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ʂʥʠʛʠ ʜʣʷ ʣʶʙʠʪʝʣʝʡ ʘʩʪʨʦʥʦʤʠʠ 

 ʠʟ ʩʝʨʠʠ çɸʩʪʨʦʙʠʙʣʠʦʪʝʢʘè ʦʪ 'ɸʩʪʨʦʂɸ'  
 

ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʢʘʣʝʥʜʘʨʴ ʥʘ 2005 ʛʦʜ (ʘʨʭʠʚ ï 1,3 ʄʙ) 
http://files.mail.ru/79C92C0B0BB44ED0AAED7036CCB728C5  
 
ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʢʘʣʝʥʜʘʨʴ ʥʘ 2006 ʛʦʜ   http://astronet.ru/db/msg/1208871 
ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʢʘʣʝʥʜʘʨʴ ʥʘ 2007 ʛʦʜ   http://astronet.ru/db/msg/1216757  
ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʢʘʣʝʥʜʘʨʴ ʥʘ 2008 ʛʦʜ   http://astronet.ru/db/msg/1223333  
ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʢʘʣʝʥʜʘʨʴ ʥʘ 2009 ʛʦʜ   http://astronet.ru/db/msg/1232691  
ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʢʘʣʝʥʜʘʨʴ ʥʘ 2010 ʛʦʜ   http://astronet.ru/db/msg/1237912  
ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʢʘʣʝʥʜʘʨʴ ʥʘ 2011 ʛʦʜ   http://astronet.ru/db/msg/1250439 
ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʢʘʣʝʥʜʘʨʴ ʥʘ 2012 ʛʦʜ   http://astronet.ru/db/msg/1254282  
ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʢʘʣʝʥʜʘʨʴ ʥʘ 2013 ʛʦʜ   http://astronet.ru/db/msg/1256315  
ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʢʘʣʝʥʜʘʨʴ ʥʘ 2014 ʛʦʜ   http://astronet.ru/db/msg/1283238  
ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʢʘʣʝʥʜʘʨʴ ʥʘ 2015 ʛʦʜ   http://astronet.ru/db/msg/1310876  
ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʢʘʣʝʥʜʘʨʴ ʥʘ 2016 ʛʦʜ  http://www.astronet.ru/db/news/   
 
ʂʨʘʪʢʠʡ ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʢʘʣʝʥʜʘʨʴ ʥʘ 2016 - 2050 ʛʦʜʳ http://astronet.ru/db/msg/1335637     
ʂʨʘʪʢʠʡ ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʢʘʣʝʥʜʘʨʴ ʥʘ 2051 - 2200 ʛʦʜ rhttp://astronet.ru/db/msg/1336920  
ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʜʦ 2050 ʛʦʜʘ http://astronet.ru/db/msg/1280744  
 
ʉʦʣʥʝʯʥʦʝ ʟʘʪʤʝʥʠʝ 29 ʤʘʨʪʘ 2006 ʛʦʜʘ ʠ ʝʛʦ ʥʘʙʣʶʜʝʥʠʝ (ʘʨʭʠʚ ï 2,5 ʄʙ)  
http://www.astronet.ru/db/msg/1211721  
ʉʦʣʥʝʯʥʦʝ ʟʘʪʤʝʥʠʝ 1 ʘʚʛʫʩʪʘ 2008 ʛʦʜʘ ʠ ʝʛʦ ʥʘʙʣʶʜʝʥʠʝ (ʘʨʭʠʚ ï 8,2 ʄʙ) 
http://www.astronet.ru/db/msg/1228001  
 

ʂʦʤʝʪʳ ʠ ʠʭ ʤʝʪʦʜʳ ʠʭ ʥʘʙʣʶʜʝʥʠʡ (ʘʨʭʠʚ ï 2,3 ʄʙ)  
http://astronet.ru/db/msg/1236635  
 
ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʭʨʦʥʠʢʠ: 2004 ʛʦʜ (ʘʨʭʠʚ - 10 ʄʙ)  
http://www.astronet.ru/db/msg/1217007   
ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʭʨʦʥʠʢʠ: 2005 ʛʦʜ (ʘʨʭʠʚ ï 10 ʄʙ) 
 http://www.astronet.ru/db/msg/1217007   
ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʭʨʦʥʠʢʠ: 2006 ʛʦʜ (ʘʨʭʠʚ - 9,1 ʄʙ) 
 http://www.astronet.ru/db/msg/1219122 
ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʭʨʦʥʠʢʠ: 2007 ʛʦʜ (ʘʨʭʠʚ - 8,2 ʄʙ)  
http://www.astronet.ru/db/msg/1225438  
 
ʇʨʦʪʠʚʦʩʪʦʷʥʠʷ ʄʘʨʩʘ 2005 - 2012 ʛʦʜʳ (ʘʨʭʠʚ - 2 ʄʙ)  
http://www.astrogalaxy.ru/download/Mars2005_2012.zip  
 

ʂʘʣʝʥʜʘʨʴ ʥʘʙʣʶʜʘʪʝʣʷ ï ɺʘʰ ʥʝʠʟʤʝʥʥʳʡ ʩʧʫʪʥʠʢ ʚ  ʥʘʙʣʶʜʝʥʠʷʭ ʥʝʙʘ!   
ʂʅ ʥʘ ʤʘʨʪ 2016 ʛʦʜʘ http://www.astronet.ru/db/news/   

 
 

 
 

 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

ɾʫʨʥʘʣ çɿʝʤʣʷ ʠ ɺʩʝʣʝʥʥʘʷè - 
 ʠʟʜʘʥʠʝ ʜʣʷ ʣʶʙʠʪʝʣʝʡ ʘʩʪʨʦʥʦʤʠʠ 

 ʩ ʧʦʣʫʚʝʢʦʚʦʡ  ʠʩʪʦʨʠʝʡ   

http://earth-and-universe.narod.ru  

www.sciam.ru   / 

http://www.popmech.ru/ 

 

ɺʳʰʝʜʰʠʝ ʥʦʤʝʨʘ ʞʫʨʥʘʣʘ çʅʝʙʦʩʚʦʜè ʤʦʞʥʦ ʩʢʘʯʘʪʴ  
ʥʘ ʩʣʝʜʫʶʱʠʭ ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʘʭ: 
 
http://www.astronet.ru/db/sect/300000013 
http://www.astrogalaxy.ru  
http://www.shvedun.ru/nebosvod.htm 
http://www.astro.websib.ru/sprav/jurnalN (ʞʫʨʥʘʣ + ʚʩʝ ʥʦʤʝʨʘ ʂʅ) 
http://ivmk.net/lithos-astro.htm  
http://rutracker.org/forum/viewtopic.php?t=3606936 (ʚʩʝ ʥʦʤʝʨʘ) 
ʩʩʳʣʢʠ ʥʘ ʥʦʚʳʝ ʥʦʤʝʨʘ  - ʥʘ ʦʩʥʦʚʥʳʭ ʘʩʪʨʦʬʦʨʫʤʘʭé.  
 
 
 
 

http://www.vokrugsveta.ru
/ 

http://astronet.ru   

 ɺʩʝʣʝʥʥʘʷ.  ʇʨʦʩʪʨʘʥʩʪʚʦ. 
ɺʨʝʤʷ  http://wselennaya.com/  

 çɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ɺʝʩʪʥʠʢè 
ʅʎ ʂɸ-ɼɸʈ ï  
http://www.ka-dar.ru/observ   
e-mail info@ka-dar.ru    
http://www.ka-dar.ru/info/kdi-1.pdf 
http://www.ka-dar.ru/info/kdi-2-06.pdf  
http://www.ka-dar.ru/info/kdi-3-06.pdf  
http://www.ka-dar.ru/info/kdi-4-06.pdf 
http://www.ka-dar.ru/info/kdi-5.pdf 
http://www.ka-dar.ru/info/kdi-6.pdf 

 

 çɸʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʛʘʟʝʪʘè 
http://www.astro.websib.ru/astro/AstroGazeta/astrogazeta 
ʠ http://urfak.petrsu.ru/astronomy_archive/  

 

http://lenta.ru  

http://www.tvscience.ru/   

http://www.astronomy.ru/forum   

 http://www.vokrugsveta.ru
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  http://www.nkj.ru/   
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ʋʚʘʞʘʝʤʳʝ 

ʣʶʙʠʪʝʣʠ ʘʩʪʨʦʥʦʤʠʠ! 
 

ʄʝʨʮʘʥʴʝ ʟʚʝʟʜ ʧʦʛʘʩʠʪ ʩʥʦʧ ʨʘʩʩʚʝʪʘ,  

ʀ ʉʦʣʥʮʘ ʣʫʯ ʨʘʟʜʚʠʥʝʪ ʚʝʪʚʠ ʩʥʘ.  

ɺʦʨʚʝʪʩʷ ʚ ʜʝʥʴ ʠ ʚ ʞʠʟʥʴ ʩʪʨʦʢʘ ʧʦʵʪʘ,  

ʀ ʚ ʜʫʰʫ ʢ ʥʘʤ ʦʧʷʪʴ ʧʨʠʜʝʪ ʚʝʩʥʘ!  

 

ɺʝʩʥʘ ʫ ʣʶʙʠʪʝʣʝʡ ʘʩʪʨʦʥʦʤʠʠ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ 

ʨʘʚʥʦʜʝʥʩʪʚʠʝʤ. ɼʝʥʴ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʝʥ ʥʦʯʠ 20 

ʤʘʨʪʘ, ʘ ʟʘʪʝʤ ʜʦʣʛʦʪʘ ʜʥʷ ʩʪʨʝʤʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ. ɼʥʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʪʝʧʣʝʝ, ʭʦʪʷ ʟʠʤʘ ʝʱʝ ʥʝ 

ʭʦʯʝʪ ʦʪʜʘʚʘʪʴ ʩʚʦʠ ʧʨʘʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

ʨʘʩʩʚʝʪʥʳʭ ʯʘʩʦʚ ʚ ʩʨʝʜʥʝʡ ʧʦʣʦʩʝ ʈʦʩʩʠʠ ʤʦʞʝʪ 

ʠʥʦʛʜʘ ʦʧʫʩʢʘʪʴʩʷ ʜʦ -20 ʛʨʘʜʫʩʦʚ ʧʨʠ ʷʩʥʦʡ ʧʦʛʦʜʝ, 

ʥʦ ʚʝʩʥʘ ʩ ʢʘʞʜʳʤ ʜʥʝʤ ʟʘʚʦʝʚʳʚʘʝʪ ʪʝʨʨʠʪʦʨʠʶ 

ʩʪʨʘʥʳ ʚʩʝ ʜʘʣʴʰʝ ʢ ʩʝʚʝʨʫ. ʅʦ ʤʦʨʦʟʥʦʝ ʫʪʨʦ ʦʟʥʘ-

ʯʘʝʪ ʷʩʥʦʝ ʧʨʦʟʨʘʯʥʦʝ ʥʝʙʦ, ʠ ʭʦʣʦʜ ʥʝ ʦʩʪʘʥʦʚʠʪ 

ʠʩʪʠʥʥʦʛʦ ʣʶʙʠʪʝʣʷ ʘʩʪʨʦʥʦʤʠʠ, ʯʪʦʙʳ ʚ ʦʯʝʨʝʜʥʦʡ 

ʨʘʟ ʫʚʠʜʝʪʴ ʢʨʘʩʦʪʳ ɺʩʝʣʝʥʥʦʡ. ɺʝʯʝʨʥʝʝ ʥʝʙʦ ʤʘʨ-

ʪʘ ʙʦʛʘʪʦ ʷʨʢʠʤʠ ʟʚʝʟʜʘʤʠ ʠ ʩʦʟʚʝʟʜʠʷʤʠ, ʥʦ ʙʝʜʥʦ 

ʥʘ ʧʣʘʥʝʪʳ. ʃʠʰʴ ʖʧʠʪʝʨ, ʥʘʭʦʜʷʱʠʡʩʷ ʙʣʠʟ ʧʨʦ-

ʪʠʚʦʩʪʦʷʥʠʷ, ʫʢʨʘʰʘʝʪ ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʥʝʙʦʩʢʣʦʥʘ, 

ʜʘ ʃʫʥʘ ʧʦʩʣʝ ʥʦʚʦʣʫʥʠʷ ʧʦʜʥʠʤʘʝʪʩʷ ʚʳʩʦʢʦ ʥʘʜ 

ʛʦʨʠʟʦʥʪʦʤ. ɿʘʪʦ ʫʪʨʝʥʥʝʝ ʥʝʙʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʣʶ-

ʙʠʪʝʣʷʤ ʘʩʪʨʦʥʦʤʠʠ, ʭʦʪʷ ʠ ʠʟʨʷʜʥʦ ʧʦʨʝʜʝʚʰʠʡ, ʥʦ 

ʝʱʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʧʘʨʘʜ ʷʨʢʠʭ ʧʣʘʥʝʪ. ʍʦʪʷ 

ʄʝʨʢʫʨʠʡ ʠ ɺʝʥʝʨʘ ʝʱʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʪʨʝʥʥʝʤ 

ʥʝʙʝ, ʥʦ ʚʦʩʭʦʜʷʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʤʝʩʪʝ ʩ ʉʦʣʥʮʝʤ, 

ʧʦʵʪʦʤʫ ʥʘʙʣʶʜʘʪʴ ʠʭ ʤʦʞʥʦ ʪʦʣʴʢʦ ʜʥʝʤ (ʚ ʪʝʣʝ-

ʩʢʦʧ, ʩʦʙʣʶʜʘʷ ʦʩʪʦʨʦʞʥʦʩʪʴ ʚ ʚʠʜʫ ʙʣʠʟʢʦʛʦ 

ʉʦʣʥʮʘ!). ʉʘʪʫʨʥ, ʄʘʨʩ ʠ ʖʧʠʪʝʨ ʚʝʣʠʢʦʣʝʧʥʦ ʚʠʜ-

ʥʳ ʥʘ ʥʦʯʥʦʤ ʠ ʨʘʩʩʚʝʪʥʦʤ ʥʝʙʝ, ʠ ʥʘʙʣʶʜʝʥʠʝ ʠʭ 

ʜʘʞʝ ʚ ʩʘʤʳʡ ʩʢʨʦʤʥʳʡ ʪʝʣʝʩʢʦʧ ʜʦʩʪʘʚʠʪ ʤʘʩʩʫ 

ʫʜʦʚʦʣʴʩʪʚʠʷ. ʅʦ ʝʩʣʠ ʫ ʚʘʩ ʝʱʝ ʥʝʪ ʪʝʣʝʩʢʦʧʘ, ʘ ʚʳ 

ʥʝʧʨʝʤʝʥʥʦ ʭʦʪʠʪʝ ʫʚʠʜʝʪʴ ʪʦ, ʯʪʦ ʥʝ ʚʠʜʥʦ ʥʝʚʦ-

ʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ - ʧʦʩʝʪʠʪʝ ɸʩʪʨʦʬʝʩʪ, ʛʜʝ ʠʤʝʝʪ-

ʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʘʪʴ ʥʝʙʦ ʚ ʜʝʩʷʪʢʠ ʪʝʣʝʩʢʦ-

ʧʦʚ ʨʘʟʣʠʯʥʦʡ ʘʧʝʨʪʫʨʳ! ʕʪʦʪ ʝʞʝʛʦʜʥʳʡ ʬʝʩʪʠʚʘʣʴ 

ʣʶʙʠʪʝʣʝʡ ʘʩʪʨʦʥʦʤʠʠ - ʩʘʤʦʝ ʢʨʫʧʥʦʝ ʘʩʪʨʦʥʦʤʠ-

ʯʝʩʢʦʝ ʤʝʨʦʧʨʠʷʪʠʝ ʜʣʷ ʣʶʙʠʪʝʣʝʡ ʘʩʪʨʦʥʦʤʠʠ ʈʦʩ-

ʩʠʠ ʠ ʉʅɻ, ʢʦʪʦʨʦʝ ʚ ʵʪʦʤ ʛʦʜʫ ʧʨʦʡʜʝʪ ʚ ʧʦʜʤʦʩ-

ʢʦʚʥʦʤ ʧʘʥʩʠʦʥʘʪʝ ɽʨʰʦʚʦ ʩ 21 ʧʦ 24 ʘʧʨʝʣʷ. ʇʦ-

ʜʨʦʙʥʦʩʪʠ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʤʝʨʦʧʨʠʷʪʠʷʭ ʵʪʦʛʦ ʟʘ-

ʤʝʯʘʪʝʣʴʥʦʛʦ ʬʝʩʪʠʚʘʣʷ ʤʦʞʥʦ ʫʟʥʘʪʴ ʥʘ ʩʘʡʪʝ ɸʩʪ-

ʨʦʬʝʩʪ. ʇʦʩʝʪʠʪʝ ʝʛʦ ʠ ʥʘʧʠʰʠʪʝ ʦ ʩʚʦʠʭ ʚʧʝʯʘʪʣʝ-

ʥʠʷʭ ʚ ʞʫʨʥʘʣ çʅʝʙʦʩʚʦʜè. ʗʩʥʦʛʦ ʥʝʙʘ ʠ ʫʩʧʝʰʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ!  
ʀʩʢʨʝʥʥʝ ɺʘʰ    ɸʣʝʢʩʘʥʜʨ ʂʦʟʣʦʚʩʢʠʡ 
 

 

 

ȳɐɆɇɒɈɂɏɊɇ 
 

4  ȥɒɂɄɊɔɂɘɊɐɏɏɝɇ Ʉɐɍɏɝ ð ɐɔɌɒɝɔɝ! 

      ȪɅɐɒɞ ȪɄɂɏɐɄ 

13 ȰɃɜɇɌɔɝ Ȯɇɓɓɞɇ:  Ȯ51 

    ȯɊɌɐɍɂɋ ȦɢɎɊɏ 

17 ȪɏɔɇɒɄɞɠ 

    ȤɂɍɇɏɔɊɏɂ ȯɇɌɒɂɓɐɄɂ 

19 ȭɕɏɂ: ɆɒɕɅɂɡ ɓɔɐɒɐɏɂ 

    ȯɊɌɐɍɂɋ ȦɢɎɊɏ 

27 ȱɂɆɇɏɊɇ ɏɂ ɀɑɊɔɇɒ ɏɇɃɇɓɏɐɅɐ ɔɇɍɂ 

(2009)  

    30 ɍɕəɚɊɗ ɖɐɔɐɅɒɂɖɊɋ çȷɂɃɃɍɂè 

28 ȮɊɒ ɂɓɔɒɐɏɐɎɊɊ 10- ɍɇɔɊɇ ɏɂɉɂɆ  

    ȢɍɇɌɓɂɏɆɒ ȬɐɉɍɐɄɓɌɊɋ 

31 ȱɒɐɅɒɂɎɎɂ Ɇɍɡ ɒɂɓəɢɔɂ ɍɕɏɏɝɗ ɉɂɔɎɇɏɊɋ 

LmapWin 

    ȳɇɒɅɇɋ ȣɇɍɡɌɐɄ 

32 Ȣɓɔɒɐɖɐɔɐ: Ɏɐɡ Ʌɂɍɇɒɇɡ 

    ȦɎɊɔɒɊɋ ȳɇɍɇɉɏɇɄ 

33 ȱɐəɇɎɕ ɌɂɉɏɊɍɊ ȷɐ Ɋ ȷɊ? 

      ȳɇɒɅɇɋ ȸɕɌɂɏɐɄ 

35 ȱɐɍɏɐɇ ɓɐɍɏɇəɏɐɇ ɉɂɔɎɇɏɊɇ 9 Ɏɂɒɔɂ 

2016 ɅɐɆɂ 

    ȢɍɇɌɓɂɏɆɒ ȬɐɉɍɐɄɓɌɊɋ 

40 ȯɇɃɐ ɏɂɆ ɏɂɎɊ: ȮȢȲȴ ð 201 6 

    ȢɍɇɌɓɂɏɆɒ ȬɐɉɍɐɄɓɌɊɋ 

 
 

ʆʙʣʦʞʢʘ: ʆʙʣʘʩʪʴ ʟʚʝʟʜʦʦʙʨʘʟʦʚʘʥʠʷ S106 
 

ʄʘʩʩʠʚʥʘʷ ʟʚʝʟʜʘ IRS 4 ʥʘʯʠʥʘʝʪ ʨʘʩʧʨʘʚʣʷʪʴ ʢʨʳʣʴʷ. ʅʦʚʦʨʦʞʜʝʥʥʘʷ 

ʟʚʝʟʜʘ, ʢʦʪʦʨʦʡ ʚʩʝʛʦ ʩʪʦ ʪʳʩʷʯ ʣʝʪ, ʚʳʙʨʘʩʳʚʘʝʪ ʚʝʱʝʩʪʚʦ, ʬʦʨʤʠʨʫʷ 

ʪʫʤʘʥʥʦʩʪʴ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʐʘʨʧʣʝʩʩ 2-106 (S106), ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʵʪʦʡ 

ʬʦʪʦʛʨʘʬʠʠ. ʐʠʨʦʢʠʡ ʜʠʩʢ ʠʟ ʛʘʟʘ ʠ ʧʳʣʠ ʚʦʢʨʫʛ ʀʥʬʨʘʢʨʘʩʥʦʛʦ ʠʩʪʦʯ-

ʥʠʢʘ 4 (Infrared Source 4, IRS 4), ʠʟʦʙʨʘʞʝʥʥʳʡ ʢʦʨʠʯʥʝʚʳʤ ʮʚʝʪʦʤ ʚ 

ʮʝʥʪʨʝ ʢʘʨʪʠʥʢʠ, ʧʨʠʜʘʝʪ ʪʫʤʘʥʥʦʩʪʠ ʬʦʨʤʫ ʧʝʩʦʯʥʳʭ ʯʘʩʦʚ ʠʣʠ ʙʘʙʦʯʢʠ. 

ɻʘʟʦʚʘʷ ʪʫʤʘʥʥʦʩʪʴ S106 ʚʦʟʣʝ ʟʚʝʟʜʳ IRS 4 ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʵʤʠʩʩʠʦʥʥʘʷ 

ʪʫʤʘʥʥʦʩʪʴ: ʩʚʝʪ ʠʟʣʫʯʘʝʪʩʷ ʠʦʥʠʟʦʚʘʥʥʦʡ ʧʣʘʟʤʦʡ. ʇʳʣʴ ʚʜʘʣʝʢʝ ʦʪ IRS 4 

ʦʪʨʘʞʘʝʪ ʩʚʝʪ ʮʝʥʪʨʘʣʴʥʦʡ ʟʚʝʟʜʳ ʠ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʪʫʤʘʥʥʦʩʪʴʶ. 

ɼʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʬʨʘʢʨʘʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ S106 ʧʦʟʚʦʣʠʣʦ 

ʥʘʡʪʠ ʩʦʪʥʠ ʤʘʣʦʤʘʩʩʠʚʥʳʭ ʢʦʨʠʯʥʝʚʳʭ ʢʘʨʣʠʢʦʚ, ʩʢʨʳʚʘʶʱʠʭʩʷ ʚ ʛʘʟʝ 

ʪʫʤʘʥʥʦʩʪʠ. ʈʘʟʤʝʨ S106 ï ʦʢʦʣʦ 2 ʩʚʝʪʦʚʳʭ ʣʝʪ, ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ 

ʚ 2 ʪʳʩʷʯʘʭ ʩʚʝʪʦʚʳʭ ʣʝʪ ʦʪ ʥʘʩ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʩʦʟʚʝʟʜʠʝ ʃʝʙʝʜʷ. 

ɸʚʪʦʨʳ ʠ ʧʨʘʚʘ: ɹʨʝʥʜʦʥ ʇʠʤʝʥʪʘ   

ʇʝʨʝʚʦʜ: ɼ.ʖ.ʎʚʝʪʢʦʚʘ
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ȑȾȻȸȫȶ ȯȶɊ ȶɉȬȳȽȰȶȰȴ ȫȼȽȻȹȸȹȷȳȳ çȘȰȬȹȼȭȹȯè 
ʀʟʜʘʝʪʩʷ ʩ ʦʢʪʷʙʨʷ 2006 ʛʦʜʘ ʚ ʩʝʨʠʠ çɸʩʪʨʦʙʠʙʣʠʦʪʝʢʘè (ɸʩʪʨʦʂɸ) 

ɻʣ. ʨʝʜʘʢʪʦʨ, ʠʟʜʘʪʝʣʴ: ʂʦʟʣʦʚʩʢʠʡ ɸ.ʅ. (http://moscowaleks.narod.ru - çɻʘʣʘʢʪʠʢʘè, http://astrogalaxy.ru - çɸʩʪʨʦʛʘʣʘʢʪʠʢʘè) 
                                                                                                                                                            (ʩʦʟʜʘʥʳ ʨʝʜʘʢʪʦʨʦʤ ʞʫʨʥʘʣʘ ʩʦʚʤʝʩʪʥʦ ʩ ɸʣʝʢʩʘʥʜʨʦʤ ʂʨʝʤʝʥʯʫʮʢʠʤ) 

ʈʝʜʘʢʪʦʨ: ɼʤyʠʥ ʅ.ʀ., ɼʠʟʘʡʥʝʨ ʦʙʣʦʞʢʠ: ʅ. ʂʫʰʥʠʨ, offset@list.ru , ʢʦʨʨʝʢʪʦʨ ʉ. ɹʝʣʷʢʦʚ                     

ɺ ʨʘʙʦʪʝ ʥʘʜ ʞʫʨʥʘʣʦʤ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚʩʝ ʞʝʣʘʶʱʠʝ  ʃɸ ʈʦʩʩʠʠ ʠ ʉʅɻ 
E-mail ʨʝʜʘʢʮʠʠ: nebosvod_journal@mail.ru , ʚʝʙ-ʨʝʩʫʨʩ ʞʫʨʥʘʣʘ: http://www.astronet.ru/db/author/11506  

ʊʝʤʘ ʞʫʨʥʘʣʘ ʥʘ ɸʩʪʨʦʬʦʨʫʤʝ - http://www.astronomy.ru/forum/index.php/topic,19722.0.html 

ɺʝʙ-ʩʘʡʪʳ: http://astronet.ru, http://astrogalaxy.ru, http://astro.websib.ru, http://ka-dar.ru, http://astronomy.ru/forum   

ʉʚʝʨʩʪʘʥʦ 22.02.2016              É  ʅʝʙʦʩʚʦʜ, 2016 
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4 ˚̆̂̏̒̃̏̅ Τ χȟ φτυ6 
 

 

 

ʈʠʩ. 1. çɿʚʫʯʘʥʠʝè ʩʣʠʚʘʶʱʠʭʩʷ ʯʝʨʥʳʭ ʜʳʨ: ʠʟʤʝ-

ʨʝʥʥʘʷ LIGO ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-

ʚʦʣʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʚʨʝʤʝʥʠ. ʀʟʦʙʨʘʞʝʥʠʝ ʠʟ ʦʙ-

ʩʫʞʜʘʝʤʦʡ ʩʪʘʪʴʠ 

ɺ ʘʩʪʨʦʬʠʟʠʢʝ ʧʨʦʠʟʦʰʣʦ ʩʦʙʳʪʠʝ, ʢʦʪʦʨʦʛʦ 

ʞʜʘʣʠ ʜʝʩʷʪʠʣʝʪʠʷ. ʇʦʩʣʝ ʧʦʣʫʚʝʢʘ ʧʦʠʩʢʦʚ 

ʥʘʢʦʥʝʮ-ʪʦ ʦʪʢʨʳʪʳ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ, 

ʢʦʣʝʙʘʥʠʷ ʩʘʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʧʨʝʜ-

ʩʢʘʟʘʥʥʳʝ ʕʡʥʰʪʝʡʥʦʤ ʩʪʦ ʣʝʪ ʥʘʟʘʜ. 

14 ʩʝʥʪʷʙʨʷ 2015 ʛʦʜʘ ʦʙʥʦʚʣʝʥʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ 

LIGO ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-

ʚʦʣʥʦʚʦʡ ʚʩʧʣʝʩʢ, ʧʦʨʦʞʜʝʥʥʳʡ ʩʣʠʷʥʠʝʤ ʜʚʫʭ 

ʯʝʨʥʳʭ ʜʳʨ ʩ ʤʘʩʩʘʤʠ 29 ʠ 36 ʩʦʣʥʝʯʥʳʭ ʤʘʩʩ 

ʚ ʜʘʣʝʢʦʡ ʛʘʣʘʢʪʠʢʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʨʠʤʝʨʥʦ 

1,3 ʤʣʨʜ ʩʚʝʪʦʚʳʭ ʣʝʪ. ɻʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʘʷ 

ʘʩʪʨʦʥʦʤʠʷ ʩʪʘʣʘ ʧʦʣʥʦʧʨʘʚʥʳʤ ʨʘʟʜʝʣʦʤ ʬʠʟʠ-

ʢʠ; ʦʥʘ ʦʪʢʨʳʣʘ ʥʘʤ ʥʦʚʳʡ ʩʧʦʩʦʙ ʥʘʙʣʶʜʘʪʴ ʟʘ 

ɺʩʝʣʝʥʥʦʡ ʠ ʧʦʟʚʦʣʠʪ ʠʟʫʯʘʪʴ ʥʝʜʦʩʪʫʧʥʳʝ ʨʘʥʝʝ 

ʵʬʬʝʢʪʳ ʩʠʣʴʥʦʡ ʛʨʘʚʠʪʘʮʠʠ. 

 

ɻʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ 

 

ʊʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʠ ʤʦʞʥʦ ʧʨʠʜʫʤʳʚʘʪʴ ʨʘʟʥʳʝ. ɺʩʝ 

ʦʥʠ ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʪʴ ʥʘʰ ʤʠʨ, 

ʧʦʢʘ ʤʳ ʦʛʨʘʥʠʯʠʚʘʝʤʩʷ ʦʜʥʠʤ-ʝʜʠʥʩʪʚʝʥʥʳʤ ʝʝ 

ʧʨʦʷʚʣʝʥʠʝʤ ð ʥʴʶʪʦʥʦʚʩʢʠʤ ʟʘʢʦʥʦʤ ʚʩʝʤʠʨʥʦʛʦ 

ʪʷʛʦʪʝʥʠʷ. ʅʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ, ʙʦʣʝʝ ʪʦʥʢʠʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʝʥʳ ʥʘ ʤʘʩʰʪʘʙʘʭ ʉʦʣʥʝʯʥʦʡ ʩʠ-

ʩʪʝʤʳ, ʠ ʦʥʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʜʥʫ ʢʦʥʢʨʝʪʥʫʶ ʪʝʦ-

ʨʠ ʁð ʦʙʱʫʶ ʪʝʦʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʆʊʆ). 

 

ʆʊʆ ð ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʥʘʙʦʨ ʬʦʨʤʫʣ, ʵʪʦ ʧʨʠʥʮʠʧʠ-

ʘʣʴʥʳʡ ʚʟʛʣʷʜ ʥʘ ʩʫʪʴ ʛʨʘʚʠʪʘʮʠʠ. ɽʩʣʠ ʚ ʦʙʳʯʥʦʡ 

ʬʠʟʠʢʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʣʫʞʠʪ ʣʠʰʴ ʬʦʥʦʤ, ʚʤʝʩʪʠ-

ʣʠʱʝʤ ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʪʦ ʚ ʆʊʆ ʦʥʦ ʩʘʤʦ 

ʩʪʘʥʦʚʠʪʩʷ ʷʚʣʝʥʠʝʤ, ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ, ʢʦ-

ʪʦʨʘʷ ʤʝʥʷʝʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ ʟʘʢʦʥʘʤʠ ʆʊʆ. ɺʦʪ ʵʪʠ 

ʠʩʢʘʞʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚ-

ʥʦʛʦ ʬʦʥʘ ð ʠʣʠ, ʥʘ ʷʟʳʢʝ ʛʝʦʤʝʪʨʠʠ, ʠʩʢʘʞʝʥʠʷ 

ʤʝʪʨʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ð ʠ ʦʱʫʱʘʶʪʩʷ ʢʘʢ 

ʛʨʘʚʠʪʘʮʠʷ. ɻʦʚʦʨʷ ʢʨʘʪʢʦ, ʆʊʆ ʚʩʢʨʳʚʘʝʪ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʛʨʘʚʠʪʘʮʠʠ. 

 

ʋ ʆʊʆ ʝʩʪʴ ʚʘʞʥʝʡʰʝʝ ʧʨʝʜʩʢʘʟʘʥʠʝ: ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʳʝ ʚʦʣʥʳ. ʕʪʦ ʠʩʢʘʞʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ çʦʪʦʨʚʘʪʴʩʷ ʦʪ ʠʩʪʦʯʥʠʢʘè ʠ, ʩʘ-

ʤʦʧʦʜʜʝʨʞʠʚʘʷʩʴ, ʫʣʝʪʝʪʴ ʧʨʦʯʴ. ʕʪʦ ʛʨʘʚʠʪʘʮʠʷ 

ʩʘʤʘ ʧʦ ʩʝʙʝ, ʥʠʯʴʷ, ʩʚʦʷ ʩʦʙʩʪʚʝʥʥʘʷ. ɸʣʴʙʝʨʪ 

ʕʡʥʰʪʝʡʥ ʦʢʦʥʯʘʪʝʣʴʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʆʊʆ ʚ 

1915 ʛʦʜʫ ʠ ʧʦʯʪʠ ʩʨʘʟʫ ʧʦʥʷʣ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʠʤ 

ʫʨʘʚʥʝʥʠʷ ʜʦʧʫʩʢʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʠʭ ʚʦʣʥ. 

ʂʘʢ ʠ ʜʣʷ ʚʩʷʢʦʡ ʯʝʩʪʥʦʡ ʪʝʦʨʠʠ, ʪʘʢʦʝ ʯʝʪʢʦʝ ʧʨʝʜ-

ʩʢʘʟʘʥʠʝ ʆʊʆ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʦʚʝʨʝʥʦ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ. ʀʟʣʫʯʘʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ ʤʦʛʫʪ ʣʶ-

ʙʳʝ ʜʚʠʞʫʱʠʝʩʷ ʪʝʣʘ: ʠ ʧʣʘʥʝʪʳ, ʠ ʙʨʦʰʝʥʥʳʡ 

ʚʚʝʨʭ ʢʘʤʝʥʴ, ʠ ʚʟʤʘʭ ʨʫʢʠ. ʇʨʦʙʣʝʤʘ, ʦʜʥʘʢʦ, 

ʚ ʪʦʤ, ʯʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʦʣʴ 

ʩʣʘʙʦʝ, ʯʪʦ ʥʠʢʘʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʥʝ ʩʧʦʩʦʙʥʳ ʟʘʤʝʪʠʪʴ ʠʟʣʫʯʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʚʦʣʥ ʦʪ ʦʙʳʯʥʳʭ çʠʟʣʫʯʘʪʝʣʝʡè. 

