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ʗ ʙʳʣ ʨʘʟʦʯʘʨʦʚʘʥ ʩʫʱʝʩʪʚʫʶʱʠʤʠ SPICE ʤʦʜʝʣʷʤʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, SPICE ʤʦʜʝʣʷʤʠ 

ʚʢʣʶʯʘʶʱʠʤʠ ʥʘʩʳʱʝʥʠʝ ʠ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʩʝʨʜʝʯʥʠʢʝ, ʢʦʛʜʘ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ. ʕʪʘ 

ʩʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʦʚʳʝ SPICE ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ, ʢʘʢ ʷ ʥʘʜʝʶʩʴ, ʦʢʘʞʫʪʩʷ ʧʦʣʝʟʥʳʤʠ. 

ɼʘʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦ ʧʦʪʝʨʷʤ ʚ ʩʝʨʜʝʯʥʠʢʝ, ʢʘʢ ʜʣʷ ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʘʢ ʠ 

ʜʣʷ SPICE ʤʦʜʝʣʝʡ, ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ. ʕʪʘ ʩʪʘʪʴʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʙʦʣʝʝ 

ʧʦʣʝʟʥʳʝ ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʠʷ ʥʘ ʩʧʦʩʦʙʳ ʜʦʙʳʯʠ ʙʦʣʴʰʝʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ. 

ʕʪʘ ʧʨʝʟʝʥʪʘʮʠʷ ʩʦʜʝʨʞʠʪ ʧʨʠʣʦʞʝʥʠʝ "ʇʦʪʝʨʠ ʚ ʩʝʨʜʝʯʥʠʢʝ ʚ SPICE ʤʦʜʝʣʷʭ ʠʟ ʜʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʝʨʜʝʯʥʠʢʦʚ". ʏʠʪʘʪʝʣʴ, ʚʦʟʤʦʞʥʦ, ʧʦʞʝʣʘʝʪ ʚʟʛʣʷʥʫʪʴ ʥʘ ʵʪʦʪ ʨʘʟʜʝʣ ʧʝʨʝʜ ʠʟʫʯʝʥʠʝʤ SPICE 

ʤʦʜʝʣʝʡ, ʢʘʢ ʩʚʷʟʴ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʧʨʠʣʦʞʝʥʠʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ SPICE ʤʦʜʝʣʝʡ. 

 

ʉʦʜʝʨʞʘʥʠʝ: 

Å ɹʘʟʦʚʳʡ ʠʜʝʘʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ 

Å ʄʥʦʛʦʦʙʤʦʪʦʯʥʳʡ ʠʜʝʘʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ 

Å ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʥʘʩʳʱʝʥʠʝ ʠ ʛʠʩʪʝʨʝʟʠʩ, ʧʦʜʛʦʥʢʘ ʢʨʠʚʦʡ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ ʧʝʪʣʠ 

ʛʠʩʪʝʨʝʟʠʩʘ 

Å ʏʝʪʳʨʝʭ ʚʠʪʢʦʚʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ ʠ ʧʦʪʝʨʷʤʠ ʚ ʩʝʨʜʝʯʥʠʢʝ, ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ. 

Å ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ, ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ. ʊʝʩʪʦʚʳʝ ʪʦʯʢʠ ʧʦʪʝʨʠ ʠ ʵʥʝʨʛʠʠ 

Å ʇʦʪʝʨʠ ʚ ʩʝʨʜʝʯʥʠʢʝ, ʯʘʩʪʴ 2, ʧʦʜʛʦʥʢʘ ʢʨʠʚʦʡ ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʵʬʬʝʢʪʦʚ 

Å ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʵʬʬʝʢʪʳ ʚ ʦʙʤʦʪʢʘʭ ʦʪ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ, ʩʢʠʥ-ʵʬʬʝʢʪʘ, ʵʬʬʝʢʪʘ ʙʣʠʟʦʩʪʠ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʦʙʤʦʪʦʢ 

Å ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩ ʢʦʘʢʩʠʘʣʴʥʳʤʠ ʠʣʠ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʦʙʤʦʪʢʘʤʠ 

 

ɹʘʟʦʚʳʡ ʠʜʝʘʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ 

 

 
SPICE ʤʦʜʝʣʠ ʚʳʰʝ, ʧʦʢʘʟʳʚʘʝʪ ʙʘʟʦʚʫʶ ʤʦʜʝʣʴ ʠʜʝʘʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠʩʧʦʣʴʟʫʶʱʫʶ 

ʧʦʚʝʜʝʥʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ. ʀʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ V1 ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ ʪʦʢʘ ʜʣʷ ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ B1. ʅʘʧʨʷʞʝʥʠʝ V1 ʫʩʪʘʥʦʚʣʝʥʦ ʥʫʣʝʚʳʤ, ʩ ʪʝʤ, 

ʯʪʦʙʳ ʦʥʦ ʥʝ ʦʢʘʟʳʚʘʣʦ ʥʠ ʢʘʢʦʛʦ ʚʣʠʷʥʠʝ ʥʘ ʮʝʧʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʚ 

ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʬʫʥʢʮʠʷʭ, ʥʦ ʷ ʨʝʰʠʣ ʩʜʝʣʘʪʴ ʵʪʦ ʧʘʨʘʤʝʪʨʦʤ {N}, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʠʩʧʦʣʴʟʫʷ ʫʪʚʝʨʞʜʝʥʠʝ 

SPICE ʧʘʨʘʤʝʪʨʘ ".PARAM N=1", ʪʘʢ ʯʪʦ ʝʛʦ ʣʝʛʢʦ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʘʤʦʡ ʤʦʜʝʣʠ SPICE. 

ɺʦʟʚʨʘʪʳ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʚ ʵʪʦʡ ʤʦʜʝʣʠ, ʥʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ. 

ʕʪʦ ʨʘʟʨʘʙʦʪʘʥʦ ʚ ʩʝʤʝʡʩʪʚʝ SPICE ʤʦʜʝʣʝʡ ʠ ʢʦʤʧʦʥʝʥʪʦʚ SPICE ʤʦʜʝʣʠ ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʣʦʞʥʦʩʪʠ 

(ʥʝʩʢʦʣʴʢʦ ʦʙʤʦʪʦʢ, ʥʘʩʳʱʝʥʥʦʩʪʴ, ʧʦʪʝʨʠ ʚ ʩʝʨʜʝʯʥʠʢʝ ʜʣʷ ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ, ʧʦʪʝʨʠ ʚ ʦʙʤʦʪʢʝ). 

ʇʨʦʩʪʳʝ ʤʦʜʝʣʠ ʧʦʣʝʟʥʳ ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʧʨʦʩʪʦʪʘ ʭʦʨʦʰʘ, ʝʩʣʠ ʦʥʘ ʜʝʣʘʝʪ ʩʚʦʝ ʜʝʣʦ. 

 

ʄʥʦʛʦʦʙʤʦʪʦʯʥʳʝ ʠʜʝʘʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 

ɺ SPICE ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʥʦʛʦʦʙʤʦʪʦʯʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʥʦ ʷ ʚʳʙʨʘʣ ʜʣʷ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʚʩʝʭ ʦʙʤʦʪʦʢ ʚ ʦʜʠʥ ʚʠʪʦʢ ʩʚʷʟʠ ʩʦʝʜʠʥʝʥʠʝ, ʪʝʨʤʠʥʘʣ Vc. 

SPICE ʤʦʜʝʣʴ ʯʝʪʳʨʸʭʦʙʤʦʪʦʯʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʠʞʝ, ʠʤʝʝʪ ʜʚʫʭʪʘʢʪʥʫʶ ʦʙʤʦʪʢʫ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʦʙʤʦʪʦʢ ʧʦ 10 ʚʠʪʢʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʚʪʦʨʠʯʥʳʝ ʦʙʤʦʪʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʧʦ 

1 ʚʠʪʢʫ. ɺ SPICE ʤʦʜʝʣʠ, ʢʘʞʜʘʷ ʩʝʢʮʠʷ ʤʥʦʛʦʦʪʚʦʜʥʦʡ ʠʣʠ ʨʘʟʜʝʣʸʥʥʦʡ ʦʙʤʦʪʢʠ ʤʦʜʝʣʠʨʫʶʪʩʷ ʦʪʜʝʣʴʥʦ, ʩ 

ʦʪʜʝʣʴʥʳʤʠ ʚʠʪʢʦʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʢʘʞʜʦʡ ({N1}, { N2}, ʠ ʪ.ʜ.). ʂʘʞʜʘʷ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʠʥʦʯʥʦʤʫ ʚʠʪʢʫ 

ʦʙʤʦʪʢʠ "ʩʝʨʜʝʯʥʠʢʘ", ʧʦʜʢʣʶʯʝʥʘ ʢ ʦʙʱʝʤʫ ʢʦʥʮʫ Vc. ɺ ʤʦʜʝʣʠ ʥʝ ʜʝʣʘʝʪʩʷ ʥʠʢʘʢʦʛʦ ʨʘʟʣʠʯʠʷ ʜʣʷ 

ʧʝʨʚʠʯʥʦʡ ʠʣʠ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ, ʪʘʢ ʢʘʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʷʚʣʷʶʪʩʷ ʦʙʨʘʪʠʤʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʃʶʙʳʝ 

ʚʥʝʰʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʜʝʣʘʥʳ ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʩʝʢʮʠʠ ʦʙʤʦʪʢʠ ʦʧʨʝʜʝʣʝʥʳ. ʆʙʤʦʪʢʠ ʠʟʦʣʠʨʦʚʘʥʳ, ʥʦ ʚ SPICE 

ʜʦʣʞʥʳ ʠʤʝʪʴ ʛʘʣʴʚʘʥʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʟʝʤʣʸʡ. ʇʦʵʪʦʤʫ, ʚ ʧʨʠʤʝʨʝ, ʢʘʞʜʘʷ ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʦʙʤʦʪʢʘ ʧʦʜʢʣʶʯʝʥʘ 

ʢ ʟʝʤʣʝ, ʠʩʧʦʣʴʟʫʷ ʦʯʝʥʴ ʚʳʩʦʢʦʦʤʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 1 ʄʆʤ. 



 

 
 

ɽʩʣʠ ʤʦʜʝʣʠʨʫʝʤʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠʤʝʝʪ ʦʙʤʦʪʢʠ, ʩʦʝʜʠʥʝʥʥʳʝ ʚʤʝʩʪʝ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʦʪʚʦʜ ʦʙʤʦʪʢʠ, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʦʜʢʣʶʯʘʪʴ ʩʝʢʮʠʠ ʯʝʨʝʟ ʥʠʟʢʦʦʤʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʪʘʢ ʯʪʦ ʠʤʝʥʘ ʫʟʣʦʚ ʥʝ ʠʟʤʝʥʷʶʪʩʷ, ʥʦ 

ʵʪʦ ʧʦ ʩʦʙʩʪʚʝʥʥʦʤʫ ʫʩʤʦʪʨʝʥʠʶ. ɺ ʧʨʠʤʝʨʝ, R13 (12 pɋ) ʩʦʝʜʠʥʷʝʪ ʫʟʣʳ V1r ʠ V2, ʯʪʦʙʳ ʩʜʝʣʘʪʴ 

ʮʝʥʪʨʘʣʴʥʳʡ ʦʪʚʦʜ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ. ʀʩʧʦʣʴʟʫʷ ʧʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ ʧʨʠʤʝʨ, ʦʯʝʥʴ ʣʝʛʢʦ ʩʜʝʣʘʪʴ ʠʜʝʘʣʴʥʫʶ 

SPICE ʤʦʜʝʣʴ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʠʤʝʶʱʝʛʦ ʣʶʙʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʤʦʪʦʢ. ʅʝʢʦʪʦʨʳʝ ʟʘʙʦʪʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʩʚ̫ʟʘʥʘ ʩ ʪʝʨʤʠʥʦʣʦʛʠʝʡ "ʚʠʪʢʦʚ". ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩʦʜʝʨʞʠʪ ʧʝʨʚʠʯʥʫʶ 20-

ʪʠ ʚʠʪʢʦʚʫʶ ʦʙʤʦʪʢʫ ʩ ʦʪʚʦʜʦʤ ʦʪ ʩʝʨʝʜʠʥʳ ʠ ʜʚʝ ʨʘʟʜʝʣʴʥʳʝ ʚʪʦʨʠʯʥʳʝ ʦʙʤʦʪʢʠ. 

 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʥʘʩʳʱʝʥʠʝ ʠ ʛʠʩʪʝʨʝʟʠʩ, ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ: 

ʌʫʥʢʮʠʠ SPICE ʤʦʜʝʣʠ ʩʝʨʜʝʯʥʠʢʘ ʩʚʷʟʘʥʳ ʢ ʦʜʠʥʦʯʥʦʤʫ ʚʠʪʢʫ ʩʚʷʟʘʥʥʦʤʫ ʧʦʜʢʣʶʯʝʥʠʝ Vc ʯʝʨʝʟ 

ʦʜʥʦʚʠʪʢʦʚʫʶ ʤʦʜʝʣʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʀʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʨʘʙʦʪʳ SPICE ʤʦʜʝʣʠ ʠ 

ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ. 

ʈʝʟʠʩʪʦʨʘ Ri ʦʛʨʘʥʠʯʠʚʘʝʪ ʪʦʢ, ʢʦʛʜʘ ʩʝʨʜʝʯʥʠʢ ʥʘʩʳʱʘʝʪʩʷ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ. ʀʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ Vim ʷʚʣʷʝʪʩʷ ʪʦʢʦʚʦʡ ʩʩʳʣʢʦʡ ʜʣʷ 

ʜʣʷ ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ. Vim ʫʩʪʘʥʦʚʣʝʥ ʚ 0 V ʪʘʢ, ʯʪʦʙʳ ʦʥ ʥʝ ʚʣʠʷʣ ʥʘ ʮʝʧʴ. 

 

ɺʥʠʤʘʥʠʝ: ʊʦʢ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥ ʚ ʢʦʤʧʦʥʝʥʪʝ. ʅʝ ʠʩʧʦʣʴʟʫʡʪʝ ʢʦʤʧʦʥʝʥʪ ʢʘʢ ʪʦʯʢʫ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ, 

ʝʩʣʠ ʠʟʤʝʨʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʮʝʧʠ ʣʶʙʳʤ ʩʧʦʩʦʙʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ, 

ʜʘʞʝ ʪʦʯʥʦ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ ʦʰʠʙʢʘʤ, ʟʘʤʝʜʣʠʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʩʭʦʜʠʤʦʩʪʴ. 

ʀʩʧʦʣʴʟʫʡʪʝ ʠʩʪʦʯʥʠʢʠ ʥʘʧʨʷʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ 0 ɺ. 

