
ʇʣʘʥ:

ʀʩʪʦʨʠʷ ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʠʟʦʙʨʝʪʝʥʠʡ XX ʚʝʢʘ ïʣʘʟʝʨʘ.

-ʇʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ

- ʄʘʟʝʨʳ

-ʆʪ ʤʠʢʨʦʚʦʣʥ ʢ ʩʚʝʪʫ

- ʃʘʟʝʨʳ 

ʃʘʟʝʨʳ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ

- ʃʘʟʝʨʥʘʷ ʵʥʝʨʛʠʷ

- ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʘʟʝʨʘ ʩ ʪʢʘʥʴʶ

- ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʘʟʝʨʘ ʩ ʪʢʘʥʴʶ

- ʉʠʩʪʝʤʘ ʧʦʜʘʯʠ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ

- ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʣʘʟʝʨʦʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ

- ʅʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ

ʉʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʣʘʟʝʨʳ Doctor Smile
- ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʧʘʨʘʪʦʚ Doctor Smile ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʩʪʦʤʘʪʦʣʦʛʠʠ.



ɺ 1902 ʛʦʜʫ ʬʨʘʥʮʫʟʩʢʠʡ ʭʠʤʠʢ ɾʦʨʞ ʂʣʦʜ ʠʟʦʙʨʝʣ, ʘ ʚ 

1910 ʛʦʜʫ ʧʦʢʘʟʘʣ ʧʫʙʣʠʢʝ ʥʝʦʥʦʚʫʶ ʣʘʤʧʫ. ʏʝʨʝʟ ʧʘʨʫ 

ʣʝʪ ʢʘʢʦʡïʥʠʙʫʜʴʣʶʙʦʟʥʘʪʝʣʴʥʳʡ ʫʤʝʣʝʮ ʫʞʝ ʚʧʦʣʥʝ 

ʤʦʛ ʙʳ ʧʨʠʜʝʣʘʪʴ ʢ ʥʝʡ ʙʦʢʦʚʳʝ ʟʝʨʢʘʣʘ ʠ ʧʨʠ ʙʦʣʴʰʦʤ 

ʚʝʟʝʥʠʠ ʤʝʪʦʜʦʤ ʧʨʦʙ ʠ ʦʰʠʙʦʢ ʠʟʛʦʪʦʚʠʪʴ 

ʧʨʠʤʠʪʠʚʥʳʡ ʣʘʟʝʨ. ʊʦʛʜʘ ʠʩʪʦʨʠʷ ʪʝʭʥʠʢʠ ʤʦʛʣʘ ʙʳ 

ʩʣʦʞʠʪʴʩʷ ʠʥʘʯʝ.



È ʅʦ ʤʳʩʣʴ ʠʩʩʣʝʜʦʚʘʪʴ ʛʘʟʦʚʳʝ ʨʘʟʨʷʜʳ 
ʨʘʜʠ ʥʘʙʣʶʜʝʥʠʷ ʚʳʥʫʞʜʝʥʥʦʛʦ 
ʠʟʣʫʯʝʥʠʷ ʚ ʪʝ ʚʨʝʤʝʥʘ ʥʠʢʦʤʫ ʥʝ 
ʧʨʠʰʣʘ ʚ ʛʦʣʦʚʫ ïʚʝʜʴ ʫʯʝʥʳʝ ʜʘʞʝ ʥʝ 
ʧʦʜʦʟʨʝʚʘʣʠ ʦ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ.

ɸ ʚ 1913 ʛʦʜʫ ɸʣʴʙʝʨʪ ʕʡʥʰʪʝʡʥ 
ʚʳʩʢʘʟʘʣ ʛʠʧʦʪʝʟʫ, ʯʪʦ ʚ ʥʝʜʨʘʭ ʟʚʝʟʜ 
ʠʟʣʫʯʝʥʠʝ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʚʳʥʫʞʜʘʶʱʠʭ ʬʦʪʦʥʦʚ. ɺ 
ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʪʘʪʴʝ çʂʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ 
ʠʟʣʫʯʝʥʠʷè, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ 1917 
ʛʦʜʫ, ʕʡʥʰʪʝʡʥ ʥʝ ʪʦʣʴʢʦ ʚʳʚʝʣ 
ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʟ 
ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʠ 
ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʥʦ ʠ ʜʦʢʘʟʘʣ, ʯʪʦ ʦʥʦ 
ʢʦʛʝʨʝʥʪʥʦ ʚʳʥʫʞʜʘʶʱʝʤʫ ʠʟʣʫʯʝʥʠʶ 
(ʪʦ ʝʩʪʴ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, 
ʜʣʠʥʫ ʚʦʣʥʳ, ʬʘʟʫ ʠ ʧʦʣʷʨʠʟʘʮʠʶ). ɸ 
ʩʧʫʩʪʷ ʜʝʩʷʪʴ ʣʝʪ ʇʦʣʴ ɼʠʨʘʢ ʩʪʨʦʛʦ 
ʦʙʦʩʥʦʚʘʣ ʠ ʦʙʦʙʱʠʣ ʵʪʠ ʚʳʚʦʜʳ.
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È ʈʘʙʦʪʳ ʪʝʦʨʝʪʠʢʦʚ ʥʝ ʦʩʪʘʣʠʩʴ ʥʝʟʘʤʝʯʝʥʥʳʤʠ. ɺ 1928 ʛʦʜʫ 

