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1. ɺʚʝʜʝʥʠʝ 

 ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʚʝʨʢʠ 

ʚʘʢʫʫʤʥʳʭ ʠ ʢʨʠʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʛʝʣʠʝʚʳʝ ʪʝʯʝʠʩʢʘʪʝʣʠ ʦʙʣʘʜʘʶʪ ʥʝʩʦʤʥʝʥʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ, ʪʠʧʘ ʇʊʀ-10. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚʨʝʤʷ ʟʘʧʫʩʢʘ ʠ ʚʳʢʣʶʯʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʪʝʯʝʠʩʢʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ Pfeiffer Vacuum (ɻʝʨʤʘʥʠʷ) ʩʦʩʪʘʚʣʷʝʪ 

ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2-ʤʷ ʯʘʩʘʤʠ ʜʣʷ ʇʊʀ-10. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʩʦʩʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʛʦ ʚʘʢʫʫʤʘ 

ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʤʝʨʝ. ʇʦʣʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ 

ʪʝʯʝʠʩʢʘʪʝʣʷ Pfeiffer Vacuum HLT-560 ʦʙʣʝʛʯʘʝʪ ʠ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ 

ʪʝʯʝʡ ʚ ʩʠʩʪʝʤʘʭ, ʦʜʥʘʢʦ, ʫʩʪʨʦʡʩʪʚʦ ʪʘʢʠʭ ʪʝʯʝʠʩʢʘʪʝʣʝʡ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʥʘʛʣʷʜʥʦ ʧʦʥʷʪʴ ʧʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ. ʇʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʛʝʣʠʝʚʳʭ 

ʪʝʯʝʠʩʢʘʪʝʣʝʡ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʤʝʪʦʜʠʯʝʩʢʦʤ ʧʦʩʦʙʠʠ "ʆʩʥʦʚʳ 

ʛʝʣʠʝʚʦʛʦ ʪʝʯʝʠʩʢʘʥʠʷ" ʥʘ ʧʨʠʤʝʨʝ ʛʝʣʠʝʚʦʛʦ ʪʝʯʝʠʩʢʘʪʝʣʷ ʇʊʀ-10 ʠ ʚ 

ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʦʩʦʙʠʷ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʣʠʰʴ ʢʨʘʪʢʦ. 
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2. ʇʦʥʷʪʠʝ ʪʝʯʠ 

 ʀʜʝʘʣʴʥʘʷ ʛʝʨʤʝʪʠʯʥʘʷ ʚʘʢʫʫʤʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʩʦʭʨʘʥʷʪʴ 

ʨʘʟʨʷʞʝʥʠʝ, ʩʦʟʜʘʥʥʦʝ ʩʠʩʪʝʤʦʡ ʦʪʢʘʯʢʠ, ʧʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʥʘʩʦʩʘ ʚ 

ʪʝʯʝʥʠʝ ʙʝʩʢʦʥʝʯʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ ʙʝʟ ʘʢʪʠʚʥʦʡ ʦʪʢʘʯʢʠ ʜʘʚʣʝʥʠʝ ʚ 

ʣʶʙʦʡ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʙʫʜʝʪ ʨʘʩʪʠ ʩʦ ʚʨʝʤʝʥʝʤ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ 

ʷʚʣʷʶʪʩʷ "ʦʪʛʘʟʦʚʢʘ" (ʜʝʩʦʨʙʮʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʣʝʢʫʣ ʩʦ ʩʪʝʥʦʢ ʚʘʢʫʫʤʥʦʡ 

ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ ʤʦʣʝʢʫʣ ʚʦʜʳ) ʠ ʪʝʯʴ (ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ 

ʤʦʣʝʢʫʣ ʠʟʚʥʝ ʩʠʩʪʝʤʳ). ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʠʧʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʘʚʣʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʚʥʫʪʨʠ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ ʩ ʤʦʤʝʥʪʘ ʚʳʢʣʶʯʝʥʠʷ 

ʦʪʢʘʯʢʠ ʠ ʦʪʢʣʶʯʝʥʠʷ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ ʦʪ ʦʪʢʘʯʥʦʡ ʩʠʩʪʝʤʳ. ʆʙʘ 

ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʨʦʮʝʩʩʘ ʩʥʘʯʘʣʘ ʠʤʝʶʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ, 

ʦʜʥʘʢʦ "ʦʪʛʘʟʦʚʢʘ" ʩʦ ʚʨʝʤʝʥʝʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʜʦʩʪʠʛʘʝʪ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʧʘʨʦʚ ʚʦʜʳ ʧʨʠ 

ʜʘʚʣʝʥʠʠ, ʨʘʚʥʦʤʫ ʜʘʚʣʝʥʠʶ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʦʢʦʣʦ 20 - 30 ʤʙʘʨ ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ). ʊʝʯʴ ʙʝʟ ʦʪʛʘʟʦʚʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʣʠʥʝʡʥʳʤ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ.  

 

ʈʠʩʫʥʦʢ 1 - ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʚ ʨʝʘʣʴʥʦʡ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʝ. 

P 

ʪʝʯʴ + ʦʪʛʘʟʦʚʢʘ 

t 

ʪʝʯʴ 

ʦʪʛʘʟʦʚʢʘ 
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 ʅʘ ʧʨʘʢʪʠʢʝ, ʥʝʚʦʟʤʦʞʥʦ ʩʦʟʜʘʪʴ ʘʙʩʦʣʶʪʥʦ ʛʝʨʤʝʪʠʯʥʫʶ ʚʘʢʫʫʤʥʫʶ 

ʩʠʩʪʝʤʫ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʚʝʣʠʯʠʥʘ ʪʝʯʠ ʥʝ ʜʦʣʞʥʘ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʘʢʫʫʤʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʚ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʫʶ ʚʝʣʠʯʠʥʫ ʪʝʯʠ ʜʣʷ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ. 

 ʇʦʩʣʝ ʩʙʦʨʢʠ ʚʘʢʫʫʤʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʚʝʨʝʥʘ ʥʘ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʫʶ ʚʝʣʠʯʠʥʫ ʪʝʯʠ ʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʦʙʥʳʝ ʧʨʦʚʝʨʢʠ 

ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʨʝʛʫʣʷʨʥʦʡ ʦʩʥʦʚʝ. 

 ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠ 

ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʨʢʠ ʚʘʢʫʫʤʥʳʭ ʠ ʢʨʠʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ, 

ʦʩʥʦʚʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʦʩʦʙʠʷ. 

 ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʴ ʚʘʢʫʫʤʥʳʭ ʩʠʩʪʝʤ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʫʭʫʜʰʝʥʠʠ ʚʘʢʫʫʤʘ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚʝʣʠʯʠʥʘ ʪʝʯʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ  

t

P
VQl
D

D
Ö=

      , (1) 

 ʛʜʝ  

 V - ʦʙʲʝʤ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ 

 ȹP - ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʟʘ ʚʨʝʤʷ ȹt. 

 ʆʙʱʝʧʨʠʥʷʪʳʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʪʝʯʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1. ʊʘʙʣʠʮʘ ʧʝʨʝʚʦʜʘ ʦʩʥʦʚʥʳʭ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʪʝʯʠ 

 ʤʙʘʨĿʣ/c ʤʤ.ʨʪ.ʩʪ.Ŀʣ/c ʇʘĿʤ
3
/c ʩʤ

3
/ʩ

* 

ʤʙʘʨĿʣ/c 1 0.75 0.1 0.99 

ʤʤ.ʨʪ.ʩʪ.Ŀʣ/c 1.33 1 0.133 1.32 

ʇʘĿʤ
3
/c 10 7.5 1 ~10 

ʩʤ
3
/ʩ 1.01 0.76 0.101 1 

 

 ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʚʳʩʦʢʦʚʘʢʫʫʤʥʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʛʝʨʤʝʪʠʯʥʦʡ ʝʩʣʠ ʚʝʣʠʯʠʥʘ ʪʝʯʠ Ql < 10
-6
 ʤʙʘʨĿʣ/c. ʇʨʠ ʪʘʢʦʡ ʪʝʯʠ ʚ ʩʠʩʪʝʤʫ 

ʧʦʧʘʜʝʪ 1 ʩʤ
3
 ʧʦʩʪʦʨʦʥʥʝʛʦ ʛʘʟʘ ʟʘ ʚʨʝʤʷ ʧʦʨʷʜʢʘ 12 ʩʫʪʦʢ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ - 

ʪʝʯʴ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʘʥʘʣ ʨʘʜʠʫʩʘ 0.01 ʤʤ (ʪʦʣʱʠʥʘ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʦʣʦʩʘ) ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ ʦʢʦʣʦ 10
-2
 ʤʙʘʨĿʣ/c. 

