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ɻʣʘʚʘ 1. ɺʦʣʦʢʦʥʥʘʷ ʦʧʪʠʢʘ

1.1. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʣʠʥʠʷ ʩʚʷʟʠ
ɺʦʣʦʢʦʥʥʘʷ ʦʧʪʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʝʪʦʜ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʟ 

ʦʜʥʦʡ ʪʦʯʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʜʨʫʛʫʶ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʥʦʩʷʱʝʡ ʠʥʬʦʨʤʘʮʠʶ ʩʨʝ-
ʜʦʡ ʷʚʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ (ʪʦʥʢʘʷ ʩʪʝʢʣʷʥʥʘʷ ʠʣʠ ʧʣʘʩʪʠʢʦʚʘʷ ʥʠʪʴ). 
ʆʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʠʛʨʘʝʪ ʪʫ ʞʝ ʨʦʣʴ, ʯʪʦ ʠ ʤʝʜʥʳʡ ʧʨʦʚʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʡ 
ʜʣʷ ʧʝʨʝʜʘʯʠ ʪʝʣʝʬʦʥʥʳʭ ʨʘʟʛʦʚʦʨʦʚ ʠʣʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʜʘʥʥʳʭ. ʅʦ, ʚ ʦʪ-
ʣʠʯʠʝ ʦʪ ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʘ, ʧʦ ʚʦʣʦʢʥʫ ʧʝʨʝʥʦʩʠʪʩʷ ʩʚʝʪ, ʘ ʥʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 
ʩʠʛʥʘʣ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʢʘʢ ʥʝʩʫʱʫʶ ʩʨʝʜʫ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭ-
ʥʠʢʠ ð ʦʪ ʪʝʣʝʬʦʥʠʠ ʜʦ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ.

ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʠʶ, ʩʚʷʟʳʚʘʶʱʫʶ 
ʜʚʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʮʝʧʠ. ʅʘ ʨʠʩʫʥʢʝ 1.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 
ʪʘʢʦʡ ʩʠʩʪʝʤʳ:
ð ʠʩʪʦʯʥʠʢ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʚ ʩʚʝʪʦʚʦʡ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʣʠʙʦ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʡ, ʣʠʙʦ ʣʘʟʝʨʥʳʡ ʜʠʦʜ. ʋʧʨʘʚʣʷʶ-
ʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʦʙʨʘʟʫʝʪ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʚ ʩʠʛʥʘʣ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ, 
ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʤ;
ð ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ, ʩʨʝʜʘ, ʧʦ ʢʦʪʦʨʦʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʚʝ-

ʪʦʚʦʡ ʩʠʛʥʘʣ, ʩʦʩʪʦʠʪ ʠʟ ʚʦʣʦʢʥʘ ʠ ʟʘʱʠʪʥʳʭ ʦʙʦʣʦʯʝʢ;
ð ʜʝʪʝʢʪʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʠʝʤʘ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʦʙʨʘʪʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ.
ð ʩʦʝʜʠʥʠʪʝʣʠ (ʢʦʥʥʝʢʪʦʨʳ) ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʦʣʦʢʦʥ ʢ 

ʠʩʪʦʯʥʠʢʫ, ʜʝʪʝʢʪʦʨʫ ʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʚʦʣʦʢʦʥ ʤʝʞʜʫ ʩʦʙʦʡ.
ʂʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʝʨʝʜʘʪʯʠʢ ʠ ʧʨʠʝʤ-

ʥʠʢ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʢʘʢ ʦʯʝʥʴ ʧʨʦʩʪʦʝ, ʪʘʢ ʠ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʝ 
ʫʩʪʨʦʡʩʪʚʦ. ʏʝʪʳʨʝ ʢʦʤʧʦʥʝʥʪʘ ɺʆʃʉ (ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʩʚʷʟʠ), 
ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ. ʈʘʩ-
ʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʣʠʥʠʡ ʠ 
ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ, ʪʘʢʠʝ ʢʘʢ ʨʘʟʚʝʪʚʠʪʝʣʠ, ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ ʠ ʨʘʩʧʨʝ-
ʜʝʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʅʦ ʚ ʣʶʙʦʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʦʙʷʟʘʪʝʣʴ-
ʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʝʜʘʪʯʠʢ, ʚʦʣʦʢʥʦ, ʧʨʠʝʤʥʠʢ ʠ ʩʦʝʜʠʥʠʪʝʣʠ.

ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʣʠʥʠʷ

ʀʩʪʦʯʥʠʢ
(ʣʘʟʝʨ,
ʬʦʪʦʜʠʦʜ)

ʉʦʝʜʠʥʠʪʝʣʴ
ʠʩʪʦʯʥʠʢ -
ʚʦʣʦʢʥʦ

ʉʦʝʜʠʥʠʪʝʣʴ
ʚʦʣʦʢʥʦ -
ʜʝʪʝʢʪʦʨ

ɺʦʣʦʢʥʦ ɺʦʣʦʢʥʦ ʌʦʪʦʜʝʪʝʢʪʦʨ
ʉʦʝʜʠʥʠʪʝʣʠ
ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ,
ʨʘʟʚʝʪʚʠʪʝʣʠ

ʈʠʩ. 1.1. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ ʣʠʥʠʠ ʩʚʷʟʠ
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1.2. ʀʩʪʦʨʠʷ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʪʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʤʝʝʪ ʜʘʚʥʶʶ ʠʩʪʦʨʠʶ. 

ʄʦʨʷʢʠ ʧʨʠʤʝʥʷʣʠ ʩʠʛʥʘʣʴʥʳʝ ʣʘʤʧʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ 
ʢʦʜʘ ʄʦʨʟʝ, ʘ ʤʘʷʢʠ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʚʝʢʦʚ ʧʨʝʜʫʧʨʝʞʜʘʣʠ ʤʦʨʝʧʣʘʚʘʪʝʣʝʡ 
ʦʙ ʦʧʘʩʥʦʩʪʷʭ.

ʂʣʘʫʜ ʏʘʧʧ ʚ 90-ʭ ʛʦʜʘʭ XVIII ʚʝʢʘ ʧʦʩʪʨʦʠʣ ʦʧʪʠʯʝʩʢʠʡ ʪʝʣʝʛʨʘʬ ʚʦ 
ʌʨʘʥʮʠʠ. ʉʠʛʥʘʣʴʱʠʢʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʚʳʰʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʪ ʇʘʨʠ-
ʞʘ ʜʦ ʃʠʣʣʷ ʧʦ ʮʝʧʦʯʢʝ ʜʣʠʥʦʡ 230 ʢʤ. ʉʦʦʙʱʝʥʠʝ ʧʝʨʝʜʘʚʘʣʦʩʴ ʠʟ ʦʜʥʦʛʦ 
ʢʦʥʮʘ ʚ ʜʨʫʛʦʡ ʟʘ 15 ʤʠʥʫʪ. ɺ ʉʐɸ ʦʧʪʠʯʝʩʢʠʡ ʪʝʣʝʛʨʘʬ ʩʦʝʜʠʥʷʣ ɹʦʩʪʦʥ ʩ 
ʦʩʪʨʦʚʦʤ ʄʘʨʪʘ ɺʘʡʥʷʨʜ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʝʜʘʣʝʢʦ ʦʪ ʵʪʦʛʦ ʛʦʨʦʜʘ. ɺʩʝ ʵʪʠ 
ʩʠʩʪʝʤʳ ʩʦ ʚʨʝʤʝʥʝʤ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʪʝʣʝʛʨʘʬʘʤʠ.

ɸʥʛʣʠʡʩʢʠʡ ʬʠʟʠʢ ɼʞʦʥ ʊʠʥʜʘʣʣ ʚ 1870 ʛʦʜʫ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʤ ʥʘ ʦʩʥʦʚʝ ʚʥʫʪʨʝʥʥʠʭ ʦʪʨʘʞʝʥʠʡ. ʅʘ ʩʦʙʨʘʥʠʠ 
ʂʦʨʦʣʝʚʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʝʪ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚ ʩʪʨʫʝ 
ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ, ʤʦʞʝʪ ʦʛʠʙʘʪʴ ʣʶʙʦʡ ʫʛʦʣ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʦʜʘ ʧʨʦʪʝʢʘʣʘ 
ʥʘʜ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʜʥʦʤ ʦʜʥʦʛʦ ʞʝʣʦʙʘ ʠ ʧʘʜʘʣʘ ʧʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʪʨʘʝʢ-
ʪʦʨʠʠ ʚ ʜʨʫʛʦʡ ʞʝʣʦʙ. ʉʚʝʪ ʧʦʧʘʜʘʣ ʚ ʩʪʨʫʶ ʚʦʜʳ ʯʝʨʝʟ ʧʨʦʟʨʘʯʥʦʝ ʦʢʥʦ ʥʘ 
ʜʥʝ ʧʝʨʚʦʛʦ ʞʝʣʦʙʘ. ʂʦʛʜʘ ʊʠʥʜʘʣʣ ʥʘʧʨʘʚʣʷʣ ʩʚʝʪ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʩʪʨʫʝ, 
ʘʫʜʠʪʦʨʠʷ ʤʦʛʣʘ ʥʘʙʣʶʜʘʪʴ ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʝʪʘ ʚʥʫʪʨʠ 
ʠʟʦʛʥʫʪʦʡ ʯʘʩʪʠ ʩʪʨʫʠ. ɸʥʘʣʦʛʠʯʥʦʝ ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʝʪʘ 
ʧʨʦʠʩʭʦʜʠʪ ʠ ʚ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ.

ɼʝʩʷʪʠʣʝʪʠʝʤ ʧʦʟʜʥʝʝ ɸʣʝʢʩʘʥʜʨ ɻʨʵʭʝʤ ɹʝʣʣ ʟʘʧʘʪʝʥʪʦʚʘʣ ʬʦʪʦʬʦʥ, ʚ 
ʢʦʪʦʨʦʤ ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʚʝʪ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʛʦʣʦʩʘ. ɺ ʵʪʦʤ ʫʩʪ-
ʨʦʡʩʪʚʝ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʣʠʥʟ ʠ ʟʝʨʢʘʣ ʩʚʝʪ ʥʘʧʨʘʚʣʷʣʩʷ ʥʘ ʧʣʦʩʢʦʝ ʟʝʨʢʘ-
ʣʦ, ʟʘʢʨʝʧʣʝʥʥʦʝ ʥʘ ʨʫʧʦʨʝ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʟʚʫʢʘ ʟʝʨʢʘʣʦ ʢʦʣʝʙʘʣʦʩʴ, ʯʪʦ 
ʧʨʠʚʦʜʠʣʦ ʢ ʤʦʜʫʣʷʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ. ɺ ʧʨʠʝʤʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʠʩʧʦʣʴʟʦ-
ʚʘʣʩʷ ʜʝʪʝʢʪʦʨ ʥʘ ʦʩʥʦʚʝ ʩʝʣʝʥʘ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʝ-
ʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ. ʄʦʜʫʣʠʨʦʚʘʥʥʳʡ 
ʛʦʣʦʩʦʤ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ, ʧʘʜʘʶʱʠʡ ʥʘ ʦʙʨʘʟʝʮ ʩʝʣʝʥʘ, ʠʟʤʝʥʷʣ ʩʠʣʫ ʪʦʢʘ, 
ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʢʦʥʪʫʨ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʣ ʛʦʣʦʩ. 
ʌʦʪʦʬʦʥ ʧʦʟʚʦʣʷʣ ʧʝʨʝʜʘʚʘʪʴ ʨʝʯʝʚʦʡ ʩʠʛʥʘʣ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʝʝ 200 ʤ.

ɺ ʥʘʯʘʣʝ XX ʚʝʢʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʦʣʥʦʚʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʠʙʢʠʭ ʩʪʝʢʣʷʥʥʳʭ 
ʩʪʝʨʞʥʝʡ.

ɺ 50-ʝ ʛʦʜʳ ʚʦʣʦʢʥʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʙʳʣʠ 
ʨʘʟʨʘʙʦʪʘʥʳ ɹʨʘʡʝʥʦʤ ʆôɹʨʠʝʥʦʤ, ʨʘʙʦʪʘʚʰʠʤ ʚ ɸʤʝʨʠʢʘʥʩʢʦʡ ʦʧʪʠʯʝʩʢʦʡ 
ʢʦʤʧʘʥʠʠ, ʠ ʅʘʨʠʥʜʝʨʦʤ ʂʘʧʘʥʠ ʩ ʢʦʣʣʝʛʘʤʠ ʚ ʀʤʧʝʨʘʪʦʨʩʢʦʤ ʥʘʫʯʥʦ-ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʦʤ ʢʦʣʣʝʜʞʝ ʚ ʃʦʥʜʦʥʝ. ʕʪʠ ʚʦʣʦʢʥʘ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʚʝʪʦʚʦ-
ʜʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʝʜʠʮʠʥʝ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘ-
ʥʦʚ ʯʝʣʦʚʝʢʘ. ɼʦʢʪʦʨ ʂʘʧʘʥʠ ʙʳʣ ʧʝʨʚʳʤ, ʢʪʦ ʨʘʟʨʘʙʦʪʘʣ ʩʪʝʢʣʷʥʥʳʝ ʚʦʣʦʢʥʘ 
ʚ ʩʪʝʢʣʷʥʥʦʡ ʦʙʦʣʦʯʢʝ ʠ ʚʚʝʣ ʪʝʨʤʠʥ çʚʦʣʦʢʦʥʥʘʷ ʦʧʪʠʢʘè (1956 ʛʦʜ). ɺ 1973 
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ʛʦʜʫ ʜʦʢʪʦʨ ʂʘʧʘʥʠ ʦʩʥʦʚʘʣ ʢʦʤʧʘʥʠʶ Kaptron, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʫʶʩʷ ʚ ʦʙ-
ʣʘʩʪʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʨʘʟʚʝʪʚʠʪʝʣʝʡ ʠ ʢʦʤʤʫʪʘʪʦʨʦʚ.

ɺ 1957 ʛʦʜʫ ɻʦʨʜʦʥ ɻʦʣʜ, ʚʳʧʫʩʢʥʠʢ ʂʦʣʫʤʙʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʩʬʦʨ-
ʤʫʣʠʨʦʚʘʣ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʣʘʟʝʨʘ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ. ʊʝ-
ʦʨʝʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʏʘʨʣʴʟʘ ʊʘʫʥʩʘ ʩʦʚʤʝʩʪʥʦ ʩ ɸʨʪʫʨʦʤ ʐʘʚʣʦʚʳʤ ʚ Bell 
Laboratories ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʠʜʝʠ ʣʘʟʝʨʘ ʚ ʥʘʫʯʥʳʭ ʢʨʫʛʘʭ 
ʠ ʚʳʟʚʘʣʠ ʙʫʨʥʳʡ ʚʩʧʣʝʩʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥ-
ʥʳʭ ʥʘ ʩʦʟʜʘʥʠʝ ʨʘʙʦʪʘʶʱʝʛʦ ʣʘʟʝʨʘ. ɺ 1960 ʛʦʜʫ ʊʝʦʜʦʨ ʄʵʡʤʝʥ ʚ Hughes 
Laboratories ʩʦʟʜʘʣ ʧʝʨʚʳʡ ʚ ʤʠʨʝ ʨʫʙʠʥʦʚʳʡ ʣʘʟʝʨ. ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ ʊʘʫʥʩ 
ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʨʘʙʦʪʫ ʛʝʣʠʡ-ʥʝʦʥʦʚʦʛʦ ʣʘʟʝʨʘ. ɺ 1962 ʛʦʜʫ ʣʘʟʝʨʥʘʷ ʛʝ-
ʥʝʨʘʮʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʤ ʢʨʠʩʪʘʣʣʝ. ʀʤʝʥʥʦ ʪʘʢʦʡ ʪʠʧ 
ʣʘʟʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʝ. ʀ ʣʠʰʴ ʚ 1988 ʛʦʜʫ ɻʦʣʜʫ ʫʜʘʣʦʩʴ 
ʧʦʣʫʯʠʪʴ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʧʘʪʝʥʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʤ ʚ 
50-ʝ ʛʦʜʳ ʠ ʧʦʩʚʷʱʝʥʥʳʭ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ʣʘʟʝʨʘ.

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʢʘʢ ʥʦʩʠʪʝʣʷ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʙʳʣʦ ʦʩʪʘʚ-
ʣʝʥʦ ʙʝʟ ʚʥʠʤʘʥʠʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʦ ʢʦʤʤʫʥʠʢʘʮʠʠ. ɺʦʟʤʦʞʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 
ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 10 000 ʨʘʟ ʧʨʝʚʳʰʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘ-
ʜʠʦʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʥʝ ʚʧʦʣʥʝ ʧʨʠ-
ʛʦʜʥʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ. ʅʘ ʨʘʙʦʪʫ ʪʘʢʦʛʦ ʨʦʜʘ ʣʠʥʠʠ 
ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʪʫʤʘʥ, ʩʤʦʛ ʠ ʜʦʞʜʴ, ʨʘʚʥʦ ʢʘʢ ʠ ʩʦʩʪʦʷʥʠʝ ʘʪʤʦʩʬʝʨʳ. 
ʃʘʟʝʨʥʦʤʫ ʣʫʯʫ ʛʦʨʘʟʜʦ ʧʨʦʱʝ ʧʨʝʦʜʦʣʝʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ɿʝʤʣʝʡ ʠ ʃʫʥʦʡ, 
ʯʝʤ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʄʘʥʭʝʪʪʝʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʦ-
ʥʘʯʘʣʴʥʦ ʣʘʟʝʨ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʩʚʝʪʦʚʦʡ ʠʩʪʦʯʥʠʢ, ʥʝ 
ʠʤʝʶʱʠʡ ʧʦʜʭʦʜʷʱʝʡ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ.

ɺ 1966 ʛʦʜʫ ʏʘʨʣʴʟ ʂʘʦ ʠ ʏʘʨʣʴʟ ʍʦʢʭʵʤ, ʨʘʙʦʪʘʚʰʠʝ ʚ ʘʥʛʣʠʡʩʢʦʡ ʣʘʙʦ-
ʨʘʪʦʨʠʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʦʧʫʙʣʠʢʦʚʘʣʠ ʩʪʘʪʴʶ ʦ ʪʦʤ, ʯʪʦ 
ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʩʨʝʜʘ ʧʝʨʝʜʘʯʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 
ʧʨʦʟʨʘʯʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʟʘʪʫʭʘʥʠʝ ʤʝʥʝʝ 20 ʜɹ/ʢʤ. ʆʥʠ ʧʨʠʰʣʠ ʢ ʚʳ-
ʚʦʜʫ, ʯʪʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʪʫʭʘʥʠʷ, ʧʨʠʩʫʱʠʡ ʧʝʨʚʳʤ ʚʦʣʦʢʥʘʤ (ʦʢʦʣʦ 1000 
ʜɹ/ʢʤ), ʩʚʷʟʘʥ ʩ ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʚ ʩʪʝʢʣʝ ʧʨʠʤʝʩʷʤʠ. ɹʳʣ ʪʘʢʞʝ ʫʢʘʟʘʥ ʧʫʪʴ 
ʩʦʟʜʘʥʠʷ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʚʦʣʦʢʦʥ, ʩʚʷʟʘʥʥʳʡ ʩ ʫʤʝʥʴʰʝʥʠ-
ʝʤ ʫʨʦʚʥʷ ʧʨʠʤʝʩʝʡ ʚ ʩʪʝʢʣʝ.

ɺ 1970 ʛʦʜʫ ʈʦʙʝʨʪ ʄʘʫʨʝʨ ʩʦ ʩʚʦʠʤʠ ʢʦʣʣʝʛʘʤʠ ʠʟ Corning Glass Works 
ʧʦʣʫʯʠʣ ʧʝʨʚʦʝ ʚʦʣʦʢʥʦ ʩ ʟʘʪʫʭʘʥʠʝʤ ʤʝʥʝʝ 20 ʜɹ/ʢʤ. ʂ 1972 ʛʦʜʫ ʚ ʣʘʙʦʨʘ-
ʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʫʨʦʚʝʥʴ ʚ 4 ʜɹ/ʢʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʢʨʠʪʝ-
ʨʠʶ ʂʘʦ ʠ ʍʦʢʭʵʤʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʫʯʰʠʝ ʚʦʣʦʢʥʘ ʠʤʝʶʪ ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ 
0,2 ʜɹ/ʢʤ.

ʅʝ ʤʝʥʝʝ ʢʨʫʧʥʳʡ ʫʩʧʝʭ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʚ ʦʙʣʘʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠʩ-
ʪʦʯʥʠʢʦʚ ʠ ʜʝʪʝʢʪʦʨʦʚ, ʩʦʝʜʠʥʠʪʝʣʝʡ, ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜʘʯ, ʪʝʦʨʠʠ ʢʦʤʤʫʥʠ-
ʢʘʮʠʡ ʠ ʜʨʫʛʠʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʦʡ ʦʙʣʘʩʪʷʭ. ɺʩʝ ʵʪʦ ʚʤʝʩʪʝ ʩ 
ʦʛʨʦʤʥʳʤ ʠʥʪʝʨʝʩʦʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʯʝʚʠʜʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʚʦʣʦʢʦʥʥʦʡ 
ʦʧʪʠʢʠ ʦʙʫʩʣʦʚʠʣʦ ʚ ʩʝʨʝʜʠʥʝ ʠ ʢʦʥʮʝ 70-ʭ ʛʦʜʦʚ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʦʜʚʠʞʝʥʠʷ 
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ʥʘ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.
ɺʦʝʥʥʦ-ʤʦʨʩʢʠʝ ʩʠʣʳ ʉʐɸ ʚʥʝʜʨʠʣʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʫʶ ʣʠʥʠʶ ʥʘ 

ʙʦʨʪʫ ʢʦʨʘʙʣʷ Little Rock ʚ 1973 ʛʦʜʫ. ɺ 1976 ʤ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ALOFT 
ʚʦʝʥʥʦ ʚʦʟʜʫʰʥʳʝ ʩʠʣʳ ʟʘʤʝʥʠʣʠ ʢʘʙʝʣʴʥʫʶ ʦʩʥʘʩʪʢʫ ʩʘʤʦʣʝʪʘ ɸ-7 ʥʘ ʚʦʣʦ-
ʢʦʥʥʦ ʦʧʪʠʯʝʩʢʫʶ. ʇʨʠ ʵʪʦʤ ʢʘʙʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʠʟ 302 ʤʝʜʥʳʭ ʢʘʙʝʣʝʡ, ʠʤʝʚ-
ʰʘʷ ʩʫʤʤʘʨʥʫʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ 1260 ʤ ʠ ʚʝʩʠʚʰʘʷ 40 ʢʛ, ʙʳʣʘ ʟʘʤʝʥʝʥʘ ʥʘ 12 
ʚʦʣʦʢʦʥ ʦʙʱʝʡ ʜʣʠʥʦʡ 76 ʤ ʠ ʚʝʩʦʤ 1,7 ʢʛ. ɺʦʝʥʥʳʝ ʙʳʣʠ ʧʝʨʚʳʤʠ ʠ ʚ ʜʝʣʝ 
ʚʥʝʜʨʝʥʠʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ. ɺ 1977 ʛʦʜʫ ʙʳʣʘ ʟʘʧʫʱʝʥʘ ʜʚʫʭʢʠ-
ʣʦʤʝʪʨʦʚʘʷ ʩʠʩʪʝʤʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 20 ʄʙ/ʩʝʢ, ʩʚʷʟʘʚʰʘʷ 
ʥʘʟʝʤʥʫʶ ʩʧʫʪʥʠʢʦʚʫʶ ʩʪʘʥʮʠʶ ʩ ʮʝʥʪʨʦʤ ʫʧʨʘʚʣʝʥʠʷ.

ɺ 1977 ʛʦʜʫ ʢʦʤʧʘʥʠʠ ɸʊ&ʊ ʠ GTE ʫʩʪʘʥʦʚʠʣʠ ʢʦʤʤʝʨʯʝʩʢʠʝ ʪʝʣʝʬʦʥʥʳʝ 
ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ. ʕʪʠ ʩʠʩʪʝʤʳ ʧʨʝʚʟʦʰʣʠ ʧʦ ʩʚʦʠʤ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʯʠʪʘʚʰʠʝʩʷ ʨʘʥʝʝ ʥʝʟʳʙʣʝʤʳʤʠ ʩʪʘʥʜʘʨʪʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-
ʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʠʭ ʙʫʨʥʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚ ʢʦʥʮʝ 70-ʭ ʠ ʥʘʯʘʣʝ 80-ʭ 
ʛʦʜʦʚ. ɺ 1980 ʛʦʜʫ ɸʊ&ʊ ʦʙʲʷʚʠʣʘ ʦʙ ʘʤʙʠʮʠʦʟʥʦʤ ʧʨʦʝʢʪʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠ-
ʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʩʚʷʟʳʚʘʶʱʝʡ ʤʝʞʜʫ ʩʦʙʦʡ ɹʦʩʪʦʥ ʠ ʈʠʯʤʦʥʜ. ʈʝʘʣʠʟʘʮʠʷ 
ʧʨʦʝʢʪʘ ʚʦʦʯʠʶ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʩʢʦʨʦʩʪʥʳʝ ʢʘʯʝʩʪʚʘ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ 
ʩʝʨʠʡʥʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʩʠʩʪʝʤʘʭ, ʘ ʥʝ ʪʦʣʴʢʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘ-
ʥʦʚʢʘʭ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʩʪʘʚʢʫ ʥʘʜʦ ʜʝʣʘʪʴ ʥʘ ʚʦʣʦʢʦʥ-
ʥʦ-ʦʧʪʠʯʝʩʢʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʧʦʢʘʟʘʚʰʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦ-
ʛʦ ʧʨʠʤʝʥʝʥʠʷ.

ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʪʦʣʴ ʞʝ ʙʳʩʪʨʦ ʨʘʩʰʠʨʷʣʦʩʴ ʠ ʢʨʝʧʣʦ ʧʨʦ-
ʠʟʚʦʜʩʪʚʦ. ʋʞʝ ʚ 1983 ʛʦʜʫ ʚʳʧʫʩʢʘʣʩʷ ʦʜʥʦʤʦʜʦʚʳʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ 
ʢʘʙʝʣʴ, ʥʦ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʤʥʦʞʝʩʪʚʦʤ ʧʨʦ-
ʙʣʝʤ, ʧʦʵʪʦʤʫ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʧʦʣʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʢʘʙʝ-
ʣʠ ʫʜʘʚʘʣʦʩʴ ʣʠʰʴ ʚ ʥʝʢʦʪʦʨʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ. ʂ 1985 ʛʦʜʫ 
ʦʩʥʦʚʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ð ʢʦʤʧʘ-
ʥʠʠ ɸʊ&ʊ ʠ MCI, ʥʝ ʪʦʣʴʢʦ ʚʥʝʜʨʠʣʠ ʦʜʥʦʤʦʜʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʥʦ ʠ 
ʫʪʚʝʨʜʠʣʠ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʙʫʜʫʱʠʭ ʧʨʦʝʢʪʦʚ.

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʢʦʤʧʴʶʪʝʨʥʘʷ ʠʥʜʫʩʪʨʠʷ, ʪʝʭʥʦʣʦʛʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ 
ʩʝʪʝʡ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʥʝ ʩʪʦʣʴ ʙʳʩʪʨʦ, ʢʘʢ ʚʦʝʥʥʳʝ ʠ ʪʝʣʝʢʦʤ-
ʤʫʥʠʢʘʮʠʦʥʥʳʝ ʢʦʤʧʘʥʠʠ, ʙʨʘʣʠ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʚʦʣʦʢʦʥʥʫʶ ʦʧʪʠʢʫ, ʪʝʤ ʥʝ 
ʤʝʥʝʝ ʠ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ 
ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʚʥʝʜʨʝʥʠʶ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʅʘʩʪʫʧʣʝʥʠʝ ʵʨʳ ʠʥʬʦʨʤʘʮʠʠ 
ʠ ʚʦʟʥʠʢʰʘʷ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʪʝʣʝʢʦʤʤʫ-
ʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʪʦʣʴʢʦ ʧʦʜʭʣʝʩʪʥʫʣʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚʦʣʦʢʦʥʥʦ-
ʦʧʪʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʉʝʛʦʜʥʷ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 
ʠ ʚʥʝ ʦʙʣʘʩʪʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ.

ʅʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʷ IBM, ʣʠʜʝʨ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʤʧʴʶʪʝʨʦʚ, ʦʙʲʷʚʠʣʘ ʚ 
1990 ʛʦʜʫ ʦ ʚʳʧʫʩʢʝ ʥʦʚʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ 
ʢʦʥʪʨʦʣʣʝʨ ʢʘʥʘʣʘ ʩʚʷʟʠ ʩ ʜʠʩʢʦʚʳʤʠ ʠ ʣʝʥʪʦʯʥʳʤʠ ʚʥʝʰʥʠʤʠ ʥʘʢʦʧʠʪʝʣʷ-
ʤʠ ʥʘ ʦʩʥʦʚʝ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ. ʕʪʦ ʩʪʘʣʦ ʧʝʨʚʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚʦʣʦʢʦʥʥʦʡ 
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ʦʧʪʠʢʠ ʚ ʩʝʨʠʡʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ɺʥʝʜʨʝ-
ʥʠʝ ʚʦʣʦʢʦʥʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ, ʧʦʣʫʯʠʚʰʝʛʦ 
ʥʘʟʚʘʥʠʝ ESCOM, ʧʦʟʚʦʣʠʣʦ ʧʝʨʝʜʘʚʘʪʴ ʠʥ-
ʬʦʨʤʘʮʠʶ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʠ ʥʘ ʙʦʣʴ-
ʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ʇʨʝʜʰʝʩʪʚʫʶʱʘʷ ʤʦʜʝʣʴ 
ʢʦʥʪʨʦʣʣʝʨʘ ʥʘ ʦʩʥʦʚʝ ʤʝʜʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ 
ʠʤʝʣʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 4,5 ʄʙ/ʩʝʢ 
ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʚ 400 
ʬʫʪʦʚ. ʅʦʚʳʡ ʢʦʥʪʨʦʣʣʝʨ ʨʘʙʦʪʘʝʪ ʩʦ ʩʢʦʨʦ-
ʩʪʴʶ 10 ʄʙ/ʩʝʢ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʚ ʥʝʩʢʦʣʴʢʦ 
ʤʠʣʴ.

ɺ 1990 ʛʦʜʫ ʃʠʥʥ ʄʦʣʣʠʥʘʨ, ʩʦʪʨʫʜʥʠʢ 
Bellcore, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʙʝʟ ʨʝʛʝʥʝʨʘʮʠʠ ʩʦ ʩʢʦʨʦ-
ʩʪʴʶ 2,5 ɻʙ/ʩʝʢ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʢʦʣʦ 7500 ʢʤ. 
ʆʙʳʯʥʦ ʚʦʣʦʢʦʥʥʦ ʦʧʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʥʝʦʙ-
ʭʦʜʠʤʦ ʫʩʠʣʠʚʘʪʴ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʩʩʪʘʥʘʚ-
ʣʠʚʘʪʴ ʝʛʦ ʬʦʨʤʫ ð ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ ʢʘʞʜʳʝ 
25 ʢʤ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ 
ʩʠʛʥʘʣ ʪʝʨʷʝʪ ʤʦʱʥʦʩʪʴ ʠ ʠʩʢʘʞʘʝʪʩʷ. ɺ ʩʠʩ-

ʪʝʤʝ ʄʦʣʣʠʥʘʨʘ ʣʘʟʝʨ ʨʘʙʦʪʘʣ ʚ ʩʦʣʠʪʦʥʥʦʤ ʨʝʞʠʤʝ ʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʘʤʦ-
ʫʩʠʣʠʚʘʶʱʝʝ ʚʦʣʦʢʥʦ ʩ ʜʦʙʘʚʢʘʤʠ ʵʨʙʠʷ. ʉʦʣʠʪʦʥʥʳʝ (ʚ ʦʯʝʥʴ ʫʟʢʦʤ ʜʠʘʧʘ-
ʟʦʥʝ ʩʧʝʢʪʨʘ) ʠʤʧʫʣʴʩʳ ʥʝ ʨʘʩʩʝʠʚʘʶʪʩʷ ʠ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ 
ʬʦʨʤʫ ʧʦ ʤʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦ ʚʦʣʦʢʥʫ. ɺ ʪʦ ʞʝ ʩʘʤʦʝ ʚʨʝʤʷ ʷʧʦʥʩʢʦʡ 
ʢʦʤʧʘʥʠʝʡ Nippon Telephone & Telegraph ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʩʢʦʨʦʩʪʴ 20 ɻʙ/ʩʝʢ, 
ʧʨʘʚʜʘ, ʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʢʦʨʦʪʢʦʝ ʨʘʩʩʪʦʷʥʠʝ. ʎʝʥʥʦʩʪʴ ʩʦʣʠʪʦʥʥʦʡ ʪʝʭ-
ʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʢʣʘʜʢʠ ʧʦ ʜʥʫ ʊʠʭʦ-
ʛʦ ʠʣʠ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʪʝʣʝʬʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʥʝ 
ʪʨʝʙʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʩʠʣʠʪʝʣʝʡ. ʆʜʥʘʢʦ ʩ 1992 ʛʦʜʘ ʩʦʣʠ-
ʪʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʩʪʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʝʤʦʥʩʪʨʘʮʠʡ ʠ ʥʝ ʥʘʭʦ-
ʜʠʪ ʧʦʢʘ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.

ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ

ɻʣʦʙʘʣʴʥʘʷ ʩʝʪʴ ʪʨʝʙʫʝʪ ʵʬʬʝʢʪʠʚʥʦʡ ʩʨʝʜʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 
ʊʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʤʝʜʥʦʛʦ ʢʘʙʝʣʷ ʠʣʠ 
ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʧʝʨʝʜʘʯʝ, ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʢʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʪʫʧʘʶʪ ʧʦ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʝ. ʅʘʧʨʠʤʝʨ, ʤʝʜʥʳʝ ʢʘʙʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫ-
ʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ 
ʚʥʝʰʥʠʭ ʧʦʣʝʡ.

ʄʠʢʨʦʚʦʣʥʦʚʘʷ ʧʝʨʝʜʘʯʘ, ʭʦʪʷ ʠ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ 
ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦ-

ʈʠʩ. 1.2. ʆʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ, 
ʪʦʣʱʠʥʦʡ ʩ ʚʦʣʦʩ, ʠʟ ʢʚʘʨʮʝʚʦʛʦ 
ʩʪʝʢʣʘ, ʩʜʝʣʘʚʰʝʝ ʨʝʚʦʣʶʮʠʶ ʚ 
ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ
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ʨʫʜʦʚʘʥʠʷ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʟʦʥʦʡ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ. ɺʦʣʦʢʦʥʥʘʷ ʦʧʪʠʢʘ ʧʦʟ-
ʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʜʥʳʤʠ ʢʘʙʝʣʷʤʠ ʠ ʠʤʝʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʧʨʠʝʤʣʝʤʫʶ ʩʪʦʠʤʦʩʪʴ 
ʠ ʤʝʥʴʰʝ ʦʛʨʘʥʠʯʝʥʠʡ, ʯʝʤ ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ.

ɺʦʟʤʦʞʥʦʩʪʠ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʪʦʣʴʢʦ ʥʘʯʠʥʘʶʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ. ʋʞʝ 
ʩʝʡʯʘʩ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 
ʘʥʘʣʦʛʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʜʥʦʤ ʢʘʙʝʣʝ, ʠ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩ-
ʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʜʥʳʭ ʢʘʙʝʣʝʡ ʠʤʝʶʪ ʤʝʥʴʰʠʡ ʧʦʪʝʥʮʠʘʣ ʨʘʟʚʠʪʠʷ, ʯʝʤ 
ʥʘʯʠʥʘʶʱʘʷ ʨʘʟʚʠʚʘʪʴʩʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ. ɺʦʣʦʢʦʥʥʘʷ ʦʧ-
ʪʠʢʘ ʦʙʝʱʘʝʪ ʩʪʘʪʴ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʨʝʚʦʣʶʮʠʠ, ʨʘʚʥʦ 
ʢʘʢ ʠ ʯʘʩʪʴʶ ʚʩʝʤʠʨʥʦʡ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ.

ɺʦʣʦʢʦʥʥʘʷ ʦʧʪʠʢʘ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʞʠʟʥʴ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ, ʧʦʨʦʡ ʧʨʘʢ-
ʪʠʯʝʩʢʠ ʥʝʟʘʤʝʪʥʦ. ʇʨʠʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʥʝʟʘʤʝʪʥʦʛʦ ʚʭʦʞʜʝʥʠʷ ʚʦ-
ʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʚ ʥʘʰʫ ʞʠʟʥʴ:
ð ʪʨʘʥʩʣʷʮʠʷ ʛʦʣʦʩʘ ʯʝʨʝʟ ʚʩʶ ʩʪʨʘʥʫ;
ð ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʢʘʙʝʣʶ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʚʘʰ ʜʦʤ ʧʦ 

ʢʘʙʝʣʶ;
ð ʩʦʝʜʠʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʚʘʰʝʤ ʦʬʠʩʝ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʚ ʜʨʫʛʠʭ ʦʬʠʩʘʭ;
ð ʩʦʝʜʠʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʙʣʦʢʦʚ ʚ ʚʘʰʝʤ ʘʚʪʦʤʦʙʠʣʝ;
ð ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.
ɺʦʣʦʢʦʥʥʘʷ ʦʧʪʠʢʘ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʪʦʣʴʢʦ ʥʘʯʠʥʘʶʱʝʡ ʩʚʦʝ 

ʨʘʟʚʠʪʠʝ, ʥʦ ʫʞʝ ʜʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ 
ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʧʦʟʚʦ-
ʣʷʪ ʚ ʙʫʜʫʱʝʤ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʝʝ ʧʨʠʤʝʥʝʥʠʷ.

1.3. ʇʨʝʠʤʫʱʝʩʪʚʘ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʢʘʢ ʢʦʤʤʫʥʠ-
ʢʘʮʠʦʥʥʦʡ ʩʨʝʜʳ

ɺ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ ʚʦʣʦʢʦʥʥʘʷ ʦʧʪʠʢʘ ʷʚʣʷʝʪʩʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ 
ʩʨʝʜʦʡ, ʩʦʝʜʠʥʷʶʱʝʡ ʜʚʘ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘ. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ 
ʩʚʷʟʴ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ ʤʝʞʜʫ ʢʦʤʧʴʶʪʝʨʦʤ ʠ ʝʛʦ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʩ-
ʪʨʦʡʩʪʚʘʤʠ, ʤʝʞʜʫ ʜʚʫʤʷ ʪʝʣʝʬʦʥʥʳʤʠ ʩʪʘʥʮʠʷʤʠ ʠʣʠ ʤʝʞʜʫ ʩʪʘʥʢʦʤ ʠ ʝʛʦ 
ʢʦʥʪʨʦʣʣʝʨʦʤ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʟʘʚʦʜʝ.

ʅʘʧʨʘʰʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ: 
ʟʘʯʝʤ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʩʠʛʥʘʣ ʚ ʩʚʝʪʦʚʦʡ ʠ ʦʙʨʘʪʥʦ? ʧʦʯʝʤʫ ʥʝʣʴʟʷ ʠʩʧʦʣʴ-
ʟʦʚʘʪʴ ʪʦʣʴʢʦ ʤʝʜʥʳʡ ʢʘʙʝʣʴ? ʆʪʚʝʪʳ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ ʩʢʨʳʪʳ ʚ ʩʣʝʜʫʶʱʠʭ 
ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ:
ð ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ;
ð ʥʠʟʢʠʝ ʧʦʪʝʨʠ;
ð ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ;
ð ʤʘʣʳʡ ʚʝʩ;
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ð ʤʘʣʳʡ ʨʘʟʤʝʨ;
ð ʙʝʟʦʧʘʩʥʦʩʪʴ;
ð ʩʝʢʨʝʪʥʦʩʪʴ.
ɺʘʞʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʥʝ-

ʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʥʠʟʢʠʝ ʧʦʪʝʨʠ ʷʚ-
ʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʚʘʞʥʝʝ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 
ʩʝʢʨʝʪʥʦʩʪʴ, ʜʦʩʪʠʛʘʝʤʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ. ʅʠʞʝ ʢʘʞ-
ʜʦʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʦʙʩʫʞʜʘʝʪʩʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ.

1.3.1. ʐʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ

ɺʳʰʝ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʦ ʨʘʩʪʫʱʝʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʝʨʝʜʘʯʝ ʚʩʝ ʙʦʣʴʰʠʭ 
ʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʤ ʩʧʦʩʦʙʦʤ. ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟ-
ʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʦʩʳ ʧʨʦʧʫʩ-
ʢʘʥʠʷ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʳ ʠ ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʡ. ɿʘ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʜʠʦ 
ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʯʘʩʪʦʪʳ ʚʳʨʦʩʣʠ ʥʘ ʧʷʪʴ ʧʦʨʷʜʢʦʚ, ʦʪ ʧʨʠʤʝʨʥʦ 
100 ʢɻʮ ʜʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 10 ɻɻʮ. ʏʘʩʪʦʪʳ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʥʝʩʢʦʣʴʢʦ 
ʧʦʨʷʜʢʦʚ ʧʨʝʚʦʩʭʦʜʷʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʯʘʩʪʦʪʳ ʨʘʜʠʦʚʦʣʥ.

ʀʟʦʙʨʝʪʝʥʠʝ ʣʘʟʝʨʘ, ʚ ʢʦʪʦʨʦʤ ʩʚʝʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʝʡ, ʟʘ 
ʦʜʠʥ ʰʘʛ ʫʚʝʣʠʯʠʣʦ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʥʘ ʯʝʪʳʨʝ ʧʦʨʷʜʢʘ ð ʜʦ 100 000 
ɻɻʮ (ʠʣʠ 100 ʪʝʨʘʛʝʨʮ, ʊɻʮ). ɺʦʣʦʢʦʥʥʘʷ ʦʧʪʠʢʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʝʪ ʨʘʙʦ-
ʪʘʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 1 ʊɻʮ, ʦʜʥʘʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʠʘʧʘʟʦʥ 
ʝʱʝ ʜʘʣʝʢ ʦʪ ʵʪʦʛʦ ʧʨʝʜʝʣʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʨʠʤʝʥʷʝʤʘʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ 
ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʧʨʝʚʦʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʘʨʘʤʝʪʨ ʤʝʜʥʦʛʦ ʢʘʙʝʣʷ. ʄʦʞ-
ʥʦ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʪʦʣʴʢʦ 
ʥʘʯʠʥʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʜʥʦʛʦ ʢʘʙʝʣʷ ʜʦʩʪʠʛʣʠ 
ʩʚʦʝʛʦ ʧʨʝʜʝʣʘ.

ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʪʝʣʝʬʦʥʥʳʝ ʢʦʤʧʘʥʠʠ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʮʠʬ-
ʨʦʚʫʶ ʩʚʷʟʴ. ɹʦʣʝʝ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʙʫʩʣʦʚ-
ʣʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʙʠʪʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʴʰʝʝ 
ʢʦʣʠʯʝʩʪʚʦ ʟʚʫʢʦʚʳʭ ʢʘʥʘʣʦʚ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʥʫ ʣʠʥʠʶ. ʉʦʚʤʝʩʪʠʤʦʩʪʴ 
ʨʘʟʣʠʯʥʳʭ ʪʝʣʝʬʦʥʥʳʭ ʣʠʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜʘʯʠ 
ʠʥʬʦʨʤʘʮʠʠ.

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʦʪʥʦʩʠʪʩʷ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘ-
ʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʝʨʝʢʨʳʚʘʶʱʘʷ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʝ-
ʨʝʜʘʯʠ ʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ 
ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʶ ʪʝʣʝʢʦʥʬʝʨʝʥʮʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 
ʝʤʢʦʩʪʴ ʚ 14, ʘ ʠʥʦʛʜʘ ʠ ʚ 100 ʨʘʟ ʙʦʣʴʰʘʷ, ʯʝʤ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ 
ʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ. ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʜʦʧʫʩʢʘʝʪ ʤʫʣʴ-
ʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʠʛʥʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʟʚʫʢʦʚʳʭ, ʚʠʜʝʦ ʠʣʠ ʧʝʨʝ-
ʜʘʯʫ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʩʚʷʟʠ ʥʘʯʠʥʘʶʪ ʧʨʠʤʝ-
ʥʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʥʦ ʠ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ 
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ʙʳʪʦʚʳʭ ʩʠʩʪʝʤʘʭ.
ʂʘʢ ʧʨʠʤʝʨ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʧ-

ʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʧʨʠʚʝʜʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 
10 ɻʙ/ʩʝʢ ʟʘ ʚʨʝʤʷ ʚ ʦʜʥʫ ʩʝʢʫʥʜʫ:
ð 1000 ʢʥʠʛ;
ð 130 000 ʟʚʫʢʦʚʳʭ ʢʘʥʘʣʦʚ;
ð 16 ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (HDTV) ʠʣʠ 100 ʢʘʥʘ-

ʣʦʚ HDTV ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʞʘʪʠʷ ʠʥʬʦʨʤʘʮʠʠ (ʢʘʥʘʣ HDTV ʠʩʧʦʣʴʟʫʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʯʘʩʪʦʪʥʫʶ ʧʦʣʦʩʫ, ʯʝʤ ʦʙʳʯʥʳʝ ʪʝʣʝʚʠʟʠʦʥʥʳʝ 
ʢʘʥʘʣʳ).

ɼʣʷ ʩʠʩʪʝʤ ʥʘ ʢʦʘʢʩʠʘʣʴʥʦʤ ʢʘʙʝʣʝ ʧʦʜʦʙʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʦʪʩʫʪʩʪʚʫʶʪ, 
ʧʦʵʪʦʤʫ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩʪʘʥʦʚʷʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘ-
ʣʦʚ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ.

1.3.2. ʅʠʟʢʠʝ ʧʦʪʝʨʠ

ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʩʚʷʟʘʥʘ ʩʦ ʩʢʦ-
ʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʪʝʨʠ (ʟʘʪʫʭʘʥʠʝ) 
ʦʧʨʝʜʝʣʷʶʪ ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʝʨʝ-
ʜʘʚʘʪʴʩʷ ʩʠʛʥʘʣ. ʇʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʩʠʛʥʘʣ ʧʝʨʝʤʝ-
ʱʘʝʪʩʷ ʧʦ ʧʝʨʝʜʘʶʱʝʡ ʣʠʥʠʠ, ʙʫʜʴ ʵʪʦ ʤʝʜʥʳʡ 
ʢʘʙʝʣʴ ʠʣʠ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ, ʝʛʦ ʘʤʧʣʠʪʫʜʘ 
ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʥʘʟʳ-
ʚʘʝʪʩʷ ʟʘʪʫʭʘʥʠʝʤ. ɺ ʤʝʜʥʦʤ ʢʘʙʝʣʝ ʟʘʪʫʭʘʥʠʝ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ. ʏʝʤ 
ʙʦʣʴʰʝ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʘ, ʪʝʤ ʙʦʣʴʰʝ ʧʦʪʝʨʠ. ʅʘ-
ʧʨʦʪʠʚ, ʚ ʦʧʪʠʯʝʩʢʦʤ ʢʘʙʝʣʝ ʟʘʪʫʭʘʥʠʝ ʥʝ ʟʘʚʠʩʠʪ 
ʯʘʩʪʦʪʳ ʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 
ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʚʧʣʦʪʴ ʜʦ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʠ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʯʘʩʪʦʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʧʨʦʙʣʝʤʘ ʟʘʪʫʭʘʥʠʷ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʤʝʜʥʦʛʦ 
ʢʘʙʝʣʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʧʝʨʝʜʘ-
ʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ.

ʇʝʨʚʘʷ ʪʨʘʥʩʘʪʣʘʥʪʠʯʝʩʢʘʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠ-
ʯʝʩʢʘʷ ʪʝʣʝʬʦʥʥʘʷ ʣʠʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʢʦʤʧʘ-
ʥʠʝʡ ɸʊ&ʊ ʚ 1988 ʛʦʜʫ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʜʝʨʞʠ-
ʚʘʣʘ 37 800 ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʟʚʫʢʦʚʳʭ ʢʘʥʘʣʦʚ ʚ 
ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʡ ʧʘʨʳ ʚʦʣʦ-
ʢʦʥ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʚʪʦʨʠʪʝʣʷʤʠ ʩʦʩʪʘʚʣʷʣʦ 
35 ʢʤ. ʊʦʛʜʘ ʢʘʢ ʣʫʯʰʘʷ ʪʨʘʥʩʘʪʣʘʥʪʠʯʝʩʢʘʷ ʣʠʥʠʷ ʥʘ ʢʦʘʢʩʠʘʣʴʥʦʤ ʢʘʙʝʣʝ 
ʧʦʜʜʝʨʞʠʚʘʣʘ 4200 ʢʘʥʘʣʦʚ ʠ ʪʨʝʙʦʚʘʣʘ ʫʩʪʘʥʦʚʢʠ ʧʦʚʪʦʨʠʪʝʣʝʡ ʯʝʨʝʟ ʢʘʞ-
ʜʳʝ 9,4 ʢʤ. ʉʫʱʝʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʦʣʦʢʦʥʥʦ-ʦʧ-

ʈʠʩ. 1.3. ʉʪʨʫʢʪʫʨʘ ʩʚʝʪʦ-
ʚʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʦʷʤʠ 
ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʣʝʛʠ-
ʨʦʚʘʥʥʦʛʦ ʨʘʟʣʠʯʥʳʤʠ 
ʧʨʠʤʝʩʷʤʠ
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ʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʧʝʨʝʜʘʶʱʝʡ 200 ʄʙ/ʩʝʢ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 80 ʜʦ 100 ʢʤ ʙʝʟ 
ʧʦʚʪʦʨʠʪʝʣʝʡ.

ʉʦʯʝʪʘʥʠʝ ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘ-
ʥʠʷ ʩ ʥʠʟʢʠʤʠ ʧʦʪʝʨʷʤʠ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʪʝʣʝʬʦʥ-
ʥʦʡ ʠʥʜʫʩʪʨʠʠ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʜʘʚʘʪʴ ʙʦʣʴʰʠʡ ʦʙʲʝʤ 
ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʚʪʦʨʠʪʝʣʝʡ ð ʜʦʨʦʛʦʩʪʦʷ-
ʱʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʨʝʙʫʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʫʩʪʘʥʦʚʢʫ ʠ 
ʦʙʩʣʫʞʠʚʘʥʠʝ. ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʚʪʦʨʠʪʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 
ʩʪʦʠʤʦʩʪʠ ʩʠʩʪʝʤʳ.

1.3.3. ʅʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʷʤ

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʜʥʳʭ ʢʘʙʝʣʝʡ, ʦʧʪʦʚʦʣʦʢʥʦ ʥʝ ʠʟʣʫʯʘʝʪ ʠ ʥʝ ʚʦʩʧʨʠʥʠ-
ʤʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ. ʃʶʙʦʡ ʤʝʜʥʳʡ ʧʨʦʚʦʜʥʠʢ ʜʝʡʩʪʚʫʝʪ ʧʦʜʦʙʥʦ 
ʘʥʪʝʥʥʝ, ʢʦʪʦʨʘʷ ʠʟʣʫʯʘʝʪ ʠ ʧʨʠʥʠʤʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʵʥʝʨʛʠʶ. ʂʘʞʜʘʷ 
ʯʘʩʪʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʥʘʚʦʜʢʠ 
(ʕʄʅ), ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʙʦʪʫ ʜʨʫʛʠʭ ʯʘʩʪʝʡ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠʤʝʨʳ ʚʣʠʷʥʠʷ ʥʘ-
ʚʦʜʦʢ:

ɺʦʝʥʥʳʝ ʦʪʤʝʯʘʣʠ ʩʪʦʣʴ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ 
ʚʦ ɺʴʝʪʥʘʤʝ, ʯʪʦ ʣʶʙʦʝ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʫʩʪʨʦʡʩʪʚ ʜʝʣʘʣʦ ʠʭ 
ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʨʠʪʠʯʝʩʢʦʡ, ʥʝ ʧʦʟʚʦʣʷʷ ʦʙʦʨʫʜʦʚʘʥʠʶ ʥʦʨʤʘʣʴʥʦ ʨʘʙʦʪʘʪʴ.

ʕʣʝʢʪʨʦʥʥʳʡ ʢʘʩʩʦʚʳʡ ʘʧʧʘʨʘʪ ʠʥʪʝʨʬʝʨʠʨʫʝʪ ʩ ʧʝʨʝʜʘʯʝʡ ʩʠʛʥʘʣʘ ʥʘ 
ʯʘʩʪʦʪʝ 113 ʄɻʮ.

ʀʛʨʦʚʳʝ ʚʠʜʝʦʘʚʪʦʤʘʪʳ ʧʝʨʝʩʝʢʘʣʠʩʴ ʩ ʨʘʙʦʪʦʡ ʧʦʣʠʮʝʡʩʢʦʡ ʨʘʜʠʦʩʚʷʟʠ 
ʚ 42 ʄɻʮ ʜʠʘʧʘʟʦʥʝ.

ʅʝʢʦʪʦʨʳʝ ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʚ 1979 ʛʦʜʫ ʌʝ-
ʜʝʨʘʣʴʥʦʡ ʢʦʤʠʩʩʠʝʡ ʧʦ ʢʦʤʤʫʥʠʢʘʮʠʷʤ (Federal Communications Commission 
ð FCC), ʠʟʣʫʯʘʣʠ ʥʘʩʪʦʣʴʢʦ ʩʠʣʴʥʦ, ʯʪʦ ʤʝʰʘʣʠ ʧʨʠʝʤʫ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʧʨʦ-
ʛʨʘʤʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʬʫʪʦʚ.

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʤʝʞʜʫ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʪʝʨʤʠʥʘʣʘʤʠ ʠ ʦʧʝ-
ʨʘʪʦʨʘʤʠ ʧʨʠʚʦʜʷʪ ʢ ʠʩʢʘʞʝʥʠʶ ʜʘʥʥʳʭ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʧʘʤʷʪʴ ʢʦʤʧʴʶʪʝʨʘ, 
ʤʝʰʘʶʪ ʪʝʢʫʱʝʡ ʨʘʙʦʪʝ ʠ ʜʘʞʝ ʚʳʚʦʜʷʪ ʠʟ ʩʪʨʦʷ ʥʝʢʦʪʦʨʳʝ ʵʣʝʢʪʨʦʥʥʳʝ 
ʵʣʝʤʝʥʪʳ. (ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʜʘʨʳ, ʢʦʪʦʨʳʝ 
ʤʦʞʥʦ ʠʩʧʳʪʘʪʴ ʚ ʩʫʭʦʡ ʜʝʥʴ, ʝʩʣʠ ʧʨʦʡʪʠ ʧʦ ʢʦʚʨʫ ʠ ʧʨʠʢʦʩʥʫʪʴʩʷ ʢ ʜʚʝʨʥʦʡ 
ʨʫʯʢʝ. ʊʘʢʠʝ ʨʘʟʨʷʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʧʨʷʞʝʥʠʶ ʦʪ 15 ʜʦ 25 ʢʠʣʦʚʦʣʴʪ.)