ʈʫʜʦʣʴʬ ʃʘʜʝʥʙʫʨʛ, ʜʠʨʝʢʪʦʨ ʦʪʜʝʣʘ ʘʪʦʤʥʦʡ ʬʠʟʠʢʠ ʀʥʩʪʠʪʫʪʘ 

ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʆʙʱʝʩʪʚʘ ʢʘʡʟʝʨʘ 

ɺʠʣʴʛʝʣʴʤʘ, ʠ ʝʛʦ ʫʯʝʥʠʢ ɻʘʥʩʂʦʧʬʝʨʤʘʥʥʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʥʘʙʣʶʜʘʣʠ ʠʥʚʝʨʩʠʶ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʧʨʠʯʝʤ ʠʤʝʥʥʦ ʚ ʦʧʳʪʘʭ ʩ 

ʥʝʦʥʦʚʳʤʠ ʪʨʫʙʢʘʤʠ. ʅʦ ʚʳʥʫʞʜʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʙʳʣʦ ʦʯʝʥʴ 

ʩʣʘʙʳʤ, ʠ ʨʘʟʣʠʯʠʪʴ ʝʛʦ ʥʘ ʬʦʥʝ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʳʣʦ 

ʩʣʦʞʥʦ. ɼʦ ʣʘʟʝʨʘ ʦʩʪʘʚʘʣʩʷ ʣʠʰʴ ʰʘʛ: ʯʪʦʙʳ ʫʩʠʣʠʪʴ 

ʚʳʥʫʞʜʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʚ ʩʨʝʜʫ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ, ʪʦ ʝʩʪʴ ʧʦʤʝʩʪʠʪʴ ʝʝ ʚ 

ʨʝʟʦʥʘʪʦʨ. ʅʦ ʜʣʷ ʵʪʦʡ ʠʜʝʠ ʚʨʝʤʷ ʝʱʝ ʥʝ ʥʘʩʪʘʣʦ.



ʄʘʣʦ ʢʪʦ ʟʘʥʠʤʘʣʩʷ ʫʩʠʣʝʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʩ 

ʧʦʤʦʱʴʶ ʚʳʥʫʞʜʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʚ 1930ïʝ ʛʦʜʳ. ʅʘʠʙʦʣʝʝ 

ʩʝʨʴʝʟʥʦʡ ʨʘʙʦʪʦʡ ʧʦ ʵʪʦʡ ʪʝʤʝ ʙʳʣʘ ʜʦʢʪʦʨʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ 

ʤʦʩʢʚʠʯʘ ɺʘʣʝʥʪʠʥʘ ʌʘʙʨʠʢʘʥʪʘ, ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ 1940 ʛʦʜʫ. 

ɺ 1951 ʛʦʜʫ ɺ.ɸ. ʌʘʙʨʠʢʘʥʪ, ʌ.ɸ. ɹʫʪʘʝʚʘʠ ʄ.ʄ. ɺʫʜʠʥʩʢʠʡ

ʧʦʜʘʣʠ ʟʘʷʚʢʫ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʫʩʠʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʨʝʜʳ ʩ ʠʥʚʝʨʩʠʝʡ ʥʘʩʝʣʝʥʥʦʩʪʝʡ. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʘ ʨʘʙʦʪʘ 

ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʣʠʰʴ ʯʝʨʝʟ 8 ʣʝʪ ʠ ʤʘʣʦ ʢʝʤ ʟʘʤʝʯʝʥʘ, ʘ 

ʧʦʧʳʪʢʠ ʧʦʩʪʨʦʠʪʴ ʜʝʡʩʪʚʫʶʱʠʡ ʦʧʪʠʯʝʩʢʠʡ ʫʩʠʣʠʪʝʣʴ 

ʦʢʘʟʘʣʠʩʴ ʙʝʩʧʣʦʜʥʳʤʠ ïʦʧʷʪʴ-ʪʘʢʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʨʝʟʦʥʘʪʦʨʘ. ɺ 1957 ʛʦʜʫ ʌʘʙʨʠʢʘʥʪ ʠ ɹʫʪʘʝʚʘʜʘʞʝ ʥʘʙʣʶʜʘʣʠ 

ʢʚʘʥʪʦʚʦʝ ʫʩʠʣʝʥʠʝ ʩʚʝʪʦʚʳʭ ʚʦʣʥ ʚ ʦʧʳʪʘʭ ʩ ʧʨʦʧʫʩʢʘʥʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʯʝʨʝʟ ʨʪʫʪʥʳʝ ʧʘʨʳ, ʦʜʥʘʢʦ ʵʪʦ ʪʘʢ ʠ 

ʦʩʪʘʣʦʩʴ ʠʭ ʣʠʯʥʳʤ ʜʦʩʪʠʞʝʥʠʝʤ.



È ʇʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʣʘʟʝʨʘ 
ʙʳʣ ʥʘʡʜʝʥ ʥʝ ʦʧʪʠʢʘʤʠ, ʘ 
ʨʘʜʠʦʬʠʟʠʢʘʤʠ, ʢʦʪʦʨʳʝ 
ʠʟʜʘʚʥʘ ʫʤʝʣʠ ʩʪʨʦʠʪʴ 
ʛʝʥʝʨʘʪʦʨʳ ʠ ʫʩʠʣʠʪʝʣʠ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 
ʢʦʣʝʙʘʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʝ 
ʨʝʟʦʥʘʪʦʨʳ ʠ ʦʙʨʘʪʥʫʶ 
ʩʚʷʟʴ. ʀʤ-ʪʦ ʠ ʙʳʣʦ 
ʩʫʞʜʝʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 
ʧʝʨʚʳʝ ʢʚʘʥʪʦʚʳʝ 
ʛʝʥʝʨʘʪʦʨʳ ʢʦʛʝʨʝʥʪʥʦʛʦ 
ʠʟʣʫʯʝʥʠʷ, ʪʦʣʴʢʦ ʥʝ 
ʩʚʝʪʦʚʦʛʦ, ʘ 
ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ.



È ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʘʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʝʨʚʳʤ 
ʦʩʦʟʥʘʣ ʧʨʦʬʝʩʩʦʨ ʬʠʟʠʢʠ ʂʦʣʫʤʙʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
ʏʘʨʣʴʟ ʊʘʫʥʩ. ʕʪʘ ʤʳʩʣʴ ʦʩʝʥʠʣʘ ʝʛʦ ʚʝʩʥʦʡ 1951 ʛʦʜʘ 
ʚʦ ʚʨʝʤʷ ʧʨʦʛʫʣʢʠ ʧʦ ʌʨʘʥʢʣʠʥ-ʩʢʚʝʨʫʚ ʮʝʥʪʨʝ 
ɺʘʰʠʥʛʪʦʥʘ. (ʂʩʪʘʪʠ, ʵʪʦʤʫ ʥʝʙʦʣʴʰʦʤʫ ʧʘʨʢʫ ʩʘʤʦʡ 
ʩʫʜʴʙʦʡ ʙʳʣʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʚʦʡʪʠ ʚ ʠʩʪʦʨʠʶ 
ʬʠʟʠʯʝʩʢʦʡ ʦʧʪʠʢʠ. ʀʤʝʥʥʦ ʪʘʤ 3 ʠʶʥʷ 1880 ʛʦʜʘ 
ʠʟʦʙʨʝʪʘʪʝʣʴ ʪʝʣʝʬʦʥʘ ɸʣʝʢʩʘʥʜʨ ɹʝʣʣ ʚʧʝʨʚʳʝ ʠʩʧʳʪʘʣ 
ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʦʥ ʩʯʠʪʘʣ ʩʚʦʠʤ ʛʣʘʚʥʳʤ 
ʠʟʦʙʨʝʪʝʥʠʝʤ. ʇʨʠʙʦʨ, ʢʦʪʦʨʳʡ ɹʝʣʣ ʥʘʟʚʘʣ ʬʦʪʦʬʦʥʦʤ, 
ʧʝʨʝʜʘʚʘʣ ʟʚʫʢ ʥʝ ʧʦ ʧʨʦʚʦʜʘʤ, ʘ ʧʦ ʩʚʝʪʦʚʦʤʫ ʣʫʯʫ. 
ʉʝʛʦʜʥʷ ʙʝʣʣʦʚʩʢʠʡʬʦʪʦʬʦʥʩʯʠʪʘʶʪ ʧʨʝʜʪʝʯʝʡ ʦʧʪʦ-
ʚʦʣʦʢʦʥʥʳʭʩʠʩʪʝʤ ʩʚʷʟʠ.)



ʊʘʫʥʩʧʦʥʷʣ, ʯʪʦ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʛʝʥʝʨʘʪʦʨ ʩ 

ʧʦʤʦʱʴʶ ʧʫʯʢʘ ʤʦʣʝʢʫʣ, ʠʤʝʶʱʠʭ ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ. ɼʣʷ 

ʵʪʦʛʦ ʠʭ ʥʫʞʥʦ ʨʘʟʜʝʣʠʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ ʠ ʟʘʛʥʘʪʴ 

ʧʫʯʦʢ ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʚ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦʣʦʩʪʴ, ʛʜʝ ʦʥʠ 

ʧʝʨʝʡʜʫʪ ʥʘ ʥʠʞʥʠʡ ʫʨʦʚʝʥʴ, ʠʟʣʫʯʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ. 