 

 

 

 

 

 

 

 

 

 

                                                           
* ʇʨʠ ʅ.ʋ. - ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 0

0
ʉ, 1 ɸʪʤ. 
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3. ɺʠʜʳ ʪʝʯʝʡ 

 ʊʝʯʠ ʚʦʟʥʠʢʘʶʪ ʚ ʩʠʩʪʝʤʘʭ ʙʣʘʛʦʜʘʨʷ ʨʘʟʣʠʯʥʳʤ ʜʝʬʝʢʪʘʤ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʤʝʞʜʫ ʥʠʤʠ: 

¶ ʥʝʢʘʯʝʩʪʚʝʥʥʘʷ ʧʘʡʢʘ, ʩʚʘʨʢʘ ʠʣʠ ʩʢʣʝʡʢʘ; 

¶ ʧʦʨʳ ʠ ʪʨʝʱʠʥʳ ʚ ʤʘʪʝʨʠʘʣʝ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʙʣʘʛʦʜʘʨʷ 

ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʩʪʨʝʩʩʫ ʠʣʠ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ; 

¶ ʥʝʧʣʦʪʥʦʩʪʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʠ ʬʣʘʥʮʘʭ; 

¶ "ʭʦʣʦʜʥʳʝ" ʠʣʠ "ʛʦʨʷʯʠʝ" ʪʝʯʠ, ʦʪʢʨʳʚʘʶʱʠʝʩʷ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ; 

¶ "ʩʚʝʨʭʪʝʯʴ" ("superleak") - ʪʝʯʴ ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʢʨʠʦʛʝʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʞʠʜʢʦʛʦ ʭʣʘʜʘʛʝʥʪʘ ʚ 

ʩʚʝʨʭʪʝʢʫʯʝʝ ʩʦʩʪʦʷʥʠʝ (2,17 ʂ ʜʣʷ ʛʝʣʠʷ-4). ʉʚʝʨʭʪʝʯʴ ʧʨʠʚʦʜʠʪ ʢ 

ʙʳʩʪʨʦʤʫ ʫʭʫʜʰʝʥʠʶ ʚʘʢʫʫʤʘ ʜʘʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʘ ʥʠʞʝ 

ʧʦʨʦʛʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʝʯʝʠʩʢʘʪʝʣʝʡ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ; 

¶ ʢʣʘʧʘʥʠʨʫʶʱʘʷ ʪʝʯʴ - ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʘʢʦʡ ʪʝʯʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʟʥʘʢʝ ʠ ʚʝʣʠʯʠʥʝ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʚ ʨʘʡʦʥʝ ʪʝʯʠ; 

¶ ʚʠʨʪʫʘʣʴʥʘʷ ʪʝʯʴ - ʧʦʩʪʫʧʣʝʥʠʝ ʛʘʟʘ ʚ ʩʠʩʪʝʤʫ ʠʟ ʟʘʢʨʳʪʳʭ ʦʙʲʝʤʦʚ 

ʚʥʫʪʨʠ ʩʘʤʦʡ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ ʚʠʥʪʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢʠʝ ʪʝʯʠ 

ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʦʪʢʘʯʢʠ ʠ ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʥʠʢʘʢʠʤʠ ʤʝʪʦʜʘʤʠ; 

¶ ʧʨʦʥʠʢʘʥʠʝ ("permeation") - ʪʝʯʴ, ʚʦʟʥʠʢʘʶʱʘʷ ʥʝ ʠʟ-ʟʘ ʜʝʬʝʢʪʘ, ʘ 

ʚʚʠʜʫ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʥʘʧʨʠʤʝʨ ʨʝʟʠʥʦʚʳʝ 

ʫʧʣʦʪʥʝʥʠʷ (ʦ-ʨʠʥʛʠ) ʚ ʬʣʘʥʮʝʚʳʭ ʩʦʝʜʠʥʝʥʠʷʭ.  
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4. ʄʝʪʦʜʳ ʪʝʯʝʠʩʢʘʥʠʷ 

 ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʪʝʯʝʠʩʢʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ, ʣʦʢʘʣʠʟʘʮʠʷ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ ʠ ʧʨʠʯʠʥʳ ʪʝʯʠ ʚ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʝ, ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʩʪʨʘʥʝʥʠʷ.  ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʪʝʯʠ ʜʣʷ ʠʭ ʧʦʠʩʢʘ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʵʬʬʝʢʪʳ, ʦʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ 

ʚʘʢʫʫʤʥʳʭ ʠ ʢʨʠʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʚʦ ʤʥʦʛʦʤ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʛʘʙʘʨʠʪʘʤʠ ʠ 

ʜʦʨʦʛʦʚʠʟʥʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʘʣʝʝ ʙʫʜʫʪ ʢʨʘʪʢʦ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ 

ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, 

ʥʘʧʨʠʤʝʨ ʚ [
À
]. 

 ʄʝʪʦʜ ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ ʠʣʠ ʞʝ ʧʨʦʚʝʨʢʘ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʦ 

ʥʘʪʝʢʘʥʠʶ.  ʇʦ ʩʫʪʠ, ʧʝʨʝʜ ʣʦʢʘʣʠʟʘʮʠʝʡ ʪʝʯʝʡ ʥʝʦʙʭʦʜʠʤʦ ʚʦʦʙʱʝ 

ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʝʯʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʝʪ ʠ ʚʘʢʫʫʤʥʘʷ ʩʠʩʪʝʤʘ 

ʥʝʛʝʨʤʝʪʠʯʥʘ. ʌʠʢʩʠʨʫʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʚ ʚʘʢʫʫʤʥʦʡ 

ʩʠʩʪʝʤʝ ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʦʪʢʘʯʢʠ ʠ ʦʪʩʝʯʝʥʠʷ ʦʪʢʘʯʥʦʡ ʩʠʩʪʝʤʳ (ʈʠʩʫʥʦʢ 

1) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʪʝʯʠ ʠ ʦʮʝʥʠʪʴ ʝʝ ʚʝʣʠʯʠʥʫ. ʉʦʙʨʘʥʥʘʷ 

ʚʘʢʫʫʤʥʘʷ ʩʠʩʪʝʤʘ ʦʪʢʘʯʠʚʘʝʪʩʷ ʜʦ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʬʦʨʚʘʢʫʫʤʥʳʤ ʥʘʩʦʩʦʤ. ʂʦʛʜʘ ʜʘʚʣʝʥʠʝ ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʫʤʘ ʠ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʣʫʯʰʝʥʠʷ ʚʘʢʫʫʤʘ, ʥʘʩʦʩ ʦʪʢʣʶʯʘʝʪʩʷ ʦʪ 

ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ ʠ ʚʳʢʣʶʯʘʝʪʩʷ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ, 

ʙʫʜʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ "ʦʪʛʘʟʦʚʢʘ", ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʞʜʘʪʴʩʷ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ "ʦʪʛʘʟʦʚʢʘ" ʚʳʡʜʝʪ ʥʘ ʨʘʚʥʦʚʝʩʥʦʝ 

ʟʥʘʯʝʥʠʝ. ʇʨʠ ʥʘʣʠʯʠʠ ʪʝʯʠ, ʜʘʚʣʝʥʠʝ ʩ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʥʦ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ P(t) ʠʟʤʝʥʠʪ ʫʛʦʣ ʥʘʢʣʦʥʘ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʙʫʜʝʪ ʛʨʫʙʦ ʦʮʝʥʠʪʴ ʩʫʤʤʘʨʥʫʶ ʪʝʯʴ ʚ ʩʠʩʪʝʤʝ. ʀʩʭʦʜʷ ʠʟ 

ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʪʝʯʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʝʝ ʣʦʢʘʣʠʟʘʮʠʠ ʠ 

ʪʠʧʝ, ʥʦ ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʡ ʦʧʳʪ. ʄʝʪʦʜʦʤ ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ 

                                                           
À
 J.M. Lafferty, Foundations of Vacuum Science and Technology (John Wiley & Sons, New 

York, 1998);  A. Roth, Vacuum Technology (Elsevier Science Publishers, Amsterdam, 1990); 

F.F. OôHanlon, A Users Guide to Vacuum Technology (John Wiley & Sons, New York, 1989). 
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ʤʦʞʥʦ ʛʨʫʙʦ ʣʦʢʘʣʠʟʦʚʘʪʴ ʪʝʯʴ, ʝʩʣʠ ʚ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʚʘʢʫʫʤʥʳʭ ʚʝʥʪʠʣʝʡ. ɼʣʷ ʵʪʦʛʦ ʚʘʢʫʫʤʥʘʷ ʩʠʩʪʝʤʘ ʦʪʢʘʯʠʚʘʝʪʩʷ, 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʚʩʝ ʚʝʥʪʠʣʠ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ, ʠ ʦʪʩʝʢʘʝʪʩʷ ʦʪʢʘʯʥʘʷ ʩʠʩʪʝʤʘ. 

