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ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 

çʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ 

ʽʤʝʥʽ ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆè 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ 

(ʧʦʚʥʘ ʥʘʟʚʘ ʽʥʩʪʠʪʫʪʫ) 

ʂʘʬʝʜʨʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 

(ʧʦʚʥʘ ʥʘʟʚʘ ʢʘʬʝʜʨʠ) 

 

çʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫè 

ʋɼʂ 658:620.9 

çɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦè 

ʟʘʚʽʜʫʚʘʯ  ʢʘʬʝʜʨʠ 

________ ʆʣʝʥʘ ɹʆʈʀʏɽʅʂʆ 

ç16è ʛʨʫʜʥʷ 2024 ʨ. 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ 

ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 141 çɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘè 

ʦʩʚʽʪʥʷ ʧʨʦʛʨʘʤʘ ʉʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛʽʻʶ 

ʥʘ ʪʝʤʫ: çɼʦʩʣʽʜʞʝʥʥʷ ʧʘʢʝʪʫ ʟʘʭʦʜʽʚ ʧʨʦʚʘʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʩʪʘʥʮʽʾ ʚ ʦʩʚʽʪʥʴʦʤʫ 

ʟʘʢʣʘʜè̔ 

ɺʠʢʦʥʘʚ: ʩʪʫʜʝʥʪ ɯɯ ʢʫʨʩʫ, ʛʨʫʧʠ ɻɽ-ʟ31ʤʧ 

ʂʦʰʘʣʢʦ ʄʘʢʩʠʤ ʖʨʽʡʦʚʠʯ   __________ 
(ʧʨʽʟʚʠʱʝ, ʽʤôʷ ʧʦ ʙʘʪʴʢʦʚʽ)      (ʧʽʜʧʠʩ) 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ  _ ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʇʨʦʢʦʧʝʥʢʦ ɺ.ɺ._______   __________ 

(ʧʦʩʘʜʘ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʧʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ)        (ʧʽʜʧʠʩ) 

ʅʦʨʤʦʢʦʥʪʨʦʣʴ         ʧʨʦʚʽʜʥʠʡ ʽʥʞʝʥʝʨ ʇʨʦʢʦʧʝʥʢʦ ɯ.ɼ.         __________ 

(ʧʦʩʘʜʘ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʧʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ)      (ʧʽʜʧʠʩ) 

ʈʝʮʝʥʟʝʥʪ ____ʢ.ʪ.ʥ., ʜʦʮʝʥʪ _________________________    __________ 
(ʧʦʩʘʜʘ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʧʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ)      (ʧʽʜʧʠʩ) 

 

ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʽʡ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʜʠʩʝʨʪʘʮʽʾ 

ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʙʝʟ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ. 

ʉʪʫʜʝʥʪ _____________ 
 

 

 

 

 

 
 

ʂʠʾʚ ï 2024 ʨʦʢʫ  
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ɯʥʩʪʠʪʫʪ/ʬʘʢʫʣʴʪʝʪ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ 
ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ.  

ʂʘʬʝʜʨʘ  ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 
(ʧʦʚʥʘ ʥʘʟʚʘ) 

ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ï ʜʨʫʛʠʡ (ʤʘʛʽʩʪʝʨʩʴʢʠʡ) ʟʘ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʦʶ 
ʧʨʦʛʨʘʤʦʶ 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ 141 çɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘè 

ʆʩʚʽʪʥʷ ʧʨʦʛʨʘʤʘ çʉʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛʽʻʶè 

 

 

ɿʘʚʽʜʫʚʘʯ  ʢʘʬʝʜʨʠ 

_______ʆʣʝʥʘ ɹʆʈʀʏɽʅʂʆ 

ç___è___________2024 ʨ. 

ɿɸɺɼɸʅʅʗ 

ʥʘ ʤʘʛʽʩʪʝʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʩʪʫʜʝʥʪʫ 

_____________ʂʦʰʘʣʢʦ ʄʘʢʩʠʤ ʖʨʽʡʦʚʠʯ_____________ 
(ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ) 

1. ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ: çɼʦʩʣʽʜʞʝʥʥʷ ʧʘʢʝʪʫ ʟʘʭʦʜʽʚ ʧʨʦʚʘʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʩʪʘʥʮʽʾ ʚ 

ʦʩʚʽʪʥʴʦʤʫ ʟʘʢʣʘʜè̔ 
ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʇʨʦʢʦʧʝʥʢʦ ɺ.ɺ., 

(ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ) 

ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʧʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ 08 ʣʠʩʪʦʧʘʜʘ 2024 ʨ. ˉ5008-ʩ 

 

2. ʉʪʨʦʢ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʜʠʩʝʨʪʘʮʽʾ   13 ʛʨʫʜʥʷ 2024 ʨʦʢʫ_ 

3. ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʛʦ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ. 

4. ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ h ʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

5. ʇʝʨʝʣʽʢ ʟʘʚʜʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ:  

1. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʽ ʟʘʩʘʜʠ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ; 

2. ɿʘʧʨʦʧʦʥʫʚʘʪʠ ʧʘʢʝʪ ʟʘʭʦʜʽʚ ʧʨʦʚʘʜʞʝʥʥʷ ʛʽʙʨʽʜʥʦʾ ʩʦʥʷʯʥʦʾ ʤʽʥʽ-

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʣʷ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ; 
3. ʈʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʦʢʫ ʪʘ ʚʠʙʽʨʫ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʩʦʥʷʯʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ; 

4. ʈʦʟʨʦʙʠʪʠ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʤʽʥʽ-ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʣʷ 

ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ. 

6. ʇʝʨʝʣʽʢ ʛʨʘʬʽʯʥʦʛʦ (ʽʣʶʩʪʨʘʪʠʚʥʦʛʦ) ʤʘʪʝʨʽʘʣʫ: ʧʨʝʟʝʥʪʘʮʽʷ. 

7. ʆʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʧʫʙʣʽʢʘʮʽʡ ______________________________________ 

 ________________________________________________________________ 
8. ʂʦʥʩʫʣʴʪʘʥʪʠ ʨʦʟʜʽʣʽʚ ʜʠʩʝʨʪʘʮʽʾ  
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ʅʦʨʤʦʢʦʥʪʨʦʣʴ - ʇʨʦʢʦʧʝʥʢʦ ɯ.ɼ. 

9. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ  30 ʞʦʚʪʥʷ 2024 ʨʦʢʫ 
 

ʂʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ 
 

 ̄

ʟ/ʧ 

ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ 

ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 

ʉʪʨʦʢ ʚʠʢʦʥʘʥʥʷ 

ʝʪʘʧʽʚ ʄɼ 
ʇʨʠʤʽʪʢʘ 

1. ʆʪʨʠʤʘʥʥʷ ʟʘʚʜʘʥʥʷ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʧʠʪʘʥʴ. 01.11.24 - 05.11.24 ʚʠʢʦʥʘʥʦ 

2. 
ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʽ ʟʘʩʘʜʠ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 
06.11.24 - 13.11.24 ʚʠʢʦʥʘʥʦ 

3. 

ɿʘʧʨʦʧʦʥʫʚʘʪʠ ʧʘʢʝʪ ʟʘʭʦʜʽʚ ʧʨʦʚʘʜʞʝʥʥʷ 

ʛʽʙʨʽʜʥʦʾ ʩʦʥʷʯʥʦʾ ʤʽʥʽ-ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʣʷ 

ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ. 

13.11.24 - 16.11.24 ʚʠʢʦʥʘʥʦ 

4. 
ʈʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʦʢʫ ʪʘ ʚʠʙʽʨʫ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. 
17.11.24 - 25.11.24 ʚʠʢʦʥʘʥʦ 

5. 
ʈʦʟʨʦʙʠʪʠ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ 

ʤʽʥʽ-ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʣʷ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ. 
26.11.24 - 29.11.24 ʚʠʢʦʥʘʥʦ 

6. ʇʽʜʛʦʪʦʚʢʘ ʧʨʝʟʝʥʪʘʮʽʾ. 29.11.24 ï 01.12.24 ʚʠʢʦʥʘʥʦ 

7. ʆʬʦʨʤʣʝʥʥʷ ʜʠʩʝʨʪʘʮʽʾ. 01.12.24-09.12.24 ʚʠʢʦʥʘʥʦ 

8. ʆʬʦʨʤʣʝʥʥʷ ʧʨʝʟʝʥʪʘʮʽʾ. 09.11.24-14.12.24 ʚʠʢʦʥʘʥʦ 

9. ʇʨʦʭʦʜʞʝʥʥʷ ʥʦʨʤʘʢʦʥʪʨʦʣʶ. 14.11.2024 ʟʘʧʣʘʥʦʚʘʥʦ 

10. ɿʘʭʠʩʪ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ. 16.12.2024 ʟʘʧʣʘʥʦʚʘʥʦ 

 

 

ʉʪʫʜʝʥʪ    ___________  ʂʦʰʘʣʢʦ ʄʘʢʩʠʤ ʖʨʽʡʦʚʠʯ 
    (ʧʽʜʧʠʩ)     (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ ___________   ʇʨʦʢʦʧʝʥʢʦ ɺ.ɺ. 
    (ʧʽʜʧʠʩ)     (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 
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ʈɽʌɽʈɸʊ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ï ʷʢ ʚʽʜʦʤʦ ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ ʩʪʘʻ ʚʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ 

ʯʝʨʝʟ ʟʨʦʩʪʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʦʙʤʝʞʝʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. ʉʦʥʮʝ ʧʦʩʪʽʡʥʦ 

ʚʠʧʨʦʤʽʥʶʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ, ʷʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʠʢʠ ʪʘ ʪʝʧʣʘ. ɺʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ, ʪʘʢʽ ʷʢ ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ, ʻ ʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʠʤʠ ʽ ʩʪʽʡʢʠʤʠ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʨʦʙʣʝʤ. 

ʉʠʩʪʝʤʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʨʠʚʘʪʥʦʛʦ ʙʫʜʠʥʢʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʦʥʷʯʥʫ ʝʥʝʨʛʽʶ, ʻ ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ. ɺʦʥʘ ʧʦʻʜʥʫʻ ʩʦʥʷʯʥʽ 

ʧʘʥʝʣʽ ʜʣʷ ʟʙʦʨʫ ʝʥʝʨʛʽʾ ʪʘ ʘʢʫʤʫʣʷʪʦʨʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ ʝʥʝʨʛʽʾ. 
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ʧʦʩʪʘʯʘʥʥʷ ʝʥʝʨʛʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʜʦʧʦʤʘʛʘʻ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʨʦʙʠʪʴ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʩʪʽʡʢʠʤ ʽ 

ʥʝʟʘʣʝʞʥʠʤ. 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ. ʅʘʙʫʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʦʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 
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ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ, ʷʢʘ ʤʽʩʪʠʪʴ 

ʚʩʪʫʧ, 6 ʦʩʥʦʚʥʠʭ ʨʦʟʜʽʣʽʚ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ, 45 ʤʘʣʶʥʢʽʚ, 47 ʪʘʙʣʠʮʴ. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʩʢʣʘʜʘʻ 100 ʩʪʦʨʽʥʦʢ. ɼʦʜʘʪʢʠ ʚ ʢʽʣʴʢʦʩʪʽ ï 7 ʪʘ ʧʨʝʟʝʥʪʘʮʽʡʥʠʡ 

ʤʘʪʝʨʽʘʣ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʥʝʨʛʦʤʦʥʽʪʦʨʠʥʛ, ʦʙʩʪʝʞʝʥʥʷ, ʝʥʝʨʛʽʷ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, ʢʦʣʝʢʪʦʨʠ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʫʩʪʘʪʢʫʚʘʥʥʷ. 
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SUMMARY  

Relevance - solar energy is becoming an important source of energy due to increasing 

consumption and limited natural resources. The sun constantly emits large amounts of 

energy that can be used to produce electricity and heat. Renewable sources, such as solar 

energy, are environmentally friendly and sustainable, which makes them promising for 

solving energy problems. 

A combined energy supply system for a private house using solar energy is an 

effective solution. It combines solar panels to collect energy and batteries to store excess 

energy. 

This approach helps reduce electricity costs and ensures a stable energy supply. The 

use of solar energy helps to reduce the negative impact on the environment and makes the 

energy supply more sustainable and independent. 

The object of research is the process of converting the energy of solar radiation for 

the energy supply of an educational institution. 

The subject of the research is the parameters of the system of combined energy 

supply of the educational institution by using the energy of solar radiation. 

Scientific novelty. Acquired further development by the method of energy provision 

of the needs of educational facilities due to the extraction of solar radiation energy, taking 

into account the climatic conditions of the located object 

The master's thesis consists of an explanatory note, which contains an introduction, 6 

main chapters, a list of used sources, 45 figures, 47 tables. The total volume is 100 pages. 

There are 7 attachments and presentation material. 

Key words: energy monitoring, survey, energy, energy efficiency, solar panels, 

collectors, energy efficiency, environmental friendliness, equipment. 
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ʇɽʈɽʃɯʂ ʉʂʆʈʆʏɽʅʔ 

ʉɽʉ ï ʩʦʥʷʯʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ; 

ʌʄ ï ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʡ ʤʦʜʫʣʴ; 

ʉʈ ï ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ; 

ʂʂɼ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ; 

ʂɿ ï ʢʦʨʦʪʢʝ ʟʘʤʠʢʘʥʥʷ; 

ʊɽʅ ï ʪʨʫʙʯʘʩʪʠʡ ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯ; 

ɻɺʇ ï ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʦʯʘʥʥʷ; 

ʋʉɻɺ ï ʫʩʪʘʥʦʚʢʘ ʩʦʥʷʯʥʦʛʦ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ; 

ʉʂ ï ʩʦʥʷʯʥʠʡ ʢʦʣʝʢʪʦʨ. 

ɼɹʅ ï ɼʝʨʞʘʚʥʽ ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ; 

ɼʉʊʋ - ɼʝʨʞʘʚʥʘ ʩʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʋʢʨʘʾʥʠ; 

ɽɽ ï ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ; 

ɿɽɿ ï ʟʘʭʦʜʠ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ; 

ɿʭ ï ʟʘʭʽʜ; 

ɯʊʇ ï ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʧʫʥʢʪ; 

ʂʂɼ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ; 

ʄʇ ï ʤʝʪʘʣʦʧʣʘʩʪʠʢ; 

ʆʇ ï ʦʧʘʣʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ; 

ʆʉɺ ï ʦʜʠʥʠʮʷ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ; 

ʇʜ ï ʧʽʚʜʝʥʴ; 

ʇɼɺ - ʧʦʜʘʪʦʢ ʥʘ ʜʦʜʘʥʫ ʚʘʨʪʽʩʪʴ; 

ʇɽʈ ï ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ; 
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ɺʉʊʋʇ 

ʉʦʥʷʯʥʘ ʝʥʝʨʛʽʷ ʩʪʘʻ ʚʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʯʝʨʝʟ ʟʨʦʩʪʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʪʘ ʦʙʤʝʞʝʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. ʉʦʥʮʝ ʧʦʩʪʽʡʥʦ ʚʠʧʨʦʤʽʥʶʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʝʥʝʨʛʽʾ, ʷʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʢʠ ʪʘ ʪʝʧʣʘ. 

ɺʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ, ʪʘʢʽ ʷʢ ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ, ʻ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ ʽ ʩʪʽʡʢʠʤʠ, ʱʦ 

ʨʦʙʠʪʴ ʾʭ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʙʣʝʤ. ʉʠʩʪʝʤʘ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʨʠʚʘʪʥʦʛʦ ʙʫʜʠʥʢʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʩʦʥʷʯʥʫ ʝʥʝʨʛʽʶ, ʻ ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ. ɺʦʥʘ ʧʦʻʜʥʫʻ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʜʣʷ ʟʙʦʨʫ 

ʝʥʝʨʛʽʾ ʪʘ ʘʢʫʤʫʣʷʪʦʨʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ ʝʥʝʨʛʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ: 

- ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʥʝʨʛʽʶ ʩʦʥʮʷ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦ. 

- ɿʘʙʝʟʧʝʯʫʚʘʪʠ ʝʣʝʢʪʨʠʢʫ ʜʣʷ ʙʫʜʠʥʢʫ ʙʝʟ ʧʦʩʪʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʝʣʝʢʪʨʦʤʝʨʝʞ. 

- ɿʥʠʞʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʝʥʝʨʛʽʶ. 

- ʇʽʜʚʠʱʫʚʘʪʠ ʘʚʪʦʥʦʤʥʽʩʪʴ ʙʫʜʠʥʢʫ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʠʪʨʘʪ ʥʘ ʝʣʝʢʪʨʠʢʫ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʝ 

ʧʦʩʪʘʯʘʥʥʷ ʝʥʝʨʛʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʜʦʧʦʤʘʛʘʻ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʨʦʙʠʪʴ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʩʪʽʡʢʠʤ ʽ 

ʥʝʟʘʣʝʞʥʠʤ. 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ. ʅʘʙʫʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʦʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚʢʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʨʦʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʦʙôʻʢʪʘ 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ, ʷʢʘ ʤʽʩʪʠʪʴ 

ʚʩʪʫʧ, 6 ʦʩʥʦʚʥʠʭ ʨʦʟʜʽʣʽʚ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ, 45 ʤʘʣʶʥʢʽʚ, 47 ʪʘʙʣʠʮʴ. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʩʢʣʘʜʘʻ 100 ʩʪʦʨʽʥʦʢ. ɼʦʜʘʪʢʠ ʚ ʢʽʣʴʢʦʩʪʽ ï 7 ʪʘ ʧʨʝʟʝʥʪʘʮʽʡʥʠʡ 

ʤʘʪʝʨʽʘʣ. 
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1. ʉʋʏɸʉʅɯ ɿɸʉɸɼʀ ɽʅɽʈɻʆɿɹɽʈɯɻɸʖʏʀʍ ʊɽʍʅʆʃʆɻɯʁ 

1.1. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ, ʥʘ ʧʦʯʘʪʢʫ XXI ʩʪʦʣʽʪʪʷ ʝʥʝʨʛʝʪʠʯʥʘ ʙʝʟʧʝʢʘ ʪʘ 

ʝʢʦʣʦʛʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʪʘʶʪʴ ʦʩʥʦʚʥʠʤʠ ʚʠʢʣʠʢʘʤʠ ʜʣʷ ʩʚʽʪʦʚʦʾ ʩʧʽʣʴʥʦʪʠ. 

ʉʫʯʘʩʥʠʡ ʩʚʽʪ ʩʪʠʢʘʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʧʦʧʠʪʫ ʥʘ ʝʥʝʨʛʽʶ, ʱʦ ʟʫʤʦʚʣʝʥʦ 

ʷʢ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʝʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ, ʪʘʢ ʽ ʨʦʟʚʠʪʢʦʤ ʽʥʜʫʩʪʨʽʾ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ 

ʄʽʞʥʘʨʦʜʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ (IEA), ʜʦ 2040 ʨʦʢʫ ʛʣʦʙʘʣʴʥʠʡ ʧʦʧʠʪ ʥʘ 

ʝʥʝʨʛʽʶ ʟʙʽʣʴʰʠʪʴʩʷ ʥʘ 30%, ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ, ʟʜʘʪʥʠʭ ʟʘʜʦʚʦʣʴʥʠʪʠ ʮʝʡ ʧʦʧʠʪ. ʉʦʥʷʯʥʘ ʝʥʝʨʛʽʷ, ʷʢ ʦʜʥʝ ʟ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʞʝʨʝʣ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ, ʤʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʫ ʚʠʨʽʰʝʥʥʽ 

ʮʠʭ ʧʨʦʙʣʝʤ. ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ SolarPower Europe, ʟʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ 

ʩʚʽʪʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʠʭ ʩʦʥʷʯʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʟʨʦʩʣʘ ʙʽʣʴʰʝ 

ʥʽʞ ʫ ʜʝʩʷʪʴ ʨʘʟʽʚ, ʜʦʩʷʛʥʫʚʰʠ 629 ɻɺʪ ʫ 2023 ʨʦʮʽ [5]. 

