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ɿɽʃɽʅɸʊɸ ʉɼɽʃʂɸ ï ʉʇɸʉɽʅʀɽ ʀʃʀ ɿɸɼʒʃɹʆʏɸɺɸʅɽ ʅɸ 
ʂʃʀʄɸʊʀʏʅʀʊɽ ʇʈʆɹʃɽʄʀ? 
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ʈʝʟʶʤʝ: ɼʦʢʣʘʜʲʪ ʨʘʟʛʣʝʞʜʘ ɽʚʨʦʧʝʡʩʢʘʪʘ ʟʝʣʝʥʘ ʩʜʝʣʢʘ ʢʘʪʦ ʩʪʨʘʪʝʛʠʯʝʩʢʘ ʠʥʠʮʠʘʪʠʚʘ ʥʘ 
ɽʉ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʢʣʠʤʘʪʠʯʥʘ ʥʝʫʪʨʘʣʥʦʩʪ ʜʦ 2050 ʛ., ʦʙʝʜʠʥʷʚʘʱʘ ʝʢʦʣʦʛʠʯʥʠ, ʠʢʦʥʦʤʠʯʝʩʢʠ ʠ 
ʩʦʮʠʘʣʥʠ ʮʝʣʠ. ɸʚʪʦʨʲʪ ʧʦʜʯʝʨʪʘʚʘ, ʯʝ ʤʘʢʘʨ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʜʘ ʩʪʠʤʫʣʠʨʘ ʠʥʦʚʘʮʠʠ ʠ ʫʩʪʦʡʯʠʚ 
ʨʘʩʪʝʞ, ʪ  ̫ʧʦʨʘʞʜʘ ʠ ʨʠʩʢʦʚʝ ʦʪ ʠʢʦʥʦʤʠʯʝʩʢʦ ʥʝʨʘʚʝʥʩʪʚʦ, ʝʢʦʣʦʛʠʯʥʠ ʱʝʪʠ ʠ ʩʦʮʠʘʣʥʠ ʥʘʧʨʝʞʝʥʠʷ. 
ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʝ ʠʟʪʲʢʚʘ, ʯʝ ʫʩʧʝʭʲʪ ḓ ʟʘʚʠʩʠ ʦʪ ʩʧʨʘʚʝʜʣʠʚʦʪʦ ḓ ʧʨʠʣʘʛʘʥʝ ʠ ʙʘʣʘʥʩʘ ʤʝʞʜʫ 
ʪʝʭʥʦʣʦʛʠʯʥʠʷ ʥʘʧʨʝʜʲʢ, ʩʦʮʠʘʣʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʠ ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʧʨʠʨʦʜʘʪʘ.. 

 
 

THE GREEN DEAL ï SALVATION OR DEEPENING OF CLIMATE PROBLEMS? 
 

Vasil Agov 
 

National Military University "Vasil Levski", Veliko Tarnovo 
e-mail: spsbyte@space.bas.bg; lusy_t@yahoo.com 

 
 

Keywords: Green Deal, salvation, deepening of the problem 
 
Abstract: The report examines the European Green Deal as a strategic initiative of the EU aimed at 

achieving climate neutrality by 2050, integrating environmental, economic, and social goals. The author emphasizes 
that although the Green Deal promotes innovation and sustainable growth, it also poses risks of economic 
inequality, environmental damage, and social tension. The conclusion highlights that its success depends on fair 
implementation and maintaining a balance between technological progress, social stability, and environmental 
protection. 

 
 
ɺʲʚʝʜʝʥʠʝ 

 

ɽʚʨʦʧʝʡʩʢʘʪʘ ʟʝʣʝʥʘ ʩʜʝʣʢʘ ʩʝ ʧʨʝʜʩʪʘʚʷ ʢʘʪʦ ʥʘʡ-ʘʤʙʠʮʠʦʟʥʘʪʘ ʩʪʨʘʪʝʛʠʷ ʥʘ 
ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʢʣʠʤʘʪʠʯʥʘ ʥʝʫʪʨʘʣʥʦʩʪ ʜʦ 2050 ʛ. ʊ  ̫ʦʙʝʜʠʥʷʚʘ ʨʝʜʠʮʘ 
ʧʦʣʠʪʠʢʠ, ʧʨʦʛʨʘʤʠ ʠ ʤʝʨʢʠ, ʥʘʩʦʯʝʥʠ ʢʲʤ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʝʥʝʨʛʝʪʠʢʘʪʘ, ʠʥʜʫʩʪʨʠʷʪʘ, 
ʪʨʘʥʩʧʦʨʪʘ ʠ ʟʝʤʝʜʝʣʠʝʪʦ ʩ ʮʝʣ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʚʲʛʣʝʨʦʜʥʠʪʝ ʝʤʠʩʠʠ ʠ ʦʧʘʟʚʘʥʝ ʥʘ ʦʢʦʣʥʘʪʘ 
ʩʨʝʜʘ. ʅʘʤʝʨʝʥʠʷʪʘ ʟʘʜ ʪʦʟʠ ʧʨʦʝʢʪ ʩʘ ʥʝ ʩʘʤʦ ʝʢʦʣʦʛʠʯʥʠ, ʥʦ ʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ï ʜʘ ʩʝ ʩʲʟʜʘʜʝ 
ʧʦ-ʫʩʪʦʡʯʠʚ ʤʦʜʝʣ ʥʘ ʨʘʟʚʠʪʠʝ, ʢʦʡʪʦ ʜʘ ʧʨʝʚʲʨʥʝ ɽʚʨʦʧʘ ʚ ʩʚʝʪʦʚʝʥ ʣʠʜʝʨ ʚ ʟʝʣʝʥʠʪʝ 
ʪʝʭʥʦʣʦʛʠʠ. ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʧʦʨʘʞʜʘ ʤʥʦʞʝʩʪʚʦ ʜʠʩʢʫʩʠʠ ʠ ʧʨʦʪʠʚʦʨʝʯʠʷ. ʆʪ 
ʝʜʥʘ ʩʪʨʘʥʘ, ʩʝ ʦʯʘʢʚʘ ʪ ̫ʜʘ ʜʦʚʝʜʝ ʜʦ ʧʦ-ʯʠʩʪʘ ʦʢʦʣʥʘ ʩʨʝʜʘ, ʠʥʦʚʘʮʠʠ ʠ ʥʦʚʠ ʨʘʙʦʪʥʠ ʤʝʩʪʘ. 
ʆʪ ʜʨʫʛʘ ï ʢʨʠʪʠʮʠʪʝ ʧʦʩʦʯʚʘʪ, ʯʝ ʚʠʩʦʢʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʠ ʨʝʛʫʣʘʮʠʠ ʤʦʛʘʪ ʜʘ ʥʘʪʝʞʘʪ ʚʲʨʭʫ 
ʠʥʜʫʩʪʨʠʷʪʘ, ʜʘ ʥʘʤʘʣʷʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʝʚʨʦʧʝʡʩʢʠʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʜʘ 
ʧʨʝʚʲʨʥʘʪ ɽʚʨʦʧʘ ʦʪ ʜʚʠʛʘʪʝʣ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʦ ʨʘʟʚʠʪʠʝ ʚ ʢʦʥʩʫʤʘʪʦʨ ʥʘ ʯʫʞʜʠ ʪʝʭʥʦʣʦʛʠʠ ʠ 
ʨʝʩʫʨʩʠ. 

ʊʦʟʠ ʜʦʢʣʘʜ ʱʝ ʨʘʟʛʣʝʜʘ ʥʘʢʨʘʪʢʦ ʩʲʱʥʦʩʪʪʘ ʥʘ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ, ʥʝʡʥʠʪʝ ʥʘʤʝʨʝʥʠʷ ʠ 
ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʱʝ ʦʯʝʨʪʘʝ ʦʩʥʦʚʥʠʪʝ ʧʣʶʩʦʚʝ ʠ ʤʠʥʫʩʠ, ʢʘʢʪʦ ʠ ʨʝʘʣʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ 
ʧʨʦʝʢʪʘ. ɺ ʟʘʢʣʶʯʝʥʠʝ ɦ ʝ ʙʲʜʝ ʧʦʩʪʘʚʝʥ ʘʢʮʝʥʪ ʚʲʨʭʫ ʚʲʧʨʦʩʘ ʜʦʢʦʣʢʦ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʧʦʩʪʠʛʘ 
ʧʲʨʚʦʥʘʯʘʣʥʠʪʝ ʩʠ ʮʝʣʠ ʠ ʜʦ ʢʘʢʚʘ ʩʪʝʧʝʥ ʩʝ ʧʨʝʚʨʲʱʘ ʚ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ ʟʘ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ 
ʫʩʪʦʡʯʠʚʦʩʪ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʘʪʘ ʥʝʟʘʚʠʩʠʤʦʩʪ ʥʘ ɽʚʨʦʧʘ. 
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1. ʂʘʢʚʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ɽʚʨʦʧʝʡʩʢʠʷʪ ʟʝʣʝʥ ʧʘʢʪ? 
 
ɽʚʨʦʧʝʡʩʢʠʷʪ ʟʝʣʝʥ ʧʘʢʪ ʝ ʩʪʨʘʪʝʛʠʷʪʘ ʥʘ ɽʉ ʟʘ ʨʘʩʪʝʞ. ʉʪʘʨʪʠʨʘʥ ʧʨʝʟ 2019 ʛ., ʪʦʡ ʩʝ 

ʩʲʩʪʦʠ ʦʪ ʧʘʢʝʪ ʦʪ ʧʦʣʠʪʠʯʝʩʢʠ ʠʥʠʮʠʘʪʠʚʠ, ʯʠʷʪʦ ʮʝʣ ʝ ɽʉ ʜʘ ʧʦʝʤʝ ʧʦ ʧʲʪʷ ʢʲʤ ʝʢʦʣʦʛʠʯʝʥ 
ʧʨʝʭʦʜ, ʢʘʪʦ ʢʨʘʡʥʘʪʘ ʮʝʣ ʝ ʧʦʩʪʠʛʘʥʝ ʥʘ ʥʝʫʪʨʘʣʥʦʩʪ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʢʣʠʤʘʪʘ ʜʦ 2050 ʛ. 

ʊʦʚʘ ʝ ʧʨʠʥʦʩʲʪ ʥʘ ɽʉ ʢʲʤ ʇʘʨʠʞʢʦʪʦ ʩʧʦʨʘʟʫʤʝʥʠʝ, ʢʦʝʪʦ ɽʉ ʠ ʚʩʠʯʢʠ ʥʝʛʦʚʠ ʜʲʨʞʘʚʠ 
ʨʘʪʠʬʠʮʠʨʘʭʘ ʠ ʩ ʢʦʝʪʦ ʩʝ ʧʦʩʪʘʚʠ ʮʝʣʪʘ ʟʘ ʟʘʜʲʨʞʘʥʝ ʥʘ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʷʥʝ ʜʦ ʤʘʢʩʠʤʫʤ + 
1,5 ÁC ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʨʘʚʥʠʱʘʪʘ ʦʪ ʧʨʝʜʠʥʜʫʩʪʨʠʘʣʥʠʷ ʧʝʨʠʦʜ. 

ɿʝʣʝʥʠʷʪ ʧʘʢʪ ʧʦʜʢʨʝʧʷ ʧʨʝʚʨʲʱʘʥʝʪʦ ʥʘ ɽʉ ʚ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʙʣʘʛʦʜʝʥʩʪʚʘʱʦ ʦʙʱʝʩʪʚʦ 
ʩ ʤʦʜʝʨʥʘ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʘ ʠʢʦʥʦʤʠʢʘ. 

ʊʦʡ ʧʦʜʯʝʨʪʘʚʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʚʩʠʯʢʠ ʦʙʣʘʩʪʠ ʥʘ ʧʦʣʠʪʠʢʘʪʘ ʜʘ ʜʦʧʨʠʥʘʩʷʪ ʟʘ ʙʦʨʙʘʪʘ 
ʩ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ. ʉʪʨʘʪʝʛʠʷʪʘ ʧʦʜʢʨʝʧʷ ʤʝʨʢʠ ʚʲʚ ʚʩʠʯʢʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʩʝʢʪʦʨʠ, 
ʦʙʭʚʘʱʘʱʠ ʝʥʝʨʛʝʪʠʢʘʪʘ, ʪʨʘʥʩʧʦʨʪʘ, ʧʨʦʤʠʰʣʝʥʦʩʪʪʘ, ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ, ʫʩʪʦʡʯʠʚʦʪʦ 
ʬʠʥʘʥʩʠʨʘʥʝ ʠ ʜʨ. 

 
2. ʇʨʝʜʠʤʩʪʚʘ ʠ ʧʦʪʝʥʮʠʘʣ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʢʣʠʤʘʪʠʯʥʠ ʠ ʝʢʦʣʦʛʠʯʥʠ ʧʨʦʙʣʝʤʠ 
 
2.1. ʅʘʤʘʣʷʚʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ ʠ ʙʦʨʙʘ ʩ ʢʣʠʤʘʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ 
 

 
 

ʌʠʛ. 1 ʅʘʧʨʝʜʲʢ ʢʲʤ ʮʝʣʠʪʝ ʟʘ ʚʲʟʦʙʥʦʚʷʝʤʠ ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ ʟʘ ɽʉ-27 
 

ɽʚʨʦʧʝʡʩʢʘʪʘ ʟʝʣʝʥʘ ʩʜʝʣʢʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʘʤʙʠʮʠʦʟʝʥ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʧʣʘʥ, ʯʨʝʟ ʢʦʡʪʦ 
ɽʚʨʦʧʝʡʩʢʠʷʪ ʩʲʶʟ ʮʝʣʠ ʜʘ ʧʦʩʪʠʛʥʝ ʢʣʠʤʘʪʠʯʥʘ ʥʝʫʪʨʘʣʥʦʩʪ ʜʦ 2050 ʛ. ʠ ʜʘ ʥʘʤʘʣʠ ʝʤʠʩʠʠʪʝ 
ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʩ ʧʦʥʝ 42.5% ʜʦ 2030 ʛ. ʩʧʨʷʤʦ ʥʠʚʘʪʘ ʦʪ 1990 ʛ. ʉʧʦʨʝʜ Vela Almeida ʠ 
ʩʲʘʚʪʦʨʠ (2023), ʪʦʟʠ ʘʥʛʘʞʠʤʝʥʪ ʝ ʩʨʝʜ ʥʘʡ-ʟʥʘʯʠʤʠʪʝ ʚ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ ʠ ʠʤʘ ʧʦʪʝʥʮʠʘʣʘ ʜʘ 
ʥʘʤʘʣʠ ʜʨʘʩʪʠʯʥʦ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʯʦʚʝʰʢʘʪʘ ʜʝʡʥʦʩʪ ʚʲʨʭʫ ʢʣʠʤʘʪʘ. ʇʦʣʠʪʠʢʠʪʝ, ʚʢʣʶʯʝʥʠ ʚ 
ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ð ʢʘʪʦ ʠʥʚʝʩʪʠʮʠʠ ʚʲʚ ʚʲʟʦʙʥʦʚʷʝʤʘ ʝʥʝʨʛʠʷ, ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʝʥʝʨʛʠʡʥʘʪʘ 
ʝʬʝʢʪʠʚʥʦʩʪ ʠ ʜʝʢʘʨʙʦʥʠʟʘʮʠʷ ʥʘ ʠʥʜʫʩʪʨʠʘʣʥʠʪʝ ʩʝʢʪʦʨʠ ð ʩʲʟʜʘʚʘʪ ʨʝʘʣʥʠ ʫʩʣʦʚʠʷ ʟʘ 
ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʷʥʝ ʠ ʟʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʝʢʦʣʦʛʠʯʥʦʪʦ ʨʘʚʥʦʚʝʩʠʝ. 

 
2.2. ʀʢʦʥʦʤʠʯʝʩʢʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠ ʩʪʠʤʫʣʠ ʟʘ ʟʝʣʝʥʠ ʠʥʦʚʘʮʠʠ 
ɽʜʥʦ ʦʪ ʦʩʥʦʚʥʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʥʘ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʝ ʥʝʡʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʦʙʚʲʨʞʝ 

ʠʢʦʥʦʤʠʯʝʩʢʠʷ ʨʘʩʪʝʞ ʩ ʝʢʦʣʦʛʠʯʥʘʪʘ ʫʩʪʦʡʯʠʚʦʩʪ. ɺʤʝʩʪʦ ʜʘ ʚʲʟʧʨʠʝʤʘ ʝʢʦʣʦʛʠʯʥʠʪʝ ʤʝʨʢʠ 
ʢʘʪʦ ʦʛʨʘʥʠʯʝʥʠʝ, ɽʚʨʦʧʝʡʩʢʠʷʪ ʩʲʶʟ ʛʠ ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ ʜʚʠʛʘʪʝʣ ʥʘ ʥʦʚ ʪʠʧ ʠʢʦʥʦʤʠʢʘ ï ʪʘʢʘ 
ʥʘʨʝʯʝʥʘʪʘ Ăʟʝʣʝʥʘ ʠʢʦʥʦʤʠʢʘñ. ʂʘʢʪʦ ʧʦʜʯʝʨʪʘʚʘʪ ʘʚʪʦʨʠʪʝ, ʠʥʚʝʩʪʠʮʠʠʪʝ ʚ ʯʠʩʪʠ ʪʝʭʥʦʣʦʛʠʠ, 
ʚʲʟʦʙʥʦʚʷʝʤʠ ʠʟʪʦʯʥʠʮʠ ʠ ʢʨʲʛʦʚʘ ʠʢʦʥʦʤʠʢʘ ʤʦʛʘʪ ʜʘ ʩʪʠʤʫʣʠʨʘʪ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʨʘʙʦʪʥʠ 
ʤʝʩʪʘ ʠ ʠʥʦʚʘʮʠʠ, ʢʘʪʦ ʩʲʱʝʚʨʝʤʝʥʥʦ ʩʝ ʥʘʤʘʣʷʚʘʪ ʦʪʧʘʜʲʮʠʪʝ ʠ ʨʝʩʫʨʩʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ. ʊʘʢʘ 
ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʩʲʯʝʪʘʚʘ ʠʢʦʥʦʤʠʯʝʩʢʠʪʝ ʠ ʝʢʦʣʦʛʠʯʥʠʪʝ ʠʥʪʝʨʝʩʠ, ʧʨʝʚʨʲʱʘʡʢʠ ʫʩʪʦʡʯʠʚʦʪʦ 
ʨʘʟʚʠʪʠʝ ʚ ʜʲʣʛʦʩʨʦʯʥʘ ʢʦʥʢʫʨʝʥʪʥʘ ʩʪʨʘʪʝʛʠʷ ʟʘ ɽʚʨʦʧʘ. 

 
2.3. ʀʥʪʝʛʨʘʮʠʷ ʥʘ ʝʢʦʣʦʛʠʯʥʠ ʮʝʣʠ ʚʲʚ ʚʲʥʰʥʘʪʘ ʧʦʣʠʪʠʢʘ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʪʦ 

ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ 
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ɺʘʞʝʥ ʧʦʪʝʥʮʠʘʣ ʥʘ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ, ʧʦʜʯʝʨʪʘʥ ʚ ʩʪʘʪʠʷʪʘ, ʝ ʥʝʡʥʦʪʦ ʚʲʟʜʝʡʩʪʚʠʝ 
ʠʟʚʲʥ ʛʨʘʥʠʮʠʪʝ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ. ʏʨʝʟ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʝʢʦʣʦʛʠʯʥʠ ʩʪʘʥʜʘʨʪʠ ʚ ʪʲʨʛʦʚʠʷʪʘ, 
ʠʥʚʝʩʪʠʮʠʠʪʝ ʠ ʜʠʧʣʦʤʘʪʠʯʝʩʢʠʪʝ ʦʪʥʦʰʝʥʠʷ, ɽʉ ʩʝ ʩʪʨʝʤʠ ʜʘ ʥʘʣʦʞʠ ʫʩʪʦʡʯʠʚʠ ʧʨʘʢʪʠʢʠ ʠ 
ʩʨʝʜ ʩʚʦʠʪʝ ʚʲʥʰʥʠ ʧʘʨʪʥʴʦʨʠ. ʊʦʚʘ ʧʨʝʚʨʲʱʘ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʥʝ ʩʘʤʦ ʚʲʚ ʚʲʪʨʝʰʥʘ 
ʝʢʦʣʦʛʠʯʥʘ ʧʦʣʠʪʠʢʘ, ʘ ʠ ʚ ʠʥʩʪʨʫʤʝʥʪ ʥʘ ʪ.ʥʘʨ. Ăʟʝʣʝʥʘ ʚʲʥʰʥʘ ʧʦʣʠʪʠʢʘñ. ʊʘʢʘ ɽʚʨʦʧʝʡʩʢʠʷʪ 
ʩʲʶʟ ʩʝ ʧʦʟʠʮʠʦʥʠʨʘ ʢʘʪʦ ʛʣʦʙʘʣʝʥ ʣʠʜʝʨ ʚ ʢʣʠʤʘʪʠʯʥʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʢʦʡʪʦ ʠʟʧʦʣʟʚʘ 
ʩʚʦʷʪʘ ʠʢʦʥʦʤʠʯʝʩʢʘ ʠ ʧʦʣʠʪʠʯʝʩʢʘ ʪʝʞʝʩʪ, ʟʘ ʜʘ ʥʘʩʲʨʯʘʚʘ ʤʝʞʜʫʥʘʨʦʜʥʦʪʦ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ, 
ʦʙʤʝʥʘ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʦʙʱʠ ʝʢʦʣʦʛʠʯʥʠ ʩʪʘʥʜʘʨʪʠ. 

 
2.4. ʀʥʩʪʠʪʫʮʠʦʥʘʣʥʠ ʠ ʫʧʨʘʚʣʝʥʩʢʠ ʧʨʦʤʝʥʠ 
ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʩʲʟʜʘʚʘ ʧʨʝʜʧʦʩʪʘʚʢʠ ʟʘ ʜʲʣʙʦʢʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʠ ʧʨʦʤʝʥʠ ʚ ʨʘʤʢʠʪʝ 

ʥʘ ɽʉ. ʊ  ̫ʚʲʚʝʞʜʘ ʥʦʚʠ ʤʝʭʘʥʠʟʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ, ʦʩʥʦʚʘʥʠ ʥʘ ʧʨʠʥʮʠʧʠʪʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʪʘ, 
ʢʨʲʛʦʚʘʪʘ ʠʢʦʥʦʤʠʢʘ ʠ ʩʦʮʠʘʣʥʘʪʘ ʩʧʨʘʚʝʜʣʠʚʦʩʪ. ʉʧʦʨʝʜ Vela Almeida ʠ ʩʲʘʚʪʦʨʠ (2023), ʪʦʟʠ 
ʥʦʚ ʤʦʜʝʣ ʥʘ Ăʟʝʣʝʥʦ ʫʧʨʘʚʣʝʥʠʝñ ʥʝ ʩʝ ʦʛʨʘʥʠʯʘʚʘ ʩʘʤʦ ʜʦ ʝʢʦʣʦʛʠʯʥʠ ʧʦʣʠʪʠʢʠ, ʘ ʟʘʩʷʛʘ ʠ 
ʥʘʯʠʥʘ, ʧʦ ʢʦʡʪʦ ʩʝ ʧʣʘʥʠʨʘʪ ʠʢʦʥʦʤʠʯʝʩʢʠʪʝ ʠ ʩʦʮʠʘʣʥʠʪʝ ʨʝʬʦʨʤʠ. ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ 
ʧʨʠʣʘʛʘʥʝ ʪʝʟʠ ʧʨʦʤʝʥʠ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʪʨʘʡʥʠ ʧʦʜʦʙʨʝʥʠʷ ʚ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ, 
ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʨʝʩʫʨʩʠ ʠ ʫʩʪʦʡʯʠʚʦʪʦ ʟʝʤʝʜʝʣʠʝ ʚ ʨʘʤʢʠʪʝ ʥʘ ɽʉ. 

 
3. ʂʨʠʪʠʢʠ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʨʠʩʢʦʚʝ ð ʩʣʫʯʘʠ, ʚ ʢʦʠʪʦ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʤʦʞʝ ʜʘ 

ʚʣʦʰʠ ʠʣʠ ʜʘ ʟʘʜʲʣʙʦʯʠ ʥʷʢʦʠ ʧʨʦʙʣʝʤʠ 
 
3.1. ʅʝʜʦʦʮʝʥʷʚʘʥʝ ʥʘ ʝʢʦʣʦʛʠʯʥʠʪʝ ʱʝʪʠ ʦʪ ʜʦʙʠʚʘ ʥʘ ʩʫʨʦʚʠʥʠ 
ɽʜʠʥ ʦʪ ʦʩʥʦʚʥʠʪʝ ʥʝʜʦʩʪʘʪʲʮʠ ʥʘ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʝ ʣʠʧʩʘʪʘ ʥʘ ʦʪʢʨʠʪ ʜʝʙʘʪ ʦʪʥʦʩʥʦ 

ʱʝʪʠʪʝ, ʧʨʠʯʠʥʝʥʠ ʦʪ ʜʦʙʠʚʘ ʥʘ ʩʫʨʦʚʠʥʠ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ Ăʟʝʣʝʥʠʪʝñ ʪʝʭʥʦʣʦʛʠʠ. ʅʘʧʨʠʤʝʨ, ʚ 
ʉʲʨʙʠʷ ʠ ʇʦʨʪʫʛʘʣʠʷ ʤʝʩʪʥʠʪʝ ʦʙʱʥʦʩʪʠ ʘʢʪʠʚʥʦ ʧʨʦʪʝʩʪʠʨʘʪ ʩʨʝʱʫ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ ʣʠʪʠʝʚʠ 
ʤʠʥʠ, ʢʦʠʪʦ ʟʘʩʪʨʘʰʘʚʘʪ ʧʦʜʟʝʤʥʠʪʝ ʚʦʜʠ ʠ ʧʣʦʜʦʨʦʜʥʠʪʝ ʟʝʤʠ. 

ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ, ɽʚʨʦʧʝʡʩʢʠʷʪ ʩʲʟʁ ʚʢʣʶʯʚʘ ʪʝʟʠ ʧʨʦʝʢʪʠ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʠʷ ʩʠ ʧʣʘʥ ʟʘ 
ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ Ăʢʨʠʪʠʯʥʠ ʩʫʨʦʚʠʥʠñ ï ʙʝʟ ʜʘ ʦʮʝʥʷʚʘ ʘʜʝʢʚʘʪʥʦ ʝʢʦʣʦʛʠʯʥʠʪʝ ʨʠʩʢʦʚʝ. ʊʘʢʘ ɽʉ 
ʬʦʨʤʘʣʥʦ ʥʘʩʲʨʯʘʚʘ ʝʢʦʣʦʛʠʯʥʠ ʮʝʣʠ, ʥʦ ʨʝʘʣʥʦ ʜʦʧʫʩʢʘ ʥʦʚʠ ʬʦʨʤʠ ʥʘ ʧʨʠʨʦʜʥʘ ʜʝʛʨʘʜʘʮʠʷ. 

 
3.2. ʅʝʨʘʚʥʦʤʝʨʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʝʢʦʣʦʛʠʯʥʠʪʝ ʠ ʩʦʮʠʘʣʥʠ ʧʦʩʣʝʜʩʪʚʠʷ 
ʥʦʛʦ ʦʪ ʩʫʨʦʚʠʥʠʪʝ, ʥʫʞʥʠ ʟʘ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ, ʩʝ ʜʦʙʠʚʘʪ ʠʟʚʲʥ ɽʚʨʦʧʘ ï ʚ ʜʲʨʞʘʚʠ ʢʘʪʦ 

ɼʝʤʦʢʨʘʪʠʯʥʘ ʨʝʧʫʙʣʠʢʘ ʂʦʥʛʦ, ʏʠʣʠ ʠ ʀʥʜʦʥʝʟʠʷ. ɼʦʙʠʚʲʪ ʥʘ ʢʦʙʘʣʪ ʠ ʥʠʢʝʣ ʪʘʤ ʚʦʜʠ ʜʦ 
ʩʝʨʠʦʟʥʦ ʟʘʤʲʨʩʷʚʘʥʝ, ʜʝʪʩʢʠ ʪʨʫʜ ʠ ʩʦʮʠʘʣʥʠ ʢʦʥʬʣʠʢʪʠ. 

ɼʦʢʘʪʦ ɽʉ ʧʨʝʜʩʪʘʚʷ ʩʚʦʠʪʝ ʧʦʣʠʪʠʢʠ ʢʘʪʦ ʤʦʜʝʣ ʟʘ Ăʩʧʨʘʚʝʜʣʠʚ ʧʨʝʭʦʜñ, ʨʝʘʣʥʠʪʝ ɦ ʝʪʠ 
ʩʝ ʧʦʝʤʘʪ ʦʪ ʩʪʨʘʥʠ ʩ ʥʠʩʲʢ ʠʢʦʥʦʤʠʯʝʩʢʠ ʢʘʧʘʮʠʪʝʪ ʠ ʩʣʘʙʦ ʝʢʦʣʦʛʠʯʥʦ ʟʘʢʦʥʦʜʘʪʝʣʩʪʚʦ. ʊʦʚʘ 
ʩʲʟʜʘʚʘ ʩʚʦʝʦʙʨʘʟʝʥ Ăʚʲʛʣʝʨʦʜʝʥ ʢʦʣʦʥʠʘʣʠʟʲʤñ ï ʧʨʠ ʢʦʡʪʦ ʝʢʦʣʦʛʠʯʥʠʪʝ ʧʦʣʟʠ ʩʝ 
ʢʦʥʮʝʥʪʨʠʨʘʪ ʚ ɽʚʨʦʧʘ, ʘ ʱʝʪʠʪʝ ʩʝ ʧʨʝʭʚʲʨʣʷʪ ʜʨʫʛʘʜʝ. 

 
3.3. ɺʲʪʨʝʰʥʠ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚ ʮʝʣʠʪʝ ʠ ʧʦʣʠʪʠʢʠʪʝ ʥʘ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ 
 ʨʘʤʢʠʪʝ ʥʘ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʯʝʩʪʦ ʩʝ ʩʨʝʱʘ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʝʢʦʣʦʛʠʯʥʠ ʠ 

ʠʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʠ. ʅʘʧʨʠʤʝʨ, ɽʚʨʦʧʝʡʩʢʘʪʘ ʢʦʤʠʩʠʷ ʥʘʩʲʨʯʘʚʘ ʠʜʝʷʪʘ ʟʘ Ăʟʝʣʝʥ ʨʘʩʪʝʞñ, ʢʦʡʪʦ 
ʧʨʝʜʧʦʣʘʛʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʯʨʝʟ ʝʢʦʣʦʛʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ. 

ʅʘ ʧʨʘʢʪʠʢʘ ʦʙʘʯʝ, ʫʚʝʣʠʯʝʥʦʪʦ ʪʲʨʩʝʥʝ ʥʘ ʝʣʝʢʪʨʦʤʦʙʠʣʠ, ʙʘʪʝʨʠʠ ʠ ʬʦʪʦʚʦʣʪʘʠʯʥʠ 
ʧʘʥʝʣʠ ʚʦʜʠ ʜʦ ʧʦʚʠʰʝʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʝʩʫʨʩʠ, ʢʦʝʪʦ ʧʦʜʢʦʧʘʚʘ ʝʢʦʣʦʛʠʯʥʘʪʘ ʫʩʪʦʡʯʠʚʦʩʪ. 
ʊʘʢʘ ʩʝ ʩʲʟʜʘʚʘ ʧʘʨʘʜʦʢʩ ï ʠʢʦʥʦʤʠʯʝʩʢʦʪʦ ʨʘʟʰʠʨʷʚʘʥʝ ʩʝ ʧʨʝʜʩʪʘʚʷ ʢʘʪʦ ʝʢʦʣʦʛʠʯʥʘ ʤʷʨʢʘ, 
ʚʲʧʨʝʢʠ ʯʝ ʫʚʝʣʠʯʘʚʘ ʥʘʪʠʩʢʘ ʚʲʨʭʫ ʧʨʠʨʦʜʥʠʪʝ ʨʝʩʫʨʩʠ. 

 
3.4. ʈʠʩʢ ʦʪ ʩʲʟʜʘʚʘʥʝ ʥʘ ʥʦʚʠ ʝʢʦʣʦʛʠʯʥʠ ʧʨʦʙʣʝʤʠ 
ʇʨʝʭʦʜʲʪ ʢʲʤ ʚʲʟʦʙʥʦʚʷʝʤʠ ʠʟʪʦʯʥʠʮʠ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʥʦʚʠ ʬʦʨʤʠ ʥʘ ʝʢʦʣʦʛʠʯʥʦ 

ʫʚʨʝʞʜʘʥʝ. ʅʘʧʨʠʤʝʨ, ʩʦʣʘʨʥʠʪʝ ʧʘʨʢʦʚʝ ʚ ʀʩʧʘʥʠʷ ʠ ɻʲʨʮʠʷ ʟʘʝʤʘʪ ʛʦʣʝʤʠ ʧʣʦʱʠ ʦʪ 
ʟʝʤʝʜʝʣʩʢʘ ʟʝʤʷ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʢʦʥʬʣʠʢʪʠ ʩ ʤʝʩʪʥʠʪʝ ʦʙʱʥʦʩʪʠ ʠ ʟʘʩʪʨʘʰʘʚʘ 
ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝʪʦ. 

ʇʦʜʦʙʥʘ ʝ ʩʠʪʫʘʮʠʷʪʘ ʠ ʚ ʉʢʘʥʜʠʥʘʚʠʷ, ʢʲʜʝʪʦ ʚʷʪʲʨʥʠʪʝ ʪʫʨʙʠʥʠ ʩʝ ʠʟʛʨʘʞʜʘʪ ʚʲʨʭʫ 
ʟʝʤʠ, ʦʙʠʪʘʚʘʥʠ ʦʪ ʢʦʨʝʥʥʠ ʦʙʱʥʦʩʪʠ ʢʘʪʦ ʩʘʘʤʠʪʝ, ʥʘʨʫʰʘʚʘʡʢʠ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʠʤ ʧʨʘʚʘ ʥʘ 
ʟʝʤʝʧʦʣʟʚʘʥʝ. 

ʊʝʟʠ ʧʨʠʤʝʨʠ ʧʦʢʘʟʚʘʪ, ʯʝ Ăʟʝʣʝʥʘʪʘ ʝʥʝʨʛʠʷñ ʥʝ ʝ ʘʚʪʦʤʘʪʠʯʥʦ ʙʝʟʚʨʝʜʥʘ ï ʢʦʛʘʪʦ 
ʣʠʧʩʚʘ ʙʘʣʘʥʩʠʨʘʥʦ ʧʣʘʥʠʨʘʥʝ, ʪ ̫ʤʦʞʝ ʜʘ ʩʲʟʜʘʜʝ ʥʦʚʠ ʩʦʮʠʘʣʥʦ-ʝʢʦʣʦʛʠʯʥʠ ʢʦʥʬʣʠʢʪʠ. 

 
3.5. ʋʢʨʝʧʚʘʥʝ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʠ ʚʣʘʩʪʦʚʠ ʟʘʚʠʩʠʤʦʩʪʠ 
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ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʯʝʩʪʦ ʩʝ ʧʨʝʜʩʪʘʚʷ ʢʘʪʦ ʜʝʤʦʢʨʘʪʠʯʝʥ ʠ ʩʦʮʠʘʣʥʦ ʩʧʨʘʚʝʜʣʠʚ 
ʠʥʩʪʨʫʤʝʥʪ, ʥʦ ʚ ʜʝʡʩʪʚʠʪʝʣʥʦʩʪ ʦʪ ʥʝʷ ʥʘʡ-ʤʥʦʛʦ ʧʝʯʝʣʷʪ ʛʦʣʝʤʠʪʝ ʢʦʨʧʦʨʘʮʠʠ ʚ ʝʥʝʨʛʠʡʥʠʷ ʠ 
ʘʚʪʦʤʦʙʠʣʥʠʷ ʩʝʢʪʦʨ. 

ʅʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʠ ʢʘʪʦ Volkswagen, Siemens ʠ Shell ʧʦʣʫʯʘʚʘʪ ʩʪʦʪʠʮʠ ʤʠʣʠʦʥʠ ʝʚʨʦ 
ʧʦ ʝʚʨʦʧʝʡʩʢʠ ʧʨʦʛʨʘʤʠ ʟʘ ʟʝʣʝʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʜʦʢʘʪʦ ʤʘʣʢʠʪʝ ʠ ʩʨʝʜʥʠ ʧʨʝʜʧʨʠʷʪʠʷ ʠʤʘʪ 
ʦʛʨʘʥʠʯʝʥ ʜʦʩʪʲʧ ʜʦ ʬʠʥʘʥʩʠʨʘʥʝ. 

ʇʦ ʪʦʟʠ ʥʘʯʠʥ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʨʠʩʢʫʚʘ ʜʘ ʟʘʜʲʣʙʦʯʠ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʜʘ 
ʟʘʧʘʟʠ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ ʚʣʘʩʪ, ʚʤʝʩʪʦ ʜʘ ʩʲʟʜʘʜʝ ʧʦ-ʩʧʨʘʚʝʜʣʠʚʘ ʠ 
ʜʝʮʝʥʪʨʘʣʠʟʠʨʘʥʘ ʠʢʦʥʦʤʠʢʘ. 

 
3.6. ʆʧʘʩʥʦʩʪ ʦʪ Ăʟʝʣʝʥʦ ʠʟʤʠʚʘʥʝñ ʠ ʬʦʨʤʘʣʥʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʧʦʣʠʪʠʢʠʪʝ 
ʄʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʠ ʩʦʯʘʪ, ʯʝ ʯʘʩʪ ʦʪ ʧʨʦʝʢʪʠʪʝ ʧʦ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʠʤʘʪ ʧʦ-ʩʢʦʨʦ 

ʩʠʤʚʦʣʠʯʝʥ, ʦʪʢʦʣʢʦʪʦ ʨʝʘʣʝʥ ʝʬʝʢʪ. ʅʘʧʨʠʤʝʨ, ʥʷʢʦʠ ʜʲʨʞʘʚʠ ʯʣʝʥʢʠ ʜʦʢʣʘʜʚʘʪ ʥʘʤʘʣʝʥʠʝ ʥʘ 
ʚʲʛʣʝʨʦʜʥʠʪʝ ʝʤʠʩʠʠ ʯʨʝʟ Ăʦʬʩʝʪʠʨʘʥʝñ ï ʪ.ʝ. ʯʨʝʟ ʟʘʢʫʧʫʚʘʥʝ ʥʘ ʚ̡ ʛʣʝʨʦʜʥʠ ʢʨʝʜʠʪʠ ʦʪ ʜʨʫʛʠ 
ʩʪʨʘʥʠ, ʙʝʟ ʨʝʘʣʥʦ ʜʘ ʥʘʤʘʣʷʚʘʪ ʩʦʙʩʪʚʝʥʠʪʝ ʩʠ ʝʤʠʩʠʠ. 

ʇʦʜʦʙʝʥ ʝ ʠ ʩʣʫʯʘʷʪ ʩ ʙʠʦʛʦʨʠʚʘʪʘ, ʢʦʠʪʦ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʢʘʪʦ ʘʣʪʝʨʥʘʪʠʚʘ ʥʘ 
ʠʟʢʦʧʘʝʤʠʪʝ ʛʦʨʠʚʘ, ʥʦ ʯʝʩʪʦ ʩʝ ʧʨʦʠʟʚʝʞʜʘʪ ʦʪ ʧʘʣʤʦʚʦ ʤʘʩʣʦ ʠʣʠ ʮʘʨʝʚʠʮʘ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ 
ʦʙʝʟʣʝʩʷʚʘʥʝ ʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʮʝʥʠʪʝ ʥʘ ʭʨʘʥʠʪʝ. 

ʊʝʟʠ ʧʨʘʢʪʠʢʠ ʧʦʢʘʟʚʘʪ, ʯʝ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʚʲʨʥʝ ʚ ʠʥʩʪʨʫʤʝʥʪ ʟʘ Ăʟʝʣʝʥʦ 
ʠʟʤʠʚʘʥʝñ (greenwashing), ʢʦʛʘʪʦ ʣʠʧʩʚʘʪ ʝʬʝʢʪʠʚʥʠ ʤʝʭʘʥʠʟʤʠ ʟʘ ʢʦʥʪʨʦʣ ʠ ʦʪʯʝʪʥʦʩʪ. 

 
4. ɹʘʣʘʥʩʠʨʘʥʝ, ʧʨʝʧʦʨʲʢʠ ʠ ʠʟʚʦʜʠ ð ʧʨʠ ʢʦʠ ʫʩʣʦʚʠʷ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʝ 

Ăʩʧʘʩʝʥʠʝñ, ʘ ʧʨʠ ʢʦʠ ð ʥʦʩʠ ʥʦʚʠ ʧʨʦʙʣʝʤʠ 
 
4.1. ʋʩʣʦʚʠʷ, ʧʨʠ ʢʦʠʪʦ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʝ Ăʩʧʘʩʝʥʠʝñ 
ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʨʘʟʛʣʝʞʜʘʥʘ ʢʘʪʦ ʩʧʘʩʝʥʠʝ ʟʘ ʢʣʠʤʘʪʘ, ʠʢʦʥʦʤʠʢʘʪʘ ʠ 

ʦʙʱʝʩʪʚʦʪʦ, ʢʦʛʘʪʦ ʩʝ ʧʨʠʣʘʛʘ ʧʨʠ ʫʩʣʦʚʠʷ ʥʘ ʙʘʣʘʥʩʠʨʘʥʘ ʩʦʮʠʘʣʥʘ ʠ ʠʢʦʥʦʤʠʯʝʩʢʘ 
ʠʥʪʝʛʨʘʮʠʷ. ʉʧʦʨʝʜ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʥʘ Stockholm Environment Institute (2024), ʢʣʶʯʦʚ ʬʘʢʪʦʨ ʟʘ 
ʫʩʧʝʭʘ Ⱬ ʝ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʩʧʨʘʚʝʜʣʠʚ ʧʨʝʭʦʜ, ʢʦʡʪʦ ʦʪʯʠʪʘ ʨʘʟʣʠʯʠʷʪʘ ʤʝʞʜʫ ʜʲʨʞʘʚʠʪʝ 
ʯʣʝʥʢʠ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ. ʂʦʛʘʪʦ ʧʦʣʠʪʠʢʠʪʝ ʟʘ ʜʝʢʘʨʙʦʥʠʟʘʮʠʷ ʩʝ ʩʲʯʝʪʘʚʘʪ ʩ ʘʜʝʢʚʘʪʥʘ 
ʧʦʜʢʨʝʧʘ ʟʘ ʟʘʝʪʦʩʪ, ʧʨʝʢʚʘʣʠʬʠʢʘʮʠʷ ʥʘ ʨʘʙʦʪʥʘʪʘ ʩʠʣʘ ʠ ʩʪʠʤʫʣʠʨʘʥʝ ʥʘ ʨʝʛʠʦʥʘʣʥʦʪʦ 
ʨʘʟʚʠʪʠʝ, ʪʝ ʚʦʜʷʪ ʜʦ ʫʩʪʦʡʯʠʚ ʠʢʦʥʦʤʠʯʝʩʢʠ ʨʘʩʪʝʞ ʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʩʦʮʠʘʣʥʦʪʦ ʥʘʧʨʝʞʝʥʠʝ. 
ʇʨʠʤʝʨ ʟʘ ʪʦʚʘ ʝ ʇʦʣʰʘ, ʢʲʜʝʪʦ ʚ ʉʠʣʝʟʠʷ ʠʥʚʝʩʪʠʮʠʠʪʝ ʥʘ ɽʉ ʩʘ ʥʘʩʦʯʝʥʠ ʢʲʤ ʥʦʚʠ ʟʝʣʝʥʠ 
ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʦʮʠʘʣʥʠ ʧʨʦʛʨʘʤʠ ʟʘ ʟʘʝʪʦʩʪ, ʢʦʝʪʦ ʜʦʧʨʠʥʘʩʷ ʟʘ ʧʣʘʚʝʥ ʧʨʝʭʦʜ ʦʪ ʚʲʛʣʝʜʦʙʠʚʘ 
ʢʲʤ ʯʠʩʪʘ ʝʥʝʨʛʠʷ. 

ɼʨʫʛ ʚʘʞʝʥ ʘʩʧʝʢʪ, ʧʦʜʯʝʨʪʘʥ ʚ ʧʫʙʣʠʢʘʮʠʠʪʝ ʥʘ Nature Sustainability (2024), ʝ ʨʦʣʷʪʘ ʥʘ 
ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʠʥʦʚʘʮʠʠ. ʂʦʛʘʪʦ ʜʲʨʞʘʚʠʪʝ ʥʘʩʲʨʯʘʚʘʪ ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ, 
ʮʠʬʨʦʚʠʟʘʮʠʷʪʘ ʠ ʧʫʙʣʠʯʥʦ-ʯʘʩʪʥʠʪʝ ʧʘʨʪʥʴʦʨʩʪʚʘ, ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʩʝ ʧʨʝʚʨʲʱʘ ʚ ʜʚʠʛʘʪʝʣ 
ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʠ ʨʘʩʪʝʞ ʠ ʠʥʜʫʩʪʨʠʘʣʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ. ʇʨʠʤʝʨʲʪ ʥʘ ʐʚʝʮʠʷ, ʢʦʷʪʦ ʨʘʟʚʠʚʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʟʝʣʝʥ ʚʦʜʦʨʦʜ ʠ ʙʘʪʝʨʠʠ, ʧʦʢʘʟʚʘ, ʯʝ ʠʥʦʚʘʮʠʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʥʝ ʩʘʤʦ 
ʝʢʦʣʦʛʠʯʥʦ ʧʦʣʝʟʥʠ, ʥʦ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʠʟʛʦʜʥʠ. ʆʩʚʝʥ ʪʦʚʘ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʩʲʜʝʡʩʪʚʘ ʟʘ 
ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʛʝʦʧʦʣʠʪʠʯʝʩʢʘʪʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ ɽʚʨʦʧʘ ʦʪ ʚʥʦʩ ʥʘ ʠʟʢʦʧʘʝʤʠ ʛʦʨʠʚʘ, ʢʘʪʦ 
ʩʲʟʜʘʚʘ ʥʦʚʠ ʧʘʨʪʥʴʦʨʩʪʚʘ ʟʘ ʫʩʪʦʡʯʠʚ ʜʦʙʠʚ ʥʘ ʢʨʠʪʠʯʥʠ ʤʠʥʝʨʘʣʠ ʩ ʜʲʨʞʘʚʠ ʢʘʪʦ ʅʘʤʠʙʠʷ ʠ 
ʏʠʣʠ. ɺ ʜʦʧʲʣʥʝʥʠʝ, ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ScienceDirect (2023) ʧʦʜʯʝʨʪʘʚʘ, ʯʝ ʧʦʣʠʪʠʢʠʪʝ ʟʘ ʢʨʲʛʦʚʘ 
ʠʢʦʥʦʤʠʢʘ, ʟʘʣʝʛʥʘʣʠ ʚ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ, ʥʘʩʲʨʯʘʚʘʪ ʝʬʝʢʪʠʚʥʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʝʩʫʨʩʠ, 
ʥʘʤʘʣʷʚʘʪ ʦʪʧʘʜʲʮʠʪʝ ʠ ʧʦʜʧʦʤʘʛʘʪ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʮʝʣʪʘ ʟʘ ʥʫʣʝʚʠ ʥʝʪʥʠ ʝʤʠʩʠʠ ʜʦ 2050 
ʛʦʜʠʥʘ. ʂʦʛʘʪʦ ʪʝʟʠ ʝʣʝʤʝʥʪʠ ʩʝ ʢʦʤʙʠʥʠʨʘʪ, ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʩʝ ʧʨʝʚʨʲʱʘ ʚ ʨʝʘʣʥʦ ʩʧʘʩʝʥʠʝ, 
ʢʦʝʪʦ ʦʙʝʜʠʥʷʚʘ ʪʝʭʥʦʣʦʛʠʯʝʥ ʥʘʧʨʝʜʲʢ, ʩʦʮʠʘʣʥʘ ʩʪʘʙʠʣʥʦʩʪ ʠ ʝʢʦʣʦʛʠʯʥʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʚ 
ʨʘʤʢʠʪʝ ʥʘ ʦʙʱʦʝʚʨʦʧʝʡʩʢʘ ʚʠʟʠʷ ʟʘ ʫʩʪʦʡʯʠʚʦ ʨʘʟʚʠʪʠʝ. 

 
4.2. ʋʩʣʦʚʠʷ, ʧʨʠ ʢʦʠʪʦ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʧʦʨʘʞʜʘ ʥʦʚʠ ʧʨʦʙʣʝʤʠ 
ɺʲʧʨʝʢʠ ʧʦʟʠʪʠʚʥʠʪʝ ʥʘʤʝʨʝʥʠʷ ʠ ʧʦʪʝʥʮʠʘʣʥʠʪʝ ʧʦʣʟʠ, ʨʝʜʠʮʘ ʥʘʫʯʥʠ ʘʥʘʣʠʟʠ ʩʦʯʘʪ, 

ʯʝ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʠ ʜʦ ʟʘʜʣ̡ʙʦʯʘʚʘʥʝ ʥʘ ʥʷʢʦʠ ʧʨʦʙʣʝʤʠ, ʘʢʦ ʥʝ ʙʲʜʝ 
ʧʨʠʣʘʛʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʘʪʘ ʛʲʚʢʘʚʦʩʪ ʠ ʩʦʮʠʘʣʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ. ʉʧʦʨʝʜ ScienceDirect (2024), 
Nature (2024) ʠ SEI (2024), ʦʩʥʦʚʝʥ ʨʠʩʢ ʧʨʝʜʩʪʘʚʣʷʚʘ ʥʘʨʘʩʪʚʘʱʦʪʦ ʠʢʦʥʦʤʠʯʝʩʢʦ ʥʝʨʘʚʝʥʩʪʚʦ 
ʤʝʞʜʫ ʜʲʨʞʘʚʠʪʝ ʯʣʝʥʢʠ. ʇʦ-ʙʦʛʘʪʠʪʝ ʠʢʦʥʦʤʠʢʠ ʨʘʟʧʦʣʘʛʘʪ ʩ ʨʝʩʫʨʩʠ ʜʘ ʠʥʚʝʩʪʠʨʘʪ ʚ ʥʦʚʠ 
ʟʝʣʝʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʜʦʢʘʪʦ ʧʦ-ʙʝʜʥʠʪʝ ʨʝʛʠʦʥʠ ʠʟʧʠʪʚʘʪ ʪʨʫʜʥʦʩʪʠ ʚ ʘʜʘʧʪʘʮʠʷʪʘ ʩʠ ʢʲʤ 
ʚʠʩʦʢʠʪʝ ʩʪʘʥʜʘʨʪʠ ʥʘ ɽʉ. ʊʦʚʘ ʚʦʜʠ ʜʦ ʬʝʥʦʤʝʥʘ, ʥʘʨʝʯʝʥ Ăʟʝʣʝʥʦ ʥʝʨʘʚʝʥʩʪʚʦñ, ʧʨʠ ʢʦʡʪʦ 
ʥʷʢʦʠ ʩʪʨʘʥʠ ʩʝ ʧʨʝʚʨʲʱʘʪ ʚ ʣʠʜʝʨʠ ʥʘ ʫʩʪʦʡʯʠʚʦʪʦ ʨʘʟʚʠʪʠʝ, ʘ ʜʨʫʛʠ ʠʟʦʩʪʘʚʘʪ, ʧʦʥʘʩʷʡʢʠ 
ʩʦʮʠʘʣʥʠ ʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʟʘʛʫʙʠ. 

ʆʩʚʝʥ ʪʦʚʘ ʩʲʱʝʩʪʚʫʚʘʪ ʠ ʪ.ʥʘʨ. ʝʢʦʣʦʛʠʯʥʠ ʧʘʨʘʜʦʢʩʠ, ʧʨʠ ʢʦʠʪʦ ʪʝʭʥʦʣʦʛʠʠʪʝ, 
ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʜʘ ʥʘʤʘʣʷʪ ʝʤʠʩʠʠʪʝ, ʧʦʨʘʞʜʘʪ ʥʦʚʠ ʝʢʦʣʦʛʠʯʥʠ ʨʠʩʢʦʚʝ. ʇʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ 
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ʙʘʪʝʨʠʠ, ʚʷʪʲʨʥʠ ʪʫʨʙʠʥʠ ʠ ʜʨʫʛʠ Ăʟʝʣʝʥʠñ ʪʝʭʥʦʣʦʛʠʠ ʠʟʠʩʢʚʘ ʜʦʙʠʚ ʥʘ ʨʝʜʢʠ ʤʝʪʘʣʠ, ʢʦʡʪʦ 
ʯʝʩʪʦ ʚʦʜʠ ʜʦ ʟʘʤʲʨʩʷʚʘʥʝ ʥʘ ʧʦʯʚʠ ʠ ʚʦʜʥʠ ʨʝʩʫʨʩʠ. ʊʘʟʠ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʩʫʨʦʚʠʥʠ ʠʟʚʲʥ ɽʚʨʦʧʘ 
ʩʲʟʜʘʚʘ ʥʦʚʠ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠ ʟʘʚʠʩʠʤʦʩʪʠ, ʢʘʢʪʦ ʦʪʙʝʣʷʟʚʘ SEI (2024). ʅʘʧʨʠʤʝʨ, ʚ ʅʘʤʠʙʠʷ ʠ 
ʏʠʣʠ, ʩ ʢʦʠʪʦ ɽʉ ʧʦʜʜʲʨʞʘ ʧʘʨʪʥʴʦʨʩʪʚʘ ʟʘ ʜʦʙʠʚ ʥʘ ʢʨʠʪʠʯʥʠ ʤʠʥʝʨʘʣʠ, ʩʝ ʥʘʙʣʶʜʘʚʘʪ 
ʩʧʦʨʦʚʝ ʦʪʥʦʩʥʦ ʫʯʘʩʪʠʝʪʦ ʥʘ ʤʝʩʪʥʠʪʝ ʦʙʱʥʦʩʪʠ ʠ ʝʢʦʣʦʛʠʯʥʠʪʝ ʧʦʩʣʝʜʩʪʚʠʷ ʦʪ 
ʠʥʜʫʩʪʨʠʘʣʥʘʪʘ ʝʢʩʧʣʦʘʪʘʮʠʷ. ʇʘʨʘʣʝʣʥʦ ʩ ʪʦʚʘ, ʩʦʮʠʘʣʥʠʪʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʩʲʱʦ ʥʝ ʩʘ ʟʘ 
ʧʦʜʮʝʥʷʚʘʥʝ ð ʚ ʩʪʨʘʥʠ ʢʘʪʦ ʏʝʭʠʷ ʠ ɽʩʪʦʥʠʷ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʩʣʫʯʘʠ ʥʘ ʧʨʦʪʝʩʪʠ ʠ ʙʝʟʨʘʙʦʪʠʮʘ, 
ʧʨʦʠʟʪʠʯʘʱʠ ʦʪ ʟʘʪʚʘʨʷʥʝ ʥʘ ʚʲʛʣʠʱʥʠ ʧʨʝʜʧʨʠʷʪʠʷ ʙʝʟ ʜʦʩʪʘʪʲʯʥʦ ʘʣʪʝʨʥʘʪʠʚʥʠ ʚʲʟʤʦʞʥʦʩʪʠ 
ʟʘ ʟʘʝʪʦʩʪ. ʊʘʢʘ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ, ʧʨʠ ʥʝʧʨʘʚʠʣʥʦ ʫʧʨʘʚʣʝʥʠʝ ʠ ʣʠʧʩʘ ʥʘ ʙʘʣʘʥʩ, ʤʦʞʝ ʜʘ 
ʟʘʜʲʣʙʦʯʠ ʩʦʮʠʘʣʥʠʪʝ ʨʘʟʣʠʯʠʷ ʠ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʥʦʚʠ ʝʢʦʣʦʛʠʯʥʠ ʱʝʪʠ. 

 
4.3. ɹʘʣʘʥʩ ʠ ʧʨʝʧʦʨʲʢʠ 
ɹʘʣʘʥʩʠʨʘʥʝʪʦ ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʥʠʪʝ ʠ ʦʪʨʠʮʘʪʝʣʥʠʪʝ ʝʬʝʢʪʠ ʥʘ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ 

ʠʟʠʩʢʚʘ ʢʦʤʧʣʝʢʩʝʥ ʠ ʛʲʚʢʘʚ ʧʦʜʭʦʜ, ʢʦʡʪʦ ʜʘ ʦʙʭʚʘʱʘ ʠʢʦʥʦʤʠʯʝʩʢʠ, ʩʦʮʠʘʣʥʠ ʠ ʝʢʦʣʦʛʠʯʥʠ 
ʤʝʭʘʥʠʟʤʠ. ʅʝʦʙʭʦʜʠʤ ʝ ʤʦʜʝʣ ʥʘ ʫʧʨʘʚʣʝʥʠʝ, ʢʦʡʪʦ ʧʦʟʚʦʣʷʚʘ ʘʜʘʧʪʠʨʘʥʝ ʥʘ ʝʚʨʦʧʝʡʩʢʠʪʝ 
ʧʦʣʠʪʠʢʠ ʢʲʤ ʥʘʮʠʦʥʘʣʥʠʪʝ ʩʧʝʮʠʬʠʢʠ, ʪʘʢʘ ʯʝ ʥʠʪʦ ʝʜʥʘ ʜʲʨʞʘʚʘ ʯʣʝʥʢʘ ʜʘ ʥʝ ʙʲʜʝ ʠʟʢʣʶʯʝʥʘ 
ʦʪ ʧʨʦʮʝʩʘ ʥʘ ʟʝʣʝʥʠʷ ʧʨʝʭʦʜ. ɺʘʞʝʥ ʘʢʮʝʥʪ ʝ ʧʦʩʪʘʚʝʥ ʚʲʨʭʫ ʠʥʚʝʩʪʠʮʠʠʪʝ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʠ 
ʧʨʝʢʚʘʣʠʬʠʢʘʮʠʷ, ʟʘʱʦʪʦ ʠʤʝʥʥʦ ʯʦʚʝʰʢʠʷʪ ʢʘʧʠʪʘʣ ʝ ʦʩʥʦʚʘʪʘ ʥʘ ʫʩʧʝʰʥʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ. 
ɽʉ ʩʣʝʜʚʘ ʜʘ ʥʘʩʲʨʯʘʚʘ ʦʙʫʯʝʥʠʝʪʦ ʚ ʟʝʣʝʥʠ ʧʨʦʬʝʩʠʠ, ʟʘ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ ʧʣʘʚʝʥ ʧʨʝʭʦʜ ʥʘ 
ʨʘʙʦʪʥʘʪʘ ʩʠʣʘ ʢʲʤ ʥʦʚʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʩʝʢʪʦʨʠ. 

ʅʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ, ʚʢʣʶʯʠʪʝʣʥʦ ʪʝʟʠ, ʧʫʙʣʠʢʫʚʘʥʠ ʚ Nature (2024), ʧʦʜʯʝʨʪʘʚʘʪ, ʯʝ 
ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʠʥʦʚʘʮʠʠ ʩʘ ʥʝ ʧʨʦʩʪʦ ʩʨʝʜʩʪʚʦ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʢʣʠʤʘʪʠʯʥʠ ʮʝʣʠ, ʘ ʢʣʶʯʦʚ 
ʬʘʢʪʦʨ ʟʘ ʠʢʦʥʦʤʠʯʝʩʢʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ 
ʬʠʥʘʥʩʠʨʘʥʝʪʦ ʟʘ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʠ ʨʘʟʚʦʡʥʘ ʜʝʡʥʦʩʪ ʝ ʢʨʠʪʠʯʥʦ ʫʩʣʦʚʠʝ ʟʘ ʫʩʧʝʭʘ ʥʘ 
ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ. ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ ɽʉ ʪʨʷʙʚʘ ʜʘ ʩʲʟʜʘʜʝ ̫ ʩʥʠ ʠ ʧʨʦʟʨʘʯʥʠ ʩʪʘʥʜʘʨʪʠ ʟʘ ʫʩʪʦʡʯʠʚ 
ʜʦʙʠʚ ʥʘ ʩʫʨʦʚʠʥʠ, ʢʘʪʦ ʛʘʨʘʥʪʠʨʘ, ʯʝ ʧʨʝʭʦʜʲʪ ʢʲʤ ʟʝʣʝʥʘ ʠʢʦʥʦʤʠʢʘ ʥʝ ʩʝ ʠʟʚʲʨʰʚʘ ʟʘ ʩʤʝʪʢʘ 
ʥʘ ʧʨʠʨʦʜʘʪʘ ʠ ʯʦʚʝʰʢʠʪʝ ʧʨʘʚʘ ʚ ʪʨʝʪʠ ʩʪʨʘʥʠ. ʉʘʤʦ ʯʨʝʟ ʦʪʛʦʚʦʨʝʥ ʧʦʜʭʦʜ ʠ ʤʝʞʜʫʥʘʨʦʜʥʘ 
ʧʨʦʟʨʘʯʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʨʝʘʣʝʥ ʙʘʣʘʥʩ ʤʝʞʜʫ ʝʢʦʣʦʛʠʯʥʠʪʝ ʮʝʣʠ ʠ ʠʢʦʥʦʤʠʯʝʩʢʠʪʝ 
ʠʥʪʝʨʝʩʠ ʥʘ ʩʲʶʟʘ. 

 
ɿʘʢʣʶʯʝʥʠʝ 
 
ɺ ʟʘʢʣʶʯʝʥʠʝ, ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʝʜʥʦʚʨʝʤʝʥʥʦ ʩʧʘʩʝʥʠʝ ʠ 

ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ. ʊ  ̫ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʧʘʩʝʥʠʝ, ʢʦʛʘʪʦ ʩʝ ʧʨʠʣʘʛʘ ʧʦ ʩʧʨʘʚʝʜʣʠʚ, ʧʨʦʟʨʘʯʝʥ ʠ 
ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥ ʥʘʯʠʥ, ʢʦʡʪʦ ʩʲʯʝʪʘʚʘ ʪʝʭʥʦʣʦʛʠʯʝʥ ʥʘʧʨʝʜʲʢ ʩ ʛʨʠʞʘ ʟʘ ʭʦʨʘʪʘ ʠ ʧʨʠʨʦʜʘʪʘ. 
ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʪ ̫ʥʝ ʩʘʤʦ ʥʘʤʘʣʷʚʘ ʚʲʛʣʝʨʦʜʥʠʪʝ ʝʤʠʩʠʠ, ʥʦ ʠ ʩʲʟʜʘʚʘ ʥʦʚʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ 
ʠʢʦʥʦʤʠʯʝʩʢʠ ʨʘʩʪʝʞ, ʟʘʝʪʦʩʪ ʠ ʩʦʮʠʘʣʥʘ ʩʪʘʙʠʣʥʦʩʪ. ʆʙʨʘʪʥʦ, ʘʢʦ ʧʦʣʠʪʠʢʠʪʝ ʩʝ ʧʨʠʣʘʛʘʪ 
ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʙʝʟ ʢʦʦʨʜʠʥʘʮʠʷ ʤʝʞʜʫ ʜʲʨʞʘʚʠʪʝ ʯʣʝʥʢʠ, ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ 
ʟʘʜʲʣʙʦʯʘʚʘʥʝ ʥʘ ʩʦʮʠʘʣʥʠ, ʠʢʦʥʦʤʠʯʝʩʢʠ ʠ ʝʢʦʣʦʛʠʯʥʠ ʧʨʦʙʣʝʤʠ. ʀʩʪʠʥʩʢʠʷʪ ʫʩʧʝʭ ʥʘ 
ʝʚʨʦʧʝʡʩʢʘʪʘ ʟʝʣʝʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʟʘʚʠʩʠ ʥʝ ʦʪ ʘʤʙʠʮʠʦʟʥʦʩʪʪʘ ʥʘ ʧʦʩʪʘʚʝʥʠʪʝ ʮʝʣʠ, ʘ ʦʪ 
ʪʷʭʥʦʪʦ ʨʝʘʣʥʦ ʠ ʦʪʛʦʚʦʨʥʦ ʠʟʧʲʣʥʝʥʠʝ ʚ ʩʠʥʭʨʦʥ ʤʝʞʜʫ ʦʙʱʝʩʪʚʦ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʢʦʣʥʘ ʩʨʝʜʘ. 
ʉʘʤʦ ʪʦʛʘʚʘ ɿʝʣʝʥʘʪʘ ʩʜʝʣʢʘ ʱʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʘʨʝʯʝʥʘ ʥʝ ʧʨʦʩʪʦ ʩʪʨʘʪʝʛʠʷ, ʘ ʜʲʣʛʦʩʨʦʯʥʦ 
ʨʝʰʝʥʠʝ ʟʘ ʙʲʜʝʱʝʪʦ ʥʘ ɽʚʨʦʧʘ ʠ ʧʣʘʥʝʪʘʪʘ. 

ɽʪʦ ʧʲʣʥʘ ʪʘʙʣʠʮʘ ʩ ʚʩʠʯʢʠ ʠʟʧʦʣʟʚʘʥʠ ʠʟʪʦʯʥʠʮʠ ʦʪ ʜʦʢʣʘʜʠʪʝ ʠ ʩʪʘʪʠʠʪʝ, ʢʦʠʪʦ ʩʠ ʤʠ 
ʧʨʝʜʦʩʪʘʚʠʣ ʠ ʢʦʠʪʦ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ ʠʟʛʦʪʚʷʥʝʪʦ ʥʘ ʪʝʢʩʪʘ ʟʘ ɽʚʨʦʧʝʡʩʢʘʪʘ ʟʝʣʝʥʘ ʩʜʝʣʢʘ: 
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ɽʅɽʈɻʀʗ ɺ ʂʆʉʄʆʉɸ 
 

ɺʠʢʪʦʨ ɹʘʥʢʦʚ 

  
ʇʨʦʬʝʩʠʦʥʘʣʥʘ ʛʠʤʥʘʟʠʷ ʧʦ ʝʢʦʣʦʛʠʷ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ çʇʨʦʬ.ʜ-ʨ ɸʩʝʥ ɿʣʘʪʘʨʦʚè 

 

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʉʣʲʥʯʝʚʘ ʝʥʝʨʛʠʷ ʚ ʢʦʩʤʦʩʘ; ʂʦʩʤʠʯʝʩʢʠ ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ; ɽʥʝʨʛʠʡʥʠ ʩʠʩʪʝʤʠ ʥʘ 

ʢʦʩʤʠʯʝʩʢʠ ʘʧʘʨʘʪʠ 
 
ʈʝʟʶʤʝ: ʊʝʤʘʪʘ ʠʟʩʣʝʜʚʘ ʠʟʪʦʯʥʠʮʠʪʝ, ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʝʥʝʨʛʠʷ ʚ ʢʦʩʤʦʩʘ 

ï ʝʜʠʥ ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʬʘʢʪʦʨʠ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʤʠʩʠʠ ʠ ʙʲʜʝʱʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ 
ɺʩʝʣʝʥʘʪʘ. ʈʘʟʛʣʝʞʜʘʪ ʩʝ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʝʥʝʨʛʠʡʥʠ ʩʠʩʪʝʤʠ ʢʘʪʦ ʩʣʲʥʯʝʚʠʪʝ ʧʘʥʝʣʠ ʠ ʷʜʨʝʥʠʪʝ 
ʛʝʥʝʨʘʪʦʨʠ, ʢʘʢʪʦ ʠ ʥʦʚʠʪʝ ʢʦʥʮʝʧʮʠʠ ʟʘ ʜʦʙʠʚ ʥʘ ʝʥʝʨʛʠʷ ʦʪ ʢʦʩʤʦʩʘ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʢʦʩʤʠʯʝʩʢʠʪʝ 
ʩʣʲʥʯʝʚʠ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ. ʇʨʦʝʢʪʲʪ ʘʥʘʣʠʟʠʨʘ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘʪʘ, ʩʚʲʨʟʘʥʠ ʩ ʝʬʝʢʪʠʚʥʦʩʪʪʘ, 
ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʠ ʩʲʭʨʘʥʝʥʠʝʪʦ ʥʘ ʝʥʝʨʛʠʷʪʘ, ʢʘʢʪʦ ʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʨʠʣʘʛʘʥʝ ʥʘ ʢʦʩʤʠʯʝʩʢʠ 
ʝʥʝʨʛʠʡʥʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ɿʝʤʷʪʘ. ɸʢʮʝʥʪʲʪ ʝ ʚʲʨʭʫ ʫʩʪʦʡʯʠʚʦʪʦ ʨʘʟʚʠʪʠʝ ʠ ʨʦʣʷʪʘ ʥʘ ʝʥʝʨʛʠʷʪʘ 
ʢʘʪʦ ʢʣʶʯ ʢʲʤ ʙʲʜʝʱʦʪʦ ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʯʦʚʝʯʝʩʪʚʦʪʦ ʚ ʢʦʩʤʦʩʘ. 

 

 
ENERGY IN SPACE 

 
Viktor Bankov 

 
Vocational High School of Ecology and Biotechnology "Prof. Dr. Asen Zlatarov" 

 
 

Keywords: Space-based solar power; Solar panels in space; Spacecraft power systems; 
 
Abstract: The topic explores the sources, production, and use of energy in spaceðone of the key factors 

in the advancement of space missions and future exploration of the universe. It examines traditional energy systems 
such as solar panels and nuclear generators, as well as innovative concepts like space-based solar power stations. 
The project analyzes the challenges related to efficiency, safety, and energy storage, along with the potential for 
applying space energy technologies on Earth. The focus is on sustainable development and the role of energy as 
a cornerstone of humanityôs future presence in space. 

 

 
ɺʲʚʝʜʝʥʠʝ 

 

ʆʱʝ ʦʪ ʥʘʡ-ʜʨʝʚʥʠ ʚʨʝʤʝʥʘ ʭʦʨʘʪʘ ʩʘ ʚʜʠʛʘʣʠ ʧʦʛʣʝʜ ʢʲʤ ʟʚʝʟʜʠʪʝ ʠ ʩʘ ʤʝʯʪʘʣʠ ʜʘ 
ʜʦʩʪʠʛʥʘʪ ʜʦ ʪʷʭ. 

ɼʥʝʩ ʪʘʟʠ ʤʝʯʪʘ ʚʝʯʝ ʝ ʨʝʘʣʥʦʩʪ ð ʠʟʩʪʨʝʣʚʘʤʝ ʩʧʲʪʥʠʮʠ, ʠʟʩʣʝʜʚʘʤʝ ʧʣʘʥʝʪʠ ʠ ʜʦʨʠ 
ʧʣʘʥʠʨʘʤʝ ʙʲʜʝʱʠ ʢʦʣʦʥʠʠ ʠʟʚʲʥ ɿʝʤʷʪʘ. 