ʏʪʦʙʳ ʵʪʘ ʧʦʣʦʩʪʴ ʨʘʙʦʪʘʣʘ ʢʘʢ ʨʝʟʦʥʘʪʦʨ, ʝʝ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ 

ʜʦʣʞʥʳ ʨʘʚʥʷʪʴʩʷ ʜʣʠʥʝ ʠʟʣʫʯʘʝʤʳʭ ʚʦʣʥ. ʊʘʫʥʩʧʦʜʝʣʠʣʩʷ ʵʪʦʡ 

ʤʳʩʣʴʶ ʩ ʘʩʧʠʨʘʥʪʦʤ ɼʞʝʡʤʩʦʤ ɻʦʨʜʦʥʦʤ ʠ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ 

ɻʝʨʙʝʨʪʦʤ ʎʘʡʛʝʨʦʤ. ʅʘ ʨʦʣʴ ʩʨʝʜʳ ʦʥʠ ʠʟʙʨʘʣʠ ʘʤʤʠʘʢ, ʤʦʣʝʢʫʣʳ 

ʢʦʪʦʨʦʛʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʥʘ 

ʦʩʥʦʚʥʦʡ ʠʩʧʫʩʢʘʶʪ ʚʦʣʥʳ ʜʣʠʥʦʡ 12,6 ʤʤ. ʀʟʛʦʪʦʚʠʪʴ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ ʦʙʲʝʤʥʳʡ ʨʝʟʦʥʘʪʦʨ ʪʘʢʦʡ ʚʝʣʠʯʠʥʳ ʙʳʣʦ ʥʝ 

ʩʣʠʰʢʦʤ ʧʨʦʩʪʦ, ʥʦ ʚʩʝ ʞʝ ʚʦʟʤʦʞʥʦ. ɺ ʘʧʨʝʣʝ 1954-ʛʦ ʊʘʫʥʩʠ 

ɻʦʨʜʦʥ (ʎʘʡʛʝʨʪʦʛʜʘ ʫʞʝ ʫʰʝʣ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ) ʟʘʧʫʩʪʠʣʠ ʧʝʨʚʳʡ 

ʚ ʤʠʨʝ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʢʚʘʥʪʦʚʳʡ ʛʝʥʝʨʘʪʦʨ. ʕʪʦʪ ʧʨʠʙʦʨ ʊʘʫʥʩ

ʥʘʟʚʘʣ ʤʘʟʝʨʦʤ (MASER ïMicrowaveAmplification by Stimulated

Emissionof Radiation).



ɺ ʃʘʙʦʨʘʪʦʨʠʠ ʢʦʣʝʙʘʥʠʡ ʌʠʟʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ɸʅ ʉʉʉʈ ʵʪʦʡ 

ʞʝ ʪʝʤʦʡ ʟʘʥʠʤʘʣʠʩʴ ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ɸʣʝʢʩʘʥʜʨ 

ʇʨʦʭʦʨʦʚ ʠ ʝʛʦ ʘʩʧʠʨʘʥʪ ʅʠʢʦʣʘʡ ɹʘʩʦʚ. ɺ ʤʘʝ 1952 ʛʦʜʘ ʥʘ 

ʆʙʱʝʩʦʶʟʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʨʘʜʠʦʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʥʠ ʩʜʝʣʘʣʠ 

ʜʦʢʣʘʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʫʩʠʣʠʪʝʣʷ ʉɺʏï

ʠʟʣʫʯʝʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʧʫʯʢʝ ʤʦʣʝʢʫʣ ʚʩʝ ʪʦʛʦ ʞʝ ʘʤʤʠʘʢʘ. ɺ 

1954 ʛʦʜʫ, ʚʩʢʦʨʝ ʧʦʩʣʝ ʚʳʭʦʜʘ ʨʘʙʦʪʳ ʊʘʫʥʩʘ, ɻʦʨʜʦʥʘ ʠ ʎʘʡʛʝʨʘ, 

ʇʨʦʭʦʨʦʚ ʠ ʫʞʝ çʦʩʪʝʧʝʥʠʚʰʠʡʩʷè ɹʘʩʦʚ ʦʧʫʙʣʠʢʦʚʘʣʠ ʩʪʘʪʴʶ, ʛʜʝ 

ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʙʦʩʥʦʚʘʥʠʷ ʨʘʙʦʪʳ ʪʘʢʦʛʦ 

ʧʨʠʙʦʨʘ. ɺ 1964 ʛʦʜʫ ʊʘʫʥʩ, ɹʘʩʦʚ ʠ ʇʨʦʭʦʨʦʚ ʟʘ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʫʜʦʩʪʦʝʥʳ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ.



