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ɸʩʧʠʨʘʥʪ 2 ʛʦʜʘ ʦʙʫʯʝʥʠʷ

ʖ.ʄ. ʂʫʟʥʝʮʦʚ

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ:

ʜʦʢʪʦʨ ʬ.-ʤ. ʥʘʫʢ, 

ʟʘʚ. ʣʘʙ. 2.8 ʅʀʌʊʀ ʅʅɻʋ

ʄ.ɺ. ɼʦʨʦʭʠʥ 
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ʕʬʬʝʢʪ ɿʝʝʙʝʢʘ

Ŭïʢʦʵʬʬʠʮʠʝʥʪ ɿʝʝʙʝʢʘ

Ὗ ɇЎὝ

ʉʣʠʰʢʦʤ ʚʳʩʦʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ

ɺʠʜʠʤʦ, ʥʝʢʠʡ 

ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ, 

ʧʦʯʝʤʫ ʙʳ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʝʛʦ?

ʅʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ɿʝʝʙʝʢʘ

(ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʘʪʯʠʢʦʚ 

ʪʝʤʧʝʨʘʪʫʨʳ ïʪʝʨʤʦʧʘʨ, ʥʘʧʨʠʤʝʨ                  

ŬCh = 24ʤʢɺ/ʂ ŬAl = -17ʤʢɺ/ʂ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ: Ŭ= 41ʤʢɺ/ʂ)



ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʤʦʵʣʝʢʪʨʠʢʘ
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ʂʦʵʬʬʠʮʠʝʥʪ ɿʝʝʙʝʢʘ

ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ

„ Ὂὥ

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ

ʕʣʝʢʪʨʦʥʥʘʷʌʦʥʦʥʥʘʷ

ɿʘʢʦʥ ɺʠʜʝʤʘʥʘ-ʌʨʘʥʮʘ

ʇ ʎɇὒɇὝ
L ïʧʦʩʪʦʷʥʥʘʷ ʃʦʨʝʥʮʘ

ὒ
“

σ

Ὧ

Ὡ

ςȢτχɇρπˏ ɇ̨̓ ɇ̍ὑ

ʆʧʨʝʜʝʣʷʝʪʩʷ:

1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʤ 

ʩʦʚʝʨʰʝʥʩʪʚʦʤ

2. ʅʘʣʠʯʠʝʤ ʛʨʘʥʠʮ

3. ʅʘʣʠʯʠʝʤ ʜʝʬʝʢʪʦʚ

4. ʅʘʣʠʯʠʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʟ



GexSi1-x
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Vʇʨʦʩʪʘʷ ʬʘʟʦʚʘʷ 

ʜʠʘʛʨʘʤʤʘ ïʭʦʨʦʰʠʡ 

ʤʘʪʝʨʠʘʣ ʜʣʷ ʢʦʥʪʨʦʣʷ;

Vʀʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ 

ʩ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ;

Vʅʘʫʯʠʪʴʩʷ ʩʧʝʢʘʪʴ 

ʪʝʨʤʦʵʣʝʢʪʨʠʢʠ ʥʘ 

ʧʨʠʤʝʨʝ ʧʨʦʩʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ.

ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ



ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ
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ʈʘʩʯʝʪ 
ʚʝʩʦʚʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ 
Si ʠ Ge

