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 ʓʃʓʄ ʄʀʅʀʉʊʈʃɯɻɯנ ʉʊɸʅ ʈɽʉʇʋɹʃʀʂɸʉʓ ɹɯʃɯʄ ɾᴄʅɽפɸɿɸפ

ʄʀʅʀʉʊɽʈʉʊɺʆ ʆɹʈɸɿʆɺɸʅʀʗ ʀ ʅɸʋʂʀ ʈɽʉʇʋɹʃʀʂʀ ʂɸɿɸʍʉʊɸʅ 

MINISTRY OF EDUCATION AND SCIENCE OF THE REPUBLIC OF KAZAKHSTAN 

 
ɸʃʄɸʊʓ ʊɽʍʅʆʃʆɻʀʗʃʓפ ʋʅʀɺɽʈʉʀʊɽʊɯ 

ɸʃʄɸʊʀʅʉʂʀʁ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʁ ʋʅʀɺɽʈʉʀʊɽʊ 

ALMATY TECHNOLOGICAL UNIVERSITY 

 

ʍɸʃʓפɸʈɸʃʓפ ʊʆרɸɿʓʊʋ ɸʂɸɼɽʄʀʗʉʓ 

ʄɽɾɼʋʅɸʈʆɼʅɸʗ ɸʂɸɼɽʄʀʗ ʍʆʃʆɼɸ 

INTERNATIONAL ACADEMY OF REFRIGERATION 

 

 
 

 
 

V ʍɸʃʓפɸʈɸʃʓנ פʓʃʓʄʀ-ʊɽʍʅʀʂɸʃʓפ ʂʆʅʌɽʈɽʅʎʀʗ 

çפɸɿɸפʉʊɸʅ-ʊʆרɸɿʓʊʋ 2015è 
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çʂɸɿɸʍʉʊɸʅ-ʍʆʃʆɼ 2015è 
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ʂ14      ʂʘʟʘʭʩʪʘʥ-ʍʦʣʦʜ 2015: ʉʙʦʨʥʠʢ ʜʦʢʣʘʜʦʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  (19 ʬʝʚʨʘʣʷ 2015 ʛ.) ï ɸʣʤʘʪʳ: ɸʊʋ, 2015. ï 152 ʩ. 

 

ISBN 978-601-263-312-2 

ɺ ʜʦʢʣʘʜʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʂʘʟʘʭʩʪʘʥʘ, 

ɻʝʨʤʘʥʠʠ, ʈʦʩʩʠʠ, ʗʧʦʥʠʠ ʠ ʋʢʨʘʠʥʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʪʝʧʣʦʭʣʘʜʦʩʥʘʙʞʝʥʠʷ, 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʵʢʦʣʦʛʠʠ. 

ʉʙʦʨʥʠʢ ʨʘʩʩʯʠʪʘʥ ʥʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʫʯʝʥʳʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʷʭ 

ʧʠʱʝʚʦʡ, ʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ 

ʛʦʩʪʠʥʠʯʥʦʤ ʙʠʟʥʝʩʝ ʠ ʩʧʦʨʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. 
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V ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʅɸʋʏʅʆ - ʊɽʍʅʀʏɽʉʂɸʗ ʂʆʅʌɽʈɽʅʎʀʗ 

çʂɸɿɸʍʉʊɸʅ-ʍʆʃʆɼ 2015è 

 

19 ʬʝʚʨʘʣʷ 2015 ʛʦʜʘ ʩʦʩʪʦʷʣʘʩʴ V ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʂʘʟʘʭʩʪʘʥïʍʦʣʦʜ 2015è. ʂʦʥʬʝʨʝʥʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ 

ʇʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʦʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ɸʢʘʜʝʤʠʠ ʍʦʣʦʜʘ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ʂʘʟʘʭʩʪʘʥ ʧʦ ʘʜʨʝʩʫ: ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʛ. ɸʣʤʘʪʳ,  ʧʨ. ʘʣʴ-ʌʘʨʘʙʠ, 128/8, 

ɻʂʂʇ çʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʣʳʞʥʳʭ ʪʨʘʤʧʣʠʥʦʚ çʉʫʥʢʘʨè. 

ʏʣʝʥʘʤʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ ʢʦʥʬʝʨʝʥʮʠʠ ʚʳʩʪʫʧʠʣʠ: 

ɸʣʤʘʪʠʥʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʊʆʆ çʊʝʥʠʟèï ʐʢʦʣʘ ʍʦʣʦʜʘ 

ɸʚʪʦʤʘʪʠʢʠ ʠ ʕʣʝʢʪʨʦʥʠʢʠ, ɻʂʂʇ çʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʣʳʞʥʳʭ 

ʪʨʘʤʧʣʠʥʦʚ çʉʫʥʢʘʨèè,ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ çʂɸʍɸʂè. 

 

ʆʬʠʮʠʘʣʴʥʳʝ ʩʧʦʥʩʦʨʳ ʢʦʥʬʝʨʝʥʮʠʠ: 

 

 

 
 

 

ɺ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʩʚʳʰʝ 100 ʯʝʣʦʚʝʢ ʠʟ ʂʘʟʘʭʩʪʘʥʘ, 

ʈʦʩʩʠʠ, ʋʢʨʘʠʥʳ. 

ʈʘʙʦʪʘ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʦʭʦʜʠʣʘ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

1. ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ï çʕʥʝʨʛʠʷ 

ʙʫʜʫʱʝʛʦè - ʢʦʥʮʝʧʮʠʷ çEXPO 2017è.  

2. çɿʝʣʸʥʘʷè ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤʘʭ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. (ʩʝʨʪʠʬʠʢʘʪʳ LEED ʠ BREEAM)  

3. ʕʢʦʣʦʛʠʷ ʠ ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ.  

4. ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʪʝʭʥʠʢʝ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʠʩʪʝʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ.  

5. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʠʱʝʚʳʭ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʠ ʚ ʩʧʦʨʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʭʦʣʦʜ. 
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ʋʏɸʉʊʅʀʂʀ ʂʆʅʌɽʈɽʅʎʀʀ: 

1. ʅʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʨʘʙʦʪʥʠʢʠ:  

- ɸʣʤʘʪʠʥʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ; 

- ɸʆ çɾʘʩʳʣ ɼʘʤʫè- ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ; 

- ɸʣʤʘʪʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʥʝʨʛʝʪʠʢʠ ʠ ʩʚʷʟʠ; 

- ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʣʴ-ʌʘʨʘʙʠ; 

- ɸʣʤʘʪʳ ʄʝʥʝʜʞʤʝʥʪ ʋʥʠʚʝʨʩʠʪʝʪ; 

- ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠ (ʀʥʩʪʠʪʫʪ ʍʦʣʦʜʘ ʠ 

ɹʠʦʪʝʭʥʦʣʦʛʠʡ); 

- ʊʆʆ çʀʥʩʪʠʪʫʪ ʉʝʡʩʤʦʣʦʛʠʠè 

- ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ; 

- ʆʜʝʩʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

- ʍʘʨʴʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʠʪʘʥʠʷ ʠ ʪʦʨʛʦʚʣʠʠ ʜʨ. 

2. ʉʧʝʮʠʘʣʠʩʪʳ ʧʨʦʝʢʪʥʦ-ʤʦʥʪʘʞʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʭʦʣʦʜʠʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʠ ʈʦʩʩʠʠ: 

- ʊʆʆ çʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʬʠʨʤʘ ñɺʟʣʸʪ ʂʘʟʘʭʩʪʘʥòè; 

- ʊʆʆ çʂʘʟʧʨʦʤʍʦʣʦʜè; 

- ʊʆʆ«HEVECO Engineering» 

- ʆʆʆ çɹʶʨʦ ʊʝʭʥʠʢʠè ʠʜʨ.  

3. ʆʬʠʮʠʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʤʧʘʥʠʡ ʚ ʈʦʩʩʠʠ ʠ 

ʋʢʨʘʠʥʝ: 

- «MAYEKAWA MYCOM CO., LTD »;  

- ʆʆʆçDanfossè; 

- ʆʆʆ çʄʠʮʫʙʠʩʠʕʣʝʢʪʨʠʢ»; 

- «ɻɽɸ ʈʝʬʨʠʞʝʨʝʡʰʥ ʈʋʉ»; 

- «Güntner GMBH&Co.KG». 

4. ʇʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘ ʢʦʤʧʘʥʠʡ ʚ ʂʘʟʘʭʩʪʘʥʝ: 

- ʊʆʆ «TRAMAX Ltd »(TRANE); 

- ʊʆʆ«HeatCool» (Güntner GMBH&Co.KG); 

- ʊʆʆ  çKazInterCool»(ʄʠʮʫʙʠʩʠʕʣʝʢʪʨʠʢ) 

- ʉʝʥ-ɻʦʙʝʥ ʉʇʂ (Saint-Gobain) ʠ ʜʨ. 

5. ʀʥʞʠʥʠʨʠʥʛʦʚʳʝ ʠ ʧʨʦʝʢʪʥʳʝ ʢʦʤʧʘʥʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ: 

- ʊʆʆ çSAKADAEngineering»; 

- ɸʆ çʂʘʟʩʘʥʪʝʭʧʨʦʝʢʪè; 

- ʊʆʆ çMega Ice»  

- ʂʦʤʧʘʥʠʷ çɹʠʦ-ɸʡʩ ʊʝʭʥʠʢè ʠ ʜʨ. 

6. ʇʨʝʜʧʨʠʷʪʠʷ ʂʘʟʘʭʩʪʘʥʘ, ʧʦʪʨʝʙʣʷʶʱʠʝ ʭʦʣʦʜ: 

- ʊʆʆ çEFESKazakhstan»; 

- «JTI Kazakhstan»; 
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- ɸʆ çʈʘʭʘʪè; 

- ʪʦʨʛʦʚʳʡ ʢʦʤʧʣʝʢʩ çARMADA »; 

- ʊʈʎ çMEGA»; 

- ʊʆʆ  çʉʘʧʩʘʥè ʠ ʜʨ.    

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʂʘʟʘʭʩʪʘʥ ï ʍʦʣʦʜ 2015è ʷʚʣʷʝʪʩʷ 

ʘʚʪʦʨʠʪʝʪʥʳʤ ʢʘʟʘʭʩʪʘʥʩʢʠʤ ʬʦʨʫʤʦʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʪʝʧʣʦʭʣʘʜʦʩʥʘʙʞʝʥʠʷ. ʇʨʦʚʝʜʝʥʠʝ ʢʦʥʬʝʨʝʥʮʠʠ ʩʦʟʜʘʸʪ ʥʘʜʸʞʥʫʶ ʦʩʥʦʚʫ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʫʢʠ,  ʙʠʟʥʝʩʘ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʦʨʛʘʥʦʚ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. 

ʂʦʥʬʝʨʝʥʮʠʷ çʂʘʟʘʭʩʪʘʥ-ʍʦʣʦʜ 2015è  ʦʙʲʝʜʠʥʷʝʪ ʥʘʫʯʥʳʝ, ʠʥʞʝʥʝʨʥʳʝ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʢʘʜʨʳ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʭʦʣʦʜʘ ʠ ʢʦʤʧʘʥʠʡ 

ʭʦʣʦʜʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʇʝʨʝʜ ʢʦʤʧʘʥʠʷʤʠ ʭʦʣʦʜʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʦʠʪ ʟʘʜʘʯʘ ʥʝ ʧʨʦʩʪʦ 

ʦʙʝʩʧʝʯʠʪʴ ʭʦʣʦʜʦʤ ʠʣʠ ʪʝʧʣʦʤ, ʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʩʚʦʠʤ ʧʦʪʨʝʙʠʪʝʣʷʤ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʥʳʝ ʠ ʵʢʦʣʦʛʠʯʥʳʝ  ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʦʚʨʝʤʝʥʥʫʶ ʪʝʭʥʠʢʫ. 

ɿʘʜʘʯʘ ʧʦʪʨʝʙʠʪʝʣʝʡ - ʚʳʙʨʘʪʴ ʣʫʯʰʫʶ ʪʝʭʥʦʣʦʛʠʶ ʠ ʚʥʝʜʨʠʪʴ ʝʝ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʇʝʨʝʜ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʭʦʣʦʜʘ ʩʪʦʠʪ ʝʜʠʥʘʷ ʟʘʜʘʯʘ  - 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʝʜʝʥʥʳʭ 

ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. ʉʝʛʦʜʥʷ ʨʝʰʘʪʴ ʵʪʫ ʟʘʜʘʯʫ ʥʝʦʙʭʦʜʠʤʦ ʩ ʚʥʝʜʨʝʥʠʝʤ 

çʟʝʣʝʥʳʭè ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʫʨʩʦʤ 

ʚʳʜʚʠʥʫʪʳʤ ʧʨʝʟʠʜʝʥʪʦʤ ʂʘʟʘʭʩʪʘʥʘ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʚʦʧʨʦʩʦʚ çʟʝʣʝʥʦʡè ʪʝʭʥʦʣʦʛʠʠ ʚ ʂʘʟʘʭʩʪʘʥʝ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʦʷʱʘʷ ʟʘʤʝʥʘ ʭʦʣʦʜʠʣʴʥʳʭ ʘʛʝʥʪʦʚ ʩ 

ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ (GWP) ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʝ ʭʣʘʜʦʛʝʥʪʳ (ʘʤʤʠʘʢ, ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʫʛʣʝʚʦʜʦʨʦʜ ʠ ʜʨ.). 

ʅʘ ʂʦʥʬʝʨʝʥʮʠʠ ʙʳʣʦ ʦʟʚʫʯʝʥʦ ʧʨʝʜʣʦʞʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ 

ʉʦʶʟʘ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʭʦʣʦʜʘ ʚ 2015 ʛʦʜʫ.  

ɺʩʝʛʦ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 37 ʜʦʢʣʘʜʦʚ, ʢʦʪʦʨʳʝ 

ʧʫʙʣʠʢʫʶʪʩʷ ʥʠʞʝ.  

 

 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʠ ʭʦʣʦʜʘ ʚ ʂʘʟʘʭʩʪʘʥʝ, 

ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ, ʘʢʘʜʝʤʠʢ ʄɸʍ  ʎʆʁ ɸ.ʇ. 
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ʋɼʂ 550.34 

 

çɿɽʃɽʅɸʗè ʕʅɽʈɻʀʗ ɺ ʉɽʁʉʄʆʃʆɻʀʏɽʉʂʀʍ ʅɸɹʃʖɼɽʅʀʗʍ 

 

ɸʙʘʢʘʥʦʚ ʊ.ɼ. ʜ.ʪ.ʥ., ʘʢʘʜʝʤʠʢ ʂʘʟʅɸɽʅ, *ʃʠ ɸ.ʅ. ʢ. ʬ-ʤ.ʥ., ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʂʘʟʅɸɽʅ,  

ʂʘʟʘʢʦʚ ɼ.ɺ., ʉʘʜʳʨʦʚ ʈ.ʂ., ʢ.ʪ.ʥ., ʊʆʆ çʀʥʩʪʠʪʫʪ ʉʝʡʩʤʦʣʦʛʠʠè  

ʛ. ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

E-mail: seismology@seismology.kz 

 

ɺ ʧʦʩʣʘʥʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ï ʃʠʜʝʨʘ ʅʘʮʠʠ ʅ.ɸ. ʅʘʟʘʨʙʘʝʚʘ ʉʪʨʘʪʝʛʠʷ 

çʂʘʟʘʭʩʪʘʥ ï 2050è ʚʳʜʝʣʝʥʦ ʜʝʩʷʪʴ ʦʩʥʦʚʥʳʭ ʚʳʟʦʚʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʦʣʢʥʝʪʩʷ ɺ XXI ʚʝʢʝ ʯʝʣʦ-

ʚʝʯʝʩʪʚʦ. ʆʜʠʥ ʠʟ ʵʪʠʭ ʚʳʟʦʚʦʚ ï ʛʣʦʙʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʕʧʦʭʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ 

ʵʢʦʥʦʤʠʢʠ ʧʦʜʭʦʜʠʪ ʢ ʩʚʦʝʤʫ ʢʦʥʮʫ ʠ ʨʘʟʚʠʪʠʝ çʟʝʣʝʥʳʭè ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʦʚ. [1]  

ɺ ʂʘʟʘʭʩʪʘʥʝ ʝʩʪʴ ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʪʦʛʦ. ʊʝʨʨʠʪʦʨʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʨʘʩʧʦʣʦʞʝʥʘ 

ʚ ʟʦʥʝ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ ʦʪ 2000 ʜʦ 3000 ʯʘʩʦʚ ʚ ʛʦʜ, ʠʤʝʝʪʩʷ ʠ ʟʥʘʯʠʪʝʣʴ-

ʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʥʝʨʛʠʠ ʚʝʪʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. 

ʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʣʦʛʠʠ ʥʝ ʦʩʪʘʝʪʩʷ ʚ ʩʪʦʨʦʥʝ ʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ. 

ʅʘʤʠ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʚ ʧʨʘʢʪʠʢʫ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʠʙʦʨʳ ʠ ʦʙʦʨʫ-

ʜʦʚʘʥʠʝ, ʩʨʝʜʩʪʚʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ. ʇʝʨʝ-

ʦʩʥʘʱʘʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʪʘʥʮʠʠ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʩʝʪʠ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʘʢʪʠʚʥʦ 

ʧʨʦʚʦʜʠʪʩʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʦʙʲʝʢʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʝʥʷʝʪ ʠ ʩʣʦʞʠʚʰʠʝʩʷ ʨʘʥʝʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ. 

ʀʩʯʝʟʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʩʪʦʷʥʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʥʘ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʩʪʘʥʮʠʠ, ʧʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʢʘʥʘʣʘʤ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʚ ʮʝʥʪʨ 

ʦʙʨʘʙʦʪʢʠ, ʘ ʧʦʷʚʣʝʥʠʝ ʜʦʩʪʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɺʀʕ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʰʠʨʠʪʴ ʩʝʪʴ ʥʘʙʣʶʜʝʥʠʡ.  

ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʩʣʦʞʠʣʠʩʴ ʠ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴ-

ʥʳʝ ʩʭʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʵʥʝʨʛʠʝʡ. ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠʟ ʥʠʭ ʢʦʪʦʨʳʝ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʤʠ ʚ ʧʨʘʢʪʠʢʝ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

ʅʘ ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʘʥʮʠʷʭ ʩʝʪʠ ʥʘʙʣʶʜʝʥʠʡ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʣʝʜʫʶʱʠʝ ʦʙʱʝ-

ʧʨʠʥʷʪʳʝ ʩʭʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʠʝʡ ʦʙʲʝʢʪʦʚ: 

¶ ʦʪ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʩ ʥʘʢʘʧʣʠʚʘʥʠʝʤ ʵʥʝʨʛʠʠ ʚ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʷʭ 

¶ ʛʠʙʨʠʜʥʳʝ ʘʚʪʦʥʦʤʥʳʝ ʩʠʩʪʝʤʳ ʩʦʣʥʮʝ-ʚʝʪʝʨ 

ʆʙʝʩʧʝʯʝʥʠʝ ʦʙʲʝʢʪʘ ʵʥʝʨʛʠʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʩ ʥʘʢʘʧʣʠʚʘʥʠʝʤ ʵʥʝʨʛʠʠ 

ʚ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʷʭ. 

 
ʈʠʩʫʥʦʢ 1 - ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʘʚʪʦʥʦʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʲʝʢʪʘ ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ (ʩ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ) 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʩʭʝʤʳ ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1 ʵʥʝʨʛʠʷ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ 

ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ, ʯʝʨʝʟ ʢʦʥʪʨʦʣʣʝʨ ʧʦʩʪʫʧʘʝʪ ʚ ʥʘʢʦʧʠʪʝʣʴʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ, ʧʦʩʣʝ 

ʯʝʛʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʠʥʚʝʨʪʦʨʝ ʠ ʧʦʩʪʫʧʘʝʪ ʢ ʧʦʪʨʝʙʠʪʝʣʷʤ. ɼʘʥʥʘʷ ʩʭʝʤʘ ʠʤʝʝʪ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 
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ʤʦʤʝʥʪʳ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʂ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʤʦʤʝʥʪʘʤ ʦʪʥʦʩʠʪʩʷ ʥʘʜʝʞʥʦʩʪʴ, ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ 

ʩʣʫʞʙʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʨʘʱʠʚʘʪʴ ʤʦʱʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʂ ʥʝʛʘʪʠʚʥʳʤ ʤʦʤʝʥʪʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʛʦʜʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʚʝʪʣʦʛʦ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ. 

ʊʘʢʘʷ ʩʭʝʤʘ ʘʚʪʦʥʦʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʧʨʦʚʝ-

ʜʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʡʦʥʘʭ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʘʢʪʠʢʝ ʜʘʥʥʦʡ ʩʭʝʤʳ ʥʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʧʫʥʢʪ ʩʝʡʩ-

ʤʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʥʝʬʪʷʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ ɸʢʪʶʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

 

 
 

 
 

ʈʠʩʫʥʦʢ 2 - ʇʦʣʝʚʦʡ ʧʫʥʢʪ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

 

ʆʙʝʩʧʝʯʝʥʠʝ ʦʙʲʝʢʪʘ ʵʥʝʨʛʠʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʩʦʣʥʮʝ-ʚʝʪʝʨ. 
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ʈʠʩʫʥʦʢ 3 - ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʛʠʙʨʠʜʥʦʡ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ʩʦʣʥʮʝ-ʚʝʪʝʨ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʩʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʛʠʙʨʠʜʥʦʡ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 3 ʵʥʝʨʛʠʷ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ ʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʤ. ɿʘʨʷʜ 

ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʛʠʙʨʠʜʥʳʤ 

ʢʦʥʪʨʦʣʣʝʨʦʤ. ɼʘʣʝʝ ʵʥʝʨʛʠʷ, ʥʘʢʦʧʣʝʥʥʘʷ ʘʢʢʫʤʫʣʷʪʦʨʥʳʤʠ ʙʘʪʘʨʝʷʤʠ, ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʠʥʚʝʨʪʦʨʦʤ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʦʙʲʝʢʪʦʚ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʤʦʱʥʦʩʪʴ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʙʦʪʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʚʠʙʨʘʮʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʘʥʮʠʷʭ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʨʝʣʴʝʬʦʤ ʤʝʩʪʥʦʩʪʠ.  

 

 
 

ʈʠʩʫʥʦʢ 4 - ʊʝʣʝʤʝʪʨʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ, ʦʩʥʘʱʝʥʥʘʷ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʦʡ ʩʦʣʥʮʝ-ʚʝʪʝʨ 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʩʭʝʤʳ ʥʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʘ ʪʝʣʝʤʝʪʨʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ɸʣʤʘʪʠʥʩʢʦʤ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʤ ʧʦʣʠʛʦʥʝ  

ɺʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʧʨʘʢʪʠʢʝ 

ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʥʘʜʝʞʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʣʶʙʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʈʘʟʤʝʱʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ɺʀʕ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʧʨʠʥʮʠʧʘʤ: 

ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʠʭ ʥʘ ʶʛ 

ʉʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʜʝʞʥʦ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʦʨʘʭ 

ʅʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʰʠʨʦʪʝ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ 

ʄʝʩʪʦ ʫʩʪʘʥʦʚʢʠ ʞʝʣʘʪʝʣʴʥʦ ʚʳʙʠʨʘʪʴ ʚʜʘʣʠ ʦʪ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʠʣʠ 

ʩʦʟʜʘʚʘʪʴ ʧʦʤʝʭʠ ʚ ʧʨʦʭʦʞʜʝʥʠʠ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ 

ɸʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ, ʜʣʷ ʩʚʝʜʝʥʠʷ ʢ ʤʠʥʠʤʫʤʫ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʜʦʣʞʥʳ ʨʘʩʧʦʣʘ-

ʛʘʪʴʩʷ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʙʣʠʞʝ ʢ ʢʦʥʪʨʦʣʣʝʨʫ ʟʘʨʷʜʘ 

ʕʪʠ ʧʨʠʥʮʠʧʳ ʢʘʩʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ. 

ɺʝʪʦʨʦʛʝʥʝʨʘʪʦʨʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʧʦʣʥʝʥʠʷ ʠ ʤʦʜʠʬʠʢʘʮʠʡ.  

ɺʳʙʦʨ ʤʦʜʝʣʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʥʘʤ ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ ʢʨʠʪʝʨʠʷʭ: 

¶ ɺʳʙʦʨ ʤʦʜʝʣʠ ʟʘʚʠʩʠʪ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠʙʦʨʦʚ 

¶ ʈʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʘ ʥʘʙʣʶʜʝʥʠʡ 

ʆʜʥʘʢʦ ʨʘʙʦʪʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʤʝʭʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʷʭ ʷʚʣʷʶʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤʠ. ʇʦʵʪʦʤʫ ʤʳ ʧʨʠʤʝʥʷʝʤ ʪʘʢʠʝ ʠʩʪʦʯʥʠʢʠ ʥʘ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ 

ʩʪʘʥʮʠʷʭ, ʩʣʫʞʘʱʠʭ ʜʣʷ ʨʝʪʨʘʥʩʣʷʮʠʠ ʩʠʛʥʘʣʘ ʩ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʫʥʢʪʦʚ ʚ ʮʝʥʪʨ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ. 

ʂʨʦʤʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʥʘʰʝʡ ʧʨʘʢʪʠʢʝ 

çʟʝʣʝʥʦʡè ʵʥʝʨʛʠʠ ʧʦʟʚʦʣʷʝʪ ʦʭʚʘʪʳʚʘʪʴ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʩʝʡʩʤʦ-

ʦʧʘʩʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʥʘ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʠʣʠ ʥʝ ʨʘʟʚʠʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʝʪʴ. 
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1. ʇʦʩʣʘʥʠʝ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ï ʃʠʜʝʨʘ ʅʘʮʠʠ ʅ.ɸ. ʅʘʟʘʨʙʘʝʚʘ ʉʪʨʘʪʝʛʠʷ çʂʘʟʘʭʩʪʘʥ ï 

2050» 



 

9 

 

2. T. Abakanov, D.Kazakov ñPrinciples for renewable energy equipment for seismic studies in the Republic of 

Kazakhstanò Abstracts of the Third International Symposium on Nanotechnology, Energy and Space. ï Almaty, 2013. ï 

112 p. 

ʋɼʂ 6 81.11.031.12:519.673 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʂʆʕʌʌʀʎʀɽʅʊʆɺ ʊʈɽʅʀʗ ʀ ʄɽʉʊʅʓʍ ʉʆʇʈʆʊʀɺʃɽʅʀʁ ʇʈʀ 

ʊɽʏɽʅʀʀ ʉʊɽʇɽʅʅʓʍ ɾʀɼʂʆʉʊɽʁ 

 
*
ʕ.ɺ. ɹʝʣʝʮʢʠʡ, 

**
ɽ.ɺ. ʇʝʪʨʝʥʢʦ

 

*
ʍʘʨʴʢʦʚʩʢʠʡ ʪʦʨʛʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂʠʝʚʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ  

ʪʦʨʛʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,
 **
ʍʘʨʴʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʧʠʪʘʥʠʷ ʠ ʪʦʨʛʦʚʣʠ, ʛ. ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ 

E-mail: bileckyj@meta.ua; elena_lion_71@mail.ru 

 

ʉʠʩʪʝʤʳ ʭʣʘʜʦʩʥʘʙʞʝʥʠʷ ʩ ʚʪʦʨʠʯʥʳʤ ʢʦʥʪʫʨʦʤ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʭʦʣʦʜʠʣʴʥʦʡ ʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠʥʜʫʩʪʨʠʷʭ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʨʷʜ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʦʣʦʜʠʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ, ʚʳʰʝ ʥʘʟʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʠ 

ʦʭʣʘʞʜʘʶʱʠʤ ʧʨʠʙʦʨʘʤ ʜʚʠʞʝʪʩʷ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʙʝʟʦʧʘʩʥʦʝ ʦʜʥʦʬʘʟʥʦʝ ʚʝʱʝʩʪʚʦ, ʧʨʠ ʵʪʦʤ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʠ ʧʨʦʮʝʩʩ ʥʘʛʨʝʚʘʥʠʷ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʚ ʦʭʣʘʞʜʘʶʱʠʭ ʧʨʠʙʦʨʘʭ 

ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʜʘʚʣʝʥʠʠ. 

ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʭʣʘʜʦʩʥʘʙʞʝʥʠʷ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʡ ʚʳʙʦʨ ʭʣʘʜʦʥʦʩʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʢʦʤʧʣʝʢʩʫ 

ʪʨʝʙʦʚʘʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʘʥʠʪʘʨʥʦ-

ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ʀʜʝʘʣʴʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʭʣʘʜʦʥʦʩʠʪʝʣʴ ʜʦʣʞʝʥ ʠʤʝʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ (ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʥʠʟʢʘʷ ʚʷʟʢʦʩʪʴ, ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜ-

ʥʦʩʪʴ), ʙʳʪʴ ʥʝʚʦʩʧʣʘʤʝʥʷʶʱʠʤʩʷ, ʥʝʪʦʢʩʠʯʥʳʤ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʤ, ʫʩʪʦʡʯʠʚʳʤ, 

ʥʝʢʦʨʨʦʜʠʨʫʶʱʠʤ ʠ ʩʦʚʤʝʩʪʠʤ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʪʴ ʥʠʟʢʠʤ 

ʜʘʚʣʝʥʠʝʤ ʧʘʨʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʭʣʘʜʦʥʦʩʠʪʝʣʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʨʘʟʣʠʯʥʳʭ 

ʚʝʱʝʩʪʚ, ʩʥʠʞʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦʜʳ. ɺʝʱʝʩʪʚʘ ʵʪʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ: ʩʧʠʨʪʳ ʠ 

ʛʣʠʢʦʣʠ (ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʤʦʥʦʵʪʠʣʝʥʛʣʠʢʦʣʴ, ʛʣʠʮʝʨʠʥ, ʤʦʥʦʧʨʦʧʠʣʝʥʛʣʠʢʦʣʴ, ʵʪʠʣʢʘʨʙʠʪʦʣ), 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʣʠ (ʭʣʦʨʠʩʪʳʡ ʢʘʣʴʮʠʡ, ʭʣʦʨʠʩʪʳʡ ʥʘʪʨʠʡ, ʢʘʨʙʦʥʘʪ ʢʘʣʠʷ, ʭʣʦʨʠʩʪʳʡ ʤʘʛʥʠʡ), 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʣʠ (ʘʮʝʪʘʪʳ ʠ ʬʦʨʤʠʘʪʳ ʢʘʣʠʷ). ɺʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʠʤʝʶʪ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʩʚʝʱʝʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ [1, 2, 3] ʠ ʚʳʙʦʨ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʟʘʯʘʩʪʫʶ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʭʦʣʦʜʠʣʴʥʦʡ ʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠʥʜʫʩʪʨʠʡ. ʂʨʦʤʝ ʪʦʛʦ ʣʶʙʦʡ ʭʣʘʜʦʥʦʩʠʪʝʣʴ ʧʦʩʣʝ ʩʚʦʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʜʦʣʞʝʥ ʫʪʠʣʠʟʠʨʦʚʘʪʴʩʷ. ʄʠʥʠʤʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ï ʥʝʧʨʝʤʝʥʥʦʝ ʩʚʦʡʩʪʚʦ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʭʣʘʜʦʥʦʩʠʪʝʣʷ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʶʪʩʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʚʦʜʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʩʢʦʨʦʩʪʴ ʠ ʧʦʣʥʦʪʘ ʙʠʦʜʝʩʪʨʫʢʮʠʠ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʭʣʘʜʦʥʦʩʠʪʝʣʷʤ ʥʘ ʚʦʜʥʦʡ ʦʩʥʦʚʝ ʤʦʛʫʪ ʙʳʪʴ ʦʣʠʛʦʦʨʛʘʥʦʩʠʣʦʢʩʘʥʦʚʳʝ 

ʚʝʱʝʩʪʚʘ, ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʞʠʜʢʦʩʪʠ: ʧʦʣʠʤʝʪʠʣʩʠʣʦʢʩʘʥʳ (ʇʄʉ), ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʳ 

(ʇɼʄ). ʕʪʠ ʚʝʱʝʩʪʚʘ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʦʮʝʩʩʳ ʜʦ ʤʠʥʫʩ 100
0
ʉ, ̫ʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤʠ, ʥʝʪʦʢʩʠʯʥʳʤʠ, 

ʥʝʛʦʨʶʯʠʤʠ, ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʠ ʪʝʤ, ʯʪʦ ʦʥʠ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʢʘʢ ʥʘ ʧʣʶʩ, ʪʘʢ ʠ ʥʘ ʤʠʥʫʩ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʜʣʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʦʩʚʝʥʥʳʭ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʥʴʶʪʦʥʦʚʩʢʠʝ ʩʪʝʧʝʥʥʳʝ ʞʠʜʢʦʩʪʠ, ʘ ʠʤʝʥʥʦ ʢʨʝʤʥʠʡ-

ʦʨʛʘʥʠʯʝʩʢʠʝ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʩʪʝʧʝʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʘʥʘʣʦʛʠʡ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʥʘʣʠʟʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʪʨʝʥʠʷ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʘʥʘʣʠʟʘ, 

ʟʘʤʝʥʠʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ 

ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʥʳʭ 
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ʩʦʧʨʦʪʠʚʣʝʥʠʡ (ʩʫʞʝʥʠʝ, ʨʘʩʰʠʨʝʥʠʝ, ʧʦʚʦʨʦʪ) ʧʨʠ ʪʝʯʝʥʠʠ ʩʪʝʧʝʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʩʠʩʪʝʤʘʭ ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʩʪʝʧʝʥʥʳʤʠ, ʪ.ʝ. ʪʘʢʠʤʠ, ʚʷʟʢʦʩʪʴ ʢʦ-

ʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʝʧʝʥʥʳʤ ʟʘʢʦʥʦʤ ʆʩʚʘʣʴʜʘ-ʜʝ-ɺʠʣʷ ʩʣʝʜʫʶʱʝʛʦ 

ʚʠʜʘ [3]: 
nK em #Ö= ,      (1) 

ʛʜʝ: ʂ ï ʨʝʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ, ʇʘ Ö ʩ; e# ï ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʘ 1/ʩ; n ï ʠʥʜʝʢʩ ʪʝʯʝʥʠʷ (ʜʣʷ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʨʘʚʥʷʝʪʩʷ ʝʜʠʥʠʮʝ). 

ʋʢʘʟʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ʚʦ-ʧʝʨʚʳʭ, ʜʚʠʞʝʥʠʝ ʵʪʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʠ ʢʘʥʘʣʘʭ ʩʠʩʪʝʤ ʭʣʘʜʦʩʥʘʙʞʝʥʠʷ ʧʨʝʠʤʫ-

ʱʝʩʪʚʝʥʥʦ ʙʫʜʝʪ ʣʘʤʠʥʘʨʥʳʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʚʠʞʝʥʠʷ ʭʣʘʜʦʥʦʩʠʪʝʣʝʡ ʥʘ ʚʦʜʥʦʡ ʦʩʥʦʚʝ, ʢʦʪʦʨʦʝ 

ʙʫʜʝʪ ʪʫʨʙʫʣʝʥʪʥʳʤ; ʚʦ-ʚʪʦʨʳʭ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʙʫʜʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ; ʚ-ʪʨʝʪʴʠʭ, ʪʦʥʢʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʝ ʩʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʣʘʤʠʥʘʨʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʪʝʧʣʦʦʙʤʝʥʘ ʠ 

ʥʝʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʦʜʦʡ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʜʚʠʞʝʥʠʝʤ ʭʣʘʜʦʥʦʩʠʪʝʣʷ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʀʟ-ʟʘ 

ʧʦʚʳʰʝʥʥʦʡ ʚʷʟʢʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ ʥʘʛʨʫʟʢʘ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʦʵʪʦʤʫ ʜʣʷ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʝʛʦ ʚʳʙʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ ʨʘʩʩʯʠʪʳʚʘʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʝʧʝʥʥʳʭ 

(ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ) ʞʠʜʢʦʩʪʝʡ. ʅʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦ 

ʚʝʣʠʯʠʥʘʭ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʪʝʯʝʥʠʷ ʩʪʝʧʝʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ ʠʥʬʦʨʤʘʮʠʠ, ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʥʴʶʪʦʥʦʚʩʢʠʤʠ ʞʠʜʢʦʩʪʷʤʠ.  

ɺʳʧʦʣʥʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʦʙʲʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʤʝʩʪʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʪʝʯʝʥʠʷ ʩʪʝʧʝʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʫʩʠʣʠʡ. ɼʣʷ 

ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʚʝʣʠʯʠʥ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʢ ʩʚʝʜʝʥʠʶ, ʯʪʦ ʚʩʝ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʦ ʢ ʥʝʦʙʭʦʜʠʤʦʤʫ ʤʠʥʠʤʫʤʫ ʦʩʥʦʚʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʜʨʫʛʠʝ ʤʝʩʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʯʝʥʠʷ. ʂ ʦʩʥʦʚʥʳʤ 

ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʤʝʩʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʚʥʝʟʘʧʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ʠʣʠ ʩʫʞʝʥʠʠ ʢʘʥʘʣʘ, ʧʦʚʦʨʦʪ 

ʢʘʥʘʣʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʜʨʫʛʠʝ ʤʝʩʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʨʦʪʝʢʘʷ ʯʝʨʝʟ 

ʩʫʞʝʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ, ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʟʘ ʚʝʣʠʯʠʥʦʡ, ʥʦ ʥʝ ʟʘ ʥʘʧʨʘʚʣʝʥʠʝʤ. 

ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʯʝʨʝʟ ʧʦʚʦʨʦʪ, ʥʘʦʙʦʨʦʪ, ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʘ ʠʟʤʝʥʷʝʪʩʷ 

ʪʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʝ. ɺʳʰʝ ʩʢʘʟʘʥʥʦʝ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʧʨʠ ʪʝʯʝʥʠʠ ʣʶʙʦʡ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʠ ʜʣʷ ʞʠʜʢʦʩʪʝʡ ʢʦʪʦʨʳʝ ʦʧʠʩʫʶʪʩʷ ʩʪʝʧʝʥʥʳʤ ʟʘʢʦʥʦʤ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʪʝʯʝʥʠʷ ʚ ʩʫʞʝʥʠʷʭ, ʨʘʩʰʠʨʝʥʠʷʭ ʠ ʧʦʚʦʨʦʪʘʭ ʜʣʷ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʩʣʝʜʫʝʪ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʯʝʥʠʝ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʣʘʤʠʥʘʨʥʦʤ ʨʝʞʠʤʝ ʠ ʚ ʥʘʯʘʣʝ ʪʫʨʙʫʣʝʥʪʥʦʛʦ, ʧʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʪʨʝʥʠʷ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʠ ʟʘʪʝʤ ʟʘʤʝʥʠʪʴ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʯʠʩʣʦ 

ʈʝʡʥʦʣʴʜʩʘ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ. ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ [6] ʠ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʦʣʦʞʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʞʠʜʢʦʩʪʠ ʩ ʣʶʙʳʤ ʨʝʦʣʦʛʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ 

ʤʦʞʥʦ ʚʚʝʩʪʠ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʯʠʩʣʦʚʦʡ ʤʝʨʦʡ ʦʪʥʦʰʝʥʠʷ ʩʠʣ ʠʥʝʨʮʠʠ ʠ ʪʨʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʠʜʨʘʚʣʠʢʠ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ ʚʳʯʠʩʣʷʪʴ 

ʜʣʠʥʫ ʨʝʣʘʢʩʘʮʠʠ ʠ ʤʝʩʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʫʞʝʥʠʡ, ʨʘʩʰʠʨʝʥʠʡ ʠ ʧʦʚʦʨʦʪʦʚ. 

ɺʝʣʠʯʠʥʳ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʣʷ ʩʫʞʝʥʠʡ ʠ ʨʘʩʰʠʨʝʥʠʡ ʧʨʠ ʪʝʯʝʥʠʠ ʥʴʶʪʦʥʦʚʩʢʦʡ 

ʞʠʜʢʦʩʪʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʠ ʠʤʝʶʪ ʪʘʢʦʡ ʚʠʜ [7]  
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ʛʜʝ: z ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; F0, F1 ï ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʫʟʢʦʡ ʠ 

ʰʠʨʦʢʦʡ ʯʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤ
2
.  

ɺʳʨʘʞʝʥʠʝ (2) ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʪʝʯʝʥʠʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ, ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʢʦʪʦʨʳʭ 

ʧʨʝʚʦʩʭʦʜʷʪ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 3Ö10
3
 ʠ ʠʤʝʶʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʧʦ ʯʠʩʣʫ ʈʝʡʥʦʣʴʜʩʘ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʚʝʣʠʯʠʥʳ z ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ʥʫʣʷ ʜʦ 3Ö10
3
 ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʤʝʡʩʪʚʦ ʥʝ ʦʜʥʦʨʦʜʥʦ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʤʳʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ 
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ʦʪʥʦʰʝʥʠʷ F0,/F1. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ Re 

ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʷʤ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ z ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ Re: 
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yz  ï ʨʘʩʰʠʨʝʥʠʝ,   (3) 

ʛʜʝ j ʠ y ï ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʜʣʝʞʘʪ ʜʘʣʴʥʝʡʰʝʤʫ ʦʧʨʝʜʝʣʝʥʠʶ.  

ɺʳʨʘʞʝʥʠʝ (3) ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʂʦʵʬʬʠʮʠʝʥʪ z ʧʦʢʘʟʳʚʘʝʪ ʯʘʩʪʴ 
ʫʜʝʣʴʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʩʫʤʤʘ ʯʘʩʪʠ ʵʥʝʨʛʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʫʩʢʦʨʝʥʠʝʤ ʧʦʪʦʢʘ (ʩʫʞʝʥʠʝ) ʠʣʠ ʩ 

ʟʘʤʝʜʣʝʥʠʝʤ ʧʦʪʦʢʘ (ʨʘʩʰʠʨʝʥʠʝ) ʠ ʧʦʚʦʨʦʪʦʤ ʧʦʪʦʢʘ ʥʘ ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ. ʋʩʢʦʨʝʥʠʶ ʠʣʠ ʟʘʤʝʜʣʝʥʠʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʚʳʝ ʩʣʘʛʘʝʤʳʝ ʚʳʨʘʞʝʥʠʡ (3), ʘ ʧʦʚʦʨʦʪʫ ʣʠʥʠʡ ʧʦʪʦʢʘ ï ʚʪʦʨʳʝ ʩʣʘʛʘʝʤʳʝ. ɼʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʯʘʩʪʴ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʦʚʦʨʦʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʣʠʯʠʥʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ j, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʨʘʟʤʝʨʳ ʢʘʥʘʣʘ ʠ ʜʣʠʥʫ 
ʦʪʨʝʟʢʘ ʣʠʥʠʠ ʧʦʪʦʢʘ ʧʨʠ ʧʦʚʦʨʦʪʝ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 - ʊʝʯʝʥʠʝ ʥʘ ʫʯʘʩʪʢʝ ʨʘʩʰʠʨʝʥʠʷ ʢʘʥʘʣʘ 
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2

0Re pj ­­ ,   (4) 

ʛʜʝ: d2, d1 ï ʜʠʘʤʝʪʨʳ ʰʠʨʦʢʦʡ ʠ ʫʟʢʦʡ ʯʘʩʪʝʡ ʢʘʥʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤ; lʧʦʚ ï ʜʣʠʥʘ ʣʠʥʠʠ 

ʧʦʪʦʢʘ ʥʘ ʫʯʘʩʪʢʝ ʧʦʚʦʨʦʪʘ. 

ɼʣʷ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʜʣʠʥʘ lʧʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʠʩʣʫ ʈʝʡʥʦʣʴʜʩʘ ʠ ʜʠʘʤʝʪʨʫ ʢʘʥʘʣʘ. 

ʆʜʥʘʢʦ ʵʪʘ ʜʣʠʥʘ ʷʚʣʷʝʪʩʷ ʜʣʠʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʢʘʢ ʧʦʚʦʨʦʪ ʣʠʥʠʠ ʧʦʪʦʢʘ, ʪʘʢ ʠ 

ʫʩʢʦʨʝʥʠʝ (ʟʘʤʝʜʣʝʥʠʝ) ʧʦʪʦʢʘ ʥʘ ʧʨʷʤʦʤ ʫʯʘʩʪʢʝ. ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ 

z ʦʪ Re ʠʤʝʝʪ ʩʪʝʧʝʥʥʦʡ ʭʘʨʘʢʪʝʨ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ lʧʦʚ ~ d1 Re
a
, ʛʜʝ a<1 ʧʦʩʪʦʷʥʥʘʷ. ɺ 

ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʩʣʫʯʘʝ a º1/2. ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʚʳʨʘʞʝʥʠʷ (4) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

aj eR
F

F
/1arcsin~

2
1

1

0

ù
ù
ú

ø

é
é
ê

è
ö
÷

õ
æ
ç

å- , 2
1

11 ~ Fd , 2
1

00 ~ Fd .  (5) 

ʆʙʱʠʤ ʩʚʦʡʩʪʚʦʤ ʚʳʨʘʞʝʥʠʡ (3) ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ z Ö (F0,/F1=1)=0. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʬʫʥʢʮʠʠ j 

Ö (Re, F0,/F1=0)=1; j Ö (Re, F0,/F1=1)=1. ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ReŸ1 ʟʘʚʠʩʠʤʦʩʪʴ z ʦʪ ʦʪʥʦʰʝʥʠʷ 

F0,/F1 ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝʡ [6]. ʇʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ Re ʬʫʥʢʮʠʠ j ʠ y ʧʝʨʝʩʪʘʶʪ ʟʘʚʠʩʝʪʴ ʦʪ Re, 

ʠʭ ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʊʝʯʝʥʠʝ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʧʦʚʦʨʦʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ, 

ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪ ʚʪʦʨʠʯʥʳʝ ʚʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ ʠ ʚʨʘʱʝʥʠʝ ʞʠʜʢʦʩʪʠ [8]. ɺ ʧʨʠʥʮʠʧʝ ʪʝʯʝʥʠʝ ʚ 

ʧʦʚʦʨʦʪʝ, ʤʦʞʥʦ, ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʪʝʯʝʥʠʝ ʩ ʩʫʞʝʥʠʷʤʠ ʠ ʨʘʩʰʠʨʝʥʠʷʤʠ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʪʝʯʝʥʠʷ, 

ʦʪʜʝʣʷʷ ʦʪ ʥʝʛʦ ʚʪʦʨʠʯʥʳʝ ʪʝʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 2.  
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ʈʠʩʫʥʦʢ 2 - ʊʝʯʝʥʠʝ ʚ ʫʯʘʩʪʢʝ ʧʦʚʦʨʦʪʘ 

ʆʜʥʘʢʦ ʨʘʟʤʝʨʳ ʠ ʤʝʩʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʪʝʯʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʯʠʩʣʘ 

Re ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʚʝʩʪʥʳ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʤʝʩʪʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ ʧʨʠ ʪʝʯʝʥʠʠ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʧʦʚʦʨʦʪʦʚ ʩ 

ʤʘʣʳʤ ʨʘʜʠʫʩʦʤ ʟʘʢʨʫʛʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʪʨʝʥʠʷ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʪʘʢ, ʢʘʢ ʧʦʣʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʷʝʪʩʷ ʤʝʩʪʥʦʤʫ. ɼʣʷ ʩʣʫʯʘʷ, ʚ ʢʦʪʦʨʦʤ Re ² 2 Ö 10
5
 ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʤʝʝʪ ʪʘʢʦʡ ʚʠʜ [6]  
25.0

22,0
ö
÷

õ
æ
ç

å
º

D

d

p

b
z ,     (6) 

ʛʜʝ: d ï ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ; ʤ; D ï ʜʠʘʤʝʪʨ ʦʢʨʫʞʥʦʩʪʠ ʧʦʚʦʨʦʪʘ; ʤ; b ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ, ʨʘʜ.  

ɼʣʷ ʙʦʣʴʰʠʭ ʜʠʘʤʝʪʨʦʚ ʦʢʨʫʞʥʦʩʪʝʡ ʧʦʚʦʨʦʪʘ ʠʟʚʝʩʪʥʳ ʬʦʨʤʫʣʳ [5], ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʧʝʨʝʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

2
1Re

1
502

2

3
4

ù
ù

ú

ø

é
é

ê

è
ö
÷

õ
æ
ç

å
+=

D

d

d

Da
z ;  6000Re500 ¢¢ ; 

4
1Re

1
964.0

2

3
4

ù
ù

ú

ø

é
é

ê

è
ö
÷

õ
æ
ç

å
+=

D

d

d

Da
z ;  40000Re6000 ¢¢    (7) 

ʛʜʝ: aD ï ʵʪʦ ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʧʦʚʦʨʦʪʘ, ʤ; 1/Re1/2, 1/Re1/4 ï ʚʝʣʠʯʠʥʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʪʨʝʥʠʷ. 

ʃʝʛʢʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʝʨʚʳʝ ʩʣʘʛʘʝʤʳʝ ʚ ʵʪʠʭ ʚʳʨʘʞʝʥʠʷʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʦʣʠ ʧʦʪʝʨʠ 

ʵʥʝʨʛʠʠ ʥʘ ʪʨʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʟʚʝʜʝʥʠʝ aD ï ʵʪʦ ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʧʦʚʦʨʦʪʘ, ʘ 1/Re1/2 ʠ 1/Re1/4 ï 

ʚʝʣʠʯʠʥʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʪʨʝʥʠʷ.  

ɺʪʦʨʳʝ ʩʣʘʛʘʝʤʳʝ ʚ (7) ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʤʝʩʪʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʝʯʝʥʠʝ ʚ 

ʪʨʫʙʘʭ ʠ ʢʘʥʘʣʘʭ ʩ ʧʦʚʦʨʦʪʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʯʠʩʣʦʤ ɼʠʥʘ ï De = ReÕd/D [7]. ʇʝʨʝʧʠʩʳʚʘʷ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʪʦʨʳʭ ʩʣʘʛʘʝʤʳʭ ʠʟ (7) ʯʝʨʝʟ ʯʠʩʣʦ De ʜʣʷ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʚʦʨʦʪʘ zʤ ʚ 
ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ Re ʙʫʜʫʪ ʩʧʨʘʚʝʜʣʠʚʳʝ ʪʘʢʠʝ ʚʳʨʘʞʝʥʠʷ: 

( )

58,0

5,0

Re

25
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õ
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ç

å
Öº

D

d

Dd
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z , 6000Re500 ¢¢ ; 61<Dd ; 
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45,0

25,0
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5
ö
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õ
æ
ç

å
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d

Dd
ʤ
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z , 40000Re6000 ¢¢ ; 

50,0

2,0
2

ö
÷

õ
æ
ç

å
ÖÖº

D

d
ʤ a
p

z ,  ¤<¢Ö Re1020 4 .   (8) 

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʙʦʣʴʰʠʭ ʜʠʘʤʝʪʨʘʭ ʢʨʫʛʘ ʧʦʚʦʨʦʪʘ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʬʦʨʤʫʣʳ: 

( )

28,0
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( )

23,0

25,0

Re

7
ö
÷

õ
æ
ç

å
Öº

D

d

Dd
ʤ

a
z , 40000Re6000 ¢¢ ;   (9) 
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ʏʠʩʣʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʬʦʨʤʫʣʘʭ (8) ʠ (9) ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʡ ʦʪ 

ʯʠʩʣʘ Re ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʨʘʞʝʥʠʝ (3), (8), (9) ʜʣʷ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʚʤʝʩʪʦ ʯʠʩʣʘ Re, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʧʦʜʩʪʘʚʠʪʴ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ 

ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʘʚʠʣʫ: 

n

nn

n

n

d
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æ
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å
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=
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Re
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2

m

rw ,  
1
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-= nemm # ,   (10) 

ʛʜʝ: Ren ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ; m ï ʚʷʟʢʦʩʪʴ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʇʘ Ö 

(ʩ)
m
; m0 ï ʚʷʟʢʦʩʪʴ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʝʜʠʥʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ, ʇʘ Ö ʩ; e# ï ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʘ, 

1/ʩ; r ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʢʛ/ʤ3
; d ï ʜʠʘʤʝʪʨ ʪʨʫʙʳ, ʤ; w ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʚ ʪʨʫʙʝ, ʤ/ʩ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʘʥʘʣʦʛʠʡ ʠ 

ʧʝʨʝʥʦʨʤʠʨʦʚʘʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʬʦʨʤʫʣʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ (ʩʫʞʝʥʠʝ, ʨʘʩʰʠʨʝʥʠʝ, ʧʦʚʦʨʦʪ). ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ (3), (8), (9) ʠ (10) 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʧʨʦʚʝʨʢʝ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʨʝʜʝʣʠʪʴ ʚʠʜ ʬʫʥʢʮʠʡ j ʠ y (3). ɿʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ m0, n, r ʩʣʝʜʫʝʪ ʙʨʘʪʴ ʠʟ ʪʝʭʥʠʯʝʩʢʠʭ 
ʩʧʨʘʚʦʯʥʠʢʦʚ ʜʣʷ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʠʣʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ, ʚʷʟʢʦʩʪʴ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ 

ʦʪ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ ʧʦ ʩʪʝʧʝʥʥʦʤʫ ʟʘʢʦʥʫ. ʇʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʚʳʯʠʩʣʝʥʠʠ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʧʨʠ ʪʝʯʝʥʠʠ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʠ ʫʩʪʨʦʡʩʪʚʘʭ ʩʠʩʪʝʤ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʭʣʘʜʦʩʥʘʙʞʝʥʠʷ. 
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ɸʣʤʘʪʳ ʄʝʥʝʜʞʤʝʥʪ ʋʥʠʚʝʨʩʠʪʝʪ, ʛ.ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ʃʶʜʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʣʞʥʳ ʟʘʜʫʤʘʪʴʩʷ ʥʘʜ ʪʘʢʠʤ ʚʦʧʨʦʩʦʤ, ʢʘʢ ʩʦʟʜʘʪʴ ʥʦʚʳʡ ʚʠʜ 

ʧʨʦʜʫʢʪʘ, ʯʪʦʙ ʦʥ ʙʳʣ ʥʘʩʪʦʣʴʢʦ ʮʝʥʥʳʤ, ʦʙʦʛʘʱʸʥʥʳʤ ʧʦʣʝʟʥʳʤʠ ʚʠʪʘʤʠʥʘʤʠ, ʯʪʦʙ ʤʳ ʤʦʛʣʠ 

ʧʝʨʝʙʦʨʦʪʴ ʙʦʣʝʟʥʠ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʧʨʠʝʤʦʤ ʧʠʱʠ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʦʛʦ 

ʧʠʪʘʥʠʷ ʩʣʝʜʫʝʪ ʩʦʟʜʘʪʴ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʦʣʝʟʝʥ ʜʣʷ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʢʘʪʝʛʦʨʠʡ. 
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ʉʝʡʯʘʩ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʣʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʉʪʨʫʢʪʫʨʘ ʙʝʣʢʘ ʤʦʞʝʪ ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʬʠʟʠʯʝʩʢʠʤʠ, 

ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʬʝʨʤʝʥʪʳ, ʩʧʦʩʦʙʥʳʝ ʩʚʷʟʳʚʘʪʴ 

ʙʝʣʢʦʚʳʝ ʤʦʣʝʢʫʣʳ ʠ ʥʝ ʛʠʜʨʦʣʠʟʦʚʘʪʴ ʠʭ. ʂ ʪʘʢʠʤ ʬʝʨʤʝʥʪʘʤ ʦʪʥʦʩʷʪ ʪʨʘʥʩʛʣʫʪʘʤʠʥʘʟʫ [1]. 

ʄʦʜʠʬʠʢʘʮʠʷ ʙʝʣʢʦʚ ʩ ʫʯʘʩʪʠʝʤ ʪʨʘʥʩʛʣʫʪʘʤʠʥʘʟʳ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʠʭ ʪʝʨʤʦʩʪʘʙʠʣʴ-

ʥʦʩʪʴ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʩʚʝʨʪʳʚʘʝʤʦʩʪʴ ʩʳʯʫʞʥʳʤ ʬʝʨʤʝʥʪʦʤ. ʊʨʘʥʩʛʣʫʪʘ-

ʤʠʥʘʟʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʚʷʟʢʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʙʝʣʢʘ, 

ʥʝʢʦʪʦʨʦʛʦ ʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʣʠʧʠʜʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʞʠʨʦʚʦʡ ʵʤʫʣʴʩʠʠ, ʫʣʫʯʰʝʥʠʷ ʚʢʫʩʘ, 

ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʧʨʦʜʫʢʪʘ ʟʘ ʩʯʝʪ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʙʝʣʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʥʳʝ ʣʠʤʠʪʠʨʫʶʱʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʟʘʱʠʪʳ ʣʠʟʠʥʘ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʘʣʣʝʨʛʝʥʥʦʩʪʠ ʙʝʣʢʦʚ [2]. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʰʠʨʦʢʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ 

ʨʘʟʣʠʯʥʳʭ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʤʘʨʘʥʪ [3]. 

ɽʩʣʠ ʚʟʷʪʴ ʩʦʜʝʨʞʘʥʠʝ 8-ʤʠ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʟʘ 100 ʙʘʣʣʦʚ, ʪʦ ʧʰʝʥʠʮʘ ʥʘʙʠʨʘʝʪ 57, 

ʩʦʷ ï 63, ʤʦʣʦʢʦ ï 72, ʘʤʘʨʘʥʪ ï 75. ɺ ʙʝʣʢʘʭ ʩʦʠ, ʯʝʯʝʚʠʮʳ, ʛʦʨʦʭʘ, ʬʘʩʦʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪ: ʤʝʪʠʦʥʠʥʘ, ʮʠʩʪʝʠʥʘ; ʪʘʢʞʝ ʚ ʙʝʣʢʘʭ ʟʣʘʢʦʚ ʥʝʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʣʠʟʠʥʘ, ʪʨʝʦʥʠʥʘ, ʬʝʥʠʣʘʣʘʥʠʥʘ, ʪʦʛʜʘ ʢʘʢ ʙʝʣʦʢ ʘʤʘʨʘʥʪʘ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʘʤʠʥʦʢʠʩʣʦʪ ʚʭʦʜʠʪ ʚ 

ʯʠʩʣʦ ʣʫʯʰʠʭ ʙʝʣʢʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʠʱʫ ʙʝʣʢʘ ʩʝʤʷʥ ʘʤʘʨʘʥʪʘ 

ʜʝʣʘʝʪ ʧʠʪʘʥʠʝ ʯʝʣʦʚʝʢʘ ʙʦʣʝʝ ʧʦʣʥʦʮʝʥʥʳʤ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʧʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤʫ ʩʦʩʪʘʚʫ [4]. 

ɺ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʘʭ ʊɻ ʠʩʧʦʣʴʟʫʶʪ ʚ ʜʦʟʘʭ ʦʪ 0,001 ʜʦ 20 ʝʜ. ʥʘ 1 ʛ ʙʝʣʢʘ (0,003-0,07 %). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʣʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʣʫʯʰʠʤʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʪʴ ʢʦʨʨʝʢʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʊɻ[2]. 

ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʳ ʧʨʦʚʝʣʠ ʥʝʩʢʦʣʴʢʦ ʦʧʳʪʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʤʳ ʩ ʚʘʤʠ ʧʦʜʝʣʠʤʩʷ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʊɻ ʥʘ ʩʚʷʟʳʚʘʥʠʝ ʙʝʣʢʦʚ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ 

ʜʣʷ ʢʠʩʣʦʤʦʣʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʛʦʪʦʚʠʣʠ ʦʙʨʘʟʮʳ, ʧʘʩʪʝʨʠʟʦʚʘʥʥʦʝ ʤʦʣʦʢʦ 4% 

ʞʠʨʥʦʩʪʠ ʧʦʜʦʛʨʝʚʘʣʠ ʜʦ 37Áʉ, ʨʘʟʣʠʚʘʣʠ ʧʦ ʸʤʢʦʩʪʷʤ, ʜʦʙʘʚʣʷʣʠ ʘʤʘʨʘʥʪʦʚʳʡ ʵʢʩʪʨʘʢʪ ʠ ʚʥʦʩʠʣʠ 

ʪʨʘʥʩʛʣʫʪʘʤʠʥʘʟʫʊɻ, ʧʝʨʝʤʝʰʠʚʘʣʠ, ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ ʧʨʠ 37Áʉ ʥʘ 1ʯ. ʇʦ ʧʨʦʭʦʞʜʝʥʠʠ 

ʩʚʷʟʳʚʘʥʠʷ ʤʦʣʦʢʦ ʧʘʩʪʝʨʠʟʦʚʘʣʠ ʧʨʠ 95Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ (ʜʣʷ ʧʨʝʢʨʘʱʝʥʠʷ ʜʝʡʩʪʚʠʷ ʊɻ). 

ʆʭʣʘʞʜʘʣʠ ʜʦ 37Áʉ. ɿʘʪʝʤ ʚʦ ʚʩʝ ʦʙʨʘʟʮʳ ʚʥʦʩʠʣʠ ʩʫʭʫʶ ʟʘʢʚʘʩʢʫ ʡʦʛʫʨʪʦʚʳʭ ʢʫʣʴʪʫʨ ʚ ʨʘʩʯʸʪʝ 

1ʛ/1ʣ. ʆʙʨʘʟʮʳ ʧʝʨʝʤʝʰʠʚʘʣʠ, ʦʩʪʘʚʣʷʣʠ ʩʢʚʘʰʠʚʘʪʴʩʷ.  

ɼʘʣʝʝ ʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʡʦʛʫʨʪʦʚ ʠʟʤʝʨʷʣʠ ʚʷʟʢʦʩʪʴ ʠ ʢʦʥʩʠʩʪʝʥʮʠʶ. 

ʀʟʤʝʨʝʥʠʝ ʚʷʟʢʦʩʪʠ. ʆʙʨʘʟʮʳ ʡʦʛʫʨʪʦʚ ʚ ʸʤʢʦʩʪʷʭ ʦʙʲʸʤʦʤ 300 ʤʣ ʦʭʣʘʞʜʘʣʠ ʜʦ 4Áʉ, 

ʠʟʤʝʨʷʣʠ ʚʷʟʢʦʩʪʴ ʥʘ ʚʠʩʢʦʟʠʤʝʪʨʝ. ɺʠʩʢʦʟʠʤʝʪʨ ʨʦʪʘʮʠʦʥʥʳʡ ʪʠʧʘ ɹʨʫʢʬʠʣʴʜʘ ʄʊ-202 (ʆʆʆ 

"ʄʝʪʨʦʪʝʢʩ"). ʀʟʤʝʨʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʡʦʛʫʨʪʦʚ. ʆʙʨʘʟʮʳ ʡʦʛʫʨʪʦʚ ʚ ʸʤʢʦʩʪʷʭ ʦʙʲʸʤʦʤ 300 

ʤʣ ʦʭʣʘʞʜʘʣʠ ʜʦ 4 ʛʨʘʜ. ʉ, ʠʟʤʝʨʷʣʠ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ʪʝʢʩʪʫʨʳ TA-XT Plus 

(StableMicroSystemsLtd., UK) ʩ ʪʝʥʟʦʜʘʪʯʠʢʦʤ 5 ʢʛ. 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ.1, ʟʥʘʯʝʥʠʷ ʫʩʣʦʚʥʦʡ ʚʷʟʢʦʩʪʠ ʦʙʨʘʟʮʘ 3 ʡʦʛʫʨʪʘ ʩ ʘʤʘʨʘʥʪʦʚʳʤ ʵʢʩʪʨʘʢʪʦʤ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 0,1% ʊɻ ʧʨʠʤʝʨʥʦ ʚ 23,3% ʧʨʝʚʳʰʘʣʠ ʫʩʣʦʚʥʫʶ ʚʷʟʢʦʩʪʴ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ. 
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ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ ʦʙʨʘʟʮʦʚ ʡʦʛʫʨʪʘ: 1 ï ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ, 2 ï ʦʙʨʘʟʝʮ ʡʦʛʫʨʪʘ ʩ ʘʤʘʨʘʥʪʦʚʳʤ 

ʵʢʩʪʨʘʢʪʦʤ, 3 ï ʦʙʨʘʟʝʮ ʡʦʛʫʨʪʘ ʩ ʘʤʘʨʘʥʪʦʚʳʤ ʵʢʩʪʨʘʢʪʦʤ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 0,1 % ʊɻ.  

 

ʇʨʦʚʦʜʠʣʠ ʪʝʩʪ ʥʘ ʢʦʤʧʨʝʩʩʠʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʠʢʦʚ ʧʨʦʬʠʣʝʡ ʩʪʨʫʢʪʫʨʳ. ʀʩʧʦʣʴʟʦʚʘʣʠ 

ʩʣʝʜʫʶʱʠʝ ʟʦʥʜʳ ʠ ʧʘʨʘʤʝʪʨʳ: 1. 5 ʤʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʟʦʥʜ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʟʦʥʜʘ ʜʦ ʠʩʧʳʪʘʥʠʷ 

(ʧʨʝ-ʪʝʩʪ) 2 ʤʤ/ʩ, ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʷ (ʪʝʩʪ) ʠ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ (ʧʦʩʪ-ʪʝʩʪ) 1 ʤʤ/ʩ. ɼʠʩʪʘʥʮʠʷ ʧʦʛʨʫʞʝʥʠʷ 

ʟʦʥʜʘ 10 ʤʤ. ʉʠʣʘ ʥʘʛʨʫʟʢʠ 3 ʛ. 2. ʉʬʝʨʠʯʝʩʢʠʡ ʟʦʥʜ ʜʠʘʤʝʪʨʦʤ 1 ʜʶʡʤ. ʉʢʦʨʦʩʪʴ ʧʨʝ-ʪʝʩʪ 1,5 ʤʤ/ʩ, ʪʝʩʪ 

1 ʤʤ/ʩ, ʧʦʩʪ-ʪʝʩʪ 10 ʤʤ/ʩ. ɼʠʩʪʘʥʮʠʷ ʧʦʛʨʫʞʝʥʠʷ 5 ʤʤ. ʉʠʣʘ ʥʘʛʨʫʟʢʠ 2,5 ʛ. 3. ʄʥʦʛʦʠʛʦʣʴʯʘʪʳʡ ʟʦʥʜ 

(ʨʠʩ 3). ʉʢʦʨʦʩʪʴ ʧʨʝ-ʪʝʩʪ 1 ʤʤ/ʩ, ʪʝʩʪ 2 ʤʤ/ʩ, ʧʦʩʪ-ʪʝʩʪ 10 ʤʤ/ʩ. ɼʠʩʪʘʥʮʠʷ ʧʦʛʨʫʞʝʥʠʷ 50 ʤʤ. ʉʠʣʘ 

ʥʘʛʨʫʟʢʠ 5 ʛ. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʚʳʝ ʫʩʠʣʠʝ-ʚʨʝʤʷ (g-s) ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

TextureExponentApplication (StableMicroSystemsLtd, UK). ʈʘʩʩʯʠʪʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

ʧʨʦʯʥʦʩʪʴ, ʘʜʛʝʟʠʷ, ʨʘʙʦʪʘ ʧʝʥʝʪʨʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʘʢ ʩʨʝʜʥʝʝ ʠʟ ʪʨʸʭ ʠʟʤʝʨʝʥʠʡ ʩ 

ʫʯʸʪʦʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. 

ʀʟ ʨʠʩʫʥʢʘ 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʘʤʘʨʘʥʪʦʚʦʛʦ ʡʦʛʫʨʪʘ ʚʳʰʝ ʧʨʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʥʘ 

6%, ʘ ʧʨʦʯʥʦʩʪʴ ʘʤʘʨʘʥʪʦʚʦʛʦ ʡʦʛʫʨʪʘ ʩ ʊɻ ʚʳʰʝ ʥʘ 18%, ʯʝʤ ʧʨʦʯʥʦʩʪʴ ʢʦʥʪʨʦʣʴʥʦʛʦ. ʈʘʙʦʪʘ 

ʧʝʥʝʪʨʘʮʠʠ ʟʦʥʜʘ ʧʦ ʧʦʛʨʫʞʝʥʠʶ ʚ ʘʤʘʨʘʥʪʦʚʳʡ ʡʦʛʫʨʪ ʥʘ 63% ʚʳʰʝ ʨʘʙʦʪʳ ʧʝʥʝʪʨʘʮʠʠ ʟʦʥʜʘ ʧʦ 

ʧʦʛʨʫʞʝʥʠʶ ʚ ʢʦʥʪʨʦʣʴʥʳʡ, ʨʘʙʦʪʘ ʧʝʥʝʪʨʘʮʠʠ ʟʦʥʜʘ ʧʦ ʧʦʛʨʫʞʝʥʠʶ ʚ ʘʤʘʨʘʥʪʦʚʳʡ ʡʦʛʫʨʪ ʩ ʊɻ 

ʚʳʰʝ ʥʘ 89% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ. 
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ʈʠʩ.2. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʨʘʙʦʪʳ ʧʝʥʝʪʨʘʮʠʠʤʥʦʛʦʠʛʦʣʴʯʘʪʳʤ ʟʦʥʜʦʤ: 1 ï ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ, 2 ï 

ʦʙʨʘʟʝʮ ʡʦʛʫʨʪʘ ʩ ʘʤʘʨʘʥʪʦʚʳʤ ʵʢʩʪʨʘʢʪʦʤ, 3 ï ʦʙʨʘʟʝʮ ʡʦʛʫʨʪʘ ʩ ʘʤʘʨʘʥʪʦʚʳʤ ʵʢʩʪʨʘʢʪʦʤ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ 0,1 % ʊɻ. ɼʠʩʪʘʥʮʠʷ ʧʦʛʨʫʞʝʥʠʷ ʠʛʣ ï 10 ʤʤ. ʈʘʙʦʪʘ ʧʝʥʝʪʨʘʮʠʠ ïʧʣʦʱʘʜʴ ʛʨʘʬʠʢʘ ʤʝʞʜʫ 

ʫʩʠʣʠʷʤʠ 35 ʛ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʡ ʢʠʩʣʦʤʦʣʦʯʥʳʡ ʧʨʦʜʫʢʪ, ʘ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʡʦʛʫʨʪ, 

ʦʙʦʛʘʱʝʥʥʳʡ ʘʤʘʨʘʥʪʦʤ, ʧʦʢʘʟʘʣ ʣʫʯʰʠʝ ʢʘʯʝʩʪʚʘ ʥʘ ʚʷʟʢʦʩʪʴ ʠ ʪʝʢʩʪʫʨʫ. ɸʤʘʨʘʥʪ ʢʘʢ ʩʪʘʙʠʣʠʟʘʪʦʨ 

ʠ, ʜʦʙʘʚʣʷʷ ʢ ʘʤʘʨʘʥʪʫ ʝʱʸ ʠ ʊɻ. ʇʦʣʫʯʘʝʤ ʝʱʸ ʙʦʣʴʰʝʝ ʚʦʟʨʘʩʪʘʥʠʝ ʚʷʟʢʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʧʨʦʜʫʢʪʘ.  

ʁʦʛʫʨʪ ʧʦʤʦʛʘʝʪ ʪʦʣʩʪʦʡ ʢʠʰʢʝ ʦʩʪʘʚʘʪʴʩʷ ʟʜʦʨʦʚʦʡ. ɺʨʘʯʠ ʯʘʩʪʦ ʛʦʚʦʨʷʪ: "ɺʳ ʟʜʦʨʦʚʳ 

ʥʘʩʪʦʣʴʢʦ, ʥʘʩʢʦʣʴʢʦ ʟʜʦʨʦʚʘ ʚʘʰʘ ʪʦʣʩʪʘʷ ʢʠʰʢʘ". ʁʦʛʫʨʪ ʩʦʜʝʨʞʠʪ ʣʘʢʪʦʙʘʢʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʙʣʘʛʦ-

ʧʨʠʷʪʥʦ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʨʘʙʦʪʫ ʢʠʰʝʯʥʠʢʘ, ʩʧʦʩʦʙʩʪʚʫʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʦʤʫ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʨʘʢʘ ʪʦʣʩʪʦʡ ʢʠʰʢʠ [5]. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊɻ ʠ ʘʤʘʨʘʥʪʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʠʩʣʦʤʦʣʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 
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ʛ.ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ, ʉ.ʀ. ʍʘʨʯʫʢ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʛ.ʂʘʟʘʥʴ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

E-mail: belousoff.alexey@yandex.ru, irmaris@yandex.ru, kharchyk@mail.ru 
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ɺʠʭʨʝʚʘʷ ʪʨʫʙʘ, ʠʣʠ ʪʨʫʙʘ ʈʘʥʢʘ-ʍʠʣʰʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʨʘʟʜʝʣʠʪʴ 

ʟʘʢʨʫʯʝʥʥʳʡ ʧʦʪʦʢ ʛʘʟʘ ʥʘ ʜʚʝ ʬʨʘʢʮʠʠ: ʛʦʨʷʯʫʶ ï ʥʘ ʧʝʨʠʬʝʨʠʠ, ʭʦʣʦʜʥʫʶ ï ʚ ʧʨʠʦʩʝʚʦʡ ʦʙʣʘʩʪʠ. ʂ 

ʜʦʩʪʦʠʥʩʪʚʘʤ ʭʣʘʜʦʛʝʥʝʨʘʪʦʨʦʚ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʦʪʥʦʩʷʪʩʷ: ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʭʣʘʜʘʛʝʥʪʘʭ, 

ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʤʘʣʘʷ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʦʩʪʦʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʘ, ʥʘʜʝʞʥʦʩʪʴ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʛʠʧʦʪʝʟ, ʦʙʲʷʩʥʷʶʱʠʭ ʧʨʠʨʦʜʫ ʧʨʦʮʝʩʩʘ 

ʵʥʝʨʛʦʨʘʟʜʝʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʚ ʚʠʭʨʝʚʦʡ ʢʘʤʝʨʝ ʪʨʫʙʳ ʈʘʥʢʘ-ʍʠʣʰʘ. ʆʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʪʝʦʨʠʠ 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʣʦʞʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʚ ʚʠʭʨʝʚʦʡ ʪʨʫʙʝ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʫʣʴʩʘʮʠʡ. ʃʠʪʝʨʘʪʫʨʥʳʡ ʘʥʘʣʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʴ-

ʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʛʠʧʦʪʝʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ, ʧʨʝʜʣʦʞʝʥʥʘʷ ɸ.ʇ. ʄʝʨʢʫʣʦʚʳʤ [1]. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʝʡ ʧʨʦʮʝʩʩ ʵʥʝʨʛʦʨʘʟʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʚʠʭʨʝʡ: 

ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ: ʧʝʨʠʬʝʨʠʡʥʦʛʦ, ʚʨʘʱʘʶʱʝʛʦʩʷ ʧʦ ʟʘʢʦʥʫ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʚʠʭʨʷ, ʠ ʧʨʠʦʩʝʚʦʛʦ, ʚʨʘʱʘʶʱʝʛʦʩʷ ʧʦ ʟʘʢʦʥʫ ʢʚʘʟʠʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʆʧʨʝʜʝʣʷʶʱʘʷ ʨʦʣʴ ʚ ʧʝʨʝʥʦʩʝ 

ʵʥʝʨʛʠʠ ʦʪ ʦʩʝʚʳʭ ʩʣʦʝʚ ʢ ʧʝʨʠʬʝʨʠʡʥʳʤ ʦʪʚʦʜʠʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʤ ʧʫʣʴʩʘʮʠʷʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʜʚʫʭʩʣʦʡʥʘʷ k-Ů ʠ k-ɤ SST ʤʦʜʝʣʠ. ɻʝʦʤʝʪʨʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 1. ʂʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʩʦʩʪʘʚʠʣʦ 360000. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʜʣʷ ʦʙʦʠʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ: ʥʘ ʚʭʦʜʝ ï ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ 5 ʘʪʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʨʤʦʞʝʥʠʷ 25Áʉ; ʥʘ ʚʳʭʦʜʘʭ ï ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ 1 ʘʪʘ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʝʦʤʝʪʨʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ 

 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ Star-CCM+ v.8.02.011. 

ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʷʣʩʷ ʨʝʰʘʪʝʣʝʤ Coupled flow solver. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʩʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʫʨʦʚʥʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʭ ʥʝʚʷʟʦʢ ʧʦ ʚʩʝʤ ʫʨʘʚʥʝʥʠʷʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʯʝʥʠʷ ʥʘ ʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮʘʭ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

 
ʊʘʙʣʠʮʘ 1 - ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 k-Ů ʤʦʜʝʣʴ  

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

k-ɤ ʤʦʜʝʣʴ  

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

ʅʘʪʫʨʥʳʡ  

ʵʢʩʧʝʨʠʤʝʥʪ 

ɛ 0,23 0,22 0,23 

Tʥʘʯ, Áʉ 25 25 25 

Tʭʦʣ, Áʉ 17 8 4 

Tʛʦʨ, Áʉ 27,3 29,6 20 

ȹT, Áʉ 10,3 21,6 16 

ȹTʭʦʣ, Áʉ 8 17 21 

ȹTʛʦʨ, Áʉ 2,3 4,6 -5 



 

18 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʕʧʶʨʘ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ k-ɤ 

ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʥʘ ʨʘʟʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʫʩʪʨʦʡʩʪʚʘ ʟʘʢʨʫʪʢʠ ʚ ʢʘʣʠʙʨʘʭ 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʕʧʶʨʘ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ k-Ů 

ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʥʘ ʨʘʟʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʫʩʪʨʦʡʩʪʚʘ ʟʘʢʨʫʪʢʠ ʚ ʢʘʣʠʙʨʘʭ 

 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʪʘʙʣ.1) ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ k-ɤ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʟʘʤʝʯʝʥʘ ʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʬʬʝʢʪʘ 

ʵʥʝʨʛʦʨʘʟʜʝʣʝʥʠʷ; 

2) ʪʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʜʣʷ k-ɤ ʤʦʜʝʣʠ, ʙʣʠʞʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʟʥʘʯʝʥʠʶ; 

3) ʧʦʣʦʞʝʥʠʝ ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʫʣʴʩʘʮʠʡ ʩʢʦʨʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʚʠʭʨʝʚʦʡ 

ʪʨʫʙʳ, ʦʙʥʘʨʫʞʝʥʥʦʝ ʚ ʭʦʜʝ ʨʘʩʯʝʪʦʚ ʧʦ k-ɤ ʤʦʜʝʣʠ (ʨʠʩ.2), ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʥʦʡ ʟʦʥʝ ʩʤʝʰʝʥʠʷ 

ʤʝʞʜʫ ʚʳʥʫʞʜʝʥʥʳʤ ʠ ʩʚʦʙʦʜʥʳʤ ʚʠʭʨʷʤʠ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʛʠʧʦʪʝʟʦʡ ɸ.ʇ. ʄʝʨʢʫʣʦʚʘ. ɺ ʪʦ ʞʝ 
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ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ k-Ů ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʨʫʛʦʡ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ (ʵʢʩʪʨʝʤʫʤ 

ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʩʪʝʥʢʠ) (ʨʠʩ.3). 

4) ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ k-ɤ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ ʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʚʠʭʨʝʚʦʡ ʪʨʫʙʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʄʝʨʢʫʣʦʚ ɸ.ʇ. ɺʠʭʨʝʚʦʡ ʵʬʬʝʢʪ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭʥʠʢʝ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1969. ï 184 ʩ. 
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ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʠʜʨʦ- ʠ ʧʥʝʚʤʦʘʧʧʘʨʘʪʦʚ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʝʤ ʧʫʣʴʩʘʮʠʡ ʠ ʦʪʨʳʚʦʚ ʧʦʪʦʢʘ. ʇʨʠʯʝʤ ʢʦʣʝʙʘʥʠʷ ʪʝʯʝʥʠʷ ʛʝʥʝʨʠʨʫʶʪʩʷ ʢʘʢ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ 

ʜʚʠʞʝʥʠʠ ʫʟʣʦʚ ʘʛʨʝʛʘʪʘ ʚ ʝʛʦ ʧʨʦʪʦʯʥʦʡ ʧʦʣʦʩʪʠ, ʪʘʢ ʠ ʧʨʠ ʚʳʭʦʜʝ ʘʧʧʘʨʘʪʘ ʥʘ ʥʝʫʩʪʦʡʯʠʚʳʝ ʨʝʞʠʤʳ 

ʨʘʙʦʪʳ ʚʩʣʝʜʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʚʦʟʤʫʱʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʘʚʪʦʢʦʣʝʙʘʥʠʷ ʟʘʧʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʣʘʧʘʥʦʚ ʠ 

ʪ.ʧ. [1-2]). ʅʘʣʦʞʝʥʥʳʝ ʧʫʣʴʩʘʮʠʠ ʚʳʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ, ʧʨʠʚʦʜʷʪ ʢ 

ʨʝʟʦʥʘʥʩʥʳʤ ʠ ʜʨʫʛʠʤ ʷʚʣʝʥʠʷʤ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠʭ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʦʪʨʳʚʦʤ ʧʦʪʦʢʘ 

[3], ʘ ʩ ʜʨʫʛʦʡ ï ʦʥʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʙʳʩʪʨʦʤʫ ʠʟʥʦʩʫ ʫʩʪʨʦʡʩʪʚ ʠ ʜʨ. ʕʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʜʘʥʥʦʤʫ ʢʣʘʩʩʫ ʪʝʯʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʚʝʣʠʯʠʥʳ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʦʪʨʳʚʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʪʝʯʝʥʠʷ ʚʷʟʢʦʛʦ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ (ʚʦʟʜʫʭʘ) ʟʘ ʜʠʘʬʨʘʛʤʦʡ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʚʭʦʜʝ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʘʥʘʣ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩʦʩʪʘʚʣʝʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ STAR-CCM+ [4], ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ 

ʦʩʨʝʜʥʝʥʥʳʝ ʧʦ ʈʝʡʥʦʣʴʜʩʫ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ, ʫʨʘʚʥʝʥʠʝ 

ʂʣʘʧʝʡʨʦʥʘ, ʫʨʘʚʥʝʥʠʷ ʚʳʩʦʢʦʨʝʡʥʦʣʴʜʩʦʚʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ k-  ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʩ 

ʧʨʠʩʪʝʥʦʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ.  
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ʈʠʩʫʥʦʢ 1 ï ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʨʝʥʠʷ ʚʜʦʣʴ ʩʪʝʥʢʠ ʢʘʥʘʣʘ ʜʣʷ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʠ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʩ ʯʘʩʪʦʪʦʡ 230 ɻʮ ʦʪʨʳʚʥʳʭ ʪʫʨʙʫʣʝʥʪʥʳʭ ʪʝʯʝʥʠʡ 

 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [3] ʜʣʷ 

ʪʝʯʝʥʠʷ ʚʦʟʜʫʭʘ (ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ 0,053 ʤ
3
/ʩ), ʚ ʢʦʪʦʨʦʤ ʟʘ ʩʯʝʪ ʚʨʘʱʝʥʠʷ ʟʘʩʣʦʥʢʠ, ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʧʝʨʝʢʨʳʚʘʶʱʝʡ ʚʳʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ ʢʘʥʘʣʘ, ʩʦʟʜʘʚʘʣʠʩʴ ʧʫʣʴʩʘʮʠʠ ʨʘʩʭʦʜʘ ʩ ʯʘʩʪʦʪʦʡ f = 0-377 ɻʮ. 

ʌʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ.1) ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʳ ʢ ʧʘʨʘʤʝʪʨʘʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ [3]. ɺʩʘʩʳʚʘʥʠʝ ʚʦʟʜʫʭʘ ʠʟ ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʧʘʜʘʥʠʝ ʠʟ ʢʘʥʘʣʘ ʚ 

ʨʝʩʠʚʝʨ ʩʤʦʜʝʣʠʨʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʦʣʝʙʘʥʠʷ ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʥʘ 

ʚʳʭʦʜʝ (ʥʘ ʚʭʦʜʝ ʚ ʢʘʥʘʣ ʟʘʜʘʚʘʣʦʩʴ ʧʦʩʪʦʷʥʥʦʝ ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ). ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ 

ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ [3] ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʦʪʨʳʚʥʦʡ ʟʦʥʳ. 

ʇʦʵʪʦʤʫ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʚʳʭʦʜʥʦʡ ʛʨʘʥʠʮʝ ʟʘʜʘʚʘʣʩʷ ʧʦʩʪʦʷʥʥʳʡ ʩʨʝʜʥʠʡ 
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ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ, ʘ ʧʫʣʴʩʘʮʠʠ ʩʦʟʜʘʚʘʣʠʩʴ ʧʫʪʝʤ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʧʣʦʱʘʜʠ 

ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ S(t) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʬʦʨʤʠʨʫʶʱʠʭʩʷ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ. 

ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʩʝʪʢʠ ʠʟ 1,6 ʤʣʥ. ʷʯʝʝʢ ʢʚʘʜʨʘʪʥʦʡ 

ʬʦʨʤʳ ʩʦ ʩʛʫʱʝʥʠʝʤ ʚʙʣʠʟʠ ʩʪʝʥʦʢ (y
+ 
Ó 30) ʠ ʚ ʟʦʥʝ ʨʝʮʠʨʢʫʣʷʮʠʠ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʯʝʥʠʡ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʠʣ 10
-6
 ʩ. ʏʠʩʣʦ ʠʪʝʨʘʮʠʡ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʚʨʝʤʝʥʥʦʛʦ 

ʰʘʛʘ ʚʳʙʠʨʘʣʦʩʴ ʠʟ ʫʩʣʦʚʠʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʥʝʚʷʟʦʢ ʤʠʥʠʤʫʤ ʜʦ 10
-4
. 

ɿʥʘʯʝʥʠʷ ʦʩʨʝʜʥʝʥʥʦʛʦ ʧʦ ʚʨʝʤʝʥʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʨʝʥʠʷ CF ʦʧʨʝʜʝʣʝʥʳ ʚʜʦʣʴ 

ʩʪʝʥʢʠ ʢʘʥʘʣʘ ʯʝʨʝʟ ʢʘʞʜʳʝ 10
-4
 ʩ ʠ ʥʦʨʤʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʥʝʡ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦ 

ʩʝʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʝ. ʇʨʠ ʯʘʩʪʦʪʝ ʧʫʣʴʩʘʮʠʡ f = 230 ɻʮ (ʨʠʩ.2), ʧʦʣʫʯʝʥʦ ʩʦʢʨʘʱʝʥʠʝ 

ʩʨʝʜʥʝʡ ʜʣʠʥʳ ʦʪʨʳʚʥʦʡ ʟʦʥʳ ʧʦʯʪʠ ʚ 1,4 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ f = 0 ɻʮ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ 

ʵʬʬʝʢʪ ʩʠʣʴʥʦ ʟʘʥʠʞʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʜʦʩʪʠʛʘʝʪʩʷ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʦʝ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʷʭ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʪʨʳʚʥʦʡ ʟʦʥʳ ʠʟʤʝʥʷʝʪʩʷ ʩʣʘʙʝʝ, ʯʝʤ ʚ ʥʘʪʫʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʘ ʧʦʛʨʝʰʥʦʩʪʴ 

ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ Cf ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ.  

ʈʘʩʯʝʪʘʤʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝ ʵʢʩʪʨʝʤʫʤʘ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ʦʪʨʳʚʥʦʡ 

ʟʦʥʳ ʦʪ ʯʠʩʣʘ ʉʪʨʫʭʘʣʷ (ʨʠʩ.3), ʦʜʥʘʢʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [3] ʧʦʣʦʞʝʥʠʝ 

ʵʢʩʪʨʝʤʫʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘʮʠʡ.  
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ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʳ ʦʪʨʳʚʥʦʡ ʟʦʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʉʪʨʫʭʘʣʷ: ʩʣʝʚʘ ï 

ʵʢʩʧʝʨʠʤʝʥʪ, ʩʧʨʘʚʘ ï ʨʘʩʯʝʪ ʜʣʷ Re = 33000 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʦʡ ʵʥʝʨʛʠʠ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʚʜʦʣʴ ʦʩʠ ʢʘʥʘʣʘ (ʩʣʝʚʘ) ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʧʫʣʴʩʘʮʠʡ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ ʚʙʣʠʟʠ ʜʠʘʬʨʘʛʤʳ (ʩʧʨʘʚʘ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ 

ʥʘʣʦʞʝʥʥʳʭ ʧʫʣʴʩʘʮʠʡ 

 

ɺ ʭʦʜʝ ʨʘʩʯʝʪʦʚ ʟʘʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʡ ʵʥʝʨʛʠʠ (ʨʠʩ.4, ʩʣʝʚʘ) ʥʘ 

ʧʫʣʴʩʠʨʫʶʱʠʭ ʨʝʞʠʤʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʤ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʦʝ ʩʤʝʱʝʥʠʝ ʟʦʥʳ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʫʣʴʩʘʮʠʡ ʢ ʜʠʘʬʨʘʛʤʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ f, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʣʦʞʝʥʠʝ ʜʘʥʥʦʡ 

ʟʦʥʳ ʢʘʞʜʳʡ ʨʘʟ ʦʢʘʟʳʚʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ, ʯʝʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ [3]. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʡ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ ʚʙʣʠʟʠ ʜʠʘʬʨʘʛʤʳ ʦʪ 

ʯʘʩʪʦʪʳ ʧʫʣʴʩʘʮʠʡ f (ʨʠʩ.4, ʩʧʨʘʚʘ) ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʧʫʣʴʩʘ-

ʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʯʝʥʠʷ ʥʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʨʝʞʠʤʘʭ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʚʝʣʠʯʠʥʳ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʠʤʝʥʝʥʳ ʟʥʘʯʝʥʠʷ ʠʟ ʜʠʘʧʘʟʦʥʘ t = 10
-7
é10

-4
 ʩ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʝʣʠʯʠʥʘ 

ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʪʨʳʚʥʦʡ ʟʦʥʳ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ Cfʚ ʦʪʨʳʚʥʦʡ ʟʦʥʝ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʩʥʘʯʘʣʘ 

ʨʘʩʪʝʪ, ʘ ʩʦ ʟʥʘʯʝʥʠʷ 10
-7
 ʩ ï ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʦʚʦʨʷʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʠ ʢʚʘʜʨʘʪʠʯʥʦʡ 

k- ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʜʣʷ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʛʦ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʥʘʣʦʞʝʥʥʳʭ ʧʫʣʴʩʘʮʠʡ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʪʝʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʩʯʝʪʘʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʫʣʴʩʘʮʠʠ ʧʫʪʝʤ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʪʝʧʣʦʪʳ ʩ ʦʜʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʫʨʦʚʥʷ ʥʘ ʜʨʫʛʦʡ ʙʝʟ ʧʦʪʝʨʠ ʝʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ (ʵʢʩʝʨʛʠʠ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʨʷʤʦʛʦ ʠ 

ʦʙʨʘʪʥʦʛʦ ʮʠʢʣʦʚ. ɺ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʨʘʙʦʪʳ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʮʠʢʣʦʚ ʧʨʠʨʘʚʥʠʚʘʶʪʩʷ. 

ʉʠʩʪʝʤʘ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʝʧʣʦʪʳ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ ʧʦʣʫʯʝʥʠʷ ʭʦʣʦʜʘ (ʭʦʣʦʜʠʣʴʥʘʷ 

ʤʘʰʠʥʘ), ʚ ʨʝʞʠʤʝ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʧʦʥʠʞʘʶʱʠʡ ʪʝʨʤʦʪʨʘʥʩʬʦʨʤʘʪʦʨ) ʠ ʚ ʨʝʞʠʤʝ 

ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʧʦʚʳʰʘʶʱʠʡ ʪʝʨʤʦʪʨʘʥʩʬʦʨʤʘʪʦʨ) [1]. 

ɼʣʷ ʘʥʘʣʠʟʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʨʘʪʠʤʳʝ ʮʠʢʣʳ ʂʘʨʥʦ. ʅʘ ʨʠʩ. 1. 

ʚʳʜʝʣʝʥʳ ʪʨʠ ʛʨʫʧʧʳ ʩʠʩʪʝʤ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʠʩʪʝʤʳ ʧʨʷʤʳʭ ʠ ʦʙʨʘʪʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ: 

ʉʠʩʪʝʤʳ: I ï ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʦʣʦʜʘ, II ï ʜʣʷ ʧʦʥʠʞʘʶʱʝʛʦ ʪʝʨʤʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, III ï ʜʣʷ ʧʦʚʳʰʘʶʱʝʛʦ 

ʪʝʨʤʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

ʉʠʩʪʝʤʘ I ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʦʣʦʜʘ. ʂ ʦʙʨʘʪʥʦʤʫ ʮʠʢʣʫ ʧʦʜʚʦʜʠʪʩʷ ʪʝʧʣʦʪʘ 
ʦʙ
0

Q  

ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʫʨʦʚʥʝ ʊʠ.ʥ.ʪ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʮʠʢʣʘ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʨʘʙʦʪʘ L0. ɺʨʝʤʝʥʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʙʦʪʳ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. ʊʝʧʣʦʪʘ, ʦʪʚʝʜʝʥʥʘʷ ʦʪ ʦʙʨʘʪʥʦʛʦ ʮʠʢʣʘ, ʥʘ 

ʠʟʦʪʝʨʤʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ Tʦ.ʩ ʩʦʩʪʘʚʣʷʝʪ 
ʦʙ
ʦ.ʩ

Q . ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʪʦʛʦ ʮʠʢʣʘ ʧʦʪʨʝʙʫʝʪʩʷ 

ʨʘʙʦʪʘ L ʚ ʧʨʷʤʦʤ ʮʠʢʣʝ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʤʝʞʜʫ ʠʟʦʪʝʨʤʦʡ Tʚ (ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʩʦʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ 

mailto:dzinoaa@mail.ru
mailto:holmash_malinina@mail.ru


 

24 

 

ʪʝʧʣʦʪʳ) ʠ Tʦ.ʩ. ʂ ʧʨʷʤʦʤʫ ʮʠʢʣʫ ʧʦʜʚʦʜʠʪʩʷ ʚʳʩʦʢʦʧʦʪʝʥʮʠʘʣʴʥʘʷ ʪʝʧʣʦʪʘ 
ʧʨ
ʚ

Q  ʠ ʦʪʚʦʜʠʪʩʷ 

ʪʝʧʣʦʪʘ ʥʘ ʠʟʦʪʝʨʤʝ Tʦ.ʩ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 
ʧʨ
ʦ.ʩ

Q . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʣʠ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ 

ʠʟ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʠ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʨʝʞʠʤʝ 

ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʂʕʉ). 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ (ʂʍʄ) ʦʮʝʥʠʚʘʝʪʩʷ 

ʭʦʣʦʜʠʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ: 

0

ʦʙ
0

L

Q
=e . 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʮʝʥʠʚʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʠʤ ʢʧʜ ʧʨʷʤʦʛʦ ʮʠʢʣʘ: 

ʧʨ
ʚ

Q

L
=h . 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʂʕʉ + ʂʍʄ ʦʮʝʥʠʚʘʝʪʩʷ ʪʝʧʣʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ: 

Ůɖ
ɖ

0
Ů

ʧʨ
ʚ

ʦʙ
0 ===

L

L

Q

Q
z

. 

ʍʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ + Ð, ʪʝʨʤʠʯʝʩʢʠʡ ʢʧʜ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 1. ʆʪʩʶʜʘ ʠ ʪʝʧʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0 ʜʦ + Ð. ʅʘ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʣʠʷʝʪ ʚ ʦʩʥʦʚʥʦʤ ʟʥʘʯʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʢʧʜ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʩʠʩʪʝʤʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʂʕʉ + ʂʍʄ, ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʷʚʣʷʶʪʩʷ ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʠʝ 

ʭʦʣʦʜʠʣʴʥʳʝ ʤʘʰʠʥʳ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʧʨʠʚʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʪʝʧʣʦʪʘ. ʕʪʦ, ʚ 

ʦʩʥʦʚʥʦʤ, ʧʘʨʦʵʞʝʢʪʦʨʥʳʝ ʤʘʰʠʥʳ ʠ ʘʙʩʦʨʙʮʠʦʥʥʳʝ ʤʘʰʠʥʳ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʭʝʤʳ ʠ ʮʠʢʣʳ 

ʦʧʠʩʘʥʳ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʫʯʝʙʥʠʢʘʭ ʠ ʤʦʥʦʛʨʘʬʠʷʭ. ʂ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʭʝʤʘʤ ʠ ʮʠʢʣʘʤ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: ʘʙʩʦʨʙʮʠʦʥʥʘʷ ʭʦʣʦʜʠʣʴʥʘʷ ʤʘʰʠʥʘ ʩ ʜʝʪʘʥʜʝʨʦʤ ʠ ʢʦʤʧʨʝʩʩʦʨʦʤ [2], 

ʘʙʩʦʨʙʮʠʦʥʥʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʤʘʰʠʥʳ ʩ ʨʘʟʜʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ [3]. 

