
ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, 2017 №1(22), ɋ. 36–45 

© ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɹɞɟɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ «ɆɂɎɂ», 2017 

ɂɁɕɋɄȺɇɂȿ, ɉɊɈȿɄɌɂɊɈȼȺɇɂȿ, 
ɋɌɊɈɂɌȿɅɖɋɌȼɈ ɂ ɆɈɇɌȺɀ 

ɌȿɏɇɈɅɈȽɂɑȿɋɄɈȽɈ ɈȻɈɊɍȾɈȼȺɇɂə  
ɈȻɔȿɄɌɈȼ ȺɌɈɆɇɈɃ ɈɌɊȺɋɅɂ 

 

ɍȾɄ 621.375 
 

ɉɊȿɐɂɁɂɈɇɇɕɃ ɊȺȾɂȺɐɂɈɇɇɈ-ɋɌɈɃɄɂɃ BIJFET 
ɈɉȿɊȺɐɂɈɇɇɕɃ ɍɋɂɅɂɌȿɅɖ ȾɅə ɇɂɁɄɈɌȿɆɉȿɊȺɌɍɊɇɕɏ 

ȺɇȺɅɈȽɈȼɕɏ ɂɇɌȿɊɎȿɃɋɈȼ ȾȺɌɑɂɄɈȼ1
 

 

© 2017 Ɉ.ȼ. Ⱦɜɨɪɧɢɤɨɜ*, ɇ.ɇ. ɉɪɨɤɨɩɟɧɤɨ**,***, ɂ.ȼ. ɉɚɯɨɦɨɜ**, Ⱥ.Ⱥ. ɂɝɧɚɲɢɧ**
, 

Ⱥ.ȼ. Ȼɭɝɚɤɨɜɚ**
 

 
* ɈȺɈ “Ɇɢɧɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɩɪɢɛɨɪɨɫɬɪɨɢɬɟɥɶɧɵɣ ɢɧɫɬɢɬɭɬ”, Ɇɢɧɫɤ, 

Ɋɟɫɩɭɛɥɢɤɚ Ȼɟɥɚɪɭɫɶ 
** Ⱦɨɧɫɤɨɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ, 

Ɋɨɫɫɢɹ  
*** ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜ ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɟ ɊȺɇ, Ɂɟɥɟɧɨɝɪɚɞ, Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥɚɫɬɶ, 

Ɋɨɫɫɢɹ 
 

Ɋɚɫɫɦɨɬɪɟɧɚ ɨɪɢɝɢɧɚɥɶɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɢ cɯɟɦɨɬɟɯɧɢɤɚ ɩɪɟɰɢɡɢɨɧɧɨɝɨ BТJFОЭ ɨɩɟɪɚɰɢɨɧɧɨɝɨ 
ɭɫɢɥɢɬɟɥɹ (Ɉɍ), ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɫɢɫɬɟɦɚɬɢɱɟɫɤɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɧɚɩɪɹɠɟɧɢɹ ɫɦɟɳɟɧɢɹ 
ɧɭɥɹ ɧɟ ɛɨɥɟɟ 8 ɦɤȼ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ -197 ÷ +27ɋ, ɩɪɢ ɩɨɬɨɤɟ ɧɟɣɬɪɨɧɨɜ ɞɨ 1017