 

 



 

 
 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ Lm ʤʦʜʝʣʠʨʫʝʪ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ  ʨʝʟʠʩʪʦʨ Rh1 ʤʦʜʝʣʠʨʫʝʪ ʧʦʪʝʨʠ ʚ 

ʩʝʨʜʝʯʥʠʢʝ. ʇʦʪʝʨʠ ʚ ʩʝʨʜʝʯʥʠʢʝ ʙʫʜʫʪ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʩ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʩʭʝʤʦʡ ʧʦʟʞʝ, ʥʦ ʵʪʦ ʧʦʣʝʟʥʘʷ 

ʦʪʧʨʘʚʥʘʷ ʪʦʯʢʘ ʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʣʦʞʝʥʠʡ. 

ʇʦʪʦʢ B ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ ʚʦʣʴʪ-ʩʝʢʫʥʜʳ ʥʘ ʠʜʫʢʪʠʚʥʦʩʪʠ Lm, ʤʘʩʰʪʘʙʠʨʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘʧʨʷʞʝʥʠʝ Vm ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʧʦ ʚʨʝʤʝʥʠ ʩ ʧʦʚʝʜʝʥʯʝʩʢʠʤ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ B3. ʊʦʢ ʟʘʨʷʞʘʝʪ ʢʦʥʜʝʥʩʘʪʦʨ Cb 

ʜʦ ʥʘʧʨʷʞʝʥʠʷ B. ɿʥʘʯʝʥʠʝ Cb ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʦʣʴʪ-ʩʝʢʫʥʜʳ ʚ 

ʧʦʪʦʢ. ɺʦʣʴʪ-ʩʝʢʫʥʜʳ, ʧʦʪʦʢ ʠ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʤʘʩʰʪʘʙʦʤ, ʧʦʵʪʦʤʫ ʣʶʙʦʡ ʠʟ ʥʠʭ ʤʦʞʝʪ 

ʙʳʪʴ ʩʤʦʜʝʣʠʨʦʚʘʥ. 

ʅʘʩʳɦʝʥʠʝ ʩʝʨʜʝʯʥʠʢʘ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ, ʂʩ. ɿʥʘʯʝʥʠʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʪʦʢ 

ʜʦʣʞʝʥ ʦʩʪʘʚʘʪʴʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʜʣʷ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ, ʠ ʧʦʪʦʢ B ʷʚʣʷʝʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʚ 

ʧʦʪʦʢʝ ʥʘʩʳʱʝʥʠʷ {bsat}. ɼʣʷ ʪʦʢʘ ʦʩʪʘʚʘʪʴʩʷ ʩʪʘʪʠʯʥʳʤ, ʥʘʧʨʷʞʝʥʠʝ Vm ʥʘ ʢʘʪʫʰʢʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ Lm 

ʜʦʣʞʥʘ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ, ʠ ʵʪʦ ʙʫʜʝʪ ʩʜʝʣʘʥʦ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʠ Kc ʚ 0, ʢʘʢ ʧʦʪʦʢ B 

ʧʝʨʝʭʦʜʠʪ ʚ {bsat}. ɽʩʪʴ ʤʥʦʛʦ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʵʪʦ ʧʦʚʝʜʝʥʠʝ, ʥʦ ʩʣʝʜʫʶʱʘʷ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʟʘ ʝ yʧʨʦʩʪʦʪʫ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ: 
Exponent

Bsat

B
1Kc ö

÷

õ
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å
-=  

ɼʣʷ ʣʶʙʦʡ ʵʢʩʧʦʥʝʥʪʳ > 1 ʚʳʨʘʞʝʥʠ ̫B/Bsat, Kc ʧʝʨʝʭʦʜʠʪ ʚ 0 ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ, ʠ ʵʢʩʧʦʥʝʥʪʘ ʫʧʨʘʚʣʷʝʪ 

ʨʝʟʢʦʩʪʴʶ çʢʦʣʝʥʘè, ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʵʢʩʧʦʥʝʥʪʘ ʜʝʣʘʝʪ ʢʦʣʝʥʦ ʦʩʪʨʝʝ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʤʘʛʥʠʪʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʩʣʦʚʥʳʝ ʝʜʠʥʠʮ,r 

ʤʘʩʰʪʘʙʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʝʦʙʨʘʟʫʶʪ ʚʭʦʜʥʦʡ ʪʦʢ ʚ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ʠ ʚʦʣʴʪ-ʩʝʢʫʥʜʳ ʧʨʝʦʙʨʘʟʫʶʪ ʚ 

ʠʥʜʫʢʮʠʶ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ 

ʧʦʣʝʟʥʳʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʧʝʨ-ʚʠʪʢʘʤʠ ʠ ʚʦʣʴʪ-ʩʝʢʫʥʜʘʤʠ ʥʘ ʚʠʪʦʢ. 

SPICE ʤʦʜʝʣʴ ʧʦʚʪʦʨʷʝʪʩʷ ʥʠʞʝ, ʩ ʥʝʙʦʣʴʰʠʤ ʛʨʘʬʠʢʠ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʩʠʛʥʘʣʦʚ ʠ ʠʭ 

ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ. ʇʘʨʘʤʝʪʨ ʟʘʷʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʢʦʧʠʨʦʚʘʥ  rʠ ʚʩʪʘʚʣʝʥʳ ʚ ʚʝʨʭʥʠʡ ʣʝʚr ʡ ʫʛʦʣ. 

ʅʝʙʦʣʴʰʠʝ ʛʨʘʬʠʢʠ ʩʜʝʣʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ SPICE probe, ʠ ʦʥʠ ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ ʧʨʦʛʨʘʤʤʫ CAD 

ʝʩʣʠ ʩʭʝʤʘ ʥʘʧʝʯʘʪʘʥʘ, ʩʢʦʧʠʨʦʚʘʥʘ ʠ ʚʩʪʘʚʣʝʥʘ, ʭʦʪʷ ʦʥʠ ʠ ʪʨʝʙʫʶʪ ʥʝʢʦʪʦʨʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʚ CAD ʟʘ 

ʚʥʝʰʥʠʡ ʚʠʜ. 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʢʘʢ V(B) ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ Bsat, ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ Kc ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ. ʅʘʧʨʷʞʝʥʠʝ Vm ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ Kc ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ Vin, ʧʦʵʪʦʤʫ B ʤʦʞʝʪ ʥʠʢʦʛʜʘ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʟʘ Bsat. ɺ ʙʦʣʝʝ ʩʣʦʞʥʳʭ SPICE 

ʤʦʜʝʣʴ, Bsat ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʤʝʥʥʦʡ, ʪʦʞʝ, ʚʳʭʦʜ ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʤʦʞʥʦ, ʚʢʣʶʯʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ. 

ʍʦʪʷ ʙʦʣʴʰʠʥʩʪʚʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩʠʣʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʝ ʥʘʩʳʱʘʶʪʩ,̫ ʚʘʞʥʦ, ʯʪʦʙʳ ʚʢʣʶʯʠʪʴ 

ʥʘʩʳʱʝʥʠʷ, ʪʘʢ ʯʪʦ ʭʦʜʴʙʘ ʧʦʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʘ. 

 



 

 
 

ʇʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ: 

ʇʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ ʦʪʦʙʨʘʞʝʥʘ ʚ SPICE ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʦʩʮʠʣʣʦʛʨʘʬʘ.  ʇʦ ʦʩʠ X ʦʪʢʣʘʜʳʚʘʝʪʩʷ 

ʚʭʦʜʥʦʡ ʪʦʢ, Iin, ʘ ʧʨ ʦʩʠ Y ʧʦʪʦʢ ʠʣʠ ʠʥʜʫʢʮʠʷ B. ʇʣʦʱʘʜʴ ʚ ʧʨʝʜʝʣʘʭ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʦʪʦʙʨʘʞʘʝʪ ʧʦʪʝʨʠ ʚ 

ʩʝʨʜʝʯʥʠʢʝ. ʇʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʧʠʨʦʚʘʥʳ ʚ ʧʨʦʛʨʘʤʤʫ CAD,  ʛʜʝ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʯʠʱʝʥʘ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʘ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʜʣʷ ʧʨʝʟʝʥʪʘʮʠʠ. 

 

 
 

ɺʘʞʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʧʝʪʣʷʭ ʛʠʩʪʝʨʝʟʠʩʘ ʚʳʰʝ: ʛʜʝ 

ʦʜʠʥʘʢʦʚʳʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʤʘʩʰʪʘʙʠʨʫʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ! ʋʩʧʝʰʥʘʷ ʫʩʪʘʥʦʚʢʘ ʢʨʠʚʦʡ ʪʨʝʙʫʝʪ ʩʨʘʚʥʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʢʨʠʚʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭ ʞʝ ʬʘʢʪʦʨʦʚ ʤʘʩʰʪʘʙʘ. 

ʂʨʠʚʘʷ ʫʩʪʘʥʦʚʢʠ: 

ʇʝʨʚʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. Rh1 ʫʩʪʘʥʦʚʣʝʥ ʥʘ 

ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ, ʥʘʧʨʠʤʝʨ, 1 ʄʆʤ, ʠ Lm ʫʩʪʘʥʦʚʣʝʥ ʚ ʠʟʤʝʨʷʶʪʩʷ ʠʣʠ ʦʮʝʥʠʚʘʶʪʩʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʜʣʷ 

ʦʜʥʦʛʦ ʚʠʪʢʘ ʦʙʤʦʪʢʠ. ʅʘ ʨʠʩʫʥʢʝ ʥʠʞʝ ʧʦʢʘʟʘʥʘ ʣʠʥʠʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ Lm ʦʪ 

10 ʤʢɻʥ ʜʦ 40 ʤʢɻʥ. 

ʅʝ ʙʝʩʧʦʢʦʡʪʝʩʴ ʦ ʬʦʨʤʝ ʫʛʣʦʚ ʩʝʡʯʘʩ, ʩʤʦʪʨʠʪʝ ʪʦʣʴʢʦ ʥʘʢʣʦʥ ʣʠʥʠʠ ʚʙʣʠʟʠ ʦʩʠ X. ɹʫʜʴʪʝ ʫʚʝʨʝʥʳ, ʯʪʦ 

ʬʘʢʪʦʨʳ ʢʦʦʨʜʠʥʘʪ ʰʢʘʣʝ ʧʨʘʚʠʣʴʥʦ ʠʣʠ ʢʨʠʚʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʳ ʧʫʪʝʤ ʚʠʟʫʘʣʴʥʦʛʦ ʩʨʘʚʥʝʥʠʷ, 

ʨʘʩʯʝʪʳ ʠ ʥʘʢʣʦʥ ʙʫʜʝʪ ʥʝʦʙʭʦʜʠʤʦ. 

"ʆʢʨʫʛʣʦʩʪʠ" ʠʟ ʫʛʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʂʩ ʚ ʧʦʚʝʜʝʥʯʝʩʢʦʤ ʠʩʪʦʯʥʠʢʝ ʥʘʧʨʷʞʝʥʠʷ B12, ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʩʭʝʤʫ 

SPICE ʤʦʜʝʣʴ ʚʳʰʝ. 
Exponent

Bsat

B
1Kc ö

÷

õ
æ
ç

å
-=  



 
 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʢʩʧʦʥʝʥʪʳ, ʫʛʣʳ ʧʦʣʫʯʠʪʴ ʦʩʪʨʝʝ. ʇʨʠʚʝʜʝʥʥʳʡ ʥʠʞʝ ʛʨʘʬʠʢ ʧʦʢʘʟʘʥ ʜʣʷ ʵʢʩʧʦʥʝʥʪʳ 

2, 4 ʠ 8, ʠʩʧʦʣʴʟʫʷ ʢʨʠʚʫʶ 40 ʤʢɻʥ ʥʘ ʛʨʘʬʠʢʝ ʚʳʰʝ. 

 

 
 

ɼʘʣʝʝ ʦʩʥʦʚʥʳʝ ʧʦʪʝʨʠ ʤʦʜʝʣʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ ʨʝʟʠʩʪʦʨʘ Rh1. ʂʘʢ ʨʝʟʠʩʪʦʨʘ R1 ʩʥʠʞʘʝʪʩʷ 

ʧʦ ʚʝʣʠʯʠʥʝ, ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ ʦʪʢʨʳʚʘʝʪ. 

ʇʦ ʤʝʨʝ ʫʪʦʯʥʝʥʠʷ SPICE ʤʦʜʝʣʠ, Rh1 ʙʫʜʝʪ ʟʘʤʝʥʝʥ ʥʘ ʙʦʣʝʝ ʩʣʦʞʥʫ  ʁʬʫʥʢʮʠ,ʁ ʥʦ ʵʪʦ ʙʫʜʝʪ 

ʨʝʟʠʩʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʪʝʨʶ, ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʠ ʩʝʨʜʝʯʥʠʢ ʥʝ ʥʘʩʳʱʝʥ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʥʠʞʝ ʛʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʧʝʪʣʶ ʛʠʩʪʝʨʝʟʠʩʘ ʤʦʜʝʣʠ ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Rh1 ʠʟʤʝʥʝʥʠʷʤʠ, Rh1 = 1 ʄʆʤ, 5 ɋ ʠ 2,5 ɋ. 

 

 
 

ʇʘʨʘʤʝʪʨʳ (L2, ʵʢʩʧʦʥʝʥʪʘ ʠ R1) ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʝʣʘʥʳ, ʯʪʦʙʳ ʫʪʦʯʥʠʪʴ ʩʦʚʧʘʜʝʥʠʝ, ʯʪʦʙʳ ʙʳʪʴ ʢʘʢ 

ʤʦʞʥʦ ʙʣʠʞʝ ʧʦʜʭʦʜʷʪ ʢʘʢ ʵʪʦ ʚʦʟʤʦʞʥʦ. ɽʩʣʠ ʬʦʨʤʘ ʥʝ ʪʦʣʴʢʦ ʧʨʘʚʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʫʙʝʜʠʪʴʩʷ, ʯʪʦ 

ʧʣʦʱʘʜʴ, ʟʘʢʣʶʯʝʥʥʘʷ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʩʦʚʧʘʜʘʝʪ, ʢʘʢ ʵʪʦ ʚʦʟʤʦʞʥʦ. 



SPICE ʤʦʜʝʣʴ, 4 ʚʠʪʢʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ ʠ ʧʦʪʝʨʷʤʠ ʚ ʩʝʨʜʝʯʥʠʢʝ, ʧʨʦʩʪʘ  ̫ʤʦʜʝʣ:ɹ 

SPICE ʤʦʜʝʣʴ ʥʠʞʝ ʜʦʙʘʚʣʷʝʪ ʬʫʥʢʮʠʠ ʧʦʪʝʨ ɹʚ ʩʝʨʜʝʯʥʠʢʝ ʠ ʛʠʩʪʝʨʝʟʠʩ ʚ ʠʜʝʘʣʴʥʦʤ 

ʯʝʪʳʨʝʭʦʙʤʦʪʦʯʥʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚʳʰʝ. ʌʫʥʢʮʠʠ ʧʦʪʝʨ ɹʠ ʛʠʩʪʝʨʝʟʠʩ ʧʨʠʩʦʝʜʠʥʠʪʴʩʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ ʚ ʫʟʣʝ Vc. 