ʅʦ ʝʜʥʘ ʧʨʝʯʢʘ ʚʠʥʘʛʠ ʩʪʦʠ ʧʨʝʜ ʚʩʷʢʘ ʢʦʩʤʠʯʝʩʢʘ ʤʠʩʠʷ ï ʝʥʝʨʛʠʷʪʘ. 
ɺ ʢʦʩʤʦʩʘ ʥʷʤʘ ʝʣʝʢʪʨʠʯʝʩʢʠ ʤʨʝʞʠ, ʥʷʤʘ ʛʦʨʠʚʘ ʥʘ ʚʩʷʢʘ ʢʨʘʯʢʘ ʠ ʥʷʤʘ ʚʲʟʤʦʞʥʦʩʪ 

ʧʨʦʩʪʦ Ăʜʘ ʩʝ ʚʢʣʶʯʠʤ ʚ ʢʦʥʪʘʢʪʘñ. 
ɺʩʷʢʘ ʤʠʩʠʷ ʪʨʷʙʚʘ ʩʘʤʘ ʜʘ ʩʠ ʦʩʠʛʫʨʠ ʩʦʙʩʪʚʝʥ ʠʟʪʦʯʥʠʢ ʥʘ ʝʥʝʨʛʠʷ, ʢʦʡʪʦ ʜʘ ʝ 

ʥʘʜʝʞʜʝʥ, ʣʝʢ ʠ ʜʲʣʛʦʪʨʘʝʥ. 
ɹʝʟ ʝʥʝʨʛʠʷ ʥʷʤʘ ʞʠʚʦʪʦʧʦʜʜʲʨʞʘʱʠ ʩʠʩʪʝʤʠ, ʥʷʤʘ ʢʦʤʫʥʠʢʘʮʠʷ, ʥʷʤʘ ʥʘʫʯʥʠ 

ʠʟʩʣʝʜʚʘʥʠʷ. 
ɼʥʝʩ ʫʯʝʥʠʪʝ ʠʟʧʦʣʟʚʘʪ ʨʘʟʣʠʯʥʠ ʨʝʰʝʥʠʷ ï ʩʣʲʥʯʝʚʠ ʧʘʥʝʣʠ, ʢʦʠʪʦ ʫʣʘʚʷʪ ʝʥʝʨʛʠʷʪʘ 

ʥʘ ʉʣʲʥʮʝʪʦ, ʠ ʨʘʜʠʦʠʟʦʪʦʧʥʠ ʛʝʥʝʨʘʪʦʨʠ, ʢʦʠʪʦ ʧʨʝʚʨʲʱʘʪ ʪʦʧʣʠʥʘʪʘ ʦʪ ʨʘʟʧʘʜʘ ʥʘ ʚʝʱʝʩʪʚʘ 
ʚ ʝʣʝʢʪʨʠʯʝʩʪʚʦ. 

ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʪʷʭ ʤʘʨʩʦʭʦʜʠʪʝ ʨʘʙʦʪʷʪ ʩ ʛʦʜʠʥʠ, ʘ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ 
ʩʪʘʥʮʠʷ ʩʝ ʧʨʝʚʨʲʱʘ ʚ ʜʦʤ ʟʘ ʘʩʪʨʦʥʘʚʪʠʪʝ. 

ʅʦ ʙʲʜʝʱʝʪʦ ʠʟʠʩʢʚʘ ʦʱʝ ʧʦ-ʩʤʝʣʠ ʨʝʰʝʥʠʷ. 
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ɿʘ ʜʘ ʠʟʛʨʘʜʠʤ ʙʘʟʠ ʥʘ ʃʫʥʘʪʘ ʠʣʠ ʄʘʨʩ, ɦ ʝ ʪʨʷʙʚʘ ʜʘ ʨʘʟʨʘʙʦʪʠʤ ʥʦʚʠ ʥʘʯʠʥʠ ʟʘ ʜʦʙʠʚ, 
ʩʲʭʨʘʥʝʥʠʝ ʠ ʧʨʝʥʦʩ ʥʘ ʝʥʝʨʛʠʷ ʚ ʢʦʩʤʦʩʘ. 

ʄʦʷʪ ʧʨʦʝʢʪ ʨʘʟʛʣʝʞʜʘ ʪʝʟʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʠ ʧʨʝʜʣʘʛʘ ʦʨʠʛʠʥʘʣʥʘ ʠʜʝʷ ʟʘ ʩʠʩʪʝʤʘ, 
ʢʦʷʪʦ ʠʟʧʦʣʟʚʘ ʤʥʦʞʝʩʪʚʦ ʤʘʣʢʠ ʩʘʪʝʣʠʪʠ ï ñʝʥʝʨʛʠʝʥ ʨʦʡò, ʟʘ ʜʘ ʩʲʙʠʨʘ ʠ ʧʨʝʥʘʩʷ ʩʣʲʥʯʝʚʘ 
ʝʥʝʨʛʠʷ ʧʦ ʝʬʝʢʪʠʚʝʥ ʥʘʯʠʥ. 
ʩʣʫʯʘʠʪʝ ʟʘ ʜʲʣʛʦʚʨʝʤʝʥʥʦ ʤʦʥʠʪʦʨʠʨʘʥʝ ʥʘ ʧʘʮʠʝʥʪʠ  ʚ ʧʦʩʪʦʧʝʨʘʪʠʚʝʥ ʧʝʨʠʦʜ.  
-  ʇʨʠʣʦʞʠʤ ʚ ʝʢʩʪʨʝʤʥʠ ʫʩʣʦʚʠʷ, ʢʘʪʦ ʧʦʣʝʪʠ, ʚʦʝʥʥʠ ʜʝʡʩʪʚʠʷ ʠ ʧʦʜʚʦʜʥʠ ʜʝʡʥʦʩʪʠ. 
 

1. ʉʣʲʥʯʝʚʘ ʝʥʝʨʛʠʷ ï ʩʠʣʘʪʘ ʥʘ ʟʚʝʟʜʘʪʘ ʥʠ 
 

ʉʣʲʥʯʝʚʘʪʘ ʝʥʝʨʛʠʷ ʝ ʥʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʷʪ ʠʟʪʦʯʥʠʢ ʥʘ ʝʣʝʢʪʨʠʯʝʩʪʚʦ ʚ ʢʦʩʤʦʩʘ. 
ʇʦʯʪʠ ʚʩʠʯʢʠ ʩʲʚʨʝʤʝʥʥʠ ʩʧʲʪʥʠʮʠ ʠ ʢʦʩʤʠʯʝʩʢʠ ʩʪʘʥʮʠʠ ʠʟʧʦʣʟʚʘʪ ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ, ʢʦʠʪʦ 
ʧʨʝʚʨʲʱʘʪ ʩʚʝʪʣʠʥʘʪʘ ʥʘ ʉʣʲʥʮʝʪʦ ʚ ʝʣʝʢʪʨʠʯʝʩʢʘ ʝʥʝʨʛʠʷ. 

 

 
 

 ʇʨʠʤʝʨʠ: 

¶ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ (ʄʂʉ) ʠʤʘ ʯʝʪʠʨʠ ʦʛʨʦʤʥʠ ʢʦʤʧʣʝʢʪʘ ʩʣʲʥʯʝʚʠ 
ʧʘʥʝʣʠ, ʢʦʠʪʦ ʛʝʥʝʨʠʨʘʪ ʜʦ 120 ʢʠʣʦʚʘʪʘ ʝʣʝʢʪʨʠʯʝʩʪʚʦ ð ʜʦʩʪʘʪʲʯʥʦ ʜʘ ʟʘʭʨʘʥʠ ʮʷʣʦ 
ʤʘʣʢʦ ʩʝʣʦ! 

¶ ʉʧʲʪʥʠʮʠʪʝ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʠ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ɿʝʤʷʪʘ ʩʲʱʦ ʠʟʧʦʣʟʚʘʪ ʩʦʣʘʨʥʠ ʙʘʪʝʨʠʠ ʠ 
ʘʢʫʤʫʣʘʪʦʨʠ, ʟʘ ʜʘ ʨʘʙʦʪʷʪ ʜʦʨʠ ʢʦʛʘʪʦ ʩʘ ʚ ʩʷʥʢʘʪʘ ʥʘ ʧʣʘʥʝʪʘʪʘ. 

 ʇʨʝʜʠʤʩʪʚʘ: 

¶ ɹʝʟʢʨʘʝʥ ʠ ʯʠʩʪ ʠʟʪʦʯʥʠʢ ʥʘ ʝʥʝʨʛʠʷ. 

¶ ʃʝʩʝʥ ʟʘ ʧʦʜʜʨʲʞʢʘ ʠ ʙʝʟ ʥʫʞʜʘ ʦʪ ʛʦʨʠʚʦ. 

 ʅʝʜʦʩʪʘʪʲʮʠ: 

¶ ʈʘʙʦʪʠ ʩʘʤʦ, ʢʦʛʘʪʦ ʠʤʘ ʜʦʩʪʲʧ ʜʦ ʩʣʲʥʯʝʚʘ ʩʚʝʪʣʠʥʘ. 
ʅʘ ʛʦʣʝʤʠ ʨʘʟʩʪʦʷʥʠʷ ʦʪ ʉʣʲʥʮʝʪʦ (ʥʘʧʨʠʤʝʨ ʚ ʦʨʙʠʪʘ ʦʢʦʣʦ ʖʧʠʪʝʨ) ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘʤʘʣʷʚʘ 
ʜʨʘʩʪʠʯʥʦ 
 

2. ʗʜʨʝʥʘ ʝʥʝʨʛʠʷ ï ʜʲʣʛʦʩʨʦʯʥʘʪʘ ʤʦ  ɦ

 
ʂʦʛʘʪʦ ʤʠʩʠʠʪʝ ʦʪʠʚʘʪ ʜʘʣʝʯ ʦʪ ʉʣʲʥʮʝʪʦ, ʩʣʲʥʯʝʚʠʪʝ ʧʘʥʝʣʠ ʚʝʯʝ ʥʝ ʩʘ ʜʦʩʪʘʪʲʯʥʠ. 

ʊʦʛʘʚʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʨʘʜʠʦʠʟʦʪʦʧʥʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʝʩʢʠ ʛʝʥʝʨʘʪʦʨʠ (RTG) ð ʫʩʪʨʦʡʩʪʚʘ, 
ʢʦʠʪʦ ʧʨʝʚʨʲʱʘʪ ʪʦʧʣʠʥʘʪʘ ʦʪ ʨʘʟʧʘʜʘ ʥʘ ʨʘʜʠʦʘʢʪʠʚʥʠ ʝʣʝʤʝʥʪʠ (ʢʘʪʦ ʧʣʫʪʦʥʠʡ-238) ʚ 
ʝʣʝʢʪʨʠʯʝʩʪʚʦ. 

 ʇʨʠʤʝʨʠ: 

¶ Voyager 1 ʠ 2 ï ʠʟʩʣʝʜʚʘʪ ʂʦʩʤʦʩʘ ʚʝʯʝ ʥʘʜ 45 ʛʦʜʠʥʠ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ RTG. 

¶ Curiosity ʠ Perseverance (ʤʘʨʩʦʭʦʜʠʪʝ ʥʘ NASA) ʩʲʱʦ ʠʟʧʦʣʟʚʘʪ ʪʦʟʠ ʪʠʧ ʝʥʝʨʛʠʷ, ʢʦʝʪʦ 
ʠʤ ʧʦʟʚʦʣʷʚʘ ʜʘ ʨʘʙʦʪʷʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʝʥʷ ʠ ʥʦʱʪʘ ʥʘ ʄʘʨʩ. 
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 ʇʨʝʜʠʤʩʪʚʘ: 

¶ ʆʩʠʛʫʨʷʚʘ ʝʥʝʨʛʠʷ ʥʝʧʨʝʢʲʩʥʘʪʦ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʜʝʩʝʪʠʣʝʪʠʷ. 

¶ ʅʝ ʟʘʚʠʩʠ ʦʪ ʉʣʲʥʮʝʪʦ ʠʣʠ ʦʪ ʫʩʣʦʚʠʷʪʘ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. 

 ʅʝʜʦʩʪʘʪʲʮʠ: 

¶ ʉʢʲʧʘ ʠ ʪʨʫʜʥʘ ʪʝʭʥʦʣʦʛʠʷ. 

¶ ʀʟʠʩʢʚʘ ʩʧʝʮʠʘʣʥʘ ʟʘʱʠʪʘ ʦʪ ʨʘʜʠʘʮʠʷ. 
 

3. ʉʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠʪʝ ʠʟʪʦʯʥʠʮʠ ʥʘ ʝʥʝʨʛʠʷ 
 

 
 

4. ɹʠʦʨʝʘʢʪʦʨʠ ʢʘʪʦ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʨʘʢʝʪʥʦ ʧʨʠʜʚʠʞʚʘʥʝ 
 

ɹʠʦʨʝʘʢʪʦʨʠʪʝ ʧʨʝʜʣʘʛʘʪ ʠʥʦʚʘʪʠʚʝʥ ʧʦʜʭʦʜ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʨʘʢʝʪʥʠ ʛʦʨʠʚʘ ʯʨʝʟ 
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʞʠʚʠ ʦʨʛʘʥʠʟʤʠ ð ʥʘʧʨʠʤʝʨ ʬʦʪʦʩʠʥʪʝʪʠʯʥʠ ʤʠʢʨʦʚʦʜʦʨʘʩʣʠ ʠʣʠ 

ʮʠʘʥʦʙʘʢʪʝʨʠʠ, ʢʦʠʪʦ ʧʨʝʚʨʲʱʘʪ COϜ, ʚʦʜʘ ʠ ʩʚʝʪʣʠʥʘ ʚ ʙʠʦʤʘʩʘ ʠ ʢʠʩʣʦʨʦʜ. ʊʘʟʠ ʙʠʦʤʘʩʘ 
ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘ ʠʣʠ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʩʫʨʦʚʠʥʘ ʟʘ ʜʨʫʛʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʢʦʠʪʦ 
ʩʠʥʪʝʟʠʨʘʪ ʛʦʨʠʚʥʠ ʤʦʣʝʢʫʣʠ (ʥʘʧʨ. ʤʝʪʘʥ, ʙʠʦʤʝʪʘʥ, ʠʣʠ ʧʦ-ʩʣʦʞʥʠ ʦʨʛʘʥʠʯʥʠ ʛʦʨʠʚʘ ʢʘʪʦ 2,3-
ʙʫʪʘʥʜʠʦʣ), ʢʦʠʪʦ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʩʝ ʧʨʝʨʘʙʦʪʷʪ ʠ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʨʘʢʝʪʥʦ ʛʦʨʠʚʦ. 
ʀʜʝʷʪʘ ʝ ʯʘʩʪ ʦʪ ʧʦ-ʰʠʨʦʢʦʪʦ ʥʘʧʨʘʚʣʝʥʠʝ In-Situ Resource Utilization (ISRU) ð ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 
ʥʘ ʥʫʞʥʠ ʤʘʪʝʨʠʘʣʠ ʦʪ ʨʝʩʫʨʩʠ ʥʘ ʤʷʩʪʦ (ʥʘ ʃʫʥʘʪʘ ʠʣʠ ʄʘʨʩ) ʩ ʮʝʣ ʜʘ ʩʝ ʥʘʤʘʣʠ ʢʦʣʠʯʝʩʪʚʦʪʦ 
ʪʦʚʘʨʠ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʧʨʘʱʘʪ ʦʪ ɿʝʤʷʪʘ.  
ʆʩʥʦʚʥʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʥʘ ʙʠʦʨʝʘʢʪʦʨʥʠʷ ʧʦʜʭʦʜ ʩʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʚʲʟʦʙʥʦʚʷʝʤʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʛʦʨʠʚʦ ʥʘ ʤʷʩʪʦ (ʥʘʤʘʣʷʚʘʱʦ ʣʦʛʠʩʪʠʯʥʠʪʝ ʨʘʟʭʦʜʠ ʠ ʨʠʩʢʘ), ʩʲʚʤʝʩʪʠʤʦʩʪʪʘ 
ʩ ʙʠʦʣʦʛʠʯʥʠ ʩʠʩʪʝʤʠ (ʧʦʤʘʛʘ ʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʢʠʩʣʦʨʦʜ ʠ ʭʨʘʥʘ) ʠ ʧʦʪʝʥʮʠʘʣʥʦ ʧʦ-ʥʠʩʢʘʪʘ 
ʝʥʝʨʛʠʡʥʘ ʠʥʪʝʥʟʠʚʥʦʩʪ ʩʧʨʷʤʦ ʥʷʢʦʠ ʭʠʤʠʯʝʩʢʠ ʧʨʦʮʝʩʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠ ʫʩʣʦʚʠʷ. ʂʦʥʢʨʝʪʥʠ 
ʠʟʩʣʝʜʚʘʥʠʷ ʚʝʯʝ ʧʦʢʘʟʚʘʪ ʢʦʥʮʝʧʮʠʠ, ʚ ʢʦʠʪʦ ʮʠʘʥʦʙʘʢʪʝʨʠʠ ʧʨʦʠʟʚʝʞʜʘʪ ʟʘʭʘʨʠ ʠ ʢʠʩʣʦʨʦʜ, ʘ 
ʠʥʞʝʥʝʨʥʠ ʙʘʢʪʝʨʠʠ ʛʠ ʧʨʝʚʨʲʱʘʪ ʚ ʪʝʯʥʠ ʛʦʨʠʚʘ, ʧʨʠʛʦʜʥʠ ʟʘ ʨʘʢʝʪʥʠ ʜʚʠʛʘʪʝʣʠ.  
ɺʲʧʨʝʢʠ ʪʦʚʘ ʠʤʘ ʟʥʘʯʠʪʝʣʥʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ: ʥʫʞʜʘʪʘ ʦʪ ʚʭʦʜʥʘ ʝʥʝʨʛʠʷ (ʩʚʝʪʣʠʥʘ, 

ʪʦʧʣʠʥʘ ʠ ʝʣʝʢʪʨʠʯʝʩʪʚʦ), ʙʘʚʥʠ ʩʢʦʨʦʩʪʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʥʠʩʢʘ ʧʣʲʪʥʦʩʪ ʥʘ ʝʥʝʨʛʠʷ ʥʘ ʥʷʢʦʠ 
ʙʠʦʛʦʨʠʚʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʚʪʝʯʥʝʥʠʪʝ ʭʠʤʠʯʥʠ ʧʨʦʧʫʣʩʘʥʪʠ, ʚʲʧʨʦʩʠ ʟʘ ʥʘʜʝʞʜʥʦʩʪ ʠ ʢʦʥʪʨʦʣ ʥʘ 
ʙʠʦʩʠʩʪʝʤʠʪʝ ʚ ʝʢʩʪʨʝʤʥʠ ʫʩʣʦʚʠʷ (ʨʘʜʠʘʮʠʷ, ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʘʭ), ʠ ʚʩʝ ʦʱʝ ʥʠʩʢʦ ʪʝʭʥʦʣʦʛʠʯʥʦ 
ʛʦʪʦʚʥʦʩʪʥʦ ʥʠʚʦ (TRL) ʟʘ ʛʦʣʝʤʦʤʘʱʘʙʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʨʘʢʝʪʥʦ ʛʦʨʠʚʦ ʥʘ ʜʨʫʛʠ ʧʣʘʥʝʪʠ. 
ɿʘʪʦʚʘ ʚ ʤʦʤʝʥʪʘ ʙʠʦʧʦʜʭʦʜʠʪʝ ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʢʘʪʦ ʜʦʧʲʣʥʝʥʠʝ ʠʣʠ ʘʣʪʝʨʥʘʪʠʚʘ ʚ ʩʧʝʮʠʬʠʯʥʠ 
ʩʮʝʥʘʨʠʠ ð ʥʘʧʨʠʤʝʨ ʢʦʛʘʪʦ ʭʠʤʠʯʝʩʢʠ ISRU ʝ ʥʝʜʦʩʪʘʪʲʯʝʥ ʠʣʠ ʢʦʛʘʪʦ ʠʩʢʘʤʝ ʜʘ ʢʦʤʙʠʥʠʨʘʤʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʚʲʟʜʫʭ, ʭʨʘʥʘ ʠ ʛʦʨʠʚʦ.  
ɹʠʦʨʝʘʢʪʦʨʠʪʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʨʘʢʝʪʥʦ ʛʦʨʠʚʦ ʩʘ ʦʙʝʱʘʚʘʱʘ ʠ ʘʢʪʠʚʥʘ ʦʙʣʘʩʪ ʥʘ 

ʠʟʩʣʝʜʚʘʥʝ: ʧʨʝʜʣʘʛʘʪ ʫʩʪʦʡʯʠʚ ʠ ʤʝʩʪʝʥ ʠʟʪʦʯʥʠʢ ʥʘ ʧʨʦʧʝʣʘʥʪʠ, ʦʩʦʙʝʥʦ ʟʘ ʜʲʣʛʦʩʨʦʯʥʠ ʙʘʟʠ 
ʠʟʚʲʥ ɿʝʤʷʪʘ, ʥʦ ʟʘʩʝʛʘ ʦʩʪʘʚʘʪ ʪʝʭʥʦʣʦʛʠʯʥʦ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ, ʢʦʝʪʦ ʠʟʠʩʢʚʘ ʜʦʧʲʣʥʠʪʝʣʥʠ 
ʧʨʦʫʯʚʘʥʠʷ ʧʦ ʝʬʝʢʪʠʚʥʦʩʪ, ʤʘʱʘʙʠʨʘʥʝ ʠ ʠʥʪʝʛʨʘʮʠʷ ʩʩ̡ ʩʲʱʝʩʪʚʫʚʘʱʠ ISRU ʩʠʩʪʝʤʠ. 
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ʂʘʢʚʦ ʝ: ɹʠʦʨʝʘʢʪʦʨ = ʩʠʩʪʝʤʘ ʩ ʞʠʚʠ ʦʨʛʘʥʠʟʤʠ ʟʘ ʧʨʝʚʨʲʱʘʥʝ ʥʘ COϜ + ʚʦʜʘ + ʩʚʝʪʣʠʥʘ 
Ÿ ʙʠʦʤʘʩʘ Ÿ ʛʦʨʠʚʦ. 
ʂʘʢ ʩʪʘʚʘ: ʬʦʪʦʩʠʥʪʝʟʥʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ Ÿ ʟʘʭʘʨʠ Ÿ ʬʝʨʤʝʥʪʘʮʠʷ/ʙʠʦʩʠʥʪʝʟʘ Ÿ ʛʦʨʠʚʦ 

(ʤʝʪʘʥ, ʙʠʦʙʫʪʘʥʦʣ, 2,3-BDO ʠ ʜʨ.).  
ʇʨʝʜʠʤʩʪʚʘ: ʚʲʟʦʙʥʦʚʷʝʤʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʤʷʩʪʦ (ISRU), ʩʧʦʤʘʛʘ ʟʘ ʢʠʩʣʦʨʦʜ/ʭʨʘʥʘ, 

ʥʘʤʘʣʷʚʘ ʥʫʞʜʘʪʘ ʦʪ ʪʨʘʥʩʧʦʨʪʠʨʘʥʝ ʦʪ ɿʝʤʷʪʘ.  
ʇʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ: ʝʥʝʨʛʠʡʥʘ ʧʦʪʨʝʙʥʦʩʪ, ʥʠʩʢʘ ʩʢʦʨʦʩʪ/ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ, ʨʘʜʠʘʮʠʷ ʠ 

ʧʨʘʭ, TRL ʠ ʤʘʱʘʙʠʨʘʥʝ.  
 

5. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠʜʝʠ 
ʋʯʝʥʠʪʝ ʧʨʦʫʯʚʘʪ ʠ ʜʨʫʛʠ ʠʟʪʦʯʥʠʮʠ: 

¶ ʄʠʢʨʦʚʲʣʥʦʚʦ ʧʨʝʜʘʚʘʥʝ ʥʘ ʝʥʝʨʛʠʷ ʦʪ ʦʨʙʠʪʘʣʥʠ ʩʣʲʥʯʝʚʠ ʩʪʘʥʮʠʠ ʢʲʤ ɿʝʤʷʪʘ. 

¶ ʂʦʩʤʠʯʝʩʢʠ ʚʷʪʲʨ ʠ ʤʘʛʥʠʪʥʠ ʛʝʥʝʨʘʪʦʨʠ, ʢʦʠʪʦ ʠʟʧʦʣʟʚʘʪ ʜʚʠʞʝʥʠʝʪʦ ʧʨʝʟ 
ʤʘʛʥʠʪʥʦʪʦ ʧʦʣʝ ʥʘ ʧʣʘʥʝʪʠ. 

 
ɿʘʢʣʶʯʝʥʠʝ 

 
ɽʥʝʨʛʠʷʪʘ ʚ ʢʦʩʤʦʩʘ ʝ ʢʣʶʯʦʚ ʬʘʢʪʦʨ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʠ ʙʲʜʝʱʠʪʝ 

ʢʦʩʤʠʯʝʩʢʠ ʤʠʩʠʠ. ʊʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʜʦʙʠʚ ʥʘ ʩʣʲʥʯʝʚʘ ʝʥʝʨʛʠʷ ʚ ʦʨʙʠʪʘ ʧʨʦʜʲʣʞʘʚʘʪ ʜʘ ʩʝ 
ʫʩʲʚʲʨʰʝʥʩʪʚʘʪ, ʢʘʪʦ ʦʩʠʛʫʨʷʚʘʪ ʥʘʜʝʞʜʥʦ ʟʘʭʨʘʥʚʘʥʝ ʥʘ ʩʧʲʪʥʠʮʠ, ʢʦʩʤʠʯʝʩʢʠ ʩʪʘʥʮʠʠ ʠ 
ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʘʧʘʨʘʪʠ. ʏʨʝʟ ʝʬʝʢʪʠʚʥʠ ʩʦʣʘʨʥʠ ʧʘʥʝʣʠ, ʩʠʩʪʝʤʠ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʠ ʥʦʚʠ 
ʢʦʥʮʝʧʮʠʠ ʢʘʪʦ ʢʦʩʤʠʯʝʩʢʠ ʩʣʲʥʯʝʚʠ ʝʣʝʢʪʨʦʮʝʥʪʨʘʣʠ, ʯʦʚʝʯʝʩʪʚʦʪʦ ʨʘʟʰʠʨʷʚʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ 
ʩʠ ʟʘ ʫʩʪʦʡʯʠʚʦ ʧʨʠʩʲʩʪʚʠʝ ʠʟʚʲʥ ɿʝʤʷʪʘ. ʄʘʢʘʨ ʯʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʢʘʪʦ ʨʘʜʠʘʮʠʷʪʘ, 
ʪʝʤʧʝʨʘʪʫʨʥʠʪʝ ʝʢʩʪʨʝʤʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʜʲʣʛʦʪʨʘʡʥʠ ʤʘʪʝʨʠʘʣʠ ʦʩʪʘʚʘʪ ʟʥʘʯʠʤʠ, 
ʥʘʫʯʥʠʷʪ ʧʨʦʛʨʝʩ ʧʦʢʘʟʚʘ, ʯʝ ʙʲʜʝʱʝʪʦ ʥʘ ʢʦʩʤʠʯʝʩʢʘʪʘ ʝʥʝʨʛʝʪʠʢʘ ʝ ʦʙʝʱʘʚʘʱʦ. ʊ  ̫ʱʝ ʠʛʨʘʝ 
ʨʝʰʘʚʘʱʘ ʨʦʣʷ ʥʝ ʩʘʤʦ ʟʘ ʧʦʜʜʨʲʞʢʘʪʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠ ʤʠʩʠʠ, ʥʦ ʠ ʟʘ ʧʦʪʝʥʮʠʘʣʥʦʪʦ ʩʥʘʙʜʷʚʘʥʝ 
ʥʘ ɿʝʤʷʪʘ ʩ ʯʠʩʪʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʯʝʨʧʘʝʤʘ ʝʥʝʨʛʠʷ. 
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ʂʆʉʄʆʉʒʊ ʀ ʂʃʀʄɸʊʒʊ: ʈʆʃʗ ʅɸ ʉɸʊɽʃʀʊʀʊɽ ɺ ɹʆʈɹɸʊɸ ʉ 
ʂʃʀʄɸʊʀʏʅʀʊɽ ʇʈʆʄɽʅʀ 

 
ɹʦʛʜʘʥ ɼʠʤʠʪʨʦʚ 

  
ʇʨʦʬʝʩʠʦʥʘʣʥʘ ʛʠʤʥʘʟʠʷ ʧʦ ʝʢʦʣʦʛʠʷ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ Ăʇʨʦʬ. ɼ-ʨ ɸʩʝʥ ɿʣʘʪʘʨʦʚñ ʛʨ. ʉʦʬʠʷ 

 
 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʢʦʩʤʠʯʝʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʩʘʪʝʣʠʪʥʠ ʩʠʩʪʝʤʠ, ʢʣʠʤʘʪʠʯʥʠ ʧʨʦʤʝʥʠ, ʤʦʥʠʪʦʨʠʥʛ 
 

ʈʝʟʶʤʝ: ʊʝʤʘʪʘ ʨʘʟʛʣʝʞʜʘ ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʘʪʝʣʠʪʥʠʪʝ ʩʠʩʪʝʤʠ 
ʚ ʥʘʙʣʶʜʝʥʠʝʪʦ ʠ ʙʦʨʙʘʪʘ ʩ ʢʣʠʤʘʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ. ʉʘʪʝʣʠʪʠʪʝ ʧʨʝʜʦʩʪʘʚʷʪ ʙʝʟʮʝʥʥʘ ʠʥʬʦʨʤʘʮʠʷ 
ʟʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʦʢʝʘʥʠʪʝ, ʧʨʦʤʝʥʠʪʝ ʚ ʣʝʜʝʥʠʪʝ ʧʦʢʨʠʚʢʠ, ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ ʠ 
ʦʙʝʟʣʝʩʷʚʘʥʝʪʦ. ʏʨʝʟ ʩʲʙʨʘʥʠʪʝ ʜʘʥʥʠ ʫʯʝʥʠʪʝ ʤʦʛʘʪ ʜʘ ʧʨʦʛʥʦʟʠʨʘʪ ʧʨʠʨʦʜʥʠ ʙʝʜʩʪʚʠʷ, ʜʘ 
ʘʥʘʣʠʟʠʨʘʪ ʢʣʠʤʘʪʠʯʥʠʪʝ ʪʝʥʜʝʥʮʠʠ ʠ ʜʘ ʧʦʜʧʦʤʘʛʘʪ ʫʩʪʦʡʯʠʚʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʠʨʦʜʥʠʪʝ 
ʨʝʩʫʨʩʠ. ʇʨʦʝʢʪʲʪ ʧʦʜʯʝʨʪʘʚʘ ʢʘʢ ʢʦʩʤʦʩʲʪ ʩʝ ʧʨʝʚʨʲʱʘ ʚ ʢʣʶʯʦʚ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʟʘʱʠʪʘ ʥʘ 
ʧʣʘʥʝʪʘʪʘ ʠ ʟʘ ʩʲʚʤʝʩʪʥʠ ʤʝʞʜʫʥʘʨʦʜʥʠ ʫʩʠʣʠʷ ʚ ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʙʦʨʙʘʪʘ ʩ 
ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʷʥʝ. 

 
 

SPACE AND CLIMATE: THE ROLE OF SATELLITES IN FIGHTING 
CLIMATE CHANGE 

 
Bogdan Dimitrov 

 
Vocational High School of Ecology and Biotechnology "Prof. Dr. Asen Zlatarov" Sofia 
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Abstract: The topic explores the importance of space technologies and satellite systems in monitoring 

and combating climate change. Satellites provide invaluable data on ocean temperatures, ice sheet dynamics, 
atmospheric pollution, and deforestation. This information enables scientists to predict natural disasters, analyze 
climate trends, and support the sustainable management of natural resources. The project emphasizes how space 
has become a crucial tool in protecting our planet and fostering international cooperation in addressing global 
warming and environmental challenges. 

 
 
ɺʲʚʝʜʝʥʠʝ 

 

ʂʣʠʤʘʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ ʩʘ ʝʜʥʦ ʦʪ ʥʘʡ-ʩʝʨʠʦʟʥʠʪʝ ʠ ʛʣʦʙʘʣʥʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʧʨʝʜ 
ʯʦʚʝʯʝʩʪʚʦʪʦ ʚ ʥʘʰʠ ʜʥʠ. ʇʦʚʠʰʘʚʘʥʝʪʦ ʥʘ ʩʨʝʜʥʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʣʘʥʝʪʘʪʘ, ʪʦʧʝʥʝʪʦ ʥʘ 
ʣʝʜʥʠʮʠʪʝ, ʟʘʯʝʩʪʷʚʘʥʝʪʦ ʥʘ ʝʢʩʪʨʝʤʥʠ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʷʚʣʝʥʠʷ ʠ ʧʦʢʘʯʚʘʥʝʪʦ ʥʘ ʤʦʨʩʢʦʪʦ 
ʨʘʚʥʠʱʝ ʟʘʩʷʛʘʪ ʚʩʝʢʠ ʢʦʥʪʠʥʝʥʪ, ʚʩʷʢʘ ʜʲʨʞʘʚʘ ʠ ʚʩʝʢʠ ʯʦʚʝʢ ï ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʛʝʦʛʨʘʬʩʢʦʪʦ 
ʧʦʣʦʞʝʥʠʝ ʠʣʠ ʠʢʦʥʦʤʠʯʝʩʢʠʷ ʩʪʘʪʫʩ. 

ʊʝʟʠ ʧʨʦʤʝʥʠ ʥʝ ʩʘ ʧʨʦʩʪʦ ʧʨʠʨʦʜʝʥ ʧʨʦʮʝʩ ï ʪʝ ʟʘʩʷʛʘʪ ʯʦʚʝʰʢʦʪʦ ʟʜʨʘʚʝ, ʩʠʛʫʨʥʦʩʪʪʘ 
ʥʘ ʭʨʘʥʠʪʝʣʥʠʪʝ ʜʦʩʪʘʚʢʠ, ʜʦʩʪʲʧʘ ʜʦ ʚʦʜʘ, ʤʠʛʨʘʮʠʷʪʘ ʥʘ ʭʦʨʘ, ʠʢʦʥʦʤʠʢʠʪʝ ʥʘ ʮʝʣʠ ʜʲʨʞʘʚʠ 
ʠ ʧʦʣʠʪʠʯʝʩʢʘʪʘ ʩʪʘʙʠʣʥʦʩʪ. ʂʨʘʡʙʨʝʞʥʠ ʨʘʡʦʥʠ ʩʝ ʦʢʘʟʚʘʪ ʧʦʜ ʨʠʩʢ ʦʪ ʥʘʚʦʜʥʝʥʠʷ, ʩʝʣʩʢʦʪʦ 
ʩʪʦʧʘʥʩʪʚʦ ʩʪʨʘʜʘ ʦʪ ʩʫʰʠ ʠ ʧʨʦʤʝʥʣʠʚ ʢʣʠʤʘʪ, ʘ ʛʦʨʠʪʝ ï ʦʩʥʦʚʥʠʪʝ Ăʙʝʣʠʪʝ ʜʨʦʙʦʚʝñ ʥʘ ɿʝʤʷʪʘ 
ï ʙʠʚʘʪ ʟʘʩʪʨʘʰʝʥʠ ʦʪ ʧʦʞʘʨʠ ʠ ʦʙʝʟʣʝʩʷʚʘʥʝ. 

ɺ ʪʘʢʘʚʘ ʢʨʠʪʠʯʥʘ ʩʠʪʫʘʮʠʷ ʝ ʦʪ ʧʲʨʚʦʩʪʝʧʝʥʥʦ ʟʥʘʯʝʥʠʝ ʜʘ ʠʤʘʤʝ ʚʲʟʤʦʞʥʦʩʪ ʜʘ 
ʥʘʙʣʶʜʘʚʘʤʝ ʠ ʨʘʟʙʠʨʘʤʝ ʢʘʢʚʦ ʩʝ ʩʣʫʯʚʘ ʩ ʥʘʰʘʪʘ ʧʣʘʥʝʪʘ. ɿʘ ʪʘʟʠ ʮʝʣ ʥʘʫʢʘʪʘ ʠ ʪʝʭʥʦʣʦʛʠʠʪʝ 
ʥʠ ʧʨʝʜʦʩʪʘʚʷʪ ʤʦʱʝʥ ʠʥʩʪʨʫʤʝʥʪ ï ʩʘʪʝʣʠʪʠʪʝ. ʊʝ ʥʠ ʧʦʟʚʦʣʷʚʘʪ ʜʘ ʚʠʞʜʘʤʝ ʛʣʦʙʘʣʥʘʪʘ 
ʢʘʨʪʠʥʘ ʦʪ ʂʦʩʤʦʩʘ, ʜʘ ʠʟʤʝʨʚʘʤʝ, ʘʥʘʣʠʟʠʨʘʤʝ ʠ ʨʝʘʛʠʨʘʤʝ ʥʘʚʨʝʤʝ. ʀʤʝʥʥʦ ʪʘʟʠ ʚʨʲʟʢʘ 
ʤʝʞʜʫ ʂʦʩʤʦʩʘ ʠ ʢʣʠʤʘʪʘ ʧʨʘʚʠ ʪʝʤʘʪʘ ʘʢʪʫʘʣʥʘ, ʚʘʞʥʘ ʠ ʚʜʲʭʥʦʚʷʚʘʱʘ ʟʘ ʤʣʘʜʠʪʝ ʭʦʨʘ, 
ʙʲʜʝʱʠʪʝ ʫʯʝʥʠ ʠ ʟʘʱʠʪʥʠʮʠ ʥʘ ɿʝʤʷʪʘ. 
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1. ɺʨʲʟʢʘʪʘ ʤʝʞʜʫ ʥʘʫʢʘʪʘ, ʪʝʭʥʦʣʦʛʠʠʪʝ ʠ ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ 
 

 
 

ɺ ʩʲʚʨʝʤʝʥʥʠʷ ʩʚʷʪ, ʠʟʧʨʘʚʝʥ ʧʨʝʜ ʩʝʨʠʦʟʥʠ ʝʢʦʣʦʛʠʯʥʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ, ʥʘʫʢʘʪʘ ʠ 
ʪʝʭʥʦʣʦʛʠʠʪʝ ʠʛʨʘʷʪ ʢʣʶʯʦʚʘ ʨʦʣʷ ʚ ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʀʤʝʥʥʦ ʯʨʝʟ ʥʘʫʯʥʠʪʝ 
ʠʟʩʣʝʜʚʘʥʠʷ ʥʠʝ ʨʘʟʙʠʨʘʤʝ ʩʣʦʞʥʠʪʝ ʧʨʦʮʝʩʠ, ʢʦʠʪʦ ʩʪʦʷʪ ʟʘʜ ʢʣʠʤʘʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ ï ʢʘʢ 
ʥʘʪʨʫʧʚʘʥʝʪʦ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʚʦʜʠ ʜʦ ʛʣʦʙʘʣʥʦ ʟʘʪʦʧʣʷʥʝ, ʢʘʢ ʩʝ ʧʨʦʤʝʥʷʪ ʦʢʝʘʥʩʢʠʪʝ 
ʪʝʯʝʥʠʷ ʠʣʠ ʢʘʢ ʩʝ ʟʘʩʠʣʚʘʪ ʧʨʠʨʦʜʥʠʪʝ ʙʝʜʩʪʚʠʷ. ʅʦ ʟʥʘʥʠʝʪʦ ʩʘʤʦ ʧʦ ʩʝʙʝ ʩʠ ʥʝ ʝ ʜʦʩʪʘʪʲʯʥʦ. 
ʊʝʭʥʦʣʦʛʠʠʪʝ ʧʨʝʚʨʲʱʘʪ ʥʘʫʯʥʦʪʦ ʨʘʟʙʠʨʘʥʝ ʚ ʨʝʘʣʥʠ ʜʝʡʩʪʚʠʷ. ʅʘʧʨʠʤʝʨ, ʤʦʜʝʨʥʠʪʝ 
ʩʘʪʝʣʠʪʠ ʥʝ ʧʨʦʩʪʦ ʥʘʙʣʶʜʘʚʘʪ ɿʝʤʷʪʘ ï ʪʝ Ăʯʝʪʘʪñ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʘʪʤʦʩʬʝʨʘʪʘ, ʦʢʝʘʥʠʪʝ ʠ 
ʩʫʰʘʪʘ, ʦʙʨʘʙʦʪʚʘʪ  ̫ʩ ʧʦʤʦʱʪʘ ʥʘ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʠ  ̫ʧʨʝʜʘʚʘʪ ʢʲʤ ʫʯʝʥʠ ʠ ʠʥʩʪʠʪʫʮʠʠ, 
ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʚʟʝʤʘʪ ʨʝʰʝʥʠʷ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. 
 

 
 

ʉʘʪʝʣʠʪʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʩʘ ʞʠʚʦʪʦ ʜʦʢʘʟʘʪʝʣʩʪʚʦ ʢʘʢ ʥʘʫʢʘʪʘ ʠ ʠʥʞʝʥʝʨʩʪʚʦʪʦ ʤʦʛʘʪ ʜʘ 
ʩʝ ʢʦʤʙʠʥʠʨʘʪ ʚ ʫʩʣʫʛʘ ʥʘ ʧʣʘʥʝʪʘʪʘ. ʊʝ ʥʠ ʜʘʚʘʪ ʦʯʠ, ʩ ʢʦʠʪʦ ʜʘ ʚʠʞʜʘʤʝ ʛʣʦʙʘʣʥʠʪʝ ʧʨʦʤʝʥʠ, 



19 

 

ʠ ʠʥʩʪʨʫʤʝʥʪʠ, ʯʨʝʟ ʢʦʠʪʦ ʜʘ ʨʝʘʛʠʨʘʤʝ ï ʙʠʣʦ ʪʦ ʯʨʝʟ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʟʘ ʙʝʜʩʪʚʠʷ, ʘʥʘʣʠʟ ʥʘ 
ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʠʣʠ ʧʣʘʥʠʨʘʥʝ ʥʘ ʫʩʪʦʡʯʠʚʦ ʟʝʤʝʜʝʣʠʝ. 
ʊʘʟʠ ʩʠʤʙʠʦʟʘ ʤʝʞʜʫ ʥʘʫʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʥʠ ʜʘʚʘ ʥʘʜʝʞʜʘ. ʊ  ̫ʧʦʢʘʟʚʘ, ʯʝ ʩ ʠʥʪʝʣʠʛʝʥʪʝʥ 

ʧʦʜʭʦʜ, ʠʥʦʚʘʮʠʠ ʠ ʛʣʦʙʘʣʥʦ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ, ʯʦʚʝʯʝʩʪʚʦʪʦ ʤʦʞʝ ʜʘ ʦʪʛʦʚʦʨʠ ʥʘ ʝʢʦʣʦʛʠʯʥʘʪʘ 
ʢʨʠʟʘ ʠ ʜʘ ʩʝ ʛʨʠʞʠ ʟʘ ʩʚʦʷ ʜʦʤ ï ɿʝʤʷʪʘ. 
 

2. ʂʘʢʚʦ ʝ ʤʷʩʪʦʪʦ ʥʘ ʩʘʪʝʣʠʪʠʪʝ ʚ ʪʘʟʠ ʙʦʨʙʘ? 
 
ʉʘʪʝʣʠʪʠʪʝ ʩʘ ʥʘʰʠʪʝ ʦʯʠ ʚ ʂʦʩʤʦʩʘ. ʊʝ ʠʛʨʘʷʪ ʥʝʟʘʤʝʥʠʤʘ ʨʦʣʷ ʚ ʛʣʦʙʘʣʥʘʪʘ ʙʦʨʙʘ ʩ 

ʢʣʠʤʘʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ, ʢʘʪʦ ʧʨʝʜʦʩʪʘʚʷʪ ʪʦʯʥʠ, ʦʙʝʢʪʠʚʥʠ ʠ ʥʝʧʨʝʢʲʩʥʘʪʠ ʜʘʥʥʠ ʟʘ ʩʲʩʪʦʷʥʠʝʪʦ 
ʥʘ ʧʣʘʥʝʪʘʪʘ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʪʷʭ ʤʦʞʝʤ ʜʘ ʩʣʝʜʠʤ ʩ ʚʠʩʦʢʘ ʧʨʝʮʠʟʥʦʩʪ ʢʘʢ ʩʝ ʧʨʦʤʝʥʷʪ 
ʪʝʤʧʝʨʘʪʫʨʠʪʝ, ʢʘʢʚʦ ʝ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʧʦʣʷʨʥʠʪʝ ʣʝʜʥʠʮʠ, ʢʘʢ ʩʝ ʨʘʟʚʠʚʘʪ ʫʨʘʛʘʥʠʪʝ ʠʣʠ ʢʘʢ ʩʝ 
ʧʨʦʤʝʥʷ ʨʘʩʪʠʪʝʣʥʦʩʪʪʘ ʥʘ ɿʝʤʷʪʘ. 

 

   
 

ʅʦ ʩʘʪʝʣʠʪʠʪʝ ʥʝ ʧʨʦʩʪʦ ʥʘʙʣʶʜʘʚʘʪ ï ʪʝ ʧʨʝʜʫʧʨʝʞʜʘʚʘʪ. ʇʨʠ ʦʧʘʩʥʠ ʢʣʠʤʘʪʠʯʥʠ 
ʷʚʣʝʥʠʷ, ʢʘʪʦ ʥʘʚʦʜʥʝʥʠʷ, ʛʦʨʩʢʠ ʧʦʞʘʨʠ ʠʣʠ ʩʫʰʠ, ʩʘʪʝʣʠʪʥʠʪʝ ʩʥʠʤʢʠ ʠ ʘʥʘʣʠʟʠ ʤʦʛʘʪ ʜʘ 
ʩʧʘʩʷʪ ʞʠʚʦʪʠ, ʢʘʪʦ ʜʘʜʘʪ ʚʨʝʤʝ ʟʘ ʧʦʜʛʦʪʦʚʢʘ ʠ ʨʝʘʢʮʠʷ. ʊʝ ʩʲʱʦ ʪʘʢʘ ʠʛʨʘʷʪ ʢʨʠʪʠʯʥʘ ʨʦʣʷ ʚ 
ʤʦʜʝʣʠʨʘʥʝʪʦ ʠ ʧʨʦʛʥʦʟʠʪʝ ʟʘ ʙʲʜʝʱʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʢʣʠʤʘʪʘ ï ʢʦʝʪʦ ʝ ʦʪ ʨʝʰʘʚʘʱʦ ʟʥʘʯʝʥʠʝ 
ʟʘ ʧʦʣʠʪʠʢʠʪʝ ʥʘ ʜʲʨʞʘʚʠʪʝ ʠ ʛʣʦʙʘʣʥʠʪʝ ʝʢʦʣʦʛʠʯʥʠ ʩʧʦʨʘʟʫʤʝʥʠʷ. 
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ʄʷʩʪʦʪʦ ʥʘ ʩʘʪʝʣʠʪʠʪʝ ʚ ʙʦʨʙʘʪʘ ʩ ʢʣʠʤʘʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ ʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦ ï ʪʝ ʩʘ ʪʠʭʠʪʝ 
ʩʪʨʘʞʠ ʚ ʦʨʙʠʪʘ, ʢʦʠʪʦ ʥʝʫʤʦʨʥʦ ʩʣʝʜʷʪ, ʟʘʧʠʩʚʘʪ ʠ ʩʧʦʜʝʣʷʪ ʮʝʥʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʟʘ ʜʘ ʤʦʞʝʤ 
ʥʠʝ ʥʘ ɿʝʤʷʪʘ ʜʘ ʜʝʡʩʪʚʘʤʝ ʤʲʜʨʦ, ʦʪʛʦʚʦʨʥʦ ʠ ʥʘʚʨʝʤʝ. 

ʉʘʪʝʣʠʪʠʪʝ ʩʲʙʠʨʘʪ ʜʘʥʥʠ ʟʘ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ ʢʣʠʤʘʪʠʯʥʠ ʧʘʨʘʤʝʪʨʠ. ʊʝ ʠʟʤʝʨʚʘʪ 
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʲʟʜʫʭʘ ʠ ʧʦʚʲʨʭʥʦʩʪʪʘ, ʚʣʘʞʥʦʩʪʪʘ, ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʣʝʜʝʥʠʪʝ ʧʦʢʨʠʚʢʠ, 
ʥʠʚʘʪʘ ʥʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ, ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʨʘʩʪʠʪʝʣʥʦʩʪʪʘ, ʚʦʜʥʠʪʝ ʨʝʩʫʨʩʠ ʠ ʤʥʦʛʦ ʜʨʫʛʠ. 
ɽʜʠʥ ʦʪ ʚʦʜʝʱʠʪʝ ʧʨʠʤʝʨʠ ʟʘ ʛʣʦʙʘʣʥʘ ʩʘʪʝʣʠʪʥʘ ʧʨʦʛʨʘʤʘ ʝ Ăʂʦʧʝʨʥʠʢñ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ. 
ʊ  ̫ʠʟʧʦʣʟʚʘ ʩʝʨʠʷ ʦʪ ʩʘʪʝʣʠʪʠ, ʥʘʨʝʯʝʥʠ Sentinel, ʢʦʠʪʦ ʧʨʝʜʦʩʪʘʚʷʪ ʜʝʪʘʡʣʥʠ ʠ ʜʦʩʪʲʧʥʠ ʜʘʥʥʠ 
ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʢʣʠʤʘʪʘ. ʊʝʟʠ ʜʘʥʥʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʦʪ ʫʯʝʥʠ, ʧʨʘʚʠʪʝʣʩʪʚʘ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘ 
ʨʘʥʥʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ, ʧʣʘʥʠʨʘʥʝ ʥʘ ʧʦʣʠʪʠʢʠ ʠ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ. 
ʉʘʪʝʣʠʪʠʪʝ ʩʲʱʦ ʪʘʢʘ ʧʦʜʧʦʤʘʛʘʪ ʥʘʙʣʶʜʝʥʠʝʪʦ ʥʘ ʧʨʠʨʦʜʥʠ ʙʝʜʩʪʚʠʷ ï ʧʦʞʘʨʠ, ʥʘʚʦʜʥʝʥʠʷ, 
ʩʫʰʠ ï ʢʦʠʪʦ ʩʪʘʚʘʪ ʚʩʝ ʧʦ-ʯʝʩʪʠ ʟʘʨʘʜʠ ʢʣʠʤʘʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ.  
 

 
3. ʂʘʢʚʦ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʩʘʪʝʣʠʪʠʪʝ? 

 

 
 
ʉʘʪʝʣʠʪʠʪʝ ʩʘ ʠʟʢʫʩʪʚʝʥʠ ʦʙʝʢʪʠ, ʠʟʩʪʨʝʣʷʥʠ ʚ ʦʨʙʠʪʘ ʦʢʦʣʦ ɿʝʤʷʪʘ ʠʣʠ ʜʨʫʛʠ ʥʝʙʝʩʥʠ 

ʪʝʣʘ, ʩ ʮʝʣ ʜʘ ʩʲʙʠʨʘʪ, ʧʨʝʜʘʚʘʪ ʠ ʘʥʘʣʠʟʠʨʘʪ ʠʥʬʦʨʤʘʮʠʷ. ʊʝ ʩʝ ʜʚʠʞʘʪ ʩ ʚʠʩʦʢʘ ʩʢʦʨʦʩʪ ʠ 
ʦʙʠʢʘʣʷʪ ʧʣʘʥʝʪʘʪʘ ʧʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʠ ʦʨʙʠʪʠ, ʢʘʪʦ ʠʟʧʦʣʟʚʘʪ ʨʘʟʣʠʯʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ 
ʥʘʙʣʶʜʝʥʠʝ, ʢʦʤʫʥʠʢʘʮʠʷ ʠ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ. 

 
4. ʂʨʘʪʢʘ ʠʩʪʦʨʠʷ ʥʘ ʩʘʪʝʣʠʪʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ 

 
ʇʲʨʚʠʷʪ ʠʟʢʫʩʪʚʝʥ ʩʘʪʝʣʠʪ ï Ăʉʧʫʪʥʠʢ 1ñ ï ʝ ʠʟʩʪʨʝʣʷʥ ʦʪ ʉʲʚʝʪʩʢʠʷ ʩʲʶʟ ʥʘ 4 ʦʢʪʦʤʚʨʠ 

1957 ʛ. ʊʦʡ ʦʪʙʝʣʷʟʚʘ ʥʘʯʘʣʦʪʦ ʥʘ ʢʦʩʤʠʯʝʩʢʘʪʘ ʝʨʘ ʠ ʦʪʢʨʠʚʘ ʥʦʚʘ ʝʧʦʭʘ ʚ ʪʝʭʥʦʣʦʛʠʯʥʦʪʦ 
ʨʘʟʚʠʪʠʝ. ʄʘʣʢʦ ʧʦ-ʢʲʩʥʦ, ʧʨʝʟ 1960-ʪʝ ʛʦʜʠʥʠ, ʩʝ ʧʦʷʚʷʚʘʪ ʧʲʨʚʠʪʝ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʠ 
ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʩʘʪʝʣʠʪʠ. 
ʉ ʥʘʧʨʝʜʚʘʥʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ, ʩʘʪʝʣʠʪʠʪʝ ʩʪʘʚʘʪ ʚʩʝ ʧʦ-ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʠ ï ʩ ʧʦ-ʜʦʙʨʠ 

ʩʝʥʟʦʨʠ, ʧʦ-ʜʲʣʲʛ ʞʠʚʦʪ ʠ ʧʦ-ʧʨʝʮʠʟʥʠ ʠʥʩʪʨʫʤʝʥʪʠ. ɼʥʝʩ ʠʤʘ ʭʠʣʷʜʠ ʩʘʪʝʣʠʪʠ ʚ ʦʨʙʠʪʘ, 
ʠʟʧʲʣʥʷʚʘʱʠ ʨʘʟʣʠʯʥʠ ʬʫʥʢʮʠʠ ï ʦʪ ʩʣʝʜʝʥʝ ʥʘ ʚʨʝʤʝʪʦ ʠ ʢʣʠʤʘʪʘ ʜʦ ʛʣʦʙʘʣʥʦ ʧʦʟʠʮʠʦʥʠʨʘʥʝ 
(GPS), ʪʝʣʝʚʠʟʠʦʥʥʠ ʧʨʝʜʘʚʘʥʠʷ ʠ ʜʦʨʠ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʚʦʝʥʥʘ ʘʢʪʠʚʥʦʩʪ. 
ʉʲʚʨʝʤʝʥʥʠʪʝ ʝʢʦʣʦʛʠʯʥʠ ʠ ʢʣʠʤʘʪʠʯʥʠ ʩʘʪʝʣʠʪʠ ʩʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʜʘ ʩʲʙʠʨʘʪ ʜʘʥʥʠ 

ʟʘ ʘʪʤʦʩʬʝʨʘʪʘ, ʦʢʝʘʥʠʪʝ, ʨʘʩʪʠʪʝʣʥʦʩʪʪʘ ʠ ʣʝʜʝʥʠʪʝ ʧʦʢʨʠʚʢʠ. ʊʝ ʩʘ ʚ ʦʩʥʦʚʘʪʘ ʥʘ 
ʢʣʠʤʘʪʠʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʠʛʨʘʷʪ ʚʘʞʥʘ ʨʦʣʷ ʚ ʫʩʪʦʡʯʠʚʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʠʨʦʜʥʠʪʝ 
ʨʝʩʫʨʩʠ. 

 
5. ɺʠʜʦʚʝ ʩʘʪʝʣʠʪʠ 

ʉʘʪʝʣʠʪʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʩʧʦʨʝʜ ʩʚʦʷʪʘ ʬʫʥʢʮʠʷ. ɽʪʦ ʦʩʥʦʚʥʠʪʝ ʪʠʧʦʚʝ: 
 

5.1.  ʄʝʪʝʦʨʦʣʦʛʠʯʥʠ ʩʘʪʝʣʠʪʠ 
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ʊʝ ʥʘʙʣʶʜʘʚʘʪ ʘʪʤʦʩʬʝʨʘʪʘ ʠ ʧʨʝʜʦʩʪʘʚʷʪ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʚʨʝʤʝʪʦ ʠ ʢʣʠʤʘʪʘ. ʉ 
ʧʦʤʦʱʪʘ ʥʘ ʪʷʭ ʤʦʞʝʤ ʜʘ ʩʣʝʜʠʤ ʦʙʣʘʯʥʦʩʪʪʘ, ʪʝʤʧʝʨʘʪʫʨʠʪʝ, ʚʘʣʝʞʠʪʝ, ʮʠʢʣʦʥʠʪʝ ʠ ʜʨʫʛʠ 
ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʷʚʣʝʥʠʷ. ʀʟʧʦʣʟʚʘʪ ʩʝ ʦʪ ʥʘʮʠʦʥʘʣʥʠ ʩʣʫʞʙʠ ʧʦ ʤʝʪʝʦʨʦʣʦʛʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ 
ʢʘʪʦ EUMETSAT ʠ NOAA. 

 
Meteosat (ɽʚʨʦʧʘ), GOES (ʉɸʑ) 

 

 
 

5.2. ʂʦʤʫʥʠʢʘʮʠʦʥʥʠ ʩʘʪʝʣʠʪʠ 

 
ʊʝʟʠ ʩʘʪʝʣʠʪʠ ʩʣʫʞʘʪ ʟʘ ʧʨʝʜʘʚʘʥʝ ʥʘ ʩʠʛʥʘʣʠ ʟʘ ʪʝʣʝʚʠʟʠʷ, ʨʘʜʠʦ, ʠʥʪʝʨʥʝʪ ʠ 

ʪʝʣʝʬʦʥʠʷ. ʊʝ ʦʩʠʛʫʨʷʚʘʪ ʚʨʲʟʢʠ ʤʝʞʜʫ ʢʦʥʪʠʥʝʥʪʠ, ʢʦʨʘʙʠ, ʩʘʤʦʣʝʪʠ ʠ ʦʪʜʘʣʝʯʝʥʠ ʨʝʛʠʦʥʠ. 
 

Inmarsat, Intelsat, Starlink (ʩʘʪʝʣʠʪʝʥ ʠʥʪʝʨʥʝʪ ʦʪ SpaceX) 
 

 
 

5.3. ʅʘʙʣʶʜʘʪʝʣʥʠ ʠ ʟʝʤʥʦʥʘʙʣʶʜʘʪʝʣʥʠ ʩʘʪʝʣʠʪʠ 
 
ʀʟʧʦʣʟʚʘʪ ʩʝ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ɿʝʤʷʪʘ ï ʟʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ, ʨʘʩʪʠʪʝʣʥʦʩʪ, ʚʦʜʥʠ ʨʝʩʫʨʩʠ, 

ʟʘʤʲʨʩʷʚʘʥʝ ʠ ʢʣʠʤʘʪʠʯʥʠ ʧʨʦʤʝʥʠ. ʊʝ ʩʘ ʦʩʥʦʚʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʚ ʙʦʨʙʘʪʘ ʩ ʢʣʠʤʘʪʠʯʥʠʪʝ 
ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ. 

 
Sentinel (ʧʨʦʛʨʘʤʘ Ăʂʦʧʝʨʥʠʢñ), Landsat (NASA ʠ USGS) 
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5.4. ʅʘʚʠʛʘʮʠʦʥʥʠ ʩʘʪʝʣʠʪʠ 
 
ʉʲʟʜʘʚʘʪ ʛʣʦʙʘʣʥʠ ʩʠʩʪʝʤʠ ʟʘ ʧʦʟʠʮʠʦʥʠʨʘʥʝ ï ʢʘʪʦ GPS, Galileo, GLONASS. ʀʟʧʦʣʟʚʘʪ 

ʩʝ ʚ ʪʨʘʥʩʧʦʨʪʘ, ʚʦʝʥʥʠʪʝ ʦʧʝʨʘʮʠʠ, ʩʧʘʩʠʪʝʣʥʠ ʤʠʩʠʠ ʠ ʝʞʝʜʥʝʚʥʠ ʥʘʚʠʛʘʮʠʠ 
 

GPS (ʉɸʑ), Galileo (ɽʉ) 
 

 
 

5.5. ɺʦʝʥʥʠ ʠ ʨʘʟʫʟʥʘʚʘʪʝʣʥʠ ʩʘʪʝʣʠʪʠ 
ʀʟʧʦʣʟʚʘʪ ʩʝ ʟʘ ʥʘʙʣʶʜʝʥʠʝ, ʢʦʤʫʥʠʢʘʮʠʠ ʠ ʨʘʟʫʟʥʘʚʘʪʝʣʥʠ ʮʝʣʠ ʦʪ ʨʘʟʣʠʯʥʠ ʜʲʨʞʘʚʠ. 

ʊʝʭʥʠʪʝ ʬʫʥʢʮʠʠ ʯʝʩʪʦ ʩʘ ʟʘʩʝʢʨʝʪʝʥʠ. 
 
 

Lacrosse (ʉɸʑ), Kosmos (ʈʫʩʠʷ) 
 

 
 
 

6. ʂʘʢ ʩʘʪʝʣʠʪʠʪʝ ʩʣʝʜʷʪ ʢʣʠʤʘʪʘ? 
 
ʉʘʪʝʣʠʪʠʪʝ ʩʘ ʥʝʟʘʤʝʥʠʤ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʛʣʦʙʘʣʥʦ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʢʣʠʤʘʪʘ, ʟʘʱʦʪʦ 

ʦʩʠʛʫʨʷʚʘʪ ʧʦʩʪʦʷʥʝʥ ʠ ʧʨʝʮʠʟʝʥ ʧʦʪʦʢ ʦʪ ʜʘʥʥʠ ʦʪ ʚʩʷʢʘ ʪʦʯʢʘ ʥʘ ɿʝʤʷʪʘ ï ʚʢʣʶʯʠʪʝʣʥʦ ʦʪ 
ʦʪʜʘʣʝʯʝʥʠ, ʪʨʫʜʥʦʜʦʩʪʲʧʥʠ ʠʣʠ ʦʧʘʩʥʠ ʟʦʥʠ. ɽʪʦ ʢʘʢʚʦ ʠ ʢʘʢ ʠʟʤʝʨʚʘʪ: 

 
6.1. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʟʜʫʭʘ ʠ ʧʦʚʲʨʭʥʦʩʪʪʘ 

 
ʉʘʪʝʣʠʪʠʪʝ ʠʟʧʦʣʟʚʘʪ ʠʥʬʨʘʯʝʨʚʝʥʠ ʠ ʤʠʢʨʦʚʲʣʥʦʚʠ ʩʝʥʟʦʨʠ, ʟʘ ʜʘ ʠʟʤʝʨʚʘʪ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ, ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʠ ʦʢʝʘʥʠʪʝ. ʊʦʚʘ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʘʞʥʦ ʟʘ 
ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʪʨʝʥʜʦʚʝ ʚ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʷʥʝ. 
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6.2. ɺʣʘʞʥʦʩʪ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ 
 

ʉ ʧʦʤʦʱʪʘ ʥʘ ʨʘʜʠʦʤʝʪʨʠ, ʩʘʪʝʣʠʪʠʪʝ ʩʣʝʜʷʪ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ ʚ ʨʘʟʣʠʯʥʠ 
ʩʣʦʝʚʝ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ. ʊʦʚʘ ʝ ʢʣʶʯʦʚ ʧʘʨʘʤʝʪʲʨ ʟʘ ʧʨʦʛʥʦʟʠʨʘʥʝʪʦ ʥʘ ʚʘʣʝʞʠ, ʙʫʨʠ ʠ 
ʟʘʩʫʰʘʚʘʥʠʷ. 

 
6.3. ʃʝʜʝʥʠ ʧʦʢʨʠʚʢʠ ʠ ʛʣʝʪʯʝʨʠ 

 
ʉʘʪʝʣʠʪʠʪʝ ʠʟʧʦʣʟʚʘʪ ʨʘʜʘʨʥʠ ʠ ʣʘʟʝʨʥʠ ʘʣʪʠʤʝʪʨʠ, ʟʘ ʜʘ ʥʘʙʣʶʜʘʚʘʪ ʧʣʦʱʪʘ ʠ 

ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʧʦʣʷʨʥʠʪʝ ʣʝʜʝʥʠ h ʘʧʢʠ ʠ ʛʣʝʪʯʝʨʠ. ʊʝ ʤʦʛʘʪ ʜʘ ʨʝʛʠʩʪʨʠʨʘʪ ʜʦʨʠ ʤʘʣʢʠ ʧʨʦʤʝʥʠ 
ʚ ʣʝʜʝʥʘʪʘ ʤʘʩʘ. 

 
6.4. ʅʠʚʦ ʥʘ ʤʦʨʝʪʘʪʘ 

 
ʉʘʪʝʣʠʪʠʪʝ ʠʟʤʝʨʚʘʪ ʧʦʢʘʯʚʘʥʝʪʦ ʥʘ ʤʦʨʩʢʦʪʦ ʨʘʚʥʠʱʝ ʯʨʝʟ ʨʘʜʘʨʥʠ ʘʣʪʠʤʝʪʨʠ. ʊʦʚʘ ʝ 

ʚʘʞʥʦ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʨʠʩʢʘ ʦʪ ʥʘʚʦʜʥʝʥʠʷ ʚ ʢʨʘʡʙʨʝʞʥʠʪʝ ʨʘʡʦʥʠ. 
 
6.5. ʋʨʘʛʘʥʠ ʠ ʪʨʦʧʠʯʝʩʢʠ ʮʠʢʣʦʥʠ 

 
ʉʘʪʝʣʠʪʥʠʪʝ ʩʝʥʟʦʨʠ ʟʘʩʠʯʘʪ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʫʨʘʛʘʥʠ ʥʘʜ ʦʢʝʘʥʠʪʝ, ʧʨʦʩʣʝʜʷʚʘʪ 

ʪʷʭʥʘʪʘ ʪʨʘʝʢʪʦʨʠʷ, ʩʠʣʘ ʠ ʨʘʟʚʠʪʠʝ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʨʘʥʥʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʠ ʧʨʝʜʧʨʠʝʤʘʥʝ ʥʘ 
ʟʘʱʠʪʥʠ ʤʝʨʢʠ ʚ ʟʘʩʝʛʥʘʪʠʪʝ ʨʝʛʠʦʥʠ. 

 
ʉʘʪʝʣʠʪʠʪʝ GOES (ʉɸʑ) ʠ Sentinel-4 ʩʣʝʜʷʪ ʘʪʤʦʩʬʝʨʥʠʪʝ ʫʩʣʦʚʠʷ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. 
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6.6. ʅʘʚʦʜʥʝʥʠʷ 
 

ʉʘʪʝʣʠʪʠʪʝ ʠʟʤʝʨʚʘʪ ʥʠʚʦʪʦ ʥʘ ʨʝʢʠʪʝ ʠ ʩʣʝʜʷʪ ʟʘ ʥʘʚʦʜʥʝʥʠ ʪʝʨʠʪʦʨʠʠ ʯʨʝʟ ʨʘʜʘʨʥʠ 
ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʠʪʦ Ăʚʠʞʜʘʪñ ʜʦʨʠ ʧʨʝʟ ʦʙʣʘʮʠ. ʊʦʚʘ ʝ ʦʩʦʙʝʥʦ ʧʦʣʝʟʥʦ ʧʨʠ ʙʫʨʥʠ ʚʘʣʝʞʠ ʠ 
ʧʨʝʣʠʚʘʥʝ ʥʘ ʷʟʦʚʠʨʠ. 

Sentinel-1 ʠʟʧʦʣʟʚʘ ʨʘʜʘʨʥʘ ʪʝʭʥʦʣʦʛʠʷ (SAR), ʟʘ ʜʘ ʟʘʩʠʯʘ ʧʨʦʤʝʥʠʪʝ ʚ ʧʦʚʲʨʭʥʦʩʪʪʘ 
ʥʘ ɿʝʤʷʪʘ. 

 
6.7. ʉʫʰʠ ʠ ʟʘʩʫʰʘʚʘʥʠʷ 

 
ʇʨʦʜʲʣʞʠʪʝʣʥʠʪʝ ʧʝʨʠʦʜʠ ʙʝʟ ʚʘʣʝʞʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʟʘʩʝʯʝʥʠ ʯʨʝʟ ʥʘʙʣʶʜʝʥʠʝ ʥʘ 

ʨʘʩʪʠʪʝʣʥʦʩʪʪʘ, ʚʣʘʞʥʦʩʪʪʘ ʥʘ ʧʦʯʚʘʪʘ ʠ ʪʝʨʤʘʣʥʠ ʘʥʦʤʘʣʠʠ. ʊʦʚʘ ʝ ʚʘʞʥʦ ʟʘ ʟʝʤʝʜʝʣʠʝʪʦ ʠ 
ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʚʦʜʥʠʪʝ ʨʝʩʫʨʩʠ. 

ʇʨʦʛʨʘʤʘʪʘ Ăʂʦʧʝʨʥʠʢñ ʦʩʠʛʫʨʷʚʘ ʨʝʛʫʣʷʨʥʠ ʜʘʥʥʠ ʟʘ ʧʦʯʚʝʥʘ ʚʣʘʛʘ ʠ ʟʜʨʘʚʝʪʦ ʥʘ 
ʢʫʣʪʫʨʠʪʝ ʯʨʝʟ Sentinel-3. 

ʇʨʦʛʨʘʤʘʪʘ Ăʂʦʧʝʨʥʠʢñ ʥʘ ɽʉ 
Ăʂʦʧʝʨʥʠʢñ ʝ ʚʦʜʝʱʘʪʘ ʧʨʦʛʨʘʤʘ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ɿʝʤʷʪʘ. ʊ  ̫

ʦʙʝʜʠʥʷʚʘ ʰʝʩʪ ʦʩʥʦʚʥʠ ʪʝʤʘʪʠʯʥʠ ʫʩʣʫʛʠ ï ʟʘ ʘʪʤʦʩʬʝʨʘʪʘ, ʢʣʠʤʘʪʘ, ʩʫʰʘʪʘ, ʦʢʝʘʥʠʪʝ, 
ʩʠʛʫʨʥʦʩʪʪʘ ʠ ʠʟʚʲʥʨʝʜʥʠʪʝ ʩʠʪʫʘʮʠʠ. ʉʘʪʝʣʠʪʠʪʝ Sentinel, ʯʘʩʪ ʦʪ ʧʨʦʛʨʘʤʘʪʘ, ʩʲʙʠʨʘʪ ʠ 
ʧʨʝʜʣʘʛʘʪ ʜʘʥʥʠ ʩ ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ, ʪʦʯʥʦʩʪ ʠ ʧʫʙʣʠʯʥʘ ʜʦʩʪʲʧʥʦʩʪ. 

ʇʨʦʛʨʘʤʘʪʘ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʘʞʥʘ ʟʘ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʝʢʩʪʨʝʤʥʠ ʢʣʠʤʘʪʠʯʥʠ ʷʚʣʝʥʠʷ ʚ 
ʨʝʘʣʥʦ ʚʨʝʤʝ ʠ ʧʨʝʜʦʩʪʘʚʷ ʠʥʬʦʨʤʘʮʠʷ ʢʘʢʪʦ ʥʘ ʫʯʝʥʠ, ʪʘʢʘ ʠ ʥʘ ʠʥʩʪʠʪʫʮʠʠ ʠ ʛʨʘʞʜʘʥʠ. 