ɺʟʨʳʚ, ʚʳʟʚʘʥʥʳʡ ʩʪʘʪʠʯʝʩʢʠʤ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ, ʫʙʠʣ ʪʨʝʭ ʨʘʙʦʯʠʭ ʥʘ 
ʤʳʩʝ ʂʝʥʥʝʜʠ ʚ 1960 ʛʦʜʫ.

ʈʘʙʦʯʠʝ ʛʘʟʦʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʩʨʝʜʥʝʚʦʣʥʦʚʳʝ ʨʘʜʠʦʧʝ-
ʨʝʜʘʯʠ ʚʣʠʷʣʠ ʥʘ ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʦʚ ʫʪʝʯʢʠ.

ʈʘʜʘʨʳ ʘʵʨʦʧʦʨʪʦʚ ʠʩʢʘʞʘʣʠ ʟʘʧʠʩʠ ʦʙ ʫʧʣʘʪʝ ʥʘʣʦʛʦʚ ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ 
ʙʘʥʢʝ ʜʘʥʥʳʭ.

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʥʘʚʦʜʢʠ ʟʘʛʨʷʟʥʷʶʪ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʤʦʛʫʪ ʙʳʪʴ 
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ʢʘʢ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤʠ, ʪʘʢ ʠ ʩʤʝʨʪʝʣʴʥʦ ʦʧʘʩʥʳʤʠ. ʇʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʧʣʦʪ-
ʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʝʨʪʦʡ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʦʛʦ ʚʝʢʘ) ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʥʘʚʦʜʦʢ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʫʱʝʩ-
ʪʚʝʥʥʳʤ. ɼʣʷ ʙʦʨʴʙʳ ʩ ʪʘʢʦʛʦ ʨʦʜʘ ʧʨʦʙʣʝʤʘʤʠ FCC ʨʘʟʨʘʙʦʪʘʣʘ ʚ 1979 ʛʦʜʫ 
ʨʝʢʦʤʝʥʜʘʮʠʠ, ʣʠʤʠʪʠʨʫʶʱʠʝ ʫʨʦʚʝʥʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʥʘʚʦʜʦʢ, ʦʙʫʩʣʦʚ-
ʣʝʥʥʳʭ ʨʘʙʦʪʦʡ ʢʦʤʧʴʶʪʝʨʦʚ. ɽʚʨʦʧʝʡʩʢʠʝ ʘʛʝʥʪʩʪʚʘ ʩʪʘʥʜʘʨʪʦʚ ʧʨʝʜʣʦʞʠʣʠ 
ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ.

ʉʫʱʝʩʪʚʫʝʪ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʜʝʤʦʥʩʪʨʘʮʠʠ ʚʣʠʷʥʠʷ ʕʄʅ ʦʪ ʢʦʤʧʴʶʪʝʨʘ 
ʠʣʠ ʪʝʨʤʠʥʘʣʘ. ʅʫʞʥʦ ʧʦʤʝʩʪʠʪʴ ʨʘʜʠʦʧʨʠʝʤʥʠʢ, ʨʘʙʦʪʘʶʱʠʡ ʚ ʩʨʝʜʥʝʚʦʣ-
ʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʥʝʜʘʣʝʢʦ ʦʪ ʨʘʙʦʪʘʶʱʝʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʨʫʯ-
ʢʠ ʯʘʩʪʦʪʥʦʡ ʥʘʩʪʨʦʡʢʠ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʢʘʢʦʡ ʯʘʩʪʦʪʝ ʚʳ ʧʦʯʫʚʩʪʚʫʝʪʝ 
ʚʣʠʷʥʠʝ ʨʘʙʦʪʘʶʱʝʛʦ ʢʦʤʧʴʶʪʝʨʘ ʥʘ ʧʨʠʝʤ ʨʘʜʠʦʧʝʨʝʜʘʯ. ʏʪʦʙʳ ʫʩʣʳʰʘʪʴ 
ʨʘʟʥʠʮʫ, ʥʫʞʥʦ ʧʝʨʝʥʘʩʪʨʦʠʪʴʩʷ ʥʘ ʜʨʫʛʫʶ ʧʨʦʛʨʘʤʤʫ. ʐʫʤʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ 
ʩʣʳʰʥʳ, ʷʚʣʷʶʪʩʷ ʕʄʅ.

ʂʘʙʝʣʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʠʩʪʦʯ-
ʥʠʢʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʥʘʚʦʜʦʢ. ʆʥʠ ʞʝ ʥʘʠʙʦʣʝʝ ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ ʧʨʠʝʤʫ 
ʚʥʝʰʥʠʭ ʩʠʛʥʘʣʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʕʄʅ ʦʪ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 
ʧʨʠʤʝʨʘʭ ʧʨʦʷʚʣʝʥʠʷ ʕʄʅ ʢʘʙʝʣʠ ʨʘʙʦʪʘʣʠ ʧʦʜʦʙʥʦ ʨʘʜʠʦʘʥʪʝʥʥʝ.

ʇʦʩʢʦʣʴʢʫ ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʥʝ ʠʟʣʫʯʘʶʪ ʠ ʥʝ ʚʦʩʧʨʠʥʠʤʘʶʪ ʵʣʝʢʪʨʦ-
ʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʴʥʦʡ ʩʨʝʜʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʕʄʅ. ʅʝʢʦ-
ʪʦʨʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʚʦʣʦʢʦʥʥʫʶ ʦʧʪʠʢʫ ʠʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ. 
ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʰʠʨʦʢʦʡ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʠ 
ʥʠʟʢʦʤ ʟʘʪʫʭʘʥʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʠ ʚʳʢʣʶ-
ʯʝʥʠʠ ʤʦʪʦʨʦʚ ʚʦʟʥʠʢʘʶʪ ʕʄʅ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʨʘʙʦʪʫ ʩʠʛʥʘʣʴʥʳʭ ʣʠʥʠʡ 
ʫʧʨʘʚʣʷʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʚʤʝʩʪʦ 
ʤʝʜʥʦʛʦ ʢʘʙʝʣʷ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ.

ɺʳʩʦʢʦʚʦʣʴʪʥʳʝ ʣʠʥʠʠ ʧʨʠʚʦʜʷʪ ʢ ʘʥʘʣʦʛʠʯʥʦʤʫ ʵʬʬʝʢʪʫ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 
ʪʘʢʞʝ ʠʟʣʫʯʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʵʥʝʨʛʠʶ. ʄʝʜʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʢʘʙʝʣʠ ʥʝ-
ʣʴʟʷ ʧʨʦʢʣʘʜʳʚʘʪʴ ʚʙʣʠʟʠ ʵʪʠʭ ʣʠʥʠʡ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʡ ʟʘʱʠʪʳ, ʧʦʩʢʦʣʴʢʫ ʥʘ-
ʚʦʜʢʠ ʦʪ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʣʠʥʠʠ ʙʫʜʫʪ ʠʩʢʘʞʘʪʴ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ. ɺʦʣʦʢʦʥ-
ʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʣʦʞʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤʠ 
ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʥʘʚʦʜʢʠ ʦʪ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ 
ʣʠʥʠʡ ʥʘ ʥʠʭ ʥʝ ʚʣʠʷʶʪ.

ɺʘʞʥʝʡʰʠʡ ʨʝʟʫʣʴʪʘʪ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʢ ʥʘʚʦʜ-
ʢʘʤ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʚʝʪʦʚʳʝ ʩʠʛʥʘʣʳ 
ʥʝ ʠʩʢʘʞʘʶʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʕʄʅ. ʎʠʬʨʦʚʘʷ ʧʝʨʝʜʘʯʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʝʨʝ-
ʩʳʣʢʫ ʩʠʛʥʘʣʘ ʙʝʟ ʦʰʠʙʦʢ. ʕʄʅ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʦʰʠʙʦʢ ʚ ʵʣʝʢʪʨʦʥʥʳʭ 
ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯ. ɺʩʧʣʝʩʢ ʕʄʅ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʠʢʘ, ʚ ʪʦ 
ʚʨʝʤʷ ʢʘʢ ʚ ʠʩʭʦʜʥʦʤ ʩʠʛʥʘʣʝ ʥʠʢʘʢʦʛʦ ʧʠʢʘ ʥʝ ʙʳʣʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʯʝʩ-
ʢʠʝ ʚʦʣʦʢʥʘ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʙʝʟ ʠʩʢʘʞʝ-
ʥʠʡ.
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1.3.4. ʄʘʣʳʡ ʚʝʩ

ʆʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʚʝʩʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ. ɺʦ-
ʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ ʪʦʡ ʞʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ, ʯʪʦ ʠ ʤʝʜʥʳʡ, 
ʚʝʩʠʪ ʤʝʥʴʰʝ ʤʝʜʥʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝʜʥʠʡ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʠ-
ʥʠʡ. ʅʘʧʨʠʤʝʨ, ʦʙʳʯʥʳʡ ʦʜʥʦʞʠʣʴʥʳʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ ʠʤʝʝʪ 
ʚʝʩ 9 ʬʫʥʪʦʚ/1000 ʬʫʪʦʚ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ ʚʝʩʠʪ ʚ ʜʝʚʷʪʴ 
ʨʘʟ ʙʦʣʴʰʝ ð 80 ʬʫʥʪʦʚ/1000 ʬʫʪʦʚ. ʆʧʪʠʤʘʣʴʥʳʡ ʚʝʩ ʢʨʘʡʥʝ ʚʘʞʝʥ ʚ ʩʘʤʦ-
ʣʝʪʦʩʪʨʦʝʥʠʠ ʠ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ.

1.3.5. ʄʘʣʳʡ ʨʘʟʤʝʨ

ʆʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ ʤʝʥʴʰʝ ʧʦ ʨʘʟʤʝʨʫ, ʯʝʤ ʝʛʦ ʤʝʜʥʳʡ ʘʥʘʣʦʛ. ʂʨʦʤʝ 
ʪʦʛʦ, ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʦʜʥʦ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʤʦʞʝʪ ʟʘʤʝʥʠʪʴ ʥʝʩʢʦʣʴʢʦ 
ʤʝʜʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ. ʄʝʜʥʳʡ ʢʘʙʝʣʴ ʜʠʘʤʝʪʨʦʤ 4,5 ʜʶʡʤʘ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ 
40 300 ʜʚʫʭʩʪʦʨʦʥʥʠʭ ʨʘʟʛʦʚʦʨʦʚ ʥʘ ʢʦʨʦʪʢʠʝ ʨʘʩʩʪʦʷʥʠʷ. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠ-
ʯʝʩʢʠʡ ʢʘʙʝʣʴ ʜʠʘʤʝʪʨʦʤ 0,5 ʜʶʡʤʘ, ʩʦʜʝʨʞʘʱʠʡ 144 ʚʦʣʦʢʥʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ 
24 192 ʨʘʟʛʦʚʦʨʘ ʥʘ ʢʘʞʜʫʶ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʫʶ ʧʘʨʫ ʠʣʠ ʦʢʦʣʦ 1,75 ʤʠʣ-
ʣʠʦʥʦʚ ʟʚʦʥʢʦʚ ʥʘ ʚʝʩʴ ʢʘʙʝʣʴ ʚ ʮʝʣʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʤʢʦʩʪʴ ʚʦʣʦʢʦʥʥʦ-ʦʧ-
ʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʝʤʢʦʩʪʴ ʢʦʘʢʩʠʘʣʴʥʦʛʦ, ʥʝʩʤʦʪʨʷ 
ʥʘ ʪʦ, ʯʪʦ ʝʛʦ ʜʠʘʤʝʪʨ ʧʦʯʪʠ ʚ ʜʝʩʷʪʴ ʨʘʟ ʤʝʥʴʰʝ.

ʄʘʣʳʡ ʨʘʟʤʝʨ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ ʜʝʣʘʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʚʣʝ-
ʢʘʪʝʣʴʥʳʤ ʚ ʩʣʝʜʫʶʱʠʭ ʦʙʣʘʩʪʷʭ:
Å ʉʘʤʦʣʝʪʳ ʠ ʧʦʜʚʦʜʥʳʝ ʣʦʜʢʠ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʢʚʘʜʨʘʪʥʦʛʦ 

ʜʶʡʤʘ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ. ʇʨʠʤʝʥʝʥʠʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ 
ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʝʡ ʤʝʩʪʘ, ʥʦ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ 
ʝʛʦ ʤʝʜʥʦʛʦ ʘʥʘʣʦʛʘ. ɺʦʣʦʢʦʥʥʘʷ ʦʧʪʠʢʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ.
Å ʇʦʜʟʝʤʥʳʝ ʪʝʣʝʬʦʥʥʳʝ ʢʘʙʝʣʴʥʳʝ ʢʘʥʘʣʳ, ʦʩʦʙʝʥʥʦ ʛʦʨʦʜʩʢʠʝ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʪʩʷ ʤʝʩʪʦ ʚ ʢʘʙʝʣʴʥʳʭ ʢʘʥʘʣʘʭ, ʥʦ ʠ ʫʯʠʪʳʚʘʝʪʩʷ 
ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʢʘʥʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʩʪʘʨʳʝ ʤʝʜʥʳʝ 
ʢʘʙʝʣʠ ʟʘʤʝʥʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤʠ ʙʦʣʴʰʠʝ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ ʵʢʦʥʦʤʠʠ ʤʝʩʪʘ. ʊʦʣʩʪʳʡ ʤʝʜʥʳʡ ʢʘʙʝʣʴ, ʟʘʥʠʤʘʶʱʠʡ 
ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʚ ʢʘʙʝʣʴʥʦʤ ʢʘʥʘʣʝ, ʟʘʤʝʥʷʝʪʩʷ ʪʦʥʢʠʤ ʦʧʪʠʯʝʩʢʠʤ ʢʘʙʝʣʝʤ, 
ʧʨʠ ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʤʝʩʪʦ ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʥʦʚʳʭ ʢʘʙʝʣʝʡ ʚ ʙʫʜʫʱʝʤ.
Å ʂʦʤʧʴʶʪʝʨʥʳʝ ʧʦʤʝʱʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʢʘʙʝʣʠ ʧʨʦʢʣʘʜʳʚʘʶʪʩʷ ʚ ʬʘʣʴ-

ʰʧʦʣʘʭ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʠ ʢʘʙʝʣʠ ʷʚʣʷʶʪʩʷ ʪʚʝʨʜʳʤʠ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ 
ʧʨʦʢʣʘʜʢʠ. ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʢʘʙʝʣʝʡ ʪʘʢʞʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʀ ʟʜʝʩʴ ʤʘʣʳʡ 
ʨʘʟʤʝʨ ʠ ʛʠʙʢʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʫʩʪʨʘʥʷʶʪ ʵʪʠ ʧʨʦʙʣʝʤʳ. ɺ ʨʷʜʝ ʩʣʫ-
ʯʘʝʚ ʤʦʞʥʦ ʦʙʦʡʪʠʩʴ ʥʘʩʪʦʣʴʢʦ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʣʦʢʦʥʥʳʭ ʢʘʙʝʣʝʡ, ʯʪʦ 
ʦʪʧʘʜʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʘʣʴʰʧʦʣʦʚ.
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1.3.6. ɹʝʟʦʧʘʩʥʦʩʪʴ

ɺʦʣʦʢʥʦ ʷʚʣʷʝʪʩʷ ʜʠʵʣʝʢʪʨʠʢʦʤ ʠ ʥʝ ʧʨʦʚʦʜʠʪ ʪʦʢ. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʙʝʟʦʧʘʩʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʢʨʦ- ʠ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʠ. ɹʦʣʝʝ ʪʦʛʦ, ʚʦʣʦʢʥʦ 
ʥʝ ʧʨʠʪʷʛʠʚʘʝʪ ʤʦʣʥʠʠ. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ ʤʦʞʝʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴʩʷ ʚ ʦʧʘʩʥʳʭ ʤʝʩʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʦʙʱʝ ʥʝ 
ʧʨʠʤʝʥʷʣʠʩʴ ʢʘʙʝʣʠ. ʅʘʧʨʠʤʝʨ, ʚʦʣʦʢʥʦ ʤʦʞʥʦ ʧʨʦʣʦʞʠʪʴ ʧʨʷʤʦ ʯʝʨʝʟ ʪʦʧ-
ʣʠʚʥʳʡ ʙʘʢ.

1.3.7. ʉʝʢʨʝʪʥʦʩʪʴ

ʆʜʠʥ ʠʟ ʧʫʪʝʡ ʧʦʜʩʣʫʰʠʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʩʦʝʜʠʥʝʥʠʠ ʢ ʧʨʦʚʦʜʫ. 
ɼʨʫʛʦʡ ʧʫʪʴ ð ʧʝʨʝʭʚʘʪ ʨʘʜʠʦʚʦʣʥ, ʠʟʣʫʯʘʝʤʳʭ ʨʘʙʦʪʘʶʱʠʤ ʦʙʦʨʫʜʦʚʘʥʠ-
ʝʤ ʠʣʠ ʢʘʙʝʣʝʤ. ʅʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʉʐɸ ʦʙʥʘʨʫʞʠʣʠ ʪʘʢʦʛʦ ʨʦʜʘ ʧʨʦʩʣʫ-
ʰʠʚʘʥʠʝ ʧʝʨʝʛʦʚʦʨʦʚ ʩʚʦʠʭ ʧʦʩʦʣʴʩʪʚ. ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʘʥʪʝʥʥʘ, ʩʧʨʷʪʘʥʥʘʷ 
ʚ ʙʣʠʟʢʦʩʪʦʷʱʝʤ ʟʜʘʥʠʠ, ʫʣʘʚʣʠʚʘʣʘ ʨʘʜʠʦʚʦʣʥʳ, ʠʟʣʫʯʘʝʤʳʝ ʵʣʝʢʪʨʦʥʥʳʤ 
ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʧʦʩʦʣʴʩʪʚʝ. ɼʘʥʥʘʷ ʘʥʪʝʥʥʘ ʚʦʩʧʨʠʥʠʤʘʣʘ 
ʕʄʅ ʢʘʢ ʚ ʧʨʠʤʝʨʝ ʩ ʨʘʜʠʦʧʨʠʝʤʥʠʢʦʤ, ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ. ʋʣʘʚʣʠʚʘʝʤʳʡ 
ʨʘʜʠʦʩʠʛʥʘʣ ʩʦʜʝʨʞʘʣ ʩʚʝʨʭʩʝʢʨʝʪʥʳʝ ʜʘʥʥʳʝ. ɹʠʟʥʝʩʤʝʥʳ ʝʞʝʛʦʜʥʦ ʟʘʪʨʘ-
ʯʠʚʘʶʪ ʤʠʣʣʠʦʥʳ ʜʦʣʣʘʨʦʚ ʥʘ ʟʘʱʠʪʫ ʩʚʦʠʭ ʩʝʢʨʝʪʦʚ, ʥʘʧʨʠʤʝʨ ʥʘ ʰʠʬʨʦʚʘ-
ʥʠʝ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ.

ʆʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʷʚʣʷʝʪʩʷ ʩʚʝʨʭʙʝʟʦʧʘʩʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥ-
ʬʦʨʤʘʮʠʠ. ʆʥʦ ʥʝ ʠʟʣʫʯʘʝʪ ʚʦʣʥʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʙʣʠʟʢʦʨʘʩ-
ʧʦʣʦʞʝʥʥʦʡ ʘʥʪʝʥʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʩʦʝʜʠʥʠʪʴʩʷ ʢ ʦʧʪʦʚʦʣʦʢʥʫ ʢʨʘʡʥʝ 
ʪʷʞʝʣʦ. ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʠ ʜʝʣʦʚʳʝ ʢʨʫʛʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ 
ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʨʝʜʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʩʝʢʨʝʪʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨ-
ʤʘʮʠʠ.

1.3.8. ɺʳʚʦʜʳ

ʐʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ, ʥʠʟʢʠʝ ʧʦʪʝʨʠ ʠ ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ɻ ʣʝʢ-
ʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʷʤ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ 
ʦʨʛʘʥʠʯʥʦ ʩʦʛʣʘʩʦʚʳʚʘʶʪʩʷ, ʧʦʟʚʦʣʷʷ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 
ʥʘ ʙʦʣʴʰʠʝ ʜʠʩʪʘʥʮʠʠ ʠ ʩ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʦʰʠʙʦʢ. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ 
ʩʚʷʟʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʚʘʪʴ ʪʝʢʩʪ 30-ʪʠʪʦʤʥʦʡ ʵʥʮʠʢʣʦʧʝʜʠʠ 
ʥʘ 100 ʤʠʣʴ ʟʘ 1 ʩʝʢʫʥʜʫ. ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʦʰʠʙʦʢ ʩʦʩʪʘʚʣʷʝʪ ʦʜʠʥ-ʜʚʘ ʥʝ-
ʚʝʨʥʳʭ ʩʠʤʚʦʣʘ ʟʘ ʚʩʝ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ.

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʝ ʚʩʝ ʦʧʪʠʯʝʩʢʠʝ ʢʘʙʝʣʠ ʠʤʝʶʪ ʥʠʟʢʠʝ ʧʦʪʝʨʠ ʠ ʰʠ-
ʨʦʢʫʶ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʦʪʝʨʠ ʠ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʥʝ 
ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤʠ, ʥʘʧʨʠʤʝʨ ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ, ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 
ʨʘʙʦʪʘʶʪ ʙʦʣʝʝ ʜʝʰʝʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʣʠʥʠʠ. ɺ ʘʚʪʦʤʦʙʠʣʝ ʛʣʘʚʥʳʤ ʷʚʣʷʝʪʩʷ 
ʟʘʱʠʪʘ ʦʪ ʰʫʤʘ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʚʧʨʳʩʢʘ. ɼʨʫʛʠʝ ʫʥʠ-
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ʢʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʦʚʦʣʦʢʥʘ ʜʝʣʘʶʪ ʝʛʦ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʧʝʨʝ-
ʜʘʶʱʝʡ ʩʨʝʜʦʡ ʚʦ ʤʥʦʞʝʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʪʝʭʥʠʢʠ.
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ɻʣʘʚʘ 2. ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʪʠʧʳ ʦʧʪʠʯʝʩʢʠʭ ʚʦ-
ʣʦʢʦʥ

2.1. ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦ-
ʣʦʢʥʘ

ʆʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ (ʩʚʝʪʦʚʦʜ) ʠʤʝʝʪ ʜʚʘ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʩʣʦʷ ð ʷʜʨʦ 
(ʩʝʨʜʮʝʚʠʥʘ) ʠ ʦʧʪʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ (ʨʠʩ. 2.1). ɺʥʫʪʨʝʥʥʝʝ ʷʜʨʦ ʧʨʝʜʥʘʟʥʘ-
ʯʝʥʦ ʜʣʷ ʧʝʨʝʥʦʩʘ ʩʚʝʪʘ. ʆʢʨʫʞʘʶʱʘʷ ʝʛʦ ʦʙʦʣʦʯʢʘ ʠʤʝʝʪ ʦʪʣʠʯʥʳʡ ʦʪ ʷʜʨʘ 
ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʦʪʨʘʞʝʥʠʝ ʩʚʝʪʘ ʚ 
ʷʜʨʦ.

ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʤʝʥʝʝ ʯʝʤ ʥʘ 1% ʤʝʥʴʰʝ 
ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʷʜʨʘ. ʍʘʨʘʢʪʝʨʥʳʝ ʚʝʣʠʯʠʥʳ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝ-
ʥʠʷ: 1,47 ʜʣʷ ʷʜʨʘ ʠ 1,46 ʜʣʷ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ.

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʚʦʣʦʢʥʘ ʩʪʨʦ-
ʛʦ ʢʦʥʪʨʦʣʠʨʫʶʪ ʨʘʟʥʦʩʪʴ ʧʦʢʘʟʘ-
ʪʝʣʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʫʞʥʳʭ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʦʢʥʘ.

ɺʦʣʦʢʥʘ ʠʤʝʶʪ ʜʦʧʦʣʥʠʪʝʣʴ-
ʥʫʶ ʟʘʱʠʪʥʫʶ ʦʙʦʣʦʯʢʫ ʚʦʢʨʫʛ 
ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ. ɿʘʱʠʪʥʘʷ 
ʦʙʦʣʦʯʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ 
ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ ʧʦʣʠ-
ʤʝʨʘ, ʧʨʝʜʦʭʨʘʥʷʝʪ ʷʜʨʦ ʠ ʦʧʪʠ-

ʯʝʩʢʫʶ ʦʙʦʣʦʯʢʫ ʦʪ ʚʦʟʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʠʭ ʦʧʪʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ. ɿʘʱʠʪʥʘʷ ʦʙʦʣʦʯʢʘ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʧʦ 
ʚʦʣʦʢʥʫ, ʘ ʚʩʝʛʦ ʣʠʰʴ ʧʨʝʜʦʭʨʘʥʷʝʪ ʦʪ ʫʜʘʨʦʚ.

ʅʘ ʨʠʩʫʥʢʝ 2.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʧʦ ʚʦʣʦʢʥʫ. 
ʉʚʝʪ ʟʘʚʦʜʠʪʩʷ ʚʥʫʪʨʴ ʚʦʣʦʢʥʘ ʧʦʜ ʫʛʣʦʤ ʙʦʣʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʢ ʛʨʘʥʠʮʝ 
çʷʜʨʦ ð ʦʧʪʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘè ʠ ʠʩʧʳʪʳʚʘʝʪ ʧʦʣʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʦʪʨʘʞʝʥʠʝ 
ʥʘ ʵʪʦʡ ʛʨʘʥʠʮʝ. ʇʦʩʢʦʣʴʢʫ ʫʛʣʳ ʧʘʜʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʩʦʚʧʘʜʘʶʪ, ʪʦ ʩʚʝʪ ʠ 
ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʦʪʨʘʞʘʪʴʩʷ ʦʪ ʛʨʘʥʠʮʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʫʯ ʩʚʝʪʘ ʙʫʜʝʪ 
ʜʚʠʛʘʪʴʩʷ ʟʠʛʟʘʛʦʦʙʨʘʟʥʦ ʚʜʦʣʴ ʚʦʣʦʢʥʘ.

ɿʘʱʠʪʥʘʷ ʦʙʦʣʦʯʢʘ ʆʧʪʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ

ʗʜʨʦ

ʈʠʩ. 2.1 ʉʪʨʫʢʪʫʨʘ ʩʚʝʪʦʚʦʜʘ
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ɿʘʱʠʪʥʘʷ ʦʙʦʣʦʯʢʘ

ʗʜʨʦ

ɿʘʱʠʪʥʘʷ ʦʙʦʣʦʯʢʘ

ʆʧʪʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ

ʆʧʪʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ

ʋʛʦʣ ʧʘʜʝʥʠʷ ʋʛʦʣ ʦʪʨʘʞʝʥʠʷ

ʉʚʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʟʘ ʩʯʝʪ
ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ

ʉʚʝʪ ʩ ʫʛʣʦʤ,
ʤʝʥʴʰʠʤ ʢʨʠʪʠʯʝʩʢʦʛʦ,
ʧʦʛʣʦʱʘʝʪʩʷ ʟʘʱʠʪʥʦʡ
ʦʙʦʣʦʯʢʦʡ

ʈʠʩ. 2.2. ʇʦʣʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʦʪʨʘʞʝʥʠʝ ʚ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ

ʉʚʝʪ, ʧʦʧʘʜʘʶʱʠʡ ʥʘ ʛʨʘʥʠʮʫ ʧʦʜ ʫʛʣʦʤ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʙʫʜʝʪ ʧʨʦ-
ʥʠʢʘʪʴ ʚ ʦʧʪʠʯʝʩʢʫʶ ʦʙʦʣʦʯʢʫ ʠ ʟʘʪʫʭʘʪʴ ʧʦ ʤʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʥʝʡ. ʆʧ-
ʪʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ ʦʙʳʯʥʦ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʝʨʝʥʦʩʘ ʩʚʝʪʘ, ʠ ʩʚʝʪ ʚ ʥʝʡ 
ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʟʘʪʫʭʘʝʪ.

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʩʠʪʫʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ ʚʳʰʝ, ʩʚʝʪ ʙʫʜʝʪ 
ʪʘʢʞʝ ʧʨʝʣʦʤʣʷʪʴʩʷ ʥʘ ʛʨʘʥʠʮʝ ʚʦʟʜʫʭ-ʚʦʣʦʢʥʦ. ʀ ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʝʛʦ ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʠʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʉʥʝʣʣʘ ʠ ʟʥʘʯʝʥʠʷ-
ʤʠ ʠʥʜʝʢʩʦʚ ʧʨʝʣʦʤʣʝʥʠʷ ʷʜʨʘ ʠ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ.

ɺʥʫʪʨʝʥʥʝʝ ʦʪʨʘʞʝʥʠʝ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚʜʦʣʴ 
ʦʙʳʯʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ. ɺ ʵʪʦʤ ʘʥʘʣʠʟʝ, ʦʜʥʘʢʦ, ʫʯʠʪʳʚʘʶʪʩʷ ʪʦʣʴʢʦ 
ʤʝʨʠʜʠʘʥʥʳʝ ʣʫʯʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʫʶ ʦʩʴ ʚʦʣʦʢʥʘ ʧʦʩʣʝ ʢʘʞ-
ʜʦʛʦ ʦʪʨʘʞʝʥʠʷ. ɼʨʫʛʠʝ ʣʫʯʠ, ʥʘʟʳʚʘʝʤʳʝ ʘʩʠʤʤʝʪʨʠʯʥʳʤʠ, ʜʚʠʞʫʪʩʷ ʚʜʦʣʴ 
ʚʦʣʦʢʥʘ, ʥʝ ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʝʛʦ ʮʝʥʪʨʘʣʴʥʫʶ ʦʩʴ. ʊʨʘʝʢʪʦʨʠʷ ʘʩʠʤʤʝʪʨʠʯʥʳʭ 
ʣʫʯʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʠʨʘʣʴ, ʥʘʢʨʫʯʠʚʘʶʱʫʶʩʷ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʡ 
ʦʩʠ. ɸʩʠʤʤʝʪʨʠʯʥʳʝ ʣʫʯʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʛʥʦʨʠʨʫʶʪʩʷ ʚ ʘʥʘʣʠʟʝ ʙʦʣʴʰʠʥʩʪʚʘ 
ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩʚʝʪʘ ʚʜʦʣʴ ʚʦʣʦʢʥʘ ʟʘʚʠʩʷʪ ʦʪ 
ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ:
ð ʨʘʟʤʝʨ ʚʦʣʦʢʥʘ;
ð ʩʦʩʪʘʚ ʚʦʣʦʢʥʘ;
ð ʧʨʦʮʝʩʩ ʠʥʞʝʢʮʠʠ ʩʚʝʪʘ ʚʥʫʪʨʴ ʚʦʣʦʢʥʘ.
ʇʦʥʠʤʘʥʠʝ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʨʦʷʩʥʷʝʪ ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ 

ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ.
ɺʦʣʦʢʥʘ ʩʘʤʠ ʧʦ ʩʝʙʝ ʠʤʝʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʳʡ ʜʠʘʤʝʪʨ. ʇʦʧʝʨʝʯʥʳʝ 

ʩʝʯʝʥʠʷ ʠ ʜʠʘʤʝʪʨʳ ʜʣʷ ʷʜʨʘ ʠ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʯʝʪʳʨʝʭ ʥʘʠʙʦʣʝʝ ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ ʚʦʣʦʢʦʥ ʩʣʝʜʫʶʱʠʝ:
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ʊʘʙʣʠʮʘ 2.1.

ʗʜʨʦ, ʤʢʤ ʆʧʪʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ, ʤʢʤ
8 125
50 125
62,5 125
100 140

ʈʠʩ. 2.3. ʊʠʧʠʯʥʳʝ ʜʠʘʤʝʪʨʳ ʷʜʨʘ ʠ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʠʟʝʨʥʦʩʪʠ ʵʪʠʭ ʨʘʟʤʝʨʦʚ ʫʢʘʞʝʤ, ʯʪʦ ʯʝ-
ʣʦʚʝʯʝʩʢʠʡ ʚʦʣʦʩ ʠʤʝʝʪ ʜʠʘʤʝʪʨ ʦʢʦʣʦ 100 ʤʠʢʨʦʥ. ʇʨʠ ʫʢʘʟʘʥʠʠ ʨʘʟʤʝʨʦʚ 
ʚʦʣʦʢʥʘ ʚʥʘʯʘʣʝ ʧʨʠʚʦʜʠʪʩʷ ʟʥʘʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʷʜʨʘ, ʘ ʟʘʪʝʤ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦ-
ʣʦʯʢʠ: ʠʪʘʢ, 50/125 ʦʟʥʘʯʘʝʪ ʜʠʘʤʝʪʨ ʷʜʨʘ 50 ʤʠʢʨʦʥ ʠ ʜʠʘʤʝʪʨ ʦʧʪʠʯʝʩʢʦʡ 
ʦʙʦʣʦʯʢʠ 125 ʤʠʢʨʦʥ.

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʥʥʦ ʩʪʦʣʴ ʤʘʣʳʝ ʨʘʟʤʝʨʳ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʜʘʚʘʪʴ ʪʳʩʷ-
ʯʠ ʪʝʣʝʬʦʥʥʳʭ ʧʝʨʝʛʦʚʦʨʦʚ.

2.2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʚʦʣʦʢʦʥ
ʆʧʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʤʦʛʫʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ:
1) ʤʘʪʝʨʠʘʣ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʜʝʣʘʥʦ ʚʦʣʦʢʥʦ;
2) ʠʥʜʝʢʩ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʷʜʨʝ ʠ ʤʦʜʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩʚʝʪʘ.

2.2.1. ʄʘʪʝʨʠʘʣ

ʉʪʝʢʣʷʥʥʳʝ ʚʦʣʦʢʥʘ ʠʤʝʶʪ ʢʘʢ ʩʪʝʢʣʷʥʥʦʝ ʷʜʨʦ, ʪʘʢ ʠ ʩʪʝʢʣʷʥʥʫʶ ʦʧ-
ʪʠʯʝʩʢʫʶ ʦʙʦʣʦʯʢʫ. ʉʪʝʢʣʦ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʜʘʥʥʦʤ ʪʠʧʝ ʚʦʣʦʢʦʥ, ʩʦʩʪʦʠʪ 
ʠʟ ʩʚʝʨʭʯʠʩʪʦʛʦ ʩʚʝʨʭʧʨʦʟʨʘʯʥʦʛʦ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʣʠ ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʘ. 
ɽʩʣʠ ʤʦʨʩʢʘʷ ʚʦʜʘ ʙʳʣʘ ʙʳ ʩʪʦʣʴ ʧʨʦʟʨʘʯʥʦʡ, ʢʘʢ ʚʦʣʦʢʥʦ, ʪʦ ʤʦʞʥʦ ʙʳʣʦ ʙʳ 
ʫʚʠʜʝʪʴ ʜʥʦ ʩʘʤʦʡ ʛʣʫʙʦʢʦʡ ʦʢʝʘʥʩʢʦʡ ʚʧʘʜʠʥʳ ð ʄʘʨʠʘʥʩʢʦʡ (11 022 ʤʝʪʨʘ), 
ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʊʠʭʦʤ ʦʢʝʘʥʝ. ɺ ʩʪʝʢʣʦ ʜʦʙʘʚʣʷʶʪ ʧʨʠʤʝʩʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 
ʪʨʝʙʫʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ. ɻʝʨʤʘʥʠʡ ʠ ʬʦʩʬʦʨ, ʥʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʠ-
ʚʘʶʪ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, ʘ ʙʦʨ ʠ ʬʪʦʨ, ʥʘʧʨʦʪʠʚ, ʫʤʝʥʴʰʘʶʪ ʝʛʦ. ʂʨʦʤʝ 
ʪʦʛʦ, ʚ ʩʪʝʢʣʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʨʫʛʠʝ ʧʨʠʤʝʩʠ, ʥʝ ʠʟʚʣʝʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩ-
ʪʢʠ. ʆʥʠ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʩʚʦʡʩʪʚʘ ʚʦʣʦʢʥʘ, ʫʚʝʣʠʯʠʚʘʷ ʟʘʪʫʭʘʥʠʝ, ʦʙʫʩʣʦʚ-
ʣʝʥʥʦʝ ʨʘʩʩʝʷʥʠʝʤ ʠ ʧʦʛʣʦʱʝʥʠʝʤ ʩʚʝʪʘ.
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ʉʪʝʢʣʷʥʥʳʝ ʚʦʣʦʢʥʘ ʩ ʧʣʘʩʪʠʢʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʦʡ (PCS) ʠʤʝ-
ʶʪ ʩʪʝʢʣʷʥʥʦʝ ʷʜʨʦ ʠ ʧʣʘʩʪʠʢʦʚʫʶ ʦʧʪʠʯʝʩʢʫʶ ʦʙʦʣʦʯʢʫ. ʀʭ ʭʘʨʘʢʪʝʨʠʩʪʠ-
ʢʠ, ʭʦʪʷ ʠ ʥʝ ʩʪʦʣʴ ʭʦʨʦʰʠʝ, ʢʘʢ ʫ ʧʦʣʥʦʩʪʴʶ ʩʪʝʢʣʷʥʥʦʛʦ ʚʦʣʦʢʥʘ, ʷʚʣʷʶʪʩʷ 
ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʳʤʠ.

ʇʣʘʩʪʠʢʦʚʳʝ ʚʦʣʦʢʥʘ ʠʤʝʶʪ ʧʣʘʩʪʠʢʦʚʦʝ ʷʜʨʦ ʠ ʧʣʘʩʪʠʢʦʚʫʶ ʦʧʪʠʯʝʩ-
ʢʫʶ ʦʙʦʣʦʯʢʫ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʚʦʣʦʢʦʥ ʧʣʘʩʪʠʢʦʚʳʝ ʠʤʝʶʪ 
ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʪʫʭʘʥʠʷ ʠ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. 
ʆʜʥʘʢʦ ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʣʘʶʪ ʠʭ ʧʨʠʚʣʝʢʘ-
ʪʝʣʴʥʳʤʠ ʪʘʤ, ʛʜʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʝʣʠʯʠʥʘʤ ʟʘʪʫʭʘʥʠʷ ʠ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʥʝ 
ʩʪʦʣʴ ʚʳʩʦʢʠ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʠ ʩʝʢʨʝʪʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 
ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʧʣʘʩʪʠʢʦʚʳʤ ʚʦʣʦʢʥʘʤ ʜʝʣʘʶʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʦʧʨʘʚʜʘʥʥʳʤ. 
ʇʣʘʩʪʠʢʦʚʳʝ ʚʦʣʦʢʥʘ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʤʠ, ʩ ʤʘʣʳʤ ʨʘʜʠʫʩʦʤ ʠʟ-
ʛʠʙʘ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʬʦʨʤʫ ʧʦʩʣʝ ʩʥʷʪʠʷ 
ʥʘʛʨʫʟʢʠ. ʕʪʦʪ ʪʠʧ ʚʦʣʦʢʦʥ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ, ʤʫʟʳ-
ʢʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʨʘʟʣʠʯʥʦʡ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʝ.

2.2.2. ʀʥʜʝʢʩ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʤʦʜʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩʚʝʪʘ

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʥʘ ʨʠʩ. 2.4 ʧʦʢʘʟʘʥʳ ʪʨʠ ʦʩʥʦʚʥʳʝ 
ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʣʦʢʦʥ.
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ʘ) ʄʥʦʛʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʥʜʝʢʩʦʤ

ʚ) ʄʥʦʛʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ ʩʦ ʩʛʣʘʞʝʥʥʳʤ ʠʥʜʝʢʩʦʤ

ʙ) ʆʜʥʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʥʜʝʢʩʦʤ

1 - ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩ;
2 - ʜʠʩʧʝʨʩʠʷ;
3 - ʚʳʭʦʜʥʦʡ ʠʤʧʫʣʴʩ;
4 - ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ;
5 - ʤʦʜʘ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ;
6 - ʤʦʜʘ ʥʠʟʢʦʛʦ ʧʦʨʷʜʢʘ

ʈʠʩ. 2.4. ʊʠʧʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʚʦʣʦʢʥʝ
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ʇʝʨʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ð ʨʘʟʣʠʯʠʝ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʠʤʧʫʣʴʩʦʚ. ʋʤʝʥʴ-
ʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠʤʧʫʣʴʩʘ ʩʚʷʟʘʥʦ ʩ ʟʘʪʫʭʘʥʠʝʤ ʝʛʦ ʤʦʱʥʦʩʪʠ. ʈʘʩʰʠʨʝʥʠʝ 
ʠʤʧʫʣʴʩʘ ʩʚʷʟʘʥʦ ʩ ʢʦʥʝʯʥʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʚʦʣʦʢʥʘ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ. ɺʪʦʨʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ð ʪʨʘʝʢʪʦʨʠʠ ʣʫʯʝʡ, ʚʦʟ-
ʥʠʢʘʶʱʠʭ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ. ʊʨʝʪʴʷ ʦʩʦʙʝʥʥʦʩʪʴ ð ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʷʜʨʝ ʠ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʝ ʜʣʷ ʨʘʟʣʠʯ-
ʥʳʭ ʪʠʧʦʚ ʚʦʣʦʢʦʥ. ɺʘʞʥʦʩʪʴ ʢʘʞʜʦʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʫʜʝʪ 
ʷʩʥʘ ʧʦʩʣʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʚʦʣʦʢʦʥ.

ʇʨʦʬʠʣʴ ʠʥʜʝʢʩʘ ʧʨʝʣʦʤʣʝʥʠʷ ʦʪʦʙʨʘʞʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʠʥʜʝʢ-
ʩʘʤʠ ʷʜʨʘ ʠ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʧʨʦʬʠʣʷ: 
ʩʪʫʧʝʥʯʘʪʳʡ ʠ ʩʛʣʘʞʝʥʥʳʡ (ʛʨʘʜʠʝʥʪʥʳʡ). ɺʦʣʦʢʥʦ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʧʨʦʬʠ-
ʣʝʤ ʠʤʝʝʪ ʷʜʨʦ ʩ ʦʜʥʦʨʦʜʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʪʝʣʴ 
ʧʨʝʣʦʤʣʝʥʠʷ ʠʩʧʳʪʳʚʘʝʪ ʨʝʟʢʠʡ ʩʢʘʯʦʢ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʷʜʨʦʤ ʠ ʦʧʪʠʯʝʩʢʦʡ 
ʦʙʦʣʦʯʢʦʡ. ʅʘʧʨʦʪʠʚ, ʚ ʩʣʫʯʘʝ ʩʛʣʘʞʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 
ʷʜʨʘ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ: ʧʦʢʘʟʘʪʝʣʴ ʤʘʢʩʠʤʘʣʝʥ ʚ ʮʝʥʪʨʝ ʠ ʤʝʞʜʫ ʷʜʨʦʤ 
ʠ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʦʡ ʦʪʩʫʪʩʪʚʫʝʪ ʨʝʟʢʠʡ ʩʢʘʯʦʢ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ.

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʚʠʜʘ ʦʧʪʠʯʝʩ-
ʢʠʭ ʚʦʣʦʢʦʥ:

1. ʄʥʦʛʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʥʜʝʢʩʦʤ (ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʤʦʝ 
ʚʦʣʦʢʥʦʤ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʥʜʝʢʩʦʤ);

2. ʄʥʦʛʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ ʩʦ ʩʛʣʘʞʝʥʥʳʤ ʠʥʜʝʢʩʦʤ (ʚʦʣʦʢʥʦ ʩʦ ʩʛʣʘʞʝʥ-
ʥʳʤ ʠʥʜʝʢʩʦʤ);

3. ʆʜʥʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʥʜʝʢʩʦʤ (ʦʜʥʦʤʦʜʦʚʦʝ ʚʦʣʦʢ-
ʥʦ).

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʛʦ ʠʟ ʪʠʧʦʚ ʚʦʣʦʢʦʥ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝ-
ʜʝʣʷʶʪʩʷ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ.

ɺʦʣʦʢʥʦ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʥʜʝʢʩʦʤ

ʄʥʦʛʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʥʜʝʢʩʦʤ ï ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʪʠʧ 
ʚʦʣʦʢʦʥ. ʀʤʝʝʪ ʷʜʨʦ ʜʠʘʤʝʪʨʦʤ ʦʪ 100 ʜʦ 970 ʤʠʢʨʦʥ ʠ ʤʦʞʝʪ ʙʳʪʴ ʯʠʩʪʦ 
ʩʪʝʢʣʷʥʥʳʤ, PSC ʠʣʠ ʧʣʘʩʪʠʢʦʚʳʤ. ɼʘʥʥʳʡ ʪʠʧ ʚʦʣʦʢʥʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ, ʭʦʪʷ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘ-
ʥʠʷ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ.

ʇʦʩʢʦʣʴʢʫ ʩʚʝʪ ʠʩʧʳʪʳʚʘʝʪ ʦʪʨʘʞʝʥʠʝ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʥʘ ʨʘʟʥʳʭ 
ʪʨʘʝʢʪʦʨʠʷʭ (ʚ ʨʘʟʣʠʯʥʳʭ ʤʦʜʘʭ), ʜʣʠʥʘ ʧʫʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʘʟʣʠʯʥʳʤ 
ʤʦʜʘʤ, ʪʦʞʝ ʦʪʣʠʯʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʣʠʯʥʳʝ ʣʫʯʠ ʟʘʪʨʘʯʠʚʘʶʪ ʤʝʥʴʰʝ 
ʠʣʠ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʜʣʠʥʳ ʚʦʣʦʢʥʘ. ʃʫʯʠ, ʢʦ-
ʪʦʨʳʝ ʜʚʠʞʫʪʩʷ ʚʜʦʣʴ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʷʜʨʘ ʙʝʟ ʦʪʨʘʞʝʥʠʡ, ʜʦʩʪʠʛʘʶʪ ʧʨʦʪʠ-
ʚʦʧʦʣʦʞʥʦʛʦ ʢʦʥʮʘ ʚʦʣʦʢʥʘ ʧʝʨʚʳʤʠ. ʂʦʩʳʝ ʣʫʯʠ ʧʦʷʚʣʷʶʪʩʷ ʧʦʟʜʥʝʝ. ʉʚʝʪ, 
ʧʦʧʘʜʘʶʱʠʡ ʚ ʚʦʣʦʢʥʦ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʦʩʪʠʛʘʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ 
ʢʦʥʮʘ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʉʝʪʝʚʦʡ ʠʤʧʫʣʴʩ ʨʘʩʧʣʳʚʘʝʪʩʷ ʧʦ ʚʨʝ-
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ʤʝʥʠ.
ʕʪʦ ʨʘʩʧʣʳʚʘʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʤʦʜʦʚʦʡ ʜʠʩʧʝʨʩʠʝʡ. ʀʤʧʫʣʴʩ ʩʚʝʪʘ, ʢʦʪʦ-

ʨʳʡ ʠʤʝʣ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʫʟʢʠʡ, ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʬʠʣʴ, ʚ ʜʘʣʴʥʝʡʰʝʤ 
ʨʘʩʰʠʨʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ɼʠʩʧʝʨʩʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʩʢʦʣʴʢʠʤʠ 
ʧʨʠʯʠʥʘʤʠ. ʄʦʜʦʚʘʷ ʜʠʩʧʝʨʩʠʷ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥ ʪʨʘʝʢ-
ʪʦʨʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʤʦʜʘʤ ʚʦʣʦʢʥʘ.

ʊʠʧʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʜʦʚʦʡ ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʚʦʣʦʢʥʘ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʧʨʦ-
ʬʠʣʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 15 ʜʦ 30 ʥʩʝʢ/ʢʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 
ʯʪʦ ʣʫʯʠ ʩʚʝʪʘ, ʧʦʧʘʜʘʷ ʚ ʚʦʣʦʢʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʜʦʩʪʠʛʘʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞ-
ʥʦʛʦ ʢʦʥʮʘ ʚʦʣʦʢʥʘ ʜʣʠʥʦʡ ʚ ʦʜʠʥ ʢʠʣʦʤʝʪʨ ʩ ʠʥʪʝʨʚʘʣʦʤ ʦʪ 15 ʜʦ 30 ʥʘʥʦ-
ʩʝʢʫʥʜ. ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʤʠ ʧʨʠʭʦʜʷʪ ʣʫʯʠ, ʜʚʠʛʘʶʱʠʝʩʷ ʚʜʦʣʴ ʮʝʥʪʨʘʣʴʥʦʡ 
ʦʩʠ.

15 ʠʣʠ 30 ʥʘʥʦʩʝʢʫʥʜ ʤʦʛʫʪ ʧʦʢʘʟʘʪʴʩʷ ʥʝ ʩʪʦʣʴ ʫʞ ʙʦʣʴʰʠʤ ʠʥʪʝʨʚʘʣʦʤ 
ʚʨʝʤʝʥʠ, ʦʜʥʘʢʦ ʠʤʝʥʥʦ ʤʦʜʦʚʘʷ ʜʠʩʧʝʨʩʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʫʶ ʧʦʣʦʩʫ 
ʧʨʦʧʫʩʢʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ. ʈʘʩʧʣʳʚʘʥʠʝ ʠʤʧʫʣʴʩʘ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝ-
ʢʨʳʚʘʥʠʶ ʢʨʳʣʴʝʚ ʩʦʩʝʜʥʠʭ ʠʤʧʫʣʴʩʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʠʤʧʫʣʴʩʳ ʪʨʫʜʥʦ 
ʦʪʣʠʯʠʪʴ ʦʜʠʥ ʦʪ ʜʨʫʛʦʛʦ, ʘ ʟʘʢʣʶʯʝʥʥʘʷ ʚ ʥʠʭ ʠʥʬʦʨʤʘʮʠʷ ʪʝʨʷʝʪʩʷ. ʋʤʝʥʴ-
ʰʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ.

ɺʦʣʦʢʥʦ ʩʦ ʩʛʣʘʞʝʥʥʳʤ ʠʥʜʝʢʩʦʤ

ʆʜʥʘ ʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʤʝʥʴʰʝʥʠʷ ʤʦʜʦʚʦʡ ʜʠʩʧʝʨʩʠʠ ð ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʩʛʣʘʞʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʷʜʨʦ ʩʦʩʪʦʠʪ ʠʟ 
ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʣʝʮ, ʧʦʭʦʞʠʭ ʥʘ ʛʦʜʦʚʳʝ ʢʦʣʴʮʘ ʜʝʨʝʚʘ. 
ʇʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʷʜʨʘ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʢʘʞʜʦʛʦ ʩʣʦʷ 
ʩʥʠʞʘʝʪʩʷ.

ʀ ʪʘʢ ʢʘʢ ʩʚʝʪ ʜʚʠʞʝʪʩʷ ʙʳʩʪʨʝʝ ʧʦ ʩʨʝʜʝ ʩ ʤʝʥʴʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤ-
ʣʝʥʠʷ, ʪʦ ʯʝʤ ʜʘʣʴʰʝ ʨʘʩʧʦʣʦʞʝʥʘ ʪʨʘʝʢʪʦʨʠʷ ʩʚʝʪʦʚʦʛʦ ʣʫʯʘ ʦʪ ʮʝʥʪʨʘ, ʪʝʤ 
ʙʳʩʪʨʝʝ ʦʥ ʜʚʠʞʝʪʩʷ. ʂʘʞʜʳʡ ʩʣʦʡ ʷʜʨʘ ʦʪʨʘʞʘʝʪ ʩʚʝʪ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʪʫʘʮʠʠ 
ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʧʨʦʬʠʣʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, ʢʦʛʜʘ ʩʚʝʪ ʦʪʨʘʞʘʝʪʩʷ ʦʪ 
ʨʝʟʢʦʡ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʷʜʨʦʤ ʠ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʦʡ, ʟʜʝʩʴ ʩʚʝʪ ʧʦʩʪʦʷʥʥʦ ʠ 
ʙʦʣʝʝ ʧʣʘʚʥʦ ʠʩʧʳʪʳʚʘʝʪ ʦʪʨʘʞʝʥʠʝ ʦʪ ʢʘʞʜʦʛʦ ʩʣʦʷ ʷʜʨʘ. ʇʨʠ ʵʪʦʤ ʝʛʦ ʪʨʘʝʢ-
ʪʦʨʠʷ ʦʪʢʣʦʥʷʝʪʩʷ ʢ ʮʝʥʪʨʫ ʠ ʩʪʘʥʦʚʠʪʩʷ ʧʦʭʦʞʝʡ ʥʘ ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ. ʃʫʯʠ, 
ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʙʦʣʝʝ ʜʣʠʥʥʳʝ ʜʠʩʪʘʥʮʠʠ, ʜʝʣʘʶʪ ʵʪʦ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʧʦ 
ʫʯʘʩʪʢʘʤ ʩ ʤʝʥʴʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ, ʜʚʠʛʘʷʩʴ ʧʨʠ ʵʪʦʤ ʙʳʩʪʨʝʝ. 
ʉʚʝʪ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʜʦʣʴ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ, ʧʨʦʭʦʜʠʪ ʥʘʠʤʝʥʴʰʫʶ 
ʜʠʩʪʘʥʮʠʶ, ʥʦ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɺ ʠʪʦʛʝ ʚʩʝ ʣʫʯʠ ʜʦʩʪʠʛʘʶʪ ʧʨʦʪʠ-
ʚʦʧʦʣʦʞʥʦʛʦ ʢʦʥʮʘ ʚʦʣʦʢʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʛʣʘʞʝʥʥʦʛʦ ʧʨʦ-
ʬʠʣʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʠʩʧʝʨʩʠʠ ʜʦ 1 ʥʩʝʢ/
ʢʤ ʠ ʤʝʥʝʝ.

ʇʦʧʫʣʷʨʥʳʝ ʚʠʜʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʚʦʣʦʢʦʥ ʠʤʝʶʪ ʜʠʘʤʝʪʨʳ ʷʜʝʨ 50, 62,5 ʠ 
85 ʤʠʢʨʦʥ, ʘ ʜʠʘʤʝʪʨ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ 125 ʤʠʢʨʦʥ. ʕʪʠ ʚʦʣʦʢʥʘ ʠʩʧʦʣʴ-
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ʟʫʶʪʩʷ ʪʘʤ, ʛʜʝ ʪʨʝʙʫʶʪʩʷ ʰʠʨʦʢʠʝ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʧʝʨʝ-
ʜʘʯʝ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ, ʢʦʤʧʴʶʪʝʨʘʭ ʠ ʪ. ʜ. ɺʦʣʦʢʥʦ 
62,5/125 ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ.

ʆʜʥʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ

ɼʨʫʛʦʡ ʧʫʪʴ ʫʤʝʥʴʰʝʥʠʷ ʤʦʜʦʚʦʡ ʜʠʩʧʝʨʩʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ 
ʷʜʨʘ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʦʣʦʢʥʦ ʥʝ ʩʪʘʥʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʚʘʪʴ ʪʦʣʴʢʦ ʦʜʥʫ 
ʤʦʜʫ. ʆʜʥʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ ʠʤʝʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʳʡ ʜʠʘʤʝʪʨ ð ʦʪ 5 ʜʦ 10 
ʤʠʢʨʦʥ. ʉʪʘʥʜʘʨʪʥʳʡ ʜʠʘʤʝʪʨ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ 125 ʤʠʢʨʦʥ ʠ ʚʳ-
ʙʨʘʥ ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ:

Å ʆʧʪʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʜʝʩʷʪʴ ʨʘʟ ʪʦʣʱʝ, ʯʝʤ ʷʜʨʦ ʦʜʥʦ-
ʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ. ɼʣʷ ʷʜʨʘ ʚ 8 ʤʢʤ ʦʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 80 ʤʢʤ.