 

 



ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʦʙʤʦʪʢʠ, ʧʨʦʩʪʳʝ ʤʦʜʝʣʠ: 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ SPICE ʤʦʜʝʣ ɹʜʚʫʭʦʙʤʦʪʦʯʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ ʠ ʧʦʪʝʨʷʤʠ ʚ 

ʩʝʨʜʝʯʥʠʢʝ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʧʨʠʤʝʨʘ, ʧʣʶʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʙʤʦʪʢʠ. ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ, 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʥʝʩʝʥʳ ʚ ʫʪʚʝʨʞʜʝʥʠʷ SPICE ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢ ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʟʤʝʥʝʥʳ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʭʝʤʳ. ʕʪʦ ʫʩʤʦʪʨʝʥʠʶ. 

 

 
ʇʨʠʤʝʯʘʥʠʝ: ʕʪʘ ʤʦʜʝʣʴ ʥʝ ʙʳʣʘ ʟʘʧʫʱʝʥʘ ʠ ʧʨʦʚʝʨʝʥʘ, ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʠʤʝʝʪ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʥʘʛʨʫʟʢʠ, ʪʘʢ ʯʪʦ ʤʦʛʫʪ ʙʳʪʴ ʦʰʠʙʢʠ ʚ ʬʫʥʢʮʠʷʭ. ʆʥ ʚʭʦʜʠʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 



ʂʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʧʦʪʝʨʴ ʠ ʵʥʝʨʛʠʠ: 

ʂʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪ ʠʭ (ʢʨʘʩʥʳʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ) ʥʝ 

ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʯʘʩʪʴʶ SPICE ʤʦʜʝʣʠ. ʀʭ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʪʝʨ ɹ

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʟʘʧʘʩʸʥʥʦʡ ʵʥʝʨʛʠʠ: ʇʦʪʝʨʠ ʩʝʨʜʝʯʥʠʢʘ Pc, ɻ ʥʝʨʛʠʷ ʩʝʨʜʝʯʥʠʢʘ Ec, ʧʦʪʝʨʠ ʦʙʤʦʪʢʠ Pw ʠ 

ʵʥʝʨʛʠʷ ʦʙʤʦʪʢʠ Ew1 ʠ Ew2. ʆʥʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʘʢ I
2
R ʠ İ I

2
L, ʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥ,r ʧʨʠ ʞʝʣʘʥʠʠ, ʢʦʛʜʘ 

ʙʦʣʴʰʝ ʯʝʤ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ ʠʤʝʝʪ ʧʦʪʝʨʠ ʠʣʠ ʟʘʧʘʩʝʥʥʫ  ʁʵʥʝʨʛʠ.ʁ 

ʂʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʜʣʷ ʧʦʪʝʨʠ ʦʯʝʚʠʜʥʳ ʜʣʷ SPICE ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʧʦ 

ʧʦʚʦʜʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʦ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʜʣʷ ʵʥʝʨʛʠʠ ʪʨʝʙʫʝʪ ʦʙʲʷʩʥʝʥʠʷ. ʇʦʥʠʤʘʥʠʠ ʧʦʪʝʨʴ ʚ ʩʠʣʦʚʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ, ʚʘʞʥʦ ʜʣʷ ʫʯʝʪʘ ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ ʠ ʧʦʠʩʢʘ ʨʘʟʨʳʚʦʚ ʠ ʨʘʟʚʦʨʦʪʦʚ. ɽʩʣʠ ʵʥʝʨʛʠʷ ʨʝʟʢʦ 

ʤʝʥʷʝʪʩʷ, ʵʪʦ ʦʯʝʥʴ ʚʝʨʦʷʪʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʚ ʜʨʫʛʦʤ ʢʦʤʧʦʥʝʥʪʝ. ɺ ʩʣʫʯʘʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢʦʛʜʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʧʦʣʷʨʥʦʩʪʴ, ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʙʫʜʝʪ ʨʘʩʩʝʠʚʘʪʴʩʷ ʚ ʄʆʇ-

ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʦʪʥʦʩʠʪʩʷ ʢ "ʧʦʪʝʨʷʤ ʧʝʨʝʢʣʶʯʝʥʠ"̫. ʍʦʪʷ ʥʝ ʩʦʚʩʝʤ ʥʝʧʨʘʚʠʣʴʥʦ, ʵʪʦ ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʧʦʪʝʨʠ ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

 

ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʤ, ʝʩʣʠ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʧʦʪʝʨʠ ʚ ʩʝʨʜʝʯʥʠʢʝ ʠ  

ʦʙʤʦʪʢʝ, ʥʦ ʧʣʦʭʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʯʨʝʟʤʝʨʥʫ  ʁʠʥʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ, 

ʚʳʟʳʚʘʶʱʫʶ ʩʥʠʞʝʥʠʝ ʦʙʝɦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʠʪʘʥʠʷ. 

 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʵʥʝʨʛʠʠ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʝʢ Ec, EW1 ʠ Ew2 

ʩʦʜʝʨʞʘʪ ʪʝʨʤʠʥʳ "Sgn(i(Lm))" "Sgn(i(L1))" ʠ "Sgn(i(L2))". ʇʫʨʠʩʪ rʤʦʛʫʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʪʦ ʥʝʧʨʘʚʠʣʴʥʦ, 

ʵʥʝʨʛʠʷ ʚʩʝʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʘ, ʥʦ ʷ ʩʯʠʪʘʶ, ʯʪʦ ʚʘʞʥʦ ʨʘʟʣʠʯʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʢʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʦʯʢʘʭ 

ʠʩʧʳʪʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʘ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʘʩʝʥʥʦʡ ʵʥʝʨʛʠʠ ʠ ʧʦʣʷʨʥʦʩʪʴ ʩʠʛʥʘʣʘ 

ʫʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ. ɺʘʞʥʦʩʪʴ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʳ ʠʱʝʤ ʙʳʩʪʨʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʟʘʧʘʩʝʥʥʦʡ ʵʥʝʨʛʠʠ, ʯʪʦʙʳ ʤʳ ʤʦʛʣʠ ʦʙʲʷʩʥʠʪʴ ʵʥʝʨʛʠʷ, ʠ ʦʩʦʙʝʥʥʦ ʪʘʤ, ʛʜʝ ʦʥʘ ʠʜʝʪ. ɽʩʣʠ ʠʟʤʝʥʝʥʠʝ ʤʝʞʜʫ 

ʨʘʚʥʳʤʠ ʪʦʢʘʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, ʧʝʨʝʭʦʜ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʦʯʝʚʠʜʥʦʡ, ʝʩʣʠ Sgn () ʪʝʨʤʠʥ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʤʦʪʢʠ ʤʦʛʫʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ ʢ ʤʦʜʝʣʠ SPICE ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʫʪʝʤ ʧʨʦʩʪʦʛʦ 

ʜʦʙʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʥʘʣʦʛʠʯʥʳʭ SPICE ʩʝʢʮʠʡ ʦʙʤʦʪʢʠ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʧʠʨʦʚʘʥʳ, ʘ ʟʘʪʝʤ 

ʦʪʨʝʜʘʢʪʠʨʦʚʘʥ.r ʗ ʚʳʙʨʘʣ, ʯʪʦʙʳ ʜʘʪʴ ʢʘʞʜʦʡ ʦʙʤʦʪʢʠ ʩʚʦʝʛʦ ʟʘʷʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ SPICE, ʥʦ ʧʦʜʦʙʥʳʝ 

ʦʙʤʦʪʢʠ, ʪʘʢʠʝ, ʢʘʢ ʜʚʝ ʧʦʣʦʚʠʥʢʠ ʜʚʫʭʪʘʢʪʥʳʡ ʦʙʤʦʪʢʠ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝ ʞʝ ʧʘʨʘʤʝʪʨʳ SPICE. 

Spice ʤʦʜʝʣʠ ʚʳʰʝ ʝʩʪʴ ʧʨʦʩʪʳʝ ʤʦʜʝʣʠ, ʥʝ ʚʢʣʶʯʘʶʱʠʝ ʚʳʩʦʢʦ ʠ ʥʠʟʢʦ ʯʘʩʪʦʪʥrʝ ʵʬʬʝʢʪ,r ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʝʚ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʩʦʙʨʘʥʳ ʚ ʧʨʦʩʪʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʠ ʙʫʜʫʪ ʧʦʣʝʟʥʳ 

ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʂʘʢ ʪʦʣʴʢʦ ʤʦʜʝʣʴ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʚ SPICE ʧʦʜʩʭʝʤʳ, ʪʘʢ ʯʪʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʦʤʝʱʝʥ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʚ ʚʳʩʰʠʝ ʩʙʦʨʢʠ 

ʧʦʨʷʜʢʝ. 

 

ɺʥʠʤʘʥʠʝ: SPICE ʤʦʜʝʣʴ ʤʦʞʝʪ ʠʤʝʪʴ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʥʳʡ ʢʨʫʛ ʧʦʣʝʟʥʦʩʪʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʨʝʘʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʋʙʝʜʠʪʝʩʴ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʪʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʜʝʣʠʨʫʝʤʳʭ 

ʫʩʣʦʚʠʷʭ. 

 



ʇʦʪʝʨʠ ʚ ʩʝʨʜʝʯʥʠʢʝ, ʯʘʩʪʴ 2: ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʵʬʬʝʢʪ:r 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ ʚ ʩʝʨʜʝʯʥʠʢʝ ʫʯʠʪ, ʯʪʦ ʥʘ ʜʘʥʥʦʡ ʯʘʩʪʦʪʝ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʠʥʜʫʢʮʠʷ BĔʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʳʝ ʧʦʪʝʨʠ. ɽʩʣʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʧʨʘʚʜʦʡ, ʪʦ hʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʘ ̫ʤʦʜʫʣʷʮʠ ̫

(PWM) ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʴ. ɼʚʘʞʜʳ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʧʦʣʦʚʠʥʳ 

ʚʨʝʤʝʥʠ ʪʦ ʞʝ ʩʘʤʦʝ, ʪʘʢ ʯʪʦ ʧʦʪʝʨʠ ʦʜʠʥʘʢʦʚʳ. ʂ ʩʦʞʘʣʝʥʠʶ, ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ 

ʷʚʣʝʥʠʝʤ, ʘ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʤʦʱʥʦʩʪʠ ʨʘʙʦʪʘʶʪ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. 

ʇʨʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ, ʦʩʥʦʚʥʳʝ ʧʦʪʝʨʠ ʠʤʝʶʪ ʨʝʟʠʩʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʝʩʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥ rV
2
. 

ɼʚʘʞʜʳ ʥʘʧʨʷʞʝʥʠʝ ʠʤʝʝʪ ʯʝʪʳʨʝ ʨʘʟʘ ʧʦʪʝʨʠ. ɽʩʣʠ ʨʘʙʦʯʠʡ ʮʠʢʣ ʩʦʩʪʘʚʣʷʝʪ 0,5, ʪʦ ʩʨʝʜʥʠʝ ʧʦʪʝʨʠ 

ʩʦʩʪʘʚʣʷʶʪ ʧʦʣʦʚʠʥʫ ʠʟ ʯʝʪʳʨʝʭ, ʪʦ ʝʩʪʴ ʚʜʚʦʝ. ʆʙʦʙʱʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʨʝʜʥʠʭ ʧʦʪʝʨʴ 

ʧʨʠ ʩʥʠʞʝʥʠʠ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ D ʝʩʪʴ 

d

P
P 1

d =  

ɻʜʝ Pd ʝʩʪʴ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʧʨʠ ʩʥʠʞʝʥʠʠ ʟʘʧʦʣʥʝʥʠʷ D, ʠ P1 ʝʩʪʴ ʤʦʱʥʦʩʪʴ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʮʠʢʣʘ 1 

(100%). 

 

ʕʪʦ ʙʫʜʝʪ ʥʝʧʨʠʷʪʥʳʤ ʩʶʨʧʨʠʟʦʤ ʜʣʷ ʪʝʭ, ʢʪʦ ʜʫʤʘʝʪ, ʯʪʦ PWM ʵʬʬʝʢʪʠʚʥʳʡ ʜʠʟʘʡʥ. 

 

ʇʦʜʩʢʘʟʢʘ: ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʫʶ ʤʦʜʝʣʴ ʧʦʪʝʨʴ ʧʨʠʤʝʥʠʪʴ, ʧʦʩʤʦʪʨʠʪʝ ʥʘ ʥʘʢʣʦʥ ʢʨʠʚʦʡ ʧʣʦʪʥʦʩʪʠ 

ʧʦʪʝʨʴ ʧʨʠ ʠʥʜʫʢʮʠʠ BĔʠ ʠʥʪʝʨʝʩʫʶʱʝʡ ʯʘʩʪʦʪʝ ʚ ʢʨʠʚʳʭ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘ ʩʝʨʜʝʯʥʠʢʘ. ɽʩʣʠ ʥʘʢʣʦʥ ʥʘ log-

log ʛʨʘʬʠʢʝ ʧʨʠʤʝʨʥʦ +2, ʧʦʪʝʨʠ ʨʝʟʠʩʪʠʚʥʳʡ. ɽʩʣʠ ʵʪʦ ʙʦʣʴʰʝ ʧʨʠʤʝʨʥʦ +3, ʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʙʦʣʝʝ ʩʣʦʞʥʫ  ʁʤʦʜʝʣ ɹʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʧʦʪʝʨʴ. ɽʩʣʠ ʥʘʢʣʦʥ ʠʤʝʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ, SPICE ʤʦʜʝʣʴ 

ʜʦʣʞʥʘ ʠʤʝʪʴ ʩʤʝʰʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʳʤ ʧʝʨʝʢʨʝʩʪʥʦʝ. 

 

ɺʳʚʦʜ ʩʣʝʜʫʶʱʠʭ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʇʨʠʣʦʞʝʥʠʠ ɸ. ɽʜʠʥʠʮʳ ʠʟ ʵʪʦʛʦ ʚʳʚʦʜ, ʠ ʥʝ ʩʣʝʜʫʡʪʝ 

MKS ʩʪʘʥʜʘʨʪʘʤ, ʧʦʵʪʦʤʫ ʥʝ ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ. 

ɼʣʷ ʩʣʫʯʘʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ, ʘʩʠʤʧʪʦʪʦʡ ʜʣʷ ʤʛʥʦʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ PL' ʷʚʣʷʝʪʩʷ 
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L = ʤɺʪ/ʩʤ
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ɻʜʝ 
Ba

32
R

Ö
= ʜʣʷ B>0. 