 
6.8. ɼʦʧʲʣʥʠʪʝʣʥʠ ʠʟʤʝʨʚʘʥʠʷ: 

 
 ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ ʠ ʜʨʫʛʠ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ. 
 ʉʲʩʪʦʷʥʠʝ ʥʘ ʨʘʩʪʠʪʝʣʥʦʩʪʪʘ (NDVI ï ʠʥʜʝʢʩ ʥʘ ʟʝʣʝʥʠʷ ʧʦʢʨʠʚ). 
 ʆʙʣʘʯʥʦʩʪ ʠ ʝʥʝʨʛʠʡʥʠʷ ʙʘʣʘʥʩ ʥʘ ɿʝʤʷʪʘ. 
 ʇʨʝʜʠʤʩʪʚʘ ʥʘ ʩʘʪʝʣʠʪʥʠʪʝ ʥʘʙʣʶʜʝʥʠʷ 
ʉʘʪʝʣʠʪʠʪʝ ʩʘ ʫʥʠʢʘʣʝʥ ʠʥʩʪʨʫʤʝʥʪ ʚ ʢʣʠʤʘʪʠʯʥʘʪʘ ʥʘʫʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʧʨʠʨʦʜʥʠʪʝ 

ʨʝʩʫʨʩʠ. ʊʝ ʧʨʝʜʦʩʪʘʚʷʪ ʨʝʜʠʮʘ ʧʨʝʜʠʤʩʪʚʘ, ʢʦʠʪʦ ʛʠ ʧʨʘʚʷʪ ʥʝʟʘʤʝʥʠʤʠ ʚ ʩʲʚʨʝʤʝʥʥʠʷ ʩʚʷʪ: 
 

7. ʇʨʝʜʠʤʩʪʚʘ ʥʘ ʩʘʪʝʣʠʪʥʠʪʝ ʥʘʙʣʶʜʝʥʠʷ 
 

¶ ɻʣʦʙʘʣʝʥ ʦʙʭʚʘʪ ʠ ʥʝʧʨʝʢʲʩʥʘʪ ʤʦʥʠʪʦʨʠʥʛ 
 

ɽʜʥʦ ʦʪ ʥʘʡ-ʛʦʣʝʤʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʥʘ ʩʘʪʝʣʠʪʠʪʝ ʝ ʩʧʦʩʦʙʥʦʩʪʪʘ ʠʤ ʜʘ ʥʘʙʣʶʜʘʚʘʪ 
ʮʷʣʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ɿʝʤʷʪʘ ï ʦʪ ʝʢʚʘʪʦʨʘ ʜʦ ʧʦʣʶʩʠʪʝ. ʊʝ ʦʙʠʢʘʣʷʪ ʧʣʘʥʝʪʘʪʘ ʥʷʢʦʣʢʦ ʧʲʪʠ 
ʥʘ ʜʝʥ ʠ ʦʩʠʛʫʨʷʚʘʪ ʥʝʧʨʝʢʲʩʥʘʪ ʧʦʪʦʢ ʦʪ ʜʘʥʥʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʛʝʦʛʨʘʬʩʢʦʪʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ. 

ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʥʘʙʣʶʜʝʥʠʝ ʥʝ ʩʘʤʦ ʥʘ ʦʙʠʪʘʝʤʠʪʝ ʟʦʥʠ, ʥʦ ʠ ʥʘ ʦʪʜʘʣʝʯʝʥʠ, 
ʪʨʫʜʥʦʜʦʩʪʲʧʥʠ ʠʣʠ ʦʧʘʩʥʠ ʨʝʛʠʦʥʠ ï ʢʘʪʦ ɸʨʢʪʠʢʘ, ʦʢʝʘʥʠʪʝ, ʜʞʫʥʛʣʠʪʝ ʠʣʠ ʧʫʩʪʠʥʠʪʝ. 

 

¶ ʆʙʝʢʪʠʚʥʠ ʠ ʪʦʯʥʠ ʜʘʥʥʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ 
 

ʉʘʪʝʣʠʪʠʪʝ ʠʟʧʦʣʟʚʘʪ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʠ ʩʝʥʟʦʨʠ, ʢʦʠʪʦ ʠʟʤʝʨʚʘʪ ʨʘʟʣʠʯʥʠ ʧʘʨʘʤʝʪʨʠ 
ʩ ʠʟʢʣʶʯʠʪʝʣʥʘ ʪʦʯʥʦʩʪ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʛʘ, ʥʠʚʦ ʥʘ ʤʦʨʝʪʦ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʛʘʟʦʚʝ ʠ ʜʨ. ʊʝ 
ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʯʦʚʝʰʢʠ ʥʘʙʣʶʜʘʪʝʣʠ, ʢʦʝʪʦ ʛʘʨʘʥʪʠʨʘ ʦʙʝʢʪʠʚʥʦʩʪ ʠ ʩʲʚʤʝʩʪʠʤʦʩʪ ʥʘ ʜʘʥʥʠʪʝ. 

ɼʘʥʥʠʪʝ ʩʘ ʜʦʩʪʲʧʥʠ ʧʦʯʪʠ ʚʝʜʥʘʛʘ ʩʣʝʜ ʟʘʩʥʝʤʘʥʝʪʦ ï ʪʦʚʘ ʝ ʢʣʶʯʦʚʦ ʟʘ ʥʘʚʨʝʤʝʥʝʥ 
ʘʥʘʣʠʟ ʠ ʨʝʘʢʮʠʷ ʧʨʠ ʩʧʝʰʥʠ ʩʠʪʫʘʮʠʠ. 

 

¶ ɺʲʟʤʦʞʥʦʩʪ ʟʘ ʧʨʦʛʥʦʟʠ ʠ ʨʘʥʥʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ 
 

ʉ ʧʦʤʦʱʪʘ ʥʘ ʩʘʪʝʣʠʪʥʠ ʥʘʙʣʶʜʝʥʠʷ ʩʝ ʠʟʛʦʪʚʷʪ ʧʦ-ʪʦʯʥʠ ʧʨʦʛʥʦʟʠ ʟʘ ʚʨʝʤʝʪʦ ʠ ʩʝ 
ʩʲʟʜʘʚʘʪ ʢʦʤʧʶʪʲʨʥʠ ʤʦʜʝʣʠ ʟʘ ʧʨʝʜʚʠʞʜʘʥʝ ʥʘ ʢʣʠʤʘʪʠʯʥʠ ʧʨʦʤʝʥʠ. ʊʝ ʧʦʤʘʛʘʪ ʥʘ ʫʯʝʥʠʪʝ ʠ 
ʠʥʩʪʠʪʫʮʠʠʪʝ ʜʘ ʨʘʟʧʦʟʥʘʷʪ ʨʘʥʥʠ ʧʨʠʟʥʘʮʠ ʥʘ ʩʫʰʘ, ʫʨʘʛʘʥ ʠʣʠ ʥʘʚʦʜʥʝʥʠʝ ʠ ʜʘ ʧʨʝʜʫʧʨʝʜʷʪ 
ʥʘʩʝʣʝʥʠʝʪʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ. 

ʊʦʚʘ ʩʧʘʩʷʚʘ ʞʠʚʦʪʠ, ʦʧʘʟʚʘ ʠʤʫʱʝʩʪʚʦ ʠ ʥʘʤʘʣʷʚʘ ʩʦʮʠʘʣʥʦ-ʠʢʦʥʦʤʠʯʝʩʢʠʪʝ ʱʝʪʠ. 
 
 

¶ ʈʦʣʷ ʥʘ ʩʘʪʝʣʠʪʠʪʝ ʚ ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʧʦʣʠʪʠʢʠ 
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ʉʘʪʝʣʠʪʥʠʪʝ ʜʘʥʥʠ ʥʝ ʩʘʤʦ ʥʠ ʧʦʢʘʟʚʘʪ ʢʘʢʚʦ ʩʝ ʩʣʫʯʚʘ ʩ ʢʣʠʤʘʪʘ, ʥʦ ʠ ʩʣʫʞʘʪ ʢʘʪʦ 
ʦʩʥʦʚʘ ʟʘ ʥʘʫʯʥʠ ʘʥʘʣʠʟʠ, ʤʝʞʜʫʥʘʨʦʜʥʠ ʩʧʦʨʘʟʫʤʝʥʠʷ ʠ ʝʢʦʣʦʛʠʯʥʠ ʧʦʣʠʪʠʢʠ. ʊʝ ʧʨʝʚʨʲʱʘʪ 
ʥʝʚʠʜʠʤʠʪʝ ʧʨʦʤʝʥʠ ʚ ʢʦʥʢʨʝʪʥʠ ʠ ʠʟʤʝʨʠʤʠ ʬʘʢʪʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʚʟʝʤʘʥʝ 
ʥʘ ʨʝʰʝʥʠʷ. 
 

8. ʈʦʣʷ ʚ ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʧʦʣʠʪʠʢʠ 
 

 ʂʘʢ ʫʯʝʥʠʪʝ ʠʟʧʦʣʟʚʘʪ ʜʘʥʥʠʪʝ ʦʪ ʩʘʪʝʣʠʪʠ 
 

ʀʟʩʣʝʜʦʚʘʪʝʣʠʪʝ ʧʦ ʮʷʣ ʩʚʷʪ ʠʟʧʦʣʟʚʘʪ ʩʘʪʝʣʠʪʥʠ ʜʘʥʥʠ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʣʠʤʘʪʠʯʥʠ 
ʤʦʜʝʣʠ, ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ ʜʲʣʛʦʩʨʦʯʥʠ ʪʝʥʜʝʥʮʠʠ ʠ ʧʨʦʚʝʨʢʘ ʥʘ ʭʠʧʦʪʝʟʠ. ɼʘʥʥʠʪʝ ʟʘ 
ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʛʘ, ʦʙʣʘʯʥʦʩʪ, ʝʤʠʩʠʠ ʠ ʣʝʜʝʥʘ ʧʦʢʨʠʚʢʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ: 

¶ ɸʢʘʜʝʤʠʯʥʠ ʧʨʦʫʯʚʘʥʠʷ ʟʘ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʷʥʝ. 

¶ ʆʮʝʥʢʘ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʯʦʚʝʰʢʘʪʘ ʜʝʡʥʦʩʪ ʚʲʨʭʫ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. 

¶ ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ ʦʢʝʘʥʠ, ʘʪʤʦʩʬʝʨʘ ʠ ʙʠʦʩʬʝʨʘ. 
ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʪʦʧʝʥʝʪʦ ʥʘ ʘʨʢʪʠʯʝʩʢʠʪʝ ʣʝʜʦʚʝ ʩ ʜʘʥʥʠ ʦʪ Sentinel-1 ʠ ICESat-2. 
 

 ʇʨʠʥʦʩ ʟʘ ʤʝʞʜʫʥʘʨʦʜʥʠ ʫʩʠʣʠʷ ï ʇʘʨʠʞʢʦ ʩʧʦʨʘʟʫʤʝʥʠʝ, ʆʆʅ ʠ ʜʨ. 
 

ʉʘʪʝʣʠʪʥʠʪʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʜʢʨʝʧʷʪ ʛʣʦʙʘʣʥʠ ʠʥʠʮʠʘʪʠʚʠ ʟʘ ʢʣʠʤʘʪʠʯʥʦ ʜʝʡʩʪʚʠʝ: 

¶ ʇʘʨʠʞʢʦ ʩʧʦʨʘʟʫʤʝʥʠʝ (2015) ï ʩʘʪʝʣʠʪʥʠʪʝ ʜʘʥʥʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ 
ʘʥʛʘʞʠʤʝʥʪʠʪʝ ʥʘ ʜʲʨʞʘʚʠʪʝ ʦʪʥʦʩʥʦ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ. 

¶ ʆʆʅ ʠ IPCC ï ʥʘʫʯʥʠʪʝ ʜʦʢʣʘʜʠ ʥʘ ʄʝʞʜʫʧʨʘʚʠʪʝʣʩʪʚʝʥʠʷ ʧʘʥʝʣ ʧʦ ʢʣʠʤʘʪʠʯʥʠ 
ʧʨʦʤʝʥʠ ʩʝ ʙʘʟʠʨʘʪ ʥʘ ʩʘʪʝʣʠʪʥʠ ʠ ʥʘʟʝʤʥʠ ʠʟʤʝʨʚʘʥʠʷ. 

¶ ʇʨʦʛʨʘʤʘ GEO ï ʛʣʦʙʘʣʥʦ ʧʘʨʪʥʴʦʨʩʪʚʦ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ɿʝʤʷʪʘ, ʚ ʢʦʝʪʦ ʫʯʘʩʪʚʘʪ ʥʘʜ 
100 ʜʲʨʞʘʚʠ. 
 

 ʇʦʜʧʦʤʘʛʘʥʝ ʥʘ ʝʢʦʣʦʛʠʯʥʠ ʧʨʦʛʨʘʤʠ ʠ ʘʜʘʧʪʘʮʠʦʥʥʠ ʤʝʨʢʠ 
 

ʉʘʪʝʣʠʪʥʠʪʝ ʜʘʥʥʠ ʧʦʜʧʦʤʘʛʘʪ ʥʘʮʠʦʥʘʣʥʠʪʝ ʠ ʤʝʩʪʥʠ ʧʨʘʚʠʪʝʣʩʪʚʘ ʚ: 

¶ ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʧʣʘʥʦʚʝ ʟʘ ʘʜʘʧʪʘʮʠʷ ʢʲʤ ʢʣʠʤʘʪʠʯʥʠ ʧʨʦʤʝʥʠ. 

¶ ʄʦʥʠʪʦʨʠʥʛ ʥʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝʪʦ ʠ ʟʘʱʠʪʝʥʠʪʝ ʪʝʨʠʪʦʨʠʠ. 

¶ ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʛʦʨʩʢʠ ʨʝʩʫʨʩʠ, ʚʦʜʠ ʠ ʟʝʤʝʜʝʣʠʝ. 

¶ ʈʝʘʛʠʨʘʥʝ ʧʨʠ ʙʝʜʩʪʚʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʠʩʢʘ. 
ʉʘʪʝʣʠʪʥʠ ʢʘʨʪʠ ʧʦʤʘʛʘʪ ʥʘ ʟʝʤʝʜʝʣʮʠ ʚ ɸʬʨʠʢʘ ʠ ɸʟʠʷ ʜʘ ʧʨʦʛʥʦʟʠʨʘʪ ʩʫʰʠ ʠ ʜʘ 

ʧʣʘʥʠʨʘʪ ʥʘʧʦʷʚʘʥʝ. 
 

9. ʇʨʠʤʝʨʠ ʟʘ ʢʦʥʢʨʝʪʥʠ ʩʘʪʝʣʠʪʠ ʠ ʤʠʩʠʠ 
 

ɿʘ ʧʦʩʣʝʜʥʠʪʝ ʜʝʩʝʪʠʣʝʪʠʷ ʤʥʦʞʝʩʪʚʦ ʢʦʩʤʠʯʝʩʢʠ ʘʛʝʥʮʠʠ ʨʘʟʨʘʙʦʪʠʭʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ 
ʩʘʪʝʣʠʪʥʠ ʤʠʩʠʠ, ʧʦʩʚʝʪʝʥʠ ʥʘ ʢʣʠʤʘʪʠʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. 
ʅʷʢʦʠ ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʩʨʝʜ ʪʷʭ ʩʘ: 

 
 ʄʠʩʠʠ ʥʘ NASA 

 

¶ Aqua (2002) 
ʊʦʟʠ ʩʘʪʝʣʠʪ ʝ ʯʘʩʪ ʦʪ ʧʨʦʛʨʘʤʘʪʘ Earth Observing System (EOS) ʥʘ NASA. ʊʦʡ ʠʟʤʝʨʚʘ 

ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ ʠ ʦʢʝʘʥʠʪʝ, ʥʠʚʘʪʘ ʥʘ ʚʣʘʛʘ ʠ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ. ɼʘʥʥʠʪʝ ʤʫ ʩʝ 
ʠʟʧʦʣʟʚʘʪ ʟʘ ʘʥʘʣʠʟ ʥʘ ʛʣʦʙʘʣʥʠʷ ʚʦʜʝʥ ʮʠʢʲʣ. 

¶ Terra (1999) 
Terra ʥʘʙʣʶʜʘʚʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʦʙʣʘʮʠʪʝ, ʨʘʜʠʘʮʠʦʥʥʠʷ ʙʘʣʘʥʩ ʠ ʘʪʤʦʩʬʝʨʥʠʪʝ 

ʘʝʨʦʟʦʣʠ. ʊʦʡ ʧʦʜʧʦʤʘʛʘ ʦʮʝʥʢʘʪʘ ʥʘ ʝʢʦʩʠʩʪʝʤʠʪʝ, ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʟʝʤʷʪʘ ʠ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ 
ʢʣʠʤʘʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ. 

¶ ICESat-2 (2018 ) 
ʉʧʝʮʠʘʣʠʟʠʨʘʥ ʚ ʠʟʤʝʨʚʘʥʝʪʦ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʣʝʜʝʥʠʪʝ ʧʦʢʨʠʚʢʠ ʠ ʛʦʨʘʪʘ. ʇʦʤʘʛʘ ʜʘ 

ʩʝ ʩʣʝʜʠ ʪʦʧʝʥʝʪʦ ʥʘ ʣʝʜʦʚʝʪʝ ʠ ʥʠʚʦʪʦ ʥʘ ʤʦʨʝʪʘʪʘ. 
 
 
 

 ʄʠʩʠʠ ʥʘ ESA ï ʧʨʦʛʨʘʤʘʪʘ Ăʂʦʧʝʨʥʠʢñ 
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¶ Sentinel-1 
ʀʟʧʦʣʟʚʘ ʨʘʜʘʨʥʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʦʩʦʙʝʥʦ ʧʦʣʝʟʝʥ 
ʧʨʠ ʦʙʣʘʯʥʦʩʪ, ʥʘʚʦʜʥʝʥʠʷ ʠ ʨʘʟʤʝʩʪʚʘʥʠʷ ʥʘ ʧʦʯʚʘʪʘ. 

¶ Sentinel-2 
ʇʨʝʜʦʩʪʘʚʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʚʠʩʦʢʘ ʨʝʟʦʣʶʮʠʷ, ʧʦʣʝʟʥʠ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʨʘʩʪʠʪʝʣʥʦʩʪʪʘ, 
ʧʦʯʚʠʪʝ, ʛʦʨʠʪʝ ʠ ʙʝʜʩʪʚʠʷ ʢʘʪʦ ʧʦʞʘʨʠ. 

¶ Sentinel-3 
ʉʣʝʜʠ ʦʢʝʘʥʠʪʝ, ʤʦʨʩʢʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʥʠʚʦʪʦ ʥʘ ʤʦʨʝʪʘʪʘ, ʘʣʙʝʜʦ ʠ ʧʦʢʨʠʪʠʝ ʩʲʩ ʩʥʷʛ. 

¶ Sentinel-5P 
ʌʦʢʫʩʠʨʘʥ ʚʲʨʭʫ ʩʣʝʜʝʥʝ ʥʘ ʘʪʤʦʩʬʝʨʥʠ ʛʘʟʦʚʝ ʠ ʟʘʤʲʨʩʷʚʘʥʝ. 
Ăʂʦʧʝʨʥʠʢñ ʧʨʘʚʠ ʜʘʥʥʠʪʝ ʧʫʙʣʠʯʥʠ ʠ ʜʦʩʪʲʧʥʠ ʟʘ ʚʩʠʯʢʠ ï ʧʨʘʚʠʪʝʣʩʪʚʘ, ʫʯʝʥʠ, 

ʥʝʧʨʘʚʠʪʝʣʩʪʚʝʥʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʛʨʘʞʜʘʥʠ. 
 

  ɹʲʣʛʘʨʩʢʦ ʫʯʘʩʪʠʝ 

 

¶ ʉʘʪʝʣʠʪʲʪ Ăɹʘʣʢʘʥ-1ñ (2025) 
ʇʲʨʚʠʷʪ ʙʲʣʛʘʨʩʢʠ ʥʘʫʯʝʥ ʩʘʪʝʣʠʪ, ʯʘʩʪ ʦʪ ʝʚʨʦʧʝʡʩʢʘʪʘ ʧʨʦʛʨʘʤʘ Ăʂʦʧʝʨʥʠʢñ. ʊʦʡ 

ʩʲʙʠʨʘ ʜʘʥʥʠ ʟʘ ʨʘʩʪʠʪʝʣʥʦʩʪʪʘ, ʚʦʜʥʠʪʝ ʨʝʩʫʨʩʠ, ʫʨʙʘʥʠʟʘʮʠʷʪʘ ʠ ʜʨʫʛʠ ʝʢʦʣʦʛʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ 
ʥʘ ɹʘʣʢʘʥʩʢʠʷ ʧʦʣʫʦʩʪʨʦʚ. 

 

 
 

¶ ʇʣʘʥʠʨʘʥʦ ʩʲʟʚʝʟʜʠʝ ʦʪ 120 ʩʘʪʝʣʠʪʘ 
ɹʲʣʛʘʨʠʷ ʦʙʷʚʠ ʘʤʙʠʮʠʦʟʝʥ ʧʣʘʥ ʟʘ ʠʟʩʪʨʝʣʚʘʥʝ ʥʘ ʤʥʦʞʝʩʪʚʦ ʤʘʣʢʠ ʩʘʪʝʣʠʪʠ, ʢʦʠʪʦ 

ʱʝ ʧʨʝʜʦʩʪʘʚʷʪ ʜʝʪʘʡʣʥʘ ʨʝʛʠʦʥʘʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʢʣʠʤʘʪʘ ʠ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. 

¶ ʇʘʨʪʥʴʦʨʩʪʚʘ ʩ ESA ʠ EUMETSAT 
ɹʲʣʛʘʨʩʢʠ ʠʥʩʪʠʪʫʮʠʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʅʘʮʠʦʥʘʣʥʠʷʪ ʠʥʩʪʠʪʫʪ ʧʦ ʤʝʪʝʦʨʦʣʦʛʠʷ ʠ 

ʭʠʜʨʦʣʦʛʠʷ, ʠʟʧʦʣʟʚʘʪ ʘʢʪʠʚʥʦ ʩʘʪʝʣʠʪʥʠ ʜʘʥʥʠ ʠ ʫʯʘʩʪʚʘʪ ʚ ʠʟʩʣʝʜʚʘʥʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʠ 
ʧʘʨʪʥʴʦʨʠ. 

 
ʇʨʠʣʦʞʝʥʠʝ ʥʘ ʩʘʪʝʣʠʪʥʠʪʝ ʜʘʥʥʠ ʚ ɹʲʣʛʘʨʠʷ 
 
ʉʘʪʝʣʠʪʥʠʪʝ ʜʘʥʥʠ ʚʝʯʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʘʢʪʠʚʥʦ ʚ ɹʲʣʛʘʨʠʷ. ʆʨʛʘʥʠʟʘʮʠʠ ʢʘʪʦ EUMETSAT 

ʧʨʝʜʦʩʪʘʚʷʪ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ ʧʦʤʘʛʘ ʥʘ ʅʘʮʠʦʥʘʣʥʠʷ ʠʥʩʪʠʪʫʪ ʧʦ ʤʝʪʝʦʨʦʣʦʛʠʷ ʠ ʭʠʜʨʦʣʦʛʠʷ 
ʜʘ ʧʨʘʚʠ ʧʦ-ʪʦʯʥʠ ʧʨʦʛʥʦʟʠ ʟʘ ʚʨʝʤʝʪʦ ʠ ʜʘ ʩʣʝʜʠ ʢʣʠʤʘʪʠʯʥʠʪʝ ʪʝʥʜʝʥʮʠʠ. 

ɺ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʙʲʣʛʘʨʩʢʠ ʫʯʝʥʠ ʠʟʧʦʣʟʚʘʪ ʩʘʪʝʣʠʪʥʠ ʩʥʠʤʢʠ ʠ ʜʘʥʥʠ, ʟʘ ʜʘ 
ʘʥʘʣʠʟʠʨʘʪ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʢʣʠʤʘʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ ʚʲʨʭʫ ʛʦʨʩʢʠʪʝ ʤʘʩʠʚʠ ʚ ʖʛʦʟʘʧʘʜʥʘ 
ɹʲʣʛʘʨʠʷ. ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʧʦʢʘʟʚʘʪ ʧʨʦʤʝʥʠ ʚ ʨʘʩʪʠʪʝʣʥʦʩʪʪʘ, ʧʦʚʠʰʝʥʘ ʯʝʩʪʦʪʘ ʥʘ 
ʟʘʩʫʰʘʚʘʥʠʷ ʠ ʫʚʝʣʠʯʝʥ ʨʠʩʢ ʦʪ ʛʦʨʩʢʠ ʧʦʞʘʨʠ ï ʚʩʠʯʢʠ ʩʚʲʨʟʘʥʠ ʩ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʷʥʝ. 

ɼʘʥʥʠʪʝ ʩʲʱʦ ʪʘʢʘ ʧʦʜʧʦʤʘʛʘʪ ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʚʦʜʥʠʪʝ ʨʝʩʫʨʩʠ, ʧʣʘʥʠʨʘʥʝʪʦ ʥʘ 
ʟʝʤʝʜʝʣʠʝʪʦ ʠ ʥʘʙʣʶʜʝʥʠʝʪʦ ʥʘ ʫʨʙʘʥʠʟʘʮʠʷʪʘ ʠ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. 

 
ɿʘʢʣʶʯʝʥʠʝ 
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ʉʘʪʝʣʠʪʠʪʝ ʩʘ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʨʙʠʪʘ ï ʪʝ ʩʘ ʦʯʠʪʝ ʠ ʫʰʠʪʝ ʥʘ ʯʦʚʝʯʝʩʪʚʦʪʦ ʚ 
ʙʠʪʢʘʪʘ ʩʨʝʱʫ ʢʣʠʤʘʪʠʯʥʘʪʘ ʢʨʠʟʘ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʪʷʭ ʥʠʝ ʨʘʟʧʦʣʘʛʘʤʝ ʩ ʙʝʟʮʝʥʥʘ 
ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʥʘʰʘʪʘ ʧʣʘʥʝʪʘ: ʤʦʞʝʤ ʜʘ ʩʣʝʜʠʤ ʪʦʧʝʥʝʪʦ ʥʘ ʣʝʜʦʚʝʪʝ, 
ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ ʤʦʨʩʢʦʪʦ ʨʘʚʥʠʱʝ, ʧʨʦʤʷʥʘʪʘ ʚ ʨʘʩʪʠʪʝʣʥʦʩʪʪʘ, ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʠ ʤʥʦʛʦ 
ʜʨʫʛʠ ʞʠʟʥʝʥʦʚʘʞʥʠ ʧʘʨʘʤʝʪʨʠ. 

ɹʝʟ ʩʘʪʝʣʠʪʥʠ ʥʘʙʣʶʜʝʥʠʷ ʫʩʠʣʠʷʪʘ ʥʠ ʟʘ ʨʘʟʙʠʨʘʥʝ ʠ ʦʚʣʘʜʷʚʘʥʝ ʥʘ ʢʣʠʤʘʪʠʯʥʠʪʝ 
ʧʨʦʤʝʥʠ ʙʠʭʘ ʙʠʣʠ ʢʘʪʦ ʭʦʜʝʥʝ ʚ ʪʲʤʥʦʪʦ. ʊʝ ʧʨʝʜʦʩʪʘʚʷʪ ʦʩʥʦʚʘʪʘ, ʚʲʨʭʫ ʢʦʷʪʦ ʩʝ ʛʨʘʜʷʪ 
ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ, ʝʢʦʣʦʛʠʯʥʠʪʝ ʧʦʣʠʪʠʢʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʠʪʝ ʩʧʦʨʘʟʫʤʝʥʠʷ. 

 
ʇʦʛʣʝʜ ʢʲʤ ʙʲʜʝʱʝʪʦ 
 
ʉ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ, ʢʚʘʥʪʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʠʥʠʘʪʶʨʠʟʘʮʠʷʪʘ, 

ʙʲʜʝʱʠʪʝ ʩʘʪʝʣʠʪʠ ʱʝ ʩʪʘʥʘʪ ʦʱʝ ʧʦ-ʠʥʪʝʣʠʛʝʥʪʥʠ, ʙʲʨʟʠ ʠ ʝʬʝʢʪʠʚʥʠ. ʆʯʘʢʚʘ ʩʝ ʩʲʟʜʘʚʘʥʝ ʥʘ 
ʛʣʦʙʘʣʥʠ ʤʨʝʞʠ ʦʪ ʤʘʣʢʠ ʩʘʪʝʣʠʪʠ, ʢʦʠʪʦ ʜʘ ʦʩʠʛʫʨʷʚʘʪ ʥʝʧʨʝʢʲʩʥʘʪ ʤʦʥʠʪʦʨʠʥʛ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ 
ʠ ʜʘ ʧʦʟʚʦʣʷʪ ʦʱʝ ʧʦ-ʪʦʯʥʠ ʧʨʦʛʥʦʟʠ ʠ ʘʥʘʣʠʟʠ. 

ʂʣʶʯʦʚ ʤʦʤʝʥʪ ʱʝ ʙʲʜʝ ʤʝʞʜʫʥʘʨʦʜʥʦʪʦ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ ï ʜʲʨʞʘʚʠʪʝ ʱʝ ʪʨʷʙʚʘ ʜʘ 
ʨʘʙʦʪʷʪ ʟʘʝʜʥʦ, ʜʘ ʩʧʦʜʝʣʷʪ ʜʘʥʥʠ ʠ ʜʘ ʦʙʝʜʠʥʷʪ ʫʩʠʣʠʷ ʟʘ ʛʣʦʙʘʣʥʠ ʜʝʡʩʪʚʠʷ. 

 
ʇʨʠʟʠʚ ʢʲʤ ʦʪʛʦʚʦʨʥʦʩʪ 
 
ɹʦʨʙʘʪʘ ʩ ʢʣʠʤʘʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ ʥʝ ʝ ʟʘʜʘʯʘ ʩʘʤʦ ʥʘ ʫʯʝʥʠʪʝ ʠʣʠ ʧʨʘʚʠʪʝʣʩʪʚʘʪʘ. ʊʦʚʘ 

ʝ ʢʦʣʝʢʪʠʚʥʘ ʤʠʩʠʷ, ʢʦʷʪʦ ʠʟʠʩʢʚʘ ʘʥʛʘʞʠʨʘʥʦʩʪ ʥʘ ʚʩʷʢʦ ʥʠʚʦ ï ʦʪ ʛʣʦʙʘʣʥʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦ 
ʠʥʜʠʚʠʜʫʘʣʥʠʷ ʠʟʙʦʨ ʥʘ ʚʩʝʢʠ ʦʪ ʥʘʩ. 

ɼʘ ʦʧʘʟʠʤ ɿʝʤʷʪʘ ʦʟʥʘʯʘʚʘ ʜʘ ʦʧʘʟʠʤ ʙʲʜʝʱʝʪʦ ʩʠ. ɸ ʩ ʧʦʤʦʱʪʘ ʥʘ ʥʘʫʢʘʪʘ, 
ʪʝʭʥʦʣʦʛʠʠʪʝ ʠ ʦʪʛʦʚʦʨʥʦʪʦ ʧʦʚʝʜʝʥʠʝ ï ʪʦʚʘ ʙʲʜʝʱʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʟʝʣʝʥʦ, ʫʩʪʦʡʯʠʚʦ ʠ ʩʠʛʫʨʥʦ. 
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7. ʉʧʠʩʘʥʠʝ Ăʅʘʫʢʘñ ï ʩʪʘʪʠʠ ʟʘ ʢʣʠʤʘʪʠʯʥʠ ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʘʪʝʣʠʪʥʠ ʪʝʭʥʦʣʦʛʠʠ (ʧʨʠ ʥʘʣʠʯʠʝ). 
8. ʆʬʠʮʠʘʣʥʠ ʜʦʢʫʤʝʥʪʠ ʥʘ ʆʆʅ ʠ ʇʘʨʠʞʢʦʪʦ ʩʧʦʨʘʟʫʤʝʥʠʝ ï https://unfccc.int 
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ɸɽʈʆʂʆʉʄʀʏɽʉʂʀ ʊɽʍʅʆʃʆɻʀʀ ɺ ʇʆʄʆʑ ʅɸ ʄɽɼʀʎʀʅɸʊɸ 
 

ɹʦʨʠʤʠʨ ʉʣʘʚʦʚ 
 

ʇʨʦʬʝʩʠʦʥʘʣʥʘ ʛʠʤʥʘʟʠʷ ʧʦ ʝʢʦʣʦʛʠʷ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ Ăʇʨʦʬ.ʜ-ʨ ɸʩʝʥ ɿʣʘʪʘʨʦʚñ 
 
 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ɸʝʨʦʢʦʩʤʠʯʝʩʢʠ ʪʝʭʥʦʣʦʛʠʠ; ʄʝʜʠʮʠʥʩʢʠ ʠʥʦʚʘʮʠʠ; ɼʠʩʪʘʥʮʠʦʥʥʘ ʜʠʘʛʥʦʩʪʠʢʘ 
 
ʈʝʟʶʤʝ: ɸʝʨʦʢʦʩʤʠʯʝʩʢʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʩʝ ʧʨʝʚʨʲʱʘʪ ʚʲʚ ʚʘʞʝʥ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʥʘʧʨʝʜʲʢʘ ʥʘ 

ʩʲʚʨʝʤʝʥʥʘʪʘ ʤʝʜʠʮʠʥʘ. ʇʲʨʚʦʥʘʯʘʣʥʦ ʨʘʟʨʘʙʦʪʝʥʠ ʟʘ ʥʫʞʜʠʪʝ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʤʠʩʠʠ, ʪʝʟʠ 
ʪʝʭʥʦʣʦʛʠʠ ʜʥʝʩ ʥʘʤʠʨʘʪ ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʚ ʤʝʜʠʮʠʥʩʢʘʪʘ ʜʠʘʛʥʦʩʪʠʢʘ, ʤʦʥʠʪʦʨʠʥʛ ʠ ʣʝʯʝʥʠʝ. 
ʉʘʪʝʣʠʪʥʠʪʝ ʩʠʩʪʝʤʠ ʧʦʜʧʦʤʘʛʘʪ ʪʝʣʝʤʝʜʠʮʠʥʘʪʘ ʠ ʧʨʝʜʦʩʪʘʚʷʥʝʪʦ ʥʘ ʟʜʨʘʚʥʠ ʫʩʣʫʛʠ ʚ 
ʦʪʜʘʣʝʯʝʥʠ ʨʘʡʦʥʠ, ʜʦʢʘʪʦ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʞʠʟʥʝʥʠ ʧʦʢʘʟʘʪʝʣʠ, ʩʲʟʜʘʜʝʥʠ ʟʘ 
ʘʩʪʨʦʥʘʚʪʠ, ʚʦʜʷʪ ʜʦ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʧʨʝʮʠʟʥʠ ʤʝʜʠʮʠʥʩʢʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʝʞʝʜʥʝʚʥʘ ʫʧʦʪʨʝʙʘ. ʎʝʣʪʘ 
ʥʘ ʥʘʩʪʦʷʱʠʷ ʪʝʢʩʪ ʝ ʜʘ ʧʨʝʜʩʪʘʚʠ ʦʩʥʦʚʥʠʪʝ ʦʙʣʘʩʪʠ, ʚ ʢʦʠʪʦ ʘʝʨʦʢʦʩʤʠʯʝʩʢʠʪʝ ʨʘʟʨʘʙʦʪʢʠ 
ʦʢʘʟʚʘʪ ʟʥʘʯʠʪʝʣʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʤʝʜʠʮʠʥʘʪʘ, ʢʘʢʪʦ ʠ ʧʦʪʝʥʮʠʘʣʘ ʠʤ ʟʘ ʙʲʜʝʱʠ ʧʨʠʣʦʞʝʥʠʷ. 

 
 

AEROSPACE TECHNOLOGIES IN MEDICINE SUPPORT 
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Abstract: Aerospace technologies have emerged as a powerful driver of progress in modern medicine. 

Originally developed to meet the demands of space missions, these technologies are now widely applied in medical 
diagnostics, monitoring, and treatment. Satellite systems enable telemedicine and healthcare access in remote 
regions, while astronaut health-monitoring solutions inspire the creation of precise medical devices for everyday 
clinical use. This text aims to outline the key areas where aerospace innovations significantly influence healthcare 
and to highlight their potential for future medical applications. 

 
 
ɺʲʚʝʜʝʥʠʝ 

 

ʆʪ ʜʝʩʝʪʠʣʝʪʠʷ ʘʝʨʦʢʦʩʤʠʯʝʩʢʘʪʘ ʠʥʜʫʩʪʨʠʷ ʩʣʫʞʠ ʢʘʪʦ ʜʚʠʛʘʪʝʣ ʟʘ ʪʝʭʥʦʣʦʛʠʯʝʥ 
ʧʨʦʛʨʝʩ, ʢʘʪʦ ʚʣʦʞʝʥʠʪʝ ʨʝʩʫʨʩʠ ʠ ʥʘʫʯʥʠ ʦʪʢʨʠʪʠʷ ʤʥʦʛʦʢʨʘʪʥʦ ʥʘʜʭʚʲʨʣʷʪ ʧʲʨʚʦʥʘʯʘʣʥʠʪʝ 
ʮʝʣʠ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʧʨʦʛʨʘʤʠ. ɽʜʥʘ ʦʪ ʦʙʣʘʩʪʠʪʝ, ʢʦʠʪʦ ʥʘʡ-ʩʠʣʥʦ ʩʝ ʚʲʟʧʦʣʟʚʘʪ ʦʪ ʪʦʟʠ 
ʥʘʧʨʝʜʲʢ, ʝ ʤʝʜʠʮʠʥʘʪʘ. ʈʘʟʨʘʙʦʪʢʠʪʝ, ʩʲʟʜʘʜʝʥʠ ʟʘ ʟʘʱʠʪʘ ʠ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ ʚ 
ʝʢʩʪʨʝʤʥʠ ʫʩʣʦʚʠʷ, ʧʦʩʪʝʧʝʥʥʦ ʥʘʤʠʨʘʪ ʧʨʠʣʦʞʝʥʠʝ ʚ ʢʣʠʥʠʯʥʘʪʘ ʧʨʘʢʪʠʢʘ, ʧʨʝʚʨʲʱʘʡʢʠ ʩʝ ʚ 
ʢʣʶʯʦʚʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʤʦʜʝʨʥʠʪʝ ʣʝʯʝʙʥʠ ʠ ʜʠʘʛʥʦʩʪʠʯʥʠ ʩʠʩʪʝʤʠ. ɺ ʥʘʩʪʦʷʱʠʷ ʪʝʢʩʪ ɦ ʝ ʙʲʜʘʪ 
ʨʘʟʛʣʝʜʘʥʠ ʦʩʥʦʚʥʠʪʝ ʘʝʨʦʢʦʩʤʠʯʝʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʠʪʦ ʜʥʝʩ ʧʦʜʧʦʤʘʛʘʪ ʤʝʜʠʮʠʥʘʪʘ, 
ʤʝʭʘʥʠʟʤʠʪʝ ʥʘ ʪʷʭʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʠʪʝ, ʢʦʠʪʦ ʦʪʢʨʠʚʘʪ ʟʘ ʙʲʜʝʱʝʪʦ ʥʘ 
ʟʜʨʘʚʝʦʧʘʟʚʘʥʝʪʦ. 

 

I. ɺʨʲʟʢʘ ʤʝʞʜʫ ʢʦʩʤʠʯʝʩʢʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʤʝʜʠʮʠʥʩʢʠʪʝ ʠʥʦʚʘʮʠʠ 

 
ʂʦʩʤʠʯʝʩʢʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʥʝʠʟʙʝʞʥʦ ʠʟʠʩʢʚʘʪ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠ, ʩʧʦʩʦʙʥʠ ʜʘ 

ʬʫʥʢʮʠʦʥʠʨʘʪ ʧʨʠ ʝʢʩʪʨʝʤʥʠ ʫʩʣʦʚʠʷ ð ʚʘʢʫʫʤ, ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ, ʚʠʩʦʢʘ ʨʘʜʠʘʮʠʷ ʠ 
ʦʛʨʘʥʠʯʝʥʠ ʨʝʩʫʨʩʠ. ɿʘ ʜʘ ʙʲʜʝ ʦʩʠʛʫʨʝʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʠ ʟʜʨʘʚʝʪʦ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ, ʩʝ 
ʨʘʟʨʘʙʦʪʚʘʪ ʩʣʦʞʥʠ ʩʠʩʪʝʤʠ ʟʘ ʤʦʥʠʪʦʨʠʥʛ, ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʞʠʟʥʝʥʠ ʬʫʥʢʮʠʠ, ʧʨʝʮʠʟʥʘ 
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ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʙʲʨʟʘ ʨʝʘʢʮʠʷ ʧʨʠ ʤʝʜʠʮʠʥʩʢʠ ʠʥʮʠʜʝʥʪʠ. ʀʤʝʥʥʦ ʪʝʟʠ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʠ 
ʨʝʰʝʥʠʷ, ʩʲʟʜʘʜʝʥʠ ʟʘ ʢʦʩʤʦʩʘ, ʚʧʦʩʣʝʜʩʪʚʠʝ ʥʘʤʠʨʘʪ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ɿʝʤʷʪʘ. 

 

 
 

ʉʲʱʝʩʪʚʫʚʘ ʧʨʷʢʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘʪʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʤʠʩʠʠ ʠ ʥʫʞʜʠʪʝ 
ʥʘ ʩʲʚʨʝʤʝʥʥʘʪʘ ʤʝʜʠʮʠʥʘ. ʅʘʧʨʠʤʝʨ, ʤʠʥʠʘʪʶʨʠʟʘʮʠʷʪʘ ʥʘ ʜʘʪʯʠʮʠ ʠ ʤʝʜʠʮʠʥʩʢʠ ʘʧʘʨʘʪʠ, 
ʧʲʨʚʦʥʘʯʘʣʥʦ ʨʘʟʨʘʙʦʪʝʥʘ ʟʘ ʦʛʨʘʥʠʯʝʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʢʦʨʘʙʠ, ʩʪʘʚʘ ʦʩʥʦʚʘ 
ʟʘ ʤʦʜʝʨʥʠʪʝ ʧʦʨʪʘʪʠʚʥʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʧʘʮʠʝʥʪʠ. ʉʘʪʝʣʠʪʥʠʪʝ ʢʦʤʫʥʠʢʘʮʠʠ, 
ʥʫʞʥʠ ʟʘ ʚʨʲʟʢʘ ʩ ʢʦʩʤʠʯʝʩʢʠʪʝ ʝʢʠʧʘʞʠ, ʩʝ ʪʨʘʥʩʬʦʨʤʠʨʘʪ ʚ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠ ʧʣʘʪʬʦʨʤʠ, 
ʧʦʟʚʦʣʷʚʘʱʠ ʣʝʢʘʨʠ ʠ ʧʘʮʠʝʥʪʠ ʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʦʪ ʨʘʟʩʪʦʷʥʠʝ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ 
ʘʝʨʦʢʦʩʤʠʯʝʩʢʠʪʝ ʨʘʟʨʘʙʦʪʢʠ ʠʛʨʘʷʪ ʨʦʣʷʪʘ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨ, ʢʦʡʪʦ ʧʦʜʧʦʤʘʛʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ 
ʥʦʚʠ ʤʝʜʠʮʠʥʩʢʠ ʧʨʘʢʪʠʢʠ ʠ ʟʥʘʯʠʪʝʣʥʦ ʧʦʜʦʙʨʷʚʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʟʜʨʘʚʝʦʧʘʟʚʘʥʝʪʦ. 

 

II. ɸʝʨʦʢʦʩʤʠʯʝʩʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʣʦʞʠʤʠ ʚ ʤʝʜʠʮʠʥʘʪʘ 
ɸʝʨʦʢʦʩʤʠʯʝʩʢʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʤʠʨʘʪ ʚʩʝ ʧʦ-ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʚ ʤʝʜʠʮʠʥʘʪʘ, ʢʘʪʦ 

ʤʥʦʛʦ ʦʪ ʪʷʭ ʩʘ ʨʝʟʫʣʪʘʪ ʦʪ ʜʲʣʛʦʛʦʜʠʰʥʠ ʢʦʩʤʠʯʝʩʢʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʠʥʞʝʥʝʨʥʠ ʨʘʟʨʘʙʦʪʢʠ. ʊʝ 
ʧʦʟʚʦʣʷʚʘʪ ʥʘ ʤʝʜʠʮʠʥʘʪʘ ʜʘ ʧʦʩʪʠʛʥʝ ʧʦ-ʚʠʩʦʢʘ ʧʨʝʮʠʟʥʦʩʪ, ʜʘ ʦʩʠʛʫʨʠ ʜʦʩʪʲʧ ʜʦ ʟʜʨʘʚʥʠ 
ʫʩʣʫʛʠ ʚ ʪʨʫʜʥʠ ʫʩʣʦʚʠʷ ʠ ʜʘ ʧʦʜʦʙʨʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʣʝʯʝʥʠʝ. ʆʩʥʦʚʥʠʪʝ 
ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʧʨʠʣʦʞʝʥʠʝ ʚʢʣʶʯʚʘʪ ʪʝʣʝʤʝʜʠʮʠʥʘʪʘ, ʙʠʦʤʝʜʠʮʠʥʩʢʠʪʝ ʩʝʥʟʦʨʠ, ʥʦʚʠʪʝ 
ʤʘʪʝʨʠʘʣʠ, ʨʦʙʦʪʠʢʘʪʘ ʠ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʦʙʫʯʝʥʠʝ. 

 

  
 
1. ʊʝʣʝʤʝʜʠʮʠʥʘ ʠ ʩʘʪʝʣʠʪʥʠ ʩʠʩʪʝʤʠ 
ʉʘʪʝʣʠʪʥʠʪʝ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʩʲʟʜʘʜʝʥʠ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʚʨʲʟʢʘ ʩ 

ʢʦʩʤʠʯʝʩʢʠʪʝ ʝʢʠʧʘʞʠ, ʩʝ ʧʨʝʚʨʲʱʘʪ ʚ ʦʩʥʦʚʘ ʥʘ ʩʲʚʨʝʤʝʥʥʘʪʘ ʪʝʣʝʤʝʜʠʮʠʥʘ. ʊʝ ʧʦʟʚʦʣʷʚʘʪ 
ʧʨʝʜʦʩʪʘʚʷʥʝʪʦ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʠ ʤʝʜʠʮʠʥʩʢʠ ʢʦʥʩʫʣʪʘʮʠʠ, ʦʙʤʝʥ ʥʘ ʤʝʜʠʮʠʥʩʢʠ ʜʘʥʥʠ ʠ 
ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʧʘʮʠʝʥʪʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʛʝʦʛʨʘʬʩʢʘʪʘ ʣʦʢʘʮʠʷ. ʊʦʚʘ ʝ ʦʪ 
ʦʩʦʙʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʦʪʜʘʣʝʯʝʥʠ ʨʝʛʠʦʥʠ, ʦʩʪʨʦʚʠ, ʧʣʘʥʠʥʩʢʠ ʨʘʡʦʥʠ, ʚʦʝʥʥʠ ʤʠʩʠʠ ʠ ʩʠʪʫʘʮʠʠ 
ʥʘ ʙʝʜʩʪʚʠʷ, ʢʲʜʝʪʦ ʜʦʩʪʲʧʲʪ ʜʦ ʙʦʣʥʠʯʥʠ ʫʩʣʫʛʠ ʝ ʟʘʪʨʫʜʥʝʥ. 
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2. ɹʠʦʤʝʜʠʮʠʥʩʢʠ ʩʝʥʟʦʨʠ ʠ ʩʠʩʪʝʤʠ ʟʘ ʤʦʥʠʪʦʨʠʥʛ 
ʊʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʞʠʟʥʝʥʠ ʬʫʥʢʮʠʠ, ʨʘʟʨʘʙʦʪʝʥʠ ʟʘ ʘʩʪʨʦʥʘʚʪʠ, ʜʥʝʩ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʰʠʨʦʢʦ ʚ ʙʦʣʥʠʮʠ ʠ ʜʦʤʘʰʥʠ ʫʩʣʦʚʠʷ. ʄʠʥʠʘʪʶʨʥʠʪʝ ʩʝʥʟʦʨʠ ʠʟʤʝʨʚʘʪ ʧʫʣʩ, 
ʢʠʩʣʦʨʦʜʥʘ ʩʘʪʫʨʘʮʠʷ, ʢʨʲʚʥʦ ʥʘʣʷʛʘʥʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʨʫʛʠ ʧʦʢʘʟʘʪʝʣʠ ʥʝʧʨʝʢʲʩʥʘʪʦ ʠ ʙʝʟ ʜʘ 
ʧʨʝʯʘʪ ʥʘ ʧʘʮʠʝʥʪʘ. ʊʝʟʠ ʫʩʪʨʦʡʩʪʚʘ ʩʘ ʙʘʟʘ ʟʘ ʩʲʚʨʝʤʝʥʥʠʪʝ Ăʫʤʥʠñ ʤʝʜʠʮʠʥʩʢʠ ʩʠʩʪʝʤʠ, ʢʦʠʪʦ 
ʧʨʝʜʫʧʨʝʞʜʘʚʘʪ ʟʘ ʦʧʘʩʥʠ ʧʨʦʤʝʥʠ ʚ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʧʘʮʠʝʥʪʘ ʠ ʧʦʟʚʦʣʷʚʘʪ ʧʦ-ʙʲʨʟʘ ʨʝʘʢʮʠʷ 
ʥʘ ʣʝʢʘʨʠʪʝ. 

 

 
 
3. ʅʦʚʠ ʤʘʪʝʨʠʘʣʠ ʠ ʢʦʩʤʠʯʝʩʢʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʝʜʠʮʠʥʩʢʠʪʝ ʠʟʜʝʣʠʷ 
ʂʦʩʤʠʯʝʩʢʘʪʘ ʠʥʜʫʩʪʨʠʷ ʜʦʚʝʞʜʘ ʜʦ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʟʜʨʘʚʠ, ʣʝʢʠ ʠ 

ʙʠʦʩʲʚʤʝʩʪʠʤʠ ʤʘʪʝʨʠʘʣʠ. ʊʝ ʥʘʤʠʨʘʪ ʧʨʠʣʦʞʝʥʠʝ ʚ ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ ʥʘ ʤʝʜʠʮʠʥʘʪʘ, 
ʥʘʧʨʠʤʝʨ: 

¶ ʠʤʧʣʘʥʪʠ ʠ ʧʨʦʪʝʟʠ, ʠʟʨʘʙʦʪʝʥʠ ʦʪ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʠ ʩʧʣʘʚʠ; 

¶ ʠʟʦʣʘʮʠʦʥʥʠ ʤʘʪʝʨʠʘʣʠ, ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ ʭʠʨʫʨʛʠʯʝʩʢʠ ʠʥʩʪʨʫʤʝʥʪʠ; 

¶ ʥʘʥʦʤʘʪʝʨʠʘʣʠ, ʢʦʠʪʦ ʧʦʜʧʦʤʘʛʘʪ ʧʦ-ʙʲʨʟʦʪʦ ʟʘʟʜʨʘʚʷʚʘʥʝ ʥʘ ʪʲʢʘʥʠ ʠ ʠʤʘʪ 
ʘʥʪʠʤʠʢʨʦʙʥʠ ʩʚʦʡʩʪʚʘ. 
ʊʝʟʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦʚʠʰʘʚʘʪ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʠ ʜʲʣʛʦʪʨʘʡʥʦʩʪʪʘ ʥʘ ʤʝʜʠʮʠʥʩʢʠʪʝ ʠʟʜʝʣʠʷ. 

 
 
4. ʈʦʙʦʪʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 
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ʈʦʙʦʪʠʢʘʪʘ, ʨʘʟʚʠʪʘ ʧʨ̡ʚʦʥʘʯʘʣʥʦ ʟʘ ʤʘʥʠʧʫʣʘʮʠʠ ʚ ʢʦʩʤʦʩʘ, ʩʝ ʧʨʝʚʨʲʱʘ ʚ ʦʩʥʦʚʘ ʟʘ 
ʧʨʝʮʠʟʥʠ ʭʠʨʫʨʛʠʯʝʩʢʠ ʨʦʙʦʪʠ. ʊʝʟʠ ʩʠʩʪʝʤʠ ʧʦʟʚʦʣʷʚʘʪ ʠʟʚʲʨʰʚʘʥʝʪʦ ʥʘ ʤʠʥʠʤʘʣʥʦ ʠʥʚʘʟʠʚʥʠ 
ʦʧʝʨʘʮʠʠ ʩ ʠʟʢʣʶʯʠʪʝʣʥʘ ʪʦʯʥʦʩʪ, ʥʘʤʘʣʷʚʘʡʢʠ ʨʠʩʢʘ ʦʪ ʛʨʝʰʢʠ ʠ ʩʲʢʨʘʱʘʚʘʡʢʠ ʧʝʨʠʦʜʘ ʟʘ 
ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ. ɸʚʪʦʥʦʤʥʠʪʝ ʨʦʙʦʪʠʟʠʨʘʥʠ ʪʝʭʥʦʣʦʛʠʠ ʩʲʱʦ ʧʦʜʧʦʤʘʛʘʪ ʣʦʛʠʩʪʠʢʘʪʘ ʚ 
ʙʦʣʥʠʮʠʪʝ, ʪʨʘʥʩʧʦʨʪʠʨʘʥʝ ʥʘ ʤʘʪʝʨʠʘʣʠ ʠ ʘʩʠʩʪʠʨʘʥʝ ʧʨʠ ʩʣʦʞʥʠ ʧʨʦʮʝʜʫʨʠ. 

 

 
 
5. ʉʠʤʫʣʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʠʨʪʫʘʣʥʘ ʨʝʘʣʥʦʩʪ 
ʊʨʝʥʘʞʦʨʠʪʝ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʦʙʫʯʝʥʠʝ ʥʘ ʢʦʩʤʦʥʘʚʪʠ, ʚʜʲʭʥʦʚʷʚʘʪ ʨʘʟʚʠʪʠʝ ʥʘ 

ʤʝʜʠʮʠʥʩʢʠ ʩʠʤʫʣʘʪʦʨʠ ʠ VR ʩʨʝʜʠ. ʄʝʜʠʮʠʥʩʢʠʪʝ ʝʢʠʧʠ ʤʦʛʘʪ ʜʘ ʪʨʝʥʠʨʘʪ ʨʝʘʢʮʠʠ ʚ ʢʨʠʪʠʯʥʠ 
ʩʠʪʫʘʮʠʠ, ʭʠʨʫʨʛʠʯʝʩʢʠ ʧʨʦʮʝʜʫʨʠ ʠʣʠ ʩʧʝʰʥʠ ʠʥʪʝʨʚʝʥʮʠʠ ʚ ʥʘʧʲʣʥʦ ʢʦʥʪʨʦʣʠʨʘʥʘ ʠ 
ʙʝʟʦʧʘʩʥʘ ʩʨʝʜʘ. ʊʦʚʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦʚʠʰʘʚʘ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʩʧʝʮʠʘʣʠʩʪʠʪʝ ʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 
ʤʝʜʠʮʠʥʩʢʘʪʘ ʧʨʘʢʪʠʢʘ. 

 

 
 

III. ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʣʟʠ ʟʘ ʤʝʜʠʮʠʥʘʪʘ 
ɸʝʨʦʢʦʩʤʠʯʝʩʢʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʦʢʘʟʚʘʪ ʩʲʱʝʩʪʚʝʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 

ʤʦʜʝʨʥʘʪʘ ʤʝʜʠʮʠʥʘ, ʢʘʪʦ ʚʦʜʷʪ ʜʦ ʢʦʥʢʨʝʪʥʠ ʠ ʠʟʤʝʨʠʤʠ ʧʦʣʟʠ ʟʘ ʧʘʮʠʝʥʪʠʪʝ, ʤʝʜʠʮʠʥʩʢʠʪʝ 
ʩʧʝʮʠʘʣʠʩʪʠ ʠ ʟʜʨʘʚʥʘʪʘ ʩʠʩʪʝʤʘ ʢʘʪʦ ʮʷʣʦ. ʇʨʠʣʦʞʝʥʠʝʪʦ ʠʤ ʥʝ ʩʝ ʦʛʨʘʥʠʯʘʚʘ ʩʘʤʦ ʜʦ ʚʠʩʦʢʦ-
ʪʝʭʥʦʣʦʛʠʯʥʠʪʝ ʮʝʥʪʨʦʚʝ, ʘ ʧʦʩʪʝʧʝʥʥʦ ʥʘʚʣʠʟʘ ʚ ʨʫʪʠʥʥʘʪʘ ʧʨʘʢʪʠʢʘ ʠ ʚ ʝʞʝʜʥʝʚʥʘʪʘ ʟʜʨʘʚʥʘ 
ʛʨʠʞʘ. ʊʝʟʠ ʧʦʣʟʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʙʦʩʦʙʝʥʠ ʚ ʥʷʢʦʣʢʦ ʢʣʶʯʦʚʠ ʥʘʧʨʘʚʣʝʥʠʷ. 

 
1. ʇʦʚʠʰʘʚʘʥʝ ʥʘ ʪʦʯʥʦʩʪʪʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʪʘ 
ɸʝʨʦʢʦʩʤʠʯʝʩʢʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʧʨʠʥʘʩʷʪ ʟʘ ʟʥʘʯʠʪʝʣʥʦ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ 

ʜʠʘʛʥʦʩʪʠʯʥʠʪʝ ʠ ʣʝʯʝʙʥʠʪʝ ʧʨʦʮʝʩʠ. 

¶ ʇʨʝʮʠʟʥʠʪʝ ʩʝʥʟʦʨʠ, ʨʘʟʨʘʙʦʪʝʥʠ ʟʘ ʘʩʪʨʦʥʘʚʪʠ, ʦʩʠʛʫʨʷʚʘʪ ʚʠʩʦʢʦʪʦʯʥʠ ʠʟʤʝʨʚʘʥʠʷ ʥʘ 
ʞʠʟʥʝʥʠ ʧʦʢʘʟʘʪʝʣʠ. 

¶ ʈʦʙʦʪʠʟʠʨʘʥʠʪʝ ʭʠʨʫʨʛʠʯʝʩʢʠ ʩʠʩʪʝʤʠ, ʙʘʟʠʨʘʥʠ ʥʘ ʢʦʩʤʠʯʝʩʢʘ ʨʦʙʦʪʠʢʘ, ʧʦʟʚʦʣʷʚʘʪ 
ʤʠʥʠʤʘʣʥʦ ʠʥʚʘʟʠʚʥʠ ʦʧʝʨʘʮʠʠ ʩ ʠʟʢʣʶʯʠʪʝʣʥʘ ʪʦʯʥʦʩʪ, ʢʦʝʪʦ ʥʘʤʘʣʷʚʘ ʨʠʩʢʘ ʦʪ 
ʯʦʚʝʰʢʘ ʛʨʝʰʢʘ. 

¶ ʅʦʚʠʪʝ ʤʘʪʝʨʠʘʣʠ ʧʦʚʠʰʘʚʘʪ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʠʤʧʣʘʥʪʠ, ʠʥʩʪʨʫʤʝʥʪʠ ʠ ʟʘʱʠʪʥʦ 
ʦʙʦʨʫʜʚʘʥʝ. 
ɺ ʨʝʟʫʣʪʘʪ ʧʘʮʠʝʥʪʠʪʝ ʧʦʣʫʯʘʚʘʪ ʧʦ-ʢʘʯʝʩʪʚʝʥʦ, ʧʦ-ʙʝʟʦʧʘʩʥʦ ʠ ʧʦ-ʝʬʝʢʪʠʚʥʦ ʣʝʯʝʥʠʝ. 
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2. ʈʘʟʰʠʨʷʚʘʥʝ ʥʘ ʜʦʩʪʲʧʘ ʜʦ ʟʜʨʘʚʥʠ ʫʩʣʫʛʠ 
ʉʘʪʝʣʠʪʥʠʪʝ ʢʦʤʫʥʠʢʘʮʠʠ ʠ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʪʝ ʧʣʘʪʬʦʨʤʠ ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʜʦʩʪʘʚʢʘ 

ʥʘ ʤʝʜʠʮʠʥʩʢʘ ʧʦʤʦʱ ʜʦʨʠ ʚ ʥʘʡ-ʦʪʜʘʣʝʯʝʥʠʪʝ ʨʘʡʦʥʠ. 

¶ ʇʘʮʠʝʥʪʠ, ʞʠʚʝʝʱʠ ʜʘʣʝʯ ʦʪ ʛʦʣʝʤʠ ʛʨʘʜʦʚʝ, ʤʦʛʘʪ ʜʘ ʧʦʣʫʯʘʪ ʢʦʥʩʫʣʪʘʮʠʷ ʩʲʩ 
ʩʧʝʮʠʘʣʠʩʪ ʙʝʟ ʜʘ ʧʲʪʫʚʘʪ. 

¶ ɺ ʢʨʠʟʠʩʥʠ ʩʠʪʫʘʮʠʠ (ʙʝʜʩʪʚʠʷ, ʚʦʝʥʥʠ ʟʦʥʠ) ʪʝʣʝʤʝʜʠʮʠʥʘʪʘ ʦʩʠʛʫʨʷʚʘ ʧʦʩʪʦʷʥʥʘ 
ʚʨʲʟʢʘ ʤʝʞʜʫ ʝʢʠʧʠʪʝ ʥʘ ʤʷʩʪʦ ʠ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠʪʝ ʮʝʥʪʨʦʚʝ. 

¶ ɼʠʩʪʘʥʮʠʦʥʥʠʷʪ ʤʦʥʠʪʦʨʠʥʛ ʧʦʟʚʦʣʷʚʘ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʭʨʦʥʠʯʥʦ ʙʦʣʥʠ ʧʘʮʠʝʥʪʠ ʙʝʟ 
ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʯʝʩʪʠ ʙʦʣʥʠʯʥʠ ʧʦʩʝʱʝʥʠʷ. 
ʊʦʚʘ ʚʦʜʠ ʜʦ ʧʦ-ʨʘʚʥʦʧʦʩʪʘʚʝʥʦ ʟʜʨʘʚʝʦʧʘʟʚʘʥʝ ʠ ʧʦ-ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʩʠʩʪʝʤʘʪʘ. 
 
3. ʇʦʜʦʙʨʷʚʘʥʝ ʥʘ ʜʠʘʛʥʦʩʪʠʢʘʪʘ ʠ ʨʘʥʥʦʪʦ ʦʪʢʨʠʚʘʥʝ ʥʘ ʟʘʙʦʣʷʚʘʥʠʷ 
ʉʲʚʨʝʤʝʥʥʠʪʝ ʤʝʜʠʮʠʥʩʢʠ ʫʩʪʨʦʡʩʪʚʘ, ʙʘʟʠʨʘʥʠ ʥʘ ʘʝʨʦʢʦʩʤʠʯʝʩʢʠ ʨʘʟʨʘʙʦʪʢʠ, 

ʧʦʜʧʦʤʘʛʘʪ ʨʘʥʥʦʪʦ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝ ð ʢʣʶʯʦʚ ʬʘʢʪʦʨ ʟʘ ʫʩʧʝʰʥʦʪʦ ʣʝʯʝʥʠʝ. 

¶ ɺʠʩʦʢʦʯʫʚʩʪʚʠʪʝʣʥʠ ʩʝʥʟʦʨʠ ʦʪʢʨʠʚʘʪ ʧʨʦʤʝʥʠ ʚ ʞʠʟʥʝʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ ʦʱʝ ʚ ʥʘʯʘʣʝʥ 
ʩʪʘʜʠʡ. 

¶ ʉʘʪʝʣʠʪʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʘʥʘʣʠʪʠʯʥʠ ʩʠʩʪʝʤʠ ʧʦʜʧʦʤʘʛʘʪ ʧʨʦʩʣʝʜʷʚʘʥʝʪʦ ʥʘ 
ʝʧʠʜʝʤʠʠ, ʟʘʤʲʨʩʷʚʘʥʝ ʠ ʬʘʢʪʦʨʠ, ʚʣʠʷʝʱʠ ʚʲʨʭʫ ʦʙʱʝʩʪʚʝʥʦʪʦ ʟʜʨʘʚʝ. 

¶ ʄʠʥʠʘʪʶʨʥʠʪʝ ʥʦʩʠʤʠ ʫʩʪʨʦʡʩʪʚʘ ʩʣʝʜʷʪ ʟʜʨʘʚʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʠ 
ʘʣʘʨʤʠʨʘʪ ʧʨʠ ʨʠʩʢ. 
ʊʝʟʠ ʧʨʝʜʠʤʩʪʚʘ ʚʦʜʷʪ ʜʦ ʥʘʚʨʝʤʝʥʥʘ ʠʥʪʝʨʚʝʥʮʠʷ, ʧʦ-ʤʘʣʢʦ ʫʩʣʦʞʥʝʥʠʷ ʠ ʧʦ-ʚʠʩʦʢʘ 

ʫʩʧʝʚʘʝʤʦʩʪ ʚ ʣʝʯʝʥʠʝʪʦ. 
 

IV. ʇʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʠ ʙʲʜʝʱʠ ʧʝʨʩʧʝʢʪʠʚʠ 
ɺʲʧʨʝʢʠ ʟʥʘʯʠʪʝʣʥʠʪʝ ʧʦʣʟʠ ʦʪ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʘʝʨʦʢʦʩʤʠʯʝʩʢʠ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʤʝʜʠʮʠʥʘʪʘ, ʧʨʦʮʝʩʲʪ ʥʘ ʪʷʭʥʦʪʦ ʥʘʚʣʠʟʘʥʝ ʚ ʟʜʨʘʚʥʘʪʘ ʩʠʩʪʝʤʘ ʩʨʝʱʘ ʨʝʜʠʮʘ 
ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ. ʊʝ ʧʨʦʠʟʪʠʯʘʪ ʢʘʢʪʦ ʦʪ ʚʠʩʦʢʘʪʘ ʩʣʦʞʥʦʩʪ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ, ʪʘʢʘ ʠ ʦʪ 
ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʟʘ ʘʜʘʧʪʠʨʘʥʝ ʢʲʤ ʨʝʘʣʥʠʪʝ ʫʩʣʦʚʠʷ ʚ ʙʦʣʥʠʯʥʘʪʘ ʧʨʘʢʪʠʢʘ. ɺʲʧʨʝʢʠ ʪʦʚʘ 
ʧʝʨʩʧʝʢʪʠʚʠʪʝ ʟʘ ʨʘʟʚʠʪʠʝ ʩʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʦʙʥʘʜʝʞʜʘʚʘʱʠ ʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʪʝʟʠ ʪʝʭʥʦʣʦʛʠʠ ʱʝ 
ʟʘʝʤʘʪ ʢʣʶʯʦʚʦ ʤʷʩʪʦ ʚ ʙʲʜʝʱʝʪʦ ʥʘ ʟʜʨʘʚʝʦʧʘʟʚʘʥʝʪʦ. 

 
1. ʌʠʥʘʥʩʦʚʠ ʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʙʘʨʠʝʨʠ 
ɽʜʥʦ ʦʪ ʦʩʥʦʚʥʠʪʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʝ ʚʠʩʦʢʘʪʘ ʮʝʥʘ ʥʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ, ʚʥʝʜʨʷʚʘʥʝʪʦ 

ʠ ʧʦʜʜʨʲʞʢʘʪʘ ʥʘ ʘʝʨʦʢʦʩʤʠʯʝʩʢʠ ʪʝʭʥʦʣʦʛʠʠ. 

¶ ʄʥʦʛʦ ʙʦʣʥʠʮʠ ʠ ʟʜʨʘʚʥʠ ʮʝʥʪʨʦʚʝ ʥʝ ʨʘʟʧʦʣʘʛʘʪ ʩ ʜʦʩʪʘʪʲʯʥʦ ʩʨʝʜʩʪʚʘ ʟʘ ʟʘʢʫʧʫʚʘʥʝ 
ʥʘ ʨʦʙʦʪʠʟʠʨʘʥʠ ʩʠʩʪʝʤʠ, ʤʦʜʝʨʥʠ ʩʝʥʟʦʨʠ ʠʣʠ ʚʠʩʦʢʦʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ 
ʫʩʪʨʦʡʩʪʚʘ. 

¶ ʅʷʢʦʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʠʩʢʚʘʪ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠʣʠ ʦʙʫʯʝʥʠʝ, ʢʦʝʪʦ 
ʜʦʧʲʣʥʠʪʝʣʥʦ ʫʚʝʣʠʯʘʚʘ ʨʘʟʭʦʜʠʪʝ. 

¶ ɹʲʨʟʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʠʥʦʚʘʮʠʠʪʝ ʚʦʜʠ ʜʦ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʷʚʘʥʝ ʥʘ 
ʘʧʘʨʘʪʫʨʘʪʘ. 
ʊʝʟʠ ʬʘʢʪʦʨʠ ʟʘʪʨʫʜʥʷʚʘʪ ʰʠʨʦʢʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ, ʦʩʦʙʝʥʦ ʚ ʩʪʨʘʥʠ ʩ ʦʛʨʘʥʠʯʝʥʠ 

ʨʝʩʫʨʩʠ. 
 
2. ʀʥʪʝʛʨʘʮʠʷ ʚ ʟʜʨʘʚʥʘʪʘ ʩʠʩʪʝʤʘ ʠ ʥʦʨʤʘʪʠʚʥʠ ʠʟʠʩʢʚʘʥʠʷ 
ɼʨʫʛ ʩʝʨʠʦʟʝʥ ʘʩʧʝʢʪ ʝ ʘʜʘʧʪʠʨʘʥʝʪʦ ʥʘ ʥʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʢʲʤ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ 

ʤʝʜʠʮʠʥʩʢʠ ʩʪʘʥʜʘʨʪʠ ʠ ʥʦʨʤʘʪʠʚʥʠ ʨʘʤʢʠ. 

¶ ʅʝʦʙʭʦʜʠʤʦ ʝ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ ʥʘʜʝʞʜʥʦʩʪ ʠ ʙʝʟʦʧʘʩʥʦʩʪ ʥʘ 
ʫʩʪʨʦʡʩʪʚʘʪʘ, ʠʟʧʦʣʟʚʘʥʠ ʚ ʢʣʠʥʠʯʥʘʪʘ ʧʨʘʢʪʠʢʘ. 

¶ ʀʟʠʩʢʚʘ ʩʝ ʦʙʫʯʝʥʠʝ ʥʘ ʤʝʜʠʮʠʥʩʢʠʷ ʧʝʨʩʦʥʘʣ ʟʘ ʨʘʙʦʪʘ ʩ ʥʦʚʘʪʘ ʘʧʘʨʘʪʫʨʘ. 

