
~ 1 ~ 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ˉ 3 (27), 2018 

 
  

ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ 
 

ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʥʘʫʢ ʋʢʨʘʾʥʠ 

ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ 
 

 

Ministry of Education and Science of Ukraine 

Kyiv Nation al University of Construction and Architecture 
 

National Academy of Sciences of Ukraine 

Institute of Telecommunications and Global Information Space 

 
 

 

ɽʂʆʃʆɻɯʏʅɸ ɹɽɿʇɽʂɸ 

ʊɸ ʇʈʀʈʆɼʆʂʆʈʀʉʊʋɺɸʅʅʗ 
 

 

ENVIRONMENTAL  SAFETY AND 

NATURAL  RESOURCES 
 

 
ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ 

 

ɺʠʧʫʩʢ 3 (27), ʣʠʧʝʥʴ-ʚʝʨʝʩʝʥʴ 2018 ʨ. 

 

ɿʘʩʥʦʚʘʥʠʡ ʫ 2008 ʨ. 

ɺʠʭʦʜʠʪʴ 4 ʨʘʟʠ ʥʘ ʨʽʢ 
 

 

Academic journal 

 

Issue 3 (27), July-September 2018 

 

Founded in 2008 

The journal is published 4 volume a year 

 

 

 

 

 
ʂʀɰɺ 2018 

 

KYIV 2018  



~ 2 ~ 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ˉ 3 (27), 2018 

 
  

ʈɽɼɸʂʎɯʁʅɸ ʂʆʃɽɻɯʗ 

 

ɻʦʣʦʚʥʽ ʨʝʜʘʢʪʦʨʠ: ʆ.ʉ. ɺʦʣʦʰʢʽʥʘ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 

 ʆ.ʄ. ʊʨʦʬʠʤʯʫʢ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʯʣ.-ʢʦʨ. ʅɸʅʋ 

 

ʏʣʝʥʠ ʨʝʜʢʦʣʝʛʽʾ: 

 
ɹʠʯʝʥʦʢ ʄ.ʄ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

ɹʦʡʢʦ ɯ.ʇ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 

ɼʦʚʛʠʡ ʉ.ʆ., ʜ-ʨ ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ., 

ʘʢʘʜʝʤʽʢ ʅɸʅʋ 

ʂʘʣʶʭ ʖ.ɯ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 

ʂʘʯʠʥʩʴʢʠʡ ɸ.ɹ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 

ʂʦʨʞʥʻʚ ʄ.ʄ., ʜ-ʨ ʛʝʦʣ.-ʤʽʥ. ʥʘʫʢ, ʧʨʦʬ. 

ʂʦʯʝʪʦʚ ɻ.ʄ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 

ʂʨʠʚʦʤʘʟ ʊ.ɯ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.  

ʆʣʽʡʥʠʢ ʆ.ʗ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.,  

ʯʣ.-ʢʦʨ. ʅɸʅʋ 

ʇʘʚʣʠʰʠʥ ɺ.ɯ., ʜ-ʨ ʛʝʦʣ.-ʤʽʥ. ʥʘʫʢ, ʧʨʦʬ. 

ʇʨʠʡʤʘʢ ʆ.ɺ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 

ʈʘʜʯʫʢ ɺ.ɺ., ʜ-ʨ ʛʝʦʣ. ʥʘʫʢ 

ʈʫʜʴʢʦ ɻ.ɯ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜ-ʨ ʛʝʦʣ.-ʤʽʥ. 

ʥʘʫʢ, ʜ-ʨ ʛʝʦʛʨ. ʥʘʫʢ, ʧʨʦʬ. 

ʉʪʨʠʞʘʢ ʆ.ɭ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

ʊʨʠʩʥʶʢ ɺ.ʄ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

ʗʢʦʚʣʻʚ ɭ.ʆ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ  
 

ʄɯɾʅɸʈʆɼʅɸ ʈɽɼɸʂʎɯʁʅɸ ʈɸɼɸ 

 

ʄ.-ʁ. ɺʘʣʝʨʽ, ʧʨʦʬʝʩʦʨ, ʇʦʣʴʱʘ 

ʅ. ʂʘʩʘʛʣʽ, ʧʨʦʬʝʩʦʨ, ɯʪʘʣʽʷ 

ʅ. ʄʘʨʛʚʝʣʘʰʚʽʣʽ, PhD, ɸʚʩʪʨʘʣʽʷ 

ɼ. ʄʽʥʪʝʨ, ʧʨʦʬʝʩʦʨ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ 

 

ɸ. ʄʽʰʦ, ʜʦʩʣʽʜʥʠʢ, ʌʨʘʥʮʽʷ 

ʗ. ʇʝʢʫʪʽʥ, ʧʨʦʬʝʩʦʨ, ʇʦʣʴʱʘ 

ʇʽʥʛ ʃʫ, ʧʨʦʬʝʩʦʨ, ʂʠʪʘʡ 

ɻ. ʉʦʙʯʫʢ, ʧʨʦʬʝʩʦʨ, ʇʦʣʴʱʘ 

 

 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʜʦ ʜʨʫʢʫ ɺʯʝʥʦʶ ʨʘʜʦʶ  

ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ  

(ʧʨʦʪʦʢʦʣ ˉ 16 ʚʽʜ 28.09.2018 ʨ.) 

 

ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʚʢʣʶʯʝʥʦ ʜʦ ʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ,  

ʚ ʷʢʠʭ ʤʦʞʫʪʴ ʧʫʙʣʽʢʫʚʘʪʠʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʨʦʙʽʪ ʥʘ ʟʜʦʙʫʪʪʷ  

ʥʘʫʢʦʚʠʭ ʩʪʫʧʝʥʽʚ ʜʦʢʪʦʨʘ ʽ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ ʟʘ ʥʘʧʨʷʤʦʤ çʪʝʭʥʽʯʥʽ ʥʘʫʢʠè 

(ʅʘʢʘʟ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʚʽʜ 22.12.2016 ˉ 1604) 

 

ʆʉʅʆɺʅɯ ʊɽʄɸʊʀʏʅɯ ʈʆɿɼɯʃʀ ɿɹɯʈʅʀʂɸ 
 

¶ ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ 

¶ ʆʩʥʦʚʠ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

¶ ɯʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʪʘ ʩʠʩʪʝʤʠ 

¶ ɼʠʩʢʫʩʽʡʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ 

 

 

 

 

ɸɼʈɽʉɸ ʈɽɼɸʂʎɯɰ 

03186, ʤ. ʂʠʾʚ, ʏʦʢʦʣʽʚʩʴʢʠʡ ʙʫʣʴʚ., 13, 

ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ 

ʊʝʣʝʬʦʥʠ: (044) 245-87-97  

                   (044) 524-22-62 

E-mail: itelua@kv.ukrtel.net 

ʉʚʽʜʦʮʪʚʦ ʧʨʦ ʜʝʨʞʘʚʥʫ ʨʝʻʩʪʨʘʮʽʶ  

ʂɺ ˉ 14146-3117 ʈ ʚʽʜ 27.05.2008 ʨ. 

 

 

ɽʣʝʢʪʨʦʥʥʘ ʚʝʨʩʽʷ ʟʙʽʨʥʠʢʘ ʚ ɯʥʪʝʨʥʝʪʽ 

http://www.es-journal.in.ua ʫʢʨʘʾʥʩʴʢʦʶ, 

ʨʦʩʽʡʩʴʢʦʶ ʪʘ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʘʤʠ 

 Creative Commons çAttributionè 4.0 WorldWide  

  

http://www.es-journal.in.ua/


~ 3 ~ 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ˉ 3 (27), 2018 

 
  

 

 

 

 

ENVIRONMENTAL SAFETY 

Yakovlev Ye.O., Rogozin O.G. 

The factors and possible consequences of regional changes in engineering and 

geotechnical status of loesses and loessy-loamy soils of Ukraine..ééééé 

 

 

5 

Vasilenko L.O., Zhukova O.G., Kokitko  A.A. 

Estimation and forecast of changes in the hydrochemical status of the Tisza 

riverééééééééééééééééééééééééééééé 

 

 

24 

Koval I.I., Pohrebennyk V.D. 

Organization of municipal solid waste sorting: local aspectéééé..ééé 
 

30 

NATURAL RESOURCES 

Kryvomaz ʊ.I ., Michaud A., Varavin  D.V., Perebynos A.R.  

French green building rating systems.ééééé..éééééééééé. 
 

40 

Telyma S.V.  

Calculations of the systematic vertical drainage under protection of the irrigated 

lands and the built-up territories from the ground waters submergenceééé. 

 

 

49 

Kyriienko P.G., Betin O.V., Kuznetsova N.V.  

Small sewage wastewater treatment plants for domestic wastewaterééé..... 

 

59 

INFORMATION RESOURCES AND SYSTEMS 

Shapovalov Ye.B., Shapovalov V.B., Stryzhak O.Ye., Salyuk A.I . 

Ontology based systemazing of the science information devoted to waste 

utilizing by methanogenesysééééééééééééééééé..éé 

 

 

68 

Drozd I.P. 

To the problem of risk management in the field of the atomic industry of 

Ukraineééééééééééééééééééééééééééé... 

 

 

79 

Radomska M.M., Ryabchevsky O.V., Vologzhanina V.V., Kovalska V.V. 

The EIA gap analysis for the project of dredging works at the Southern Bug 

riverééééééééééééééééééééééééééééé 

 

 

92 

INFORMATION FOR AUTHORS éééééééééééééééé 103 

  

 

CONTENTS 



~ 4 ~ 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ˉ 3 (27), 2018 

 
  

 

 

  

 
ɽʂʆʃʆɻɯʏʅɸ ɹɽɿʇɽʂɸ 

ʗʢʦʚʣʻʚ ɭ.ʆ., ʈʦʛʦʞʠʥ ʆ.ɻ. 

ʌʘʢʪʦʨʠ ʽ ʤʦʞʣʠʚʽ ʥʘʩʣʽʜʢʠ ʨʝʛʽʦʥʘʣʴʥʠʭ ʟʤʽʥ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʣʝʩʽʚ ʪʘ ʣʝʩʦʚʦ-ʩʫʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ ʋʢʨʘʾʥʠéééééééééé. 

 

 

5 

ɺʘʩʠʣʝʥʢʦ ʃ.ʆ., ɾʫʢʦʚʘ ʆ.ɻ., ʂʦʢʽʪʢʦ ɸ.ɸ. 

ʆʮʽʥʢʘ ʪʘ ʧʨʦʛʥʦʟ ʟʤʽʥ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʩʪʘʥʫ ʨ. ʊʠʩʘééééééééé 

 

24 

ʂʦʚʘʣʴ ɯ.ɯ., ʇʦʛʨʝʙʝʥʥʠʢ ɺ.ɼ. 

ʆʨʛʘʥʽʟʘʮʽʷ ʩʦʨʪʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ: ʣʦʢʘʣʴʥʠʡ ʘʩʧʝʢʪé  

 

30 

ʆʉʅʆɺʀ ʇʈʀʈʆɼʆʂʆʈʀʉʊʋɺɸʅʅʗ 

ʂʨʠʚʦʤʘʟ ʊ.ɯ., ʄ̔h ʦ ɸ., ɺʘʨʘʚʽʥ ɼ.ɺ., ʇʝʨʝʙʠʥʦʩ ɸ.ʈ. 

ʌʨʘʥʮʫʟʴʢʘ ʨʝʡʪʠʥʛʦʚʘ ʩʠʩʪʝʤʘ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘééééé..éé.. 

 

40 

ʊʝʣʠʤʘ ʉ.ɺ. 

ʈʦʟʨʘʭʫʥʢʠ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʜʨʝʥʘʞʫ ʧʨʠ ʟʘʭʠʩʪʽ ʚʽʜ 

ʧʽʜʪʦʧʣʝʥʥʷ ˇʨʫʥʪʦʚʠʤʠ ʚʦʜʘʤʠ ʟʝʤʝʣʴ ʟʨʦʰʝʥʥʷ ʪʘ ʟʘʙʫʜʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡééééééééééééééééééééééééééé 

 

 

 

49 

ʂʠʨʽʻʥʢʦ ʇ.ɻ., ɹʝʪʽʥ ʆ.ɺ., ʂʫʟʥʝʮʦʚʘ ʅ.ɺ. 

ʄʘʣʦʛʘʙʘʨʠʪʥʽ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ ʦʯʠʱʝʥʥʷ ʧʦʙʫʪʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜéé....... 

 

59 

ɯʅʌʆʈʄɸʎɯʁʅɯ ʈɽʉʋʈʉʀ ʊɸ ʉʀʉʊɽʄʀ 

ʐʘʧʦʚʘʣʦʚ ɭ.ɹ., ʐʘʧʦʚʘʣʦʚ ɺ.ɹ., ʉʪʨʠʞʘʢ ʆ.ɭ., ʉʘʣʶʢ ɸ.ɯ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʥʪʦʣʦʛʽʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ 

ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʰʣʷʭʦʤ ʤʝʪʘʥʦʛʝʥʝʟʫéééééé. 

 

 

68 

ɼʨʦʟʜ ɯ.ʇ. 

ɼʦ ʧʨʦʙʣʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʦʤ ʚ ʛʘʣʫʟʷʭ ʘʪʦʤʥʦʾ ʽʥʜʫʩʪʨʽʾ ʋʢʨʘʾʥʠé. 

 

79 

ʈʘʜʦʤʩʴʢʘ ʄ.ʄ., ʈʷʙʯʝʚʩʴʢʠʡ ʆ.ɺ., ɺʦʣʦʛʞʘʥʽʥʘ ɺ.ɺ.,  

ʂʦʚʘʣʴʩʴʢʘ ɺ.ɺ. 

ɸʥʘʣʽʟ ʧʨʦʛʘʣʠʥ ʚ ʦʮʽʥʮʽ ʚʧʣʠʚʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʨʦʝʢʪʫ 

ʜʥʦʟʘʛʣʠʙʣʝʥʥʷ ʥʘ ʨ. ʇʽʚʜʝʥʥʠʡ ɹʫʛééééééééééééééé.. 

 

 

 

92 

ɼʆ ɺɯɼʆʄɸ ɸɺʊʆʈɯɺéééééééééééééééé.éééé. 103 

 

ɿʄɯʉʊ 



~ 5 ~ 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ˉ 3 (27), 2018 

 
  

 

 

 

 

 

 

 

 

 

 
UDK 624.131 

 

Yevheniy O. Yakovlev, D. S., Principal researcher 

 

Olexij  G. Rogozin, D. S. (Economics), Principal researcher 

e-mail: olexarog@gmail.com 

 

Institute of Telecommunication and Global Information Space of NASU, Kyiv, Ukraine 

 

THE FACTORS AND POSSIBLE CONSEQUENCES OF REGIONAL 

CHANGES IN ENGINEERING AND GEOTECHNICAL STATUS OF 

LOESSES AND LOESSY-LOAMY SOILS OF UKRAINE  
 

Abstract. Over the recent decades in Ukraine regional activation of flooding of 

lands, accompanied by landslide formation and subsidence of surfaces take 

place. It is caused by interaction of a complex of natural and technogenic factors 

(global climate changes, groundwater afflux in areas of impact of reservoirs, 

flooding of numerous mines and quarries, etc.). On the territories of the most 

widespread in Ukraine loessy and loessy-loamy soils these phenomena become 

the most dangerous transformations of engineering and geotechnical state of the 

upper part of the geological environment. The researches carried out at the ITGIS 

have clarified that the specific engineering and geological properties of loessy soils 

(soaking, subsidence and thixotropy) are the main factors contributing to 

progressive reduction of engineering seismogeological stability of these soils. The 

cause of thixotropic dilution is the operation of various vibration mechanisms or 

closeness of the objects causing vibration (railways, etc.). Thixotropic dilution is 

mostly caused by vibrational destruction of non-waterproof aggregate structure of 

loessy soil. Destruction is also accompanied by vibrational movement of products 

of destruction into the pore space. After termination of vibration the aggregate 

structure is partially restored due to the formation of secondary aggregates.  

Today more than 50% of 460 cities and 885 urban-type settlements in Ukraine are 

located in the zone of subsiding loessy and loessy-loamy soils, up to 15% are 

affected by natural and technogenic karst formation, and in 9% (123) of the cases 

development of landslides was recorded. Natural and technogenic flooding of the 

territory was recorded in more than 40% (546) of cities and towns. Therefore, there 

are complex changes in the geotechnical conditions in majority of the industrial 

urban agglomerations of Ukraine and deterioration of ecological and geological 

parameters of life within them. The zoning by the regional geotechnical risk of 

flooding of cities and villages of Ukraine situated on loessy and loessy-loamy soils 

should be carried out on the basis of the combined effect of natural and technogenic 

factors. It is recommended to apply the additive model of influence on geotechnical 

 

ɽʂʆʃʆɻɯʏʅɸ ɹɽɿʇɽʂɸ 

ENVIRONMENTAL SAFETY  

Ò Ye.O. Yakovlev, O.G. Rogozin, 2018 
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risk. The mentioned risk is proposed to be quantified by indicators of the specific 

density of areas of flood and landslide development in both technogenic and natural 

conditions. 

The property of water-saturated loessy soils to move to the quicksand state is mostly 

due to the structural features of these soils and to the laws of their transition to the 

rarefied state. The process of obtaining by loesses (in circumstances of long-term 

flooding) of fluid-thixotropic properties develops in the Southern region on irrigated 

lands and begins to spread to the other regions. It is necessary to continue scientific 

and production works to improve the methodological basis of an assessment of the 

impact of modern changes in levels and chemical composition of groundwater, 

negative technogenic effects on the subsoil, global climate change and other factors 

on formation of the geotechnical risk using modern technologies of GIS and Earth 

remote sensing, as well as to complement this basis with ecologic, economic and 

insurance assessments of the risk of life safety. 

Keywords: regional changes; loesses; landslide formation; subsidence; thixotropic 

dilution 

 
ɭ.ʆ. ʗʢʦʚʣʻʚ, ʆ.ɻ. ʈʦʛʦʞʠʥ  

 

ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʌɸʂʊʆʈʀ ɯ ʄʆɾʃʀɺɯ ʅɸʉʃɯɼʂʀ  

ʈɽɻɯʆʅɸʃʔʅʀʍ ɿʄɯʅ ɯʅɾɽʅɽʈʅʆ-ɻɽʆʊɽʍʅɯʏʅʆɻʆ ʉʊɸʅʋ 

ʃɽʉɯɺ ʊɸ ʃɽʉʆɺʆ-ʉʋɻʃʀʅʀʉʊʀʍ ʇʆʈɯɼ ʋʂʈɸɰʅʀ 

 
ɸʥʦʪʘʮʽʷ. ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʚ ʋʢʨʘʾʥʽ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʣʝʢʩʫ 

ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ (ʛʣʦʙʘʣʴʥʽ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʧʽʜʧʽʨ ˇʨʫʥʪʦʚʠʭ 

ʚʦʜ ʚ ʟʦʥʘʭ ʚʧʣʠʚʫ ʚʦʜʦʩʭʦʚʠʱ, ʟʘʪʦʧʣʝʥʥʷ ʯʠʩʣʝʥʥʠʭ ʰʘʭʪ ʪʘ ʢʘʨôʻʨʽʚ ʪʦʱʦ) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʝʛʽʦʥʘʣʴʥʘ ʘʢʪʠʚʽʟʘʮʽʷ ʧʽʜʪʦʧʣʝʥʥʷ ʟʝʤʝʣʴ, 

ʩʫʧʨʦʚʦʜʞʫʚʘʥʘ ʟʩʫʚʦʫʪʚʦʨʝʥʥʷʤ ʪʘ ʧʨʦʩʽʜʘʥʥʷʤʠ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ. ʅʘ 

ʪʝʨʠʪʦʨʽʷʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʚ ʋʢʨʘʾʥʽ ʣʝʩʦʚʠʭ ʪʘ ʣʝʩʦʚʦ-

ʩʫʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ ʩʘʤʝ ʮʽ ʷʚʠʱʘ ʥʘʙʫʚʘʶʪʴ ʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝʥʜʝʥʮʽʶ ʜʦ 

ʘʢʪʠʚʽʟʘʮʽʾ ʮʴʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʮʝʩʫ ʚ 

ʧʨʦʩʪʦʨʦʚʦʤʫ ʽ ʯʘʩʦʚʦʤʫ ʚʠʤʽʨʘʭ, ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʽʜʪʦʧʣʝʥʠʭ ʪʘ ʫʨʘʞʝʥʠʭ 

ʟʩʫʚʘʤʠ ʧʣʦʱ, ʥʘʩʘʤʧʝʨʝʜ ʚ ʤʝʞʘʭ ʤʽʩʪ ʪʘ ʩʝʣʠʱ. ɺʠʢʦʥʘʥʽ ʫ ɯʊɻɯʇ ʅɸʅʋ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʣʠ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʧʨʦʚʽʜʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ 

ʩʧʨʠʷʶʪʴ ʧʨʦʛʨʝʩʫʶʯʦʤʫ ʟʥʠʞʝʥʥʶ ʽʥʞʝʥʝʨʥʦ-ʩʝʡʩʤʦʛʝʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʣʝʩʦʚʠʭ ʪʦʚʱ, ʻ ʩʧʝʮʠʬʽʯʥʽ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʧʦʨʽʜ, ʪʘʢʽ 

ʷʢ ʨʦʟʤʦʢʘʻʤʽʩʪʴ, ʧʨʦʩʘʜʢʦʚʽʩʪʴ ʪʘ ʪʠʢʩʦʪʨʦʧʥʽʩʪʴ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʝʛʽʦʥʘʣʴʥʽ ʟʤʽʥʠ; ʣʝʩʠ; ʟʩʫʚʦʫʪʚʦʨʝʥʥʷ; ʧʨʦʩʽʜʘʥʥʷ; 

ʪʠʢʩʦʪʨʦʧʥʝ ʨʦʟʨʽʜʞʝʥʥʷ 

 

ɺʩʪʫʧ 

 

ɺ ʋʢʨʘʾʥʽ ʟʘʬʽʢʩʦʚʘʥʦ ʨʦʟʚʠʪʦʢ ʧʦʥʘʜ 20 ʨʽʟʥʠʭ ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʷʚʠʱ, ʧôʷʪʴ ʚʠʜʽʚ ʷʢʠʭ ʻ ʦʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʠʤʠ, ʱʦ ʘʢʪʠʚʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʠ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʘ ʪʘ ʡʦʛʦ 

ʛʝʦʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʫ ʧʨʠʨʦʜʥʠʭ ʪʘ ʪʝʭʥʦʛʝʥʥʠʭ ʫʤʦʚʘʭ. ɿ ʦʛʣʷʜʫ ʥʘ ʽʩʪʦʪʥʽ 

ʚʽʜʤʽʥʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ (ʜʦ 10 ʧʨʠʥʮʠʧʦʚʦ 
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ʚʽʜʤʽʥʥʠʭ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ) ʪʘ ʧʨʘʢʪʠʯʥʦ ʧʦʚʩʶʜʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ɻʉ), ʜʦ 

ʧʨʦʚʽʜʥʠʭ ʥʝʙʝʟʧʝʯʥʠʭ ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʅɽɻʇ), ʱʦ ʤʘʶʪʴ 

ʧʨʦʩʪʦʨʦʚʝ ʧʦʰʠʨʝʥʥʷ ʪʘ ʩʧʨʠʯʠʥʷʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʨʠʟʠʢ ʧʦʨʫʰʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʩʣʽʜ ʚʽʜʥʝʩʪʠ: ʛʨʘʚʽʪʘʮʽʡʥʽ ʩʭʠʣʦʚʽ ʧʨʦʮʝʩʠ (ʟʩʫʚʠ), 

ʧʽʜʪʦʧʣʝʥʥʷ, ʢʘʨʩʪ, ʧʨʦʩʽʜʘʥʥʷ ʣʝʩʦʚʠʭ ʧʦʨʽʜ, ʦʩʽʜʘʥʥʷ ʧʦʚʝʨʭʥʽ ʥʘʜ 

ʛʽʨʥʠʯʠʤʠ ʚʠʨʦʙʢʘʤʠ [1, 3, 4, 10]. ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʞʠʤʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʷʢʽ ʬʽʢʩʫʶʪʴ ʧʦʩʠʣʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ ʜʠʥʘʤʽʢʦʶ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʨʝʛʽʦʥʘʣʴʥʠʤ ʨʦʟʚʠʪʢʦʤ ʅɽɻʇ, ʢʨʠʪʝʨʽʻʤ 

ʧʽʜʚʠʱʝʥʦʾ ʛʝʦʜʠʥʘʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦʮʽʣʴʥʦ ʚʚʘʞʘʪʠ ʦʜʥʦʯʘʩʥʠʡ 

ʧʨʦʷʚ ʥʘ ʥʽʡ ʜʝʢʽʣʴʢʦʭ ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ (ʾʭ ʧʘʨʘʛʝʥʝʪʠʯʥʫ 

ʘʩʦʮʽʘʮʽʶ). 

ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʚ ʋʢʨʘʾʥʽ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʣʝʢʩʫ ʧʨʠʨʦʜʥʠʭ ʽ 

ʪʝʭʥʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ (ʛʣʦʙʘʣʴʥʽ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʧʽʜʧʽʨ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʚ ʟʦʥʘʭ 

ʚʧʣʠʚʫ ʚʦʜʦʩʭʦʚʠʱ, ʟʘʪʦʧʣʝʥʥʷ ʯʠʩʣʝʥʥʠʭ ʰʘʭʪ ʪʘ ʢʘʨôʻʨʽʚ ʪʦʱʦ) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʝʛʽʦʥʘʣʴʥʘ ʘʢʪʠʚʽʟʘʮʽʷ ʧʽʜʪʦʧʣʝʥʥʷ ʟʝʤʝʣʴ, ʩʫʧʨʦʚʦʜʞʫʚʘʥʘ 

ʟʩʫʚʦʫʪʚʦʨʝʥʥʷʤ ʪʘ ʧʨʦʩʽʜʘʥʥʷʤʠ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ. ʅʘ ʪʝʨʠʪʦʨʽʷʭ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʚ ʋʢʨʘʾʥʽ ʣʝʩʦʚʠʭ ʪʘ ʣʝʩʦʚʦ-ʩʫʛʣʠʥʠʩʪʠʭ 

ʧʦʨʽʜ (ʃʉʇ) ʩʘʤʝ ʮʽ ʷʚʠʱʘ ʥʘʙʫʚʘʶʪʴ ʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ (ɻʉ). ɼʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝʥʜʝʥʮʽʶ ʜʦ ʘʢʪʠʚʽʟʘʮʽʾ 

ʮʴʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʧʨʦʩʪʦʨʦʚʦʤʫ ʽ ʯʘʩʦʚʦʤʫ 

ʚʠʤʽʨʘʭ, ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʽʜʪʦʧʣʝʥʠʭ ʪʘ ʫʨʘʞʝʥʠʭ ʟʩʫʚʘʤʠ ʧʣʦʱ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʚ ʤʝʞʘʭ ʤʽʩʪ ʪʘ ʩʝʣʠʱ. 

ɿ ʪʝʭʥʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʪʝʨʤʽʥ çʧʽʜʪʦʧʣʝʥʥʷè ʜʦʮʽʣʴʥʦ ʪʣʫʤʘʯʠʪʠ ʷʢ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘ ʦʢʨʝʤʠʭ ʪʝʨʠʪʦʨʽʷʭ ʨʽʚʥʽʚ ʧʽʜʟʝʤʥʠʭ ʪʘ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʽ 

ʟʚʦʣʦʞʝʥʥʷ ʥʠʤʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʪʘ ˇʨʫʥʪʽʚ ʟʦʥʠ ʘʝʨʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʩʢʣʘʜʥʝʥʥʷ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʘ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʝʡ, ʧʦʛʽʨʰʝʥʥʷ ʫʤʦʚ 

ʾʭ ʧʨʦʞʠʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʦ ʟʤʽʥʠ ʬʽʟʠʯʥʠʭ ʪʘ ʛʝʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ˇʨʫʥʪʽʚ. 

ʈʦʟʚʠʪʦʢ ʧʽʜʪʦʧʣʝʥʥʷ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʪʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʷʭ ʚ ʤʽʩʪʘʭ ʽ 

ʩʝʣʠʱʘʭ ʋʢʨʘʾʥʠ ʤʘʻ ʨʝʩʫʨʩʥʦ-ʪʝʭʥʦʛʝʥʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʦ ʧʦʜʘʣʴʰʦʾ 

ʘʢʪʠʚʽʟʘʮʽʾ ʽ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱ ʧʨʦʷʚʫ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʝʩʦʚʠʭ ʧʦʨʽʜ ʪʘ ʃʉʇ ʷʢ ʦʩʥʦʚʠ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ ʚ 

ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯʯʷ ʨʽʟʢʦ ʟʙʽʣʴʰʠʣʦʩʴ ʫ ʟʚôʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ 

ʧʦʚʩʶʜʥʦʾ ʫʨʙʘʥʽʟʘʮʽʾ ʪʝʨʠʪʦʨʽʡ. 

ʋ ʤʝʞʘʭ ʧʨʦʤʠʩʣʦʚʦ-ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡ (ʇʄɸ) ʚʝʨʭʥʽʡ ʰʘʨ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʨʦʟʨʽʟʫ ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʝʥʠʡ ʪʝʭʥʦʛʝʥʥʠʤʠ ˇʨʫʥʪʘʤʠ. ʎʝ ʧʝʨʝʤʽʱʝʥʽ ʽ ʟʤʽʥʝʥʽ 

ʣʶʜʠʥʦʶ ʧʫʭʢʽ ʫʪʚʦʨʝʥʥʷ ʪʘ ʧʦʜʨʽʙʥʝʥʽ ʩʢʝʣʴʥʽ ʽ ʥʘʧʽʚʩʢʝʣʴʥʽ ʧʦʨʦʜʠ, ʨʽʟʥʦʛʦ 

ʨʦʜʫ ʙʫʜʽʚʝʣʴʥʝ ʩʤʽʪʪʷ, ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʽ ʡ ʪʚʝʨʜʽ ʚʽʜʭʦʜʠ, ʱʦ ʤʘʶʪʴ 

ʚʠʩʦʢʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʚʦʜʦʥʘʩʠʯʝʥʥʷ ʪʘ ʤʘʩʰʪʘʙʥʠʭ ʟʤʽʥ ʽʥʞʝʥʝʨʥʦ-

ʛʝʦʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢʘʥʥʷ, ʟʯʽʧʣʝʥʥʷ, ʰʚʠʜʢʦʩʪʽ 

ʨʦʟʤʦʢʘʥʥʷ). ɺ ʋʢʨʘʾʥʽ ʥʘʨʘʭʦʚʫʶʪʴʩʷ ʩʦʪʥʽ ʤʽʩʪ ʪʘ ʩʝʣʠʱ ʤʽʩʴʢʦʛʦ ʪʠʧʫ, ʱʦ 

ʧʦʪʨʝʙʫʶʪʴ ʟʘʭʠʩʪʫ ʚʽʜ ʪʠʭ ʯʠ ʽʥʰʠʭ ʅɽɻʇ, ʜʦ ʪʦʛʦ ʞ ʚ ʙʘʛʘʪʴʦʭ ʤʽʩʪʘʭ 

ʦʜʥʦʯʘʩʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʜʝʢʽʣʴʢʘ ʾʭ ʚʠʜʽʚ. ʊʘʢ, ʟʘ ʜʘʥʠʤʠ 

ʋʢʨʢʦʤʫʥʅɼɯʧʨʦʝʢʪʫ, ʫ 2002 ʨ. ʜʦ 550 ʤʽʩʪ ʪʘ ʩʝʣʠʱ ʟʘʟʥʘʚʘʣʠ ʧʨʦʮʝʩʫ 

ʧʦʩʪʽʡʥʦʛʦ ʧʽʜʪʦʧʣʝʥʥʷ ˇʨʫʥʪʦʚʠʤʠ ʚʦʜʘʤʠ, ʚ 144 ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʘʢʪʠʚʥʽ 

ʟʩʫʚʥʽ ʟʤʽʱʝʥʥʷ, ʚ 50 ï ʧʨʦʩʽʜʘʥʥʷ ʣʝʩʦʚʠʭ ˇʨʫʥʪʽʚ ʧʽʜ ʙʫʜʽʚʣʷʤʠ, ʘ ʚ 12 ï 

ʦʩʽʜʘʥʥʷ ʧʦʚʝʨʭʥʽ ʥʘʜ ʛʽʨʥʠʯʠʤʠ ʚʠʨʦʙʢʘʤʠ.  
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ʇʽʜʪʦʧʣʝʥʥʷ ʤʽʩʪ ʽ ʩʝʣʠʱ ʟʘʬʽʢʩʦʚʘʥʝ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʦʙʣʘʩʪʷʭ ʋʢʨʘʾʥʠ 

ʪʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʙʽʣʴʰʦʩʪʽ ʤʽʩʪ ʽ ʩʝʣʠʱ ʤʽʩʴʢʦʛʦ ʪʠʧʫ, ʜʝ ʽʥʦʜʽ ʧʽʜʪʦʧʣʝʥʦ 

ʜʦ 30% ʽ ʙʽʣʴʰʝ ʪʝʨʠʪʦʨʽʾ. ʇʦʨʷʜ ʟ ʽʥʰʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʟʙʽʣʴʰʝʥʥʷ ʚʦʣʦʛʦʩʪʽ 

ʪʘ ʦʙʚʦʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʧʦʙʣʠʟʫ ʩʪʨʽʤʢʠʭ ʩʭʠʣʽʚ (ʙʽʣʴʰʝ 8-10Ü) ʷʨʽʚ ʪʘ ʙʘʣʦʢ 

ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɿʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʟʘʙʫʜʦʚʠ ʫ ʤʽʩʪʘʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʤʽʩʴʢʠʭ 

ʘʛʣʦʤʝʨʘʮʽʷʭ (ʇʄɸ) ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʶʻ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʣʝʩʽʚ. ʇʨʠʯʦʤʫ ʩʘʤʝ 

ʚʣʘʩʪʠʚʽʩʪʴ ʣʝʩʦʚʠʭ ˇʨʫʥʪʽʚ ʧʨʦʩʽʜʘʪʠ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʨʠ ʟʘʤʦʯʫʚʘʥʥʽ 

ʚʠʟʥʘʯʘʻ ʥʝʙʝʟʧʝʯʥʽʩʪʴ ʫʤʦʚ ʙʫʜʽʚʥʠʮʪʚʘ ʥʘ ʣʝʩʦʚʠʭ ʽ ʣʝʩʦʚʦ-ʩʫʛʣʠʥʠʩʪʠʭ 

ˇʨʫʥʪʘʭ.  

ʋ ʧʨʘʢʪʠʮʽ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʽʟʥʠʭ ʩʧʦʨʫʜ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ 

ʣʝʩʦʚʠʭ ˇʨʫʥʪʘʭ, ʚ ʨʷʜʽ ʤʽʩʪ ʋʢʨʘʾʥʠ ʥʝʦʜʥʦʨʘʟʦʚʦ ʤʘʣʠ ʤʽʩʮʝ ʧʨʦʩʽʜʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʱʝ ʦʜʥʽʻʶ ʩʧʝʮʠʬʽʯʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʣʝʩʽʚ ʪʘ ʃʉʇ ʻ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʧʨʦʩʘʜʢʦʚʦʩʪʽ (ʫʱʽʣʴʥʝʥʥʷ) ʧʨʠ ʜʦʜʘʪʢʦʚʦʤʫ ʟʚʦʣʦʞʝʥʥʽ ʙʝʟ ʟʙʽʣʴʰʝʥʥʷ 

ʛʝʦʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʈʦʟʚʠʪʦʢ ʧʨʦʩʘʜʢʦʚʦʩʪʽ ʣʝʩʽʚ ʪʘ ʃʉʇ ʚ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʧʦʚôʷʟʘʥʠʡ ʟ ʥʘʩʪʫʧʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ 

ʚʦʜʥʦ-ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: 

- ʚʠʩʦʢʦʶ ʧʦʨʠʩʪʽʩʪʶ (ʜʦ 45ï55%); 

- ʬʽʣʴʪʨʘʮʽʡʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ (ʧʝʨʝʚʠʱʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 
ʥʘʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʫ 15ï25 ʨʘʟʽʚ ʽ ʙʽʣʴʰʝ); 

- ʧʝʨʝʚʘʞʘʥʥʷʤ ʧʠʣʫʚʘʪʠʭ ʯʘʩʪʦʢ ʥʘʜ ʛʣʠʥʠʩʪʦʶ ʩʢʣʘʜʦʚʦʶ. 

ʃʝʩʦʚʽ ʪʘ ʣʝʩʦʚʦ-ʩʫʛʣʠʥʠʩʪʽ ʧʦʨʦʜʠ ʧʝʨʝʚʘʞʘʶʪʴ ʥʘ ʙʽʣʴʰʽʡ ʯʘʩʪʠʥʽ 

ʨʽʚʥʠʥʥʦʾ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ (ʜʦ 70% ʾʾ ʧʣʦʱʽ). ʇʦʪʫʞʥʽʩʪʴ ʾʭʥʴʦʾ ʪʦʚʱʽ 

ʩʪʘʥʦʚʠʪʴ 10ï20 ʤ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʧʨʦʩʘʜʢʦʚʽʩʪʴ I ʪʘ II  ʪʠʧʽʚ, ʧʨʠʯʦʤʫ ʧʨʠ 

ʧʦʪʫʞʥʦʩʪʽ ʜʦ 10 ʤ ʧʝʨʝʚʘʞʘʻ ɯ ʪʠʧ ʧʨʦʩʘʜʢʦʚʦʩʪʽ. ʎʝ ʪʠʧʠ ˇʨʫʥʪʦʚʠʭ ʫʤʦʚ 

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ, ʚʠʟʥʘʯʝʥʽ ʫ ɼɹʅ çɺ.1.1-5-2000, ʯʘʩʪʠʥʘ II, ɹʫʜʠʥʢʠ 

ʽ ʩʧʦʨʫʜʠ ʥʘ ʧʨʦʩʘʜʢʦʚʠʭ ˇʨʫʥʪʘʭè [1, 2, 4] ʟʘʣʝʞʥʦ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʩʘʜʢʦʚʦʩʪʽ: I ʪʠʧ ï ʫʤʦʚʠ, ʟʘ ʷʢʠʭ ʤʦʞʣʠʚʝ ʧʨʦʩʽʜʘʥʥʷ ˇʨʫʥʪʽʚ ʚʽʜ 

ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʚʽʜ ʚʣʘʩʥʦʾ ʚʘʛʠ ʧʨʦʩʽʜʘʥʥʷ ʘʙʦ ʚʽʜʩʫʪʥʻ, ʘʙʦ 

ʥʝ ʧʝʨʝʚʠʱʫʻ 5 ʩʤ; II  ʪʠʧ ï ʫʤʦʚʠ, ʟʘ ʷʢʠʭ, ʢʨʽʤ ʧʨʦʩʽʜʘʥʥʷ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʤʦʞʣʠʚʝ ʧʦʥʘʜ 5-ʩʘʥʪʠʤʝʪʨʦʚʝ ʧʨʦʩʽʜʘʥʥʷ ʚʽʜ ʚʣʘʩʥʦʾ ʚʘʛʠ. 

ʇʨʠʯʦʤʫ ʫ ʛʝʦʧʨʦʩʪʦʨʦʚʽʡ ʩʪʨʫʢʪʫʨʽ ʣʝʩʦʚʠʭ ʧʦʨʽʜ ʪʘ ʃʉʇ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʥʘʩʪʫʧʥʽ ʟʦʥʘʣʴʥʦʩʪʽ: 

- ʟʨʦʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʽ ʧʦʚʥʦʪʠ ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ (ʢʽʣʴʢʦʩʪʽ 

ʣʽʪʦʣʦʛʽʯʥʠʭ ʮʠʢʣʽʚ), ʰʠʨʦʪʥʘ ʟʦʥʘʣʴʥʽʩʪʴ ʫ ʧʽʚʜʝʥʥʦʤʫ ʥʘʧʨʷʤi; 

- ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʦʚʱʽ ʫ ʨʽʯʢʦʚʠʭ ʜʦʣʠʥʘʭ ʚʽʜ ʤʦʣʦʜʠʭ ʪʝʨʘʩ ʜʦ 
ʜʘʚʥʽʭ; 

- ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʦʚʱʽ ʥʘ ʚʦʜʦʜʽʣʘʭ ʫ ʧʽʚʜʝʥʥʦʤʫ ʥʘʧʨʷʤi ʚʽʜ 15ï

20 ʤ (ʇʨʠʜʥʽʩʪʨʦʚôʷ) ʜʦ 30ï35 ʤ (ʇʨʠʯʦʨʥʦʤʦʨôʷ), 40ï50 ʤ (ʜʦʣʠʥʘ ɼʫʥʘʶ). 

ʋ ʧʽʚʜʝʥʥʦʤʫ ʥʘʧʨʷʤʽ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʧʽʜʪʦʧʣʝʥʥʷ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ (ʪʘʙʣ. 1) ʪʘ ʟʘʩʦʣʝʥʦʩʪʽ ʣʝʩʽʚ ʽ ʃʉʇ. ɿʦʢʨʝʤʘ, ʫ ɿʘʧʦʨʽʟʴʢʽʡ 

ʽ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ ʦʙʣʘʩʪʷʭ ʤʘʡʞʝ 80% ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ ʨʦʟʤʽʱʝʥʦ 

ʥʘ ʣʝʩʦʚʠʭ ʧʦʨʦʜʘʭ ʽʟ II ʪʠʧʦʤ ˇʨʫʥʪʦʚʠʭ ʫʤʦʚ ʟʘ ʟʘʛʨʦʟʦʶ ʧʨʦʩʽʜʘʥʥʷ 

ʙʫʜʽʚʝʣʴ. ʂʽʣʴʢʽʩʪʴ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʱʦ ʦʪʨʠʤʘʣʠ ʯʠʩʣʝʥʥʽ ʜʝʬʦʨʤʘʮʽʾ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʫ ʮʠʭ ʦʙʣʘʩʪʷʭ ʧʝʨʝʚʠʱʫʻ 10 ʪʠʩʷʯ [1, 3, 10] (ʪʘʙʣ. 2). 

ɺ ʘʨʝʘʣ ʧʦʰʠʨʝʥʥʷ ʧʨʦʩʘʜʢʦʚʠʭ ʣʝʩʦʚʠʭ ʧʦʨʽʜ ʧʦʪʨʘʧʣʷʶʪʴ ʦʩʥʦʚʥʽ 

ʤʘʩʠʚʠ ʟʨʦʰʝʥʥʷ ʪʘ ʚʝʣʠʢʽ ʧʨʦʤʠʩʣʦʚʦ-ʤʽʩʴʢʽ ʘʛʣʦʤʝʨʘʮʽʾ: ɼʥʽʧʨʦʚʩʴʢʦ-

ʂʘʤôʷʥʩʴʢʘ, ɿʘʧʦʨʽʟʴʢʘ, ʍʝʨʩʦʥʩʴʢʘ, ʄʠʢʦʣʘʾʚʩʴʢʘ. ɿʘ ʜʘʥʠʤʠ ɽ.ʌ. ʂʨʘʻʚʘ [4], 
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ʥʘʡʙʽʣʴʰʘ ʧʦʪʫʞʥʽʩʪʴ ʩʭʠʣʴʥʠʭ ʜʦ ʧʨʦʩʽʜʘʥʥʷ ʣʝʩʦʚʠʭ ʪʦʚʱ ʩʪʘʥʦʚʠʪʴ ʫ 

ʤʽʩʪʘʭ: ʅʽʢʦʧʦʣʴ ï 30 ʤ, ɿʘʧʦʨʽʞʞʷ ï 20 ʤ, ɼʥʽʧʨʦ ʽ ʄʘʨʛʘʥʝʮʴ ï 15 ʤ. ʇʨʠʯʦʤʫ 

ʧʨʦʩʽʜʘʥʥʷ ʚʽʜ ʚʣʘʩʥʦʾ ʚʘʛʠ ʧʨʠ ʟʘʤʦʯʫʚʘʥʥʽ ʩʷʛʘʻ ʫ ɼʥʽʧʨʽ 0,3ï0,6 ʤ,  

ʅʽʢʦʧʦʣʽ ï 1,0ï1,4 ʤ, ɿʘʧʦʨʽʞʞʽ ï 1,4ï2,2 ʤ. 

ʃʝʩʦʚʽ ˇʨʫʥʪʠ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʤʽʩʪ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʟʦʥ ʩʪʘʶʪʴ ʩʝʨʝʜʦʚʠʱʝʤ 

ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜ: ʧʽʜʚʘʣʴʥʠʭ ʧʨʠʤʽʱʝʥʴ, ʪʫʥʝʣʽʚ, ʧʨʠʤʽʱʝʥʴ ʽʥʰʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙôʻʤʫ ʧʨʦʩʪʦʨʫ, ʱʦ 

ʟʘʡʤʘʶʪʴ ʪʘʢʽ ʩʧʦʨʫʜʠ, ʨʝʞʠʤʫ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʘʷʚʥʦʩʪʽ ʩʽʪʢʠ ʪʝʧʣʦʧʨʦʚʦʜʫ 

ʪʘ ʝʣʝʢʪʨʦʟʚôʷʟʢʫ, ʧʽʜʟʝʤʥʽ ʩʧʦʨʫʜʠ ʟʤʽʥʶʶʪʴ ʫ ˇʨʫʥʪʘʭ ʬʽʟʠʯʥʽ ʧʦʣʷ ï 

ʪʝʤʧʝʨʘʪʫʨʥʝ, ʝʣʝʢʪʨʠʯʥʝ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ. 

ʋʩʝ ʚʠʱʝʥʘʚʝʜʝʥʝ ʻ ʧʝʨʝʢʦʥʣʠʚʠʤ ʘʨʛʫʤʝʥʪʦʤ ʥʘ ʢʦʨʠʩʪʴ ʪʚʝʨʜʞʝʥʥʷ ʧʨʦ 

ʟʨʦʩʪʘʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʨʦʙʣʝʤʠ ʥʘʫʢʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʟ 

ʧʽʜʚʠʱʝʥʥʷ ʚʦʜʥʦ-ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʝʨʠʪʦʨʽʡ ʤʽʩʪ ʽ ʩʝʣʠʱ ʋʢʨʘʾʥʠ, 

ʦʩʦʙʣʠʚʦ ʚ ʤʝʞʘʭ ʧʣʦʱ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʣʝʩʽʚ ʪʘ ʃʉʇ, ʯʫʪʣʠʚʠʭ ʜʦ ʧʦʨʫʰʝʥʴ 

ʚʦʜʦ-ʪʝʧʣʦʦʙʤʽʥʫ. ʆʩʢʽʣʴʢʠ ʟʙʝʨʝʞʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦʾ ʥʝʩʫʯʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ 

ʣʝʩʽʚ ʪʘ ʃʉʇ ʚ ʫʤʦʚʘʭ ʧʦʰʠʨʝʥʥʷ ʧʦʨʫʰʝʥʴ ʾʭ ʚʦʜʦ-ʪʝʧʣʦʦʙʤʽʥʫ ʩʪʘʻ 

ʛʦʣʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʩʪʘʙʽʣʽʟʘʮʽʾ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʪʘ ʟʥʠʞʝʥʥʷ 

ʨʠʟʠʢʫ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʥʘ ʙʽʣʴʰʽʡ ʯʘʩʪʠʥʽ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʤʝʭʘʥʽʟʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʨʠʟʠʢʫ ʚ ʤʽʩʪʘʭ ʽ ʩʝʣʠʱʘʭ 

ʋʢʨʘʾʥʠ ʚʥʘʩʣʽʜʦʢ ʪʝʭʥʦʛʝʥʥʦʾ ʜʝʩʪʘʙʽʣʽʟʘʮʽʾ ʾʭ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʽʚ ʧʽʜʪʦʧʣʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʠʭ, ʟʦʢʨʝʤʘ, ʧʦʩʠʣʝʥʥʷʤ 

ʯʠʥʥʠʢʽʚ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ. 

 

ʈʦʟʚʠʪʦʢ ʧʨʦʮʝʩʽʚ ʧʽʜʪʦʧʣʝʥʥʷ ʚ ʋʢʨʘʾʥʽ  

 

ɿʘʛʘʣʦʤ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʽʚ ˇʨʫʥʪʦʚʠʭ ʚʦʜ (ʈɻɺ) ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʜʽʣʷʥʦʢ 

ʧʽʜʪʦʧʣʝʥʥʷ ʚ ʤʝʞʘʭ ʤʽʩʪ ʪʘ ʩʝʣʠʱ ʧʦʚôʷʟʘʥʦ ʟʽ ʩʢʣʘʜʥʠʤ ʢʦʤʧʣʝʢʩʦʤ 

ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʨʝʞʠʤʦʫʪʚʦʨʶʶʯʠʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʫʤʦʚʘʭ ʚʦʜʦʦʙʤʽʥʫ ˇʨʫʥʪʦʚʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʱʦ 

ʤʘʶʪʴ ʧʨʦʩʪʦʨʦʚʦ-ʡʤʦʚʽʨʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ. 