ʉʠʩʪʝʤʘ II ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʧʣʦʪʳ ʥʘ ʙʦʣʝʝ ʥʠʟʢʫʶ 

ʠʟʦʪʝʨʤʫ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ɺ ʵʪʫ ʩʠʩʪʝʤʫ ʚʭʦʜʠʪ ʢʦʤʧʨʝʩʩʦʨʥʳʡ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ (ʂʊʅ), ʨʘʙʦʪʘʶʱʠʡ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨʳ Tʦ.ʩ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʧʣʦʪʳ Tʥ. ʅʝʦʙʭʦʜʠʤʘʷ ʨʘʙʦʪʘ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʪʦʛʦ ʮʠʢʣʘ ʧʦʣʫʯʘʝʪʩʷ ʚ ʪʝʧʣʦʚʦʤ ʜʚʠʛʘʪʝʣʝ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʨʝʞʠʤʝ 

ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʠ (ʊʕʎ). ɺ ʵʪʦʤ ʮʠʢʣʝ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʨʘʙʦʪʘ L ʠ ʪʝʧʣʦʪʘ 
ʧʨ
ʥ

Q  

ʥʘ ʠʟʦʪʝʨʤʝ Tʥ. ɺʳʙʦʨ ʪʘʢʦʛʦ ʮʠʢʣʘ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʨʘʩʰʠʨʝʥʠʷ 

ʠ ʩʞʘʪʠʷ ʨʘʙʦʯʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʤʘʰʠʥʘʭ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʙʳ ʧʨʠ ʙʦʣʝʝ ʱʘʜʷʱʠʭ 

ʫʩʣʦʚʠʷʭ. ʀʪʘʢ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʠ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʨʝʞʠʤʝ ʊʕʎ, ʙʫʜʝʪ ʦʮʝʥʠʚʘʪʴʩʷ 

ʧʦʥʠʞʘʶʱʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ɚ (ʣʷʤʙʜʘ). ʇʨʠʥʷʪʘʷ ʚ ʦʙʦʟʥʘʯʝʥʠʠ ʙʫʢʚʘ ʛʨʝʯʝʩʢʦʛʦ 

ʘʣʬʘʚʠʪʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʙʫʢʚʦʡ ʩʣʦʚʘ çʫʤʝʥʴʰʘʪʴè (ɚɑɔɞůŰŮɡɤ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʘ ʚʳʨʘʞʝʥʠʝʤ 

ʧʨ
ʚ

ʦʙ
ʥ

ʧʨ
ʥɚ

Q

QQ +
=

, 

ʩ ʫʯʝʪʦʤ, ʯʪʦ L0 = L 

ɛɖɖ1ɚ +-=  

ʠʣʠ 

ɛ)ɖ(11ɚ --= . 

ʆʪʦʧʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ɛ ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1 ʜʦ + Ð, ʧʦʵʪʦʤʫ ʧʦʥʠʞʘʶʱʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʘʢʞʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1 ʜʦ +Ð. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʘʥʘʣʦʛʦʤ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʧʦʥʠʞʘʶʱʝʛʦ ʪʝʨʤʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

(ʇʅʊ). 



 

25 

 

ʉʠʩʪʝʤʘ III  ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ (ʙʨʦʩʦʚʦʡ) ʪʝʧʣʦʪʳ ʥʘ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʠʟʦʪʝʨʤʫ Tʚ, ʥʝʦʙʭʦʜʠʤʫʶ ʦʧʷʪʴ ʞʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʵʪʫ ʩʠʩʪʝʤʫ 

ʚʭʦʜʷʪ ʢʦʤʧʨʝʩʩʦʨʥʳʡ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ Tʥ. ʠ Tʚ, ʠ ʪʝʧʣʦʚʦʡ 

ʜʚʠʛʘʪʝʣʴ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ Tʥ ʠ Tʦ.ʩ. ʊʝʧʣʦʚʦʡ ʜʚʠʛʘʪʝʣʴ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʨʘʙʦʪʘʝʪ 

ʚ ʨʝʞʠʤʝ ʂʕʉ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦʚʳʰʘʶʱʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ Ŭ (ʘʣʴʬʘ). ʇʨʠʥʷʪʘʷ ʚ ʦʙʦʟʥʘʯʝʥʠʠ ʙʫʢʚʘ ʛʨʝʯʝʩʢʦʛʦ ʘʣʬʘʚʠʪʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ 

ʙʫʢʚʦʡ ʩʣʦʚʘ çʫʚʝʣʠʯʠʚʘʪʴè (ŬɜŮŬɜɤ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʳʨʘʞʝʥʠʝʤ 
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ʠʣʠ 

ɛɖɖ1

ɛɖ
Ŭ

+-
= . 

ɿʥʘʷ, ʚ ʢʘʢʠʭ ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʷʶʪʩʷ ʚʝʣʠʯʠʥʳ, ʚʭʦʜʷʱʠʝ ʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ ʧʦʚʳʰʘʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʥʴʰʝ 1. 

ɸʥʘʣʦʛʦʤ ʩʠʩʪʝʤʳ III  ʤʦʞʝʪ ʙʳʪʴ ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʧʦʚʳʰʘʶʱʠʡ ʪʝʨʤʦʪʨʘʥʩʬʦʨʤʘʪʦʨ (ʇɺʊ). 
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ʅʘ ʙʘʟʝ ʢʘʬʝʜʨʳ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʠ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʅʀʋ ʀʊʄʆ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʨʝʘʣʴʥʦʤ ʨʘʙʦʯʝʤ ʚʝʱʝʩʪʚʝ ʢʦʥʮʝʚʦʡ ʩʪʫʧʝʥʠ 

ʬʨʝʦʥʦʚʦʡ ʍʎʂʄ ʩ ʦʩʝʨʘʜʠʘʣʴʥʳʤ ʢʦʣʝʩʦʤ [1].  

ʈʘʙʦʯʝʝ ʢʦʣʝʩʦ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʢʦʣʝʩʘ D = 0, 

305 ʤ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʰʠʨʠʥʘ ʤʝʨʠʜʠʘʥʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʠ ʚʳʭʦʜʝ 2 0 044b ,= , ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʜʠʘʤʝʪʨʳ ʚʪʫʣʢʠ ʠ ʧʝʨʠʬʝʨʠʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ (ɺʅɸ) 0 0 262d ,= , 
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0 0 557D ,= , ʯʠʩʣʦ ʣʦʧʘʪʦʢ ʢʦʣʝʩʘ 2 18z = , ʠʟ ʥʠʭ ʧʨʠ ʚʭʦʜʝ ʚ ɺʅɸ ʧʦʣʦʚʠʥʘ ʣʦʧʘʪʦʢ ʫʢʦʨʦʯʝʥʘ. 

ʇʨʦʬʠʣʴ ʣʦʧʘʪʦʢ ɺʅɸ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ [2].  

ʃʦʧʘʪʦʯʥʳʡ ʜʠʬʬʫʟʦʨ ʩ ʯʠʩʣʦʤ ʣʦʧʘʪʦʢ 3 22z =  ʠʤʝʝʪ ʧʘʨʘʣʣʝʣʴʥʳʝ ʩʪʝʥʢʠ, ʨʘʟʚʠʪʦʡ 

ʙʝʟʣʦʧʘʪʦʯʥʳʡ ʫʯʘʩʪʦʢ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ ʧʨʠ ʚʭʦʜʝ 3 115D ,= [3]. ʃʦʧʘʪʢʠ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʦʡ 7% ʠ ʩʨʝʜʥʝʡ ʣʠʥʠʝʡ, 

ʠʟʦʛʥʫʪʦʡ ʧʦ ʜʫʛʝ ʦʢʨʫʞʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʜ ʫʛʣʦʤ 3ʣ 14a = A. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʧʨʠ 

ʚʳʭʦʜʝ ʜʠʬʬʫʟʦʨʘ 4 1 385D ,= . ʆʪʥʦʰʝʥʠʝ ʰʠʨʠʥʳ ʜʠʬʬʫʟʦʨʘ ʢ ʰʠʨʠʥʝ ʢʦʣʝʩʘ ʧʨʠ ʚʳʭʦʜʝ 

3 2 1 0b b ,= . ɿʘ ʣʦʧʘʪʦʯʥʳʤ ʜʠʬʬʫʟʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʘ ʢʦʣʴʮʝʚʘʷ ʢʘʤʝʨʘ [4]. ʇʦʣʫʯʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʩʪʫʧʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1. 

 

 
 

ʈʠʩʫʥʦʢ 1 - ɻʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʫʧʝʥʠ ʍʎʂʄ ʩ ʦʩʝʨʘʜʠʘʣʴʥʳʤ ʢʦʣʝʩʦʤ  

 

ʅʘ ʨʝʞʠʤʝ M 1 0u ,=  ʧʨʠ ʢ 2 2,*p =  ʧʦʣʫʯʝʥ ʥʘʠʙʦʣʴʰʠʡ ʢ.ʧ.ʜ. ʩʪʫʧʝʥʠ ʧʦʣ0 8,h = . 

ʋʚʝʣʠʯʝʥʠʝ Mu  ʜʦ 1,5 ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʢ
*p  ʜʦ 5. ʉ ʨʦʩʪʦʤ Mu  ʢ.ʧ.ʜ. ʩʥʠʞʘʝʪʩʷ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʠ M 1 3u ,=  ʧʦʣ0 78,h = , ʧʨʠ M 1 4u ,=  ʧʦʣ0 76,h =  ʠ ʧʨʠ M 1 5u ,=  ʧʦʣ0 75,h = . 
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ʈʠʩʫʥʦʢ 2 - ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʥʦʡ ʫʜʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʧʝʥʠ ʍʎʂʄ ʦʪ cʥM  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ Mu  

ʀʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʣʥʦʡ ʫʜʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʧʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʚʦ ʚʩʝʤ 

ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʝʡ ʠ ʯʠʩʝʣ Mu  ʥʝʪ ʧʨʠʟʥʘʢʦʚ ʟʘʧʠʨʘʥʠʷ ʨʘʙʦʯʝʛʦ 

ʢʦʣʝʩʘ, ʢʦʪʦʨʦʝ ʦʙʳʯʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʨʝʜʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʷʭ ʧʦʣʥʘʷ 

ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʩʪʫʧʝʥʠ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʚʳʩʦʢʦʨʘʩʭʦʜʥʳʤ ʢʦʣʝʩʘʤ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʧʝʨʚʳʭ ʩʪʫʧʝʥʷʭ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʍʎʂʄ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ 

M 1 2 1 5u , ,= ·  ʧʦʣʫʯʝʥ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʡ ʫʩʣʦʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ, ʢʦʪʦʨʳʡ ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʷʭ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0 6 0 74opt , ,F = · . 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ F ʥʘ ʚʩʝʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ.2. ʇʨʠ ʜʘʥʥʦʤ ʩʨʘʚʥʝʥʠʠ 

minF  ï ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʫ ʧʦʤʧʘʞʘ, ʵʬmaxF  ï ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʢ.ʧ.ʜ. ʥʝ ʥʠʞʝ 0,7 ʠ maxF  ï ʧʨʝʜʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʪʫʧʝʥʠ. 

ɿʥʘʯʝʥʠʝ ʫʩʣʦʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʭʦʜʘ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʢʘʢ: 

ʥ
2
2

4 cʥ

u

M F

ʄ D
F=

p

, ʛʜʝ 

ʥF  ï ʧʣʦʱʘʜʴ ʚʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʫʧʝʥʠ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʠʚʝʜʝʥʥʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ cʥM . 

 

ʊʘʙʣʠʮʘ 2 ï ɿʥʘʯʝʥʠʷ ʫʩʣʦʚʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʭʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʄʘʭʘ ʧʦ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ Mu  

 

Mu  minF  optF  ʵʬmaxF  maxF  

0,8 0,0333 0,037 ï 0,0427 0,0534 0,0557 

1,0 0,0422 0,0454 ï 0,0499 0,059 0,0597 

1,2 0,0504 0,0569 ï 0,0607 0,0663 0,0681 

1,4 0,0628 0,068 ï 0,07 0,0754 0,077 

1,5 0,0686 0,0712 ï 0,0742 0,0782 0,0802 

 

ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʤʦʜʝʣʴʥʦʡ ʩʪʫʧʝʥʠ ʩ 

ʦʩʝʨʘʜʠʘʣʴʥʳʤ ʢʦʣʝʩʦʤ ʜʣʷ ʪʨʝʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʮʠʠ ʢ 30 40t ,= A A
 ʠ 50 ʉA  ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʢ
*p, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʪʠʤʘʣʴʥʳʤ 

ʢ.ʧ.ʜ. ʠ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʚ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ M 1 0 1 5u , ,= · .  
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ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʜʥʦʩʪʫʧʝʥʯʘʪʘʷ ʍʎʂʄ ʧʨʠ 2 0 25D ,=  ʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 0 800 1200Q = ·  ʢɺʪ, ʧʨʠ 2 0 35D ,=  ʤ ï 

ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 0 1600 2300Q = ·  ʢɺʪ ʠ ʧʨʠ 2 0 48D ,=  ʤ ï 

ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 0 3000 4400Q = ·  ʢɺʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʢʨʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʠʧʦʨʘʟʤʝʨʥʦʛʦ ʨʷʜʘ ʩʝʤʝʡʩʪʚʘ 

ʬʨʝʦʥʦʚʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʩ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʤʠ ʍʎʂʄ, ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʢʘʢ ʚ ʨʝʞʠʤʘʭ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ, ʪʘʢ ʠ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʠʧʝʥʠʷ ʜʦ ï15̄ ʉ ʚ ʜʠʘʧʘʟʦʥʝ 

ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʝʡ ʦʪ 800 ʜʦ 4400 ʢɺʪ. ʇʨʠʤʝʥʝʥʠʝ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ 

ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ [5], ʫʣʫʯʰʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʩʙʦʨʢʠ ʠ 

ʩʦʢʨʘʪʠʪʴ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʍʎʂʄ.  

ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʩʪʫʧʝʥʝʡ ʩ ʦʩʝʨʘʜʠʘʣʴʥʳʤʠ ʢʦʣʝʩʘʤʠ ʠ ʜʝʣʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʤ ʨʘʩʰʠʨʝʥʠʝ ʥʘʫʯʥʦ ï ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ ï ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ʧʦ ʠʭ 

ʧʨʠʤʝʥʝʥʠʶ ʚ ʭʦʣʦʜʠʣʴʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 
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ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʩʪʦʯʥʠʢʘ ʩʳʨʴʷ (ʬʨʘʢʮʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ɺʈʋ, ʦʪʜʫʚʦʯʥʳʝ ʛʘʟʦʚʳʝ ʧʦʪʦʢʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʪ.ʧ.) ʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʤ ʧʨʠʤʝʩʝʡ. 

ʕʪʠʤʠ ʵʪʘʧʘʤʠ, ʩʦʛʣʘʩʥʦ [1ï3], ʷʚʣʷʶʪʩʷ: 

- ʧʝʨʚʠʯʥʦʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; 

- ʚʪʦʨʠʯʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʢʦʥʮʝʥʪʨʘʪʦʚ; 

- ʨʘʟʜʝʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʤʝʩʝʡ, ʥʘʧʨʠʤʝʨ, Ne-He ʠʣʠ Kr-Xe, ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʠʭ ʯʠʩʪʳʭ 

ʧʨʦʜʫʢʪʦʚ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʩʝʧʘʨʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘʤʠ ʪʝʧʣʦ- ʠ ʭʣʘʜʦʩʥʘʙʞʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʥʫʞʜʘʶʪʩʷ ʚ ʵʥʝʨʛʠʠ.  

http://elibrary.ru/contents.asp?issueid=640260
http://elibrary.ru/contents.asp?issueid=640260
http://elibrary.ru/contents.asp?issueid=640260&selid=12836563
mailto:nadia@iceblick.com
mailto:liza1315@mail.ru


 

29 

 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʚʠʯʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʪʷʞʝʣʳʭ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ ʯʘʩʪʴ ʨʘʩʭʦʜʦʚ ʥʘ ʠʟʚʣʝʯʝʥʠʝ 

ʢʨʠʧʪʦʥʦʢʩʝʥʦʥʦʚʦʡ ʩʤʝʩʠ ʣʦʞʠʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʘʟʜʝʣʝʥʠʷ ʚʦʟʜʫʭʘ, 

ʥʘʧʨʠʤʝʨ, ʢʠʩʣʦʨʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ Kr ʠ Xe ʚ ʧʦʣʫʯʘʝʤʦʡ ʩʤʝʩʠ ʜʦʚʝʩʪʠ ʜʦ 

0,2é0,5 %. ʅʘʠʙʦʣʝʝ ʟʘʪʨʘʪʥʳʤ ʷʚʣʷʝʪʩʷ ʵʪʘʧ ʚʪʦʨʠʯʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʠ ï ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʠ [4], ʩʚʷʟʘʥʥʦʡ ʩ ʥʘʣʠʯʠʝʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʩʤʝʩʠ ʩ 

ʪʘʢʠʤ ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ ʢʘʢ ʢʠʩʣʦʨʦʜ, ʠ ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ ʧʦʪʦʢʘ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʡ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪʩʷ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʷʭ ʦʯʠʩʪʢʠ.  

ʇʦʣʫʯʝʥʠʝ ʢʨʠʧʪʦʥʦʢʩʝʥʦʥʦʚʦʡ ʩʤʝʩʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʫʩʪʘʨʝʚʰʠʭ 

ʫʩʪʘʥʦʚʢʘʭ ʪʠʧʘ ʋʉʂ (ʫʩʪʘʥʦʚʢʠ ʩʳʨʦʛʦ ʢʨʠʧʪʦʥʘ), ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʜʦʙʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚʳʨʘʙʦʪʘʣʠ ʩʚʦʡ ʨʝʩʫʨʩ. ɼʣʷ ʟʘʤʝʥʳ ʤʦʨʘʣʴʥʦ 

ʫʩʪʘʨʝʚʰʠʭ ʩʠʩʪʝʤ ʦʙʦʛʘʱʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʢʨʠʧʪʦʥʦʢʩʝʥʦʥʦʚʦʡ ʩʤʝʩʠ ʛʨʫʧʧʦʡ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ 

(ɸ.ʄ. ɸʨʭʘʨʦʚ, ʄ.ʖ. ʉʘʚʠʥʦʚ; ɺ.ɽ. ʇʦʟʥʷʢ; ɸ.ʉ. ɹʨʦʥʰʪʝʡʥ; ɹ.ʀ. ɺʦʣʳʥʩʢʠʡ; ɺ.ʃ. ɹʦʥʜʘʨʝʥʢʦ; 

ʅ.ʇ. ʃʦʩʷʢʦʚ) ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʫʩʪʘʥʦʚʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʪʠʧʘ çʍʨʦʤè [3, 5]. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ 

ʩʥʠʞʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʪʢʘʟ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʨʝʩʩʦʨʦʚ ʠ ʧʝʨʝʭʦʜ ʢ ʙʝʟʤʘʰʠʥʥʳʤ ʩʧʦʩʦʙʘʤ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦʪʦʢʘ [3]. 

ʆʙʲʝʢʪʦʤ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʨʠʦʛʝʥʥʳʡ ʙʝʟʤʘʰʠʥʥʳʡ ʥʘʛʥʝʪʘʪʝʣʴ, ʧʨʝʜʥʘʟ-

ʥʘʯʝʥʥʳʡ ʜʣʷ ʧʦʜʲʸʤʘ ʞʠʜʢʦʩʪʠ ʟʘ ʩʯʸʪ ʵʥʝʨʛʠʠ ʩʤʝʰʠʚʘʝʤʦʛʦ ʩ ʥʝʡ ʧʘʨʘ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʦʨʥʦ-ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʣʠʬʪʥʦʛʦ ʥʘʛʥʝʪʘʪʝʣʷ, ʦʮʝʥʢʘ ʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʦʨʥʦ-ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʣʠʬʪʥʦʛʦ 

ʥʘʛʥʝʪʘʪʝʣʷ 

ʀʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʙʦʪʝ ʧʘʨʣʠʬʪʘ [6ï9], ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: 

ï ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʚ 

ʘʧʧʘʨʘʪʘʭ ʩ ʢʦʣʴʮʝʚʳʤ ʜʚʠʞʝʥʠʝʤ ʧʦʪʦʢʘ (ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ, ʢʦʥʜʝʥʩʘʪʦʨʳ-ʠʩʧʘʨʠʪʝʣʠ, ʧʝʪʣʝʚʦʡ 

ʧʦʪʦʢ ɺʈʋ ʠ ʪ.ʧ.); 

ï ʫʣʫʯʰʝʥʠʝ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʘʩʭʦʜʘ ʠ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʡ) ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʞʠʜʢʠʭ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠʟ ʥʝʜʨ ɿʝʤʣʠ. 

2.1. ʂʦʥʩʪʨʫʢʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ. ɸʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ 

[7ï9] ʧʦʢʘʟʘʣ, ʯʪʦ ʩʘʤʳʤ ʙʣʠʟʢʠʤ ʘʥʘʣʦʛʦʤ ʙʝʟʤʘʰʠʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʟʣʠʬʪʘ, ʩʦʟʜʘʥʥʘʷ 

ʧʨʦʬʝʩʩʦʨʦʤ ɺ.ɻ. ɹʘʛʜʘʩʘʨʦʚʳʤ [7]. ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʳʡ ʦʙʲʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʚʩʝ 

ʦʥʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʤʦʜʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ (ʚʦʜʝ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʢʦʥʪʫʨʦʚ ʥʘ ʙʘʟʝ ʧʘʨʣʠʬʪʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 70-80-ʳʭ ʛʛ. ʚ 

ʅʇʆ çʂʨʠʦʛʝʥʤʘʰè (ʛ. ʄʦʩʢʚʘ) [8, 9]. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʠʭ ʪʝʣ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʠʩʪʦʯʥʠʢ ʛʘʟʘ ï ʚʦʟʜʫʭ) ʠ ʞʠʜʢʠʡ ʘʟʦʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ (ʠʩʪʦʯʥʠʢ 

ʛʘʟʦʚʦʡ ʬʨʘʢʮʠʠ ï ʠʩʧʘʨʠʪʝʣʴ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʨʝʟʝʨʚʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʢʦʥʪʫʨʘʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ-ʠʩʧʘʨʠʪʝʣʝʡ, ʧʝʪʣʝʚʳʭ 

ʧʦʪʦʢʦʚ ɺʈʋ ʠ ʪ. ʧ. ʅʘʣʠʯʠʝ ʧʘʨʣʠʬʪʥʦʛʦ ʫʯʘʩʪʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʣʦ ʩʢʦʨʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ 

ʞʠʜʢʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʟʳʚʘʣʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ ʧʦʟʚʦʣʷʣʦ 

ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ɺ 2011-2013 ʛʛ. ʥʘ ʢʘʬʝʜʨʝ ʢʨʠʦʛʝʥʥʦʡ ʪʝʭʥʠʢʠ ʆʜʝʩʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʧʠʱʝʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʪʝʥʜ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʧʘʨʣʠʬʪʥʦʛʦ ʥʘʛʥʝʪʘʪʝʣʷ ʚ ʦʙʣʘʩʪʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (77,4...80 ʂ, ʨʠʩ. 1) [8, 9]. ʀʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ, ʩʙʦʨʢʘ ʠ ʠʩʧʳʪʘʥʠʷ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʝ ʧʨʝʜʧʨʠʷʪʠʷ ʆʆʆ «ɸʡʩʙʣʠʢè (ʛ. ʆʜʝʩʩʘ). ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ 

ʙʳʣ ʚʳʙʨʘʥ ʞʠʜʢʠʡ ʘʟʦʪ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʙʝʟʚʨʝʜʥʦʩʪʠ ʜʣʷ 

ʯʝʣʦʚʝʢʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ. 

ɹʝʟʤʘʰʠʥʥʳʡ ʥʘʛʥʝʪʘʪʝʣʴ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʥʘ ʢʨʠʦʛʝʥʥʦʤ ʫʨʦʚʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʫʩʪʨʦʝʥ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 1): ʣʝʚʳʡ ʩʦʩʫʜ 1 ʜʠʘʤʝʪʨʦʤ 80 ʤʤ ʠ ʚʳʩʦʪʦʡ 4 ʤ ʩʦʝʜʠʥʝʥ ʩ ʧʨʘʚʳʤ 

(ʥʘʧʦʨʥʳʤ ʫʯʘʩʪʢʦʤ) ʚʝʥʪʠʣʝʤ 3. ɿʦʥʘ ʧʦʜʚʦʜʘ ʪʝʧʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʤʢʦʩʪʴ ʜʠʘʤʝʪʨʦʤ 80 ʤʤ ʠ 

ʚʳʩʦʪʦʡ 350 ʤʤ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʊʕʅʘʤʠ 4. ʅʘ ʢʨʳʰʢʝ ʝʤʢʦʩʪʠ ʨʘʟʤʝʱʝʥ ʫʟʝʣ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 

ʪʨʫʙ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ (8-16 ʤʤ). ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʝʥʜʘ ʷʚʣʷʶʪʩʷ: 

- ʫʩʪʘʥʦʚʢʘ ʨʘʙʦʪʘʝʪ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ; 

- ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʧʦʜʲʝʤʥʦʛʦ ʫʯʘʩʪʢʘ, ʧʦʣʥʘʷ ʜʣʠʥʘ 

ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 6 ʤ; 

- ʪʠʧ ʧʦʨʠʩʪʦʡ ʠʟʦʣʷʮʠʠ ï ɸʨʤʘʬʣʝʢʩ, ʝʝ ʪʦʣʱʠʥʘ d = 80 ʤʤ; 
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- ʞʠʜʢʠʡ ʘʟʦʪ ʧʦʜʘʝʪʩʷ ʠʟ ʢʨʠʦʮʠʣʠʥʜʨʘ 11, ʨʘʟʤʝʱʝʥʥʦʛʦ ʨʷʜʦʤ ʩ ʥʘʛʥʝʪʘʪʝʣʝʤ. 

ɺʳʜʝʣʠʤ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʧʘʨʦʞʠʜʢʦʩʪʥʦʛʦ ʥʘʛʥʝʪʘʪʝʣʷ: 

1. ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʘʨʦʚʦʡ ʬʨʘʢʮʠʠ ʣʠʙʦ ʤʘʩʩʳ ʟʘʧʨʘʚʣʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʝʝ 

ʫʨʦʚʝʥʴ ʚ ʧʦʜʲʝʤʥʦʡ ʪʨʫʙʝ ʥʝ ʜʦʩʪʠʛʘʝʪ ʚʝʨʭʥʝʡ ʪʦʯʢʠ. ʀʟ-ʟʘ ʵʪʦʛʦ ʩʠʩʪʝʤʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʯʥʦʡ, 

ʦʧʠʩʘʥʥʳʡ ʨʝʞʠʤ ʧʨʘʢʪʠʢʫʝʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʘʭ. 

2. ʋʨʦʚʝʥʴ ʧʦʜʥʷʪʠʷ ʧʘʨʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʧʨʝʚʳʰʘʝʪ ʜʣʠʥʫ ʧʦʜʲʝʤʥʦʡ ʪʨʫʙʳ 2 (ʨʠʩ. 1). ɺ 

ʩʝʧʘʨʘʪʦʨʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚʳʰʝ ʧʦʜʲʝʤʥʦʛʦ ʫʯʘʩʪʢʘ, ʞʠʜʢʦʩʪʴ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʧʘʨʘ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʜʘʥʘ ʚ ʧʨʠʝʤʥʳʡ ʩʦʩʫʜ 5, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚʳʰʝ ʫʨʦʚʥʷ H ʚ ʧʠʪʘʶʱʝʤ ʩʦʩʫʜʝ 1. ʇʨʠ ʵʪʦʤ ʚ ʩʦʩʫʜʝ 

5 ʠ ʥʠʞʝ ʝʛʦ (ʚ ʩʦʩʫʜʝ ɼʴʶʘʨʘ 6) ʙʫʜʝʪ ʩʧʣʦʰʥʘʷ ʩʨʝʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʠʛʥʫʪʳʡ ʧʝʨʝʧʘʜ 

ʜʘʚʣʝʥʠʡ ʙʫʜʝ ʨʘʚʝʥ 

ÑÑ
hgp

Æ
r=D , 

ʛʜʝ: rɾ ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʢʛ/ʤ
3
; hʉʉ ï ʨʘʟʥʠʮʘ ʫʨʦʚʥʝʡ ʚ ʩʦʩʫʜʘʭ (ʩʤ. ʨʠʩ. 1), ʤ; 

g = 9,81 ʤ
2
/ʩ ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

2.2. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʝʨʝʜ ʠʭ ʥʘʯʘʣʦʤ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʪʝʧʣʦʧʨʠʪʦʢʦʚ ʢ 

ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʫʯʝʪʘ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʨʘʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʩʭʦʜʠʤʦʩʪʴ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

 
ʘ) 

 
ʙ) 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ (ʘ) ʠ ʚʥʝʰʥʠʡ ʚʠʜ (ʙ) ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʣʠʬʪʥʦʛʦ 

ʥʘʛʥʝʪʘʪʝʣʷ: 1 ï ʧʠʪʘʶʱʠʡ ʩʦʩʫʜ ʜʠʘʤʝʪʨʦʤ 80 ʤʤ; 2 ï ʧʦʜʲʝʤʥʳʡ ʫʯʘʩʪʦʢ ʪʨʫʙʳ; 3 ï ʚʝʥʪʠʣʴ, ʩʦʝʜʠʥʷʶʱʠʡ 

ʩʦʩʫʜʳ; 4 ï ʠʩʪʦʯʥʠʢ ʚʥʝʰʥʝʛʦ ʪʝʧʣʘ (ʊʕʅʳ); 5 ï ʩʝʧʘʨʘʪʦʨ; 6 ï ʩʦʩʫʜ ɼʴʶʘʨʘ; 7 ï ʵʣʝʢʪʨʦʥʥʳʝ ʚʝʩʳ (ʤʘʣʳʝ); 

8 ï ʧʦʜʚʝʩʢʠ; 9 ï ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʪʝʧʣʦʠʟʦʣʷʮʠʷ; 10 ï ʵʣʝʢʪʨʦʥʥʳʝ ʚʝʩʳ (ʙʦʣʴʰʠʝ); 11 ï ʠʩʪʦʯʥʠʢ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ (ʢʨʠʦʮʠʣʠʥʜʨ) 

 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ 

(ʫʙʳʚʘʶʱʝʤ) ʫʨʦʚʥʝ ʞʠʜʢʦʩʪʠ ʚ ʧʠʪʘʶʱʝʤ ʩʦʩʫʜʝ 1. ɼʣʷ ʵʪʦʛʦ ʧʦʜʘʯʫ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʠʟ ʢʨʠʦʮʠʣʠʥʜʨʘ 

11 ʟʘʢʨʳʚʘʣʠ ʠ ʬʠʢʩʠʨʦʚʘʣʠ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʩʦʩʫʜʘ ɼʴʶʘʨʘ 6 ʚ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ 
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ʦʙʨʘʟʦʤ, ʙʳʣ ʚʳʯʠʩʣʝʥ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʝʱʝʩʪʚʘ Gɾ = (dm/dt). ʇʨʠ ʵʪʦʤ hʉʉ ʦʧʨʝʜʝʣʷʣʦʩʴ ʢʘʢ ʨʘʟʥʦʩʪʴ 

ʜʣʠʥʳ ʧʦʜʲʝʤʥʦʛʦ ʫʯʘʩʪʢʘ 2 ʠ ʫʨʦʚʥʷ ʩʧʣʦʰʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʠʪʘʶʱʝʤ ʩʦʩʫʜʝ 1. ʈʘʩʭʦʜʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Gɾ = f (hCC) ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2 (ʣʠʥʠʷ 1). ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʦʣʫʯʝʥʘ ʧʨʠ ʥʫʣʝʚʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʡ Qɺʅ = 0, ʢʦʛʜʘ ʠʩʧʘʨʝʥʠʝ ʘʟʦʪʘ ʜʦʩʪʠʛʘʣʦʩʴ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʨʠʪʦʢʦʚ ʯʝʨʝʟ ʠʟʦʣʷʮʠʶ ʧʦʜʲʝʤʥʦʡ ʪʨʫʙʳ 2. 

ʇʦʚʪʦʨʝʥʠʝ ʦʧʝʨʘʮʠʡ ʩ ʧʦʜʚʦʜʦʤ ʪʝʧʣʦʪʳ Qɺʅ ʧʦʟʚʦʣʠʣʦ ʧʦʩʪʨʦʠʪʴ ʥʘʙʦʨ ʨʘʩʭʦʜʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʣʠʬʪʥʦʛʦ ʥʘʛʥʝʪʘʪʝʣʷ (ʩʤ. ʨʠʩ. 2, ʘ, ʣʠʥʠʠ 2-3, ʨʠʩ. 2, ʙ, ʣʠʥʠʠ 2-5). ɸʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʦʜʠʥʘʢʦʚʦʡ 

ʩʫʤʤʘʨʥʦʡ ʥʘʛʨʫʟʢʠ QS ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʧʦʜʲʝʤʥʦʛʦ ʫʯʘʩʪʢʘ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʘ ʥʘʧʦʨ hʉʉ (ʠʣʠ DP), ʦʙʝʩʧʝʯʠʚʘʝʤʳʡ ʥʘʛʥʝʪʘʪʝʣʝʤ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ Gɾ = f2 (QS, hʉʉ). ʀʟ 

ʜʠʘʛʨʘʤʤ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʜʠʘʤʝʪʨʘ ʪʨʫʙʳ ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʦʨʘ hCC 

ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʨʘʩʭʦʜ ʯʝʨʝʟ ʥʘʧʦʨʥʳʡ ʫʯʘʩʪʦʢ 

ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʳʤ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʜʠʘʤʝʪʨʘ 10 ʤʤ (ʨʠʩ. 3, ʘ, ʢʨʠʚʘʷ 3) ʠ hʉʉ = 480 ʩʤ ʵʪʦ 

QS = 130 ɺʪ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʜʘ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥʳ 0,35 ʢʛ/ʤʠʥ.  

 
ʘ) 

 
ʙ) 

 

ʈʠʩʫʥʦʢ 2 ï ʈʘʩʭʦʜʥʳʝ Gɾ-Q-hʉʉ -ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʣʠʬʪʘ ʜʣʷ ʪʨʫʙ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʜʠʘʤʝʪʨʘʤʠ 10 (ʘ) ʠ 16 ʤʤ 

(ʙ): Qɺʅ ï ʚʥʝʰʥʷʷ ʥʘʛʨʫʟʢʘ, ɺʪ; QS ï ʩʫʤʤʘʨʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʧʨʠʪʦʢʦʚ, ɺʪ; ʘ (ʣʠʥʠʷ 1) ï 

Qɺʅ = 0 (QS = 121,7); (ʣʠʥʠʷ 2) ï 2,6 (124,3); (ʣʠʥʠʷ 3) ï 15,3 (137); ʙ (ʣʠʥʠʷ 1) ï Qɺʅ = 0 (QS = 127,3); (ʣʠʥʠʷ 2) ï 

5,4 (132,7); (ʣʠʥʠʷ 3) ï 9,0 (136,3); (ʣʠʥʠʷ 4) ï 14,7 (142); (ʣʠʥʠʷ 5) ï 40,0 (167,3) 

 

ɼʣʷ hʉʉ < 400 ʩʤ (ʨʠʩ. 3, ʘ, ʢʨʠʚʘʷ 1) ʦʧʪʠʤʫʤ ʥʘʭʦʜʠʪʩʷ ʣʝʚʝʝ QS = 125 ɺʪ, ʘ ʨʘʩʭʦʜ 

Gɾ º 1,2 ʢʛ/ʤʠʥ; ʜʣʷ hCC = 440 ʩʤ (ʨʠʩ. 3, ʘ, ʢʨʠʚʘʷ 2) QS = 127 ɺʪ, ʨʘʩʭʦʜ Gɾ º 0,7 ʢʛ/ʤʠʥ. 

 

 
ʘ) 

 
ʙ) 



 

32 

 

 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʭʦʜʥʳʝ Gɾ-Q-hʉʉ - ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʣʠʬʪʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

Q -Gɾ ʜʣʷ ʪʨʫʙ ʜʠʘʤʝʪʨʦʤ d = 10 ʤʤ (ʘ) ʠ d = 16 ʤʤ (ʙ). ʆʙʦʟʥʘʯʝʥʠʷ: 

ʘ: 1 ï hʉʉ = 400; 2 ï 440; 3 ï 480 ʩʤ; ʙ: 1 ï hʉʉ = 400; 2 ï 420; 3 ï 440 ʩʤ 

 

ɼʣʷ ʜʠʘʤʝʪʨʘ 16 ʤʤ ʠ hʉʉ = 400 ʩʤ (ʨʠʩ. 3, ʙ, ʢʨʠʚʘʷ 1) ʦʧʪʠʤʫʤ ʥʘʭʦʜʠʪʩʷ ʣʝʚʝʝ 127 ɺʪ, 

Gɾ º 2,1 ʢʛ/ʤʠʥ; ʧʨʠ hʉʉ = 420 ʩʤ (ʨʠʩ. 3, ʙ, ʢʨʠʚʘʷ 2) QS = 132 ɺʪ, Gɾ º 1,3 ʢʛ/ʤʠʥ; ʧʨʠ hʉʉ = 440 ʩʤ 

(ʨʠʩ. 3, ʙ, ʢʨʠʚʘʷ 3) QS = 136 ɺʪ, Gɾ º 0,65 ʢʛ/ʤʠʥ. 

ʈʘʩʯʝʪʳ ʠ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤ çʥʘʧʦʨ ʧʘʨʣʠʬʪʥʦʛʦ ʥʘʛʥʝʪʘʪʝʣʷ-ʤʘʩʩʦʚʦʝ ʧʘʨʦʩʦʜʝʨʞʘʥʠʝè 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʢʘʞʜʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʝ ʜʣʷ ʦʜʥʦʛʦ ʜʠʘʤʝʪʨʘ ʥʘʧʦʨʥʦʛʦ 

ʫʯʘʩʪʢʘ, ʫʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʦʜʥʫ ʢʨʠʚʫʶ (ʨʠʩ. 1). 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʦʙʦʙʱʘʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʚ ʚʠʜʝ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʨʠʚʳʭ:  

hCC = A ln (x) + B,      (1) 

ʛʜʝ A ʠ B ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ (ʪʘʙʣ. 1).  

 

 
ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 4 ï ɺʣʠʷʥʠʝ ʤʘʩʩʦʚʦʛʦ ʧʘʨʦʩʦʜʝʨʞʘʥʠʷ ʚ ʪʨʫʙʝ ʥʘ ʥʘʧʦʨ, ʩʦʟʜʘʚʘʝʤʳʡ ʟʘ ʩʯʝʪ ʧʦʜʚʦʜʘ ʪʝʧʣʦʪʳ: ʘ ï 

d = 10 ʤʤ;  ï QS = 121,7;  ï 124,3;  ï 137 ɺʪ; 

ʙ ï d = 16 ʤʤ;  ï QS = 127,3;  ï 132,7;  ï 136,3;  ï 142 ɺʪ 

 
ʊʘʙʣʠʮʘ 1 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ (1) ʜʣʷ ʪʨʫʙ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʜʠʘʤʝʪʨʦʚ 

 

ɺʥʫʪʨʝʥʥʠʡ 

ʜʠʘʤʝʪʨ ʪʨʫʙ, ʤʤ 

ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʫʨʘʚʥʝʥʠʷ 

A B 

8 55,91 545,2 

10 47,30 529,6 

12 36,47 507,7 

16 25,39 373,6 

 

ʇʫʪʝʤ ʥʝʩʣʦʞʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ: 

( )[ ] ( )[ ]1

Æ

1

Æ
1exp1exp
--

S
-++-=-+-= BHLArGBhArGQ

CC .  (2) 

ɺʳʨʘʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʥʘʧʦʨʝ ʠ ʨʘʩʭʦʜʝ 

ʯʝʨʝʟ ʧʘʨʣʠʬʪʥʳʡ ʥʘʛʥʝʪʘʪʝʣʴ (ʜʣʠʥʝ ʥʘʧʦʨʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʣʝʚʦʤ ʩʦʩʫʜʝ) ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʠʟʚʝʩʪʥʘ ʨʘʩʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʘʨʣʠʬʪʘ hʉʉ = f3 (x), ʧʦʣʫʯʝʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʥʘʧʦʨʥʦʛʦ ʫʯʘʩʪʢʘ (d ʠ L). 

3.4. ʆʮʝʥʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʘʧʧʘʨʘʪʘ, ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʧʦʣʝʟʥʦʛʦ ʵʬʬʝʢʪʘ, ʢ ʟʘʪʨʘʪʘʤ ʵʥʝʨʛʠʠ ʥʘ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʶ. ɺ ʩʣʫʯʘʝ ʧʘʨʣʠʬʪʘ ʧʦʣʝʟʥʦʡ ʷʚʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴ, ʨʘʟʚʠʚʘʝʤʘʷ ʩʪʨʫʡʥʳʤ ʥʘʩʦʩʦʤ ʧʨʠ 

ʧʦʜʘʯʝ ʞʠʜʢʦʩʪʠ ʧʦ ʥʘʧʦʨʥʦʤʫ ʫʯʘʩʪʢʫ ʥʘ ʚʳʩʦʪʫ hCC ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ H ʚ ʣʝʚʦʤ ʩʦʩʫʜʝ 

(ʦʙʦʟʥʘʯʝʥʠʷ ï ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩ. 1) 
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ÆÆÏ

.    (3) 

ɿʘʪʨʘʯʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ï ʵʪʦ ʧʦʜʚʝʜʝʥʥʘʷ ʦʪ ʥʘʛʨʝʚʘʪʝʣʷ Qɺʅ (ʙʝʟ ʫʯʝʪʘ ʪʝʧʣʦʧʨʠʪʦʢʦʚ) ʥʘ 

ʫʨʦʚʥʝ ʧʦʛʨʫʞʝʥʠʷ L = H + hCC.  

ʂʇɼ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʘʨʣʠʬʪʥʦʛʦ ʥʘʛʥʝʪʘʪʝʣʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʡʥʦʛʦ ʥʘʩʦʩʘ, 
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-
=h  ï ʪʝʨʤʠʯʝʩʢʠʡ ʂʇɼ ʮʠʢʣʘ ʂʘʨʥʦ; Tʆʉ ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʂ; 

Tɺʅ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘ ʫʨʦʚʥʝ ʢʦʪʦʨʦʡ ʧʦʜʚʦʜʠʪʩʷ ʚʥʝʰʥʷʷ ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ, ʂ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʳʡ ʂʇɼ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʧʘʨʣʠʬʪʘ 
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ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʟʥʘʯʝʥʠʷ hɼ, 

ʢʦʪʦʨʳʝ ʥʝ ʧʨʝʚʳʰʘʣʠ 10 %. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʂʇɼ, ʫʩʪʨʦʡʩʪʚʦ 

ʙʝʟʤʘʰʠʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʘʨʣʠʬʪʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʧʦʪʦʢʘ ʥʘ 0,0079 ʄʇʘ ʥʘ ʢʘʞʜʳʡ ʤʝʪʨ ʨʘʟʥʦʩʪʠ ʫʨʦʚʥʝʡ ʚ ʩʦʩʫʜʘʭ. 

ʆʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ ʧʘʨʣʠʬʪʥʳʡ ʥʘʛʥʝʪʘʪʝʣʴ ʥʘ ʫʨʦʚʥʝ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʛʜʝ ʧʦʜʚʦʜ ʪʝʧʣʦʪʳ ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʟʤʘʰʠʥʥʦʡ ʩʪʫʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ 

ʫʩʪʘʥʦʚʢʘʭ ʦʙʦʛʘʱʝʥʠʷ ʢʨʠʧʪʦʥʦʢʩʝʥʦʥʦʚʦʡ ʩʤʝʩʠ ʧʨʦʠʟʚʝʜʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʫʜʝʣʴʥʦʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʙʣʠʟʢʠʭ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʘʥʦʚʦʢ ʪʠʧʘ ʋʉʂ-0,45 ʠ çʍʨʦʤ-3». 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ çʍʨʦʤ-3è ʷʚʣʷʶʪʩʷ: 

ï ʫʩʪʘʥʦʚʢʘ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʦʪʜʝʣʴʥʦʤ ʟʜʘʥʠʠ ʠ ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʙʣʦʢʘ ʨʘʟʜʝʣʝʥʠʷ; 

ï ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 0,03é0,07 ʄʇʘ (ʠʟʙ.); 

ï ʫʩʪʘʥʦʚʢʘ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ. 

ʉʨʘʚʥʠʚʘʷ ʫʩʪʘʥʦʚʢʠ ʋʉʂ-0,45 ʠ çʍʨʦʤ-3è ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʪʠʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʘ (ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʘʷ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʢʠ çʍʨʦʤ-3è ʚʚʠʜʫ ʥʠʟʢʦʛʦ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʩʪʦʠʤʦʩʪʴʶ 

ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʋʉʂ-0,45). ʆʙʱʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ 

ʙʝʟʤʘʰʠʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʘʨʣʠʬʪʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʵʢʦʥʦʤʠʠ 

ʵʥʝʨʛʠʠ ʥʘ ʩʞʘʪʠʝ ʚ ʢʦʤʧʨʝʩʩʦʨʝ ʚ 1,6 ʨʘʟʘ ʠ ʵʢʦʥʦʤʠʠ ʩʨʝʜʩʪʚ ʥʘ ʦʧʣʘʪʫ ʧʝʨʩʦʥʘʣʘ ʚ 1,5é2 ʨʘʟʘ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʦʧʣʘʪʳ ʪʨʫʜʘ, ʧʨʠʥʷʪʦʛʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ). 

5. ɿʘʢʣʶʯʝʥʠʝ 

ʅʘʠʙʦʣʝʝ ʟʘʪʨʘʪʥʳʤ ʵʪʘʧʦʤ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʢʨʠʧʪʦʥʘ ʠ ʢʩʝʥʦʥʘ 

ʠʟ ʚʦʟʜʫʭʘ ʷʚʣʷʝʪʩʷ ʦʙʦʛʘʱʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʢʨʠʧʪʦʥʦʢʩʝʥʦʥʦʚʦʡ ʩʤʝʩʠ, ʧʦʣʫʯʘʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʟʜʝʣʝʥʠʷ ʚʦʟʜʫʭʘ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʫʩʪʘʥʦʚʦʢ ʦʙʦʛʘʱʝʥʠʷ ʪʨʝʙʫʝʪʩʷ 

ʥʝʫʢʣʦʥʥʦ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʩʝʧʘʨʘʪʦʨʦʚ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʳʭ ʩʭʝʤʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʝʰʝʥʠʡ, ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʫʯʝʪʘ ʠʟʤʝʥʷʶʱʠʭʩʷ ʚ ʫʩʪʘʥʦʚʢʝ ʩʦʩʪʘʚʦʚ ʩʤʝʩʝʡ ʠ ʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʜʥʠʤ ʠʟ 

ʩʧʦʩʦʙʦʚ ʩʥʠʞʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʪʢʘʟ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʨʝʩʩʦʨʦʚ ʜʣʷ ʩʞʘʪʠʷ ʩʤʝʩʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʚʭʦʜ ʫʩʪʘʥʦʚʢʠ ʩʝʧʘʨʘʮʠʠ, ʠ ʧʝʨʝʭʦʜ ʢ ʙʝʟʤʘʰʠʥʥʳʤ 

ʩʧʦʩʦʙʘʤ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦʪʦʢʘ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʦ ʥʘʧʦʨʥʦ-

ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʘʨʣʠʬʪʥʦʛʦ ʥʘʛʥʝʪʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ 

ʪʝʣʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ ʧʦʜʲʝʤʥʦʛʦ ʫʯʘʩʪʢʘ dɺʅ = 8-16 ʤʤ ʠ ʜʣʠʥʦʡ 6 ʤ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʙʝʟʤʘʰʠʥʥʦʛʦ ʥʘʛʥʝʪʘʪʝʣʷ ʜʣʷ ʫʩʪʘʥʦʚʦʢ ʦʙʦʛʘʱʝʥʠʷ Kr-Xe-ʩʤʝʩʠ ʩ 

ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʦʙʥʘʨʫʞʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ: 

ï ʇʨʠ ʨʘʚʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʫʤʤʘʨʥʦʡ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ QS ʫʤʝʥʴʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʧʦʜʲʝʤʥʦʛʦ 

ʫʯʘʩʪʢʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ Gɾ ʠ ʨʦʩʪʫ ʥʘʧʦʨʘ hʉʉ. 

ï ɼʣʷ ʢʘʞʜʦʛʦ ʜʠʘʤʝʪʨʘ ʪʨʫʙʳ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʦʨʘ ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʨʘʩʭʦʜ ʯʝʨʝʟ ʧʦʜʲʝʤʥʳʡ ʫʯʘʩʪʦʢ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʳʤ. 

ï ɼʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ (ʜʠʘʤʝʪʨʘ ʠ ʚʳʩʦʪʳ ʥʘʧʦʨʥʦʛʦ ʫʯʘʩʪʢʘ), ʚ ʢʦʦʨʜʠʥʘʪʘʭ hʉʉ = f (x) ʣʦʞʘʪʩʷ ʥʘ ʦʜʥʫ 
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ʢʨʠʚʫʶ. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʴʶ hCC = A ln (x) + B ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ, ʪʨʝʙʫʝʤʦʡ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʳʭ ʥʘʧʦʨʘ ʠ ʨʘʩʭʦʜʘ ʯʝʨʝʟ ʧʘʨʣʠʬʪʥʳʡ ʥʘʛʥʝʪʘʪʝʣʴ. 

ï ʇʦʚʳʰʝʥʠʷ ʨʘʩʭʦʜʘ ʯʝʨʝʟ ʧʘʨʣʠʬʪ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʥʘʧʦʨʝ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ, ʫʚʝʣʠʯʠʚ 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʘʚʦʛʦ ʩʦʩʫʜʘ ʧʫʪʝʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʪʨʫʙ 

ʥʘʧʦʨʥʦʛʦ ʫʯʘʩʪʢʘ. 

ï ɺʥʝʜʨʝʥʠʝ ʙʝʟʤʘʰʠʥʥʦʛʦ ʥʘʛʥʝʪʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʧʘʨʣʠʬʪʘ ʚ ʫʩʪʘʥʦʚʢʝ ʧʦʣʫʯʝʥʠʷ 

ʢʨʠʧʪʦʥʦʢʩʝʥʦʥʦʚʦʡ ʩʤʝʩʠ ʪʠʧʘ çʍʨʦʤ-3è ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ (ʚ 1,6 ʨʘʟʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʋʉʂ) ʠ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ (ʧʨʠʤʝʨʥʦ ʚ 1,5é2 ʨʘʟʘ). 
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ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʨʝʙʣʷʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʚ ʩʠʩʪʝʤʘʭ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ (ʉʂɺ) ï ʟʘʜʘʯʘ ʤʥʦʛʦʛʨʘʥʥʘʷ, ʘ ʧʦʵʪʦʤʫ ʢʦʤʧʣʝʢʩ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʝʝ ʨʝʰʝʥʠʝ ʜʦʣʞʝʥ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʣʦʩʢʦʩʪʷʭ (ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, ʧʨʘʚʦʚʳʭ, 

ʪʝʭʥʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʠʥʳʭ), ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ 

ʩʚʦʠ, ʝʱʝ ʥʝʠʩʧʦʣʴʟʫʝʤʳʝ, ʨʝʟʝʨʚʳ ʜʣʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʵʪʠʭ ʵʥʝʨʛʦʝʤʢʠʭ ʩʠʩʪʝʤʘʭ. ɺ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʪʘʢʠʭ ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʟʝʨʚʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʉʂɺ, ʦʙʩʣʫʞʠʚʘʶʱʝʡ 

ʧʦʤʝʱʝʥʠʷ ʩ ʨʘʟʥʦʭʘʨʘʢʪʝʨʥʳʤʠ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʳʤʠ ʠ (ʠʣʠ) ʛʘʟʦʚʳʤʠ ʥʘʛʨʫʟʢʘʤʠ.  

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʩʪʝʧʝʥʠ ʨʘʟʥʦʭʘʨʘʢʪʝʨʥʦʩʪʠ ʥʘʛʨʫʟʦʢ ʚ ʧʦʤʝʱʝʥʠʷʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʉʂɺ ʥʝ ʜʦʣʞʥʳ ʩʚʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʣʠʰʴ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʠʤʠ ʥʦʨʤʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʧʦʤʝʱʝʥʠʷʭ. ɺʳʧʦʣʥʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʜʦʣʞʥʦ ʙʳʪʴ 

ʦʨʛʘʥʠʟʦʚʘʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʪʨʝʙʣʷʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ (ʪʝʧʣʦʪʘ, ʭʦʣʦʜ, ʚʦʟʜʫʭ ʠ ʚʦʜʘ) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʬʬʝʢʪʠʚʥʦ. ʉʧʦʩʦʙʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ - ʵʪʦ ʩʦʚʨʝʤʝʥʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʥʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 
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ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʝʤʘ ʧʦʪʨʝʙʣʷʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʣʝʟʥʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [1].  

ʉ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʉʂɺ ʥʘ ʥʝʝ ʜʦʣʞʥʳ ʚʦʟʣʘʛʘʪʴʩʷ ʜʚʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ 

ʟʘʜʘʯʠ: ʚʦ-ʧʝʨʚʳʭ, ʦʙʝʩʧʝʯʝʥʠʝ ʥʦʨʤʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘ ʚ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʠ, 

ʚʦ-ʚʪʦʨʳʭ, ʦʨʛʘʥʠʟʘʮʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʚʦʟʜʫʭʘ, ʪ. ʝ. ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʤ ʨʝʞʠʤʘʤ.  

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʘ ʢ ʨʘʟʨʘʙʦʪʢʝ ʉʂɺ, ʦʙʩʣʫʞʠʚʘʶʱʝʡ 

ʧʦʤʝʱʝʥʠʷ ʩ ʨʘʟʥʦʭʘʨʘʢʪʝʨʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ [2].  

ʇʨʠ ʧʝʨʚʦʤ ʧʦʜʭʦʜʝ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʢʘʞʜʦʝ ʠʟ ʧʦʤʝʱʝʥʠʡ ʦʙʩʣʫʞʠʚʘʝʪʩʷ ʩʚʦʝʡ ʦʪʜʝʣʴʥʦʡ 

ʉʂɺ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʦʜʥʦʟʦʥʘʣʴʥʳʭ ʉʂɺ. 

ʇʦ ʢʘʧʠʪʘʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʵʪʦʪ ʚʘʨʠʘʥʪ ʉʂɺ ï ʥʝʚʳʛʦʜʝʥ, ʦʜʥʘʢʦ ʧʦ ʨʘʩʭʦʜʘʤ ʧʦʪʨʝʙʣʷʝʤʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʝʛʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ [3], ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ 

ʚʘʨʠʘʥʪʝ ʚʦʟʤʦʞʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʢʘʞʜʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʉʂɺ ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʤ 

ʨʝʞʠʤʘʤ. ʕʪʦʪ ʧʦʜʭʦʜ ʜʘʣʝʝ ʚ ʩʪʘʪʴʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʩʦʟʜʘʥʠʷ ʦʜʥʦʟʦʥʘʣʴʥʳʭ ʉʂɺ, ʪʘʢʞʝ ʢʘʢ ʠ ʉʂɺ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʧʦʤʝʱʝʥʠʷ ʩ ʦʜʥʦʭʘʨʘʢʪʝʨʥʳʤʠ 

ʥʘʛʨʫʟʢʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʳ [4, 5, 6, 7, 8].  

ʇʨʠ ʚʪʦʨʦʤ ʧʦʜʭʦʜʝ ʢ ʨʘʟʨʘʙʦʪʢʝ ʉʂɺ, ʦʙʩʣʫʞʠʚʘʶʱʝʡ ʧʦʤʝʱʝʥʠʷ ʩ ʨʘʟʥʦʭʘʨʘʢʪʝʨʥʳʤʠ 

ʥʘʛʨʫʟʢʘʤʠ, ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ, ʥʘʧʨʠʤʝʨ, ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʢʦʥʜʠʮʠʦʥʝʨʝ (ʎʂ), ʪʘʢ ʠ ʤʝʩʪʥʳʝ ʩʠʩʪʝʤʳ.  

ʅʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʦʪ ʧʦʜʭʦʜ (ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʝʛʦ ʥʘʟʚʘʥʠʷʤʠ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʘʭ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʘʝʪʩʷ ʪʦʣʴʢʦ 

ʟʘʜʘʯʘ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʚ ʧʦʤʝʱʝʥʠʷʭ ʥʦʨʤʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ. ɿʘʜʘʯʘ ʞʝ ʧʦ 

ʦʨʛʘʥʠʟʘʮʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʉʂɺ ʜʘʞʝ ʥʝ ʩʪʘʚʠʪʩʷ ʟʘʢʘʟʯʠʢʦʤ ʚ ʪʝʭʥʠʯʝʩʢʦʤ 

ʟʘʜʘʥʠʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ, ʧʦʩʢʦʣʴʢʫ ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʥʘʣʠʯʠʷ ʪʘʢʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʚ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ (ʢʘʢ ʦʙʱʝʨʦʩʩʠʡʩʢʠʭ, ʪʘʢ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ) ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʨʦʧʠʩʘʥʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʚʦʧʨʦʩʳ ʦʙʦʩʥʦʚʘʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ 

ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʝ ʛʦʜʦʚʦʛʦ ʮʠʢʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ ʧʨʦʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ - ʧʨʠʥʠʤʘʶʪʩʷ 

ʥʝʵʢʦʥʦʤʠʯʥʳʝ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʨʝʙʣʷʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ, ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʉʂɺ.  

ʀ ʪʝʤ ʥʝ ʤʝʥʝʝ ʵʪʦʪ ʚʪʦʨʦʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʉʂɺ ʟʘʩʣʫʞʠʚʘʝʪ ʩʝʨʴʝʟʥʦʛʦ ʚʥʠʤʘʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʟʜʝʩʴ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʩʦʢʨʘʱʝʥʠʷ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʟʘ ʩʯʝʪ ʮʝʥʪʨʘʣʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ [3], ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʨʝʙʣʷʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʚʧʣʦʪʴ ʜʦ ʪʦʛʦ, ʯʪʦ ʠʭ ʨʘʩʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ 

ʩʚʝʜʝʥʳ ʢ ʪʝʤ ʵʪʘʣʦʥʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʠ ʦʜʥʦʟʦʥʘʣʴʥʳʭ ʉʂɺ. ɼʣʷ ʵʪʦʛʦ 

ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʭ ʧʨʦʙʣʝʤʥʳʭ ʚʦʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʫʩʣʦʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʚ ʉʂɺ, ʦʙʩʣʫʞʠʚʘʶʱʝʡ ʧʦʤʝʱʝʥʠʷ ʩ ʨʘʟʥʦʭʘʨʘʢʪʝʨʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ. ʏʘʩʪʠʯʥʦ 

ʵʪʠ ʧʨʦʙʣʝʤʥʳʝ ʚʦʧʨʦʩʳ ʦʩʚʝʱʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ [9, 10]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʠʤ ʠʭ ʧʦʜʨʦʙʥʝʝ. 

ɺʦʧʨʦʩ 1. ʂʘʢ ʦʧʨʝʜʝʣʠʪʴ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʣʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʚ 

ʎʂ ʠʣʠ ʞʝ ʥʘʛʨʫʟʢʠ ʚ ʧʦʤʝʱʝʥʠʷʭ ʥʘʩʪʦʣʴʢʦ ʨʘʟʥʦʭʘʨʘʢʪʝʨʥʳ, ʯʪʦ ʪʘʢʘʷ ʮʝʥʪʨʘʣʠʟʘʮʠʷ ʚʝʜʝʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʝʨʝʨʘʩʭʦʜʘʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʧʨʠ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚʦʟʜʫʭʘ? ʂʘʢ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ, ʢʘʢʦʡ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʧʫʩʪʠʤʘʷ ʩʪʝʧʝʥʴ ʨʘʟʥʦʭʘʨʘʢʪʝʨʥʦʩʪʠ ʥʘʛʨʫʟʦʢ, ʯʪʦʙʳ 

ʤʦʞʥʦ ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʥʦ ʜʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ. ɽʩʣʠ ʧʨʠ ʨʝʰʝʥʠʠ ʵʪʦʛʦ 

ʚʦʧʨʦʩʘ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʚʩʝ ʞʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʉʂɺ ʩ ʤʝʩʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʦ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʝʰʝʥʠʠ ʧʦʩʣʝʜʫʶʱʠʭ ʚʦʧʨʦʩʦʚ.  

ɺʦʧʨʦʩ 2. ʂʘʢʠʝ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʚ ʎʂ?  

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʚʧʦʣʥʝ ʦʯʝʚʠʜʝʥ: ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʪʨʝʙʣʷʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʎʂ 

ʜʦʣʞʥʘ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʤ ʨʝʞʠʤʘʤ. ʅʦ ʢʘʢ ʵʪʦʛʦ ʜʦʙʠʪʴʩʷ, ʚʝʜʴ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʚ ʎʂ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʩʦ ʩʪʦʨʦʥʳ ʨʘʟʥʦʭʘʨʘʢʪʝʨʥʳʭ ʥʘʛʨʫʟʦʢ ʚ 

ʧʦʤʝʱʝʥʠʷʭ, ʟʘʯʘʩʪʫʶ ʤʦʛʫʪ ʥʝ ʩʦʚʧʘʜʘʪʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʣʷ ʧʦʤʝʱʝʥʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʦʪʨʝʙʫʶʪʩʷ ʨʘʟʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʝ, ʧʨʦʮʝʩʩʳ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʚ ʎʂ. ʂʨʦʤʝ 

ʪʦʛʦ, ʤʦʛʫʪ ʙʳʪʴ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʧʦʤʝʱʝʥʠʡ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ ʧʝʨʚʘʷ (I) ʨʝʮʠʨʢʫʣʷʮʠʷ, ʘ 

ʜʣʷ ʜʨʫʛʦʛʦ - ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʫʜʝʪ ʦʙʷʟʘʪʝʣʴʥʳʤ.  

ʂʘʢ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʧʨʘʚʠʣʴʥʦ ʦʙʦʩʥʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ ʦʙʨʘʙʦʪʢʠ ʥʘʨʫʞʥʦʛʦ 
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ʚʦʟʜʫʭʘ ʚ ʎʂ, ʢʦʪʦʨʘʷ ʙʳ, ʚʦ-ʧʝʨʚʳʭ, ʫʜʦʚʣʝʪʚʦʨʷʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦ ʩʪʦʨʦʥʳ ʨʘʟʥʦʭʘ-

ʨʘʢʪʝʨʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʧʦʤʝʱʝʥʠʷʭ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʙʳʣʘ ʩʧʦʩʦʙʥʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʎʂ ʚ ʪʝʯʝʥʠʝ ʛʦʜʦʚʦʛʦ ʮʠʢʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺʦʧʨʦʩ 3. ʂʘʢʠʝ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʚ ʤʝʩʪʥʳʭ ʩʠʩʪʝʤʘʭ (ʄʉ)? ʂʘʢ ʵʪʠ ʧʨʦʮʝʩʩʳ ʜʦʣʞʥʳ ʠʟʤʝʥʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʩ ʪʝʤ, ʯʪʦʙʳ ʄʉ ʠ 

ʎʂ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʠ ʩʦʛʣʘʩʦʚʘʥʥʦ, ʥʝ ʩʦʟʜʘʚʘʷ ʥʝʦʙʦʩʥʦʚʘʥʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ.  

ɺʦʧʨʦʩ 4. ʂʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʥʷʪʳ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʳʭ, ʠ 

ʩʢʦʣʴʢʦ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʣʞʥʦ ʙʳʪʴ?  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʘʞʜʦʤʫ ʨʘʩʯʝʪʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʚʦʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʠ ʩʚʦʠ ʟʥʘʯʝʥʠʷ ʫʩʪʘʥʦʚʦʯʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʝʡ ʧʦʜʩʠʩʪʝʤ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʝʝ ʨʝʘʣʠʟʘʮʠʠ.  

ɽʩʣʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʉʂɺ, ʦʙʩʣʫʞʠʚʘʶʱʝʡ ʧʦʤʝʱʝʥʠʷ ʩ ʦʜʥʦʭʘʨʘʢʪʝʨʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ, 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʣʠʤʘʪʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʉʅʠʇ 23-01-99* ʜʣʷ ʟʠʤʥʝʛʦ ʠ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʦʚ ʛʦʜʘ ʚ 

ʚʠʜʝ ʧʘʨʘʤʝʪʨʦʚ ɸ ʠ ɹ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ, ʪʦ ʜʣʷ ʉʂɺ, ʦʙʩʣʫʞʠʚʘʶʱʝʡ ʧʦʤʝʱʝʥʠʷ ʩ 

ʨʘʟʥʦʭʘʨʘʢʪʝʨʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʜʝʣʦ ʦʙʩʪʦʠʪ ʩʦʚʩʝʤ ʠʥʘʯʝ. ɿʜʝʩʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʣʠʤʘʪʝ ʚ ʚʠʜʝ 

ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʪʦʣʴʢʦ ʜʣʷ ʟʠʤʥʝʛʦ ʠ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʦʚ ʛʦʜʘ ʷʚʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʜʚʫʭ ʨʘʩʯʝʪʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʚʳʷʚʠʪʴ ʚʩʶ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʚ ʎʂ ʠ ʄʉ 

ʟʘ ʛʦʜʦʚʦʡ ʮʠʢʣ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʄʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʪʘʢ, ʯʪʦ ʜʣʷ ʢʘʢʠʭ-ʪʦ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ ʧʦʪʨʝʙʫʶʪʩʷ ʠʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʚ ʎʂ ʠ ʄʉ, ʘ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʫʧʫʱʝʥʘ. 

ʇʦʵʪʦʤʫ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʜʦʣʞʥʦ ʙʳʪʴ ʩʪʦʣʴʢʦ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ 

ʚʳʷʚʠʪʴ ʚʩʝ ʨʘʩʯʝʪʥʳʝ (ʯʘʩʪʥʳʝ) ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʚ ʎʂ 

ʠ ʄʉ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʦʙʱʝʥʥʫʶ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ. ʂʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʳʭ - 

ʵʪʦ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʪʝʧʝʥʠ ʨʘʟʥʦʭʘʨʘʢʪʝʨʥʦʩʪʠ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʧʦʤʝʱʝʥʠʷʭ. ʇʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʣʠʤʘʪʝ ʟʘ 

ʚʝʩʴ ʛʦʜ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʝ [11].  

ɺʦʧʨʦʩ 5. ʂʘʢʠʝ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʳʭ ʥʘʛʨʫʟʦʢ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʟʣʦʞʠʪʴ ʥʘ 

ʎʂ, ʘ ʢʘʢʠʝ ʦʩʪʘʚʠʪʴ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʄʉ? ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʥʘʛʨʫʟʦʢ ʤʝʞʜʫ ʎʂ ʠ 

ʄʉ ʜʦʣʞʥʦ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʭ ʯʘʩʪʴ ʧʨʠʭʦʜʠʣʘʩʴ ʙʳ ʥʘ ʎʂ. 

ʅʦ ʢʘʢ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʵʪʫ ʤʘʢʩʠʤʘʣʴʥʦ-ʮʝʣʝʩʦʦʙʨʘʟʥʫʶ ʥʘʛʨʫʟʢʫ?  

ɺʦʧʨʦʩ 6. ʂʘʢ ʧʨʘʚʠʣʦ, ʬʘʢʪʠʯʝʩʢʠʝ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʳʝ ʥʘʛʨʫʟʢʠ ʚ ʧʦʤʝʱʝʥʠʷʭ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʨʘʩʯʝʪʥʳʭ ʠ ʷʚʣʷʶʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ ʚʦ ʚʨʝʤʝʥʠ. ʂʘʢ ʜʦʣʞʥʳ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʵʪʠ ʬʘʢʪʠʯʝʩʢʠʝ 

ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʎʂ ʠ ʄʉ ʚ ʢʘʞʜʳʡ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢ-

ʪʠʚʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʪʠʭ ʩʠʩʪʝʤ ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʤ ʨʝʞʠʤʘʤ, ʠ ʢʘʢʠʤ ʜʦʣʞʝʥ ʙʳʪʴ 

ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ ʨʝʞʠʤʘʤʠ. 

ʇʨʠʦʨʠʪʝʪʥʘʷ ʨʦʣʴ ʩʨʝʜʠ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʨʦʙʣʝʤʥʳʭ ʚʦʧʨʦʩʦʚ ʦʪʚʦʜʠʪʩʷ ʧʝʨʚʦʤʫ ʠʟ ʥʠʭ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʝʛʦ ʨʝʰʝʥʠʠ ʧʦʩʣʝʜʫʶʱʠʝ ʠʟ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʚʦʧʨʦʩʦʚ, ʦʪʧʘʜʘʶʪ. 

ʇʦʢʘʞʝʤ ʥʘ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʧʨʠʤʝʨʘʭ, ʢʘʢʠʤ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʝʨʚʦʛʦ ʚʦʧʨʦʩʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʲʝʢʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʧʦʤʝʱʝʥʠʡ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʦʤʝʨʘʤʠ 1 ʠ 2. ʅʦʨʤʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʦʙʦʠʭ ʧʦʤʝʱʝʥʠʷʭ ʦʜʠʥʘʢʦʚʳʝ: ʟʘʜʘʥʳ 

ʚ ʚʠʜʝ ʦʙʣʘʩʪʠ ʋʘʋʙʋʚʋʛ, ʘ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʧʦ ʜʠʘʛʦʥʘʣʠ ʋʘʋʚ (ʨʠʩ. 1,ʘ,ʙ). ɺ ʢʘʞʜʦʝ 

ʠʭ ʧʦʤʝʱʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʧʦʜʘʯʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ʆʙʘ ʧʦʤʝʱʝʥʠʷ ʚʩʪʨʦʝʥʥʦʛʦ ʪʠʧʘ 

(ʦʛʨʘʥʠʯʝʥʠʝ 1), ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʪʝʧʣʦʚʳʤʠ, ʚʣʘʞʥʦʩʪʥʳʤʠ ʠ ʛʘʟʦʚʳʤʠ ʥʘʛʨʫʟʢʘʤʠ (ʦʛʨʘʥʠʯʝʥʠʝ 2), 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʨʘʟʥʦʭʘʨʘʢʪʝʨʥʳʤʠ (ʦʛʨʘʥʠʯʝʥʠʝ 3).  

ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʳʭ ʠ ʛʘʟʦʚʳʭ ʥʘʛʨʫʟʢʘʭ ʚ ʧʦʤʝʱʝʥʠʷʭ 1 ʠ 2 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘ I-d-ʜʠʘʛʨʘʤʤʝ ʚ ʚʠʜʝ ʠʩʭʦʜʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʭʝʤ (ʀʊʉ), ʦʙʦʟʥʘʯʝʥʥʳʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʢ ʀʊʉ
(1)

 ʠ ʀʊʉ
(2)
. ʇʨʠ ʧʨʠʥʷʪʳʭ ʚʳʰʝ ʧʝʨʚʳʭ ʜʚʫʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʧʦʣʦʞʝʥʠʷ 

ʀʊʉ
(1)

 ʠ ʀʊʉ
(2)

 ʥʘ I-d-ʜʠʘʛʨʘʤʤʝ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. ʅʘʣʠʯʠʝ ʞʝ ʪʨʝʪʴʝʛʦ 

ʦʛʨʘʥʠʯʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʥʘ I-d-ʜʠʘʛʨʘʤʤʝ ʦʧʦʨʥʳʝ ʪʦʯʢʠ ʀʊʉ
(1)

 ʠ ʀʊʉ
(2)

 ʥʝ ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ. ʅʘ ʨʠʩ. 1,ʘ,ʙ ʀʊʉ
(1)

 ʧʦʢʘʟʘʥʘ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ, ʘ ʀʊʉ
(2)

 - ʧʫʥʢʪʠʨʥʦʡ. 

ɼʣʷ ʧʦʤʝʱʝʥʠʷ 1 ʧʨʠʥʷʪʳ ʪʘʢʠʝ ʪʝʧʣʦʚʳʝ, ʚʣʘʞʥʦʩʪʥʳʝ ʠ ʛʘʟʦʚʳʝ ʥʘʛʨʫʟʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʤ ʀʊʉ
(1)

 ʨʘʩʧʦʣʦʞʝʥʘ ʚʳʰʝ ʣʠʥʠʠ j = 1 ʠ I ʨʝʮʠʨʢʫʣʷʮʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ. ɼʣʷ 

ʧʦʤʝʱʝʥʠʷ 2 ʧʨʠʥʷʪʦ ʜʚʘ ʚʘʨʠʘʥʪʘ ʥʘʛʨʫʟʦʢ: ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ - ʀʊʉ
(2)

 ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘʜ ʣʠʥʠʝʡ 

j = 1 ʠ I ʨʝʮʠʨʢʫʣʷʮʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ; ʚʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ - ʫ ʀʊʉ
(2)

 ʦʧʦʨʥʘʷ ʪʦʯʢʘ 
(2)
ʚʅ
$
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ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʦʜ ʣʠʥʠʝʡ j = 1, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ I ʨʝʮʠʨʢʫʣʷʮʠʠ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʘ ʧʨʠʤʝʨʘ: ʚ ʧʝʨʚʦʤ - ʚ ʦʙʦʠʭ ʧʦʤʝʱʝʥʠʷʭ I ʨʝʮʠʨʢʫʣʷʮʠʷ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ (ʨʠʩ. 1,ʘ); ʚʦ ʚʪʦʨʦʤ - ʜʣʷ ʧʦʤʝʱʝʥʠʷ 2 - ʠʩʧʦʣʴʟʦʚʘʥʠʝ I ʨʝʮʠʨʢʫʣʷʮʠʠ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʛʦʜʘ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ (ʨʠʩ. 1,ʙ). 

ɺ ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʧʨʠʤʝʨʦʚ ʪʨʝʙʫʝʪʩʷ ʩʨʘʚʥʠʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʨʝʞʠʤʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʚʫʭ ʦʪʜʝʣʴʥʳʭ ʉʂɺ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʢ ʉʂɺ
(1)

 ʠ ʉʂɺ
(2)
, ʢʘʞʜʘʷ 

ʠʟ ʢʦʪʦʨʳʭ ʦʙʩʣʫʞʠʚʘʝʪ ʩʚʦʝ ʧʦʤʝʱʝʥʠʝ, ʠ ʧʦʢʘʟʘʪʴ ʥʘʩʢʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʥʠ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ ʟʘ ʛʦʜʦʚʦʡ ʮʠʢʣ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʣʠʤʘʪʝ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʛʦʜ. ɻʨʘʥʠʮʘ ʦʙʣʘʩʪʠ ʢʣʠʤʘʪʘ ʦʯʝʨʯʝʥʘ ʥʘ I-d-ʜʠʘʛʨʘʤʤʝ 

ʣʠʥʠʝʡ ʂʣ. ʀʟ ʚʩʝʡ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʳʙʨʘʥʦ ʜʝʩʷʪʴ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʪʦʯʝʢ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʢʘʢ 

ʅ1, ʅ2,é, ʅ10. ɼʣʷ ʵʪʠʭ ʪʦʯʝʢ ʢʣʠʤʘʪʘ ʧʦʢʘʟʘʥʳ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ (ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ) ʧʨʦʮʝʩʩʳ 

ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʦʤʝʱʝʥʠʡ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʜʣʷ 

ʧʦʤʝʱʝʥʠʷ 1 ʦʥʠ ʧʦʢʘʟʘʥʳ ʩʧʣʦʰʥʳʤʠ ʩʪʨʝʣʢʘʤʠ; ʜʣʷ ʧʦʤʝʱʝʥʠʷ 2 ï ʧʫʥʢʪʠʨʥʳʤʠ. ɺʦʧʨʦʩʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʘʚʠʣʘʤʠ ʠʭ ʧʦʩʪʨʦʝʥʠʷ ʟʜʝʩʴ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʚʠʜʫ ʠʭ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ 

ʚ ʣʠʪʝʨʘʪʫʨʝ [4, 5]. ʂʨʦʤʝ ʪʦʛʦ, ʯʪʦʙʳ ʥʝ ʫʩʣʦʞʥʷʪʴ ʨʠʩʫʥʢʠ, ʥʘ ʥʠʭ ʥʝ ʧʦʢʘʟʘʥʳ ʣʠʥʠʷ ʇʘʇʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʧʘʨʘʤʝʪʨʳ ʧʨʠʪʦʯʥʦʛʦ ʚʦʟʜʫʭʘ, ʠ ʧʨʦʮʝʩʩʳ ʘʩʩʠʤʠʣʷʮʠʠ ʚ ʧʦʤʝʱʝʥʠʷʭ.  
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ʈʠʩʫʥʦʢ 1,ʘ. ʌʨʘʛʤʝʥʪ I-d-ʜʠʘʛʨʘʤʤʳ ʩ ʧʨʦʮʝʩʩʘʤʠ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʚ ʧʨʠʤʝʨʝ 1 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʚ ʢʘʞʜʦʡ 

ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʪʦʯʝʢ ʢʣʠʤʘʪʘ, ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʩʣʫʯʘʠ ʜʣʷ 

ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʂɺ
(1)

 ʠ ʉʂɺ
(2)

.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 1,ʙ. ʌʨʘʛʤʝʥʪ I-d-ʜʠʘʛʨʘʤʤʳ ʩ ʧʨʦʮʝʩʩʘʤʠ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʚ ʧʨʠʤʝʨʝ 2 

ɺʦ-ʧʝʨʚʳʭ, ʨʝʞʠʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʉʂɺ ʤʦʛʫʪ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤʠ, ʪ. ʝ. ʩʦʩʪʦʷʪʴ ʠʟ 
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ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ, ʧʨʠʯʝʤ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʥʦ 

ʚʝʢʪʦʨʘ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʙʫʜʫʪ ʥʘʯʠʥʘʪʴʩʷ ʠ (ʠʣʠ) ʟʘʢʘʥʯʠʚʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ. ɺ ʧʨʠʤʝʨʝ 1 ʵʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʦʯʝʢ ʢʣʠʤʘʪʘ ʅ1, ʅ3, ʅ6. ʊʘʢ, ʚ ʪʦʯʢʝ ʅ1 (ʨʠʩ. 1,ʘ) ʜʣʷ ʦʙʦʠʭ ʧʦʤʝʱʝʥʠʡ ʪʨʝʙʫʝʪʩʷ 

ʥʘʛʨʝʚ ʠ ʘʜʠʘʙʘʪʥʦʝ ʫʚʣʘʞʥʝʥʠʝ: ʜʣʷ ʧʦʤʝʱʝʥʠʷ 1 ʵʪʦ ʚʝʢʪʦʨʘ 
(1)
11ʊʅ  (ʥʘʛʨʝʚ) ʠ 

(1)(1)
1 ʘʅʊ
$

 

(ʘʜʠʘʙʘʪʥʦʝ ʫʚʣʘʞʥʝʥʠʝ); ʜʣʷ ʧʦʤʝʱʝʥʠʷ 2 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʢʪʦʨʘ 
)2(

11ʊʅ  ʠ 
(2)(2)

1 ʘʅʊ
$
. ɺ ʪʦʯʢʝ 

ʅ3 (ʨʠʩ. 1,ʘ,ʙ) ʪʨʝʙʫʶʪʩʷ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʳ ʥʘʛʨʝʚʘ: ʜʣʷ ʧʦʤʝʱʝʥʠʷ 1 - ʚʝʢʪʦʨ 
)1(

33ʊʅ ; ʜʣʷ 

ʧʦʤʝʱʝʥʠʷ 2 - ʚʝʢʪʦʨ 
)2(

33ʊʅ . ɺ ʪʦʯʢʝ ʅ6 (ʨʠʩ. 1,ʘ,ʙ) ʪʨʝʙʫʶʪʩʷ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʳ ʘʜʠʘʙʘʪʥʦʛʦ 

ʫʚʣʘʞʥʝʥʠʷ: ʜʣʷ ʧʦʤʝʱʝʥʠʷ 1 ï ʚʝʢʪʦʨ 
)1(

66ɸʅ ; ʜʣʷ ʧʦʤʝʱʝʥʠʷ 2 ï ʚʝʢʪʦʨ 
)2(

66ɸʅ . 

ɺʦ-ʚʪʦʨʳʭ, ʨʝʞʠʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʂɺ
(1)

 ʠ ʉʂɺ
(2)

 ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʭʦʪʷ ʙʳ 

ʦʜʥʠʤ ʧʨʦʮʝʩʩʦʤ. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʦʯʝʢ ʢʣʠʤʘʪʘ ʅ2, ʅ5, ʅ10 (ʨʠʩ. 1,ʘ). ʊʘʢ, ʚ ʪʦʯʢʝ ʅ2 ʜʣʷ 

ʧʦʤʝʱʝʥʠʷ 1 ʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ ʥʘʛʨʝʚ (ʚʝʢʪʦʨ 
)1(

22ʊʅ ); ʜʣʷ ʧʦʤʝʱʝʥʠʷ 2 ï ʥʘʛʨʝʚ (ʚʝʢʪʦʨ 
)2(

22ʊʅ ) 

ʠ ʘʜʠʘʙʘʪʥʦʝ ʫʚʣʘʞʥʝʥʠʝ (ʚʝʢʪʦʨ 
)2()2(

2 ʘʅʊ
$

). ɺ ʪʦʯʢʝ ʅ5 ʜʣʷ ʧʦʤʝʱʝʥʠʷ 1 ʪʨʝʙʫʝʪʩʷ ʘʜʠʘʙʘʪʥʦʝ 

ʫʚʣʘʞʥʝʥʠʝ (ʚʝʢʪʦʨ 
)1(

55ɸʅ ); ʜʣʷ ʧʦʤʝʱʝʥʠʷ 2 - ʥʘʛʨʝʚ (ʚʝʢʪʦʨ 
)2(

25ʊʅ ) ʠ ʘʜʠʘʙʘʪʥʦʝ ʫʚʣʘʞʥʝʥʠʝ 

(ʚʝʢʪʦʨ 
)2()2(

2 ʘʅʊ
$

). ɺ ʪʦʯʢʝ ʅ10 ʜʣʷ ʧʦʤʝʱʝʥʠʷ 1 ʪʨʝʙʫʝʪʩʷ ʧʦʣʠʪʨʦʧʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩ ʦʩʫʰʢʦʡ 

(ʚʝʢʪʦʨ 
)1(

10 ʚʍʅ ) ʠ ʥʘʛʨʝʚ (ʚʝʢʪʦʨ 
)1()1(
ʚʚʅʍ
$
); ʜʣʷ ʧʦʤʝʱʝʥʠʷ 2 ï ʪʦʣʴʢʦ ʧʦʣʠʪʨʦʧʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩ 

ʦʩʫʰʢʦʡ (ʚʝʢʪʦʨ
)2(

10 ʚʅʅ
$

). 

ɺ-ʪʨʝʪʴʠʭ, ʨʝʞʠʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʂɺ
(1)

 ʠ ʉʂɺ
(2)

 ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʩʦʚʝʨʰʝʥʥʦ 

ʨʘʟʣʠʯʥʳʤʠ, ʥʝ ʠʤʝʶʱʠʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʥʠʢʘʢʠʭ ʦʙʱʠʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʪʦʯʝʢ ʢʣʠʤʘʪʘ ʅ4 , ʅ8 (ʨʠʩ. 1,ʘ,ʙ). ʊʘʢ, ʚ ʪʦʯʢʝ ʅ4 ʜʣʷ ʧʦʤʝʱʝʥʠʷ 1 ʪʨʝʙʫʝʪʩʷ 

ʥʘʛʨʝʚ (ʚʝʢʪʦʨ 
)1(

44ʊʅ ), ʘ ʜʣʷ ʧʦʤʝʱʝʥʠʷ 2 ï ʘʜʠʘʙʘʪʥʦʝ ʫʚʣʘʞʥʝʥʠʝ (ʚʝʢʪʦʨ 
)2(

44ɸʅ ). ɺ ʪʦʯʢʝ ʅ8 

ʜʣʷ ʧʦʤʝʱʝʥʠʷ 1 ʪʨʝʙʫʝʪʩʷ ʧʦʣʠʪʨʦʧʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩ ʦʩʫʰʢʦʡ (ʚʝʢʪʦʨ 
)1(

8 ʚʍʅ ), ʘ ʟʘʪʝʤ ʥʘʛʨʝʚ 

(ʚʝʢʪʦʨ 
)1()1(
ʚʚʅʍ
$
); ʜʣʷ ʧʦʤʝʱʝʥʠʷ 2 ï ʘʜʠʘʙʘʪʥʦʝ ʫʚʣʘʞʥʝʥʠʝ (ʚʝʢʪʦʨ 

)2(
88ɸʅ ).  

ɺ-ʯʝʪʚʝʨʪʳʭ, ʜʣʷ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʂɺ
(1)

 ʠ ʉʂɺ
(2)

 ʢʘʢʠʝ-ʪʦ ʠʟ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ 

ʚʦʟʜʫʭʘ ʤʦʛʫʪ ʙʳʪʴ ʦʙʱʠʤʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʠ ʦʜʠʥ ʠʟ ʚʝʢʪʦʨʦʚ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʧʦʣʥʦʩʪʴʶ ʚ ʎʂ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʪʨʝʙʫʝʪʩʷ ʝʱʝ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʚʦʟʜʫʭʘ ʚ ʄʉ. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʦʯʝʢ ʢʣʠʤʘʪʘ ʅ7, ʅ9 (ʨʠʩ. 1,ʘ,ʙ). ʊʘʢ, ʚ ʪʦʯʢʝ ʅ7 ʜʣʷ ʧʦʤʝʱʝʥʠʷ 1 

ʪʨʝʙʫʝʪʩʷ ʧʦʣʠʪʨʦʧʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩ ʫʚʣʘʞʥʝʥʠʝʤ (ʚʝʢʪʦʨ 
)1(

7 ʚʅʅ
$
); ʜʣʷ ʧʦʤʝʱʝʥʠʷ 2 ï ʘʜʠʘʙʘʪʥʦʝ 

ʫʚʣʘʞʥʝʥʠʝ (ʚʝʢʪʦʨ )2(
77ɸʅ
). ɺ ʪʦʯʢʝ ʅ9 ʪʨʝʙʫʝʪʩʷ ʧʦʣʠʪʨʦʧʥʦʝ ʦʭʣʘʞʜʝʥʠʝ, ʥʦ ʜʣʷ ʧʦʤʝʱʝʥʠʷ 1 ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʙʳʪʴ ʩ ʦʩʫʰʢʦʡ (ʚʝʢʪʦʨ )1(
9 ʚʅʅ
$
), ʘ ʜʣʷ ʧʦʤʝʱʝʥʠʷ 2 ï ʩ ʫʚʣʘʞʥʝʥʠʝʤ (ʚʝʢʪʦʨ )2(

9 ʚʅʅ
$

). 

ɺ-ʧʷʪʳʭ, ʨʝʞʠʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʂɺ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʧʦʤʝʱʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʳ 

ʙʝʟ I ʨʝʮʠʨʢʫʣʷʮʠʠ, ʘ ʜʣʷ ʜʨʫʛʦʛʦ ï ʩʤʝʰʝʥʠʝ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʩ ʚʦʟʜʫʭʦʤ I ʨʝʮʠʨʢʫʣʷʮʠʠ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʦʯʝʢ ʅ1, ʅ2, ʅ5, ʅ10 (ʨʠʩ. 1,ʙ). ʊʘʢ ʚʝʢʪʦʨʘ ʧʨʦʮʝʩʩʦʚ ʚ 

ʉʂɺ
(2)

 ʜʣʷ ʵʪʠʭ ʪʦʯʝʢ ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʝ: ʜʣʷ ʪʦʯʢʠ ʅ1: ʩʤʝʰʝʥʠʝ )ʉʋʉ(ʅ (2)
1

(2)
11 ʘ+ , ʥʘʛʨʝʚ 

(2)
1

(2)
1 ʊʉ  ʠ ʘʜʠʘʙʘʪʥʦʝ ʫʚʣʘʞʥʝʥʠʝ 

)2(
1

)2(
1 ɸʊ ; ʜʣʷ ʪʦʯʢʠ ʅ2: ʩʤʝʰʝʥʠʝ )ʉʋʉʅ( )2(

2
)2(

22 ʘ+ , 

ʥʘʛʨʝʚ 
)2(

2
)2(

2 ʊʉ  ʠ ʘʜʠʘʙʘʪʥʦʝ ʫʚʣʘʞʥʝʥʠʝ 
)2(

2
)2(

2 ɸʊ ; ʜʣʷ ʪʦʯʢʠ ʅ5: ʩʤʝʰʝʥʠʝ 

)ʉʋʉʅ( (2)
5

(2)
5

(2)
55 +  ʠ ʘʜʠʘʙʘʪʥʦʝ ʫʚʣʘʞʥʝʥʠʝ 

)2(
5

)2(
5 ɸʊ ; ʜʣʷ ʪʦʯʢʠ ʅ10: ʩʤʝʰʝʥʠʝ 

)ʉʋʉʅ( )2(
10ʚ

)2(
1010 +  ʠ ʧʦʣʠʪʨʦʧʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩ ʦʩʫʰʢʦʡ (ʚʝʢʪʦʨ 

)2()2(
10 ʚʅʉ
%

).  

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʚʠʜʥʦ ʥʘʩʢʦʣʴʢʦ ʨʘʟʥʳʤʠ ʜʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʦʯʢʠ ʢʣʠʤʘʪʘ (ʜʣʷ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ) ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʞʠʤʘʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʂɺ 

ʜʣʷ ʧʦʤʝʱʝʥʠʡ 1 ʠ 2. ʇʨʠ ʪʘʢʦʤ ʠʭ ʤʥʦʛʦʦʙʨʘʟʠʠ ʩʣʦʞʥʦ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʠʟ ʥʠʭ 

ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʎʂ ʧʦʣʥʦʩʪʴʶ, ʢʘʢʠʝ ï ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ, ʘ ʢʘʢʠʝ ʚʦʦʙʱʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 
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ʧʝʨʝʣʦʞʠʪʴ ʥʘ ʄʉ. ɸʥʘʣʠʟ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚʳʰʝ ʜʦʣʞʝʥ 

ʷʚʣʷʪʴʩʷ ʦʩʥʦʚʦʡ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʧʦ ʧʝʨʚʦʤʫ ʧʨʦʙʣʝʤʥʦʤʫ ʚʦʧʨʦʩʫ.  

ɺʩʝ ʦʙʦʟʥʘʯʝʥʥʳʝ ʚʳʰʝ ʧʨʦʙʣʝʤʥʳʝ ʚʦʧʨʦʩʳ ʜʦʣʞʥʳ ʧʨʦʨʘʙʘʪʳʚʘʪʴʩʷ ʩʦʚʤʝʩʪʥʦ ʫʞʝ ʥʘ 

ʵʪʘʧʝ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʤʝʪʦʜʠʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʜʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʦʪʚʝʪʳ ʥʘ ʥʠʭ, 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʧʦʣʦʞʝʥʦ ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʠʟʣʦʞʝʥʥʳʭ ʧʨʦʬʝʩʩʦʨʦʤ ɸ.ɸ.ʈʳʤʢʝʚʠʯʝʤ ʚ ʛʣʘʚʝ 6 ʨʘʙʦʪʳ [4], ʛʜʝ 

ʧʦʢʘʟʘʥʦ, ʢʘʢʠʤ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʉʂɺ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʧʦʤʝʱʝʥʠʷ ʩ 

ʨʘʟʥʦʭʘʨʘʢʪʝʨʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ. 

ʅʘʣʠʮʦ ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ ʧʨʦʪʠʚʦʨʝʯʠʝ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʪʘʢʫʶ ʉʂɺ, 

ʢʦʪʦʨʘʷ ʙʳ ʦʙʝʩʧʝʯʠʚʘʣʘ ʧʦʜʜʝʨʞʘʥʠʝ ʥʦʨʤʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʦʙʩʣʫʞʠʚʘʝʤʳʭ 

ʧʦʤʝʱʝʥʠʷʭ, ʠ ʧʨʠ ʵʪʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʘ ʙʳ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʪʝʦʨʠʠ ʠ ʜʘʣʝʝ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʩʥʦʚ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʉʂɺ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʧʦʤʝʱʝʥʠʷ ʩ ʨʘʟʥʦʭʘʨʘʢʪʝʨʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ, 

ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ.  
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ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʩ ʫʯʝʪʦʤ ʥʦʚʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʝ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʘʩʣʦʟʘʧʦʣʥʝʥʥʳʝ 

ʚʠʥʪʦʚʳʝ ʢʦʤʧʨʝʩʩʦʨʳ (ɺʂʄ).  

ʆʪʩʫʪʩʪʚʠʝ ʚ ɺʂʄ ʢʣʘʧʘʥʦʚ ʠ ʜʝʪʘʣʝʡ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʥʦʩʫ, ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ 

ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʵʪʦʛʦ ʪʠʧʘ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʤʘʰʠʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʨʰʥʝʚʳʤʠ ʢʦʤʧʨʝʩʩʦʨʘʤʠ. ɺʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʤʘʣʦʡ ʤʘʩʩʝ ʠ ʛʘʙʘʨʠʪʘʭ ʢʦʤʧʨʝʩʩʦʨʘ, ʧʨʠ ʵʪʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʧʦʣʥʦʡ 

ʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ ʨʦʪʦʨʦʚ, ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʪʷʞʝʣʳʭ ʠ ʛʨʦʤʦʟʜʢʠʭ ʬʫʥʜʘʤʝʥʪʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ɺʂʄ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʜʘʯʠ ʧʘʨʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ [1,2].  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʭʦʣʦʜʠʣʴʥʳʭ ɺʂʄ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʢʦʤʧʨʝʩʩʦʨʘʤʠ ʧʨʦʷʚ-

ʣʷʶʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʦʤʧʘʞʥʦʡ ʟʦʥʳ, ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʂʇɼ 

ʤʘʰʠʥʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʡ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʞʘʪʠʷ ʭʦʣʦʜʠʣʴʥʳʭ ʘʛʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʦʤʧʨʝʩʩʦʨʘ [1,2]. 

ʆʜʥʠʤ ʠʟ ʜʦʩʪʦʠʥʩʪʚ ʚʠʥʪʦʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. 

ʆʪʤʝʯʝʥʥʳʝ ʦʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʭʦʣʦʜʠʣʴʥʳʭ ɺʂʄ, ʢʨʦʤʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʞʝ ʧʨʠʩʫʱʠ ʠ ʭʦʣʦʜʠʣʴʥʳʤ ʚʠʥʪʦʚʳʤ 

ʢʦʤʧʨʝʩʩʦʨʘʤ ʩʫʭʦʛʦ ʩʞʘʪʠʷ (ɺʂʉ). ɺʂʉ ʥʝ ʠʤʝʶʪ ʧʦʢʘ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ 

ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ, ʭʦʪʷ ʠ ʦʙʣʘʜʘʶʪ ʥʝʢʦʪʦʨʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʜ ɺʂʄ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʙʦʣʴʰʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʷʭ [3].  

ʄʘʩʣʦ, ʚʧʨʳʩʢʠʚʘʝʤʦʝ ʚ ʨʘʙʦʯʫʶ ʧʦʣʦʩʪʴ ɺʂʄ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʂʇɼ 

ʢʦʤʧʨʝʩʩʦʨʘ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ, ʯʝʤ ʫ ɺʂʉ, ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ ʠ ʫʤʝʥʴʰʠʪʴ ʫʨʦʚʝʥʴ ʰʫʤʘ. 

ʆʜʥʘʢʦ ʠ ʦʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʭʦʣʦʜʠʣʴʥʦʛʦ ʚʠʥʪʦʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʩʚʷʟʘʥʳ ʩ ʧʦʜʘʯʝʡ ʚ ʥʝʛʦ ʤʘʩʣʘ. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʩʣʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʢʦʤʧʨʝʩʩʦʨ, ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʛʨʦʤʦʟʜʢʦʡ ʤʘʩʣʷʥʦʡ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʩʣʦ, ʫʥʝʩʝʥʥʦʝ ʠʟ ʢʦʤʧʨʝʩʩʦʨʘ ʧʘʨʦʤ ʨʘʙʦʯʝʛʦ 

ʚʝʱʝʩʪʚʘ, ʧʨʠ ʣʶʙʦʡ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʨʘʙʦʯʠʭ ʚʝʱʝʩʪʚ ʠ ʩʤʘʟʦʯʥʳʭ ʤʘʩʝʣ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ [4]. 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʢʦʞʫʭʦʪʨʫʙʥʳʭ ʠʩʧʘʨʠʪʝʣʝʡ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʢʘʬʝʜʨʝ ʭʦʣʦʜʠʣʴʥʳʭ 

ʤʘʰʠʥ ʠ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠʥʩʪʠʪʫʪʘ ʭʦʣʦʜʘ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʅʀʋ ʀʊʄʆ, ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʥʘ R22 ʙʝʟ ʧʨʠʤʝʩʠ ʤʘʩʣʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʛʣʘʜʢʦʪʨʫʙʥʦʛʦ ʠʩʧʘʨʠʪʝʣʷ ʚ 

1,7-2 ʨʘʟʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʠ 

ʤʘʩʣʦʭʣʘʜʦʥʦʚʦʡ ʩʤʝʩʠ [5]. 