 ɧ/ɦ2
 ɢ 

ɧɚɤɨɩɥɟɧɧɨɣ ɞɨɡɟ ɪɚɞɢɚɰɢɢ ɞɨ 10 ɤȽɪ. ɋɯɟɦɚ Ɉɍ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɫɢɦɦɟɬɪɢɸ ɜɯɨɞɧɵɯ ɰɟɩɟɣ, ɚ 
ɬɚɤɠɟ ɬɪɢ ɜɵɫɨɤɨɢɦɩɟɞɚɧɫɧɵɯ ɭɡɥɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɪɚɡɨɦɤɧɭɬɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɭɫɢɥɟɧɢɹ ɛɨɥɟɟ 80ɞȻ. Ɉɛɨɫɧɨɜɚɧ ɜɵɛɨɪ ɋȺɉɊ ɢ SPICE-ɦɨɞɟɥɟɣ ɬɪɚɧɡɢɫɬɨɪɨɜ ɛɚɡɨɜɨɝɨ 
ɦɚɬɪɢɱɧɨɝɨ ɤɪɢɫɬɚɥɥɚ ȺȻɆɄ 1.3, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
Ɉɍ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɪɚɞɢɚɰɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ, ɤɪɢɨɝɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ, SPICE-ɦɨɞɟɥɢ, ɚɧɚɥɨɝɨɜɵɟ ɦɢɤɪɨɫɯɟɦɵ, ɞɚɬɱɢɤɢ, ɚɧɚɥɨɝɨɜɵɟ ɢɧɬɟɪɮɟɣɫɵ, 
ɧɚɩɪɹɠɟɧɢɟ ɫɦɟɳɟɧɢɹ ɧɭɥɹ, ɩɨɬɨɤ ɧɟɣɬɪɨɧɨɜ, ɧɚɤɨɩɥɟɧɧɚɹ ɞɨɡɚ ɪɚɞɢɚɰɢɢ. 

 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸμ 25.02.2017 
 

ȼȼȿȾȿɇɂȿ 
 

Ɋɚɞɢɚɰɢɨɧɧɨ-ɫɬɨɣɤɢɟ ɢɧɬɟɝɪɚɥɶɧɵɟ ɫɯɟɦɵ (ɂɋ) ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɜ 
ɧɚɭɤɨɟɦɤɢɯ ɨɛɥɚɫɬɹɯ ɬɟɯɧɢɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ, ɹɞɟɪɧɨɣ ɷɥɟɤɬɪɨɧɢɤɟ, ɤɨɫɦɢɱɟɫɤɨɣ 
ɚɩɩɚɪɚɬɭɪɟ, ɧɚɭɱɧɨɦ ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɢ, ɤɪɢɨɝɟɧɧɵɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɢ ɦɟɞɢɰɢɧɫɤɢɯ 
ɩɪɢɛɨɪɚɯ Д1–4]. 

Ⱦɥɹ ɪɹɞɚ ɡɚɞɚɱ ɮɢɡɢɤɢ ɜɵɫɨɤɢɯ ɷɧɟɪɝɢɣ ɢ ɤɨɫɦɢɱɟɫɤɨɝɨ ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɹ  
ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɚɧɚɥɨɝɨɜɵɟ ɂɋ Д5–10Ж, ɫɨɯɪɚɧɹɸɳɢɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɩɪɢ 
ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɩɪɨɧɢɤɚɸɳɟɣ ɪɚɞɢɚɰɢɢ (ɉɊ) Д11Ж. 
Ɂɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɬɚɤɨɝɨ ɫɨɱɟɬɚɧɢɹ ɤɚɱɟɫɬɜɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɨɬɜɨɞɢɬɫɹ ɜɵɛɨɪɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɚ ɬɚɤɠɟ ɨɪɢɝɢɧɚɥɶɧɵɯ 
ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɦɢɧɢɦɢɡɚɰɢɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɢɤɪɨɫɯɟɦ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɞɟɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɮɚɤɬɨɪɨɜ.  

ɋɟɝɨɞɧɹ ɪɚɡɪɚɛɨɬɤɚ ɪɚɞɢɚɰɢɨɧɧɨ-ɫɬɨɣɤɢɯ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɦɢɤɪɨɫɯɟɦ 
ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɬɪɭɞɧɟɧɚ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɬɢɩɨɜɵɟ ɋȺɉɊ ɢ ɦɧɨɝɢɟ ɦɨɞɟɥɢ 
ɢɧɬɟɝɪɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɚɞɟɤɜɚɬɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɞɚɧɧɵɯ ɠɟɫɬɤɢɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ BТJFОЭ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ Д12–14Ж ɷɬɚ ɡɚɞɚɱɚ ɪɟɲɟɧɚ ɜ ɪɚɛɨɬɟ Д15Ж, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
                                                             
