
ʂʦʩʤʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʩ ʧʨʝʜʝʣʴʥʳʤʠ 

ʵʥʝʨʛʠʷʤʠ ʚʦ ɺʩʝʣʝʥʥʦʡ. 

ʏʘʩʪʴ 1 ï ʂʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ. 

ʈʷʙʦʚ ɺ.ɸ.  

     ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ 

 4-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʩʪʨʘʥ ʉʅɻ  

ñʉʤʝʞʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʠ ʠ ʘʩʪʨʦʬʠʟʠʢʠ ʯʘʩʪʠʮ ʩʚʝʨʭʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡò 

ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, 24 ʩʝʥʪʷʙʨʷ ï 30 ʩʝʥʪʷʙʨʷ 2017 ʛʦʜʘ 



ʉʧʝʢʪʨ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 
Å ɿʘ ʙʦʣʝʝ ʯʝʤ 100- ʣʝʪʥʶʶ 
ʠʩʪʦʨʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʂʃ ʠʭ 
ʧʨʠʨʦʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 
ʛʣʘʚʥʳʭ ʦʪʢʨʳʪʳʭ ʚʦʧʨʦʩʦʚ 
ʘʩʪʨʦʥʦʤʠʠ ʠ ʘʩʪʨʦʬʠʟʠʢʠ.  

 

Å ʉʧʝʢʪʨ ʂʃ ʧʨʦʩʪʠʨʘʝʪʩʷ ʙʦʣʝʝ 
ʯʝʤ ʥʘ 10 ʧʦʨʷʜʢʦʚ ʧʦ ʵʥʝʨʛʠʠ! 

 

Å ʇʨʠ ʵʥʝʨʛʠʠ ~10 ɻʵɺ ʧʦʪʦʢ 
ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʝʪ 1 ʯʘʩʪʠʮʫ ʥʘ 
1 ʤ2 ʚ 1 ʩʝʢ, ʚ ʇʵɺ-ʥʦʡ ʦʙʣʘʩʪʠ 
ï 1 ʯʘʩʪʠʮʘ ʥʘ 1 ʤ2 ʚ 1 ʛʦʜ, ʧʨʠ 
ʵʥʝʨʛʠʷʭ ʚ ʥʝʩʢʦʣʴʢʦ ɽʵɺ ï 1 
ʯʘʩʪʠʮʘ ʥʘ 1 ʢʤ2 ʚ 1 ʛʦʜ, ʧʨʠ 
1020 ʵɺ ï 1 ʯʘʩʪʠʮʘ ʥʘ 1 ʢʤ2 ʚ 
100 ʣʝʪ. 

 

Å ʉʪʝʧʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ  
ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʂʃ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
ʵʥʝʨʛʠʠ. 



ʉʧʝʢʪʨ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 
Å ʇʦʪʦʢ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʧʨʦʩʪʠʨʘʝʪʩʷ 

ʙʦʣʝʝ ʯʝʤ ʥʘ ʜʝʩʷʪʴ ʧʦʨʷʜʢʦʚ ʧʦ 

ʵʥʝʨʛʠʠ ʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 30 ʧʦʨʷʜʢʦʚ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ.  

Å ʉʧʝʢʪʨ ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʝʧʝʥʥʳʤ ʟʘʢʦʥʦʤ 

dN/dE ~ E-ɔ ʠ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ 

ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ.  

Å ʅʘʯʠʥʘʷ ʩ ʵʥʝʨʛʠʡ 1010 eV ʧʦʢʘʟʘʪʝʣʴ 

ʥʘʢʣʦʥʘ ʩʧʝʢʪʨʘ  ɔ ~ 2.7 ʜʦ ʵʥʝʨʛʠʡ 

~3Ҏ1015 eV, ʛʜʝ ʩʪʘʥʦʚʠʪʴʩʷ ɔ ~ 3.0 

(ʦʙʣʘʩʪʴ ñʢʦʣʝʥʘò).  