 

ʏʪʦʙʳ çʧʦʛʥʘʪʴè ʤʦʱʥʫʶ ʚʦʣʥʫ, ʥʫʞʥʦ ʦʯʝʥʴ ʩʠʣʴ-

ʥʦ ʠʩʢʘʟʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ. ʀʜʝʘʣʴʥʳʡ ʚʘʨʠ-

ʘʥʪ ð ʜʚʝ ʯʝʨʥʳʝ ʜʳʨʳ, ʚʨʘʱʘʶʱʠʝʩʷ ʜʨʫʛ ʚʦʢʨʫʛ 

ʜʨʫʛʘ ʚ ʪʝʩʥʦʤ ʪʘʥʮʝ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʦʨʷʜʢʘ ʠʭ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ (ʨʠʩ. 2). ʀʩʢʘʞʝʥʠʷ ʤʝʪʨʠʢʠ 

ʙʫʜʫʪ ʩʪʦʣʴ ʩʠʣʴʥʳʤʠ, ʯʪʦ ʟʘʤʝʪʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ 

ʵʪʦʡ ʧʘʨʳ ʙʫʜʝʪ ʠʟʣʫʯʘʪʴʩʷ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣ-

ʥʳ. ʊʝʨʷʷ ʵʥʝʨʛʠʶ, ʧʘʨʘ ʙʫʜʝʪ ʩʙʣʠʞʘʪʴʩʷ, ʢʨʫʞʘʩʴ 

ʚʩʸ ʙʳʩʪʨʝʝ, ʠʩʢʘʞʘʷ ʤʝʪʨʠʢʫ ʚʩʸ ʩʠʣʴʥʝʝ ʠ ʧʦʨʦʞ-

ʜʘʷ ʝʱʝ ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ, ð 

ʧʦʢʘ, ʥʘʢʦʥʝʮ, ʥʝ ʧʨʦʠʟʦʡʜʝʪ ʢʘʨʜʠʥʘʣʴʥʘʷ ʧʝʨʝ-

ʩʪʨʦʡʢʘ ʚʩʝʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʵʪʦʡ ʧʘʨʳ ʠ ʜʚʝ 

ʯʝʨʥʳʭ ʜʳʨʳ ʥʝ ʩʦʣʴʶʪʩʷ ʚ ʦʜʥʫ. 

 

 

ʈʠʩ. 2. ʊʝʩʥʘʷ ʧʘʨʘ ʯʝʨʥʳʭ ʜʳʨ ʟʘ ʤʛʥʦʚʝʥʠʝ ʜʦ ʩʣʠ-

ʷʥʠʷ. ʀʟʦʙʨʘʞʝʥʠʝ ʩ ʩʘʡʪʘ ligo.org 

 

ʊʘʢʦʝ ʩʣʠʷʥʠʝ ʯʝʨʥʳʭ ʜʳʨ ð ʚʟʨʳʚ ʛʨʘʥʜʠʦʟʥʦʡ 

ʤʦʱʥʦʩʪʠ, ʥʦ ʪʦʣʴʢʦ ʫʭʦʜʠʪ ʚʩʷ ʵʪʘ ʠʟʣʫʯʝʥʥʘʷ 

ʵʥʝʨʛʠʷ ʥʝ ʚ ʩʚʝʪ, ʥʝ ʚ ʯʘʩʪʠʮʳ, ʘ ʚ ʢʦʣʝʙʘʥʠʷ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ. ʀʟʣʫʯʝʥʥʘʷ ʵʥʝʨʛʠʷ ʩʦʩʪʘʚʠʪ ʟʘʤʝʪʥʫʶ 

ʯʘʩʪʴ ʦʪ ʠʩʭʦʜʥʦʡ ʤʘʩʩʳ ʯʝʨʥʳʭ ʜʳʨ, ʠ ʚʳʧʣʝʩʥʝʪʩʷ 

ʵʪʦ ʠʟʣʫʯʝʥʠʝ ʟʘ ʜʦʣʠ ʩʝʢʫʥʜʳ. ɸʥʘʣʦʛʠʯʥʳʝ ʢʦʣʝ-

ʙʘʥʠʷ ʙʫʜʫʪ ʧʦʨʦʞʜʘʪʴ ʠ ʩʣʠʷʥʠʷ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ. 

ʏʫʪʴ ʙʦʣʝʝ ʩʣʘʙʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʦʡ ʚʳʙʨʦʩ  
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ʵʥʝʨʛʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪ ʠ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ, ʥʘʧʨʠʤʝʨ 

ʢʦʣʣʘʧʩ ʷʜʨʘ ʩʚʝʨʭʥʦʚʦʡ. 

 

ɻʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʦʡ ʚʩʧʣʝʩʢ ʦʪ ʩʣʠʷʥʠʷ ʜʚʫʭ 

ʢʦʤʧʘʢʪʥʳʭ ʦʙʲʝʢʪʦʚ ʠʤʝʝʪ ʦʯʝʥʴ ʢʦʥʢʨʝʪʥʳʡ, ʭʦ-

ʨʦʰʦ ʚʳʯʠʩʣʷʝʤʳʡ ʧʨʦʬʠʣʴ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 3. 

ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʟʘʜʘʝʪʩʷ ʦʨʙʠʪʘʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ 

ʜʚʫʭ ʦʙʲʝʢʪʦʚ ʜʨʫʛ ʚʦʢʨʫʛ ʜʨʫʛʘ. ɻʨʘʚʠʪʘʮʠʦʥʥʳʝ 

ʚʦʣʥʳ ʫʥʦʩʷʪ ʵʥʝʨʛʠʶ; ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʙʲʝʢʪʳ 

ʩʙʣʠʞʘʶʪʩʷ ʠ ʢʨʫʪʷʪʩʷ ʙʳʩʪʨʝʝ ð ʠ ʵʪʦ ʚʠʜʥʦ ʢʘʢ 

ʧʦ ʫʙʳʩʪʨʝʥʠʶ ʢʦʣʝʙʘʥʠʡ, ʪʘʢ ʠ ʧʦ ʫʩʠʣʝʥʠʶ ʘʤ-

ʧʣʠʪʫʜʳ. ɺ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʷʥʠʝ, 

ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʧʦʩʣʝʜʥʷʷ ʩʠʣʴʥʘʷ ʚʦʣʥʘ, ʘ ʟʘʪʝʤ 

ʩʣʝʜʫʝʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ çʧʦʩʣʝʟʚʦʥè (ringdown) ð 

ʜʨʦʞʘʥʠʝ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʯʝʨʥʦʡ ʜʳʨʳ, ʢʦʪʦʨʘʷ 

çʩʙʨʘʩʳʚʘʝʪè ʩ ʩʝʙʷ ʚʩʝ ʥʝʩʬʝʨʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ 

(ʵʪʘ ʩʪʘʜʠʷ ʥʘ ʢʘʨʪʠʥʢʝ ʥʝ ʧʦʢʘʟʘʥʘ). ɿʥʘʥʠʝ ʵʪʦʛʦ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦʤʦʛʘʝʪ ʬʠʟʠʢʘʤ ʠʩʢʘʪʴ 

ʩʣʘʙʳʡ ʩʠʛʥʘʣ ʦʪ ʪʘʢʦʛʦ ʩʣʠʷʥʠʷ ʚ ʩʠʣʴʥʦ ʟʘʰʫʤ-

ʣʝʥʥʳʭ ʜʘʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ. 

 

ʂʦʣʝʙʘʥʠʷ ʤʝʪʨʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ð ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʦʝ ʵʭʦ ʛʨʘʥʜʠʦʟʥʦʛʦ ʚʟʨʳʚʘ ð ʨʘʟ-

ʣʝʪʷʪʩʷ ʧʦ ɺʩʝʣʝʥʥʦʡ ʚʦ ʚʩʝ ʩʪʦʨʦʥʳ ʦʪ ʠʩʪʦʯʥʠʢʘ. 

ʀʭ ʘʤʧʣʠʪʫʜʘ ʦʩʣʘʙʝʚʘʝʪ ʩ ʨʘʩʩʪʦʷʥʠʝʤ, ʧʦ ʘʥʘʣʦ-

ʛʠʠ ʩ ʪʝʤ, ʢʘʢ ʧʘʜʘʝʪ ʷʨʢʦʩʪʴ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʥʝʛʦ. ʂʦʛʜʘ ʚʩʧʣʝʩʢ ʠʟ ʜʘʣʝʢʦʡ ʛʘ-

ʣʘʢʪʠʢʠ ʜʦʣʝʪʠʪ ʜʦ ɿʝʤʣʠ, ʢʦʣʝʙʘʥʠʷ ʤʝʪʨʠʢʠ ʙʫʜʫʪ 

ʧʦʨʷʜʢʘ 10ī22 ʠʣʠ ʜʘʞʝ ʤʝʥʴʰʝ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠ ʥʝ ʩʚʷʟʘʥʥʳʤʠ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ ʧʨʝʜʤʝʪʘʤʠ ʙʫʜʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠ ʫʚʝʣʠʯʠ-

ʚʘʪʴʩʷ ʠ ʫʤʝʥʴʰʘʪʴʩʷ ʥʘ ʪʘʢʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʝ-

ʣʠʯʠʥʫ. 

 

ʇʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ ʵʪʦʛʦ ʯʠʩʣʘ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʠʟ 

ʤʘʩʰʪʘʙʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ (ʩʤ. ʩʪʘʪʴʶ 

ɺ. ʄ. ʃʠʧʫʥʦʚʘ çɻʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʦʝ ʥʝʙʦè). 

ɺ ʤʦʤʝʥʪ ʩʣʠʷʥʠʷ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ ʠʣʠ ʯʝʨʥʳʭ 

ʜʳʨ ʟʚʝʟʜʥʳʭ ʤʘʩʩ ʠʩʢʘʞʝʥʠʷ ʤʝʪʨʠʢʠ ʧʨʷʤʦ ʨʷʜʦʤ 

ʩ ʥʠʤʠ ʦʯʝʥʴ ʙʦʣʴʰʠʝ ð ʧʦʨʷʜʢʘ 0,1, ʥʘ ʪʦ ʵʪʦ ʠ 

ʩʠʣʴʥʘʷ ʛʨʘʚʠʪʘʮʠʷ. ʉʪʦʣʴ ʩʫʨʦʚʦʝ ʠʩʢʘʞʝʥʠʝ ʟʘʪʨʘ-

ʛʠʚʘʝʪ ʦʙʣʘʩʪʴ ʧʦʨʷʜʢʘ ʨʘʟʤʝʨʦʚ ʵʪʠʭ ʦʙʲʝʢʪʦʚ, 

ʪʦ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʤʝʪʨʦʚ. ʇʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʠʩ-

ʪʦʯʥʠʢʘ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ ʧʘʜʘʝʪ ʦʙʨʘʪʥʦ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʩʩʪʦʷʥʠʶ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʥʘ ʨʘʩ- 

 

ʩʪʦʷʥʠʠ 100 ʄʧʢ = 3Ŀ1021 ʢʤ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ 

ʫʧʘʜʝʪ ʥʘ 21 ʧʦʨʷʜʦʢ ʠ ʩʪʘʥʝʪ ʧʦʨʷʜʢʘ 10ī22. 

ʂʦʥʝʯʥʦ, ʝʩʣʠ ʩʣʠʷʥʠʝ ʧʨʦʠʟʦʡʜʝʪ ʚ ʥʘʰʝʡ ʨʦʜʥʦʡ 

ɻʘʣʘʢʪʠʢʝ, ʜʦʰʝʜʰʘʷ ʜʦ ɿʝʤʣʠ ʜʨʦʞʴ ʧʨʦʩʪʨʘʥʩʪʚʘ-

ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʢʫʜʘ ʩʠʣʴʥʝʝ. ʅʦ ʪʘʢʠʝ ʩʦʙʳʪʠʷ ʧʨʦ-

ʠʩʭʦʜʷʪ ʨʘʟ ʚ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʣʝʪ. ʇʦʵʪʦʤʫ ʧʦ-

ʥʘʩʪʦʷʱʝʤʫ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʪʦʠʪ ʣʠʰʴ ʥʘ ʪʘʢʦʡ ʜʝ-

ʪʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʙʫʜʝʪ ʧʦʯʫʚʩʪʚʦʚʘʪʴ ʩʣʠ-

ʷʥʠʝ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ ʠʣʠ ʯʝʨʥʳʭ ʜʳʨ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʠ ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʤʝʛʘʧʘʨʩʝʢ, ʘ ʟʥʘʯʠʪ, ʦʭʚʘʪʠʪ 

ʤʥʦʛʠʝ ʪʳʩʷʯʠ ʠ ʤʠʣʣʠʦʥʳ ʛʘʣʘʢʪʠʢ. 

 

ɿʜʝʩʴ ʥʘʜʦ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʢʦʩʚʝʥʥʦʝ ʫʢʘʟʘʥʠʝ ʥʘ ʩʫ-

ʱʝʩʪʚʦʚʘʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʫʞʝ ʙʳʣʦ ʦʙʥʘ-

ʨʫʞʝʥʦ, ʠ ʟʘ ʥʝʛʦ ʜʘʞʝ ʧʨʠʩʫʜʠʣʠ ʅʦʙʝʣʝʚʩʢʫʶ 

ʧʨʝʤʠʶ ʧʦ ʬʠʟʠʢʝ ʟʘ 1993 ʛʦʜ. ʄʥʦʛʦʣʝʪʥʠʝ ʥʘʙʣʶ-

ʜʝʥʠʷ ʟʘ ʧʫʣʴʩʘʨʦʤ ʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ 

PSR B1913+16 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ ʨʦʚʥʦ ʪʘʢʠʤʠ ʪʝʤʧʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜ-

ʩʢʘʟʳʚʘʝʪ ʆʊʆ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʥʘ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʠʢʪʦ ʠʟ ʫʯʝʥʳʭ ʚ ʨʝʘʣʴʥʦʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ 

ʥʝ ʩʦʤʥʝʚʘʝʪʩʷ; ʚʦʧʨʦʩ ʣʠʰʴ ʚ ʪʦʤ, ʢʘʢ ʠʭ ʧʦʡʤʘʪʴ. 

 

ʀʩʪʦʨʠʷ ʧʦʠʩʢʦʚ 

 

ʇʦʠʩʢʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʩʪʘʨʪʦʚʘʣʠ ʧʨʠʤʝʨʥʦ 

ʧʦʣʚʝʢʘ ʥʘʟʘʜ ð ʠ ʧʦʯʪʠ ʩʨʘʟʫ ʦʙʝʨʥʫʣʠʩʴ ʩʝʥʩʘʮʠ-

ʝʡ. ɼʞʦʟʝʬ ɺʝʙʝʨ ʠʟ ʄʵʨʠʣʝʥʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʣ ʧʝʨʚʳʡ ʨʝʟʦʥʘʥʩʥʳʡ ʜʝʪʝʢʪʦʨ: 

ʮʝʣʴʥʳʡ ʜʚʫʭʤʝʪʨʦʚʳʡ ʘʣʶʤʠʥʠʝʚʳʡ ʮʠʣʠʥʜʨ 

ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʧʴʝʟʦʜʘʪʯʠʢʘʤʠ ʧʦ ʙʦʢʘʤ ʠ ʭʦ-

ʨʦʰʝʡ ʚʠʙʨʦʠʟʦʣʷʮʠʝʡ ʦʪ ʧʦʩʪʦʨʦʥʥʠʭ ʢʦʣʝʙʘʥʠʡ 

(ʨʠʩ. 4). ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʣʥʳ 

ʮʠʣʠʥʜʨ ʩʨʝʟʦʥʠʨʫʝʪ ʚ ʪʘʢʪ ʠʩʢʘʞʝʥʠʷʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ-ʚʨʝʤʝʥʠ, ʯʪʦ ʠ ʜʦʣʞʥʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʜʘʪ-

ʯʠʢʠ. ɺʝʙʝʨ ʧʦʩʪʨʦʠʣ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʜʝʪʝʢʪʦʨʦʚ, ʠ 

ʚ 1969 ʛʦʜʫ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠʭ ʧʦʢʘʟʘʥʠʷ ʚ ʭʦʜʝ 

ʦʜʥʦʛʦ ʠʟ ʩʝʘʥʩʦʚ, ʦʥ ʧʨʷʤʳʤ ʪʝʢʩʪʦʤ ʩʦʦʙʱʠʣ, ʯʪʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣ çʟʚʫʯʘʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥè 

ʩʨʘʟʫ ʚ ʥʝʩʢʦʣʴʢʠʭ ʜʝʪʝʢʪʦʨʘʭ, ʨʘʟʥʝʩʝʥʥʳʭ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʥʘ ʜʚʘ ʢʠʣʦʤʝʪʨʘ (J. Weber, 1969. Evidence for 

Discovery of Gravitational Radiation). ɿʘʷʚʣʝʥʥʘʷ ʠʤ 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʦʢʘʟʘʣʘʩʴ ʥʝʧʨʘʚʜʦʧʦʜʦʙʥʦ 

ʙʦʣʴʰʦʡ, ʧʦʨʷʜʢʘ 10ī16, ʪʦ ʝʩʪʴ ʚ ʤʠʣʣʠʦʥ ʨʘʟ 
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6 ˚̆̂̏̒̃̏̅ Τ χȟ φτυ6 
 

ʙʦʣʴʰʝ ʪʠʧʠʯʥʦʛʦ ʦʞʠʜʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ. ʉʦʦʙʱʝ- 

ʥʠʝ ɺʝʙʝʨʘ ʙʳʣʦ ʚʩʪʨʝʯʝʥʦ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ 

ʩ ʙʦʣʴʰʠʤ ʩʢʝʧʩʠʩʦʤ; ʢ ʪʦʤʫ ʞʝ ʜʨʫʛʠʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʚʦʦʨʫʞʠʚʰʠʩʴ ʧʦʭʦʞʠʤʠ ʜʝ-

ʪʝʢʪʦʨʘʤʠ, ʥʝ ʩʤʦʛʣʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʡʤʘʪʴ ʥʠ ʦʜ-

ʥʦʛʦ ʧʦʜʦʙʥʦʛʦ ʩʠʛʥʘʣʘ. 

 

ʆʜʥʘʢʦ ʫʩʠʣʠʷ ɺʝʙʝʨʘ ʜʘʣʠ ʪʦʣʯʦʢ ʚʩʝʡ ʵʪʦʡ ʦʙʣʘ-

ʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʟʘʧʫʩʪʠʣʠ ʦʭʦʪʫ ʟʘ ʚʦʣʥʘʤʠ. 

ʉ 1970-ʭ ʛʦʜʦʚ, ʫʩʠʣʠʷʤʠ ɺʣʘʜʠʤʠʨʘ ɹʨʘʛʠʥʩʢʦʛʦ ʠ 

ʝʛʦ ʢʦʣʣʝʛ ʠʟ ʄɻʋ, ʚ ʵʪʫ ʛʦʥʢʫ ʚʩʪʫʧʠʣ ʠ ʉʉʉʈ (ʩʤ. 

ʩʪʘʪʴʶ 1972 ʛʦʜʘ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-

ʚʦʣʥʦʚʳʭ ʩʠʛʥʘʣʦʚ). ʀʥʪʝʨʝʩʥʳʡ ʨʘʩʩʢʘʟ ʦ ʪʝʭ ʚʨʝ-

ʤʝʥʘʭ ʝʩʪʴ ʚ ʵʩʩʝ ɽʩʣʠ ʜʝʚʫʰʢʘ ʧʦʧʘʜʝʪ ʚ ʜʳʨʫ.... 

ɹʨʘʛʠʥʩʢʠʡ, ʢʩʪʘʪʠ, ð ʦʜʠʥ ʠʟ ʢʣʘʩʩʠʢʦʚ ʚʩʝʡ ʪʝʦ-

ʨʠʠ ʢʚʘʥʪʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ; ʦʥ ʧʝʨʚʳʤ 

ʧʨʠʰʝʣ ʢ ʧʦʥʷʪʠʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʧʨʝʜʝʣʘ 

ʠʟʤʝʨʝʥʠʡ ð ʢʣʶʯʝʚʦʤʫ ʦʛʨʘʥʠʯʝʥʠʶ ʚ ʦʧʪʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʷʭ ð ʠ ʧʦʢʘʟʘʣ, ʢʘʢ ʠʭ ʚ ʧʨʠʥʮʠʧʝ ʤʦʞʥʦ 

ʧʨʝʦʜʦʣʝʚʘʪʴ. ʈʝʟʦʥʘʥʩʥʘʷ ʩʭʝʤʘ ɺʝʙʝʨʘ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʣʘʩʴ, ʠ ʙʣʘʛʦʜʘʨʷ ʛʣʫʙʦʢʦʤʫ ʦʭʣʘʞʜʝʥʠʶ 

ʫʩʪʘʥʦʚʢʠ ʰʫʤʳ ʫʜʘʣʦʩʴ ʨʝʟʢʦ ʩʥʠʟʠʪʴ (ʩʤ. ʩʧʠʩʦʢ 

ʠ ʠʩʪʦʨʠʶ ʵʪʠʭ ʧʨʦʝʢʪʦʚ). ʆʜʥʘʢʦ ʪʦʯʥʦʩʪʴ ʪʘʢʠʭ 

ʮʝʣʴʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʝʢʪʦʨʦʚ ʚʩʸ ʝʱʝ ʙʳʣʘ ʥʝ-

ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʞʠʜʘʝ-

ʤʳʭ ʩʦʙʳʪʠʡ, ʜʘ ʠ ʢ ʪʦʤʫ ʞʝ ʦʥʠ ʥʘʩʪʨʦʝʥʳ ʨʝʟʦʥʠ-

ʨʦʚʘʪʴ ʣʠʰʴ ʥʘ ʦʯʝʥʴ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʚʙʣʠ-

ʟʠ ʢʠʣʦʛʝʨʮʘ. 

 

ʅʘʤʥʦʛʦ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʟʘʣʠʩʴ ʜʝʪʝʢʪʦʨʳ, 

ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʦʜʠʥ ʨʝʟʦʥʠʨʫʶʱʠʡ ʦʙʲ-

ʝʢʪ, ʘ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʥʝ 

ʩʚʷʟʘʥʥʳʤʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʥʝʟʘʚʠʩʠʤʦ ʧʦʜʚʝʰʝʥ-

ʥʳʤʠ ʪʝʣʘʤʠ, ʥʘʧʨʠʤʝʨ ʜʚʫʤʷ ʟʝʨʢʘʣʘʤʠ. ʀʟ-ʟʘ ʢʦ-

ʣʝʙʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚʳʟʚʘʥʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʚʦʣʥʦʡ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʝʨʢʘʣʘʤʠ ʙʫʜʝʪ ʪʦ ʯʫʪʴ 

ʙʦʣʴʰʝ, ʪʦ ʯʫʪʴ ʤʝʥʴʰʝ. ʇʨʠ ʵʪʦʤ ʯʝʤ ʙʦʣʴʰʝ ʜʣʠ-

ʥʘ ʧʣʝʯʘ, ʪʝʤ ʙʦʣʴʰʝʝ ʘʙʩʦʣʶʪʥʦʝ ʩʤʝʱʝʥʠʝ ʚʳʟʦ-

ʚʝʪ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʚʦʣʥʘ ʟʘʜʘʥʥʦʡ ʘʤʧʣʠʪʫʜʳ. ʕʪʠ 

ʢʦʣʝʙʘʥʠʷ ʩʤʦʞʝʪ ʧʦʯʫʚʩʪʚʦʚʘʪʴ ʣʘʟʝʨʥʳʡ ʣʫʯ, ʙʝ-

ʛʘʶʱʠʡ ʤʝʞʜʫ ʟʝʨʢʘʣʘʤʠ. ʊʘʢʘʷ ʩʭʝʤʘ ʩʧʦʩʦʙʥʘ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʢʦʣʝʙʘʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ, ʦʪ 10 ʛʝʨʮ ʜʦ 10 ʢʠʣʦʛʝʨʮ, ʠ ʵʪʦ ʠʤʝʥʥʦ ʪʦʪ 

ʠʥʪʝʨʚʘʣ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʫʪ ʠʟʣʫʯʘʪʴ ʩʣʠʚʘʶʱʠʝʩʷ 

ʧʘʨʳ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ ʠʣʠ ʯʝʨʥʳʭ ʜʳʨ ʟʚʝʟʜʥʳʭ 

ʤʘʩʩ. 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʡ ʠʜʝʠ ʥʘ ʦʩʥʦʚʝ ʠʥ-

ʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʡʢʝʣʴʩʦʥʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ (ʨʠʩ. 5). ɺ ʜʚʫʭ ʜʣʠʥʥʳʭ, ʜʣʠʥʦʡ 

ʚ ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʤʝʪʨʦʚ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʜʨʫʛ 

ʜʨʫʛʫ ʚʘʢʫʫʤʥʳʭ ʢʘʤʝʨʘʭ ʧʦʜʚʝʰʠʚʘʶʪʩʷ ʟʝʨʢʘʣʘ. 

ʅʘ ʚʭʦʜʝ ʚ ʫʩʪʘʥʦʚʢʫ ʣʘʟʝʨʥʳʡ ʣʫʯ ʨʘʩʱʝʧʣʷʝʪʩʷ, 

ʠʜʝʪ ʧʦ ʦʙʝʠʤ ʢʘʤʝʨʘʤ, ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʟʝʨʢʘʣ, ʚʦʟ-

ʚʨʘʱʘʝʪʩʷ ʦʙʨʘʪʥʦ ʠ ʚʥʦʚʴ ʩʦʝʜʠʥʷʝʪʩʷ 

ʚ ʧʦʣʫʧʨʦʟʨʘʯʥʦʤ ʟʝʨʢʘʣʝ. ɼʦʙʨʦʪʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʘ, ʧʦʵʪʦʤʫ ʣʘʟʝʨʥʳʡ 

ʣʫʯ ʥʝ ʧʨʦʩʪʦ ʧʨʦʭʦʜʠʪ ʦʜʠʥ ʨʘʟ ʪʫʜʘ-ʦʙʨʘʪʥʦ, ʘ 

ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʚ ʵʪʦʤ ʦʧʪʠʯʝʩʢʦʤ ʨʝʟʦʥʘʪʦʨʝ ʥʘʜʦʣ-

ʛʦ. ɺ çʩʧʦʢʦʡʥʦʤè ʩʦʩʪʦʷʥʠʠ ʜʣʠʥʳ ʧʦʜʦʙʨʘʥʳ ʪʘʢ, 

ʯʪʦʙʳ ʜʚʘ ʣʫʯʘ ʧʦʩʣʝ ʚʦʩʩʦʝʜʠʥʝʥʠʷ ʛʘʩʠʣʠ ʜʨʫʛ 

ʜʨʫʛʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʘʪʯʠʢʘ, ʠ ʪʦʛʜʘ ʬʦʪʦʜʝʪʝʢʪʦʨ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʧʦʣʥʦʡ ʪʝʥʠ. ʅʦ ʩʪʦʠʪ ʣʠʰʴ ʟʝʨʢʘʣʘʤ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʩʤʝʩʪʠʪʴʩʷ ʥʘ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʢʘʢ ʢʦʤʧʝʥʩʘʮʠʷ 

ʜʚʫʭ ʣʫʯʝʡ ʩʪʘʥʝʪ ʥʝʧʦʣʥʦʡ ʠ ʬʦʪʦʜʝʪʝʢʪʦʨ ʫʣʦʚʠʪ 

ʩʚʝʪ. ʀ ʯʝʤ ʩʠʣʴʥʝʝ ʩʤʝʱʝʥʠʝ, ʪʝʤ ʙʦʣʝʝ ʷʨʢʠʡ ʩʚʝʪ 

ʫʚʠʜʠʪ ʬʦʪʦʜʘʪʯʠʢ. 

 

 

ʈʠʩ. 5. ʇʨʠʥʮʠʧ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʠ-

ʨʦʚʘʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ. ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ ʚʦʣ-

ʥʘ ʠʩʢʘʞʘʝʪ ʜʣʠʥʫ ʜʚʫʭ ʧʣʝʯʝʡ ʚ ʧʨʦʪʠʚʦʬʘʟʝ, ʠʟ-ʟʘ 

ʯʝʛʦ ʪʦʯʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʩʚʝʪʘ ʥʘʨʫʰʘʝʪʩʷ ʠ ʬʦ-

ʪʦʜʝʪʝʢʪʦʨ ʨʝʛʠʩʪʨʠʨʫʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʠʟ ʩʪʘʪʴʠ D. Castelvecchi & A. Witze, 

2016. Einstein's gravitational waves found at last 

 

ʉʣʦʚʘ çʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʩʤʝʱʝʥʠʝè ʜʘʞʝ ʙʣʠʟʢʦ 

ʥʝ ʧʝʨʝʜʘʶʪ ʚʩʝʡ ʪʦʥʢʦʩʪʠ ʵʬʬʝʢʪʘ. ʉʤʝʱʝʥʠʝ ʟʝʨ-

ʢʘʣ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ ʩʚʝʪʘ, ʪʦ ʝʩʪʴ ʤʠʢʨʦʥ, ʟʘʤʝʪʠʪʴ 

ʧʨʦʱʝ ʧʨʦʩʪʦʛʦ ʜʘʞʝ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʫʭʠʱʨʝʥʠʡ. ʅʦ 

ʧʨʠ ʜʣʠʥʝ ʧʣʝʯʘ 4 ʢʤ ʵʪʦ ʦʪʚʝʯʘʝʪ ʢʦʣʝʙʘʥʠʷʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʩ ʘʤʧʣʠʪʫʜʦʡ 10ī10. ɿʘʤʝʪʠʪʴ 

ʩʤʝʱʝʥʠʝ ʟʝʨʢʘʣ ʥʘ ʜʠʘʤʝʪʨ ʘʪʦʤʘ ʪʦʞʝ ʥʝ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʧʨʦʙʣʝʤ ð ʜʦʩʪʘʪʦʯʥʦ ʟʘʧʫʩʪʠʪʴ ʣʘʟʝʨʥʳʡ 

 

ʈʠʩ. 4. ɼʞʦʟʝʬ ɺʝʙʝʨ ʥʘʩʪʨʘʠʚʘʝʪ ʩʚʦʡ ʜʝʪʝʢʪʦʨ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ. ʀʟʦʙʨʘʞʝʥʠʝ ʩ ʩʘʡʪʘ 
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ʣʫʯ, ʢʦʪʦʨʳʡ ʧʨʦʙʝʞʠʪ ʪʫʜʘ-ʩʶʜʘ ʪʳʩʷʯʠ ʨʘʟ ʠ ʧʦ-

ʣʫʯʠʪ ʥʫʞʥʳʡ ʥʘʙʝʛ ʬʘʟʳ. ʅʦ ʠ ʵʪʦ ʜʘʝʪ ʦʪ ʩʠ-

ʣ  r10ī14. ɸ ʥʘʤ ʥʫʞʥʦ ʩʧʫʩʪʠʪʴʩʷ ʧʦ ʰʢʘʣʝ ʩʤʝʱʝ-

ʥʠʡ ʝʱʝ ʚ ʤʠʣʣʠʦʥʳ ʨʘʟ, ʪʦ ʝʩʪʴ ʥʘʫʯʠʪʴʩʷ ʨʝʛʠ-

ʩʪʨʠʨʦʚʘʪʴ ʩʜʚʠʛ ʟʝʨʢʘʣʘ ʜʘʞʝ ʥʝ ʥʘ ʦʜʠʥ ʘʪʦʤ, ʘ ʥʘ 

ʪʳʩʷʯʥʳʝ ʜʦʣʠ ʘʪʦʤʥʦʛʦ ʷʜʨʘ! 

 

ʅʘ ʧʫʪʠ ʢ ʵʪʦʡ ʧʦʠʩʪʠʥʝ ʧʦʨʘʟʠʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʬʠʟʠʢʘʤ ʧʨʠʰʣʦʩʴ ʧʨʝʦʜʦʣʝʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʪʨʫʜʥʦ-

ʩʪʝʡ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʯʠʩʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ: ʪʨʝʙʫ-

ʝʪʩ̫ ʧʦʚʝʩʠʪʴ ʤʘʩʩʠʚʥʳʝ ʟʝʨʢʘʣʘ ʥʘ ʧʦʜʚʝʩʝ, ʢʦʪʦ-

ʨʳʡ ʚʠʩʠʪ ʥʘ ʜʨʫʛʦʤ ʧʦʜʚʝʩʝ, ʪʦʪ ʥʘ ʪʨʝʪʴʝʤ ʧʦʜʚʝ-

ʩʝ ʠ ʪʘʢ ʜʘʣʝʝ ð ʠ ʚʩʸ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ 

ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʧʦʩʪʦʨʦʥʥʝʡ ʚʠʙʨʘʮʠʠ. ɼʨʫʛʠʝ ʧʨʦ-

ʙʣʝʤʳ ʪʦʞʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ, ʥʦ ʦʧʪʠʯʝʩʢʠʝ. 