¶ ɼʘʥʥʠʪʝ, ʩʲʙʠʨʘʥʠ ʯʨʝʟ ʪʝʣʝʤʝʜʠʮʠʥʘ ʠ ʜʠʩʪʘʥʮʠʦʥʥʠ ʩʝʥʟʦʨʠ, ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ 
ʟʘʱʠʪʝʥʠ ʠ ʦʙʨʘʙʦʪʚʘʥʠ ʩʲʦʙʨʘʟʥʦ ʩʪʘʥʜʘʨʪʠʪʝ ʟʘ ʧʦʚʝʨʠʪʝʣʥʦʩʪ. 
ʀʥʪʝʛʨʘʮʠʷʪʘ ʠʟʠʩʢʚʘ ʢʦʦʨʜʠʥʠʨʘʥʠ ʫʩʠʣʠʷ ʤʝʞʜʫ ʠʥʞʝʥʝʨʠ, ʣʝʢʘʨʠ, ʨʝʛʫʣʘʪʦʨʥʠ 

ʦʨʛʘʥʠ ʠ ʟʜʨʘʚʥʠ ʠʥʩʪʠʪʫʮʠʠ. 
 
3. ɹʲʜʝʱʠ ʪʝʥʜʝʥʮʠʠ ʠ ʦʯʘʢʚʘʥʦ ʨʘʟʚʠʪʠʝ 
ɺʲʧʨʝʢʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘʪʘ, ʧʝʨʩʧʝʢʪʠʚʠʪʝ ʩʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʙʣʘʛʦʧʨʠʷʪʥʠ. 

¶ ʆʯʘʢʚʘ ʩʝ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, ʢʦʡʪʦ ʱʝ ʘʥʘʣʠʟʠʨʘ ʜʘʥʥʠʪʝ ʦʪ 
ʙʠʦʤʝʜʠʮʠʥʩʢʠʪʝ ʩʝʥʟʦʨʠ ʠ ʱʝ ʧʦʜʧʦʤʘʛʘ ʨʘʥʥʘʪʘ ʜʠʘʛʥʦʩʪʠʢʘ. 
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¶ ʄʠʥʠʘʪʶʨʠʟʘʮʠʷʪʘ ʱʝ ʜʦʚʝʜʝ ʜʦ ʦʱʝ ʧʦ-ʣʝʢʠ ʠ ʝʬʝʢʪʠʚʥʠ ʠʤʧʣʘʥʪʠ, ʥʦʩʠʤʠ ʫʩʪʨʦʡʩʪʚʘ 
ʠ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠ ʩʠʩʪʝʤʠ. 

¶ ʈʦʙʦʪʠʟʠʨʘʥʘʪʘ ʭʠʨʫʨʛʠʷ ʱʝ ʩʪʘʥʝ ʧʦ-ʜʦʩʪʲʧʥʘ, ʧʦ-ʘʚʪʦʥʦʤʥʘ ʠ ʧʦ-ʧʨʝʮʠʟʥʘ. 

¶ ʉʘʪʝʣʠʪʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʱʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʛʣʦʙʘʣʝʥ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʟʜʨʘʚʥʠ ʨʠʩʢʦʚʝ ʠ 
ʝʧʠʜʝʤʠʯʥʠ ʧʨʦʮʝʩʠ. 

¶ ɺʠʨʪʫʘʣʥʘʪʘ ʠ ʜʦʙʘʚʝʥʘʪʘ ʨʝʘʣʥʦʩʪ ʱʝ ʠʛʨʘʷʪ ʢʣʶʯʦʚʘ ʨʦʣʷ ʚ ʤʝʜʠʮʠʥʩʢʦʪʦ ʦʙʫʯʝʥʠʝ ʠ 
ʩʠʤʫʣʘʮʠʠʪʝ. 
ʊʝʟʠ ʪʝʥʜʝʥʮʠʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʘʝʨʦʢʦʩʤʠʯʝʩʢʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʱʝ ʧʨʦʜʲʣʞʘʪ ʜʘ 

ʪʨʘʥʩʬʦʨʤʠʨʘʪ ʤʝʜʠʮʠʥʘʪʘ, ʢʘʪʦ  ̫ʧʨʘʚʷʪ ʧʦ-ʧʨʝʮʠʟʥʘ, ʜʦʩʪʲʧʥʘ ʠ ʝʬʝʢʪʠʚʥʘ 
 

ɿʘʢʣʶʯʝʥʠʝ 
 
ɸʝʨʦʢʦʩʤʠʯʝʩʢʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʙʝʟʩʧʦʨʥʦ ʠʛʨʘʷʪ ʢʣʶʯʦʚʘ ʨʦʣʷ ʚ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 

ʩʲʚʨʝʤʝʥʥʘʪʘ ʤʝʜʠʮʠʥʘ. ʄʘʢʘʨ ʜʘ ʚʲʟʥʠʢʚʘʪ ʢʘʪʦ ʨʝʰʝʥʠʷ ʟʘ ʥʫʞʜʠʪʝ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʤʠʩʠʠ, 
ʪʝʭʥʠʷʪ ʧʦʪʝʥʮʠʘʣ ʜʘʣʝʯ ʥʘʜʭʚʲʨʣʷ ʛʨʘʥʠʮʠʪʝ ʥʘ ʢʦʩʤʦʩʘ ʠ ʥʘʤʠʨʘ ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʚ 
ʟʜʨʘʚʝʦʧʘʟʚʘʥʝʪʦ ʥʘ ɿʝʤʷʪʘ. ʏʨʝʟ ʪʝʣʝʤʝʜʠʮʠʥʘʪʘ, ʤʦʜʝʨʥʠʪʝ ʙʠʦʩʝʥʟʦʨʠ, ʨʦʙʦʪʠʟʠʨʘʥʠʪʝ 
ʩʠʩʪʝʤʠ, ʥʦʚʠʪʝ ʤʘʪʝʨʠʘʣʠ ʠ ʠʥʦʚʘʪʠʚʥʠʪʝ ʩʠʤʫʣʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ ʤʝʜʠʮʠʥʘʪʘ ʩʪʘʚʘ ʧʦ-
ʧʨʝʮʠʟʥʘ, ʧʦ-ʙʲʨʟʘ ʠ ʧʦ-ʜʦʩʪʲʧʥʘ. 

ɺʲʧʨʝʢʠ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ, ʩʚʲʨʟʘʥʠ ʩ ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʪʝʟʠ 
ʠʥʦʚʘʮʠʠ, ʙʲʜʝʱʝʪʦ ʠʟʛʣʝʞʜʘ ʦʙʝʱʘʚʘʱʦ. ʆʯʘʢʚʘ ʩʝ ʪʝʭʥʦʣʦʛʠʯʥʠʷʪ ʧʨʦʛʨʝʩ ʜʘ ʥʘʧʨʘʚʠ 
ʤʝʜʠʮʠʥʩʢʠʪʝ ʫʩʣʫʛʠ ʧʦ-ʝʬʝʢʪʠʚʥʠ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʘʥʠ, ʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʣʝʯʝʥʠʝʪʦ ð ʦʱʝ ʧʦ-
ʚʠʩʦʢʦ. ʉ ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ, ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʘʪʘ ʨʦʙʦʪʠʢʘ ʠ ʥʦʚʠʪʝ 
ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ, ʘʝʨʦʢʦʩʤʠʯʝʩʢʠʪʝ ʨʘʟʨʘʙʦʪʢʠ ʱʝ ʧʨʦʜʲʣʞʘʪ ʜʘ ʙʲʜʘʪ ʜʚʠʛʘʪʝʣ ʥʘ 
ʧʨʦʤʷʥʘʪʘ. 

ɺ ʢʨʘʡʥʘ ʩʤʝʪʢʘ ʩʠʥʝʨʛʠʷʪʘ ʤʝʞʜʫ ʢʦʩʤʠʯʝʩʢʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʘʪʘ ʧʨʝʜʩʪʘʚʣʷʚʘ 
ʥʝ ʩʘʤʦ ʝʩʪʝʩʪʚʝʥʦ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʥʘʫʯʥʠʷ ʥʘʧʨʝʜʲʢ, ʥʦ ʠ ʛʘʨʘʥʮʠʷ ʟʘ ʧʦ-ʜʦʙʨʦ ʙʲʜʝʱʝ ʥʘ 
ʯʦʚʝʰʢʦʪʦ ʟʜʨʘʚʝ. 
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21 ï 25 October 2025, Sofia, Bulgaria 

 
 

ʄʀʂʈʆɹʀʆʃʆɻʀʗ ɺ ʂʆʉʄʆʉɸ 
ʂɸʂ ʉɽ ɼʒʈɾɸʊ ɹɸʂʊɽʈʀʀʊɽ ʀɿɺʒʅ ɿɽʄʗʊɸ 

 
ɺʠʢʪʦʨʠʷ ʂʠʨʠʣʦʚʘ 

  
ʇʨʦʬʝʩʠʦʥʘʣʥʘ ʛʠʤʥʘʟʠʷ ʧʦ ʝʢʦʣʦʛʠʷ ʠ  ʙʠʦʪʝʭʥʦʣʦʛʠʠ Ăʇʨʦʬ. ɼ- ɸʩʝʥ ɿʣʘʪʘʨʦʚñ 

 
 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʄʠʢʨʦʛʨʘʚʠʪʘʮʠʷ;  ɹʘʢʪʝʨʠʘʣʝʥ ʨʘʩʪʝʞ; ʄʫʪʘʮʠʠ ʠ ʘʜʘʧʪʘʮʠʷ; ʂʦʩʤʠʯʝʩʢʘ 
ʤʠʢʨʦʙʠʦʣʦʛʠʷ 

 
ʈʝʟʶʤʝ: ʄʠʢʨʦʙʠʦʣʦʛʠʷʪʘ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʢʦʩʤʦʩʘ ʠʟʩʣʝʜʚʘ ʢʘʢ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷʪʘ, 

ʨʘʜʠʘʮʠʷʪʘ ʠ ʟʘʪʚʦʨʝʥʘʪʘ ʩʨʝʜʘ ʚʣʠʷʷʪ ʚʲʨʭʫ ʨʘʩʪʝʞʘ, ʧʦʚʝʜʝʥʠʝʪʦ ʠ ʛʝʥʝʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ ʥʘ 
ʙʘʢʪʝʨʠʠʪʝ. ʅʘʙʣʶʜʝʥʠʷʪʘ ʦʪ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʥʷʢʦʠ ʙʘʢʪʝʨʠʠ 
ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʤʥʦʞʘʚʘʪ ʧʦ-ʙʲʨʟʦ, ʜʘ ʦʙʨʘʟʫʚʘʪ ʧʦ-ʫʩʪʦʡʯʠʚʠ ʙʠʦʬʠʣʤʠ ʠ ʜʘ ʧʨʦʷʚʷʚʘʪ ʧʦʚʠʰʝʥʘ 
ʫʩʪʦʡʯʠʚʦʩʪ ʢʲʤ ʘʥʪʠʙʠʦʪʠʮʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʩʲʱʠʪʝ ʦʨʛʘʥʠʟʤʠ ʥʘ ɿʝʤʷʪʘ. ʊʝʟʠ ʧʨʦʤʝʥʠ ʩʝ ʜʲʣʞʘʪ 
ʥʘ ʣʠʧʩʘʪʘ ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʠ ʩʠʣʠ, ʢʦʷʪʦ ʧʨʦʤʝʥʷ ʧʨʝʥʦʩʘ ʥʘ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ, ʢʣʝʪʲʯʥʘʪʘ 
ʢʦʤʫʥʠʢʘʮʠʷ ʠ ʩʪʨʝʩʦʚʠʪʝ ʨʝʘʢʮʠʠ. ʈʘʟʙʠʨʘʥʝʪʦ ʥʘ ʪʝʟʠ ʧʨʦʮʝʩʠ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ 
ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ, ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʟʘʤʲʨʩʷʚʘʥʝ ʥʘ ʢʦʩʤʠʯʝʩʢʠ ʘʧʘʨʘʪʠ ʠ ʟʘ 
ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʙʲʜʝʱʠ ʤʠʩʠʠ ʚ ʜʲʣʙʦʢʠʷ ʢʦʩʤʦʩ. ʂʦʩʤʠʯʝʩʢʘʪʘ ʤʠʢʨʦʙʠʦʣʦʛʠʷ ʧʨʝʜʦʩʪʘʚʷ ʮʝʥʥʘ 
ʠʥʬʦʨʤʘʮʠʷ ʢʘʢʪʦ ʟʘ ʟʜʨʘʚʝʪʦ ʚ ʢʦʩʤʦʩʘ, ʪʘʢʘ ʠ ʟʘ ʦʩʥʦʚʥʠ ʙʠʦʣʦʛʠʯʥʠ ʤʝʭʘʥʠʟʤʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ 
ʧʨʠʣʦʞʘʪ ʚ ʤʝʜʠʮʠʥʘʪʘ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠʪʝ ʥʘ ɿʝʤʷʪʘ. 
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Abstract: Space microbiology examines how microgravity, cosmic radiation, and closed environments 

affect the growth, behavior, and genetic changes of bacteria outside Earth. Findings from the International Space 
Station reveal that some bacteria can reproduce more rapidly, form more resistant biofilms, and even show 
increased antibiotic resistance compared to their Earth-based counterparts. These changes arise from the absence 
of gravity-driven forces, which alters nutrient transport, cell communication, and stress responses. Understanding 
these mechanisms is essential for astronaut safety, preventing spacecraft contamination, and supporting future 
long-duration missions in deep space. Space microbiology provides valuable insights not only for maintaining health 
in extraterrestrial environments but also for advancing medical and biotechnological research on Earth. 

 
ɺʲʚʝʜʝʥʠʝ 

 

ʀʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʤʠʢʨʦʙʠʦʣʦʛʠʷʪʘ ʚ ʢʦʩʤʦʩʘ ʝ ʝʜʥʦ ʦʪ ʥʘʡ-ʙʲʨʟʦ ʨʘʟʚʠʚʘʱʠʪʝ ʩʝ 
ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʲʚʨʝʤʝʥʥʘʪʘ ʥʘʫʢʘ. ʉ ʨʘʟʰʠʨʷʚʘʥʝʪʦ ʥʘ ʯʦʚʝʰʢʦʪʦ ʧʨʠʩʲʩʪʚʠʝ ʚ ʦʨʙʠʪʘ ʠ 
ʧʣʘʥʦʚʝʪʝ ʟʘ ʙʲʜʝʱʠ ʤʠʩʠʠ ʜʦ ʃʫʥʘʪʘ ʠ ʄʘʨʩ ʚʲʟʥʠʢʚʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʜʘ ʨʘʟʙʝʨʝʤ ʢʘʢ 
ʤʠʢʨʦʩʢʦʧʠʯʥʠʪʝ ʦʨʛʘʥʠʟʤʠ ʨʝʘʛʠʨʘʪ ʥʘ ʫʩʣʦʚʠʷ, ʢʦʨʝʥʥʦ ʨʘʟʣʠʯʥʠ ʦʪ ʟʝʤʥʠʪʝ. ɹʘʢʪʝʨʠʠʪʝ, 
ʢʦʠʪʦ ʩʘ ʝʜʥʠ ʦʪ ʥʘʡ-ʘʜʘʧʪʠʚʥʠʪʝ ʬʦʨʤʠ ʥʘ ʞʠʚʦʪ, ʩʝ ʦʢʘʟʚʘʪ ʩʠʣʥʦ ʯʫʚʩʪʚʠʪʝʣʥʠ ʢʲʤ ʬʘʢʪʦʨʠ 
ʢʘʪʦ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ, ʢʦʩʤʠʯʝʩʢʘ ʨʘʜʠʘʮʠʷ ʠ ʦʛʨʘʥʠʯʝʥʘ ʮʠʨʢʫʣʘʮʠʷ ʥʘ ʪʝʯʥʦʩʪʠ ʠ ʚʲʟʜʫʭ. ʊʝʟʠ 
ʫʩʣʦʚʠʷ ʤʦʛʘʪ ʜʘ ʧʨʦʤʝʥʷʪ ʪʝʭʥʠʷ ʨʘʩʪʝʞ, ʫʩʪʦʡʯʠʚʦʩʪ ʠ ʧʦʚʝʜʝʥʠʝ ʧʦ ʥʘʯʠʥʠ, ʢʦʠʪʦ ʚʩʝ ʦʱʝ ʥʝ 
ʩʘ ʥʘʧʲʣʥʦ ʠʟʷʩʥʝʥʠ. ɿʥʘʥʠʝʪʦ ʟʘ ʪʦʚʘ ʢʘʢ ʙʘʢʪʝʨʠʠʪʝ ʩʝ ʜʲʨʞʘʪ ʠʟʚʲʥ ɿʝʤʷʪʘ ʝ ʦʪ ʨʝʰʘʚʘʱʦ 
ʟʥʘʯʝʥʠʝ ʢʘʢʪʦ ʟʘ ʟʜʨʘʚʝʪʦ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ, ʪʘʢʘ ʠ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʥʘ 
ʜʲʣʛʦʩʨʦʯʥʠʪʝ ʢʦʩʤʠʯʝʩʢʠ ʤʠʩʠʠ. ʊʦ ʥʠ ʧʦʤʘʛʘ ʜʘ ʧʨʝʜʚʠʜʠʤ ʧʦʪʝʥʮʠʘʣʥʠ ʨʠʩʢʦʚʝ, ʜʘ ʩʲʟʜʘʜʝʤ 
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ʧʦ-ʝʬʝʢʪʠʚʥʠ ʟʘʱʠʪʥʠ ʤʝʨʢʠ ʠ ʜʘ ʨʘʟʙʝʨʝʤ ʧʦ-ʜʦʙʨʝ ʦʩʥʦʚʥʠʪʝ ʙʠʦʣʦʛʠʯʥʠ ʧʨʦʮʝʩʠ, ʢʦʠʪʦ 
ʫʧʨʘʚʣʷʚʘʪ ʞʠʚʦʪʘ ʚ ʝʢʩʪʨʝʤʥʠ ʫʩʣʦʚʠʷ.  

 
1. ʂʈɸʊʂɸ ʀʉʊʆʈʀʗ ʅɸ ʄʀʂʈʆɹʀʆʃʆɻʀʗʊɸ 

 
ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʥʘ ʤʠʢʨʦʙʠ ʚ ʂʦʩʤʦʩʘ ʟʘʧʦʯʚʘʪ ʦʱʝ ʚ ʨʘʥʥʠʪʝ ʛʦʜʠʥʠ ʥʘ ʢʦʩʤʠʯʝʩʢʘʪʘ 

ʝʨʘ. ʇʨʝʟ 1960 ʛ. ʩʘ ʥʘʧʨʘʚʝʥʠ ʧʲʨʚʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩ ʤʠʢʨʦʙʠ ʚ ʂʦʩʤʦʩʘ, ʢʦʠʪʦ ʩʝ 
ʦʩʲʱʝʩʪʚʷʚʘʪ ʩʲʩ ʉʲʚʝʪʩʢʠʷ ʉʧʫʪʥʠʢ 5, ʚ ʢʦʡʪʦ ʩʘ ʠʟʧʨʘʪʝʥʠ ʥʝ ʩʘʤʦ ʞʠʚʦʪʥʠ, ʥʦ ʠ ʙʘʢʪʝʨʠʠ, ʟʘ 
ʜʘ ʩʝ ʧʨʦʫʯʠ ʪʷʭʥʘʪʘ ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʫʩʣʦʚʠʷ. 

ʇʨʝʟ 1969 ʛ. ʩʣʝʜ ʢʘʪʦ ʯʦʚʝʢʲʪ ʩʪʲʧʚʘ ʥʘ ʃʫʥʘʪʘ ʩ ʤʠʩʠʷʪʘ ɸʧʦʣʦ 11, ʫʯʝʥʠʪʝ ʟʘʧʦʯʚʘʪ 
ʜʘ ʩʝ ʟʘʤʠʩʣʷʪ ʢʘʢ ʟʝʤʥʠʪʝ ʤʠʢʨʦʙʠ ʤʦʞʝ ʜʘ ʩʝ ʜʲʨʞʘʪ ʥʘ ʜʨʫʛʠ ʧʣʘʥʝʪʠ ʠ ʢʘʢ ʜʘ ʧʨʝʜʦʪʚʨʘʪʷʪ 
ʪʷʭʥʦʪʦ ʧʨʝʥʘʩʷʥʝ ʢʲʤ ʃʫʥʘʪʘ. 

ʇʨʝʟ 1998 ʛ. ʩ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ (ʄʂʉ) ʟʘʧʦʯʚʘʪ 
ʜʲʣʛʦʩʨʦʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʤʠʢʨʦʙʠʪʝ ʚ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷʪʘ. ʊʦʚʘ ʜʘʚʘ ʰʘʥʩ ʥʘ ʫʯʝʥʠʪʝ ʜʘ 
ʥʘʙʣʶʜʘʚʘʪ ʢʘʢ ʩʝ ʧʨʦʤʝʥʷʪ ʤʠʢʨʦʙʠʪʝ ʚ ʫʩʣʦʚʠʷʪʘ  ʥʘ ʦʪʢʨʠʪʠʷ ʂʦʩʤʦʩ ʟʘ ʧʝʨʠʦʜʠ ʦʪ ʤʝʩʝʮʠ 
ʠʣʠ ʛʦʜʠʥʠ. 

ɼʥʝʩ ʢʦʩʤʠʯʝʩʢʘʪʘ ʤʠʢʨʦʙʠʦʣʦʛʠʷ ʠʛʨʘʝ ʚʘʞʥʘ ʨʦʣʷ ʚ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʜʲʣʛʦʩʨʦʯʥʠ 
ʤʠʩʠʠ, ʢʘʪʦ ʪʝʟʠ ʜʦ ʄʘʨʩ ʠ ʧʦʤʘʛʘ ʥʝ ʩʘʤʦ ʟʘ ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ ʟʜʨʘʚʥʠʪʝ ʨʠʩʢʦʚʝ ʠ ʚʨʝʜʠ, ʥʦ ʠ 
ʧʦʣʟʠʪʝ ʦʪ ʤʠʢʨʦʙʠʪʝ. 

 
 

2. ʂɸʂɺʆ ʀɿʋʏɸɺɸ ʄʀʂʈʆɹʀʆʃʆɻʀʗʊɸ? 
 

 
 
 

ʄʠʢʨʦʙʠʦʣʦʛʠʷʪʘ ʠʟʫʯʘʚʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʢʘʪʦ ʙʘʢʪʝʨʠʠ, ʚʠʨʫʩʠ ʠ ʛʲʙʠʯʢʠ, ʢʦʠʪʦ ʩʘ 
ʥʘʚʩʷʢʲʜʝ ʦʢʦʣʦ ʥʘʩ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʚʲʪʨʝ ʚ ʪʷʣʦʪʦ ʥʠ. ʅʦ ʢʘʢʚʦ ʩʪʘʚʘ ʩ ʪʷʭ, ʢʦʛʘʪʦ ʛʠ ʠʟʧʨʘʪʠʤ 
ʚ ʨʘʟʣʠʯʥʘ ʩʨʝʜʘ ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʂʦʩʤʦʩʘ ʙʝʟ ʛʨʘʚʠʪʘʮʠʷ, ʩ ʧʦʚʝʯʝ ʨʘʜʠʘʮʠʷ ʠ ʠʟʦʣʘʮʠʷ? 
ʋʯʝʥʠʪʝ ʠʟʩʣʝʜʚʘʪ ʪʦʚʘ, ʟʘ ʜʘ ʨʘʟʙʝʨʘʪ ʢʘʢ ʤʠʢʨʦʙʠʪʝ ʤʦʛʘʪ ʜʘ ʧʦʚʣʠʷʷʪ ʥʘ ʟʜʨʘʚʝʪʦ ʠ 
ʦʮʝʣʷʚʘʥʝʪʦ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ. 

 
3.  ʂɸʂ ʉɽ ɼʒʈɾɸʊ ʄʀʂʈʆɹʀʊɽ ʀɿɺʒʅ ɿɽʄʗʊɸ? 

 
ɸʩʪʨʦʥʘʚʪʠʪʝ ʥʦʩʷʪ ʩʲʩ ʩʝʙʝ ʩʠ ʝʩʪʝʩʪʚʝʥʘ ʤʠʢʨʦʬʣʦʨʘ ʦʪ ʨʘʟʣʠʯʥʠ ʤʠʢʨʦʙʠ, ʢʦʠʪʦ 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʘʢʪʦ ʧʦʣʝʟʥʠ, ʪʘʢʘ ʠ ʧʦʪʝʥʮʠʘʣʥʦ ʦʧʘʩʥʠ. ʀʟʩʣʝʜʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʚ ʫʩʣʦʚʠʷ 
ʥʘ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ, ʦʨʛʘʥʠʟʤʲʪ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ ʟʘʧʦʯʚʘ ʜʘ ʦʪʩʣʘʙʚʘ, ʢʘʪʦ ʦʩʥʦʚʥʘʪʘ ʧʨʠʯʠʥʘ 
ʟʘ ʪʦʚʘ ʝ ʟʘʛʫʙʘʪʘ ʥʘ ʢʦʩʪʥʘ ʤʘʩʘ. ʂʦʩʤʠʯʝʩʢʘʪʘ ʨʘʜʠʘʮʠʷ ʫʚʨʝʞʜʘ ɼʅʂ-ʪʦ ʥʘ ʯʦʚʝʢʘ, ʢʦʝʪʦ 
ʦʪʩʣʘʙʚʘ ʠʤʫʥʥʘʪʘ ʤʫ ʩʠʩʪʝʤʘ, ʧʨʘʚʝʡʢʠ ʘʩʪʨʦʥʘʚʪʠʪʝ ʧʦ-ʫʷʟʚʠʤʠ ʢʲʤ ʠʥʬʝʢʮʠʠ. ɸʩʪʨʦʥʘʚʪʠʪʝ 
ʦʙʘʯʝ ʥʘʫʯʘʚʘʪ ʟʘ ʪʝʟʠ ʝʬʝʢʪʠ ʧʦ ʥʝʚʦʣʷ. ʆʱʝ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʢʦʩʤʠʯʝʩʢʘʪʘ ʝʨʘ ʪʝ ʟʘʙʝʣʷʟʚʘʪ, 
ʯʝ ʤʫʩʢʫʣʠʪʝ ʠʤ ʦʪʩʣʘʙʚʘʪ ʧʨʦʛʨʝʩʠʚʥʦ ʚ ʫʩʣʦʚʠʷ ʥʘ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ, ʟʘʪʦʚʘ ʜʥʝʩ ʧʦ ʚʨʝʤʝ ʥʘ 
ʤʠʩʠʠ ʪʝ ʦʪʜʝʣʷʪ ʧʦ ʜʚʘ ʯʘʩʘ ʜʥʝʚʥʦ ʟʘ ʫʧʨʘʞʥʝʥʠʷ ʩʲʩ ʩʧʝʮʠʘʣʥʠ ʬʠʪʥʝʩ ʫʨʝʜʠ. ɺ ʩʲʱʦʪʦ 
ʚʨʝʤʝ ʩ ʤʫʩʢʫʣʥʘʪʘ ʘʪʨʦʬʠʷ ʟʘʧʦʯʚʘ ʠ ʨʘʟʪʚʘʨʷʥʝʪʦ ʥʘ ʢʦʩʪʠʪʝ (ʦʩʪʝʦʧʦʨʦʟʘ), ʧʨʝʜʠʤʥʦ ʚ 
ʜʦʣʥʘʪʘ ʯʘʩʪ ʥʘ ʪʷʣʦʪʦ. ɼʦʢʘʟʘʥʦ ʝ ʯʝ ʟʘ ʪʨʠ ʛʦʜʠʥʠ ʘʩʪʨʦʥʘʚʪʲʪ ʙʠ ʤʦʛʲʣ ʜʘ ʟʘʛʫʙʠ ʦʢʦʣʦ 50% 
ʦʪ ʢʦʩʪʥʘʪʘ ʤʘʩʘ, ʢʦʝʪʦ ʧʨʘʚʠ ʤʠʩʠʷʪʘ ʜʦ ʄʘʨʩ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʲʟʤʦʞʥʘ ʙʝʟ ʧʦʜʭʦʜʷʱʠ 
ʨʝʰʝʥʠʷ. ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʫʯʝʥʠʪʝ ʦʪʢʨʠʚʘʪ, ʯʝ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʛʨʘʚʠʪʘʮʠʷ ʚʦʜʠ ʜʦ 
ʩʝʨʠʦʟʥʦ ʚʣʦʰʘʚʘʥʝ ʥʘ ʠʤʫʥʥʘʪʘ ʩʠʩʪʝʤʘ, ʧʦʨʦʜʝʥʦ ʦʪ ʜʠʩʬʫʥʢʮʠʷʪʘ ʥʘ ʊ-ʣʝʚʢʦʮʠʪʠʪʝ. ɺ 
ʩʲʱʦʪʦ ʚʨʝʤʝ, ʙʘʢʪʝʨʠʠʪʝ, ʢʦʠʪʦ ʩʲʱʝʩʪʚʫʚʘʪ  ʟʘʝʜʥʦ ʩ ʘʩʪʨʦʥʘʚʪʠʪʝ, ʟʘʧʦʯʚʘʪ ʜʘ ʩʝ ʘʜʘʧʪʠʨʘʪ 
ʢʲʤ ʪʝʟʠ ʫʩʣʦʚʠʷ ʠ ʟʘʧʦʯʚʘʪ ʜʘ ʤʫʪʠʨʘʪ , ʩʪʘʚʘʡʢʠ ʧʦ-ʫʩʪʦʡʯʠʚʠ ʥʘ ʘʥʪʠʙʠʦʪʠʮʠ ʠ ʧʦ-ʘʛʨʝʩʠʚʥʠ. 
ʊʘʢʘ ʩʝ ʩʲʟʜʘʚʘ ʦʧʘʩʥʘ ʩʠʪʫʘʮʠʷ, ʚ ʢʦʷʪʦ ʦʪʩʣʘʙʝʥʠʷʪ ʦʨʛʘʥʠʟʲʤ ʩʪʘʚʘ ʠʜʝʘʣʥʘ ʩʨʝʜʘ ʟʘ 
ʩʝʨʠʦʟʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʠ ʠʥʬʝʢʮʠʠ, ʧʨʠʯʠʥʝʥʠ ʦʪ ʩʠʣʥʠʪʝ ʤʠʢʨʦʙʠ. ʅʘʧʨʠʤʝʨ, ʙʘʢʪʝʨʠʠ ʢʘʪʦ 
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Salmonella ʠ Staphylococcus aureus ʩʘ ʙʠʣʠ ʥʘʙʣʶʜʘʚʘʥʠ ʜʘ ʩʪʘʚʘʪ ʧʦ-ʩʠʣʥʠ ʦʪ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ 
ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ - ʄʂʉ.  
 

4. ʆʇɸʉʅʀ ʀ ʇʆʃɽɿʅʀ ʄʀʂʈʆɹʀ ɺ ʂʆʉʄʆʉɸ  
 

ʅʝ ʚʩʠʯʢʠ ʤʠʢʨʦʙʠ ʩʘ ʚʨʝʜʥʠ. ʅʘ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ 
ʩʪʘʥʮʠʷ ʩʲʱʦ ʪʘʢʘ ʩʝ ʠʟʩʣʝʜʚʘʪ ʠ ʧʦʣʝʟʥʠ ʙʘʢʪʝʨʠʠ  ʥʘʨʝʯʝʥʠ 
ʧʨʦʙʠʦʪʠʮʠ, ʢʦʠʪʦ ʧʦʜʧʦʤʘʛʘʪ ʟʜʨʘʚʝʪʦ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ, ʘ ʚ ʙʲʜʝʱʝ 
ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʢʠʩʣʦʨʦʜ, ʭʨʘʥʘ ʠ ʣʝʢʘʨʩʪʚʘ 
ʧʨʠ ʜʲʣʛʠ ʤʠʩʠʠ. ʆʪʢʨʠʪʠʪʝ ʜʦʩʝʛʘ ʦʪ ʫʯʝʥʠʪʝ ʧʦʣʝʟʥʠ ʙʘʢʪʝʨʠʠ ʠ 
ʛʲʙʠʯʢʠ ʩʘ : Lactobacillus, ʢʦʷʪʦ  ʧʦʜʜʲʨʞʘ ʟʜʨʘʚ ʯʨʝʚʝʥʷ ʤʠʢʨʦʙʠʦʤ, 
Bifidobacterium, ʢʦʷʪʦ ʧʦʜʩʠʣʚʘ ʠʤʫʥʠʪʝʪʘ ʠ ʧʦʜʦʙʨʷʚʘ 
ʭʨʘʥʦʩʤʠʣʘʥʝʪʦ, ʛʲʙʠʯʢʘʪʘ Saccharomyces cerevisiae, ʢʦʷʪʦ  
ʧʨʝʜʠʟʚʠʢʚʘ ʬʝʨʤʝʥʪʘʮʠʷ, Cyanobacteria, ʢʦʷʪʦ ʧʨʦʠʟʚʝʞʜʘ ʢʠʩʣʦʨʦʜ 
ʠ ʭʨʘʥʘ, Deinococcus radiodurans, ʙʘʢʪʝʨʠʷʪʘ  ʫʩʪʦʡʯʠʚʘ ʥʘ 
ʢʦʩʤʠʯʝʩʢʠʪʝ ʫʩʣʦʚʠʷ. ʅʦ ʩʣʝʜʚʘ ʜʘ ʩʧʦʤʝʥʘ ʠ ʦʧʘʩʥʠʪʝ ʙʘʢʪʝʨʠʠ ʠ 
ʛʲʙʠʯʢʠ, ʟʘʩʪʨʘʰʘʚʘʱʠ ʞʠʚʦʪʘ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ ʚ ʂʦʩʤʦʩʘ ʩʨʝʜ ʢʦʠʪʦ 

ʩʘ : Salmonella typhimurium, ʢʦʷʪʦ ʝ ʪʨʫʜʥʘ ʟʘ ʣʝʯʝʥʠʝ, Staphylococcus aureus, ʢʦʷʪʦ ʧʨʠʯʠʥʷʚʘ 
ʠʥʬʝʢʮʠʷ, ʧʣʝʩʝʥʪʘ Aspergillus, ʢʦʷʪʦ ʧʨʝʜʠʟʚʠʢʚʘ ʜʠʭʘʪʝʣʥʠ ʧʨʦʙʣʝʤʠ ʠ ʜʨ.  

 

  
 

5. ʂɸʂ ʉɽ ʇʈʆɺɽɾɼɸʊ ɽʂʉʇɽʈʀʄɽʅʊʀ ʅɸ ʄʂʉ? 
 

ʅʘ ʄʂʉ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʩʝ ʧʨʦʚʝʞʜʘʪ ʧʦ ʩʧʝʮʠʘʣʝʥ ʠ ʜʦʙʨʝ ʦʨʛʘʥʠʟʠʨʘʥ ʥʘʯʠʥ, ʟʘʱʦʪʦ 
ʨʝʩʫʨʩʠʪʝ ʢʘʪʦ ʚʨʝʤʝ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʝʢʠʧʘʞ ʩʘ ʦʛʨʘʥʠʯʝʥʠ. 

ʅʘ ʧʲʨʚʦ ʤʷʩʪʦ ʩʝ ʧʣʘʥʠʨʘʪ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ, ʟʘʱʦʪʦ ʧʨʝʜʠ ʚʩʠʯʢʦ, ʫʯʝʥʠʪʝ ʥʘ ɿʝʤʷʪʘ ʛʠ 
ʨʘʟʨʘʙʦʪʚʘʪ. ʊʦʚʘ ʩʪʘʚʘ ʢʘʪʦ ʩʝ ʧʦʜʘʜʘʪ  ʧʨʝʜʣʦʞʝʥʠʷ ʜʦ ʢʦʩʤʠʯʝʩʢʠʪʝ ʘʛʝʥʮʠʠ ʢʘʪʦ NASA, ESA 
ʠ JAXA, ʢʲʜʝʪʦ ʧʨʦʝʢʪʠʪʝ ʩʝ ʩʝʣʝʢʪʠʨʘʪ ʠ ʩʝ  ʧʨʠʦʨʠʪʠʟʠʨʘʪ, ʪʝʟʠ ʢʦʠʪʦ ʠʟʧʦʣʟʚʘʪ 
ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʦʥʥʘʪʘ ʩʨʝʜʘ ʠʣʠ ʪʝʩʪʚʘʪ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʙʲʜʝʱʠʪʝ ʤʠʩʠʠ. ʉʣʝʜʚʘ ʧʦʜʛʦʪʦʚʢʘʪʘ 
ʥʘ ʦʙʦʨʫʜʚʘʥʝʪʦ ʠ ʦʙʫʯʝʥʠʝʪʦ ʥʘ ʝʢʠʧʘʞʘ. ʉʧʝʮʠʘʣʠʟʠʨʘʥʦʪʦ ʦʙʦʨʫʜʚʘʥʝ ʠ ʤʘʪʝʨʠʘʣʠʪʝ ʟʘ 
ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʩʝ ʠʟʛʨʘʞʜʘʪ, ʪʝʩʪʚʘʪ ʠ ʩʣʝʜ ʪʦʚʘ ʩʝ ʠʟʧʨʘʱʘʪ ʥʘ ʙʦʨʜʘ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ 
ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ ʯʨʝʟ ʪʦʚʘʨʥʠ ʢʦʨʘʙʠ ʢʘʪʦ SpaceX, Dragon, ʨʫʩʢʠʷ ʪʦʚʘʨʝʥ ʢʦʨʘʙ Ăʇʨʦʛʨʝʩñ ʠ 
ʜʨ. ʆʙʫʯʝʥʠʝʪʦ ʥʘ ʝʢʠʧʘʞʘ ʩʲʱʦ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʘ ʚʘʞʥʦʩʪ. ɸʩʪʨʦʥʘʚʪʠʪʝ ʪʨʷʙʚʘ ʟʘʜʲʣʞʠʪʝʣʥʦ 
ʜʘ ʧʨʝʤʠʥʘʪ ʧʨʝʟ ʦʙʫʯʝʥʠʝ, ʠʟʚʲʨʰʚʘʱʦ ʩʝ ʥʘ ɿʝʤʷʪʘ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʥʝʛʦ ʪʝ ʩʝ ʟʘʧʦʟʥʘʚʘʪ 
ʩ ʘʧʘʨʘʪʫʨʘʪʘ ʠ  ̫ʨʘʟʫʯʘʚʘʪ, ʥʘʫʯʘʚʘʪ ʩʝ ʜʘ ʟʘʧʠʩʚʘʪ ʜʘʥʥʠ ʠ ʢʘʢ ʜʘ ʨʝʘʛʠʨʘʪ  
ʧʨʠ ʚʟ̡ʥʠʢʚʘʥʝʪʦ ʥʘ  ʛʨʝʰʢʘ.  
 

 



37 

 

ɽʪʦ ʠ ʯʘʩʪʪʘ ʩ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ. ʅʘ ʄʂʉ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʩʝ ʧʨʦʚʝʞʜʘʪ 
ʚ ʩʧʝʮʠʘʣʥʠ ʣʘʙʦʨʘʪʦʨʠʠ, ʢʘʪʦ Destiny (ʘʤʝʨʠʢʘʥʩʢʠ ʣʘʙʦʨʘʪʦʨʝʥ ʤʦʜʫʣ), Columbus (ʝʚʨʦʧʝʡʩʢʠ 
ʣʘʙʦʨʘʪʦʨʝʥ ʤʦʜʫʣ) ʠ Kibo (ʷʧʦʥʩʢʠ ʣʘʙʦʨʘʪʦʨʝʥ ʤʦʜʫʣ). ʅʷʢʦʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʝ ʠʟʚʲʨʰʚʘʪ ʩ 
ʘʚʪʦʤʘʪʠʯʥʠ ʫʩʪʨʦʡʩʪʚʘ ʢʘʪʦ ʙʠʦʨʝʘʢʪʦʨʠ ʠʣʠ ʠʥʢʫʙʘʪʦʨʠ, ʘ ʜʨʫʛʠ ʠʟʠʩʢʚʘʪ ʧʨʷʢʘ ʥʘʤʝʩʘ ʥʘ 
ʘʩʪʨʦʥʘʚʪʠʪʝ. ɼʘʥʥʠʪʝ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʩʝ ʩʲʙʠʨʘʪ ʨʲʯʥʦ ʠʣʠ ʘʚʪʦʤʘʪʠʯʥʦ ʢʘʪʦ ʩʝ ʠʟʧʨʘʱʘʪ 
ʜʦ ɿʝʤʷʪʘ ʯʨʝʟ ʩʘʪʝʣʠʪʥʠ ʚʨʲʟʢʠ ʠʣʠ ʩʝ ʩʲʭʨʘʥʷʚʘʪ ʚ ʪʦʚʘʨʝʥ ʢʦʨʘʙ, ʟʘʱʦʪʦ ʥʷʢʦʠ ʦʪ 
ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʚʲʨʥʘʪ ʥʘ ɿʝʤʷʪʘ ʟʘ ʧʦʜʨʦʙʝʥ ʘʥʘʣʠʟ ʢʘʪʦ ʩʝ ʦʧʘʢʦʚʘʪ 
ʚʥʠʤʘʪʝʣʥʦ ʠ ʩʝ ʚʨʲʱʘʪ ʩ ʢʘʧʩʫʣʠ ʢʘʪʦ ʪʦʚʘʨʥʠʷ ʢʦʨʘʙ Dragon, ʢʦʡʪʦ  ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ 
ʙʲʨʟʦʪʦ ʚʨʲʱʘʥʝ ʥʘ ʪʦʚʘʨʠ. ʉʣʝʜʚʘ ʘʥʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʜʘʥʥʠʪʝ ʠ ʧʫʙʣʠʢʫʚʘʥʝʪʦ ʠʤ ʢʦʝʪʦ ʚʦʜʠ 
ʜʦ ʥʦʚʠ ʥʘʫʯʥʠ ʦʪʢʨʠʪʠʷ ʚ ʤʝʜʠʮʠʥʘʪʘ, ʙʠʦʣʦʛʠʷʪʘ, ʬʠʟʠʢʘʪʘ ʠ ʜʨʫʛʠ ʦʙʣʘʩʪʠ. 
 

6. ʂɸʂ ʄʀʂʈʆɹʀʊɽ ʉʊɸɺɸʊ ʇʆ-ɸɻʈɽʉʀɺʅʀ? 
 

ʂʘʢʪʦ ʚʝʯʝ ʩʧʦʤʝʥʘʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ ʠ ʧʦʚʠʰʝʥʘ ʨʘʜʠʘʮʠʷ ʩʘ ʧʨʠʯʠʥʘʪʘ ʤʠʢʨʦʙʠʪʝ ʜʘ 
ʤʫʪʠʨʘʪ ʠ ʜʘ ʩʪʘʚʘʪ ʚʩʝ ʧʦ-ʘʛʨʝʩʠʚʥʠ ʠ ʫʩʪʦʡʯʠʚʠ ʥʘ ʘʥʪʠʙʠʦʪʠʮʠ. ʉʲʱʦ ʪʘʢʘ ʫʩʣʦʚʠʷʪʘ ʚ 
ʂʦʩʤʦʩʘ  ʥʝ ʚʣʠʷʷʪ ʩʘʤʦ ʥʘ ʙʘʢʪʝʨʠʠʪʝ, ʘ ʠ ʥʘ ʧʨʝʥʦʩʠʪʝʣʷʪ ʠʤ-ʯʦʚʝʢʲʪ, ʪʦʚʘ ʝ ʪʘʢʘ ʟʘʱʦʪʦ ʚ 
ʂʦʩʤʦʩʘ ʠʤʫʥʥʠʪʝ ʢʣʝʪʢʠ ʥʘ ʭʦʨʘʪʘ ʩʝ ʟʘʙʘʚʷʪ ʠ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʟʘʛʠʚʘʪ, ʢʦʝʪʦ ʧʨʝʜʠʟʚʠʢʚʘ 
ʦʪʩʣʘʙʚʘʥʝ ʥʘ ʠʤʫʥʥʘʪʘ ʩʠʩʪʝʤʘ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʘʩʪʨʦʥʘʚʪʠʪʝ ʩʪʘʚʘʪ ʧʦ-ʫʷʟʚʠʤʠ  ʠ ʠʟʣʦʞʝʥʠ ʥʘ 
ʨʠʩʢ ʦʪ ʩʝʨʠʦʟʥʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʧʨʠʯʠʥʝʥʠ ʦʪ ʦʙʠʢʥʦʚʝʥʠ ʤʠʢʨʦʙʠ ʢʦʠʪʦ ʥʘ ɿʝʤʷʪʘ ʥʝ ʩʘ ʪʦʣʢʦʚʘ 
ʦʧʘʩʥʠ.  

       ʆʩʚʝʥ ʫʩʣʦʚʠʷʪʘ ʚ ʂʦʩʤʦʩʘ 
ʜʨʫʛʘ ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʨʘʟʚʠʪʠʝʪʦ 
ʥʘ ʙʘʢʪʝʨʠʠʪʝ ʝ ʧʨʦʙʣʝʤʲʪ ʩ 
ʭʠʛʠʝʥʘʪʘ ʥʘ ʄʂʉ, ʪʲʡ ʢʘʪʦ  ʝ 
ʟʘʪʚʦʨʝʥʘ ʩʨʝʜʘ ʩ ʧʦʚʠʰʝʥʠ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʚʲʛʣʝʨʦʜʝʥ 
ʜʠʦʢʩʠʜ ʪʦʚʘ ʩʪʠʤʫʣʠʨʘ 
ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʙʠʦʬʠʣʤ, ʪʦʝʩʪ 
ʟʘʱʠʪʥʘ ʦʙʚʠʚʢʘ ʦʪ ʙʘʢʪʝʨʠʠ, 
ʢʦʷʪʦ ʩʝ ʧʨʠʢʨʝʧʷ ʢʲʤ ʨʘʟʣʠʯʥʠ 
ʧʦʚʲʨʭʥʦʩʪʠ ʚ ʩʪʘʥʮʠʷʪʘ ʢʘʪʦ 
ʢʦʞʘʪʘ, ʜʨʝʭʠʪʝ  ʦʙʦʨʫʜʚʘʥʝʪʦ, ʥʦ 
ʠ ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘʪ ʚʲʚ ʚʲʟʜʫʭʘ, 
ʢʦʡʪʦ ʘʩʪʨʦʥʘʚʪʠʪʝ ʜʠʰʘʪ. ʊʝʟʠ 
ʙʠʦʬʠʣʤʠ ʩʲʟʜʘʚʘʪ 
ʜʦʧʲʣʥʠʪʝʣʥʠ ʨʠʩʢʦʚʝ, ʪʲʡ ʢʘʪʦ ʚ 
ʪʷʭ ʙʘʢʪʝʨʠʠʪʝ ʩʘ ʧʦ-ʫʩʪʦʡʯʠʚʠ  ʥʘ 

ʘʥʪʠʙʠʦʪʠʮʠ ʠ ʪʨʫʜʥʦ ʤʦʛʘʪ ʜʘ ʩʝ ʝʣʠʤʠʥʠʨʘʪ ʩʲʩ ʩʪʘʥʜʘʨʪʥʠ ʜʝʟʠʥʬʝʢʮʠʦʥʥʠ ʧʨʦʮʝʜʫʨʠ, 
ʟʘʪʦʚʘ ʝʢʠʧʘʞʲʪ ʨʝʜʦʚʥʦ ʪʨʷʙʚʘ ʜʘ  ʧʦʯʠʩʪʚʘ ʩʪʘʥʮʠʷʪʘ ʩ ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʠ ʢʲʨʧʠ, ʜʘ  
ʜʝʟʠʥʬʝʢʮʠʨʘ ʠ ʜʘ ʠʟʧʦʣʟʚʘ ʩʠʩʪʝʤʠ  ʟʘ ʬʠʣʪʨʘʮʠʷ ʥʘ ʚʲʟʜʫʭʘ, ʥʦ ʪʫʢ ʚʲʟʥʠʢʚʘ ʧʨʦʙʣʝʤʲʪ ʩ 
ʫʚʨʝʞʜʘʥʝʪʦ ʥʘ ʧʦʣʝʟʥʠʪʝ ʙʘʢʪʝʨʠʠ, ʢʦʠʪʦ ʩʘ ʯʘʩʪ ʦʪ ʤʠʢʨʦʙʠʦʤʘ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ ʠʣʠ 
ʩʲʱʝʩʪʚʫʚʘʪ ʥʘ ʙʦʨʜʘ, ʪʘʢʘ ʙʘʣʘʥʩʲʪ ʤʝʞʜʫ ʝʣʠʤʠʥʠʨʘʥʝ ʥʘ ʧʘʪʦʛʝʥʥʠ ʤʠʢʨʦʙʠ ʠ ʟʘʧʘʟʚʘʥʝ ʥʘ 
ʧʦʣʝʟʥʘʪʘ ʤʠʢʨʦʬʣʦʨʘ ʝ ʢʨʠʪʠʯʝʥ ʟʘ ʙʣʘʛʦʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ. ʅʦ ʪʲʡ ʢʘʪʦ ʧʨʠ ʜʲʣʛʠ 
ʤʠʩʠʠ ʨʠʩʢʲʪ ʦʪ ʠʥʬʝʢʮʠʠ ʥʘʨʘʩʪʚʘʣ, ʫʯʝʥʠʪʝ ʟʘʧʦʯʥʘʣʠ ʜʘ ʠʟʩʣʝʜʚʘʪ ʝʚʦʣʶʮʠʷʪʘ ʥʘ ʤʠʢʨʦʙʠʪʝ 
ʚ ʂʦʩʤʦʩʘ ʠ ʪʲʨʩʝʣʠ ʥʘʯʠʥʠ ʜʘ ʢʦʥʪʨʦʣʠʨʘʪ ʧʦʚʝʜʝʥʠʝʪʦ ʠʤ.   
 

7. ʀɿʇʆʃɿɺɸʅɽ ʅɸ ʄʀʂʈʆɹʀ ɿɸ ɹʒɼɽʑʀ ʄʀʉʀʀ ʀ ʂɸʂ ʊɽ ʄʆɻɸʊ ɼɸ ʇʆʄɸɻɸʊ ʅɸ 
ɸʉʊʈʆʅɸɺʊʀʊɽ ɺ ɹʒɼɽʑɽʊʆ?  

 
  ʇʲʪʫʚʘʥʝʪʦ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ ʜʦ ʂʦʩʤʦʩʘ ʝ ʤʥʦʛʦ ʜʲʣʛʦ ʦʩʚʝʥ ʪʦʚʘ ʪʘʤ ʥʷʤʘ ʥʠʪʦ 
  ʭʨʘʥʠʪʝʣʥʠ ʤʘʛʘʟʠʥʠ, ʥʠʪʦ ʙʦʣʥʠʯʥʠ ʟʘʚʝʜʝʥʠʷ  ʦʪ ʢʦʠʪʦ ʩʝ ʥʫʞʜʘʝ ʚʩʝʢʠ ʯʦʚʝʢ. 
ɺʲʧʨʝʢʠ ʪʦʚʘ ʚ ʙʦʨʙʘʪʘ ʟʘ ʦʮʝʣʷʚʘʥʝ ʩʘ ʥʘʩʨʝʱʘ ʜʦʙʨʠʪʝ ʙʘʢʪʝʨʠʠ. ʂʘʢʪʦ ʩʧʦʤʝʥʘʭ 

ʧʦ-ʛʦʨʝ ʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʢʠʩʣʦʨʦʜ, ʭʨʘʥʘ ʠ ʣʝʢʘʨʩʪʚʘ ʧʨʠ ʜʲʣʛʠ ʤʠʩʠʠ. 
ʅʘʧʨʠʤʝʨ ʥʘ ɿʝʤʷʪʘ ʚʲʟʜʫʭʲʪ ʠ ʚʦʜʘʪʘ ʩʘ ʧʨʝʯʠʩʪʚʘʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʨʘʩʪʝʥʠʷ(ʢʦʠʪʦ 
ʬʦʪʦʩʠʥʪʝʟʠʨʘʪ) ʠ ʤʘʰʠʥʠ, ʥʦ ʚ ʂʦʩʤʦʩʘ ʢʦʥʪʨʦʣ ʚʲʨʭʫ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ  ʥʘ ʚʲʛʣʝʨʦʜʥʠʷ 
ʜʠʦʢʩʠʜ ʦʩʲʱʝʩʪʚʷʚʘʪ ʚʦʜʦʨʘʩʣʠ ʥʘʨʝʯʝʥʠ, ʮʠʘʥʦʙʘʢʪʝʨʠʠ. ʊʝ ʬʦʪʦʩʠʥʪʝʟʠʨʘʪ, ʘʙʩʦʨʙʠʨʘʡʢʠ 
ʚʲʛʣʝʨʦʜʥʠʷ ʜʠʦʢʩʠʜ ʠ ʦʩʚʦʙʦʞʜʘʚʘʡʢʠ ʢʠʩʣʦʨʦʜ, ʘ ʙʘʢʪʝʨʠʷʪʘ ʥʠʢʪʦʙʘʢʪʝʨ ʫʯʘʩʪʚʘ ʚ ʧʨʦʮʝʩʘ 
ʥʘ ʥʠʪʨʠʬʠʢʘʮʠʷ, ʧʨʠ ʢʦʡʪʦ ʘʤʦʥʷʢʘ ʠ ʥʠʪʨʠʪʠʪʝ ʩʝ ʧʨʝʦʙʨʘʟʫʚʘʪ ʚ ʥʠʪʨʘʪʠ, ʢʦʝʪʦ ʝ ʯʘʩʪ ʦʪ 
ʧʨʦʮʝʩʘ ʥʘ ʬʠʣʪʨʠʨʘʥʝ ʥʘ ʚʦʜʘʪʘ. ʊʝʟʠ ʙʘʢʪʝʨʠʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʚʦʜʘʪʘ ʦʪ 
ʚʨʝʜʥʠʪʝ ʚʝʱʝʩʪʚʘ. ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʭʨʘʥʘʪʘ, ʥʝʦʙʭʦʜʠʤʘ ʥʘ ʚʩʝʢʠ ʠʥʜʠʚʠʜ, ʘʩʪʨʦʥʘʚʪʠʪʝ ʧʦ 
ʚʨʝʤʝ ʥʘ ʧʦʣʝʪ ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʟʘʧʘʩʷʪ ʩ ʭʨʘʥʘ ʟʘ ʪʦʣʢʦʚʘ ʜʲʣʲʛ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ, ʟʘʪʦʚʘ ʫʯʝʥʠʪʝ 
ʧʣʘʥʠʨʘʪ ʠ ʪʫʢ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʙʘʢʪʝʨʠʠ, ʧʨʦʠʟʚʝʞʜʘʱʠ ʙʦʛʘʪʘ ʥʘ ʧʨʦʪʝʠʥ ʭʨʘʥʘ ʢʘʪʦ ʩʠʨʝʥʝ ʠ 
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ʢʠʩʝʣʦ ʤʣʷʢʦ ʩʘʤʦ ʯʝ ʚ ʂʦʩʤʦʩʘ ʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʙʘʢʪʝʨʠʷʪʘ Lactobacillus bulgaricus, ʢʦʷʪʦ ʠʛʨʘʝ 
ʢʣʶʯʦʚʘ ʨʦʣʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʬʝʨʤʝʥʪʠʨʘʣʠ ʤʣʝʯʥʠ ʧʨʦʜʫʢʪʠ. ʊʦʟʠ ʧʨʦʮʝʩ ʝ ʧʨʝʜʠʟʚʠʢʘʥ 
ʦʪ ʧʨʝʚʨʲʱʘʥʝʪʦ ʥʘ ʣʘʢʪʦʟʘʪʘ ʚ ʤʣʝʯʥʘ ʢʠʩʝʣʠʥʘ, ʢʦʝʪʦ ʧʨʠʜʘʚʘ ʭʘʨʘʢʪʝʨʥʠʷ ʚʢʫʩ ʠ ʪʝʢʩʪʫʨʘ ʥʘ 
ʪʝʟʠ ʧʨʦʜʫʢʪʠ. ʆʪ ʢʦʥʩʫʤʘʮʠʷʪʘ ʠʤ ʠʤʘ ʟʜʨʘʚʦʩʣʦʚʥʠ ʧʦʣʟʠ, ʪʲʡ ʢʘʪʦ ʧʦʜʦʙʨʷʚʘ 
ʭʨʘʥʦʩʤʠʣʘʥʝʪʦ ʠ ʫʢʨʝʧʚʘ ʠʤʫʥʥʘʪʘ ʩʠʩʪʝʤʘ.  

ʅʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʦʣʝʟʥʠ ʙʘʢʪʝʨʠʠ ʚ ʂʦʩʤʦʩʘ ʥʝ ʩʘʤʦ ʯʝ ʦʩʠʛʫʨʷʚʘ ʚʘʞʥʠ ʭʨʘʥʠʪʝʣʥʠ 
ʚʝʱʝʩʪʚʘ ʟʘ ʘʩʪʨʦʥʘʚʪʠʪʝ, ʘ ʤʦʞʝ ʠ ʜʘ ʠʤʘ ʟʥʘʯʠʪʝʣʥʘ ʨʦʣʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʣʝʢʘʨʩʪʚʘ ʠ 
ʧʨʦʙʠʦʪʠʮʠ. ʇʨʦʙʠʦʪʠʮʠʪʝ ʩʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʢʦʠʪʦ ʠʤʘʪ ʧʦʣʦʞʠʪʝʣʝʥ ʝʬʝʢʪ ʚʲʨʭʫ ʟʜʨʘʚʝʪʦ 
ʥʘ ʯʝʨʚʘʪʘ ʠ ʭʨʘʥʦʩʤʠʣʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ. ɺ ʂʦʩʤʦʩʘ ʝʢʠʧʘʞʠʪʝ ʯʝʩʪʦ ʩʪʨʘʜʘʪ ʦʪ ʜʠʩʙʘʣʘʥʩ ʚ 
ʯʨʝʚʥʘʪʘ ʤʠʢʨʦʬʣʦʨʘ ʧʦʨʘʜʠ ʩʪʨʝʩ ʦʪ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷʪʘ ʠ ʧʨʦʤʷʥʘʪʘ ʚ ʭʨʘʥʝʥʝʪʦ ʟʘʪʦʚʘ ʩʝ 
ʥʘʣʘʛʘ ʜʘ ʧʨʠʝʤʘʪ ʣʝʢʘʨʩʪʚʘ, ʩʲʜʲʨʞʘʱʠ ʙʘʢʪʝʨʠʠ ʢʘʪʦ: Lactobacillus bulgaricus, Bifidobacterium 
ʠʣʠ Saccharomyces cerevisiae.  

                    
8. ʀʅʊɽʈɽʉʅʀ ʌɸʂʊʀ ɿɸ ɹɸʂʊɽʈʀʀʊɽ ɺ ʂʆʉʄʆʉɸ.  

 
ʄʠʢʨʦʦʨʛʘʥʠʟʤʠʪʝ ʤʦʛʘʪ ʜʘ ʦʮʝʣʝʷʪ ʚ ʂʦʩʤʦʩʘ ʜʦʨʠ ʙʝʟ ʟʘʱʠʪʘ. ʅʷʢʦʠ ʙʘʢʪʝʨʠʠ, ʢʘʪʦ 

Deinococcus radiodurans ʠʟʜʲʨʞʘʪ ʥʘ ʚʘʢʫʫʤ, ʨʘʜʠʘʮʠʷ ʠ ʝʢʩʪʨʝʤʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʪʢʨʠʪʠʷ 
ʂʦʩʤʦʩ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʤʝʩʝʮʠ ʠʣʠ ʜʦʨʠ ʛʦʜʠʥʠ. ɼʨʫʛʠ ʢʘʪʦ ʙʘʢʪʝʨʠʷʪʘ (ʧʨʦʙʠʦʪʠʢʘ) 
Bacillussafensis ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʘ ʩʝ ʩ ʧʦʜʩʠʣʚʘʥʝʪʦ ʥʘ  ʠʤʫʥʠʪʝʪʘ ʠ ʧʦʜʦʙʨʷʚʘʥʝʪʦ ʥʘ 
ʭʨʘʥʦʩʤʠʣʘʥʝʪʦ ʩʝ ʨʘʟʚʠʚʘ ʧʦ-ʜʦʙʨʝ ʚ ʪʘʢʘʚʘ ʩʨʝʜʘ, ʦʪʢʦʣʢʦʪʦ ʥʘ ɿʝʤʷʪʘ. ʊʦʚʘ ʙʠʣʦ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʢʘʟʘʥʦ ʚ ʯʠʩʪʘ ʩʪʘʷ ʥʘ NASA, ʚ ʢʦʷʪʦ ʙʘʢʪʝʨʠʷʪʘ ʨʘʩʪʷʣʘ ʧʦ-ʜʦʙʨʝ ʚ 
ʢʦʩʤʠʯʝʩʢʠ ʫʩʣʦʚʠʷ. ʇʨʠʪʝʩʥʠʪʝʣʥʦ ʝ ʯʝ ʩʧʦʨʝʜ ʫʯʝʥʠʪʝ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ 
ʩʪʘʥʮʠʷ ʦʧʘʩʥʠʪʝ  ʙʘʢʪʝʨʠʠ  ʩʪʘʚʘʪ ʧʦ-ʫʩʪʦʡʯʠʚʠ ʠ ʘʛʨʝʩʠʚʥʠ ʥʘ ʪʝʟʠ ʫʩʣʦʚʠʷ. ʆʩʚʝʥ ʪʦʚʘ 
ʤʠʢʨʦʙʠʪʝ ʤʦʛʘʪ ʜʘ ʜʦʩʪʠʛʥʘʪ ʠ ʜʦ ʜʨʫʛʠʪʝ ʧʣʘʥʝʪʠ. ʉʧʦʨʝʜ ʭʠʧʦʪʝʟʘ, ʥʘʨʝʯʝʥʘ ʧʘʥʩʧʝʨʤʠʷ 
ʙʘʢʪʝʨʠʠʪʝ ʦʮʝʣʷʚʘʪ ʢʘʪʦ ʩʝ ʧʨʠʢʨʝʧʷʪ ʥʘ ʩʢʘʣʥʠ ʧʘʨʯʝʪʘ, ʦʪ ʜʨʫʛʠ ʧʣʘʥʝʪʠ ʠ ʪʘʢʘ ʩʲʟʜʘʚʘʪ 
ʢʦʣʦʥʠʷ, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʜʦʩʪʠʛʥʝ ʜʦ ʜʨʫʛʠʪʝ ʢʦʩʤʠʯʝʩʢʠ ʪʝʣʘ. ɿʘ ʧʦʚʝʯʝ ʩʠʛʫʨʥʦʩʪ ʠ ʙʝʟʦʧʘʩʥʦʩʪ 
ʦʩʚʝʥ ʩʪʝʨʠʣʠʟʘʮʠʷ ʥʘ ʩʪʘʥʮʠʷʪʘ ʘʩʪʨʦʥʘʚʪʠʪʝ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ ʯʝʩʪʦ 
ʚʟʠʤʘʪ ʧʨʦʙʠ ʦʪ ʧʦʚʲʨʭʥʦʩʪʠʪʝ, ʚʦʜʘʪʘ ʠ ʚʲʟʜʫʭʘ, ʟʘʱʦʪʦ ʘʢʦ ʥʝ ʛʦ ʧʨʘʚʷʪ ʨʝʜʦʚʥʦ ʠʤʘ 
ʚʝʨʦʷʪʥʦʩʪ ʜʘ ʩʝ ʨʘʟʤʥʦʞʘʪ, ʥʘʡ-ʨʘʟʣʠʯʥʠ ʠ ʥʝʧʦʟʥʘʪʠ ʥʘ ʫʯʝʥʠʪʝ ʤʠʢʨʦʙʠ. 
 

9. ɿɸʑʆ ɽ ɺɸɾʅʆ ɼɸ ʀɿʋʏɸɺɸʄɽ ʄʀʂʈʆɹʀʊɽ? 
 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʱʝ ʢʘʞʘ, ʯʝ ʠʟʫʯʘʚʘʥʝʪʦ ʥʘ ʤʠʢʨʦʙʠʪʝ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʘʞʥʦ, ʟʘʱʦʪʦ ʩ 
ʧʨʠʩʲʩʪʚʠʝʪʦ ʩʠ ʠʣʠ ʙʝʟ ʥʝʛʦ ʪʝ ʦʢʘʟʚʘʪ ʩʝʨʠʦʟʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʟʜʨʘʚʝʪʦ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ, ʢʘʢʪʦ 
ʠ ʥʘ ʥʘʧʨʝʜʲʢʘ ʚ ʙʲʜʝʱʠʪʝ ʢʦʩʤʠʯʝʩʢʠ ʤʠʩʠʠ. ʊʷʭʥʦʪʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʦʨʛʘʥʠʟʤʘ ʤʦʞʝ ʜʘ 
ʙʲʜʝ ʢʘʢʪʦ ʧʦʟʠʪʠʚʥʦ, ʪʘʢʘ ʠ ʥʝʛʘʪʠʚʥʦ, ʟʘʪʦʚʘ ʩʝ ʜʝʣʷʪ ʥʘ ʧʦʣʝʟʥʠ ʠ ʚʨʝʜʥʠ ʙʘʢʪʝʨʠʠ. 
ʅʝʛʘʪʠʚʥʦʪʦ ʚʣʠʷʥʠʝ ʩʝ ʜʲʣʞʠ ʥʘ ʛʝʥʥʘʪʘ ʤʫʪʘʮʠʷ, ʢʦʷʪʦ ʪʝ ʧʨʝʪʲʨʧʷʚʘʪ ʧʨʠ ʚʠʩʦʢʘ ʨʘʜʠʘʮʠʷ ʠ 
ʧʦʚʠʰʝʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ ʚ ʩʪʘʥʮʠʠʪʝ. ɿʘ ʜʘ ʩʝ ʥʘʤʘʣʷʪ ʚʨʝʜʠʪʝ ʪʨʷʙʚʘ 
ʨʝʜʦʚʥʦ ʜʘ ʩʝ ʧʨʘʚʷʪ ʠʟʩʣʝʜʚʘʥʠʷ, ʜʘ ʩʝ ʧʦʯʠʩʪʚʘ, ʜʝʟʠʥʬʝʢʮʠʨʘ ʠ ʧʨʝʯʠʩʪʚʘ ʚʲʟʜʫʭʘ, ʘ ʜʦ ʪʦʟʠ 
ʠʟʚʦʜ ʩʝ ʩʪʠʛʘ ʯʨʝʟ ʨʝʜʦʚʥʠ ʧʨʦʫʯʚʘʥʠʷ. ɿʘʪʦʚʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʚʥʠʤʘʪʝʣʥʦ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ 
ʤʠʢʨʦʙʠʪʝ ʧʦ ʚʨʝʤʝ ʥʘ ʤʫʪʘʮʠʷ, ʟʘ ʜʘ ʩʝ ʦʪʢʨʠʝ ʧʨʘʚʠʣʝʥ ʤʝʪʦʜ ʯʨʝʟ ʢʦʠʪʦ ʫʯʝʥʠʪʝ ʜʘ ʫʩʧʷʚʘʪ 
ʜʘ ʛʠ ʢʦʥʪʨʦʣʠʨʘʪ ʠ ʦʪʩʪʨʘʥʷʚʘʪ. ʉ ʜʦʙʨʝ ʠʟʫʯʝʥʦʪʦ ʠʤ ʧʦʚʝʜʝʥʠʝ ʚ ʪʘʢʠʚʘ ʫʩʣʦʚʠʷ  ʱʝ ʩʝ 
ʠʟʙʝʛʥʝ ʥʝ ʩʘʤʦ ʦʧʘʩʥʦʩʪʪʘ ʦʪ ʨʠʩʢʦʚʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʥʦ ʠ ʱʝ ʩʝ ʟʘʱʠʪʠ ʝʢʠʧʘʞʲʪ ʠ ʪʘʢʘ ʱʝ ʠʤʘ 
ʚʩʝ ʧʦʚʝʯʝ ʫʩʧʝʰʥʠ ʤʠʩʠʠ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʩʨʝʜ ʧʦʪʝʥʮʠʘʣʥʦ ʦʧʘʩʥʠʪʝ ʙʘʢʪʝʨʠʠ ʩʘ ʦʪʢʨʠʪʠ, 
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ʪʘʢʘ ʥʘʨʝʯʝʥʠʪʝ ʧʨʦʙʠʦʪʠʮʠ , ʢʦʝʪʦ ʩʝ ʜʲʣʞʠ ʥʘ ʜʲʣʛʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʪʷʭ 
ʘʩʪʨʦʥʘʚʪʠʪʝ ʤʦʛʘʪ ʜʘ ʧʨʝʯʠʩʪʚʘʪ ʚʲʟʜʫʭʘ ʠ ʚʦʜʘʪʘ ʩʠ, ʜʘ ʩʝ ʭʨʘʥʷʪ ʩʲʩ ʟʜʨʘʚʦʩʣʦʚʥʘ ʭʨʘʥʘ ʠ 
ʜʘ ʠʤʘʪ ʜʦʩʪʲʧ ʜʦ  ʝʩʪʝʩʪʚʝʥʦ ʧʨʦʠʟʚʝʜʝʥʠʪʝ ʦʪ ʞʠʚʠ ʙʘʢʪʝʨʠʠ ʣʝʢʘʨʩʪʚʘ. ɸʢʦ ʧʨʦʜʲʣʞʘʪ ʜʘ ʩʝ 
ʠʟʩʣʝʜʚʘʪ ʚʥʠʤʘʪʝʣʥʦ ʠ ʨʝʜʦʚʥʦ ʱʝ ʙʲʜʘʪ ʦʪʢʨʠʪʠ ʦʱʝ ʚʠʜʦʚʝ, ʢʦʠʪʦ ʩʘ ʥʝʧʦʟʥʘʪʠ ʥʘ 
ʯʦʚʝʯʝʩʪʚʦʪʦ, ʥʦ ʥʝʦʙʭʦʜʠʤʠ.   
 