Å ɼʘʥʥʳʡ ʨʘʟʤʝʨ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʟʤʝʨʦʤ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ ʚʦʣʦʢ-
ʥʘ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʧʨʦʬʠʣʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʥ-
ʜʘʨʪʠʟʘʮʠʶ ʨʘʟʤʝʨʦʚ ʚʦʣʦʢʦʥ.

Å ɼʘʥʥʳʡ ʚʳʙʦʨ ʦʙʣʝʛʯʘʝʪ ʤʦʥʪʘʞʥʳʝ ʨʘʙʦʪʳ, ʪʘʢ ʢʘʢ ʜʝʣʘʝʪ ʚʦʣʦʢʥʦ 
ʤʝʥʝʝ ʭʨʫʧʢʠʤ, ʘ ʝʛʦ ʜʠʘʤʝʪʨ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳ-
ʚʘʪʴ ʚʦʣʦʢʥʦ ʚʨʫʯʥʫʶ.

ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʦʝ ʚʦʣʦʢʥʦ ʧʝʨʝʥʦʩʠʪ ʪʦʣʴʢʦ ʦʜʥʫ ʤʦʜʫ, ʤʦʜʦʚʘʷ ʜʠʩʧʝʨ-
ʩʠʷ ʚ ʥʝʤ ʦʪʩʫʪʩʪʚʫʝʪ.

ʆʜʥʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʜʦʩʪʠʯʴ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘ-
ʥʠʷ ʦʪ 50 ʜʦ 100 ɻɻʮ-ʢʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʣʦʢʥʘ ʠʤʝʶʪ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘ-
ʥʠʷ ʚ ʥʝʩʢʦʣʴʢʦ ʛʠʛʘʛʝʨʮ ʠ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʜʘʚʘʪʴ ʩʠʛʥʘʣ ʥʘ ʜʝʩʷʪʢʠ ʢʠʣʦʤʝʪ-
ʨʦʚ.

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʤʦʜʦʚʦʡ ʩʠʩʪʝʤʳ ʦʛʨʘʥʠʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʵʣʝʢ-
ʪʨʦʥʠʢʠ, ʘ ʥʝ ʚʦʣʦʢʥʘ. ɽʱʝ ʦʜʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ ʟʘʢʣʶ-
ʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʣʦʞʝʥʦ ʦʜʠʥ ʨʘʟ ʩ ʪʝʤ, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡ-
ʰʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʶʱʝʡ ʣʠʥʠʠ ʚʦʟʨʘʩʪʘʣʠ ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʠ ʟʘʤʝʥʳ 
ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ɻ ʢʦʥʦʤʠʪʴ ʩʨʝʜʩʪʚʘ ʥʘ ʧʨʦʢʣʘʜʢʝ ʥʦʚʦʡ 
ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʶʱʝʡ ʣʠʥʠʠ ʠ ʜʦʙʠʚʘʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ 
ʧʝʨʝʜʘʯʠ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʥʳʤ ʩʧʦʩʦʙʦʤ.

2.2.3. ʉʨʘʚʥʝʥʠʝ ʚʦʣʦʢʦʥ

ɺ ʪʘʙʣʠʮʝ 2.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʚʦʣʦ-
ʢʦʥ, ʠʭ ʢʘʯʝʩʪʚʦ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. ʊʝʨʤʠʥ çʢʘ-
ʯʝʩʪʚʦè ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ: ʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʦʟʥʘʯʘʝʪ ʙʦʣʝʝ 
ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ, ʙʦʣʴʰʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʠ ʥʠʟʢʠʝ 
ʧʦʪʝʨʠ. ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʝʣʘʶʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʨʫʛʠʝ 
ʪʠʧʳ ʚʦʣʦʢʦʥ.

ɺʦʣʦʢʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʢʘʯʝʩʪʚʦʤ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʣʝʜʫ-
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ʶʱʝʤ ʧʦʨʷʜʢʝ:
ð ʦʜʥʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ;
ð ʚʦʣʦʢʥʦ ʩʦ ʩʛʣʘʞʝʥʥʳʤ ʠʥʜʝʢʩʦʤ;
ð ʩʪʝʢʣʦ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʥʜʝʢʩʦʤ;
ð ʧʣʘʩʪʠʢʦʚʳʝ PSC.

ʊʘʙʣʠʮʘ 2.2. ʊʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʢʦʥ

ʊʠʧ 
ʚʦʣʦʢʥʘ

ɼʠʘʤʝʪʨ 
ʷʜʨʘ (ʤʢʤ)

ɼʠʘʤʝʪʨ 
ʦʧʪʠʯʝʩʢʦʡ 
ʦʙʦʣʦʯʢʠ 
(ʤʢʤ)

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʘʪʫʭʘʥʠʝ (ʜɹ/ʢʤ)
650 790 850 1300 1550

3,7 80 ʠʣʠ 125 10
5,0 85 ʠʣʠ 125 2,3 5000 ʧʨʠ 

850 ʥʤ
9,3 125 0,4 0,3 6 ʜʠʩʧ./ʢʤ2

8,1 125 0,5 0,25

50 125 2,4 0,6 0,5

600 ʧʨʠ 
850ʥʤ 
1500 ʧʨʠ 
1300ʥʤ

62,5 125 3,0 0,7 0,3

200 ʧʨʠ 
850ʥʤ 
1000 ʧʨʠ 
1300ʥʤ

85 125 2,8 0,7 0,4

200 ʧʨʠ 
850ʥʤ 
400 ʧʨʠ 
1300ʥʤ

100 140 3,5 1,5 0,9

300 ʧʨʠ 
850ʥʤ 
500 ʧʨʠ 
1300ʥʤ

200 380 6,0 6 ʧʨʠ 
850ʥʤ

300 440 6,0 6 ʧʨʠ 
850ʥʤ

PSC
ʇʣʘʩʪʠʢ

200 350 10 20 ʧʨʠ 
790ʥʤ

485 500 240 5 ʧʨʠ 
680ʥʤ3

735 750 230
980 1000 220

2.3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʢʥʘ

2.3.1. ɼʠʩʧʝʨʩʠʷ (ʤʦʜʦʚʘʷ, ʤʦʣʝʢʫʣʷʨʥʘʷ, ʚʦʣʥʦʚʦʜʥʘʷ)

ɼʠʩʧʝʨʩʠʷ ï ʨʘʩʧʣʳʚʘʥʠʝ ʩʚʝʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʧʦ ʤʝʨʝ ʝʛʦ ʜʚʠʞʝʥʠʷ ʧʦ 
ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʦʢʥʫ. ɼʠʩʧʝʨʩʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠ 
ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʢʘʙʝʣʷ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʙʠʪʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠ 
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ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʝʨʝʢʨʳʪʠʷ ʨʘʟʣʠʯʥʳʭ ʠʤʧʫʣʴʩʦʚ. 
ʏʝʤ ʥʠʞʝ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ, ʪʝʤ ʨʝʞʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʠʤʧʫʣʴʩʳ ʚ 
ʮʝʧʦʯʢʝ ʠ ʪʝʤ ʙʦʣʴʰʘʷ ʜʠʩʧʝʨʩʠʷ ʜʦʧʫʩʪʠʤʘ. ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʚʠʜʘ ʜʠʩʧʝʨ-
ʩʠʠ:
ð ʤʦʜʦʚʘʷ ʜʠʩʧʝʨʩʠʷ;
ð ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʩʧʝʨʩʠʷ;
ð ʚʦʣʥʦʚʦʜʥʘʷ ʜʠʩʧʝʨʩʠʷ.

ʄʦʜʦʚʘʷ ʜʠʩʧʝʨʩʠʷ

ʄʦʜʦʚʘʷ ʜʠʩʧʝʨʩʠʷ ʩʚʦʡʩʪʚʝʥʥʘ ʪʦʣʴʢʦ ʤʥʦʛʦʤʦʜʦʚʳʤ ʚʦʣʦʢʥʘʤ. ʆʥʘ 
ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʣʫʯʠ ʧʨʦʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʧʫʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦ-
ʩʪʠʛʘʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʢʦʥʮʘ ʚʦʣʦʢʥʘ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʄʦ-
ʜʦʚʘʷ ʜʠʩʧʝʨʩʠʷ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʘ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ:
1) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʜʨʘ ʩ ʤʝʥʴʰʠʤ ʜʠʘʤʝʪʨʦʤ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʤ ʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʦʜ. ʗʜʨʦ ʜʠʘʤʝʪʨʦʤ 100 ʤʠʢʨʦʥ ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʝʥʴʰʝʝ ʯʠʩʣʦ 
ʤʦʜ, ʯʝʤ ʷʜʨʦ ʚ 200 ʤʠʢʨʦʥ;
2) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʣʦʢʥʘ ʩʦ ʩʛʣʘʞʝʥʥʳʤ ʠʥʜʝʢʩʦʤ, ʯʪʦʙʳ ʩʚʝʪʦʚʳʝ ʣʫʯʠ, 

ʧʨʦʰʝʜʰʠʝ ʧʦ ʙʦʣʝʝ ʜʣʠʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʜʚʠʛʘʣʠʩʴ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʧʨʝʚʳ-
ʰʘʶʱʝʡ ʩʨʝʜʥʶʶ, ʠ ʜʦʩʪʠʛʘʣʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʢʦʥʮʘ ʚʦʣʦʢʥʘ ʚ ʪʦʪ ʞʝ ʤʦ-
ʤʝʥʪ, ʯʪʦ ʠ ʣʫʯʠ, ʜʚʠʞʫʱʠʝʩʷ ʧʦ ʢʦʨʦʪʢʠʤ ʪʨʘʝʢʪʦʨʠʷʤ;
3) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʟʙʝʞʘʪʴ ʤʦʜʦʚʦʡ 

ʜʠʩʧʝʨʩʠʠ.

ʄʦʣʝʢʫʣʷʨʥʘʷ ʜʠʩʧʝʨʩʠʷ

ʃʫʯʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ ʪʘʢʞʝ ʜʚʠʞʫʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʢʦʨʦ-
ʩʪʷʤʠ ʧʦ ʚʦʣʦʢʥʫ, ʜʘʞʝ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʦʜʝ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʨʘʚʝʥ  
n = c/n, ʛʜʝ c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ, n ï ʩʢʦʨʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʣʠʥʝ 
ʚʦʣʥʳ ʚ ʚʝʱʝʩʪʚʝ.

ʇʦʩʢʦʣʴʢʫ ʢʘʞʜʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʜʚʠʞʝʪʩʷ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʪʦ ʚʝʣʠʯʠ-
ʥʘ ʩʢʦʨʦʩʪʠ ɜ ʚ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ʠʟʤʝʥʷʝʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ. 
ɼʠʩʧʝʨʩʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʵʪʠʤ ʷʚʣʝʥʠʝʤ, ʥʘʟʳʚʘʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʩʧʝʨʩʠʝʡ, 
ʧʦʩʢʦʣʴʢʫ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚʘ ʚʦʣʦʢʥʘ. ʋʨʦʚʝʥʴ ʜʠʩʧʝʨ-
ʩʠʠ ʦʧʨʝʜʝʣʷʶʪ ʜʚʘ ʬʘʢʪʦʨʘ:
1) ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ ʩʚʝʪʘ, ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʚ ʚʦʣʦʢʥʦ. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʩ-

ʪʦʯʥʠʢ ʥʝ ʤʦʞʝʪ ʠʟʣʫʯʘʪʴ ʦʜʥʫ ʜʣʠʥʫ ʚʦʣʥʳ; ʦʥ ʠʟʣʫʯʘʝʪ ʥʝʩʢʦʣʴʢʦ. ɼʠʘʧʘʟʦʥ 
ʜʣʠʥ ʚʦʣʥ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʥʘʥʦʤʝʪʨʘʭ, ʥʘʟʳʚʘʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʰʠʨʠʥʦʡ ʠʩ-
ʪʦʯʥʠʢʘ. ʉʚʝʪʦʜʠʦʜ (ʉʀɼ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʰʠʨʠʥʦʡ, 
ʯʝʤ ʣʘʟʝʨ, ʦʢʦʣʦ 35 ʥʤ ʜʣʷ ʩʚʝʪʦʜʠʦʜʘ ʠ ʦʪ 2 ʜʦ 3 ʥʤ ʜʣʷ ʣʘʟʝʨʘ;
2) ʮʝʥʪʨʘʣʴʥʘʷ ʨʘʙʦʯʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʠʩʪʦʯʥʠʢʘ. ɺ ʦʙʣʘʩʪʠ 850 ʥʤ ʙʦʣʝʝ 

ʜʣʠʥʥʳʝ ʚʦʣʥʳ (ʙʦʣʝʝ ʢʨʘʩʥʳʝ) ʜʚʠʞʫʪʩʷ ʙʳʩʪʨʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʢʦ-
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ʨʦʪʢʠʤʠ (ʙʦʣʝʝ ʛʦʣʫʙʳʤʠ) ʜʣʠʥʘʤʠ ʚʦʣʥ. ɺʦʣʥʳ ʜʣʠʥʦʡ 860 ʥʤ ʜʚʠʞʫʪʩʷ 
ʙʳʩʪʨʝʝ ʧʦ ʩʪʝʢʣʷʥʥʦʤʫ ʚʦʣʦʢʥʫ, ʯʝʤ ʚʦʣʥʳ ʜʣʠʥʦʡ 850 ʥʤ. ɺ ʦʙʣʘʩʪʠ 1550 
ʥʤ ʩʠʪʫʘʮʠʷ ʤʝʥʷʝʪʩʷ: ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʚʦʣʥʳ ʜʚʠʞʫʪʩʷ ʙʳʩʪʨʝʝ ʧʦ ʩʨʘʚʥʝ-
ʥʠʶ ʩ ʙʦʣʝʝ ʜʣʠʥʥʳʤʠ; ʚʦʣʥʘ ʜʣʠʥʦʡ 1560 ʥʤ ʜʚʠʞʝʪʩʷ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚʦʣʥʘ 
ʜʣʠʥʦʡ 1540 ʥʤ. ɺ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʩʧʝʢʪʨʘ ʧʨʦʠʩʭʦʜʠʪ ʩʦʚʧʘʜʝʥʠʝ, ʧʨʠ ʵʪʦʤ 
ʙʦʣʝʝ ʛʦʣʫʙʳʝ ʠ ʙʦʣʝʝ ʢʨʘʩʥʳʝ ʜʣʠʥʳ ʚʦʣʥ ʜʚʠʞʫʪʩʷ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʢʦʨʦ-
ʩʪʴʶ. ʕʪʦ ʩʦʚʧʘʜʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʣʘʩʪʠ 1300 ʥʤ, ʥʘʟʳʚʘʝʤʦʡ 
ʜʣʠʥʦʡ ʚʦʣʥʳ ʩ ʥʫʣʝʚʦʡ ʜʠʩʧʝʨʩʠʝʡ.

ʄʦʣʝʢʫʣʷʨʥʘʷ ʜʠʩʧʝʨʩʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʜʠʩʧʝʨʩʠʠ ʚ ʦʜʥʦʤʦ-
ʜʦʚʳʭ ʩʠʩʪʝʤʘʭ. ʅʘʧʨʦʪʠʚ, ʚ ʤʥʦʛʦʤʦʜʦʚʳʭ ʩʠʩʪʝʤʘʭ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʡ 
ʷʚʣʷʝʪʩʷ ʤʦʜʦʚʘʷ ʜʠʩʧʝʨʩʠʷ, ʪʘʢ ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʤʦʞʥʦ ʧʨʝʥʝʙ-
ʨʝʯʴ.  ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʤʦʜʦʚʘʷ ʜʠʩʧʝʨʩʠʷ ʥʝ ʠʛʨʘʝʪ ʥʠʢʘʢʦʡ ʨʦʣʠ ʧʨʠ ʢʦʥʩ-
ʪʨʫʠʨʦʚʘʥʠʠ ʚʦʣʦʢʦʥʥʳʭ ʩʠʩʪʝʤ. ʉʢʦʨʦʩʪʠ ʩʣʠʰʢʦʤ ʤʘʣʳ ʠʣʠ ʨʘʩʩʪʦʷʥʠʷ 
ʩʣʠʰʢʦʤ ʥʝʟʥʘʯʠʪʝʣʴʥʳ.

ɼʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ ʦʪ 820 ʜʦ 850 ʥʤ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʦ 
ʤʥʦʛʠʭ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʤʦʣʝʢʫ-
ʣʷʨʥʘʷ ʜʠʩʧʝʨʩʠʷ ʨʘʚʥʘ ʧʨʠʤʝʨʥʦ 0,1 ʥʩʝʢ/ʥʤ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ.

ɺʦʣʥʦʚʦʜʥʘʷ ʜʠʩʧʝʨʩʠʷ

ɺʦʣʥʦʚʦʜʥʘʷ ʜʠʩʧʝʨʩʠʷ (ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʡ ʚʠʜ ʜʠʩʧʝʨʩʠʠ ʚ ʦʜʥʦʤʦʜʦʚʳʭ 
ʚʦʣʦʢʥʘʭ) ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʦʧʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʜʚʠʞʝʪʩʷ ʢʘʢ ʧʦ ʷʜʨʫ, ʪʘʢ 
ʠ ʧʦ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʝ. ɸ ʪʘʢ ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤ-
ʣʝʥʠʷ, ʪʦ ʠʟʣʫʯʝʥʠʝ ʜʚʠʞʝʪʩʷ ʩʦ ʩʣʝʛʢʘ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʩʢʦʨʦʩʪʷʤʠ ʚ ʷʜʨʝ 
ʠ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʝ. ʀʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʚʦʣʦʢʥʘ ʧʦʟʚʦʣʷʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʚʦʣʥʦʚʦʜʥʫʶ ʜʠʩʧʝʨʩʠʶ, ʪʝʤ ʩʘʤʳʤ ʠʟʤʝʥʷʷ ʩʧʝʮʠ-
ʬʠʮʠʨʦʚʘʥʥʫʶ ʦʙʱʫʶ ʜʠʩʧʝʨʩʠʶ ʚʦʣʦʢʥʘ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢ-
ʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʨʘʙʦʪʢʠ ʦʜʥʦʤʦʜʦʚʳʭ ʩʠʩʪʝʤ.

2.3.2. ɿʘʪʫʭʘʥʠʝ (ʨʘʩʩʝʷʥʠʝ, ʧʦʛʣʦʱʝʥʠʝ)

ɿʘʪʫʭʘʥʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʝʨʷ ʦʧʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦ ʤʝʨʝ ʜʚʠʞʝʥʠʷ ʩʚʝ-
ʪʘ ʧʦ ʚʦʣʦʢʥʫ. ʀʟʤʝʨʷʝʤʦʝ ʚ ʜʝʮʠʙʝʣʘʭ ʥʘ ʢʠʣʦʤʝʪʨ, ʦʥʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 300 
ʜɹ/ʢʤ ʜʣʷ ʧʣʘʩʪʠʢʦʚʦʛʦ ʚʦʣʦʢʥʘ ʜʦ ʧʨʠʤʝʨʥʦ 0,21 ʜɹ/ʢʤ ʜʣʷ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦ-
ʣʦʢʥʘ.

ɿʘʪʫʭʘʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʩʚʝʪʘ. ʉʫʱʝʩʪʚʫʶʪ ʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ, 
ʚ ʢʦʪʦʨʳʭ ʩʚʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʜʦʣʴ ʚʦʣʦʢʥʘ ʩ ʤʘʣʳʤ ʟʘʪʫʭʘʥʠʝʤ. ʅʘ ʟʘʨʝ 
ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʨʘʙʦʪʘʣʠ ʚ ʦʢʥʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʦʪ 820 ʜʦ 
850 ʥʤ. ɺʪʦʨʦʝ ʦʢʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ ʥʫʣʝʚʦʡ ʜʠʩʧʝʨʩʠʠ ʚʙʣʠʟʠ 1300 ʥʤ, 
ʪʨʝʪʴʝ ʦʢʥʦ ð ʚ ʦʙʣʘʩʪʠ 1550 ʥʤ. ʊʠʧʠʯʥʦʝ ʚʦʣʦʢʥʦ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʦʢʘʟʘʪʝ-
ʣʷ ʧʨʝʣʦʤʣʝʥʠʷ 50/125 ʠʤʝʝʪ ʟʘʪʫʭʘʥʠʝ 4 ʜɹ/ʢʤ ʧʨʠ 850 ʥʤ ʠ 2,5 ʜɹ/ʢʤ ʧʨʠ 
1300 ʥʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʥʘ 30 %.
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ʆʙʣʘʩʪʠ ʚʳʩʦʢʦʛʦ ʟʘʪʫʭʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚʙʣʠʟʠ 730, 950, 1250 ʠ 1380 ʥʤ. 
ʃʫʯʰʝ ʠʟʙʝʛʘʪʴ ʨʘʙʦʪʳ ʚ ʵʪʠʭ ʜʠʘʧʘʟʦʥʘʭ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦʪʝʨʴ ʚ ʚʦʣʦʢʥʝ 
ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʚʳʙʦʨʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʣʠʥʳ ʚʦʣʥʳ ʜʣʷ ʧʝʨʝʜʘ-
ʯʠ.

ʉʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʚ ʚʦʣʦʢʥʝ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʨʘʙʦʪʘʣ ʚ ʦʙ-
ʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ ʩ ʥʘʠʤʝʥʴʰʠʤ ʟʘʪʫʭʘʥʠʝʤ.

ʇʣʘʩʪʠʢʦʚʦʝ ʚʦʣʦʢʥʦ ʣʫʯʰʝ ʚʩʝʛʦ ʨʘʙʦʪʘʝʪ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʦʢʦʣʦ 
650 ʥʤ.

ɺʘʞʥʝʡʰʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʟʘʪʫʭʘʥʠʷ ʚ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ ʷʚʣʷʝʪʩʷ ʝʛʦ 
ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʡ ʚʥʫʪʨʠ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. ɺ ʤʝʜʥʳʭ 
ʢʘʙʝʣʷʭ ʟʘʪʫʭʘʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ ʩʠʛʥʘʣʘ: ʯʝʤ ʙʦʣʴʰʝ ʯʘʩʪʦʪʘ, ʪʝʤ 
ʙʦʣʴʰʝ ʟʘʪʫʭʘʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʘ ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʩʩʪʦʷʥʠʝ, ʥʘ 
ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʣʘʥ ʩʠʛʥʘʣ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʪʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʪʨʝʙʫʝʪ-
ʩʷ ʧʦʚʪʦʨʠʪʝʣʴ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʨʝʛʝʥʝʨʘʮʠʶ ʩʠʛʥʘʣʘ. ɺ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢ-
ʥʝ ʦʙʘ ʵʪʠ ʩʠʛʥʘʣʘ ʙʫʜʫʪ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʦʝ ʟʘʪʫʭʘʥʠʝ.

ɿʘʪʫʭʘʥʠʝ ʚ ʚʦʣʦʢʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʵʬʬʝʢʪʘʤʠ: ʨʘʩʩʝʷʥʠʝʤ ʠ ʧʦʛʣʦ-
ʱʝʥʠʝʤ.

ʈʘʩʩʝʷʥʠʝ

ʇʦʪʝʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʩʝʷʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʦʜ-
ʥʦʨʦʜʥʦʩʪʴʶ ʚʦʣʦʢʥʘ ʠ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʈʘʩʩʝʷʥʠʝ ʥʘ ʥʝʦʜʥʦ-
ʨʦʜʥʦʩʪʷʭ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʠ ʩʚʝʪ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥ-
ʥʳʤ.

ʈʝʣʝʝʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ʦʙʫʩʣʦʚʣʝ-
ʥʦ ʚʘʨʠʘʮʠʷʤʠ ʩʦʩʪʘʚʘ ʠ ʧʣʦʪʥʦʩʪʠ 
ʚʦʣʦʢʥʘ, ʥʝʠʟʙʝʞʥʳʤʠ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ.

ʇʦʩʢʦʣʴʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝ-
ʷʥʠʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ ʚ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ, ʪʦ ʦʥʘ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʜʣʠʥʳ 
ʚʦʣʥʳ. ʈʘʩʩʝʷʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʟʘʪʫʭʘʥʠʷ, 
ʨʘʚʥʳʡ 2,5 ʜɹ ʧʨʠ 820ʥʤ, 0,24 ʜɹ ʧʨʠ 1300ʥʤ, 0,012 ʜɹ ʧʨʠ 1550 ʥʤ.

ʇʦʛʣʦʱʝʥʠʝ

ʇʦʛʣʦʱʝʥʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʦʣʦʢ-
ʥʘ ʧʦʛʣʦʱʘʶʪ ʦʧʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʠ ʧʨʝʦʙʨʘʟʫʶʪ ʝʝ ʚ ʪʝʧʣʦ. ʇʨʠ ʵʪʦʤ ʩʚʝʪ 
ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʪʫʩʢʣʳʤ. ʆʙʣʘʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʘ ʚʦʣʦʢʥʘ 
ʩʚʷʟʘʥʳ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʙʦʣʴʰʠʤ ʧʦʛʣʦʱʝʥʠʝʤ ʩʚʝʪʘ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ 
ʤʦʣʝʢʫʣʘʤʠ.

ʂ ʜʨʫʛʠʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤ ʧʦʛʣʦʱʝʥʠʝ, ʦʪʥʦʩʷʪʩʷ 
ʠʦʥʳ ʞʝʣʝʟʘ, ʤʝʜʠ, ʢʦʙʘʣʴʪʘ, ʚʘʥʘʜʠʷ ʠ ʭʨʦʤʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʠʟʢʠʭ ʧʦ-

ʈʠʩ. 2.5. ʈʘʩʩʝʷʥʠʝ
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ʪʝʨʴ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚʦʣʦʢʥʘ ʜʦʣʞʥʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʪʠʭ ʠʦʥʦʚ 
ʥʘ ʫʨʦʚʥʝ ʦʜʥʦʡ ʤʠʣʣʠʘʨʜʥʦʡ. ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʣʦʢʥʘ 
ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʚʘʪʴʩʷ ʵʪʦʛʦ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʦ ʯʠʩʪʦʛʦ ʦʢʨʫ-
ʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʚ ʚʦʣʦʢʥʝ ʥʝ ʩʪʦʣʴ ʚʘʞʥʘ, ʢʘʢ ʥʝ-
ʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ.

2.3.3. ʄʠʢʨʦʠʟʛʠʙʥʳʝ ʧʦʪʝʨʠ

ʕʪʦʪ ʚʠʜ ʟʘʪʫʭʘʥʠʷ ʩʚʷʟʘʥ ʩ ʥʝ-
ʙʦʣʴʰʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʧʨʦʬʠʣʷ ʛʨʘʥʠ-
ʮʳ ʷʜʨʦ / ʦʧʪʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ. ɼʘʥʥʳʝ 
ʚʘʨʠʘʮʠʠ ʛʨʘʥʠʮʳ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 
ʦʪʨʘʞʝʥʠʶ ʤʦʜ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʧʦʜ 
ʫʛʣʘʤʠ, ʥʝ ʜʦʧʫʩʢʘʶʱʠʤʠ ʜʘʣʴʥʝʡʰʠʭ 
ʦʪʨʘʞʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʩʚʝʪ ʧʦʢʠʜʘʝʪ ʚʦ-
ʣʦʢʥʦ.

ʄʠʢʨʦʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʛʨʘʥʠʮʳ ʤʦ-
ʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʦʣʦʢ-
ʥʘ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʵʪʠʭ ʤʠʢʨʦ-
ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ.

2.3.4. ʏʠʩʣʝʥʥʘʷ ʘʧʝʨʪʫʨʘ

ʏʠʩʣʝʥʥʦʡ ʘʧʝʨʪʫʨʦʡ (Numeric aperture ð NA) ʥʘʟʳʚʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 
ʚʦʣʦʢʥʘ ʩʦʙʠʨʘʪʴ ʣʫʯʠ. ʊʦʣʴʢʦ ʣʫʯʠ, ʢʦʪʦʨʳʝ ʠʥʞʝʢʪʠʨʫʶʪʩʷ ʚ ʚʦʣʦʢʥʦ ʧʦʜ 
ʫʛʣʦʤ ʙʦʣʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ, ʩʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚʜʦʣʴ ʥʝʛʦ. NA ʟʘʚʠ-
ʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʚʦʣʦʢʥʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʣʦʤʣʝʥʠʷ 
ʷʜʨʘ ʠ ʦʧʪʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ:

2 2
1 2 .NA n n

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʝʥʥʘʷ ʘʧʝʨʪʫʨʘ ʷʚʣʷʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʦʡ ʚʝʣʠʯʠʥʦʡ.
ʊʘʢʞʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʫʛʣʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʚʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷ-

ʝʪʩʷ ʚʜʦʣʴ ʚʦʣʦʢʥʘ. ʕʪʠ ʫʛʣʳ ʦʙʨʘʟʫʶʪ ʢʦʥʫʩ, ʥʘʟʳʚʘʝʤʳʡ ʚʭʦʜʥʳʤ ʢʦʥʫʩʦʤ, 
ʫʛʣʦʚʦʡ ʨʘʩʪʨ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʚʚʦʜʘ ʩʚʝʪʘ ʚ ʚʦʣʦʢʥʦ. 
ɺʭʦʜʥʦʡ ʢʦʥʫʩ ʩʚʷʟʘʥ ʩ NA:

ɗ arcsin( );
sinɗ,
NA

NA

ʛʜʝ ɗ ð ʧʦʣʦʚʠʥʘ ʫʛʣʘ ʚʚʦʜʘ.
NA ʚʦʣʦʢʥʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʪʘʢ ʢʘʢ ʦʥʘ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʪʦ, ʢʘʢ ʩʚʝʪ ʚʚʦʜʠʪʩʷ ʚ ʚʦʣʦʢʥʦ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʥʝʤʫ. ɺʦʣʦʢʥʦ ʩ ʙʦʣʴ-
ʰʠʤ ʟʥʘʯʝʥʠʝʤ NA ʭʦʨʦʰʦ ʧʨʠʥʠʤʘʝʪ ʩʚʝʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʚʦʣʦʢʥʦ ʩ ʤʘʣʳʤ 

ʈʠʩ. 2.6. ʇʦʪʝʨʠ ʠ ʠʟʛʠʙʳ ʚʦʣʦʢʦʥ



34

ʟʥʘʯʝʥʠʝʤ NA ʤʦʞʥʦ ʚʚʝʩʪʠ ʪʦʣʴʢʦ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʡ ʧʫʯʦʢ ʩʚʝʪʘ.
ʂʘʢ ʧʨʘʚʠʣʦ, ʚʦʣʦʢʥʘ ʩ ʰʠʨʦʢʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʠʤʝʶʪ ʤʘʣʳʝ ʟʥʘ-

ʯʝʥʠʷ NA. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʠ ʜʦʧʫʩʢʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʘʣʦʛʦ ʯʠʩʣʘ ʤʦʜ, 
ʦʟʥʘʯʘʶʱʝʝ ʤʘʣʫʶ ʜʠʩʧʝʨʩʠʶ ʠ ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʨʘʙʦʯʫʶ ʧʦʣʦʩʫ. ɿʥʘʯʝʥʠʷ 
NA ʠʟʤʝʥʷʶʪʩʷ ʦʪ 0,5 ʚ ʧʣʘʩʪʠʢʦʚʦʤ ʚʦʣʦʢʥʝ ʜʦ 0,2 ʚ ʚʦʣʦʢʥʝ ʩʦ ʩʛʣʘʞʝʥ-
ʥʳʤ ʧʨʦʬʠʣʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ NA ʧʦʜʨʘʟʫʤʝʚʘʝʪ 
ʙʦʣʴʰʫʶ ʤʦʜʦʚʫʶ ʜʠʩʧʝʨʩʠʶ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞ-

ʥʳʭ ʩʚʝʪʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ.
ʉʚʝʪ ʚ ʦʜʥʦʤʦʜʦʚʦʤ ʚʦʣʦʢʥʝ ʥʝ ʠʩ-

ʧʳʪʳʚʘʝʪ ʦʪʨʘʞʝʥʠʷ ʠʣʠ ʧʨʝʣʦʤʣʝʥʠʷ, 
ʦʥ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦʜ ʫʛʣʦʤ ʢ ʛʨʘ-
ʥʠʮʝ ʚʦʣʦʢʥʘ. ɸʥʘʣʦʛʠʯʥʦ ʚ ʩʣʫʯʘʝ ʦʜʥʦ-
ʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ ʩʚʝʪ ʥʝ ʟʘʚʦʜʠʪʩʷ ʧʦʜ 
ʫʛʣʘʤʠ ʚʥʫʪʨʠ ʚʭʦʜʥʦʛʦ ʢʦʥʫʩʘ ʜʦ ʧʦʣʥʦ-

ʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʜʥʦʤʦʜʦʚʦʤ ʚʦʣʦʢʥʝ NA ʤʦʞʝʪ 
ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʯʠʩʪʦ ʬʦʨʤʘʣʴʥʦ, ʦʩʦʙʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʨʘʢʪʠʢʠ ʦʥʘ ʥʝ 
ʠʤʝʝʪ.

ʀʩʪʦʯʥʠʢʠ ʠ ʧʨʠʝʤʥʠʢ ʪʘʢʞʝ ʠʤʝʶʪ ʩʚʦʠ ʘʧʝʨʪʫʨʳ. NA ʠʩʪʦʯʥʠʢʘ ʦʧʨʝ-
ʜʝʣʷʝʪ ʫʛʣʦʚʫʶ ʘʧʝʨʪʫʨʫ ʚʳʭʦʜʥʦʛʦ ʩʚʝʪʘ. NA ʜʝʪʝʢʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪ ʨʘʙʦʯʠʡ 
ʜʠʘʧʘʟʦʥ ʫʛʣʦʚ ʜʣʷ ʧʨʠʝʤʥʠʢʘ. ɼʣʷ ʠʩʪʦʯʥʠʢʘ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʠʤʝʪʴ NA, ʩʦ-
ʛʣʘʩʦʚʘʥʥʫʶ ʩ NA ʚʦʣʦʢʥʘ, ʯʪʦʙ ʚʝʩʴ ʩʚʝʪ, ʠʟʣʫʯʘʝʤʳʡ ʠʩʪʦʯʥʠʢʦʤ, ʧʨʦʥʠʢʘʣ 
ʚ ʚʦʣʦʢʥʦ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʣʩʷ ʧʦ ʥʝʤʫ. ʈʘʩʩʦʛʣʘʩʦʚʘʥʠʝ NA ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʚʝʪʘ ʦʪ ʫʩʪʨʦʡʩʪʚʘ ʩ ʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 
NA ʢ ʫʩʪʨʦʡʩʪʚʫ ʩ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ. 

ʄʦʜʳ

ʄʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʧʦʥʷʪʠʝ, ʩʚʷʟʘʥ-
ʥʦʝ ʩ ʧʨʦʮʝʩʩʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʩʨʝʜʝ. ɺ ʩʚʦʝʡ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʤʦʜʦʚʘʷ ʪʝʦʨʠʷ ʚʦʟʥʠʢʘʝʪ ʠʟ ʫʨʘʚʥʝʥʠʡ ʄʘʢ-
ʩʚʝʣʣʘ. ɼʞʝʡʤʩ ʂʣʝʨʢ ʄʘʢʩʚʝʣʣ, ʰʦʪʣʘʥʜʩʢʠʡ ʬʠʟʠʢ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʧʝʨʚʳʤ 
ʧʦʣʫʯʠʣ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 
ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʝʡ. ʆʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘ-
ʤʠ ʦʜʥʦʛʦ ʚʠʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ, ʘ ʥʝ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʵʥʝʨʛʠʠ, 
ʢʘʢ ʧʦʣʘʛʘʣʠ ʨʘʥʝʝ. ʀʟ ʝʛʦ ʫʨʘʚʥʝʥʠʡ ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʦ-
ʛʦ ʚʠʜʘ ʠʟʣʫʯʝʥʠʷ ʧʦʜʯʠʥʷʝʪʩʷ ʩʪʨʦʛʠʤ ʧʨʘʚʠʣʘʤ. ʋʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʷʚʣʷ-
ʶʪʩʷ ʦʩʥʦʚʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʪʝʦʨʠʠ.

ʄʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ. ɺ 
ʨʘʤʢʘʭ ʵʪʦʡ ʩʪʘʪʴʠ ʧʦʜ ʤʦʜʦʡ ʜʦʩʪʘʪʦʯʥʦ ʧʦʥʠʤʘʪʴ ʚʠʜ ʪʨʘʝʢʪʦʨʠʠ, ʚʜʦʣʴ ʢʦ-
ʪʦʨʦʡ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʩʚʝʪ. ʏʠʩʣʦ ʤʦʜ, ʜʦʧʫʩʢʘʝʤʳʭ ʚʦʣʦʢʥʦʤ, ʢʦ-
ʣʝʙʣʝʪʩʷ ʦʪ 1 ʜʦ 100 000. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʣʦʢʥʦ ʧʦʟʚʦʣʷʝʪ ʩʚʝʪʫ ʨʘʩʧʨʦʩʪʨʘ-
ʥʷʪʴʩʷ ʧʦ ʤʥʦʞʝʩʪʚʫ ʪʨʘʝʢʪʦʨʠʡ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʠ ʩʚʦʡʩʪʚ 
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ʚʦʣʦʢʥʘ.

2.3.5. ʇʨʦʯʥʦʩʪʴ

ʉʪʝʢʣʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʭʨʫʧʢʠʤ. ʆʢʦʥʥʦʝ ʩʪʝʢʣʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝ ʛʥʝʪ-
ʩʷ. ʆʜʥʘʢʦ ʩʪʝʢʣʷʥʥʳʝ ʚʦʣʦʢʥʘ ʤʦʞʥʦ ʩʦʛʥʫʪʴ ʚ ʚʠʜʝ ʦʢʨʫʞʥʦʩʪʠ ʥʝʙʦʣʴʰʦʛʦ 
ʜʠʘʤʝʪʨʘ ʠʣʠ ʟʘʚʷʟʘʪʴ ʚ ʩʚʦʙʦʜʥʳʡ ʫʟʝʣ.

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʣʦʢʥʘ ʠʣʠ ʧʨʦʚʦʜʘ ʧʨʦʪʠ-
ʚʦʩʪʦʷʪʴ ʥʘʪʷʞʝʥʠʶ ʠʣʠ ʠʟʛʠʙʫ ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʷ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʚʦʣʦʢʥʘ 
ʥʘ ʨʘʟʨʳʚ ʧʨʝʚʦʩʭʦʜʠʪ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ ʜʣʷ ʩʪʘʣʴʥʦʡ ʥʠʪʠ ʠʜʝʥʪʠʯʥʦʛʦ ʨʘʟ-
ʤʝʨʘ. ɹʦʣʝʝ ʪʦʛʦ, ʤʝʜʥʳʡ ʧʨʦʚʦʜʥʠʢ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʜʚʦʝ ʙʦʣʴʰʠʡ ʜʠʘʤʝʪʨ, 
ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʪʦʪ ʞʝ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, ʯʪʦ ʠ ʚʦʣʦʢʥʦ. 

ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʘʷ ʭʨʫʧʢʦʩʪʴ ʚʦʣʦʢʥʘ, ð ʥʘʣʠʯʠʝ ʤʠʢ-
ʨʦʪʨʝʱʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʝʬʝʢʪʦʚ ʚʥʫʪʨʠ ʚʦʣʦʢʥʘ. ʇʨʠ ʵʪʦʤ ʧʦʚʝʨʭʥʦʩʪ-
ʥʳʝ ʪʨʝʱʠʥʳ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʜʝʬʝʢʪʳ ʤʦʛʫʪ ʚʦʟʨʘʩʪʘʪʴ 
ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʩʪʷʛʠʚʘʶʱʝʡ ʥʘʛʨʫʟʢʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʚʦ ʚʨʝʤʷ ʧʨʦʢʣʘʜʢʠ 
ʢʘʙʝʣʷ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, 
ʦʙʳʯʥʦʝ ʩʪʘʨʝʥʠʝ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʝʬʝʢʪʦʚ.

2.3.6. ɺʣʠʷʥʠʝ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ

ʈʘʜʠʘʮʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʪʠʚʦ-
ʩʪʦʷʪʴ ʷʜʝʨʥʳʤ ʵʬʬʝʢʪʘʤ. ɺʦʣʦʢʥʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʚʦʜʥʠʢʦʚ ʥʝ ʥʘʢʘʧʣʠʚʘʶʪ 
ʩʪʘʪʠʯʝʩʢʠʝ ʟʘʨʷʜʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʜʠʘʮʠʠ.

ɺʦʣʦʢʥʘ ʧʨʦʪʠʚʦʩʪʦʷʪ ʨʦʩʪʫ ʟʘʪʫʭʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʜʠʦʘʢ-
ʪʠʚʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʈʘʜʠʘʮʠʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ ʫʩʠʣʠ-
ʚʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʚʦʣʦʢʥʘ. ʈʦʩʪ ʟʘʪʫʭʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠ-
ʯʠʥʳ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʟʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʣʫʯʝʥʠʷ.

2.5. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, ʦʧʨʝʜʝʣʷ-
ʶʱʠʝ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ

ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʜʠʩʧʝʨʩʠʷ

ʄʥʦʛʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚʦʣʦʢʥʘ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ ʥʝ ʩʧʝʮʠʬʠʮʠʨʫʶʪ 
ʜʠʩʧʝʨʩʠʶ ʚ ʤʥʦʛʦʤʦʜʦʚʳʭ ʠʟʜʝʣʠʷʭ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʥʠ ʫʢʘʟʳʚʘʶʪ ʧʨʦʠʟʚʝʜʝ-
ʥʠʝ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ ʜʣʠʥ), ʠʣʠ ʧʨʦʩʪʦ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ, 
ʚʳʨʘʞʝʥʥʫʶ ʚ ʤʝʛʘʛʝʨʮʘʭ-ʢʠʣʦʤʝʪʨʘʭ. ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʚ 400 ʄɻʮ-ʢʤ ʦʟ-
ʥʘʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʚ ʧʦʣʦʩʝ 400 ʄɻʮ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 1 ʢʤ. 
ʕʪʦ ʪʘʢʞʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʥʘ ʜʣʠ-
ʥʫ ʧʝʨʝʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʦ 400. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʤʦʞʥʦ ʧʝʨʝʜʘʚʘʪʴ ʩʠʛʥʘʣ ʙʦʣʝʝ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ ʥʘ 
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ʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʠʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʥʘ ʤʝʥʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ, ʢʘʢ 
ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ. 

ɺ ʦʜʥʦʤʦʜʦʚʳʭ ʚʦʣʦʢʥʘʭ ʩʧʝʮʠʬʠʢʘʮʠʷ ʜʠʩʧʝʨʩʠʠ ʥʝʦʙʭʦʜʠʤʘ. ɺ ɻ ʪʦʤ ʩʣʫ-
ʯʘʝ ʜʠʩʧʝʨʩʠʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʠʢʦʩʝʢʫʥʜʘʭ ʥʘ ʢʠʣʦʤʝʪʨ ʠ ʥʘ ʥʘʥʦʤʝʪʨ ʩʧʝʢʪʨʘʣʴ-
ʥʦʡ h ʠʨʠʥʳ ʠʩʪʦʯʥʠʢʘ (ʧʩʝʢ/ʢʤ/ʥʤ). ʀʥʘʯʝ ʛʦʚʦʨʷ, ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ 
ʚʦʣʦʢʥʘ ʜʠʩʧʝʨʩʠʷ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʦʡ h ʠʨʠʥʦʡ ʠʩʪʦʯʥʠʢʘ: 
ʯʝʤ ʰʠʨʝ ʧʦʣʦʩʘ ʠʟʣʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ, ʪʝʤ ʙʦʣʴʰʝ ʜʠʩʧʝʨʩʠʷ. ɺʳʨʘʞʝʥʠʝ ʧʦ-
ʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʯʝʨʝʟ ʦʜʥʦʤʦʜʦʚʫʶ ʜʠʩʧʝʨʩʠʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ, ʝʛʦ ʧʨʠ-
ʙʣʠʟʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ:  
 
BW=0.178/(Disp)(SW)(L), ʛʜʝ  

 
Disp - ʜʠʩʧʝʨʩʠʷ ʥʘ ʨʘʙʦʯʝʡ ʜʣʠʥʝ ʚʦʣ-
ʥʳ ʚ ʩʝʢ ʥʘ ʥʘʥʦʤʝʪʨ ʠ ʥʘ ʢʠʣʦʤʝʪʨ  
SW - ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʠʩʪʦʯʥʠʢʘ ʚ ʥʤ  
L - ʜʣʠʥʘ ʚʦʣʦʢʥʘ ʚ ʢʤ  
 
ʋʜʚʦʝʥʠʝ ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʜʦ 
4 ʥʤ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʧʦʣʦʩʫ ʧʨʦ-
ʧʫʩʢʘʥʠʷ ʧʨʠʤʝʨʥʦ ʜʦ 535 ʄɻʮ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʩʧʝʢʪʨʘʣʴʥʘʷ ʰʠʨʠʥʘ ʠʩʪʦʯʥʠʢʘ 
ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ 
ʦʜʥʦʤʦʜʦʚʳʭ ʩʠʩʪʝʤ.

ɺʣʠʷʥʠʝ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ

ʈʘʜʠʘʮʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʪʠʚʦ-
ʩʪʦʷʪʴ ʷʜʝʨʥʳʤ ʵʬʬʝʢʪʘʤ.  ɺʦʣʦʢʥʘ ʚ ʦʪʣʠʯʠʠ ʦʪ ʧʨʦʚʦʜʥʠʢʦʚ ʥʝ ʥʘʢʘʧʣʠʚʘʶʪ 
ʩʪʘʪʠʯʝʩʢʠʝ ʟʘʨʷʜʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʜʠʘʮʠʠ.

ɺʦʣʦʢʥʘ ʧʨʦʪʠʚʦʩʪʦʷʪ ʨʦʩʪʫ ʟʘʪʫʭʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʜʠʦʘʢ-
ʪʠʚʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʈʘʜʠʘʮʠʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ ʫʩʠʣʠ-
ʚʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʚʦʣʦʢʥʘ. ʈʦʩʪ ʟʘʪʫʭʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠ-
ʯʠʥʳ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʟʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʣʫʯʝʥʠʷ. 

2.6. ʄʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʩʨʦʢ ʩʣʫʞʙʳ ʦʧʪʠ-
ʯʝʩʢʠʭ ʚʦʣʦʢʦʥ

ʇʨʦʯʥʦʩʪʴ

ʉʪʝʢʣʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʭʨʫʧʢʠʤ. ʆʢʦʥʥʦʝ ʩʪʝʢʣʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝ ʛʥʝʪ-
ʩʷ. ʆʜʥʘʢʦ ʩʪʝʢʣʷʥʥʳʝ ʚʦʣʦʢʥʘ ʤʦʞʥʦ ʩʦʛʥʫʪʴ ʚ ʚʠʜʝ ʦʢʨʫʞʥʦʩʪʠ ʥʝʙʦʣʴʰʦʛʦ 
ʜʠʘʤʝʪʨʘ ʠʣʠ ʟʘʚʷʟʘʪʴ ʚ ʩʚʦʙʦʜʥʳʡ ʫʟʝʣ.

ʈʠʩ. 2.8. ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʩʪʘʥʮʠʠ ʧʝ-
ʨʝʜʘʯʠ ʦʪ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩ-
ʢʘʥʠʷ ʜʣʷ 400 ʄɻʮ-ʢʤ ʚʦʣʦʢʥʘ
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ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʣʦʢʥʘ ʠʣʠ ʧʨʦʚʦʜʘ ʧʨʦʪʠ-
ʚʦʩʪʦʷʪʴ ʥʘʪʷʞʝʥʠʶ ʠʣʠ ʠʟʛʠʙʫ ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʷ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʚʦʣʦʢʥʘ 
ʥʘ ʨʘʟʨʳʚ ʧʨʝʚʦʩʭʦʜʠʪ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ ʜʣʷ ʩʪʘʣʴʥʦʡ ʥʠʪʠ ʠʜʝʥʪʠʯʥʦʛʦ ʨʘʟ-
ʤʝʨʘ. ɹʦʣʝʝ ʪʦʛʦ, ʤʝʜʥʳʡ ʧʨʦʚʦʜʥʠʢ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʜʚʦʝ ʙʦʣʴʰʠʡ ʜʠʘʤʝʪʨ, 
ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʪʦʪ ʞʝ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, ʯʪʦ ʠ ʚʦʣʦʢʥʦ. 

ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʘʷ ʭʨʫʧʢʦʩʪʴ ʚʦʣʦʢʥʘ, - ʥʘʣʠʯʠʝ ʤʠʢ-
ʨʦʪʨʝʱʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʝʬʝʢʪʦʚ ʚʥʫʪʨʠ ʚʦʣʦʢʥʘ. ʇʨʠ ʵʪʦʤ ʧʦʚʝʨʭʥʦʩʪ-
ʥʳʝ ʪʨʝʱʠʥʳ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʜʝʬʝʢʪʳ ʤʦʛʫʪ ʚʦʟʨʘʩʪʘʪʴ 
ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʩʪʷʛʠʚʘʶʱʝʡ ʥʘʛʨʫʟʢʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʚʦ ʚʨʝʤʷ ʧʨʦʢʣʘʜʢʠ 
ʢʘʙʝʣʷ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, 
ʦʙʳʯʥʦʝ ʩʪʘʨʝʥʠʝ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʝʬʝʢʪʦʚ.

ʈʠʩ. 2.9.

ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʠʭ 
ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ - ʠʟʜʝʣʠʷ ʠʟ ʩʪʝʢʣʘ ʩʦʭʨʘʥʷʶʪʩʷ ʩʪʦʣʝʪʠʷʤʠ. 
ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʛʦʣʝʪʥʝʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʩʣʦʚʠʷ 
ʠ ʛʣʘʚʥʦʝ ʠʟ ʥʠʭ - ʦʪʩʫʪʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʩʨʦʢ 
ʩʣʫʞʙʳ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʨʦʩʪʘ ʚ ʥʠʭ ʤʠʢʨʦʩʢʦ-
ʧʠʯʝʩʢʠʭ ʪʨʝʱʠʥ. ʎʝʥʪʨʳ ʨʦʩʪʘ ʪʘʢʠʭ ʪʨʝʱʠʥ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ ʧʦʚʝʨ-
ʭʥʦʩʪʠ ʩʪʝʢʣʘ, ʥʦ ʥʝ ʚʩʝʛʜʘ ʨʘʟʚʠʚʘʶʪʩʷ. ʆʜʥʘʢʦ, ʝʩʣʠ ʚʦʣʦʢʥʦ ʨʘʩʪʷʥʫʪʦ, ʪʦ 
ʪʨʝʱʠʥʘ ʥʘʯʠʥʘʝʪ ʣʘʚʠʥʦʦʙʨʘʟʥʦ ʨʘʩʪʠ, ʠ ʚʦʣʦʢʥʦ ʨʘʟʨʳʚʘʝʪʩʷ. ʍʘʨʘʢʪʝʨ ʟʘ-
ʚʠʩʠʤʦʩʪʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʚʦʣʦʢʥʘ ʦʪ ʝʛʦ ʥʘʪʷʞʝʥʠʷ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʥʘ ʛʨʘ-
ʬʠʢʝ, ʛʜʝ ʥʘʪʷʞʝʥʠʝ ʚʳʨʘʞʝʥʦ ʚ ʝʜʠʥʠʮʘʭ ʧʨʦʜʦʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ. ɻʨʘʬʠʢʠ 
ʧʦʩʪʨʦʝʥʳ ʧʦ ʪʠʧʠʯʥʳʤ ʜʘʥʥʳʤ ʷʧʦʥʩʢʦʡ ʬʠʨʤʳ FUJIKURA ʜʣʷ ʩʪʘʥʜʘʨʪʥʦ-
ʛʦ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ. ʃʝʚʘʷ ʢʨʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫ-
ʝʪ ʜʣʠʥʝ ʚʦʣʦʢʥʘ 10000 ʢʤ, ʘ ʧʨʘʚʘʷ - 1 ʢʤ; ʪʘʢ ʯʪʦ ʤʝʞʜʫ ʥʠʤʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 
ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʜʣʠʥʳ ʚʦʣʦʢʦʥ ʚ ʣʠʥʠʷʭ ʩʚʷʟʠ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ 
ʪʨʠ ʜʠʘʧʘʟʦʥʘ ʥʘʧʨʷʞʝʥʠʡ: ʙʝʟʦʧʘʩʥʳʝ - ʜʦ 0.3 %, ʥʝʜʦʧʫʩʪʠʤʳʝ - ʙʦʣʝʝ 0.6 
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% ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ, ʪʨʝʙʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʍʦʪʷ ʚ ʧʨʠʚʝʜʝʥ-
ʥʳʭ ʦʮʝʥʢʘʭ ʥʝ ʫʯʠʪʳʚʘʣʩʷ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʠʢʨʦʧʦʚʨʝʞʜʝʥʠʷ ʚʦ-
ʣʦʢʥʘ ʠʣʠ ʚʣʠʷʥʠʝ ʚʣʘʛʠ, ʠʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 
ʥʘʪʷʞʝʥʠʷ ʚʦʣʦʢʥʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ ʩʨʦʢʘ 
ʩʣʫʞʙʳ. ʇʦʵʪʦʤʫ ʥʘʜʝʞʥʦʩʪʴ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ ʥʝʚʦʟʤʦʞ-
ʥʦ ʦʮʝʥʠʪʴ, ʥʝ ʠʤʝʷ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʪʷʞʝʥʠʠ ʚʦʣʦʢʥʘ ʚ ʢʘʙʝʣʝ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʘʢʦʡ ʟʘʜʘʯʠ ʩʪʠʤʫʣʠʨʦʚʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʥʢʠʭ ʦʧʪʠʯʝʩʢʠʭ 
ʵʬʬʝʢʪʦʚ ʚ ʚʦʣʦʢʥʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʥʠʢʣʘ ʙʨʠʣʣʶʵʥʦʚʩʢʘʷ ʨʝʬʣʝʢʪʦʤʝʪ-
ʨʠʷ.