ʅʘʧʨʠʤʝʨ, ʯʝʤ ʤʦʱʥʝʝ ʣʫʯ, ʮʠʨʢʫʣʠʨʫʶʱʠʡ 

ʚ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʪʝʤ ʙʦʣʝʝ ʩʣʘʙʦʝ ʩʤʝʱʝʥʠʝ 

ʟʝʨʢʘʣ ʤʦʞʥʦ ʙʫʜʝʪ ʟʘʤʝʪʠʪʴ ʬʦʪʦʜʘʪʯʠʢʦʤ. ʅʦ 

ʩʣʠʰʢʦʤ ʤʦʱʥʳʡ ʣʫʯ ʙʫʜʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦ ʥʘʛʨʝ-

ʚʘʪʴ ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʯʪʦ ʧʘʛʫʙʥʦ ʩʢʘʞʝʪʩʷ ʥʘ 

ʩʚʦʡʩʪʚʘʭ ʩʘʤʦʛʦ ʣʫʯʘ. ʕʪʦʪ ʵʬʬʝʢʪ ʥʘʜʦ ʢʘʢ-ʪʦ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ, ʠ ʜʣʷ ʵʪʦʛʦ ʚ 2000-ʭ ʛʦʜʘʭ ʙʳʣʘ 

ʟʘʧʫʱʝʥʘ ʮʝʣʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ 

ʵʪʦʤʫ ʧʦʚʦʜʫ (ʨʘʩʩʢʘʟ ʦʙ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʤ. ʚ ʥʦʚʦʩʪʠ ʇʨʝʦʜʦʣʝʥʦ ʧʨʝʧʷʪʩʪʚʠʝ ʥʘ ʧʫʪʠ 

ʢ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʤʫ ʜʝʪʝʢʪʦʨʫ ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʳʭ ʚʦʣʥ, çʕʣʝʤʝʥʪʳè, 27.06.2006). ʅʘʢʦʥʝʮ, ʝʩʪʴ 

ʯʠʩʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʢʚʘʥʪʦʚʳʤ ʧʦʚʝʜʝʥʠʝʤ ʬʦʪʦʥʦʚ 

ʚ ʨʝʟʦʥʘʪʦʨʝ ʠ ʧʨʠʥʮʠʧʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʆʥʠ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʪʯʠʢʘ ʚʝʣʠʯʠʥʦʡ, 

ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʢʚʘʥʪʦʚʳʡ ʧʨʝʜʝʣ. 

ʆʜʥʘʢʦ ʬʠʟʠʢʠ ʩ ʧʦʤʦʱʴʶ ʭʠʪʨʦ ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ 

ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʘʟʝʨʥʦʛʦ ʩʚʝʪʘ ʫʞʝ ʥʘʫʯʠ-

ʣʠʩʴ ʧʨʝʦʜʦʣʝʚʘʪʴ ʠ ʝʛʦ (J. Aasi et al., 2013. Enhanced 

sensitivity of the LIGO gravitational wave detector by 

using squeezed states of light). 

 

ɺ ʛʦʥʢʝ ʟʘ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʚʦʣʥʘʤʠ ʫʯʘʩʪʚʫʝʪ ʮʝ-

ʣʳʡ ʩʧʠʩʦʢ ʩʪʨʘʥ; ʩʚʦʷ ʫʩʪʘʥʦʚʢʘ ʝʩʪʴ ʠ ʚ ʈʦʩʩʠʠ, 

ʚ ɹʘʢʩʘʥʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʠ ʦ ʥʝʡ, ʢʩʪʘʪʠ, ʨʘʩʩʢʘ-

ʟʳʚʘʝʪʩʷ ʚ ʜʦʢʫʤʝʥʪʘʣʴʥʦʤ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʦʤ 

ʬʠʣʴʤʝ ɼʤʠʪʨʠʷ ɿʘʚʠʣʴʛʝʣʴʩʢʦʛʦ çɺ ʦʞʠʜʘʥʠʠ ʚʦʣʥ 

ʠ ʯʘʩʪʠʮè. ʃʠʜʝʨʘʤʠ ʵʪʦʡ ʛʦʥʢʠ ʩʝʡʯʘʩ ʷʚʣʷʶʪʩʷ ʜʚʝ 

ʣʘʙʦʨʘʪʦʨʠʠ ð ʘʤʝʨʠʢʘʥʩʢʠʡ ʧʨʦʝʢʪ LIGO ʠ ʠʪʘ-

ʣʴʷʥʩʢʠʡ ʜʝʪʝʢʪʦʨ Virgo. LIGO ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ 

ʦʜʠʥʘʢʦʚʳʭ ʜʝʪʝʢʪʦʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʍʘʥʬʦʨʜʝ 

(ʰʪʘʪ ɺʘʰʠʥʛʪʦʥ) ʠ ʚ ʃʠʚʠʥʛʩʪʦʥʝ (ʰʪʘʪ ʃʫʠʟʠʘʥʘ) 

ʠ ʨʘʟʥʝʩʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 3000 ʢʤ. ʅʘʣʠʯʠʝ 

ʜʚʫʭ ʫʩʪʘʥʦʚʦʢ ʚʘʞʥʦ ʩʨʘʟʫ ʧʦ ʜʚʫʤ ʧʨʠʯʠʥʘʤ. ɺʦ-

ʧʝʨʚʳʭ, ʩʠʛʥʘʣ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ-

ʥʳʤ, ʪʦʣʴʢʦ ʝʩʣʠ ʝʛʦ ʫʚʠʜʷʪ ʦʙʘ ʜʝʪʝʢʪʦʨʘ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ. ɸ ʚʦ-ʚʪʦʨʳʭ, ʧʦ ʨʘʟʥʦʩʪʠ ʧʨʠʭʦʜʘ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʦ-ʚʦʣʥʦʚʦʛʦ ʚʩʧʣʝʩʢʘ ʥʘ ʜʚʝ ʫʩʪʘʥʦʚʢʠ ð ʘ 

ʦʥʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10 ʤʠʣʣʠʩʝʢʫʥʜ ð ʤʦʞʥʦ ʧʨʠ-

ʤʝʨʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʠʟ ʢʘʢʦʡ ʯʘʩʪʠ ʥʝʙʘ ʵʪʦʪ ʩʠʛʥʘʣ 

ʧʨʠʰʝʣ. ʇʨʘʚʜʘ, ʩ ʜʚʫʤʷ ʜʝʪʝʢʪʦʨʘʤʠ ʧʦʛʨʝʰʥʦʩʪʴ 

ʙʫʜʝʪ ʦʯʝʥʴ ʙʦʣʴʰʦʡ, ʥʦ ʢʦʛʜʘ ʚ ʨʘʙʦʪʫ ʚʩʪʫʧʠʪ 

Virgo, ʪʦʯʥʦʩʪʴ ʟʘʤʝʪʥʦ ʧʦʚʳʩʠʪʩʷ. 

 

ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʚʧʝʨʚʳʝ ʠʜʝʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦ-

ʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʙʳʣʘ ʧʨʝʜ-

ʣʦʞʝʥʘ ʩʦʚʝʪʩʢʠʤʠ ʬʠʟʠʢʘʤ ʄ. ɽ. ɻʝʨʮʝʥʰʪʝʡʥʦʤ ʠ 

ɺ. ʀ. ʇʫʩʪʦʚʦʡʪʦʤ ʚ ʜʘʣʝʢʦʤ 1962 ʛʦʜʫ. ʊʦʛʜʘ ʪʦʣʴ-

ʢʦ-ʪʦʣʴʢʦ ʙʳʣ ʧʨʠʜʫʤʘʥ ʣʘʟʝʨ, ʘ ɺʝʙʝʨ ʧʨʠʩʪʫʧʘʣ 

ʢ ʩʦʟʜʘʥʠʶ ʩʚʦʠʭ ʨʝʟʦʥʘʥʩʥʳʭ ʜʝʪʝʢʪʦʨʦʚ. ʆʜʥʘʢʦ 

ʵʪʘ ʩʪʘʪʴʷ ʥʝ ʙʳʣʘ ʟʘʤʝʯʝʥʘ ʥʘ ɿʘʧʘʜʝ ʠ, ʛʦʚʦʨʷ ʧʦ 

ʧʨʘʚʜʝ, ʥʝ ʧʦʚʣʠʷʣʘ ʥʘ ʨʘʟʚʠʪʠʝ ʨʝʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ 

(ʩʤ. ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʙʟʦʨ Physics of gravitational wave 

detection: resonant and interferometric detectors). 

 

ʉʦʟʜʘʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ LIGO ʙʳʣʦ 

ʠʥʠʮʠʘʪʠʚʦʡ ʪʨʝʭ ʫʯʝʥʳʭ ʠʟ ʄʘʩʩʘʯʫʩʝʪʩʢʦʛʦ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (MIT) ʠ ʠʟ ʂʘʣʠʬʦʨʥʠʡ-

ʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʂʘʣʪʝʭʘ). ʕʪʦ 

ʈʘʡʥʝʨ ɺʘʡʩʩ (Rainer Weiss), ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʦʚʘʣ 

ʠʜʝʶ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-

ʚʦʣʥʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʈʦʥʘʣʴʜ ɼʨʠʚʝʨ (Ronald 

Drever), ʜʦʙʠʚʰʠʡʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʩʚʝʪʘ, ʠ ʂʠʧ ʊʦʨʥ, ʪʝʦʨʝʪʠʢ-

ʚʜʦʭʥʦʚʠʪʝʣʴ ʧʨʦʝʢʪʘ, ʥʳʥʝ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʰʠ-

ʨʦʢʦʡ ʧʫʙʣʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʫʯʥʦʛʦ ʢʦʥʩʫʣʴʪʘʥʪʘ 

ʬʠʣʴʤʘ çʀʥʪʝʨʩʪʝʣʣʘʨè. ʆ ʨʘʥʥʝʡ ʠʩʪʦʨʠʠ ʩʦʟʜʘʥʠʷ 

LIGO ʤʦʞʥʦ ʧʨʦʯʠʪʘʪʴ ʚ ʥʝʜʘʚʥʝʤ ʠʥʪʝʨʚʴʶ ʈʘʡʥʝ-

ʨʘ ɺʘʡʩʩʘ ʠ ʚ ʚʦʩʧʦʤʠʥʘʥʠʷʭ ɼʞʦʥʘ ʇʨʝʩʢʠʣʣʘ. 

 

ɼʝʷʪʝʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʨʦʝʢʪʦʤ ʠʥʪʝʨʬʝʨʦʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ, 

ʥʘʯʘʣʘʩʴ ʚ ʢʦʥʮʝ 1970-ʭ ʛʦʜʦʚ, ʠ ʧʦʥʘʯʘʣʫ ʨʝʘʣʴ-

ʥʦʩʪʴ ʵʪʦʡ ʟʘʪʝʠ ʪʦʞʝ ʫ ʤʥʦʛʠʭ ʚʳʟʳʚʘʣʘ ʩʦʤʥʝʥʠʷ. 

ʆʜʥʘʢʦ ʧʦʩʣʝ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʷʜʘ ʧʨʦʪʦʪʠʧʦʚ ʙʳʣ 

ʥʘʧʠʩʘʥ ʠ ʦʜʦʙʨʝʥ ʥʳʥʝʰʥʠʡ ʧʨʦʝʢʪ LIGO. ɽʛʦ 

ʩʪʨʦʠʣʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ 

XX ʚʝʢʘ.  

 

 

ʍʦʪʷ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʠʤʧʫʣʴʩ ʧʨʦʝʢʪʫ ʟʘʜʘʣʠ 

ʉʐɸ, ʦʙʩʝʨʚʘʪʦʨʠʷ LIGO ʷʚʣʷʝʪʩʷ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʧʨʦʝʢʪʦʤ. ɺ ʥʝʛʦ ʚʣʦʞʠʣʠʩʴ, ʬʠ-

ʥʘʥʩʦʚʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦ, 15 ʩʪʨʘʥ, ʠ ʯʣʝʥʘʤʠ 

ʢʦʣʣʘʙʦʨʘʮʠʠ ʯʠʩʣʷʪʩʷ ʩʚʳʰʝ ʪʳʩʷʯʠ ʯʝʣʦʚʝʢ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʩʳʛʨʘʣʠ ʩʦʚʝʪ-

ʩʢʠʝ ʠ ʨʦʩʩʠʡʩʢʠʝ ʬʠʟʠʢʠ. ʉ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʘʢʪʠʚʥʦʝ 

ʫʯʘʩʪʠʝ ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ LIGO ʧʨʠʥʠʤʘʣʘ ʫʞʝ 

ʫʧʦʤʷʥʫʪʘʷ ʛʨʫʧʧʘ ɺʣʘʜʠʤʠʨʘ ɹʨʘʛʠʥʩʢʦʛʦ ʠʟ ʄɻʋ, 

ʘ ʧʦʟʞʝ ʢ ʢʦʣʣʘʙʦʨʘʮʠʠ ʧʨʠʩʦʝʜʠʥʠʣʩʷ ʠ ʀʥʩʪʠʪʫʪ 

ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʠʟ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ. 

 

ʆʙʩʝʨʚʘʪʦʨʠʷ LIGO ʟʘʨʘʙʦʪʘʣʘ ʚ 2002 ʛʦʜʫ ʠ ʚʧʣʦʪʴ 

ʜʦ 2010 ʛʦʜʘ ʥʘ ʥʝʡ ʧʨʦʰʣʦ ʰʝʩʪʴ ʥʘʫʯʥʳʭ ʩʝʘʥʩʦʚ 

ʥʘʙʣʶʜʝʥʠʡ. ʅʠʢʘʢʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʳʭ 

ʚʩʧʣʝʩʢʦʚ ʜʦʩʪʦʚʝʨʥʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ, ʠ ʬʠʟʠ-

ʢʠ ʩʤʦʛʣʠ ʣʠʰʴ ʫʩʪʘʥʦʚʠʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʩʚʝʨʭʫ ʥʘ 

ʯʘʩʪʦʪʫ ʪʘʢʠʭ ʩʦʙʳʪʠʡ. ʕʪʦ, ʚʧʨʦʯʝʤ, ʥʝ ʩʣʠʰʢʦʤ 

ʈʠʩ. 6. ɻʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʦʡ ʜʝʪʝʢʪʦʨ 

ʚ ʍʘʥʬʦʨʜʝ ð ʦʜʠʥ ʠʟ ʜʚʫʭ ʜʝʪʝʢʪʦʨʦʚ ʦʙʩʝʨʚʘʪʦ-

ʨʠʠ LIGO. ʀʟʦʙʨʘʞʝʥʠʝ ʠʟ ʩʪʘʪʴʠ M. Mitchell Wal-

drop, 2016. The hundred-year quest for gravitational 

waves ð in pictures 
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ʠʭ ʫʜʠʚʣʷʣʦ: ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʣʠ, ʯʪʦ ʚ ʪʦʡ ʯʘʩʪʠ 

ɺʩʝʣʝʥʥʦʡ, ʢʦʪʦʨʫʶ ʪʦʛʜʘ çʧʨʦʩʣʫʰʠʚʘʣè ʜʝʪʝʢʪʦʨ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʦʛʦ ʢʘʪʘʢʣʠʟʤʘ ʙʳʣʘ 

ʥʝʚʝʣʠʢʘ: ʧʨʠʤʝʨʥʦ ʦʜʠʥ ʨʘʟ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʣʝʪ. 

 

ʌʠʥʠʰʥʘʷ ʧʨʷʤʘʷ 

 

ʉ 2010 ʧʦ 2015 ʛʦʜʳ ʢʦʣʣʘʙʦʨʘʮʠʠ LIGO ʠ Virgo 

ʢʘʨʜʠʥʘʣʴʥʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʣʠ ʘʧʧʘʨʘʪʫʨʫ (Virgo, 

ʚʧʨʦʯʝʤ, ʝʱʝ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ). ʀ ʚʦʪ ʪʝʧʝʨʴ 

ʜʦʣʛʦʞʜʘʥʥʘʷ ʮʝʣʴ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ. 

LIGO ð ʘ ʪʦʯʥʝʝ, aLIGO (Advanced LIGO) ð ʪʝʧʝʨʴ 

ʙʳʣʘ ʛʦʪʦʚʘ ʦʪʣʘʚʣʠʚʘʪʴ ʚʩʧʣʝʩʢʠ, ʧʦʨʦʞʜʝʥʥʳʝ 

ʥʝʡʪʨʦʥʥʳʤʠ ʟʚʝʟʜʘʤʠ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

60 ʤʝʛʘʧʘʨʩʝʢ, ʠ ʯʝʨʥʳʤʠ ʜʳʨʘʤʠ ð ʚ ʩʦʪʥʠ ʤʝʛʘ-

ʧʘʨʩʝʢ. ʆʙʲʝʤ ɺʩʝʣʝʥʥʦʡ, ʦʪʢʨʳʪʦʡ ʜʣʷ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦ-ʚʦʣʥʦʚʦʛʦ ʧʨʦʩʣʫʰʠʚʘʥʠʷ, ʚʳʨʦʩ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʧʨʦʰʣʳʤʠ ʩʝʘʥʩʘʤʠ ʚ ʜʝʩʷʪʢʠ ʨʘʟ. 

 

ʂʦʥʝʯʥʦ, ʥʝʣʴʟʷ ʧʨʝʜʩʢʘʟʘʪʴ, ʢʦʛʜʘ ʠ ʛʜʝ ʙʫʜʝʪ ʩʣʝ-

ʜʫʶʱʠʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʦʡ çʙʘʙʘʭè. ʅʦ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʙʥʦʚʣʝʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʧʦʟʚʦʣʷʣʘ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʣʠʷʥʠʡ ʥʝʡʪʨʦʥʥʳʭ 

ʟʚʝʟʜ ʚ ʛʦʜ, ʪʘʢ ʯʪʦ ʧʝʨʚʳʡ ʚʩʧʣʝʩʢ ʤʦʞʥʦ ʙʳʣʦ 

ʦʞʠʜʘʪʴ ʫʞʝ ʚ ʭʦʜʝ ʧʝʨʚʦʛʦ ʯʝʪʳʨʝʭʤʝʩʷʯʥʦʛʦ ʩʝʘʥ-

ʩʘ ʥʘʙʣʶʜʝʥʠʡ. ɽʩʣʠ ʞʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʚʝʩʴ ʧʨʦʝʢʪ 

aLIGO ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʚ ʥʝʩʢʦʣʴʢʦ ʣʝʪ, ʪʦ ʚʝʨʜʠʢʪ 

ʙʳʣ ʧʨʝʜʝʣʴʥʦ ʷʩʥʳʤ: ʣʠʙʦ ʚʩʧʣʝʩʢʠ ʧʦʩʳʧʣʶʪʩʷ 

ʦʜʠʥ ʟʘ ʜʨʫʛʠʤ, ʣʠʙʦ ʯʪʦ-ʪʦ ʚ ʆʊʆ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʝ ʨʘʙʦʪʘʝʪ. ʀ ʪʦ, ʠ ʜʨʫʛʦʝ ʩʪʘʥʝʪ ʙʦʣʴʰʠʤ ʦʪʢʨʳ-

ʪʠʝʤ. 

 

ʉ 18 ʩʝʥʪʷʙʨʷ 2015 ʛʦʜʘ ʜʦ 12 ʷʥʚʘʨʷ 2016 ʛʦʜʘ 

ʧʨʦʰʝʣ ʧʝʨʚʳʡ ʩʝʘʥʩ ʥʘʙʣʶʜʝʥʠʡ aLIGO. ɺ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʧʦ ʠʥʪʝʨʥʝʪʫ ʛʫʣʷʣʠ ʩʣʫʭʠ 

ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ, ʥʦ ʢʦʣʣʘʙʦʨʘ-

ʮʠʷ ʭʨʘʥʠʣʘ ʤʦʣʯʘʥʠʝ: çʤʳ ʥʘʙʠʨʘʝʤ ʠ ʘʥʘʣʠʟʠʨʫʝʤ 

ʜʘʥʥʳʝ ʠ ʧʦʢʘ ʥʝ ʛʦʪʦʚʳ ʩʦʦʙʱʠʪʴ ʦ ʨʝʟʫʣʴʪʘʪʘʭè. 

ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʪʨʠʛʫ ʩʦʟʜʘʚʘʣʦ ʪʦ, ʯʪʦ 

ʚ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʩʘʤʠ ʯʣʝʥʳ ʢʦʣʣʘʙʦʨʘʮʠʠ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʫʚʝʨʝʥʳ, ʯʪʦ ʦʥʠ ʚʠʜʷʪ ʨʝ-

ʘʣʴʥʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʦʡ ʚʩʧʣʝʩʢ. ɼʝʣʦ ʚ 

ʪʦʤ, ʯʪʦ ʚ LIGO ʚ ʧʦʪʦʢ ʥʘʩʪʦʷʱʠʭ ʜʘʥʥʳʭ ʠʟʨʝʜʢʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʥʝʜʨʷʝʪʩʷ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʥʘ ʢʦʤ-

ʧʴʶʪʝʨʝ ʚʩʧʣʝʩʢ. ʆʥ ʥʘʟʳʚʘʝʪʩʷ çʩʣʝʧʦʡ ʚʙʨʦʩè, 

blind injection, ʠ ʠʟ ʚʩʝʡ ʛʨʫʧʧʳ ʪʦʣʴʢʦ ʪʨʠ ʯʝʣʦʚʝ-

ʢʘ (!) ʠʤʝʶʪ ʜʦʩʪʫʧ ʢ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʝʛʦ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʂʦʣʣʝʢʪʠʚ 

ʜʦʣʞʝʥ ʦʪʩʣʝʜʠʪʴ ʵʪʦʪ ʚʩʧʣʝʩʢ, ʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʛʦ, ʠ ʪʦʣʴʢʦ ʥʘ ʩʘʤʳʭ ʧʦʩʣʝʜʥʠʭ 

ʵʪʘʧʘʭ ʘʥʘʣʠʟʘ çʦʪʢʨʳʚʘʶʪʩʷ ʢʘʨʪʳè ʠ ʯʣʝʥʳ ʢʦʣ-

ʣʘʙʦʨʘʮʠʠ ʫʟʥʘʶʪ, ʙʳʣʦ ʵʪʦ ʨʝʘʣʴʥʳʤ ʩʦʙʳʪʠʝʤ ʠʣʠ 

ʞʝ ʧʨʦʚʝʨʢʦʡ ʥʘ ʙʜʠʪʝʣʴʥʦʩʪʴ. ʄʝʞʜʫ ʧʨʦʯʠʤ, 

ʚ ʦʜʥʦʤ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚ 2010 ʛʦʜʫ ʜʝʣʦ ʜʘʞʝ ʜʦʰʣʦ 

ʜʦ ʥʘʧʠʩʘʥʠʷ ʩʪʘʪʴʠ, ʥʦ ʦʙʥʘʨʫʞʝʥʥʳʡ ʪʦʛʜʘ ʩʠʛʥʘʣ 

ʦʢʘʟʘʣʩʷ ʠʤʝʥʥʦ çʩʣʝʧʳʤ ʚʙʨʦʩʦʤè. 

 

ʃʠʨʠʯʝʩʢʦʝ ʦʪʩʪʫʧʣʝʥʠʝ 

 

ʏʪʦʙʳ ʝʱʝ ʨʘʟ ʧʦʯʫʚʩʪʚʦʚʘʪʴ ʪʦʨʞʝʩʪʚʝʥʥʦʩʪʴ ʤʦ-

ʤʝʥʪʘ, ʷ ʧʨʝʜʣʘʛʘʶ ʚʟʛʣʷʥʫʪʴ ʥʘ ʵʪʫ ʠʩʪʦʨʠʶ 

ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟʥʫʪʨʠ ʥʘʫʢʠ. ʂʦʛʜʘ ʩʣʦʞʥʘʷ, 

ʥʝʧʨʠʩʪʫʧʥʘʷ ʥʘʫʯʥʘʷ ʟʘʜʘʯʘ ʥʝ ʧʦʜʜʘʝʪʩʷ ʥʝʩʢʦʣʴ-

ʢʦ ʣʝʪ ð ʵʪʦ ʦʙʳʯʥʳʡ ʨʘʙʦʯʠʡ ʤʦʤʝʥʪ. ʂʦʛʜʘ ʦʥʘ 

ʥʝ ʧʦʜʜʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʛʦ ʧʦʢʦʣʝʥʠʷ, 

ʦʥʘ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʠʥʘʯʝ. 

 

ʐʢʦʣʴʥʠʢʦʤ ʪʳ ʯʠʪʘʝʰʴ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʝ ʢʥʠʞ-

ʢʠ ʠ ʫʟʥʘʝʰʴ ʧʨʦ ʵʪʫ ʩʣʦʞʥʫʶ ʜʣʷ ʨʝʰʝʥʠʷ, ʥʦ 

ʩʪʨʘʰʥʦ ʠʥʪʝʨʝʩʥʫʶ ʥʘʫʯʥʫʶ ʟʘʛʘʜʢʫ. ʉʪʫʜʝʥʪʦʤ 

ʪʳ ʠʟʫʯʘʝʰʴ ʬʠʟʠʢʫ, ʜʝʣʘʝʰʴ ʜʦʢʣʘʜʳ, ʠ ʠʥʦʛʜʘ, 

ʢ ʤʝʩʪʫ ʠʣʠ ʥʝʪ, ʣʶʜʠ ʚʦʢʨʫʛ ʪʝʙʷ ʥʘʧʦʤʠʥʘʶʪ ʦ ʝʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ. ʇʦʪʦʤ ʪʳ ʩʘʤ ʟʘʥʠʤʘʝʰʴʩʷ ʥʘʫʢʦʡ, 

ʨʘʙʦʪʘʝʰʴ ʚ ʜʨʫʛʦʡ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ, ʥʦ ʨʝʛʫʣʷʨʥʦ 

ʩʣʳʰʠʰʴ ʧʨʦ ʙʝʟʫʩʧʝʰʥʳʝ ʧʦʧʳʪʢʠ ʝʝ ʨʝʰʠʪʴ. ʊʳ, 

ʢʦʥʝʯʥʦ, ʧʦʥʠʤʘʝʰʴ, ʯʪʦ ʛʜʝ-ʪʦ ʚʝʜʝʪʩʷ ʘʢʪʠʚʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʝʝ ʨʝʰʝʥʠʶ, ʥʦ ʠʪʦʛʦʚʳʡ ʨʝʟʫʣʴʪʘʪ 

ʜʣʷ ʪʝʙʷ ʢʘʢ ʯʝʣʦʚʝʢʘ ʩʦ ʩʪʦʨʦʥʳ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥ-

ʥʳʤ. ʇʨʦʙʣʝʤʘ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʩʪʘʪʠʯʥʳʡ ʬʦʥ, 

ʢʘʢ ʜʝʢʦʨʘʮʠʷ, ʢʘʢ ʚʝʯʥʳʡ ʠ ʧʦʯʪʠ ʥʝʠʟʤʝʥʥʳʡ ʥʘ 

ʤʘʩʰʪʘʙʘʭ ʪʚʦʝʡ ʥʘʫʯʥʦʡ ʞʠʟʥʠ ʵʣʝʤʝʥʪ ʬʠʟʠʢʠ. 

ʂʘʢ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʚʩʝʛʜʘ ʙʳʣʘ ʠ ʙʫʜʝʪ. 

 

ɸ ʧʦʪʦʤ ð ʝʝ ʨʝʰʘʶʪ. ʀ ʨʝʟʢʦ, ʥʘ ʤʘʩʰʪʘʙʘʭ ʥʝ-

ʩʢʦʣʴʢʠʭ ʜʥʝʡ, ʪʳ ʯʫʚʩʪʚʫʝʰʴ, ʯʪʦ ʬʠʟʠʯʝʩʢʘʷ ʢʘʨ-

ʪʠʥʘ ʤʠʨʘ ʧʦʤʝʥʷʣʘʩʴ ʠ ʯʪʦ ʪʝʧʝʨʴ ʝʝ ʥʘʜʦ ʬʦʨʤʫ-

ʣʠʨʦʚʘʪʴ ʚ ʜʨʫʛʠʭ ʚʳʨʘʞʝʥʠʷʭ ʠ ʟʘʜʘʚʘʪʴ ʜʨʫʛʠʝ 

ʚʦʧʨʦʩʳ. 

 

ɼʣʷ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʙʦʪʘʶʪ ʥʘʜ 

ʧʦʠʩʢʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ, ʵʪʘ ʟʘʜʘʯʘ, ʨʘʟʫʤʝʝʪ-

ʩʷ, ʥʝ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ. ʆʥʠ ʚʠʜʷʪ ʮʝʣʴ, ʦʥʠ 

ʟʥʘʶʪ, ʯʝʛʦ ʥʘʜʦ ʜʦʩʪʠʛʥʫʪʴ. ʆʥʠ, ʢʦʥʝʯʥʦ, ʥʘʜʝʶʪ-

ʩʷ, ʯʪʦ ʧʨʠʨʦʜʘ ʠʤ ʪʦʞʝ ʧʦʡʜʝʪ ʥʘʚʩʪʨʝʯʫ ʠ ʧʦʜʢʠ-

ʥʝʪ ʚ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʙʣʠʟʢʦʡ ʛʘʣʘʢʪʠʢʝ ʤʦʱʥʳʡ 

ʚʩʧʣʝʩʢ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʥʠ ʧʦʥʠʤʘʶʪ, ʯʪʦ, ʜʘʞʝ 

ʝʩʣʠ ʧʨʠʨʦʜʘ ʥʝ ʙʫʜʝʪ ʪʘʢ ʙʣʘʛʦʩʢʣʦʥʥʘ, ʝʡ ʦʪ ʫʯʝ-

ʥʳʭ ʫʞʝ ʥʝ ʩʧʨʷʪʘʪʴʩʷ. ɺʦʧʨʦʩ ʣʠʰʴ ʚ ʪʦʤ, ʢʦʛʜʘ 

ʠʤʝʥʥʦ ʦʥʠ ʩʤʦʛʫʪ ʜʦʩʪʠʯʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʪʝʭʥʠʯʝ-

ʩʢʠʝ ʮʝʣʠ. ʈʘʩʩʢʘʟ ʦʙ ʵʪʦʤ ʦʱʫʱʝʥʠʠ ʦʪ ʯʝʣʦʚʝʢʘ, 

ʢʦʪʦʨʳʡ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʟʘʥʠʤʘʣʩʷ ʧʦʠʩʢʦʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ, ʤʦʞʥʦ ʫʩʣʳʰʘʪʴ 

ʚ ʫʧʦʤʷʥʫʪʦʤ ʫʞʝ ʬʠʣʴʤʝ çɺ ʦʞʠʜʘʥʠʠ ʚʦʣʥ ʠ ʯʘ-

ʩʪʠʮè. 

 

ʆʪʢʨʳʪʠʝ 

 

11 ʬʝʚʨʘʣʷ ʚʩʸ ʦʪʢʨʳʣʦʩʴ. ʂʦʣʣʘʙʦʨʘʮʠʷ LIGO ʧʨʦ-

ʚʝʣʘ ʧʨʝʩʩ-ʢʦʥʬʝʨʝʥʮʠʶ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʦʤ 

ʚ ʞʫʨʥʘʣʝ Physical Review Letters ʚʳʰʣʘ ʩʦʚʤʝʩʪʥʘʷ 

ʩʪʘʪʴʷ ʢʦʣʣʘʙʦʨʘʮʠʡ LIGO ʠ Virgo Observation of 

Gravitational Waves from a Binary Black Hole Merger, 

ʧʨʷʤʳʤ ʪʝʢʩʪʦʤ ʩʦʦʙʱʘʶʱʘʷ ʦʙ ʦʪʢʨʳʪʠʠ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʳʭ ʚʦʣʥ. ʇʨʠʯʝʤ ʣʶʙʦʧʳʪʥʦ, ʯʪʦ ʩʦʙʳʪʠʝ, 

ʧʦʣʫʯʠʚʰʝʝ ʨʷʜʦʚʦʝ ʦʙʦʟʥʘʯʝʥʠʝ GW150914, ʙʳʣʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʝʱʝ 14 ʩʝʥʪʷʙʨʷ, ʪʦ ʝʩʪʴ ʟʘ ʯʝʪʳʨʝ 

ʜʥʷ ʜʦ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʪʘʨʪʘ ʥʘʙʣʶʜʘʪʝʣʴʥʦʛʦ ʩʝʘʥ-

ʩʘ, ʢʦʛʜʘ ʜʝʪʝʢʪʦʨʳ ʫʞʝ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʦʣʥʦʩʪʴʶ 

ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʠ ʟʘʚʝʨʰʘʣʠʩʴ ʧʦʩʣʝʜʥʠʝ ʪʝʭʥʠʯʝ-

ʩʢʠʝ ʧʨʦʚʝʨʢʠ. ʇʦʣʥʳʡ ʣʶʙʦʧʳʪʥʳʭ ʧʦʜʨʦʙʥʦʩʪʝʡ 

ʨʘʩʩʢʘʟ ʦ ʪʦʤ, ʯʪʦ ʪʚʦʨʠʣʦʩʴ ʚ ʪʝ ʜʥʠ ʚ ʩʘʤʦʡ ʢʦʣʣʘ-

ʙʦʨʘʮʠʠ LIGO, ʯʠʪʘʡʪʝ ʚ ʟʘʤʝʪʢʝ Hereôs the first 

person to spot those gravitational waves. 

 

ʅʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥ ʛʣʘʚʥʳʡ ʨʝʟʫʣʴʪʘʪ: ʧʨʦʬʠʣʴ ʩʠʛ-

ʥʘʣʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʦʙʦʠʤʠ ʜʝʪʝʢʪʦʨʘʤʠ. 