ɺʠʢʦʥʘʥʠʡ ʫ ɯʊɻɯʇ ʅɸʅ ʋʢʨʘʾʥʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʤʘʪʝʨʽʘʣʽʚ ʥʘʫʢʦʚʠʭ 

ʪʘ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʛʝʦʣʦʛʽʾ ʪʘ ʥʘʜʨ ʄʽʥʧʨʠʨʦʜʠ, 

ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠ, ɼʉʅʉ ʪʘ ɼʝʨʞʢʦʤʛʽʜʨʦʤʝʪʫ ʚʠʷʚʠʚ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʫ ʬʘʟʫ 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʫ ʧʽʜʪʦʧʣʝʥʥʷ ʣʝʩʦʚʠʭ ʬʦʨʤʘʮʽʡ, ʦʩʦʙʣʠʚʦ ʚ 

ʤʝʞʘʭ ʤʽʩʪ ʽ ʩʝʣʠʱ, ʟʘ ʫʤʦʚ ʩʫʮʽʣʴʥʦʛʦ ʟʥʠʞʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʜʨʝʥʫʶʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʙʽʣʴʰʦʩʪʽ ʨʽʯʦʢ ʚʥʘʩʣʽʜʦʢ ʾʭ ʧʽʜʧʦʨʫ, ʟʘʤʫʣʝʥʥʷ ʟʥʘʯʥʠʭ ʜʽʣʷʥʦʢ 

ʨʫʩʝʣ ʪʘ ʟʨʦʩʪʘʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʞʠʚʣʝʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʟ ʥʘʩʪʫʧʥʠʤ 

ʧʽʜʚʠʱʝʥʥʷʤ ʾʭ ʨʽʚʥʽʚ. 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʧʦʩʠʣʶʻʪʴʩʷ ʧʨʦʷʚ ʯʠʥʥʠʢʽʚ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ 

(ɻɿʂ), ʟʦʢʨʝʤʘ ʪʘʢʠʭ ʷʢ ʧʦʪʝʧʣʽʥʥʷ, ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʘ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʦʧʘʜʽʚ, ʟʨʦʩʪʘʥʥʷ ʚʠʩʦʪʠ ʡ ʯʘʩʪʦʪʠ ʧʦʚʝʥʝʡ ʽ ʧʘʚʦʜʢʽʚ, ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʫ 

ʽʩʥʫʚʘʥʥʷ ʰʘʨʫ ʧʨʦʤʝʨʟʘʥʥʷ ˇʨʫʥʪʽʚ. ʎʽ ʯʠʥʥʠʢʠ ʧʽʜʩʠʣʶʶʪʴ ʧʨʦʮʝʩʠ 

ʧʽʜʪʦʧʣʝʥʥʷ ʽ ʟʘʩʦʣʶʚʘʥʥʷ, ʩʪʘʶʯʠ ʧʨʦʚʽʜʥʠʤ ʬʘʢʪʦʨʦʤ ʟʥʠʞʝʥʥʷ 

ʛʝʦʤʝʭʘʥʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʣʝʩʦʚʠʭ ʪʦʚʱ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʫʨʘʟʣʠʚʦʩʪʽ ʜʦ 

ʧʦʩʠʣʝʥʥʷ ʽʥʞʝʥʝʨʥʦ-ʩʝʡʩʤʦʛʝʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʽ 

ʛʝʦʩʠʩʪʝʤʠ (ʇʊɻʉ) çʪʝʭʥʦʛʝʥʥʠʡ ʦʙôʻʢʪ ï ʚʝʨʭʥʷ ʟʦʥʘ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘè (ʪʘʙʣ. 1). 
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ʊʘʙʣʠʮʷ 1 ï ɺʧʣʠʚ ʬʘʢʪʦʨʽʚ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ ʥʘ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ 

ʫʤʦʚʠ ʣʝʩʽʚ ʪʘ ʣʝʩʦʚʦ-ʩʫʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ (ʃʉʇ) 

 

ˉ  ̄

ʧ/ʧ 

ʌʘʢʪʦʨʠ 

ʚʧʣʠʚʫ 

ʛʣʦʙʘʣʴʥʠʭ 

ʟʤʽʥ ʢʣʽʤʘʪʫ 

ɿʤʽʥʠ ʤʝʭʘʥʽʯʥʦʛʦ ʪʘ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʦʛʦ ʩʪʘʥʫ ʣʝʩʽʚ ʪʘ ʃʉʇ 

ʈʽʚʝʥʴ ʧʨʦʷʚʫ ʟʤʽʥ ʽʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʣʝʩʽʚ ʪʘ ʃʉʇ 

ʈʝʛʽʦʥʘʣʴʥʠʡ ʄʽʩʪʘ ʪʘ ʩʝʣʠʱʘ 

1 ʇʦʪʝʧʣʽʥʥʷ 

1. ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʽ ʰʘʨʫ 

ʧʨʦʤʝʨʟʘʥʥʷ. 

2. ɿʙʽʣʴʰʝʥʥʷ ʽʥʬʽʣʴʪʨʘʮʽʡʥʦʛʦ 

ʞʠʚʣʝʥʥʷ ʪʘ ʚʦʣʦʛʦʥʘʩʠʯʝʥʥʷ. 

3. ʇʦʛʽʨʰʝʥʥʷ ʛʝʦʤʝʭʘʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ.  

ʇʽʚʜʝʥʥʽ ʨʝʛʽʦʥʠ 

ʋʢʨʘʾʥʠ 

1. ɿʙʽʣʴʰʝʥʥʷ 

ʜʽʣʷʥʦʢ 

ʧʽʜʪʦʧʣʝʥʥʷ ʪʘ 

ʧʨʦʩʘʜʢʦʚʦʩʪʽ. 

 

2. ɸʢʪʠʚʽʟʘʮʽʷ 

ʟʩʫʚʦʫʪʚʦʨʝʥʥʷ 

ʪʘ ʩʭʠʣʦʚʦʾ 

ʝʨʦʟʽʾ. 

 

3. ɿʨʦʩʪʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ 

ʧʨʦʚʘʣʴʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ. 

2 
ʅʝʨʽʚʥʦʤʽʨʥʽ 

ʦʧʘʜʠ 

1. ɿʙʽʣʴʰʝʥʥʷ ʟʚʦʣʦʞʝʥʥʷ ʪʘ 

ʩʦʣʝʥʘʢʦʧʠʯʝʥʥʷ ʫ ʚʝʨʭʥʴʦʤʫ 

ʰʘʨʽ. 

2. ɿʤʝʥʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʪʘ 

ʧʨʦʩʘʜʢʦʫʪʚʦʨʝʥʥʷ. 

ɺʝʩʴ ʘʨʝʘʣ 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʣʝʩʽʚ ʪʘ ʃʉʇ 

3 

ɿʙʽʣʴʰʝʥʥʷ 

ʚʠʩʦʪʠ ʪʘ 

ʯʘʩʪʦʪʠ 

ʧʦʚʝʥʝʡ ʽ 

ʧʘʚʦʜʢʽʚ 

1. ɿʙʽʣʴʰʝʥʥʷ ʚʦʜʦʥʘʩʠʯʝʥʥʷ 

ʧʨʠʙʝʨʝʞʥʠʭ ʜʽʣʷʥʦʢ. 

2. ɿʤʝʥʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʫ 

ʧʽʜʥʽʞʞʽ ʩʭʠʣʽʚ. 

3. ʈʦʟʚʠʪʦʢ ʧʨʦʮʝʩʽʚ ʧʫʯʽʥʥʷ ʪʘ 

ʟʩʫʚʦʫʪʚʦʨʝʥʥʷ. 

4. ɽʨʦʟʽʡʥʝ ʨʫʡʥʫʚʘʥʥʷ 

ʧʨʠʙʝʨʝʞʥʠʭ ʟʦʥ. 

ʇʨʠʜʥʽʧʨʦʚʩʴʢʠʡ 

ʪʘ 

ʇʨʠʢʘʨʧʘʪʩʴʢʠʡ 

ʨʝʛʽʦʥʠ 

ɼʞʝʨʝʣʦ: [1, 8, 11] 

 

ɻʦʣʦʚʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʢʦʤʧʣʝʢʩʥʦʾ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʜʽʾ ʟʘʟʥʘʯʝʥʠʭ 

ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʯʠʥʥʠʢʽʚ  ̒ʥʘʙʣʠʞʝʥʥʷ ʨʽʚʥʽʚ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʜʦ 

ʧʦʚʝʨʭʥʽ  ̔ ʟʤʝʥʰʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʚʦʜʦʥʝʥʘʩʠʯʝʥʠʭ ʧʦʨʽʜ ʜʦ ʧʦʛʣʠʥʘʥʥʷ 

ʧʽʜʚʠʱʝʥʠʭ ʦʧʘʜʽʚ, ʧʦʚʝʥʝʚʠʭ ʚʦʜ ʪʘ ʫʪʨʠʤʘʥʥʷ ʟʘʙʨʫʜʥʝʥʴ. 

ʆʙʫʤʦʚʣʝʥʦ ʮʝ ʟʜʝʙʽʣʴʰʦʛʦ ʪʠʤ, ʱʦ ʚʞʝ ʧʦʥʘʜ 20 ʨʦʢʽʚ ʤʘʻ ʤʽʩʮʝ ʩʪʽʡʢʝ 

ʧʽʜʪʦʧʣʝʥʥʷ ʚʝʣʠʢʠʭ ʯʘʩʪʠʥ ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ ̔  ʥʘʚʽʪʴ ʙʘʩʝʡʥʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ 

ʚ ʇʨʠʯʦʨʥʦʤʦʨôʾ, ʇʨʠʜʥʽʧʨʦʚôʾ, ɼʦʥʙʘʩʽ, ʇʨʠʢʘʨʧʘʪʪʽ ʪʦʱʦ (ʪʘʙʣ. 2).  

 

ʊʘʙʣʠʮʷ 2 ï ʇʦʰʠʨʝʥʥʷ ʧʽʜʪʦʧʣʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

(ʦʨʽʻʥʪʦʚʥʦ, ʩʪʘʥʦʤ ʥʘ 2007 ʨ.) 

 

ʅʘʟʚʘ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ 

ʦʜʠʥʠʮʽ 

ʇʣʦʱʘ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ 

ʫʪʚʦʨʝʥʥʷā 

ʪʠʩ. ʢʤ2 

ʇʣʦʱʘ 

ʧʽʜʪʦʧʣʝʥʥʷ, 

ʪʠʩ. ʢʤ2 

ʂʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ ʟ ʧʨʦʷʚʘʤʠ 

ʩʪʽʡʢʦʛʦ ʧʽʜʪʦʧʣʝʥʥʷ, 

ʰʪ. 

1 2 3 4 

ɸʈ ʂʨʠʤ 27,0 4,43 318 

ɺʽʥʥʠʮʴʢʘ 26,5 0,9 5 

ɺʦʣʠʥʩʴʢʘ 20,2 12,9 11 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ 31,9 7,3 43 

ɼʦʥʝʮʴʢʘ 26,5 3,04 15 

ɾʠʪʦʤʠʨʩʴʢʘ 29,9 20,13 45 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮ ̔2 

1 2 3 4 

ɿʘʢʘʨʧʘʪʩʴʢʘ 12,8 3,02 - 

ɿʘʧʦʨʽʟʴʢʘ 27,2 3,2 248 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ 13,9 0,014 - 

ʂʠʾʚʩʴʢʘ 28,9 8,1 - 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʘ 24,6 0,142 59 

ʃʫʛʘʥʩʴʢʘ 26,7 0,164 89 

ʃʴʚʽʚʩʴʢʘ 21,8 0,116 40 

ʄʠʢʦʣʘʾʚʩʴʢʘ 24,6 17,767 496 

ʆʜʝʩʴʢʘ 33,3 19,685 608 

ʇʦʣʪʘʚʩʴʢʘ 28,8 8,5 13 

ʈʽʚʥʝʥʩʴʢʘ 20,1 12,8 35 

ʉʫʤʩʴʢʘ 23,8 0,474 - 

ʊʝʨʥʦʧʽʣʴʩʴʢʘ 13,8 - 17 

ʍʘʨʢʽʚʩʴʢʘ 31,4 3,02 - 

ʍʝʨʩʦʥʩʴʢʘ 28,5 11,297 269 

ʍʤʝʣʴʥʠʮʴʢʘ 20,6 0,014 4 

ʏʝʨʢʘʩʴʢʘ 20,9 0,08 - 

ʏʝʨʥʽʚʝʮʴʢʘ 8,1 0,4 23 

ʏʝʨʥʽʛʽʚʩʴʢʘ 31,9 4,4 - 

ʋʢʨʘʾʥʘ ʟʘʛʘʣʦʤ 603,7 121,73 2338 

ɼʞʝʨʝʣʦ: [1, 3, 4, 8, 11] 

 

ʇʨʠʯʦʤʫ ʚ ʨʷʜʽ ʚʝʣʠʢʠʭ ʤʽʩʪ (ɼʥʽʧʨʦ, ʂʘʤôʷʥʩʴʢʝ, ʂʨʠʚʠʡ ʈʽʛ, ʆʜʝʩʘ, ʂʠʾʚ 

ʪʦʱʦ) ʫ ʩʣʘʙʦʧʨʦʥʠʢʥʠʭ ʚʦʜʦʥʝʩʪʽʡʢʠʭ ʣʝʩʘʭ ʪʘ ʃʉʇ ʚʽʜʙʫʣʦʩʷ ʫʪʚʦʨʝʥʥʷ 

ʪʝʭʥʦʛʝʥʥʠʭ çʚʝʨʭʥʴʦʚʦʜʥʠʭè ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʟ ʧʽʜʡʦʤʦʤ ʨʽʚʥʽʚ ʥʘ  

15ï35 ʤ ʟʘ ʦʩʪʘʥʥʽ 35ï45 ʨʦʢʽʚ. 

ʋ ʟʚôʷʟʢʫ ʟ ʥʘʷʚʥʽʩʪʶ ʫ ˇʨʫʥʪʘʭ ʽ ʧʦʨʦʜʘʭ ʙʽʣʴʰʦʩʪʽ ʧʨʦʤʠʩʣʦʚʦ-ʤʽʩʴʢʠʭ 

ʘʛʣʦʤʝʨʘʮʽʡ (ʇʄɸ) ʋʢʨʘʾʥʠ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʘʛʨʝʩʠʚʥʠʭ ʩʦʣʝʡ ʽ 

ʩʧʦʣʫʢ (ʛʽʧʩ, ʘʥʛʽʜʨʠʪ, ʩʽʨʯʘʥʦ-ʘʟʦʪʥʦʢʠʩʣʦʪʥʽ ʩʧʦʣʫʢʠ ʪʘ ʽʥʰʽ) ʪʨʠʚʘʻ 

ʬʦʨʤʫʚʘʥʥʷ ʘʛʨʝʩʠʚʥʠʭ ʚʦʜ, ʷʢʽ ʫ 2ï3 ʨʘʟʠ ʧʨʠʩʢʦʨʶʶʪʴ ʨʫʡʥʫʚʘʥʥʷ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʬʫʥʜʘʤʝʥʪʽʚ, ʚʦʜʦʧʨʦʚʽʜʥʦ-ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʤʝʨʝʞ ʽ ʽʥʰʠʭ 

ʩʧʦʨʫʜ. ɿʙʽʣʴʰʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʚʪʨʘʪ ʚʦʜʠ ʽ ʪʝʧʣʘ (ʜʦ 35ï45%) ʩʪʠʤʫʣʶʻ 

ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʽ ʘʢʪʠʚʽʟʘʮʽʶ ʧʽʜʪʦʧʣʝʥʥʷ, ʟʩʫʚʽʚ ʪʘ ʧʨʦʩʽʜʘʥʴ, ʛʨʘʥʠʯʥʠʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʯʦʛʦ ʩʪʘʻ ʧʦʚʥʘ ʛʝʦʤʝʭʘʥʽʯʥʘ ʜʝʛʨʘʜʘʮʽʷ, ʧʝʨʰ ʟʘ ʚʩʝ, ʣʝʩʦʚʠʭ ʪʘ 

ʣʝʩʦʚʦ-ʩʫʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ ʯʝʨʝʟ ʾʭ ʧʣʠʚʫʥʥʽ ʪʘ ʪʠʢʩʦʪʨʦʧʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ  

[2, 6ï8]. 

 

ɺʧʣʠʚ ʧʽʜʪʦʧʣʝʥʥʷ ʥʘ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʜʠʥʘʤʽʯʥʠʡ ʩʪʘʥ ʣʝʩʽʚ ʽ ʣʝʩʦʚʦ-

ʩʫʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ 

 
ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʧʦʩʠʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʽʜʪʦʧʣʝʥʥʷ ʽ ʟʘʩʦʣʝʥʥʷ ʩʪʘʻ 

ʧʨʦʚʽʜʥʠʤ ʬʘʢʪʦʨʦʤ ʟʥʠʞʝʥʥʷ ʛʝʦʤʝʭʘʥʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʣʝʩʦʚʠʭ ʪʦʚʱ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʫʨʘʟʣʠʚʦʩʪʽ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽʥʞʝʥʝʨʥʦ-

ʩʝʡʩʤʦʛʝʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʽ ʛʝʦʩʠʩʪʝʤʠ çʪʝʭʥʦʛʝʥʥʠʡ 

ʦʙôʻʢʪ ï ʚʝʨʭʥʷ ʟʦʥʘ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘè. 

ɺʠʢʦʥʘʥʽ ʫ ɯʊɻɯʇ ʅɸʅʋ ʜʦʩʣʽʜʞʝʥʥʷ [5, 8, 10] ʜʘʣʠ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ,  

ʱʦ ʧʨʦʚʽʜʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʧʨʦʛʨʝʩʫʶʯʦʤʫ ʟʥʠʞʝʥʥʶ  
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ʽʥʞʝʥʝʨʥʦ-ʩʝʡʩʤʦʛʝʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʣʝʩʦʚʠʭ ʪʦʚʱ, ʻ ʩʧʝʮʠʬʽʯʥʽ ʽʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʧʦʨʽʜ, ʪʘʢʽ ʷʢ: ʨʦʟʤʦʢʘʻʤʽʩʪʴ, ʧʨʦʩʘʜʢʦʚʽʩʪʴ ʪʘ 

ʪʠʢʩʦʪʨʦʧʥʽʩʪʴ.  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʩʘʤʝ ʯʠʥʥʠʢʠ ɻɿʂ ʪʘ ʘʢʪʠʚʽʟʘʮʽʾ ʪʝʭʥʦʛʝʥʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʚʦʜʦ-ʝʥʝʨʛʦʦʙʤʽʥʫ ʫ ʚʝʨʭʥʽʡ ʟʦʥʽ ɻʉ ʚ ʤʝʞʘʭ ʧʨʦʤʠʩʣʦʚʦ-ʤʽʩʴʢʠʭ 

ʘʛʣʦʤʝʨʘʮʽʡ, ʛʽʨʥʠʯʦ-ʚʠʜʦʙʫʚʥʠʭ ʨʘʡʦʥʽʚ, ʤʝʣʽʦʨʘʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʫ ʟʦʥʘʭ 

ʧʽʜʧʽʨʥʦʛʦ ʚʧʣʠʚʫ ʚʦʜʦʩʭʦʚʠʱ ʪʘ ʩʪʘʚʢʽʚ (ʨʘʟʦʤ ʮʝ 35ï40% ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ) 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʘʢʪʠʚʥʦʾ ʝʚʦʣʶʮʽʾ ʢʣʶʯʦʚʠʭ ʛʝʦʤʝʭʘʥʽʯʥʠʭ, ʛʝʦʪʝʭʥʽʯʥʠʭ ʪʘ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʦʚʱ ʣʝʩʽʚ ʪʘ ʃʉʇ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʫ 

ʥʘʩʪʫʧʥʠʭ ʥʘʧʨʷʤʘʭ: 

- ʟʨʦʩʪʘʥʥʷ ʟʚʦʣʦʞʝʥʦʩʪʽ ʚʩʴʦʛʦ ʛʽʧʩʦʤʝʪʨʠʯʥʦʛʦ ʧʨʦʬʽʣʶ ʨʝʣʴʻʬʫ (ʚʽʜ 
ʟʘʧʣʘʚ ʜʦ ʚʦʜʦʜʽʣʽʚ); 

- ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʦʨʽʜ ʥʘ ʩʪʠʩʢʘʥʥʷ ʪʘ ʚʽʙʨʦʩʪʽʡʢʽʩʪʴ; 

- ʘʢʪʠʚʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʩʫʬʦʟʽʾ ʪʘ ʩʧʫʯʫʚʘʥʥʷ ʥʘ ʩʭʠʣʘʭ ʪʘ ʫ ʟʦʥʘʭ 
ʪʨʽʱʠʥʥʦ-ʪʝʢʪʦʥʽʯʥʦʛʦ ʨʦʟʫʱʽʣʴʥʝʥʥʷ; 

- ʟʨʦʩʪʘʥʥʷ ʟʘʛʨʦʟ ʪʠʢʩʦʪʨʦʧʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʨʘʟʽ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʠʭ 
(ʩʝʡʩʤʽʯʥʠʭ) ʽ ʪʝʭʥʦʛʝʥʥʠʭ (ʚʠʙʫʭʦʚʠʭ, ʙʫʜʽʚʝʣʴʥʠʭ ʪʦʱʦ) ʩʪʨʫʰʫʚʘʥʴ 

(ʛʽʜʨʦʛʝʦʤʝʭʘʥʽʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ); 

- ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʛʝʥʥʠʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ (ʟʦʢʨʝʤʘ çʚʝʨʭʦʚʦʜʦʢè) ʪʘ 
ʟʙʽʣʴʰʝʥʥʷ ʘʛʨʝʩʠʚʥʦʩʪʽ ʧʦʨʦʚʠʭ ʨʦʟʯʠʥʽʚ (ʚʤʽʩʪ ʣʝʛʢʦʨʦʟʯʠʥʥʠʭ ʩʦʣʝʡ ʫ ʥʠʭ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʧʽʚʜʝʥʥʦʤʫ ʥʘʧʨʷʤʽ ʚʽʜ 0,8ï1,2% ʜʦ 4ï6% ʚ ʇʨʠʯʦʨʥʦʤʦʨôʾ ʪʘ 

ʂʨʠʤʫ). 

 

ʄʝʭʘʥʽʟʤ ʟʤʽʥʠ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʝʩʦʚʠʭ ʧʦʨʽʜ ʚ 

ʋʢʨʘʾʥʽ 

 

ʆʩʢʽʣʴʢʠ ʣʝʩʦʚʽ ʧʦʨʦʜʠ ʦʩʦʙʣʠʚʦ ʯʫʪʣʠʚʽ ʜʦ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ, ʪʦ, ʦʧʠʥʠʚʰʠʩʴ 

ʥʠʞʯʝ ʨʽʚʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʚʦʥʠ ʟʥʘʯʥʦ, ʯʘʩʪʦ ʮʽʣʢʦʤ, ʟʤʽʥʶʶʪʴ ʩʚʽʡ 

ʩʧʝʮʠʬʽʯʥʠʡ ʚʠʛʣʷʜ, ʩʢʣʘʜ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ, ʩʪʘʶʪʴ ʤʝʥʰ ʢʘʨʙʦʥʘʪʥʠʤʠ, ʙʽʣʴʰ 

ʱʽʣʴʥʠʤʠ, ʟʚʦʣʦʞʝʥʠʤʠ, ʛʣʠʥʠʩʪʠʤʠ, ʧʣʘʩʪʠʯʥʠʤʠ, ʪʦʙʪʦ ʟ ʯʘʩʦʤ ʧʨʘʢʪʠʯʥʦ 

ʚʪʨʘʯʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʨʦʩʽʜʘʥʥʷ. ʇʨʠ ʪʨʠʚʘʣʦʤʫ ʧʝʨʝʙʫʚʘʥʥʽ ʣʝʩʦʚʠʭ ʧʦʨʽʜ 

ʥʠʞʯʝ ʨʽʚʥʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʛʽʧʩʫ, ʣʝʛʢʦʨʦʟʯʠʥʥʠʭ 

ʩʦʣʝʡ, ʱʦ ʚʠʢʣʠʢʘʻ ʟʤʽʥʫ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʭ ˇʨʫʥʪʽʚ, ʘʞ ʜʦ 

ʧʦʚʥʦʾ ʚʪʨʘʪʠ ʾʭ ʥʝʩʫʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʦʤʫ ʱʦ ʣʝʛʢʦʨʦʟʯʠʥʥʽ ʩʦʣʽ ʜʽʶʪʴ ʷʢ 

ʢʦʘʛʫʣʷʥʪʠ ʪʘ ʩʧʨʠʷʶʪʴ ʟʯʝʧʣʝʥʥʶ. ʏʠʤ ʙʽʣʴʰʠʡ ʚʤʽʩʪ ʩʦʣʽ, ʷʢʘ ʤʘʻ ʙʽʣʴʰʫ 

ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ ï ʪʠʤ ʙʽʣʴʰʠʡ ʦʧʽʨ ʟʨʫʰʝʥʥʶ.  

ʄʦʥʪʤʦʨʠʣʦʥʽʟʘʮʽʷ  ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʧʽʜʪʦʧʣʝʥʥʽ 

ʣʝʩʦʚʠʭ ˇʨʫʥʪʽʚ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʛʽʜʨʦʬʽʣʴʥʦʩʪʽ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʜʦ ʟʥʠʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʚʦʜʦʧʨʦʥʠʢʥʦʩʪʽ. 