 

ʈʠʩʫʥʦʢ 1.1. ï ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ SolarPower Europe [2]. 

ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʰʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʨʦʩʪʘʶʯʠʡ ʽʥʪʝʨʝʩ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ. ɻʦʣʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʻ ʾʾ 

ʝʢʦʣʦʛʽʯʥʘ ʯʠʩʪʦʪʘ, ʥʝʚʠʯʝʨʧʥʽʩʪʴ ʽ ʜʦʩʪʫʧʥʽʩʪʴ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʚʫʛʽʣʣʷ ʪʘ ʥʘʬʪʘ, ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ ʥʝ ʚʠʨʦʙʣʷʻ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ 

ʛʘʟʽʚ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʫ ʙʦʨʦʪʴʙʽ ʟ ʢʣʽʤʘʪʠʯʥʠʤʠ ʟʤʽʥʘʤʠ [2]. 

ʉʦʥʷʯʥʘ ʝʥʝʨʛʽʷ, ʢʨʽʤ ʪʦʛʦ, ʜʦʩʪʫʧʥʘ ʚ ʙʽʣʴʰʦʩʪʽ ʨʝʛʽʦʥʽʚ ʩʚʽʪʫ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʤʽʩʮʷʭ, ʜʝ ʻ ʩʦʥʷʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʇʨʦʪʝ, ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʠʢʘʻʪʴʩʷ ʟ ʨʷʜʦʤ ʪʝʭʥʽʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʪʨʫʜʥʦʱʽʚ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʻ ʟʤʽʥʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʜʦʙʠ, ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʽ ʩʝʟʦʥʫ. ʎʝ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ 

ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʝ ʧʦʩʪʘʯʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘʚʽʪʴ ʫ 
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ʧʝʨʽʦʜʠ ʥʠʟʴʢʦʾ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ [6]. 

 

ʈʠʩʫʥʦʢ 1.2. ï ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʧʦʪʝʥʮʽʘʣ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ [7]. 

ʉʫʯʘʩʥʽ ʘʢʫʤʫʣʷʪʦʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʻʤʥʽʩʪʴ ʽ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ, ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʦʥʷʯʥʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ. ɯʥʰʠʤ 

ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʟʥʘʯʥʽ ʧʦʯʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ [3]. 

 

ʈʠʩʫʥʦʢ 1.3. ï ɼʠʥʘʤʽʢʘ ʦʙʩʷʛʫ ʽʥʚʝʩʪʠʮʽʡ ʫ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʟʘ 

ʨʝʛʽʦʥʘʤʠ ʩʚʽʪʫ ʫ 2020ï2030 ʨʨ. (ʤʣʨʜ. ʻʚʨʦ) [8]. 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

(IRENA), ʚʘʨʪʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʜʥʦʛʦ ɺʘʪʪʘ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʫ 2020 ʨʦʮʽ 

ʚʘʨʽʶʚʘʣʘʩʴ ʚʽʜ 0,8 ʜʦ 1,2 ʜʦʣʘʨʽʚ ʉʐɸ, ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʚʘʨʪʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʆʜʥʘʢ ʟʘʚʜʷʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʦʟʚʠʪʢʫ ʪʘ ʟʥʠʞʝʥʥʶ ʚʘʨʪʦʩʪʽ 



12 

ʤʘʪʝʨʽʘʣʽʚ, ʮʽʥʠ ʥʘ ʩʦʥʷʯʥʽ ʩʠʩʪʝʤʠ ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʶʪʴʩʷ. ʊʘʢ, ʟʘ ʦʩʪʘʥʥʻ 

ʜʝʩʷʪʠʣʽʪʪʷ ʚʘʨʪʽʩʪʴ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ ʟʤʝʥʰʠʣʘʩʴ ʥʘ 82%, ʱʦ ʨʦʙʠʪʴ ʾʭ 

ʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, 

ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʧʦʩʪʽʡʥʦ ʧʦʢʨʘʱʫʻʪʴʩʷ. ɿʘ ʜʘʥʠʤʠ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ʣʘʙʦʨʘʪʦʨʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʉʐɸ (NREL), ʩʝʨʝʜʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʢʦʤʝʨʮʽʡʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʟʨʦʩʣʘ ʟ 15% ʫ 2010 ʨʦʮʽ ʜʦ 20% ʫ 2023 ʨʦʮʽ. 

 

ʈʠʩʫʥʦʢ 1.4. ï ʏʘʩʪʢʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚʠʨʦʙʣʝʥʦʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ [9]. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝ ʩʢʘʟʘʥʝ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʩʫʯʘʩʥʽ ʧʘʥʝʣʽ ʟʜʘʪʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʝʣʝʢʪʨʠʯʥʫ, ʱʦ ʧʽʜʚʠʱʫʻ ʾʭ 

ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʆʢʨʽʤ ʪʝʭʥʽʯʥʠʭ ʘʩʧʝʢʪʽʚ, ʟʥʘʯʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʪʘʢʦʞ 

ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʧʦʣʽʪʠʯʥʽ ʯʠʥʥʠʢʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʚʠʪʦʢ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

ɼʝʨʞʘʚʥʘ ʧʽʜʪʨʠʤʢʘ ʫ ʚʠʛʣʷʜʽ ʩʫʙʩʠʜʽʡ, ʧʦʜʘʪʢʦʚʠʭ ʧʽʣʴʛ ʪʘ ʽʥʰʠʭ ʩʪʠʤʫʣʽʚ ʤʘʻ 

ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʨʠʩʢʦʨʝʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʦʥʷʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ [7]. 

 

ʈʠʩʫʥʦʢ 1.5. ï ʉʧʝʢʪʨ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ [6]. 

 

ʋ ʨʷʜʽ ʢʨʘʾʥ, ʪʘʢʠʭ ʷʢ ʅʽʤʝʯʯʠʥʘ, ʂʠʪʘʡ ʽ ʉʐɸ, ʫʨʷʜʠ ʘʢʪʠʚʥʦ ʩʧʨʠʷʶʪʴ 
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ʨʦʟʚʠʪʢʫ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʧʨʦʛʨʝʩʦʤ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʦʟʚʠʪʢʫ ʪʘ 

ʟʨʦʩʪʘʶʯʦʶ ʜʦʩʪʫʧʥʽʩʪʶ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ [3].ʧʦʜʦʣʘʪʠ ʥʠʟʢʫ ʪʝʭʥʽʯʥʠʭ ʽ 

ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʚʘʨʽʘʪʠʚʥʽʩʪʶ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʚʠʩʦʢʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʧʠʪʘʥʥʷ ʽʥʪʝʛʨʘʮʽʾ 

ʩʦʥ̫ʯʥʠʭ ʩʠʩʪʝʤ ʚ ʟʘʛʘʣʴʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʤʝʨʝʞʽ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʦʙʣʝʥʦʾ ʝʥʝʨʛʽʾ. 

ɯʥʪʝʛʨʘʮʽʷ ʚ ʤʝʨʝʞʫ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ, 

ʟʦʢʨʝʤʘ ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ. ɿʛʽʜʥʦ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʦʧʫʙʣʽʢʦʚʘʥʠʤʠ ʚ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʘʭ, ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʚʠʢʣʠʢʽʚ ʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʤʽʞ ʚʠʨʦʙʥʠʮʪʚʦʤ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʾʾ ʧʦʧʠʪʦʤ [4]. 

 

ʈʠʩʫʥʦʢ 1.6. ï ɼʦʙʦʚʠʡ ʛʨʘʬʽʢ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 15.05.2022 ʨʦʢʫ [9]. 

ʂʨʽʤ ʪʦʛʦ, ʚʝʣʠʢʘ ʫʚʘʛʘ ʪʘʢʦʞ ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʩʤʘʨʪ-ʤʝʨʝʞ 

(ʩʤʘʨʪ-ʛʨʠʜ), ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʽʥʪʝʛʨʫʚʘʪʠ ʨʽʟʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʚʢʣʶʯʘʶʯʠ ʩʦʥʷʯʥʫ, 

ʚ ʻʜʠʥʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʤʝʨʝʞʫ. ʉʠʩʪʝʤʠ ʩʤʘʨʪ-ʛʨʠʜ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷʤ, ʷʢʝ ʚʢʣʶʯʘʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ, 

ʦʧʪʠʤʽʟʘʮʽʶ ʾʾ ʨʦʟʧʦʜʽʣʫ ʪʘ ʟʙʝʨʽʛʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʪʨʘʪʠ 

ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ. ʅʘʧʨʠʢʣʘʜ, ʪʝʭʥʦʣʦʛʽʾ ʩʤʘʨʪ-ʛʨʠʜ 

ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʥʝʨʛʽʶ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʽʢʦʚʠʭ 

ʛʦʜʠʥ, ʟʙʝʨʽʛʘʶʯʠ ʾʾ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʝʨʽʦʜʠ ʥʠʟʴʢʦʾ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. 

ɽʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤʠ ʫ ʢʦʥʪʝʢʩʪʽ 
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ʩʫʯʘʩʥʠʭ ʚʠʢʣʠʢʽʚ. ɺʠʩʦʢʽ ʧʦʯʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʟʘʣʠʰʘʶʪʴʩʷ ʩʫʪʪʻʚʠʤ ʙʘʨ'ʻʨʦʤ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʩʧʦʞʠʚʘʯʽʚ. ʆʜʥʘʢ ʟʘʚʜʷʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʛʨʝʩʫ, ʮʽʥʠ ʥʘ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ 

ʧʦʩʪʽʡʥʦ ʟʥʠʞʫʶʪʴʩʷ. ɿʘ ʜʘʥʠʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ (IRENA), ʫ 2020 ʨʦʮʽ ʩʝʨʝʜʥʷ ʚʘʨʪʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʟʥʠʟʠʣʘʩʷ ʥʘ 13% ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤ ʨʦʢʦʤ [2]. 

ɿʦʢʨʝʤʘ ʮʝ ʥʘʤ ʚʢʘʟʫʻ ʥʘ ʧʦʟʠʪʠʚʥʫ ʜʠʥʘʤʽʢʫ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʩʦʥʷʯʥʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʤʘʩʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ. ɺʘʞʣʠʚʫ 

ʨʦʣʴ ʫ ʟʥʠʞʝʥʥʽ ʚʠʪʨʘʪ ʽ ʩʪʠʤʫʣʶʚʘʥʥʽ ʨʦʟʚʠʪʢʫ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚʽʜʽʛʨʘʻ 

ʜʝʨʞʘʚʥʘ ʧʽʜʪʨʠʤʢʘ. ɹʘʛʘʪʦ ʢʨʘʾʥ ʟʘʧʨʦʚʘʜʞʫʶʪʴ ʨʽʟʥʽ ʬʦʨʤʠ ʩʪʠʤʫʣʽʚ, ʪʘʢʽ ʷʢ 

ʩʫʙʩʠʜʽʾ, ʧʦʜʘʪʢʦʚʽ ʧʽʣʴʛʠ ʪʘ ʢʨʝʜʠʪʠ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ. ʅʘʧʨʠʢʣʘʜ, 

ʫ ʅʽʤʝʯʯʠʥʽ ʧʨʦʛʨʘʤʘ çEnergiewendeè ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʯʥʽ ʩʫʙʩʠʜʽʾ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʰʚʠʜʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ. 

 

ʈʠʩʫʥʦʢ 1.7. ï ʂʨʠʚʘ ʚʽʜʤʦʚ ʜʣʷ PV-ʫʩʪʘʥʦʚʢʠ (ɼʞʝʨʝʣʦ: IRENA - Boosting solar 

PV markets: The role of quality infrastructure, 2020 ʨ.) [11]. 

ʋ ʉʐɸ ʧʦʜʘʪʢʦʚʠʡ ʢʨʝʜʠʪ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʜʦʟʚʦʣʷʻ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘʤ ʽ ʙʽʟʥʝʩʘʤ ʦʪʨʠʤʘʪʠ ʜʦ 26% ʧʦʚʝʨʥʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ. ʆʪʞʝ, ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝ ʣʠʰʝ ʟʥʘʯʥʠʤ ʧʨʦʛʨʝʩʦʤ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʦʟʚʠʪʢʫ ʪʘ 

ʟʥʠʞʝʥʥʷʤ ʚʘʨʪʦʩʪʽ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ, ʘʣʝ ʡ ʧʨʦʙʣʝʤʘʤʠ, ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʽʥʪʝʛʨʘʮʽʻʶ 

ʚ ʝʥʝʨʛʝʪʠʯʥʽ ʤʝʨʝʞʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ 

ʧʦʰʠʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʧʠʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ 

ʝʥʝʨʛʽʾ, ʨʦʟʚʠʪʢʫ ʩʤʘʨʪ-ʛʨʠʜ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ [3]. 

1.2. ɸʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣ 
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ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʾ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ 

ʧʦʢʘʟʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʜʦʩʣʽʜʥʠʢʽʚ ʮʽʻʶ ʪʝʤʦʶ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ 

ʘʩʧʝʢʪʽʚ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ, ʚʠʜʽʣʷʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽʥʥʦʚʘʮʽʾ, 

ʝʢʦʥʦʤʽʯʥʽ ʤʦʜʝʣʽ ʪʘ ʧʨʦʙʣʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ ʫ ʟʘʛʘʣʴʥʽ ʝʥʝʨʛʝʪʠʯʥʽ 

ʤʝʨʝʞʽ. ʆʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɿʦʢʨʝʤʘ, ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʶ 

ʧʝʨʦʚʩʴʢʽʪʽʚ. ɿʘ ʜʘʥʠʤʠ ʅʘʮʽʦʥʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

ʉʐɸ (NREL), ʧʝʨʦʚʩʴʢʽʪʠ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʜʦ 30%, ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ 

ʢʨʝʤʥʽʻʚʠʭ ʧʘʥʝʣʝʡ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʙʣʠʟʴʢʦ 20%. 

 

ʈʠʩʫʥʦʢ 1.8. ï ʉʪʚʦʨʶʻʪʴʩʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʡ ʧʦʪʽʢ ʬʦʪʦʥʽʚ ʫ ʪʽʡ ʯʘʩʪʠʥʽ 

ʩʧʝʢʪʨʫ, ʷʢʫ ʢʨʝʤʥʽʡ ʤʦʞʝ ʜʦʙʨʝ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʥʘ ʝʣʝʢʪʨʠʢʫ [5]. 

ʅʘʫʢʦʚʽ ʧʫʙʣʽʢʘʮʽʾ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʦʚʩʴʢʽʪʽʚ ʤʦʞʝ ʩʪʘʪʠ 

ʨʝʚʦʣʶʮʽʡʥʠʤ ʢʨʦʢʦʤ ʫ ʧʽʜʚʠʱʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ. ɯʥʰʠʤ 

ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʽ 

ʩʠʩʪʝʤ ʾʭʥʴʦʛʦ ʢʨʽʧʣʝʥʥʷ [5]. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʚʦʩʪʦʨʦʥʥʽ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, ʷʢʽ ʤʦʞʫʪʴ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʥʘ 10-20% ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʽʜʙʠʪʦʛʦ ʩʚʽʪʣʘ, ʻ 

ʦʙ'ʻʢʪʦʤ ʯʠʩʣʝʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʢʨʽʤ ʪʦʛʦ, ʘʢʪʠʚʥʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʛʥʫʯʢʽ ʪʘ 

ʧʨʦʟʦʨʽ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʽʥʪʝʛʨʫʚʘʪʠ ʩʦʥʷʯʥʽ ʝʣʝʤʝʥʪʠ ʚ ʙʫʜʽʚʣʽ, 

ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʪʘ ʽʥʰʽ ʦʙ'ʻʢʪʠ, ʱʦ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʧʽʜʚʠʱʫʻ ʾʾ ʜʦʩʪʫʧʥʽʩʪʴ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ. ɺʝʣʠʢʫ ʯʘʩʪʠʥʫ 
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ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʟʘʡʤʘʶʪʴ ʧʠʪʘʥʥʷ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ 

ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ɽʬʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʘʢʫʤʫʣʷʮʽʾ 

ʝʥʝʨʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʟʙʝʨʽʛʘʪʠ ʾʾ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʝʨʽʦʜʠ ʥʠʟʴʢʦʾ ʩʦʥʷʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ. ʋ ʩʪʘʪʪʷʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʧʨʦʚʽʜʥʠʭ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʘʭ, 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ, ʚʢʣʶʯʘʶʯʠ ʣʽʪʽʡ-ʽʦʥʥʽ 

ʘʢʫʤʫʣʷʪʦʨʠ, ʛʽʜʨʦʘʢʫʤʫʣʶʶʯʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ ʥʦʚʽʪʥʽ ʜʦʩʷʛʥʝʥʥʷ ʫ ʩʬʝʨʽ 

ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ. ʃʽʪʽʡ-ʽʦʥʥʽ ʘʢʫʤʫʣʷʪʦʨʠ, ʥʘʧʨʠʢʣʘʜ, ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ 10-15 ʨʦʢʽʚ, ʧʨʠ ʮʴʦʤʫ ʾʭ ʚʘʨʪʽʩʪʴ 

ʟʥʠʟʠʣʘʩʴ ʥʘ 85% ʟʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ [4]. 

 

ʈʠʩʫʥʦʢ 1.9. ï ʈʦʟʨʷʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Panasonic NCR1865OB [6]. 

ʎʝ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ɯʥʪʝʛʨʘʮʽʷ ʩʦʥʷʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʫ ʟʘʛʘʣʴʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʤʝʨʝʞʽ ʻ ʱʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ 

ʘʩʧʝʢʪʦʤ, ʱʦ ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʚ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ. ʎʝ ʧʠʪʘʥʥʷ ʦʭʦʧʣʶʻ ʨʦʟʨʦʙʢʫ 

ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʙʘʣʘʥʩʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ. ɿʦʢʨʝʤʘ, ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ, 

ʱʦ ʩʤʘʨʪ-ʛʨʠʜ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʫ ʽʥʪʝʛʨʘʮʽʶ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, 

ʚʢʣʶʯʘʶʯʠ ʩʦʥʷʯʥʫ, ʚ ʻʜʠʥʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʤʝʨʝʞʫ. ʉʠʩʪʝʤʠ ʩʤʘʨʪ-ʛʨʠʜ 

ʘʚʪʦʤʘʪʠʟʫʶʪʴ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷʤ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ, ʦʧʪʠʤʽʟʘʮʽʶ ʾʾ ʨʦʟʧʦʜʽʣʫ ʪʘ ʟʙʝʨʽʛʘʥʥʷ. ɽʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ ʪʘʢʦʞ ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ. ɺʘʨʪʽʩʪʴ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʪʘ ʬʽʥʘʥʩʦʚʽ ʤʦʜʝʣʽ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʾʭʥʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ, ʻ ʧʨʝʜʤʝʪʦʤ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʙʘʛʘʪʴʦʭ ʧʫʙʣʽʢʘʮʽʷʭ. ʅʘʧʨʠʢʣʘʜ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʄʽʞʥʘʨʦʜʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (IRENA) 
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ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʘʨʪʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʜʥʦʛʦ ɺʘʪʪʘ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʫ 2020 ʨʦʮʽ 

ʢʦʣʠʚʘʣʘʩʴ ʚʽʜ 0,8 ʜʦ 1,2 ʜʦʣʘʨʽʚ ʉʐɸ, ʱʦ ʟʥʘʯʥʦ ʥʠʞʯʝ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤʠ 

ʨʦʢʘʤʠ, ʨʦʙʣʷʯʠ ʩʦʥʷʯʥʽ ʩʠʩʪʝʤʠ ʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤʠ [6]. 