Å ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʭʨʘʥʷʝʪʩʷ ʚʧʣʦʪʴ ʜʦ 

ʵʥʝʨʛʠʡ 2Ҏ1017 eV (ʚʪʦʨʦʝ ñʢʦʣʝʥʦò), 

ʚʳʰʝ ʢʦʪʦʨʳʭ ʩʪʘʥʦʚʠʪʴʩʷ ɔ ~ 3.3.  

Å ʕʪʦ ʟʥʘʯʝʥʠʝ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ ʵʥʝʨʛʠʡ 

5Ҏ1018 eV (ñʣʦʜʳʞʢʘò).  

Å ɺʳʰʝ ʵʪʦʡ ʵʥʝʨʛʠʠ ʩʧʝʢʪʨ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ɔ ~ 2.7 ʚʧʣʦʪʴ ʜʦ ʵʥʝʨʛʠʡ 5Ҏ1019 eV.  

Å ɼʘʣʝʝ ʥʘʩʪʫʧʘʝʪ ʦʙʨʝʟʘʥʠʝ ʩʧʝʢʪʨʘ ʩ ɔ ~ 

4.3. 

 



ʉʧʝʢʪʨ ʂʃ ʩ ʧʨʝʜʝʣʴʥʳʤʠ ʵʥʝʨʛʠʷʤʠ 

ʚʦ ɺʩʝʣʝʥʥʦʡ 

ʂʘʢʦʚʳ ʞʝ ʥʘʠʙʦʣʴʰʠʝ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ ʚʦ ɺʩʝʣʝʥʥʦʡ? 

ʉʫʱʝʩʪʚʫʝʪ ʣʠ ʦʙʨʝʟʘʥʠʝ ʩʧʝʢʪʨʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ? 

ʂʘʢʦʚʳ ʠʩʪʦʯʥʠʢʠ ʯʘʩʪʠʮ ʫʣʴʪʨʘʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ? 



ʉʦʩʪʘʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 



ʈʝʛʠʩʪʨʘʮʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

Å ɿʝʤʥʘʷ ʘʪʤʦʩʬʝʨʘ ʤʦʞʝʪ 

ʙʳʪʴ ʜʝʪʝʢʪʦʨʦʤ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʷ ʂʃ. 

Å  ʇʝʨʚʠʯʥʘʷ ʯʘʩʪʠʮʘ 

ʦʙʨʘʟʫʝʪ ʚ ʘʪʤʦʩʬʝʨʝ 

ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠ 

ʘʜʨʦʥʥʳʝ ʣʠʚʥʠ. 

Å ʏʠʩʣʦ ʯʘʩʪʠʮ ʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʢʘʩʢʘʜʝ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʤʘʢʩʠʤʫʤʘ, 

ʘ ʟʘʪʝʤ ʧʦʛʣʦʱʘʝʪʩʷ ʚ 

ʘʪʤʦʩʬʝʨʝ.   



ʈʝʛʠʩʪʨʘʮʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 
Å 1) ʈʝʛʠʩʪʨʘʮʠʷ ʘʜʨʦʥʥʦʡ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʐɸʃ ʠ ʢʘʢ 

ʤʦʞʥʦ ʣʫʯʰʝ ʨʘʟʜʝʣʷʪʴ ʠʭ ʚ ʙʦʣʴʰʠʭ 

ʥʘʟʝʤʥʳʭ ʤʘʩʩʠʚʘʭ ʜʝʪʝʢʪʦʨʦʚ. ɺ 

ʫʩʪʘʥʦʚʢʘʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʵʪʦʤ 

ʧʨʠʥʮʠʧʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦʜʥʳʝ 

ʯʝʨʝʥʢʦʚʩʢʠʝ ʪʘʥʢʠ ʠʣʠ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʩʯʝʪʯʠʢʠ, ʨʘʟʥʝʩʝʥʥʳʝ 

ʥʘ ʦʛʨʦʤʥʳʝ ʧʣʦʱʘʜʠ;  

Å 2) ʈʝʛʠʩʪʨʘʮʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʚʝʪʘ (ʚ 

ʦʩʥʦʚʥʦʤ, ʫʣʴʪʨʘʬʠʦʣʝʪ), ʠʟʣʫʯʘʝʤʦʛʦ 

ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʧʨʦʭʦʜʷʱʠʤ ʣʠʚʥʝʤ 

ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʘʪʤʦʩʬʝʨʝ;  