1
 ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɡɚ ɫɱɟɬ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ (ɩɪɨɟɤɬ № 16-19-00122). 
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ɨɛɟɫɩɟɱɢɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɜ ɫɬɚɬɶɟ BТJFОЭ Ɉɍ. 
ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɪɚɫɫɦɨɬɪɟɧɢɟ ɫɯɟɦɨɬɟɯɧɢɤɢ ɢ ɪɟɡɭɥɶɬɚɬɨɜ 

ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ 
ɩɪɨɧɢɤɚɸɳɟɣ ɪɚɞɢɚɰɢɢ) ɨɞɧɨɝɨ ɢɡ ɛɚɡɨɜɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɡɥɨɜ ɚɧɚɥɨɝɨɜɵɯ 
ɢɧɬɟɪɮɟɣɫɨɜ ɞɚɬɱɢɤɨɜ – ɩɪɟɰɢɡɢɨɧɧɨɝɨ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɭɫɢɥɢɬɟɥɹ (Ɉɍ), 
ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɪɚɞɢɚɰɢɨɧɧɨ-ɫɬɨɣɤɨɝɨ BТJFОЭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 

 

ɈɋɈȻȿɇɇɈɋɌɂ PSpice ɆɈȾȿɅɂɊɈȼȺɇɂə BiJFet Ɉɍ ɉɊɂ ȼɈɁȾȿɃɋɌȼɂɂ 
ɇɂɁɄɂɏ ɌȿɆɉȿɊȺɌɍɊ ɂ ɉɊɈɇɂɄȺɘɓȿɃ ɊȺȾɂȺɐɂɂ 

 

ɉɪɢ ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɂɋ ɩɪɢɦɟɧɹɸɬ ɪɚɡɧɨɨɛɪɚɡɧɵɟ 
ɤɨɦɦɟɪɱɟɫɤɢɟ ɋȺɉɊ ɫɨ ɜɫɬɪɨɟɧɧɵɦɢ ɦɨɞɟɥɹɦɢ ɛɢɩɨɥɹɪɧɨɝɨ ɬɪɚɧɡɢɫɬɨɪɚ (ȻɌ) ɢ 
SPICE- ɩɚɪɚɦɟɬɪɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢɫɹ ɜ ɮɢɪɦɟɧɧɵɯ ɛɢɛɥɢɨɬɟɤɚɯ ɩɪɟɞɩɪɢɹɬɢɣ 
ɢɡɝɨɬɨɜɢɬɟɥɟɣ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɨɜ ɢ ɂɋ Д16Ж. Ɉɛɵɱɧɨ ɷɬɨ ɦɨɞɟɥɢ Ƚɭɦɦɟɥɹ-

ɉɭɧɚ ɢ ɒɢɯɦɚɧɚ–ɏɨɞɠɟɫɚ (ɞɥɹ ɩɨɥɟɜɵɯ ɬɪɚɧɡɢɫɬɨɪɨɜ ɫ ɭɩɪɚɜɥɹɸɳɢɦ p-n-ɩɟɪɟɯɨɞɨɦ, 
p-ɉɌɉ). 