ʏʝʨʝʟ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʧʨʠ ʛʨʫʙʦʡ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ 

ʪʝʯʠ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʢʦʥʪʨʦʣʴ ʟʘ ʜʘʚʣʝʥʠʝʤ ʚ ʩʠʩʪʝʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʦ ʩʪʦʨʦʥʳ ʦʪʢʘʯʢʠ ʧʦʩʪʝʧʝʥʥʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʦʪʢʘʯʢʠ ʢ ʜʘʣʴʥʝʤʫ ʢʦʥʮʫ 

ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ ʦʪʢʨʳʚʘʶʪʩʷ ʚʝʥʪʠʣʠ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʟʘ 

ʜʘʚʣʝʥʠʝʤ. ʇʨʠ ʦʪʢʨʳʪʠʠ ʚʝʥʪʠʣʝʤ ʯʘʩʪʠ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʶʪ 

ʪʝʯʠ, ʜʘʚʣʝʥʠʝ ʠʟʤʝʥʷʪʴʩʷ (ʫʚʝʣʠʯʠʚʘʪʴʩʷ) ʥʝ ʙʫʜʝʪ. ʇʨʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ 

ʥʝʛʝʨʤʝʪʠʯʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ, ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʨʝʟʢʠʡ ʨʦʩʪ ʜʘʚʣʝʥʠʷ. 

ɽʩʣʠ, ʧʨʠ ʵʪʦʤ, ʜʦʩʪʠʛʥʫʪʦʝ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠ ̫ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʜʘʚʣʝʥʠʝʤ 

ʥʘ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ P(t) - ʛʨʫʙʘʷ ʪʝʯʴ ʚ ʩʠʩʪʝʤʝ ʣʦʢʘʣʠʟʦʚʘʥʘ. ɽʩʣʠ 

ʜʦʩʪʠʛʥʫʪʦʝ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ - ʚ ʩʠʩʪʝʤʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʛʨʫʙʳʭ ʪʝʯʝʡ ʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʘʪʴ ʠʭ ʧʦʠʩʢ 

ʜʘʣʝʝ. 

 ʄʝʭʘʥʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ - ʤʝʪʦʜʳ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʠʤʝʥʠʤʳʝ ʢ ʙʦʣʴʰʠʤ 

ʠʣʠ ʛʨʫʙʳʤ ʪʝʯʘʤ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʠʩʢʘ ʛʨʫʙʳʭ ʪʝʯʝʡ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʳ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʝʪʝʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʦʙʥʘʨʫʞʠʪʴ "ʩʚʠʩʪ" 

ʛʘʟʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʪʝʯʴ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʪʝʯʠ 

ʚʝʣʠʯʠʥʦʡ ʥʝ ʙʦʣʝʝ 10
-2
 ʤʙʘʨÅʣ/c. ɹʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʤʳʣʴʥʳʭ ʧʫʟʳʨʝʡ. ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʤʳʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ (ʚʘʢʫʫʤʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ "ʦʧʨʝʩʩʦʚʳʚʘʝʪʩʷ" - 

ʚ ʥʝʡ ʩʦʟʜʘʝʪʩʷ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ) ʚ ʤʝʩʪʘʭ ʪʝʯʠ ʧʦʷʚʣʷʶʪʩʷ ʧʫʟʳʨʠ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚʝʣʠʯʠʥʳ 10
-4
 ʤʙʘʨÅʣ/c. 

ʇʨʠ ʚʩʝʤ ʩʚʦʝʤ ʫʜʦʙʩʪʚʝ, ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʛʨʫʙʳʭ ʪʝʯʝʡ ʠ ʷʚʣʷʶʪʩʷ, ʧʦ ʩʫʪʠ, ʦʜʥʦʡ ʠʟ 

ʧʝʨʚʳʭ ʩʪʫʧʝʥʝʡ ʢʦʥʪʨʦʣʷ ʥʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ.  
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 ʀʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʚ ʚʘʢʫʫʤʥʦʡ 

ʩʠʩʪʝʤʝ. ʆʩʥʦʚʦʡ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʚ ʦʢʨʫʞʘʶʱʠʡ ʪʝʯʴ 

ʚʦʟʜʫʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ("ʠʥʜʠʢʘʪʦʨʥʦʛʦ") ʛʘʟʘ, ʢʦʪʦʨʳʡ, ʧʦʩʣʝ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʚʘʢʫʫʤʥʫʶ ʩʠʩʪʝʤʫ ʯʝʨʝʟ ʪʝʯʴ, ʙʫʜʝʪ ʠʟʤʝʥʷʪʴ ʢʘʢʦʡ-ʣʠʙʦ 

ʬʠʟʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʦʩʪʝʧʝʥʥʦ ʦʙʜʫʚʘʷ ʚʘʢʫʫʤʥʫʶ ʩʠʩʪʝʤʫ "ʠʥʜʠʢʘʪʦʨʥʳʤ" ʛʘʟʦʤ ʠ ʬʠʢʩʠʨʫʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʣʦʢʘʣʠʟʦʚʘʪʴ 

ʪʝʯʴ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ʅʘʧʨʠʤʝʨ, 

ʤʦʞʥʦ ʩʣʝʜʠʪʴ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʩ 

ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʇʠʨʘʥʠ, ʠʩʧʦʣʴʟʫʷ ʧʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ 

"ʠʥʜʠʢʘʪʦʨʥʦʛʦ" ʛʘʟʘ ʧʘʨʳ ʩʧʠʨʪʘ, CO2 ʠʣʠ 
4
ʅʝ. ʀʩʧʦʣʴʟʫʷ ʪʷʞʝʣʳʝ 

ʠʥʝʨʪʥʳʝ ʛʘʟʳ ʚ ʢʘʯʝʩʪʚʝ "ʠʥʜʠʢʘʪʦʨʥʦʛʦ" ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʩʝʯʝʥʠʝ 

ʠʦʥʠʟʘʮʠʠ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʠʦʥʥʦʛʦ ʜʘʪʯʠʢʘ 

ʜʘʚʣʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʠʩʢʘ ʪʝʯʝʡ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʤʘʩʩʳ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ, ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʠ 
4
ʅʝ ʚ ʢʘʯʝʩʪʚʝ "ʠʥʜʠʢʘʪʦʨʥʦʛʦ 

ʛʘʟʘ", ʧʨʠ ʵʪʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 10
-12

 ʤʙʘʨÅʣ/c. 
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5. ɻʝʣʠʝʚʳʝ ʪʝʯʝʠʩʢʘʪʝʣʠ 

 ɺ 1910 ʛʦʜʫ J.J.Thomson ʦʧʠʩʘʣ ʧʝʨʚʳʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʜʣʷ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠʟʦʪʦʧʦʚ ʥʝʦʥʘ. ʅʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʧʦʜʦʙʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʟʘʯʘʩʪʫʶ ʟʘʥʠʤʘʚʰʝʝ ʦʪʜʝʣʴʥʫʶ ʢʦʤʥʘʪʫ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʪʦʣʴʢʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ʀʜʝʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʳ ʜʣʷ ʧʦʠʩʢʘ ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʝʡ ʚ ʚʘʢʫʫʤʥʳʭ ʩʠʩʪʝʤʘʭ ʫʭʦʜʠʪ 

ʢʦʨʥʷʤʠ ʚ ʟʘʩʝʢʨʝʯʝʥʥʳʝ ʧʨʦʝʢʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ                    

[ʩʤ. ʥʘʧʨʠʤʝʨ 
ÿ
]. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʨʝʘʢʪʦʨʦʚ 

ʧʦ ʦʙʦʛʘʱʝʥʠʶ ʫʨʘʥʘ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʩʦʟʜʘʥʠʝ ʥʘʜʝʞʥʳʭ ʠ ʦʯʝʥʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʪʝʯʝʠʩʢʘʪʝʣʝʡ, ʯʪʦ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʪʝʯʝʠʩʢʘʪʝʣʝʡ, ʥʘʩʪʨʦʝʥʥʳʭ ʥʘ ʧʠʢ ʛʝʣʠʷ-4                

[ʩʤ. ʥʘʧʨʠʤʝʨ 
Ä
]. ɺ ʪʝʯʝʥʠʝ 1950-1960ʭ ʛʦʜʦʚ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʩʪʝʢʣʦ ʙʳʣ 

ʟʘʤʝʥʝʥ ʥʘ ʥʝʨʞʘʚʝʶʱʫʶ ʩʪʘʣʴ ʠ ʙʳʣ ʩʦʟʜʘʥ ʧʝʨʚʳʡ ʢʦʤʤʝʨʯʝʩʢʠʡ 

ʛʝʣʠʝʚʳʡ ʪʝʯʝʠʩʢʘʪʝʣʴ. ʕʪʦʪ "ʢʦʤʧʘʢʪʥʳʡ" ʧʨʠʙʦʨ ʚʝʩʠʣ ʚʩʝʛʦ 200 ʢʛ, 

ʚʢʣʶʯʘʷ ʦʪʢʘʯʥʫʶ ʩʠʩʪʝʤʫ. 