ʀʩʧʳʪʘʥʠʷ ʢʦʞʫʭʦʪʨʫʙʥʦʛʦ ʠʩʧʘʨʠʪʝʣʷ ʩ ʤʝʜʥʳʤʠ ʦʨʝʙʨʝʥʥʳʤʠ ʪʨʫʙʘʤʠ ʧʨʠ ʢʠʧʝʥʠʠ ʨʘʙʦʯʝʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʤʝʞʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʘʧʧʘʨʘʪʝ, ʨʘʙʦʪʘʶʱʝʤ ʥʘ ʯʠʩʪʦʤ R22, 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʧʦʚʳʩʠʣʩʷ ʚ 1,5... 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʙʦʪʦʡ ʥʘ ʤʘʩʣʦʭʣʘʜʦʥʦʚʦʡ ʩʤʝʩʠ. 

ʀ ʪʦʣʴʢʦ ʧʨʠ ʢʠʧʝʥʠʠ ʤʘʩʣʦʭʣʘʜʦʥʦʚʦʡ ʩʤʝʩʠ ʚʥʫʪʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʨʫʙ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʫʣʫʯʰʝʥʠʷ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [6]. 

ʇʨʦʮʝʩʩ ʢʦʥʜʝʥʩʘʮʠʠ R22 ʚ ʢʦʞʫʭʦʪʨʫʙʥʦʤ ʢʦʥʜʝʥʩʘʪʦʨʝ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʙʝʟ ʩʤʘʟʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ. ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ ʧʣʦʪʥʦʩʪʷʭ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʩʢʦʨʦʩʪʷʭ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 30-60% [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠʤʝʥʝʥʠʝ ɺʂʉ ʚ ʩʦʩʪʘʚʝ ʧʘʨʦʚʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ 

ʥʘʣʠʯʠʝ ʤʘʩʣʘ ʚ ʨʘʙʦʯʝʤ ʚʝʱʝʩʪʚʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʥʝʦʙʨʘʪʠʤʳʭ ʧʦʪʝʨʴ ʚ ʧʨʦʮʝʩʩʘʭ 

ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʨʘʙʦʯʠʤ ʚʝʱʝʩʪʚʦʤ ʠ ʠʩʪʦʯʥʠʢʘʤʠ ʥʠʟʢʦʡ ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨ ʚʩʣʝʜʩʪʚʠʝ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʠʩʧʘʨʠʪʝʣʝ ʠ ʢʦʥʜʝʥʩʘʪʦʨʝ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ 

ʚ ʢʦʤʧʨʝʩʩʦʨʝ ʠ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ [7].  

ʋʚʝʣʠʯʝʥʠʝ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ ɺʂʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɺʂʄ ʫʣʫʯʰʘʝʪ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʨʝʩʩʦʨʘ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʭʦʣʦʜʠʣʴʥʳʭ ɺʂʉ ʚ ʩʦʩʪʘʚʝ ʧʘʨʦʚʦʡ ʭʦʣʦʜʠʣʴʥʦʡ 

ʤʘʰʠʥʳ ʥʘ ʭʣʘʜʦʥʘʭ R13, R22, RC318 ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʥʝʪʘʥʠʷ ʧʨʠ ʩʪʝʧʝʥʷʭ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʜʦ 

4... 5 ʥʝ ʧʨʝʚʳʰʘʝʪ 100
0
ʉ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʠʥʪʦʚ ɺʂʉ ʥʘʯʘʣʴʥʳʝ 

ʟʘʟʦʨʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʘʩʣʦʟʘʧʦʣʥʝʥʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ 

ʧʨʦʪʝʯʢʠ, ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʘʨʘ ʥʘ ʥʘʛʥʝʪʘʥʠʠ ʠ, ʪʝʤ ʩʘʤʳʤ, ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚ ʦʜʥʦʡ ʩʪʫʧʝʥʠ. 
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ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ. ʉ ʨʦʩʪʦʤ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʤ ʮʠʢʣʝ ʨʘʩʪʫʪ 

ʥʝʦʙʨʘʪʠʤʳʝ ʧʦʪʝʨʠ ʧʨʠ ʩʞʘʪʠʠ ʧʘʨʘ ʠ ʚ ʧʨʦʮʝʩʩʝ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʥʘ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʝ ʩʞʘʪʠʝ [2]. 
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ʈʠʩʫʥʦʢ 1.ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʨʫʞʥʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ 
ʥp  ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ  

ʭʣʘʜʘʛʝʥʪʘ 0t :ī R404ʘ;ī R22;ī R134ʘ;  ī R717 

 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʨʫʞʥʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ 
ʥp  ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ 0t  ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʜʝʥʩʘʮʠʠ 30 
0
ʉ ʜʣʷ ʭʣʘʜʘʛʝʥʪʦʚ R404ʘ, R22, R134ʘ, R717. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʥʘʨʫʞʥʘʷ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 5, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʠʤʝʥʠʪʴ ʚʠʥʪʦʚʳʝ ʢʦʤʧʨʝʩʩʦʨʳ ʩʫʭʦʛʦ ʩʞʘʪʠʷ.  

ʆʜʥʘʢʦ ʭʦʣʦʜʠʣʴʥʳʤ ɺʂʉ ʧʨʠʩʫʱʠ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ: 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʜʣʷ ʢʦʤʧʨʝʩʩʦʨʦʚ ʩʨʝʜʥʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ ʠʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʢʦʥʩʪʨʫʢʮʠʶ; 

- ʪʨʫʜʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʣʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʪ.ʢ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ; 

- ʥʘʣʠʯʠʝ ʰʝʩʪʝʨʝʥ ʩʚʷʟʠ ʠ ʫʧʣʦʪʥʝʥʠʡ, ʨʘʟʜʝʣʷʶʱʠʭ ʨʘʙʦʯʫʶ ʧʦʣʦʩʪʴ ʠ ʧʦʜʰʠʧʥʠʢʦʚʳʝ 

ʫʟʣʳ, ʯʪʦ ʪʘʢʞʝ ʫʩʣʦʞʥʷʝʪ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʤʧʨʝʩʩʦʨʘ; 

- ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʚʩʪʨʦʝʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; 

- ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ, ʪʨʝʙʫʶʱʠʡ ʧʨʠʤʝʥʝʥʠʝ ʟʚʫʢʦʟʘʱʠʪʥʳʭ ʢʦʞʫʭʦʚ ʠ ʛʣʫʰʠʪʝʣʝʡ; 

- ʫʤʝʥʴʰʝʥʠʝ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʙʦʣʴʰʠʤʠ ʨʝʘʢʮʠʷʤʠ ʥʘ ʦʧʦʨʘʭ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ, ʯʪʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʨʝʩʩʦʨʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫ ʥʘʩ ʚ ʩʪʨʘʥʝ ʭʦʣʦʜʠʣʴʥʳʝ ɺʂʉ ʥʝ ʧʨʦʠʟʚʦʜʷʪʩʷ. ɿʘ ʨʫʙʝʞʦʤ ʥʝʢʦʪʦʨʳʤʠ 

ʬʠʨʤʘʤʠ ʚʳʧʫʩʢʘʶʪʩʷ ʭʦʣʦʜʠʣʴʥʳʝ ɺʂʉ ʤʝʣʢʠʤʠ ʩʝʨʠʷʤʠ. ʅʘ ʩʫʜʦʚʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ 

ʩʞʠʞʝʥʠʷ ʛʘʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʦʣʦʜʠʣʴʥʳʝ ɺʂʉ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ ʥʘ 

ʭʣʘʜʦʥʝ R13 [8].ʌʠʨʤʘ ñHowdenò ʚ 60-ʝ ʛʦʜʳ ʧʦʩʪʘʚʠʣʘ ʥʘ ʆʤʩʢʠʡ ʟʘʚʦʜ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʢʘʫʯʫʢʘ 

ɺʂʉ, ʢʦʪʦʨʳʝ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʥʘʜʝʞʥʳʝ ʠ ʵʢʦʥʦʤʠʯʥʳʝ ʤʘʰʠʥʳ. 

ʂʦʤʧʣʝʢʩ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʢʘʬʝʜʨʝ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʠ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʠʥʩʪʠʪʫʪʘ ʭʦʣʦʜʘ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʅʀʋ ʀʊʄʆ, ʧʦʢʘʟʘʣ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɺʂʉ ʚ ʨʝʞʠʤʘʭ ʧʘʨʦʚʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʭʦʣʦʜʠʣʴʥʳʭ ʘʛʝʥʪʘʭ [90, 100]. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ɺʂʉ ʜʘʚʣʝʥʠʝ ʥʘ ʚʩʘʩʳʚʘʥʠʠ ʠʟʤʝʥʷʣʦʩʴ ʚ 

ʧʨʝʜʝʣʘʭ 1,05 Å 10
-1
 é 4,22 Å 10

-1
 ʄʇʘ, ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ï ʦʪ 2 ʜʦ 6, ʘ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʚʝʜʫʱʝʛʦ ʨʦʪʦʨʘ ʦʪ 116,7 ʜʦ 266,7 ʩ
-1
 . ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʭʣʘʜʦʥʘʭ R12, R13, R22 [3,9]. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ɺʂʉ ʥʘ ʭʣʘʜʦʥʝ R22. ɺʠʥʪʦʚʦʡ ʢʦʤʧʨʝʩʩʦʨ ʠʤʝʣ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʩʦʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʟʫʙʴʝʚ ʚʝʜʫʱʝʛʦ ʠ ʚʝʜʦʤʦʛʦ ʚʠʥʪʦʚ z1/ z2 = 

4/6; ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʚʝʜʫʱʝʛʦ ʠ ʚʝʜʦʤʦʛʦ ʚʠʥʪʦʚ D1 = D2 = 125 ʤʤ; ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʣʠʥʘ ʚʠʥʪʦʚ Kl 

=1,35; ʭʦʜ ʚʝʜʫʱʝʛʦ ʚʠʪʘ h1 = 200 ʤʤ; ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ Ůɻ = 3,0; ʧʦʣʝʟʥʳʡ ʦʙʲʝʤ 

ʧʘʨʥʦʡ ʧʦʣʦʩʪʠ Wʧ = 301,8 ʩʤ
3
; ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʝʛʦ ʚʠʥʪʘ n1 = 150 ʩ

-1
; ʧʨʦʬʠʣʠ ʟʫʙʴʝʚ ʚʠʥʪʦʚ 
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ʪʠʧʦʨʘʟʤʝʨʥʦʛʦ ʨʷʜʘ ʉʂɹʂ [10]. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʦʙʲʝʤʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɺʂʉ, ʧʨʠ ʥʘʨʫʞʥʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ˊʥ = 3é4, ʩʦʠʟʤʝʨʠʤʳ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ɺʂʄ 

ʥʘ ʭʣʘʜʦʥʝ R22 [11]. 
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ʈʠʩʫʥʦʢ 2.ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʘʯʠ l ʠ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʂʇɼ ih ɺʂʉ  

ʦʪ ʥʘʨʫʞʥʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʥp  :   ī l;     ī ih 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʩʪʨʘʥʠʪʴ ʦʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ɺʂʉ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʦʧʦʨ ʠ ʤʫʬʪ [12], ʨʘʟʛʨʫʟʢʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʨʦʪʦʨʳ [13], ʧʦʟʚʦʣʠʪ 

ʧʨʠʤʝʥʷʪʴ ʫʧʦʨʥʳʝ ʠ ʦʧʦʨʥʳʝ ʧʦʜʰʠʧʥʠʢʠ ʙʝʟ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ. ʅʦʚʳʝ ʚʠʜʳ ʧʦʢʨʳʪʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʥʪʘʢʪ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʠʥʪʦʚ ʙʝʟ ʤʘʩʣʘ [14] ʧʦʟʚʦʣʷʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʰʝʩʪʝʨʝʥ ʩʚʷʟʠ.  

ʇʨʦʛʨʝʩʩ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʨʦʬʠʣʝʡ ʚʠʥʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʡ ʢ 

ʩʥʠʞʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ, ʧʦʟʚʦʣʠʪ ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʜʣʷ ʢʦʤʧʨʝʩʩʦʨʦʚ ʩʨʝʜʥʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦʟʚʦʣʠʪ ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʦʜʘʯʠ ʤʘʩʣʘ ʚ ʢʦʤʧʨʝʩʩʦʨ ʠ 

ʧʨʠʚʝʜʝʪ ʢ ʙʦʣʴʰʝʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ɺʂʉ ʚ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʝ. 
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ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄ ʇʆʃʋʏɽʅʀʗ ɺʆɼʓ ʀɿ ɸʊʄʆʉʌɽʈʅʆɻʆ ɺʆɿɼʋʍɸ  
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ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʘʤʳʤ ʮʝʥʥʳʤ ʨʝʩʫʨʩʦʤ ʥʘ ʧʣʘʥʝʪʝ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʩʪʘʥʝʪ ʚʦʜʘ, ʘ 

ʙʦʨʴʙʘ ʟʘ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʚ ʤʠʨʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʦʨʫʞʝʥʥʳʭ 

ʢʦʥʬʣʠʢʪʘʭ ʠ, ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʙʫʜʝʪ ʪʦʣʴʢʦ ʨʘʩʪʠ ʚ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ. ɼʣʷ ʩʦʜʝʡʩʪʚʠʷ ʚ ʨʝʰʝʥʠʠ 

ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʚ ʜʝʢʘʙʨʝ 2003 ʛʦʜʘ ɻʝʥʝʨʘʣʴʥʘʷ ɸʩʩʘʤʙʣʝʷ ʆʨʛʘʥʠʟʘʮʠʠ ʆʙʲʝʜʠʥʝʥʥʳʭ ʅʘʮʠʡ 

ʦʙʲʷʚʠʣʘ 2005ï2015 ʛʦʜʳ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʜʝʩʷʪʠʣʝʪʠʝʤ ʜʝʡʩʪʚʠʡ çɺʦʜʘ ʜʣʷ ʞʠʟʥʠè.  

ʆʢʦʣʦ 70 ʧʨʦʮʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʛʦ ʰʘʨʘ ʧʦʢʨʳʪʦ ʚʦʜʦʡ, ʦʜʥʘʢʦ ʥʘ 97,5 ʧʨʦʮʝʥʪʘ ʦʥʘ 

ʩʦʩʪʦʠʪ ʠʟ ʩʦʣʝʥʦʡ ʚʦʜʳ. ʆʩʪʘʚʰʠʝʩʷ 2,5 ʧʨʦʮʝʥʪʘ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʧʨʝʩʥʫʶ ʚʦʜʫ, ʧʦʯʪʠ ʜʚʝ ʪʨʝʪʠ 

ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʤʦʨʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʣʝʜʥʠʢʦʚʳʭ ʰʘʧʢʘʭ. ʄʝʞʜʫ ʪʝʤ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʧʨʝʩʥʦʡ ʚʦʜʳ ʥʘʭʦʜʠʪʩʷ ʚ 1 ʢʠʣʦʤʝʪʨʦʚʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ. ɽʝ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ ʥʝ 

ʤʝʥʝʝ 1.000,000,000,000,000 ʣʠʪʨʦʚ. ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [1] ʩʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʚʣʘʞʥʦʩʪʴ ʙʣʠʟ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 11 ʛ/ʤ
3
, ʘ ʚ ʪʨʦʧʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʦʥʘ ʜʦʭʦʜʠʪ ʜʦ 25 ʛ/ʤ

3
 ʠ ʚʳʰʝ. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʘʥ ʪʨʦʧʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʩʪʨʘʜʘʝʪ ʦʪ ʦʪʩʫʪʩʪʚʠʷ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʭʦʪʷ ʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʘʪʤʦʩʬʝʨʝ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦ. ʅʘʧʨʠʤʝʨ, ʚ ɼʞʠʙʫʪʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʙʳʚʘʝʪ ʜʦʞʜʝʡ, ʥʦ ʘʙʩʦʣʶʪʥʘʷ ʚʣʘʞʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 18ï24 ʛ/ʤ
3
. ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʧʨʦʥʦʩʷʱʝʡʩʷ 

ʥʘʜ ʢʘʞʜʳʤ ʢʚʘʜʨʘʪʦʤ ʚ 10 ʢʤ
2 
ɸʨʘʚʠʡʩʢʦʡ ʧʫʩʪʳʥʠ ʠʣʠ ʉʘʭʘʨʳ, ʨʘʚʥʦ ʧʦ ʦʙʲʝʤʫ ʦʟʝʨʫ ʧʣʦʱʘʜʴʶ 1 

ʢʤ
2
 ʠ ʛʣʫʙʠʥʦʡ 50 ʤ [1].  

ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʝʝ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʚʣʝʢʘʪʴ 

ʚʦʜʫ ʠʟ ʚʦʟʜʫʭʘ, ʧʨʠʯʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ, ʛʜʝ ʦʥʘ ʥʝʦʙʭʦʜʠʤʘ.  

ʉ ʜʨʝʚʥʠʭ ʚʨʝʤʝʥ ʧʨʝʩʥʫʶ ʚʦʜʫ, ʚ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʩʙʦʨʘ 

ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʢʘʧʝʣʴ ʠʟ ʚʦʟʜʫʭʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʫʪʦʯʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʦʭʣʘʞʜʝʥʠʝ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʧʦʨʠʩʪʳʭ ʢʘʤʥʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʨʦʩʳ). ʅʘʧʨʠʤʝʨ, ʚ ʅʫʘʢʰʦʪʝ (ʄʘʚʨʠʪʘʥʠʷ) ʩʨʝʜʥʷʷ ʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʤʘʝïʦʢʪʷʙʨʝ ʩʦʩʪʘʚʣʷʝʪ 

27ï30 Áʉ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 60ï80 %. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʢʫʙʠʯʝʩʢʦʤ ʤʝʪʨʝ ʚʦʟʜʫʭʘ 

ʩʦʜʝʨʞʠʪʩʷ 20ï24 ʛ ʚʦʜʳ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 10ï15 Áʉ ʠʟ ʢʘʞʜʦʛʦ ʢʫʙʠʯʝʩʢʦʛʦ ʤʝʪʨʘ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 10ï14 ʛ ʚʦʜʳ. ɺ ʀʟʨʘʠʣʝ, ʥʘʧʨʠʤʝʨ, 190ï200 ʥʦʯʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʛʦʜʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʝʩʥʦʡ ʚʦʜʳ ʠʟ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ [2]. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʘ ʚʦʜʳ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʫʶʪ ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ï 

ʭʦʣʦʜʦʘʢʢʫʤʫʣʷʪʦʨʳ (ʱʝʙʝʥʴ), ʪʝʧʣʦʚʳʝ ʪʨʫʙʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʝʨʝʜʘʯʫ ʪʝʧʣʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʠ ʩʠʩʪʝʤʫ ʩʦʨʙʝʥʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʮʠʢʣʠʯʝʩʢʦʤ ʨʝʞʠʤʝ çʟʘʨʷʜʢʠ-ʨʘʟʨʷʜʢʠè [2].  

ʅʘʠʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʤʝʶʪ ʤʝʪʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʙʦʪʦʡ ʘʚʪʦʥʦʤʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ ï ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ, ʢʦʪʦʨʳʝ ʛʘʨʘʥʪʠʨʦʚʘʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʯʢʠ ʨʦʩʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 1 ʣʠʪʨʘ ʚʦʜʳ ʪʨʝʙʫʝʪʩʷ ʟʘʪʨʘʪʠʪʴ ʦʢʦʣʦ 

1 ʢɺʪĿʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʚ ʩʨʝʜʥʝʤ ʠʟ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ 1 ʢʛ/ʩ ʚʳʜʝʣʠʪʴ ~ 10 ʛ/ʩ ʚʦʜʳ. ʇʨʠ 

ʭʦʣʦʜʠʣʴʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ, ʨʘʚʥʦʤ 3, ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 1 

ʣʠʪʨʘ ʚʦʜʳ ʙʫʜʝʪ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʵʥʝʨʛʠʷ ʧʦʨʷʜʢʘ ~ 0,33 ʢɺʪĿʯ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʨʳʥʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʚʳʜʝʣʝʥʠʶ ʚʦʜʳ ʠʟ ʚʦʟʜʫʭʘ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʠʩʪʝʤʳ, ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʦʤʧʨʝʩʩʠʦʥʥʫʶ ʭʦʣʦʜʠʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʝʨʩʧʝʢʪʠʚʥʦ ʪʦʣʴʢʦ 

ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʦ 3ï4 ʣʠʪʨʦʚ ʚʦʜʳ ʚ ʯʘʩ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʛʘʙʘʨʠʪʦʚ ʫʩʪʘʥʦʚʢʠ.  

ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʧʦʜʘʚʣʷʶʱʝʝ ʯʠʩʣʦ ʩʪʨʘʥ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʜʝʬʠʮʠʪ ʚʦʜʳ, 

ʦʛʨʘʥʠʯʝʥʳ ʠ ʚ ʵʥʝʨʛʦʨʝʩʫʨʩʘʭ. ɽʜʚʘ ʣʠ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʤ ʜʦʩʪʫʧʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʫ ʥʠʭ 

ʷʚʣʷʝʪʩʷ ʩʦʣʥʮʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʚʦʜʳ ʠʟ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ï ʘʢʪʫʘʣʴʥʘʷ ʥʘʫʯʥʘʷ ʠ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʥʘʰʣʘ ʩʚʦʝʛʦ ʨʝʰʝʥʠʷ, ʘ ʙʦʣʴʰʠʥʩʪʚʦ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʝʜʣʦʞʝʥʠʡ ʦʩʪʘʶʪʩʷ ʥʘ ʫʨʦʚʥʝ ʧʘʪʝʥʪʦʚ. 
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ʇʦʵʪʦʤʫ, ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʦʜʝʨʥʠʟʠ-

ʨʦʚʘʥʥʳʝ ʘʙʩʦʨʙʮʠʦʥʥʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʤʘʰʠʥʳ (ɸʍʄ), ʨʘʙʦʪʘʶʱʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʠʟʢʦʧʦʪʝʥ-

ʮʠʣʴʥʦʛʦ ʪʝʧʣʘ ï ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʆʜʥʠʤ ʠʟ ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʦʣʥʝʯʥʳʭ ʥʘʛʨʝʚʘʪʝʣʝʡ ʚʦʜʳ ï ʩʦʣʥʝʯʥʳʭ 

ʢʦʣʣʝʢʪʦʨʦʚ (ʉʂ), ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʧʣʦʱʘʜʝʡ ʢʦʣʣʝʢʪʦʨʦʚ ʢʦʪʦʨʳʭ ʚ ʤʠʨʝ ʙʦʣʝʝ 110 ʤʣʥ.ʤ
2
. 

ɸʥʘʣʠʟ ʨʝʞʠʤʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʍʄ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʥʘʜʦ ʨʝʰʠʪʴ 

ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʠʩʪʝʤʘʭ ʧʦʣʫʯʝʥʠʷ ʚʦʜʳ ʩ ʉʂ ʩʣʝʜʫʶʱʠʝ: ʚʦ-ʧʝʨʚʳʭ, ʨʘʟʨʘʙʦʪʘʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ ɸʍʄ ʩ ʚʦʟʜʫʰʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʪʝʧʣʦʨʘʩʩʝʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʚʦ-ʚʪʦʨʳʭ, 

ʧʨʝʜʣʦʞʠʪʴ ʮʠʢʣ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʪʨʦʧʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʫʨʦʚʥʝ ʪʝʤʧʝʨʘʪʫʨ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʦʜʷʥʳʭ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ (80-100 Áʉ).  

ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʤʝʶʪ ʘʙʩʦʨʙʮʠʦʥʥʳʝ ʚʦʜʦʘʤʤʠʘʯʥʳʭ 

ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ (ɸɺʍʄ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʥʝʦʙʭʦʜʠʤʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʮʠʢʣʘ. ɺ 

ʩʚʷʟʠ ʩ ʚʳʙʦʨʦʤ ɸɺʍʄ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʩʚʷʟʠ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ 

ʪʝʭʥʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩʠʩʪʝʤ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚʩʝ ʙʦʣʴʰʝʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʭʦʣʦʜʠʣʴʥʳʤ ʘʛʝʥʪʘʤ. ʇʦʩʣʝʜʥʠʝ ʜʦʢʫʤʝʥʪʳ [3] ʫʞʝ ʯʝʪʢʦ 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʨʦʜʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ: ʜʣʷ ʙʳʪʦʚʳʭ ʠ ʪʦʨʛʦʚʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ï ʧʨʦʧʘʥ; ʜʣʷ ʩʨʝʜʥʠʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ 

ï ʫʛʣʝʢʠʩʣʦʪʘ; ʜʣʷ ʢʨʫʧʥʳʭ ʩʠʩʪʝʤ ï ʘʤʤʠʘʢ. 

ɸɺʍʄ ʚ ʦʪʣʠʯʠʠ ʦʪ ʘʥʘʣʦʛʦʚ ï ʙʨʦʤʠʩʪʦʣʠʪʠʝʚʳʭ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʠ 

ʧʘʨʦʵʞʝʢʪʦʨʥʳʭ ʚʦʜʷʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ, ʭʦʣʦʜʠʣʴʥʳʤ ʘʛʝʥʪʦʤ ʚ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚʦʜʘ, 

ʠʤʝʶʪ ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʦʙʣʘʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 

ʤʠʥʫʩ 50Áʉ [4-6]. ɼʣʷ ʠʭ ʨʘʙʦʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ: 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʘʨ, ʛʦʨʷʯʫʶ ʚʦʜʫ, ʦʪʭʦʜʷʱʠʝ ʛʘʟʳ ʧʝʯʝʡ, ʚʳʭʣʦʧʥʳʝ ʛʘʟʳ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ [4].  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ɸɺʍʄ ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʥʘ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʊʘʢʦʡ ʠʥʪʝʨʝʩ ʩʚʷʟʘʥ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʥʘʭʦʜʷʱʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʩʠʩʪʝʤʘʭ ʦʪʦʧʣʝʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ [2,7], ʯʪʦ ʧʨʠ ʠʟʙʳʪʢʝ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ʯʘʩʪʴ ʝʝ ʤʦʞʥʦ ʥʘʧʨʘʚʣʷʪʴ ʥʘ ʛʝʥʝʨʘʪʦʨ ɸɺʍʄ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ. ʇʦʣʫʯʝʥʥʳʡ ʭʦʣʦʜ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʚ ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʪʘʢ ʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʘʭ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʭʝʤ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ɸɺʍʄ ʥʘ ʥʠʟʢʦʧʦʪʝʥ-

ʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʉʂ ʜʣʷ ʩʠʩʪʝʤ ʧʦʣʫʯʝʥʠʷ ʚʦʜʳ ʠʟ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. 

ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ɸɺʍʄ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʚ ʭʘʨʘʢʪʝʨʥʳʭ 

ʧʨʦʮʝʩʩʘʭ ʮʠʢʣʘ ï ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʝʶʱʝʡ ʩʨʝʜʳ ht , ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ Wt , ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʦʙʲʝʢʪʘ ʦʭʣʘʞʜʝʥʠʷ obt . ʀʟ ʪʨʝʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʠʟʚʦʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʪʦʣʴʢʦ ʜʚʝ [8, 9]. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʨʘʙʦʪʘ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʟʘʜʘʥʥʳʡ 

ʫʨʦʚʝʥʴ ʦʭʣʘʞʜʝʥʠʷ (obt ), ʘ ʩʘʤʘ ʫʩʪʘʥʦʚʢʘ ʨʘʙʦʪʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʪʦ ʝʩʪʴ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ [3]. ʇʦʵʪʦʤʫ, ʨʝʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʠʟʤʝʥʷʪʩʷ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʝʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ [8-10] ʥʝ ʫʯʠʪʳʚʘʶʪ ʪʘʢʫʶ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʘʙʩʦʨʙʮʠʦʥʥʦʤ ʭʦʣʦʜʠʣʴʥʦʤ ʮʠʢʣʝ, ʪʘʢ ʢʘʢ ʜʦʧʫʩʢʘʶʪ ʥʘʣʠʯʠʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʩ 

ʥʝʦʙʭʦʜʠʤʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʠʩʪʦʯʥʠʢʦʚ ʙʨʦʩʦʚʦʡ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʠʭ ʯʘʩʪʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʮʠʢʣʦʚ ɸɺʍʄ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʂ ʵʪʠʤ ʠʩʪʦʯʥʠʢʘʤ 

ʦʪʥʦʩʷʪʩʷ ʦʪʭʦʜʥʳʝ ʛʘʟʳ ɼɺɿ, ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ ʩʦʣʥʝʯʥʳʝ ʢʦʣʣʝʢʪʦʨʳ. 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ 

ʨʘʩʯʝʪʘ ʮʠʢʣʦʚ ɸɺʍʄ ʥʘʩʦʩʥʦʛʦ ʪʠʧʘ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ: 

ʘ) ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳWt ; 

ʙ) ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʲʝʢʪʘ ʦʭʣʘʞʜʝʥʠʷ obt ; 

ʚ) ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʵʣʝʤʝʥʪʘʭ, ʢʦʪʦʨʳʝ ʥʝ ʷʚʥʦ ʫʯʠʪʳʚʘʶʪ ʫʩʣʦʚʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʠ 

ʥʝʜʦʨʝʢʫʧʝʨʘʮʠʶ ʪʝʧʣʘ:  
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htD  ï ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʩʣʘʙʳʤ ɺɸʈ ʠ ʛʨʝʶʱʠʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʛʝʥʝʨʘʪʦʨʘ; 

WKtD , WAtD , ʜʝʬtD ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʥʘʧʦʨ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ, ʘʙʩʦʨʙʝʨʝ, ʜʝʬʣʝʛʤʘʪʦʨʝ ʩ 

ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʦʡ; 

ʊʆtD  -ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʥʘʧʦʨ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʩʣʘʙʦʛʦ ʠ ʢʨʝʧʢʦʛʦ ɺɸʈ ʥʘ ʭʦʣʦʜʥʦʤ ʢʦʥʮʝ ʈʊʈ; 

ʛ) ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʧʘʨʠʪʝʣʷ 0Q .  

ɺʘʨʴʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʝʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ht . 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʚʳʰʝ ʘʣʛʦʨʠʪʤʫ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʦʠʩʢ 

ʜʠʘʧʘʟʦʥʦʚ ʪʝʤʧʝʨʘʪʫʨ ʛʨʝʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ (ht ), ʢʦʪʦʨʳʡ ʙʳ ʫʜʦʚʣʝʪʚʦʨʷʣ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ ɸɺʍʄ 

( Wt ) ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʲʝʢʪʫ ʦʭʣʘʞʜʝʥʠʷ (obt ) [8].  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ɸɺʍʄ 

ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʳ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʝʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʫʨʦʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨ ʦʭʣʘʞʜʝʥʠʷ ʚ ʠʩʧʘʨʠʪʝʣʝ ʪʨʝʙʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ ʜʘʚʣʝʥʠʷ 

oP  ʠ ʚ ʠʩʧʘʨʠʪʝʣʝ ʠ ʚ ʘʙʩʦʨʙʝʨʝ. ʈʘʚʥʦʚʝʩʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʝʧʢʦʛʦ ɺɸʈ ʚ ʘʙʩʦʨʙʝʨʝ ɸʢʨt .¡¡  ʜʦʣʞʥʘ 

ʙʳʪʴ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʦʪʚʦʜ ʪʝʧʣʦʪʳ ʘʙʩʦʨʙʮʠʠ. ʄʘʩʩʦʚʘʷ 

ʜʦʣʷ ʘʤʤʠʘʢʘ ʚ ʢʨʝʧʢʦʤ ɺɸʈ .ʢʨx¡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ oP  ʠ ɸʢʨt .¡¡ , ʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʘʙʩʦʨʙʮʠʠ ʥʝʦʙʭʦʜʠʤʘ ʥʝʢʦʪʦʨʘʷ ʟʦʥʘ ʜʝʛʘʟʘʮʠʠ ï ʨʘʟʥʦʩʪʴ ʤʘʩʩʦʚʳʭ ʜʦʣʝʡ ʘʤʤʠʘʢʘ ʚ ʢʨʝʧʢʦʤ .ʢʨx¡

ʠ ʩʣʘʙʦʤ .ʩʣx¡ɺɸʈ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʘʤʤʠʘʢʘ ʚ ʩʣʘʙʦʤ ɺɸʈ .ʩʣx¡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʟʥʘʯʝʥʠʷʤʠ ʜʘʚʣʝʥʠʷ ʢʦʥʜʝʥʩʘʮʠʠ-ʛʝʥʝʨʘʮʠʠ kP  ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʨʝʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ ht . 

ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ ɸɺʍʄ ʩʦʩʪʦʷʣ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʟʘʜʘʚʘʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʲʝʢʪʘ ʦʭʣʘʞʜʝʥʠʷ=ot  ʤʠʥʫʩ 30Áʉ; ʤʠʥʫʩ 15Áʉ; 

ʤʠʥʫʩ 5Áʉ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ obt  ʧʨʦʚʦʜʠʣʩʷ ʨʘʩʯʝʪ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ Wt  ʩ ʜʠʘʧʘʟʦʥʦʤ 

25é43 Áʉ ʩ ʰʘʛʦʤ ʚ 1 Áʉ. 

ɼʣʷ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ obt  ʠ Wt  ʧʨʦʚʦʜʠʣʩʷ ʨʘʩʯʝʪ ʢʨʘʪʥʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʩ ʧʝʨʝʤʝʥʥʦʡ ht  ʩ 

ʰʘʛʦʤ ʚ 1Áʉ. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ, ʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ 

ʨʝʞʠʤ ʨʘʙʦʪʳ ɸɺʍʄ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ, ʘ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ 

ʙʳʣʘ ʚʝʣʠʯʠʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ï ʜʝʣʘʣʩʷ ʚʳʚʦʜ, ʯʪʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʇʦʣʫʯʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ (Wt ), 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʙʲʝʢʪʘ ʦʭʣʘʞʜʝʥʠʷ (obt ) ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʨʝʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ (ht ) ʧʨʠ ʫʩʣʦʚʠʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [13]: 
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ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 5,3 %. ʉʨʝʜʥʷʷ ʧʦʛʨʝʰʥʦʩʪʴ 1,1 % 

ʉ ʫʯʝʪʦʤ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʪʠʧʘ ʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʢʣʦʚ ɸɺʍʄ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʧʨʦʩʪʦʪʳ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʧʦʩʦʙʘ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣ ʚʳʙʨʘʥ ʚʘʨʠʘʥʪ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ɸɺʍʄ ʩ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʤ ʨʘʩʪʚʦʨʦʚ ʠ ʩ ʙʫʩʪʝʨ-ʢʦʤʧʨʝʩʩʦʨʦʤ ʥʘ ʤʘʛʠʩʪʨʘʣʠ ʧʦʜʘʯʠ ʧʘʨʘ ʘʤʤʠʘʢʘ 

ʚʢʦʥʜʝʥʩʘʪʦʨ (ʨʠʩ.1) [14]. 



 

48 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ɸɺʍʄ ʩ ʧʦʜʞʠʤʘʶʱʠʤ ʙʫʩʪʝʨ-ʢʦʤʧʨʝʩʩʦʨʦʤ ʧʝʨʝʜ ʢʦʥʜʝʥʩʘʪʦʨʦʤ: 

1 ï ʛʝʥʝʨʘʪʦʨ-ʢʠʧʷʪʠʣʴʥʠʢ; 2 ï ʚʦʟʜʫʰʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ; 3 ï ʜʨʦʩʩʝʣʴ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ; 4 ï 

ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ; 5 ï ʘʙʩʦʨʙʝʨ; 6 ï ʚʦʟʜʫʰʥʳʡ ʦʭʣʘʜʠʪʝʣʴ ʩʣʘʙʦʛʦ ʨʘʩʪʚʦʨʘ; 7 ï ʥʘʩʦʩ ʢʨʝʧʢʦʛʦ 

ʨʘʩʪʚʦʨʘ; 8 ï ʜʨʦʩʩʝʣʴ ʩʣʘʙʦʛʦ ʨʘʩʪʚʦʨʘ; 9 ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʨʘʩʪʚʦʨʦʚ; 10 ï ʙʫʩʪʝʨ-ʢʦʤʧʨʝʩʩʦʨ 

 

ʈʘʙʦʪʘ ɸɺʍʄ ʩ ʙʫʩʪʝʨ-ʢʦʤʧʨʝʩʩʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɺ ʛʝʥʝʨʘʪʦʨ ʧʘʨʘ 1 ʧʦʜʘʝʪʩʷ ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ, ʥʘʧʨʠʤʝʨ, ʥʘʛʨʝʪʳʡ ʚ ʩʠʩʪʝʤʝ ʉʂ ʪʝʧʣʦʥʦʩʠʪʝʣʴ. ɺ 

ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʦʜʫ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʩʣʫʯʘʡ. 

ʅʘʛʨʝʪʘʷ ʚʦʜʘ, ʮʠʨʢʫʣʠʨʫʶ ʧʦ ʪʝʧʣʦʦʙʤʝʥʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʪʨʫʙʢʘʤ ʛʝʥʝʨʘʪʦʨʘ 2, ʧʝʨʝʜʘʝʪ 

ʪʝʧʣʦ çʢʨʝʧʢʦʤʫè ʚʦʜʦʘʤʤʠʘʯʥʦʤʫ ʨʘʩʪʚʦʨʫ (ɺɸʈ). ʀʟ ɺɸʈ ʧʨʠ ʜʘʚʣʝʥʠʠ ʈʛ ʚʳʧʘʨʠʚʘʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʝʛʢʦʢʠʧʷʱʠʡ ʢʦʤʧʦʥʝʥʪ-ʘʤʤʠʘʢ ʩ ʥʝʢʦʪʦʨʳʤʠ ʯʘʩʪʷʤʠ ʘʙʩʦʨʙʝʥʪʘ-ʚʦʜʳ. 

ʆʙʝʜʥʝʥʥʳʡ ʧʦ ʘʤʤʠʘʢʫ ɺɸʈ - çʩʣʘʙʳʡè ɺɸʈ, ʠʤʝʶʱʠʡ ʙʦʣʴʰʫʶ ʧʣʦʪʥʦʩʪʴ, ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ 

ʥʠʞʥʶʶ ʯʘʩʪʴ ʛʝʥʝʨʘʪʦʨʘ 1, ʘ ʧʘʨʦʚʘʷ ʚʦʜʦʘʤʤʠʘʯʥʘʷ ʩʤʝʩʴ ʧʦʜʥʠʤʘʝʪʩʷ ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ 

ʛʝʥʝʨʘʪʦʨʘ 1. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʦʯʠʩʪʢʘ ʧʘʨʦʚʦʡ ʩʤʝʩʠ ʟʘ ʩʯʝʪ ʨʘʟʥʦʩʪʠ 

ʥʦʨʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ ʚʦʜʳ ʠ ʘʤʤʠʘʢʘ ʧʫʪʝʤ ʨʝʢʪʠʬʠʢʘʮʠʠ ʠ ʜʝʬʣʝʛʤʘʮʠʠ. 

ʆʯʠʱʝʥʥʳʡ ʧʘʨ ʘʤʤʠʘʢʘ ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜ ʙʫʩʪʝʨ-ʢʦʤʧʨʝʩʩʦʨʘ 10, ʩʞʠʤʘʝʪʩʷ ʠ ʩ ʧʦʚʳʰʝʥʥʳʤ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʚʣʝʥʠʝʤ ʚ ʛʝʥʝʨʘʪʦʨʝ (ʈʛ),ʜʘʚʣʝʥʠʝʤ ʈʢ ʧʦʩʪʫʧʘʝʪ ʚ ʚʦʟʜʫʰʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ 2. ɺ 

ʢʦʥʜʝʥʩʘʪʦʨʝ 2 ʧʘʨ ʩʞʠʞʘʝʪʩʷ ʩ ʦʪʚʦʜʦʤ ʪʝʧʣʦʪʳ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʢ ʦʢʨʫʞʘʶʱʝʤʫ ʚʦʟʜʫʭʫ. ɾʠʜʢʠʡ 

ʘʤʤʠʘʢ ʧʦʩʣʝ ʢʦʥʜʝʥʩʘʪʦʨʘ 2 ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʜʨʦʩʩʝʣʴ 3, ʪʝʨʷʝʪ ʜʘʚʣʝʥʠʝ ʩ ʈʢ ʜʦ ʈʦ ʠ ʚ ʚʠʜʝ ʚʣʘʞʥʦʛʦ 

ʧʘʨʘ (ʩʤʝʩʠ ʧʘʨʘ ʠ ʞʠʜʢʦʩʪʠ) ʧʦʩʪʫʧʘʝʪ ʚ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʴ 4. ɺ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʝ ʞʠʜʢʠʡ ʘʤʤʠʘʢ 

ʢʠʧʠʪ ʧʨʠ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ ʈʦ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊʦ ʩ ʦʪʚʦʜʦʤ ʪʝʧʣʘ ʦʪ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ.  

ʇʦʩʪʦʷʥʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʠʩʧʘʨʠʪʝʣʝ ʈʦ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʦʪʚʦʜʘ ʧʘʨʘ ʘʤʤʠʘʢʘ ʚ ʘʙʩʦʨʙʝʨ 

5, ʛʜʝ ʦʥ ʧʦʛʣʦʱʘʝʪʩʷ ʩʣʘʙʳʤ ɺɸʈ, ʧʦʩʪʫʧʘʶʱʠʤ ʠʟ ʛʝʥʝʨʘʪʦʨʘ 1 ʯʝʨʝʟ ʜʨʦʩʩʝʣʴ 8.  

ʀʟ ʘʙʩʦʨʙʝʨʘ 5 ʥʘʩʳʱʝʥʥʳʡ ʘʤʤʠʘʢʦʤ ʢʨʝʧʢʠʡ ɺɸʈ ʧʨʠ ʧʦʤʦʱʠ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʥʘʩʦʩʘ 7 

ʧʨʝʦʜʦʣʝʚʘʝʪ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ ȹʈ = ʈʛ - ʈʦ ʠ ʧʦʩʪʫʧʘʝʪ ʚ ʛʝʥʝʨʘʪʦʨ 1 ʠ ʮʠʢʣ ɸɺʍʄ ʧʦʚʪʦʨʷʝʪʩʷ. 

ɼʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ɸɺʍʄ ʚ ʩʭʝʤʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢ 

ʨʘʩʪʚʦʨʦʚ 9, ʚ ʢʦʪʦʨʦʤ ʥʘʛʨʝʪʳʡ ʚ ʛʝʥʝʨʘʪʦʨʝ 1 ʩʣʘʙʳʡ ʨʘʩʪʚʦʨ ʦʙʤʝʥʠʚʘʝʪʩʷ ʪʝʧʣʦʤ ʩ ʢʨʝʧʢʠʤ ɺɸʈ, 

ʧʦʩʪʫʧʘʶʱʠʤ ʠʟ ʘʙʩʦʨʙʝʨʘ 5. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʘʙʩʦʨʙʝʨʘ ʚ ʩʭʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥ ʩʧʝʮʠʘʣʴʥʳʡ 

ʚʦʟʜʫʰʥʳʡ ʧʝʨʝʦʭʣʘʜʠʪʝʣʴ ʩʣʘʙʦʛʦ ʨʘʩʪʚʦʨʘ 6 ʧʝʨʝʜ ʚʭʦʜʦʤ ʚ ʘʙʩʦʨʙʝʨ 5. 

ɺ ʩʭʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚʦʟʜʫʰʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʪʝʧʣʦʨʘʩʩʝʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʨʘʙʦʪʘ 

ɸɺʍʄ ʧʣʘʥʠʨʫʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʉ ʧʦʤʦʱʴʶ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʮʠʢʣʦʚ ɸɺʍʄ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʮʠʢʣʦʚ 

ɸɺʍʄ ʩ ʧʦʜʞʠʤʘʶʱʠʤ ʙʫʩʪʝʨ-ʢʦʤʧʨʝʩʩʦʨʦʤ ʧʝʨʝʜ ʢʦʥʜʝʥʩʘʪʦʨʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ .2 ʠ ʨʠʩ. 3. 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʣ ʩʚʦʝʦʙʨʘʟʥʳʡ çʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪè (ʄʍʂ) 

ʮʠʢʣʘ ɸɺʍʄ (ɖ), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʧʦʣʝʟʥʦʛʦ ʵʬʬʝʢʪʘ (ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 
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ʭʦʣʦʜʘ) ʩ ʟʘʪʨʘʯʝʥʥʦʡ ʚ ʮʠʨʢʫʣʷʮʠʦʥʥʦʤ ʥʘʩʦʩʝ 7 ʠ ʙʫʩʪʝʨ-ʢʦʤʧʨʝʩʩʦʨʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ. ʉ 

ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʛʨʝʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʫʧʘʝʪ ʦʪ ʉʂ, ʝʝ, ʢʘʢ ʙʳ ʧʦʣʫʯʝʥʥʫʶ 

ʜʘʨʦʤ, ʤʳ ʥʝ ʫʯʠʪʳʚʘʣʠ.  

ɸʥʘʣʠʟ ʨʠʩ. 2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʝʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ ʦʪ 80Áʉ ʜʦ 

100Áʉ ʵʬʬʝʢʪʥʦʩʪʴ ɸɺʍʄ ʚʦʟʨʘʩʪʘʝʪ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ. 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠ ʩʨʘʚʥʝʥʠʝ ʮʠʢʣʘ ɸɺʍʄ ʩ ʧʦʜʞʠʤʘʶʱʠʤ ʙʫʩʪʝʨ-ʢʦʤʧʨʝʩʩʦʨʦʤ ʧʝʨʝʜ 

ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʠ ʮʠʢʣʘ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ (ʇʂʍʄ), ʨʘʙʦʪʘʶʱʝʡ ʚ ʪʦʤ ʞʝ 

ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ ʪʝʤʧʝʨʘʪʫʨ ʦʙʲʝʢʪʘ ʦʭʣʘʞʜʝʥʠʷ ʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʮʠʢʣʘ ʇʂʍʄ, ʨʘʙʦʪʘʶʱʝʛʦ ʧʦ ʠʜʝʘʣʴʥʦʤʫ ʮʠʢʣʫ ʂʘʨʥʦ, ʠ ʮʠʢʣʘ ɸɺʍʄ 

ʩ ʧʦʜʞʠʤʘʶʱʠʤ ʙʫʩʪʝʨ-ʢʦʤʧʨʝʩʩʦʨʦʤ ʧʝʨʝʜ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3. 

 

ʈʠʩʫʥʦʢ 2 ï ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʝʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʄʍʂ ʮʠʢʣʘ ɸɺʍʄ ʩ ʧʦʜʞʠʤʘʶʱʠʤ ʙʫʩʪʝʨ-

ʢʦʤʧʨʝʩʩʦʨʦʤ ʧʝʨʝʜ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʲʝʢʪʘ ʦʭʣʘʞʜʝʥʠʷ 0Áʉ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ 32Áʉ 

 

ht ,°  ˿

Wt ,°  ˿
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ʈʠʩʫʥʦʢ 3 ï ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʄʍʂ ʮʠʢʣʘ ɸɺʍʄ ʩ ʧʦʜʞʠʤʘʶʱʠʤ ʙʫʩʪʝʨ-

ʢʦʤʧʨʝʩʩʦʨʦʤ ʧʝʨʝʜ ʢʦʥʜʝʥʩʘʪʦʨʦʤʠ ʥʘ ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʜʝʘʣʴʥʦʛʦ ʮʠʢʣʘ ʂʘʨʥʦ ʇʂʍʄ: 1, 3 ï 

ʮʠʢʣ ɸɺʍʄ; 2 ï ʮʠʢʣ ʇʂʍʄ; ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʝʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ ɸɺʍʄ: 1 ï 90 Áʉ; 2 ï 100 Áʉ 

 

ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʶʪ ʤʝʩʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʫ ɸɺʍʄ ʩ ʧʦʜʞʠʤʘʶʱʠʤ ʙʫʩʪʝʨ-ʢʦʤʧʨʝʩʩʦʨʦʤ ʧʝʨʝʜ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʜʘʞʝ ʧʝʨʝʜ ʠʜʝʘʣʴ-

ʥʳʤ ʭʦʣʦʜʠʣʴʥʳʤ ʮʠʢʣʦʤ ʂʘʨʥʦ, ʥʘʯʠʥʘʷ ʩ ʫʨʦʚʥʷ ʪʝʤʧʝʨʘʪʫʨ ʛʨʝʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ 100Áʉ. ʕʥʝʨʛʝ-

ʪʠʯʝʩʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 11 ʜʦ 24%. 

ɺʳʚʦʜʳ 

1. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʮʠʢʣʦʚ ɸɺʍʄ ʠʤʝʶʪʩʷ ʨʝʞʠʤʳ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʠʘʧʘʟʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ (ʦʪ 10 

ʜʦ 32 Üʉ) ʠ ʦʙʲʝʢʪʦʚ ʦʭʣʘʞʜʝʥʠʷ (ʦʪ ʤʠʥʫʩ 25 ʜʦ ʤʠʥʫʩ 5Üʉ). ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʠʭ ʦʧʪʠʤʘʣʴʥʳʭ 

ʨʝʞʠʤʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʤʙʠʥʘʮʠʷ ʩʦʩʪʘʚʘ ʢʨʝʧʢʦʛʦ ɺɸʈ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʝʶʱʝʛʦ 

ʠʩʪʦʯʥʠʢʘ. 

2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʠ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ɸɺʍʄ ʩ ʧʦʜʞʠʤʘʶʱʠʤ ʙʫʩʪʝʨ-

ʢʦʤʧʨʝʩʩʦʨʦʤ ʧʝʨʝʜ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤ ʧʦʣʫʯʝʥʠʷ ʚʦʜ rʠʟ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ ʩ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʦʪ ʉʂ ʩ ʚʦʜʥʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. ʕʪʠ ʩʭʝʤʳ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʨʠʚʦʜ ʢʦʤʧʨʝʩʩʦʨʘ, ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʨʘʙʦʪʫ ɸɺʍʄ ʩ 

ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʘ ʦʪ 80Áʉ, ʩ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʝʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ ʦʪ 80Áʉ ʜʦ 100Áʉ 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʥʦʩʪʴ ɸɺʍʄ ʚʦʟʨʘʩʪʘʝʪ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ. 

3. ʇʨʦʚʝʜʝʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʢʣʘ ɸɺʍʄ ʩ 

ʧʦʜʞʠʤʘʶʱʠʤ ʙʫʩʪʝʨ-ʢʦʤʧʨʝʩʩʦʨʦʤ ʠ ʮʠʢʣʘ ʇʂʍʄ, ʨʘʙʦʪʘʶʱʝʡ ʧʦ ʠʜʝʘʣʴʥʦʤʫ ʮʠʢʣʫ ʂʘʨʥʦ ʚ ʪʦʤ 

ʞʝ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ ʪʝʤʧʝʨʘʪʫʨ ʦʙʲʝʢʪʘ ʦʭʣʘʞʜʝʥʠʷ ʠ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʧʦʢʘʟʘʣ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ɸɺʍʄ, ʥʘʯʠʥʘʷ ʩ ʫʨʦʚʥʷ ʪʝʤʧʝʨʘʪʫʨ ʛʨʝʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ 100Áʉ. ɺ 

ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 11 ʜʦ 24%. 
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ɺ.ɸ. ʇʦʪʘʧʦʚ, ɼ.ʇ. ʉʝʤʝʥʶʢ  

ʍʘʨʴʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʠʪʘʥʠʷ ʠ ʪʦʨʛʦʚʣʠ, ʛ. ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ 

ɽ-mail: potapov@bigmir.net; dmitriy.semeniuk@gmail.com 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʏʝʤ ʙʦʣʴʰʘʷ 

ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʪʝʤ ʤʝʥʴʰʝ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʥʴʰʝ ʩʪʝʧʝʥʴ 

ʧʦʚʨʝʞʜʝʥʠʷ ʪʢʘʥʝʡ ʧʨʦʜʫʢʪʘ, ʤʝʥʴʰʠʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʆʜʥʘʢʦ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʦʮʝʩʩʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʣʠʰʴ ʚʨʝʤʝʥʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʥʝʚʟʠʨʘʷ ʥʘ ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʉʫʱʝʩʪʚʫʶʪ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʦʨʦʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʨʘʟʥʳʭ 

ʘʚʪʦʨʦʚ. ʉʦʛʣʘʩʥʦ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʇʣʘʥʢʘ [1] ʩʨʝʜʥʷʷ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʜʣʷ ʙʳʩʪʨʦʛʦ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 5...50 ʩʤ/ʯʘʩ, ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʪʘʢʠʤ ʥʝ ʩʯʠʪʘʝʪʩʷ. 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʞʠʤʦʚ ʧʨʦʮʝʩʩʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʙʳʩʪʨʦʤʫ ʟʘʤʦʨʘʞʠʚʘʥʠʶ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʬʦʨʤʫʣʦʡ ʜʣʷ ʨʘʩʯʝʪʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʘʷ ʬʦʨʤʫʣʘ ʇʣʘʥʢʘ, ʢʦʪʦʨʘʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʦʧʠʩʳʚʘʝʪ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʮʝʥʪʨʫ ʧʨʦʜʫʢʪʘ. ʆʜʥʘʢʦ ʜʣʷ 

ʫʩʣʦʚʠʡ ʙʳʩʪʨʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʵʪʘ ʬʦʨʤʫʣʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʘ ʥʝ 

ʫʯʠʪʳʚʘʝʪ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʩʣʦʷ ʧʨʦʜʫʢʪʘ. ʀʟ ʥʝʝ ʚʳʚʝʜʝʥʘ ʬʦʨʤʫʣʘ, 

ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʢʦʥʝʯʥʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ ʟʘʤʦʨʦʞʝʥʥʦʡ ʯʘʩʪʠ ʧʨʦʜʫʢʪʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ 

ʪʝʣʘ [2], ʘ ʠʤʝʥʥʦ: 
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ʛʜʝ: Űʟʘʤ ï ʚʨʝʤʷ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʩ; q ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ, 3,35Ö10
5
 ɼʞ/ʢʛ; ɟ ï 

ʧʣʦʪʥʦʩʪʴ ʧʨʦʜʫʢʪʘ, ʢʛ/ʤ
3
; C ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʦʜʫʢʪʘ, ɼʞ/ʢʛĀʂ; R ï ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ 

ʧʨʦʜʫʢʪʘ, ʤ; ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʦʜʫʢʪʘ, ɺʪ/(ʤĀʂ); Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʜʫʢʪʘ ʢ ʦʭʣʘʞʜʘʝʤʦʡ ʩʨʝʜʝ, ɺʪ/(ʤ
2
Āʂ); tx ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ, Áʉ; tʢʨï 

ʢʨʠʦʩʢʦʧʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʘ, Áʉ; ʌ = V/(SR) ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʪʝʣʘ, ʛʜʝ V - ʦʙʲʝʤ 

ʪʝʣʘ, S ï ʧʣʦʱʘʜʴ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʪʝʣ ʧʨʦʩʪʦʡ ʬʦʨʤʳ: ʙʝʩʢʦʥʝʯʥʘʷ ʧʣʘʩʪʠʥʘ ʌ = 1, 

ʙʝʩʢʦʥʝʯʥʳʡ ʮʠʣʠʥʜʨ ʌ = 1/2, ʩʬʝʨʘ ʌ = 1/3.  

ʃʝʛʢʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʚʥʝʜʨʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʥʝ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʘʜʝʢ-

ʚʘʪʥʳʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʣʷ ʩʬʝʨʳ ʜʠʘʤʝʪʨʦʤ 2R ʠ ʜʣʷ ʢʫʙʘ ʩʦ ʩʪʦʨʦʥʦʡ 2R ʦʥ ʦʜʠʥʘʢʦʚʳʡ, ʘ ʠʤʝʥʥʦ: 
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ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʨʝʟʫʣʴʪʘʪʳ ʜʦʚʦʜʷʪ, ʯʪʦ ʩʬʝʨʘ ʜʠʘʤʝʪʨʦʤ 2R ʦʭʣʘʞʜʘʝʪʩʷ ʠ ʟʘʤʦʨʘʞʠʚʘʝʪʩʷ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʢʫʙ ʩʦ ʩʪʦʨʦʥʦʡ 2R. ʇʦʪʦʤʫ ʬʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ ʥʫʞʜʘʝʪʩʷ 

ʚ ʫʪʦʯʥʝʥʠʠ. ɺ ʪʨʫʜʝ [3] ʧʨʝʜʣʦʞʝʥ ʜʨʫʛʦʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ, ʢʦʪʦʨʳʡ 

ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʪʝʣ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ: 
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ʛʜʝ Rx, Ry, Rz ï ʨʘʟʤʝʨʳ ʪʝʣʘ ʚʜʦʣʴ ʦʩʝʡ x, y, z ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

(ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʪʝʣʘ), ʧʨʠʯʝʤ ʦʩʴ ʦʭ ʩʦʝʜʠʥʷʝʪ ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʳʝ 

ʪʦʯʢʠ ʪʝʣʘ, ʦʩʴ ʦz ï ʥʘʠʙʦʣʝʝ ʦʪʜʘʣʝʥʥʳʝ ʪʦʯʢʠ ʪʝʣʘ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 1). ʍʘʨʘʢʪʝʨʥʳʤ 

ʨʘʟʤʝʨʦʤ ʜʣʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ Rx. ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ 

ʩʦʛʣʘʩʥʦ ʩ (4) ʠʟʤʝʥʷʝʪʩʷ ʚ ʛʨʘʥʠʮʘʭ ʦʪ 1 ʜʦ 3, ɻ=1 ʦʪʚʝʯʘʝʪ ʤʝʥʝʝ ʚʩʝʛʦ ʫʧʘʢʦʚʘʥʥʳʤ ʪʝʣʘʤ 

(ʙʝʩʢʦʥʝʯʥʘʷ ʧʣʘʩʪʠʥʘ), ɻ=3 ʦʪʚʝʯʘʝʪ ʩʬʝʨʝ (ʥʘʠʙʦʣʝʝ ʫʧʘʢʦʚʘʥʥʦʝ ʪʝʣʦ). 
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ʈʠʩʫʥʦʢ 1 ï ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʦʨʤʳ ʜʣʷ ʪʝʣʘ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ 

 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʜʣʷ ʢʫʙʘ ʩʦ ʩʪʦʨʦʥʦʡ 2R ʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 

Rx=Ry=Rz=R ʨʘʚʥʷʝʪʩʷ 

72
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1 .
R

R

R

R
ʢʫʙ

=++=G ,     (5) 

ɼʣʷ ʮʠʣʠʥʜʨʘ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʨʘʜʠʫʩʘ R ʠ ʚʳʩʦʪʳ h, ʘ ʠʤʝʥʥʦ:  
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ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʮʠʣʠʥʜʨʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1é2,79. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʝʩʢʦʥʝʯʥʦ ʪʦʥʢʦʤʫ ʮʠʣʠʥʜʨʫ (Rx<<Rz; Ry<<Rz), ʥʘʠʙʦʣʴʰʝʝ ï ʮʠʣʠʥʜʨʫ ʜʣʷ ʢʦʪʦʨʦʛʦ 

Rx=Ry. ɺʳʩʦʪʘ ʪʘʢʦʛʦ ʮʠʣʠʥʜʨʘ ʧʦ ʫʨʘʚʥʝʥʠʶ (6) ʨʘʚʥʷʝʪʩʷ h=1,57R. 

ɺʚʠʜʫ ʵʪʦʛʦ, ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʯʪʦ ʫʯʠʪʳʚʘʝʪ ʦʪʤʝʯʝʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʠ ʪʝʧʣʦʝʤʢʦʩʪʴ ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʩʣʦʷ ʪʝʣʘ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʇʣʘʥʢʘ (1), ʙʝʨʝʤ ʪʝ ʞʝ ʜʦʧʫʱʝʥʠʷ, ʥʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʜʣʷ ʵʪʦʛʦ ʠʥʪʝʛʨʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 

ʩʦʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ (7), ʚ ʧʨʦʮʝʩʩʘʭ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʦʙʲʝʤʘ 

DV, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʝ ʬʨʦʥʪ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʩʣʦʡ ʟʘʤʝʨʟʰʝʛʦ ʧʨʦʜʫʢʪʘ (ʨʠʩ. 1).  

dSjdV)q(dV)tC(
SVV

ñññ -=
µ

µ
+

µ

µ

DD

r
t

r
t

,    (7) 

ʛʜʝ: j ï ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ; t ï ʪʝʢʫʱʝʝ ʚʨʝʤʷ, V - ʦʙʲʝʤ ʪʝʣʘ; S ï ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ. ʇʨʠʯʝʤ ʠʥʪʝʛʨʘʣ ʠʟ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʙʝʨʝʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ S, ʢʦʪʦʨʘʷ 

ʦʭʚʘʪʳʚʘʝʪ ʚʳʜʝʣʝʥʥʳʡ ʦʙʲʝʤ DV. 

ɺ ʫʨʘʚʥʝʥʠʠ (7) ʧʝʨʚʳʡ ʯʣʝʥ ʦʧʠʩʳʚʘʝʪ ʪʝʧʣʦʪʫ, ʢʦʪʦʨʘʷ ʠʜʝʪ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʟʘʤʝʨʟʰʝʛʦ ʩʣʦʡ 

ʧʨʦʜʫʢʪʘ, ʚʪʦʨʦʡ, ï ʚʥʫʪʨʝʥʥʠʡ ʠʩʪʦʯʥʠʢ ʪʝʧʣʦʪʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʣʘʛʠ, ʘ ʪʨʝʪʠʡ - ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, 

ʢʦʪʦʨʳʡ ʦʪʚʦʜʠʪʩʷ ʦʪ ʦʙʲʝʤʘ ʧʨʦʜʫʢʪʘ ʯʝʨʝʟ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ. ʋʨʘʚʥʝʥʠʝ (7) ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ ʜʣʷ 

ʪʝʣ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ, ʧʦʵʪʦʤʫ ʫʧʨʦʩʪʠʤ ʝʛʦ. ɼʣʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ 

ʧʦʜʠʥʪʝʛʨʘʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢʠʝ ʧʨʠʙʣʠʞʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ. ʋʯʠʪʳʚʘʷ, ʯʪʦ Rx ï 

ʥʘʠʤʝʥʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʮʝʥʪʨʫ ʧʨʦʜʫʢʪʘ, ʘ Rz ï ʥʘʠʙʦʣʴʰʝʝ, ʜʣʷ ʛʨʘʜʠʝʥʪʦʚ 

ʪʝʤʧʝʨʘʪʫʨ ʠʤʝʝʤ ʧʨʠʙʣʠʞʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ:  
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ʛʜʝ ts - ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʜʫʢʪʘ; ʭ - ʪʝʢʫʱʘʷ ʢʦʦʨʜʠʥʘʪʘ ʬʨʦʥʪʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʧʦʪʦʢ ʪʝʧʣʦʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʜʫʢʪʘ ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 3-ʛʦ ʨʦʜʘ 

ʨʘʚʥʷʝʪʩʷ 

( )
ʢʨs

sʢʨ
tt

x

tt

dx

dt
-=

-
º all .    (9) 

ʆʪʢʫʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʇʦʜʩʪʘʚʠʚ ts ʚ ʚʳʨʘʞʝʥʠʝ (8) ʧʦʣʫʯʠʤ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝʜʥʠʡ ʠʥʪʝʛʨʘʣ ʚ ʬʦʨʤʫʣʝ (7) ʨʘʚʥʷʝʪʩ ̫
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ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʤʝʝʤ ʧʨʠʙʣʠʞʝʥʥʳʝ ʦʮʝʥʢʠ ʜʣʷ ʧʝʨʚʳʭ ʜʚʫʭ ʠʥʪʝʛʨʘʣʦʚ, ʘ ʠʤʝʥʥʦ: 
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ʛʜʝ t
G
D - ʩʨʝʜʥʝʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʰʝʛʦ ʩʣʦʷ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (12) ï (14) ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ (7) ʧʨʠʦʙʨʝʪʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʨʠ 

ʫʩʣʦʚʠʠ 
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ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʠ ʫʨʘʚʥʝʥʠʝ ʇʣʘʥʢʘ (1), ʠ ʦʪʣʠʯʘʝʪʩʷ ʣʠʰʴ ʪʝʤ, 

ʢʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ɻ ʬʦʨʤʳ ʠ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ Rx. ɼʣʷ ʪʝʣ ʧʨʦʩʪʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʙʝʩʢʦʥʝʯʥʘʷ ʧʣʘʩʪʠʥʘ, ʙʝʩʢʦʥʝʯʥʳʡ ʮʠʣʠʥʜʨ, ʩʬʝʨʘ ʫʨʘʚʥʝʥʠʷ (1) ʠ (16) ʪʦʞʜʝʩʪʚʝʥʥʳ, 

ʧʦʪʦʤʫ ʯʪʦ ʌ=1/ɻ ʠ R=Rx. ʆʜʥʘʢʦ ʜʣʷ ʜʨʫʛʠʭ ʪʝʣ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ: ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʜʣʷ ʢʫʙʘ ʠ 

ʩʬʝʨʳ ʌ=1/3, ʥʦ 1/ɻʢʫʙʘ=1/2,7=0,37, ʘ 1/ɻʩʬʝʨ=r1/3, ʯʪʦ ʦʪʚʝʯʘʝʪ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʩʬʝʨʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʫʙʦʤ. 

ʉ ʫʯʝʪʦʤ (16) ʧʦʣʫʯʘʝʤ ʬʦʨʤʫʣʫ ʜʣʷ ʩʨʝʜʥʝʡ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 
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ʠʣʠ ʚ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ 
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ʛʜʝ vʟʘʤ- ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʤ/ʩ; ʘ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʤ
2
/ʩ; ʂʦ - ʯʠʩʣʦ ʂʦʩʦʚʠʯʘ, 

)tt(C

q
Ko

xʢʨ
-

= ; Bi - ʯʠʩʣʦ ɹʠʦ, 
l

aR
Bi= . 

ʃʝʚʘʷ ʯʘʩʪʴ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʤ ʯʠʩʣʦʤ ʧʦʜʦʙʠʷ, ʢʦʪʦʨʦʝ ʦʪʦʙʨʘʞʘʝʪ 

ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʢ ʩʢʦʨʦʩʪʠ ʨʘʟʚʠʪʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ 

ʟʘʤʝʨʟʰʝʤ ʩʣʦʝ ʧʨʦʜʫʢʪʘ.  

ʇʦ ʬʦʨʤʫʣʝ (18), ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʚ ʩʣʫʯʘʝ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʯʠʩʣʦ ɹʠʦ ʠ ʤʝʥʴʰʝ ʯʠʩʣʦ ʂʦʩʦʚʠʯʘ, ʪʦ ʝʩʪʴ ʯʝʤ 

ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʥʘʧʦʨ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ ï ʧʨʦʜʫʢʪ (tʢʨ-tx). 

ʅʝ ʩʣʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ɹʠʦ ʠʤʝʝʪ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʪʜʘʯʠ ʨʘʚʥʷʝʪʩʷ 

2

1

2

+

=

G

v
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.    (20) 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʦʪ ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʨʘʟʤʝʨʘ ʧʨʦʜʫʢʪʘ, ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ ʠ ʯʠʩʣʘ ʂʦʩʦʚʠʯʘ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʧʨʦʜʫʢʪʘ, 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ ʠ ʯʠʩʣʘ ʂʦʩʦʚʠʯʘ: 1 ï ɻ=1, ʂʦ=4,6; 2 ï ɻ=2, ʂʦ=4,6; 3 ï ɻ=3, ʂʦ=4,6; 4 ï ɻ=3, ʂʦ=2,3; 5 ï 

ɻ=3, ʂʦ=0,77 

 

ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʦʜʫʢʪʘ ʥʘ ʣʠʥʠʠ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʉ=2400 ɼʞ/(ʢʛÖʂ). ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥʘ ʤʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʝʞʠʤʘ 

ʙʳʩʪʨʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʟʘ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʇʣʘʥʢʘ. 

ʋʯʠʪʳʚʘʷ ʵʪʠ ʨʘʩʯʝʪʳ, ʦʪʤʝʪʠʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʨʦʜʫʢʪʘ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʨʝʞʠʤʘ ʙʳʩʪʨʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. ʇʨʠ ʪʠʧʠʯʥʦʤ ʟʥʘʯʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʘ ʚ ʩʢʦʨʦʤʦʨʦʟʠʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ tʢʨ-tx=30̄  ʉ (ʂʦ=4,6), ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʨʦʜʫʢʪʘ max(Rx)=4 ʩʤ (ʧʨʠ ɻ=3). ɺ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʨʦʜʫʢʪʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʙʳʩʪʨʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʚ ʩʫʭʦʤ ʣʴʜʫ tʢʨ-tx=78̄  ʉ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʡ 

Rx, cͣ  
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ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʧʨʦʜʫʢʪʘ max(Rx)=6,5 ʩʤ (ʢʨʠʚʘʷ 4), ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʚ ʢʠʧʷʱʝʤ ʘʟʦʪʝ 

tʢʨ-tx=195̄  ʉ, ʘ max(Rx)=10 ʩʤ (ʢʨʠʚʘʷ 5). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʞʠʤʘ ʙʳʩʪʨʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʩʚʷʟʴ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʧʨʦʜʫʢʪʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʥʝʰʥʝʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. ʀʟ 

ʫʨʘʚʥʝʥʠʷ (17) ʧʦʣʫʯʘʝʤ ʬʦʨʤʫʣʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ, 

ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʜʘʥʥʫʶ ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ vʟʘʤ ʜʣʷ ʵʪʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʜʫʢʪʘ: 
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ʆʪʤʝʪʠʤ: ʝʩʣʠ ʟʥʘʤʝʥʘʪʝʣʴ ʚ (21) ʨʘʚʥʷʝʪʩʷ ʥʫʣʶ ʠʣʠ ʩʪʘʥʦʚʠʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʪʦ ʵʪʦ 

ʟʥʘʯʠʪ, ʯʪʦ ʪʘʢʦʡ ʩʢʦʨʦʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʩʪʠʯʴ ʥʝ ʚʦʟʤʦʞʥʦ (ʟʘʜʘʥʦ ʟʘʤv  

ʙʦʣʴʰʝ ʯʝʤ max
ʟʘʤv ). 

ʅʘ ʨʠʩ. 3 ʧʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʣʷ 

ʟʘʜʘʥʥʦʛʦ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʧʨʦʜʫʢʪʘ ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 5 ʩʤ/ʯʘʩ ʜʣʷ ʪʠʧʠʯʥʳʭ ʟʥʘʯʝʥʠʡ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʣʠʥʠʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʉ=2400 ɼʞ/(ʢʛÖʂ), 

r=940 ʢʛ/ʤ3
, l=1,2 ɺʪ/(ʤÖʂ) ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʘ tʢʨ-tx=30̄  ʉ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ a, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 5 ʩʤ/ʯʘʩ, ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʧʨʦʜʫʢʪʘ Rx: 1 ï ɻ=1; 2 ï ɻ=1,5; 3 ï ɻ=2; 4 ï ɻ=2,5; 5 ï ɻ=3 

 

ʍʘʨʘʢʪʝʨ ʢʨʠʚʳʭ 1ï5 ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʡ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʩʣʝʜʫʝʪ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ. ʇʨʠʚʝʜʝʥʥʳʝ ʛʨʘʬʠʢʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʢʦʨʦʤʦʨʦʟʠʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ ʩ ʚʳʥʫʞʜʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ ʚʦʟʜʫʭʘ 

(a<100 ɺʪ/(ʤ2
Öʂ)) ʨʝʞʠʤ ʙʳʩʪʨʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʜʣʷ ʧʨʦʜʫʢʪʦʚ ʥʘʨʝʟʘʥʥʳʭ 

ʢʫʙʠʢʘʤʠ, ʙʨʫʩʦʯʢʘʤʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ Rx ¢1 ʩʤ (ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ɻ=2,5.2,6) ʠ ʜʣʷ ʰʘʨʠ-

ʢʦʚ ʨʘʜʠʫʩʦʤ ʜʦ 1,5 ʩʤ (ɻ=5). ɺ ʧʣʠʪʦʯʥʳʭ ʩʢʦʨʦʤʦʨʦʟʠʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ ʩ a=300é400 ɺʪ/(ʤ
2
Öʂ) 

ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʙʳʩʪʨʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʙʦʣʴʰʠʭ ʧʣʦʩʢʠʭ ʧʨʦʜʫʢʪʦʚ (ɻ=1) ʩ ʪʦʣʱʠʥʦʡ ʜʦ 2 ʩʤ (Rx 

¢1 ʩʤ), ʠʣʠ ʪʦʣʩʪʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʬʦʨʤʳ ɻ=2...2,5 ʩ ʪʦʣʱʠʥʦʡ ʜʦ 5,6 ʩʤ (Rx ¢2,8 ʩʤ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʠʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʙʳʩʪʨʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʜʦʣʞʥʘ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʷ, ʟʘ ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʙʳʩʪʨʦʝ 

ʟʘʤʦʨʘʞʠʚʘʥʠʝ, ʪʦ ʝʩʪʴ ʧʦ ʫʨʘʚʥʝʥʠʶ (21) ʨʘʩʩʯʠʪʳʚʘʶʪ ʥʫʞʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ 

ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʧʨʦʜʫʢʪʘ, ʘ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʱʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʦ ʫʨʘʚʥʝʥʠʶ (16) ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʠ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʠ ʜʦʤʦʨʘʞʠʚʘʥʠʝ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʨʝʞʠʤʦʚ ʙʳʩʪʨʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ, ʢʦʪʦʨʳʡ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʧʨʦʮʝʩʩʥʳʭ ʬʘʢʪʦʨʦʚ: ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

Rx, cͣ  

a, ʕ ͭκόͣ2
Ö˴) 
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ʥʘʧʦʨʘ, ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʦʙʨʘʟʮʘ, ʝʛʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʟʘʜʘʥʥʫʶ ʣʠʥʝʡʥʫʶ ʩʢʦʨʦʩʪʴ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. 
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ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʦʧʨʝʩʥʝʥʠʷ ʠ ʦʙʝʩʩʦʣʠʚʘʥʠʷ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʚʳʤʦʨʘʞʠʚʘʥʠʝ. ʂ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʪʥʦʩʷʪʩʷ ʥʠʟʢʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦʜʳ ʠʟ 

ʩʦʣʝʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʚʤʝʱʝʥʠʝ ʚ ʦʜʥʦʤ ʧʨʦʮʝʩʩʝ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʜʠʡ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ, ʫʥʠʢʘʣʴʥʦʩʪʴ 

ʩʚʦʡʩʪʚ ʚʳʤʦʨʦʞʝʥʥʦʡ ʚʦʜʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʧʨʝʩʥʝʥʥʦʡ ʚʦʜʳ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʝʝ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʝ ʚʦʜʳ ʧʝʨʝʜ ʦʧʨʝʩʥʝʥʠʝʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ 

ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ ʢʘʢ ʜʣʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʘʤʦʡ ʫʩʪʘʥʦʚʢʠ, ʪʘʢ ʠ ʜʣʷ ʜʨʫʛʠʭ ʟʘʜʘʯ ʧʨʦʠʟʚʦʜʩʪʚʘ [1ï6]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʝʩʪʴ ʠ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʧʦʢʘ ʥʝ ʫʜʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʠʪʴ. ʆʜʥʦʡ ʠʟ ʥʠʭ 

ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʩʪʝʧʝʥʴ ʦʧʨʝʩʥʝʥʠʷ ʚʦʜʳ ʠʟ-ʟʘ ʟʘʭʚʘʪʘ ʯʘʩʪʠ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʨʘʩʪʫʱʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʦʡ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʝʨʝʜ ʧʣʘʚʣʝʥʠʝʤ 

ʚʳʤʦʨʦʞʝʥʥʦʡ ʬʘʟʳ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʝʝ ʩʝʧʘʨʠʨʦʚʘʥʠʝ, ʟʘʯʘʩʪʫʶ ʵʥʝʨʛʦʝʤʢʠʡ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʨʝʩʥʷʪʴ ʚʦʜʫ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ [1ï6]. 

ʅʘ ʨʝʰʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʧʨʦʙʣʝʤʳ ʥʘʧʨʘʚʣʝʥʘ ʩʝʛʦʜʥʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʝʥʳʭ, ʠʥʞʝʥʝʨʦʚ, 

ʪʝʭʥʦʣʦʛʦʚ. ʆʙʱʝʡ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʦʚ ʠ 

ʢʦʥʩʪʨʫʢʮʠʡ ʚʳʤʦʨʘʞʠʚʘʶʱʠʭ ʫʩʪʘʥʦʚʦʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʦʧʨʝʩʥʝʥʥʦʡ 

ʚʦʜʳ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʚʝʩʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʦʡ ʮʝʣʠ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʦʧʨʝʩʥʝʥʠʷ ʚʦʜʳ ʚʳʤʦʨʘʞʠʚʘʥʠʝʤ [7, 8]. ʉʧʦʩʦʙ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʩʥʘʯʘʣʘ ʠʥʪʝʥʩʠʚʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʥʘʯʠʥʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʣʴʜʘ ʥʘ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʝ ʦʭʣʘʞʜʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʦʛʨʫʞʝʥʥʦʡ ʚ ʨʘʩʪʚʦʨ. ɼʘʣʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʨʝʟʢʦ ʫʤʝʥʴʰʘʶʪ ʧʫʪʝʤ 

ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ ʜʦ ʫʨʦʚʥʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʝʣʠʯʠʥʘ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʨʘʩʪʚʦʨʘ ʧʝʨʝʜ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʥʝʛʦ ʚʦʜʳ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,6 ... 1 Á ʉ. ʇʦʩʢʦʣʴʢʫ 

ʚʳʤʦʨʘʞʠʚʘʥʠʝ ʚʦʜʳ ʠʟ ʨʘʩʪʚʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʚ ʥʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʚʝʱʝʩʪʚ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʨʘʩʪʫʱʝʛʦ ʣʴʜʘ ï ʢ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʦ 

ʚʝʩʴ ʜʘʣʴʥʝʡʰʠʡ ʧʨʦʮʝʩʩ ʦʧʨʝʩʥʝʥʠʷ ʚʦʜʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʣʘʚʥʳʤ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ (ʨʠʩ.1). ʅʦ ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʨʝʞʥʝʡ. ʅʘ ʧʨʘʢʪʠʢʝ ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʧʨʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ ʧʦ ʟʘʜʘʥʥʦʤʫ 

ʘʣʛʦʨʠʪʤʫ, ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʦʤʫ ʜʣʷ ʨʘʩʪʚʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʚ ʥʝʤ ʚʝʱʝʩʪʚ [9]. ʊʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʙʳʣʠ ʫʯʪʝʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʧʨʝʩʥʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ.2, ʘ ʢʦʥʩʪʨʫʢʮʠʷ ʫʟʣʘ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʤʦʨʘʞʠʚʘʥʠʝ ʚʦʜʳ ʠʟ ʨʘʩʪʚʦʨʘ ï ʥʘ ʨʠʩ.3. 

ʈʘʙʦʪʘ ʫʩʪʘʥʦʚʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʝʤʢʦʩʪʴ 7, ʩ ʨʘʟʤʝʱʝʥʥʳʤʠ ʚ ʥʝʡ 

ʪʨʫʙʯʘʪʳʤʠ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘʤʠ 6, ʧʦʜʘʝʪʩʷ ʨʘʩʪʚʦʨ ʜʣʷ ʦʧʨʝʩʥʝʥʠʷ. ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ 
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ʦʭʣʘʞʜʘʝʪʩʷ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ 1 ʠ ʧʦʩʪʫʧʘʝʪ ʚ ʨʝʩʠʚʝʨ 2. ʇʨʠ ʵʪʦʤ ʦʪʚʦʜ ʪʝʧʣʦʪʳ ʦʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʭʦʣʦʜʠʣʴʥʳʤ ʘʛʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʢʠʧʠʪ ʚ 

ʠʩʧʘʨʠʪʝʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ (ʥʘ ʨʠʩ. 2 ʥʝ ʧʦʢʘʟʘʥʘ). ɼʘʣʝʝ ʯʝʨʝʟ 

ʪʨʝʭʭʦʜʦʚʦʡ ʢʣʘʧʘʥ 3 (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʧʦʣʦʞʝʥʠʷ) ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʧʦʩʪʫʧʘʝʪ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʳ 

6, ʘ ʟʘʪʝʤ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢ 1, ʠʣʠ ʤʠʥʫʷ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʳ ʩʨʘʟʫ ʜʚʠʞʝʪʩʷ ʚ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢ 1. ʎʠʨʢʫʣʷʮʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʥʘʩʦʩʘ 5 ʩ ʙʘʡʧʘʩʥʦʡ ʤʘʛʠʩʪʨʘʣʴʶ, ʥʘ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥ ʚʝʥʪʠʣʴ 4 ʜʣʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

 
 

ʈʠʩ.1 ï ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʦʧʨʝʩʥʝʥʠʷ ʚʦʜʳ ʚʳʤʦʨʘʞʠʚʘʥʠʝʤ 

 
 

1 ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ, 2 ï ʨʝʩʠʚʝʨ, 3 ï ʪʨʝʭʭʦʜʦʚʦʡ ʢʣʘʧʘʥ, 4 ï ʚʝʥʪʠʣʴ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʙʘʡʧʘʩʥʦʡ 

ʤʘʛʠʩʪʨʘʣʠ, 5 ï ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʥʘʩʦʩ, 6 ï ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʳ, 7 ï ʝʤʢʦʩʪʴ, 8 ï ʚʝʥʪʠʣʴ ʨʫʯʥʦʡ, 11 ï ʜʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʚʭʦʜʝ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʳ 6; 9 ï ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ, ʩʦʝʜʠʥʝʥʥʳʡ ʩ 

ʪʨʝʭʭʦʜʦʚʳʤ ʢʣʘʧʘʥʦʤ 3; 10 ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ. 

ʈʠʩ. 2 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʧʨʝʩʥʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʅʝʦʙʭʦʜʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨ-

ʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʦʡ, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʚ ʧʦʟʠʮʠʦʥʥʦʤ ʨʝʞʠʤʝ ʠʣʠ ʜʨʫʛʦʛʦ ʚʥʝʰʥʝʛʦ 

ʠʩʪʦʯʥʠʢʘ ʭʦʣʦʜʘ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʚ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ 

ʫʧʨʘʚʣʝʥʠʷ 10 ʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʨʝʭʭʦʜʦʚʦʛʦ ʢʣʘʧʘʥʘ 3 ʩ ʧʦʤʦʱʴʶ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ 9. 
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ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚʦʜʳ ʠʟ ʨʘʩʪʚʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʪʨʫʙʯʘʪʳʭ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʚ, ʛʝʨʤʝʪʠʯʝʩʢʠ ʟʘʢʨʝʧʣʝʥʥʳʭ ʚ ʜʥʠʱʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʝʤʢʦʩʪʠ ʜʣʷ ʨʘʩʪʚʦʨʘ (ʨʠʩ.3). ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʢʘʞʜʳʡ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʪʨʫʙʢʠ ʌʠʣʴʜʘ. 

ʆʪʚʦʜ ʪʝʧʣʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʭʣʘʜʦʥʦʩʠʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʢʦʨʦʩʪʴʶ 

ʜʚʠʞʝʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ. ʉʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦʜʦʙʨʘʥʘ 

ʪʘʢʦʡ, ʯʪʦʙʳ ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʣʘ ʠʟʦʪʝʨʤʠʯʥʠʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʧʦ ʚʳʩʦʪʝ. ʇʦʜʘʯʘ ʠ 

ʦʪʚʦʜ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʦʩʫʱʝʩʪ-

ʚʣʷʝʪʩʷ ʩʥʠʟʫ. ʉʣʠʚ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟ 

ʝʤʢʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʢʨʘʥ ʚ ʜʥʠʱʝ ʝʤʢʦʩʪʠ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʳʤʦʨʘʞʠʚʘʥʠʷ ʚʦ-

ʜʳ ʠʟ ʨʘʩʪʚʦʨʘ ʢʦʥʮʝʥʪʨʘʪ ʩʣʠʚʘʶʪ ʚ ʥʘʢʦʧʠʪʝʣʴʥʫʶ 

ʝʤʢʦʩʪʴ, ʘ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ ʧʦʜʘʶʪ ʭʣʘʜʦʥʦʩʠʪʝʣʴ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ, ʥʘ 1...2Áʉ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘ-

ʥʠʷ ʨʘʩʧʣʘʚʘ ʣʴʜʘ ʜʣʷ ʧʦʜ ʧʣʘʚʣʝʥʠʷ ʧʨʠʣʝʛʘʶʱʝʛʦ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʩʣʦʷ ʚʳʤʦʨʦʞʝʥʥʦʡ 

ʬʘʟʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʝʥʥʳʡ ʙʣʦʯʥʦ-ʪʨʫʙʯʘʪʳʡ ʣʝʜ 

ʫʜʘʣʷʶʪ ʠʟ ʫʩʪʘʥʦʚʢʠ ʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʦʮʝʩʩ ʝʛʦ 

ʧʣʘʚʣʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʨʝʩʥʝʥʥʦʡ ʚʦʜʳ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʦʧʨʝʩʥʝʥʠʷ ʚʦʜʳ, ʝʩʣʠ 

ʥʝʦʙʭʦʜʠʤʦ, ʧʝʨʝʜ ʧʣʘʚʣʝʥʠʝʤ ʚʳʤʦʨʦʞʝʥʥʦʡ ʬʘʟʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʝʝ ʚʳʜʝʨʞʢʘ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʚ ʝʤʢʦʩʪʠ ʩ ʮʝʣʴʶ ʩʪʝʢʘʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ 

ʦʩʪʘʪʢʦʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ.  

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ ʚ ʧʨʦʮʝʩʩʝ 

ʦʧʨʝʩʥʝʥʠʷ ʚʳʤʦʨʘʞʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʭʘʨʘʢ-

ʪʝʨ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ ʨʘʩʪʚʦʨʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʥʝʤ 

ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʧʝʨʝʤʝʥ-

ʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ 

ʥʘ ʫʩʣʦʚʠʷ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʙʤʝʥʘ ʚ ʨʘʩʪʚʦʨʝ. ʇʦʵʪʦʤʫ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʥʝʦʙʭʦʜʠʤʦ 

ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʣʘ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʦʩʦʙʘ ʠ 

ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʦʪʦʙʨʘʞʘʣʘ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʩʚʷʟʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʦʚʢʠ ʠ ʧʨʦʮʝʩʩʘ ʩʦ 

ʩʚʦʡʩʪʚʘʤʠ ʨʘʩʪʚʦʨʘ ʠ ʫʩʣʦʚʠʷʤʠ ʚʳʤʦʨʘʞʠʚʘʥʠʷ ʠʟ ʥʝʛʦ ʚʦʜʳ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʪʜʘʯʠ ʠʟ ʦʧʨʝʩʥʷʝʤʦʛʦ ʚʳʤʦʨʘʞʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʚʳʤʦʨʘʞʠʚʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪ ʢʨʠʪʝʨʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʚʠʜʘ: ( )mn dLA Pr)Gr(Nu ÖÖ=  ï ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʡʢʦʥʚʝʢʮʠʠ ʠ 
cmn ʂA ÖÖÖ= PrReNu  ï ʜʣʷ 

ʚʳʥʫʞʜʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ [10ï13]. ʆʜʥʘʢʦ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʧʦʛʨʝʰʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʠʭ ʥʝ 

ʫʯʪʝʥʦ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʨʘʩʪʚʦʨʘ ʢʘʢ ʜʚʠʞʫʱʘʷ ʩʠʣʘ ʧʨʦʮʝʩʩʘ [6], ʘ ʪʘʢʞʝ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʨʘʩʪʚʦʨʘ ʢ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʬʘʟʦʚʦʤ 

ʧʝʨʝʭʦʜʝ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʙʳ ʫʯʠʪʳʚʘʣʘ ʦʪʤʝʯʝʥʥʳʝ ʚʳʰʝ ʬʘʢʪʦʨʳ, ʤʳ ʪʘʢʞʝ 

ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʦʨʠʝʡ ʧʦʜʦʙʠʷ ʠ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʨʘʟʤʝʨʥʦʩʪʝʡ. ɿʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʷʚʣʷʝʪʩʷ 

ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʨʘʩʪʚʦʨʘ ʢ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʆʙʱʠʡ ʚʠʜ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

 
( )TrgɚʩɛɟdLdfŬ ʬʨʬʢʨʢʨʢʨ DDD=¡¡ ,,,,,,,,,,, ʨ

ʨ
ʨʨʨ r ,  (1) 

ʠʣʠ, ʩʛʨʫʧʧʠʨʦʚʘʚ ʦʪʜʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʚ ʢʦʤʧʣʝʢʩʳ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʫ ʧʝʨʝʤʝʥʥʳʭ, 

ʠ ʩ ʫʯʝʪʦʤ, ʯʪʦ Tʩh ʨDÖ=D ʨ
, ʪʘʢ 

ʈʠʩ. 3 ï ɽʤʢʦʩʪʴ ʜʣʷ ʦʧʨʝʩʥʷʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʩ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘʤʠ 

˽͍ͦ͒ͦ͒ 

͔͙͔ͭͨͦͤͦͫͭ͡

͡Ύ 
˻͍ͭͦ͒ ͔͙͔ͭͨͦͤͦͫͭ͡͡Ύ 
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(2) 

ʉʧʠʩʦʢ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ.1. ɺʩʝ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʩʦʜʝʨʞʘʪ ʯʝʪʳʨʝ 

ʦʩʥʦʚʥʳʭ ʨʘʟʤʝʨʥʦʩʪʠ: ʜʣʠʥʫ (L), ʤʘʩʩʫ (M), ʪʝʤʧʝʨʘʪʫʨʫ (ʊ) ʠ ʚʨʝʤʷ (Q). ʇʦʣʴʟʫʷʩʴ ʘʥʘʣʠʟʦʤ 
ʨʘʟʤʝʨʥʦʩʪʝʡ, ʟʘʤʝʥʠʤ ʵʪʫ ʬʫʥʢʮʠʶ ʟʘʚʠʩʠʤʦʩʪʴʶ ʤʝʞʜʫ ʢʨʠʪʝʨʠʷʤʠ ʧʦʜʦʙʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʯʠʩʣʦ ʧʝʨʝʤʝʥʥʳʭ n = 10, ʯʠʩʣʦ ʠʭ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ m = 4. ʊʦʛʜʘ, ʩʦʛʣʘʩʥʦ ˊ-ʪʝʦʨʝʤʝ ʯʠʩʣʦ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʧʨʦʮʝʩʩ, ʙʫʜʝʪ ʨʘʚʥʷʝʪʩʷ (n - m) = 6. 

ʇʨʝʜʩʪʘʚʠʤ ʠʩʭʦʜʥʫʶ ʬʫʥʢʮʠʶ (2) ʚ ʚʠʜʝ ʩʪʝʧʝʥʠ: 
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ʇʦʣʫʯʠʤ ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, 
ʢʨ

ʢʨ

d

L
ʂ=1

, 
ʢʨ

ʢʨ

d
ʂ

D
=1

 

ʠ ʯʠʩʣʦ ʉʪʝʬʘʥʘ 
h

r
Ste ʬ

D
= . 

 
ʊʘʙʣʠʮʘ 1 ï ʉʧʠʩʦʢ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

 

ʇʘʨʘʤʝʪʨ ʉʠʤʚʦʣ ʈʘʟʤʝʨʥʦʩʪʴ 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʨʘʩʪʚʦʨʘ ʢ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʨ¡¡Ŭ  13 --ÖÖ TM q  

ɼʠʘʤʝʪʨ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ 
ʢʨd  M  

ɺʳʩʦʪʘ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ 
ʢʨL  M  

ʐʘʛ ʨʘʟʤʝʱʝʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʚ 
ʢʨD  M  

ɼʠʘʤʝʪʨ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʡ ʬʘʟʳ  
ʬd  M  

ʇʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ 
ʨɟ 

3-ÖLM  

ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ 
ʨɛ 

11 --ÖÖ qLM  

ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʨʘʩʪʚʦʨʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ  ʨ
ʨʩ  

122 --ÖÖ TL q  

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʩʪʚʦʨʘ 
ʨɚ TLM ÖÖÖ -3q  

ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g  2-ÖqL  

ʀʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ rD  3-ÖLM  

ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 
ʬr  

22 -ÖqL  

ʀʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʨʘʩʪʚʦʨʘ hD
 

22 -ÖqL
  

ʉʣʦʞʠʤ ʫʨʘʚʥʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʝʡ ʙʝʟ ʫʯʝʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʝʡ ʘ, b ʪʘ ʩ: 
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ÖQ 2332

2

33
. (4) 

ɼʣʷ ʫʨʘʚʥʝʥʠʷ (4) ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʥʦʩʪʝʡ ʠʤʝʝʪ ʚʠʜ: 

 
 d e f g h i j 

M  1  1 1 1  

L 1 1 2 -3 -1 -3 1 

Q  -3 -3  -1  -2 

T  ï1 ï1     
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ʉʣʦʞʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʩʥʦʚʥʳʭ ʝʜʠʥʠʮ: 

 
M: 1= e + g + h + i 

(5) 
L:  0 = d + e + 2 f ï 3g ï h -3i +j  

Q: ï 3 = ï3e ï 2 f ï h -2j  

T: ï 1 = ï f ï h 

 

ɺ ʩʠʩʪʝʤʝ (5) ʠʟ ʯʝʪʳʨʝʭ ʫʨʘʚʥʝʥʠʷʭ ʝʩʪʴ 7 ʧʝʨʝʤʝʥʥʳʭ. ʇʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (5) 

ʤʦʞʥʦ ʨʝʰʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʝʪʳʨʝʭ ʣʶʙʳʭ ʚʝʣʠʯʠʥ, ʙʝʨʷ ʪʨʠ ʜʨʫʛʠʭ ʚʝʣʠʯʠʥʳ ʟʘʜʘʥʥʳʤʠ. ʈʝʰʠʤ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (5) ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʤʝʥʥʳʭ d, e, f ʠ g, ʩʯʠʪʘʷ ʟʘʜʘʥʥʳʤʠ ʚʝʣʠʯʠʥʳ h, j ʠ j. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 

d = 3j ï1 

 ʝ = 1- 2j ï h  (6) 

f = h + 2j  

g =2j ï i  

ʀʩʧʦʣʴʟʫʷ ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ d, ʝ, f ʠ h ʩ ʫʯʝʪʦʤ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʝʡ ʘ, b ʠ ʩ, 

ʧʝʨʝʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ (3) ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ʉʛʨʫʧʧʠʨʦʚʘʚ ʦʪʜʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ, ʧʦʣʫʯʠʤ: 
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, ʧʦʣʫʯʠʤ: 

 
bacfj ʂʂC 21StePrGrNu ÖÖÖÖÖ= . (7) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʨʘʟʤʝʨʥʦʩʪʝʡ ʧʦʣʫʯʝʥʘ ʢʨʠʪʝʨʠʘʣʴʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ (7) ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʨʘʩʪʚʦʨʘ ʢ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ ʚʝʣʠʯʠʥʳ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʠ ʰʘʛʘ ʨʘʟʤʝʱʝʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʝʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉ ʚ ʫʨʘʚʥʝʥʠʠ (7) ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʦʙʦʙʱʝʥʠʝ 

ʚʳʧʦʣʥʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʝʞʠʤʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʨʦʮʝʩʩ ʪʝʧʣʦʦʪʜʘʯʠ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʦʣʦʜʠʣʴʥʳʤ ʘʛʝʥʪʘʤ ʚ ʯʘʩʪʠ ʦʟʦʥʦʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ 

ʚʢʣʘʜʘ ʚ çʧʘʨʥʠʢʦʚʳʡè ʵʬʬʝʢʪ [1] ʦʪʢʨʳʚʘʶʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʭʦʣʦʜʠʣʴʥʳʭ ʧʨʠʙʦʨʦʚ 

ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʪʠʧʘ (ɸʍʇ), ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʭʦʣʦʜʠʣʴʥʳʡ ʘʛʨʝʛʘʪ (ɸʍɸ), 

ʨʘʙʦʪʘʶʱʠʭ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʚʦʜʦʘʤʤʠʘʯʥʳʤ ʨʘʩʪʚʦʨʦʤ (ɺɸʈ) ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ. ɸʍʇ 

ʙʝʩʰʫʤʥʳ ʠ ʥʘʜʝʞʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ, ʨʘʙʦʪʘʶʪ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ [2,3,4]. 

ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ, ʩʜʝʨʞʠʚʘʶʱʠʡ ʠʭ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ï ʥʠʟʢʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʬʠʟʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʭʦʣʦʜʠʣʴʥʦʛʦ ʮʠʢʣʘ. ʕʪʦʪ ʬʘʢʪʦʨ ʥʝ 

ʪʦʣʴʢʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ, ʩʪʦʠʤʦʩʪʥʳʝ 

ʟʘʪʨʘʪʳ, ʥʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʢʣʘʜ ʚ çʧʘʨʥʠʢʦʚʳʡè ʵʬʬʝʢʪ [5]. 

ɸʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʫʩʧʝʭ ʧʨʠ ʤʠʥʠ-

ʤʫʤʝ ʟʘʪʨʘʪ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ɸʍʇ [6]. 

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ [7[, ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʟʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ɸʍʇ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ï ʦʪ ʧʣʶʩ 10 ʜʦ ʧʣʶʩ 18Áʉ. ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʤʦʤʝʥʪʘʤʠ. 