Ɉɞɧɚɤɨ, ɧɟ ɜɫɟ ɤɨɦɦɟɪɱɟɫɤɢɟ ɋȺɉɊ ɢ ɮɢɪɦɟɧɧɵɟ ɛɢɛɥɢɨɬɟɤɢ SPICE-ɩɚɪɚɦɟɬɪɨɜ 
ɦɨɞɟɥɟɣ ɬɪɚɧɡɢɫɬɨɪɨɜ ɩɪɢɝɨɞɧɵ ɞɥɹ ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɉɊ ɢ 
ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɚɪɚɦɟɬɪɵ ɚɧɚɥɨɝɨɜɵɯ ɂɋ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɨɥɶɬɚɦɩɟɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ȼȺɏ) 
ɬɢɩɨɜɵɯ ȻɌ ɜ ɪɚɡɥɢɱɧɵɯ ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɢɯ ɋȺɉɊ (τЫCAD 16.6, HSPICE, LTSЩТМО) 
ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɜ τЫCAD, HSPICE ɧɚɛɥɸɞɚɸɬɫɹ «ɜɵɛɪɨɫɵ» ɢ ɨɬɤɥɨɧɟɧɢɹ 
ȼȺɏ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ȻɌ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɦɟɧɟɟ –148°ɋ Д15Ж. ɇɚɪɹɞɭ ɫ ɷɬɢɦ ɜ 
LTSЩТМО ɬɚɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɜɟɞɟɧɨ ɩɪɢ ɭɫɥɨɜɢɢ ɧɚɫɬɪɨɣɤɢ ɦɨɞɟɥɢ ɢ 
ɨɩɪɟɞɟɥɟɧɢɹ ɟɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɧɭɠɧɨɦ ɞɢɚɩɚɡɨɧɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ 
LTSЩТМО ɦɨɠɟɬ ɩɪɨɜɨɞɢɬɶɫɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ȻɌ ɢ p-ɉɌɉ ɫ ɭɱɟɬɨɦ 
ɜɥɢɹɧɢɹ ɉɊ ɢ ɤɪɢɨɝɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ. 

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ Д15Ж, ɞɥɹ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɭɱɟɬɚ ɜɥɢɹɧɢɹ ɪɚɞɢɚɰɢɢ ɢ ɧɢɡɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɛɢɩɨɥɹɪɧɵɟ ɢ ɩɨɥɟɜɵɟ ɬɪɚɧɡɢɫɬɨɪɵ ɜ ɫɬɪɭɤɬɭɪɟ BiJFet ɛɚɡɨɜɵɯ 
ɦɚɬɪɢɱɧɵɯ ɤɪɢɫɬɚɥɥɨɜ Д17Ж ɢ ɦɢɤɪɨɷɥɟɤɬɪɨɧɧɵɯ ɢɡɞɟɥɢɣ Д10, 12, 13Ж ɧɚ ɢɯ ɨɫɧɨɜɟ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɟɧɢɟμ  

 ɋȺɉɊ LTSЩТМО,  
 ɜɫɬɪɨɟɧɧɵɯ ɜ LTSpise ɬɢɩɨɜɵɯ ɦɨɞɟɥɟɣ Ƚɭɦɦɟɥɹ-ɉɭɧɚ ɢ ɒɢɯɦɚɧɚ–ɏɨɞɠɟɫɚ, 
 ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɯ ɜɡɚɢɦɨɫɜɹɡɶ ɩɚɪɚɦɟɬɪɨɜ 

ɦɨɞɟɥɟɣ, ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɨɛɥɭɱɟɧɢɹ,  
 ɭɫɪɟɞɧɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɟɣ,  
 ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ 

ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ ɨɬ ɩɨɝɥɨɳɟɧɧɨɣ ɞɨɡɵ ɨɛɥɭɱɟɧɢɹ ɢ 
ɧɟɦɨɧɨɬɨɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɚ BETA ɉɌɉ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ –
197°ɋ ɞɨ 27°ɋ. 

Ⱥɩɪɨɛɚɰɢɹ ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ Д12Ж ɦɨɞɟɥɟɣ ɜɵɹɜɢɥɚ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ 
ɫɨɜɩɚɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ȼȺɏ ȻɌ ɢ p-ɉɌɉ ɞɨ ɢ ɩɨɫɥɟ 
ɜɨɡɞɟɣɫɬɜɢɹ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɨɬɨɤɚ «ɛɵɫɬɪɵɯ» ɷɥɟɤɬɪɨɧɨɜ Д18Ж. 