 ʉʦʚʨʝʤʝʥʥʳʝ ʛʝʣʠʝʚʳʝ ʪʝʯʝʠʩʢʘʪʝʣʠ ʠʟʤʝʥʠʣʠʩʴ ʥʝ ʩʠʣʴʥʦ ʚ ʧʣʘʥʝ 

ʩʘʤʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ, ʦʜʥʘʢʦ ʩʝʨʴʝʟʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʧʨʝʪʝʨʧʝʣʘ ʦʪʢʘʯʥʘʷ ʩʠʩʪʝʤʘ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠʟʤʝʨʝʥʠʡ. ʀʩʭʦʜʥʳʡ 

ʧʘʨʦʤʘʩʣʷʥʳʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʥʘʩʦʩ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʯʝʠʩʢʘʪʝʣʷʭ ʟʘʤʝʥʝʥ 

ʥʘ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʳʡ, ʘ ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʣʘʩʪʠʥʯʘʪʦ-ʨʦʪʦʨʥʳʡ - ʥʘ 

ʙʝʟʤʘʩʣʥ̫ʳʡ ʩʧʠʨʘʣʴʥʳʡ ʠʣʠ ʤʝʤʙʨʘʥʥʳʡ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʛʝʣʠʝʚʳʭ 

ʪʝʯʝʠʩʢʘʪʝʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʨʦʩʣʘ ʩ ʠʩʭʦʜʥʳʭ 10
-6
 ʤʙʘʨÅʣ/c ʜʦ                       

10
-9
 ʤʙʘʨÅʣ/c (1970-ʝ) ʠ ʜʦ 10

-12
 ʤʙʘʨÅʣ/c ʚ ʥʳʥʝʰʥʝʝ ʚʨʝʤʷ. 

 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʣʠʷ ʚ ʛʝʣʠʝʚʳʭ ʪʝʯʝʠʩʢʘʪʝʣʷʭ ʦʙʫʩʣʦʚʣʝʥʦ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʦʯʝʥʴ ʤʘʣʦʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠ ʤʘʣʦʡ ʤʘʩʩʦʡ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʟʢʠʡ ʨʘʟʨʝʰʝʥʥʳʡ ʧʠʢ ʛʝʣʠʷ ʚ ʩʠʛʥʘʣʝ ʩ ʤʘʩʩ-

                                                           
ϟ A. Nerken, J. Vac. Sci. Technol. A9 (1991) 2036. 
Ϡ A.O. Nier, C.M. Stevens, A. Hustrulid and T.A. Abott, J. Appl. Phys. 18 (1947) 30. 
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ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ. ʊʘʢʞʝ, ʤʘʣʳʡ ʨʘʟʤʝʨ ʤʦʣʝʢʫʣ ʛʝʣʠʷ ʧʦʟʚʦʣʷʝʪ 

ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʪʝʯʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʜʦʨʦʜʦʤ, 

ʛʝʣʠʡ ʥʝ ʚʟʨʳʚʦʦʧʘʩʝʥ ʠ ʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʝʥ. ʍʠʤʠʯʝʩʢʘʷ ʠ ʬʠʟʠʯʝʩʢʘʷ 

ʠʥʝʨʪʥʦʩʪʴ ʛʝʣʠʷ-4 ʧʦʟʚʦʣʷʪ ʣʝʛʢʦ ʫʜʘʣʠʪʴ ʝʛʦ ʦʩʪʘʪʢʠ ʠʟ ʚʘʢʫʫʤʥʦʡ ʠ 

ʦʪʢʘʯʥʦʡ ʩʠʩʪʝʤʳ. 

 ʅʘ ʨʠʩʫʥʢʝ 2 ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʘʷ 

ʢʘʤʝʨʘ ʛʝʣʠʝʚʦʛʦ ʪʝʯʝʠʩʢʘʪʝʣʷ 180-ʛʨʘʜʫʩʥʦʛʦ ʪʠʧʘ. ʆʩʪʘʪʦʯʥʳʡ ʛʘʟ, 

ʧʦʧʘʜʘʶʱʠʡ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʫʶ ʢʘʤʝʨʫ ʙʦʤʙʘʨʜʠʨʫʝʪʩʷ 

ʵʣʝʢʪʨʦʥʘʤʠ. ʀʦʥʠʟʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʫʩʢʦʨʷʶʪʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ ʦʥʠ ʜʚʠʞʫʪʩʷ 

ʧʦ ʢʨʫʛʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʨʘʜʠʫʩ ʢʦʪʦʨʳʭ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʤʘʩʩʝ ʠʦʥʘ. 

ʉʠʩʪʝʤʘ ʜʠʘʬʨʘʛʤ ʧʦʟʚʦʣʷʝʪ ʦʪʩʝʷʪʴ ʚʩʝ ʠʦʥʳ, ʢʨʦʤʝ ʠʦʥʦʚ 
4
ʅʝ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 10
-12

 ʤʙʘʨÅʣ/c ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʤʝʨʠʪʴ ʠʦʥʥʳʡ ʪʦʢ, ʧʦʨʷʜʢʘ 10
-15

 ɸ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫

ʵʣʝʢʪʨʦʥʥʳʭ ʫʤʥʦʞʠʪʝʣʝʡ ʠʣʠ ʵʣʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʫʩʠʣʠʪʝʣʝʡ ʩ ʚʳʩʦʢʠʤ 

ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. 

 ɺ ʪʠʧʠʯʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʢʘʤʝʨʘʭ ʛʝʣʠʝʚʳʭ ʪʝʯʝʠʩʢʘʪʝʣʝʡ 

ʜʣʠʥʘ ʧʨʦʣʝʪʘ ʠʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 15 ʩʤ. ʇʦʩʢʦʣʴʢʫ ʠʦʥʳ ʜʦʣʞʥʳ 

ʜʚʠʛʘʪʴʩʷ ʙʝʟ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ ʜʨʫʛʠʤʠ ʤʦʣʝʢʫʣʘʤʠ - ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʙʝʛʘ ʜʦʣʞʥʘ ʙʳʪʴ ʤʥʦʛʦ ʙʦʣʴʰʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ, ʯʪʦ ʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʚʳʩʦʢʦʚʘʢʫʫʤʥʦʡ  ʦʪʢʘʯʢʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʠ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʳʭ ʥʘʩʦʩʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʯʝʠʩʢʘʪʝʣʷʭ. ʇʨʠ ʜʘʚʣʝʥʠʠ ʚ ʢʘʤʝʨʝ ʥʠʞʝ 10
-4
 ʤʙʘʨ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʙʝʛʘ ʠʦʥʦʚ ʛʝʣʠʷ-4 ʙʫʜʝʪ ʙʦʣʝʝ 60 ʩʤ. 

 



14 

 

 

 

ʈʠʩʫʥʦʢ 2 - ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʛʝʣʠʝʚʦʛʦ ʪʝʯʝʠʩʢʘʪʝʣʷ. 
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~1500 ʕ 
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ʪʷʞʝʣʳʝ ʠʦʥʳ 
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- 400 V 
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6. ʄʝʪʦʜʠʢʠ ʛʝʣʠʝʚʦʛʦ ʪʝʯʝʠʩʢʘʥʠʷ 

 ʇʨʠ ʧʦʠʩʢʝ ʪʝʯʠ ʚ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʝ, ʩʠʩʪʝʤʘ ʧʦʩʪʦʷʥʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʦʪʢʘʯʢʝ ʦʪʢʘʯʥʦʡ ʩʠʩʪʝʤʦʡ ʛʝʣʠʝʚʦʛʦ ʪʝʯʝʠʩʢʘʪʝʣʷ. ʇʨʦʥʠʢʘʶʱʠʡ ʯʝʨʝʟ 

ʪʝʯʴ "ʠʥʜʠʢʘʪʦʨʥʳʡ" ʛʘʟ ʦʪʢʘʯʠʚʘʝʪʩʷ ʠ ʧʨʦʪʝʢʘʝʪ ʚ ʚʘʢʫʫʤʥʫʶ ʩʠʩʪʝʤʫ 

ʪʝʯʝʠʩʢʘʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʪʝʯʠ "ʠʥʜʠʢʘʪʦʨʥʳʡ" ʛʘʟ 

ʨʘʩʧʳʣʷʝʪʩʷ ʣʦʢʘʣʴʥʦ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ (ʈʠʩʫʥʦʢ 3, ʚʚʝʨʭʫ).    

 

ʈʠʩʫʥʦʢ 3 -  ʄʝʪʦʜʠʢʠ ʧʦʠʩʢʘ ʪʝʯʠ ʠ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʪʝʯʠ ʧʨʠ ʦʪʢʘʯʢʝ 

ʠʩʧʳʪʫʝʤʦʡ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ ʪʝʯʝʠʩʢʘʪʝʣʝʤ. 