Å 3) ʈʝʛʠʩʪʨʘʮʠʷ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʩʚʝʪʘ, 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʠʟʣʫʯʘʝʤʳʡ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʯʘʩʪʠʮ ʚʙʣʠʟʠ 

ʤʘʢʩʠʤʫʤʘ ʣʠʚʥʷ. ʂʘʢ ʯʝʨʝʥʢʦʚʩʢʠʡ, ʪʘʢ ʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʚʝʪ ʩʦʙʠʨʘʝʪʩʷ 

ʙʦʣʴʰʠʤʠ ʟʝʨʢʘʣʘʤʠ ʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʤʘʪʨʠʮʘʤʠ ʌʕʋ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ 

ʬʦʢʫʩʝ ʟʝʨʢʘʣ;  



ʈʝʛʠʩʪʨʘʮʠʷ ʤʶʦʥʦʚ ʠ ʥʝʡʪʨʠʥʦ 

Å 4) ʈʝʛʠʩʪʨʠʨʦʚʘʪʴ ʤʶʦʥʳ 

ʠ ʥʝʡʪʨʠʥʦ ʚ ʧʦʜʟʝʤʥʳʭ 

ʜʝʪʝʢʪʦʨʘʭ ʩ ʙʦʣʴʰʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʤʘʩʩʦʡ. 

ʊʘʢ ʚ ʧʦʜʚʦʜʥʳʭ ʠ 

ʧʦʜʣʸʜʳʭ ʥʝʡʪʨʠʥʥʳʭ 

ʪʝʣʝʩʢʦʧʘʭ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʯʝʨʝʥʢʦʚʩʢʠʡ ʩʚʝʪ, 

ʠʟʣʫʯʘʝʤʳʡ ʤʶʦʥʘʤʠ ʠʣʠ 

ʯʘʩʪʠʮʘʤʠ ʢʘʩʢʘʜʦʚ.  



ʉʭʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʣʠʚʥʷ 



ʈʝʛʠʩʪʨʘʮʠʷ ʐɸʃ 

ʈʝʛʠʩʪʨʘʮʠʷ ʣʠʚʥʝʡ ʧʦʩʨʝʜʩʪʚʦʤ  

ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʯʘʩʪʠʮ ʥʘ 

ɿʝʤʣʝ. 
 

- ʅʝʦʙʭʦʜʠʤʦ ʧʦʢʨʳʪʴ ʙʦʣʴʰʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʠʤʝʪʴ ʩʝʪʴ 

ʜʝʪʝʢʪʦʨʦʚ; 

- ʏʝʤ ʙʦʣʴʰʝ ʧʣʦʱʘʜʴ ʧʦʢʨʳʪʠʷ, 

ʪʝʤ ʣʠʚʥʠ ʩ ʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ 

ʤʦʞʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ; 

- ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʮʠʥʪʠʣʣʷʪʦʨʳ ʠ 

ʯʝʨʝʥʢʦʚʩʢʠʝ ʜʝʪʝʢʪʦʨʳ. 



ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʐɸʃ 

Åʀʩʧʦʣʴʟʫʝʪʩʷ 
ʩʧʝʮʠʘʣʴʥʳʡ 
ʩʮʠʥʪʠʣʣʷʪʦʨ; 

Åʂʦʛʜʘ ʯʘʩʪʠʮʘ ʧʝʨʝʩʝʢʘʝʪ 
ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʫʶ 
ʧʣʦʩʢʦʩʪʴ, ʨʦʞʜʘʶʪʩʷ 
ʬʦʪʦʥʳ, ʢʦʪʦʨʳʝ 
ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 
ʬʦʪʦʫʤʥʦʞʠʪʝʣʷʤʠ; 

Åʌʦʪʦʫʤʥʦʞʠʪʝʣʴ 
ʫʩʠʣʠʚʘʝʪ ʩʠʛʥʘʣ; 

Åɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʧʨʷʤʦ 
ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʯʠʩʣʫ 
ʧʘʜʘʶʱʠʭ ʬʦʪʦʥʦʚ. 



