭʥʦʪʦ ʪʨʝʪʠʨʘʥʝ. 

2. ʇʠʨʦʣʠʟʘ 
ʇʠʨʦʣʠʟʘʪʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʪʝʨʤʠʯʥʦ ʨʘʟʧʘʜʘʥʝ ʥʘ ʚʝʱʝʩʪʚʘ ʧʨʠ ʧʲʣʥʘ ʣʠʧʩʘ ʥʘ 

ʦʢʠʩʣʠʪʝʣʝʥ ʘʛʝʥʪ ʠʣʠ ʧʨʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʪʘʢʲʚ, ʥʦ ʚ ʦʛʨʘʥʠʯʝʥʠ ʢʦʣʠʯʝʩʪʚʘ. ʆʩʲʱʝʩʪʚʷʚʘ 
ʩʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʥʦ ʥʠʩʢʠ ʪʝʤʧʝʨʘʪʫʨʠ - 400ʦʉ õ 900ʦʉ ʢʘʪʦ ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʦʢʦʣʦ 700ʦʉ. 
ʇʦʣʫʯʘʚʘʪ ʩʝ ʪʨʠ ʧʨʦʜʫʢʪʘ: ʧʠʨʦʣʠʟʝʥ ʛʘʟ, ʧʠʨʦʣʠʟʥʘ ʪʝʯʥʦʩʪ ʠ ʪʚʲʨʜ ʢʦʢʩ, ʦʪʥʦʩʠʪʝʣʥʠʷ 
ʜʷʣ ʥʘ ʢʦʠʪʦ ʟʘʚʠʩʠ ʦʪ ʤʝʪʦʜʘ ʥʘ ʧʠʨʦʣʠʟʘ ʠ ʨʘʙʦʪʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʨʝʘʢʪʦʨʘ. 
ʂʘʣʦʨʠʯʥʦʩʪʪʘ ʥʘ ʧʠʨʦʣʠʟʥʠʷ ʛʘʟ ʦʙʠʢʥʦʚʝʥʦ ʝ ʤʝʞʜʫ 5 õ 15 MJ/m3 ʟʘ ʊɹʆ ʠ ʚ ʜʠʘʧʘʟʦʥʘ 15 
õ 30 MJ/m3 ʟʘ RDF. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʪʠʧʦʚʝ ʧʠʨʦʣʠʟʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ 
ʊʘʙʣ.1. ʂʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʧʠʨʦʣʠʟʥʠ ʨʝʘʢʪʦʨʠ ʠʤʘʪ ʝʜʥʘ ʦʪ ʩʣʝʜʥʠʪʝ ʢʦʥʩʪʨʫʢʮʠʠ: ʩ 
ʧʦʜʚʠʞʝʥ/ ʥʝʧʦʜʚʠʞʝʥ ʩʣʦʡ, ʩ ʬʣʫʠʜʠʟʠʨʘʥ ʩʣʦʡ, ʧʨʘʚʦʪʦʢʦʚʠ ʠ ʩ ʨʦʪʘʮʠʦʥʥʘ ʧʝʱ. ʊʝ 
ʯʝʩʪʦ ʠʟʠʩʢʚʘʪ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʦʪʧʘʜʲʯʥʦʪʦ ʛʦʨʠʚʦ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ 
ʛʦʣʷʤ ʙʨʦʡ ʪʝʨʤʦʭʠʤʠʯʥʠ ʧʨʦʮʝʩʠ ʚʦʜʠ ʜʦ ʠ ʛʦʣʷʤʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʚʝʱʝʩʪʚʘ. 
ɿʘʜʲʣʙʦʯʝʥʦʪʦ ʧʦʟʥʘʚʘʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʦʪʧʘʜʲʮʠʪʝ ʝ ʦʪ 
ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ï ʦʩʦʙʝʥʦ ʚ ʩʣʫʯʘʠʪʝ, ʧʨʠ ʢʦʠʪʦ ʩʝ ʪʨʝʪʠʨʘʪ ʦʧʘʩʥʠ ʤʘʪʝʨʠʘʣʠ. 

ʊʘʙʣʠʮʘ 1 
ʇʠʨʦʣʠʟʥʠ ʤʝʪʦʜʠ ʟʘ ʪʨʝʪʠʨʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠ 

ʇʠʨʦʣʠʟʝʥ ʤʝʪʦʜ ɺʨʝʤʝ ʥʘ ʧʨʝʩʪʦʡ 
ʥʘ ʛʦʨʠʚʦʪʦ 

ʂʘʣʦʨʠʯʥʦʩʪ ʥʘ 
ʛʦʨʠʚʦʪʦ 

ʊmax [
o
C] ʇʨʦʜʫʢʪʠ 

ʂʘʨʙʦʥʠʟʘʮʠʷ ʯʘʩʦʚʝ ʜʦ ʜʥʠ ʤʥʦʛʦ ʥʠʩʢʘ 400 ʪʚʲʨʜ ʢʦʢʩ 

ɹʘʚʥʘ ʧʠʨʦʣʠʟʘ 5-30 ʤʠʥʫʪʠ ʥʠʩʢʘ 600 
ʪʚʲʨʜ ʢʦʢʩ, 

ʧʠʨʦʣʠʟʥʘ ʪʝʯʥʦʩʪ, ʛʘʟ 

ɹʲʨʟʘ ʧʠʨʦʣʠʟʘ 0,5 ï 5,0 ʩʝʢʫʥʜʠ ʦʪʥʦʩʠʪʝʣʥʦ ʚʠʩʦʢʘ 650 ʧʠʨʦʣʠʟʥʘ ʪʝʯʥʦʩʪ 

ʄʥʦʛʦ ʙʲʨʟʘ ʧʠʨʦʣʠʟʘ 
ʥʘ ʪʝʯʥʦʩʪʠ 

< 1 ʩʝʢʫʥʜʘ ʚʠʩʦʢʘ < 650 ʧʠʨʦʣʠʟʥʘ ʪʝʯʥʦʩʪ 

ʄʥʦʛʦ ʙʲʨʟʘ ʧʠʨʦʣʠʟʘ 
ʥʘ ʛʘʟʦʚʝ 

< 1 ʩʝʢʫʥʜʘ ʚʠʩʦʢʘ > 650 
ʭʠʤʠʢʘʣʠ, 
ʛʦʨʠʤ ʛʘʟ 

ʉʚʨʲʭ ʙʲʨʟʘ 
ʧʠʨʦʣʠʟʘ 

< 0,5 ʩʝʢʫʥʜʠ ʤʥʦʛʦ ʚʠʩʦʢʘ 1000 
ʭʠʤʠʢʘʣʠ, 
ʛʦʨʠʤ ʛʘʟ 

ɺʘʢʫʫʤʥʘ ʧʠʨʦʣʠʟʘ 2 ï 30 ʩʝʢʫʥʜʠ ʩʨʝʜʥʘ 400 ʧʠʨʦʣʠʟʥʘ ʪʝʯʥʦʩʪ 

ʍʠʜʨʦʧʠʨʦʣʠʟʘ < 10 ʩʝʢʫʥʜʠ ʚʠʩʦʢʘ < 500 
ʧʠʨʦʣʠʟʥʘ ʪʝʯʥʦʩʪ, 

ʭʠʤʠʢʘʣʠ 

 

 

ʌʠʛ. 1 ʇʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʝʥʝʨʛʠʡʥʘ ʠʥʩʠʥʝʨʘʪʦʨʥʘ 
ʠʥʩʪʘʣʘʮʠʷ 



 
92  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

ʇʨʠʣʦʞʠʤʦʩʪʪʘ ʥʘ ʧʠʨʦʣʠʟʘʪʘ ʟʘ ʜʦʙʠʚ ʥʘ ʚʪʦʨʠʯʥʠ ʛʦʨʠʚʘ ʠʣʠ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ 
ʦʪʧʘʜʲʯʥʠ ʤʘʪʝʨʠʘʣʠ, ʟʘʚʠʩʠ ʦʪ ʥʘʣʠʯʠʝʪʦ ʥʘ ʧʦʪʝʥʮʠʘʣʥʠ ʟʘʤʲʨʩʠʪʝʣʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ 
ʟʘʤʲʨʩʷʪ ʧʨʦʜʫʢʪʠʪʝ ʦʪ ʧʠʨʦʣʠʟʘʪʘ ʠ ʜʘ ʛʠ ʥʘʧʨʘʚʷʪ ʪʨʫʜʥʠ ʟʘ ʫʩʚʦʷʚʘʥʝ ʠ ʜʦʨʠ 
ʥʝʠʟʧʦʣʟʚʘʝʤʠ ï ʥʘʧʨʠʤʝʨ ʥʘʣʠʯʠʝʪʦ ʥʘ ʘʨʩʝʥ ʚ ʧʠʨʦʣʠʟʥʘʪʘ ʪʝʯʥʦʩʪ, ʧʦʣʫʯʝʥʘ ʦʪ 
ʜʲʨʚʝʩʠʥʘ, ʪʨʝʪʠʨʘʥʘ ʩ ʭʨʦʤʠʨʘʥʘ ʤʝʜ ʘʨʩʝʥʘʪ, ʧʨʘʚʠ ʪʝʯʥʦʩʪʪʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʪʨʫʜʥʦ ʟʘ 
ʫʧʦʪʨʝʙʘ ʛʦʨʠʚʦ. ɺ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʪʝʨʤʠʯʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʊɹʆ ʠ ʫʪʘʡʢʠ, ʧʠʨʦʣʠʟʥʠʪʝ 
ʧʨʦʮʝʩʠ ʩʲʱʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ ʟʘ: ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʠʥʪʝʪʠʯʥʠ ʦʪʧʘʜʲʮʠ ʠ ʠʟʧʦʣʟʚʘʥʠ 
ʘʚʪʦʤʦʙʠʣʥʠ ʛʫʤʠ, ʢʘʙʝʣʠ, ʢʘʢʪʦ ʠ ʤʝʪʘʣʥʠ ʠ ʧʣʘʩʪʤʘʩʦʚʠ ʤʘʪʝʨʠʘʣʠ ʟʘ ʨʝʛʝʥʝʨʘʮʠʷ ʥʘ 
ʮʝʥʥʠ ʤʘʪʝʨʠʘʣʠ. ɺ ʪʝʟʠ ʩʣʫʯʘʠ ʩʲʱʦ ʯʝʩʪʦ ʝ ʥʝʦʙʭʦʜʠʤʘ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʦʙʨʘʙʦʪʢʘ. 
ʇʦʪʝʥʮʠʘʣʥʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʥʘ ʧʠʨʦʣʠʟʘʪʘ ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ: 

¶ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ ʯʘʩʪ ʦʪ ʦʨʛʘʥʠʯʥʘʪʘ ʬʨʘʢʮʠʷ ʢʘʪʦ ʤʘʪʝʨʠʘʣ/ʛʦʨʠʚʦ (ʥʘʧʨʠʤʝʨ ï 
ʤʝʪʘʥʦʣ); 

¶ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ ʢʦʢʩ ʩʣʝʜ ʧʨʝʨʘʙʦʪʢʘ (ʥʘʧʨʠʤʝʨ ï ʦʯʠʩʪʚʘʥʝ ʦʪ ʭʣʦʨ); 

¶ ʧʦ-ʝʬʝʢʪʠʚʥʘ ʝʥʝʨʛʠʡʥʘ ʛʝʥʝʨʘʮʠʷ ʯʨʝʟ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʛʘʟʦʚʠ ʜʚʠʛʘʪʝʣʠ ʠʣʠ ʪʫʨʙʠʥʠ; 

¶ ʨʝʜʫʮʠʨʘʥʝ ʥʘ ʦʙʝʤʘ ʜʠʤʥʠ ʛʘʟʦʚʝ ʦʪ ʛʦʨʠʚʥʠʷ ʧʨʦʮʝʩ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʧʦ-ʥʠʩʢʠ ʨʘʟʭʦʜʠ 
ʟʘ ʦʯʠʩʪʚʘʥʝʪʦ ʤʫ. 
ɽʥʝʨʛʠʝʥ ʠ ʤʘʩʦʚ ʙʘʣʘʥʩ ʥʘ ʪʘʢʘʚʘ ʧʨʠʤʝʨʥʘ ʠʥʩʪʘʣʘʮʠʷ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʌʠʛ. 2. 

ʇʨʦʝʢʪʠʨʘʥʘ ʝ, ʪʘʢʘ ʯʝ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʛʦʜʠ ʢʲʤ ʩʲʱʝʩʪʚʫʚʘʱʠ ʝʥʝʨʛʠʡʥʠ ʮʝʥʪʨʘʣʠ. 
ʉʲʩʪʦʠ ʩʝ ʦʪ ʜʚʘ ʢʦʥʪʫʨʘ ʥʝʜʠʨʝʢʪʥʦ ʥʘʛʨʷʚʘʥʠ ʙʘʨʘʙʘʥʥʠ ʧʝʱʠ ʩ ʧʨʦʛʥʦʟʝʥ ʛʦʜʠʰʝʥ 
ʨʘʟʭʦʜ ʥʘ ʦʪʧʘʜʲʯʥʦ ʛʦʨʠʚʦ ʦʪ 50 ʭʠʣʷʜʠ ʪʦʥʘ ʚʩʝʢʠ. ʈʘʙʦʪʥʘʪʘ ʠʤ ʪʝʤʧʝʨʘʪʫʨʘ ʝ 450ʦʉ õ 
550ʦʉ ʠ ʦʧʝʨʠʨʘʪ ʙʝʟʢʠʩʣʦʨʦʜʥʦ ʩ ʚʨʝʤʝ ʥʘ ʧʨʝʩʪʦʡ ʥʘ ʛʦʨʠʚʦʪʦ 1 ʯʘʩ, ʘ ʧʨʦʜʫʢʪʠʪʝ ʩʘ ʢʦʢʩ, 
ʧʠʨʦʣʠʟʝʥ ʛʘʟ, ʤʝʪʘʣʠ ʠ ʠʥʝʨʪʥʠ ʤʘʪʝʨʠʘʣʠ. ʊʚʲʨʜʠʷʪ ʦʩʪʘʪʲʢ ʩʝ ʦʪʜʝʣʷ ʚ ʝʜʨʘ ʬʨʘʢʮʠʷ ʦʪ 
ʞʝʣʷʟʦ ʩʲʜʲʨʞʘʱʠ ʠ ʞʝʣʷʟʦ ʥʝ ʩʲʜʲʨʞʘʱʠ ʤʝʪʘʣʠ. ʇʦʣʫʯʝʥʠʷʪ ʧʠʨʦʣʠʟʝʥ ʛʘʟ ʩʝ ʩʲʩʪʦʠ ʦʪ 
H2O, CO, H2, CH4 ʠ ʚʠʩʰʠ ʚʲʛʣʝʚʦʜʦʨʦʜʠ. ʎʠʢʣʦʥʠ ʦʙʝʟʧʨʘʰʘʚʘʪ ʛʘʟʘ, ʩʣʝʜ ʢʦʝʪʦ 
ʧʨʘʭʦʚʠʪʝ ʜʝʧʦʟʠʪʠ ʠ ʚʲʛʣʝʨʦʜʥʠʪʝ ʯʘʩʪʠʮʠ ʩʝ ʜʦʙʘʚʷʪ ʢʲʤ ʢʦʢʩʘ. ʉʲʱʝʩʪʚʫʚʘʱʠʪʝ ʢʦʪʣʠ 
ʩʝ ʟʘʭʨʘʥʚʘʪ ʩ ʜʦʙʘʚʲʯʥʦ ʧʠʨʦʣʠʟʥʦ ʛʦʨʠʚʦ, ʜʝʣʘ ʥʘ ʢʦʝʪʦ ʜʦʩʪʠʛʘ 10 % ʦʪ ʪʦʧʣʠʥʥʘʪʘ 
ʤʦʱʥʦʩʪ ʥʘ ʧʝʱʪʘ ʥʘ ʧʲʣʝʥ ʪʦʚʘʨ, ʢʦʷʪʦ ʝ 790 MWth. ʇʲʨʚʦʥʘʯʘʣʥʦ ʢʦʢʩʘ ʩʝ ʧʦʜʘʚʘ ʚʲʚ 
ʚʲʛʣʠʱʥʠʪʝ ʙʫʥʢʝʨʠ, ʩʤʠʣʘ ʩʝ ʟʘʝʜʥʦ ʩ ʪʷʭ ʠ ʩʝ ʚʜʫʭʚʘ ʚ ʧʝʱʪʘ. ʀʟʛʘʨʷʥʝʪʦ ʥʘ ʧʠʨʦʣʠʟʥʠʪʝ 
ʧʨʦʜʫʢʪʠ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʦʢʦʣʦ 1600ʦʉ. ʇʦʨʘʜʠ ʚʠʩʦʢʦʪʦ ʦʪʥʦʰʝʥʠʝ ʩʷʨʘ/ 
ʭʣʦʨ ʚ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʠ ʧʦʨʘʜʠ ʦʭʣʘʞʜʘʥʝʪʦ ʠʤ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʜʦ ʦʢʦʣʦ 120ʦʉ ʩʝ 
ʧʨʝʜʦʪʚʨʘʪʷʚʘ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʜʠʦʢʩʠʥʠ. ɺʩʠʯʢʠ ʪʦʢʩʠʯʥʠ ʘʛʝʥʪʠ, ʢʦʠʪʦ ʥʝ 
ʩʘ ʠʟʧʘʨʝʥʠ ʦʪ ʛʦʨʠʚʦʪʦ, ʩʝ ʩʚʲʨʟʚʘʪ ʚ ʪʦʧʠʣʥʘʪʘ ʢʘʤʝʨʘ ʩ ʨʝʮʠʢʣʠʨʘʥʠʷ ʣʝʪʣʠʚ ʧʨʘʭ ʠ 
ʠʥʝʨʪʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʥʘ ʜʲʥʦʪʦ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʢʘʣʦʨʠʯʥʦʩʪʪʘ ʥʘ ʦʪʧʘʜʲʯʥʦʪʦ ʛʦʨʠʚʦʪʦ 
(15 ï 30 MJ/m3) ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʥʘʤʘʣʠ ʨʘʟʭʦʜʘ ʥʘ ʦʩʥʦʚʥʦʪʦ ʛʦʨʠʚʦ (ʘʥʪʨʘʮʠʪʥʠ 
ʚʲʛʣʠʱʘ) ʚ ʧʦʨʷʜʲʢʘ ʦʪ 0,5 õ 1,0 ʪʦʥ ʚʲʛʣʠʱʘ ʟʘ 1,0 ʪʦʥ ʦʪʧʘʜʲʯʥʦ ʛʦʨʠʚʦ. 

 

ʌʠʛ. 2 ʊʦʧʣʠʥʝʥ ʠ ʤʘʩʦʚ ʙʘʣʘʥʩ ʥʘ ʙʘʨʘʙʘʥʥʘ ʧʠʨʦʣʠʟʥʘ ʧʝʱ ʟʘ ʙʠʪʦʚʠ ʦʪʧʘʜʲʮʠ 
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3. ɻʘʟʠʬʠʢʘʮʠʷ 
ɻʘʟʠʬʠʢʘʮʠʷʪʘ, ʢʘʢʪʦ ʠ ʧʠʨʦʣʠʟʘʪʘ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʦʪ ʠʟʛʘʨʷʥʝʪʦ ʧʦ ʪʦʚʘ, ʯʝ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʨʝʛʝʥʝʨʠʨʘʥʝ ʥʘ ʭʠʤʠʯʝʩʢʘʪʘ ʠ ʝʥʝʨʛʠʡʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʦʪʧʘʜʲʢʘ. 
ʇʨʦʠʟʚʝʞʜʘʥʠʪʝ ʭʠʤʠʯʥʠ ʧʨʦʜʫʢʪʠ ʚ ʤʥʦʛʦ ʩʣʫʯʘʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʢʘʪʦ ʩʫʨʦʚʠʥʠ 
ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʜʨʫʛʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʧʨʦʮʝʩʠ. 
ɻʘʟʠʬʠʢʘʮʠʷʪʘ ʝ ʤʝʪʦʜ, ʧʨʠ ʢʦʡʪʦ ʦʨʛʘʥʠʯʥʠ ʚʲʛʣʝʨʦʜʩʲʜʲʨʞʘʱʠ ʤʘʪʝʨʠʘʣʠ ʩʝ 

ʜʠʩʦʮʠʠʨʘʪ ʧʨʠ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ (600ʦʉ õ 1800ʦʉ)  ʚ ʪʝʨʤʠʯʝʥ ʨʝʘʢʪʦʨ ʧʦʜ 
ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʠʣʠ ʚ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʢʠʩʣʦʨʦʜ ʟʘ ʜʦʙʠʚ ʥʘ ʩʠʥʪʝʪʠʯʝʥ ʛʘʟ (ʠʟʚʝʩʪʝʥ ʦʱʝ 
ʢʘʪʦ ʩʠʥʛʘʟ). ʉʠʥʪʝʪʠʯʥʠʷʪ ʛʘʟ ʩʝ ʩʲʜʲʨʞʘ ʉʆ, ʉʆ2, ʅ2, ʅ2ʆ, ʉʅ4, ʩʣʝʜʠ ʦʪ ʧʦ-ʚʠʩʰʠ 
ʚʲʛʣʝʚʦʜʦʨʦʜʠ ʢʘʪʦ ʝʪʘʥ ʠ ʝʪʘʥʦʣ, ʠʥʝʨʪʥʠ ʛʘʟʦʚʝ, ʧʦʣʫʯʝʥʠ ʦʪ ʛʘʟʠʬʠʢʘʮʠʦʥʥʠʷ ʘʛʝʥʪ ʠ 
ʨʘʟʣʠʯʥʠ ʟʘʤʲʨʩʠʪʝʣʠ ʢʘʪʦ ʬʠʥʠ ʯʘʩʪʠʮʠ. ʏʘʩʪʠʯʥʘ ʦʢʩʠʜʘʮʠʷ ʤʦʞʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʧʨʠ 
ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʚʲʟʜʫʭ, ʢʠʩʣʦʨʦʜ, ʧʘʨʘ, ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ ʠʣʠ ʩʤʝʩ ʦʪ ʪʷʭ. ɸʢʦ ʚ 
ʪʝʨʤʠʯʥʠʷ ʨʝʘʢʪʦʨ ʙʲʜʝ ʧʦʜʘʜʝʥ ʚʲʟʜʫʭ ʢʘʪʦ ʦʢʩʠʜʠʨʘʱ ʘʛʝʥʪ ʚʤʝʩʪʦ ʩʘʤʦ ʯʠʩʪ ʢʠʩʣʦʨʦʜ, 
ʦʙʨʘʟʫʚʘʥʠʷʪ ʛʘʟ ʱʝ ʩʲʜʲʨʞʘ ʠ ʘʟʦʪʝʥ ʛʘʟ. ɻʘʟʠʬʠʢʘʮʠʷʪʘ ʩ ʚʲʟʜʫʭ ʚʦʜʠ ʜʦ ʩʠʥʛʘʟ ʩ ʥʠʩʢʘ 
ʢʘʣʦʨʠʯʥʦʩʪ ʩ ʛʦʨʥʘ ʪʦʧʣʠʥʘ ʥʘ ʠʟʛʘʨʷʥʝ 4 õ 7 MJ/Nm3 (ʌʠʛ. 3), ʜʦʢʘʪʦ ʩ ʢʠʩʣʦʨʦʜ ï ʛʘʟ ʩʲʩ 
ʩʨʝʜʥʦ-ʚʠʩʦʢʘ ʢʘʣʦʨʠʯʥʦʩʪ ʩ ʛʦʨʥʘ ʪʦʧʣʠʥʘ ʥʘ ʠʟʛʘʨʷʥʝ 10 õ 18 MJ/Nm3 (ʌʠʛ. 4). ʊʦʟʠ 
ʩʠʥʪʝʪʠʯʝʥ ʛʘʟ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʝʬʝʢʪʠʚʥʦ ʟʘ ʛʝʥʝʨʠʨʘʥʝʪʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʠ/ʣʠ 
ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʠ ʚʪʦʨʦ ʧʦʢʦʣʝʥʠʝ ʪʝʯʥʠ ʙʠʦʛʦʨʠʚʘ. ʅʷʢʦʣʢʦ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʘ ʥʘ 
ʛʘʟʠʬʠʢʘʮʠʷ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʤʦʤʝʥʪʘ, ʧʨʠʣʦʞʠʤʠ ʟʘ ʫʪʠʣʠʟʘʮʠʷʪʘ ʥʘ ʊɹʆ, ʥʷʢʦʠ ʦʧʘʩʥʠ 
ʦʪʧʘʜʲʮʠ ʠ ʧʦʜʩʫʰʝʥʠ ʫʪʘʡʢʠ. ʅʘʜʝʞʜʥʘʪʘ ʨʘʙʦʪʘ ʥʘ ʛʘʟʠʬʠʮʠʦʥʥʠʷ ʨʝʘʢʪʦʨ ʠ 
ʤʠʥʠʤʠʟʠʨʘʥʝʪʦ ʥʘ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʢʘʪʨʘʥʠ, ʠʟʠʩʢʚʘʪ ʨʘʟʤʝʨʘ ʠ ʢʦʥʩʠʩʪʝʥʮʠʷʪʘ ʥʘ 
ʦʪʧʘʜʲʯʥʠʪʝ ʤʘʪʝʨʠʘʣʠ, ʜʘ ʩʝ ʧʦʜʜʲʨʞʘʪ ʚ ʦʧʨʝʜʝʣʝʥʠ ʛʨʘʥʠʮʠ. ʊʦʚʘ ʯʝʩʪʦ ʥʘʣʘʛʘ ʠ 
ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʦʙʨʘʙʦʪʢʘ, ʢʦʝʪʦ ʚʦʜʠ ʠ ʜʦ ʧʦ-ʚʠʩʦʢʠ ʨʘʟʭʦʜʠ. ʉ ʮʝʣ 
ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʧʨʠ ʛʘʟʠʬʠʢʘʮʠʷʪʘ ʧʝʧʝʣ, ʢʘʢʪʦ ʠ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʪʝʞʢʠ 
ʤʝʪʘʣʠ ʠ ʦʧʘʩʥʠ ʚʝʱʝʩʪʚʘ ʚ ʠʟʭʦʜʥʠʷ ʧʦʪʦʢ ʪʚʲʨʜʠ ʦʪʧʘʜʲʮʠ ʠ ʩʲʦʪʚʝʪʥʦ ï ʦʪʨʦʚʥʠ 
ʢʦʤʧʦʥʝʥʪʠ ʚ ʠʟʭʦʜʥʠʪʝ ʜʠʤʥʠ ʛʘʟʦʚʝ, ʚ ʤʥʦʛʦ ʩʲʚʨʝʤʝʥʥʠ ʩʲʦʨʲʞʝʥʠʷ ʩʝ ʠʟʧʦʣʟʚʘ 
ʩʧʝʮʠʘʣʝʥ ʤʝʪʦʜ ʟʘ ʦʯʠʩʪʚʘʥʝ, ʩʲʩʪʦʷʱ ʩʝ ʦʪ 5 ʝʪʘʧʘ ʚ ʦʧʨʝʜʝʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ. 
ʇʲʨʚʠʷʪ ʝʪʘʧ ʥʘ ʧʨʦʮʝʩʘ ʚʢʣʶʯʚʘ ʩʦʨʪʠʨʘʥʝ, ʩʝʧʘʨʠʨʘʥʝ ʥʘ ʥʝʛʦʨʠʤʠʪʝ ʬʨʘʢʮʠʠ ʠ 
ʪʨʝʪʠʨʘʥʝ ʥʘ ʧʦʪʦʢʘ ʦʪʧʘʜʲʮʠ ʜʦ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʤʦʜʠʬʠʮʠʨʘʥʦ RDF ʛʦʨʠʚʦ. ʅʘ ʚʪʦʨʠʷʪ 
ʝʪʘʧ ʩʝ ʠʟʚʲʨʰʚʘ ʛʘʟʠʬʠʢʘʮʠʷ ʥʘ ʧʦʣʫʯʝʥʦʪʦ ʛʦʨʠʚʦ. ʉʣʝʜʚʘ ʠʟʛʘʨʷʥʝ ʥʘ ʦʙʨʘʟʫʚʘʥʠʷ ʧʨʠ 
ʛʘʟʠʬʠʢʘʮʠʷʪʘ ʩʠʥʪʝʪʠʯʝʥ ʛʘʟ ʚ ʢʦʪʣʠ ʟʘ ʨʝʢʫʧʝʨʘʮʠʷ ʥʘ ʪʦʧʣʠʥʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʘʨʘ. 
ʏʝʪʚʲʨʪʘʪʘ ʬʘʟʘ ʦʙʭʚʘʱʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ ʦʪ ʧʘʨʘʪʘ ʚ ʝʣʝʢʪʨʠʯʝʩʢʠ 
ʛʝʥʝʨʘʪʦʨ ʩ ʧʘʨʥʠ ʪʫʨʙʠʥʠ. ʇʦʩʣʝʜʥʠʷʪ ʧʝʪʠ ʝʪʘʧ ʚʢʣʶʯʚʘ ʫʣʘʚʷʥʝ ʠ ʦʯʠʩʪʚʘʥʝ ʥʘ ʜʠʤʥʠʪʝ 
ʛʘʟʦʚʝ ʦʪ ʢʦʪʣʠʪʝ ʟʘ ʠʟʛʘʨʷʥʝ. ɼʦʧʲʣʥʠʪʝʣʥʠ ʧʨʝʜʠʤʩʪʚʘ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʥʝʨʛʠʷ ʦʪ 
ʪʚʲʨʜʠ ʦʪʧʘʜʲʮʠ ʯʨʝʟ ʛʘʟʠʬʠʢʘʮʠʷ, ʠʟʧʲʣʥʝʥʦ ʚ ʪʘʟʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ, ʩʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 
ʝʥʝʨʛʠʡʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ, ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʚʨʝʜʥʠʪʝ ʚʲʟʜʝʡʩʪʚʠʷ ʚʲʨʭʫ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ 
ʦʩʠʛʫʨʷʚʘʥʝ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʧʝʨʩʦʥʘʣʘ. ʍʘʨʘʢʪʝʨʥʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʥʘ ʧʨʦʮʝʩʠʪʝ ʥʘ 
ʛʘʟʠʬʠʢʘʮʠʷ ʩʘ: 

¶ ʧʦ-ʤʘʣʲʢ ʦʙʝʤ ʛʘʟʦʚʝ, ʩʧʨʷʤʦ ʠʥʩʠʥʝʨʘʪʦʨʠʪʝ (ʜʦ 10 ʧʲʪʠ ʧʦ-ʤʘʣʢʦ ʧʨʠ ʛʘʟʠʬʠʢʘʮʠʷ ʩ 
ʯʠʩʪ ʢʠʩʣʦʨʦʜ); 

¶ ʧʦ-ʤʘʣʢʦ ʢʦʣʠʯʝʩʪʚʦ ʦʪʧʘʜʥʠ ʚʦʜʠ ʦʪ ʦʯʠʩʪʚʘʥʝʪʦ ʥʘ ʩʠʥʪʝʪʠʯʥʠʷ ʛʘʟ; 

¶ ʧʨʝʦʙʣʘʜʘʚʘʱʦ ʬʦʨʤʠʨʘʥʝ ʥʘ ʉʆ, ʟʘ ʩʤʝʪʢʘ ʥʘ ʉʆ2; 

¶ ʫʣʘʚʷʥʝ ʥʘ ʥʝʦʨʛʘʥʠʯʥʠʪʝ ʦʩʪʘʪʲʮʠ ï ʥʘʧʨʠʤʝʨ ʚ ʰʣʘʢʘʪʘ ʧʨʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʪʝ 
ʛʘʟʠʬʠʢʘʪʦʨʠ; 

¶ ʚʠʩʦʢʦ ʨʘʙʦʪʥʦ ʥʘʣʷʛʘʥʝ (ʧʨʠ ʥʷʢʦʠ ʦʪ ʪʷʭ), ʚʦʜʝʱʠ ʜʦ ʧʦ-ʢʦʤʧʘʢʪʥʠ ʘʛʨʝʛʘʪʠ; 

¶ ʤʘʪʝʨʠʘʣʥʦ ʠ ʝʥʝʨʛʠʡʥʦ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ ʩʠʥʛʘʟʘ. 
ʉʣʝʜʥʠʪʝ ʪʠʧʦʚʝ ʨʝʘʢʪʦʨʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʧʨʘʢʪʠʢʘʪʘ: ʧʨʘʚʦʪʦʢʦʚʠ, ʚ ʢʠʧʷʱ ʩʣʦʡ, 

ʮʠʢʣʦʥʥʠ ʠ ʜʨ. ʇʨʠ ʧʨʘʚʦʪʦʢʦʚʠʪʝ, ʚ ʢʠʧʷʱ ʩʣʦʡ ʠ ʮʠʢʣʦʥʥʠʪʝ, ʧʦʜʘʚʘʥʠʷ ʟʘ ʠʟʛʘʨʷʥʝ 
ʤʘʪʝʨʠʘʣ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʬʠʥʦ ʛʨʘʥʫʣʠʨʘʥ. ʇʦʨʘʜʠ ʪʦʚʘ ʝ ʥʝʦʙʭʦʜʠʤʘ ʧʨʝʜʚʘʨʠʪʝʣʥʘ 
ʧʦʜʛʦʪʦʚʢʘ ï ʦʩʦʙʝʥʦ ʟʘ ʊɹʆ. ʆʧʘʩʥʠʪʝ ʦʪʧʘʜʲʮʠ ʤʦʛʘʪ ʜʘ ʩʝ ʛʘʟʠʬʠʮʠʨʘʪ ʜʠʨʝʢʪʥʦ ʘʢʦ ʩʘ 
ʪʝʯʥʠ ʠʣʠ ʬʠʥʦ ʛʨʘʥʫʣʠʨʘʥʠ. 
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ʌʠʛ. 3 ʇʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʛʘʟʠʬʠʢʘʮʠʷ 

ʥʘ ʦʪʧʘʜʲʮʠ ʩ ʚʲʟʜʫʭ 
ʌʠʛ. 4 ʇʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʛʘʟʠʬʠʢʘʮʠʷ ʥʘ 

ʦʪʧʘʜʲʮʠ ʩ ʢʠʩʣʦʨʦʜ 
 

4. ʇʣʘʟʤʝʥʠ ʪʝʭʥʦʣʦʛʠʠ 
ɺ ʦʩʥʦʚʘʪʘ ʥʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʧʣʘʟʤʝʥʘʪʘ ʪʝʭʥʦʣʦʛʠʷ ʩʪʦʠ ʧʨʝʦʜʦʣʷʚʘʥʝʪʦ ʥʘ ʥʷʢʦʠ 

ʦʪ ʥʝʜʦʩʪʘʪʲʮʠʪʝ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʪʝʨʤʠʯʥʦ ʪʨʝʪʠʨʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠʪʝ. ʉ ʥʝʷ 
ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʝʨʘʙʦʪʚʘʪ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʦʪʧʘʜʲʮʠ ʧʨʠ ʤʘʢʩʠʤʘʣʥʘ ʟʘʱʠʪʘ ʥʘ ʦʢʦʣʥʘʪʘ 
ʩʨʝʜʘ. ʊʝʭʥʦʣʦʛʠʷʪʘ ʝ ʛʲʚʢʘʚʘ ʩʧʨʷʤʦ ʧʦʪʦʢʘ ʦʪʧʘʜʲʮʠ ʟʘ ʧʨʝʨʘʙʦʪʢʘ - ʥʷʤʘ ʠʟʠʩʢʚʘʥʠʷ 
ʢʲʤ ʪʝʭʥʠʷ ʭʠʤʠʯʝʩʢʠ ʩʲʩʪʘʚ; ʦʪʧʘʜʲʮʠʪʝ ʤʦʛʘʪ ʜʘ ʥʝ ʙʲʜʘʪ ʩʦʨʪʠʨʘʥʠ; ʤʦʛʘʪ ʜʘ ʩʝ 
ʧʨʝʨʘʙʦʪʚʘʪ ʦʪʧʘʜʲʮʠ ʚ ʪʚʲʨʜʘ, ʪʝʯʥʘ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʘ ʬʦʨʤʘ, ʦʪʜʝʣʥʦ ʠʣʠ ʝʜʥʦʚʨʝʤʝʥʥʦ. 
ʉʲʦʨʲʞʝʥʠʷʪʘ ʟʘ ʧʣʘʟʤʝʥʦʪʦ ʪʨʝʪʠʨʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠʪʝ ʩʝ ʩʲʩʪʦʷʪ ʦʪ ʧʝʪ ʦʩʥʦʚʥʠ 
ʢʦʤʧʦʥʝʥʪʘ - ʟʘʭʨʘʥʚʘʱʘ ʩʠʩʪʝʤʘ, ʧʣʘʟʤʝʥ ʨʝʘʢʪʦʨ, ʩʠʩʪʝʤʘ ʟʘ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ 
ʦʙʨʘʟʫʚʘʥʠʪʝ ʛʘʟʦʚʝ, ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʛʝʥʝʨʘʪʦʨ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ. ʉ ʧʦʤʦʱʪʘ ʥʘ 
ʟʘʭʨʘʥʚʘʱʘ ʩʠʩʪʝʤʘ ʦʪʧʘʜʲʮʠʪʝ ʩʝ ʧʦʜʘʚʘʪ ʚ ʧʣʘʟʤʝʥʠʷ ʨʝʘʢʪʦʨ, ʢʲʜʝʪʦ ʚ ʨʝʟʫʣʪʘʪ ʥʘ 
ʚʠʩʦʢʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʨʝʘʢʮʠʦʥʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʡʦʥʠʪʝ ʩʝ ʠʟʚʲʨʰʚʘ ʤʥʦʛʦ ʙʲʨʟʦ 
ʨʘʟʛʨʘʞʜʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠʪʝ, ʢʘʪʦ ʩʝ ʦʙʨʘʟʫʚʘʪ ʛʘʟʦʚʝ ʠ ʪʝʯʥʘ ʬʘʟʘ. ɺ ʦʩʥʦʚʘʪʘ ʥʘ ʧʨʦʮʝʩʘ 
ʝ ʛʝʥʝʨʠʨʘʥʝʪʦ ʥʘ ʧʦʩʪʦʷʥʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʜʲʛʘ ʚ ʧʣʘʟʤʝʥʠʷ ʬʘʢʝʣ, ʦʪ ʢʦʷʪʦ ʩʝ ʧʨʝʥʘʩʷ 
ʦʛʨʦʤʥʦ ʢʦʣʠʯʝʩʪʚʦ ʝʥʝʨʛʠʷ ʚʲʨʭʫ ʦʪʧʘʜʲʮʠʪʝ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʧʨʝʜʠʟʚʠʢʚʘ 
ʤʦʣʝʢʫʣʥʘ ʜʠʩʦʮʠʘʮʠʷ ʠ ʥʝʦʙʨʘʪʠʤʦʪʦ ʠʤ ʨʘʟʛʨʘʞʜʘʥʝ. ʂʘʪʦ ʨʝʟʫʣʪʘʪ ʥʘ ʠʟʭʦʜʘ ʩʝ 
ʧʦʣʫʯʘʚʘʪ ʩʠʥʛʘʟ ï ʩʤʝʩ ʦʪ ʚʦʜʦʨʦʜ ʠ ʚʲʛʣʝʨʦʜʝʥ ʦʢʩʠʜ, ʤʘʣʢʠ ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪ, ʚʲʛʣʝʨʦʜʝʥ 
ʜʠʦʢʩʠʜ, ʚʲʛʣʝʚʦʜʦʨʦʜʠ ʠ ʧʦʜʦʙʝʥ ʥʘ ʦʙʩʠʜʠʘʥʪʘ ʙʝʟʚʨʝʜʝʥ ʤʘʪʝʨʠʘʣ, ʢʦʡʪʦ ʥʘʤʠʨʘ 
ʧʨʠʣʦʞʝʥʠʝ ʚ ʤʝʪʘʣʫʨʛʠʷʪʘ, ʩʪʨʦʠʪʝʣʩʪʚʦʪʦ ʠ ʜʨ. ʇʣʘʟʤʝʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʛʦʣʷʤʘ ʩʪʝʧʝʥ 
ʩʝ ʜʦʙʣʠʞʘʚʘʪ ʜʦ ʙʝʟʦʪʧʘʜʲʯʥʠʪʝ, ʪʲʡ ʢʘʪʦ ʧʦʩʪʲʧʠʣʠʪʝ ʥʘ ʚʭʦʜʘ ʦʪʧʘʜʲʮʠ ʩʝ 
ʧʨʝʦʙʨʘʟʫʚʘʪ ʚ ʩʫʨʦʚʠʥʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʢʨʘʡʥʠ ʧʨʦʜʫʢʪʠ ʠʣʠ ʚ ʢʨʘʡʥʠ ʧʨʦʜʫʢʪʠ. ʉʣʝʜ 
ʦʪʜʝʣʷʥʝ ʥʘ ʧʦʣʝʟʥʠʪʝ ʛʘʟʦʚʠ ʢʦʤʧʦʥʝʥʪʠ ʢʘʪʦ ʩʫʨʦʚʠʥʘ ʟʘ ʜʨʫʛʠ ʩʠʥʪʝʟʠ ʦʩʪʘʥʘʣʠʪʝ 
ʢʦʤʧʦʥʝʥʪʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʟʘʪʚʦʨʝʥ ʮʠʢʲʣ, ʧʨʠ ʢʦʝʪʦ ʦʪʧʘʜʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ 
ʢʦʤʠʥ. ɺʩʠʯʢʠ ʛʘʟʦʦʙʨʘʟʥʠ ʧʨʦʜʫʢʪʠ, ʧʦʣʫʯʝʥʠ ʧʨʠ ʪʨʝʪʠʨʘʥʝʪʦ, ʩʣʝʜ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ 
ʝʥʝʨʛʠʡʥʠʷ ʠʤ ʧʦʪʝʥʮʠʘʣ ʠ ʧʨʝʯʠʩʪʚʘʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʦʪʜʝʣʷʪ ʢʘʪʦ ʝʤʠʩʠʠ ʚ ʘʪʤʦʩʬʝʨʘʪʘ. 
ʇʦʩʪʠʛʘʥʝʪʦ ʥʘ ʪʘʟʠ ʫʥʠʚʝʨʩʘʣʥʦʩʪ ʠ ʧʲʣʝʥ ʢʦʥʪʨʦʣ ʚʲʨʭʫ ʧʨʦʮʝʩʠʪʝ ʠ ʦʙʨʘʟʫʚʘʥʠʪʝ 
ʚʝʱʝʩʪʚʘ ʝ ʧʦʟʚʦʣʠʣʦ ʪʝʟʠ ʪʝʭʥʦʣʦʛʠʠ ʜʘ ʩʝ ʧʨʠʣʦʞʘʪ ʧʨʠ ʧʨʝʨʘʙʦʪʚʘʥʝʪʦ ʠ ʥʘ ʩʠʣʥʦ 
ʪʦʢʩʠʯʥʠ ʦʪʧʘʜʲʮʠ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʝʥʝʨʛʠʡʥʠʷ ʠʟʪʦʯʥʠʢ ʠ ʫʩʣʦʚʠʷʪʘ, ʧʨʠ ʢʦʠʪʦ ʩʝ 
ʛʝʥʝʨʠʨʘ ʧʣʘʟʤʘʪʘ, ʜʚʝ ʦʩʥʦʚʥʠ ʛʨʫʧʠ ʧʣʘʟʤʘ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʛʨʘʥʠʯʘʪ: ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ 
ʠʣʠ ʩʠʥʪʝʟ, ʧʨʠ ʢʦʠʪʦ ʚʩʠʯʢʠ ʝʣʝʤʝʥʪʠ ʩʘ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʥʦ ʨʘʚʥʦʚʝʩʠʝ ʠ 
ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʠ ʪʘʢʠʚʘ ï ʛʘʟʦʨʘʟʨʷʜʥʠ. ɺʪʦʨʠʷʪ ʪʠʧ ʧʣʘʟʤʘ ʤʦʞʝ ʜʦʧʲʣʥʠʪʝʣʥʦ ʜʘ ʩʝ 
ʨʘʟʜʝʣʠ ʥʘ Ăʪʝʨʤʠʯʥʘñ, ʧʨʠ ʢʦʷʪʦ ʩʝ ʧʦʩʪʠʛʘ ʢʚʘʟʠ ʨʘʚʥʦʚʝʩʠʝ (ʚʠʩʦʢʘ ʧʣʲʪʥʦʩʪ ʥʘ 
ʝʣʝʢʪʨʦʥʠʪʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʣʘʟʤʘʪʘ ʚ ʜʠʘʧʘʟʦʥʘ 2 000ʦʉ ï 30 000ʦʉ) ʠ Ăʩʪʫʜʝʥʘñ, 
ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʘ ʩʝ ʩ ʥʝʨʘʚʥʦʚʝʩʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʤʘʪʝʨʠʷʪʘ. ʇʦʚʝʯʝʪʦ ʪʝʨʤʠʯʥʠ ʧʣʘʟʤʠ ʩʝ 
ʧʦʣʫʯʘʚʘʪ ʦʪ ʝʣʝʢʪʨʠʯʝʩʢʘ ʜʲʛʘ, ʧʦʨʦʜʝʥʘ ʦʪ ʧʣʘʟʤʝʥʘ ʛʦʨʝʣʢʘ ʠʣʠ ʦʪ ʨʘʜʠʦʯʝʩʪʦʪʥʘ 
ʠʥʜʫʢʮʠʷ. ʇʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʧʣʘʟʤʝʥʘ ʠʥʩʪʘʣʘʮʠʷ ʟʘ ʪʨʝʪʠʨʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠ ʠ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʌʠʛʫʨʘ 5. ʇʨʠʣʦʞʝʥʠʝʪʦ ʥʘ 
ʧʣʘʟʤʝʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʪʨʝʪʠʨʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠ ʝ ʩʨʘʚʥʠʪʝʣʥʦ ʥʦʚʘ ʢʦʥʮʝʧʮʠʷ ʠ ʠʤʘ 
ʩʣʝʜʥʠʪʝ ʧʨʝʜʠʤʩʪʚʘ: 
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1. ɺʠʩʦʢʦʝʥʝʨʛʠʡʥʠ ʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠ: 

¶ ʙʲʨʟʦ ʥʘʛʨʷʚʘʥʝ ʥʘ ʥʘʯʘʣʦ ʥʘ ʨʝʘʢʮʠʷʪʘ; 

¶ ʚʠʩʦʢʠ ʩʢʦʨʦʩʪʠ ʥʘ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ ʠ ʨʝʘʛʝʥʪʠ; 

¶ ʧʦ-ʤʘʣʢʠ ʨʘʟʤʝʨʠ ʥʘ ʠʥʩʪʘʣʘʮʠʠʪʝ ʟʘ ʝʜʠʥʠʮʘ ʦʙʝʤ ʪʨʝʪʠʨʘʥ ʤʘʪʝʨʠʘʣ; 

¶ ʪʦʧʝʥʝ ʥʘ ʪʝʨʤʦʫʩʪʦʡʯʠʚʠ ʤʘʪʝʨʠʘʣʠ. 
2. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʪʚʦ ʢʘʪʦ ʠʟʪʦʯʥʠʢ ʥʘ ʝʥʝʨʛʠʷ, ʚʦʜʝʱʦ ʜʦ: 

¶ ʧʦ-ʜʦʙʨʘ ʫʧʨʘʚʣʷʝʤʦʩʪ ʠ ʛʲʚʢʘʚʦʩʪ ʥʘ ʧʨʦʮʝʩʘ; 

¶ ʧʦ-ʥʠʩʲʢ ʜʝʙʠʪ ʥʘ ʠʟʭʦʜʷʱʠ ʛʘʟʦʚʝ, ʩʲʦʪʚʝʪʥʦ ʠ ʧʦ-ʥʠʩʢʠ ʨʘʟʭʦʜʠ ʟʘ ʦʯʠʩʪʚʘʥʝʪʦ ʠʤ; 

¶ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʮʝʥʥʠ ʚʪʦʨʠʯʥʠ ʧʨʦʜʫʢʪʠ. 

 
ʌʠʛ. 5 ʇʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʠʥʩʪʘʣʘʮʠʷ ʟʘ ʧʣʘʟʤʝʥʦ ʪʨʝʪʠʨʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠ 

 

ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʥʘʩʪʦʷʱʘʪʘ ʩʪʘʪʠʷ ʝ ʥʘʧʨʘʚʝʥ ʦʙʟʦʨ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ 

ʦʪʧʘʜʲʯʥʠ ʤʘʪʝʨʠʘʣʠ, ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʝʥʝʨʛʠʷ. ʉʲʱʦ ʪʘʢʘ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʠʜʘ ʥʘ 
ʦʪʧʘʜʲʮʠʪʝ ʠ ʪʝʭʥʦʣʦʛʠʷʪʘ ʟʘ ʧʨʝʨʘʙʦʪʢʘ, ʝ ʚʲʟʤʦʞʥʦ ʠ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʮʝʥʥʠ 
ʤʘʪʝʨʠʘʣʠ. ʅʘ ʌʠʛ. 6 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʥʘ ʢʦʥʮʝʧʮʠʷʪʘ ʟʘ ʛʝʥʝʨʘʮʠʷ ʥʘ ʝʥʝʨʛʠʷ ʦʪ 
ʦʪʧʘʜʲʮʠ, ʘ ʥʘ ʊʘʙʣ. 2 ï ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʦʩʥʦʚʥʠʪʝ ʧʨʠʣʦʞʠʤʠ ʪʝʨʤʦʭʠʤʠʯʥʠ ʤʝʪʦʜʠ ʟʘ 
ʪʨʝʪʠʨʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠʪʝ ʠ ʬʘʢʪʦʨʠʪʝ, ʚʣʠʷʝʱʠ ʚʲʨʭʫ ʪʷʭʥʘʪʘ ʧʨʠʣʦʞʠʤʦʩʪ ʠ 
ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʘ ʧʨʠʛʦʜʥʦʩʪ.  

   ʊʘʙʣʠʮʘ 2 
ʋʩʣʦʚʠʷ ʥʘ ʨʝʘʢʮʠʠʪʝ ʠ ʧʨʦʜʫʢʪʠ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ 

ʊʝʭʥʦʣʦʛʠʷ ʀʥʩʠʥʝʨʘʮʠʷ ʇʠʨʦʣʠʟʘ ɻʘʟʠʬʠʢʘʮʠʷ ʇʣʘʟʤʘ 

ʊʝʤʧʝʨʘʪʫʨʘ [
0
C] 800 õ 1450 250 õ 900 500 õ 1800 1200 õ 2000 

ʅʘʣʷʛʘʥʝ [bar] 1 1 1 õ 45 1 

ʉʨʝʜʘ ɺʲʟʜʫʭ ʀʥʝʨʪʥʘ/ ʘʟʦʪ ɸʛʝʥʪ: ʆ2, H2O ɸʛʝʥʪ:: ʆ2, H2O 
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ʇʨʦʜʫʢʪʠ - ʛʘʟʦʚʘ ʬʘʟʘ CO2, H2O, O2, 
N2 

H2, CO, H2O, N2, 
ʚʲʛʣʝʚʦʜʦʨʦʜʠ 

H2, CO, CO2, CH4, 
H2O, N2 

H2, CO, CO2, CH4, 
H2O, N2 

ʇʨʦʜʫʢʪʠ - ʪʚʲʨʜʘ ʬʘʟʘ ʐʣʘʢ, ʃʇ ʐʣʘʢ, ʢʦʢʩ ʐʣʘʢ, ʃʇ ʐʣʘʢ, ʃʇ 

ʇʨʦʜʫʢʪʠ - ʪʝʯʥʘ ʬʘʟʘ - ʇʠʨʦʣʠʟʥʘ ʪʝʯʥʦʩʪ/ ʚʦʜʘ - - 

ʆʪ ʥʝʷ ʝ ʚʠʜʥʦ, ʯʝ ʚʭʦʜʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʪʧʘʜʲʮʠ, ʪʠʧʘ ʠʤ ʠ ʧʨʦʮʝʩʘ ʟʘ ʦʙʨʘʙʦʪʢʘ ʝ 
ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʘ ʩʲʯʝʪʘʥʠ, ʧʦ ʥʘʯʠʥ ʢʦʡʪʦ ʜʘ ʜʦʚʝʜʝ ʜʦ ʝʬʝʢʪʠʚʥʘ ʠ ʫʩʪʦʡʯʠʚʘ ʨʝʜʫʢʮʠʷ 
ʥʘ ʢʦʣʠʯʝʩʪʚʘʪʘ ʦʪʧʘʜʲʮʠ, ʧʦʣʫʯʝʥʠ ʚ ʩʣʝʜʩʪʚʠʝ ʥʘ ʯʦʚʝʰʢʘʪʘ ʜʝʡʥʦʩʪ. ʆʙʨʘʙʦʪʢʘʪʘ ʥʘ 
ʙʠʪʦʚʠʪʝ ʦʪʧʘʜʲʮʠ ʝ ʧʦʜʣʦʞʝʥʘ ʥʘ ʩʪʨʠʢʪʝʥ ʥʦʨʤʘʪʠʚʝʥ ʢʦʥʪʨʦʣ ʚ ʥʘʮʠʦʥʘʣʝʥ ʠ ʩʚʝʪʦʚʝʥ 
ʧʣʘʥ. ʆʱʝ ʧʦʚʝʯʝ, ʚʩʷʢʘ ʦʪ ʪʝʭʥʦʣʦʛʠʠʪʝ ʠʤʘ ʩʚʦʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʲʮʠ, ʚʣʠʷʥʠʝʪʦ 
ʥʘ ʢʦʠʪʦ ʚʲʨʭʫ ʢʨʘʡʥʠʷ ʧʨʦʜʫʢʪ (ʩʠʥʛʘʟ, ʮʝʥʥʠ ʤʘʪʝʨʠʘʣʠ) ʝ ʩʠʣʥʦ ʟʘʚʠʩʠʤʦ ʦʪ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʠʟʧʦʣʟʚʘʥʦʪʦ ʦʪʧʘʜʲʯʥʦ ʛʦʨʠʚʦ ʠ ʭʘʨʘʢʪʝʨʘ ʥʘ ʠʟʤʝʥʝʥʠʝʪʦ ʠʤ ʧʦ 
ʚʨʝʤʝ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʦʙʨʘʙʦʪʢʘ.  



 
96  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

 

ʌʠʛ. 6 ɹʣʦʢ-ʩʭʝʤʘ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʘʪʘ ʢʦʥʮʝʧʮʠʷ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʝʥʝʨʛʠʷ ʦʪ ʦʪʧʘʜʲʮʠ 
 

ʉʠʣʥʦ ʠʟʨʘʟʝʥʘʪʘ ʥʝʭʦʤʦʛʝʥʥʦʩʪ ʥʘ ʪʚʲʨʜʠʪʝ ʙʠʪʦʚʠ ʦʪʧʘʜʲʮʠ, ʛʦʣʝʤʠʪʝ ʧʨʦʤʝʥʠ ʚ 
ʢʘʯʝʩʪʚʦʪʦ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʠʤ ʚʦʜʷʪ ʜʦ ʪʝʭʥʦʣʦʛʠʯʥʠ ʟʘʪʨʫʜʥʝʥʠʷ ʧʦ ʚʨʝʤʝ ʥʘ 
ʝʢʩʧʣʦʘʪʘʮʠʷ, ʩʚʲʨʟʘʥʠ ʥʝ ʩʘʤʦ ʩ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʧʨʦʮʝʩʠʪʝ, ʥʦ ʠ ʩʲʩ ʢʦʥʪʨʦʣʘ ʚʲʨʭʫ 
ʟʘʤʲʨʩʠʪʝʣʠʪʝ, ʠʟʭʚʲʨʣʷʥʠ ʚ ʘʪʤʦʩʬʝʨʘʪʘ. ʊʦʚʘ ʜʦ ʠʟʚʝʩʪʥʘ ʩʪʝʧʝʥ ʚʘʞʠ ʠ ʟʘ 
ʤʦʜʠʬʠʮʠʨʘʥʦʪʦ ʦʪʧʘʜʲʯʥʦ ʛʦʨʠʚʦ (RDF).    

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʀʟʛʨʘʞʜʘʥʝ ʥʘ ʣʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ʟʘ ʜʝʤʦʥʩʪʨʘʮʠʷ ʥʘ ʧʨʠʥʮʠʧʘ ʥʘ ʨʘʙʦʪʘ 
ʥʘ ɻʊʀ ʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʥʝʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʛʦʨʠʚʘ 

 
ʇʝʪʲʨ ʇʠʣʴʦʥʦʚ, ʂʨʫʤ ʊʦʜʦʨʦʚ, ɸʩʝʥ ɸʩʝʥʦʚ, ɼʠʤʠʪʲʨ ʇʦʧʦʚ, ɼʠʣʷʥʘ ʂʦʣʝʚʘ 

 

ʅʝʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʛʦʨʠʚʘ ʠʤʘʪ ʨʘʟʣʠʯʥʠ ʬʠʟʠʯʥʠ ʠ ʭʠʤʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪ 
ʰʠʨʦʢʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʪʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʛʦʨʠʚʘ. ɿʘ ʪʷʭʥʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʠʤʘ ʜʚʘ 
ʧʦʜʭʦʜʘ: ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʥʦʚʠ ʩʠʩʪʝʤʠ ʠ ʩʲʦʨʲʞʝʥʠʷ ʟʘ ʪʷʭʥʦʪʦ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʠʣʠ 
ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʥʘʩʪʦʷʱʠʪʝ ʠʥʩʪʘʣʘʮʠʠ ʠʟʧʦʣʟʚʘʱʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʛʦʨʠʚʘ. ʇʲʨʚʠʷʪ 
ʧʦʜʭʦʜ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʩʢʲʧ ʠ ʚʢʣʶʯʚʘ ʧʦʜʤʷʥʘ ʥʘ ʛʦʣʷʤ ʙʨʦʠ ʩʲʦʨʲʞʝʥʠʷ ʠ ʠʥʩʪʘʣʘʮʠʠ. 
ɺʪʦʨʠʷʪ ʥʝ ʚʠʥʘʛʠ ʝ ʧʨʠʣʦʞʠʤ ʠ ʟʘʚʠʩʠ ʦʪ ʩʧʝʮʠʬʠʢʘʪʘ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʠʷ ʧʨʦʮʝʩ ʧʨʠ 
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʛʦʨʠʚʘʪʘ. 

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʥʝʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʛʦʨʠʚʘ, ʦʪʧʘʜʲʮʠ, ʧʨʝʨʘʙʦʪʢʘ 

 
Assembling of laboratory facility for demonstration the possibility use of renewable 

fuels in conventional gas turbine  
 

Petar Pilyonov, Krum Todorov, Asen Asenov, Dimitar Popov, Dilyana Koleva 

 
Abstract: The renewable fuels have different physical and chemical characteristics than the 

unconventional fuels. For their use there are two approaches: building new systems and facilities 
for their utilization or optimization of current installations using conventional fuels. The first 
approach is considerably more expensive and involves the replacement of large number of 
facilities and installations. The second is not always applicable and depends on the specificity of 
the fuel process. 