ɼʣʷ ʩʣʫʯʘʷ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, ʘʩʠʤʧʪʦʪʦʡ ʜʣʷ ʤʛʥʦʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ PL 'ʷʚʣʷʝʪʩʷ 
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ɻʜʝ R=256/a. 



"a" ʝʩʪʴ ʧʨʠʙʣʠʞʝʥʥʘʷ ʬʦʨʤʫʣʘ ʦʪ Magnetics, Inc. ʠ ʦʥʘ ʨʘʟʣʠʯʥʘ ʜʣʷ ʨʘʟʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ. B 

ʷʚʣʷʝʪʩʷ ʤʛʥʦʚʝʥʥʳʤʠ ʚʦʣʴʪ-ʩʝʢʫʥʜʳ/ʚʠʪʢʠ, ʧʦʪʦʢʦʤ ʠʣʠ ʠʥʜʫʢʮʠʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦ ʝʜʠʥʠʮ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʜʣʷ ʤʦʜʝʣʠ. E ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʠʪʦʢ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ, ʩ ʝʜʠʥʠʮʘʤʠ 

ʚʦʣʴʪ/ʚʠʪʦʢ ʩʤ2, ʚ ʧʨʠʤʝʨʝ. ʉʤ. ʇʨʠʣʦʞʝʥʠʝ ɸ. 

 

 
ʌʫʥʢʮʠʷ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ ʨʝʟʠʩʪʦʨ R2, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʧʦʪʦʢʘ, 

v(Vx), ʚʳʭʦʜ ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ B5. ɺʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʤʦʜʝʣʴ ʵʪʦ ʧʨʦʩʪʦ ʨʝʟʠʩʪʦʨ Rh1. Lm 

ʷʚʣʷʝʪʩʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʢʘʢ ʠ ʚ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ. 

ɻʝʥʝʨʘʮʠʷ v(Vx) ʪʨʝʙʫʝʪ ʜʚʫʭ ʥʦʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʦʪʦʢʘ, ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʪʦʢʘ B1 ʠ B2. ʆʙʘ 

ʟʘʚʠʩʷʪ ʦʪ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʙʳʚʰʝʡ ʜʦʩʪʘʪʦʯʥʦ ʩʠʤʤʝʪʨʠʯʥʦʡ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʥʘ ʚʨʝʤʷ ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʥʘ ʚʨʝʤʷ ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʝ ʤʝʥʷʝʪʩʷ ʩʣʠʰʢʦʤ ʤʥʦʛʦ, ʮʠʢʣʘ ʢ ʮʠʢʣʫ. ʆ ʩʦʦʪʥʦʰʝʥʠʠ 2:1 ʨʘʟʥʠʮʘ 

ʚ ʚʦʣʴʪ-ʩʝʢʫʥʜʘʭ ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʦʤ ʜʣʷ ʜʠʩʧʝʨʩʠʠ, ʪʘʢ ʯʪʦ ʵʪʦ ʫʩʣʦʚʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ 

ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʤ. 

ɺ B1, ʪʦʢ ʟʘʨʷʞʘʝʪ ʢʦʥʜʝʥʩʘʪʦʨ ʉɺʈ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʣʴʪ-ʩʝʢʫʥʜ ʩ ʤʦʤʝʥʪʘ ʧʦʩʣʝʜʥʝʛʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ. ɽʩʣʠ ʩʝʨʜʝʯʥʠʢ ʥʘʩʳʱʘʝʪʩʷ, ʥʘʧʨʷʞʝʥʠʝ Vm ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʦʩʢʦʡ ʚʝʨʰʠʥʝ ʢʨʠʚʦʡ ʧʦʪʦʢʘ v(ɺʈ) ʢʘʢ ʫʩʣʦʚʠʷ ʤʦʜʝʣʠʨʫʶʪʩʷ ʠʜʪʠ ʜʘʣʝʢʦ ʥʘ ʥʘʩʳʱʝʥʠʝ. 

ʂʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʦʥʜʝʥʩʘʪʦʨ ʷʚʣʷʝʪʩʷ ʨʘʟʨʷʞʝʥʥʳʤ ʧʨʠ ʜʚʫʭʢʨʘʪʥʦʤ ʪʝʤʧʝ, ʥʦ ʦʥ ʥʝ 

ʤʦʞʝʪ ʩʪʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʧʦʪʦʤʫ ʯʪʦ ʠʜʝʘʣʴʥʳʡ ʜʠʦʜ ʧʦʜʩʭʝʤʳ X1. ʀʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ B5, ʧʨʘʚʠʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ VBp ʠʣʠ VBn ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʷʨʥʦʩʪʠ Vm ʠ ʬʫʥʢʮʠʷ Rb/B ʩʦʟʜʘʝʪʩʷ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʤʛʥʦʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʝʟʠʩʪʦʨʘ R2. 



ʂʨʠʚʘʷ ʫʩʪʘʥʦʚʢʠ: 

 
ʂʨʠʚʘʷ ʚʳʰʝ, ʧʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Rb, ʢʦʪʦʨʘʷ ʢʦʥʪʨʦʣʠʨʫʝʪ ʟʥʘʯʝʥʠʝ R2. ɿʝʣʝʥʘʷ 

ʢʨʠʚʘʷ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʦʡ, ʩ Rb ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʦʯʝʥʴ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ. ɿʝʣʝʥʘ ̫ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʤʦʜʝʣʴʶ, ʭʦʪʷ ʵʪʦ ʷʚʣʷʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʂʘʢ Rb ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 0,1 ɋ, ʩʠʥʷʷ ʢʨʠʚʘʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʠ ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ ʢʘʢ Rb 

ʩʥʠʞʘʝʪʩʷ ʜʘʣʝʝ ʢ 0.05ɋ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʝʪʣ ̫ʛʠʩʪʝʨʝʟʠʩʘ ʧʦʣʥʝʝʪ ʢʣʠʥʦʤ, ʧʦʣʫʯʘʷ ʦʪʨʘʞʝʥʠʝ ʢʘʢ B 

ʚʦʟʨʘʩʪʘʝʪ. 

SPICE ʤʦʜʝʣʴ ʚʳʰʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʠʟʢʦ ʠ ʚʳʩʦʢʦ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʩʠʤʧʪʦʪʳ ʧʦʪʝʨ.ɹ ʕʪʦ 

ʧʦʯʪʠ ʥʘʚʝʨʥʷʢʘ ʥʫʞʥ rʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪ,r ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚ ʤʦʜʝʣʠ ʥʠʞʝ, ʯʪʦʙʳ ʟʘʧʦʣʥʠʪʴ 

ʧʦʪʝʨʠ ʢʨʠʚʦʡ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʩ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ, ʚʳʩʦʢʯʘʩʪʦʪʥʳʤ ʠ ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʘʤʠ, ʯʪʦʙʳ 

ʥʘʩʪʨʦʠʪʴ ʢʨʠʚʫʶ. ʏʪʦʙʳ ʥʘʯʘʪʴ ʵʪʫ ʨʘʙʦʪʫ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʤʝʪʴ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʨʝʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʗ ʧʨʝʜʣʘʛʘʶ ʢʨʠʚʫ  ʁʧʣʦʪʥʦʩʪʠ ʩʨʝʜʥʠʭ ʧʦʪʝʨʴ ʜʣʷ log ʰʘʛʦʚ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʪʠʚ log ʰʘʛʦʚ 

ʚʨʝʤʝʥʠ ʚʢʣʶʯʝʥʠʷ ʜʣʷ ʧʨʠʢʣʘʜʥʦʡ ʢʨʠʚʦʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʠ ʢʨʠʚʘʷ ʤʛʥʦʚʝʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦʪʝʨɹ ʜʣʷ ʩʪʫʧʝʥʯʘʪʳʭ ʬʫʥʢʮʠʡ ʧʨʠ log ʰʘʛʘʭ ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʪʠʚ log ʚʨʝʤʝʥʠ, ʚʟʷʪʳʝ ʠʟ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʥʘʩʳʱʝʥʠʝ. 

 
ɽʩʣʠ SPICE ʤʦʜʝʣʴ ʤʦʞʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʦʙʝ ʢʨʠʚʳʝ, ʷ ʩʯʠʪʘʶ, ʯʪʦ ʵʪʦ ʫʩʧʝʭ. 



ʇʨʠʣʦʞʝʥʠʝ ɸ 

ʇʦʪʝʨʠ ʩʝʨʜʝʯʥʠʢʘ ʚ SPICE ʤʦʜʝʣʷʭ ʠʟ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʝʨʜʝʯʥʠʢʦʚ: 

ʂʨʠʚʳʝ ʧʦʪʝʨʴ ʠ ʚʳʨʘʞʝʥʠ,̫ ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʪʝʨʤʠʥʘʭ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʜʫʢʮʠʠ BĔʠ 

ʯʘʩʪʦʪ.r ʄʘʢʩʠʤʘʣʴʥʘʷ ʠʥʜʫʢʮʠʷ BĔʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʜʦ ʢʦʥʮʘ ʮʠʢʣʘ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʸʥ ʤʛʥʦʚʝʥʥʦ ʠ ʧʦʵʪʦʤʫ ʤʘʣʦʧʦʣʝʟʝʥ ʜʣʷ SPICE ʤʦʜʝʣʠ. 

 

 
ʄʘʪʝʨʠʘʣ F ʧʨʦʠʟʚʦʜʩʪʚʘ Magnetics, Inc. 



ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʝʨʜʝʯʥʠʢʦʚ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʪʝʨʴ. ʀʥʦʛʜʘ, ʜʘʶʪʩʷ 

ʧʨʠʙʣʠʞʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʧʦʪʝʨʴ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʡ. ʉʤʦʪʨʠʪʝ ʪʝʭʥʠʯʝʩʢʠʡ ʙʶʣʣʝʪʝʥʴ FC-S7, "Curve Fit 

Equations for Ferrite Materials." Magnetics Inc. ʦʪ 1999 ʛʦʜʘ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ. ʇʨʠʙʣʠʞʝʥʠʡ ʧʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʜʦʚʦʣʴʥʦ ʪʦʯʥʦ ʙʣʠʟʢʦ ʢ ʪʦʯʢʘʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʣʠʞʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʦʥʠ, ʢʘʞʝʪʩʷ, ʜʦʚʦʣʴʥʦ ʧʣʦʭʦ ʚ ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʠʙʣʠʞʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʧʦʪʝʨʴ ʦʪ Magnetics Inc.: 
dc

L BfaP ÖÖ= ʤɺʪ/ʩʤ
3
 

ɻʜʝ a, c ʠ d ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ, f ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʢɻʮ, ʘ BĔʚ ʢɻʩ. 

ɼʣʷ ʤʘʪʝʨʠʘʣʘ F ʧʨʦʠʟʚʦʜʩʪʚʘ Magnetics Inc, ʢʦʥʩʪʘʥʪʳ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɼʠʘʧʘʟʦʥ a c d 

F Ò 10ʢɻʮ 

10ʢɻʮ < f < 100ʢɻʮ 

100ʢɻʮ Ò f < 500ʢɻʮ 

f > 500ʢɻʮ 

0,79 

0,0717 

0, 0573 

0,0126 

1,06 

1,72 

1,66 

1,88 

2,85 

2,66 

2,86 

2,29 

 

 (ʎʚʝʪʘ ʢʣʶʯ ʢ ʨʘʩʯʝʪʥʳʤ ʢʨʠʚʳʤ ʧʦʪʝʨ ɹʥʘ ʛʨʘʬʠʢʘʭ ʚʳʰʝ ʠ ʥʠʞʝ). 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʦʪʝʨʠ ʚ ʩʝʨʜʝʯʥʠʢʝ ʯʝʨʝʟ ʠʥʜʫʢʮʠʶ ʧʦʢʘʟʘʥ rʚʳʰʝ. ʆʩʥʦʚʥʳʝ ʢʨʠʚʳʝ, ʧʦʢʘʟʘʥʥʳʝ ʚ 

ʩʠʥʝʤ, ʷʚʣʷʶʪʩʷ ʜʣʷ ʤʘʪʝʨʠʘʣʘ F ʦʪ Magnetics Inc, ʧʝʨʝʧʠʩʘʥʳ ʩ ʜʝʡʪʘʰʠʪʘ Magnetics Inc, ʢʦʪʦʨʳʡ ʙʳʣ ʥʘʡʜʝʥ 

"ʦʥ-ʣʘʡʥ". 

ʈʷʜʦʤ ʩ ʢʘʞʜʦʡ ʠʟ ʣʠʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʤʘʪʝʨʠʘʣ F ʦʪ Magnetics Inc ʝʩʪʴ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʚ ʮʚʝʪʝ, 

ʧʦʢʘʟʳʚʘʶʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʧʦʪʝʨʴ ʚ ʩʝʨʜʝʯʥʠʢʝ ʧʨʠʙʣʠʞʝʥʠʡ ʧʦ ʬʦʨʤʫʣʝ ʚʳʰʝ ʠ ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʪʘʙʣʠʮʳ ʚʳʰʝ. 

ʋʯʠʪʳʚʘʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ (log-log) ʤʘʩʰʪʘʙ, ʥʝʢʦʪʦʨʳʝ ʦʰʠʙʢʠ ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ, ʠ ʷ ʧʦʜʦʟʨʝʚʘʶ, 

ʯʪʦ ʙʘʟʘ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʩʘʤʦ ʧʦ ʩʝʙʝ ʥʝ ʦʯʝʥʴ ʭʦʨʦʰ ʚ ʢʨʘʡʥʦʩʪʠ. ʈʝʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʯʪʦʙʳ ʥʝ 

ʙʳʪʴ ʪʘʢʦʡ ʩʦʚʝʨʰʝʥʥʦʡ ʧʨʷʤʦʡ ʣʠʥʠʠ. 

ʀʥʦʛʜʘ, ʜʘʥʥʳʝ ʧʦʪʝʨ ɹʚ ʩʝʨʜʝʯʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʢʨʠʚʳʭ ʧʠʢ ʧʦʪʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ. ʗ 

ʥʝ ʤʦʛ ʥʘʡʪʠ ʵʪʠ ʜʘʥʥʳʝ ʜʣʷ ʤʘʪʝʨʠʘʣʘ F ʦʪ Magnetics Inc, ʥʦ ʫʨʘʚʥʝʥʠʷ ʧʦʪʝʨʴ ʚ ʩʝʨʜʝʯʥʠʢʝ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʰʝʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʜʠʢʘʣʴʥʳʝ ʯʘʩʪʦʪʦʡ F ʟʘ ʰʘʛʦʤ ʧʨʠʨʘʱʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘ ʛʨʘʬʠʢʝ ʥʠʞʝ, ʚ ʢʦʪʦʨʳʭ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ, ʮʚʝʪʥʳʝ, ʯʪʦʙʳ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʚ ʪʘʙʣʠʮʝ ʧʘʨʘʤʝʪʨʦʚ. ʉʧʣʦʰʥʦʡ ʩʠʥʝʡ ʣʠʥʠʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʢʨʠʚʳʭ, 

ʩʦʝʜʠʥʷʶʱʠʭ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʣʫʯʰʝʝ, ʯʪʦ ʷ ʤʦʛ. 