ʏʝʨʝʥʢʦʚʩʢʠʝ ʜʝʪʝʢʪʦʨʳ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʐɸʃ 

Å ʀʩʧʦʣʴʟʫʶʪʩʷ ʦʙʲʝʤʳ ʯʠʩʪʦʡ 

ʚʦʜʳ; 

Å ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʚʦʜʫ 

ʯʘʩʪʠʮʳ  ʣʠʚʥʷ, ʜʚʠʞʫʱʠʝʩʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ, ʚʳʰʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ 

ʚ ʚʦʜʝ, ʠʟʣʫʯʘʶʪ ʯʝʨʝʥʢʦʚʩʢʠʡ 

ʩʚʝʪ; 

Å ʏʝʨʝʥʢʦʚʩʢʠʡ ʩʚʝʪ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʌʕʋ; 

Å ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩʚʝʪʘ ʩʪʝʥʢʠ 

ʚʦʜʥʦʛʦ ʦʙʲʝʤʘ ʠʤʝʶʪ 

ʩʚʝʪʦʦʪʨʘʞʘʶʱʝʝ ʧʦʢʨʳʪʠʝ. 

 

 



ʈʝʛʠʩʪʨʘʮʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʚʝʪʘ 

ʐɸʃ 

Å ʏʘʩʪʠʮʳ ʣʠʚʥʷ ʚʦʟʙʫʞʜʘʶʪ 
ʘʪʦʤʳ ʘʟʦʪʘ ʚ ʚʦʟʜʫʭʝ; 

Å ɺʦʟʙʫʞʜʝʥʥʳʝ ʘʪʦʤʳ ʘʟʦʪʘ 
ʠʟʣʫʯʘʶʪ ʩʚʝʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ 
ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ; 

Å ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʣʝʞʠʪ ʚ ʋʌ-
ʦʙʣʘʩʪʠ (300 ï 400 ʥʤ); 

Å ʗʨʢʦʩʪʴ ʩʚʝʯʝʥʠʷ 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʠʩʣʫ 
ʯʘʩʪʠʮ ʚ ʤʘʢʩʠʤʫʤʝ ʣʠʚʥʷ; 

Å ʈʝʛʠʩʪʨʘʮʠʷ 
ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʚʝʪʘ ʜʘʝʪ 
ʠʥʬʦʨʤʘʮʠʶ ʦ ʵʥʝʨʛʠʠ 
ʧʝʨʚʠʯʥʦʡ ʯʘʩʪʠʮʳ; 

Å ʈʝʛʠʩʪʨʘʮʠʷ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ 
ʥʦʯʴʶ. 



ʈʝʛʠʩʪʨʘʮʠʷ ʥʝʡʪʨʠʥʦ ʚ 

ʜʝʪʝʢʪʦʨʘʭ ʂʃ 



ʈʝʛʠʩʪʨʘʮʠʷ ʥʝʡʪʨʠʥʦ ʚ 

ʜʝʪʝʢʪʦʨʘʭ ʂʃ 



ʅʘʟʝʤʥʳʝ ʫʩʪʘʥʦʚʢʠ: Volcano Ranch  

ÅUSA, 1959-1963 

Åʇʝʨʚʘʷ ʩʝʪʴ 

ʜʝʪʝʢʪʦʨʦʚ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʐɸʃ; 

Å19 ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ, 

ʨʘʟʤʝʱʘʣʠʩʴ ʥʘ 

ʧʣʦʱʘʜʠ 8 ʢʤ2; 

 



ʅʘʟʝʤʥʳʝ ʫʩʪʘʥʦʚʢʠ: Haverah Park  

ÅUK, 1967 ï 1987 

Åʉʝʪʴ ʚʦʜʥʳʭ 

ʯʝʨʝʥʢʦʚʩʢʠʭ 

ʜʝʪʝʢʪʦʨʦʚ ʥʘ 

ʧʣʦʱʘʜʠ 12 ʢʤ2. 