 
Keywords: renewable fuels, waste, recovery 

 
ʋʚʦʜ 
ʂʲʤ ʥʘʩʪʦʷʱʠʷ ʤʦʤʝʥʪ, ʚ ʫʩʣʦʚʠʷ ʥʘ ʙʲʨʟʦ ʨʘʟʚʠʚʘʱʘ ʩʝ ʠʥʜʫʩʪʨʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, 

ʥʝʧʨʝʢʲʩʥʘʪʦ ʥʘʨʘʩʪʚʘ ʥʫʞʜʘʪʘ ʦʪ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʚʲʟʦʙʥʦʚʷʝʤʠ 
ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ ʧʨʠʜʦʙʠʚʘ ʚʩʝ ʧʦ-ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʟʘ ʩʚʝʪʦʚʥʘʪʘ ʠʢʦʥʦʤʠʢʘ. 
ʆʧʦʣʟʦʪʚʦʨʷʚʘʥʝʪʦ ʥʘ ʦʪʧʘʜʲʮʠʪʝ, ʯʨʝʟ ʧʨʝʨʘʙʦʪʢʘ ʠ ʧʨʝʚʨʲʱʘʥʝʪʦ ʠʤ ʚ ʝʥʝʨʛʠʡʥʘ 
ʩʫʨʦʚʠʥʘ ʝ ʝʜʠʥ ʦʪ ʦʩʥʦʚʥʠʪʝ ʥʘʯʠʥʠ ʟʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʥʝʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʛʦʨʠʚʘ. ʊʷʭʥʦʪʦ 
ʧʨʠʣʦʞʝʥʠʝ ʢʲʤ ʚʝʯʝ ʠʟʛʨʘʜʝʥʠ ʧʨʦʤʠʰʣʝʥʠ ʠ ʝʥʝʨʛʠʡʥʠ ʠʥʩʪʘʣʘʮʠʠ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ 
ʟʥʘʯʝʥʠʝ. ʊʦʟʠ ʬʘʢʪ ʧʨʝʜʠʟʚʠʢʘ ʠʥʪʝʨʝʩ ʢʲʤ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʥʘʩʪʦʷʱʠʷ ʧʨʦʙʣʝʤ ï 
ʧʨʝʚʨʲʱʘʥʝʪʦ ʥʘ ʝʜʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʛʘʟʦʪʫʨʙʠʥʥʘ ʠʥʩʪʘʣʘʮʠʷ (ɻʊʀ) ʚ ʣʘʙʦʨʘʪʦʨʝʥ 
ʩʪʝʥʜ ʟʘ ʠʟʧʠʪʚʘʥʝ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʨʘʟʣʠʯʥʠ ʥʝʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʛʦʨʠʚʘ. 

ʀʟʧʦʣʟʚʘʥʠ ʪʝʭʥʠʯʝʩʢʠ ʩʨʝʜʩʪʚʘ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʣʘʙʦʨʘʪʦʨʥʘʪʘ ʫʩʪʘʥʦʚʢʘ 
ʂʘʪʝʜʨʘ Ăʊʦʧʣʦʝʥʝʨʛʝʪʠʢʘ ʠ ʗʜʨʝʥʘ ʝʥʝʨʛʝʪʠʢʘñ ʨʘʟʧʦʣʘʛʘ ʩ ʘʚʠʘʮʠʦʥʝʥ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨ, ʤʦʜʝʣ ʊɻ-16ʄ ʬʠʛ. 1. ʅʝʛʦʚʦʪʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʝ ʜʘ ʙʲʜʝ ʜʦʧʲʣʥʠʪʝʣʝʥ 
ʠʟʪʦʯʥʠʢ ʥʘ ʝʣ. ʝʥʝʨʛʠʷ (28V) ʥʘ ʙʦʨʜʘ ʥʘ ʩʘʤʦʣʝʪʠʪʝ ʀʃ 18 ʠ ɸʅ 24, ʢʦʝʪʦ ʛʠ ʧʨʘʚʠ 
ʥʝʟʘʚʠʩʠʤʠ ʦʪ ʥʘʟʝʤʝʥ ʠʟʪʦʯʥʠʢ ʥʘ ʝʥʝʨʛʠʷ.  ʉʲʦʨʲʞʝʥʠʝʪʦ ʩʝ ʩʲʩʪʦʠ ʦʪ ʝʜʠʥ ʨʝʜ ʨʘʙʦʪʥʠ 
ʣʦʧʘʪʢʠ ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ ʚʘʣ ʩ ʝʜʥʦʩʪʲʧʘʣʝʥ ʚʲʟʜʫʰʝʥ ʢʦʤʧʨʝʩʦʨ. ʅʦʤʠʥʘʣʥʘʪʘ ʯʝʩʪʦʪʘ ʥʘ 
ʚʲʨʪʝʥʝ ʥʘ ʨʘʙʦʪʥʠʷ ʚʘʣ ʝ 35 000 min-1. ʊʫʨʙʠʥʘʪʘ ʝ ʦʢʦʤʧʣʝʢʪʦʚʘʥʘ ʩ ʨʝʜʫʢʪʦʨ, ʢʦʡʪʦ 
ʥʘʤʘʣʷʚʘ ʦʙʦʨʦʪʠʪʝ ʜʦ 6 500 min-1, ʟʘ ʥʫʞʜʠʪʝ ʥʘ ʢʦʤʧʠʣʠʨʘʥʠʷ ʢʲʤ ʥʝʷ ʛʝʥʝʨʘʪʦʨ ʟʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ. ɻʝʥʝʨʘʪʦʨʲʪ ʝ ʤʦʜʝʣ ɻʉ-24ɸ. ʊʦʡ ʩʝ ʠʟʧʦʣʟʚʘ ʠ 
ʢʘʪʦ ʝʣʝʢʪʨʠʯʝʩʢʠ ʩʪʘʨʪʝʨ ʟʘ ʧʲʨʚʦʥʘʯʘʣʥʦ ʨʘʟʚʲʨʪʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʧʨʠ ʧʫʩʢ.  
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ʌʠʛ. 1 ʆʙʱ ʠʟʛʣʝʜ ʥʘ ʛʘʟʦʚʘ ʪʫʨʙʠʥʘ ʊɻ-16ʄ ʧʨʝʜʠ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ 
 

ʊʝʭʥʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ ʥʘ ʘʛʨʝʛʘʪʘ 

ʄʦʱʥʦʩʪ ʥʘ ʢʣʝʤʠ ʥʘ ʛʝʥʝʨʘʪʦʨʘ - ɻʉ-24ɸ 
Å ʈʘʙʦʪʘ ʚ ʛʝʥʝʨʘʪʦʨʝʥ ʨʝʞʠʤ    18 kW   600 ɸ 

Å ʈʝʞʠʤ ʥʘ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʜʚʠʛʘʪʝʣ ɸʀ 20  56-60 kW 

Å ʇʠʢʦʚʘ ʤʦʱʥʦʩʪ ʟʘ 6 ʩʝʢ     80 kW 

Å ɼʦʧʫʩʪʠʤʘ ʧʠʢʦʚʘ ʤʦʱʥʦʩʪ    100 kW 

ʈʘʙʦʪʘ ʚ ʩʪʘʨʪʝʨʝʥ ʨʝʞʠʤ 
Å ʅʘʧʨʝʞʝʥʠʝ        24 V 

Å ʇʦʪʨʝʙʣʝʥʠʝ ʥʘ ʪʦʢ      560 ɸ 

Å ʆʙʦʨʦʪʠ       1800 rpm 

Å ɺʲʨʪʷʱ ʤʦʤʝʥʪ      45 Nm 

ʈʘʙʦʪʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʛʝʥʝʨʘʪʦʨʘ 
Å ʇʨʝʜʘʚʘʪʝʣʥʦ ʯʠʩʣʦ      0,201 

Å ʆʙʦʨʦʪʠ        6500 Ñ500 rpm 

Å ʄʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʤʠ ʦʙʦʨʦʪʠ    7200 rpm 

Å ʅʘʧʨʝʞʝʥʠʝ ʧʨʠ ʥʦʨʤʘʣʥʘ ʨʘʙʦʪʘ    28.5 V 

Å ʊʦʢ ʧʨʠ ʥʦʨʤʘʣʥʘ ʨʘʙʦʪʘ      600 ɸ 

Å ʈʘʟʭʦʜ ʥʘ ʦʭʣʘʞʜʘʱ ʚʲʟʜʫʭ     220 l/s 

ʄʘʩʣʦ 
Å ʄʦʜʝʣ        36/1 ʧʦ ʄʈʊʋ 38-1-157ð65 

Å ʅʘʣʷʛʘʥʝ        3,5 ʜʦ 5,5 kg/cm2 

Å ɼʝʙʠʪ ʧʨʠ ʥʘʣʷʛʘʥʝ kg/cm2    16 l/min. 

Å ʅʘʣʷʛʘʥʝ ʧʨʠ ʩʪʫʜʝʥ ʩʪʘʨʪ      7 kg/cm2 

Å ʈʘʟʭʦʜ        1,2 kg/h 

ɻʦʨʠʚʥʘ ʩʠʩʪʝʤʘ 
Å ɺʠʜ ʥʘ ʛʦʨʠʚʦʪʦ      ʊ-1, TC-1, T-2 

Å ʅʘʣʷʛʘʥʝ ʧʨʝʜ ʛʦʨʠʚʥʘ ʧʦʤʧʘ ʧʨʠ ʩʪʘʨʪ   0,06ð1,2 kg/cm2 

Å ʅʘʣʷʛʘʥʝ ʧʨʝʜ ʛʦʨʠʚʥʘ ʧʦʤʧʘ ʧʨʠ ʨʘʙʦʪʘ   0,06ð1,8 kg/cm2 

Å ʅʘʣʷʛʘʥʝ ʩʣʝʜ ʛʦʨʠʚʥʘ ʧʦʤʧʘ ʜʦ    24 kg/cm2 

Å ʂʘʣʦʨʠʯʥʦʩʪ ʥʘ ʛʦʨʠʚʦʪʦ     42900 ʜʦ 43120 kJ/kg 

ʄʦʱʥʦʩʪ ʥʘ ʚʘʣʘ ʥʘ ʨʝʜʫʢʪʦʨʘ      95-100 hp 
ʈʘʟʭʦʜ ʥʘ ʛʦʨʠʚʦ          ʜʦ 120 kg/h 
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ɼʝʡʥʦʩʪʠ ʧʦ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʣʘʙʦʨʘʪʦʨʥʘʪʘ ʫʩʪʘʥʦʚʢʘ 
ʅʘʣʠʯʥʠʷʪ ʘʛʨʝʛʘʪ ʥʝ ʝ ʧʫʩʢʘʥ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʊʋ ï ʉʦʬʠʷ. ʊʦʚʘ 

ʥʘʣʦʞʠ ʜʘ ʙʲʜʝ ʨʝʚʠʟʠʨʘʥ ʦʩʥʦʚʥʦ. ɹʷʭʘ ʜʝʤʦʥʪʠʨʘʥʠ ʚʩʠʯʢʠ ʝʣʝʢʪʨʠʯʝʩʢʠ ʚʨʲʟʢʠ ʢʲʤ 
ʦʪʜʝʣʥʠʪʝ ʠʟʤʝʨʚʘʪʝʣʥʠ ʧʨʠʙʦʨʠ ʠ ʢʦʥʪʨʦʣʥʠ ʤʦʜʫʣʠ. ɼʚʝʪʝ ʦʩʥʦʚʥʠ ʩʠʩʪʝʤʠ ï ʛʦʨʠʚʥʘ 
(ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ. 2) ʠ ʤʘʩʣʝʥʘ ʙʷʭʘ (ʌʠʛ. 3) ʙʷʭʘ ʨʘʟʛʣʦʙʝʥʠ, ʨʝʚʠʟʠʨʘʥʠ ʠ ʘʩʝʤʙʣʠʨʘʥʠ 
ʦʪʥʦʚʦ. ɿʘʧʘʣʠʪʝʣʥʠ ʩʚʝʱʠ ʙʷʭʘ ʧʦʜʤʝʥʝʥʠ ʩ ʥʦʚʠ, ʧʦʨʘʜʠ ʧʨʦʙʠʚ ʥʘ ʦʨʠʛʠʥʘʣʥʠʪʝ ʜʚʝ. ɸ 
ʝʣʝʢʪʨʠʯʝʩʢʦʪʦ ʟʘʭʨʘʥʚʘʥʝ ʢʲʤ ʪʷʭ ʩe ʠʟʧʲʣʥʠ ʩ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʘ 220 V, ʧʦʢʘʟʘʥ ʥʘ ʌʠʛ. 
4. ɿʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘʜʝʞʜʥʦʪʦ ʩʤʘʟʚʘʥʝ ʥʘ ʣʘʛʝʨʠʪʝ ʠ ʟʲʙʥʠʪʝ ʧʨʝʜʘʚʢʠ ʚ ʨʝʜʫʢʪʦʨʘ, ʙʝ 
ʥʘʙʘʚʝʥʦ ʩʲʦʪʚʝʪʥʦʪʦ ʘʚʠʘʮʠʦʥʥʦ ʤʘʩʣʦ ʟʘ ʟʘʧʲʣʚʘʥʝ ʥʘ ʤʘʩʣʝʥʘʪʘ ʩʠʩʪʝʤʘ.  

 

 

ʌʠʛ. 2 ɻʦʨʠʚʥʘ ʩʠʩʪʝʤʘ ʥʘ ɻʊʀ 
 

 

ʌʠʛ. 3 ʄʘʩʣʝʥʘ ʩʠʩʪʝʤʘ ʥʘ ɻʊʀ 
 



 
100  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

ʉʣʝʜ ʧʲʣʥʦʪʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʙʷʭʘ ʤʦʥʪʠʨʘʥʠ ʜʦʧʲʣʥʠʪʝʣʥʦ 
ʠʟʤʝʨʚʘʪʝʣʥʠ ʧʨʠʙʦʨʠ ʠ ʜʘʪʯʠʮʠ, ʢʦʠʪʦ ʜʘ ʩʣʝʜʷʪ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʨʘʙʦʪʥʠ 
ʧʘʨʘʤʝʪʨʠ: 
Å ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʠʟʭʦʜʷʱʠ ʜʠʤʥʠ ʛʘʟʦʚʝ; 
Å ʅʘʣʷʛʘʥʝ ʥʘ ʧʦʜʘʚʘʥʦʪʦ ʛʦʨʠʚʦ; 
Å ʅʘʣʷʛʘʥʝ ʥʘ ʛʦʨʠʚʥʠʷ ʚʲʟʜʫʭ ʩʣʝʜ ʢʦʤʧʨʝʩʦʨʘ; 
Å ʆʙʦʨʦʪʠ ʥʘ ʚʘʣʘ ʥʘ ʪʫʨʙʠʥʘʪʘ. 
ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʠ ʠ ʧʨʦʤʝʥʣʠʚʠ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ ʥʘ ʣʘʙʦʨʘʪʦʨʥʘʪʘ ʫʩʪʘʥʦʚʢʘ. ʆʙʱ ʠʟʛʣʝʜ 
ʥʘ ʛʘʟʦʚʘ ʪʫʨʙʠʥʘ ʊɻ-16ʄ ʩʣʝʜ ʠʟʚʲʨʰʝʥʘʪʘ ʨʝʭʘʙʠʣʠʪʘʮʠʷ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ. 4 

 

  

ʌʠʛ. 4 ʆʙʱ ʠʟʛʣʝʜ ʥʘ ɻʊʀ ʩʣʝʜ ʨʝʭʘʙʠʣʠʪʘʮʠʷ 
 
ʇʫʩʢ ʥʘ ɻʊʀ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ 
ɿʘ ʧʲʨʚʦʥʘʯʘʣʥʦ ʧʫʩʢʘʥʝ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʨʝʭʘʙʠʣʠʪʠʨʘʥʘʪʘ ʛʘʟʦʚʘ ʪʫʨʙʠʥʘ ʙʷʭʘ 

ʠʥʩʪʘʣʠʨʘʥʠ ʨʝʟʝʨʚʦʘʨʠ ʟʘ ʧʦʜʘʚʘʥʝ ʢʘʢʪʦ ʥʘ ʪʝʯʥʦ ʪʘʢʘ ʠ ʥʘ ʛʘʟʦʦʙʨʘʟʥʦ ʛʦʨʠʚʦ. 
ʂʦʣʠʯʝʩʪʚʘʪʘ ʛʦʨʠʚʦ ʧʦʜʘʚʘʥʦ ʢʲʤ ʘʛʨʝʛʘʪʘ ʩʝ ʨʝʛʫʣʠʨʘ ʨʲʯʥʦ, ʢʘʪʦ ʩʝ ʦʪʯʠʪʘ ʥʘʣʷʛʘʥʝʪʦ ʚ 
ʧʦʜʘʚʘʱʠʪʝ ʣʠʥʠʠ. 
ʆʙʦʨʦʪʠʪʝ ʥʘ ʪʫʨʙʠʥʘʪʘ ʩe ʠʟʤʝʨʚʘʪ ʩ ʦʧʪʠʯʝʥ ʧʨʠʙʦʨ, ʢʦʡʪʦ ʟʘʩʠʯʘ ʤʘʨʢʝʨ ʧʦʩʪʘʚʝʥ ʥʘ 

ʝʜʥʘ ʦʪ ʨʘʙʦʪʥʠʪʝ ʣʦʧʘʪʢʠ. ɿʘ ʧʦʪʚʲʨʞʜʘʚʘʥʝ ʥʘ ʠʟʤʝʨʚʘʥʝʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʦʩʮʠʣʦʩʢʦʧ ʟʘ 
ʦʧʨʝʜʝʣʷʥʝ ʯʝʩʪʦʪʘʪʘ ʥʘ ʚʲʨʪʝʥʝ ʥʘ ʢʦʥʪʨʦʣʥʠʷ ʚʘʣ ʩʣʝʜ ʨʝʜʫʢʪʦʨʘ. 

1. ʇʫʩʢ ʩ ʧʦʜʘʚʘʥʝ ʥʘ ʛʘʟʦʦʙʨʘʟʥʦ ʛʦʨʠʚʦ 
ɿʘ ʧʲʨʚʦʪʦ ʩʪʘʨʪʠʨʘʥʝ ʙʝʰʝ ʨʝʰʝʥʦ, ʧʦʜʘʚʘʥʦʪʦ ʢʲʤ ʪʫʨʙʦʘʛʨʝʛʘʪʘ ʛʦʨʠʚʦ ʜʘ ʝ 

ʛʘʟʦʦʙʨʘʟʥʦ - LPG. ʇʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʪʦʟʠ ʠʟʙʦʨ ʝ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʧʲʣʥʦ ʩʤʝʩʚʘʥʝ ʩ 
ʛʦʨʠʚʥʠʷʪ ʚʲʟʜʫʭ, ʜʦʨʠ ʧʨʠ ʧʦ-ʥʠʩʢʠ ʥʘʣʷʛʘʥʠʷ ʩʧʨʷʤʦ ʧʨʦʝʢʪʥʦʪʦ, ʢʦʝʪʦ ʝ ʛʘʨʘʥʮʠʷ ʟʘ 
ʙʲʨʟʦ ʚʲʟʧʣʘʤʝʥʷʚʘʥʝ ʠ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʩʪʘʙʠʣʝʥ ʛʦʨʠʚʝʥ ʧʨʦʮʝʩ. 
ɻʦʨʠʚʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʊɻ-16ʄ ʩʝ ʩʲʩʪʦʡ ʦʪ ʜʚʝ ʣʠʥʠʠ. ɽʜʥʘʪʘ ʜʦʩʪʘʚʷ ʛʦʨʠʚʦ ʢʲʤ 

ʟʘʧʘʣʠʪʝʣʥʠʪʝ ʩʚʝʱʠ ʟʘ ʧʲʨʚʦʥʘʯʘʣʥʦ ʚʲʟʧʣʘʤʝʥʷʚʘʥʝ ʥʘ ʛʦʨʠʚʦ-ʚʲʟʜʫʰʥʘʪʘ ʩʤʝʩ ʚ 
ʛʦʨʠʚʥʘʪʘ ʢʘʤʝʨʘ ʧʨʠ ʧʫʩʢ ʥʘ ʘʛʨʝʛʘʪʘ. ɸ ʚʪʦʨʘʪʘ ʣʠʥʠʷ ʟʘʭʨʘʥʚʘ ʧʝʪ ʙʨʦʷ ʛʦʨʠʚʥʠ ʜʶʟʠ, 
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ʢʦʠʪʦ ʚʧʨʲʩʢʚʘʪ ʚ ʛʦʨʠʚʥʘʪʘ ʢʘʤʝʨʘ ʦʩʥʦʚʥʦʪʦ ʛʦʨʠʚʦ, ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ 
ʩʪʘʙʠʣʝʥ ʨʘʙʦʪʝʥ ʪʦʚʘʨ ʥʘ ʘʛʨʝʛʘʪʘ. 
ʇʨʠ ʧʲʨʚʠʷʪ ʝʢʩʧʝʨʠʤʝʥʪ ʟʘ ʧʫʩʢ ʥʘ ʊɻ-16ʄ, ʜʚʝʪʝ ʛʦʨʠʚʥʠ ʣʠʥʠʠ ʙʷʭʘ ʟʘʭʨʘʥʝʥʠ ʩ LPG 

ʦʪ ʛʘʟʦʚʘ ʙʫʪʠʣʢʘ ʩ ʥʘʣʷʛʘʥʝ 5 bar. 
ʇʨʦʮʝʜʫʨʘʪʘ ʧʦ ʧʫʩʢ ʩʝ ʩʲʩʪʦʠ ʦʪ ʩʣʝʜʥʠʪʝ ʦʧʝʨʘʮʠʠ: 

- ʇʦʜʘʚʘʥʝ ʥʘ ʥʘʧʨʝʞʝʥʠʝ ʦʪ ʘʢʫʤʫʣʘʪʦʨʥʠ ʙʘʪʝʨʠʠ ʢʲʤ ʛʝʥʝʨʘʪʦʨʘ, ʢʦʠʪʦ ʚ 
ʧʲʨʚʦʥʘʯʘʣʥʠʷ ʤʦʤʝʥʪ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʤʦʪʦʨ ʟʘ ʨʘʟʚʲʨʪʘʥʝ ʥʘ ʚʲʟʜʫʰʥʠʷ ʢʦʤʧʨʝʩʦʨ; 

- ʇʦʜʘʚʘʥʝ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʦ ʟʘʭʨʘʥʚʘʥʝ ʦʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʢʲʤ ʜʚʝʪʝ ʟʘʧʘʣʠʪʝʣʥʠ ʩʚʝʱʠ, 
ʤʦʥʪʠʨʘʥʠ ʢʲʤ ʛʦʨʠʚʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʘʛʨʝʛʘʪʘ; 

- ʇʦʜʘʚʘʥʝ ʥʘ ʛʦʨʠʚʦ ʢʲʤ ʣʠʥʠʷ ʟʘ ʥʘʯʘʣʥʦ ʚʲʟʧʣʘʤʝʥʷʚʘʥʝ, ʢʲʤ ʟʘʧʘʣʠʪʝʣʥʠʪʝ ʩʚʝʱʠ; 
- ʇʨʝʢʲʩʚʘʥʝ ʥʘ ʟʘʭʨʘʥʚʘʥʝʪʦ ʧʦʜʘʚʘʥʦ ʦʪ ʘʢʫʤʫʣʘʪʦʨʥʠʪʝ ʙʘʪʝʨʠʠ ʢʲʤ ʛʝʥʝʨʘʪʦʨʘ; 
- ʇʦʜʘʚʘʥʝ ʥʘ ʛʦʨʠʚʦ ʢʲʤ ʧʝʪʪʝ ʛʦʨʠʚʥʠ ʜʶʟʠ (ʦʩʥʦʚʥʘʪʘ ʛʦʨʠʚʥʘ ʣʠʥʠʷ); 
- ʇʨʝʢʲʩʚʘʥʝ ʧʦʜʘʚʘʥʝʪʦ ʥʘ ʛʦʨʠʚʦ ʢʲʤ ʣʠʥʠʷʪʘ ʟʘ ʥʘʯʘʣʥʦ ʚʲʟʧʣʘʤʝʥʷʚʘʥʝ; 
- ʇʨʝʢʲʩʚʘʥʝ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʦʪʦ ʟʘʭʨʘʥʚʘʥʝ ʢʲʤ ʟʘʧʘʣʠʪʝʣʥʠʪʝ ʩʚʝʱʠ. 
ʇʨʠ ʧʲʨʚʦʥʘʯʘʣʥʠʷʪ ʦʧʠʪ ʟʘ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʘʛʨʝʛʘʪʘ ʩʣʝʜ ʦʪʚʘʨʷʥʝ ʥʘ ʛʦʨʠʚʥʠʷʪ ʢʣʘʧʘʥ 

ʢʲʤ ʣʠʥʠʷʪʘ ʟʘ ʥʘʯʘʣʥʦ ʚʲʟʧʣʘʤʝʥʷʚʘʥʝ, ʥʘʣʷʛʘʥʝʪʦ ʚ ʛʘʟʦʚʘʪʘ ʙʫʪʠʣʢʘ ʩ LPG ʩʝ ʨʝʜʫʮʠʨʘ 
ʥʘ 4 bar. ʉʣʝʜ ʚʲʟʧʣʘʤʝʥʷʚʘʥʝ ʥʘ ʛʦʨʠʚʦ-ʚʲʟʜʫʰʥʘʪʘ ʩʤʝʩ ʚ ʛʦʨʠʚʥʘʪʘ ʢʘʤʝʨʘ, ʙʝ ʦʪʚʦʨʝʥ 
ʢʣʘʧʘʥʲʪ ʥʘ ʦʩʥʦʚʥʘʪʘ ʛʦʨʠʚʥʘ ʣʠʥʠʷ, ʟʘʭʨʘʥʚʘʱʘ ʧʝʪʪʝ ʛʦʨʠʚʥʠ ʜʶʟʠ. ʇʦʨʘʜʠ ʜʨʘʩʪʠʯʥʦʪʦ 
ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʢʦʥʩʫʤʘʮʠʷ ʥʘ ʛʦʨʠʚʦ ʠ ʥʝʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʜʦʩʪʘʪʲʯʥʦ 
ʠʥʪʝʥʟʠʚʥʦ ʠʟʧʘʨʝʥʠʝ ʥʘ ʚʪʝʯʥʝʥʠʷʪ ʛʘʟ, ʥʘʣʷʛʘʥʝʪʦ ʚ ʛʘʟʦʚʘʪʘ ʙʫʪʠʣʢʘ ʩʝ ʨʝʜʫʮʠʨʘ ʥʘ 2 
bar. ʂʦʝʪʦ ʜʦʚʝʜʝ ʜʦ ʙʝʜʥʘ ʥʘ ʛʦʨʠʚʦ ʩʤʝʩ ʚ ʛʦʨʠʚʥʘʪʘ ʢʘʤʝʨʘ ʠ ʧʨʝʢʲʩʚʘʥʝ ʥʘ ʛʦʨʠʚʥʠʷʪ 
ʧʨʦʩʝʮ. 
ʆʧʠʪʲʪ ʟʘ ʧʫʩʢ ʥʘ ʊɻ-16ʄ ʠ ʜʦʩʪʠʛʘʥʝ ʥʘ ʩʪʘʙʠʣʝʥ ʪʦʚʘʨ, ʩʝ ʦʢʘʟʘ ʥʝʫʩʧʝʰʝʥ ʧʦʨʘʜʠ 

ʥʝʜʦʩʪʘʪʲʯʝʥ ʜʝʙʠʪ ʥʘ ʛʦʨʠʚʦ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʧʲʣʥʘʪʘ ʤʦʱʥʦʩʪ ʥʘ ʘʛʨʝʛʘʪʘ. ʇʦʨʘʜʠ 
ʪʦʟʠ ʬʘʢʪ, ʙʝ ʠʟʙʨʘʥ ʥʦʚ ʧʦʜʭʦʜ - ʛʘʟʦʦʙʨʘʟʥʦʪʦ ʛʦʨʠʚʦ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʩʘʤʦ ʧʨʠ ʩʪʘʨʪʠʨʘʥʝ 
(ʜʘ ʩʝ ʧʦʜʘʚʘ ʩʘʤʦ ʢʲʤ ʣʠʥʠʷʪʘ ʟʘ ʥʘʯʘʣʥʦ ʚʲʟʧʣʘʤʝʥʷʚʘʥʝ), ʘ ʩʣʝʜ ʫʩʧʝʰʥʦ ʨʘʟʚʲʨʪʘʥʝ 
ʥʘ ʘʛʨʝʛʘʪʘ ʜʘ ʩʝ ʧʦʜʘʜʝ ʪʝʯʥʦ ʛʦʨʠʚʦ ʧʨʝʟ ʦʩʥʦʚʥʠʪʝ ʛʦʨʠʚʥʠ ʜʶʟʠ.  

2. ʇʫʩʢ ʩ ʧʦʜʘʚʘʥʝ ʥʘ ʛʘʟʦʦʙʨʘʟʥʦ ʠ ʪʝʯʥʦ ʛʦʨʠʚʦ  
ʂʘʪʦ ʦʩʥʦʚʥʦ ʪʝʯʥʦ ʛʦʨʠʚʦ, ʢʦʝʪʦ ʩʣʫʞʠ ʜʘ ʟʘʭʨʘʥʚʘ ʦʩʥʦʚʥʘʪʘ ʛʦʨʠʚʥʘ ʣʠʥʠʷ ʙʝ ʠʟʙʨʘʥ 

ʙʝʥʟʠʥ. ɿʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʧʨʲʩʢʚʘʥʝ ʥʘ ʛʦʨʠʚʦʪʦ, ʟʘ ʧʲʣʥʦʪʦ ʤʫ ʠʟʛʘʨʷʥʝ, ʝ 
ʥʫʞʥʦ ʧʦʜʘʚʘʥʝʪʦ ʥʘ ʙʝʥʟʠʥʘ ʢʲʤ ʛʦʨʠʚʥʠʪʝ ʜʶʟʠ ʜʘ ʙʲʜʝ ʩ ʥʘʣʷʛʘʥʝ 5 bar. ɿʘ ʮʝʣʪʘ ʟʘ 
ʨʝʟʝʨʚʦʘʨ ʝ ʠʟʧʦʣʟʚʘʥ ʩʲʜ ʧʦʜ ʥʘʣʷʛʘʥʝ, ʢʦʡʪʦ ʝ ʩʚʲʨʟʘʥ ʢʲʤ ʛʘʟʦʚʘ ʙʫʪʠʣʢʘ ʩ ʢʦʤʧʨʝʩʠʨʘʥ 
ʘʟʦʪ. ʏʨʝʟ ʨʝʜʫʮʠʨʚʝʥʪʠʣ ʩʝ ʨʝʛʫʣʠʨʘ ʥʘʣʷʛʘʥʝʪʦ ʥʘ ʧʦʜʘʚʘʥʠʷʪ ʘʟʦʪ ʢʲʤ ʨʝʟʝʨʚʦʘʨʘ ʩ 
ʙʝʥʟʠʥ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʦʩʠʛʫʨʷʚʘ ʥʝʦʙʭʦʜʠʤʦʪʦ ʥʘʣʷʛʘʥʝ ʥʘ ʚʭʦʜʘ ʥʘ ʛʦʨʠʚʥʠʪʝ 
ʜʶʟʠ. 
ɺʪʦʨʠʷʪ ʦʧʠʪ ʟʘ ʧʫʩʢ ʠ ʜʦʩʪʠʛʘʥʝ ʥʘ ʩʪʘʙʠʣʝʥ ʪʦʚʘʨ ʙʝ ʧʨʦʚʝʜʝʥ ʧʨʠ ʩʣʝʜʥʘʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ: 
- ʇʦʜʘʚʘʥʝ ʥʘ ʥʘʧʨʝʞʝʥʠʝ ʦʪ ʘʢʫʤʫʣʘʪʦʨʥʠ ʙʘʪʝʨʠʠ ʢʲʤ ʛʝʥʝʨʘʪʦʨʘ - ʨʘʟʚʲʨʪʘʥʝ ʥʘ 
ʚʲʟʜʫʰʥʠʷ ʢʦʤʧʨʝʩʦʨ ʜʦ 8 000 rpm; 

- ʇʦʜʘʚʘʥʝ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʦ ʟʘʭʨʘʥʚʘʥʝ ʦʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʢʲʤ ʜʚʝʪʝ ʟʘʧʘʣʠʪʝʣʥʠ ʩʚʝʱʠ, 
ʤʦʥʪʠʨʘʥʠ ʢʲʤ ʛʦʨʠʚʥʘʪʘ ʢʘʤʝʨʘ ʥʘ ʘʛʨʝʛʘʪʘ; 

- ʆʪʚʘʨʷʥʝ ʥʘ ʛʦʨʠʚʥʠʷ ʢʣʘʧʘʥ ʢʲʤ ʣʠʥʠʷ ʟʘ ʥʘʯʘʣʥʦ ʚʲʟʧʣʘʤʝʥʷʚʘʥʝ ʠ ʧʦʜʘʚʘʥʝ ʥʘ LPG 
ʩ ʥʘʣʷʛʘʥʝ 4 bar ʢʲʤ ʟʘʧʘʣʠʪʝʣʥʠʪʝ ʩʚʝʱʠ ; 

- ɺʲʟʧʣʘʤʝʥʷʚʘʥʝ ʥʘ ʧʦʜʘʚʘʥʦʪʦ ʛʦʨʠʚʦ; 
- ʇʨʝʢʲʩʚʘʥʝ ʥʘ ʟʘʭʨʘʥʚʘʥʝʪʦ ʧʦʜʘʚʘʥʦ ʦʪ ʘʢʫʤʫʣʘʪʦʨʥʠʪʝ ʙʘʪʝʨʠʠ ʢʲʤ ʛʝʥʝʨʘʪʦʨʘ; 
- ʉʪʘʙʠʣʠʟʠʨʘʥʝ ʥʘ ʦʙʦʨʦʪʠʪʝ ʥʘ ʘʛʨʝʛʘʪʘ ʥʘ 10 000 rpm ʚ ʩʣʝʜʩʪʚʠʝ ʥʘ ʠʥʠʮʠʠʨʘʥʠʷ 
ʛʦʨʠʚʝʥ ʧʨʦʮʝʩ; 

- ʇʦʜʘʚʘʥʝ ʥʘ ʪʝʯʥʦ ʛʦʨʠʚʦ ï ʙʝʥʟʠʥ, ʢʲʤ ʧʝʪʪʝ ʛʦʨʠʚʥʠ ʜʶʟʠ (ʦʩʥʦʚʥʘʪʘ ʛʦʨʠʚʥʘ ʣʠʥʠʷ) ʩ 
ʥʘʣʷʛʘʥʝ 5 bar ʠ ʚʲʟʧʣʘʤʝʥʷʚʘʥʝʪʦ ʤʫ ʚ ʛʦʨʠʚʥʘʪʘ ʢʘʤʝʨʘ; 

- ʈʘʟʚʲʨʪʘʥʝ ʥʘ ʛʘʟʦʚʘʪʘ ʪʫʨʙʠʥʘ ʥʘ 24 000 rpm; 
- ʇʨʝʢʲʩʚʘʥʝ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʦʪʦ ʟʘʭʨʘʥʚʘʥʝ ʢʲʤ ʟʘʧʘʣʠʪʝʣʥʠʪʝ ʩʚʝʱʠ; 
- ʉʪʘʙʠʣʠʟʠʨʘʥʝ ʥʘ ʪʦʚʘʨʲʪ ʥʘ ʘʛʨʝʛʘʪʘ ʧʨʠ 24 000 rpm. 
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ʀʟʤʝʨʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʟʘ ʦʙʦʨʦʪʠʪʝ ʥʘ ʪʫʨʙʠʥʘʪʘ ʧʦʢʘʟʚʘʪ, ʯʝ ʧʨʦʚʝʜʝʥʠʷʪ ʦʧʠʪ ʟʘ ʧʫʩʢ 
ʠ ʜʦʩʪʠʛʘʥʝ ʥʘ ʩʪʘʙʠʣʝʥ ʪʦʚʘʨ ʥʘ ʊɻ-16ʄ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʝʯʥʦ ʠ ʛʘʟʦʦʙʨʘʟʥʦ ʛʦʨʠʚʦ ʝ 
ʫʩʧʝʰʝʥ. 

ɿʘʢʣʶʯʝʥʠʝ 
ʅʘ ʙʘʟʘ ʥʘ ʧʨʦʚʝʜʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʩʣʝʜʥʠʪʝ ʠʟʚʦʜʠ ʠ 

ʟʘʢʣʶʯʝʥʠʷ: 
- ʈʝʭʘʙʠʣʠʪʠʨʘʥʠʷʪ ʩʪʝʥʜ, ʧʦʩʪʘʚʝʥ ʚ ʛʘʟʦʚʘʪʘ ʣʘʙʦʨʘʪʦʨʠʷ ʥʘ ʊʋ ï ʉʦʬʠʷ, ʝ ʛʦʜʝʥ ʟʘ 
ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʣʘʙʦʨʘʪʦʨʥʠ ʠʟʧʠʪʘʥʠʷ. 

- ʇʦʣʦʞʠʪʝʣʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʧʫʩʢ ʥʘ ʘʛʨʝʛʘʪʘ ʩʲʚʤʝʩʪʥʦ ʩ LPG ʠ ʙʝʥʟʠʥ, ʜʦʢʘʟʚʘ 
ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʣʘʙʦʨʘʪʦʨʥʘʪʘ ʫʩʪʘʥʦʚʢʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ 
ʠʟʩʣʝʜʚʘʥʠʷ ʩ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʛʦʨʠʚʘ, ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 
ʩʪʝʭʠʦʤʝʪʨʠʯʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʲʟʜʫʭ ʠ ʧʨʠ ʧʨʝʮʠʟʥʦ ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ 
ʧʦʜʘʚʘʥʦ ʛʦʨʠʚʦ. 

- ʊʘʢʘ ʨʝʭʘʙʠʣʠʣʠʨʘʥʠʷʪ ʘʛʨʝʛʘʪ ʤʦʞʝ ʜʘ ʥʘʤʝʨʠ ʩʣʝʜʥʠʪʝ ʧʨʠʣʦʞʝʥʠʷ ʚ ʫʯʝʙʥʘʪʘ ʠ 
ʥʘʫʯʥʦ ʧʨʠʣʦʞʥʘʪʘ ʜʝʡʥʦʩʪ ʥʘ ʢʘʪʝʜʨʘ Ăʊʦʧʣʦʝʥʝʨʛʝʪʠʢʘ ʠ ʷʜʨʝʥʘ ʝʥʝʨʛʝʪʠʢʘñ: 
o ʆʙʫʯʝʥʠʝ ʥʘ ʩʪʫʜʝʥʪʠ ʦʪʥʦʩʥʦ ʫʩʪʨʦʡʩʪʚʦʪʦ ʠ ʨʘʙʦʪʘʪʘ ʥʘ ɻʊʀ;  
o ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʣʘʙʦʨʘʪʦʨʥʠ ʫʧʨʘʞʥʝʥʠʷ ʩʚʲʨʟʘʥʠ ʩ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʠ ʨʝʤʦʥʪʥʠʪʝ 
ʜʝʡʥʦʩʪʠ ʥʘ ɻʊʀ; 

o ɺʲʟʤʦʞʥʦʩʪʠ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʥʘʫʯʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 
ʥʝʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʛʦʨʠʚʘ. 

ʂʘʪʦ ʙʲʜʝʱʠ ʜʝʡʥʦʩʪʠ ʩ ʪʘʟʠ ʣʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ʩʝ ʧʨʝʜʚʠʞʜʘ ʚʥʝʜʨʷʚʘʥʝ ʥʘ ʜʝʡʪʘ 
ʣʦʛʝʨ-ʢʦʥʪʨʦʣʝʨ ʩ ʮʝʣ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʙʦʪʘʪʘ ʥʘ ɻʊʀ. ʊʦʡ ʪʨʷʙʚʘ ʜʘ ʩʲʙʠʨʘ ʜʘʥʥʠ ʦʪ 
ʠʟʤʝʨʚʘʪʝʣʥʠʪʝ ʧʨʠʙʦʨʠ, ʜʘ ʦʙʨʘʙʦʪʚʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʠ ʜʘ ʧʦʜʘʚʘ ʢʦʥʪʨʦʣʥʠ 
ʩʠʛʥʘʣʠ ʢʲʤ ʫʧʨʘʚʣʷʚʘʱʠʪʝ ʤʝʭʘʥʠʟʤʠ, ʢʦʥʪʨʦʣʠʨʘʱʠ ʧʨʦʮʝʩʠʪʝ. 
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ʆʩʦʙʝʥʦʩʪʠ ʧʨʠ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʥʘ ʩʤʝʩʝʥʠ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʠ (ʄʆʍ) ʛʦʨʠʚʘ ʚ 
ʨʝʘʢʪʦʨʠ ʩ ʚʦʜʘ ʧʦʜ ʥʘʣʷʛʘʥʝ  

 
ʀʚʘʡʣʦ ʅʘʡʜʝʥʦʚ 

 

ɺ ʥʘʩʪʦʷʱʘʪʘ ʩʪʘʪʠʷ ʝ ʠʟʚʲʨʰʝʥ ʧʨʝʛʣʝʜ ʥʘ ʦʩʦʙʝʥʦʩʪʠʪʝ ʧʨʠ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʥʘ 
ʄʆʍ ʛʦʨʠʚʘ ʚ ʣʝʢʦʚʦʜʥʠ ʨʝʘʢʪʦʨʠ ʢʘʪʦ ʝ ʦʙʲʨʥʘʪʦ ʚʥʠʤʘʥʠʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʨʘʟʣʠʯʠʷ 
ʤʝʞʜʫ ʩʤʝʩʝʥʠʪʝ ʠ ʫʨʘʥʦʚʠʪʝ ʛʦʨʠʚʘ. ʆʧʠʩʘʥʠ ʩʘ ʦʩʥʦʚʥʠʪʝ ʪʠʧʦʚʝ ʟʦʥʠʨʘʥʠ ʢʘʩʝʪʠ, 
ʢʘʢʪʦ ʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʦʜʨʝʜʙʘ ʥʘ ʘʢʪʠʚʥʘʪʘ ʟʦʥʘ. 

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: MOX, ʷʜʨʝʥʦ ʛʦʨʠʚʦ, ʨʝʘʢʪʦʨ ʩ ʚʦʜʘ ʧʦʜ ʥʘʣʷʛʘʥʝ 

 

Specifics of mixed uranium-plutonium oxide (MOX) fuel operation in pressurised 
water reactors 

 
Ivaylo Naydenov 

 
This article represents an overview of the specifics of mixed uranium-plutonium oxide (MOX) 

fuel operation in light-water reactors. The main differences between mixed and uranium fuels are 
highlighted. The main types of zoned fuel assemblies are described alongside the options for core 
arrangement. 
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ɺʲʚʝʜʝʥʠʝ 
ʇʨʠ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʥʘ ʫʨʘʥʦʚʦ ʛʦʨʠʚʦ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʟʘʭʚʘʱʘʥʝʪʦ ʥʘ ʥʝʫʪʨʦʥʠ ʦʪ 

ʷʜʨʘʪʘ ʥʘ 238U, ʩʝ ʧʦʣʫʯʘʚʘ ʥʦʚ ʜʝʣʷʱ ʩʝ ʠʟʦʪʦʧ ï 239ʈu. ʏʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ (n;ɔ) 
ʨʝʘʢʮʠʠ ʩʝ ʧʦʣʫʯʘʚʘʪ ʠ ʜʨʫʛʠ, ʧʦ-ʪʝʞʢʠ, ʧʣʫʪʦʥʠʝʚʠ ʠʟʦʪʦʧʠ [17]. ʂʘʪʦ ʩʣʝʜʩʪʚʠʝ, ʚ 
ʦʪʨʘʙʦʪʝʥʦʪʦ ʛʦʨʠʚʦ, ʥʘʨʝʜ ʩ ʦʩʪʘʪʲʯʥʠʷ ʫʨʘʥ ʠ ʧʨʦʜʫʢʪʠʪʝ ʥʘ ʜʝʣʝʥʝ, ʝ ʥʘʣʠʯʝʥ ʧʣʫʪʦʥʠʡ. 
ɻʦʜʠʰʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʠʨʘʥ ʧʣʫʪʦʥʠʡ ʝ ʤʝʞʜʫ 136 ʠ 366 kg ʥʘ ʨʝʘʢʪʦʨ, ʦʪ ʢʦʠʪʦ ʤʝʞʜʫ 
47 ʠ 69% ʩʘ 239Pu, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʠʧʘ ʨʝʘʢʪʦʨ [3]. ʂʲʤ ʢʨʘʷ ʥʘ 2014 ʛ. ʦʙʱʦʪʦ ʢʦʣʠʯʝʩʪʚʦ 
ʥʘʪʨʫʧʘʥ ʧʣʫʪʦʥʠʡ ʩ ʛʨʘʞʜʘʥʩʢʠ ʧʨʦʠʟʭʦʜ ʝ 271 t [7]. ʊʦʚʘ ʢʦʣʠʯʝʩʪʚʦ ʱʝ ʧʨʦʜʲʣʞʠ ʜʘ 
ʥʘʨʘʩʪʚʘ, ʪʲʡ ʢʘʪʦ ʟʘ ʚʩʷʢʘ ʧʨʦʠʟʚʝʜʝʥʘ ʛʠʛʘʚʘʪʛʦʜʠʥʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ ʩʝ ʧʦʣʫʯʘʚʘʪ 
ʦʢʦʣʦ 220 kg ʜʝʣʷʱʠ ʩʝ ʧʣʫʪʦʥʠʝʚʠ ʠʟʦʪʦʧʠ [11]. ɽʜʠʥ ʦʪ ʥʘʯʠʥʠʪʝ ʟʘ ʫʪʠʣʠʟʘʮʠʷ ʥʘ ʪʝʟʠ 
ʢʦʣʠʯʝʩʪʚʘ ʧʣʫʪʦʥʠʡ ʝ ʚʢʣʶʯʚʘʥʝʪʦ ʠʤ ʚ ʩʤʝʩʝʥʠ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʠ ʛʦʨʠʚʘ. ʇʲʨʚʦʥʘʯʘʣʥʦʪʦ 
ʨʘʟʚʠʪʠʝ ʥʘ ʄʆʍ ʛʦʨʠʚʘʪʘ ʝ ʧʨʦʜʠʢʪʫʚʘʥʦ ʠʤʝʥʥʦ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʟʘ ʠʤʦʙʠʣʠʟʠʨʘʥʝ ʥʘ 
ʠʟʣʠʰʥʠʷ ʧʣʫʪʦʥʠʡ ʦʪ ʛʨʘʞʜʘʥʩʢʠ ʠ ʚʦʝʥʝʥ ʧʨʦʠʟʭʦʜ [1]. ʄʆʍ ʛʦʨʠʚʘʪʘ ʟʘ ʣʝʢʦʚʦʜʥʠ 
ʨʝʘʢʪʦʨʠ ʩʲʜʲʨʞʘʪ ʦʪ 4 ʜʦ 10 w% ʧʣʫʪʦʥʠʡ [12]. ʇʲʨʚʘʪʘ ʦʧʠʪʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʄʆʍ ʚ 
ʣʝʢʦʚʦʜʥʠ ʨʝʘʢʪʦʨʠ ʟʘʧʦʯʚʘ ʧʨʝʟ ʰʝʩʪʜʝʩʝʪʪʝ ʛʦʜʠʥʠ ʥʘ ʍʍ ʚʝʢ, ʘ ʧʨʝʟ ʩʝʜʝʤʜʝʩʝʪʪʝ 
ʛʦʜʠʥʠ ʩʝ ʧʨʝʤʠʥʘʚʘ ʢʲʤ ʧʨʦʤʠʰʣʝʥʘʪʘ ʠʤ ʝʢʩʧʣʦʘʪʘʮʠʷ, ʧʲʨʚʦʥʘʯʘʣʥʦ ʚ ʢʠʧʷʱʠ 
ʨʝʘʢʪʦʨʠ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʝ ʠ ʚ ʨʝʘʢʪʦʨʠ ʩ ʚʦʜʘ ʧʦʜ ʥʘʣʷʛʘʥʝ ʚ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ ʚʲʚ ʌʨʘʥʮʠʷ 
ʠ ʌʈɻ [15]. 

ʅʝʫʪʨʦʥʥʦ-ʬʠʟʠʯʥʠ ʦʩʦʙʝʥʦʩʪʠ 
ʇʦ-ʛʦʣʝʤʠʪʝ ʩʝʯʝʥʠʷ ʥʘ ʧʦʛʣʲʱʘʥʝ ʥʘ ʪʦʧʣʠʥʥʠ ʥʝʫʪʨʦʥʠ ʥʘ 239Pu ʠ 241Pu ʚ ʩʨʘʚʥʝʥʠʝ 

ʩʲʩ ʩʝʯʝʥʠʝʪʦ ʥʘ 235U ʚʦʜʷʪ ʜʦ ʚʪʚʲʨʜʷʚʘʥʝ ʥʘ ʥʝʫʪʨʦʥʥʠʷ ʩʧʝʢʪʲʨ. ʉʲʱʦ ʪʘʢʘ ʩʝ 
ʥʘʙʣʶʜʘʚʘʪ ʧʦʚʝʯʝ ʥʘ ʙʨʦʡ ʨʝʟʦʥʘʥʩʠ, ʢʦʠʪʦ ʩʘ ʧʦ-ʛʦʣʝʤʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʝʧʠʪʝʨʤʘʣʥʠʪʝ 
ʥʝʫʪʨʦʥʠ (0,3 ï 1,5 eV). ʇʦʛʣʲʱʘʥʝʪʦ ʥʘ ʥʝʫʪʨʦʥ ʦʪ 240Pu ʚʦʜʠ ʜʦ ʧʨʝʚʨʲʱʘʥʝʪʦ ʤʫ ʚ ʜʝʣʷʱ 
ʩʝ 241Pu, ʢʦʝʪʦ ʦʙʫʩʣʘʚʷ ʧʦ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʚʲʟʧʨʦʠʟʚʦʜʩʪʚʦ. ʆʩʚʝʥ 
ʪʦʚʘ ʦʪʥʦʩʠʪʝʣʥʠʷʪ ʜʷʣ ʥʘ ʟʘʢʲʩʥʷʚʘʱʠʪʝ ʥʝʫʪʨʦʥʠ, ʧʦʣʫʯʘʚʘʥʠ ʧʨʠ ʜʝʣʝʥʝʪʦ ʥʘ 



 
104  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

ʧʣʫʪʦʥʠʝʚʠ ʠʟʦʪʦʧʠ, ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʥʠʩʲʢ ʦʪ ʜʷʣʘ ʥʘ ʟʘʢʲʩʥʷʚʘʱʠʪʝ ʥʝʫʪʨʦʥʠ, ʧʦʣʫʯʘʚʘʥʠ 
ʧʨʠ ʜʝʣʝʥʝ ʥʘ 235U (ʊʘʙʣʠʮʘ 1). ʊʝʟʠ ʨʘʟʣʠʢʠ ʚ ʥʝʫʪʨʦʥʥʦ-ʬʠʟʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʫʨʘʥʘ ʠ 
ʧʣʫʪʦʥʠʷ ʚʦʜʷʪ ʜʦ ʥʷʢʦʣʢʦ ʝʬʝʢʪʘ, ʧʨʦʷʚʷʚʘʱʠ ʩʝ ʧʨʠ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʥʘ ʄʆʍ ʚ ʣʝʢʦʚʦʜʥʠ 
ʨʝʘʢʪʦʨʠ [4,11,12]: 

¶ ɺʪʚʲʨʜʷʚʘʥʝʪʦ ʥʘ ʥʝʫʪʨʦʥʥʠʷ ʩʧʝʢʪʲʨ ʚʦʜʠ ʜʦ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʬʠʟʠʯʝʩʢʦʪʦ ʪʝʛʣʦ ʥʘ 
ʨʝʛʫʣʠʨʘʱʠʪʝ ʦʨʛʘʥʠ ʠ ʠʟʛʘʨʷʱʠʪʝ ʧʦʛʣʲʪʠʪʝʣʠ (ʜʦ 2-3 ʧʲʪʠ ʟʘ ʙʦʨʥʘ ʢʠʩʝʣʠʥʘ; 
ʚʲʟʤʦʞʥʦ ʨʝʰʝʥʠʝ ʝ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʙʦʨ, ʦʙʦʛʘʪʝʥ ʧʦ 10ɺ); 

¶ ʏʘʩʪʥʠʪʝ ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ ʨʝʘʢʪʠʚʥʦʩʪ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʛʦʨʠʚʦʪʦ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 
ʟʘʙʘʚʠʪʝʣʷ ʧʨʠʜʦʙʠʚʘʪ ʧʦ-ʦʪʨʠʮʘʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ, ʢʦʝʪʦ ʧʨʘʚʠ ʨʝʘʢʪʠʚʥʦʩʪʥʠʪʝ 
ʪʨʘʥʟʠʝʥʪʠ ʧʦ-ʙʲʨʟʠ. ʊʦʚʘ ʚʦʜʠ ʠ ʜʦ ʚʥʘʩʷʥʝ ʥʘ ʧʦ-ʚʠʩʦʢʘ ʨʝʘʢʪʠʚʥʦʩʪ ʧʨʠ 
ʨʘʟʭʣʘʞʜʘʥʝ; 

¶ ʃʦʢʘʣʥʦʪʦ ʝʥʝʨʛʦʦʪʜʝʣʷʥʝ ʚ ʄʆʍ ʛʦʨʠʚʦ, ʥʘʤʠʨʘʱʦ ʩʝ ʚ ʩʲʩʝʜʩʪʚʦ ʩ ʫʨʘʥʦʚ ʜʠʦʢʩʠʜ 
ʠʣʠ ʚʦʜʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʝ ʧʦ-ʚʠʩʦʢʦ ʧʦʨʘʜʠ ʧʦ-ʤʝʢʠʷ ʥʝʫʪʨʦʥʝʥ ʩʧʝʢʪʲʨ ʚ ʩʲʩʝʜʥʠʪʝ 
ʨʝʛʠʦʥʠ. ʊʦʚʘ ʚʦʜʠ ʜʦ ʣʦʢʘʣʥʠ ʧʠʢʦʚʝ ʥʘ ʤʦʱʥʦʩʪʪʘ; 

¶ ɻʦʣʝʤʠʪʝ ʤʠʢʨʦʩʢʦʧʠʯʥʠ ʩʝʯʝʥʠʷ ʥʘ ʧʦʛʣʲʱʘʥʝ ʥʘ ʧʣʫʪʦʥʠʝʚʠʪʝ ʠʟʦʪʦʧʠ ʚʦʜʷʪ ʜʦ 
ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʩʨʝʜʥʦʪʦ ʚʨʝʤʝ ʥʘ ʞʠʚʦʪ ʥʘ ʤʠʛʥʦʚʝʥʠʪʝ ʥʝʫʪʨʦʥʠ; 

¶ ɿʘʧʘʩʲʪ ʦʪ ʨʝʘʢʪʠʚʥʦʩʪ ʥʘ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʪʦ ʛʦʨʠʚʦ ʥʘʤʘʣʷʚʘ ʧʦ-ʙʘʚʥʦ ʧʦʨʘʜʠ ʧʦ-
ʚʠʩʦʢʠʷ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʚʲʟʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʢʦʥʢʫʨʝʥʮʠʷʪʘ ʤʝʞʜʫ ʨʝʘʢʮʠʠʪʝ ʥʘ ʜʝʣʝʥʝ ʠ 
ʥʘ ʨʘʜʠʘʮʠʦʥʝʥ ʟʘʭʚʘʪ; 

¶ ʇʦ-ʚʠʩʦʢʠʪʝ ʩʝʯʝʥʠʷ ʥʘ ʧʦʛʣʲʱʘʥʝ ʚʦʜʷʪ ʜʦ ʧʦ-ʚʠʩʦʢʘ ʨʘʜʠʘʣʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪ ʥʘ 
ʝʥʝʨʛʦʦʪʜʝʣʷʥʝʪʦ; 

¶ ʅʘʣʠʯʠʝʪʦ ʥʘ ʜʝʣʷʱʠ ʩʝ ʠʟʦʪʦʧʠ ʥʘ ʤʠʥʦʨʥʠ ʘʢʪʠʥʠʜʠ (242mAm, 243Cm ʠ 245Cm) ʚʥʘʩʷ 
ʜʦʧʲʣʥʠʪʝʣʥʘ ʨʝʘʢʪʠʚʥʦʩʪ ʧʨʠ ʧʦ-ʚʠʩʦʢʠ ʜʲʣʙʦʯʠʥʠ ʥʘ ʠʟʛʘʨʷʥʝ. 
 