ʊʦʯʥʦʝ 
ʚʟʚʝʰʠʚʘʥʠʝ

ʍʠʤʠʯʝʩʢʘʷ 
ʦʙʨʘʙʦʪʢʘ

Åʉʥʷʪʠʝ ʦʢʠʩʣʘ

ʂʨʫʧʥʳʡ 
ʨʘʟʤʦʣ

Åɺʠʙʨʦʤʝʣʴʥʠʮʘ 
Fritschʩʦ 
ʩʪʘʣʴʥʳʤ ʰʘʨʦʤ

ʄʝʣʢʠʡ ʧʦʤʦʣ

Åʉʧʠʨʪʦʚʘʷ ʩʨʝʜʘ, ʧʨʦʜʫʚʢʘ Ar

Åʇʣʘʥʝʪʘʨʥʘʷ ʤʝʣʴʥʠʮʘ Fritsch 
Pulverisette7

Åʚʨʝʤʷ ʧʦʤʦʣʘt

Åʉʢʦʨʦʩʪʴ ʦʙ/ʤʠʥ

ʇʆʈʆʐʆʂ

ÅSi

ÅGe

ÅʉʤʝʩʴSiʠGe

˻͔͙͔ͫ͊͗͒ͤ 
͍ͦͤͭ͊ͭͦ͟͟

ω˾ ͙͊ͫͨ͡

ω̊ ͙͡ͺ͍ͦ͊͟

ω˽ ͙͍ͦͪͦ͊͟͡

˿˽˩˴ˢ˹ˮ˩

ώ ͔͔ͣͨͪ͊ͭͯͪ͊

ω˨ ͍͔͙͔͊ͤ͡

ωʕ ͔ͪͣΎ



ʂʦʥʪʨʦʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ
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Åʈʝʥʪʛʝʥʦ-ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʘʥʘʣʠʟ;

Åʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ;

Åʀʟʤʝʨʝʥʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ: Ŭ, ů, ɚ;

ɺ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʨʴʤʫ.

ɼʦʩʪʦʠʥʩʪʚʘ: ʥʠʟʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ, ʜʝʰʝʚʠʟʥʘ.

ʅʝʜʦʩʪʘʪʢʠ: ʥʠʟʢʘʷ ʧʨʝʜʝʣʴʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ.

ɺʘʨʠʘʮʠʷ:

1.ʉʪʝʧʝʥʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦʨʦʰʢʘ

2.ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ

3.ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʫʨʴʤʳ



ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ
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ʈʠʩ. ʇʨʠʤʝʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʚʳʭ: ʩʠʥʷʷ ʢʨʠʚʘʷ ï

ʚʝʣʠʯʠʥʘ ʪʝʨʤʦ-ʕɼʉ, ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ ï

ʪʝʤʧʝʨʘʪʫʨʘ 1-ʩʪʦʣʠʢʘ, ʯʸʨʥʘʷ ʢʨʠʚʘʷ ï

ʪʝʤʧʝʨʘʪʫʨʘ 2-ʩʪʦʣʠʢʘ



ɸʥʘʣʠʟ ʧʦʨʦʰʢʘ
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ɹʝʟ ʩʫʨʴʤʳ

ʄʥʦʛʦ ʯʠʩʪʦʛʦ Si

ZT ~ 0.0009 ZT ~ 0.003

6 ʯʘʩʦʚ 6 ʯʘʩʦʚ6 ʯʘʩʦʚ + 6 ʯʘʩʦʚ

ZT ~ 0.01



ʊʝʤʧʝʨʘʪʫʨʘ ʩʧʝʢʘʥʠʷ
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʝʤʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʧʝʢʘʥʠʷ

ʊmax=950oC + 30 ʤʠʥ. 

ʦʪʞʠʛ
ʊmax=1020oC

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 940oC ʛʝʨʤʘʥʠʡ ʥʘʯʠʥʘʝʪ ʚʳʪʝʢʘʪʴ ʠʟ ʧʨʝʩʩ-ʬʦʨʤʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʦʛʦ ʨʝʰʝʥʠʷ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ. ʕʪʦ 

ʨʝʰʝʥʠʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʘʩʩʠʚʥʳʭ ʢʣʘʩʪʝʨʦʚ Siʠ Sb.

ʃʫʯʰʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʫʪʴ ïʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ



ʂʣʘʩʪʝʨʳ Sb ʚ ʤʘʪʝʨʠʘʣʝ

0,5 ʘʪ. % Sb 1 ʘʪ. % Sb 2 ʘʪ. % Sb
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ʂʣʘʩʪʝʨʳ Sb ʩʦʟʜʘʶʪ 

ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ ʥʘ 

ʛʨʘʥʠʮʝ ʩ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ.ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ɿʝʝʙʝʢʘ. 



ʉʝʨʠʷ ʩʪʨʫʢʪʫʨ
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ˉ Tsp, 
oC nSb, % ˉ Tsp, 

oC nSb, %

1 750 0,5 5 1020 0,7

2 900 0,5 6 1040 0,7

3 1020 0,5 7 1020 0,9

4 996 0,7 8 1040 0,9