 ɺ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʚʝʣʠʯʠʥʘ ʪʝʯʠ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʩ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ. ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʚʝʣʠʯʠʥʳ 

ʊʝʯʝʠʩʢʘʪʝʣʴ 

ʛʝʣʠʝʚʳʡ 

ʊʝʯʝʠʩʢʘʪʝʣʴ 

ʛʝʣʠʝʚʳʡ 

4
ʅʝ 

4
ʅʝ 
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ʪʝʯʠ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʜʨʫʛʫʶ ʩʭʝʤʫ, ʢʦʛʜʘ ʚʩʷ ʠʩʧʳʪʳʚʘʝʤʘʷ ʚʘʢʫʫʤʥʘʷ 

ʩʠʩʪʝʤʘ ʥʘʢʨʳʚʘʝʪʩʷ ʛʝʨʤʝʪʠʯʥʳʤ ʯʝʭʣʦʤ ʠ ʚ ʥʝʤ ʩʦʟʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ 

ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ 
4
ʅʝ (ʈʠʩʫʥʦʢ 3, ʩʥʠʟʫ). 

 ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʝʡ ʚʘʢʫʫʤʥʳʭ ʠ ʢʨʠʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʩʪʘʜʠʠ 

ʩʙʦʨʢʠ ʦʪʢʘʯʢʘ ʙʳʚʘʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʘ ʠ ʪʨʫʜʦʝʤʢʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ "ʩʥʠʬʬʝʨʘ" ("sniffer probe"- ʜʦʩʣʦʚʥʳʡ ʧʝʨʝʚʦʜ ʩ 

ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ - "ʦʙʥʶʭʠʚʘʥʠʝ"). ʀʩʧʳʪʳʚʘʝʤʘʷ ʚʘʢʫʫʤʥʘʷ ʩʠʩʪʝʤʘ 

"ʦʧʨʝʩʩʦʚʳʚʘʝʪʩʷ" ʩ ʧʦʤʦʱʴʶ 
4
ʅʝ (ʚ ʦʙʲʝʤʝ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ ʩʦʟʜʘʝʪʩʷ 

ʧʦʚʳʰʝʥʥʦʝ ʜʘʚʣʝʥʠʝ). ʇʦʠʩʢ ʪʝʯʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʟʦʥʜʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʠʟ ʩʝʙʷ ʢʘʧʠʣʣʷʨ ʤʘʣʦʛʦ ʩʝʯʝʥʠʷ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ 

ʪʝʯʝʠʩʢʘʪʝʣʶ. ʈʘʟʤʝʨ ʢʘʧʠʣʣʷʨʘ ʧʦʜʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʦʟʜʘʥʠʷ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʪʝʯʝʠʩʢʘʪʝʣʷ ʠ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʝ, ʪ.ʝ. 

ʤʠʥʠʤʫʤ 10
-4
 ʤʙʘʨ (ʈʠʩʫʥʦʢ 4). ʇʨʝʜʝʣ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʘʢʦʛʦ ʤʝʪʦʜʘ (10

-7
 

ʤʙʘʨÅʣ/c) ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ, ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 3, ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 
4
ʅʝ ʚ ʦʢʨʫʞʘʶʱʝʤ ʚʦʟʜʫʭʝ. ʄʝʪʦʜ "ʩʥʠʬʬʝʨʘ" ʧʨʠʤʝʥʷʝʪʩʷ 

ʪʘʢʞʝ ʧʨʠ ʧʦʠʩʢʝ ʛʨʫʙʳʭ ʪʝʯʝʡ, ʢʦʛʜʘ ʦʪʢʘʯʢʘ ʚʩʝʡ ʠʩʧʳʪʫʝʤʦʡ ʚʘʢʫʫʤʥʦʡ 

ʩʠʩʪʝʤʳ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʡ. 

 

ʈʠʩʫʥʦʢ 4 - ʇʦʠʩʢ ʪʝʯʝʡ ʩ ʧʦʤʦʱʴʶ "ʩʥʠʬʬʝʨʘ". 

ʊʝʯʝʠʩʢʘʪʝʣʴ 

ʛʝʣʠʝʚʳʡ 

ʉʥʠʬʬʝʨ 
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7. ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʛʝʣʠʝʚʳʭ ʪʝʯʝʠʩʢʘʪʝʣʝʡ 

 ʈʝʞʠʤ ʧʨʷʤʦʛʦ ʧʦʪʦʢʘ. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʘʷ ʢʘʤʝʨʘ ʛʝʣʠʝʚʦʛʦ 

ʪʝʯʝʠʩʢʘʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʘ ʢ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʝ ʪʝʯʝʠʩʢʘʪʝʣʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʪʦʢ ʦʩʪʘʪʦʯʥʦʛʦ ʛʘʟʘ ʧʨʦʪʝʢʘʣ ʯʘʩʪʠʯʥʦ ʠʣʠ 

ʧʦʣʥʦʩʪʴʶ ʯʝʨʝʟ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʫʶ ʢʘʤʝʨʫ (ʈʠʩʫʥʦʢ 5).  

 

 

ʈʠʩʫʥʦʢ 5 - ʈʝʞʠʤ ʨʘʙʦʪʳ ʛʝʣʠʝʚʦʛʦ ʪʝʯʝʠʩʢʘʪʝʣʷ "ʥʘ ʧʨʷʤʦʤ ʧʦʪʦʢʝ".  

ɺʘʢʫʫʤʥʘʷ ʩʠʩʪʝʤʘ 

ɸʟʦʪʥʘʷ ʣʦʚʫʰʢʘ 

ʄʉ  

ʢʘʤʝʨʘ 

ɺʳʩʦʢʦʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ 

ʌʦʨʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ 
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 ɼʘʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʯʝʠʩʢʘʪʝʣʷʭ ʪʠʧʘ ʇʊʀ-10. ʆʜʥʘʢʦ, ʧʨʠ 

ʵʪʦʤ ʦʪʢʨʳʚʘʝʪʩʷ ʜʦʩʪʫʧ ʣʶʙʳʤ ʛʘʟʘʤ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʫʶ ʢʘʤʝʨʫ, ʠ 

ʦʩʦʙʝʥʥʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʠʩʧʳʪʫʝʤʦʡ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʝ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʪʝʯʝʡ (ʙʦʣʝʝ 10
-4
 ʤʙʘʨÅʣ/c), ʯʪʦ ʚʳʟʳʚʘʝʪ ʟʘʛʨʷʟʥʝʥʠʝ ʢʘʤʝʨʳ ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʙʦʨʘ. 

 ʀʟʥʘʯʘʣʴʥʦ ʚ ʛʝʣʠʝʚʳʭ ʪʝʯʝʠʩʢʘʪʝʣʷʭ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʚʘʢʫʫʤʥʳʭ 

ʥʘʩʦʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʦʤʘʩʣʷʥʳʝ ʜʠʬʬʫʟʠʦʥʥʳʝ ʥʘʩʦʩʳ. ʅʘ ʚʭʦʜʝ ʚ 

ʪʘʢʦʡ ʥʘʩʦʩ ʤʦʥʪʠʨʦʚʘʣʘʩʴ ʘʟʦʪʥʘʷ ʣʦʚʫʰʢʘ, ʦʭʣʘʞʜʘʝʤʘʷ ʞʠʜʢʠʤ ʘʟʦʪʦʤ. 

ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʪʘʢʦʡ ʣʦʚʫʰʢʠ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ 

ʧʦʧʘʜʘʥʠʷ ʧʘʨʦʚ ʤʘʩʣʘ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʫʶ ʢʘʤʝʨʫ. ʊʘʢʦʝ 

ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʙʳʣʦ ʢʨʘʡʥʝ ʫʩʧʝʰʥʳʤ ʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚ ʛʝʣʠʝʚʳʭ 

ʪʝʯʝʠʩʢʘʪʝʣʷʭ ʦʯʝʥʴ ʜʦʣʛʦʝ ʚʨʝʤʷ, ʦʜʥʘʢʦ ʠʤʝʣʦ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʨʘʙʦʪʳ ʪʨʝʙʦʚʘʣʩʷ ʞʠʜʢʠʡ ʘʟʦʪ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʝʛʦ ʧʦʩʪʦʷʥʥʦ 

ʜʦʙʘʚʣʷʪʴ ʚ ʣʦʚʫʰʢʫ ʚ ʭʦʜʝ ʠʟʤʝʨʝʥʠʡ. ʇʘʨʦʤʘʩʣʷʥʳʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʥʘʩʦʩ 

ʪʘʢʞʝ ʪʨʝʙʦʚʘʣ ʢ ʩʝʙʝ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʨʝʤʷ ʚʢʣʶʯʝʥʠʷ ʠ 

ʚʳʢʣʶʯʝʥʠʷ ʪʝʯʝʠʩʢʘʪʝʣʷ ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ ʚʨʝʤʝʥʝʤ ʨʘʟʦʛʨʝʚʘ ʤʘʩʣʘ, 

ʦʩʪʳʚʘʥʠʝʤ ʥʘʩʦʩʘ ʠ ʦʪʦʛʨʝʚʦʤ ʘʟʦʪʥʦʡ ʣʦʚʫʰʢʠ. ʉ 1980-ʭ ʛʦʜʦʚ 

ʢʦʤʤʝʨʯʝʩʢʠ ʩʪʘʣʠ ʜʦʩʪʫʧʥʳ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʳʝ ʥʘʩʦʩʳ, ʢʦʪʦʨʳʝ 

ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʠʣʠ ʩʭʝʤʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʟʦʪʥʦʡ ʣʦʚʫʰʢʠ ʠ 

ʧʘʨʦʩʪʨʫʡʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʘʩʦʩʘ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʯʝʠʩʢʘʪʝʣʷʭ ʨʝʞʠʤ 

ʨʘʙʦʪʳ "ʥʘ ʧʨʷʤʦʤ ʧʦʪʦʢʝ" ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. 