ʊʘʙʣʠʮʘ 1 
ʇʲʣʝʥ ʙʨʦʡ ʚʪʦʨʠʯʥʠ ʠ ʟʘʢʲʩʥʷʚʘʱʠ ʥʝʫʪʨʦʥʠ ʥʘ 

ʫʨʘʥʦʚʠ ʠ ʧʣʫʪʦʥʠʝʚʠ ʠʟʦʪʦʧʠ [10] 

ʅʫʢʣʠʜ 
ɺʠʜ ʥʝʫʪʨʦʥʠ, 
ʧʨʝʜʠʟʚʠʢʘʣʠ 
ʜʝʣʝʥʝʪʦ 

ʇʲʣʝʥ ʙʨʦʡ 
ʚʪʦʨʠʯʥʠ ʙʲʨʟʠ 
ʥʝʫʪʨʦʥʠ, ɜtot 

ɹʨʦʡ ʟʘʢʲʩʥʷʚʘʱʠ 
ʥʝʫʪʨʦʥʠ, ɜd 

235U ʪʦʧʣʠʥʥʠ 2,4355 Ñ 0,0023 0,0162 Ñ 0,0005 
238U ʙʲʨʟʠ 2,8190 Ñ 0,0200 0,0465 Ñ 0,0024 

238Pu ʙʲʨʟʠ 3,0000 Ñ 0,1400 0,0047 Ñ 0,0005 
239Pu ʪʦʧʣʠʥʥʠ 2,8836 Ñ 0,0047 0,0065 Ñ 0,0003 
240Pu ʙʲʨʟʠ 3,0860 Ñ 0,0250 0,0090 Ñ 0,0004 
241Pu ʪʦʧʣʠʥʥʠ 2,9479 Ñ 0,0055 0,0160 Ñ 0,0008 
242Pu ʙʲʨʟʠ 3,1890 Ñ 0,0350 0,0183 Ñ 0,0010 

 
ʊʦʧʣʦʬʠʟʠʯʥʠ ʩʚʦʡʩʪʚʘ 
ʊʝʤʧʝʨʘʪʫʨʠʪʝ ʥʘ ʪʦʧʝʥʝ ʟʘ ʩʪʝʭʠʦʤʝʪʨʠʯʥʠ ʫʨʘʥʦʚ ʠ ʧʣʫʪʦʥʠʝʚ ʜʠʦʢʩʠʜ (UO2.00 ʠ 

PuO2.00) ʩʘ ʩʲʦʪʚʝʪʥʦ 3120Ñ30 K ʠ 2701Ñ35 K. ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʣʠʥʠʠʪʝ ʩʦʣʠʜʫʩ (TS) ʠ 
ʣʠʢʚʠʜʫʩ (TL) ʥʘ ʩʠʩʪʝʤʘʪʘ UO2-PuO2 ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʤʦʣʥʠʷ ʜʷʣ ʫ ʥʘ PuO2, Popov ʠ 
ʢʦʣʝʢʪʠʚ ʧʨʝʧʦʨʲʯʚʘʪ ʩʣʝʜʥʠʪʝ ʢʦʨʝʣʘʮʠʠ [14]: 

() 2 33120 655,3 336,4 99,9ST y y y y= - + - ;       (1) 

() 23120 388,1 30,4LT y y y= - -   .        (2) 

ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʪʦʧʝʥʝ ʥʘ ʩʪʝʭʠʦʤʝʪʨʠʯʝʥ ʄʆʍ ʩ ʜʷʣ ʥʘ ʧʣʫʪʦʥʠʷ 5% ʝ ʩ ʦʢʦʣʦ 20 K 
ʧʦ-ʥʠʩʢʘ ʦʪ ʪʘʟʠ ʥʘ UO2 [12]. ɿʘ ʦʪʯʠʪʘʥʝ ʥʘ ʝʬʝʢʪʠʪʝ ʥʘ ʦʙʣʲʯʚʘʥʝʪʦ ʥʘ ʫʨʘʥʦʚʦ ʠ ʄʆʍ 
ʛʦʨʠʚʦ ʚʲʨʭʫ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠʤ ʥʘ ʪʦʧʝʥʝ (ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʣʠʜʫʩ) ʩʝ ʧʨʝʧʦʨʲʯʚʘ 
ʥʘʤʘʣʷʚʘʥʝʪʦ Ⱬ ʩ 0,5 K ʟʘ ʚʩʝʢʠ 1 MWd/kgTM [14]. ʊʦʧʣʠʥʥʦʪʦ ʨʘʟʰʠʨʝʥʠʝ ʥʘ ʫʨʘʥ-
ʧʣʫʪʦʥʠʝʚʠʪʝ ʛʦʨʠʚʘ ʝ ʩ ʦʢʦʣʦ 1% ʧʦ-ʚʠʩʦʢʦ ʦʪ ʪʦʚʘ ʥʘ UO2 [11]. 
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ʊʦʧʣʦʧʨʦʚʦʜʥʦʩʪʪʘ ʥʘ ʫʨʘʥʦʚʦʪʦ ʠ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʪʦ ʛʦʨʠʚʦ ʟʘʚʠʩʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, 
ʧʦʨʴʦʟʥʦʩʪʪʘ, ʦʪʢʣʦʥʝʥʠʝʪʦ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʷʪʘ ʠ ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ ʠʟʛʘʨʷʥʝ. ɿʘ ʦʧʨʝʜʝʣʷʥʝ 
ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ ʥʘ ʄʆʍ ʛʦʨʠʚʦ Philipponneau ʧʨʝʜʣʘʛʘ ʩʣʝʜʥʘʪʘ 
ʢʦʨʝʣʘʮʠʷ [13]: 

( )
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ʢʲʜʝʪʦ: x ʦʪʢʣʦʥʝʥʠʝʪʦ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʥʦʪʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʢʠʩʣʦʨʦʜʘ ʠ ʤʝʪʘʣʘ; 

Ű ʝ ʙʝʟʨʘʟʤʝʨʥʘ ʜʲʣʙʦʯʠʥʘ ʥʘ ʠʟʛʘʨʷʥʝ (Ű = 0,1 = 10 at.%);  
T ï ʪʝʤʧʝʨʘʪʫʨʘ, K;  
ʨ ï ʧʦʨʴʦʟʥʦʩʪ ʥʘ ʤʘʪʝʨʠʘʣʘ. 

ʀʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʩʪʝʭʠʦʤʝʪʨʠʷʪʘ ʥʘ 
ʛʦʨʠʚʦʪʦ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ ʠʟʛʘʨʷʥʝ ʝ ʧʦʢʘʟʘʥʦ ʛʨʘʬʠʯʥʦ ʥʘ ʌʠʛ. 1. ʆʪ ʥʝʷ 
ʩʪʘʚʘ ʚʠʜʥʦ ʩʠʣʥʦʪʦ ʦʪʨʠʮʘʪʝʣʥʦ ʚʣʠʷʥʠʝ ʥʘ ʦʙʣʲʯʚʘʥʝʪʦ ʠ ʦʪʢʣʦʥʝʥʠʝʪʦ ʦʪ 
ʩʪʝʭʠʦʤʝʪʨʠʷʪʘ ʚʲʨʭʫ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪʪʘ ʥʘ ʄʆʍ ʧʨʠ ʥʠʩʢʠ ʪʝʤʧʝʨʘʪʫʨʠ. ɺ ʪʝʤʧʝʨʘʪʫʨʥʠʷ 
ʜʠʘʧʘʟʦʥ 1873 ï 1973 K ʩʝ ʥʘʙʣʶʜʘʚʘ ʤʠʥʠʤʫʤ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪʪʘ, ʩʣʝʜ ʢʦʝʪʦ ʪʷ 
ʟʘʧʦʯʚʘ ʜʘ ʥʘʨʘʩʪʚʘ, ʢʦʤʧʝʥʩʠʨʘʡʢʠ ʝʬʝʢʪʠʪʝ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʷʪʘ ʠ ʦʙʣʲʯʚʘʥʝʪʦ. 
ɻʨʘʬʠʢʠʪʝ ʩʘ ʧʦʩʪʨʦʝʥʠ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʜʘʥʥʠʪʝ, ʧʫʙʣʠʢʫʚʘʥʠ ʦʪ Popov ʠ ʢʦʣʝʢʪʠʚ ʚ [14]. 

 
ʌʠʛ. 1 ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ ʥʘ ʥʝʦʙʣʲʯʝʥʦ ʄʆʍ ʛʦʨʠʚʦ ʦʪ 

ʩʪʝʭʠʦʤʝʪʨʠʷʪʘ (ʣʷʚʦ) ʠ ʥʘ ʩʪʝʭʠʦʤʝʪʨʠʯʥʦ ʄʆʍ ʛʦʨʠʚʦ ʦʪ ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ ʠʟʛʘʨʷʥʝ (ʜʷʩʥʦ) 
 
ʈʘʜʠʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʧʣʫʪʦʥʠʷ ʠ ʜʠʬʫʟʠʷ ʥʘ ʛʘʟʦʦʙʨʘʟʥʠ ʧʨʦʜʫʢʪʠ ʥʘ 
ʜʝʣʝʥʝ 
ɼʲʣʞʠʥʘʪʘ ʥʘ ʩʚʦʙʦʜʝʥ ʧʨʦʙʝʛ ʥʘ ʪʦʧʣʠʥʥʠʪʝ ʠ ʝʧʠʪʝʨʤʘʣʥʠʪʝ ʥʝʫʪʨʦʥʠ ʚ ʩʨʝʜʘʪʘ ʥʘ 

ʛʦʨʠʚʥʘʪʘ ʪʘʙʣʝʪʢʘ ʝ ʤʘʣʢʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʛʝʦʤʝʪʨʠʯʥʠʪʝ Ⱬ ʨʘʟʤʝʨʠ ʠ ʪʲʡ ʢʘʪʦ ʛʦʣʷʤʘ ʯʘʩʪ 
ʦʪ ʪʷʭ ʠʜʚʘ ʠʟʚʲʥ ʥʝʷ, ʚ ʧʦʚʲʨʭʥʦʩʪʥʘʪʘ ʦʙʣʘʩʪ ʥʘ ʛʦʨʠʚʦʪʦ ʩʝ ʧʦʛʣʲʱʘʪ ʟʥʘʯʠʪʝʣʥʦ 
ʢʦʣʠʯʝʩʪʚʦ ʥʝʫʪʨʦʥʠ. ʊʦʚʘ ʝ ʦʩʦʙʝʥʦ ʚʘʣʠʜʥʦ ʚ ʩʣʫʯʘʠʪʝ ʥʘ ʨʝʟʦʥʘʥʩʥʦ ʧʦʛʣʲʱʘʥʝ. ʇʦʨʘʜʠ 
ʪʘʟʠ ʧʨʠʯʠʥʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʤʠʥʠʤʫʤ ʥʘ ʥʝʫʪʨʦʥʥʠʷ ʧʦʪʦʢ ʚ ʮʝʥʪʲʨʘ ʥʘ ʪʘʙʣʝʪʢʘʪʘ. 
ʈʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʥʝʫʪʨʦʥʥʠʷ ʧʦʪʦʢ ʚʣʠʷʝ ʠ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʝʥʝʨʛʦʦʪʜʝʣʷʥʝʪʦ ʧʦ 
ʨʘʜʠʫʩʘ ʥʘ ʛʦʨʠʚʦʪʦ [2]. 
ʅʘʣʠʯʠʝʪʦ ʥʘ ʧʣʫʪʦʥʠʡ ʚ ʛʦʨʠʚʥʘʪʘ ʤʘʪʨʠʮʘ ʜʦʧʨʠʥʘʩʷ ʟʘ ʨʘʜʠʘʣʥʘʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪ 

ʥʘ ʧʦʪʦʢʘ ʪʦʧʣʠʥʥʠ ʥʝʫʪʨʦʥʠ ʚ ʪʘʙʣʝʪʢʘʪʘ ʢʘʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʧʘʜ ʚ ʮʝʥʪʨʘʣʥʘʪʘ ʯʘʩʪ ʥʘ 
ʛʦʨʠʚʦʪʦ. ʊʦʟʠ ʝʬʝʢʪ ʝ ʧʦʨʦʜʝʥ ʦʪ ʛʦʣʷʤʦʪʦ ʧʦʛʣʲʱʘʥʝ ʥʘ ʪʦʧʣʠʥʥʠ ʥʝʫʪʨʦʥʠ ʚ 
ʧʣʫʪʦʥʠʝʚʠʪʝ ʠʟʦʪʦʧʠ. ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʨʘʜʠʘʣʥʠʷʪ ʧʨʦʬʠʣ ʥʘ ʝʥʝʨʛʦʦʪʜʝʣʷʥʝʪʦ ʝ ʩ 
ʧʦ-ʛʦʣʷʤ ʩʧʘʜ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʛʦʨʠʚʥʘʪʘ ʢʘʤʧʘʥʠʷ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʧʨʠ 
ʫʨʘʥʦʚʦ ʛʦʨʠʚʦ. ʉ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ ʠʟʛʘʨʷʥʝ, ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ 
ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ 239Pu ʝ ʥʘʡ-ʠʟʨʘʟʝʥʦ ʚ ʨʘʡʦʥʠʪʝ ʧʦ ʨʲʙʘ ʥʘ ʪʘʙʣʝʪʢʘʪʘ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ 
ʧʦ-ʚʠʩʦʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʝʡʥʠʷ ʮʝʥʪʲʨ. ʂʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ 240Pu ʩʲʱʦ ʥʘʤʘʣʷʚʘ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʦ ʚ ʧʝʨʠʬʝʨʠʷʪʘ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʥʘʪʨʫʧʚʘʥʝ ʥʘ 241Pu ʚ ʛʨʘʥʠʯʥʠʪʝ ʨʘʡʦʥʠ ʟʘ 
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ʩʤʝʪʢʘ ʥʘ ʮʝʥʪʨʘʣʥʘʪʘ ʯʘʩʪ ʥʘ ʛʦʨʠʚʥʘʪʘ ʤʘʪʨʠʮʘ [9]. ʈʘʜʠʘʣʥʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ 
ʧʣʫʪʦʥʠʝʚʠʪʝ ʠʟʦʪʦʧʠ ʝ ʧʦʢʘʟʘʥʦ ʛʨʘʬʠʯʥʦ ʥʘ ʌʠʛ. 2. 
ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʦʪʜʝʣʷʥʝʪʦ ʥʘ ʛʘʟʦʦʙʨʘʟʥʠ ʧʨʦʜʫʢʪʠ ʥʘ ʜʝʣʝʥʝ (ʢʨʠʧʪʦʥ, ʢʩʝʥʦʥ), 

ʧʨʦʮʝʩʲʪ, ʧʨʦʪʠʯʘʱ ʧʨʠ ʄʆʍ ʛʦʨʠʚʘʪʘ ʚ ʣʝʢʦʚʦʜʥʠ ʨʝʘʢʪʦʨʠ, ʥʝ ʩʝ ʦʪʣʠʯʘʚʘ ʩʲʱʝʩʪʚʝʥʦ ʦʪ 
ʪʦʟʠ ʧʨʠ ʫʨʘʥʦʚʠʷ ʜʠʦʢʩʠʜ. ʇʨʠ ʄʆʍ ʛʦʨʠʚʘʪʘ, ʦʙʘʯʝ, ʦʪʜʝʣʷʥʝʪʦ ʥʘ ʛʘʟʦʚʝ ʩʪʘʚʘ ʧʦ-
ʠʥʪʝʥʟʠʚʥʦ ʩ ʥʘʨʘʩʪʚʘʥʝʪʦ ʥʘ ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ ʠʟʛʘʨʷʥʝ. ɸʢʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʧʣʫʪʦʥʠʷ 
ʚ ʛʦʨʠʚʦʪʦ ʝ ʥʝʭʦʤʦʛʝʥʥʦ ʠ ʪʦʧʣʠʥʥʦʪʦ ʤʫ ʥʘʪʦʚʘʨʚʘʥʝ ʝ ʧʦ-ʚʠʩʦʢʦ ʦʪ ʪʦʚʘ ʥʘ ʫʨʘʥʦʚʦʪʦ 
ʛʦʨʠʚʦ, ʦʪ ʤʘʪʨʠʮʘʪʘ ʥʘ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦʪʦ ʛʦʨʠʚʦ ʩʝ ʦʪʜʝʣʷʪ ʧʦʚʝʯʝ ʛʘʟʦʦʙʨʘʟʥʠ ʧʨʦʜʫʢʪʠ 
ʥʘ ʜʝʣʝʥʝ. ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʠ ʘʛʣʦʤʝʨʘʪʠ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʪʘ 
ʥʘ ʛʦʨʠʚʥʘʪʘ ʤʘʪʨʠʮʘ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʧʨʝʜʠʟʚʠʢʚʘ ʣʦʢʘʣʥʠ ʛʦʣʝʤʠ ʜʲʣʙʦʯʠʥʠ ʥʘ 
ʠʟʛʘʨʷʥʝ ʠ ʣʦʢʘʣʥʠ ʪʝʤʧʝʨʘʪʫʨʥʠ ʧʠʢʦʚʝ [5]. 

 

ʌʠʛ. 2 ʈʘʜʠʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʧʣʫʪʦʥʠʝʚʠʪʝ ʠʟʦʪʦʧʠ ʚ ʪʘʙʣʝʪʢʘ ʄʆʍ ʛʦʨʠʚʦ, ʧʦ ʜʘʥʥʠ 
ʥʘ Lippens ʠ ʢʦʣʝʢʪʠʚ (ʣʷʚʦ) [9] ʠ ʤʝʭʘʥʠʟʤʠ ʥʘ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʛʘʟʦʚʠ ʤʝʭʫʨʯʝʪʘ (ʜʷʩʥʦ) [8] 

 
ʆʩʥʦʚʥʠʷʪ ʧʨʦʮʝʩ ʧʨʠ ʦʬʦʨʤʷʥʝʪʦ ʥʘ ʛʘʟʦʚʠ ʤʝʭʫʨʯʝʪʘ ʝ ʜʠʬʫʟʠʷʪʘ ʥʘ ʝʜʠʥʠʯʥʠ ʘʪʦʤʠ 

ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʟʲʨʥʘʪʘ. ɺʲʪʨʝʟʲʨʥʝʩʪʠʪʝ ʤʝʭʫʨʯʝʪʘ ʩʘ ʩ ʨʘʟʤʝʨ 1-2 nm. ʇʦʜ ʚʲʟʜʝʡʩʪʚʠʝʪʦ 
ʥʘ ʦʙʣʲʯʚʘʥʝʪʦ, ʛʘʟʦʚʠʪʝ ʘʪʦʤʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʘʟʪʚʦʨʝʥʠ ʦʙʨʘʪʥʦ ʚ ʛʦʨʠʚʥʘʪʘ ʤʘʪʨʠʮʘ. ɺ 
ʨʝʟʫʣʪʘʪ ʥʘ ʜʠʬʫʟʠʦʥʥʠʪʝ ʧʨʦʮʝʩʠ, ʛʘʟʦʚʝʪʝ ʜʦʩʪʠʛʘʪ ʜʦ ʛʨʘʥʠʮʠʪʝ ʥʘ ʟʲʨʥʘʪʘ, ʢʲʜʝʪʦ ʩʝ 
ʦʪʣʘʛʘʪ ʧʦ ʩʪʝʥʠʪʝ ʠʤ ʠ ʦʙʨʘʟʫʚʘʪ ʣʝʱʦʚʠʜʥʠ ʤʝʭʫʨʯʝʪʘ, ʯʠʠʪʦ ʨʘʟʤʝʨʠ ʩʘ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ 
ʥʷʢʦʣʢʦ ʤʠʢʨʦʤʝʪʨʘ. ʇʨʠ ʜʦʩʪʠʛʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʥʘʩʠʱʘʥʝ ʚ ʣʝʱʦʚʠʜʥʠʪʝ 
ʤʝʭʫʨʯʝʪʘ, ʛʘʟʦʚʝʪʝ ʟʘʧʦʯʚʘʪ ʜʘ ʤʠʛʨʠʨʘʪ ʠ ʜʘ ʩʝ ʦʪʣʘʛʘʪ ʧʦ ʨʲʙʦʚʝʪʝ ʥʘ ʟʲʨʥʘʪʘ. ʂʦʛʘʪʦ ʠ 
ʪʘʤ ʙʲʜʝ ʜʦʩʪʠʛʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʥʘʩʠʱʘʥʝ, ʤʝʭʫʨʯʝʪʘʪʘ ʟʘʧʦʯʚʘʪ ʜʘ ʩʝ ʩʚʲʨʟʚʘʪ ʢʘʪʦ 
ʪʘʢʘ ʤʦʛʘʪ ʜʘ ʚʲʟʥʠʢʥʘʪ ʧʨʦʭʦʜʠ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʛʦʨʠʚʦʪʦ ʠ ʛʘʟʦʚʝʪʝ ʜʘ ʙʲʜʘʪ ʦʩʚʦʙʦʜʝʥʠ 
ʚ ʩʚʦʙʦʜʥʠʷ ʦʙʝʤ ʥʘ ʪʦʧʣʦʦʪʜʝʣʷʱʠʷ ʝʣʝʤʝʥʪ. ʇʦʧʘʜʘʥʝʪʦ ʥʘ ʢʩʝʥʦʥ ʠ ʢʨʠʧʪʦʥ ʚ ʛʘʟʦʚʘʪʘ 
ʭʣʘʙʠʥʘ ʚʣʦʰʘʚʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ ʥʘ ʛʘʟʘ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʛʦʨʠʚʦʪʦ [2,8]. ɺʠʜʦʚʝʪʝ ʛʘʟʦʚʠ ʤʝʭʫʨʯʝʪʘ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛ. 2, ʢʲʜʝʪʦ ʩ 
1 ʩʘ ʦʟʥʘʯʝʥʠ ʚʲʪʨʝʟʲʨʥʝʩʪʠʪʝ ʤʝʭʫʨʯʝʪʘ, ʩ 2 ï ʤʝʭʫʨʯʝʪʘʪʘ, ʦʙʨʘʟʫʚʘʥʠ ʧʦ ʨʲʙʦʚʝʪʝ ʥʘ 
ʟʲʨʥʘʪʘ ʠ ʩ 3 ï ʣʝʱʦʚʠʜʥʠʪʝ ʤʝʭʫʨʯʝʪʘ ʧʦ ʩʪʝʥʠʪʝ ʥʘ ʟʲʨʥʘʪʘ. 

ɻʦʨʠʚʥʠ ʢʘʩʝʪʠ ʠ ʧʦʜʨʝʜʙʘ ʥʘ ʘʢʪʠʚʥʘʪʘ ʟʦʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦ ʟʘʨʝʞʜʘʥʝ 
ʅʘʡ-ʯʝʩʪʘʪʘ ʪʝʭʥʦʣʦʛʠʯʥʘ ʧʨʘʢʪʠʢʘ ʝ ʯʘʩʪʠʯʥʦʪʦ ʟʘʨʝʞʜʘʥʝ ʥʘ ʘʢʪʠʚʥʘʪʘ ʟʦʥʘ ʩ ʢʘʩʝʪʠ 

ʄʆʍ ʛʦʨʠʚʦ. ʊʝʭʥʦʣʦʛʠʯʥʦ, ʢʘʩʝʪʠʪʝ ʩ ʫʨʘʥʦʚʦ ʠ ʫʨʘʥ-ʧʣʫʪʦʥʠʝʚʦ ʛʦʨʠʚʦ, ʩʘ ʠʜʝʥʪʠʯʥʠ. 
ʆʙʠʢʥʦʚʝʥʦ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʧʣʫʪʦʥʠʷ ʝ ʪʘʢʘʚʘ, ʯʝ ʜʘ ʙʲʜʘʪ ʦʩʠʛʫʨʝʥʠ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 
ʝʜʥʘʢʚʘ ʩʢʦʨʦʩʪ ʥʘ ʠʟʛʘʨʷʥʝ ʥʘ ʜʚʘʪʘ ʚʠʜʘ ʛʦʨʠʚʦ ʠ ʧʦʩʪʠʛʘʥʝ ʥʘ ʩʭʦʜʥʠ ʩʨʝʜʥʠ ʜʲʣʙʦʯʠʥʠ 
ʥʘ ʠʟʛʘʨʷʥʝ [12]. ʇʨʠʤʝʨʥʘ ʧʦʜʨʝʜʙʘ ʥʘ ʩʤʝʩʝʥʘ ʘʢʪʠʚʥʘ ʟʦʥʘ ʥʘ PWR900 ʠ ɺɺɽʈ-1000 ʝ 
ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ. 3. ʅʘ ʬʠʛʫʨʘʪʘ ʩ 1, 2, 3 ʠ 4 ʩʘ ʦʟʥʘʯʝʥʠ ʢʘʩʝʪʠ ʩ ʄʆʍ ʛʦʨʠʚʦ, ʩʲʦʪʚʝʪʥʦ ʚ 
ʧʲʨʚʘ, ʚʪʦʨʘ, ʪʨʝʪʘ ʠ ʯʝʪʚʲʨʪʘ ʯʘʩʪ ʥʘ ʛʦʨʠʚʥʘʪʘ ʢʘʤʧʘʥʠʷ. ʇʨʠ ɺɺɽʈ ʩ ʙʷʣ ʮʚʷʪ ʩʘ 
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ʦʟʥʘʯʝʥʠ ʢʘʩʝʪʠ ʩ UO2, ʘ ʩʲʩ ʩʠʚ ï ʢʘʩʝʪʠʪʝ ʩ ʄʆʍ. ʉ  ʪʦʯʢʠ ʩʘ ʦʟʥʘʯʝʥʠ ʢʘʩʝʪʠʪʝ, ʚ ʢʦʠʪʦ 
ʠʤʘ ʢʣʘʩʪʝʨʠ ʥʘ ʉʋɿ. 
ʇʦʨʘʜʠ ʨʘʟʣʠʢʘʪʘ ʚ ʥʝʫʪʨʦʥʥʠʪʝ ʩʧʝʢʪʨʠ ʚ ʢʘʩʝʪʠʪʝ ʩ UO2 ʠ ʄʆʍ, ʥʘ ʛʨʘʥʠʮʘʪʘ ʤʝʞʜʫ 

ʜʚʝ ʪʘʢʠʚʘ ʢʘʩʝʪʠ ʚʲʟʥʠʢʚʘ ʪʦʢ ʥʘ ʪʦʧʣʠʥʥʠ ʥʝʫʪʨʦʥʠ, ʢʦʡʪʦ ʧʨʦʥʠʢʚʘ ʥʘ 1-2 ʜʲʣʞʠʥʠ ʥʘ 
ʜʠʬʫʟʠʷ ʚ ʢʘʩʝʪʘʪʘ ʩ ʄʆʍ ʛʦʨʠʚʦ (~1-2 cm). ʊʦʟʠ ʝʬʝʢʪ ʧʨʝʜʠʟʚʠʢʚʘ ʣʦʢʘʣʥʠ ʧʠʢʦʚʝ ʥʘ 
ʝʥʝʨʛʦʦʪʜʝʣʷʥʝʪʦ ʚ ʧʲʨʚʠʪʝ ʝʜʠʥ ʠʣʠ ʜʚʘ ʚʲʥʰʥʠ ʨʝʜʘ ʪʦʧʣʦʦʪʜʝʣʷʱʠ ʝʣʝʤʝʥʪʠ. ʊʦʟʠ 
ʝʬʝʢʪ ʩʝ ʫʩʠʣʚʘ ʚ ʲʛʣʦʚʠʪʝ ʢʣʝʪʢʠ ʥʘ ʢʘʩʝʪʠʪʝ, ʪʲʡ ʢʘʪʦ ʪʘʤ ʩʝ ʧʦʣʫʯʘʚʘ ʜʚʫʩʪʨʘʥʝʥ 
ʛʨʘʜʠʝʥʪ ʥʘ ʧʦʪʦʢʘ ʪʦʧʣʠʥʥʠ ʥʝʫʪʨʦʥʠ. ʇʦʨʘʜʠ ʪʦʚʘ, ʢʘʢʪʦ ʠ ʟʘ ʠʟʨʘʚʥʷʚʘʥʝ ʥʘ ʧʦʪʦʢʘ 
ʪʦʧʣʠʥʥʠ ʥʝʫʪʨʦʥʠ ʚ ʢʘʩʝʪʠʪʝ ʩ ʄʆʍ ʛʦʨʠʚʦ, ʪʝ ʩʝ ʧʨʦʬʠʣʠʨʘʪ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ 
ʧʣʫʪʦʥʠʡ ï ʊʆɽ ʩ ʥʠʩʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝ ʨʘʟʧʦʣʘʛʘʪ ʚ ʧʝʨʠʬʝʨʠʷʪʘ, ʘ ʩ ʧʦ-ʚʠʩʦʢʠ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ï ʚ ʮʝʥʪʨʘʣʥʘʪʘ ʯʘʩʪ [12]. 

     

ʌʠʛ. 3 ʇʦʜʨʝʜʙʘ ʥʘ ʩʤʝʩʝʥʘ ʘʢʪʠʚʥʘ ʟʦʥʘ ʥʘ PWR (ʣʷʚʦ) [12] ʠ ɺɺɽʈ-1000 (ʜʷʩʥʦ) [6] 
 
ʅʘ ʌʠʛ. 4 ʩʘ ʧʦʢʘʟʘʥʠ ʪʨʠ ʪʠʧʘ ʧʨʦʬʠʣʠʨʘʥʠ ʄʆʍ ʢʘʩʝʪʠ. ʆʟʥʘʯʝʥʠʷʪʘ ʩʘ ʢʘʢʪʦ ʩʣʝʜʚʘ 

ï ʟʘ ʢʘʩʝʪʘ 17ʭ17 (ʘ): 1 ï 64 ʊʆɽ ʩ ʜʷʣ ʥʘ ʧʣʫʪʦʥʠʷ 3,35%; 2 ï 100 ʊʆɽ ʩ ʜʷʣ ʥʘ ʧʣʫʪʦʥʠʷ 
5,10%; 3 ï 100 ʊʆɽ ʩ ʜʷʣ ʥʘ ʧʣʫʪʦʥʠʷ 6,75%; 4 ï ʥʘʧʨʘʚʣʷʚʘʱʠ ʪʨʲʙʠ ʟʘ ʦʨʛʘʥʠʪʝ ʥʘ ʉʋɿ; 5 
ï ʮʝʥʪʨʘʣʥʘ ʠʥʩʪʨʫʤʝʥʪʘʣʥʘ ʪʨʲʙʘ; ʟʘ ʢʘʩʝʪʘ AFA 2G (ʙ): 1 ï 12 ʊʆɽ ʩ ʦʙʱ ʤʘʩʦʚ ʜʷʣ ʥʘ 
ʧʣʫʪʦʥʠʷ 2,70%; 2 ï 68 ʊʆɽ ʩ ʦʙʱ ʤʘʩʦʚ ʜʷʣ ʥʘ ʧʣʫʪʦʥʠʷ 3,86%; 3 ï 184 ʊʆɽ ʩ ʦʙʱ ʤʘʩʦʚ 
ʜʷʣ ʥʘ ʧʣʫʪʦʥʠʷ 5,98%; 4 ï ʥʘʧʨʘʚʣʷʚʘʱʠ ʪʨʲʙʠ ʟʘ ʦʨʛʘʥʠʪʝ ʥʘ ʉʋɿ; 5 ï ʮʝʥʪʨʘʣʥʘ 
ʠʥʩʪʨʫʤʝʥʪʘʣʥʘ ʪʨʲʙʘ; ʟʘ ʟʦʥʠʨʘʥʘ ʢʘʩʝʪʘ ʟʘ ɺɺɽʈ-1000: 1 ï ʢʣʝʪʢʘ ʩ ʮʝʥʪʨʘʣʥʘ ʪʨʲʙʘ, 2 ï 
ʢʣʝʪʢʘ ʩ ʥʘʧʨʘʚʣʷʚʘʱʘ ʪʨʲʙʘ ʟʘ ʢʣʘʩʪʝʨʠʪʝ ʥʘ ʉʋɿ, 3 ï ʢʣʝʪʢʘ ʩ 3,6% 235U ʠ 4% Gd2O3, 4 ï 
ʢʣʝʪʢʘ ʩ MOX ï 4,2% ʜʝʣʷʱ ʩʝ ʧʣʫʪʦʥʠʡ, 5 ï ʢʣʝʪʢʘ ʩ 3,0% ʜʝʣʷʱ ʩʝ ʧʣʫʪʦʥʠʡ,  6 ï ʢʣʝʪʢʘ ʩ 
2,0% ʜʝʣʷʱ ʩʝ ʧʣʫʪʦʥʠʡ. 

 

 
ʘ)               ʙ)      ʚ) 
ʌʠʛ. 4 ʉʪʘʥʜʘʨʪʥʘ MOX ʢʘʩʝʪʘ 17ʭ17 ʟʘ ʬʨʝʥʩʢʠ ʨʝʘʢʪʦʨ PWR 900 (ʘ) [11]; ʢʘʩʝʪʘ PWR AFA 

2G (ʙ) [12]; ʟʦʥʠʨʘʥʘ ʄʆʍ ʛʦʨʠʚʥʘ ʢʘʩʝʪʘ (1/6) ʟʘ ɺɺɽʈ-1000 (ʚ) [16] 
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ɿʘʢʣʶʯʝʥʠʝ  
ʀʟʚʲʨʰʝʥ ʝ ʧʨʝʛʣʝʜ ʥʘ ʦʩʥʦʚʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʄʆʍ ʛʦʨʠʚʘʪʘ, ʚʣʠʷʝʱʠ ʚʲʨʭʫ 

ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʠʤ ʚ ʣʝʢʦʚʦʜʥʠ ʨʝʘʢʪʦʨʠ. ʅʘʡ-ʩʲʱʝʩʪʚʝʥʠʪʝ ʦʪʣʠʢʠ oʪ UO2 ʧʨʦʠʟʣʠʟʘʪ ʦʪ 
ʧʦ-ʛʦʣʝʤʠʪʝ ʩʝʯʝʥʠʷ ʥʘ ʧʦʛʣʲʱʘʥʝ ʥʘ ʪʦʧʣʠʥʥʠ ʥʝʫʪʨʦʥʠ ʦʪ ʧʣʫʪʦʥʠʝʚʠʪʝ ʠʟʦʪʦʧʠ ʠ 
ʥʘʣʠʯʠʝʪʦ ʥʘ ʨʝʟʦʥʘʥʩʠ ʚ ʙʣʠʟʦʩʪ ʜʦ ʦʙʣʘʩʪʪʘ ʥʘ ʪʦʧʣʠʥʥʠʪʝ ʥʝʫʪʨʦʥʠ. ʅʘʤʘʣʷʚʘʥʝʪʦ ʥʘ 
ʬʠʟʠʯʝʩʢʦʪʦ ʪʝʛʣʦ ʥʘ ʧʦʛʣʲʪʠʪʝʣʠʪʝ, ʧʦ-ʥʠʩʢʠʷʪ ʜʷʣ ʟʘʢʲʩʥʷʚʘʱʠ ʥʝʫʪʨʦʥʠ ʠ ʧʦ-
ʦʪʨʠʮʘʪʝʣʥʠʪʝ ʯʘʩʪʥʠ ʪʝʤʧʝʨʘʪʫʨʥʠ ʢʦʝʬʠʮʠʝʥʪʠ ʧʦ ʨʝʘʢʪʠʚʥʦʩʪ ʥʝ ʧʦʟʚʦʣʷʚʘʪ ʮʷʣʦʩʪʥʦ 
ʟʘʨʝʞʜʘʥʝ ʥʘ ʘʢʪʠʚʥʘʪʘ ʟʦʥʘ ʩ ʄʆʍ, ʘʢʦ ʨʝʘʢʪʦʨʲʪ ʥʝ ʝ ʧʨʦʝʢʪʠʨʘʥ ʟʘ ʪʦʚʘ. ɺ 
ʪʦʧʣʦʬʠʟʠʯʥʦ ʠ ʪʝʨʤʦʤʝʭʘʥʠʯʥʦ ʦʪʥʦʰʝʥʠʝ ʩʚʦʡʩʪʚʘʪʘ ʥʘ (U;Pu)O2 ʩʘ ʩʭʦʜʥʠ ʩ ʪʝʟʠ ʥʘ 
UO2. ʇʦ-ʩʲʱʝʩʪʚʝʥʘ ʨʘʟʣʠʢʘ ʝ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʪʦʧʝʥʝ ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ 
ʤʦʣʥʠʷ ʜʷʣ ʥʘ PuO2. ɽʢʩʧʣʦʘʪʘʮʠʷʪʘ ʥʘ ʩʤʝʩʝʥʠ ʘʢʪʠʚʥʠ ʟʦʥʠ ʝ ʜʦʙʨʝ ʫʩʪʘʥʦʚʝʥʘ ʧʨʘʢʪʠʢʘ, 
ʚʲʧʨʝʢʠ ʧʨʦʷʚʷʚʘʱʠʪʝ ʩʝ ʫʩʣʦʞʥʝʥʠʷ ʧʨʠ ʢʦʤʧʘʥʦʚʘʥʝʪʦ ʠʤ. ʅʘʣʠʯʥʠʷʪ ʦʧʠʪ ʧʦʟʚʦʣʷʚʘ 
ʝʬʝʢʪʠʚʥʘʪʘ ʠ ʙʝʟʦʧʘʩʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ ʄʆʍ ʠ ʧʨʝʜʩʪʘʚʣʷʚʘ ʙʘʟʘ ʟʘ ʨʘʟʰʠʨʝʥʠʝʪʦ ʥʘ 
ʧʨʠʣʦʞʝʥʠʷʪʘ ʥʘ ʩʤʝʩʝʥʠʪʝ ʛʦʨʠʚʘ. 
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ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʝʥʝʨʛʠʡʥʠʷ ʩʝʢʪʦʨ ʚ ʩʪʨʘʥʠʪʝ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ  ʦʪ 
ʜʝʬʠʮʠʪʘ ʥʘ ʩʫʨʦʚʠʥʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ 

 
ʉʠʣʚʠʷ ɹʦʡʯʝʚʘ 

 
ʂʣʶʯʦʚʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ ʷʜʨʝʥʘʪʘ ʝʥʝʨʛʝʪʠʢʘ ʩʘ ʥʝʨʲʞʜʘʝʤʠʪʝ 

ʩʪʦʤʘʥʠ, ʚʠʩʦʢʦʥʠʢʝʣʦʚʠʪʝ ʠ ʮʠʨʢʦʥʠʝʚʠʪʝ ʩʧʣʘʚʠ, ʦʪ ʢʦʠʪʦ ʩʝ ʠʟʛʦʪʚʷʪ 
ʩʲʦʨʲʞʝʥʠʷʪʘ ʠ ʢʦʤʧʦʥʝʥʪʠʪʝ ʚ ʢʦʥʪʘʢʪ ʩ ʪʦʧʣʦʥʦʩʠʪʝʣʷ. ʆʩʥʦʚʝʥ ʢʦʤʧʦʥʝʥʪ ʥʘ 
ʧʲʨʚʠʪʝ ʜʚʝ ʢʘʪʝʛʦʨʠʠ ʤʘʪʝʨʠʘʣʠ ʝ  ʭʨʦʤʲʪ (Cr),  ʢʦʡʪʦ ʝ ʢʘʪʝʛʦʨʠʟʠʨʘʥ ʢʘʪʦ ʝʜʥʘ ʦʪ 
20-ʪʝ ʩʫʨʦʚʠʥʠ ʦʪ ʠʟʢʣʶʯʠʪʝʣʥʘ ʚʘʞʥʦʩʪ ʟʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ (ɽʉ) ʩ ʚʠʩʦʢʦ ʨʠʩʢʦʚʦ 
ʩʥʘʙʜʷʚʘʥʝ ʠ ʚʘʞʥʦ ʠʢʦʥʦʤʠʯʝʩʢʦ ʟʥʘʯʝʥʠʝ. ɼʦʩʪʘʚʢʠʪʝ ʥʘ Cr ʟʘ ɽʉ ʚ 88 % ʩʘ ʦʪ ʩʪʨʘʥʠ 
ʠʟʚʲʥ ʩʲʶʟʘ, ʢʦʝʪʦ e ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʘ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʘ 
ʟʘʚʠʩʠʤʦʩʪ ʥʘ ʢʣʶʯʦʚʠ ʦʪʨʘʩʣʠ ʦʪ ʧʨʦʤʠʰʣʝʥʦʩʪʪʘ, ʚ ʪʦʚʘ ʯʠʩʣʦ ʠ ʥʘ ʝʥʝʨʛʠʡʥʠʷ 
ʩʝʢʪʦʨ. ʆʛʨʘʥʠʯʘʚʘʥʝʪʦ ʥʘ ʨʠʩʢʦʚʝʪʝ ʦʪ ʜʝʬʠʮʠʪ ʥʘ ʚʘʞʥʠ ʩʫʨʦʚʠʥʠ ʥʘʣʘʛʘ 
ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʫʩʪʦʡʯʠʚʠ ʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪʠʚʥʠ ʨʝʰʝʥʠʷ ʟʘ ʨʝʮʠʢʣʠʨʘʥʝ, 
ʟʘʤʝʥʠʤʦʩʪ ʠ ʘʣʪʝʨʥʘʪʠʚʥʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ. 

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʥʝʨʲʞʜʘʝʤʠ ʩʪʦʤʘʥʠ, ʚʠʩʦʢʦʥʠʢʝʣʦʚʠ ʩʧʣʘʚʠ, ʩʫʨʦʚʠʥʠ ʦʪ 

ʠʟʢʣʶʯʠʪʝʣʥʘ ʚʘʞʥʦʩʪ ʟʘ ɽʉ, ʷʜʨʝʥʠ ʝʣʝʢʪʨʠʯʝʩʢʠ ʮʝʥʪʨʘʣʠ 
 

Risk of supply of critical raw materials for equipment of electric power plants in 
European Union countries 

 
Silviya Boycheva 

 
Key constructional materials for nuclear energy industry are stainless steel, high-nickel and 

zirconium alloys, from which the equipment in contact with coolant is produced. The main 
component in the first two categories is chromium (Cr) which is considered as one of the twenty 
critical raw materials (CRMs) because of its economical importance and risk of supply. The import 
of Cr in European Union (EU) is totally up to 88 % from non-European countries, which creates 
risks for independence and sustainability of key industrial branches for EU economy, including 
energy industry. This creates necessity for finding alternatives and to deliver innovative, 
sustainable and cost effective solutions for CRMs supply. 

 

Keywords: stainless steel, high-nickel alloys, critical raw materials, nuclear power plants 
 

ɺʲʚʝʜʝʥʠʝ 
ɼʦʩʪʲʧʥʦʩʪʪʘ ʥʘ ʩʫʨʦʚʠʥʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ 

ʢʦʤʧʦʥʝʥʪʠ ʠ ʩʲʦʨʲʞʝʥʠʷ ʚ ʨʝʜʠʮʘ ʦʪʨʘʩʣʠ ʥʘ ʧʨʦʤʠʰʣʝʥʦʩʪʪʘ ʝ ʦʪ ʦʩʥʦʚʥʘ ʟʥʘʯʠʤʦʩʪ ʟʘ 
ʩʪʘʙʠʣʥʦʩʪʪʘ, ʩʠʛʫʨʥʦʩʪʪʘ, ʪʝʭʥʠʯʝʩʢʠʷ ʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʧʨʦʛʨʝʩ, ʢʘʢʪʦ ʠ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ 
ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʞʠʚʦʪ ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ ʚ ʩʪʨʘʥʠʪʝ ʦʪ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ (ɽʉ). ʈʝʜʠʮʘ 
ʩʫʨʦʚʠʥʠ, ʦʙʘʯʝ, ʢʦʠʪʦ ʩʘ ʦʪ ʠʟʢʣʶʯʠʪʝʣʥʘ ʠʥʜʫʩʪʨʠʘʣʥʘ ʠ ʠʢʦʥʦʤʠʯʝʩʢʘ ʚʘʞʥʦʩʪ ʩʝ 
ʦʩʠʛʫʨʷʚʘʪ ʦʪ ʠʟʪʦʯʥʠʮʠ ʠʟʚʲʥ ɽʉ, ʯʨʝʟ ʢʦʝʪʦ ʩʝ ʩʲʟʜʘʚʘʪ ʧʨʝʜʧʦʩʪʘʚʢʠ ʟʘ ʟʘʚʠʩʠʤʦʩʪ ʠ 
ʨʠʩʢ ʥʘ ʜʦʩʪʘʚʢʠʪʝ ʟʘ ʩʲʶʟʘ.  
ʇʲʨʚʘʪʘ ʢʘʪʝʛʦʨʠʟʘʮʠʷ ʥʘ ʩʫʨʦʚʠʥʠ Ăʦʪ ʠʟʢʣʶʯʠʪʝʣʥʘ ʚʘʞʥʦʩʪ  ʟʘ ɽʉñ, ʪ.ʝ. ʥʘ ʩʫʨʦʚʠʥʠ 

ʩ ʚʠʩʦʢʦʨʠʩʢʦʚʦ ʩʥʘʙʜʷʚʘʥʝ ʠ ʚʘʞʥʦ ʠʢʦʥʦʤʠʯʝʩʢʦ ʟʥʘʯʝʥʠʝ (oʪ ʘʥʛʣ. Critical Raw Materials, 
CRMs) ʝ ʧʫʙʣʠʢʫʚʘʥʘ ʧʨʝʟ 2011 ʛ. ʆʮʝʥʢʘʪʘ ʝ ʥʘʧʨʘʚʝʥʘ ʠʟʤʝʞʜʫ 54 ʤʘʪʝʨʠʘʣʘ ʧʦ ʢʨʠʪʝʨʠʠ 
ʟʘ ʠʢʦʥʦʤʠʯʝʩʢʘ ʚʘʞʥʦʩʪ ʠ ʨʠʩʢ ʦʪ ʜʦʩʪʘʚʢʘ, ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʢʦʷʪʦ ʢʘʪʦ Ăʜʝʬʠʮʠʪʥʠò ʩʘ 
ʚʲʟʧʨʠʝʪʠ 14 ʩʫʨʦʚʠʥʠ ʩ ʢʣʶʯʦʚʦ ʟʥʘʯʝʥʠʝ ʟʘ ʠʢʦʥʦʤʠʢʘʪʘ ʥʘ ɽʉ. ʇʦʩʣʝʜʥʘʪʘ 
ʘʢʪʫʘʣʠʟʘʮʠʷ, ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʌʠʛ. 1, ʝ ʧʫʙʣʠʢʫʚʘʥʘ ʧʨʝʟ 2014 ʛ., ʩʧʦʨʝʜ ʢʦʷʪʦ ʢʘʪʦ ʥʘʡ-
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ʢʨʠʪʠʯʥʠ ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʩʫʨʦʚʠʥʠʪʝ, ʧʦʧʘʜʘʱʠ ʚ ʟʘʱʨʠʭʦʚʘʥʘʪʘ ʟʦʥʘ [1]. ʊʦʚʘ ʩʘ ʦʙʱʦ 20 
ʢʦʤʧʦʥʝʥʪʘ ʠʣʠ ʪʝʭʥʠ ʛʨʫʧʠ, ʢʘʢʪʦ ʩʣʝʜʚʘ: ʘʥʪʠʤʦʥ Sb, ʙʝʨʠʣʠʡ Be, ʭʨʦʤ Cr, ʢʦʙʘʣʪ Co, 
ʛʘʣʠʡ Ga, ʛʝʨʤʘʥʠʡ Ge, ʠʥʜʠʡ In, ʤʘʛʥʝʟʠʪ, ʤʘʛʥʝʟʠʡ Mg, ʥʠʦʙʠʡ Nb, ʚʦʣʬʨʘʤ W, ʬʣʫʦʨʠʪ 
CaF2, ʙʦʨʘʪʠ, ʧʨʠʨʦʜʝʥ ʛʨʘʬʠʪ, ʤʝʪʘʣʝʥ ʩʠʣʠʮʠʡ Si, ʢʦʢʩʫʚʘʱʠ ʩʝ ʚʲʛʣʠʱʘ, ʬʦʩʬʦʨʠʪ, 
ʤʝʪʘʣʠ ʦʪ ʛʨʫʧʘʪʘ ʥʘ ʧʣʘʪʠʥʘʪʘ (PGMs: Pt, Ru, Rh, Pd, Os, Ir), ʪʝʞʢʠ ʨʝʜʢʦʟʝʤʥʠ ʝʣʝʤʝʥʪʠ  
(Rɽɽ (Heavy): Eu, Gd, Tb, Dy, Er, Yb) ʠ ʣʝʢʠ ʨʝʜʢʦʟʝʤʥʠ ʝʣʝʤʝʥʪʠ (REE (Light) La, Ce, Pr, Nd, 
Sm). ɼʘʥʥʠ ʟʘ ʧʨʦʮʝʥʪʥʠʷ ʜʷʣ ʥʘ ʜʦʩʪʘʚʷʥʠʪʝ ʜʝʬʠʮʠʪʥʠ ʩʫʨʦʚʠʥʠ ʦʪ ʩʪʨʘʥʠ ʠʟʚʲʥ ɽʉ ʢʲʤ 
ɽʉ, ʢʘʢʪʦ ʠ ʪʝʟʠ ʥʘ ʦʩʥʦʚʥʠʪʝ ʜʦʩʪʘʚʯʠʮʠ, ʩʘ ʦʙʦʙʱʝʥʠ ʚ ʊʘʙʣ. 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
ʌʠʛ. 1 ɼʝʬʠʮʠʪʥʠ ʩʫʨʦʚʠʥʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ [1] 

 
ʄʘʨʢʝʪʠʥʛʦʚʠʷʪ ʘʥʘʣʠʟ ʧʦʢʘʟʚʘ, ʯʝ ʩʪʨʘʥʠʪʝ ʦʪ ɽʉ ʩʘ ʩ ʤʘʣʲʢ ʜʷʣ ʚ ʜʦʙʠʚʘʥʝʪʦ ʥʘ 

ʜʝʬʠʮʠʪʥʠ ʩʫʨʦʚʠʥʠ, ʚʲʟʣʠʟʘʱ ʥʘ ʥʝ ʧʦʚʝʯʝ ʦʪ 1 %, ʢʘʪʦ ʩ ʥʘʡ-ʛʦʣʷʤ ʜʷʣ ʥʘ ʜʦʩʪʘʚʢʠʪʝ ʢʲʤ 
ɽʉ ʩʘ ʂʠʪʘʡ, ʉɸʑ, ɹʨʘʟʠʣʠʷ, ʖɸʈ, ʈʫʩʠʷ  ʠ ʪ.ʥ. (ʌʠʛ. 2.). ʂʠʪʘʡ ʩʝ ʦʯʝʨʪʘʚʘ ʢʘʪʦ ʥʘʡ-
ʚʣʠʷʪʝʣʥʘʪʘ ʜʲʨʞʘʚʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʛʣʦʙʘʣʥʦ ʩʥʘʙʜʷʚʘʥʝ ʩ 20-ʪʝ ʩʫʨʦʚʠʥʠ ʦʪ 
ʠʟʢʣʶʯʠʪʝʣʥʘ ʚʘʞʥʦʩʪ. ʅʷʢʦʣʢʦ ʜʨʫʛʠ ʜʲʨʞʘʚʠ ʜʦʤʠʥʠʨʘʪ ʧʨʠ ʜʦʩʪʘʚʢʠʪʝ ʥʘ ʢʦʥʢʨʝʪʥʠ 
ʩʫʨʦʚʠʥʠ, ʥʘʧʨʠʤʝʨ ɹʨʘʟʠʣʠʷ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʥʠʦʙʠʡ. 
ʆʪ ʠʢʦʥʦʤʠʯʝʩʢʠ ʥʘʡ-ʩʲʱʝʩʪʚʝʥʠʪʝ ʩʫʨʦʚʠʥʠ, ʦʙʱʦ 54 ʢʘʪʝʛʦʨʠʠ, ʚ ɽʉ ʩʝ ʜʦʙʠʚʘʪ ʝʜʚʘ 

9 % ʦʪ ʦʙʱʦʪʦ ʠʤ ʛʦʜʠʰʥʦ ʧʦʪʨʝʙʣʝʥʠʝ. 
ʂʲʤ ʦʪʨʘʩʣʠʪʝ, ʧʦʧʘʜʘʱʠ ʚ ʨʠʩʢʘ ʦʪ ʜʦʩʪʘʚʢʘ ʥʘ ʜʝʬʠʮʠʪʥʠ ʩʫʨʦʚʠʥʠ, ʩʝ ʦʪʥʘʩʷ ʠ 

ʝʥʝʨʛʝʪʠʢʘʪʘ, ʦʱʝ ʧʦʚʝʯʝ, ʯʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʪʝ ʩʲʦʨʲʞʝʥʠʷʪʘ ʚ ʗɽʎ ʠ ʊɽʎ ʩʝ ʨʘʟʛʣʝʞʜʘʪ 
ʢʘʪʦ ʬʫʥʢʮʠʦʥʠʨʘʱʠ ʧʨʠ ʝʢʩʪʨʝʤʥʠ ʫʩʣʦʚʠʷ ʠ ʠʟʠʩʢʚʘʥʠʷʪʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʩʪʦʤʘʥʠʪʝ ʠ ʩʧʣʘʚʠʪʝ, ʠʟʧʦʣʟʚʘʥʠ ʢʘʪʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ ʚ 
ʪʷʭ, ʩʘ ʚʠʩʦʢʠ ʠ ʪʦʚʘ ʧʦʩʪʘʚʷ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʧʨʝʜ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʘʥʘʣʦʟʠ. 
ʅʘʩʪʦʷʱʠʷʪ ʜʦʢʣʘʜ ʘʢʮʝʥʪʠʨʘ ʚʲʨʭʫ ʚʘʞʥʦʩʪʪʘ ʥʘ ʜʝʬʠʮʠʪʥʠʪʝ ʩʫʨʦʚʠʥʠ ʟʘ ʷʜʨʝʥʠʷ 

ʝʥʝʨʛʠʝʥ ʩʝʢʪʦʨ ʠ ʚʲʟʤʦʞʥʠʪʝ ʧʲʪʠʱʘ ʟʘ ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʨʝʰʝʥʠʷ ʟʘ ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ 
ʟʘʚʠʩʠʤʦʩʪʠʪʝ ʥʘ ɽʉ ʦʪ ʜʦʩʪʘʚʢʠʪʝ ʠʤ. 
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ʊʘʙʣʠʮʘ 1 
ɼʷʣ ʥʘ ʜʦʩʪʘʚʢʠʪʝ ʥʘ ʜʝʬʠʮʠʪʥʠ ʩʫʨʦʚʠʥʠ ʦʪ ʩʪʨʘʥʠ ʠʟʚʲʥ ɽʉ ʢʲʤ ɽʉ ʠ ʦʩʥʦʚʥʠ 

ʜʦʩʪʘʚʯʠʮʠ [1] 

ɼʝʬʠʮʠʪ. 
ʩʫʨʦʚʠʥʠ 

ɺʥʦʩ 
ʟʘ 
ɽʉ, % 

ɻʣʘʚʝʥ 
ʚʥʦʩʠʪʝʣ 

ɼʷʣ ʥʘ ʛʣ. 
ʚʥʦʩʠʪʝʣ, 

% 

ɼʝʬʠʮʠʪ. 
ʩʫʨʦʚʠʥʠ 

ɺʥʦʩ ʟʘ 
ɽʉ, % 

ɻʣʘʚʝʥ 
ʚʥʦʩʠʪʝʣ 

ɼʷʣ ʥʘ 
ʛʣ. 

ʚʥʦʩʠʪʝʣ, 
% 

ɸʥʪʠʤʦʥ 93 ʂʠʪʘʡ 87 ʄʘʛʥʝʟʠʪ 86 ʂʠʪʘʡ 69 
ɹʝʨʠʣʠʡ 99 ʉɸʑ 90 ʄʘʛʥʝʟʠʡ 96 ʂʠʪʘʡ 86 
ɹʦʨʘʪʠ 88 ʊʫʨʮʠʷ 

ʉɸʑ 
38 
30 

ʇʨʠʨʦʜʝʥ 
ʛʨʘʬʠʪ 

93 ʂʠʪʘʡ 69 

ʍʨʦʤ 88 ʖɸʈ 
ʂʘʟʘʭʩʪʘʥ 

43 
20 

ʅʠʦʙʠʡ 99 ɹʨʘʟʠʣʠʷ 92 

ʂʦʙʘʣʪ 82 ʂʦʥʛʦ 56 PGMs 93 ʖɸʈ 
ʈʫʩʠʷ 

61 
27 

ʂʦʢʩʫʚʘʱʠ- 
ʩʝ ʚʲʛʣʠʱʘ 

94 ʂʠʪʘʡ 51 ʌʦʩʬʦʨʠʪ 66 ʂʠʪʘʡ 38 

ʌʣʫʦʨʠʪ 
 

84 ʂʠʪʘʡ 56 REE 
(Heavy) 

100 ʂʠʪʘʡ 99 

ɻʘʣʠʡ 90 ʂʠʪʘʡ 69 REE 
(Light) 

100 ʂʠʪʘʡ 87 

ɻʝʨʤʘʥʠʡ 94 ʂʠʪʘʡ 59 ʉʠʣʠʮʠʡ 79 ʂʠʪʘʡ 56 
ʀʥʜʠʡ 81 ʂʠʪʘʡ 58 ɺʦʣʬʨʘʤ 91 ʂʠʪʘʡ 85 

 

 
 

ʌʠʛ. 2 ɼʷʣ ʥʘ ʜʦʩʪʘʚʢʠʪʝ ʥʘ ʜʝʬʠʮʠʪʥʠ ʩʫʨʦʚʠʥʠ ʢʲʤ ɽʉ ʦʪ ʦʪʜʝʣʥʠʪʝ ʜʲʨʞʘʚʠ ʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚ ɽʉ 
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ɿʥʘʯʠʤʦʩʪ ʥʘ ʜʝʬʠʮʠʪʥʠʪʝ ʩʫʨʦʚʠʥʠ ʟʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ ʚ ʗɽʎ 
ɺ ʩʲʚʨʝʤʝʥʥʠʪʝ ʗɽʎ ʩ ʣʝʢʦʚʦʜʥʠ ʨʝʘʢʪʦʨʠ ʩʝ ʧʨʠʣʘʛʘʪ ʧʦʚʝʯʝ ʦʪ 25 ʢʦʥʩʪʨʫʢʮʠʦʥʥʠ 

ʩʪʦʤʘʥʠ ʠ ʩʧʣʘʚʠ, ʢʦʠʪʦ ʦʩʠʛʫʨʷʚʘʪ ʚ ʦʙʱʠʷ ʩʣʫʯʘʡ 30-40 ʛʦʜʠʥʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ 
ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʥʘ ʷʜʨʝʥʠʪʝ ʙʣʦʢʦʚʝ [2]. ʊʝʥʜʝʥʮʠʠʪʝ ʚ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʷʜʨʝʥʘʪʘ ʝʥʝʨʛʝʪʠʢʘ 
ʝ ʧʦʩʪʠʛʘʥʝ ʥʘ 60 ʛʦʜʠʰʝʥ ʝʢʩʧʣʦʘʪʘʮʠʦʥʝʥ ʧʝʨʠʦʜ ʧʨʠ IV-ʪʦ ʧʦʢʦʣʝʥʠʝ ʷʜʨʝʥʠ ʨʝʘʢʪʦʨʠ, 
ʢʦʝʪʦ ʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʘ ʚʨʲʟʢʘ ʩ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʠʪʝ 
ʤʘʪʝʨʠʘʣʠ ʠ ʢʦʤʧʦʥʝʥʪʠʪʝ ʦʪ ʪʷʭ, ʢʘʢʪʦ ʠ ʩ ʢʦʥʪʨʦʣʘ ʥʘ ʢʦʨʦʟʠʦʥʥʠʪʝ ʧʨʦʮʝʩʠ ʚ ʩʠʩʪʝʤʠʪʝ 
ʤʝʪʘʣ-ʪʦʧʣʦʥʦʩʠʪʝʣ.  
ɺ ʗɽʎ ʩʝ ʧʨʠʣʘʛʘʪ ʦʩʚʝʥ ʚʲʛʣʝʨʦʜʥʘ ʢʦʨʧʫʩʥʘ ʩʪʦʤʘʥʘ ʠ ʚʠʩʦʢʦ ʨʝʟʠʩʪʝʥʪʥʠ ʥʘ ʢʦʨʦʟʠʷ 

ʤʝʪʘʣʥʠ ʤʘʪʝʨʠʘʣʠ, ʢʘʪʦ ʮʠʨʢʦʥʠʝʚʠ ʠ ʚʠʩʦʢʦʥʠʢʝʣʦʚʠ ʩʧʣʘʚʠ ʠ ʥʝʨʲʞʜʘʝʤʠ ʩʪʦʤʘʥʠ. 
ʆʩʥʦʚʥʠʪʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ, ʠʟʧʦʣʟʚʘʥʠ ʚ  ʰʠʨʦʢʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʪʝ ʚ ʩʚʝʪʦʚʝʥ 
ʤʘʱʘʙ ʚʦʜʦʚʦʜʥʠ ʨʝʘʢʪʦʨʠ (ɺɺɽʈ) ʩʘ: 

- ʚʠʩʦʢʦʥʠʢʝʣʦʚʠ ʩʧʣʘʚʠ ʦʪ ʪʠʧʘ Inconels: Inconel 600 ʠ 182 (15 wt % Cr);  
Inconel 82 (20 wt% Cr); Inconel 690, 52 ʠʣʠ 152 (30 wt % Cr); 

- ʚʠʩʦʢʦʥʠʢʝʣʦʚʠ ʩʧʣʘʚʠ Incoloy 800 (33 wt% Ni, 22 wt% Cr, 45 wt% Fe); 
ɺʠʩʦʢʦ ʥʠʢʝʣʦʚʠʪʝ ʩʧʣʘʚʠ ʩʝ ʧʨʠʣʘʛʘʪ ʦʩʥʦʚʥʦ ʚ ʠʟʧʘʨʠʪʝʣʥʠ ʪʨʲʙʠ ʥʘ ʷʜʨʝʥʠʪʝ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ (ʗʇɻ) (Iconel 600 ʠ 690 ʠ Incoloy 800), ʝʣʝʤʝʥʪʠ ʥʘ ʨʝʘʢʪʦʨʥʠʷ ʢʦʨʧʫʩ, 
ʩʧʦʡʢʠ ʠ ʟʘʚʘʨʢʠ ʚ ʧʲʨʚʠ ʢʦʥʪʫʨ (ʩʧʣʘʚʠ 182, 82, 52 ʠ 152). ʉʧʣʘʚʠʪʝ 690 ʠ 800 ʩʘ 
ʧʨʝʜʧʦʯʠʪʘʥʠ, ʧʦʨʘʜʠ ʪʷʭʥʘʪʘ ʦʙʱʘ ʨʝʟʠʩʪʠʚʥʦʩʪ ʠ ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ ʩʪʨʝʩ-ʢʦʨʦʟʠʷ ʚ 
ʩʲʯʝʪʘʥʠʝ ʩ ʜʦʙʨʠʪʝ ʠʤ ʤʝʭʘʥʠʯʥʠ ʩʚʦʡʩʪʚʘ [3]. 