ɺʠʜʥʦ, ʯʪʦ ʥʘ ʬʦʥʝ ʰʫʤʦʚ ʩʥʘʯʘʣʘ ʩʣʘʙʦ ʧʨʦʩʪʫʧʘ-

ʝʪ, ʘ ʧʦʪʦʤ ʥʘʨʘʩʪʘʝʪ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʧʦ ʯʘʩʪʦʪʝ ʢʦ-

ʣʝʙʘʥʠʝ ʥʫʞʥʦʡ ʬʦʨʤʳ. ʉʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʦ ʚʳʷʩʥʠʪʴ,  

http://igorivanov.blogspot.com/2016/02/self-emulating-GW-detector.html
http://www.ligo.org/news/blind-injection.php
http://www.ligo.org/scientists/GW100916/index.php
https://www.youtube.com/watch?v=WrqoXa1kA1o
https://www.youtube.com/watch?v=WrqoXa1kA1o
http://elementy.ru/events/433605/Press_konferentsiya_LIGO_o_registratsii_gravitatsionnykh_voln
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.061102
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.061102
https://www.ligo.caltech.edu/news/ligo20150918
http://www.sciencemag.org/news/2016/02/here-s-first-person-spot-those-gravitational-waves
http://www.sciencemag.org/news/2016/02/here-s-first-person-spot-those-gravitational-waves
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ʩʣʠʷʥʠʝ ʢʘʢʠʭ ʦʙʲʝʢʪʦʚ ʤʳ ʥʘʙʣʶʜʘʣʠ: ʵʪʦ ʙʳʣʠ 

ʯʝʨʥʳʝ ʜʳʨʳ ʩ ʤʘʩʩʘʤʠ ʧʨʠʤʝʨʥʦ 36 ʠ 

29 ʩʦʣʥʝʯʥʳʭ ʤʘʩʩ, ʢʦʪʦʨʳʝ ʩʣʠʣʠʩʴ ʚ ʦʜʥʫ ʯʝʨʥʫʶ 

ʜʳʨʫ ʤʘʩʩʦʡ 62 ʩʦʣʥʝʯʥʳʭ ʤʘʩʩʳ (ʧʦʛʨʝʰʥʦʩʪʴ ʚʩʝʭ 

ʵʪʠʭ ʯʠʩʝʣ, ʦʪʚʝʯʘʶʱʘʷ 90-ʧʨʦʮʝʥʪʥʦʤʫ ʜʦʚʝʨʠ-

ʪʝʣʴʥʦʤʫ ʠʥʪʝʨʚʘʣʫ, ʩʦʩʪʘʚʣʷʝʪ 4 ʩʦʣʥʝʯʥʳʭ ʤʘʩ-

ʩʳ). ɸʚʪʦʨʳ ʤʠʤʦʭʦʜʦʤ ʟʘʤʝʯʘʶʪ, ʯʪʦ ʧʦʣʫʯʠʚʰʘʷ-

ʩʷ ʯʝʨʥʘʷ ʜʳʨʘ ð ʩʘʤʘʷ ʪʷʞʝʣʘʷ ʠʟ ʢʦʛʜʘ-ʣʠʙʦ 

ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʯʝʨʥʳʭ ʜʳʨ ʟʚʝʟʜʥʳʭ ʤʘʩʩ. ʈʘʟʥʠʮʘ 

ʤʝʞʜʫ ʩʫʤʤʘʨʥʦʡ ʤʘʩʩʦʡ ʜʚʫʭ ʠʩʭʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʢʦʥʝʯʥʦʡ ʯʝʨʥʦʡ ʜʳʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 3Ñ0,5 ʩʦʣʥʝʯʥʳʭ 

ʤʘʩʩ. ʕʪʦʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʜʝʬʝʢʪ ʤʘʩʩ ʧʨʠʤʝʨʥʦ ʟʘ 

20 ʤʠʣʣʠʩʝʢʫʥʜ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʰʝʣ ʚ ʵʥʝʨʛʠʶ ʠʟ-

ʣʫʯʝʥʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʠʢʦʚʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʘʷ ʤʦʱʥʦʩʪʴ ʜʦ-

ʩʪʠʛʘʣʘ 3,6Ŀ1056 ʵʨʛ/ʩ, ʠʣʠ, ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʤʘʩʩʫ, 

ʧʨʠʤʝʨʥʦ 200 ʩʦʣʥʝʯʥʳʭ ʤʘʩʩ ʚ ʩʝʢʫʥʜʫ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ 

ʩʦʩʪʘʚʣʷʝʪ 5,1ů. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ ʧʨʝʜʧʦʣʦ-

ʞʠʪʴ, ʯʪʦ ʵʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʬʣʫʢʪʫʘʮʠʠ ʥʘʣʦʞʠ-

ʣʠʩʴ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʠ ʯʠʩʪʦ ʩʣʫʯʘʡʥʦ ʚʳʜʘʣʠ ʧʦʜʦʙ-

ʥʳʡ ʚʩʧʣʝʩʢ, ʪʘʢʦʛʦ ʩʦʙʳʪʠʷ ʧʨʠʰʣʦʩʴ ʙʳ ʞʜʘʪʴ 

200 ʪʳʩʷʯ ʣʝʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʟʘ-

ʷʚʠʪʴ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʳʡ ʩʠʛʥʘʣ ʥʝ ʷʚʣʷʝʪʩʷ ʬʣʫʢ-

ʪʫʘʮʠʝʡ.  

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʚ ʵʪʦʤ ʚʩʧʣʝʩʢʝ 

ʩʦʩʪʘʚʠʣʘ 10ī21. ɿʥʘʷ ʤʘʩʩʳ ʠʩʭʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʠʟʣʫʯʝʥʥʫʶ ʤʦʱʥʦʩʪʴ, ʠ, ʩʨʘʚʥʠʚ 

ʩ ʵʪʦʡ ʘʤʧʣʠʪʫʜʦʡ, ʚʳʷʩʥʠʪʴ, ʢʘʢ ʜʘʣʝʢʦ ʧʨʦʠʟʦʰʣʦ 

ʵʪʦ ʩʣʠʷʥʠʝ. ʆʮʝʥʢʘ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʝʛʦ ð ʧʨʠʤʝʨ-

ʥʦ 1,3 ʤʣʨʜ ʩʚ. ʣʝʪ. 

 

 ʀʟ ʩʨʘʚʥʝʥʠʷ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʙʳʣʠ ʪʘʢʞʝ ʧʦʣʫ-

ʯʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʨʘʱʝʥʠʝ ʯʝʨʥʦʡ ʜʳʨʳ. ɼʝ-

ʪʘʣʴʥʦʝ ʦʙʩʫʞʜʝʥʠʝ ʧʨʦʬʠʣʷ GW150914, ʧʦʛʨʝʰʥʦ-

ʩʪʝʡ ʠʟʤʝʨʝʥʠʷ, ʠ ʩʨʘʚʥʝʥʠʷ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʨʠ-

ʚʦʜʠʪʩʷ ʚ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʩʪʘʪʴʷʭ. ʅʘ ʩʘʡʪʝ ʢʦʣ-

ʣʘʙʦʨʘʮʠʠ ʚʳʣʦʞʝʥʘ ʪʘʢʞʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʧʦ ʵʪʦʤʫ ʩʦʙʳʪʠʶ. 

 

 

ʈʠʩ. 8. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʩʠʛ-

ʥʘʣʘ. ɺʚʝʨʭʫ: ʧʨʦʬʠʣʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʤʫ ʩʪʘʜʠʠ ʩʣʠʷʥʠʷ 

ʜʚʫʭ ʯʝʨʥʳʭ ʜʳʨ; ʚʥʠʟʫ: ʠʟʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʦʨʙʠʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʘʨʳ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʜʦ ʤʦʤʝʥʪʘ ʩʣʠʷʥʠʷ. ʀʟʦʙʨʘʞʝʥʠʝ ʠʟ ʦʙʩʫʞʜʘʝʤʦʡ 

ʩʪʘʪʴʠ ʚ Physical Review Letters 

 

ɺʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʤʝʞʜʫ ʜʚʫʤʷ ʜʝʪʝʢʪʦʨʘʤʠ ʩʦ-

ʩʪʘʚʠʣʘ ʧʨʠʤʝʨʥʦ 7 ʤʠʣʣʠʩʝʢʫʥʜ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʦʮʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ (ʨʠʩ. 9). ʇʦ-

ʩʢʦʣʴʢʫ ʜʝʪʝʢʪʦʨʦʚ ʪʦʣʴʢʦ ʜʚʘ, ʣʦʢʘʣʠʟʘʮʠʷ ʚʳʰʣʘ 

ʦʯʝʥʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʡ: ʧʦʜʭʦʜʷʱʘʷ ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʦʙʣʘʩʪʴ ʥʝʙʝʩʥʦʡ ʩʬʝʨʳ ʩʦʩʪʘʚʣʷʝʪ 600 ʢʚʘʜʨʘʪʥʳʭ 

ʛʨʘʜʫʩʦʚ.  ʂʦʣʣʘʙʦʨʘʮʠʷ LIGO ʥʝ ʦʛʨʘʥʠʯʠʣʘʩʴ ʦʜ-

ʥʦʡ ʣʠʰʴ ʢʦʥʩʪʘʪʘʮʠʝʡ ʬʘʢʪʘ ʨʝʛʠʩʪʨʘʮʠʠ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʳʭ ʚʦʣʥ, ʥʦ ʠ ʧʨʦʚʝʣʘ ʧʝʨʚʳʡ ʘʥʘʣʠʟ ʪʦʛʦ, 

ʢʘʢʠʝ ʵʪʦ ʥʘʙʣʶʜʝʥʠʝ ʠʤʝʝʪ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʘʩʪʨʦ-

ʬʠʟʠʢʠ. ɺ ʩʪʘʪʴʝ Astrophysical implications of the 

binary black hole merger GW150914, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ 

ʚ ʪʦʪ ʞʝ ʜʝʥʴ ʚ ʞʫʨʥʘʣʝ The Astrophysical Journal  

 

 

 

 

 

ʈʠʩ. 7. ɺʚʝʨʭʫ: ʩʠʛʥʘʣ ʦʪ ʩʦʙʳʪʠʷ GW150914, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʜʚʫʤʷ ʜʝʪʝʢʪʦʨʘʤʠ LIGO, ʚʥʠʟʫ: 

ʨʝʟʫʣʴʪʘʪ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʣʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʤʘʩʩ ʯʝʨʥʳʭ ʜʳʨ. ʀʟʦʙʨʘʞʝ-

ʥʠʝ ʠʟ ʦʙʩʫʞʜʘʝʤʦʡ ʩʪʘʪʴʠ ʚ Physical Review Letters 
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Letters, ʘʚʪʦʨʳ ʦʮʝʥʠʣʠ, ʩ ʢʘʢʦʡ ʯʘʩʪʦʪʦʡ ʧʨʦʠʩʭʦ-

ʜʷʪ ʪʘʢʠʝ ʩʣʠʷʥʠʷ ʯʝʨʥʳʭ ʜʳʨ. ʇʦʣʫʯʠʣʦʩʴ, ʢʘʢ ʤʠ-

ʥʠʤʫʤ, ʦʜʥʦ ʩʣʠʷʥʠʝ ʚ ʢʫʙʠʯʝʩʢʦʤ ʛʠʛʘʧʘʨʩʝʢʝ ʟʘ 

ʛʦʜ, ʯʪʦ ʩʭʦʜʠʪʩʷ ʩ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʥʘʠʙʦʣʝʝ ʦʧʪʠ-

ʤʠʩʪʠʯʥʳʭ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʤʦʜʝʣʝʡ. 

 

ʆ ʯʝʤ ʨʘʩʩʢʘʞʫʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ 

 

ʆʪʢʨʳʪʠʝ ʥʦʚʦʛʦ ʷʚʣʝʥʠʷ ʧʦʩʣʝ ʜʝʩʷʪʠʣʝʪʠʡ ʧʦʠʩ-

ʢʦʚ ð ʵʪʦ ʥʝ ʟʘʚʝʨʰʝʥʠʝ, ʘ ʣʠʰʴ ʥʘʯʘʣʦ ʥʦʚʦʛʦ ʨʘʟ-

ʜʝʣʘ ʬʠʟʠʢʠ. ʂʦʥʝʯʥʦ, ʨʝʛʠʩʪʨʘʮʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʚʦʣʥ ʦʪ ʩʣʠʷʥʠʷ ʯʝʨʥʳʭ ʜʚʫʭ ʚʘʞʥʘ ʩʘʤʘ ʧʦ ʩʝʙʝ. 

ʕʪʦ ʧʨʷʤʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʯʝʨʥʳʭ 

ʜʳʨ, ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʚʦʡʥʳʭ ʯʝʨʥʳʭ ʜʳʨ, ʠ ʨʝ-

ʘʣʴʥʦʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ, ʠ, ʝʩʣʠ ʛʦʚʦʨʠʪʴ 

ʚʦʦʙʱʝ, ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʘʚʠʣʴʥʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʛʨʘʚʠʪʘʮʠʠ, ʥʘ ʢʦʪʦʨʦʤ ʙʘʟʠʨʫʝʪʩʷ 

ʆʊʆ. ʅʦ ʜʣʷ ʬʠʟʠʢʦʚ ʥʝ ʤʝʥʝʝ ʮʝʥʥʦ ʪʦ, ʯʪʦ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʘʷ ʘʩʪʨʦʥʦʤʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʦʚʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʪʦ, 

ʯʪʦ ʨʘʥʴʰʝ ʙʳʣʦ ʥʝʜʦʩʪʫʧʥʦ. 

 

ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʥʦʚʳʡ ʩʧʦʩʦʙ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ɺʩʝ-

ʣʝʥʥʫʶ ʠ ʠʟʫʯʘʪʴ ʢʦʩʤʠʯʝʩʢʠʝ ʢʘʪʘʢʣʠʟʤʳ. ɼʣʷ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʥʝʪ ʧʨʝʧʷʪʩʪʚʠʡ, ʦʥʠ ʙʝʟ ʧʨʦʙʣʝʤ 

ʧʨʦʭʦʜʷʪ ʚʦʦʙʱʝ ʩʢʚʦʟʴ ʚʩʸ ʚʦ ɺʩʝʣʝʥʥʦʡ. ʆʥʠ ʩʘ-

ʤʦʜʦʩʪʘʪʦʯʥʳ: ʠʭ ʧʨʦʬʠʣʴ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʧʦʨʦʜʠʚʰʝʤ ʠʭ ʧʨʦʮʝʩʩʝ. ʅʘʢʦʥʝʮ, ʝʩʣʠ ʦʜʠʥ 

ʛʨʘʥʜʠʦʟʥʳʡ ʚʟʨʳʚ ʧʦʨʦʜʠʪ ʠ ʦʧʪʠʯʝʩʢʠʡ, ʠ 

ʥʝʡʪʨʠʥʥʳʡ, ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʚʩʧʣʝʩʢ, ʪʦ ʤʦʞʥʦ 

ʧʦʧʳʪʘʪʴʩʷ ʧʦʡʤʘʪʴ ʚʩʝ ʠʭ, ʩʦʧʦʩʪʘʚʠʪʴ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ, ʠ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʥʝʜʦʩʪʫʧʥʳʭ ʨʘʥʝʝ ʜʝʪʘ-

ʣʷʭ, ʯʪʦ ʞʝ ʪʘʤ ʧʨʦʠʟʦʰʣʦ. ʋʤʝʪʴ ʣʦʚʠʪʴ ʠ ʩʨʘʚʥʠ-

ʚʘʪʴ ʪʘʢʠʝ ʨʘʟʥʳʝ ʩʠʛʥʘʣʳ ʦʪ ʦʜʥʦʛʦ ʩʦʙʳʪʠʷ ð 

ʛʣʘʚʥʘʷ ʮʝʣʴ ʚʩʝʩʠʛʥʘʣʴʥʦʡ ʘʩʪʨʦʥʦʤʠʠ. 

 

ʂʦʛʜʘ ʜʝʪʝʢʪʦʨʳ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʩʪʘʥʫʪ ʝʱʝ 

ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ, ʦʥʠ ʩʤʦʛʫʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʜʨʦʞʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʥʝ ʚ ʩʘʤ ʤʦʤʝʥʪ 

ʩʣʠʷʥʠʷ, ʘ ʟʘ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ ʜʦ ʥʝʛʦ. ʆʥʠ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠ ʧʦʰʣʶʪ ʩʚʦʡ ʩʠʛʥʘʣ-ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ 

ʚ ʦʙʱʫʶ ʩʝʪʴ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʡ, ʠ ʘʩʪʨʦʬʠ-

ʟʠʯʝʩʢʠʝ ʩʧʫʪʥʠʢʠ-ʪʝʣʝʩʢʦʧʳ, ʚʳʯʠʩʣʠʚ ʢʦʦʨʜʠʥʘ-

ʪʳ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʩʣʠʷʥʠʷ, ʫʩʧʝʶʪ ʟʘ ʵʪʠ ʩʝʢʫʥʜʳ 

 

ʈʠʩ. 9. ʆʮʝʥʢʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʭʦʜʘ ʚʩʧʣʝʩʢʘ ʥʘ 

ʥʝʙʝʩʥʦʡ ʩʬʝʨʝ. ʀʟʦʙʨʘʞʝʥʠʝ ʩ ʧʨʝʩʩ-ʢʦʥʬʝʨʝʥʮʠʠ 

LIGO 

 

 

 

 

 

ʈʠʩ. 10. ɺʦʟʤʦʞʥʳʝ ʩʮʝʥʘʨʠʠ ʩʣʠʷʥʠʷ ʥʝʡʪʨʦʥʥʦʡ ʟʚʝʟʜʳ ʩ ʜʨʫʛʦʡ ʥʝʡʪʨʦʥʥʦʡ ʟʚʝʟʜʦʡ ʠʣʠ ʩ ʯʝʨʥʦʡ ʜʳʨʦʡ. 

ʀʥʬʦʨʤʘʮʠʶ ʦ ʨʘʟʚʠʪʠʠ ʩʦʙʳʪʠʡ ʚ ʢʘʞʜʦʤ ʩʮʝʥʘʨʠʠ ʤʦʞʥʦ ʙʫʜʝʪ ʠʟʚʣʝʯʴ ʩ ʧʦʤʦʱʴʶ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-

ʚʦʣʥʦʚʦʛʦ ʚʩʧʣʝʩʢʘ. ʀʟʦʙʨʘʞʝʥʠʝ ʠʟ ʩʪʘʪʴʠ Imre Bartos, Patrick Brady, Szabolcs Marka, 2012. How Gravitation-

al-wave Observations Can Shape the Gamma-ray Burst Paradigm 
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ʧʦʚʝʨʥʫʪʴʩʷ ʚ ʥʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʥʘʯʘʪʴ ʩʲʝʤʢʫ 

ʥʝʙʘ ʜʦ ʥʘʯʘʣʘ ʦʧʪʠʯʝʩʢʦʛʦ ʚʩʧʣʝʩʢʘ. 

 

ɺʦ-ʚʪʦʨʳʭ, ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʦʡ ʚʩʧʣʝʩʢ ʧʦʟʚʦ-

ʣʠʪ ʫʟʥʘʪʴ ʥʦʚʦʝ ʧʨʦ ʥʝʡʪʨʦʥʥʳʝ ʟʚʝʟʜʳ, ʩʘʤʳʝ ʠʥ-

ʪʝʨʝʩʥʳʝ ʦʙʲʝʢʪʳ ʚʦ ɺʩʝʣʝʥʥʦʡ. ʉʣʠʷʥʠʝ ʥʝʡʪʨʦʥ-

ʥʳʭ ʟʚʝʟʜ ð ʵʪʦ, ʬʘʢʪʠʯʝʩʢʠ, ʩʘʤʳʡ ʧʦʩʣʝʜʥʠʡ ʠ 

ʩʘʤʳʡ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘʜ ʥʝʡʪʨʦʥʥʳ-

ʤʠ ʟʚʝʟʜʘʤʠ, ʢʦʪʦʨʳʡ ʧʨʠʨʦʜʘ ʤʦʞʝʪ ʧʦʩʪʘʚʠʪʴ ʜʣʷ 

ʥʘʩ, ʘ ʥʘʤ ʢʘʢ ʟʨʠʪʝʣʷʤ ʦʩʪʘʥʝʪʩʷ ʪʦʣʴʢʦ ʥʘʙʣʶʜʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ. ʅʘʙʣʶʜʘʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʪʘʢʦʛʦ 

ʩʣʠʷʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ (ʨʠʩ. 10), ʠ, 

ʥʘʙʨʘʚ ʠʭ ʩʪʘʪʠʩʪʠʢʫ, ʤʳ ʩʤʦʞʝʤ ʣʫʯʰʝ ʧʦʥʠʤʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ ʚ ʪʘʢʠʭ ʵʢʟʦʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. ʆʙʟʦʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʝʣ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʥʝʜʘʚʥʝʡ ʧʫʙʣʠʢʘʮʠʠ 

S. Rosswog, 2015. Multi -messenger picture of compact 

binary mergers. 

 

ɺ-ʪʨʝʪʴʠʭ, ʨʝʛʠʩʪʨʘʮʠʷ ʚʩʧʣʝʩʢʘ, ʧʨʠʰʝʜʰʝʛʦ ʦʪ 

ʩʚʝʨʭʥʦʚʦʡ, ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʝʛʦ ʩ ʦʧʪʠʯʝʩʢʠʤʠ 

ʥʘʙʣʶʜʝʥʠʷʤʠ ʧʦʟʚʦʣʠʪ ʥʘʢʦʥʝʮ-ʪʦ ʨʘʟʦʙʨʘʪʴʩʷ 

ʚ ʜʝʪʘʣʷʭ, ʯʪʦ ʞʝ ʪʘʤ ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠ, ʚ ʩʘʤʦʤ 

ʥʘʯʘʣʝ ʢʦʣʣʘʧʩʘ. ʉʝʡʯʘʩ ʫ ʬʠʟʠʢʦʚ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʦʩʪʘʶʪʩʷ ʩʣʦʞʥʦʩʪʠ ʩ ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. 

 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʫ ʬʠʟʠʢʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʪʝʦʨʠʝʡ 

ʛʨʘʚʠʪʘʮʠʠ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʞʜʝʣʝʥʥʘʷ çʣʘʙʦʨʘʪʦʨʠʷè 

ʧʦ ʠʟʫʯʝʥʠʶ ʵʬʬʝʢʪʦʚ ʩʠʣʴʥʦʡ ʛʨʘʚʠʪʘʮʠʠ. ɼʦ ʩʠʭ 

ʧʦʨ ʚʩʝ ʵʬʬʝʢʪʳ ʆʊʆ, ʢʦʪʦʨʳʝ ʤʳ ʤʦʛʣʠ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʪʴ, ʦʪʥʦʩʠʣʠʩʴ ʢ ʛʨʘʚʠʪʘʮʠʠ 

ʚ ʩʣʘʙʳʭ ʧʦʣʷʭ. ʆ ʪʦʤ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʩʣʦʚʠʷʭ 

ʩʠʣʴʥʦʡ ʛʨʘʚʠʪʘʮʠʠ, ʢʦʛʜʘ ʠʩʢʘʞʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ-

ʚʨʝʤʝʥʠ ʥʘʯʠʥʘʶʪ ʩʠʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʘʤʠ 

ʩ ʩʦʙʦʡ, ʤʳ ʤʦʛʣʠ ʜʦʛʘʜʳʚʘʪʴʩʷ ʣʠʰʴ ʧʦ ʢʦʩʚʝʥʥʳʤ 

ʧʨʦʷʚʣʝʥʠʷʤ, ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʠʡ ʦʪʛʦʣʦʩʦʢ ʢʦʩʤʠʯʝ-

ʩʢʠʭ ʢʘʪʘʩʪʨʦʬ. 

 

ɺ-ʧʷʪʳʭ, ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʧʨʦʚʝʨ-

ʢʠ ʵʢʟʦʪʠʯʝʩʢʠʭ ʪʝʦʨʠʡ ʛʨʘʚʠʪʘʮʠʠ. ʊʘʢʠʭ ʪʝʦʨʠʡ 

ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʝ ʫʞʝ ʤʥʦʛʦ, ʩʤ. ʥʘʧʨʠʤʝʨ ʧʦ-

ʩʚʷʱʝʥʥʫʶ ʠʤ ʛʣʘʚʫ ʠʟ ʧʦʧʫʣʷʨʥʦʡ ʢʥʠʛʠ 

ɸ. ʅ. ʇʝʪʨʦʚʘ çɻʨʘʚʠʪʘʮʠʷè. ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ 

ʪʝʦʨʠʡ ʥʘʧʦʤʠʥʘʶʪ ʦʙʳʯʥʫʶ ʆʊʆ ʚ ʧʨʝʜʝʣʝ ʩʣʘʙʳʭ 

ʧʦʣʝʡ, ʥʦ ʤʦʛʫʪ ʩʠʣʴʥʦ ʦʪ ʥʝʝ ʦʪʣʠʯʘʪʴʩʷ, ʢʦʛʜʘ ʛʨʘ-

ʚʠʪʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʥʴ ʩʠʣʴʥʦʡ. ɼʨʫʛʠʝ ʜʦʧʫʩ-

ʢʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʥʦʚʦʛʦ 

ʪʠʧʘ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʩʢʦʨʦʩʪʴ, ʩʣʝʛʢʘ 

ʦʪʣʠʯʘʶʱʫʶʩʷ ʦʪ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. ʅʘʢʦʥʝʮ, ʝʩʪʴ ʠ 

ʪʝʦʨʠʠ, ʚʢʣʶʯʘʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ. ʏʪʦ ʤʦʞʥʦ ʙʫʜʝʪ ʩʢʘʟʘʪʴ ʧʦ ʠʭ 

ʧʦʚʦʜʫ ʥʘ ʦʩʥʦʚʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ð ʚʦʧʨʦʩ 

ʦʪʢʨʳʪʳʡ, ʥʦ ʷʩʥʦ, ʯʪʦ ʢʦʝ-ʢʘʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

ʟʜʝʩʴ ʤʦʞʥʦ ʙʫʜʝʪ ʧʦʞʠʚʠʪʴʩʷ. ʈʝʢʦʤʝʥʜʫʝʤ ʪʘʢʞʝ 

ʧʦʯʠʪʘʪʴ ʤʥʝʥʠʝ ʩʘʤʠʭ ʘʩʪʨʦʬʠʟʠʢʦʚ ʦ ʪʦʤ, ʯʪʦ ʠʟ-

ʤʝʥʠʪʩʷ ʩ ʦʪʢʨʳʪʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ, 

ʚ ʧʦʜʙʦʨʢʝ ʥʘ ʇʦʩʪʥʘʫʢʝ. 

 

ʇʣʘʥʳ ʥʘ ʙʫʜʫʱʝʝ 

 

ʇʝʨʩʧʝʢʪʠʚʳ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʦʡ ʘʩʪʨʦʥʦ-

ʤʠʠ ð ʩʘʤʳʝ ʚʦʦʜʫʰʝʚʣʷʶʱʠʝ. ʉʝʡʯʘʩ ʟʘʚʝʨʰʠʣʩʷ 

ʣʠʰʴ ʧʝʨʚʳʡ, ʩʘʤʳʡ ʢʦʨʦʪʢʠʡ ʥʘʙʣʶʜʘʪʝʣʴʥʳʡ ʩʝ-

ʘʥʩ ʜʝʪʝʢʪʦʨʘ aLIGO ð ʠ ʫʞʝ ʟʘ ʵʪʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ 

ʙʳʣ ʧʦʡʤʘʥ ʯʝʪʢʠʡ ʩʠʛʥʘʣ. ʊʦʯʥʝʝ ʙʫʜʝʪ ʩʢʘʟʘʪʴ 

ʪʘʢ: ʧʝʨʚʳʡ ʩʠʛʥʘʣ ʙʳʣ ʧʦʡʤʘʥ ʝʱʝ ʜʦ ʦʬʠʮʠʘʣʴʥʦ-

ʛʦ ʩʪʘʨʪʘ, ʠ ʢʦʣʣʘʙʦʨʘʮʠʷ ʧʦʢʘ ʯʪʦ ʥʝ ʦʪʯʠʪʘʣʘʩʴ 

ʦ ʚʩʝʭ ʯʝʪʳʨʝʭ ʤʝʩʷʮʘʭ ʨʘʙʦʪʳ. ʂʪʦ ʟʥʘʝʪ, ʤʦʞʝʪ 

ʪʘʤ ʫʞʝ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʩʧʣʝʩʢʦʚ? 

ʊʘʢ ʠʣʠ ʠʥʘʯʝ, ʥʦ ʜʘʣʴʰʝ, ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʝʪʝʢʪʦʨʦʚ ʠ ʨʘʩʰʠʨʝʥʠʷ ʜʦʩʪʫʧʥʦʡ 

ʜʣ̫ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʯʘʩʪʠ 

ɺʩʝʣʝʥʥʦʡ, ʢʦʣʠʯʝʩʪʚʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʦʙʳ-

ʪʠʡ ʙʫʜʝʪ ʨʘʩʪʠ ʣʘʚʠʥʦʦʙʨʘʟʥʦ. 

 

 

ʈʠʩ. 11. ʕʪʘʧʳ ʚʚʝʜʝʥʠʷ ʚ ʩʪʨʦʡ ʦʙʥʦʚʣʝʥʥʳʭ ʜʝ-

ʪʝʢʪʦʨʦʚ LIGO ʠ Virgo. ʀʟʦʙʨʘʞʝʥʠʝ ʩ ʩʘʡʪʘ 

relativity.livingreviews.org 

 

ʆʞʠʜʘʝʤʦʝ ʨʘʩʧʠʩʘʥʠʝ ʩʝʘʥʩʦʚ ʩʝʪʠ LIGO-Virgo 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 11. ɺʪʦʨʦʡ, ʰʝʩʪʠʤʝʩʷʯʥʳʡ, ʩʝʘʥʩ 

ʥʘʯʥʝʪʩʷ ʚ ʢʦʥʮʝ ʵʪʦʛʦ ʛʦʜʘ, ʪʨʝʪʠʡ ʩʝʘʥʩ ʟʘʡʤʝʪ 

ʧʦʯʪʠ ʚʝʩʴ 2018 ʛʦʜ, ʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴ ʜʝʪʝʢʪʦʨʘ ʙʫʜʝʪ ʨʘʩʪʠ. ɺ ʨʘʡʦʥʝ 2020 ʛʦʜʘ 

aLIGO ʜʦʣʞʥʘ ʚʳʡʪʠ ʥʘ ʟʘʧʣʘʥʠʨʦʚʘʥʥʫʶ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʜʝʪʝʢʪʦʨʫ ʧʨʦʱʫʧʳʚʘʪʴ 

ɺʩʝʣʝʥʥʫʶ ʥʘ ʧʨʝʜʤʝʪ ʩʣʠʷʥʠʷ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ, 

ʫʜʘʣʝʥʥʳʭ ʦʪ ʥʘʩ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 200 ʄʧʢ. ɼʣʷ 

ʝʱʝ ʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʩʣʠʷʥʠʷ ʯʝʨʥʳʭ 

ʜʳʨ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʜʦʙʠʚʘʪʴ ʯʫʪʴ ʣʠ ʜʦ 

ʛʠʛʘʧʘʨʩʝʢʘ. ʊʘʢ ʠʣʠ ʠʥʘʯʝ, ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʥʘʙʣʶ-

ʜʝʥʠʷ ʦʙʲʝʤ ɺʩʝʣʝʥʥʦʡ ʚʦʟʨʘʩʪʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʧʝʨʚʳʤ ʩʝʘʥʩʦʤ ʝʱʝ ʚ ʜʝʩʷʪʢʠ ʨʘʟ. 

 

ɺ ʢʦʥʮʝ ʵʪʦʛʦ ʛʦʜʘ ʚ ʠʛʨʫ ʪʘʢʞʝ ʚʩʪʫʧʠʪ ʠ ʦʙʥʦʚ-

ʣʝʥʥʘʷ ʠʪʘʣʴʷʥʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ Virgo. ʋ ʥʝʝ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʯʫʪʴ ʧʦʤʝʥʴʰʝ, ʯʝʤ ʫ LIGO, ʥʦ ʪʦʞʝ 

ʚʧʦʣʥʝ ʧʨʠʣʠʯʥʘʷ. ɿʘ ʩʯʝʪ ʤʝʪʦʜʘ ʪʨʠʘʥʛʫʣʷʮʠʠ, 

ʪʨʦʡʢʘ ʨʘʟʥʝʩʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʝʪʝʢʪʦʨʦʚ ʧʦʟ-

ʚʦʣʠʪ ʥʘʤʥʦʛʦ ʣʫʯʰʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦʣʦʞʝʥʠʝ 

ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʥʝʙʝʩʥʦʡ ʩʬʝʨʝ. ɽʩʣʠ ʩʝʡʯʘʩ, ʩ ʜʚʫʤʷ 

ʜʝʪʝʢʪʦʨʘʤʠ, ʦʙʣʘʩʪʴ ʣʦʢʘʣʠʟʘʮʠʠ ʜʦʩʪʠʛʘʝʪ ʩʦʪʝʥ 

ʢʚʘʜʨʘʪʥʳʭ ʛʨʘʜʫʩʦʚ, ʪʦ ʪʨʠ ʜʝʪʝʢʪʦʨʘ ʧʦʟʚʦʣʷʪ 

ʫʤʝʥʴʰʠʪʴ ʝʝ ʜʦ ʜʝʩʷʪʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʗʧʦʥʠʠ 

ʩʝʡʯʘʩ ʩʪʨʦʠʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-

ʚʦʣʥʦʚʘʷ ʘʥʪʝʥʥʘ KAGRA, ʢʦʪʦʨʘʷ ʥʘʯʥʝʪ ʨʘʙʦʪʫ 

ʯʝʨʝʟ ʜʚʘ-ʪʨʠ ʛʦʜʘ, ʘ ʚ ʀʥʜʠʠ, ʚ ʨʘʡʦʥʝ 2022 ʛʦʜʘ, 

ʧʣʘʥʠʨʫʝʪʩʷ ʟʘʧʫʩʪʠʪʴ ʜʝʪʝʢʪʦʨ LIGO-India. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʧʫʩʪʷ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʠ 

ʨʝʛʫʣʷʨʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʠʛʥʘʣʳ ʮʝʣʘʷ ʩʝʪʴ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ (ʨʠʩ. 13). 

 

ʅʘʢʦʥʝʮ, ʩʫʱʝʩʪʚʫʶʪ ʧʣʘʥʳ ʧʦ ʚʳʚʦʜʫ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦ-ʚʦʣʥʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʢʦʩʤʦʩ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʦʝʢʪ eLISA. ɼʚʘ ʤʝʩʷʮʘ ʥʘʟʘʜ ʙʳʣ ʟʘʧʫʱʝʥ ʥʘ ʦʨ-

ʙʠʪʫ ʧʝʨʚʳʡ, ʧʨʦʙʥʳʡ ʩʧʫʪʥʠʢ, ʟʘʜʘʯʝʡ ʢʦʪʦʨʦʛʦ 

http://elementy.ru/bookclub/book/430/Superobekty
http://elementy.ru/bookclub/book/430/Superobekty
http://arxiv.org/abs/1501.02081
http://arxiv.org/abs/1501.02081
http://elementy.ru/nauchno-populyarnaya_biblioteka/432046/Gravitatsiya_Glava_iz_knigi
http://elementy.ru/nauchno-populyarnaya_biblioteka/432046/Gravitatsiya_Glava_iz_knigi
http://postnauka.ru/talks/59808
http://relativity.livingreviews.org/Articles/lrr-2016-1/articlese2.html
https://www.elisascience.org/
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ʙʫʜʝʪ ʧʨʦʚʝʨʢʘ ʪʝʭʥʦʣʦʛʠʡ. ɼʦ ʨʝʘʣʴʥʦʛʦ ʜʝʪʝʢʪʠ-

ʨʦʚʘʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʟʜʝʩʴ ʝʱʝ ʜʘʣʝʢʦ. ʅʦ 

ʢʦʛʜʘ ʵʪʘ ʛʨʫʧʧʘ ʩʧʫʪʥʠʢʦʚ ʥʘʯʥʝʪ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ, 

ʦʥʘ ʦʪʢʨʦʝʪ ʝʱʝ ʦʜʥʦ ʦʢʥʦ ʚʦ ɺʩʝʣʝʥʥʫʶ ð ʯʝʨʝʟ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ. ʊʘʢʦʡ ʚʩʝ-

ʚʦʣʥʦʚʦʡ ʧʦʜʭʦʜ ʢ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʚʦʣʥʘʤ ð ʛʣʘʚ-

ʥʘʷ ʮʝʣʴ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚ ʜʘʣʝʢʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. 