ʅʘʟʝʤʥʳʝ ʫʩʪʘʥʦʚʢʠ: AGASA  

ÅAkeno Giant Air Shower 

Array, Japan; 

Åʇʣʦʱʘʜʴ ʧʦʢʨʳʪʠʷ 100 

ʢʤ2; 

Å111 ʯʝʨʝʥʢʦʚʩʢʠʭ 

ʚʦʜʥʳʭ ʜʝʪʝʢʪʦʨʦʚ + 

    27 ʤʶʦʥʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ. 



ʅʘʟʝʤʥʳʝ ʫʩʪʘʥʦʚʢʠ: Fly Eyes  
ÅUSA, 1981 ï 1992 

Å67 ʟʝʨʢʘʣ 

ʜʠʘʤʝʪʨʦʤ 1.6 ʤ 

Åɺ ʬʦʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ 

ʥʘʭʦʜʠʪʴʩʷ 

ʤʘʪʨʠʮʘ ʠʟ 14 ʌʕʋ 



ʅʘʟʝʤʥʳʝ ʫʩʪʘʥʦʚʢʠ: HiRes  

High Resolution 

Fly Eyes  



ʅʘʟʝʤʥʳʝ ʫʩʪʘʥʦʚʢʠ: Telescope Array 

ÅMillard County, Utah, USA; 

Åʇʣʦʱʘʜʴ ʧʦʢʨʳʪʠʷ 700 ʢʤ2; 

Åʉʝʪʢʘ ʠʟ 
ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 
ʜʝʪʝʢʪʦʨʦʚ ʧʣʦʱʘʜʴʶ 3 ʤ2 
ʢʘʞʜʳʡ; 

Å3 ʩʪʘʥʮʠʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 
ʜʝʪʝʢʪʦʨʦʚ, ʚ ʢʘʞʜʦʡ ï 14 
ʪʝʣʝʩʢʦʧʦʚ. 

 



Telescope Array: ʨʝʟʫʣʴʪʘʪʳ 

Åʉʪʨʫʢʪʫʨʘ ʩʧʝʢʪʨʘ: 

ñankleò ʠ ñcutoffò. 

Åʀʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʘ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʯʠʩʪʦ ʧʨʦʪʦʥʥʳʤ 

ʧʦʪʦʢʦʤ 

 



ʅʘʟʝʤʥʳʝ ʫʩʪʘʥʦʚʢʠ: Auger 

Åʂʨʫʧʥʝʡʰʘʷ ʥʘʟʝʤʥʘʷ 

ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʐɸʃ  ʚ 

ɸʨʛʝʥʪʠʥʝ; 

Åʇʣʦʱʘʜʴ ʧʦʢʨʳʪʠʷ 

ʜʝʪʝʢʪʦʨʘʤʠ 3000 ʢʤ2; 

Å1600 ʯʝʨʝʥʢʦʚʩʢʠʭ 

ʜʝʪʝʢʪʦʨʘ ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ 1.5 ʢʤ; 

Å24 ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʜʝʪʝʢʪʦʨʘ, 440 

ʩʬʝʨʠʯʝʩʢʠʭ ʟʝʨʢʘʣ ʩ 

ʌʕʋ. 

 



ʅʘʟʝʤʥʳʝ ʫʩʪʘʥʦʚʢʠ: Auger 



Auger: ʨʝʟʫʣʴʪʘʪʳ ʂʃ 

Åʆʙʨʝʟʘʥʠʝ ʩʧʝʢʪʨʘ 

ʧʨʠ ʵʥʝʨʛʠʷʭ ʚʳʰʝ 

5Ĭ1019 ʵɺ; 

Åʊʷʞʝʣʳʡ ʷʜʝʨʥʳʡ 

ʩʦʩʪʘʚ. 

 



Auger: ʨʝʟʫʣʴʪʘʪʳ ʂʃ 

Åʀʟʦʪʨʦʧʠʷ 

ʥʘʧʨʘʚʣʝʥʠʡ ʂʃ ʩ 

ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ 

1019 ʵɺ! 

 