- ʅʝʨʲʞʜʘʝʤʠ ʩʪʦʤʘʥʠ - ʥʘʡ-ʠʟʧʦʣʟʚʘʥʠ ʩʘ ʩʪʦʤʘʥʠʪʝ ʦʪ ʩʝʨʠʷʪʘ 300 (304, 308, 309, 316, 
321, 347), ʢʦʠʪʦ ʩʲʜʲʨʞʘʪ ʦʢʦʣʦ 10 wt. % Ni ʠ 20 wt.% Cr, ʥʷʢʦʠ ʦʪ ʪʷʭ ʚʢʣʶʯʚʘʪ ʠ 
ʝʣʝʤʝʥʪʠ ʢʘʪʦ Mo ʠ Ti.  
ʆʪ ʥʝʨʲʞʜʘʝʤʠ ʩʪʦʤʘʥʠ ʩʝ ʠʟʨʘʙʦʪʚʘʪ ʢʦʤʧʦʥʝʥʪʠʪʝ ʚ ʢʦʥʪʘʢʪ ʩ ʨʝʘʢʪʦʨʥʘʪʘ ʚʦʜʘ 

ʮʠʨʢʫʣʘʮʠʦʥʥʠ ʧʦʤʧʠ, ʢʣʘʧʠ, ʪʨʲʙʦʧʨʦʚʦʜʠ, ʩʚʨʲʟʢʠ, ʟʘʚʘʨʢʠ, ʩʧʦʡʢʠ, ʪʦʧʣʦʦʙʤʝʥʥʠʮʠ ʥʘ 
ʩʠʩʪʝʤʠʪʝ ʢʲʤ I-ʚʠ ʢʦʥʪʫʨ (ʟʘ ʭʠʤʠʯʝʥ ʠ ʦʙʝʤʝʥ ʢʦʥʪʨʦʣ, ʠʥʞʝʢʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʟʘ 
ʙʝʟʦʧʘʩʥʦʩʪ; ʩʠʩʪʝʤʠ ʟʘ ʦʪʚʝʞʜʘʥʝ ʥʘ ʦʩʪʘʪʲʯʥʘʪʘ ʪʦʧʣʠʥʘ), ʘ ʚ ʥʷʢʦʠ ʩʣʫʯʘʠ ʠ 
ʢʦʥʜʝʥʟʘʪʦʨʥʠ ʪʨʲʙʠ. ʅʝʨʲʞʜʘʝʤʠʪʝ ʩʪʦʤʘʥʠ ʩʝ ʧʨʠʣʘʛʘʪ, ʧʦʨʘʜʠ ʪʷʭʥʘʪʘ ʜʦʙʨʘ ʦʙʱʘ 
ʢʦʨʦʟʠʦʥʥʘ ʫʩʪʦʡʯʠʚʦʩʪ. 

- ʎʠʨʢʦʥʠʝʚʠ ʩʧʣʘʚʠ: ʩʧʣʘʚʠ Zr-Ni -  ʎʠʨʢʘʣʦʡ-2 (Zr, 1.5  wt% Sn, 0.12wt % Fe, 0.1wt % Cr; 
0.05 wt % Ni); ʎʠʨʢʘʣʦʡ - 4 (Zr;1.5 wt% Sn; 0.2 wt % Fe; 0.1 wt% Cr ; 0.007 wt % Ni); ʩʧʣʘʚʠ 
Zr-Nb - Zirlo (Zr, 1.0 wt % Nb; 1.0 wt % Sn; 0.1 wt % Fe); H-1 (1 wt% Nb); H-2.5 (2.5 wt % Nb). 
ʎʠʨʢʦʥʠʝʚʠʪʝ ʩʧʣʘʚʠ ʩʝ ʧʨʠʣʘʛʘʪ ʢʘʪʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ ʦʙʚʠʚʢʠ ʥʘ 

ʪʦʧʣʦʦʪʜʝʣʷʱʠ ʝʣʝʤʝʥʪʠ (ʊʆɽ) ʚʲʚ ʚʦʜʦʦʭʣʘʞʜʘʝʤʠʪʝ ʨʝʘʢʪʦʨʠ, ʧʦʨʘʜʠ ʤʘʣʢʦʪʦ ʩʝʯʝʥʠʝ 
ʥʘ ʟʘʭʚʘʪ ʥʘ ʪʦʧʣʠʥʥʠ ʥʝʫʪʨʦʥʠ; ʨʘʜʠʘʮʠʦʥʥʘ, ʭʠʤʠʯʥʘ ʠ ʝʨʦʟʠʦʥʥʘ ʫʩʪʦʡʯʠʚʦʩʪ; 
ʧʨʠʪʝʞʘʚʘʪ ʪʦʧʣʦʬʠʟʠʯʥʠ ʩʚʦʡʩʪʚʘ, ʛʘʨʘʥʪʠʨʘʱʠ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʬʦʨʤʘʪʘ, ʨʘʟʤʝʨʠʪʝ ʠ 
ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʤʝʪʘʣʥʦʪʦ ʠʟʜʝʣʠʝ; ʚʠʩʦʢʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ ʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʭʠʤʠʯʥʘ 
ʧʨʝʨʘʙʦʪʢʘ ʩʣʝʜ ʦʙʣʲʯʚʘʥʝ. Zr ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʤʥʦʛʦ ʰʠʨʦʢʘ ʦʙʣʘʩʪ ʥʘ ʧʘʩʠʚʥʦʩʪ - 
ʧʘʩʠʚʠʨʘ ʩʝ ʚ ʛʦʣʷʤ ʦʙʭʚʘʪ ʦʪ ʧʦʪʝʥʮʠʘʣʠ ʠ ʨʅ. 
ʆʩʥʦʚʥʠʪʝ ʢʦʨʦʟʠʦʥʥʠ ʧʨʦʮʝʩʠ, ʢʦʠʪʦ ʩʘ ʨʝʛʠʩʪʨʠʨʘʥʠ ʚ ʮʠʨʢʦʥʠʝʚʠʪʝ ʩʧʣʘʚʠ ʩʘ [4]: 

- ɺʦʜʦʨʦʜʥʘ ʢʨʝʭʢʦʩʪ (delayed  hydride cracking), ʧʦʨʘʜʠ ʘʜʩʦʨʙʮʠʷʪʘ ʥʘ ʚʦʜʦʨʦʜ, ʢʘʪʦ 
ʩʪʝʧʝʥʪʘ ʥʘ ʚʦʜʦʨʦʜʥʘ ʢʨʝʭʢʦʩʪ ʟʘʚʠʩʠ ʦʪ ʦʙʝʤʥʘʪʘ ʬʨʘʢʮʠʷ ʥʘ ʮʠʨʢʦʥʠʝʚʠʷ ʭʠʜʨʠʜ 
(ZrH1.5), ʦʨʠʝʥʪʘʮʠʷʪʘ ʥʘ ʭʠʜʨʠʜʥʠʪʝ ʥʘʪʨʫʧʚʘʥʠʷ ʠ ʩʪʝʧʝʥʪʘ ʠʤ ʥʘ ʘʛʣʦʤʝʨʘʮʠʷ; 

- ʌʨʝʪʠʥʛ-ʢʦʨʦʟʠʷʪʘ ʥʘ ʦʙʚʠʚʢʠʪʝ ʥʘ ʊʆɽ, ʜʲʣʞʘʱʘ ʩʝ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʠʤ ʩʧʨʷʤʦ 
ʜʠʩʪʘʥʮʠʦʥʥʠʪʝ ʨʝʰʝʪʢʠ, ʧʨʝʜʠʟʚʠʢʘʥʦ ʦʪ ʧʫʣʩʘʮʠʠʪʝ ʥʘ ʧʦʪʦʢʘ ʨʝʘʢʪʦʨʥʘ ʚʦʜʘ, 
ʧʨʝʤʠʥʘʚʘʱʘ ʧʨʝʟ ʘʢʪʠʚʥʘʪʘ ʟʦʥʘ ʠʣʠ ʧʨʠ ʠʟʤʝʥʝʥʠʝ ʥʘ ʤʦʱʥʦʩʪʪʘ ʥʘ ʨʝʘʢʪʦʨʘ; 

- ʂʦʨʦʟʠʷʪʘ ʥʘ ʮʠʨʢʦʥʠʝʚʠʪʝ ʩʧʣʘʚʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʫʚʝʣʠʯʘʚʘʥʝ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʟʘʱʠʪʥʠʷ 
ʦʢʩʠʜʝʥ ʩʣʦʡ: ʨʘʚʥʦʤʝʨʥʘ ʢʦʨʦʟʠʷ;  ʬʦʨʤʠʨʘʥʝ ʥʘ ʥʝʨʘʚʥʦʤʝʨʝʥ ʦʢʩʠʜʝʥ ʩʣʦʡ ʩ 
ʣʦʢʘʣʥʠ ʥʘʪʨʫʧʚʘʥʠʷ ʦʪ ZrO2 - ñnodular corrosionò;  

- ʂʦʨʦʟʠʦʥʥʘ ʩʷʥʢʘ ï ʬʦʨʤʠʨʘʥʝ ʥʘ ʣʦʢʘʣʥʘ ʦʙʣʘʩʪ ʥʘ ʢʦʨʦʟʠʷ, ʦʪʨʘʟʷʚʘʱʘ ʬʦʨʤʘʪʘ ʥʘ 
ʜʨʫʛ ʢʦʥʩʪʨʫʢʮʠʦʥʝʥ ʝʣʝʤʝʥʪ. 
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ʈʝʘʢʪʦʨʥʠʷʪ ʢʦʥʪʫʨ ʥʘ ɸɽʎ ʩ ʨʝʘʢʪʦʨʠ ʪʠʧ ɺɺɽʈ ʝ ʩʣʦʞʝʥ ʢʦʨʦʟʠʦʥʝʥ ʦʙʝʢʪ, ʚ ʢʦʡʪʦ ʚ  
ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʠʜʘ ʠ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʦʙʣʲʯʚʘʥʝ ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʜʚʝ ʛʨʫʧʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʠ 

ʝʣʝʤʝʥʪʠ: ʪʘʢʠʚʘ, ʢʦʠʪʦ ʧʦ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘ ʩʘ ʧʦʜʣʦʞʝʥʠ ʥʘ ʥʝʫʪʨʦʥʥʦ ʠ g-ʦʙʣʲʯʚʘʥʝ 

(ʷʜʨʝʥ ʨʝʘʢʪʦʨ) ʠ ʪʘʢʠʚʘ, ʢʦʠʪʦ ʩʘ ʧʦʜʣʦʞʝʥʠ ʩʘʤʦ ʥʘ g-ʦʙʣʲʯʚʘʥʝ - ʢʦʤʧʦʥʝʥʪʠʪʝ, ʢʦʠʪʦ ʩʝ 
ʥʘʤʠʨʘʪ ʠʟʚʲʥ ʨʝʘʢʪʦʨʘ: ʪʨʲʙʦʧʨʦʚʦʜʠ, ʢʦʤʧʝʥʩʘʪʦʨ ʥʘ ʦʙʝʤʘ, ʧʦʤʧʠ, ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ ʠ ʜʨ. 
ʅʝʫʪʨʦʥʥʦʪʦ ʦʙʣʲʯʚʘʥʝ ʠʥʜʫʮʠʨʘ ʪʦʯʢʦʚʠ ʜʝʬʝʢʪʠ ʚ ʤʘʪʝʨʠʘʣʠʪʝ, ʦʪ ʪʠʧʘ ʥʘ ʚʘʢʘʥʮʠʠ 

ʚ ʤʝʪʘʣʥʘʪʘ ʨʝʰʝʪʢʘ (ʜʝʬʝʢʪʠ ʧʦ ʐʦʪʢʠ), ʝʜʥʦʚʨʝʤʝʥʥʘ ʧʦʷʚʘ ʥʘ ʚʘʢʘʥʮʠʷ ʠ ʚʥʝʜʨʝʥ ʘʪʦʤ 
ʚ ʤʝʞʜʫʚʲʟʣʠʝʪʦ (ʜʝʬʝʢʪʠ ʧʦ ʌʨʝʥʢʝʣ), ʧʨʦʜʫʢʪʠ ʥʘ ʜʝʣʝʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʚʥʝʜʨʷʪ ʚ 
ʤʝʞʜʫʚʲʟʣʠʷʪʘ ʠʣʠ ʜʘ ʟʘʤʝʩʪʷʪ ʯʘʩʪ ʦʪ ʦʩʥʦʚʥʠʪʝ ʤʝʪʘʣʥʠ ʘʪʦʤʠ ʚʲʚ ʚʲʟʣʠʪʝ ʥʘ 
ʤʝʪʘʣʥʘʪʘ ʢʨʠʩʪʘʣʥʘ ʨʝʰʝʪʢʘ (ʧʨʠʤʝʩʥʠ ʘʪʦʤʠ ʥʘ ʟʘʤʝʩʪʚʘʥʝ ʠ ʥʘ ʚʥʝʜʨʷʚʘʥʝ). ʇʨʠ 
ʥʘʪʨʫʧʚʘʥʝ ʥʘ ʪʦʯʢʦʚʠ ʜʝʬʝʢʪʠ ʚ ʤʝʪʘʣʘ ʥʘʩʪʲʧʚʘʪ ʜʠʩʣʦʢʘʮʠʠ, ʪ.ʝ. ʣʠʥʝʡʥʠ (ʜʚʫʤʝʨʥʠ) 
ʜʝʬʝʢʪʠ, ʢʦʠʪʦ ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘʪ ʥʘ ʛʦʣʷʤʘ ʜʲʣʞʠʥʘ ï ʧʨʘʛʦʚʠ ʠ ʚʠʥʪʦʚʠ ʜʠʩʣʦʢʘʮʠʠ. 
ɼʝʬʝʢʪʠʪʝ ʩʠʣʥʦ ʚʣʠʷʷʪ ʠ ʥʘ ʬʠʟʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʤʝʪʘʣʠʪʝ, ʢʘʪʦ ʨʷʟʢʦ ʠʟʤʝʥʷʪ 

ʷʢʦʩʪʪʘ, ʧʣʘʩʪʠʯʥʦʩʪʪʘ, ʛʨʘʥʠʮʠʪʝ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ, ʪʝʨʤʠʯʥʘʪʘ ʠ ʝʣʝʢʪʨʠʯʥʘ ʧʨʦʚʦʜʠʤʦʩʪ, ʚ 
ʢʦʝʪʦ ʩʝ ʠʟʨʘʟʷʚʘ ʨʘʜʠʘʮʠʦʥʥʘʪʘ ʧʦʚʨʝʜʘ.  
ɺ ʯʘʩʪʥʦʩʪ, ɸɽʎ Ăʂʦʟʣʦʜʫʡò ʝ ʠʟʛʨʘʜʝʥʘ ʧʦ ʨʫʩʢʘ ʪʝʭʥʦʣʦʛʠʷ  ʠ ʦʩʥʦʚʥʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʠ 

ʤʘʪʝʨʠʘʣʠ ʩʘ ʨʫʩʢʠ  ʭʨʦʤ-ʥʠʢʝʣʦʚʠ ʘʫʩʪʝʥʠʪʥʠ ʩʪʦʤʘʥʠ.  
ʆʩʥʦʚʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʘ ʘʫʩʪʝʥʠʪʥʠʪʝ ʩʪʦʤʘʥʠ ʝ ʚʠʩʦʢʘʪʘ ʠʤ ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ 

ʥʝʫʪʨʦʥʥʦ ʚʲʟʜʝʡʩʪʚʠʝ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʧʝʪʢʨʘʪʥʦ ʩʪʘʙʠʣʠʟʠʨʘʥʘʪʘ ʩʪʦʤʘʥʘ 08X18H10T ʩʝ 
ʧʨʠʣʘʛʘ ʢʘʪʦ Ăʥʘʧʣʘʚʢʘò (ʚʪʦʨʠ ʩʣʦʡ)  ʥʘ ʮʷʣʘʪʘ ʚʲʪʨʝʰʥʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʧʝʨʣʠʪʥʠʪʝ 
ʢʦʨʧʫʩʠ ʥʘ ʨʝʘʢʪʦʨʠʪʝ ʪʠʧ ɺɺɽʈ-1000, ʢʘʪʦ ʢʦʥʩʪʨʫʢʮʠʦʥʝʥ ʤʘʪʝʨʠʘʣ ʥʘ ʨʝʜʠʮʘ ʢʦʤʧʦʥʝʥʪʠ 
ï ʙʘʨʙʦʪʴʦʨ, ʢʦʤʧʝʥʩʘʪʦʨ ʥʘ ʥʘʣʷʛʘʥʝ, ʢʘʢʪʦ ʠ ʥʘ ʠʟʧʘʨʠʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʗʇɻ. ʉʲʩʪʘʚʲʪ 
ʥʘ  ʩʪʦʤʘʥʘ  08X18H10T, ʝ ʧʦʩʦʯʝʥ ʚ ʊʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 
ʍʠʤʠʯʝʥ ʩʲʩʪʘʚ ʥʘ 08X18H10T (GOST 5632-72) ʜʦ 100 wt.% Fe 

ʂʦʤʧʦʥʝʥʪʠ C Si Mn Ni S P Cr Cu Ti 
ʉʲʩʪʘʚ,wt%  <0.08 <0.8 < 2.0 9-11 <0.02 0.035 17-19 <0.3 Cx5<Ti<0.7 

 
ɼʨʫʛʠ ʥʝʨʲʞʜʘʝʤʠ ʩʪʦʤʘʥʠ ʠʟʧʦʣʟʚʘʥʠ ʚʲʚ ɺɺɽʈ-1000 ʩʘ ʩʪʦʤʘʥʘ 12ʍ18ʅ10ʊ, 

08ʍ19ʅ10ɻ2ɹ (ʢʦʤʧʝʥʩʘʪʦʨ ʥʘ ʥʘʣʷʛʘʥʝ),  ʤʘʨʪʝʥʟʠʪʥʦ-ʘʫʩʪʝʥʠʪʝʥ ʢʣʘʩ 06ʍ12ʅɿɼʃ (ʛʣʘʚʥʘ 
ʮʠʨʢʫʣʘʮʠʦʥʥʘ ʧʦʤʧʘ), ʘʫʩʪʝʥʠʪʥʘ ʩʪʦʤʘʥʘ 08ʍ19ʅ10ɻ2ɹ  ʠ ʜʨ.  
ʆʩʥʦʚʝʥ ʢʦʨʦʟʠʦʥʝʥ ʧʨʦʮʝʩ, ʠʜʝʥʪʠʬʠʮʠʨʘʥ ʧʨʠ ʘʫʩʪʝʥʠʪʥʠʪʝ ʩʪʦʤʘʥʠ ʧʨʠ 

ʩʝʥʩʠʙʠʣʠʟʘʮʠʷ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʠʤ ʝ ʩʪʨʝʩ-ʢʦʨʦʟʠʷʪʘ (ʢʦʨʦʟʠʷ ʧʦʜ ʥʘʧʨʝʞʝʥʠʝ  ʠʣʠ ʢʨʝʢʠʥʛ-
ʢʦʨʦʟʠʷ), ʢʘʪʦ ʢʦʨʦʟʠʦʥʥʘʪʘ ʧʦʚʨʝʜʘ ʩʝ ʧʨʦʷʚʷʚʘ ʢʘʪʦ ʧʫʢʥʘʪʠʥʠ ʚʲʨʭʫ ʤʝʪʘʣʥʘʪʘ 
ʧʦʚʲʨʭʥʦʩʪ ʩ ʪʨʘʥʩ-ʢʨʠʩʪʘʣʝʥ ʭʘʨʘʢʪʝʨ [3]. ʂʦʨʦʟʠʦʥʥʠʷʪ ʧʨʦʮʝʩ ʤʦʞʝ ʜʘ ʝ ʠʥʪʝʛʨʘʣʝʥ ʠ ʜʘ 
ʚʢʣʶʯʚʘ ʢʦʨʦʟʠʦʥʥʘ ʫʤʦʨʘ ʦʪ ʮʠʢʣʠʯʥʠ ʤʝʭʘʥʠʯʥʠ ʥʘʧʨʝʞʝʥʠʷ, ʨʘʜʠʘʮʠʦʥʥʘ ʢʨʝʢʠʥʛ-
ʢʦʨʦʟʠʷ ʚ ʥʝʫʪʨʦʥʥʦ ʧʦʣʝ ʠʣʠ ʚʦʜʦʨʦʜʥʘ ʢʨʝʭʢʦʩʪ ʦʪ ʚʥʝʜʨʷʚʘʥʝ ʥʘ ʅ2 ʚ ʩʪʦʤʘʥʘʪʘ ʦʪ 
ʨʝʘʢʪʦʨʥʘʪʘ ʚʦʜʘ. ʄʝʞʜʫʢʨʠʩʪʘʣʥʘʪʘ ʢʨʝʢʠʥʛ-ʢʦʨʦʟʠʷ ʩʝ ʧʨʠʯʠʥʷʚʘ ʦʪ ʭʨʦʤʥʦʪʦ 
ʦʙʝʜʥʷʚʘʥʝ ʧʦ ʛʨʘʥʠʮʠʪʝ ʥʘ ʩʪʨʫʢʪʫʨʥʠʪʝ ʝʜʠʥʠʮʠ ʥʘ ʘʫʩʪʝʥʠʪʥʠʪʝ ʩʪʦʤʘʥʠ ʠ ʩʝ 
ʧʨʝʜʦʪʚʨʘʪʷʚʘ ʯʨʝʟ ʩʪʘʙʠʣʠʟʘʮʠʷ ʩ Ti ʠ Nb (ʊʘʙʣʠʮʘ 2). ʂʨʝʢʠʥʛ-ʢʦʨʦʟʠʷʪʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʩʝ 
ʠʥʪʝʥʟʠʬʠʮʠʨʘ ʚ ʝʣʝʢʪʨʦʣʠʪʥʘ ʩʨʝʜʘ ʚ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʨʘʟʪʚʦʨʝʥ ʢʠʩʣʦʨʦʜ ʠ ʭʣʦʨʠʜʠ. 
ʂʦʨʦʟʠʷʪʘ ʥʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʚ ʝʥʝʨʛʠʡʥʠʪʝ ʦʙʝʢʪʠ ʩʝ ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ 

ʭʝʪʝʨʦʛʝʥʝʥ  ʧʨʦʮʝʩ, ʧʨʦʪʠʯʘʱ ʥʘ ʛʨʘʥʠʮʘʪʘ ʤʝʪʘʣ-ʪʦʧʣʦʥʦʩʠʪʝʣ, ʢʘʪʦ ʚ ʦʙʱʠʷ ʩʣʫʯʘʡ ʝ ʦʪ 
ʝʣʝʢʪʨʦʭʠʤʠʯʥʦ ʝʩʪʝʩʪʚʦ ʠ ʩʝ ʠʟʨʘʟʷʚʘ ʯʨʝʟ ʩʣʝʜʥʠʪʝ ʘʥʦʜʥʠ (ɸ) ʠ ʢʘʪʦʜʥʠ (ʂ) ʨʝʘʢʮʠʠ: 

(ɸ) : Fe ï 2e- ­ Fe2+ ; 

(ʂ):  2 H+ + 2 e- ­ H2 (ʧʨʠ ʢʦʨʦʟʠʷ ʩ ʚʦʜʦʨʦʜʥʘ ʜʝʧʦʣʷʨʠʟʘʮʠʷ);    (1) 

   ʆ2 + 4 ʝ
- + 2 H2O ­ 4 OH- (ʧʨʠ ʢʦʨʦʟʠʷ ʩ ʢʠʩʣʦʨʦʜʥʘ ʜʝʧʦʣʷʨʠʟʘʮʠʷ). 

ɽʜʠʥʩʪʚʝʥʦ ʚ ʩʠʩʪʝʤʘʪʘ ʤʝʪʘʣ-ʧʨʝʛʨʷʪʘ ʧʘʨʘ ʧʨʦʮʝʩʲʪ ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʪʦ ʭʠʤʠʯʝʥ ʠ ʩʝ 
ʠʟʨʘʟʷʚʘ ʯʨʝʟ ʨʝʘʢʮʠʷʪʘ ʥʘ Chaudron: 

Fe+H2O ­ Fe3O4 + H2 ;          (2) 
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ɺ ʪʘʟʠ ʚʨʲʟʢʘ ʭʠʤʠʯʥʠʷʪ ʩʲʩʪʘʚ ʥʘ ʪʦʧʣʦʥʦʩʠʪʝʣʷ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ 
ʟʘʙʘʚʷʥʝ ʥʘ ʧʨʦʮʝʩʠʪʝ ʥʘ ʢʦʨʦʟʠʷ. 
ɺ ʯʘʩʪʥʦʩʪ, ʚ ʧʲʨʚʠ ʢʦʥʪʫʨ ʥʘ ɸɽʎ Ăʂʦʟʣʦʜʫʡò ʩʝ ʧʦʜʜʲʨʞʘ ʢʦʨʝʢʮʠʦʥʝʥ ʚʦʜʥʦ-ʭʠʤʠʯʝʥ 

ʨʝʞʠʤ (ɺʍʈ) ʟʘ ʦʙʝʟʧʝʯʘʚʘʥʝ ʥʘ ʥʝʫʪʨʘʣʥʘ ʩʨʝʜʘ ʧʨʠ ʨʘʙʦʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ (ʨʅ300=6.8·7.2), 
ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʨʘʜʠʦʣʠʟʘ ʥʘ ʪʦʧʣʦʥʦʩʠʪʝʣʷ, ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ 
ʢʦʨʦʟʠʦʥʥʦʪʦ ʧʦʚʨʝʞʜʘʥʝ ʥʘ ʤʝʪʘʣʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ ʠ ʦʪʣʘʛʘʥʝʪʦ ʥʘ ʜʠʩʧʝʨʛʠʨʘʥʠ 
ʧʨʦʜʫʢʪʠ ʥʘ ʢʦʨʦʟʠʷ (ɼʇʂ). 
ʅʦʨʤʠʪʝ ʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʦʜʘʪʘ ʥʘ ʧʲʨʚʠ ʢʦʥʪʫʨ ʚ ʨʝʞʠʤ ʥʘ ʥʦʨʤʘʣʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣ. 3. 
ʊʘʙʣʠʮʘ 3  

ʅʦʨʤʠ ʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʦʜʘʪʘ ʥʘ ʧʲʨʚʠ ʢʦʥʪʫʨ ʚ ʨʝʞʠʤ ʥʘ ʥʦʨʤʘʣʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ 

ʇʦʢʘʟʘʪʝʣ  ʅʦʨʤʘ ʇʦʢʘʟʘʪʝʣ ʅʦʨʤʘ 

ʨʅ25 5.7 · 10.2 [NH3] ,mg/kg Ó5.0 

ʨʅ300 7.0 Ñ 0.2 [H3BO3], g/kg 0 · 16.0 

Ɇ[Cl-, F-], mg/kg ¢ 0.100 [Fe], mg/kg ¢0.200 

[ʆ2] ʨʘʟʪʚʦʨʝʥ, mg/kg ¢0.005 [Cu], mg/kg 0.020 

[ʅ2], ʊ=0Áʉ,  
ʈ=0.1MPa, nml/kg 

30 · 60 ʈʘʜʠʦʘʢʪʠʚʥʦʩʪ ʥʘ 
ʪʦʧʣʦʥʦʩʠʪʝʣʷ ʧʦ ʠʟʦʪʦʧʠ 

ʥʘ ʡʦʜ , SAJ, Bq/kg 

¢3.7107 ï ʥʦʨʤ. ʝʢʩʧʣ. 

¢1.85108 ï ʙʝʟʦʧʘʩʥʘ 
ʝʢʩʧʣ. 

Ɇ[ʂ+, Li+, Na+],  
mg-eq/kg 

0.05 · 0.45  ʉʧʝʮʠʬʠʯʥʘ ʘʢʪʠʚʥʦʩʪ ʧʦ 
ʩʫʭ ʦʩʪʘʪʲʢ, Ci/l 

1.10-2 

 
ʂʘʯʝʩʪʚʦʪʦ ʥʘ ʩʨʝʜʘʪʘ ʚʲʚ ʚʪʦʨʠ ʢʦʥʪʫʨ ʩʝ ʧʦʜʜʲʨʞʘ ʯʨʝʟ ʚʠʩʦʢʦʘʣʢʘʣʝʥ ɺʍʈ ʩ 

ʝʜʥʦʚʨʝʤʝʥʥʦ ʜʦʟʠʨʘʥʝ ʥʘ ʘʤʦʥʷʢ, ʝʪʘʥʦʣʘʤʠʥ (ɽʊɸ) ʠ ʭʠʜʨʘʟʠʥ, ʦʟʥʘʯʘʚʘʥ ʢʘʪʦ AMETA, 

ʧʨʠ ʢʦʡʪʦ ʩʝ ʧʦʜʜʲʨʞʘ pH25=9.7·9.95 ʥʘ ʧʦʜʭʨʘʥʚʘʱʘʪʘ ʚʦʜʘ ʠ pH25=9.3·9.8 ʥʘ 
ʧʨʦʜʫʚʲʯʥʘʪʘ ʚʦʜʘ. ɺʍʈ ʚʢʣʶʯʚʘ: 

- ʜʦʟʠʨʘʥʝ ʥʘ ʩʤʝʩʝʥ ʨʘʟʪʚʦʨ ʥʘ NH3 ʠ ɽʊɸ (2:1) ʚ ʧʠʪʘʪʝʣʥʘʪʘ ʚʦʜʘ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 
ʪʦʧʣʦʥʦʩʠʪʝʣʷ ʥʘ II-ʨʠ ʢʦʥʪʫʨ ï 3-5 mgNH3/kg ʠ 0.3-0.5 mgɽʊɸ/ʢg; 

- ʜʦʟʠʨʘʥʝ ʥʘ N2H4 (~1,5 %) ʚ ʢʦʥʜʝʥʟʘʪʥʠʷ ʪʨʘʢʪ ʟʘ ʦʙʝʟʧʝʯʘʚʘʥʝ ʥʘ ʠʟʣʠʰʲʢ ʦʪ 
ʭʠʜʨʘʟʠʥ ʚ ʧʠʪʘʪʝʣʥʘʪʘ ʚʦʜʘ. 

ʌʫʥʢʮʠʠ ʥʘ ʭʨʦʤʘ ʚ ʥʝʨʲʞʜʘʝʤʠʪʝ ʩʪʦʤʘʥʠ ʠ ʚʠʩʦʢʦʥʠʢʝʣʦʚʠʪʝ ʩʧʣʘʚʠ 
ʆʩʥʦʚʝʥ ʢʦʤʧʦʥʝʥʪ ʦʪ Ăʠʟʢʣʶʯʠʪʝʣʥʘ ʚʘʞʥʦʩʪò ʚʲʚ ʚʠʩʦʢʦʥʠʢʝʣʦʚʠʪʝ ʩʧʣʘʚʠ ʠ 

ʥʝʨʲʞʜʘʝʤʠʪʝ ʩʪʦʤʘʥʠ ʝ Cr.  ʅʝʨʲʞʜʘʝʤʠʪʝ ʩʪʦʤʘʥʠ ʩʲʜʲʨʞʘʪ ʤʠʥʠʤʫʤ 10.5 wt % Cr   ʠ 
ʦʙʠʢʥʦʚʝʥʦ 11-12 wt % Cr, ʩ ʢʦʝʪʦ ʩʝ ʛʘʨʘʥʪʠʨʘ ʚʠʩʦʢʘʪʘ ʠʤ ʨʝʟʠʩʪʠʚʥʦʩʪ ʥʘ ʦʙʱʘ ʢʦʨʦʟʠʷ. 
ʌʫʥʢʮʠʠʪʝ ʥʘ Cr ʟʘ ʢʦʨʦʟʠʦʥʥʘʪʘ ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ ʩʪʦʤʘʥʠʪʝ ʩʝ ʟʘʢʣʶʯʘʚʘʪ ʚ ʩʧʦʩʦʙʥʦʩʪʪʘ 
ʤʫ ʜʘ ʬʦʨʤʠʨʘ ʩʘʤʦʚʲʟʩʪʘʥʦʚʷʚʘʱ ʩʝ ʧʘʩʠʚʠʨʘʱ ʩʣʦʡ ʦʪ ʜʠʭʨʦʤʝʥ ʪʨʠʦʢʩʠʜ (Cr2O3) ʚʲʨʭʫ 
ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʤʝʪʘʣʘ, ʠʟʧʲʣʥʷʚʘʱ ʬʫʥʢʮʠʠʪʝ ʥʘ ʙʘʨʠʝʨʘ ʩʨʝʱʫ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ 
ʢʦʥʪʘʢʪʥʘʪʘ ʩʨʝʜʘ.  ɼʦʙʘʚʷʥʝʪʦ ʥʘ ʥʠʢʝʣ (Ni)  ʚ ʢʦʣʠʯʝʩʪʚʦ ʥʘʜ 8 wt % ʢʲʤ ʚʠʩʦʢʦ ʭʨʦʤʦʚʠ 
ʥʝʨʲʞʜʘʝʤʠ ʩʪʦʤʘʥʠ  ʚʦʜʠ ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʥʘʡ-ʚʘʞʥʠʷ ʢʣʘʩ ʢʦʨʦʟʠʦʥʥʦ ʠ ʪʝʨʤʠʯʥʦ 
ʫʩʪʦʡʯʠʚʠ ʩʪʦʤʘʥʠ ï ʘʫʩʪʝʥʠʪʥʠʪʝ, ʦʟʥʘʯʘʚʘʥʠ ʢʘʪʦ 18-8 (304/1.4301). ʇʨʝʜʠʤʩʪʚʘʪʘ ʥʘ Cr 
ʩʝ ʠʟʷʩʥʷʚʘʪ ʯʨʝʟ ʩʲʧʦʩʪʘʚʷʥʝ ʥʘ ʪʝʦʨʝʪʠʯʥʠʪʝ E-pH  ʜʠʘʛʨʘʤʠ  ʥʘ Pourbaix ʟʘ ʩʠʩʪʝʤʠʪʝ 
Fe-ʅ2ʆ  ʠ Cr-ʅ2ʆ, ʦʪ ʢʦʠʪʦ ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʰʠʨʦʢʘ ʦʙʣʘʩʪ ʥʘ ʧʘʩʠʚʥʦʩʪ  ʯʨʝʟ ʬʦʨʤʠʨʘʥʝ ʥʘ 
ʩʪʘʙʠʣʝʥ  ʟʘʱʠʪʝʥ ʩʣʦʡ ʦʪ Cr2O3 [5]. ʆʧʨʦʩʪʝʥʠ ʜʠʘʛʨʘʤʠ  ʥʘ Pourbaix ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ 
ʌʠʛ. 3.  
ʉʧʦʩʦʙʥʦʩʪʪʘ ʥʘ Ni ʜʘ ʩʪʘʙʠʣʠʟʠʨʘ ʘʫʩʪʝʥʠʪʥʘ ʬʘʟʘ, ʨʝʟʫʣʪʠʨʘ ʚʲʚ ʚʠʩʦʢʦʷʢʦʩʪʥʠ 

ʩʚʦʡʩʪʚʘ ʥʘ ʤʘʪʝʨʠʘʣʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ ʢʦʨʦʟʠʦʥʥʠ ʚʲʟʜʝʡʩʪʚʠʷ ʧʨʠ ʚʠʩʦʢʠ ʠ ʥʠʩʢʠ 
ʪʝʤʧʝʨʘʪʫʨʠ.   ʍʨʦʤʲʪ ʥʘʤʘʣʷʚʘ Ăʌʣʘʜʝ-ʧʦʪʝʥʮʠʘʣʘò ʥʘ ʩʪʦʤʘʥʠʪʝ ʧʨʠ ʜʦʙʘʚʷʥʝʪʦ ʤʫ ʜʦ 18 
wt %, ʩ ʢʦʝʪʦ ʩʝ ʫʚʝʣʠʯʘʚʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʪʘ ʠʤ ʢʲʤ ʢʦʨʦʟʠʷ ʩ ʚʦʜʦʨʦʜʥʘ ʜʝʧʦʣʷʨʠʟʘʮʠʷ. 
ʋʩʪʦʡʯʠʚʦʩʪʪʘ ʥʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʢʲʤ ʢʨʝʢʠʥʛ-ʢʦʨʦʟʠʷ ʥʘʨʘʩʪʚʘ ʩ ʫʚʝʣʠʯʘʚʘʥʝ 
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ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ Ni ʚ ʩʧʣʘʚʪʘ, ʥʦ ʧʨʠ Ni>70 wt%, ʤʘʪʝʨʠʘʣʲʪ ʩʪʘʚʘ ʩʢʣʦʥʝʥ ʢʲʤ 
ʤʝʞʜʫʢʨʠʩʪʘʣʥʘ ʢʨʝʢʠʥʛ-ʢʦʨʦʟʠʷ (ʄʂʂ), ʨʝʛʠʩʪʨʠʨʘʥʘ ʧʨʠ Inconel 600. 

 
ʌʠʛ. 3 ʆʧʨʦʩʪʝʥʠ ʜʠʘʛʨʘʤʠ ʥʘ  Pourbaix  ʟʘ ʩʠʩʪʝʤʠʪʝ Cr-ʅ2ʆ (a)  ʠ  Fe-ʅ2ʆ (ʙ), ʧʦʢʘʟʚʘʱʠ 
ʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʤʝʪʘʣʘ (E) ʚʲʚ ʬʫʥʢʮʠʷ ʦʪ ʨʅ. ʆʙʣʘʩʪʪʘ ʥʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ 

ʚʦʜʘʪʘ ʝ ʦʯʝʨʪʘʥʘ ʦʪ ʜʚʝʪʝ ʧʫʥʢʪʠʨʘʥʠ ʣʠʥʠʠ 
 

ʇʲʪʠʱʘ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠʪʝ, ʧʨʦʠʟʪʠʯʘʱʠ ʦʪ CRMs 
ʈʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʩ ʜʦʩʪʘʚʢʠʪʝ ʢʲʤ ɽʉ ʥʘ ʢʨʠʪʠʯʥʠ ʟʘ ʠʢʦʥʦʤʠʢʘʪʘ ʩʫʨʦʚʠʥʠ 

ʚʢʣʶʯʚʘ ʜʝʡʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʪʘ, ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʌʠʛ. 4, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʦʙʦʙʱʷʪ ʧʦ 
ʩʣʝʜʥʠʷ ʥʘʯʠʥ: 

1) ɿʘʤʝʩʪʠʤʦʩʪʪʘ ʥʘ CRM ʚʢʣʶʯʚʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʘʥʘʣʦʟʠ. ɿʘ ʢʦʣʠʯʝʩʪʚʝʥʘ ʦʮʝʥʢʘ ʥʘ 
ʪʨʫʜʥʦʩʪʪʘ ʧʨʠ ʟʘʤʝʩʪʚʘʥʝ ʝ ʚʲʚʝʜʝʥ Ăʀʥʜʝʢʩ ʥʘ ʟʘʤʝʩʪʠʤʦʩʪʪʘñ, ʠʟʚʝʜʝʥ ʚʲʟ ʦʩʥʦʚʘ ʥʘ 
ʚʩʠʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʤʘʪʝʨʠʘʣʘ. ʉʪʦʡʥʦʩʪʠʪʝ ʤʫ ʩʝ ʠʟʤʝʥʷʪ ʚ ʛʨʘʥʠʮʠ ʦʪ  0 ʜʦ 1, ʢʘʪʦ 
1 ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʥʘʡ-ʤʘʣʢʦ ʟʘʤʝʥʠʤ CRM. ʇʨʠ ʥʘʩʪʦʷʱʦʪʦ ʪʝʭʥʦʣʦʛʠʯʥʦ ʥʠʚʦ, 
ʠʥʜʝʢʩʲʪ ʥʘ ʟʘʤʝʩʪʠʤʦʩʪ ʥʘ Cr ʩʝ ʦʮʝʥʷʚʘ ʥʘ 0.96. 

2) ʇʦʜ ʪʝʨʤʠʥʦʣʦʛʠʷʪʘ ñʈʝʮʠʢʣʠʨʘʥʝ ʩʣʝʜ ʠʟʣʠʟʘʥʝ ʦʪ ʫʧʦʪʨʝʙʘò ʩʝ ʚʲʟʧʨʠʝʤʘ ʯʘʩʪʪʘ ʦʪ 
ʤʝʪʘʣʘ ʠ ʤʝʪʘʣʥʠʪʝ ʧʨʦʜʫʢʪʠ, ʢʦʠʪʦ ʩʘ ʧʨʦʠʟʚʝʜʝʥʠ ʦʪ ʩʢʨʘʧ ʩʣʝʜ ʠʟʣʠʟʘʥʝ ʦʪ ʫʧʦʪʨʝʙʘ 
ʥʘ ʦʙʦʨʫʜʚʘʥʝʪʦ ʠ ʦʪ ʜʨʫʛʠ ʦʩʪʘʪʲʮʠ ʩ ʥʠʩʢʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʩʲʦʪʚʝʪʥʠʷ ʤʝʪʘʣ. 
ʇʨʦʮʝʥʪʲʪ ʥʘ ʨʝʮʠʢʣʠʨʫʝʤʦʩʪʪʘ ʥʘ Cr ʧʦ ʧʦʩʣʝʜʥʠ ʜʘʥʥʠ ʝ ʝʜʚʘ 13 %. 

3) ʋʜʲʣʞʘʚʘʥʝ ʚʨʝʤʝʪʦ ʥʘ ʞʠʚʦʪ ʥʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʚ ʝʥʝʨʛʠʡʥʠʪʝ 
ʩʲʦʨʲʞʝʥʠʷ ʝ ʧʨʷʢʦ ʩʚʲʨʟʘʥʦ ʩ ʦʧʪʠʤʠʟʘʮʠʷʪʘ ʥʘ ʨʝʘʛʝʥʪʥʠʪʝ ʩʭʝʤʠ ʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ 
ʢʦʥʪʘʢʪʥʘʪʘ ʩʨʝʜʘ ʟʘ ʤʠʥʠʤʠʟʠʨʘʥʝ ʥʘ ʨʘʟʨʫʰʠʪʝʣʥʠʪʝ ʧʨʦʮʝʩʠ, ʪ.ʝ. ʩ ʚʦʜʥʦ-ʭʠʤʠʯʥʠʪʝ 
ʨʝʞʠʤʠ. ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ɺʍʈ ʥʘ Ăʩʣʘʙʦʪʦ ʟʚʝʥʦò ʥʘ ʗɽʎ ï ʷʜʨʝʥʠʪʝ ʧʘʨʦʛʝʥʝʨʘʪʦʨʠ,  
ʧʦʜʦʙʨʷʚʘʥʝʪʦ ʥʘ ʨʝʘʛʝʥʪʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʚʦʜʘʪʘ ʟʘ II-ʨʠ ʢʦʥʪʫʨ ʥʘ ɺɺɽʈ ʦʪ ʧʲʨʚʘʪʘ ʚ 
ʩʚʝʪʘ ʜʚʫʢʦʥʪʫʨʥʘ ʗɽʎ ʜʦ ʥʘʰʠ ʜʥʠ ʩʝ ʠʟʨʘʟʷʚʘ ʚ ʟʘʤʷʥʘʪʘ ʥʘ ʬʦʩʬʘʪʠʨʘʥʝʪʦ ʥʘ 
ʧʘʨʦʛʝʥʝʨʘʪʦʨʥʘʪʘ ʚʦʜʘ ʩ ʦʙʨʘʙʦʪʢʘʪʘ ʩ ʥʝʫʪʨʘʣʠʟʠʨʘʱʠ ʘʤʠʥʠ, ʯʨʝʟ ʢʦʝʪʦ ʩʝ 
ʦʛʨʘʥʠʯʘʚʘʪ ʧʦʨʘʞʝʥʠʷʪʘ  ʚ ʠʟʧʘʨʠʪʝʣʥʠʪʝ ʩʠʩʪʝʤʠ ʦʪ  ʘʣʢʘʣʥʘ ʢʨʝʭʢʦʩʪ ʠ ʨʘʚʥʦʤʝʨʥʘ 
ʬʦʩʬʘʪʥʘ ʢʦʨʦʟʠʷ. ʇʘʨʘʣʝʣʥʦ ʩ ʪʦʚʘ ʝ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝʪʦ ʥʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʠʪʝ 
ʤʘʪʝʨʠʘʣʠ ʯʨʝʟ ʩʲʩ ʟʘʤʷʥʘʪʘ ʥʘ ʥʝʨʲʞʜʘʝʤʠʪʝ ʩʪʦʤʘʥʠ ʩ ʚʠʩʦʢʦʥʠʢʝʣʦʚʠ ʘʫʩʪʝʥʠʪʥʠ 
ʩʧʣʘʚʠ. 
ʀʥʪʝʥʟʠʚʥʦ ʩʝ ʠʟʩʣʝʜʚʘʪ ʟʘʱʠʪʥʠ ʧʦʢʨʠʪʠʷ, ʢʦʠʪʦ ʜʘ ʠʟʚʲʨʰʚʘʪ ʬʫʥʢʮʠʠʪʝ ʥʘ 
ʧʘʩʠʚʠʨʘʱʠʷ ʦʢʩʠʜʝʥ ʩʣʦʡ ʥʘ ʭʨʦʤʘ, ʩ ʢʦʝʪʦ ʜʘ ʩʝ ʥʘʤʘʣʠ ʩʲʜʲʨʞʘʥʠʝʪʦ ʤʫ ʚ 
ʢʦʥʩʪʨʫʢʮʠʦʥʥʠʪʝ ʩʪʦʤʘʥʠ ʠ ʩʧʣʘʚʠ. 

4) ʈʘʟʢʨʠʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʠʟʪʦʯʥʠʮʠ ʥʘ CRMs ʯʨʝʟ ʤʠʥʝʥ ʜʦʙʠʚ ʧʦʜ ʤʦʨʩʢʦʪʦ ʥʠʚʦ ʝ ʥʘ 
ʝʪʘʧ ʧʨʦʫʯʚʘʥʠʷ ʠ ʢʘʨʪʠʨʘʥʝ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʙʘʟʘʪʘ ʦʪ ʟʥʘʥʠʷʪʘ ʟʘ ʩʫʨʦʚʠʥʥʠʪʝ 
ʨʝʩʫʨʩʠ.  

a. ʙ. 
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ɿʘʢʣʶʯʠʪʝʣʥʘ ʯʘʩʪ 
ʍʨʦʤʲʪ ʝ ʦʩʥʦʚʝʥ ʢʦʤʧʦʥʝʥʪ ʥʘ ʥʝʨʲʞʜʘʝʤʠʪʝ ʠ ʚʠʩʦʢʦʥʠʢʝʣʦʚʠʪʝ ʩʧʣʘʚʠ, ʢʦʠʪʦ ʩʘ 

ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥ ʢʦʥʩʪʨʫʢʮʠʦʥʝʥ ʤʘʪʝʨʠʘʣ ʚ ʝʥʝʨʛʠʡʥʠʪʝ ʩʲʦʨʲʞʝʥʠʷ. ʇʦʨʘʜʠ 
ʠʟʢʣʶʯʠʪʝʣʥʘʪʘ ʚʘʞʥʦʩʪ ʥʘ Cr ʟʘ ʢʣʶʯʦʚʠ ʦʪʨʘʩʣʠ ʦʪ ʠʢʦʥʦʤʠʢʘʪʘ ʥʘ ɽʉ ʠ ʧʦʨʘʜʠ ʬʘʢʪʘ, ʯʝ 
ʜʦʩʪʘʚʢʠʪʝ ʤʫ  ʢʲʤ ɽʉ ʩʘ ʦʪ ʩʪʨʘʥʠ ʠʟʚʲʥ ɽʉ, ʪʦ ʪʘʟʠ ʩʫʨʦʚʠʥʘ ʝ ʢʘʪʝʛʦʨʠʟʠʨʘʥʘ ʢʘʪʦ 
Ăʨʠʩʢʦʚʘò, ʢʦʝʪʦ ʥʘʣʘʛʘ ʠʥʪʝʥʟʠʬʠʮʠʨʘʥʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʠ ʨʘʟʨʘʙʦʪʢʠʪʝ ʧʦ ʦʪʥʦʰʝʥʠʝ 
ʥʘ ʟʘʤʝʩʪʠʤʦʩʪʪʘ ʠ ʨʝʮʠʢʣʠʨʘʥʝʪʦ Cr. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. Report on Critical raw materials for the EU. Report of the Ad hoc Working Group on defining 
critical raw materials, May 2014. 

2. Allen T., J. Busby, M. Meyer, D. Petti, Materials challenges for nuclear systems, Materials 
Today, 13 (12) , 2010, 15-23. 

3. Cattant F., D. Crusset, D. Feron, Corrosion Issues in Nuclear industry Today, Materials Today, 
11 (10), 2008, 32-37. 

4. Allen T.R., R.J.M. Konings, A.T. Motta, Corrosion of Zirconium Alloys. In: Konings R.J.M., (ed.) 
Comprehensive Nuclear Materials, 5, 2012, 49-68. 

5. Revie R. W., H.H. Uhlig, Corrosion and corrosion control, An introduction to corrosion science 
and engineering, John Wiley&Sons, Inc. 2008. 

 
 
ʜʦʮ. ʜ-ʨ ʉʠʣʚʠʷ ɹʦʡʯʝʚʘ, ʊʋïʉʦʬʠʷ, ʢʘʪʝʜʨʘ Ăʊʦʧʣʦʝʥʝʨʛʝʪʠʢʘ ʠ ʷʜʨʝʥʘ ʝʥʝʨʛʝʪʠʢʘñ, 

ʪʝʣ. 02 965 2537, e-mail: sboycheva@tu-sofia.bg 

  

ʈʝʮʠʢʣʠʨʘʥʝ 

 

ʈʘʟʢʨʠʚʘʥʝ ʥʘ 
ʥʦʚʠ 

ʠʟʪʦʯʥʠʮʠ ʥʘ 
CRMs 

 

ʋʜʲʣʞʘʚʘʥʝ 
Ăʚʨʝʤʝʪʦ ʥʘ 
ʞʠʚʦʪ 

 

ɿʘʤʝʩʪʠʤʦʩʪ 
 

ʇʲʪʠʱʘ ʟʘ 
ʥʘʤʘʣʷʚʘʥʝ ʥʘ 
ʜʝʬʠʮʠʪʘ ʥʘ 
Ăʉʫʨʦʚʠʥʠʪʝ ʦʪ 
ʠʟʢʣʶʯʠʪʝʣʥʘ 
ʚʘʞʥʦʩʪ ʟʘ ɽʉñ 

 

ʌʠʛ. 4 ʇʲʪʠʱʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʜʝʬʠʮʠʪʘ ʥʘ CRM 

mailto:sboycheva@tu-sofia.bg


 
118  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

 
 
 

ɽʜʠʥ ʧʦʜʭʦʜ  ʟʘ ʦʮʝʥʢʘ ʥʘ ʩʧʝʩʪʷʚʘʥʠʷʪʘ ʚ ʧʨʦʤʠʰʣʝʥʘ ʩʠʩʪʝʤʘ ʚ ʨʝʟʫʣʪʘʪ ʥʘ 
ʤʥʦʛʦʩʚʲʨʟʘʥʠ ʝʥʝʨʛʦʩʧʝʩʪʷʚʘʱʠ ʤʝʨʢʠ 

 
ʅʠʢʦʣʘ ʂʘʣʦʷʥʦʚ 

 
ʇʨʝʜʩʪʘʚʝʥ ʝ ʧʦʜʭʦʜ ʟʘ ʦʮʝʥʷʚʘʥʝ ʥʘ ʩʧʝʩʪʷʚʘʥʠʷʪʘ ʚ ʧʨʦʤʠʰʣʝʥʘ ʩʠʩʪʝʤʘ ʟʘ 

ʩʣʫʯʘʠʪʝ, ʢʦʛʘʪʦ ʠʤʘ ʚʲʚʝʜʝʥʠ ʝʥʝʨʛʦʩʧʝʘʪʷʚʘʱʠ ʤʝʨʢʠ, ʢʦʠʪʦ ʩʠ ʚʣʠʷʷʪ ʚʟʘʠʤʥʦ ʠ 
ʥʷʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʝʬʝʢʪʘ ʦʪ ʚʩʷʢʘ ʤʷʨʢʘ ʧʦʦʪʜʝʣʥʦ. ʊʘʢʠʚʘ ʩʘ 
ʧʨʝʦʙʣʘʜʘʚʘʱʠʪʝ ʩʣʫʯʘʠ ʚ ʧʨʘʢʪʠʢʘʪʘ ʩ ʧʨʦʤʠʰʣʝʥʠʪʝ ʩʠʩʪʝʤʠ. ʉʲʱʝʩʪʚʝʥ ʬʘʢʪʦʨ 
ʩʝ ʷʚʷʚʘ ʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʨʦʠʟʚʝʞʜʘʥʘʪʘ ʧʨʦʜʫʢʮʠʷ. ʈʘʟʨʘʙʦʪʝʥ ʝ ʘʣʛʦʨʠʪʲʤ ʟʘ ʘʥʘʣʠʟ 
ʥʘ ʨʘʟʭʦʜʘ ʥʘ ʝʥʝʨʛʠʷ ʠ ʩʧʝʩʪʷʚʘʥʠʷʪʘ ʟʘ ʜʘʜʝʥ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʘ 
ʨʝʬʝʨʝʥʪʥʘ ʙʘʟʘ.  

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʝʥʝʨʛʠʡʥʠ ʩʧʝʩʪʷʚʘʥʠʷ, ʝʢʦʣʦʛʠʯʝʥ ʝʬʝʢʪ, ʤʥʦʛʦʩʚʲʨʟʘʥʠ 

ʝʥʝʨʛʦʩʧʝʩʪʷʚʘʱʠ ʤʝʨʢʠ 
 

An approach to assessing savings in an industrial system resulting from multiple 
energy savings measures  

 
Nikola Kaloyanov 

 
An approach to assessing savings in an industrial system is presented for cases where 

energy-saving measures have been introduced that influence each other and there is no possibility 
of measuring the effect of each measure individually. Such are the prevailing cases in industrial 
systems. A significant factor is also the size of production. An algorithm has been developed to 
analyze energy consumption and savings over a given period of time on a given reference basis. 

  
Keywords: ʝnergy savings, environmental impact, multi-related energy saving measures 

 
ɺʲʚʝʜʝʥʠʝ 
ɺ ʩʣʫʯʘʠʪʝ, ʢʦʛʘʪʦ ʦʩʥʦʚʥʠʷʪ ʬʘʢʪʦʨ ʟʘ ʨʘʟʭʦʜʘ ʥʘ ʝʥʝʨʛʠʷ ʚ ʝʜʥʘ ʧʨʦʤʠʰʣʝʥʘ ʩʠʩʪʝʤʘ 

ʝ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʨʦʠʟʚʝʞʜʘʥʘʪʘ ʧʨʦʜʫʢʮʠʷ ʠ ʪʷ ʝ ʧʨʦʤʝʥʣʠʚʘ ʚʲʚ ʚʨʝʤʝʪʦ, ʩʫʤʘʨʥʠʷʪ 
ʝʬʝʢʪ ʦʪ ʧʨʠʣʘʛʘʥʝ ʥʘ ʝʥʝʨʛʦʩʧʝʩʪʷʚʘʱʠ ʤʝʨʢʠ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʢʘʪʦ ʘʜʠʪʠʚʥʘ 
ʚʝʣʠʯʠʥʘ ʦʪ ʝʜʠʥʠʯʥʠʪʝ ʝʬʝʢʪʠ ʦʪ ʦʪʜʝʣʥʠʪʝ ʤʝʨʢʠ. ʇʨʠʯʠʥʠʪʝ ʟʘ ʪʦʚʘ ʩʘ ʢʦʤʧʣʝʢʩʥʠ: ʚ 
ʤʥʦʛʦ ʩʣʫʯʘʠ ʥʝ ʝ ʚʲʟʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʝʜʠʥʠʯʥʠʪʝ ʝʬʝʢʪʠ, ʥʝ ʝ ʚʲʟʤʦʞʥʦ 
ʠʜʝʥʪʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʚʟʘʠʤʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ ʦʪʜʝʣʥʠʪʝ ʤʝʨʢʠ ʚ ʝʜʠʥ ʧʘʢʝʪ ʦʪ ʤʝʨʢʠ, 
ʧʨʦʤʷʥʘʪʘ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʦʩʥʦʚʥʠʷ ʬʘʢʪʦʨ - ʧʨʦʠʟʚʝʞʜʘʥʘʪʘ ʧʨʦʜʫʢʮʠʷ, ʚʣʠʷʝ 
ʩʲʱʝʩʪʚʝʥʦ ʚʲʨʭʫ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʝʜʠʥʠʯʥʠʪʝ ʠ ʩʲʚʤʝʩʪʥʠʪʝ ʝʬʝʢʪʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦ ʦʧʠʩʘʥʠʝ ʥʘ ʤʝʪʦʜʘ 
ɽʜʠʥ ʧʨʘʚʦʤʝʨʝʥ ʧʦʜʭʦʜ ʟʘ ʦʮʝʥʢʘ ʥʘ ʝʥʝʨʛʠʡʥʠʪʝ ʩʧʝʩʪʷʚʘʥʠʷ ʠ ʝʢʦʣʦʛʠʯʥʠʷ ʝʬʝʢʪ ʦʪ 

ʧʨʠʣʘʛʘʥʝ ʥʘ ʝʜʠʥʠʯʥʠ ʝʥʝʨʛʦʩʧʝʩʪʷʚʘʱʠ ʤʝʨʢʠ ʠʣʠ ʧʘʢʝʪʠ ʦʪ ʤʝʨʢʠ ʚ ʜʘʜʝʥ ʧʝʨʠʦʜ ʦʪ 
ʚʨʝʤʝ ʟʘ ʪʘʢʠʚʘ ʩʣʫʯʘʠ ʝ ʦʩʥʦʚʘʥ ʚʲʨʭʫ ʩʣʝʜʥʠʷ ʘʣʛʦʨʠʪʲʤ: 

ɸ. ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʩʧʝʩʪʝʥʘʪʘ ʢʨʘʡʥʘ ʝʥʝʨʛʠʷ 
1. ʆʧʨʝʜʝʣʷ ʩʝ ʙʘʟʦʚʘ ʛʦʜʠʥʘ ʟʘ ʥʘʯʘʣʦ ʥʘ ʦʮʝʥʢʘʪʘ. 
ɿʘ ʙʘʟʦʚʘʪʘ ʛʦʜʠʥʘ ñbò ʩʝ ʠʟʯʠʩʣʷʚʘ ʩʧʝʮʠʬʠʯʥʠʷʪ ʨʘʟʭʦʜ ʥʘ ʢʨʘʡʥʘ ʝʥʝʨʛʠʷ  SɽEi,p,b ʟʘ 
ʢʦʥʢʨʝʪʥʠʷ ʧʨʦʜʫʢʪ  ñi ñ ʟʘ ʚʩʝʢʠ ʠʟʧʦʣʟʚʘʥ  ʝʥʝʨʛʠʝʥ ʨʝʩʫʨʩ ñpò ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʠʟʤʝʨʝʥʠ 
ʜʘʥʥʠ ʟʘ ʛʦʜʠʥʘʪʘ: 
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ʢʲʜʝʪʦ: 

bpiAEEC ,, - ʛʦʜʠʰʥʠʷʪ ʨʘʟʭʦʜ ʥʘ ʢʨʘʡʥʘ ʝʥʝʨʛʠʷ ʦʪ ʝʥʝʨʛʠʡʥʠʷ ʨʝʩʫʨʩ p ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʧʨʦʜʫʢʪʘ i, kWh; 

biG , - ʢʦʣʠʯʝʩʪʚʦʪʦ ʧʨʦʠʟʚʝʜʝʥ ʧʨʦʜʫʢʪ i ʟʘ ʙʘʟʦʚʘʪʘ ʛʦʜʠʥʘ  b (ʥʘʧʨʠʤʝʨ  t, ʢʘʢʪʦ ʝ 

ʧʨʠʝʪʦ ʚ ʫʨʘʚ.1). ɺ ʩʣʫʯʘʠʪʝ, ʢʦʛʘʪʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʧʨʦʜʫʢʪʘ i ʩʝ ʧʦʣʫʯʘʚʘ 
ʦʩʪʘʪʲʯʥʘ ʤʘʩʘ ʦʪ ʩʫʨʦʚʠʥʘʪʘ, ʢʦʷʪʦ ʩʝ ʧʨʝʨʘʙʦʪʚʘ ʚ ʜʦʧʲʣʥʠʪʝʣʝʥ ʜʨʫʛ ʧʨʦʜʫʢʪ, ʟʘ 
ʢʦʡʪʦ ʝ ʥʝʚʲʟʤʦʞʥʦ ʪʦʯʥʦʪʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʧʦʪʨʝʙʝʥʘʪʘ ʝʥʝʨʛʠʷ ʠ ʦʪʜʝʣʷʥʝʪʦ ʠ ʦʪ 
ʦʙʱʘʪʘ ʝʥʝʨʛʠʷ ʟʘ ʮʝʣʠʷ ʧʨʦʮʝʩ, ʢʦʣʠʯʝʩʪʚʦʪʦ ʧʨʦʠʟʚʝʜʝʥ ʧʨʦʜʫʢʪ ʤʦʞʝ ʜʘ ʩʝ 
ʦʧʨʝʜʝʣʠ ʢʘʪʦ ʝʢʚʠʚʘʣʝʥʪʥʦ ʦʙʱʦ ʢʦʣʠʯʝʩʪʚʦ.   