ɺʠʜʥʦ, ʯʪʦ ʩʨʦʢ ʩʣʫʞʙʳ, ʫʩʪʘ-
ʥʦʚʣʝʥʥʳʡ ʧʦʪʨʝʙʠʪʝʣʝʤ ɺʆʂ, ʚ 
25 ʣʝʪ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʠ 
ʫʜʣʠʥʝʥʠʷ ʤʝʥʝʝ 0,36 %, ʯʪʦ ʦʧʨʝʜʝ-
ʣʷʝʪ ʜʦʧʫʩʪʠʤʫʶ ʚʝʣʠʯʠʥʫ ʣʦʢʘʣʴ-
ʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʩʪʷʛʠʚʘʶʱʝʡ 
ʥʘʛʨʫʟʢʠ ʚ ʧʨʝʜʝʣʘʭ 3 ʅ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦ-
ʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʩʪʝʢʣʘ ʦʢʘʟʳʚʘʶʪ 
ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʨʫ-
ʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʥʘʣʠʯʠʝ ʧʘʨʦʚ ʚʦʜʳ. ʅʘʣʠʯʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠʚʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʢ ʟʥʘ-
ʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʧʪʠʯʝʩʢʦʛʦ 
ʚʦʣʦʢʥʘ, ʥʦ ʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʪʫʭʘʥʠʷ ʠʟ-ʟʘ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ. ɿʘʱʠʪʥʦʝ 
ʧʦʢʨʳʪʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʧʨʝʜʦʭʨʘʥʷʝʪ ʚʦʣʦʢʦʥʥʳʡ ʩʚʝʪʦʚʦʜ ʦʪ ʚʟʘʠ-
ʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʂʦʥʝʯʥʦ, ʧʦʣʠʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ ʥʝ ʤʦʞʝʪ 
ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ-
ʥʦʛʦ ʩʚʝʪʦʚʦʜʘ, ʦʥʦ ʤʦʞʝʪ ʪʦʣʴʢʦ ʣʠʰʴ ʟʘʪʨʫʜʥʠʪʴ ʵʪʦʪ ʜʦʩʪʫʧ. 

2.7. ɿʘʢʣʶʯʝʥʠʝ
Å ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʚʠʜʘ ʚʦʣʦʢʦʥ: ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʥʜʝʢʩʦʤ, ʩʦ ʩʛʣʘʞʝʥ-

ʥʳʤ ʠʥʜʝʢʩʦʤ ʠ ʦʜʥʦʤʦʜʦʚʦʝ.
Å ɼʠʘʤʝʪʨ ʷʜʨʘ ʧʦʟʚʦʣʷʝʪ ʛʨʫʙʦ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʚʦʣʦʢʥʘ: ʯʝʤ ʤʝʥʴʰʝ 

ʜʠʘʤʝʪʨ, ʪʝʤ ʰʠʨʝ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʤʝʥʴʰʝ ʧʦʪʝʨʠ. 
Å ɺʦʣʦʢʥʘ ʨʘʟʥʦʛʦ ʢʘʯʝʩʪʚʘ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʪʝʭʥʠʢʠ.
Å ɼʠʩʧʝʨʩʠʷ ï ʦʜʠʥ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʢʘʯʝʩʪʚʦ ʚʦʣʦʢʥʘ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʠʩʧʦʣʴʟʫʶʪ ʚʦʣʦʢʥʘ ʩʦ ʩʛʣʘʞʝʥʥʳʤ ʠʥʜʝʢʩʦʤ ʠʣʠ 
ʦʜʥʦʤʦʜʦʚʳʝ ʚʦʣʦʢʥʘ.
Å ɼʠʩʧʝʨʩʠʷ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʷʚʣʝʥʠʷ ʨʘʩʧʣʳʚʘʥʠʷ ʠʤʧʫʣʴʩʘ ʩʚʝʪʘ ʧʦ 

ʤʝʨʝ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʜʦʣʴ ʚʦʣʦʢʥʘ.

ʈʠʩ. 2.10. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʧʪʠ-
ʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʦʪ ʝʛʦ ʫʜʣʠʥʝʥʠʷ
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Å ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʚʠʜʘ ʜʠʩʧʝʨʩʠʠ: ʤʦʜʦʚʘʷ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʠ ʚʦʣʥʦʚʦʜ-
ʥʘʷ.
Å ɼʠʩʧʝʨʩʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ.
Å ɼʠʩʧʝʨʩʠʷ ʚ ʤʥʦʛʦʤʦʜʦʚʦʤ ʚʦʣʦʢʥʝ ʜʝʣʠʪʩʷ ʥʘ ʤʦʜʦʚʫʶ ʠ ʤʦʣʝʢʫʣʷʨ-

ʥʫʶ.
Å ɼʠʩʧʝʨʩʠʷ ʚ ʦʜʥʦʤʦʜʦʚʦʤ ʚʦʣʦʢʥʝ ʜʝʣʠʪʩʷ ʥʘ ʚʦʣʥʦʚʦʜʥʫʶ ʠ ʤʦʣʝʢʫ-

ʣʷʨʥʫʶ. ɹʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʘ ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʩʧʝʨʩʠʷ.
Å ɿʘʪʫʭʘʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʪʝʨʝ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ.
Å ɿʘʪʫʭʘʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʩʚʝʪʘ.
Å ɿʘʪʫʭʘʥʠʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʚʦʣʦʢ-

ʥʫ.
Å ʏʠʩʣʝʥʥʘʷ ʘʧʝʨʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪ ʩʦʙʠʨʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʣʦʢʥʘ.
Å ʆʥʘ ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʫʛʣʦʚ, ʧʦʜ ʢʦʪʦʨʳʤʠ ʩʚʝʪ ʤʦʞʝʪ ʚʚʦʜʠʪʴʩʷ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʚʦʣʦʢʥʝ.
Å ɺʦʣʦʢʥʘ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʤʝʜʥʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ.



40

ɻʣʘʚʘ 3. ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʦʣʦʢʦʥ-
ʥʳʭ ʩʚʝʪʦʚʦʜʦʚ

3.1. ɺʚʝʜʝʥʠʝ
ʊʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʪʦʚʦʣʦʢʥʘ ʚʩʝʛʦ ʪʨʠ ʜʝʩʷʪʢʘ ʣʝʪ. ʕʪʦ ʝʩʣʠ 

ʩʯʠʪʘʪʴ ʦʪ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʘ 
ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʚʝʪʦʚʦʜʦʚ ʩ ʧʨʠʝʤʣʝʤʳʤ, 
ʤʝʥʝʝ 20 ʜɹ/ʢʤ, ʟʘʪʫʭʘʥʠʝʤ.

ʇʝʨʚʳʝ ʦʙʨʘʟʮʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ, ʙʳʣʠ ʩʦʟʜʘʥʳ ʚ 
ʥʘʯʘʣʝ 70-ʭ ʛʦʜʦʚ. ʗʩʥʦʩʪʠ, ʠʟ ʯʝʛʦ ʣʫʯʰʝ ʚʩʝʛʦ ʜʝʣʘʪʴ ʩʚʝʪʦʚʦʜʳ, ʥʝ ʙʳʣʦ. 
ʈʘʥʝʝ ʞʝ ʫʯʝʥʳʝ ʠʩʩʣʝʜʦʚʘʣʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʦʩʪʘʚʳ ʩʪʝʢʣʘ, ʧʨʝʜʣʘʛʘʣʠ 
ʜʘʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʧʠʣʣʷʨʳ ʩ ʞʠʜʢʦʩʪʴʶ. ɺ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʦʩʥʦʚʥʳʤ ʤʘʪʝ-
ʨʠʘʣʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʚʳʙʨʘʣʠ ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ.

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʝʪʦʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʢʚʘʨʮʝʚʦʛʦ 
ʩʪʝʢʣʘ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʵʪʘʧʘ.

ʇʝʨʚʳʡ ʵʪʘʧ ð ʧʦʣʫʯʝʥʠʝ ʟʘʛʦʪʦʚʢʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʝʢʣʷʥ-
ʥʳʡ ʩʪʝʨʞʝʥʴ ʜʣʠʥʦʡ ʧʦʨʷʜʢʘ ʤʝʪʨʘ ʠ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 10ï80 ʤʤ. ɼʣʷ ʵʪʦʛʦ 
ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ:
ð ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʥʘ ʚʥʫʪʨʝʥ-

ʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʠ;
ð ʤʝʪʦʜ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʧʦʣʫʯʝʥʥʦʡ ʧʫʪʝʤ ʧʣʘʟʤʝʥʥʦʛʦ ʨʘʩ-

ʧʳʣʝʥʠʷ;
ð ʚʥʝʰʥʝʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʷ;
ð ʦʩʝʚʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʥʘ ʪʦʨʮʝ ʩʪʝʨʞʥʷ.
ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʢʦʥʝʮ ʟʘʛʦʪʦʚʢʠ ʨʘʟʤʷʛʯʘʶʪ ʚ ʧʝʯʠ ʠ ʪʷʥʫʪ ʠʟ ʥʝʛʦ ʚʦʣʦʢ-

ʥʦ. ʇʨʠ ʚʳʪʷʞʢʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʰʠʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ð ʧʨʦʠʩʭʦʜʠʪ, 
ʚʳʨʘʞʘʷʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʷʟʳʢʦʤ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʜʦʙʠʷ: ʝʩʣʠ ʜʠʘʤʝʪʨʳ 
ʩʝʨʜʮʝʚʠʥʳ ʠ ʦʙʦʣʦʯʢʠ ʟʘʛʦʪʦʚʢʠ ʦʪʥʦʩʠʣʠʩʴ, ʢʘʢ ʦʜʠʥ ʢ ʜʝʩʷʪʠ, ʪʦ ʪʘʢ ʦʥʦ 
ʙʫʜʝʪ ʠ ʚ ʚʳʪʷʥʫʪʦʤ ʚʦʣʦʢʥʝ. ɺʳʪʷʞʢʘ ʩʚʝʪʦʚʦʜʦʚ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʪʦʣʴ ʞʝ ʯʠʩ-
ʪʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʢʘʢ ʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʠʢʨʦʩʭʝʤ: ʯʪʦʙʳ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ 
ʥʝ ʧʦʧʘʜʘʣʠ ʧʳʣʠʥʢʠ ð ʪʝ ʞʝ ʩʘʤʳʝ ʚʢʣʶʯʝʥʠʷ.

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚʦʣʦʢʥʦ ʦʩʪʳʥʝʪ, ʥʘ ʥʝʛʦ ʥʘʥʦʩʠʪʩʷ ʟʘʱʠʪʥʘʷ ʧʣʝʥʢʘ ʧʦʣʠ-
ʤʝʨʘ. ʇʦʣʠʤʝʨ ʧʨʠʟʚʘʥ ʟʘʱʠʪʠʪʴ ʚʦʣʦʢʥʦ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʦʪ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ ʚʦʜʦʨʦʜʘ ʠ ʚʦʜʳ.

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚʦʜʘ ʫʩʢʦʨʷʝʪ ʨʦʩʪ ʪʨʝʱʠʥ, ʘ ʚʦʜʦʨʦʜ, ʜʠʬʬʫʥʜʠʨʫʷ ʚʛʣʫʙʴ 
ʚʦʣʦʢʥʘ, ʧʦʚʳʰʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ.

ʆʜʥʘʢʦ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʤʦʛʫʪ ʟʘʱʠʪʠʪʴ ʩʪʝʢʣʦ ʪʦʣʴʢʦ ʜʚʘ ʧʦʢʨʳʪʠʷ: ʤʝ-
ʪʘʣʣʠʯʝʩʢʦʝ ʠ ʫʛʣʝʨʦʜʥʦʝ. ʀ ʩʝʡʯʘʩ ʷʧʦʥʩʢʠʝ ʬʠʨʤʳ ʥʘʯʠʥʘʶʪ ʧʦʢʨʳʚʘʪʴ 
ʩʪʝʢʣʦʚʠʜʥʳʤ ʫʛʣʝʨʦʜʦʤ ʢʘʞʜʦʝ ʚʦʣʦʢʥʦ ʚ ʦʪʜʝʣʴʥʦʩʪʠ.

ʇʦʢʘ ʞʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʡ ʟʘʱʠʪʳ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʤʝʱʘʪʴ ʫʞʝ ʛʦʪʦ-
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ʚʳʡ ʢʘʙʝʣʴ ʚ ʛʝʨʤʝʪʠʯʥʫʶ ʤʝʪʘʣʣʠʯʝʩʢʫʶ 
ʦʙʦʣʦʯʢʫ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʵʪʦ ʨʝʘʣʠʟʫʝʤʦ 
ʪʦʣʴʢʦ ʚ ʦʯʝʥʴ ʜʦʨʦʛʠʭ ʢʘʙʝʣʷʭ ʜʣʷ ʪʨʘʥʩ-
ʦʢʝʘʥʩʢʠʭ ʣʠʥʠʡ.

ʅʘ ʨʠʩʫʥʢʝ 3.2 ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘ-
ʞʝʥ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʦʧʪʦʚʦʣʦʢʥʘ ʤʝʪʦ-
ʜʘʤʠ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ.

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʠʤʳ ʢ 
ʧʨʦʠʟʚʦʜʩʪʚʫ ʚʦʣʦʢʦʥ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢ-
ʣʘ.

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 
ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʪʦʚʦʣʦʢʥʘ ʠʟ ʜʨʫʛʠʭ 
ʤʘʪʝʨʠʘʣʦʚ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʝ 
ʠʟ ʥʠʭ:
ð ʩʧʦʩʦʙ ʜʚʦʡʥʦʛʦ ʪʠʛʣʷ ð ʜʣʷ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʥʳʭ ʩʪʝʢʦʣ;
ð ʚʳʪʷʞʢʘ ʩ 

ʈʠʩ. 3.1. ʆʧʪʠʯʝʩʢʠʝ ʢʘʙʝʣʠ

ʉʳʨʴʝ

SiCl4, SiF4, GeCl4, POCl3, BCl3, O2 ʠ ʪ.ʜ.

ɻʘʟʦʧʣʘʤʝʥʥʳʡ ʛʠʜʨʦʣʠʟ ʍʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ

ɿʘʛʦʪʦʚʢʘ

ʇʝʨʝʤʝʱʘʶʱʠʡʩʷ
ʥʘʛʨʝʚʘʪʝʣʴ

ʆʧʪʦʚʦʣʦʢʥʦ

ɻʘʟʦʚʘʷ
ʛʦʨʝʣʢʘ

ʆʙʨʘʟʦʚʘʥʠʝ
ʟʘʛʦʪʦʚʢʠ

ʆʩʝʚʦʝ
ʦʩʘʞʜʝʥʠʝ ʠʟ
ʛʘʟʦʚʦʡ ʬʘʟʳ
(VAD)

ɺʥʝʰʥʝʝ
ʦʩʘʞʜʝʥʠʝ ʠʟ
ʛʘʟʦʚʦʡ ʬʘʟʳ
(OVPO)

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ
ʦʩʘʞʜʝʥʠʝ ʠʟ
ʛʘʟʦʚʦʡ ʬʘʟʳ
(MCVD)

ʇʣʘʟʤʝʥʥʦʝ
ʦʩʘʞʜʝʥʠʝ ʠʟ
ʛʘʟʦʚʦʡ ʬʘʟʳ
(PCVD)

ɺʳʪʷʞʢʘ
ʚʦʣʦʢʥʘ

ʈʠʩ. 3.2. ʉʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʪʦʚʦʣʦʢʥʘ
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ʧʦʢʨʳʪʠʝʤ ð ʜʣʷ ʚʦʣʦʢʦʥ ʩ ʷʜʨʦʤ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʠ ʦʙʦʣʦʯʢʦʡ ʠʟ ʧʣʘʩ-
ʪʠʢʘ;
ð ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʜʘʚʣʠʚʘʥʠʝʤ ð ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʘʩʪʠʢʦʚʳʭ ʦʧ-

ʪʦʚʦʣʦʢʦʥ;
ð ʟʦʣʴ-ʛʝʣʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ; ʠ ʜʨ.
ʂʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪ-

ʢʠ.

3.2. ʀʟʛʦʪʦʚʣʝʥʠʝ ʢʚʘʨʮʝʚʳʭ ʩʪʝʢʦʣ ʦʩʘʞʜʝʥʠʝʤ ʠʟ 
ʛʘʟʦʚʦʡ ʬʘʟʳ

ʆʧʪʠʯʝʩʢʠʝ ʚʦʣʥʦʚʦʜʳ ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʡ ʩʦʩʪʦʷʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ 
ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ (ʜʚʫʦʢʠʩʴ ʢʨʝʤʥʠʷ SiO2), ʩʦ ʩʚʝʪʦʧʨʦʚʦʜʷʱʠʤ ʷʜʨʦʤ ʠʟ 
ʚʦʣʦʢʥʘ, ʣʝʛʠʨʫʝʤʳʤ ʧʨʠʙʘʚʣʝʥʠʷʤʠ ʛʝʨʤʘʥʠʷ ʠ ʬʦʩʬʦʨʘ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ 
ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʠ, ʚʦʟʤʦʞʥʦ, ʙʦʨʘ ʠʣʠ ʬʪʦʨʘ, ʯʪʦʙʳ ʧʦʥʠʟʠʪʴ ʢʦʵʬ-
ʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ. ʋʥʠʢʘʣʴʥʘʷ ʧʨʠʛʦʜʥʦʩʪʴ SiO2 ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʝʨʭ-
ʯʠʩʪʦʛʦ, ʩʚʝʨʭʧʨʦʟʨʘʯʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʝʛʦ 
ʥʠʟʢʦʤ ʚʥʫʪʨʝʥʥʝʤ ʧʦʛʣʦʱʝʥʠʠ, ʥʦ ʠ ʥʘ ʪʦʤ, ʯʪʦ ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ, ʩ ʧʨʠʤʝʩʷ-
ʤʠ ʠʣʠ ʙʝʟ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʦʩʘʞʜʝʥʠʝʤ ʠʟ ʯʠʩʪʦʡ ʠ ʦʜʥʦʨʦʜʥʦʡ ʛʘʟʦʚʦʡ 
ʩʤʝʩʠ.

ʇʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʦʚ ʩ ʦʩʘʞʜʝʥʠʝʤ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 
ʯʪʦ ʫʧʨʫʛʦʩʪʴ ʧʘʨʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʝʱʝʩʪʚʘ ʢ ʚʝʱʝʩʪʚʫ, ʘ ʤʘʪʝʨʠʘʣ ʠʟ ʞʠʜʢʦ-
ʛʦ ʩʦʩʪʦʷʥʠʷ ʚʳʧʘʨʠʚʘʝʪʩʷ ʚ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʙʦʯʥʳʝ ʧʨʠ-
ʤʝʩʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʞʠʜʢʦʩʪʠ, ʥʝ ʠʩʧʘʨʷʶʪʩʷ ʠ ʪʦʣʴʢʦ ʪʨʝʙʫʝʤʳʡ ʤʘʪʝʨʠʘʣ 
ʚʳʧʘʨʠʚʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʤʘʪʝʨʠʘʣ ʩʪʘʥʦʚʠʪʩʷ ʥʘʤʥʦʛʦ ʯʠʱʝ ʚ ʧʘʨʦʚʦʡ, ʥʝʞʝʣʠ 
ʚ ʞʠʜʢʦʡ ʬʘʟʝ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʦʪ ʵʬʬʝʢʪ ʧʦʣʝʟʥʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʯʠʩʪʳʭ ʩʣʦʝʚ. 
ɽʩʣʠ ʤʘʪʝʨʠʘʣ ʚʳʙʨʘʥ ʧʨʘʚʠʣʴʥʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʝʥʠʷ ʤʦʞʝʪ ʩʣʝʛʢʘ ʚʘʨʴʠ-
ʨʦʚʘʪʴʩʷ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʞʥʦ ʣʝʛʢʦ ʫʧʨʘʚʣʷʪʴ.
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ʉʠʣʠʢʘʪʥʳʡ ʧʝʩʦʢ,
ʩʠʣʠʢʘʪʥʳʝ ʤʠʥʝʨʘʣʳ

ʂʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ -
ʟʘʛʦʪʦʚʢʘ ʜʣʷ ʩʚʝʪʦʚʦʜʘ

ʈʝʘʢʮʠʷ 1

ʈʝʘʢʮʠʷ 2

ʈʝʘʢʮʠʷ 4

ʈʝʘʢʮʠʷ 3

ɼʚʫʦʢʠʩʴ
ʢʨʝʤʥʠʷ
SiO2

ʉʚʝʨʭʯʠʩʪʘʷ
ʜʚʫʦʢʠʩʴ
ʢʨʝʤʥʠʷ
SiO2

SiO2
ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ
ʚʣʘʞʥʳʡ

SiO2
ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ

ʩʫʭʦʡ

ʊʝʪʨʘʭʣʦʨʠʜ
ʢʨʝʤʥʠʷ
SiCl4

ʆʩʘʞʜʝʥʠʝ,
ʭʣʦʨʠʨʦʚʘʥʠʝ,
ʜʠʩʪʠʣʣʷʮʠʷ

C, Cl2

Cl2

FeCl3

CO

O2H2O2 Cl2HCl

HCl

ɻʠʜʨʦʣʠʟ
ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ

ʇʨʦʩʫʰʠʚʘʥʠʝ

ʆʢʠʩʣʝʥʠʝ
ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ

ʈʠʩ. 3.3. ʆʯʠʩʪʢʘ ʥʘʪʫʨʘʣʴʥʦʛʦ ʢʨʝʤʥʠʝʚʦʛʦ ʧʝʩʢʘ

ʇʦʵʪʘʧʥʘʷ ʧʝʨʝʛʦʥʢʘ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʢʨʝʤʥʠʝʚʳʝ ʭʣʦʨʠʜʳ, ʚʳʜʝʣʷʝʤʳʝ 
ʚ ʧʨʦʮʝʩʩʝ ʭʣʦʨʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʳ ʚ ʩʚʝʨʭʯʠʩʪʦʡ ʬʦʨʤʝ. ʆʥʠ ʦʪʜʝʣʷʶʪʩʷ ʦʪ 
ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʭʣʦʨʠʜʦʚ ʪʠʧʘ ʭʣʦʨʠʩʪʦʛʦ ʞʝʣʝʟʘ. ʂʨʝʤʥʠʝʚʳʝ ʭʣʦʨʠʜʳ ʠʩ-
ʧʦʣʴʟʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʝʤʥʠʷ ʩ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʦʡ ʜʣʷ ʧʦ-
ʣʫʧʨʦʚʦʜʥʠʢʦʚ.

ʏʠʩʪʘʷ ʜʚʫʦʢʠʩʴ ʢʨʝʤʥʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʟ ʢʨʝʤʥʠʝʚʦʛʦ ʪʝʪʨʘʭʣʦʨʠ-
ʜʘ ʧʫʪʝʤ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ. ʀʥʜʝʢʩ ʧʨʝʣʦʤʣʝʥʠʷ ʯʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ 
ʨʘʚʝʥ 1458. ʏʪʦʙʳ ʠʟʤʝʥʠʪʴ ʠʥʜʝʢʩ ʧʨʝʣʦʤʣʝʥʠʷ ʜʦ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ, ʜʦ-
ʙʘʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʠʤʝʩʠ (GeCl4, PʆCl3 ʠ ʪ.ʜ.). ʍʣʦʨʠʜ ʠʣʠ ʩʤʝʩʴ 
ʭʣʦʨʠʜʘ ʤʦʛʫʪ ʙʳʪʴ ʛʠʜʨʦʣʠʟʦʚʘʥʳ ʚ ʛʘʟʦʚʦʤ ʧʣʘʤʝʥʠ (ʨʠʩ. 3.3, ʨʝʘʢʮʠʷ 2) 
ʠʣʠ ʦʢʠʩʣʝʥʳ ʚ ʧʦʪʦʢʝ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 1300 ÜC (ʨʠʩ. 3.3, ʨʝʘʢʮʠʷ 3), ʛʜʝ ʥʘ ʩʦ-
ʦʪʚʝʪʩʪʚʫʶʱʝʤ ʦʩʥʦʚʘʥʠʠ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʧʦʨʦʰʦʢ SiO2.

ʏʪʦʙʳ ʤʘʪʝʨʠʘʣ ʤʦʛ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʣʝʛʠʨʫʶʱʘʷ ʧʨʠʤʝʩʴ, ʦʥ ʜʦʣʞʝʥ 
ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ:
Å ʠʤʝʪʴ ʚʳʩʦʢʫʶ ʯʠʩʪʦʪʫ ʠ ʙʳʪʴ ʣʝʛʢʦ ʜʦʩʪʫʧʥʳʤ, ʣʝʛʢʦ ʧʝʨʝʭʦʜʠʪʴ ʚ 

ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ,
Å ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʜʘʚʣʝʥʠʝʤ ʧʘʨʘ,
Å ʣʝʛʢʦ ʦʩʪʝʢʣʦʚʳʚʘʪʴʩʷ ʩ ʢʚʘʨʮʝʤ ʠ ʜʘʚʘʪʴ ʪʨʝʙʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 
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ʧʨʝʣʦʤʣʝʥʠʷ,
Å ʠʤʝʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʦʩʣʝ ʦʩʪʝʢʣʝʥʝʥʠʷ ʧʦʯʪʠ 

ʨʘʚʥʳʤ ʪʘʢʦʚʦʤʫ ʫ SiO2,
Å ʦʙʣʘʜʘʪʴ ʥʝʠʟʤʝʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʩʣʝ ʦʩʪʝʢʣʝʥʝʥʠʷ.
ʆʩʪʘʪʦʯʥʘʷ ʚʦʜʘ (ʥʘʧʨʠʤʝʨ, ʦʪ ʛʘʟʦʚ ʧʣʘʤʝʥʠ) ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ 

ʫʜʘʣʝʥʘ ʦʪ ʧʦʣʫʯʝʥʥʦʡ ʜʚʫʦʢʠʩʠ ʢʨʝʤʥʠʷ ʩ ʧʦʤʦʱʴʶ ʛʘʟʘ ʭʣʦʨʘ, ʪʘʢ ʢʘʢ ʚʦʜʘ 
ʠ ʭʣʦʨ ʬʦʨʤʠʨʫʶʪ ʣʝʪʫʯʠʡ ʭʣʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 1000 ÜC 
(ʨʝʘʢʮʠʷ 4, ʨʠʩ. 3.3). ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʩʫʰʠʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 
ʩʚʝʪʦʚʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʪʝʢʣʘ.

ʇʦʨʠʩʪʘʷ ʜʚʫʦʢʠʩʴ ʢʨʝʤʥʠʷ ʩʧʝʢʘʝʪʩʷ ʚ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʦʣʝʝ 1200 ÜC ʠ 
ʬʦʨʤʠʨʫʝʪ ʪʚʝʨʜʦʝ, ʩʚʦʙʦʜʥʦʝ ʦʪ ʚʢʣʶʯʝʥʠʡ ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ. ʇʨʦʠʩʭʦʜʠʪ 
ʵʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʛʨʘʥʫʣʠʨʦ-
ʚʘʥʥʦʛʦ ʩʪʝʢʣʘ ʢ ʪʚʝʨʜʦʤʫ.

3.3. ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʦʧʪʦʚʦʣʦʢ-
ʥʘ

3.3.1. ʍʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ

ɺʧʝʨʚʳʝ ʦ ʤʝʪʦʜʝ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ (Chemical 
vapor deposition ð CVD) ʙʳʣʦ ʩʦʦʙʱʝʥʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʣʘʙʦ-
ʨʘʪʦʨʠʷʤʠ Corning Glass Works ʠ Bell Telephone (MCVD ð modiýed chemical 
vapor deposition ð ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦ-
ʚʦʡ ʬʘʟʳ).

ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʜʦʙʘʚʣʷʝʤʘʷ ʧʨʠʤʝʩʴ SiO2 ʦʪʣʦʞʝʥʘ ʩʣʦʷʤʠ ð ʥʘʯʠʥʘʷ ʩʦ 
ʩʣʦʷ ʩʪʝʢʣʘ ʜʣʷ ʦʙʦʣʦʯʢʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʣʦʝʤ ʷʜʨʘ 
ʚʦʣʦʢʥʘ ð ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʚʨʘʱʘʶʱʝʡʩʷ ʪʨʫʙʢʠ (ʨʠʩ. 3.4), ʥʘʛʨʝʪʦʡ 
ʜʦ 1600 ÜC ʚʥʝʰʥʝʡ ʛʦʨʝʣʢʦʡ.

ʇʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʜʠʩʢʨʝʪʥʳʡ ʩʣʦʡ ʦʪʣʦʞʝʥ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʪʦ  ʧʨʠ ʥʘʛʨʝ-
ʚʘʥʠʠ ʦʥʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʧʝʢʘʶʪʩʷ, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʪʚʝʨʜʦʝ ʩʪʝʢʣʦ. 
ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʦʨʝʣʢʠ, ʧʫʪʝʤ ʧʝʨʝʤʝʱʝʥʠʷ ʝʝ ʧʦ ʪʨʫʙʝ ʚ ʥʘ-
ʧʨʘʚʣʝʥʠʠ ʚʳʙʨʦʩʘ ʛʘʟʘ, ʦʧʣʘʚʣʷʷ ʩʣʦʠ ʢʚʘʨʮʘ, ʦʪʣʦʞʝʥʥʳʝ ʧʝʨʝʜ ʛʦʨʝʣʢʦʡ.

ʇʨʝʜʩʪʘʚʴʪʝ ʩʝʙʝ ʧʦʜʦʙʠʝ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ, ʚ ʢʦʪʦʨʦʤ ʥʘ ʤʝʩʪʦ ʨʝʟʮʘ ʫʩ-
ʪʘʥʦʚʣʝʥʘ ʢʠʩʣʦʨʦʜʥʦ-ʚʦʜʦʨʦʜʥʘʷ ʛʦʨʝʣʢʘ. ɺ ʩʪʘʥʦʢ ʟʘʞʠʤʘʝʪʩʷ ʩʪʝʢʣʷʥʥʘʷ 
ʪʨʫʙʢʘ ʠ ʯʝʨʝʟ ʥʝʝ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʧʫʩʢʘʝʪʩʷ ʭʣʦʨʠʜ ʢʨʝʤʥʠʷ ʠ ʢʠʩʣʦʨʦʜ 
(ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʩʦʩʪʘʚ ʩʤʝʩʠ ʙʦʣʝʝ ʩʣʦʞʝʥ). ɺ ʛʦʨʷʯʝʡ ʟʦʥʝ ʥʘʧʨʦʪʠʚ ʛʦʨʝʣʢʠ 
ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʦʢʩʠʜ ʢʨʝʤʥʠʷ. ʆʙʨʘʟʫʶʪʩʷ, ʬʠʛʫʨʘʣʴʥʦ ʚʳʨʘʞʘʷʩʴ, ʧʫʰʠʥʢʠ 
ʦʢʠʩʠ, ʢʦʪʦʨʳʝ ʜʨʝʡʬʫʶʪ ʠʟ ʛʦʨʷʯʝʡ ʦʙʣʘʩʪʠ ʚ ʙʦʣʝʝ ʭʦʣʦʜʥʫʶ ʠ ʧʨʠʣʠʧʘʶʪ 
ʢ ʩʪʝʥʢʝ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʪʝʨʤʦʬʦʨʝʟʦʤ, ʦʥ ʧʨʝʢʨʘʩʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʠ 
ʦʙʲʷʩʥʷʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ.
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H2, O2

SiCl4, GeCl4, O2 Cl2, O2, SiO2

SiO2 - GeO2 SiO2 - GeO2
ʉʪʝʢʣʦ
ʜʣʷ ʷʜʨʘ ʇʦʨʦʰʦʢ ʊʨʫʙʢʘ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʜʣʷ ʦʙʦʣʦʯʢʠ

ʈʠʩ. 3.4. ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʦʧʪʦʚʦʣʦʢʥʘ ʤʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʷ ʠʟ 
ʛʘʟʦʚʦʡ ʬʘʟʳ

ɺʘʞʥʦ, ʯʪʦ ʦʩʘʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʚ ʤʝʩʪʝ ʥʘʛʨʝʚʘ ʧʣʘʤʝʥʝʤ, ʘ ʧʝʨʝʜ 
ʥʠʤ ð ʪʘʤ, ʢʫʜʘ ʧʣʘʤʷ ʝʱʝ ʥʝ ʜʦʰʣʦ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʢʠ ʦʙʨʘʟʫʝʪʩʷ ʧʦ-
ʨʠʩʪʳʡ ʩʣʦʡ ʦʢʠʩʠ, ʠ, ʜʚʠʛʘʷʩʴ ʜʘʣʴʰʝ, ʛʦʨʝʣʢʘ ʝʛʦ ʧʨʦʧʣʘʚʣʷʝʪ ð ʦʩʪʝʢʣʦ-
ʚʳʚʘʝʪ. ʊʘʢ ʧʦʣʫʯʘʝʪʩʷ ʩʣʦʡ ʯʠʩʪʦʛʦ ʩʪʝʢʣʘ.

ʇʨʠ ʩʣʝʜʫʶʱʠʭ ʧʨʦʭʦʜʘʭ ʯʝʨʝʟ ʪʨʫʙʢʫ ʧʨʦʧʫʩʢʘʶʪ ʝʱʝ ʠ ʛʝʨʤʘʥʠʡ ʚ ʚʠʜʝ 
ʭʣʦʨʠʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʝʛʠʨʫʶʪ ʤʘʪʝʨʠʘʣ ʩʚʝʪʦʚʦʜʘ, ʩʦʟʜʘʚʘʷ ʚ ʥʝʤ ʛʨʘ-
ʜʠʝʥʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʣʦʤʣʝʥʠʷ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʩʣʦʝʚ 
ʦʩʘʞʜʝʥʦ, ʧʦʜʘʯʫ ʭʣʦʨʠʜʦʚ ʚʳʢʣʶʯʘʶʪ, ʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʤʝʥʠ ʫʚʝʣʠʯʠʚʘʶʪ, 
ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʫʙʢʘ ʧʣʘʚʠʪʩʷ ʠ ʩʭʣʦʧʳʚʘʝʪʩʷ ʧʨʦʩʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʧʦʚʝʨ-
ʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ.

ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʙʫʜʝʪ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʚʥʫʪʨʝʥʥʶʶ ʯʘʩʪʴ ʢʦʪʦ-
ʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʯʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʜʨʘ ʦʧʪʦʚʦʣʦʢʥʘ, ʘ ʚʥʝ-
ʰʥʷʷ ʯʘʩʪʴ ʠʟ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ ʦʧʪʦʚʦʣʦʢʥʘ.

ʆʙʨʘʟʮʳ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʵʪʠʤ ʤʝʪʦʜʦʤ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʨʘʟʣʠʯ-
ʥʳʤ ʪʠʧʘʤ ʦʧʪʦʚʦʣʦʢʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʪʦʙʨʘʥʥʦʡ ʪʦʣʱʠʥʦʡ, ʢʦʵʬʬʠʮʠʝʥ-
ʪʦʤ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.

ʈʘʟʤʝʨʳ ʟʘʛʦʪʦʚʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʵʪʠʤ ʩʧʦʩʦʙʦʤ, ʧʦʟʚʦʣʷʶʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ 
ʦʧʪʦʚʦʣʦʢʥʦ ʜʣʠʥʦʡ ʜʦ 10 ʢʤ.

ʈʠʩ. 3.5. ʇʨʦʮʝʩʩ ʦʩʪʝʢʣʦʚʳʚʘʥʠʷ ʚ ʤʝʪʦʜʝ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ
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ɼʦʩʪʠʞʠʤʳʝ ʚʝʣʠʯʠʥʳ ʟʘʪʫʭʘʥʠʷ 1 ʜɹ/ʢʤ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ l = 1300 ʥʤ 
ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʛʫʪ ʙʳʪʴ ʩʥʠʞʝʥʳ ʜʦ 0,5 ʜɹ/ʢʤ ʚ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ 
ʚʦʣʦʢʥʘʭ. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ, ʢʨʦʤʝ ʩʚʦʡʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʦʩʘʞʜʝʥʠʷ ʠʟ 
ʛʘʟʦʚʦʡ ʬʘʟʳ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʪʨʫʙʳ ʢʦʥʪʘʢʪ ʩʠʥʪʝʟʠʨʫʝ-
ʤʦʛʦ ʩʪʝʢʣʘ ʩ ʧʳʣʴʥʳʤ ʠʣʠ ʚʣʘʞʥʳʤ ʚʦʟʜʫʭʦʤ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ.

ɺ ʦʩʥʦʚʥʦʤ ʵʪʦʪ ʤʝʪʦʜ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʢʦʤʧʘʥʠʝʡ AT&T, ʢʦʪʦʨʘʷ ʧʨʦʠʟ-
ʚʦʜʠʪ ʙʦʣʴʰʝ ʪʨʝʪʠ ʚʩʝʛʦ ʦʙʲʝʤʘ ʚʦʣʦʢʥʘ ʚ ʤʠʨʝ. ʕʪʦʪ ʤʝʪʦʜ ʩʯʠʪʘʝʪʩʷ ʩʘ-
ʤʳʤ ʧʨʦʩʪʳʤ, ʠ, ʢʩʪʘʪʠ, ʚ ʦʪʝʯʝʩʪʚʝ ʪʦʣʴʢʦ ʦʥ ʨʝʘʣʴʥʦ ʠ ʨʘʙʦʪʘʣ. ʆʜʥʘʢʦ ʜʣʷ 
ʥʝʛʦ ʥʫʞʥʘ ʦʯʝʥʴ ʭʦʨʦʰʘʷ ʪʨʫʙʘ-ʟʘʛʦʪʦʚʢʘ ʙʝʟ ʚʢʣʶʯʝʥʠʡ, ʪʘʢ ʢʘʢ ʚʢʣʶʯʝʥʠʷ 
ð ʵʪʦ ʮʝʥʪʨʳ ʥʘʧʨʷʞʝʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʥʘʯʘʪʴ ʨʘʩʪʠ ʪʨʝʱʠʥʘ. ʉ ʵʪʠʤ 
ʜʦʚʦʣʴʥʦ ʫʩʧʝʰʥʦ ʙʦʨʶʪʩʷ ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʦʡ ʠʣʠ ʦʛʥʝʚʦʡ ʧʦʣʠʨʦʚʢʠ ʧʦʚʝʨ-
ʭʥʦʩʪʠ ʪʨʫʙʦʢ.

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ:
Å ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʩʦʭʨʘʥʷʝʪʩʷ 

ʟʘʢʨʳʪʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʨʠʤʝʩʠ ʧʦʩʪʦʨʦʥʥʠʭ ʤʘʪʝʨʠ-
ʘʣʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʤʦʛʫʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ ʚʦʣʦʢʥʘ ʩ ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ 
ʟʘʪʫʭʘʥʠʷ;
Å ʣʝʛʢʦ ʫʧʨʘʚʣʷʪʴ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ʩʣʦʷ;
Å ʤʦʞʝʪ ʙʳʪʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʜʥʦʤʦʜʦʚʳʭ ʚʦʣʦ-

ʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ;
Å ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ-

ʩʣʦʞʥʦ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʦʩʪʦ ʚ ʫʧʨʘʚʣʝʥʠʠ.

ʅʝʫʜʦʙʩʪʚʘ ʤʝʪʦʜʘ:
Å ʨʘʟʤʝʨ ʩʪʝʨʞʥʷ ʟʘʛʦʪʦʚʢʠ ʦʛʨʘʥʠʯʝʥ ʨʘʟʤʝʨʦʤ ʫʩʪʘʥʦʚʢʠ ʠ ʪʨʫʙʢʦʡ 

ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ. ʇʦʵʪʦʤʫ ʩʪʝʨʞʝʥʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥ ʦʯʝʥʴ ʙʦʣʴʰʠʤ 
ʠʣʠ ʜʣʠʥʥʳʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʣʦʢʥʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʦ ʦʯʝʥʴ ʜʣʠʥʥʳʤ, 
ʚ ʩʨʝʜʥʝʤ ʦʪ 3 ʜʦ 5 ʢʤ, ʤʘʢʩʠʤʫʤ ʦʪ 20 ʜʦ 40 ʢʤ;
Å ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʟʘʛʦʪʦʚʢʘ ʠʟ  ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ. ʊʨʫʜʥʦ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʜʠʬʬʫʟʠʶ ʆH ʠʦʥʦʚ ʠ H2 ʠʟ ʪʨʫʙʢʠ ʟʘʛʦʪʦʚʢʠ ʢ ʷʜʨʫ ʚʦʣʦʢʥʘ;
Å ʚʦʟʤʦʞʥʦ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʮʝʥʪʨʝ ʷʜʨʘ;
Å ʪʘʢ ʢʘʢ ʛʦʨʝʥʠʝ ʠ ʦʩʪʝʢʣʦʚʳʚʘʥʠʝ ʧʨʦʠʩʭʦʜʷ ʟʘ ʩʯʝʪ ʥʘʨʫʞʥʦʛʦ ʦʙʦʛʨʝ-

ʚʘ ʪʨʫʙʢʠ ʧʣʘʤʝʥʝʤ ʛʦʨʝʣʢʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʧʣʘʚʢʠ ʥʝ ʪʘʢʘʷ ʚʳʩʦʢʘʷ, 
ʢʘʢ ʦʞʠʜʘʝʪʩʷ ʦʪ ʨʘʩʭʦʜʘ ʥʘʛʨʝʚʘʶʱʝʛʦ ʛʦʨʶʯʝʛʦ ʛʘʟʘ. ʉʢʦʨʦʩʪʴ ʥʘʧʳʣʝʥʠʷ 
ð ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʪ 0,5 ʜʦ 2 ʛ / ʤʠʥ.

ɹʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʪʦʪ ʤʝʪʦʜ ʰʠʨʦʢʦ ʠʩ-
ʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ.

ʆʢʠʩʣʝʥʠʝ ʢʨʝʤʥʠʷ ʠ ʭʣʦʨʠʩʪʳʭ ʛʝʨʤʘʥʠʝʚ ʤʦʞʝʪ ʪʘʢʞʝ ʙʳʪʴ ʠʥʠʮʠ-
ʠʨʦʚʘʥʦ ʧʣʘʟʤʦʡ. ʄʝʪʦʜ, ʥʘʟʚʘʥʥʳʡ ʧʦʟʞʝ PCVD (Plasma chemical vapor 
deposition), ð ʤʝʪʦʜ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʧʦʣʫʯʝʥʥʦʡ ʧʫʪʝʤ ʧʣʘʟʤʝʥ-



47

ʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʚʧʝʨʚʳʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʬʠʨʤʦʡ Philips.
ʇʦʩʢʦʣʴʢʫ ʟʦʥʘ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʘ ʤʦʞʝʪ ʙʳʩʪʨʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʪʨʫʙʢʝ, ʚ 

ʢʦʨʦʪʢʠʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ ʚʦʟʤʦʞʥʦ ʥʘʥʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩ-
ʪʚʦ ʪʦʥʢʠʭ ʩʣʦʝʚ, ʧʨʦʠʟʚʦʜʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʨʦʜʥʳʝ ʧʨʦʬʠʣʠ ʙʝʟ ʚʠʜʠʤʳʭ 
ʛʨʘʥʠʮ ʧʝʨʝʭʦʜʘ ʦʪ ʩʣʦʷ ʢ ʩʣʦʶ.

3.3.2. OVD-ʤʝʪʦʜ (outside vapor deposition)

ɼʨʫʛʦʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʤ ʧʦʣʴʟʫʝʪʩʷ ʬʠʨʤʘ Corning, ʥʘʟʳʚʘʶʪ ʝʱʝ ʚʥʝ-
ʰʥʠʤ ʦʩʘʞʜʝʥʠʝʤ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʦʛʦ ð ʚʥʫʪʨʝʥʥʝʛʦ): ʩʪʝʢʣʦ ʦʩʘʞʜʘʝʪʩʷ 
ʥʘ ʦʛʥʝʫʧʦʨʥʳʡ ʩʪʝʨʞʝʥʴ ʧʨʷʤʦ ʠʟ ʧʣʘʤʝʥʠ ʛʦʨʝʣʢʠ, ʢʫʜʘ ʧʦʜʘʶʪʩʷ ʭʣʦʨʠʜʳ 
ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ.

ʇʦʩʢʦʣʴʢʫ ʦʩʘʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʘʪʤʦʩʬʝʨʝ ʧʣʘʤʝʥʠ, ʚ ʪʘʢʦʤ ʤʘʪʝʨʠʘ-
ʣʝ ʦʩʪʘʝʪʩʷ ʤʥʦʛʦ ʚʦʜʳ, ʧʦʣʫʯʠʚʰʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʚʦʜʦʨʦʜʘ. ʇʦʵ-
ʪʦʤʫ, ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʮʝʥʪʨʘʣʴʥʳʡ ʩʪʝʨʞʝʥʴ ʚʳʥʠʤʘʶʪ, ʧʨʠʭʦʜʠʪʩʷ ʧʨʦʜʫʚʘʪʴ 
ʟʘʛʦʪʦʚʢʫ ʭʣʦʨʦʤ, ʢʦʪʦʨʳʡ ʵʢʩʪʨʘʛʠʨʫʝʪ ʚʦʜʫ. ʀ ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʟʘʛʦʪʦʚʢʘ 
ʦʩʪʝʢʣʦʚʳʚʘʝʪʩʷ.

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʪʨʠ ʬʘʟʳ ʧʨʦʮʝʩʩʘ, ʘ ʠʤʝʥʥʦ: ʦʩʘʞʜʝʥʠʝ ʥʘ ʦʛʥʝ-
ʫʧʦʨʥʳʡ ʩʪʝʨʞʝʥʴ, ʩʫʰʢʘ ʠ ʦʩʪʝʢʣʦʚʳʚʘʥʠʝ ð ʧʨʦʠʩʭʦʜʷʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. 
ʇʦʵʪʦʤʫ ʢʘʞʜʘʷ ʬʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʦʪʜʝʣʴʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦ-
ʩʪʠʯʴ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ.

ʂʨʦʤʝ ʪʦʛʦ, ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜ-
ʢʣʘʜʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʢʘʞʜʳʤ ʧʦʩʣʝʜʫʶʱʠʤ ʩʣʦʝʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠ-
ʪʝʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚ ʫʚʝʣʠʯʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ  ʧʨʦʮʝʩʩʘ. 
ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʧʣʘʚʢʠ (4,3 ʛ/ʤʠʥ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴʥʦʩʪʠ 5 ʢʤ/ʯ.
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ʈʠʩ. 3.6. ʀʟʛʦʪʦʚʣʝʥʠʝ ʟʘʛʦʪʦʚʢʠ:

a) ʤʝʪʦʜʦʤ OVD; ʙ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʦʡ; ʚ) ʩʧʝʢʘʥʠʝʤ

ʇʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʵʪʦʪ ʤʝʪʦʜ ʪʘʢʞʝ ʤʦ-
ʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʠʟʚʦʜʠʪʴ ʚʦʣʦʢʥʘ ʩ ʤʘʣʳʤʠ ʧʦʪʝʨʷʤʠ, 
ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʧʦ ʢʘʯʝʩʪʚʫ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤ ʦʩʘʞʜʝʥʠʝʤ ʪʨʫʙʢʠ.

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ:
Å ʦʪʩʫʪʩʪʚʠʝ ʧʨʝʜʝʣʘ ʨʘʟʤʝʨʘ ʩʪʝʨʞʥʷ ʟʘʛʦʪʦʚʢʠ, ʧʦʵʪʦʤʫ ʚʦʣʦʢʥʦ ʤʦ-

ʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʦ ʙʦʣʴʰʦʡ ʥʝʧʨʝʨʳʚʥʦʡ ʜʣʠʥʳ, ʥʘʧʨʠʤʝʨ 50ï100 ʢʤ;
Å ʦʩʘʞʜʝʥʠʝ, ʜʝʛʠʜʨʘʮʠʷ ʠ ʧʨʦʮʝʩʩʳ ʩʧʝʢʘʥʠʷ ʦʪʜʝʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, 

ʪʘʢ ʢʘʢ ʛʠʜʨʦʣʠʟ ʧʨʦʠʟʚʝʜʝʥ ʧʨʷʤʳʤ ʦʙʦʛʨʝʚʦʤ ʩ ʛʦʨʶʯʠʤ ʛʘʟʦʤ, ʪʦ ʤʘʪʝʨʠʘʣ 
ʦʩʘʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʙʳʩʪʨʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʧʣʘʚʢʠ ð ʧʨʠʙʣʠʟʠ-
ʪʝʣʴʥʦ 5 ʛ/ʤʠʥ ʠʣʠ ʙʦʣʴʰʝ;
Å ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʧʦʜʣʦʞʢʝ ʚ ʦʩʥʦʚʘʥʠʝ, ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʷʪʴ ʚʩʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʚʦʣʦʢʥʘ.

ʅʝʫʜʦʙʩʪʚʘ ʤʝʪʦʜʘ:
Å ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʦʪʢʨʳʪʦʡ ʧʣʦʱʘʜʠ, ʯʪʦ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʣʝʛʢʦʤʫ ʜʦʩʪʫʧʫ ʜʣʷ ʧʨʠʤʝʩʝʡ. ʏʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʵʪʦ, 
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ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʜʛʦʪʦʚʣʝʥʦ ʯʠʩʪʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʦʪʦʨʦʝ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʧʨʦ-
ʩʪʨʘʥʩʪʚʦ ʨʝʘʢʮʠʠ ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ;
Å ʩʤʝʱʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʧʨʠʯʠʥʷʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʥʘʨʫ-

ʰʝʥʠʷ ʚ ʮʝʥʪʨʝ ʷʜʨʘ;
Å ʚʦ ʚʨʝʤʷ ʩʥʷʪʠʷ ʩʳʨʴʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʟʘʛʦʪʦʚʢʠ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ 

ʪʨʫʙʢʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʪʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʪʨʝʱʠʥ ʠ ʠʥʳʭ 
ʥʘʨʫʰʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʚʦʣʦʢʥʘ. ʊʘʢʦʝ ʠʥʦʛʜʘ ʩʣʫʯʘʝʪʩʷ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪʳ 
ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʫ ʷʜʨʘ ʠ ʦʙʦʣʦʯʢʠ ʨʘʟʥʳʝ. ʀʟ ʟʘ ʵʪʦʛʦ ʧʦʣʫʯʝʥʠʝ ʚʦʣʦ-
ʢʦʥ ʩ ʚʳʩʦʢʦʡ NA ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ.

ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʥʘʡʜʝʥʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ. ʅʘʧʨʠʤʝʨ, ʩʣʦʡ 
ʩ NA = 0,3 ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʧʦʥʠʞʘʷ ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʪʝʧʝʥʠ ʨʘʟ-
ʥʦʩʪʴ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʨʳʪʠʷ ʠ ʷʜʨʘ.

3.3.3. VAD-ʤʝʪʦʜ (axial vapor deposition)

ɺ ʪʨʝʪʴʝʤ ʤʝʪʦʜʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʷʧʦʥʩʢʠʤʠ ʬʠʨʤʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 
NTT, ñSumitomoò ʠ ʜʨ., ʨʝʘʣʠʟʦʚʘʥʘ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ. ɿʘʛʦʪʦʚʢʘ 
ʨʘʩʪʝʪ ʠʟ ʟʘʪʨʘʚʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʚʳʰʝ ʧʣʘʤʝ-
ʥʠ ʛʦʨʝʣʢʠ, ʠʤʝʶʱʝʡ ʩʣʦʞʥʫʶ ʩʣʦʝʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʘʢ ʫ ʨʫʣʝʪʘ.

ɺ ʩʝʨʝʜʠʥʫ ʧʣʘʤʝʥʠ ʧʦʜʘʶʪ ʩʤʝʩʴ ʭʣʦʨʠʜʦʚ ʛʝʨʤʘʥʠʷ ʠ ʢʨʝʤʥʠʷ, ʟʘʪʝʤ 
ʩʣʦʡ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ, ʧʦʪʦʤ ʪʦʣʴʢʦ ʭʣʦʨʠʜ ʢʨʝʤʥʠʷ ʜʣʷ ʯʠʩʪʦʛʦ ʩʪʝʢʣʘ, ʧʦʪʦʤ 
ʦʧʷʪʴ ʙʫʬʝʨʥʳʡ ʛʘʟ ʠ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʥʘ ʢʨʘʶ ʛʦʨʝʣʢʠ, ʢʠʩʣʦʨʦʜ ʩ ʚʦʜʦʨʦʜʦʤ 
ð ʪʦ, ʯʪʦ, ʩʦʙʩʪʚʝʥʥʦ ʛʦʚʦʨʷ, ʠ ʛʦʨʠʪ.

ɺʝʱʝʩʪʚʦ ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʪʦʣʴʢʦ ʯʪʦ ʩʦʟʜʘʥʥʫʶ ʚ ʵʪʦʤ ʞʝ ʧʨʦʮʝʩʩʝ ʧʦʚʝʨ-
ʭʥʦʩʪʴ. ʆʜʥʘʢʦ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʦ ʙʳʪʴ ʩʪʨʦʛʦ ʬʠʢʩʠʨʦ-
ʚʘʥʥʳʤ, ʧʦʵʪʦʤʫ ʟʘʛʦʪʦʚʢʘ ʧʦʩʪʦʷʥʥʦ ʦʪʦʜʚʠʛʘʝʪʩʷ ʦʪ ʧʣʘʤʝʥʠ ʛʦʨʝʣʢʠ.

ʊʘʢʠʤ ʤʝʪʦʜʦʤ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʟʘʛʦʪʦʚʢʠ, ʢʦʪʦʨʳʭ ʭʚʘʪʘʝʪ ʥʘ ʥʝʩʢʦʣʴ-
ʢʦ ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ ʚʦʣʦʢʥʘ, ʘ ʚ ʧʨʠʥʮʠʧʝ, ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʨʝʨʳʚʝʥ 
ð ʧʦ ʤʝʨʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʠʟ ʥʝʝ ʞʝ ʤʦʞʥʦ ʚʳʪʷʛʠʚʘʪʴ ʚʦʣʦʢʥʦ. ʅʘ 
ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʠʟ-
ʚʦʜʩʪʚʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ.
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HCl, H2O
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SiO2 - GeO2
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ʇʦʨʦʰʦʢ

ʉʪʝʢʣʦ ʜʣʷ
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ʉʧʝʢʘʥʠʝ
ʩʪʝʢʣʘ

ʇʨʦʩʫʰʠʚʘʥʠʝ

ʈʠʩ. 3.7. ʀʟʛʦʪʦʚʣʝʥʠʝ ʟʘʛʦʪʦʚʢʠ VAD ʤʝʪʦʜʦʤ

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ:
Å ʟʘʛʦʪʦʚʢʘ ʜʣʷ ʦʧʪʦʚʦʣʦʢʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʘ ʥʝʧʨʝʨʳʚʥʦ ʙʝʩʢʦʥʝʯ-

ʥʦʡ ʜʣʠʥʳ;
Å ʧʣʘʤʷ ʛʦʨʝʣʢʠ ʥʝ ʜʚʠʛʘʝʪʩʷ, ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʛʘʟʦʚ, ʪʝʢʫʱʠʭ ʦʪ ʥʝʝ ð 

ʚʩʝʛʜʘ ʢʦʥʩʪʘʥʪʘ;
Å ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʧʣʘʚʢʠ ð ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʪ 1 ʜʦ 3 ʛ/ʤʠʥ, ʤʘʢ-

ʩʠʤʫʤ ð ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 6 ʛ/ʤʠʥ;
Å ʚʦʣʦʢʥʦ ʩ ʤʘʣʳʤʠ ʧʦʪʝʨʷʤʠ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʠʟʛʦʪʦʚʣʝʥʦ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ;
Å SM ʚʦʣʦʢʥʦ ʣʝʛʢʦ ʠʟʛʦʪʦʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ VAD.

ʅʝʫʜʦʙʩʪʚʘ ʤʝʪʦʜʘ:
Å ʪʨʫʜʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʣʘʤʝʥʝʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ 