ɿʤʽʥʘ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ ʣʝʩʦʚʠʭ ˇʨʫʥʪʽʚ ʧʨʠ ʦʙʚʦʜʥʝʥʥʽ ʚʠʷʚʣʷʻʪʴʩʷ, ʧʝʨʰ 

ʟʘ ʚʩʝ, ʫ ʧʽʜʚʠʱʝʥʥʽ ʾʭ ʚʦʣʦʛʦʩʪʽ, ʦʙôʻʤʥʦʾ ʤʘʩʠ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʢʦʥʩʠʩʪʝʥʮʽʾ. 

ɺʦʣʦʛʽʩʪʴ ʣʝʩʦʚʠʭ ʧʦʨʽʜ, ʷʢʽ ʟʘʣʷʛʘʶʪʴ ʥʠʞʯʝ ʨʽʚʥʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʫ 2 ʨʘʟʠ. 

ɿʘ ʯʠʩʣʝʥʥʠʤʠ ʜʘʥʠʤʠ, ʪʝʭʥʦʛʝʥʥʝ ʟʙʽʣʴʰʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʣʝʩʦʚʠʭ ʧʦʨʽʜ ʧʽʜ 

ʩʧʦʨʫʜʘʤʠ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 1ï2 ʜʦ 10ï15%. ʇʨʠ ʪʨʠʚʘʣʦʤʫ ʟʚʦʣʦʞʝʥʥʽ ʣʝʩʦʚʠʭ 

ˇʨʫʥʪʽʚ ʟʘʢʦʥʦʤʽʨʥʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʧʦʢʘʟʥʠʢʠ ʚʦʜʥʦ-ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʅʘʡʙʽʣʴʰ ʯʫʪʣʠʚʦ ʟʜʘʪʥʽʩʪʴ ʣʝʩʦʚʠʭ ʧʦʨʽʜ ʜʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ 

ʚʽʜʦʙʨʘʞʫʻ ʟʨʦʩʪʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ.  
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ʇʨʠʯʠʥʦʶ ʪʠʢʩʦʪʨʦʧʥʦʛʦ ʨʦʟʨʽʜʞʝʥʥʷ ʻ ʝʢʩʧʣʫʘʪʘʮʽʷ ʨʽʟʥʠʭ ʚʽʙʨʘʮʽʡʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʘʙʦ ʟʥʘʭʦʜʞʝʥʥʷ ʥʝʜʘʣʝʢʦ ʚʽʜ ʦʙôʻʢʪʽʚ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʚʽʙʨʘʮʽʶ 

(ʟʘʣʽʟʥʠʮʽ ʪʦʱʦ). ʊʠʢʩʦʪʨʦʧʥʝ ʨʦʟʨʽʜʞʝʥʥʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʦʙʫʤʦʚʣʝʥʝ 

ʚʽʙʨʦʨʫʡʥʫʚʘʥʥʷʤ ʥʝʚʦʜʦʩʪʽʡʢʦʾ ʘʛʨʝʛʘʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʣʝʩʦʚʦʛʦ ˇʨʫʥʪʫ, ʷʢʝ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ ʨʫʡʥʫʚʘʥʥʷ ʚ ʧʦʨʦʚʠʡ 

ʧʨʦʩʪʽʨ. ʇʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ ʚʽʙʨʘʮʽʾ ʘʛʨʝʛʘʪʥʘ ʩʪʨʫʢʪʫʨʘ ʯʘʩʪʢʦʚʦ 

ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʘʛʨʝʛʘʪʽʚ. 

ʊʦʙʪʦ ʚʣʘʩʪʠʚʽʩʪʴ ʚʦʜʦʥʘʩʠʯʝʥʠʭ ʣʝʩʦʚʠʭ ˇʨʫʥʪʽʚ ʧʝʨʝʭʦʜʠʪʠ ʚ ʧʣʠʚʫʥʥʠʡ 

ʩʪʘʥ ʦʙʫʤʦʚʣʝʥʘ, ʧʝʨʰ ʟʘ ʚʩʝ, ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʮʠʭ ʧʦʨʽʜ ʪʘ ʪʽʩʥʦ 

ʧʦʚôʷʟʘʥʘ ʽʟ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ ʧʝʨʝʭʦʜʫ ʚ ʨʦʟʨʽʜʞʝʥʠʡ ʩʪʘʥ ʚ ʧʨʦʮʝʩʽ 

ʨʦʟʤʦʢʘʥʥʷ. 

ʗʚʠʱʘ ʧʝʨʝʭʦʜʫ ʣʝʩʦʚʠʭ ʧʦʨʽʜ ʚ ʧʣʠʚʫʥʥʠʡ ʩʪʘʥ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʧʽʚʜʥʽ 

ʋʢʨʘʾʥʠ ʚ ʢʘʥʘʣʘʭ ʟʨʦʰʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʜʝ ˇʨʫʥʪʠ, ʱʦ ʦʧʣʠʚʘʶʪʴ ʧʦ ʩʪʽʥʢʘʭ 

ʢʘʥʘʣʽʚ, ʤʘʶʪʴ ʚʦʣʦʛʽʩʪʴ ʚʠʱʫ, ʥʽʞ ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ. ɿʩʫʚʠ ʚ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʫ 

ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʧʨʦʮʝʩ ʥʘʙʫʪʪʷ ʣʝʩʘʤʠ (ʧʨʠ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʧʽʜʪʦʧʣʝʥʥʽ) 

ʪʝʢʫʯʦ-ʪʠʢʩʦʪʨʦʧʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʯʘʚ ʧʦʰʠʨʶʚʘʪʠʩʴ ʽ ʚ ʽʥʰʠʭ ʨʝʛʽʦʥʘʭ, 

ʱʦ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ [6, 9]. 

ɿʘʟʥʘʯʝʥʘ ʩʠʪʫʘʮʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʩʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ 

ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ 

ʪʝʭʥʦʛʝʥʥʦʾ ʜʝʩʪʘʙʽʣʽʟʘʮʽʾ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʧʝʨʰ ʟʘ ʚʩʝ, ʣʝʩʦʚʦʛʦ ʪʘ ʣʝʩʦʚʦ-ʩʫʛʣʠʥʠʩʪʦʛʦ ʧʦʨʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ. ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʻ ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʨʠʟʦʚʠʭ ʷʚʠʱ 

ʚ ʪʝʭʥʦʛʝʥʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ (ʊɻʉ) çʪʝʭʥʦʛʝʥʥʠʡ ʦʙôʻʢʪ ï ʛʝʦʣʦʛʽʯʥʝ 

ʩʝʨʝʜʦʚʠʱʝè, ʘʢʪʠʚʽʟʘʮʽʷ ʥʝʙʝʟʧʝʯʥʠʭ ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

(ʅɽɻʇ) ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ. 

ʎʝ ʦʩʦʙʣʠʚʦ ʧʦʤʽʪʥʦ ʚ ʤʝʞʘʭ ʤʽʩʪ ʽ ʩʝʣʠʱ ʋʢʨʘʾʥʠ, ʜʝ ʤʽʞ ʽʥʞʝʥʝʨʥʠʤʠ 

ʦʙôʻʢʪʘʤʠ ʽ ʛʝʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʧʦʩʪʽʡʥʦʤʫ 

ʚʟʘʻʤʦʟʚ`ʷʟʢʫ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʥʘʯʥʽ ʟʤʽʥʠ ʚʦʜʦ-ʝʥʝʨʛʦʦʙʤʽʥʫ (ʪʝʧʣʦ-

ʚʦʜʦʧʝʨʝʥʦʩʫ), ʛʦʣʦʚʥʠʤ ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʽ ʻ ʘʢʪʠʚʽʟʘʮʽʷ ʪʘ ʨʦʟʚʠʪʦʢ ʅɽɻʇ ʫ 

ʤʘʩʠʚʘʭ ʣʝʩʦʚʠʭ ʪʦʚʱ. 

ʉʴʦʛʦʜʥʽ ʟ 460 ʤʽʩʪ ʪʘ 885 ʩʝʣʠʱ ʤʽʩʴʢʦʛʦ ʪʠʧʫ ʚ ʋʢʨʘʾʥʽ ʧʦʥʘʜ 50% 

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʟʦʥʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʨʦʩʘʜʢʦʚʠʭ ʣʝʩʦʚʠʭ ʽ ʣʝʩʦʚʦ-

ʩʫʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ, ʜʦ 15% ʟʘʟʥʘʶʪʴ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʦʛʦ ʽ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʢʘʨʩʪʦʫʪʚʦʨʝʥʥʷ, ʘ ʚ 9% (123) ʟʘʬʽʢʩʦʚʘʥʦ ʨʦʟʚʠʪʦʢ ʟʩʫʚʥʠʭ ʜʽʣʷʥʦʢ. ʗʢʱʦ 

ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʝ ʧʽʜʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʟʘʬʽʢʩʦʚʘʥʦ ʚ 

ʧʦʥʘʜ 40% (546) ʤʽʩʪ ʪʘ ʩʝʣʠʱ, ʪʦ ʤʦʞʥʘ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ ʱʦʜʦ ʢʦʤʧʣʝʢʩʥʠʭ 

ʟʤʽʥ ʛʝʦʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʫ ʙʽʣʴʰʦʩʪʽ ʇʄɸ ʋʢʨʘʾʥʠ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʦ-

ʛʝʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʚ ʾʭ ʤʝʞʘʭ. 

ʊʝʥʜʝʥʮʽʶ ʜʦ ʟʨʦʩʪʘʥʥʷ ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʨʠʟʠʢʫ ʧʦʰʢʦʜʞʝʥʥʷ ʽ ʨʫʡʥʫʚʘʥʥʷ 

ʩʧʦʨʫʜ ʚ ʤʽʩʪʘʭ ʽ ʩʝʣʠʱʘʭ ʋʢʨʘʾʥʠ ʚʥʘʩʣʽʜʦʢ ʨʦʟʚʠʪʢʫ ʧʽʜʪʦʧʣʝʥʥʷ ʾʭ ʪʝʨʠʪʦʨʽʾ 

ʜʦʮʽʣʴʥʦ ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʡʥʦʾ 

ʘʚʘʨʽʡʥʦʩʪʽ ʪʘʢʠʭ ʩʧʦʨʫʜ ʟʘ ʜʘʥʠʤʠ ɼʉʅʉ ʋʢʨʘʾʥʠ ʱʦʜʦ ʢʽʣʴʢʦʩʪʽ ʘʚʘʨʽʡʥʠʭ ʽ 

ʚʝʪʭʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʫ ʤʽʩʪʘʭ ʪʘ ʩʝʣʠʱʘʭ (ʪʘʙʣ. 3). ʅʦʨʤʘʪʠʚ 

ʧʨʠʧʫʩʪʠʤʦʾ ʘʚʘʨʽʡʥʦʩʪʽ ï 10-5 1/ʨʽʢ [2, 4, 7]. 
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ʊʘʙʣʠʮʷ 3 ï ʆʮʽʥʢʘ ʨʽʚʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʧʦʪʝʥʮʽʡʥʦʾ ʘʚʘʨʽʡʥʦʩʪʽ 

ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʫ ʤʽʩʴʢʽʡ ʽ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʷʭ ʋʢʨʘʾʥʠ  

(ʟʘ ʜʘʥʠʤʠ ɼʉʅʉ ʥʘ 01.01.2007 ʨ.)  

 

ʈʝʛʽʦʥ 

ʂʽʣʴʢʽʩʪʴ 

ʞʠʪʣʦʚʠʭ 

ʙʫʜʠʥʢʽʚ, 

ʚʩʴʦʛʦ,  

ʪʠʩ. ʦʜʠʥʠʮʴ 

ɺʝʪʭʽ ʞʠʪʣʦʚʽ 

ʙʫʜʠʥʢʠ, 

ʦʜʠʥʠʮʴ 

ɸʚʘʨʽʡʥʽ 

ʞʠʪʣʦʚʽ 

ʙʫʜʠʥʢʠ, 

ʦʜʠʥʠʮʴ 

ʈʽʚʝʥʴ 

ʧʦʪʝʥʮʽʡʥʦʾ 

ʟʘʛʨʦʟʠ 

ʨʫʡʥʘʮʽʾ 

nĿ10-5 

ɸʈ ʂʨʠʤ 332,69 937 161 350 

ɺʽʥʥʠʮʴʢʘ 569,43 3018 878 685 

ɺʦʣʠʥʩʴʢʘ 232,37 1299 229 665 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ 608,02 1740 258 330 

ɼʦʥʝʮʴʢʘ 849,50 4946 1617 764 

ɾʠʪʦʤʠʨʩʴʢʘ 380,47 2870 515 895 

ɿʘʢʘʨʧʘʪʩʴʢʘ 303,01 911 237 380 

ɿʘʧʦʨʽʟʴʢʘ 351,67 827 232 328 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ 340,77 972 347 383 

ʂʠʾʚʩʴʢʘ 525,56 2614 451 585 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʘ 318,77 149 19 53 

ʃʫʛʘʥʩʴʢʘ 518,39 1793 231 388 

ʃʴʚʽʚʩʴʢʘ 453,59 1336 430 390 

ʄʠʢʦʣʘʾʚʩʴʢʘ 269,96 1456 623 780 

ʆʜʝʩʴʢʘ 481,42 4258 1314 1150 

ʇʦʣʪʘʚʩʴʢʘ 422,61 1389 210 380 

ʈʽʚʥʝʥʩʴʢʘ 261,67 1414 235 635 

ʉʫʤʩʴʢʘ 330,84 1836 270 638 

ʊʝʨʥʦʧʽʣɹʩʴʢʘ 285,86 897 490 485 

ʍʘʨʢʽʚʩʴʢʘ 495,53 4177 547 970 

ʍʝʨʩʦʥʩʴʢʘ 285,76 1011 323 475 

ʍʤʝʣʴʥʠʮʴʢʘ 380,42 1566 309 494 

ʏʝʨʢʘʩʴʢʘ 429,24 2728 590 750 

ʏʝʨʥʽʚʝʮʴʢʘ 246,17 977 286 509 

ʏʝʨʥʽʛʽʚʩʴʢʘ 393,51 836 100 238 

ʤ. ʂʠʾʚ 33,68 356 6 109 

ʤ. ʉʝʚʘʩʪʦʧʦʣʴ 30,10 86 54 470 

ɺʩʴʦʛʦ ʧʦ ʋʢʨʘʾʥʽ 10313,0 46449 (0,46%) 10962 (0,1%) 557 (ʩʝʨʝʜʥ)̒ 
ɼʞʝʨʝʣʦ: [3, 11] 

 

ɻʝʦʪʝʭʥʽʯʥʠʡ ʨʠʟʠʢ ʨʦʟʚʠʪʢʫ ʧʽʜʪʦʧʣʝʥʥʷ ʣʝʩʦʚʠʭ ʧʦʨʽʜ ʜʣʷ ʩʧʦʨʫʜ 

 

ɸʥʘʣʽʟ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʢʦʨʝʣʷʮʽʾ ʧʦʰʠʨʝʥʥʷ ʣʝʩʦʚʦ-ʧʦʨʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʽʩʪ 

ʪʘ ʩʝʣʠʱ ʪʘ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʧʽʜʪʦʧʣʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʜʘʻ ʟʤʦʛʫ ʧʨʠʧʫʩʪʠʪʠ ʚʠʩʦʢʫ 

ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʞʠʪʣʦʚʠʭ 

ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ, ʟʥʠʞʝʥʥʷ ʭʾ ʽʥʞʝʥʝʨʥʦ-ʩʝʡʩʤʦʛʝʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ 

ʟʨʦʩʪʘʥʥʷ ʥʝʙʝʟʧʝʢʠ ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʘʚʘʨʽʡʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʾʭʥʽʭ 

ʢʦʥʩʪʨʫʢʮʽʡ (ʚ ʤʽʩʪʘʭ ʆʜʝʩʘ, ɼʥʽʧʨʦ, ʍʝʨʩʦʥ, ʂʠʾʚ ʪʘ ʽʥʰʠʭ). 

ʊʦʙʪʦ ʨʝʘʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʽʣʴʰʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʤʽʩʪʘʭ ʽ 

ʩʝʣʠʱʘʭ ʥʘ ʣʝʩʦʚʦ-ʧʦʨʦʜʥʦʤʫ ʧʽʜˇʨʫʥʪʽ ʩʴʦʛʦʜʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ 

ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʠʭ ʚ ʋʢʨʘʾʥʽ ʟʤʽʥ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʽʥʞʝʥʝʨʥʦ-
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ʩʝʡʩʤʦʛʝʦʣʦʛʯ̔ʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɻʉ, ʱʦ ʟʘʢʦʥʦʤʽʨʥʦ ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ 

ʟʘʛʘʣʴʥʦʛʦ ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʨʠʟʠʢʫ ʥʘ ʮʠʭ ʪʝʨʠʪʦʨʽʷʭ ʟʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʦʙôʻʢʪʽʚ ʫ ʘʚʘʨʽʡʥʦʤʫ ʪʘ ʚʝʪʭʦʤʫ ʩʪʘʥʽ [3, 8, 10].  

ʋ ʟʚ`ʷʟʢʫ ʟ ʚʝʣʠʢʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʪʘ 

ʜʠʥʘʤʽʢʠ ʨʦʟʚʠʪʢʫ ʅɽɻʇ, ʟʘʣʝʞʥʠʭ ʚʽʜ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʣʝʩʽʚ ʪʘ ʃʉʇ ʚ ʨʽʟʥʠʭ 

ʛʝʦʛʨʘʬʽʯʥʠʭ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ ʪʘ ʟʨʦʩʪʘʶʯʦʛʦ ʚʧʣʠʚʫ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ 

ʢʣʽʤʘʪʫ ʥʘ ʪʝʧʣʦ-ʚʦʣʦʛʦʧʝʨʝʥʽʩ ʫ ʣʝʩʦʚʠʭ ʪʦʚʱʘʭ ʡ ʥʘ ʾʭ ʛʝʦʤʝʭʘʥʽʯʥʫ 

ʩʪʽʡʢʽʩʪʴ, ʽʩʥʫʻ ʟʥʘʯʥʘ ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʩʪʨʫʢʪʫʨʠ ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʨʠʟʠʢʫ. ʊʘʢ, 

ʚʽʜʩʦʪʦʢ ʘʚʘʨʽʡʥʠʭ ʽ ʚʝʪʭʠʭ ʙʫʜʽʚʝʣʴ ʫ ʤʽʩʪʘʭ ʽ ʩʝʣʠʱʘʭ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,2ï

0,3% (ɸʈ ʂʨʠʤ, ʏʝʨʥʽʛʽʚʩʴʢʘ ʦʙʣ.) ʜʦ 1,0ï1,2% (ʂʠʾʚ, ʆʜʝʩʴʢʘ, ʍʘʨʢʽʚʩʴʢʘ 

ʦʙʣ.), ʧʝʨʝʚʠʱʫʶʯʠ ʨʽʚʝʥʴ ʘʚʘʨʽʡʥʦʾ ʟʘʛʨʦʟʠ ʜʣʷ ɭʉ ʥʘ 2ï3 ʜʝʩʷʪʠʥʥ ̔ʧʦʨʷʜʢʠ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʷʚʣʝʥʦ ʧʝʨʝʚʘʞʥʠʡ ʟʚôʷʟʦʢ 

ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʨʠʟʠʢʫ ʨʫʡʥʫʚʘʥʥʷ ʦʙ`ʻʢʪʽʚ ʤʽʩʪ ʽ ʩʝʣʠʱ, ʨʦʟʤʽʱʝʥʠʭ ʚ ʤʝʞʘʭ 

ʘʨʝʘʣʽʚ ʧʦʰʠʨʝʥʥʷ ʣʝʩʦʚʦ-ʩʫʛʣʠʥʠʩʪʦʛʦ ʧʦʨʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʽʟ ʜʚʦʤʘ 

ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʽ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ: 

- ʧʨʠʨʦʜʥʝ (ʬʦʥʦʚʝ) ʥʘʜʤʽʨʥʝ ʟʚʦʣʦʞʝʥʥʷ ʚʝʨʭʥʴʦʾ ʟʦʥʠ ʽʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʪʝʭʥʦʛʝʥʥʠʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ; 

- ʘʢʪʠʚʽʟʘʮʽʷ ʟʩʫʚʽʚ ʥʘ ʩʭʠʣʦʚʠʭ ʜʽʣʷʥʢʘʭ. 

ʋ ʟʚ`ʷʟʢʫ ʟ ʮʠʤ, ʜʣʷ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʥʝʙʝʟʧʝʢ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʧʣʠʚʫ 

ʧʨʦʮʝʩʽʚ ʧʽʜʪʦʧʣʝʥʥʷ ʪʘ ʟʩʫʚʦʫʪʚʦʨʝʥʥʷ ʚ ʣʝʩʦʚʦ-ʧʦʨʦʜʥʦʤʫ ʤʘʩʠʚʽ ʤʽʩʪ ʪʘ 

ʩʝʣʠʱ ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʱʽʣʴʥʦʩʪʽ ʾʭ ʨʦʟʚʠʪʢʫ ʟ ʬʦʥʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʱʽʣʴʥʦʩʪʽ ʥʘ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʷʭ (ʨʠʩ. 1, 2).  

 

 
 
ʈʠʩ. 1 ï ʈʽʚʝʥʴ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱ ʧʽʜʪʦʧʣʝʥʥʷ ʤʽʩʪ ʪʘ ʩʝʣʠʱ ʋʢʨʘʾʥʠ 

ʚʽʜʥʦʩʥʦ ʬʦʥʦʚʠʭ ʟʥʘʯʝʥʴ (ʩʪʘʥʦʤ ʥʘ 2012 ʨ., ʣʦʛʘʨʠʬʤʽʯʥʘ ʰʢʘʣʘ) 
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ʈʠʩ. 2 ï ʈʽʚʝʥʴ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʟʩʫʚʽʚ ʫ ʤʽʩʪʘʭ ʽ ʩʝʣʠʱʘʭ ʋʢʨʘʾʥʠ 

ʚʽʜʥʦʩʥʦ ʬʦʥʦʚʠʭ ʟʥʘʯʝʥʴ (ʩʪʘʥʦʤ ʥʘ 2012 ʨ.) 

 

ʇʨʘʚʦʤʽʨʥʽʩʪʴ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ: 

- ʧʦ-ʧʝʨʰʝ, ʝʢʦʣʦʛʦ-ʛʝʦʣʦʛʽʯʥʘ ʝʢʚʽʚʘʣʝʥʪʥʽʩʪʴ (ʦʜʥʦʪʠʧʥʽʩʪʴ) ʚʧʣʠʚʫ 

ʙʫʜʽʚʝʣʴʥʠʭ ʦʙ`ʻʢʪʽʚ ʤʽʩʪ ʪʘ ʩʝʣʠʱ ʥʘ ʧʨʠʨʦʜʥʽ ʪʘ ʪʝʭʥʦʛʝʥʥʽ ʟʤʽʥʠ ɻʉ (ʟʤʽʥʠ 

ʪʝʧʣʦ-ʚʦʣʦʛʦʧʝʨʝʥʦʩʫ, ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʨʽʜ, ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʦʱʦ); 

- ʧʦ-ʜʨʫʛʝ, ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʘ ʝʢʚʽʚʘʣʝʥʪʥʽʩʪʴ ʧʨʦʚʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ɻʉ ʤʽʩʪ ʪʘ ʩʝʣʠʱ ʫ ʟʦʥʽ ʬʦʨʤʫʚʘʥʥʷ ʊɻʉ çʙʫʜʽʚʝʣʴʥʠʡ 

ʦʙ`ʻʢʪ ï ɻʉè (ʬʽʣʴʪʨʘʮʽʷ, ʟʤʽʥʘ ʧʨʠʟʝʤʥʦʛʦ ʰʘʨʫ ʧʦʚʽʪʨʷ, ʧʦʨʫʰʝʥʥʷ 

ʧʨʦʬʽʣʶ ʩʭʠʣʽʚ ʪʘ ʽʥʰʝ) ʚ ʤʝʞʘʭ ʇʄɸ. 

ʈʦʟʤʽʱʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦ-ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡ (ʇʄɸ) ʚ ʨʽʟʥʠʭ ʽʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʣʝʩʦʚʦ-ʧʦʨʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʚ ʾʭ ʤʝʞʘʭ 

ʊɻʉ çʪʝʭʥʦʛʝʥʥʠʡ ʦʙôʻʢʪ ï ɻʉè ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʩʪʽʡʢʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ 

ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʛʝʦʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʚ ʧʨʦʮʝʩʽ ʰʪʘʪʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ, ʦʩʦʙʣʠʚʦ ʚ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. ʇʨʠʯʦʤʫ ʛʝʦʪʝʭʥʽʯʥʠʡ 

ʨʠʟʠʢ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʧʨʦʩʪʦʨʦʚʦʾ ʱʽʣʴʥʦʩʪʽ: ʪʝʭʥʦʛʝʥʥʠʭ 

ʦʙôʻʢʪʽʚ, ʜʽʣʷʥʦʢ ʨʦʟʚʠʪʢʫ ʧʽʜʪʦʧʣʝʥʥʷ ʽ ʟʩʫʚʽʚ, ʘ ʪʘʢʦʞ ʚʽʜ ʟʜʘʪʥʦʩʪʽ ʜʦ 

ʘʢʪʠʚʽʟʘʮʽʾ ʮʠʭ ʧʨʦʮʝʩʽʚ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʢʣʽʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʡ ʧʦʭʽʜʥʠʭ 

ʟʤʽʥ ʚ ʛʽʜʨʦʩʬʝʨʽ ʪʘ ʣʘʥʜʰʘʬʪʘʭ [4ï6]. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʠʡ ʝʬʝʢʪ, ʱʦ ʚ ʨʘʟʽ ʚʠʩʦʢʦʛʦ 

ʩʪʫʧʝʥʷ ʫʨʘʞʝʥʦʩʪʽ ʷʢʠʤʩʴ ʅɽɻʇ (ʟʩʫʚʠ, ʧʽʜʪʦʧʣʝʥʥʷ) ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ, 

ʟʥʠʞʫʻʪʴʩʷ ʟʘʛʨʦʟʘ ʧʦʜʘʣʴʰʦʾ ʘʢʪʠʚʽʟʘʮʽʾ ʮʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʦʙôʻʢʪʦʚʦʤʫ ʨʽʚʥʽ.  

ɯ ʥʘʚʧʘʢʠ, ʟʘ ʥʝʚʠʩʦʢʦʾ ʨʝʛʽʦʥʘʣʴʥʦʾ ʫʨʘʞʝʥʦʩʪʽ ʅɽɻʇ ʚʠʥʠʢʘʻ ʚʠʩʦʢʠʡ ʨʠʟʠʢ 

ʧʦʜʘʣʴʰʦʾ ʪʝʭʥʦʛʝʥʥʦʾ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʽʚ, ʧʽʜʪʦʧʣʝʥʥʷ ʪʘ ʽʥʰʠʭ ʥʝʙʝʟʧʝʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʥʘ ʦʙôʻʢʪʦʚʦʤʫ ʨʽʚʥʽ. ʂʨʽʤ ʪʦʛʦ, ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʨʦʷʚʫ ʧʽʜʪʦʧʣʝʥʥʷ 
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ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʨʠʟʠʢʦʤ ʘʢʪʠʚʽʟʘʮʽʾ ʩʘʤʝ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʤʝʞʘʭ 

ʤʽʩʪ ʽ ʩʝʣʠʱ. 

ɺʠʢʦʥʘʥʽ ʨʝʛʽʦʥʘʣʴʥʽ ʦʮʽʥʢʠ ʨʽʚʥʷ ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʨʠʟʠʢʫ ʪʝʨʠʪʦʨʽʡ ʤʽʩʪ ʪʘ 

ʩʝʣʠʱ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʣʝʩʘʭ ʪʘ ʃʉʇ, ʤʘʶʪʴ ʧʝʚʥʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʫ 

ʦʙʤʝʞʝʥʽʩʪʴ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʚʦʥʠ ʜʘʶʪʴ ʟʤʦʛʫ ʚʧʝʨʰʝ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ 

ʪʝʭʥʦʛʝʥʥʦʾ ʘʢʪʠʚʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʧʽʜʪʦʧʣʝʥʥʷ ʪʘ ʟʩʫʚʦʫʪʚʦʨʝʥʥʷ ʪʘ ʾʭ 

ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʥʘ ʪʝʭʥʦʛʝʥʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʝʢʦʣʦʛʦ-ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ɻʉ ʤʽʩʪ ʪʘ ʩʝʣʠʱ ʋʢʨʘʾʥʠ, ʦʩʦʙʣʠʚʦ ʚ ʤʝʞʘʭ 

ʧʦʰʠʨʝʥʥʷ ʣʝʩʦʚʦʧʦʨʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

 

ɺʧʣʠʚ ʧʽʜʪʦʧʣʝʥʥʷ ʣʝʩʦʚʠʭ ʧʦʨʽʜ ʥʘ ʧʨʠʨʽʩʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʝʡʩʤʽʯʥʦʛʦ 

ʩʪʨʫʰʫʚʘʥʥʷ 

 

ʇʦʪʫʞʥʝ ʪʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʝʦʩʠʩʪʝʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʽʡʢʠʭ ʟʤʽʥ 

ʽʥʞʝʥʝʨʥʦ-ʩʝʡʩʤʦʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʚʥʘʩʣʽʜʦʢ ʨʦʟʚʠʪʢʫ ʧʽʜʪʦʧʣʝʥʥʷ, ʢʘʨʩʪʫ, 

ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʽʚ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʪʦʯʥʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʝʡʩʤʽʯʥʦʛʦ ʩʪʨʫʰʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʟʘ ʫʤʦʚ ʥʘʙʣʠʞʝʥʥʷ 

ʨʽʚʥʽʚ ʨ̌ʫʥʪʦʚʠʭ ʚʦʜ ʜʦ ʬʫʥʜʘʤʝʥʪʫ ʩʧʦʨʫʜ ʘʙʦ ʧʽʜʪʦʧʣʝʥʥʷ ʧʦʨʽʜ ʧʽʜˇʨʫʥʪʷ. 

ʊʦʙʪʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʪʫʞʥʦʛʦ ʪʝʭʥʦʛʝʥʝʟʫ ʥʘ ʙʽʣʴʰʽʡ ʯʘʩʪʠʥʽ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠʨʽʩʪ ʩʠʣʠ ʩʝʡʩʤʽʯʥʦʛʦ ʩʪʨʫʰʫʚʘʥʥʷ ʥʘ 1ï2 

ʙʘʣʠ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʤʧʣʝʢʩʫ ʥʝʛʘʪʠʚʥʠʭ ʯʠʥʥʠʢʽʚ. ʅʘʚʽʪʴ ʫ ʩʣʘʙʦʩʝʡʩʤʽʯʥʠʭ 

ʨʘʡʦʥʘʭ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʫʰʫʚʘʥʦʩʪʽ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʦʨʫʰʫʻ ʧʨʠʨʦʜʥʽ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʝʢʟʦʛʝʥʥʠʭ 

ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʤʝʭʘʥʽʯʥʠʡ ʩʪʘʥ ˇʨʫʥʪʽʚ ʚ ʦʩʥʦʚʘʭ 

ʩʧʦʨʫʜ. ɺʝʣʠʢʽ ʛʽʜʨʦʪʝʭʥʽʯʥʽ ʩʧʦʨʫʜʠ, ʦʩʦʙʣʠʚʦ ʚʦʜʦʩʭʦʚʠʱʘ ʙʽʣʷ ɻɽʉ, ʊɽʎ, 

ɸɽʉ, ʽʟ ʩʚʦʛʦ ʙʦʢʫ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʣʦʢʘʣʴʥʽ ʪʝʢʪʦʥʽʯʥʽ ʨʫʭʠ ʟʝʤʥʦʾ ʢʦʨʠ 

[1, 6, 9]. 

ɼʣʷ ʧʝʨʝʟʚʦʣʦʞʝʥʠʭ ʜʽʣʷʥʦʢ ɭ.ʆ. ʗʢʦʚʣʻʚʠʤ [5, 6] ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʝʪʦʜʫ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʘʥʘʣʦʛʽʡ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʜʦʧʦʚʥʝʥʥʷ ʜʦ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʨʦʩʪʫ ʩʠʣʠ ʩʝʡʩʤʽʯʥʦʛʦ ʩʪʨʫʰʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʯʘʩʫ ʽʩʥʫʚʘʥʥʷ ʧʽʜʚʠʱʝʥʦʛʦ ʧʦʨʦʚʦʛʦ ʪʠʩʢʫ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʪʨʘʥʟʠʪʥʦʾ 

(ʨʝʛʽʦʥʘʣʴʥʦʾ ʘʙʦ ʣʦʢʘʣʴʥʦʾ) ʩʝʡʩʤʽʯʥʦʾ ʭʚʠʣʽ. ɯʩʥʫʶʯʘ ʟʘʣʝʞʥʽʩʪʴ ʧʨʠʨʦʩʪʫ 

ʩʝʡʩʤʽʯʥʦʩʪʽ (Dɯ, ʙʘʣʽʚ; ʟʛʽʜʥʦ ʟ ɿʉʈ-2004) ʚʽʜ ʟʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ 

ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʤʘʻ ʥʘʩʪʫʧʥʫ ʩʪʨʫʢʪʫʨʫ: 

 

Dɯ = Ŭ Ā e-0,04h
2

,      (1) 

 

ʜʝ: h ï ʛʣʠʙʠʥʘ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ (ʈɻɺ), ʤ; 

Ŭ ï ʢʦʝʬʽʮʽʻʥʪ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ (ʧʨʦʥʠʢʥʦʩʪʽ 

ʪʘ ʢʦʤʧʨʝʩʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ) ʚʝʨʭʥʴʦʾ ʟʦʥʠ ʈɻɺ. 

ɼʣʷ ʧʝʨʝʟʚʦʣʦʞʝʥʠʭ (ʧʽʜʪʦʧʣʝʥʠʭ) ʜʽʣʷʥʦʢ ʫ ʚʦʜʦʯʫʪʣʠʚʠʭ, 

ʩʣʘʙʦʧʨʦʥʠʢʥʠʭ ʪʘ ʧʨʦʩʘʜʢʦʚʠʭ ʣʝʩʦʚʠʭ ʪʘ ʣʝʩʦʚʦ-ʩʫʛʣʠʥʠʩʪʠʭ ʨ̌ʫʥʪʘʭ  

Ŭ = 1,0, ʯʝʨʝʟ ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

 

ȹI = 1,0 Ā e-0,04
2

.    (2) 

 

ɼʣʷ ʪʘʢʠʭ ˇʨʫʥʪʽʚ ʚ ʽʥʪʝʨʚʘʣʽ ʛʣʠʙʠʥ ʈɻɺ 5õ1 ʤ ȹI å 0,3õ1 ʙʘʣ, ʪʦʙʪʦ 

ʧʨʠʨʽʩʪ ʩʝʡʩʤʽʯʥʦʩʪʽ ʤʘʻ ʩʫʪʪʻʚʽ ʟʥʘʯʝʥʥʷ, ʨʠʩ. 3: 
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ʈʠʩ. 3 ï ɽʤʧʽʨʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʨʠʨʦʩʪʫ ʩʝʡʩʤʽʯʥʦʩʪʽ ȹI   

ʚʽʜ ʛʣʠʙʠʥʠ h ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ 

 

h, ʤ 1 2 3 4 5 10 

ȹI, ʙʘʣ 1,0 0,9 0,7 0,5 0,3 0,02 

 

ɺʦʜʥʦʯʘʩ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʨʝʛʽʦʥʘʣʴʥʠʭ ʟʤʽʥ ʛʝʦʩʠʩʪʝʤ ʫ 

ʙʽʣʴʰʦʩʪʽ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʝʣʠʢʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʾʭ ˇʨʫʥʪʦʚʠʭ 

ʫʤʦʚ (ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ, ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʽʤʽʯʥʠʭ 

ʪʦʱʦ). ɺʝʨʭʥʷ ʯʘʩʪʠʥʘ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʪʝʨʠʪʦʨʽʾ, 

ʦʭʦʧʣʝʥʦʾ ʥʘʰʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ, ʩʢʣʘʜʝʥʘ ʪʦʚʱʝʶ ʧʫʭʢʠʭ ʦʩʘʜʦʚʠʭ, ʧʝʨʝʚʘʞʥʦ 

ʣʝʩʦʚʠʭ ʪʘ ʣʝʩʦʚʦ-ʩʫʛʣʠʥʠʩʪʠʭ ʧʨʦʩʘʜʢʦʚʠʭ ʧʦʨʽʜ, ʷʢʽ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ 

ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʘʢʪʠʚʥʠʤʠ ʟʤʽʥʘʤʠ ʚʦʜʥʦ-ʬʽʟʠʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʨʠʯʦʤʫ ʜʣʷ ʪʠʧʦʚʠʭ (ʬʦʥʦʚʠʭ ʥʝʧʦʨʫʰʝʥʠʭ) ʜʽʣʷʥʦʢ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʧʨʠʨʦʩʪʠ ʩʝʡʩʤʽʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʦʨʽʚʥʶʶʪʴ Dɯ = 0 ʙʘʣʽʚ 

(ʧʨʠʨʽʩʪ ʱʦʜʦ ʟʦʥʘʣʴʥʦʾ ʩʝʡʩʤʽʯʥʦʩʪʽ ʟʛʽʜʥʦ ʟ ɿʉʈ-2004). ɺʠʥʷʪʢʦʤ ʻ ʧʽʜʪʦʧʣʝʥʽ 

ʜʽʣʷʥʢʠ ʣʝʩʦʚʠʭ ʩʣʘʙʦʧʨʦʥʠʢʥʠʭ ʧʦʨʦʜʥʠʭ ʤʘʩʠʚʽʚ ʟ ʫʧʦʚʽʣʴʥʝʥʠʤ ʟʥʠʞʝʥʥʷʤ 

ʛʽʜʨʦʛʝʦʜʝʬʦʨʤʘʮʽʡʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟʘ ʫʤʦʚ ʧʨʦʭʦʜʞʝʥʥʷ ʩʝʡʩʤʽʯʥʦʾ ʭʚʠʣʽ. ɼʣʷ 

ʥʠʭ ʥʘʤʠ ʦʙˇʨʫʥʪʦʚʘʥʘ ʝʤʧʽʨʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʽʩʥʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚʦʜʦʥʘʩʠʯʝʥʠʭ ʧʦʨʽʜ ʧʽʜˇʨʫʥʪʷ (ʪʨʠʚʘʣʦʩʪʽ ʧʽʜʚʠʱʝʥʦʛʦ 

ʧʦʨʦʚʦʛʦ ʪʠʩʢʫ tʧʦʨ) ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʩʝʡʩʤʦʧʦʰʪʦʚʭʫ (ʰʚʠʜʢʽʩʪʴ  

1,0ï1,5 ʢʤ/ʩʝʢ). ɿʥʘʯʥʦ ʙʽʣʴʰʠʡ ʯʘʩ ʽʩʥʫʚʘʥʥʷ ʧʽʜʚʠʱʝʥʦʛʦ ʧʦʨʦʚʦʛʦ ʪʠʩʢʫ 

ʧʦʨʽʚʥʷʥʦ ʟ ʯʘʩʦʤ ʧʨʦʭʦʜʞʝʥʥʷ ʩʝʡʩʤʦʧʦʰʪʦʚʭʫ (ʯʘʩʪʢʘ ʩʝʢʫʥʜʠ) ʬʦʨʤʫʻ 

ʥʝʙʝʟʧʝʢʫ ʚʠʥʠʢʥʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʛʽʜʨʦʛʝʦʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʛ ʧʨʠ ʘʬʪʝʨʰʦʢʘʭ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʤʦʞʣʠʚʝ ʣʦʢʘʣʴʥʝ ʨʦʟʨʽʜʞʝʥʥʷ ʧʦʨʽʜ ʧʽʜˇʨʫʥʪʷ ʽ ʨʦʟʚʠʪʦʢ 

ʢʨʠʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ. ʏʘʩ ʽʩʥʫʚʘʥʥʷ ʧʝʨʚʠʥʥʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʧʦʨʦʚʦʛʦ ʪʠʩʢʫ ʚ ʧʽʜˇʨʫʥʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʽʾ ʬʫʥʜʘʤʝʥʪʫ ʚ 

ʮʽʣʦʤʫ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʟʘʣʝʞʥʽʩʪʶ [1, 3, 4, 8]:  

 

tʧʦʨ å 0,2 b2 /aʨ,      (3) 

 

ʜʝ: b ï ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʬʫʥʜʘʤʝʥʪʫ ʚ ʧʣʘʥʽ, ʤ;  

aʨ ï ʢʦʝʬʽʮʽʻʥʪ ʨʽʚʥʝʧʨʦʚʦʜʥʦʩʪʽ ʚʦʜʦʥʘʩʠʯʝʥʠʭ ʧʦʨʽʜ ʧʽʜˇʨʫʥʪʷ. 
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aʨ = k h /ɛ;      (4)  

 

ʜʝ: k ï ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ ʧʦʨʽʜ ʧʽʜˇʨʫʥʪʷ, ʤ/ʜʦʙʫ;  

h ï ʪʦʚʱʠʥʘ ʰʘʨʫ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʤ;  

ɛ ï ʢʦʝʬʽʮʽʻʥʪ ʚʦʜʦʚʽʜʜʘʯʽ (ʧʦʨʠʩʪʽʩʪʴ) ʧʦʨʽʜ ˇʨʫʥʪʦʚʦʛʦ ʛʦʨʠʟʦʥʪʫ.  

ɼʣʷ ʩʫʧʽʩʯʘʥʦ-ʩʫʛʣʠʥʠʩʪʠʭ ʨʽʟʥʦʩʪʝʡ tʧʦʨ ʩʪʘʥʦʚʠʪʴ 1ï10 ʜiʙ. 

ɿʘʟʥʘʯʝʥʽ ʦʙʩʪʘʚʠʥʠ ʟʥʘʡʰʣʠ ʧʝʚʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ɼɹʅ ɺ.1.1.-12:2006.  

ʋ ʥʠʭ ʚʠʟʥʘʥʦ ʬʘʢʪ ʟʙʽʣʴʰʝʥʥʷ / ʟʤʝʥʰʝʥʥʷ ʩʝʡʩʤʽʯʥʦʩʪʽ ʤʘʡʜʘʥʯʠʢʘ ʧʦʥʘʜ 

ʟʦʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʢʘʪʝʛʦʨʽʾ ˇʨʫʥʪʽʚ ʪʘ ʾʭ ʚʦʜʦʥʘʩʠʯʝʥʦʩʪʽ (ʪʘʙʣ. 4).  

 

ʊʘʙʣʠʮʷ 4 ï ʉʝʡʩʤʽʯʥʽʩʪʴ ʤʘʡʜʘʥʯʠʢʘ ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʟʘʣʝʞʥʦʩʪʽ  

ʚʽʜ ʢʘʪʝʛʦʨʽʾ ˇʨʫʥʪʽʚ 

 

ʂʘʪʝʛʦʨʽʷ 

ˇʨʫʥʪʫ ʟʘ 

ʩʝʡʩʤʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ˆʨʫʥʪʠ 

ʉʝʡʩʤʽʯʥʽʩʪʴ 

ʤʘʡʜʘʥʯʠʢʘ 

ʙʫʜʽʚʥʠʮʪʚʘ ʧʨʠ 

ʩʝʡʩʤʽʯʥʦʩʪʽ ʨʘʡʦʥʫ, 

ʙʘʣʠ 

6 7 8 9 

ɯ 

ʉʢʝʣʴʥʽ ˇʨʫʥʪʠ ʫʩʽʭ ʚʠʜʽʚ ʥʝʚʠʚʽʪʨʽʣʽ ʪʘ 

ʩʣʘʙʦʚʠʚʽʪʨʽʣʽ, ʢʨʫʧʥʦʫʣʘʤʢʦʚʽ ˇʨʫʥʪʠ ʱʽʣʴʥʽ 

ʪʘ ʤʘʣʦʚʦʣʦʛʽ ʟ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʜʦ 30% ʧʽʱʘʥʦ-ʛʣʠʥʠʩʪʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ 

5 6 7 8 

ɯɯ 

ʉʢʝʣʴʥʽ ˇʨʫʥʪʠ ʚʠʚʽʪʨʽʣʽ ʪʘ ʩʠʣʴʥʦʚʠʚʽʪʨʽʣʽ; 

ʢʨʫʧʥʦʫʣʘʤʢʦʚʽ ˇʨʫʥʪʠ ʢʨʽʤ ʚʽʜʥʝʩʝʥʠʭ ʜʦ ɯ 

ʢʘʪʝʛʦʨʽʾ; ʧʽʩʢʠ ʛʨʘʚʝʣʠʩʪʽ, ʢʨʫʧʥʽ ʪʘ ʩʝʨʝʜʥʴʦʾ 

ʢʨʫʧʥʦʩʪ,̔ ʱʽʣʴʥʽ ʪʘ ʩʝʨʝʜʥʴʦʾ ʱʽʣʴʥʦʩʪʽ, 

ʤʘʣʦʚʦʣʦʛʽ ʽ ʚʦʣʦʛʽ; ʧʽʩʢʠ ʜʨʽʙʥʽ ʪʘ ʧʠʣʫʚʘʪʽ, 

ʱʽʣʴʥʽ ʪʘ ʩʝʨʝʜʥʴʦʾ ʱʽʣʴʥʦʩʪʽ ʤʘʣʦʚʦʣʦʛʽ; 

ʧʠʣʫʚʘʪʦ-ʛʣʠʥʠʩʪʽ ˇʨʫʥʪʠ ʚʽʜ ʪʚʝʨʜʠʭ ʜʦ 

ʪʫʛʦʧʣʘʩʪʠʯʥʠʭ (ɯL Ò 0,5) ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ 

ʧʦʨʠʩʪʦʩʪʽ e < 0,9 ʜʣʷ ʛʣʠʥ ʽ ʩʫʛʣʠʥʢʽʚ ʽ e < 0,7 

ʜʣʷ ʩʫʧʽʩʢʽʚ 

6 7 8 9 

ɯɯɯ 

ʇʽʩʢʠ ʢʨʠʭʢʦʪʽʣʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʨʫʧʥʦʩʪʽ ʪʘ 

ʚʦʣʦʛʦʩʪʽ; ʧʽʩʢʠ ʛʨʘʚʝʣʠʩʪʽ, ʢʨʫʧʥʽ ʪʘ 

ʩʝʨʝʜʥʴʦʾ ʢʨʫʧʥʦʩʪʽ, ʱʽʣʴʥʽ ʪʘ ʩʝʨʝʜʥʴʦʾ 

ʱʽʣʴʥʦʩʪʽ ʚʦʜʦʥʘʩʠʯʝʥʽ; ʜʨʽʙʥʽ ʽ ʧʠʣʫʚʘʪʽ ʧʽʩʢʠ 

ʱʽʣʴʥʽ ʪʘ ʩʝʨʝʜʥʴʦʾ ʱʽʣʴʥʦʩʪʽ ʚʦʣʦʛʽ ʪʘ 

ʚʦʜʦʥʘʩʠʯʝʥʽ; ʧʠʣʫʚʘʪʦ-ʛʣʠʥʠʩʪʽ ˇʨʫʥʪʠ ʟ 

ʧʦʢʘʟʥʠʢʦʤ ʪʝʢʫʯʦʩʪʽ ɯL > 0,5; ʧʠʣʫʚʘʪʦ-

ʛʣʠʥʠʩʪʽ ˇʨʫʥʪʠ ʟ ʧʦʢʘʟʥʠʢʦʤ ʪʝʢʫʯʦʩʪʽ ɯL Ò 0,5 

ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʧʦʨʠʩʪʦʩʪʽ e Ó 0,9 ʜʣʷ ʛʣʠʥ ʽ 

ʩʫʛʣʠʥʢʽʚ ʽ e Ó 0,7 ʜʣʷ ʩʫʧʽʩʢʽʚ 

7 8 9 10 

ɯV 

ʇʽʩʢʠ ʢʨʠʭʢʦʪʽʣʽ ʚʦʜʦʥʘʩʠʯʝʥʽ, ʩʭʠʣʴʥʽ ʜʦ 

ʨʦʟʨʽʜʞʝʥʥʷ; ʥʘʩʠʧʥʽ ʨ̌ʫʥʪʠ; ʧʣʠʚʫʥʠ, 

ʙʽʦʛʝʥʥʽ ʨ̌ʫʥʪʠ ʽ ʤʫʣʠ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʩʧʝʮʽʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ 

ɼʞʝʨʝʣʦ: [2, 7, 8] 

 

ʆʜʥʘʢ ʫ ʮʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤʘʭ ʥʝ ʚʨʘʭʦʚʘʥʘ ʩʧʝʮʠʬʽʯʥʘ ʜʣʷ ʣʝʩʦʚʠʭ 

ʧʦʨʽʜ ʯʘʩʦʚʘ ʩʢʣʘʜʦʚʘ t ʧʨʠʨʦʩʪʫ ʩʝʡʩʤʽʯʥʦʛʦ ʨʠʟʠʢʫ, ʦʙʫʤʦʚʣʝʥʘ 

ʫʧʦʚʽʣʴʥʝʥʠʤ ʟʥʠʞʝʥʥʷʤ çʩʪʨʠʙʢʘè ʧʦʨʦʚʦʛʦ ʪʠʩʢʫ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ 

ʩʝʡʩʤʽʯʥʦʾ ʭʚʠʣʽ ʫ ʩʣʘʙʦʧʨʦʥʠʢʥʠʭ ʣʝʩʦʚʠʭ ʬʦʨʤʘʮʽʷʭ. ɺʠʢʦʥʘʥʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʘʥʠʭ ʩʝʡʩʤʽʯʥʦʛʦ ʤʽʢʨʦʨʘʡʦʥʫʚʘʥʥʷ ʦʮʽʥʢʠ 

ʛʽʜʨʦʛʝʦʬʽʣʴʪʨʘʮʽʡʥʦʾ ʨʝʘʢʮʽʾ ʧʽʜˇʨʫʥʪʷ ʙʫʜʽʚʝʣʴ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʩʝʡʩʤʽʯʥʽ 
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ʚʧʣʠʚʠ ʪʘ ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʟʤʽʥʠ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʚʢʘʟʫʶʪʴ ʥʘ 

ʥʝʙʝʟʧʝʢʫ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʫʪʨʠʤʘʥʥʷ ʧʽʜʡʦʤʽʚ ʧʦʨʦʚʦʛʦ ʪʠʩʢʫ. ʅʝʙʝʟʧʝʯʥʠʤʠ 

ʥʘʩʣʽʜʢʘʤʠ ʮʴʦʛʦ ʤʦʞʝ ʙʫʪʠ ʧʦʨʫʰʝʥʥʷ ʛʽʜʨʦʛʝʦʤʝʭʘʥʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤʠ 

çʤʽʥʝʨʘʣʴʥʠʡ ʩʢʝʣʝʪ ï ʧʦʨʦʚʘ ʚʦʜʘè ʪʘ ʾʾ ʧʝʨʝʭʽʜ ʫ ʧʣʠʚʫʥʥʠʡ ʘʙʦ 

ʪʠʢʩʦʪʨʦʧʥʠʡ ʩʪʘʥ ʟ ʨʦʟʚʠʪʢʦʤ ʨʫʡʥʫʚʘʥʴ. 