ʆʮʽʥʢʘ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʪʘʢʦʞ 

ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ, ʷʢʘ ʤʦʞʝ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʾʭʥʻ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ. ɿʘʛʘʣʦʤ, ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʢʪʠʚʥʠʡ 

ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʟʨʦʩʪʘʶʯʫ ʫʚʘʛʫ ʜʦ ʝʢʦʥʦʤʽʯʥʠʭ ʽ 

ʽʥʪʝʛʨʘʮʽʡʥʠʭ ʘʩʧʝʢʪʽʚ. ʎʝ ʧʽʜʢʨʝʩʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʚʢʣʶʯʘʻ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʚ ʟʘʛʘʣʴʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʤʝʨʝʞʽ 

[2]. 

 

ʈʠʩʫʥʦʢ 1.10. ï ɺʩʪʘʥʦʚʣʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʉɽʉ) ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʠʤ ʨʽʰʝʥʥʷʤ [6]. 

1.3. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥ ̫

ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚʠʤʘʛʘʻ 

ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʛʘʨʘʥʪʫʶʪʴ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ 

ʽ ʝʢʦʥʦʤʽʯʥʫ ʚʠʛʽʜʥʽʩʪʴ. ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʤʦʤʝʥʪʽʚ ʻ ʚʠʙʽʨ ʪʠʧʫ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ 

ʧʘʥʝʣʝʡ. ʊʨʘʜʠʮʽʡʥʽ ʢʨʝʤʥʽʻʚʽ ʧʘʥʝʣʽ, ʷʢʽ ʥʘʨʘʟʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʙʣʠʟʴʢʦ 20% ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ. ʆʜʥʘʢ ʥʦʚʽ ʨʦʟʨʦʙʢʠ ʫ ʩʬʝʨʽ 

ʧʝʨʦʚʩʴʢʽʪʦʚʠʭ ʧʘʥʝʣʝʡ ʦʙʽʮʷʶʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦ 30%, ʱʦ ʤʦʞʝ 

ʽʩʪʦʪʥʦ ʧʦʢʨʘʱʠʪʠ ʟʘʛʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ [2]. 
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ʈʠʩʫʥʦʢ 1.11. ï ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʮʠʭ ʢʨʠʩʪʘʣʽʚ ʻ ʾʭ ʟʜʘʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦ 

ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʩʦʥʷʯʥʝ ʩʚʽʪʣʦ ʥʘ ʝʣʝʢʪʨʠʢʫ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʽʜʝʘʣʴʥʠʤʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʷʭ [8]. 

ʊʘʢʦʞ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪ ʚʠʙʦʨʫ ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʃʽʪʽʡ-ʽʦʥʥʽ ʘʢʫʤʫʣʷʪʦʨʠ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʚʠʩʦʢʽʡ 

ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʘʙʽʣʴʥʝ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ 10-15 

ʨʦʢʽʚ. ʇʨʦʪʝ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ ʪʚʝʨʜʦʪʽʣʴʥʽ ʙʘʪʘʨʝʾ ʘʙʦ ʚʦʜʥʝʚʽ ʩʠʩʪʝʤʠ 

ʟʙʝʨʽʛʘʥʥʷ, ʤʦʞʫʪʴ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʙʽʣʴʰʫ ʙʝʟʧʝʢʫ ʪʘ ʪʨʠʚʘʣʽʰʠʡ ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʠʙʽʨ ʢʦʥʢʨʝʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʤʦʛ ʜʦ ʦʙʩʷʛʫ ʟʙʝʨʽʛʘʥʥʷ 

ʝʥʝʨʛʽʾ, ʚʘʨʪʦʩʪʽ ʪʘ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ [5]. 

ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʧʦʪʦʢʘʤʠ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. ʉʤʘʨʪ-ʛʨʠʜ 

ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ, 

ʨʦʟʧʦʜʽʣʦʤ ʪʘ ʟʙʝʨʽʛʘʥʥʷʤ ʝʥʝʨʛʽʾ. ʎʝ ʚʢʣʶʯʘʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ 

ʥʘ ʦʩʥʦʚʽ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʦʧʪʠʤʽʟʘʮʽʶ ʾʾ ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜ ʩʧʦʞʠʚʘʯʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʚʪʨʘʪ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʝ ʧʦʩʪʘʯʘʥʥʷ ʥʘʚʽʪʴ ʫ ʧʝʨʽʦʜʠ ʥʠʟʴʢʦʾ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ [4]. 

ʇʨʠ ʚʠʙʦʨʽ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʪʘʢʦʞ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʝʢʦʥʦʤʽʯʥʽ ʬʘʢʪʦʨʠ. 

ɺʘʨʪʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʝʢʦʥʦʤʽʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦʶ. ʆʧʪʠʤʽʟʘʮʽʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʫʪʴ ʟʥʠʟʠʪʠ ʧʦʯʘʪʢʦʚʽ ʚʠʪʨʘʪʠ. ɼʝʨʞʘʚʥʽ ʩʫʙʩʠʜʽʾ ʪʘ 

ʧʦʜʘʪʢʦʚʽ ʧʽʣʴʛʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ [5]. 



19 

 

 

ʈʠʩʫʥʦʢ 1.12. ï ʊʘʢʽ ʩʠʩʪʝʤʠ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʽʾ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʝ ʧʦʩʪʘʯʘʥʥʷ ʥʘʚʽʪʴ ʫ ʧʝʨʽʦʜʠ ʥʠʟʴʢʦʾ ʩʦʥʷʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ [6]. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʻ ʝʢʦʣʦʛʽʯʥʠʡ ʘʩʧʝʢʪ, ʧʨʠ ʨʦʟʛʣʷʜʽ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʥʝ ʰʢʦʜʷʪʴ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ, ʻ ʢʨʠʪʠʯʥʠʤ. ʂʨʽʤ ʪʦʛʦ, ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ ʘʙʦ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦ ʟʘʚʝʨʰʝʥʥʶ 

ʾʭʥʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʎʝ ʩʧʨʠʷʪʠʤʝ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ [2]. 

 

ʈʠʩʫʥʦʢ 1.13. ï ʉʪʘʥʦʤ ʥʘ ʢʽʥʝʮʴ 2020 ʨʦʢʫ ʚ ʋʢʨʘʾʥʽ ʥʘʣʽʯʫʻʪʴʩʷ ʙʽʣʴʰʝ 29900 

ʩʽʤʝʡ, ʷʢʽ ʚʩʪʘʥʦʚʠʣʠ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ. ɰʭʥʷ ʟʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʷʛʘʻ 780 ʄɺʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʙʽʨ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʩʠʩʪʝʤʠ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʧʦʪʨʝʙʫʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ 

ʚʨʘʭʦʚʫʻ ʪʝʭʥʽʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ, ʥʘʜʽʡʥʠʭ ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ, ʨʦʟʫʤʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʻ ʦʩʥʦʚʥʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʘ 
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ʩʪʽʡʢʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ [3]. 

1.4. ʄʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʈʝʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʤʦʞʝ ʙʫʪʠ 

ʟʜʽʡʩʥʝʥʘ ʯʝʨʝʟ ʢʽʣʴʢʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʝʮʠʬʽʯʥʠʭ ʚʠʤʦʛ, ʪʘʢʠʭ ʷʢ 

ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʪʠʧ ʩʧʦʞʠʚʘʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʜʦʩʪʫʧʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʪʘ 

ʙʶʜʞʝʪʥʽ ʦʙʤʝʞʝʥʥʷ. ʆʩʴ ʢʽʣʴʢʘ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʪʘʢʠʭ ʩʠʩʪʝʤ  [4]: 

¶ ɸʚʪʦʥʦʤʥʽ ʩʦʥʷʯʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ (Off-Grid)  

ʎʽ ʩʠʩʪʝʤʠ ʥʝ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʤʝʨʝʞʽ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʚ ʨʘʡʦʥʘʭ ʙʝʟ ʜʦʩʪʫʧʫ ʜʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, ʘʢʫʤʫʣʷʪʦʨʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ 

ʝʥʝʨʛʽʾ ʪʘ ʽʥʚʝʨʪʦʨ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚ ʟʤʽʥʥʠʡ [2]. 

 

ʈʠʩʫʥʦʢ 1.14. ï ɸʚʪʦʥʦʤʥʽ ʩʦʥʷʯʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ (Off-Grid) [9]. 

¶ ɻʽʙʨʠʜʥʽ ʩʦʥʷʯʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ (Hybrid Systems) 

ʎʽ ʩʠʩʪʝʤʠ ʢʦʤʙʽʥʫʶʪʴ ʩʦʥʷʯʥʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʟ ʽʥʰʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʝʥʝʨʛʽʾ, ʥʘʧʨʠʢʣʘʜ, ʜʠʟʝʣʴʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʘʙʦ ʽʥʰʠʤʠ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ (ʚʝʪʨʦʚʠʤʠ ʪʫʨʙʽʥʘʤʠ, ʛʽʜʨʦʝʣʝʢʪʨʠʯʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ). ɻʽʙʨʠʜʥʽ 

ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʤʝʨʝʞʽ ʘʙʦ 

ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʘʚʪʦʥʦʤʥʦ [5]. 
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ʈʠʩʫʥʦʢ 1.15. ï ɻʽʙʨʠʜʥʽ ʩʦʥʷʯʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ [10]. 

¶ ʄʝʨʝʞʝʚʽ ʩʦʥʷʯʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ (Grid-Tied Systems) 

ʎʽ ʩʠʩʪʝʤʠ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʟʘʛʘʣʴʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ. ɺʦʥʠ ʛʝʥʝʨʫʶʪʴ 

ʝʥʝʨʛʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ, ʽ ʥʘʜʣʠʰʢʦʚʘ ʝʥʝʨʛʽʷ ʤʦʞʝ ʙʫʪʠ 

ʚʽʜʧʨʘʚʣʝʥʘ ʚ ʤʝʨʝʞʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʦʤʧʝʥʩʘʮʽʶ ʘʙʦ ʟʥʠʞʢʠ ʯʝʨʝʟ 

ʧʨʦʛʨʘʤʠ, ʪʘʢʽ ʷʢ çʥʝʪʦʤʝʪʨʽʷè (net metering) [4]. 

¶ ʉʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʎʽ ʩʪʘʥʮʽʾ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʘʙʦ 

ʧʦʩʪʘʯʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʤʝʨʝʞʫ. ʊʘʢʽ ʩʪʘʥʮʽʾ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʤʘʩʰʪʘʙ ʽ 

ʚʠʤʘʛʘʶʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʨʽʰʝʥʴ [2]. 

¶ ɹʫʜʽʚʝʣʴʥʽ ʽʥʪʝʛʨʦʚʘʥʽ ʩʦʥʷʯʥʽ ʩʠʩʪʝʤʠ (BIPV) 

ʎʝʡ ʚʘʨʽʘʥʪ ʧʦʣʷʛʘʻ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 

ʘʨʭʽʪʝʢʪʫʨʫ ʙʫʜʽʚʝʣʴ. ʉʦʥʷʯʥʽ ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʽ ʫ ʜʘʭʠ, ʬʘʩʘʜʠ ʘʙʦ 

ʥʘʚʽʪʴ ʚʽʢʥʘ ʙʫʜʽʚʝʣʴ [4]. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʢʦʞʝʥ ʟ ʥʘʚʝʜʝʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ, ʽ ʚʠʙʽʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ ʽ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ [6]. 

1.4.1. ɸʚʪʦʥʦʤʥʽ ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʣʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʙʫʜʽʚʣʴ 

ɸʚʪʦʥʦʤʥʽ ʩʦʥʷʯʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʧʨʠʚʘʪʥʠʭ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʟʘʣʝʞʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ɺʦʥʠ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʢʣʶʯʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʚʠʢʦʥʫʻ ʩʧʝʮʠʬʽʯʥʽ 
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ʬʫʥʢʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ [7]. 

ʆʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʘʚʪʦʥʦʤʥʦʾ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ: 

1. ʌʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʘʥʝʣʽ (ʌʦʪʦʚʦʣʴʪʘʾʯʥʽ ʧʘʥʝʣʽ) 

ʌʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʘʥʝʣʽ ʻ ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʩʦʥʷʯʥʝ ʩʚʽʪʣʦ 

ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ. ɺʦʥʠ ʟʘʟʚʠʯʘʡ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʢʨʝʤʥʽʻʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʤʦʥʦ- ʘʙʦ ʧʦʣʽʢʨʝʤʥʽʡ), ʘ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ 

ʧʝʨʦʚʩʴʢʽʪʠ, ʷʢʽ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʫʪʴ ʤʘʪʠ ʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʧʝʨʝʪʚʦʨʝʥʥʽ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʫ. ɺʦʥʠ ʙʫʚʘʶʪʴ [8]: 

¶ ʂʨʝʤʥʽʻʚʽ ʧʘʥʝʣʽ. 

¶ ʇʝʨʦʚʩʴʢʽʪʦʚʽ ʧʘʥʝʣʽ. 

 

ʈʠʩʫʥʦʢ 1.16. ï ʂʨʝʤʥʽʻʚʽ ʧʘʥʝʣʽ [4]. 

 

ʈʠʩʫʥʦʢ 1.17. ï ʉʪʨʫʢʪʫʨʥʽ ʜʽʘʛʨʘʤʠ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʧʝʨʦʚʩʢʽʪʫ: (ʘ) ʤʝʟʦʧʦʨʠʩʪʘ 

ʩʪʨʫʢʪʫʨʘ; (ʙ) ʨʝʛʫʣʷʨʥʘ ʧʣʦʩʢʘ ʩʪʨʫʢʪʫʨʘ; (c) ʇʝʨʝʚʝʨʥʫʪʘ ʧʣʦʩʢʘ ʩʪʨʫʢʪʫʨʘ [8]. 

2. ɯʥʚʝʨʪʦʨ 

ɯʥʚʝʨʪʦʨ ʻ ʥʝʦʙʭʽʜʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʧʝʨʝʪʚʦʨʶʻ ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ 

(DC), ʚʠʨʦʙʣʝʥʠʡ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʧʘʥʝʣʷʤʠ, ʚ ʟʤʽʥʥʠʡ ʩʪʨʫʤ (AC), ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʞʠʚʣʝʥʥʷ ʧʦʙʫʪʦʚʠʭ ʧʨʠʩʪʨʦʾʚ. ɯʥʚʝʨʪʦʨʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʦʥʠ ʙʫʚʘʶʪʴ [4]: 

¶ ʉʪʘʥʜʘʨʪʥʽ ʽʥʚʝʨʪʦʨʠ. 

¶ ʄʽʢʨʦʽʥʚʝʨʪʦʨʠ. 

 

ʈʠʩʫʥʦʢ 1.18. ï ʇʨʠʢʣʘʜ ʽʥʩʪʘʣʷʮʽʾ ʤʽʢʨʦʽʥʚʝʨʪʦʨʽʚ [8]. 

3. ɸʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ 

ɸʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ ʝʥʝʨʛʽʾ, 

ʚʠʨʦʙʣʝʥʦʾ ʚ ʜʝʥʥʠʡ ʯʘʩ, ʜʣʷ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʥʦʯʽ ʘʙʦ ʚ ʧʝʨʽʦʜʠ ʥʠʟʴʢʦʾ ʩʦʥʷʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʪʠʧʘʤʠ ʘʢʫʤʫʣʷʪʦʨʽʚ ʻ [6]: 

¶ ʃʽʪʽʡ-ʽʦʥʥʽ ʙʘʪʘʨʝʾ. 

¶ ʉʚʠʥʮʝʚʦ-ʢʠʩʣʦʪʥʽ ʙʘʪʘʨʝʾ. 

4. ʂʦʥʪʨʦʣʝʨ ʟʘʨʷʜʫ 

ʂʦʥʪʨʦʣʝʨ ʟʘʨʷʜʫ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʫʧʨʘʚʣʽʥʥʷ ʟʘʨʷʜʦʤ ʽ ʨʦʟʨʷʜʦʤ ʘʢʫʤʫʣʷʪʦʨʽʚ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʟʘʧʦʙʽʛʪʠ ʾʭ ʧʦʰʢʦʜʞʝʥʥʶ ʯʝʨʝʟ ʧʝʨʝʟʘʨʷʜ ʘʙʦ 

ʥʘʜʤʽʨʥʠʡ ʨʦʟʨʷʜ. ɺʽʥ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʛʫʣʶʻ ʧʦʪʽʢ ʝʥʝʨʛʽʾ ʤʽʞ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ 

ʧʘʥʝʣʷʤʠ, ʘʢʫʤʫʣʷʪʦʨʘʤʠ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ (ʧʦʙʫʪʦʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ), ʚ ʷʢʦʩʪʽ 

ʧʨʠʢʣʘʜʫ - MPPT (Maximum Power Point Tracking) [4]. 

 

ʈʠʩʫʥʦʢ 1.19. ï ʇʨʠʢʣʘʜ ʢʦʥʪʨʦʣʝʨʘ MPPT (Maximum Power Point Tracking) [7]. 

5. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʽʻʶ 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʜʦʟʚʦʣʷʻ ʤʦʥʽʪʦʨʠʪʠ ʡ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʚʩʽʭ 
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ʢʦʤʧʦʥʝʥʪʽʚ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. ɺʦʥʘ ʤʦʞʝ ʚʢʣʶʯʘʪʠ [5]: 

¶ ʉʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ. 

¶ ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ. 

 

ʈʠʩʫʥʦʢ 1.20. ï ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ [4]. 

6. ʄʝʭʘʥʽʟʤ ʢʨʽʧʣʝʥʥʷ ʽ ʦʨʽʻʥʪʘʮʽʷ ʧʘʥʝʣʝʡ 

ʇʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʤʽʩʮʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʪʘ ʾʭ ʦʨʽʻʥʪʘʮʽʷ ʥʘ 

ʩʦʥʮʝ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʇʘʥʝʣʽ 

ʟʘʟʚʠʯʘʡ ʤʦʥʪʫʶʪʴʩʷ ʥʘ ʜʘʭʘʭ ʙʫʜʽʚʝʣʴ ʘʙʦ ʩʧʝʮʽʘʣʴʥʠʭ ʦʧʦʨʘʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʝʢʝʨʽʚ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʛʫʣʶʚʘʪʠ ʥʘʭʠʣ 

ʧʘʥʝʣʝʡ, ʱʦ ʧʽʜʚʠʱʫʻ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʩʣʽʜʫʶʯʠ ʟʘ ʨʫʭʦʤ ʩʦʥʮʷ ʧʨʦʪʷʛʦʤ ʜʥʷ [7]. 

7. ɽʢʦʣʦʛʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ 

ɸʚʪʦʥʦʤʥʽ ʩʠʩʪʝʤʠ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʟʥʠʞʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʽ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɺʦʥʠ ʪʘʢʦʞ ʟʤʝʥʰʫʶʪʴ 

ʚʠʢʠʜʠ CO2 ʪʘ ʽʥʰʽ ʰʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ ʚ ʘʪʤʦʩʬʝʨʫ, ʱʦ ʩʧʨʠʷʻ ʟʘʭʠʩʪʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [8]. 

 

ʈʠʩʫʥʦʢ 1.21. ï ʄʝʭʘʥʽʟʤ ʢʨʽʧʣʝʥʥʷ ʽ ʦʨʽʻʥʪʘʮʽʷ ʧʘʥʝʣʝʡ [7]. 



25 

 

ʈʠʩʫʥʦʢ 1.22 - ɽʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʌʊɯ ʈɸʅ ʽʤ. ɸ.ʌ. ʁʦʬʬʝ [5]. 