 ʈʝʞʠʤ ʧʨʦʪʠʚʦʪʦʢʘ. ɽʱʝ ʚ 1968 W.Becker [
**
] ʧʨʝʜʣʦʞʠʣ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʦʪʢʘʯʢʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʛʝʣʠʝʚʦʛʦ 

ʪʝʯʝʠʩʢʘʪʝʣʷ, ʚ ʢʦʪʦʨʦʤ ʢʘʤʝʨʘ ʥʘʧʨʷʤʫʶ ʧʨʠʩʦʝʜʠʥʝʥʘ ʢʦ ʚʭʦʜʫ 

ʚʳʩʦʢʦʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ. ʇʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

                                                           
**  W. Becker, Vak. Techn. 8 (1963) 203 
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ʙʝʟʤʘʩʣʷʥʦʛʦ ʚʳʩʦʢʦʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ ʢʨʠʪʠʯʥʦ, ʧʝʨʚʘʷ ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʠʜʝʠ ʟʘʜʝʨʞʘʣʘʩʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ. 

 

ʈʠʩʫʥʦʢ 6 - ʈʝʞʠʤ ʨʘʙʦʪʳ ʛʝʣʠʝʚʦʛʦ ʪʝʯʝʠʩʢʘʪʝʣʷ "ʥʘ ʧʨʦʪʠʚʦʪʦʢʝ" 

 ʄʦʣʝʢʫʣʳ ʛʝʣʠʷ-4 ʧʦʧʘʜʘʷ ʚ ʚʘʢʫʫʤʥʫʶ ʩʠʩʪʝʤʫ ʪʝʯʝʠʩʢʘʪʝʣʷ 

ʧʨʦʣʝʪʘʶʪ ʩʢʚʦʟʴ ʚʳʩʦʢʦʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʢʘʯʢʠ 

(ʨʝʞʠʤ "counter flow" ʠʣʠ "ʧʨʦʪʠʚʦʪʦʢʘ") ʠ ʧʦʧʘʜʘʶʪ ʚ ʤʘʩʩ-

ɺʘʢʫʫʤʥʘʷ ʩʠʩʪʝʤʘ 

ʄʉ  

ʢʘʤʝʨʘ 

ɺʳʩʦʢʦʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ 

ʌʦʨʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ 
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ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʫʶ ʢʘʤʝʨʫ. ʈʝʞʠʤ ʨʘʙʦʪʘʝʪ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ 

ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʳʝ ʥʘʩʦʩʳ (ʢʘʢ ʠ ʜʠʬʬʫʟʠʦʥʥʳʝ) ʨʘʙʦʪʘʶʪ ʟʘ ʩʯʝʪ ʧʝʨʝʜʘʯʠ 

ʠʤʧʫʣʴʩʘ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʤʦʣʝʢʫʣʝ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʤʘʩʩ r ʤʦʣʝʢʫʣʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʪʠʚʦʪʦʢ ʣʝʛʢʠʭ ʛʘʟʦʚ ʩʢʚʦʟʴ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʳʡ ʥʘʩʦʩ ʥʘ 2-3 

ʧʦʨʷʜʢʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʪʠʚʦʪʦʢʦʤ ʪʷʞʝʣʳʭ ʤʦʣʝʢʫʣ (H2O, N2). 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʪʝʯʝʠʩʢʘʪʝʣʷ ʟʘʢʣʶʯʘʶʪʩʷ 

ʚ ʪʦʤ, ʯʪʦ ʪʦʣʴʢʦ ʯʘʩʪʴ ʛʘʟʘ ʧʦʧʘʜʘʝʪ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʫʶ ʢʘʤʝʨʫ, 

ʙʦʣʝʝ ʪʦʛʦ, ʪʷʞʝʣʳʝ ʛʘʟʳ ʦʪʩʝʠʚʘʶʪʩʷ ʝʱʝ ʚ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʦʤ ʥʘʩʦʩʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʛʨʷʟʥʝʥʠʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʥʘ ʧʦʨʷʜʢʠ 

ʤʝʥʴʰʝ, ʯʝʤ ʚ ʨʝʞʠʤʝ ʧʨʷʤʦʛʦ ʧʦʪʦʢʘ. ʀ, ʧʦʩʢʦʣʴʢʫ ʜʘʚʣʝʥʠʝ ʚ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʟʘʚʝʜʦʤʦ ʥʠʞʝ, ʯʝʤ ʥʘ ʚʭʦʜʝ ʚ ʪʝʯʝʠʩʢʘʪʝʣʴ, ʪʦ ʚ 

ʪʘʢʦʤ ʨʝʞʠʤʝ ʠʟʤʝʨʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʯʘʪʳ ʛʦʨʘʟʜʦ ʨʘʥʴʰʝ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʜʘʚʣʝʥʠʷʭ ʚ ʠʩʧʳʪʫʝʤʦʡ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʝ ʧʦʨʷʜʢʘ 0.1 ʤʙʘʨ. ɺʩʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʛʝʣʠʝʚʳʝ ʪʝʯʝʠʩʢʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʝ ʧʨʦʪʠʚʦʪʦʢʘ. 
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8. ʋʩʪʨʦʡʩʪʚʦ ʠ ʧʦʨʷʜʦʢ ʨʘʙʦʪʳ ʩ ʩʦʚʨʝʤʝʥʥʳʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ 

ʛʝʣʠʝʚʳʤ ʪʝʯʝʠʩʢʘʪʝʣʝʤ Pfeiffer Vacuum HLT  560 

 ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʩʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʛʝʣʠʝʚʳʝ 

ʪʝʯʝʠʩʢʘʪʝʣʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ, ʪʠʧʘ ʇʊʀ-10, ʪʘʢʠʤʠ ʢʘʢ ʚʨʝʤʷ ʚʢʣʶʯʝʥʠʷ, ʚʨʝʤʷ ʚʳʢʣʶʯʝʥʠʷ, 

ʛʘʙʘʨʠʪʳ, ʧʨʦʩʪʦʪʘ ʨʘʙʦʪʳ. ʅʘ ʨʠʩʫʥʢʝ 7 ʠʟʦʙʨʘʞʝʥ ʦʙʱʠʡ ʚʠʜ ʪʝʯʝʠʩʢʘʪʝʣʷ 

HLT560, ʫʧʨʘʚʣʷʝʤʳʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʤ. ɺʩʝ ʧʨʦʮʝʩʩʳ ʚ ʧʨʠʙʦʨʝ 

ʫʧʨʘʚʣʷʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

 

ʈʠʩʫʥʦʢ 7 - ʆʙʱʠʡ ʚʠʜ ʪʝʯʝʠʩʢʘʪʝʣʷ Pfeiffer Vacuum HLT 560. 

 

 1. ɺʭʦʜʥʦʡ ʬʣʘʥʝʮ  - ʌʣʘʥʝʮ DN25 ISO-KF ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʠʩʧʳʪʫʝʤʳʤ ʦʙʲʝʢʪʦʤ. 
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 2. ɿʘʜʥʷʷ ʩʪʝʥʢʘ - ʅʘ ʟʘʜʥʝʡ ʩʪʝʥʢʝ ʥʘʭʦʜʠʪʩʷ ʧʦʜʢʣʶʯʝʥʠʝ ʢ 

ʵʣʝʢʪʨʦʩʝʪʠ, ʠʥʪʝʨʬʝʡʩʳ, ʨʘʟʲʸʤʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʧʫʣʴʪʘ 

ʠ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʱʫʧʘ. 

 3. ʋʧʨʘʚʣʝʥʠʝ ʧʨʠʙʦʨʦʤ - ɼʠʩʧʣʝʡ ʠ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 

 4. ɼʠʥʘʤʠʢ - ɼʠʥʘʤʠʢ ʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ. 

 5. ʇʨʦʪʠʚʦʧʳʣʝʚʦʡ ʬʠʣʴʪʨ - ʅʘʭʦʜʠʪʩʷ ʥʘ ʜʥʠʱʝ ʧʨʠʙʦʨʘ 

 6. ɺʳʭʦʜ ʚʝʥʪʠʣʷʮʠʠ - ʅʘʭʦʜʠʪʩʷ ʥʘ ʙʦʢʦʚʦʡ ʩʪʝʥʢʝ 

 ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʝʯʝʠʩʢʘʪʝʣʷ Pfeiffer Vacuum HLT 560 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 8. 

 

ʈʠʩʫʥʦʢ 8 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʝʯʝʠʩʢʘʪʝʣʷ Pfeiffer Vacuum HLT 560. 