2. ʂʦʛʘʪʦ ʚ ʩʠʩʪʝʤʘʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ʩʘʤʦ ʝʜʠʥ ʚʠʜ ʝʥʝʨʛʠʝʥ ʨʝʩʫʨʩ, ʝʥʝʨʛʠʡʥʠʪʝ 
ʩʧʝʩʪʷʚʘʥʠʷ ʤʦʞʝ ʜʘ ʩʝ ʠʟʯʠʩʣʷʪ ʧʦ ʠʟʨʘʟʘ: 

).( ,,, ki

K

k
kibii AEECGSEEFES -=ä
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ʢʲʜʝʪʦ: 

iFES - ʩʧʝʩʪʝʥʘʪʘ ʢʨʘʡʥʘ ʝʥʝʨʛʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʧʨʦʜʫʢʪʘ  i ʟʘ ʧʝʨʠʦʜʘ ʦʪ K 

ʛʦʜʠʥʠ, kWh; 

kiG , - ʢʦʣʠʯʝʩʪʚʦʪʦ ʧʨʦʠʟʚʝʜʝʥ ʧʨʦʜʫʢʪ i ʧʨʝʟ ʛʦʜʠʥʘʪʘ k, t; 

kiAEEC , - ʛʦʜʠʰʥʠʷʪ ʨʘʟʭʦʜ ʥʘ ʢʨʘʡʥʘ ʝʥʝʨʛʠʷ ʦʪ ʝʥʝʨʛʠʡʥʠʷ ʨʝʩʫʨʩ  ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 

ʥʘ ʧʨʦʜʫʢʪʘ i ʧʨʝʟ ʛʦʜʠʥʘʪʘ k, kWh; 
k=1,2,3,éK ï ʠʥʜʝʢʩ ʥʘ ʛʦʜʠʥʠʪʝ ʚ ʦʮʝʥʷʚʘʥʠʷ ʧʝʨʠʦʜ. 

3. ʇʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ P ʙʨʦʷ ʨʘʟʣʠʯʥʠ ʝʥʝʨʛʠʡʥʠ ʨʝʩʫʨʩʠ ʧʨʝʟ ʦʮʝʥʷʚʘʥʠʷ ʧʝʨʠʦʜ, 
ʦʙʱʠʪʝ ʝʥʝʨʛʠʡʥʠ ʩʧʝʩʪʷʚʘʥʠʷ ʤʦʞʝ ʜʘ ʩʝ ʠʟʯʠʩʣʷʪ ʧʦ ʠʟʨʘʟʘ: 
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, kWh      (3) 

ʢʲʜʝʪʦ: 

iFES - ʩʧʝʩʪʝʥʘʪʘ ʢʨʘʡʥʘ ʝʥʝʨʛʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʧʨʦʜʫʢʪʘ  i ʟʘ ʧʝʨʠʦʜʘ ʦʪ K 

ʛʦʜʠʥʠ, kWh; 
P ï ʙʨʦʷʪ ʥʘ ʚʩʠʯʢʠ ʝʥʝʨʛʠʡʥʠ ʨʝʩʫʨʩʠ, ʠʟʧʦʣʟʚʘʥʠ ʚ ʦʮʝʥʷʚʘʥʠʷ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ, ʚʢʣ. 
ʙʘʟʦʚʘʪʘ ʛʦʜʠʥʘ. 
ʀʟʨʘʟʲʪ (ʫʨʘʚʥʝʥʠʝ 3) ʦʪʯʠʪʘ ʠ ʝʬʝʢʪʘ ʚ ʩʣʫʯʘʷ ʥʘ ʟʘʤʷʥʘ ʥʘ ʝʥʝʨʛʠʡʥʘʪʘ ʙʘʟʘ. 

ɹ. ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʩʧʝʩʪʝʥʘʪʘ ʧʲʨʚʠʯʥʘ ʝʥʝʨʛʠʷ 
4. ʇʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ P ʙʨʦʷ ʨʘʟʣʠʯʥʠ ʝʥʝʨʛʠʡʥʠ ʨʝʩʫʨʩʠ ʧʨʝʟ ʦʮʝʥʷʚʘʥʠʷ ʧʝʨʠʦʜ, ʦʙʱʘʪʘ 
ʩʧʝʩʪʝʥʘ ʧʲʨʚʠʯʥʘ ʝʥʝʨʛʠʷ ʤʦʞʝ ʜʘ ʩʝ ʠʟʯʠʩʣʠ ʧʦ ʠʟʨʘʟʘ: 
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, kWh     (4) 

ʢʲʜʝʪʦ: 

iPES - ʩʧʝʩʪʝʥʘʪʘ ʧʲʨʚʠʯʥʘ ʝʥʝʨʛʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʧʨʦʜʫʢʪʘ  i ʟʘ ʧʝʨʠʦʜʘ ʦʪ K 

ʛʦʜʠʥʠ, kWh; 
P ï ʙʨʦʷʪ ʥʘ ʚʩʠʯʢʠ ʝʥʝʨʛʠʡʥʠ ʨʝʩʫʨʩʠ, ʠʟʧʦʣʟʚʘʥʠ ʚ ʦʮʝʥʷʚʘʥʠʷ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ, ʚʢʣ. 
ʙʘʟʦʚʘʪʘ ʛʦʜʠʥʘ; 
fp - ʢʦʝʬʠʮʠʝʥʪʲʪ ʟʘ ʧʨʝʚʦʜ ʥʘ ʢʨʘʡʥʘʪʘ ʝʥʝʨʛʠʷ ʦʪ p-ʷ ʝʥʝʨʛʠʝʥ ʨʝʩʫʨʩ ʚ ʧʲʨʚʠʯʥʘ. 
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ɺ. ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʝʢʦʣʦʛʠʯʥʠʷ ʝʬʝʢʪ ï ʩʧʝʩʪʝʥʠ ʝʤʠʩʠʠ ʉʆ2 
5. ʇʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ P ʙʨʦʷ ʨʘʟʣʠʯʥʠ ʝʥʝʨʛʠʡʥʠ ʨʝʩʫʨʩʠ ʧʨʝʟ ʦʮʝʥʷʚʘʥʠʷ ʧʝʨʠʦʜ, 
ʝʢʦʣʦʛʠʯʥʠʷʪ ʝʢʚʠʚʘʣʝʥʪ ʥʘ ʩʧʝʩʪʝʥʘʪʘ ʝʥʝʨʛʠʷ ʦʪ ʧʨʠʣʘʛʘʥʝ ʥʘ ʝʥʝʨʛʦʩʧʝʩʪʷʚʘʱʠ 
ʤʝʨʢʠ ʤʦʞʝ ʜʘ ʩʝ ʦʮʝʥʠ ʧʦ ʠʟʨʘʟʘ: 
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1
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, kg     (5) 

ʢʲʜʝʪʦ: 

iCOES ,2
- ʩʧʝʩʪʝʥoʪʦ ʢʦʣʠʯʝʩʪʚʦ ʝʤʠʩʠʠ ʉʆ2 ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʧʨʦʜʫʢʪʘ  i ʟʘ 

ʧʝʨʠʦʜʘ ʦʪ K ʛʦʜʠʥʠ, kg; 
P ï ʙʨʦʷʪ ʥʘ ʚʩʠʯʢʠ ʝʥʝʨʛʠʡʥʠ ʨʝʩʫʨʩʠ, ʠʟʧʦʣʟʚʘʥʠ ʚ ʦʮʝʥʷʚʘʥʠʷ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ, ʚʢʣ. 
ʙʘʟʦʚʘʪʘ ʛʦʜʠʥʘ; 
ep - ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʝʢʦʣʦʛʠʯʝʥ ʝʢʚʠʚʘʣʝʥʪ ʥʘ ʢʨʘʡʥʘʪʘ (ʜʦʩʪʘʚʝʥʘʪʘ) ʝʥʝʨʛʠʷ ʩ p-ʷ 
ʝʥʝʨʛʠʝʥ ʨʝʩʫʨʩ, gCO2/kWh. 

ʈʝʟʫʣʪʘʪʠ ʦʪ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʧʦʜʭʦʜʘ ʟʘ ʦʮʝʥʢʘ ʥʘ ʩʧʝʩʪʷʚʘʥʠʷʪʘ ʚ ʟʘʚʦʜ ʟʘ ʩʧʠʨʪ 
ʀʟʣʦʞʝʥʠʷʪ ʧʦʜʭʦʜ ʠ ʘʣʛʦʨʠʪʲʤ ʩʘ ʠʣʶʩʪʨʠʨʘʥʠ ʩ ʝʜʥʦ ʧʨʠʣʦʞʝʥʠʝ ʟʘ ʦʮʝʥʢʘ ʥʘ 

ʩʧʝʩʪʷʚʘʥʠʷʪʘ ʚ ʟʘʚʦʜ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʩʧʠʨʪ. 

ʀʟʭʦʜʥʠ ʫʩʣʦʚʠʷ 
1. ʀʟʙʨʘʥʘ ʝ ʙʘʟʦʚʘ ʛʦʜʠʥʘ 2009. ʆʮʝʥʷʚʘ ʩʝ ʧʝʨʠʦʜ ʦʪ 7 ʛʦʜʠʥʠ (2010-2016 ʛ.) 
2. ɸʥʘʣʠʟʠʨʘʥʘ ʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ ʦʪ ʛʦʜʠʰʥʦʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʪʦʧʣʠʥʘ ʠ 
ʝʣʝʢʪʨʠʯʝʩʪʚʦ. 

3. ɺ ʟʘʚʦʜʘ ʟʘ ʩʧʠʨʪ ʝ ʠʟʧʦʣʟʚʘʥʘ ʪʦʧʣʠʥʘ (ʧʘʨʘ) ʦʪ ʊɽʎ ʠ ʪʦʧʣʠʥʘ (ʧʘʨʘ) ʦʪ ʣʦʢʘʣʥʘ 
ʮʝʥʪʨʘʣʘ ʥʘ ʧʨʠʨʦʜʝʥ ʛʘʟ. 

4. ʇʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʧʲʨʚʠʯʥʘ ʝʥʝʨʛʠʷ ʠ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʝʢʦʣʦʛʠʯʥʠʷ 
ʝʢʚʠʚʘʣʝʥʪ ʝʤʠʩʠʠ ʉʆ2 ʟʘ ʜʦʩʪʘʚʝʥʘʪʘ (ʧʦʪʨʝʙʝʥʘʪʘ) ʪʦʧʣʠʥʘ ʩ ʪʦʧʣʦʥʦʩʠʪʝʣ ʧʘʨʘ ʦʪ 
ʊɽʎ ʩʘ ʦʪʯʝʪʝʥʠ ʩʲʦʪʚʝʪʥʠʪʝ ʛʦʜʠʰʥʠ ʝʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʮʝʥʪʨʘʣʘʪʘ  ʩ ʦʩʥʦʚʥʦ ʛʦʨʠʚʦ 
ʢʘʤʝʥʥʠ ʚʲʛʣʠʱʘ. ʇʨʠʚʝʜʝʥʠʪʝ ʢʲʤ ʢʦʣʠʯʝʩʪʚʦʪʦ ʧʦʪʨʝʙʝʥʘ ʪʦʧʣʠʥʘ ʩʪʦʡʥʦʩʪʠ ʥʘ 
ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʩʘ ʧʦʢʘʟʘʥʠ ʚ ʊʘʙʣ. 1.  
          ʊʘʙʣʠʮʘ 1 

ɻʦʜʠʥʘ 

ʇʘʨʦʚʘ ʮʝʥʪʨʘʣʘ (ʊɽʎ) ʥʘ 
ʢʘʤʝʥʥʠ ʚʲʛʣʠʱʘ 

ʇʨʠʚʝʜʝʥʠ 
ʢʦʝʬʠʮʠʝʥʪʠ ʢʲʤ 
ʧʨʦʠʟʚʝʜʝʥʘʪʘ 

(ʧʦʪʨʝʙʝʥʘʪʘ) ʧʘʨʘ 

ʂʧʜ,% 
ʂʦʝʬ. ʥʘ 
ʧʲʨʚʠʯʥʘ 
ʝʥʝʨʛʠʷ 

ɽʤʠʩʠʦʥʝʥ 
ʬʘʢʪʦʨ, 

gʉʆ2/kWh 

ʂʦʝʬ. ʥʘ 
ʧʲʨʚʠʯʥʘ 
ʝʥʝʨʛʠʷ 

ɽʤʠʩʠʦʥʝʥ 
ʬʘʢʪʦʨ, 

tʉʆ2/MWh 

2009 74.17 1.2 341 1.62 0.4597 

2010 74.13 1.2 341 1.62 0.4600 

2011 70.51 1.2 341 1.70 0.4836 

2012 70.06 1.2 341 1.71 0.4867 

2013 75.29 1.2 341 1.59 0.4529 

2014 66.41 1.2 341 1.81 0.4529 

2015 76.03 1.2 341 1.58 0.4485 

2016 76.00 1.2 341 1.58 0.4487 

 
5. ɼʦʩʪʘʚʝʥʘʪʘ (ʧʦʪʨʝʙʝʥʘʪʘ) ʪʦʧʣʠʥʘ ʩ ʧʘʨʘ ʦʪ ʣʦʢʘʣʥʘʪa ʮʝʥʪʨʘʣʘ ʝ ʦʪʯʠʪʘʥʘ ʢʘʪʦ 
ʧʨʠʚʝʜʝʥʘ ʢʲʤ  ʢʦʣʠʯʝʩʪʚʦʪʦ ʧʦʪʨʝʙʝʥʦ ʛʦʨʠʚʦ ʧʨʠʨʦʜʝʥ ʛʘʟ (ʩ ʦʪʯʠʪʘʥʝ ʥʘ 
ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʟʘ ʛʝʥʝʨʠʨʘʥʝ, ʧʨʝʥʦʩ ʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝ) ʩ ʜʦʣʥʘ 
ʪʦʧʣʦʪʚʦʨʥʘ ʩʧʦʩʦʙʥʦʩʪ 8000 kcal/nm3, ʧʦʨʘʜʠ ʢʦʝʪʦ ʥʝ ʩʝ ʥʘʣʘʛʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ 
ʧʨʠʚʝʜʝʥʠ ʩʪʦʡʥʦʩʪʠ  ʥʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʧʲʨʚʠʯʥʘ ʝʥʝʨʛʠʷ ʠ ʝʤʠʩʠʠ 
ʉʆ2. 
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6. ʇʘʨʘʤʝʪʨʠʪʝ ʥʘ ʚʲʚʝʜʝʥʠʪʝ ʝʥʝʨʛʦʩʧʝʩʪʷʚʘʱʠ ʤʝʨʢʠ ʩʘ ʧʦʢʘʟʘʥʠ ʚ ʊʘʙʣ. 2. 
 

            ʊʘʙʣʠʮʘ 2 

ˉ ʅʘʠʤʝʥʦʚʘʥʠʝ ʥʘ ʤʷʨʢʘʪʘ 
ɻʦʜʠʥʘ ʥʘ 
ʠʟʧʲʣʥʝʥʠʝ 
ʥʘ ʤʷʨʢʘʪʘ 

ɺʣʦʞʝʥʠ 
ʠʥʚʝʩʪʠʮʠʠ 
ʭʠʣʷʜʠ ʣʝʚʘ 

ɾʠʚʦʪ 
ʥʘ 

ʤʷʨʢʘʪʘ, 
ʛʦʜ. 

1 
ʆʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʧʨʦʧʫʩʢʠ ʠ ʪʦʧʣʦʠʟʦʣʘʮʠʷ ʥʘ 
ʪʦʧʣʦʧʨʦʚʦʜʠ 

2011 72.44 15 

2 
ɺʲʚʝʞʜʘʥʝ ʥʘ ʩʠʩʪʝʤʘ ʟʘ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ 
ʪʦʧʣʠʥʘʪʘ ʥʘ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʚ ʣʦʢʘʣʥʘʪʘ 
ʮʝʥʪʨʘʣʘ 

2011 58.92 15 

3 ɽʥʝʨʛʦʩʧʝʩʪʷʚʘʱʠ ʤʝʨʢʠ ʧʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ 2015 6.10 8 

4 
ɽʥʝʨʛʦʩʧʝʩʪʷʚʘʱʠ ʤʝʨʢʠ ʧʦ ʩʠʩʪʝʤʠʪʝ ʟʘ 
ʦʩʚʝʪʣʝʥʠʝ 

2014 
2016 

1.56 
1.44 

8 

5 
ʈʝʞʠʤʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ 
ʧʨʦʮʝʩʠ 

2010-2016 
 

10 

  ʆɹʑʆ 140.46  

  
ʈʝʟʫʣʪʘʪʠ ʦʪ ʦʮʝʥʢʘʪʘ ʥʘ ʩʧʝʩʪʷʚʘʥʠʷʪʘ ʚ ʟʘʚʦʜʘ ʟʘ ʩʧʠʨʪ 
ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʨʝʘʣʠʟʠʨʘʥʘʪʘ ʠʟʯʠʩʣʠʪʝʣʥʘ ʧʨʦʮʝʜʫʨʘ ʧʦ ʧʦʩʦʯʝʥʠʷ ʘʣʛʦʨʠʪʲʤ ʩʘ 

ʧʦʢʘʟʘʥʠ ʚ ʊʘʙʣʠʮʘ 3: ʇʨʦʠʟʚʝʜʝʥʘ ʧʨʦʜʫʢʮʠʷ ʠ ʧʦʪʨʝʙʝʥʘ ʝʥʝʨʛʠʷ ʠ ʊʘʙʣʠʮʘ 4: ɽʥʝʨʛʠʡʥʠ 
ʩʧʝʩʪʷʚʘʥʠʷ, ʩʧʝʩʪʝʥʠ ʝʤʠʩʠʠ ʉʆ2, ʩʧʝʩʪʝʥʠ ʬʠʥʘʥʩʦʚʠ ʩʨʝʜʩʪʚʘ, ʘ ʛʨʘʬʠʯʥʦʪʦ 
ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʌʠʛ. 1, 2 ʠ 3. 
ʆʙʱʦ ʩʧʝʩʪʝʥʘ ʢʨʘʡʥʘ ʝʥʝʨʛʠʷ ʟʘ ʧʝʨʠʦʜʘ 2009-2016: 40.67 GWh. 
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ʌʠʛ. 2 ʉʧʝʩʪʝʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ 

 
ʌʠʛ. 3 ʉʧʝʩʪʝʥʘ ʝʥʝʨʛʠʷ 

ɿʘʢʣʶʯʝʥʠʝ 
ʇʨʝʜʩʪʘʚʝʥʠʷʪ ʧʦʜʭʦʜ ʜʘʚʘ ʝʜʥʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʦʮʝʥʢʘ ʥʘ ʩʧʝʩʪʷʚʘʥʠʷʪʘ ʚ ʧʨʦʤʠʰʣʝʥʘ 

ʩʠʩʪʝʤʘ ʚ ʨʝʟʫʣʪʘʪ ʦʪ ʚʲʚʝʞʜʘʥʠ ʧʨʝʟ ʛʦʜʠʥʠʪʝ ʝʜʠʥʠʯʥʠ ʝʥʝʨʛʦʩʧʝʩʪʷʚʘʱʠ ʤʝʨʢʠ ʠ ʧʘʢʝʪʠ ʦʪ 
ʤʝʨʢʠ. ʂʘʪʦ ʝʩʪʝʩʪʚʝʥʦ ʩʣʝʜʩʪʚʠʝ, ʨʝʟʫʣʪʠʨʘʱʠʪʝ ʩʧʝʩʪʷʚʘʥʠʷ ï ʥʘ ʝʥʝʨʛʠʷ ʦʪ ʨʘʟʣʠʯʥʠʪʝ 
ʠʟʧʦʣʟʚʘʥʠ ʝʥʝʨʛʠʡʥʠ ʨʝʩʫʨʩʠ, ʢʘʢʪʦ ʠ ʥʘ ʝʤʠʩʠʠʪʝ CO2, ʩʘ ʧʨʦʤʝʥʣʠʚʠ ʧʨʝʟ ʛʦʜʠʥʠʪʝ ʠ ʥʝ ʝ 
ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʥʘʤʝʨʠ ʦʮʝʥʢʘ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʝʬʝʢʪʠ. ɻʦʣʝʤʠʥʘʪʘ ʠʤ ʟʘʚʠʩʠ ʩʪʨʦʛʦ ʦʪ 
ʚʟʘʠʤʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ ʚʲʚʝʜʝʥʠʪʝ ʤʝʨʢʠ, ʢʘʢʪʦ ʠ ʦʪ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʨʦʠʟʚʝʞʜʘʥʘʪʘ ʧʨʦʜʫʢʮʠʷ. 
ʈʘʟʨʘʙʦʪʝʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʟʘ ʦʮʝʥʢʘ ʥʘ ʩʧʝʩʪʷʚʘʥʠʷʪʘ ʝ ʧʨʠʣʦʞʠʤ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 
ʦʪʥʦʰʝʥʠʝ ʥʘ ʚʠʜʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʠ ʧʨʦʠʟʚʝʞʜʘʥʘʪʘ ʧʨʦʜʫʢʮʠʷ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. ʅɸʈɽɼɹɸ ˉ ɽ-ʈɼ-04-3 ʦʪ 4.05.2016 ʛ. ʟʘ ʜʦʧʫʩʪʠʤʠʪʝ ʤʝʨʢʠ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ 
ʝʥʝʨʛʠʡʥʠ ʩʧʝʩʪʷʚʘʥʠʷ ʚ ʢʨʘʡʥʦʪʦ ʧʦʪʨʝʙʣʝʥʠʝ, ʥʘʯʠʥʠʪʝ ʥʘ ʜʦʢʘʟʚʘʥʝ ʥʘ ʧʦʩʪʠʛʥʘʪʠʪʝ 
ʝʥʝʨʛʠʡʥʠ ʩʧʝʩʪʷʚʘʥʠʷ, ʠʟʠʩʢʚʘʥʠʷʪʘ ʢʲʤ ʤʝʪʦʜʠʢʠʪʝ ʟʘ ʪʷʭʥʦʪʦ ʦʮʝʥʷʚʘʥʝ ʠ ʥʘʯʠʥʠʪʝ 
ʟʘ ʧʦʪʚʲʨʞʜʘʚʘʥʝʪʦ ʠʤ. 
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ɸʥʘʣʠʟ ʥʘ ʪʦʧʣʦʧʨʝʥʦʩʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ ʥʘ ʩʛʨʘʜʥʠ 
ʦʛʨʘʞʜʘʱʠ ʝʣʝʤʝʥʪʠ ʦʪ ʧʝʥʦʧʦʣʠʩʪʠʨʝʥ 

 
ʃʶʙʦʤʠʨ ʎʦʢʦʚ, ʎʚʝʪʘʥ ɹʦʞʢʦʚ, ʅʠʢʦʣʘ ʂʘʣʦʷʥʦʚ  

 

ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʨʝʟʫʣʪʘʪʠ ʦʪ ʠʟʤʝʨʚʘʥʝ ʠ ʘʥʘʣʠʟ ʥʘ ʪʦʧʣʦʬʠʟʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ 
ʧʣʦʩʢʘ ʧʝʥʦʧʦʣʠʩʪʠʨʝʥʦʚʘ ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ, ʧʨʦʠʟʚʝʜʝʥʘ ʚ ɹʲʣʛʘʨʠʷ. ʀʟʩʣʝʜʚʘʥʘ ʝ 
ʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ ʪʦʧʣʦʠʟʦʣʘʮʠʦʥʥʠʪʝ ʩʚʦʡʩʪʚʘ ʠ ʮʝʥʘʪʘ ʥʘ ʧʣʦʯʠ ʦʪ EPS ʦʪ 
ʤʘʩʦʚʘʪʘ ʧʣʲʪʥʦʩʪ ʥʘ ʧʝʥʦʧʦʣʠʩʪʠʨʝʥʘ ʠ ʝ ʥʘʧʨʘʚʝʥʘ ʩʨʘʚʥʠʪʝʣʥʘ ʦʮʝʥʢʘ ʥʘ ʠʟʦʣʘʮʠʷ 
ʩ ʨʘʟʣʠʯʥʘ ʧʣʲʪʥʦʩʪ ʟʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ʚʲʥʰʥʘ ʩʪʝʥʘ, ʧʨʠ ʩʧʘʟʚʘʥʝ ʥʘ ʥʦʨʤʘʪʠʚʥʠʪʝ 
ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʪʝʨʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʩʪʝʥʘʪʘ.  

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ, ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ, ʝʥʝʨʛʠʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪ 

 

Analysis of heat transfer properties of polystyrene thermal insulation of building 
envelope elements   

 
Lubomir Tzokov, Tsvetan Bozhkov, Nikola Kaloyanov 

 
Results of measurement and analysis of the thermophysical properties of a flat polystyrene 

thermal insulation produced in Bulgaria are presented. The dependence of the thermal insulating 
properties and the price of EPS boards on the density of the polystyrene foam was investigated 

and a comparative assessment of isolation with different density for an external wall was made, in 
compliance with the normative requirements for the thermal resistance of the wall. 

  
Keywords: thermal insulation, thermal conductivity, energy efficiency 
 
ɺʲʚʝʜʝʥʠʝ 
ʉʲʛʣʘʩʥʦ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʅʘʨʝʜʙʘ 7 ʦʪ 2009 ʛʦʜʠʥʘ [1], ʨʝʬʝʨʝʥʪʥʠʷʪ ʢʦʝʬʠʮʠʝʥʪ ʥʘ 

ʪʦʧʣʦʧʨʝʤʠʥʘʚʘʥʝ ʧʨʝʟ ʚʲʥʰʥʠ ʩʪʝʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʟʜʫʭʘ ʚ ʢʦʥʜʠʮʠʦʥʠʨʘʥʠʷ ʦʙʝʤ 
ʥʘʜ 15oC ʝ U=0,28 W/m2K. ɿʘ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʪʝʟʠ ʩʪʦʡʥʦʩʪʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʚʲʥʰʥʠʪʝ ʩʪʝʥʠ 
ʜʘ ʩʝ ʠʟʦʣʠʨʘʪ ʪʦʧʣʠʥʥʦ. ʅʘʡ-ʯʝʩʪʦ, ʧʦ ʠʢʦʥʦʤʠʯʝʩʢʠ ʩʲʦʙʨʘʞʝʥʠʷ, ʟʘ ʪʦʧʣʦʠʟʦʣʘʮʠʷ ʩʝ 
ʠʟʧʦʣʟʚʘʪ  ʧʣʦʯʠ ʦʪ ʧʝʥʦʧʦʣʠʩʪʠʨʝʥ ʩ ʨʘʟʣʠʯʥʘ ʜʝʙʝʣʠʥʘ ʠ ʤʘʩʦʚʘ ʧʣʲʪʥʦʩʪ, ʢʦʠʪʦ ʩʝ 
ʟʘʢʨʝʧʚʘʪ ʢʲʤ ʥʝʠʟʦʣʠʨʘʥʘʪʘ ʩʪʝʥʘ ʠ ʚʲʨʭʫ ʪʷʭ ʩʝ ʥʘʥʘʩʷ ʟʘʱʠʪʥʦ-ʜʝʢʦʨʘʪʠʚʥʘ ʟʘʤʘʟʢʘ. ɿʘ 
ʧʦʩʪʠʛʘʥʝ ʥʘ ʨʝʬʝʨʝʥʪʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʪʦʧʣʦʧʨʝʤʠʥʘʚʘʥʝ, c ʤʘʩʦʚʦ ʧʨʝʜʣʘʛʘʥʠʪʝ ʥʘ 
ʙʲʣʛʘʨʩʢʠʷ ʧʘʟʘʨ ʧʝʥʦʧʦʣʠʩʪʠʨʝʥʦʚʠ ʠʟʦʣʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʘʪʘ ʜʝʙʝʣʠʥʘ ʥʘ 
ʪʦʧʣʦʠʟʦʣʘʮʠʷʪʘ ʟʘʚʠʩʠ ʦʪ ʢʦʝʬʠʮʠʝʥʪʘ ʠ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ ʠ ʚʘʨʠʨʘ ʦʢʦʣʦ 10 ʩʤ.  
ʀʟʚʝʩʪʥʦ ʝ, ʯʝ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ ʥʘ ʠʟʦʣʘʮʠʠʪʝ ʩ ʥʠʩʢʘ ʧʣʲʪʥʦʩʪ ʟʘʚʠʩʠ ʦʪ 
ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʤʘʪʝʨʠʘʣʘ ʠ ʪʦʧʣʦʠʟʦʣʘʮʠʦʥʥʠʪʝ ʩʚʦʡʩʪʚʘ ʩʝ ʚʣʦʰʘʚʘʪ ʧʨʠ ʧʦʥʠʞʘʚʘʥʝ ʥʘ 
ʧʣʲʪʥʦʩʪʪʘ ʧʦʜ 20 kg/m3 ʧʦʨʘʜʠ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʜʷʣʘ ʥʘ ʣʲʯʠʩʪʠʷ ʪʦʧʣʦʦʙʤʝʥ ʚ ʠʟʦʣʘʮʠʷʪʘ. 
ʉʲʱʝʚʨʝʤʝʥʥʦ, ʧʦʥʠʞʘʚʘʥʝʪʦ ʥʘ ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʤʘʪʝʨʠʘʣʘ ʚʦʜʠ ʜʦ ʧʦʥʠʞʘʚʘʥʝ ʥʘ 
ʩʝʙʝʩʪʦʡʥʦʩʪʪʘ ʥʘ ʪʦʧʣʠʥʥʘʪʘ ʠʟʦʣʘʮʠʷ ʥʘ ʝʜʠʥʠʮʘ ʦʙʝʤ, ʥʦ ʧʲʢ ʠʤʘ ʥʝʙʣʘʛʦʧʨʠʷʪʝʥ ʝʬʝʢʪ 
ʠ ʚʲʨʭʫ ʦʩʪʘʥʘʣʠʪʝ ʤʝʭʘʥʠʯʥʠ ʢʘʯʝʩʪʚʘ ʥʘ ʠʟʦʣʘʮʠʷʪʘ ʠ ʥʝʡʥʘʪʘ ʪʨʘʡʥʦʩʪ. ʀʟʚʝʩʪʥʦ ʝ, ʯʝ 
ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʠʟʦʣʘʮʠʠʪʝ ʦʪ ʧʝʥʦʧʦʣʠʤʝʨʠ ʝ ʦʩʥʦʚʝʥ ʬʘʢʪʦʨ, ʚʣʠʷʝʱ ʚʲʨʭʫ ʪʝʭʥʠʢʦ-
ʠʢʦʥʦʤʠʯʝʩʢʠʪʝ ʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪʷʭʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ. ɿʘ ʩʲʞʘʣʝʥʠʝ ʥʝ ʨʷʜʢʦ ʜʘʥʥʠʪʝ 
ʟʘ ʤʘʩʦʚʘʪʘ ʧʣʲʪʥʦʩʪ ʥʘ ʪʦʧʣʦʠʟʦʣʘʮʠʦʥʥʠʪʝ ʧʣʦʯʠ ʦʪ EPS ʩʘ ñʩʧʝʩʪʝʥʠò. ʉʘʤʠʪʝ 
ʧʦʪʨʝʙʠʪʝʣʠ ʩʲʱʦ ʥʝ ʦʙʨʲʱʘʪ ʦʩʦʙʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʚʘ ʢʘʢʚʘ ʝ ʧʣʲʪʥʦʩʪʪʘ ʥʘ 
ʠʟʦʣʘʮʠʷʪʘ, ʢʦʷʪʦ ʠʤ ʩʝ ʧʨʝʜʣʘʛʘ, ʘ ʩʝ ʠʥʪʝʨʝʩʫʚʘʪ ʧʨʝʜʠʤʥʦ ʦʪ ʮʝʥʘʪʘ. ʊʦʚʘ ʝ 
ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ  ʩʧʝʢʫʣʘʮʠʠ ʦʪ ʩʪʨʘʥʘ ʥʘ ʪʲʨʛʦʚʮʠ ʠ ʠʟʧʲʣʥʠʪʝʣʠ ʠʣʠ ʥʝʢʦʨʝʢʪʥʘ ʧʦʜʤʷʥʘ 
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ʥʘ ʝʜʠʥ ʧʨʦʜʫʢʪ ʩ ʜʨʫʛ. ɺ ʪʘʟʠ ʚʨʲʟʢʘ ʝ ʥʘʧʨʘʚʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʧʨʦʚʝʨʢʘ ʥʘ ʚʣʠʷʥʠʝʪʦ 
ʥʘ ʤʘʩʦʚʘʪʘ ʧʣʲʪʥʦʩʪ ʚʲʨʭʫ ʪʦʧʣʦʠʟʦʣʠʨʘʱʠʪʝ ʩʚʦʡʩʪʚʘ ʠ ʮʝʥʘʪʘ ʥʘ ʧʣʦʯʠ ʦʪ EPS ʥʘ 
ʢʦʥʢʨʝʪʥʦ ʙʲʣʛʘʨʩʢʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʈʝʟʫʣʪʘʪʠ ʦʪ ʠʟʩʣʝʜʚʘʥʝʪʦ 
ʀʟʩʣʝʜʚʘʥʝʪʦ ʝ ʧʨʦʚʝʜʝʥʦ ʚʲʨʭʫ ʧʣʦʩʢʦʩʪʠ ʦʪ EPS ʟʘ ʠʟʦʣʘʮʠʷ ʥʘ ʩʪʝʥʠ, ʧʨʦʠʟʚʝʜʝʥʠ 

ʦʪ ʝʜʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʣʠʥʠʷ, ʦʪ ʝʜʠʥ ʤʘʪʝʨʠʘʣ, ʩ ʝʜʥʘʢʚʘ ʜʝʙʝʣʠʥʘ ʠ ʰʠʨʦʢ ʜʠʘʧʘʟʦʥ ʦʪ 
ʧʣʲʪʥʦʩʪʠ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʨʦʙʠʪʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʘ 1.  

     ʊʘʙʣʠʮʘ 1 

ʇʨʦʙʘ ʇʣʲʪʥʦʩʪ ʊʝʤʧʝʨʘʪʫʨʘ ʊʦʧʣʦʧʨʦʚʦʜʥʦʩʪ ʊʝʤʧʝʨʘʪʫʨʘ ʊʦʧʣʦʧʨʦʚʦʜʥʦʩʪ 

ʫʩʣʦʚʥʦ  
ʦʟʥʘʯʝʥʠʝ 

kg/m3 oC W/(mK) oC W/(mK) 

ʜʝʢʣ. ʠʟʤ. ʩʨʝʜʥʘ ʠʟʤʝʨʝʥʘ ʩʨʝʜʥʘ ʠʟʤʝʨʝʥʘ 

EPS 11-13 11õ13 11,1 10,07 0,0419 23,20 0,0443 

EPS 13-15 13õ15 14,3 10,10 0,0374 23,22 0,0392 

EPS 15-18 15õ18 15,8 9,97 0,0364 23,22 0,0382 

EPS 18-20 18õ20 18,7 10,15 0,0354 23,16 0,0367 

EPS 20+ >20 18,9 10,12 0,0359 23,25 0,0373 

 
ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʊʘʙʣ. 1 ʩʘ ʠʣʶʩʪʨʠʨʘʥʠ ʛʨʘʬʠʯʥʦ ʥʘ ʌʠʛ. 1. ʋʩʪʘʥʦʚʝʥʘ ʝ  

ʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪʪʘ ʥʘ ʧʣʦʩʢʦʩʪʠʪʝ ʦʪ ʧʝʥʦʧʦʣʠʩʪʠʨʝʥ ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ 
ʧʨʠ ʧʦʩʪʦʷʥʥʘ ʧʣʲʪʥʦʩʪ. 

 
 

ʌʠʛ. 1 ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ ʥʘ ʧʣʦʩʢʦʩʪʠ ʦʪ EPS 
 ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ 

 
ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʊʘʙʣ. 1, ʧʦʢʘʟʚʘʱʠ ʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪʪʘ ʥʘ 

ʧʝʥʦʧʦʣʠʩʪʠʨʝʥʘ ʦʪ ʤʘʩʦʚʘʪʘ ʧʣʲʪʥʦʩʪ ʥʘ ʧʨʦʙʠʪʝ ʧʨʠ ʧʦʩʪʦʷʥʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʘ 
ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʜʠʘʛʨʘʤʘʪʘ ʦʪ  ʌʠʛ. 2. 

y = 0,0001x + 0,0348 

y = 0,0001x + 0,0343 

y = 0,0001x + 0,035 

y = 0,0001x + 0,036 

y = 0,0002x + 0,0401 
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ʊʝʤʧʝʨʘʪʫʨʘ [oC] 

˿͙ͭͪͦͨͦͪ 
(͔ͭ ͔ͣͨ ͍ͪ͊ͭͯͪͦͨͪͦͦ͒ͤͦͫͭκ ͔͔ͭͣͨͪ͊ͭͯͪ͊) 

F20+

F18-20

F15-18

F13-15

F10-13

Linear (F20+)

Linear (F18-20)

Linear (F15-18)

Linear (F13-15)

Linear (F10-13)
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ʌʠʛ. 2 ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ ʥʘ ʧʣʦʩʢʦʩʪʠ ʦʪ EPS 
 ʦʪ ʧʣʲʪʥʦʩʪʪʘ 

 
ʊʲʡ ʢʘʪʦ ʨʝʬʝʨʝʥʪʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʪʦʧʣʦʧʨʝʤʠʥʘʚʘʥʝ ʝ  U=0.28 

(W/m2K), ʪʝʨʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʥʝʦʙʭʦʜʠʤʠʷ ʩʣʦʡ ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ ʟʘʚʠʩʠ ʦʪ 
ʪʝʨʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʩʪʝʥʘʪʘ, ʚʲʨʭʫ ʢʦʷʪʦ ʪʦʡ ʱʝ ʙʲʜʝ ʧʦʣʦʞʝʥ. ɿʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ 
ʦʮʝʥʢʘ ʟʘ ʮʝʥʘʪʘ ʥʘ ʠʟʦʣʘʮʠʷʪʘ, ʥʝʦʙʭʦʜʠʤʘ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʨʝʬʝʨʝʥʪʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ 
ʪʝʨʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ, ʝ ʫʜʦʙʥʦ ʜʘ ʩʝ ʚʲʚʝʜʝ ʩʧʝʮʠʬʠʯʥʘ ʮʝʥʘ ʥʘ ʠʟʦʣʘʮʠʷʪʘ ʟʘ 
ʝʜʠʥʠʮʘ ʪʝʨʤʠʯʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ.  

; .Rt V

P
P P P

R

d
d

d

d= =
          (1) 

2/ ( / )RtP ʣʚ m K W ʮʝʥʘ ʥʘʠʟʦʣʘʮʠʷʪʘ ʥʘʝʜʠʥʠʮʘʩʧʝʮʠʬʠʯʥʦʪʝʨʤʠʯʥʦʩʲʧʨʦʪʠʚʣʝʥʠʝè ø-ê ú
; 

2[ / ]R m K W ʠʟʤʝʨʝʥʦʩʧʝʮʠʬʠʯʥʦʪʝʨʤʠʯʥʦʩʲʧʨʦʪʠʚʣʝʥʠʝʥʘ ʧʨʦʙʘʪʘd - ; 

2[ / ]P ʣʚ m ʮʝʥʘ ʥʘ ʢʚʘʜʨʘʪʝʥ ʤʝʪʲʨʦʪʠʟʤʝʨʝʥʘʪʘ ʧʨʦʙʘd - ; 

3[ / ]VP ʣʚ m ʮʝʥʘ ʥʘ ʢʫʙʠʯʝʥ ʤʝʪʲʨʦʪʠʟʤʝʨʝʥʘʪʘ ʧʨʦʙʘ- ; 

[ ]m ʜʝʙʝʣʠʥʘʥʘʠʟʤʝʨʝʥʘʪʘʧʨʦʙʘd - . 

ʉʧʝʮʠʬʠʯʥʘʪʘ ʮʝʥʘ ʟʘ ʝʜʠʥʠʮʘ ʪʝʨʤʠʯʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ PRt ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ 
ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʮʝʥʘʪʘ ʥʘ ʢʚʘʜʨʘʪʝʥ ʤʝʪʲʨ ʠʟʦʣʘʮʠʷ Pʠʟʦʣ : 

,ʠʟʦʣ t ʠʟʦʣ RtP R P= ,           (2) 

ʩ ʞʝʣʘʥʦ ʪʝʨʤʠʯʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ Rt,ʠʟʦʣ. ɺ ʩʣʫʯʘʷ, ʟʘ Rt,ʠʟʦʣ ʝ ʠʟʧʦʣʟʚʘʥʦ ʪʝʨʤʠʯʥʦ 
ʩʲʧʨʦʪʠʚʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʨʝʬʝʨʝʥʪʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʪʝʨʤʠʯʥʦʪʦ 
ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʢʚʘʜʨʘʪʝʥ ʤʝʪʲʨ ʩʪʝʥʘ, ʧʨʝʩʤʝʪʥʘʪʦ ʧʦ ʩʣʝʜʥʠʷ ʥʘʯʠʥ 

, , , , ,t ʠʟʦʣ ʨʝʬ t ʨʝʬ t ʩʪ t ʚ ʭR R R R-= - - ,         (3) 

Rt,ʠʟʦʣ,ʨʝʬ  ï ʪʝʨʤʠʯʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʝʜʠʥ ʢʚʘʜʨʘʪʝʥ ʤʝʪʲʨ ʠʟʦʣʘʮʠʷ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ 
ʨʝʬʝʨʝʥʪʥʦʪʦ ʪʝʨʤʠʯʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʩʪʝʥʘʪʘ Rt,ʨʝʬ; 
Rt,ʩʪ  ï ʪʝʨʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʝʜʠʥ ʢʚʘʜʨʘʪʝʥ ʤʝʪʲʨ ʥʝʠʟʦʣʠʨʘʥʘ ʩʪʝʥʘ; 
Rt, ʚ-ʭ ï ʪʝʨʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʛʨʘʥʠʯʥʠʪʝ ʩʣʦʝʚʝ ʚʲʟʜʫʭ. 

ʅʘ ʙʘʟʘ ʨʝʬʝʨʝʥʪʥʦʪʦ ʪʝʨʤʠʯʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʚʝʨʪʠʢʘʣʥʘ ʩʪʝʥʘ ʦʪ ʨʝʰʝʪʲʯʥʘ 
ʪʫʭʣʘ Rt,ʠʟʦʣ,ʨʝʬ=1/0.28 ʩʘ ʧʨʝʩʤʝʪʥʘʪʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʮʝʥʘʪʘ ʥʘ ʠʟʦʣʘʮʠʷʪʘ ʯʨʝʟ ʠʟʨʘʟʘ: 
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ʇʣʲʪʥʦʩʪ [kg/m3] 

˽͙ͦͫͦͫͭ͟͡ ͦͭ EPS 
(͔͔͍ͭͣͨͪ͊ͭͯͪͦͨͪͦͦ͒ͤͦͫͭ/ͨ͡Άͭͤͦͫͭ) 

͔͔́ͣͨͪ͊ͭͯͪ͊ 
10oC 

͔͔́ͣͨͪ͊ͭͯͪ͊ 
23oC 
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, , , , ,t ʠʟʦʣ ʨʝʬ t ʨʝʬ t ʩʪ t ʚ ʭR R R R-= - - .                                                          (4) 

ʈʝʟʫʣʪʘʪʠʪʝ ʟʘ ʮʝʥʘʪʘ ʥʘ ʠʟʦʣʘʮʠʷʪʘ ʧʨʠ ʝʜʠʥʠʮʘ ʪʝʨʤʠʯʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʠ ʧʨʠ 
ʪʝʨʤʠʯʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʩʪʝʥʘʪʘ, ʦʪʛʦʚʘʨʷʱʦ ʥʘ ʠʟʙʨʘʥʘʪʘ ʨʝʬʝʨʝʥʪʥʘ ʩʪʦʡʥʦʩʪ, ʩʘ 
ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʌʠʛ. 3. 

 
 

ʌʠʛ. 3 ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʮʝʥʘʪʘ ʥʘ ʧʣʦʩʢʦʩʪʠ ʦʪ EPS ʦʪ ʪʷʭʥʘʪʘ ʧʣʲʪʥʦʩʪ ʧʨʠ ʪʝʨʤʠʯʥʦ 
ʩʲʧʨʦʪʠʚʣʝʥʠʝ  Rt=1 [m2K/W] ʠ Rt=2.86[m2K/W] 

 
ʌʠʛ. 4 ʠʟʦʙʨʘʟʷʚʘ ʜʠʘʛʨʘʤʘ, ʧʦʢʘʟʚʘʱʘ ʮʝʥʘʪʘ ʥʘ ʠʟʦʣʘʮʠʷʪʘ ʟʘ ʧʦ-ʰʠʨʦʢ ʜʠʘʧʘʟʦʥ ʦʪ 

ʩʪʦʡʥʦʩʪʠ ʥʘ ʪʝʨʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʠ ʧʣʲʪʥʦʩʪʪʘ.  
 

 

            ʌʠʛ. 4 ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʮʝʥʘʪʘ ʥʘ ʧʣʦʩʢʦʩʪʠ ʦʪ EPS ʦʪ ʪʷʭʥʘʪʘ ʧʣʲʪʥʦʩʪ ʚ ʰʠʨʦʢ 
ʜʠʘʧʘʟʦʥ ʦʪ ʪʝʨʤʠʯʥʠ ʩʲʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʠʟʦʣʘʮʠʷʪʘ 
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ʇʣʲʪʥʦʩʪ [kg/m3] 

 ̇ ͔ͤ͊ ͤ͊ 1m2 ͨ ͔͙͙͍ͤͦͨͦͫͭͪͦͦ͊͡͡ ͨͦͫͦͫͭ͟͡ 
 ͘ ͊ ͔ͪͺ͔͔ͪͤͭͤ͊ ͚ͫͭͦͤͦͫͭ ͤ͊ ͔͙ͭͪͣ;ͤͦͭͦ ͫΆ͙͍͔͙͔ͨͪͦͭͤ͡  

˭͊ мώm2K/W] 
͙ͨͪ T=10oC 

˭͊ мώm2K/W] 
͙ͨͪ ́ҐноoC 

˾͔ͺ͔͔ͪͤͭͤ͊ 
͙ͨͪ T=10oC 

1,00

3,00

5,00

7,00

9,00

11,00

13,00

15,00

10,00 12,00 14,00 16,00 18,00 20,00

ʉ
ʧ
ʝ
ʮ
ʠ
ʬ
ʠ
ʯ
ʥ
ʘ
 
ʮ
ʝ
ʥ
ʘ
 
[
ʣ
ʚ
/

m
2
K

/W
] 

ʇʣʲʪʥʦʩʪ [kg/m3] 

 ̇ ͔ͤ͊ ͤ͊ 1m2 ͨ ͔͙͙ͤͦͨͦͫͭͪͦ͡͡ 
 ͍  ͍͙͙͊ͫͣͦͫͭ͘ ͦͭ ͨ͡Άͭͤͦͫͭͭ͊ ͨ ͙ͪ ͙ͪ͊͘͡;͙ͤ Rt 

Rt=1

Rt=1.5
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Rt=2.5

Rt=3

Rt=3,5
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ʌʠʛ. 5 ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʮʝʥʘʪʘ ʥʘ ʠʟʤʝʨʝʥʠʪʝ ʧʨʦʙʠ ʦʪ ʜʝʙʝʣʠʥʘʪʘ 
 

ʉʣʝʜ ʢʘʪʦ ʩʝ ʦʪʯʝʪʝ ʮʝʥʘʪʘ ʥʘ ʠʟʦʣʘʮʠʷʪʘ ʧʨʠ ʜʘʜʝʥʦ ʪʝʨʤʠʯʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʦʪ ʌʠʛ. 
4, ʩ ʧʦʤʦʱʪʘ ʥʘ ʌʠʛ. 5 ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʢʦʨʠʛʠʨʘ ʮʝʥʘʪʘ ʥʘ ʠʟʦʣʘʮʠʷʪʘ ʟʘ ʢʦʥʢʨʝʪʥʘʪʘ 
ʧʨʦʙʘ ʧʨʠ ʮʝʣʦʯʠʩʣʝʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʜʝʙʝʣʠʥʘʪʘ ¼ ʚ ʩʘʥʪʠʤʝʪʨʠ. ɿʘ ʮʝʣʪʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ 
ʩʝ ʦʪʯʝʪʝ ʮʝʥʘʪʘ ʦʪ ʌʠʛ. 4 ʠ ʧʦ ʥʝʷ ʦʪ ʌʠʛ. 5 ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʥʘʡ-ʙʣʠʟʢʘʪʘ ʮʝʣʦʯʠʩʣʝʥʘ 
ʩʪʦʡʥʦʩʪ ʥʘ ʜʝʙʝʣʠʥʘʪʘ ʟʘ ʠʟʙʨʘʥʘʪʘ ʧʨʦʙʘ ʠ ʢʦʨʠʛʠʨʘʥʘʪʘ ¼ ʮʝʥʘ. 

ɿʘʢʣʶʯʝʥʠʝ     
ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʩʣʝʜʚʘʥʝʪʦ ʧʦʢʘʟʚʘʪ, ʯʝ ʩ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʧʣʲʪʥʦʩʪʪʘ ʥʘ 

ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ ʩʝ ʫʚʝʣʠʯʘʚʘ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʧʦʨʘʜʠ 
ʚʣʘʛʘʥʝʪʦ ʥʘ ʧʦ-ʤʘʣʢʦ ʢʦʣʠʯʝʩʪʚʦ ʩʪʠʨʦʣ ʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʩʲʱʝʩʪʚʝʥʦʪʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 
ʮʝʥʘʪʘ, ʠʟʦʣʘʮʠʷʪʘ ʩ ʧʦ-ʥʠʩʢʘ ʧʣʲʪʥʦʩʪ ʝ ʩ ʧʦ-ʥʠʩʢʘ ʮʝʥʘ ʧʨʠ ʟʘʜʘʜʝʥʘ ʩʪʦʡʥʦʩʪ ʥʘ 
ʪʝʨʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʩʪʝʥʘʪʘ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʧʨʠ ʠʟʙʦʨʘ ʥʘ ʢʦʥʢʨʝʪʥʘ ʧʣʲʪʥʦʩʪ ʥʘ 
ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʦʚʘʪʘ ʠʟʦʣʘʮʠʷ ʜʘ ʩʝ ʦʪʯʠʪʘʪ ʠ ʦʩʪʘʥʘʣʠʪʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʥʠ ʩʚʦʡʩʪʚʘ ʥʘ 
ʧʣʦʩʢʦʩʪʠʪʝ ʦʪ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ ʠ ʦʩʦʙʝʥʦ ʚʣʠʷʥʠʝʪʦ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʩʪʘʨʝʝʥʝ ʥʘ ʤʘʪʝʨʠʘʣʘ. 
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ɺʲʟʤʦʞʥʦʩʪʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʥʝʪʲʢʘʥʠ ʪʝʢʩʪʠʣʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ ʪʦʧʣʠʥʥʘ 
ʠʟʦʣʘʮʠʷ 

 
ʄʘʨʛʘʨʠʪʘ ʅʝʟʥʘʢʦʤʦʚʘ, ʃʶʙʦʤʠʨ ʎʦʢʦʚ, ʅʠʢʦʣʘ ʂʘʣʦʷʥʦʚ 

 
ʀʟʩʣʝʜʚʘʥʘ ʝ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʛʝʦʤʝʪʨʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʠ ʚʲʟʜʫʭʦʧʨʦʧʫʩʢʣʠʚʦʩʪʪʘ, 

ʢʘʢʪʦ ʠ ʝʬʝʢʪʠʚʥʠʷ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʧʨʝʥʦʩ ʥʘ ʪʦʧʣʠʥʘ ʥʘ ʥʝʪʲʢʘʥʠ ʠʟʛʣʦʥʘʙʠʪʠ 
ʤʘʪʝʨʠʘʣʠ ʦʪ ʧʦʣʠʝʩʪʝʨʥʠ ʚʣʘʢʥʘ, ʧʦʣʫʯʝʥʠ ʩʣʝʜ ʨʝʮʠʢʣʠʨʘʥʝ ʥʘ ʙʫʪʠʣʢʠ. 
ʄʘʪʝʨʠʘʣʠʪʝ ʩ ʧʦʨʝʩʪʘ ʩʪʨʫʢʪʫʨʘ ʠʤʘʪ ʩʧʝʮʠʬʠʯʥʠ ʬʠʟʠʯʥʠ ʩʚʦʡʩʪʚʘ, ʪʝ ʩʘ ʩʲʩ 
ʟʥʘʯʠʪʝʣʥʘ ʜʠʬʫʟʠʦʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪ, ʤʘʣʢʦ ʘʝʨʦʜʠʥʘʤʠʯʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ, ʚʠʩʦʢʠ 
ʘʜʩʦʨʙʮʠʦʥʥʠ ʩʚʦʡʩʪʚʘ, ʤʘʣʢʘ ʟʚʫʢʦ- ʠ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ, ʥʦ ʢʘʯʝʩʪʚʘʪʘ ʠʤ ʩʠʣʥʦ 
ʟʘʚʠʩʷʪ ʦʪ ʤʝʪʦʜʘ ʥʘ ʧʦʣʫʯʘʚʘʥʝ, ʭʠʤʠʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʠ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʚʣʦʞʝʥʠʪʝ 
ʚʣʘʢʥʘ ʠ ʟʘʢʣʶʯʠʪʝʣʥʦʪʦ ʠʤ ʦʙʣʘʛʦʨʦʜʷʚʘʥʝ.  

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʠʛʣʦʥʘʙʠʪʠ ʥʝʪʲʢʘʥʠ ʤʘʪʝʨʠʘʣʠ, ʨʝʛʝʥʝʨʠʨʘʥʠ ʧʦʣʠʝʩʪʝʨʥʠ ʚʣʘʢʥʘ, 

ʝʬʝʢʪʠʚʝʥ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ 
 

Possibilities for use of nonwoven textile materials for thermal insulation 
 

This paper reports an investigative study between the geometric parameters of needed 
nonwovens from regenerated polyester fibers on air permeability and the effective heat transfer 
coefficient. Materials with a porous structure have specific physical properties, they have significant 
diffusion permeability, little aerodynamic resistance, high adsorption properties, low sound and 
thermal conductivity, but their properties depend on the method of production, fibrous composition  
and their final treatment. 