1.4.2. ɯʥʩʪʘʣʷʮʽʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʫ ʤʽʩʴʢʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʉʦʥʷʯʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʚʽʩʥʦ ʤʦʞʫʪʴ ʦʨʛʘʥʽʯʥʦ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʚ ʤʽʩʴʢʫ 

ʘʨʭʽʪʝʢʪʫʨʫ, ʧʨʠʚʘʪʥʽ ʪʘ  ʢʦʤʝʨʮʽʡʥʽ ʙʫʜʽʚʣʽ, ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʦʩʪʫʧʥʽ 

ʧʦʚʝʨʭʥʽ ʙʝʟ ʰʢʦʜʠ ʜʣʷ ʝʩʪʝʪʠʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʥʫʯʢʠʭ ʽ ʧʨʦʟʦʨʠʭ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʾʭ ʥʘ ʜʘʭʘʭ, ʬʘʩʘʜʘʭ ʽ ʥʘʚʽʪʴ ʥʘ 

ʚʽʢʥʘʭ. ʆʩʥʦʚʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʻ ʚʠʙʽʨ ʥʘʜʽʡʥʠʭ ʢʨʽʧʠʣʴʥʠʭ ʩʠʩʪʝʤ, 

ʟʜʘʪʥʠʭ ʚʠʪʨʠʤʫʚʘʪʠ ʚʽʪʨʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʽʥʰʽ ʥʝʩʧʨʠʷʪʣʠʚʽ ʧʦʛʦʜʥʽ ʫʤʦʚʠ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʦʟʨʦʙʢʫ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʧʝʨʝʛʨʽʚ ʧʘʥʝʣʝʡ ʤʦʞʝ ʟʥʠʞʫʚʘʪʠ ʾʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ [11]. 

1.4.3. ɻʽʙʨʠʜʥʽ ʩʠʩʪʝʤʠ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

ɺʽʜʦʤʦ, ʱʦ, ʛʽʙʨʠʜʥʽ ʩʠʩʪʝʤʠ ʧʦʻʜʥʫʶʪʴ ʩʦʥʷʯʥʫ ʝʥʝʨʛʽʶ ʟ ʽʥʰʠʤʠ 

ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʚʽʪʝʨ ʯʠ ʙʽʦʤʘʩʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʰʝ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʢʦʤʙʽʥʦʚʘʥʽ ʛʝʥʝʨʘʪʦʨʠ, ʘʢʫʤʫʣʷʪʦʨʠ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʽʥʪʝʛʨʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ʂʣʶʯʦʚʽ ʪʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʙʘʯʘʶʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʤʽʞ ʜʞʝʨʝʣʘʤʠ 

ʝʥʝʨʛʽʾ, ʨʦʟʨʦʙʢʫ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʧʽʜʪʨʠʤʢʫ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʟʘ ʫʤʦʚ ʟʤʽʥʠ ʧʦʛʦʜʥʠʭ 

ʬʘʢʪʦʨʽʚ [12]. 

1.4.4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʭ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʚ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʤʝʨʝʞʘʭ 

ɺʝʣʠʢʽ ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʫʩʪʝʣʴʥʠʭ ʯʠ ʤʘʣʦʥʘʩʝʣʝʥʠʭ 

ʨʘʡʦʥʘʭ, ʚʢʣʶʯʘʶʪʴ ʪʠʩʷʯʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ, ʟʜʘʪʥʠʭ ʛʝʥʝʨʫʚʘʪʠ ʟʥʘʯʥʽ 
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ʦʙʩʷʛʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ʤʝʨʝʞ. ʊʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ ʦʭʦʧʣʶʶʪʴ ʚʠʙʽʨ 

ʣʦʢʘʮʽʡ ʽʟ ʚʠʩʦʢʦʶ ʽʥʩʦʣʷʮʽʻʶ, ʦʧʪʠʤʽʟʘʮʽʶ ʦʨʽʻʥʪʘʮʽʾ ʪʘ ʥʘʭʠʣʫ ʧʘʥʝʣʝʡ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʝʢʝʨʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʢʫʪʘ ʥʘʭʠʣʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʫʭʫ ʩʦʥʮʷ. ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʠʤʠ ʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʥʝʣʝʡ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʟ'ʻʜʥʘʥʴ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʚʽʜ 

ʧʝʨʝʥʘʧʨʫʛʠ ʪʘ ʽʥʰʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʘʥʦʤʘʣʽʡ [13]. 

 

ʈʠʩʫʥʦʢ 1.23. ï ɻʽʙʨʠʜʥʽ ʩʠʩʪʝʤʠ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ [6]. 

1.4.5. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʭ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʚ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʤʝʨʝʞʘʭ 

ɽʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ ʚʢʣʶʯʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʨʦʙʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʧʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʾʭʥʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʱʦ ʟʥʠʞʫʻ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ ʩʧʨʠʷʻ 

ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ. ɽʢʦʥʦʤʽʯʥʘ ʩʢʣʘʜʦʚʘ ʦʭʦʧʣʶʻ ʘʥʘʣʽʟ ʚʠʪʨʘʪ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ, 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʧʨʦʝʢʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʪʝʭʥʦʣʦʛʽʡ ʟʥʠʞʫʻ ʧʦʯʘʪʢʦʚʽ ʚʠʪʨʘʪʠ, ʘ ʜʝʨʞʘʚʥʘ ʧʽʜʪʨʠʤʢʘ ʫ ʚʠʛʣʷʜʽ ʩʫʙʩʠʜʽʡ ʽ 

ʧʦʜʘʪʢʦʚʠʭ ʧʽʣʴʛ ʜʦʧʦʤʘʛʘʻ ʜʦʣʘʪʠ ʬʽʥʘʥʩʦʚʽ ʙʘʨôʻʨʠ [14]. 
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ʄʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʦʥʷʯʥʦʾ 

ʝʥʝʨʛʽʾ ʚʢʣʶʯʘʶʪʴ ʘʚʪʦʥʦʤʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ, ʽʥʪʝʛʨʘʮʽʶ ʧʘʥʝʣʝʡ ʫ 

ʤʽʩʴʢʽ ʙʫʜʽʚʣʽ, ʛʽʙʨʠʜʥʽ ʨʽʰʝʥʥʷ ʽʟ ʧʦʻʜʥʘʥʥʷʤ ʢʽʣʴʢʦʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʚʝʣʠʢʽ 

ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʣʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ʤʝʨʝʞ. ʂʦʞʝʥ ʟ ʮʠʭ ʚʘʨʽʘʥʪʽʚ ʤʘʻ ʩʚʦʾ 

ʪʝʭʥʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʧʝʨʝʚʘʛʠ ʽ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʽ ʧʦʪʨʝʙ [15]. 

1.5. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 

1.5.1. ʆʧʠʩ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚʠʤʘʛʘʻ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʻʜʥʘʥʥʽ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ. ʂʦʞʝʥ ʽʟ ʮʠʭ ʧʽʜʭʦʜʽʚ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʡ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ [16]. 

1.5.2. ʊʝʦʨʝʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 

ɿʨʦʟʫʤʽʣʦ, ʱʦ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦ ʩʫʪʽ ʻ ʦʩʥʦʚʦʶ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʪʚʦʨʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʧʝʚʥʦʛʦ 

ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʬʽʟʠʯʥʠʭ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʤʦʜʝʣʴʦʚʘʥʽʡ ʩʠʩʪʝʤʽ. ʊʝʦʨʝʪʠʯʥʽ 

ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʛʨʫʧʠ [6]: 

1. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʩʠʤʫʣʷʮʽʷ. 

ʎʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʩʦʥʷʯʥʠʭ 

ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʾʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ, ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʦʮʽʥʶʚʘʪʠ ʧʦʪʝʥʮʽʡʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʇʨʦʛʨʘʤʠ, ʪʘʢʽ ʷʢ PVsyst ʯʠ 

SAM, ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʝʣʶʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ 

ʧʨʦʻʢʪʫ [18]. 

2. ʈʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠʢʠ. 

ʎʝ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ ʽ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʠʩʪʝʤʽ ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʧʘʥʝʣʝʡ, 

ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʽʻʶ [19]. 

3. ɸʥʘʣʽʟ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʎʝ ʦʮʽʥʢʘ ʧʦʚʥʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦ 

ʫʪʠʣʽʟʘʮʽʾ, ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ ʥʘ ʝʪʘʧʽ 

ʧʣʘʥʫʚʘʥʥʷ [6]. 
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1.5.3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 

ʃʘʙʦʨʘʪʦʨʥʽ (ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʽ) ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʪʝʩʪʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʫʤʦʚʘʭ. ʅʘʧʨʠʢʣʘʜ, 

ʪʝʩʪʦʚʽ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʘʥʝʣʽ, ʽʥʚʝʨʪʦʨʠ ʪʘ ʘʢʫʤʫʣʷʪʦʨʠ, 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʤʽʨʶʚʘʪʠ ʢʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ ʷʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢʦʛʦ ʷʢ ʚʦʣʴʪʤʝʪʨʠ ʪʘ 

ʘʤʧʝʨʤʝʪʨʠ, ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ. 

ʊʝʧʣʦʚʽʟʦʨʠ ʜʦʟʚʦʣʷʶʪʴ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʧʘʥʝʣʝʡ, 

ʱʦ ʜʦʧʦʤʘʛʘʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʛʘʨʷʯʽ ʪʦʯʢʠ, ʷʢʽ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ɽʢʩʧʝʨʝʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʛʨʫʧʠ 

[16]: 

1. ʊʝʩʪʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. 

ʎʝ ʣʘʙʦʨʘʪʦʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘʢʠʭ 

ʷʢ ʢʨʝʤʥʽʡ ʯʠ ʧʝʨʦʚʩʴʢʽʪʠ, ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ [19]. 

2. ʇʨʦʪʦʪʠʧʫʚʘʥʥʷ. 

ʎʝ ʩʪʚʦʨʝʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʩʦʥʷʯʥʠʭ ʩʠʩʪʝʤ ʫ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʾʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʚʠʷʚʠʪʠ ʥʝʜʦʣʽʢʠ ʪʘ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ [6]. 

3. ʄʦʥʽʪʦʨʠʥʛ ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ. 

ʎʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʩʪʦʚʠʭ ʩʪʘʥʮʽʡ ʜʣʷ ʪʨʠʚʘʣʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʫʻ ʟʙʠʨʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʾʾ ʨʦʙʦʪʫ ʚ ʨʽʟʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ [16]. 

4. ɯʥʪʝʛʨʘʮʽʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ 

ɺʦʜʥʦʯʘʩ, ʧʦʻʜʥʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʘʻ ʟʤʦʛʫ 

ʦʪʨʠʤʘʪʠ ʢʦʤʧʣʝʢʩʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠʟʠʢʠ ʥʘ ʝʪʘʧʽ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʾʾ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʩʪʘʚʣʝʥʠʤ ʮʽʣʷʤ. ɿʦʢʨʝʤʘ, ʪʝʦʨʝʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ, ʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʤʝʪʦʜʠ ð ʧʝʨʝʚʽʨʠʪʠ ʾʭʥʶ ʜʦʮʽʣʴʥʽʩʪʴ ʽ ʦʧʪʠʤʽʟʫʚʘʪʠ ʥʘ ʧʨʘʢʪʠʮʽ [13]. 
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2. ʇʈʆɽʂʊʋɺɸʅʅʗ ɻɯɹʈɯɼʅʆɰ ʉʆʅʗʏʅʆɰ ʄɯʅɯ-

ɽʃɽʂʊʈʆʉʊɸʅʎɯɰ ɼʃʗ ʅɸɺʏɸʃʔʅʆɻʆ ɿɸʂʃɸɼʋ 
2.1 ʉʧʨʦʱʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʧʦʞʠʚʘʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʞʠʪʣʦʚʦʛʦ 

ʦʙ'ʻʢʪʘ 

ɼʣʷ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʥʦʬʘʟʥʫ ʘʙʦ ʪʨʠʬʘʟʥʫ ʝʣʝʢʪʨʠʯʥʫ 

ʤʝʨʝʞʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʦʙʯʠʩʣʠʪʠ ʧʽʢʦʚʫ ʤʠʪʪʻʚʫ 

ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʜʚʘ ʧʦʢʘʟʥʠʢʠ ʜʦʙʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ: ʤʘʢʩʠʤʘʣʴʥʝ ʽ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ. 

ʇʽʢʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʦʶ ʧʦʪʫʞʥʦʩʪʝʡ ʫʩʽʭ ʝʥʝʨʛʦʩʧʦʞʠʚʘʯʽʚ, ʱʦ 

ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʦʜʥʦʯʘʩʥʦ, ʚʨʘʭʦʚʫʶʯʠ ʨʝʘʣʴʥʽ ʫʤʦʚʠ (ʥʘʧʨʠʢʣʘʜ, ʜʝʷʢʽ ʧʨʠʣʘʜʠ 

ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ). ɼʣʷ ʝʢʦʥʦʤʽʾ ʥʝ ʚʘʨʪʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ, 

ʷʢʫ ʙʫʜʠʥʦʢ ʧʦʪʨʝʙʫʻ ʣʠʰʝ ʟʨʽʜʢʘ, ʧʝʨʝʚʽʨʷʶʯʠ ʢʽʣʴʢʽʩʪʴ ʫʚʽʤʢʥʝʥʠʭ ʧʨʠʣʘʜʽʚ 

ʧʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʠʭ [21]. 

ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʪʫʞʥʠʭ ʩʧʦʞʠʚʘʯʽʚ, ʷʢʽ ʘʚʪʦʤʘʪʠʯʥʦ ʚʢʣʶʯʘʶʪʴʩʷ 

(ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʠʯʥʽ ʧʽʜʣʦʛʠ ʘʙʦ ʙʦʡʣʝʨ), ʘ ʪʘʢʦʞ ʪʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ 

(ʦʩʚʽʪʣʝʥʥʷ, ʢʦʤʧ'ʶʪʝʨ, ʪʝʣʝʚʽʟʦʨ), ʦʩʢʽʣʴʢʠ ʡʤʦʚʽʨʥʽʩʪʴ ʾʭ ʦʜʥʦʯʘʩʥʦʛʦ ʚʢʣʶʯʝʥʥʷ 

ʚʠʩʦʢʘ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʚʠʤʦʛʠ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʥʘʯʥʦ ʟʤʝʥʰʫʶʪʴʩʷ. 

ɿʘʤʽʩʪʴ ʜʝʩʷʪʢʽʚ ʢʽʣʦʚʘʪ, ʱʦ ʧʦʪʨʽʙʥʽ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʚʢʣʶʯʝʥʥʽ ʚʩʽʭ ʧʨʠʣʘʜʽʚ, 

ʟʘʟʚʠʯʘʡ ʜʦʩʪʘʪʥʴʦ 3-6 ʢɺʪ. ɺ ʨʦʟʛʣʷʥʫʪʦʤʫ ʙʫʜʠʥʢʫ ʦʩʥʦʚʥʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ ʻ 

ʧʣʠʪʘ, ʙʦʡʣʝʨ ʽ ʧʦʙʫʪʦʚʘ ʪʝʭʥʽʢʘ, ʘ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ 

ʦʜʥʦʯʘʩʥʦʤʫ ʚʢʣʶʯʝʥʥʽ ʚʩʽʭ ʧʨʠʣʘʜʽʚ ʪʘ ʦʩʚʽʪʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 15 ʢɺʪ [22]. 

ɺʠʟʥʘʯʠʤʦ ʧʠʪʦʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʚʦʜʽ ʜʘʥʦʛʦ ʙʫʜʠʥʢʫ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ʜʝ: 

˝ɣ ˞˟ ï ʮʝ ʟʘʷʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʯʽʚ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦʶ ʩʫʤʦʶ ʥʦʤʽʥʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʣʘʜʽʚ ʽ ʧʨʠʣʘʜʽʚ 

ʦʩʚʽʪʣʝʥʥʷ, ʢɺʪ. 

˜˛ ̃ ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʧʠʪʫ, ʷʢʠʡ ʚʢʘʟʫʻ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʯʘʩʥʦʛʦ 

ʚʚʽʤʢʥʝʥʥʷ ʚʩʽʭ ʧʨʠʣʘʜʽʚ ʣʽʥʽʾ. 

ʇʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʚʚʽʤʢʥʝʥʥʽ ʚʩʽʭ ʧʨʠʣʘʜʽʚ ʢʦʝʬʽʮʽʻʥʪ ʧʦʧʠʪʫ (ʇʆʇ) 

ʜʦʨʽʚʥʶʻ 1, ʘʣʝ ʥʘ ʧʨʘʢʪʠʮʽ ʮʝ ʪʨʘʧʣʷʻʪʴʩʷ ʨʽʜʢʦ. ɿʛʽʜʥʦ ʟ ɼɹʅ ɺ.2.5-23 ʜʣʷ 

ʞʠʪʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ ʢʦʝʬʽʮʽʻʥʪ ʧʦʧʠʪʫ ʩʪʘʥʦʚʠʪʴ 0,8 ʜʣʷ ʜʚʦʭ ʩʧʦʞʠʚʘʯʽʚ, 0,75 
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ð ʜʣʷ ʪʨʴʦʭ ʽ 0,7 ð ʜʣʷ ʧôʷʪʠ ʽ ʙʽʣʴʰʝ ʩʧʦʞʠʚʘʯʽʚ. ʇʨʘʚʠʣʘ ʨʦʟʜʨʽʙʥʦʛʦ ʨʠʥʢʫ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʧʠʪʫ ʜʣʷ ʦʜʥʦʛʦ 

ʩʧʦʞʠʚʘʯʘ ʟʘ ʪʘʙʣ. 2.1.1. ʈʦʟʨʘʭʫʥʢʦʚʝ ʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʠʥʢʫ ʜʣʷ 

ʥʘʡʙʽʣʴʰ ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʟʠʤʦʚʦʛʦ ʧʝʨʽʦʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [23]. 

 

ʊʘʙʣʠʮʷ 2.1.1 ï ʂʦʝʬʽʮʽʻʥʪʠ ʧʦʪʫʞʥʦʩʪʽ. 

 

ʈʝʘʢʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʢʣʘʜʫ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [24]: 

 

ɿʛʽʜʥʦ ʟ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ ʪʘʙʣʠʮʝʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ, ʜʣʷ 

ʧʨʠʤʽʱʝʥʴ ʟ ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʣʠʪʘʤʠ ʪʘ ʧʦʙʫʪʦʚʠʤʠ ʢʦʥʜʠʮʽʦʥʝʨʘʤʠ ʧʦʚʽʪʨʷ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʫʜʫʪʴ ʪʘʢʠʤʠ [25]: 

- ʂʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ (cosű) = 0,93 

- ʂʦʝʬʽʮʽʻʥʪ ʨʝʘʢʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (tgű) = 0,40 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʮʽ ʟʥʘʯʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʽ ʬʦʨʤʫʣʠ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʘʢʪʠʚʥʫ ʽ 

ʨʝʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ ʙʫʜʠʥʢʫ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʝ: 

 

ʇʦʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʠʥʢʫ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ [27]: 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʫ ʧʦʧʝʨʝʜʥʶ ʬʦʨʤʫʣʫ ʚʞʝ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʻʤʦ: 
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ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʠʣʘ ʩʪʨʫʤʫ ʜʣʷ ʤʝʨʝʞʽ 220ɺ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [26]: 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʟʥʘʯʝʥʥʷ ʧʦʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʠʥʢʫ, ʩʠʣʘ ʩʪʨʫʤʫ 

ʜʦʨʽʚʥʶʚʘʪʠʤʝ: [16] 

 

2.2 ʊʦʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʧʦʞʠʚʘʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʟʘʢʣʘʜʫ ʦʩʚʽʪʠ 

ʉʧʨʦʱʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʜʘʻ ʣʠʰʝ ʧʨʠʙʣʠʟʥʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘʣʝ ʜʣʷ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʠʥʢʫ ʧʦʪʨʽʙʥʦ 

ʟʨʦʙʠʪʠ ʜʝʪʘʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ. ʆʯʽʢʫʚʘʥʝ ʜʦʙʦʚʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʝʞʠʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʩʢʣʘʜʘʻʪʴʩʷ ʩʧʠʩʦʢ ʫʩʽʭ 

ʝʣʝʢʪʨʦʧʨʠʣʘʜʽʚ, ʧʽʩʣʷ ʯʦʛʦ ʢʦʞʝʥ ʧʨʠʣʘʜ ʤʥʦʞʠʪʴʩʷ ʥʘ ʢʽʣʴʢʽʩʪʴ ʛʦʜʠʥ ʡʦʛʦ ʨʦʙʦʪʠ 

[16]. 