È ʅʝ ʙʫʜʝʪ ʧʨʝʫʚʝʣʠʯʝʥʠʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʩʝʨʝʜʠʥʝ 1950-ʭ 
ʛʦʜʦʚ ʧʨʠʟʨʘʢ ʦʧʪʠʯʝʩʢʦʛʦ (ʚ ʦʪʣʠʯʠʝ ʦʪ 
ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ) ʢʚʘʥʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʤʘʷʯʠʣ ʚ 
ʛʦʣʦʚʘʭ ʤʥʦʛʠʭ ʬʠʟʠʢʦʚ ïʩʣʠʰʢʦʤ ʤʥʦʛʠʭ, ʯʪʦʙʳ 
ʨʘʩʩʢʘʟʘʪʴ ʦʙʦ ʚʩʝʭ. ʌʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣʘ ʨʝʰʝʥʘ ʣʠʰʴ 
ʟʘʜʘʯʘ ʫʩʠʣʝʥʠʷ ʚʳʥʫʞʜʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 
ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʇʦʩʢʦʣʴʢʫ ʜʣʠʥʳ 
ʩʚʝʪʦʚʳʭ ʚʦʣʥ ʠʟʤʝʨʷʶʪ ʜʝʩʷʪʳʤʠ ʜʦʣʷʤʠ ʤʠʢʨʦʥʘ, 
ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʪʘʢʠʭ ʨʘʟʤʝʨʦʚ ʙʳʣʦ 
ʜʝʣʦʤ ʥʝʨʝʘʣʴʥʳʤ. ɺʝʨʦʷʪʥʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ 
ʩʚʝʪʘ ʩ ʧʦʤʦʱʴʶ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʪʢʨʳʪʳʭ 
ʟʝʨʢʘʣʴʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ ʧʝʨʚʳʤ ʦʩʦʟʥʘʣ ʘʤʝʨʠʢʘʥʩʢʠʡ 
ʬʠʟʠʢ ʈʦʙʝʨʪ ɼʠʢʝ, ʢʦʪʦʨʳʡ ʚ ʤʘʝ 1956 ʛʦʜʘ ʦʬʦʨʤʠʣ 
ʵʪʫ ʠʜʝʶ ʚ ʧʘʪʝʥʪʥʦʡ ʟʘʷʚʢʝ. 



ɺ ʩʝʥʪʷʙʨʝ 1957 ʛʦʜʘ ʊʘʫʥʩʥʘʙʨʦʩʘʣ ʚ ʟʘʧʠʩʥʦʡ ʢʥʠʞʢʝ ʧʣʘʥ 

ʩʦʟʜʘʥʠʷ ʪʘʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʘʟʚʘʣ ʝʛʦ ʦʧʪʠʯʝʩʢʠʤ ʤʘʟʝʨʦʤ. ʏʝʨʝʟ 

ʛʦʜ ʊʘʫʥʩʩʦ ʩʚʦʠʤ ʩʪʘʨʳʤ ʜʨʫʛʦʤ ʠ ʰʫʨʠʥʦʤ ɸʨʪʫʨʦʤ ʐʘʚʣʦʚʳʤ

ʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʠʭ ʇʨʦʭʦʨʦʚ ʚʳʩʪʫʧʠʣʠ ʩʦ ʩʪʘʪʴʷʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʙʦʩʥʦʚʘʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʛʝʥʝʨʘʮʠʠ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʚʝʪʘ.

ʉʘʤ ʪʝʨʤʠʥ çʣʘʟʝʨè ʚʦʟʥʠʢ ʜʘʞʝ ʨʘʥʴʰʝ. ʕʪʫ ʘʥʛʣʠʡʩʢʫʶ 

ʘʙʙʨʝʚʠʘʪʫʨʫ, Light Amplification by StimulatedEmissionof Radiation

(ʚ ʜʦʩʣʦʚʥʦʤ ʧʝʨʝʚʦʜʝ çʫʩʠʣʝʥʠʝ ʩʚʝʪʘ ʩ ʧʦʤʦʱʴʶ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʠʩʧʫʩʢʘʥʠʷ ʠʟʣʫʯʝʥʠʷè, ʭʦʪʷ ʣʘʟʝʨʘʤʠ ʚʩʝ ʞʝ 

ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʥʝ ʫʩʠʣʠʪʝʣʠ, ʘ ʛʝʥʝʨʘʪʦʨʳ ʠʟʣʫʯʝʥʠʷ, ʟʘʤʝʥʘ 