ʚʭʦʜ ʪʝʯʝʠʩʢʘʪʝʣʷ 

ʬʦʨʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ 

ʢʘʣʠʙʨʦʚʘʥʥʘʷ 

ʛʝʣʠʝʚʘʷ  

ʪʝʯʴ 

 

ʥʘʧʫʩʢ 

ʜʘʪʯʠʢ 

ʜʘʚʣʝʥʠʷ 

ʊʄʅ 

ʩʪʫʧʝʥʴ 

ɸ 

ʄʉʂ 

ʊʄʅ 

ʩʪʫʧʝʥʴ 

B 
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 ʉʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ ʪʝʯʝʠʩʢʘʪʝʣʷ Pfeiffer Vacuum HLT 560 ʩʦʩʪʦʠʪ 

(ʫʧʨʦʱʝʥʥʦ): 

 Å ɺʭʦʜʥʦʡ ʬʣʘʥʝʮ; 

 Å ʌʦʨʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ; 

 Å ʊʫʨʙʦʤʦʣʝʢʫʣʷʨʥʳʡ ʥʘʩʦʩ (ʊʄʅ) ʩ ʜʚʫʤʷ ʩʪʫʧʝʥʷʤʠ ɸ ʠ ɺ; 

 Å ɹʣʦʢ ʢʣʘʧʘʥʦʚ; 

 Å ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʘʷ ʢʘʤʝʨʘ (ʄʉʂ). 

 ʀʩʧʳʪʫʝʤʳʡ ʦʙʲʝʢʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʚʭʦʜʥʦʡ ʬʣʘʥʝʮ. ʂʣʘʧʘʥʳ V1, 

V2, V3 ʠ V4 ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʦʝʜʠʥʝʥʠʝ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʪʝʯʝʠʩʢʘʪʝʣʷ 

ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʚ ʥʝʧʨʘʚʠʣʴʥʦʤ ʨʝʞʠʤʝ. 

ʂʣʘʧʘʥ V5 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʧʨʠʙʦʨʘ ʧʦ ʢʦʥʪʨʦʣʴʥʦʡ ʪʝʯʠ. 

ʂʣʘʧʘʥ V6 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʧʫʩʢʘ ʘʪʤʦʩʬʝʨʳ ʚ ʧʨʠʙʦʨ ʠ ʠʟʜʝʣʠʝ ʧʦ 

ʦʢʦʥʯʘʥʠʠ ʠʩʧʳʪʘʥʠʡ. ʕʪʦʪ ʞʝ ʢʣʘʧʘʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʧʨʠʙʦʨʘ ʩʦ 

ʱʫʧʦʤ. ɺʩʝ ʢʣʘʧʘʥʳ ʦʪʢʨʳʚʘʶʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ ʠ ʟʘʢʨʳʚʘʶʪʩʷ 

ʜʝʡʩʪʚʠʝʤ ʧʨʫʞʠʥ. ɺʘʢʫʫʤʥʳʡ ʜʘʪʯʠʢ P1 ʠʟʤʝʨʷʝʪ ʜʘʚʣʝʥʠʝ ʧʦʜ 

ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʳʤ ʥʘʩʦʩʦʤ, ʈ2 ï ʠʟʤʝʨʷʝʪ ʜʘʚʣʝʥʠʝ ʥʘ ʚʭʦʜʥʦʤ ʬʣʘʥʮʝ. 

 ʅʘ ʨʠʩʫʥʢʝ 9 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʪʝʯʝʠʩʢʘʪʝʣʷ Pfeiffer Vacuum 

HLT 560 ʩʦ ʩʥʷʪʦʡ ʢʨʳʰʢʦʡ. ʅʘ ʬʦʪʦʛʨʘʬʠʠ ʚʠʜʝʥ ʬʦʨʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ, 

ʙʣʦʢ ʢʣʘʧʘʥʦʚ, ʛʝʣʠʝʚʘʷ ʪʝʯʴ, ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ 

ʢʘʤʝʨʳ, ʧʨʠʝʤʥʠʢ ʠʦʥʦʚ, ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʳʡ ʥʘʩʦʩ (ʊʄʅ). 
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ʈʠʩʫʥʦʢ 9 - ʬʦʪʦʛʨʘʬʠʷ ʪʝʯʝʠʩʢʘʪʝʣʷ Pfeiffer Vacuum HLT 560 ʩʦ ʩʥʷʪʦʡ 

ʢʨʳʰʢʦʡ. 

 ʌʦʨʚʘʢʫʫʤʥʘʷ ʦʪʢʘʯʢʘ ʪʝʯʝʠʩʢʘʪʝʣʷ Pfeiffer Vacuum HLT 560 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ   ʤʘʩʣʷʥʳʤ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʤ ʧʣʘʩʪʠʥʯʘʪʦ-ʨʦʪʦʨʥʳʤ 

ʥʘʩʦʩʦʤ UNO 005A  (ʩʢʦʨʦʩʪʴ ʦʪʢʘʯʢʠ 1 ʣ/ʩ). ɺʳʩʦʢʦʚʘʢʫʫʤʥʘʷ ʦʪʢʘʯʢʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʳʤ ʥʘʩʦʩʦʤ TMH 071 ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʩʪʫʧʝʥʷʤʠ ʦʪʢʘʯʢʠ (ʩʢʦʨʦʩʪʴ ʦʪʢʘʯʢʠ ʧʦ N2 60 ʣ/ʩ). 

 ʊʝʯʝʠʩʢʘʪʝʣʴ Pfeiffer Vacuum HLT 560 ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʧʨʦʪʠʚʦʪʦʢʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʩʪʠʛʥʫʪʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʚ ʪʝʯʝʠʩʢʘʪʝʣʴ ʧʦʩʪʝʧʝʥʥʦ 

ʦʪʢʨʳʚʘʶʪʩʷ ʢʣʘʧʘʥʘ V1, V3 ʠ V4, ʫʚʝʣʠʯʠʚʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

 

ʚʭʦʜ ʪʝʯʝʠʩʢʘʪʝʣʷ 

ʬʦʨʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ 

ʙʣʦʢ ʢʣʘʧʘʥʦʚ 

ʛʝʣʠʝʚʘʷ ʪʝʯʴ 

ʤʘʛʥʠʪ 

ʧʨʠʝʤʥʠʢ ʠʦʥʦʚ 

ʊʄʅ 
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 Counterflow (ʇʨʦʪʠʚʦʪʦʢ). ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʚʘʢʫʫʤʠʨʦʚʘʥʠʝ 

ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʢʣʘʧʘʥʘ V2. ʇʨʠ ʜʘʚʣʝʥʠʠ 

ʈ2 å 15 mbar ʦʪʢʨʳʚʘʝʪʩʷ ʢʣʘʧʘʥ V1 ʦʪʢʘʯʢʠ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʩʦʩʘ. ɺ 

ʨʝʞʠʤʝ ʧʨʦʪʠʚʦʪʦʢʘ 
4
ʅʝ ʯʝʨʝʟ ʜʚʝ ʩʪʫʧʝʥʠ ʧʦʧʘʜʘʝʪ ʚ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʫʶ ʢʘʤʝʨʫ. ɹʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦʩʪʷʤ ʢʦʤʧʨʝʩʩʠʠ ʛʘʟʦʚ ʚ 

ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʳʭ ʥʘʩʦʩʘʭ ʩ ʜʚʫʤʷ ʩʪʫʧʝʥʷʤʠ, ʛʘʟʳ, ʩ ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ 

ʙʦʣʴʰʝ ʯʝʤ ʫ ʛʝʣʠʷ, ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʥʝ ʧʦʧʘʜʘʶʪ. ʂʦʣʠʯʝʩʪʚʦ ʛʝʣʠʷ, 

ʧʦʧʘʜʘʶʱʝʝ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ, ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʦʪʢʘʯʢʠ 

ʬʦʨʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ ʠ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʩʦʩʘ. 

 Twin-FlowÊ low (ɼʚʦʡʥʦʡ ʧʦʪʦʢ ʥʠʟʢʠʡ). ɺʘʢʫʫʤʠʨʦʚʘʥʠʝ 

ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʯʝʨʝʟ ʚʭʦʜʥʦʡ ʬʣʘʥʝʮ. ʇʨʠ ʜʘʚʣʝʥʠʠ ʈ2 

< 5 mbar ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʪʢʨʳʚʘʝʪʩʷ ʢʣʘʧʘʥ V3.  

 Twin-FlowÊ high (ɼʚʦʡʥʦʡ ʧʦʪʦʢ ʚʳʩʦʢʠʡ). ʇʨʠ ʜʘʚʣʝʥʠʠ ʈ2 < 0,5 

mbar  ʢʣʘʧʘʥ V3 ʟʘʢʨʳʚʘʝʪʩʷ ʠ ʦʪʢʨʳʚʘʝʪʩʷ ʢʣʘʧʘʥ V4. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʧʨʠʙʦʨʘ ʚʳʭʦʜʠʪ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ.  