 
ɿʘʢʣʶʯʝʥʠʝ 
ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʚʲʨʭʫ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʙʘʢʪʝʨʠʠʪʝ ʚ ʢʦʩʤʠʯʝʩʢʘ ʩʨʝʜʘ ʨʘʟʢʨʠʚʘʪ, ʯʝ 

ʞʠʚʦʪʲʪ ʨʝʘʛʠʨʘ ʧʦ ʠʟʥʝʥʘʜʚʘʱʠ ʥʘʯʠʥʠ, ʢʦʛʘʪʦ ʝ ʧʦʜʣʦʞʝʥ ʥʘ ʫʩʣʦʚʠʷ ʢʘʪʦ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ ʠ 
ʧʦʚʠʰʝʥʘ ʨʘʜʠʘʮʠʷ. ʅʘʙʣʶʜʘʚʘʥʠʪʝ ʧʨʦʤʝʥʠ ʚ ʨʘʩʪʝʞʘ, ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʙʠʦʬʠʣʤʠ ʠ 
ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʢʲʤ ʘʥʪʠʙʠʦʪʠʮʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʙʘʢʪʝʨʠʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʘʜʘʧʪʠʨʘʪ ʤʥʦʛʦ ʧʦ-ʙʲʨʟʦ, 
ʦʪʢʦʣʢʦʪʦ ʦʯʘʢʚʘʤʝ. ʊʝʟʠ ʦʪʢʨʠʪʠʷ ʧʦʜʯʝʨʪʘʚʘʪ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʟʘʜʲʣʙʦʯʝʥʠ ʧʨʦʫʯʚʘʥʠʷ, 
ʪʲʡ ʢʘʪʦ ʤʠʢʨʦʙʠʪʝ ʤʦʛʘʪ ʜʘ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʨʠʩʢʦʚʝ ʟʘ ʟʜʨʘʚʝʪʦ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ ʠ ʟʘ 
ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʤʠʩʠʠ. ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ ʪʝ ʥʠ ʜʘʚʘʪ ʮʝʥʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 
ʦʩʥʦʚʥʠ ʙʠʦʣʦʛʠʯʥʠ ʧʨʦʮʝʩʠ, ʢʦʠʪʦ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʥʦʚʠ ʤʝʜʠʮʠʥʩʢʠ ʠ 
ʙʠʦʪʝʭʥʦʣʦʛʠʯʥʠ ʨʝʰʝʥʠʷ ʥʘ ɿʝʤʷʪʘ. ʈʘʟʙʠʨʘʥʝʪʦ ʥʘ ʤʠʢʨʦʙʠʦʣʦʛʠʷʪʘ ʚ ʢʦʩʤʦʩʘ ʥʝ ʩʘʤʦ ʥʠ 
ʧʦʜʛʦʪʚʷ ʟʘ ʙʲʜʝʱʠ ʝʢʩʧʝʜʠʮʠʠ ʚ ʜʲʣʙʦʢʠʷ ʢʦʩʤʦʩ, ʥʦ ʠ ʨʘʟʰʠʨʷʚʘ ʧʦʟʥʘʥʠʷʪʘ ʥʠ ʟʘ ʩʘʤʘʪʘ 
ʧʨʠʨʦʜʘ ʥʘ ʞʠʚʦʪʘ ʚ ʝʢʩʪʨʝʤʥʠ ʫʩʣʦʚʠʷ. 
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Abstract: The study examines the impact of DDoS attacks on space infrastructure and the security of 

communication systems. It analyzes the main types of attacks and their effects on ground stations and satellite 
networks. Through simulations, various load scenarios and system behavior under high traffic conditions were 
explored. The obtained results show that DDoS attacks can significantly reduce the availability of critical services 
and disrupt communication management. The research highlights the need for timely technical and organizational 
measures to protect space communication systems from modern cyber threats. 

 

ɺʲʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʪʝ ʜʝʩʝʪʠʣʝʪʠʷ ʢʠʙʝʨʩʠʛʫʨʥʦʩʪʪʘ ʩʝ ʧʨʝʚʲʨʥʘ ʚ ʝʜʠʥ ʦʪ ʦʩʥʦʚʥʠʪʝ 
ʧʨʠʦʨʠʪʝʪʠ ʥʘ ʥʘʮʠʦʥʘʣʥʘʪʘ ʠ ʤʝʞʜʫʥʘʨʦʜʥʘʪʘ ʩʠʛʫʨʥʦʩʪ. ʉ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʮʠʬʨʦʚʠʪʝ 
ʪʝʭʥʦʣʦʛʠʠ ʠ ʛʣʦʙʘʣʥʘʪʘ ʩʚʲʨʟʘʥʦʩʪ, ʘʪʘʢʠʪʝ ʪʠʧ Distributed Denial of Service (DDoS) 
ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʝʜʥʘ ʦʪ ʥʘʡ-ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʪʝ ʠ ʝʬʝʢʪʠʚʥʠ ʟʘʧʣʘʭʠ ʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʠ 
ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʩʠʩʪʝʤʠ [1; 2]. ʊʝ ʮʝʣʷʪ ʧʨʝʪʦʚʘʨʚʘʥʝ ʥʘ ʤʨʝʞʦʚʠʪʝ ʨʝʩʫʨʩʠ ʠ ʦʪʢʘʟ ʥʘ ʜʦʩʪʲʧ 
ʜʦ ʢʨʠʪʠʯʥʠ ʫʩʣʫʛʠ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʠʤʘ ʩʝʨʠʦʟʥʠ ʧʦʩʣʝʜʩʪʚʠʷ ʟʘ ʜʲʨʞʘʚʥʠ, ʚʦʝʥʥʠ ʠ ʛʨʘʞʜʘʥʩʢʠ 
ʩʪʨʫʢʪʫʨʠ. 
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ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʟʘʚʠʩʠʤʦʩʪʪʘ ʦʪ ʢʦʩʤʠʯʝʩʢʠ ʢʦʤʫʥʠʢʘʮʠʠ ï ʩʘʪʝʣʠʪʥʠ ʤʨʝʞʠ, 
ʥʘʚʠʛʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʠ ʥʘʟʝʤʥʠ ʩʪʘʥʮʠʠ ï ʥʝʧʨʝʢʲʩʥʘʪʦ ʥʘʨʘʩʪʚʘ [4]. ʊʦʚʘ ʧʨʝʚʨʲʱʘ 
ʢʦʩʤʠʯʝʩʢʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʚ ʧʦʪʝʥʮʠʘʣʥʘ ʮʝʣ ʟʘ ʢʠʙʝʨʘʪʘʢʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʟʘ DDoS 
ʢʘʤʧʘʥʠʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʥʘʨʫʰʘʪ ʫʧʨʘʚʣʝʥʠʝʪʦ, ʥʘʙʣʶʜʝʥʠʝʪʦ ʠ ʩʠʛʫʨʥʦʩʪʪʘ ʥʘ 
ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʢʘʥʘʣʠ. 

ʅʘʩʪʦʷʱʘʪʘ ʨʘʙʦʪʘ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʠʟʩʣʝʜʚʘ ʚʣʠʷʥʠʝʪʦ ʥʘ DDoS ʘʪʘʢʠʪʝ ʚʲʨʭʫ 
ʢʦʩʤʠʯʝʩʢʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʩʠʩʪʝʤʠ, ʢʘʢʪʦ ʠ ʜʘ ʘʥʘʣʠʟʠʨʘ 
ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʧʦʜʭʦʜʠ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʷʭʥʘʪʘ ʫʩʪʦʡʯʠʚʦʩʪ. ɺ 
ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʠʤʫʣʘʮʠʠ, ʯʨʝʟ ʢʦʠʪʦ ʩʝ ʤʦʜʝʣʠʨʘʪ ʨʘʟʣʠʯʥʠ ʩʮʝʥʘʨʠʠ ʥʘ DDoS 
ʥʘʪʦʚʘʨʚʘʥʝ ʠ ʩʝ ʦʮʝʥʷʚʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʩʠʩʪʝʤʠʪʝ ʧʨʠ ʚʠʩʦʢʦ ʥʠʚʦ ʥʘ ʪʨʘʬʠʢ. 

1. ʄʝʭʘʥʠʟʤʠ ʠ ʆʩʦʙʝʥʦʩʪʠ ʧʨʠ ʟʘʱʠʪʘ ʦʪ DoS ʠ DDoS.  

ɿʘ ʜʘ ʩʝ ʨʘʟʙʝʨʝ ʧʦ-ʜʦʙʨʝ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ DDoS ʚʲʨʭʫ ʢʦʩʤʠʯʝʩʢʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʝ 
ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘ ʪʷʭʥʘʪʘ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʧʨʠʥʮʠʧʠ ʥʘ ʜʝʡʩʪʚʠʝ. 

DDoS (Distributed Denial of Service) ʧʨʝʜʩʪʘʚʣʷʚʘ ʨʘʟʧʨʝʜʝʣʝʥʘ ʘʪʘʢʘ ʟʘ ʦʪʢʘʟ ʥʘ ʫʩʣʫʛʘ, 
ʧʨʠ ʢʦʷʪʦ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʨʦʤʝʪʠʨʘʥʠ ʫʩʪʨʦʡʩʪʚʘ ʠʟʧʨʘʱʘʪ ʛʦʣʷʤ ʦʙʝʤ ʪʨʘʬʠʢ ʢʲʤ 
ʦʧʨʝʜʝʣʝʥʘ ʩʠʩʪʝʤʘ ʠʣʠ ʩʲʨʚʲʨ, ʩ ʮʝʣ ʪ ̫ʜʘ ʙʲʜʝ ʧʨʝʪʦʚʘʨʝʥʘ ʠ ʚʨʝʤʝʥʥʦ ʥʝʜʦʩʪʲʧʥʘ. 

ʂʦʥʪʨʦʣʲʪ ʚʲʨʭʫ ʪʝʟʠ ʢʦʤʧʨʦʤʝʪʠʨʘʥʠ ʫʩʪʨʦʡʩʪʚʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʢʦʤʘʥʜʥʦ-ʢʦʥʪʨʦʣʥʘ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ (Command-and-Control, C2). ʊ  ̫ʧʨʝʜʩʪʘʚʣʷʚʘ ʢʦʤʫʥʠʢʘʮʠʦʥʝʥ ʤʝʭʘʥʠʟʲʤ, ʯʨʝʟ 
ʢʦʡʪʦ ʦʧʝʨʘʪʦʨʲʪ ʠʟʧʨʘʱʘ ʠʥʩʪʨʫʢʮʠʠ ʜʦ ʚʩʠʯʢʠ ʟʘʨʘʟʝʥʠ ʭʦʩʪʦʚʝ [6]. 

ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʘʨʭʠʪʝʢʪʫʨʘʪʘ, C2 ʤʦʞʝ ʜʘ ʙʲʜʝ: 

¶ ʎʝʥʪʨʘʣʠʟʠʨʘʥ ï ʚʩʠʯʢʠ ʙʦʪʦʚʝ ʢʦʤʫʥʠʢʠʨʘʪ ʩ ʝʜʠʥ ʠʣʠ ʥʷʢʦʣʢʦ ʦʩʥʦʚʥʠ ʢʦʥʪʨʦʣʥʠ 
ʩʲʨʚʲʨʘ (Ăʫʩʪʨʦʡʩʪʚʦ ʤʘʡʢʘñ), ʢʦʠʪʦ ʠʟʜʘʚʘʪ ʢʦʤʘʥʜʠ ʢʘʪʦ ʥʘʯʘʣʦ ʥʘ ʘʪʘʢʘʪʘ, 
ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʠ ʩʠʣʘ ʥʘ ʥʘʪʦʚʘʨʚʘʥʝ. 

¶ ʈʘʟʧʨʝʜʝʣʝʥ (Peer-to-Peer) ï ʦʪʜʝʣʥʠʪʝ ʙʦʪʦʚʝ ʦʙʤʝʥʷʪ ʢʦʤʘʥʜʠ ʧʦʤʝʞʜʫ ʩʠ, ʙʝʟ 
ʮʝʥʪʨʘʣʝʥ ʢʦʥʪʨʦʣʝʥ ʚʲʟʝʣ. ʊʦʚʘ ʧʦʚʠʰʘʚʘ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʠ ʧʨʘʚʠ ʦʪʢʨʠʚʘʥʝʪʦ ʧʦ-
ʪʨʫʜʥʦ. 

¶ ʍʠʙʨʠʜʝʥ ï ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʜʚʘʪʘ ʧʦʜʭʦʜʘ, ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʱʘ ʣʝʛʠʪʠʤʥʠ ʧʫʙʣʠʯʥʠ 
ʫʩʣʫʛʠ (ʥʘʧʨʠʤʝʨ ʩʦʮʠʘʣʥʠ ʤʨʝʞʠ ʠʣʠ ʦʙʣʘʯʥʠ ʧʣʘʪʬʦʨʤʠ) ʢʘʪʦ ʧʦʩʨʝʜʥʠʢ ʟʘ 
ʢʦʤʘʥʜʠʪʝ, ʟʘ ʜʘ ʩʝ ʧʨʠʢʨʠʝ ʟʣʦʥʘʤʝʨʝʥʘʪʘ ʘʢʪʠʚʥʦʩʪ. 

ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʪʘʟʠ ʘʨʭʠʪʝʢʪʫʨʘ ʘʪʘʢʫʚʘʱʠʷʪ ʤʦʞʝ ʜʘ ʢʦʦʨʜʠʥʠʨʘ ʝʜʥʦʚʨʝʤʝʥʥʦʪʦ 
ʜʝʡʩʪʚʠʝ ʥʘ ʭʠʣʷʜʠ ʠʣʠ ʤʠʣʠʦʥʠ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʚʩʷʢʘ ʪʦʯʢʘ ʥʘ ʩʚʝʪʘ, ʙʝʟ ʜʘ ʠʤʘ ʬʠʟʠʯʝʩʢʠ 
ʜʦʩʪʲʧ ʜʦ ʪʷʭ. ʇʨʠ ʘʢʪʠʚʠʨʘʥʝ ʚʩʠʯʢʠ ʙʦʪʦʚʝ ʟʘʧʦʯʚʘʪ ʜʘ ʠʟʧʨʘʱʘʪ ʤʘʩʦʚ ʪʨʘʬʠʢ ʢʲʤ ʮʝʣʝʚʘʪʘ 
ʩʠʩʪʝʤʘ, ʢʦʝʪʦ  ̫ʧʨʝʪʦʚʘʨʚʘ ʠ  ̫ʧʨʘʚʠ ʥʝʜʦʩʪʲʧʥʘ ʟʘ ʥʦʨʤʘʣʥʠ ʧʦʪʨʝʙʠʪʝʣʠ. 

ʇʦʨʘʜʠ ʩʚʦʷ ʨʘʟʧʨʝʜʝʣʝʥ ʭʘʨʘʢʪʝʨ, DDoS ʘʪʘʢʠʪʝ ʩʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʪʨʫʜʥʠ ʟʘ ʦʪʢʨʠʚʘʥʝ 
ʠ ʥʝʫʪʨʘʣʠʟʠʨʘʥʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʙʠʢʥʦʚʝʥʠʪʝ DoS ʘʪʘʢʠ. 
ʆʩʥʦʚʥʠʪʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʚʢʣʶʯʚʘʪ: 

¶ ɻʦʣʷʤ ʦʙʝʤ ʪʨʘʬʠʢ, ʠʜʚʘʱ ʦʪ ʣʝʛʠʪʠʤʥʦ ʠʟʛʣʝʞʜʘʱʠ IP ʘʜʨʝʩʠ (ʪ.ʝ. ʟʘʨʘʟʝʥʠ ʨʝʘʣʥʠ 
ʧʦʪʨʝʙʠʪʝʣʠ). 

¶ ɼʠʥʘʤʠʯʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʥʘʪʦʚʘʨʚʘʥʝʪʦ, ʢʦʝʪʦ ʧʨʘʚʠ ʪʨʫʜʥʦ ʬʠʣʪʨʠʨʘʥʝʪʦ ʥʘ 
ʦʪʜʝʣʥʠ ʠʟʪʦʯʥʠʮʠ. 

¶ ʂʨʘʪʢʦʪʨʘʡʥʠ ʠ Ăʚʲʣʥʦʚʠñ ʘʪʘʢʠ, ʢʦʠʪʦ ʩʝ ʘʢʪʠʚʠʨʘʪ ʠ ʩʧʠʨʘʪ ʥʘ ʠʥʪʝʨʚʘʣʠ, ʟʘ ʜʘ ʩʝ 
ʠʟʙʝʛʥʝ ʦʪʢʨʠʚʘʥʝ. 

¶ ʀʟʧʦʣʟʚʘʥʝ ʥʘ ʫʩʣʦʞʥʝʥʠ ʤʝʪʦʜʠ ʟʘ ʤʘʩʢʠʨʘʥʝ, ʚʢʣʶʯʠʪʝʣʥʦ ʢʨʠʧʪʠʨʘʥʠ ʢʦʤʫʥʠʢʘʮʠʠ 
ʠ ʬʘʣʰʠʬʠʮʠʨʘʥʠ IP ʘʜʨʝʩʠ. 

1.1. ʆʩʥʦʚʥʠ ʤʝʭʘʥʠʟʤʠ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝ ʥʘ DDoS ʘʪʘʢʠʪʝ 
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ɿʘ ʜʘ ʩʝ ʨʘʟʙʝʨʝ ʧʦ-ʜʦʙʨʝ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ DDoS ʚʲʨʭʫ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʠ ʢʦʩʤʠʯʝʩʢʠʪʝ 
ʩʠʩʪʝʤʠ, ʝ ʚʘʞʥʦ ʜʘ ʩʝ ʨʘʟʛʣʝʜʘʪ ʦʩʥʦʚʥʠʪʝ ʤʝʭʘʥʠʟʤʠ, ʯʨʝʟ ʢʦʠʪʦ ʧʦʜʦʙʥʠ ʘʪʘʢʠ ʥʘʨʫʰʘʚʘʪ 
ʥʦʨʤʘʣʥʘʪʘ ʨʘʙʦʪʘ ʥʘ ʤʨʝʞʠʪʝ. 

1. ʅʘʩʠʪʝʥʦʩʪ ʥʘ ʣʠʥʢʘ ï ʧʨʠ ʛʦʣʷʤ ʦʙʝʤ ʪʨʘʬʠʢ ʢʘʥʘʣʲʪ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʩʝ ʟʘʧʲʣʚʘ ʠ 
ʣʝʛʠʪʠʤʥʠʪʝ ʟʘʷʚʢʠ ʥʝ ʤʦʛʘʪ ʜʘ ʧʨʝʤʠʥʘʪ. ɺ ʢʦʩʤʠʯʝʩʢʠʪʝ ʢʦʤʫʥʠʢʘʮʠʠ ʪʦʚʘ ʤʦʞʝ ʜʘ 
ʜʦʚʝʜʝ ʜʦ ʟʘʙʘʚʷʥʝ ʠʣʠ ʟʘʛʫʙʘ ʥʘ ʢʦʤʘʥʜʠ ʠ ʪʝʣʝʤʝʪʨʠʷ [2]. 

2. ʀʟʯʝʨʧʚʘʥʝ ʥʘ ʨʝʩʫʨʩʠ ʥʘ ʤʨʝʞʦʚʠ ʫʩʪʨʦʡʩʪʚʘ ï ʨʫʪʝʨʠ ʠ ʢʦʤʫʪʘʪʦʨʠ ʤʦʛʘʪ ʜʘ 
ʜʦʩʪʠʛʥʘʪ ʣʠʤʠʪʘ ʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʚʨʲʟʢʠ, ʢʦʝʪʦ ʚʨʝʤʝʥʥʦ ʧʨʝʢʲʩʚʘ ʜʦʩʪʲʧʘ ʜʦ 
ʩʠʩʪʝʤʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ. 

3. ʇʨʝʪʦʚʘʨʚʘʥʝ ʥʘ ʧʨʠʣʦʞʥʠ ʨʝʩʫʨʩʠ ï ʩʲʨʚʲʨʠʪʝ, ʢʦʠʪʦ ʦʙʩʣʫʞʚʘʪ ʟʘʷʚʢʠ, ʩʝ 
ʧʨʝʪʦʚʘʨʚʘʪ ʠ ʟʘʧʦʯʚʘʪ ʜʘ ʚʨʲʱʘʪ ʛʨʝʰʢʠ ʠʣʠ ʟʘʙʘʚʝʥʠ ʦʪʛʦʚʦʨʠ. 

4. ʆʧʘʰʢʠ ʠ ʟʘʢʲʩʥʝʥʠʷ ï ʥʘʪʨʫʧʚʘʥʝʪʦ ʥʘ ʟʘʷʚʢʠ ʚʦʜʠ ʜʦ ʧʦ-ʜʲʣʛʦ ʚʨʝʤʝ ʟʘ ʦʪʛʦʚʦʨ. ʇʨʠ 
ʢʦʩʤʠʯʝʩʢʠʪʝ ʦʧʝʨʘʮʠʠ ʪʦʚʘ ʤʦʞʝ ʜʘ ʥʘʨʫʰʠ ʩʠʥʭʨʦʥʠʟʘʮʠʷʪʘ ʤʝʞʜʫ ʥʘʟʝʤʥʠʪʝ ʩʪʘʥʮʠʠ 
ʠ ʩʧʲʪʥʠʮʠʪʝ. 

5. ɼʝʛʨʘʜʘʮʠʷ ʥʘ ʟʘʚʠʩʠʤʠ ʫʩʣʫʛʠ ï ʦʪʢʘʟ ʥʘ ʫʩʣʫʛʠ ʢʘʪʦ DNS, ʫʜʦʩʪʦʚʝʨʷʚʘʥʝ ʠʣʠ 
ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʚʝʨʠʞʥʠ ʦʪʢʘʟʠ ʚ ʩʠʩʪʝʤʘʪʘ. 

6. ʆʧʝʨʘʪʠʚʥʘ ʙʣʦʢʘʜʘ ï ʟʘʙʘʚʷʥʝ ʠʣʠ ʥʝʜʦʩʪʲʧʥʦʩʪ ʥʘ ʠʥʪʝʨʬʝʡʩʠʪʝ ʟʘ ʦʧʝʨʘʪʦʨʠʪʝ 
ʤʦʞʝ ʜʘ ʦʛʨʘʥʠʯʠ ʩʧʦʩʦʙʥʦʩʪʪʘ ʠʤ ʟʘ ʥʘʚʨʝʤʝʥʥʘ ʨʝʘʢʮʠʷ ʧʨʠ ʢʨʠʪʠʯʥʠ ʩʲʙʠʪʠʷ. 

ʇʨʦʚʝʜʝʥʠʪʝ ʧʦ-ʢʲʩʥʦ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩ ʠʥʩʪʨʫʤʝʥʪʠʪʝ k6 ʠ BlazeMeter ʮʝʣʷʪ ʜʘ ʤʦʜʝʣʠʨʘʪ 
ʠʤʝʥʥʦ ʪʝʟʠ ʝʬʝʢʪʠ ʠ ʜʘ ʦʮʝʥʷʪ ʜʦ ʢʘʢʚʘ ʩʪʝʧʝʥ ʥʘʪʦʚʘʨʚʘʥʝʪʦ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʫʩʣʫʛʠ 
ʤʦʞʝ ʜʘ ʥʘʨʫʰʠ ʜʦʩʪʲʧʥʦʩʪʪʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʥʘ ʢʨʠʪʠʯʥʠ ʝʣʝʤʝʥʪʠ ʦʪ ʢʦʩʤʠʯʝʩʢʘʪʘ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʪʝʟʠ ʤʝʭʘʥʠʟʤʠ ʙʷʭʘ ʜʝʬʠʥʠʨʘʥʠ ʧʘʨʘʤʝʪʨʠʪʝ ʠ ʩʮʝʥʘʨʠʷʪ ʥʘ 
ʧʨʦʚʝʞʜʘʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ, ʦʧʠʩʘʥʦ ʚ ʩʣʝʜʚʘʱʠʷ ʨʘʟʜʝʣ. 

2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ DDoS ʘʪʘʢʠ. 

DoS ʠ DDoS ʘʪʘʢʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʠ ʯʨʝʟ ʪʨʠ ʦʩʥʦʚʥʠ ʧʘʨʘʤʝʪʲʨʘ, ʢʦʠʪʦ 
ʦʧʨʝʜʝʣʷʪ ʪʷʭʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʠ ʠʥʪʝʥʟʠʚʥʦʩʪ: ʦʙ ɦ ʙʨʦʡ ʫʯʘʩʪʚʘʱʠ ʫʩʪʨʦʡʩʪʚʘ (total users), 
ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʘʪʘʢʘʪʘ (duration) ʠ ʚʨʝʤʝ ʟʘ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʥʘʪʦʚʘʨʚʘʥʝʪʦ (ramp-up time). 

¶ ʆʙ  ɦʙʨʦʡ ʫʯʘʩʪʚʘʱʠ ʫʩʪʨʦʡʩʪʚʘ (total users) ð ʪʦʟʠ ʧʘʨʘʤʝʪʲʨ ʦʙʦʟʥʘʯʘʚʘ ʙʨʦʷ ʥʘ 
ʠʟʪʦʯʥʠʮʠʪʝ (ʨʝʘʣʥʠ ʠʣʠ ʩʠʤʫʣʠʨʘʥʠ), ʢʦʠʪʦ ʛʝʥʝʨʠʨʘʪ ʪʨʘʬʠʢ ʢʲʤ ʮʝʣʝʚʘʪʘ ʩʠʩʪʝʤʘ. ɺ 
ʢʦʥʪʝʢʩʪʘ ʥʘ DDoS ʘʪʘʢʠʪʝ ʪʦʚʘ ʦʙʠʢʥʦʚʝʥʦ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʙʨʦʷ ʢʦʤʧʨʦʤʝʪʠʨʘʥʠ 
ʭʦʩʪʦʚʝ ʚ ʙʦʪʥʝʪ ʩʪʨʫʢʪʫʨʘʪʘ. ʂʦʣʢʦʪʦ ʧʦ-ʛʦʣʷʤ ʝ ʙʨʦʷʪ ʥʘ ʠʟʪʦʯʥʠʮʠʪʝ, ʪʦʣʢʦʚʘ ʧʦ-ʚʠʩʦʢ 
ʝ ʦʙʝʤʲʪ ʥʘ ʛʝʥʝʨʠʨʘʥʠʷ ʪʨʘʬʠʢ ʠ ʩʲʦʪʚʝʪʥʦ ð ʥʘʪʠʩʢʲʪ ʚʲʨʭʫ ʤʨʝʞʦʚʘʪʘ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. 

¶ ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪ (duration) ð ʧʨʝʜʩʪʘʚʣʷʚʘ ʚʨʝʤʝʚʠʷʪ ʠʥʪʝʨʚʘʣ, ʚ ʢʦʡʪʦ ʘʪʘʢʘʪʘ ʩʝ 
ʠʟʚʲʨʰʚʘ ʘʢʪʠʚʥʦ. ʊʦʟʠ ʧʘʨʘʤʝʪʲʨ ʝ ʢʣʶʯʦʚ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ 
ʠ ʥʝʡʥʠʪʝ ʟʘʱʠʪʥʠ ʤʝʭʘʥʠʟʤʠ. ʇʦ-ʜʲʣʛʠʪʝ ʘʪʘʢʠ ʦʙʠʢʥʦʚʝʥʦ ʠʟʠʩʢʚʘʪ ʧʦʩʪʦʷʥʥʘ 
ʢʦʦʨʜʠʥʘʮʠʷ ʥʘ ʙʦʪʥʝʪ ʤʨʝʞʘʪʘ ʠ ʚʦʜʷʪ ʜʦ ʧʦ-ʩʝʨʠʦʟʥʦ ʠʟʯʝʨʧʚʘʥʝ ʥʘ ʨʝʩʫʨʩʠʪʝ ʥʘ 
ʮʝʣʪʘ. 

¶ ɺʨʝʤʝ ʟʘ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʥʘʪʦʚʘʨʚʘʥʝʪʦ (ramp-up time) ð ʪʦʚʘ ʝ ʧʝʨʠʦʜʲʪ, ʥʝʦʙʭʦʜʠʤ ʟʘ 
ʜʦʩʪʠʛʘʥʝ ʥʘ ʧʲʣʥʠʷ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʘʪʘʢʘʪʘ. ʆʙʠʢʥʦʚʝʥʦ ʘʪʘʢʠʪʝ ʥʝ ʟʘʧʦʯʚʘʪ ʚʥʝʟʘʧʥʦ ʩ 
ʤʘʢʩʠʤʘʣʝʥ ʪʨʘʬʠʢ, ʘ ʩʝ ʨʘʟʚʠʚʘʪ ʧʦʩʪʝʧʝʥʥʦ, ʢʘʪʦ ʙʨʦʷʪ ʥʘ ʘʢʪʠʚʥʠʪʝ ʠʟʪʦʯʥʠʮʠ ʠ 
ʯʝʩʪʦʪʘʪʘ ʥʘ ʟʘʷʚʢʠʪʝ ʩʝ ʫʚʝʣʠʯʘʚʘʪ ʚʲʚ ʚʨʝʤʝʪʦ. ʊʦʟʠ ʧʦʜʭʦʜ ʟʘʪʨʫʜʥʷʚʘ ʨʘʥʥʦʪʦ 
ʦʪʢʨʠʚʘʥʝ ʦʪ ʩʠʩʪʝʤʠʪʝ ʟʘ ʟʘʱʠʪʘ, ʪʲʡ ʢʘʪʦ ʘʪʘʢʘʪʘ ʥʘʧʦʜʦʙʷʚʘ ʥʦʨʤʘʣʥʦ ʫʚʝʣʠʯʝʥʠʝ 
ʥʘ ʧʦʪʨʝʙʠʪʝʣʩʢʘʪʘ ʘʢʪʠʚʥʦʩʪ. 

ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʪʝʟʠ ʪʨʠ ʧʘʨʘʤʝʪʲʨʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʛʝʥʝʨʠʨʘʥ ʪʝʩʪʦʚ ʩʮʝʥʘʨʠʡ, ʯʨʝʟ ʢʦʡʪʦ 
ʩʝ ʩʠʤʫʣʠʨʘ ʨʝʘʣʥʦ ʥʘʪʦʚʘʨʚʘʥʝ ʚʲʨʭʫ ʩʠʩʪʝʤʘʪʘ. ʎʝʣʪʘ ʥʘ ʧʦʜʦʙʝʥ ʪʝʩʪ ʝ ʜʘ ʩʝ ʦʮʝʥʠ 
ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʪʘ ʜʘ ʨʝʘʛʠʨʘ ʥʘ ʚʥʝʟʘʧʥʦ ʠʣʠ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʘʚʘʱʦ ʩʝ 
ʤʨʝʞʦʚʦ ʥʘʪʦʚʘʨʚʘʥʝ, ʢʘʢʪʦ ʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʚʥʝʜʨʝʥʠʪʝ ʟʘʱʠʪʥʠ ʤʝʭʘʥʠʟʤʠ ʩʨʝɦʫ DoS ʠ 
DDoS ʘʪʘʢʠ. 

ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʦʟʚʦʣʷʚʘʪ ʘʥʘʣʠʟ ʥʘ ʧʨʘʛʦʚʝʪʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪ, ʢʘʧʘʮʠʪʝʪʘ ʥʘ 
ʤʨʝʞʘʪʘ ʠ ʪʦʯʢʠʪʝ ʥʘ ʦʪʢʘʟ, ʢʦʝʪʦ ʝ ʚʘʞʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʩʪʨʘʪʝʛʠʠ ʟʘ ʧʨʝʚʝʥʮʠʷ ʠ 
ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ ʩʠʛʫʨʥʦʩʪʪʘ. 
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2.1 Blaze Meter 

BlazeMeter ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʥʣʘʡʥ ʧʣʘʪʬʦʨʤʘ (https://www.blazemeter.com), 
ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʟʘ ʪʝʩʪʚʘʥʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʠ ʥʘʪʦʚʘʨʚʘʥʝʪʦ ʥʘ ʫʝʙ ʧʨʠʣʦʞʝʥʠʷ ʠ 
ʩʘʡʪʦʚʝ. ʏʨʝʟ ʥʝʷ ʤʦʛʘʪ ʜʘ ʩʝ ʩʲʟʜʘʚʘʪ, ʠʟʧʲʣʥʷʚʘʪ ʠ ʘʥʘʣʠʟʠʨʘʪ ʨʘʟʣʠʯʥʠ ʪʝʩʪʦʚʝ, ʢʦʠʪʦ 
ʦʮʝʥʷʚʘʪ ʩʪʘʙʠʣʥʦʩʪʪʘ ʠ ʨʝʘʢʮʠʷʪʘ ʥʘ ʩʠʩʪʝʤʠʪʝ ʧʨʠ ʧʦʚʠʰʝʥ ʪʨʘʬʠʢ (ʬʠʛ. 1). ʇʨʠʣʦʞʝʥʠʝʪʦ 
ʦʩʠʛʫʨʷʚʘ ʥʘ ʨʘʟʨʘʙʦʪʯʠʮʠ, ʩʠʩʪʝʤʥʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʠ ʠ ʠʟʩʣʝʜʦʚʘʪʝʣʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ 
ʤʦʜʝʣʠʨʘʪ ʨʝʘʣʥʠ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʩʮʝʥʘʨʠʠ ʚ ʢʦʥʪʨʦʣʠʨʘʥʘ ʩʨʝʜʘ ʠ ʜʘ ʧʨʦʩʣʝʜʷʪ ʧʦʚʝʜʝʥʠʝʪʦ 
ʥʘ ʩʲʨʚʲʨʠʪʝ ʧʨʠ ʨʘʟʣʠʯʥʠ ʫʩʣʦʚʠʷ. 

 

ʌʠʛ. 1. ʀʥʪʝʨʬʝʡʩ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ Blaze 

ʀʥʪʝʨʬʝʡʩʲʪ ʥʘ BlazeMeter ʝ ʦʧʨʦʩʪʝʥ ʠ ʣʝʩʝʥ ʟʘ ʠʟʧʦʣʟʚʘʥʝ, ʢʘʪʦ ʧʦʟʚʦʣʷʚʘ 
ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʪʝʩʪʦʚʝ ʩ ʜʦ 50 ʚʠʨʪʫʘʣʥʠ ʧʦʪʨʝʙʠʪʝʣʷ, ʠʟʤʝʨʚʘʥʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ, 
ʫʩʪʦʡʯʠʚʦʩʪ ʠ ʩʪʨʝʩ, ʢʘʢʪʦ ʠ ʨʘʙʦʪʘ ʩ ʨʘʟʣʠʯʥʠ ʤʨʝʞʦʚʠ ʧʨʦʪʦʢʦʣʠ (HTTP, HTTPS) ʠ ʬʦʨʤʘʪʠ. 
ʇʣʘʪʬʦʨʤʘʪʘ ʧʦʜʜʲʨʞʘ ʠʟʧʨʘʱʘʥʝ ʥʘ ʪʨʘʬʠʢ ʦʪ ʨʘʟʣʠʯʥʠ ʛʝʦʛʨʘʬʩʢʠ ʪʦʯʢʠ ʠ ʧʨʝʜʣʘʛʘ 
ʚʠʟʫʘʣʠʟʠʨʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ (ʬʠʛ. 2). 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʧʨʠ ʧʦ-ʛʦʣʷʤ ʙʨʦʡ ʝʜʥʦʚʨʝʤʝʥʥʠ ʟʘʷʚʢʠ 
ʩʠʩʪʝʤʘʪʘ ʟʘʧʦʯʚʘ ʜʘ ʛʫʙʠ ʩʪʘʙʠʣʥʦʩʪ ʠ ʜʘ ʠʟʯʝʨʧʚʘ ʨʝʩʫʨʩʠʪʝ ʩʠ. ʊʦʚʘ ʷʩʥʦ ʩʝ ʚʠʞʜʘ ʦʪ 
ʛʨʘʬʠʢʠʪʝ, ʦʪʨʘʟʷʚʘʱʠ ʜʠʥʘʤʠʢʘʪʘ ʥʘ ʥʘʪʦʚʘʨʚʘʥʝʪʦ ʠ ʨʝʘʢʮʠʷʪʘ ʥʘ ʩʲʨʚʲʨʘ (ʬʠʛ. 3). 
ʅʘʙʣʶʜʘʚʘ ʩʝ, ʯʝ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʨʘʬʠʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʦʩʪʘʚʘ 
ʦʪʥʦʩʠʪʝʣʥʦ ʩʪʘʙʠʣʥʘ ʜʦ ʦʧʨʝʜʝʣʝʥ ʧʨʘʛ, ʩʣʝʜ ʢʦʡʪʦ ʟʘʧʦʯʚʘʪ ʟʘʙʘʚʷʥʠʷ ʠ ʛʨʝʰʢʠ ʧʨʠ 
ʦʙʨʘʙʦʪʢʘ ʥʘ ʟʘʷʚʢʠʪʝ (ʬʠʛ. 4). 
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ʌʠʛ.2. Oʙʦʙʱʝʥʠʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ. 

 
 

ʌʠʛ. 3. ʄʦʥʠʪʦʨʠʥʛ ʥʘ ʩʠʩʪʝʤʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʊʝʟʠ ʥʘʙʣʶʜʝʥʠʷ ʧʦʪʚʲʨʞʜʘʚʘʪ, ʯʝ ʧʨʠ ʚʠʩʦʢʦ ʥʘʪʦʚʘʨʚʘʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʷʚʘʥʝ 
ʥʘ ʧʦ-ʛʲʚʢʘʚʠ ʤʝʭʘʥʠʟʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʝʩʫʨʩʠʪʝ ʠ ʙʘʣʘʥʩʠʨʘʥʝ ʥʘ ʟʘʷʚʢʠʪʝ. ʀʟʚʦʜʠʪʝ ʦʪ 
ʪʝʩʪʦʚʝʪʝ ʧʦʜʯʝʨʪʘʚʘʪ ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʦʧʪʠʤʠʟʘʮʠʷʪʘ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʪʘ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦ-
ʜʦʙʨʘ ʫʩʪʦʡʯʠʚʦʩʪ ʧʨʠ ʨʝʘʣʥʠ DDoS ʩʮʝʥʘʨʠʠ. 

 

 
 

ʌʠʛ. 4. ɼʠʥʘʤʠʢʘ ʥʘ ʛʨʝʰʢʠʪʝ ʠ ʚʨʝʤʝʪʦ ʟʘ ʦʪʛʦʚʦʨ ʧʨʠ ʩʠʤʫʣʠʨʘʥʦ ʥʘʪʦʚʘʨʚʘʥʝ. 

 

2.2 K6 

K6 ʝ ʩʲʚʨʝʤʝʥʝʥ ʠʥʩʪʨʫʤʝʥʪ ʩ ʦʪʚʦʨʝʥ ʢʦʜ (https://k6.io), ʧʨʝʜʥʘʟʥʘʯʝʥ ʟʘ ʪʝʩʪʚʘʥʝ ʥʘ 
ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ, ʥʘʪʦʚʘʨʚʘʥʝʪʦ ʠ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʥʘ ʫʝʙ ʧʨʠʣʦʞʝʥʠʷ. ʊʦʡ ʧʦʟʚʦʣʷʚʘ ʢʘʢʪʦ 
ʣʦʢʘʣʥʦ ʠʟʧʣ̡ʥʝʥʠʝ ʥʘ ʪʝʩʪʦʚʝ, ʪʘʢʘ ʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʠʟʧʠʪʚʘʥʠʷ ʚ ʦʙʣʘʯʥʘ ʩʨʝʜʘ, ʢʦʝʪʦ ʛʦ 
ʧʨʘʚʠ ʠʟʢʣʶʯʠʪʝʣʥʦ ʛʲʚʢʘʚ ʠ ʧʦʜʭʦʜʷʱ ʟʘ ʨʘʟʣʠʯʥʠ ʩʮʝʥʘʨʠʠ ʥʘ ʘʥʘʣʠʟ (ʬʠʛ 5). 

ɽʜʥʦ ʦʪ ʦʩʥʦʚʥʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʥʘ K6 ʝ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʜʝʪʘʡʣʥʦ ʢʦʥʬʠʛʫʨʠʨʘʥʝ ʥʘ 
ʪʝʩʪʦʚʠʪʝ ʧʘʨʘʤʝʪʨʠ ï ʙʨʦʷ ʥʘ ʚʠʨʪʫʘʣʥʠʪʝ ʧʦʪʨʝʙʠʪʝʣʠ, ʙʨʦʷ ʥʘ ʝʪʘʧʠʪʝ ʥʘ ʥʘʪʦʚʘʨʚʘʥʝ, 
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ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʪʝʩʪʘ ʠ ʟʘʜʘʚʘʥʝ ʥʘ ʢʦʥʢʨʝʪʥʠ ʧʨʘʛʦʚʝ ʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ. ʇʦ ʪʦʟʠ 
ʥʘʯʠʥ ʧʦʪʨʝʙʠʪʝʣʷʪ ʠʤʘ ʧʲʣʝʥ ʢʦʥʪʨʦʣ ʚʲʨʭʫ ʥʘʯʠʥʘ, ʧʦ ʢʦʡʪʦ ʩʝ ʩʠʤʫʣʠʨʘ ʤʨʝʞʦʚʠʷʪ ʪʨʘʬʠʢ, 
ʢʘʢʪʦ ʠ ʚʲʨʭʫ ʘʥʘʣʠʟʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ (ʬʠʛ 6). 

ʉʣʝʜ ʧʨʠʢʣʶʯʚʘʥʝ ʥʘ ʪʝʩʪʘ, ʠʥʩʪʨʫʤʝʥʪʲʪ ʘʚʪʦʤʘʪʠʯʥʦ ʛʝʥʝʨʠʨʘ ʧʦʜʨʦʙʝʥ ʦʪʯʝʪ ʚ 
ʢʦʤʘʥʜʥʠʷ ʨʝʜ, ʢʦʡʪʦ ʩʲʜʲʨʞʘ ʢʣʶʯʦʚʠ ʧʦʢʘʟʘʪʝʣʠ ʟʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ ï ʩʨʝʜʥʦ ʚʨʝʤʝ 
ʟʘ ʦʪʛʦʚʦʨ, ʧʨʦʮʝʥʪ ʥʘ ʛʨʝʰʢʠ, ʙʨʦʡ ʫʩʧʝʰʥʠ ʧʨʦʚʝʨʢʠ ʠ ʦʙʝʤ ʥʘ ʧʨʝʥʝʩʝʥʠʪʝ ʜʘʥʥʠ. ʊʘʟʠ 
ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʦʩʪʘʚʷ ʨʝʘʣʠʩʪʠʯʥʘ ʧʨʝʜʩʪʘʚʘ ʟʘ ʩʪʘʙʠʣʥʦʩʪʪʘ ʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʪʝʩʪʚʘʥʠʷ 
ʨʝʩʫʨʩ ʧʨʠ ʨʘʟʣʠʯʥʠ ʥʘʪʦʚʘʨʚʘʥʠʷ. 

ɺ ʩʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠ ʨʝʰʝʥʠʷ, K6 ʧʨʝʜʣʘʛʘ ʧʦ-ʛʦʣʷʤʘ ʩʚʦʙʦʜʘ ʧʨʠ ʜʝʬʠʥʠʨʘʥʝʪʦ ʥʘ 
ʩʮʝʥʘʨʠʠ ʠ ʧʦ-ʧʨʝʮʠʟʝʥ ʢʦʥʪʨʦʣ ʚʲʨʭʫ ʥʘʪʦʚʘʨʚʘʥʝʪʦ, ʢʦʝʪʦ ʛʦ ʧʨʘʚʠ ʧʨʝʜʧʦʯʠʪʘʥ ʠʥʩʪʨʫʤʝʥʪ 
ʟʘ ʠʥʞʝʥʝʨʥʠ ʠ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʮʝʣʠ. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʦʟʚʦʣʷʚʘʪ ʜʘ ʩʝ ʦʮʝʥʠ 
ʢʘʧʘʮʠʪʝʪʲʪ ʥʘ ʩʠʩʪʝʤʘʪʘ ʠ ʥʝʡʥʘʪʘ ʫʩʪʦʡʯʠʚʦʩʪ ʧʨʠ ʚʠʩʦʢʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠ, ʢʦʝʪʦ ʝ 
ʦʪ ʩʲʝɦʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʩʪʨʘʪʝʛʠʠ ʟʘ ʟʘʱʠʪʘ ʩʨʝʱʫ DoS ʠ DDoS ʘʪʘʢʠ. 

 

  

ʌʠʛ. 5. ʌʘʡʣʦʚʝ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʪʝʩʪʦʚʝ ʩ K6. ʌʠʛ. 6. ʈʝʟʫʣʪʘʪ ʦʪ ñtest.jsò. 

2.3 ʉʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ. 

ɿʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʙʝʰʝ ʠʟʧʦʣʟʚʘʥ URL ʘʜʨʝʩ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʟʘ ʪʝʩʪʦʚʠ ʮʝʣʠ ï 
http://www.testingmcafeesites.com/testrep_yellow.html, ʢʦʡʪʦ ʩʠʤʫʣʠʨʘ ʨʝʘʣʝʥ ʫʝʙʩʘʡʪ ʩ 
ʙʘʟʦʚʘ ʟʘʱʠʪʘ. ʊʝʩʪʲʪ ʙʝ ʧʨʦʚʝʜʝʥ ʩ ʧʦʤʦʱʪʘ ʥʘ ʜʚʘʪʘ ʠʥʩʪʨʫʤʝʥʪʘ BlazeMeter ʠ k6, ʢʘʪʦ ʮʝʣʪʘ 
ʙʝʰʝ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʥʘ ʥʘʩʠʪʝʥʦʩʪ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʷ ʢʘʥʘʣ. ʇʨʠ 
ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʙʨʦʷ ʚʠʨʪʫʘʣʥʠ ʧʦʪʨʝʙʠʪʝʣʠ ʠ ʠʥʪʝʥʟʠʚʥʦʩʪʪʘ ʥʘ HTTP ʟʘʷʚʢʠʪʝ - ʣʘʪʝʥʪʥʦʩʪʪʘ 
ʥʘ ʦʪʛʦʚʦʨʠʪʝ ʥʘʨʘʩʪʚʘ, ʘ ʧʨʦʮʝʥʪʲʪ ʥʘ ʫʩʧʝʰʥʠ ʟʘʷʚʢʠ ʥʘʤʘʣʷʚʘ. ʊʦʚʘ ʧʦʢʘʟʚʘ, ʯʝ ʢʘʥʘʣʲʪ 
ʤʝʞʜʫ ʢʣʠʝʥʪʘ ʠ ʩʲʨʚʲʨʘ ʩʝ ʟʘʧʲʣʚʘ ʠ ʚʲʟʥʠʢʚʘʪ ʟʘʢʲʩʥʝʥʠʷ ʠ ʟʘʛʫʙʘ ʥʘ ʧʘʢʝʪʠ. 

ɺ ʢʦʥʪʝʢʩʪʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʢʦʤʫʥʠʢʘʮʠʠ, ʧʦʜʦʙʥʦ ʩʲʩʪʦʷʥʠʝ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʝʤʝ 
ʢʘʪʦ ʤʦʜʝʣ ʥʘ ʧʨʝʪʦʚʘʨʚʘʥʝ ʥʘ ʢʘʥʘʣ ʟʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʥʘʟʝʤʥʘ ʩʪʘʥʮʠʷ ʠ ʩʧʲʪʥʠʢ. ɸʢʦ 
ʤʨʝʞʦʚʠʷʪ ʪʨʘʬʠʢ ʜʦʩʪʠʛʥʝ ʠʣʠ ʥʘʜʤʠʥʝ ʢʘʧʘʮʠʪʝʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʢʨʠʪʠʯʥʠ ʜʘʥʥʠ ï 
ʢʘʪʦ ʢʦʤʘʥʜʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠʣʠ ʪʝʣʝʤʝʪʨʠʷ ï ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʟʘʙʘʚʝʥʠ ʠʣʠ ʠʟʛʫʙʝʥʠ, 
ʢʦʝʪʦ ʜʘ ʜʦʚʝʜʝ ʜʦ ʚʨʝʤʝʥʥʘ ʟʘʛʫʙʘ ʥʘ ʢʦʥʪʨʦʣ ʠ ʥʘʨʫʰʘʚʘʥʝ ʥʘ ʦʧʝʨʘʪʠʚʥʘʪʘ 
ʩʠʛʫʨʥʦʩʪ [5]. 

- ʇʨʠ 150 ʚʠʨʪʫʘʣʥʠ ʧʦʪʨʝʙʠʪʝʣʠ (VU) ʠ 10-ʤʠʥʫʪʝʥ ʧʝʨʠʦʜ ʥʘ ʥʘʪʦʚʘʨʚʘʥʝ, 
p95 ʣʘʪʝʥʪʥʦʩʪʪʘ ʩʝ ʫʚʝʣʠʯʠ ʦʪ 200 ms ʜʦ 2.3 s, ʘ ʫʩʧʝʰʥʠʪʝ ʟʘʷʚʢʠ 
ʥʘʤʘʣʷʭʘ ʩ ʦʢʦʣʦ 6%. 

http://www.testingmcafeesites.com/testrep_yellow.html
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ɿʘʢʣʶʯʝʥʠʝ.  

ʅʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʜʝʤʦʥʩʪʨʠʨʘ ʢʘʢ ʯʨʝʟ ʢʦʥʪʨʦʣʠʨʘʥʠ ʥʘʪʦʚʘʨʚʘʱʠ ʪʝʩʪʦʚʝ ʩ 
ʠʥʩʪʨʫʤʝʥʪʠʪʝ k6 ʠ BlazeMeter ʤʦʛʘʪ ʜʘ ʩʝ ʤʦʜʝʣʠʨʘʪ ʠ ʘʥʘʣʠʟʠʨʘʪ ʝʬʝʢʪʠʪʝ ʥʘ DDoS ʘʪʘʢʠ 
ʚʲʨʭʫ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʩʠʩʪʝʤʠ. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʧʨʠ ʧʦʚʠʰʝʥʦ ʤʨʝʞʦʚʦ 
ʥʘʪʦʚʘʨʚʘʥʝ ʥʘʩʪʲʧʚʘ ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʣʘʪʝʥʪʥʦʩʪʪʘ, ʩʧʘʜ ʚ ʧʨʦʮʝʥʪʘ ʥʘ ʫʩʧʝʰʥʠ ʟʘʷʚʢʠ ʠ 
ʚʨʝʤʝʥʥʘ ʥʝʜʦʩʪʲʧʥʦʩʪ ʥʘ ʫʩʣʫʛʠʪʝ. ʊʝʟʠ ʧʨʦʷʚʠ ʩʲʦʪʚʝʪʩʪʚʘʪ ʥʘ ʨʝʘʣʥʠ ʩʮʝʥʘʨʠʠ ʥʘ 
ʧʨʝʪʦʚʘʨʚʘʥʝ ʠ ʥʘʩʠʪʝʥʦʩʪ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʢʘʥʘʣʠ ʚ ʥʘʟʝʤʥʠ ʩʪʘʥʮʠʠ ʠ ʢʦʥʪʨʦʣʥʠ 
ʮʝʥʪʨʦʚʝ [3]. 

ɺ ʢʦʥʪʝʢʩʪʘ ʥʘ ʢʦʩʤʠʯʝʩʢʘʪʘ ʩʠʛʫʨʥʦʩʪ, ʧʦʜʦʙʥʠ ʩʲʙʠʪʠʷ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʯʘʩʪʠʯʥʘ ʠʣʠ 
ʧ̡ ʣʥʘ ʟʘʛʫʙʘ ʥʘ ʢʦʥʪʨʦʣ ʚʲʨʭʫ ʢʨʠʪʠʯʥʠ ʩʠʩʪʝʤʠ, ʟʘʙʘʚʷʥʝ ʚ ʧʨʝʜʘʚʘʥʝʪʦ ʥʘ ʪʝʣʝʤʝʪʨʠʷ ʠ 
ʥʘʨʫʰʘʚʘʥʝ ʥʘ ʩʠʥʭʨʦʥʠʟʘʮʠʷʪʘ ʤʝʞʜʫ ʥʘʟʝʤʥʘʪʘ ʠ ʦʨʙʠʪʘʣʥʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ʊʦʚʘ 
ʧʦʪʚʲʨʞʜʘʚʘ, ʯʝ DDoS ʘʪʘʢʠʪʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʩʘʤʦ ʤʨʝʞʦʚ ʨʠʩʢ, ʘ ʩʝʨʠʦʟʥʘ ʟʘʧʣʘʭʘ ʟʘ 
ʪʝʭʥʦʣʦʛʠʯʥʘʪʘ ʠ ʥʘʮʠʦʥʘʣʥʘ ʩʠʛʫʨʥʦʩʪ [7]. 

ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʧʨʦʚʝʜʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʝ ʧʦʜʯʝʨʪʘʚʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʠʥʪʝʛʨʠʨʘʥʠ 
ʤʝʨʢʠ ʟʘ ʟʘʱʠʪʘ ð ʚʢʣʶʯʠʪʝʣʥʦ ʨʘʥʥʦ ʦʪʢʨʠʚʘʥʝ ʥʘ ʥʝʦʙʠʯʘʡʥʦ ʥʘʪʦʚʘʨʚʘʥʝ, ʧʨʠʦʨʠʪʠʟʠʨʘʥʝ 
ʥʘ ʢʨʠʪʠʯʥʠʷ ʪʨʘʬʠʢ ʠ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʨʝʟʝʨʚʥʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʢʘʥʘʣʠ. ʈʝʟʫʣʪʘʪʠʪʝ ʤʦʛʘʪ ʜʘ 
ʧʦʩʣʫʞʘʪ ʢʘʪʦ ʦʩʥʦʚʘ ʟʘ ʙʲʜʝʱʠ ʩʠʤʫʣʘʮʠʠ ʠ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʩʪʨʘʪʝʛʠʠ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 
ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʠ ʥʘʜʝʞʜʥʦʩʪʪʘ ʥʘ ʢʦʩʤʠʯʝʩʢʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʨʝʱʫ ʩʲʚʨʝʤʝʥʥʠ 
ʢʠʙʝʨʟʘʧʣʘʭʠ. 
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ʂʆʉʄʀʏɽʉʂʆ ɿɽʄɽɼɽʈʀɽ ï ɺʒɿʄʆɾʅʆ ʃʀ ɽ ʆʊɻʃɽɾɼɸʅɽʊʆ ʅɸ 
ʍʈɸʅɸ ɺ ʂʆʉʄʆʉɸ 

 
ʀʚʘʥ ʂʘʟʘʢʦʚ 

  
ʇʨʦʬʝʩʠʦʥʘʣʥʘ ʛʠʤʥʘʟʠʷ ʧʦ ʝʢʦʣʦʛʠʷ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ Ăʇʨʦʬ. ɼ-ʨ ɸʩʝʥ ɿʣʘʪʘʨʦʚñ ʛʨ. ʉʦʬʠʷe 

 
 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʍʠʜʨʦʧʦʥʠʢʘ / ɸʝʨʦʧʦʥʠʢʘ; ʄʠʢʨʦʛʨʘʚʠʪʘʮʠʷ; ɾʠʟʥʝʥʘ ʧʦʜʜʨʲʞʢʘ ʚ ʢʦʩʤʦʩʘ; 
ʂʦʩʤʠʯʝʩʢʠ ʦʨʘʥʞʝʨʠʠ / ʙʠʦʨʝʛʝʥʝʨʘʪʠʚʥʠ ʩʠʩʪʝʤʠ 

 
ʈʝʟʶʤʝ: ʊʝʤʘʪʘ ʨʘʟʛʣʝʞʜʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘʪʘ ʧʨʝʜ ʦʪʛʣʝʞʜʘʥʝʪʦ ʥʘ 

ʭʨʘʥʘ ʚ ʦʪʢʨʠʪʠʷ ʂʦʩʤʦʩ. ʉ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʜʲʣʛʦʩʨʦʯʥʠ ʢʦʩʤʠʯʝʩʢʠ ʤʠʩʠʠ ʠ ʧʣʘʥʦʚʝ ʟʘ ʢʦʣʦʥʠʠ ʥʘ 
ʃʫʥʘʪʘ ʠ ʄʘʨʩ, ʚʲʧʨʦʩʲʪ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝʪʦ ʥʘ ʧʨʷʩʥʘ ʭʨʘʥʘ ʩʪʘʚʘ ʞʠʟʥʝʥʦʚʘʞʝʥ. ʇʨʦʝʢʪʲʪ ʠʟʩʣʝʜʚʘ 
ʩʲʚʨʝʤʝʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʢʦʩʤʠʯʝʩʢʦ ʟʝʤʝʜʝʣʠʝ ï ʭʠʜʨʦʧʦʥʥʠ ʠ ʘʝʨʦʧʦʥʥʠ ʩʠʩʪʝʤʠ, ʨʝʮʠʢʣʠʨʘʥʝ ʥʘ 
ʚʦʜʘ ʠ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ, ʢʦʥʪʨʦʣ ʥʘ ʦʩʚʝʪʣʝʥʠʝʪʦ ʠ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷʪʘ. ʈʘʟʛʣʝʞʜʘʪ ʩʝ 
ʦʧʠʪʠʪʝ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ ʠ ʥʘʫʯʥʠʪʝ ʧʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 
ʙʠʦʨʝʛʝʥʝʨʘʪʠʚʥʠʪʝ ʩʠʩʪʝʤʠ. ɸʢʮʝʥʪʲʪ ʝ ʚʲʨʭʫ ʫʩʪʦʡʯʠʚʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʭʨʘʥʘ ʚ ʂʦʩʤʦʩʘ ʢʘʪʦ 
ʢʣʶʯʦʚ ʝʣʝʤʝʥʪ ʟʘ ʙʲʜʝʱʦʪʦ ʦʮʝʣʷʚʘʥʝ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪ ʥʘ ʯʦʚʝʯʝʩʪʚʦʪʦ ʧʨʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʜʨʫʛʠ 
ʩʚʝʪʦʚʝ. 
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Abstract: The topic explores the possibilities and challenges of growing food in outer space. As long-term 

missions and plans for lunar and Martian colonies progress, ensuring a sustainable food supply becomes essential. 
The project examines modern space farming technologies such as hydroponic and aeroponic systems, water and 
nutrient recycling, and the control of light and microgravity conditions. It highlights experiments conducted on the 
International Space Station and advances in bioregenerative life-support systems. The focus is on sustainable food 
production in space as a vital step toward humanityôs independence and survival in future planetary exploration. 

 
ɺʲʚʝʜʝʥʠʝ 
 

ʆʪ ʚʝʢʦʚʝ ʯʦʚʝʢʲʪ ʛʣʝʜʘ ʢʲʤ ʟʚʝʟʜʠʪʝ ʠ ʤʝʯʪʘʝ ʝʜʠʥ ʜʝʥ ʜʘ ʞʠʚʝʝ ʩʨʝʜ ʪʷʭ. ɼʥʝʩ ʪʝʟʠ 
ʤʝʯʪʠ ʟʘʧʦʯʚʘʪ ʜʘ ʩʝ ʧʨʝʚʨʲʱʘʪ ʚ ʨʝʘʣʥʦʩʪ ï ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʥʘʧʨʝʜʲʢʘ ʥʘ ʥʘʫʢʘʪʘ ʠ 
ʪʝʭʥʦʣʦʛʠʠʪʝ ʚʝʯʝ ʤʦʞʝʤ ʜʘ ʠʟʧʨʘʱʘʤʝ ʤʠʩʠʠ ʜʦ ʃʫʥʘʪʘ, ʄʘʨʩ ʠ ʦʪʚʲʜ. ʅʦ ʟʘ ʜʘ ʞʠʚʝʝʤ ʠʟʚʲʥ 
ɿʝʤʷʪʘ, ʥʠ ʝ ʥʫʞʥʦ ʥʝʱʦ ʤʥʦʛʦ ʧʦ-ʚʘʞʥʦ ʦʪ ʨʘʢʝʪʠ ʠ ʨʦʙʦʪʠ ï ʭʨʘʥʘ. 

ʍʨʘʥʘʪʘ ʝ ʦʩʥʦʚʘʪʘ ʥʘ ʞʠʚʦʪʘ. ɹʝʟ ʥʝʷ ʥʝ ʤʦʞʝʤ ʜʘ ʦʮʝʣʝʝʤ, ʘ ʠʟʧʨʘʱʘʥʝʪʦ ʥʘ 
ʜʦʩʪʘʪʲʯʥʦ ʭʨʘʥʠʪʝʣʥʠ ʟʘʧʘʩʠ ʦʪ ɿʝʤʷʪʘ ʝ ʥʝʚʲʟʤʦʞʥʦ ʧʨʠ ʜʲʣʛʠ ʤʠʩʠʠ. ɿʘʪʦʚʘ ʫʯʝʥʠʪʝ ʧʦ 
ʮʝʣʠʷ ʩʚʷʪ ʪʲʨʩʷʪ ʦʪʛʦʚʦʨ ʥʘ ʝʜʠʥ ʚʘʞʝʥ ʚʲʧʨʦʩ: ʚʲʟʤʦʞʥʦ ʣʠ ʝ ʜʘ ʦʪʛʣʝʞʜʘʤʝ ʭʨʘʥʘ ʚ ʢʦʩʤʦʩʘ? 

ʊʘʟʠ ʠʜʝʷ, ʥʘʨʝʯʝʥʘ ʢʦʩʤʠʯʝʩʢʦ ʟʝʤʝʜʝʣʠʝ (space farming), ʚʝʯʝ ʝ ʯʘʩʪ ʦʪ ʨʝʘʣʥʦʩʪʪʘ. 
ʅʘ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ ʘʩʪʨʦʥʘʚʪʠʪʝ ʫʩʧʝʰʥʦ ʩʘ ʦʪʛʣʝʞʜʘʣʠ ʤʘʨʫʣʷ, ʨʝʧʠʯʢʠ, 
ʧʰʝʥʠʮʘ ʠ ʣʶʪʠ ʯʫʰʢʠ. ʊʝʟʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʦʢʘʟʚʘʪ, ʯʝ ʨʘʩʪʝʥʠʷʪʘ ʤʦʛʘʪ ʜʘ ʨʘʩʪʘʪ ʠ ʜʘ ʩʝ 
ʨʘʟʚʠʚʘʪ ʜʦʨʠ ʚ ʫʩʣʦʚʠʷ ʥʘ ʙʝʟʪʝʛʣʦʚʥʦʩʪ, ʩʪʠʛʘ ʜʘ ʧʦʣʫʯʘʚʘʪ ʥʫʞʥʠʪʝ ʨʝʩʫʨʩʠ ï ʚʦʜʘ, ʩʚʝʪʣʠʥʘ 
ʠ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ.  
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ʂʦʩʤʠʯʝʩʢʦʪʦ ʟʝʤʝʜʝʣʠʝ ʠʤʘ ʦʛʨʦʤʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʙʲʜʝʱʝʪʦ ʥʘ ʯʦʚʝʯʝʩʪʚʦʪʦ. ʊʦ ʝ ʢʣʶʯ 

ʢʲʤ ʜʲʣʛʦʩʨʦʯʥʦʪʦ ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʯʦʚʝʢʘ ʚ ʂʦʩʤʦʩʘ ï ʙʠʣʦ ʪʦ ʥʘ ʃʫʥʘʪʘ, ʥʘ ʄʘʨʩ ʠʣʠ ʥʘ 
ʦʨʙʠʪʘʣʥʠ ʩʪʘʥʮʠʠ. ʆʩʚʝʥ ʪʦʚʘ ʨʘʩʪʝʥʠʷʪʘ ʤʦʛʘʪ ʜʘ ʧʦʤʦʛʥʘʪ ʠ ʟʘ ʨʝʮʠʢʣʠʨʘʥʝ ʥʘ ʚʲʟʜʫʭʘ ʠ 
ʚʦʜʘʪʘ, ʢʘʪʦ ʧʨʝʚʨʲʱʘʪ ʚʲʛʣʝʨʦʜʥʠʷ ʜʠʦʢʩʠʜ ʚ ʢʠʩʣʦʨʦʜ ʠ ʚʣʘʛʘʪ ʦʪʧʘʜʲʮʠʪʝ ʦʪ ʝʢʠʧʘʞʘ ʚ ʥʦʚ 
ʨʘʩʪʝʞʝʥ ʮʠʢʲʣ. ʊʘʢʘ ʪʝ ʩʝ ʧʨʝʚʨʲʱʘʪ ʚ ʯʘʩʪ ʦʪ ʝʜʠʥ ʟʘʪʚʦʨʝʥ ʙʠʦʣʦʛʠʯʝʥ ʢʨʲʛʦʚʨʘʪ, ʢʲʜʝʪʦ 
ʥʠʱʦ ʥʝ ʩʝ ʛʫʙʠ. 

 

ʋʩʣʦʚʠʷʪʘ ʚ ʢʦʩʤʦʩʘ 
ʈʘʩʪʝʥʠʷʪʘ ʚ ʢʦʩʤʦʩʘ ʩʝ ʩʙʣʲʩʢʚʘʪ ʩ ʫʥʠʢʘʣʥʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ: 

Å ɹʝʟʪʝʛʣʦʚʥʦʩʪ ï ʚʣʠʷʝ ʚʲʨʭʫ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʚʦʜʘ ʠ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ. 
Å ʃʠʧʩʘ ʥʘ ʧʦʯʚʘ ï ʠʟʠʩʢʚʘ ʥʦʚʠ ʤʝʪʦʜʠ ʢʘʪʦ ʭʠʜʨʦʧʦʥʠʢʘ ʠʣʠ ʘʝʨʦʧʦʥʠʢʘ. 
Å ʈʘʜʠʘʮʠʷ ï ʤʦʞʝ ʜʘ ʫʚʨʝʜʠ ɼʅʂ ʥʘ ʨʘʩʪʝʥʠʷʪʘ. 
Å ʆʛʨʘʥʠʯʝʥʘ ʩʚʝʪʣʠʥʘ ʠ ʚʲʟʜʫʭ ï ʥʘʣʘʛʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʠʟʢʫʩʪʚʝʥʠ ʩʨʝʜʠ ʠ ʢʦʥʪʨʦʣʠʨʘʥʘ 
ʩʨʝʜʘ. 

 

ʊʝʭʥʦʣʦʛʠʠ ʟʘ ʢʦʩʤʠʯʝʩʢʦ ʟʝʤʝʜʝʣʠʝ 
Å ʍʠʜʨʦʧʦʥʥʠ ʩʠʩʪʝʤʠ ï ʨʘʩʪʝʥʠʷʪʘ ʨʘʩʪʘʪ ʙʝʟ ʧʦʯʚʘ, ʚʲʚ ʚʦʜʘ ʩ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ. 
Å ɸʝʨʦʧʦʥʥʠ ʩʠʩʪʝʤʠ ï ʢʦʨʝʥʠʪʝ ʩʘ ʚʲʚ ʚʲʟʜʫʭʘ ʠ ʩʝ ʦʨʦʩʷʚʘʪ ʩ ʨʘʟʪʚʦʨ. 
Å LED ʦʩʚʝʪʣʝʥʠʝ ï ʦʩʠʛʫʨʷʚʘ ʧʦʜʭʦʜʷʱ ʩʧʝʢʪʲʨ ʩʚʝʪʣʠʥʘ ʟʘ ʬʦʪʦʩʠʥʪʝʟʘ. 
Å ʂʦʥʪʨʦʣ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ ï ʫʧʨʘʚʣʝʥʠʝ ʥʘ COϜ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪ. 
 

 
 

ɸʝʨʦʧʦʥʥʠ ʩʠʩʪʝʤʠ ï ʨʘʩʪʝʥʠʷ, ʦʪʛʣʝʞʜʘʥʠ ʚʲʚ ʚʲʟʜʫʭʘɸʝʨʦʧʦʥʥʠʪʝ ʩʠʩʪʝʤʠ ʩʘ 
ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʥ ʤʝʪʦʜ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʨʘʩʪʝʥʠʷ ʙʝʟ ʧʦʯʚʘ ʠ ʙʝʟ ʧʦʩʪʦʷʥʝʥ ʢʦʥʪʘʢʪ ʩ 
ʚʦʜʘ.ʇʨʠ ʪʷʭ ʢʦʨʝʥʠʪʝ ʥʘ ʨʘʩʪʝʥʠʷʪʘ ʚʠʩʷʪ ʩʚʦʙʦʜʥʦ ʚʲʚ ʚʲʟʜʫʭʘ ʚʲʪʨʝ ʚ ʟʘʪʚʦʨʝʥʘ ʢʘʤʝʨʘ ʠ ʩʝ 
ʦʨʦʩʷʚʘʪ ʧʝʨʠʦʜʠʯʥʦ ʩ ʬʠʥ ʘʝʨʦʟʦʣʝʥ ʦʙʣʘʢ ʦʪ ʭʨʘʥʠʪʝʣʝʥ ʨʘʟʪʚʦʨ.ʊʦʟʠ ʤʝʪʦʜ ʝ ʦʩʦʙʝʥʦ 
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ʧʦʜʭʦʜʷʱ ʟʘ ʢʦʩʤʠʯʝʩʢʘ ʩʨʝʜʘ, ʟʘʱʦʪʦ ʧʦʟʚʦʣʷʚʘ ʤʘʢʩʠʤʘʣʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʚʦʜʘ ʠ 
ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ, ʙʝʟ ʜʘ ʠʤʘ ʪʝʞʢʘ ʧʦʯʚʘ, ʪʝʯʘʱʠ ʨʝʟʝʨʚʦʘʨʠ ʠʣʠ ʨʠʩʢ ʦʪ ʟʘʤʲʨʩʷʚʘʥʝ. 

 

 
 

ɺ ʢʦʩʤʦʩʘ ʥʷʤʘ ʝʩʪʝʩʪʚʝʥʘ ʜʥʝʚʥʘ ʠ ʥʦʱʥʘ ʩʤʷʥʘ, ʟʘʪʦʚʘ ʨʘʩʪʝʥʠʷʪʘ ʩʝ ʥʫʞʜʘʷʪ ʦʪ 
ʠʟʢʫʩʪʚʝʥ ʠʟʪʦʯʥʠʢ ʥʘ ʩʚʝʪʣʠʥʘ, ʟʘ ʜʘ ʠʟʚʲʨʰʚʘʪ ʬʦʪʦʩʠʥʪʝʟʘ. 

ʉʲʚʨʝʤʝʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʧʦʣʟʚʘʪ LED ʣʘʤʧʠ (ʜʠʦʜʥʦ ʦʩʚʝʪʣʝʥʠʝ), ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ 
ʠʟʣʲʯʚʘʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʠ ʮʚʝʪʦʚʝ ʦʪ ʩʚʝʪʣʠʥʥʠʷ ʩʧʝʢʪʲʨ ï ʦʙʠʢʥʦʚʝʥʦ ʩʠʥʴʦ ʠ ʯʝʨʚʝʥʦ, ʪʲʡ 
ʢʘʪʦ ʪʦʚʘ ʩʘ ʜʲʣʞʠʥʠʪʝ ʥʘ ʚʲʣʥʠʪʝ, ʢʦʠʪʦ ʨʘʩʪʝʥʠʷʪʘ ʫʩʚʦʷʚʘʪ ʥʘʡ-ʝʬʝʢʪʠʚʥʦ. 

 

ʈʝʘʣʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ 
ʅʘ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ ʩʘ ʦʪʛʣʝʜʘʥʠ ʨʝʜʠʮʘ ʨʘʩʪʝʥʠʷ ï ʤʘʨʫʣʷ, ʟʝʣʝ, 

ʨʝʧʠʯʢʠ ʠ ʜʦʨʠ ʣʶʪʠ ʯʫʰʢʠ. ɸʩʪʨʦʥʘʚʪʠʪʝ ʩʘ ʛʠ ʦʧʠʪʚʘʣʠ ʫʩʧʝʰʥʦ, ʢʦʝʪʦ ʜʦʢʘʟʚʘ, ʯʝ ʨʘʩʪʝʥʠʷʪʘ 
ʤʦʛʘʪ ʜʘ ʟʘʚʲʨʰʘʪ ʞʠʟʥʝʥʠʷ ʩʠ ʮʠʢʲʣ ʚ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ. ʇʨʦʝʢʪʠʪʝ ʥʘ NASA ʠ ESA, ʢʘʪʦ Veggie 
ʠ Lunar Greenhouse, ʩʘ ʧʲʨʚʠ ʩʪʲʧʢʠ ʢʲʤ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʭʨʘʥʘ ʚ ʢʦʩʤʦʩʘ. 