 

BIJFET ɈɉȿɊȺɐɂɈɇɇɕɃ ɍɋɂɅɂɌȿɅɖ ɇȺ ɈɋɇɈȼȿ ȼɏɈȾɇɈȽɈ ɄȺɋɄȺȾȺ 

ȻȿɁ ɄɅȺɋɋɂɑȿɋɄɂɏ ɂɋɌɈɑɇɂɄɈȼ ɈɉɈɊɇɈȽɈ ɌɈɄȺ 

ɂ ɊȿɁɍɅɖɌȺɌɕ ȿȽɈ ɆɈȾȿɅɂɊɈȼȺɇɂə 
 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɚɧɚɥɨɝɨɜɵɯ ɦɢɤɪɨɫɯɟɦ ɜ ɪɚɦɤɚɯ ɤɨɧɤɪɟɬɧɨɝɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɡɧɚɱɢɬɟɥɶɧɚɹ ɪɨɥɶ ɨɬɜɨɞɢɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɭɞɚɱɧɵɯ 
ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɢɧɨɝɞɚ ɭɥɭɱɲɢɬɶ ɜɚɠɧɟɣɲɢɟ ɤɚɱɟɫɬɜɟɧɧɵɟ 
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ɩɨɤɚɡɚɬɟɥɢ ɂɋ ɜ 5–10 ɪɚɡ. 
Ɋɚɫɫɦɨɬɪɢɦ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ, ɪɚɞɢɚɰɢɨɧɧɨ-

ɫɬɨɣɤɢɯ BТJFОЭ ɚɧɚɥɨɝɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɩɪɢɦɟɪɟ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɭɫɢɥɢɬɟɥɹ ɪɢɫ. 1. 
Ⱦɚɧɧɚɹ ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ Ɉɍ ɩɨ ɩɚɬɟɧɬɭ [19]. 

 

 
 

Ɋɢɫ. 1. – ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ BТJFОЭ Ɉɍ ɫ ɩɨɜɵɲɟɧɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɭɫɢɥɟɧɢɹ 
 

Ɉɩɟɪɚɰɢɨɧɧɵɣ ɭɫɢɥɢɬɟɥɶ ɪɢɫ. 1 ɫɨɞɟɪɠɢɬ ɧɟɬɪɚɞɢɰɢɨɧɧɵɣ ɜɯɨɞɧɨɣ ɤɚɫɤɚɞ ɧɚ 
ɬɪɚɧɡɢɫɬɨɪɚɯ VT1-VT4, ɪɚɫɫɦɨɬɪɟɧɧɵɣ ɜ ɪɚɛɨɬɚɯ Д20–21Ж, ɢɦɟɸɳɢɣ ɫɢɦɦɟɬɪɢɱɧɵɣ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɜɵɯɨɞ ɜ ɭɡɥɚɯ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɜɥɢɹɧɢɟ ɜɵɯɨɞɧɨɣ 
ɩɨɞɫɯɟɦɵ Ɉɍ ɧɚ ɧɭɥɟɜɨɣ ɭɪɨɜɟɧɶ Ɉɍ. ɉɪɨɦɟɠɭɬɨɱɧɵɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɭɫɢɥɢɬɟɥɶ 
ɪɟɚɥɢɡɨɜɚɧ ɧɚ ɩɨɥɟɜɵɯ ɬɪɚɧɡɢɫɬɨɪɚɯ VT5, VT6 ɫ ɚɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɨɣ VT10, VT11. 
ȼɵɯɨɞɧɚɹ ɩɨɞɫɯɟɦɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɭɫɢɥɟɧɢɟ, ɜɵɩɨɥɧɟɧɚ ɧɚ ɤɚɫɤɚɞɟ 
ɫ ɨɛɳɢɦ ɷɦɢɬɬɟɪɨɦ (VT7) ɢ ɛɭɮɟɪɧɨɦ ɭɫɢɥɢɬɟɥɟ (Ȼɍ). 