ʊʘʙʣʠʮʷ 2.2.1 ï ɻʨʘʬʽʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʣʘʜʽʚ [26]. 

 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʤʽʩʷʮʴ, ʦʩʢʽʣʴʢʠ ʙʘʛʘʪʦ ʧʨʠʣʘʜʽʚ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʱʦʜʥʷ (ʥʘʧʨʠʢʣʘʜ, ʧʨʘʣʴʥʘ ʤʘʰʠʥʘ ð ʯʝʨʝʟ ʜʝʥʴ, ʧʠʣʦʩʦʩ ð 

ʢʽʣʴʢʘ ʨʘʟʽʚ ʥʘ ʪʠʞʜʝʥʴ). ʊʘʢʦʞ ʚʨʘʭʦʚʫʶʪʴʩʷ ʨʦʙʦʯʽ ʪʘ ʚʠʭʽʜʥʽ ʜʥʽ, ʦʩʢʽʣʴʢʠ 
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ʩʧʦʞʠʚʘʥʥʷ ʚ ʮʽ ʜʥʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ [16]. 

ʇʽʩʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʧʦʞʠʚʘʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʫʩʽʭ ʝʣʝʢʪʨʦʧʨʠʣʘʜʽʚ 

ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʚʩʽ ʧʦʢʘʟʥʠʢʠ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʟʘʛʘʣʴʥʝ ʤʽʩʷʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʦʤ. ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʷʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʤʽʩʷʮʷ, ʦʩʢʽʣʴʢʠ 

ʩʧʦʞʠʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʝʟʦʥʫ (ʥʘʧʨʠʢʣʘʜ, ʢʦʥʜʠʮʽʦʥʝʨ ʙʽʣʴʰʝ ʧʨʘʮʶʻ ʚʣʽʪʢʫ ʥʘ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʚʟʠʤʢʫ ð ʥʘ ʦʙʽʛʨʽʚ). ʆʩʚʽʪʣʝʥʥʷ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʯʝʨʝʟ ʥʠʟʴʢʝ 

ʩʧʦʞʠʚʘʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʣʘʤʧ ʽ ʪʨʫʜʥʦʱʽ ʚ ʦʙʣʽʢʫ [21]. 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʟʠʤʢʫ 

ð ʙʣʠʟʴʢʦ 572 ʢɺʪĿʛʦʜ ʥʘ ʤʽʩʷʮʴ, ʩʝʨʝʜʥʻ ʨʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 457 ʢɺʪĿʛʦʜ. 

ʈʝʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘ ʟʘ ʦʩʪʘʥʥʽ ʧôʷʪʴ ʨʦʢʽʚ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʮʽ 

ʨʦʟʨʘʭʫʥʢʠ: ʤʘʢʩʠʤʘʣʴʥʝ ʤʽʩʷʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ð 591 ʢɺʪĿʛʦʜ, ʩʝʨʝʜʥʻ ð 448 

ʢɺʪĿʛʦʜ. ʎʝ ʜʦʩʠʪʴ ʥʝʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʙʫʜʠʥʢʘʤʠ, ʜʝ ʪʝʧʣʘ 

ʧʽʜʣʦʛʘ ʚʟʠʤʢʫ ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ ʚʜʚʽʯʽ [25]. 

ʄʘʢʩʠʤʘʣʴʥʝ ʜʦʙʦʚʝ ʩʧʦʞʠʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʛʨʫʜʥʽ ʪʘ ʩʽʯʥʽ ð ʙʣʠʟʴʢʦ 

18,46 ʢɺʪĿʛʦʜ. ʉʝʨʝʜʥʻ ʜʦʙʦʚʝ ʩʧʦʞʠʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʩʢʣʘʜʘʻ 15,04 ʢɺʪĿʛʦʜ. 

ɼʣʷ ʥʘʦʯʥʦʩʪʽ ʩʪʚʦʨʝʥʦ ʜʽʘʛʨʘʤʫ ʩʧʦʞʠʚʘʥʥʷ ʟʘ ʤʽʩʷʮʷʤʠ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʙʦʨʫ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ [16]. 

 

ʈʠʩʫʥʦʢ 2.2.1 ï ʉʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʟʘʢʣʘʜʦʤ ʧʦʤʽʩʷʯʥʦ [26]. 

2.3 ʈʦʟʨʘʭʫʥʦʢ ʩʦʥʷʯʥʦʾ ʤʽʥʽ-ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʣʷ ʧʦʢʨʠʪʪʷ ʣʠʰʝ 

ʚʥʫʪʨʽʰʥʽʭ ʧʦʪʨʝʙ 

ʉɽʉ ʜʣʷ ʚʣʘʩʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ð ʮʝ ʤʝʨʝʞʝʚʠʡ ʪʠʧ "ʜʦʤʘʰʥʴʦʾ" ʩʦʥʷʯʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʱʦ ʧʨʘʮʶʻ ʙʝʟ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ "ʟʝʣʝʥʦʛʦ ʪʘʨʠʬʫ". Smart Meter ʘʙʦ 
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"ʨʦʟʫʤʥʠʡ ʣʽʯʠʣʴʥʠʢ" ʫ ʨʝʞʠʤʽ 0% Feed in Mode (ʥʫʣʴʦʚʦʛʦ ʝʢʩʧʦʨʪʫ) ʟʘʧʦʙʽʛʘʻ 

ʧʝʨʝʜʘʯʽ ʥʘʜʣʠʰʢʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʟʘʛʘʣʴʥʫ ʤʝʨʝʞʫ, ʩʧʨʷʤʦʚʫʶʯʠ ʾʾ ʜʦ ʘʢʫʤʫʣʷʪʦʨʽʚ. ʋ 

ʨʘʟʽ ʥʝʜʦʩʪʘʪʥʴʦʾ ʛʝʥʝʨʘʮʽʾ ʩʪʨʫʤ ʧʦʩʪʘʯʘʻʪʴʩʷ ʽʟ ʈɽʄ [23]. 

ʊʘʢʠʡ ʪʠʧ ʉɽʉ ʚʩʪʘʥʦʚʣʶʶʪʴ ʜʣʷ [21]: 

- ʨʝʟʝʨʚʥʦʛʦ ʞʠʚʣʝʥʥʷ, ʷʢʱʦ ʝʥʝʨʛʦʤʝʨʝʞʽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʪʨʽʙʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ; 

- ʝʢʦʥʦʤʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʨʦʙʦʪʠ ʧʨʠʣʘʜʽʚ, ʷʢ ʫ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ. 

ʉʭʝʤʘ ʨʦʙʦʪʠ ʪʘ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ [25]. 

 

ʈʠʩʫʥʦʢ 2.3.1 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʠʩʪʝʤʠ ʛʽʙʨʠʜʥʦʾ ʉɽʉ [26]. 

 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʻ ʚʠʙʽʨ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʶʪʴʩʷ ʜʚʘ 

ʢʣʶʯʦʚʽ ʧʦʢʘʟʥʠʢʠ: ʥʝʦʙʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʧʘʥʝʣʽ [24]. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʫʞʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʪʘʙʣ. 2.3.1 ʚʠʟʥʘʯʝʥʦ ʤʘʢʩʠʤʘʣʴʥʝ 

ʪʘ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʦʯʽʢʫʚʘʥʦʛʦ ʜʦʙʦʚʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ, 



34 

ʧʨʦʚʝʜʝʥʦʛʦ ʚ ʨʦʟʜʽʣʽ 1, ʦʙʨʘʥʦ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʡ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʡ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʤʦʜʫʣʴ Risen Energy RSM110-8-540M [24]. 

ʊʘʙʣʠʮʷ 2.3.1 ï ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʥʷʯʥʦʾ ʧʘʥʝʣʽ ʛʽʙʨʠʜʥʦʾ ʉɽʉ [23]. 

 

ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʤʦʜʫʣʽʚ Risen Energy RSM110-8-540M, ʥʝʦʙʭʽʜʥʠʭ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʠʥʢʫ ʝʥʝʨʛʽʻʶ, ʧʦʪʨʽʙʥʦ ʚʨʘʭʫʚʘʪʠ [27].: 

- ʄʘʢʩʠʤʘʣʴʥʝ ʜʦʙʦʚʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʟʠʤʦʚʽ ʤʽʩʷʮʽ (ʥʘʧʨʠʢʣʘʜ, 18,46 

ʢɺʪĿʛʦʜ). 

- ʇʦʪʫʞʥʽʩʪʴ ʦʜʥʦʛʦ ʤʦʜʫʣʷ: Risen Energy RSM110-8-540M ʤʘʻ ʥʦʤʽʥʘʣʴʥʫ 

ʧʦʪʫʞʥʽʩʪʴ 540 ɺʪ. 

- ʉʝʨʝʜʥʶ ʪʨʠʚʘʣʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʟʠʤʢʫ ʫ ʚʘʰʦʤʫ ʨʝʛʽʦʥʽ 

(ʥʘʧʨʠʢʣʘʜ, 3 ʛʦʜʠʥʠ ʥʘ ʜʝʥʴ). 

ʌʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʦʜʫʣʽʚ [24]: 

 

ʜʝ: 

¶ N ð ʢʽʣʴʢʽʩʪʴ ʤʦʜʫʣʽʚ, 

¶ ʈʜʦʙʦʚʘ ð ʜʦʙʦʚʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, 

¶ ʈʤʦʜʫʣʷ ð ʧʦʪʫʞʥʽʩʪʴ ʦʜʥʦʛʦ ʤʦʜʫʣʷ, 

¶ ʊʩʦʥ.ʚʠʧʨʦʤ. ð ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʩʦʥʷʯʥʠʭ ʛʦʜʠʥ ʥʘ ʜʝʥʴ. 

ʌʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʫʞʥʦʩʪʽ ʩʦʥʷʯʥʦʾ ʧʘʥʝʣʽ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

[22]: 

 

ʜʝ: 

k ï ʬʽʢʩʦʚʘʥʝ ʟʥʘʯʝʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ k ʜʦʨʽʚʥʶʻ 0,5 ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʪʘ 0,7 ï ʚ 
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ʟʠʤʦʚʠʡ. 

P ï ʧʦʪʫʞʥʽʩʪʴ ʧʘʥʝʣʽ, ʢɺʪ; 

E ï ʟʥʘʯʝʥʥʷ ʽʥʩʦʣʷʮʽʾ ʟʘ ʦʙʨʘʥʠʡ ʧʝʨʽʦʜ, ʨʠʩ. 1.2.8, ʢɺʪẗʛʦʜ/ʤ2/ʜʝʥʴ. 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚʩʽ ʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ ʚ ʬʦʨʤʫʣʫ (2.3.1) ʚʠʭʦʜʠʪʴ ʥʘʩʪʫʧʥʝ 

ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʚʠʜʘʻ ʦʜʥʘ ʧʘʥʝʣʴ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ [25]: 

 

ʑʦʙ ʟʥʘʡʪʠ ʥʝʦʙʭʽʜʥʫ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʘʥʝʣʝʡ, ʜʽʣʠʤʦ ʤʘʢʩʠʤʘʣʴʥʫ 

ʜʦʙʦʚʫ ʧʦʪʫʞʥʽʩʪʴ, ʥʘ ʟʥʘʡʜʝʥʫ ʟʘ ʧʦʧʝʨʝʜʥʴʦʶ ʬʦʨʤʫʣʦʶ ʦʜʥʽʻʾ ʧʘʥʝʣʽ, ʪʘ 

ʦʢʨʫʛʣʷʻʤʦ ʫ ʙʽʣʴʰʫ ʩʪʦʨʦʥʫ ʟʘ ʬʦʨʤʫʣʦʶ [27]: 

 

ɸʥʘʣʦʛʽʯʥʦ, ʧʽʜʨʘʭʫʻʤʦ ʩʢʽʣʴʢʠ ʧʘʥʝʣʝʡ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʽʚʣʽ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʧʨʦʪʷʛʦʤ ʨʦʢʫ [21]: 

 

ʆʪʨʠʤʘʻʤʦ 18 ʧʘʥʝʣʝʡ, ʪʦʙʪʦ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʠʥʢʫ ʩʝʨʝʜʥʽʤ ʜʦʙʦʚʠʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʥʝʦʙʭʽʜʥʦ ʧʨʠʙʣʠʟʥʦ 18 ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʪʠʧʫ 

Risen Energy RSM110-8-540M [28]. 

ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʩʣʽʜ ʦʮʽʥʠʪʠ ʧʦʪʨʝʙʠ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚʨʘʭʦʚʫʶʯʠ ʪʘʢʽ ʢʨʠʪʝʨʽʾ [20]: 

1. ʇʦʚʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ï ʚʠʙʽʨ ʜʣʷ ʧʦʚʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʨʝʞʽ, ʥʘʧʨʠʢʣʘʜ, 

ʫ ʚʽʜʜʘʣʝʥʠʭ ʨʘʡʦʥʘʭ ʘʙʦ ʟʘ ʙʘʞʘʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

2. ʂʦʤʬʦʨʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ï ʚʘʨʽʘʥʪ ʜʣʷ ʧʦʚʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʟʦʚʠʭ 

ʧʦʪʨʝʙ, ʟʘʣʠʰʘʶʯʠ ʝʥʝʨʛʦʻʤʥʽ ʧʨʠʩʪʨʦʾ (ʧʨʘʣʴʥʫ ʤʘʰʠʥʫ, ʜʫʭʦʚʢʫ) 

ʧʽʜʢʣʶʯʝʥʠʤʠ ʜʦ ʤʝʨʝʞʽ. 

3. ʇʦʤʽʨʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ï ʧʦʢʨʠʚʘʻ ʙʘʟʦʚʽ ʧʦʪʨʝʙʠ ʙʝʟ ʥʘʜʤʽʨʥʦʩʪʝʡ, 

ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʝʢʦʥʦʤʽʾ ʘʙʦ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʥʘ ʉɽʉ. 

4. ɹʘʟʦʚʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ï ʟʘʜʦʚʦʣʴʥʷʻ ʪʽʣʴʢʠ ʥʘʡʥʝʦʙʭʽʜʥʽʰʽ ʧʦʪʨʝʙʠ 

(ʦʩʚʽʪʣʝʥʥʷ, ʭʦʣʦʜʠʣʴʥʠʢ, ʟʘʨʷʜʢʘ ʧʨʠʩʪʨʦʾʚ), ʽʥʰʝ ʦʪʨʠʤʫʻʪʴʩʷ ʚʽʜ ʈɽʄ. 

5. ɸʚʘʨʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ï ʤʽʥʽʤʘʣʴʥʝ ʧʦʢʨʠʪʪʷ ʥʘʡʥʝʦʙʭʽʜʥʽʰʠʭ ʧʦʪʨʝʙ 

ʧʨʦʪʷʛʦʤ ʢʦʨʦʪʢʦʛʦ ʯʘʩʫ (ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʞʠʚʣʝʥʥʷ ʚʽʜ ʤʝʨʝʞʽ). 
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ʈʠʩʫʥʦʢ 2.3.2 ï ɺʽʜʥʦʰʝʥʥʷ ʩʧʦʞʠʪʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦ ʟʛʝʥʝʨʦʚʘʥʦʾ ʛʽʙʨʠʜʥʦʶ ʉɽʉ. 

ʅʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʛʨʘʬʽʢʫ ʟʦʙʨʘʞʝʥʦ [23]: 

- ʉʠʥʷ ʣʽʥʽʷ: ʜʦʙʦʚʝ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʦʤ ʟʘ 

ʤʽʩʷʮʷʤʠ. 

- ɿʝʣʝʥʘ ʣʽʥʽʷ: ʜʦʙʦʚʘ ʛʝʥʝʨʘʮʽʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʠʩʪʝʤʦʶ ʟ 18 ʩʦʥʷʯʥʠʭ 

ʧʘʥʝʣʝʡ. 

- ʇʦʤʘʨʘʥʯʝʚʘ ʣʽʥʽʷ: ʜʦʙʦʚʘ ʛʝʥʝʨʘʮʽʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʠʩʪʝʤʦʶ ʟ 56 

ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ. 

ʗʢ ʚʠʜʥʦ, ʛʝʥʝʨʘʮʽʷ ʩʠʩʪʝʤʠ ʟ 56 ʧʘʥʝʣʝʡ ʧʝʨʝʚʠʱʫʻ ʩʧʦʞʠʚʘʥʥʷ ʚʣʽʪʢʫ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʥʘʯʥʠʡ ʟʘʧʘʩ ʝʥʝʨʛʽʾ, ʪʦʜʽ ʷʢ ʩʠʩʪʝʤʘ ʟ 18 ʧʘʥʝʣʝʡ ʧʦʢʨʠʚʘʻ ʣʠʰʝ 

ʯʘʩʪʠʥʫ ʩʧʦʞʠʚʘʥʥʷ. ɺʟʠʤʢʫ ʦʙʠʜʚʽ ʩʠʩʪʝʤʠ ʛʝʥʝʨʫʶʪʴ ʤʝʥʰʝ ʝʥʝʨʛʽʾ ʯʝʨʝʟ 

ʟʥʠʞʝʥʫ ʽʥʩʦʣʷʮʽʶ [31]. 

ʇʦʤʽʨʥʠʡ ʨʝʞʠʤ ʽʟ 18 ʧʘʥʝʣʷʤʠ ʩʧʨʘʚʜʽ ʻ ʨʘʮʽʦʥʘʣʴʥʠʤ ʚʠʙʦʨʦʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʧʦʪʨʝʙ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘ ʧʨʦʪʷʛʦʤ ʨʦʢʫ. 

ʑʦʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʫʪʘ ʥʘʭʠʣʫ ʧʘʥʝʣʝʡ ï ʟʘʛʘʣʴʥʘ ʨʝʢʦʤʝʥʜʘʮʽʷ ʚ ʋʢʨʘʾʥʽ: 

35-45Á [32]. 

 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʂʠʻʚʘ ʪʘ ʦʙʣʘʩʪʽ (ʰʠʨʦʪʘ ʙʣʠʟʴʢʦ 50Á): 

- ʃʽʪʥʽʡ ʢʫʪ: 40Á. 
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- ɿʠʤʦʚʠʡ ʢʫʪ: 60Á. 

- ʉʝʨʝʜʥʽʡ: 50Á. 

ʇʦʩʣʽʜʦʚʥʝ ʟ'ʻʜʥʘʥʥʷ ʬʦʪʦʤʦʜʫʣʽʚ ʟʘʙʝʟʧʝʯʫʻ ʩʫʤʽʩʥʽʩʪʴ ʽʟ ʥʦʤʽʥʘʣʴʥʦʶ 

ʥʘʧʨʫʛʦʶ ʽʥʚʝʨʪʦʨʘ, ʘ ʟʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʽ ʩʪʨʫʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʡʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ [30]. 

ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: 

- ʅʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ʤʘʩʠʚʫ: 432 ɺ. 

- ʄʘʢʩʠʤʘʣʴʥʘ ʥʘʧʨʫʛʘ ʩʠʩʪʝʤʠ: 566,3 ɺ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʽʥʚʝʨʪʦʨʘ. 