 

 
 

ʇʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʠ ʨʝʰʝʥʠʷ 
ʆʩʥʦʚʥʠ ʪʨʫʜʥʦʩʪʠ ʠ ʪʝʭʥʠʪʝ ʚʲʟʤʦʞʥʠ ʨʝʰʝʥʠʷ: 
Å ʃʠʧʩʘ ʥʘ ʛʨʘʚʠʪʘʮʠʷ Ÿ ʚʲʨʪʷʱʠ ʩʝ ʦʨʘʥʞʝʨʠʠ ʟʘ ʠʟʢʫʩʪʚʝʥʘ ʛʨʘʚʠʪʘʮʠʷ. 
Å ʈʘʜʠʘʮʠʷ Ÿ ʟʘʱʠʪʥʠ ʱʠʪʦʚʝ ʦʪ ʨʝʛʦʣʠʪ ʠʣʠ ʚʦʜʘ. 
Å ʃʠʧʩʘ ʥʘ ʚʦʜʘ Ÿ ʟʘʪʚʦʨʝʥ ʚʦʜʝʥ ʮʠʢʲʣ ʠ ʨʝʮʠʢʣʠʨʘʥʝ. 
Å ʃʠʧʩʘ ʥʘ ʧʦʯʚʘ Ÿ ʭʠʜʨʦʧʦʥʥʠ ʠ ʘʝʨʦʧʦʥʥʠ ʩʠʩʪʝʤʠ. 
Å ʂʦʥʪʨʦʣ ʥʘ ʚʲʟʜʫʭʘ Ÿ ʩʠʩʪʝʤʠ ʟʘ ʬʠʣʪʨʠʨʘʥʝ ʠ ʨʝʛʝʥʝʨʘʮʠʷ ʥʘ ʢʠʩʣʦʨʦʜ. 



50 

 

 

 
 

ʉʦʙʩʪʚʝʥʘ ʠʜʝʷ ï Ăɾʠʚ ʟʝʣʝʥ ʢʫʧʦʣñ 
ʄʦʷʪʘ ʠʜʝʷ ʝ ʚʲʨʪʷʱʘ ʩʝ ʤʠʥʠ-ʦʨʘʥʞʝʨʠʷ, ʥʘʨʝʯʝʥʘ Ăɾʠʚ ʟʝʣʝʥ ʢʫʧʦʣñ. ʊ  ̫ʩʲʟʜʘʚʘ 

ʠʟʢʫʩʪʚʝʥʘ ʛʨʘʚʠʪʘʮʠʷ ʯʨʝʟ ʚʲʨʪʝʥʝ, ʢʘʪʦ ʚ ʥʝʷ ʩʝ ʦʪʛʣʝʞʜʘʪ ʨʘʩʪʝʥʠʷ ʩ ʧʦʤʦʱʪʘ ʥʘ ʭʠʜʨʦʧʦʥʥʘ 
ʩʠʩʪʝʤʘ ʠ LED ʦʩʚʝʪʣʝʥʠʝ. ʏʘʩʪ ʦʪ ʚʦʜʘʪʘ ʠ ʚʲʛʣʝʨʦʜʥʠʷ ʜʠʦʢʩʠʜ ʦʪ ʝʢʠʧʘʞʘ ʩʝ ʠʟʧʦʣʟʚʘʪ 
ʧʦʚʪʦʨʥʦ, ʘ ʨʘʩʪʝʥʠʷʪʘ ʧʨʦʠʟʚʝʞʜʘʪ ʢʠʩʣʦʨʦʜ ʠ ʭʨʘʥʘ. ʊʘʢʘ ʩʝ ʩʲʟʜʘʚʘ ʩʘʤʦʧʦʜʜʲʨʞʘʱ ʩʝ 
ʝʢʦʣʦʛʠʯʝʥ ʮʠʢʲʣ ï ʠʜʝʘʣʝʥ ʟʘ ʜʲʣʛʠ ʤʠʩʠʠ. 

 

 
 
 

ɿɸʂʃʖʏɽʅʀɽ 
ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʚʲʨʭʫ ʢʦʩʤʠʯʝʩʢʦʪʦ ʟʝʤʝʜʝʣʠʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʦʪʛʣʝʞʜʘʥʝʪʦ ʥʘ ʭʨʘʥʘ ʠʟʚʲʥ 

ɿʝʤʷʪʘ ʚʝʯʝ ʥʝ ʝ ʥʘʫʯʥʘ ʬʘʥʪʘʩʪʠʢʘ, ʘ ʨʝʘʣʥʘ ʚʲʟʤʦʞʥʦʩʪ, ʨʘʟʚʠʚʘʱʘ ʩʝ ʩ ʙʲʨʟʠ ʪʝʤʧʦʚʝ. 
ʆʧʠʪʠʪʝ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ ʜʦʢʘʟʚʘʪ, ʯʝ ʨʘʩʪʝʥʠʷʪʘ ʤʦʛʘʪ ʜʘ ʩʝ 
ʧʨʠʩʧʦʩʦʙʷʪ ʢʲʤ ʫʩʣʦʚʠʷʪʘ ʥʘ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ, ʩʪʠʛʘ ʜʘ ʨʘʟʧʦʣʘʛʘʪ ʩ ʧʦʜʭʦʜʷʱʘ ʩʚʝʪʣʠʥʘ, 
ʚʦʜʘ ʠ ʢʦʥʪʨʦʣʠʨʘʥʘ ʩʨʝʜʘ. ʊʝʭʥʦʣʦʛʠʠ ʢʘʪʦ ʭʠʜʨʦʧʦʥʠʢʘʪʘ ʠ ʘʝʨʦʧʦʥʠʢʘʪʘ ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ 
ʟʘ ʧʲʣʥʦʮʝʥʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʩʚʝʞʠ ʟʝʣʝʥʯʫʮʠ ʙʝʟ ʧʦʯʚʘ, ʘ ʙʠʦʨʝʛʝʥʝʨʘʪʠʚʥʠʪʝ ʩʠʩʪʝʤʠ 
ʦʙʝʱʘʚʘʪ ʟʘʪʚʦʨʝʥʠ ʮʠʢʣʠ, ʚ ʢʦʠʪʦ ʦʪʧʘʜʲʮʠʪʝ ʩʝ ʧʨʝʚʨʲʱʘʪ ʚ ʨʝʩʫʨʩʠ. ʄʘʢʘʨ ʚʩʝ ʦʱʝ ʜʘ 
ʩʲʱʝʩʪʚʫʚʘʪ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ï ʥʘʧʨʠʤʝʨ ʦʛʨʘʥʠʯʝʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʪʨʫʜʥʦʩʪʠʪʝ ʧʨʠ 
ʦʧʨʘʰʚʘʥʝ ʠ ʚʠʩʦʢʘʪʘ ʮʝʥʘ ʥʘ ʦʙʦʨʫʜʚʘʥʝʪʦ ï ʧʨʦʛʨʝʩʲʪ ʝ ʦʯʝʚʠʜʝʥ. ʂʦʩʤʠʯʝʩʢʦʪʦ ʟʝʤʝʜʝʣʠʝ 
ʝ ʢʣʶʯʦʚ ʝʣʝʤʝʥʪ ʟʘ ʙʲʜʝʱʠ ʜʲʣʛʦʩʨʦʯʥʠ ʤʠʩʠʠ ʜʦ ʃʫʥʘʪʘ ʠ ʄʘʨʩ, ʢʘʢʪʦ ʠ ʟʘ ʝʚʝʥʪʫʘʣʥʠ 
ʢʦʣʦʥʠʠ ʚ ʜʲʣʙʦʢʠʷ ʢʦʩʤʦʩ. ʊʦ ʥʝ ʩʘʤʦ ʱʝ ʦʩʠʛʫʨʷʚʘ ʭʨʘʥʘ ʟʘ ʘʩʪʨʦʥʘʚʪʠʪʝ, ʥʦ ʠ ʱʝ ʜʦʧʨʠʥʘʩʷ 
ʟʘ ʧʩʠʭʠʯʝʩʢʦʪʦ ʠʤ ʙʣʘʛʦʧʦʣʫʯʠʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʥʘ ʞʠʚʦʪ ʠʟʚʲʥ ɿʝʤʷʪʘ. ɺ ʪʦʟʠ ʩʤʠʩʲʣ ʤʦʞʝʤ 
ʜʘ ʢʘʞʝʤ, ʯʝ ʦʪʛʣʝʞʜʘʥʝʪʦ ʥʘ ʭʨʘʥʘ ʚ ʢʦʩʤʦʩʘ ʝ ʥʝ ʧʨʦʩʪʦ ʚʲʟʤʦʞʥʦ, ʘ ʥʝʠʟʙʝʞʥʘ ʯʘʩʪ ʦʪ 
ʙʲʜʝʱʝʪʦ ʥʘ ʯʦʚʝʯʝʩʪʚʦʪʦ. 
 

ʃʠʪʝʨʘʪʫʨʘ: 
 

1. NASA (2024). Space Power Systems Overview. https://www.nasa.gov/spacepower 
2. ESA (2023). Solar Power Satellites and Energy Transmission in Space. https://www.esa.int 
3. Kruyer, S., & Amador, A. (2021). Designing the Bioproduction of Martian Rocket Propellant. Georgia Tech / 

NASA NIAC. 
4. National Geographic (2022). How Spacecraft Get Their Power. https://www.nationalgeographic.com 
5. Wageningen University. Plants Grown on Lunar and Martian Soil Simulants. 
6. NASA JPL (2023). RTG: Powering Space Exploration Beyond the Sun. https://www.jpl.nasa.gov 
7. Georgia Tech News Center (2021). Bioreactors Could Create Rocket Fuel on Mars. https://news.gatech.edu 
8. Britannica Kids (2024). Solar Energy in Space. https://kids.britannica.com 



51 

 

S E S  2 0 2 5  
T w e n t y - f i r s t  I n t e r n a t i o n a l  S c i e n t i f i c  C o n f e r e n c e  

S P A C E ,  E C O L O G Y ,  S A F E T Y  
21 ï 25 October 2025, Sofia, Bulgaria 

 

ʂʆʉʄʀʏɽʉʂʀ ʆʊʇɸɼʒʎʀ ï ɿɸʇʃɸʍʀ ʀ ʈɽʐɽʅʀʗ  
ɿɸ ɹʒɼɽʑɽʊʆ ʅɸ ʆʂʆʃʆɿɽʄʅɸʊɸ ʆʈɹʀʊɸ 

 
ʄʘʨʠʷ ɺʘʮʝʚʘ 

  
ʇʨʦʬʝʩʠʦʥʘʣʥʘ ʛʠʤʥʘʟʠʷ ʧʦ ʝʢʦʣʦʛʠʷ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ Ă ʇʨʦʬ. ɼ-ʨ ɸʩʝʥ ɿʣʘʪʘʨʦʚñ 

 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʂʦʩʤʠʯʝʩʢʠ ʦʪʧʘʜʲʮʠ / ʢʦʩʤʠʯʝʩʢʠ ʙʦʢʣʫʢ; ʆʨʙʠʪʘʣʥʠ ʩʙʣʲʩʲʮʠ; ʇʨʦʩʣʝʜʷʚʘʥʝ 
ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʨʙʠʪʠ; ɼʝʦʨʙʠʪʠʨʘʥʝ / ʧʨʝʤʘʭʚʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠ 

 
ʈʝʟʶʤʝ: ʊʝʤʘʪʘ ʨʘʟʛʣʝʞʜʘ ʥʘʨʘʩʪʚʘʱʠʷ ʧʨʦʙʣʝʤ ʩ ʢʦʩʤʠʯʝʩʢʠʪʝ ʦʪʧʘʜʲʮʠ ʠ ʥʝʛʦʚʦʪʦ 

ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʦʨʙʠʪʘʣʥʠʪʝ ʧʦʣʝʪʠ ʠ ʫʩʪʦʡʯʠʚʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʢʦʩʤʦʩʘ. ʉ 
ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʙʨʦʷ ʥʘ ʩʧʲʪʥʠʮʠʪʝ ʠ ʠʟʩʪʨʝʣʚʘʥʠʷʪʘ, ʦʨʙʠʪʘʪʘ ʦʢʦʣʦ ɿʝʤʷʪʘ ʩʝ ʠʟʧʲʣʚʘ ʩ ʠʟʣʝʟʣʠ 
ʦʪ ʫʧʦʪʨʝʙʘ ʦʙʝʢʪʠ ï ʩʪʘʨʠ ʩʧʲʪʥʠʮʠ, ʨʘʢʝʪʠ ʠ ʬʨʘʛʤʝʥʪʠ ʦʪ ʩʙʣʲʩʲʮʠ. ʊʝʟʠ ʦʪʧʘʜʲʮʠ 
ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʩʝʨʠʦʟʥʘ ʟʘʧʣʘʭʘ ʟʘ ʘʢʪʠʚʥʠʪʝ ʢʦʩʤʠʯʝʩʢʠ ʤʠʩʠʠ ʠ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ 
ʩʪʘʥʮʠʷ. ʇʨʦʝʢʪʲʪ ʧʨʝʜʩʪʘʚʷ ʦʩʥʦʚʥʠʪʝ ʨʝʰʝʥʠʷ ʟʘ ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ï ʪʝʭʥʦʣʦʛʠʠ ʟʘ 
ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʦʨʙʠʪʘʪʘ, ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʘʪʝʨʠʘʣʠ, ʢʦʠʪʦ ʩʝ ʩʘʤʦʫʥʠʱʦʞʘʚʘʪ, ʠ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ 
ʤʝʞʜʫʥʘʨʦʜʥʠ ʧʨʘʚʠʣʘ ʟʘ ʦʪʛʦʚʦʨʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʜʝʡʥʦʩʪʠ. ɸʢʮʝʥʪʲʪ ʝ ʚʲʨʭʫ 
ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʛʣʦʙʘʣʥʦ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ ʟʘ ʦʧʘʟʚʘʥʝ ʥʘ ʦʨʙʠʪʘʣʥʘʪʘ ʩʨʝʜʘ ʟʘ ʙʲʜʝʱʠʪʝ 
ʧʦʢʦʣʝʥʠʷ. 
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Abstract:  
The topic examines the growing issue of space debris and its impact on the safety of orbital missions and 

the sustainable use of outer space. With the increasing number of satellites and rocket launches, Earthôs orbit has 
become cluttered with defunct objectsðretired satellites, rocket stages, and collision fragments. These debris pose 
a serious threat to active missions and the International Space Station. The project presents key solutions such as 
debris removal technologies, the use of self-destructing materials, and the establishment of international regulations 
for responsible space operations. The focus is on the importance of global cooperation to preserve the orbital 
environment for future generations. 

 
ɺʲʚʝʜʝʥʠʝ 

 

ʉ ʥʘʨʘʩʪʚʘʱʠʷ ʠʥʪʝʨʝʩ ʢʲʤ ʂʦʩʤʦʩʘ ʠ ʙʲʨʟʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʪʝʭʥʦʣʦʛʠʠ, 
ʦʢʦʣʦʟʝʤʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʝ ʧʨʝʚʲʨʥʘ ʚ ʘʨʝʥʘ ʥʘ ʙʝʟʧʨʝʮʝʜʝʥʪʥʘ ʯʦʚʝʰʢʘ ʘʢʪʠʚʥʦʩʪ. ɺ 
ʦʨʙʠʪʘ ʦʢʦʣʦ ɿʝʤʷʪʘ ʩʝ ʥʘʤʠʨʘʪ ʭʠʣʷʜʠ ʘʢʪʠʚʥʠ ʩʘʪʝʣʠʪʠ, ʥʦ ʩʲʦɦ ʪʘʢʘ ʠ ʩʪʦʪʠʮʠ ʭʠʣʷʜʠ 
ʬʨʘʛʤʝʥʪʠ ʦʪ ʠʟʣʝʟʣʠ ʦʪ ʫʧʦʪʨʝʙʘ ʩʧʲʪʥʠʮʠ, ʯʘʩʪʠ ʦʪ ʨʘʢʝʪʠ ʠ ʜʦʨʠ ʤʘʣʢʠ ʚʠʥʪʦʚʝ ʠ ʙʦʣʪʦʚʝ ï 
ʚʩʠʯʢʠ ʪʝ ʬʦʨʤʠʨʘʪ ʪ.ʥʘʨ. ʢʦʩʤʠʯʝʩʢʠ ʦʪʧʘʜʲʮʠ. 

ʊʝʟʠ ʦʪʧʘʜʲʮʠ, ʜʚʠʞʝʱʠ ʩʝ ʩ ʦʛʨʦʤʥʘ ʩʢʦʨʦʩʪ, ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʩʝʨʠʦʟʥʘ ʟʘʧʣʘʭʘ ʢʘʢʪʦ ʟʘ 
ʥʘʩʪʦʷʱʠʪʝ ʠ ʙʲʜʝʱʠʪʝ ʢʦʩʤʠʯʝʩʢʠ ʤʠʩʠʠ, ʪʘʢʘ ʠ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ. ʉʘʤʦ ʝʜʠʥ 
ʤʘʣʲʢ ʬʨʘʛʤʝʥʪ ʩ ʛʦʣʝʤʠʥʘ ʥʘ ʛʘʡʢʘ ʤʦʞʝ ʜʘ ʧʨʠʯʠʥʠ ʢʘʪʘʩʪʨʦʬʘʣʥʠ ʱʝʪʠ ʧʨʠ ʩʙʣʲʩʲʢ ʩʲʩ 
ʩʘʪʝʣʠʪ ʠʣʠ ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ. 

ɺ ʪʦʟʠ ʜʦʢʣʘʜ ʱʝ ʨʘʟʛʣʝʜʘʤʝ ʝʩʪʝʩʪʚʦʪʦ ʠ ʧʨʦʠʟʭʦʜʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʦʪʧʘʜʲʮʠ, ʪʝʭʥʠʪʝ 
ʧʦʪʝʥʮʠʘʣʥʠ ʟʘʧʣʘʭʠ ʟʘ ʪʝʭʥʦʣʦʛʠʯʥʘʪʘ ʠ ʥʘʫʯʥʘʪʘ ʜʝʡʥʦʩʪ ʚ ʦʨʙʠʪʘ, ʢʘʢʪʦ ʠ ʚʲʟʤʦʞʥʠʪʝ 
ʨʝʰʝʥʠʷ ï ʦʪ ʧʨʝʚʘʥʪʠʚʥʠ ʤʝʨʢʠ ʜʦ ʠʥʦʚʘʪʠʚʥʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʧʦʯʠʩʪʚʘʥʝ ʥʘ ʦʨʙʠʪʘʪʘ. ɿʘʱʦʪʦ 
ʙʲʜʝʱʝʪʦ ʥʘ ʂʦʩʤʦʩʘ ʟʘʚʠʩʠ ʥʝ ʩʘʤʦ ʦʪ ʥʘʰʠʪʝ ʤʝʯʪʠ, ʥʦ ʠ ʦʪ ʥʘʰʘʪʘ ʦʪʛʦʚʦʨʥʦʩʪ. 
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ʂʦʩʤʠʯʝʩʢʠ ʦʪʧʘʜʲʮʠ ʠ ʪʷʭʥʘʥʘ ʢʣʘʩʠʬʠʢʘʮʠʷ 
 
ʂʦʩʤʠʯʝʩʢʠʪʝ ʦʪʣʦʤʢʠ, ʧʦʟʥʘʪʠ ʦʱʝ ʢʘʪʦ ʢʦʩʤʠʯʝʩʢʠ ʙʦʢʣʫʢ, ʩʘ ʝʣʝʤʝʥʪʠ ʦʪ 

ʥʝʬʫʥʢʮʠʦʥʠʨʘʱʠ ʦʙʝʢʪʠ. ʊʝ ʦʙʠʢʘʣʷʪ ʚ ʦʨʙʠʪʘ ʦʢʦʣʦ ɿʝʤʷʪʘ ʠ ʚʢʣʶʯʚʘʪ ʥʝʘʢʪʠʚʥʠ ʩʘʪʝʣʠʪʠ, 
ʠʟʭʚʲʨʣʝʥʠ ʨʘʢʝʪʥʠ ʩʪʝʧʝʥʠ ʠ ʯʘʩʪʠ ʦʪ ʤʠʥʘʣʠ ʢʦʩʤʠʯʝʩʢʠ ʤʠʩʠʠ. ʂʦʩʤʠʯʝʩʢʠʪʝ ʦʪʧʘʜʲʮʠ ʩʘ 
ʩʝʨʠʦʟʝʥ ʧʨʦʙʣʝʤ, ʪʲʡ ʢʘʪʦ ʩʘ ʢʦʥʮʝʥʪʨʠʨʘʥʠ ʚ ʟʦʥʘʪʘ, ʢʲʜʝʪʦ ʦʨʙʠʪʠʨʘʪ ʩʧʲʪʥʠʮʠʪʝ ʠ ʜʨʫʛʠʪʝ 
ʬʫʥʢʮʠʦʥʠʨʘʱʠ ʢʦʩʤʠʯʝʩʢʠ ʘʧʘʨʘʪʠ. ʉʲʚʧʘʜʝʥʠʝ ʥʘ ʦʨʙʠʪʠʪʝ ʥʘ ʨʘʙʦʪʝʱ ʘʧʘʨʘʪ ʩ ʦʪʣʦʤʢʘ 
ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʩʙʣʲʩʲʢ ʠ ʧʦʚʨʝʜʘ. 

  ʂʲʤ 2009 ʛ. ʙʨʦʷʪ ʥʘ ʦʩʪʘʥʢʠʪʝ, ʧʦ-ʛʦʣʝʤʠ ʦʪ 5 cm, ʝ 19 000. ʂʦʩʤʠʯʝʩʢʠʪʝ ʦʩʪʘʥʢʠ 
ʚ ʦʨʙʠʪʘ ʜʦ 2000 km ʠ ʨʘʟʤʝʨ ʥʘʜ 1 cm ʥʘʙʨʦʷʚʘʪ ʦʢʦʣʦ 300 000. ɿʘ ʩʨʘʚʥʝʥʠʝ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ 
ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ (ʄʂʉ) ʝ ʨʘʟʧʦʣʦʞʝʥʘ ʥʘ 300 ï 400 km ʥʘʜ ɿʝʤʷʪʘ. 

ʈʠʩʢʦʚʝʪʝ ʦʪ ʢʦʩʤʠʯʝʩʢʠ ʦʪʧʘʜʲʮʠ ʩʘ ʩʝʨʠʦʟʥʠ ʠ ʩʝ ʫʚʝʣʠʯʘʚʘʪ ʩ ʚʨʝʤʝʪʦ.  ɼʦʨʠ ʤʘʣʢʠ 
ʦʪʣʦʤʢʠ ʤʦʛʘʪ ʜʘ ʥʘʥʝʩʘʪ ʟʥʘʯʠʪʝʣʥʠ ʱʝʪʠ, ʪʲʡ ʢʘʪʦ ʩʝ ʜʚʠʞʘʪ ʩ ʦʛʨʦʤʥʠ ʩʢʦʨʦʩʪʠ. ʊʦʚʘ 
ʟʘʩʪʨʘʰʘʚʘ ʬʫʥʢʮʠʦʥʠʨʘʱʠ ʩʘʪʝʣʠʪʠ, ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ (ʄʂʉ) ʠ ʤʠʩʠʠ ʩ 
ʭʦʨʘ , ʜʦʨʠ ʤʠʢʨʦʩʢʦʧʠʯʝʥ ʦʪʧʘʜʲʢ ʤʦʞʝ ʜʘ ʧʨʦʙʠʝ ʢʦʨʧʫʩʘ ʠ ʜʘ ʟʘʩʪʨʘʰʠ ʞʠʚʦʪʘ ʥʘ ʝʢʠʧʘʞʘ. 
ʋʥʠʱʦʞʘʚʘʥʝʪʦ ʥʘ ʩʘʪʝʣʠʪʠ ʦʪ ʢʦʩʤʠʯʝʩʢʠ ʦʪʧʘʜʲʮʠ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʧʨʝʢʲʩʚʘʥʠʷ ʥʘ  
ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʠ, ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʨʦʛʥʦʟʠ ʠ ʜʨʫʛʠ ʫʩʣʫʛʠ ʦʪ ʢʨʠʪʠʯʥʦ ʟʥʘʯʝʥʠʝ. 

 
 ʂʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʦʪʧʘʜʲʮʠ 

 
ʂʦʩʤʠʯʝʩʢʠʪʝ ʦʪʧʘʜʲʮʠ, ʠʟʚʝʩʪʥʠ ʦʱʝ ʢʘʪʦ Ăʢʦʩʤʠʯʝʩʢʠ ʙʦʢʣʫʢñ ʠʣʠ ʦʨʙʠʪʘʣʥʠ 

ʦʪʧʘʜʲʮʠ, ʦʙʭʚʘʱʘʪ ʚʩʠʯʢʠ ʠʟʢʫʩʪʚʝʥʠ ʦʙʝʢʪʠ ʚ ʦʨʙʠʪʘ ʦʢʦʣʦ ɿʝʤʷʪʘ, ʢʦʠʪʦ ʚʝʯʝ ʥʝ ʠʟʧʲʣʥʷʚʘʪ 
ʧʦʣʝʟʥʘ ʬʫʥʢʮʠʷ. ʊʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʧʦ ʨʘʟʣʠʯʥʠ ʧʨʠʟʥʘʮʠ: 

V ʉʧʦʨʝʜ ʨʘʟʤʝʨʘ 
 

¶ ɻʦʣʝʤʠ ʦʙʝʢʪʠ ï ʥʝʨʘʙʦʪʝʱʠ ʩʘʪʝʣʠʪʠ, ʯʘʩʪʠ ʦʪ ʨʘʢʝʪʠ (ʝʪʘʞʠ, ʙʫʩʪʝʨʠ), ʮʝʣʠ ʢʦʨʧʫʩʠ. 

¶ ʉʨʝʜʥʠ ʦʙʝʢʪʠ ï ʧʘʥʝʣʠ, ʨʝʟʝʨʚʦʘʨʠ, ʝʣʝʤʝʥʪʠ ʦʪ ʨʘʟʨʫʰʝʥʠ ʩʘʪʝʣʠʪʠ. 

¶ ʄʘʣʢʠ ʬʨʘʛʤʝʥʪʠ ï ʚʠʥʪʦʚʝ, ʧʘʨʯʝʪʘ ʙʦʷ, ʤʝʪʘʣʥʠ ʬʨʘʛʤʝʥʪʠ ʦʪ ʩʙʣʲʩʲʮʠ ʠʣʠ 
ʝʢʩʧʣʦʟʠʠ (ʧʦʜ 10 ʩʤ). 

¶ ʄʠʢʨʦʯʘʩʪʠʮʠ ï ʥʝʚʠʜʠʤʠ ʟʘ ʨʘʜʘʨʠ, ʥʦ ʧʦʪʝʥʮʠʘʣʥʦ ʦʧʘʩʥʠ ʧʨʠ ʚʠʩʦʢʘ ʩʢʦʨʦʩʪ. 
V ʉʧʦʨʝʜ ʦʨʙʠʪʘʪʘ 

¶ ʅʠʩʢʘ ʦʢʦʣʦʟʝʤʥʘ ʦʨʙʠʪʘ (LEO) ï ʜʦ 2000 ʢʤ; ʥʘʡ-ʟʘʤʲʨʩʝʥʘʪʘ ʟʦʥʘ, ʠʟʧʦʣʟʚʘʥʘ ʦʪ 
ʄʂʉ ʠ ʤʥʦʛʦ ʩʘʪʝʣʠʪʠ. 

¶ ʉʨʝʜʥʘ ʦʨʙʠʪʘ (MEO) ï 2000 ï 35 786 ʢʤ; ʠʟʧʦʣʟʚʘʥʘ ʦʪ GPS ʠ ʥʘʚʠʛʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ. 

¶ ɻʝʦʩʪʘʮʠʦʥʘʨʥʘ ʦʨʙʠʪʘ (GEO) ï ʦʢʦʣʦ 35 786 ʢʤ; ʟʘ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʩʘʪʝʣʠʪʠ, 
ʪʨʫʜʥʦ ʜʦʩʪʲʧʥʘ ʟʘ ʧʦʯʠʩʪʚʘʥʝ. 

¶ ʉʚʨʲʭʛʝʦʩʪʘʮʠʦʥʘʨʥʠ ʦʨʙʠʪʠ ï ʥʘʜ GEO, ʢʲʜʝʪʦ ʧʦʥʷʢʦʛʘ ʩʝ Ăʧʘʨʢʠʨʘʪñ ʠʟʚʝʜʝʥʠ ʦʪ 
ʝʢʩʧʣʦʘʪʘʮʠʷ ʩʘʪʝʣʠʪʠ. 

V ʉʧʦʨʝʜ ʧʨʦʠʟʭʦʜʘ 

¶ ʇʣʘʥʠʨʘʥʠ ʦʪʧʘʜʲʮʠ ï ʦʪ ʠʟʩʪʨʝʣʚʘʥʠʷ: ʨʘʟʜʝʣʝʥʠ ʝʣʝʤʝʥʪʠ ʦʪ ʨʘʢʝʪʠ, ʢʘʧʘʮʠ, 
ʘʜʘʧʪʝʨʠ. 
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¶ ʅʝʧʣʘʥʠʨʘʥʠ ʦʪʧʘʜʲʮʠ ï ʦʪ ʘʚʘʨʠʠ, ʩʙʣʲʩʲʮʠ ʠʣʠ ʝʢʩʧʣʦʟʠʠ. 
ʉʝʢʫʥʜʘʨʥʠ ʦʪʧʘʜʲʮʠ ï ʦʪ ʜʝʡʥʦʩʪʠ ʥʘ ʘʩʪʨʦʥʘʚʪʠ (ʠʥʩʪʨʫʤʝʥʪʠ, ʨʲʢʘʚʠʮʠ, ʯʘʥʪʠ ʠ 

ʜʦʨʠ ʯʝʪʢʠ ʟʘ ʟʲʙʠ!). 
 

 
 
ɿʘʧʣʘʭʠ, ʧʨʦʠʟʪʠʯʘʱʠ ʦʪ ʢʦʩʤʠʯʝʩʢʠʪʝ ʦʪʧʘʜʲʮʠ 
 
ʅʘʪʨʫʧʚʘʥʝʪʦ ʥʘ ʢʦʩʤʠʯʝʩʢʠ ʦʪʧʘʜʲʮʠ ʚ ʦʨʙʠʪʘ ʦʢʦʣʦ ɿʝʤʷʪʘ ʥʝ ʝ ʧʨʦʩʪʦ ʝʩʪʝʪʠʯʝʩʢʠ 

ʧʨʦʙʣʝʤ ï ʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʝʨʠʦʟʥʘ ʠ ʥʘʨʘʩʪʚʘʱʘ ʟʘʧʣʘʭʘ ʟʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʪʝʭʥʦʣʦʛʠʠ, 
ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʭʦʨʘʪʘ ʚ ʂʦʩʤʦʩʘ ʠ ʩʘʤʘʪʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʙʲʜʝʱʠ ʠʟʩʪʨʝʣʚʘʥʠʷ. 

ʊʘʟʠ ʢʦʤʧʶʪʲʨʥʦ ʛʝʥʝʨʠʨʘʥʘ ʛʨʘʬʠʢʘ ʦʪ NASA ʧʦʢʘʟʚʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʦʙʝʢʪʠʪʝ ʚ 
ʦʨʙʠʪʘ ʦʢʦʣʦ ɿʝʤʷʪʘ, ʢʘʪʦ ʦʢʦʣʦ 95% ʦʪ ʪʷʭ ʩʘ ʢʦʩʤʠʯʝʩʢʠ ʦʪʧʘʜʲʮʠ. ʊʦʯʢʠʪʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ 
ʪʝʢʫʱʦʪʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʥʘ ʚʩʝʢʠ ʦʙʝʢʪ. 

 

  
 

 
ʈʠʩʢ ʦʪ ʩʙʣʲʩʲʮʠ ʩʲʩ ʩʘʪʝʣʠʪʠ ʠ ʢʦʩʤʠʯʝʩʢʠ ʩʪʘʥʮʠʠ 
ɼʦʨʠ ʥʘʡ-ʤʘʣʲʢ ʬʨʘʛʤʝʥʪ, ʜʚʠʞʝʱ ʩʝ ʩʲʩ ʩʢʦʨʦʩʪ ʦʪ ʥʘʜ 28 000 km/h, ʤʦʞʝ ʜʘ ʥʘʥʝʩʝ 

ʬʘʪʘʣʥʠ ʱʝʪʠ ʥʘ ʘʢʪʠʚʝʥ ʩʘʪʝʣʠʪ ʠʣʠ ʢʦʩʤʠʯʝʩʢʠ ʢʦʨʘʙ. ʇʦʚʨʝʜʠ ʧʦ ʩʘʪʝʣʠʪʠ ʤʦʛʘʪ ʜʘ 
ʧʨʝʢʲʩʥʘʪ ʢʦʤʫʥʠʢʘʮʠʠ, ʥʘʚʠʛʘʮʠʷ, ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʨʦʛʥʦʟʠ ʠ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʢʣʠʤʘʪʘ. 
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ʇʨʝʟ 2009 ʛ. ʨʫʩʢʠ ʚʦʝʥʝʥ ʩʘʪʝʣʠʪ ʩʝ ʩʙʣʲʩʢʚʘ ʩ ʘʤʝʨʠʢʘʥʩʢʠʷ Iridium 33, ʩʲʟʜʘʚʘʡʢʠ ʥʘʜ 
2000 ʬʨʘʛʤʝʥʪʘ ʦʪʧʘʜʲʮʠ. 

 
ʉʠʥʜʨʦʤʲʪ ʥʘ ʂʝʩʣʝʨ 
 

 
 
ʊʝʦʨʝʪʠʯʥʦ ʦʧʠʩʘʥʠʝ ʦʪ ʅɸʉɸ ʠʥʞʝʥʝʨʘ ɼʦʥʘʣʜ ʂʝʩʣʝʨ (1978), ʩʧʦʨʝʜ ʢʦʝʪʦ ʧʨʠ 

ʧʨʝʢʘʣʝʥʦ ʤʥʦʛʦ ʦʪʧʘʜʲʮʠ ʚ ʦʨʙʠʪʘ, ʩʙʣʲʩʲʮʠʪʝ ʤʦʛʘʪ ʜʘ ʩʪʘʥʘʪ ʚʝʨʠʞʥʠ ʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʠ. 
ʊʘʢʘ ʩʝ ʩʲʟʜʘʚʘ ʦʧʘʩʥʘ Ăʦʙʣʘʢʘ ʦʪ ʦʪʣʦʤʢʠñ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʥʘʧʨʘʚʠ ʦʧʨʝʜʝʣʝʥʠ ʦʨʙʠʪʠ 
ʥʝʠʟʧʦʣʟʚʘʝʤʠ ʟʘ ʜʝʩʝʪʠʣʝʪʠʷ. 

 
ʆʧʘʩʥʦʩʪ ʟʘ ʘʩʪʨʦʥʘʚʪʠʪʝ 
ʄʂʉ ʠ ʜʨʫʛʠ ʦʙʠʪʘʝʤʠ ʤʦʜʫʣʠ ʠʤʘʪ ʩʧʝʮʠʘʣʥʠ ʱʠʪʦʚʝ, ʥʦ ʧʨʠ ʝʚʝʥʪʫʘʣʝʥ ʫʜʘʨ ʦʪ ʙʲʨʟ 

ʜʚʠʞʝʱ ʩʝ ʬʨʘʛʤʝʥʪ, ʧʦʩʣʝʜʠʮʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʘʪʘʩʪʨʦʬʘʣʥʠ. ʇʨʠ ʠʟʣʠʟʘʥʝ ʚ ʦʪʢʨʠʪ 
ʂʦʩʤʦʩ, ʜʦʨʠ ʤʠʢʨʦʯʘʩʪʠʮʠ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʟʘʧʣʘʭʘ ʟʘ ʞʠʚʦʪʘ. 

 
ʇʦʚʨʝʜʠ ʚ ʛʣʦʙʘʣʥʠʪʝ ʫʩʣʫʛʠ 
ʉʘʪʝʣʠʪʠ, ʢʦʠʪʦ ʦʩʠʛʫʨʷʚʘʪ ʠʥʪʝʨʥʝʪ, ʪʝʣʝʚʠʟʠʷ, GPS, ʘʚʠʘʮʠʦʥʝʥ ʢʦʥʪʨʦʣ ʠ ʚʦʝʥʥʠ 

ʢʦʤʫʥʠʢʘʮʠʠ, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʟʘʩʝʛʥʘʪʠ. ʅʘʨʫʰʘʚʘʥʝʪʦ ʥʘ ʪʝʟʠ ʫʩʣʫʛʠ ʙʠ ʠʤʘʣʦ ʦʛʨʦʤʝʥ 
ʩʦʮʠʘʣʝʥ ʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪ. 

 
ʆʛʨʘʥʠʯʝʥʠʷ ʟʘ ʙʲʜʝʱʠ ʤʠʩʠʠ 
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ʉ ʥʘʨʘʩʪʚʘʱʘʪʘ ʛʲʩʪʦʪʘ ʥʘ ʦʪʧʘʜʲʮʠ ʚ ʥʠʩʢʘʪʘ ʦʨʙʠʪʘ, ʠʟʩʪʨʝʣʚʘʥʠʷʪʘ ʥʘ ʥʦʚʠ ʩʘʪʝʣʠʪʠ 
ʠ ʤʠʩʠʠ (ʚʢʣʶʯʠʪʝʣʥʦ ʜʦ ʃʫʥʘʪʘ ʠ ʄʘʨʩ) ʩʪʘʚʘʪ ʧʦ-ʩʣʦʞʥʠ, ʩʢʲʧʠ ʠ ʨʠʩʢʦʚʠ. 

 
ʈʝʰʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʩʧʨʘʚʷʥʝ ʩ ʢʦʩʤʠʯʝʩʢʠʪʝ ʦʪʧʘʜʲʮʠ 
 
ʄʘʢʘʨ ʧʨʦʙʣʝʤʲʪ ʩ ʢʦʩʤʠʯʝʩʢʠʪʝ ʦʪʧʘʜʲʮʠ ʜʘ ʠʟʛʣʝʞʜʘ ʪʨʝʚʦʞʝʥ, ʫʯʝʥʠʪʝ, ʠʥʞʝʥʝʨʠʪʝ 

ʠ ʤʝʞʜʫʥʘʨʦʜʥʠʪʝ ʠʥʩʪʠʪʫʮʠʠ ʘʢʪʠʚʥʦ ʪʲʨʩʷʪ ʠ ʧʨʠʣʘʛʘʪ ʨʝʰʝʥʠʷ ʟʘ ʦʧʘʟʚʘʥʝ ʥʘ ʦʢʦʣʦʟʝʤʥʦʪʦ 
ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʦʜʭʦʜʠʪʝ ʩʘ ʨʘʟʥʦʦʙʨʘʟʥʠ ï ʦʪ ʧʨʝʚʝʥʮʠʷ ʜʦ ʠʥʦʚʘʪʠʚʥʠ ʤʝʪʦʜʠ ʟʘ ʘʢʪʠʚʥʘ 
ʥʘʤʝʩʘ. 

 
ʇʨʝʚʘʥʪʠʚʥʠ ʤʝʨʢʠ 
 

¶ ʇʨʦʝʢʪʠʨʘʥʝ ʥʘ ʩʘʪʝʣʠʪʠ ʩ ʦʛʨʘʥʠʯʝʥ ʞʠʚʦʪ, ʢʦʠʪʦ ʠʟʛʘʨʷʪ ʧʨʠ ʧʦʚʪʦʨʥʦ ʥʘʚʣʠʟʘʥʝ ʚ 
ʘʪʤʦʩʬʝʨʘʪʘ. 

¶ ʂʦʥʪʨʦʣʠʨʘʥʦ ʠʟʪʝʛʣʷʥʝ ʥʘ ʩʘʪʝʣʠʪʠ ʚ "ʛʨʦʙʠʱʥʠ ʦʨʙʠʪʠ" ʠʣʠ ʚ ʘʪʤʦʩʬʝʨʘʪʘ ʟʘ 
ʨʘʟʨʫʰʘʚʘʥʝ. 

 

 
 

¶ ɸʚʪʦʤʘʪʠʯʥʦ ʦʙʝʟʚʨʝʞʜʘʥʝ ʩʣʝʜ ʢʨʘʷ ʥʘ ʤʠʩʠʷʪʘ ï ʠʟʧʫʩʢʘʥʝ ʥʘ ʛʦʨʠʚʦ, ʠʟʢʣʶʯʚʘʥʝ 
ʥʘ ʙʘʪʝʨʠʠ. 

¶ ʄʦʜʫʣʥʠ ʢʦʤʧʦʥʝʥʪʠ, ʢʦʠʪʦ ʩʝ ʦʪʜʝʣʷʪ ʠ ʩʝ ʠʟʩʪʨʝʣʚʘʪ ʦʪʜʝʣʥʦ, ʟʘ ʜʘ ʩʝ ʥʘʤʘʣʠ ʨʠʩʢʲʪ 
ʦʪ ʨʘʟʧʘʜ. 

 
ʊʝʭʥʦʣʦʛʠʠ ʟʘ ʧʨʝʤʘʭʚʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠ 
 

¶ ʄʨʝʞʠ ʠ ʭʘʨʧʫʥʠ ï ʫʣʘʚʷʪ ʥʝʨʘʙʦʪʝʱʠ ʩʘʪʝʣʠʪʠ ʠ ʛʠ ʠʟʪʝʛʣʷʪ ʢʲʤ ʘʪʤʦʩʬʝʨʘʪʘ 
(ʧʨʠʤʝʨ: ʤʠʩʠʷ RemoveDEBRIS). 
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¶ ʃʘʟʝʨʠ ï ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʟʝʤʥʠ ʠʣʠ ʢʦʩʤʠʯʝʩʢʠ ʣʘʟʝʨʠ ʟʘ ʧʨʦʤʷʥʘ ʥʘ ʪʨʘʝʢʪʦʨʠʷʪʘ ʠ 
ʠʟʛʘʨʷʥʝ. 

¶ ʈʦʙʦʪʠʟʠʨʘʥʠ ʨʲʮʝ ʠ ʜʨʦʥʦʚʝ ï ʧʨʠʢʨʝʧʚʘʥʝ ʢʲʤ ʦʪʧʘʜʲʮʠ ʠ ʥʘʩʦʯʚʘʥʝ ʢʲʤ 
ʜʝʦʨʙʠʪʠʨʘʥʝ. 

ʄʘʛʥʠʪʥʠ ʩʠʩʪʝʤʠ ï ʦʩʦʙʝʥʦ ʝʬʝʢʪʠʚʥʠ ʧʨʠ ʤʝʪʘʣʥʠ ʬʨʘʛʤʝʥʪʠ ʥʘ ʥʠʩʢʘ ʦʨʙʠʪʘ. 
 

 
 

ɽʜʠʥ ʦʪ ʠʥʦʚʘʪʠʚʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʩʧʨʘʚʷʥʝ ʩ ʦʨʙʠʪʘʣʥʠʪʝ ʦʪʧʘʜʲʮʠ ʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 
ʤʘʛʥʠʪʥʠ ʩʠʩʪʝʤʠ. ʊʝ ʩʘ ʙʘʟʠʨʘʥʠ ʥʘ ʧʨʠʥʮʠʧʘ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ ʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ 
ʟʘ ʧʨʠʚʣʠʯʘʥʝ ʠ ʢʦʥʪʨʦʣʠʨʘʥʦ ʜʚʠʞʝʥʠʝ ʥʘ ʬʨʘʛʤʝʥʪʠ ʦʪ ʢʦʩʤʠʯʝʩʢʠ ʙʦʢʣʫʢ, ʦʩʦʙʝʥʦ ʘʢʦ ʪʝ 
ʩʲʜʲʨʞʘʪ ʬʝʨʦʤʘʛʥʠʪʥʠ ʤʘʪʝʨʠʘʣʠ ʢʘʪʦ ʞʝʣʷʟʦ ʠʣʠ ʥʠʢʝʣ. 

V ʇʨʠʥʮʠʧ ʥʘ ʜʝʡʩʪʚʠʝ 
ʂʦʩʤʠʯʝʩʢʠ ʘʧʘʨʘʪʠ, ʦʙʦʨʫʜʚʘʥʠ ʩ ʤʦʱʥʠ ʝʣʝʢʪʨʦʤʘʛʥʠʪʠ ʠʣʠ ʤʘʛʥʠʪʥʠ ʟʘʭʚʘʪʠ, ʤʦʛʘʪ 

ʜʘ ʩʝ ʧʨʠʙʣʠʞʘʪ ʜʦ ʦʙʝʢʪʠʪʝ ʚ ʦʨʙʠʪʘ ʠ ʜʘ ʛʠ ʫʣʦʚʷʪ ʯʨʝʟ ʤʘʛʥʠʪʥʦ ʧʨʠʚʣʠʯʘʥʝ. ʉʣʝʜ ʪʦʚʘ, 
ʫʣʦʚʝʥʠʷʪ ʦʪʧʘʜʲʢ ʤʦʞʝ: 
V ɼʘ ʙʲʜʝ ʧʨʠʜʲʨʧʘʥ ʢʲʤ ʢʦʨʘʙʘ ʠ ʥʘʩʦʯʝʥ ʢʲʤ ʘʪʤʦʩʬʝʨʘʪʘ, ʢʲʜʝʪʦ ʜʘ ʠʟʛʦʨʠ. 
V ɼʘ ʙʲʜʝ ʩʲʙʨʘʥ ʚ ʢʦʥʪʝʡʥʝʨ ʠ ʧʨʝʤʝʩʪʝʥ ʚ ʧʦ-ʙʝʟʦʧʘʩʥʘ, ʛʨʦʙʠʱʥʘ ʦʨʙʠʪʘ. 
V ɼʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʟʘ ʙʲʜʝʱʦ ʨʝʮʠʢʣʠʨʘʥʝ ʚ ʂʦʩʤʦʩʘ. 

V ʇʨʝʜʠʤʩʪʚʘ 

¶ ɹʝʟʢʦʥʪʘʢʪʝʥ ʤʝʪʦʜ ï ʥʝ ʩʝ ʠʟʠʩʢʚʘ ʬʠʟʠʯʝʩʢʦ ʟʘʭʚʘʱʘʥʝ. 

¶ ɽʬʝʢʪʠʚʝʥ ʧʨʠ ʤʘʣʢʠ ʠ ʩʨʝʜʥʠ ʬʨʘʛʤʝʥʪʠ ʦʪ ʤʝʪʘʣ. 

¶ ʇʦʜʭʦʜʷʱ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ ʩʘʪʝʣʠʪʠ ʩ ʘʚʪʦʥʦʤʥʘ ʥʘʚʠʛʘʮʠʷ. 
V ʆʛʨʘʥʠʯʝʥʠʷ 

¶ ʅʝ ʨʘʙʦʪʠ ʧʨʠ ʥʝʤʝʪʘʣʥʠ ʦʪʧʘʜʲʮʠ (ʥʘʧʨʠʤʝʨ ʧʣʘʩʪʤʘʩʘ, ʩʪʲʢʣʦ). 

¶ ʀʟʠʩʢʚʘ ʧʨʝʮʠʟʥʦ ʥʘʩʦʯʚʘʥʝ ʠ ʢʦʥʪʨʦʣ. 

¶ ɽʥʝʨʛʠʡʥʦ ʠʥʪʝʥʟʠʚʝʥ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʠʣʥʠ ʝʣʝʢʪʨʦʤʘʛʥʠʪʠ. 
 ʇʨʠʤʝʨ ʦʪ ʧʨʘʢʪʠʢʘ: 
ʗʧʦʥʩʢʘʪʘ ʢʦʤʧʘʥʠʷ JAXA ʪʝʩʪʚʘ ʝʣʝʢʪʨʦʤʘʛʥʠʪʝʥ ʢʘʙʝʣ (KITE), ʢʦʡʪʦ ʛʝʥʝʨʠʨʘ ʪʦʢ ʯʨʝʟ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʘʛʥʠʪʥʦʪʦ ʧʦʣʝ ʥʘ ɿʝʤʷʪʘ, ʟʘʙʘʚʷ ʩʘʪʝʣʠʪ ʠ ʛʦ ʜʝʦʨʙʠʪʠʨʘ ï ʪʝʭʥʦʣʦʛʠʷ, 
ʙʘʟʠʨʘʥʘ ʥʘ ʤʘʛʥʠʪʥʠ ʧʨʠʥʮʠʧʠ. 

 
 ʇʨʦʛʨʘʤʠ ʠ ʤʠʩʠʠ 
 

¶ ClearSpace-1 (ESA) ï ʧʲʨʚʘʪʘ ʤʠʩʠʷ ʟʘ ʫʣʘʚʷʥʝ ʥʘ ʢʦʩʤʠʯʝʩʢʠ ʦʪʧʘʜʲʢ, ʧʣʘʥʠʨʘʥʘ ʟʘ 
2026 ʛ. 

¶ Astroscale (ʗʧʦʥʠʷ) ï ʨʘʟʨʘʙʦʪʚʘ ʫʩʣʫʛʠ ʟʘ ʠʟʪʝʛʣʷʥʝ ʥʘ ʦʪʧʘʜʲʮʠ ʠ Ăʞʠʟʥʝʥ ʢʨʘʡñ ʥʘ 
ʩʘʪʝʣʠʪʠ. 

¶ RemoveDEBRIS (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ï ʧʨʦʚʝʞʜʘ ʜʝʤʦʥʩʪʨʘʮʠʠ ʥʘ ʫʣʘʚʷʥʝ ʩ ʤʨʝʞʠ ʠ 
ʭʘʨʧʫʥʠ. 

¶ NASA's ORBITAL DEBRIS PROGRAM OFFICE ï ʛʣʦʙʘʣʝʥ ʮʝʥʪʲʨ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʠ ʘʥʘʣʠʟ 
ʥʘ ʦʪʧʘʜʲʮʠʪʝ. 
 
ʄʝʞʜʫʥʘʨʦʜʥʦ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʧʦʣʠʪʠʢʠ 
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¶ ʂʦʤʠʪʝʪʲʪ ʥʘ ʆʆʅ ʧʦ ʤʠʨʥʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʢʦʩʤʦʩʘ (COPUOS) ï ʨʘʟʚʠʚʘ ʢʦʜʝʢʩʠ 
ʠ ʧʨʝʧʦʨʲʢʠ. 

¶ ISO ʩʪʘʥʜʘʨʪʠ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪ ʠ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʠʟʚʝʞʜʘʥʝ ʚ ʦʨʙʠʪʘ. 

¶ ʄʝʞʜʫʚʝʜʦʤʩʪʚʝʥʠ ʢʦʦʨʜʠʥʘʮʠʠ ï ʤʝʞʜʫ ʅɸʉɸ, ESA, JAXA, ʈʦʩʢʦʩʤʦʩ, ʯʘʩʪʥʠ 
ʢʦʤʧʘʥʠʠ. 
 
ʀʥʦʚʘʮʠʠ ʟʘ ʙʲʜʝʱʝʪʦ 
 

¶ ʂʦʩʤʠʯʝʩʢʦ ʨʝʮʠʢʣʠʨʘʥʝ ï ʧʨʝʨʘʙʦʪʚʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠ ʚ ʦʨʙʠʪʘ ʟʘ ʥʦʚʠ ʮʝʣʠ (ʥʘʧʨʠʤʝʨ 
ʢʘʪʦ ʩʫʨʦʚʠʥʠ ʟʘ 3D ʧʨʠʥʪʝʨʠ). 

¶ ʂʦʩʤʠʯʝʩʢʠ ʩʝʨʚʠʟʥʠ ʤʠʩʠʠ ï ʩʘʪʝʣʠʪʠ, ʢʦʠʪʦ Ăʨʝʤʦʥʪʠʨʘʪñ ʠʣʠ ʫʜʲʣʞʘʚʘʪ ʞʠʚʦʪʘ ʥʘ 
ʜʨʫʛʠ. 

¶ ɻʨʘʚʠʪʘʮʠʦʥʥʠ ʚʣʝʢʘʯʠ ï ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʛʨʘʚʠʪʘʮʠʷʪʘ ʟʘ ʧʨʦʤʷʥʘ ʥʘ ʦʨʙʠʪʘ ʥʘ 
ʦʪʧʘʜʲʮʠ. 
 
ʉʦʙʩʪʚʝʥʘ ʠʜʝʷ ʟʘ ʩʧʨʘʚʷʥʝ ʩ ʧʨʦʙʝʤʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʦʪʧʘʜʲʮʠ ʚ ʦʢʦʣʦʟʝʤʥʘ 

ʦʨʙʠʪʘ 
 

 
 

ʀʟʧʦʣʟʚʘʥʝ ʥʘ ʢʦʩʤʠʯʝʩʢʠ ʦʪʧʘʜʲʮʠ ʢʘʪʦ ʛʦʨʠʚʦ ʯʨʝʟ ʧʣʘʟʤʝʥʦ ʧʨʝʦʙʨʘʟʫʚʘʥʝ 

 
ʉ ʥʘʨʘʩʪʚʘʱʠʷ ʧʨʦʙʣʝʤ ʩ ʢʦʩʤʠʯʝʩʢʠʪʝ ʦʪʧʘʜʲʮʠ ʠ ʥʫʞʜʘʪʘ ʦʪ ʫʩʪʦʡʯʠʚʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʝʜʥʘ ʦʪ ʥʘʡ-ʠʥʦʚʘʪʠʚʥʠʪʝ ʢʦʥʮʝʧʮʠʠ ʝ ʪʨʘʥʩʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʦʪʧʘʜʲʮʠ ʚ ʛʦʨʠʚʦ ʩ ʧʦʤʦʱʪʘ ʥʘ 
ʧʣʘʟʤʝʥʦ ʧʨʝʦʙʨʘʟʫʚʘʥʝ. ʊʦʚʘ ʨʝʰʝʥʠʝ ʥʝ ʩʘʤʦ ʨʝʜʫʮʠʨʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʦʨʙʠʪʘʣʥʠ ʦʪʧʘʜʲʮʠ, 
ʥʦ ʠ ʧʨʝʜʣʘʛʘ ʥʘʯʠʥ ʟʘ ʘʚʪʦʥʦʤʥʦ ʟʘʭʨʘʥʚʘʥʝ ʥʘ ʢʦʩʤʠʯʝʩʢʠ ʩʪʘʥʮʠʠ ʠ ʢʦʨʘʙʠ ʚ ʜʲʣʛʦʩʨʦʯʝʥ 
ʧʣʘʥ. 

 
ʂʘʢ ʨʘʙʦʪʠ ʪʝʭʥʦʣʦʛʠʷʪʘ 
 

1. ʋʣʘʚʷʥʝ ʥʘ ʤʝʪʘʣʥʠ ʦʪʧʘʜʲʮʠ ï ʉ ʧʦʤʦʱʪʘ ʥʘ ʨʦʙʦʪʠʟʠʨʘʥʠ ʨʲʮʝ, ʤʨʝʞʠ ʠʣʠ ʤʘʛʥʠʪʥʠ 
ʩʠʩʪʝʤʠ, ʩʘʪʝʣʠʪʲʪ ʠʣʠ ʩʪʘʥʮʠʷʪʘ ʩʲʙʠʨʘ ʬʨʘʛʤʝʥʪʠ ʦʪ ʤʝʪʘʣʠ, ʦʩʪʘʥʘʣʠ ʚ ʦʨʙʠʪʘ. 

2. ɺʲʚʝʞʜʘʥʝ ʚ ʧʣʘʟʤʝʥ ʨʝʘʢʪʦʨ ï ʆʪʧʘʜʲʮʠʪʝ ʩʝ ʥʘʩʦʯʚʘʪ ʢʲʤ ʢʘʤʝʨʘ, ʚ ʢʦʷʪʦ ʩʝ ʧʦʜʣʘʛʘʪ 
ʥʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠ ʧʦʣʝʪʘ, ʧʨʝʚʨʲʱʘʱʠ ʛʠ ʚ 
ʧʣʘʟʤʘ ï ʯʝʪʚʲʨʪʦʪʦ ʘʛʨʝʛʘʪʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʤʘʪʝʨʠʷʪʘ. 

3. ʀʟʧʦʣʟʚʘʥʝ ʥʘ ʧʣʘʟʤʘʪʘ: 
o ʂʘʪʦ ʪʣʘʩʢʘʯ (ʧʣʘʟʤʝʥ ʜʚʠʛʘʪʝʣ) ʟʘ ʟʘʜʚʠʞʚʘʥʝ ʥʘ ʢʦʩʤʠʯʝʩʢʠ ʘʧʘʨʘʪ. 
o ɿʘ ʟʘʭʨʘʥʚʘʥʝ ʥʘ ʙʦʨʜʦʚʠ ʩʠʩʪʝʤʠ ʩ ʛʝʥʝʨʠʨʘʥʘ ʝʥʝʨʛʠʷ. 
o ɿʘ ʣʦʢʘʣʥʦ ʨʝʮʠʢʣʠʨʘʥʝ ʥʘ ʦʪʧʘʜʲʢʘ ʚ ʥʦʚʠ ʢʦʤʧʦʥʝʥʪʠ ʠʣʠ ʤʘʪʝʨʠʘʣʠ. 

 ʇʨʝʜʠʤʩʪʚʘ ʥʘ ʤʝʪʦʜʘ 

¶ ɼʚʦʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪ: ʥʘʤʘʣʷʚʘ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʠ ʦʩʠʛʫʨʷʚʘ ʨʝʩʫʨʩ. 

¶ ʇʦʜʭʦʜʷʱ ʟʘ ʜʲʣʛʠ ʤʠʩʠʠ ï ʦʩʦʙʝʥʦ ʧʨʠ ʙʲʜʝʱʠ ʙʘʟʠ ʥʘ ʃʫʥʘʪʘ ʠʣʠ ʄʘʨʩ. 

¶ ʅʘʤʘʣʷʚʘ ʥʫʞʜʘʪʘ ʦʪ ʜʦʩʪʘʚʢʠ ʥʘ ʛʦʨʠʚʦ ʦʪ ɿʝʤʷʪʘ. 

Ḡ ʇʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ 

¶ ʊʝʭʥʦʣʦʛʠʯʥʘ ʩʣʦʞʥʦʩʪ: ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʫʩʪʦʡʯʠʚ ʧʣʘʟʤʝʥ ʨʝʘʢʪʦʨ ʚ ʂʦʩʤʦʩʘ ʠʟʠʩʢʚʘ 
ʥʘʧʨʝʜʥʘʣʠ ʤʘʪʝʨʠʘʣʠ ʠ ʪʝʨʤʠʯʥʘ ʟʘʱʠʪʘ. 
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¶ ɽʥʝʨʛʠʝʥ ʨʘʟʭʦʜ: ʧʨʦʮʝʩʲʪ ʝ ʠʥʪʝʥʟʠʚʝʥ ʠ ʠʟʠʩʢʚʘ ʩʪʘʙʠʣʥʦ ʝʣʝʢʪʨʦʟʘʭʨʘʥʚʘʥʝ. 

¶ ʆʛʨʘʥʠʯʝʥʦ ʧʨʠʣʦʞʝʥʠʝ ï ʢʲʤ ʤʦʤʝʥʪʘ ʩʘʤʦ ʟʘ ʤʝʪʘʣʥʠ ʦʪʧʘʜʲʮʠ. 
 
ɿʘʢʣʶʯʝʥʠʝ 
 
ʂʦʩʤʦʩʲʪ ʚʠʥʘʛʠ ʝ ʙʠʣ ʩʠʤʚʦʣ ʥʘ ʯʦʚʝʰʢʦʪʦ ʩʪʨʝʤʣʝʥʠʝ ʢʲʤ ʟʥʘʥʠʝ, ʦʪʢʨʠʪʠʝ ʠ 

ʙʝʟʢʨʘʡʥʠ ʚʲʟʤʦʞʥʦʩʪʠ. ʅʦ ʩ ʚʩʷʢʘ ʥʦʚʘ ʩʪʲʧʢʘ ʢʲʤ ʟʚʝʟʜʠʪʝ, ʥʠʝ ʦʩʪʘʚʷʤʝ ʩʣʝʜ ʩʝʙʝ ʩʠ ʥʝ ʩʘʤʦ 
ʦʪʧʝʯʘʪʲʮʠ, ʘ ʠ ʦʪʧʘʜʲʮʠ ï ʤʲʣʯʘʣʠʚʘʪʘ ʟʘʧʣʘʭʘ, ʢʦʪ̫ʦ ʟʘʩʪʨʘʰʘʚʘ ʙʲʜʝʱʝʪʦ ʥʘ ʦʢʦʣʦʟʝʤʥʦʪʦ 
ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʂʦʩʤʠʯʝʩʢʠʪʝ ʦʪʧʘʜʲʮʠ ʥʝ ʩʘ ʧʨʦʩʪʦ ʪʝʭʥʦʣʦʛʠʯʝʥ ʧʨʦʙʣʝʤ ï ʪʝ ʩʘ ʦʛʣʝʜʘʣʦ ʥʘ ʥʘʰʘʪʘ 
ʦʪʛʦʚʦʨʥʦʩʪ ʢʘʪʦ ʮʠʚʠʣʠʟʘʮʠʷ. ʉʙʣʲʩʲʮʠʪʝ, ʨʠʩʢʦʚʝʪʝ ʟʘ ʘʩʪʨʦʥʘʚʪʠʪʝ ʠ ʟʘʧʣʘʭʘʪʘ ʟʘ 
ʛʣʦʙʘʣʥʠʪʝ ʢʦʤʫʥʠʢʘʮʠʠ ʧʦʢʘʟʚʘʪ ʷʩʥʦ, ʯʝ ʜʝʡʩʪʚʠʝʪʦ ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʪʣʦʞʝʥʦ. 

ʈʝʰʝʥʠʷʪʘ ʩʲʱʝʩʪʚʫʚʘʪ ï ʦʪ ʢʣʘʩʠʯʝʩʢʠ ʜʦ ʘʚʘʥʛʘʨʜʥʠ: ʤʨʝʞʠ, ʭʘʨʧʫʥʠ, ʣʘʟʝʨʠ, 
ʤʘʛʥʠʪʥʠ ʩʠʩʪʝʤʠ, ʜʦ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠ ʚ ʧʣʘʟʤʘ ï ʛʦʨʠʚʦ ʟʘ ʙʲʜʝʱʝʪʦ. ʊʝ ʧʦʢʘʟʚʘʪ, 
ʯʝ ʯʦʚʝʯʝʩʪʚʦʪʦ ʠʤʘ ʥʝ ʩʘʤʦ ʪʝʭʥʠʯʝʩʢʘʪʘ ʩʧʦʩʦʙʥʦʩʪ, ʥʦ ʠ ʤʦʨʘʣʥʦʪʦ ʟʘʜʲʣʞʝʥʠʝ ʜʘ ʦʧʘʟʠ 
ʂʦʩʤʦʩʘ ʯʠʩʪ ʠ ʜʦʩʪʲʧʝʥ ʟʘ ʩʣʝʜʚʘʱʠʪʝ ʧʦʢʦʣʝʥʠʷ. 

 
ʅʝʢʘ ʩʠ ʩʧʦʤʥʠʤ: ʟʚʝʟʜʠʪʝ ʥʝ ʩʘ ʥʠ ʜʘʜʝʥʠ, ʪʝ ʩʘ ʧʦʚʝʨʝʥʠ. ʆʪ ʥʘʩ ʟʘʚʠʩʠ ʜʘʣʠ ʱʝ ʛʠ 

ʜʦʩʪʠʛʥʝʤ ʩ ʤʲʜʨʦʩʪ, ʦʪʛʦʚʦʨʥʦʩʪ ʠ ʛʨʠʞʘ. ɿʘʱʦʪʦ ʩʘʤʦ ʚ ʭʘʨʤʦʥʠʷ ʩ ʂʦʩʤʦʩʘ ʤʦʞʝʤ ʜʘ ʩʝ 
ʥʘʨʝʯʝʤ ʠʩʪʠʥʩʢʠ ʥʝʛʦʚʠ ʠʟʩʣʝʜʦʚʘʪʝʣʠ. 
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ʈʝʟʶʤʝ: ʅʘʩʪʦʷʱʠʷʪ ʜʦʢʣʘʜ ʨʘʟʛʣʝʞʜʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʠʪʦ ʩʘ ʦʪ 

ʨʝʰʘʚʘʱʦ ʟʥʘʯʝʥʠʝ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʫʩʪʦʡʯʠʚʠ ʤʠʩʠʠ ʠʟʚʲʥ ɿʝʤʷʪʘ ï ʥʘ ʃʫʥʘʪʘ, ʄʘʨʩ ʠ ʦʪʚʲʜ. 
ɸʢʮʝʥʪ ʝ ʧʦʩʪʘʚʝʥ ʚʲʨʭʫ ʠʥʦʚʘʪʠʚʥʠʪʝ ʧʦʜʭʦʜʠ ʚ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʣʝʢʠ ʠ ʠʟʜʨʲʞʣʠʚʠ ʤʘʪʝʨʠʘʣʠ, 
ʩʠʩʪʝʤʠ ʟʘ ʝʥʝʨʛʠʡʥʘ ʘʚʪʦʥʦʤʥʦʩʪ ʠ ʨʝʮʠʢʣʠʨʘʥʝ ʥʘ ʨʝʩʫʨʩʠ, ʢʘʢʪʦ ʠ ʚʲʨʭʫ ʨʦʣʷʪʘ ʥʘ 3D 
ʧʨʠʥʪʠʨʘʥʝʪʦ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ. ʆʙʩʲʞʜʘʪ ʩʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘʪʘ ʧʨʝʜ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ 
ʜʲʣʛʦʩʨʦʯʥʠ ʦʙʠʪʘʝʤʠ ʙʘʟʠ ʠ ʚʲʟʤʦʞʥʠʪʝ ʨʝʰʝʥʠʷ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʘʚʠʩʠʤʦʩʪʪʘ ʦʪ ʜʦʩʪʘʚʢʠ ʦʪ 
ɿʝʤʷʪʘ. ʈʘʟʚʠʪʠʝʪʦ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʪʨʝʤʝʞʲʪ ʥʘ ʯʦʚʝʯʝʩʪʚʦʪʦ ʢʲʤ ʠʟʩʣʝʜʚʘʥʝ ʠ 
ʟʘʩʝʣʚʘʥʝ ʥʘ ʜʨʫʛʠ ʧʣʘʥʝʪʠ ʧʦʩʪʘʚʷʪ ʥʦʚʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʧʨʝʜ ʠʥʞʝʥʝʨʩʪʚʦʪʦ ʠ ʥʘʫʢʘʪʘ ʟʘ 
ʤʘʪʝʨʠʘʣʠʪʝ. ɿʘ ʜʘ ʙʲʜʘʪ ʤʠʩʠʠ ʠʟʚʲʥ ɿʝʤʷʪʘ ʫʩʪʦʡʯʠʚʠ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʩʲʟʜʘʜʘʪ ʪʝʭʥʦʣʦʛʠʠ, 
ʢʦʠʪʦ ʤʠʥʠʤʠʟʠʨʘʪ ʟʘʚʠʩʠʤʦʩʪʪʘ ʦʪ ʜʦʩʪʘʚʢʠ ʦʪ ɿʝʤʷʪʘ, ʦʩʠʛʫʨʷʚʘʪ ʩʘʤʦʧʦʜʜʲʨʞʘʱʠ ʩʝ ʩʠʩʪʝʤʠ 
ʠ ʤʦʛʘʪ ʜʘ ʠʟʜʲʨʞʘʪ ʥʘ ʩʫʨʦʚʠʪʝ ʫʩʣʦʚʠʷ ʥʘ ʢʦʩʤʠʯʝʩʢʘʪʘ ʩʨʝʜʘ.  
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Abstract: This report explores the modern materials and technologies that are essential for enabling 

sustainable missions beyond Earth ï to the Moon, Mars, and beyond. The emphasis is placed on innovative 
approaches to developing lightweight and durable materials, systems for energy autonomy and resource recycling, 
as well as the role of 3D printing and nanotechnology. The report discusses the challenges of establishing long-
term habitable bases and possible solutions for reducing dependence on supplies from Earth. The advancement of 
space technologies and humanityôs ambition to explore and inhabit other planets present new challenges for 
engineering and materials science. For missions beyond Earth to be truly sustainable, it is necessary to develop 
technologies that minimize reliance on Earth-based supplies, ensure self-sustaining systems, and withstand the 
harsh conditions of the space environment. 