ȼ ɫɯɟɦɟ ɪɢɫ. 1 ɫɨɡɞɚɧɵ ɫɩɟɰɢɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɜɡɚɢɦɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ Д22Ж 
ɫɭɳɟɫɬɜɟɧɧɨɣ ɪɚɞɢɚɰɢɨɧɧɨɣ ɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɞɟɝɪɚɞɚɰɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɭɫɢɥɟɧɢɹ ɩɨ ɬɨɤɭ ɛɚɡɵ ( ) ɬɪɚɧɡɢɫɬɨɪɨɜ VT10, VT11, VT7, ɤɨɬɨɪɵɟ ɭɦɟɧɶɲɚɸɬɫɹ ɜ 
ɞɟɫɹɬɤɢ ɪɚɡ. Ɍɚɤ ɞɥɹ ɭɡɥɚ 3  ɫɩɪɚɜɟɞɥɢɜɨ ɫɥɟɞɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ Ʉɢɪɯɝɨɮɚμ 

 

 ɛ7ɤ116c III , (1) 

ɝɞɟ *

06 IIc  – ɬɨɤ ɫɬɨɤɚ VT6, ɤ11I – ɬɨɤ ɤɨɥɥɟɤɬɨɪɚ VT11, ɛ7I – ɬɨɤ ɛɚɡɵ VT7, 
*

0I  – ɩɨɥɨɜɢɧɚ 
ɬɨɤɚ ɞɜɭɯɩɨɥɸɫɧɢɤɚ I1. 

ɉɪɢɱɟɦ  
 ɛɪ

*
0ɤ11 I2II , (2) 

 7ɤ7ɛɪɛ7 /II2I , (3) 

 

ɂɡ ɭɪɚɜɧɟɧɢɣ (1)-(3) ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɯɟɦɟ Ɉɍ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
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ɜɡɚɢɦɧɚɹ ɤɨɦɩɟɧɫɚɰɢɹ ɜɫɟɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɨɜ ɜ ɭɡɥɟ 3 . ɗɬɨ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ 
ɭɫɥɨɜɢɟɦ ɦɢɧɢɦɢɡɚɰɢɢ ɜɥɢɹɧɢɹ ɞɟɝɪɚɞɚɰɢɢ  ɬɪɚɧɡɢɫɬɨɪɨɜ VT10, VT11 ɢ VT7 ɧɚ 
ɧɭɥɟɜɨɣ ɭɪɨɜɟɧɶ Ɉɍ (ɫɢɫɬɟɦɚɬɢɱɟɫɤɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɧɚɩɪɹɠɟɧɢɹ ɫɦɟɳɟɧɢɹ ɧɭɥɹ).  

ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɞɪɭɝɢɯ ɜɚɪɢɚɧɬɚɯ ɩɨɫɬɪɨɟɧɢɹ ɚɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɢ ɢ 
ɜɵɯɨɞɧɨɣ ɩɨɞɫɯɟɦɵ Ɉɍ ɷɮɮɟɤɬ ɜɡɚɢɦɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɬɨɤɨɜ ɜ ɭɡɥɟ 3  ɧɟ ɫɨɯɪɚɧɹɟɬɫɹ. 
Ʉɚɤ ɫɥɟɞɫɬɜɢɟ ɧɚɩɪɹɠɟɧɢɟ ɫɦɟɳɟɧɢɹ ɧɭɥɹ ɬɚɤɨɝɨ Ɉɍ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ 
ɞɟɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɮɚɤɬɨɪɚɯ. 

Ɉɩɟɪɚɰɢɨɧɧɵɣ ɭɫɢɥɢɬɟɥɶ (ɪɢɫ. 1) ɢɦɟɟɬ 4 ɜɵɫɨɤɨɢɦɩɟɞɧɚɫɧɵɯ ɭɡɥɚ 

( 4321 ,,, ), ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɜɵɲɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɩɨ 
ɧɚɩɪɹɠɟɧɢɸ. ɉɪɢ ɷɬɨɦ, ɜɯɨɞɧɨɣ ɤɚɫɤɚɞ Ɉɍ ɧɟ ɫɨɞɟɪɠɢɬ ɤɥɚɫɫɢɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɨɜ 
ɨɩɨɪɧɨɝɨ ɬɨɤɚ, ɚ ɟɝɨ ɫɬɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɜɵɛɨɪɚ ɝɟɨɦɟɬɪɢɢ 
ɩɨɥɟɜɵɯ ɬɪɚɧɡɢɫɬɨɪɨɜ VT4, VT3. 

Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ Ɉɍ ɪɢɫɭɧɤɚ 1, 

ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɜ ɫɪɟɞɟ LTSЩТМО ɧɚ ɦɨɞɟɥɹɯ  BiJFet ɬɪɚɧɡɢɫɬɨɪɨɜ Д15Ж, ɭɱɢɬɵɜɚɸɳɢɯ 
ɪɚɞɢɚɰɢɨɧɧɭɸ ɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɢɯ ɩɚɪɚɦɟɬɪɨɜ.  

Ƚɪɚɮɢɤɢ ɪɢɫɭɧɤɚ 2 ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɡɚɜɢɫɢɦɨɫɬɶ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɧɚɩɪɹɠɟɧɢɹ ɫɦɟɳɟɧɢɹ ɧɭɥɹ Ɉɍ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ (ɞɢɚɩɚɡɨɧ ɨɬ -1λ7°ɋ ɞɨ 27°ɋ), ɚ 
ɝɪɚɮɢɤɢ ɪɢɫɭɧɤɚ 3 ɢ ɪɢɫɭɧɤɚ 4 – ɨɬ ɩɨɬɨɤɚ ɧɟɣɬɪɨɧɨɜ ɢ ɧɚɤɨɩɥɟɧɧɨɣ ɞɨɡɵ ɪɚɞɢɚɰɢɢ. 

 

 
 

Ɋɢɫ. 2. – Ɂɚɜɢɫɢɦɨɫɬɶ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɧɚɩɪɹɠɟɧɢɹ ɫɦɟɳɟɧɢɹ ɧɭɥɹ Ɉɍ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
(ɞɢɚɩɚɡɨɧ ɨɬ -1λ7° ɋ ɞɨ 27° ɋ) 

 

 
 

Ɋɢɫ. 3. – Ɂɚɜɢɫɢɦɨɫɬɶ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɧɚɩɪɹɠɟɧɢɹ ɫɦɟɳɟɧɢɹ ɧɭɥɹ Ɉɍ ɨɬ ɩɨɬɨɤɚ 
ɧɟɣɬɪɨɧɨɜ 
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Ɋɢɫ. 4. – Ɂɚɜɢɫɢɦɨɫɬɶ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɧɚɩɪɹɠɟɧɢɹ ɫɦɟɳɟɧɢɹ ɧɭɥɹ Ɉɍ ɨɬ ɧɚɤɨɩɥɟɧɧɨɣ 
ɞɨɡɵ ɪɚɞɢɚɰɢɢ 

 

Ⱥɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɡɨɦɤɧɭɬɨɝɨ Ɉɍ (ɪɢɫ. 5) ɜ ɞɢɚɩɚɡɨɧɟ 
ɬɟɦɩɟɪɚɬɭɪ ɨɬ -1λ7°ɋ ɞɨ 27°ɋ ɢ ɪɚɞɢɚɰɢɨɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɢɡɦɟɧɹɥɚɫɶ ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 
1ɞȻ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɷɮɮɟɤɬɚɦɢ ɜɡɚɢɦɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɨɜ, 
ɜɥɢɹɸɳɢɯ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɯɟɦɵ Ɉɍ. 