 

 

ʈʠʩ. 13. ʉʝʪʴ ʥʳʥʝʰʥʠʭ ʠ ʙʫʜʫʱʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-

ʚʦʣʥʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ. ʀʟʦʙʨʘʞʝʥʠʝ ʩ ʧʨʝʩʩ-

ʢʦʥʬʝʨʝʥʠʠ 11 ʬʝʚʨʘʣʷ 

 

ʇʘʨʘʣʣʝʣʠ 

 

ʆʪʢʨʳʪʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʩʪʘʣʦ ʫʞʝ ʪʨʝʪʴʠʤ 

ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʣʫʯʘʝʤ, ʢʦʛʜʘ ʬʠʟʠʢʠ ʥʘʢʦʥʝʮ-

ʪʦ ʧʨʦʙʠʣʠʩʴ ʯʝʨʝʟ ʚʩʝ ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʜʦʙʨʘʣʠʩʴ ʜʦ 

ʥʝʠʟʚʝʜʘʥʥʳʭ ʨʘʥʝʝ ʪʦʥʢʦʩʪʝʡ ʫʩʪʨʦʡʩʪʚʘ ʥʘʰʝʛʦ 

ʤʠʨʘ. ɺ 2012 ʛʦʜʫ ʙʳʣ ʦʪʢʨʳʪ ʭʠʛʛʩʦʚʩʢʠʡ ʙʦʟʦʥ ð 

ʯʘʩʪʠʮʘ, ʧʨʝʜʩʢʘʟʘʥʥʘʷ ʧʦʯʪʠ ʟʘ ʧʦʣʚʝʢʘ ʦʪ ʵʪʦʛʦ. ɺ 

2013 ʛʦʜʫ ʥʝʡʪʨʠʥʥʳʡ ʜʝʪʝʢʪʦʨ IceCube ʜʦʢʘʟʘʣ 

ʨʝʘʣʴʥʦʩʪʴ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʥʝʡʪʨʠʥʦ ʠ ʥʘʯʘʣ çʨʘʟ-

ʛʣʷʜʳʚʘʪʴ ɺʩʝʣʝʥʥʫʶè ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʤ, ʥʝʜʦ-

ʩʪʫʧʥʦʤ ʨʘʥʝʝ ʩʧʦʩʦʙʦʤ ð ʯʝʨʝʟ ʥʝʡʪʨʠʥʦ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ. ʀ ʚʦʪ ʩʝʡʯʘʩ ʧʨʠʨʦʜʘ ʧʦʜʜʘʣʘʩʴ ʯʝʣʦʚʝʢʫ 

ʝʱʝ ʨʘʟ: ʦʪʢʨʳʣʦʩʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʦʝ çʦʢʥʦè 

ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ɺʩʝʣʝʥʥʦʡ ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, 

ʩʪʘʣʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʧʨʷʤʦʛʦ ʠʟʫʯʝʥʠʷ ʵʬʬʝʢʪʳ 

ʩʠʣʴʥʦʡ ʛʨʘʚʠʪʘʮʠʠ. 

 

ʅʘʜʦ ʩʢʘʟʘʪʴ, ʥʠʛʜʝ ʟʜʝʩʴ ʥʝ ʙʳʣʦ ʥʠʢʘʢʦʡ çʭʘʣʷʚʳè 

ʩʦ ʩʪʦʨʦʥʳ ʧʨʠʨʦʜʳ. ʇʦʠʩʢʠ ʚʝʣʠʩʴ ʦʯʝʥʴ ʜʦʣʛʦ, ʥʦ 

ʦʥʘ ʥʝ ʧʦʜʜʘʚʘʣʘʩʴ ʧʦʪʦʤʫ, ʯʪʦ ʪʦʛʜʘ, ʜʝʩʷʪʠʣʝʪʠʷ 

ʥʘʟʘʜ, ʘʧʧʘʨʘʪʫʨʘ ʥʝ ʜʦʪʷʛʠʚʘʣʘ ʜʦ ʨʝʟʫʣʴʪʘʪʘ ʧʦ 

ʵʥʝʨʛʠʠ, ʧʦ ʤʘʩʰʪʘʙʘʤ, ʠʣʠ ʧʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ʇʨʠʚʝʣʦ ʢ ʮʝʣʠ ʠʤʝʥʥʦ ʥʝʫʢʣʦʥʥʦʝ, ʮʝʣʝʥʘʧʨʘʚʣʝʥ-

ʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʟʚʠʪʠʝ, ʢʦʪʦʨʦʝ ʥʝ ʦʩʪʘ-

ʥʦʚʠʣʠ ʥʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ, ʥʠ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʰʣʳʭ ʣʝʪ. 

 

ʀ ʚʦ ʚʩʝʭ ʪʨʝʭ ʩʣʫʯʘʷʭ ʩʘʤ ʧʦ ʩʝʙʝ ʬʘʢʪ ʦʪʢʨʳʪʠʷ 

ʩʪʘʣ ʥʝ ʟʘʚʝʨʰʝʥʠʝʤ, ʘ, ʥʘʦʙʦʨʦʪ, ʥʘʯʘʣʦʤ ʥʦʚʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʪʘʣ ʥʦʚʳʤ ʠʥʩʪʨʫʤʝʥ-

ʪʦʤ ʧʨʦʱʫʧʳʚʘʥʠʷ ʥʘʰʝʛʦ ʤʠʨʘ. ʉʚʦʡʩʪʚʘ ʭʠʛʛʩʦʚ-

ʩʢʦʛʦ ʙʦʟʦʥʘ ʩʪʘʣʠ ʜʦʩʪʫʧʥʳ ʠʟʤʝʨʝʥʠʶ ð ʠ ʚ ʵʪʠʭ 

ʜʘʥʥʳʭ ʬʠʟʠʢʠ ʧʳʪʘʶʪʩʷ ʨʘʟʛʣʷʜʝʪʴ ʵʬʬʝʢʪʳ ʅʦ-

ʚʦʡ ʬʠʟʠʢʠ. ɹʣʘʛʦʜʘʨʷ ʚʦʟʨʦʩʰʝʡ ʩʪʘʪʠʩʪʠʢʝ 

ʥʝʡʪʨʠʥʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʥʝʡʪʨʠʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ 

ʜʝʣʘʝʪ ʧʝʨʚʳʝ ʰʘʛʠ. ʂʘʢ ʤʠʥʠʤʫʤ ʪʦ ʞʝ ʩʘʤʦʝ ʩʝʡ-

ʯʘʩ ʦʞʠʜʘʝʪʩʷ ʠ ʦʪ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʦʡ ʘʩʪʨʦ-

ʥʦʤʠʠ, ʠ ʜʣʷ ʦʧʪʠʤʠʟʤʘ ʝʩʪʴ ʚʩʝ ʦʩʥʦʚʘʥʠʷ. 
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ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

 
 ʀʩʪʦʯʥʠʢ 

 

ʈʠʩ. 12. ʆʙʲʝʤ ɺʩʝʣʝʥʥʦʡ, ʜʦʩʪʫʧʥʳʡ LIGO ʜʣʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʦʛʦ ʧʨʦʩʣʫʰʠʚʘʥʠʷ. ʂʨʘʩʥʳʡ, 

ʞʝʣʪʳʡ ʠ ʛʦʣʫʙʦʡ ʰʘʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʦʡ ʩʪʘʜʠʠ LIGO, ʥʳʥʝʰʥʝʤʫ ʩʝʘʥʩʫ aLIGO, ʠ 

ʧʨʦʝʢʪʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ aLIGO. ʂʘʞʜʦʝ 

ʧʷʪʥʳʰʢʦ ð ʵʪʦ ʦʪʜʝʣʴʥʦʝ ʩʢʦʧʣʝʥʠʝ ʛʘʣʘʢʪʠʢ. 

ʈʠʩʫʥʦʢ ʠʟ ʩʪʘʪʴʠ D. Castelvecchi & A. Witze, 2016. 

Einstein's gravitational waves found at last 
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ʌʦʪʦʛʨʘʬʠʷ ʄ51, ʚʳʧʦʣʥʝʥʥʘʷ ɼʤʠʪʨʠʝʤ ʉʝʣʝʟʥʝ-

ʚʳʤ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʞʫʨʥʘʣʘ çʅʝʙʦʩʚʦʜè. 

 
ʄ51 
ʈʘʩʩʪʦʷʥʠʝ........................26,8 ʤʣʥ ʩʚʝʪʦʚʳʭ ʣʝʪ 

ʌʠʟʠʯʝʩʢʠʡ ʨʘʟʤʝʨ..........87000 ʭ 43000 ʩʚʝʪʦʚʳʭ ʣʝʪ 

ʋʛʣʦʚʦʡ ʨʘʟʤʝʨ................11,2ô ʭ 6,9ô / 5,6ô ʭ 4,5ô 

RA......................................13h 29,9m 

DEC....................................47 ʦ 12ô 

ɿʚʝʟʜʥʘʷ ʚʝʣʠʯʠʥʘ............8,4 mag 

 
ʀʩʪʦʨʠʷ 

 

ʕʪʘ ʠʟʚʝʩʪʥʘʷ ʩʧʠʨʘʣʴʥʘʷ ʛʘʣʘʢʪʠʢʘ ʙʳʣʘ ʦʙʥʘʨʫʞʝ-

ʥʘ ʐʘʨʣʝʤ ʄʝʩʩʴʝ ʚ ʥʦʯʴ ʥʘ 13 ʦʢʪʷʙʨʷ 1773 ʛʦʜʘ ʚʦ 

ʚʨʝʤʷ ʦʜʥʦʛʦ ʠʟ ʝʛʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʢʦʤʝʪʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ. ʆʜʥʘʢʦ ʦʥ, ʚʝʨʦʷʪʥʦ, ʫʚʠʜʝʣ ʪʦʣʴʢʦ 

ʙʦʣʝʝ ʷʨʢʦʝ ʠʟ ʜʚʫʭ ʷʜʝʨ (NGC 5194), ʪʘʢ ʢʘʢ ʚ ʦʨʠ-

ʛʠʥʘʣʴʥʦʤ ʦʧʠʩʘʥʠʠ ʥʠʢʘʢʠʭ ʫʢʘʟʘʥʠʡ ʥʘ ʜʚʦʡ-

ʩʪʚʝʥʥʦʩʪʴ ʛʘʣʘʢʪʠʢʠ ʤʳ ʥʝ ʚʩʪʨʝʯʘʝʤ: çʆʙʲʝʢʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʯʝʥʴ ʩʣʘʙʫʶ ʪʫʤʘʥʥʦʩʪʴ ʙʝʟ 

ʟʚʸʟʜè. 

  

ʇʝʨʚʦʦʪʢʨʳʚʘʪʝʣʝʤ ʚʪʦʨʦʛʦ ʷʜʨʘ (NGC 5195) ʦʙʳʯ-

ʥʦ ʩʯʠʪʘʝʪʩʷ ʇʴʝʨ ʄʠʰʝʥ. ʊʨʝʪʴʝ ʠʟʜʘʥʠʝ ʢʘʪʘʣʦʛʘ 

ʄʝʩʩʴʝ ʫʞʝ ʦʧʠʩʳʚʘʝʪ ʄ51 ʪʘʢ: çʊʫʤʘʥʥʦʩʪʴ ʩ ʜʚʫ-

ʤʷ ʙʣʝʩʪʷʱʠʤʠ ʮʝʥʪʨʘʤʠ, ʨʘʟʜʝʣʸʥʥʳʤʠ ʥʘ 4ô35ò. 

ɼʚʘ ʥʝʷʩʥʳʭ ʧʷʪʥʘ ʢʘʩʘʶʪʩʷ ʜʨʫʛ ʜʨʫʛʘ ï ʦʜʥʦ ʠʟ 

ʥʠʭ ʷʨʯʝ, ʘ ʚʪʦʨʦʝ ï ʩʣʘʙʝʝè. 

 

ʀʦʛʘʥʥ ɹʦʜʝ ʥʝʟʘʚʠʩʠʤʦ ʧʝʨʝʦʪʢʨʳʣ ʄ51 5 ʷʥʚʘʨʷ 

1775 ʛʦʜʘ ʠ ʦʧʠʩʘʣ ʵʪʫ ʛʘʣʘʢʪʠʢʫ ʢʘʢ çʥʝʙʦʣʴʰʫʶ, 

ʩʣʘʙʦ ʩʚʝʪʷʱʫʶʩʷ ʪʫʤʘʥʥʦʩʪʴ, ʚʝʨʦʷʪʥʦ, ʧʨʦʜʦʣʛʦ-

ʚʘʪʦʡ ʬʦʨʤʳè, ʯʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪ-

ʩʷ ʩ ʚʥʝʰʥʠʤ ʚʠʜʦʤ ʄ51 ʚ ʥʝʙʦʣʴʰʦʡ ʣʶʙʠʪʝʣʴ-

ʩʢʠʡ ʪʝʣʝʩʢʦʧ. ʀʟ ʦʧʠʩʘʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ɹʦʜʝ ʥʝ 

ʩʪʘʣ ʚʳʜʝʣʷʪʴ NGC 5195 ʚ ʦʪʜʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, 

ʥʦ, ʥʝʩʦʤʥʝʥʥʦ, ʥʘʙʣʶʜʘʣ ʵʪʫ ʛʘʣʘʢʪʠʢʫ. 

 

ɺ 1833 ʛʦʜʫ ɼʞʦʥ ɻʝʨʰʝʣʴ ʟʘʤʝʪʠʣ, ʯʪʦ çʦʯʝʥʴ ʷʨ-

ʢʦʝ ʢʨʫʛʣʦʝ ʷʜʨʦ ʦʢʨʫʞʝʥʦ ʪʫʤʘʥʥʳʤ ʢʦʣʴʮʦʤ, ʦʪ-

ʩʪʦʷʱʠʤ ʥʘ ʥʝʢʦʪʦʨʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘè. ʉʝʛʦ-

ʜʥʷ ʵʪʦ ʥʘʙʣʶʜʝʥʠʝ ʩʯʠʪʘʝʪʩʷ ʧʝʨʚʳʤ ʥʘʤʝʢʦʤ ʥʘ 

ʩʧʠʨʘʣʴʥʫʶ ʧʨʠʨʦʜʫ ʛʘʣʘʢʪʠʢʠ. ʃʶʙʦʧʳʪʥʦ, ʥʦ 

ɻʝʨʰʝʣʴ ʩʤʦʛ ʟʘʛʣʷʥʫʪʴ ʥʘ ʮʝʣʦʝ ʩʪʦʣʝʪʠʝ ʚʧʝʨʝʜ ʠ 

ʥʘʟʚʘʣ ʄ51 ʚ ʩʚʦʠʭ ʟʘʧʠʩʷʭ çʜʘʣʸʢʠʤ ʄʣʝʯʥʳʤ ʇʫ-

ʪʝʤè. 

 

ʉʘʤʳʝ ʠʟʚʝʩʪʥʳʝ ʠʩʪʦʨʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʄ51, 

ʦʜʥʘʢʦ, ʧʨʠʥʘʜʣʝʞʘʪ ʃʦʨʜʫ ʈʦʩʩʫ. ɺ 1845 ʛʦʜʫ, 

ʥʘʙʣʶʜʘʷ ʵʪʫ ʛʘʣʘʢʪʠʢʫ, ʦʥ ʦʪʤʝʪʠʣ: çʊʫʤʘʥʥʦʩʪʴ 

ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʫʶ ʩʧʠʨʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʉ ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʠ ʠʥʩʪʨʫʤʝʥʪʘ ʩʪʨʫʢʪʫʨʘ ʵʪʘ 
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ʇʦʠʩʢʦʚʘʷ ʢʘʨʪʘ ʜʣʷ ʛʘʣʘʢʪʠʢʠ ʄ51, ʩʦʩʪʘʚʣʝʥʥʘʷ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Guide 9.0. 

 

ʧʦʩʪʝʧʝʥʥʦ ʫʩʣʦʞʥʷʝʪʩʷ; ʩʦʝʜʠʥʝʥʠʝ ʢʦʤʧʘʥʴʦʥʘ ʩ 

ʙʦʣʴʰʝʡ ʪʫʤʘʥʥʦʩʪʴʶ ʥʝ ʧʦʜʣʝʞʠʪ ʩʦʤʥʝʥʠʶ. 

ʅʘʠʷʨʯʘʡʰʘʷ ʠʟ ʩʧʠʨʘʣʴʥʳʭ ʪʫʤʘʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʤʥʝ ʜʦʚʝʣʦʩʴ ʥʘʙʣʶʜʘʪʴè. ʈʘʟʨʘʟʠʚʰʠʡʩʷ ʚ ʀʨʣʘʥ-

ʜʠʠ ʛʦʣʦʜ ʥʘ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʦʪʚʣʝʢ ʈʦʩʩʘ ʦʪ ʜʝʣ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʠ ʩʣʝʜʫʶʱʝʝ ʝʛʦ ʥʘʙʣʶʜʝʥʠʝ ʄ51 

ʜʘʪʠʨʫʝʪʩʷ ʘʞ 26 ʘʧʨʝʣʷ 1848 ʛʦʜʘ: çʗʜʨʦ ʚʳʛʣʷʜʠʪ 

ʦʯʝʥʴ ʦʪʯʝʪʣʠʚʳʤ, ʢʘʢ ʠ ʩʧʠʨʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʦ-

ʝʜʠʥʷʶʱʘʷ ʝʛʦ ʩ ʤʝʥʴʰʠʤ ʢʦʤʧʦʥʝʥʪʦʤè. 

 

ɻʝʥʨʠʭ ʜôɸʨʨʝ, ʢ ʩʣʦʚʫ, ʠʤʝʚʰʠʡ ʚ ʩʚʦʝʤ ʨʘʩʧʦʨʷ-

ʞʝʥʠʠ ʣʠʰʴ ʩʢʨʦʤʥʳʡ 11-ʜʶʡʤʦʚʳʡ (270-ʤʤ) ʪʝʣʝ-

ʩʢʦʧ, ʦʧʠʩʘʣ ʄ51 ʪʘʢ: çʗʜʨʦ ɸ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʠ 

ʷʨʢʦʝ, ʦʢʨʫʞʝʥʥʦʝ ʜʚʦʡʥʳʤ ʢʦʣʴʮʦʤ, ʢʦʪʦʨʦʝ ʷʨʯʝ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʟʠʮʠʦʥʥʳʭ ʫʛʣʦʚ ʈɸ = 37ʦ ʠ ʈɸ = 

98ʦ. ʗʜʨʦ ɺ ʪʦʞʝ ʢʘʞʝʪʩʷ ʚʝʩʴʤʘ ʢʨʫʧʥʳʤ ʠ ʦʙʥʘ-

ʨʫʞʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʷʨʢʦʩʪʠ ʢ ʮʝʥʪʨʫè. 

 

ʇʝʨʚʘʷ ʬʦʪʦʛʨʘʬʠʷ, ʧʦʢʘʟʘʚʰʘʷ ʚʩʶ ʢʨʘʩʦʪʫ ʵʪʦʡ 

ʛʘʣʘʢʪʠʢʠ ʠ ʝʝ ʩʧʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʙʳʣʘ ʧʦʣʫʯʝ-

ʥʘ ʪʦʣʴʢʦ ʚ 1889 ʛʦʜʫ. ʂʝʨʪʠʩ, ʧʨʦʠʟʚʦʜʷ ʧʦʜʨʦʙʥʦʝ 

ʠʟʫʯʝʥʠʝ ʵʪʠʭ ʬʦʪʦʛʨʘʬʠʡ ʚ 1918 ʛʦʜʫ, ʦʧʠʩʘʣ ʄ51 

ʪʘʢ: çʂʨʘʩʠʚʘʷ ʩʧʠʨʘʣʴʥʘʷ ʪʫʤʘʥʥʦʩʪʴ ʚ ɻʦʥʯʠʭ 

ʇʩʘʭ. ʂ ʩʝʚʝʨʫ ʦʪ NGC 5194 ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʩʣʘ-

ʙʳʡ, ʝʜʚʘ ʟʘʤʝʪʥʳʡ ʨʫʢʘʚ, ʩ ʫʯʸʪʦʤ ʢʦʪʦʨʦʛʦ ʨʘʟʤʝ-

ʨʳ ʪʫʤʘʥʥʦʩʪʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʨʘʚʥʳ 12ô ʭ 6ô. ɺ 

NGC 5194 ʣʝʛʢʦ ʟʘʤʝʪʠʪʴ ʨʝʟʢʦ ʦʯʝʨʯʝʥʥʦʝ ʟʚʝʟʜʦ-

ʦʙʨʘʟʥʦʝ ʷʜʨʦ ʠ ʤʥʦʞʝʩʪʚʦ ʟʚʝʟʜʥʳʭ ʩʛʫʱʝʥʠʡ ʚ 

ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʘʭ. ʉʧʫʪʥʠʢ ʪʫʤʘʥʥʦʩʪʠ, NGC 

5195, ʠʤʝʝʪ ʙʦʣʝʝ ʜʠʬʬʫʟʥʳʡ ʚʠʜ, ʙʝʟ ʨʘʟʣʠʯʠʤʦʡ 

ʩʧʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʗʜʨʦ ʝʛʦ ʜʦʚʦʣʴʥʦ ʷʨʢʦʝ ʠ 

ʠʤʝʝʪ ʟʘʤʝʪʥʦ ʚʳʪʷʥʫʪʫʶ ʬʦʨʤʫè. 

 

ɸʩʪʨʦʬʠʟʠʯʝʩʢʠʡ ʚʟʛʣʷʜ 

 

NGC 5194 ʠ NGC 5195, ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙ-

ʨʘʟʫʶʪ ʦʙʲʝʢʪ ʄ51, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ, ʥʘʚʝʨʥʦʝ, 

ʩʘʤʳʡ ʠʟʚʝʩʪʥʳʡ ʧʨʠʤʝʨ ʧʘʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʛʘʣʘʢʪʠʢ ʥʘ ʚʩʝʤ ʥʝʙʦʩʚʦʜʝ. ʆʨʙʠʪʘ ʤʝʥʴʰʝʛʦ ʦʙʲ-

ʝʢʪʘ ï NGC 5195, ʥʘʢʣʦʥʝʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʘʣʘʢ-

ʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ NGC 5194 ʥʘ 73ʦ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʧʫʪʥʠʢ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʜʘʣʝʥʠʠ ʧʨʠʤʝʨʥʦ ʚ 

500000 ʩʚʝʪʦʚʳʭ ʣʝʪ ʦʪ ʩʝʚʝʨʥʦʛʦ ʩʧʠʨʘʣʴʥʦʛʦ ʨʫʢʘ-

ʚʘ ʛʣʘʚʥʦʡ ʛʘʣʘʢʪʠʢʠ, ʩ ʢʦʪʦʨʦʡ ʚ ʧʦʩʣʝʜʥʠʡ ʨʘʟ 

ʩʙʣʠʞʘʣʩʷ ʚʧʣʦʪʥʫʶ ʧʨʠʤʝʨʥʦ 400 ʤʣʥ ʣʝʪ ʥʘʟʘʜ. 

 

ʊʘʢʦʝ ʩʙʣʠʞʝʥʠʝ ʥʝ ʦʙʦʰʣʦʩʴ ʙʝʟ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ 

ʦʙʝʠʭ ʛʘʣʘʢʪʠʢ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʩʧʠʨʘʣʴʥʳʭ 

ʨʫʢʘʚʦʚ NGC 5194, ʦʯʝʚʠʜʥʦ, ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʙʣʘ-

ʛʦʜʘʨʷ ʧʨʠʣʠʚʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʩ ʤʝʥʴʰʠʤ 

ʢʦʤʧʘʥʴʦʥʦʤ. ʉʚʠʜʝʪʝʣʴʩʪʚʦʤ ʘʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʩʣʫʞʘʪ ʠ ʦʙʣʘʩʪʠ ʟʚʝʟʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦ-

ʨʳʝ ʣʝʛʢʦ ʟʘʤʝʪʥʳ ʥʘ ʬʦʪʦʛʨʘʬʠʷʭ ʄ51 ʚ ʚʠʜʝ ʷʨ-

ʢʠʭ ʢʨʘʩʥʳʭ ʠ ʩʠʥʠʭ ʧʷʪʝʥ. ʃʶʙʦʧʳʪʥʦ, ʥʦ ʤʥʦʛʠʝ 

ʠʟ ʥʠʭ ʦʯʝʥʴ ʤʦʣʦʜʳ ʧʦ ʛʘʣʘʢʪʠʯʝʩʢʠʤ ʤʝʨʢʘʤ ï ʠʭ 

ʚʦʟʨʘʩʪ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 ʤʣʥ ʣʝʪ. NGC 5195 ʧʦʢʘ-

ʟʳʚʘʝʪ ʦʪʯʝʪʣʠʚʳʝ ʧʨʠʣʠʚʥʳʝ ʭʚʦʩʪʳ, ʩʬʦʨʤʠʨʦ-

ʚʘʥʥʳʝ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʚʝʟʜ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʥʘ ʦʯʝʥʴ ʵʢʩʮʝʥʪʨʠʯʥʳʭ ʦʨʙʠʪʘʭ, ʯʪʦ ʚʳʚʦʜʠʪ ʠʭ 

ʦʯʝʥʴ ʜʘʣʝʢʦ ʟʘ ʧʨʝʜʝʣʳ ʦʩʥʦʚʥʦʛʦ ʪʝʣʘ ʛʘʣʘʢʪʠʢʠ. 

 

ʅʘʙʣʶʜʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʂʦʩʤʠʯʝʩʢʠʤ ʪʝʣʝʩʢʦʧʦʤ 

ʠʤʝʥʠ ʍʘʙʙʣʘ, ʥʝ ʪʦʣʴʢʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʣʠ ʨʘʩʩʪʦʷ-

ʥʠʝ ʜʦ ʄ51, ʥʦ ʠ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʬʦʪʦʛʨʘʬʠʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʙʦʣʴʰʝʡ ʛʘʣʘʢʪʠʢʠ ʚ ʦʩʦʙʝʥʥʦ 

ʚʳʩʦʢʦʤ ʨʘʟʨʝʰʝʥʠʠ. ʉʚʝʨʭʤʘʩʩʠʚʥʘʷ ʯʝʨʥʘʷ ʜʳʨʘ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʝʪ ʤʦʱʥʳʡ ʘʢʢʨʝʮʠʦʥʥʳʡ ʜʠʩʢ 
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ʜʠʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ 5 ʩʚʝʪʦʚʳʭ ʣʝʪ ʩʦ ʩʚʝʪʠʤʦʩʪʴʶ, 

ʢʘʢ ʤʠʥʠʤʫʤ, ʚ ʤʠʣʣʠʦʥ ʨʘʟ ʧʨʝʚʳʰʘʶʱʝʡ ʩʦʣʥʝʯ-

ʥʫʶ. ʆʙʱʘʷ ʞʝ ʩʚʝʪʠʤʦʩʪʴ ʷʜʨʘ NGC 5194 ʦʛʨʦʤʥʘ 

ï ʚʥʫʪʨʝʥʥʷʷ ʦʙʣʘʩʪʴ ʛʘʣʘʢʪʠʢʠ ʨʘʜʠʫʩʦʤ ʚ 20 ʩʚʝ-

ʪʦʚʳʭ ʣʝʪ ʠʟʣʫʯʘʝʪ ʚ 25 ʤʠʣʣʠʦʥʦʚ ʨʘʟ ʙʦʣʴʰʝ ʩʚʝ-

ʪʘ, ʯʝʤ ʥʘʰʝ ʉʦʣʥʮʝ. ʈʘʜʠʦʥʘʙʣʶʜʝʥʠʷ ʧʦʟʚʦʣʠʣʠ 

ʚʳʜʝʣʠʪʴ ʙʠʧʦʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʷʜʨʘ ʩ ʤʦʱʥʳʤʠ 

ʛʘʟʦʚʳʤʠ ʦʙʣʘʢʘʤʠ ʥʘ ʩʝʚʝʨʝ ʠ ʶʛʝ, ʥʘʛʨʝʚʘʶʱʠʤʠ-

ʩʷ ʙʣʘʛʦʜʘʨʷ ʜʞʝʪʘʤ ʠʟ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʜʠʩʢʘ. 

 

ʅʘ ʬʦʪʦʛʨʘʬʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʪʝʣʝʩʢʦʧʦʤ çʍʘʙʙʣè, 

ʃʘʤʝʨʩ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʚ 2002 ʛʦʜʫ ʦʙʥʘʨʫʞʠʣʠ 30 

ʩʠʥʠʭ ʪʦʯʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘ-

ʛʘʶʪʩʷ ʚʜʦʣʴ ʩʧʠʨʘʣʴʥʳʭ ʨʫʢʘʚʦʚ ʠ ʠʤʝʶʪ ʙʣʝʩʢ ʦʪ 

21,4m ʜʦ 24,3m. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʵʪʦ ʦʜʠʥʦʯʥʳʝ 

ʟʚʝʟʜʳ ï ʩʚʝʨʭʛʠʛʘʥʪʳ ʩ ʤʘʩʩʘʤʠ ʜʦ 120 ʩʦʣʥʝʯʥʳʭ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʛʨʫʧʧʘ ɹʠʢʘ ʦʙʥʘʨʫʞʠʣʘ 877 

ʟʚʝʟʜʥʳʭ ʩʢʦʧʣʝʥʠʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 3000 ʜʦ 10000 

ʩʚʝʪʦʚʳʭ ʣʝʪ ʦʪ ʷʜʨʘ, ʥʦ ʥʠʢʘʢʠʭ ʯʝʪʢʠʭ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚ ʫʩʠʣʝʥʥʦʛʦ ʟʚʝʟʜʦ-

ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʙʳʣʠ ʙʳʪʴ 

ʚʳʟʚʘʥʳ ʥʝʢʦʛʜʘ 

ʠʤʝʚʰʠʤ ʤʝʩʪʦ ʩʙʣʠ-

ʞʝʥʠʝʤ ʩ NGC 5195, 

ʜʦʧʦʜʣʠʥʥʦ ʚʳʷʚʠʪʴ 

ʥʝ ʫʜʘʣʦʩʴ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʧʦ ʦʮʝʥʢʘʤ ʃʘ-

ʤʝʨʩʘ, ʠʤʝʶʱʝʛʦʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʘʟʘ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʦ-

ʜʦʣʞʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʟʚʝʟʜʦʦʙʨʘʟʦʚʘʥʠʷ ʝʱʸ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ, ʢʘʢ 

ʤʠʥʠʤʫʤ, 200 ʤʣʥ ʣʝʪ. 

 

ɻʣʘʚʥʘʷ ʛʘʣʘʢʪʠʢʘ, 

NGC 5194, ʠʤʝʝʪ ʦʙ-

ʱʠʡ ʜʠʘʤʝʪʨ ʚ 87000 

ʩʚʝʪʦʚʳʭ ʣʝʪ, ʯʪʦ ʣʠʰʴ 

ʥʝʤʥʦʛʠʤ ʤʝʥʴʰʝ ʘʥʘ-

ʣʦʛʠʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʜʣʷ ʄʣʝʯʥʦʛʦ ʇʫʪʠ, ʥʦ 

ʫʩʪʫʧʘʝʪ ʝʤʫ ʧʦ ʤʘʩʩʝ 

ʘʞ ʚ 10 ʨʘʟ. ʉʧʫʪʥʠʢ, 

NGC 5195, ʩʯʠʪʘʝʪʩʷ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʛʘʣʘʢʪʠ-

ʢʦʡ ʪʠʧʘ I0, ʧʦʭʦʞʝʡ 

ʥʘ ʄ81. ʎʝʥʪʨʘʣʴʥʦʝ 

ʷʜʨʦ NGC 5195, ʠʤʝ-

ʶʱʝʝ 120 ʩʚʝʪʦʚʳʭ ʣʝʪ 

ʚ ʜʠʘʤʝʪʨʝ, ʧʦʢʨʳʪʦ 

ʩʧʠʨʘʣʴʥʳʤ ʨʫʢʘʚʦʤ 

ʛʣʘʚʥʦʡ ʛʘʣʘʢʪʠʢʠ ʠ 

ʠʩʧʳʪʳʚʘʝʪ ʧʦʛʣʦʱʝ-

ʥʠʝ, ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʜʣʷ 

ʟʝʤʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ 

ʧʦʪʝʨʝ ʙʣʝʩʢʘ ʥʘ 1,5m ï 

2m. ʄ51 ʠʣʠ Arp 85, 

ʢʘʢ ʦʥʘ ʧʨʦʥʫʤʝʨʦʚʘʥʘ 

ʚ ʢʘʪʘʣʦʛʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ 

ʜʘʣʴʥʝʛʦ ʢʦʩʤʦʩʘ, ʦʙ-

ʨʘʟʫʝʪ ʮʝʥʪʨ ʩʢʦʧʣʝ-

ʥʠʷ ʛʘʣʘʢʪʠʢ, ʯʣʝʥʘʤʠ 

ʢʦʪʦʨʦʛʦ, ʪʘʢʞʝ ʩʯʠ-

ʪʘʶʪʩʷ ʄ63, NGC 5023, NGC 5229, UGC 8313, UGC 

8331 ʠ UGC 8683. 