ɿʘ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʭʝʤʦʶ, ʱʦ ʦʙˇʨʫʥʪʦʚʘʥʘ ʫ [5], ʪʨʠʚʘʣʽʩʪʴ ʯʘʩʫ t 

ʟʥʠʞʝʥʥʷ ʧʦʨʦʚʦʛʦ ʪʠʩʢʫ ʚ ʩʣʘʙʦʧʨʦʥʠʢʥʠʭ ʧʦʨʦʜʘʭ ʈʧʦʨ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʙʫʜʽʚʣʽ Smin å 80 ʤ ʦʨʽʻʥʪʦʚʘʥʦ ʤʘʻ ʥʘʩʪʫʧʥʫ ʚʝʣʠʯʠʥʫ: 

 

a

S
t

25,2

2

º ,          (5) 

 

ʜʝ ʘ ï ʨʽʚʥʝʧʨʦʚʦʜʥʽʩʪʴ ʩʣʘʙʦʧʨʦʥʠʢʥʠʭ ʩʪʠʩʥʫʪʠʭ ʧʦʨʽʜ ʚ ʧʽʜˇʨʫʥʪʽ ʙʫʜʽʚʣʽ; 

ʦʨʽʻʥʪʦʚʥʦ:  

 

ʘ = 
m

kh
,     (6) 

 

ʜʝ: k ï ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ ʩʣʘʙʦʧʨʦʥʠʢʥʠʭ ʧʦʨʽʜ (ʩʫʛʣʠʥʢʽʚ, ʣʝʩʽʚ, ʧʽʱʘʥʦ-

ʛʣʠʥʠʩʪʠʭ ʧʨʦʰʘʨʢʽʚ), k å 1,0 ʤ/ʜʦʙʫ, 

h ï ʪʦʚʱʠʥʘ ʰʘʨʫ ˇʨʫʥʪʦʚʦʛʦ ʛʦʨʠʟʦʥʪʫ ʟʘ ʫʤʦʚʠ ʢʦʥʪʘʢʪʫ ʡʦʛʦ ʨʽʚʥʽʚ ʟ 

ʜʥʠʱʝʤ ʬʫʥʜʘʤʝʥʪʫ, h å 20 ʤ, 

ɛ ï ʢʦʝʬʽʮʽʻʥʪ ʚʦʜʦʚʽʜʜʘʯʽ, ɛ å 0,1. 

ɿʛʽʜʥʦ ʟ ʥʘʚʝʜʝʥʠʤʠ ʧʦʧʝʨʝʜʥʽʤʠ ʦʮʽʥʢʘʤʠ: 

 

14
200,125,2

1080 12

º
ÖÖ

Ö
º

-

t ʜʽʙ    (7) 

 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʚʽʣʴʥʝ ʟʤʝʥʰʝʥʥʷ ʧʦʨʦʚʦʛʦ ʪʠʩʢʫ ʧʽʩʣʷ 

ʩʝʡʩʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʣʝʩʦʚʽ ʧʦʨʦʜʠ ʤʦʞʝ ʙʫʪʠ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʨʝʘʢʮʽʾ 

ʥʘ ʘʬʪʝʨʰʦʢʠ (ʧʨʠʨʦʜʥʦʛʦ ʽ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ), ʱʦ ʧʨʠʟʚʦʜʠʪʠʤʝ ʜʦ 

ʟʥʠʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʧʦʨʫʜ ʚʥʘʩʣʽʜʦʢ ʜʦʜʘʪʢʦʚʦʛʦ ʨʦʟʫʱʽʣʴʥʝʥʥʷ ʣʝʩʦʚʠʭ 

ʧʦʨʽʜ ʧʽʜˇʨʫʥʪʷ (ʘʞ ʜʦ ʧʣʠʚʫʥʦʫʪʚʦʨʝʥʥʷ). 

 

ɺʠʩʥʦʚʢʠ 

 

1. ʇʨʦʩʘʜʢʦʚʽʩʪʴ ʣʝʩʦʚʦ-ʩʫʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ (ʧʦʥʘʜ 65% 

ʾʾ ʧʣʦʱʽ), ʷʢʽ ʩʬʦʨʤʫʚʘʣʠʩʷ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʟʚʦʣʦʞʝʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʜʝʬʦʨʤʘʮʽʾ 

ʮʠʭ ʧʦʨʽʜ ʚ ʧʽʜˇʨʫʥʪʽ ʩʧʦʨʫʜ ʻ ʨʝʘʢʮʽʻʶ ʚʝʨʭʥʴʦʾ ʟʦʥʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʥʘ ʧʨʠʨʦʜʥʽ ʽ ʪʝʭʥʦʛʝʥʥʽ ʟʤʽʥʠ ʚʦʣʦʛʦ-ʪʝʧʣʦʧʝʨʝʥʦʩʫ ʧʦʨʽʚʥʷʥʦ ʟ ʫʤʦʚʘʤʠ 

ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ. 

2. ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʣʝʩʦʚʦ-ʧʦʨʦʜʥʦʛʦ ʯʦʭʣʘ, ʱʦ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʟʜʘʪʥʽʩʪʶ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʪʨʫʰʫʚʘʥʴ ʧʽʜˇʨʫʥʪʷ ʙʫʜʽʚʝʣʴ ʽ ʩʭʠʣʽʚ, ʨʦʟʤʽʱʝʥʘ 

ʚ ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʦʤʫ ʽ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʤʫ ʨʝʛʽʦʥʘʭ. ɺ ʤʝʞʘʭ ʮʠʭ ʨʝʛʽʦʥʽʚ 

ʪʘʢʦʞ ʨʦʟʪʘʰʦʚʘʥʘ ʧʝʨʝʚʘʞʥʘ ʯʘʩʪʠʥʘ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ, 

ʙʣʦʢʽʚ ɸɽʉ, ʛʽʨʥʠʯʦ-ʚʠʜʦʙʫʚʥʠʭ ʨʘʡʦʥʽʚ. 
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3. ɼʦ ʚʽʜʥʦʩʥʦ ʥʦʚʠʭ ʯʠʥʥʠʢʽʚ ʧʦʛʽʨʰʝʥʥʷ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ 

ʣʝʩʦʚʦ-ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ ʥʘʣʝʞʠʪʴ ʘʢʪʠʚʽʟʘʮʽʷ ʩʫʬʦʟʽʡʥʦʛʦ ʧʨʦʮʝʩʫ 

(çʣʝʩʦʚʦʛʦ ʢʘʨʩʪʫè) ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʯʠʥʥʠʢʽʚ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ ʪʘ 

ʪʝʭʥʦʛʝʥʥʠʭ ʟʤʽʥ ʚʦʣʦʛʦ-ʪʝʧʣʦʧʝʨʝʥʦʩʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʽʜʚʠʱʝʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ˇʨʫʥʪʽʚ. ʆʩʦʙʣʠʚʦ ʥʘ ʩʭʠʣʦʚʠʭ ʜʽʣʷʥʢʘʭ ʷʨʫʞʥʦ-ʙʘʣʢʦʚʠʭ ʬʦʨʤ 

ʪʘ ʚ ʟʦʥʘʭ ʚʧʣʠʚʫ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ. 

4. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʝʛʽʦʥʘʣʴʥʝ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʰʘʨʫ ʟ ʥʝʧʦʨʫʰʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʣʦʛʦ-ʪʝʧʣʦʧʝʨʝʥʦʩʫ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʝʩʦʚʦ-ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ. 

5. ɺʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʤʝʞʘʭ 

ʧʣʦʱ ʧʦʰʠʨʝʥʥʷ ʣʝʩʦʚʦ-ʩʫʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ ʚʥʘʩʣʽʜʦʢ ʟʘʨʝʛʫʣʶʚʘʥʥʷ ʨʽʯʢʦʚʦʾ 

ʤʝʨʝʞʽ (ʜʦ 65ï75% ʾʾ ʜʦʚʞʠʥʠ), ʟʘʤʫʣʝʥʥʷ ʨʽʯʢʦʚʠʭ ʨʫʩʝʣ (ʨʝʛʽʦʥʘʣʴʥʠʭ ʜʨʝʥ) 

ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʫ ʧʨʦʤʝʨʟʘʥʥʷ ˇʨʫʥʪʽʚ. 

6. ɺʧʣʠʚ ʟʤʽʥ ʣʽʪʦʣʦʛʦ-ʬʘʮʽʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ ʣʝʩʦʚʦ-

ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ ʦʙʫʤʦʚʣʶʻ ʨʽʟʥʦʯʘʩʥʽʩʪʴ ʧʨʦʷʚʽʚ ʧʨʦʩʘʜʢʦʚʦʩʪʽ, ʱʦ 

ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʪʘ ʽʥʞʝʥʝʨʥʦ-ʩʝʡʩʤʦʛʝʦʣʦʛʽʯʥʽ 

ʫʤʦʚʠ ʙʫʜʽʚʥʠʮʪʚʘ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʞʠʪʣʦʚʠʭ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʩʧʦʨʫʜ. 

7. ʉʧʝʮʠʬʽʢʘ ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʨʠʟʠʢʫ ʚ ʤʝʞʘʭ ʤʽʩʪ ʽ ʩʝʣʠʱ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʟʚʦʨʦʪʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʟʤʽʥ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ 

ʪʘ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ çʪʝʭʥʦʛʝʥʥʠʡ ʦʙôʻʢʪ ï 

ʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝè, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʣʝʩʦʚʦ-ʧʦʨʦʜʥʦʤʫ ʤʘʩʠʚʽ. 

ʇʨʠʯʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʽʩʪ ʽ ʩʝʣʠʱ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʧʦʰʠʨʝʥʥʷ ʣʝʩʦʚʦ-

ʧʦʨʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʦʙʫʤʦʚʣʶʻ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ ʬʦʨʤʫʚʘʥʥʷ 

ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʨʠʟʠʢʫ ʪʘ ʝʢʦʣʦʛʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ (ʯʝʨʝʟ 

ʚʧʣʠʚ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʪʘ ʽʤʦʚʽʨʥʽʩʥʠʭ ʧʨʠʨʦʜʥʠʭ ʽ 

ʪʝʭʥʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ). 

8. ʈʘʡʦʥʫʚʘʥʥʷ ʟʘ ʨʽʚʥʝʤ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʨʠʟʠʢʫ ʧʽʜʪʦʧʣʝʥʥʷ 
ʤʽʩʪ ʽ ʩʝʣʠʱ ʋʢʨʘʾʥʠ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʣʝʩʘʭ ʪʘ ʃʉʇ, ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ 

ʦʩʥʦʚʽ ʚʨʘʭʫʚʘʥʥʷ ʩʫʢʫʧʥʦʛʦ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ, 

ʚʠʭʦʜʷʯʠ ʟ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʘʜʠʪʠʚʥʫ ʤʦʜʝʣʴ ʪʘʢʦʛʦ ʚʧʣʠʚʫ ʥʘ ʛʝʦʪʝʭʥʽʯʥʠʡ 

ʨʠʟʠʢ. ɿʘʟʥʘʯʝʥʠʡ ʨʠʟʠʢ ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʠʪʦʤʦʾ 

ʱʽʣʴʥʦʩʪʽ ʧʣʦʱ ʨʦʟʚʠʪʢʫ ʧʽʜʪʦʧʣʝʥʥʷ ʪʘ ʟʩʫʚʦʫʪʚʦʨʝʥʥʷ ʚ ʪʝʭʥʦʛʝʥʥʠʭ 

ʫʤʦʚʘʭ (ʤʽʩʪ ʽ ʩʝʣʠʱ) ʽʟ ʪʘʢʦʶ ʚ ʧʨʠʨʦʜʥʠʭ (ʩʣʘʙʦʧʦʨʫʰʝʥʠʭ) ʫʤʦʚʘʭ. 

9. ɺʣʘʩʪʠʚʽʩʪʴ ʚʦʜʦʥʘʩʠʯʝʥʠʭ ʣʝʩʦʚʠʭ ˇʨʫʥʪʽʚ ʧʝʨʝʭʦʜʠʪʠ ʚ ʧʣʠʚʫʥʥʠʡ 
ʩʪʘʥ ʦʙʫʤʦʚʣʝʥʘ, ʧʝʨʰ ʟʘ ʚʩʝ, ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʮʠʭ ʧʦʨʽʜ ʪʘ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ ʾʭ ʧʝʨʝʭʦʜʫ ʚ ʨʦʟʨʽʜʞʝʥʠʡ ʩʪʘʥ. ʇʨʦʮʝʩ ʥʘʙʫʪʪʷ ʣʝʩʘʤʠ (ʚ 

ʫʤʦʚʘʭ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʧʽʜʪʦʧʣʝʥʥʷ) ʪʝʢʫʯʦ-ʪʠʢʩʦʪʨʦʧʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ ʇʽʚʜʝʥʥʦʤʫ ʨʝʛʽʦʥʽ ʥʘ ʟʨʦʰʫʚʘʥʠʭ ʟʝʤʣʷʭ ʽ ʧʦʯʘʚ 

ʧʦʰʠʨʶʚʘʪʠʩʴ ʚ ʽʥʰʠʭ ʨʝʛʽʦʥʘʭ. 

10. ʅʘ ʞʘʣʴ, ʥʘʷʚʥʠʡ ʦʙʩʷʛ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʡ ʩʪʘʥ 

ʪʝʨʠʪʦʨʽʡ ʤʽʩʪ ʽ ʩʝʣʠʱ ʚ ʘʨʝʘʣʘʭ ʨʦʟʚʠʪʢʫ ʣʝʩʽʚ ʽ ʃʉʇ (ʟʦʢʨʝʤʘ, ʧʨʦ ʧʨʦʮʝʩʠ 

ʧʽʜʪʦʧʣʝʥʥʷ ʽ ʟʩʫʚʦʫʪʚʦʨʝʥʥʷ), ʘ ʪʘʢʦʞ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʾʾ ʦʙʨʦʙʢʠ ʥʝʜʦʩʪʘʪʥʽ 

ʜʣʷ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦʾ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʢʦʤʧʣʝʢʩʫ ʩʫʯʘʩʥʠʭ ʟʤʽʥ ʨʝʞʠʤʫ ʨʽʚʥʽʚ ʪʘ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʪʝʭʥʦʛʝʥʥʠʭ ʧʦʨʫʰʝʥʴ ʥʘʜʨ, ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ 

ʢʣʽʤʘʪʫ ʪʘ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʨʠʟʠʢʫ. ʅʝʦʙʭʽʜʥʦ 

ʧʨʦʜʦʚʞʠʪʠ ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʽ ʨʦʙʦʪʠ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʯʥʦʾ ʦʩʥʦʚʠ 

ʪʘʢʦʾ ʦʮʽʥʢʠ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ɻɯʉ ʽ ɼɿɿ, ʘ ʪʘʢʦʞ 

ʜʦʧʦʚʥʝʥʥʷ ʾʾ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ ʪʘ ʩʪʨʘʭʦʚʠʤʠ ʦʮʽʥʢʘʤʠ ʨʠʟʠʢʫ ʙʝʟʧʝʢʠ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. 
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ESTIMATION AND FORECAST OF CHANGES IN THE 

HYDROCHEMICAL STATUS OF THE TISZA RIVER  

 
Abstract. The engineer-ecological indexes and their parameters are used at the 

ecological estimation of the status of hydroecosystems (HE) of the Tisza water basin. 

The system-basin approach of research of the water basin bazed on the 

systematization and processing of environmental monitoring data for the long-term 

period was used. Such period allowed to set scientific conformities of the 

development of naturally-anthropogenic hydroecosystems in the conditions of 

constant technogenic load on them.  
Keywords: water system; biotic communication; hydroecosystem 

 

Introduction  

 

On the modern stage of development of industry and national economy the problem 

of rational nature management becames extraordinarily actual. Foremost it is related 

to constantly growing anthropogenic influence of man on an environment. As 

known, the rivers are most sources of fresh waters for an economy and industry, at 

the same time, by points for the upcast of industrial wastes and effluents, that results 

not only in quality but also quantitative exhaustion. Therefore the decision of 

problem of maintenance and proceeding in the self-potential of water basins becomes 

especially actual and ecological. 

The Tisza river is the most inflow of Danube, the area of water mirror of that 

presents 157 186 kilometresĮ. Length of the Tisza river makes a 966 km. Basic part 

of Tisza flow is formed on territory four held: to Romania ï 51%, Ukraine ï 25,6%, 

Hungary ï 10%, Slovakia ï 13,4% [1, 2]. 

Ukrainian part of the Tisza basin the belongs both to Overhead Tisza and Middle 

Tisza. The basin of the Tisza river is the basic source of water-supply of the 

Zakarpattia area. The total resources of superficial flow in a medieval year make 

13300 million m3, in shallow is 7290 million m3. Except waters Tisza, 9 storage 

basins (a general capacity is 59,3 million m3), 286 ponds (a general capacity is 

10,056 million m3) and 32 lakes among that most is, enter to them. Synevir by 

volume of 1,75 million m3 [3]. 

The level of water consumption of area is insignificant. In 2016 all from natural 

sources 42,67 million m3 of water is taken away, among them 43 surface-water and  

 
Ò L.ʆ. Vasilenko, O.G. Zhukova, A.A. Kokitko, 2018 

mailto:ORCID%20ID%200000-0003-0662-9996
https://orcid.org/0000-0002-4225-1268


~ 25 ~ 

ISSN: 2411-4049.  ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ˉ 3 (27), 2018 

 
  

57 underground. On territory to the area water-intensive productions that need the 

far of water are absent [4]. The prognosis resources of underwaters of drinkable quality 

make 399 million m3/year, and the level of ratified presents 124 million m3/year. By 

the state on 2016 used all only about 18,85 million m3/year, id est, an area has 

considerable potential for development of drinkable water-supply. Relative part of 

collection of waters Tisza presented on fig. 1. 

 
Fig. 1 ï The structure of water use of the Tisza river  

 

For period 1990ï2016 tendency to considerable reduction of volumes to the water 

intake of water that takes place mainly due to reduction of the use on to trade and 

agricultural necessities was observed. 

 

Main part  

 

Prognosis of water consumption of waters Tisza is determined by the rates of 

economic and public development. According to calculations of scientists 2031 to 

amount of population in the district of water basin of the Tisza will increase more 

than in 5 times, as a result the increase of closeness of population will take place 

from 97,5 to 102,2 persons/of km2. The calculation water consumption of area can 

be fully provided due to local water resources, for what the conducted measures must 

be from maintenance and proceeding in present water resources. In obedience to 

calculations the structure of fence lead will have such kind ï fig. 2. 

 

 
Fig. 2 ï The prognosis of structure of water use of the Tisza river  
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Contaminants come to the Tisza basin through the natural and anthropogenic 

sources of contamination. Basic sources of contamination of surface-water of river 

of Yew basin organic substances: communal sewer water; industry; agriculture [5].  

In the picture 3 the diagram of distribution of volume of effluents between 

industries is presented. 

 

 
Fig. 3 ï A diagram of distribution of volume of effluents is between industries  

in 2016 year 

 

For the last two decades, a political and economic situation caused changes in 

industrial activity that comes true in Zakarpattia. From data of the state statistical 

accounting about the use of waters, common amount of water users that carry out the 

upcast of effluents in the superficial water objects of the Tisza basin in 2016 made 

106 subjects, in next sectors: industry is 35 subjects, including electroenergy ï 2; 

standard ï 1; chemical and petrochemical ï 1; machine-building and metal-working 

ï 4; woodworking ï 5; forest-chemical ï 1; building ï 5; light industry ï 1; food 

industry ï 15; agriculture ï 8; forestry ï 1; transport ï 3; building ï 1;  

trade ï 2; logistical support ï 3; housing and communal services ï 53 [6]. 

Contamination organic substances from the effluents of industry is insignificant. 

All in 2016 year by them it was downfaulted: organic substances ï 0.01 thousand 

tons (according to the Biochemical Oxygen Consumptionfull), 0.017 thousand tons 

(for Chemical consumption of oxygenCr).  

The estimations of quality of water carried out from data of monitoring 2013ï2016. 

The Primary purpose of research is an estimation ecological state of the Tisza river on 

physical and chemical indexes, exposure of basic sources of anthropogenic influence 

and determination of directions of improvement of the state of water object. 

For calculations the base of statistical data of the ecological monitoring was 

created. All in a database contained information about more than a 200 water meters 

for hydrochemical descriptions. 

In the tests of waters content is certain for to the indexes: pH, Biochemical 

Oxygen Consumption5, self-weighted substances, taste, iron a common, potassium, 

calcium, magnesium, manganese, copper, natrium, oil products, Chemical 

consumption of oxygen, cut-in oxygen, surface active substances, sulfates, phenols, 

phosphates, chrome(VI), percent of oxygenating, hydrocarbonates, resins and 

pyrobitumens, nitrogen ammoniacal, nitrogen a nitrite, nitrogen nitrate, silicon, zinc, 

pesticides Ŭ-Hexachloran, pesticides ɔ-Hexachloran, pesticides of p,  
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p'-dichlorethylene, pesticides of p, p'-dichlorodiphenyl trichloromethylmethane, 

pesticides of p, p'-dichlorodiphenyl dichloroethane, and also coloured, smell, 

expense of water of the river, speed of flow, temperature of water. 

Analyzing results on the whole, it should be noted that content of such substances 

as oil products, ions of copper and zinc, surface-active substances, nitrogen 

ammoniacal, nitrogen a nitrite, nitrogen is nitrate and a chrome general remains 

stable during the period of research. 

A concentration of hydrogen is one of major indexes of quality of waters, that 

influences on the chemical equilibrium of ions in the system and matters very much 

for chemical and biological processes. Its amount in the Tisza river changes from 7,6 

to 8,1 od. ʨʅ. 

The amount of hydrocarbonates and chlorides in water presents 128ï152 and  

10ï17 mg/dm3 accordingly. Content of chlorides is considerably below from HDC 

(350 mg/dm3) and testifies that salt contamination by this anion in water it is not. 

The amount of sulfates hesitates a from 23 to 30 mg/dm3, that considerably below 

from HDC (100 mg/dm3). Reduction to the concentration of hydrocarbonates and 

sulfates is educed also on stream of the river.  

Content of calcium and magnesium in river waters during the investigated period 

was within the limits of 36ï41; 6,5ï7,3 mg/dm3 accordingly and does not exceed 

their HDC (180, 40 mg/dm3 accordingly). In all tests of amount of calcium 

substantially prevail content of magnesium. There is a tendency to reduction of 

concentrations to the calcium down stream. 

Middle-aged of concentration to the ammonium salt in waters did not exceed 

HDC (0,5 mg/dm3). The concentrations of nitrites in water presented  

0,02ï0,08 mg/dm3, and content of nitrates is within the limits of a 1,1ï6,5 mg/dm3, 

that does not exceed HDC (0,08 and 40 mg/dm3 accordingly). 

In obedience to calculations mean values of index of contamination of salt 

composition (ɯ1) ï 1,57; tropho-saprobiological (ecological and sanitary) index (ɯ2) ï 

3,12; index of specific indexes of toxic action (ɯ3) ï 4,02; ecological index (ɯʝ) ï 2,94. 

Data of prognoses are erected in a table 1. Reliability of prognosis is appraised on 

the basis of level of meaningfulness of ʨ: than less level of meaningfulness, the greater 

reliability of prognosis. Consider a prognosis reliable enough, in what ʨ Ò 0,05. 

Obviously, that prognoses of content to the ammonium and iron is only an orientation, 

as them ʨ > 0,05. All other the prognoses it follows to consider reliable enough.  