 

 
 

Ɋɢɫ. 5. – Ⱥɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɫɢɥɟɧɢɹ Ɉɍ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 
ɨɬ -1λ7°ɋ ɞɨ 27°ɋ  

 

ȼɕȼɈȾɕ 
 

Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɨɩɟɪɚɰɢɨɧɧɵɯ ɭɫɢɥɢɬɟɥɟɣ ɞɥɹ 
ɚɧɚɥɨɝɨɜɵɯ ɢɧɬɟɪɮɟɣɫɨɜ ɞɚɬɱɢɤɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɞɢɚɰɢɢ ɢ 
ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɚ ɨɫɧɨɜɟ BТJFОЭ ɤɪɟɦɧɢɟɜɨɣ ɬɟɯɧɨɥɨɝɢɢ Д23Ж 
ɜɨɡɦɨɠɧɨ ɫɨɡɞɚɧɢɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɢɤɪɨɷɥɟɤɬɪɨɧɧɵɯ ɢɡɞɟɥɢɣ, ɭɫɩɟɲɧɨ 
ɤɨɧɤɭɪɢɪɭɸɳɢɯ ɩɨ ɪɹɞɭ ɩɚɪɚɦɟɬɪɨɜ ɫ ɦɢɤɪɨɫɯɟɦɚɦɢ ɧɚ ɲɢɪɨɤɨɡɨɧɧɵɯ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ. 
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Ɋɚɡɪɚɛɨɬɚɧɧɵɣ BТJFОЭ Ɉɍ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɢɫɬɟɦɚɬɢɱɟɫɤɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ 
ɧɚɩɪɹɠɟɧɢɹ ɫɦɟɳɟɧɢɹ ɧɭɥɹ ɧɟ ɛɨɥɟɟ 8 ɦɤȼ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ -1λ7 ÷ +27ɋ ɩɪɢ 
ɩɨɬɨɤɟ ɧɟɣɬɪɨɧɨɜ ɞɨ 1017ɧ/ɦ2

 ɢ ɧɚɤɨɩɥɟɧɧɨɣ ɞɨɡɟ ɪɚɞɢɚɰɢɢ ɞɨ 10 ɤȽɪ. 
ȼ ɭɤɚɡɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɚɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɉɍ (ɩɪɢ ɪɚɡɨɦɤɧɭɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɟ ɭɫɢɥɟɧɢɹ ɛɨɥɟɟ 80ɞȻ) ɢɡɦɟɧɹɟɬɫɹ 
ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 1ɞȻ.  

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ Ɉɍ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɋȺɉɊ LTSЩТМО ɢ SЩТМО-

ɦɨɞɟɥɢ ɬɪɚɧɡɢɫɬɨɪɨɜ ɛɚɡɨɜɨɝɨ ɦɚɬɪɢɱɧɨɝɨ ɤɪɢɫɬɚɥɥɚ ȺȻɆɄ 1.3 Д17Ж, ɭɱɢɬɵɜɚɸɳɢɟ 
ɪɚɞɢɚɰɢɨɧɧɵɟ ɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ ɢɯ ɩɚɪɚɦɟɬɪɨɜ. 
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Abstract – The original architecture and circuit design of the precision BiJFet operational 

КЦЩХТПТОЫ (τA), аСТМС ЩЫШЯТНОЬ К ЬвЬЭОЦКЭТМ МШЦЩШЧОЧЭ ШП ШППЬОЭ ЯШХЭКРО ЧШ ЦШЫО ЭСКЧ 8 ȝV ТЧ ЭСО 
temperature range -1λ7 ÷ + 27ɋ, аТЭС ЧОЮЭЫШЧ ПХЮб ЮЩ to 10

17
 N / m

2
 and accumulated radiation 

dose up to 10 kGy, was considered. The OA circuit has a high symmetry of the input circuits, and 

three high-impedance nodes, this makes possible to obtain an open-loop gain more than 80 dB. 

The choice of CAD and SPICE-models of array chip AC 1.3 transistors, which used to research 

the characteristics of the op-amp, was substantiated. 

 

Keywords: radiation hardness, cryogenic temperature,  general-circuit simulation, SPICE-models, 

analog integrated circuit, sensors, analog interfaces, offset voltage, neutron flux, accumulated 

radiation dose. 
 