ɺʦ-ʧʝʨʚʳʭ, ʚʳʭʦʜ ʥʘ ʨʘʙʦʯʠʡ ʨʝʞʠʤ ʩʚʷʟʘʥ ʩ ʥʘʛʨʝʚʦʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ɸʍɸ ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʪʝʩʥʝʥʠʷ ʠʟ ʥʠʭ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʧʦʪʦʢʦʤ ʘʤʤʠʘʯʥʦʛʦ ʧʘʨʘ. ɼʠʥʘʤʠʯʝʩʢʠʡ ʥʘʧʦʨ ʧʘʨʦʚʦʛʦ ʧʦʪʦʢʘ 

ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʭʦʜʘ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʘʨʘ, ʪ. ʝ. ʦʪ ʧʦʜʚʦʜʠʤʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚ ʛʝʥʝʨʘʪʦʨ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʘʨʘ. ʇʦʵʪʦʤʫ, ʯʝʤ ʙʦʣʴʰʝ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʚ ʛʝʥʝʨʘʪʦʨʝ 

ɸʍɸ, ʪʝʤ ʙʦʣʴʰʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʘʨʘ, ʘ ʯʝʤ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʘʨʦʚʳʭ ʤʘʛʠʩʪʨʘʣʝʡ, ʪʝʤ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘ ʙʫʜʝʪ ʢʦʥʜʝʥʩʠʨʦʚʘʪʴʩʷ ʠ ʚʦʟʚʨʘʱʘʪʴʩʷ (ʩʪʝʢʘʪʴ) ʦʙʨʘʪʥʦ ʚ ʛʝʥʝʨʘʪʦʨ.  

ɺʦ-ʚʪʦʨʳʭ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʳʭʦʜʘ ʥʘ ʨʘʙʦʯʠʡ ʨʝʞʠʤ ɸʍɸ ʙʫʜʝʪ ʪʘʢʞʝ ʟʘʚʠʩʝʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ʇʨʠʯʝʤ, ʯʝʤ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʪʝʤ ʙʦʣʴʰʝ ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʪʨʘʪʠʪʴ ʚʨʝʤʝʥʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʥʘʛʨʝʚʘ ʵʣʝʤʝʥʪʦʚ ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ɸʍɸ.  

ɺ-ʪʨʝʪʴʠʭ, ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʧʘʨʦʚʦʡ ʩʤʝʩʠ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʜʝʬʣʝʛʤʘʪʦʨʘ, ʘ ʜʘʣʴʰʝ ʧʦ ʜʝʬʣʝʛʤʘʪʦʨʫ ʜʚʠʞʝʪʩʷ ʧʦʪʦʢ ʯʠʩʪʦʛʦ 

ʘʤʤʠʘʢʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʨʷʜʢʘ 50Üʉ. ɺʳʩʦʢʘʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʧʦʪʦʢʦʤ ʧʘʨʘ ʘʤʤʠʘʢʘ ʠ 

ʥʘʨʫʞʥʳʤ ʚʦʟʜʫʭʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ ʯʘʩʪʠʯʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʘ. ʂʦʥʜʝʥʩʘʪ ʩʪʝʢʘʝʪ ʦʙʨʘʪʥʦ ʚ ʛʝʥʝʨʘʪʦʨ, 

ʯʪʦ ʩʥʠʞʘʝʪ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʧʘʨʠʪʝʣʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɸʍɸ. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʠʢʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ 

ʩʥʠʞʘʶʪʩʷ ʪʝʧʣʦʧʨʠʪʦʢʠ ʚ ʭʦʣʦʜʠʣʴʥʫʶ ʢʘʤʝʨʫ (ʍʂ) ʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚ ʢʘʤʝʨʘʭ ʪʨʝʙʫʝʪʩʷ ʠ ʤʝʥʴʰʘʷ ʚʝʣʠʯʠʥʘ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʩʧʘʨʠʪʝʣʷ ɸʍɸ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɸʍɸ ʨʘʙʦʪʘʝʪ ʤʝʥʴʰʝʝ ʚʨʝʤʷ, ʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʥʝʨʘʙʦʯʝʛʦ ʧʝʨʠʦʜʘ ʚʦʟʨʘʩʪʘʝʪ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʥʝʨʘʙʦʯʝʛʦ ʧʝʨʠʦʜʘ ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʛʠʩʪʨʘʣʠ ɸʍɸ ʦʭʣʘʞʜʘʶʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʜʣʷ ʠʭ ʥʘʛʨʝʚʘ ʧʦʪʨʝʙʫʶʪʩʷ ʝʱʝ ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʚ ʛʝʥʝʨʘʪʦʨʝ. 

ʅʘ ʨʠʩ.1. ʧʨʠʚʝʜʝʥ ʦʙʱʠʡ ʚʠʜ ɸʍʇ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʫʧʨʘʚʣʝʥʠʷ. ʍʦʣʦʜʠʣʴʥʠʢ ʩʦʩʪʦʠʪ ʠʟ ʍʂ, ʚʳʧʦʣʥʝʥʥʦʡ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʦʛʦ 
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ʰʢʘʬʘ 1 ʩ ʧʝʨʝʜʥʝʡ ʜʚʝʨʴʶ 2 ʠ ɸʍɸ 3, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʟʘʜʥʝʡ ʩʪʝʥʢʝ ʰʢʘʬʘ 1. ʅʘ ʨʠʩ.2. ʧʨʠʚʝʜʝʥ 

ʦʙʱʠʡ ʚʠʜ ɸʍɸ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ. ʅʘ ʨʠʩ.3. ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ. 

 
 

ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʧʨʠʙʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʡ 

ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ: 1 ï ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʳʡ ʰʢʘʬ; 2 - ʧʝʨʝʜʥʷʷ ʜʚʝʨʴ; 3 ï ɸʍɸ 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʆʙʱʠʡ ʚʠʜ ɸʍɸ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ: 4 ï ʛʝʥʝʨʘʪʦʨ; 5 ï ʜʝʬʣʝʛʤʘʪʦʨ; 6 ï 

ʢʦʥʜʝʥʩʘʪʦʨ; 7 ï ʠʩʧʘʨʠʪʝʣʴ; 8 ï ʨʝʛʝʥʝʨʘʪʠʚʥʳʡ ʞʠʜʢʦʩʪʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ (ʈɾʊʆ); 9 ï ʘʙʩʦʨʙʝʨ; 10 ï 

ʨʝʛʝʥʝʨʘʪʠʚʥʳʡʪʨʝʭʧʦʪʦʯʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ (ʈʊʇʊʆ); 11, 12 - ʧʦʜʲʝʤʥʳʡ ʠ ʦʧʫʩʢʥʦʡ ʢʘʥʘʣʳ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ; 

13 ï ʢʘʥʘʣ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ; 14 ï ʢʘʥʘʣ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ; 15 - ʩʠʩʪʝʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ (ʉʈɼ) 

 

ɸʍɸ 3  ʩʦʜʝʨʞʠʪ: ʛʝʥʝʨʘʪʦʨ 4; ʜʝʬʣʝʛʤʘʪʦʨ 5; ʢʦʥʜʝʥʩʘʪʦʨ 6; ʠʩʧʘʨʠʪʝʣʴ 7; ʈʊʈ 8; ʘʙʩʦʨʙʝʨ 9; 

ʈʊʇɻʉ 10; ʢʘʥʘʣʳ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ (ʇɻʉ) ï ʧʦʜʲʝʤʥʳʡ 11 ʠ ʦʧʫʩʢʥʦʡ 12; ʢʘʥʘʣ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ 

13; ʢʘʥʘʣ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ 14; ʩʠʩʪʝʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ (ʉʈɼ) 15. ʀʩʧʘʨʠʪʝʣʴ 7 ʩ 

ʘʙʩʦʨʙʝʨʦʤ 9, ʈʊʇɻʉ 10, ʧʦʜʲʝʤʥʳʤ 11 ʠ ʦʧʫʩʢʥʳʤ 12 ʢʘʥʘʣʘʤʠ ʦʙʨʘʟʫʶʪ ʢʦʥʪʫʨ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ (ʂɽʎ) 16, ʧʨʠʯʝʤ ʚ ʂɽʎ 16 ʵʣʝʤʝʥʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʷʨʫʩʥʦ ï ʩʚʝʨʭʫ ʠʩʧʘʨʠʪʝʣʴ 7, ʚ 

ʩʝʨʝʜʠʥʝ ʈʊʇɻʉ 10, ʘ ʚʥʠʟʫ ï ʘʙʩʦʨʙʝʨ 9. 

ʉʈɼ 15  ʩʦʜʝʨʞʠʪ ʢʦʤʧʨʝʩʩʦʨ ʛʘʟʘ 17; ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 18; ʟʘʧʦʨʥʳʡ ʚʝʥʪʠʣʴ 19; ʨʝʩʠʚʝʨ ʛʘʟʘ 

20; ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ 21; ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ 22; ʫʧʨʘʚʣʷʶʱʠʡ ʙʣʦʢ ʉʈɼ 23; ʙʣʦʢ ʧʠʪʘʥʠʷ 24; 

ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 25, ʥʘʧʨʠʤʝʨ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ (ʊʕɻ) ʩ çʭʦʣʦʜʥʳʤè 26 

ʠ çʛʦʨʷʯʠʤè 27 ʩʧʘʷʤʠ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʉʈɼ 15 ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʠʣʦʚʳʤʠ 

ʤʘʛʠʩʪʨʘʣʷʤʠ 28-31. 
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ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ: 14 ï ʢʘʥʘʣ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʜʘʚʣʝʥʠʷ; 15 ï ʉʈɼ; 17 ï ʩʦʜʝʨʞʠʪ ʢʦʤʧʨʝʩʩʦʨ ʛʘʟʘ; 18 ï ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ; 19 ï ʟʘʧʦʨʥʳʡ ʚʝʥʪʠʣʴ; 20 ï ʨʝʩʠʚʝʨ 

ʛʘʟʘ; 21 ï ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ; 22 ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ; 23 ï ʫʧʨʘʚʣʷʶʱʠʡ ʙʣʦʢ ʉʈɼ; 24 ï ʙʣʦʢ ʧʠʪʘʥʠʷ; 25 ï 

ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, 26, 27 ï ʭʦʣʦʜʥʳʡ ʠ ʛʦʨʷʯʠʡ ʩʧʘʠ; 28 -31 ʩʠʣʦʚʳʝ ʤʘʛʠʩʪʨʘʣʠ 

  

ɻʝʥʝʨʘʪʦʨ 4 (ʨʠʩ. 2) ʩʚʦʝʡ ʚʝʨʭʥʝʡ ʯʘʩʪʴʶ ʩʚʷʟʘʥ ʩ ʜʝʬʣʝʛʤʘʪʦʨʦʤ 5, ʘ ʩʚʦʝʡ ʥʠʞʥʝʡ ʯʘʩʪʴ ʯʝʨʝʟ 

ʈʊʈ 8 ï ʩ ʘʙʩʦʨʙʝʨʦʤ 9. ɺʳʭʦʜ ʜʝʬʣʝʛʤʘʪʦʨʘ 5 ʩʚʷʟʘʥ ʩʦ ʚʭʦʜʦʤ ʢʦʥʜʝʥʩʘʪʦʨʘ 6. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʢʦʥʜʝʥʩʘʪʦʨ 6 ʩʚʷʟʘʥ ʯʝʨʝʟ ʈʊʇɻʉ 10 ʩ ʠʩʧʘʨʠʪʝʣʝʤ 7 ʧʨʠ ʧʦʤʦʱʠ ʢʘʥʘʣʘ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ 13. 

ʇʦʜʲʝʤʥʳʡ ʢʘʥʘʣ 11 ʩʚʷʟʘʥ ʩ ʉʈɼ 15 ʢʘʥʘʣʦʤ 14. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢʘʥʘʣ 14 ʩʚʷʟʘʥ ʩʦ ʚʩʘʩʳʚʘʶʱʝʡ 

ʩʪʦʨʦʥʦʡ ʢʦʤʧʨʝʩʩʦʨʘ 17 (ʨʠʩ.3) ʠ ʟʘʧʦʨʥʳʤ ʚʝʥʪʠʣʝʤ 19. ʅʘʛʥʝʪʘʪʝʣʴʥʘʷ ʩʪʦʨʦʥʘ ʢʦʤʧʨʝʩʩʦʨʘ 17 

ʯʝʨʝʟ ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 18 ʩʚʷʟʘʥʘ ʩ ʨʝʩʠʚʝʨʦʤ ʛʘʟʘ 20. ʈʝʩʠʚʝʨ ʛʘʟʘ 20 ʩʚʷʟʘʥ ʩ ʢʘʥʘʣʦʤ 14 ʯʝʨʝʟ 

ʟʘʧʦʨʥʳʡ ʚʝʥʪʠʣʴ 19. ʅʘ ʤʘʛʠʩʪʨʘʣʠ, ʩʚʷʟʳʚʘʶʱʝʡ ʨʝʩʠʚʝʨ ʛʘʟʘ 20 ʠ ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 19, ʫʩʪʘʥʦʚʣʝʥ 

ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ 21, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥ ʩ ʫʧʨʘʚʣʷʶʱʠʤ ʙʣʦʢʦʤ ʉʈɼ 23. ʋʧʨʘʚʣʷʶʱʠʡ 

ʙʣʦʢ ʉʈɼ 23 ʩʚʷʟʘʥ ʠ ʩ ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 22, ʢʦʪʦʨʳʡ ʢʦʥʪʨʦʣʠʨʫʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ. ɹʣʦʢ ʧʠʪʘʥʠʷ 24 ʩʚʷʟʘʥ ʧʨʠ ʧʦʤʦʱʠ ʩʠʣʦʚʦʡ ʤʘʛʠʩʪʨʘʣʠ 31 ʩ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ 25, ʥʘʧʨʠʤʝʨ, ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ (ʊʕɻ), ʢʦʪʦʨʳʡ ʠʤʝʝʪ çʭʦʣʦʜʥʳʡè 26 ʠ 

çʛʦʨʷʯʠʡè 25 ʩʧʘʠ. çʍʦʣʦʜʥʳʡè ʩʧʘʡ 26 ʩʚʷʟʘʥ ʚ ʪʝʧʣʦʚʦʤ ʦʪʥʦʰʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʩ ʥʘʨʫʞʥʳʤ 

ʚʦʟʜʫʭʦʤ, ʘ çʛʦʨʷʯʠʡè ʩʧʘʡ 25 ï ʩ ʛʝʥʝʨʘʪʦʨʦʤ 4. ʇʦʜʘʯʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʨʘʙʦʪʳ ʙʣʦʢʘ 23, ʟʘʧʦʨʥʦʛʦ ʚʝʥʪʠʣʷ 19 ʠ ʢʦʤʧʨʝʩʩʦʨʘ 17, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʙʣʦʢʘ ʧʠʪʘʥʠʷ 24 ʧʦ 

ʤʘʛʠʩʪʨʘʣʷʤ 28, 29 ʠ 31, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɸʍɸ 3 ʟʘʧʦʣʥʝʥ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʤ ʨʘʙʦʯʠʤ ʪʝʣʦʤ ï ʞʠʜʢʠʤ ɺɸʈ ʠ ʚʦʜʦʨʦʜʦʤ. ɾʠʜʢʠʡ ɺɸʈ 

ʟʘʥʠʤʘʝʪ ʥʠʞʥʶʶ ʯʘʩʪʴ ɸʍɸ 3 ï ʧʦʣʥʦʩʪʴʶ ʈʊʈ 8 ʠ ʯʘʩʪʠʯʥʦ ʛʝʥʝʨʘʪʦʨ 1. ɺʦʜʦʨʦʜ ʚ ʥʝʨʘʙʦʯʝʤ 

ʩʦʩʪʦʷʥʠʠ ʧʦʣʥʦʩʪʴʶ ʟʘʥʠʤʘʝʪ ʜʝʬʣʝʛʤʘʪʦʨ 5, ʢʦʥʜʝʥʩʘʪʦʨ 6, ʠʩʧʘʨʠʪʝʣʴ 7, ʘʙʩʦʨʙʝʨ 9, ʈʊʇɻʉ 10. 

ɺ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ɸʍɸ 3 ʟʘ ʩʯʝʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʧʦʪʦʢʘ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʘʨʘ, ʚʦʜʦʨʦʜ 

ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʷʝʪʩʷ ʠʟ ʦʙʲʝʤʘ ʛʝʥʝʨʘʪʦʨʘ 4 ʠ ʜʝʬʣʝʛʤʘʪʦʨʘ 5. ɺ ʜʝʬʣʝʛʤʘʪʦʨʝ 5 ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʚʳʩʦʢʦʢʠʧʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ï ʧʘʨʘ ʚʦʜʳ. ɺ ʨʘʙʦʯʝʤ 

ʨʝʞʠʤʝ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ 6 ʨʘʩʧʦʣʦʞʝʥʘ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʧʘʨʦʚʦʛʦ ʧʦʪʦʢʘ ʘʤʤʠʘʢʘ ʠ ʚʦʜʦʨʦʜʘ. ɻʨʘʥʠʮʘ 

ʨʘʟʜʝʣʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʢʦʥʜʝʥʩʘʪʦʨʘ 6 ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʭʦʣʦʜʠʣʴʥʠʢʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʫʭʫʜʰʘʶʪʩʷ ʫʩʣʦʚʠʷ 

ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ ʜʝʬʣʝʛʤʘʪʦʨʘ 5 ʠ ʢʦʥʜʝʥʩʘʪʦʨʘ 6. ʇʨʠ ʥʝʠʟʤʝʥʥʦʡ ʧʦʜʚʦʜʠʤʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ 

ʛʝʥʝʨʘʪʦʨʘ 4 ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʧʦʨ ʧʘʨʘ ʘʤʤʠʘʢʘ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ, ʠ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʙʫʜʝʪ ʩʤʝʱʘʪʴʩʷ ʢ 

ʚʳʭʦʜʥʦʤʫ ʫʯʘʩʪʢʫ ʢʦʥʜʝʥʩʘʪʦʨʘ 6. ʇʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʫʩʣʦʚʠʷ ʦʪʚʦʜʘ ʪʝʧʣʘ 

ʫʣʫʯʰʘʪʩʷ ʠ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʧʝʨʝʜʚʠʥʝʪʩʷ ʚ ʚʭʦʜʥʦʤʫ ʫʯʘʩʪʢʫ ʢʦʥʜʝʥʩʘʪʦʨʘ 6.  
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ʈʘʙʦʪʘ ɸʍɸ 3 ʧʨʦʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʛʝʥʝʨʘʪʦʨʝ 4 ʧʨʠ ʧʦʜʚʦʜʝ ʪʝʧʣʘ ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʧʘʨʠʚʘʥʠʝ ɺɸʈ. ʆʙʨʘʟʫʶʱʠʝ ʚ ʢʘʥʘʣʘʭ ʤʘʣʦʛʦ ʩʝʯʝʥʠʷ (ʢʘʧʠʣʣʷʨʘʭ) ʧʫʟʳʨʴʢʠ ʧʘʨʘ ʧʨʦʪʘʣʢʠʚʘʶʪ 

ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʛʝʥʝʨʘʪʦʨʘ 4 ʯʘʩʪʠʮʳ ʦʙʝʜʥʝʥʥʦʡ ʧʦ ʘʤʤʠʘʢʫ ʞʠʜʢʦʩʪʠ (ʩʣʘʙʳʡ ɺɸʈ). ɺ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʛʝʥʝʨʘʪʦʨʘ 4 ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ ʧʘʨʘ ʠ ʞʠʜʢʦʩʪʠ. ɾʠʜʢʦʩʪʴ ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʈɾʊʆ 8 ʚ 

ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʘʙʩʦʨʙʝʨʘ 9, ʘ ʧʘʨ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʜʝʬʣʝʛʤʘʪʦʨ 5. ɿʘ ʩʯʝʪ ʨʘʟʥʦʩʪʠ ʥʦʨʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ ʘʤʤʠʘʢʘ ʠ ʚʦʜʳ ʚ ʜʝʬʣʝʛʤʘʪʦʨʝ 5 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʚʦʜʷʥʦʡ 

ʧʘʨ ʠ ʥʘ ʚʳʭʦʜʝ ʜʝʬʣʝʛʤʘʪʦʨʘ 5 ʧʦʪʦʢ ʧʘʨʘ ʩʦʩʪʦʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʠʟ ʯʠʩʪʦʛʦ ʘʤʤʠʘʢʘ. ɺ ʢʦʥʜʝʥʩʘʪʦʨʝ 

6 ʧʘʨ ʘʤʤʠʘʢʘ ʩʞʠʞʘʝʪʩʷ ʠ ʢʦʥʜʝʥʩʘʪ ʩʪʝʢʘʝʪ ʧʦ ʢʘʥʘʣʫ 30 ʯʝʨʝʟ ʈʊʇɻʉ 10 ʚ ʠʩʧʘʨʠʪʝʣʴ 7. ɺ 

ʠʩʧʘʨʠʪʝʣʝ 7 ʞʠʜʢʠʡ ʘʤʤʠʘʢ ʧʦʧʘʜʘʝʪ ʚ ʩʨʝʜʫ ʚʦʜʦʨʦʜʘ ʠ ʟʘ ʩʯʝʪ ʥʠʟʢʦʛʦ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʠʩʧʘʨʝʥʠʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʦʪ ʤʠʥʫʩ 30 ʜʦ ʤʠʥʫʩ 10 Üʉ). ɺ ʧʨʦʮʝʩʩʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʪʚʦʜ ʪʝʧʣʘ ʠʟ ʦʙʲʝʤʘ ʭʦʣʦʜʠʣʴʥʦʛʦ ʰʢʘʬʘ 1. 

ʆʙʨʘʟʫʶʱʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʘʨʝʥʠʷ ʭʦʣʦʜʥʘʷ ʥʘʩʳʱʝʥʥʘʷ ʘʤʤʠʘʢʦʤ ʇɻʉ ʠʤʝʝʪ ʙʦʣʴʰʫʶ 

ʧʣʦʪʥʦʩʪʴ, ʯʝʤ ʚʦʜʦʨʦʜ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʘʙʩʦʨʙʝʨʝ 9. ɿʘ ʩʯʝʪ ʨʘʟʥʦʩʪʠ ʧʣʦʪʥʦʩʪʝʡ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʦʤ ɸʨʭʠʤʝʜʘ,ʭʦʣʦʜʥʘʷ ʩʤʝʩʴ ʠʟ ʠʩʧʘʨʠʪʝʣʷ 7 ʧʦ ʢʘʥʘʣʫ 12 ʯʝʨʝʟ ʈʊʇɻʉ 10 ʦʧʫʩʢʘʝʪʩʷ ʚ 

ʥʠʞʥʶʶ ʯʘʩʪʴ ʘʙʩʦʨʙʝʨʘ 9. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʘʙʩʦʨʙʝʨʘ 9 ʠʟ ʈɾʊʆ 8 ʧʦʩʪʫʧʘʝʪ 

ʩʣʘʙʳʡ ɺɸʈ. ʇʨʠ ʩʚʦʝʤ ʜʚʠʞʝʥʠʠ ʚ ʈɾʊʆ 8 ʧʦʪʦʢ ʩʣʘʙʦʛʦ ɺɸʈ ʦʪʜʘʝʪ ʪʝʧʣʦ ʚʩʪʨʝʯʥʦʤʫ ʧʦʪʦʢʫ 

ʢʨʝʧʢʦʛʦ ɺɸʈ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʠʟ ʘʙʩʦʨʙʝʨʘ 9 ʥʘ ʚʭʦʜ ʛʝʥʝʨʘʪʦʨʘ 4. 

ʇʦʩʣʝ ʈɾʊʆ 8 ʧʦʪʦʢ ʩʣʘʙʦʛʦ ɺɸʈ ʦʭʣʘʞʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠ ʪʝʧʣʦʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʥʘʨʫʞʥʳʤ ʚʦʟʜʫʭʦʤ. ʆʭʣʘʞʜʝʥʥʳʡ ʩʣʘʙʳʡ ɺɸʈ ʩʪʘʥʦʚʠʪʩʷ ʥʝʨʘʚʥʦʚʝʩʥʳʤ ʧʦ ʘʤʤʠʘʢʫ ʠ ʧʨʠ 

ʢʦʥʪʘʢʪʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʇɻʉ, ʧʦʩʪʫʧʘʶʱʝʡ ʠʟ ʠʩʧʘʨʠʪʝʣʷ 7 ʯʝʨʝʟ ʈʊʇɻʉ 10, ʧʨʦʠʩʭʦʜʠʪ 

ʘʢʪʠʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʘʤʤʠʘʢʘ ʩʣʘʙʳʤ ɺɸʈ. ʈʘʩʪʚʦʨ ʧʨʠ ʵʪʦʤ ʥʘʩʳʱʘʝʪʩʷ ʘʤʤʠʘʢʦʤ ʜʦ ʩʦʩʪʦʷʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ (ʜʦ ʢʨʝʧʢʦʛʦ ʨʘʩʪʚʦʨʘ), ʘ ʇɻʉ ʦʯʠʱʘʝʪʩʷ ï ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʦʪ ʧʘʨʘ ʘʤʤʠʘʢʘ. ʂʨʝʧʢʠʡ ɺɸʈ 

ʠʟ ʘʙʩʦʨʙʝʨʘ 9 ʯʝʨʝʟ ʈɾʊʆ 8 ʧʦʩʪʫʧʘʝʪ ʚ ʛʝʥʝʨʘʪʦʨ 4, ʘ ʦʯʠʱʝʥʥʳʡ ʚʦʜʦʨʦʜ ʚʳʪʘʣʢʠʚʘʝʪʩʷ ʭʦʣʦʜʥʦʡ 

ʇɻʉ ʧʦ ʢʘʥʘʣʫ 11 ʦʙʨʘʪʥʦ ʚ ʠʩʧʘʨʠʪʝʣʴ 7. ɿʘʪʝʤ ʮʠʢʣ ʨʘʙʦʪʳ ɸʍɸ 3 ʧʦʚʪʦʨʷʝʪʩʷ. 

ʈɾʊʆ 8 ʠ ʈʊʇɻʉ 10 ʚ ʩʭʝʤʝ ɸʍɸ 3 ʩʣʫʞʘʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʮʠʢʣʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʢʨʝʧʢʦʛʦ 

ɺɸʈ ʧʝʨʝʜ ʛʝʥʝʨʘʪʦʨʦʤ 4, ʘ ʚʦ ʚʪʦʨʦʤ ï ʦʭʣʘʞʜʝʥʠʝ ʧʦʪʦʢʦʚ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ ʠ ʚʦʜʦʨʦʜʘ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜ ʠʩʧʘʨʠʪʝʣʷ 7, ʟʘ ʩʯʝʪ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʭʦʣʦʜʥʦʡ ʇɻʉ. 

ʇʨʠ ʨʘʙʦʪʝ ʭʦʣʦʜʠʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʚ çʞʝʩʪʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭè (ʚ ʫʤʝʨʝʥʥʦʤ ʢʣʠʤʘʪʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʧʣʶʩ 32Üʉ) ʜʘʚʣʝʥʠʝ ʚ ɸʍɸ 3 ʠ ʛʘʟʦʚʳʭ ʤʘʛʠʩʪʨʘʣʷʭ ʉʈɼ 15 

ʦʜʠʥʘʢʦʚʦ, ʧʨʠ ʵʪʦʤ ʢʦʤʧʨʝʩʩʦʨ 17 ʥʝ ʨʘʙʦʪʘʝʪ, ʘ ʟʘʧʦʨʥʳʡ ʢʣʘʧʘʥ 19 ʦʪʢʨʳʪ.  

ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʬʠʢʩʠʨʫʝʪʩʷ ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 22 ʠ 

ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʫʧʨʘʚʣʷʶʱʠʡ ʙʣʦʢ 23, ʢʦʪʦʨʳʡ ʚʳʨʘʙʘʪʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ 

ʜʣʷ ʙʣʦʢʘ ʧʠʪʘʥʠʷ 24. ɹʣʦʢ ʧʠʪʘʥʠʷ 24 ʚʢʣʶʯʘʝʪ ʢʦʤʧʨʝʩʩʦʨ 17 ʠ ʟʘʢʨʳʚʘʝʪ ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 19. 

ʇʨʠ ʨʘʙʦʪʝ ʢʦʤʧʨʝʩʩʦʨʘ 17 ʦʪʢʨʳʚʘʝʪʩʷ ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 18 ʠ ʦʯʠʱʝʥʥʘʷ ʇɻʉ, ʜʚʠʞʫʱʘʷʩʷ ʧʦ 

ʧʦʜʲʝʤʥʦʤʫ ʢʘʥʘʣʫ 11 ɸʍɸ 3, ʯʝʨʝʟ ʢʘʥʘʣ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ 14 ʥʘʛʥʝʪʘʝʪʩʷ ʚ ʨʝʩʠʚʝʨ ʛʘʟʘ 20. 

ɿʘ ʩʯʝʪ ʦʪʢʘʯʢʠ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʯʠʱʝʥʥʦʡ ʇɻʉʠʟ ʵʣʝʤʝʥʪʦʚ ʂɽʎ 16 ʜʘʚʣʝʥʠʝ ʚ ɸʍɸ 3 

ʩʥʠʞʘʝʪʩʷ, ʘʚ ʨʝʩʠʚʝʨʝ ʛʘʟʘ 20 ï ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ɸʍɸ 3 ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ï ʦʥʦ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʥʝʨʘʙʦʯʠʡ ʧʝʨʠʦʜ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʙʦʯʠʡ ʧʝʨʠʦʜ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʪʝʩʥʝʥʠʝʤ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʠʟ 

ʜʝʬʣʝʛʤʘʪʦʨʘ 5 ʠ ʢʦʥʜʝʥʩʘʪʦʨʘ 6 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʜʲʝʤʦʤ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ. 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʚ ʣʶʙʦʡ 

ʤʦʤʝʥʪ ʨʘʙʦʪʳ ɸʍɸ 3 (ʢʘʢ ʚ ʨʘʙʦʯʝʤ, ʪʘʢ ʠ ʚ ʥʝʨʘʙʦʯʝʤ ʧʝʨʠʦʜʝ) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʢʣʶʯʠʪʩʷ ʚ 

ʨʘʙʦʪʫ ʉʈɼ 15, ʪʦ ʢʦʥʪʨʦʣʴ ʜʘʚʣʝʥʠʷ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʦʙʲʝʤʝ ɸʍɸ 3 ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ 

ʢʦʩʚʝʥʥʳʤ ʦʙʨʘʟʦʤ, ʥʘʧʨʠʤʝʨ, ʧʦ ʜʘʚʣʝʥʠʶ ʚ ʨʝʩʠʚʝʨʝ ʛʘʟʘ 20 ʧʨʠ ʧʦʤʦʱʠ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ 21.ʇʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʤʦʤʝʥʪʳ. 

ʈʝʩʠʚʝʨ ʛʘʟʘ 20 ʥʝ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠ ʩʚʷʟʘʥ ʚ ʪʝʧʣʦʚʦʤ ʦʪʥʦʰʝʥʠʠ ʩ 

ʥʘʨʫʞʥʳʤ ʚʦʟʜʫʭʦʤ. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʙʫʜʝʪ ʚʣʠʷʪʴ ʠ ʥʘ ʫʨʦʚʝʥʴ ʜʘʚʣʝʥʠʷ 

ʚ ʨʝʩʠʚʝʨʝ ʛʘʟʘ 20. ɺ ʠʟʦʭʦʨʥʦʤ ʧʨʦʮʝʩʩʝ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ ʨʝʩʠʚʝʨʘ 20) ʘʙʩʦʣʶʪʥʦʝ ʜʘʚʣʝʥʠʝ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ ʧʣʶʩ 10éʧʣʶʩ 32Üʉ (ʘʙʩʦʣʶʪʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ 283é305 ʂ) ʠʟʤʝʥʝʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʨʝʩʠʚʝʨʝ ʛʘʟʘ 20 ʩʦʩʪʘʚʠʪ 0,14 ʄʇʘ (ʧʨʠ ʨʘʙʦʯʝʤ ʜʘʚʣʝʥʠʠ 2,00 ʄʇʘ) [8] .  

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʜʘʚʣʝʥʠʝ ʚ ʨʝʩʠʚʝʨʝ ʛʘʟʘ 20 ʤʦʞʝʪ ʙʳʪʴ ʫʯʪʝʥʦ 

ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 22 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʩʬʦʨʤʠʨʦʚʘʥ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʥʘ 

ʫʧʨʘʚʣʷʶʱʝʤ ʙʣʦʢʝ 23 ʉʈɼ 15. 
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ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʨʝʩʠʚʝʨʝ ʛʘʟʘ 20 ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, 

ʢʦʩʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʱʠʝ ʜʘʚʣʝʥʠʝ ʚ ɸʍɸ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʪʘʨʠʨʦʚʦʯʥʳʭ 

ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʫʧʨʘʚʣʷʶʱʫʶ ʧʨʦʛʨʘʤʤʫ ʙʣʦʢʘ 23.  

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʜʘʚʣʝʥʠʷ ʚ ʨʝʩʠʚʝʨʝ ʛʘʟʘ 20, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʝʢʦʪʦʨʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʫʧʨʘʚʣʷʶʱʠʡ ʙʣʦʢ 23 ʧʦʜʘʝʪ ʩʠʛʥʘʣ ʥʘ ʙʣʦʢ ʧʠʪʘʥʠʷ 24, ʢʦʪʦʨʳʡ 

ʟʘʢʨʳʚʘʝʪ ʟʘʧʦʨʥʳʡ ʚʝʥʪʠʣʴ 19 ʠ ʦʪʢʣʶʯʘʝʪ ʢʦʤʧʨʝʩʩʦʨ 17. ɺ ʩʠʩʪʝʤʝ ʚʦʟʥʠʢʘʶʪ ʜʚʘ ʫʨʦʚʥʷ 

ʜʘʚʣʝʥʠʷ ï ʤʝʥʴʰʝʝ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʦʙʲʝʤʝ ɸʍɸ 3 ʠ ʙʦʣʴʰʝʝ ï ʚ ʨʝʩʠʚʝʨʝ ʛʘʟʘ 20. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʚ ʉʈɼ 15 ʧʦʚʪʦʨʷʝʪʩʷ. ʇʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʥʝʦʙʭʦʜʠʤʦ ʚʦʟʚʨʘʪʠʪʴ ʯʘʩʪʴ ʇɻʉ ʠʟ ʨʝʩʠʚʝʨʘ ʛʘʟʘ 20 

ʦʙʨʘʪʥʦ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ɸʍɸ 3.  

ɼʣʷ ʵʪʦʛʦ ʧʦʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʠʛʥʘʣ ʩ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ 22 ʥʘ ʫʧʨʘʚʣʷʶʱʠʡ ʙʣʦʢ 

23. ɹʣʦʢ 23 ʧʦʜʘʝʪ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʧʦ ʣʠʥʠʠ 28 ʙʣʦʢʫ ʧʠʪʘʥʠʷ 24, ʢʦʪʦʨʳʡ ʧʦ ʣʠʥʠʠ 29 

ʦʪʢʨʳʚʘʝʪ ʟʘʧʦʨʥʳʡ ʚʝʥʪʠʣʴ 19. ɿʘ ʩʯʝʪ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʦʙʲʝʤʝ ɸʍɸ 3 ʠ ʨʝʩʠʚʝʨʝ 

ʛʘʟʘ 20 ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʪʝʢʘʥʠʝ ʇɻʉ ʯʝʨʝʟ ʢʘʥʘʣ 14 ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ɸʍɸ 3.  

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʪʝʢʘʥʠʷ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦ ʜʘʪʯʠʢʫ ʜʘʚʣʝʥʠʷ 21. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʨʘʩʯʝʪʥʦʛʦ ʫʨʦʚʥʷ ʜʘʚʣʝʥʠʷ ʚ ʨʝʩʠʚʝʨʝ ʛʘʟʘ 20, ʫʧʨʘʚʣʷʶʱʠʡ ʙʣʦʢ 23 ʧʦʜʘʝʪ ʩʠʛʥʘʣ ʥʘ ʟʘʢʨʳʪʠʝ 

ʟʘʧʦʨʥʦʛʦ ʚʝʥʪʠʣʷ 19. 

ɼʣʷ ʧʦʣʥʦʡ ʘʚʪʦʥʦʤʥʦʩʪʠ ʨʘʙʦʪʳ ɸʍɸ 3 ʉʈɼ 15 ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʥʘʩʪʠʪʴ ʊʕɻ 25, ʨʘʙʦʪʘʶʱʠʤ 

ʥʘ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʥʘʨʫʞʥʳʤ ʚʦʟʜʫʭʦʤ ʠ ʛʝʥʝʨʘʪʦʨʘ 4. 

ʇʨʦʚʝʜʝʤ ʦʮʝʥʢʫ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʫʜʘʣʝʥʠʷ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʠʟ ʦʙʲʝʤʘ ʂɽʎ ɸʍɸ ʠ ʝʛʦ 

ʩʞʘʪʠʷ ʚ ʨʝʩʠʚʝʨʝ. ʈʘʩʩʤʦʪʨʠʤ ʫʨʦʚʥʠ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ: 20,0; 17,5, 15,0 ʠ 10,0 ʙʘʨ. ɺʦʟʴʤʝʤ ʜʣʷ 

ʧʨʠʤʝʨʘ ʤʦʜʝʣʴ ɸʍɸ ʪʠʧʘ ɸʐ-160 ʧʨʦʠʟʚʦʜʩʪʚʘ ɺɿʍ ʩ ʚʥʫʪʨʝʥʥʠʤ ʦʙʲʝʤʦʤ ʧʨʠʤʝʨʥʦ 2 ʜʤ
3
 [3]. 

ʇʨʠʤʝʤ ʦʙʲʝʤ ʨʝʩʠʚʝʨʘ ʛʘʟʘ 20 ʨʘʚʥʳʤ 1 ʜʤ
3
.  

ʀʟʚʝʩʪʥʦ [9], ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʊʕɻ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ "ʂʨʠʦʪʝʨʤ" ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩ 

ʦʜʥʦʛʦ ʤʦʜʫʣʷ ʧʨʠ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 100Áʉ ʛʝʥʝʨʘʮʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 10 ɺʪ 

ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʜʦ 6 ɺ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ ʂʇɼ ʤʠʢʨʦʢʦʤʧʨʝʩʩʦʨʘ ʜʣʷ ʦʪʢʘʯʢʠ ʇɻʉ ʠʟ 

ɸʍɸ ʠ ʩʞʘʪʠʷ ʝʝ ʚ ʨʝʩʠʚʝʨʝ ʛʘʟʘ 20 ʨʘʚʥʳʤ 0,5. ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʪʘʢʠʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʧʝʨʝʭʦʜ ʩ ʦʜʥʦʛʦ ʫʨʦʚʥʷ ʜʘʚʣʝʥʠʷ ʥʘ ʜʨʫʛʦʡ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʣʝʜʫʶʱʝʝ ʚʨʝʤʷ: ʩ 20,0 ʙʘʨ ʥʘ 17,5 

ʙʘʨ ʚ ʪʝʯʝʥʠʠ 66 ʩ; ʩ 17,5 ʙʘʨ ʥʘ 15 ʙʘʨ ï 132 ʩ; ʩ 15 ʙʘʨ ʜʦ 10 ʙʘʨ ï ʟʘ 704 ʩ. ʕʪʦʛʦ ʚʨʝʤʝʥʠ ʚʧʦʣʥʝ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺʳʚʦʜʳ: 

1. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ɸʍɸ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʦʜʠʥʘʢʦʚʦʤ 

ʫʨʦʚʥʝ ʪʝʧʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ɸʍɸ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʦʪ 10 ʜʦ 32 Üʉ). 

2. ɼʣʷ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ɸʍʇ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʊʕɻ, ʛʦʨʷʯʠʡ ʩʧʘʡ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 

ʟʘʢʨʝʧʠʪ ʚ ʟʦʥʝ ʠʩʪʦʯʥʠʢʘ ʧʦʜʚʦʜʘ ʪʝʧʣʘ ʢ ʛʝʥʝʨʘʪʦʨʫ, ʘ ʭʦʣʦʜʥʳʡ ʩʧʘʡ ï ʥʘ ʥʝʵʥʝʨʛʦʥʘʛʨʫʞʝʥʥʳʭ 

ʵʣʝʤʝʥʪʘʭ ʰʢʘʬʘ ʠʣʠ ɸʍɸ. 

3. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʧʦʣʥʦʡ ʘʚʪʦʥʦʤʥʦʩʪʠ ɸʍʇ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʩʧʦʩʦʙʫ 

ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʨʫʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ɸʍɸ, ʥʘʧʨʠʤʝʨ, 

ʚʳʧʦʣʥʠʚ ʨʝʩʠʚʝʨ ʛʘʟʘ 20 ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʘ ʩ ʧʦʨʰʥʝʤ.  
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ɸ.ʅ. ʂʨʘʩʥʦʧʦʣʴʩʢʠʡ 
1
, ɸ.ʉ. ʊʠʪʣʦʚ

2
, ʆ.ɹ. ɺʘʩʳʣʠʚ

2
, ɼ.ʇ. ɻʦʞʝʣʦʚ

2 

1- (ɸʨʠʵʣʴʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ɸʨʠʵʣʴ, ʀʟʨʘʠʣʴ) 

2- (ʆʜʝʩʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ,  

ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʋʢʨʘʠʥʳ) 

ɽ-mail: krasnopolski@ariel.ac.il, titlow@mail.ru, oleg_vas@ukr.net, gozhelov@mail.ru 

 

ʇʨʦʙʣʝʤʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ï ʠʟʚʝʯʥʘʷ ʧʨʦʙʣʝʤʘ, ʩʪʦʷʱʘʷ ʧʝʨʝʜ ʯʝʣʦʚʝʯʝʩʪʚʦʤ. ʇʨʦʤʳʰʣʝʥʥʘʷ 

ʨʝʚʦʣʶʮʠʷ ʩʜʝʣʘʣʘ ʤʥʦʛʠʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʥʘ ʧʣʘʥʝʪʝ, ʥʝʧʨʠʛʦʜʥʳʤʠ, ʘ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʧʨʠʨʦʜʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʠʣʠ ʧʨʠʚʳʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʚʦʜʝ, ʥʦ ʠ 

ʟʘʯʘʩʪʫʶ ʩʪʘʚʷʪ ʤʥʦʛʠʝ ʨʝʛʠʦʥʳ ʤʠʨʘ ʥʘ ʛʨʘʥʴ ʚʳʤʠʨʘʥʠʷ. 

ɺʦʧʨʦʩʳ ʦʯʠʩʪʢʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʳ, ʦʩʦʙʝʥʥʦ ʚ ʩʚʝʪʝ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʫʞʝ ʧʦʣʫʯʠʣʠ ʨʷʜ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʝʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʦʧʨʘʚʜʘʥʥʫʶ ʦʯʠʩʪʢʫ ʚʦʜʳ. ʕʪʦ ʠ ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ, 

ʵʬʬʝʢʪʘ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʳ ʠ ʪ.ʧ.  

ɺ ʨʝʛʠʦʥʘʭ ʞʝ, ʛʜʝ ʚʩʣʝʜʩʪʚʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʠʯʠʥ, ʚʦʜʳ ʧʨʦʩʪʦ ʥʝʪ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ï 

ʪʨʝʙʫʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʝ ʨʝʰʝʥʠʝ. ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ ʨʦʣʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ 

(ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ) ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʞʝ ʠʩʪʦʯʥʠʢʘ ʚʦʜʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʚʳʩʪʫʧʘʝʪ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʥʘ ʨʳʥʢʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʷʜ ʫʩʪʨʦʡʩʪʚ ʨʘʟʣʠʯʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʳ ʠʟ ʚʦʟʜʫʭʘ. ɺ ʮʝʣʦʤ ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʢʣʘʩʩʘ ï 

ʵʪʦ ʫʩʪʨʦʡʩʪʚʘ ʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ ʚʣʘʛʠ ʠ ʫʩʪʨʦʡʩʪʚʘ, ʦʭʣʘʞʜʘʶʱʠʝ ʚʦʟʜʫʭ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʦʯʢʠ ʨʦʩʳ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ "ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ", ʠʩʧʦʣʴʟʫʶʱʠʝ ʭʦʣʦʜʠʣʴʥʳʝ ʘʛʨʝʛʘʪʳ 

ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʪʠʧʘ. ʇʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʩʪʠ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠʯʝʤ ʪʝ, ʜʣʷ ʢʦʛʦ 

ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʳ, ʘ ʵʪʦ ʩʪʨʘʥʳ ɸʬʨʠʢʠ, ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, ʖʞʥʦʡ 

ɸʤʝʨʠʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʧʨʦʙʣʝʤʳ ʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ. ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ "ʵʢʟʦʪʠʯʝʩʢʠʝ" ʫʩʪʨʦʡʩʪʚʘ, 

ʥʘʧʨʠʤʝʨ ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʨʦʧʫʩʢʘʥʠʝ ʚʦʟʜʫʭʘ ʩʦʜʝʨʞʘʱʝʛʦ ʚʦʜʷʥʳʝ ʧʘʨʳ ʯʝʨʝʟ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ 

[1]. ʇʨʦʚʝʜʝʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʫʞʝ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ 

ʧʦʜʪʚʝʨʜʠʣʠ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʚʪʦʨʳ ʧʣʘʥʠʨʫʶʪ ʧʨʦʚʝʨʠʪʴ ʥʝʩʢʦʣʴʢʦ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʜʣʷ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʪʘʢ ʠ ʜʣʷ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ ï ʵʢʩʪʨʘʢʮʠʠ ʚʦʜʳ ʠʟ 

ʚʦʟʜʫʭʘ. 

1. çʍʦʣʦʜʠʣʴʥʠʢ ɿʳʩʠʥʘ ɺ.ɸè (ʨʠʩ.1) [2]. 
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ʈʠʩʫʥʦʢ 1ï ʉʭʝʤʘ çʭʦʣʦʜʠʣʴʥʠʢʘ ɿʳʩʠʥʘ ɺ.ɸ.è 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʩʭʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ ʫʩʣʦʚʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʯʘʩʪʠ, ʪ.ʝ. ʦʭʣʘʞʜʝʥʠʝ ʠʜʝʪ ʚ 

ʜʚʘ ʵʪʘʧʘ. 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʩʭʝʤʳ ʫʪʠʣʠʟʠʨʫʝʪ ʪʝʧʣʦʪʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʡ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ (ʥʘʧʨʠʤʝʨ,  ʦʪ ʩʦʣʥʝʯʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʚʦʜʳ ï ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ). ʅʘʩʦʩ ʧʦʜʘʸʪ 

ʞʠʜʢʠʡ ʭʣʘʜʘʛʝʥʪ ʚ ʧʝʨʚʳʡ ʭʦʣʦʜʠʣʴʥʠʢ, ʛʜʝ ʦʭʣʘʞʜʘʝʤʦʝ ʨʘʙʦʯʝʝ ʪʝʣʦ ʦʪʜʘʸʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʩʚʦʝʛʦ ʪʝʧʣʘ, ʦʭʣʘʞʜʘʷʩʴ ʩʘʤʦ ʠ ʥʘʛʨʝʚʘʷ ʭʣʘʜʘʛʝʥʪ. ʇʦʜʦʛʨʝʪʳʡ ʭʣʘʜʘʛʝʥʪ, ʧʨʦʜʦʣʞʘʷ ʦʩʪʘʚʘʪʴʩʷ ʚ 

ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʩʪʫʧʘʝʪ, ʟʘ ʩʯʸʪ ʩʦʟʜʘʥʥʦʛʦ ʥʘʩʦʩʦʤ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʚ ʜʝʪʘʥʜʝʨ, ʛʜʝ 

ʜʘʚʣʝʥʠʝ ʧʘʜʘʝʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʜʝʪʘʥʜʝʨʝ ʦʥ ʯʘʩʪʠʯʥʦ ʠʩʧʘʨʷʝʪʩʷ, ʨʘʩʰʠʨʷʝʪʩʷ, 

ʦʭʣʘʞʜʘʝʪʩʷ ʠ ʩʦʚʝʨʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ, ʧʨʠʚʦʜʷ ʚ ʜʚʠʞʝʥʠʝ ʥʘʩʦʩʳ ʦʙʝʠʭ ʯʘʩʪʝʡ ʩʭʝʤʳ ʠ 

ʢʦʤʧʨʝʩʩʦʨ ʚʪʦʨʦʡ ʯʘʩʪʠ ʩʭʝʤʳ. ʉʝʧʘʨʘʪʦʨ ʧʦʜʘʸʪ ʞʠʜʢʫʶ ʯʘʩʪʴ ʭʣʘʜʘʛʝʥʪʘ ʠʟ ʜʝʪʘʥʜʝʨʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʚʭʦʜ ʥʘʩʦʩʘ, ʢʦʪʦʨʳʡ ʦʪʢʘʯʠʚʘʝʪ ʦʭʣʘʞʜʸʥʥʳʡ ʭʣʘʜʘʛʝʥʪ, ʦʙʝʩʧʝʯʠʚʘʷ ʚ 

ʜʝʪʘʥʜʝʨʝ ʨʘʟʨʝʞʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʯʘʩʪʠʯʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʥʘʛʨʝʪʦʛʦ ʭʣʘʜʘʛʝʥʪʘ. ʆʪʜʝʣʸʥʥʳʝ ʦʪ 

ʞʠʜʢʦʩʪʠ ʧʘʨʳ ʧʦʩʪʫʧʘʶʪ ʚ ʢʦʥʜʝʥʩʘʪʦʨ, ʛʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʭʣʘʞʜʘʶʪʩʷ, ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʠ ʪʘʢʞʝ 

ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ʥʘʩʦʩʘ. 

ʅʠʞʥʷʷ ʯʘʩʪʴ ʩʭʝʤʳ ʧʦ ʩʫʱʝʩʪʚʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʳʯʥʳʡ ʢʦʤʧʨʝʩʩʠʦʥʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢ, ʚ 

ʢʦʪʦʨʦʤ ʦʭʣʘʞʜʝʥʠʝ ʭʣʘʜʘʛʝʥʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʝʛʦ ʨʘʩʰʠʨʝʥʠʝʤ ʚ ʜʝʪʘʥʜʝʨʝ (ʠʣʠ ʜʨʦʩʩʝʣʝ), ʟʘʪʝʤ 

ʩʝʧʘʨʘʪʦʨ ʥʘʧʨʘʚʣʷʝʪ ʧʘʨ ʚ ʢʦʤʧʨʝʩʩʦʨ ʥʘ ʩʞʘʪʠʝ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʢʦʥʜʝʥʩʘʮʠʶ, ʘ ʞʠʜʢʫʶ ʭʦʣʦʜʥʫʶ 

ʯʘʩʪʴ ʭʣʘʜʘʛʝʥʪʘ ð ʯʝʨʝʟ ʥʘʩʦʩ ʥʘ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚʦ ʚʪʦʨʦʤ ʭʦʣʦʜʠʣʴʥʠʢʝ.  

ɺ ʠʪʦʛʝ, ʩʭʝʤʘ ɿʳʩʠʥʘ ʩʧʦʩʦʙʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧʣʦ ʦʭʣʘʞʜʘʝʤʦʛʦ ʪʝʣʘ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ, ʥʘʧʨʠʤʝʨ, ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʯʢʠ ʨʦʩʳ. ɺ ʧʨʠʥʮʠʧʝ, ʩʦʚʤʝʩʪʥʦ ʩ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʨʘʟʛʦʥʫ ʥʘʩʦʩʘ, ʘ ʪʘʢʞʝ ʧʦ ʧʦʜʘʯʝ ʚʦʟʜʫʭʘ ʠ ʫʜʘʣʝʥʠʶ 

ʚʳʧʘʜʘʶʱʝʡ ʚʣʘʛʠ ʜʘʥʥʘʷ ʩʭʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʩʠʩʪʝʤʘʭ "ɺʦʜʘ ʠʟ ʚʦʟʜʫʭʘ".  

2. ʉʦʣʥʝʯʥʳʡ ʮʠʢʣ ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʳ ʈʝʥʢʠʥʘ (ʨʠʩ.2) 

 

 

 

 

 

 

 

 

. 3. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʮʠʢʣ ʈʝʥʢʠʥʘ 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʦʭʣʘʜʠʪʝʣʷ ʩ ʧʨʠʚʦʜʦʤ ʦʪ ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʳ ʈʝʥʢʠʥʘ 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ɿʳʩʠʥʘ ɺ.ɸ., ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ, ʦʭʣʘʞʜʘʶʱʝʝ ʪʝʣʦ, ʚ ʞʠʜʢʦʡ ʬʘʟʝ, ʚ ʵʪʦʡ 

ʩʭʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ. ʃʝʚʘʷ, ʩʠʣʦʚʘʷ ʯʘʩʪʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ 

ʧʨʠʚʦʜʘ ʢʦʤʧʨʝʩʩʦʨʘ ʧʨʘʚʦʡ ʯʘʩʪʠ. ʇʨʘʚʘʷ ʯʘʩʪʴ ʩʭʝʤʳ ʧʦ ʩʫʪʠ, ʢʘʢ ʥʠʞʥʷʷ ʯʘʩʪʴ ʩʭʝʤʳ ɿʳʩʠʥʘ 

ɺ.ɸ., ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʳʢʥʦʚʝʥʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢ. ʕʬʬʝʢʪʠʚʥʦʡ ʩʠʣʦʚʦʡ ʯʘʩʪʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʝʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʙʫʜʝʪ ʚ ʧʨʝʜʝʣʘʭ 7-15 %.ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʉʆʈ) ʞʝ 

ʧʨʘʚʦʡ ʯʘʩʪʠ, ʧʦ ʩʫʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʙʫʜʝʪ ʚ ʧʨʝʜʝʣʘʭ 2-3, ʪ.ʝ. ʩʫʤʤʘʨʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʭʝʤʳ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦʡ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʠʟ ʚʦʟʜʫʭʘ.  
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3. ɼʝʪʘʥʜʝʨʥʘʷ ʩʭʝʤʘ 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʊʫʨʙʦʘʛʨʝʛʘʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʜʳ ʠʟ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʂʘʟʘʥʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤ. 

ɸ.ʅ. ʊʫʧʦʣʝʚʘ [3].ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʩʭʝʤʘ ʥʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʦʧʨʦʙʦʚʘʥʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʵʪʘ ʩʭʝʤʘ, ʚ ʯʘʩʪʠ ʦʭʣʘʞʜʝʥʠʷ, ʧʦʣʥʦʩʪʴʶ ʢʦʨʨʝʩʧʦʥʜʠʨʫʝʪʩʷ ʩ ʨʘʟʨʘʙʦʪʢʘʤʠ ʋʥʠʚʝʨʩʠʪʝʪʘ ɹʨʠʩʪʦʣʷ 

[4], ʢʦʪʦʨʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʣʠ ʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʩʠʩʪʝʤʘʭ ʧʦʣʫʯʝʥʠʷ ʚʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʚʪʦʥʦʤʥʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʘʛʨʝʛʘʪʳ, 

ʢʦʪʦʨʳʝ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʚ ʨʘʙʦʪʝ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ.  

4. ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʙʘʟʝ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ (ɸʍɸ), ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 4. 

ʋʩʪʘʥʦʚʢʘ ʩʦʜʝʨʞʠʪ ɸʍɸ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ: ʛʝʥʝʨʘʪʦʨ 1, ʜʝʬʣʝʛʤʘʪʦʨ 2, ʢʦʥʜʝʥʩʘʪʦʨ 

3, ʠʩʧʘʨʠʪʝʣʴ 4, ʦʧʫʩʢʥʦʡ 5 ʠ ʧʦʜʲʝʤʥʳʡ 6 ʢʘʥʘʣʳ ʧʘʨʦʛʘʟʦʚʦʛʦ ʢʦʥʪʫʨʘ, ʘʙʩʦʨʙʝʨ 7, ʨʝʩʠʚʝʨ 

ʨʘʩʪʚʦʨʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ 8, ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʪʠʧʘ çʪʨʫʙʘ ʚ ʪʨʫʙʝè 9 ʨʘʩʪʚʦʨʦʚ ʨʘʙʦʯʝʛʦ ʪʝʣʘ, ʢʘʥʘʣʳ 

ʩʣʘʙʦʛʦ 10 ʠ ʢʨʝʧʢʦʛʦ 11 ʨʘʩʪʚʦʨʦʚ ʨʘʙʦʯʝʛʦ ʪʝʣʘ. ɻʝʥʝʨʘʪʦʨ 1 ɸʍɸ ʫʩʪʘʥʦʚʣʝʥ ʚ ʬʦʢʫʩʝ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʴʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 12. 
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ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ʧʦʣʫʯʝʥʠʷ ʚʦʜʳ ʠʟ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʙʘʟʝ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ɸʍɸ ʟʘʧʨʘʚʣʝʥ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʤ ʨʘʙʦʯʠʤ ʪʝʣʦʤ ï ʚʦʜʦʘʤʤʠʘʯʥʳʤ ʨʘʩʪʚʦʨʦʤ 

(ɺɸʈ) ʠ ʚʦʜʦʨʦʜʦʤ ʚ ʢʘʯʝʩʪʚʝ ʚʳʨʘʚʥʠʚʘʶʱʝʛʦ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. ɺɸʈ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʝʪ ʛʝʥʝʨʘʪʦʨ 1 

ʠ ʨʝʩʠʚʝʨ 8, ʘ ʪʝʧʣʦʦʙʤʝʥʥʠʢ 8 ʠ ʢʘʥʘʣʳ 10 ʠ 11 ï ʧʦʣʥʦʩʪʴʶ. ʂʦʥʪʫʨ ʝʩʪʝʩʪʚʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʠ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ U ï ʦʙʨʘʟʥʳʡ ʢʘʥʘʣ ʩ ʦʧʫʩʢʥʳʤʠ 13 ʠ ʧʦʜʲʝʤʥʳʤʠ 14 

ʯʘʩʪʷʤʠ. ɺ ʦʧʫʩʢʥʦʤ ʢʘʥʘʣʝ 13 ʫʩʪʘʥʦʚʣʝʥʘ ʝʤʢʦʩʪʴ 15 ʜʣʷ ʩʙʦʨʘ ʢʦʥʜʝʥʩʘʪʘ, ʩʪʝʢʘʶʱʝʛʦ ʩ 

ʠʩʧʘʨʠʪʝʣʷ 4. ʀʟ ʝʤʢʦʩʪʠ 15 ʢʦʥʜʝʥʩʘʪ ʦʪʚʦʜʠʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʭʨʘʥʝʥʠʷ ʚ ʩʦʩʫʜʝ 16. ɺ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʦʧʫʩʢʥʦʛʦ ʢʘʥʘʣʘ 13 ʨʘʟʤʝʱʝʥ ʠʩʧʘʨʠʪʝʣʴ 4 ɸʍɸ, ʘ ʚ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʜʲʝʤʥʦʛʦ 

ʢʘʥʘʣʘ 14, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʙʩʦʨʙʝʨ 7 ʠ ʢʦʥʜʝʥʩʘʪʦʨ 3. 

ʈʘʙʦʪʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʜʳ ʠʟ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. 

ʇʨʠ ʚʦʩʭʦʜʝ ʩʦʣʥʮʘ ʝʛʦ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʧʦʧʘʜʘʝʪ ʥʘ ʢʦʥʮʝʥʪʨʘʪʦʨ 12, ʢʦʪʦʨʳʡ ʬʦʢʫʩʠʨʫʝʪ ʝʛʦ 

ʠ ʧʦʜʘʝʪ ʥʘ ʛʝʥʝʨʘʪʦʨ 1. ɻʝʥʝʨʘʪʦʨ 1 ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʠ ʠʟ ʟʘʧʦʣʥʷʶʱʝʛʦ ʝʛʦ ɺɸʈ ʥʘʯʠʥʘʝʪ ʧʨʝʠʤʫʱʝʩʪ-

ʚʝʥʥʦ ʚʳʧʘʨʠʚʘʪʴʩʷ, ʥʠʟʢʦʢʠʧʷʱʠʡ ʢʦʤʧʦʥʝʥʪ ï ʘʤʤʠʘʢ. ʀʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʨʘʟʥʦʩʪʠ ʥʦʨ-

ʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ ʚʦʜʳ ʠ ʘʤʤʠʘʢʘ ʚ ʦʙʨʘʟʫʶʱʝʤʩʷ ʧʘʨʝ ʯʘʩʪʠʯʥʦ ʥʘʭʦʜʠʪʩʷ ʠ ʚʦʜʷʥʦʡ ʧʘʨ. 

ʆʯʠʩʪʢʘ ʧʘʨʘ ʘʤʤʠʘʢʘ ʦʪ ʚʦʜʳ ʧʨʦʠʩʭʦʜʷʪ ʚ ʜʝʬʣʝʛʤʘʪʦʨʝ 2 ʩ ʦʪʚʦʜʦʤ ʪʝʧʣʦʪʳ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʆʯʠʱʝʥʥʳʡ ʧʘʨ ʘʤʤʠʘʢʘ ʧʦʩʪʫʧʘʝʪ ʚ ʢʦʥʜʝʥʩʘʪʦʨ 3, ʛʜʝ ʩʞʠʞʘʝʪʩʷ 

ʪʘʢʞʝ ʩ ʦʪʚʦʜʦʤ ʪʝʧʣʦʪʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʘ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʥʜʝʥʩʘʪʦʨʘ 3 ʠ 

ʥʘʨʫʞʥʳʤ ʚʦʟʜʫʭʦʤ ʜʘʚʣʝʥʠʝ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ɸʍɸ ʧʦʜʜʝʨʞʠʚʘʶʪ ʥʘ ʫʨʦʚʥʝ 20 é 22 ʙʘʨ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʧʦʨʷʜʢʘ 50Üʉ. ɾʠʜʢʠʡ ʘʤʤʠʘʢ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ 

3 ʩʪʝʢʘʝʪ ʚ ʠʩʧʘʨʠʪʝʣʴ 4, ʢʫʜʘ ʧʦʩʪʫʧʘʝʪ ʠʟ ʧʦʜʲʝʤʥʦʛʦ ʢʘʥʘʣʘ 5 ʠ ʯʘʩʪʠʯʥʦ ʦʯʠʱʝʥʥʳʡ ʦʪ ʧʘʨʘ 

ʘʤʤʠʘʢʘ ʚʦʜʦʨʦʜ.  

ɺ ʠʩʧʘʨʠʪʝʣʝ 4 ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʘʨʝʥʠʝ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ ʚ ʩʨʝʜʫ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ-ʚʦʜʦʨʦʜʘ ʧʨʠ 

ʥʠʟʢʦʤ ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʉʦʩʪʘʚ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ɸʍɸ ʧʦʜʙʠʨʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʘʨʠʪʝʣʷ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʯʢʠ ʨʦʩʳ. 

ʀʟ ʠʩʧʘʨʠʪʝʣʷ 4 ʥʘʩʳʱʝʥʥʳʡ ʧʘʨʦʤ ʘʤʤʠʘʢʘ ʠʥʝʨʪʥʳʡ ʛʘʟ (ʚʦʜʦʨʦʜ) ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʡ 

ʧʣʦʪʥʦʩʪʠ ʦʧʫʩʢʘʝʪʩʷ ʧʦ ʢʘʥʘʣʫ 6 ʚʥʠʟ ï ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʘʙʩʦʨʙʝʨʘ 7.  

ɺ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʘʙʩʦʨʙʝʨʘ 7 ʧʦʩʪʫʧʘʝʪ ʠʟ ʛʝʥʝʨʘʪʦʨʘ 1 "ʩʣʘʙʳʡ" (ʩ ʤʝʥʴʰʝʡ ʜʦʣʝʡ ʘʤʤʠʘʢʘ) 

ɺɸʈ, ʢʦʪʦʨʳʡ ʩʪʝʢʘʝʪ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʘʙʩʦʨʙʝʨʘ 7 ʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʨʝʩʠʚʝʨʝ 8. 

ʇʨʠ ʢʦʥʪʘʢʪʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ "ʩʣʘʙʦʛʦ" ɺɸʈ ʠ ʥʘʩʳʱʝʥʥʦʡ ʩʤʝʩʠ ʘʤʤʠʘʢʘ ʠ ʚʦʜʦʨʦʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʘʙʩʦʨʙʮʠʷ (ʧʦʛʣʦʱʝʥʠʝ) ʧʘʨʘ ʘʤʤʠʘʢʘ ʞʠʜʢʦʩʪʴʶ. "ʉʣʘʙʳʡ" ɺɸʈ ʧʨʠ ʵʪʦʤ ʥʘʩʳʱʘʝʪʩʷ 

ʠ ʩʪʘʥʦʚʠʪʩʷ ʥʘʩʳʱʝʥʥʳʤ ʧʦ ʘʤʤʠʘʢʫ ("ʢʨʝʧʢʠʤ"), ʘ ʚʦʜʦʨʦʜ ʯʘʩʪʠʯʥʦ ʦʯʠʱʘʝʪʩʷ ʦʪ ʧʘʨʘ ʘʤʤʠʘʢʘ. 

"ʂʨʝʧʢʠʡ" ɺɸʈ ʧʦ ʢʘʥʘʣʫ 11 ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢ 9 ʚ ʛʝʥʝʨʘʪʦʨ 1. ɺ ʪʝʧʣʦʦʙ-

ʤʝʥʥʠʢʝ "ʩʣʘʙʳʡ" ɺɸʈ ʦʪʜʘʝʪ ʪʝʧʣʦ "ʢʨʝʧʢʦʤʫ" ɺɸʈ ʠ ʮʠʢʣ ʨʘʙʦʪʳ ɸʍɸ ʧʦʚʪʦʨʷʝʪʩʷ. 

ʇʨʠ ʢʦʥʪʘʢʪʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʩʧʘʨʠʪʝʣʷ 4, ʠʤʝʶʱʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʯʢʠ ʨʦʩʳ, ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʜʝʥʩʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʧʨʠ ʵʪʦʤ 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʦʩʫʰʘʝʪʩʷ ʠ ʦʭʣʘʞʜʘʝʪʩʷ. 

ʆʭʣʘʞʜʝʥʥʳʡ ʠ ʦʩʫʰʝʥʥʳʡ ʚʦʟʜʫʭ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʧʣʦʪʥʦʩʪʴ ʠ ʦʧʫʩʢʘʶʪʩʷ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ 

ʢʘʥʘʣʘ 13. 

ʂʦʥʜʝʥʩʘʪ ʚʦʜʳ ʩʪʝʢʘʝʪ ʩ ʠʩʧʘʨʠʪʝʣʷ 4 ʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʝʤʢʦʩʪʠ 15, ʦʪʢʫʜʘ ʟʘʪʝʤ ʧʦʜʘʝʪʩʷ ʚ 

ʝʤʢʦʩʪʴ 16.  

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʦʜʲʝʤʥʦʛʦ ʢʘʥʘʣʘ 14 ʦʩʫʰʝʥʥʳʡ ʠ ʦʭʣʘʞʜʝʥʥʳʡ ʚʦʟʜʫʭ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ 

ʥʘʛʨʝʪʦʡ ʜʦ 42 é 45Üʉ [5] ʧʦʚʝʨʭʥʦʩʪʴʶ ʘʙʩʦʨʙʝʨʘ 7. 

ɺ ʧʨʦʮʝʩʩʝ ʪʝʧʣʦʦʙʤʝʥʘ ʚʦʟʜʫʭ ʥʘʛʨʝʚʘʝʪʩʷ, ʘ ʘʙʩʦʨʙʝʨ 7 ʦʭʣʘʞʜʘʝʪʩʷ. ʅʘʛʨʝʪʳʡ ʪʝʧʣʳʡ ʚʦʟ-

ʜʫʭ, ʠʤʝʶʱʠʡ ʤʝʥʴʰʫʶ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʦʣʦʜʥʳʤ ʧʣʦʪʥʦʩʪʴ ʚʳʪʘʣʢʠʚʘʝʪʩʷ ʚ ʟʦʥʫ ʢʦʥʜʝʥʩʘʪʦʨʘ, 

ʛʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʛʨʝʚʘʝʪʩʷ ʧʨʠ ʦʪʚʦʜʝ ʪʝʧʣʦʪʳ ʢʦʥʜʝʥʩʘʮʠʠ.  

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʚʦʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʦʩʫʰʝʥʥʦʛʦ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʩʥʠʞʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʨʘʩʩʝʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ɸʍɸ (ʘʙʩʦʨʙʝʨʘ ʠ ʢʦʥʜʝʥʩʘʪʦʨʘ), ʘ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʩʧʘʨʠʪʝʣʷ ɸʍɸ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʫʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʘʚʪʦʥʦʤʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʚʦʜʳ ʠʟ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ ʠ ʧʦʩʪʦʷʥʥʘ ʚ ʪʝʯʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʜʥʷ. 

ɺʓɺʆɼ 
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ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʩʭʝʤ ʜʣʷ ʩʚʦʠʭ ʨʘʟʨʘʙʦʪʦʢ ʘʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʚʝ ʘʚʪʦʥʦʤʥʳʝ ʩʭʝʤʳ 

ʩʠʩʪʝʤ ʧʦʣʫʯʝʥʠʷ ʚʦʜʳ ʠʟ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ï ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ "ʩʦʣʥʝʯʥʳʡ" ʮʠʢʣ ʈʝʥʢʠʥʘ 

ʥʘ ʙʘʟʝ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ, ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥR600 (ʠʟʦʙʫʪʘʥ) ʠ ʮʠʢʣ ɸʍɸ (ʨʠʩ.4). 
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ʇʨʦʙʣʝʤʫ ʵʢʦʥʦʤʠʠ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʨʥʘ ʚ ʧʠʱʝʚʳʭ ʮʝʣʷʭ ʥʝʚʦʟʤʦʞʥʦ 

ʨʝʰʠʪʴ ʙʝʟ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʚʳʰʝʥʠʷ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʟʝʨʥʘ ʠ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʝʨʝʚʘʨʠʤʦʩʪʠ ʙʝʣʢʘ ʠ ʩʠʥʪʝʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. 

ʊʘʢ ʚ ʋʢʨʘʠʥʝ ʠ ʚ ʩʪʨʘʥʘʭ ʉʅɻ ʥʘ 1 ʪʦʥʥʫ ʧʨʦʪʝʠʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʧʨʠʭʦʜʠʪʩʷ 12 ʪʦʥʥ 

ʟʝʨʥʘ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʘ ʚ ʩʪʨʘʥʘʭ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ ʪʦʣʴʢʦ 2,6 ʪʦʥʥ. ɺ 

ʩʦʚʨʝʤʝʥʥʦʤ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʜʦʣʞʥʦ ʫʜʝʣʷʪʴ ʧʦʣʫʯʝʥʠʶ ʚʳʩʦʢʦʧʠʪʘʪʝʣʴʥʳʭ, 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʧʦ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʦʨʤʦʚʳʭ ʩʨʝʜʩʪʚ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʚ ʢʦʨʤʘ ʧʨʦʨʘʱʝʥʥʦʛʦ ʟʝʨʥʘ. 

ʏʘʩʪʦ ʫʙʦʨʢʘ ʟʝʨʥʦʚʳʭ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʨʘʱʠʚʘʥʠʶ 

ʟʝʨʥʘ ʝʱʝ ʚ ʚʘʣʢʘʭ. ʊʘʢʦʝ, ʣʠʙʦ ʩʧʝʮʠʘʣʴʥʦ ʧʨʦʨʘʱʝʥʥʦʝ ʟʝʨʥʦ, ʤʦʞʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʚʦʜʠʪʴʩʷ ʚ 

ʩʦʩʪʘʚ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʢʦʤʙʠʢʦʨʤʦʚ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʫʰʢʠ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʭʨʘʥʠʪʴ 

ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʚʠʪʘʤʠʥʳ. ʇʨʦʨʘʱʠʚʘʥʠʝ ʧʦʚʳʰʘʝʪ ʧʠʱʝʚʫʶ ʠ ʢʦʨʤʦʚʫʶ ʮʝʥʥʦʩʪʴ ʟʝʨʥʘ. ʄʫʢʘ 

ʠʟ ʧʨʦʨʦʩʰʝʛʦ ʟʝʨʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʧʠʱʝʚʦʡ 

ʮʝʥʥʦʩʪʠ. ʆʩʦʙʝʥʥʦ ʪʘʢʠʝ ʧʨʦʜʫʢʪʳ ʥʫʞʥʳ ʣʶʜʷʤ, ʥʝ ʧʝʨʝʥʦʩʷʱʠʤ ʤʦʣʦʢʦ ʠ ʤʦʣʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʘ ʚ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʚ ʩʪʘʨʪʝʨʥʳʭ ʢʦʨʤʦʩʤʝʩʷʭ ʧʦʟʚʦʣʠʪ ʵʢʦʥʦʤʠʪʴ ʤʦʣʦʢʦ, 

ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʚʩʢʘʨʤʣʠʚʘʥʠʷ ʤʦʣʦʜʥʷʢʘ. ʅʘʨʷʜʫ ʩ ʧʨʦʨʘʱʠʚʘʥʠʝʤ ʟʘʤʦʯʝʥʥʦʝ ʟʝʨʥʦ ʩ ʮʝʣʴʶ 

ʫʜʣʠʥʝʥʠʷ ʩʨʦʢʦʚ ʝʛʦ ʭʨʘʥʝʥʠʷ ʤʦʞʥʦ ʧʦʜʚʝʨʛʘʪʴ ʛʣʫʙʦʢʦʤʫ ʟʘʤʦʨʘʞʠʚʘʥʠʶ. ʇʨʠ ʙʳʩʪʨʦʤ ʛʣʫʙʦʢʦʤ 

ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʚʩʣʝʜʩʪʚʠʝ ʨʝʟʢʦʛʦ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʭʦʜʘ ʚʦʜʳ ʚ ʣʝʜ ʞʠʟʥʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʙʳʩʪʨʦ ʪʦʨʤʦʟʷʪʩʷ. ʅʦ ʜʘʞʝ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʟʘʤʦʨʦʞʝʥʥʳʭ ʧʨʦʜʫʢʪʘʭ 

ʧʦʣʥʦʩʪʴʶ ʥʝ ʧʨʝʢʨʘʱʘʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʭʨʘʥʝʥʠʠ 

ʚʳʟʳʚʘʶʪʩʷ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ, ʦʢʠʩʣʝʥʠʝʤ, ʛʠʜʨʦʣʠʟʦʤ ʠ ʢʦʣʣʦʠʜʥʳʤʠ ʨʝʘʢʮʠʷʤʠ. ʋʤʝʥʴʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʪʨʘʛʠʚʘʝʪ ʘʢʪʠʚʘʮʠʶ ʧʨʦʪʝʠʥʘʟʳ. ɼʝʡʩʪʚʠʝ ʣʠʧʘʟʳ ʧʨʦʷʚʣʷʝʪʩʷ ʜʘʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʤʠʥʫʩ 40
 
Áʉ. ʅʝ ʩʥʠʞʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʠʥʚʝʨʪʘʟʳ, ʵʪʠʤ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʢʦʧʣʝʥʠʝ ʩʘʭʘʨʘ ʚ ʟʘʤʦʨʦʞʝʥʥʦʡ 

ʪʢʘʥʠ [1].ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʠ ʭʨʘʥʝʥʠʠ ʧʨʠ ʤʘʣʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʥʝ ʧʨʝʢʨʘʱʘʶʪʩʷ, ʘ ʥʝʢʦʪʦʨʳʝ, ʥʘʧʨʠʤʝʨ ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ, ʜʘʞʝ ʫʩʢʦʨʷʶʪʩʷ. 

ɺʦ ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ ʟʘʤʦʨʦʞʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʠʩʭʦʜʷʪ ʠ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. 



 

74 

 

ʂʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ ʨʝʘʛʠʨʫʝʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʦʜʫʢʪʦʚ, ʚʳʟʳʚʘʷ ʫʭʫʜʰʝʥʠʝ ʠʭ ʢʘʯʝʩʪʚʘ: 

ʠʟʤʝʥʷʝʪʩʷ ʚʢʫʩ ʧʠʱʠ, ʝʝ ʮʚʝʪ, ʧʦʷʚʣʷʶʪʩʷ ʥʝʧʨʠʷʪʥʳʝ ʟʘʧʘʭʠ [2]. 

ʇʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʥʝʧʨʠʷʪʥʦʛʦ ʧʨʠʚʢʫʩʘ ʫ ʟʘʤʦʨʦʞʝʥʥʳʭ ʧʣʦʜʦʚ ʠ ʦʚʦʱʝʡ ʷʚʣʷʝʪʩʷ ʜʝʛʠʜ-

ʨʠʨʦʚʘʥʠʝ ʬʝʥʦʣʦʚ, ʘʤʠʥʦʚ, ʬʣʘʚʠʥʦʠʜʦʚ ʠ ʘʤʠʥʦʢʠʩʣʦʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʘʪʘʣʘʟʳ ʠ ʧʠʨʦʢʩʠʜʘʟʳ. ʀʟ 

ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʧʠʨʦʢʩʠʜʘʟʘ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʘ ʢ ʜʝʡʩʪʚʠʶ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ [3]. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʧʨʦʮʝʩʩ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦ ʠ ʭʨʘʥʠʪʴ ʟʘʤʦʨʦʞʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʫʭʫʜʰʝʥʠʝ ʠʭ ʢʘʯʝʩʪʚʘ. 

ɿʘʜʘʯʝʡ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʟʝʨʥʘ ʟʣʘʢʦʚʳʭ 

ʠ ʙʦʙʦʚʳʭ (ʧʰʝʥʠʮʘ, ʩʦʷ, ʬʘʙʘ ʙʦʙʦʚʳʭ) ʢʫʣʴʪʫʨ ʠ ʧʦʚʳʰʝʥʠʝ ʝʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ 

ʦʙʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʶʱʠʭ: ʘ) ʟʘʤʘʯʠʚʘʥʠʝ ʚ ʚʦʜʝ ʠ ʨʘʩʪʚʦʨʘʭ ʩʦʣʝʡ; ʙ) ʩʦʯʝʪʘʥʠʝ ʟʘʤʘʯʠʚʘʥʠʷ ʩ 

ʛʣʫʙʦʢʠʤ ʟʘʤʦʨʘʞʠʚʘʥʠʝʤ; ʚ) ʧʨʦʨʘʱʠʚʘʥʠʝ ʟʝʨʥʘ ʩ ʚʢʣʶʯʝʥʠʝʤ ʙʠʦʣʦʛʠʯʝʩʢʠ ʮʝʥʥʳʭ ʥʫʪʨʠʝʥʪʦʚ 

ʮʝʣʝʚʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʜʘʣʴʥʝʡʰʝʝ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʨʤʦʚʳʭ ʠ ʧʠʱʝʚʳʭ ʮʝʣʷʭ. 

ɿʘʤʘʯʠʚʘʥʠʝ ʩʝʤʷʥ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʚʦʜʝ ʠ ʨʘʩʪʚʦʨʘʭ ʩʦʣʝʡ, ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʤʦʨʩʢʦʡ ʩʦʣʠ, 

ʩʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʟʘʤʘʯʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʨʙʮʠʠ ʚʦʜʳ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʨʘʱʠʚʘʥʠʷ. ʉʦʯʝʪʘʥʠʝ ʟʘʤʘʯʠʚʘʥʠʷ ʩ 

ʛʣʫʙʦʢʠʤ ʟʘʤʦʨʘʞʠʚʘʥʠʝʤ ʚ ʭʦʣʦʜʠʣʴʥʳʭ ʢʘʤʝʨʘʭ ʧʨʝʜʧʦʣʘʛʘʣʠ ʯʘʩʪʠʯʥʫʶ ʜʝʩʪʨʫʢʮʠʶ ʧʦʣʠʤʝʨʦʚ 

ʟʝʨʥʘ, ʦʙʦʛʘʱʝʥʠʝʤ ʝʛʦ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʫʩʚʦʝʥʠʷ ʚʝʱʝʩʪʚʘʤʠ, ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʢʩʠʯʥʳʭ 

ʦʣʠʛʦʤʝʨʦʚ ʨʘʬʠʥʦʟʥʦʡ ʛʨʫʧʧʳ ʚ ʩʝʤʝʥʘʭ ʙʦʙʦʚʳʭ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʤʝʜʣʝʥʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʭʦʣʦʜʠʣʴʥʳʝ ʧʨʠʙʦʨʳ 

ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʪʠʧʘ, ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʳʝ ʘʙʩʦʨʙʮʠʦʥʥʳʤʠ ʭʦʣʦʜʠʣʴʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ (ɸʍɸ). 

ʀʟʚʝʩʪʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ɸʍɸ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʚʝʣʠʯʠʥʘ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʙʦʣʝʝ 50 ɺʪ ʥʘ ʦʜʥʫ ʪʠʧʠʯʥʫʶ ʭʦʣʦʜʠʣʴʥʫʶ ʤʘʰʠʥʫ [4]. ʇʨʦʩʪʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ɸʍɸ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʲʝʤʘʤ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʥʘʯʘʣʴʥʳʡ 

ʧʝʨʠʦʜ, ʢʦʛʜʘ ʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʦʨʘʞʠʚʘʥʠʝ. 

ɺʦʟʥʠʢʰʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʙʣʝʤʳ ʨʝʰʘʣʠ ʩ ʧʦʤʦʱʴʶ ʭʦʣʦʜʦʘʢʢʫʤʫʣʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʍʄ), ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʟʜʘʪʴ çʟʘʧʘʩè ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʪʝʧʣʦʚʳʭ ʪʨʫʙ (ʊʊ), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʫʶ (ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʪʝʨʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ) ʪʝʧʣʦʚʫʶ 

ʩʚʷʟʴ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ [5]. 

 

ʀʟʫʯʝʥʠʝ ʍʄ ʠ ʊʊ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʘʤʝʨʝ (ʅʊʂ) ʪʠʧʘ çʣʘʨʴè ʩ 

ʪʦʨʮʝʚʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʜʚʫʭ ɸʍɸ [6] (ʨʠʩ.1). 

ʇʦʣʝʟʥʳʡ ʦʙʲʝʤ ʅʊʂ ʩʦʩʪʘʚʣʷʣʘ 180 ʜʤ 
3
, ʘ 

ʥʘʨʫʞʥʳʝ ʨʘʟʤʝʨʳ ʢʘʤʝʨʳ ï 1,020Ĭ0,65Ĭ0,95 ʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʍʄ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 

ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ (22-23%), ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʣʩʷ ʚ ʧʦʣʠ-

ʵʪʠʣʝʥʦʚʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʝʤʢʦʩʪʷʭ ʨʘʟʤʝʨʦʤ 0,04 

Ĭ0,080Ĭ0,210 ʤ. ʊʊ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

ʅʇʆ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ (ɾʝʣʝʟʥʦʛʦʨʩʢ, ʈʦʩʩʠʷ) ʠ 

ʠʤʝʣʠ ɻ-ʦʙʨʘʟʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʦʤʝʛʦʦʙʨʘʟʥʳʡ 

ʧʨʦʬʠʣʴ. ʊʝʧʣʦʥʦʩʠʪʝʣʴ ï ʘʤʤʠʘʢ. ɼʣʠʥʘ ʟʦʥʳ 

ʠʩʧʘʨʝʥʠʷ ʊʊ ï 0,19 ʤ, ʢʦʥʜʝʥʩʘʮʠʠ ï 0,24 ʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʤʠʪʘʪʦʨʦʚ ʧʨʦʜʫʢʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʘʛʘʨʘ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ [7]. 

ʈʘʟʤʝʨʳ ʧʘʢʝʪʦʚ-ʠʤʠʪʘʪʦʨʦʚ ʩʦʩʪʘʚʣʷʣʠ 

0,05Ĭ0,1Ĭ0,1 ʤ, ʚʝʩ 0,5 ʢʛ. ʇʘʢʝʪʳ ʨʘʟʤʝʱʘʣʠʩʴ ʚ 

ʧʨʦʚʦʣʦʯʥʳʭ ʢʦʨʟʠʥʘʭ ʨʘʟʤʝʨʦʤ 0,315Ĭ0,38Ĭ0,21 ʤ, 

ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠ-ʚʘʣʠʩʴ ʚ ʪʨʠ ʷʨʫʩʘ. ʄʝʞʜʫ 

ʢʦʨʟʠʥʘʤʠ ʠ ʩʪʝʥʢʦʡ ʢʘʤʝʨʳ ʚʳʜʝʨʞʠʚʘʣʩʷ 

ʚʦʟʜʫʰʥʳʡ ʟʘʟʦʨ 15...20 ʤʤ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʅʊʂ ʩ ɸʍɸ ʧʦʟʚʦʣʷʣʦ ʠʟʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʧʨʠ 

ʫʩʪʘʥʦʚʢʝ ʰʝʩʪʠ ʊʊ ʚ ʟʦʥʝ ʠʩʧʘʨʠʪʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ɸʍɸ - ʧʦ ʦʜʥʦʡ, ʜʚʝ, ʪʨʠ ʊʊ ʥʘ ʦʜʠʥ ɸʍɸ ( ʜʣʷ 

ʢʘʤʝʨʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 2, 4, 6 ʊʊ). 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʥʝʟʘʛʨʫʞʝʥʥʦʡ ʢʘʤʝʨʝ ʯʠʩʣʦ 

ʪʨʫʙ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʝʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

 

ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʘʙʩʦʨʙʮʠʦʥʥʦ1 ʅʊʂ 
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ʢʘʤʝʨʝ ʠʟ-ʟʘ ʚʳʨʘʚʥʠʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ ʜʚʫʭ ʊʊ ʥʘ ʰʝʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 2 

ʉ̄. ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʥʘʷ ʢʦʤʧʦʥʦʚʢʘ ʊʊ ʩ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʠʩʧʘʨʠʪʝʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʥʝʟʘʛʨʫʞʝʥʥʦʡ ʢʘʤʝʨʳ (ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʪ.ʝ. 0,5ʉ̄). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʪʝʧʣʦʧʨʠʪʦʢʦʚ 

ʯʝʨʝʟ ʦʛʨʘʞʜʘʶʱʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʤʝʨʳ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʚʦʙʦʜʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʧʦʣʝʟʥʦʤ ʦʙʲʝʤʝ ʢʘʤʝʨʳ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʫʩʢʦʚʳʝ (ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ) ʨʝʞʠʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʛʨʫʟʢʦʡ ʢʘʤʝʨʳ çʪʝʧʣʳʤʠè 

ʧʨʦʜʫʢʪʘʤʠ (ʠʤʠʪʘʪʦʨʘʤʠ) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʶʩ 25°1 ʉ̄. 

ʉʝʨʠʷ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ɸʍɸ (ʧʦ 112 

ɺʪ) ʚ ʧʦʩʪʦʷʥʥʦʤ ʨʝʞʠʤʝ, ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 31...32ʉ̄, ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʢʘʤʝʨʝ ʤʠʥʫʩ 20 

... ʤʠʥʫʩ 18ʉ̄. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʯʘʩʪʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 10ʉ̄ ʥʠʞʝ ʢʨʠʦʩʢʦʧʠʯʝʩʢʦʡ ï ʤʠʥʫʩ 0,8... ʤʠʥʫʩ 

1,2 ̄ ʉ) ï ʥʝ ʚʳʰʝ 36...44 ʯ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ, ʜʘʞʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʛʨʫʟʢʠ. 

ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝ 0,27ĿVʢ (ʛʜʝ Vʢ ï ʧʦʣʥʳʡ ʦʙʲʝʤ ʢʘʤʝʨʳ) ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʣʴʢʦ ʨʝʞʠʤ 

ʦʭʣʘʞʜʝʥʠʷ ï ʥʝ ʚʳʰʝ 4ʉ̄ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ 36 ʯʘʩʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʭʦʣʦʜʦ-

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʚʫʭ ɸʍɸ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʟʘʛʨʫʞʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɼʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʝʞʠʤʘ ʦʭʣʘʞʜʝʥʠʷ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠʤʠʪʘʪʦʨʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʘʢʝʪʳ ʩ ʍʄ ʚ ʢʦʣʠʯʝʩʪʚʝ: 10; 20; 40; 60 ʧʘʢʝʪʦʚ, ʚʝʩ ʍʄ ʩʦʩʪʘʚʠʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 8; 16; 32; 48 ʢʛ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʟʘʛʨʫʟʢʠ ʢʘʤʝʨʳ ʠʤʠʪʘʪʦʨʘʤʠ ï 0,56ĿVʢ. 

ʅʘʣʠʯʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʤʦʨʦʞʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʧʘʢʝʪʦʚ ʍʄ) ʧʦʟʚʦʣʠʣʦ ʨʝʘʣʠʟʦʚʘʪʴ ʪʨʝʙʫʝʤʳʝ 

ʨʝʞʠʤʳ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʨʠ ʩʦʨʦʢʘ ʠ ʰʝʩʪʠʜʝʩʷʪʠ ʰʪ./ʧʘʢʝʪʦʚ. ʇʘʢʝʪʳ ʧʨʠ ʵʪʦʤ ʙʳʣʠ ʫʣʦʞʝʥʳ ʚ 

ʢʦʨʟʠʥʳ ʚʝʨʭʥʝʛʦ (ʪʨʝʪʴʝʛʦ) ʷʨʫʩʘ. ʇʨʠ ʫʩʪʘʥʦʚʢʝ 10 ʠ 20 ʧʘʢʝʪʦʚ ʩ ʍʄ ʜʦʩʪʠʛʥʫʪʘ ʪʨʝʙʫʝʤʘʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʯʝʨʝʟ 36 ʯ ʩʦʩʪʘʚʠʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 0,5 ʠ 5,3ʉ̄. 

ʆʮʝʥʦʯʥʳʝ ʨʘʩʯʝʪʳ ʘʢʢʫʤʫʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʍʄ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ 

ʟʘʧʘʩʘ ʢʘʢ ʧʦ ʪʝʧʣʦʪʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʪʘʢ ʠ ʧʦ ʪʝʧʣʦʝʤʢʦʩʪʠ. ʆʛʨʘʥʠʯʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʟʜʝʩʴ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʦʯʢʠ çʧʨʦʜʫʢʪ - ʚʦʟʜʫʭ ʚ ʢʘʤʝʨʝ ï ʩʪʝʥʢʘ ʢʘʤʝʨʳ ï 

ʠʩʪʦʯʥʠʢ ʭʦʣʦʜʘè, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʦʙʲʝʢʪʘ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʧʨʠ ʟʘʛʨʫʟʢʝ çʪʝʧʣʦʛʦè ʧʨʦʜʫʢʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʝʨʝʧʘʜ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ʢʘʤʝʨʳ ʠ ʠʩʧʘʨʠʪʝʣʝʤ ʜʦʩʪʠʛʘʝʪ ʯʝʨʝʟ 1 ʯʘʩ ʨʘʙʦʪʳ 42ʉ̄ 

ʙʝʟ ʍʄ ʠ 26ʉ̄ ʩ ʍʄ, ʪʦʛʜʘ ʢʘʢ ʚ ʥʝʟʘʛʨʫʞʝʥʥʦʡ ʢʘʤʝʨʝ ʵʪʘ ʚʝʣʠʯʠʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 3...4ʉ̄. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʪʘʢʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʢʦʩʦʚ ʥʘ ʩʪʝʥʢʘʭ ʢʘʤʝʨʳ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʯʝʪʳʨʝ 

ʊʊ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʢʘʢ ʧʨʠ ʥʘʣʠʯʠʠ ʍʄ, ʪʘʢ ʠ ʙʝʟ ʍʄ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʊʊ 

ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʛʦ ʧʘʢʝʪʘ ʯʝʨʝʟ 36 ʯʘʩʦʚ ʨʘʙʦʪʳ ʥʘ 5...7ʉ̄ ʙʝʟ ʍʄ ʠ ʥʘ 

2...3̄ ʉ ʩ ʍʄ. ʇʨʠ ʵʪʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʠ ʨʝʞʠʤ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʨʠ ʟʘʛʨʫʟʢʝ 20 ʧʘʢʝʪʦʚ ʍʄ, ʘ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʍʄ ï ʨʝʞʠʤ ʦʭʣʘʞʜʝʥʠʷ (ʥʝ ʚʳʰʝ 4 ʉ̄) ʧʨʠ ʩʨʝʜʥʝʡ ʟʘʛʨʫʟʢʝ ʢʘʤʝʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʣʠʷʥʠʶ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʨʝʞʠʤʳ ʟʘʛʨʫʞʝʥʥʦʡ ʢʘʤʝʨʳ ʯʠʩʣʘ ʊʊ ʠ ʢʦʣʠʯʝʩʪʚʘ ʍʄ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʦʚ ʦʭʣʘʞʜʝʥʠʷ ʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ: 

ʘ) ʢʦʣʠʯʝʩʪʚʦ ʊʊ ʚ ʢʘʤʝʨʝ ï 4; 

ʙ) ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʟʘʛʨʫʟʢʠ ï 0,56ĿVʢ ;  

ʚ) ʢʦʣʠʯʝʩʪʚʦ ʧʘʢʝʪʦʚ ʩ ʍʄ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʤʦʨʦʞʝʥʥʳʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʤʠʥʫʩ 18 ʉ̄ ʠ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʚʝʨʭʥʝʤ ʷʨʫʩʝ ʢʦʨʟʠʥ, ʥʝ ʙʦʣʝʝ 20 ʰʪ. 

ɺ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʘʭ ʧʦʩʣʝ ʟʘʤʘʯʠʚʘʥʠʷ, ʧʨʦʨʘʱʠʚʘʥʠʷ ʠ ʛʣʫʙʦʢʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʤʷʥ ʢ ʥʘʧʦʣʥʝʥʠʶ ʚʝʛʝʪʘʮʠʦʥʥʦʡ ʚʣʘʛʠ, ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ, 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʘʭʘʨʦʚ, ʘʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʦʚ. 

ɼʘʥʥʳʝ ʧʦ ʥʘʧʦʣʥʝʥʠʶ ʚʝʛʝʪʘʮʠʦʥʥʦʡ ʚʣʘʛʠ ʩʝʤʝʥʘʤʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

 
ʊʘʙʣʠʮʘ 1 ï ʅʘʢʦʧʣʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʡ ʚʣʘʛʠ ʚ ʩʝʤʝʥʘʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ (%ʥʘ ʘ.ʩ.ʚ.) 

 

ɿʝʨʥʦ ʀʩʭʦʜʥʦʝ ʇʦʩʣʝ ʟʘʤʘʯʠʚʘʥʠʷ ʚ 

ʪʝʯʝʥʠʠ 24 ʯ 

ʇʦʩʣʝ ʧʨʦʨʘʱʠʚʘʥʠʷ 

ʚ ʪʝʯʝʥʠʠ 48 ʯ 

ɻʣʫʙʦʢʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ 

ʚ ʪʝʯʝʥʠʠ 

30 ʜʥʝʡ 

ʇʨʦʩʦ 8,90 22,58 53,40 51,65 

ʇʰʝʥʠʮʘ 11,10 47,06 67,72 43,99 



 

76 

 

ʆʚʝʩ 10,05 58,22 84,18 82,05 

ʂʦʨʤʦʚʳʝ 

ʙʦʙʳ 

9,61 54,09 60,90 65,33 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʝʤʝʥʘ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʦʨʙʠʨʫʶʪ 

ʚʣʘʛʫ ʧʨʠ ʟʘʤʘʯʠʚʘʥʠʠ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʛʝʪʘʮʠʦʥʥʦʡ ʚʣʘʛʠ ʩʦʨʙʠʨʫʶʪ ʩʝʤʝʥʘ ʦʚʩʘ, ʯʪʦ, 

ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʨʘʟʤʝʨʘʤʠ ʧʦʨ ʚ ʦʙʦʣʦʯʢʘʭ, ʪʘʢ ʠ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʢʦʣʣʦʠʜʦʚ 

ʚ ʩʦʩʪʘʚʝ ʩʝʤʷʥ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʟʘʤʘʯʠʚʘʥʠʷ (ʙʦʣʝʝ 24 ʯʘʩʦʚ) ʢʦʣʠʯʝʩʪʚʦ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʧʨʦʮʝʩʩʝ ʛʣʫʙʦʢʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠʜʝʪ ʢʘʢ ʙʳ ʯʘʩʪʠʯʥʦʝ 

ʧʦʜʩʳʭʘʥʠʝ ʩʝʤʷʥ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ. 

ɿʘʤʘʯʠʚʘʥʠʝ ʩʝʤʷʥ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚʣʠʷʝʪ ʥʘ ʵʥʝʨʛʠʶ ʠʭ ʧʨʦʨʘʩʪʘʥʠʷ. ʕʥʝʨʛʠʷ 

ʧʨʦʨʘʩʪʘʥʠʷ - ʪɻʦ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ ʩ ʚʳʰʝʜʰʠʤʠ ʟʘ ʧʨʝʜʝʣʳ ʧʦʢʨʦʚʘ ʟʝʨʥʘ ʨʦʩʪʢʘʤʠ ʠʣʠ 

ʢʦʨʝʰʢʘʤʠ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʧʨʦʮʝʥʪʘʭ ʥʘ 100 ʟʘʤʦʯʝʥʥʳʭ ʟʝʨʝʥ. 

ɼʣʷ ʟʘʤʘʯʠʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚʦʜʘ, ʨʘʩʪʚʦʨ ʩʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 0,025%(ʢʘʢ ʘʥʪʠʩʝʧʪʠʢ) ʜʣʷ 

ʧʦʜʘʚʣʝʥʠʷ ʤʠʢʨʦʬʣʦʨʳ ʠ 0,01% ʨʘʩʪʚʦʨ ʤʦʨʩʢʦʡ ʩʦʣʠ ʩ ʮʝʣʴʶ ʦʙʦʛʘʱʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʧʨʦʨʘʩʪʘʶʱʝʝ ʟʝʨʥʦ. ɼʘʥʥʳʝ ʧʦ ʚʣʠʷʥʠʶ ʫʩʣʦʚʠʡ ʟʘʤʘʯʠʚʘʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ 20Ñ0,5
 
Áʉ ʥʘ ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ ʟʝʨʝʥ ʧʰʝʥʠʮʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ.2.  