ʩʣʦʚʘ amplificationʥʘ generationʜʘʝʪ ʥʝʧʨʦʠʟʥʦʩʠʤʦʝ 

ʟʚʫʢʦʩʦʯʝʪʘʥʠʝ lgser), ʧʨʠʜʫʤʘʣ ʘʩʧʠʨʘʥʪ ʂʦʣʫʤʙʠʡʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ɻʦʨʜʦʥ ɻʫʣʜ, ʢʦʪʦʨʳʡ ʩʦʚʝʨʰʝʥʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʨʦʚʝʣ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʇʦʟʜʥʝʡ ʦʩʝʥʴʶ 1957 ʛʦʜʘ ʵʪʦ 

ʩʣʦʚʦ ʧʦʷʚʠʣʦʩʴ ʥʘ ʩʪʨʘʥʠʮʘʭ ʙʣʦʢʥʦʪʘ, ʛʜʝ ʦʥ ʟʘʧʠʩʳʚʘʣ ʩʚʦʠ 

ʨʘʟʤʳʰʣʝʥʠʷ ʠ ʚʳʯʠʩʣʝʥʠʷ.



ɺ ʪʦ ʚʨʝʤʷ ɻʫʣʜʥʠʯʝʛʦ ʥʝ ʧʫʙʣʠʢʦʚʘʣ ʠ ʧʦʵʪʦʤʫ ʥʝ ʧʦʣʫʯʠʣ 

ʧʨʠʟʥʘʥʠʷ, ʢʦʪʦʨʦʝ, ʙʝʩʩʧʦʨʥʦ, ʟʘʩʣʫʞʠʣ. ʇʨʘʚʜʘ, ʚ 1970ï1980-ʭ ʦʥ 

ʜʦʙʠʣʩʷ ʫʪʚʝʨʞʜʝʥʠʷ ʩʚʦʠʭ ʧʘʪʝʥʪʥʳʭ ʟʘʷʚʦʢ ʠ ʥʘʢʦʥʝʮïʪʦ ʩʪʘʣ 

ʢʫʧʘʪʴʩʷ ʝʩʣʠ ʥʝ ʚ ʩʣʘʚʝ, ʪʦ ʚ ʜʦʣʣʘʨʘʭ.

ʕʪʘ ʬʦʪʦʛʨʘʬʠʷ ʙʳʣʘ ʩʜʝʣʘʥʘ ʚ ʅʴʶ-

ʁʦʨʢʝ ʚ ʩʝʥʪʷʙʨʝ 1959 ʛʦʜʘ. ʉʣʝʚʘ 

ʩʪʦʷʪ ʙʫʜʫʱʠʝ ʣʘʫʨʝʘʪʳ ʅʦʙʝʣʝʚʩʢʦʡ 

ʧʨʝʤʠʠ ʅ.ɻ.ɹʘʩʦʚ ʠ ɸ.ʄ.ʇʨʦʭʦʨʦʚ, 

ʩʧʨʘʚʘ ïʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ 

ʠʥʩʪʠʪʫʪʘ ʃ.ʉ. ʂʦʨʥʠʝʥʢʦ, ʤʥʦʛʦ ʣʝʪ 

ʚʦʟʛʣʘʚʣʷʚʰʠʡ ʦʪʜʝʣ ʌʠʟʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʚ 

ʅʀʀ ʗʜʝʨʥʦʡ ʬʠʟʠʢʠ ʄɻʋ ʠ ʢʘʬʝʜʨʫ 

ʆʧʪʠʢʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ.



È ʇʝʨʚʳʡ ʨʘʙʦʪʘʶʱʠʡ ʣʘʟʝʨ ʚʳʰʝʣ ʠʟ ʨʫʢ ʩʦʪʨʫʜʥʠʢʘ 
ʢʦʨʧʦʨʘʮʠʠ HughesAircraftʊʝʦʜʦʨʘ ʄʝʡʤʘʥʘ, 
ʢʦʪʦʨʳʡ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʚʳʙʨʘʣ ʨʫʙʠʥ. 
ʕʪʦʪ ʤʠʥʝʨʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ʩ 
ʥʝʙʦʣʴʰʦʡ ʧʨʠʤʝʩʴʶ ʭʨʦʤʘ, ʢʦʪʦʨʳʡ ʠ ʧʨʠʜʘʝʪ ʝʤʫ 
ʢʨʘʩʥʳʡ ʮʚʝʪ (ʯʠʩʪʳʡ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ʙʝʩʮʚʝʪʝʥ). 
ʄʝʡʤʘʥʧʦʥʷʣ, ʯʪʦ ʨʘʟʜʝʣʝʥʥʳʝ ʙʦʣʴʰʠʤʠ 
ʧʨʦʤʝʞʫʪʢʘʤʠ ʘʪʦʤʳ ʭʨʦʤʘ ʤʦʛʫʪ çʩʚʝʪʠʪʴè ʥʝ 
ʭʫʞʝ ʘʪʦʤʦʚ ʛʘʟʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ 
ʨʝʟʦʥʘʥʩʘ ʦʥ ʥʘʧʳʣʠʣ ʪʦʥʢʠʡ ʩʣʦʡ ʩʝʨʝʙʨʘ ʥʘ 
ʧʦʣʠʨʦʚʘʥʥʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʪʦʨʮʳ ʮʠʣʠʥʜʨʠʢʘ ʠʟ 
ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʨʫʙʠʥʘ. ʎʠʣʠʥʜʨ ʧʦ ʩʧʝʮʠʘʣʴʥʦʤʫ 
ʟʘʢʘʟʫ ʠʟʛʦʪʦʚʠʣʘ ʬʠʨʤʘ UnionCarbide, ʥʘ ʯʪʦ ʝʡ 
ʧʦʥʘʜʦʙʠʣʦʩʴ ʧʷʪʴ ʤʝʩʷʮʝʚ.