- ʉʪʨʫʤ ʬʦʪʦʤʦʜʫʣʽʚ: ʥʝ ʧʝʨʝʚʠʱʫʻ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʽʥʚʝʨʪʦʨʘ. 

ʉʪʦʩʦʚʥʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʝ - ʧʦʩʣʽʜʦʚʥʝ 

ʟ'ʻʜʥʘʥʥʷ 18 ʧʘʥʝʣʝʡ ʜʦʟʚʦʣʷʻ [39]: 

- ɿʙʽʣʴʰʠʪʠ ʥʘʧʨʫʛʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʽʥʚʝʨʪʦʨʘ. 

- ɿʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. 

ʊʘʙʣʠʮʷ 2.3.2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽʥʚʝʨʪʦʨʫ ʜʣʷ ʛʽʙʨʠʜʥʦʾ ʉɽʉ [31]. 

 

 

ʈʠʩʫʥʦʢ 2.3.3 ï ʇ̔ ʜʢʣʶʯʝʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʜʦ ʛʽʙʨʠʜʥʦʛʦ ʽʥʚʝʨʪʦʨʘ [31]. 
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ʎʽ ʽʥʚʝʨʪʦʨʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʙʝʟ ʟʦʚʥʽʰʥʴʦʾ ʝʣʝʢʪʨʦʤʝʨʝʞʽ, ʟʘʨʷʜʞʘʶʯʠ 

ʘʢʫʤʫʣʷʪʦʨʠ ʚʽʜ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ. ɺʦʥʠ ʥʘʢʦʧʠʯʫʶʪʴ ʝʥʝʨʛʽʶ ʚ ʘʢʫʤʫʣʷʪʦʨʘʭ ʽ 

ʧʝʨʝʜʘʶʪʴ ʾʾ ʚ ʙʫʜʠʥʦʢ ʟʘ ʧʦʪʨʝʙʠ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʝ ʘʚʪʦʥʦʤʥʝ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʥʘʚʽʪʴ ʙʝʟ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʟʙʝʨʽʛʘʶʯʠ ʚʣʘʩʥʫ 

ʛʝʥʝʨʘʮʽʶ. ɿʘʚʜʷʢʠ ʧʨʦʙʣʝʤʘʤ ʽʟ ʚʽʜʢʣʶʯʝʥʥʷʤ ʝʣʝʢʪʨʠʢʠ ʚ ʋʢʨʘʾʥʽ, "ʜʦʤʘʰʥʽ" 

ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʩʪʘʣʠ ʘʢʪʫʘʣʴʥʠʤʠ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʥʝʨʛʝʪʠʯʥʫ 

ʥʝʟʘʣʝʞʥʽʩʪʴ, ʧʨʘʮʶʶʯʠ ʮʽʣʦʜʦʙʦʚʦ. ʋʜʝʥʴ ʝʥʝʨʛʽʷ ʧʦʩʪʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʽʥʚʝʨʪʦʨ, ʘ 

ʚʥʦʯʽ ʯʠ ʚ ʧʦʭʤʫʨʠʡ ʜʝʥʴ ð ʟ ʘʢʫʤʫʣʷʪʦʨʽʚ [32]. 

ʌʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʘʥʝʣʽ ʚʠʨʦʙʣʷʶʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʚʜʝʥʴ, ʪʦʤʫ ʘʢʫʤʫʣʷʪʦʨʠ ʚ 

ʛʽʙʨʠʜʥʠʭ ʉɽʉ ʧʦʚʠʥʥʽ ʤʘʪʠ ʜʦʩʪʘʪʥʶ ʻʤʥʽʩʪʴ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ. ɿʘʥʘʜʪʦ 

ʚʝʣʠʢʘ ʻʤʥʽʩʪʴ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʭʨʦʥʽʯʥʦʛʦ ʥʝʜʦʟʘʨʷʜʫ ʘʢʫʤʫʣʷʪʦʨʽʚ, ʱʦ ʰʢʦʜʠʪʴ 

ʾʭʥʴʦʤʫ ʩʪʘʥʫ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. ɿʘʥʘʜʪʦ ʤʘʣʘ ʻʤʥʽʩʪʴ ʥʝ ʟʘʜʦʚʦʣʴʥʠʪʴ ʚʠʤʦʛʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʛʣʠʙʦʢʠʡ ʨʦʟʨʷʜ, ʱʦ ʪʘʢʦʞ ʧʦʛʽʨʰʠʪʴ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʙʘʪʘʨʝʡ. ʅʘʡʧʦʰʠʨʝʥʽʰʽ ʨʦʙʦʯʽ ʥʘʧʨʫʛʠ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʫ 

ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ð 12, 24 ʽ 48 ɺ. ʅʘʧʨʫʛʘ ʪʘ ʢʽʣʴʢʽʩʪʴ ʘʢʫʤʫʣʷʪʦʨʽʚ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʽʥʚʝʨʪʦʨʘ ʪʘ ʥʝʦʙʭʽʜʥʦʾ ʻʤʥʦʩʪʽ ʜʣʷ ʙʫʜʠʥʢʫ. ɿʛʽʜʥʦ ʟ 

ʜʘʥʠʤʠ, ʩʝʨʝʜʥʻ ʩʧʦʞʠʚʘʥʥʷ ʟʘ ʜʝʥʴ ʩʢʣʘʜʘʻ 15,04 ʢɺʪĀʛʦʜ. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʪʴʩʷ 

ʜʣʷ ʦʜʥʦʛʦ ʜʥʷ ʘʚʪʦʥʦʤʥʦʛʦ ʞʠʚʣʝʥʥʷ, ʱʦʙ ʧʨʘʚʠʣʴʥʦ ʚʠʙʨʘʪʠ ʩʪʨʫʤ ʘʢʫʤʫʣʷʪʦʨʘ. 

 

ʜʝ: 

Ȋ̏̈ ï ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ɸʂɹ, ɸ; 

U(˛- ï ʥʦʤʽʥʘʣʴʥʘ ʨʦʙʦʯʘ ʥʘʧʨʫʛʘ ɸʂɹ, ɺ. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʜʣʷ ʜʦʚʰʦʾ ʨʦʙʦʪʠ ɸʂɹ ʾʭ ʤʦʞʥʘ ʨʦʟʨʷʜʞʘʪʠ 

ʜʦ 20-30%. ʇʽʜʩʪʘʚʠʤʦ ʫ ʧʦʧʝʨʝʜʥʶ ʬʦʨʤʫʣʫ ʥʦʤʽʥʘʣʴʥʫ ʨʦʙʦʯʫ ʥʘʧʨʫʛʫ ɸʂɹ ï 48 

ɺ ʽ ʦʪʨʠʤʘʻʤʦ [30]: 

 

ɺʠʢʦʨʠʩʪʘʻʤʦ ɸʂɹ ʟ ʧʝʚʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʟʘʧʘʩʦʤ ï 400 ɸĀʛʦʜ, ʪʦʜʽ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʣʽʯʝʥʽ ʝʣʝʢʪʨʦʧʨʠʣʘʜʠ ʘʚʪʦʥʦʤʥʦʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʧʨʦʪʷʛʦʤ 

ʜʦʙʠ ʧʦʪʨʽʙʥʦ ʯʦʪʠʨʠ ʘʢʫʤʫʣʷʪʦʨʠ 48 ɺ ʧʦ 100 ɸĀʛʦʜ. ɹʫʣʦ ʦʙʨʘʥʦ ʘʢʫʤʫʣʷʪʦʨʥʫ 
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ʙʘʪʘʨʝʶ ʣʽʪʽʡ- ʟʘʣʽʟʦʬʦʩʬʘʪʥʦʛʦ ʪʠʧʫ ʉhallenger LF48-100, ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 

2.3.4 [32]. 

 

ʈʠʩʫʥʦʢ 2.3.4 ï ɸʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ ʉhallenger LF48-100 [21]. 

ɸʂɹ ʥʝʦʙʭʽʜʥʦ ʟôʻʜʥʫʚʘʪʠ ʧʘʨʘʣʝʣʴʥʦ, ʟ ʤʝʪʦʶ ʟʙʝʨʝʞʝʥʥʷ ʥʘʧʨʫʛʠ, ʷʢʫ 

ʧʽʜʪʨʠʤʫ ̒ʽʥʚʝʨʪʦʨ, ʘ ʻʤʥʦʩʪʽ ʧʨʠ ʪʘʢʦʤʫ ʧʽʜʢʣʶʯʝʥʥʽ ʩʫʤʫʶʪʴʩʷ. ɼʣʷ ʚʽʟʫʘʣʴʥʦ 

ʩʧʨʠʡʥʷʪʪʷ ʥʘʚʝʜʝʥʘ ʩʭʝʤʘ (ʨʠʩʫʥʢʫ. 2.2.5) ʧʽʜʢʣʶʯʝʥʥʷ ʪʘʢʠʭ ʘʢʫʤʫʣʷʪʦʨʥʠʭ 

ʙʘʪʘʨʝʡ [22]. 

ʆʙʨʘʥʽ ʘʢʫʤʫʣʷʪʦʨʠ ʟ ʚʙʫʜʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ BMS ʧʽʜʭʦʜʷʪʴ ʜʣʷ 

ʘʚʪʦʥʦʤʥʠʭ ʽ ʛʽʙʨʠʜʥʠʭ ʩʦʥʷʯʥʠʭ ʩʪʘʥʮʽʡ. ɼʦ ʾʭ ʧʝʨʝʚʘʛ ʥʘʣʝʞʘʪʴ: ʰʚʠʜʢʠʡ ʟʘʨʷʜ, 

ʩʪʘʙʽʣʴʥʘ ʨʦʙʦʪʘ ʧʨʠ ʥʠʟʴʢʠʭ ʪʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʝʣʠʢʠʡ ʮʠʢʣʽʯʥʠʡ ʨʝʩʫʨʩ 

(ʙʽʣʴʰʝ 2000 ʮʠʢʣʽʚ ʧʨʠ 100% ʨʦʟʨʷʜʽ ʪʘ ʱʝ ʙʽʣʴʰʝ ʧʨʠ ʨʦʟʨʷʜʽ ʥʘ 70-80%), 

ʚʙʫʜʦʚʘʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʧʝʨʝʟʘʨʷʜʫ, ʛʣʠʙʦʢʦʛʦ ʨʦʟʨʷʜʫ ʽ ʢʨʠʪʠʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ 

ʪʘʢʦʞ ʥʠʟʴʢʘ ʰʚʠʜʢʽʩʪʴ ʩʘʤʦʨʦʟʨʷʜʞʝʥʥʷ (ʤʝʥʰʝ 1,5% ʥʘ ʤʽʩʷʮʴ). ɼʣʷ ʟ'ʻʜʥʘʥʥʷ 

ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʩʭʝʤʠ ʚʘʞʣʠʚʦ ʧʨʘʚʠʣʴʥʦ ʚʠʙʨʘʪʠ ʢʘʙʝʣʽ, ʦʩʢʽʣʴʢʠ ʚʽʜ ʮʴʦʛʦ 

ʟʘʣʝʞʠʪʴ ʥʘʜʽʡʥʽʩʪʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʙʝʟʧʝʢʘ ʨʦʙʦʪʠ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 

[20]. 

 

ʈʠʩʫʥʦʢ 2.2.5 ï ʇ̔ ʜʢʣʶʯʝʥʥʷ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ [28]. 
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ʈʠʩʫʥʦʢ 2.3.6 ï ʆʜʥʦʣʽʥʽʡʥʘ ʩʭʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚʽʜ ʛʽʙʨʠʜʥʦʾ ʉɽʉ [24]. 

ɺʠʙʽʨ ʝʣʝʢʪʨʠʯʥʠʭ ʢʘʙʝʣʽʚ, ʪʦʙʪʦ ʾʭʥʽʭ ʧʝʨʝʨʽʟʽʚ, ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟʘ 

ʜʦʧʫʩʪʠʤʠʤ ʪʨʠʚʘʣʠʤ ʩʪʨʫʤʦʤ. ɺʠʟʥʘʯʠʤʦ ʩʪʨʫʤʠ ʚ ʣʽʥʽʷʭ ʟʘ ʬʦʨʤʫʣʦʶ (2.3.5) ʪʘ 

(2.3.6), ʽ ʟʘʥʝʩʝʤʦ ʟʥʘʡʜʝʥʽ ʜʘʥʽ ʚ ʪʘʙʣ. 2.3.4. 

- ʪʨʠʬʘʟʥʦʾ ʤʝʨʝʞʽ 

 

- ʦʜʥʦʬʘʟʥʦʾ ʤʝʨʝʞʽ 

 

ʇʝʨʝʚʽʨʠʤʦ ʽʩʥʫʶʯʫ ʩʠʩʪʝʤʫ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚ ʙʫʜʠʥʢʫ, ʧʦʨʽʚʥʷʚʰʠ 

ʥʦʤʽʥʘʣʴʥʽ ʩʪʨʫʤʠ ʢʘʙʝʣʽʚ ʟ ʨʦʟʨʘʭʦʚʘʥʠʤʠ [20]. 

ʊʘʢʦʞ ʜʣʷ ʚʩʽʭ ʢʘʙʝʣʽʚ ʟʥʘʡʜʝʤʦ ʚʪʨʘʪʠ ʥʘʧʨʫʛʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ʜʝ: 

æU ï ʚʪʨʘʪʠ ʥʘʧʨʫʛʠ ʚ ʧʨʦʚʽʜʥʠʢʫ, %; 
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C ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʦʙʠʨʘʻʪʴʩʷ ʟ ʪʘʙʣʠʮʽ 2.2.3; 

S ï ʧʝʨʝʨʽʟ ʧʨʦʚʽʜʥʠʢʘ, ʤʤ2; 

P ï ʧʽʜʢʣʶʯʝʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʢɺʪ; 

ʢ  ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʩʪʫʧʽʥʴ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʦʚʽʜʥʠʢʫ, ʜʣʷ 

ʂʃ: ʢ = 1, ʜʣʷ ʇʃ: ʢ = 0,5. 

L ï ʜʦʚʞʠʥʘ ʧʨʦʚʽʜʥʠʢʘ, ʤ. 

ʊʘʙʣʠʮʷ 2.3.3 ï ʂʦʝʬʽʮʽʻʥʪ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʥʘʧʨʫʛʠ ʚ ʧʨʦʚʽʜʥʠʢʫ [22]. 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʩʽʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʧʝʨʝʚʽʨʦʢ ʟʛʨʫʧʦʚʘʥʽ ʪʘ ʟʘʥʝʩʝʥʽ ʜʦ ʪʘʙʣ. 

2.3.4 - 2.3.5. 

ʊʘʙʣʠʮʷ 2.3.4 ï ʂʘʙʝʣʽ ʱʦ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʛʽʙʨʠʜʥʦʾ ʉɽʉ [22]. 

 

ʊʘʙʣʠʮʷ 2.3.5 ï ʇʝʨʝʚʽʨʢʘ ̔ ʩʥʫʶʯʠʭ ʧʨʦʚʦʜʽʚ ʝʣʝʢʪʨʦʧʨʦʚʦʜʢʠ ʥʘʚʯʘʣʴʥʦʛʦ 

ʟʘʢʣʘʜʫ [29]. 
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ɺʩʽ ʽʩʥʫʶʯʽ ʢʘʙʝʣʽ ʚ ʧʨʦʚʦʜʮʽ ʙʫʜʠʥʢʫ ʧʨʦʡʰʣʠ ʧʝʨʝʚʽʨʢʫ ʽ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʩʪʨʫʤʠ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ, ʘ ʚʪʨʘʪʠ ʥʘʧʨʫʛʠ ʤʝʥʰʝ 5%, ʪʦ ʩʠʩʪʝʤʘ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʻ ʥʘʜʽʡʥʦʶ ʪʘ ʝʬʝʢʪʠʚʥʦʶ [21]. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ: 

- ʂʘʙʝʣʽ ʤʘʶʪʴ ʜʦʩʪʘʪʥʽʡ ʧʝʨʝʪʠʥ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʩʪʨʫʤʽʚ ʙʝʟ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. 

- ɺʪʨʘʪʠ ʥʘʧʨʫʛʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʥʦʨʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʫ 

ʨʦʙʦʪʫ ʝʣʝʢʪʨʦʧʨʠʣʘʜʽʚ ʽ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

- ɽʣʝʢʪʨʠʯʥʘ ʩʠʩʪʝʤʘ ʟʜʘʪʥʘ ʩʧʨʘʚʣʷʪʠʩʷ ʟ ʧʦʪʦʯʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʥʝ 

ʚʠʢʣʠʢʘʶʯʠ ʧʝʨʝʛʨʽʚʫ ʯʠ ʽʥʰʠʭ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ. 

ɺʩʽ ʮʽ ʬʘʢʪʦʨʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚ ʙʫʜʠʥʢʫ 

ʧʨʘʮʶʻ ʧʨʘʚʠʣʴʥʦ ʽ ʙʝʟʧʝʯʥʦ [20]. 

ʊʘʙʣʠʮʷ 2.3.6 ï ɺʠʙʽʨ ʘʚʪʦʤʘʪʠʯʥʠʭ ʚʠʤʠʢʘʯʽʚ, ʷʢ ʝʣʝʤʝʥʪʽʚ ʟʘʭʠʩʪʫ [25]. 

 

ɺʩʽ ʦʙʨʘʥʽ ʚʠʤʠʢʘʯʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʫ ˴̊̏  ̇І ˴ ̑̏̈. 

ʇʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʘ ʟʘʭʠʩʥʘ ʘʚʪʦʤʘʪʠʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ ʦʩʥʦʚʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʚʽʜ ʧʝʨʝʛʨʽʚʫ, ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʽʤʧʫʣʴʩʥʠʭ ʩʪʨʠʙʢʽʚ ʥʘʧʨʫʛʠ, ʟʚʦʨʦʪʥʦʛʦ 

ʩʪʨʫʤʫ, ʙʣʠʩʢʘʚʢʠ ʪʘ ʽʥʰʠʭ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ, ʟʘʧʦʙʽʛʘʶʯʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʝʤʦʥʪʫ. 

ɺʠʙʨʘʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʟʘʭʠʩʥʠʭ ʰʘʬ ʧʦʩʪʽʡʥʦʛʦ (DC) ʪʘ ʟʤʽʥʥʦʛʦ (AC) ʩʪʨʫʤʫ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.3.7 [23]. 

ɼʣʷ ʜʘʥʦʾ ʛʽʙʨʠʜʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʙʫʣʦ ʦʙʨʘʥʦ ʢʦʤʧʣʝʢʪ ʟʘʭʠʩʪʫ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʛʽʙʨʠʜʥʦʤʫ ʽʥʚʝʨʪʦʨʽ Solis ʧʦʪʫʞʥʽʩʪʶ 10 ʢɺʪ. ʊʘʢʠʡ ʚʠʙʽʨ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 
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ʝʬʝʢʪʠʚʥʠʡ ʟʘʭʠʩʪ ʫʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʽ ʛʘʨʘʥʪʦʚʘʥʦ ʙʝʟʧʝʯʥʫ ʾʾ ʨʦʙʦʪʫ [28]. 

ʊʘʙʣʠʮʷ 2.3.7 ï ɿʘʭʠʩʥʘ ʘʚʪʦʤʘʪʠʢʘ ʜʣʷ ʛʽʙʨʠʜʥʦʾ ʉɽʉ [26]. 

 

 

SmartMeter (TAMP)  ï ʮʝ ʨʦʟʫʤʥʠʡ ʣʽʯʠʣʴʥʠʢ, ʷʢʠʡ ʥʝ ʣʠʰʝ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ 

ʟʚʠʯʘʡʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ, ʘ ʡ ʟʘʧʦʙʽʛʘʻ ʧʝʨʝʪʦʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʮʝʥʪʨʘʣʴʥʫ ʤʝʨʝʞʫ. ɼʣʷ 

ʮʴʦʛʦ ʧʨʦʝʢʪʫ ʙʫʣʦ ʦʙʨʘʥʦ ʨʦʟʫʤʥʠʡ ʣʽʯʠʣʴʥʠʢ DTSU666-H 250A/50mA ʚʽʜ ʢʦʤʧʘʥʽʾ 

Huawei, ʷʢʠʡ ʙʫʜʝ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ʽʩʥʫʶʯʽʡ ʰʘʬʽ ʦʙʣʽʢʫ ʥʘ ʤʝʞʽ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ. 