 
ʊʘʙʣʠʮʘ 2 ï ʕʥʝʨʛʠʷ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʟʘʤʘʯʠʚʘʥʠʷ 

 

ʇʦʢʘʟʘʪʝʣʠ ʈʘʩʪʚʦʨ ʜʣʷ ʟʘʤʘʯʠʚʘʥʠʷ 

ɺʦʜʘ ʉʦʨʙʠʥʦʚʘʷ  ʢʠʩʣʦʪʘ, 0,025 

% 

ʄʦʨʩʢʘʷ ʩʦʣʴ, 0,01 

% 

ʕʥʝʨʛʠʷ ʧʨʦʨʘʩʪʘʥʠʷ, % 90,5 83,87 50,0 

 

ʂʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʨʘʩʪʚʦʨ ʤʦʨʩʢʦʡ ʩʦʣʠ ʫʛʥʝʪʘʝʪ ʧʨʦʮʝʩʩ ʧʨʦʨʘʩʪʘʥʠʷ 

ʩʝʤʷʥ ʧʰʝʥʠʮʳ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʢʣʶʥʫʚʰʠʭʩʷ ʟʝʨʝʥ ʩʘʤʦʝ ʥʠʟʢʦʝ (50%). ʈʘʩʪʚʦʨ ʩʦʨʙʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʇʨʠ ʵʪʦʤ ʟʝʨʥʘ ʥʝ ʠʤʝʣʠ ʥʝʧʨʠʷʪʥʳʡ ʟʘʧʘʭ, ʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ 

ʙʳʣʘ ʯʠʩʪʘʷ, ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʧʣʝʩʝʥʠ ʠʣʠ ʩʣʠʟʠ. 

ʉʦʯʝʪʘʥʠʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʢʘʢ ʟʘʤʘʯʠʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʦʨʘʱʠʚʘʥʠʝʤ ʠʣʠ ʟʘʤʦʨʘʞʠʚʘʥʠʝʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʣʫʯʰʘʶʪ ʠʭ ʢʘʯʝʩʪʚʦ. 

ʊʘʢ, ʟʘʤʘʯʠʚʘʥʠʝ ʩʝʤʷʥ ʢʘʢ ʧʰʝʥʠʮʳ ʪʘʢ ʠ ʩʦʠ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʘʭ (ʚʦʜʘ, ʤʦʨʩʢʘʷ ʩʦʣʴ, 

ʩʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ) ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʨʝʜʫʮʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʘʢʪʘʭ ʩʝʤʷʥ 

(ʪʘʙʣ. 3). 

ʇʦʚʳʰʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʨʝʜʫʮʠʨʫʶʱʠʭ ʩʘʭʘʨʦʚ ʧʨʠ ʟʘʤʘʯʠʚʘʥʠʠ ʚ ʨʘʟʥʳʭ ʨʘʩʪʚʦʨʘʭ, 

ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʘʮʠʝʡ ʬʝʨʤʝʥʪʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʘʤʠʣʘʟ, ʠ ʯʘʩʪʠʯʥʦ ʛʠʜʨʦʣʠʟʦʤ ʢʨʘʭʤʘʣʘ.  

ʇʨʠ ʧʨʦʨʘʱʠʚʘʥʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʛʣʫʙʦʢʠʝ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʝʤʷʥ, 

ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʬʝʨʤʝʥʪʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʝ (ʘʤʠʣʘʟʘ, ʧʨʦʪʝʘʟʘ, ʣʠʧʘʟʘ), ʠʜʝʪ 

ʘʢʪʠʚʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʙʠʦʧʦʣʠʤʝʨʦʚ ʠ ʥʘʢʦʧʣʝʥʠʝ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʨʦʩʪʢʘ. 

ɺ ʪʘʙʣ. 4 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʝʤʷʥ ʢʦʨʤʦʚʳʭ ʙʦʙʦʚ (Fafa 

Vicia) ʧʨʠ ʧʨʦʨʘʱʠʚʘʥʠʠ. 

 
ʊʘʙʣʠʮʘ 3 ï ɺʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʨʝʜʫʮʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ (% ʥʘ 

ʚ.ʩ.ʚ.) 

 

 

 

 

ʉʳʨʴʝ 

 

 

 

ʀʩʭʦʜʥʦʝ 

ʩʳʨʴʝ 

ɿʘʤʘʯʠʚʘʥʠʝ ʚ 

ʪʝʯʝʥʠʠ48 ʯ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʶʩ 

20±0,5
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ɻʣʫʙʦʢʦʝ 

ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʚ 

ʪʝʯʝʥʠʠ24 ʯ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʥʫʩ  

20
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ʇʰʝʥʠʮʘ 1,92 3,98 3,70 14,62 5,32 5,12 



 

77 

 

ʉʦʷ ʐʝʣʫʰʝʥʥʘʷ 1,72 4,62 5,90 - 5,52 4,71 

ʥʝ ʰʝʣʫʰʝʥʥʘʷ 1,55 4,70 6,90 - 5,08 5,76 



 

78 

 

ʊʘʙʣʠʮʘ 4 ï ʀʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʨʤʦʚʳʭ ʙʦʙʦʚ ʧʨʠ ʧʨʦʨʘʱʠʚʘʥʠʠ (ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚ ʩʫʭʦʤ ʧʨʦʜʫʢʪʝ, %) 

 

ʇʦʢʘʟʘʪʝʣʠ ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʨʘʱʠʚʘʥʠʷ, ʯ 

0 (ʠʩʭʦʜʥʦʝ ʟʝʨʥʦ) 24 72 144 

ʂʨʘʭʤʘʣ 47,52 44,65 43,38 40,79 

ʉʘʭʘʨʦʟʘ 2,94 3,11 3,50 4,54 

ɾʠʨ 1,64 1,28 1,23 0,91 

ɸ
ʟ
ʦ
ʪ

 

ʆʙʱʠʡ 5,99 5,76 5,79 5,67 

ɹʝʣʢʦʚʳʡ 4,66 4,56 4,46 4,39 

ʅʝʙʝʣʢʦʚʳʡ 0,29 0,60 0,86 1,22 

ɸʟʦʪ ʩʪʨʦʤʳ 0,72 0,60 0,47 0,38 

ɸʤʠʥʥʳʡ ʘʟʦʪ 0,17 0,32 0,41 0,61 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ  ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʨʠ ʧʨʦʨʘʱʠʚʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʚ ʵʢʩʪʨʘʢʪʘʭ 

ʧʨʦʨʘʱʝʥʥʳʭ ʩʝʤʷʥ ʩʚʦʙʦʜʥʳʭ ʩʘʭʘʨʦʚ ʟʘ ʩʯʝʪ ʨʘʩʱʝʧʣʝʥʠʷ ʢʨʘʭʤʘʣʘ. ʂʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ ʘʤʠʥʦʢʠʩʣʦʪ ʠ 

ʥʝʙʝʣʢʦʚʦʛʦ ʘʟʦʪʘ ʨʘʩʪʝʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʨʘʱʠʚʘʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ʠ ʣʠʧʠʜʳ ʟʝʨʥʘ, ʢ ʢʦʥʮʫ 6-ʭ ʩʫʪʦʢ ʧʨʦʨʘʱʠʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʞʠʨʘ ʫʤʝʥʴʰʘʝʪʩʷ ʙʦʣʝʝ 

ʯʝʤ ʥʘ 40%. ɼʘʞʝ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʨʫʜʥʦʛʠʜʨʦʣʠʟʫʝʤʦʛʦ ʙʝʣʢʘ ʩʪʨʦʤʳ. 

ɻʣʫʙʦʢʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʢʘʢ ʩʝʤʷʥ ʧʰʝʥʠʮʳ, ʪʘʢ ʩʦʠ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʝʜʫʮʠ-

ʨʫʶʱʠʭ ʚʝʱʝʩʪʚ (ʈɺ) ʚ ʵʢʩʪʨʘʢʪʘʭ. 

ɺ ʪʘʙʣ. 5 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʈɺ ʚ ʩʝʤʝʥʘʭ ʧʰʝʥʠʮʳ ʧʨʠ ʠʭ ʜʣʠʪʝʣʴ-

ʥʦʤ ʭʨʘʥʝʥʠʶ ʚ ʟʘʤʦʨʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

 
ʊʘʙʣʠʮʘ 5 ï ʉʦʜʝʨʞʘʥʠʝ ʨʝʜʫʮʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʟʝʨʥʦʚʢʘʭ ʧʰʝʥʠʮʳ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

(%ʘ.ʩ.ʚ.) 

 

ʇʦʢʘʟʘʪʝʣʴ ʋʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ 

ʀʩʭʦʜʥʦʝ 

ʟʝʨʥʦ 

ɿʘʤʦʯʝʥʥʦʝ ʚ ʚʦʜʝ 

ʚ ʪʝʯʝʥʠʠ 24 ʯ 

ɻʣʫʙʦʢʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ, ʩʫʪʢʠ 

1 2 3 

ʈʝʜʫʮʠʨʫʶʱʠʝ 

ʚʝʱʝʩʪʚʘ (ʈɺ) 

1,89 4,99 8,19 7,80 6,91 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʛʣʫʙʦʢʦʤ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʩʝʤʷʥ ʧʰʝʥʠʮʳ (ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʤʦʯʝʥʥʳʭ ʚ ʚʦʜʝ) 

ʫʞʝ ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʩʘʭʘʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʟʝʨʥʦʤ (8,19 ʠ 

1,89% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɸ ʟʘʪʝʤ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʜʦ 30 ʠ ʙʦʣʝʝ ʩʫʪʦʢ ʢʦʣʠʯʝʩʪʚʦ ʩʘʭʘʨʦʚ ʚ 

ʵʢʩʪʨʘʢʪʘʭ ʟʘʤʦʨʦʞʝʥʥʳʭ ʩʝʤʷʥ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʩ ʯʘʩʪʠʯʥʳʤ ʠʭ ʨʘʩʭʦʜʦʚʘʥʠʝʤ ʥʘ 

ʜʳʭʘʥʠʝ. ʊʘʢ, ʧʦ ʜʘʥʥʳʤ ɻʦʣʦʚʠʥʘ ʅ.ɸ. [2]ʭʨʘʥʝʥʠʝ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ 

ʦʚʦʱʝʡ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʘʩʱʝʧʣʝʥʠʷ ʢʨʘʭʤʘʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʘʭʘʨʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫ 

ʥʝʢʦʪʦʨʳʭ ʢʫʣʴʪʫʨ ʢʘʢ, ʥʘʧʨʠʤʝʨ ʦʚʦʱʥʦʡ ʛʦʨʦʭ, ʧʨʠ ʭʨʘʥʝʥʠʠ ʩ ʟʘʤʦʨʘʞʠʚʘʥʠʝʤ ʥʘʦʙʦʨʦʪ 

ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʢʨʘʭʤʘʣ. ʂʨʦʤʝ ʪʦʛʦ, ʯʘʩʪʴ ʩʘʭʘʨʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʜʳʭʘʥʠʝ. 

ʇʦ ʠʟʚʝʩʪʥʳʤ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʧʝʨʝʜ ʧʨʦʨʘʱʠʚʘʥʠʝʤ 

ʩʣʘʙʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʠ ʩʦʣʝʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʭʦʨʦʰʝʛʦ ʩʦʣʦʜʘ ʠ 

ʩʥʠʞʝʥʠʶ ʚ ʥʝʤ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʘʟ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʚʣʠʷʥʠʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʟʘʤʘʯʠʚʘʥʠʷ ʩʝʤʷʥ ʢʦʨʤʦʚʳʭ 

ʙʦʙʦʚ (Fafa Vicia Z) ʚ ʨʘʩʪʚʦʨʘʭ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ (0,5% ʨ-ʨ) ʠ ʩʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (0,025%) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʨʘʱʠʚʘʥʠʝʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

ʠʥʛʠʙʠʪʦʨʦʚ ʪʨʠʧʩʠ-ʥʦʚʦʛʦ ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʢʘʟʝʠʥʘ (ʊʀɸ), ʭʦʪʷ ʧʦʣʥʦʡ ʠʭ ʠʥʘʢʪʠʚʘʮʠʠ ʜʦʙʠʪʴʩʷ ʥʝ 

ʫʜʘʣʦʩʴ (ʪʘʙʣ. 6). 

 
ʊʘʙʣʠʮʘ 6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʪʨʠʧʩʠʥʘ ʚ ʧʨʦʨʘʱʝʥʥʳʭ ʬʘʙʘʙʦʙʘʭ ʦʪ ʫʩʣʦʚʠʡ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʛʦ ʟʘʤʘʯʠʚʘʥʠʷ 

 

 

ʈʘʩʪʚʦʨʳ ʜʣʷ 

ʟʘʤʘʯʠʚʘʥʠʷ 

ʇʨʦʨʘʱʠʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ, ʯ 

24 48 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʪʨʠʧʩʠʥʘ, ʚ 

ʄʛ/ʛ % ʪʦʨʤʦʞʝʥʠʷ ʄʛ/ʛ % ʪʦʨʤʦʞʝʥʠʷ 

ɺʦʜʘ 78,8 63,35 24,6 10 

ʉʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 13,39 20,60 6,77 9,84 



 

79 

 

ʍʣʦʨʠʜ ʥʘʪʨʠʷ 5,95 9,20 9,88 13,98 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʟʘʤʘʯʠʚʘʥʠʝ ʢʦʨʤʦʚʳʭ ʙʦʙʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʩʦʨʙʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʫʞʝ ʢ ʢʦʥʮʫ ʧʝʨʚʳʭ ʩʫʪʦʢ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʨʘʱʠʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʪʨʠʧʩʠʥʘ (ʊʀɸ) ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤ ʧʨʦʨʘʱʠʚʘʥʠʠ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠ ʧʨʦʨʘʱʠʚʘʥʠʠ ʫʞʝ ʢ ʢʦʥʮʫ ʧʝʨʚʳʭ ʩʫʪʦʢ ʧʨʦʨʘʱʠʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʘʶʪʩʷ ʪʦʢʩʠʯʥʳʝ ʦʣʠʛʦʩʘʭʘʨʠʜʳ ʨʘʬʠʥʦʟʥʦʡ ʛʨʫʧʧʳ. 

ɼʣʠʪʝʣʴʥʦʝ ʛʣʫʙʦʢʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ, ʢʘʢ ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʝʤʷʥ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʧʨʠ ʧʨʦʨʘʱʠʚʘʥʠʠ, ʥʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʥʛʠʙʠʪʦʨʦʚ 

ʪʨʠʧʩʠʥʦʚʦʛʦ ʧʝʨʝʚʘʨʠʚʘʥʠʷ (ʪʘʙʣ. 7). 

 
ʊʘʙʣʠʮʘ 7 ï ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʊʀɸ (ʤʛ/ʛ) ʚ ʵʢʩʪʨʘʢʪʘʭ ʩʝʤʷʥ ʩʦʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʛʣʫʙʦʢʦʤ 

ʟʘʤʦʨʘʞʠʚʘʥʠʠ 

 

ʉʳʨʴʝ ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʟʘʤʦʨʦʞʝʥʥʳʭ ʩʝʤʷʥ, ʩʫʪʢʠ 

 ʀʩʭʦʜʥʦʝ ʟʝʨʥʦ 14 30 120 

ʉʦʷ ʰʝʣʫʰʝʥʥʘʷ 18,8 7,38 7,07 4,96 

ʥʝ ʰʝʣʫʰʝʥʥʘʷ 15,02 7,96 7,53 4,47 

 

ɺʓɺʆɼ 

ʉʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʪʦʨʦʚ ʙʝʣʢʦʚʦʛʦ ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʠ ʜʣʠʪʝʣʴʥʦʤ 

ʭʨʘʥʝʥʠʠ ʟʘʤʦʨʦʞʝʥʥʳʭ ʩʝʤʷʥ ʩʦʠ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʘʮʠʝʡ ʧʨʦʪʝʘʟ ʠ ʯʘʩʪʠʯʥʳʤ ʛʠʜʨʦʣʠʟʦʤ 

ʙʝʣʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʷʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ - ʟʘʤʘʯʠʚʘʥʠʝ, ʧʨʦʨʘʱʠʚʘʥʠʝ, ʜʣʠʪʝʣʴʥʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ - ʤʦʞʥʦ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʣʫʯʰʠʪʴ ʠʭ ʧʠʪʘʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ. 
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ɺʦ-ʧʝʨʚʳʭ, ʨʘʟʨʘʙʦʪʢʘ ʦʭʣʘʞʜʘʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʭʦʣʦʜʠʣʴʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʘʭ ʝʛʦ ʟʘʛʦʪʦʚʦʢ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ [1]. 

ɺʦ-ʚʪʦʨʳʭ, ʤʝʪʦʜ ʦʭʣʘʞʜʝʥʠʷ ʟʝʨʥʘ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʟʝʨʥʦ ʠ ʩʝʤʝʥʘ ʤʘʩʣʝʥʠʯʥʳʭ ʢʫʣʴʪʫʨ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [2]. 

ɺ-ʪʨʝʪʴʠʭ, ʢʨʦʤʝ ʪʦʛʦ, ʯʪʦ ʤʝʪʦʜ ʩʦʭʨʘʥʷʝʪ ʢʘʯʝʩʪʚʦ ʟʝʨʥʘ, ʦʥ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ 

ð ʪʨʘʜʠʮʠʦʥʥʘʷ ʚ ʩʪʨʘʥʘʭ ʉʅɻ ʩʫʰʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʚʦʜʠʪʩʷ ʩʤʝʩʴʶ ʪʦʧʦʯʥʳʭ ʛʘʟʦʚ ʠ ʚʦʟʜʫʭʘ, 

ʯʪʦ ʚʳʟʳʚʘʝʪ ʟʘʛʨʷʟʥʝʥʠʝ ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤ. ʆʭʣʘʞʜʝʥʥʦʝ ʟʝʨʥʦ ʦʩʪʘʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʳʤ (ʠʩʢʣʶʯʘʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʩʘʞʝʡ, ʦʢʠʩʣʘʤʠ ʩʝʨʳ ʠ ʘʟʦʪʘ, ʪʷʞʝʣʳʤʠ 

ʤʝʪʘʣʣʘʤʠ, ʥʠʪʨʠʪʘʤʠ ʠ ʥʠʪʨʘʪʘʤʠ) ʠ ʢʘʯʝʩʪʚʝʥʥʳʤ (ʦʪʩʫʪʩʪʚʫʝʪ ʜʝʥʘʪʫʨʘʮʠʷ ʙʝʣʢʘ) [1,2]. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʦʪʝʨʴ ʦʙʲʝʤʘ ʠ ʢʘʯʝʩʪʚʘ ʚʩʣʝʜʩʪʚʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʥʘʩʝʢʦʤʳʭ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʟʙʝʞʘʪʴ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʫʨʦʞʘʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ 13 ÁC. 

ʇʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʩʝʢʦʤʳʝ ʚʧʘʜʘʶʪ ʚ ʟʠʤʥʶʶ ʩʧʷʯʢʫ ʠ ʥʝ 

ʧʨʠʥʦʩʷʪ ʚʨʝʜʘ ʩʢʣʘʜʠʨʫʝʤʦʤʫ ʟʝʨʥʫ (ʨʠʩ. 1) [4, 5]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʋʩʣʦʚʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʩʝʢʦʤʳʭ-ʚʨʝʜʠʪʝʣʝʡ 

 

ɺ-ʧʷʪʳʭ, ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʨʦʩʪʘ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ. ɹʣʘʛʦʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ, ʚ ʯʠʩʣʝ ʧʨʦʯʝʛʦ, ʷʚʣʷʝʪʩʷ ʪʝʧʣʦ, ʘ ʦʭʣʘʞʜʝʥʠʝ ʟʝʨʥʘ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʝʛʦ [3-5]. 

ɺ-ʰʝʩʪʳʭ, ʫʜʘʝʪʩʷ ʠʟʙʝʞʘʪʴ ʜʦʨʦʛʦʡ ʠ ʚʨʝʜʷʱʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʟʝʨʥʘ [3, 4, 6]. ʍʠʤʠʯʝʩʢʠʝ ʩʫʙʩʪʘʥʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʛʘʟʘʮʠʠ, ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʨʘʩʭʦʜʳ ʠ ʩʣʦʞʥʫʶ ʧʨʦʮʝʜʫʨʫ. 

ɺ-ʩʝʜʴʤʳʭ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʪʝʨʴ ʧʨʠ ʧʝʨʝʩʢʣʘʜʠʨʦʚʘʥʠʠ. ʇʨʠ ʦʙʳʯʥʦʤ ʩʢʣʘʜʠʨʦʚʘʥʠʠ ʙʝʟ 

ʦʭʣʘʞʜʝʥʠʷ ʟʘʯʘʩʪʫʶ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʢʣʘʜʠʨʦʚʘʥʠʝ, ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʚʦʙʦʜʥʦʝ 

ʩʢʣʘʜʩʢʦʝ ʧʦʤʝʱʝʥʠʝ (ʢʘʤʝʨʘ ʩʠʣʦʩʘ), ʧʨʠ ʵʪʦʤ ʧʨʠ ʢʘʞʜʦʤ ʧʝʨʝʩʢʣʘʜʠʨʦʚʘʥʠʠ ʠʤʝʶʪ ʤʝʩʪʦ ʧʦʪʝʨʠ 

ʜʦ 0,03 % ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ. ʂ ʵʪʦʤʫ ʜʦʙʘʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʷ ʥʘ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ [4-6]. 

ɺ-ʚʦʩʴʤʳʭ, ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʪʝʨʴ ʚʩʣʝʜʩʪʚʠʝ ʜʳʭʘʥʠʷ ʟʝʨʥʘ. ɺ ʩʪʘʪʠʯʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʩʳʧʴ 

ʟʝʨʥʘ ʢʨʘʡʥʝ ʤʝʜʣʝʥʥʦ ʧʨʠʥʠʤʘʝʪ ʵʥʝʨʛʠʶ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʠʟʦʣʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ 

ʚʦʟʜʫʭʘ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʤʝʞʜʫ ʟʝʨʥʘʤʠ ʠ ʤʘʣʦʡ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʝʥ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʝʧʣʦʝ ʟʝʨʥʦ ʧʨʠ ʥʠʟʢʦʡ ʥʘʨʫʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʜʦʣʛʦ ʩʦʭʨʘʥʷʝʪ ʪʝʧʣʦ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʦʛʦ ʞʝ ʩʘʤʦʛʦ ʵʬʬʝʢʪʘ ʦʭʣʘʞʜʝʥʥʦʝ ʟʝʨʥʦ ʜʦʣʛʦ ʦʩʪʘʝʪʩʷ ʭʦʣʦʜʥʳʤ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʠ ʚʩʝʭ ʪʠʧʦʚ ʟʝʨʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʥʠʟʢʦʪʝʤʧʝ-

ʨʘʪʫʨʥʦʡ ʩʫʰʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʨʪʘ ʤʝʣʢʦʛʦ ʟʝʨʥʘ (ʨʘʧʩ, ʣʝʥ, ʧʨʦʩʦ, ʛʦʨʯʠʮʘ, ʘʤʘʨʘʥʪ ʠ ʜʨ.). ʆʥʠ ʠʟ-

ʟʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʧʦʚʨʝʞʜʝʥʠʶ ʧʨʠ ʩʫʰʢʝ 

ʥʘʛʨʝʚʦʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʜʘʥʥʳʝ ʧʦ ʢʠʥʝʪʠʢʝ ʦʭʣʘʞʜʝʥʠʷ ʟʝʨʥʘ ʠ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʤʘʩcʦʦʙʤʝʥʘ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʞʠʤʦʚ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʟʝʨʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʡ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ, ʢʘʢ ʘʛʝʥʪʘ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʫʰʢʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʩʪʝʥʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ 

ʨʠʩ. 2. 
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ʉ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʧʳʪʦʚ, ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʫʧʨʦʱʝʥʠʷ ʠʭ ʦʙʨʘʙʦʪʢʠ, ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʬʘʢʪʦʨ-

ʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʴʪʘʪʦʚ [8,9]. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠ ʨʘʩʭʦʜʘ 

ʚʦʟʜʫʭʘ ʤʠʢʨʦʤʘʥʦʤʝʪʨ ʄʄʅ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʪʨʫʙʢʘ ʇʠʪʦ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʟʝʨʥʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʤʝʪʨʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ.  

 

 
 

1 ï ʩʫʰʠʣʴʥʘʷ ʢʘʤʝʨʘ; 2 ï ʦʭʣʘʜʠʪʝʣʴ ʚʦʟʜʫʭʘ; 3 ï ʥʘʛʨʝʚʘʪʝʣʴ ʚʦʟʜʫʭʘ; 4 ï ʚʝʥʪʠʣʷʪʦʨ;  

5 ï ʦʙʚʦʜʥʦʡ ʚʦʟʜʫʭʦʚʦʜ; 6 ï ʚʦʟʜʫʭʦʚʦʜ ʧʦʜʚʦʜʘ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ; 7 ï ʚʦʟʜʫʭʦʚʦʜ ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʚʦʟʜʫʭʘ; 8 ï ʚʦʟʜʫʭʦʚʦʜ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʚʦʟʜʫʭʘ 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ ʤʝʣʢʦʩʝʤʝʥʥʳʭ 

ʢʫʣʴʪʫʨ 

 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʩʠʭʨʦʤʝʪʨʘ ɸʩʩʤʘʥʘ. ʂʦʣʠʯʝʩʪʚʦ 

ʫʥʦʩʠʤʦʡ ʚʣʘʛʠ ʠʟ ʟʝʨʥʘ ʚʝʩʦʚʳʤ ʩʧʦʩʦʙʦʤ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʚʝʩʦʚ. ʅʘʯʘʣʴʥʘʷ 

ʠ ʢʦʥʝʯʥʘʷ ʚʣʘʞʥʦʩʪʴ ʟʝʨʥʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʨʠʙʦʨʝ ʉɽʐ-3ʄ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʦʭʣʘʞʜʝʥʠʷ ʤʝʣʢʦʩʝʤʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʦʪ ʨʝʞʠʤʦʚ ʦʭʣʘʞʜʝʥʠʷ ð ʩʝʤʷʥ ʨʘʧʩʘ ʠ ʧʨʦʩʘ. 

ʅʘ ʨʠʩ. 3 ʠ 4 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʝʤʷʥ ʨʘʧʩʘ ʠ ʧʨʦʩʘ ʧʨʠ ʠʭ 

ʦʭʣʘʞʜʝʥʠʠ ʚʦʟʜʫʭʦʤ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʅʘʯʘʣʴʥʘʷ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚʣʘʛʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʩʝʤʷʥ ʩʦʩʪʘʚʣʷʣʘ 14 %.  

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (ʨʠʩ. 3) ʦʭʣʘʞʜʝʥʠʝ ʟʝʨʥʘ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝʤ ʝʛʦ ʚʣʘʞʥʦʩʪʠ ʥʘ 

1,13%, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ (ʨʠʩ. 4) ð ʥʘ 0,98%. 
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ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʝʤʷʥ ʨʘʧʩʘ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʝʛʦ ʦʭʣʘʞʜʝʥʠʷ: ʪʦʣʱʠʥʘ ʩʣʦʷ ʩʝʤʷʥ 

200 ʤʤ,ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʣʶʩ 2 Áʉ, ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʝʨʥʘ ʧʣʶʩ 35 Áʉ 
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ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʩʝʤʷʥ ʧʨʦʩʘ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʝʛʦ ʦʭʣʘʞʜʝʥʠʷ: ʪʦʣʱʠʥʘ ʩʣʦʷ ʩʝʤʷʥ 

300 ʤʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʣʶʩ 8 Áʉ, ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʝʨʥʘ ʧʣʶʩ 35Áʉ 

 

ɺʓɺʆɼʓ 

1.ʆʭʣʘʞʜʝʥʠʝ ʟʝʨʥʘ ʤʝʣʢʦʩʝʤʝʥʥʳʭ ʢʫʣʴʪʫʨ ʥʠʞʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʯʘʩʪʠʯʥʳʤ ʝʛʦ ʦʩʫʰʝʥʠʝʤ ʜʣʷ ʨʘʧʩʘ ð 1,13 %, ʜʣʷ ʧʨʦʩʘ ð 0,98 %. 

2.ʄʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʥʦʩʘ ʚʣʘʛʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʥʘʯʘʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 50 % ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʟʝʨʥʘ ʫʥʦʩ ʚʣʘʛʠ 

ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ ʨʘʧʩʘ ð 90 %, ʧʨʦʩʘ ð 80 %. 
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ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ɸʍʇ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ [1]. ʇʦʥʷʪʠʝ ʦʧʪʠʤʘʣʴʥʦʩʪʠ 

ʤʥʦʛʦʛʨʘʥʥʦ ʠ ʜʦʣʞʥʦ ʙʳʪʴ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʩʣʫʯʘʷ. ɼʣʷ ɸʍʇ ʢʨʠʪʝʨʠʡ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʪʨʝʙʫʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ 

ʧʨʠ ʭʦʣʦʜʠʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʤʦʜʝʣʝʡ ʙʳʪʦʚʦʡ ʭʦʣʦʜʠʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ʢʘʢ ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ, ʪʘʢ ʠ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʪʠʧʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʦʜʠʪʩʷ ʢ ʫʩʪʘʥʦʚʢʝ 

ʤʘʥʦʤʝʪʨʠʯʝʩʢʠʭ ʨʝʣʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʝ, ʦʜʥʘʢʦ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ (ʮʠʬʨʦʚʘʷ ʠʥʜʠʢʘʮʠʷ ʨʝʞʠʤʦʚ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ, ʧʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʪʝʤʧʝʨʘʪʫʨ ʭʦʣʦʜʠʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ) [2]. 

ɹʳʪʦʚʳʝ ʘʙʩʦʨʙʮʠʦʥʥʳʝ ʭʦʣʦʜʠʣʴʥʠʢʠ ʠ ʤʦʨʦʟʠʣʴʥʠʢʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʯʠʩʣʫ ʩʪʘʪʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʩ ʙʦʣʴʰʦʡ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʝʡ ʠ ʤʝʜʣʝʥʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ 

ʠʩʧʘʨʠʪʝʣʴ, ʯʪʦ ʥʝ ʧʨʝʜʲʷʚʣʷʝʪ ʦʩʦʙʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʘʤ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʨʝʞʠʤʦʚ, ʦʜʥʘʢʦ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ï ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʣʴʢʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʛʝʥʝʨʘʪʦʨʝ [3, 4], ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʶʪ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚʩʝʚʦʟʤʦʞʥʳʝ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʩʣʦʞʥʦʩʪʠ ʠʭ ʘʣʛʦʨʠʪʤʦʚ [5]. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʙʳʪʦʚʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʝ ʧʦʣʫʯʘʶʪ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʣʫʯʠʚʰʠʝ 

ʥʘʟʚʘʥʠʝ çFuzzy Logicè (çʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠè). ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʟʘʜʘʥʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʭʨʘʥʝʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʬʠʨʤʘ çElectroluxè ʚ ʥʦʚʳʭ ʤʦʜʝʣʷʭ ʤʠʥʠʙʘʨʦʚ (RH340LD, 

RH341LD, RH355LD) ʩ ʩʠʩʪʝʤʘʤʠ çFuzzy Logicè ʜʦʙʠʣʘʩʴ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʘʤʠ ʜʦ 40 % [6]. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʭʦʣʦʜʠʣʴʥʘʷ ʢʘʤʝʨʘ (ʍʂ) ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʧʨʠʙʦʨʘ 

(ɸʍʇ). ɺ ʩʦʩʪʘʚ ɸʍʇ ʢʨʦʤʝ ʍʂ ʚʭʦʜʠʪ ʠ ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʭʦʣʦʜʠʣʴʥʳʡ ʘʛʨʝʛʘʪ (ɸʍɸ). ʌʠʟʠʯʝʩʢʘʷ 

ʩʫʱʥʦʩʪʴ ʪʘʢʦʛʦ ʦʙʲʝʢʪʘ ʩʚʷʟʘʥʘ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʥ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʩʪʘʪʠʯʝʩʢʠʤʠ (k0) ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (To,Űo). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʍʂ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 1-ʛʦ ʠʣʠ 2-ʛʦ ʧʦʨʷʜʢʦʚ, ʪ.ʝ. ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʟʚʝʥʴʷʤʠ 1-ʛʦ ʠʣʠ 

2-ʛʦ ʧʦʨʷʜʢʦʚ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʚʠʜʘ (*) (**) (ʚʩʝʛʜʘ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ɸʍʇ ʠ ʰʣʶʧʦʯʥʳʤ ʜʚʫʭʮʠʣʠʥʜʨʦʚʳʤ 

ʜʠʟʝʣʝʤ 20 ʣ.ʩ. ʥʘ ʙʘʟʝ ʆʜʝʩʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʤʦʨʩʢʦʡ ʘʢʘʜʝʤʠʠ[7] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʘʣʴʥʳʝ 

ʧʝʨʝʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʇʍ) ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʍʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ ʠʣʠ ʪʝʧʣʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ, ʧʦʜʚʦʜʠʤʦʡ ʢ ʥʘʛʨʝʚʘʪʝʣʶ. ʇʦ ʦʜʥʦʡ ʠʟ ʇʍ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ (ʆʋ) ï ʭʦʣʦʜʠʣʴʥʦʡ ʢʘʤʝʨʳ. ʇʦʣʫʯʝʥʳ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ 

W ʚ ʚʠʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ɼʋ), ʦʧʠʩʳʚʘʶʱʠʝ ʜʘʥʥʳʡ ʦʙʲʝʢʪ.  

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʠʟʚʝʩʪʥʳʤ ʚ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʊɸʋ) 

ʤʝʪʦʜʠʢʘʤ: ʜʣʷ ʤʦʜʝʣʠ 1-ʛʦ ʧʦʨʷʜʢʘ ʠ ʜʣʷ ʤʦʜʝʣʠ 2-ʛʦ ʧʦʨʷʜʢʘ. ʇʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʇʍ) ʠ ʇʍ ʤʦʜʝʣʝʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1 ʠ ʨʠʩ. 2. 

ʉʪʨʫʢʪʫʨʥʦ ɸʍɸ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: ʠʩʧʘʨʠʪʝʣʴ, ʘʙʩʦʨʙʝʨ, ʧʦʜʲʝʤʥʳʡ ʠ 

ʦʧʫʩʢʥʦʡ ʜʝʬʣʝʛʤʘʪʦʨʳ, ʛʝʥʝʨʘʪʦʨʥʳʡ ʫʟʝʣ ï ʥʘʛʨʝʚʘʪʝʣʴ (ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ ʧʦʩʣʝ 

ʫʪʠʣʠʟʘʮʠʦʥʥʦʛʦ ʢʦʪʣʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 110-180 Üʉ), ʢʦʥʜʝʥʩʘʪʦʨ, ɾʊʆ (ʞʠʜʢʦʩʪʥʳʝ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ), ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ.  

ɺʩʝʛʦ ʩʭʝʤʘ ʙʦʣʝʝ 10 ʵʣʝʤʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ ɼʋ ʚʠʜʘ 
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ɺ ʪʝʦʨʠʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʝʩʪʴ ʤʝʪʦʜʳ ʩʚʦʜʷʱʠʝ ʤʥʦʞʝʩʪʚʦ ɼʋ ʢ 

ʦʜʥʦʤʫ ɼʋ 1- 2 ïʛʦ ʧʦʨʷʜʢʘ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʚʠʜʘ (*)(**), ʪ.ʝ. 
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ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʫʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ 

ʢʨʠʪʝʨʠʷ (ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʩʨʝʜʥʝ ʤʦʜʫʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʇʍ ʠ ʤʦʜʝʣʴʥʦʡ 

ʇʍ (***). 
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ʀʥʪʝʛʨʘʣʴʥʳʡ ʤʦʜʫʣʴʥʳʡ ʢʨʠʪʝʨʠʡ: ñ
¤

D=
0

2 )( dttyI  ï ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʣʦʱʘʜʴ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ 

ʤʝʞʜʫ ʜʚʫʤʷ ʢʨʠʚʳʤʠ (ʨʠʩ.1 ʠ 2) ʪ.ʝ. ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʇʍ ʠ ʇʍ ʤʦʜʝʣʠ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʨʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʨʦʚʝʨʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʥʘ ʝʝ ʘʜʝʢʚʘʪʥʦʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʇʍ. 

ʇʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ (ɼʋ), ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ: 

ʘ) ʜʣʷ ʤʦʜʝʣʠ 1-ʛʦ ʧʦʨʷʜʢʘ: 
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ʙ) ʜʣʷ ʤʦʜʝʣʠ 2-ʛʦ ʧʦʨʷʜʢʘ:
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ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʇʍ ʠ ʇʍ ʤʦʜʝʣʠ 1-ʛʦ ʧʦʨʷʜʢʘ 
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ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʇʍ ʠ ʇʍ ʤʦʜʝʣʠ 2-ʛʦ ʧʦʨʷʜʢʘ 

 

ʀʟ ʨʠʩ. 1 ʠ  2 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʇʍ ʦʧʠʩʳʚʘʝʪ ʤʦʜʝʣʴ 2-ʛʦ 

ʧʦʨʷʜʢʘ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʥʥʦ ʝʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ: 

23,0-=ok ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʦʙʲʝʢʪʘ; 6540=oT  ʩ ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ 

ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʦʙʲʝʢʪʘ;4300=ot ʩ ï ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ (ʆʋ). 

ɺʳʙʦʨ ʧʨʠʥʮʠʧʘ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʉʫʱʝʩʪʚʫʝʪ 4 ʨʘʟʣʠʯʥʳʭ ʧʨʠʥʮʠʧʘ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

(ʉɸʈ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʘʣʠʟʘʮʠʶ ʪʨʝʙʫʝʤʦʛʦ ʟʘʢʦʥʘ ʠʟʤʝʥʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʳ:  

ʘ) ʧʨʠʥʮʠʧ ʨʘʟʦʤʢʥʫʪʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; 

ʙ) ʧʨʠʥʮʠʧ ʨʘʟʦʤʢʥʫʪʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʚʦʟʤʫʱʝʥʠʶ; 

ʚ) ʧʨʠʥʮʠʧ ʟʘʤʢʥʫʪʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; 

ʛ) ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʨʠʥʮʠʧ ʫʧʨʘʚʣʝʥʠʷ. 

ʄʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʥʮʠʧ ʟʘʤʢʥʫʪʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ɺʳʙʦʨ ʘʣʛʦʨʠʪʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  

ɺ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʠʧʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʉɸʈ 

ʩ ʪʠʧʦʚʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ çʢʘʯʝʩʪʚʦ ï ʩʣʦʞʥʦʩʪʴè, ʧʨʠʯʝʤ ʉɸʈ ʩ 

ʪʠʧʦʚʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʛʨʫʙʦʩʪʴ, ʦʥʠ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʘʧʧʘʨʘʪʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ,ʜʣʷ ʥʠʭ ʨʘʟʨʘʙʦʪʘʥʳ 

ʫʧʨʦʱʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʸʪʘ ʥʘʩʪʨʦʝʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʂ ʪʠʧʦʚʳʤ 

ʘʣʛʦʨʠʪʤʘʤ ʦʪʥʦʩʷʪ ʩʣʝʜʫʶʱʠʝ:  

ʘ) ʇ (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ);  

ʙ) ʇʀ (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʠʨʫʶʱʠʡ);  

ʚ) ʇɼ (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʜʠʬʬʝʥʮʠʨʫʶʱʠʡ);  

ʛ) (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʠʨʫʶʱʠʡ-ʜʠʬʬʝʥʮʠʨʫʶʱʠʡ). 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʣʘʜʘʝʪ ʩʪʘʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʟ ʪʝʦʨʠʠ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʚ ʉɸʈ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʠ ʇ- ʠʣʠ ʇɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʰʠʙʢʘ ʩʪʘʪʠʟʤʘ. 

ʆʰʠʙʢʘ ʩʪʘʪʠʟʤʘ ï ʜʦʩʪʘʪʦʯʥʦ ʥʝʛʘʪʠʚʥʦʝ ʷʚʣʝʥʠʝ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʦʰʠʙʢʫ ʩʪʘʪʠʟʤʘ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʇʀ- ʠʣʠ ʇʀɼ-ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ: ʇ-, ʇʀ-, ʇɼ- ʠ 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨʳ. ɿʘʧʠʰʝʤ ʜʣʷ ʥʠʭ ʫʨʘʚʥʝʥʠʷ ʠ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ:  

ʇ-ʘʣʛʦʨʠʪʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʨʝʛʫʣʷʪʦʨ): 

t, x104c 

˽̆ ͔͙ͣͦ͒͡ 

Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͊Ύ 

˽ ̆
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)0()()( utyktu p +DÖ= ; pʇ kpW =)( ,  

ʛʜʝ-pk ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʨʝʛʫʣʷʪʦʨʘ. 

ʇʀ-ʨʝʛʫʣʷʪʦʨ: 

ñ +D+D=
t

ʠ

ʨ udtty
T

tyktu
0

)0())(
1

)(()( ; )
1

1()(
pʊ

kpW
ʠ

pʇʀ += ,  

ɻʜʝ ʊʠ ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 

ʇɼ-ʨʝʛʫʣʷʪʦʨ: 

)0(
)(

)()( u
dt

tyd
Ttyktu ʧʨʨ +ö

÷

õ
æ
ç

å D
Ö+DÖ= ; ( )ʨʊkʨW ʧʨpʇɼ += 1)( ,  

ɻʜʝ ʊʧʨ ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʧʨʝʜʚʘʨʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 

ɼʣʷ ʇʀɼ ʘʣʛʦʨʠʪʤʘ: 

ñ +
D
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t

ʧʨ

ʠ

ʨ u
dt

tyd
Tdtty
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tyktu
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1
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ʌʦʨʤʫʣʠʨʦʚʘʥʠʝ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʉɸʈ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʪʘʢ: 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʋʋ 
*
jb , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷʤ 

ʜʦʧbj , ʯʪʦʙʳ 

ʧʨʠ ʟʘʜʘʥʥʳʭ ʤʦʜʝʣʷʭ ʦʙʲʝʢʪʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
0W  ʠ ʚʭʦʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʟʜYF,  ʚʳʙʨʘʥʥʳʡ 

ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ I  ʜʦʩʪʠʛʘʣ ʙʳ ʩʚʦʝʛʦ ʥʘʠʣʫʯʰʝʛʦ (ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ) ʟʥʘʯʝʥʠʷ: 

),,,,,(min(max)arg *0* ʜʦʧʟʜ bbbYFWIb jjjj j Í= . 

ɺʳʙʦʨ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʉɸʈ 

ʇʨʷʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ (ʇʇ) ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ, ʥʦ 

ʙʳʚʘʶʪ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʦʥʠ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʨʫʛ ʜʨʫʛʫ. ɼʣʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʫʜʦʙʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʇʇ ʚ ʮʝʣʦʤ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʢʨʠʪʝʨʠʠ: 

1. ʃʠʥʝʡʥʳʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ: ñ
¤

D=
0

1 )( dttyI  ï ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ ʇʇ; 

2. ʀʥʪʝʛʨʘʣʴʥʳʡ ʤʦʜʫʣʴʥʳʡ ʢʨʠʪʝʨʠʡ: ñ
¤

D=
0

2 )( dttyI  ï ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʫʤʤʫ ʧʣʦʱʘʜʝʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘʜ ʦʩʴʶ ʘʙʩʮʠʩʩ; 

3. ʀʥʪʝʛʨʘʣʴʥʳʡ ʢʚʘʜʨʘʪʠʯʥʳʡ ʢʨʠʪʝʨʠʡ: dttyI ñ
¤

D=
0

2
3 ))((  ï ʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ȹʫ 

çʰʪʨʘʬʫʶʪʩʷè ʙʦʣʴʰʝ, ʤʘʣʳʝ ï ʤʝʥʴʰʝ; 

4. ʀʥʪʝʛʨʘʣʴʥʳʡ ʢʚʘʜʨʘʪʠʯʥʳʡ ʢʨʠʪʝʨʠʡ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʝʣʠʯʠʥʫ ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʇʇ: 

dt
dt

tyd
TtyI yñ

¤

ö
ö

÷

õ

æ
æ

ç

å
ö
÷

õ
æ
ç

å D
Ö+D=

0

2

2
4

)(
))(( , 

ʛʜʝ ʊʫ ï ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʦʪʨʘʞʘʶʱʠʡ ʩʚʦʝʡ ʚʝʣʠʯʠʥʦʡ ʩʪʝʧʝʥʴ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʣʦʱʘʜʠ ʧʦʜ )(2 tyD  ʠ ʧʦʜ )(2 ty#D . 

ɼʣʷ ʥʘʰʝʛʦ ʩʣʫʯʘʷ ʙʳʣ ʚʳʙʨʘʥ ʧʦʩʣʝʜʥʠʡ ʢʨʠʪʝʨʠʡ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ 

ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʢʘʯʝʩʪʚʫ ʧʨʦʮʝʩʩʦʚ ʚ ɸʍɸ ʠ ʍʂ.  

ɺr ʚʦʜʳ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ɸʍɸ ʠ ʍʂ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʜʭʦʜʳ ʢ ʜʘʣʴʥʝʡ-

ʰʝʤʫ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɸʍʇ ʤʝʪʦʜʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ.  



 

87 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1.  ʋʞʘʥʩʢʠʡ ɺ. ʉ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʠ ʫʩʪʘʥʦʚʦʢ.- ʄ.: ʃʝʛʢʘʷ ʠ ʧʠʱʝʚʘʷ ʧʨʦʤ-ʩʪʴ, 

1982. ï 304 ʩ. 

2.  Laguerre O. The analysis of the factors determining temperature in a house refrigerator // Int.J. Refr. GB, 

2002.08. ï Vol. 25. ï ˉ 5. ï 653ï659. 

3.  ɺʘʩʳʣʠʚ ʆ. ɹ., ʊʠʪʣʦʚ ɸ.ʉ. ʇʦʠʩʢ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʝʨʠʡʥʳʭ ʘʙʩʦʨʙʮʠʦʥʥʳʭ 

ʭʦʣʦʜʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ // ʍʦʣʦʜʠʣʴʥʘʷ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʷ. ï 1999. ï ˉ 60. ï ʉ. 28ï37. 

4.  ɺʘʩʠʣʚ̔ ʆ. ɹ. ʆʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʦʙʫʪʦʚʠʭ ʘʙʩʦʨʙʮʽʡʥʠʭ ʭʦʣʦʜʠʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʨʽʟʥʦʛʦ 
ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ// ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʆʜʝʩ. ʜʝʨʞ. ʘʢʘʜ. ʭʘʨʯ. ʪʝʭʥʦʣʦʛʽʡ. ï 1998. ï ˉ 18 ï ʉ. 174ï179. 

5.  ʂʫʦ ɹ. ʊʝʦʨʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. -ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1986. ï 448 ʩ. 

6.  ʊʠʪʣʦʚ ɸ.ʉ. ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʦʟʜʘʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʙʳʪʦʚʳʭ ʘʙʩʦʨʙʮʠʦʥʥʳʭ 

ʭʦʣʦʜʠʣʴʥʳʭ ʧʨʠʙʦʨʦʚ: ʜʠʩéʜ-ʨʘ ʪʝʭʥ. ʥʘʫʢ : 05.05.14 / ʊʠʪʣʦʚ ɸʣʝʢʩʘʥʜʨ ʉʝʨʛʝʝʚʠʯ. ï ʆʜʝʩʩʘ, 2008. ï 447 c. 

7.  ʂʦʭʘʥʩʴʢʠʡ ɸ.ɯ., ʈʝʜʫʥʦʚ ɻ.ʄ., ʊʠʪʣʦʚ ɸ.ʉ. ʇʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʤʦʨʩʴʢʠʭ ʩʫʜʘʭ 

ʘʙʩʦʨʙʮʽʡʥʠʭ ʭʦʣʦʜʠʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ (ɸʍɸ) / ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʛʨʘʨʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ. ʉʝʨʽʷ: ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. ï ɺʠʧ. 7. ï 2011. ï ʉ.103ï107. 

 

 

 

ʋɼʂ 664.724(075.8) 

 

ɸʅɸʃʀɿ ʇɽʈʉʇɽʂʊʀɺ ʇʈʀʄɽʅɽʅʀʗ ʈɸɿʃʀʏʅʓʍ ʍʆʃʆɼʀʃʔʅʓʍ ʄɸʐʀʅ ɼʃʗ 

ʅʀɿʂʆʊɽʄʇɽʈɸʊʋʈʅʆɻʆ ʍʈɸʅɽʅʀʗ ɿɽʈʅɸ ɺ ʋʂʈɸʀʅɽ ʀ ʉʊʈɸʅɸʍ ʉʅɻ  

 

ɸ.ʉ. ʊʠʪʣʦʚ, ʉ.ʅ. ʇʝʪʫʰʝʥʢʦ 

ʆʜʝʩʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʋʢʨʘʠʥʳ 

ɽ-mail: titlow@mail.ru, sergeinp1965@mail.ru  

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ ʧʨʠ ʭʨʘʥʝʥʠʠ ʟʝʨʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ɺʦ-ʧʝʨʚʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʦ ʚʨʝʤʷ ʟʘʛʦʪʦʚʦʢ, ʥʦ ʩʦʟʜʘʣʦ 

ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʭʨʘʥʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʚʣʘʞʥʦʛʦ ʟʝʨʥʘ. ɿʘʯʘʩʪʫʶ ʠʤʝʶʱʝʡʩʷ 

ʩʫʰʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʩʝʛʦ ʧʦʩʪʫʧʘʶʱʝʛʦ ʟʝʨʥʘ ʚ ʩʞʘʪʳʝ ʩʨʦʢʠ, ʦʜʥʘʢʦ, 

ʥʘʨʘʱʠʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʤʦʱʥʦʩʪʝʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʦʧʨʘʚʜʘʥʥʦ [1]. 

ɺʦ-ʚʪʦʨʳʭ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʭʨʘʥʝʥʠʷ (ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ, ʩʫʰʢʘ, ʦʢʦʥʯʘʪʝʣʴʥʘʷ 

ʦʯʠʩʪʢʘ ʠ ʭʨʘʥʝʥʠʝ ʚ ʵʣʝʚʘʪʦʨʝ ʠʣʠ ʟʝʨʥʦʩʢʣʘʜʝ) ʩʚʷʟʘʥʳ ʩ ʧʦʪʝʨʷʤʠ ʟʝʨʥʘ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʥʘ 

25é30 % ʵʢʦʥʦʤʠʯʥʝʝ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ ï ʧʦʪʝʨʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚʦ ʚʨʝʤʷ ʜʳʭʘʥʠʷ ʟʝʨʥʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20ʉ̄ ʚʪʨʦʝ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ 10 ʉ̄. 

ʆʭʣʘʞʜʝʥʥʦʝ ʟʝʨʥʦ ʥʝ ʧʦʜʚʝʨʞʝʥʦ ʩʘʤʦʩʦʛʨʝʚʘʥʠʶ, ʚ ʥʝʤ ʥʝ ʨʘʟʚʠʚʘʶʪʩʷ ʚʨʝʜʠʪʝʣʠ, 

ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠʟ ʦʜʥʦʡ ʝʤʢʦʩʪʠ ʚ ʜʨʫʛʫʶ, ʪ.ʝ. ʦʪʩʫʪʩʪʚʫʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʪʭʦʜʳ, ʤʝʥʴʰʝ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʠʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ-ʪʨʝʪʴʠʭ, ʪʨʘʜʠʮʠʦʥʥʘʷ ʚ ʋʢʨʘʠʥʝ ʠ ʩʪʨʘʥʘʭ ʉʅɻ ʩʫʰʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʚʦʜʠʪʩʷ ʩʤʝʩʴʶ 

ʪʦʧʦʯʥʳʭ ʛʘʟʦʚ ʠ ʚʦʟʜʫʭʘ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʟʘʛʨʷʟʥʝʥʠʝ ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʊʘʢ, ʜʘʞʝ ʚ ʤʫʢʝ 

ʚʳʩʰʝʛʦ ʩʦʨʪʘ, ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʙʝʥʟʦʧʠʨʝʥ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʟʝʨʥʦ ʥʘ ʤʫʢʦʤʦʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʦʙʨʘʙʘʪʳʚʘʶʪ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ (2 ʣ ʚʦʜʳ ʥʘ 1 ʢʛ ʟʝʨʥʘ) [2]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʭʣʘʞʜʝʥʥʦʝ ʟʝʨʥʦ 

ʦʩʪʘʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ (ʠʩʢʣʶʯʘʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʩʘʞʝʡ, ʦʢʠʩʣʘʤʠ ʩʝʨʳ ʠ ʘʟʦʪʘ, 

ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʥʠʪʨʠʪʘʤʠ ʠ ʥʠʪʨʘʪʘʤʠ) ʠ ʢʘʯʝʩʪʚʝʥʥʳʤ (ʦʪʩʫʪʩʪʚʫʝʪ ʜʝʥʘʪʫʨʘʮʠʷ ʙʝʣʢʘ). 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʭʣʝʙ, ʢʨʫʧʘ ʠ ʤʫʯʥʳʝ ʠʟʜʝʣʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ 

ʥʘʩʝʣʝʥʠʷ ʋʢʨʘʠʥʳ ʠ ʩʪʨʘʥ ʉʅɻ. 

ʀʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ ʥʝ ʥʦʚʘ ʠ ʫʞʝ ʜʘʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʟʘ ʨʫʙʝʞʦʤ ʚ 

ʉʐɸ, ɻʝʨʤʘʥʠʠ, ʗʧʦʥʠʠ, ɸʚʩʪʨʘʣʠʠ ʠ ʜʨʫʛʠʭ ʚʳʩʦʢʦʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ. 

ɻʝʨʤʘʥʠʷ ʝʞʝʛʦʜʥʦ ʦʭʣʘʞʜʘʝʪ ʫ ʩʝʙʷ ʠ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʜʦ 70 ʤʣʥ. ʪʦʥʥ ʟʝʨʥʘ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʬʠʨʤʘ "GRANIFRIGOR" ʚʳʧʫʩʢʘʝʪ ʧʝʨʝʜʚʠʞʥʳʝ (ʤʦʙʠʣʴʥʳʝ) ʭʦʣʦʜʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʷʜʘ ï ʩ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ: 9,46; 15,68; 32,70; 65,4; 107,00 ʢɺʪ. ɺ 

ʧʨʦʩʧʝʢʪʝ ʬʠʨʤʳ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʭʨʘʥʝʥʠʷ ʟʝʨʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʭʦʜʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʭʨʘʥʝʥʠʷ (ʪʘʙʣ. 1) [1]. ʋʩʪʘʥʦʚʢʠ ʬʠʨʤʳ "GRANIFRIGOR" 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩʠʣʦʩʦʚ ʩ ʟʝʨʥʦʤ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʜʫʚʘʝʤʦʛʦ ʯʝʨʝʟ 
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ʠʩʧʘʨʠʪʝʣʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʙʳʣʠ ʩʜʝʣʘʥʳ ʧʦʧʳʪʢʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʨʠʩʘ ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ (ʍʦʣʤʩʢ, ʉʣʘʚʷʥʦʢ, 

ʂʨʘʩʥʦʘʨʤʝʡʩʢ) ʧʨʠ ʧʦʤʦʱʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʘʩʩʦʣʴʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ. 

ɺ ʩʝʨʝʜʠʥʝ 90-ʭ ʛʦʜʦʚ ʚ ʋʢʨʘʠʥʝ ʥʘ ʊʨʦʩʪʷʥʝʮʢʦʤ ʍʇʇ ʚʥʝʜʨʝʥʘ ʤʦʙʠʣʴʥʘʷ (ʥʘ ʧʝʨʝʜʚʠʞʥʦʡ 

ʧʣʘʪʬʦʨʤʝ) ʭʦʣʦʜʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʊʍʋ-50-2-0 (ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 37000 ʢʢʘʣ/ʯ) ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʟʝʨʥʘ ʚ ʪʠʧʦʚʦʤ ʩʢʣʘʜʝ ʝʤʢʦʩʪʴʶ 3200 ʪʦʥʥ ʧʨʠ ʧʦʤʦʱʠ ʚʦʟʜʫʭʘ [1]. 

 
ʊʘʙʣʠʮʘ 1 - ɼʘʥʥʳʝ ʬʠʨʤʳ "GRANIFRIGOR" 

 

ʀʩʭʦʜʥʘʷ 

ʚʣʘʞ-

ʥʦʩʪʴ, % 

ʉʝʤʝʥʥʦʝ ʟʝʨʥʦ ʇʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʝ ʟʝʨʥʦ ʌʫʨʘʞʥʦʝ ʟʝʨʥʦ 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ 

ʭʨʘʥʝʥʠʷ, ʉ̄ 

ʇʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ 

ʭʨʘʥʝʥʠʷ 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ 

ʭʨʘʥʝʥʠʷ, ̄ ʉ 

ʇʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ 

ʭʨʘʥʝʥʠʷ 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ 

ʭʨʘʥʝʥʠʷ, ʉ̄ 

ʇʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ 

ʭʨʘʥʝʥʠʷ 

12é15 9..12 ʥʝʦʛʨʘʥ. 10é12 ʥʝʦʛʨʘʥ. 10é12 ʥʝʦʛʨʘʥ. 

15é16,5 8é10 1é1,5 ʛʦʜʘ 9é10 ʥʝʦʛʨʘʥ. 9é10 ʥʝʦʛʨʘʥ. 

16,5é18 5é7 4é6 ʤʝʩ. 8é10 5é10 ʤʝʩ. 8é10 6é13 ʤʝʩ. 

18é20 5 2é3 ʤʝʩ. 8é10 2é7 ʤʝʩ. 9é10 3é9 ʤʝʩ. 

20é22 5 3é4 ʥʝʜ. 6é8 4é16 ʥʝʜ. 6é8 5é20 ʥʝʜ. 

 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʜʣʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ ʟʝʨʥʘ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʤʦʙʠʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ.  

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ï ʢʨʫʧʥʳʝ ʵʣʝʚʘʪʦʨʳ ʩ ʜʣʠʪʝʣʴʥʳʤ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʭʨʘʥʝʥʠʝʤ ʟʝʨʥʘ, ʘ ʤʦʙʠʣʴʥʳʭ ï ʥʝʙʦʣʴʰʠʝ ʭʨʘʥʠʣʠʱʘ ʩ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ 

ʩʨʦʢʦʤ ʭʨʘʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʤʝʩʪʘʭ ʟʘʛʦʪʦʚʢʠ. 

ʀʩʭʦʜʷ ʠʟ ʚʝʣʠʯʠʥʳ ʪʨʝʙʫʝʤʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (ʥʝ ʤʝʥʝʝ 5 ʢɺʪ), ʧʝʨʩʧʝʢʪʠʚʳ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ ʟʝʨʥʘ ʠʤʝʶʪ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʝ ʭʦʣʦʜʠʣʴʥʳʝ 

ʤʘʰʠʥʳ (ʇʂʍʄ) ʠ ʛʘʟʦʚʳʝ (ʚʦʟʜʫʰʥʳʝ) ʭʦʣʦʜʠʣʴʥʳʝ ʤʘʰʠʥʳ (ɻʍʄ).  

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ɻʍʄ ʦʪʥʦʩʷʪ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʙʣʝʤ ʩ ʨʘʙʦʯʠʤ ʪʝʣʦʤ ï ʚʦʟʜʫʭ ʚʟʨʳʚʦʧʦʞʘʨʦ-

ʙʝʟʦʧʘʩʝʥ ʠ ʤʦʞʝʪ ʧʦʜʘʚʘʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʭʣʘʞʜʘʝʤʦʝ ʧʦʤʝʱʝʥʠʝ. ɻʍʄ ʧʨʦʩʪʳ ʚ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʦʟʦʥʦʚʳʡ ʘʪʤʦʩʬʝʨʥʳʡ ʩʣʦʡ.  

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ɻʍʄ ʦʪʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʠʟʢʫʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʫʨʦʚʥʝ ʤʠʥʫʩ 30 ... ʤʠʥʫʩ 20 ʉ̄.  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʥʫʩ 30ʉ̄ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʇʂʍʄ ʚʳʰʝ, ʯʝʤ ɻʍʄ ʚ 2,1-2,9 ʨʘʟʘ [3]. 

ʇʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʂʍʄ ʚ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ ʟʝʨʥʘ ʩʚʷʟʘʥʳ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ 

ʦʟʦʥʦʙʝʟʦʧʘʩʥʳʝ ʨʘʙʦʯʠʝ ʪʝʣʘ ï ʭʣʘʜʘʛʝʥʪʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʮʝʣʳʡ ʩʧʝʢʪʨ ʟʘʤʝʥʠʪʝʣʝʡ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʭʣʘʜʘʛʝʥʪʘ ʇʂʍʄ 

ï R12 [4], ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠʨʦʜʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʘʤʤʠʘʢʘ [5].  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʥʦʚʳʭ ʭʣʘʜʘʛʝʥʪʦʚ ʚ ʩʠʩʪʝʤʘʭ 

ʦʭʣʘʞʜʝʥʠʷ ʚ ʟʝʨʥʦʚʳʭ ʭʦʟʷʡʩʪʚʘʭ ʧʨʦʚʝʜʝʥ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʮʠʢʣʦʚ ʇʂʍʄ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʣʘʜʘʛʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʘʥʘʣʠʟʘ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʈʘʩʯʝʪ ʮʠʢʣʘ ʇʂʍʄ ʧʨʦʚʝʜʝʥ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʭʣʘʜʘʛʝʥʪʦʚ ʧʨʠʥʷʪʘ ʩ ʫʯʝʪʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʪʝʤʧʝʨʘʪʫʨ ʭʨʘʥʝʥʠʷ 

ʟʝʨʥʘ (5ʉ̄ ʠ 10ʉ̄ [1]), ʜʚʠʞʫʱʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʘ ʤʝʞʜʫ ʟʝʨʥʦʤ ʠ ʦʭʣʘʞʜʝʥʥʳʤ ʚʦʟʜʫʭʦʤ (10ʉ̄) 

ʠ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʠʧʦʚʦʤ ʚʦʟʜʫʭʦʦʭʣʘʜʠʪʝʣʝ (10ʉ̄ [6]), ʪ.ʝ. ï ʤʠʥʫʩ 15ʉ̄ ʠ ʤʠʥʫʩ 10ʉ̄. 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʜʝʥʩʘʮʠʠ ʭʣʘʜʘʛʝʥʪʦʚ (40 ʉ̄) ʧʨʠʥʷʪʘ ʩ ʫʯʝʪʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʇʂʍʄ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 32 ʉ̄ ʠ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʚ ʪʠʧʦʚʦʤ ʚʦʟʜʫʰʥʦʤ ʢʦʥʜʝʥʩʘʪʦʨʝ 

(8...10 ʉ̄ [6]).  

ʇʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ (ʈʊʆ) ʧʨʠʥʷʪ 20 ʉ̄. ɺ ʩʭʝʤʝ 

ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʩ R717 ʈʊʆ ʦʪʩʫʪʩʪʚʫʝʪ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʮʠʢʣʦʚ ʇʂʍʄ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.  

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 3, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ 

ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ ʟʝʨʥʘ ʠʤʝʝʪ ʧʨʠʨʦʜʥʳʡ ʭʣʘʜʘʛʝʥʪ ï ʘʤʤʠʘʢ, ʦʙʣʘʜʘʶʱʠʡ ʢ ʪʦʤʫ ʞʝ 

ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  
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ʊʘʙʣʠʮʘ 2 - ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʣʘʜʘʛʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʮʠʢʣʦʚ ʇʂʍʄ [3] 

 

ʅʦʤʝʨ  

ʭʣʘʜʘʛʝʥʪʘ 

ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ, 

ʩʦʩʪʘʚ, ʪʦʨʛʦʚʘʷ ʤʘʨʢʘ 
m ts' ODP GWP 

R22 CHCLF2 86,47 ï40,8 0,05 1700 

R134a CH2FCF3 102,03 ï26,1 0 1300 

R404A R125/143a (44/52/4)-HP62, Fx-70 97,60 ï46,5 0 3850 

R407C R-32/125/134a (23/25/52)-Klea 61 86,20 ï43,6 0 1370 

R410A R-22/125 (50/50)-AZ-20 72,59 ï51,4 0 1370 

R507A R-125/143a (50/50)-AZ-50 98,86 ï46,7 0 3900 

R717 NH3 17,03 ï33,3 0 <1 

ʇʨʠʤʝʯʘʥʠʝ: m ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʢʛ/ʢʤʦʣʴ; ts'ï ʥʦʨʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ;  

ODP ï ʧʦʪʝʥʮʠʘʣ ʨʘʟʨʫʰʝʥʠʷ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ; GWP ï ʧʦʪʝʥʮʠʘʣ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ. 

 

ʊʘʙʣʠʮʘ 3 - ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʢʣʦʚ ʇʂʍʄ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʠʧʝʥʠʷ 

 

ʅʦʤʝʨ ʭʣʘʜʘʛʝʥʪʘ q0 L e h 

R22 168 (170) 44 (38) 3,82 (4,47) 81,4 (85,0) 

R134 152 (154) 41 (39) 3,71 (3,95) 79,1 (75,1) 

R404A 115 (118) 39 (34) 2,94 (3,47) 62,9 (66,0) 

R407 160 (162) 49 (43) 3,27 (3,77) 69,6 (71,6) 

R410 167 (172) 55 (55) 3,04 (3,13) 64,7 (59,5) 

R507 112 (116) 40 (39) 2,80 (2,94) 59,7 (56,5) 

R717 1047 (1053) 278 (242) 3,77 (4,35) 80,3 (82,7) 

ʇʨʠʤʝʯʘʥʠʝ: 1 ï ʚ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʭʣʘʜʘʛʝʥʪʘ ï ʤʠʥʫʩ 10 ̄ ʉ; 2 ï 

ʆʙʦʟʥʘʯʝʥʠʷ: q0 ï ʫʜʝʣʴʥʘʷ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʢɼʞ/ʢʛ; l ï ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʩʞʘʪʠʷ, ʢɼʞ/ʢʛ; e ï 

ʨʘʩʯʝʪʥʳʡ ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʮʠʢʣʘ; h ï ʩʪʝʧʝʥʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ, % 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʦʙʠʣʴʥʳʝ 

ʭʦʣʦʜʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʩ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ ʭʦʣʦʜʠʣʴʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ [1,7], ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ ʠʤʝʶʪ ʠ ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʠʝ ʭʦʣʦʜʠʣʴʥʳʝ 

ʤʘʰʠʥʳ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ (ɸʍʄ) ʠ ʧʘʨʦʵʞʝʢʪʦʨʥʦʛʦ (ʇʕʍʄ) ʪʠʧʘ [8]. 

ɺ ɸʍʄ ʠ ʇʕʍʄ ʨʝʘʣʠʟʫʝʪʩʷ ʜʚʘ ʮʠʢʣʘ: ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ. ɺ ʧʨʷʤʦʤ ʮʠʢʣʝ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ, ʘ ʚ ʦʙʨʘʪʥʦʤ ʮʠʢʣʝ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ. 

ɺ ʵʪʠʭ ʫʩʪʘʥʦʚʢʘʭ ʩʪʨʝʤʷʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧʣʦ ʥʠʟʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʝʧʣʦʪʫ 

ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʙʨʦʩʦʚʦʛʦ ʪʝʧʣʘ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ 

ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ. 

ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ ʚ ɸʍʄ ʠ ʇʕʍʄ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʧʨʠʚʦʜ ʧʝʨʝʢʘʯʠʚʘʶʱʠʭ, 

ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʠ ʨʘʩʩʦʣʴʥʳʭ ʥʘʩʦʩʦʚ ʠ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʢʠ. ɺ ɸʍʄ ʜʦʣʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʩʫʤʤʘʨʥʦʤ ʧʦʜʚʦʜʝ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,5 % (ʙʨʦʤʠʩʪʦ-ʣʠʪʠʝʚʳʝ ʫʩʪʘʥʦʚʢʠ [9]) ʜʦ 2,3 % 

(ʚʦʜʦʘʤʤʠʘʯʥʳʝ [10]). ɺ ʇʕʍʄ ʵʪʦ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 0,6 %. 

ʈʘʩʩʦʣʴʥʳʝ ʙʨʦʤʠʩʪʦ-ʣʠʪʠʝʚʳʝ ɸʍʄ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʭʣʘʞʜʝʥʠʝ ʦʙʲʝʢʪʦʚ ʦʪ 6 ʜʦ 12 ʉ̄ ʩ 

ʪʝʧʣʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪ 0,64 ʜʦ 0,69 [9]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʶʪʩʷ ʙʨʦʤʠʩʪʦ-ʣʠʪʠʝʚʳʝ ɸʍʄ ʩ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 

ʦʪ 300 ʜʦ 5000 ʢɺʪ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ [9,11]: ʧʘʨʘ (ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʦʪ 0,05 ʜʦ 0,07 ʄʇʘ); 

ʛʦʨʷʯʝʡ ʚʦʜʳ (ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 85,0 ʜʦ 90,5 ̄ ʉ); ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠ ʪʦʧʦʯʥʦʛʦ ʤʘʟʫʪʘ. 

ʊʝʧʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʝʨʠʡʥʳʭ ʇʕʍʄ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʭʣʘʞʜʝʥʠʷ ʦʪ ʧʣʶʩ 4 ʜʦ 

ʧʣʶʩ 8 ʉ̄ ʩʦʩʪʘʚʣʷʝʪ 0,06 ʠ 0,13, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 350 ʢɺʪ 

ʜʦ 1150 ʢɺʪ [8]. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʠʤʠ ʭʦʣʦʜʠʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ ʚʦʟʴʤʝʤ ʩʦʚʨʝʤʝʥʥʫʶ 

ʢʨʫʧʥʫʶ ʘʤʤʠʘʯʥʫʶ ʇʂʍʄ ʩ ʢʦʤʧʨʝʩʩʦʨʦʤ ʇ220. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʠʤʝʶʪ ʤʝʩʪʦ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʢʘʯʢʫ ʨʘʩʩʦʣʘ ʠ ʦʭʣʘʞʜʘʶʱʝʡ 

ʚʦʜʳ, ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʟʘʪʨʘʪʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ: ʚ 

ʇʂʍʄ ï ʥʘ ʧʨʠʚʦʜ ʢʦʤʧʨʝʩʩʦʨʘ; ʚ ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʠʭ ï ʥʘ ʧʨʠʚʦʜ ʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʥʘʩʦʩʦʚ. 
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ʍʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʇʂʍʄ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʭʣʘʞʜʝʥʠʷ (ʢʠʧʝʥʠʷ) ʧʣʶʩ 5ʉ̄ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʢʦʥʜʝʥʩʘʮʠʠ ʭʣʘʜʘʛʝʥʪʘ) 30ʉ̄ ʩʦʩʪʘʚʣʷʝʪ 7,5, ʭʦʣʦʜʦʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ ï 650 ʢɺʪ [6]. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ ʯʪʦ, ʚ ʇʂʍʄ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʝʜʠʥʠʮʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ, ʥʘʧʨʠʤʝʨ, 1 ʢɺʪ, ʩʦʩʪʘʚʣʷʝʪ 0,13 ʢɺʪ; ʚ ʙʨʦʤʠʩʪʦʣʠʪʠʝʚʳʭ ɸʍʄ ï 0,008 ʢɺʪ, 

ʚʦʜʦʘʤʤʠʘʯʥʳʭ ɸʍʄ ï 0,04 ʢɺʪ; ʇʕʍʄ ï 0,1 ʢɺʪ. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʙʨʦʩʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʠʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʇʂʍʄ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʇʕʍʄ ʠ ɸʍʄ ʙʦʣʴʰʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʷʚʣʷʪʩʷ ʠ ʪʦ, ʯʪʦ ʦʥʠ 

ʤʝʥʝʝ ʛʨʦʤʦʟʜʢʠ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʇʂʍʄ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʩʪʦʠʤʦʩʪʠ ʥʦʚʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʙʘʟʝ ʇʂʍʄ ʥʘ ʦʟʦʥʦʙʝʟʦʧʘʩʥʳʭ ʭʣʘʜʘʛʝʥʪʘʭ, ʧʨʠʤʝʥʝʥʠʝ ʜʝʰʝʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʫʞʝ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ. 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʠ ʇʕʍʄ ʥʘ ʦʟʦʥʦʙʝʟʦʧʘʩʥʦʤ R134ʘ. ʕʪʠ ʫʩʪʘʥʦʚʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʧʣʘ ʥʘ ʫʨʦʚʥʝ ʪʝʤʧʝʨʘʪʫʨ ʧʣʶʩ 70ʉ̄, ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʠʭ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳ, ʘ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚʳʰʝ ʘʪʤʦʩʬʝʨʥʦʛʦ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ 

ʧʦʜʩʦʩ ʚʦʟʜʫʭʘ ʚ ʠʩʧʘʨʠʪʝʣʴ. 

ɺʳʚʦʜʳ:  

1. ʅʘʠʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ ʟʝʨʥʘ ʠʤʝʝʪ ʧʨʠʨʦʜʥʳʡ 

ʭʣʘʜʘʛʝʥʪ ï ʘʤʤʠʘʢ, ʦʙʣʘʜʘʶʱʠʡ ʢ ʪʦʤʫ ʞʝ ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

2. ʉ ʫʯʝʪʦʤ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ 

ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʠʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʚ ʯʘʩʪʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʭ 

ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʵʣʝʚʘʪʦʨʘʭ ʠ ʟʝʨʥʦʩʢʣʘʜʘʭ ʋʢʨʘʠʥʳ ʠ ʩʪʨʘʥ ʉʅɻ. 
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ʉʪʦʷʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʝʜ ʤʠʨʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʧʨʦʙʣʝʤʳ ʵʥʝʨʛʦʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ 

ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʥʘ ʪʨʘʥʩʧʦʨʪʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʤʦʨʩʢʦʤ.  

ɼʣʷ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʠʟʚʝʩʪʥʳʤ 

ʟʥʝʨʛʦʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʤ ʧʨʝʜʣʦʞʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʠʭ ʘʧʧʘʨʘʪʦʚ, 

ʫʪʠʣʠʟʠʨʫʶʱʠʭ ʪʝʧʣʦʪʫ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚʛʣʘʚʥʳʭ ʩʫʜʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʢʦʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ [1]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʧʦʪʝʨʠ ʪʝʧʣʘ ʩ ʫʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ ʢʦʪʣʦʚ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʫʜʘʭ ʩʦʩʪʘʚʣʷʶʪ 7é8%, ʧʦʪʝʨʠ ʪʝʧʣʘ ʚ ʜʠʟʝʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʩʫʜʦʚ 28é40 % [1]. 

ʂʨʦʤʝ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʟʜʫʭʘ ʚ ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʭʦʣʦʜ, ʧʨʦʠʟʚʝʜʝʥʥʳʡ ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʠʤʠ ʭʦʣʦʜʠʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʛʣʫʙʦʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʙʳʪʦʚʳʭ ʥʫʞʜ. 

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʭʦʣʦʜʝ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 2000 ï 5000 ʢɺʪ, ʯʪʦ ʥʝʩʣʦʞʥʦ 

ʦʙʝʩʧʝʯʠʪ ʧʨʠ ʧʦʤʦʱʠ ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʠʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ï ʧʘʨʦʵʞʝʢʪʦʨʥʳʭ [1] ʠ 

ʘʙʩʦʨʙʮʠʦʥʥʳʭ [2,3]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʵʥʝʨʛʦʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʷ 

ʤʘʣʳʤ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ ʥʘ ʤʦʨʩʢʠʭ ʩʫʜʘʭ ï ʘʧʧʘʨʘʪʘʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʭʨʘʥʝʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʜʣʷ ʥʫʞʜ ʢʦʤʘʥʜʥʦʛʦ ʩʦʩʪʘʚʘ . ʇʦʪʨʝʙʥʦʩʪʠ ʭʦʣʦʜʘʚ 

ʪʘʢʠʭ ʘʧʧʘʨʘʪʘʭ ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ, ʘ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʭʦʣʦʜʘ ʚ ʥʠʭ ʷʚʣʷʶʪʩʷ ʬʨʝʦʥʦʚʳʝ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʝ ʘʛʨʝʛʘʪʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʪʦʣʴʢʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. 

ʈʷʜ ʬʨʝʦʥʦʚ R11, R13, R113, R502, R503 ʠ ʩʨʝʜʠ ʥʠʭ ʰʠʨʦʢʦʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ R12 ï ʘʢʪʠʚʥʦ 

ʨʘʟʨʫʰʘʶʪ ʘʪʤʦʩʬʝʨʥʳʡ ʦʟʦʥ, ʯʝʤ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʧʘʜʘʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʞʝʩʪʢʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʛʫʙʠʪʝʣʴʥʦʛʦ ʜʣʷ ʚʩʝʛʦ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ ʠ ʧʣʘʥʝʪʳ [4]. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʵʪʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʵʢʦʣʦʛʠʠ ʵʬʬʝʢʪʳ ʚʥʦʩʷʪ ʠ ʩʠʩʪʝʤʳ 

ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʪʦʨʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʘʝʪ ʥʘ R12. 

ʄʠʨʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʫʭʫʜʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʮʝʣʳʤ ʨʷʜʦʤ 

ʟʘʧʨʝʪʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ (ʄʦʥʨʝʘʣʴʩʢʠʡ ʧʨʦʪʦʢʦʣ, 1986 ʛ.; ʂʦʥʚʝʥʮʠʷ ʆʆʅ ʧʦ ʢʣʠʤʘʪʫ, ʈʠʦ-ʜʝ-

ɾʘʥʝʡʨʦ, 1992; ʂʠʦʪʩʢʠʡ ʧʨʦʪʦʢʦʣ, 1997 ʛ.), ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ 

ʙʦʣʴʰʠʥʩʪʚʦʤ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ ʠ ʩʪʨʘʥ ʩ ʧʝʨʝʭʦʜʥʦʡ ʵʢʦʥʦʤʠʢʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʪʨʘʥʘʤʠ ʉʅɻ. 

ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʭʦʜʦʤ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʭʣʘʜʘʛʝʥʪʳ, ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʠʪʴ ʪʦʣʴʢʦ ʩʪʨʘʥʳ ʩ ʨʘʟʚʠʪʦʡ ʵʢʦʥʦʤʠʢʦʡ. 

ʂ ʪʘʢʠʤ ʧʨʦʙʣʝʤʘʤ ʧʝʨʝʭʦʜʘ ʦʪʥʦʩʷʪ: ʧʦʠʩʢ ʥʦʚʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʩʝʣ; ʥʠʟʢʫʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʭʣʘʜʘʛʝʥʪʦʚ; ʥʝʜʦʩʪʘʪʦʯʥʳʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʕʪʠ ʧʨʦʙʣʝʤʳ ʟʘʩʪʘʚʣʷʶʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʤʝʣʢʠʭ ʭʦʣʦʜʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ 

ʤʦʜʝʣʠ ʙʳʪʦʚʦʡ ʠ ʪʦʨʛʦʚʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʦʙʨʘʱʘʪʴ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʘʙʩʦʨʙʮʠʦʥʥʳʝ ʭʦʣʦʜʠʣʴʥʳʝ ʘʛʨʝʛʘʪʳ (ɸʍɸ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ ʦʜʥʠʤ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʧʝʨʝʭʦʜʘ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʭʣʘʜʘʛʝʥʪʳ. 

ʈʘʙʦʯʝʝ ʪʝʣʦ ɸʍɸ ï ʚʦʜʦʘʤʤʠʘʯʥʳʡ ʨʘʩʪʚʦʨ (ɺɸʈ) ʩ ʜʦʙʘʚʢʦʡ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ï ʚʦʜʦʨʦʜʘ, 

ʛʝʣʠʷ ʣʠʙʦ ʠʭ ʩʤʝʩʠ ʘʙʩʦʣʶʪʥʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦ ï ʠʤʝʝʪ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʦʟʦʥʦʨʘʟʨʫʰʘʶ-

ʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʦʪʝʥʮʠʘʣʘ çʧʘʨʥʠʢʦʚʦʛʦè ʵʬʬʝʢʪʘ [5]. 

ʍʦʣʦʜʠʣʴʥʠʢʠ ʩ ɸʍɸ ʠʤʝʶʪ ʠ ʨʷʜ ʪʘʢʠʭ ʫʥʠʢʘʣʴʥʳʭ ʢʘʯʝʩʪʚ, ʢʘʢ: 

ʘ) ʙʝʩʰʫʤʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʳʡ ʨʝʩʫʨʩ, ʦʪʩʫʪʩʪʚʠʝ ʚʠʙʨʘʮʠʠ, ʤʘʛʥʠʪʥʳʭ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ[6]; 

ʙ) ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʜʥʦʤ ʘʧʧʘʨʘʪʝ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ï ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ (ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ, 

ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʚʳʭʣʦʧʥʳʝ ʛʘʟʳ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ) [7];  

ʚ) ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʥʝʢʘʯʝʩʪʚʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʷ ʩʝʪʠ 160...240 ɺ[8]. 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ɸʍɸ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʤʠʥʠʤʘʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ ʩʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʠʧʦʚ 

ʙʳʪʦʚʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʧʦʧʫʣʷʨʥʦʩʪʴ ʫ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ[9]. 

ʍʦʣʦʜʠʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʩ ɸʍɸ, ʦʩʥʘʱʝʥʥʳʝ ʛʦʨʝʣʦʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʫʨʠʩʪʘʤʠ ʠ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʘʤʠ, ʪʘʢ ʢʘʢ ʠʤ ʥʝʪ ʘʣʴʪʝʨʥʘʪʠʚʳ ʚ ʨʘʡʦʥʘʭ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 
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ɼʣʷ ʨʘʙʦʪʳ ʥʘ ʤʦʨʩʢʠʭ ʩʫʜʘʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʪʠʧʘ ɸʍɸ ï ʩ ʚʦʟʜʫʰʥʳʤ [1,6,8] 

(ʨʠʩ. 1) ʠ ʞʠʜʢʦʩʪʥʳʤ [10,11] (ʨʠʩ. 2)ʦʭʣʘʞʜʝʥʠʝʤ ʪʝʧʣʦʨʘʩʩʝʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʢʦʥʜʝʥʩʘʪʦʨʘ, 

ʜʝʬʣʝʛʤʘʪʦʨʘ ʠ ʘʙʩʦʨʙʝʨʘ).  

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸʍɸ ʩ ʚʦʟʜʫʰʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʪʝʧʣʦʨʘʩʩʝʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 1 ï 

ʭʦʣʦʜʠʣʴʥʘʷ ʢʘʤʝʨʘ; 2 ï ʠʩʧʘʨʠʪʝʣʠ ɸʍɸ; 3 ï ʪʝʧʣʦʨʘʩʩʝʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʳ ɸʍɸ; 4ï ʢʠʧʷʪʠʣʴʥʠʢ; 5 ï 

ʤʘʛʠʩʪʨʘʣʴ ʧʦʜʚʦʜʘ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ 

 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸʍɸ ʩ ʞʠʜʢʦʩʪʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʪʝʧʣʦʨʘʩʩʝʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: 

1 ï ʭʦʣʦʜʠʣʴʥʘʷ ʢʘʤʝʨʘ; 2 ï ʨʘʩʩʦʣʴʥʳʡ ʦʭʣʘʜʠʪʝʣʴ; 3 ï ʨʘʩʩʦʣʴʥʳʡ ʥʘʩʦʩ; 4 ï ʨʘʩʩʦʣʴʥʳʡ ʠʩʧʘʨʠʪʝʣʴ; 5 ï 

ʢʠʧʷʪʠʣʴʥʠʢ; 6 ï ʘʙʩʦʨʙʝʨ; 7 ï ʜʝʬʣʝʛʤʘʪʦʨ; 8 ï ʢʦʥʜʝʥʩʘʪʦʨ; 9 ï ʥʘʩʦʩ ʢʦʥʪʫʨʘ ʦʭʣʘʞʜʝʥʠʷ 

ʪʝʧʣʦʨʘʩʩʝʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ; 10 ï ʚʦʟʜʫʰʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ; 11 - ʚʝʥʪʠʣʷʪʦʨ  

 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʣʥʘʷ ʘʚʪʦʥʦʤʥʦʩʪʴ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʥʦʢʦʥʩʪʨʫʢʮʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʛʨʦʤʦʟʜʢʘ, ʚʦ-ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʩʠʪʫʘʮʠʷ ʦʙʨʘʪʥʘʷ: ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʤʠʥʠʤʘʣʴʥʘ, ʥʦ 

ʪʨʝʙʫʝʪʩʷ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʥʘʩʦʩ ʜʣʷ ʧʨʦʢʘʯʢʠ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ. 

ɸʍɸ ʩ ʚʦʟʜʫʰʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʪʝʧʣʦʨʘʩʩʝʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʝʞʠʤʝ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʢʦʥʚʝʢʮʠʠ (ʚ ʜʘʣʴʥʝʡʰʝʤ - ɸʍɸ ʩ ʚʦʟʜʫʰʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ) ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʶʪʩʷ ʚ ʋʢʨʘʠʥʝ ʥʘ 

ɺʘʩʠʣʴʢʦʚʩʢʦʤ ʟʘʚʦʜʝ ʭʦʣʦʜʠʣʴʥʠʢʦʚ (ʂʠʝʚʩʢʘʷ ʦʙʣʘʩʪʴ).  

ʍʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ɸʍɸ ʩ ʚʦʟʜʫʰʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 50 

ɺʪ, ʧʦʵʪʦʤʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʳʪʦʚʳʭ ʠ ʪʦʨʛʦʚʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ 
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ʝʤʢʦʩʪʴʶ ʦʪ 30 ʣʠʪʨʦʚ ʜʦ 200 ʣʠʪʨʦʚ [6,12]. ɿʘ ʨʫʙʝʞʦʤ ʠʟʚʝʩʪʥʦ ʧʨʠʤʝʥʝʥʠʝ ɸʍɸ ʩ ʚʦʟʜʫʰʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʭʦʣʦʜʠʣʴʥʠʢʘʭ ʝʤʢʦʩʪʴʶ ʩʚʳʰʝ 300 ʣʠʪʨʦʚ [13]. ɹʳʪʦʚʳʝ ʠ ʪʦʨʛʦʚʳʝ ʘʙʩʦʨʙʮʠʦʥʥʳʝ 

ʘʧʧʘʨʘʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʙʦʪʘʶʪ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʤʦʱʥʦʩʪʴʶ ʦʪ 70 ʜʦ 300 ɺʪ 

[6,9,12,13], ʪʘʢ ʢʘʢ ʦʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʥʫʪʨʠʞʠʣʳʭ ʠ ʨʘʙʦʯʠʭ ʧʦʤʝʱʝʥʠʡ. 

ɸʍɸ ʩ ʞʠʜʢʦʩʪʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʪʝʧʣʦʨʘʩʩʝʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʚ ʜʘʣʴʥʝʡʰʝʤ - ɸʍɸ ʩ 

ʞʠʜʢʦʩʪʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ) ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʨʷʜʢʘ 1200é1500 ɺʪ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʠ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʦʪʦʧʣʝʥʠʷ ʥʝʙʦʣʴʰʠʭ ʞʠʣʳʭ ʜʦʤʦʚ [10,11]. ʀʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʜʣʷ ɸʍɸ ʩ ʞʠʜʢʦʩʪʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʩʣʫʞʘʪ ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ(ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʧʨʦʧʘʥʘ, ʢʝʨʦʩʠʥʘ, 

ʙʝʥʟʠʥʘ ʠ ʪ.ʜ.). ɻʦʨʝʣʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʪʝʧʣʦʚʫʶ ʥʘʛʨʫʟʢʫ 3500é5000 ɺʪ. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʝʥʠʝ ɸʍɸ ʥʘ ʤʦʨʩʢʠʭ ʩʫʜʘʭ ʥʝ ʩʪʦʣʢʥʝʪʩʷ ʩ ʪʠʧʠʯʥʦʡ ʜʣʷ 

ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʠʭ ʭʦʣʦʜʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʨʦʙʣʝʤʦʡ ï ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʢʦʛʜʘ ʪʠʧʦʚʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ, ʚʢʣʶʯʘʶʱʝʛʦʩʷ ʥʘ ʩʪʦʷʥʢʘʭ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʦʡ 

ʤʘʰʠʥʳ [1], ʘ ʥʝʜʦʩʪʘʪʢʦʤ ï ʫʚʝʣʠʯʝʥʠʝ ʩʦʩʪʘʚʘ ʩʫʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʧʨʦʙʣʝʤʳ ʨʦʩʪʘ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠʠ, ʩʥʠʞʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʣʠʯʠʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʪ.ʜ. 

 ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɸʍɸ ʚ ʩʦʩʪʘʚʝ ʩʫʜʦʚʳʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʘʤʝʨ ʧʨʦʙʣʝʤʳ 

ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʠ ʙʝʟ ʧʦʜʢʣʶʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʠʧʦʚʳʝ ʜʠʟʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ çWARTSILA DIESELèʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʡ ʜʠʘʧʘʟʦʥ ʧʘʨʘʤʝʪʨʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʪʘʙʣ. 1). 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʦʮʝʥʦʯʥʳʝ ʨʘʩʯʝʪʳ, ʜʘʞʝ ʧʨʠ ʂʇɼ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ 

25 % ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʤʠʥʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (4R32D), ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ 50 % - ʥʦʡ ʥʘʛʨʫʟʢʝ, ʥʘ 

ʩʫʜʥʝ ʤʦʞʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʜʦ15 ɸʍɸ ʩ ʞʠʜʢʦʩʪʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʠʣʠ ʜʦ 500 ʩʨʝʜʥʠʭ ɸʍɸ ʩ 

ʚʦʟʜʫʰʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʥʝ ʤʝʥʝʝ, 20 ʢɺʪ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ. 

ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʨʘʙʦʪʳ ɸʍɸ ʷʚʣʷʝʪʩʷ ʠ ʫʨʦʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ï 160é175
ʦ
ʉ [15]. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʪʘʙʣ. 1,ʧʦ ʵʪʦʤʫ ʢʨʠʪʝʨʠʶ ʚʧʦʣʥʝ ʧʨʦʭʦʜʷʪ ʚʩʝ 

ʪʠʧʳ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ (ʦʪ 100 ʜʦ 50% ʥʘʛʨʫʟʢʠ), ʧʨʠʯʝʤ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʥʘʧʦʨ ʩʦʩʪʘʚʣʷʝʪ, ʥʝ ʤʝʥʝʝ, 115
ʦ
ʉ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸʍɸ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʘ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ 

ʩʫʜʦʚʳʭ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʚʦʟʨʘʩʪʝʪ ʧʨʠ ʥʘʣʠʯʠʠ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʛʝʥʝʨʘʪʦʨʥʦʤ ʫʟʣʝ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʚʷʟʘʥʘ ʢʘʢ ʩ ʧʨʷʤʦʡ ʵʢʦʥʦʤʠʝʡ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʪʘʢ ʠ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʰʪʘʪʥʦʡ ʨʘʙʦʪʳ (ʧʦʜʜʝʨʞʘʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ)ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʧʦʜ ʧʝʨʝʤʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ: 

ʘ) ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʢʦʛʜʘ ʨʘʩʭʦʜ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʤʦʞʝʪ 

ʠʟʤʝʥʠʪʴʩʷ, ʧʨʘʢʪʠʯʝʩʢʠ, ʚ ʜʚʘ ʨʘʟʘ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ï ʥʘ 30é35 
ʦ
ʉ(ʪʘʙʣ.1);  

ʙ) ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʦʭʣʘʞʜʝʥʠʷ ʪʝʧʣʦʨʘʩʩʝʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ɸʍɸ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʠ ʧʨʠ ʧʝʨʝʤʝʥʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷ (ʚʝʪʝʨ, ʧʨʷʤʦʝ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʜʦʞʜʴ); 

ʚ) ʟʘʛʨʫʟʢʘ ʭʦʣʦʜʠʣʴʥʦʡ ʢʘʤʝʨʳ ʦʪʝʧʣʝʥʥʳʤʠ ʧʠʱʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ. 

 
ʊʘʙʣʠʮʘ 1 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʝʡçWARTSILA DIESEL» 
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ʊʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʫʭʦʜʷʱʘʷ ʩ 

ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ, ʢɺʪ 

( 100 % ʥʘʛʨʫʟʢʘ)  

( 90 % ʥʘʛʨʫʟʢʘ)  

( 75 % ʥʘʛʨʫʟʢʘ)  

( 50 % ʥʘʛʨʫʟʢʘ)  

 

 

 

625 

550 

475 

310 

 

 

820 

740 

600 

380 

 

 

1165 

1070 

935 

635 

 

 

1395 

1265 

1025 

690 

 

 

2200 

1480 

1205 

750 

 

 

2335 

2155 

1870 

1250 

 

 

2770 

2535 

2050 

1440 

ʇʨʠʤʝʯʘʥʠʝ. 

1. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 720 ʦʙ/ʤʠʥ. 

2.ʇʨʠ ʨʘʩʯʝʪʝ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʫʭʦʜʷʱʝʡ ʩ ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʛʘʟʘ, ʨʘʚʥʘʷ 1,13 ʢɼʞ/(ʢʛÖʂ), ʘ ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʧʨʠʥʠʤʘʣʘʩʴ 160 
ʦ
ʉ.  

 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʨʦʩʦʚʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʦʣʦʜʘ ʧʦʟʚʦʣʠʪ 

ʥʝ ʪʦʣʴʢʦ ʩʥʠʟʠʪʴ ʯʠʩʣʦ ɸʍɸ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʩʫʜʥʘ, ʥʦ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʪʨʘʙʦʪʘʥʥʦʝ ʪʝʧʣʦ, ʦʙʣʘʜʘʶʱʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ (ʥʝ ʤʝʥʝʝ 160 
ʦ
ʉ) ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ ʫʪʠʣʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʦʛʨʝʚʘ ʧʦʤʝʱʝʥʠʡ ʚ ʭʦʣʦʜʥʫʶ ʧʦʛʦʜʫ. 

ɺr ʚʦʜʳ 

1. ʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʭʦʣʦʜʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʪʠʧʘ ʥʘ ʤʦʨʩʢʠʭ ʩʫʜʘʭ 

ʩʚʷʟʘʥʳ ʠ ʩ ʫʥʠʢʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʍɸ ʩ ʚʦʟʜʫʰʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ. ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

(ʤʝʥʝʝ 10 
ʦ
ʉ) ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ [16], ʠʟ-ʟʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʛʫʩʪʝʚʘʥʠʷ ʤʘʩʣʘ ʠ ʧʦʣʦʤʢʠ ʜʚʠʞʫʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʨʝʩʩʦʨʘ. ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ɸʍɸ ʩ ʚʦʟʜʫʰʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʚʠʞʫʱʠʝ ʵʣʝʤʝʥʪʳ ʦʪʩʫʪʩʪʚʫʶʪ. 