ʄʝʡʤʘʥʧʦʤʝʩʪʠʣ ʨʫʙʠʥʦʚʳʡ ʩʪʦʣʙʠʢ ʚ ʩʧʠʨʘʣʴʥʫʶ ʪʨʫʙʢʫ, 

ʜʘʶʱʫʶ ʷʨʢʠʝ ʩʚʝʪʦʚʳʝ ʚʩʧʳʰʢʠ. ʐʝʩʪʥʘʜʮʘʪʦʛʦ ʤʘʷ 1960 ʛʦʜʘ 

ʧʝʨʚʳʡ ʚ ʤʠʨʝ ʣʘʟʝʨ ʚʳʜʘʣ ʧʝʨʚʳʡ ʣʫʯ. ɸ ʚ ʜʝʢʘʙʨʝ ʪʦʛʦ ʞʝ ʛʦʜʘ ʚ 

ʃʘʙʦʨʘʪʦʨʠʷʭ ɹʝʣʣʘ ʟʘʨʘʙʦʪʘʣ ʛʝʣʠʡ-ʥʝʦʥʦʚʳʡ ʣʘʟʝʨ (ʥʘ ʩʤʝʩʠ 

ʛʝʣʠʷ ʠ ʥʝʦʥʘ), ʩʦʟʜʘʥʥʳʡ ɸʣʠ ɼʞʘʚʘʥʦʤ, ʋʠʣʴʷʤʦʤ ɹʝʥʥʝʪʪʦʤʠ 

ɼʦʥʘʣʴʜʦʤ ʍʵʨʨʠʦʪʦʤ. ʇʦ ʣʶʙʦʧʳʪʥʦʤʫ ʩʦʚʧʘʜʝʥʠʶ ʧʨʦʠʟʦʰʣʦ 

ʵʪʦ ʨʦʚʥʦ ʯʝʨʝʟ 50 ʣʝʪ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʂʣʦʜ ʧʦʨʘʟʠʣ ʚʦʦʙʨʘʞʝʥʠʝ 

ʧʦʩʝʪʠʪʝʣʝʡ ʇʘʨʠʞʩʢʦʡ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʚʳʩʪʘʚʢʠ ʩʚʦʠʤʠ 

ʩʚʝʪʷʱʠʤʠʩʷ ʪʨʫʙʢʘʤʠ. ʃʘʟʝʨ ɼʞʘʚʘʥʘʠ ʝʛʦ ʢʦʣʣʝʛ ʨʘʙʦʪʘʣ ʚ 

ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʥʦ ʯʝʨʝʟ ʜʚʘ ʛʦʜʘ ʋʘʡʪ ʠ ʈʠʛʜʝʥ

ʟʘʩʪʘʚʠʣʠ ʛʝʣʠʡ-ʥʝʦʥʦʚʳʡ ʣʘʟʝʨ ʠʟʣʫʯʘʪʴ ʢʨʘʩʥʳʡ ʮʚʝʪ.

ʅʘʫʯʥʘʷ ʮʝʥʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʧʦʣʴʟʘ ʣʘʟʝʨʦʚ ʙʳʣʠ ʥʘʩʪʦʣʴʢʦ 

ʦʯʝʚʠʜʥʳ, ʯʪʦ ʠʤʠ ʩʨʘʟʫ ʟʘʥʷʣʠʩʴ ʪʳʩʷʯʠ ʫʯʝʥʳʭ ʠ ʠʥʞʝʥʝʨʦʚ ʠʟ 

ʨʘʟʥʳʭ ʩʪʨʘʥ. ɺ 1961 ʛʦʜʫ ʟʘʨʘʙʦʪʘʣ ʧʝʨʚʳʡ ʣʘʟʝʨ ʥʘ ʥʝʦʜʠʤʦʚʦʤ

ʩʪʝʢʣʝ, ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʣʝʪ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʣʘʟʝʨʥʳʝ ʜʠʦʜʳ, ʣʘʟʝʨʳ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʷʭ, ʭʠʤʠʯʝʩʢʠʝ 

ʣʘʟʝʨʳ, ʣʘʟʝʨʳ ʥʘ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ.