Prognostication of content of pollutants gives an opportunity not only to envisage a 

concentration but also estimate the general tendency of seasonal change of substance. 
 

Table 1 ï Data of prognosis and reliability of prognosis  

 

Index, mg/dm3 Forecast, mg/dm3 Level of significance 

Nitrogen is ammoniacal 0,12 0,48 

Chemical consumption of oxygen 6,1 0,004 

Biochemical Oxygen Consumption 5 3,1 0,02 

General phosphorus 0,13 0,007 
 

For the prognosis of the state of the Tisza water system by us those indexes that 

limit and most suitable for prognostication a statistical method was select: Chemical 

consumption of oxygen, nitrogen ammoniacal, phenols, phosphorus general, oil 

products, surface active substances, Biochemical Oxygen Consumption5. For select 
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indexes there were the expected parameters but also b, what necessary for 

corresponding equalizations regressions. However, for prognostication of the state 

hydroecosystems can be used only those equalizations, at what copulas between 

signs very close (value of coefficient of correlation of r nearer to 1) and if calculation 

value of t exceeds a tabular value (it testifies to substantial connection between a 

concentration and sometimes a criterion). 

After determination of force of connection between a concentration and 

sometimes, appeared, that for a prognosis it is possible to use very small part of data. 

Most suitable for prognostication a statistical method average annual data are for 

Chemical consumption of oxygen, Biochemical Oxygen Consumption5, phosphorus 

is general and to nitrogen ammoniacal. 

The actual task of water control is introduction of extra cleaning of domestic effluents 

after a bioscrubbing. Hereupon contamination of waters will be warned and the state of 

water objects will become better, and also the recreational value of region will rise. 

  
Fig. 4 ï Prognostication of content of the 

ammonium ions  

Fig. 5 ï Prognostication of Chemical 

consumption of oxygen 

  
Fig. 6 ï Prognostication of Biochemical 

Oxygen Consumption5  

Fig. 7 ï Prognostication of concentration  

of general phosphorus  
 

According to figures 4ï7 basic three indexes of Chemical consumption of oxygen, 

Biochemical Oxygen Consumption5 and concentration of general phosphorus has a 

tendency to the increase, and indexes of ammonium ions ï to the reduction. 

 

Conclusions 

 

By the basic sources of receipt of ions in water objects there are stock-raising farms 

an ammonium, service-utility sewer water, superficial flow from farmlands at the 
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use of ammoniacal fertilizers, sewer water of enterprises of food, coke-chemical, 

wood-chemical and chemical industry. 

Increase concentration of ammonium and phosphate ions used as an indicatory 

index of process of contamination of superficial and underground waters by domestic 

and agricultural flows. 
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ORGANIZATION OF M UNICIPAL  SOLID WASTE SORTING:  

LOCAL ASPECT  

 
Abstract. The approach to organization of municipal solid waste sorting is 

developed. It is proposed to introduce a logistics system for the management and 

handling of solid waste at the local level. The system provides a sequence of logistics 

operations for planning and organization of waste management. 

Keywords: municipal solid waste; housing estate; condominium; residential sorting 

station; recycling 

 

Introduction  

 

Throughout several years in Ukraine preparation for introduction of the European 

tendencies for municipal solid waste sorting lasted [1ï4]. However, at present the 

result of it is not satisfactory, as long as most of residential districts in Lviv city have 

not been supplied with sufficient amount of containers for selective collection of 

municipal solid waste (MSW). Furthermore, relevant information support of such 

format for rubbish separation and control over its implementation are absent. 

Since 1 January 2018 in Ukraine responsibility for unsorted rubbish has 

intensified [5]. Now art. 32 with supplemented paragraph of the Law of Ukraine çOn 

Wasteè prohibits disposal by burial of unprocessed (untreated) household waste, 

which obliges Ukrainians to sort all MSW according to material types instead, by 

separating them to reusable (recyclable), hazardous, and landfilled [5]. According to 

preliminary expertsô predictions as to implementation of regulation on prohibition of 

unprocessed municipal waste burial, it would not have had capacities to start work 

from 1 January 2018 on because of infrastructure failure. Thus, today this prognosis 

can be proved to be true, inasmuch as since early days of this paragraphôs (in art.32) 

effectivity, first successful results as well as active mechanisms of control have not 

been achieved so far at all. Furthermore, there is no ordinance issued with the list 

and sequence of operations concerning MSW. Besides, there is lack of rubbish 

containers for sorting and gap in control over their provision.  

Although practice of sorting waste in Ukraine is not new, it is nevertheless not 

well widespread and far from being immaculate. Basic challenges in thorough and 

systemic sorting are: insufficient amount of containers for every type of raw 

material; unorganized location of containers throughout the city and its residential 

districts; lack of qualitative and quantitative information on MSW, recyclables and 

its sorting; absence of steps and incentives for encouragement in support of waste 

Ò I.I. Koval, V.D. Pohrebennyk, 2018 
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sorting; failure of control over implementation of all these responsibilities. To 

enhance the situation concerned with sorting MSW in the city, it is necessary to start 

the work at the local level first, namely at the level of a particular housing estate in 

a certain city district.   

The aim of the work is developing of approaches to MSW sorting at the level of 

housing estate in a certain city district.  

 

Analysis of recent studies and publications 

 

Issue of MSW management system enhancement at the regional level was covered 

in the work [6]. In works [7, 8] ways, steps and instruments for achieving 

enhancement of economic mechanism in MSW management sphere at both state and 

regional levels were presented. Solutions to be used as models of MSW management 

in cities of Ukraine were laid down [9ï13]. However, all these offers as to 

enhancement of MSW management system developed at state, regional and 

municipal levels, are not applicable at housing estate level so far.  

 

Materials and methods of research  

 

Work methods are based on analysis of principles in management of MSW groups. 

During carrying out the work scheme of mixed-use housing estate was used 

(MUHE), aimed at outlining rationality of effective handling and management of all 

MSW. 

 

Presentation of material 

 

In 2010 in Lviv separate collection of household waste was introduced by four 

fractions: miscellaneous rubbish, glass, paper and plastic. Since then containers with 

corresponding markings have appeared in Lvivôs yards. However, not all city 

dwellers followed such sorting. There are several reasons that caused it. Those are 

lack of particular containers, improper waste sorting by residents and low 

information support concerning MSW sorting system. So, in 2016 new containers 

were offered for the city ï closed ones supplied with a button for opening. New 

çclosedè technology had to limit  unpleasant smell emission throughout the city, as 

well as to complicate access to the rubbish for ʘ waste pickers [10]. And even such 

change has not resulted in successful sorting waste as long as mistakes that had come 

with sorting system of 2010 were not corrected.  

The problem mentioned is still stalled in the city. The city with its residents 

requires framing of new organizational conditions based on logistic process of 

accumulating, sorting and recycling of municipal waste. So, despite lack of 

specialized factories and systems for recycling all MSW, new approaches to their 

sorting and management are suggested by us. They are aimed at reducing volume of 

municipal waste for utilization at landfills.  

Principles of collection and sorting all MSW unexceptionally are set as the 

framework of the approach. Such idea expands logistic circle of their effective 

management, namely sorting and collection of MSW types which are not recycled 

in the territory of city, region or state. These sorted wastes will  be kept until their 

further utilization or possibility of their exporting in big volumes for processing. For 
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their temporary accumulation and proper maintenance conditions, city or district 

administration will  have to provide such area with facility. 

However, first of all, it is necessary to introduce logistics system of MSW 

management at the local level. This system can be carried out with the help of logistic 

functions which, in turn, fall into processes and operations of MSW handling and 

management at the level of housing estate (HE). 

Logistic process of MSW management is considered as streamlined sequence of 

planning operations and organization of management concerning MSW movement 

from its generation to treatment and further control over sites of its reprocessing.  

The first stage of logistics process in MSW handling and management for housing 

estate is establishing economic relations between condominium and companies 

which deal with accepting recyclables as well as farms concerned with processing 

organic waste for bio-humus-making. Such firms are more than ten in Lviv to accept 

recyclables. However, in order to get residents of HE interested in sorting MSW, it 

is needed to motivate them financially according to the principle, ñwe sort ï we sell 

ï we get money ï we maintain the houseò. This money is designated for expenses of 

housing estate upkeep (Fig. 1).  

 

 
 

Fig. 1 ï Scheme of logistics process for  MSW handling and management  

in a housing estate  

 

For that purpose, it is necessary to conclude agreements with companies dealing 

with purchase of recyclables.  
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The second stage is arrangement of a storage facility  nearby housing estate for 

collection, sorting and storage of waste materials. In particular, construction 

company çGalzhytlobudè started construction works of mixed-use housing estate 

(MUHE) at address 73, Heroiv UPA str. The building is designed for 394 flats. That 

MUHE has to meet needs of people of different categories: to offer lodging to 

hundreds of workers whose offices are located nearby; meet consumer needs of 

potential dwellers of residential houses and arrange public spaces for leisure 

activities.    

For reaching proper living level in this MUHE, it is also necessary to provide a 

facility for collection, sorting and temporary storage of separated recyclables. So, 

site for such facility was suggested within this MUHE (Fig. 2). 

The third stage is the very arrangement of the facility adjoining building - 

residential station for sorting and temporary storage of MSW (Fig. 3).  

Crucial moment is the fact that the facility is locked with a key and every dweller 

of MUHE has it. This enables temporary storage of recyclables until arrival of 

specialized vehicle from a particular company or a farm. The process mentioned as 

to MSW handling and management of recyclables within this MUHE is controlled 

by a person from condominium. 

Plastic containers and boxes are placed in this facility. There are several sections 

in the facility: biowaste, packaging waste, wastepaper, other household stuff (Table). 

 

 
 

Fig. 2 ï Facility for collection, sorting and temporary storage of MSW  

on the scheme of MUHE  

 

One of important preconditions for efficient MSW sorting is residentsô awareness 

about the materials they sort. In this case a guide on sorting MSW will  help. 

Information on waste as a potential recycled material, will  refer to available sections 

of MSW sorting in HE, see in the Table below. 
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Fig. 3 ï Facility for collection, sorting and temporary storage of MSW  

 

In section A of facility organic waste for compost will be collected in containers. 

Food waste is collected in a paper bag which is thrown into brown bin. Composted 

waste undergoes further processing into nutrient-rich soils (biohumus). 

To food waste items belong as follows: bread, cookies, biscuits, sponge cakes and 

buns; fruit, egg and vegetable peels; coffee grounds and tea leaves, as well as coffee 

and tea filters; meat and fish bones, fish and seafood waste; food leftovers; cooked 

and raw meat, fish, vegetables, fruit, eggs; milk, flour, cereals and pasta; snacks, 

candies and chocolate; withered flowers, potting plants and soil from repotting, etc. 

In container for compost items should be collected such as organic waste from 

kitchen table: raw and cooked fruit, vegetables and their peels, cereals, eggshell, tea 

leaves, coffee grounds, plant residues after straining herbal infusions and decoctions; 

meat and fish waste (in closed composters only), food leftovers. Also to this 

container it is allowed to throw shredded discarded paper from natural materials 

(paper, card, package, shredded newspapers, paper tissues, towels, serviettes), 

garden waste: decayed leaves (last yearôs), small twigs (branchlets) after trimming 

and pruning of healthy trees and shrubs, grass clippings mown from lawns, 

shredded/chopped wood (big branches, roots, rind), annual weeds. No throwing 

stubs, paper coated with wax or a film, as well as other not biodegradable waste.  

Besides, in this section, alongside containers for compost, there are bins placed 

for waste to be incinerated. Such waste should be packed and put into green bin. 

Waste will be incinerated for electricity or heat generation. Waste to incinerate 

comprise: ash (cooled); parch paper; balloons, candles (stubs) and paper table cloths; 

nappies, sanitary napkins and wash cloths (textile wash cloths (microfibre)); 

videocassettes, floppy disks and CDs; vacuum cleaner bags (unwoven material); 

dishtowels, dish brushes and sponges; cigarette stubs, tobacco; wooden and plastic 

hangers; collection bags with sand from cats litterbox and dogs poop; leather; 

toothbrush; cotton, cotton wool and plaster; chewing gum; textile and yarn waste; 

plastic pots; envelopes. 
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Table ï Sections of residential MSW sorting station 

 
Section ɸ 

Waste to 

composting 

Section B  

PW: 

Section C 

Wastepaper: 

Section D  

Other household 

stuff  

 

 

 

1 ï from glass (by colour): 

1ʘ ï clear; 1ʙ ï green; 

1ʚ ï amber yellow; 

(jars and bottles); 

2 ï from metal: 

2ʘ ï tinplated cans, lids;  

2b ï aluminium cans/foil ; 

2c ï aerosol cans (empty); 

3 ï from mixed material: 

based on paper and 

cardboard, 

based on aluminium foil, 

metalized, 

etc. (Tetra Pak, Pure Pak, Eco 

Lean, paper cups, heat sealed 

packagings etc.); 

4 ï from plastic (7) 

 (by markings): 

4ʘ ï PETE; 4b ï HDPE; 

4c ï PVC; 4d ï LDPE; 

4e ï PP; 4f ï PS Ÿ PS-E; 

4g ï Other/O; 

(flasks, containers, bottles 

transparent and coloured 

nontransparent ῐ white, yellow 

and black, caps, films, bags); 

4h ï recycling code unlabeled 

plastic; 

5 ï from foam 

polystyrene/styrofoam  

1 ï newspapers; 

1ʘ ï magazines; 

1ʙ ï catalogues; 

1ʚ ï advertising 

leaflets (junk 

mail); 

1g ï flyers; 

2 ï clean and 

used paper; 

3 ï copy-books; 

4 ï books and 

phonebooks 

without hard 

cover; 

5 ï cardboard 

without 

polyethylene 

film;  

(cardboard 

boxes and 

packing boxes); 

6 ï paper bags 

(clean) 

1 ï wires;  

2 ï small electrical 

appliances;  

3 ï lighters;  

4 ï batteries;  

5 ï lamps; 

6 ï cullet;  

7 ï window glass; 

8 ï disposable 

razors;  

9 ï thermometers;  

10 ï kids toys;  

11 ï hard cover 

from books and 

phonebooks; 

12 ï sales 

slips/receipts; 

13 ï egg cartons; 

14 ï sticker paper, 

labels; 

15 ï shock-proof 

glass from gadgets 

(smartphones and 

tablets); 

16 ï heat-proof 

glass (broken heat-

proof dishware); 

17 ï cut-glass ware; 

18 ï mirror; 

19 ï wallpaper; 

20 ï gift wrapping 

paper; 

21 ï decorators 

tape; 

22 ï photographs; 

23 ï wrappers from 

sweets, candies, 

chocolate bars, 

pastries, wafers; 

24 ï drink straws; 

25 ï ceramics; 

26 ï cigarettes 

packs 

Section ɸ 

Waste to 

incineration  

 

 

Section B is designated for sorting packaging waste. In order to send such waste 

to recycling, they should be cleaned from food residues or dirt and dried, and if  

necessary (depending on kind of PM) pressured or flattened. Also if  required, ī to 

remove lid/cap, label and sort them respectively to recycling. 
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Collection of glass packaging (bottles and jars from glass), is fulfilled by colours 

as follows: clear, green and amber yellow. Glass can be recycled into new glass 

containers infinitely many times. For recycling glass, it needs to be converted into 

cullet. Production of new glass from recycled glass material reduces energy 

consuming by 40%. From recycled glass glassware, decorative tile and other wares 

are produced. During production of 1 ton of glass from cullet, sand usage reduces by 

600 kg, limestone by 170 kg, soda ash by 190 kg and feldspar by 70 kg. 

Such metal waste is sorted as follows: aluminium foil ; aluminium molds; 

aluminium cans (tins); tin-coated steel cans and lids; empty spray containers, etc. 

Big amount of energy is saved when reprocessing metal. Metal can be recycled 

infinitely many times without spoiling its quality. 

Packaging from mixed and multilayered materials, which recently acquired 

widespread usage, in particular, Tetra Pak, Pure Pak, ELM (Ecolean Material) etc. 

are subjected to mandatory sorting. 

It is also worth collecting separately paper cups from coffee, tea or other 

beverages/drinks, since they contain glue, which does not allow to recycle them 

inasmuch as adhesives are impossible to remove during transforming paper into 

pulp. This paper is also lined with plastic or waxy layer which enables hot liquid to 

be kept within a cup, though it is the one that does not allow to process paper fibres. 

Laminated paper is required to sort separately from other the mentioned above 

packagings as well. Such type of mixed material is composed of paper and 

polyethylene. It is used as heat-sealed packagings for spices, seasonings, dried 

instant foods as well as medications (pills, disposable syringes, plasters, medicine 

gloves, etc.). Candies wrappers make up some part of mixed material, so they should 

be collected separately, too.  

In the section for packaging waste, bins to sort various types of plastic (by 

marking) are placed. On polymeric packaging there is always marking (recycling 

code) to identify which type of plastic it is made from. Plastic packagings fall into 7 

kinds of plastics, each has its own numeric symbol which manufacturers put to 

inform about type of material, possibilities of its recycling and to facilitate process 

of sorting and re-use after recycling. Such items from plastic are sorted as follows: 

cellophane; rigid plastic packaging ï polymeric bottles/flasks, containers, jars, 

bottles for example, from ketchup, mustard, yoghurt, water, plastic cups for ice-

cream, bottles from shampoo, dish soap bottles and detergent/cleaner jugs; foamed 

polystyrene; plastic lids, caps; soft plastic packagings ï miscellaneous films and 

wrapping made from them, for example, from dairy or meat products; plastic bags, 

snack packs; plastic plant pots (no soil). In these containers it is not allowed to throw 

packaging which contain hazardous waste ï paint or motor oil, as well as dirty 

packagings, toys etc. Also in this section alongside containers with the above-

mentioned packaging waste, one more container is placed for packaging waste from 

foamed polystyrene/Styrofoam, namely polyfoam disposable plates.  

In section C wastepaper should be sorted. In particular: newspapers; magazines; 

catalogues; books and notebooks (no polished hard covers); copy-books; office 

paper for notes, drawing and envelopes; advertising leaflets (junk mail); flyers; other 

printed products; gift wrapping paper. To be sorted also cardboard: cardboard of 

various type without polyethylene film coating (cardboard boxes and packing 

boxes); paper bags and wrapping paper (clean); paper boxes (cartons), for example 

from loose products [14]. Paper or cardboard filled with food residues or paint as 

well as paper coated with plastic or glue are not allowed to leave in the container.  
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In section D all household stuff is collected that has not got appropriate disposal 

system so far. Those items are not to be hauled to MSW landfills. Such waste is 

planned to collect, sort and store until the moment of its processing method 

identification.  

The fourth stage involves preparation of MSW in households until being 

conditioned for selling to recycling enterprises. Such conditions are as follows: 

sorting of household waste to recycling; rinsing until clean; maximum compressed 

and flattened recyclable items. 

The fifth stage includes separation of waste material in residential MSW sorting 

station. Each type of waste will have its own separate container. Thus, about 35 bins 

for sorting MSW will be placed in such station facility (Fig. 4). 

 

 
 

Fig. 4 ï Storage facility with bins for sorting waste  

 

In many countries, in particular Sweden, Australia, Japan and others effective 

practice as to using guide on sorting household waste by residents has been 

introduced already, to provide any helpful information about separate collection of 

various waste types and their disposal methods. In Great Britain ñsmartò rubbish bins 

are set to go on sale. The invention has system of recognition automatically to tell 

recyclable wastes from the ones to be utilized [11].  

With the support of companies çSankom-Lvivè Ltd, çAVE Lvivè Ltd, 

çLvivspetscommuntransè LME (Lviv municipal utility enterprise), çGreenEra 

Ukraineè Ltd, it is also worth framing a system for improvement of information 

support on the proper sorting of different waste types. The system should involve 

specialized electronic and information terminal. 

  

Conclusions  

 

Tendency of sorting municipal solid waste in Ukraine was analyzed and causes of 

unsuccessful introduction of MSW separate collection system in Ukraine were 

established.  

To introduce effective MSW sorting system in cities, a new approach was 

suggested for organization of municipal waste sorting at the local level and stages of 

logistics process concerning MSW management and handling for housing estates 

were defined. 
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ʣʦʛʽʩʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʚʽʜʭʦʜʽʚ.  
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FRENCH GREEN BUILDING  RATI NG SYSTEMS  

 
Abstract. Most of the Green Building Rating Systems have similarities in common 

more than differences. All of these systems are trying to integrate issues of 

environmental protection and health in the building. French Haute Qualit® 

Environnementale (HQE) system identifies 14 environmental targets for building 

divided into four groups of objectives: site and construction, management, health, 

comfort. These targets have implications for all steps of the design process and 

production of the building and also taking into account the land, the landscape, 

the neighborhood and the transportation systems. The green building construction 

is a global issue that can find regional solutions. French system is suitable for 

Ukraine mentality, because for current situation we need new technologies and 

modern knowledge to developing green building sector. HQE has better 

innovative extension of the concept to the urban planning operations in compare 

with other worldôs leading standards for Green Buildings assessment systems. 

Key words: green building; certifications rating system; environmental safety 

 

Introduction  

 

Green Building, also known as Green Construction or Sustainable Building, is a 

relatively recent concept. From the prevailing classical building design concerns of 

economy, utility, durability and comfort, the new concept came to initiate an 

operational response to the need to include long term development criteria that 

integrate the environment concerns in the buildingsô projects, and a label to denote 

an ñenvironmentally friendlyò process [1]. Buildings account for a large amount of 

 

ʆʉʅʆɺʀ ʇʈʀʈʆɼʆʂʆʈʀʉʊʋɺɸʅʅʗ 

NATURAL RESOURCES 

 

Ò ʊ.I. Kryvomaz, A. Michaud, D.V. Varavin, A.R. Perebynos, 2018 
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land use, energy and water consumption, in addition to air and atmosphere alteration. 

Considering the statistics and the impact of the built environment on human health 

as well as the natural environment, reducing the amount of natural resources 

consumed by the buildings industry and the amount of pollution given off is seen as 

critical to achieve sustainability. Green Buildings are expected to reduce greenhouse 

gazes, save the natural resources and meet the usersô justifiable demand for more 

comfort and safety; in addition to their promising projected value within the global 

economy [3].  

Outstripping the sectors of transport and industry, buildings are also responsible 

of air and atmosphere alteration by 39 percent of the carbon dioxide emission [9]. In 

the United States buildings use about 40 percent of the total energy consumed, and 

account for 13.6 percent of water (per day) and approximately 72 percent of 

electricity consumption [8]. In France, the building construction sector consumes 

about 43% of final energy (31% for the transport sector) and accounts for nearly a 

quarter of emissions of greenhouse gas. Each country has traditions, history, rules 

and a lot of things that make their houses unique, even in one country we can find 

many differences between regions. The united nationôs statistics show that, 

unfortunately, the rest of the world, with different proportions, does not break the 

rule and things are worst elsewhere, especially in the growing economies [3].  

The issue related to the reduction of energy consumption in building sector is 

firstly related to ecology: the main goal is to reduce emissions of greenhouse gases 

to protect the planet against climate change. The priority given on the control of the 

energy consumption has two targets: limit the use of the fossil energies, because the 

global reserves of fossil fuel fall down sharply, and strengthen the purchasing power 

by lower expenses related to energy consumption [2]. Reducing the amount of 

natural resources consumed by the buildings and the amount of pollution given off 

is seen as a crucial challenge for and a critical key to achieve sustainability. The 

international consensus and commitment to a sustainable development and the 

obligation to find innovative solutions to the rarefaction of the natural resources and 

control the greenhouse effect, combined to the usersô justifiable demand for more 

comfort and safety is largely considered as the main challenge of the 21st century. 

From an environmental point of view, the benefits of a raise in Green Building 

practices are well worth the efforts to grant. Green Buildings are expected to reduce 

24 to 50 percent of the energy use, 40 percent of the water consumption, 33 to 39 

percent of the CO2 emission and up to 70 percent of the total solid waist [6]. 

Moreover, from an economic point of view, the projected Green Buildings value is 

substantially promising. Besides, the environmental impact of buildings is often 

underestimated, while the perceived costs of green buildings are overestimated. A 

survey by the World Business Council for Sustainable Development found that green 

costs are overestimated by 300 percent, as key players in real estate and construction 

estimate the additional cost at 17 percent above conventional construction, more than 

triple the true average cost difference of about 5 percent [10].  

 

Purpose of Research 

 

The objective is to integrate issues of environmental protection and health in the 

building sector of Ukraine with using the best positive practical experience of 

France. It allows the builders to promote their efforts to reduce the impact of their 

operations on the environment and health, and to maximize comfort. 
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Result of Research 

 

In France the Consumer Code requires a separation between the certification agency 

and the company that produced the certified product. There are two main 

organizations that lead the green building in France. In one hand there is the French 

government, who passed laws on the energy efficiency of the buildings, called 

ñr¯glementation thermique (RT)ò (the French words for thermal regulation rules) 

and on the other hand, with a wider approach which take into account all the aspects 

of the sustainable development, there is the ñHaute Qualit® Environnementaleò 

(HQE) system, which has been developed in the 1990s by the HQE association [5]. 