 

ɿʘ ʚʩʶ ʠʩʪʦʨʠʶ ʥʘʙʣʶʜʝʥʠʡ ʚ ʄ51 ʩʚʝʨʭʥʦʚʳʝ 

ʥʘʙʣʶʜʘʣʠʩʴ ʪʨʠʞʜʳ. ʇʝʨʚʦʡ ʙʳʣʘ SN 1945A, ʚʟʦ-

ʨʚʘʚʰʘʷʩʷ ʚ NGC 5195 ʠ ʜʦʩʪʠʛʰʘʷ 14m ʚ ʥʦʯʴ ʥʘ 8 

ʘʧʨʝʣʷ 1945 ʛʦʜʘ. ɺʪʦʨʘʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʘʤʝʨʠ-

ʢʘʥʩʢʠʤʠ ʣʶʙʠʪʝʣʷʤʠ ʘʩʪʨʦʥʦʤʠʠ ɸʨʤʩʪʨʦʥʛʦʤ ʠ 

ʇʘʢʝʪʪʦʤ 2 ʘʧʨʝʣʷ 1994 ʛʦʜʘ ʚ 2000 ʩʚʝʪʦʚʳʭ ʣʝʪ ʦʪ 

ʮʝʥʪʨʘ NGC 5194. ɸ ʪʨʝʪʴʷ (2005 cs) ʚʩʧʳʭʥʫʣʘ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ï 27 ʠʶʥʷ 2005 ʛʦʜʘ ʠ ʙʳʣʘ 

ʦʪʢʨʳʪʘ ʥʝʤʝʮʢʠʤ ʘʩʪʨʦʥʦʤʦʤ-ʣʶʙʠʪʝʣʝʤ ɺʦʣʴʬ-

ʛʘʥʛʦʤ ʂʣʦʝʨʦʤ.  

 

ʅʘʙʣʶʜʝʥʠʷ 

 

ʅʝʚʦʦʨʫʞʝʥʥʦʤʫ ʛʣʘʟʫ ʦʙʲʝʢʪ ʥʝʜʦʩʪʫʧʝʥ ʜʘʞʝ ʥʘ 

ʪʝʤʥʦʤ ʛʦʨʥʦʤ ʥʝʙʝ, ʥʦ ʫʞʝ ʙʠʥʦʢʣʴ 10ʭ50 ʧʦʟʚʦʣʷ-

ʝʪ, ʭʦʪʴ ʠ ʩ ʪʨʫʜʦʤ, ʦʙʥʘʨʫʞʠʪʴ ʦʙʘ ʷʜʨʘ ʄ51. ɺ 
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ʥʝʙʦʣʴʰʦʡ ʣʶʙʠʪʝʣʴʩʢʠʡ ʪʝʣʝʩʢʦʧ ʦʙʘ ʢʦʤʧʦʥʝʥʪʘ 

ʚʳʛʣʷʜʷʪ ʤʘʣʝʥʴʢʠʤʠ ʪʫʤʘʥʥʦʩʪʷʤʠ, ʨʘʟʜʝʣʝʥʥʳʤʠ 

ʥʘ 6ô. 

 

 
 

ɿʘʨʠʩʦʚʢʘ ʛʘʣʘʢʪʠʢʠ ʄ51, ʚʳʧʦʣʥʝʥʥʘʷ ʘʚʪʦʨʦʤ 

ʧʝʨʝʚʦʜʘ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚ 150-ʤʤ ʪʝʣʝʩʢʦʧ-

ʨʝʬʣʝʢʪʦʨ. ʋʚʝʣʠʯʝʥʠʝ 56ʭ. ʇʨʝʢʨʘʩʥʦ ʟʘʤʝʪʥʘ 

ʜʚʦʡʩʪʚʝʥʥʦʩʪʴ ʷʜʨʘ, ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʘʤʝʢʠ ʥʘ 

ʥʘʣʠʯʠʝ ʩʧʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫ ʙʦʣʴʰʝʛʦ ʢʦʤʧʦ-

ʥʝʥʪʘ. 27 ʠʶʥʷ 2014 ʛʦʜʘ, ʧʦʣʷ ɺʝʩʸʣʦʚʩʢʦʛʦ ʨʘʡʦʥʘ 

ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʝʨʘʷ ʟʦʥʘ ʟʘʩʚʝʪʢʠ. 

 

ɺ 120-ʤʤ ʨʝʬʨʘʢʪʦʨ ʄ51 ʚʳʛʣʷʜʠʪ ʜʦʩʪʘʪʦʯʥʦ ʷʨ-

ʢʦʡ ʠ ʚʧʝʯʘʪʣʷʝʪ ʩʚʦʝʡ ʜʚʦʡʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʦ 

ʚ ʦʩʪʘʣʴʥʦʤ ʦʩʪʘʝʪʩʷ ʥʝʚʳʨʘʟʠʪʝʣʴʥʦʡ. NGC 5194 

ʧʦʢʘʟʳʚʘʝʪ ʷʨʢʦʝ ʷʜʨʦ, ʦʢʨʫʞʝʥʥʦʝ ʦʨʝʦʣʦʤ ʜʠʬ-

ʬʫʟʥʦʛʦ ʩʚʝʪʘ 3ô ʚ ʜʠʘʤʝʪʨʝ, ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʥʘʤʝʢʦʚ 

ʥʘ ʩʧʠʨʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ. NGC 5195 ʠʤʝʝʪ ʚʠʜʠʤʳʡ 

ʨʘʟʤʝʨ ʧʦʨʷʜʢʘ 1ô ʠ ʚʠʜʥʘ ʚ ʚʠʜʝ ʪʫʤʘʥʥʦʩʪʠ ʩʦ 

ʟʚʝʟʜʦʦʙʨʘʟʥʳʤ ʮʝʥʪʨʦʤ, ʩʣʝʛʢʘ ʚʳʪʷʥʫʪʦʡ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʝʚʝʨ ï ʶʛ. 

 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʧʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʳʯʥʦ ʜʦ-

ʩʪʘʪʦʯʥʦ 200-ʤʤ ʨʝʬʣʝʢʪʦʨʘ, ʥʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʧʝ-

ʯʘʪʣʷʶʱʝʡ ʛʘʣʘʢʪʠʢʘ ʩʪʘʥʦʚʠʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʘʙʣʶ-

ʜʝʥʠʠ ʚ 300-400-ʤʤ ʠʥʩʪʨʫʤʝʥʪʳ. ʊʘʢʠʝ ʪʝʣʝʩʢʦʧʳ 

ʧʦʟʚʦʣʷʪ ʚʳʷʚʠʪʴ ʜʝʪʘʣʠ ʨʫʢʘʚʦʚ NGC 5194, ʢʦʪʦ-

ʨʳʝ ʧʨʝʜʩʪʘʶʪ ʧʝʨʝʜ ʥʘʙʣʶʜʘʪʝʣʝʤ ʚ ʚʠʜʝ ʩʚʝʪʣʳʭ 

ʜʠʬʬʫʟʥʳʭ ʧʷʪʝʥ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʷʨʢʦʩʪʠ. 

 

ɺʥʫʪʨʝʥʥʠʡ ʨʫʢʘʚ, ʚʳʭʦʜʷ ʠʟ ʷʜʨʘ, ʩʥʘʯʘʣʘ ʥʘʧʨʘʚ-

ʣʷʝʪʩʷ ʥʘ ʶʛ, ʧʦʩʣʝ ʯʝʛʦ ʠʟʛʠʙʘʝʪʩʷ ʚ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʥʝ ʜʦʭʦʜʷ ʥʘ 2ô ʜʦ NGC 

5195, ʨʝʟʢʦ ʩʛʠʙʘʝʪʩʷ ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚ 

ʢʦʪʦʨʦʤ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʝʱʸ ʧʨʠʤʝʨʥʦ ʥʘ 3ô, ʧʨʝʞ-

ʜʝ ʯʝʤ ʟʘʪʝʨʷʝʪʩʷ ʚ ʬʦʥʦʚʦʤ ʜʠʬʬʫʟʥʦʤ ʩʚʝʯʝʥʠʠ 

ʄ51. 

 

ɺʥʝʰʥʠʡ ʩʧʠʨʘʣʴʥʳʡ ʨʫʢʘʚ ʢʘʞʝʪʩʷ ʥʘʙʣʶʜʘʪʝʣʶ 

ʦʪʜʝʣʝʥʥʳʤ ʦʪ ʷʜʨʘ ʠ ʥʘʯʠʥʘʝʪ ʧʨʦʩʣʝʞʠʚʘʪʴʩʷ 

ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 1,5ô ʢ ʟʘʧʘʜʫ ʦʪ 

ʥʝʛʦ. ɺʝʜʫʱʠʡ ʥʘ ʶʛ, ʦʥ ʩʧʝʨʚʘ ʧʨʦʭʦʜʠʪ ʟʚʝʟʜʫ 

ʧʝʨʝʜʥʝʛʦ ʬʦʥʘ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʠʥʘʝʪ ʦʧʠʩʳʚʘʪʴ ʧʦ-

ʣʫʢʨʫʛ ʚʦʢʨʫʛ ʷʜʨʘ, ʩʦʭʨʘʥʷʷ ʧʦʩʪʦʷʥʥʦʝ ʩ ʥʠʤ ʨʘʟ-

ʜʝʣʝʥʠʝ ʚ 3ô. ɿʜʝʩʴ ʦʥ ʭʦʨʦʰʦ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʧʝʨʚʦʛʦ 

ʨʫʢʘʚʘ ʪʝʤʥʳʤ ʧʨʦʤʝʞʫʪʢʦʤ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ 2,2ô 

ʢ ʚʦʩʪʦʢʫ ʦʪ ʮʝʥʪʨʘ ʛʘʣʘʢʪʠʢʠ. 

 

ɺ ʷʜʨʝ NGC 5194 ʚ 400-ʤʤ ʪʝʣʝʩʢʦʧ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʫʨʦʚʥʷ ʷʨʢʦʩʪʠ, ʜʠʘʤʝʪʨʦʤ 20ò, 

1ô ʠ 2ô, ʚʳʪʷʥʫʪʳʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʈɸ = 10ʦ. 

ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʷʜʨʦ NGC 5195 ʪʘʢ ʠ 

ʦʩʪʘʝʪʩʷ ʚʥʝʰʥʝ ʦʯʝʥʴ ʧʦʭʦʞʠʤ ʥʘ ʟʚʝʟʜʫ. ʆʥʦ ʨʘʩ-

ʧʦʣʦʞʝʥʦ ʚ ʷʨʢʦʤ ʩʠʛʘʨʦʦʙʨʘʟʥʦʤ ʙʘʨʝ ʜʣʠʥʦʡ 1,7ô, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʟʠʮʠʦʥʥʦʛʦ ʫʛʣʘ 

ʈɸ = 175ʦ. ʅʘ ʟʘʧʘʜʝ ʢ ʙʘʨʫ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʧʦʣʫ-

ʢʨʫʛʣʦʝ ʛʘʣʦ, ʢʦʪʦʨʦʝ ʢʘʞʝʪʩʷ ʙʦʣʝʝ ʷʨʢʠʤ ʚ ʮʝʥʪʨʝ 

ʠ ʧʦ ʚʥʝʰʥʝʤʫ ʢʨʘʶ. ʂ ʚʦʩʪʦʢʫ ʦʪ ʙʘʨʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʦʣʴʢʦ ʩʣʘʙʘʷ ʩʪʨʫʢʪʫʨʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ NGC 

5194. ʕʪʦʪ çʤʦʩʪè, ʘ ʪʘʢ ʞʝ ʜʨʫʛʠʝ ʧʨʠʣʠʚʥʳʝ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʚʦʢʨʫʛ NGC 5195, ʨʝʘʣʴʥʦ ʪʨʝʙʫʶʪ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʷ ʝʱʸ ʙʦʣʴʰʝʡ, 

ʧʦʨʷʜʢʘ 500 ʤʤ, ʘʧʝʨʪʫʨʳ ʠʣʠ 

ʜʣʠʪʝʣʴʥʳʭ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʵʢʩʧʦʟʠʮʠʡ. 

 

ʅʘ ʬʦʥʝ ʄ51 ʣʝʞʠʪ ʝʱʸ ʥʝ-

ʩʢʦʣʴʢʦ ʙʦʣʝʝ ʜʘʣʝʢʠʭ ʛʘʣʘʢ-

ʪʠʢ ï ʪʘʢʠʭ ʢʘʢ IC 4277 ʚ 4ô ʢ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʷʜʨʘ NGC 

5195 ʠ IC 4278 ʚ 5ô ʢ ʶʛʫ ʦʪ 

ʥʝʛʦ, ʥʦ ʚʠʟʫʘʣʴʥʦʝ ʥʘʙʣʶʜʝ-

ʥʠʝ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʟʘʪʨʫʜʥʠ-

ʪʝʣʴʥʦ ʠ ʪʨʝʙʫʝʪ ʢʨʫʧʥʦʛʦ 

ʣʶʙʠʪʝʣʴʩʢʦʛʦ ʪʝʣʝʩʢʦʧʘ ʩ 

ʘʧʝʨʪʫʨʦʡ ʧʦʨʷʜʢʘ 600 ʤʤ. 
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1. ɿʜʨʘʚʩʪʚʫʡʪʝ, ɺʘʣʝʥʪʠʥʘ! ʈʘʩʩʢʘʞʠʪʝ, ʧʦ-

ʞʘʣʫʡʩʪʘ, ʯʪʦ ɺʘʩ, ʤʦʣʦʜʫʶ ʢʨʘʩʠʚʫʶ ʜʝʚʫʰʢʫ, 

ʧʨʠʚʝʣʦ ʚ ʤʠʨ ʘʩʪʨʦʥʦʤʠʠ? ɺʝʜʴ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 

ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʜʝʚʫʰʢʠ ʫʚʣʝʢʘʶʪʩʷ ʥʘʫʢʦʡ. ɹʳʪʴ 

ʤʦʞʝʪ, ʫ ɺʘʩ ʧʨʦʠʟʦʰʣʦ ʢʘʢʦʝ-ʪʦ ʦʧʨʝʜʝʣʸʥʥʦʝ 

ʩʦʙʳʪʠʝ ʚ ʞʠʟʥʠ? ʏʪʦ-ʪʦ, ʯʪʦ ʧʦʜʪʦʣʢʥʫʣʦ ɺʘʩ 

ʢ ʟʚʸʟʜʥʦʤʫ ʥʝʙʫ? 

  ɿʜʨʘʚʩʪʚʫʡʪʝ, ɸʨʪʸʤ! ɺʳ ʟʥʘʝʪʝ, ʥʝʙʦ, ʦʩʦʙʝʥʥʦ 

ʟʚʝʟʜʥʦʝ, ʚʩʝʛʜʘ ʜʣʷ ʤʝʥʷ ʙʳʣʦ ʯʝʤ-ʪʦ ʚʦʩʭʠʪʠʪʝʣʴ-

ʥʳʤ! ʇʘʜʘʶʱʠʝ ʤʝʪʝʦʨʠʪʳ, ʚʩʧʳʭʠʚʘʶʱʠʝ ʠ ʠʩʯʝ-

ʟʘʶʱʠʝ ʚ ʥʠʢʫʜʘ, ʟʘʤʳʩʣʦʚʘʪʳʝ ʩʦʟʚʝʟʜʠʷ, ʜʘʣʝʢʠʝ 

ʧʣʘʥʝʪʳ, ʟʘʛʘʜʦʯʥʘʷ ʃʫʥʘ ï ʚʩʸ ʵʪʦ ʝʱʸ ʩ ʩʘʤʦʛʦ 

ʜʝʪʩʪʚʘ ʫʚʣʝʢʘʣʦ ʤʝʥʷ ʟʘ ʩʦʙʦʡ.  ʉʘʤ ʞʝ ʢʦʩʤʦʩ, 

ʦʛʨʦʤʥʳʡ ʠ ʙʝʩʢʨʘʡʥʠʡ, ʚʩʝʛʜʘ ʙʳʣ ʜʣʷ ʤʝʥʷ ʙʦʣʴ-

ʰʦʡ ʪʘʡʥʦʡ. ʆʜʥʘʞʜʳ ʤʦʸ ʚʦʩʭʠʱʝʥʠʝ ʟʚʸʟʜʥʳʤ 

ʥʝʙʦʤ ʧʝʨʝʨʦʩʣʦ ʚ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, ʧʦʜʪʘʣʢʠʚʘʶ-

ʱʠʡ ʤʝʥʷ ʢ ʨʘʩʢʨʳʪʠʶ ʪʘʡʥ ʢʦʩʤʦʩʘ ʚʩʝ ʙʦʣʴʰʝ ʠ 

ʙʦʣʴʰʝ. ʀʥʪʝʨʝʩ ʚʦʟʥʠʢ ʚʩʝʛʦ ʛʦʜ ʥʘʟʘʜ ʧʦʩʣʝ ʧʨʦ-

ʩʤʦʪʨʘ ʬʠʣʴʤʘ, ʚ ʢʦʪʦʨʦʤ ʦʪʢʨʳʚʘʣʠʩʴ ʨʘʟʤʝʨʳ 

ɺʩʝʣʝʥʥʦʡ. ʈʘʥʴʰʝ ʷ ʥʠʢʦʛʜʘ ʥʝ ʟʘʜʫʤʳʚʘʣʘʩʴ, ʯʪʦ 

ʧʦʣʝʪ ʢ ʩʠʩʪʝʤʝ ɸʣʴʬʘ ʎʝʥʪʘʚʨʘ ʟʘʥʠʤʘʝʪ ʯʝʪʳʨʝ 

ʩʚʝʪʦʚʳʭ ʛʦʜʘ ʠ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʵʪʦ ʜʘʣʝʢʦ ʥʝ ʩʘʤʳʡ 

ʜʣʠʪʝʣʴʥʳʡ ʤʝʞʟʚʝʟʜʥʳʡ ʧʝʨʝʣʝʪ. ʈʘʟʤʝʨʳ ʟʚʝʟʜ-

ʛʠʛʘʥʪʦʚ ʩ ʪʨʫʜʦʤ ʫʢʣʘʜʳʚʘʣʠʩʴ ʫ ʤʝʥʷ ʚ ʛʦʣʦʚʝ. ɼʦ 

ʵʪʦʛʦ ʥʘʰʘ ʧʣʘʥʝʪʘ ɿʝʤʣʷ ʤʥʝ ʚʩʝʛʜʘ ʢʘʟʘʣʘʩʴ 

ʦʛʨʦʤʥʦʡ ʠ ʥʝʦʙʲʷʪʥʦʡ, ʥʦ ʧʦʩʣʝ ʵʪʦʛʦ ʬʠʣʴʤʘ ʤʦʝ 

ʩʦʟʥʘʥʠʝ ʩʣʦʚʥʦ ʧʝʨʝʚʝʨʥʫʣʦʩʴ. ʉ ʤʦʤʝʥʪʘ ʧʨʦ-

ʩʤʦʪʨʘ ʵʪʦʛʦ ʬʠʣʴʤʘ ʠ ʥʘʯʘʣʘʩʴ ʤʦʷ ʣʶʙʦʚʴ ʢ ʘʩʪ-

ʨʦʥʦʤʠʠ.  

2. ʉʢʘʞʠʪʝ, ʘ ʢʘʢ ʚʦʩʧʨʠʥʷʣʠ ɺʘʰʝ ʫʚʣʝʯʝʥʠʝ 

ʜʨʫʟʴʷ, ʧʦʜʨʫʛʠ, ʨʦʜʥʳʝ? ʇʦʜʜʝʨʞʘʣʠ ʦʥʠ ɺʘʩ ʠʣʠ 

ʥʝʪ?  

  ʈʦʜʥʳʝ ʙʳʣʠ, ʢʦʥʝʯʥʦ, ʫʜʠʚʣʝʥʳ, ʫʟʥʘʚ 

ʦ ʤʦʝʤ ʫʚʣʝʯʝʥʠʠ, ʦʜʥʘʢʦ ʙʦʣʴʰʝ ʠʭ 

ʧʦʨʘʟʠʣʘ ʧʦʢʫʧʢʘ ʪʝʣʝʩʢʦʧʘ. ɺʠʜʠʤʦ, 

ʦʥʠ ʥʝ ʦʞʠʜʘʣʠ, ʯʪʦ ʷ ʥʘʩʪʦʣʴʢʦ ʩʝʨʴʸʟ-

ʥʦ ʫʚʣʝʢʫʩʴ ʘʩʪʨʦʥʦʤʠʝʡ. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʢ ʤʦʝʡ ʣʶʙʚʠ ʢ ʟʚʸʟʜʘʤ ʦʥʠ ʦʪ-

ʥʦʩʷʪʩʷ ʦʯʝʥʴ ʠ ʦʯʝʥʴ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʯʪʦ 

ʤʝʥʷ ʥʝʩʢʘʟʘʥʥʦ ʨʘʜʫʝʪ.  ʆʜʥʘʢʦ ʜʨʫʟʴʷ, 

ʥʘʧʨʦʪʠʚ, ʩʦʚʩʝʤ ʥʝ ʨʘʟʜʝʣʷʶʪ ʤʦʸ ʫʚʣʝ-

ʯʝʥʠʝ, ʩʯʠʪʘʷ ʝʛʦ ʧʫʩʪʦʡ ʠ ʩʢʫʯʥʦʡ ʪʨʘ-

ʪʦʡ ʚʨʝʤʝʥʠ. ʄʦʣʦʜʸʞʴ ʩʝʡʯʘʩ, ʩʘʤʠ 

ʟʥʘʝʪʝ, ʢʘʢ ʨʘʟʚʣʝʢʘʝʪʩʷ. ʄʘʣʦ ʢʪʦ ʠʥʪʝ-

ʨʝʩʫʝʪʩʷ ʥʘʫʢʦʡ ʠʣʠ ʯʠʪʘʝʪ ʢʥʠʛʠ. ʅʦ 

ʤʝʥʷ ʵʪʦ ʥʝ ʨʘʩʩʪʨʘʠʚʘʝʪ. ʋ ʤʝʥʷ ʝʩʪʴ 

ʢʦʩʤʦʩ ʠ ʣʶʜʠ, ʩ ʢʦʪʦʨʳʤʠ ʷ ʤʦʛʫ ʠʤ 

ʧʦʜʝʣʠʪʴʩʷ. 

3. ʅʝ ʪʷʞʝʣʦ ʣʠ ɺʘʤ ʩʦʚʤʝʱʘʪʴ ʨʘ-

ʙʦʪʫ, ʣʠʯʥʫʶ ʞʠʟʥʴ ʠ ʘʩʪʨʦʥʦʤʠʶ? 

ʂʘʢ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ɺʳ ʤʦʞʝʪʝ ʩʝʙʝ ʧʦʟʚʦʣʠʪʴ 

ʫʜʝʣʠʪʴ ʥʘʙʣʶʜʝʥʠʷʤ ʠ ʠʟʫʯʝʥʠʶ ʢʦʩʤʦʩʘ?  

  ʄʥʝ ʧʦʚʝʟʣʦ. ʈʘʙʦʪʘ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʤʝʰʘʝʪ ʤʥʝ 

ʟʘʥʠʤʘʪʴʩʷ ʘʩʪʨʦʥʦʤʠʝʡ. ʋ ʤʝʥʷ ʚʩʝʛʜʘ ʜʦʩʪʘʪʦʯʥʦ 

ʚʨʝʤʝʥʠ ʥʘ ʯʪʝʥʠʝ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʠ, ʝʩʣʠ ʧʦʟ-

ʚʦʣʷʝʪ ʧʦʛʦʜʘ, ʧʨʦʚʝʜʝʥʠʝ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʥʘʙʣʶ-

ʜʝʥʠʡ. ɼʘʞʝ ʥʘ ʨʘʙʦʪʝ ʤʥʝ ʫʜʘʸʪʩʷ ʧʦʯʠʪʘʪʴ ʢʥʠʛʫ 

ʠʣʠ ʧʦʩʤʦʪʨʝʪʴ ʢʘʢʠʝ-ʥʠʙʫʜʴ ʥʦʚʦʩʪʠ ʠʟ ʤʠʨʘ ʘʩʪ-

ʨʦʥʦʤʠʠ.  

4. ʂʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ʝʩʪʴ ʚ 

ɺʘʰʝʤ ʘʨʩʝʥʘʣʝ ʠ ʛʜʝ ɺʳ ʧʨʦʚʦʜʠʪʝ ʩʚʦʠ ʥʘʙʣʶ-

ʜʝʥʠʷ? ɺʦʟʤʦʞʥʦ, ʫ ɺʘʩ ʝʩʪʴ ʣʶʙʠʤʦʝ ʤʝʩʪʦ? 

  ʗ ʚʩʝʛʜʘ ʣʶʙʠʣʘ ʨʘʟʛʣʷʜʳʚʘʪʴ ʃʫʥʫ ʚ ʩʪʘʨʝʥʴʢʫʶ 

ʩʦʚʝʪʩʢʫʶ ʟʨʠʪʝʣʴʥʫʶ ʪʨʫʙʫ. ʇʘʧʘ ʧʨʠʦʙʨʝʣ ʝʝ ʩʝʙʝ 

ʝʱʸ ʚʦ ʚʨʝʤʷ ʩʣʫʞʝʥʠʷ ʚ ʤʦʨʩʢʦʤ ʬʣʦʪʝ. ʅʘ ʪʦʪ ʤʦ-

ʤʝʥʪ ʦʙʟʦʨ ʜʠʩʢʘ ʃʫʥʳ ʚ ʟʨʠʪʝʣʴʥʫʶ ʪʨʫʙʫ ʤʥʝ ʢʘ-

ʟʘʣʩʷ ʫʜʠʚʠʪʝʣʴʥʳʤ. ʇʦʟʞʝ ʤʳ ʧʨʠʦʙʨʝʣʠ ʩʝʙʝ ʙʦ-

ʣʝʝ ʤʦʱʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʧʨʠʙʦʨ ï ʙʠʥʦʢʣʴ. ʀʤʝʥʥʦ 

ʛʣʷʜʷ ʚ ʥʝʛʦ, ʷ ʦʪʢʨʳʣʘ ʜʣʷ ʩʝʙʷ ʢʨʘʩʦʪʳ ʢʦʩʤʦʩʘ! ɸ 

ʩʢʦʣʴʢʦ ʨʘʜʦʩʪʥʳʭ ʵʤʦʮʠʡ ʷ ʠʩʧʳʪʘʣʘ ʧʨʠ ʚʠʜʝ ʊʫ-

ʤʘʥʥʦʩʪʠ ʆʨʠʦʥʘ ʠ ɻʘʣʘʢʪʠʢʠ ɸʥʜʨʦʤʝʜʳ! ʀ ʚʦʪ, 

ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ, ʷ ʧʨʠʦʙʨʝʣʘ ʩʝʙʝ ʩʚʦʡ ʧʝʨʚʳʡ ʪʝʣʝ-

ʩʢʦʧ. ʉ ʥʠʤ ʷ ʩʦʙʠʨʘʶʩʴ ʦʪʢʨʳʪʴ ʜʣʷ ʩʝʙʷ ʪʝ ʢʨʘʩʦ-

ʪʳ ʛʣʫʙʦʢʦʛʦ ʢʦʩʤʦʩʘ, ʢʘʢʠʝ ʤʥʝ ʙʳʣʠ ʥʝ ʜʦʩʪʫʧʥʳ 

ʨʘʥʝʝ.  

   ʉ ʤʝʩʪʦʤ ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ʫ ʤʝʥʷ ʥʝʪ ʥʠʢʘʢʠʭ 

ʧʨʦʙʣʝʤ. ʉʪʦʠʪ ʤʥʝ ʪʦʣʴʢʦ ʫʩʪʘʥʦʚʠʪʴ ʪʝʣʝʩʢʦʧ ʛʜʝ-

ʥʠʙʫʜʴ ʟʘ ʜʦʤʦʤ, ʠ ʤʦʞʥʦ ʥʘʯʠʥʘʪʴ ʥʘʙʣʶʜʘʪʴ. ɾʠ-

ʚʫ ʷ ʟʘ ʛʦʨʦʜʦʤ. ʅʝʙʦ ʫ ʤʝʥʷ ʚʩʝʛʜʘ ʪʸʤʥʦʝ. ɺ ʵʪʦʤ 

ʤʥʝ ʧʦʚʝʟʣʦ. ɺʦʪ ʙʳ ʝʱʸ ʪʘʢ ʚʝʟʣʦ ʩ ʧʦʛʦʜʦʡ. ʅʦ 

ʦʙʣʘʯʥʦʩʪʴ ï ʵʪʦ, ʢʦʥʝʯʥʦ, ʦʙʱʘʷ ʧʨʦʙʣʝʤʘ ʚʩʝʭ 
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ʥʘʙʣʶʜʘʪʝʣʝʡ ʟʚʸʟʜʥʦʛʦ ʥʝʙʘ. ʅʫ, ʜʘ ʥʠʯʝʛʦ. ɺʦʪ 

ʨʘʩʧʦʛʦʜʠʪʩʷ, ʠ ʷ ʩʨʘʟʫ ʞʝ ʧʨʠʩʪʫʧʣʶ ʢ ʥʘʙʣʶʜʝʥʠ-

ʷʤ.  ɻʣʘʚʥʦʝ ʟʘʭʚʘʪʠʪʴ ʛʦʨʷʯʠʡ ʯʘʡ. ʆʥ ʭʦʨʦʰʦ ʩʦ-

ʛʨʝʚʘʝʪ ʤʝʥʷ ʷʩʥʳʤʠ ʟʠʤʥʠʤʠ ʥʦʯʘʤʠ.  

5. ʉʝʡʯʘʩ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʤʥʦʞʝʩʪʚʦ ʚʩʧʦ-

ʤʦʛʘʪʝʣʴʥʦʡ ʦʙʫʯʘʶʱʝʡ ʣʠʪʝʨʘʪʫʨʳ, ʨʘʟʥʦʛʦ 

ʨʦʜʘ ʚʠʜʝʦ, ʣʝʢʮʠʡ. ɸ ʦʪʢʫʜʘ ɺʳ ʧʨʝʜʧʦʯʠʪʘʝʪʝ 

ʯʝʨʧʘʪʴ ʟʥʘʥʠʷ? ʄʦʞʝʪ, ʧʦʩʦʚʝʪʫʝʪʝ ʯʪʦ-

ʥʠʙʫʜʴ ʥʘʰʠʤ ʯʠʪʘʪʝʣʷʤ?  

   ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ ʩʝʡʯʘʩ ʧʦʟʚʦʣʷʶʪ ʥʘʡʪʠ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʣʶʙʫʶ ʢʥʠʛʫ ʜʣʷ ʯʪʝʥʠʷ. ʗ ʯʘʩʪʦ ʧʦʩʝʱʘʶ 

ʠʥʪʝʨʥʝʪ-ʙʠʙʣʠʦʪʝʢʫ ʣʶʙʠʪʝʣʷ ʘʩʪʨʦʥʦʤʠʠ çɺʩʝ-

ʣʝʥʥʘʷ ʠ ʢʦʩʤʦʩè. ʋʞ ʪʘʤ-ʪʦ ʣʶʙʦʡ ʣʶʙʠʪʝʣʴ ʘʩʪ-

ʨʦʥʦʤʠʠ ʥʘʡʜʝʪ ʜʣʷ ʩʝʙʷ ʧʦʜʭʦʜʷʱʫʶ ʢʥʠʛʫ.  

  ʄʥʦʛʦ ʠʥʪʝʨʝʩʥʳʭ ʠ ʧʦʣʝʟʥʳʭ ʩʪʘʪʝʡ ʪʘʢʞʝ ʤʦʞʥʦ 

ʧʨʦʯʠʪʘʪʴ ʠ ʥʘ ʩʪʨʘʥʠʮʘʭ ʞʫʨʥʘʣʘ çʅʝʙʦʩʚʦʜè. ʅʝ-

ʢʦʪʦʨʳʝ ʚʳʧʫʩʢʠ ʷ ʩ ʫʜʦʚʦʣʴʩʪʚʠʝʤ ʧʝʨʝʯʠʪʳʚʘʶ 

ʜʘʞʝ ʧʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʂʨʦʤʝ ʵʪʦʛʦ, ʷ ʨʝʛʫʣʷʨʥʦ 

ʧʨʦʩʤʘʪʨʠʚʘʶ ʚʠʜʝʦ ʣʝʢʮʠʠ ʉʫʨʜʠʥʘ ɺ.ɻ., ʇʦʧʦʚʘ 

ʉ.ɹ., ʠ ʂʦʨʦʪʢʦʛʦ ʉ.ɸ. 

6. ɽʩʪʴ ʣʠ ʫ ɺʘʩ ʢʘʢʠʝ-ʥʠʙʫʜʴ ʜʘʣʴʥʝʡʰʠʝ ʧʣʘʥʳ ʚ 

ʠʟʫʯʝʥʠʠ ʘʩʪʨʦʥʦʤʠʠ? ʄʦʞʝʪ, ɺʳ ʧʣʘʥʠʨʫʝʪʝ 

ʧʝʨʝʡʪʠ ʦʪ ʥʘʙʣʶʜʝʥʠʡ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ? ʄʝʯ-

ʪʘʝʪʝ ʥʘʯʘʪʴ ʜʝʣʘʪʴ ʢʘʢʠʝ-ʥʠʙʫʜʴ ʦʪʢʨʳʪʠʷ?  

   

ʇʣʘʥʦʚ ʫ ʤʝʥʷ ʤʥʦʛʦ, ʦʜʥʘʢʦ, ʧʦʢʘ ʚʩʝ ʦʥʠ ʥʘʧʨʘʚ-

ʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʦʩʥʦʚ. ʆʩʦʙʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷ ʫʜʝʣʷʶ ʦʙʲʝʢʪʘʤ ʜʘʣʴʥʝʛʦ ʢʦʩʤʦ-

ʩʘ. ʆʯʝʥʴ ʭʦʪʝʣʦʩʴ ʙʳ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʧʦʩʝ-

ʪʠʪʴ ʬʝʩʪʠʚʘʣʴ çɸʩʪʨʦʬʝʩʪè, ʧʦʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʘʟ-

ʥʳʭ ʵʢʩʧʝʜʠʮʠʷʭ, ʧʦʭʦʜʘʭ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʣʶʙʠʪʝ-

ʣʷʤʠ ʘʩʪʨʦʥʦʤʠʠ. ʅʘʜʝʶʩʴ, ʚ ʵʪʦʤ ʛʦʜʫ ʫ ʤʝʥʷ ʧʦ-

ʷʚʠʪʩʷ ʪʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʦʪʢʨʳʪʠʡ, 

ʪʦ ʚʦ ʚʨʝʤʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʠʟʫʯʝʥʠʡ ʘʩʪʨʦʥʦʤʠʠ 

ʷ ʧʦʩʪʦʷʥʥʦ ʜʝʣʘʶ ʜʣʷ ʩʝʙʷ ʢʘʢʠʝ-ʪʦ ʦʪʢʨʳʪʠʷ. ʉʝʡ-

ʯʘʩ, ʧʨʘʚʜʘ, ʦʥʠ ʤʘʣʝʥʴʢʠʝ ʠ ʣʠʯʥʳʝ. ʗ ʚʝʜʴ ʪʦʣʴʢʦ 

ʫʯʫʩʴ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʷ ʩʯʠʪʘʶ, ʯʪʦ ʚʥʦʩʠʪʴ ʧʦʣʴʟʫ ʚ 

ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ï ʥʫʞʥʦʝ ʠ ʚʘʞʥʦʝ ʜʝʣʦ, ʠ ʷ ʦʯʝʥʴ 

ʧʦʩʪʘʨʘʶʩʴ ʚ ʙʫʜʫʱʝʤ ʧʨʠʥʝʩʪʠ ʠ ʩʚʦʡ ʚʢʣʘʜ ʚ ʨʘʟ-

ʚʠʪʠʝ ʣʶʙʠʪʝʣʴʩʢʦʡ ʘʩʪʨʦʥʦʤʠʠ. 