ʇʨʠʩʪʨʽʡ ʧʨʘʮʶʻ ʚ ʪʨʠʬʘʟʥʽʡ ʤʝʨʝʞʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʧʦʞʠʚʘʥʥʷ 

ʪʘ ʚʠʨʦʙʣʝʥʥʷ ʝʥʝʨʛʽʾ [24]. 

ʊʘʙʣʠʮʷ 2.3.8 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʽʯʠʣʴʥʠʢʘ [26]. 

 

2.4 ʈʦʟʨʘʭʫʥʦʢ ʩʦʥʷʯʥʦʾ ʛʽʙʨʠʜʥʦʾ ʤʽʥʽ-ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʣʷ ʛʝʥʝʨʘʮʽʾ. 

ʄʝʨʝʞʝʚʽ ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʻ ʥʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤ ʟʘ ʚʘʨʪʽʩʪʶ ʚʘʨʽʘʥʪʦʤ, 

ʦʩʢʽʣʴʢʠ ʚ ʢʦʤʧʣʝʢʪ ʥʝ ʚʭʦʜʷʪʴ ʘʢʫʤʫʣʷʪʦʨʥʽ ʙʘʪʘʨʝʾ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ 40-50% ʟʘʛʘʣʴʥʦʾ 

ʚʘʨʪʦʩʪʽ ʩʠʩʪʝʤʠ ʨʘʟʦʤ ʽʟ ʩʠʩʪʝʤʦʶ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʞʠʚʣʝʥʥʷ [22]. 

ʉʠʩʪʝʤʘ ʤʝʨʝʞʥʦʾ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2.4.1, 
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ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʛʽʙʨʠʜʥʦʾ ʚʽʜʩʫʪʥʽʩʪʶ ɸʂɹ. ʂʦʣʠ ʩʚʽʪʠʪʴ ʩʦʥʮʝ, ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʤʦʜʫʣʽ 

ʚʠʨʦʙʣʷʶʪʴ ʜʦʩʪʘʪʥʴʦ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘ. ʅʘʜʣʠʰʢʦʚʘ 

ʝʥʝʨʛʽʷ ʧʨʦʜʘʻʪʴʩʷ ʜʦ ʮʝʥʪʨʘʣʴʥʦʾ ʤʝʨʝʞʽ ʟʘ ʧʨʦʛʨʘʤʦʶ "ʟʝʣʝʥʠʡ ʪʘʨʠʬ". ɺʥʦʯʽ ʪʘ ʚ 

ʧʦʭʤʫʨʽ ʜʥʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ʧʦʩʪʘʯʘʻʪʴʩʷ ʟ ʈɽʄ [23]. 

ʈʦʟʨʘʭʫʥʦʢ ʤʝʨʝʞʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʛʽʙʨʠʜʥʦʾ, ʦʩʢʽʣʴʢʠ ʾʾ 

ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʻ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʙʫʜʠʥʢʫ, ʘʣʝ ʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʦʜʘʞ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʤʝʨʝʞʫ. ɼʣʷ ʮʴʦʛʦ ʚʠʙʠʨʘʻʪʴʩʷ ʩʦʥʷʯʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʧʦʪʫʞʥʽʩʪʶ 30 

ʢɺʪ, ʱʦ ʻ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʟʚʦʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʜʣʷ ʧʦʙʫʪʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ [24]. 

ʉʧʦʯʘʪʢʫ ʦʙʠʨʘʶʪʴʩʷ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʫʣʠ ʦʙʨʘʥʽ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʤʦʜʫʣʽ Longi Solar LR5-

72HPH-54. ʎʽ ʤʦʜʫʣʽ ʦʧʪʠʤʘʣʴʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʾ ʩʪʘʥʮʽʾ [27]. 

ʊʘʙʣʠʮʷ 2.4.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʜʣʷ ʤʝʨʝʞʝʚʦʾ ʉɽʉ [21]. 

 

ʅʝʦʙʭʽʜʥʦ ʜʽʟʥʘʪʠʩʷ ʩʢʽʣʴʢʠ ʪʘʢʠʭ ʤʦʜʫʣʽʚ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʥʘʙʨʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʫ ʜʦʟʚʦʣʝʥʫ ʧʦʪʫʞʥʽʩʪʴ ʫ 30 ʢɺʪ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʜʽʣʠʪʠ 

ʧʦʪʨʽʙʥʝ ʟʥʘʯʝʥʥʷ ʥʘ ʧʦʪʫʞʥʽʩʪʴ ʦʜʥʽʻʾ ʧʘʥʝʣʽ, ʚʢʘʟʘʥʽʡ ʫ ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʬʦʪʦʤʦʜʫʣʷ ʚ ʪʘʙʣ. 2.4.1 [20]. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʢʨʠʚʘʥʥʷ ʧʦʪʨʝʙ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʠʥʢʫ, ʩʢʣʘʜʝʤʦ 

ʛʨʘʬʽʢ ʛʝʥʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʬʦʪʦʤʦʜʫʣʷʤʠ ʪʘ ʥʘʢʣʘʜʝʤʦ ʥʘ ʜʽʘʛʨʘʤʫ 

ʩʧʦʞʠʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʦʤ, ʥʘ ʨʠʩ. 2.2.1 [21]. 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩʫʥʢʫ, ʟʛʝʥʝʨʦʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʟʠʤʢʫ ʟʥʘʯʥʦ ʥʠʞʯʘ 

ʟʘ ʣʽʪʥʶ, ʘʣʝ ʥʘʚʽʪʴ ʚʦʥʘ ʤʘʡʞʝ ʜʦʩʪʘʪʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʙʫʜʠʥʢʫ. ɺ ʽʥʰʽ 

ʤʽʩʷʮʽ, ʢʦʣʠ ʟʛʝʥʝʨʦʚʘʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʩʧʦʞʠʚʘʥʫ, ʥʘʜʣʠʰʦʢ 

ʙʫʜʝ ʧʝʨʝʜʘʚʘʪʠʩʷ ʚ ʤʝʨʝʞʫ ʜʣʷ ʧʨʦʜʘʞʫ ʟʘ "ʟʝʣʝʥʠʤ ʪʘʨʠʬʦʤ" [20]. 

ʆʧʪʠʤʘʣʴʥʠʡ ʢʫʪ ʥʘʭʠʣʫ ʧʘʥʝʣʝʡ (41,5Á) ʥʝ ʟʤʽʥʠʚʩʷ, ʦʩʢʽʣʴʢʠ ʧʘʥʝʣʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʪʦʤʫ ʞ ʤʽʩʮʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 

ʨʦʢʫ [29]. 

 

ʈʠʩʫʥʦʢ 2.4.2 ï ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʧʽʚ̔ ʜʥʦʰʝʥʥʷ ʩʧʦʞʠʪʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦ 

ʟʛʝʥʝʨʦʚʘʥʦʾ [29]. 

ʇʽʜʙʽʨ ʽʥʚʝʨʪʦʨʘ ʜʣʷ ʤʝʨʝʞʥʦʾ ʉɽʉ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʧʽʜʙʦʨʫ ʜʣʷ 

ʛʽʙʨʠʜʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʘʣʝ ʚʨʘʭʦʚʫʶʪʴ ʪʠʧ ʩʠʩʪʝʤʠ ð ʤʝʨʝʞʝʚʠʡ ʟ ʥʦʤʽʥʘʣʴʥʦʶ 
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ʧʦʪʫʞʥʽʩʪʶ 30 ʢɺʪ. ʉʝʨʝʜ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʙʫʚ ʦʙʨʘʥʠʡ ʤʝʨʝʞʝʚʠʡ ʽʥʚʝʨʪʦʨ 

Huawei SUN2000-30KTL -M3, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʜʣʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʦʧʪʠʤʘʣʴʥʫ ʨʦʙʦʪʫ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʠʭʽʜ ʝʥʝʨʛʽʾ 

ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦ ʤʝʨʝʞʽ [24]. 

ʆʩʢʽʣʴʢʠ ʤʘʢʩʠʤʘʣʴʥʘ ʥʘʧʨʫʛʘ ʤʘʩʠʚʫ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʜʣʷ ʽʥʚʝʨʪʦʨʘ 

ʩʪʘʥʦʚʠʪʴ 1100 ɺ, ʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʭʽʜʥʠʡ ʩʪʨʫʤ ð ʣʠʰʝ 47,9 ɸ, ʪʦ ʥʝ ʤʦʞʥʘ 

ʧʽʜʢʣʶʯʠʪʠ ʧʘʥʝʣʽ ʧʦʩʣʽʜʦʚʥʦ, ʷʢ ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ. ʇʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʟ'ʻʜʥʘʥʥʽ 

ʥʘʧʨʫʛʘ ʧʘʥʝʣʝʡ ʜʦʜʘʻʪʴʩʷ, ʘ ʩʪʨʫʤ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ. ʋ ʚʠʧʘʜʢʫ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʟ'ʻʜʥʘʥʥʷ ʩʪʨʫʤ ʜʦʜʘʻʪʴʩʷ, ʘ ʥʘʧʨʫʛʘ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ [20]. 

ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʙʫʣʦ ʜʦʜʘʥʦ ʱʝ ʦʜʥʫ ʩʦʥʷʯʥʫ ʧʘʥʝʣʴ. ʊʝʧʝʨ 

ʩʭʝʤʘ ʟ'ʻʜʥʘʥʥʷ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʚʩʽ ʬʦʪʦʤʦʜʫʣʽ ʧʦʜʽʣʝʥʦ ʥʘ ʪʨʠ ʛʨʫʧʠ 

ʧʦ 19 ʦʜʠʥʠʮʴ, ʧʽʜʢʣʶʯʝʥʠʭ ʧʦʩʣʽʜʦʚʥʦ, ʘ ʮʽ ʪʨʠ ʛʨʫʧʠ ʟ'ʻʜʥʘʥʽ ʧʘʨʘʣʝʣʴʥʦ (ʨʠʩ. 

2.4.3) [23]. 

ʊʘʙʣʠʮʷ 2.4.2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽʥʚʝʨʪʦʨʫ [21]. 

 

ʄʘʢʩʠʤʘʣʴʥʘ ʩʫʤʘʨʥʘ ʥʘʧʨʫʛʘ ʤʘʩʠʚʫ ʩʪʘʥʦʚʠʪʠʤʝ ʥʝ ʙʽʣʴʰʝ 792 ɺ, ʘ ʩʪʨʫʤ ð 
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39 ɸ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʥʚʝʨʪʦʨʘ. ɼʦʜʘʚʘʥʥʷ 

ʦʜʥʽʻʾ ʧʘʥʝʣʽ ʥʝ ʚʧʣʠʥʝ ʥʘ ʨʦʙʦʪʫ ʽʥʚʝʨʪʦʨʘ, ʦʩʢʽʣʴʢʠ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ 

ʥʦʤʽʥʘʣʴʥʫ ʣʠʰʝ ʥʘ 780 ɺʪ (ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʽʡ ʧʦʪʫʞʥʦʩʪʽ ʽʥʚʝʨʪʦʨʘ ʚ 33 

ʢɺʪ), ʽ ʟʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʢʣʘʜʝ 30,78 ʢɺʪ [22]. 

ɺʠʙʽʨ ʧʨʦʚʦʜʽʚ ʜʣʷ ʤʝʨʝʞʥʦʾ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ 

ʜʦ ʧʨʦʮʝʩʫ, ʦʧʠʩʘʥʦʛʦ ʚ ʨʦʟʜʽʣʽ 2.3, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʧʫʩʪʠʤʦʛʦ ʪʨʠʚʘʣʦʛʦ ʩʪʨʫʤʫ 

ʪʘ ʧʝʨʝʚʽʨʢʠ ʜʦʧʫʩʪʠʤʠʭ ʚʪʨʘʪ ʥʘʧʨʫʛʠ. ʎʝ ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʩʠʩʪʝʤ ʧʦʣʷʛʘʻ ʫ 

ʚʽʜʩʫʪʥʦʩʪʽ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ, ʪʦʤʫ ʩʠʩʪʝʤʘ ʟʦʩʝʨʝʜʞʝʥʘ ʣʠʰʝ ʥʘ ʧʝʨʝʜʘʯʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʤʝʨʝʞʫ ʘʙʦ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʙʝʟ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ 

[28]. 

 

ʈʠʩʫʥʦʢ 2.4.3 ï ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ [21]. 

 

ʈʠʩʫʥʦʢ 2.4.4 ï ʆʜʥʦʣʽʥʽʡʥʘ ʩʭʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ [20]. 
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ʊʘʙʣʠʮʷ 2.4.3 ï ɺʠʙʽʨ ʢʘʙʝʣʽʚ [21]. 

 

ʇʨʦʚʦʜʠ ʚʽʜ ʽʥʚʝʨʪʦʨʘ ʜʦ ʝʣʝʢʪʨʦʧʨʠʣʘʜʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ, ʦʩʢʽʣʴʢʠ 

ʨʘʥʽʰʝ ʙʫʣʠ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ. 

ɸʚʪʦʤʘʪʠʯʥʽ ʚʠʤʠʢʘʯʽ ʪʘʢʦʞ ʙʫʣʠ ʚʠʙʨʘʥʽ ʟʘʟʜʘʣʝʛʽʜʴ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʜʦ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʽ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ [22]. 

ɺʠʙʨʘʥʠʡ ʢʦʤʧʣʝʢʪ ʟʘʭʠʩʥʦʛʦ ʪʘ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ 

ʰʘʬʽ ʟʤʽʥʥʦʛʦ (AC) ʪʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (DC), ʜʣʷ ʤʝʨʝʞʝʚʦʾ ʩʦʥʷʯʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʧʦʪʫʞʥʽʩʪʶ 30 ʢɺʪ ʥʘ ʙʘʟʽ ʽʥʚʝʨʪʦʨʘ Huawei ʥʘʚʝʜʝʥʠʡ ʚ ʪʘʙʣʠʮʽ 

2.4.4. ʎʝʡ ʢʦʤʧʣʝʢʪ ʟʘʙʝʟʧʝʯʫʻ ʥʘʣʝʞʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʥʝʙʝʟʧʝʯʥʠʭ 

ʩʠʪʫʘʮʽʡ, ʪʘʢʠʭ ʷʢ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʢʦʨʦʪʢʽ ʟʘʤʠʢʘʥʥʷ, ʘʙʦ ʥʝʩʧʨʘʚʥʦʩʪʽ ʫ ʣʘʥʮʶʛʘʭ 

ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ [13]. 

ʊʘʙʣʠʮʷ 2.4.4 ï ɿʘʭʠʩʥʘ ʘʚʪʦʤʘʪʠʢʘ [11]. 

 

ɼʣʷ ʦʙʣʽʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʠʬʘʟʥʠʡ 

ʝʣʝʢʪʨʦʥʥʠʡ ʣʽʯʠʣʴʥʠʢ ʘʢʪʠʚʥʦʾ ʝʥʝʨʛʽʾ ʧʨʷʤʦʛʦ ʽ ʟʚʦʨʦʪʥʦʛʦ ʥʘʧʨʷʤʢʫ (ʢʣʘʩ 

ʪʦʯʥʦʩʪʽ ʥʝ ʥʠʞʯʝ 1,0) ʧʨʷʤʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʊʘʢʠʡ ʣʽʯʠʣʴʥʠʢ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʪʝʭʥʽʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʟʘʩʦʙʽʚ 
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ʢʦʤʝʨʮʽʡʥʦʛʦ ʦʙʣʽʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʨʝʢʦʤʝʥʜʦʚʘʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʣʽʮʝʥʟʦʚʘʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʦʧʝʨʘʪʦʨʘ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ [15]. 

ɼʚʦʥʘʧʨʘʚʣʝʥʠʡ ʣʽʯʠʣʴʥʠʢ ACE 6000 Itron (Actaris) 5 (100) ɸ ʟ ʚʙʫʜʦʚʘʥʠʤ 

ʤʦʜʝʤʦʤ Sparklet ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ɸʉʂʆɽ (ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ 

ʢʦʤʝʨʮʽʡʥʦʛʦ ʦʙʣʽʢʫ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ) ʽ ʻ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤ ʆʙʣʝʥʝʨʛʦ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʢʘʭ ʟ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ [16]. 

ʊʘʙʣʠʮʷ 2.4.5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʽʯʠʣʴʥʠʢʘ [13]. 

 

2.5. ʈʦʟʨʦʙʢʘ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʜʣʷ ʧʨʠʻʜʥʘʥʥʷ ʩʦʥʷʯʥʦʾ ʤʽʥʽ- ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ʜʦ ʨʦʟʧʦʜʽʣʴʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ 

ʈʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʜʣʷ ʧʨʠʻʜʥʘʥʥʷ ʩʧʦʞʠʚʘʯʘ ʜʦ ʨʦʟʧʦʜʽʣʴʥʦʾ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʟʜʽʡʩʥʶʻ ʦʧʝʨʘʪʦʨ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ. ʄʝʞʘ ʙʘʣʘʥʩʦʚʦʾ 

ʥʘʣʝʞʥʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʤʽʞ ʩʧʦʞʠʚʘʯʝʤ ʽ ʦʧʝʨʘʪʦʨʦʤ 

ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʚʠʭʽʜʥʠʭ ʢʦʥʪʘʢʪʘʭ ʚʚʽʜʥʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʚʠʤʠʢʘʯʘ ʘʙʦ ʟʘʧʦʙʽʞʥʠʢʘ [17]. 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʚʽʨʷʻʤʦ ʽʩʥʫʶʯʫ ʩʭʝʤʫ ʞʠʚʣʝʥʥʷ ʽ ʾʾ ʟʜʘʪʥʽʩʪʴ 

ʚʠʪʨʠʤʘʪʠ ʜʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 3 ʢɺʪ (ʦʩʢʽʣʴʢʠ ʽʩʥʫʶʯʝ ʜʦʛʦʚʽʨʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 7 ʢɺʪ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʜʦ 10 ʢɺʪ). ʉʭʝʤʘ ʽʩʥʫʶʯʦʾ ʣʽʥʽʾ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.5.1 [18]. 

ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʚʽʨʢʠ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʜʽʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ ʂʊʇ 

(ʢʣʶʯʦʚʦʤʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʤʫ ʧʫʥʢʪʽ), ʜʦ ʷʢʦʛʦ ʧʽʜʢʣʶʯʝʥʦ ʜʘʥʠʡ ʙʫʜʠʥʦʢ. 

ʇʝʨʝʚʽʨʢʘ ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʟʜʘʪʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʚʠʪʨʠʤʘʪʠ ʜʦʜʘʪʢʦʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ: ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʦʪʫʞʥʽʩʪʴ ʟʙʽʣʴʰʠʪʴʩʷ ʜʦ 10 ʢɺʪ, ʪʘ ʫ 

ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ð ʜʦ 31 ʢɺʪ [19]. 
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ʈʠʩʫʥʦʢ 2.5.1 ï ɯʩʥʫʶʯʘ ʩʭʝʤʘ ʞʠʚʣʝʥʥʷ ʟʘʢʣʘʜʫ ʚʽʜ ʂʊʇ-580 [18]. 