The first project with a HQE approach was initiated in 1993, as a part of the program 

Ecology and Housing. The objective was to integrate issues of environmental 

protection and health in the building sector [7]. 

In order to improve the representation and to promote the green building 

construction in France, some French associations and firms have created the French 

Green Building Council, with is a member of the World Green Building Council. 

The main objectives of the council are to promote the green construction toward the 

public and help the professionals who want to develop green building projects. 

Beginning in the 1980s, labels, standards, certifications, and references have been 

developed in France, as in the rest of the world. Obtaining a certification or a label 

is a voluntary process initiated by a client or a developer who wants the quality of 

its constructions recognized. These labels and certifications are indicators for a buyer 

or prospective tenant, in terms of comfort, saving costs and environmental 

protection. Today, many building owners and developers are concerned about the 

environmental and energy challenges mentioned above. The referential of 

certifications and labels serve as guides for those who wish to improve their skills in 

environmental and energy quality [2].  

The French HQE initiative. In 1995 a manufacturers' association of construction 

products (AIMCC ï Association des Industries de Produits de Construction) 

registered the trademark (HQEÈ) which stands for ñHaute Qualit® 

Environnementaleò (High Environmental Quality), and created the homonymous 

association (ñAssociation pour la Haute Qualit® Environnementaleò) to promote a 

global approach that ensures better control of a buildingôs life cycle from the design 

stage to construction, operation, maintenance, renovation, and deconstruction. Such 

objective would be achieved, mainly, by monitoring the impacts on the external 

environment (Ecoconstruction, Eco-management) and creating a healthy and 

comfortable indoors environment (Hygrometric, Acoustic and Visual comfort as 

well as areas, air and water quality). The association consists of a number of public 

or collective bodies (associations, labor unions) representing all the actors of the 

building sector: project owners, consultants, contractors, manufacturers of 

construction products, experts, etc., organized in five middle colleges within the 

board of directors. Members are organized in working groups to elaborate reference 

tables, produce thematic states of the knowledge, organize working sessions and 

promote the French approach in the international technical exchange circles, or with 

the standardization organizations such as AFNOR, CEN (the European Committee 

for Standardization), and ISO [3].  
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It is very important to understand that the HQE is not a rating system like the 

LEED or the BREEAM, but it is only an approach. Since 2005, if they match the 

approach, commercial building can receive a NF-HQE certification. It allows the 

builders to promote their efforts to reduce the impact of their operations on the 

environment and health, and to maximize comfort. The HQE approach aims to 

satisfy three requirements: obtaining a healthy indoor environment and comfortable 

for the occupants, controlling the impact of the building on its external environment, 

and preserving the natural resources by optimizing their use. This approach is also 

part of the current priority of controlling consumption energy and greenhouse gas 

emissions, by integrating of energy performance thresholds from the beginning of 

the building design [2].  

Principles of the French HQEÈ Approach HQEÈ approach is a standard for 

Green Buildings in France designed to improve the environmental quality of the 

built environment. It leads to a certification that approves the consideration of 

environmental issues in the construction process of a building. HQEÈ helps 

contracting authorities, architects, manufacturers and entrepreneurs control the 

building impact on the outdoors environment and create a healthy and comfortable 

indoors environment for their clients. It can be used as a criterion for investors and 

property developers to monitor the financial performance of a building or a 

portfolio. HQE is applicable to all types of new and existing buildings in the 

residential, tertiary and industrial sectors [3]. To supervise the implementation of 

environmental quality in building construction, the HQE system does not provide 

a ranking system as the LEED or the BREEAM, but instead gives an environmental 

profile [2].  

The Haute Qualit® Environnementale standard, referred to by its abbreviation 

HQEÊ, was developed in 1994 in France by the HQEÊ association [5]. This 

association supports stakeholders, designers, partners, developers, and users during 

a projectôs phases and aims to guarantee a high environmental quality of buildings. 

HQEÊ covers buildings throughout their life cycle, that is, throughout their design, 

construction, operation, and renovation. It is addressed to nonresidential and 

residential buildings, and detached houses. Furthermore, a specific scheme for the 

management system of urban planning and development projects is also available. 

The environmental performance requirements are organized into four topics that 

together include 14 categories. Topics are almost the same for all building types, but 

the targets are arranged differently for residential buildings and nonresidential 

buildings (i.e., commercial, administrative, and service buildings). The system 

identifies 14 environmental targets divided into four groups of objectives: site and 

construction, management, health, comfort. These 14 targets have implications for 

all steps of the design process and production of the building (fig. 1). Today, the 

HQE expands beyond the 14 targets, taking into account the land, the landscape, the 

neighborhood and the transportation systems [2]. In addition to the 14 targets and 

their sub-targets (not included in table 1), the following Environmental Indicators 

are also assessed: 1) Consumption of non-renewable energy resources indicator;  

2) Climate change indicator; 3) Water consumption indicator; 4) Waste production 

indicator [5]. 
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Fig. 1 ï The main targets of the HQE approach 

 

The conventional aspect of this grid is not always suited to the daily practice of 

construction, but it nevertheless represents a basic tool, especially for certifications 

that validate the environmental quality of buildings. Anyway, the application of the 

approach is always a matter of compromise, in which the owner must be involved. 

HQE certification. The HQE Association has developed many schemes, 

exploitable in France and abroad. It is structured to have three organizations in 

charge of delivering national evaluations (Certiv¯a, Cerqual, and C¯quami) and one 

for supporting the evaluation across the world [5]. A building project obtains an 

assessment for each target expressed according to three ordinal levels: basic, 

performing, and high Performing. To be certified, a building must achieve the high 

performing level in at least three categories and the basic level in a maximum of 

seven categories. This rating system does not weight each category by a weighting 

factor, because they are considered to have the same importance throughout the 

assessment framework. 

To develop the approach, the French government gives financial incentives 

reducing the taxes to the owners, builders, associations, who follow the HQE 

approach to design their building, residential or commercial. The NF-HQE 

certification is for all commercial buildings, whether public or private, and take into 

account the phases of planning, design and implementation. The NF Commercial 

Buildings HQE already covers most sectors of commercial buildings. It will be 

gradually extended to new categories such as sports or cultural facilities, which are 

not yet in the certification system. In order to receive the certification, the 

commercial building must respect the requirements of the standard concerned 

(determined by the future use of the building) developed by Certiv®a. Certiv®a 

validates the certification, after consultation with the HQE Association and a 

committee composed of representatives of building owners, users of commercial 

buildings, and actors in the construction sector and construction experts [2].  

FIDIC, the International Federation of Consulting Engineers (the acronym stands 

for the French version of the name) represents globally the consulting engineering 

industry. The Federation promotes the business interest of firms supplying 

technology-based intellectual services for the built and natural environment and 
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recognizes that the work of the consulting engineering industry is critical to the 

achievement of sustainable development of the society and the environment. FIDIC 

has issued a number of Policy Statements about issues relevant to the consulting 

engineering firms (particularly relevant to clients and financing agencies in 

developing countries). The Project Sustainability Management Guidelines (PSM) 

published by the International Federation of Consulting Engineers (FIDIC) were 

created in order to assist project engineers and other stakeholders in setting 

sustainable development goals for their projects. The process is also intended to 

allow the alignment of project goals with local conditions and priorities and to assist 

those involved in managing projects to measure and verify their progress [3].  

There are some other labels, which are used in France, like the German label 

Passivhaus, the Swiss label Minergie, or the French Effinergie. These certifications 

have been designed to supervise and assist builders who want to make their buildings 

particularly energy efficient. To obtain one of these labels, the project managers have 

to follow the referential of the label, and ask the certification to an accredited 

organism. The requirements of these labels are expressed in terms of objectives and 

limits not to be exceeded, but do not give any solutions to reach these targets. They 

require neither constructive choices, or materials, or techniques, or energies, in order 

to allow any freedom of design and innovation in project management (architect and 

engineering). However, as shown by examples of achievements, materials and 

applied technology are often the same, regardless of the certification. The additional 

investment costs to reach these performances are about 7 to 15% compared to a 

building following the RT 2005 requirements. But the investment is quickly 

recouped offset by the savings of energy consumption [2].  

The Environmental Management System (EMS) constitutes the Organizational 

aspect which defines the tools required to pursue the operation and to structure the 

interfacing between the various parties involved in the project. The EMS, closely 

tied to the International System of Environmental Management ISO 14001, includes 

an examination of the site, the objectives of the operation and the needs of the future 

users. The building owner elaborates, on the base of the building plans and 

scheduling, the implementation and the oversight of the construction, in order to 

manage the quality of the processes. The EMS is periodically internally evaluated in 

order to make sure the operations are linked with the goals. It aims to provide a 

framework for builders and provide tools for decision making. The ISO/TS 21931, 

2006 is a framework technical specification for ñmethods of assessment for 

environmental performance of construction worksò. The specification details and 

follows the principles set out in the ISO 14000 series of standards [3].  

The latest version of the French thermal regulation, the RT 2005, has been passed 

to meet these goals. It is applicable to all building permits in the residential (housing) 

sector and non-residential (commercial) sector, since the 1st of September 2006. It 

strengthens the control requirements of the energy needs for new constructions of 

15% compared to the previous thermal regulation law (the RT 2000) [4]. The next 

thermal regulation, the RT 2012, strengthen the thermal requirements gradually in 

order to reach the target of 40% reduction of energy consumption in 2020. The 

RT2012, is an addition to the RT2005, it insists on four main energy efficient 

systems and oblige to: 1) Reduce significantly thermal bridges (exterior insulation); 

2) Use condensing boiler to produce hot water; 3) Use heat pumps; 4) Continue the 

development of renewable energies, in particular for heating. The buildings that are 

more efficient than the requirements of the thermal regulation may be certified by 
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one of the five levels of the HPE label (Haute Performance Energ®tique ï High energy 

efficiency). The BBC label (B©timent basse consommation ï Low consumption 

building): Global energy consumption is equal to or less than 50 kWh/mĮ year. The 

Effinergie label can be validated by obtaining the BBC level [2].  

The green building construction is a global issue that can find regional solutions. 

If the climatic warming and all the environmental issues we face are global and touch 

any countries, the solutions to reach a sustainable development must take into 

account regional specificities, such as the climate, the local raw materials, but also 

the local governments, the knowledge and capacities of the local firms. Any solution 

that is viable in one country may be not adapted in another. That is why organizations 

of green buildings, if they want to export their certifications abroad, have to adapt 

their referential to the market targeted. The green building construction sector is in 

constant evolution in the world, and we can hope that the green building will become 

the standard of construction, and not only an exception, for the health of the Earth 

and mankind [2]. The findings of the comparison the French HQE and the American 

LEED assessment systems show an advantage for the French system in addition to 

its innovative extension of the concept to the urban planning operations [3].  

Because the development of our cities and housing environment does not comply 

any more with the current requirements of sustainability, it is necessary to develop 

the practices of the town planning. Furthermore, the only juxtaposition of Green 

Buildings does not make a sustainable city and the environmental performance of a 

building has no value unless it joins a full urban planning project. This new vision 

needs an evolution at the level of the urban environmental performance, which has 

to be conducted in a global way including the practicesô level. The vision and 

methods of town planning actors have to be modified in depth to achieve this new 

challenge. From this point of view the French HQE  is much further ahead in 

greening the environment than the American LEED by extending the environmental 

quality to the urban development. This is definitely the great innovation of the 

French assessment methodology [3].  

 

Conclusion  

 

Most of the Green Building Rating Systems (GBRS) have similarities in common 

more than differences. This is due to the fact that all of these systems are trying to 

integrate issues of environmental protection and health in the building. Therefore, 

the principles are and should be nearly the same to design policies, develop 

approaches and undertake actions in order to reduce the overall impact of the built 

environment on human health as well as the natural environment. Certifications are 

indicators for a buyer or prospective tenant, in terms of comfort, saving costs and 

environmental respect. It allows the builders to promote their efforts to reduce the 

impact of their operations on the environment and health, and to maximize comfort. 

GBRSs are assessing the buildings according to environmental and economic issues 

today. In addition to the environmental and economic aspects, there is also the social 

aspect of sustainability. The issue related to the reduction of energy consumption in 

building sector is firstly related to ecology: the main goal is to reduce emissions of 

greenhouse gases to protect the planet against climate change. French Haute Qualit® 

Environnementale (HQE) system is not a rating system like the LEED or the 

BREEAM, but it is only an approach. The system identifies 14 environmental targets 

divided into four groups of objectives: site and construction, management, health, 
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comfort. These 14 targets have implications for all steps of the design process and 

production of the building. Today, the HQE expands beyond the 14 targets, taking 

into account the land, the landscape, the neighborhood and the transportation 

systems. The green building construction is a global issue that can find regional 

solutions. HQE has an advantage in the number of environmental sub-issues 

evaluated compared to other GBRSs and is much further ahead the consideration of 

the urban development operations is compared. Seems that French system is suitable 

for Ukraine mentality, because it is only an approach and for current situation we 

need new technologies and modern knowledge to developing green building sector, 

but it is too early implement certifications rating system. French system has better 

innovative extension of the concept to the urban planning operations in compare with 

other worldôs leading standards for Green Buildings assessment systems. 
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ʊ.ɯ. ʂʨʠʚʦʤʘʟ, ɸ. ʄʽʰʦ, ɼ.ɺ.ɺʘʨʘʚʽʥ, ɸ.ʈ. ʇʝʨʝʙʠʥʦʩ 

ʌʈɸʅʎʋɿʔʂɸ ʈɽʁʊʀʅɻʆɺɸ ʉʀʉʊɽʄɸ ɿɽʃɽʅʆɻʆ ɹʋɼɯɺʅʀʎʊɺɸ  

ɸʥʦʪʘʮʽʷ. ɹʽʣʴʰʽʩʪʴ ʨʝʡʪʠʥʛʦʚʠʭ ʩʠʩʪʝʤ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʩʭʦʞʽ ʧʦ ʩʫʪʽ, 

ʦʩʢʽʣʴʢʠ ʚʩʽ ʚʦʥʠ ʥʘʤʘʛʘʶʪʴʩʷ ʽʥʪʝʛʨʫʚʘʪʠ ʧʠʪʘʥʥʷ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ ʚ ʧʨʦʮʝʩ ʙʫʜʽʚʥʠʮʪʚʘ. ʌʨʘʥʮʫʟʴʢʘ ʩʠʩʪʝʤʘ ɺʠʩʦʢʦʾ ʷʢʦʩʪʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (Haute Qualit® Environnementale ï HQE) ʚʠʟʥʘʯʘʻ 14 

ʝʢʦʣʦʛʽʯʥʠʭ ʤʝʪʠ ʙʫʜʽʚʥʠʮʪʚʘ, ʨʦʟʜʽʣʝʥʠʭ ʥʘ ʯʦʪʠʨʠ ʛʨʫʧʠ: ʤʽʩʮʝ ʙʫʜʽʚʥʠʮʪʚʘ, 

ʫʧʨʘʚʣʽʥʥʷ, ʟʜʦʨʦʚ'ʷ, ʢʦʤʬʦʨʪ. ʎʽ ʮʽʣʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʩʽ ʝʪʘʧʠ ʧʨʦʮʝʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʪʴ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʣʘʥʜʰʘʬʪʠ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʽ 

ʪʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ. ɿʝʣʝʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʚʠʨʽʰʫʻ ʛʣʦʙʘʣʴʥ ̔ ʧʨʦʙʣʝʤʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʨʝʛʽʦʥʘʣʴʥʽ ʨʽʰʝʥʥʷ. ʌʨʘʥʮʫʟʴʢʘ ʩʠʩʪʝʤʘ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 

ʫʢʨʘʾʥʩʴʢʦʛʦ ʤʝʥʪʘʣʽʪʝʪʫ, ʪʦʤʫ ʱʦ ʜʣʷ ʥʠʥʽʰʥʴʦʾ ʩʠʪʫʘʮʽʾ ʥʝʦʙʭʽʜʥʽ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʽ 
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ʩʫʯʘʩʥʽ ʟʥʘʥʥʷ ʜʣʷ ʨʦʟʚʠʪʢʫ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʋʢʨʘʾʥʽ. HQE ʤʘʻ ʢʨʘʱʝ 

ʽʥʥʦʚʘʮʽʡʥʝ ʨʦʟʰʠʨʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʜʣʷ ʤʽʩʪʦʙʫʜʽʚʥʠʭ ʦʧʝʨʘʮʽʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʩʚʽʪʦʚʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʩʠʩʪʝʤ ʦʮʽʥʢʠ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʝʣʝʥʝ ʙʫʜʽʚʥʠʮʪʚʦ; ʩʝʨʪʠʬʽʢʘʮʽʡʥʘ ʨʝʡʪʠʥʛʦʚʘ ʩʠʩʪʝʤʘ; 

ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ 

 

ʂʨʠʚʦʤʘʟ ʊʝʪʷʥʘ ɯʚʘʥʽʚʥʘ 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʢʘʥʜʠʜʘʪ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ 

ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 
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CALCULATIONS OF THE  SYSTEMATIC VERTICAL DRAINAGE 

UNDER PROTECTION OF THE I RRIGATED LANDS AND THE BUILT -UP 

TERRITORIES FROM THE GROUND WATERS SUBMERGENCE  

 
Abstract. The methodic of the solution of the problem of the transient flow in 

multilayer heterogeneous in cross section aquifer at modeling of the vertical 

drainage work with different boundary conditions on the contour of the drainage 

well is proposed. The numerical aspects of the solution of the given problem and the 

example of solution the methodic task for scheme of the three-layer aquifer at the 

constant drawdown of the ground and underground waters on the well contour are 

considered. 

Keywords: analytical solution; transient flow; numerical algorithm; vertical 

drainage; multilayer aquifer 

 

Introduction  

 

It is known that the vertical drainage is widely used in solving the problems of 

protection against the flooding by the groundwaters of the irrigated lands and the 

built-up areas. In most cases it is necessary to consider the transient filtration in a 

heterogeneous multilayer aquifer with an interconnection between the main aquifers 

through the weakly permeable layers of soils with low filtration properties [1ï6]. 

In this work the problem of transient filtration in a three-layer aquifer with a 

constant drawdown 0S  in the main aquifers consisting of two aquifers of ground and 

underground waters separated by a weakly permeable separation layer is considered 

(Fig. 1).  

This problem was investigated by many 

authors for different calculative schemes 

and boundary conditions. Some aspects of 

the given problem were considered for 

example in the works [3ï6]. In the given 

event a rigid filtration regime in separate 

layer is adopted. The algorithm and the 

corresponding computer program are 

developed which allow to simplify the 

solution of the abovementioned problems as 

the analytical solutions are more complex 

and difficult. The proposed methodic has a 

practical significance at decision the 

problems of the ecology and for evaluation 

and planning water resources. 
  

Fig. 1 ï Calculative scheme for 

vertical drainage in three-layer 

aquifer 

 
 Ò S.V. Telyma, 2018 
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The formulation and numerical-analytic solution of the given problem 

 

For given case the transient radial filtration in this system is written by the following 

system of differential equations: 
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( ) ( )trHHtrS ii i
,, 0 -=  ï the drawdowns of levels of ground and underground 

waters respectively in the first and second layers; 
i

H 0
 and ( )trH i ,  ï water levels 

according to the start of drainage and in the process of water withdrawal; 

32121321 ,,,,,,, mmmkkk mm  ï respectively the coefficients of filtration, storativity 

and the thickness of the main waterbearing layers; e ï average intensity of 

infiltration supply; s ï the distance between the drainage wells; .2.1=i  

The system of equations (1) is solved under the following initial and boundary 

conditions on the outer contour of the aquifer:  

 

0,0 == iSt  (2) 

0,,0 =
µ

µ
=>
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S
Rrt i  (3) 

 

and the boundary conditions on the contour of the well with radius 0r  for different 

variants, namely: water withdrawal with constant drawdown in both layers; water 

withdrawal at constant drawdowns in the lower layer and water withdrawal with 

constant discharge from both layers: 
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Let us represent the solution relative iS  in the following form: 

 

( ) ( )trSrSS iii ,, ¡¡+¤¡= , (7) 
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where the drawdown ( )¤¡,rSi  is found as a result of the solution of system (1) with 

¤t  ( ) 0=µµ tSi  and the given boundary conditions; the drawdown ( )trSi ,¡¡  is 

found by solving system (1) at 0=e  and the boundary conditions for each of the 

above cases. 

The solution for iS  under the boundary conditions (3)ï(4) has the following form 

[1, 2]: 
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then we can write that ( ) ( ) .
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At Rr =  

levels of ground and underground waters are calculated according to the following 

formulas [1]: 
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where 
( )
( )
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The system of equations relative to iS¡¡ is solved under the boundary conditions 

,0=t ii SS ¡-=¡¡  and ,,0 00 rrt =>  0=¡¡iS  and condition (3). 

We use Hankel's transformation relative to iS¡¡ in the form: 
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with kernel conversion 
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where p  ï the roots of the characteristic equation 
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Hence the system (1) can be written as: 

 

**
*

**
* ¡¡+¡¡=

¡¡
¡¡+¡¡=

¡¡
122

2
211

1 , SbS
dt

Sd
SbS

dt

Sd
ba  (13) 

where 2

2

21

2

1 , bpabpa --=--= ba . (14) 

 

With 0=t  we have that  
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Solving the system (13) we find: 
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The transition from the images of function ( )tpSi ,¡¡  to their originals ( )trSi ,  is 

performed according to the following formula: 
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Quite a difficult problem in determining the drawdowns ( )tpS n ,1
¡¡  and ( )tpS n ,2

¡¡  

is finding the quantities 1S¡ and 2S¡ by formula (15). In general the expressions 

relative to 1S¡ and 2S¡ can be rewritten in (8) in the following form:  
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Substituting the value iS¡ into (15) we obtain that: 
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where the function ( )prV0  is in accordance with formula (11). Then the first integral 

can be represented for example in the following: 

 

( ) ( ) ( ) ,

000

0

3

0

3

0

3

ñññ +=-

R

r

R

r

R

r

drprYrwdrprjrdrprVr aaqa  

where  ( ) ( )1,
12,1

ln64,0 00

0

00 º==-= prj
pr

prY wq . 

In the same way we can write the other integrals in equation (20). As a result of 

computing the integrals we obtain the following formula for determination :iS¡ 
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where ( )5.1=¡¡+¡= iiii jwjqj
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The calculated on the computer values of the parameters ii jj ¡¡¡,  and q for 

various values 0, rim  and c  were tabulated and summarized in the corresponding 

tables. 

When 3>c  we may take  .
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Finally the formulas relatively drawdowns ( )trS ,1  and ( )trS ,2  have the 

following form: 
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The total withdrawal from the well Q  
consists of the flow from the upper and 

lower aquifers. Using the known dependence of the type: 
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we get the relations for () ():21 tQandtQ  
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where 21 QandQ ¡¡  ï the discharges at the stationary filtration regime ( )¤t : 
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For engineering calculations the formulas (25)ï(26) can be simplified to the 

following form: 
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and the drawdowns ()RSi  are found by the formulas (9). 

For verification of the developed numerical algorithm the methodic example of 

the filtration in three-layer aquifer where the drainage well is working with a constant 

drawdown S0 = 5.0 m in both layers in the center of the round filtration domain with 

radius R = 500.0 m was considered (Fig. 1). The thickness of the layers is respectively 

m1 = m3 = 10 m, m2 = 5 m; filtration coefficients k1 = 5.0 m/day, k2 = 0.01 m/day,  

k3 = 20 m/day; storativity coefficients Õ1 = 0.1, Õ2 = 0.002 and the value of the 

infiltration rate Ů = 0.001 m/day. The given scheme corresponds one of the systematic 

plane drainage where the wells are situated on the distance ů = Rãˊ = 885.0 m one 

from other. 

The results of the numerical calculations of the drawdowns 1S  and 2S  according 

to the formulas:  
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at R = 500 m for different times are presented on the Fig. 2. 
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Fig. 2 ï Calculative graphs of the drawdowns in three-layer aquifer 

 

We can see from the obtained graphs that at times 2000 days and more the 

filtration regime close to steady one in both aquifers and the steady regime is reached 

at time 5000 days after pumping begins. At this the value of the withdrawal from the 

first and second layers ()tQ1 and ()tQ2 , () () ()tQtQtQ 21 +=
 
calculated by the 

following formulas: 
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and for the values of the upper bound of the sum 20=m  equal accordingly 174.52, 

610.87 and 785.40 m3/day ( ( ).1500 0 === rmRr  

On the other hand the steady filtration regime is possible if the value of infiltration 

over the all filtration domain must to be equal or more of the sum of the withdrawal 

from two aquifers. Using the formula (27) we get Q' = 785.00 m3/day. So the slight 

error between given and calculative values of the inflow and withdrawal is explained 

by the errors of numerical calculations on the computer. In that way the results of 

the example solution show that the developed methodic allows to solve the problems 

of the transient flow in multilayered aquifers at the exploitation of the vertical 

drainage with enough for practical aims accuracy.   

For simplification of the solutions of the practical problems in some cases when 

we need to solve the class of the similar tasks the values of the constituents of the 

formula: 
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