7. ʇʦʤʠʤʦ ʘʩʪʨʦʥʦʤʠʠ ʝʩʪʴ ʣʠ ʫ ɺʘʩ ʝʱʸ ʭʦʙʙʠ? 

ɽʩʣʠ ʜʘ, ʨʘʩʩʢʘʞʠʪʝ ʦ ʥʠʭ. 

  ʂʘʢ ʷ ʫʞʝ ʛʦʚʦʨʠʣʘ, ʤʥʦʛʦ ʩʚʦʙʦʜʥʦʛʦ ʚʨʝʤʝʥʠ ʷ 

ʩʪʘʨʘʶʩʴ ʧʦʩʚʷʪʠʪʴ ʠʟʫʯʝʥʠʶ ʥʘʫʢʠ ʠ ʩʚʦʠʤ ʥʘʙʣʶ-

ʜʝʥʠʷʤ, ʥʦ ʠ ʩʧʦʨʪʠʚʥʳʝ ʧʨʦʛʫʣʢʠ ʥʘ ʩʚʝʞʝʤ ʚʦʟʜʫ-

ʭʝ ʩʪʘʨʘʶʩʴ ʥʝ ʟʘʙʨʘʩʳʚʘʪʴ. ʗ ʦʯʝʥʴ ʣʶʙʣʶ ʣʝʪʦʤ 

ʢʘʪʘʪʴʩʷ ʥʘ ʚʝʣʦʩʠʧʝʜʝ, ʘ ʟʠʤʦʡ ʭʦʜʠʪʴ ʥʘ ʣʳʞʘʭ. 

ɺʦ ʚʨʝʤʷ ʩʚʦʠʭ ʧʨʦʛʫʣʦʢ ʫ ʤʝʥʷ ʚʩʝʛʜʘ ʧʦʜ ʨʫʢʦʡ 

ʬʦʪʦʘʧʧʘʨʘʪ. ʉʪʘʨʘʶʩʴ ʙʳʪʴ ʚʥʠʤʘʪʝʣʴʥʦʡ, ʯʪʦʙʳ 

ʥʝ ʧʨʦʧʫʩʪʠʪʴ ʥʠ ʦʜʥʦʛʦ ʩʦʙʳʪʠʷ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʚ 

ʤʠʨʝ ʦʢʨʫʞʘʶʱʝʡ ʤʝʥʷ ʧʨʠʨʦʜʳ. ɺʨʝʤʝʥʘʤʠ, ʧʦ 

ʦʩʦʙʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʜʫʰʠ, ʷ ʙʝʨʫ ʢʨʘʩʢʠ, ʢʠʩʪʠ ʠ 

ʨʠʩʫʶ ʞʠʚʦʧʠʩʴ. ʆʪ ʵʪʦʛʦ ʟʘʥʷʪʠʷ ʷ ʧʦʣʫʯʘʶ ʧʨʦʩʪʦ 

ʦʛʨʦʤʥʝʡʰʝʝ ʫʜʦʚʦʣʴʩʪʚʠʝ! 

8. ʏʪʦ ʞʝ, ɺʘʣʝʥʪʠʥʘ, ʙʦʣʴʰʦʝ ʩʧʘʩʠʙʦ ɺʘʤ, ʯʪʦ 

ʫʜʝʣʠʣʠ ʥʘʤ ʚʨʝʤʷ. ʄʳ ʠʩʢʨʝʥʥʝ ʞʝʣʘʝʤ ɺʘʤ 

ʫʩʧʝʭʦʚ ʚ ɺʘʰʠʭ ʥʘʙʣʶʜʝʥʠʷʭ ʠ ʧʫʩʪʴ ɺʘʰʠ ʤʘ-

ʣʝʥʴʢʠʝ ʣʠʯʥʳʝ ʦʪʢʨʳʪʠʷ ʧʦʩʢʦʨʝʝ ʩʪʘʥʦʚʷʪʩʷ 

ʙʦʣʴʰʠʤʠ ʠ ʚʘʞʥʳʤʠ ʜʣʷ ʦʙʱʝʩʪʚʘ. ʉʢʘʞʠʪʝ, 

ʯʪʦ ʙʳ ɺʳ ʭʦʪʝʣʠ ʧʦʞʝʣʘʪʴ ʯʠʪʘʪʝʣʷʤ ʥʘʰʝʛʦ 

ʞʫʨʥʘʣʘ ʥʘʧʦʩʣʝʜʦʢ? ɺ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʤ, ʢʦʛʦ 

ʪʦʞʝ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʚ ʠʭ ʫʚʣʝʯʝʥʠʠ ʠʭ ʜʨʫʟʴʷ 

ʠ ʟʥʘʢʦʤʳʝ? 

  ʇʨʝʞʜʝ ʚʩʝʛʦ, ʙʦʣʴʰʦʝ ʩʧʘʩʠʙʦ ʚʘʤ ʟʘ ʧʦʞʝʣʘʥʠʷ ʠ 

ʜʦʙʨʳʝ ʩʣʦʚʘ! ʄʥʝ, ʢʘʢ ʥʦʚʠʯʢʫ ʚ ʘʩʪʨʦʥʦʤʠʠ, ʙʳʣʦ 

ʦʯʝʥʴ ʧʨʠʷʪʥʦ ʧʦʜʝʣʠʪʴʩʷ ʩʚʦʝʡ ʤʘʣʝʥʴʢʦʡ ʠʩʪʦʨʠ-

ʝʡ ʩ ʚʘʰʠʤ ʠʟʜʘʥʠʝʤ. ɹʣʘʛʦʜʘʨʶ ɺʘʩ ʟʘ ʪʘʢʫʶ ʚʦʟ-

ʤʦʞʥʦʩʪʴ! ʏʠʪʘʪʝʣʷʤ ʞʝ ʷ ʭʦʯʫ ʧʦʞʝʣʘʪʴ, ʚʦ-

ʧʝʨʚʳʭ, ʯʠʩʪʦʛʦ ʥʝʙʘ, ʪʘʢ ʢʘʢ ʵʪʘ ʟʠʤʘ, ʢ ʩʦʞʘʣʝ-

ʥʠʶ, ʩʦʚʩʝʤ ʥʝ ʨʘʩʧʦʣʘʛʘʝʪ ʷʩʥʳʤʠ ʥʦʯʘʤʠ, ʘ ʚʦ-

ʚʪʦʨʳʭ, ʪʝʨʧʝʥʠʷ, ʢʦʪʦʨʦʝ ʚʘʤ ʧʦʥʘʜʦʙʠʪʩʷ, ʚʚʠʜʫ 

ʥʝ ʧʦʥʠʤʘʷ ʚʘʩ ʚʘʰʠʤ ʦʢʨʫʞʝʥʠʝʤ. ʆʜʥʘʢʦ, ʧʦʚʝʨʴ-

ʪʝ ʤʥʝ ï ʵʪʦ ʥʝʣʝʛʢʦ, ʥʦ ʚʳ ʩʧʨʘʚʠʪʝʩʴ! ʆʙʷʟʘʪʝʣʴʥʦ 

ʩʧʨʘʚʠʪʝʩʴ, ʝʩʣʠ ʣʶʙʠʪʝ ʘʩʪʨʦʥʦʤʠʶ ʩ ʪʘʢʦʡ ʞʝ 

ʩʠʣʦʡ, ʢʘʢ ʠ ʷ. ʏʠʪʘʡʪʝ, ʩʤʦʪʨʠʪʝ, ʠʟʫʯʘʡʪʝ. ʅʦ 

ʛʣʘʚʥʦʝ ï ʙʫʜʴʪʝ ʩʘʤʠʤʠ ʩʦʙʦʡ!  

ɾʝʣʘʶ ʚʩʝʤ ʜʦʙʨʘ, ʭʦʨʦʰʝʛʦ ʥʘʩʪʨʦʝʥʠʷ ʠ ʧʨʠ-

ʷʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ! 

ɺʘʣʝʥʪʠʥʘ ʅʝʢʨʘʩʦʚʘ, ʣʶʙʠʪʝʣʴ ʘʩʪʨʦ-
ʥʦʤʠʠ, ʊʫʣʴʩʢʘʷ ʦʙʣ., ʛ. ɼʦʥʩʢʦʡ 
 

ʉʧʝʮʠʘʣʴʥʦ ʜʣʷ ʞʫʨʥʘʣʘ çʅʝʙʦʩʚʦʜè 
 
ɹʝʩʝʜʦʚʘʣ ɸʨʪʸʤ ɾʫʨʘʚʣʸʚ 
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ʇʨʦʭʦʞʜʝʥʠʝ ʃʫʥʳ ʧʦ ʜʠʩʢʫ ɿʝʤʣʠ. ʉʥʠʤʢʠ ʧʦʣʫʯʝ-

ʥʳ 16 ʠʶʣʷ 2015 ʛʦʜʘ ʩʧʫʪʥʠʢʦʤ DSCOVR ʩ ʨʘʩʩʪʦ-

ʷʥʠʷ 1,6 ʤʣʥ ʢʤ ʦʪ ɿʝʤʣʠ, ʧʨʝʢʨʘʩʥʦ ʚʠʜʥʘ ʦʙʨʘʪ-

ʥʘʷ ʩʪʦʨʦʥʘ ʃʫʥʳ. 

 

ʃʠʢ ʃʫʥʳ, ʧʦʢʨʳʪʳʡ ʪʸʤʥʳʤʠ ʧʷʪʥʘʤʠ ʤʦʨʝʡ, ʚʩʝ-

ʛʜʘ ʤʘʥʠʣ ʠ ʧʨʠʪʷʛʠʚʘʣ ʣʶʜʝʡ ï ʦʜʥʠ ʚʠʜʝʣʠ ʚ ʥʸʤ 

ʯʝʣʦʚʝʯʝʩʢʦʝ ʣʠʮʦ, ʚʪʦʨʳʝ ï ʩʶʞʝʪʳ ʠʟ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʤʠʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʘʥʠʡ, ʪʨʝʪʴʠ ʞʝ ʚʦʦʙʱʝ 

ʩʯʠʪʘʣʠ ʣʫʥʥʳʡ ʜʠʩʢ ʟʝʨʢʘʣʦʤ, ʦʪʨʘʞʘʶʱʠʤ ʟʝʤ-

ʥʳʝ ʤʦʨʷ ʠ ʦʢʝʘʥʳ. ʀʟʦʙʨʝʪʝʥʠʝ ʪʝʣʝʩʢʦʧʘ ʩʜʝʣʘʣʦ 

ʵʪʠ ʜʦʤʳʩʣʳ ʜʦʩʪʦʷʥʠʝʤ ʠʩʪʦʨʠʠ ï ʃʫʥʘ ʧʨʝʜʩʪʘʣʘ 

ʧʝʨʝʜ ʥʘʙʣʶʜʘʪʝʣʷʤʠ ʥʦʚʳʤ, ʨʘʥʝʝ ʥʝʚʝʜʦʤʳʤ ʤʠ-

ʨʦʤ ʩʦ çʩʧʝʮʠʬʠʯʝʩʢʦʡ, ʥʝʨʦʚʥʦʡ, ʠʩʧʝʱʨʝʥʥʦʡ 

ʫʛʣʫʙʣʝʥʠʷʤʠ ʠ ʚʦʟʚʳʰʝʥʥʦʩʪʷʤʠ ʧʦʚʝʨʭʥʦʩʪʴʶè, 

ʢʘʢ ʦʙ ʵʪʦʤ ʥʝʢʦʛʜʘ ʚʳʨʘʟʠʣʩʷ ʩʘʤ ɻʘʣʠʣʝʦ ɻʘʣʠʣʝʡ. 

  

 
 

ʇʝʨʚʘʷ ʬʦʪʦʛʨʘʬʠʷ ʥʝʚʠʜʠʤʦʡ ʩ ɿʝʤʣʠ ʩʪʦʨʦʥʳ 

ʃʫʥʳ, ʧʦʣʫʯʝʥʥʘʷ ʩʦʚʝʪʩʢʦʡ ɸʄʉ çʃʫʥʘ-3è 7 ʦʢ-

ʪʷʙʨʷ 1959 ʛʦʜʘ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ ʣʶʙʦʤʫ ʤʘʣʦ-ʤʘʣʴʩʢʠ ʦʧʳʪʥʦʤʫ ʣʶ-

ʙʠʪʝʣʶ ʘʩʪʨʦʥʦʤʠʠ, ʃʫʥʘ ʧʦʚʝʨʥʫʪʘ ʢ ɿʝʤʣʝ ʚʩʝʛʜʘ 

ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʩʚʦʠʤ ʧʦʣʫʰʘʨʠʝʤ ï ʪʘʢʦʡ ʵʬʬʝʢʪ 

ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʨʘʚʝʥʩʪʚʘ ʧʝʨʠʦʜʘ ʚʨʘʱʝʥʠʷ ʃʫʥʳ 

ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʩʦ ʚʨʝʤʝʥʝʤ ʦʙʨʘʱʝʥʠʷ ʚʦʢʨʫʛ 

ɿʝʤʣʠ. ʗʚʣʝʥʠʝ ʣʠʙʨʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʩ-

ʰʠʨʠʪʴ ʜʦʩʪʫʧʥʫʶ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʜʦʣʶ ʣʫʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʭʘʨʘʢʪʝʨ ʧʨʠʤʝʨʥʦ 

82% ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ʃʫʥʳ 

ʦʩʪʘʚʘʣʩʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝʠʟʚʝʩʪʥʳʤ ʜʦ ʥʘʯʘʣʘ ʢʦʩ-

ʤʠʯʝʩʢʦʡ ʵʧʦʭʠ, ʢʦʛʜʘ ʩʦʚʝʪʩʢʠʝ ɸʂʉ çʃʫʥʘ-3è ʠ 

çɿʦʥʜ-3è ʧʝʨʝʜʘʣʠ ʥʘ ɿʝʤʣʶ ʧʝʨʚʳʝ ʬʦʪʦʛʨʘʬʠʠ 

ʥʝʜʦʩʪʫʧʥʳʭ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ 

ʨʝʛʠʦʥʦʚ ʣʫʥʥʦʛʦ ʰʘʨʘ. 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʥʝʚʠʜʠʤʦʛʦ ʩ ɿʝʤʣʠ ʧʦʣʫʰʘʨʠʷ ʯʠʪʘ-

ʪʝʣʶ ʧʦʥʘʜʦʙʠʪʩʷ ʧʨʦʛʨʘʤʤʘ çVirtual Moon Atlasè 

ʠʣʠ, ʥʘ ʭʫʜʦʡ ʢʦʥʝʮ, ʣʫʥʥʳʡ ʛʣʦʙʫʩ ʜʠʘʤʝʪʨʦʤ 20-

30 ʩʤ. ʇʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʦ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʥʳʭ 

ʩʪʨʫʢʪʫʨ ʠ ʠʤʠʪʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʷ ʨʝʢʦʤʝʥʜʫʶ ʠʤʝʥʥʦ ʝʸ. 

  

ʋʞʝ ʩ ʧʝʨʚʦʛʦ ʚʟʛʣʷʜʘ ʙʨʦʩʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʛʣʘʚ-

ʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ï ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʦʪʩʫʪʩʪʚʠʝ ʤʦʨʝʡ, ʪʘʢ ʙʦʛʘʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʦʙʨʘʱʝʥʥʦʤ ʢ ʥʘʤ ʧʦʣʫʰʘʨʠʠ. ʉʦʙʩʪʚʝʥʥʦ ʛʦʚʦʨʷ, ʚ 

ʥʝʚʠʜʠʤʦʡ ʩ ɿʝʤʣʠ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʚʩʝʛʦ ʦʜʥʦ 

ʧʦʣʥʦʮʝʥʥʦʝ ʢʣʘʩʩʠʯʝʩʢʦʝ ʣʫʥʥʦʝ ʤʦʨʝ ï ʄʦʨʝ 

ʄʦʩʢʚʳ. ʏʝʩʪʥʦ ʛʦʚʦʨʷ, ʥʘʟʚʘʥʠʝ ʜʣʷ ʵʪʦʛʦ ʦʙʲʝʢʪʘ 

ʪʨʫʜʥʦ ʥʘʟʚʘʪʴ ʫʜʘʯʥʳʤ ï ʤʦʨʷ ʪʨʘʜʠʮʠʦʥʥʦ  
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ʄʦʨʝ ʄʦʩʢʚʳ, ʢʘʢʠʤ ʝʛʦ ʫʚʠʜʝʣʠ ʘʩʪʨʦʥʘʚʪʳ 

çɸʧʦʣʣʦʥʘ-13è.  

 

ʠʤʝʥʫʶʪ ʦʪʚʣʝʯʝʥʥʳʤʠ ʬʠʣʦʩʦʬʩʢʠʤʠ ʧʦʥʷʪʠʷʤʠ, 

ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʠʤʝʥʥʦ ʵʪʦ ʥʘʠʤʝʥʦʚʘʥʠʝ ʚ 1961 

ʛʦʜʫ ʧʦ ʧʨʝʜʣʦʞʝʥʠʶ ʜʝʣʝʛʘʮʠʠ ʉʉʉʈ ʙʳʣʦ ʫʪʚʝʨ-

ʞʜʝʥʦ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʤ ʉʦʶʟʦʤ. 

ʆʧʠʩʳʚʘʝʤʦʝ ʤʦʨʝ ʠʤʝʝʪ ʫʜʘʨʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ 

ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʛʨʦʤʥʳʡ ʵʣʣʠʧʪʠ-

ʯʝʩʢʠʡ ʢʨʘʪʝʨ, ʜʥʦ ʢʦʪʦʨʦʛʦ ʥʝʢʦʛʜʘ ʙʳʣʦ ʟʘʣʠʪʦ 

ʣʘʚʦʡ. ʃʶʙʦʧʳʪʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʄʦʨʷ ʄʦʩʢʚʳ 

ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʪʦʣʱʠʥʘ ʢʦʨʳ ʥʘ ʝʛʦ ʜʥʝ 

ʥʘʠʤʝʥʴʰʘʷ ʥʘ ʚʩʝʡ ʣʫʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʦʩʪʘʚ-

ʣʷʝʪ ʣʠʰʴ ʥʝʤʥʦʛʠʤ ʙʦʣʝʝ 500 ʤʝʪʨʦʚ. 

 

 
 

ʌʦʪʦʛʨʘʬʠʷ ʄʦʨʷ ʄʝʯʪʳ, ʧʦʣʫʯʝʥʥʘʷ ʢʦʩʤʠʯʝʩʢʠʤ 

ʘʧʧʘʨʘʪʦʤ Lunar Orbiter 2. 

 

ɼʨʫʛʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʛʦʨʜʦ ʧʦʠʤʝʥʦʚʘʥʥʳʤ ʢʘʢ 

çʤʦʨʝè, ʷʚʣʷʝʪʩʷ ʄʦʨʝ ʄʝʯʪʳ. ʇʦ ʤʥʝʥʠʶ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʩʝʣʝʥʦʛʨʘʬʦʚ, ʚʳʜʝʣʝʥʠʝ ʵʪʦʛʦ ʫʯʘʩʪʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʤʦʨʝ ʙʦʣʝʝ ʯʝʤ ʫʩʣʦʚʥʦ ï ʧʦ ʩʫʪʠ 

ʄʦʨʝ ʄʝʯʪʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʩʢʦʣʴʢʦ ʩʤʝʞ-

ʥʳʭ ʢʨʘʪʝʨʦʚ (ʊʦʤʩʦʥ, ʆʙʨʫʯʝʚ ʠ ʨʷʜ ʜʨʫʛʠʭ) ʩ ʪʸʤ-

ʥʳʤ ʜʥʦʤ ʠ ʥʘʧʦʤʠʥʘʝʪ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʄʦʨʝ 

ʖʞʥʦʝ, ʦʪʯʘʩʪʠ ʜʦʩʪʫʧʥʦʝ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʩ ɿʝʤʣʠ. 

ʇʝʨʚʳʝ ʬʦʪʦʛʨʘʬʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʟʦʥʜʘ çʃʫʥʘ-3è, 

ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʠ ʛʣʫʙʦʢʦʡ ʧʨʦ-

ʨʘʙʦʪʢʦʡ ʜʝʪʘʣʝʡ: ʄʦʨʝ ʄʝʯʪʳ ʥʘ ʥʠʭ ʧʦʣʥʦʩʪʴʶ 

ʩʣʠʣʦʩʴ ʩ ʙʘʩʩʝʡʥʦʤ ʖʞʥʳʡ ʧʦʣʶʩ ï ʕʡʪʢʝʥ, ʨʝʯʴ ʦ 

ʢʦʪʦʨʦʤ ʧʦʡʜʸʪ ʥʝʩʢʦʣʴʢʦ ʧʦʟʞʝ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʥʝ-

ʚʝʨʥʦʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʮʝʥʢʝ ʨʘʟʤʝʨʦʚ ʦʙʲʝʢʪʘ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʌ. ɿʠʛʝʣʴ ʚ 1960-ʭ ʛʦʜʘʭ ʧʨʝʜʧʦʣʘʛʘʣ, 

ʯʪʦ ʄʦʨʝ ʄʝʯʪʳ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ 

ʨʘʟʤʝʨʘʤ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʝ ʄʦʨʝ ʂʨʠʟʠʩʦʚ) ʠ ʧʨʠ-

ʩʫʞʜʝʥʠʶ ʝʤʫ ʩʪʘʪʫʩʘ ʣʫʥʥʦʛʦ ʤʦʨʷ. 

 

 
 

ʇʝʨʚʘʷ ʢʘʨʪʘ ʥʝʚʠʜʠʤʦʡ ʩʪʦʨʦʥʳ ʃʫʥʳ, ʩʦʩʪʘʚ-

ʣʝʥʥʘʷ ʚ 1960 ʛʦʜʫ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʠʩʩʠʠ çʃʫʥʘ-

3è. ʃʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʯʝʨʪʘʥʠʷ ʠ ʨʘʟʤʝʨʳ ʄʦ-

ʨʷ ʄʝʯʪʳ ʦʧʨʝʜʝʣʝʥʳ ʩ ʙʦʣʴʰʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ. 

ʅʝʩʫʱʝʩʪʚʫʶʱʝʡ ʜʝʪʘʣʴʶ ʦʢʘʟʘʣʩʷ ʠ ʍʨʝʙʝʪ ʉʦ-

ʚʝʪʩʢʠʡ, ʨʝʯʴ ʦ ʢʦʪʦʨʦʤ ʧʦʡʜʝʪ ʧʦʟʞʝ. 

 

ʆʩʥʦʚʥʦʡ ʬʦʨʤʦʡ ʨʝʣʴʝʬʘ ʥʝʚʠʜʠʤʦʡ ʩ ɿʝʤʣʠ ʩʪʦ-

ʨʦʥʳ ʃʫʥʳ ʷʚʣʷʝʪʩʷ, ʥʝʩʦʤʥʝʥʥʦ, ʤʘʪʝʨʠʢʦʚʘʷ ʚʦʟ-

ʚʳʰʝʥʥʦʩʪʴ, ʛʫʩʪʦ ʠʩʧʝʱʨʝʥʥʘʷ ʢʨʘʪʝʨʘʤʠ. ʉʦʙ-

ʩʪʚʝʥʥʦ ʛʦʚʦʨʷ, ʧʦʩʣʝ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʨʝʣʴʝʬʦʤ ʦʙ-

ʨʘʪʥʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʃʫʥʘ 

ʧʦʢʨʳʪʘ ʩʧʣʦʰʥʳʤ ʱʠʪʦʤ ʠʟ ʤʘʪʝʨʠʢʦʚʦʡ ʢʦʨʳ, ʘ 

ʤʦʨʷ ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʥʝʙʦʣʴʰʠʤʠ ʚʢʨʘʧʣʝʥʠʷʤʠ 

ʙʘʟʘʣʴʪʦʚ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʦ ʩ ʢʨʫʧʥʳʤʠ 

ʣʘʚʦʚʳʤʠ ʠʟʚʝʨʞʝʥʠʷʤʠ, ʠʤʝʚʰʠʤʠ ʤʝʩʪʦ ʚ ʜʘʣʝ-

ʢʦʤ ʧʨʦʰʣʦʤ. 

 

 
 

ʉʭʝʤʘ ʦʩʥʦʚʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʣʫʥʥʦʡ 

ʢʦʨʳ. ʂʘʢ ʥʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʙʦʣʝʝ Ĳ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʩʧʫʪʥʠʢʘ ʧʦʢʨʳʚʘʝʪ ʝʜʠʥʳʡ ʜʨʝʚʥʠʡ ʢʦʥʪʠ-

ʥʝʥʪʘʣʴʥʳʡ ʱʠʪ (ʦʙʦʟʥʘʯʝʥ ʢʨʘʩʥʳʤ), ʚʦʟʨʘʩʪ ʢʦ-

ʪʦʨʦʛʦ ʩʨʘʚʥʠʤ ʩ ʚʦʟʨʘʩʪʦʤ ʩʘʤʦʡ ʃʫʥʳ. ɾʸʣʪʳʤ 

ʦʪʤʝʯʝʥʳ ʩʣʝʜʳ ʢʨʫʧʥʳʭ ʠʤʧʘʢʪʥʳʭ ʩʦʙʳʪʠʡ, 
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ʥʘʨʫʰʠʚʰʠʭ ʮʝʣʦʩʪʥʦʩʪʴ ʢʦʨʳ, ʩʠʥʠʤ ï ʫʯʘʩʪʢʠ 

ʙʘʟʘʣʴʪʦʚʦʡ ʧʦʨʦʜʳ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʜʨʝʚʥʝʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʭʘʨʘʢʪʝʨ-

ʥʦʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʜʣʷ ʦʙʨʘʱʝʥʥʦʛʦ ʢ ɿʝʤʣʝ 

ʧʦʣʫʰʘʨʠʷ. 

 

 
 

ʂʘʨʪʘ ʚʳʩʦʪ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʜʘʥʥʳʭ ʘʧʧʘʨʘʪʘ LRO 

(ʢʨʘʩʥʦʝ ð ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʩʠʥʝʝ ð ʥʠʟʤʝʥʥʦʩʪʠ). 

ɹʦʣʴʰʦʝ ʩʠʥʝ-ʬʠʦʣʝʪʦʚʦʝ ʧʷʪʥʦ ʚ ʮʝʥʪʨʝ ï ʙʘʩʩʝʡʥ 

ʖʞʥʳʡ ʧʦʣʶʩ - ʕʡʪʢʝʥ. 

 

ʂʨʫʧʥʝʡʰʠʤ ʢʨʘʪʝʨʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʦʙʨʘʪʥʦʡ 

ʩʪʦʨʦʥʝ ʃʫʥʳ ʷʚʣʷʝʪʩʷ ʛʠʛʘʥʪʩʢʠʡ ʙʘʩʩʝʡʥ ʖʞʥʳʡ 

ʧʦʣʶʩ ï ʕʡʪʢʝʥ, ʚʳʜʝʣʷʶʱʠʡʩʷ ʥʘ ʩʥʠʤʢʘʭ ʚ ʚʠʜʝ 

ʪʝʤʥʦʛʦ ʦʚʘʣʴʥʦʛʦ ʧʷʪʥʘ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʥʝʚʠʜʠʤʦʡ 

ʩʪʦʨʦʥʳ. ʆʩʦʙʝʥʥʦ ʭʦʨʦʰʦ ʙʘʩʩʝʡʥ ʚʠʜʝʥ ʥʘ ʪʦʧʦ-

ʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪʘʭ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʘʧʧʘʨʘʪʦʤ çLunar 

Reconnaissance Orbiterè, ʥʘ ʢʦʪʦʨʳʭ ʦʥ ʧʨʝʜʩʪʘʝʪ 

ʧʝʨʝʜ ʥʘʤʠ ʦʛʨʦʤʥʳʤ (2400 ʢʤ ʭ 2100 ʢʤ) ʠ ʛʣʫʙʦ-

ʢʠʤ (ʜʦ 8,8 ʢʤ) ʧʦʥʠʞʝʥʠʝʤ ʨʝʣʴʝʬʘ ʩ ʨʘʟʨʫʰʝʥʥʳ-

ʤʠ, ʥʝʯʝʪʢʠʤʠ, ʥʦ ʚʧʦʣʥʝ ʨʘʟʣʠʯʠʤʳʤʠ ʛʨʘʥʠʮʘʤʠ. 

ʂʩʪʘʪʠ, ʶʞʥʘʷ ʯʘʩʪʴ ʙʘʩʩʝʡʥʘ ʥʝʤʥʦʛʦ ʟʘʭʦʜʠʪ ʚ 

ʟʦʥʫ ʣʠʙʨʘʮʠʠ ʠ ʚʧʦʣʥʝ ʜʦʩʪʫʧʥʘ ʜʣʷ ʟʝʤʥʦʛʦ 

ʥʘʙʣʶʜʘʪʝʣʷ ʚ ʢʘʯʝʩʪʚʝ ʛʦʨ ʃʝʡʙʥʠʮʘ.  

ʊy ʤʥʦʝ ʧʷʪʥʦ ʚʥʠʟʫ ï ʙʘʩʩʝʡʥ ʖ.ʧ. - ʕʡʪʢʝʥ 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʙʘʩʩʝʡʥ ʖʞʥʳʡ ʧʦʣʶʩ ï ʕʡʪʢʝʥ ʷʚ-

ʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʪʘʨʝʡʰʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʣʫʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ï ʝʛʦ ʚʦʟʨʘʩʪ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 4,3 

ʤʣʨʜ ʣʝʪ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʚʦʟʨʘʩʪʦʤ ʩʘʤʦʡ ʃʫʥʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʪʦʪ ʢʨʘʪʝʨ ʤʦʛ 

ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʘʜʝʥʠʷ ʥʘ ʃʫʥʫ ʛʠʧʦ-

ʪʝʪʠʯʝʩʢʦʛʦ ʚʪʦʨʦʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʘʢʦʡ ʛʠʧʦʪʝʟʳ ʧʨʠʚʦʜʷʪ 

ʨʘʩʯʸʪʳ ʩʢʦʨʦʩʪʠ ʠ ʫʛʣʘ ʧʘʜʝʥʠʷ ʪʝʣʘ, ʦʙʨʘʟʦʚʘʚʰʝ-

ʛʦ ʙʘʩʩʝʡʥ (ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʧʨʠ ʫʛʣʝ ʧʘʜʝʥʠʷ ʤʝʥʝʝ 

30 ʛʨʘʜʫʩʦʚ), ʘ ʪʘʢʞʝ ʝʛʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʨʘʟʤʝʨʳ ʠ 

ʤʘʩʩʫ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʠʝ ʪʠʧʠʯʥʳʝ ʧʦʢʘ-

ʟʘʪʝʣʠ ʢʦʤʝʪ ʠ ʘʩʪʝʨʦʠʜʦʚ. ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʵʪʘ ʪʝʦʨʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʦʡ ʠ ʥʫʞʜʘ-

ʝʪʩʷ ʚ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʠ ʫʪʦʯʥʝʥʠʠ. 

 

 
 

ʄʦʟʘʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʄʦʨʷ ɺʦʩʪʦʯʥʦʛʦ, ʩʦʩʪʘʚ-

ʣʝʥʥʦʝ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ LRO ʚ 2010 ʛʦʜʫ. 

ʇʨʝʢʨʘʩʥʦ ʚʠʜʥʘ ʠʩʪʠʥʥʘʷ, ʢʨʘʪʝʨʥʘʷ ʧʨʠʨʦʜʘ ʦʙ-

ʨʘʟʦʚʘʥʠʷ. 

 

ʅʝʩʢʦʣʴʢʦ ʤʝʥʴʰʠʤ ʧʦ ʨʘʟʤʝʨʫ, ʥʦ ʦʪ ʵʪʦʛʦ ʥʝ ʤʝ-

ʥʝʝ ʠʥʪʝʨʝʩʥʳʤ ʫʜʘʨʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʥʝʚʠʜʠ-

ʤʦʡ ʩʪʦʨʦʥʝ ʷʚʣʷʝʪʩʷ ʄʦʨʝ ɺʦʩʪʦʯʥʦʝ, ʦʪʯʘʩʪʠ ʜʦ-

ʩʪʫʧʥʦʝ ʜʣʷ ʟʝʤʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʠ ʠʥʦʛʜʘ ʚʠʜʠʤʦʝ 

ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʣʫʥʥʦʛʦ ʜʠʩʢʘ. ʅʦ ʠʩʪʠʥʥʘʷ ʧʨʠ-

ʨʦʜʘ ʵʪʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʤʝʪʥʘ ʣʠʰʴ ʧʨʠ ʚʟʛʣʷʜʝ ʩ 

ʩʝʣʝʥʦʮʝʥʪʨʠʯʝʩʢʦʡ ʦʨʙʠʪʳ. ʄʦʨʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʪʯʸʪʣʠʚʫʶ ʪʨʸʭʢʦʣʴʮʝʚʫʶ ʢʨʘʪʝʨʥʫʶ ʩʪʨʫʢ-

ʪʫʨʫ ʜʠʘʤʝʪʨʦʤ ʣʠʰʴ ʥʝʤʥʦʛʠʤ ʤʝʥʝʝ 1000 ʢʠʣʦ-

ʤʝʪʨʦʚ. ʂʦʨʜʠʣʴʝʨʳ, ʦʙʨʘʟʫʶʱʠʝ ʚʥʝʰʥʠʡ ʚʘʣ ʢʨʘ-

ʪʝʨʘ, ʩʯʠʪʘʶʪʩʷ ʩʘʤʳʤ ʜʣʠʥʥʳʤ ʭʨʝʙʪʦʤ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʃʫʥʳ. 