ʈʘʟʨʳʚʳ ʚ ʨʝʰʝʥʠʷʭ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʣʦʞʠʪʴ, ʢʘʢ ʧʣʦʭʦ ʧʨʠʙʣʠʞʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ 

ʜʠʘʧʘʟʦʥʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʨʦʜʦʣʞʝʥʠʝ ʦʯʝʚʠʜʥʘ, ʥʦ ʚ ʧʨʘʚʦʤ ʥʠʞʥʝʤ ʫʛʣʫ, ʢʨʠʚʘʷ 10 G ʚʳʛʣʷʜʠʪ 

ʪʘʢ, ʙʫʜʪʦ ʦʥʘ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʢʨʠʚʦʡ ʜʣʷ 20 G, ʧʦʵʪʦʤʫ ʷ ʜʦʙʘʚʠʣ ʧʫʥʢʪʠʨʥʦʡ ʯʝʨʥʦʡ ʣʠʥʠʝʡ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ 

ʩʚʷʟʠ ʤʝʞʜʫ ʨʘʟʨʳʚʘʤʠ. ʉʧʣʦʰʥʦʡ ʩʠʥʝʡ ʣʠʥʠʝʡ 10 G ʥʝ ʤʦʛʣʠ ʨʘʮʠʦʥʘʣʴʥʦ ʦʪʥʦʩʠʪʴʩʷ ʢ ʣʶʙʦʤʫ ʠʟ ʨʝʰʝʥʠʡ, 

ʪʘʢ ʯʪʦ ʷ ʧʦʣʦʞʠʣ ʝʛʦ ʧʨʦʠʟʚʦʣʴʥʦ, ʢʘʢ ʙʳ ʧʘʨʘʣʣʝʣʴʥʳʝ ʣʠʥʠʠ 20-G. 



 

 
ʄʘʪʝʨʠʘʣ F ʧʨʦʠʟʚʦʜʩʪʚʘ Magnetics, Inc. 



ʈʘʟʙʦʨ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʜʣʷ SPICE-ʜʨʫʞʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʳ: 

ʏʪʦʙʳ ʙʳʪʴ ʧʦʣʝʟʥʦʡ ʚ SPICE, ʤʦʜʝʣʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ 

ʜʦʩʪʫʧʥʳ ʚ SPICE, ʚ ʦʩʥʦʚʥʦʤ ʥʘʧʨʷʞʝʥʠ ̫ʠ ʪʦʢʠ ʚ ʮʝʧʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɹʦʣʝʝ ʩʣʦʞʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʠʤʝʪʴ 

ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʚʭʦʜ,r ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʘʥʘʣʠʟ, ʪʘʢʠʝ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ. ʇʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʮʠʢʣʘ ʤʝʥʝʝ ʧʦʣʝʟʥʳ ʠ ʠʭ ʩʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ, ʪʘʢʠʭ ʢʘʢ ʯʘʩʪʦʪʘ ʠ 

ʠʥʜʫʢʮʠʷ BĔ. 

ʈʘʟʙʦʨ ʠʟ ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʡ ʦʛʨʘʥʠʯʝʥ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʝʨʜʝʯʥʠʢʦʚ 

ʜʘʥʥʳʭ ʧʦʪʝʨʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʠ, ʢʦʥʝʯʥʦ, ʥʝ ʜʘʩʪ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʧʦʥʠʤʘʥʠʝ ʧʦʪʝʨ ɹʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʦʚʦʡ ʤʦʜʝʣʠ SPICE, ʢʦʪʦʨʳʝ ʚʦʧʣʦʱʘʶʪ ʧʦʣʝʟʥʳʭ ʩʚʷʟʝʡ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ. ʊʦʛʜʘ, ʫʯʠʪʳʚʘʷ ʜʘʥʥʳʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʥʦʚʳʭ ʤʦʜʝʣʝʡ, 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʙʫʜʝʪ ʥʝʚʦʟʤʦʞʥʦ. 

ʇʦʪʝʨʠ ʚ ʩʝʨʜʝʯʥʠʢʝ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʝʡ ʥʘʧʨʷʞʝʥʠʷ ʚ ʮʝʧʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʤʛʥʦʚʝʥʥʦʡ ʠʥʜʫʢʮʠʠ B, 

ʠʥʪʝʛʨʘʣ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ, ʣʝʛʢʦ ʚʳʚʦʜʷʪʩʷ ʬʫʥʢʮʠʠ ʚ SPICE). ʊʦʢ ʦʙʤʦʪʢʠ ʥʝ ʚʭʦʜʠʪ ʚ ʫʨʘʚʥʝʥʠʷ 

ʧʦʪʝʨʴ ʚ ʩʝʨʜʝʯʥʠʢʝ. ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʝʩʪʴ ʜʦʩʪʘʪʦʯʥʳʡ ʪʦʢ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʩʝʨʜʝʯʥʠʢʘ, ʪʦʢʦʚ ʚ ʦʙʤʦʪʢʘʭ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʛʥʦʨʠʨʦʚʘʥ ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʪʝʨʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʪʝʨʠ ʚ ʦʙʤʦʪʢʝ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʝʡ ʪʦʢʘ ʚ ʮʝʧʠ. ʅʘʧʨʷʞʝʥʠʝ ʥʝ ʚʭʦʜʠʪ ʚ ʫʨʘʚʥʝʥʠʝ ʧʦʪʝʨʴ 

ʦʙʤʦʪʢʠ. ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʝʩʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʮʝʧʠ ʠ ʧʨʠʚʝʩʪʠ ʢ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʪʦʢʫ, ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʛʥʦʨʠʨʦʚʘʥʦ ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʪʝʨʠ ʚ 

ʦʙʤʦʪʢʝ. 

 

ʄʝʭʘʥʠʟʤ ʧʦʪʝʨʴ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʝʭ, ʯʪʦ ʥʘ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ, ʠ ʤʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʡ 

ʦ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʩʥʦʚʘʥʳ ʥʘ ʥʠʟʢʦʡ ʯʘʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʄʥʦʛʠʝ ʠʟ 

ʧʨʦʙʣʝʤ, ʚʳʩʦʢʦʛʦʯʘʩʪʦʪʥʦʛʦ ʜʠʟʘʡʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʤʦʛʫʪ ʠʤʝʪʴ ʩʚʦʠ ʢʦʨʥʠ ʚ ʥʝʧʨʘʚʠʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʪʝʨʴ ʚ  ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʜʠʟʘʡʥʳ, ʦʩʦʙʝʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʰʠʨʦʪʥʦ-

ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ. 

 

ɺ ʛʨʘʬʝ ʧʦʪʝʨʠ ʧʨʦʪʠʚ BĔʜʣʷ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʚʳʰʝ (ʧʝʨʚʳʡ ʛʨʘʬʠʢ ʚ ʵʪʦʤ ʧʨʠʣʦʞʝʥʠʠ), ʦʙʨʘʪʠʪʝ 

ʚʥʠʤʘʥʠʝ ʥʘ ʥʘʢʣʦʥ ʣʠʥʠʡ. ʇʦʪʦʤʫ ʯʪʦ ʵʪʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʛʨʘʬʠʢ, ʥʘʢʣʦʥʳ ʣʠʥʠʠ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ 

ʬʫʥʢʮʠʠ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʦʢʘʟʘʪʝʣʴ ʬʫʥʢʮʠʠ, ʧʘʨʘʤʝʪʨ d ʚ ʧʨʠʙʣʠʞʝʥʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʧʦʪʝʨʴ ʩʝʨʜʝʯʥʠʢʘ. 

ʉʘʤʘʷ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʣʠʥʠʠ, 1000 ʢɻʮ, ʠʤʝʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʥʠʟʢʠʡ ʥʘʢʣʦʥ, ʯʝʤ ʩʘʤʘʷ ʥʠʟʢʘʷ ʯʘʩʪʦʪʘ ʣʠʥʠʠ, 1 

ʢɻʮ. ʕʪʦ ʥʘʭʦʜʠʪ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʚʝʣʠʯʠʥʝ d ʥʘ ʛʨʘʬʠʢʝ ʚʳʰʝ, 2.85 ʜʣʷ ʥʠʟʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʠ 2.29 ʜʣʷ 

ʚʳʩʦʢʠʭ. ʏʪʦʙʳ ʩʜʝʣʘʪʴ ʵʪʦ ʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ, ʩʤʦʪʨʠʪʝ ʢʨʘʩʥʫʶ ʣʠʥʠʶ "ɸ" ʥʘ ʛʨʘʬʠʢʝ ʦʢʦʣʦ 1 ʢɻʮ ʣʠʥʠʠ, 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʪʘʢʦʡ ʞʝ ʥʘʢʣʦʥ, ʢʘʢ ʚ 1000 ʢɻʮ. ʉʤʦʪʨʠʪʝ ʪʘʢʞʝ ʜʚʝ ʷʥʪʘʨʥʳʝ ʣʠʥʠʠ ʩ ʥʘʢʣʦʥʦʤ +3 ʠ +2, ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ.  

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʪʘʢʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʠʥʠʷʤʠ. ɹʫʜʫʯʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʛʨʘʬʠʢʦʤ, ʨʘʩʩʪʦʷʥʠʝ 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʵʢʩʧʦʥʝʥʪʳ c ʯʘʩʪʦʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ f ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʪʝʨ,ɹ 1.06 ʜʣʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʠ 1.88 

ʜʣʷ ʚʳʩʦʢʠʭ. ʕʪʦ ʧʦʢʘʟʘʥʦ ʩʪʨʝʣʢʘʤʠ "B" ʠ "C". "B" ʷʚʣʷʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ 500 ʢɻʮ ʠ 1000 

ʢɻʮ, ʠ "C" ʷʚʣʷʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ 5 ʢɻʮ ʠ 10 ʢɻʮ. 



ɼʣʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ, ʧʨʠʙʣʠʞʝʥʠʝ ʢʨʠʚʦʡ ʧʦʯʪʠ 
31 ĔBfaPL ÖÖ= ʤɺʪ/ʩʤ

3
 

ɼʣʷ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, ʵʪʦ ʙʦʣʴʰʝ ʧʦʯʪʠ 
22 ĔBfaPL ÖÖ= ʤɺʪ/ʩʤ

3
 

ʕʪʠ ʘʩʠʤʧʪʦʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʝʩʪʴ ʜʨʫʛʦʡ ʤʝʭʘʥʠʟʤ ʧʦʪʝʨ ɹʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. 

ʕʪʦ ʫʯʠʪ ʠ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʥʝʨʛʠʷ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ, ʯʪʦʙʳ ʧʦʡʪʠ ʚʦʢʨʫʛ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ, ʧʦʢʘ ʧʦʩʪʦʷʥʥʘ BĔ. ɺ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʨʦʮʝʜʫʨ, ʤʳ ʫʟʥʘʝʤ, ʯʪʦ ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ ʤʦʞʝʪ ʙʳʪʴ 

ʰʠʨʝ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʠʥʦʛʜʘ ʧʨʠʧʠʩʳʚʘʶʪ "ʚʠʭʨʝʚʳʤ ʪʦʢʘʤ". ʕʪʦ ʪʘʢʞʝ ʫʯʠʪ, ʠ 

ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʬʝʨʨʠʪʳ ʥʝ ʠʤʝʶʪ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ. ɺʟʷʪʳʝ ʜʦ ʩʚʦʝʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʟʘʚʝʨʰʝʥʠʷ, ʵʪʦ 

"ʜʦʢʘʟʳʚʘʝʪ", ʯʪʦ, ʝʩʣʠ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, BĔʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʠ ʪʘʢ ʜʝʣʘʝʪ ʧʦʪʝʨʠ ʩʝʨʜʝʯʥʠʢʘ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦ ʥʝ ʪʘʢ. ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʬʘʢʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ ʙʳʣʦ 

ʩʣʦʞʥʦ. 

ɻʨʘʬʠʢ ʩʣʝʜʫʶʱʝʤ ʠʩʧʦʣʴʟʫʝʪ ʪʝ ʞʝ ʫʨʘʚʥʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ ʛʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ ʧʦʪʝʨʠ ʚ 

ʩʝʨʜʝʯʥʠʢʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ, ʥʦ ʨʝʟʫʣʴʪʘʪ ʜʝʣʠʪʩʷ ʥʘ ʯʘʩʪʦʪʫ ʚ ɻʮ. ɽʜʝʥʠʮʳ ʧʦʪʝʨʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʚʠʜʝ ʤɺʪ/ɻʮ ʩʤ
3
, ʜʣʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʛʨʘʬʠʢ, ʥʦ ʤɺʪ/ɻʮ ʙʫʜʝʪ ʧʨʠʟʥʘʥʦ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ (t = 1/f), ʤɺʪ-ʩʝʢʫʥʜʳ, ʠʣʠ ʤʠʣʣʠʜʞʦʫʣʝʡ. ɻʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʵʥʝʨʛʠʶ, 

ʯʪʦʙʳ ʧʦʡʪʠ ʚʦʢʨʫʛ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʩ ʧʦʩʪʦʷʥʥʳʤ BĔʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ. ʂʘʢ ʠ ʧʨʝʞʜʝ, ʰʪʨʠʭʦʚʳʝ ʮʚʝʪʥʳʝ 

ʣʠʥʠʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʣʠʞʝʥʥʳʭ ʬʦʨʤʫʣ ʠ ʧʘʨʘʤʝʪʨʦʚ ʦʪ Magnetics, 

Inc. ʉʧʣʦʰʥʘ ̫ʩʠʥ̫̫ ʣʠʥʠ ̫ʷʚʣʷʝʪʩʷ ʤʦʝʡ ʧʦʧʳʪʢʦʡ ʩʛʣʘʜʠʪʴ ʢʨʠʚʳʝ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʣʶʙʦʡ 

ʪʦʯʥʦʩʪʴʶ ʥʘ ʚʩʝʭ, ʥʦ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʚ ʢʘʯʝʩʪʚʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʅʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʪʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʵʥʝʨʛʠʷ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʝʩʣʠ BĔʧʦʩʪʦʷʥʥʘ, ʥʦ 

ʚʳʰʝ 10 ʢɻʮ, ʵʥʝʨʛʠʷ ʟʘ ʮʠʢʣ ʧʦʜʥʠʤʘʝʪʩʷ ʤʥʦʛʦ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʧʦʪʝʨʴ ʚ ʩʝʨʜʝʯʥʠʢʝ 

ʦʪʣʠʯʘʝʪʩʷ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʙʝʩʧʦʣʝʟʥʳ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʵʥʝʨʛʠʠ. 



 

 



ʏʘʩʪʴ ʧʨʦʙʣʝʤʳ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʧʦ ʧʦʪʝʨʷʤ ʚ ʩʝʨʜʝʯʥʠʢʘʭ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ,  ʚ 

ʜʠʟʘʡʥʝ ʤʦʱʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʩʜʝʣʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ 

ʚʦʣʥʳ. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʥʘʧʨʷʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʚʘʜʨʘʪʥʳʝ ʚʦʣʥʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠʣʠ ʰʠʨʦʪʥʦ-

ʠʤʧʫʣʴʩʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʫʶ ʚʦʣʥʫ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʢʚʘʜʨʘʪʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʩʪʴ ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʚʦʣʥʦʡ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʢʚʘʜʨʘʪʥʳʝ ʚʦʣʥʳ 

ʚʦʟʙʫʞʜʝʥʠʷ ʠ, ʯʪʦ ʧʦʪʝʨʠ ʥʠʞʝ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʚʘʜʨʘʪʥʦʡ ʚʦʣʥʳ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ BĔʚ ʧʨʠʣʦʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʦʟʤʦʞʥʦ ʩ ʢʚʘʜʨʘʪʥʦʡ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ, ʫʯʠʪʳʚʘʷ 

ʯʘʩʪʦʪʫ, ʘ ʝʜʠʥʠʮʘʤʠ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʘ ʚʦʣʴʪ-ʩʝʢʫʥʜʘʭ, ʛʜʝ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʝʪ ʧʦʣʦʚʠʥʫ ʧʝʨʠʦʜʘ, 

1/2F. ɼʝʣʝʥʠʝ ʥʘ ʩʝʢʫʥʜʳ ʫʭʦʜʠʪ ʬʫʥʢʮʠʶ ʥʘʧʨʷʞʝʥʠ.̫ ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʟʥʘʷ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʫ  ʁʠʥʜʫʢʮʠʶ BĔ 

ʠ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʪʦʢ ʚʦʟʨʘʩʪʘʝʪ (ʧʦʣʦʚʠʥʘ ʮʠʢʣʘ), ʧʨʠʣʦʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ, ʯʪʦ BĔʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ. 

ɺ ʧʨʠʙʣʠʞʝʥʠʷʭ Magnetics Inc, BĔʜʘʥʳ ʚ ʢʠʣʦɻʘʫʩʩʘʭ, ʠ F ʚ ʢʠʣʦɻʝʨʮʘʭ,. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʯʘʣʴʥʦʡ 

ʪʦʯʢʦʡ ʦʪʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʉɻʉ. 
810Ĕ4 -ÖÖÖÖÖ= NFAcBE  

ʈʝʰʝʥʥʦʝ ʜʣʷ BĔ: 

810
4

Ĕ Ö
ÖÖÖ

=
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E
B ɻʘʫʩʩ 

ʇʫʩʪʴ N = 1, ʪʘʢ ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʚ ɺʦʣʴʪ /ʚʠʪʦʢ, ʠ ʧʫʩʪʴ ɸʩ = 1 ʩʤ
2
.  BĔ, ʚ ʢʠʣʦʛʘʫʩʩ ʩ F ʚ ʢʠʣʦʛʝʨʮʘʭ, 

ʩʪʘʥʦʚʠʪʩʷ:  
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=
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E
B ʢɻʘʫʩʩ 

ʇʦʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʧʨʠʙʣʠʞʝʥʠʷʭ Magnetics, Inc ʜʦʣʞʥʦ ʜʘʪʴ ʢʨʠʚʳʝ, ʢʦʪʦʨʳʝ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʠʙʣʠʞʝʥʥʳʭ 

ʧʦʪʝʨʴ ʦʪ ʯʘʩʪʦʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ. ʇʦʪʦʤʫ ʯʪʦ ʫʨʘʚʥʝʥʠʷ ʥʝ 

ʟʥʘʶʪ ʦ ʥʘʩʳʱʝʥʠʠ, ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʷʚʣʷʶʪʩʷ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤʠ, ʧʦʵʪʦʤʫ ʷ ʜʦʙʘʚʠʣ ʬʫʥʢʮʠʶ ʥʘ 

ʧʫʩʪʦʡ ʨʝʟʫʣʴʪʘʪ, ʝʩʣʠ ʙʦʣʴʰʝ ʪʨʝʭ ʢɻʘʫʩʩ. ʃʠʥʠʠ ʚ ʚʝʨʭʥʝʤ ʣʝʚʦʤ ʫʛʣʫ ʧʦʢʘʟʳʚʘʶʪ ʧʨʝʜʝʣ ʪʨʠ ʢɻʘʫʩʩʘ, ʠ ʦʥʠ 

ʙʳʣʠ ʙʳ ʦʜʥʦʡ ʥʝʧʨʝʨʳʚʥʦʡ ʣʠʥʠʝʡ, ʝʩʣʠ ʧʨʠʙʣʠʞʝʥʠʷ ʙʳʣʠ ʪʦʯʥʳ. ʇʦ ʦʩʠ X ʙʝʨʝʪʩʷ ʜʦ 10 ʄɻʮ, ʥʦ ʥʝʪ 

ʥʠʢʘʢʦʡ ʠʣʣʶʟʠʠ ʣʶʙʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʵʪʦʡ ʯʘʩʪʦʪʝ. ɻʨʘʬʠʢʠ ʙʳʣʠ ʨʘʩʰʠʨʝʥʳ, ʯʪʦʙʳ ʣʫʯʰʝ ʧʦʢʘʟʘʪʴ 

ʠʟʤʝʥʝʥʠʷ ʥʘʢʣʦʥʘ ʩ ʯʘʩʪʦʪʦʡ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʯʪʦ ʦʥʘ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʩʧʫʩʪʠʪʴʩʷ. 

ʕʪʦʪ ʛʨʘʬʠʢ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʧʦʪʝʨʶ ʚ ʩʤ
3
 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 

ʢʚʘʜʨʘʪʥʳʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ, ʩ 1 ʚʠʪʢʦʚʦʡ ʦʙʤʦʪʢʦʡ ʠ 1 ʩʤ
2
, ʧʣʦʱʘʜʴʶ ʩʝʯʝʥʠʷ ʩʝʨʜʝʯʥʠʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʨʠʚʳʝ ʝʩʪʴ ʜʣʷ ʧʦʩʪʦʷʥʥʦʡ ʚʦʣʴʪ ʥʘ ʚʠʪʦʢ ʧʣʦʪʥʦʩʪʠ, V/N ʩʤ
2
. ʉ 100 ʚʦʣʴʪ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 10 ʚʠʪʢʦʚ ʦʙʤʦʪʢʘ 

ʥʘ ʩʝʨʜʝʯʥʠʢ, ʠʤʝʶʱʠʡ ʧʣʦʱʘʜʴ 2 ʩʤ
2
, ʠʩʧʦʣʴʟʦʚʘʪʴ 5 ɺ ʣʠʥʠʷ (100 ɺ / 10 * 2). ʇʦʪʝʨʠ ʚ ʩʝʨʜʝʯʥʠʢʝ ʜʣʷ 

ʯʘʩʪʦʪʳ ʧʦ ʦʩʠ X ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʤɺʪ/ʩʤ
3
 ʯʠʪʘʪʴ ʠʟ ʛʨʘʬʠʢʘ, ʫʤʥʦʞʝʥʥʦʡ ʥʘ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʚ ʩʤ

3
. 



 

 
ɺʦʣʴʪ ʥʘ ʚʠʪʦʢ ʩʤ

2
 

 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʢʦʨʦʪʢʠʝ ʣʠʥʠʠ ɸ ʠ ɺ. ʇʦʟʠʮʠʠ ʠ ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʠʟʚʦʣʴʥ,r ʥʦ ʠʭ ʩʢʣʦʥʳ ʠʤʝʶʪ 

ʟʥʘʯʝʥʠʝ. ʆʥʠ ʝʩʪʴ ʩʝʛʤʝʥʪ rʛʨʘʬʠʢʦʚ ʧʦʩʪʨʦʝʥʳʭ ʜʣʷ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʩʚʝʨʭʫ, ʚ ʢʦʪʦʨʳʭ ʦʪʤʝʯʘʣʠʩʴ, 

ʪʝʥʜʝʥʮʠʠ ʵʢʩʧʦʥʝʥʪ ʧʨʠʙʣʠʞʝʥʠʡ ʦʪ Magnetics, Inc ʫʨʘʚʥʝʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. 

ʇʨʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʧʨʠʙʣʠʞʝʥʠʝ ʢʨʠʚʦʡ ʷʚʣʷʝʪʩʷ ʙʣʠʟʢʠʤ 

A 31 ĔBfaPL ÖÖ= ʤɺʪ/ʩʤ
3
 

ɼʣʷ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, ʵʪʦ ʙʦʣʝʝ ʙʣʠʟʢʦ ʢ 

ɺ 22 ĔBfaPL ÖÖ= ʤɺʪ/ʩʤ
3
 

ʇʦʩʣʝʜʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʣʠʥʠʶ, ʢʦʪʦʨʘʷ ʪʘʢ ʞʝ, ʢʘʢ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ 

ʨʝʟʠʩʪʦʨʘ. ʇʦʩʤʦʪʨʠʪʝ ʥʘ ʫʨʘʚʥʝʥʠʝ ʜʣʷ BĔʠ ʧʦʜʢʣʶʯʠʪʝ 2ĔB ʥʘ ʚʪʦʨʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʧʦʪʝʨʴ ɺ 

ʧʦʢʘʟʳʚʘʝʪ, ʧʦʯʝʤʫ. 
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ʂʦʛʜʘ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ BĔʧʦʜʢʣʶʯʝʥ ʢ ʫʨʘʚʥʝʥʠʶ ʧʦʪʝʨ ɹʤʦʱʥʦʩʪʠ ɺ, 2

kHzF ʪʘʢ ʞʝ, ʢʘʢ 2f , ʧʦʵʪʦʤʫ 

ʦʥʠ ʦʪʤʝʥʠʪʴ, ʦʩʪʘʚʠʚ  

ɺ 42 10
16

ÖÖ= E
a

PL  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʝʨʠ ʟʘʚʠʩʷʪ ʦʪ ʯʘʩʪʦʪʳ, ʠ ʨʝʟʠʩʪʦʨ ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʭʦʜʷʱʝʡ ʤʦʜʝʣʴʶ ʜʣʷ 

ʦʩʥʦʚʥʳʭ ʧʦʪʝʨʴ ʥʘ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. 

ʇʨʠʤʝʥʷʷ ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʤʝʥʳ ʜʣʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʤʦʜʝʣʠ: 

ɸ 
31 ĔBfaPL ÖÖ= ʤɺʪ/ʩʤ

3
 

ʈʝʰʠʤ ʜʣʷ 3ĔB : 
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kHzF ʪʘʢ ʞʝ ʢʘʢ f , ʪʘʢʠʤ ʦʙʨʘʟʦʤ 1f , ʙʫʜʝʪ ʦʪʤʝʥʝʥʥʦʡ, ʦʩʪʘʚʠʚ 
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ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʛʨʘʬʠʢʫ ʚʳʰʝ, ʚ ʩʠʣʫ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ, ʤʳ ʤʦʞʝʤ ʥʘʯʘʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʘʩʠʤʧʪʦʪʳ. ɼʣʷ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʥʮʘ, ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚʝʨʪʠʢʘʣʴʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ɽ
2
, ʪʘʢ ʯʪʦ ʢʘʞʜʦʝ 

ʧʨʠʨʘʱʝʥʠʝ 10ʭ ʚ ʚʦʣʴʪʘʭ ʜʦʣʞʥʦ ʙʳʪʴ ʜʚʝ ʜʝʢʘʜʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʕʪʦ ʥʝ ʩʦʚʩʝʤ ʪʦ, ʯʪʦ ʧʦʢʘʟʘʥʦ, ʥʦ ʵʪʦ ʦʯʝʥʴ 

ʛʨʫʙʘ ̫ʢʘʨʪʠʥʘ, ʝʩʣʠ ʚʠʟʫʘʣʠʟʠʨʫʝʪ ʢʨʠʚʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʜʘʣʝʝ. 

ɼʣʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʥʮʘ, ʥʘʢʣʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ 2

kHzF ʚ ʟʥʘʤʝʥʘʪʝʣʝ, ʪʘʢ ʯʪʦ ʥʘʢʣʦʥ -2 ʥʘ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʛʨʘʬʠʢʝ. 

ʄʝʞʩʪʨʦʯʥʳʡ ʠʥʪʝʨʚʘʣ ʦʧʨʝʜʝʣʷʝʪʩʷ E
3
 ʚ ʯʠʩʣʠʪʝʣʝ, Pl ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 3 ʜʝʢʘʜʳ ʜʣ̫ ʢʘʞʜʦʛʦ 

ʧʨʠʨʘʱʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 10ʭ. ʂʨʠʚʘʷ 0.1ɺ ʠ ʢʨʠʚʘʷ 1ɺ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʯʝʤ 3 ʜʝʢʘʜʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʥʦ 

ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʫʟʦʨʦʤ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ. 

ʇʦʩʪʨʦʝʥʥʳʡ ʛʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ ʩʝʤʝʡʩʪʚʘ ʘʩʠʤʧʪʦʪ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʢʨʠʪʝʨʠʷʤ, ʠ ʘʩʠʤʧʪʦʪʳ ʚ ʚʠʜʝ 

ʥʘʙʦʨʘ ʙʳʣʠ ʧʝʨʝʤʝʱʝʥʳ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ çʣʫʯʰʠʡ ʧʦʜʙʦʨè ʥʘ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʉʦʚʧʘʜʝʥʠʝ ʥʝ ʪʘʢ ʫʞ ʠ 

ʧʣʦʭʦ ʜʣʷ ʙʦʣʝʝ ʥʠʟʢʠʭ ʥʘʧʨʷʞʝʥʠʷʭ, ʥʦ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʥʘʩʪʦʣʴʢʦ ʥʝʦʧʨʝʜʝʣʝʥʥʳ, ʯʪʦ ʙʳʣʦ ʙʳ 

ʥʝʨʘʟʫʤʥʦ ʜʝʣʘʪʴ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʚʳʚʦʜʦʚ, ʧʦʢʘ ʥʝ ʧʦʜʪʚʝʨʞʜʷʪʩʷ "ʨʝʘʣʴʥʤrʠ" ʜʘʥʥʳʤʠ ʩʪʝʥʜʦʚʳʭ 

ʠʩʧʳʪʘʥʠʡ. 