2. ɸʍɸ ʩ ʚʦʟʜʫʰʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʥʘ ʩʫʜʘʭ ʟʘ ʧʨʝʜʝʣʘʤʠ ʞʠʣʳʭ ʠ 

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʨʘʙʦʪʘʥʥʳʝ ʛʘʟʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʣʴʥʝʡʰʝʡ 

ʫʪʠʣʠʟʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʚʝʜʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʘʪʤʦʩʬʝʨʫ, ʘ ʪʝʧʣʦʨʘʩʩʝʠʚʘʶʱʠʝ ʵʣʝʤʝʥʪʳ 

ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʧʣʦʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʘʨʫʞʥʳʤ ʚʦʟʜʫʭʦʤ. 
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ʋɼʂ 621.575.932 

 

ɸʅɸʃʀɿ ʈɽɾʀʄʆɺ ʊɽʇʃʆʄɸʉʉʆʆɹʄɽʅɸ ʀ ɻʀɼʈɸɺʃʀʏɽʉʂʆɻʆ ʊɽʏɽʅʀʗ 

ʈɸɹʆʏɽɻʆ ʊɽʃɸ ɺ ɻɽʅɽʈɸʊʆʈɽ ɸɹʉʆʈɹʎʀʆʅʅʆɻʆ ʍʆʃʆɼʀʃʔʅʆɻʆ ɸɻʈɽɻɸʊɸ 

 

ʆ.ɸ. ʊʠʪʣʦʚʘ, ɸ.ʆ. ʍʦʣʦʜʢʦʚ, ɸ.ʉ. ʊʠʪʣʦʚ 

ʆʜʝʩʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʋʢʨʘʠʥʳ 

ɽ-mail: titlova@ukr.net, titlow@mail.ru, desper.fair@gmail.com 

 

ʆʩʥʦʚʥʦʡ ʩʝʛʤʝʥʪ ʨʳʥʢʘ ʙʳʪʦʚʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʠʥʘʜʣʝʞʠʪ ʢʦʤʧʨʝʩʩʠʦʥʥʳʤ ʭʦʣʦʜʠʣʴʥʳʤ ʧʨʠʙʦʨʘʤ (ʂʍʇ) [1-4]. ʀ, ʭʦʪʷ ʘʙʩʦʨʙʮʠʦʥʥʳʝ 

ʭʦʣʦʜʠʣʴʥʳʝ ʧʨʠʙʦʨʳ (ɸʍʇ) ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʂʍʇ (ʨʘʙʦʯʝʝ ʪʝʣʦ ɸʍʇ ð 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʡ ɺɸʈ ʩ ʚʦʜʦʨʦʜʦʤ; ʦʪʩʫʪʩʪʚʠʝ ʢʦʤʧʨʝʩʩʦʨʘ ʧʦʚʳʰʘʝʪ ʨʝʩʫʨʩ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʨʘʙʦʪʳ, ʜʝʣʘʝʪ ʨʘʙʦʪʫ ɸʍʇ ʙʝʩʰʫʤʥʦʡ; ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ɸʍʇ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʢʘʢ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʪʘʢ ʠ ʛʦʨʝʣʦʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʪʦʧʣʠʚʝ [1-5]), ʦʥʠ ʥʝ ʤʦʛʫʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʧʦʩʣʝʜʥʠʤʠ ʠʟ-ʟʘ ʙʦʣʴʰʝʛʦ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ 

ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʳʪʦʚʳʭ ɸʍʇ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʈʝʰʝʥʠʶ ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉɸʋ) [1, 6-13]. ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʉɸʋ ɸʍʇ ʟʘʢʣʶʯʘʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ð 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʉɸʋ ʢʘʢ ʥʘ ʥʦʚʳʭ ʤʦʜʝʣʷʭ ɸʍʇ, ʪʘʢ ʠ ʥʘ ʫʞʝ ʚʚʝʜʝʥʥʳʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʘʥʘʣʦʛʦʚ, ʫʧʨʘʚʣʝʥʠʝ ɸʍʇ ʨʝʘʣʴʥʦ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʦʣʴʢʦ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʜʚʦʜʠʤʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʢ ʢʠʧʷʪʠʣʴʥʠʢʫ-ʛʝʥʝʨʘʪʦʨʫ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ (ɸʍɸ) [1]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʦ ʚʣʠʷʥʠʝ ʧʦʜʚʦʜʠʤʦʡ ʪʝʧʣʦʚʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ɸʍʇ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ɸʍɸ ʢʠʧʷʪʠʣʴʥʠʢ-ʛʝʥʝʨʘʪʦʨ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʛʝʥʝʨʘʪʦʨ, ʚʳʧʦʣʥʝʥ 

ʚ ʚʠʜʝ ʧʝʨʝʢʘʯʠʚʘʶʱʝʛʦ ʪʝʨʤʦʩʠʬʦʥʘ ð ʪʨʫʙʢʠ ʩ ʥʝʙʦʣʴʰʠʤ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ (4,0é4,2 ʤʤ 

[14, 15]) ð ʢʘʧʠʣʣʷʨʘ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʛʝʥʝʨʘʪʦʨʘ, ʟʘʧʦʣʥʝʥʥʦʡ ʢʨʝʧʢʠʤ ʚʦʜʦʘʤʤʠʘʯʥʳʤ ʨʘʩʪʚʦʨʦʤ 

(ɺɸʈ), ʧʦʜʚʦʜʠʪʩʷ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ. ɿʥʘʯʝʥʠʝ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚ ʟʦʥʝ ʥʘʛʨʝʚʘ ʧʦʜʙʠʨʘʝʪʩʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʢʘʧʠʣʣʷʨʘ ʧʨʦʠʩʭʦʜʠʣ ʧʨʦʮʝʩʩ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʝʞʠʤʝ 

ʧʫʟʳʨʴʢʦʚʦʛʦ ʪʝʯʝʥʠʷ [16, 17]. ʆʙʨʘʟʫʶʱʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʚʦʜʘ ʪʝʧʣʘ ʧʘʨʦʞʠʜʢʦʩʪʥʘʷ ʩʤʝʩʴ 

(ʇɾʉ) ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʜʢʠʤ ɺɸʈ ʧʣʦʪʥʦʩʪʴʶ ʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ 

ɸʨʭʠʤʝʜʘ, ʦʥʘ ʩʪʨʝʤʠʪʩʷ ʚʚʝʨʭ. ɺ ʚʝʨʭʥʝʡ (ʧʦʜʲʝʤʥʦʡ ʠʣʠ ʪʨʘʥʩʧʦʨʪʥʦʡ) ʯʘʩʪʠ ʛʝʥʝʨʘʪʦʨʘ (ʜʣʠʥʦʡ 

0,35é0,45 ʤ) ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʦʜʚʦʜʝ ʪʝʧʣʘ ʬʦʨʤʠʨʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʘʨʦʞʠʜʢʦʩʪʥʳʡ ʩʪʦʣʙ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʘʩʪʠʮ ʞʠʜʢʦʛʦ ɺɸʈ, ʟʘʭʚʘʯʝʥʥʦʛʦ ʧʨʠ ʧʦʜʲʝʤʝ ʧʘʨʦʚʳʤʠ ʧʫʟʳʨʴʢʘʤʠ, ʠ ʩʘʤʠʭ 

ʧʘʨʦʚʳʭ ʧʫʟʳʨʝʡ. ɺ ʧʘʨʦʚʦʡ ʬʘʟʝ ʥʘʭʦʜʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʘʨ ʘʤʤʠʘʢʘ, ʘ ʞʠʜʢʘʷ ʬʘʟʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʘʙʳʡ ɺɸʈ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʘʤʤʠʘʢʘ 0,10é0,15 [16]. ɺʳʙʦʨ ʚʥʫʪʨʝʥʥʝʛʦ 

ʜʠʘʤʝʪʨʘ ʠ ʚʳʩʦʪʳ ʧʦʜʲʝʤʥʦʡ ʯʘʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ɸʍʇ ʧʦ ʪʝʧʣʦʚʦʡ 

ʥʘʛʨʫʟʢʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ çʇʦʜʲʝʤʘ ʞʠʜʢʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʩʦʙʩʪʚʝʥʥʳʭ ʧʘ- 

ʨʦʚè [17] ʠ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʟʥʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ ʠ 

ʚʳʩʦʪʳ ʧʦʜʲʝʤʥʦʡ ʯʘʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʯʝʪʥʦʤʫ ʨʝʞʠʤʫ ʩʥʘʨʷʜʥʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠ 

ʧʦʜʚʦʜʝ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʦʪ 40 ʜʦ 110 ɺʪ. ɺ ʜʠʘʧʘʟʦʥʝ ʫʢʘʟʘʥʥʳʭ ʨʝʞʠʤʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʝʨʝʢʘʯʠʚʘʶʱʝʛʦ ʪʝʨʤʦʩʠʬʦʥʘ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʘʨʘ ʠ ʩ 

ʧʦʜʲʝʤʦʤ ʞʠʜʢʦʩʪʠ ʥʘ ʟʘʜʘʥʥʫʶ ʚʳʩʦʪʫ.  

ʀʟ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʤʦʞʥʦ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʤʘʩʩʦʡ ʧʦʜʥʷʪʦʡ ʞʠʜʢʦʩʪʠ ʠ ʤʘʩʩʦʡ ʧʦʣʫʯʝʥʥʦʛʦ ʧʘʨʘ ð ʤʘʩʩʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʜʘʯʠ ʪʝʨʤʦʩʠʬʦʥʘ [18]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʦʜʝʣʝʡ ɸʍɸ ʧʨʦʠʟʚʦʜʩʪʚʘ ɺʘʩʠʣʴʢʦʚʩʢʦʛʦ ʟʘʚʦʜʘ 

ʭʦʣʦʜʠʣʴʥʠʢʦʚ ɸʐ-150 ʠ ɸʐ-160 ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 3 [1]. 

ɺ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʝ ʠ ʚʳʩʦʪʝ 

ʧʦʜʲʝʤʥʦʡ ʯʘʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʨʝʞʠʤ ʩʥʘʨʷʜʥʦʛʦ ʪʝʯʝʥʠʷ ʩ ʟʘʭʚʘʪʦʤ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥ ʥʝ 

ʙʫʜʝʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʨʝʞʠʤ ʧʫʟʳʨʴʢʦʚʦʛʦ ʢʠʧʝʥʠʷ ʩ ʧʦʜʲʝʤʦʤ ʦʪʜʝʣʴʥʳʭ ʧʫʟʳʨʴʢʦʚ ʧʘʨʘ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʧʦʜʲʝʤʘ ʞʠʜʢʦʩʪʠ. 

ɺ ʩʣʫʯʘʝ ʫʤʝʥʴʰʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ ʛʝʥʝʨʘʪʦʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʢʘʨʪʠʥʘ ð 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʨʦʩ ʞʠʜʢʦʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʘʨʘ, ʪ.ʝ. ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʧʝʨʝʢʘʯʠʚʘʶʱʝʛʦ ʪʝʨʤʦʩʠʬʦʥʘ ʪʘʢʞʝ ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ.  

ɺʣʠʷʥʠʝ ʚʳʩʦʪʳ ʧʦʜʲʝʤʥʦʡ ʯʘʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʭʘʨʘʢʪʝʨ. ʕʪʦʪ ʫʯʘʩʪʦʢ ʧʨʠ 

ʪʝʯʝʥʠʠ ʇɾʉ ʦʧʨʝʜʝʣʷʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʡ ʥʘʧʦʨ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ 
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ʩ ʟʘʢʦʥʘʤʠ ʛʠʜʨʘʚʣʠʢʠ [19] ð ʯʝʤ ʤʝʥʴʰʝ ʵʪʠ ʚʝʣʠʯʠʥʳ, ʪʝʤ ʤʝʥʴʰʝ ʧʦʜʚʦʜʠʤʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

ʩʣʝʜʫʝʪ ʟʘʪʨʘʪʠʪʴ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚʳʩʦʪʘ ʧʦʜʲʝʤʥʦʡ ʯʘʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʩʪʘʥʦʚʢʫ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʢʦʞʫʭʘ, ʠʤʝʶʪ ʤʝʩʪʦ ʧʦʪʝʨʠ ʜʦ 15 

% [20]. ʇʦʵʪʦʤʫ ʠ ʩ ʧʦʟʠʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʛʝʥʝʨʘʪʦʨ ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʚʳʩʦʪʦʡ ʧʦʜʲʝʤʥʦʡ ʯʘʩʪʠ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʳʩʦʪʘ ʧʦʜʲʝʤʥʦʡ ʯʘʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʘʙʩʦʨʙʝʨʘ ɸʍɸ, ʢʦʪʦʨʳʡ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʢʣʦʥʥʳʝ ʪʨʫʙʢʠ [5], ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ 

ʢʦʪʦʨʳʭ ʩʪʝʢʘʝʪ ʩʣʘʙʳʡ ɺɸʈ, ʘ ʧʨʦʪʠʚʦʪʦʢʦʤ ʝʤʫ ʧʦʜʥʠʤʘʝʪʩʷ ʧʦʪʦʢ ʥʘʩʳʱʝʥʥʦʡ 

ʚʦʜʦʨʦʜʦʘʤʤʠʘʯʥʦʡ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ (ʇɻʉ) ʠʟ ʠʩʧʘʨʠʪʝʣʷ. 

ʌʘʢʪʠʯʝʩʢʠ ʚʳʩʦʪʘ ʧʦʜʲʝʤʥʦʡ ʯʘʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ 

ʚ ʧʨʦʮʝʩʩʝ ʘʙʩʦʨʙʮʠʠ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ð ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʧʘʨʠʪʝʣʷ ɸʍɸ. ɺ ʩʚʷʟʠ 

ʩ ʪʘʢʠʤ ʧʦʣʦʞʝʥʠʝʤ ʠ ʚʳʙʠʨʘʶʪʩʷ ʨʘʟʤʝʨʳ ʛʝʥʝʨʘʪʦʨʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʷʭ ɸʍɸ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʳʭ ʚʳʰʝ ʩʦʦʙʨʘʞʝʥʠʡ ʠ ʠʟʚʝʩʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [9-11] 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 5 ʪʠʧʦʚ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʘ ɸʍɸ (ʨʠʩ. 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɼʠʘʧʘʟʦʥʳ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʦʚ ɸʍɸ 

 

ɺʦ-ʧʝʨʚʳʭ ð ʵʪʦ ʜʚʘ ʛʨʘʥʠʯʥʳʭ ʨʝʞʠʤʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʟʘʧʫʩʢʦʤ ʛʝʥʝʨʘʪʦʨʘ ð I ʠ V. ʈʝʞʠʤ I 

ʥʘʟʦʚʝʤ ð çʥʝʟʘʧʫʩʢ ʛʝʥʝʨʘʪʦʨʘ I ʨʦʜʘè, ʘ ʨʝʞʠʤ V ð çʥʝʟʘʧʫʩʢ ʛʝʥʝʨʘʪʦʨʘ II ʨʦʜʘè. 

ʈʝʞʠʤ I ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʛʝʥʝʨʘʪʦʨʘ ʦʪ 0 ɺʪ ʜʦ 35é40 ɺʪ. ʆʥ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʚʝʜʝʥʥʦʛʦ ʪʝʧʣʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʨʦʚʦʛʦ 

ʧʫʟʳʨʷ, ʩʧʦʩʦʙʥʦʛʦ ʚʳʪʦʣʢʥʫʪʴ ʠʟ ʧʦʜʲʝʤʥʦʡ ʯʘʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʞʠʜʢʠʡ ʨʘʩʪʚʦʨ.  

ɺ ʟʦʥʝ ʧʦʜʚʦʜʘ ʪʝʧʣʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʡ ʧʘʨʦʚʦʡ ʧʫʟʳʨʴ, ʘ ʥʘʜ ʥʠʤ, ʚ ʧʦʜʲʝʤʥʦʡ 

ʯʘʩʪʠ ʛʝʥʝʨʘʪʦʨʘ, ʥʘʭʦʜʠʪʩʷ ʩʪʦʣʙ ʞʠʜʢʦʛʦ ɺɸʈ. ʇʦʜʚʝʜʝʥʥʦʝ ʪʝʧʣʦ ʧʝʨʝʜʘʝʪʩʷ ʧʫʪʝʤ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʵʣʝʤʝʥʪʘʤ ʢʦʥʩʪʨʫʢʮʠʠ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʫʟʣʘ ʠ ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɺ ʨʝʞʠʤʝ I ʮʠʢʣ ɸʍɸ ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʮʠʨʢʫʣʷʮʠʠ ɺɸʈ ʤʝʞʜʫ ʛʝʥʝʨʘʪʦʨʦʤ ʠ 

ʘʙʩʦʨʙʝʨʦʤ. 

ʈʝʞʠʤ V ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʦʜʚʦʜʝ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʚ ʛʝʥʝʨʘʪʦʨʝ 180é190 ɺʪ ʠ ʚʳʰʝ. ʆʥ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʫʰʝʥʠʝʤ ʟʦʥʳ ʧʦʜʚʦʜʘ ʪʝʧʣʘ, ʩʚʷʟʘʥʥʳʤ ʩ ʢʨʠʟʠʩʦʤ ʢʠʧʝʥʠʷ. ɺʳʩʦʢʠʡ ʧʝʨʝʛʨʝʚ ʚ ʟʦʥʝ 

ʧʦʜʚʦʜʘ ʪʝʧʣʘ ʠ ʚ ʧʦʜʚʦʜʷʱʠʭ ʢʘʥʘʣʘʭ ʥʝ ʧʨʦʧʫʩʢʘʝʪ ʞʠʜʢʦʩʪʴ ʠʟ ʨʝʢʪʠʬʠʢʘʪʦʨʘ. ʌʘʢʪʠʯʝʩʢʠ ʢʠʧʝʥʠʝ 

ʢʨʝʧʢʦʛʦ ɺɸʈ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʢʪʠʬʠʢʘʪʦʨʝ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʧʘʨ ʧʦʩʪʫʧʘʝʪ ʚ ʜʝʬʣʝʛʤʘʪʦʨ ʠ ʜʘʣʝʝ ʚ 

ʢʦʥʜʝʥʩʘʪʦʨ, ʛʜʝ ʩʞʠʞʘʝʪʩʷ ʠ ʩʪʝʢʘʝʪ ʚ ʠʩʧʘʨʠʪʝʣʴ. ʀʟ-ʟʘ ʙʣʦʢʠʨʦʚʢʠ ʞʠʜʢʦʩʪʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʢʦʣʝʥʝ 

ʨʝʢʪʠʬʠʢʘʪʦʨʘ ʧʨʝʢʨʘʱʘʝʪʩʷ ʨʘʙʦʪʘ ʘʙʩʦʨʙʝʨʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʘʨʦʛʘʟʦʚʳʡ ʢʦʥʪʫʨ ʤʝʞʜʫ ʠʩʧʘʨʠʪʝʣʝʤ 

ʠ ʘʙʩʦʨʙʝʨʦʤ ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ. ʀʟ-ʟʘ ʵʪʦʛʦ ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʠʩʧʘʨʠʪʝʣʴ ʘʤʤʠʘʢ ʥʝ ʠʩʧʘʨʷʝʪʩʷ, ʘ ʩʪʝʢʘʝʪ ʚ 

ʙʘʯʦʢ ʘʙʩʦʨʙʝʨʘ. ʍʦʣʦʜʠʣʴʥʳʡ ʮʠʢʣ ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ. 

ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ bʦʧʪ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʜʥʷʪʦʡ ʞʠʜʢʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʘʨʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʮʠʢʣʘ ɸʍɸ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʨʝʞʠʤʝ III ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʜʚʦʜʠʤʳʭ 

ʪʝʧʣʦʚʳʭ ʤʦʱʥʦʩʪʝʡ ʚ ʛʝʥʝʨʘʪʦʨʝ ʦʪ 70é80 ɺʪ ʜʦ 100é110 ɺʪ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʥʘʙʣʶʜʘʝʪʩʷ 
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ʤʘʢʩʠʤʘʣʴʥʘʷ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʧʘʨʠʪʝʣʷ ɸʍɸ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦʩʪʠʛʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʮʠʢʣʘ ɸʍɸ [1, 9-13].  

ʉʝʨʝʜʠʥʘ ʫʢʘʟʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʷʤ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʧʣʦʚʳʭ ʤʦʱʥʦʩʪʝʡ 

ʧʨʠ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 24é26 Üʉ. ɺ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ 

ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʚʳʭ ʤʦʱʥʦʩʪʝʡ bʦʧʪ ʩʜʚʠʛʘʝʪʩʷ ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʜʦ 18é20 ʉ, ʘ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ 100é110 ɺʪ ð ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 28é32 ʉ. 

ʊʘʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʟʥʘʯʝʥʠʡ bʦʧʪ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʧʣʦʚʳʭ ʤʦʱʥʦʩʪʝʡ ʦʪ 70é80 ɺʪ ʜʦ 

100é110 ɺʪ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ɸʍʇ, ʪ.ʝ. ʢʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ ð ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʪʝʧʣʦʧʨʠʪʦʢʦʚ ʚ ʦʭʣʘʞʜʘʝʤʳʝ ʢʘʤʝʨʳ ʠ ʫʩʣʦʚʠʡ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [1, 9-13] 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʮʠʢʣʦʚ ʢʘʢ ʙʝʟ ʥʘʩʦʩʥʳʭ, ʪʘʢ ʠ ʥʘʩʦʩʥʳʭ ɸʍɸ [21]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʮʠʢʣʘ ɸʍɸ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟʤʝʥʷʪʴ ʟʥʘʯʝʥʠʝ ʧʦʜʚʦʜʠʤʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚ ʛʝʥʝʨʘʪʦʨʝ ɸʍɸ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʈʝʞʠʤ II ʣʝʞʠʪ ʚ ʩʪʦʨʦʥʝ ʤʝʥʴʰʠʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʞʠʤʦʤ III, ʟʥʘʯʝʥʠʡ 

ʧʦʜʚʦʜʠʤʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ. ɽʛʦ ʜʠʘʧʘʟʦʥ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 35é40 ɺʪ ʜʦ 70é80 ɺʪ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʨʝʢʘʯʢʘ ʞʠʜʢʦʡ ʬʘʟʳ ɺɸʈ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʘʨʘ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʚ ʢʦʥʜʝʥʩʘʪʦʨ ʠ ʜʘʣʝʝ ʚ ʠʩʧʘʨʠʪʝʣʴ ʧʦʩʪʫʧʘʝʪ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʘʨʘ ʘʤʤʠʘʢʘ, ʯʪʦ ʧʨʠ - ʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʭʦʣʦʜ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʇʨʠ ʤʝʥʴʰʝʡ ʛʝʥʝʨʘʮʠʠ ʧʘʨʘ, ʧʦʪʦʢ ʩʣʘʙʦʛʦ ɺɸʈ ʥʝ ʜʦʩʪʠʛʘʝʪ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

0,15é0,18 ʥʘ ʚʭʦʜʝ ʚ ʘʙʩʦʨʙʝʨ. ʆʜʥʘʢʦ, ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʢʨʘʪʥʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʤʝʞʜʫ ʛʝʥʝʨʘʪʦʨʦʤ ʠ 

ʘʙʩʦʨʙʝʨʦʤ ɺɸʈ, ʘʙʩʦʨʙʝʨ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʟʘʜʘʯʘʤʠ ʦʯʠʩʪʢʠ ʇɻʉ, ʧʦʩʪʫʧʘʶʱʝʡ ʠʟ ʠʩʧʘʨʠʪʝʣʷ.  

ʍʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʧʘʨʠʪʝʣʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʮʠʢʣʘ ɸʍɸ ʚ 

ʨʝʞʠʤʝ II ʫʙʳʚʘʝʪ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʟʥʘʯʝʥʠʷ ʧʦʜʚʦʜʠʤʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚ ʛʝʥʝʨʘʪʦʨʝ ʦʪ 70é80 

ɺʪ ʜʦ 35é 40 ɺʪ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ɸʍʇ ʚ ʧʦʟʠʮʠʦʥʥʦʤ ʨʝʞʠʤʝ, ʨʝʞʠʤ II ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

çʞʜʫʱʠʡè ʨʝʞʠʤ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʦʩʥʦʚʥʦʡ (ʥʦʤʠʥʘʣʴʥʦʡ) ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʨʘʙʦʪʘʤʠ H. Steirlin [22], ʆ.ɹ. ɺʘʩʳʣʠʚʘ [10], ɼ.ʉ. ʊʶʭʘʷ [11] ʠ ʖ.ɸ. ʆʯʝʨʝʪʷʥʦʛʦ [13]. çɾʜʫʱʠʡè 

ʨʝʞʠʤ ɸʍɸ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʛʝʥʝʨʘʮʠʶ ʧʘʨʘ ʠ ʮʠʨʢʫʣʷʮʠʶ ʨʘʩʪʚʦʨʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʠʟ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʦʜʲʝʤʥʦʛʦ ʫʯʘʩʪʢʘ ʜʝʬʣʝʛʤʘʪʦʨʘ ʙʳʣ ʚʳʪʝʩʥʝʥ ʠʥʝʨʪʥʳʡ ʛʘʟ. ɺ ʵʪʦʤ 

ʨʝʞʠʤʝ ɸʍɸ ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʙʳ ʚ ʩʦʩʪʦʷʥʠʠ çʛʦʪʦʚʥʦʩʪʠè ʢ ʙʳʩʪʨʦʤʫ ʟʘʧʫʩʢʫ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ 

ʠʩʧʘʨʠʪʝʣʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʙʦʣʴʰʫʶ ʪʝʧʣʦʚʫʶ ʤʦʱʥʦʩʪʴ, ʧʦʜʚʦʜʠʤʫʶ ʚ ʛʝʥʝʨʘʪʦʨʝ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʦʟʠʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʢʘʟʘʣ, ʯʪʦ çʞʜʫʱʠʡè ʨʝʞʠʤ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʨʘʙʦʪʝ 

ɸʍɸ ʪʦʣʴʢʦ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ 19é20 ʜʦ 26é27 Üʉ.  

ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ ʩʥʠʞʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ (ʂʈɺ) 

ɸʍɸ, ʪ.ʝ. ʚʨʝʤʷ ʨʘʙʦʪʳ ɸʍɸ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʟʘʪʨʘʯʠʚʘʪʴ ʵʥʝʨʛʠʶ ʜʣʷ 

ʜʣʠʪʝʣʴʥʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ çʛʦʪʦʚʥʦʩʪʠè. 

ʇʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʙʦʣʴʰʝ 26é27 Üʉ) ʂʈɺ ɸʍɸ 

ʚʦʟʨʘʩʪʘʝʪ, ʚʨʝʤʷ ʥʝʨʘʙʦʯʝʛʦ ʧʝʨʠʦʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʠ ʵʣʝʤʝʥʪʳ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʫʟʣʘ 

ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʥʘʛʨʝʪʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ çʞʜʫʱʠʡè ʨʝʞʠʤ. 

ʈʝʞʠʤ IV ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʦʨʦʥʝ ʙʦʣʴʰʠʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʞʠʤʦʤ III, ʪʝʧʣʦʚʳʭ 

ʤʦʱʥʦʩʪʝʡ ʚ ʛʝʥʝʨʘʪʦʨʝ ð ʦʪ 100é110 ɺʪ ʜʦ 180é190 ɺʪ. 

ʈʝʞʠʤ IV ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʘʨʘ ʧʝʨʝʜ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʝʨʝʢʘʯʠʚʘʝʤʦʛʦ ʞʠʜʢʦʛʦ ɺɸʈ, ʪ.ʝ. b < bʦʧʪ. ʂʨʘʪʥʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʞʠʜʢʦʛʦ ɺɸʈ ʤʝʞʜʫ ʛʝʥʝʨʘʪʦʨʦʤ ʠ 

ʘʙʩʦʨʙʝʨʦʤ ʤʠʥʠʤʘʣʴʥʘ, ʥʦ ʩʣʘʙʳʡ ɺɸʈ ʦʙʝʜʥʝʥ ʧʦ ʘʤʤʠʘʢʫ ʥʠʞʝ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʦ 0,10é0,12. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ, ʚʳʩʦʢʠʡ ʧʦʛʣʦʪʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʣʘʙʦʛʦ ɺɸʈ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʦʯʠʩʪʢʠ ʥʘʩʳʱʝʥʥʦʡ ʇɻʉ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʘʙʩʦʨʙʝʨ ʠʟ ʠʩʧʘʨʠʪʝʣʷ.  

ɺ ʛʝʥʝʨʠʨʫʝʤʦʤ ʧʘʨʦʚʦʤ ʧʦʪʦʢʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ III, ʩʦʜʝʨʞʠʪʩʷ ʧʘʨʘ ʚʦʜʳ. 

ʊʦʣʴʢʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (10é15 Üʉ) ʜʝʬʣʝʛʤʘʪʦʨ ʩʧʨʘʚʣʷʝʪʩʷ ʩ 

ʦʯʠʩʪʢʦʡ ʧʘʨʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʢʦʥʜʝʥʩʘʪʦʨ ʠ ʜʘʣʝʝ ʚ ʠʩʧʘʨʠʪʝʣʴ. 

ʅʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʪʝʧʣʦʚʳʭ ʤʦʱʥʦʩʪʝʡ ʚ ʛʝʥʝʨʘʪʦʨʝ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʧʘʨʠʪʝʣʷ 

ʝʱʝ ʟʥʘʯʠʪʝʣʴʥʘ. ʉ ʨʦʩʪʦʤ ʞʝ ʧʦʜʚʦʜʠʤʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚ ʠʩʧʘʨʠʪʝʣʴ ʥʘʯʠʥʘʝʪ ʧʦʩʪʫʧʘʪʴ 

ʚʦʜʘ, ʘ ʚ ʘʙʩʦʨʙʝʨ ʧʨʠʭʦʜʠʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʭʣʘʞʜʝʥʥʳʡ ʩʣʘʙʳʡ ɺɸʈ. ʆʙʘ ʵʪʠʭ ʬʘʢʪʦʨʘ ʧʨʠʚʦʜʷʪ ʢ 

ʩʥʠʞʝʥʠʶ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ.  
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ʈʝʞʠʤ IV ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʨʝʥʥʦʡ ʚʦʜʳ. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [1], ʧʘʨʦʚʦʡ ʧʦʪʦʢ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʘʨʘ ʚʦʜʳ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʫʜʝʣʴʥʳʤ ʦʙʲʝʤʦʤ, ʯʝʤ ʧʦʪʦʢ ʧʘʨʘ ʯʠʩʪʦʛʦ ʘʤʤʠʘʢʘ. ʊʘʢʦʡ ʧʦʪʦʢ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʳʩʪʨʝʝ ʚʳʪʝʩʥʠʪʴ ʠʟ ʜʝʬʣʝʛʤʘʪʦʨʘ ʠʥʝʨʪʥʳʡ ʛʘʟ ʠ ʧʨʦʠʟʚʝʩʪʠ ʟʘʧʫʩʢ ʠʩʧʘʨʠʪʝʣʷ.  

ʈʝʞʠʤ IV ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ çʬʦʨʩʘʞʥʦʛʦè ʧʨʠ ʟʘʧʫʩʢʝ ɸʍɸ [1, 10], ʥʦ ʧʨʠ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ ʦʙ ʦʛʨʘʥʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʝʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʢʠ 

ʪʝʨʤʦʩʠʬʦʥʘ ʟʥʘʯʝʥʠʝʤ 180é190 Üʉ ʠʟ-ʟʘ ʦʧʘʩʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʢʪʠʚʥʦʡ ʢʦʨʨʦʟʠʠ [23]. 

ʇʨʦʚʝʜʝʤ ʜʘʣʝʝ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚ ʛʝʥʝʨʘʪʦʨʝ ʥʘ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʦʩʪʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ɸʍɸ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʘʥʘʣʠʟʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʵʣʝʤʝʥʪʳ ɸʍɸ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʚ ʛʝʥʝʨʘʪʦʨʝ ʩ ʥʝʢʦʪʦʨʳʤ ʟʘʧʘʩʦʤ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ. 

ɺ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʚʩʝ ʵʣʝʤʝʥʪʳ ɸʍɸ ʜʦʣʞʥʳ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʬʫʥʢʮʠʠ: 

ʘ) ʨʝʢʪʠʬʠʢʘʪʦʨ ð ʧʨʦʚʦʜʠʪʴ ʯʘʩʪʠʯʥʫʶ ʦʯʠʩʪʢʫ ʧʘʨʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʨʠʭʦʜʷʱʝʛʦ ʠʟ ʛʝʥʝʨʘʪʦʨʘ 

ʠ ʧʦʜʦʛʨʝʚʘʪʴ ʢʨʝʧʢʠʡ ɺɸʈ ʧʝʨʝʜ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʛʝʥʝʨʘʪʦʨʘ; 

ʙ) ʜʝʬʣʝʛʤʘʪʦʨ ð ʧʨʦʚʦʜʠʪʴ ʧʦʣʥʫʶ ʦʯʠʩʪʢʫ ʧʘʨʘ ʘʤʤʠʘʢʘ ʦʪ ʧʘʨʘ ʚʦʜʳ ʩ ʦʪʚʦʜʦʤ ʬʣʝʛʤʳ ʚ 

ʨʝʢʪʠʬʠʢʘʪʦʨ; 

ʚ) ʢʦʥʜʝʥʩʘʪʦʨ ð ʧʨʦʚʦʜʠʪʴ ʩʞʠʞʝʥʠʝ ʧʘʨʦʚʦʛʦ ʧʦʪʦʢʘ ʘʤʤʠʘʢʘ ʠ ʯʘʩʪʠʯʥʦʝ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ 

ʞʠʜʢʦʩʪʠ; 

ʛ) ʠʩʧʘʨʠʪʝʣʴ ð ʧʨʦʠʟʚʦʜʠʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʭʦʣʦʜ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʦʪʦʢʘ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ ʩ ʧʦʪʦʢʦʤ ʦʯʠʱʝʥʥʦʛʦ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ð ʚʦʜʦʨʦʜʘ; 

ʜ) ʘʙʩʦʨʙʝʨ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʦʯʠʩʪʢʫ ʥʘʩʳʱʝʥʥʦʡ ʇɻʉ, ʧʦʩʪʫʧʘʶʱʝʡ ʠʟ ʠʩʧʘʨʠʪʝʣʷ, ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʜʦʚʝʜʝʥʠʝʤ ʩʣʘʙʦʛʦ ɺɸʈ ʜʦ ʩʦʩʪʦʷʥʠʷ ʢʨʝʧʢʦʛʦ ɺɸʈ; 

ʝ) ʞʠʜʢʦʩʪʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ (ɾʊʆ) ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʦʜʦʛʨʝʚ ʧʦʪʦʢʘ 

ʢʨʝʧʢʦʛʦ ɺɸʈ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʛʝʥʝʨʘʪʦʨʥʳʡ ʫʟʝʣ, ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝʤ ʧʦʪʦʢʘ 

ʩʣʘʙʦʛʦ ɺɸʈ, ʧʨʦʭʦʜʷʱʝʛʦ ʠʟ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʚʭʦʜ ʘʙʩʦʨʙʝʨʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ɸʍɸ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʪʝʧʣʦʚʦʡ 

ʤʦʱʥʦʩʪʠ ʚ ʛʝʥʝʨʘʪʦʨʝ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʙʦʣʴʰʫʶ (ʨʝʞʠʤ IV) ʠ ʤʝʥʴʰʫʶ (ʨʝʞʠʤ II) 

ʩʪʦʨʦʥʳ.  

ʈʝʢʪʠʬʠʢʘʪʦʨ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʜʚʦʜʠʤʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚ ʛʝʥʝʨʘʪʦʨʝ (ʨʝʞʠʤ IV) 

ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʩʭʦʜ ʢʨʝʧʢʦʛʦ ɺɸʈ ʥʘ ʚʭʦʜʝ ʨʝʢʪʠʬʠʢʘʪʦʨʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʨʘʩʭʦʜ ʧʦʪʦʢʘ 

ʇɾʉ, ʧʨʦʭʦʜʷʱʝʡ ʠʟ ʦʧʫʩʢʥʦʛʦ ʫʯʘʩʪʢʘ ʜʝʬʣʝʛʤʘʪʦʨʘ ʚ ʧʦʜʲʝʤʥʳʡ. 

ʀʟ-ʟʘ ʧʦʚʳʰʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʇɾʉ ʠ ʧʦʥʠʞʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʢʨʝʧʢʦʛʦ ɺɸʈ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʨʝʢʪʠʬʠʢʘʪʦʨʝ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʚʦʟʨʘʩʪʘʝʪ.  

ʈʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʝʢʪʠʬʠʢʘʪʦʨʝ ʩʜʚʠʛʘʝʪ ʨʘʚʥʦʚʝʩʠʝ ʚ ʞʠʜʢʦʤ ɺɸʈ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ 

ʨʘʚʥʦʚʝʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʠʘʢʘ [24]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʨʝʢʪʠʬʠʢʘʪʦʨʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʦʯʠʩʪʢʘ ʧʘʨʘ ʘʤʤʠʘʢʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʟ ʢʨʝʧʢʦʛʦ ɺɸʈ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʧʘʨʠʚʘʝʪʩʷ 

ʘʤʤʠʘʢ ʠ ʥʘ ʚʭʦʜ ʛʝʥʝʨʘʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʙʦʣʝʝ ʥʘʛʨʝʪʳʡ ɺɸʈ.  

ʉʥʠʞʝʥʠʝ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚ ʛʝʥʝʨʘʪʦʨʝ (ʨʝʞʠʤ II) ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʭʦʜ ʢʨʝʧʢʦʛʦ ɺɸʈ ʥʘ 

ʚʭʦʜʝ ʨʝʢʪʠʬʠʢʘʪʦʨʘ ʠ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʫʧʘʶʱʝʛʦ ʧʘʨʘ. ʈʘʚʥʦʚʝʩʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʤʝʱʘʝʪʩʷ 

ʚ ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʤʠʘʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʘʷ 

ʦʯʠʩʪʢʘ ʧʦʪʦʢʘ ʇɾʉ ʧʝʨʝʜ ʧʦʩʪʫʧʣʝʥʠʝʤ ʝʛʦ ʥʘ ʚʭʦʜ ʧʦʜʲʝʤʥʦʛʦ ʫʯʘʩʪʢʘ ʜʝʬʣʝʛʤʘʪʦʨʘ, ʥʦ ʥʘ ʚʭʦʜ 

ʛʝʥʝʨʘʪʦʨʘ ʙʫʜʝʪ ʧʦʩʪʫʧʘʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʘʛʨʝʪʳʡ ʢʨʝʧʢʠʡ ɺɸʈ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʢʪʠʬʠʢʘʪʦʨ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʤ ʢʦʞʫʭʝ ʠ ʚ ʤʠʥʠʤʘʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʈʝʢʪʠʬʠʢʘʪʦʨ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʨʘʟʤʝʨʦʤ ʩ ʮʝʣʴʶ 

ʫʚʝʣʠʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ ʠ ʧʘʨʘ ʚ ʨʝʞʠʤʝ ʙʘʨʙʦʪʠʨʦʚʘʥʠʷ. 

ʆʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʪʦʢʘ ʧʘʨʘ. 

ɼʝʬʣʝʛʤʘʪʦʨ. ʇʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʜʚʦʜʠʤʦʡ ʚ ʛʝʥʝʨʘʪʦʨʝ ɸʍɸ, ʥʘ 

ʝʛʦ ʚʭʦʜ ʧʦʩʪʫʧʘʝʪ ʙʦʣʴʰʠʡ ʧʦʪʦʢ ʧʘʨʦʚʦʡ ʩʤʝʩʠ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʘʨʘ ʚʦʜʳ. 

ʊʝʧʣʦʚʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʜʝʬʣʝʛʤʘʪʦʨʘ ʫʩʣʦʞʥʷʝʪʩʷ, ʦʩʦʙʝʥʥʦ, ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (28é32 Üʉ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʝʬʣʝʛʤʘʪʦʨ ʥʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩʦ ʩʚʦʝʡ 

ʬʫʥʢʮʠʝʡ ʠ ʥʘ ʚʭʦʜ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʜʘʣʝʝ ʚ ʠʩʧʘʨʠʪʝʣʴ ʧʦʩʪʫʧʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʯʠʱʝʥʥʳʡ ʘʤʤʠʘʢ. 

ʇʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (10é15 Üʉ) ʜʝʬʣʝʛʤʘʪʦʨ 

ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʦʯʠʩʪʢʦʡ ʧʘʨʘ ʘʤʤʠʘʢʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʨʘʙʦʪʝ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʠʣʠ 

ʤʝʥʴʰʝʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʴʶ, ʧʦʜʚʦʜʠʤʦʡ ʚ ʛʝʥʝʨʘʪʦʨʝ (ʨʝʞʠʤ III ʠ II), ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʯʘʩʪʠʯʥʘʷ 
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ʢʦʥʜʝʥʩʘʮʠʷ ʧʘʨʘ ʘʤʤʠʘʢʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʧʘʨʠʪʝʣʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʮʠʢʣʘ ɸʍɸ.  

ɼʝʬʣʝʛʤʘʪʦʨ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʣʥʦʡ ʦʯʠʩʪʢʠ ʧʘʨʘ ʘʤʤʠʘʢʘ ʦʪ ʧʘʨʘ ʚʦʜʳ ʚ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 32 Üʉ ʧʨʠ ʨʘʙʦʪʝ ʚ ʥʦʤʠʥʘʣʴʥʦʤ 

ʨʝʞʠʤʝ ʧʦʜʚʦʜʘ ʪʝʧʣʘ.  

ʂʦʥʜʝʥʩʘʪʦʨ. ɼʘʞʝ ʧʨʠ ʫʚʝʣʠʯʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʜʚʦʜʠʤʦʡ ʚ ʛʝʥʝʨʘʪʦʨʝ ɸʍɸ, 

ʢʦʥʜʝʥʩʘʪʦʨ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟʥʘʯʘʣʴʥʦ ʩ ʥʝʢʦʪʦʨʳʤ ʟʘʧʘʩʦʤ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʝʰʘʝʪ ʟʘʜʘʯʫ 

ʩʞʠʞʝʥʠʷ ʧʘʨʘ ʘʤʤʠʘʢʘ. ʅʦ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʢʦʥʜʝʥʩʘʪʘ ʥʝ ʫʜʘʝʪʩʷ ʜʦʙʠʪʴʩʷ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʀʩʧʘʨʠʪʝʣʴ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʜʚʦʜʠʤʦʡ ʚ ʛʝʥʝʨʘʪʦʨʝ ɸʍɸ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʠʩʧʘʨʠʪʝʣʴ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ. ʅʦ ʪʘʢ ʢʘʢ ʨʘʩʭʦʜ ʩʣʘʙʦʛʦ ɺɸʈ ʧʘʜʘʝʪ, ʘʙʩʦʨ-

ʙʝʨ ʥʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʦʯʠʩʪʢʦʡ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʇɻʉ. ʅʘ ʚʭʦʜ ʠʩʧʘʨʠʪʝʣʷ ʥʘʯʠʥʘʝʪ ʧʦʩʪʫʧʘʪʴ ʥʝʜʦʩʪʘʪʦʯ-

ʥʦ ʦʯʠʱʝʥʥʘʷ ʇɻʉ. ʋʩʣʦʚʠʷ ʠʩʧʘʨʝʥʠʷ ʫʭʫʜʰʘʶʪʩʷ, ʠ ʯʘʩʪʴ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ ʩʪʝʢʘʝʪ ʚ ʙʘʯʦʢ ʘʙʩʦʨʙʝʨʘ 

(ʨʝʩʠʚʝʨ ʢʨʝʧʢʦʛʦ ɺɸʈ). ʊʘʢʦʡ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʮʠʢʣʘ 

ɸʍɸ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʢʦʤʬʦʨʪʥʳʭ ʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʇʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʘʙʩʦʨʙʝʨ ʤʦʞʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʫ 

ʦʯʠʩʪʢʠ ʇɻʉ. ʅʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ 

ʩʥʠʞʘʶʪʩʷ ʪʝʧʣʦʧʨʠʪʦʢʠ ʚ ʦʭʣʘʞʜʘʝʤʳʝ ʢʘʤʝʨʳ ʠ ʪʝʧʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʠʩʧʘʨʠʪʝʣʷ ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʘʩʪʴ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ ʚʥʦʚʴ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʘʨʝʥʠʷ ʠ ʩʣʠʚʘʝʪʩʷ ʚ ʨʝʩʠʚʝʨ. 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʩʣʫʯʘʝʤ, ʢʦʛʜʘ ʨʝʞʠʤ ʧʦʚʳʰʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʜʚʦʜʠʤʦʡ ʚ 

ʛʝʥʝʨʘʪʦʨʝ, ʩʪʘʥʦʚʠʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ, ʷʚʣʷʝʪʩʷ ʟʘʛʨʫʟʢʘ ʚ ʢʘʤʝʨʳ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʪʝʧʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʦ ɸʍʇ ʧʨʠ ʵʪʦʤ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʇʨʠ ʩʥʠʞʝʥʠʠ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚ ʠʩʧʘʨʠʪʝʣʴ ʧʦʩʪʫʧʘʝʪ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʛʦ 

ʘʤʤʠʘʢʘ. ʆʥ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʠʩʧʘʨʷʝʪʩʷ, ʥʦ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʩʥʠʞʘʝʪʩʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʮʠʢʣʘ ɸʍɸ. ʕʬʬʝʢʪ ʵʪʦʪ ʤʝʥʝʝ ʦʱʫʪʠʤ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʙʦʣʝʝ ʟʘʤʝʪʝʥ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʚʣʠʷʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ 

ʧʦʛʣʦʪʠʪʝʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʘʙʩʦʨʙʝʨʘ. 

ɸʙʩʦʨʙʝʨ. ʇʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʜʚʦʜʠʤʦʡ ʚ ʛʝʥʝʨʘʪʦʨʝ, ʯʝʨʝʟ ʘʙʩʦʨʙʝʨ 

ʮʠʨʢʫʣʠʨʫʝʪ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʛʦ ɺɸʈ, ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ð ʥʘʦʙʦʨʦʪ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʥʘ ʚʭʦʜ ʧʦʩʪʫʧʘʝʪ ʙʦʣʝʝ ʩʣʘʙʳʡ (ʧʦ ʘʤʤʠʘʢʫ) ɺɸʈ, ʚʦ ʚʪʦʨʦʤ ð ʤʝʥʝʝ. 

ʅʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʇɻʉ ʚ 

ʘʙʩʦʨʙʝʨʝ, ʚʳʩʦʢʠʝ ð ʥʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʝʤʫ. 

ɸʙʩʦʨʙʝʨ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʥʝʢʦʪʦʨʳʤ ʟʘʧʘʩʦʤ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʟʚʦʣʷʝʪ ʩ ʙʦʣʴʰʝʡ ʣʠʙʦ ʤʝʥʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʦʯʠʩʪʢʠ ʇɻʉ ʜʘʞʝ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ɸʍʇ. 

ɾʊʆ. ʇʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʩʥʠʞʘʝʪʩʷ ʮʠʨʢʫʣʷʮʠʷ ʢʘʢ ʩʣʘʙʦʛʦ, ʪʘʢ ʠ ʢʨʝʧʢʦʛʦ 

ɺɸʈ. ʅʘ ʚʭʦʜ ɾʊʆ ʧʨʠʭʦʜʠʪ ʩʣʘʙʳʡ ɺɸʈ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʇʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʧʣʦʚʦʡ 

ʤʦʱʥʦʩʪʠ, ʧʦʜʚʦʜʠʤʦʡ ʚ ʛʝʥʝʨʘʪʦʨʝ ɸʍɸ, ʮʠʨʢʫʣʷʮʠʷ ʨʘʩʪʚʦʨʦʚ ʚ ɾʊʆ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʥʘ ʚʭʦʜ 

ɾʊʆ ʧʨʠʭʦʜʠʪ ʩʣʘʙʳʡ ɺɸʈ ʩ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. 

ʊʘʢ ʢʘʢ ɾʊʆ ʠʟʛʦʪʦʚʣʝʥ ʧʦʜ ʨʝʘʣʠʟʘʮʠʶ ʥʝʢʦʪʦʨʦʛʦ ʩʨʝʜʥʝʛʦ ʥʦʤʠʥʘʣʴʥʦʛʦ ʨʝʞʠʤʘ, ʪʦ ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʚʳʩʠʪʩʷ, ʘ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ð ʩʥʠʟʠʪʩʷ. 

ɺʳʚʦʜ. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ, ʧʨʦʭʦʜʷʱʠʭ ʚ ʛʝʥʝʨʘʪʦʨʝ ɸʍɸ, ʧʦʟʚʦʣʠʣ ʠʟ 

ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ ʧʦʜʚʦʜʠʤʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʚʳʜʝʣʠʪʴ 5 ʪʠʧʦʚ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʛʝʥʝʨʘʪʦʨʘ (IïV). 

ɺʳʜʝʣʝʥ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʡ ʨʝʞʠʤ ɯɯ. 

ʇʨʠ ʨʝʞʠʤʘʭ I ʠ V ʭʦʣʦʜʠʣʴʥʳʡ ʮʠʢʣ ɸʍɸ ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ.  

ʈʝʞʠʤ III ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʦʟʠʮʠʦʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ çʞʜʫʱʝʛʦè ʨʝʞʠʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʦʩʪʦʷʥʠʝ çʛʦʪʦʚʥʦʩʪʠè ʢ ʙʳʩʪʨʦʤʫ 

ʟʘʧʫʩʢʫ, ʘ ʨʝʞʠʤ IV ð ʚ ʢʘʯʝʩʪʚʝ çʬʦʨʩʘʞʥʦʛʦè ʧʨʠ ʟʘʧʫʩʢʝ ɸʍɸ ʠʟ ʥʝʨʘʙʦʯʝʛʦ ʩʦʩʪʦʷʥʠʷ.  
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ʍʣʘʜʘʛʝʥʪ ï ʬʨʝʦʥ R507ɸ. ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʭʣʘʜʘʛʝʥʪʘ ʤʠʥʫʩ 3Áʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʣʝʜʷʥʦʡ ʚʦʜʳ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʠʩʧʘʨʠʪʝʣʷ 0,5Áʉ. ʍʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʸʭ ʧʦʣʫʛʝʨʤʝʪʠʯʥʳʭ ʚʠʥʪʦʚʳʭ 

ʢʦʤʧʨʝʩʩʦʨʦʚ HSK8571-140-40Pʩ ʵʢʦʥʦʤʘʡʟʝʨʦʤ ʥʘ ʨʝʞʠʤʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʤʠʥʫʩ 3Áʉ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʦʥʜʝʥʩʘʮʠʠ 45Áʉ ʩʦʩʪʘʚʣʷʝʪ 999 ʢɺʪ. ʊʝʧʣʦʪʘ ʢʦʥʜʝʥʩʘʮʠʠ ʦʪʚʦʜʠʪʩʷ ʚ ʜʚʫʭ 

ʚʦʟʜʫʰʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʘʭ GVH100.2A/2x6-N(D).E. 

ɺ ʣʝʪʥʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʢʘ ʨʘʙʦʪʘʝʪ ʧʦ ʭʦʣʦʜʠʣʴʥʦʤʫ ʮʠʢʣʫ, ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ - ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʩʭʝʤʝ: ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʠʩʧʘʨʠʪʝʣʝ ʧʘʨʳ ʭʣʘʜʘʛʝʥʪʘ ʧʦʩʪʫʧʘʶʪ ʚ ʦʪʜʝʣʠʪʝʣʴ ʞʠʜʢʦʩʪʠ ʠ ʜʘʣʝʝ ʚ 

ʚʦʟʜʫʰʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ, ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ ʧʘʨʳ ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ, ʞʠʜʢʠʡ ʭʣʘʜʘʛʝʥʪ ʩʪʝʢʘʝʪ ʚ 

ʦʪʜʝʣʠʪʝʣʴ ʞʠʜʢʦʩʪʠ ʠ ʜʘʣʝʝ ʧʦʩʪʫʧʘʝʪ ʥʘ ʧʠʪʘʥʠʝ ʠʩʧʘʨʠʪʝʣʷ (ʩʤ. ʨʠʩ. 1).ʇʝʨʝʚʦʜʫʩʪʘʥʦʚʢʠ ʥʘ 

ʟʠʤʥʠʡ ʨʝʞʠʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ: ʢʣʘʧʘʥʳ ʧʦʟ. 1 ʠ ʧʦʟ. 3 

ʟʘʢʨʳʚʘʶʪʩʷ, ʢʣʘʧʘʥʳ ʧʦʟ. 2 ʠ ʧʦʟ. 4 ʦʪʢʨʳʚʘʶʪʩʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʢʦʥʜʝʥʩʘ-

ʪʦʨʘʭ ʩʦʟʜʘʸʪʩʷ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʜʘʚʣʝʥʠʝ ʥʠʞʝ ʜʘʚʣʝʥʠʷ ʚ ʦʪʜʝʣʠʪʝʣʝ ʞʠʜʢʦʩʪʠ, ʦʙʨʘʪʥʦʝ 

ʜʚʠʞʝʥʠʝ ʭʣʘʜʘʛʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʪʦʣʙʘ ʞʠʜʢʦʛʦ ʬʨʝʦʥʘ. 

ɼʣʷ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʦʠʟʚʝʜʸʥ ʨʘʩʯʸʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʟʠʤʥʝʤ ʨʝʞʠʤʝ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ʇʨʠ ʵʪʦʤ ʧʨʠʥʷʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʜʝʥʩʘʮʠʠ ʬʨʝʦʥʘ ʚ 

ʚʦʟʜʫʰʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʤʠʥʫʩ 4Áʉ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʫʰʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʦʧʨʝʜʝʣʝʥʘ ʧʦ 

ʦʙʱʝʜʦʩʪʫʧʥʦʡ ʧʨʦʛʨʘʤʤʝ ʢʦʤʧʘʥʠʠ Guentner ʧʦ ʨʘʩʯʸʪʫ ʠ ʧʦʜʙʦʨʫ ʚʦʟʜʫʰʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ [1]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. ɺʦʟʜʫʰʥʳʝ ʢʦʥʜʝʥʩʘʪʦʨʳ GVH100.2A/2x6-N(D).E ʦʩʥʘʱʝʥʳ 

ʦʩʝʚʳʤʠ ʚʝʥʪʠʣʷʪʦʨʘʤʠ ʧʦ 12 ʰʪ. ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʴʶ ʧʦ 2,2 ʢɺʪ. 

 
ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

 
ʊʝʤʧʝʨʘʪʫʨʘ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, 

Áʉ 

ʍʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʚʦʟʜʫʰʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ (2 

ʰʪ.), ʢɺʪ 

ʍʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ ʟʠʤʥʝʤ 

ʨʝʞʠʤʝ (ʦʪʥʦʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʢ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ) 

-6 276 5,23 

-8 543 10,29 

-10 792 15,01 

-11 925 17,52 

-12 1033 19,57 

-14 1259 23,84 

-16 1482 28,06 

 

ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʪʨʝʙʫʝʤʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʝʤ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʦʚ ʠʣʠ 

ʦʪʢʣʶʯʝʥʠʝʤ ʯʘʩʪʠ ʠʭ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʭʦʣʦʜʘ ʫʤʝʥʴʰʠʪʩʷ. 

ɺ ʟʠʤʥʝʝ ʚʨʝʤʷ ʢʦʤʧʨʝʩʩʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʤ ʨʝʞʠʤʝ ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʦʥʜʝʥʩʘʮʠʠ, ʥʦ ʩʦʛʣʘʩʥʦ ʪʝʭʥʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʢʦʤʧʘʥʠʠ Bitzer ʤʠʥʠʤʘʣʴʥʘʷ 

ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʜʝʥʩʘʮʠʠ ʜʣʷ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʦʚ HSK8571-140-40P ʩʦʩʪʘʚʣʷʝʪ 20Áʉ, ʧʨʠ 

ʵʪʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʘ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʤʠʥʫʩ 3Áʉ) ʩʦʩʪʘʚʣʷʝʪ420 ʢɺʪ, 

ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ï 72,3 ʢɺʪ, ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 5,80 (ʜʘʥʥʳʝ ʦʧʨʝʜʝʣʝʥʳ ʧʦ 

ʦʙʱʝʜʦʩʪʫʧʥʦʡ ʧʨʦʛʨʘʤʤʝ ʢʦʤʧʘʥʠʠ Bitzer [2]). ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ ʤʠʥʫʩ 6Áʉ 

ʙʦʣʝʝ ʚʳʛʦʜʥʦ ʨʘʙʦʪʘʪʴ ʥʘ ʟʠʤʥʝʤ ʨʝʞʠʤʝ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʭʦʣʦʜʝ. 

ɺ ʟʠʤʥʝʝ ʚʨʝʤʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʲʸʤ ʧʝʨʝʨʘʙʦʪʢʠ ʤʦʣʦʢʘ ʩʥʠʞʘʝʪʩʷ ʥʘ 20-30%, ʪʨʝʙʫʝʤʘʷ 

ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ ʤʠʥʫʩ 10Áʉ 

ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ ʫʩʪʘʥʦʚʢʠ ʥʘ ʨʘʙʦʪʫ ʚ ʟʠʤʥʝʤ ʨʝʞʠʤʝ. 

ʅʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʨʘʙʘʪʳʚʘʪʴ ʭʦʣʦʜ ʥʘ ʟʠʤʥʝʤ 

ʨʝʞʠʤʝ ʚ ʪʝʯʝʥʠʝ ʪʨʸʭ-ʧʷʪʠ ʤʝʩʷʮʝʚ ʚ ʛʦʜʫ. ʉʦʛʣʘʩʥʦ [3]ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ 

ʧʷʪʠ ʟʠʤʥʠʭ ʤʝʩʷʮʝʚ ʩ ʥʦʷʙʨʷ ʧʦ ʤʘʨʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʦʩʴʤʠ ʦʙʣʘʩʪʝʡ ʂʘʟʘʭʩʪʘʥʘ, ʟʘʥʠʤʘʶʱʠʭ 63% 

ʦʙʱʝʡ ʧʣʦʱʘʜʠ, ʩʦʩʪʘʚʣʷʝʪ ʤʠʥʫʩ 11,1Áʉ. ʆʧʨʝʜʝʣʠʤ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ 

ʨʘʙʦʪʝ ʥʘ ʟʠʤʥʝʤ ʨʝʞʠʤʝ. ɺʦʟʴʤʸʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ 22 ʯʘʩʘ ʚ 

ʜʝʥʴ ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʤʝʩʷʮʝʚ ʠ ʩʨʘʚʥʠʤ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʝʞʠʤʦʚ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʭʦʣʦʜʘ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʪ (925ʢɺʪ)/5,80 ʭ 22 ʯʘʩ ʭ30 ʜʥʝʡ ʭ 5 ʤʝʩʷʮʝʚ =526 

293ʢɺʪÅʯʘʩ. ʇʨʠ ʨʘʙʦʪʝ ʥʘ ʟʠʤʥʝʤ ʨʝʞʠʤʝ (ʧʨʠ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʤʠʥʫʩ 11Áʉ) 

- (925 ʢɺʪ)/17,52 ʭ 22 ʯʘʩ ʭ30 ʜʥʝʡ ʭ 5 ʤʝʩʷʮʝʚ =174 229ʢɺʪÅʯʘʩ. ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʵʢʦʥʦʤʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ352064ʢɺʪÅʯʘʩ. 
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ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʦʪʢʣʶʯʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ ʚ ʛʦʜʫ ʢʦʤʧʨʝʩʩʦʨʳ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʭʦʣʦʜʘ, ʧʨʦʜʣʠʪʴ 

ʤʦʪʦʨʝʩʫʨʩ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʤʘʩʝʣ, ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ. ʇʦ ʧʦʜʦʙʥʦʡ 

ʩʭʝʤʝ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʘʤʤʠʘʯʥʘʷ ʭʦʣʦʜʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʦʜʥʦʤ ʠʟ ʟʘʚʦʜʦʚ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ [4]. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʩʭʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʫʨʦʚʥʷ ʧʦʪʨʝʙʠ-

ʪʝʣʝʡ ʭʦʣʦʜʘ, ʨʘʩʧʦʣʘʛʘʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʭ ʩʪʦʷʥʠʷ. 

ɺʦʟʤʦʞʥʳʝ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʣʦʯʥʦʡ, ʧʠʚʦʚʘʨʝʥʥʦʡ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʠ 

ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʫʩʪʘʥʦʚʢʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʠʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʩʥʦʚʘ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ ʭʦʣʦʜʘ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʥʦʚʦʤ ʚʠʪʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. ʏʝʣʦʚʝʯʝʩʪʚʦ ʚ ʪʝʯʝʥʠʝ 

ʧʦʩʣʝʜʥʝʛʦ ʧʦʣʫʚʝʢʘ ʩʚʦʝʡ ʠʩʪʦʨʠʠ ʥʝ ʪʦʣʴʢʦ ʩʦʚʝʨʰʠʣʦ ʢʦʣʦʩʩʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʳʚʦʢ, 

ʥʦ ʠ ʠʩʪʦʱʠʣʦ ʵʥʝʨʛʦʨʝʩʫʨʩ ʩʨʝʜʳ ʩʚʦʝʛʦ ʦʙʠʪʘʥʠʷ, ʯʪʦ ʧʦʩʪʘʚʠʣʦ ʧʝʨʝʜ ʚʝʜʫʱʠʤʠ ʫʤʘʤʠ ʟʘʜʘʯʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʧʳʪʘ. 

ʊʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʚʢʣʘʜ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʪʠʧʘ ʚ ʩʦʟʜʘʥʠʝ 

ʵʢʦʥʦʤʠʯʥʳʭ, ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʜʦʣʛʦʚʝʯʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʦʜʥʘʢʦ ʥʝ ʩʪʦʠʪ ʥʝʜʦʦʮʝʥʠʚʘʪʴ 

ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʪʠʧʘ. ʂ ʪʘʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, 

ʥʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʠʭ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʥʝʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

(ʛʘʟ, ʙʠʦʛʘʟ, ʢʝʨʦʩʠʥ, ʙʝʥʟʠʥ, ʩʙʨʦʩʦʚʦʝ ʪʝʧʣʦ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʘʭ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ. ʇʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʝʪʠ ʜʦ 160 ɺ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʫʜʘʣʸʥʥʳʭ 

ʨʘʡʦʥʦʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. ʇʦʜʦʙʥʦʝ 

ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʘʛʫʙʥʦ ʚʣʠʷʝʪ ʥʘ ʣʶʙʳʝ ʪʠʧʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʝʣʘʝʪ 

ʥʝʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ.  

ʅʝʤʘʣʦʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʨʘʟʨʘʙʦʪʦʢ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʦʟʦʥʦʙʝʟʦʧʘʩʥʦʩʪʴ ʠʭ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ (ʚʦʜʦʘʤʤʠʘʯʥʘʷ ʩʤʝʩʴ ʠ ʚʦʜʦʨʦʜ). ʇʨʦʙʣʝʤʳ ʧʝʨʝʭʦʜʘ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ 

ʭʣʘʜʘʛʝʥʪʳ (ʧʦʠʩʢ ʥʦʚʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʩʝʣ; ʥʠʟʢʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʦʚʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʭʣʘʜʘʛʝʥʪʦʚ) ʟʘʩʪʘʚʣʷʶʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʙʳʪʦʚʦʡ ʠ ʪʦʨʛʦʚʦʡ ʭʦʣʦʜʠʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ʦʙʨʘʱʘʪʴ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʭʦʣʦʜʠʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʩ ʘʙʩʦʨʙʮʠʦʥʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʤʠ 

ʭʦʣʦʜʠʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ (ɸɼʍʄ). 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʘʙʩʦʨʙʮʠʦʥʥʦ-ʜʠʬʬʫʟʠʦʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʣʦ ʧʨʠʤʝʥʷʪʴ 

ʩʙʨʦʩʦʚʦʝ ʪʝʧʣʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʧʨʝʨʳʚʥʦʛʦ ʮʠʢʣʘ ʪʷʞʸʣʦʡ, 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʧʨʠʤʝʥʷʪʴ çʤʘʣʦʵʬʬʝʢʪʠʚʥʳʝè 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʚ ʪʦʨʛʦʚʦʡ ʠ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʝ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ. 

ʆʩʥʦʚʥʳʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʙʳʪʦʚʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ 

ʟʘ ʨʫʙʝʞʦʤ ʷʚʣʷʶʪʩʷ ʝʚʨʦʧʝʡʩʢʠʝ ʬʠʨʤʳ ñElektrosuisse-Valentiniò (ʀʪʘʣʠʷ), ñElectroluxò (ʐʚʝʮʠʷ), 

ʠʤʝʶʱʘʷ ʪʘʢʞʝ ʬʠʣʠʘʣʳ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ɼʘʥʠʠ, ʌʨʘʥʮʠʠ, ɻʝʨʤʘʥʠʠ, ʐʚʝʡʮʘʨʠʠ, ʃʶʢʩʝʤʙʫʨʛʝ, 

ʀʪʘʣʠʠ ʠ ñSibirò (ʐʚʝʡʮʘʨʠʷ) [2]. 

ʇʨʦʠʟʚʦʜʩʪʚʦʤ ʙʳʪʦʚʦʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʟʘʥʷʪʳ ʪʘʢʞʝ ʬʠʨʤʳ [2]: ñSmegò 

(ʀʪʘʣʠʷ),ñPhilipsò (ɻʦʣʣʘʥʜʠʷ), ñCampingGasInternationalò (ʌʨʘʥʮʠʷ), ñBlombergò, ñBoschò, ñSiemensò, 

ñBulka-Lehelò (ɻʝʨʤʘʥʠʷ), ñCaravellò (ɼʘʥʠʷ), ñLehelò (ɺʝʥʛʨʠʷ), ñPolarò (ʇʦʣʴʰʘ), ñUpoAskoOyò 

(ʌʠʥʣʷʥʜʠʷ), ñSanyoò (ʗʧʦʥʠʷ), ñBristò (ɹʦʣʛʘʨʠʷ). 

ɺ ʈʦʩʩʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʚʸʨʥʫʪʳ ʪʘʢʞʝ ʥʘ ʟʘʚʦʜʘʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʚ 

ʄʦʩʢʚʝ (çʀʥʝʡè), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ (çʃʘʜʦʛʘè) ʠ ʚ ɺʝʣʠʢʠʭ ʃʫʢʘʭ (çʄʦʨʦʟʢʦè) [3]. 

http://www.guentner.ru/ru/nou-khau/product-calculator-gpc/gpc-software/
http://www.guentner.ru/ru/nou-khau/product-calculator-gpc/gpc-software/
http://bitzer.ru/programma_podbora_%20oborudovaniya_bitzer_software
http://bitzer.ru/programma_podbora_%20oborudovaniya_bitzer_software
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ɺ ʋʢʨʘʠʥʝ ʚʝʜʫʱʠʤ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʙʳʪʦʚʦʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʷʚʣʷʣʩʷ ɺʘʩʠʣʴʢʦʚʩʢʠʡ ʟʘʚʦʜ ʭʦʣʦʜʠʣʴʥʠʢʦʚ (ʤʦʜʝʣʠ çʂʨʠʩʪʘʣʣè, 

çʂʠʝʚè) [2]. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʤʠʨʦʚʳʝ ʪʝʥʜʝʥʮʠʠ ʪʨʝʙʫʶʪ ʧʝʨʝʩʤʦʪʨʝʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʫʧʦʤʷʥʫʪʦʡ ʪʝʭʥʠʢʠ ʚ ʨʘʩʯʸʪʥʳʭ ʨʝʞʠʤʘʭ, ʧʦʩʢʦʣʴʢʫ, ʠʩʭʦʜʷ ʠʟ ʦʙʱʝʬʠʟʠʯʝʩʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʳʪʦʚʳʭ ʘʙʩʦʨʙʮʠʦʥʥʳʭ 

ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʠ ʤʦʨʦʟʠʣʴʥʠʢʦʚ ʤʦʞʥʦ ʧʦʩʨʝʜʩʪʚʦʤ [1]: 

ʘ) ʦʧʪʠʤʠʟʘʮʠʠ ʮʠʢʣʘ, ʩʭʝʤ, ʢʦʥʩʪʨʫʢʮʠʡ ɸʍɸ ʠ ʦʭʣʘʞʜʘʝʤʳʭ ʢʘʤʝʨ, ʘ ʪʘʢʞʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ɸʍʇ; 

ʙ) ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʭʦʣʦʜʥʦʝ 

ʚʨʝʤʷ ʛʦʜʘ ʜʣʷ ʭʦʣʦʜʠʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠ ʜʣʷ ʦʪʚʦʜʘ ʙʨʦʩʦʚʦʛʦ ʪʝʧʣʘ ʭʦʣʦʜʠʣʴʥʦʛʦ ʮʠʢʣʘ. 

ɺ ʧʝʨʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʚʝʜʝʥʘ ʢʦʣʦʩʩʘʣʴʥʘʷ ʨʘʙʦʪʘ ʫʯʝʥʳʤʠ ʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʚʩʝʛʦ ʤʠʨʘ ʠ 

ʚ ʦʙʣʘʩʪʠ ʩʭʝʤʥʦ-ʮʠʢʣʦʚʳʭ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʮʠʡ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʙʲʝʢʪʦʚ 

ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʘʤʳʝ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠʟʜʝʣʠʷ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦʟʚʦʣʷʶʪ, ʢ ʧʨʠʤʝʨʫ, ʧʨʠ ʧʦʤʦʱʠ ʜʠʦʜʥʳʭ ʠʩʧʘʨʠʪʝʣʴʥʦ-ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʩʪʝʥʢʝ ʟʜʘʥʠʷ ʩ ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʢ ʛʦʨʠʟʦʥʪʫ, ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʪʝʧʣʦʚʫʶ ʩʚʷʟʴ ʩ ʚʦʟʜʫʭʦʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [1]. ʕʪʦ ʧʨʝʜʣʦʞʝʥʠʝ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ, ʛʜʝ 7é8 ʤʝʩʷʮʝʚ ʚ ʛʦʜʫ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 0 ʉ̄.  

ʀʩʧʦʣʴʟʦʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʡ ʭʦʣʦʜ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʣʘ-

ʛʘʶʪ ʨʘʟʨʘʙʦʪʯʠʢʠ ʪʝʧʣʦ-ʥʘʩʦʩʥʦʡ çʩʠʩʪʝʤʳ ʍʆʃʊè (ʧʦ ʦʨʠʛʠʥʘʣʴʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ï 

çʭʦʣʦʜʠʣʴʥʠʢ-ʪʝʧʣʠʣʴʥʠʢè [1]), ʩ ʚʳʥʦʩʦʤ ʚʩʝʛʦ ʠʣʠ ʯʘʩʪʠ ʭʦʣʦʜʠʣʴʥʠʢʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʨʤʠʥʦʣʦʛʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʟʨʘʙʦʪʦʢ ʝʱʝ ʥʝ ʩʣʦʞʠʣʘʩʴ ʠ ʠʤʝʶʪ 

ʤʝʩʪʦ ʠ ʜʨʫʛʠʝ ʥʘʟʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʅʇʆ ʧʨʠʢʣʘʜʥʦʡ 

ʤʝʭʘʥʠʢʠ (ɾʝʣʝʟʥʦʛʦʨʩʢ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ) ʧʨʠʤʝʥʷʶʪ ʪʝʨʤʠʥ çʩʝʟʦʥʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢè [2]. 

ʅʝ ʪʨʝʙʫʝʪ ʦʩʦʙʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ çʩʝʟʦʥʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘè, 

ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʪʠʧʘ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠ ʙʝʟʦʧʘʩʥʦ, ʥʝʞʝʣʠ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʘʥʘʣʦʛʦʚ ʠ 

ʩʠʩʪʝʤ. ɺʦ-ʧʝʨʚʳʭ, ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ ʟʘʛʫʩʪʝʥʠʷ ʤʘʩʣʘ ʚ ʢʦʤʧʨʝʩʩʦʨʝ ʚ ʥʝʨʘʙʦʯʠʡ ʧʝʨʠʦʜ, ʘ ʚʦ-

ʚʪʦʨʳʭ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʝʟʥʘʩʦʩʥʦʛʦ 

ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʝʛʦ ʮʠʢʣʘ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʧʦʪʦʢʦʚ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ ʥʘ ʚʭʦʜʝ ʠʩʧʘʨʠʪʝʣʷ ʠ ʩʣʘʙʦʛʦ ɺɸʈ ʥʘ ʚʭʦʜʝ ʘʙʩʦʨʙʝʨʘ [3]. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ ʠʤʝʶʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʩʧʦʩʦʙʘʤ ʫʧʨʘʚʣʝʥʠʷ 

ɸʍɸ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʝʧʣʦʨʘʩʩʝʠʚʘʶʱʠʝ ʵʣʝʤʝʥʪʳ ʠ ʛʝʥʝʨʘʪʦʨʥʳʡ ʫʟʝʣ ʨʘʩʧʦʣʦʞʝʥʳ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʦʪʘʧʣʠʚʘʝʤʳʭ ʧʦʤʝʱʝʥʠʡ, ʪ.ʝ. ʥʘʭʦʜʷʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ 

ʩʧʦʩʦʙʘʤ ʟʘʧʫʩʢʘ ɸʍɸ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʥʠʞʝ ʤʠʥʫʩ 10ʉ̄ [3]. 

ʉʦʚʨʝʤʝʥʥʦʝ ʙʳʪʦʚʦʝ ʠ ʪʦʨʛʦʚʦʝ ʭʦʣʦʜʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʚ 

çʞʝʩʪʢʦʤè ʨʝʞʠʤʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʜʘʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʚ ʋʢʨʘʠʥʝ ï ʵʪʦ ʦʙʝʩʧʝʯʝʥʠʝ 

ʥʦʨʤʘʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʦʭʣʘʞʜʘʝʤʦʤ ʦʙʲʸʤʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʚ 

ʧʦʤʝʱʝʥʠʠ 32ʉ̄ [2]). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʥʘʰʝʤ ʫʤʝʨʝʥʥʦʤ ʢʣʠʤʘʪʝ ʦʩʥʦʚʥʦʝ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʘʧʧʘʨʘʪʦʚ ʙʳʪʦʚʦʡ ʠ ʪʦʨʛʦʚʦʡ ʪʝʭʥʠʢʠ ʧʨʦʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ 16...22 ʉ̄. ɺ 

ʢʘʯʝʩʪʚʝ ʪʦʯʢʠ ʦʪʩʯʸʪʘ ʧʨʠʥʷʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʠ ʝʩʪʴ ʩʨʝʜʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʦʨʛʦʚʦʛʦ ʠ ʙʳʪʦʚʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʊɹʍʆ). ʇʨʠ ʪʘʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʦʟʜʫʭʘ, ʭʦʣʦʜʠʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʨʘʙʦʪʘʶʪ ʥʝ ʧʦʩʪʦʷʥʥʦ, ʘ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʦʪʢʣʶʯʝʥʴʷʤʠ, ʪ.ʝ. ʚ 

ʧʦʟʠʮʠʦʥʥʦʤ ʨʝʞʠʤʝ, ʯʪʦ ʚʚʦʜʠʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ (ʂʈɺ) ʫʩʪʨʦʡʩʪʚʘ. 

ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ (ʤʝʥʝʝ 10ʉ̄) ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʙʳʪʦʚʳʭ ʠ ʪʦʨʛʦʚʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʳʪʥʳʭ ʠ ʩʝʨʠʡʥʳʭ ʤʦʜʝʣʝʡ 

ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʭ ʧʦʚʳʰʝʥʥʳʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ, ʫʨʦʚʝʥʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʤʝʪʦʜʦʣʦʛʠʝʡ ʨʘʩʯʝʪʘ ʠ 

ʩʧʦʩʦʙʦʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʙʳʪʦʚʳʤ 

ʭʦʣʦʜʠʣʴʥʳʤ ʘʧʧʘʨʘʪʘʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ 

ʚ ʭʦʣʦʜʠʣʴʥʦʡ ʢʘʤʝʨʝ ʚ çʞʝʩʪʢʦʤè ʨʝʞʠʤʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʙʦʪʘ ɸʍɸ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ï ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʨʘʚʥʦʤ ʝʜʠʥʠʮʝ (ʂʈɺ 

= 1),ʘ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚʦ ʚʥʠʤʘʥʠʝ ʥʝ ʧʨʠʥʠʤʘʝʪʩʷ.  
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ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʪʝʧʣʦʦʨʘʩʩʝʠʚʘʶʰʠʝ ʵʣʝʤʝʥʪʳ ɸʍɸ ʦʙʣʘʜʘʶʪ ʟʘʧʘʩʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʫʤʝʨʝʥʥʳʭ (18...25 ʉ̄) ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ɿʘʧʘʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʧʘʨʠʪʝʣʷ ɸʍɸ ʟʘ ʩʯʝʪ: 

ï ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʞʠʜʢʦʛʦ ʘʤʤʠʘʢʘ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ;  

ï ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ (ʇɻʉ) ʚ ʘʙʩʦʨʙʝʨʝ; 

 ïʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʇɻʉ ʥʘ ʚʭʦʜʝ ʚ ʠʩʧʘʨʠʪʝʣʴ. 

ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʘʨʦʚʦʡ ʧʦʪʦʢ ʘʤʤʠʘʢʘ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʝʪ 

ʢʦʥʜʝʥʩʘʪʦʨ, ʘ ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʤʤʠʘʢʘ ʚ ʞʠʜʢʦʤ ʚʦʜʦʘʤʤʠʘʯʥʦʤ ʨʘʩʪʚʦʨʝ (ɺɸʈ) 

ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʡ. ʆʙʘ ʵʪʠ ʬʘʢʪʦʨʘ ʚʳʟʳʚʘʶʪ ʩʥʠʞʝʥʠʝ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʩʠʩʪʝʤʝ ʠ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʠ ʘʙʩʦʨʙʮʠʠ, ʯʪʦ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʩʧʘʨʠʪʝʣʷ. 

ʂ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʤʦʤʝʥʪʘʤ ʨʘʙʦʪʳ ɸʍɸ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʳʭ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: 

ï ʯʘʩʪʠʯʥʫʶ ʢʦʥʜʝʥʩʘʮʠʶ ʧʘʨʦʚ ʘʤʤʠʘʢʘ ʚ ʜʝʬʣʝʛʤʘʪʦʨʝ;  

ï ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʢʨʝʧʢʦʛʦ (ʥʘʩʳʱʝʥʥʦʛʦ ʘʤʤʠʘʢʦʤ) ɺɸʈ ʥʘ ʚʭʦʜʝ ʚ ʞʠʜʢʦʩʪʥʦʤ ʪʝʧʣʦʦʙʤʝʥ-

ʥʠʢʝ (ɾʊʆ);  

ïʨʦʩʪ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʩ ʵʣʝʤʝʥʪʦʚ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʫʟʣʘ.  

ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʚʝʣʠʯʠʥʝ ʧʦʜʚʦʜʠʤʦʡ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʛʝʥʝʨʘʪʦʨ-

ʪʝʨʤʦʩʠʬʦʥ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʜʘʯʠ ʘʤʤʠʘʢʘ ʚ ʠʩʧʘʨʠʪʝʣʴ, ʪ.ʝ. ʚʳʟʳʚʘʶʪ ʩʥʠʞʝʥʠʝ ʭʦʣʦʜʠʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʧʘʨʠʪʝʣʷ ɸʍɸʪʝʤʧʝʨʘʪʫʨ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʨʝʞʠʤʘʤʠ ʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʬʘʢʪʦʨʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʨʘʙʦʪʫ 

ʵʣʝʤʝʥʪʦʚ ɸʍɸ ʦʜʥʦʟʥʘʯʥʳʤ ʷʚʣʷʝʪʩʷ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʧʨʠʪʦʢʦʚ ʚ ʦʭʣʘʞʜʘʝʤʳʝ 

ʢʘʤʝʨʳ, ʪ.ʝ. ʥʘ ʟʥʘʯʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʨʝʞʠʤʝ ʭʨʘʥʝʥʠʷ. 

ʊʘʢ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʭʦʣʦʜʠʣʴʥʦʡ ʢʘʤʝʨʳ ʩ ʫʨʦʚʥʝʤ ʪʝʤʧʝʨʘʪʫʨ ʭʨʘʥʝʥʠʷ ʧʣʶʩ 5ʉ̄ ʚ ʧʦʤʝ-

ʱʝʥʠʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 19ʉ̄ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʘʷ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʯʝʤ 

ʚ çʞʝʩʪʢʠʭè ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ çʩʝʟʦʥʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘè ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʪʠʧʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ 

ʚʥʠʤʘʥʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʫʩʢʦʚʦʛʦ ʧʝʨʠʦʜʘ ʚ ʨʝʞʠʤʝ ʧʦʟʠʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʀ ʚʳʩʦʢʘʷ 

ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʩʠʩʪʝʤʳ ʟʘʩʪʘʚʣʷʝʪ ʚ ʩʝʨʴʸʟ ʟʘʜʫʤʘʪʴʩʷ ʦ ʩʦʟʜʘʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ (ʇʀɼ) ʨʝʛʫʣʷʪʦʨʦʚ [1]. 

ʅʘ ʙʘʟʝ ʆʜʝʩʩʢʦʡ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʨʛʦʚʦ-ʙʳʪʦʚʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʪʠʧʘ çʣʘʨʴè ʚʤʝʩʪʠʤʦʩʪʴʶ 100 ʜʤ
3
 ʥʘ ʙʘʟʝ ʘʙʩʦʨʙ-

ʮʠʦʥʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ɺʘʩʠʣʴʢʦʚʩʢʦʛʦ ʟʘʚʦʜʘ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʍʦʣʦʜʠʣʴʥʠʢ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚ ʥʝʦʪʘʧʣʠʚʘʝʤʦʤ ʠ ʥʝʦʭʣʘʞʜʘʝʤʦʤ ʧʦʤʝʱʝʥʠʠ. ʂʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ: 

ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʦʭʣʘʞʜʘʝʤʦʛʦ ʦʙʲʸʤʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʝʨʭʥʝʤ ʫʯʘʩʪʢʝ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʫʟʣʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʜʝʥʩʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʘʙʩʦʨʙʮʠʠ, ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʧʦʪʨʝʙʣʷʝʤʘʷ 

ʤʦʱʥʦʩʪʴ. ʅʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʧʨʠʤʝʥʝʥʦ ʧʨʦʩʪʝʡʰʝʝ ʧʦʟʠʮʠʦʥʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩ ʧʘʨʘʤʝʪʨʦʤ ʥʘʩʪʨʦʡʢʠ -18Áʉ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʩʚʷʟʘʥ ʩ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʍʦʣʦʜʠʣʴʥʳʡ çʣʘʨʴè (ʨʠʩ.1) ʧʨʠʤʝʥʷʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ 

ʭʨʘʥʝʥʠʷ ʟʘʤʦʨʦʞʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʜʦʙʥʳʝ ʦʙʲʸʤʳ ʠ ʨʝʞʠʤʳ ʭʨʘʥʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʯʘʩʪʥʳʭ 

ʭʦʟʷʡʩʪʚ ʠʣʠ ʧʦʪʨʝʙʠʪʝʣʷ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʜʦʩʪʘʪʢʘ, ʜʝʣʘʶʱʝʛʦ ʟʘʧʘʩʳ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ. ʊʦ ʝʩʪʴ 

ʦʭʚʘʪʳʚʘʝʪʩʷ ʪʦʪ ʩʦʮʠʘʣʴʥʳʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ ʤʘʨʢʝʪʠʥʛʦʚʦʤ 

ʧʨʦʚʘʣʝ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʥʫʞʜʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʭʦʣʦʜʠʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʢʦʪʦʨʦʝ ʠʤ ʥʝ ʚ 

ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʦʩʪʘʚʠʪʴ ʚʝʜʫʱʠʝ ʤʠʨʦʚʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʦ ʫʤʝʨʝʥʥʳʤ ʙʶʜʞʝʪʥʳʤ ʮʝʥʘʤ. 
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ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʥʘ ʙʘʟʝ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʪʠʧʘ çʃʘʨʴè 

ʚʤʝʩʪʠʤʦʩʪʴʶ ʦʭʣʘʞʜʘʝʤʦʛʦ ʦʙʲʸʤʘ 100 ʜʤ
3
 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʘʜʸʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ, ʤʦʜʝʣʠʨʫʷ ʥʝʥʘʜʸʞʥʦʩʪʴ ʧʦʜʘʯʠ ʧʠʪʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʶ ʪʘʢʞʝ 

ʧʦʜʣʝʞʘʣʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʢʘʤʝʨʝ ʠ ʵʢʦʥʦʤʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ 

ʙʳʪʦʚʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʚ ʢʘʯʝʩʪʚʝ çʩʝʟʦʥʥʦʛʦè. 

ɻʝʥʝʨʘʪʦʨʥʳʡ ʫʟʝʣ, ʨʘʙʦʪʘʷ ʚ ʧʦʟʠʮʠʦʥʥʦʤ ʨʝʞʠʤʝ, ʜʘʣ ʢʣʘʩʩʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʰʠʨʦʢʦ 

ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʦʧʪʠʤʠʟʘʮʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ. 

ʉʝʟʦʥʥʦ ʫʩʨʝʜʥʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʨʦʚʥʠ ʘʛʨʝʛʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʚ ʪʝʯʝʥʠʠ ʪʨʸʭ ʣʝʪ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʦʙʦʙʱʝʥʥʳʝ ʚʳʚʦʜʳ: 

o ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʪʦʯʥʦʛʦ ʠ ʩʝʟʦʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʘʝʪ 
ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʛʦ ʵʬʬʝʢʪʘ (ʜʦ 35% ʧʨʠ ʧʘʨʘʤʝʪʨʝ ʥʘʩʪʨʦʡʢʠ -18Áʉ); 

o ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ 

(ʅʊʍɸ) ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʤ ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʤ ʦʙʜʫʚʝ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʙʜʫʚʘ ʪʝʧʣʦʨʘʩʩʝʠʚʘʪʝʣʝʡ ʭʦʣʦʜʠʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ; 

o ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʦʤ ʠ ʥʝʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʦʤ ʧʦʜʲʝʤʥʦʤ 

ʫʯʘʩʪʢʝ ʜʝʬʣʝʛʤʘʪʦʨʘ. ʆʧʠʩʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʩʝʟʦʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʘʙʩʦʨʙ-

ʮʠʦʥʥʦʛʦ çʩʝʟʦʥʥʦʛʦè ʭʦʣʦʜʠʣʴʥʠʢʘ; 

o ʟʘʜʘʯʘ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʭʦʣʦʜʘ ʥʘʧʨʷʤʫʶ ʥʝ ʨʝʰʘʣʘʩʴ. ʆʜʥʘʢʦ ʚʳʨʘʚʥʠʚʘʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʟʘ ʩʯʸʪ ʟʘʧʦʣʥʝʥʠʷ ʦʭʣʘʞʜʘʝʤʦʛʦ ʦʙʲʝʤʘ ʧʨʦʜʫʢʪʦʤ; 

ʧʦʜʜʝʨʞʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ʥʘʩʪʨʦʡʢʠ (-18 Áʉ) ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʜʚʫʭʧʦʟʠʮʠʦʥʥʦ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ, ʧʦʵʪʦʤʫ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ (ʂʈɺ) ʚ ʪʝʯʝʥʠʝ ʦʧʳʪʥʦʛʦ ʧʝʨʠʦʜʘ 

ʠʟʤʝʥʷʣʦʩʴ ʦʪ ʥʫʣʷ ʜʦ ʝʜʠʥʠʮʳ. 

 

 
ʈʠʩʫʥʦʢ 2 - ʋʩʨʝʜʥʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ. 

 

ʆʜʥʘʢʦ ʦʪʜʝʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʪʘʣʦ ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʨʠʩ.3) ʚ 

ʦʭʣʘʞʜʘʝʤʦʤ ʦʙʲʸʤʝ. ʆʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʭʦʣʦʜʦʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʠ ʫʧʣʦʪʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʘ ʥʘ ʧʦʥʠʞʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ, ʜʘʣʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʨʝʰʘʝʤʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʘʛʨʝʛʘʪʘ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ. 
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ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʦʟʠʮʠʦʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʢʠʧʝʥʠʷ ʚ ʠʩʧʘʨʠʪʝʣʝ ʦʧʨʝʜʝʣʷʝʪ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʩʪʝʥʢʠ ʢʘʤʝʨʳ ʫ ʠʩʧʘʨʠʪʝʣʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʦʙʱʝʛʦ ʦʙʲʸʤʘ ʢʘʤʝʨʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʛʣʘʞʠʚʘʝʪ ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʯʝʚʠʜʥʦʡ ʚʳʛʦʜʳ ʥʝ ʧʨʠʥʦʩʷʪ. ʆʜʥʘʢʦ ʚ ʧʣʘʥʝ ʦʧʳʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʪʨʫʙ ʤʦʞʝʪ ʜʘʪʴ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʇʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤ ʦʙʲʝʢʪʦʤ, ʢʦʪʦʨʳʤ ʷʚʣʷʝʪʩʷ ʭʦʣʦʜʠʣʴʥʘʷ ʤʘʰʠʥʘ, ʩʣʦʞʥʳ ʠ 

ʤʥʦʛʦʘʩʧʝʢʪʥʳ. ʋʧʨʘʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʢʘʢ ʥʘ ʷʚʣʝʥʠʝ, ʧʨʦʮʝʩʩ ʪʘʢ ʠ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʦʙʲʝʢʪ. 

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʣʦʞʥʦʛʦ ʦʙʲʝʢʪʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʧʠʩʘʥʠʷ; ʩʪʦʭʘʩʪʠʯʥʦʩʪʴ ʧʦʚʝʜʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʦʞʥʦʩʪʴʶ ʦʙʲʝʢʪʘ; çʥʝʪʝʨʧʠʤʦʩʪʴè ʢ 

ʫʧʨʘʚʣʝʥʠʶ; ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ï ʯʝʤ ʩʣʦʞʥʝʝ ʦʙʲʝʢʪ, ʪʝʤ ʙʳʩʪʨʝʝ ʦʥ ʤʝʥʷʝʪʩʷ [4]. 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʭʦʨʦʰʦ ʨʘʙʦʪʘʶʪ ʧʨʠ ʧʦʣʥʦʩʪʴʶ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʤ 

ʦʙʲʝʢʪʝ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ, ʘ ʜʣʷ ʩʠʩʪʝʤ ʩ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʚʳʩʦʢʦʡ 

ʩʣʦʞʥʦʩʪʴʶ ʦʙʲʝʢʪʘ (ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ) 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʥʝʯʸʪʢʠʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 3 - ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʚ ʦʭʣʘʞʜʘʝʤʦʤ ʦʙʲʸʤʝ 

 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʪʘʥʜʘʨʪʥʳʡ, ʚʳʧʫʩʢʘʝʤʳʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʘʛʨʝʛʘʪ, ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ 

ʚ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʚ ʦʙʱʝʤ 

ʥʘʨʫʰʘʝʪ ʢʣʘʩʩʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʇʀɼ-ʩʠʩʪʝʤʳ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʧʦʣʥʦʤ ʦʙʲʸʤʝ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʦʧʠʩʘʥʠʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʘʧʧʘʨʘʪʘ ʥʝʯʸʪʢʦʡ ʣʦʛʠʢʠ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʦʜʥʠʤ ʠʟ ʥʝʤʥʦʛʠʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʦʟʜʘʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ ʨʘʙʦʪʳ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤ ʦʙʲʝʢʪʦʤ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʠʣʠ ʤʦʜʝʣʴ ʥʝʯʸʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʟʘʤʝʥʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʥʝʯʸʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ ʥʝʯʸʪʢʦʛʦ 

ʚʳʚʦʜʘ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʄʘʤʜʘʥʠ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʧʨʘʚʠʣ ʩʠʩʪʝʤ ʥʝʯʸʪʢʦʛʦ ʚʳʚʦʜʘ, ʬʘʟʟʠʬʠʢʘʮʠʷ 

ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʧʦʜʫʩʣʦʚʠʡ ʚ ʥʝʯʸʪʢʠʭ ʧʨʘʚʠʣʘʭ, ʘʢʪʠʚʠʟʘʮʠʷ ʧʦʜʟʘʢʣʶʯʝʥʠʡ ʚ 

ʥʝʯʸʪʢʠʭ ʧʨʘʚʠʣʘʭ, ʘʢʢʫʤʫʣʷʮʠʷ ʟʘʢʣʶʯʝʥʠʡ ʥʝʯʸʪʢʠʭ ʧʨʘʚʠʣ, ʜʝʬʘʟʟʠʬʠʢʘʮʠʷ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥ-

ʥʳʭ [5]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʫʙʲʝʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʥʝʯʸʪʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʟʘʯʘʩʪʫʶ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʛʠʙʢʦʡ ʠ ʘʜʝʢʚʘʪʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ, ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʦʩʪʘʥʦʚʦʯʥʳʝ ʚʳʚʦʜʳ: 
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o ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʦʚ ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʫʶ (ʩʝʟʦʥʥʫʶ) ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʨʝʞʠʤ ʨʘʙʦʪʳ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ, 

ʠʩʧʦʣʴʟʫʶʱʝʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

o ʊʨʝʙʫʝʪʩʷ ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ 
ɸʍɸ ʪʦʨʛʦʚʦ-ʙʳʪʦʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ; 

o ʊʨʝʙʫʝʪʩʷ ʟʘʚʝʨʰʠʪʴ ʦʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʝʧʣʦʚʳʭ ʪʨʫʙ 
ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦ ʦʙʲʸʤʫ ʭʦʣʦʜʠʣʴʥʦʡ ʢʘʤʝʨʳ; 

o ʊʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʣʠʷʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʠ ʛʦʜʦʚʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʩʚʦʡʩʪʚʘ çʩʝʟʦʥʥʦʛʦè 

ʅʊɸʍɸ; 

o ʊʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʫʯʸʪʦʤ ʥʝʯʸʪʢʦʡ ʬʘʟʟʠʬʠʢʘʮʠʠ ʚʭʦʜʥʳʭ ʠ 
ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʘʛʨʝʛʘʪʘ çʩʝʟʦʥʥʦʛʦè ʪʠʧʘ; 

o ʊʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʨʘʟʨʘʙʦʪʢʠ çʩʝʟʦʥʥʦʛʦè ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʮʝʣʴʶ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʩʨʝʜʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʙʳʪʦʚʦʡ ʠ ʪʦʨʛʦʚʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʠʩʧʦʣʴʟʫʶʱʠʭ ʭʦʣʦʜʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʪʠʧʘ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦʜʪʚʝʨʜʠʣʦ ʩʚʦʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʘʣʦʛʦʚ ʠʥʦʛʦ ʧʨʠʥʮʠʧʘ ʧʦʣʫʯʝʥʠʷ ʭʦʣʦʜʘ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 
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ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ, ʧʠʱʝʚʦʡ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʕʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʦʪʣʠʯʘʶʪʩʷ 

ʙʦʣʴʰʠʤʠ ʚʳʙʨʦʩʘʤʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʥʝ ʪʦʣʴʢʦ ʚʦ ʚʥʝʰʥʶʶ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʥʦ ʠ 
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(100Áʉ ʠ ʚʳʰʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ), ʯʪʦ ʚʝʜʝʪ ʢ ʪʝʧʣʦʚʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʩʫʱʝʩʪʚʝʥʥʦ 
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ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʩʪʦʯʥʠʢʠ ʚʳʙʨʦʩʦʚ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʉʫʰʢʘ: ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʵʪʘʧʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ 

ʩʧʣʦʰʥʳʭ ʠ ʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʚʘʨʦʯʥʳʭ ʬʣʶʩʦʚ, ʘʙʨʘʟʠʚʥʳʭ ʧʦʨʦʰʢʦʚ, 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʜʨ.) ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʠ 

ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ, ʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ, ʚ ʪʦ 

ʞʝ ʚʨʝʤʷ ʚʦʧʨʦʩʳ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʦʪʳ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʧʨʦʨʘʙʦʪʘʥʳ ʥʝ ʚ ʜʦʣʞʥʦʡ ʤʝʨʝ.  

ʀʟ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʩʫʰʢʠ ʥʘʠʤʝʥʝʝ ʵʥʝʨʛʦʝʤʢʘʷ ï ʩʫʰʢʘ ʟʝʨʥʘ, ʦʜʥʘʢʦ ʝʞʝʛʦʜʥʦ 90 % ʟʝʨʥʦʚʳʭ 

ʧʨʦʭʦʜʷʪ ʵʪʫ ʩʪʘʜʠʶ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ  ʪʝʧʣʦʫʪʠʣʠʟʘʪʦʨʦʚ ʜʣʷ 

ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʘʛʝʥʪʘ ʩʫʰʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʩʫʰʢʘ ʟʝʨʥʦʚʳʭ ʩʤʝʩʴʶ 

ʚʦʟʜʫʭʘ ʩ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʫʰʢʠ ʧʦʜʦʛʨʝʪʳʤ ʚʦʟʜʫʭʦʤ ʣʠʰʴ ʩʧʦʩʦʙʦʤ 

ʥʘʛʨʝʚʘ ʚʦʟʜʫʭʘ. ɺ ʩʤʝʩʠʪʝʣʴʥʦʡ ʢʘʤʝʨʝ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʩʤʝʰʠʚʘʶʪ ʩ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ ʚ 

ʢʦʣʠʯʝʩʪʚʝ, ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʦ ʩʦʩʪʘʚʫ ʛʘʟʦʚʘʷ ʩʤʝʩʴ ʙʣʠʟʢʘ ʢ ʚʦʟʜʫʭʫ: ʥʘ 1 ʤ
3
 ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʩʤʝʩʠʪʝʣʴʥʦʡ ʢʘʤʝʨʝ 

ʜʦʙʘʚʣʷʝʪʩʷ ʧʨʠʤʝʨʥʦ 15...25 ʤ
3
 ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ʇʨʠ ʩʫʰʢʝ ʟʝʨʥʘ ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ ʨʘʩʭʦʜʫʝʪʩʷ ʚ 2... 

2,5 ʨʘʟʘ ʤʝʥʴʰʝ ʪʦʧʣʠʚʘ, ʯʝʤ ʧʨʠ ʩʫʰʢʝ ʥʘʛʨʝʪʳʤ ʚʦʟʜʫʭʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʪʘʢʦʡ ʩʧʦʩʦʙ ʩʫʰʢʠ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʜʣʷ ʩʫʰʢʠ (ʥʘʛʨʝʪʦʛʦ ʚ ʪʦʧʢʝ) ʤʦʞʝʪ ʙʳʪʴ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʟʝʨʥʘ ʥʘ 30 - 65Áʉ, ʦʜʥʘʢʦ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʨʘʚʥʫʶ ʩʫʤʤʝ: 110Áʉ ʧʣʶʩʪʝʤʧʝʨʘʪʫʨʘ 

ʦʢʨʫʞʘʚʰʝʡ ʩʨʝʜʳ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʦʩʪʘʚʣʷʝʪ 20Áʉ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʦʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 110 + 20 = 130Áʉ.ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʠʘʧʘʟʦʥ 

ʩʙʨʘʩʳʚʘʝʤʳʭ ʚ ʘʪʤʦʩʬʝʨʫ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʩʫʰʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 95-110
ʦ
ʉ. 