 
 
ɺʲʚʝʜʝʥʠʝ 

 

ʀʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʢʦʩʤʦʩʘ ʠʟʠʩʢʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʘʪʝʨʠʘʣʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʩʧʦʩʦʙʥʠ ʜʘ 
ʠʟʜʲʨʞʘʪ ʥʘ ʝʢʩʪʨʝʤʥʠʪʝ ʫʩʣʦʚʠʷ ʥʘ ʠʟʚʲʥʟʝʤʥʘʪʘ ʩʨʝʜʘ ï ʚʠʩʦʢʘ ʨʘʜʠʘʮʠʷ, ʚʘʢʫʫʤ, 
ʪʝʤʧʝʨʘʪʫʨʥʠ ʘʤʧʣʠʪʫʜʠ ʠ ʣʠʧʩʘ ʥʘ ʘʪʤʦʩʬʝʨʘ. ʉ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʧʨʦʛʨʘʤʠʪʝ ʟʘ ʜʲʣʛʦʩʨʦʯʥʦ 
ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʃʫʥʘʪʘ ʠ ʄʘʨʩ ʚʲʟʥʠʢʚʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʫʩʪʦʡʯʠʚʠ ʨʝʰʝʥʠʷ, ʢʦʠʪʦ 
ʤʠʥʠʤʠʟʠʨʘʪ ʨʘʟʭʦʜʠʪʝ ʠ ʟʘʚʠʩʠʤʦʩʪʪʘ ʦʪ ɿʝʤʷʪʘ. ʆʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʫʩʪʦʡʯʠʚʠʪʝ ʢʦʩʤʠʯʝʩʢʠ 
ʤʠʩʠʠ ʝ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʟʘʪʚʦʨʝʥʠ ʝʢʦʩʠʩʪʝʤʠ, ʘʚʪʦʥʦʤʥʠ ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ ʠ ʣʦʢʘʣʥʦ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʤʘʪʝʨʠʘʣʠ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʝʩʫʨʩʠ in situ (ʥʘ ʤʷʩʪʦ).ɿʘ ʪʘʟʠ ʮʝʣ ʥʘʡ-ʯʝʩʪʦ 
ʠʟʧʦʣʟʚʘʥʠʷ ʤʝʪʦʜ ʝ ʦʩʮʠʣʦʤʝʪʨʠʯʥʠʷʪ, ʟʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʢʦʡʪʦ, ʝ ʥʝʦʙʭʦʜʠʤʘ ʧʦʤʧʘ, 
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ʪʫʨʥʠʢʝʪ (ʤʘʥʰʦʥ)  ʠ ʜʘʪʯʠʢ ʟʘ ʨʝʛʠʩʪʨʠʨʘʥʝ ʥʘ ʥʘʣʷʛʘʥʝʪʦ.  ʇʝʨʠʦʜʠʯʥʦʪʦ ʧʨʠʪʠʩʢʘʥʝ ʥʘ 
ʢʨʲʚʦʥʦʩʥʠʪʝ ʩʲʜʦʚʝ ʩʪʨʝʩʠʨʘ ʧʘʮʠʝʥʪʘ ʧʦʜʣʦʞʝʥ ʥʘ ʪʦʚʘ ʠʟʩʣʝʜʚʘʥʝ. ɺʲʟʤʦʞʥʦ ʝ ʜʘ ʩʝ ʧʦʷʚʷʪ 
ʠ ʥʝʪʠʧʠʯʥʠ ʩʪʦʡʥʦʩʪʠ ʧʦʨʦʜʝʥʠ ʦʪ ʨʝʘʢʮʠʷʪʘ ʥʘ ʚʝʛʠʪʘʪʠʚʥʘʪʘ ʥʝʨʚʥʘ ʩʠʩʪʝʤʘ ʚ ʩʣʝʜʩʪʚʠʝ ʥʘ 
ʩʪʨʝʩʘ ʧʨʠ ʥʘʧʦʤʧʚʘʥʝʪʦ ʥʘ ʤʘʥʰʦʥʘ ʠ ʫʩʝʱʘʥʝʪʦ ʟʘ ʥʘʪʠʩʢ. ɼʨʫʛ ʥʝʜʦʩʪʘʪʲʢ ʝ ʥʝʚʲʟʤʦʞʥʦʩʪʪʘ 
ʜʘ ʩʝ ʠʟʤʝʨʚʘ ʥʝʧʨʝʢʲʩʥʘʪʦ ʧʦʨʘʜʠ ʚʨʝʤʝʚʠ ʦʛʨʘʥʠʯʝʥʠʷ ʩʚʲʨʟʘʥʠ ʩʲʩ ʩʘʤʠʷ ʤʝʪʦʜ ʥʘ 
ʠʟʤʝʨʚʘʥʝ. 
ʀʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʢʦʩʤʦʩʘ ʚʠʥʘʛʠ ʝ ʙʠʣʦ ʩʠʤʚʦʣ ʥʘ ʯʦʚʝʰʢʠʷ ʧʨʦʛʨʝʩ ʠ ʩʪʨʝʤʝʞ ʢʲʤ ʧʦʟʥʘʥʠʝ. 
ʉʣʝʜ ʧʲʨʚʠʪʝ ʩʪʲʧʢʠ ʥʘ ʃʫʥʘʪʘ ʧʨʝʟ 1969 ʛ., ʚʥʠʤʘʥʠʝʪʦ ʥʘ ʫʯʝʥʠʪʝ ʧʦʩʪʝʧʝʥʥʦ ʩʝ ʥʘʩʦʯʚʘ ʢʲʤ 
ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʫʩʪʦʡʯʠʚʠ ʢʦʩʤʠʯʝʩʢʠ ʤʠʩʠʠ ï ʪʘʢʠʚʘ, ʢʦʠʪʦ ʥʝ ʟʘʚʠʩʷʪ ʠʟʮʷʣʦ ʦʪ ɿʝʤʷʪʘ ʟʘ 
ʩʚʦʝʪʦ ʦʮʝʣʷʚʘʥʝ. 
 

ʆʩʥʦʚʥʠʪʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʧʨʝʜ ʪʝʟʠ ʤʠʩʠʠ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʝʢʩʪʨʝʤʥʠʪʝ ʫʩʣʦʚʠʷ ʥʘ 
ʩʨʝʜʘʪʘ: ʣʠʧʩʘ ʥʘ ʘʪʤʦʩʬʝʨʘ, ʚʠʩʦʢʘ ʨʘʜʠʘʮʠʷ, ʪʝʤʧʝʨʘʪʫʨʥʠ ʢʦʣʝʙʘʥʠʷ ʦʪ -170ÁC ʜʦ +120ÁC, 
ʤʠʢʨʦʤʝʪʝʦʨʠʪʥʠ ʫʜʘʨʠ ʠ ʦʛʨʘʥʠʯʝʥʠ ʨʝʩʫʨʩʠ. ɿʘʪʦʚʘ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʟʝʤʥʠ ʤʘʪʝʨʠʘʣʠ ʯʝʩʪʦ ʥʝ 
ʩʘ ʧʨʠʣʦʞʠʤʠ. 
 

ɼʲʣʛʦʩʨʦʯʥʘʪʘ ʮʝʣ ʥʘ ʅɸʉɸ, ɽʚʨʦʧʝʡʩʢʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʘʛʝʥʮʠʷ (ESA) ʠ ʜʨʫʛʠ 
ʦʨʛʘʥʠʟʘʮʠʠ ʝ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʧʦʩʪʦʷʥʥʠ ʙʘʟʠ ʥʘ ʃʫʥʘʪʘ ʠ ʄʘʨʩ, ʢʦʠʪʦ ʜʘ ʩʣʫʞʘʪ ʢʘʪʦ ʩʪʲʧʢʘ 
ʢʲʤ ʦʱʝ ʧʦ-ʜʘʣʝʯʥʠ ʧʲʪʫʚʘʥʠʷ ï ʥʘʧʨʠʤʝʨ ʢʲʤ ʘʩʪʝʨʦʠʜʠʪʝ ʠ ʩʧʲʪʥʠʮʠʪʝ ʥʘ ʖʧʠʪʝʨ. ɿʘ ʜʘ ʩʝ 
ʧʦʩʪʠʛʥʝ ʪʦʚʘ, ʝ ʥʫʞʥʦ ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʷʪ ʤʘʪʝʨʠʘʣʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʠʪʦ ʩʘ ʣʝʢʠ, ʟʜʨʘʚʠ, 
ʩʘʤʦʧʦʜʜʲʨʞʘʱʠ ʩʝ ʠ ʘʜʘʧʪʠʚʥʠ ʢʲʤ ʥʝʧʦʟʥʘʪʠ ʩʨʝʜʠ. 

 

 
ʊʝʦʨʠʷ ʥʘ ʤʝʪʦʜʘ 

 
1. ʅʦʚʠ ʤʘʪʝʨʠʘʣʠ 
 
ʂʦʤʧʦʟʠʪʠ ʠ ʫʣʪʨʘʣʝʢʠ ʩʧʣʘʚʠ: ɸʣʫʤʠʥʠʝʚʦ-ʣʠʪʠʝʚʠ ʠ ʪʠʪʘʥʦʚʠ ʩʧʣʘʚʠ ʦʩʠʛʫʨʷʚʘʪ 

ʚʠʩʦʢʘ ʟʜʨʘʚʠʥʘ ʧʨʠ ʥʠʩʢʦ ʪʝʛʣʦ. ʂʘʨʙʦʥʦʚʠʪʝ ʠ ʢʝʨʘʤʠʯʥʠʪʝ ʢʦʤʧʦʟʠʪʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ 
ʪʦʧʣʠʥʥʘ ʟʘʠɦʪʘ ʠ ʩʪʨʫʢʪʫʨʥʘ ʫʩʪʦʡʯʠʚʦʩʪ. 

ʉʲʚʨʝʤʝʥʥʠʪʝ ʢʦʩʤʠʯʝʩʢʠ ʘʧʘʨʘʪʠ ʠ ʙʘʟʦʚʠ ʩʪʨʫʢʪʫʨʠ ʠʟʧʦʣʟʚʘʪ ʘʣʫʤʠʥʠʝʚʦ-ʣʠʪʠʝʚʠ, 
ʪʠʪʘʥʦʚʠ ʠ ʤʘʛʥʝʟʠʝʚʠ ʩʧʣʘʚʠ, ʢʦʠʪʦ ʧʨʝʜʣʘʛʘʪ ʠʟʢʣʶʯʠʪʝʣʥʘ ʟʜʨʘʚʠʥʘ ʧʨʠ ʤʠʥʠʤʘʣʥʦ ʪʝʛʣʦ. 

ʂʘʨʙʦʥʦʚʠʪʝ ʢʦʤʧʦʟʠʪʠ, ʧʦʜʩʠʣʝʥʠ ʩ ʢʝʨʘʤʠʯʥʠ ʚʣʘʢʥʘ, ʩʝ ʧʨʠʣʘʛʘʪ ʚ ʪʦʧʣʠʥʥʠ ʱʠʪʦʚʝ 
ʠ ʢʦʨʧʫʩʠ ʥʘ ʢʦʩʤʠʯʝʩʢʠ ʢʦʨʘʙʠ, ʢʲʜʝʪʦ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʤʦʛʘʪ ʜʘ ʥʘʜʭʚʲʨʣʷʪ 1500ÁC. 

 
ʅʘʥʦʤʘʪʝʨʠʘʣʠ: ʅʘʥʦʪʨʲʙʠ ʠ ʛʨʘʬʝʥ ʧʦʟʚʦʣʷʚʘʪ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʩʫʧʝʨʟʜʨʘʚʠ, ʣʝʢʠ ʠ 

ʧʨʦʚʦʜʠʤʠ ʩʪʨʫʢʪʫʨʠ. ʊʝ ʥʘʤʠʨʘʪ ʧʨʠʣʦʞʝʥʠʝ ʚ ʦʙʰʠʚʢʠʪʝ ʥʘ ʢʦʩʤʠʯʝʩʢʠ ʘʧʘʨʘʪʠ, ʙʘʪʝʨʠʠ ʠ 
ʛʲʚʢʘʚʠ ʝʣʝʢʪʨʦʥʥʠ ʩʠʩʪʝʤʠ. 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠʪʝ ʧʨʦʤʝʥʷʪ ʧʨʝʜʩʪʘʚʘʪʘ ʟʘ ʫʩʪʦʡʯʠʚʦʩʪ ʚ ʢʦʩʤʦʩʘ. 
 
ɻʨʘʬʝʥ ʠ ʚʲʛʣʝʨʦʜʥʠ ʥʘʥʦʪʨʲʙʠ ʦʩʠʛʫʨʷʚʘʪ ʚʠʩʦʢʘ ʝʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪ ʠ ʟʜʨʘʚʠʥʘ, ʢʘʪʦ 

ʝʜʥʦʚʨʝʤʝʥʥʦ ʩʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʣʝʢʠ. 
 
ʉʘʤʦʚʲʟʩʪʘʥʦʚʷʚʘʱʠ ʩʝ ʤʘʪʝʨʠʘʣʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʤʠʢʨʦʨʝʤʦʥʪ ʥʘ ʧʦʚʨʝʜʠ, ʧʨʠʯʠʥʝʥʠ 

ʦʪ ʨʘʜʠʘʮʠʷ ʠʣʠ ʤʠʢʨʦʤʝʪʝʦʨʠʪʠ, ʫʜʲʣʞʘʚʘʡʢʠ ʞʠʚʦʪʘ ʥʘ ʘʧʘʨʘʪʫʨʘʪʘ. 
 
ʆʪʨʘʟʷʚʘʱʠ ʥʘʥʦʧʦʢʨʠʪʠʷ ʧʨʝʜʧʘʟʚʘʪ ʦʪ ʨʘʜʠʘʮʠʷ ʠ ʥʘʛʨʷʚʘʥʝ, ʢʘʪʦ ʩʪʘʙʠʣʠʟʠʨʘʪ 

ʚʲʪʨʝʰʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʙʘʟʠʪʝ. 
 
ʈʝʛʝʥʝʨʘʪʠʚʥʠ ʤʘʪʝʨʠʘʣʠ: ʉʘʤʦʚʲʟʩʪʘʥʦʚʷʚʘʱʠ ʩʝ ʧʦʣʠʤʝʨʠ ʤʦʛʘʪ ʜʘ Ăʨʝʤʦʥʪʠʨʘʪñ 

ʤʠʢʨʦʧʫʢʥʘʪʠʥʠ, ʧʨʠʯʠʥʝʥʠ ʦʪ ʤʠʢʨʦʤʝʪʝʦʨʠʪʠ ʠʣʠ ʨʘʜʠʘʮʠʷ. 
 
ɹʠʦʤʘʪʝʨʠʘʣʠ ʠ ʦʨʛʘʥʠʯʥʠ ʧʦʣʠʤʝʨʠ: 
ʇʨʠ ʜʲʣʛʠ ʤʠʩʠʠ ʥʘ ʄʘʨʩ ʠʣʠ ʃʫʥʘʪʘ, ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʙʠʦʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʤʘʪʝʨʠʘʣʠ 

ʯʨʝʟ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʠʣʠ ʚʦʜʦʨʘʩʣʠ ʩʪʘʚʘ ʨʝʘʣʥʘ. ʋʯʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘʪ ʩ ʙʘʢʪʝʨʠʠ, ʢʦʠʪʦ 
ʤʦʛʘʪ ʜʘ Ăʦʪʛʣʝʞʜʘʪñ ʙʝʪʦʥʦʧʦʜʦʙʥʠ ʩʪʨʫʢʪʫʨʠ ʠʣʠ ʙʠʦʧʣʘʩʪʤʘʩʠ ʦʪ ʦʪʧʘʜʲʮʠ. 

 
2. ʊʝʭʥʦʣʦʛʠʠ ʟʘ ʣʦʢʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 
 
3D ʧʨʠʥʪʠʨʘʥʝ (ʘʜʠʪʠʚʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ): ʇʦʟʚʦʣʷʚʘ ʠʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ 

ʠʥʩʪʨʫʤʝʥʪʠ, ʨʝʟʝʨʚʥʠ ʯʘʩʪʠ ʠ ʜʦʨʠ ʞʠʣʠʱʥʠ ʤʦʜʫʣʠ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʝʩʪʥʠ ʨʝʩʫʨʩʠ 
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(ʥʘʧʨʠʤʝʨ ʣʫʥʝʥ ʨʝʛʦʣʠʪ ʠʣʠ ʤʘʨʩʠʘʥʩʢʘ ʧʦʯʚʘ). 3D ʧʨʠʥʪʠʨʘʥʝʪʦ ʚʝʯʝ ʩʝ ʧʨʠʣʘʛʘ ʚ 
ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʠʥʩʪʨʫʤʝʥʪʠ ʠ ʨʝʟʝʨʚʥʠ ʯʘʩʪʠ. 
 
ɺ ʙʲʜʝʱʝ ʩʲʘɦʪʘ ʪʝʭʥʦʣʦʛʠʷ ʱʝ ʧʦʟʚʦʣʠ:  
 

- ʀʟʛʨʘʞʜʘʥʝ ʥʘ ʞʠʣʠʱʥʠ ʤʦʜʫʣʠ ʜʠʨʝʢʪʥʦ ʚʲʨʭʫ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʃʫʥʘʪʘ ʠʣʠ ʄʘʨʩ. 
 
- ʀʟʧʦʣʟʚʘʥʝ ʥʘ ʤʝʩʪʝʥ ʧʨʘʭʦʦʙʨʘʟʝʥ ʤʘʪʝʨʠʘʣ (ʨʝʛʦʣʠʪ), ʩʤʝʩʝʥ ʩʲʩ ʩʚʲʨʟʚʘʱʠ 
ʚʝʱʝʩʪʚʘ, ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ Ăʣʫʥʝʥ ʙʝʪʦʥñ. 

 
- ʅʘʤʘʣʷʚʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠʪʝ ʠ ʥʫʞʜʘʪʘ ʦʪ ʪʨʘʥʩʧʦʨʪ ʥʘ ʦʙʝʤʠʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 
 
ʊʘʢʘ ʩʝ ʩʲʟʜʘʚʘʪ ʘʚʪʦʥʦʤʥʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʩʠʩʪʝʤʠ, ʢʦʠʪʦ ʧʦʟʚʦʣʷʚʘʪ ʘʜʘʧʪʘʮʠʷ ʢʲʤ 

ʥʝʦʯʘʢʚʘʥʠ ʩʠʪʫʘʮʠʠ ʠ ʧʦʚʨʝʜʠ. 
ISRU (In-Situ Resource Utilization): ʊʝʭʥʦʣʦʛʠʠ, ʯʨʝʟ ʢʦʠʪʦ ʩʝ ʠʟʚʣʠʯʘʪ ʢʠʩʣʦʨʦʜ, ʚʦʜʘ ʠ 

ʩʪʨʦʠʪʝʣʥʠ ʤʘʪʝʨʠʘʣʠ ʦʪ ʧʦʚʲʨʭʥʦʩʪʥʠ ʨʝʩʫʨʩʠ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʥʘʤʘʣʷʚʘʪ ʣʦʛʠʩʪʠʯʥʠʪʝ 
ʨʘʟʭʦʜʠ. 

ɽʜʥʘ ʦʪ ʢʣʶʯʦʚʠʪʝ ʢʦʥʮʝʧʮʠʠ ʟʘ ʫʩʪʦʡʯʠʚʦʩʪ ʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʝʩʪʥʠ ʨʝʩʫʨʩʠ. 
 
ʅʘʧʨʠʤʝʨ: 
 
- ʅʘ ʃʫʥʘʪʘ, ʨʝʛʦʣʠʪʲʪ ʩʲʜʲʨʞʘ ʩʠʣʠʮʠʡ, ʞʝʣʷʟʦ, ʢʠʩʣʦʨʦʜ ʠ ʘʣʫʤʠʥʠʡ. 
 
- ʅʘ ʄʘʨʩ, ʘʪʤʦʩʬʝʨʘʪʘ ʩʲʜʲʨʞʘ ʦʢʦʣʦ 95% ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ 
ʧʨʝʨʘʙʦʪʚʘ ʚ ʢʠʩʣʦʨʦʜ ʠ ʤʝʪʘʥ ʯʨʝʟ ʭʠʤʠʯʥʠ ʧʨʦʮʝʩʠ (ʥʘʧʨ. ʨʝʘʢʮʠʷʪʘ ʥʘ ʉʘʙʘʪʠʝ). 

 
ʏʨʝʟ ISRU ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʧʨʦʠʟʚʝʞʜʘʪ ʩʪʨʦʠʪʝʣʥʠ ʤʘʪʝʨʠʘʣʠ, ʛʦʨʠʚʘ ʠ ʚʦʜʘ, ʙʝʟ 

ʥʫʞʜʘ ʦʪ ʧʦʩʪʦʷʥʥʠ ʜʦʩʪʘʚʢʠ ʦʪ ɿʝʤʷʪʘ. ʊʦʚʘ ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʷʚʘ ʤʘʩʘʪʘ ʠ ʮʝʥʘʪʘ ʥʘ ʤʠʩʠʠʪʝ. 
 
3. ɽʥʝʨʛʠʡʥʠ ʠ ʝʢʦʣʦʛʠʯʥʠ ʩʠʩʪʝʤʠ 
 
ʌʦʪʦʚʦʣʪʘʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ: ʅʦʚʠ ʛʲʚʢʘʚʠ ʠ ʝʬʝʢʪʠʚʥʠ ʩʣʲʥʯʝʚʠ ʧʘʥʝʣʠ, ʫʩʪʦʡʯʠʚʠ 

ʥʘ ʨʘʜʠʘʮʠʷ ʠ ʧʨʘʭ. ɽʥʝʨʛʠʡʥʘ ʘʚʪʦʥʦʤʠʷ ʯʨʝʟ ʦʩʥʦʚʝʥ ʠʟʪʦʯʥʠʢ ʥʘ ʝʥʝʨʛʠʷ ʟʘ ʠʟʚ̡ʥʟʝʤʥʠʪʝ 
ʙʘʟʠ ʱʝ ʙʲʜʘʪ ʩʦʣʘʨʥʠʪʝ ʧʘʥʝʣʠ. ʅʦʚʠʪʝ ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʧʦʣʟʚʘʪ ʛʲʚʢʘʚʠ ʠ 
ʨʘʜʠʘʮʠʦʥʥʦ ʫʩʪʦʡʯʠʚʠ ʢʣʝʪʢʠ, ʙʘʟʠʨʘʥʠ ʥʘ ʧʝʨʦʚʩʢʠʪʠ ʠ ʤʥʦʛʦʩʣʦʡʥʠ ʩʪʨʫʢʪʫʨʠ. 

ʅʘ ʄʘʨʩ, ʢʲʜʝʪʦ ʧʨʘʭʦʚʠʪʝ ʙʫʨʠ ʯʝʩʪʦ ʧʦʢʨʠʚʘʪ ʧʘʥʝʣʠʪʝ, ʩʝ ʨʘʟʨʘʙʦʪʚʘʪ 
ʩʘʤʦʧʦʯʠʩʪʚʘʱʠ ʩʝ ʧʦʚʲʨʭʥʦʩʪʠ ʠ ʝʥʝʨʛʠʡʥʠ ʨʝʟʝʨʚʠ ʦʪ ʚʦʜʦʨʦʜ. 

ɼʦʧʲʣʥʠʪʝʣʥʦ, ʩʝ ʠʟʩʣʝʜʚʘʪ ʤʠʥʠ ̫ ʜʨʝʥʠ ʨʝʘʢʪʦʨʠ (ʢʘʪʦ NASA Kilopower), ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ 
ʦʩʠʛʫʨʷʚʘʪ ʧʦʩʪʦʷʥʥʘ ʝʥʝʨʛʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʩʚʝʪʝʥʦʩʪʪʘ. 

ɿʘʪʚʦʨʝʥʠ ʝʢʦʩʠʩʪʝʤʠ: ʉʠʩʪʝʤʠ ʟʘ ʧʨʝʯʠʩʪʚʘʥʝ ʠ ʨʝʮʠʢʣʠʨʘʥʝ ʥʘ ʚʟ̡ʜʫʭ ʠ ʚʦʜʘ, 
ʢʘʢʪʦ ʠ ʙʠʦʣʦʛʠʯʥʠ ʤʦʜʫʣʠ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʭʨʘʥʘ. 

ɿʘʪʚʦʨʝʥʘ ʝʢʦʩʠʩʪʝʤʘ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ.1. 
 

 
ʌʠʛ. 1.  ɿʘʪʚʦʨʝʥʘ ʝʢʦʩʠʩʪʝʤʘ 
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ʊʝʨʤʠʯʝʥ ʢʦʥʪʨʦʣ ʠ ʠʟʦʣʘʮʠʷ: ʄʥʦʛʦʩʪʝʧʝʥʥʠ ʧʦʢʨʠʪʠʷ ʠ ʠʥʪʝʣʠʛʝʥʪʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ 
ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʙʘʟʠʪʝ ʠ ʢʦʨʘʙʠʪʝ. 

ɿʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʫʩʪʦʡʯʠʚʦ ʧʨʠʩʲʩʪʚʠʝ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʟʘʪʚʦʨʷʪ ʞʠʟʥʝʥʠʪʝ ʮʠʢʣʠ ʥʘ ʚʦʜʘ, 
ʚʲʟʜʫʭ ʠ ʭʨʘʥʘ. 

ɹʠʦʨʝʛʝʥʝʨʘʪʠʚʥʠ ʩʠʩʪʝʤʠ ʠʟʧʦʣʟʚʘʪ ʨʘʩʪʝʥʠʷ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʟʘ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ 
ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ ʚ ʢʠʩʣʦʨʦʜ ʠ ʟʘ ʨʝʮʠʢʣʠʨʘʥʝ ʥʘ ʦʪʧʘʜʲʮʠ. 

ʍʠʜʨʦʧʦʥʥʠ ʠ ʘʝʨʦʧʦʥʥʠ ʬʝʨʤʠ ʤʦʛʘʪ ʜʘ ʦʩʠʛʫʨʷʚʘʪ ʩʚʝʞʘ ʭʨʘʥʘ ʙʝʟ ʧʦʯʚʘ. 
ʉʠʩʪʝʤʠ ʟʘ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʚʦʜʘ ʯʨʝʟ ʤʝʤʙʨʘʥʥʘ ʬʠʣʪʨʘʮʠʷ ʠ ʝʣʝʢʪʨʦʣʠʟʘ ʚʝʯʝ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʚ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ. 
 
4. ɸʚʪʦʥʦʤʥʠ ʠ ʠʥʪʝʣʠʛʝʥʪʥʠ ʩʠʩʪʝʤʠ 
 
ʀʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʠ ʨʦʙʦʪʠʢʘ: ʈʦʙʦʪʠ ʟʘ ʩʪʨʦʠʪʝʣʩʪʚʦ, ʧʦʜʜʨʲʞʢʘ ʠ ʤʦʥʠʪʦʨʠʥʛ. 

ʀʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʙʘʟʠ ʠ ʧʦʜʜʨʲʞʢʘʪʘ ʥʘ ʩʠʩʪʝʤʠʪʝ ʱʝ ʙʲʜʘʪ ʠʟʚʲʨʰʚʘʥʠ ʦʪ ʨʦʙʦʪʠ, 
ʢʦʥʪʨʦʣʠʨʘʥʠ ʯʨʝʟ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ. 

ʈʦʙʦʪʠ ʢʘʪʦ RASSOR (NASA) ʤʦʛʘʪ ʜʘ ʢʦʧʘʷʪ ʨʝʛʦʣʠʪ ʟʘ ISRU ʮʝʣʠ, ʜʦʢʘʪʦ ʜʨʫʛʠ 
ʠʟʚʲʨʰʚʘʪ ʠʥʩʧʝʢʮʠʷ ʠ ʨʝʤʦʥʪ ʙʝʟ ʯʦʚʝʰʢʘ ʥʘʤʝʩʘ. 

 
ʉʝʥʟʦʨʥʠ ʤʨʝʞʠ: ʆʩʠʛʫʨʷʚʘʪ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʥʘʪʘ ʮʷʣʦʩʪ, ʨʘʜʠʘʮʠʦʥʥʦʪʦ ʥʠʚʦ 

ʠ ʜʨʫʛʠ ʧʘʨʘʤʝʪʨʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ.  
ɺʛʨʘʜʝʥʠ ʩʝʥʟʦʨʠ ʩʣʝʜʷʪ ʩʪʨʫʢʪʫʨʥʘʪʘ ʮʷʣʦʩʪ, ʨʘʜʠʘʮʠʦʥʥʠʪʝ ʥʠʚʘ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ 

ʥʘʣʷʛʘʥʝʪʦ. ɼʘʥʥʠʪʝ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʦʪ AI ʩʠʩʪʝʤʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʧʨʝʜʚʠʞʜʘʪ 
ʧʦʚʨʝʜʠ ʠ ʜʘ ʧʨʝʜʧʨʠʝʤʘʪ ʧʨʝʚʘʥʪʠʚʥʠ ʜʝʡʩʪʚʠʷ. 

 
 
ɿʘʢʣʶʯʝʥʠʝ 
 

ʋʩʪʦʡʯʠʚʠʪʝ ʤʠʩʠʠ ʠʟʚʲʥ ɿʝʤʷʪʘ ʠʟʠʩʢʚʘʪ ʠʥʪʝʛʨʘʮʠʷ ʥʘ ʘʚʘʥʛʘʨʜʥʠ ʤʘʪʝʨʠʘʣʠ, 
ʠʥʪʝʣʠʛʝʥʪʥʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʝʢʦʣʦʛʠʯʥʠ ʩʠʩʪʝʤʠ. ɹʲʜʝʱʝʪʦ ʥʘ ʯʦʚʝʯʝʩʪʚʦʪʦ ʚ ʢʦʩʤʦʩʘ ʟʘʚʠʩʠ ʦʪ 
ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʠ ʜʘ ʠʟʛʨʘʞʜʘʤʝ ʩʘʤʦʧʦʜʜʲʨʞʘʱʠ ʩʝ ʩʨʝʜʠ, ʢʦʠʪʦ ʠʟʧʦʣʟʚʘʪ ʥʘʣʠʯʥʠʪʝ ʨʝʩʫʨʩʠ 
ʝʬʝʢʪʠʚʥʦ ʠ ʦʪʛʦʚʦʨʥʦ. ʂʦʤʙʠʥʘʮʠʷʪʘ ʦʪ ʥʘʥʦʤʘʪʝʨʠʘʣʠ, 3D ʧʨʠʥʪʠʨʘʥʝ ʠ ʘʚʪʦʥʦʤʥʠ ʩʠʩʪʝʤʠ 
ʱʝ ʙʲʜʝ ʢʣʶʯʲʪ ʢʲʤ ʫʩʧʝʰʥʘʪʘ ʢʦʣʦʥʠʟʘʮʠʷ ʥʘ ʜʨʫʛʠ ʥʝʙʝʩʥʠ ʪʝʣʘ ʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʪʦ 
ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʯʦʚʝʢʘ ʠʟʚʲʥ ɿʝʤʷʪʘ. 

ɿʘ ʩʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʚ ʝʚʦʣʶʮʠʷʪʘ ʥʘ ʯʦʚʝʰʢʘʪʘ ʮʠʚʠʣʠʟʘʮʠʷ ʝ ʥʝʦʙʭʦʜʠʤʦ 
ʩʠʥʝʨʛʠʯʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʘʚʘʥʛʘʨʜʥʠ ʤʘʪʝʨʠʘʣʠ, ʝʥʝʨʛʠʡʥʠ ʩʠʩʪʝʤʠ ʠ ʘʚʪʦʥʦʤʥʠ ʪʝʭʥʦʣʦʛʠʠ. 

ʂʣʶʯʲʪ ʢʲʤ ʙʲʜʝʱʝʪʦ ʝ ʣʦʢʘʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʨʝʩʫʨʩʥʘʪʘ ʥʝʟʘʚʠʩʠʤʦʩʪ. ʄʘʪʝʨʠʘʣʠ 
ʢʘʪʦ ʛʨʘʬʝʥ, 3D ʧʨʠʥʪʠʨʘʥ Ăʣʫʥʝʥ ʙʝʪʦʥñ, ʢʘʢʪʦ ʠ ʠʥʪʝʣʠʛʝʥʪʥʠ ʩʠʩʪʝʤʠ ʟʘ ʨʝʮʠʢʣʠʨʘʥʝ ʠ 
ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʝʩʫʨʩʠ, ʱʝ ʥʘʧʨʘʚʷʪ ʚʲʟʤʦʞʥʦ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʩʘʤʦʧʦʜʜʲʨʞʘʱʠ ʩʝ ʙʘʟʠ. 

ʊʝʟʠ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʩʘʤʦ ʱʝ ʧʦʜʧʦʤʦʛʥʘʪ ʢʦʣʦʥʠʟʘʮʠʷʪʘ ʥʘ ʃʫʥʘʪʘ ʠ ʄʘʨʩ, ʥʦ ʠ ʱʝ 
ʥʘʤʝʨʷʪ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ɿʝʤʷʪʘ ï ʚ ʫʩʪʦʡʯʠʚʦʪʦ ʩʪʨʦʠʪʝʣʩʪʚʦ, ʝʥʝʨʛʝʪʠʢʘʪʘ ʠ ʝʢʦʣʦʛʠʯʥʦʪʦ 
ʫʧʨʘʚʣʝʥʠʝ. 
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ɻʈɸɺʀʊɸʎʀʗʊɸ ɺ ʂʆʉʄʆʉɸ: ɽʂʉʇɽʈʀʄɽʅʊʀ ɺ ʋʉʃʆɺʀʗʊɸ ʅɸ 
ʄʀʂʈʆɻʈɸɺʀʊɸʎʀʗ 

 
ʄʠʨʝʣʘ ʀʣʯʦʚʩʢʘ 

  
ʇʨʦʬʝʩʠʦʥʘʣʥʘ ʛʠʤʥʘʟʠʷ ʧʦ ʝʢʦʣʦʛʠʷ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ çʇʨʦʬ.ʜ-ʨ ɸʩʝʥ ɿʣʘʪʘʨʦʚè 

 

 
ʂʣʶʯʦʚʠ ʜʫʤʠ: ʄʠʢʨʦʛʨʘʚʠʪʘʮʠʷ; ʉʚʦʙʦʜʥʦ ʧʘʜʘʥʝ; ʌʠʟʠʦʣʦʛʠʯʥʠ ʝʬʝʢʪʠ ʚʲʨʭʫ ʦʨʛʘʥʠʟʤʘ;  
ʅʘʫʯʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚ ʦʨʙʠʪʘ 

 
ʈʝʟʶʤʝ: ʊʝʤʘʪʘ ʨʘʟʛʣʝʞʜʘ ʩʲʚʨʝʤʝʥʥʦʪʦ ʨʘʟʙʠʨʘʥʝ ʟʘ ʥʘʮʠʦʥʘʣʥʘ ʠ ʤʝʞʜʫʥʘʨʦʜʥʘ ʩʠʛʫʨʥʦʩʪ 

ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʜʠʥʘʤʠʯʥʘ ʠ ʥʝʩʪʘʙʠʣʥʘ ʛʣʦʙʘʣʥʘ ʩʨʝʜʘ. ɸʥʘʣʠʟʠʨʘʪ ʩʝ ʦʩʥʦʚʥʠʪʝ ʟʘʧʣʘʭʠ ʧʨʝʜ 
ʩʠʛʫʨʥʦʩʪʪʘ ï ʚʦʝʥʥʠ ʢʦʥʬʣʠʢʪʠ, ʪʝʨʦʨʠʟʲʤ, ʢʠʙʝʨʘʪʘʢʠ, ʠʢʦʥʦʤʠʯʝʩʢʠ ʠ ʭʫʤʘʥʠʪʘʨʥʠ ʢʨʠʟʠ. 
ʇʨʦʝʢʪʲʪ ʧʨʝʜʩʪʘʚʷ ʨʦʣʷʪʘ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʠʪʝ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʪʦ ʅɸʊʆ, ʆʆʅ ʠ ɽʚʨʦʧʝʡʩʢʠʷ ʩʲʶʟ ʚ 
ʧʦʜʜʲʨʞʘʥʝʪʦ ʥʘ ʩʚʝʪʦʚʥʠʷ ʨʝʜ ʠ ʤʠʨʘ, ʢʘʢʪʦ ʠ ʤʷʩʪʦʪʦ ʥʘ ɹʲʣʛʘʨʠʷ ʚ ʩʠʩʪʝʤʘʪʘ ʥʘ ʢʦʣʝʢʪʠʚʥʘʪʘ 
ʦʪʙʨʘʥʘ. ɸʢʮʝʥʪʲʪ ʝ ʧʦʩʪʘʚʝʥ ʚʲʨʭʫ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʤʝʞʜʫʥʘʨʦʜʥʦ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ, 
ʪʝʭʥʦʣʦʛʠʯʥʦ ʨʘʟʚʠʪʠʝ ʠ ʫʩʪʦʡʯʠʚʠ ʧʦʣʠʪʠʢʠ ʟʘ ʩʠʛʫʨʥʦʩʪ, ʢʦʠʪʦ ʜʘ ʛʘʨʘʥʪʠʨʘʪ ʩʪʘʙʠʣʥʦʩʪ, 
ʟʘʱʠʪʘ ʥʘ ʯʦʚʝʰʢʠʪʝ ʧʨʘʚʘ ʠ ʤʠʨʥʦ ʙʲʜʝʱʝ ʟʘ ʩʣʝʜʚʘʱʠʪʝ ʧʦʢʦʣʝʥʠʷ. 
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Abstract: The topic examines the modern concept of national and international security within the context 

of a dynamic and unstable global environment. It analyzes the main security threats such as military conflicts, 
terrorism, cyberattacks, and economic or humanitarian crises. The project explores the role of international 
organizations like NATO, the United Nations, and the European Union in maintaining global peace and stability, as 
well as Bulgariaôs place within the system of collective defense. The focus is on the importance of international 
cooperation, technological advancement, and sustainable security policies aimed at ensuring stability, protecting 
human rights, and building a peaceful future for the coming generations. 

 
 
ɺʲʚʝʜʝʥʠʝ 

 

ʂʦʛʘʪʦ ʩʠ ʧʨʝʜʩʪʘʚʠʤ ʂʦʩʤʦʩʘ, ʯʝʩʪʦ ʤʠʩʣʠʤ ʟʘ ʙʝʟʢʨʘʡʥʠ ʟʚʝʟʜʠ, ʧʣʘʥʝʪʠ ʠ ʛʘʣʘʢʪʠʢʠ. 
ʅʦ ʝʜʥʘ ʦʪ ʥʘʡ-ʬʫʥʜʘʤʝʥʪʘʣʥʠʪʝ ʩʠʣʠ, ʢʦʷʪʦ ʦʧʨʝʜʝʣʷ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʦʙʝʢʪʠʪʝ ʚʲʚ ɺʩʝʣʝʥʘʪʘ, 
ʦʩʪʘʚʘ ʥʝʚʠʜʠʤʘ ʠ ʯʝʩʪʦ ʥʝʨʘʟʙʨʘʥʘ ï ʛʨʘʚʠʪʘʮʠʷʪʘ. ʅʘ ɿʝʤʷʪʘ ʪʘʟʠ ʩʠʣʘ ʥʠ ʟʘʜʨ̡ʞʘ ʥʘ 
ʧʦʚʲʨʭʥʦʩʪʪʘ, ʫʧʨʘʚʣʷʚʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʦʢʝʘʥʠʪʝ, ʜʲʨʞʠ ʘʪʤʦʩʬʝʨʘʪʘ ʦʢʦʣʦ ʧʣʘʥʝʪʘʪʘ ʠ ʜʦʨʠ 
ʚʣʠʷʝ ʚʲʨʭʫ ʬʦʨʤʘʪʘ ʥʘ ʪʝʣʘʪʘ ʥʠ. 

ɺ ʂʦʩʤʦʩʘ ʦʙʘʯʝ, ʛʨʘʚʠʪʘʮʠʷʪʘ ʜʝʡʩʪʚʘ ʧʦ ʨʘʟʣʠʯʝʥ ʥʘʯʠʥ. ɸʩʪʨʦʥʘʚʪʠʪʝ, ʢʦʠʪʦ ʨʘʙʦʪʷʪ 
ʥʘ ʙʦʨʜʘ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ (ʄʂʉ), ʠʟʧʠʪʚʘʪ ʩʲʩʪʦʷʥʠʝ ʥʘ 
ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ ï ʩʲʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʝʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʪʦ ʧʨʠʚʣʠʯʘʥʝ ʥʝ ʝ ʥʘʧʲʣʥʦ 
ʝʣʠʤʠʥʠʨʘʥʦ, ʥʦ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʩʣʘʙʦ. ʊʦʚʘ ʩʲʟʜʘʚʘ ʫʥʠʢʘʣʥʠ ʫʩʣʦʚʠʷ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ 
ʝʢʩʧʝʨʠʤʝʥʪʠ, ʢʦʠʪʦ ʙʠʭʘ ʙʠʣʠ ʥʝʚʲʟʤʦʞʥʠ ʥʘ ɿʝʤʷʪʘ. 

ʀʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʛʨʘʚʠʪʘʮʠʷʪʘ ʠ ʥʝʡʥʠʪʝ ʝʬʝʢʪʠ ʚ ʂʦʩʤʦʩʘ ʥʝ ʩʘʤʦ ʟʘʜʲʣʙʦʯʘʚʘ ʥʘʰʝʪʦ 
ʨʘʟʙʠʨʘʥʝ ʟʘ ʬʠʟʠʢʘʪʘ, ʥʦ ʠ ʠʤʘ ʧʨʘʢʪʠʯʝʩʢʦ ʧʨʠʣʦʞʝʥʠʝ ï ʚ ʤʝʜʠʮʠʥʘʪʘ, ʤʘʪʝʨʠʘʣʦʟʥʘʥʠʝʪʦ, 
ʙʠʦʣʦʛʠʷʪʘ ʠ ʠʥʞʝʥʝʨʩʪʚʦʪʦ. ɺ ʪʦʟʠ ʜʦʢʣʘʜ ʱʝ ʨʘʟʛʣʝʜʘʤʝ ʢʘʢʚʦ ʧʨʝʜʩʪʘʚʣʷʚʘ 
ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷʪʘ, ʢʘʢʚʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʝ ʧʨʦʚʝʞʜʘʪ ʚ ʥʝʡʥʠ ʫʩʣʦʚʠʷ ʠ ʢʘʢʚʠ ʩʘ ʧʦʣʟʠʪʝ ʟʘ 
ʥʘʫʢʘʪʘ ʠ ʯʦʚʝʯʝʩʪʚʦʪʦ. 
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1. ɻʨʘʚʠʪʘʮʠʷ ʠ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ 
ɻʨʘʚʠʪʘʮʠʷʪʘ ʝ ʧʨʠʨʦʜʥʦ ʷʚʣʝʥʠʝ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʚʩʠʯʢʠ ʦʙʝʢʪʠ, ʧʨʠʪʝʞʘʚʘʱʠ 

ʤʘʩʘ ʠʣʠ ʝʥʝʨʛʠʷ,ʚʢʣʶʯʠʪʝʣʥʦ ʧʣʘʥʝʪʠ, ʟʚʝʟʜʠ, ʛʘʣʘʢʪʠʢʠ ʠ ʜʦʨʠ ʩʚʝʪʣʠʥʘʪʘ ï ʩʝ ʧʨʠʚʣʠʯʘʪ (ʠʣʠ 
ʛʨʘʚʠʪʠʨʘʪ) ʝʜʠʥ ʢʲʤ ʜʨʫʛ. 

 

 
 

ʅʘ ɿʝʤʷʪʘ ʛʨʘʚʠʪʘʮʠʷʪʘ ʧʨʠʜʘʚʘ ʪʝʛʣʦ ʥʘ ʬʠʟʠʯʥʠʪʝ ʦʙʝʢʪʠ, ʘ ʣʫʥʥʘʪʘ ʛʨʘʚʠʪʘʮʠʷ 
ʧʨʠʯʠʥʷʚʘ ʧʨʠʣʠʚʠʪʝ ʠ ʦʪʣʠʚʠʪʝ.  
ɻʨʘʚʠʪʘʮʠʷʪʘ ʝ ʥʘʡ-ʪʦʯʥʦ ʦʧʠʩʘʥʘ ʦʪ ʦʙʱʘʪʘ ʪʝʦʨʠʷ ʥʘ ʦʪʥʦʩʠʪʝʣʥʦʩʪʪʘ, ʢʦʷʪʦ  ̫ʨʘʟʛʣʝʞʜʘ ʥʝ 
ʢʘʪʦ ʩʠʣʘ, ʘ ʢʘʪʦ ʧʦʩʣʝʜʠʮʘ ʦʪ ʠʟʢʨʠʚʷʚʘʥʝ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʨʝʤʝʪʦ, ʧʨʠʯʠʥʝʥʦ ʦʪ 
ʥʝʨʘʚʥʦʤʝʨʥʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʤʘʩʘʪʘ. 

ʄʠʢʨʦʛʨʘʚʠʪʘʮʠʷ ʝ ʩʲʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʝʪʦ ʩʠʣʘʪʘ ʥʘ ʥʘʪʠʩʢ ʥʘ ʪʷʣʦ ʢʲʤ ʦʧʦʨʘʪʘ, 
ʚʲʟʥʠʢʚʘʱʘ ʚʲʚ ʚʨʲʟʢʘ ʩ ʛʨʘʚʠʪʘʮʠʦʥʦʪʦ ʧʨʠʪʝʛʣʷʥʝ ʠʣʠ ʚʲʚ ʚʨʲʟʢʘ ʩ ʫʩʢʦʨʝʥʠʝʪʦ ʥʘ ʪʷʣʦ, 
ʠʟʯʝʟʚʘ. ɼʨʫʛʦ ʥʘʟʚʘʥʠʝ ʥʘ ʪʦʟʠ ʝʬʝʢʪ ʝ ʙʝʟʪʝʛʣʦʚʥʦʩʪ. ʄʠʢʨʦʛʨʘʚʠʪʘʮʠʷʪʘ ʝ ʩʲʩʪʦʷʥʠʝ, ʧʨʠ 
ʢʦʝʪʦ ʪʝʞʝʩʪʠʪʝ ʠʟʤʝʨʚʘʪ ʩʘʤʦ ʤʠʣʠʦʥʥʠ ʯʘʩʪʠ ʦʪ ʪʝʛʣʦʪʦ ʚʠ ʥʘ ɿʝʤʷʪʘ. 

ʊʦʚʘ ʝ ʧʨʦʠʟʭʦʜʲʪ ʥʘ ʧʨʝʜʩʪʘʚʢʘʪʘ Ăʤʠʢʨʦñ ʚ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷʪʘ. ɺʩʣʝʜʩʪʚʠʝ ʥʘ ʪʦʚʘ, 
ʘʢʦ ʝʜʠʥ ʘʩʪʨʦʥʘʚʪ ʠʟʤʝʨʠ ʪʝʛʣʦʪʦ ʩʠ ʚ ʢʦʩʤʠʯʝʩʢʘʪʘ ʩʪʘʥʮʠʷ, ʘʩʪʨʦʥʘʚʪʲʪ ʠ ʪʝʞʝʩʪʪʘ, ʚʲʨʭʫ 
ʢʦʷʪʦ ʝ, ʱʝ ʣʝʪʷʪ ʚ ʝʜʥʘ ʠ ʩʲʱʘ ʧʦʩʦʢʘ, ʪʘʢʘ ʯʝ ʘʩʪʨʦʥʘʚʪʲʪ ʥʷʤʘ ʜʘ ʫʧʨʘʞʥʷʚʘ (ʧʦʯʪʠ) ʥʠʢʘʢʚʘ 
ʩʠʣʘ ʚʲʨʭʫ ʪʝʞʝʩʪʪʘ, ʠʟʤʝʨʚʘʡʢʠ ʩʘʤʦ ʤʠʣʠʦʥʥʠ ʯʘʩʪʠ ʦʪ ʪʝʛʣʦʪʦ ʩʠ ʥʘ ɿʝʤʷʪʘ. 

ʄʠʢʨʦʛʨʘʚʠʪʘʮʠʷʪʘ, ʥʘʨʠʯʘʥʘ ʦʱʝ ʥʫʣʝʚʘ ʛʨʘʚʠʪʘʮʠʷ ʠʣʠ ʙʝʟʪʝʛʣʦʚʥʦʩʪ , ʝ ʦʪʩʲʩʪʚʠʝʪʦ 
ʥʘ ʛʨʘʚʠʪʘʮʠʷ. ʊʘʢʘ ʯʝ, ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʦʥʥʘ ʩʨʝʜʘ ʝ ʪʘʢʘʚʘ, ʚ ʢʦʷʪʦ ʫʩʢʦʨʝʥʠʝʪʦ, ʧʨʝʜʠʟʚʠʢʘʥʦ 
ʦʪ ʛʨʘʚʠʪʘʮʠʷʪʘ, ʠʤʘ ʤʘʣʢ̡ ʠʣʠ ʥʠʢʘʢʲʚ ʠʟʤʝʨʠʤ ʝʬʝʢʪ, ʩʘʤʘʪʘ ʛʨʘʚʠʪʘʮʠʷ ʥʝ ʩʝ ʧʨʦʤʝʥʷ.  
 

 
 

¶ ʄʂʉ ʩʝ ʥʘʤʠʨʘ ʚ ʥʠʩʢʘ ʦʢʦʣʦʟʝʤʥʘ ʦʨʙʠʪʘ ð ʥʘ ʦʢʦʣʦ 400 ʢʤ ʥʘʜ ʧʦʚʲʨʭʥʦʩʪʪʘ 
ʥʘ ɿʝʤʷʪʘ. ʅʘ ʪʘʟʠ ʚʠʩʦʯʠʥʘ ʛʨʘʚʠʪʘʮʠʷʪʘ ʥʘ ɿʝʤʷʪʘ ʝ ʩʘʤʦ ʤʘʣʢʦ ʧʦ-ʩʣʘʙʘ 
(ʧʨʠʙʣʠʟʠʪʝʣʥʦ 90% ʦʪ ʩʠʣʘʪʘ Ⱬ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ). ɺʲʧʨʝʢʠ ʪʦʚʘ, ʘʩʪʨʦʥʘʚʪʠʪʝ ʠ 
ʩʘʤʘʪʘ ʩʪʘʥʮʠʷ ʥʝ ʫʩʝʱʘʪ ʪʝʛʣʦʪʦ ʩʠ, ʟʘʱʦʪʦ ʪʝ ʩʘ ʚ ʧʦʩʪʦʷʥʥʦ ʧʘʜʘʥʝ ʢʲʤ 
ɿʝʤʷʪʘ. 

ʇʦʩʪʦʷʥʥʦʪʦ ʧʘʜʘʥʝ ʝ ʥʘʧʨʠʤʝʨ, ʘʢʦ ʭʚʲʨʣʠʰ ʪʦʧʢʘ ʭʦʨʠʟʦʥʪʘʣʥʦ, ʪ ̫ʱʝ ʧʘʜʥʝ ʥʘ 
ʟʝʤʷʪʘ. ʅʦ ʘʢʦ  ̫ʭʚʲʨʣʠʰ ʤʥʦʛʦ ʙʲʨʟʦ, ʪʘʢʘ ʯʝ ʜʦʢʘʪʦ ʧʘʜʘ, ɿʝʤʷʪʘ Ăʩʝ ʠʟʚʠʚʘñ ʧʦʜ ʥʝʷ, ʪʦʧʢʘʪʘ 
ʱʝ ʧʨʦʜʲʣʞʠ ʜʘ ʧʘʜʘ ʙʝʟ ʜʘ ʫʜʨʷ ɿʝʤʷʪʘ ð ʪ ̫ʱʝ ʚʣʝʟʝ ʚ ʦʨʙʠʪʘ. 
ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʩʪʘʥʮʠʷ (ʄʂʉ) ʩʝ ʜʚʠʞʠ ʩ ʦʢʦʣʦ 28 000 ʢʤ/ʯ ʦʢʦʣʦ ɿʝʤʷʪʘ, ʪʘʢʘ ʯʝ 
ʪ ̫ʧʘʜʘ ʥʝʧʨʝʢʲʩʥʘʪʦ, ʥʦ ʥʠʢʦʛʘ ʥʝ ʫʜʨʷ ɿʝʤʷʪʘ, ʟʘʱʦʪʦ ʧʦʩʪʦʷʥʥʦ Ăʧʨʦʧʫʩʢʘñ ʜʘ ʧʘʜʥʝ ʚʲʨʭʫ 
ʥʝʷ. ʊʲʡ ʢʘʪʦ ʠ ʩʪʘʥʮʠʷʪʘ, ʠ ʚʩʠʯʢʦ ʚ ʥʝʷ ʧʘʜʘʪ ʟʘʝʜʥʦ, ʥʘ ʙʦʨʜʘ ʩʝ ʫʩʝʱʘ ʩʲʩʪʦʷʥʠʝ ʥʘ 
ʙʝʟʪʝʛʣʦʚʥʦʩʪ ï ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ. 

https://bg.wikipedia.org/w/index.php?title=%D0%9F%D1%80%D0%B8%D1%80%D0%BE%D0%B4%D0%BD%D0%BE_%D1%8F%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5&action=edit&redlink=1
https://bg.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D0%B0
https://bg.wikipedia.org/wiki/%D0%95%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://bg.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%BD%D0%B5%D1%82%D0%B0
https://bg.wikipedia.org/wiki/%D0%97%D0%B2%D0%B5%D0%B7%D0%B4%D0%B0
https://bg.wikipedia.org/wiki/%D0%93%D0%B0%D0%BB%D0%B0%D0%BA%D1%82%D0%B8%D0%BA%D0%B0
https://bg.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BB%D0%B8%D0%BD%D0%B0
https://bg.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D1%8F
https://bg.wikipedia.org/wiki/%D0%A2%D0%B5%D0%B3%D0%BB%D0%BE
https://bg.wikipedia.org/wiki/%D0%A2%D1%8F%D0%BB%D0%BE_(%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0)
https://bg.wikipedia.org/wiki/%D0%9B%D1%83%D0%BD%D0%B0
https://bg.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D0%BB%D0%B8%D0%B2
https://bg.wikipedia.org/wiki/%D0%9E%D1%82%D0%BB%D0%B8%D0%B2
https://bg.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%B0
https://bg.wikipedia.org/w/index.php?title=%D0%98%D0%B7%D0%BA%D1%80%D0%B8%D0%B2%D1%8F%D0%B2%D0%B0%D0%BD%D0%B5_%D0%BD%D0%B0_%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE-%D0%B2%D1%80%D0%B5%D0%BC%D0%B5%D1%82%D0%BE&action=edit&redlink=1
https://bg.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B2%D0%B8%D1%82%D0%B0%D1%86%D0%B8%D1%8F
https://bg.wikipedia.org/wiki/%D0%A3%D1%81%D0%BA%D0%BE%D1%80%D0%B5%D0%BD%D0%B8%D0%B5
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1. ɽʬʝʢʪʠ ʥʘ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷʪʘ ʚʲʨʭʫ ʞʠʚʠʪʝ ʦʨʛʘʥʠʟʤʠ 

ɹʝʟ ʛʨʘʚʠʪʘʮʠʷ, ʨʘʩʪʝʥʠʷʪʘ ʥʝ ʟʥʘʷʪ ʚ ʢʦʷ ʧʦʩʦʢʘ ʜʘ ʨʘʩʪʘʪ. ʅʘ ɿʝʤʷʪʘ, ʢʦʨʝʥʠʪʝ ʨʘʩʪʘʪ ʥʘʜʦʣʫ 
ʧʦ ʧʦʩʦʢʘ ʥʘ ʛʨʘʚʠʪʘʮʠʷʪʘ, ʘ ʩʪʲʙʣʘʪʘ ʥʘʛʦʨʝ ï ʪʦʟʠ ʧʨʦʮʝʩ ʩʝ ʥʘʨʠʯʘ ʛʨʘʚʠʪʨʦʧʠʟʲʤ. 
 

 
 

   
ɺ ʫʩʣʦʚʠʷʪʘ ʥʘ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ, ʨʘʩʪʝʥʠʷʪʘ ʠʟʧʦʣʟʚʘʪ ʩʚʝʪʣʠʥʘ ʢʘʪʦ ʦʨʠʝʥʪʠʨ 

(ʬʦʪʦʪʨʦʧʠʟʲʤ). ʊʦʚʘ ʧʨʦʤʝʥʷ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʨʘʩʪʝʞʘ ʠ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʟʘʙʘʚʝʥʦ ʨʘʟʚʠʪʠʝ. 
  ʅʘ ʄʂʉ ʩʘ ʦʪʛʣʝʞʜʘʥʠ: 

¶ ɿʠʥʠʠ ï ʧʲʨʚʠʪʝ ʮʚʝʪʷ, ʨʘʟʮʲʬʥʘʣʠ ʚ ʢʦʩʤʦʩʘ (2016). 

¶ ʄʘʨʫʣʠ ï ʢʦʥʩʫʤʠʨʘʥʠ ʦʪ ʘʩʪʨʦʥʘʚʪʠʪʝ ʩʣʝʜ ʪʝʩʪʦʚʝ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪ. 

¶ ʏʝʨʚʝʥʠ ʣʶʪʠ ʯʫʰʢʠ ï ʟʘ ʧʲʨʚʠ ʧʲʪ ʧʨʝʟ 2021 ʛ. 
 

 
 

ʊʝʟʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʘ ʢʣʯʁʦʚʠ ʟʘ ʙʲʜʝʱʠ ʤʠʩʠʠ ʜʦ ʄʘʨʩ ʠ ʃʫʥʘʪʘ, ʢʲʜʝʪʦ ʱʝ ʪʨʷʙʚʘ ʜʘ 
ʩʝ ʦʩʠʛʫʨʷʚʘ ʧʨʷʩʥʘ ʭʨʘʥʘ ʥʘ ʤʷʩʪʦ.  
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ʈʘʟʚʠʪʠʝʪʦ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʛʨʘʜʠʥʠ ʝ ʥʝ ʧʨʦʩʪʦ ʥʘʫʯʝʥ ʝʢʩʧʝʨʠʤʝʥʪ ï ʪʦ ʝ ʚʠʟʠʷ ʟʘ 
ʙʲʜʝʱʝʪʦ. ʅʝʟʘʚʠʩʠʤʦ ʜʘʣʠ ʩʪʘʚʘ ʜʫʤʘ ʟʘ ʘʚʪʦʥʦʤʥʠ ʬʝʨʤʠ ʥʘ ʄʘʨʩ ʠʣʠ ʟʘ ʠʥʦʚʘʪʠʚʥʠ 
ʨʝʰʝʥʠʷ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʭʨʘʥʘ ʥʘ ɿʝʤʷʪʘ, ʪʝʟʠ ʪʝʭʥʦʣʦʛʠʠ ʥʠ ʧʨʠʙʣʠʞʘʚʘʪ ʜʦ ʩʚʷʪ, ʚ ʢʦʡʪʦ 
ʫʩʪʦʡʯʠʚʦʪʦ ʟʝʤʝʜʝʣʠʝ ʝ ʥʝ ʩʘʤʦ ʚʲʟʤʦʞʥʦ, ʥʦ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪ. 

¶ ɺ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ ʢʣʝʪʢʠʪʝ ʧʨʦʤʝʥʷʪ ʬʦʨʤʘʪʘ ʠ ʩʪʨʫʢʪʫʨʘʪʘ ʩʠ, ʘ ʘʢʪʠʚʥʦʩʪʪʘ ʥʘ 
ʛʝʥʠʪʝ ʩʝ ʨʘʟʣʠʯʘʚʘ. 
ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʚʲʨʭʫ ʯʦʚʝʰʢʠ ʢʣʝʪʢʠ ʚ ʫʩʣʦʚʠʷ ʥʘ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ ʧʦʢʘʟʚʘʪ ʟʥʘʯʠʪʝʣʥʠ 

ʧʨʦʤʝʥʠ: 

¶ ʂʣʝʪʲʯʥʘ ʩʪʨʫʢʪʫʨʘ ï ʬʦʨʤʘʪʘ ʠ ʚʲʪʨʝʰʥʘʪʘ ʦʨʛʘʥʠʟʘʮʠʷ ʥʘ ʢʣʝʪʢʠʪʝ ʩʝ ʧʨʦʤʝʥʷʪ. 

¶ ɻʝʥʥʘ ʝʢʩʧʨʝʩʠʷ ï ʘʢʪʠʚʥʦʩʪʪʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʛʝʥʠ ʩʝ ʧʦʚʣʠʷʚʘ, ʦʩʦʙʝʥʦ ʥʘ ʪʝʟʠ, 
ʦʪʛʦʚʦʨʥʠ ʟʘ ʠʤʫʥʥʘʪʘ ʩʠʩʪʝʤʘ, ʩʪʘʨʝʝʥʝʪʦ ʠ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ɼʅʂ. 

¶ ɿʜʨʘʚʝ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ ï ʥʘʙʣʶʜʘʚʘ ʩʝ ʟʘʛʫʙʘ ʥʘ ʢʦʩʪʥʘ ʤʘʩʘ (ʜʦ 1% ʤʝʩʝʯʥʦ) ʠ 
ʤʫʩʢʫʣʥʘ ʘʪʨʦʬʠʷ, ʢʦʝʪʦ ʠʟʠʩʢʚʘ ʝʞʝʜʥʝʚʥʠ ʬʠʟʠʯʝʩʢʠ ʫʧʨʘʞʥʝʥʠʷ. 

 
 

 
 

ʄʠʢʨʦʛʨʘʚʠʪʘʮʠʷʪʘ ʩʲʱʦ ʪʘʢʘ ʧʨʝʜʣʘʛʘ ʫʥʠʢʘʣʥʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʨʘʢʦʚʠ 

ʢʣʝʪʢʠ, ʝʬʝʢʪʠ ʥʘ ʣʝʢʘʨʩʪʚʘ ʠ ʤʝʭʘʥʠʟʤʠ ʥʘ ʩʪʘʨʝʝʥʝ ʚ ʫʩʢʦʨʝʥ ʨʝʞʠʤ. 

2. ɽʢʩʧʝʨʠʤʝʥʪʠ ʚ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷʪʘ 

¶ ɺ ʫʩʣʦʚʠʷʪʘ ʥʘ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ ʩʲʱʦ ʪʘʢʘ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʬʠʟʠʯʥʠ ̫ ʚʣʝʥʠʷ, 

ʢʦʠʪʦ ʩʝ ʧʨʦʷʚʷʚʘʪ ʧʦ ʨʘʟʣʠʯʝʥ ʥʘʯʠʥ ʙʝʟ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʚʲʟʜʝʡʩʪʚʠʝ. ʊʝʯʥʦʩʪʠʪʝ, ʥʘʧʨʠʤʝʨ, 

ʥʝ ʩʝ ʠʟʣʠʚʘʪ, ʘ ʦʙʨʘʟʫʚʘʪ ʩʬʝʨʠʯʥʠ ʢʘʧʢʠ ʟʘʨʘʜʠ ʧʦʚʲʨʭʥʦʩʪʥʦʪʦ ʥʘʧʨʝʞʝʥʠʝ. ʊʦʚʘ ʟʘʪʨʫʜʥʷʚʘ 

ʜʦʨʠ ʝʣʝʤʝʥʪʘʨʥʠ ʜʝʡʩʪʚʠʷ, ʢʘʪʦ ʧʠʝʥʝ ʥʘ ʚʦʜʘ, ʠ ʥʘʣʘʛʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʧʝʮʠʘʣʥʠ ʪʦʨʙʠʯʢʠ 

ʠ ʩʣʘʤʢʠ. ʇʣʘʤʲʮʠʪʝ ʩʲʱʦ ʠʟʛʣʝʞʜʘʪ ʨʘʟʣʠʯʥʦ ï ʩʬʝʨʠʯʥʠ ʠ ʩʠʥʠ, ʪʲʡ ʢʘʪʦ ʣʠʧʩʚʘ ʢʦʥʚʝʢʮʠʷ ʠ 

ʪʦʧʣʠʥʘʪʘ ʥʝ ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘ ʧʦ ʩʲʱʠʷ ʥʘʯʠʥ.  

 

 

ʊʝʟʠ ʠʟʩʣʝʜʚʘʥʠʷ ʩʧʦʤʘʛʘʪ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʧʦ-ʝʬʝʢʪʠʚʥʠ ʛʦʨʠʚʥʠ ʩʠʩʪʝʤʠ ʠ ʧʦ-ʜʦʙʨʠ 

ʤʝʨʢʠ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪ ʧʨʠ ʧʦʞʘʨʠ ʚ ʢʦʩʤʦʩʘ. 
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¶ ɼʨʫʛ ʠʥʪʝʨʝʩʝʥ ʘʩʧʝʢʪ ʝ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʪʝʯʥʠ ʣʝʱʠ ʠ ʦʧʪʠʯʥʠ ʢʦʤʧʦʥʝʥʪʠ ʚ 

ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʦʥʥʠ ʫʩʣʦʚʠʷ. ʅʘ ɿʝʤʷʪʘ ʛʨʘʚʠʪʘʮʠʷʪʘ ʧʨʝʯʠ ʥʘ ʠʜʝʘʣʥʘʪʘ ʬʦʨʤʘ ʥʘ 

ʪʝʯʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ, ʥʦ ʚ ʢʦʩʤʦʩʘ ʪʝ ʤʦʛʘʪ ʜʘ ʬʦʨʤʠʨʘʪ ʧʦʯʪʠ ʧʝʨʬʝʢʪʥʠ ʩʬʝʨʠ. ʊʦʚʘ 

ʧʦʟʚʦʣʷʚʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʦʧʪʠʯʥʠ ʝʣʝʤʝʥʪʠ ʩ ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ ʠ ʥʠʩʢʘ ʮʝʥʘ ï ʢʘʪʦ ʣʝʱʠ, 

ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʪʝʣʝʩʢʦʧʠ, ʣʘʟʝʨʠ ʠʣʠ ʤʝʜʠʮʠʥʩʢʘ ʘʧʘʨʘʪʫʨʘ. ʊʝʟʠ 

ʪʝʭʥʦʣʦʛʠʠ ʚʝʯʝ ʩʝ ʪʝʩʪʚʘʪ ʥʘ ʙʦʨʜʘ ʥʘ ʄʂʉ ʠ ʠʤʘʪ ʧʦʪʝʥʮʠʘʣ ʜʘ ʧʨʦʤʝʥʷʪ ʠʟ ʦʩʥʦʚʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʦʧʪʠʢʘ. 

3. ɹ ʣ̡ʛʘʨʩʢʠ ʧʨʠʥʦʩ ʚ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʥʘ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷʪʘ 

ʇʨʝʟ 1979 ʠ 1988 ʛ. ɹʲʣʛʘʨʠʷ ʠʟʞʠʚʷʚʘ ʠʩʪʦʨʠʯʝʩʢʠ ʤʦʤʝʥʪʠ ï ʜʚʘʤʘ ʙʲʣʛʘʨʩʢʠ 

ʢʦʩʤʦʥʘʚʪʠ ʣʝʪʷʪ ʚ ʦʨʙʠʪʘ: ɻʝʦʨʛʠ ʀʚʘʥʦʚ ʠ ɸʣʝʢʩʘʥʜʲʨ ɸʣʝʢʩʘʥʜʨʦʚ. ʆʩʦʙʝʥʦ ʧʨʠ ʚʪʦʨʠʷ ʧʦʣʝʪ 

ʩ ʤʠʩʠʷʪʘ Ăʉʦʶʟ ʊʄ-5ñ ʠ ʧʨʝʩʪʦʷ ʥʘ ɸʣʝʢʩʘʥʜʨʦʚ ʥʘ ʙʦʨʜʘ ʥʘ ʦʨʙʠʪʘʣʥʘʪʘ ʩʪʘʥʮʠʷ Ăʄʠʨñ, 

ɹʲʣʛʘʨʠʷ ʠʤʘ ʫʥʠʢʘʣʥʘʪʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʧʨʦʚʝʜʝ ʩʦʙʩʪʚʝʥʘ ʢʦʩʤʠʯʝʩʢʘ ʥʘʫʯʥʘ ʧʨʦʛʨʘʤʘ. ʏʘʩʪ 

ʦʪ ʪʘʟʠ ʧʨʦʛʨʘʤʘ ʩʘ ʯʝʪʠʨʠ ʝʤʙʣʝʤʘʪʠʯʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘ: Ăʇʠʨʠʥñ, Ăʈʝʮʝʧʪʦʨñ, Ăʇʦʯʠʚʢʘñ ʠ 

Ăɺʨʝʤʝñ. 

ɽʢʩʧʝʨʠʤʝʥʪʲʪ Ăʇʠʨʠʥñ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʠʟʩʣʝʜʚʘ ʘʪʤʦʩʬʝʨʘʪʘ ʠ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʦʪ 

ʢʦʩʤʦʩʘ. ʉ ʧʦʤʦʱʪʘ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘ ʬʦʪʦʢʘʤʝʨʘ, ʩʥʘʙʜʝʥʘ ʩ ʙʲʣʛʘʨʩʢʠ ʥʘʫʯʥʠ ʬʠʣʪʨʠ, 

ʢʦʩʤʦʥʘʚʪʲʪ ɸʣʝʢʩʘʥʜʨʦʚ ʟʘʩʥʝʤʘ ʨʘʟʣʠʯʥʠ ʛʝʦʛʨʘʬʩʢʠ ʨʘʡʦʥʠ ʥʘ ɿʝʤʷʪʘ, ʢʘʪʦ ʩʝ ʬʦʢʫʩʠʨʘ 

ʚʲʨʭʫ ʦʪʨʘʞʝʥʠʷʪʘ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʦʪ ʨʘʟʣʠʯʥʠ ʪʠʧʦʚʝ ʪʝʨʝʥ ï ʚʦʜʥʠ ʙʘʩʝʡʥʠ, ʛʦʨʠ, ʧʣʘʥʠʥʠ ʠ 

ʦʙʣʘʯʥʠ ʬʦʨʤʘʮʠʠ. 

 

ʊʝʟʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʘʥʘʣʠʟ ʥʘ ʩʲʩʪʘʚʘ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ ʠ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ 

ʢʣʠʤʘʪʠʯʥʠ ʠ ʝʢʦʣʦʛʠʯʥʠ ʧʨʦʤʝʥʠ. Ăʇʠʨʠʥñ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʘʞʝʥ ʠ ʩ ʪʦʚʘ, ʯʝ ʧʦʜʛʦʪʚʷ ʧʦʯʚʘʪʘ 

ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʩʘʪʝʣʠʪʥʠ ʩʠʩʪʝʤʠ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. 

ɺ ʫʩʣʦʚʠʷʪʘ ʥʘ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ ʯʦʚʝʰʢʦʪʦ ʪʷʣʦ ʩʝ ʜʲʨʞʠ ʧʦ ʨʘʟʣʠʯʝʥ ʥʘʯʠʥ ï ʪʦʚʘ ʚʘʞʠ 

ʥʝ ʩʘʤʦ ʟʘ ʢʦʩʪʠʪʝ ʠ ʤʫʩʢʫʣʠʪʝ, ʥʦ ʠ ʟʘ ʥʝʨʚʥʘʪʘ ʩʠʩʪʝʤʘ. ɽʢʩʧʝʨʠʤʝʥʪʲʪ Ăʈʝʮʝʧʪʦʨñ ʝ ʥʘʩʦʯʝʥ 

ʠʤʝʥʥʦ ʢʲʤ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʩʝʥʟʦʨʥʘʪʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʠ ʢʦʦʨʜʠʥʘʮʠʷʪʘ ʚ ʙʝʟʪʝʛʣʦʚʥʦʩʪ.  

ɸʣʝʢʩʘʥʜʨʦʚ ʠʟʧʲʣʥʷʚʘ ʩʝʨʠʷ ʦʪ ʟʘʜʘʯʠ, ʚʢʣʶʯʚʘʱʠ ʜʦʧʠʨ ʜʦ ʦʧʨʝʜʝʣʝʥʠ ʪʦʯʢʠ, ʨʝʘʢʮʠʷ 

ʥʘ ʟʚʫʢʦʚʠ ʠ ʩʚʝʪʣʠʥʥʠ ʩʠʛʥʘʣʠ, ʢʘʢʪʦ ʠ ʧʨʝʮʠʟʥʠ ʜʚʠʛʘʪʝʣʥʠ ʜʝʡʩʪʚʠʷ. ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʠʟʤʝʨʠ ʢʘʢ 

ʩʝ ʧʨʦʤʝʥʷʪ ʚʨʝʤʝʪʦ ʟʘ ʨʝʘʢʮʠʷ, ʪʦʯʥʦʩʪʪʘ ʠ ʤʦʪʦʨʥʠʷʪ ʢʦʥʪʨʦʣ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʦʨʙʠʪʘʣʝʥ ʧʦʣʝʪ. 

ɼʘʥʥʠʪʝ ʦʪ ʪʦʟʠ ʝʢʩʧʝʨʠʤʝʥʪ ʩʘ ʙʝʟʮʝʥʥʠ ʟʘ ʤʝʜʠʮʠʥʩʢʘʪʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʙʲʜʝʱʠ ʢʦʩʤʦʥʘʚʪʠ ʠ 

ʟʘ ʜʲʣʛʦʩʨʦʯʥʠʪʝ ʤʠʩʠʠ. 



68 

 

ɾʠʚʦʪʲʪ ʚ ʢʦʩʤʦʩʘ ʝ ʠʥʪʝʥʟʠʚʝʥ ʠ ʥʘʪʦʚʘʨʝʥ, ʘ ʜʦʙʨʠʷʪ ʩʲʥ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ. 