 
Keywords: needlepunched nonwovens, reclaimed polyester fibers, effective thermal 

conductivity 
 
ɺʲʚʝʜʝʥʠʝ 
ʅʝʪʲʢʘʥʠʪʝ ʪʝʢʩʪʠʣʥʠ ʤʘʪʝʨʠʘʣʠ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʧʨʠʨʦʜʥʠ ʠ ʩʠʥʪʝʪʠʯʥʠ ʚʣʘʢʥʘ ʥʘʤʠʨʘʪ 

ʥʘʧʦʩʣʝʜʲʢ ʛʦʣʷʤʦ ʧʨʠʣoʞʝʥʠʝ ʚ ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ ʥʘ ʠʢʦʥʦʤʠʢʘʪʘ. ʀʟʧʦʣʟʚʘʪ ʩʝ ʢʘʪʦ 
ʝʬʝʢʪʠʚʥʠ ʪʦʧʣʦ- ʠ ʟʚʫʢʦʠʟʦʣʘʮʠʠ, ʚ ʧʨʦʤʠʰʣʝʥʦʪʦ ʠ ʛʨʘʞʜʘʥʩʢʦʪʦ ʩʪʨʦʠʪʝʣʩʪʚʦ, ʟʘ 
ʪʦʧʣʦʠʟʦʣʘʮʠʠ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʫʯʘʩʪʲʮʠ ʥʘ ʪʨʲʙʦʧʨʦʚʦʜʠ ʠ ʨʘʟʣʠʯʥʦ ʦʙʦʨʫʜʚʘʥʝ. 
ʅʝʪʲʢʘʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʠʤʘʪ ʛʦʣʷʤʘ ʨʦʣʷ ʠ ʚ ʜʠʟʘʡʥʘ ʥʘ ʜʨʝʭʠʪʝ ʠ ʦʙʫʚʢʠʪʝ, ʢʘʪʦ 
ʦʩʠʛʫʨʷʚʘʪ ʢʦʤʬʦʨʪʥʠ ʫʩʣʦʚʠʷ  ʟʘ ʞʠʚʦʪ ʥʘ ʯʦʚʝʢʘ. ʆʩʥʦʚʝʥ ʧʨʦʙʣʝʤ ʧʨʠ ʩʲʟʜʘʚʘʥʝ ʥʘ 
ʥʦʚʠ ʥʝʪʲʢʘʥʠ ʤʘʪʝʨʠʘʣʠ ʝ ʠʟʫʯʘʚʘʥʝʪʦ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʩʪʨʫʢʪʫʨʥʠʪʝ ʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʚʲʨʭʫ ʦʙʱʠʪʝ ʪʦʧʣʦʬʠʟʠʯʥʠ ʩʚʦʡʩʪʚʘ, ʚʲʟʜʫʭʦ- ʠ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʪʘ. ʊʦʧʣʦʟʘʱʠʪʥʠʪʝ 
ʩʚʦʡʩʪʚʘ ʥʘ ʚʣʘʢʥʝʩʪʠʪʝ ʪʦʧʣʦʠʟʦʣʘʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ ʠ ʪʷʭʥʘʪʘ ʚʲʟʜʫʭʦʧʨʦʧʫʩʢʣʠʚʦʩʪ 
ʟʘʚʠʩʷʪ ʦʪ ʩʲʩʪʘʚʘ, ʪʝʭʥʦʣʦʛʠʷʪʘ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ, ʚʠʜʘ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ ʚʣʠʟʘʱʠ ʚ ʪʷʭ, ʢʘʢʪʦ 
ʠ ʦʪ ʚʠʜʘ ʥʘ ʟʘʢʣʶʯʠʪʝʣʥʘ ʦʙʨʘʙʦʪʢʘ. 
ʊʝʢʩʪʠʣʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʩʘ ʭʝʪʝʨʦʛʝʥʥʠ ʧʦʨʝʩʪʠ ʤʘʪʝʨʠʘʣʠ. ʇʦʨʝʩʪʦʩʪʪʘ ʠʤ ʟʘʚʠʩʠ ʦʪ 

ʥʘʯʠʥʘ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʚʣʘʢʥʘʪʘ: ʧʦʜʨʝʜʝʥʦ (ʧʨʝʞʜʠ, ʪʲʢʘʥʠ ʠ ʪʨʠʢʦʪʘʞ) ʠʣʠ ʩʣʫʯʘʡʥo 
(ʥʝʪʲʢʘʥ). ʊʝʟʠ ʪʝʢʩʪʠʣʥʠ ʧʨʦʜʫʢʪʠ ʩʝ ʧʦʣʫʯʘʚʘʪ ʧʦ ʩʠʣʥʦ ʠʥʪʝʛʨʠʨʘʥʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ 
ʧʨʦʮʝʩʠ, ʦʪ ʩʫʨʦʚʠʥʘʪʘ ʜʦ ʢʨʘʡʥʠʷ ʧʨʦʜʫʢʪ. ʊʝʭʥʦʣʦʛʠʠʪʝ ʢʘʪʦ ʮʷʣʦ ʦʙʭʚʘʱʘʪ ʜʚʘ ʦʩʥʦʚʥʠ 
ʩʪʘʜʠʷ - ʬʦʨʤʠʨʘʥʝ ʥʘ ʥʘʩʪʠʣ ʦʪ ʧʨʦʠʟʚʦʣʥʦ ʦʨʠʝʥʪʠʨʘʥʠ ʚʣʘʢʥʘ ʠ ʩʣʝʜ ʪʦʚʘ ʪʷʭʥʦʪʦ 
ʢʦʥʩʦʣʠʜʠʨʘʥʝ - ʭʠʤʠʯʥʦ, ʪʝʨʤʠʯʥʦ ʠʣʠ ʤʝʭʘʥʠʯʥʦ. ɻʦʣʷʤʦʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘ 
ʪʝʭʥʦʣʦʛʠʠʪʝ ʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʩʚʲʨʟʚʘʥʝ, ʧʨʘʚʷʪ ʠʟʩʣʝʜʚʘʥʝʪʦ ʠʤ ʠʟʢʣʶʯʠʪʝʣʥʦ ʪʨʫʜʥʦ. 
ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʪʲʢʘʥʠʪʝ ʠ ʪʨʠʢʦʪʘʞʘ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʠʟʙʨʘʥʠʷ ʤʝʪʦʜ ʠ ʪʝʭʥʦʣʦʛʠʷʪʘ ʥʘ 



 
130  ȗȪȽɁȷȪ ȴȸȷȾȯȺȯȷɀȲɉ ȏȖȞ 2017 

 

 

ʧʦʣʫʯʘʚʘʥʝ, ʩʝ ʧʦʣʫʯʘʚʘʪ ʦʙʝʤʥʠ ʥʝʪʲʢʘʥʠ ʤʘʪʝʨʠʘʣʠ ʩ ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʟʘʪʚʦʨʝʥʠ ʠ 
ʦʪʚʦʨʝʥʠ ʧʦʨʠ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʚʢʣʶʯʚʘʥʝ ʥʘ ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʚʲʟʜʫʭ ʚ ʦʙʝʤʘ ʠʤ, ʘ ʯʨʝʟ 
ʟʘʢʣʶʯʠʪʝʣʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʤʦʛʘʪ ʪʝʭʥʦʣʦʛʠʯʥʦ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘʪ ʤʘʩʦʧʨʝʥʦʩʘ ʠ ʪʦʧʣʠʥʥʠʷ 
ʧʦʪʦʢ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʥʘ ʠʟʜʝʣʠʝʪʦ. 
ʅʝʦʙʭʦʜʠʤʠʪʝ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʧʨʠ ʝʢʩʪʨʝʤʝʥ ʩʪʫʜ ʚʣʘʢʥʝʩʪʠ ʤʘʪʝʨʠʘʣʠ ʤʦʛʘʪ ʜʘ ʩʝ 

ʨʘʟʜʝʣʷʪ ʥʘ ʜʚʝ ʛʦʣʝʤʠ ʛʨʫʧʠ: ʪʝʢʩʪʠʣʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ ʟʘʱʠʪʘ ʦʪ ʩʪʫʜ ʠ ʪʝʢʩʪʠʣʥʠ 
ʤʘʪʝʨʠʘʣʠ ʩ ʪʝʭʥʠʯʝʩʢʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʇʨʠ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʦʙʣʝʢʣʦ ʟʘ ʟʘʱʠʪʘ ʦʪ ʩʪʫʜ 
ʛʣʘʚʝʥ ʬʘʢʪʦʨ ʝ ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʤʫ, ʠ ʟʘʜʲʣʞʠʪʝʣʥʦ ʩʝ ʨʝʘʣʠʟʠʨʘ ʧʨʠʥʮʠʧʲʪ ʥʘ 
ʤʥʦʛʦʩʣʦʡʥʦʩʪ ï ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʠʟʦʣʠʨʘʱʠʪʝ ʩʣʦʝʚʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʥʝ ʧʦ-ʤʘʣʲʢ ʦʪ ʪʨʠ,ʘ 
ʢʲʤ ʤʘʪʝʨʠʘʣʘ ʟʘ ʚʩʝʢʠ ʩʣʦʡ ʩʝ ʧʨʝʜʷʚʷʚʘʪ ʦʧʨʝʜʝʣʝʥʠ ʠʟʠʩʢʚʘʥʠʷ. ɺʲʪʨʝʰʥʠʷʪ, ʢʦʥʪʘʢʪʝʥ 
ʩ ʯʦʚʝʰʢʘʪʘ ʢʦʞʘ ʩʣʦʡ, ʢʦʥʪʨʦʣʠʨʘ ʤʠʢʨʦʢʣʠʤʘʪʘ ï ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʚʣʘʞʥʦʩʪʪʘ ʥʘ ʚʲʟʜʫʭʘ 
ʜʦ ʪʷʣʦʪʦ. ʇʨʠ ʥʠʩʢʘ ʬʠʟʠʯʝʩʢʘ ʘʢʪʠʚʥʦʩʪ ʪʦʟʠ ʩʣʦʡ ʪʨʷʙʚʘ ʜʘ ʥʘʤʘʣʠ ʜʚʠʞʝʥʠʝʪʦ ʥʘ 
ʚʲʟʜʫʭʘ ʚ ʢʦʥʪʘʢʪ ʩ ʢʦʞʘʪʘ, ʘ ʧʨʠ ʚʠʩʦʢʘ ʘʢʪʠʚʥʦʩʪ ï ʜʘ ʦʙʝʟʧʝʯʘʚʘ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ 
ʚʣʘʞʥʦʩʪʪʘ ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʧʨʝʛʨʷʚʘʥʝʪʦ. ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʘʜʩʦʨʙʮʠʷʪʘ ʥʘ ʚʣʘʛʘ ʟʘ 
ʩʤʝʪʢʘ ʟʘ ʧʨʝʥʦʩʘ ʡ ʚ ʩʣʝʜʚʘʱʠʪʝ ʩʣʦʝʚʝ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʦʚʘ ʩʝ ʠʟʙʠʨʘʪ ʚʠʜʘ ʥʘ 
ʚʣʘʢʥʘʪʘ, ʦʪ ʢʦʠʪʦ ʩʝ ʠʟʛʦʪʚʷ ʚʲʪʨʝʰʥʠʷ ʩʣʦʡ ʠ ʚʠʜʘ ʥʘ ʥʝʪʲʢʘʥʘʪʘ ʪʦʧʣʦʠʟʦʣʘʮʠʷ, ʢʦʷʪʘ 
ʚʠʥʘʛʠ ʪʨʷʙʚʘ ʜʘ ʝ ʦʙʝʤʥʘ, ʥʦ ʝʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʦʚʘ ʜʘ ʥʝ ʟʘʪʨʫʜʪʷʚʘ ʜʚʠʞʝʥʠʝʪʦ. ʉʨʝʜʥʠʷʪ 
ʩʣʦʡ ʦʩʠʛʫʨʷʚʘ ʦʩʥʦʚʥʘʪʘ ʯʘʩʪ ʥʘ ʪʦʧʣʦʠʟʦʣʘʮʠʷʪʘ. ʀʟʙʦʨʲʪ ʥʘ ʪʝʢʩʪʠʣ ʝ ʧʦʚʝʯʝ ʠʣʠ ʧʦ-
ʤʘʣʢʦ ʧʨʦʠʟʚʦʣʝʥ, ʥʦ ʪʨʷʙʚʘ ʜʘ ʦʩʠʛʫʨʷʚʘ ʜʦʙʨʘ ʠʟʦʣʘʮʠʷ ʧʨʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦ ʚʲʟʜʝʡʩʪʚʠʝ 
ʥʘ ʩʪʫʜ, ʢʘʢʪʦ ʠ ʜʘ ʦʩʠʛʫʨʷʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʩʫʰʝʥʝ ɿʘ ʪʦʟʠ ʥʝʪʲʢʘʥ ʩʣʦʡ ʩʝ ʠʟʙʠʨʘʪ 
ʥʝʘʜʩʦʨʙʠʨʘʱʠ ʚʦʜʘ ʤʘʪʝʨʠʘʣʠ.  
ʂ ʤ̡ ʪʝʭʥʠʯʝʩʢʠʪʝ ʥʝʪʲʢʘʥʠ ʪʦʧʣʦʠʟʦʣʠʨʘʱʠ ʠʟʜʝʣʠʷ ʩʝ ʧʦʩʪʘʚʷʪ ʜʦʧʲʣʥʠʪʝʣʥʠ 

ʠʟʠʩʢʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʪʦ ʠʤ- ʥʘʧʨʠʤʝʨ, ʦʣʝʦʬʦʙʥʦʩʪ, ʫʩʪʦʡʯʠʚʦʩʪ ʢʲʤ 
ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʘʛʨʝʩʠʚʥʠ ʩʨʝʜʠ, ʦʛʥʝʫʩʪʦʡʯʠʚʦʩʪ ʠ ʪ.ʥ. ɼʦʧʲʣʥʠʪʝʣʥʦ ʫʩʣʦʚʠʝ ʠ ʚ ʜʚʘʪʘ 
ʩʣʫʯʘʷ (ʟʘʱʠʪʥʦ ʦʙʣʝʢʣʦ ʠ ʪʝʭʥʠʯʝʩʢʠ ʪʝʢʩʪʠʣ), ʝ ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ ʩʘʤʦʪʦ ʠʟʜʝʣʠʝ ʠ 
ʟʘʢʣʶʯʠʪʝʣʥʦʪʦ ʦʙʣʘʛʦʨʦʜʷʚʘʥʝ ʢʲʤ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʝʢʩʪʨʝʤʥʦ ʥʠʩʢʠ ʪʝʤʧʝʨʘʪʫʨʠ. ʂʘʪʦ ʩʝ 
ʚʟʝʤʘʪ ʧʨʝʜʚʠʜ ʩʧʝʮʠʬʠʯʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ, ʢʘʢʪʦ ʠ ʬʠʟʠʯʥʘʪʘ ʧʨʠʨʦʜʘ ʥʘ 
ʧʨʦʮʝʩʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ, ʟʘ ʦʩʥʦʚʝʥ ʧʘʨʘʤʝʪʲʨ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʠʥʪʝʥʟʠʚʥʦʩʪʪʘ ʥʘ 
ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʪʦʧʣʠʥʘʪʘ, ʥʘʡ-ʚʝʯʝ ʩʝ ʠʟʧʦʣʟʚʘ ʝʬʝʢʪʠʚʥʠʷ ʢʦʝʬʠʮʠʝʥʪ ʥʘ 
ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ - ɚʝʬ. ʊʘʟʠ ʢʦʤʧʣʝʢʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘ ʪʚʲʨʜʠ ʩʨʝʜʠ ʩ ʢʘʧʠʣʷʨʥʦ-
ʧʦʨʝʩʪʘ ʠʣʠ ʧʦʨʝʩʪʘ ʩʪʨʫʢʪʫʨʘ, ʦʪʯʠʪʘ ʤʦʣʝʢʫʣʥʠʷ ʪʦʧʣʦʧʨʝʥʦʩ ʚ ʩʪʨʫʢʪʫʨʥʠʪʝ ʝʣʝʤʝʥʪʠ, 
ʤʦʣʝʢʫʣʥʠʷ ʠ ʢʦʥʚʝʢʪʠʚʥʠʷ ʪʦʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʯʘʩʪʠʮʠʪʝ ʥʘ ʩʨʝʜʘʪʘ, ʢʦʷʪʦ ʩʝ ʥʘʤʠʨʘ ʚ 
ʧʦʨʠʪʝ ʠ ʯʘʩʪʪʘ ʦʪ ʪʦʧʣʠʥʘʪʘ , ʢʦʷʪʦ ʩʝ ʧʨʝʜʘʚʘ ʯʨʝʟ ʠʟʣʲʯʚʘʥʝ.  
ɿʘ ʥʝʪʲʢʘʥʠʪʝ ʪʝʢʩʪʠʣʥʠ ʤʘʪʝʨʠʘʣʠ ʝ ʥʝʚʲʟʤʦʞʥʦ ʧʦʨʝʩʪʘʪʘ ʩʪʨʫʢʪʫʨʘ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ 

ʢʘʪʦ ʫʩʧʦʨʝʜʥʠ, ʩ ʝʜʥʘʢʚʠ ʜʠʘʤʝʪʨʠ ʢʘʧʠʣʷʨʠ, ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ ʨʘʚʥʦ ʦʪʩʪʦʷʥʠʝ ʝʜʥʘ ʦʪ 
ʜʨʫʛʘ. ɺʲʚ ʚʨʲʟʢʘ ʩ ʪʦʚʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʪʦʧʣʦʦʙʤʝʥ ʚ ʧʦʨʝʩʪʠ ʪʝʢʩʪʠʣʥʠ 
ʤʘʪʝʨʠʘʣʠ, ʩ ʭʘʦʪʠʯʥʦ ʦʨʠʝʥʪʠʨʘʥʠ, ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠ ʚ ʦʙʝʤʘ ʥʘ ʠʟʜʝʣʠʝʪʦ 
ʢʘʧʠʣʷʨʠ ʩʲʩ ʨʘʟʣʠʯʝʥ ʜʠʘʤʝʪʲʨ, ʩʲʩ ʩʣʫʯʘʝʥ ʙʨʦʡ ʦʪʚʦʨʝʥʠ ʠ ʟʘʪʚʦʨʝʥʠ ʧʦʨʠ, ʢʘʢʚʠʪʦ ʩʘ 
ʅʊʄ, ʝ ʘʢʪʫʘʣʥʦ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʪʲʢʘʥʠʪʝ ʠ ʪʨʠʢʦʪʘʞʘ, ʢʦʠʪʦ ʠʤʘʪ ʧʦʜʨʝʜʝʥʘ ʩʪʨʫʢʪʫʨʘ, 
ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʚʣʘʢʥʘʪʘ ʚ ʥʝʪʲʢʘʥʠʷ ʪʝʢʩʪʠʣ ʝ ʩʣʫʯʘʡʥʦ, ʚ ʤʥʦʛʦ ʩʣʫʯʘʠ ʭʘʦʪʠʯʥʦ ʠ 
ʪʨʫʜʥʦ ʩʝ ʦʧʠʩʚʘ ʤʘʪʝʤʘʪʠʯʥʦ. ʇʦʨʝʩʪʘʪʘ ʠʤ ʩʪʨʫʢʪʫʨʘ, ʟʘʚʠʩʠ ʦʪ ʠʟʧʦʣʟʚʘʥʠʷ ʤʝʪʦʜ ʥʘ 
ʧʦʣʫʯʘʚʘʥʝ ʠ ʦʪ ʚʠʜʘ ʥʘ ʟʘʢʣʶʯʠʪʝʣʥʘ ʦʙʨʘʙʦʪʢʘ. ʉʲʱʦ ʪʘʢʘ ʜʠʘʤʝʪʲʨʲʪ ʥʘ ʢʘʧʠʣʷʨʘʪʘ ʧʦ 
ʥʝʡʥʘʪʘ ʜʲʣʞʠʥʘ ʤʦʞʝ ʜʘ ʝ ʨʘʟʣʠʯʝʥ [1].  

 
ʌʠʛ. 1 ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʧʦʨʝʩʪʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʥʝʪʲʢʘʥ ʪʝʢʩʪʠʣ [2] 



 

ȏȷȯȺȭȲȳȷȪ ȯȾȯȴȼȲȬȷȸȻȼ Ȳ ȬɄȱȸȫȷȸȬɉȯȶȲ ȲȱȼȸɁȷȲɀȲ ȷȪ ȯȷȯȺȭȲɉ   131 
 

 

ʎʝʣʪʘ ʥʘ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ ʚʣʠʷʥʠʝʪʦ ʥʘ ʦʙʝʤʥʘʪʘ ʧʣʲʪʥʦʩʪ ʥʘ 
ʥʝʪʲʢʘʥʠ ʠʟʜʝʣʠʷ ʦʪ ʧʦʣʠʝʩʪʝʨʥʠ ʨʝʮʠʢʣʠʨʘʥʠ ʚʣʘʢʥʘ ʚʲʨʭʫ ʚʲʟʜʫʭʦʧʨʦʧʫʩʢʣʠʚʦʩʪʪʘ ʠ 
ʢʦʝʬʠʮʠʝʥʪʘ ʠʤ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ. ʀʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʝʟʠ ʬʘʢʪʦʨʠ ʚʲʨʭʫ 
ʪʦʧʣʦʟʘʱʠʪʥʘʪʘ ʬʫʥʢʮʠʷ ʠ ʚʲʟʜʫʭʦʧʨʦʧʫʩʢʣʠʚʦʩʪ ʥʘ ʥʝʪʲʢʘʥʠʪʝ ʪʝʢʩʪʠʣʥʠ ʤʘʪʝʨʠʘʣʠ ʠ 
ʩʲʩʪʘʚʥʠʪʝ ʠʟʜʝʣʠʷ ʩ ʨʘʟʣʠʯʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʩ ʪʷʭʥʦ ʫʯʘʩʪʠʝ, ʱʝ ʜʦʚʝʜʝ ʜʦ ʩʲʟʜʘʚʘʥʝ 
ʥʘ ʪʦʧʣʦʠʟʦʣʘʮʠʦʥʝʥ ʧʨʦʜʫʢʪ ʩ ʦʧʨʝʜʝʣʝʥʠ, ʞʝʣʘʥʠ ʩʚʦʡʩʪʚʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ 
ʀʟʩʣʝʜʚʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʚʲʨʭʫ ʠʛʣʦʥʘʙʠʪ ʥʝʪʲʢʘʥ ʪʝʢʩʪʠʣ ʦʪ 100 % ʧʦʣʠʝʩʪʝʨʥʠ 

ʨʝʛʝʥʝʨʠʨʘʥʠ ʦʪ ʧʣʘʩʪʤʘʩʦʚʠ ʙʫʪʠʣʢʠ ʚʣʘʢʥʘ, ʩ ʣʠʥʝʡʥʘ ʧʣʲʪʥʦʩʪ 3,4 dtex ʠ ʜʲʣʞʠʥʘ 57 
mm. ʀʛʣʦʥʘʙʠʚʘʥʝʪʦ ʝ ʠʟʚʲʨʰʝʥʦ ʧʨʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʧʨʦʮʝʩʘ ʧʦʩʦʯʝʥʠ ʚ ʊʘʙʣʠʮʘ 1. 

                         ʊʘʙʣʠʮʘ 1 
ʊʝʭʥʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʧʦʣʫʯʘʚʘʥʝ 

- ʇʘʨʘʤʝʪʲʨ ʥʘ ʨʦʮʝʩʘ  ʇʨʦʙʘ 1 ʇʨʦʙʘ 2 ʇʨʦʙʘ 3 ʇʨʦʙʘ 4 

- ʏʝʩʪʦʪʘ ʥʘ ʠʛʣʦʥʘʙʠʚʘʥʝ 500 800 840 900 

- ʇʨʦʝʢʮʠʦʥʥʘ  ʧʣʲʪʥʦʩʪ 15 50 50 50 

- ɼʲʣʙʦʯʠʥʘ ʥʘ ʠʛʣʦʥʘʙʠʚʘʥʝ 12 10 8 8 

 
ʀʟʧʦʣʟʚʘʥʠ ʩʘ ʠʛʣʠ Groz-Beckert ʩ ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʢʘʪʦ 15x18x32x3 R333 

G3027. 
ʆʧʠʩʘʥʠʝʪʦ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʨʦʙʠ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʚ ʊʘʙʣʠʮʘ 2. 

 ʊʘʙʣʠʮʘ 2 
ɺʟʘʠʤʦʚʨʲʟʢʘ ʤʝʞʜʫ ʦʙʝʤʥʘʪʘ ʧʣʲʪʥʦʩʪ, ʜʝʙʝʣʠʥʘʪʘ  ʠ ʜʨʫʛʠ ʧʦʢʘʟʘʪʝʣʠ 

ʚʲʨʭʫ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʅʊʄ 

ʇʨʦʙʘ 
ʄʘʩʦʚʘ 
ʧʣʲʪʥʦʩʪ, 
ʢg/m3 

ʇʣʦʱʥʘ 
ʤʘʩʘ, 
g/m2 

ɼʝʙʝʣʠʥʘ ʧʨʠ 
ʥʘʣʷʛʘʥʝ 
20ʢʈʘ, mm 

ʂʦʝʬʠʮʠʝʥʪ ʥʘ 
ʪʦʧʣʦʧʨʦʚʦʜ-
ʥʦʩʪ, W/mK 

ɺʲʟʜʫʭʦʧʨʦ-
ʧʫʩʢʣʠʚʦʩʪ, 

m3/m2s 

ɺʣʘʛʦ- 
ʧʦʛʣʲʱʘʥʝ, 

% 

1 178 500 2,8 0,048 0,71 1,7 

2 147 500 3,4 0,046 0,74 3,1 

3 74 800 10,8 0,041 0,25 2,3 

4 62,5 500 8 0,039 0,47 0,4 

 
ʀʟʩʣʝʜʚʘʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʠʤʘʪ ʜʦʩʪʘʪʲʯʥʦ ʚʠʩʦʢʘ ʧʦʨʝʩʪʦʩʪ, ʦʙʝʤʥʘ ʧʣʲʪʥʦʩʪ ʠ 

ʜʝʙʝʣʠʥʘ, ʧʦ-ʤʘʣʢʘ (ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʠʟʚʝʩʪʥʠʪʝ ʩʪʨʦʠʪʝʣʥʠ ʪʦʧʣʦʠʟʦʣʘʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ ʦʪ 
ʤʠʥʝʨʘʣʝʥ ʧʨʦʠʟʭʦʜ), ʥʦ ʩʲʱʦ ʪʘʢʘ ʠ ʝʣʘʩʪʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʛʲʚʢʘʚʦʩʪ. ʂʦʝʬʠʮʠʝʥʪʲʪ 
ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ, ʢʦʡʪʦ ʟʘʚʠʩʠ ʦʪ ʧʦʨʝʩʪʦʩʪʪʘ ʠ ʦʙʝʤʥʘʪʘ ʧʣʲʪʥʦʩʪ, ʩʝ ʢʦʣʝʙʘʝ ʚ 
ʛʨʘʥʠʮʠʪʝ ʥʘ 0,039 ʜʦ 0,048 W/(mĿʂ). 
ʈʝʟʫʣʪʘʪʠ ʠ ʜʠʩʢʫʩʠʷ 
ɺʲʟʜʫʭʦʧʨʦʧʫʩʢʣʠʚʦʩʪʪʘ ʝ ʤʥʦʛʦ ʚʘʞʥʦ ʩʚʦʡʩʪʚʦ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʥʝʪʲʢʘʥʠʪʝ 

ʪʝʢʩʪʠʣʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ ʪʦʧʣʦʠʟʦʣʘʪʦʨʠ. ʊʷ ʝ ʩʚʲʨʟʘʥʘ ʩ ʬʠʟʠʯʝʩʢʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ 
ʤʘʪʝʨʠʘʣʘ ʢʘʪʦ ʧʣʦʱʥʘ ʠ ʦʙʝʤʥʘ ʤʘʩʘ, ʜʝʙʝʣʠʥʘ ʠ ʧʣʲʪʥʦʩʪ. ʉ ʫʚʝʣʠʯʘʚʘʥʝ ʧʣʲʪʥʦʩʪʪʘ ʥʘ 
ʠʛʣʦʥʘʙʠʚʘʥʝ, ʧʨʠ ʝʜʥʘ ʠ ʩʲʱʘ ʧʣʦʱʥʘ ʤʘʩʘ ʥʘ ʥʘʩʪʠʣʘ ʧʦʜʣʦʞʝʥ ʟʘ ʢʦʥʩʦʣʠʜʠʨʘʥʝ, ʩʝ 
ʫʚʝʣʠʯʘʚʘ ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʧʣʘʪʥʦʪʦ, ʥʘʤʘʣʷʚʘ ʜʝʙʝʣʠʥʘʪʘ ʠ ʧʦʨʝʩʪʦʩʪʪʘ. ʇʦʣʫʯʝʥʠʪʝ 
ʨʝʟʫʣʪʘʪʠ ʥʝ ʧʦʢʘʟʘʭʘ  ʦʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪ ʤʝʞʜʫ ʤʘʩʦʚʘʪʘ ʧʣʲʪʥʦʩʪ ʥʘ ʧʨʦʙʠʪʝ ʠ 
ʪʷʭʥʘʪʘ ʚʲʟʜʫʭʦʧʨʦʧʫʩʢʣʠʚʦʩʪ. 
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ʌʠʛ. 2 ʀʟʤʝʥʝʥʠʝ ʥʘ ʚʲʟʜʫʭʦʧʨʦʧʫʩʢʣʠʚʦʩʪʪʘ 
ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʤʘʩʦʚʘʪʘ ʧʣʲʪʥʦʩʪ ʥʘ ʧʨʦʙʠʪʝ 

 
ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʨʘʟʣʠʢʠʪʝ ʚ ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʧʨʦʮʝʩʘ. ʂʦʣʢʦʪʦ ʝ ʧʦ-

ʚʠʩʦʢʘ ʯʝʩʪʦʪʘʪʘ ʥʘ ʠʛʣʦʥʘʙʠʚʘʥʝ, ʪʦʣʢʦʚʘ ʤʘʪʝʨʠʘʣʲʪ ʩʝ ʫʧʣʲʪʥʷʚʘ ʠ ʪʦʧʣʦʠʟʦʣʘʮʠʦʥʥʘʪʘ 
ʩʧʦʩʦʙʥʦʩʪ ʚʝʯʝ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʥʘʣʠʯʠʝʪʦ ʥʘ ʟʘʪʚʦʨʝʥ ʚ ʩʠʩʪʝʤʘʪʘ ʚʲʟʜʫʭ, ʧʦʨʘʜʠ ʧʦ-
ʚʠʩʦʢʘʪʘ ʢʦʥʩʦʣʠʜʘʮʠʷ ʥʘ ʚʣʘʢʥʘʪʘ ʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʧʦ- ʛʦʣʷʤ ʙʨʦʡ ʟʘʪʚʦʨʝʥʠ ʧʦʨʠ. ʊʲʡ ʢʘʪʦ 
ʠʟʩʣʝʜʚʘʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʩʘ ʩʘʤʦ ʦʪ ʝʜʠʥ ʠ ʩʲʱ ʚʠʜ ʚʣʘʢʥʘ, ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʶʯʠ, ʯʝ ʦʩʥʦʚʥʦ 
ʟʥʘʯʝʥʠʝ ʠʤʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʟʘʜʲʨʞʘʥʠʷ ʚ ʩʠʩʪʝʤʘʪʘ ʚʲʟʜʫʭ. ʊʲʡ ʢʘʪʦ ʩʝ ʢʘʩʘʝ ʟʘ 
ʭʠʜʨʦʬʦʙʥʠ ʚʣʘʢʥʘ, ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʣʘʞʥʦʩʪʪʘ ʥʘ ʚʲʟʜʫʭʘ ʚ ʩʠʩʪʝʤʘʪʘ ʤʦʞʝ ʜʘ ʩʝ 
ʧʨʝʥʝʙʨʝʛʥʝ.  

 

 
ʌʠʛ. 3 ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ  
ʦʪ ʤʘʩʦʚʘʪʘ ʧʣʲʪʥʦʩʪ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʤʘʪʝʨʠʘʣʠ 

 
ɿʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʨʦʙʠ ʝ ʫʩʪʘʥʦʚʝʥʘ ʣʠʥʝʡʥʘ ʟʘʚʠʩʠʤʦʩʪ ʤʝʞʜʫ ʤʘʩʦʚʘʪʘ ʧʣʲʪʥʦʩʪ ʠ 

ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪʪʘ. ʉ ʥʘʨʘʩʪʚʘʥʝʪʦ ʡ  ʝʬʝʢʪʠʚʥʠʷʪ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ ʨʘʩʪʝ. 
ʊʦʚʘ ʧʦʪʚʲʨʞʜʘʚʘ  ʜʦʧʫʩʢʘʥʝʪʦ, ʯʝ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʧʦ-ʛʦʣʷʤ ʙʨʦʡ ʟʘʪʚʦʨʝʥʠ ʧʦʨʠ, ʢʦʠʪʦ 
ʟʘʜʲʨʞʘʪ ʚʲʟʜʫʭ ʜʦʧʨʠʥʘʩʷ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʧʦ-ʜʦʙʲʨ ʪʦʧʣʠʥʝʥ ʠʟʦʣʘʪʦʨ.  
ʃʠʥʝʡʥʘ ʝ ʠ ʟʘʚʠʩʠʤʦʩʪʪʘ ʤʝʞʜʫ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪʪʘ ʠ ʚʲʟʜʫʭʦʧʨʦʧʫʩʢʣʠʚʦʩʪʪʘ. 
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100% ˽ ˩́ ͔͎͔͔͙ͪͤͪͪ͊ͤ 
(ͭͦ ͍ͨͦͨͪͦͦ͒ͤͦͫͭ͡ -͔ͦ͋ͣͤ͊ ͣ͊ͫ͊) 
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ʌʠʛ. 4 ɺʣʠʷʥʠʝ ʥʘ ʚʲʟʜʫʭʦʧʨʦʧʫʩʢʣʠʚʦʩʪʪʘ ʥʘ  

ʠʛʣʦʥʘʙʠʪ ʥʝʪʲʢʘʥ ʪʝʢʩʪʠʣ ʚʲʨʭʫ ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪʪʘ 
 

ɺʣʠʷʥʠʝʪʦ ʥʘ ʯʝʩʪʦʪʘʪʘ ʥʘ ʠʛʣʦʥʘʙʠʚʘʥʝ, ʟʘ ʧʨʦʙʠ 3 ʠ 4 ʝ ʧʦ-ʤʘʣʢʦ, ʧʦʨʘʜʠ ʤʘʣʢʘʪʘ 
ʨʘʟʣʠʢʘ ï 840 ʠ 900 Hz.  
ʋʩʪʘʥʦʚʠ ʩʝ, ʯʝ ʧʣʦʱʥʘʪʘ ʤʘʩʘ ʥʘ ʥʝʪʲʢʘʥʠʷ ʪʝʢʩʪʠʣ ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥʘ ʧʨʠ 

ʪʲʨʩʝʥʝ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʪʦʧʣʦʠʟʦʣʘʮʠʦʥʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʥʝʪʲʢʘʥʠʪʝ ʤʘʪʝʨʠʘʣʠ.  

ʀʟʚʦʜʠ 
1. ʅʘ ʙʘʟʘ ʥʘ ʧʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʥʝʪʲʢʘʥʠʪʝ ʪʝʢʩʪʠʣʥʠ ʤʘʪʝʨʠʘʣʠ 
ʦʪ ʧʦʣʠʝʩʪʝʨʥʠ ʚʣʘʢʥʘ ʧʦʣʫʯʝʥʠ ʧʨʠ ʨʝʮʠʢʣʠʨʘʥʝ ʥʘ ʙʫʪʠʣʢʠ, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 
ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʪʦʧʣʠʥʥʠ ʠʟʦʣʘʪʦʨʠ. 

2. ʇʦʨʘʜʠ ʛʲʚʢʘʚʦʩʪʪʘ ʥʘ ʧʦʣʫʯʘʚʘʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʠ ʪʷʭʥʘʪʘ ʪʦʧʣʠʥʥʘ ʫʩʪʦʡʯʠʚʦʩʪ ʜʦ 
ʪʝʤʧʝʨʘʪʫʨʠ ʦʪ 150ʦ ʉ, ʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʨʠ ʠʟʦʣʘʮʠʷ ʥʘ ʪʦʧʣʦʧʨʦʚʦʜʠ. 

3. ʆʩʥʦʚʝʥ ʪʝʭʥʦʣʦʛʠʯʝʥ ʧʘʨʘʤʝʪʲʨ ʧʨʠ ʠʟʙʦʨʘ ʥʘ ʧʦʜʭʦʜʷʱ ʤʘʪʝʨʠʘʣ ʝ ʤʘʩʦʚʘʪʘ 
ʧʣʲʪʥʦʩʪ, ʢʦʷʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʩʝ ʦʧʨʝʜʝʣʷ ʦʩʥʦʚʥʦ ʦʪ ʯʝʩʪʦʪʘʪʘ ʥʘ ʠʛʣʦʥʘʙʠʚʘʥʝ. 

 
ʅʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ, ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʢʦʠʪʦ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʥʘʩʪʦʷʱʘʪʘ 

ʧʫʙʣʠʢʘʮʠʷ, ʩʘ ʬʠʥʘʥʩʠʨʘʥʠ ʦʪ ʅʌ Ăʅʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷñ ʧʦ ʜʦʛʦʚʦʨ ɼʋʅʂ-01/3 ʦʪ 
29.12.2009 ʛ. 
 
ʃʠʪʝʨʘʪʫʨʘ 

1. Part 14. Holmer I. Textiles for protection against cold / In book: Textiles for protection. Ed. R.A. 
Scott. // Woodhead Publishing LTD: Cambridge, England. 2005. - 785 P.  

2. Dubrovski P. D. and M. Brezocnik Porosity and Nonwoven Fabric Vertical Wicking Rate, Fibers 
and Polymers 2016, Vol.17, No.5, 801-808. 
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100% ˽ ˩́ ͔͎͔͔͙ͪͤͪͪ͊ͤ 
(ͭͦ ͍ͨͦͨͪͦͦ͒ͤͦͫͭ͡ - Ά͍͒ͯ͘ͻ͙͍ͦͨͪͦͨͯͫͦͫͭ͟͡) 
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ʄʘʪʨʠʯʝʥ ʤʝʪʦʜ ʟʘ ʘʥʘʣʠʟ ʥʘ ʩʠʩʪʝʤʠ ʦʪ ʪʦʧʣʦʦʙʤʝʥʥʠ ʘʧʘʨʘʪʠ 
 

ɹʦʨʠʩʣʘʚ ʉʪʘʥʢʦʚ, ʄʦʤʯʠʣ ɺʘʩʠʣʝʚ 

 
ʇʨʝʜʩʪʘʚʝʥ ʝ ʤʘʪʨʠʯʝʥ ʤʝʪʦʜ ʟʘ ʘʥʘʣʠʟ (ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʩʪʘʪʠʯʝʥ ʙʘʣʘʥʩ) ʥʘ 

ʩʠʩʪʝʤʠ ʦʪ ʪʦʧʣʦʦʙʤʝʥʥʠ ʘʧʘʨʘʪʠ. ʇʨʝʜʩʪʘʚʝʥʠʷʪ ʤʝʪʦʜ ʝ ʨʝʘʣʠʟʠʨʘʥ ʢʘʪʦ 
ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʩʦʬʪʫʝʨ ʚ ʧʨʦʛʨʘʤʥʘʪʘ ʩʨʝʜʘ ʥʘ MATLAB. ʇʨʠ ʩʦʬʪʫʝʨʥʘʪʘ 
ʠʤʧʣʝʤʝʥʪʘʮʠʷ ʝ ʧʨʠʣʦʞʝʥʘ ʪʝʦʨʠʷʪʘ ʥʘ ʛʨʘʬʠʪʝ. ʉʦʬʪʫʝʨʲʪ ʧʦʟʚʦʣʷʚʘ ʙʲʨʟʦ 
ʤʦʜʝʣʠʨʘʥʝ ʠ ʩʠʤʫʣʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʠ ʦʪ ʪʦʧʣʦʦʙʤʝʥʥʠ ʘʧʘʨʘʪʠ, ʧʨʠ ʢʦʠʪʦ 
ʩʧʝʮʠʬʠʯʥʠʪʝ ʪʦʧʣʠʥʥʠ ʢʘʧʘʮʠʪʝʪʠ ʥʘ ʧʦʪʦʮʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʠʝʤʘʪ ʟʘ ʧʦʩʪʦʷʥʥʠ. 
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Matrix method for analysis of heat exchanger networks 
 

Borislav Stankov, Momchil Vasilev 

 
Presented is a matrix method for analysis (calculation of the steady-state heat balance) of heat 

exchanger networks. The MATLAB programming environment was used for software 
implementation of the method. The software utilizes network analysis algorithms, based on the 
graph theory. It allows for quick modeling and simulation of heat exchanger networks, where the 
specific heat capacities of the flows can be assumed to remain constant. 

  
Keywords: heat exchanger networks, matrix method, graph theory, MATLAB, effectiveness-

NTU method 
 

ɺʲʚʝʜʝʥʠʝ 
ɿʘ ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʧʨʦʚʝʨʦʯʥʘʪʘ ʟʘʜʘʯʘ (ʘʥʘʣʠʟ) ʟʘ ʩʣʦʞʥʠ ʩʠʩʪʝʤʠ ʦʪ ʪʦʧʣʦʦʙʤʝʥʥʠ 

ʘʧʘʨʘʪʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʚʘ ʚʠʜʘ ʤʝʪʦʜʠ: ʠʪʝʨʘʪʠʚʥʠ ʠ ʤʘʪʨʠʯʥʠ.  
ʇʨʠ ʠʪʝʨʘʪʠʚʥʠʪʝ ʤʝʪʦʜʠ ʨʝʰʝʥʠʝʪʦ ʩʝ ʥʘʤʠʨʘ ʯʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ 

ʪʦʧʣʠʥʥʠʷ ʙʘʣʘʥʩ ʥʘ ʚʩʝʢʠ ʪʦʧʣʦʦʙʤʝʥʝʥ ʘʧʘʨʘʪ ʚ ʩʠʩʪʝʤʘʪʘ ʚ ʠʪʝʨʘʮʠʦʥʝʥ ʮʠʢʲʣ, ʜʦ 
ʟʘʜʦʚʦʣʷʚʘʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʪʝ ʢʨʠʪʝʨʠʠ ʟʘ ʩʭʦʜʠʤʦʩʪ. ʀʪʝʨʘʪʠʚʥʠ ʤʝʪʦʜʠ ʩʘ ʟʘʣʦʞʝʥʠ ʚ 
ʢʦʤʧʦʥʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʘʥʠʪʝ ʩʦʬʪʫʝʨʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʠ ʩʠʤʫʣʠʨʘʥʝ ʥʘ ʩʪʘʪʠʯʥʠ ʠ 
ʜʠʥʘʤʠʯʥʠ ʩʠʩʪʝʤʠ, ʢʘʪʦ Simulink, Modelica ʠ TRNSYS. ɺ ʪʝʟʠ ʩʠʤʫʣʘʮʠʦʥʥʠ ʩʨʝʜʠ ʚʩʝʢʠ 
ʪʦʧʣʦʦʙʤʝʥʝʥ ʘʧʘʨʘʪ ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʪʦ ʦʪʜʝʣʝʥ ʢʦʤʧʦʥʝʥʪ, ʪ.ʝ. ʩʘʤʦʩʪʦʷʪʝʣʝʥ ʤʦʜʝʣ, 
ʯʠʠʪʦ ʚʭʦʜʥʠ ʠ ʠʟʭʦʜʥʠ ʧʨʦʤʝʥʣʠʚʠ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʪʝʟʠ ʥʘ ʜʨʫʛʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʚ ʩʠʩʪʝʤʘʪʘ. 
ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʘʢʲʚ ʪʠʧ ʩʦʬʪʫʝʨʠ ʧʦʟʚʦʣʷʚʘ ʛʦʣʷʤʘ ʛʲʚʢʘʚʦʩʪ ʧʨʠ ʤʦʜʝʣʠʨʘʥʝʪʦ ʥʘ 
ʧʨʦʠʟʚʦʣʥʠ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʚʘʱʠ ʠ ʜʨʫʛʠ ʪʠʧʦʚʝ ʢʦʤʧʦʥʝʥʪʠ.  
ʇʨʠ ʤʘʪʨʠʯʥʠʪʝ ʤʝʪʦʜʠ ʩʠʩʪʝʤʘʪʘ ʩʝ ʦʧʠʩʚʘ ʠʟʮʷʣʦ ʯʨʝʟ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ 

ʢʦʝʬʠʮʠʝʥʪʠʪʝ, ʟʘʣʦʞʝʥʠ ʚ ʩʲʦʪʚʝʪʥʠʪʝ ʤʘʪʨʠʮʠ ʠ ʩʝ ʨʝʰʘʚʘ ʯʨʝʟ ʤʘʪʨʠʯʥʠ ʦʧʝʨʘʮʠʠ. 
ʄʘʪʨʠʯʥʠʪʝ ʤʝʪʦʜʠ ʠʤʘʪ ʧʦ-ʦʛʨʘʥʠʯʝʥʠ ʚʲʟʤʦʞʥʦʩʪʠ, ʥʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʦ-ʧʨʦʩʪʠ ʠ ʙʲʨʟʠ. 
ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʩʣʦʞʥʦʩʪʪʘ ʩʠ, ʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʝʘʣʠʟʠʨʘʥʠ ʚ ʩʦʬʪʫʝʨʠ, ʢʘʪʦ MATLAB, 
Mathematica ʠ Maple, ʥʦ ʩʲʱʦ ʪʘʢʘ ʠ ʚ Ăspreadsheetò ʧʨʦʛʨʘʤʠ ʢʘʪʦ MS Excel.  
ʀʟʚʝʩʪʝʥ ʧʨʠʤʝʨ ʝ ʦʙʦʙʱʝʥʠʷʪ ʤʘʪʨʠʯʝʥ ʤʝʪʦʜ, ʧʨʝʜʩʪʘʚʝʥ ʚʲʚ VDI-Wªrmeatlas [6]. 

ʇʨʠ ʪʦʟʠ ʤʝʪʦʜ ʩʠʩʪʝʤʘʪʘ ʩʝ ʦʧʠʩʚʘ ʯʨʝʟ ʜʝʩʝʪ ʤʘʪʨʠʮʠ. ʊʨʠ ʦʪ ʪʝʟʠ ʤʘʪʨʠʮʠ, ʩʲʜʲʨʞʘʱʠ 
ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʥʘ ʧʦʪʦʮʠʪʝ (ʥʘ ʚʭʦʜʦʚʝʪʝ ʠ ʠʟʭʦʜʠʪʝ ʦʪ ʚʩʝʢʠ ʪʦʧʣʦʦʙʤʝʥʝʥ ʘʧʘʨʘʪ ʠ ʥʘ 
ʠʟʭʦʜʠʪʝ ʦʪ ʩʠʩʪʝʤʘʪʘ), ʩʝ ʧʦʣʫʯʘʚʘʪ ʯʨʝʟ ʨʝʰʘʚʘʥʝ ʥʘ ʤʘʪʨʠʯʥʠ ʫʨʘʚʥʝʥʠʷ. ɺ ʪʝʟʠ 
ʫʨʘʚʥʝʥʠʷ ʫʯʘʩʪʚʘʪ ʦʩʪʘʥʘʣʠʪʝ ʩʝʜʝʤ ʤʘʪʨʠʮʠ, ʢʦʠʪʦ ʦʧʠʩʚʘʪ ʩʲʙʠʨʘʥʠʷʪʘ ʠ ʨʘʟʜʝʣʷʥʠʷʪʘ 
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ʥʘ ʧʦʪʦʮʠʪʝ ʚ ʩʠʩʪʝʤʘʪʘ ʠ ʝʬʝʢʪʠʚʥʦʩʪʠʪʝ ʥʘ ʪʦʧʣʦʦʙʤʝʥʥʠʪʝ ʘʧʘʨʘʪʠ (ʧʦ ʤʝʪʦʜʘ ʥʘ 
ʧʨʝʥʦʩʥʠʪʝ ʪʦʧʣʠʥʥʠ ʝʜʠʥʠʮʠ).  
ɺ ʪʘʟʠ ʩʪʘʪʠʷ ʝ ʧʨʝʜʣʦʞʝʥ ʜʨʫʛ ʤʘʪʨʠʯʝʥ ʤʝʪʦʜ, ʧʨʠ ʢʦʡʪʦ ʝ ʠʟʧʦʣʟʚʘʥ ʨʘʟʣʠʯʝʥ ʧʦʜʭʦʜ 

ʟʘ ʦʧʠʩʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ. ʊʦʡ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʩʲʩʪʘʚʷʥʝ ʥʘ ʩʠʩʪʝʤʘ ʦʪ ʣʠʥʝʡʥʠ ʫʨʘʚʥʝʥʠʷ, 
ʢʦʠʪʦ ʠʟʨʘʟʷʚʘʪ ʪʦʧʣʠʥʥʠʷ ʙʘʣʘʥʩ ʥʘ ʩʠʩʪʝʤʘʪʘ ʦʪ ʪʦʧʣʦʦʙʤʝʥʥʠ ʘʧʘʨʘʪʠ, ʢʘʪʦ ʝ ʠʟʧʦʣʟʚʘʥ 
ʤʝʪʦʜʲʪ ʥʘ ʧʨʝʥʦʩʥʠʪʝ ʪʦʧʣʠʥʥʠ ʝʜʠʥʠʮʠ [2], [5], [7]. ʇʨʝʜʩʪʘʚʝʥʠʷʪ ʤʝʪʦʜ ʝ ʧʨʠʣʦʞʝʥ ʚ 
MATLAB ʠ ʨʝʘʣʠʟʠʨʘʥ ʢʘʪʦ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʩʦʬʪʫʝʨ. ɺ ʘʣʛʦʨʠʪʤʠʪʝ ʟʘ ʜʝʬʠʥʠʨʘʥʝ, 
ʩʲʩʪʘʚʷʥʝ ʥʘ ʤʘʪʨʠʮʠʪʝ ʠ ʛʨʘʬʠʯʥʦʪʦ ʠʟʦʙʨʘʟʷʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʝ ʧʨʠʣʦʞʝʥʘ ʪʝʦʨʠʷʪʘ ʥʘ 
ʛʨʘʬʠʪʝ. ʇʨʦʮʝʜʫʨʘʪʘ ʟʘ ʚʲʚʝʞʜʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ ʦʪ ʩʪʨʘʥʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ ʝ ʤʘʢʩʠʤʘʣʥʦ 
ʦʧʨʦʩʪʝʥʘ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʨʘʟʨʘʙʦʪʝʥʠʷʪ ʩʦʬʪʫʝʨ ʝ ʣʝʩʝʥ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʠ ʧʦʟʚʦʣʷʚʘ ʙʲʨʟʦ 
ʤʦʜʝʣʠʨʘʥʝ ʠ ʨʝʰʘʚʘʥʝ ʥʘ ʩʪʘʪʠʯʥʠʷ ʙʘʣʘʥʩ ʥʘ ʩʠʩʪʝʤʠ, ʧʨʠ ʢʦʠʪʦ ʩʧʝʮʠʬʠʯʥʠʪʝ ʪʦʧʣʠʥʥʠ 
ʢʘʧʘʮʠʪʝʪʠ ʥʘ ʧʦʪʦʮʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʠʝʤʘʪ ʟʘ ʧʦʩʪʦʷʥʥʠ. ʇʦʩʣʝʜʥʦʪʦ ʝ ʦʙʱʦ ʦʛʨʘʥʠʯʝʥʠʝ 
ʧʨʠ ʜʠʨʝʢʪʥʠʪʝ ʤʘʪʨʠʯʥʠ ʤʝʪʦʜʠ, ʪʲʡ ʢʘʪʦ ʟʘ ʪʷʭ ʩʝ ʠʟʠʩʢʚʘ ʩʧʝʮʠʬʠʯʥʠʷʪ ʪʦʧʣʠʥʝʥ 
ʢʘʧʘʮʠʪʝʪ ʜʘ ʙʲʜʝ ʥʝʟʘʚʠʩʠʤ ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ (ʚ ʧʨʦʪʠʚʝʥ ʩʣʫʯʘʡ ʝ ʥʝʦʙʭʦʜʠʤʦ 
ʠʪʝʨʘʪʠʚʥʦ ʨʝʰʝʥʠʝ). 

ʄʘʪʝʤʘʪʠʯʝʩʢʦ ʦʧʠʩʘʥʠʝ ʥʘ ʤʝʪʦʜʘ 
ɺ ʦʩʥʦʚʘʪʘ ʥʘ ʧʨʝʜʣʦʞʝʥʠʷ ʤʘʪʨʠʯʝʥ ʤʝʪʦʜ ʝ ʦʙʩʪʦʷʪʝʣʩʪʚʦʪʦ, ʯʝ ʩʠʩʪʝʤʘ ʦʪ N 

ʣʠʥʝʡʥʠ ʫʨʘʚʥʝʥʠʷ ʩ N ʥʝʠʟʚʝʩʪʥʠ ʦʪ ʚʠʜʘ: 

ὥȟὼ ὥȟὼ Ễ ὥȟὼ ὦ   

ὥȟὼ ὥȟὼ Ễ ὥȟὼ ὦ  

ể
ὥȟὼ ὥȟὼ Ễ ὥȟὼ ὦ

 ,                    (1) 

ʢʲʜʝʪʦ: ai,j ʠ bi ʩʘ ʢʦʥʩʪʘʥʪʠ, a xj ʩʘ ʥʝʟʘʚʠʩʠʤʠʪʝ ʧʨʦʤʝʥʣʠʚʠ (i = 1éN; j = 1éN); ʤʦʞʝ ʜʘ ʩʝ 
ʧʨʝʜʩʪʘʚʠ ʚ ʤʘʪʨʠʯʥʘ ʬʦʨʤʘ ʢʘʪʦ: 

ὥȟ Ễ ὥȟ
ể Ệ ể
ὥȟ Ễ ὥȟ

ὼ
ể
ὼ

ὦ
ể
ὦ

                     (2) 

ʠʣʠ: 

ὃὼ ὦȟ                        (3) 

ʢʲʜʝʪʦ: A ʝ ʤʘʪʨʠʮʘ ʩ N ʨʝʜʘ ʠ N ʩʪʲʣʙʘ, ʩʲʜʲʨʞʘʱʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ai,j ʧʨʝʜ ʥʝʟʘʚʠʩʠʤʠʪʝ 
ʧʨʦʤʝʥʣʠʚʠ; x ʝ ʚʝʢʪʦʨ ʩ N ʨʝʜʘ, ʩʲʜʲʨʞʘʱ ʥʝʟʘʚʠʩʠʤʠʪʝ ʧʨʦʤʝʥʣʠʚʠ xj; ʘ b ʝ ʚʝʢʪʦʨ ʩ N 
ʨʝʜʘ, ʩʲʜʲʨʞʘʱ ʩʚʦʙʦʜʥʠʪʝ ʢʦʝʬʠʮʠʝʥʪʠ bi. ʀʥʜʝʢʩʲʪ i ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠʷ 
ʥʦʤʝʨ ʥʘ ʫʨʘʚʥʝʥʠʝʪʦ (ʠ ʨʝʩʧʝʢʪʠʚʥʦ ʨʝʜʘ ʥʘ ʤʘʪʨʠʮʘʪʘ A ʠ ʨʝʜʘ ʥʘ ʚʝʢʪʦʨʘ b), ʘ ʠʥʜʝʢʩʲʪ 
j ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʧʦʨʝʜʥʠʷ ʥʦʤʝʨ ʥʘ ʥʝʟʘʚʠʩʠʤʘʪʘ ʧʨʦʤʝʥʣʠʚʘ (ʠ ʨʝʩʧʝʢʪʠʚʥʦ ʢʦʣʦʥʘʪʘ ʥʘ 
ʤʘʪʨʠʮʘʪʘ ɸ ʠ ʨʝʜʘ ʥʘ ʚʝʢʪʦʨʘ x). 
ʄʘʪʨʠʯʥʠʪʝ ʦʧʝʨʘʮʠʠ ʩʘ ʩʨʝʜ ʦʩʥʦʚʥʠʪʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʥʘ MATLAB [4], ʧʦʨʘʜʠ ʢʦʝʪʦ 

ʪʦʟʠ ʩʦʬʪʫʝʨ ʝ ʦʩʦʙʝʥʦ ʧʦʜʭʦʜʷʱ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʪʘʢʲʚ ʪʠʧ ʩʠʩʪʝʤʠ. ɼʦʧʲʣʥʠʪʝʣʥʦ 
ʧʨʝʜʠʤʩʪʚʦ ʩʘ ʩʲʟʜʘʜʝʥʠʪʝ ʚ MATLAB ʘʣʛʦʨʠʪʤʠ ʟʘ ʘʥʘʣʠʟ ʥʘ ʤʨʝʞʠ, ʦʩʥʦʚʘʥʠ ʥʘ ʪʝʦʨʠʷʪʘ 
ʥʘ ʛʨʘʬʠʪʝ [1], [3]. 
ɿʘ ʜʘ ʩʝ ʩʚʝʜʝ ʜʦ ʚʠʜʘ ʥʘ ʫʨʘʚʥʝʥʠʝ (2), ʪʦʧʣʠʥʥʠʷʪ ʙʘʣʘʥʩ ʥʘ ʩʠʩʪʝʤʘʪʘ ʪʨʷʙʚʘ ʜʘ ʩʝ 

ʧʨʝʜʩʪʘʚʠ ʚʲʚ ʚʠʜ ʥʘ ʣʠʥʝʡʥʠ ʫʨʘʚʥʝʥʠʷ. ʄʝʪʦʜʲʪ ʥʘ ʩʨʝʜʥʦʣʦʛʘʨʠʪʤʠʯʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʥʘ 
ʨʘʟʣʠʢʘ [2], [5], [7] ʥʝ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʮʝʣʪʘ, ʪʲʡ ʢʘʪʦ ʠʟʠʩʢʚʘ ʠʪʝʨʘʪʠʚʥʦ ʨʝʰʘʚʘʥʝ ʥʘ 
ʥʝʣʠʥʝʡʥʠ ʫʨʘʚʥʝʥʠʷ, ʚʢʣʶʯʚʘʱʠ ʥʝʠʟʚʝʩʪʥʠʪʝ ʠʟʭʦʜʷʱʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʪʦʮʠʪʝ. 
ʄʝʪʦʜʲʪ ʥʘ ʧʨʝʥʦʩʥʠʪʝ ʪʦʧʣʠʥʥʠ ʝʜʠʥʠʮʠ ʝ ʘʣʛʝʙʨʠʯʥʦ ʝʢʚʠʚʘʣʝʥʪʝʥ ʥʘ ʤʝʪʦʜʘ ʥʘ 
ʩʨʝʜʥʦʣʦʛʘʨʠʪʤʠʯʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʨʘʟʣʠʢʘ (ʠʟʚʝʞʜʘ ʩʝ ʘʥʘʣʠʪʠʯʥʦ ʦʪ ʧʦʩʣʝʜʥʠʷ ʟʘ 
ʦʧʨʝʜʝʣʝʥʘ ʩʭʝʤʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʧʦʪʦʮʠʪʝ), ʥʦ ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʥʝʛʦ ʠʟʨʘʟʷʚʘ ʪʦʧʣʠʥʥʠʷ 
ʙʘʣʘʥʩ ʥʘ ʪʦʧʣʦʦʙʤʝʥʥʠʷ ʘʧʘʨʘʪ ʢʘʪʦ ʣʠʥʝʡʥʘ ʬʫʥʢʮʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʠʪʝ [2], [5], [7]. ʇʦ 
ʪʘʟʠ ʧʨʠʯʠʥʘ ʝ ʤʥʦʛʦ ʧʦʜʭʦʜʷʱ ʟʘ ʪʘʢʲʚ ʧʦʜʭʦʜ.  
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ʇʨʠ -ʁNTU ʤʝʪʦʜʘ ʪʦʧʣʠʥʥʠʷʪ ʧʦʪʦʢ ʩʝ ʠʟʨʘʟʷʚʘ ʢʘʪʦ [2], [5]: 

ὗ ‐ὡ ὸ̄ ὸ̒ ;          (4) 

ὡ ὓὍὔὡ̄Ƞὡ̒ ,          (5) 

ʢʲʜʝʪʦ: Ů ï ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʪʦʧʣʦʦʙʤʝʥʥʠʷ ʘʧʘʨʘʪ, [-]; Wʛ ï ʪʦʧʣʠʥʝʥ ʢʘʧʘʮʠʪʝʪ ʥʘ ʤʘʩʦʚʠʷ 
ʜʝʙʠʪ (ʚʦʜʝʥ ʝʢʚʠʚʘʣʝʥʪ) ʥʘ ʛʦʨʝʱʠʷ ʧʦʪʦʢ, [W/K]; Wʩ ï ʪʦʧʣʠʥʝʥ ʢʘʧʘʮʠʪʝʪ ʥʘ ʤʘʩʦʚʠʷ 
ʜʝʙʠʪ (ʚʦʜʝʥ ʝʢʚʠʚʘʣʝʥʪ) ʥʘ ʩʪʫʜʝʥʠʷ ʧʦʪʦʢ, [W/K]; Wmin ï ʧʦ-ʤʘʣʢʠʷ ʦʪ ʜʚʘʪʘ ʚʦʜʥʠ 
ʝʢʚʠʚʘʣʝʥʪʘ, [W/K]; tʛô ï ʚʭʦʜʷʱʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʛʦʨʝʱʠʷ ʧʦʪʦʢ, [ÁC]; tʩô ï ʚʭʦʜʷʱʘ 
ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʫʜʝʥʠʷ ʧʦʪʦʢ, [ÁC]. 
ɽʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʪʦʧʣʦʦʙʤʝʥʥʠʷ ʘʧʘʨʘʪ, ʢʦʷʪʦ ʧʦʢʘʟʚʘ ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʨʝʘʣʥʠʷ 

ʪʦʧʣʠʥʝʥ ʧʦʪʦʢ ʢʲʤ ʤʘʢʩʠʤʘʣʥʠʷ ʪʝʦʨʝʪʠʯʥʦ ʚʲʟʤʦʞʝʥ, ʩʝ ʠʟʯʠʩʣʷʚʘ ʢʘʪʦ ʬʫʥʢʮʠʷ ʦʪ ʙʨʦʷ 
ʥʘ ʧʨʝʥʦʩʥʠʪʝ ʪʦʧʣʠʥʥʠ ʝʜʠʥʠʮʠ ʠ ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʚʦʜʥʠʪʝ ʝʢʚʠʚʘʣʝʥʪʠ: 

‐ ὪὔὝὟȟὙ;           (6) 

ὔὝὟ ὟὃȾὡ  ;          (7) 

ὅ ὡ Ⱦὡ ȟ ,          (8) 

ʢʲʜʝʪʦ: NTU ï ʙʨʦʡ ʥʘ ʧʨʝʥʦʩʥʠʪʝ ʪʦʧʣʠʥʥʠ ʝʜʠʥʠʮʠ, [-]; U ï ʢʦʝʬʠʮʠʝʥʪ ʥʘ 
ʪʦʧʣʦʧʨʝʤʠʥʘʚʘʥʝ, [W/(m2K)]; A ï ʧʣʦʱ ʥʘ ʪʦʧʣʦʦʙʤʝʥʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, [m2]; CR ï 
ʩʲʦʪʥʦʰʝʥʠʝ ʥʘ ʚʦʜʥʠʪʝ ʝʢʚʠʚʘʣʝʥʪʠ, [-]; Wmin ï ʧʦ-ʤʘʣʢʠʷ ʦʪ ʜʚʘʪʘ ʚʦʜʥʠ ʝʢʚʠʚʘʣʝʥʪʘ, 
[W/K]; Wmax ï ʧʦ-ʛʦʣʝʤʠʷ ʦʪ ʜʚʘʪʘ ʚʦʜʥʠ ʝʢʚʠʚʘʣʝʥʪʘ, [W/K]. 
ʋʨʘʚʥʝʥʠʷ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ Ů, ʧʨʠ ʨʘʟʣʠʯʥʠ ʩʭʝʤʠ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʧʦʪʦʮʠʪʝ, ʩʘ ʜʘʜʝʥʠ 

ʚ [2] ʠ [5]. ʇʨʠ ʧʨʦʪʠʚʦʪʦʢ ʠ CR Í 1, ʫʨʘʚʥʝʥʠʝʪʦ ʠʤʘ ʩʣʝʜʥʠʷ ʚʠʜ: 

‐
ὅὙ

ὅὙ
ὅὙ

.          (9) 

ʊʦʚʘ ʫʨʘʚʥʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʛʦʜʠ ʟʘ ʨʘʟʣʠʯʥʠ ʩʭʝʤʠ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʧʦʪʦʮʠʪʝ, ʢʘʪʦ 
ʧʨʝʥʦʩʥʠʪʝ ʪʦʧʣʠʥʥʠ ʝʜʠʥʠʮʠ ʩʝ ʢʦʨʠʛʠʨʘʪ ʧʦ ʩʣʝʜʥʠʷ ʥʘʯʠʥ [6]: 

ὔὝὟ Ὂ ȢὔὝὟ ;          (10) 

Ὂ ρ ὥὅ ὔὝὟ  ,         (11) 

ʢʲʜʝʪʦ: NTUcf ï ʧʨʠʚʝʜʝʥ ʙʨʦʡ ʥʘ ʧʨʝʥʦʩʥʠʪʝ ʪʦʧʣʠʥʥʠ ʝʜʠʥʠʮʠ (ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʚ 
ʫʨʘʚʥʝʥʠʝʪʦ ʟʘ ʧʨʦʪʠʚʦʪʦʢ), [-]; NTU ï ʙʨʦʡ ʥʘ ʧʨʝʥʦʩʥʠʪʝ ʪʦʧʣʠʥʥʠ ʝʜʠʥʠʮʠ, ʠʟʯʠʩʣʝʥ ʧʦ 
ʫʨʘʚʥʝʥʠʝ (7), [-]; Fcf ï ʢʦʨʝʢʮʠʦʥʝʥ ʬʘʢʪʦʨ, [-]. ʉʪʦʡʥʦʩʪʠ ʥʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ: a, b, c ʠ d, 
ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ Fcf, ʟʘ 34 ʢʦʥʬʠʛʫʨʘʮʠʠ, ʩʘ ʧʨʝʜʣʦʞʝʥʠ ʚʲʚ VDI-
Wªrmeatlas [6]. ɺ ʜʨʫʛ ʘʣʪʝʨʥʘʪʠʚʝʥ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʦʙʦʙʱʝʥʦ ʫʨʘʚʥʝʥʠʝ ʟʘ 
ʝʬʝʢʪʠʚʥʦʩʪʪʘ, ʩʭʝʤʘʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʧʦʪʦʮʠʪʝ ʩʝ ʧʨʠʚʝʞʜʘ ʜʦ ʝʢʚʠʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʥʘ 
ʧʨʦʪʠʚʦʪʦʢ ʯʨʝʟ ʪ. ʥʘʨ. ʠʥʜʝʢʩ ʥʘ ʧʨʦʪʠʚʦʪʦʯʥʦʩʪ [9]. ʈʘʟʨʘʙʦʪʝʥʠʷʪ ʩʦʬʪʫʝʨ ʜʘʚʘ 
ʚʲʟʤʦʞʥʦʩʪ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ ʜʘ ʠʟʙʝʨʝ ʝʜʠʥ ʦʪ ʪʨʠʪʝ ʧʦʜʭʦʜʘ (ʩ ʦʪʜʝʣʥʠ ʫʨʘʚʥʝʥʠʷ ʟʘ 
ʨʘʟʣʠʯʥʠ ʩʭʝʤʠ, ʩ ʢʦʨʝʢʮʠʦʥʝʥ ʬʘʢʪʦʨ ʠʣʠ ʩ ʠʥʜʝʢʩ ʥʘ ʧʨʦʪʠʚʦʪʦʯʥʦʩʪ). ʋʨʘʚʥʝʥʠʷʪʘ ʩʘ 
ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʣʦʞʝʥʠ ʚ ʩʦʬʪʫʝʨʘ, ʢʘʪʦ ʠʟʙʦʨʲʪ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʪʘʚʘ ʯʨʝʟ ʧʘʜʘʱʠ 
ʤʝʥʶʪʘ. ɺʲʚʝʜʝʥʠ ʩʘ ʩʲʱʦ ʢʦʝʬʠʮʠʝʥʪʠ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ Fcf ʠ ʠʥʜʝʢʩʠ ʥʘ ʧʨʦʪʠʚʦʪʦʯʥʦʩʪ 
ʟʘ ʛʦʣʷʤʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʪ [6] ʠ [9]. 
ɺʩʝʢʠ ʪʦʧʣʦʦʙʤʝʥʝʥ ʘʧʘʨʘʪ ʚ ʩʠʩʪʝʤʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ ʯʨʝʟ ʯʝʪʠʨʠ ʣʠʥʝʡʥʠ 

ʫʨʘʚʥʝʥʠʷ (ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʚʭʦʜʷʱʠʪʝ ʠ ʠʟʭʦʜʷʱʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʜʚʘʪʘ ʧʦʪʦʢʘ). 
ʏʝʪʠʨʠʪʝ ʫʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʪʦʧʣʠʥʥʠʪʝ ʙʘʣʘʥʩʠ ʧʦ ʛʦʨʝʱ ʠ ʩʪʫʜʝʥ ʧʦʪʦʢ ï 
ʫʨʘʚʥʝʥʠʷ (13) ʠ (15), ʠ ʛʨʘʥʠʯʥʠʪʝ ʫʩʣʦʚʠʷ ʟʘ ʚʭʦʜʷʱʠʷ ʛʦʨʝʱ ʧʦʪʦʢ ʠ ʚʭʦʜʷʱʠʷ ʩʪʫʜʝʥ 
ʧʦʪʦʢ ï ʫʨʘʚʥʝʥʠʷ (12) ʠ (14): 

ὸ̄ В Ὢὡὸ В Ὢὡϳ ;         (12) 

‐ὡ ὸ̄ ὸ̒ ὡ̄ ὸ̄ ὸ̒ Ƞ         (13) 
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ὸ̒ В Ὢὡ ὸ В Ὢὡϳ ;         (14) 

‐ὡ ὸ̄ ὸ̒ ὡ̒ ὸ̒ ὸ̒ ,         (15) 

ʢʲʜʝʪʦ: tô ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʷʱ ʧʦʪʦʢ, [Áʉ]; tò ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʠʟʭʦʜʷʱ ʧʦʪʦʢ, [Áʉ]; f ï 
ʜʷʣ ʦʪ ʤʘʩʦʚʠʷ ʜʝʙʠʪ ʥʘ ʧʦʪʦʢ n (ʠʣʠ m), ʢʦʡʪʦ ʥʘʚʣʠʟʘ ʚ ʪʦʧʣʦʦʙʤʝʥʥʠʷ ʘʧʘʨʘʪ. 
ʋʨʘʚʥʝʥʠʷ (12) ʠ (14) ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʥʘ ʩʤʝʩʚʘʥʝ ʥʘ 

ʧʨʦʠʟʚʦʣʝʥ ʙʨʦʡ ʧʦʪʦʮʠ, ʢʦʠʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʩʲʦʪʚʝʪʥʦ ʚʭʦʜʷʱʠʷ ʛʦʨʝʱ ʧʦʪʦʢ (ʩʤʝʩ ʦʪ n 
ʧʦʪʦʢʘ ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ ʚʦʜʥʠ ʝʢʚʠʚʘʣʝʥʪʠ Wn ʠ ʪʝʤʧʝʨʘʪʫʨʠ tn) ʠ ʚʭʦʜʷʱʠʷ ʩʪʫʜʝʥ ʧʦʪʦʢ 
(ʩʤʝʩ ʦʪ m ʧʦʪʦʢʘ ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ ʚʦʜʥʠ ʝʢʚʠʚʘʣʝʥʪʠ Wm ʠ ʪʝʤʧʝʨʘʪʫʨʠ tm). ɿʘ ʜʘ ʤʦʛʘʪ ʜʘ 
ʩʝ ʨʝʰʘʪ ʫʨʘʚʥʝʥʠʷ (12) ï (15) ʝ ʥʝʦʙʭʦʜʠʤʦ ʧʲʨʚʦ ʜʘ ʩʝ ʩʲʩʪʘʚʠ ʤʘʩʦʚ ʙʘʣʘʥʩ ʥʘ 
ʩʠʩʪʝʤʘʪʘ ʠ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʚʦʜʥʠʪʝ ʝʢʚʠʚʘʣʝʥʪʠ ʥʘ ʛʦʨʝʱʠʪʝ ʠ ʩʪʫʜʝʥʠʪʝ ʧʦʪʦʮʠ ʟʘ 
ʚʩʠʯʢʠ ʪʦʧʣʦʦʙʤʝʥʥʠ ʘʧʘʨʘʪʠ. ʂʘʢʪʦ ʝ ʦʪʙʝʣʷʟʘʥʦ ʧʦ-ʛʦʨʝ, ʤʘʪʨʠʯʥʠʷʪ ʤʝʪʦʜ ʝ ʧʨʠʣʦʞʠʤ, 
ʢʦʛʘʪʦ ʪʦʧʣʠʥʥʠʪʝ ʢʘʧʘʮʠʪʝʪʠ ʥʘ ʧʦʪʦʮʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʠʝʤʘʪ ʟʘ ʧʦʩʪʦʷʥʥʠ. ʇʨʠ ʪʦʚʘ 
ʧʦʣʦʞʝʥʠʝ, ʤʘʩʦʚʠʷʪ ʙʘʣʘʥʩ ʥʘ ʩʠʩʪʝʤʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʨʘʟʠ ʯʨʝʟ ʩʠʩʪʝʤʘ ʦʪ ʣʠʥʝʡʥʠ 
ʫʨʘʚʥʝʥʠʷ, ʢʦʷʪʦ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ ʚ ʤʘʪʨʠʯʥʘ ʬʦʨʤʘ, ʩʲʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʝ (2).   
ʇʨʠ ʧʨʦʠʟʚʦʣʥʘ ʩʠʩʪʝʤʘ ʦʪ ʪʦʧʣʦʦʙʤʝʥʥʠ ʘʧʘʨʘʪʠ, ʚʩʝʢʠ ʚʭʦʜʷʱ ʚ ʪʦʧʣʦʦʙʤʝʥʥʠʢʘ 

ʧʦʪʦʢ ʤʦʞʝ ʜʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʤʝʩ ʦʪ ʚʭʦʜʷʱʠ ʚ ʩʠʩʪʝʤʘʪʘ ʧʦʪʦʮʠ (ʧʦʪʦʮʠ, ʢʦʠʪʦ ʥʘʚʣʠʟʘʪ 
ʦʪʚʲʥ, ʧʨʝʜʠ ʜʘ ʩʝ ʧʨʝʤʠʥʘʣʠ ʧʨʝʟ ʪʦʧʣʦʦʙʤʝʥʝʥ ʘʧʘʨʘʪ ʚ ʩʠʩʪʝʤʘʪʘ) ʠ ʠʟʭʦʜʷʱʠ ʧʦʪʦʮʠ 
ʦʪ ʜʨʫʛʠ ʪʦʧʣʦʦʙʤʝʥʥʠ ʘʧʘʨʘʪʠ ʚ ʥʝʷ: 

ὡ В Ὢȟὡ В Ὢȟὡ ,         (16) 

ʢʲʜʝʪʦ: Wi ï ʚʦʜʝʥ ʝʢʚʠʚʘʣʝʥʪ ʥʘ ʧʦʪʦʢ i (ʛʦʨʝʱ ʠʣʠ ʩʪʫʜʝʥ ʧʦʪʦʢ, ʚʭʦʜʷʱ ʚ ʪʦʧʣʦʦʙʤʝʥʝʥ 
ʘʧʘʨʘʪ); ʄ ï ʙʨʦʡ ʥʘ ʪʦʧʣʦʦʙʤʝʥʥʠʪʝ ʘʧʘʨʘʪʠ ʚ ʩʠʩʪʝʤʘʪʘ; L ï ʙʨʦʡ ʥʘ ʧʦʪʦʮʠʪʝ, 
ʥʘʚʣʠʟʘʱʠ ʚ ʩʠʩʪʝʤʘʪʘ; fi,j ï ʜʷʣ ʦʪ ʤʘʩʦʚʠʷ ʜʝʙʠʪ ʥʘ ʧʦʪʦʢ j (ʠʟʭʦʜʷʱ ʦʪ ʜʨʫʛ ʪʦʧʣʦʦʙʤʝʥʝʥ 
ʘʧʘʨʘʪ), ʢʦʡʪʦ ʩʝ ʚʣʠʚʘ (ʩʤʝʩʚʘ) ʚ ʧʦʪʦʢ i; fvi,k ï ʜʷʣ ʦʪ ʤʘʩʦʚʠʷ ʜʝʙʠʪ ʥʘ ʧʦʪʦʢ k (ʚʭʦʜʷʱ ʚ 
ʩʠʩʪʝʤʘʪʘ), ʢʦʡʪʦ ʩʝ ʚʣʠʚʘ (ʩʤʝʩʚʘ) ʚ ʧʦʪʦʢ i; Wj ï ʚʦʜʝʥ ʝʢʚʠʚʘʣʝʥʪ ʥʘ ʧʦʪʦʢ j (ʛʦʨʝʱ ʠʣʠ 
ʩʪʫʜʝʥ ʧʦʪʦʢ, ʠʟʭʦʜʷʱ ʦʪ ʜʨʫʛ ʪʦʧʣʦʦʙʤʝʥʝʥ ʘʧʘʨʘʪ); Wvk ï ʚʦʜʝʥ ʝʢʚʠʚʘʣʝʥʪ ʥʘ ʧʦʪʦʢ k 
(ʚʭʦʜʷʱ ʚ ʩʠʩʪʝʤʘʪʘ).  
ʋʨʘʚʥʝʥʠʝ (16) ʤʦʞʝ ʜʘ ʩʝ ʟʘʧʠʰʝ ʠ ʢʘʪʦ: 

В Ὢȟὡ В Ὢȟὡ ,         (17) 

ʢʲʜʝʪʦ fi,j=i = ī1. 
ʂʦʛʘʪʦ ʫʨʘʚʥʝʥʠʝ (17) ʩʝ ʠʟʨʘʟʠ ʟʘ ʜʚʘʪʘ ʚʭʦʜʷʱʠ ʧʦʪʦʢʘ, ʟʘ ʚʩʝʢʠ ʪʦʧʣʦʦʙʤʝʥʝʥ 

ʘʧʘʨʘʪ, ʩʝ ʧʦʣʫʯʘʚʘ ʩʠʩʪʝʤʘ ʦʪ 2M ʣʠʥʝʡʥʠ ʫʨʘʚʥʝʥʠʷ. ɸʢʦ ʫʨʘʚʥʝʥʠʷʪʘ ʩʝ ʧʦʜʨʝʜʷʪ ʧʦ 
ʨʝʜʘ ʥʘ ʠʥʜʝʢʩʠʨʘʥʝ ʥʘ ʪʦʧʣʦʦʙʤʝʥʥʠʪʝ ʘʧʘʨʘʪʠ, ʢʘʪʦ ʥʘ ʧʲʨʚʦ ʤʷʩʪʦ ʩʝ ʩʣʦʞʠ 
ʫʨʘʚʥʝʥʠʝʪʦ ʟʘ ʚʦʜʥʠʷ ʝʢʚʠʚʘʣʝʥʪ ʥʘ ʚʭʦʜʷʱʠʷ ʛʦʨʝʱ ʧʦʪʦʢ, ʘ ʩʣʝʜ ʥʝʛʦ ï ʫʨʘʚʥʝʥʠʝʪʦ ʟʘ 
ʚʦʜʥʠʷ ʝʢʚʠʚʘʣʝʥʪ ʥʘ ʚʭʦʜʷʱʠʷ ʩʪʫʜʝʥ ʧʦʪʦʢ, ʤʘʪʨʠʯʥʘʪʘ ʬʦʨʤʘ ʥʘ ʨʝʟʫʣʪʘʥʪʥʘʪʘ ʩʠʩʪʝʤʘ 
ʦʪ ʫʨʘʚʥʝʥʠʷ (i = 1é2M) ʠʤʘ ʩʣʝʜʥʠʷ ʚʠʜ: 

ụ
Ụ
Ụ
ợ
ρ    Ὢȟ
Ὢȟ    ρ

Ễ   Ὢȟ
Ễ   Ὢȟ

ể ể
Ὢ ȟ Ὢ ȟ

 Ệ ể
 Ễ    ρ    Ứ

ủ
ủ
Ủ

ụ
Ụ
Ụ
ợ
ὡ ḳὡ̄

ὡ ḳὡ̒

ể
ὡ ḳὡ̒ Ứ

ủ
ủ
Ủ Ὢȟ Ễ Ὢȟ

ể Ệ ể
Ὢ ȟ Ễ Ὢ ȟ

ὡ
ể
ὡ

    (18) 

ʠʣʠ 

Ὂὡ Ὂὡ.             (19) 

ɺʝʢʪʦʨʲʪ W ʚʢʣʶʯʚʘ ʚʦʜʥʠʪʝ ʝʢʚʠʚʘʣʝʥʪʠ ʥʘ ʛʦʨʝʱʠʷ ʠ ʥʘ ʩʪʫʜʝʥʠʷ ʧʦʪʦʢ ʟʘ ʚʩʝʢʠ ʦʪ 
ʪʦʧʣʦʦʙʤʝʥʥʠʪʝ ʘʧʘʨʘʪʠ. ʅʝʯʝʪʥʠʪʝ ʠʥʜʝʢʩʠ j ʩʲʦʪʚʝʪʩʪʚʘʪ ʥʘ ʛʦʨʝʱʠʷ ʧʦʪʦʢ, ʧʨʝʤʠʥʘʚʘʱ 
ʧʨʝʟ ʪʦʧʣʦʦʙʤʝʥʝʥ ʘʧʘʨʘʪ ʩ ʠʥʜʝʢʩ p=(j+1)/2 (ʪ.ʝ. Wj ſ Wʛ (j+1)/2 ʠʣʠ Wʛ p ſ W2j-1). ʏʝʪʥʠʪʝ 
ʠʥʜʝʢʩʠ j ʩʲʦʪʚʝʪʩʪʚʘʪ ʥʘ ʩʪʫʜʝʥʠʷ ʧʦʪʦʢ, ʧʨʝʤʠʥʘʚʘʱ ʧʨʝʟ ʪʦʧʣʦʦʙʤʝʥʝʥ ʘʧʘʨʘʪ ʩ ʠʥʜʝʢʩ 
p=j/2 (ʪ.ʝ. Wj ſ Wc j/2 ʠʣʠ Wc p ſ W2j). ɺʝʢʪʦʨʲʪ ȏ ʚʢʣʶʯʚʘ ʚʦʜʥʠʪʝ ʝʢʚʠʚʘʣʝʥʪʠ ʥʘ ʚʩʠʯʢʠ L ʥʘ 
ʙʨʦʡ ʚʭʦʜʷʱʠ ʧʦʪʦʮʠ ʟʘ ʩʠʩʪʝʤʘʪʘ (ʧʦʪʦʮʠ, ʢʦʠʪʦ ʥʘʚʣʠʟʘʪ ʦʪʚʲʥ, ʧʨʝʜʠ ʜʘ ʩʝ ʧʨʝʤʠʥʘʣʠ 
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ʧʨʝʟ ʪʦʧʣʦʦʙʤʝʥʝʥ ʘʧʘʨʘʪ ʚ ʩʠʩʪʝʤʘʪʘ). ʂʦʝʬʠʮʠʝʥʪʠʪʝ ʚ ʤʘʪʨʠʮʠʪʝ F ʠ Fv ʠʟʨʘʟʷʚʘʪ 
ʨʘʟʜʝʣʷʥʝʪʦ ʥʘ ʧʦʪʦʮʠʪʝ ʧʦ ʢʦʣʦʥʠ, ʪ.ʝ. ʜʷʣʘ ʦʪ ʧʦʪʦʢʘ, ʦʪʛʦʚʘʨʷʱ ʥʘ ʩʲʦʪʚʝʪʥʘʪʘ ʢʦʣʦʥʘ, 
ʢʦʡʪʦ ʩʝ ʚʣʠʚʘ ʚ ʧʦʪʦʢʘ, ʦʪʛʦʚʘʨʷʱ ʥʘ ʩʲʦʪʚʝʪʥʠʷ ʨʝʜ. ʅʘʧʨʠʤʝʨ f3,8=0.3 ʦʟʥʘʯʘʚʘ, ʯʝ 30% 
ʦʪ ʧʦʪʦʢ 8 (ʠʟʭʦʜʷʱʠʷ ʩʪʫʜʝʥ ʧʦʪʦʢ ʦʪ ʪʦʧʣʦʦʙʤʝʥʝʥ ʘʧʘʨʘʪ 4) ʩʝ ʚʣʠʚʘ ʚ ʧʦʪʦʢ 3 (ʚʭʦʜʷʱʠʷ 
ʛʦʨʝʱ ʧʦʪʦʢ ʚ ʪʦʧʣʦʦʙʤʝʥ ʘʧʘʨʘʪ 2). ʋʨʘʚʥʝʥʠʝ (19) ʤʦʞʝ ʜʘ ʩʝ ʨʝʰʠ ʤʘʪʨʠʯʥʦ ʧʦ 
ʦʪʥʦʰʝʥʠʝ ʥʘ ʚʝʢʪʦʨʘ ʩ ʥʝʠʟʚʝʩʪʥʠʪʝ ʚʦʜʥʠ ʝʢʚʠʚʘʣʝʥʪʠ W ʢʘʪʦ:  

ὡ Ὂ Ὂὡ.           (20) 

ʉʣʝʜ ʠʟʯʠʩʣʷʚʘʥʝʪʦ ʥʘ ʤʘʩʦʚʠʷ ʙʘʣʘʥʩ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʠ 
ʪʦʧʣʠʥʥʠʷʪ Ⱬ ʙʘʣʘʥʩ, ʪ.ʝ. ʜʘ ʩʝ ʠʟʯʠʩʣʷʪ ʚʭʦʜʷʱʠʪʝ ʠ ʠʟʭʦʜʷʱʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʛʦʨʝʱʠʪʝ 
ʠ ʩʪʫʜʝʥʠʪʝ ʧʦʪʦʮʠ ʟʘ ʚʩʝʢʠ ʦʪ ʪʦʧʣʦʦʙʤʝʥʥʠʪʝ ʘʧʘʨʘʪʠ. ʋʨʘʚʥʝʥʠʷ (12) ï (15), ʠʟʨʘʟʝʥʠ ʟʘ 
ʚʩʝʢʠ ʦʪ M ʥʘ ʙʨʦʡ ʪʦʧʣʦʦʙʤʝʥʥʠ ʘʧʘʨʘʪʠ, ʦʙʨʘʟʫʚʘʪ ʩʠʩʪʝʤʘ ʦʪ 4ʄ ʣʠʥʝʡʥʠ ʫʨʘʚʥʝʥʠʷ, 
ʢʦʠʪʦ ʟʘ ʜʘ ʙʲʜʘʪ ʠʟʨʘʟʝʥʠ ʚ ʤʘʪʨʠʯʥʘ ʬʦʨʤʘ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʝʦʙʨʘʟʫʚʘʪ ʚʲʚ ʚʠʜʘ ʥʘ 
ʫʨʘʚʥʝʥʠʝ (1).  ɸʢʦ ʫʨʘʚʥʝʥʠʷʪʘ ʩʝ ʧʦʜʨʝʜʷʪ ʧʦ ʨʝʜʘ ʥʘ ʠʥʜʝʢʩʠʨʘʥʝ ʥʘ ʪʦʧʣʦʦʙʤʝʥʥʠʪʝ 
ʘʧʘʨʘʪʠ ʚ ʩʠʩʪʝʤʘʪʘ, ʢʘʪʦ ʥʘ ʧʲʨʚʦ ʤʷʩʪʦ ʝ ʛʨʫʧʘʪʘ ʦʪ ʯʝʪʠʨʠ ʫʨʘʚʥʝʥʠʷ ʟʘ ʪʦʧʣʦʦʙʤʝʥʝʥ 
ʘʧʘʨʘʪ 1, ʩʣʝʜ ʪʷʭ ï ʛʨʫʧʘʪʘ ʦʪ ʯʝʪʠʨʠ ʫʨʘʚʥʝʥʠʷ ʟʘ ʪʦʧʣʦʦʙʤʝʥʝʥ ʘʧʘʨʘʪ 2 ʠ ʪ.ʥ., ʘ 
ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʩʝ ʧʦʜʨʝʜʷʪ ʧʦ ʨʝʜʘ: tʛô, tʛóó, tʩô, tʩóó, ʤʘʪʨʠʯʥʘʪʘ ʬʦʨʤʘ ʥʘ ʨʝʟʫʣʪʘʥʪʥʘʪʘ 
ʩʠʩʪʝʤʘ ʦʪ ʫʨʘʚʥʝʥʠʷ (i = 1é4M) ʝ: 

ụ
Ụ
Ụ
Ụ
Ụ
ợ
ὥȟ    ὥȟ   ὥȟ
ὥȟ    ὥȟ   ὥȟ
ὥȟ    ὥȟ   ὥȟ
ὥȟ ὥȟ ὥȟ
ể ể ể
ὥ ȟ ὥ ȟ ὥ ȟ

ὥȟ   Ễ  ὥȟ
ὥȟ   Ễ  ὥȟ
ὥȟ   Ễ  ὥȟ
ὥȟ Ễ ὥȟ
ể Ệ ể
ὥ ȟ Ễ ὥ ȟ Ứ

ủ
ủ
ủ
ủ
Ủ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
ὸḳὸ̄

ὸḳὸ̄

ὸḳὸ̒

ὸḳὸ̒

ể
ὸ ḳὸ̒ Ứ

ủ
ủ
ủ
ủ
ủ
Ủ

ụ
Ụ
Ụ
Ụ
Ụ
ợ
ὦ
ὦ
ὦ
ὦ
ể
ὦ Ứ
ủ
ủ
ủ
ủ
Ủ

    (21) 

ʠʣʠ: 

ὃὸ ὦ.            (22) 

ʇʨʠ ʪʘʢʘ ʜʝʬʠʥʠʨʘʥʦʪʦ ʤʘʪʨʠʯʥʦ ʫʨʘʚʥʝʥʠʝ (21), ʫʨʘʚʥʝʥʠʷ (12) ï (15) ʩʝ ʧʨʝʦʙʨʘʟʫʚʘʪ 
ʩʲʦʪʚʝʪʥʦ (ʟʘ p = 1éM, ʢʲʜʝʪʦ p ʝ ʠʥʜʝʢʩʲʪ ʥʘ ʪʦʧʣʦʦʙʤʝʥʥʠʷ ʘʧʘʨʘʪ) ʢʘʪʦ: 

В ὥȟὸ ὦ    

ừ
Ử
Ừ

Ử
ứ
Ὥ τὴ ρ ρ                                                     

ὥȟ

ὡ̄                           N  ̈ ́Ὦ Ὥ              

π                                N  ̈  ́Ὦ ρȟσȟυȟȣ 
Ὢ ȟȾὡȾ  N  ̈ ́Ὦ ςȟτȟφȟȣ 

ὦ В Ὢ ȟὡ ὸ                                 

     (23) 

ὥȟὸ ὥȟ ὸ ὥȟ ὸ ὦ    

ừ
Ử
Ử
Ừ

Ử
Ử
ứ
Ὥ τὴ ρ ς             

ὡ ὓὍὔὡ̄ Ƞὡ̒

ὥȟ ὡ̄                         

ὥȟ ὡ̄ ‐ὡ

ὥȟ ‐ὡ              

ὦ π                               

   

     (24) 

В ὥȟὸ ὦ    

ừ
Ử
Ừ

Ử
ứ
Ὥ τὴ ρ σ                                                   

ὥȟ

ὡ̒                           N  ̈ ́Ὦ Ὥ              

π                                N  ̈  ́Ὦ ρȟσȟυȟȣ 
Ὢ ȟȾὡȾ  N  ̈  ́Ὦ ςȟτȟφȟȣ 

ὦ В Ὢ ȟὡ ὸ                               

     (25) 
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ὥȟὸ ὥȟ ὸ ὥȟ ὸ ὦ    

ừ
Ử
Ử
Ừ

Ử
Ử
ứ
Ὥ τὴ ρ τ             

ὡ ὓὍὔὡ̄ Ƞὡ̒

ὥȟ ὡ̒                         

ὥȟ ὡ̒ ‐ὡ

ὥȟ ‐ὡ              

ὦ π                              

   

     (26) 

ʉʣʝʜ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʚʩʠʯʢʠ ʢʦʝʬʠʮʠʝʥʪʠ ʚ ʤʘʪʨʠʮʠʪʝ A ʠ b (ʧʦʚʝʯʝʪʦ ʦʪ ʢʦʠʪʦ 
ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʥʫʣʠ), ʩʲʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷ (23) ï (26), ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʚ ʩʠʩʪʝʤʘʪʘ (ʚʝʢʪʦʨ t) 
ʩʝ ʦʧʨʝʜʝʣʷʪ ʢʘʪʦ: 

ὸ ὃ ὦ.            (27) 

ʉʦʬʪʫʝʨʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʷ 
ʇʨʝʜʩʪʘʚʝʥʠʷʪ ʧʦ-ʛʦʨʝ ʘʣʛʦʨʠʪʲʤ ʝ ʧʨʠʣʦʞʝʥ ʚ MATLAB [4] ʠ ʨʝʘʣʠʟʠʨʘʥ ʢʘʪʦ 

ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʩʦʬʪʫʝʨ. ʉʠʩʪʝʤʘʪʘ ʩʝ ʜʝʬʠʥʠʨʘ ʚʲʚ ʚʠʜ ʥʘ ʥʘʩʦʯʝʥ ʛʨʘʬ (digraph ʦʙʝʢʪ ʚ 
MATLAB [3]). ɺʩʝʢʠ ʧʦʪʦʢ, ʥʘʚʣʠʟʘʱ ʚ ʩʠʩʪʝʤʘʪʘ, ʩʝ ʧʨʝʜʩʪʘʚʷ ʯʨʝʟ ʚʲʟʝʣ, ʢʦʡʪʦ ʩʲʜʲʨʞʘ 
ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʥʝʛʦʚʠʪʝ ʤʘʩʦʚ ʜʝʙʠʪ, ʩʧʝʮʠʬʠʯʝʥ ʪʦʧʣʠʥʝʥ ʢʘʧʘʮʠʪʝʪ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. 
ɺʩʝʢʠ ʪʦʧʣʦʦʙʤʝʥʝʥ ʘʧʘʨʘʪ ʩʝ ʜʝʬʠʥʠʨʘ ʯʨʝʟ ʧʝʪ ʚʲʟʝʣʘ ï ʚʭʦʜʷʱ ʛʦʨʝʱ ʧʦʪʦʢ, ʚʭʦʜʷʱ 
ʩʪʫʜʝʥ ʧʦʪʦʢ, ʠʟʭʦʜʷʱ ʛʦʨʝʱ ʧʦʪʦʢ, ʠʟʭʦʜʷʱ ʩʪʫʜʝʥ ʧʦʪʦʢ ʠ ʤʝʞʜʠʥʝʥ ʚʲʟʝʣ 
(ʪʦʧʣʦʦʙʤʝʥʥʠʢ). ʄʝʞʜʠʥʥʠʷʪ ʚʲʟʝʣ ʝ ʩʚʲʨʟʘʥ ʯʨʝʟ ʜʲʛʠ ʩ ʦʩʪʘʥʘʣʠʪʝ ʯʝʪʠʨʠ ʠ ʩʲʜʲʨʞʘ 
ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʲʦʪʚʝʪʥʠʷ ʪʦʧʣʦʦʙʤʝʥʝʥ ʘʧʘʨʘʪ. ɺʩʝʢʠ ʦʪ ʜʚʘʪʘ ʚʭʦʜʷʱʠ ʧʦʪʦʢʘ (ʚʲʟʝʣʘ) 
ʤʦʞʝ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʪʦ ʩʤʝʩ ʦʪ ʧʨʦʠʟʚʦʣʝʥ ʙʨʦʡ ʜʨʫʛʠ ʧʦʪʦʮʠ ʠ ʩʲʦʪʚʝʪʥʦ ʚ ʜʨʫʛʘʪʘ 
ʧʦʩʦʢʘ ʝ ʩʚʲʨʟʘʥ ʩ ʧʨʦʠʟʚʦʣʝʥ ʙʨʦʡ ʚʲʟʣʠ, ʧʨʝʜʩʪʘʚʣʷʚʘʱʠ ʠʟʭʦʜʷʱʠ ʧʦʪʦʮʠ ʦʪ ʜʨʫʛʠ 
ʪʦʧʣʦʦʙʤʝʥʥʠ ʘʧʘʨʘʪʠ ʠʣʠ ʧʦʪʦʮʠ, ʥʘʚʣʠʟʘʱʠ ʚ ʩʠʩʪʝʤʘʪʘ. ɼʲʛʠʪʝ, ʩʚʲʨʟʚʘʱʠ ʤʝʞʜʠʥʥʠʷ 
ʚʲʟʝʣ ʩ ʧʨʠʭʦʜʷʱʠʪʝ ʧʦʪʦʮʠ, ʩʲʜʲʨʞʘʪ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ ʜʷʣʘ ʦʪ ʤʘʩʦʚʠʷ ʜʝʙʠʪ ʥʘ 
ʩʲʦʪʚʝʪʥʠʷ ʧʦʪʦʢ, ʢʦʡʪʦ ʩʝ ʚʣʠʚʘ ʚ ʩʤʝʩʪʘ (ʪ.ʝ. fi,j ʠʣʠ fvi,k ʦʪ ʫʨʘʚʥʝʥʠʝ (16)). ɼʦʧʲʣʥʠ ʚʲʟʣʠ 
ʩʝ ʛʝʥʝʨʠʨʘʪ ʟʘ ʠʟʭʦʜʠʪʝ ʦʪ ʩʠʩʪʝʤʘʪʘ (ʧʦ ʝʜʠʥ ʩʣʝʜ ʚʩʝʢʠ ʠʟʭʦʜʷʱ ʚʲʟʝʣ ʥʘ 
ʪʦʧʣʦʦʙʤʝʥʥʠʢ, ʟʘ ʢʦʡʪʦ ʧʦ-ʤʘʣʢʦ ʦʪ 100% ʦʪ ʧʦʪʦʢʘ ʩʝ ʥʘʩʦʯʚʘ ʢʲʤ ʜʨʫʛ ʪʦʧʣʦʦʙʤʝʥʥʠʢ). 
ɺʲʟʣʠʪʝ ʠ ʜʲʛʠʪʝ ʚ ʥʘʩʦʯʝʥʠʷ ʛʨʘʬ ʩʝ ʛʝʥʝʨʠʨʘʪ ʘʚʪʦʤʘʪʠʯʥʦ, ʩʧʦʨʝʜ ʚʲʚʝʜʝʥʘʪʘ ʦʪ 

ʧʦʪʨʝʙʠʪʝʣʷ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʪʦʧʣʦʦʙʤʝʥʥʠʪʝ ʘʧʘʨʘʪʠ ʠ ʚʭʦʜʷʱʠʪʝ ʚ ʩʠʩʪʝʤʘʪʘ ʧʦʪʦʮʠ. 
ɺʲʚʝʞʜʘʥʝʪʦ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʝ ʤʘʢʩʠʤʘʣʥʦ ʦʧʨʦʩʪʝʥʦ ʟʘ ʧʦʪʨʝʙʠʪʝʣʷ. ɿʘ ʚʩʝʢʠ ʚʭʦʜʷʱ ʚ 
ʩʠʩʪʝʤʘʪʘ ʧʦʪʦʢ ʩʝ ʚʲʚʝʞʜʘʪ: ʠʤʝ, ʤʘʩʦʚ ʜʝʙʠʪ, ʩʧʝʮʠʬʠʯʝʥ ʪʦʧʣʠʥʝʥ ʢʘʧʘʮʠʪʝʪ ʠ 
ʪʝʤʧʝʨʘʪʫʨʘ. ɿʘ ʚʩʝʢʠ ʪʦʧʣʦʦʙʤʝʥʝʥ ʘʧʘʨʘʪ ʩʝ ʚʲʚʝʞʜʘʪ: ʠʤʝ, ʧʣʦʱ, ʢʦʝʬʠʮʠʝʥʪ ʥʘ 
ʪʦʧʣʦʧʨʝʤʠʥʘʚʘʥʝ, ʩʭʝʤʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʧʦʪʦʮʠʪʝ ʠ ʚʭʦʜʷʱʠ ʛʦʨʝʱ ʠ ʩʪʫʜʝʥ ʧʦʪʦʢ. 
ʉʭʝʤʘʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʧʦʪʦʮʠʪʝ ʩʝ ʠʟʙʠʨʘ ʦʪ ʧʨʝʜʝʬʠʥʠʨʘʥʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʣʠ ʯʨʝʟ 
ʚʲʚʝʞʜʘʥʝ ʥʘ ʩʦʙʩʪʚʝʥʠ ʩʪʦʡʥʦʩʪʠ ʟʘ ʠʥʜʝʢʩ ʥʘ ʧʨʦʪʠʚʦʪʦʯʥʦʩʪ ʠʣʠ ʢʦʝʬʠʮʠʝʥʪʠ ʟʘ 
ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʨʝʢʮʠʦʥʝʥ ʬʘʢʪʦʨ Fcf. ɼʚʘʪʘ ʚʭʦʜʷʱʠ ʧʦʪʦʢʘ ʟʘ ʚʩʝʢʠ ʪʦʧʣʦʦʙʤʝʥʥʠʢ ʩʝ 
ʚʲʚʝʞʜʘʪ ʢʘʪʦ ʩʤʝʩ ʦʪ ʧʦʪʦʮʠ (ʩ ʥʘʡ-ʤʘʣʢʦ ʝʜʠʥ ʢʦʤʧʦʥʝʥʪ). ɺʩʝʢʠ ʢʦʤʧʦʥʝʥʪ ʩʝ ʟʘʜʘʚʘ 
ʯʨʝʟ ʠʟʙʦʨ ʥʘ ʝʜʠʥ ʦʪ ʚʲʟʤʦʞʥʠʪʝ ʚʲʟʣʠ ʚ ʩʠʩʪʝʤʘʪʘ (ʠʟʭʦʜʷʱ ʧʦʪʦʢ ʦʪ ʜʨʫʛʠ ʪʦʧʣʦʦʙʤʝʥʝʥ 
ʘʧʘʨʘʪʠ ʠʣʠ ʧʦʪʦʢ, ʥʘʚʣʠʟʘʱ ʚ ʩʠʩʪʝʤʘʪʘ) ʠ ʟʘʜʘʚʘʥʝ ʥʘ ʥʝʛʦʚʠʷ ʩʦʙʩʪʚʝʥ ʜʷʣ (ʧʨʦʮʝʥʪ ʦʪ 
ʪʦʟʠ ʧʦʪʦʢ, ʢʦʡʪʦ ʩʝ ʚʣʠʚʘ ʚ ʩʤʝʩʪʘ).  
ʈʝʰʝʥʠʝʪʦ ʥʘ ʥʘʧʲʣʥʦ ʜʝʬʠʥʠʨʘʥʘʪʘ ʩʠʩʪʝʤʘ ʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ ʜʚʝ ʩʪʲʧʢʠ ï 

ʦʧʨʝʜʝʣʷʥʝ ʧʲʨʚʦ ʥʘ ʚʦʜʥʠʪʝ ʝʢʚʠʚʘʣʝʥʪʠ ʠ ʩʣʝʜ ʪʦʚʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʚʲʚ ʚʩʝʢʠ ʦʪ 
ʯʝʪʠʨʠʪʝ ʚʲʟʝʣʘ (ʦʙʱʦ 4ʄ ʥʘ ʙʨʦʡ ʟʘ ʮʷʣʘʪʘ ʩʠʩʪʝʤʘ), ʧʨʝʜʩʪʘʚʣʷʚʘʱʠ ʚʭʦʜʦʚʝʪʝ ʠ 
ʠʟʭʦʜʠʪʝ ʧʦ ʛʦʨʝʱ ʠ ʩʪʫʜʝʥ ʧʦʪʦʢ ʟʘ ʚʩʝʢʠ ʪʦʧʣʦʦʙʤʝʥʝʥ ʘʧʘʨʘʪ. ʊʦʚʘ ʩʪʘʚʘ ʯʨʝʟ ʩʲʩʪʘʚʷʥʝ 
ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʤʘʪʨʠʮʠ ʠ ʨʝʰʘʚʘʥʝ ʥʘ ʫʨʘʚʥʝʥʠʷ (18) ʠ (21). ʄʘʩʦʚʠʷʪ ʙʘʣʘʥʩ ʩʝ ʩʚʝʞʜʘ 
ʜʦ ʩʠʩʪʝʤʘ ʦʪ 2ʄ ʫʨʘʚʥʝʥʠʷ, ʪʲʡ ʢʘʪʦ ʚʦʜʥʠʪʝ ʝʢʚʠʚʘʣʝʥʪʠ ʥʘ ʚʩʝʢʠ ʚʭʦʜʷʱ ʠ ʩʲʦʪʚʝʪʥʠʷ 
ʤʫ ʠʟʭʦʜʷʱ ʧʦʪʦʢ ʩʘ ʨʘʚʥʠ ï ʚʦʜʥʠʷʪ ʝʢʚʠʚʘʣʝʥʪ ʥʘ ʠʟʭʦʜʷʱʠʷ ʚʧʦʩʣʝʜʩʪʚʠʝ ʩʝ ʧʨʠʨʘʚʥʷʚʘ 
ʢʲʤ ʪʦʟʠ ʥʘ ʚʭʦʜʷʱʠʷ. ʂʦʝʬʠʮʠʝʥʪʠʪʝ ʚ ʤʘʪʨʠʮʠʪʝ F, Fv, A ʠ b ʩʝ ʦʧʨʝʜʝʣʷʪ ʯʨʝʟ ʘʣʛʦʨʠʪʲʤ, 
ʢʦʡʪʦ ʠʟʧʦʣʟʚʘ ʧʨʦʛʨʘʤʥʠ ʬʫʥʢʮʠʠ ʟʘ ʥʘʤʠʨʘʥʝ ʥʘ ʧʨʝʜʰʝʩʪʚʝʥʠʮʠ ʠ ʥʘʩʣʝʜʥʠʮʠ ʥʘ 
ʩʲʦʪʚʝʪʥʠʪʝ ʚʲʟʣʠ ʚ ʛʨʘʬʘ [1], [3], ʩʣʝʜ ʢʦʝʪʦ ʨʘʟʯʠʪʘ ʧʘʨʘʤʝʪʨʠʪʝ, ʟʘʣʦʞʝʥʠ ʢʘʪʦ 
ʠʥʬʦʨʤʘʮʠʷ ʚ ʪʷʭ (ʧʘʨʘʤʝʪʨʠ ʥʘ ʪʦʧʣʦʦʙʤʝʥʥʠʪʝ ʘʧʘʨʘʪʠ ʠ ʚʭʦʜʷʱʠʪʝ ʧʦʪʦʮʠ) ʠ ʜʲʛʠ 
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(ʜʷʣʦʚʝ ʥʘ ʧʦʪʦʮʠʪʝ). ʈʝʟʫʣʪʘʪʠʪʝ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʚ ʪʘʙʣʠʯʝʥ ʠ ʛʨʘʬʠʯʝʥ ʚʠʜ. ʊʘʙʣʠʯʥʠʪʝ 
ʨʝʟʫʣʪʘʪʠ ʠ ʛʨʘʬʲʪ ʥʘ ʩʠʩʪʝʤʘʪʘ ʤʦʛʘʪ ʜʘ ʩʝ ʝʢʩʧʦʨʪʠʨʘʪ ʩʲʦʪʚʝʪʥʦ ʚ XLS ʠ PDF ʬʦʨʤʘʪ.  
ʂʘʪʦ ʧʨʠʤʝʨ, ʥʘ ʌʠʛ. 1 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʩʭʝʤʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʘʢʪʠʚʥʘ ʩʣʲʥʯʝʚʘ ʩʠʩʪʝʤʘ 

ʠ ʘʙʦʥʘʪʥʘ ʩʪʘʥʮʠʷ ʟʘ ʮʝʥʪʨʘʣʠʟʠʨʘʥʦ ʪʦʧʣʦʩʥʘʙʜʷʚʘʥʝ [8], ʢʦʷʪʦ ʝ ʘʥʘʣʠʟʠʨʘʥʘ ʚ 
ʩʦʬʪʫʝʨʘ ʧʨʠ ʝʜʠʥ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ (ʙʝʟ ʙʘʡʧʘʩʠʨʘʥʝ ʥʘ ʊɻɺ-I ʩʪ.). ʈʝʟʫʣʪʘʪʠʪʝ, ʚʲʚ ʚʠʜ ʥʘ 
ʛʨʘʬ ʠ ʪʘʙʣʠʮʘ ʚ ʦʩʥʦʚʥʠʷ ʨʘʙʦʪʝʥ ʝʢʨʘʥ ʥʘ ʩʦʬʪʫʝʨʘ, ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛ. 2. ʆʩʥʦʚʥʠ 
ʝʣʝʤʝʥʪʠ ʥʘ ʧʦʪʨʝʙʠʪʝʣʩʢʠʷ ʠʥʪʝʨʬʝʡʩ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛ. 2 ʠ ʌʠʛ. 3.  

 

ʌʠʛ. 1 ʉʭʝʤʘ ʥʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʘʢʪʠʚʥʘ ʩʣʲʥʯʝʚʘ ʩʠʩʪʝʤʘ ʠ ʘʙʦʥʘʪʥʘ ʩʪʘʥʮʠʷ (ʘʜʘʧʪʠʨʘʥʘ ʦʪ [8]) 
 

 

ʌʠʛ. 2 ʇʦʪʨʝʙʠʪʝʣʩʢʠ ʠʥʪʝʨʬʝʡʩ ï ʦʩʥʦʚʝʥ ʨʘʙʦʪʝʥ ʝʢʨʘʥ (ʛʨʘʬ ʠ ʪʘʙʣʠʮʘ) 
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ʌʠʛ. 3 ʇʦʪʨʝʙʠʪʝʣʩʢʠ ʠʥʪʝʨʬʝʡʩ ï ʢʦʥʬʠʛʫʨʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʘ 

ɿʘʢʣʶʯʝʥʠʝ 
ʇʨʝʜʩʪʘʚʝʥʠʷʪ ʤʝʪʦʜ ʟʘ ʘʥʘʣʠʟ ʥʘ ʩʠʩʪʝʤʠ ʦʪ ʪʦʧʣʦʦʙʤʝʥʥʠ ʘʧʘʨʘʪʠ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ 

ʤʘʪʨʠʯʥʦ ʨʝʰʘʚʘʥʝ ʥʘ ʩʠʩʪʝʤʠ ʦʪ ʣʠʥʝʡʥʠ ʫʨʘʚʥʝʥʠʷ. ɺʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ MATLAB ʟʘ 
ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʤʘʪʨʠʯʥʠ ʦʧʝʨʘʮʠʠ ʠ ʘʥʘʣʠʟ ʥʘ ʤʨʝʞʠ (ʯʨʝʟ ʧʨʠʣʘʛʘʥʝ ʥʘ ʪʝʦʨʠʷʪʘ ʥʘ 
ʛʨʘʬʠʪʝ) ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʤʝʪʦʜʘ. ʉʲʟʜʘʜʝʥʠʷʪ ʧʦʪʨʝʙʠʪʝʣʩʢʠ 
ʩʦʬʪʫʝʨ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʢʘʪʦ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʧʨʠʣʦʞʝʥʠʝ. ʊʦʡ ʧʦʟʚʦʣʷʚʘ ʙʲʨʟʦ 
ʤʦʜʝʣʠʨʘʥʝ ʠ ʨʝʰʘʚʘʥʝ ʥʘ ʩʪʘʪʠʯʥʠʷ ʙʘʣʘʥʩ ʥʘ ʩʠʩʪʝʤʠ ʩ ʧʨʦʠʟʚʦʣʝʥ ʙʨʦʡ ʪʦʧʣʦʦʙʤʝʥʥʠ 
ʘʧʘʨʘʪʠ ʠ ʧʨʦʠʟʚʦʣʝʥ ʙʨʦʡ ʩʤʝʩʚʘʥʠʷ ʠ ʨʘʟʜʝʣʷʥʠʷ ʥʘ ʧʦʪʦʮʠʪʝ. ʄʝʪʦʜʲʪ ʝ ʧʨʠʣʦʞʠʤ, 
ʢʦʛʘʪʦ ʩʧʝʮʠʬʠʯʥʠʪʝ ʪʦʧʣʠʥʥʠ ʢʘʧʘʮʠʪʝʪʠ ʥʘ ʧʦʪʦʮʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʠʝʤʘʪ ʟʘ ʧʦʩʪʦʷʥʥʠ, 
ʪ.ʝ. ʩʪʦʡʥʦʩʪʠʪʝ ʠʤ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʨʝʰʝʥʠʝʪʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠʪʝ. 
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ɺʣʠʷʥʠʝ ʥʘ ʦʪʥʦʰʝʥʠʝʪʦ ʧʣʦʱ ʥʘ ʚʲʥʰʥʠʪʝ ʦʛʨʘʞʜʘʱʠ ʢʦʥʩʪʨʫʢʮʠʠ/ʦʙʝʤ ʥʘ 
ʩʛʨʘʜʘʪʘ ʚʲʨʭʫ ʛʦʜʠʰʥʠʷ ʨʘʟʭʦʜ ʥʘ ʝʥʝʨʛʠʷ ʟʘ ʦʭʣʘʞʜʘʥʝ 

 
ʂʦʥʩʪʘʥʪʠʥ ʐʫʰʫʣʦʚ 

 
ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʨʝʟʫʣʪʘʪʠ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʠʟʩʣʝʜʚʘʥʝ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ 

ʚʣʠʷʥʠʝʪʦ ʥʘ ʛʝʦʤʝʪʨʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʠ ʦʨʠʝʥʪʘʮʠʷʪʘ ʚʲʨʭʫ ʨʘʟʭʦʜʠʪʝ ʟʘ ʦʭʣʘʞʜʘʥʝ 
ʚ ʞʠʣʠʱʥʠ ʩʛʨʘʜʠ. ʀʟʩʣʝʜʚʘʥʝʪʦ ʝ ʠʟʚʲʨʰʝʥʦ ʯʨʝʟ ʢʦʤʧʶʪʲʨʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ 
ʩʠʤʫʣʠʨʘʥʝ ʥʘ ʜʚʝ ʞʠʣʠʱʥʠ ʩʛʨʘʜʠ ʦʪ ʤʘʩʦʚ ʪʠʧ. 

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʝʥʝʨʛʠʷ, ʠʢʦʥʦʤʠʷ, ʢʦʥʩʪʨʫʢʮʠʷ 

 

Influence of attitudes size envelope constructions/volume of the building on annual 
energy consumption for cooling  

 
Konstantin Shushulov 

 
Results of preliminary study to establish the impact of the orientation on cooling costs in buildings The 

study is performed by means of modeling and simulation of two widely used in Bulgaria types of buildings. 
 

ɺʲʚʝʜʝʥʠʝ 
ʇʨʦʙʣʝʤʲʪ ʟʘ ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʦʩʥʦʚʥʠʷ ʛʝʦʤʝʪʨʠʯʝʥ ʧʘʨʘʤʝʪʲʨ ʥʘ ʩʛʨʘʜʠʪʝ ï 

ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʣʦʱʪʘ ʥʘ ʚʲʥʰʥʠʪʝ ʦʛʨʘʞʜʝʥʠʷ ʢʲʤ ʦʙʝʤʘ ʥʘ ʩʛʨʘʜʘʪʘ ʚʲʨʭʫ ʛʦʜʠʰʥʠʷ 
ʨʘʟʭʦʜ ʥʘ ʝʥʝʨʛʠʷ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʠʷ ʤʠʢʨʦʢʣʠʤʘʪ ʚ ʥʝʷ [1] ʥʝ ʩʝ ʦʪʥʘʩʷ ʩʘʤʦ 
ʟʘ ʟʠʤʝʥ, ʘ ʠ ʟʘ ʣʝʪʝʥ ʨʝʞʠʤ. ʏʝʩʪʦ ʠʥʞʝʥʝʨʥʠʪʝ ʨʝʰʝʥʠʷ ʩʘ ʧʨʝʜʦʧʨʝʜʝʣʝʥʠ ʦʪ 
ʢʦʥʩʪʨʫʢʮʠʷʪʘ ʠ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʩʛʨʘʜʘʪʘ ʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠ 
ʨʝʰʝʥʠʷ, ʢʘʪʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʘʢʪʠʚʥʠ ʦʛʨʘʞʜʘʱʠ ʝʣʝʤʝʥʪʠ ʟʘ ʦʪʦʧʣʝʥʠʝ ʠ ʦʭʣʘʞʜʘʥʝ [3] ʩʘ 
ʪʚʲʨʜʝ ʤʘʣʢʠ. ʅʘʧʨʘʚʝʥ ʝ ʦʧʠʪ ʟʘ ʥʘʤʠʨʘʥʝ ʥʘ ʦʧʪʠʤʘʣʝʥ ʧʨʦʮʝʥʪ ʦʩʪʲʢʣʝʥʠʝ ʥʘ ʬʘʩʘʜʠʪʝ 
ʧʨʠ ʨʘʟʣʠʯʥʘ ʜʝʙʝʣʠʥʘ ʥʘ ʧʦʣʦʞʝʥʘ ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ ʚʲʨʭʫ ʩʪʝʥʠʪʝ. ɽʪʦ ʟʘʱʦ ʚ ʪʦʚʘ 
ʠʟʩʣʝʜʚʘʥʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʨʝʟʫʣʪʘʪʠ ʟʘ ʜʚʝ ʪʠʧʦʚʠ ʩʛʨʘʜʠ, ʟʘ ʢʦʠʪʦ ʦʱʝ ʥʘ ʝʪʘʧ 
ʧʨʦʝʢʪʠʨʘʥʝ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʨʝʰʘʪ ʨʝʜʠʮʠ ʧʨʦʙʣʝʤʠ ʩʚʲʨʟʘʥʠ ʩʲʩ ʩʧʝʩʪʷʚʘʥʝʪʦ ʥʘ 
ʝʥʝʨʛʠʷ ʠ ʩʲʦʪʚʝʪʥʦ ʥʘ ʝʢʦʣʦʛʠʯʥʠʷ ʝʬʝʢʪ ʚʲʨʭʫ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. 
ʈʘʟʛʣʝʜʘʥʠ ʩʘ ʩʣʝʜʥʠʪʝ ʪʠʧʦʚʠ ʞʠʣʠʱʥʠ ʩʛʨʘʜʠ: 

¶ ʞʠʣʠɦʥʘ ʢʦʦʧʝʨʘʮʠʷ ʥʘ ʧʝʪ ʝʪʘʞʘ (ʩʪʝʥʠʪʝ ʩʘ ʠʟʛʨʘʜʝʥʠ ʦʪ ʨʝʰʝʪʲʯʥʘ ʪʫʭʣʝʥʘ ʟʠʜʘʨʠʷ 
ʠ ʩʢʘʪʝʥ ʧʦʢʨʠʚ); 

¶ ɽʇʂ ʙʣʦʢ (ʪʨʠ ʚʭʦʜʘ) ʥʘ ʦʩʝʤ ʝʪʘʞʘ ʩ ʧʣʦʩʲʢ ʧʦʢʨʠʚ. 
ɼʚʘʪʘ ʪʠʧʘ ʩʛʨʘʜʠ ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʧʨʠ ʩʲʱʝʩʪʚʫʚʘʱʦ ʧʦʣʦʞʝʥʠʝ (ʙʝʟ ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ 

ʥʘ ʦʛʨʘʞʜʘʱʠʪʝ ʝʣʝʤʝʥʪʠ) ʠ ʩ ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ ʦʪ 10 cm EPS ʥʘ ʩʪʝʥʠʪʝ. ʇʨʦʟʦʨʮʠʪʝ ʥʘ 
ʜʚʘʪʘ ʪʠʧʘ ʩʛʨʘʜʠ ʩʘ PVC ʧʨʦʬʠʣ. ʆʪʦʧʣʝʥʠʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʘʙʦʥʘʪʥʘ 
ʩʪʘʥʮʠʷ.  
ɺ ʩʨʝʜʘʪʘ ESP-r [2] ʩʘ ʥʘʧʨʘʚʝʥʠ ʤʦʜʝʣʠ ʥʘ ʞʠʣʠʱʥʠʪʝ ʩʛʨʘʜʠ.  
ʅʘ ʌʠʛ.1 ʝ ʧʦʢʘʟʘʥ ʤʦʜʝʣ ʥʘ ʧʝʪʝʪʘʞʥʘ ʞʠʣʠʱʥʘ ʢʦʦʧʝʨʘʮʠʷ ʠ ʥʘ ʙʣʦʢ ʥʘ ʦʩʝʤ ʝʪʘʞʘ. 
ʂʣʠʤʘʪʠʯʥʠʪʝ ʜʘʥʥʠ ʩʘ ʟʘ ʛʨʘʜ ʉʦʬʠʷ. 
ʀʟʩʣʝʜʚʘʥʝʪʦ ʝ ʥʘʧʨʘʚʝʥʦ ʟʘ ʧʝʨʠʦʜʘ ʦʪ 15 ʘʧʨʠʣ ʜʦ 30 ʩʝʧʪʝʤʚʨʠ. 
ʊʝʤʧʝʨʘʪʫʨʘʪʘ, ʢʦʷʪʦ ʩʝ ʧʦʜʜʲʨʞʘ ʚ ʨʘʟʛʣʝʞʜʘʥʠʪʝ ʦʙʝʢʪʠ, ʝ ʧʨʠʝʪʘ 25Áʉ. 
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ʌʠʛ. 1 ʄʦʜʝʣʠ ʥʘ ʞʠʣʠʱʥʘ ʢʦʦʧʝʨʘʮʠʷ ʠ ʥʘ ʙʣʦʢ ʥʘ ʦʩʝʤ ʝʪʘʞʘ ʚ ʩʨʝʜʘʪʘ ESP-r 

 
ʋʩʣʦʚʠʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ 

ɸ. ʂʦʦʧʝʨʘʮʠʷ ʥʘ 5 ʝʪʘʞʘ 
ʉʛʨʘʜʘʪʘ ʩʝ ʪʨʝʪʠʨʘ ʢʘʪʦ ʤʥʦʛʦʟʦʥʦʚ ʦʙʝʢʪ ʩ ʧʦʜʧʦʢʨʠʚʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʩʫʪʝʨʝʥ, ʚ 

ʢʦʡʪʦ ʝ ʤʦʥʪʠʨʘʥʘ ʘʙʦʥʘʪʥʘ ʩʪʘʥʮʠʷ.  
ɿʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʧʨʠʝʪʠ ʜʚʘ ʚʘʨʠʘʥʪʘ ʥʘ ʚʲʥʰʥʠ ʩʪʝʥʠ: ʠʟʛʨʘʜʝʥʠ ʦʪ ʪʫʭʣʝʥʘ 

ʟʠʜʘʨʠʷ ʙʝʟ ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ ʩ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʦʧʣʦʧʨʝʤʠʥʘʚʘʥʝ U = 1,44 W/m2K ʠ ʩ 
ʧʦʣʦʞʝʥʘ ʪʦʧʣʦʠʟʦʣʘʮʠʷ ʩ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʦʧʣʦʧʨʝʤʠʥʘʚʘʥʝ U = 0,25 W/m2K. 
ɼʦʛʨʘʤʘʪʘ ʝ PVC ʧʨʦʬʠʣ ʩ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʦʧʣʦʧʨʝʤʠʥʘʚʘʥʝ U = 2 W/m2K. 