ɺʘʨʢʘ ʠ ʢʦʧʯʝʥʠʝ ʤʷʩʥʳʭ ʠʟʜʝʣʠʡ ʚ ʢʦʧʪʠʣʴʥʳʭ ʧʝʯʘʭ: ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʨʝʙʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ 50 ʜʦ 97 
ʦ
ʉ [6].  

ɺ ʨʝʩʪʦʨʘʥʥʦʤ ʙʠʟʥʝʩʝ: ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʩʚʦʝʤʫ ʧʦʪʝʥʮʠʘʣʫ ʠ 

ʟʘʚʠʩʷʪ ʦʪ ʨʦʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʛʦʨʷʯʠʭ ʮʝʭʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʝʥʪʠʣʷʮʠʷ, ʧʨʠ ʵʪʦʤ ʚʦʟʜʫʭ 

ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʙʝʟ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʦʪʳ. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʦʩʥʦʚʥʳʝ ʫʩʨʝʜʥʝʥʥʳʝ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪʩʷ ʦʪʚʦʜʠʪʴ 

ʦʪ ʢʘʞʜʦʛʦ ʠʟ ʚʠʜʦʚ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 
ʊʘʙʣʠʮʘ 1 ï ʊʨʝʙʫʝʤʳʝ ʟʘʪʨʘʪʳ ʚʦʟʜʫʭʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʝʩʪʦʨʘʥʥʦʛʦ 

ʙʠʟʥʝʩʘ 

  

 ɺʠʜ ʦʙʦʨʫʜʦʚʘʥʠʷ ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʢɺʪ 

 ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʣʠʪʘ 62,5 ʤ
3
/ʯ 

 ʐʢʘʬ ʞʘʨʦʯʥʳʡ 50 ʤ
3
/ʯ 

 ʌʨʠʪʶʨʥʠʮʘ 46 ʤ
3
/ʯ 

 ʂʦʪʝʣ ʧʠʱʝʚʘʨʦʯʥʳʡ 30 ʤ
3
/ʯ 

 ʉʢʦʚʦʨʦʜʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 70 ʤ
3
/ʯ 

 

ʇʨʠʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ, ʫʪʠʣʠʟʠʨʫʶʱʠʭ ʪʝʧʣʦʪʫ ʩʙʨʘʩʳʚʘʝʤʦʛʦ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚʦʟʜʫʭʘ (ʛʘʟʘ), ʩʧʦʩʦʙʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ. 

ʆʜʥʘʢʦ ʚ ʩʠʣʫ ʩʧʝʮʠʬʠʢʠ ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʳʙʨʦʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʨʠʤʝʩʠ ʠ ʧʨʦʜʫʢʪʳ 

ʩʛʦʨʘʥʠʷ, ʥʘʢʣʘʜʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʧʣʦʫʪʠʣʠʟʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦ-

ʚʦʢ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʯʘʩʪʳʤ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʯʠʩʪʢʘʤ, ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʥʝʨʝʥʪʘʙʝʣʴʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ. 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʢʦʥʦʤʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʩʚʷʟʘʥʘ ʩ ʩʦʟʜʘʥʠʝʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʫʪʠʣʠʟʘʮʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ.  

ʀʟʚʝʩʪʥʳ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʧʣʘʩʪʠʥʯʘʪʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʪʝʧʣʦʚʳʭ ʪʨʫʙ ʠ ʪʝʨʤʦʩʠʬʦʥʦʚ [7], ʦʨʛʘʥʠʟʘʮʠʝʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ 

ʚʝʥʪʠʣʷʮʠʠ [8]. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʠʤʝʶʱʠʭʩʷ ʪʝʧʣʦʫʪʠʣʠʟʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʧʨʦʙʣʝʤʘ 

ʪʘʢʞʝ ʩʚʷʟʘʥʘ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ-ʫʪʠʣʠʟʘʪʦʨʦʚ.  

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʢʘʟʘʣ ʧʨʝʜʝʣʳ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ʀʟ-ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʧʨʠʤʝʩʝʡ ʚ ʦʪʨʘʙʦʪʘʥʥʳʭ ʫʭʦʜʷʱʠʭ ʛʘʟʘʭ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʨʝʢʫʧʝʨʘʪʨʠʚʥʳʝ ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʚ ʢʦʪʦʨʳʭ ʪʝʧʣʦʦʙʤʝʥ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 
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ʨʘʟʜʝʣʠʪʝʣʴʥʫʶ ʩʪʝʥʢʫ, ʪ.ʝ. ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʯʪʦ ʫʭʫʜʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʧʝʨʝʜʘʯʠ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ ʜʚʫʭ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ 

ʩʣʦʡ ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʜʦʙʥʳʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʩʝʭ ʯʘʩʪʠʮ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ. 

ɸʧʧʘʨʘʪʳ ʩ ʧʣʦʪʥʳʤʠ ʩʣʦʝʚʳʤʠ ʜʠʩʧʝʨʩʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʵʥʝʨʛʝʪʠʢʝ, 

ʤʝʪʘʣʣʫʨʛʠʠ, ʭʠʤʠʯʝʩʢʦʡ, ʧʠʱʝʚʦʡ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʕʪʦ, ʥʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʢʠ 

ʜʣʷ ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʪʚʝʨʜʳʭ ʪʦʧʣʠʚ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʪʝʧʣʦʪʳ, 

ʘʧʧʘʨʘʪʳ ʜʣʷ ʢʦʥʚʝʨʩʠʠ ʤʝʪʘʥʘ, ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʦʪʭʦʜʦʚ, 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʪʦʨʳ, ʩʫʰʠʣʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷʤ 

ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦʩʚʷʱʝʥʘ ʦʙʰʠʨʥʘʷ ʣʠʪʝʨʘʪʫʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʦʥʦʛʨʘʬʠʠ [3-5], ʚ ʢʦʪʦʨʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠ ʦʙʦʙʱʝʥʳ ʜʘʥʥʳʝ ʧʦ 

ʩʪʨʫʢʪʫʨʥʳʤ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʘʤ ʥʝʧʦʜʚʠʞʥʦʛʦ ʧʨʦʜʫʚʘʝʤʦʛʦ ʩʣʦʷ, 

ʤʝʞʢʦʤʧʦʥʝʥʪʥʦʤʫ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʫ.  

ʉʭʝʤʥʦʝ ʨʝʰʝʥʠʝ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʧʣʦʪʥʦʛʦ ʩʣʦʷ ʜʠʩ-

ʧʝʨʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1. ɿʜʝʩʴ 1 ï ʢʘʤʝʨʘ ʥʘʛʨʝʚʘ 

ʜʠʩʧʝʨʩʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; 2 ï ʢʘʤʝʨʘ ʥʘʛʨʝʚʘ 

ʚʦʟʜʫʭʘ, 3 ï ʟʘʧʦʨʥʳʡ ʫʟʝʣ, 4 ï ʥʠʞʥʠʡ ʙʫʥʢʝʨ, 5 ï 

ʚʳʧʫʩʢʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, 6 ï ʩʠʩʪʝʤʘ ʪʨʘʥʩʧʦʨʪʘ 

ʥʘʩʘʜʢʠ, 7 ï ʚʝʨʭʥʠʡ ʙʫʥʢʝʨ, 8 ï ʞʘʣʶʟʠ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʦʩʪʦʠʪ 

ʚ ʩʣʝʜʫʶʱʝʤ. ʅʘʩʘʜʢʘ (ʜʠʩʧʝʨʩʥʳʡ ʤʘʪʝʨʠʘʣ) ʠʟ 

ʚʝʨʭʥʝʛʦ ʙʫʥʢʝʨʘ 7 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʳʭ ʩʠʣ ʧʦʩʪʫʧʘʝʪ ʚ ʢʘʤʝʨʫ 1, ʛʜʝ ʥʘʛʨʝʚʘʝʪʩʷ 

ʦʪʨʘʙʦʪʘʥʥʳʤ ʚʦʟʜʫʭʦʤ ʠʣʠ ʛʘʟʦʤ, ʢʦʪʦʨʳʡ 

ʧʨʦʜʫʚʘʝʪʩʷ ʯʝʨʝʟ ʞʘʣʶʟʠ 8 ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʏʝʨʝʟ ʟʘʧʦʨʥʳʡ ʫʟʝʣ 3 ʥʘʩʘʜʢʘ 

ʧʦʩʪʫʧʘʝʪ ʚ ʢʘʤʝʨʫ 2, ʛʜʝ ʦʭʣʘʞʜʘʝʪʩʷ, ʥʘʛʨʝʚʘʷ 

ʚʦʟʜʫʭ, ʢʦʪʦʨʳʡ ʧʨʦʜʫʚʘʝʪʩʷ ʩʢʚʦʟʴ ʩʣʦʡ. ʀʟ 

ʥʠʞʥʝʛʦ ʙʫʥʢʝʨʘ 4 ʯʝʨʝʟ ʚʳʧʫʩʢʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 5 

ʥʘʩʘʜʢʘ ʧʦʩʪʫʧʘʝʪ ʚ ʩʠʩʪʝʤʫ ʪʨʘʥʩʧʦʨʪʘ 6, ʯʪʦ 

ʚʦʟʚʨʘʱʘʝʪ ʝʝ ʚ ʚʝʨʭʥʠʡ ʙʫʥʢʝʨ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʩʘʜʢʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, ʮʠʨʢʫʣʠʨʫʝʪ ʧʦ 

ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ. ɿʘʧʦʨʥʳʡ ʫʟʝʣ ʩʣʫʞʠʪ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʪʝʯʝʢ ʚʦʟʜʫʭʘ ʠʟ ʢʘʤʝʨʳ 2 ʚ 

ʢʘʤʝʨʫ 1.ɺʳʧʫʩʢʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʚʠ-

ʞʝʥʠʝ ʥʘʩʘʜʢʠ ʚ ʚʠʜʝ ʧʣʦʪʥʦʛʦ ʩʣʦʷ ʠ 

ʥʝʦʙʭʦʜʠʤʳʡ ʨʘʩʭʦʜ Gʥ. ʇʦʜʦʙʥʳʝ ʪʝʧʣʦʦʙʤʝʥ-

ʥʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ, ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʨʘʟʥʳʭ ʚʠʜʦʚ ʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʦʟʤʦʞʥʦ 

ʪʘʢʞʝ ʩʦʚʤʝʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚ, ʢ ʧʨʠʤʝʨʫ, 

ʦʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʨʘʙʦʯʝʤ ʧʦʤʝʱʝʥʠʠ 

ʩʦʚʤʝʩʪʠʪʴ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ (ʧʝʨʝʜ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʫʰʢʦʡ) ʥʘʛʨʝʚʦʤ ʬʫʨʘʞʥʦʛʦ 

ʟʝʨʥʘ. ʇʨʠʤʝʥʝʥʠʝ ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʢʘʤʝʥʥʳʭ) ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ, ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʧʨʠʤʝʩʷʤʠ, ʚʧʦʣʥʝ 

ʧʨʠʝʤʣʝʤʦ, ʝʩʣʠ ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʦʪʤʳʚʘʥʠʷ ʥʘʩʘʜʢʠ.  
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ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʪʝʧʣʦʦʙʤʝʥʥʠʢ (ʨʠʩ. 1) ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʚʠʜ ʥʘʩʘʜʢʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ) 

[1].ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʛʦʤʦʛʝʥʥʳʝ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʳʭ 

ʩʣʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʢʘʢ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʢʚʘʟʠʩʧʣʦʰʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʧʨʦʪʝʢʘʶʪ ʤʝʞʢʦʤʧʦʥʝʥʪʥʳʝ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ.[1, 2].  
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ʗʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʨʘʩʪʫʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʟʘʧʘʩʦʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʠʤʝʝʪ 

ʥʝʦʩʧʦʨʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʪʝʧʣʘ, ʘ 

ʠʤʝʥʥʦ: ʤʝʥʴʰʝʝ ʟʘʛʨʷʟʥʝʥʠʝ ʙʠʦʩʬʝʨʳ; ʤʝʥʴʰʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʝʨʨʠʪʦʨʠʷʭ ʠ ʤʝʥʴʰʠʡ 

ʢʦʣʣʝʢʪʠʚʥʳʡ ʨʠʩʢ; ʵʢʦʥʦʤʠʯʥʦʩʪʴ. 

ʇʨʠ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ɻʫʙʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ɸʕʉ ʚʦʟʥʠʢʘʝʪ ʪʦʣʴʢʦ ʧʨʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʷʜʝʨʥʦʡ ʘʚʘʨʠʠ 

ʥʘ ʨʝʘʢʪʦʨʝ. 

ɸʚʘʨʠʷ ʨʝʘʢʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʩʝʨʴʸʟʥʦ ʥʘʨʫʰʘʝʪʩʷ ʙʘʣʘʥʩ ʤʝʞʜʫ ʤʦʱʥʦʩʪʴʶ ʨʝʘʢʪʦʨʘ ʠ 

ʪʝʧʣʦʩʲʸʤʦʤ[1], ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʛʨʝʚʫ ʪʦʧʣʠʚʘ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ, 

ʧʦʧʘʜʘʷ ʯʝʨʝʟ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ, ʚʳʟʳʚʘʶʪ ʝʛʦ ʦʙʣʫʯʝʥʠʝ ʚʳʩʦʢʠʤʠ ʜʦʟʘʤʠ 

ʦʙʣʫʯʝʥʠʷ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʤʦʱʥʦʩʪʴʶ ʨʝʘʢʪʦʨʘ ʠ ʪʝʧʣʦʩʲʸʤʦʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʘʢʪʦʨʘʭ ʧʦʣʫʯʠʣʠ ʪʨʠ ʚʠʜʘ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ: ʚʦʜʘ, ʞʠʜʢʠʝ ʤʝʪʘʣʣʳ ʠ ʠʥʝʨʪʥʳʝ ʛʘʟʳ.  

ʈʝʘʢʪʦʨʳ ʩ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʵʥʝʨʛʦʙʣʦʢʘʭ ʩ ʪʝʧʣʦʚʦʡ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 1600 ʄɺʪ[2]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʜʣʷ ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʠʤʝʝʪ ʨʷʜ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʭʣʘʞʜʝʥʠʷ: ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʥʝʚʦʩʧʣʘʤʝ-

ʥʷʝʤʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ (3,5 õ 5,8 

ʢɺʪ/(ʤ
2
Āʂ) [3] ʜʣʷ ʢʠʧʷʱʝʡ ʚʦʜʳ ʠ ʜʦ 10,5 ʢɺʪ/(ʤ

2
Āʂ) [3] ʜʣʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ), ʤʘʣʘʷ ʜʣʠʥʘ ʟʘʤʝʜʣʝʥʠʷ 

ʥʝʡʪʨʦʥʦʚ (5,7 ʩʤ) [3], ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ  ʨʝʘʢʪʠʚʥʦʩʪʠ, ʧʨʝʜʦʭʨʘʥʷʶʱʠʡ 

ʨʝʘʢʪʦʨ ʦʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʡ ʟʘʭʚʘʪ ʥʝʡʪʨʦʥʦʚ (ʩʝʯʝʥʠʝ 

ʟʘʭʚʘʪʘ ï ʦʪ 0,0015 ʜʦ 0,3ʙʘʨʥ) [3]. ʉʝʯʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ (ʧʨʠ ʙʦʣʴʰʠʭ 

ʵʥʝʨʛʠʷʭ ʩʝʯʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʤʘʣʦ, ʘ ʧʨʠ ʤʘʣʳʭ ï ʚʝʣʠʢʦ), ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚʦʟʤʦʞʥʦ ʧʦʚʳʰʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ, ʫʚʝʣʠʯʠʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʣʝʥʠʷ ʫʨʘʥʘ ʜʦ ʫʨʦʚʥʷ, ʜʦʩʪʠʞʠʤʦʛʦ ʪʦʣʴʢʦ ʥʘ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. 

https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B3%D0%B0%D0%B2%D0%B0%D1%82%D1%82
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B0%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D1%8F%D0%B4%D0%B5%D1%80%D0%BD%D0%BE%D0%B3%D0%BE_%D1%80%D0%B5%D0%B0%D0%BA%D1%82%D0%BE%D1%80%D0%B0
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ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʚʦʜʦ-ʚʦʜʷʥʳʭ ʨʝʘʢʪʦʨʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʨʨʦʟʠʠ ʤʥʦʛʠʭ 

ʤʝʪʘʣʣʦʚ ʚ ʚʦʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 300ÁC,ʪʨʫʜʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ ʜʨʫʛʠʭ ʵʬʬʝʢʪʦʚ 

ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʞʸʩʪʢʠʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʤʘʪʝʨʠʘʣʘ ʢʦʨʧʫʩʘ, ʧʦʜʚʝʨʛʘʶʱʝʛʦʩʷ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠʟʣʫʯʝʥʠʷ 

ʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʦʞʘʣʫʡ, ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʚʦʜʳ ʢʘʢ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʷʚʣʷʝʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʝʸ ʢʠʧʝʥʠʷ. ʏʪʦʙʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʷ ʚʦʜʳ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʥʘʩʦʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʜʘʯʫ 

ʚʦʜʳ ʚ ʘʢʪʠʚʥʫʶ ʟʦʥʫ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 300 ʪʦʥʥ ʚ ʯʘʩ[3].ɼʣʷ ʦʪʚʦʜʘ ʪʝʧʣʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʚ 

ʨʝʘʢʪʦʨʝ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʚʫʭʢʦʥʪʫʨʥʘʷ ʩʠʩʪʝʤʘ. ɺ ʧʝʨʚʠʯʥʦʤ ʢʦʥʪʫʨʝ ʮʠʨʢʫʣʠʨʫʝʪ ʚʦʜʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

100 ʙʘʨ [3]. ʊʨʫʙʳ ʢʦʥʪʫʨʘ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʠ ʨʘʟʤʝʱʘʶʪʩʷ ʟʘ ʩʣʦʝʤ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ. ɺʦʜʘ, ʥʘʛʨʝʪʘʷ ʚ ʨʝʘʢʪʦʨʝ ʜʦ 280Áʉ [3], ʧʦʩʪʫʧʘʝʪ ʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʳ, ʚ ʢʦʪʦʨʳʭ 

ʦʪʜʘʝʪ ʪʝʧʣʦ ʚʦʜʝ ʚʪʦʨʠʯʥʦʛʦ ʢʦʥʪʫʨʘ, ʦʭʣʘʞʜʘʷʩʴ ʧʨʠ ʵʪʦʤ ʜʦ 190Áʉ [3].  

ʇʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʦʭʣʘʞʜʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʚʦʜʷʥʳʭ ʪʨʫʙʦʢ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ (ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʨʦʩʰʝʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ) ʧʦʪʨʝʙʫʝʪ ʙʦʣʴʰʝʛʦ ʦʙʦʛʘʱʝʥʠʷ ʫʨʘʥʘ ʠʟʦʪʦʧʦʤ U-235, ʪ.ʝ. 

ʧʨʦʠʩʭʦʜʠʪ ʫʜʦʨʦʞʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʙʝʟ ʫʣʫʯʰʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʂʇɼ ʩʘʤʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ [4]. ʋʯʠʪʳʚʘʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʟʘʧʘʩ ʨʝʘʢʪʠʚʥʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʣʠʤʝʪʘʣʣʦʚ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ ʟʘ ʩʯʸʪ ʫʪʦʥʯʝʥʠʷ ʩʪʝʥʦʢ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʥʦ ʵʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʘʢʪʦʨʘ, ʧʦʩʢʦʣʴʢʫ ʚʦʟʨʘʩʪʸʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʘʨʦ-ʮʠʨʢʦʥʠʝʚʦʡ ʨʝʘʢʮʠʠ ʠ ʨʘʩʧʣʘʚʣʝʥʠʷ ʪʦʧʣʠʚʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʜʳ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʨʝʘʢʪʦʨʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʘʢʪʠʚʘʮʠʠ ʷʜʝʨ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʨʠ ʟʘʭʚʘʪʝ ʠʤʠ ʥʝʡʪʨʦʥʦʚ, ʚʦʟʥʠʢʘʝʪ ʥʘʚʝʜʸʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʈʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʚʦʜʳ 

ʧʝʨʚʠʯʥʦʛʦ ʢʦʥʪʫʨʘ (7 õ 8 ɻɹʢ/ʣ) ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʘʢʪʦʨʘ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴʶ ʷʜʝʨ 

ʢʠʩʣʦʨʦʜʘ, ʦʙʨʘʟʫʶʱʠʭ ʠʟʦʪʦʧ ʘʟʦʪʘ N-16 ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʘʮʠʠ ʧʨʠ ʟʘʭʚʘʪʝ ʥʝʡʪʨʦʥʦʚ ((p,n)-

ʨʝʘʢʮʠʷ). ɺʚʠʜʫ ʤʘʣʦʛʦ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ N-16 (7 ʩ.) ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʚʦʜʳ ʙʳʩʪʨʦ ʫʙʳʚʘʝʪ ʠ ʥʘ 

ʚʭʦʜʝ ʚ ʨʝʘʢʪʦʨ ʩʦʩʪʘʚʣʷʝʪ 0,7 õ 0,8 ʄɹʢ/ʣ[5], ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʧʨʠʤʝʩʝʡ, ʥʝʠʟʙʝʞʥʦ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʚʦʜʝ ʠ ʘʢʪʠʚʠʨʫʶʱʠʭʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʝʡʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ. 

ʆʭʣʘʞʜʝʥʠʝ ʞʠʜʢʠʤʠ ʤʝʪʘʣʣʘʤʠ (ʚ ʦʩʥʦʚʥʦʤ ï ʞʠʜʢʠʤ ʥʘʪʨʠʝʤ), ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʶʪ ʚ 

ʨʝʘʢʪʦʨʘʭ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ (ɹʅ). ɺʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʨʘʩʧʣʘʚʣʝʥʥʳʭ 

ʤʝʪʘʣʣʦʚ ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʚʘʪʴ ʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ʚ ʧʝʨʚʠʯʥʦʤ ʢʦʥʪʫʨʝ, ʘ ʙʦʣʴʰʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ 

ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʧʫʩʢʘʪʴ ʯʝʨʝʟ ʢʦʥʪʫʨ ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʥʘʪʨʠʝʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʫʜʝʨʞʠʚʘʪʴ 

ʣʝʪʫʯʠʝ ʨʘʜʠʦʥʫʢʣʠʜʳ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʥʘʪʨʠʷ ʦʪ ʚʦʜʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ 

ʙʦʣʴʰʝʛʦ ʘʪʦʤʥʦʛʦ ʚʝʩʘ ʦʥ ʭʫʞʝ ʟʘʤʝʜʣʷʝʪ ʥʝʡʪʨʦʥʳ, ʥʦ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʦʭʣʘʞʜʝʥʠʷ ʘʢʪʠʚʥʦʡ 

ʟʦʥʳ ʞʠʜʢʠʤ ʥʘʪʨʠʝʤ ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʳʩʦʢʘʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʧʝʨʠʦʜʦʤ 

ʧʦʣʫʨʘʩʧʘʜʘ (14 ʯ.)ʅʘʪʨʠʝʚʳʡ ʢʦʥʪʫʨ ʪʨʫʜʥʦ ʜʦʩʪʫʧʝʥ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ; ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ 

ʫʩʣʦʞʥʝʥʘ ʪʝʧʣʦʦʙʤʝʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʥʘʪʨʠʷ ʠ 

ʩʦʙʣʶʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʨ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʥʪʘʢʪʘ ʥʘʪʨʠʷ ʩ ʚʦʜʦʡ ʠ 

ʚʦʟʜʫʭʦʤ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦ ʧʦʚʦʜʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʧʨʦʭʦʜʠʪ 

ʙʫʨʥʦʝ ʦʙʩʫʞʜʝʥʠʝ ʥʝʜʦʩʪʘʪʢʦʚ ʥʘʪʨʠʝʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʩʚʷʟʘʥʥʳʭ ʠʤʝʥʥʦ ʩ ʝʛʦ ʭʠʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʟʜʫʭʫ ʠ ʚʦʜʝ[6]. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʪʨʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʤʘʣʫʶ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ. ʅʘʪʨʠʝʚʳʝ ʧʦʞʘʨʳ ʤʦʛʫʪ 

ʚʦʟʥʠʢʘʪʴ ʚ ʩʣʫʯʘʝ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʫʨʦʚ ʠ ʪʝʯʠ ʥʘʪʨʠʷ ʠʟ ʥʠʭ ʥʘʨʫʞʫ. ʅʝ 

ʚʩʷʢʘʷ ʪʝʯʴ ʧʨʠʚʦʜʠʪ ʢ ʧʦʞʘʨʫ, ʪ.ʢ. ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʥʘʪʨʠʷ ʥʘ ʚʦʟʜʫʭʝ ʩʦʩʪʘʚʣʷʝʪ 180õ 
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0
ʉ [7]. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ 

ɿ00õ550
0
ʉ [7], ʪʝʯʠ ʧʨʠ ʨʘʙʦʪʝ ɸʕʉ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʟʘʛʦʨʘʥʠʝʤ. 

ʇʦʵʪʦʤʫ, ʠʩʩʣʝʜʫʷ ʦʧʘʩʥʦʩʪʴ ʪʘʢʦʛʦ ʧʦʞʘʨʘ, ʥʫʞʥʦ ʦʪʚʝʪʠʪʴ ʥʘ 3 ʚʦʧʨʦʩʘ: ʥʘʩʢʦʣʴʢʦ ʦʧʘʩʥʦ ʩʘʤʦ 

ʛʦʨʝʥʠʝ ʥʘʪʨʠʷ; ʢʘʢʦʚʘ ʚʝʨʦʷʪʥʦʩʪʴ ʙʦʣʴʰʠʭ ʫʪʝʯʝʢ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʝʩʪʴ ʣʠ ʥʘʜʝʞʥʳʝ ʤʝʨʳ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʪʫʰʝʥʠʷ ʛʦʨʝʥʠʷ. 

 
ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ [7] 

 

ɻʦʨʶʯʠʡ ʤʘʪʝʨʠʘʣ ʠʣʠ ʚʝʱʝʩʪʚʦ ʉʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ, ʢʛ/(ʤ
2
Ā ʯ) ʊʝʧʣʦʚʦʡ ʵʬʬʝʢʪ, ʢɼʞ/ʢʛ 

ɹʝʥʟʠʥ 160 ÷ 200 41,870 

ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ 150 41,870 

ɼʨʝʚʝʩʠʥʘ 54 13,800 

ʄʘʟʫʪ 126 38,700 

ʈʝʟʠʥʘ 40 33,500 

https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B2%D0%B5%D0%B4%D1%91%D0%BD%D0%BD%D0%B0%D1%8F_%D0%B0%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D1%8C


 

116 

 

ʅʘʪʨʠʡ 42 ÷ 63 [8] 10,990 
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ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʥʘʪʨʠʷ ʢʘʢ ʛʦʨʶʯʝʛʦ ʚʝʱʝʩʪʚʘ ʠ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʥʝʢʦʪʦʨʳʭ 

ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʵʬʬʝʢʪʳ ʥʘʪʨʠʝʚʦʛʦ ʧʦʞʘʨʘ ʛʦʨʘʟʜʦ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʦʙʳʯʥʳʭ 

ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ [8], ʯʪʦ ʩʥʠʞʘʝʪ ʨʘʟʨʫʰʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʧʦʞʘʨʘ ʠ ʦʙʣʝʛʯʘʝʪ ʝʛʦ ʪʫʰʝʥʠʝ.  

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʥʘʪʨʠʷ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʙʘʢʝ ɹʅ-ʨʝʘʢʪʦʨʘ. ʉ ʮʝʣʴʶ ʥʝʜʦʧʫʱʝʥʠʷ 

ʦʛʦʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʧʨʠ ʤʘʣʦʚʝʨʦʷʪʥʦʤ ʨʘʟʫʧʣʦʪʥʝʥʠʠ ʙʘʢʘ, ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ ʦʢʨʫʞʝʥ 

ʨʘʚʥʦʧʨʦʯʥʳʤ ʝʤʫ ʩʪʨʘʭʦʚʦʯʥʳʤ ʢʦʞʫʭʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʥʘʪʨʠʡ ʟʘʢʣʶʯʝʥ ʚ ʩʦʩʫʜ 

ʩ ʜʚʦʡʥʦʡ ʩʪʝʥʢʦʡ. 

ɿʘ ʧʨʝʜʝʣʘʤʠ ʢʦʨʧʫʩʘ ʨʝʘʢʪʦʨʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ: ʫʩʪʨʦʡʩʪʚʘ ʢʦʥʪʨʦʣʷ 

ʠ ʦʯʠʩʪʢʠ ʧʨʠʤʝʩʝʡ ʠ ʢʦʥʪʨʦʣʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʦʙʦʣʦʯʝʢ ʊɺʕʃʦʚ. ɺʝʨʦʷʪʥʳʡ ʚʳʭʦʜ ʥʘʪʨʠʷ ʟʘ 

ʧʨʝʜʝʣʳ ʢʦʥʪʫʨʘ ʩʚʷʟʘʥ ʩ ʨʘʟʫʧʣʦʪʥʝʥʠʝʤ ʠʤʝʥʥʦ ʵʪʠʭ ʩʠʩʪʝʤ, ʥʦ ʜʠʘʤʝʪʨʳ ʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʝ 

ʧʨʝʚʳʰʘʶʪ 80 ʤʤ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʫʪʝʯʢʠ. 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʪʨʠʝʚʳʭ ʢʦʥʪʫʨʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʪʝʯʠ ʠʟ ʥʠʭ ʩʣʫʯʘʶʪʩʷ ʚ 

ʩʨʝʜʥʝʤ 1õ 2 ʨʘʟʘ ʚ ʛʦʜ[9]. ʅʘʠʙʦʣʝʝ ʯʘʩʪʳʤʠ ʧʨʠʯʠʥʘʤʠ ʪʝʯʝʡ ʷʚʣʷʶʪʩʷ ʜʝʬʝʢʪʳ ʤʝʪʘʣʣʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʫʩʪʘʣʦʩʪʥʳʝ ʤʠʢʨʦʪʨʝʱʠʥʳ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʘʩʰʠʨʝʥʠʡ ʠ ʦʰʠʙʢʠ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʨʘʟʦʛʨʝʚʝ ʩʠʩʪʝʤ ʩ ʟʘʤʦʨʦʞʝʥʥʳʤ ʥʘʪʨʠʝʤ. 

ʇʨʠ ʵʪʦʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ, ʯʪʦ ʜʝʬʝʢʪʳ ʥʠʯʪʦʞʥʳ ʧʦ ʨʘʟʤʝʨʘʤ. ʊʘʢʠʝ ʜʝʬʝʢʪʳ ʯʘʩʪʦ ʚʦʦʙʱʝ 

ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʫʪʝʯʢʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʪ.ʢ. ʚʳʪʝʢʘʶʱʠʡ ʥʘʪʨʠʡ ʦʢʠʩʣʷʝʪʩʷ, ʠ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʦʢʠʩʣʳ 

ʟʘʢʫʧʦʨʠʚʘʶʪ ʪʨʝʱʠʥʫ.  

ʅʘʪʨʠʝʚʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʠ ʢʦʨʧʫʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʠʟ ʧʣʘʩʪʠʯʥʦʡ ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ; ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ ʩʚʘʨʠʚʘʶʪʩʷ ʚʟʨʳʚʦʤ. ʈʘʙʦʯʠʝ ʜʘʚʣʝʥʠʷ ʚ ʥʘʧʦʨʥʦʡ ʯʘʩʪʠ ʢʦʥʪʫʨʘ ʥʝ 

ʧʨʝʚʳʰʘʶʪ ʥʝʩʢʦʣʴʢʠʭ ʙʘʨ, ʪ.ʝ. ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʩʧʦʩʦʙʥʳʭ ʚʳʟʚʘʪʴ ʙʦʣʴʰʦʡ ʨʘʟʨʳʚ, ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʪʨʠʡ ʥʝ ʚʳʟʳʚʘʝʪ ʟʘʤʝʪʥʦʡ ʢʦʨʨʦʟʠʠ ʧʨʠʤʝʥʷʝʤʳʭ ʩʪʘʣʝʡ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʝʩʴʤʘ ʥʠʟʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʯʠ 

ʥʘʪʨʠʷ. ʂʨʫʧʥʳʝ ʪʝʯʠ ʥʘʪʨʠʷ (ʨʘʟʨʫʰʝʥʠʷ, ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʦʣʥʦʤʫ ʩʝʯʝʥʠʶ ʪʨʫʙʦʧʨʦʚʦʜʘ) 

ʚʦʟʤʦʞʥʳ ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ ʠ ʜʣʠʪʝʣʴʥʦʛʦ ʦʪʢʘʟʘ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ ʥʝʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ, 

ʣʠʙʦ ʧʨʠ ʘʚʘʨʠʡʥʳʭ ʨʘʟʨʫʰʝʥʠʷʭ ʢʦʥʪʝʡʥʤʝʥʪʘ ʨʝʘʢʪʦʨʘ.  

ʇʨʝʠʤʫʱʝʩʪʚʦ ʛʘʟʦʚʳʭ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ (ʘʟʦʪʘ, ʛʝʣʠʷ, ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʫʶ ʚʳʭʦʜʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʘ (640 ÷ 650
ƺ
)˿[10], ʜʘʚʣʝʥʠʝ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʦʭʣʘʞʜʝʥʠʷ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 õ 20 ʙʘʨ. ʆʜʥʘʢʦ, ʛʘʟʳ 

ʦʙʣʘʜʘʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʪʝʧʣʦʸʤʢʦʩʪʴʶ (ʫ ʛʝʣʠʷ ï 0,1437 ɺʪù(ʤĿʂ))[10], ʧʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʫʜʝʣʴʥʫʶ ʪʝʧʣʦʸʤʢʦʩʪʴ (ʧʦ ʛʝʣʠʶ ï 5,23 ʢɼʞù(ʢʛĿʂ))[10], ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʪʚʦʜʘ 

ʪʝʧʣʘ ʪʨʝʙʫʶʪʩʷ ʛʘʟʦʜʫʚʢʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʥʘ ʮʠʨʢʫʣʷʮʠʶ 

ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʛʘʟʘ ʷʚʣʷʝʪʩʷ, ʧʦʞʘʣʫʡ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʛʘʟʦʚʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ɸʕʉ ʩ ʨʝʘʢʪʦʨʦʤ KHTR 

 

˹͊ ͙͔ͪͫͯͤ͟ м ͙͔ͦ͋ͪ͊͗ͤ͊͘ ͫͻ͔ͣ͊ ͍·͔͔͎ͫͦͦͭͣͨͪ͊ͭͯͪͤͦͦ͟ ͎͊ͦͦ͘ͻ͔͎͊͗͒͊ͣͦͦ͡ ͔ͪ͊ͭͦͪ͊͟ ͭ ͙ͨ͊ KHTR[11]. 
͔͔́ͣͨͪ͊ͭͯͪ͊ ͔͙͔ͭͨͦͤͦͫͭ͡͡Ύ ͍ ͙͍͚͊ͭͤͦ͟ ͔ͦͤ͘ ͔ͪ͊ͭͦͪ͊͟ ͙ͭͨ͊ KHTRΣ ͊͟͟ ͨͦ͊͊ͤͦ͘͟ ͤ͊ ͙͔ͪͫͯͤ͟ н ώммϐΣ͔ͤ 
͔͍ͨͪ·΄͔͊ͭ тллҏфллƺ˿ ό͍͙͚͊͊ͪͤ͊Ύ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ς 1800÷2000ƺ˿ύ ώмΣ ммϐΣ ͙ͨͪ;͖ͣ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ 
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͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔ͭͨͦͭ͡· ͙͎͔͒ͦͫͭ͊ͭ ул҈ ό͙͍ͨͪͦͭ плҏсл҈ ͍ ͦ͋·;ͤ·ͻ ͔ͪ͊ͭͦͪ͊͟ͻύΦ ˴͔ͪͦͣ ͎ͭͦͦΣ ͦͤͫͭͪͯ͟͟ͼ͙Ύ 
͙͍͚͊ͭͤͦ͟ ͦͤ͘· KHTR ͍·͎ͦ͒ͤͦ ͙ͦͭ͡;͔͊ͭͫΎ ͦͭ ͔͍ͯͫͭ͊ͪ΄͙ͻ ͙͍ͭͨͦΣ ͙͔͊͟͟ ͋·͙͡ ͍ ͔ͪ͊ͭͦͪ͊͟ͻ ͙ͭͨ͊ BWR όͤ͊ ˢ̏˿ 
ζ͙̅ͯͯͫͣ͊͟-мη ͙ ζ͙́ͪ-˸ ͚͊͡-s ͚͔ͤ͒͡ηύ ͙ ˾ˣ˸˴ όͤ͊ ͔̉ͪͤͦ͋·͡Έ͚ͫͦ͟ ˢ̏˿ύΥ ͙͍ͭͦͨͤ͡·͔ Ή͔͔ͣͤͭ͡· KHTR 
͍·͔ͨͦͤͤ͡· ͙͘ ͔͙͙ͪ͊ͣ͟͟Σ ͊ ͍ ͊͟;͔͍͔ͫͭ ͔͙͔ͭͨͦͤͦͫͭ͡͡Ύ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͎͔͙͚͡Σ ;ͭͦ ͔͍ͨͪ͒ͦͭͪ͊΅͔͊ͭ 
͍͔͙͔ͪ͊ͫͨ͊ͤ͡͡ ͙͍͚͊ͭͤͦ͟ ͦͤ͘· ͔͒͊͗ ͍ ͫͯ͡;͔͊ ͦͭ͊͊͘͟ ͙͔ͫͫͭͣ· ͦͻ͔͙͊͗͒ͤ͡ΎΦ ˨͡Ύ ͦͻ͔͙͊͗͒ͤ͡Ύ ͙͍͚͊ͭͤͦ͟ ͦͤ͘· 
KHTR ͭ ͔͔ͪ͋ͯͭͫΎ ͤ͊ мо҈ ͔ͣͤΈ΄͔ ͍ͦ͒· ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ ͔͎͍ͦͦ͒ͤ͟͡·ͣ ͔ͪ͊ͭͦͪͦͣ͟ ͚ͭͦ ͔͗ ͣͦ΅͙ͤͦͫͭΦ  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʦʱʥʦʩʪʠ ʨʝʘʢʪʦʨʘ KHTR ͨ ͙ͪ ͔͔ͨͦͭͪ ͔͙͔ͭͨͦͤͦͫͭ͡͡Ύ 

 

ɺʘʞʥʳʝ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʝʘʢʪʦʨʦʚ, ʦʭʣʘʞʜʘʝʤʳʭ ʚʦʜʦʡ, 

ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤ ʥʘʪʨʠʝʤ ʠ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ (ʛʝʣʠʝʤ), ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʨʘʚʥʝʥʠʷ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 2. 

 
ʊʘʙʣʠʮʘ 2 ï ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʝʘʢʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʚʦʜʷʥʦʝ, ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʦʝ ʠ ʛʘʟʦʚʦʝ 

ʦʭʣʘʞʜʝʥʠʝ 

 

 ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʈʝʘʢʪʦʨ ʩ ʚʦʜʷʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ 

1) ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ; 

2) ʥʝʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ; 

3) ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ; 

4) ʦʪʨʠʮʘʪʝʣʴʥʳʡ 
ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʘʢʪʠʚʥʦʩʪʠ, 

ʧʨʝʜʦʭʨʘʥʷʶʱʠʡ ʨʝʘʢʪʦʨ ʦʪ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ 

ʤʦʱʥʦʩʪʠ; 

5) ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʡ ʟʘʭʚʘʪ 
ʥʝʡʪʨʦʥʦʚ. 

1) ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʚʦʜʳ; 

2) ʢʦʨʨʦʟʠʷ ʤʝʪʘʣʣʘ ʧʨʠ Tʚʦʜʳ> 300 °C; 

3) ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ 

ʦʭʣʘʞʜʝʥʠʷ; 

4) ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʚʦʜʷʥʳʭ ʪʨʫʙʦʢ; 

5) ʫʜʦʨʦʞʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʪʦʧʣʠʚʘ ʙʝʟ 
ʧʦʚʳʰʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʂʇɼ; 

6) ʚʝʨʦʷʪʥʦʩʪʴ ʧʘʨʦ-ʮʠʨʢʦʥʠʝʚʦʡ ʨʝʘʢʮʠʠ 

ʠ ʨʘʩʧʣʘʚʣʝʥʠʷ ʪʦʧʣʠʚʘ. 

ʈʝʘʢʪʦʨ ʩ 

ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʦʭʣʘʞʜʝʥʠʝʤ 

1) ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʦʥʪʫʨʝ 

ʦʭʣʘʞʜʝʥʠʷ; 

2) ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʦʧʫʩʢʘʪʴ ʯʝʨʝʟ ʢʦʥʪʫʨ 

ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʠʟ-ʟʘ ʝʛʦ ʙʦʣʴʰʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ; 

3) ʩʧʦʩʦʙʥʦʩʪʴ ʫʜʝʨʞʠʚʘʪʴ 

ʣʝʪʫʯʠʝ ʨʘʜʠʦʥʫʢʣʠʜʳ. 

1) ʚʳʩʦʢʘʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; 

2) ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʡ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʢʦʥʪʫʨ ʦʭʣʘʞʜʝʥʠʷ; 

3) ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʣʦʞʥʘʷ ʪʝʧʣʦʦʙʤʝʥʥʘʷ 

ʘʧʧʘʨʘʪʫʨʘ; 

4) ʦʧʘʩʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʥʘʪʨʠʷ ʩ ʚʦʜʦʡ ʠ 
ʚʦʟʜʫʭʦʤ; 

5) ʧʦʞʘʨʥʘʷ ʦʧʘʩʥʦʩʪʴ; 

6) ʪʨʫʜʥʦʩʪʴ ʚʳʚʦʜʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɻʘʟʦʦʭʣʘʞʜʘʝʤʳʡ 

ʨʝʘʢʪʦʨ 

1) ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʦʭʣʘʞʜʝʥʠʷ; 

2) ͙ͤ͊͘͟Ύ ͔͔ͭͣͨͪ͊ͭͯͪ͊ 
͔͙͔ͭͨͦͤͦͫͭ͡͡ΎΤ 

3) ͍·ͫͦ͊͟Ύ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ 
͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔ͭͨͦͭ͡·Τ 

4) ͔ͤͭ ͙ͪͫ͊͟ ͍͔͙͔ͪ͊ͫͨ͊ͤ͡͡ 
͙͍͚͊ͭͤͦ͟ ͦͤ͘·Τ 

1) ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ 

ʪʨʝʙʫʶʪʩʷ ʛʘʟʦʜʫʚʢʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ; 

2) ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʥʘ 

ʮʠʨʢʫʣʷʮʠʶ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʛʘʟʘ. 

https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B0%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D1%8F%D0%B4%D0%B5%D1%80%D0%BD%D0%BE%D0%B3%D0%BE_%D1%80%D0%B5%D0%B0%D0%BA%D1%82%D0%BE%D1%80%D0%B0
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5) ͔ͣͤΈ΄͔͔ ͙ͦ͟͡;͔͍ͫͭͦ ͍ͦ͒· 
͒͡Ύ ͦͻ͔͙͊͗͒ͤ͡Ύ ͙͍͚͊ͭͤͦ͟ ͦͤ͘·Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍·͔͔ͫͦͦͭͣͨͪ͊ͭͯͪͤ͟·͚ ͎͊ͦͦ͘ͻ͔͊͗͒͊ͣ͡·͚ ͔ͪ͊ͭͦͪ͟ ͙͔͔ͣͭ ͒ͦͫͭ͊ͭͦ;ͤͦ ͎ͣͤͦͦ 
͔͙ͨͪͣͯ΅͔͍ͫͭ ͔͔ͨͪ͒ ͔͙ͪ͊ͭͦͪ͊ͣ͟ ͫ ͍ͦ͒Ύͤ·ͣ ͙ ͙͔͙͗͒ͦͣͭ͊͟͡͡;͔͙ͫͣ͟ ͦͻ͔͙͔͊͗͒ͤͣ͡Φ ˴͙ͦ͡;͔͍ͫͭͦ 
͔͙ͨͪͣͯ΅͔͍ͫͭ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͎͊͊͘ ͍ ͊͟;͔͍͔ͫͭ ͔͙͔ͭͨͦͤͦͫͭ͡͡Ύ ͔͍ͨͪ·΄͔͊ͭ ;͙ͫͦ͡ ͔͍ͤ͒ͦͫͭ͊ͭͦ͟Σ ͔ͭͣ ͔ͤ 
͔͔͔ͣͤΣ ͍͔͍ͫͦ·͔ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ· ͎͊͗͒ͦͦ͟ ͙͘ ͦͼ͔ͤͦ;ͤ·ͻ ͙͔͙͔͍ͪͭͪ͟ ͙ͨͪ ͍·͔͋ͦͪ ͙ͭͨ͊ ͔͚ͪ͊ͭͦͪͤͦ͟ 
͍͙ͯͫͭ͊ͤͦ͟ ͒͡Ύ ͔͚ͦͤͪͭͤͦ͟͟ ˢ̏˿ ͋ͯ͒ͯͭ ͔͙͔ͤ͋͗ͤͦ͘ ͙ͪ͊͘͡;͊ͭΈͫΎ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͔͖ ͍·ͻ͚ͦ͒ͤͦ 
Ή͔͙ͭͪ͟͡;͔͚ͫͦ͟ ͣͦ΅͙ͤͦͫͭΣ ͔ͨͪ͒ͤ͊ͤ͊͘;͔͙ͤΎΣ ͍͙͚ͯͫͦ͡ ͔ͨͪͦͭ͊͟ ͙ ͔͎ͦ ͙͍ͨͪΎ͙͘͟ ͟ ͔ͣͫͭͯ ͙͔ͫͭͪͦͭ͡Έ͍ͫͭ͊Φ 
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ɺ 2014 ʛʦʜʫ ʢʦʤʧʘʥʠʷ GEARefrigeration ʚʳʧʫʩʪʠʣʘ ʥʘ ʨʳʥʦʢ ʥʝʩʢʦʣʴʢʦ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʦʧʠʩʘʥʳ ʥʠʞʝ [1]. 

ʅʦʚʳʡ ʚʠʥʪʦʚʦʡ ʢʦʤʧʨʝʩʩʦʨ ʩʝʨʠʠ GEA Grasso M ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʜʦʣʞʝʥʠʝ ʩʝʨʠʠ GEA 

Grasso MC. ɹʣʘʛʦʜʘʨʷ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʙʳʣʘ ʫʣʫʯʰʝʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʄʦʜʝʣʠ H, L, M ʠ N ʙʳʣʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʳ, ʘ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʘ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʴ ʯʘʩʪʝʡ (ʦʩʥʦʚʘʥʠʝ, ʚʩʘʩʳʚʘʶʱʘʷ ʪʨʫʙʘ ʠ ʥʘʛʥʝʪʘʪʝʣʴʥʳʡ 

ʧʘʪʨʫʙʦʢ) ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʩʝʨʠʷʤʠ GEA Grasso MC. 
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ʕʪʘ ʥʦʚʘʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʚʝʣʘ ʢ ʧʦʷʚʣʝʥʠʶ ʧʝʨʚʦʛʦ ʚʠʥʪʦʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʩʦ ʚʩʪʨʦʝʥʥʳʤ 

ʦʙʨʘʪʥʳʤ ʢʣʘʧʘʥʦʤ ʥʘ ʩʪʦʨʦʥʝ ʚʩʘʩʳʚʘʥʠʷ, ʫʧʨʘʚʣʷʝʤʳʤ ʧʦ ʜʘʚʣʝʥʠʶ, ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʪʦʨʦʛʦ 

ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʫʞʠʥʘ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʠʟʢʦʛʦ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ. ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʤʥʦʞʝʩʪʚʘ 

ʪʨʝʙʦʚʘʥʠʡ, ʪʘʢʞʝ ʙʳʣʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʩʘʣʘʟʦʢ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʫʞʝ 

ʠʤʝʶʱʠʤʩʷ ʟʥʘʯʝʥʠʷʤ ʧʝʨʝʤʝʥʥʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʜʦʩʪʫʧʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 1,8 ï 3,0 ʠ 2,2 ï 

4,0. ɹʣʘʛʦʜʘʨʷ ʨʘʩʰʠʨʝʥʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʧʝʨʝʤʝʥʥʦʡ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 4-ʭʧʨʦʮʝʥʪʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʝʡ ʩʝʨʠʝʡ GEA Grasso MC. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ, 

ʦʙʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 7% ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ.  

ʉʝʨʠʷ GEA Grasso M ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʩʯʝʪʥʳʤ ʜʘʚʣʝʥʠʝʤ 28 ʙʘʨ ʫʞʝ ʜʦʩʪʫʧʥʘ. 

ɿʘʚʝʨʰʘʶʱʠʡ ʵʪʘʧ ʧʝʨʝʭʦʜʘ ʦʪ ʧʨʝʜʳʜʫʱʝʡ ʩʝʨʠʠ GEA Grasso MC ʧʣʘʥʠʨʫʝʪʩʷ ʚ ʩʝʨʝʜʠʥʝ 2015 

ʛʦʜʘ, ʢʦʛʜʘ ʙʫʜʝʪ ʟʘʢʦʥʯʝʥʘ ʤʦʜʝʣʴ ʩ ʚʳʩʦʢʠʤ ʨʘʩʯʝʪʥʳʤ ʜʘʚʣʝʥʠʝʤ ʩʝʨʠʠ GEA Grasso M. 

ʉʪʦʠʤʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʘ ʥʦʚʦʡ ʩʝʨʠʠ GEA Grasso M ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ, ʯʪʦ ʠ 

ʩʪʦʠʤʦʩʪʴ ʧʨʝʜʳʜʫʱʝʡ ʩʝʨʠʠ GEA Grasso MC. ʆʜʥʘʢʦ ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʤʫʬʪʫ ʠ ʢʦʨʧʫʩ ʤʫʬʪʳ. ɽʩʣʠ ʤʫʬʪʘ ʠ ʢʦʨʧʫʩ ʤʫʬʪʳ ʥʝ ʪʨʝʙʫʶʪʩʷ, ʪʦ ʚʦʟʤʦʞʥʦ ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ. 

ɼʘʥʥʦʝ ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʦʪʨʘʞʘʝʪ ʧʦʧʳʪʢʫ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʘʩʭʦʜʦʚ, ʧʨʠ ʵʪʦʤ 

ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʥʠʞʝʥʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʝʡ ʤʦʜʝʣʴʶ, ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʯʘʩʪʦʪʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʪʘʥʝʪ ʮʝʥʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʣʷ ʟʘʢʘʟʯʠʢʦʚ. 

ʅʦʚʳʡ ʢʦʤʧʨʝʩʩʦʨʥʳʡ ʘʛʨʝʛʘʪ ʩʝʨʠʠ GEA Grasso M ʦʙʳʯʥʦ ʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʧʘʥʝʣʴʶ 

ʫʧʨʘʚʣʝʥʠʷ GEA Omni. 

ʅʦʚʘʷ ʩʝʥʩʦʨʥʘʷ ʧʘʥʝʣʴ GEA Omniʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʦʯʝʥʴ ʧʨʦʩʪʘ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʉʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝ ʠʟʤʝʥʠʪʩʷ ʩ ʚʳʭʦʜʦʤ GEA Omni. ʉʦ ʜʥʷ ʟʘʧʫʩʢʘ GEA 

Omni ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ GSC-TP, ʧʨʝʜʣʘʛʘʝʤʘʷ ʨʘʥʝʝ, ʜʦʩʪʫʧʥʘ ʚ ʢʘʯʝʩʪʚʝ ʦʧʮʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ïʇʨʝʠʤʫʱʝʩʪʚʘ ʢʦʤʧʨʝʩʩʦʨʘ GEAGrassoʩʝʨʠʠM 

 

ɹʣʘʛʦʜʘʨʷ ʥʦʚʳʤ ʨʘʟʨʘʙʦʪʢʘʤ, ʘʢʪʠʚʥʦ ʜʚʠʛʘʶʱʠʤ ʚʧʝʨʝʜ ʢʦʤʧʘʥʠʶ ʠ ʧʦʟʚʦʣʷʶʱʠʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʘʤʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʆʆʆ çɻɽɸ ʈʝʬʨʠʞʝʨʝʡʰʥʈʋʉè ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʝʘʣʠʟʦʚʘʣʘ ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʤʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ [3]. 

ʆʜʠʥ ʠʟ ʥʠʭ - ʩʦʚʨʝʤʝʥʥʳʡ ʢʨʫʧʥʳʡ ʄʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʢʦʤʧʣʝʢʩ ʧʦ ʫʙʦʶ ʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʧʪʠʮʳ ʤʦʱʥʦʩʪʴʶ 12 ʪʳʩʷʯ ʛʦʣʦʚ ʚ ʯʘʩɸʇʍ çʄʠʨʘʪʦʨʛè[2, 5]. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ʟʘʧʫʱʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʭʦʣʦʜʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ çʧʦʜ ʢʣʶʯè, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʢʘʩʢʘʜʥʫʶ 

ʩʠʩʪʝʤʫ ʘʤʤʠʘʢ/ʉʆ2.ʂʦʤʧʘʥʠʷ çɻɽɸ ʈʝʬʨʠʞʝʨʝʡʰʥ ʈʋʉè ʦʩʥʘʩʪʠʣʘ ʭʦʣʦʜʦʤ ʥʝ ʪʦʣʴʢʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʣʠʥʠʠ ʧʦ ʦʭʣʘʞʜʝʥʠʶ ʢʫʨʠʮʳ, ʥʦ ʠ ʦʢʦʣʦ 16 000 ʤ2 ʩʢʣʘʜʦʚ ʭʨʘʥʝʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ, ʩ ʢʦʥʪʨʦʣʝʤ ʚʣʘʞʥʦʩʪʠ ʚʦ ʚʩʝʭ ʧʦʤʝʱʝʥʠʷʭ. 
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ʈʠʩʫʥʦʢ 2 ï ɺʠʥʪʦʚʳʝ ʢʦʤʧʨʝʩʩʦʨʥʳʝ ʘʛʨʝʛʘʪʳ GEAGrasso 

 

ɺ ʜʝʷʪʝʣʴʥʦʩʪʠ ʆʆʆ çɻɽɸ ʈʝʬʨʠʞʝʨʝʡʰʥʈʋʉè ʢʣʶʯʝʚʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʟʘʱʠʪʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʉʚʦʝ ʧʨʝʜʧʦʯʪʝʥʠʝ ʢʦʤʧʘʥʠʷ ʦʪʜʘʝʪ ʧʨʠʨʦʜʥʳʤ 

ʭʣʘʜʘʛʝʥʪʘʤ, ʪʘʢʠʤ ʢʘʢ ʘʤʤʠʘʢ ʠ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʥʦ ʪʘʢʞʝ ʧʦʩʪʘʚʣʷʝʪ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʘʙʦʪʘʶʱʝʝ 

ʥʘ ʦʟʦʥʦʙʝʟʦʧʘʩʥʳʭ ʬʨʝʦʥʘʭ, ʨʘʟʨʝʰʝʥʥʳʭ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʫʩʪʨʦʡʩʪʚ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʘ ʜʣʷ 

ʥʫʞʜ ɿʘʢʘʟʯʠʢʘ ʦʪ ʣʠʥʠʠ ʥʘʛʥʝʪʘʥʠʷ ʛʦʨʷʯʠʭ ʛʘʟʦʚ ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ ʠʣʠ ʣʠʥʠʠ ʦʭʣʘʞʜʝʥʠʷ 

ʤʘʩʣʘ. ɺʩʝ ʵʪʠ ʨʝʰʝʥʠʷ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʢʦʤʧʣʝʢʩʝ ʧʦ ʫʙʦʶ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʢʫʨʠʮʳ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɿʜʘʥʠʝ ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʮʝʭʘ. ɸʇʍ çʄʠʨʘʪʦʨʛè 

 

ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʦʠʟʚʦʜʷʪ ʧʨʝʜʧʨʠʷʪʠʷ ʛʨʫʧʧʳ GEAʠ 

ʢʦʪʦʨʦʝ ʧʨʠʤʝʥʷʝʪ ʚ ʩʚʦʠʭ ʧʨʦʝʢʪʘʭ ʆʆʆ çɻɽɸ ʈʝʬʨʠʞʝʨʝʡʰʥ ʈʋʉè ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʩʘʤʳʝ 

ʨʘʟʥʳʝ ʟʘʜʘʯʠ ʧʦ ʩʚʦʝʤʫ ʤʘʩʰʪʘʙʫ ʠ ʩʣʦʞʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 4 ï 3Dʤʦʜʝʣʴ ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʮʝʭʘ. ɸʇʍ çʄʠʨʘʪʦʨʛè 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʟʘʜʘʯ ʩʪʘʣʘ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʩʘʥʥʦ-ʙʦʙʩʣʝʡʥʦʡ ʪʨʘʩʩʳ ʚ ʛ. 

ʉʦʯʠ[4]. ɺ ʢʘʯʝʩʪʚʝ ʭʣʘʜʘʛʝʥʪʘ ʟʜʝʩʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʤʤʠʘʢ. ɼʨʫʛʠʝ ʭʣʘʜʘʛʝʥʪʳ ʥʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ 

ʦʧʪʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʫʨʦʚʝʥʴ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʢʠʧʝʥʠʷ ʚ ʪʨʫʙʘʭ ʧʦ ʚʩʝʤʫ 

ʧʝʨʠʤʝʪʨʫ ʪʨʘʩʩʳ, ʩʦʟʜʘʚʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʦʞʥʦʩʪʠ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʨʘʙʦʯʝʛʦ ʨʝʞʠʤʘ ʭʦʣʦʜʠʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʚʦ ʚʨʝʤʷ ʩʦʨʝʚʥʦʚʘʥʠʡ. ɺʚʠʜʫ ʤʠʨʦʚʦʡ ʟʥʘʯʠʤʦʩʪʠ ʩʦʯʠʥʩʢʦʛʦ ʦʙʲʝʢʪʘ, ʘʤʤʠʘʢ ʢʘʢ ʭʣʘʜʘʛʝʥʪ 

ʙʳʣ ʫʪʚʝʨʞʜʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʯʪʦ ʜʘʣʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʥʦʚʫʶ ʩʘʥʥʦ-ʙʦʙʩʣʝʡʥʫʶ ʪʨʘʩʩʫ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʢʨʫʧʥʝʡʰʠʭ ʩʦʨʝʚʥʦʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʆʣʠʤʧʠʡʩʢʠʝ ʠʛʨʳ ʚ ʉʦʯʠ ʠ ʯʝʤʧʠʦʥʘʪʳ ʤʠʨʘ ʠ ɽʚʨʦʧʳ. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʉʘʥʥʦ-ʙʦʙʩʣʝʡʥʘʷ ʪʨʘʩʩʘ ʚ ʛ. ʉʦʯʠ 

 

ɺ 2014ʛ. ʆɸʆ çɻʘʟʧʨʦʤè ʙʳʣʘ ʧʨʠʥʷʪʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʦʙʠʣʴʥʘʷ ʢʦʤʧʨʝʩʩʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ˉ 

5, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ɺʳʥʛʘʧʫʨʦʚʩʢʦʤ ʛʘʟʦʚʦʤ ʧʨʦʤʳʩʣʝ [6, 7]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʠʩʧʦʣʴʟʫʷ ʧʦʣʫ-

ʯʝʥʥʳʡ ʦʧʳʪ, ʆʆʆ çɻɽɸ ʈʝʬʨʠʞʝʨʝʡʰʥ ʈʋʉè ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʩʙʦʨʢʫ ʫʩʪʘʥʦʚʦʢ ʚ 

ʈʦʩʩʠʠ ʜʣʷ ʧʝʨʝʢʘʯʢʠ ʧʨʠʨʦʜʥʦʛʦ ʠ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʦʚ.  

ʉʝʛʦʜʥʷ GEA ï ʵʪʦ ʥʘʜʝʞʥʳʡ ʧʘʨʪʥʝʨ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ, ʧʨʦʠʟʚʝʩʪʠ, ʧʦʩʪʘʚʠʪʴ, 

ʩʤʦʥʪʠʨʦʚʘʪʴ ʠ ʦʙʩʣʫʞʠʪʴ ʭʦʣʦʜʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʂʣʠʝʥʪʘʤ ʧʨʝʜʣʘʛʘʶʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʦʨʠʛʠʥʘʣʴʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʧʨʦʜʦʚʦʣʴʩʪʚʠʝʤ. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ, ʷʚʣʷʶʱʠʡʩʷ ʟʘʤʳʢʘʶʱʠʤ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʠ, ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ. ʆʪ ʝʛʦ ʨʝʰʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʩʝʛʦ ʮʠʢʣʘ ʚʘʨʢʠ ʠ ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʜʫʢʮʠʠ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʠ 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ.  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ ʜʣʷ ʧʦʜʘʯʠ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ (ʊ~ +110 
ʦ
ʉ) ʚ 

ʚʘʨʦʯʥʳʝ ʢʘʤʝʨʳ ʧʨʠ ʦʙʞʘʨʢʝ ʠ ʚʘʨʢʝ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ, ʘ ʪʘʢ ʞʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷʧʦʜʘʯʠ 

ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ (ʊ~ -40 
ʦ
ʉ) ʚ ʢʘʤʝʨʳ ʦʭʣʘʞʜʝʥʠʷ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʣʙʘʩ. ʇʨʠ ʵʪʦʤ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ ʫʪʠʣʠʟʘʮʠʷ ʪʝʧʣʘ ʢʘʢ ʚ ʩʣʫʯʘʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ [1]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʬʬʝʢʪʘʈʘʥʢʘ-ʍʠʣʴʰʘ (ɺʠʭʨʝʚʘʷ ʪʨʫʙʘ) ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ:  

1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ (~+110 
ʦ
ʉ) ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʮʠʠ;  

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ (~ -40 
ʦ
ʉ) ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ; 

3. ʉʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʝʨʝʭʦʜʘ ʯʝʨʝʟ ʢʨʠʪʠʯʝʩʢʠʡ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ (+40Áʉ õ +15Áʉ), ʧʨʠ 

ʢʦʪʦʨʳʭ ʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ;  

4. ʆʙʝʩʧʝʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʛʦʜʥʦʩʪʠ ʢʦʣʙʘʩ;  

5. ʉʦʢʨʘʪʠʪʴ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʢʦʣʙʘʩ ʠ ʠʭ ʦʪʛʨʫʟʢʦʡ ʚ ʪʦʨʛʦʚʳʝ ʩʝʪʠ;  

6.ʉʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʚʘʨʢʫ ʠ ʦʭʣʘʞʜʝʥʠʝ ʢʦʣʙʘʩ ʚ ʩʢʣʘʜʩʢʠʭ ʧʦʤʝʱʝʥʠʷʭ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʣʙʘʩ ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ 

ʦʧʝʨʘʮʠʡ [1]: 

1. ʆʙʞʘʨʢʘ- ʦʙʨʘʙʦʪʢʘ ʛʦʨʷʯʠʤʠ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ ʜʣʷ ʧʨʠʜʘʥʠʷ ʭʦʨʦʰʝʛʦ ʪʦʚʘʨʥʦʛʦ ʚʠʜʘ.  

2. ɺʘʨʢʘ- ʦʙʨʘʙʦʪʢʘ ʦʩʪʨʳʤ ʧʘʨʦʤ ʚ ʢʘʤʝʨʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +75 ÷ +85Á ʉ.  

3. ʆʭʣʘʞʜʝʥʠʝ- ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʤʦʞʥʦʡ ʧʦʨʯʠ ʢʦʣʙʘʩʳ ʧʦʩʣʝ ʚʘʨʢʠ ʝʝ ʦʭʣʘʞʜʘʶʪ. ʂ 

ʢʦʥʮʫ ʦʭʣʘʞʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʜʝʣʠʡ ʜʦʩʪʠʛʘʝʪ +8÷+15Á ʉ.  

ʋʣʫʯʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʭʣʘʞʜʝʥʠʷ ʢʦʣʙʘʩ ʧʦʟʚʦʣʷʝʪ: ʩʦʢʨʘʪʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʦʭʣʘʞʜʝʥʠʷ; ʩʥʠʟʠʪʴ ʤʘʩʩʦʚʳʝ ʧʦʪʝʨʠ; ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʝʨʝʭʦʜʘ ʯʝʨʝʟ ʢʨʠʪʠʯʝʩʢʠʡ ʠʥʪʝʨʚʘʣ 

ʪʝʤʧʝʨʘʪʫʨ; ʦʙʝʩʧʝʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʛʦʜʥʦʩʪʠ ʢʦʣʙʘʩ; ʩʦʢʨʘʪʠʪʴ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʢʦʣʙʘʩ ʠ ʠʭ ʦʪʛʨʫʟʢʦʡ ʚ ʪʦʨʛʦʚʳʝ ʩʝʪʠ; ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 

ʦʭʣʘʞʜʝʥʠʝ ʢʦʣʙʘʩ ʚ ʩʢʣʘʜʩʢʠʭ ʧʦʤʝʱʝʥʠʷʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ ʠʤʝʝʪ ʨʷʜ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ: 

1. ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʜʚʠʞʥʳʝ ʯʘʩʪʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʙʣʠʟʢʘʷ ʢ 100% ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʦʣʴʰʦʡ ʨʝʩʫʨʩ; 

2. ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʦʯʝʥʴ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ (ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʘʟʘ ïʤʥʦʛʠʝ ʩʦʪʥʠ 

ʛʨʘʜʫʩʦʚ ʚʳʰʝ ʥʫʣʷ, ʧʨʠ ʥʘʣʠʯʠʠ ʚʠʙʨʘʮʠʠ ʠ ʪ.ʜ.); 

3. ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʫ; 

4. ʨʘʩʭʦʜ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʛʘʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ ʜʦʣʝʡ ʜʦ ʩʦʪʝʥ ʪʳʩʷʯ ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʚ ʯʘʩ; 

5. ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʫʶ ʛʦʪʦʚʥʦʩʪʴ ʢ ʨʘʙʦʪʝ ʠ ʦʯʝʥʴ ʤʘʣʦʝ ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʨʝʞʠʤ; 

6. ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ɺʊʈ ʥʝ ʚʣʠʷʝʪ ʥʘ ʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ʇʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʠʭʨʝʚʘʷ ʪʨʫʙʘ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʤʝʞʜʫ ʜʨʦʩʩʝʣʝʤ ʠ ʜʝʪʘʥʜʝʨʦʤ. ʆʜʥʘʢʦ, ʧʦ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʧʨʦʩʪʦʪʝ, ʥʝʙʦʣʴʰʠʤ ʛʘʙʘʨʠʪʘʤ ʠ 

ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʜʸʞʥʦʡ ʨʘʙʦʪʳ ʥʘ ʛʘʟʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʞʠʜʢʠʝ ʠ ʪʚʸʨʜʳʝ ʚʢʣʶʯʝʥʠʷ, ʥʝ ʠʜʸʪ ʥʠ ʚ 

ʢʘʢʦʝ ʩʨʘʚʥʝʥʠʝ ʩ ʪʘʢʠʤ ʩʣʦʞʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʢʘʢ ʪʫʨʙʦʜʝʪʘʥʜʝʨʥʳʡ ʘʛʨʝʛʘʪ. ʆʩʦʙʝʥʥʦ ʚʳʛʦʜʥʦ 

ʧʨʠʤʝʥʷʪʴ ʚʠʭʨʝʚʳʝ ʪʨʫʙʳ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʦʢʘʭ ʛʘʟʘ, ʵʥʝʨʛʠʷ ʜʘʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʙʝʟʚʦʟʚʨʘʪʥʦ 

ʪʝʨʷʝʪʩʷ ʧʨʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʠ. 
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ʇʨʠʤʝʥʝʥʠʝ ʵʬʬʝʢʪʘ ʈʘʥʢʘ-ʍʠʣʴʰʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʮʠʠ ʢʘʢ ʚ ʝʜʠʥʠʯʥʳʭ ʘʧʧʘʨʘʪʘʭ ʥʘ ʤʘʣʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʪʘʢ ʠ ʥʘ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʦʜʫʣʴʥʳʭ ʙʣʦʢʦʚ, ʩʢʦʤʧʦʥʦʚʘʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʠʣʠ ʚ ʢʦʥʚʝʡʝʨ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ [2].  

ʂʦʥʩʪʨʫʢʮʠʷ ʢʘʤʝʨ ʦʭʣʘʞʜʝʥʠʷ ʠ ʚʘʨʦʯʥʳʭ ʧʝʯʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ ʚʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʪʘʢʠʭ ʢʘʢ ʠʩʧʘʨʠʪʝʣʠ ʭʦʣʦʜʠʣʴʥʳʭ 

ʩʠʩʪʝʤ ʚ ʢʘʤʝʨʘʭ ʦʭʣʘʞʜʝʥʠʷ ʠ ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʫ ʚʘʨʦʯʥʳʭ ʧʝʯʝʡ. ʇʨʠ ʪʘʢʦʡ ʩʠʩʪʝʤʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠʩʢʣʶʯʘʝʪʩʷ, ʘ ʩʫʤʤʘʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʘʛʨʝʚʘʪʝʣʝʡ ʚ ʚʘʨʦʯʥʳʭ ʧʝʯʘʭ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʘ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʩʭʝʤʳ ʢʦʤʧʦʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. 

ʇʨʠʤʝʨ ʢʦʤʧʦʥʦʚʢʠ ʩʠʩʪʝʤʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʮʠʠ ʚ ʝʜʠʥʠʯʥʳʭ ʘʧʧʘʨʘʪʘʭ ʥʘ 

ʤʘʣʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.1. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʢʦʤʧʦʥʦʚʢʠ ʩʠʩʪʝʤʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʮʠʠ ʚ ʝʜʠʥʠʯʥʳʭ ʘʧʧʘʨʘʪʘʭ ʥʘ ʤʘʣʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘʭ 

 

ʇʨʠʤʝʨ ʢʦʤʧʦʥʦʚʢʠ ʩʠʩʪʝʤʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʮʠʠ ʥʘ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʤʦʜʫʣʴʥʳʭ ʙʣʦʢʦʚ, ʩʢʦʤʧʦʥʦʚʘʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʠʣʠ ʚ ʢʦʥʚʝʡʝʨ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.2. 
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ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʢʦʤʧʦʥʦʚʢʠ ʩʠʩʪʝʤʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʮʠʠ ʥʘ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʤʦʜʫʣʴʥʳʭ ʙʣʦʢʦʚ, ʩʢʦʤʧʦʥʦʚʘʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʠʣʠ ʚ ʢʦʥʚʝʡʝʨ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ 

ʇʦ ʟʘʷʚʣʝʥʠʶ ʌ.ʅ.ʊʘʨʘʩʝʥʢʦ [3] ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʯʝʨʝʜʥʦʛʦ ʦʙʨʘʟʮʘ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʣʶʙʦʝ ʢʦʣʠʯʝʩʪʚʦ ʝʝ ʦʙʥʦʚʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʦ ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ 

ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ ʝʩʣʠ ʚ ʝʝ ʩʦʩʪʘʚʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʙʥʦʚʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ (ʢʦʪʦʨʳʝ 

ʚʟʘʠʤʥʦ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ), ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʦʜʥʷʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

EER ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ ʈʘʥʢʘ ʜʦ ʚʝʣʠʯʠʥʳ ʥʝ ʤʝʥʝʝ 2-ʭ ʝʜʠʥʠʮ, ʯʪʦ ʜʘʝʪ ʟʘʢʦʥʥʦʝ ʦʩʥʦʚʘʥʠʝ ʥʘʟʚʘʪʴ 

ʪʘʢʫʶ ʚʠʭʨʝʚʫʶ ʪʨʫʙʫ çʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ ʚʠʭʨʝʚʦʡ ʪʨʫʙʦʡè ʠʣʠ ʩʦʢʨʘʱʝʥʥʦ ʕʕɺʊ. 

 
ʊʘʙʣʠʮʘ 1. ʇʨʠʙʣʠʟʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʠʟ ʦʙʥʦʚʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʕʕɺʊ ʚ ʧʦʚʳʰʝʥʠʝ ʝʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

 

ˉ 

ʧ/ʧ 

ʕʣʝʤʝʥʪ ʕʕɺʊ ʇʘʨʘʤʝʪʨ Q 

(ʯʠʩʣʠʪʝʣʴ) ʠ 

ʝʛʦ ʚʦʟʤʦʞʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʇʘʨʘʤʝʪʨ N 

(ʟʥʘʤʝʥʘʪʝʣʴ) 

ʠ ʝʛʦ 

ʚʦʟʤʦʞʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʇʦʢʘʟʘʪʝʣʴ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʕʕɺʊ ʟʘ 

ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʦʪʥʦʰʝʥʠʝ Q/N 

1 ʆʙʥʦʚʣʝʥʥʳʡ ʩʦʧʣʦʚʦʡ ʚʚʦʜ Q1 1,4 N1 0,8 1,75 

2 ʆʙʥʦʚʣʝʥʥʘʷ (ʩʦʙʩʪʚʝʥʥʦ) 

ʪʨʫʙʘ, ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʢ 

ʛʦʨʷʯʝʤʫ ʢʦʥʮʫ 

Q2 1,05 N2 0,9 1,17 

3.1 ʋʩʪʨʦʡʩʪʚʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʙʦʪʳ ʪʨʫʙʳ ʚ ʨʝʞʠʤʝ ɛ < 1 

(ʥʘʧʨʠʤʝʨ, ʧʨʠ ɛ =0,67) 

Q3.1 1,1 N3.1 1,0 1,1 

3.2 ʂʦʤʧʣʝʢʪ ʫʩʪʨʦʡʩʪʚ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʪʨʫʙʳ ʚ 

Q3.2 1,49 N3.2 1,2 1,24 
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ʨʝʞʠʤʝ ɛ = 1 

4 ʆʙʥʦʚʣʝʥʥʳʡ ʨʘʟʚʠʭʨʠʪʝʣʴ Q4 1,2 N4 0,9 1,33 

5 ɼʠʘʬʨʘʛʤʘ ʩ ʥʦʚʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʧʘʜʘʥʠʷ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚ 

ʭʦʣʦʜʥʳʡ ʧʦʪʦʢ 

Q5 1,1 N5 1,0 1,1 

6 ʆʙʥʦʚʣʝʥʥʘʷ ʛʘʟʦʦʪʚʦʜʷʱʘʷ 

ʪʨʫʙʢʘ 

Q6 1,0 N6 0,9 1,1 

 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠʩʧʦʣʥʝʥʠʷ 

EERʢʣʘʩʩ. ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ 0,5. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ (EER) ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ 

ʈʘʥʢʘ -ʧʦʣʫʯʘʝʤ: 

 
EERɛ = 1 = 0,5  1,4Ŀ 1,05Ŀ 1,49 Ŀ 1,2  1,1 Ŀ 1,0 / 0,80  0,90 Ŀ1,2  0,90 Ŀ1,0 Ŀ 0,90 = 0,5  2,89 /0,7 = 2,06 å 

2 

ʂʦʵʬʬʠʮʠʝʥʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ EER ʣʫʯʰʠʭ ʚ ʤʠʨʝ ʢʦʥʜʠʮʠʦʥʝʨʦʚ ʩ ʭʦʣʦʜʠʣʴʥʦʡ 

ʤʘʰʠʥʦʡ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʪʠʧʘ ʩʦʩʪʘʚʣʷʣ ʦʢʦʣʦ 4 ʝʜʠʥʠʮ, ʘ ʠʤʝʷ ʚ ʩʚʦʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʕʕɺʊ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ EER ʚ ʜʚʝ ʝʜʠʥʠʮʳ (ʦʪʩʪʘʚʘʥʠʝ ʚʩʝʛʦ ʚ 2 ʨʘʟʘ) ʫʞʝ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʪʴ ʥʘ ʝʝ 

ʙʘʟʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ ʢʦʥʜʠʮʠʦʥʝʨʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʅʝʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ, ʠʣʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ, ʜʘʥʥʳʭ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʠ 

ʦʙʞʘʨʢʝ, ʚʘʨʢʝ ʠ ʦʭʣʘʞʜʝʥʠʠ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ, ʘ ʪʘʢ ʞʝ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʢʦʣʙʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʣʥʘʷ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʟʘʤʝʥʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ, 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʛʘʟ, ʞʠʜʢʦʝ ʪʦʧʣʠʚʦ, ʧʘʨ, ʛʦʨʷʯʘʷ ʚʦʜʘ, ʥʘ ʚʦʟʜʫʭ ʠʟ ʚʠʭʨʝʚʦʡ ʪʨʫʙʳ. 
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ʀɿʋʏɽʅʀɽ ʇʈʆʎɽʉʉʆɺ ʂʆʅɼɽʅʉɸʎʀʀ ʍʆʃʆɼʀʃʔʅʓʍ ɸɻɽʅʊʆɺ ɺ 

ʊɽʇʃʆʆɹʄɽʅʅʓʍ ɸʇʇɸʈɸʊɸʍ ʉ ʂɸʅɸʃɸʄʀ ʄɸʃʓʍ ʈɸɿʄɽʈʆɺ 
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ʅʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʣʦʩʴ 

ʩʥʠʞʝʥʠʝ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ. ɼʣʷ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʵʪʦʪ ʚʦʧʨʦʩ ʩʪʦʠʪ ʦʩʪʨʦ, ʠ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʠʤʝʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʠʟʫʯʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʢʘʥʘʣʘʤʠ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ. 

ɺʥʝʜʨʝʥʠʝ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʘʧʧʘʨʘʪʦʚ ʧʦʜʢʨʝʧʣʷʝʪʩʷ ʪʘʢ ʞʝ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʚʩʝ ʙʦʣʝʝ ʦʩʪʨʦ ʚʩʪʘʶʪ 

ʚʦʧʨʦʩʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠ ʢʦʤʧʘʢʪʥʦʩʪʠ 

ʘʧʧʘʨʘʪʦʚ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ [0,0,0] ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, 

ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʘʧʧʘʨʘʪʳ ʩ ʤʠʥʠ- ʠ ʤʠʢʨʦ-ʢʘʥʘʣʘʤʠ ʧʦʢʘʟʳʚʘʶʪ ʣʫʯʰʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʦʪ ʬʘʢʪ ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʘʧʧʘʨʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 
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ʩʥʠʟʠʪʴ ʝʤʢʦʩʪʴ ʟʘʧʨʘʚʢʠ ʩʠʩʪʝʤʳ ʨʘʙʦʯʠʤ ʚʝʱʝʩʪʚʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʥʠʟʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʦʧʘʩʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʜʝʣʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʦʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʫʯʝʥʠʝ ʪʝʤʳ ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʠ- ʠ ʤʠʢʨʦʢʘʥʘʣʴʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʚ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʥʘʙʠʨʘʝʪ ʦʙʦʨʦʪʳ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʩʭʝʤʘ ʩʪʝʥʜʘ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʢʘʥʘʣʘʭ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ [0]. 

 
ʈʠʩ. 1 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʢʘʥʘʣʘʭ ʤʘʣʳ ʨʘʟʤʝʨʦʚ [0] 

 

ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʭʝʤʝ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʤʝʥʷʝʪʩʷ ʤʠʢʨʦ ʥʘʩʦʩ GA 180 ʩ 

ʯʘʩʪʦʪʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ, ʜʣʷ ʨʘʙʦʪʳ ʥʘʩʦʩʘ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʦʙʦʨʦʪʘʭ ʧʨʠ ʤʝʥʴʰʠʭ ʤʘʩʩʦʚʳʭ 

ʨʘʩʭʦʜʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʘʡʧʘʩ. ʄʠʥʫʩʘʤʠ ʜʘʥʥʦʡ ʩʭʝʤʳ ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʤʘʩʩʦʚʳʭ 

ʨʘʩʭʦʜʦʚ ʦʪ 300 ʜʦ 800 ʢʛ/(ʩĀʤ
2
), ʩʣʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʜʘʯʠ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʠ ʪʨʫʜʥʦʩʪʠ 

ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʪʝʤʠ ʞʝ ʧʘʨʘʤʝʪʨʘʤʠ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʦʥʜʝʥʩʘʮʠʠ ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʜʝʣʴʥʳʭ ʤʘʩʩʦʚʳʭ ʧʦʪʦʢʦʚ ʦʪ 100 ʜʦ 

1200 ʢʛ/(ʩĀʤ
2
).ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʩ ʢʘʥʘʣʘʤʠ ʤʘʣʦʛʦ 

ʨʘʟʤʝʨʘ ʧʣʘʥʠʨʫʝʪʩʷ: 

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʭʦʣʦʜʠʣʴʥʳʭ 

ʘʛʝʥʪʦʚ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ ʩ ʤʠʥʠ ʢʘʥʘʣʘʤʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ; 

- ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʪʦʢʦʚ ʭʣʘʜʘʛʝʥʪʘ ʠ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʘ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ ʩ ʤʠʥʠ ʢʘʥʘʣʘʤʠ; 

- ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʪʦʢʘ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ ʚ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʩ ʤʠʥʠ ʢʘʥʘʣʘʤʠ 

ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʧʝʨʝʜʘʯʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ. ɼʘʥʥʘʷ ʩʭʝʤʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʦʥʜʝʥʩʘʮʠʠ ʭʦʣʦʜʠʣʴʥʳʭ ʘʛʝʥʪʦʚ ʚ ʧʣʘʥʠʨʫʝʤʦʤ 

ʜʠʘʧʘʟʦʥʝ ʠ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʧʨʠʤʝʩʝʡ ʥʘ ʨʝʟʫʣʴʪʘʪʳ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʙʝʟʤʘʩʣʷʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ TR21E ʚ ʢʘʯʝʩʪʚʝ ʙʫʩʪʝʨ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʨʝʩʠʚʝʨʘ ˉ 2 ʦʙʲʝʤʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʲʸʤʫ ʥʝʦʙʭʦʜʠʤʦʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ 

ʥʝʦʙʭʦʜʠʤʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ ʧʨʦʮʝʩʩʘ. 
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ʈʠʩ. 2 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ 

 

ʊʝʩʪʦʚʘʷ ʩʝʢʮʠʷ ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʦʜʠʪʴ ʢʘʢ ʠʟʤʝʨʝʥʠʝ, ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʧʣʘʩʪʠʥʳ: ʘʣʶʤʠʥʠʝʚʫʶ ʩ ʦʪʬʨʝʟʝʨʦʚʘʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʚʳʩʦʪʦʡ 

0,5 ʤʤ, 1,0 ʤʤ, 1,5 ʤʤ ʠ ʧʣʘʩʪʠʥʫ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʧʦʟʚʦʣʷʶʱʫʶ ʧʨʦʚʦʜʠʪʴ ʚʠʟʫʘʣʠʟʘʮʠʶ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʚʠʜʝʦ ʢʘʤʝʨʳ. 

 

 
 

 

 

 

 

 

 

 

 
ʈʠʩ. 3 - ʉʭʝʤʘ ʪʝʩʪʦʚʦʡ ʩʝʢʮʠʠ 

ʆʪʚʦʜʠʪʴ ʪʝʧʣʦ ʦʪ ʪʝʩʪʦʚʦʡ ʩʝʢʮʠʠ ʧʣʘʥʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ, ʜʣʷ ʵʪʦʛʦ 

ʪʝʩʪʦʚʫʶ ʩʝʢʮʠʶ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʤʝʱʘʪʴ ʚ ʝʤʢʦʩʪʠ ʟʘʧʦʣʥʝʥʥʦʡ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. ʈʘʟʣʠʯʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʪʨʫʙʢʦʚ ʫ ʝʤʢʦʩʪʠ ʧʦʟʚʦʣʠʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʚʘʨʠʘʥʪʳ ʦʙʪʝʢʘʥʠʷ ʪʝʩʪʦʚʦʡ ʩʝʢʮʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. 
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ʈʠʩ. 4 - ʉʭʝʤʘ ʪʝʩʪʦʚʦʡ ʩʝʢʮʠʠ ʩ ʝʤʢʦʩʪʴʶ ʜʣʷ ʧʦʜʘʯʠ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ 

 

ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʩʪʦʚʦʡ ʩʝʢʮʠʠ ʧʨʦʚʦʜʠʣʩʷ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɚ ʜʣʷ ʩʪʘʣʠ, ʘʣʶʤʠʥʠʷ, ʤʝʜʠ ʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ. 

¶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʪʘʣʠɚʩʪ= 47 ɺʪ/ʤĿʂ 

¶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʘʣʶʤʠʥʠʷɚʘʣ= 209 ɺʪ/ʤĿʂ 

¶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʝʜʠɚʤ= 384 ɺʪ/ʤĿʂ 

¶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘɚʢʩ= 1,36 ɺʪ/ʤĿʂ 

ʅʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʪʘʥʜʝʤʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʘʣʶʤʠʥʠʷ ʠ ʢʚʘʨʮʝʚʦʛʦ 

ʩʪʝʢʣʘ. ʊʘʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʨʝʘʣʴʥʳʝ ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʘʧʧʘʨʘʪʳ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʘʣʶʤʠʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʫʜʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ qʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʪ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʢ ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʝ k. 

ʇʨʠʤʝʥʝʥʠʝ ʜʣʷ ʪʝʩʪʦʚʦʡ ʩʝʢʮʠʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚʥʦʩʪʴʶ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʤʝʜʴ 

ʠʣʠ ʩʪʘʣʴ) ʧʦʪʨʝʙʫʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʟʥʘʯʝʥʠʡ q ʠ k ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚʩʣʝʜʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʟʣʠʯʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɚ 

ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʘʣʶʤʠʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʢʦʥʜʝʥʩʘʮʠʠ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʚ ʢʘʥʘʣʝ ʪʝʩʪʦʚʦʡ ʩʝʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ 

ʚʣʠʷʥʠʝ ʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʟʘ ʩʯʝʪ ʤʘʣʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘɚʢʩ= 

1,36 ɺʪ/ʤĿʂ. 
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ŭQ ʚ ʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʘʭ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʦʩʪʦʷʪ ʠʟ ʙʠʚʘʨʠʘʥʪʥʳʭ ʪʝʨʤʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʳʭ 

ʩʣʘʛʘʝʤʳʭ, ʧʦʵʪʦʤʫ ŭQʛʦʣʦʥʦʤʥʳ ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʘʤ ʤʘʪʝʤʘʪʠʢʠ ʠ ʥʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʥʪʨʦʧʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʥʘʯʘʣʘ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʜʣʷ ʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ŭQ =ʊdS×= ×[dUi(ʭi, ʊ)+Xi(ʭi, ʊ)]dxi ,     (1) 

ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʝʛʦ ʧʬʘʬʬʦʚʘ ʬʦʨʤʘ ŭQ ʩʦʩʪʘʚʣʝʥʘ ʪʦʣʴʢʦ 

ʠʟ ʙʠʚʘʨʠʘʥʪʥʳʭ ʩʣʘʛʘʝʤʳʭ. 

ʂʘʨʘʪʝʦʜʦʨʠ[1], ʩʣʝʜʫʷ ʚʪʦʨʦʤʫ ʥʘʯʘʣʫ, ʦʙʦʩʥʦʚʳʚʘʝʪ ʛʦʣʦʥʦʤʥʦʩʪʴ ʧʬʘʬʬʦʚʦʡ ʬʦʨʤʳ ŭQ 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʊʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʛʨʠʨʫʶʱʝʛʦ 

ʜʝʣʠʪʝʣʷ ʜʣʷ ŭQ ʠ ʵʥʪʨʦʧʠʠ Sʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʷ) ʧʨʠ ʧʦʣʠʚʘʨʠʘʥʪʥʳʭ ʩʣʘʛʘʝʤʳʭXi(ʭi, 

xj,é,ʊ) ʚ ʩʦʩʪʘʚʝ ʧʬʘʬʬʦʚʦʡ ʬʦʨʤʳ ŭQ. ʊʝʤ ʩʘʤʳʤ ʦʥ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʚʳʚʦʜ ʦ ʛʦʣʦʥʦʤʥʦʩʪʠ ŭQ ʪʘʢʞʝ 

ʠ ʥʘ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʩ ʧʦʣʠʚʘʨʠʘʥʪʥʳʤʠ ʪʝʨʤʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩʦʩʪʦʷʥʠʷ. ɺʳʩʪʨʘʠʚʘʝʪʩʷ 

ʦʙʲʝʜʠʥʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦʟʘʢʦʥʦʚ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʜʣʷ ʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ŭQ =TdS(V,H,T)=dU(V,H,T)+ʨ(V,H,T)dV-ʅdʄ(V,H,T).    (2) 

ʉʦʛʣʘʩʥʦ ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ ʢ ʩʠʩʪʝʤʘʤ ʩ ʧʦʣʠʚʘʨʠʘʥʪʥʳʤʠ ʪʝʨʤʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ 

ʩʦʩʪʦʷʥʠʷ ʦʪʥʦʩʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʤʘʛʥʝʪʠʢʘʤʠ ʠ ʜʠʵʣʝʢʪʨʠʢʠ. ʊʝʨʤʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩʦʩʪʦʷʥʠʷ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʜʘʚʣʝʥʠʝ ʠ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʭ ʧʝʨʝʤʝʥʥʳʭ (ʦʙʲʝʤ, 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪʝʤʧʝʨʘʪʫʨʘ) ʦʧʠʩʳʚʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʥʠʢʝʣʴ:  

ʈ=ʈ(V,H,T),M=M(V,H,T).       (3) 

ʈʘʙʦʪʫ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʝʤʫʶ ʚ ʧʬʘʬʬʦʚʫ ʬʦʨʤʫ ŭQ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2), 

ʚʨrʘʞʘʶʪ ʧʦʣʠʚʘʨʠʘʥʪʥʳʤʠ ʩʣʘʛʘʝʤʳʤʠp(V,H,T)dVʠ-HdM(V,H,T). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʩʠʦʤʘʪʠʢʘ 

ʩʚʷʟʳʚʘʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʠʢʝʣʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʝʛʦ ʵʥʪʨʦʧʠʶ ʩ ʦʙʲʝʜʠʥʝʥʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʚʦʛʦ, ʠ ʚʪʦʨʦʛʦ ʥʘʯʘʣ ʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 

ʅʦ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʦʧʨʝʜʝʣʷʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʥʪʨʦʧʠʠ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʚʪʦʨʦʛʦ 

ʥʘʯʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʩ ʝʝ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʘʩʧʝʢʪʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʚ 

ʦʪʥʦʰʝʥʠʠ ʩʠʩʪʝʤ ʩ ʧʦʣʠʚʘʨʠʘʥʪʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩʦʩʪʦʷʥʠʷ ʵʢʣʝʢʪʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ. ɺ ʦʪʥʦʰʝʥʠʠ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʳʚʦʜʳ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ (ʧʦ ʂʣʘʫʟʠʫʩʫ, ʊʦʤʩʦʥʫ,ʂʘʨʘʪʝʦʜʦʨʠ) ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʵʥʪʨʦʧʠʠ S ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʊ ʦʧʠʨʘʶʪʩʷ ʥʘ II ʥʘʯʘʣʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʩʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʪʝ ʞʝ ʩʠʩʪʝʤʳ ʩ ʧʦʣʠʚʘʨʠʘʥʪʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩʦʩʪʦʷʥʠʷ 

ʠʤʝʶʪ ʵʥʪʨʦʧʠʶ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʜʥʦʛʦ ʪʦʣʴʢʦ I ʥʘʯʘʣʘ. ʀʥʘʯʝ, 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʜʦʧʫʩʢʘʝʪ ʧʦʣʠʚʘʨʠʘʥʪʥʳʝ ʩʣʘʛʘʝʤʳʝ ʚ ʩʦʩʪʘʚʝ ʧʬʘʬʬʦʚʦʡ ʬʦʨʤʳ 

ŭQ, ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʞʝ ʜʦʧʫʩʢʘʝʪ ʪʦʣʴʢʦ ʙʠʚʘʨʠʘʥʪʥʳʝ ʩʣʘʛʘʝʤʳʝ. ʊʘʢʘʷ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ, ʝʩʪʝʩʪʚʝʥʥʦ, ʪʨʝʙʫʝʪ ʦʙʲʷʩʥʝʥʠʡ ʠ ʧʦʠʩʢʘ ʦʜʥʦʟʥʘʯʥʦʛʦ ʨʝʰʝʥʠʷ. ʊʘʢ, 

ʇ.ʐʘʤʙʘʜʘʣʴ([2]) ʫʪʚʝʨʞʜʘʝʪ: çʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʵʥʪʨʦʧʠʠ ʠʤʝʝʪ ʙʦʣʝʝ ʪʚʝʨʜʳʝ ʦʩʥʦʚʘʥʠʷéè. 

ʅʘʧʨʦʪʠʚ, ʀ.ʇ.ɹʘʟʘʨʦʚ (1961ʛ.[3, ʩ.6]) ʫʢʘʟʳʚʘʝʪ ʥʘ çʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʪʝʨʤʦʜʠʥʘʤʠʢʠè, ʭʦʪʷ ʦʥʘ 

çʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʤʥʦʛʠʝ ʠʟ ʵʪʠʭ ʩʚʦʡʩʪʚ (ʩʚʦʡʩʪʚ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ï ɺ.ɺ.ʖ.), ʜʘʞʝ ʥʝ ʧʨʠʙʝʛʘʷ ʢ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʤʦʣʝʢʫʣʷʨʥʦʤ ʩʪʨʦʝʥʠʠ ʪʝʣè. ʉʦʛʣʘʩʥʦ ʄ.ʇʣʘʥʢʫ [4] ʘʢʩʠʦʤʘ ʂʘʨʘʪʝʦʜʦʨʠ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʢʚʘʟʠʵʨʛʦʜʠʯʝʩʢʦʡ ʛʠʧʦʪʝʟʝ ʦ ʜʦʩʪʠʞʠʤʦʩʪʠ ʩ ʣʶʙʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ çʚʩʷʢʦʛʦ ʚʦʦʙʱʝ 

ʚʦʟʤʦʞʥʦʛʦ ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʥʝʨʛʠʠè ʩʦʩʪʦʷʥʠʷ, ʥʝ ʫʢʘʟʘʥʦ çʥʠ ʦʜʥʦʛʦ ʧʨʠʟʥʘʢʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ 

ʦʪʣʠʯʠʪʴ ʜʦʩʪʠʞʠʤʳʝ ʩʤʝʞʥʳʝ ʩʦʩʪʦʷʥʠʷ ʦʪ ʥʝʜʦʩʪʠʞʠʤʳʭ,é éʯʪʦ ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʂʘʨʘʪʝʦʜʦʨʠ 

ʦʢʘʟʘʣʦʩʴ ʙʳ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʳʤ ʧʨʝʚʨʘʱʝʥʠʝ ʪʝʧʣʦʪʳ ʚ ʨʘʙʦʪʫ ʙʝʟ ʢʦʤʧʝʥʩʘʮʠʠè. ʂ.ɸ.ʇʫʪʠʣʦʚ (1971ʛ. 

[5]) çʧʨʠʯʠʥʫ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʚʳʚʦʜʦʚ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʩʪʘʪʠʩʪʠʢʠè ʚʠʜʠʪ ʚ ʥʝʢʦʪʦʨʦʡ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ - ʝʶ çʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʩʝ ʬʘʢʪʳ, ʦʭʚʘʪʳʚʘʝʤʳʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ ʬʣʫʢʪʫʘʮʠʡè. 

ʕʪʠ ʚʳʩʢʘʟʳʚʘʥʠʷ ʦʪʤʝʯʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʦʙʣʝʤʳ, ʥʦ ʥʝ ʜʘʶʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʝʝ ʨʝʰʝʥʠʷ. 

ʗʩʥʦ, ʯʪʦ ʧʨʠ ʣʶʙʦʤ ʫʨʦʚʥʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠʣʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʦʡ ʠ 

ʬʝʥʦʤʝʥʦʣʦʛʠʠ ʢʘʞʜʳʡ ʘʩʧʝʢʪ ʜʦʣʞʝʥ ʦʧʠʨʘʪʴʩʷ ʥʘ ʩʚʦʠ ʦʩʥʦʚʘʥʠʷ. ʕʪʠ ʦʩʥʦʚʘʥʠʷ ʤʦʛʫʪ ʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʩʦʙʩʪʚʝʥʥʳʤʠ, ʥʝ ʟʘʠʤʩʪʚʦʚʘʥʥʳʤʠ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʩ ʜʨʫʛʠʤ ʘʩʧʝʢʪʦʤ. ɺ 

ʦʪʥʦʰʝʥʠʠ ʛʦʣʦʥʦʤʥʦʩʪʠŭQ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʧʦʣʠʚʘʨʠʘʥʪʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩʦʩʪʦʷʥʠʷ 

ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʦʧʳʪʥʳʡ ʬʘʢʪ. 