 ʋʧʨʘʚʣʝʥʠʝ ʪʝʯʝʠʩʢʘʪʝʣʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʦʧʝʨʘʮʠʦʥʥʳʡ 

ʤʦʜʫʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʜʠʩʧʣʝʡ, ʢʣʘʚʠʘʪʫʨʫ ʠ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʯʝʠʩʢʘʪʝʣʝʤ (ʈʠʩʫʥʦʢ 10). 

 1. ʂʥʦʧʢʘ òSTART/STOPò (ʉʊɸʈʊ/ʉʊʆʇ) - ʇʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʷ ʪʝʯʠ. 

 2. ʂʥʦʧʢʘ òZEROò (ʅʆʃʔ) - òZEROò (ʅʆʃʔ), ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʢʥʦʧʢʘ ʥʘ ʱʫʧʝ, ʚʢʣʶʯʘʝʪ ʬʫʥʢʮʠʶ ʦʙʥʫʣʝʥʠʷ ʬʦʥʘ ʧʨʠʙʦʨʘ ʚ ʨʝʞʠʤʝ 

ʠʟʤʝʨʝʥʠʷ. ʇʨʠ ʫʜʝʨʞʘʥʠʠ ʢʥʦʧʢʠ òZEROò (ʅʆʃʔ) ʙʦʣʝʝ 3 ʩʝʢʫʥʜ ʨʝʞʠʤ 

ʦʙʥʫʣʝʥʠʷ ʦʪʤʝʥʷʝʪʩʷ. 

 3. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʥʦʧʢʠ - ʌʫʥʢʮʠʠ ʵʪʠʭ ʢʥʦʧʦʢ ʟʘʚʠʩʷʪ ʦʪ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ, ʥʘʩʪʨʦʝʢ ʠ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʦʨʘ. 
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 4. ɼʠʩʧʣʝʡ - ʅʘ ʜʠʩʧʣʝʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ, ʤʝʪʦʜʳ 

ʨʘʙʦʪʳ, ʚʳʙʨʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʠʭ ʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʥʦʧʦʢ. 

 

ʈʠʩʫʥʦʢ 10 - ʋʧʨʘʚʣʝʥʠʝ ʪʝʯʝʠʩʢʘʪʝʣʝʤ Pfeiffer Vacuum HLT 560. 

 

ɺʢʣʶʯʝʥʠʝ ʪʝʯʝʠʩʢʘʪʝʣʷ Pfeiffer Vacuum HLT 560 

 ɻʣʘʚʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ ʥʘʭʦʜʠʪʩʷ ʥʘ ʟʘʜʥʝʡ ʩʪʝʥʢʝ ʧʨʠʙʦʨʘ. 

ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ ʧʨʠʙʦʨʘ. ɺʢʣʶʯʠʪʝ ʧʨʠʙʦʨ. 

 ʇʦʩʣʝ ʩʘʤʦʪʝʩʪʠʨʦʚʘʥʠʷ, ʩʦʦʙʱʝʥʠʝ "PfeifferVacuum; SmartTest" 

ʦʪʦʙʨʘʞʝʥʦ ʥʘ ʜʠʩʧʣʝʝ. ʅʘʯʠʥʘʝʪʩʷ ʨʘʟʛʦʥ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʩʦʩʘ. ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ 2 õ 3 ʤʠʥʫʪʳ ʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʜʠʩʧʣʝʝ ʧʦʣʦʩʦʡ (ʈʠʩʫʥʦʢ 

11). 
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ʈʠʩʫʥʦʢ 11 - ɺʳʭʦʜ ʥʘ ʨʝʞʠʤ. 

 ʇʦʩʣʝ ʚʳʭʦʜʘ ʥʘ ʨʝʞʠʤ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʘʩʦʩʘ ʥʘ ʜʠʩʧʣʝʝ 

ʧʦʷʚʣʷʝʪʩʷ ʤʝʥʶ "Ready to start" (ɻʦʪʦʚʥʦʩʪʴ ʢ ʩʪʘʨʪʫ), ʠʟʦʙʨʘʞʝʥʥʦʝ ʥʘ 

ʨʠʩʫʥʢʝ 12. 

 

ʈʠʩʫʥʦʢ 12 - ʄʝʥʶ ʜʠʩʧʣʝʷ "Ready to start". 
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 ʇʨʠ ʥʘʞʘʪʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʢʥʦʧʢʠ òSetupò (ʋʩʪʘʥʦʚʢʠ), ʤʝʥʶ Setup 

(ʋʩʪʘʥʦʚʢʠ) ʧʦʷʚʣʷʝʪʩʷ ʥʘ ʜʠʩʧʣʝʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ɺʘʤ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʨʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ (ʈʠʩʫʥʦʢ 13).  

 

ʈʠʩʫʥʦʢ 13 - ʄʝʥʶ ʜʠʩʧʣʝʷ "Setup Main Menu". 

 ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ "Escape" ʧʨʠʙʦʨ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʤʝʥʶ "Ready to 

start" (ʨʠʩʫʥʦʢ 12). 

 ʅʘ ʜʠʩʧʣʝʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

 Mode (ʄʝʪʦʜ) - ʄʝʪʦʜ ʨʘʙʦʪʳ (ʚʘʢʫʫʤʥʳʡ ʠʣʠ ʩʥʠʬʬʝʨ) 

 Mass (ʄʘʩʩʘ) - ʊʠʧ ʛʘʟʘ (
4
He, 

3
He, H2) 

 Filter (ʌʠʣʴʪʨ) ɺʠʜ ʬʠʣʴʪʨʘ (ʙʝʟ ʬʠʣʴʪʨʘ, ʜʠʥʘʤʠʯʝʩʢʠʡ, ʩʪʘʪʠʯʝʩʢʠʡ) 

 Last CF (ʇʦʩʣʝʜʥʷʷ ʧʝʨʝʢʘʣʠʙʨʦʚʢʘ) - ɼʘʪʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʩʣʝʜʥʝʡ 

ʢʘʣʠʙʨʦʚʢʠ  Signal (ʉʠʛʥʘʣ) - ʊʝʢʫʱʠʡ ʬʦʥʦʚʳʡ ʩʠʛʥʘʣ.  
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 ɼʣʷ ʧʨʦʩʤʦʪʨʘ ʩʦʩʪʦʷʥʠʷ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ ʚ ʤʝʥʶ "Setup Main 

Menu" ʚʳʙʝʨʠʪʝ ʧʦʜʤʝʥʶ "Info" ʠ ʜʘʣʝʝ ʧʦʜʤʝʥʶ "Vacuum diagram". ʅʘ 

ʜʠʩʧʣʝʝ ʦʪʨʘʟʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʪʢʨʳʪʳʭ ʠ ʟʘʢʨʳʪʳʭ ʚʝʥʪʠʣʷʭ ʛʝʣʠʝʚʦʛʦ 

ʪʝʯʝʠʩʢʘʪʝʣʷ (ʈʠʩʫʥʦʢ 14). 

 

ʈʠʩʫʥʦʢ 14 - ɼʠʩʧʣʝʡ ʩʦʩʪʦʷʥʠʷ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʦʠʩʢ ʪʝʯʝʡ 

 ʇʨʠʙʦʨ ʛʦʪʦʚ ʢ ʢʦʥʪʨʦʣʶ ʛʝʨʤʝʪʠʯʥʦʩʪʠ, ʢʘʢ ʪʦʣʴʢʦ ʧʦʷʚʣʷʝʪʩʷ 

ʩʦʦʙʱʝʥʠʝ "Ready to start" (ɻʦʪʦʚ ʢ ʩʪʘʨʪʫ). ʋʜʘʣʠʪʝ ʟʘʛʣʫʰʢʫ ʩ ʚʭʦʜʥʦʛʦ 

ʬʣʘʥʮʘ ʠ ʫʩʪʘʥʦʚʠʪʝ ʥʘ ʥʝʛʦ ʠʩʧʳʪʫʝʤʦʝ ʠʟʜʝʣʠʝ. ʅʘʞʤʠʪʝ ʢʥʦʧʢʫ 

START/STOP (ʉʊɸʈʊ/ʉʊʆʇ) ʜʣʷ ʥʘʯʘʣʘ ʠʟʤʝʨʝʥʠʡ. ʅʘʯʥʸʪʩʷ 

ʚʘʢʫʫʤʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʷ, ʚ ʧʨʦʮʝʩʩʝ ʦʪʢʘʯʢʠ ʜʘʚʣʝʥʠʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ 

ʜʠʩʧʣʝʝ (ʨʠʩʫʥʦʢ 15). ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʥʘ ʜʠʩʧʣʝʝ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʬʦʥʘ, ʠ, ʥʘʯʠʥʘʷ ʩ ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʬʦʥʘ (<10
-4
 ʤʙʘʨÅʣ/c) ʠʟʜʝʣʠʝ ʤʦʞʥʦ ʧʨʦʚʝʨʷʪʴ ʛʝʣʠʝʤ.  