Ăʇʦʯʠʚʢʘñ ʠʟʩʣʝʜʚʘ ʢʘʢʚʦ ʩʝ ʩʣʫʯʚʘ ʩʲʩ ʩʲʥʷ ʚ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ. ʂʦʩʤʦʥʘʚʪʲʪ ʩʧʠ ʩ ʧʨʠʢʨʝʧʝʥʠ 

ʙʠʦʩʝʥʟʦʨʠ, ʢʦʠʪʦ ʧʨʦʩʣʝʜʷʚʘʪ ʧʫʣʩʘ, ʜʠʰʘʥʝʪʦ ʠ ʤʦʟʲʯʥʘʪʘ ʘʢʪʠʚʥʦʩʪ.  

ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʙʝʟ ʛʨʘʚʠʪʘʮʠʷ ʬʘʟʠʪʝ ʥʘ ʩʲʥʷ ʩʝ ʧʨʦʤʝʥʷʪ, ʘ ʜʲʣʙʦʢʠʷʪ ʩʲʥ 

ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦ-ʢʨʘʪʲʢ. ʊʦʚʘ ʠʟʠʩʢʚʘ ʩʧʝʮʠʘʣʥʠ ʤʝʨʢʠ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʧʦʜʭʦʜʷʱʘ ʩʨʝʜʘ ʟʘ 

ʧʦʯʠʚʢʘ ʥʘ ʙʦʨʜʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ ʩʪʘʥʮʠʠ ï ʚʢʣʶʯʠʪʝʣʥʦ ʩʚʝʪʣʠʥʝʥ ʠ ʟʚʫʢʦʚ ʢʦʥʪʨʦʣ, ʟʘ ʜʘ ʩʝ 

ʦʩʠʛʫʨʠ ʧʩʠʭʠʯʝʩʢʦ ʠ ʬʠʟʠʯʝʩʢʦ ʚʟ̡ʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʝʢʠʧʘʞʘ.ʇʦʥʷʢʦʛʘ ʭʦʨʘʪʘ ʢʘʟʚʘʪ, ʯʝ ʚ 

ʢʦʩʤʦʩʘ ʚʨʝʤʝʪʦ Ăʪʝʯʝ ʧʦ ʨʘʟʣʠʯʝʥ ʥʘʯʠʥñ. ʊʦʚʘ ʥʝ ʝ ʩʘʤʦ ʫʩʝʱʘʥʝ ï ʝʢʩʧʝʨʠʤʝʥʪʲʪ Ăɺʨʝʤʝñ 

ʮʝʣʠ ʜʘ ʦʧʨʝʜʝʣʠ ʪʦʯʥʦ ʢʘʢ ʩʝ ʧʨʦʤʝʥʷ ʯʦʚʝʰʢʦʪʦ ʚʲʟʧʨʠʷʪʠʝ ʟʘ ʚʨʝʤʝ ʚ ʫʩʣʦʚʠʷ ʥʘ 

ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ. 

ɸʣʝʢʩʘʥʜʨʦʚ ʪʨʷʙʚʘ ʜʘ ʦʮʝʥʷʚʘ ʠʟʪʠʯʘʥʝʪʦ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʚʨʝʤʝʚʠ ʠʥʪʝʨʚʘʣʠ ʙʝʟ 

ʧʦʤʦʱʪʘ ʥʘ ʯʘʩʦʚʥʠʢ ʠʣʠ ʜʨʫʛʠ ʫʨʝʜʠ. ʆʢʘʟʚʘ ʩʝ, ʯʝ ʫʩʝʱʘʥʝʪʦ ʟʘ ʚʨʝʤʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʢʨʠʚʷʚʘ 

ï ʠʥʪʝʨʚʘʣʠʪʝ ʩʝ ʧʦʜʮʝʥʷʚʘʪ ʠʣʠ ʥʘʜʮʝʥʷʚʘʪ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʬʠʟʠʯʝʩʢʦʪʦ ʠ ʧʩʠʭʠʯʝʩʢʦʪʦ 

ʩʲʩʪʦʷʥʠʝ ʥʘ ʯʦʚʝʢʘ ʚ ʦʨʙʠʪʘ. ʊʦʚʘ ʟʥʘʥʠʝ ʝ ʚʘʞʥʦ ʟʘ ʧʨʘʚʠʣʥʘʪʘ ʦʨʛʘʥʠʟʘʮʠʷ ʥʘ ʚʨʝʤʝʪʦ ʟʘ 

ʨʘʙʦʪʘ ʠ ʧʦʯʠʚʢʘ ʥʘ ʘʩʪʨʦʥʘʚʪʠʪʝ. 

ɺ ʢʨʘʷ ʥʘ XX ʚʝʢ, ʚ ʦʨʙʠʪʘʪʘ ʦʢʦʣʦ ɿʝʤʷʪʘ, ʙʲʣʛʘʨʩʢʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʩʪʠʛʘ ʥʝʱʦ 

ʠʟʢʣʶʯʠʪʝʣʥʦ ï ʟʘ ʧʲʨʚʠ ʧʲʪ ʨʘʩʪʝʥʠʷ ʥʝ ʩʘʤʦ ʧʦʥʠʢʚʘʪ, ʥʦ ʠ ʜʘʚʘʪ ʩʝʤʝʥʘ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ 

ʙʝʟʪʝʛʣʦʚʥʦʩʪ. ʊʦʚʘ ʩʪʘʚʘ ʚʲʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʘʪʘ ʦʨʘʥʞʝʨʠʷ Ăʉʚʝʪñ, 

ʨʘʟʨʘʙʦʪʝʥʘ ʦʪ ʀʥʩʪʠʪʫʪʘ ʟʘ ʢʦʩʤʠʯʝʩʢʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʨʠ ɹɸʅ, ʚ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʨʫʩʢʠ ʫʯʝʥʠ. 

 

 

 

Ăʉʚʝʪñ ʝ ʢʦʤʧʘʢʪʥʘ, ʥʦ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʘ ʩʠʩʪʝʤʘ, ʤʦʥʪʠʨʘʥʘ ʧʨʝʟ 1990 ʛ. ʥʘ ʙʦʨʜʘ ʥʘ 

ʩʲʚʝʪʩʢʘʪʘ ʦʨʙʠʪʘʣʥʘ ʩʪʘʥʮʠʷ Ăʄʠʨñ. ʊ  ̫ʚʢʣʶʯʚʘ LED ʦʩʚʝʪʣʝʥʠʝ, ʜʘʪʯʠʮʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʚʣʘʞʥʦʩʪ, COϜ, ʘʚʪʦʤʘʪʠʯʥʦ ʥʘʧʦʷʚʘʥʝ ʠ ʢʘʤʝʨʠ ʟʘ ʥʘʙʣʶʜʝʥʠʝ. ɺʩʠʯʢʦ ʩʝ ʫʧʨʘʚʣʷʚʘ 

ʜʠʩʪʘʥʮʠʦʥʥʦ ʦʪ ɿʝʤʷʪʘ.  

ɺ ʦʨʘʥʞʝʨʠʷʪʘ ʩʘ ʦʪʛʣʝʞʜʘʥʠ ʢʫʣʪʫʨʠ ʢʘʪʦ ʧʰʝʥʠʮʘ, ʝʯʝʤʠʢ, ʣʝʱʘ ʠ ʤʘʛʜʘʥʦʟ. ɿʘ ʧʲʨʚʠ 

ʧʲʪ ʨʘʩʪʝʥʠʷʪʘ ʫʩʧʷʚʘʪ ʜʘ ʧʨʝʤʠʥʘʪ ʧʲʣʝʥ ʞʠʟʥʝʥ ʮʠʢʲʣ ï ʦʪ ʧʦʥʠʢʚʘʥʝ ʜʦ ʩʝʤʝʥʘ ï ʚ ʫʩʣʦʚʠʷʪʘ 

ʥʘ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ. ʊʦʚʘ ʧʦʩʪʠʞʝʥʠʝ ʝ ʚʘʞʥʦ ʟʘ ʙʲʜʝʱʠ ʜʲʣʛʦʪʨʘʡʥʠ ʤʠʩʠʠ, ʪʲʡ ʢʘʪʦ ʧʦʢʘʟʚʘ, 

ʯʝ ʝ ʚʲʟʤʦʞʥʦ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʭʨʘʥʘ ʚ ʢʦʩʤʦʩʘ. 

ʀʤʝʪʦ Ăʉʚʝʪñ ï ʩʪʘʨʦʙʲʣʛʘʨʩʢʘ ʜʫʤʘ ʟʘ Ăʩʚʝʪʣʠʥʘñ ï ʩʠʤʚʦʣʠʟʠʨʘ ʨʦʣʷʪʘ ʥʘ 

ʬʦʪʦʩʠʥʪʝʟʘʪʘ ʠ ʥʘ ʧʨʦʩʚʝʪʝʥʠʷ ʥʘʫʯʝʥ ʜʫʭ, ʢʦʡʪʦ ʩʪʦʠ ʟʘʜ ʪʦʟʠ ʧʨʦʝʢʪ. ɹʲʣʛʘʨʩʢʘʪʘ ʦʨʘʥʞʝʨʠʷ 
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ʦʩʪʘʚʘ ʚ ʫʧʦʪʨʝʙʘ ʜʦ 2001 ʛ. ʠ ʦʩʪʘʚʷ ʪʨʘʝʥ ʦʪʧʝʯʘʪʲʢ ʚ ʠʩʪʦʨʠʷʪʘ ʥʘ ʢʦʩʤʠʯʝʩʢʘʪʘ ʙʠʦʣʦʛʠʷ. ʊ  ̫

ʝ ʧʨʠʤʝʨ ʟʘ ʪʦʚʘ ʢʘʢ ʜʦʨʠ ʤʘʣʢʘ ʩʪʨʘʥʘ ʢʘʪʦ ɹʲʣʛʘʨʠʷ ʤʦʞʝ ʜʘ ʥʘʧʨʘʚʠ ʟʥʘʯʠʤ ʧʨʠʥʦʩ ʢʲʤ 

ʛʣʦʙʘʣʥʘʪʘ ʥʘʫʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʙʲʜʝʱʝʪʦ ʥʘ ʯʦʚʝʯʝʩʪʚʦʪʦ ʚ ʢʦʩʤʦʩʘ. 

 
 
ɿʘʢʣʶʯʝʥʠʝ 
 
ɻʨʘʚʠʪʘʮʠʷʪʘ ʝ ʧʨʠʨʦʜʥʦ ʷʚʣʝʥʠʝ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʚʩʠʯʢʠ ʦʙʝʢʪʠ, ʧʨʠʪʝʞʘʚʘʱʠ 

ʤʘʩʘ ʠʣʠ ʝʥʝʨʛʠʷ  ʩʝ ʧʨʠʚʣʠʯʘʪ (ʠʣʠ ʛʨʘʚʠʪʠʨʘʪ) ʝʜʠʥ ʢʲʤ ʜʨʫʛ. 

ʄʠʢʨʦʛʨʘʚʠʪʘʮʠʷ ʝ ʩʲʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʝʪʦ ʩʠʣʘʪʘ ʥʘ ʥʘʪʠʩʢ ʥʘ ʪʷʣʦ ʢʲʤ ʦʧʦʨʘʪʘ, 

ʚʲʟʥʠʢʚʘʱʘ ʚʲʚ ʚʨʲʟʢʘ ʩ ʛʨʘʚʠʪʘʮʠʦʥʦʪʦ ʧʨʠʪʝʛʣʷʥʝ ʠʣʠ ʚʲʚ ʚʨʲʟʢʘ ʩ ʫʩʢʦʨʝʥʠʝʪʦ ʥʘ ʪʷʣʦ, 

ʠʟʯʝʟʚʘ. ʊ  ̫ ʧʨʝʜʣʘʛʘ ʥʦʚʠ ʭʦʨʠʟʦʥʪʠ ʟʘ ʥʘʫʢʘʪʘ. ʏʨʝʟ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʪʘʟʠ ʫʥʠʢʘʣʥʘ ʩʨʝʜʘ 

ʫʯʝʥʠʪʝ ʥʘʫʯʘʚʘʪ ʧʦʚʝʯʝ ʟʘ ʙʠʦʣʦʛʠʯʥʠʪʝ, ʬʠʟʠʯʥʠʪʝ ʠ ʭʠʤʠʯʥʠʪʝ ʧʨʦʮʝʩʠ, ʢʦʠʪʦ ʫʧʨʘʚʣʷʚʘʪ 

ʩʚʝʪʘ ʦʢʦʣʦ ʥʘʩ. ʆʪʢʨʠʪʠʷʪʘ, ʥʘʧʨʘʚʝʥʠ ʚ ʦʨʙʠʪʘ, ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ 

ʤʝʜʠʮʠʥʘʪʘ, ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʦ-ʜʦʙʨʦ ʨʘʟʙʠʨʘʥʝ ʟʘ ʪʦʚʘ ʢʘʢ ʦʨʛʘʥʠʟʤʠʪʝ ʠ 

ʤʘʪʝʨʠʘʣʠʪʝ ʩʝ ʜʲʨʞʘʪ ʠʟʚʲʥ ʧʨʝʜʝʣʠʪʝ ʥʘ ɿʝʤʷʪʘ. ɺ ʜʲʣʛʦʩʨʦʯʝʥ ʧʣʘʥ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʦʥʥʠʪʝ 

ʠʟʩʣʝʜʚʘʥʠʷ ʱʝ ʠʛʨʘʷʪ ʢʣʶʯʦʚʘ ʨʦʣʷ ʟʘ ʙʲʜʝʱʝʪʦ ʥʘ ʯʦʚʝʯʝʩʪʚʦʪʦ ï ʢʘʢʪʦ ʚ ʢʦʩʤʦʩʘ, ʪʘʢʘ ʠ ʫ 

ʜʦʤʘ. 

ʂʦʩʤʠʯʝʩʢʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʧʨʦʚʝʜʝʥʠ ʧʦ ʚʨʝʤʝ ʥʘ ʤʠʩʠʷʪʘ ʥʘ ɸʣʝʢʩʘʥʜʲʨ 

ɸʣʝʢʩʘʥʜʨʦʚ, ʩʘ ʷʨʢʦ ʜʦʢʘʟʘʪʝʣʩʪʚʦ ʟʘ ʚʠʩʦʢʦʪʦ ʥʘʫʯʥʦ ʥʠʚʦ ʠ ʧʨʠʥʦʩ ʥʘ ɹʲʣʛʘʨʠʷ ʚ 

ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʂʦʩʤʦʩʘ. ʇʨʦʝʢʪʠʪʝ Ăʇʠʨʠʥñ, Ăʈʝʮʝʧʪʦʨñ, Ăʇʦʯʠʚʢʘñ ʠ Ăɺʨʝʤʝñ ʥʝ ʩʘʤʦ ʨʘʟʢʨʠʚʘʪ 

ʥʦʚʠ ʘʩʧʝʢʪʠ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ ʯʦʚʝʢʘ ʠ ʢʦʩʤʠʯʝʩʢʘʪʘ ʩʨʝʜʘ, ʥʦ ʠ ʧʦʩʪʘʚʷʪ ʦʩʥʦʚʠʪʝ 

ʟʘ ʙʲʜʝʱʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʢʘʪʦ ʜʠʩʪʘʥʮʠʦʥʥʦ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ɿʝʤʷʪʘ, ʢʦʩʤʠʯʝʩʢʘ 

ʤʝʜʠʮʠʥʘ, ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʥʘ ʞʠʚʦʪʘ ʚ ʦʨʙʠʪʘ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʪʝʟʠ 

ʝʢʩʧʝʨʠʤʝʥʪʠ, ɹʲʣʛʘʨʠʷ ʦʩʪʘʚʘ ʚ ʠʩʪʦʨʠʷʪʘ ʢʘʪʦ ʝʜʥʘ ʦʪ ʤʘʣʢʦʪʦ ʩʪʨʘʥʠ, ʢʦʠʪʦ ʩʘ ʧʨʦʚʝʞʜʘʣʠ 

ʩʘʤʦʩʪʦʷʪʝʣʥʘ ʥʘʫʯʥʘ ʧʨʦʛʨʘʤʘ ʚ ʂʦʩʤʦʩʘ ï ʧʦʩʪʠʞʝʥʠʝ, ʢʦʝʪʦ ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʚʜʲʭʥʦʚʷʚʘ 

ʧʦʢʦʣʝʥʠʷ ʫʯʝʥʠ ʠ ʠʟʩʣʝʜʦʚʘʪʝʣʠ. 

ʆʨʘʥʞʝʨʠʷʪʘ Ăʉʚʝʪñ ʝ ʥʝ ʩʘʤʦ ʥʘʫʯʝʥ ʧʨʦʙʠʚ, ʥʦ ʠ ʩʠʤʚʦʣ ʥʘ ʠʥʦʚʘʪʠʚʥʠʷ ʜʫʭ ʠ 

ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʙʲʣʛʘʨʩʢʘʪʘ ʥʘʫʢʘ. ʋʩʧʝʰʥʦʪʦ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʨʘʩʪʝʥʠʷ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ 

ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʷ ʜʦʢʘʟʚʘ, ʯʝ ʞʠʚʦʪʲʪ ʤʦʞʝ ʜʘ ʩʝ ʘʜʘʧʪʠʨʘ ʜʦʨʠ ʠʟʚʲʥ ʧʨʝʜʝʣʠʪʝ ʥʘ ɿʝʤʷʪʘ. 

ʊʦʚʘ ʦʪʢʨʠʪʠʝ ʝ ʢʨʘʯʢʘ ʥʘʧʨʝʜ ʢʲʤ ʩʘʤʦʩʪʦʷʪʝʣʥʦʪʦ ʩʲʱʝʩʪʚʫʚʘʥʝ ʥʘ ʭʦʨʘ ʚ ʜʲʣʛʦʩʨʦʯʥʠ 

ʢʦʩʤʠʯʝʩʢʠ ʤʠʩʠʠ ʠ ʙʲʜʝʱʠ ʢʦʣʦʥʠʠ ʥʘ ʃʫʥʘʪʘ ʠʣʠ ʄʘʨʩ. ʅʘʩʣʝʜʩʪʚʦʪʦ ʥʘ Ăʉʚʝʪñ ʚʜʲʭʥʦʚʷʚʘ ʠ 

ʥʘʧʦʤʥʷ, ʯʝ ʜʦʨʠ ʚ ʛʣʦʙʘʣʥʘʪʘ ʥʘʜʧʨʝʚʘʨʘ ʟʘ ʂʦʩʤʦʩʘ, ɹʲʣʛʘʨʠʷ ʠʤʘ ʩʚʦʷ ʷʨʲʢ ʧʨʠʥʦʩ ʠ ʤʷʩʪʦ 

ʩʨʝʜ ʧʠʦʥʝʨʠʪʝ ʥʘ ʥʦʚʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʝʨʘ. 

 
ʃʠʪʝʨʘʪʫʨʘ: 

 

1. NASA ï Microgravity Research  
https://www.nasa.gov/mission_pages/station/research/experiments_category/Microgravity 

2. ESA ï European Space Agency: Science in Microgravity 
https://www.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Research/Science_in_microg
ravity 

3. ʂʦʩʤʦʩʲʪ ï ʦʙʨʘʟʦʚʘʪʝʣʝʥ ʧʦʨʪʘʣ ʥʘ ʅɸʉɸ (NASAôs Space Place) 
https://spaceplace.nasa.gov 

4. ʅʘʮʠʦʥʘʣʝʥ ʮʝʥʪʲʨ ʟʘ ʢʦʩʤʠʯʝʩʢʠ ʠʟʩʣʝʜʚʘʥʠʷ ʢʲʤ ɹɸʅ 
http://www.space.bas.bg 

5. Boeing ï Microgravity and Space Environment 
6. https://www.boeing.com/features/2016/06/microgravity-06-16.page 

https://bg.wikipedia.org/w/index.php?title=%D0%9F%D1%80%D0%B8%D1%80%D0%BE%D0%B4%D0%BD%D0%BE_%D1%8F%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5&action=edit&redlink=1
https://bg.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D0%B0
https://bg.wikipedia.org/wiki/%D0%95%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://bg.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B2%D0%B8%D1%82%D0%B0%D1%86%D0%B8%D1%8F
https://bg.wikipedia.org/wiki/%D0%A3%D1%81%D0%BA%D0%BE%D1%80%D0%B5%D0%BD%D0%B8%D0%B5
https://www.nasa.gov/mission_pages/station/research/experiments_category/Microgravity
https://www.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Research/Science_in_microgravity
https://www.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Research/Science_in_microgravity
https://spaceplace.nasa.gov/
http://www.space.bas.bg/
https://www.boeing.com/features/2016/06/microgravity-06-16.page
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S E S  2 0 2 5  

T w e n t y - f i r s t  I n t e r n a t i o n a l  S c i e n t i f i c  C o n f e r e n c e  
S P A C E ,  E C O L O G Y ,  S A F E T Y  

21 ï 25 October 2025, Sofia, Bulgaria 
 

ʋʏɽʅʀʏɽʉʂʀ ʇʈʆɽʂʊ ɿɸ ʉʊʈɸʊʆʉʌɽʈʅɸ ʉʆʅɼɸ çɸɺʈʆʈɸè 
 

ʗʨʦʩʣʘʚ ɹʘʩʢʦʚ1, ʅʠʢʦʣʘʡ ʀʚʘʥʦʚ1, ɸ  ̫ʌʨʘʥʢ2, ʀʚʘʥ ʂʦʣʝʚ1,  
ɸʣʝʢʩʘʥʜʲʨ ʊʨʝʥʜʘʬʠʣʦʚ1, ʃʝʚ ɹʝʣʝʥʴʢʠʡ1  

  
1ʄʘʪʝʤʘʪʠʯʝʩʢʘ ʛʠʤʥʘʟʠʷ "ɼ-ʨ ʇʝʪʲʨ ɹʝʨʦʥ", ʛʨ. ɺʘʨʥʘ 

2Home Life Academy 
e-mail: ymbaskov@gmail.com 

 
 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʩʪʨʘʪʦʩʬʝʨʘ, ʘʪʤʦʩʬʝʨʘ, ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ, ʘʝʨʦʟʦʣʠ, ʤʠʢʨʦʢʦʥʪʨʦʣʝʨ, LoRa 
 

ʈʝʟʶʤʝ: ʇʨʦʝʢʪʲʪ Ăɸʚʨʦʨʘñ ʧʨʝʜʩʪʘʚʣʷʚʘ ʫʯʝʥʠʯʝʩʢʘ ʩʪʨʘʪʦʩʬʝʨʥʘ ʩʦʥʜʘ, ʩʲʟʜʘʜʝʥʘ ʩ ʮʝʣ 
ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ ʚ ʘʪʤʦʩʬʝʨʘʪʘ ʥʘ ʚʠʩʦʯʠʥʘ ʜʦ 30 
km. ɸʧʘʨʘʪʲʪ ʝ ʦʙʦʨʫʜʚʘʥ ʩʲʩ ʩʝʥʟʦʨʠ ʟʘ ʧʨʘʭ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪ ʠ ʥʘʣʷʛʘʥʝ, ʢʘʢʪʦ ʠ ʩ GPS, 
ʢʦʤʧʘʩ, LoRa ʠ 2G ʢʦʤʫʥʠʢʘʮʠʷ. ʉʦʥʜʘʪʘ ʩʝ ʠʟʜʠʛʘ ʩ ʭʝʣʠʝʚ ʙʘʣʦʥ, ʘ ʩʲʙʨʘʥʠʪʝ ʜʘʥʥʠ ʩʝ ʟʘʧʠʩʚʘʪ ʠ 
ʧʨʝʜʘʚʘʪ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. ɼʦʧʲʣʥʠʪʝʣʥʦ ʩʝ ʠʟʩʣʝʜʚʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʩʝʤʝʥʘ ʧʨʠ ʥʠʩʢʦ 
ʥʘʣʷʛʘʥʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ, ʘʥʘʣʦʛʠʯʥʠ ʥʘ ʤʘʨʩʠʘʥʩʢʠʪʝ ʫʩʣʦʚʠʷ. ʇʨʦʝʢʪʲʪ ʜʝʤʦʥʩʪʨʠʨʘ ʧʨʠʣʘʛʘʥʝʪʦ 
ʥʘ ʩʲʚʨʝʤʝʥʥʠ ʠʥʞʝʥʝʨʥʠ ʠ ʬʠʟʠʯʥʠ ʧʨʠʥʮʠʧʠ ʚ ʫʯʠʣʠʱʥʘ ʩʨʝʜʘ ʠ ʥʘʩʲʨʯʘʚʘ ʧʨʘʢʪʠʯʝʩʢʠʷ ʧʦʜʭʦʜ ʢʲʤ 
ʥʘʫʯʥʦʪʦ ʧʦʟʥʘʥʠʝ. 
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Abstract: The ñAuroraò project is a student-built stratospheric probe designed to study the concentration 

and distribution of atmospheric dust particles up to an altitude of 30 km. The probe carries sensors for dust, 
temperature, humidity, and pressure, as well as GPS, compass, LoRa, and 2G communication modules. It is lifted 
by a helium balloon and transmits real-time data while recording all measurements locally. An additional experiment 
tests the preservation of seeds under near-Martian environmental conditions. The project demonstrates the 
successful integration of engineering, physics, and data science within a school environment, promoting hands-on 
learning and practical scientific exploration. 

 
ɺʲʚʝʜʝʥʠʝ  
 
ʉʧʦʨʝʜ ʥʷʢʦʠ ʤʦʜʝʣʠ ʟʝʤʥʘʪʘ ʘʪʤʦʩʬʝʨʘ ʩʲʜʲʨʞʘ  2 ï 2.5 x 109 kg ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ. ʊʝ 

ʦʢʘʟʚʘʪ ʨʘʟʣʠʯʥʦ ʚʣʠʷʥʠʝ ʥʘ ʢʣʠʤʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʨʘʟʤʝʨʘ ʩʠ. ʌʠʥʠʪʝ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ 
(<5um) ʨʘʟʩʝʡʚʘʪ ʩʚʝʪʣʠʥʘʪʘ, ʦʭʣʘʞʜʘʡʢʠ ʧʣʘʥʝʪʘʪʘ, ʜʦʢʘʪʦ ʛʨʫʙʠʪʝ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ (>10um)  ̫
ʧʦʛʣʲʱʘʪ ʠ ʜʦʧʨʠʥʘʩʷʪ ʟʘ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʷʥʝ. ʉʲʱʦ ʪʘʢʘ ʪʝ ʩʘ ʥʝʦʙʭʦʜʠʤʦ ʫʩʣʦʚʠʝ ʟʘ 
ʢʦʥʜʝʥʟʘʮʠʷ ʥʘ ʚʦʜʘʪʘ ʠ ʩʲʦʪʚʝʪʥʦ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʦʙʣʘʮʠ. 

ɸʟ ʠ ʦʱʝ ʧʝʪʠʤʘ ʫʯʝʥʠʮʠ (ʧʨʝʜʠʤʥʦ ʦʪ ʄɻ Ăɼ-ʨ ʇʝʪʲʨ ɹʝʨʦʥñ) ʩʲʟʜʘʜʦʭʤʝ ʩʪʨʘʪʦʩʬʝʨʥʘ 
ʩʦʥʜʘ, ʢʦʷʪʦ ʱʝ ʠʟʩʣʝʜʚʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʪʘʢʠʚʘ ʯʘʩʪʠʮʠ ʚ ʟʝʤʥʘʪʘ 
ʘʪʤʦʩʬʝʨʘ ʥʘ ʚʠʩʦʯʠʥʘ ʜʦ 30 km. ʆʯʘʢʚʘ ʩʝ ʧʦʚʝʯʝʪʦ ʘʝʨʦʟʦʣʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʦʪ ʚʫʣʢʘʥʠʯʝʥ 
ʧʨʦʠʟʭʦʜ ʜʘ ʩʝ ʥʘʤʠʨʘʪ ʧʦʜ ʪʘʟʠ ʛʨʘʥʠʮʘ. 

  
ʅʘʫʯʥʦ ʦʙʦʨʫʜʚʘʥʝ  
ʉʝʥʟʦʨʠʪʝ ʥʘ ɸʚʨʦʨʘ ʪʨʷʙʚʘ ʜʘ Ⱬ ʧʦʟʚʦʣʷʚʘʪ ʜʘ ʦʧʨʝʜʝʣʷ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʯʘʩʪʠʮʠʪʝ, 

ʜʘ ʢʘʣʠʙʨʠʨʘ ʪʝʟʠ ʟʥʘʯʝʥʠʷ ʩʧʨʷʤʦ ʚʲʥʰʥʠ ʫʩʣʦʚʠʷ, ʜʘ ʦʮʝʥʷʚʘ ʛʨʝʰʢʘʪʘ ʧʨʠ ʠʟʤʝʨʚʘʥʝʪʦ ʠ ʜʘ 
ʦʪʙʝʣʷʟʚʘ ʥʝʛʦʚʦ ʚʨʝʤʝ ʠ ʤʷʩʪʦ. 
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    1. ʉʝʥʟʦʨ ʟʘ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ. 
ʀʟʧʦʣʟʚʘʤʝ ʩʝʥʟʦʨʘ pmsa-003. ʊʦʡ ʠʟʤʝʨʚʘ ʥʘ ʛʦʣʝʤʠʥʘʪʘ ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʧʨʘʭʦʚʠʪʝ 

ʯʘʩʪʠʮʠ ʠ ʘʝʨʦʟʦʣʠ ʩ ʣʘʟʝʨ. ɺʨʲʱʘ ʜʘʥʥʠ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʣʲʪʥʦʩʪʠ ʥʘ ʯʘʩʪʠʮʠ ʦʪ ʪʨʠ ʪʠʧʘ: 
ʬʠʥʠ, ʩʨʝʜʥʠ ʠ ʛʨʫʙʠ. ʅʘʩʪʨʦʝʥ ʝ ʟʘ ʧʣʲʪʥʦʩʪ ʥʘ ʚʲʟʜʫʭʘ ʠ ʥʘʣʷʛʘʥʝ ʥʘ ʤʦʨʩʢʦ ʨʘʚʥʠʱʝ, ʟʘʪʦʚʘ 
ʜʘʥʥʠʪʝ, ʧʦʣʫʯʝʥʠ ʦʪ ʥʝʛʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʢʘʣʠʙʨʠʨʘʪ ʩʧʨʷʤʦ ʚʲʥʰʥʠ ʫʩʣʦʚʠʷ. 

    2. ʉʝʥʟʦʨʠ ʟʘ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʚʲʟʜʫʭʘ. 
ɿʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʚʣʘʞʥʦʩʪʪʘ ʠ ʥʘʣʷʛʘʥʝʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʯʠʧʦʚʝ BMP280 

ʠ AHTX0, ʚʛʨʘʜʝʥʠ ʚ ʝʜʥʘ ʧʣʘʪʢʘ. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʥʘʣʷʛʘʥʝʪʦ ʩʘ ʥʫʞʥʠ ʟʘ ʥʘʤʠʨʘʥʝ ʥʘ 
ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʚʲʟʜʫʭʘ ʠ ʦʮʝʥʷʚʘʥʝ ʥʘ ʛʨʝʰʢʘ ʧʨʠ ʧʨʝʙʨʦʷʚʘʥʝ ʥʘ ʧʨʘʭʦʚʠ ʯʘʩʪʠʮʠ, ʘ 
ʚʣʘʞʥʦʩʪʪʘ ʝ ʧʨʷʢʦ ʩʚʲʨʟʘʥʘ ʩ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʦʙʣʘʮʠ ʠ ʜʷʣ ʥʘ ʚʦʜʥʠʪʝ ʢʨʠʩʪʘʣʠ ʩʨʝʜ 
ʘʝʨʦʟʦʣʠʪʝ. 

    3. ʉʝʤʝʥʘ ʦʪ ʨʘʟʣʠʯʥʠ ʢʫʣʪʫʨʠ. 
ʊʝ ʩʘ ʯʘʩʪ ʦʪ ʩʪʨʘʥʠʯʝʥ ʝʢʩʧʝʨʠʤʝʥʪ, ʥʝʩʚʲʨʟʘʥ ʩ ʠʟʫʯʘʚʘʥʝ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ. ʉ ʥʝʛʦ 

ʪʝʩʪʚʘʤʝ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʩʝʤʝʥʘ ʚ ʫʩʣʦʚʠʷ, ʤʥʦʛʦ ʙʣʠʟʢʠ ʜʦ ʪʝʟʠ ʥʘ ʄʘʨʩ. 
 
ʂʦʥʪʨʦʣ  
ʉʦʥʜʘʪʘ ʱʝ ʙʲʜʝ ʠʟʜʠʛʥʘʪʘ ʚ ʩʪʨʘʪʦʩʬʝʨʘʪʘ ʩ ʙʘʣʦʥ ʟʘ ʦʢʦʣʦ ʝʜʠʥ ʜʝʥ ʠ ʧʦʣʝʪʘ ʱʝ ʝ 

ʥʝʫʧʨʘʚʣʷʝʤ. ʅʦ ʥʘ ʙʦʨʜʘ ʠʤʘ ʩʝʥʟʦʨʠ ʠ ʘʚʪʦʤʘʪʠʢʘ, ʦʪʛʦʚʘʨʷʱʠ ʟʘ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ 
ʜʚʠʞʝʥʠʝʪʦ, ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʧʦʩʪʦʷʥʥʘ ʚʲʪʨʝʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʥʝʧʨʝʢʴʩʥʘʪʘ ʚʨʲʟʢʘ ʩʲʩ 
ʟʝʤʷʪʘ. 

    1. ʂʦʥʪʨʦʣʝʨ 
ʎʷʣʘʪʘ ʝʣʝʢʪʨʦʥʠʢʘ ʚ ʩʦʥʜʘʪʘ ʝ ʫʧʨʘʚʣʷʚʘʥʘ ʦʪ ʤʠʢʨʦʢʦʥʪʨʦʣʝʨ esp32. ʊʦʡ ʝ ʢʦʤʧʘʢʪʝʥ 

ʠ ʠʟʨʘʩʭʦʜʚʘ ʤʘʣʢʦ ʪʦʢ, ʥʦ ʧʦʟʚʦʣʷʚʘ ʩʚʴʨʟʚʘʥʝ ʥʘ ʤʥʦʛʦ ʩʝʥʟʦʨʠ ʟʘ ʨʘʟʣʠʢʘ ʦʪ Arduino ʠ ʝ ʚ 
ʧʲʪʠ ʧʦ-ʝʚʪʠʥ ʠ ʥʘʜʝʞʜʝʥ ʦʪ Raspbery PI. 

    2. GPS 
ɿʘ ʜʘ ʥʘʤʝʨʠʤ ʩʦʥʜʘʪʘ ʩʲʩ ʧʲʣʥʠʷ ʤʘʩʠʚ ʦʪ ʩʪʨʘʪʦʩʬʝʨʥʠ ʜʘʥʥʠ, ʠ ʟʘ ʜʘ ʩʚʲʨʞʝʤ 

ʠʟʤʝʨʚʘʥʠʷʪʘ ʩ ʢʦʥʢʨʝʪʥʘ ʚʠʩʦʯʠʥʘ ʠʟʧʦʣʟʚʘʤʝ GPS ʤʦʜʫʣ NEO-m8n. ʅʝ ʝ ʦʪ ʥʘʡ-ʩʢʲʧʠʪʝ 
ʜʞʠʧʠʝʩʠ, ʥʦ ʧʨʠ ʦʪʢʨʠʪʦ ʥʝʙʝ ʜʦʨʠ ʪʦʡ ʝ ʤʥʦʛʦ ʧʨʝʮʠʟʝʥ. 

    3. ʂʦʤʧʘʩ 
ɸʧʘʨʘʪʘ ʟʥʘʝ ʠ ʦʨʠʝʥʪʘʮʠʷʪʘ ʩʠ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʘʢʩʝʣʝʨʦʤʝʪʲʨ ʠ ʤʘʛʥʠʪʦʤʝʪʲʨ MPU-

9250/6500. ʉ ʥʝʛʦʚʘ ʧʦʤʦʱ ʨʘʟʙʠʨʘʤʝ ʜʘʣʠ ʩʦʥʜʘʪʘ ʝ ʥʘʢʣʦʥʝʥʘ, ʦʙʲʨʥʘʪʘ ʠ ʥʘʢʲʜʝ ʛʣʝʜʘ 
ʢʘʤʝʨʘʪʘ ʠ. ʊʦʡ ʠʤʘ ʚʛʨʘʜʝʥ ʪʝʨʤʦʤʝʪʲʨ, ʢʦʡʪʦ ʧʦʢʘʟʚʘ ʚʲʪʨʝʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

    4. SD ʢʘʨʪʘ 
ɺʩʠʯʢʠʪʝ ʩʲʙʠʨʘʥʠ ʜʘʥʥʠ ʱʝ ʩʝ ʟʘʧʘʟʚʘʪ ʥʘ sd ʢʘʨʪʘ ʚ csv ʬʦʨʤʘʪ. ʊʝ ʩʝ ʩʲʙʠʨʘʪ ʦʪ 

ʚʩʠʯʢʠʪʝ ʩʝʥʟʦʨʠ ʥʷʢʦʣʢʦ ʧʲʪʠ ʥʘ ʩʝʢʫʥʜʘ. 
    5. LoRa 
ɿʘ ʜʘ ʟʥʘʝʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʩʦʥʜʘʪʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʠ ʜʘ ʠʤʘʤʝ ʯʘʩʪ ʦʪ ʜʘʥʥʠʪʝ 

ʜʦʨʠ ʚ ʩʣʫʯʘʡ ʥʘ ʘʚʘʨʠʷ, ʩʪʦʡʥʦʩʪʠ ʥʘ ʚʩʠʯʢʠ ʠʟʤʝʨʚʘʥʠ ʧʘʨʘʤʝʪʨʠ ʱʝ ʩʝ ʠʟʧʨʘʱʘʪ ʚ ʨʝʘʣʥʦ 
ʚʨʝʤʝ. 

ɺʨʲʟʢʘʪʘ ʩʲʩ ʩʦʥʜʘʪʘ ʥʘ ʛʦʣʝʤʠ ʚʠʩʦʯʠʥʠ ʱʝ ʩʝ ʧʦʜʜʲʨʞʘ ʦʪ LoRa ʤʦʜʫʣ RA-01, ʪʦʝʩʪ ʩ 
ʜʠʨʝʢʪʥʦ ʧʨʝʜʘʚʘʥʝ ʥʘ ʩʠʛʥʘʣʠ ʦʪ ʧʨʝʜʘʚʘʪʝʣ ʢʲʤ ʧʨʠʝʤʥʠʢ. ʄʦʜʫʣʘ ʧʦʟʚʦʣʷʚʘ ʦʢʦʣʦ ʜʚʘʜʝʩʝʪ 
ʢʠʣʦʤʝʪʨʘ ʦʙʭʚʘʪ ʧʨʠ ʧʨʷʢʘ ʚʠʜʠʤʦʩʪ, ʥʦ ʘʢʦ ʧʨʠʝʤʘʤʝ ʩʠʛʥʘʣʘ ʩ ʥʘʩʦʯʝʥʘ ʘʥʪʝʥʘ ʤʦʞʝʤ ʜʘ ʛʦ 
ʯʫʝʤ ʦʪ ʥʘʜ 100 km. ʀʟʧʦʣʟʚʘʤʝ ʯʝʩʪʦʪʘ 433 Mhz, ʢʦʷʪʦ ʥʝ ʩʝ ʧʦʛʣʲʱʘ ʦʪ ʚʲʟʜʫʭʘ, ʦʙʣʘʮʠʪʝ ʠ 
ʜʲʨʚʝʪʘʪʘ, ʥʦ ʠ ʥʝ ʧʦʟʚʦʣʷʚʘ ʙʲʨʟ ʧʨʝʥʦʩ ʥʘ ʜʘʥʥʠ. ʆʱʝ ʧʦʚʝʯʝ, ʩʢʦʨʦʩʪʪʘ ʥʘ ʧʨʝʥʦʩʘ ʝ 
ʥʘʤʘʣʝʥʘ ʫʤʠʰʣʝʥʦ ʟʘ ʤʠʥʠʤʠʟʠʨʘʥʝ ʥʘ ʰʫʤʘ. ɿʘʨʘʜʠ ʪʦʚʘ ʩʦʥʜʘʪʘ ʱʝ ʠʟʧʨʘʱʘ ʩʘʤʦ ʤʘʣʢʘ 
ʯʘʩʪ ʦʪ ʜʘʥʥʠʪʝ. ʅʷʤʘ ʜʘ ʠʛʥʦʨʠʨʘʤʝ ʦʪʜʝʣʥʠ ʧʘʨʘʤʝʪʨʠ,  ʧʨʦʩʪʦ ʱʝ ʠʟʧʨʘʱʘʤʝ ʠʟʤʝʨʚʘʥʠʷʪʘ 
ʥʝ ʚʩʝʢʠ ʤʦʤʝʥʪ, ʘ ʧʨʝʟ ʦʢʦʣʦ 18 ʩʝʢʫʥʜʠ. 

    6. SMS 
ɺ ʟ̡ʤʦʞʥʦ ʝ ʧʨʠ ʢʘʮʘʥʝʪʦ ʥʘ ʘʧʘʨʘʪʘ ʪʦʡ ʜʘ ʩʝ ʦʢʘʞʝ ʩʢʨʠʪ ʟʘʜ ʧʣʲʪʥʦ ʧʨʝʧʷʪʩʪʚʠʝ, ʢʘʪʦ 

ʧʣʘʥʠʥʘ ʠʣʠ ʧʨʦʩʪʦ ʢʨʠʚʠʥʘ ʥʘ ɿʝʤʷʪʘ. ɿʘʪʦʚʘ ʪʦʡ ʢʦʤʫʥʠʢʠʨʘ ʩ ʥʘʟʝʤʥʘ ʙʘʟʘ ʥʝ ʧʦ ʝʜʠʥ, ʘ ʧʦ 
ʜʚʘ ʥʘʯʠʥʘ: ʯʨʝʟ LoRa ʤʦʜʫʣ ʠ ʯʨʝʟ ʤʦʜʫʣ ʟʘ 2G SIM800L, ʢʦʡʪʦ ʠʟʧʨʘʱʘ ʜʘʥʥʠ ʧʦ SMS. 2G 
ʭʚʘʱʘ ʧʦʯʪʠ ʥʘʚʩʷʢʲʜʝ ʚ ʙʣʠʟʦʩʪ ʜʦ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʠ ʪʦʚʘ ʤʠʥʠʤʠʟʠʨʘ ʰʘʥʩʘ ʜʘ ʠʟʛʫʙʠʤ 
ʩʦʥʜʘʪʘ. 

 
ɿʘʭʨʘʥʚʘʥʝ ʠ ʦʪʦʧʣʝʥʠʝ  
ʉʪʘʙʠʣʥʦ ʟʘʭʨʘʥʚʘʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʫʩʣʦʚʠʝ ʩʦʥʜʘʪʘ ʜʘ ʨʘʙʦʪʠ ʧʨʝʟ ʮʷʣʦʪʦ ʚʨʝʤʝ ʠ 

ʩʲʦʪʚʝʪʥʦ ʜʘ ʤʦʞʝʤ ʜʘ  ̫ʧʨʠʙʝʨʝʤ. ɿʘ ʜʘ ʩʤʝ ʥʘʧ̡ʣʥʦ ʩʠʛʫʨʥʠ, ʘʧʘʨʘʪʘ ʩʝ ʟʘʭʨʘʥʚʘ ʦʪ ʜʚʘ 
ʨʘʟʣʠʯʥʠ ʠʟʪʦʯʥʠʢʘ: LiFePO4 ʠ ʩʣʲʥʯʝʚʠ ʧʘʥʝʣʠ. ʀ ʜʚʘʪʘ ʩʘ ʩʧʦʩʦʙʥʠ ʜʘ ʟʘʭʨʘʥʚʘʪ ɸʚʨʦʨʘ ʧʨʝʟ 
ʮʷʣʦʪʦ ʚʨʝʤʝ, ʥʦ ʠ ʜʚʘʪʘ ʥʝ ʩʘ ʩʴʚʲʨʰʝʥʠ. 

ʉʣʲʥʯʝʚʠʪʝ ʧʘʥʝʣʠ ʨʘʙʦʪʷʪ ʤʥʦʛʦ ʜʦʙʨʝ ʧʨʠ ʥʠʩʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʥʘ ʛʦʣʷʤʘ ʚʠʩʦʯʠʥʘ, 
ʢʲʜʝʪʦ ʉʣʲʥʮʝʪʦ ʝ ʧʦ-ʷʨʢʦ. ʆʙʘʯʝ ʪʝ ʠʤʘʪ ʩʝʨʠʦʟʝʥ ʥʝʜʦʩʪʘʪʲʢ: ʥʝ ʨʘʙʦʪʷʪ ʧʨʝʟ ʥʦʱʪʘ ʠʣʠ ʧʨʠ 
ʦʙʣʘʯʥʦ ʚʨʝʤʝ. ʅʘ ʛʦʣʝʤʠ ʚʠʩʦʯʠʥʠ ʧʣʲʪʥʘʪʘ ʦʙʣʘʯʥʦʩʪ ʣʠʧʩʚʘ, ʥʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʠʤʘʤʝ 
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ʚʨʲʟʢʘ ʩ ʩʦʥʜʘʪʘ ʠ ʢʦʛʘʪʦ ʚʝʯʝ ʝ ʢʘʮʥʘʣʘ, ʟʘ ʜʘ  ̫ʥʘʤʝʨʠʤ. ɼʨʫʛʠʷ ʧʨʦʙʣʝʤ ʝ ʯʝ ʥʝ ʜʘʚʘʪ ʧʦ 
ʛʦʣʷʤ ʪʦʢ ʚ ʧʠʢʘ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝʪʦ. 

LiFePO4 ʙʘʪʝʨʠʠʪʝ ʢʦʤʧʝʥʩʠʨʘʪ ʥʝʜʦʩʪʘʪʲʮʠʪʝ ʥʘ ʩʣʲʥʯʝʚʠʪʝ ʧʘʥʝʣʠ, ʥʦ ʠ ʩʘʤʠʪʝ ʪʝ ʥʝ 
ʩʘ ʩʲʚʲʨʰʝʥʠ. ʊʝ ʧʦʟʚʦʣʷʚʘʪ ʯʝʨʧʝʥʝ ʥʘ ʦʛʨʦʤʥʠ ʪʦʢʦʚʝ ʧʨʠ ʥʫʞʜʘ ï ʥʘʜ 20 ʘʤʧʝʨʘ, ʠ ʥʝ ʟʘʚʠʩʷʪ 
ʦʪ ʉʣʲʥʮʝʪʦ. ʇʦ-ʫʩʪʦʡʯʠʚʠ ʠ ʪʨʘʡʥʠ ʩʘ ʦʪ Li-ion ʙʘʪʝʨʠʠʪʝ ʠ ʜʘʚʘʪ ʠʜʝʘʣʥʦ ʥʘʧʨʝʞʝʥʠʝ (ʦʢʦʣʦ 
3.3 ʚʦʣʪʘ). ʉʣʫʞʘʪ ʟʘ ʩʲʙʠʨʘʥʝ ʠ ʦʪʜʘʚʘʥʝ ʚ ʥʫʞʥʠʷ ʤʦʤʝʥʪ ʥʘ ʝʥʝʨʛʠʷ ʦʪ ʩʣʲʥʯʝʚʠʪʝ ʧʘʥʝʣʠ. 
ʆʛʨʦʤʥʠʷʪ ʠʤ ʥʝʜʦʩʪʘʪʴʢ ʝ ʯʝ ʛʫʙʷʪ ʝʬʝʢʪʠʚʥʦʩʪ ʧʨʠ ʦʪʨʠʮʘʪʝʣʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʤʘʢʘʨ ʪʝ ʜʘ ʩʘ 
ʝʜʥʠ ʦʪ ʥʘʡ-ʭʣʘʜʥʦʫʩʪʦʡʯʠʚʠʪʝ ʙʘʪʝʨʠʠ. ɿʘ ʜʘ ʩʝ ʟʘʧʘʟʷʪ ʚ ʨʘʙʦʪʥʦ ʩʲʩʪʦʷʥʠʝ ʪʝ ʪʨʷʙʚʘ ʜʘ ʩʝ 
ʟʘʛʨʷʚʘʪ ʥʝʧʨʝʢʲʩʥʘʪʦ ʜʦ ʧʦʥʝ 0 Áʉ. ɺʲʥʰʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝ ʦʯʘʢʚʘ ʜʘ ʧʘʜʥʝ ʧʦʜ -60 Áʉ. 

ɿʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʧʦʩʪʦʷʥʥʘ ʚʲʪʨʝʰʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝ ʠʟʧʦʣʟʚʘ ʧʦʣʠʠʤʠʜʥʘ ʧʣʘʢʘ, 
ʢʦʥʪʨʦʣʠʨʘʥʘ ʦʪ esp32 ʩ ʪʨʘʥʟʠʩʪʦʨ. ɺʩʠʯʢʠ ʟʘʛʫʙʠ ʥʘ ʝʥʝʨʛʠʷ ʧʨʠ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʩʲʱʦ 
ʜʦʧʨʠʥʘʩʷʪ ʟʘ ʦʪʦʧʣʝʥʠʝʪʦ. ʊʦ ʝ ʥʘʡ-ʛʦʣʝʤʠʷ ʢʦʥʩʫʤʘʪʦʨ ʥʘ ʪʦʢ, ʢʘʪʦ ʭʘʨʯʠ ʧʦʚʝʯʝ ʦʪ 
ʧʦʣʦʚʠʥʘʪʘ, ʥʦ ʝ ʢʨʘʡʥʦ ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʧʨʝʜʩʢʘʟʫʝʤʦ ʠ ʧʨʘʚʠʣʥʦ ʧʦʚʝʜʝʥʠʝ ʥʘ ʝʣʝʢʪʨʦʥʠʢʘʪʘ 
ʚʲʪʨʝ. ʇʨʠ ʣʠʧʩʘ ʥʘ ʪʦʢ ʪʦ ʩʝ ʠʟʢʣʶʯʚʘ ʟʘ ʜʘ ʦʩʪʘʥʘʪ ʚʢʣʶʯʝʥʠ ʧʦ-ʚʘʞʥʠʪʝ ʤʦʜʫʣʠ. 

 
ʊʝʩʪʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ  
ɿʘ ʜʘ ʠʤʘʤʝ ʧʨʝʜʩʪʘʚʘ ʟʘ ʬʫʥʢʮʠʦʥʠʨʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ ʠ ʚʝʨʦʷʪʥʠ ʧʨʦʙʣʝʤʠ ʠ ʛʨʝʰʢʠ 

ʧʨʦʚʝʜʦʭʤʝ ʩʝʨʠʷ ʪʝʩʪʚʘʥʠʷ. ʆʩʪʘʚʷʭʤʝ ʩʦʥʜʘʪʘ ʚʲʚ ʬʨʠʟʝʨ ʟʘ ʯʘʩʦʚʝ, ʟʘ ʜʘ ʧʨʦʚʝʨʠʤ ʜʘʣʠ 
ʦʪʦʧʣʝʥʠʝʪʦ ʝ ʜʦʩʪʘʪʴʯʥʦ ʤʦʱʥʦ ʠ ʢʦʣʢʦ ʠʟʜʲʨʞʘʪ ʙʘʪʝʨʠʠʪʝ. ɿʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʨʝʘʣʠʩʪʠʯʥʘ 
ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʤʠʥʠʤʘʣʥʘʪʘ ʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʪʦʧʣʝʥʠʝʪʦ ʧʦʜʜʲʨʞʘʰʝ +40Áʉ  
ʚʲʪʨʝ. 

ɺ ʥʘʯʘʣʦʪʦ ʦʪʦʧʣʝʥʠʝʪʦ ʥʝ ʙʝʰʝ ʜʦʩʪʘʪʲʯʥʦ ʤʦʱʥʦ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ 60Áʉ ʨʘʟʣʠʢʘ. 
ʉʣʝʜ ʢʘʪʦ ʩʚʲʨʟʘʭʤʝ ʧʣʘʢʘʪʘ ʥʝ ʜʠʨʝʢʪʥʦ ʩ ʙʘʪʝʨʠʷʪʘ (3.3 ʚʦʣʪʘ) ʘ ʧʨʝʟ ʟʘʭʨʘʥʚʘʝʪʦ ʥʘ 
ʢʘʤʝʨʘʪʘ ʠ ʧʨʘʭʦʚ ʩʝʥʟʦʨ, ʢʦʝʪʦ ʦʩʠʛʫʨʷʚʘ 5 ʚʦʣʪʘ, ʤʦʱʥʦʩʪʪʘ ʥʘ ʧʣʘʢʘʪʘ ʧʣʶʩ ʪʘʟʠ ʦʪ ʟʘʛʫʙʠʪʝ 
ʚ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʥʘʧʨʝʞʝʥʠʝʪʦ ʩʝ ʦʢʘʟʘ ʥʘʧʲʣʥʦ ʜʦʩʪʘʪʲʯʥʘ. 

ʉʠʩʪʝʤʘʪʘ ʠʟʜʲʨʞʘ ʦʢʦʣʦ 8 ʯʘʩʘ ʩʘʤʦ ʥʘ ʙʘʪʝʨʠʠ ʧʨʠ ʚʢʣʶʯʝʥʦ ʦʪʦʧʣʝʥʠʝ, ʩʣʝʜ ʢʦʝʪʦ 
ʩʝ ʠʟʢʣʶʯʚʘ ʠ ʟʘʤʨʲʟʚʘ (ʌʠʛ 1.). 

 

 
 

ʌʠʛ.1. ɿʘʤʨʲʟʥʘʣʘ ʩʦʥʜʘ ʩʣʝʜ ʧʲʣʥʦ ʨʘʟʨʝʞʜʘʥʝ ʥʘ ʘʢʫʤʫʣʘʪʦʨʠʪʝ 
 
ɼʨʫʛ ʚʘʞʝʥ ʪʠʧ ʪʝʩʪʚʘʥʝ ʩʝ ʧʨʦʚʝʞʜʘʰʝ ʥʘʚʲʥʢʘ. ɿʘ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʢʦʣʢʦ ʝʬʝʢʪʠʚʥʘ ʝ 

ʘʥʪʝʥʘʪʘ ʠ ʧʨʝʜʘʚʘʪʝʣʷ ʪʨʷʙʚʘʰʝ ʜʘ ʩʝ ʨʘʟʜʝʣʠʤ ʥʘ ʜʚʝ ʛʨʫʧʠ. ɽʜʥʘʪʘ ʦʪʛʦʚʘʨʷʰʝ ʟʘ ʩʦʥʜʘʪʘ 
ʘ ʜʨʫʛʘʪʘ ʟʘ ʧʨʠʝʤʥʠʢʘ. ʀʤʘʤʝ ʢʲʩʤʝʪ ʜʘ ʞʠʚʝʝʤ ʜʦ ɺʘʨʥʝʥʩʢʠʷ ʟʘʣʠʚ, ʟʘʱʦʪʦ ʣʝʩʥʦ ʩʝ ʥʘʤʠʨʘʪ 
ʜʚʝ ʦʪʜʘʣʝʯʝʥʠ ʪʦʯʢʠ ʩ ʧʨʷʢʘ ʚʠʜʠʤʦʩʪ ʧʦ ʙʨʝʛʦʚʝʪʝ ʤʫ. ɿʘʝʜʥʦ ʩ ʧʨʠʝʤʥʠʢʘ ʪʝʩʪʚʘʭʤʝ 
ʩʝʥʟʦʨʠʪʝ ʥʘ ʩʦʥʜʘʪʘ. 

ʀʟʙʨʘʭʤʝ ʪʦʯʢʠ ʨʘʟʜʘʣʝʯʝʥʠ ʥʘ 6 ʢʠʣʦʤʝʪʨʘ (ʬʠʛ 2,3,4). ʅʘ ʪʦʚʘ ʨʘʟʩʪʦʷʥʠʝ ʤʦʱʥʦʩʪʪʘ 
ʥʘ ʩʠʛʥʘʣʘ ʩʝ ʦʢʘʟʘ -100dbm. ʊʝʦʨʝʪʠʯʥʦ ʙʠʭʤʝ ʤʦʛʣʠ ʜʘ ʭʚʘʱʘʤʝ ʜʦ -120dbm, ʢʦʡʪʦ ʩʝ ʦʯʘʢʚʘ 
ʥʘ ʨʘʟʩʪʦʷʥʠʝ ʜʦ 60 km. ʆʙʘʯʝ ʪʝʟʠ ʨʝʟʫʣʪʘʪʠ ʩʘ ʧʦʣʫʯʝʥʠ ʩ ʜʠʧʦʣʥʘ ʘʥʪʝʥʘ ʥʘ ʧʨʝʜʘʚʘʪʝʣʷ, 
ʢʦʷʪʦ ʠʟʣʲʯʚʘ ʚ ʧʣʦʩʢʦʩʪʪʘ ʥʘ ʭʦʨʠʟʦʥʪʘ ʧʨʠ ʚʝʨʪʠʢʘʣʥʘ ʧʦʣʷʨʠʟʘʮʠʷ. ʊʦʟʠ ʥʘʯʠʥ ʥʘ ʟʘʚʲʨʪʘʥʝ 
ʥʘ ʚʲʣʥʘʪʘ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʛʨʘʜʩʢʘ ʩʨʝʜʘ, ʟʘʱʦʪʦ ʤʦʞʝ ʜʘ ʩʝ ʦʪʨʘʟʷʚʘ ʠ ʟʘʦʙʠʢʘʣʷ ʙʣʦʢʦʚʝ ʠ 
ʜʨʫʛʠ ʚʝʨʪʠʢʘʣʥʠ ʧʨʝʛʨʘʜʠ. ɿʘ ʥʘʩ ʦʙʘʯʝ ʥʝ ʝ, ʧʦʥʝʞʝ ʥʘ ʛʦʣʝʤʠ ʨʘʟʩʪʦʷʥʠʷ ʥʘʡ-ʩʲʱʝʩʪʚʝʥʘʪʘ 
ʧʨʝʛʨʘʜʘ ʝ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. ʇʨʠ ʪʝʟʠ ʫʩʣʦʚʠʷ ʭʦʨʠʟʦʥʪʘʣʥʘʪʘ ʧʦʣʷʨʠʟʘʮʠʷ ʝ ʤʥʦʛʦ ʧʦ-
ʜʦʙʨʘ, ʢʦʝʪʦ ʦʪʢʨʠʭʤʝ ʠ ʥʘ ʧʨʘʢʪʠʢʘ, ʤʘʢʘʨ ʠ ʜʘ ʩʤʝ ʨʘʙʦʪʠʣʠ ʩ ʧʨʦʩʪʘ ʜʠʧʦʣʢʘ. 
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ʌʠʛ.2. ʇʲʨʚʦʪʦ ʪʝʩʪʚʘʥʝ. ʃʝʚ ʠ ʀʚʘʥ ʥʘ ʧʨʠʝʤʥʠʢʘ. 

 

    
 

ʌʠʛ.3. ʇʲʨʚʦʪʦ ʪʝʩʪʚʘʥʝ. ʃʝʚ ʩ ʘʥʪʝʥʘʪʘ ʧʨʠʝʤʥʠʢ. 
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ʌʠʛ.4. ʇʲʨʚʦʪʦ ʪʝʩʪʚʘʥʝ. ɸ  ̫ʩʲʩ ʩʦʥʜʘʪʘ ʥʘ ʬʘʨ ɻʘʣʘʪʘ. 

 
 
ʉʣʝʜ ʪʝʩʪʦʚʝ ʩ ʭʘʣʦ ʘʥʪʝʥʘ (ʬʠʛ 3.), ʢʦʷʪʦ ʠʟʣʲʯʚʘ ʭʦʨʠʟʦʥʪʘʣʥʦ ʧʦʣʷʨʠʟʠʨʘʥʠ ʚʲʣʥʠ 

ʧʦʩʪʠʛʥʘʭʤʝ -90dbm ʩʠʛʥʘʣ, ʢʦʝʪʦ ʫʚʝʣʠʯʘʚʘ ʭʠʧʦʪʝʪʠʯʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʦʢʦʣʦ ʦʱʝ 3 ʧʲʪʠ. 
 

 
 

ʌʠʛ.5. ɺʪʦʨʦʪʦ ʪʝʩʪʚʘʥʝ ʩ ʧʨʠʝʤʥʠʢ ʚ ʩ.ɿʚʝʟʜʠʮʘ (10 ʢʤ ʦʪ ʩʦʥʜʘʪʘ). ʗʨʦʩʣʘʚ, ɸʷ, ɸʣʝʢʩʘʥʜʲʨ. 
 
 
ʇʦʣʝʪ  
ʅʘʫʯʥʦʪʦ ʦʙʦʨʫʜʚʘʥʝ ʱʝ ʙʲʜʝ ʠʟʜʠʛʥʘʪʦ ʜʦ ʚʠʩʦʯʠʥʘ 30 km ʩ ʤʝʪʝʦʨʦʣʦʛʠʯʝʥ ʙʘʣʦʥ, 

ʧʲʣʝʥ ʩ ʭʝʣʠʡ, ʟʘ ʦʢʦʣʦ 6 ʯʘʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʘʪʤʦʩʬʝʨʥʠʪʝ ʫʩʣʦʚʠʷ. ʉʲʱʝʩʪʚʫʚʘ ʧʨʦʛʨʘʤʘ, 
ʢʦʷʪʦ ʜʘ ʧʨʝʜʩʢʘʟʚʘ ʦʙʣʘʩʪʪʘ ʥʘ ʧʘʜʘʥʝ ʥʘ ʙʘʣʦʥʘ ʧʦ ʟʘʜʘʜʝʥʠ ʧʘʨʘʤʝʪʨʠ. ɺ ʥʝʷ ʠʤʘ ʧʨʦʛʥʦʟʘ 
ʟʘ ʝʜʚʘ 14 ʜʝʥʘ ʥʘʧʨʝʜ, ʟʘʪʦʚʘ ʧʦʜʛʦʪʦʚʢʘʪʘ ʪʨʷʙʚʘ ʜʘ ʝ ʙʲʨʟʘ. ʊʨʷʙʚʘ ʜʘ ʩʝ ʠʟʙʝʨʝ ʜʝʥ ʚ ʢʦʡʪʦ 
ʙʘʣʦʥʘ ʱʝ ʩʝ ʦʪʢʣʦʥʷʚʘ ʢʦʣʢʦʪʦ ʩʠ ʤʦʞʝ ʧʦ-ʤʘʣʢʦ, ʟʘ ʜʘ ʠʤʘʤʝ ʚʨʲʟʢʘ ʩ ʥʝʛʦ ʠ ʜʘ ʥʝ ʦʪʠʜʝ ʚ 
ʤʦʨʝʪʦ ʠʣʠ ʚ ʜʨʫʛʘ ʜʲʨʞʘʚʘ. ɺʲʧʨʝʢʠ ʪʦʚʘ ʩʝ ʦʯʘʢʚʘ ʪʦʡ ʜʘ ʠʟʤʠʥʝ ʥʘʜ ʩʪʦ ʢʠʣʦʤʝʪʨʘ ʩʧʨʷʤʦ 
ʤʷʩʪʦʪʦ ʥʘ ʠʟʣʠʪʘʥʝ. 



75 

 

ʊʦ ʥʷʤʘ ʜʘ ʝ ʩʣʫʯʘʡʥʦ: ʟʘ ʜʘ ʧʦʜʜʲʨʞʘʤʝ ʥʝʧʨʝʢʲʩʥʘʪʘ ʚʨʲʟʢʘ ʩʲʩ ʩʦʥʜʘʪʘ, ʜʦʢʘʪʦ ʝ 
ʠʟʚʲʥ 2g ʦʙʭʚʘʪ, ʪʨʷʙʚʘ ʜʘ ʠʤʘʤʝ ʧʨʷʢʘ ʚʠʜʠʤʦʩʪ ʩ ʥʝʷ. ʇʦʩʪʦʷʥʥʘʪʘ ʚʨʲʟʢʘ ʝ ʦʪ ʟʥʘʯʝʥʠʝ 
ʟʘʱʦʪʦ ʩʝ ʧʣʘʥʠʨʘ ʧʦʣʝʪʘ ʜʘ ʩʝ ʧʨʝʜʘʚʘ ʥʘ ʞʠʚʦ ʯʨʝʟ ʥʘʧʨʘʚʝʥ ʦʪ ʥʘʩ ʩʘʡʪ (ʬʠʛ 6,7), ʤʘʢʘʨ ʠ 
ʙʝʟ ʚʠʜʝʦ.  

 

 
ʌʠʛ.6. ʀʥʪʝʨʬʝʡʩʘ ʥʘ ʩʘʡʪʘ ʥʘ ɸʚʨʦʨʘ 

 

 
ʌʠʛ.7. ɼʠʘʛʨʘʤʘ ʦʪ ʩʘʡʪʘ ʥʘ ɸʚʨʦʨʘ 

 
ʊʲʡ ʢʘʪʦ ʥʝ ʩʤʝ ʥʘʧʲʣʥʦ ʩʠʛʫʨʥʠ, ʥʘʢʲʜʝ ʱʝ ʩʝ ʜʚʠʞʠ ʩʦʥʜʘʪʘ, ʤʷʩʪʦʪʦ ʪʨʷʙʚʘ ʜʘ ʠʤʘ 

ʛʣʝʜʢʘ ʢʲʤ ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ɹʲʣʛʘʨʠʷ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʪʦ ʪʨʷʙʚʘ ʜʘ ʝ ʜʦʩʪʲʧʥʦ ʩ 
ʘʚʪʦʤʦʙʠʣ ʠ ʙʣʠʟʢʦ ʜʦ ʥʘʩʝʣʝʥʦ ʤʷʩʪʦ, ʧʦʥʝʞʝ ʱʝ ʩʝ ʥʘʣʦʞʠ ʜʲʣʲʛ ʧʨʝʩʪʦʡ ʪʘʤ ʧʦ ʚʨʝʤʝ ʥʘ 
ʧʫʩʢʘʥʝʪʦ. ʊʝʟʠ ʜʚʝ ʠʟʠʩʢʚʘʥʠʷ ʩʘ ʚ ʠʟʚʝʩʪʥʘ ʩʪʝʧʝʥ ʥʝʩʲʚʤʝʩʪʠʤʠ. ʀʟʙʨʘʭʤʝ ʜʚʘ ʦʩʥʦʚʥʠ 
ʢʦʤʧʨʦʤʠʩʘ: ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʜʦʩʪʲʧʥʦʩʪʪʘ ʥʘʡ-ʧʦʜʭʦʜʷʱʘ ʝ ʐʫʤʝʥʩʢʘʪʘ ʦʙʩʝʨʚʘʪʦʨʠʷ. ʊ  ̫ʝ 
ʚ ʧʨʷʢʘ ʙʣʠʟʦʩʪ ʜʦ ʐʫʤʝʥ, ʘ ʐʫʤʝʥ ʝ ʙʣʠʟʦ ʜʦ ɺʘʨʥʘ. ɺ ʩʘʤʘʪʘ ʩʛʨʘʜʘ ʠʤʘ ʪʦʢ, ʢʦʝʪʦ ʝ ʫʜʦʙʥʦ 
ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʩʦʥʜʘʪʘ. ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ ʩʝ ʥʘʤʠʨʘ ʥʘ ʐʫʤʝʥʩʢʦʪʦ ʧʣʘʪʦ ʠ ʦʪ ʥʝʷ ʠʤʘ ʛʣʝʜʢʘ 
ʢʲʤ ɼʦʙʨʫʜʞʘ (ʬʠʛ 8.).  

ɸʢʦ ʩʪʘʙʠʣʥʘʪʘ ʚʨʲʟʢʘ ʝ ʦʪ ʢʣʶʯʦʚʦ ʟʥʘʯʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ ʙʘʟʠʨʘʤʝ ʥʘ ʚʨʲʭ ʐʠʧʢʘ. 
ɺʲʨʭʲʪ ʠʤʘ ʚʠʜʠʤʦʩʪ ʢʘʢʪʦ ʢʲʤ ɻʦʨʥʦʪʨʘʢʠʡʩʢʘʪʘ ʥʠʟʠʥʘ, ʪʘʢʘ ʠ ʢʲʤ ɼʫʥʘʚʩʢʘʪʘ ʨʘʚʥʠʥʘ ʠ 
ʈʫʤʲʥʠʷ (ʬʠʛ 9.). ʎʝʥʪʨʘʣʥʘ ʯʘʩʪ ʥʘ ɻʦʨʥʦʪʨʘʢʠʡʩʢʘʪʘ ʥʠʟʠʥʘ ʝ ʜʦʙʨʘ ʭʠʧʦʪʝʪʠʯʥʘ ʧʦʩʦʢʘ ʟʘ 
ʧʦʣʝʪ, ʧʦʥʝʞʝ ʝ ʤʘʢʩʠʤʘʣʥʦ ʜʘʣʝʯʝ ʦʪ ʜʨʫʛʠʪʝ ʜʲʨʞʘʚʠ ʠ ʏʝʨʥʦʪʦ ʤʦʨʝ. ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ ʐʠʧʢʘ 
ʝ ʟʥʘʯʠʤʦ ʤʷʩʪʦ ʟʘ ʙʲʣʛʘʨʩʢʘʪʘ ʠʩʪʦʨʠʷ, ʠ ʢʘʪʦ ʪʘʢʦʚʘ ʩʝ ʷʚʷʚʘ ʟʘʙʝʣʝʞʠʪʝʣʥʦʩʪ. ɿʘʪʦʚʘ ʪʘʤ 
ʦʩʚʝʥ ʩʘʤʠʷ ʧʘʤʝʪʥʠʢ ʩʘ ʠʟʛʨʘʜʝʥʠ ʧʲʪ ʠ ʧʘʨʢʠʥʛ, ʢʦʠʪʦ ʩʘ ʥʘʠʩʪʠʥʘ ʦʪ ʧʦʣʟʘ ʟʘ ʧʫʩʢʘʥʝʪʦ ʥʘ 
ʤʝʪʝʦʨʦʣʦʛʠʯʝʥ ʙʘʣʦʥ. ɺ ʙʣʠʟʦʩʪ ʜʦ ʚʲʨʭʘ ʩʝ ʥʘʤʠʨʘ ʝʜʥʦʠʤʝʥʥʦ ʩʝʣʦ, ʛʨʘʜ ʂʘʟʘʥʣʴʢ ʩʲʱʦ ʥʝ 
ʝ ʜʘʣʝʯʝ. 
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ʌʠʛ.8. ɻʣʝʜʢʘ ʦʪ ʐʫʤʝʥʩʢʘʪʘ ʦʙʩʝʨʚʘʪʦʨʠʷ ʢʲʤ ʙʘʣʦʥ ʥʘ ʚʠʩʦʯʠʥʘ 1 km 

 

 
 

ʌʠʛ.9. ɻʣʝʜʢʘ ʦʪ ʚ. ʐʠʧʢʘ ʢʲʤ ʙʘʣʦʥ ʥʘ ʚʠʩʦʯʠʥʘ 1 km 