ʇʝʨʝʚʽʨʢʘ ʜʽʶʯʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʊʈï250ʢɺɸ, ʜʦ ʷʢʦʛʦ ʙʫʜʝ ʧʽʜʢʣʶʯʘʪʠʩʷ 

ʩʦʥʷʯʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ [13]: 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʚʩʽ ʟʥʘʯʝʥʥʷ ʜʦ ʬʦʨʤʫʣʠ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ, ʤʠ ʦʪʨʠʤʘʣʠ ʟʥʘʯʝʥʥʷ, 

ʱʦ ʤʝʥʰʝ ʟʘ ʧʦʪʫʞʥʽʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʚʽʥ ʚʠʪʨʠʤʘʻ 

ʧʽʜʢʣʶʯʝʥʝ ʜʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ [14]. 

ɼʘʣʽ ʧʨʦʚʦʜʠʤʦ ʧʝʨʝʚʽʨʢʫ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ: 

- ʈʫʙʠʣʴʥʠʢ QS ð ʜʣʷ ʢʦʤʫʪʘʮʽʾ ʥʘ ʨʽʚʥʽ ʚʫʣʠʮʽ. 

- ɺʠʤʠʢʘʯ QF ð ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʣʽʥʽʾ ʥʘ ʚʫʣʠʮʽ. 

- ɿʘʧʦʙʽʞʥʠʢ FU ð ʜʣʷ ʟʘʭʠʩʪʫ ʤʝʨʝʞʽ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʪʘ ʢʦʨʦʪʢʠʭ 

ʟʘʤʠʢʘʥʴ. 

- ɺʠʤʠʢʘʯ QFɹ ð ʜʣʷ ʟʘʭʠʩʪʫ ʪʘ ʢʦʤʫʪʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʣʽʥʽʡ ʚʩʝʨʝʜʠʥʽ  
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ɺʩʽ ʜʦʧʫʩʪʠʤʽ  ̔ʨʦʟʨʘʭʦʚʘʥʽ ʥʦʚʽ ʩʪʨʫʤʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.5.1. 

ʊʘʙʣʠʮʷ 2.5.1 ï ʇʝʨʝʚʽʨʢʘ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ [13]. 

 

ɿʛʽʜʥʦ ʟ ʧʝʨʝʚʽʨʢʦʶ, ʚʩʽ ʘʧʘʨʘʪʠ, ʦʢʨʽʤ ʚʠʤʠʢʘʯʘ QFɹ, ʧʨʘʮʶʚʘʪʠʤʫʪʴ ʟ 

ʜʦʜʘʪʢʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʙʝʟ ʧʨʦʙʣʝʤ. ɼʣʷ ʣʽʯʠʣʴʥʠʢʘ ʥʝʦʙʭʽʜʥʦ ʟʘʤʽʥʠʪʠ 

ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʠʤʠʢʘʯ ʥʘ ʚʠʙʨʘʥʠʡ ɸɺ 1ʨ 50 SZ201 ʟʘ ʜʦʧʫʩʪʠʤʠʤ ʩʪʨʫʤʦʤ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʥʦʚʠʤ ʚʠʤʦʛʘʤ [19]. 

ɼʘʣʽ, ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʽʩʥʫʶʯʦʾ ʧʦʚʽʪʨʷʥʦʾ ʣʽʥʽʾ ʟ ʜʦʜʘʪʢʦʚʦʶ ʧʦʪʫʞʥʽʩʪʶ 3 ʢɺʪ, 

ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʦʢ ʚʪʨʘʪʠ ʥʘʧʨʫʛʠ ʥʘ ʧʨʦʚʽʜʥʠʢʘʭ ʟʘ ʬʦʨʤʫʣʦʶ (2.3.7). 

ʎʝ ʜʦʧʦʤʦʞʝ ʦʮʽʥʠʪʠ, ʯʠ ʙʫʜʝ ʟʙʝʨʝʞʝʥʦ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʽʥʽʾ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [17]. 

ɺʩʽ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʢʠ, ʚʢʣʶʯʘʶʯʠ ʨʦʟʨʘʭʫʥʦʢ ʚʪʨʘʪ ʥʘʧʨʫʛʠ ʪʘ ʧʝʨʝʚʽʨʢʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʧʘʨʘʪʠ ʪʘ ʣʽʥʽʶ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.5.2. ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ, 

ʯʠ ʤʦʞʥʘ ʙʝʟʧʝʯʥʦ ʧʽʜʢʣʶʯʠʪʠ ʜʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟ ʧʝʨʝʚʠʱʝʥʥʷ 

ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʣʽʥʽʾ ʪʘ ʦʙʣʘʜʥʘʥʥʷ [14]. 

ʊʘʙʣʠʮʷ 2.5.2 ï ʇʝʨʝʚʽʨʢʘ ̔ ʩʥʫʶʯʠʭ ʢʘʙʝʣʽʚ [12]. 

 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʩʪʨʫʤ ʟ ʜʦʜʘʪʢʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʠʡ, 

ʘ ʩʫʤʘʨʥʽ ʚʪʨʘʪʠ ʥʘ ʣʽʥʽʾ ʩʪʘʥʦʚʣʷʪʴ 1,67%, ʱʦ ʤʝʥʰʝ ʜʦʧʫʩʪʠʤʠʭ 5%. ʎʝ ʦʟʥʘʯʘʻ, 
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ʱʦ ʧʨʦʚʦʜʠ ʥʝ ʧʦʪʨʽʙʥʦ ʟʘʤʽʥʶʚʘʪʠ, ʽ ʽʩʥʫʶʯʘ ʩʭʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʜʘʪʥʘ 

ʚʠʪʨʠʤʘʪʠ ʜʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ [10]. 

ɼʣʷ ʧʝʨʰʦʛʦ ʚʘʨʽʘʥʪʫ ʥʝ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʫʚʘʪʠ ʞʦʜʥʠʭ ʨʦʙʽʪ, ʦʢʨʽʤ ʟʘʤʽʥʠ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʤʠʢʘʯʘ ʚ ʰʘʬʽ ʦʙʣʽʢʫ. 

ɼʣʷ ʜʨʫʛʦʛʦ ʚʘʨʽʘʥʪʫ, ʢʦʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 31 ʢɺʪ, ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʦʢ ʦʢʨʝʤʦʛʦ ʚʠʚʦʜʫ ʟ ʂʊʇ. ʉʭʝʤʘ ʞʠʚʣʝʥʥʷ ʙʫʜʠʥʢʫ ʚ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ ʷʢ ʥʘ ʨʠʩʫʥʢʫ 2.5.2. 

ɯʩʥʫʶʯʠʡ ʨʫʙʠʣʴʥʠʢ QS ʟʘʣʠʰʘʪʠʤʝʪʴʩʷ ʥʝʟʤʽʥʥʠʤ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʜʘʪʝʥ 

ʚʠʪʨʠʤʘʪʠ ʜʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʙʽʨ ʽʥʰʠʭ ʢʦʤʫʪʘʮʽʡʥʠʭ 

ʘʧʘʨʘʪʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʥʦʤʽʥʘʣʴʥʠʤ ʩʪʨʫʤʦʤ, ʨʦʟʨʘʭʦʚʘʥʠʤ ʟʘ ʬʦʨʤʫʣʦʶ (2.3.5). 

ɺʠʙʨʘʥʽ ʘʧʘʨʘʪʠ ʜʣʷ ʜʨʫʛʦʛʦ ʚʘʨʽʘʥʪʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.5.3. ʎʽ ʘʧʘʨʘʪʠ ʧʦʚʠʥʥʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʣʝʞʥʠʡ ʟʘʭʠʩʪ ʽ ʢʦʤʫʪʘʮʽʶ ʣʽʥʽʾ ʧʨʠ ʟʙʽʣʴʰʝʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ [11]. 

ʊʘʙʣʠʮʷ 2.5.4 ï ɺʠʙʽʨ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ ʥʦʚʦʾ ʩʭʝʤʠ ʞʠʚʣʝʥʥʷ [13]. 

 

 

ʈʠʩʫʥʦʢ 2.5.2 ï ʆʥʦʚʣʝʥʘ ʩʭʝʤʘ ʞʠʚʣʝʥʥʷ ʟʘʢʣʘʜʫ [19]. 
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ɼʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 31 ʢɺʪ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʩʪʨʫʤ ʩʪʘʥʦʚʠʪʴ 47,1 

ɸ. ɿʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (2.3.5), ʜʣʷ ʮʴʦʛʦ ʚʠʙʠʨʘʻʤʦ ʢʘʙʝʣʴ ʉɯʇ 4ʭ16, ʷʢʠʡ ʙʫʜʝ 

ʧʨʦʢʣʘʜʝʥʠʡ ʚʽʜ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʤʠʢʘʯʘ ʚ ʂʊʇ-580 ʜʦ ʰʘʬʠ ʦʙʣʽʢʫ [18]. 

ɼʦʚʞʠʥʘ ʣʽʥʽʾ, ʱʦ ʧʨʦʢʣʘʜʘʻʪʴʩʷ, ʩʪʘʥʦʚʠʪʴ 102 ʤ. ʊʝʧʝʨ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʨʤʫʣʠ (2.3.7) ʨʦʟʨʘʭʦʚʫʻʤʦ ʚʪʨʘʪʠ ʥʘʧʨʫʛʠ, ʷʢʽ ʚʠʷʚʣʷʶʪʴʩʷ 2,25%. ʆʩʢʽʣʴʢʠ ʮʝ 

ʟʥʘʯʝʥʥʷ ʤʝʥʰʝ ʜʦʧʫʩʪʠʤʠʭ 5%, ʢʘʙʝʣʴ ʉɯʇ 4ʭ16 ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ 

ʤʦʞʝ ʙʫʪʠ ʙʝʟʧʝʯʥʦ ʧʨʦʢʣʘʜʝʥʠʡ ʜʣʷ ʜʘʥʦʾ ʣʽʥʽʾ ʞʠʚʣʝʥʥʷ [15]. 
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3. ɸʃɻʆʈʀʊʄ ʈʆɿʈɸʍʋʅʆʂʋ ʊɸ ɺʀɹɯʈʋ ʆɹʃɸɼʅɸʅʅʗ 

ɼʃʗ ʉʆʅʗʏʅʆɰ ɽʃɽʂʊʈʆʉʊɸʅʎɯɰ 
3.1 ʈʦʟʪʘʰʫʚʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʢʣʽʤʘʪʠʯʥʽ ʜʘʥʽ ʪʘ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ɺ ʮʽʡ ʯʘʩʪʠʥʽ ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ ʧʨʦʻʢʪʫ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʧʦʙʫʜʫʚʘʥʥʷ ʩʦʥʷʯʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʣʷ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ ʙʽʣʷ ʤ. ʂʠʾʚ: 

ʂʦʦʨʜʠʥʘʪʠ ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʙʫʣʦ ʦʙʨʘʥʦ ʜʣʷ ʜʦʩʣʽʜʫ: 

ʐʠʨʦʪʘ: 60.06; 

ɼʦʚʛʦʪʘ: 40.29. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ (ʪʘʙʣ.4.1) ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʚ ʤ. ʂʠʾʚ, ʟʛʽʜʥʦ ʽʥʪʝʨʥʝʪ ʜʘʥʠʭ [4]: 

 

ʊʘʙʣʠʮʷ 3.1 ï ʩʦʥʷʯʥʘ ʨʘʜʽʘʮʽʷ ʚ ʤ. ʂʠʾʚ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʨʦʢʫ [14]. 
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ʈʠʩʫʥʦʢ 3.1 ï ʋʟʘʛʘʣʴʥʝʥʘ ʢʽʣʴʢʽʩʪʴ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʱʦ ʧʘʜʘʻ [13]. 

ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʶ. 

ʅʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʆʩʥʦʚʥʘ ʤʝʪʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ð ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʟʝʨʚʥʦʛʦ ʞʠʚʣʝʥʥʷ ʫ ʨʘʟʽ ʧʝʨʝʙʦʾʚ ʽʟ ʮʝʥʪʨʘʣʴʥʦʶ ʤʝʨʝʞʝʶ. ʆʩʥʦʚʥʽ 

ʩʧʦʞʠʚʘʯʽ ʝʥʝʨʛʽʾ ʚ ʟʘʢʣʘʜʽ [13]: 

ʊʘʙʣʠʮʷ 3.2 ï ʇʝʨʝʣʽʢ ʦʙʣʘʜʥʘʥʥʷ ʦʜʥʦʛʦ ʟ ʥʘʚʯʘʣʴʥʠʭ ʧʨʠʤʽʱʝʥʴ [11]. 

 

 

ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʜʦʤʘʰʥʽʭ ʧʨʠʣʘʜʽʚ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʩʝʟʦʥʫ, ʪʦʤʫ ʚ 

ʭʦʣʦʜʥʽ ʤʽʩʷʮʽ ʧʦʪʨʝʙʘ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʨʦʩʪʘʻ. ɺ ʋʢʨʘʾʥʽ ʦʧʘʣʶʚʘʣʴʥʠʡ ʩʝʟʦʥ 
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ʪʨʠʚʘʻ ʟ ʞʦʚʪʥʷ ʧʦ ʢʚʽʪʝʥʴ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʛʨʘʬʽʢ ʩʧʦʞʠʚʘʥʥʷ, ʟʘʬʽʢʩʦʚʘʥʠʡ 

ʝʣʝʢʪʨʦʣʽʯʠʣʴʥʠʢʦʤ. ʋ 2023 ʨʦʮʽ ʩʧʦʞʠʚʘʥʥʷ ʢʦʣʠʚʘʣʦʩʷ ʚʽʜ 186 ʜʦ 224,967 ʢɺʪĿʛʦʜ 

ʥʘ ʤʽʩʷʮʴ, ʘ ʟʘʛʘʣʴʥʠʡ ʨʽʯʥʠʡ ʦʙʩʷʛ ʩʪʘʥʦʚʠʚ 2487,084 ʢɺʪĿʛʦʜ., ʪʘʙʣʠʮʷ, 3.2 [19]. 

ʊʘʙʣʠʮʷ 3.3 ï ʅʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʞʠʚʘʯʘ [3]. 

 

3.2 ɺʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʢʫʪʘ ʥʘʭʠʣʫ ʧʘʥʝʣʝʡ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ʗʢ ʚʞʝ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʩʦʥʷʯʥʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʧʝʨʝʪʚʦʨʶʻ ʝʥʝʨʛʽʶ ʩʦʥʮʷ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. ɼʣʷ ʚʠʙʦʨʫ ʢʽʣʴʢʦʩʪʽ ʪʘ ʪʠʧʫ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʨʦʙʦʯʠʡ ʨʝʞʠʤ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ: ʯʠ ʙʫʜʫʪʴ ʚʦʥʠ ʧʨʘʮʶʚʘʪʠ 

ʮʽʣʦʨʽʯʥʦ ʘʙʦ ʣʠʰʝ ʩʝʟʦʥʥʦ [3]. 

ɺʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʤʦʜʫʣʷʤʠ ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʘʣʝ ʡ ʚʽʜ ʢʫʪʘ ʧʘʜʽʥʥʷ ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ (ɓ). 

ʅʘʡʚʠʱʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ, ʢʦʣʠ ʧʨʦʤʝʥʽ ʧʘʜʘʶʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ 

ʧʦʚʝʨʭʥʽ ʤʦʜʫʣʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʘʢʩʠʤʘʣʴʥʫ ʛʫʩʪʠʥʫ ʧʦʪʦʢʫ ʨʘʜʽʘʮʽʾ [11]. 

ɿʽ ʟʤʽʥʦʶ ʢʫʪʘ ʧʘʜʽʥʥʷ ʛʫʩʪʠʥʘ ʧʦʪʦʢʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʯʘʩʪʢʦʚʦʛʦ ʚʽʜʙʠʪʪʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʟʘʤʽʩʪʴ ʾʾ ʧʦʛʣʠʥʘʥʥʷ. ɼʣʷ ʪʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʽʥʩʦʣʷʮʽʾ ʥʘ ʥʘʭʠʣʝʥʫ ʧʦʚʝʨʭʥʶ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʢʣʶʯʦʚʽ ʩʦʥʷʯʥʽ ʢʫʪʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʫʪʘ ʥʘʭʠʣʫ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ 

(ʉɽʄ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʫʪʘ ʥʘʭʠʣʫ ʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʽʾ. ʌʦʨʤʫʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ [16]: 
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ʜʝ: 

Ŭ ð ʢʫʪ ʤʽʞ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ ʪʘ ʉʦʥʮʝʤ. ʅʘ ʩʚʽʪʘʥʢʫ Ŭ=0, ʽ ʚʽʥ 

ʟʨʦʩʪʘʻ ʜʦ 90,ʐ ʢʦʣʠ ʉʦʥʮʝ ʧʝʨʝʙʫʚʘʻ ʚ ʟʝʥʽʪʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ ʚʠʩʦʪʠ ʉʦʥʮʷ ʦʧʽʚʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʘ [14]: 

 

ʜʝ: 

 ʟð ʰʠʨʦʪʘ ʤʽʩʮʝʚʦʩʪʽ, ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ◖=50.160ô, 

ŭ ð ʢʫʪ ʥʘʭʠʣʫ ʉʦʥʮʷ ʜʦ ɿʝʤʣʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʢʫʪ ʤʽʞ ʧʣʦʱʠʥʦʶ ʝʢʚʘʪʦʨʘ 

ʪʘ ʫʤʦʚʥʦʶ ʣʽʥʽʻʶ, ʷʢʘ ʟ'ʻʜʥʫʻ ʮʝʥʪʨʠ ɿʝʤʣʽ ʽ ʉʦʥʮʷ. 

ʎʽ ʨʦʟʨʘʭʫʥʢʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʥʘʭʠʣ ʧʘʥʝʣʝʡ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʪʘ ʩʝʟʦʥʥʠʭ ʟʤʽʥ [18]. 

ʌʦʨʤʫʣʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʦʥʷʯʥʦʛʦ ʩʭʠʣʝʥʥʷ [13]: 

 

ʜʝ: 

N ï ʮʝ ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʜʥʷ. 

ɺʠʟʥʘʯʠʤʦ ʥʘʡʦʧʪʠʤʘʣʴʥʠʰʠʡ ʢʫʪ ʥʘʭʠʣʫ, ʦʙʠʨʘʶʯʠ ʦʜʠʥ ʜʝʥʴ ʟ ʢʦʞʥʦʛʦ 

ʤʽʩʷʮʷ ʨʦʢʫ [13]: 

 

ʊʦʜʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʦʨʤʫʣ: 

ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜ ʜʣʷ ʃʶʪʦʛʦ: 

 

ɿʨʦʙʠʤʦ ʧʝʨʝʨʘʭʫʥʦʢ ʜʣʷ ʚʩʴʦʛʦ ʨʦʢʫ ʪʘ ʧʨʝʜʩʪʘʚʠʤʦ ʜʘʥʥʽ ʚ ʪʘʙʣ.4.3 [13]. 
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ʊʘʙʣʠʮʷ 3.4 ï ʆʯʽʢʫʚʘʥʠʡ ʢʫʪ ʥʘʭʠʣʫ ʉʦʥʮʷ ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʥʝʦʙʭʽʜʥʠʡ ʢʫʪ 

ʥʘʭʠʣʫ ʜʣʷ ʢʦʞʥʦʛʦ ʤʽʩʷʮʷ ʟʘ ʨʽʢ [19]. 

 

 

ʈʠʩʫʥʦʢ 3.2 - ʂʫʪ ʥʘʭʠʣʫ ʉʦʥʮʷ ʧʨʦʪʷʛʦʤ ʮʽʣʦʛʦ ʫʩʴʦʛʦ ʢʘʣʝʥʜʘʨʥʦʛʦ ʨʦʢʫ [1]. 

 

ʈʠʩʫʥʦʢ 3.3 ï ʈʦʟʨʘʭʦʚʘʥʠʡ ʜʦʩʪʘʪʥʽʡ ʢʫʪ ʥʘʭʠʣʫ ʧʦʚʝʨʭʥʽ ʦʩʚʽʪʣʝʥʥʷ ʟʘ ʨʽʢ [3]. 