ɺ 1963 ʛʦʜʫ ɾʦʨʝʩ ɸʣʬʝʨʦʚ ʠ ɻʝʨʙʝʨʪ ʂʨʝʤʝʨ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʨʘʟʨʘʙʦʪʘʣʠ ʪʝʦʨʠʶ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʦʟʜʥʝʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʤʥʦʛʠʝ ʣʘʟʝʨʳ (ʟʘ ʵʪʫ ʨʘʙʦʪʫ 

ʦʥʠ 6 ʣʝʪ ʥʘʟʘʜ ʧʦʣʫʯʠʣʠ ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ). ʂ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʪʨʫʜʥʦ ʥʘʡʪʠ ʪʘʢʫʶ ʦʙʣʘʩʪʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʛʜʝ ʙʳ ʥʝ 

ʧʨʠʤʝʥʷʣʠʩʴ ʣʘʟʝʨʳ. ɼʘʞʝ ʧʨʦʩʪʦʝ ʧʝʨʝʯʠʩʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʣʘʟʝʨʦʚ ʟʘʥʠʤʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʪʨʘʥʠʮ ʧʝʯʘʪʥʦʛʦ ʪʝʢʩʪʘ. 

ʕʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠʟʦʙʨʝʪʝʥʠʡ XX ʚʝʢʘ ʥʘʚʩʝʛʜʘ 

ʠʟʤʝʥʠʣʦ ʥʘʰʫ ʞʠʟʥʴ.



ʇʨʠʥʮʠʧʳ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ.



ʆʩʥʦʚʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʜʝʡʩʪʚʠʝ ʣʘʟʝʨʥʳʭ 

ʘʧʧʘʨʘʪʦʚ, ʷʚʣʷʝʪʩʷ ʚʳʥʫʞʜʝʥʥʦʝ ʠʩʧʫʩʢʘʥʠʝ ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʠʩʧʫʩʢʘʥʠʝ 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʪʝʩʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʬʦʪʦʥʘ ʩ ʚʦʟʙʫʞʜʝʥʥʳʤ ʘʪʦʤʦʤ ʚ ʤʦʤʝʥʪ 

ʪʦʯʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ ʩ ʵʥʝʨʛʠʝʡ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʘʪʦʤʘ (ʤʦʣʝʢʫʣʳ). 

ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʵʪʦʛʦ ʪʝʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘʪʦʤ (ʤʦʣʝʢʫʣʘ) ʧʝʨʝʭʦʜʠʪ ʠʟ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʥʝʚʦʟʙʫʞʜʝʥʥʦʝ, ʘ ʠʟʣʠʰʝʢ ʵʥʝʨʛʠʠ ʠʟʣʫʯʘʝʪʩʷ ʚ 

ʚʠʜʝ ʥʦʚʦʛʦ ʬʦʪʦʥʘ ʩ ʘʙʩʦʣʶʪʥʦ ʪʘʢʦʡ ʞʝ ʵʥʝʨʛʠʝʡ, ʧʦʣʷʨʠʟʘʮʠʝʡ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʢʘʢ ʠ ʫ ʧʝʨʚʠʯʥʦʛʦ ʬʦʪʦʥʘ.

ʇʨʦʩʪʝʡʰʠʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʣʘʟʝʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʢʦʣʝʙʘʥʠʠ ʣʫʯʘ ʩʚʝʪʘ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʠʤʠ ʟʝʨʢʘʣʘʤʠ ʠ ʣʠʥʟʘʤʠ, ʥʘʙʠʨʘʶʱʠʤ 

ʩʠʣʫ ʩ ʢʘʞʜʳʤ ʮʠʢʣʦʤ. ʂʦʛʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʘʷ ʤʦʱʥʦʩʪʴ, ʣʫʯ 

ʠʩʧʫʩʢʘʝʪʩʷ. ʕʪʦʪ ʚʳʙʨʦʩ ʵʥʝʨʛʠʠ ʚʳʟʳʚʘʝʪ ʪʱʘʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ 

ʨʝʘʢʮʠʶ.



È ɸʪʦʤʳ ʠʩʧʫʩʢʘʶʪ 

ʬʦʪʦʥʳ, ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʵʪʠʭ ʬʦʪʦʥʦʚ 

ʜʚʠʛʘʶʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʘʨʘʣʣʝʣʴʥʦʤ ʦʩʠ 

ʪʨʫʙʢʠ, ʠ ʦʥʠ 

"ʦʪʩʢʘʢʠʚʘʶʪ" ʥʘʟʘʜ ʦʪ 

ʥʝʧʨʦʟʨʘʯʥʦʛʦ ʟʝʨʢʘʣʘ, 

ʘ ʯʘʩʪʴ ʚʳʚʦʜʠʪʩʷ ʚ 

ʚʠʜʝ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ.