ʆʩʪʲʢʣʝʥʠʝʪʦ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʬʘʩʘʜʠ ʝ 50 %. 
ʇʦʢʨʠʚʲʪ ʝ ʩʢʘʪʝʥ ʠ ʝ ʠʟʛʨʘʜʝʥ ʦʪ ʢʝʨʝʤʠʜʠ. ʇʦʜʧʦʢʨʠʚʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʝ 

ʥʝʦʪʦʧʣʷʝʤʦ.  
ʀʟʩʣʝʜʚʘʥʠ ʩʘ ʩʣʝʜʥʠʪʝ ʜʚʝ ʦʩʥʦʚʥʠ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʬʘʩʘʜʠʪʝ ʩʲʩ ʩʪʲʢʣʝʥʘ ʜʦʛʨʘʤʘ: 

ʠʟʪʦʢ-ʟʘʧʘʜ ʠ ʩʝʚʝʨ ʶʛ. 
ʆʩʥʦʚʥʠʪʝ ʨʘʟʤʝʨʠ ʩʘ: L x W x h = 20 x 15 x 15 m. ʆʙʝʤʲʪ ʝ 4500 m3. ʅʘʧʨʘʚʝʥʦ ʝ 

ʩʨʘʚʥʝʥʠʝ ʟʘ ʨʘʟʭʦʜʘ ʥʘ ʝʥʝʨʛʠʷ ʟʘ ʦʭʣʘʞʜʘʥʝ ʧʨʠ ʟʘʧʘʟʚʘʥʝ ʥʘ ʦʙʝʤʘ ʠ 
ʫʚʝʣʠʯʘʚʘʥʝ/ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʪʘʞʥʦʩʪʪʘ. ʇʨʠ ʯʝʪʠʨʠʝʪʘʞʥʘ ʢʦʦʧʝʨʘʮʠʷ ʟʘʩʪʨʦʝʥʘʪʘ ʧʣʦʱ ʝ 
375 m2, ʘ L x W x h = 25 x 15 x 12 m. ɿʘ ʰʝʩʪ ʝʪʘʞʘ L x W x h = 16,66 x 15 x 18 m. 
ʉʠʤʫʣʘʮʠʠʪʝ ʩʘ ʥʘʧʨʘʚʝʥʠ ʧʨʠ ʩʣʝʜʥʠʪʝ ʚʲʪʨʝʰʥʠ ʪʦʧʣʠʥʥʠ ʠʟʪʦʯʥʠʮʠ: ʙʨʦʡ ʞʠʚʫʱʠ ï 

32; ʦʩʚʝʪʣʝʥʠʝ ï 1,8 W/m2 ʥʘ ʯʘʩ; ʝʣʝʢʪʨʠʯʝʩʢʦ ʦʙʦʨʫʜʚʘʥʝ ï 8,8 W/m2 ʥʘ ʯʘʩ. 
ɹ. ɾʠʣʠʱʝʥ ʙʣʦʢ ʥʘ 8 ʝʪʘʞʘ 
ʉʛʨʘʜʘʪʘ ʩʝ ʪʨʝʪʠʨʘ ʢʘʪʦ ʤʥʦʛʦʟʦʥʦʚ ʦʙʝʢʪ ʩ ʚʝʥʪʠʣʠʨʫʝʤʦ ʧʦʜʧʦʢʨʠʚʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ 

ʩʫʪʝʨʝʥ, ʢʲʜʝʪʦ ʝ ʤʦʥʪʠʨʘʥʘ ʘʙʦʥʘʪʥʘ ʩʪʘʥʮʠʷ. 
ɿʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʧʨʠʝʪʠ ʜʚʘ ʚʘʨʠʘʥʪʘ ʥʘ ʚʲʥʰʥʠ ʩʪʝʥʠ: ʠʟʛʨʘʜʝʥʠ ʦʪ 

ʩʪʦʤʘʥʦʙʝʪʦʥʦʚʘ ʢʦʥʩʪʨʫʢʮʠʷ ʙʝʟ ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ ʩ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʦʧʣʦʧʨʝʤʠʥʘʚʘʥʝ  
U = 2,55 W/m2K ʠ ʩ ʧʦʣʦʞʝʥʘ ʪʦʧʣʦʠʟʦʣʘʮʠʷ ʩ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʦʧʣʦʧʨʝʤʠʥʘʚʘʥʝ U = 0,27 
W/m2K. 
ɼʦʛʨʘʤʘʪʘ ʝ PVC ʧʨʦʬʠʣ ʩ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʦʧʣʦʧʨʝʤʠʥʘʚʘʥʝ U = 2 W/m2K. 

ʆʩʪʲʢʣʝʥʠʝʪʦ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʬʘʩʘʜʠ ʝ 50 %. 
ʀʟʩʣʝʜʚʘʥʠ ʩʘ ʩʣʝʜʥʠʪʝ ʜʚʝ ʦʩʥʦʚʥʠ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʬʘʩʘʜʠʪʝ ʩʲʩ ʩʪʲʢʣʝʥʘ ʜʦʛʨʘʤʘ: 

ʠʟʪʦʢ-ʟʘʧʘʜ ʠ ʩʝʚʝʨ ʶʛ. 
ʆʩʥʦʚʥʠʪʝ ʨʘʟʤʝʨʠ ʩʘ: L x W x h = 50 x 12 x 24 m. ʆʙʝʤʲʪ ʝ 14400 m3. ʅʘʧʨʘʚʝʥʦ ʝ 

ʩʨʘʚʥʝʥʠʝ ʟʘ ʨʘʟʭʦʜʘ ʥʘ ʝʥʝʨʛʠʷ ʟʘ ʦʭʣʘʞʜʘʥʝ ʧʨʠ ʟʘʧʘʟʚʘʥʝ ʥʘ ʦʙʝʤʘ ʠ 
ʫʚʝʣʠʯʘʚʘʥʝ/ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʪʘʞʥʦʩʪʪʘ. ʇʨʠ ʩʝʜʝʤ ʝʪʘʞʘ ʟʘʩʪʨʦʝʥʘʪʘ ʧʣʦʱ ʝ 686 m2, ʘ L x 
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W x h = 50 x 13,71 x 21 m. ɿʘ ʰʝʩʪ ʝʪʘʞʘ L x W x h = 50 x 16 x 18 m, ʘ ʟʘ 9 ʝʪʘʞʘ L x W x h = 
50 x 10,61 x 27 m. 
ʉʠʤʫʣʘʮʠʠʪʝ ʩʘ ʥʘʧʨʘʚʝʥʠ ʧʨʠ ʩʣʝʜʥʠʪʝ ʚʲʪʨʝʰʥʠ ʪʦʧʣʠʥʥʠ ʠʟʪʦʯʥʠʮʠ: ʙʨʦʡ ʞʠʚʫʱʠ ï 

144; ʦʩʚʝʪʣʝʥʠʝ ï 1,8 W/m2 ʥʘ ʯʘʩ; ʝʣʝʢʪʨʠʯʝʩʢʦ ʦʙʦʨʫʜʚʘʥʝ ï 8,8 W/m2 ʥʘ ʯʘʩ. 
ʀʥʬʠʣʪʨʘʮʠʷʪʘ ʥʘ ʚʲʥʰʝʥ ʚʲʟʜʫʭ ʠ ʟʘ ʜʚʝʪʝ ʩʛʨʘʜʠ ʝ n = 0,6 h-1. 

ʇʦʣʫʯʝʥʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʩʠʤʫʣʘʮʠʷʪʘ  

ɸ. ʂʦʦʧʝʨʘʮʠʷ ʥʘ 5 ʝʪʘʞʘ 
ʀʟʤʝʥʝʥʠʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʧʨʝʜʩʪʘʚʠʪʝʣʥʘ ʟʦʥʘ ʥʘ ʌʠʛ. 1 ʜʦʢʘʟʚʘ, ʯʝ ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʦʭʣʘʞʜʘʥʝ ʧʨʝʟ ʨʘʟʛʣʝʞʜʘʥʠʷ ʧʝʨʠʦʜ.  
ɺ ʊʘʙʣ.1 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʝʥʝʨʛʠʷ ʧʨʠ ʣʝʪʝʥ ʨʝʞʠʤ ʙʝʟ 

ʧʦʣʦʞʝʥʘ ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ ʥʘ ʩʪʝʥʠʪʝ, ʘ ʚ ʊʘʙʣ. 2 ʩ 10 cm EPS.  
 

 
 

ʌʠʛ. 1 ʍʦʜ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʧʨʝʟ ʧʝʨʠʦʜʘ 15.04. ʜʦ 30.09. ʠ ʯʝʩʪʦʪʥʦʪʦ ʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝ 
 

          ʊʘʙʣʠʮʘ 1 
ʇʦʪʨʝʙʝʥʘ ʝʥʝʨʛʠʷ ʟʘ ʦʭʣʘʞʜʘʥʝ ʥʘ ʞʠʣʠʱʥʘ ʢʦʦʧʝʨʘʮʠʷ ʙʝʟ ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ 

ˉ 
ʙʨʦʡ ʥʝʙʝʩʥʘ ʪʦʧʣʦʠʟʦʣʘʮʠʷ ʦʭʣʘʞʜʘʥʝ 

ʝʪʘʞʠ ʦʨʠʝʥʪʘʮʠʷ cm kWh 

1 IV 
ʩʝʚʝʨ-ʶʛ 0 26419 

ʠʟʪʦʢ-ʟʘʧʘʜ 0 28407 

2 V 
ʩʝʚʝʨ-ʶʛ 0 24110 

ʠʟʪʦʢ-ʟʘʧʘʜ 0 27768 

3 VI 
ʩʝʚʝʨ-ʶʛ 0 29403 

ʠʟʪʦʢ-ʟʘʧʘʜ 0 35164 

 
          ʊʘʙʣʠʮʘ 2 

ʇʦʪʨʝʙʝʥʘ ʝʥʝʨʛʠʷ ʟʘ ʦʭʣʘʞʜʘʥʝ ʥʘ ʞʠʣʠʱʥʘ ʢʦʦʧʝʨʘʮʠʷ ʩ 10 cm EPS 

ˉ 
ʙʨʦʡ ʥʝʙʝʩʥʘ ʪʦʧʣʦʠʟʦʣʘʮʠʷ ʦʭʣʘʞʜʘʥʝ 

ʝʪʘʞʠ ʦʨʠʝʥʪʘʮʠʷ cm kWh 

1 IV 
ʩʝʚʝʨ-ʶʛ 10 32902 

ʠʟʪʦʢ-ʟʘʧʘʜ 10 39510 

2 V 
ʩʝʚʝʨ-ʶʛ 10 30055 

ʠʟʪʦʢ-ʟʘʧʘʜ 10 38012 

3 VI 
ʩʝʚʝʨ-ʶʛ 10 36841 

ʠʟʪʦʢ-ʟʘʧʘʜ 10 47571 

 
ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ, ʧʦʢʘʟʘʥʠ ʚ ʊʘʙʣ. 1 ʠ 2 ʠ ʥʘ ʌʠʛ. 2 ʠ 3, ʜʦʢʘʟʚʘʪ, ʯʝ ʧʨʠ ʟʘʧʘʟʚʘʥʝ 

ʥʘ ʦʙʝʤʘ ʥʘ ʩʛʨʘʜʘʪʘ ʧʦʪʨʝʙʝʥʘʪʘ ʝʥʝʨʛʠʷ ʟʘ ʦʭʣʘʞʜʘʥʝ ʝ ʥʘʡ-ʥʠʩʢʘ ʧʨʠ 5 ʝʪʘʞʥʘ ʞʠʣʠʱʥʘ 
ʢʦʦʧʝʨʘʮʠʷ, ʘ ʦʪ ʦʨʠʝʥʪʘʮʠʷʪʘ ʩʝ ʩʧʝʩʪʷʚʘ ʤʝʞʜʫ 10 ʠ 20 %. 
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ʌʠʛ. 2 ʇʦʪʨʝʙʝʥʘ ʝʥʝʨʛʠʷ ʟʘ ʦʭʣʘʞʜʘʥʝ ʙʝʟ       ʌʠʛ. 3 ʇʦʪʨʝʙʝʥʘ ʝʥʝʨʛʠʷ ʟʘ ʦʭʣʘʞʜʘʥʝ ʩ 

            ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ ʥʘ ʩʪʝʥʠʪʝ                     10 cm ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ ʥʘ ʩʪʝʥʠʪʝ 
 

ɹ. ɹʣʦʢ ʥʘ ʦʩʝʤ ʝʪʘʞʘ 
ʈʝʟʫʣʪʘʪʠʪʝ ʟʘ ʧʦʪʨʝʙʝʥʘʪʘ ʝʥʝʨʛʠʷ ʟʘ ʣʝʪʝʥ ʨʝʞʠʤ ʚ ʞʠʣʠʱʝʥ ʙʣʦʢ ʟʘ ʨʘʟʣʠʯʥʘ 

ʝʪʘʞʥʦʩʪ ʠ ʦʨʠʝʥʪʘʮʠʷ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣ. 3.  
ʊʘʙʣʠʮʘ 3 

ʇʦʪʨʝʙʝʥʘ ʝʥʝʨʛʠʷ ʟʘ ʣʝʪʝʥ ʨʝʞʠʤ 

ˉ 
ʙʨʦʡ ʥʝʙʝʩʥʘ ʪʦʧʣʦʠʟʦʣʘʮʠʷ ʦʭʣʘʞʜʘʥʝ 

ʝʪʘʞʠ ʦʨʠʝʥʪʘʮʠʷ cm kWh 

1 VI 

ʩʝʚʝʨ-ʶʛ 0 82945 

ʩʝʚʝʨ-ʶʛ 10 89702 

ʠʟʪʦʢ-ʟʘʧʘʜ 0 113764 

ʠʟʪʦʢ-ʟʘʧʘʜ 10 142506 

2 VII 

ʩʝʚʝʨ-ʶʛ 0 87062 

ʩʝʚʝʨ-ʶʛ 10 94987 

ʠʟʪʦʢ-ʟʘʧʘʜ 0 124093 

ʠʟʪʦʢ-ʟʘʧʘʜ 10 146852 

3 VIII 

ʩʝʚʝʨ-ʶʛ 0 88964 

ʩʝʚʝʨ-ʶʛ 10 99696 

ʠʟʪʦʢ-ʟʘʧʘʜ 0 131699 

ʠʟʪʦʢ-ʟʘʧʘʜ 10 152016 

4 IX 

ʩʝʚʝʨ-ʶʛ 0 95280 

ʩʝʚʝʨ-ʶʛ 10 103857 

ʠʟʪʦʢ-ʟʘʧʘʜ 0 144520 

ʠʟʪʦʢ-ʟʘʧʘʜ 10 164478 

 
ʅʘʡ-ʙʣʘʛʦʧʨʠʷʪʥʘ ʥʝʙʝʩʥʘ ʦʨʠʝʥʪʘʮʠʷ ʝ ʧʘʢ ʩʝʚʝʨ-ʶʛ, ʘ ʧʦʪʨʝʙʝʥʘʪʘ ʝʥʝʨʛʠʷ ʟʘ ʣʝʪʝʥ 

ʨʝʞʠʤ ʝ ʥʘʡ-ʥʠʩʢʘ ʧʨʠ ʰʝʩʪ ʝʪʘʞʘ. ʈʘʟʭʦʜʲʪ ʥʘ ʝʥʝʨʛʠʷ ʩʝ ʧʦʚʠʰʘʚʘ ʩ ʦʢʦʣʦ 8 % ʟʘ ʩʝʚʝʨ-
ʶʛ ʠ 10-12 % ʟʘ ʦʨʠʝʥʪʘʮʠʷ ʠʟʪʦʢ-ʟʘʧʘʜ, ʧʨʠ ʧʦʣʘʛʘʥʝ ʥʘ ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ ʩ 10 cm ʥʘ 
ʚʲʥʰʥʠʪʝ ʩʪʝʥʠ. 
ɿʘ ʩʲʱʝʩʪʚʫʚʘʱʠʷ ʦʩʝʤ ʝʪʘʞʝʥ ʙʣʦʢ ʝ ʧʦʪʲʨʩʝʥ ʚʘʨʠʘʥʪ ʟʘ ʥʘʡ-ʥʠʩʢʠ ʨʘʟʭʦʜʠ ʥʘ 

ʝʥʝʨʛʠʷ ʧʨʠ ʟʠʤʝʥ ʠ ʣʝʪʝʥ ʨʝʞʠʤ ʧʨʠ ʨʘʟʣʠʯʝʥ ʧʨʦʮʝʥʪ ʦʩʪʲʢʣʝʥʠʝ ʥʘ ʬʘʩʘʜʠʪʝ ʠ 
ʜʝʙʝʣʠʥʘ ʥʘ ʧʦʣʦʞʝʥʘʪʘ ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ. ɺ ʊʘʙʣ. 4, 5 ʠ 6 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʨʝʟʫʣʪʘʪʠʪʝ 
ʧʨʠ 40%, 50% ʠ 60%  ʦʩʪʲʢʣʝʥʠʝ ʥʘ ʬʘʩʘʜʠʪʝ. ɺʲʪʨʝʰʥʦʪʦ ʦʩʚʝʪʣʝʥʠʝ ʥʝ ʩʝ ʧʨʦʤʝʥʷ ʠ ʟʘ 
ʪʨʠʪʝ ʚʘʨʠʘʥʪʘ ï 1,8 W/m2 ʥʘ ʯʘʩ. 
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        ʌʠʛ. 4 ʇʦʪʨʝʙʝʥʘ ʝʥʝʨʛʠʷ ʟʘ ʦʭʣʘʞʜʘʥʝ ʟʘ   ʌʠʛ. 5 ʇʦʪʨʝʙʝʥʘ ʝʥʝʨʛʠʷ ʟʘ ʦʭʣʘʞʜʘʥʝ ʟʘ 

            ʥʝʙʝʩʥʘ ʦʨʠʝʥʪʘʮʠʷ ʩʝʚʝʨ-ʶʛ                     ʥʝʙʝʩʥʘ ʦʨʠʝʥʪʘʮʠʷ ʠʟʪʦʢ-ʟʘʧʘʜ 
 
ʊʘʙʣʠʮʘ 4 

ʇʦʪʨʝʙʝʥʘ ʝʥʝʨʛʠʷ ʟʘ ʟʠʤʝʥ ʠ ʣʝʪʝʥ ʨʝʞʠʤ ʧʨʠ 40% ʦʩʪʲʢʣʝʥʠʝ ʥʘ ʬʘʩʘʜʠʪʝ 

ˉ ʦʨʠʝʥʪʘʮʠʷ 
ʪʦʧʣʦʠʟʦʣʘʮʠʷ ʦʪʦʧʣʝʥʠʝ ʦʭʣʘʞʜʘʥʝ 

cm kWh kWh 

1 ʩʝʚʝʨ-ʶʛ 0 418440 83314 

2 ʩʝʚʝʨ-ʶʛ 2 303588 83100 

3 ʩʝʚʝʨ-ʶʛ 4 271502 84180 

4 ʩʝʚʝʨ-ʶʛ 6 256331 85300 

5 ʩʝʚʝʨ-ʶʛ 8 247483 87100 

6 ʩʝʚʝʨ-ʶʛ 10 241698 92768 

7 ʠʟʪʦʢ-ʟʘʧʘʜ 0 410012 121974 

8 ʠʟʪʦʢ-ʟʘʧʘʜ 2 298638 122500 

9 ʠʟʪʦʢ-ʟʘʧʘʜ 4 267429 124100 

10 ʠʟʪʦʢ-ʟʘʧʘʜ 6 253000 125628 

11 ʠʟʪʦʢ-ʟʘʧʘʜ 8 244090 126642 

12 ʠʟʪʦʢ-ʟʘʧʘʜ 10 238469 137600 

   
ʊʘʙʣʠʮʘ 5 

ʇʦʪʨʝʙʝʥʘ ʝʥʝʨʛʠʷ ʟʘ ʟʠʤʝʥ ʠ ʣʝʪʝʥ ʨʝʞʠʤ ʧʨʠ 50% ʦʩʪʲʢʣʝʥʠʝ ʥʘ ʬʘʩʘʜʠʪʝ 

ˉ ʦʨʠʝʥʪʘʮʠʷ 
ʪʦʧʣʦʠʟʦʣʘʮʠʷ ʦʪʦʧʣʝʥʠʝ ʦʭʣʘʞʜʘʥʝ 

cm kWh kWh 

1 ʩʝʚʝʨ-ʶʛ 0 411028 88964 

2 ʩʝʚʝʨ-ʶʛ 2 309810 90680 

3 ʩʝʚʝʨ-ʶʛ 4 281866 92422 

4 ʩʝʚʝʨ-ʶʛ 6 268714 93495 

5 ʩʝʚʝʨ-ʶʛ 8 261065 94205 

6 ʩʝʚʝʨ-ʶʛ 10 256061 99696 

7 ʠʟʪʦʢ-ʟʘʧʘʜ 0 403316 131699 

8 ʠʟʪʦʢ-ʟʘʧʘʜ 2 304635 135721 

9 ʠʟʪʦʢ-ʟʘʧʘʜ 4 277350 138561 

10 ʠʟʪʦʢ-ʟʘʧʘʜ 6 264508 140226 

11 ʠʟʪʦʢ-ʟʘʧʘʜ 8 257040 141288 

12 ʠʟʪʦʢ-ʟʘʧʘʜ 10 252165 152016 
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ʊʘʙʣʠʮʘ 6 
ʇʦʪʨʝʙʝʥʘ ʝʥʝʨʛʠʷ ʟʘ ʟʠʤʝʥ ʠ ʣʝʪʝʥ ʨʝʞʠʤ ʧʨʠ 60% ʦʩʪʲʢʣʝʥʠʝ ʥʘ ʬʘʩʘʜʠʪʝ 

ˉ ʦʨʠʝʥʪʘʮʠʷ 
ʪʦʧʣʦʠʟʦʣʘʮʠʷ ʦʪʦʧʣʝʥʠʝ ʦʭʣʘʞʜʘʥʝ 

cm kWh kWh 

1 ʩʝʚʝʨ-ʶʛ 0 404277 97988 

2 ʩʝʚʝʨ-ʶʛ 2 316737 98019 

3 ʩʝʚʝʨ-ʶʛ 4 292864 99592 

4 ʩʝʚʝʨ-ʶʛ 6 281657 100526 

5 ʩʝʚʝʨ-ʶʛ 8 275150 101129 

6 ʩʝʚʝʨ-ʶʛ 10 270900 103542 

7 ʠʟʪʦʢ-ʟʘʧʘʜ 0 397307 145954 

8 ʠʟʪʦʢ-ʟʘʧʘʜ 2 311315 149444 

9 ʠʟʪʦʢ-ʟʘʧʘʜ 4 287865 152516 

10 ʠʟʪʦʢ-ʟʘʧʘʜ 6 276879 154210 

11 ʠʟʪʦʢ-ʟʘʧʘʜ 8 270509 155263 

12 ʠʟʪʦʢ-ʟʘʧʘʜ 10 266346 166976 

 
ɸʥʘʣʠʟʲʪ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘ, ʯʝ ʠ ʟʘ ʪʨʠʪʝ ʚʘʨʠʘʥʪʘ ʥʘ ʧʨʦʮʝʥʪʥʦ ʦʩʪʲʢʣʝʥʠʝ ʥʘ 

ʬʘʩʘʜʠʪʝ ʟʘ ʟʠʤʝʥ ʨʝʞʠʤ ʝ ʥʘʡ-ʧʦʜʭʦʜʷʱʘ ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ ʩ ʜʝʙʝʣʠʥʘ 10 cm. ɿʘ 
ʦʭʣʘʞʜʘʥʝ ʥʘʡ-ʜʦʙʨʝ ʝ ʜʘ ʥʷʤʘ ʪʦʧʣʠʥʥʘ ʠʟʦʣʘʮʠʷ. ʇʨʠ ʩʲʧʦʩʪʘʚʢʘ ʟʠʤʝʥ ï ʣʝʪʝʥ ʨʝʞʠʤ 
ʥʘʡ-ʜʦʙʨʝ ʝ ʪʦʧʣʠʥʥʘʪʘ ʠʟʦʣʘʮʠʷ ʚʲʨʭʫ ʚʲʥʰʥʠʪʝ ʬʘʩʘʜʠ ʜʘ ʝ ʤʝʞʜʫ 2 ʠ 8 cm.  

      
ɿʘʢʣʶʯʝʥʠʝ  
ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʩʣʝʜʚʘʥʝʪʦ ʜʦʢʘʟʚʘʪ, ʯʝ ʧʨʠ ʩʛʨʘʜʠ, ʢʦʠʪʦ ʩʝ ʦʭʣʘʞʜʘʪ ʚʣʠʷʥʠʝʪʦ ʥʘ 

ʥʝʙʝʩʥʘʪʘ ʦʨʠʝʥʪʘʮʠʷ ʚʲʨʭʫ ʧʦʪʨʝʙʥʘʪʘ ʝʥʝʨʛʠʷ ʝ ʦʪ ʠʟʢʣʶʯʠʪʝʣʥʦ ʟʥʘʯʝʥʠʝ. ʉʧʝʩʪʝʥʘʪʘ 
ʝʥʝʨʛʠʷ ʟʘ ʣʝʪʝʥ ʨʝʞʠʤ ʤʦʞʝ ʜʘ ʜʦʩʪʠʛʥʝ ʜʦ ʦʢʦʣʦ 40% ʧʨʠ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʜʦʛʨʘʤʘʪʘ ʥʘ 
ʩʝʚʝʨ ʠ ʥʘ ʶʛ.  
ɺʲʧʨʝʢʠ ʦʛʨʘʥʠʯʝʥʦʩʪʪʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘʪ ʚʣʠʷʥʠʝ ʥʘ 

ʛʝʦʤʝʪʨʠʯʥʠʷ ʬʘʢʪʦʨ ï ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʚʲʥʰʥʠʪʝ ʩʪʝʥʠ/ ʦʙʝʤ ʥʘ ʩʛʨʘʜʘʪʘ ʚʲʨʭʫ ʧʦʪʨʝʙʝʥʘʪʘ 
ʝʥʝʨʛʠʷ ʟʘ ʦʭʣʘʞʜʘʥʝ. ʅʘʡ-ʙʣʘʛʦʧʨʠʷʪʥʘ ʝʪʘʞʥʦʩʪ ʟʘ ʩʪʨʦʠʪʝʣʩʪʚʦ ʧʨʠ ʟʘʧʘʟʚʘʥʝ ʥʘ ʦʙʝʤʘ 
ʥʘ ʩʛʨʘʜʠʪʝ ʝ ʤʝʞʜʫ 5 ï 6 ʝʪʘʞʠ. ʉʧʝʩʪʝʥʘʪʘ ʝʥʝʨʛʠʷ ʟʘ ʦʭʣʘʞʜʘʥʝ ʜʦʩʪʠʛʘ ʜʦ 10%. 
ʇʨʦʮʝʥʪʲʪ ʦʩʪʲʢʣʝʥʠʝ ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʨʘʟʭʦʜʠʪʝ ʟʘ ʦʪʦʧʣʝʥʠʝ ʠ ʦʭʣʘʞʜʘʥʝ. 

ʇʨʝʧʦʨʲʯʠʪʝʣʥʦ ʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʦʩʪʲʢʣʝʥʠʝ ʥʘ ʬʘʩʘʜʠʪʝ ʤʝʞʜʫ 40 ʠ 50 %. ʇʨʠ ʧʦ-ʤʘʣʲʢ 
ʧʨʦʮʝʥʪ ʦʩʪʲʢʣʝʥʠʝ ʱʝ ʩʝ ʧʦʚʠʰʘʪ ʚʲʪʨʝʰʥʠʪʝ ʪʦʧʣʠʥʥʠ ʠʟʪʦʯʥʠʮʠ ʦʪ ʦʩʚʝʪʣʝʥʠʝ. 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʪʝʨʤʠʯʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ 
ʊʨʦʤʙ ʚ ʥʝʧʨʝʢʲʩʥʘʪ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ ï ʏʘʩʪ 1     

 
ɻʝʦʨʛʠ ʊʦʤʦʚ, ɹʦʨʠʩʣʘʚ ʉʪʘʥʢʦʚ, ʅʠʢʦʣʘ ʂʘʣʦʷʥʦʚ  

 
ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʨʝʟʫʣʪʘʪʠ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ 

ʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʚ ʨʝʞʠʤ ʥʘ ʥʝʧʨʝʢʲʩʥʘʪʦ (24 ʯʘʩʘ) ʧʦʜʘʚʘʥʝ ʥʘ ʚʲʥʰʝʥ ʚʲʟʜʫʭ. 
ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʩʘ ʟʘ ʜʚʘ ʚʠʜʘ ʘʙʩʦʨʙʝʨʥʦ ʧʦʢʨʠʪʠʝ ʥʘ ʩʪʝʥʘʪʘ, ʧʨʠ ʫʩʣʦʚʠʷ ʥʘ 
ʝʩʪʝʩʪʚʝʥʘ ʠ ʧʨʠʥʫʜʝʥʘ ʚʝʥʪʠʣʘʮʠʷ.  

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ, ʚʝʥʪʠʣʘʮʠʷ, ʝʥʝʨʛʠʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪ 
 

Experimental study on the thermal efficiency of a Trombe wall in continuous 
ventilation mode ï Part 1 

 
Georgi Tomov, Borislav Stankov, Nikola Kaloyanov 

 
The paper presents results from an experimental study on the thermal efficiency of a Trombe 

wall in continuous (24h) fresh air supply ventilation mode. A Trombe wall with two types of 
absorber coating has been studied in the conditions of natural and forced (fan-assisted) ventilation.  

 
Keywords: Trombe wall, ventilation, energy efficiency 
 
ɺʲʚʝʜʝʥʠʝ  
ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʣʲʥʯʝʚʘʪʘ ʝʥʝʨʛʠʷ ʟʘ ʟʘʛʨʷʚʘʥʝ ʥʘ ʧʨʝʩʝʥ ʚʲʟʜʫʭ ʝ ʝʜʥʘ ʦʪ 

ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʝʥʝʨʛʠʡʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʩʛʨʘʜʠʪʝ ʠ ʦʩʠʛʫʨʷʚʘʥʝ 
ʥʘ ʚʠʩʦʢʦ ʢʘʯʝʩʪʚʦ ʥʘ ʦʙʠʪʘʚʘʥʘʪʘ ʩʨʝʜʘ [2]. ʇʨʠ ʧʦʜʭʦʜʷʱʠ ʫʩʣʦʚʠʷ, ʦʪʚʦʨʝʥʘʪʘ ʩʪʝʥʘ ʥʘ 
ʊʨʦʤʙ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʪʘʢʲʚ ʝʬʝʢʪ. ʎʝʣʪʘ ʥʘ ʧʨʦʚʝʜʝʥʦʪʦ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʘʥʘʣʠʟ ʥʘ ʪʦʧʣʦʧʨʝʥʦʩʥʠʪʝ ʧʨʦʮʝʩʠ ʚ  ʦʪʚʦʨʝʥʘ ʩʪʝʥʘ ʥʘ 
ʊʨʦʤʙ ʧʨʠ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʝʩʪʝʩʪʚʝʥʘ ʠ ʧʨʠʥʫʜʝʥʘ  ʚʝʥʪʠʣʘʮʠʷ (ʧʦʜʘʚʘʥʝ ʥʘ ʚʲʥʰʝʥ 
ʚʲʟʜʫʭ) ʠ ʦʮʝʥʢʘ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʠʜʘ ʥʘ ʘʙʩʦʨʙʝʨʥʦʪʦ ʧʦʢʨʠʪʠʝ (ʘʢʨʠʣʥʘ ʯʝʨʥʘ ʙʦʷ ʠ 
ʩʝʣʝʢʪʠʚʥʦ ʧʦʢʨʠʪʠʝ) ʚʲʨʭʫ ʥʝʡʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ.  
ʊʝʨʤʠʯʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʦʪʚʦʨʝʥʘʪʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʤʦʞʝ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʪʦ 

ʩʪʝʧʝʥʪʘ ʥʘ ʫʩʚʦʷʚʘʥʝ ʥʘ ʧʘʜʥʘʣʘʪʘ ʩʣʲʥʯʝʚʘ ʨʘʜʠʘʮʠʷ ʟʘ ʟʘʛʨʷʚʘʥʝ ʥʘ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ 
(ʨʝʘʣʥʠʪʝ ʪʦʧʣʠʥʥʠ ʧʝʯʘʣʙʠ ʢʲʤ ʤʘʢʩʠʤʘʣʥʦ ʚʲʟʤʦʞʥʠʪʝ):   

ɖtherm = Qv / Qsvt ;  (1) 

Qv = cp.Gv.(Tvent ï Tout) / 3600 ,  (2) 

ʢʲʜʝʪʦ: ɖtherm ï ʪʝʨʤʠʯʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʩʪʝʥʘʪʘ ʥʘ ʊʨʦʤʙ, [5]; Qv ï ʪʦʧʣʠʥʘ, ʦʪʜʘʜʝʥʘ ʥʘ 
ʚʝʥʪʠʣʘʮʠʦʥʥʠʷ (ʧʦʜʘʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʝʪʦ) ʚʲʟʜʫʭ ʦʪ ʩʪʝʥʘʪʘ ʥʘ ʊʨʦʤʙ ʟʘ 1 ʯʘʩ, [Wh]; Qsvt 
ï ʧʲʣʥʘ ʩʣʲʥʯʝʚʘ ʨʘʜʠʘʮʠʷ, ʧʘʜʥʘʣʘ ʚʲʨʭʫ ʩʪʝʥʘʪʘ ʥʘ ʊʨʦʤʙ ʟʘ 1 ʯʘʩ [Wh];  cp ï 
ʩʧʝʮʠʬʠʯʝʥ ʪʦʧʣʠʥʝʥ ʢʘʧʘʮʠʪʝʪ ʥʘ ʚʲʟʜʫʭʘ, [J/(kgʂ)]; G ï ʤʘʩʦʚ ʜʝʙʠʪ ʥʘ ʚʲʟʜʫʭʘ, [kg/h]; 
Tvent ï ʪʝʤʧʝʨʘʪʫʨʥʘ ʥʘ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ, [ÁC]; Tout ï ʪʝʤʧʝʨʘʪʫʨʥʘ ʥʘ ʚʲʥʰʥʠʷ ʚʲʟʜʫʭ, [ÁC]; 

ʇʣʘʥ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ 
ʇʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ. 1. ʂʦʥʩʪʨʫʢʮʠʷʪʘ 

ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʷ ʤʦʜʫʣ ʝ ʙʘʟʠʨʘʥʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʥʠ ʯʠʩʣʝʥʠ 
ʝʢʩʧʝʨʠʤʝʥʪʠ, ʧʨʦʚʝʜʝʥʠ ʩ TRNSYS [1], [3], ʢʦʠʪʦ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʘʥʘʣʠʟ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 
ʦʧʪʠʤʘʣʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʦʪʚʦʨʝʥʘʪʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ ʧʨʠ ʝʩʪʝʩʪʚʝʥʘ ʠ ʧʨʠʥʫʜʝʥʘ 
ʚʝʥʪʠʣʘʮʠʷ ʚ ʢʣʠʤʘʪʠʯʥʠʪʝ ʫʩʣʦʚʠʷ ʥʘ ʛʨ. ʉʦʬʠʷ [4]-[7]. ʆʩʥʦʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ 
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ʠʟʛʨʘʜʝʥʠʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʤʦʜʫʣ ʩʘ ʦʙʦʙʱʝʥʠ ʚ ʊʘʙʣ. 1. ʄʦʜʫʣʲʪ ʝ ʚʛʨʘʜʝʥ ʚ ʶʞʥʘʪʘ 
ʬʘʩʘʜʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʢʲʱʘ, ʨʘʟʧʦʣʦʞʝʥʘ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʊʋ-ʉʦʬʠʷ.  
ɸʢʫʤʫʣʠʨʘʱʠʷʪ ʝʣʝʤʝʥʪ ʝ ʠʟʛʨʘʜʝʥ ʦʪ ʩʠʣʠʢʘʪʥʠ ʪʫʭʣʠ, ʠʟʤʘʟʘʥʠ ʦʪʚʲʥ ʩ ʛʣʘʜʢʘ 

ʮʠʤʝʥʪʦʚʘ ʤʘʟʠʣʢʘ, ʘ ʦʪ ʚʲʪʨʝʰʥʘʪʘ ʩʪʨʘʥʘ ï ʠʟʦʣʠʨʘʥʠ ʩ 15 cm ʝʢʩʪʨʫʜʠʨʘʥ ʧʦʣʠʩʪʠʨʦʣ. 
ʇʨʦʟʨʘʯʥʠʷʪ ʝʣʝʤʝʥʪ ʝ ʜʚʦʝʥ ʩʪʲʢʣʦʧʘʢʝʪ ʩ ʚʛʨʘʜʝʥʠ ʚ ʜʦʛʨʘʤʘʪʘ ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʢʣʘʧʠ (ʂ1 
ʠ ʂ3). ʉʪʝʥʘʪʘ ʩʝ ʩʲʩʪʦʠ ʦʪ ʜʚʝ ʩʝʢʮʠʠ, ʪʝʨʤʠʯʥʦ ʠ ʘʝʨʦʜʠʥʘʤʠʯʥʦ ʨʘʟʜʝʣʝʥʠ, ʨʘʟʣʠʯʘʚʘʱʠ 
ʩʝ ʧʦ ʩʚʦʝʪʦ ʧʦʚʲʨʭʥʦʩʪʥʦ ʧʦʢʨʠʪʠʝ ï bp (ʯʝʨʥʘ ʘʢʨʠʣʥʘ ʙʦʷ) ʠ sc (ʩʝʣʝʢʪʠʚʥʦ ʧʦʢʨʠʪʠʝ). 
ʉʝʣʝʢʪʠʚʥʦʪʦ ʧʦʢʨʠʪʠʝ ʝ ʦʪ ʤʝʜʥʦ ʢʘʜʤʠʨʘʥʦ ʬʦʣʠʦ, ʟʘʣʝʧʝʥʦ ʚʲʨʭʫ ʣʠʩʪʦʚʘ ʧʦʮʠʥʢʦʚʘʥʘ 
ʣʘʤʘʨʠʥʘ (ŭ=3mm), ʟʘʭʚʘʥʘʪʘ ʢʲʤ ʤʘʟʠʣʢʘʪʘ ʩʲʩ ʩʪʨʦʠʪʝʣʥʦ ʣʝʧʠʣʦ. ʀʟʭʦʜʷʱʠʪʝ 
ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʦʪʚʦʨʠ ï ʧʦ ʝʜʠʥ ʟʘ ʚʩʷʢʘ ʩʝʢʮʠʷ ï ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʪʨʲʙʘ ʩ ß150 ʠ ʧʣʦʱ  
0.0176 mĮ ʚʩʝʢʠ. ʉʥʠʤʢʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʷ ʤʦʜʫʣ ʦʪʚʲʥ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ. 2.  

 
ʌʠʛ. 1 ʇʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʚʝʥʪʠʣʠʨʫʝʤʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ 
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ʊʘʙʣʠʮʘ 1 
 ʇʘʨʘʤʝʪʨʠ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʚʝʥʪʠʣʠʨʫʝʤʘ ʩʪʝʥʘ ʥʘ ʊʨʦʤʙ 

 
 

ʀʟʤʝʨʚʘʥʠʷʪʘ ʩʘ ʧʨʘʚʝʥʠ ʝʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʜʚʝʪʝ ʩʝʢʮʠʠ ʟʘ ʪʨʠ ʧʝʨʠʦʜʘ ʧʨʠ ʝʩʪʝʩʪʚʝʥʘ 
ʚʝʥʪʠʣʘʮʠʷ ʠ ʝʜʠʥ ʧʝʨʠʦʜ ʧʨʠ ʧʨʠʥʫʜʝʥʘ ʚʝʥʪʠʣʘʮʠʷ, ʢʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ ʚ ʊʘʙʣ. 2. 
ʇʲʨʚʦʥʘʯʘʣʥʦ ʩʘ ʦʪʯʠʪʘʥʠ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʚ ʧʝʪ ʚʝʨʪʠʢʘʣʥʦ ʨʘʟʧʦʣʦʞʝʥʠ ʪʦʯʢʠ ʟʘ ʚʩʷʢʘ ʦʪ 
ʜʚʝʪʝ ʧʦʣʦʚʠʥʠ ʥʘ ʩʪʝʥʘʪʘ (ʥʘ ʚʠʩʦʯʠʥʘ 1.94; 1.50; 1.08; 0.65; 0.22 m) ʠ ʚ ʜʚʝ ʜʦʧʲʣʥʠʪʝʣʥʠ 
ʪʦʯʢʠ ʥʘ ʥʠʚʦ 0.65 m. ʇʦʨʘʜʠ ʬʘʢʪʘ, ʯʝ ʚ ʭʦʨʠʟʦʥʪʘʣʝʥ ʧʣʘʥ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʠ ʥʘ ʜʚʝʪʝ 
ʧʦʣʦʚʠʥʠ ʥʘ ʩʪʝʥʘʪʘ ʚʘʨʠʨʘʪ ʚ ʤʥʦʛʦ ʤʘʣʢʠ ʛʨʘʥʠʮʠ, ʠʟʤʝʨʚʘʥʠʷʪʘ ʩʘ ʧʨʦʜʲʣʞʝʥʠ ʩʘʤʦ ʚ 4 
ʪʦʯʢʠ, ʩʲʛʣʘʩʥʦ ʜʷʩʥʘʪʘ ʩʭʝʤʘ ʥʘ ʌʠʛ. 3. ɺ ʜʚʘʪʘ ʚʝʥʪʠʣʘʮʠʦʥʥʠ ʦʪʚʦʨʘ ʢʲʤ ʧʦʤʝʱʝʥʠʝʪʦ 
(ß150) ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʧʦ ʜʚʘ ʙʨʦʷ ʢʦʤʙʠʥʠʨʘʥʠ ʩʝʥʟʦʨʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʩʢʦʨʦʩʪ ʠ 
ʪʝʤʧʝʨʘʪʫʨʘ, ʯʠʠʪʦ ʧʦʢʘʟʘʥʠʷʪʘ ʩʝ ʦʩʨʝʜʥʷʚʘʪ. ʉʪʦʡʥʦʩʪʠʪʝ ʦʪ ʚʩʠʯʢʠ ʠʟʤʝʨʚʘʥʠʷ ʩʘ 
ʟʘʧʠʩʚʘʥʠ ʥʘ ʚʩʝʢʠ 5 ʤʠʥʫʪʠ, ʩʣʝʜ ʢʦʝʪʦ ʩʘ ʦʩʨʝʜʥʝʥʠ ʧʦ ʯʘʩʦʚʝ.  

ʊʘʙʣʠʮʘ 2 
ʇʣʘʥ ʥʘ ʠʟʤʝʨʚʘʥʠʷʪʘ  

 

 

ʌʠʛ. 3  ʈʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʩʝʥʟʦʨʠʪʝ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʘʙʩʦʨʙʝʨʥʘʪʘ 
ʧʦʚʲʨʭʥʦʩʪ ʧʨʠ ʧʣʘʥ 2ʭ7 ʠ 2ʭ4 

                     ˴ͦͤͫͭͪͯ͟ͼ͙Ύ ͤ͊ ͔ͫͭͤ͊ͭ͊ ˸͔͙͊ͭͪ͊͡ ͤ͊ ͔͙͙ͫͭͤ͊ͭ͊ͫ͊ͭͤ͊͟͡ ͭͯͻ͊͡ 

˹͊ͦͤ͟͡ ʲ 90ϲ ˨͔͔͙͋ͤ͊͡ ͤ͊ ͔ͫͭͤ͊ͭ͊ Lp 0.25 m

ˢ͙ͣͯͭ͘ 0ϲ ˴͔ͦͺΦͤ͊ ͍ͭͦͨͦͨͪͦͦ͒ͤͦͫͭ͡˂ 2.7 kJ/(hr.mK)

ˤ͙ͫͦ;͙ͤ͊ ͙ ΄͙͙ͪͤ͊ ͤ͊ ͣͦ͒ͯ͊͡ ˹ ͻ ² 2.15 x 0.72 m˿͔ͨͼΦ ͔͔ͦ͋ͣͤ ͭͦͨ͡Φ͊ͨ͊͟ͼΦŎˊ 1522 kJ/(m3K)

ˣ͚ͪͦ ͤ͊ ͨͪͦͪ͘Φ ͔͔͔͙ͣͤͭ͡N 2 ˤ͙͒ ͤ͊ ͙͙͔ͨͦͪͭͭͦ͟ мbp ͔͚ͣ͊͊͟͡͡;͔͔ͪͤ ͣ͊ͭ

˾͊ͫͭͦ͘Ύ͙͔ͤ ͔ͣ͗͒ͯ ͦͫͭΆ͔͙͔ͤͭͦ͟͡ ͙ ͔ͫͭͤ͊ͭ͊ 50.07 m ˤ͙͒ ͤ͊ ͙͙͔ͨͦͪͭͭͦ͟ нsc ͔ͣ͒ͤͦ ͙͊͒ͣͪ͊ͤͦ͟

˩͔͎ͤͪͦͨͪͦͨΦ ͤ͊ ͔͔͔ͣͤͭ͊͡ggl 0.8 ˽͎ͦ͡Ά΅Φ ͫͨͦͫͦ͋ͤͦͫͭsh,w bp  0.96 sc  0.95

ˮ͘͡Ά;͍͔͊ͭͤ͊͡ ͫͨͦͫͦ͋ͤͦͫͭgʁl 0.84 ˮ͘͡Ά;͍͔͊ͭͤ͊͡ ͫͨͦͫͦ͋ͤͦͫͭwʁ bp  0.87 sc  0.11

˽˩˾ˮ˻˨ ˾˩ˬˮ˸     ˴˶ˮ˸ˢ́ˮ̉˹ˮ ˨ˢ˹˹ˮ́˩˸˽˩˾ˢ́̂˾˹˻ ˽˻˶˩               ˽ˢ˾ˢ˸˩́˾ˮ ͍ͤ͊ͻͦ͒Ύ΅͙Ύ ͍Ά͒ͯ͘ͻ

́ǿπǎŎ      ¢ǿπōǇ͔ͫͪ͒ͤ͊ ͫͦͪͦͫͭ͟ ͔ͫͪ͒ͤ͊ ͔͔ͭͣͨͪ͊ͭͯͪ͊

лу ͒ͦ мнΦлн͔͔͍͔ͫͭͫͭͤ͊ ͍͔ͦͤ͟͟ͼ͙Ύ́ƻǳǘ όϲ˿ύ     SVT (Kj/mчύ н ͻ т ͭͦ;͙͟ Vsc (m/s)     Vbp(m/s) Tsc (ϲ/ύ    ¢ōǇ όϲC)

мн ͒ͦ нлΦлн͔͔͍͔ͫͭͫͭͤ͊ ͍͔ͦͤ͟͟ͼ͙Ύ́ƻǳǘ όϲ˿ύ     SVT (Kj/mчύ - Vsc (m/s)     Vbp(m/s) Tsc (ϲ/ύ    ¢ōǇ όϲC)

нл ͒ͦ нтΦлн͔͔͍͔ͫͭͫͭͤ͊ ͍͔ͦͤ͟͟ͼ͙Ύ́ƻǳǘ όϲ˿ύ     SVT (Kj/mчύ н ͻ т ͭͦ;͙͟ Vsc (m/s)     Vbp(m/s) Tsc (ϲ/ύ    ¢ōǇ όϲC)

млΦо ͒ͦ пΦлп͙͔ͨͪͤͯ͒ͤ͊ ͍͔͙ͤͭ͊͡ͼ͙Ύ́ƻǳǘ όϲ˿ύ     SVT (Kj/mчύ н ͻ п ͭͦ;͙͟ Vsc (m/s)     Vbp(m/s) Tsc (ϲ/ύ    ¢ōǇ όϲC)
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ʈʝʟʫʣʪʘʪʠ ʧʨʠ ʨʝʞʠʤ ʥʘ ʝʩʪʝʩʪʚʝʥʘ ʚʝʥʪʠʣʘʮʠʷ ʟʘ ʧʝʨʠʦʜʘ 08-12.02.2017 
ʊʝʤʧʝʨʘʪʫʨʥʦʪʦ ʧʦʣʝ ʥʘ ʘʙʩʦʨʙʝʨʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʟʘ 11.02.2017 (ʩʝʢʮʠʠ bp ʠ sc) ʝ 

ʧʦʢʘʟʘʥʦ ʌʠʛ. 4. ɼʝʙʠʪʲʪ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʦʜʘʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʚʲʟʜʫʭ ʧʦ ʯʘʩʦʚʝ ʩʘ 
ʜʘʜʝʥʠ ʥʘ ʌʠʛ. 5, ʘ ʩʨʝʜʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʝʥʘʪʘ ʠ ʫʩʚʦʝʥʘʪʘ  ʪʦʧʣʠʥʘ ï ʥʘ ʌʠʛ. 6. 
ɿʘʙʝʣʷʟʚʘʪ ʩʝ ʧʦ-ʚʠʩʦʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʥʘ ʩʪʝʥʘʪʘ ʩʲʩ ʩʝʣʝʢʪʠʚʥʦ ʧʦʢʨʠʪʠʝ, 
ʦʩʦʙʝʥʦ ʧʨʠ ʠʥʪʝʥʟʠʚʥʦ ʩʣʲʥʯʝʚʦ ʛʨʝʝʥʝ, ʢʘʢʪʦ ʠ ʧʦ-ʙʲʨʟʦʪʦ ʠʟʩʪʠʚʘʥʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʡ, 
ʜʲʣʞʘʱʦ ʩʝ ʥʘ ʪʝʨʤʠʯʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʜʫ ʩʝʣʝʢʪʠʚʥʦʪʦ ʧʦʢʨʠʪʠʝ ʠ 
ʘʢʫʤʫʣʘʮʠʦʥʥʘʪʘ ʪʫʭʣʝʥʘ ʩʪʝʥʘ.  
ɼʝʙʠʪʠʪʝ ʠ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʥʘ ʧʦʜʘʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʚʲʟʜʫʭ ʟʘ sc ʩʝʢʮʠʠʷʪʘ ʩʘ ʧʦ-

ʚʠʩʦʢʠ ʦʪ ʪʝʟʠ bp ʩʲʦʪʚʝʪʥʦ ʩ ʜʦ 12% ʠ ʜʦ 10%. ʇʨʠ ʩʨʝʜʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʝʥʘʪʘ ʪʦʚʘ 
ʧʦʚʠʰʝʥʠʝ ʝ 22%. ɿʘʙʝʣʷʚʘ ʩʝ ʦʪʯʝʪʣʠʚʘʪʘ ʢʦʨʝʣʘʮʠʷ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʩʪʝʥʘʪʘ, 
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʦʜʘʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʚʲʟʜʫʭ ʠ ʫʩʚʦʝʥʘʪʘ ʩʣʲʥʯʝʚʘ ʪʦʧʣʠʥʘ.  

 

 
ʌʠʛ. 4 ʊʝʤʧʝʨʘʪʫʨʥʦ ʧʦʣʝ ʥʘ ʩʪʝʥʘʪʘ ʟʘ 11.02.2017 

 

 
ʌʠʛ. 5 ɼʝʙʠʪ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʜʘʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʚʲʟʜʫʭ 

 

 
ʌʠʛ. 6 ʉʨʝʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʝʥʘʪʘ ʠ ʫʩʚʦʝʥʘ ʪʦʧʣʠʥʘ 
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ʈʝʟʫʣʪʘʪʠ ʧʨʠ ʨʝʞʠʤ ʥʘ ʝʩʪʝʩʪʚʝʥʘ ʚʝʥʪʠʣʘʮʠʷ ʟʘ ʧʝʨʠʦʜʘ 12-20.02.2017 
ɺ ʪʦʟʠ ʧʝʨʠʦʜ ʩʲʱʦ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʦ-ʚʠʩʦʢʠ ʜʝʙʠʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʜʘʚʘʥʠʷ ʚ 

ʧʦʤʝʱʝʥʠʝʪʦ ʚʲʟʜʫʭ ʟʘ sc ʩʝʢʮʠʠʷʪʘ ʦʪ ʪʝʟʠ ʟʘ bp ï ʩʲʦʪʚʝʪʥʦ ʩ ʜʦ 30% ʠ ʜʦ 11% (ʌʠʛ. 7). 
ʅʘ ʌʠʛ. 8 ʩʘ ʧʦʢʘʟʘʥʠ ʪʦʧʣʠʥʥʠʪʝ ʧʝʯʘʣʙʠ ʦʪ ʩʣʲʥʯʝʚʦ ʛʨʝʝʥʝ (ʟʘ ʟʘʛʨʷʚʘʥʝ ʥʘ ʧʦʜʘʚʘʥʠʷ 
ʚʲʟʜʫʭ) ʟʘ ʜʚʝʪʝ ʩʝʢʮʠʠ, ʢʦʠʪʦ ʩʘ ʩʲʧʦʩʪʘʚʝʥʠ ʩ ʠʟʤʝʨʚʘʥʠʷʪʘ ʟʘ ʧʘʜʥʘʣʘʪʘ ʧʲʣʥʘ 
ʩʣʲʥʯʝʚʘ ʨʘʜʠʘʮʠʷ ʚʲʨʭʫ ʩʪʝʥʘʪʘ ʥʘ ʊʨʦʤʙ.     

 

 
ʌʠʛ. 7 ɼʝʙʠʪ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ 

 

 
ʌʠʛ. 8 ʊʦʧʣʠʥʥʠ ʧʝʯʘʣʙʠ ʦʪ ʩʣʲʥʯʝʚʦ ʛʨʝʝʥʝ ʟʘ ʟʘʛʨʷʚʘʥʝ ʥʘ ʧʦʜʘʚʘʥʠʷ ʚʲʟʜʫʭ 

 
ʈʝʟʫʣʪʘʪʠ ʧʨʠ ʨʝʞʠʤ ʥʘ ʝʩʪʝʩʪʚʝʥʘ ʚʝʥʪʠʣʘʮʠʷ ʟʘ ʧʝʨʠʦʜʘ 20-27.02.2017 
ʊʝʤʧʝʨʘʪʫʨʥʦʪʦ ʧʦʣʝ ʥʘ ʩʪʝʥʘʪʘ ʟʘ 22.02.2017 (ʩʝʢʮʠʠ bp ʠ sc) ʝ ʧʦʢʘʟʘʥʦ ʌʠʛ. 9. 

ɼʝʙʠʪʲʪ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʦʜʘʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʚʲʟʜʫʭ ʧʦ ʯʘʩʦʚʝ ʩʘ ʜʘʜʝʥʠ ʥʘ ʌʠʛ. 
10, ʘ ʩʨʝʜʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʝʥʘʪʘ ʠ ʫʩʚʦʝʥʘʪʘ  ʪʦʧʣʠʥʘ ï ʥʘ ʌʠʛ. 11. ɺ ʪʦʟʠ ʧʝʨʠʦʜ 
ʩʲʱʦ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʦ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʥʘ ʩʪʝʥʘʪʘ ʟʘ sc ʩʝʢʮʠʠʷʪʘ, 
ʦʩʦʙʝʥʦ ʧʨʠ ʠʥʪʝʥʟʠʚʥʦ ʩʣʲʥʯʝʚʦ ʛʨʝʝʥʝ, ʢʘʢʪʦ ʠ ʧʦ-ʙʲʨʟʦ ʠʟʩʪʠʚʘʥʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʡ. 
ɼʝʙʠʪʠʪʝ ʠ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʥʘ ʧʦʜʘʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʚʲʟʜʫʭ ʩʘ ʧʦ-ʚʠʩʦʢʠ ʟʘ sc 

ʩʝʢʮʠʠʷʪʘ, ʩʲʦʪʚʝʪʥʦ ʩ ʜʦ 24% ʠ ʜʦ 8%. ɿʘʙʝʣʷʚʘ ʩʝ ʦʪʯʝʪʣʠʚʘ ʢʦʨʝʣʘʮʠʷ ʤʝʞʜʫ 
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʩʪʝʥʘʪʘ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʦʜʘʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʚʲʟʜʫʭ ʠ ʫʩʚʦʝʥʘʪʘ 
ʩʣʲʥʯʝʚʘ ʪʦʧʣʠʥʘ, ʢʦʷʪʦ ʟʘ sc ʩʝʢʮʠʷʪʘ ʧʨʝʚʠʰʘʚʘ ʪʘʟʠ ʟʘ bp ʩʝʢʮʠʷʪʘ ʩ ʜʦ 40%. ʅʘ ʙʘʟʘʪʘ 
ʥʘ ʠʟʤʝʨʚʘʥʠʷʪʘ ʝ ʠʟʯʠʩʣʝʥʘ ʩʨʝʜʥʘʪʘ ʪʝʨʤʠʯʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʟʘ ʚʩʝʢʠ ʝʜʠʥ ʦʪ ʪʨʠʪʝ 
ʧʝʨʠʦʜʘ ï ʊʘʙʣ. 3. 

 






















































































































































