 

 
ʏʘʩʪʦʪʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʚ SPICE, ʧʦʵʪʦʤʫ ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʧʦʪʝʨʠ ʢʘʢ 

ʬʫʥʢʮʠʶ ʚʨʝʤʝʥʠ, ʪʦ ʝʩʪʴ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʏʘʩʪʦʪʘ ʦʙʨʘʪʥʘ ʚʨʝʤʝʥʠ, ʧʝʨʠʦʜʘ ʮʠʢʣʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

ɼʣʷ ʨʘʩʯʝʪʘBĔ, ʦʜʥʘ ʧʦʣʦʚʠʥʘ ʧʝʨʠʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʧʦʵʪʦʤʫ t = 1/2F, ʠ F = 2/t. ʇʦʜʩʪʘʚʣʷʷ ʚ ʫʨʘʚʥʝʥʠʝ ʜʣʷ BĔ 
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ʛʜʝ t ʚ ʤʠʣʣʠʩʝʢʫʥʜʘʭ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʢɻʮ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʠʙʣʠʞʝʥʠʷʭ Magnetics, Inc. ʇʦʜʩʪʘʚʣʷʷ ʚ 
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ʕʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʣʝʛʢʦ, ʥʘʛʣʷʜʥʦ, ʩ ʣʝʚʦʡ-ʧʨʘʚʦʡ ʟʝʨʢʘʣʴʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʢʨʠʚʦʡ ʧʦʪʝʨʴ ʦʪ ʯʘʩʪʦʪʳ. 

ʉʦʚʧʘʜʝʥʠʝ 1 ʢɻʮ ʣʠʥʠʠ ʜʦ 500ʤʩʝʢ ʣʠʥʠʡ, ʪʘʢ ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʚʢʣʶʯʝʥʠʷ ʜʣʷ ʧʦʣʦʚʪʥʥʦʛʦ ʮʠʢʣʘ 

ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

 

 
ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʥʝ ʙʳʣʦ ʜʦʧʫʱʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ, ʵʪʦʪ ʛʨʘʬʠʢ ʜʦʣʞʥʳ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʧʦʪʝʨʠ ʚ ʢʨʠʚʦʡ ʚʳʨʘʞʝʥʥʦʡ ʚ ʪʝʨʤʠʥʘʭ ʚʨʝʤʝʥʠ ʚʢʣʶʯʝʥʠʷ ʪʘʢ ʞʝ, ʢʘʢ ʛʨʘʬ ʚʳʨʘʞʘʶʪʩʷ ʚ ʯʘʩʪʦʪʝ. ʇʦʪʦʤʫ 

ʯʪʦ ʠʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʪʝʨʤʠʥʘʭ BĔ (ʪʦ ʝʩʪʴ, Bmax ʚ ʢʦʥʮʝ ʚʨʝʤʝʥʠ ʚʢʣʶʯʝʥʠʷ), ʘ ʥʝ B, ʤʛʥʦʚʝʥʥʦ, ʵʪʦ ʥʝ 

ʜʘʝʪ ʥʘʤ ʤʛʥʦʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. 

 

ʕʪʘ ʢʨʠʚʘʷ ʠʤʝʝʪ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʩʤʳʩʣʘ, ʢʘʢ ʧʨʝʟʝʥʪʘʮʠʷ ʦʩʥʦʚʥʳʭ ʧʦʪʝʨʴ ʜʘʥʥʳʭ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʜʠʟʘʡʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʐʀʄ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʕʪʦ ʤʦʷ ʪʝʦʨʠʷ, ʯʪʦ ʵʪʦʪ ʛʨʘʬʠʢ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʦʣʝʟʥʳʤ ʜʣʷ 

ʮʠʢʣʦʚ ʟʘʧʦʣʥʝʥʠʷ ʤʝʥʴʰʝ 1. ʅʘ ʛʨʘʬʠʢʝ ʚʳʰʝ, ʥʘʭʦʜʠʤ ʦʩʥʦʚʥʳʝ ʧʦʪʝʨʠ ʜʣʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ, ʟʘʪʝʤ ʫʤʥʦʞʠʪʴ ʥʘ ʨʘʙʦʯʠʡ ʮʠʢʣ. ʅʘ ʵʪʦʪ ʨʘʟ, ʵʪʦ ʩʧʝʢʫʣʷʮʠʠ, ʥʦ ʝʩʣʠ ʦʥʘ 

ʧʦʜʪʚʝʨʜʠʪʩʷ, ʪʦ ʵʪʦ ʙʫʜʝʪ ʥʦʚʳʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʐʀʄ ʜʠʟʘʡʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʠʥʜʫʢʪʦʨʦʚ. 

 



ʂʨʠʚʘʷ ʥʠʞʝ, ʧʦʩʪʨʦʝʥʘ ʥʘ ʢʦʥʮʝʧʮʠʠ ʛʨʘʬʠʢʘ ʚʳʰʝ, ʧʦʢʘʟʳʚʘʝʪ ʧʣʦʪʥʦʩʪ ɹʤʦʱʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʥʘʧʨʷʞʝʥʠʷ. ʂʘʞʜʳʡ ʠʟ ʮʚʝʪʥʳʭ ʢʨʠʚʳʭ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥ r100 ʤɺ ʧʝʨʝʤʝʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʩ ʧʦʣʦʞʠʪʝʣʴʥʦ ʜʚʠʛʘʶʱʝʤʩʷ ʚʨʝʤʝʥʝʤ ʚʢʣʶʯʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, 

ʠʟʤʝʨʝʥʥʫ  ʁʦʪ t = 0, ʯʘʩʪʴ ʥʝʧʨʝʨʳʚʥʦʡ ʚʦʣʥʳ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ. ɺ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ, 0 ʙʝʩʢʦʥʝʯʥʦ ʜʘʣʝʢʦ ʚʣʝʚʦ, ʪʘʢ ʯʪʦ ʚʩʝ ʠʤʧʫʣʴʩʳ ʚʟʷʪʳ ʠʟ 10 ʥʩ ʣʠʥʠʠ. ɺʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʩʠʤʤʝʪʨʠʯʥʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʯʘʩʪʴ ʥʝʧʨʝʨʳʚʥʦʡ ʚʦʣʥʳ ʧʝʨʝʤʝʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʥʦ ʵʪʦ ʦʪʦʙʨʘʞʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʧʝʨʚʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʧʝʨʝʢʨʝʩʪʥʦʛʦ 

ʧʦʩʣʝʜʥʝʛʦ ʠʤʧʫʣʴʩʘ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʙʝʩʧʦʨʷʜʦʢ. 

 

 
ʇʝʨʚʳʡ ʠʤʧʫʣʴʩ, ʢʨʘʩʥʦʡ ʣʠʥʠʠ ʠ ʢʨʘʩʥʦʡ ʰʪʨʠʭʦʚʢʠ, ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ t = 0 ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 100 ʤɺ, ʠ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ 20 ʥʩ, ʧʨʦʜʦʣʞʘʷ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʜʦ - 100 ʤɺ, ʟʘʪʝʤ ʩʪʘʨʪʫʝʪ ʩʣʝʜʫʶʱʠʡ ʮʠʢʣ ʧʨʠ 40 ʥʩ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʢʚʘʜʨʘʪʥʳʝ ʚʦʣʥʳ ʩ ʧʝʨʠʦʜʦʤ 40 ʥʩ ʠʣʠ ʯʘʩʪʦʪʝ 25 ʄɻʮ.ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʥʘ 25 ʄɻʮ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʤʝʘʥʜʨ ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʮʠʢʣʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʟʘʜʥʠʡ ʬʨʦʥʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʠʤʧʫʣʴʩʘ, ʠ ʠʤʝʝʪ ʪʦʪ ʞʝ ʮʚʝʪ.ɺʪʦʨʦʡ ʠʤʧʫʣʴʩ, ʟʝʣʝʥʘʷ ʣʠʥʠʷ ʠ ʟʝʣʝʥʳʡ ʰʪʨʠʭʦʚʢʘ, ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʊ = 0 ʠ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ 40 ʥʩ, ʧʦʵʪʦʤʫ ʝʝ ʧʝʨʠʦʜ ʩʦʩʪʘʚʣʷʝʪ 80 ʥʩ ʠ ʯʘʩʪʦʪʦʡ 12,5 ʄɻʮ.ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʥʘ 12,5 

ʚʦʣʥʘ ʄɻʮ ʢʚʘʜʨʘʪʥʳʭ ʧʦʤʝʱʘʶʪ ʚ ʮʝʥʪʨ ʩʚʦʝʛʦ ʮʠʢʣʘ, ʟʘʜʥʷʷ ʢʨʦʤʢʘ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʤʧʫʣɹʩʘ. 

ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʠʤʧʫʣʴʩ, ʦʙʦʟʥʘʯʝʥʥʳʡ ʩʠʥʝʡ ʣʠʥʠʝʡ, ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʊ = 0 ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʊ = 1,28 ʤʩ, ʚ 

ʪʝʯʝʥʠʝ 2,56 ʤʩ ʠ ʯʘʩʪʦʪʦʡ 390 ɻʮ. ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʦʮʝʥʠʚʘʝʪʩʷ ʠ ʧʦʩʪʨʦʝʥʳ. 

ʕʪʘ ʢʨʠʚʘʷ ʬʘʢʪʠʯʝʩʢʠ ʛʨʫʙʘʷ ʢʫʩʦʯʥʦ-ʠʥʪʝʛʨʘʮʠʠ, ʠ ʠʩʪʠʥʥʦʝ ʤʛʥʦʚʝʥʥʦʡ ʢʨʠʚʦʡ ʤʦʱʥʦʩʪʠ ʚʦ 

ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʦʜʥʦʡ ʵʪʦʡ ʢʨʠʚʦʡ. ʕʪʦ ʙʳʣ ʙʳ ʫʜʘʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʳ 

ʩʦʟʜʘʥʠʷ ʭʦʨʦʰʝʡ ʤʦʜʝʣʠ SPICE. ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʢʨʠʚʦʡ ʩʣʦʞʥʦ, ʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʘʩʠʤʧʪʦʪʳ 

ʧʨʦʱʝ. 

ɼʣʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ, ʢʨʠʚʘʷ ʘʩʠʤʧʪʦʪʳ ʝʩʪʴ 

ɸ 31 ĔBfaPL ÖÖ= ʤɺʪ/ʩʤ
3
 

ɼʣʷ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, ʢʨʠʚʘʷ ʘʩʠʤʧʪʦʪʳ ʝʩʪʴ 
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ʜʣʷ B > 0. 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʤʦʜʝʣʠʨʦʚʘʥʦ ʚ SPICE, ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʨʝʟʠʩʪʦʨʝ. ɿʥʘʯʝʥʠʝ ʨʝʟʠʩʪʦʨʘ RB 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʝʜʝʥʯʝʩʢʠʤ ʠʩʪʦʯʥʠʢʦʤ ʢʘʢ ʬʫʥʢʮʠʷ ʦʙʨʘʪʥʦʛʦ ʧʦʪʦʢʘ ʠʣʠ ʠʥʜʫʢʮʠʠ B. ʆʜʥʘʢʦ, ʵʪʦ ʥʝ ʪʦ ʞʝ 

ʩʘʤʦʝ ʯʪʦ ʧʦʪʦʢ ʠʣʠ ʠʥʜʫʢʮʠʷ B, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʦʜʝʣʠ ʥʘʩʳʱʝʥʠ.̫ ʕʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʩʤʦʜʝʣʠʨʦʚʘʥʦ 

ʦʪʜʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʵʪʦ ʩʙʨʘʩʳʚʘʝʪʩ ̫ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʟʚʦʨʦʪʘ ʥʘʧʨʷʞʝʥʠ.̫ 

ɼʣʷ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, ʘʩʠʤʧʪʦʪʳ ʝʩʪʴ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʤʦʜʝʣʴ SPICE ʧʨʦʩʪʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʨʝʟʠʩʪʦʨʝ. 

ʕʪʦ ʦʯʝʥʴ ʤʥʦʛʦ ʫʨʘʚʥʝʥʠʡ ʩʦ ʤʥʦʛʠʤʠ ʰʘʥʩʳ ʩʜʝʣʘʪʴ ʦʰʠʙʢʠ. ɽʩʣʠ ʚʩʝ ʧʨʘʚʠʣʴʥʦ, ʪʦ ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ ʚ 

ʩʝʨʜʝʯʥʠʢʝ ʤʦʞʝʪ ʙʳʪʴ ʩʤʦʜʝʣʠʨʦʚʘʥ ʚ ʚʠʜʝ ʜʚʫʭ ʨʝʟʠʩʪʦʨʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʩʠʤʧʪʦʪʳ ʜʣʷ ʥʠʟʢʠʭ ʠ ʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪ ʩʣʫʯʘʷʭ. ʈʝʟʠʩʪʦʨ, ʢʦʪʦʨʳʡ ʜʦʤʠʥʠʨʫʝʪ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ 1/B. 

ʈʝʘʣʴʥʳʡ ʩʝʨʜʝʯʥʠʢ ʠʤʝʝʪ ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ. ɺʝʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ 

ʠʥʜʫʢʪʠʚʥʦʡ ʠ ʤʥʠʤʘʷ ʯʘʩʪʴ ʨʝʟʠʩʪʠʚʥʦʡ, ʪʦ ʝʩʪʴ ʩ ʧʦʪʝʨʷʤʠ. ʆʙʘ ʢʦʤʧʦʥʝʥʪʘ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʥʝʣʠʥʝʡʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʠʭ ʧʨʦʪʦʪʠʧʘʤ ʚ SPICE ʤʦʜʝʣʠ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʧʦʩʪʨʦʝʥʠʷ 

ʢʨʠʚʦʡ ʬʫʥʢʮʠʠ ʠʣʠ ʧʦʵʪʘʧʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ. ʕʪʦ ʤʦʞʝʪ ʥʝ ʧʦʟʚʦʣʠʪʴ ʩʜʝʣʘʪʴ SPICE ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʪʦʯʥʦʡ ʥʘ ʦʯʝʥʴ ʤʥʦʛʠʡ ʨʷʜ ʦʧʝʨʘʮʠʡ. 



ʅʠʟʢʦʯʘʩʪʦʪʥʳʝ ʧʦʪʝʨʠ ʚ ʩʝʨʜʝʯʥʠʢʝ, 

ʛʨʘʬʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ:  

(ʕʪʦʪ ʘʥʘʣʠʟ ʙʳʣ ʩʜʝʣʘʥ ʧʝʨʚʳʡ, ʠ ʦʙʝʩʧʝʯʝʥ 

ʧʦʥʠʤʘʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ). 