ʉʧʦʩʦʙ ʦʧʳʪʥʦʡ ʧʨʦʚʝʨʢʠ ʛʦʣʦʥʦʤʥʦʩʪʠŭQ ʚ ʩʣʫʯʘʝ ʩʠʩʪʝʤ ʩ ʧʦʣʠʚʘʨʠʘʥʪʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ 

ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʩʪʘʚʠʣ ʈ.ɹʝʢʢʝʨ [6]. ʉʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʚʣʝʯʝʥʠʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷIʠ II ʥʘʯʘʣ ʪʝʨʤʦʜʠʥʘʤʠʢʠ (2).  

ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ (2) ʩ ʠʟʦʙʘʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ  

ʌ=U(V,H,T)+p(V,H,T)V-HM(V,H,T)-TS(V,H,T) 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ 

dʌ=Vdp(V, H, T)-M(V, H, T)dH-S(V.H,T)dT, 
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ʆʥʦ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2), ʥʦ ʥʝ ʩʦʜʝʨʞʠʪ ʚ 

ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʵʥʪʨʦʧʠʠ, ʧʦʟʚʦʣʷʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ ʨ-v-T-H-M ʦʪʩʣʝʞʠʚʘʪʴ 

ʛʦʣʦʥʦʤʥʦʩʪʴ ʧʬʘʬʬʦʚʦʡ ʬʦʨʤʳ ŭQʥʠʢʝʣʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʥʠʢʝʣʶ, ʧʦʣʫʯʝʥʥʳʝ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʋ.ɹʨʘʫʥʘ [7] ʠ ʘʚʪʦʨʘ [8], ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʦʞʜʝʩʪʚʝʥʥʦʝ ʨʘʚʝʥʩʪʚʦ 

(4) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʲʝʜʠʥʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ (2) ʥʘʨʫʰʘʶʪʩʷ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ ʩʣʫʯʘʝ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʘ ʥʠʢʝʣʴ ʩ ʝʛʦ ʜʚʫʤʷ ʧʦʣʠʚʘʨʠʘʥʪʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩʦʩʪʦʷʥʠʷ(3). 

ʋʩʪʘʥʦʚʠʚ ʥʘʨʫʰʝʥʠʝ ʙʘʣʘʥʩʘ (4) ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʬʘʢʪ,ʋ.ɹʨʘʫʥ ʨʘʩʩʤʘʪʨʠʚʘʣ ʝʛʦ 

ʪʦʣʴʢʦ ʢʘʢ ʢʘʞʫʱʝʝʩʷ ʥʘʨʫʰʝʥʠʝI ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʷʚʣʝʥʠʝʤ ʛʠʩʪʝʨʝʟʠʩʘ, ʩ 

ʧʨʠʨʦʜʦʡ ʚʝʱʝʩʪʚʘ ʠʣʠ ʠʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʜʘʞʝ ʩ ʬʦʨʤʦʡ ʦʙʨʘʟʮʘ. ʆʜʥʘʢʦ ʵʪʠ ʧʨʠʯʠʥʳ ʥʝ ʤʦʛʣʠ ʙʳ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʨʫʰʝʥʠʶ ʧʝʨʚʦʛʦ ʥʘʯʘʣʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʩʢʘʞʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ, ʝʩʣʠ ʠ 

ʧʦʩʢʦʣʴʢʫ ʥʝʪ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʥʘʨʫʰʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʩʪʠ ʚ ʦʧʳʪʘʭ.  

ɸʚʪʦʨ [8], ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ɺ.ɺ.ʉʳʯʝʚʳʤ [9, ʩ.72-74] ʩʚʝʜʝʥʠʡ ʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʧʦ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʤʫ ʵʬʬʝʢʪʫ ʥʠʢʝʣʷ, ʚʳʯʠʩʣʝʥʠʷʤʠ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʥʝʰ-

ʥʝʤ ʜʘʚʣʝʥʠʠ ʨ=800 ʢʛ/ʩʤ
2
, ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʅ=80 ʕʨʩʪʝʜ ʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʣʝʚʘʷ ʠ ʧʨʘʚʘʷ ʯʘʩʪʠ ʪʦʞʜʝʩʪʚʘ (4) ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ -0,17
.
10

-9
ʤ/ɸ ʠ 0,25

.
10

-9
ʤ/ɸ. ʉʪʦʣʴ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʥʘʨʫʰʝʥʠʝ ʚ (4) ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʱʝʥʠʝ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ (2) ʚ 

ʥʝʨʘʚʝʥʩʪʚʦ ŭQÍTdS, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ ʦ ʥʝʛʦʣʦʥʦʤʥʦʩʪʠ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (2). 

ʂ ʫʩʪʘʥʦʚʣʝʥʠʶ ʧʨʠʯʠʥʳ ʥʘʨʫʰʝʥʠʷ ʛʦʣʦʥʦʤʥʦʩʪʠ ʜʦʧʫʩʪʠʤʳ ʜʚʝ ʚʝʨʩʠʠ: ʣʠʙʦ ʥʝʢʦʨʨʝʢʪʥʦʩʪʴ 

ʩʘʤʦʡ ʘʢʩʠʦʤʳ ʂʘʨʘʪʝʦʜʦʨʠ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʩʫʱʝʩʪʚʦʚʘʥʠ ʧʬʘʬʬʦʚʦʡ ʬʦʨʤʳŭQ ʩ ʧʦʣʠʚʘʨʠʘʥʪʥʳʤʠ 

ʩʣʘʛʘʝʤʳʤʠ, ʣʠʙʦ ʥʝʢʦʨʨʝʢʪʥʦʩʪʴ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʩʣʘʛʘʝʤʳʭ ŭQ. 

ɺʪʦʨʘʷ ʚʝʨʩʠʷ ʥʘʭʦʜʠʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠʟ-ʟʘ ʩʢʨʳʪʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʣʘʛʘʝʤʳʭ 

ʧʬʘʬʬʦʚʦʡ ʬʦʨʤʳ ŭQʥʠʢʝʣʷ, ʧʨʠʚʦʜʷʱʝʡ, ʝʩʪʝʩʪʚʝʥʥʦ,  ʢ ʥʘʨʫʰʝʥʠʶ ʛʦʣʦʥʦʤʥʦʩʪʠŭQ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʦʛʜʘ ʚ ʦʧʳʪʝ ʤʘʥʦʤʝʪʨʦʤ ʠʟʤʝʨʷʝʪʩʷ ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʪʦ ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʩʠʩʪʝʤ, ʩʦʚʤʝʱʝʥʥʳʭ ʚ ʦʙʲʝʤʝ ʩʠʩʪʝʤʳ, ʠ ʠʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ (ʧʘʨʮʠʘʣʴʥʳʝ) ʜʘʚʣʝʥʠʷ
1
. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʠ ʫʯʠʪʳʚʘʷ ʩʪʨʫʢʪʫʨʫ ʫʨʘʚʥʝʥʠʡ 

ʩʦʩʪʦʷʥʠʷ (3) ʥʠʢʝʣʷ ʧʨʘʚʦʤʝʨʥʦ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʚ ʦʧʳʪʘʭ ʩ ʥʠʢʝʣʝʤ ʤʘʥʦʤʝʪʨʦʤ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʩʫʤʤʘ ʜʘʚʣʝʥʠʡ p×=ʨ+ʨ* ʜʚʫʭ ʩʦʚʤʝʱʝʥʥʳʭ ʚ ʝʜʠʥʦʤ ʦʙʲʝʤʝ ʩʠʩʪʝʤʳ ʧʦʜʩʠʩʪʝʤ cʜʘʚʣʝʥʠʷʤʠ ʨ ʠ 

ʨ*. ɽʩʪʝʩʪʚʝʥʥʦ, ʵʪʫ ʧʘʨʫ ʜʘʚʣʝʥʠʡ ʜʦʣʞʥʳ ʬʦʨʤʠʨʦʚʘʪʴ ʧʦʜʩʠʩʪʝʤʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʦʩʪʘʚʦʤ 

ʧʝʨʝʤʝʥʥʳʭ (ʠʥʘʯʝ ʧʦʜʩʠʩʪʝʤʳ ʙʳʣʠ ʙʳ ʥʝʨʘʟʣʠʯʠʤʳ). ʇʦʵʪʦʤʫ ʧʦʜʩʠʩʪʝʤʳ, ʠʤʝʷ ʧʦ ʪʨʠ 

ʧʝʨʝʤʝʥʥʳʝ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʭʦʪʷ ʙʳ ʧʦ ʦʜʥʦʡ ʨʘʟʥʦʠʤʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʇʨʠ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ V, ʅ, ʊ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʦʧʳʪʝ ʧʦ ʫʨʘʚʥʝʥʠʷʤ ʩʦʩʪʦʷʥʠʷ (3), ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʢʘʞʜʦʡ ʠʟ 

ʵʪʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʜʩʠʩʪʝʤ ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʘʨʳ ʩʦʧʨʷʞʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʧʘʨʳ çʜʘʚʣʝʥʠʝ-ʦʙʲʝʤè, ʠʤʝʝʤ ʩʫʤʤʘʨʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʝ  

p× (V,H,T)=ʨ(V,T)+p*(V,H),      (5) 

ʯʪʦ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʩʦʩʪʘʚ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ (3) ʠ ʝʛʦ 

ʩʪʨʫʢʪʫʨʫ ʢʘʢ ʩʫʤʤʫ ʜʚʫʭ ʙʠʚʘʨʠʘʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ. 

ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʦʧʳʪʝ ʪʝʨʤʦʤʘʛʥʠʪʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, 

 ʄ×(V,H,T)=ʄ(H,T)+ʄ*(V,H).      (6) 

ʋʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ (5) ʠ (6) ʦʪʨʘʞʘʶʪ ʩʪʨʫʢʪʫʨʫ ʩʣʦʞʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʠʢʝʣʴ ʩ 

ʧʦʣʠʚʘʨʠʘʥʪʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩʦʩʪʦʷʥʠʷ. ʉʦʛʣʘʩʥʦ (5) ʠ (6) ʧʦʣʠʚʘʨʠʘʥʪʥʦʩʪʴ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʢʘʞʫʱʝʡʩʷ -ʨʝʟʫʣʴʪʘʪʦʤ ʩʦʚʤʝʱʝʥʠʷ ʜʘʥʥʳʭ, ʚʳʨʘʞʝʥʥʳʭ ʜʚʫʤʷ ʙʠʚʘʨʠʘʥʪʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʠʢʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʧʘʨʘʤʠ 

ʩʦʚʤʝʱʝʥʥʳʭ ʚ ʝʜʠʥʦʤ ʦʙʲʝʤʝ ʩʠʩʪʝʤʳ ʝʝ ʙʠʚʘʨʠʘʥʪʥʳʭ ʧʦʜʩʠʩʪʝʤ ï ʜʚʫʭ ʪʝʨʤʠʯʝʩʢʠʭ ʧʦʜʩʠʩʪʝʤ ʩ 

ʧʝʨʝʤʝʥʥʳʤʠʨ, V, Tʠ ʄ, H, T, ʠ ʜʚʫʭ ʥʝʪʝʨʤʠʯʝʩʢʠʭ, ʩ ʧʝʨʝʤʝʥʥʳʤʠ p*, V, Hʠ ʄ*, V, H. ʇʨʠʯʝʤ, ʦʙʝ 

ʥʝʪʝʨʤʠʯʝʩʢʠʝ ʧʦʜʩʠʩʪʝʤʳ ʠʤʝʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʧʘʨʫ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, VʠH, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʝʜʠʥʘʷ ʚ ʩʦʩʪʘʚʝ ʥʠʢʝʣʷ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʥʝʪʝʨʤʠʯʝʩʢʘʷ ʧʦʜʩʠʩʪʝʤʘ, 

ʩʦʚʝʨʰʘʶʱʘʷ ʜʚʘ ʚʠʜʘ ʨʘʙʦʪʳ p*(V,H)dVʠ-ʅdʄ*(V,H). ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʦʡ ʩʦʙʩʪʚʝʥʥʦ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤʳ. ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʠʟʚʝʩʪʥʦ, ʥʘʧʨʠʤʝʨ[3], ʢʘʢ ʨʘʙʦʪʘ ʚʦʟʙʫʞʜʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʚʥʫʪʨʠ ʤʘʛʥʝʪʠʢʘ. 

                                                           
1
 ɽʩʣʠ ʩʠʩʪʝʤʘ (ʥʘʧʨʠʤʝʨ, ʛʘʟʦʚʘʷ ʩʤʝʩʴ ʚ ʟʘʢʦʥʝ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ɼʘʣʴʪʦʥʘ) ʩʦʩʪʦʠʪ ʠʟ ʧʦʜʩʠʩʪʝʤ, 

ʩʦʚʤʝʱʝʥʥʳʭ ʚ ʝʜʠʥʦʤ ʦʙʲʝʤʝ, ʪʦ ʤʘʥʦʤʝʪʨ ʤʦʞʝʪ  ʠʟʤʝʨʷʪʴ ʪʦʣʴʢʦ ʠʭ ʚʥʝʰʥʝʝ, ʩʫʤʤʘʨʥʦʝ ʜʘʚʣʝʥʠʝ. 
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ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʠʢʝʣʴ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʡ ʫʨʘʚʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʦʙʲʷʩʥʷʶʪ ʧʨʠʨʦʜʫ ʦʰʠʙʢʠ, ʧʨʠʚʦʜʷʱʝʡ ʚ ʦʧʳʪʘʭ ʢ ʥʘʨʫʰʝʥʠʶ ʙʘʣʘʥʩʘ ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʚʝʥʩʪʚʘʭ (2) ʠ (3), ʘ ʠʤʝʥʥʦ: ʚʤʝʩʪʝ ʩ ʨʘʙʦʪʦʡ ʩʠʩʪʝʤʳ ʥʠʢʝʣʴ, ʚʳʨʘʞʝʥʥʦʡ 

ʧʦʣʠʚʘʨʠʘʥʪʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩʦʩʪʦʷʥʠʷ 

ŭL× =p×(V,H,T)dV-Hdʄ×(V,H,T), 

ʚ ʧʬʘʬʬʦʚʫ ʬʦʨʤʫ ʧʝʨʚʦʛʦ ʥʘʯʘʣʘ ŭQ ʚʚʦʜʷʪʩʷ ʧʦ ʦʰʠʙʢʝ ʥʝʪʝʨʤʠʯʝʩʢʠʝ ʩʣʘʛʘʝʤʳʝ 

ʨʘʙʦʪʳp*(V,H)dVʠ-ʅdʄ*(V,H), ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʨʫʰʘʶʱʠʝ ʪʝʨʤʠʯʝʩʢʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʦʣʦʥʦʤʥʦʩʪʴ ŭQ.ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʣʠʚʘʨʠʘʥʪʥʳʤ ʩʣʘʛʘʝʤʳʤ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ 

(3), ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʦʧʳʪʝ, ʦʪʚʝʯʘʝʪ ʥʝ ʧʦʣʠʚʘʨʠʘʥʪʥʳʝ ʩʣʘʛʘʝʤʦʝ ʨ(V,H,T)dV,-ʅdʄ(V,H,T) ʚ 

ʩʦʩʪʘʚʝ ʧʬʘʬʬʦʚʦʡ ʬʦʨʤʳŭQ, ʘ ʩʫʤʤʳ 

ʨ×(V,H,T)dV=ʨ(V,T)dV+p*(V,H)dV, 

-ʅdʄ(V,H,T)=-ʅdʄ(H,T)-HdM*(V,H).  

ɺ ʵʪʠ ʩʫʤʤʳ ʚʢʣʶʯʝʥʳ ʩʣʘʛʘʝʤʳʝ, ʚʳʨʘʞʘʶʱʠʝ ʨʘʙʦʪʫ ʥʝʪʝʨʤʠʯʝʩʢʠʭ ʧʦʜʩʠʩʪʝʤ, ʢʦʪʦʨʘʷ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ
2
ʥʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʧʝʨʚʦʛʦ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ʀʭ ʚʢʣʶʯʝʥʠʝ ʚ ʧʬʘʬʬʦʚʫ ʬʦʨʤʫ 

ŭQʦʰʠʙʦʯʥʦ, ʥʘʨʫʰʘʝʪ ʪʝʨʤʠʯʝʩʢʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʦʣʦʥʦʤʥʦʩʪʴ ʩʣʘʛʘʝʤʳʭ ŭQ, 

ʯʪʦ ʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʦʧʳʪʘʭ.  

ʆʙʥʘʨʫʞʝʥʥʘʷ ʚ ʥʠʢʝʣʝ ʥʝʪʝʨʤʠʯʝʩʢʘʷ ʧʦʜʩʠʩʪʝʤʘ ʣʠʰʝʥʘ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ, 

ʵʥʪʨʦʧʠʠ, ʪʝʧʣʦʝʤʢʦʩʪʠ, ʥʝ ʚʩʪʫʧʘʝʪ ʚ ʪʝʧʣʦʦʙʤʝʥ ʩ ʜʨʫʛʠʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. 

ʈʘʙʦʪʘ ʥʝʪʝʨʤʠʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤʳ, 

ŭL*=ʨ*(V,H)dVï ʅdʄ*(V,H),       (7) 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʠʛʥʦʨʠʨʫʝʪʩʷ ʧʝʨʚʳʤ ʥʘʯʘʣʦʤ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʧʦʵʪʦʤʫ ʥʝ ʤʦʞʝʪ ʠ ʥʝ ʜʦʣʞʥʘ 

ʚʢʣʶʯʘʪʴʩʷ ʚ ʩʦʩʪʘʚ ʩʣʘʛʘʝʤʳʭ ʧʬʘʬʬʦʚʦʡ ʬʦʨʤʳ ŭQ ʧʝʨʚʦʛʦ ʥʘʯʘʣʘ. ʀʤʝʥʥʦ ʵʪʦ ʢʘʪʝʛʦʨʠʯʝʩʢʦʝ 

ʪʨʝʙʦʚʘʥʠʝ ʥʘʨʫʰʝʥʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʢʩʠʦʤʘʪʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʦʡ ʦʙʲʝʜʠʥʝʥʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (2) ʜʣʷ ʥʠʢʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʩʪʘʚʘ ʧʬʘʬʬʦʚʦʡ 

ʬʦʨʤʳ ŭQ ʧʝʨʚʦʛʦ ʥʘʯʘʣʘ ʠ ʛʦʣʦʥʦʤʥʦʩʪʴŭQ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʨʫʰʘʶʪʩʷ ʙʘʣʘʥʩʳ (2) ʠ (4). 

ʅʘʨʫʰʝʥʠʝ ʛʦʣʦʥʦʤʥʦʩʪʠŭQ ʫʩʪʨʘʥʠʤʦ ʧʨʦʩʪʳʤ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʙʦʪʳ (7) ʥʝʪʝʨʤʠʯʝʩʢʦʡ 

ʧʦʜʩʠʩʪʝʤʳŭL*: 

ŭQ =TdS=dU(V,H,T)+ʨ×(V,H,T)dV-ʅdʄ×(V,H,T)-ŭL* .    (8) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʦʙʱʝʤ ʚʠʜʝ ʦʩʥʦʚʥʳʤ ʫʨʘʚʥʝʥʠʝʤI ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʨʘʚʥʦʚʝʩʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚʩʝ-ʪʘʢʠ ʷʚʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ (1), ʙʝʟ ʩʩʳʣʦʢ ʥʘII ʥʘʯʘʣʦ. 

ʆʙʩʫʞʜʝʥʠʝ ʧʝʨʚʦʡ ʚʝʨʩʠʠ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʚʦʟʤʦʞʥʦʡ ʥʝʢʦʨʨʝʢʪʥʦʩʪʠ ʘʢʩʠʦʤʘʪʠʢʠ 

ʂʘʨʘʪʝʦʜʦʨʠ ʢʘʢ ʧʨʠʯʠʥʳ ʥʘʨʫʰʝʥʠʷ ʛʦʣʦʥʦʤʥʦʩʪʠŭQ (2),ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ ʢʦʨʨʝʢʪʥʳʤ, ʠ ʦʥʦ 

ʟʜʝʩʴ ʦʧʫʩʢʘʝʪʩʷ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʣʠ ʙʳ ʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʧʨʠʨʦʜʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʣʠʚʘʨʠʘʥʪʥʦʡ, ʘ ʥʝ ʢʘʞʫʱʝʡʩʷ (ʢʚʘʟʠ-

ʧʦʣʠʚʘʨʠʘʥʪʥʦʡ) ʩʪʨʫʢʪʫʨʦʡ. ɺʟʘʤʝʥ ʦʙʩʫʞʜʝʥʠʷ ʵʪʦʡ ʧʝʨʚʦʡ ʚʝʨʩʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʛʠʧʦʪʝʟʘ, ʧʦ 

ʢʦʪʦʨʦʡ ʚ ʧʨʠʨʦʜʝ ʚʦʦʙʱʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʩʦʙʩʪʚʝʥʥʦ ʧʦʣʠʚʘʨʠʘʥʪʥʳʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ ʩʦʩʪʦʷʥʠʷ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ [10], ʯʪʦ çʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʘʜʜʠʪʠʚʥʦʡ ʪʝʧʣʦʚʦʡ ʬʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʫʶ ʈ.ʂʣʘʫʟʠʫʩ ʥʘʟʚʘʣ ʵʥʪʨʦʧʠʝʡ, ʥʠʢʦʛʜʘ ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʢʘʢ ʧʨʦʙʣʝʤʘ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʩʪʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʨʦʙʣʝʤʦʡ 

ʷʚʣʷʣʘʩʴ ʵʥʪʨʦʧʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʠ ʂʣʘʫʟʠʫʩ ʧʨʝʜʩʪʘʚʠʣ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʨʝʰʝʥʠʝ 

ʧʨʦʙʣʝʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʥʪʝʛʨʠʨʫʶʱʝʛʦ ʜʝʣʠʪʝʣʷ ʊ ʠ ʵʥʪʨʦʧʠʠ, ʠʤʝʷ ʚʚʠʜʫ ʠʤʝʥʥʦ ʩʣʦʞʥʳʝ 

ʩʠʩʪʝʤʳè.ʉʦʛʣʘʩʥʦ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʤʫ ʧʦʣʠʚʘʨʠʘʥʪʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʥʠʢʝʣʷ ʠ ʧʦʜʦʙʥʳʭ 

ʝʤʫ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʢʘʞʫʱʝʡʩʷ, ʪʦ ʝʩʪʴ ʢʚʘʟʠ-ʧʦʣʠʚʘʨʠʘʥʪʥʦʩʪʴʶ. ʇʨʘʚʦʤʝʨʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʛʠʧʦʪʝʟʘ: ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʦʧʳʪʘʭ ʧʦʣʠʚʘʨʠʘʥʪʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ ʢʘʞʫʱʝʡʩʷ, ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʥʘ ʚʳʪʝʢʘʝʪ ʠʟ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʤʝʪʦʜʦʚ 

ʠʟʤʝʨʝʥʠʷ, ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʩʦʯʣʝʥʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʥʝʪʝʨʤʠʯʝʩʢʦʛʦ ʙʠʚʘʨʠʘʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʩʦʩʪʦʷʥʠʷ, ʠʤʝʶʱʠʭ ʦʜʥʦʠʤʝʥʥʳʝ ʧʘʨʳ ʦʙʦʙʱʝʥʥʳʭ ʩʠʣ ʠ ʢʦʦʨʜʠʥʘʪ. ʉʦʛʣʘʩʥʦ ʛʠʧʦʪʝʟʝ 

ʩʫʱʝʩʪʚʫʶʪ ʪʦʣʴʢʦ ʧʨʦʩʪʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʜʩʠʩʪʝʤʳ ʠ ʩʣʦʞʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʨʦʩʪʳʭ ʧʦʜʩʠʩʪʝʤ ï ʪʝʨʤʠʯʝʩʢʠʭ ʠ ʥʝʪʝʨʤʠʯʝʩʢʠʭ, ʧʦʜʯʠʥʷʶʱʠʭʩʷ 

ʫʨʘʚʥʝʥʠʶ ʧʝʨʚʦʛʦ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ (1). 

ʊʘʢʘʷ ʛʠʧʦʪʝʟʘ ʧʦʣʥʦʩʪʴʶ ʩʦʚʤʝʱʘʝʪ ʦʩʥʦʚʘʥʠʷ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʩʧʝʢʪʦʚ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ɻʠʧʦʪʝʟʘ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʩʣʦʞʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʜʩʠʩʪʝʤ ʫʩʪʨʘʥʷʝʪ ʥʝ 

ʧʨʘʚʦʤʝʨʥʦʩʪʴ ʘʢʩʠʦʤʳ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʥʝʜʦʩʪʠʞʠʤʦʩʪʠ ʂʘʨʘʪʝʦʜʦʨʠ, ʥʦ ʝʝ ʧʦʣʝʟʥʦʩʪʴ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʛʦ ʚʦʟʜʫʭʘ ʧʦʣʦʩʪʠ ʚʝʪʨʦʪʫʨʙʠʥʳ ʢʘʨʫʩʝʣʴʥʦʛʦ ʪʠʧʘ ʩʦʩʪʦʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʦʟʜʫʭ ʩ ʨʘʩʭʦʜʦʤ Q0 ʧʨʦʭʦʜʠʪ ʧʦ ʢʦʣʴʮʝʚʦʤʫ ʢʘʥʘʣʫ ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʘʣʘ, 
ʟʘʪʝʤ ʚ ʨʘʚʥʦʡ ʜʦʣʝ(Q0/2)ʧʦʩʪʫʧʘʝʪ ʚ 2 ʤʘʭʘ, ʧʦʜʭʦʜʠʪ ʢ ʨʘʙʦʯʠʤ ʣʦʧʘʩʪʷʤ ʠ ʟʜʝʩʴ ʚʥʦʚʴ 

ʨʘʟʜʚʘʠʚʘʝʪʩʷ ï ʦʜʥʘ ʧʦʣʦʚʠʥʘ ʨʘʩʭʦʜʘ (Q0/4) ʜʚʠʞʝʪʩʷ ʧʦ ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʝ ʣʦʧʘʩʪʠ ʠ 

ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ, ʜʨʫʛʘʷ ʧʦʣʦʚʠʥʘ ʨʘʩʭʦʜʘ (Q0/4) ʧʨʦʭʦʜʠʪ ʧʦ ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʝ ʠ ʪʦʞʝ 

ʚʳʭʦʜʠʪ ʚ ʘʪʤʦʩʬʝʨʫ[1]. ʊʝʧʣʦ ʩʥʠʤʘʝʪʩʷ ʩ ʥʘʨʫʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʘʣʘ ʚʨʘʱʝʥʠʷ, ʤʘʭʦʚ ʠ ʨʘʙʦʯʠʭ 

ʣʦʧʘʩʪʝʡ. ɼʣʷ ʪʝʯʝʥʠʷ ʚ ʤʘʭʘʭ ʠ ʣʦʧʘʩʪʷʭ ʟʘʜʘʯʘ ʧʦʣʫʯʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʪʫʨʙʠʥʳ, ʪʘʢ ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʪʝʯʝʥʠʝ ʠ ʪʝʧʣʦʦʙʤʝʥ ʚ ʦʜʥʦʤ ʠʟ ʤʘʭʦʚ ʠ ʦʜʥʦʡ 

ʧʦʣʦʚʠʥʢʝ ʣʦʧʘʩʪʠ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʘʣʘ ʚʨʘʱʝʥʠʷ, ʪʦ ʟʜʝʩʴ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʩʣʫʯʘʶ ʧʦʧʝʨʝʯʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʢʨʫʛʣʦʡ 

ʪʨʫʙʳ. ɺʥʘʯʘʣʝ ʧʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʪʝʧʣʦʦʪʜʘʯʠ ʦʜʥʦʡ ʠʟ ʧʦʣʦʚʠʥʦʢ ʣʦʧʘʩʪʠ, ʪ.ʢ. ʤʦʞʥʦ ʟʘʜʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʳʪʝʢʘʶʱʝʛʦ ʚ ʘʪʤʦʩʬʝʨʫ ʚʦʟʜʫʭʘ ʠʟ ʦʪʚʝʨʩʪʠʷ ʚ ʢʦʥʮʝ ʢʘʥʘʣʘ (ʊ1ʣ) ʠ ʪʝʤ 

ʩʘʤʳʤʧʦʧʳʪʘʪʴʩʷ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʛʦ ʚʦʟʜʫʭʘ ʧʨʠʚʭʦʜʝ ʝʛʦ ʠʟ ʤʘʭʘ ʚ ʣʦʧʘʩʪʴ (ʊ0ʣ) ʠʣʠ, 

ʯʪʦ ʪʦʞʝ ʩʘʤʦʝ ʥʘʡʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʚ ʢʦʥʮʝ ʤʘʭʘ (ʊ0ʣ=ʊ1ʤ). ʊʘʢ ʢʘʢ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʢʘʥʘʣʦʚ 

ʣʦʧʘʩʪʠ ʠ ʤʘʭʘ ʦʜʠʥʘʢʦʚʳ, ʪʦ ʥʝʪʨʫʜʥʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʪʝʧʣʦʦʪʜʘʯʠ ʤʘʭʘ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʠ 

ʥʘʡʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʠʟ ʢʦʣʴʮʝʚʦʛʦ ʢʘʥʘʣʘ (ʊ0ʤ) ʚ ʢʘʥʘʣ ʤʘʭʘ, ʟʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʚ ʢʦʥʮʝ ʢʦʣʴʮʝʚʦʛʦ ʢʘʥʘʣʘ (ʊ0ʤ= ʊ1ʤ).ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʘʝʪʩʷ ʨʘʩʩʯʠʪʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʢʦʣʴʮʝʚʦʡ ʢʘʥʘʣ ʠ ʪʝʤ ʩʘʤʳʤ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʘ ʜʣʷ ʪʝʧʣʦʚʦʡ ʟʘʱʠʪʳ ʨʘʙʦʪʘʶʱʝʛʦ ʚʝʪʨʦʘʛʨʝʛʘʪʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʨʘʩʭʦʜʘ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʩʪʝʥʢʫ 

ʨʝʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘʩʪʨʦʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʥʘʯʘʣʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʭʦʜ 

ʪʝʧʣʦʛʦ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʤʘʭʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʪʝʨʠ ʪʝʧʣʘ ʯʝʨʝʟ ʩʪʝʥʢʫ ʢʘʥʘʣʘʦʧʨʝʜʝʣʠʤ ʩʠʣʫ 

ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʩʩʳ ʪʝʧʣʦʛʦ ʚʦʟʜʫʭʘ ʚ ʢʘʥʘʣʝ ʤʘʭʘ. ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʨʘʚʝʥ ɟQʤ 

(ʛʜʝ Qʤ ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʤʘʭʘ ʚʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ) ʠ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ɟQʤ (ʢʛ/ʩ) 

ɽʩʣʠ ʵʪʦʪ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʫʤʥʦʞʠʪʴ ʥʘ ʩʨʝʜʥʝʨʘʩʭʦʜʥʫʶ ʩʢʦʨʦʩʪʴ ɟQʤuʩʨʤ, ʪʦ ʧʦʣʫʯʠʤ 

ʜʚʠʞʫʱʫʶ ʩʠʣʫ, ʢʦʪʦʨʘʷ ʧʝʨʝʤʝʱʘʝʪ ʤʘʩʩʫ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ucp ʠ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʩʠʣʳ [H], 

ʨʘʟʜʝʣʠʚ ʥʘ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ ʥʘʡʜʝʤ ʚʳʪʘʣʢʠʚʘʶʱʫʶʚʦʟʜʫʭ ʩʠʣʫ, ʧʨʠʭʦʜʷʱʫʶʩʷ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ
ʍQ u̍̒̑̍

SM
ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ (H/̍2 ). ʕʪʘ ʩʠʣʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʤʘʩʩʫ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʝ ʤʠʥʫʩ ʩʠʣʝ ʚʷʟʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʥʘʣʘ, ʪ.ʝ. 

mailto:nurdik_90@mail.ru
mailto:rustem1977@mail.ru
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ʍʖ2 l̍
2

2

ʁ̍l ʍ̍u̒̑̍
2

2d̞̍
=
ʍQ u̍̒̑̍

S̍
, 

ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʖ ̠̝̠̜̔̄̌̏̃́̒̋̏̑̏̒̓̃̑́̆̎̉̓̔̑̂̉̎̚,ʁ̍ - ʢʦʵʬʬʠʮʠʝʥʪ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʥʘʣʘ [2], l  ̍- ʜʣʠʥʘ ʤʘʭʘ, d̞  ̍- ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ, S̍  ï 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ, Q  ̍- ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʧʦʜʦʛʨʝʪʦʡ ʚʦʟʜʫʰʥʦʡ ʤʘʩʩʳ, u̒̑ ̍- 

ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ. 

ʀʣʠ
ʖ2 l̍

2

2
=
ʁ̍l Q̍̍

2

2d̞ S̍̍
2 +

Q̍
2

S̍
2 . (1) 

ʋʯʠʪʳʚʘʷ, ʯʪʦʖ2lv
2 = V2,

Q̍
2

S̍
2 = u̒̑̍

2 ʁ= 4,62Reu̍
0.488,ʛʜʝ Reum =

u̒̑d̞̍̍

ʉ
=

4Q̍

ʉl ̍
,  

Reu
2 + 2,31

l̍

d̞̍
Reu

1.512 d̞̍
2

2ˡ̍2 Reʉ
2 = 0  (2) 

ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʛʦ ʜʘʩʪ ʚʝʣʠʯʠʥʫ ʨʘʩʭʦʜʘ ʪʝʧʣʦʛʦ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʤʘʭʘ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʚʝʥʪʠʣʷʮʠʠ[3].ʕʪʦʪ ʨʘʩʭʦʜ ʪʝʧʣʦʛʦ ʚʦʟʜʫʭʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʨʘʚʥʦʡ ʜʦʣʝ ʧʦ ʜʚʫʤ ʧʦʣʦʚʠʥʢʘʤ 

ʨʘʙʦʯʝʡ ʣʦʧʘʩʪʠ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ Reuʣ ʚ ʨʘʙʦʯʝʡ ʣʦʧʘʩʪʠ. ʊʘʢ ʢʘʢ ʚʦʟʜʫʭ 

ʜʦʣʞʝʥ ʚʳʙʨʘʩʳʚʘʪʴʩʷ ʠʟ ʜʚʫʭ ʦʪʚʝʨʩʪʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʢʦʥʮʘʭ ʣʦʧʘʩʪʠ, ʪʦ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʚ 

ʢʘʞʜʦʡ ʧʦʣʦʚʠʥʢʝ ʣʦʧʘʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚʜʚʦʝ 

Q̌=
Q̍

2
 (3) 

ʩʦʦʪʚʝʪʩʚʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ uʩʨʣʠ ‒ʣ ʚ ʣʦʧʘʩʪʠ.  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʝʪʦʜʠʢʠ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ F3ʥ-F3ʚ=æ - ʪʦʣʱʠʥʘ 

ʩʪʝʥʢʠ,Tw 2 = Tw 1
qЎ

ʇk
, q ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʧʝʨʝʜʘʚʘʝʤʦʝ ʯʝʨʝʟ ʩʪʝʥʢʫ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʇkï

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩʪʝʥʢʠ. 

ɺʩʣʝʜʩʪʚʠʝ ʣʠʥʝʡʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʛʦ ʚʦʟʜʫʭʘ ʚ ʢʘʥʘʣʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ Tw1 ʧʨʠʚʦʜʷʪ ʢ ʧʦʩʪʦʷʥʩʪʚʫ ʨʘʟʥʦʩʪʠT-Twʚ = T T wʚ=k. ʆʯʝʚʠʜʥʦ, ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʝ ʩʪʝʥʦʢ ʢʘʥʘʣʘ ʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ (ʇk = const), ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʘ 
ʣʦʧʘʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ Twʥ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ Twʚ ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ Twʚ-

Twʥ=const. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ 3 ʬʫʥʢʮʠʠT(z), Twʚ(z), Twʥ(z) ʧʘʨʘʣʣʝʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ. ʋʨʘʚʥʝʥʠʷ (1) ʠ 
(2) ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ, ʦʪʜʘʚʘʝʤʦʛʦ ʠʟ ʢʘʥʘʣʘ ʚ ʮʝʣʦʤ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷ (3), ʪʦ 

ʪʝʧʣʦʦʪʜʘʯʘ ʦʪ ʥʘʨʫʞʥʦʡ ʩʪʝʥʢʠ ʣʦʧʘʩʪʠ ʢ ʥʘʙʝʛʘʶʱʝʤʫ ʧʦʪʦʢʫ ʤʝʥʷʝʪʩʷ ʧʦ ʜʣʠʥʝ ʢʘʥʘʣʘ, ʪʘʢ ʢʘʢ Twʥ 

ʩʥʠʞʘʝʪʩʷ, ʘ TÐ=const. ʇʦʵʪʦʤʫ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

q̌ z̎ = ɻ̌ F̎̌ T̎w̎ z TЊ . 
ʏʪʦʙʳ ʥʘʡʪʠ ʧʦʣʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʦʪʜʘʚʘʝʤʦʛʦ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʩʪʠ ʧʦʪʦʢʫ 

ʩʣʝʜʫʝʪ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʧʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ ʧʦ ʜʣʠʥʝ ʣʦʧʘʩʪʠ 

q̌ =̎ ᷿q̌ (̎z)
1

0
dz = ɻ̌ F᷿̎̌̎ (Ť z̎ TЊ)

1

0
dz = ɻ̌ F̎̌ (̎Tw̎ TЊ), (4) 

ʛʜʝq̌  ̎- ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʦʪʜʘʚʘʝʤʦʛʦ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʩʪʠ, TЊ  - ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, F̌  ̎ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʘʣʘ, Tw  ̎ï ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʘʣʘ, Ť  ̎ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʩʪʠ, ɻ̌  ̎- ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʦʪʜʘʯʠ. 

ʇʨʦʮʝʩʩ ʪʝʧʣʦʦʪʜʘʯʠ ʜʚʠʞʫʱʝʡʩʷ ʣʦʧʘʩʪʠ ʥʘʙʝʛʘʶʱʝʤʫ ʥʘ ʥʝʛʦ ʧʦʪʦʢʫ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡŤ  ̎

q̌= ʍQCp(T0̌ T1 )̌ 

q̌ =̃ q0̌= ɻ̌ F̃̌ T̃̌ Tw̌̌= ʐ̌ ̃˞ ̑
F̌̃

u̒̑
(Ť Tw )̃  (5) 

Tw̌ =̌ Tw̌̌

q 0̌Ў

ʇ̌F̌
 

q̌ =̎ ɻ̌ F̎̌ T̎w̎ TЊ = ʐ̌ ̎˞ ̑
F̌̎

u̒̑
(Tw̎ TЊ), 

ʛʜʝT0  ̌- ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʭʦʜʷʱʝʛʦ ʚʢʘʥʘʣʘ ʛʘʟʘ,T1  ̌ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʭʦʜʷʱʝʛʦ ʠʟ 

ʢʘʥʘʣʘ ʛʘʟʘ,ʐ̌  ̎- ʥʘʧʨʷʞʝʥʠʝ ʪʨʝʥʠʷ, ʇ̌ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩʪʝʥʢʠ,  - 

ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ. 

ʀʥʜʝʢʩʳ, ʚ ï ʦʪʥʦʩʠʪʩʷ ʢ ʚʥʫʪʨʝʥʥʝʡ ʟʘʜʘʯʝ, ʥ ï ʦʪʥʦʩʠʪʩʷ ʢ ʚʥʝʰʥʝʡ ʟʘʜʘʯʝ, 0 ï ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʭʦʜʝ ʚ ʢʘʥʘʣ, 1 ï ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʘʥʘʣʘ, wʚ ï ʚʥʫʪʨʝʥʥʷʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʝʥʢʠ ʢʘʥʘʣʘ, wʥ ï ʥʘʨʫʞʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʝʥʢʠ ʢʘʥʘʣʘ. 

ʇʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʨʷʥʥʦʛʦ ʪʝʧʣʳʤ ʚʦʟʜʫʭʦʤ ʪʝʧʣʘ 

ʧʨʠʜʚʠʞʝʥʠʠ ʝʛʦ ʚʥʫʪʨʠ ʣʦʧʘʩʪʠ ʦʪ ʪʦʯʢʠ ʩʦʝʜʠʥʝʥʠʷ ʩ ʤʘʭʦʤ ʜʦ ʚʳʭʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ.  
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ɺʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʦʧʠʩʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʩʥʷʪʦʛʦ ʩʪʝʥʢʘʤʠ ʢʘʥʘʣʘ.  

ʊʨʝʪʴʝ ï ʵʪʦ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʝʥʢʝ ʢʘʥʘʣʘ, ʦʩʨʝʜʥʝʥʥʳʡ ʧʦ ʜʣʠʥʝ ʣʦʧʘʩʪʠ.  

ʅʘʢʦʥʝʮ ʯʝʪʚʝʨʪʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʧʦʣʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʦʪʜʘʥʥʦʝ ʥʘʨʫʞʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʣʦʧʘʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ  

 ; . 

ʀʣʠ 

, 

, 

. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʣʦʧʘʩʪʠ 

. 

ʆʯʝʚʠʜʥʦ, ʤʦʞʥʦ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ  

, (6) 

. (7) 

ʉʜʝʣʘʝʤ ʩʣʝʜʫʶʱʫʶ ʦʧʝʨʘʮʠʶ: ʠʟ ʫʨʘʚʥʝʥʠʷ (5) ʠʤʝʝʤ 

. 

ʉʣʦʞʠʚ ʵʪʠ ʜʚʘ ʫʨʘʚʥʝʥʠʷ, ʧʨʠʜʝʤ ʢ ʨʘʚʝʥʩʪʚʫ  

, 

ʠʣʠ . 

ʇʨʝʦʙʨʘʟʫʝʤ ʩʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʛʦ ʚʦʟʜʫʭʘ () ʧʦ ʬʦʨʤʫʣʝ (6) ʠ ʟʘʧʠʰʝʤ 

, (8) 

. 

ɼʣʷ ʢʘʥʘʣʘ ʠʤʝʶʱʫʶ ʬʦʨʤʫ ʢʨʳʣʦʚʦʛʦ ʧʨʦʬʠʣʷ NASA ï 0021  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʚʥʝʰʥʝʡ ʟʘʜʘʯʠ  

. 

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ  ʠ , ʟʘʧʠʰʝʤ 

, 

, 

. 

ʇʨʠʚʝʜʝʤ ʧʦʩʣʝʜʥʠʝ ʨʘʚʝʥʩʪʚʘ ʢ ʫʜʦʙʥʦʤʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʚʠʜʫ  

, 

, 

. 

ʇʦʩʪʘʚʠʤ ʚ (8) ʠ ʧʦʣʫʯʠʤ 

, (9) 

ʛʜʝ - ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʘʥʘʣʘ,  - ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ,  ï ʧʦʣʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʦʪʜʘʚʘʝʤʘʷ ʯʝʨʝʟ ʩʪʝʥʢʠ ʢʘʥʘʣʘ, ʌ ï ʩʤʦʯʝʥʥʳʡ ʧʝʨʠʤʝʪʨ ʵʪʦʛʦ ʩʝʯʝʥʠʷ, Re ï 

ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ. 

ʇʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ , ʦʪʜʘʥʥʦʝ 

ʣʦʧʘʩʪʴʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ TÐ ʪʘʢ ʢʘʢ ʊ1ʣ ʤʳ ʟʘʜʘʝʤ ʩʘʤʠ, ʘ ʚʩʝ ʚʝʣʠʯʠʥʳ, ʩʪʦʷʱʝʝ 
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ʚ ʢʚʘʜʨʘʪʥʦʡ ʩʢʦʙʢʝ, ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʨʠ ʟʘʜʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʟʘʜʘʯʠ. 

ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ ʚʝʣʠʯʠʥʳ, ʩʪʦʷʱʝʝ ʚ ʢʚʘʜʨʘʪʥʦʡ ʩʢʦʙʢʝ, ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʘʤ 

ʈʝʡʥʦʣʴʜʩʘ ʠ ʧʨʠ ʙʦʣʴʰʠʭ ʠʭ ʟʥʘʯʝʥʠʷʭ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ q0ʣ. ʇʦʵʪʦ-

ʤʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʙʠʨʘʪʴ ʟʥʘʯʝʥʠʷ Re , ʠʣʠ ʪʦ ʞʝ ʩʘʤʦʝ ʧʦʜʙʠʨʘʪʴ ʚʝʣʠʯʠʥʫ Q0. 

ʀʩʧʦʣʴʟʫʷ ʧʦʩʩʣʝʜʥʝʝ ʫʨʦʚʥʝʥʠʷ ʦʧʨʝʜʝʣʠʣʠ ʧʦʣʥʦʝ ʢʦʣʣʠʯʝʩʪʚʦ ʪʝʧʣʘʠ ʧʦʣʫʯʠʣʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʧʦʣʥʦʛʦ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʦʪʜʘʚʘʝʤʘʷ ʯʝʨʝʟ ʩʪʝʥʢʠ ʢʘʥʘʣʘ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. 

 

 
ʈʠʩ.1 - ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʧʦʣʥʦʛʦ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʦʪʜʘʚʘʝʤʘʷ ʯʝʨʝʟ ʩʪʝʥʢʠ ʢʘʥʘʣʘ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 
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ɺʩʝ ʙʦʣʴʰʝ ʚʣʘʜʝʣʴʮʝʚ ʪʦʨʛʦʚʳʭ ʩʝʪʝʡ, ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ, ʛʜʝ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʭʦʣʦʜʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪ-

ʨʝʙʣʝʥʠʷ. ʆʧʪʠʤʠʟʘʮʠʶ ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʥʘʧʨʘʚʣʝʥʠʷ:  

- ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

- ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

- ʵʥʝʨʛʦʘʫʜʠʪ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʦʤʧʘʥʠʝʡ çɼʘʥʬʦʩʩè ʥʘʢʦʧʣʝʥ ʙʦʛʘʪʳʡ ʦʧʳʪ ʧʦ ʚʥʝʜʨʝʥʠʶ ʥʘ 

ʧʦʩʪʦʷʥʥʦʡ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ.ʆʜʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʧʠʨʘʣʴʥʳʤʠ ʛʝʨʤʝʪʠʯʥʳʤʠ ʢʦʤʧʨʝʩʩʦʨʘʤʠ.  

ʏʘʩʪʦʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥ ʥʘ ʦʙʲʝʢʪʝ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʭʦʣʦʜʘ, ʢʦʛʜʘ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʫʪʝʤ ʩʪʫʧʝʥʯʘʪʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʦʙʠʪʴʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʧʣʘʚʥʦʩʪʠ 
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ʨʝʛʫʣʠʨʦʚʘʥʠʷ.ɺ ʦʜʥʦʤ ʠʟ ʧʨʦʜʫʢʪʦʚʳʭ ʤʘʛʘʟʠʥʦʚ ʪʦʨʛʦʚʦʡ ʩʝʪʠ ʍ5 ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʠʣʦʪʥʳʡ ʧʨʦʝʢʪ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʧʠʨʘʣʴʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ɼʘʥʬʦʩʩ MLZʩ ʯʘʩʪʦʪʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ɼʘʥʬʦʩʩ FC.  

ɼʦʩʪʠʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʛʣʫʙʠʥʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 

ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʪʦʣʴʢʦ ʦʜʥʠʤ ʢʦʤʧʨʝʩʩʦʨʦʤ ʚ ʩʦʩʪʘʚʝ ʤʥʦʛʦʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʘ 

ʦʩʪʘʣʴʥʳʝ ʫʧʨʘʚʣʷʣʠʩʴ ʧʫʩʢʦʤ-ʦʩʪʘʥʦʚʦʤ. ʇʨʠʤʝʥʝʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ ʪʦʯʥʦ ʩʣʝʜʦʚʘʪʴ ʟʘ ʥʘʛʨʫʟʢʦʡ ʥʘ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ. ʅʝʪ ʩʢʘʯʢʦʚ 

ʜʘʚʣʝʥʠʷ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʢʠʧʝʥʠʷ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʠʣʦʪʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʰʝʥʠʝ, 

ʧʨʝʜʣʦʞʝʥʥʦʝ ʢʦʤʧʘʥʠʝʡ ɼʘʥʬʦʩʩ, ʧʦʪʨʝʙʣʷʝʪ ʟʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʥʘ 17% ʤʝʥʴʰʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʯʝʤ ʩʪʘʥʜʘʨʪʥʦʝ ʨʝʰʝʥʠʝ ʪʦʨʛʦʚʦʡ ʩʝʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʦʨʛʦʚʘʷ ʩʝʪʴ ʚʢʣʶʯʠʣʘ ʨʝʰʝʥʠʝ ʥʘ ʙʘʟʝ 

ʩʧʠʨʘʣʴʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ɼʘʥʬʦʩʩ MLZʩ ʯʘʩʪʦʪʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ɼʘʥʬʦʩʩ FCʚ ʪʝʭʥʠʯʝʩʢʦʝ 

ʟʘʜʘʥʠʝ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʤʘʛʘʟʠʥʦʚ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʢʦʤʧʨʝʩʩʦʨʘ MLZ ʠ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ FC 

 

ʇʦʤʠʤʦ ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ 

ʪʠʧ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʰʠʨʠʪʝʣʴʥʳʭ ʚʝʥʪʠʣʝʡ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʘʶʪ ʵʣʝʢʪʨʦʥʥʳʝ ʨʘʩʰʠʨʠʪʝʣʴʥʳʝ ʚʝʥʪʠʣʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʪʝʨʤʦʨʝʛʫʣʠʨʫʶʱʠʭ ʚʝʥʪʠʣʝʡ (ʊʈɺ) ʵʣʝʢʪʨʦʥʥʳʝ ʨʘʩʰʠʨʠʪʝʣʴʥʳʝ ʚʝʥʪʠʣʠ (ʕʈɺ) ɼʘʥʬʦʩʩ AKV 

ʨʘʙʦʪʘʶʪ ʧʦ ʧʨʠʥʮʠʧʫ ʧʦʜʜʝʨʞʘʥʠʷ çʘʜʘʧʪʠʚʥʦʛʦè ʧʝʨʝʛʨʝʚʘ.  

ʅʘ ʨʠʩ. 2 ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʪʘʙʠʣʴʥʦʛʦ 

ʧʝʨʝʛʨʝʚʘ ʦʪ ʥʘʛʨʫʟʢʠ ʥʘ ʠʩʧʘʨʠʪʝʣʴ, ʢʦʪʦʨʘʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʟʘʱʠʪʠʪ ʢʦʤʧʨʝʩʩʦʨ, ʘ ʩ ʜʨʫʛʦʡ ï ʥʝ 

ʜʦʧʫʩʪʠʪ ʧʝʨʝʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʠʧʝʥʠʷ ʭʣʘʜʘʛʝʥʪʘ 

ʚ ʠʩʧʘʨʠʪʝʣʝ ʧʦʚʳʰʘʝʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʣʠʯʠʥʘ ʧʝʨʝʛʨʝʚʘ ʪʦʞʝ ʜʦʣʞʥʘ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʯʪʦʙʳ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʟʘʱʠʪʠʪʴ ʢʦʤʧʨʝʩʩʦʨ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʥʘʛʨʫʟʢʠ ʚʝʣʠʯʠʥʫ ʧʝʨʝʛʨʝʚʘ ʤʦʞʥʦ 

ʫʤʝʥʴʰʠʪʴ ʜʣʷ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʪʘʙʠʣʴʥʦʛʦ ʧʝʨʝʛʨʝʚʘ ʦʪ ʥʘʛʨʫʟʢʠ ʥʘ ʠʩʧʘʨʠʪʝʣʴ 

ʊʝʧʝʨʴ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʨʝʰʝʥʠʡ ʥʘʣʦʞʠʤ ʥʘ ʛʨʘʬʠʢ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʪʘʙʠʣʴʥʦʛʦ ʧʝʨʝʛʨʝʚʘ 

ʧʦʦʯʝʨʝʜʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʈɺ ʠ ʕʈɺ, ʨʘʙʦʪʘʶʱʝʛʦ ʧʦ ʘʣʛʦʨʠʪʤʫ ʘʜʘʧʪʠʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʩʪʘʚʢʠ 

ʧʝʨʝʛʨʝʚʘ.  
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ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ï ʤʝʭʘʥʠʯʝʩʢʠʡ ʊʈɺ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʫʩʪʘʚʢʘ ʧʝʨʝʛʨʝʚʘ ʜʘʥʥʦʛʦ 

ʚʝʥʪʠʣʷ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʝʛʦ ʦʪʢʨʳʪʠʷ. ʇʦʵʪʦʤʫ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʳʛʣʷʜʠʪ ʢʘʢ ʥʘʢʣʦʥʥʘʷ ʣʠʥʠʷ 

(ʨʠʩ. 3). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʦʤʦʱʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʊʈɺ ʜʦʩʪʠʯʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʝʨʝʛʨʝʚʘ 

(ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʢʨʠʚʦʡ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʪʘʙʠʣʴʥʦʛʦ ʧʝʨʝʛʨʝʚʘ) ʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʫʟʢʦʤ ʫʯʘʩʪʢʝ 

ʟʥʘʯʝʥʠʡ ʥʘʛʨʫʟʢʠ ʥʘ ʠʩʧʘʨʠʪʝʣʴ (40ï60 % ʦʪ ʥʦʤʠʥʘʣʘ). ɺ ʦʩʪʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ ʙʫʜʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʧʝʨʝʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ-ʟʘ ʟʘʚʳʰʝʥʥʦʛʦ ʧʝʨʝʛʨʝʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʪʠʤʘʣʴʥʳʤ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʧʦʤʥʠʪʴ, ʯʪʦ ʥʘʢʣʦʥ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʊʈɺ ʟʘʚʠʩʠʪ ʦʪ ʧʝʨʝʧʘʜʘ 

ʜʘʚʣʝʥʠʡ ʥʘ ʢʣʘʧʘʥʝ ʠ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʭʣʘʜʘʛʝʥʪʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʝʪʩʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʦʙʠʪʴʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʙʣʠʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʊʈɺ ʢ ʢʨʠʚʦʡ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʪʘʙʠʣʴʥʦʛʦ ʧʝʨʝʛʨʝʚʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ. 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ï ʵʣʝʢʪʨʦʥʥʳʡ ʊʈɺ, ʨʘʙʦʪʘʶʱʠʡ ʧʦ ʘʣʛʦʨʠʪʤʫ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʧʝʨʝʛʨʝʚʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 4, ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʚʢʝ ʧʝʨʝʛʨʝʚʘ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʢʨʠʚʦʡ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʪʘʙʠʣʴʥʦʛʦ ʧʝʨʝʛʨʝʚʘ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ ʥʘ ʠʩʧʘʨʠʪʝʣʴ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʘʢ 

ʦʧʪʠʤʘʣʴʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʪʘʢ ʠ ʟʘʱʠʪʫ ʢʦʤʧʨʝʩʩʦʨʘ. ʂʦʥʪʨʦʣʣʝʨ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʠʥʠʤʘʝʪ 

ʨʝʰʝʥʠʝ ʦ ʩʥʠʞʝʥʠʠ ʠʣʠ ʧʦʚʳʰʝʥʠʠ ʫʩʪʘʚʢʠ ʧʝʨʝʛʨʝʚʘ, ʫʯʠʪʳʚʘʷ ʚʚʝʜʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ 

ʢʦʣʝʙʘʥʠʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʝʨʝʛʨʝʚʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤʷ ʧʨʝʜʳʜʫʱʠʤʠ. ɸʣʛʦʨʠʪʤ ʘʜʘʧʪʠʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʫʩʪʘʚʢʠ ʧʝʨʝʛʨʝʚʘ ʨʝʘʣʠʟʦʚʘʥ ʚʦ ʚʩʝʭ ʢʦʥʪʨʦʣʣʝʨʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ Danfoss, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʘʨʠʪʝʣʷʤʠ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʊʈɺ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʩʪʘʚʢʠ ʧʝʨʝʛʨʝʚʘ, ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʊʈɺ, ʦʪ ʥʘʛʨʫʟʢʠ ʥʘ ʠʩʧʘʨʠʪʝʣʴ 

(ʩʪʝʧʝʥʠ ʦʪʢʨʳʪʠʷ ʊʈɺ) 

 
ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʩʪʘʚʢʠ ʧʝʨʝʛʨʝʚʘ, ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʵʣʝʢʪʨʦʥʥʳʤ ʊʈɺ ʧʦ ʘʣʛʦʨʠʪʤʫ ʘʜʘʧʪʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʧʝʨʝʛʨʝʚʘ, ʦʪ ʥʘʛʨʫʟʢʠ ʥʘ ʠʩʧʘʨʠʪʝʣʴ 

ʇʠʣʦʪʥʳʝ ʧʨʦʝʢʪʳ c ʪʘʢʠʤʠ ʪʦʨʛʦʚʳʤʠ ʩʝʪʷʤʠ, ʢʘʢ ʄɸɻʅʀʊ, ʍ5, ʃɽʅʊɸ, ʆʂ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʚʥʝʜʨʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʊʈɺ ɼʘʥʬʦʩʩ AKV ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʰʝʥʠʝʤ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʊʈɺ 

ʧʨʠʥʦʩʠʪ ʦʪ 10 ʜʦ 25% ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʘ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ ʦʜʥʦʛʦ ʛʦʜʘ. ʀʤʝʥʥʦ 
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ʧʦʵʪʦʤʫ ʢʨʫʧʥʳʝ ʪʦʨʛʦʚʳʝ ʩʝʪʠ, ʪʘʢʠʝ ʢʘʢ ʄɸɻʅʀʊ, ʃɽʅʊɸ, ʆʂ, ʚ 100% ʩʚʦʠʭ ʤʘʛʘʟʠʥʦʚ 

ʠʩʧʦʣʴʟʫʶʪ ʵʣʝʢʪʨʦʥʥʳʝ ʊʈɺ ɼʘʥʬʦʩʩ AKV. 

ɸ ʪʝʧʝʨʴ, ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʙʦʨʘ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ 

ʧʝʨʚʠʯʥʦʡ ʥʘʩʪʨʦʡʢʝ ʭʦʣʦʜʠʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʙʲʝʢʪʝ, ʨʝʞʠʤ ʝʝ ʨʘʙʦʪʳ ʧʨʠʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʧʨʦʝʢʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʛʘʟʠʥʘ. ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ. 

ʅʘʧʨʠʤʝʨ, ʢʦʨʨʝʢʪʠʨʦʚʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʨʝʙʫʶʪ ʜʘʥʥʳʝ ʧʦ ʥʘʛʨʫʟʢʝ ʥʘ ʭʦʣʦʜʠʣʴʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ,ʨʝʞʠʤʳ ʚʳʛʨʫʟʢʠ ʧʨʦʜʫʢʪʦʚ, ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʪ.ʧ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʩʪʨʦʡʢʠ 

ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʦʙʩʣʫʞʠʚʘʶʱʠʤ ʧʝʨʩʦʥʘʣʦʤ ʧʦ ʩʚʦʝʤʫ ʫʩʤʦʪʨʝʥʠʶ. ʇʨʝʜʫʛʘʜʘʪʴ ʣʶʙʳʝ 

ʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘʨʘʥʝʝ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʟʜʝʩʴ ʠʛʨʘʝʪ ʨʦʣʴ 

ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʈʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʠʭ ʟʘʜʘʯ ʠ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ. 

ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ɼʘʥʬʦʩʩ ADAP-KOOL
®
, ʨʘʙʦʪʘʝʪ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʝ ʠʤʝʥʥʦ 

ʭʦʣʦʜʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʦʙʲʝʢʪʝ. ʅʝ ʚʘʞʥʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʠʪʨʠʥʳ ʩʦ 

ʚʩʪʨʦʝʥʥʳʤʠ ʤʦʨʦʟʠʣʴʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ, ʚʳʥʦʩʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠʣʠ ʩʠʩʪʝʤʘ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʭʦʣʦʜʦʩʥʘʙʞʝʥʠʷ. ʊʘʢʞʝ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʦ ʢʘʢʦʤ ʤʘʩʰʪʘʙʝ ʙʠʟʥʝʩʘ ʤʳ ʛʦʚʦʨʠʤ: ʦ ʥʝʙʦʣʴʰʦʤ 

ʤʘʛʘʟʠʥʝ ʠʣʠ ʦʛʨʦʤʥʦʤ ʩʢʣʘʜʩʢʦʤ ʢʦʤʧʣʝʢʩʝ, ʛʜʝ ʪʦʨʛʦʚʳʝ ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʶʪ ʜʝʩʷʪʢʠ ʪʳʩʷʯ 

ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʦʙ ʦʙʦʨʫʜʦʚʘʥʠʠ ʥʘ ʦʙʲʝʢʪʝ, ʚʝʩʪʠ ʞʫʨʥʘʣ 

ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ (ʙʦʣʝʝ ʛʦʜʘ) ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʦʣʫʯʘʪʴ ʩʦʦʙʱʝʥʠʷ ʦʙ 

ʘʚʘʨʠʷʭ, ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʯʝʨʝʟ ʩʝʪʴ ʀʥʪʝʨʥʝʪ ʢ ʣʶʙʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʝʜʠʥʠʮʝ, 

ʫʜʘʣʝʥʥʦ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʩʦʭʨʘʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ ʪ.ʜ.  

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʩʠʩʪʝʤʳ ɼʘʥʬʦʩʩ 

ADAP-KOOL
®
: ʧʦʜʜʝʨʞʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʧʣʘʚʘʶʱʝʛʦ ʜʘʚʣʝʥʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʧʣʘʚʘʶʱʝʛʦ ʜʘʚʣʝʥʠʷ 

ʢʠʧʝʥʠʷ. ʇʦʜʜʝʨʞʘʥʠʝ ʧʣʘʚʘʶʱʝʡ ʫʩʪʘʚʢʠ ʜʘʚʣʝʥʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ï ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʫʩʪʘʚʢʠ ʜʘʚʣʝʥʠʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʘʠʙʦʣʴʰʝʝ ʫʩʠʣʠʝ ʢʦʤʧʨʝʩʩʦʨ ʪʨʘʪʠʪ ʥʘ ʩʞʘʪʠʝ 

ʛʘʟʘ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʥʝʪʘʥʠʷ. ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʮʠʠ ʚʩʝʛʦ ʥʘ 10Áʉ (ʩ+45Áʉʜʦ+35Áʉ) 

ʫʤʝʥʴʰʘʝʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʢʦʤʧʨʝʩʩʦʨʘ ʥʘ 19% (ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʨʝʩʩʦʨʘ MLZ076T4) ʠ ʵʪʦ ʧʨʠ 

ʪʦʤ,ʯʪʦ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 21%. ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ, ʩʥʠʞʘʷ 

ʧʦʪʨʝʙʣʝʥʠʝ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʤʳ ʫʚʝʣʠʯʠʚʘʝʤ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʝ ʚʝʥʪʠʣʷʪʦʨʦʚ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʇʦʵʪʦʤʫ, ʠʟʤʝʥʷʷʪ ʝʤʧʝʨʘʪʫʨʫ ʢʦʥʜʝʥʩʘʮʠʠ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʩʫʤʤʘʨʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʚʩʝʛʦ 

ʢʦʤʧʨʝʩʩʦʨʥʦ-ʢʦʥʜʝʥʩʘʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ. ɼʘʥʥʳʡ ʨʝʞʠʤ ʨʝʘʣʠʟʦʚʘʥ ʚ ʢʦʥʪʨʦʣʣʝʨʘʭ ʬʠʨʤʳ ɼʘʥʬʦʩʩ. 

ɺʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʫʩʪʘʚʢʠ ʜʘʚʣʝʥʠʷ ʢʦʥʜʝʥʩʘʮʠʠ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʙʦʪʦʡ 

ʨʘʩʰʠʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʈʋ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʈʋ, ʵʣʝʢʪʨʦʥʥʦʝ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʝ, 

ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʠ ʤʠʥʠʤʘʣʴʥʳʝ ʛʨʘʥʠʮʳ ʫʩʪʘʚʢʠ ʜʘʚʣʝʥʠʷ ʢʦʥʜʝʥʩʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ 

ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ +25Áʉ - +15Áʉ. 

ɸʣʛʦʨʠʪʤ ʧʣʘʚʘʶʱʝʡ ʫʩʪʘʚʢʠ ʜʘʚʣʝʥʠʷ ʢʠʧʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʣʝʨʦʚ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ɼʘʥʬʦʩʩ ʩʦʚʤʝʩʪʥʦ ʩ ʩʠʩʪʝʤʦʡ ʤʦʥʠʪʦʨʠʥʛʘ ADAP-KOOL
®
 ʠʟʤʝʥʷʪʴ ʜʘʚʣʝʥʠʝ 

ʢʠʧʝʥʠʷ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʩʣʝʞʠʚʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʨʝʜʳ. ɹʣʦʢ ʤʦʥʠʪʦʨʠʥʛʘ ʦʜʠʥ ʨʘʟ 

ʚ 20 ʤʠʥ ʦʙʨʘʱʘʝʪʩʷ ʢ ʢʘʞʜʦʤʫ ʢʦʥʪʨʦʣʣʝʨʫ ʧʦʪʨʝʙʠʪʝʣʷ ʥʘ ʧʨʝʜʤʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʲʝʤʝ. ɽʩʣʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʫʩʪʘʚʢʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʘ, ʪʦ ʙʣʦʢ ʦʪʧʨʘʚʣʷʝʪ ʢʦʤʘʥʜʫ çʧʦʚʳʩʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʷ ʥʘ 1 ʂè ʥʘ ʢʦʥʪʨʦʣʣʝʨ ʮʝʥʪʨʘʣʠ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʦʙʲʝʤʝ ʭʦʪʷ ʙʳ 

ʦʜʥʦʛʦ ʠʟ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʫʩʪʘʚʢʠ + ʜʠʬʬʝʨʝʥʮʠʘʣʘ, ʪʦ ʙʣʦʢ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʪʧʨʘʚʣʷʝʪ ʢʦʤʘʥʜʫ ʥʘ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʟʘʜʘʥʥʳʤ ʧʨʝʜʝʣʦʤ. 

ʅʘ ʨʠʩ.5 ʧʦʢʘʟʘʥʳ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʦʜʥʦʛʦ ʠʟ ʧʠʣʦʪʥʳʭ ʦʙʲʝʢʪʦʚ ï ʧʨʦʜʫʢʪʦʚʦʛʦ ʤʘʛʘʟʠʥʘ: 

1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʜʝʥʩʘʮʠʠ, Áʉ 

2 ï ʩʨʝʜʥʝʝ ʯʘʩʦʚʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʢɺʪ*ʯ 

3 ïʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ, Áʉ 

4ïʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʦʭʣʘʞʜʘʝʤʦʤ ʦʙʲʝʤʝ, Áʉ 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʣʘʚʘʶʱʝʡ ʫʩʪʘʚʢʠ ʜʘʚʣʝʥʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʩʦʚʤʝʩʪʥʦ ʩ ʧʣʘʚʘʶʱʝʡ 

ʫʩʪʘʚʢʦʡ ʜʘʚʣʝʥʠʷ ʢʠʧʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʛʦʜʦʚʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 15-20%. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʠʩʧʦʣʴʟʫʷ ʩʘʤʦʝ ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʧʦʜʢʣʶʯʝʥʥʦʝ ʢ ʩʠʩʪʝʤʝ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʥʘʩʪʨʦʝʥʥʦʝ ʧʦ ʚʩʝʤ ʢʘʥʦʥʘʤ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, 

ʫʜʘʝʪʩʷ ʩʦʭʨʘʥʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ. ʅʝ ʢʘʞʜʘʷ ʢʦʤʧʘʥʠʷ ʛʦʪʦʚʘ ʜʝʨʞʘʪʴ ʚ ʰʪʘʪʝ 

ʦʪʜʝʣʴʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ, ʚ ʦʙʷʟʘʥʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʙʳ ʚʭʦʜʠʣʠ ʬʫʥʢʮʠʠ ʧʦ ʦʪʩʣʝʞʠʚʘʥʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʙʦʪʳ ʦʙʲʝʢʪʘ, ʥʝʧʨʝʨʳʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʩʪʨʦʝʢ ʠ ʝʞʝʜʥʝʚʥʦʛʦ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʙʦʪʳ 

ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʙʝʟ ʘʜʘʧʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʩʪʦʨʦʥʥʝʛʦ call-ʮʝʥʪʨʘ ʢʦʛʜʘ-ʪʦ ʜʦʩʪʠʛʥʫʪʘʷ ʵʢʦʥʦʤʠʷ ʙʳʩʪʨʦ ʪʝʨʷʝʪʩʷ. ʉʝʛʦʜʥʷ ʚʩʝ 

ʙʦʣʴʰʝ ʚʣʘʜʝʣʴʮʝʚ ʪʦʨʛʦʚʳʭ ʩʝʪʝʡ ʠ ʭʦʣʦʜʠʣʴʥʳʭ ʪʝʨʤʠʥʘʣʦʚ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʢʦʤʧʘʥʠʝʡ ɼʘʥʬʦʩʩ ʩʝʨʚʠʩʘ ïɻ ʥʝʨʛʦʘʫʜʠʪʘRetailCare.  

ɻʣʘʚʥʳʝ ʟʘʜʘʯʠ ʵʥʝʨʛʦʘʫʜʠʪʘ ï ʚʳʷʚʠʪʴ ʠʩʪʦʯʥʠʢʠ ʥʝʨʘʮʠʦʥʘʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʥʝʦʧʨʘʚʜʘʥʥʳʭ 

ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ; ʨʘʟʨʘʙʦʪʘʪʴ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʣʠʢʚʠʜʘʮʠʠ; 

ʧʨʝʜʣʦʞʠʪʴ ʧʨʦʛʨʘʤʤʫ ʧʦ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʵʥʝʨʛʦʧʦʣʴʟʦʚʘʥʠʶ; ʧʨʝʜʣʦʞʠʪʴ 

ʦʯʝʨʝʜʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʫʯʝʪʦʤ ʦʙʲʝʤʦʚ ʟʘʪʨʘʪ ʠ ʩʨʦʢʦʚ ʦʢʫʧʘʝʤʦʩʪʠ. 

ʕʬʬʝʢ ʩʧʝʮʠʘʣʠʩʪʳ ʵʥʝʨʛʦʩʝʨʚʠʩʥʳʭ ʢʦʤʧʘʥʠʡ, ʠʤʝʶʱʠʝ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤʧʝʪʝʥʮʠʠ, ʟʥʘʥʠʷ ʠʥʘʚʳʢʠ. 

ʇʦʤʠʤʦ ʟʘʪʨʘʪ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʨʘʙʦʪʘʷ ʧʦ ʘʫʪʩʦʨʩʠʥʛʫ ʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʵʥʝʨʛʦʩʝʨʚʠʩʥʦʡ ʢʦʤʧʘʥʠʝʡ, ʟʘʢʘʟʯʠʢ ʧʦʣʫʯʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʩʘʤʳʡ 

ʢʦʨʦʪʢʠʡ ʠ ʙʳʩʪʨʳʡ ʧʫʪʴ ʧʦʣʫʯʝʥʠʷ ʵʢʦʥʦʤʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʦ-ʚʪʦʨʳʭ, ʚʥʝʜʨʷʝʤʳʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʦʩʚʦʙʦʞʜʘʶʪ ʦʙʩʣʫʞʠʚʘʶʱʠʡ 

ʧʝʨʩʦʥʘʣ ʦʪ ʨʘʙʦʪ, ʣʝʞʘʱʠʭ ʚʥʝ ʩʬʝʨʳ ʠʭ ʢʦʤʧʝʪʝʥʮʠʠ (ʥʘʧʨʠʤʝʨ, ʦʪ ʧʦʠʩʢʘ ʠ ʜʦʩʪʘʚʢʠ ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ).ɺ-ʪʨʝʪʴʠʭ, ʩʥʠʞʘʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʨʠʩʢʠ ʥʘ 

ʚʳʧʦʣʥʷʝʤʳʝ ʨʘʙʦʪʳ, ʪʘʢ ʢʘʢ ʵʥʝʨʛʦʩʝʨʚʠʩʥʘʷ ʢʦʤʧʘʥʠʷ ʥʝʩʝʪ ʧʦʣʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʠ ʛʘʨʘʥʪʠʨʫʝʪ 

ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʫʛ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʵʢʦʥʦʤʣʝʥʥʳʝ ʚʨʝʤʷ ʧʝʨʩʦʥʘʣʘ ʠ ʬʠʥʘʥʩʳ ʟʘʢʘʟʯʠʢ ʩʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʫʚʝʣʠʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʜʦʭʦʜʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʫʜʝʣʷʷ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʨʝʘʣʠʟʘʮʠʶ ʥʦʚʳʭ ʧʨʦʝʢʪʦʚ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʚʦʠʭ ʫʩʣʫʛ. ʇʨʠ ʵʪʦʤ ʚʥʦʩʷ ʩʚʦʶ 

ʣʝʧʪʫ ʚ ʩʦʭʨʘʥʝʥʠʝ ʵʢʦʣʦʛʠʠ ʠ ʯʠʩʪʦʪʳ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ. 

ʅʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʝʢʪʦʚ ʩʝʨʚʠʩʘ RetailCare: 

- ʣʦʛʠʩʪʠʯʝʩʢʠʡ ʮʝʥʪʨ çʊʦʤʠʣʠʥʦ 1è ï ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʘ 45%, ʩʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ ʟʘʪʨʘʪ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʦʩʪʘʚʠʣ 20 ʜʥʝʡ; 

- ʣʦʛʠʩʪʠʯʝʩʢʠʡ ʮʝʥʪʨ çʈʎ ʇʦʜʦʣʴʩʢè ï ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʘ 40%, ʩʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ ʟʘʪʨʘʪ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ï 22 ʜʥʷ; 

- ʩʢʣʘʜʩʢʦʡ ʢʦʤʧʣʝʢʩ çʈʷʙʠʥʦʚʘʷ ʉʂ-2» ï ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʘ 42%, ʩʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ ʟʘʪʨʘʪ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ï 22 ʜʥʷ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ, 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʢʦʤʧʘʥʠʝʡ ɼʘʥʬʦʩʩ, ʧʦʟʚʦʣʷʝʪ ʥʘ ʧʨʘʢʪʠʢʝ ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ 33%. 
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Growing demand, limited resources and the negative environmental impacts of mankindôs exploitation 

of energy has emphasized the necessityto utilize our finite resources wisely. Our common goal is to find out 

the most efficient, cost effective and least polluting way of the energy using. Trigeneration has been emerged 

as the fast growing techniques to increase efficiency and reduce overall emissions.  

Trigeneration or combined heating, cooling and power (CHCP) production is becoming an 

increasingly important energy-saving option, particularly on a small-scale basis. Conventional CHCP system 

is the combination of a traditional combined heat and power (CHP) system that cogenerates electricity and 

heat, with a refrigeration cycle driven by waste heat.  

Marine transport as cargo ships, all-type LNG carriers, bulkers etc. can be a suitable source of 

secondary energy resources for driving trigeneration systems. The ship power plants (SPP) of modern vessels 

are based on high-power steam turbine or diesel engines of approximately from 10 to 25 MWatt of power. 

This makes their SPPs a source of high quantity of waste heat which is, as a rule, used for heating the water 

for technical and technological needs. Moreover, this waste heat can also be used for supplementary 

electricity generation in ORC cycles or cooling generation in heat driven refrigerating systems. Thus, the 

energy saving and environment pollution problem could be solved using trigeneration technology. 
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At the present time, a number of trigeneration systems and their configurations for different purposes 

are theoretically and experimentally researched. Most of the studies are related to computational simulation 

techniques of large- and small-scale trigeneration systems [1-8]. The studied trigeneration systems were 

based on absorption chillers as cooling generators. In the paper [11] the authors proposed using an ejector 

refrigerating machine (ERM)as a cooling generator for ship trigeneration systems and proved its reliability 

and feasibility. 

The main goal of this paper is to present the probable configuration of test bench, which is specially 

designed for ERM based ship trigeneration systems. This type of test benches must provide the possibility of 

carrying out the experiments in wide range of operational parameters, fast setting up, stable keeping and 

smooth adjustment of the necessary heat modes, simple and durable evaluation of the main energy 

coefficients of trigeneration machine. 

The schematic diagram of proposed test bench is shown at Fig. 1. The primary mover can either be a 

diesel engine or a gas turbine engine with an electric generator connected. It can be also a tank with electric 

heater inside, which allowssetting up and changing the heating mode flexibly. However, one of the goals of 

further investigation is to give possibility to obtain the data about CO2 emissions changing. The waste heat of 

exhaust gases and the heat from engine cooling system are used to make a generator heat load. The engine 

and the electric generator can be installed separately or the serially produced diesel-generator sets and micro-

turbines can be used. 

H. C. Jung et al. [14] proposed to utilize the exhaust gas from prime mover using a finned tube heat 

exchanger that heats the heat-transfer agent (ethylene-glycol).  

At the test bench,which is proposed by us, the heat-transfer agent is passed directly to ERM generator 

by circulating pump 26. The ethylene-glycol mass flow adjustment is made by the pump invertor with 

respect to the generating temperature measurements of a PID temperature controllerwithin±0.5°C. 

The high pressure working vapor from generator 1 passes through the liquid separator into the nozzle 

of ejector 3, expanded there and ejected the cooled vapor from the evaporator 6 through the liquid separator 

4 and heat exchanger RHE-1 5. The mixture of working and ejected flows is then compressed into the ejector 

diffuser and passes through the heat exchanger RHE-2 7 into the condenser 8. Heat removal from the 

condenser is made with the help of specially designed refrigerating machine. This allows us to carry out the 

experiments in a wide range of condensing temperatures independently from the climate conditions. 

Liquid refrigerant then passes from the condenser 8 to receiver 10due to self-flowing.The liquid comes 

through the cleaning filter 11 due to the suction of the feed pump 12, after which it splits into two flows. 

 

Figure 1 ï Schematic diagram of the proposed test bench 

1 ï generator; 2, 4 ï liquid separators; 3 ï ejector; 5 ï RHE-1; 6 ï evaporator;  

7 ï RHE-2; 8 ï condenser; 9 ï compression refrigerating machine; 10 ï receiver;  

11 ï cleaning filter; 12 ï feed pump; 13, 18 ï rotameters; 14 ï return valve; 

15, 20 ï injectors; 16 ï by-pass expansion valve; 17 ï filter-dryer; 19 ï TEV;  

21, 26 ï circulating pumps; 22, 27 ï flow meters; 23 ï accumulator tank; 24 ï air cooler;  

25 ï by-pass valve; 28 ï IC engine; 29 ï safety valve; 30 ï electric generator (alternator) 
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One flow returns to generator 1 passing through the rotameter 13, RHE-2 7, the return valve 14 and 

the injector 15. The by-pass expansion valve adjusts the working liquid mass flow. The rest of the liquid 

returns back to the receiver. 

The second flow passes to the evaporator 6 through the filter-dryer 17, therotameter 18, the RHE-1 5, 

the thermo-expansion valve 19 and the injector 20.  

The injectors 15 and 20 are used for intaking the saturated working fluid from the liquid separators 2 

and 4, mixing it with the main flow and discharging it to the generator 1 and evaporator 6 respectively. The 

heat exchange process can be intensified by this method. 

The evaporator 6 heat load is supplied by its feeding with the ethylene-glycol solution from the 

accumulator tank 23, with the help of the circulating pump 2, through the rotameter 22. After cooling in 4 ï 

6°C, the solution passes to the air cooler 24, receives a heat there and returns to the accumulator tank 23, 

closing the circuit. The evaporator heat load adjustment and the specification of the boiling temperature 

within ±0.5°C are made by setting the circulating pump 21 net capacity with the help of by-pass valve 25. 

This test bench can be constructed due to use of the serially produced heat exchangers, valves, 

measuring devices and devices of automatic control and parameters adjustment. V. A. Petrenko et al. 

[18]recommend to use high efficient brazed plate heat exchangers of KAORI company (Taiwan) as a 

generator, condenser, evaporator and RHEs. 

The test bench is rigged for the estimating the heat loads and main energy characteristics of the ship 

trigeneration system (STS) as cooling capacity Q0, generation heat Qg, thermal efficiency ɕ = Q0/Qg, 

entrainment ratio U = G0/Gw and electrical load Qe by special inspection equipment 

The working and ejection mass flow rates are measured by the rotameters 13 and 18, calibrated 

to±3%. The mass flow rates of ethylene-glycol solutions in the generator 1 and evaporator 6 circuits are 

measured by the standard rotameters, calibrated to ±5% accuracy. 

As a measuring system of the working, ejection and mixed flows pressure and temperature, the 

electronic sensors within±5% (pressure) and ±0.2 ï 0.7°C (temperature) are used. All the parameters are 

fixed by a multifunctional recorder and transmitted to PC. The measured places are shown on the Fig. 1. The 

average values of 4 ï 5 measurements of established operating mode are passed for processing, herewith the 

working vapor temperature changing is assumed not more than 0.5°C and the condensing and evaporating 

temperatures ï not more that 0.2°C.  

The generator, evaporator, hot and cold vapor pipelines are good insulated. In order to control visually 

the level of liquid refrigerant, the level indicators are installed in the liquid separators 2, 4 and receiver 10. 

For the purpose to prevent emergency conditions due to pressure increasing in generator, the safety valve 29 

has to be installed in the liquid separator 2. 

Inthepapers [13, 16-18] theelectrically driven gear pump of KAYABA HYDRAULIC 

COMPONENTS (Japan) is recommended as a feed pump 12. These types of pumps are usually used in the 

hydraulic systems of construction, transport and agriculture machinery. The feed pump of KP05 model is 

shown at the Figure 2.  

For the estimating the influence of geometrical parameters of the ejector setting on the ejectorôs efficiency, 

the experimental ejector with built-up nozzles and mixing chambers has to be constructed. Its primary parameters 

depend on the operating conditions and power of STS and are defined on the design stage.  

In order to carry out a complete investigation of STS the next experiment methodology is proposed. 

The system studies both in design and off-design conditions. The purpose of investigation in design 

condition is to find the ejector geometrical characteristics which provide the maximum entrainment ratio at 

Figure 2 ï Photograph of hydraulic gear pump recommended as a system feed pump 
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the nominal parameters Pg, Pc, P0. During first phase the ejector with cylindrical and conical-cylindrical 

mixing chamber is studied. In the same time, it is possible to define the main ejector geometrical parameters 

as distance between nozzle output and mixing chamber input, a ratio of the mixing chamber input section 

area and the area of its cylindrical part ɓ and their influence on the ejectorôs entrainment ratio.  

During off-design conditions the influence of deviation of operating parameters on the STS efficiency 

with an optimal (design) ejector. The ERM efficiency is evaluated by entrainment ratio U = G0/Gw and 

coefficient of thermal efficiency ɕ = Q0/Qg which can be obtained using system heat loads and mass flow 

rates. The refrigerant mass flow rates can be estimated by direct measurements or from the energy balances 

of the evaporator, condenser and generator. 

In the further investigation phases the influence of generating temperature tg on the working flow rate 

Gw through the ejectorôs nozzle is evaluated. This determines the most appropriate and stable conditions of 

primary energy source. All the experimental errors and inaccuracies have also to be defined and considered 

before the experimental data processing.  

The experimental study of trigeneration systems is necessary to conduct the expanding the existing 

experimental data and looking for the new methods of energy efficiency, improvement and optimization of 

STS circuit design. Moreover, some of existing mathematical and computational models of TS are 

incomplete and require wide experimental ground and confirmation. 
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ɺʃʀʗʅʀɽ ʂʃʀʄɸʊʀʏɽʉʂʀʍ ʋʉʃʆɺʀʁ ʅɸ ʂʆʃʀʏɽʉʊɺʆ ʇɸʉʉʀɺʅʆɻʆ ʍʆʃʆɼɸ ɿɸ 

ʉʏɽʊ ʕʌʌɽʂʊʀɺʅʆɻʆ ʀɿʃʋʏɽʅʀʗ 

 

ʎʦʡ ɸ.ʇ., ʢ.ʪ.ʥ.
1
; ɻʨʘʥʦʚʩʢʠʡ ɸ.ʉ. 

1
; ɹʘʨʘʥʝʥʢʦ ɸ.ɺ., ʜ.ʪ.ʥ.

2
; ʎʦʡ ɼ.ɸ.

2
; 

1 ï ɸʣʤʘʪʠʥʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

2 ïʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ ʧʘʩʩʠʚʥʳʤ ʩʧʦʩʦʙʘʤ ʦʭʣʘʞʜʝʥʠʷ. ʀʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʘ ʪʘʢʞʝ 

ʩʦʢʨʘʪʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʩʧʦʩʦʙʦʚ ʷʚʣʷʝʪʩʷ ʦʭʣʘʞʜʝʥʠʝ ʟʘ 

ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʠʟʣʫʯʝʥʠʷ (ʕʀ)ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ï ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ 

ʩʧʦʩʦʙ ʦʭʣʘʞʜʝʥʠʷ, ʤʘʣʦʠʟʫʯʝʥʥʳʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʮʝʣʷʭ. ɽʩʣʠ ʨʘʩʧʦʣʦʞʠʪʴ 

ʥʝʢʦʪ ʦʙʨʘʱʝʥʘ ʢ ʥʦʯʥʦʤʫ ʥʝʙʫ, ʪʦ ʦʥʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʠʟʣʫʯʘʪʴ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, 

ʯʝʤ ʧʦʣʫʯʘʪʴ ʦʙʨʘʪʥʦ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʝʝ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ 

ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʭʦʣʦʜʠʣʴʥʳʭ ʩʠʩʪʝʤ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʣʠʤʘʪʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʝʛʠʦʥʘ. ɺ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ , ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʚ ʜʨʫʛʠʭ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʕʀ  ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʶʞʥʳʭ ʨʝʛʠʦʥʘʭ:ʚ ʊʘʠʣʘʥʜʝ[1], 

ʂʠʪʘʝ[2], ʅʘʤʠʙʠʠ [3], ʥʘ ʶʛʝ ʉʐɸ[4,5]. 

ɺʦ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪʘʭ, ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʶ ʕʀ ʚ ʩʠʩʪʝʤʘʭ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʕʀ ʚ ʫʩʣʦʚʠʷʭ ʨʝʟʢʦ-ʢʦʥʪʠ-

ʥʝʥʪʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ ʤʘʣʦ ʠʟʫʯʝʥʳ. ɽʜʠʥʩʪʚʝʥʥʳʝ ʠʟʚʝʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ ʕʀ ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʘ ʂʘʟʘʭʩʪʘʥʘ ʠ ʈʦʩʩʠʠ ʧʨʦʚʝʜʝʥʳ ʘʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ [6,7]. 

ɿʜʝʩʴ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʭʣʘʞʜʘʪʴ ʚʦʟʜʫʭ ʚ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷʭ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ. 

ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʟʜʝʩʴ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʝ. ɺ ʵʪʦ ʚʨʝʤʷ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ ʧʨʦʩʪʘʠʚʘʶʪ, ʘ ʧʨʠ ʧʦʤʦʱʠ ʕʀ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ 0ÜC. ʊʘʢʠʝ 

ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚ ʩʠʩʪʝʤʘʭ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʥʦ ʠ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʮʝʥʠʪʴ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʭʦʣʦʜʠʣʴʥʳʭ 

ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʕʀ, ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ ʟʝʤʥʦʛʦ ʰʘʨʘ, ʘ ʪʘʢʞʝ 

ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ ʚ ʫʩʣʦʚʠʷʭ ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ ʶʞʥʳʭ ʨʝʛʠʦʥʦʚ. 

ʄʦʜʝʣʠʨʫʝʤʘʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʩ ʥʝ ʠʥʪʝʨʝʩʫʝʪ ʨʘʙʦʪʘ ʭʦʣʦʜʠʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʘʢʦʡ-ʣʠʙʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʦʣʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ 

ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʠʤʘʪʘ. 

ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʤʦʞʝʪ ʙʳʪʴ ʦʪʜʘʥʦ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʦʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠʟʣʫʯʘʶʱʝʡ ʧʣʘʩʪʠʥʳ, ʦʙʨʘʱʝʥʥʦʡ ʢ ʥʦʯʥʦʤʫ ʥʝʙʫ. ʊʝʤʧʝʨʘʪʫʨʫ ʠʟʣʫʯʘʶʱʝʡ ʧʣʘʩʪʠʥʳ 

ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʦʡ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ, ʝʩʣʠ ʧʦʜ ʠʟʣʫʯʘʶʱʝʡ ʧʣʘʩʪʠʥʦʡ ʨʘʩʧʦʣʦʞʠʪʴ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ. ʀʟʣʫʯʘʶʱʘʷ ʧʣʘʩʪʠʥʘ ʥʘʭʦʜʠʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʂ 

ʥʝʡ ʤʦʞʝʪ ʧʦʜʚʦʜʠʪʴʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʟʘ ʩʯʝʪ ʢʦʥʚʝʢʮʠʠ  ʠ ʠʟʣʫʯʝʥʠʷ , ʘ 

ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ  ʦʪ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʚʝʩʪʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʩʪʠʥʳ, ʙʫʜʝʪ ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʪʝʧʣʦʪʳ, 

ʦʪʜʘʥʥʦʤʫ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠʣʠ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʈʘʩʯʝʪ ʧʦʪʦʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʪʦʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʝ ʤʝʪʦʜʠʢʠ: [8]ʠ [9, ʩ. 55].  

ʇʝʨʚʘʷ ʤʝʪʦʜʠʢʘ: 

[ ]dtcwambradrad kkkTq += 4sd                      (1) 

ʛʜʝ wk  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʚʦʟʜʫʭʝ 

ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ ʘʪʤʦʩʬʝʨʳ; 
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ck  ïʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʦʙʣʘʯʥʦʩʪʠ. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, 

ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʨʘʙʦʪʝ; 

dtk ς ʧʦʧʨʘʚʢʘ ʥʘ ʨʘʟʥʠʮʫ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʟʣʫʯʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ, ɺʪ; 

 );15,273(0052,0264,0 --= deww Tk          (2) 

 [ ];44

ambraddt TTk -=s  (3) 

 ;1 2

1cRkc -=  (4) 

ʛʜʝ c ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʳ ʥʘ ʧʦʪʦʢ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ: 

.5036,00043,0 +Ö= xc                     (5) 

ɺʪʦʨʘʷ ʤʝʪʦʜʠʢʘ: 

[ ].44

skyradradrad TTq -= sd                            (6) 

ɼʣʷ ʨʘʩʯʝʪʘ ʫʩʣʦʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʙʘ 
skyT  ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 

( ) ,25,025,0

clalskyambsky CFCFTT Ö+Ö= d                                    (7) 

ʛʜʝ 
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22 RRRCFcl +-+=  (8) 

 );1(12,0 -= pCFal
 (9) 

 .
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log764,0787,0 ö
÷

õ
æ
ç

å
+= dew

sky

T
d  (10) 

ʈʘʩʯʝʪ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʧʣʦʧʨʠʪʦʢʦʚ 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʝʨʝʜʘʚʘʝʤʦʝ ʟʘ ʩʯʝʪ ʢʦʥʚʝʢʮʠʠʩ  ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʱʘʜʴʶ 1 ʤ
2
: 

( ),ambradconv TTq -=a  (11) 

ɼʣʷ ʥʘʰʝʛʦ ʩʣʫʯʘʷ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʝʪʝʨ ʥʝ ʦʙʜʫʚʘʝʪ ʠʟʣʫʯʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʕʪʦʛʦ 

ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʫʪʝʤ ʝʸ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʥʘʙʦʨʦʤ ʧʣʘʩʪʠʥ, ʢʘʢ ʧʨʝʜʣʦʞʝʥʦ ʚ ʩʪʘʪʴʝ [10]. ɼʣʷ ʵʪʦʛʦ 

ʩʣʫʯʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʦ ʬʦʨʤʫʣʝ [11]: 

( ) .78,1
3/1

ambrad TT -=a  (12) 

ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʦʣʦʜʘ ʟʘ ʥʦʯʴ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʢʨʳʪʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʕʀ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ [12], ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʣʝʟʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʠʟʣʫʯʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ. ʊʦʛʜʘ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʭʦʣʦʜʘ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʦ ʟʘ ʦʜʥʫ ʥʦʯʴ: 

( ) .60 nconvrad qqQ t+=  (13) 

ɼʘʥʥʳʝ ʦ ʢʣʠʤʘʪʝ ʜʣʷ ʨʘʩʯʝʪʦʚ 

ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʤ ʜʣʷ ʫʩʣʦʚʠʡ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʛʦʨʦʜʘʭ ʠʟ ʪʘʙʣʠʮʳ 1. 

 
ʊʘʙʣʠʮʘ 1 ï ʂʦʦʨʜʠʥʘʪʳ ʛʦʨʦʜʦʚ 

 

ˉ ɻʦʨʦʜ ʐʠʨʦʪʘ (ʩʝʚʝʨʥʘʷ) ˉ ɻʦʨʦʜ ʐʠʨʦʪʘ (ʩʝʚʝʨʥʘʷ) 

1 ɹʘʥʛʢʦʢ 13Á45ǋ 7 ʇʝʪʨʦʧʘʚʣʦʚʩʢ 54°51ǋ 

2 ʂʘʠʨ 30Á03ǋ 8 ʆʤʩʢ 54°58ǋ 

3 ɺʣʘʜʠʚʦʩʪʦʢ 43°07ǋ 9 ʄʦʩʢʚʘ 55°45ǋ 

4 ɸʣʤʘʪʳ 43Á15ǋ 10 ʂʘʟʘʥʴ 55°47ǋ 

5 ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ 49°57ǋ 11 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 59°57ǋ 

6 ɸʩʪʘʥʘ 51Á11ǋ 12 ʅʦʨʠʣʴʩʢ 69Á20ǋ 

 

ɺ ʨʘʩʯʝʪʘʭ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʯʘʩʦʚʳʝ ʟʘʧʠʩʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩ ʤʝʪʝʦʩʪʘʥʮʠʡ 

[13]. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʦʯʝʡ ʦʧʨʝʜʝʣʠʤ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʠʤ ʙʘʟʘʤ ʜʘʥʥʳʭ [14]. ɸʪʤʦʩʬʝʨʥʦʝ 

ʜʘʚʣʝʥʠʝ ʧʨʠʥʠʤʘʝʤ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ[15, ʩ. 39] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʠʟʣʫʯʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʝʤ ʟʘʜʘʚʘʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ -30 ʜʦ +100ÁC. 
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ʀʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʨʘʩʩʯʠʪʘʝʤ ʩʨʝʜʥʠʡ ʥʦʯʥʦʡ ʧʦʪʦʢ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ ʬʦʨʤʫʣʘʤ (1) ʠ (6)ʠ ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʧʨʠʪʦʢ ʧʦ ʬʦʨʤʫʣʝ(11).ɼʘʣʝʝ ʧʦ 

ʬʦʨʤʫʣʝ (13) ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʦʯʠ ʨʘʩʩʯʠʪʘʝʤ ʢʦʣʠʯʝʩʪʚʦ ʭʦʣʦʜʘ, 

ʧʦʣʫʯʘʝʤʦʝ ʟʘ ʥʦʯʴ. ʇʨʦʩʫʤʤʠʨʦʚʘʚ ʧʦʣʫʯʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʭʦʣʦʜʘ ʟʘ ʢʘʞʜʫʶ ʠʟ ʥʦʯʝʡ, ʧʦʣʫʯʠʤ 

ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʦʣʦʜʘ ʟʘ ʤʝʩʷʮ ʠ ʟʘ ʛʦʜ. ʇʨʠ ʵʪʦʤ ʩʫʤʤʠʨʫʶʪʩʷ ʟʥʘʯʝʥʠʷ ʪʦʣʴʢʦ ʚ ʪʝ ʜʥʠ, 

ʢʦʛʜʘ ʧʦʪʦʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ radq  ʙʳʣ ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ʊ.ʝ. ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʭʦʣʦʜʠʣʴ-

ʥʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʢʘʢʦʝ-ʣʠʙʦ ʦʭʣʘʞʜʝʥʠʝ ʚʦʦʙʱʝ ʚʦʟʤʦʞʥʦ. 

ɺ ɹʘʥʛʢʦʢʝ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ɸʩʪʘʥʝ ʠ 

ʅʦʨʠʣʴʩʢʝ ʢʦʣʠʯʝʩʪʚʦ ʭʦʣʦʜʘ, ʧʨʦʠʟʚʦʜʠʤʦʝ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʭʦʣʦʜʘ, ʧʨʦʠʟʚʦʜʠʤʦʝ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ. 

ɺ ʫʩʣʦʚʠʷʭ ʅʦʨʠʣʴʩʢʘ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʭʦʣʦʜʘ ʨʘʚʥʷʝʪʩʷ ʥʫʣʶ. 

ɺʳʟʚʘʥʦ ʵʪʦ ʪʝʤ, ʯʪʦ ʟʜʝʩʴ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʷʨʥʳʡ ʜʝʥʴ, ʢʦʛʜʘ ʉʦʣʥʮʝ ʚ ʪʝʯʝʥʠʝ ʚʩʝʭ 

ʩʫʪʦʢ ʥʝ ʟʘʭʦʜʠʪ ʟʘ ʛʦʨʠʟʦʥʪ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʭʦʣʦʜʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʩ 1 ʤ
2
 ʠʟʣʫʯʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ 

ʛʦʜ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʙʝʟ ʫʯʝʪʘ ʢʦʥʚʝʢʮʠʠ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʳ 

ʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʣʫʯʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ,ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1 (ʘ, ʙ). 

 
(ʘ) 

 
(ʙ) 