 

ʂʩʪʘʪʠ, ʥʘʩʯʸʪ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ. ɺ ʪʝʯʝʥʠʝ ʧʨʠʤʝʨʥʦ 

ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʩʣʝ ʧʦʣʸʪʘ çʃʫʥʳ-3è, ʢʨʫʧʥʝʡʰʠʤ 

ʛʦʨʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʃʫʥʝ ʩʯʠʪʘʣʩʷ ʍʨʝʙʝʪ ʉʦ-

ʚʝʪʩʢʠʡ, ʧʦʟʞʝ ʦʢʘʟʘʚʰʠʡʩʷ ʬʘʥʪʦʤʥʦʡ ʜʝʪʘʣʴʶ ï 

ʦʰʠʙʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʝʨʚʳʭ ʩʥʠʤʢʦʚ ʥʝʚʠʜʠʤʦʡ 

ʩʪʦʨʦʥʳ. 

 

ʆʙʨʘʟʦʚʘʥʠʷʤʠ, ʥʝʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʦʙʨʘʱʝʥʥʦʛʦ ʢ 

ɿʝʤʣʝ ʧʦʣʫʰʘʨʠʷ, ʥʦ ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʥʘ ʦʙʨʘʪʥʦʡ 

ʩʪʦʨʦʥʝ, ʷʚʣʷʶʪʩʷ ʪʘʣʘʩʩʦʠʜʳ ï ʙʦʣʴʰʠʝ, ʩʨʘʚʥʠ-

ʤʳʝ ʧʦ ʨʘʟʤʝʨʫ ʩ ʤʦʨʷʤʠ ʤʥʦʛʦʢʦʣʴʮʝʚʳʝ ʢʨʘʪʝʨʳ,  
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ʊʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʢʘʨʪʘ ʫʯʘʩʪʢʘ ʣʫʥʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ, ʚʢʣʶʯʘʶʱʝʛʦ ʢʨʘʪʝʨʳ ʂʦʨʦʣʸʚ ʠ ɻʝʨʮʰʧʨʫʥʛ. 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʦʙʠʣʠʝ ʢʨʘʩʥʳʭ ʠ 

ʦʨʘʥʞʝʚʳʭ ʮʚʝʪʦʚ, ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʛʦʨʥʳʭ 

ʩʠʩʪʝʤ ï ʜʘʥʥʘʷ ʦʙʣʘʩʪʴ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʚʳʩʦʢʦʡ 

ʥʘ ʚʩʝʡ ʃʫʥʝ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʤʝʱʝʥʠ-

ʝʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʩʩ ʣʫʥʥʦʡ ʢʦʨʳ ʚ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨʘ, ʦʙʨʘʟʦ-

ʚʘʚʰʝʛʦ ʙʘʩʩʝʡʥ ʖʞʥʳʡ ʧʦʣʶʩ ï ʕʡʪʢʝʥ (ʩʠʥʝʝ 

ʧʷʪʥʦ ʚʥʠʟʫ ʩʣʝʚʘ).  

 

ʜʥʦ ʢʦʪʦʨʳʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʨʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʥʝ 

ʟʘʣʠʪʦ ʟʘʪʚʝʨʜʝʚʰʝʡ ʣʘʚʦʡ. ʂʨʫʧʥʝʡʰʠʤʠ ʪʘʣʘʩʩʦ-

ʠʜʘʤʠ ʷʚʣʷʶʪʩʷ ʢʨʘʪʝʨʳ ɻʝʨʮʰʧʨʫʥʛ, ʂʦʨʦʣʸʚ, 

ɸʧʦʣʣʦʥ ʠ ʄʝʥʜʝʣʝʝʚ. ʂʩʪʘʪʠ, ʩ ʬʦʨʤʘʣʴʥʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʩʝ ʪʘʣʘʩʩʦʠʜʳ ʚʩʝʛʜʘ ʠʤʝʥʫʶʪʩʷ ʢʨʘʪʝʨʘʤʠ 

ï ʧʦʧʳʪʢʘ ʚʚʝʩʪʠ ʥʦʚʳʡ ʪʠʧ ʨʝʣʴʝʬʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʥʘ ʃʫʥʝ ʥʝ ʚʩʪʨʝʪʠʣʘ ʦʜʦʙʨʝʥʠʷ ʄɸʉ. 

 

ɻʝʨʮʰʧʨʫʥʛ ʠ ʂʦʨʦʣʸʚ, ʝʩʣʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʢʘʨʪʫ 

ʚʳʩʦʪ, ʩʦʩʪʘʚʣʝʥʥʫʶ ʟʦʥʜʦʤ çClementineè, ʨʘʩʧʦʣʘ-

ʛʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʣʫʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ï ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʩʝʚʝʨʥʦʤ ʚʘʣʝ ʢʨʘ-

ʪʝʨʘ ʂʦʨʦʣʸʚ ʜʘʞʝ ʨʘʩʧʦʣʦʞʝʥʘ ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʪʦʯ-

ʢʘ ʣʫʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʣʝʞʘʱʘʷ ʥʘ 10786 ʤʝʪʨʦʚ 

ʚʳʰʝ ʫʩʣʦʚʥʦʛʦ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʩʪʦʣʴ ʦʙʰʠʨʥʘʷ ʛʦʨʠʩʪʘʷ ʤʝʩʪʥʦʩʪʴ ʙʳʣʘ ʩʦʟʜʘ-

ʥʘ ʪʝʤ ʞʝ ʠʤʧʘʢʪʥʳʤ ʩʦʙʳʪʠʝʤ, ʯʪʦ ʷʚʠʣʦʩʴ ʧʨʠʯʠ-

ʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʙʘʩʩʝʡʥʘ ʖʞʥʳʡ ʧʦʣʶʩ ï ʕʡʪʢʝʥ.  

 

ʂ ʶʛʫ ʠ ʚʦʩʪʦʢʫ ʦʪ ʢʨʘʪʝʨʘ ɻʝʨʮʰʧʨʫʥʛ ʦʪʭʦʜʷʪ 

ʣʶʙʦʧʳʪʥʳʝ ʮʝʧʦʯʢʠ ʢʨʘʪʝʨʦʚ, ʥʘʟʚʘʥʥʳʝ ʈʅʀʀ ʠ 

ɻʀʈɼ ï ʵʪʦ, ʧʦʞʘʣʫʡ, ʝʜʠʥʩʪʚʝʥʥʳʝ ʜʝʪʘʣʠ ʣʫʥʥʦʛʦ 

ʨʝʣɹʝʬʘ, ʧʦʣʫʯʠʚʰʠʝ ʥʘʠʤʝʥʦʚʘʥʠʝ ï ʘʙʙʨʝʚʠʘʪʫʨʫ: 

ʪʘʢ ʨʝʰʝʥʦ ʙʳʣʦ ʫʚʝʢʦʚʝʯʠʪʴ ʟʘʩʣʫʛʠ ʈʝʘʢʪʠʚʥʦʛʦ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠ ɻʨʫʧʧʳ 

ʠʟʫʯʝʥʠʷ ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʨʘʟʚʠʪʠʠ ʘʩʪʨʦ-

ʥʦʤʠʠ ʠ ʢʦʩʤʦʥʘʚʪʠʢʠ. ɺʦʦʙʱʝ ʞʝ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʢʘʨʪʳ ʥʝʚʠʜʠʤʦʛʦ ʧʦʣʫʰʘʨʠʷ ʚʩʝʛʜʘ ʥʝʩʢʦʣʴʢʦ 

ʫʜʠʚʣʷʝʪ ʦʙʠʣʠʝ ʨʫʩʩʢʠʭ ʥʘʟʚʘʥʠʡ ï ʪʫʪ ʤʳ ʤʦʞʝʤ 

ʚʩʪʨʝʪʠʪʴ ʠʤʝʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʟʥʘʯʠʤʳʭ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ ʜʝʷʪʝʣʝʡ ʥʘʫʢʠ ʠ ʢʫʣʴʪʫʨʳ. ʅʝʪʨʫʜʥʦ ʜʦ-

ʛʘʜʘʪʴʩʷ, ʯʪʦ ʪʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʜʝʣ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʠʤʝʥʥʦ ʩʦʚʝʪʩʢʠʝ ʫʯʝʥʳʝ ʥʘ ʧʨʘʚʘʭ ʧʝʨʚʦʦʪʢʨʳʚʘ-

ʪʝʣʝʡ ʠʤʝʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʧʨʘʚʦ ʚ ʚʳʜʚʠʞʝʥʠʠ 

ʥʘʟʚʘʥʠʡ ʜʣʷ ʦʙʥʘʨʫʞʝʥʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ ʥʘ ʩʫʜ 

ʄɸʉ. ɺʧʨʦʯʝʤ, ʵʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʚʦʝʦʙʨʘʟʥʦʡ 

ʢʦʤʧʝʥʩʘʮʠʝʡ ʟʘ ʠʩʪʦʨʠʯʝʩʢʫʶ çʥʝʩʧʨʘʚʝʜʣʠʚʦʩʪʴè: 

ʥʘ ʦʙʨʘʱʝʥʥʦʤ ʢ ʥʘʤ ʧʦʣʫʰʘʨʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠ 

ʦʜʥʦʡ ʬʘʤʠʣʠʠ ʥʘʰʝʛʦ ʩʦʦʪʝʯʝʩʪʚʝʥʥʠʢʘ ʚʳ ʥʝ 

ʚʩʪʨʝʪʠʪʝ. 

 

ʅʝʩʢʦʣʴʢʦ ʫʩʣʦʚʥʳʤ ʚʳʛʣʷʜʠʪ ʧʨʠʯʠʩʣʝʥʠʝ ʢ ʯʠʩʣʫ 

ʪʘʣʘʩʩʦʠʜʦʚ ʢʨʘʪʝʨʘ ɸʧʦʣʣʦʥ ï ʝʛʦ ʜʥʦ ʚ ʟʥʘʯʠʪʝʣʴ-

ʥʦʡ ʤʝʨʝ ʧʦʢʨʳʪʦ ʙʘʟʘʣʴʪʦʚʳʤʠ ʧʦʨʦʜʘʤʠ ʤʘʛʤʘʪʠ-

ʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦ-

ʚʘʪʴ ʦ çʤʦʨʩʢʦʤè ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʜʘʥʥʦʡ ʜʝʪʘʣʠ 

ʨʝʣʴʝʬʘ. ʂʩʪʘʪʠ, ʧʦ ʜʞʝʥʪʝʣʴʤʝʥʩʢʦʤʫ ʩʦʛʣʘʰʝʥʠʶ 

(ʦʬʠʮʠʘʣʴʥʦ ʥʠʛʜʝ ʥʝ ʧʨʦʧʠʩʘʥʥʦʤʫ), ʤʝʣʢʠʝ 
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ʢʨʘʪʝʨʳ ʚʥʫʪʨʠ ʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ 

ɸʧʦʣʣʦʥʘ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ ʥʘʟʚʘʥʠʷ ʚ ʯʝʩʪʴ ʘʤʝʨʠ-

ʢʘʥʩʢʠʭ ʘʩʪʨʦʥʘʚʪʦʚ, ʧʦʛʠʙʰʠʭ ʚʦ ʚʨʝʤʝʥʘ ʢʦʩʤʠ-

ʯʝʩʢʦʡ ʛʦʥʢʠ. ɸʥʘʣʦʛʠʯʥʦʝ ʧʨʘʚʠʣʦ ʜʝʡʩʪʚʫʝʪ ʚ ʦʪ-

ʥʦʰʝʥʠʠ ʬʦʨʤ ʨʝʣʴʝʬʘ ʚʙʣʠʟʠ ʄʦʨʷ ʄʦʩʢʚʳ ï ʚ 

ʥʠʭ ʫʚʝʢʦʚʝʯʝʥʳ ʠʤʝʥʘ ʩʦʚʝʪʩʢʠʭ ʢʦʩʤʦʥʘʚʪʦʚ, ʥʝ-

ʢʦʛʜʘ ʥʝ ʚʝʨʥʫʚʰʠʭʩʷ ʜʦʤʦʡ... ʈʘʩʩʤʘʪʨʠʚʘʷ ʢʘʨʪʫ 

ʃʫʥʳ, ʚʩʧʦʤʥʠʪʝ ʦʙ ʵʪʠʭ, ʚʥʝ ʩʦʤʥʝʥʠʷ, ʛʝʨʦʠʯʝ-

ʩʢʠʭ ʣʶʜʷʭ. 

 

 
 

ʌʦʪʦʛʨʘʬʠʷ ʢʨʘʪʝʨʘ ɸʧʦʣʣʦʥ, ʚʳʧʦʣʥʝʥʥʘʷ ʟʦʥʜʦʤ 

LRO. ʍʦʨʦʰʦ ʟʘʤʝʪʥʳ ʫʯʘʩʪʢʠ ʤʦʨʩʢʦʡ ʢʦʨʳ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʠ ʢʨʘʪʝʨʘ. 

 

 
 

ʂʨʘʪʝʨ ʎʠʦʣʢʦʚʩʢʠʡ. ʌʦʪʦʛʨʘʬʠʷ ʚʳʧʦʣʥʝʥʘ ʩ 

ʙʦʨʪʘ çɸʧʦʣʣʦʥʘ-8è. 

 

ʂ ʚʦʩʪʦʢʫ ʦʪ ʄʦʨʷ ʖʞʥʦʛʦ ʥʘ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʝ 

ʃʫʥʳ ʩʚʦʠʤ ʪʝʤʥʳʤ ʮʚʝʪʦʤ ʠ ʥʝʦʙʳʯʥʦʡ ʬʦʨʤʦʡ 

ʚʳʜʝʣʷʝʪʩʷ ʢʨʘʪʝʨ ʎʠʦʣʢʦʚʩʢʠʡ. ɼʥʦ ʝʛʦ ʦʙʨʘʟʦʚʘʥʦ 

ʥʘ ʫʜʠʚʣʝʥʠʝ ʪʸʤʥʦʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʯʝʨʥʦʡ ʣʘʚʦʡ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʘʪʝʨʫ ʟʚʘʥʠʝ ʩʘʤʦʡ ʪʸʤʥʦʡ ʜʝʪʘʣʠ 

ʥʘ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ ï ʝʛʦ ʘʣʴʙʝʜʦ ʣʠʰʴ ʥʝ-

ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʢʘʨʪʘ ʘʣʴʙʝʜʦ ʥʝʚʠʜʠʤʦʛʦ ʩ ɿʝʤʣʠ 

ʧʦʣʫʰʘʨʠʷ ʃʫʥʳ. ʇʦʯʪʠ ʧʦʣʦʚʠʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙ-

ʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʭʦʨʦʰʦ ʦʪ-

ʨʘʞʘʶʱʫʶ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʤʘʪʝʨʠʢʦʚʫʶ ʤʝʩʪ-

ʥʦʩʪʴ, ʧʦʜʦʙʥʫʶ ʪʦʡ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ 

ʶʞʥʦʡ ʯʘʩʪʠ ʚʠʜʠʤʦʛʦ ʧʦʣʫʰʘʨʠʷ. 

 

ʤʥʦʛʠʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʫʣʷ. ʂʩʪʘʪʠ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʧʨʦʟʚʠʱʝ çʪʝʤʥʦʡè, ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʥʝʚʠʜʠʤʘʷ ʜʣʷ 

ʟʝʤʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʩʪʦʨʦʥʘ ʃʫʥʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʚʝʪʣʝʝ ʪʦʡ, ʯʪʦ ʦʙʨʘʱʝʥʘ ʢ ʥʘʤ ï ʚ ʵʪʦʤ ʥʝʪʨʫʜʥʦ 

ʫʙʝʜʠʪʴʩʷ, ʦʟʥʘʢʦʤʠʚʰʠʩʴ ʩ ʢʘʨʪʦʡ ʘʣʴʙʝʜʦ ʣʫʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʅʦ ʚʝʨʥʸʤʩʷ ʢ ʥʘʰʝʤʫ ʢʨʘʪʝʨʫ ï ʧʨʝʜ-

ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʫʜʘʨ, ʧʨʠʚʝʜʰʠʡ ʢ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʶ, 

ʧʨʦʠʟʦʰʸʣ ʥʘ ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʠ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ: ʠʤʝʥʥʦ ʚʙʣʠʟʠ ʢʨʘʪʝʨʘ 

ʎʠʦʣʢʦʚʩʢʠʡ ʪʦʣʱʠʥʘ ʣʫʥʥʦʡ ʢʦʨʳ ʜʦʩʪʠʛʘʝʪ ʨʝ-

ʢʦʨʜʥʳʭ 75-80 ʢʤ, ʠ ʪʦʣʴʢʦ ʦʯʝʥʴ ʩʠʣʴʥʳʡ çʣʦʙʦ-

ʚʦʡè ʫʜʘʨ ʤʦʛ ʧʨʠʚʝʩʪʠ ʢ ʠʟʣʠʷʥʠʶ ʤʘʛʤʳ ʚ ʜʘʥʥʦʤ 

ʨʝʛʠʦʥʝ ʃʫʥʳ. ʃʶʙʦʧʳʪʥʦ, ʥʦ ʢʨʘʪʝʨ ʎʠʦʣʢʦʚʩʢʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʤʝʩʪ ʜʣʷ ʚʳʩʘʜʢʠ ʵʢʠʧʘʞʘ çɸʧʦʣʣʦʥʘ-17è, ʥʦ ʠʟ-ʟʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʣʦʞʥʦʩʪʝʡ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʩʚʷʟʠ ʦʪ 

ʠʜʝʠ ʧʦʩʘʜʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʨʝʰʝʥʦ ʙʳʣʦ ʦʪʢʘʟʘʪʴ-

ʩʷ.  

 

ɼʘʞʝ ʙʝʛʣʳʡ ʚʟʛʣʷʜ ʥʘ ʥʝʚʠʜʠʤʦʝ ʩ ɿʝʤʣʠ ʧʦʣʫʰʘ-

ʨʠʝ ʃʫʥʳ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʦʥʦ ʥʘʭʦʜʠʪʩʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʚ ʬʘʟʝ ʧʦʣʥʦʣʫ-

ʥʠʷ (ʦʯʝʚʠʜʥʦ, ʥʘ ɿʝʤʣʝ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʦʚʦʣʫʥʠʝ), ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʪʠʪʴ ʜʨʫʛʫʶ ʠʥʪʝʨʝʩ-

ʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ï ʦʙʠʣʠʝ ʩʚʝʪʣʳʭ ʣʫʯʝʚʳʭ ʩʠʩʪʝʤ, 

ʧʦʜʦʙʥʳʭ ʪʦʡ, ʢʦʪʦʨʘʷ ʨʘʩʭʦʜʠʪʩʷ ʦʪ ʢʨʘʪʝʨʘ ʊʠʭʦ ʠ 

ʠʟʚʝʩʪʥʘ ʣʶʙʦʤʫ ʣʶʙʠʪʝʣʶ ʘʩʪʨʦʥʦʤʠʠ. ɼʣʠʥʘ ʥʝ-

ʢʦʪʦʨʳʭ ʣʫʯʝʡ, ʦʪʭʦʜʷʱʠʭ ʦʪ ʢʨʘʪʝʨʦʚ ʆʤ, ɼʞʦʨʜʘ-

ʥʦ ɹʨʫʥʦ, ʂʨʫʥʩ, ʂʠʥʛ ʠ ʅʝʭʦ, ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ 

ʩʦʪʝʥ ʢʠʣʦʤʝʪʨʦʚ, ʘ ʣʫʯʝʚʘʷ ʩʠʩʪʝʤʘ ʢʨʘʪʝʨʘ ɼʞʝʢ-

ʩʦʥ, ʧʨʝʚʳʰʘʶʱʘʷ ʚ ʜʠʘʤʝʪʨʝ 1000 ʢʠʣʦʤʝʪʨʦʚ, 

ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʧʦ ʨʘʟʤʝʨʫ (ʧʦʩʣʝ ʊʠʭʦ) ʥʘ ʚʩʝʡ 

ʃʫʥʝ. 

 

ʉ ʣʫʯʝʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ʃʫʥʳ ʩʚʷ-

ʟʘʥ ʦʜʠʥ ʠʥʪʝʨʝʩʥʳʡ ʬʘʢʪ ï ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʧʦʟ-

ʚʦʣʠʣʠ ʦʪʢʨʳʪʴ ʧʦʨʦʜʠʚʰʠʝ ʠʭ ʢʨʘʪʝʨʳ ʟʘʜʦʣʛʦ ʜʦ 

ʪʦʛʦ, ʢʘʢ ʧʝʨʚʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʧʦʣʫʯʠʣʠ 
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ʬʦʪʦʛʨʘʬʠʠ ʥʝʚʠʜʠʤʦʡ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʧʨʠ-

ʤʝʨ, ʘʥʛʣʠʡʩʢʠʡ ʘʩʪʨʦʥʦʤ ʍ. ʋʠʣʢʠʥʩ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʟʘʥʠʤʘʣʩʷ ʠʟʫʯʝʥʠʝʤ ʟʦʥ ʣʠʙʨʘʮʠʠ ʠ 

ʚʧʝʨʚʳʝ ʥʘʥʝʩ ʥʘ ʢʘʨʪʳ 18% ʧʣʦʱʘʜʠ ʦʙʨʘʪʥʦʛʦ 

ʧʦʣʫʰʘʨʠʷ, ʠʥʦʛʜʘ ʚʠʜʠʤʳʭ ʟʝʤʥʦʤʫ ʥʘʙʣʶʜʘʪʝʣʶ. 

ɹʣʘʛʦʜʘʨʷ ʥʘʙʣʶʜʝʥʠʷʤ ʣʫʯʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʠʤʝʚ-

ʰʠʤ ʧʨʦʜʦʣʞʝʥʠʝ ʥʘ ʥʝʚʠʜʠʤʦʡ ʩʪʦʨʦʥʝ, ʋʠʣʢʠʥʩʫ 

ʫʜʘʣʦʩʴ ʨʘʩʩʯʠʪʘʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʥʘʥʝʩʪʠ ʥʘ 

ʢʘʨʪʳ ʥʝʩʢʦʣʴʢʦ ʢʨʘʪʝʨʦʚ, ʥʝʜʦʩʪʫʧʥʳʭ ʜʣʷ ʥʘʙʣʶ-

ʜʝʥʠʷ ʩ ɿʝʤʣʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʫʞʝ ʨʘʥʝʝ ʫʧʦʤʷʥʫʪʳʝ 

ɼʞʝʢʩʦʥ, ʆʤ ʠ ɼʞʦʨʜʘʥʦ ɹʨʫʥʦ. ʅʝ ʦʙʦʰʣʦʩʴ ʠ ʙʝʟ 

ʟʘʙʣʫʞʜʝʥʠʡ ï ʩ ʤʦʨʷʤʠ ʘʥʛʣʠʡʩʢʠʡ ʫʯʸʥʳʡ ʥʝ ʫʛʘ-

ʜʘʣ: ʥʠʢʘʢʦʛʦ ʦʙʰʠʨʥʦʛʦ çʆʢʝʘʥʘ ɸʥʪʠʧʦʜʦʚè, ʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʥʘʩʪʘʚʘʣ ʋʠʣʢʠʥʩ, ʩʨʘʚʥʠ-

ʤʦʛʦ ʧʦ ʨʘʟʤʝʨʫ ʩ ʆʢʝʘʥʦʤ ɹʫʨʴ, ʥʘ ʥʝʚʠʜʠʤʦʡ ʩ 

ɿʝʤʣʠ ʩʪʦʨʦʥʝ ʃʫʥʳ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 

 

 
 

ʂʘʨʪʘ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ʃʫʥʳ, ʩʦʩʪʘʚʣʝʥʥʘʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʍ. ʋʠʣʢʠʥʩʘ ʚ ʧʝʨʚʦʡ ʧʦ-

ʣʦʚʠʥʝ XX ʚʝʢʘ. 

 

ɺʦʦʙʱʝ ʞʝ ʫʩʪʨʦʡʩʪʚʦ ʥʝʚʠʜʠʤʦʛʦ ʧʦʣʫʰʘʨʠʷ ʃʫʥʳ 

ʙʳʣʦ ʧʨʝʜʤʝʪʦʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʧʝʢʫʣʷʮʠʡ ʚ XIX  

ï ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʍʍ ʚʝʢʘ. ɺʳʜʚʠʛʘʣʠʩʴ ʨʘʟʥʦʛʦ 

ʨʦʜʘ ʧʩʝʚʜʦʥʘʫʯʥʳʝ ʪʝʦʨʠʠ ʦʙ ʦʙʠʪʘʝʤʦʩʪʠ ʦʙʨʘʪ-

ʥʦʡ ʩʪʦʨʦʥʳ ʠ ʜʘʞʝ ʦ ʥʘʣʠʯʠʠ ʪʘʤ ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ 

ʞʠʟʥʠ. ʍʦʨʦʰʠʤ ʧʨʠʤʝʨʦʤ ʵʪʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʪʨʦʢʠ ʠʟ ʨʦʤʘʥʘ ɾʶʣʷ ɺʝʨʥʘ 1865 

ʛʦʜʘ çʉ ɿʝʤʣʠ ʥʘ ʃʫʥʫ ʧʨʷʤʳʤ ʧʫʪʝʤ ʟʘ 97 ʯʘʩʦʚ 20 

ʤʠʥʫʪè:  

 

çʏʪʦ ʞʝ ʨʘʟʣʠʯʠʣʠ ʦʥʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʢʦʪʦʨʦʝ 

ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ? ɼʠʩʢ ʙʳʣ ʦʢʫʪʘʥ 

ʫʜʣʠʥʝʥʥʳʤʠ ʧʦʣʦʩʘʤʠ, ʧʦʭʦʞʠʤʠ ʥʘ ʦʙʣʘʢʘ, ʦʙʨʘ-

ʟʦʚʘʚʰʠʤʠʩʷ ʚ ʩʠʣʴʥʦ ʨʘʟʨʝʞʝʥʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

ʉʢʚʦʟʴ ʵʪʠ ʦʙʣʘʢʘ ʧʨʦʩʚʝʯʠʚʘʣʠ ʥʝ ʪʦʣʴʢʦ ʛʦʨʳ, ʥʦ 

ʠ ʚʩʝ ʤʝʣʢʠʝ ʥʝʨʦʚʥʦʩʪʠ ʨʝʣʴʝʬʘ, ʧʠʢʠ, ʮʠʨʢʠ, ʨʘʟ-

ʚʝʨʩʪʳʝ ʠ ʧʨʠʯʫʜʣʠʚʦ ʨʘʟʙʨʦʩʘʥʥʳʝ ʢʨʘʪʝʨʳ, ʪʘ-

ʢʠʝ ʞʝ, ʢʘʢ ʠ ʥʘ ʚʠʜʠʤʦʤ ʧʦʣʫʰʘʨʠʠ ʃʫʥʳ. ɿʘʪʝʤ 

ʚʠʜʥʝʣʠʩʴ ʦʛʨʦʤʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʦ ʫʞʝ ʥʝ ʙʝʩ-

ʧʣʦʜʥʳʭ ʥʠʟʠʥ, ʘ ʥʘʩʪʦʷʱʠʭ ʤʦʨʝʡ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʦʛʨʦʤʥʳʭ ʦʢʝʘʥʦʚ, ʦʪʨʘʞʘʚʰʠʭ ʚ ʟʝʨʢʘʣʝ ʩʚʦʠʭ ʚʦʜ 

ʩʢʘʟʦʯʥʳʡ, ʦʩʣʝʧʠʪʝʣʴʥʳʡ ʬʝʡʝʨʚʝʨʢ, ʛʦʨʝʚʰʠʡ ʥʘʜ 

ʥʠʤʠ ʚ ʵʬʠʨʝ. ʀ ʥʘʢʦʥʝʮ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʢʦʚ 

ʚʳʩʪʫʧʘʣʠ ʦʙʰʠʨʥʳʝ ʪʝʤʥʳʝ ʧʷʪʥʘ, ʥʘʧʦʤʠʥʘʚʰʠʝ 

ʛʠʛʘʥʪʩʢʠʝ ʣʝʩʘ, ʦʩʚʝʱʝʥʥʳʝ ʥʘ ʤʛʥʦʚʝʥʠʝ ʦʩʣʝʧʠ-

ʪʝʣʴʥʦʡ ʤʦʣʥʠʝʡè. 

 

ɺʧʨʦʯʝʤ, ʙʦʣʴʰʠʥʩʪʚʦ ʘʩʪʨʦʥʦʤʦʚ ʠ ʪʦʛʜʘ ʥʝ ʧʦʜ-

ʜʝʨʞʠʚʘʣʦ ʪʘʢʠʭ ʚʦʟʟʨʝʥʠʡ, ʧʦʣʘʛʘʷ, ʯʪʦ ʦʙʨʘʪʥʦʝ 

ʧʦʣʫʰʘʨʠʝ ʚ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʥʠʢʘʢ ʥʝ 

ʜʦʣʞʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʥʘʙʣʶʜʘʝʤʦʛʦ ʥʘʤʠ. ʉʪʦʨʦʥ-

ʥʠʢʦʤ ʪʘʢʦʡ ʛʠʧʦʪʝʟʳ, ʥʘʧʨʠʤʝʨ, ʙʳʣ ʅʠʢʦʣʷ 

ʌʣʘʤʤʘʨʠʦʥ, ʚ ʩʚʦʝʡ ʢʥʠʛʝ 1912 ʛʦʜʘ çʃʫʥʘè ʧʠ-

ʩʘʚʰʠʡ: çʀ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ, ʠ ʚ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʤ 

ʦʪʥʦʰʝʥʠʠ ʜʨʫʛʦʝ ʧʦʣʫʰʘʨʠʝ, ʚʝʨʦʷʪʥʦ, ʥʠʢʘʢ ʥʝ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʨʘʱʝʥʥʦʛʦ ʢ ʥʘʤè.  

 

 
 

ʂʨʘʪʝʨ ʉʠʢʦʨʩʢʠʡ ʠ ʜʦʣʠʥʘ ʐʨʝʜʠʥʛʝʨʘ. ʉʥʠʤʦʢ 

ʟʦʥʜʘ LRO. 

 

ʅʘ ʵʪʦʤ ʷ ʦʩʪʘʚʣʷʶ ʯʠʪʘʪʝʣʷ ʠ ʧʨʝʜʣʘʛʘʶ ʝʤʫ ʦʩʫ-

ʱʝʩʪʚʠʪʴ ʜʘʣʴʥʝʡʰʝʝ ʧʫʪʝʰʝʩʪʚʠʝ ʧʦ ʦʙʨʘʪʥʦʡ ʩʪʦ-

ʨʦʥʝ ʃʫʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ï ʧʦʚʝʨʴʪʝ, ʪʘʤ ʤʥʦʛʦ 

ʜʝʪʘʣʝʡ, ʜʦʩʪʦʡʥʳʭ ʩʘʤʦʛʦ ʧʨʠʩʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ! 

ʅʘʧʨʠʤʝʨ, ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʷʚ-

ʣʷʶʪʩʷ ʜʦʣʠʥʳ ʐʨʝʜʠʥʛʝʨʘ ʠ ʇʣʘʥʢʘ ï ʛʠʛʘʥʪʩʢʠʝ 

ʨʘʟʣʦʤʳ, ʜʣʠʥʦʡ ʚ ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ, ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʝ ʢʦʪʦʨʳʭ ʧʦʢʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ. 

ʆʯʝʥʴ ʠʥʪʝʨʝʩʝʥ ʚʠʜ ʢʨʘʪʝʨʘ ʉʠʢʦʨʩʢʠʡ, ʢʦʪʦʨʳʡ 

ʨʘʩʩʝʯʸʥ ʜʦʣʠʥʦʡ ʐʨʝʜʠʥʛʝʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʯʥʦ 

ʧʦʧʦʣʘʤ ï ʪʘʢʘʷ ʬʦʨʤʘ ʨʝʣʴʝʬʘ ʚ ʥʘʩʪʦʣʴʢʦ ʛʨʘʥʜʠ-

ʦʟʥʳʭ ʤʘʩʰʪʘʙʘʭ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʙʦʣʝʝ ʥʠʛʜʝ. ʅʝʩʦ-

ʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʣʘʩʪʴ ʣʫʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʢ ʶʛʫ ʦʪ ʄʦʨʷ ɺʦʩʪʦʯʥʦʛʦ, ʦʢʨʫʞʘʶʱʘʷ 

ʢʨʘʪʝʨ ʈʠʜʙʝʨʛ ï ʧʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ ʥʝʢʦʪʦʨʳʭ 

ʩʝʣʝʥʦʣʦʛʦʚ ʟʜʝʩʴ ʤʦʞʥʦ ʥʘʡʪʠ ʦʩʪʘʪʢʠ ʝʱʸ ʦʜʥʦʛʦ 

ʜʨʝʚʥʝʛʦ ʢʨʘʪʝʨʘ ʜʠʘʤʝʪʨʦʤ ʧʦʯʪʠ 1000 ʢʠʣʦʤʝʪ-

ʨʦʚé ɾʝʣʘʶ ʫʜʘʯʠ ɺʘʤ ʚ ʵʪʦʡ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʧʨʦ-

ʛʫʣʢʝ!  

 
ʅʘ ʜʚʫʭ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʨʘʥʠʮʘʭ ʯʠʪʘʪʝʣʴ ʩʤʦʞʝʪ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 

ʥʝʧʣʦʭʠʤʠ ʢʘʨʪʘʤʠ ʥʝʚʠʜʠʤʦʛʦ ʧʦʣʫʰʘʨʠʷ ʃʫʥʳ. ʀʩʪʦʯʥʠʢ ʢʘʨʪ: 

Ralph Aeschliman Planetary Cartography and Graphics. 

 

   ʅʠʢʦʣʘʡ ɼʸʤʠʥ, ʣʶʙʠʪʝʣʴ ʘʩʪʨʦʥʦʤʠʠ,  
ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 
 

ʉʧʝʮʠʘʣʴʥʦ ʜʣʷ ʞʫʨʥʘʣʘ çʅʝʙʦʩʚʦʜè 
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