ɿʥʘʷ ʩʠʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ BĔʠ 

ʧʦʪʝʨʷʤʠ ʚ ʩʝʨʜʝʯʥʠʢʝ, ʠʥʪʫʠʪʠʚʥʦ ʨʘʟʫʤʥʦʡ, ʯʪʦ 

ʦʩʥʦʚʥʳʝ ʧʦʪʝʨʠ ʙʳʣʠ ʙʳ ʥʘʤʥʦʛʦ ʚʳʰʝ ʧʨʠ 

ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʩ ʧʦʩʪʦʷʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ. ʆʜʥʘʢʦ, ʵʪʦ ʚʦʚʩʝ ʥʝ 

ʠʥʪʫʠʪʠʚʥʦ, ʤʥʝ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʪʦ, ʯʪʦ ʤʦʜʝʣʴ 

ʠʤʧʝʜʘʥʩʘ, ʝʩʣʠ ʪʘʢʦʚʳʝ ʠʤʝʶʪʩʷ, ʙʫʜʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ. 

ʅʘ ʛʨʘʬʠʢʘʭ ʩʧʨʘʚʘ ʧʦʢʘʟʘʥʳ ʯʝʪʳʨʝ ʚʦʣʥʳ 

ʬʦʨʤʳ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʝʨʠʦʜʘ ʠ ʩ ʪʝʤ ʞʝ BĔ, 

ʧʦʵʪʦʤʫ ʚʩʝ ʙʫʜʝʪ ʠʤʝʪʴ ʪʝ ʞʝ ʦʩʥʦʚʥʳʝ ʧʦʪʝʨʠ ʥʘ 

ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ. ʇʨʠʤʝʯʘʥʠʝ: ʕʪʠ ʛʨʘʬʠʢʠ 

ʧʦʢʘʟʳʚʘʶʪBĔ, ʤʘʢʩʠʤʘʣʴʥʫ  ʁʠʥʜʫʢʮʠʶ, ʘ ʥʝ B, 

ʤʛʥʦʚʝʥʥʫʶ ʠʥʜʫʢʮʠʶ. 

ʂʘʞʝʪʩʷ ʨʘʟʫʤʥʳʤ, ʯʪʦ ʧʦʪʝʨʠ ʚ ʩʝʨʜʝʯʥʠʢʝ 

ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʝʩʪʴ 

ʥʘʧʨʷʞʝʥʠʝ, ʧʦʜʘʚʘʝʤʦʝ ʥʘ ʦʙʤʦʪʢʫ. ɺʦ ʚʪʦʨʦʡ 

ʛʨʘʬʝ, 1 ʚʦʣʴʪ ʧʨʠʢʣʘʜʳʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 1 ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʘʷ ʧʦʪʝʨʠ ʚ ʩʝʨʜʝʯʥʠʢʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʩʝʡ ʰʠʨʠʥʝ ʠʤʧʫʣʴʩʘ, ʩʢʘʞʝʤ, 1 

ʚʘʪʪ. 

ɺ ʪʨʝʪʴʝʡ ʛʨʘʬʝ, 2 ʚʦʣʴʪʘ ʧʨʠʤʝʥʷʶʪ ʜʣʷ 

ʧʦʣʦʚʠʥʳ ʚʨʝʤʝʥʠ. ʇʦʩʢʦʣʴʢʫ ʩʨʝʜʥʷʷ ʧʦʪʝʨʷ ʪʦ 

ʞʝ ʩʘʤʦʝ, ʧʦʪʝʨʠ ʚʦ ʚʨʝʤʷ ʠʤʧʫʣʴʩʘ ʜʦʣʞʥʦ ʙʳʪʴ 2 

ɺʪ. ʊʦʯʥʦ ʪʘʢ ʞʝ ʚ ʯʝʪʚʝʨʪʦʡ ʛʨʘʬʝ, 4 ʚʦʣʴʪʘ 

ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʦʜʥʦʡ ʯʝʪʚʝʨʪʠ ʚʨʝʤʝʥʠ, ʠ ʚʣʘʩʪʴ 

ʜʦʣʞʥʘ ʙʳʪʴ 4 ɺʪ, ʯʪʦʙʳ ʩʨʝʜʥʷʷ ʧʨʘʚʠʣʴʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʝʨʠ ʚ ʩʝʨʜʝʯʥʠʢʝ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʥʘʧʨʷʞʝʥʠʶ, V/Y, ʛʜʝ Y ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʫʶ ʝʱʝ ʧʨʝʜʩʪʦʠʪ 

ʦʧʨʝʜʝʣʠʪʴ. ʉ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʨʝʟʠʩʪʦʨʦʤ, 

ʤʦʱʥʦʩʪʴ ʦʪʥʦʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʚ 

ʢʚʘʜʨʘʪʝ, V
2
/R. 

ʄʦʱʥʦʩʪʴ ʝʩʪʴ ʧʨʦʠʟʚʝʜʝʥʠʝ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ. ʉ ʨʝʟʠʩʪʦʨʘ, ʦʥ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʨʘʞʝʥʘ ʢʘʢ V
2
/R ʠʣʠ I

2
R. ʇʨʠ ʨʘʚʥʦʤʝʨʥʦʤ 

ʥʘʧʨʷʞʝʥʠʠ, ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ 

ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠʣʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ. ɽʩʣʠ ʤʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 

ʨʘʚʥʦʤʝʨʥʦ ʩʦ ʚʨʝʤʝʥʝʤ, ʨʝʟʠʩʪʦʨ X, ʢʦʪʦʨʳʡ 

ʠʟʤʝʥʸʥ, ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʤʦʱʥʦʩʪʴ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, V
2
/X, ʝʩʣʠ X = 

V*R1, ʛʜʝ R1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʝʥʠʝ, ʧʨʠ V = 

1 ɺʦʣʴʪ. 



ʄʳ ʚʩʝ ʝʱʝ ʥʝ ʟʥʘʝʤ, ʝʩʣʠ ʧʦʪʝʨʠ ʦʜʥʦʨʦʜʥ rʧʦ 

ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʣʦʞʝʥʦ ʠ ʜʨʫʛʠʝ ʜʘʥʥʳʝ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʪʦ ʥʝ ʪʘʢ. ʂʘʢʦʡ ʙʳ ʥʝ ʙʳʣʘ ʢʨʠʚʘ,̫ 

ʦʜʥʘʢʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʧʨʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ, ʦʥʘ 

ʜʦʣʞʥʘ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʠ 

ʩʞʠʤʘʪʴ ʩʦ ʚʨʝʤʝʥʝʤ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʡ ʧʨʠʤʝʨʳ. 

ɺ SPICE ʤʦʜʝʣʠ, ʟʥʘʯʝʥʠʷ ʨʝʟʠʩʪʦʨʦʚ (ʠ ʜʨʫʛʠʝ 

ʢʦʤʧʦʥʝʥʪʳ) ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʤʝʥʥʘʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʚʳʨʘʞʝʥʠʷʤʠ. ɺʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʦʞʠʪʴ ʩʣʦʞʥʦʝ 

ʚʳʨʘʞʝʥʠʝ ʚ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʦʧʨʝʜʝʣʝʥʠʝ, ʷ ʧʨʝʜʧʦʯʠʪʘʶ, 

ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢ 

ʥʘʧʨʷʞʝʥʠʷ, ʠ ʫʩʪʘʥʦʚʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʚʚʝʜʷ R = V (Rx), 

ʛʜʝ Rx ʵʪʦ ʥʘʧʨʷʞʝʥʠʝ ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨ rʚʚʦʜʠʪʴ ʚ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʝʣʠʯʠʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʝʟʥʦ ʜʣʷ ʧʦʜʛʦʥʢʠ ʢʨʠʚʦʡ. ʄʦʱʥʦʩʪʴ ʚ ʨʝʟʠʩʪʦʨʝ, 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʪʦʢʦʚʦʝ ʚʨʝʤʷ ʥʘʧʨʷʞʝʥʠ ̫ʠ ʧʨʦʜʫʢʪ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʩ ʤʦʱʥʦʩʪʴʶ ʜʨʫʛʠʭ ʨʝʟʠʩʪʦʨʦʚ ʚ 

ʤʦʜʝʣʠ ʧʦʪʝʨʴ ʚ ʩʝʨʜʝʯʥʠʢʝ, ʯʪʦʙʳ ʜʘʪʴ ʧʦʣʥʫʶ ʧʦʪʝʨʶ ʚ 

ʩʝʨʜʝʯʥʠʢʝ ʢʘʢ ʢʦʥʪʨʦʣʴʥʫʶ ʪʦʯʢʫ. (ɸʥʘʣʦʛʠʯʥʳʤ 

ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʜʝʥʩʘʪʦʨʳ ʤʦʞʥʦ 

ʫʧʨʘʚʣʷʪʴ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʡ, ʥʦ ʵʪʦ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ, 

ʝʩʣʠ ʵʥʝʨʛʠʷ, ʟʘʧʘʩʝʥʥʘʷ ʚ ʢʦʤʧʦʥʝʥʪ ʜʦʣʞʝʥ ʙʳʪʴ 

ʩʦʭʨʘʥʝʥ.) 

ɽʩʣʠ ʠʤʧʫʣʴʩʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʦʪʨʳʚʝ, ʷʚʣʷʶʪʩʷ 

ʧʦʪʝʨʷʤʠ ʪʦ ʞʝ ʩʘʤʦʝ? ʀʣʠ ʝʩʪʴ ʥʝʢʦʪʦʨʳʝ ʠʩʪʦʨʠʠ 

ʷʚʣʝʥʠʷ? ʉʧʨʘʚʘ ʧʷʪʴ ʛʨʘʬʠʢʦʚ ʨʘʟʣʠʯʥʳʭ ʩʠʛʥʘʣʦʚ. ɼʣʷ 

ʪʝʭ ʞʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʚʨʝʤʝʥʠ (ʚʦʣʴʪ-ʩʝʢʫʥʜʳ, ʠʣʠ B), 

ʷʚʣʷʶʪʩʷ ʧʦʪʝʨʠ ʚʩʝʛʜʘ ʪʦ ʞʝ ʩʘʤʦʝ? ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʧʦʪʝʨʷʤʠ ʚ ʥʘʯʘʣʝ ʠʤʧʫʣʴʩʘ? ʅʘʧʨʷʞʝʥʠʷ, ʘ ʷʜʨʦ ʥʘʯʠʥʘʝʪ 

ʨʘʩʩʝʠʚʘʪʴ ʤʦʱʥʦʩʪʴ, ʥʦ ʥʘ ʢʘʢʦʤ ʫʨʦʚʥʝ? ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʠʤʧʫʣʴʩʘ, ʧʦʢʘ ʥʝ ʠʟʚʝʩʪʥʦ, ʪʘʢ ʯʪʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ 500 ʥʩ 

(1 ʄɻʮ) ʠʣʠ 500 ʤʩ (1 ɻʮ), ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʪʝ ʞʝ. 

ʂʘʞʝʪʩʷ, ʯʪʦ ʧʦʪʝʨʠ ʚ ʧʝʨʚʳʝ 500 ʥʩ ʜʦʣʞʥʦ ʙʳʪʴ ʪʝʭ, 

ʢʦʪʦʨʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʯʘʩʪʦʪʦʡ 1 ʄɻʮ, ʪʦ ʝʩʪʴ, ʜʦʚʦʣʴʥʦ 

ʥʠʟʢʘ. ʇʦʩʣʝ 5 ʤʢʩ, ʤʦʱʥʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘ ʫʨʦʚʥʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩ ʯʘʩʪʦʪʦʡ 100 ʢɻʮ, ʘ ʯʝʨʝʟ 50 ʤʢʩ, 

ʤʦʱʥʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘ ʫʨʦʚʥʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩ 10 

ʢɻʮ. ʊʦ ʝʩʪʴ, ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ, ʧʦʪʝʨʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʤʠ ʚ ʧʝʨʚʦʡ ʠ ʨʘʩʪʠ, ʢʘʢ ʚʨʝʤʷ ʠʜʝʪ. 



ʅʘ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ ʛʨʘʬʠʢʘʭ ʧʦʢʘʟʘʥʳ ʯʝʪʳʨʝ ʚʦʣʥʳ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʦʥʠ ʠʤʝʶʪ 

ʜʚʦʠʯʥʳʝ ʦʪʥʦʰʝʥʠʷ, 8xB, 4xB, 2xB ʠ B, ʘ ʪʘʢʞʝ F/8, F/4, F/2 ʠ F. ɿʝʣʝʥʳʝ ʠ ʩʠʥʠʝ ʣʠʥʠʠ ʧʦʢʘʟʳʚʘʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ, ʝʩʣʠ ʛʨʘʬʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʠʟʢʦʯʘʩʪʦʪʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ (ʩʠʥʠʡ) ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ 

ʚʦʟʙʫʞʜʝʥʠʝ (ʟʝʣʝʥʳʡ). ʇʨʠʤʝʯʘʥʠʝ: ʕʪʠ ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ 

BĔ, ʤʘʢʩʠʤʘʣʴʥʫ  ʁʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ, ʘ ʥʝ B, ʤʛʥʦʚʝʥʥʫ  ʁ

ʧʣʦʪʥʦʩʪ ɹʧʦʪʦʢʘ. 

ʏʘʩʪʦʪʘ, ʚʦʟʙʫʞʜʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ 

1 ʢɻʮ, 100 ʤɺ, 10 ʤɺʪ/ʩʤ
3
.  

1 ʄɻʮ, 500 ʤɺ, 0.17 ʤɺʪ/ʩʤ
3
.  

 

 

 

 

 

 

 

2 ʄɻʮ, 500 ʤɺ, 0.15 ʤɺʪ/ʩʤ
3
. 

2 ʢɻʮ, 100 ʤɺ, 3.0 ʤɺʪ/ʩʤ
3
.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 ʄɻʮ, 500 ʤɺ, 0.13 ʤɺʪ/ʩʤ
3
. 

4 ʢɻʮ, 100 ʤɺ, 0.8 ʤɺʪ/ʩʤ
3
.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 ʄɻʮ, 500 ʤɺ, 0.12 ʤɺʪ/ʩʤ
3
. 

8 ʢɻʮ, 100 ʤɺ, 0.33 ʤɺʪ/ʩʤ
3
. 

 

ɿʥʘʯʝʥʠʷ ʠʟ ʛʨʘʬʠʢʘ ʧʦʪʝʨʴ ʦʪ ʯʘʩʪʦʪʳ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʣʦʞʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʳʰʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʨʝʜʥʷʷ 

ʤʦʱʥʦʩʪʴ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ, ʥʦ ʨʝʟʢʦ 

ʤʝʥʷʝʪʩʷ ʧʨʠ ʥʠʟʢʦʡ ʯʘʩʪʦʪʝ ʧʦ ʪʦʡ ʞʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ B ʠ F. 


