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ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ 60CШ ɫɨ ɫɪɟɞɧɟɣ эɧɟɪɝɢɟɣ 1,25 Ɇэȼ ɧɚ ɫɬɚɬɢɱɟɫɤɢɟ 
ɩɚɪɚɦɟɬɪɵ ɞɜɭɯ ɚɧɚɥɨɝɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ (ȺК) ɧɨɜɨɝɨ ɛɚɡɨɜɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɪɢɫɬɚɥɥɚ 
(ȻɋК) Ɇɇ2ɏȺ010 – ɤɨɦɩɚɪɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɣ (Кɇ) ɢ ɡɚɪɹɞɨɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɭɫɢɥɢɬɟɥɹ 
(Ɂɑɍ). ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɧɵɟ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ȻɋК ɤɨɧɫɬɪɭɤɬɢɜɧɨ-

ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ, ɭɱɢɬɵɜɚɸɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɢɡɦɟɧɟɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɯ ɛɢɩɨɥɹɪɧɵɯ ɢ ɩɨɥɟɜɵɯ ɬɪɚɧɡɢɫɬɨɪɨɜ , ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɫɬɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ȺК ɩɪɢ ɩɨɝɥɨɳɟɧɧɨɣ ɞɨɡɟ ɝɚɦɦɚ-

ɢɡɥɭɱɟɧɢɹ DG = 2,04 Ɇɪɚɞ. 
 
Кɥɸɱɟɜɵɟ сɥɨɜа: ɤɨɦɩɚɪɚɬɨɪ ɧɚɩɪɹɠɟɧɢɣ, ɡɚɪɹɞɨɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɭɫɢɥɢɬɟɥɶ, ɛɚɡɨɜɵɣ 
ɫɬɪɭɤɬɭɪɧɵɣ ɤɪɢɫɬɚɥɥ, ɚɧɚɥɨɝɨɜɵɣ ɢɧɬɟɪфɟɣɫ ɞɚɬɱɢɤɚ, ɚɧɚɥɨɝɨɜɚɹ ɢɧɬɟɝɪɚɥɶɧɚɹ ɫɯɟɦɚ, 
ɪɚɞɢɚɰɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ, ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɟ. 
 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ: 20.04.2017 

 

ȼȼȿȾȿɇɂȿ 

 

Ⱦɥɹ ɭɫɤɨɪɟɧɧɨɣ ɪɚɡɪɚɛɨɬɤɢ ɪɚɞɢɚɰɢɨɧɧɨ-ɫɬɨɣɤɢɯ ɚɧɚɥɨɝɨɜɵɯ ɢɧɬɟɪфɟɣɫɨɜ 
ɞɚɬɱɢɤɨɜ ɜ 2016ɝ. ɪɚɡɪɚɛɨɬɚɧ ɛɚɡɨɜɵɣ ɫɬɪɭɤɬɭɪɧɵɣ ɤɪɢɫɬɚɥɥ ȻɋК Ɇɇ2ɏȺ010 Д1-3], 

ɢɫɩɨɥɶɡɭɸɳɢɣ ɜ ɤɚɱɟɫɬɜɟ эɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɟ ɛɢɩɨɥɹɪɧɵɟ ɬɪɚɧɡɢɫɬɨɪɵ 
(КȻɌ), ɩɨɥɟɜɵɟ ɬɪɚɧɡɢɫɬɨɪɵ ɫ Щ-ɤɚɧɚɥɨɦ (p-ɉɌɉ) ɢ ɪɹɞ ɧɨɜɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-

ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ Д1-3Ж, ɭɱɢɬɵɜɚɸɳɢɯ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ 
ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɚɤɬɢɜɧɵɯ эɥɟɦɟɧɬɨɜ. 

ɋɯɟɦɨɬɟɯɧɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɚɧɚɥɨɝɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ȻɋК ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɦɨɞɟɥɟɣ КȻɌ ɢ Щ-ɉɌɉ Д4Ж, ɨɩɢɫɵɜɚɸɳɢɯ ɜɥɢɹɧɢɟ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ ɢ ɩɨɬɨɤɚ 
ɧɟɣɬɪɨɧɨɜ, ɚ ɬɚɤɠɟ эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɡɭɱɟɧɢɟ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 
ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɭɫɢɥɢɬɟɥɹ (Ɉɍ), ɢɞɟɧɬɢɱɧɨɝɨ Ɉɍ ɩɪɢɦɟɧɹɟɦɨɦɭ ɜ ȻɋК ɩɨ 

                                                             
1
 ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɡɚ ɫɱɟɬ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨɝɨ фɨɧɞɚ (ɩɪɨɟɤɬ № 16-19-00122). 



 ɋɌȺɌɂɑȿɋКɂȿ ɉȺɊȺɆȿɌɊɕ КɈɆɉȺɊȺɌɈɊɈȼ ɂ ɁȺɊəȾɈɑɍȼɋɌȼɂɌȿɅɖɇɕɏ  39 
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ɫɯɟɦɨɬɟɯɧɢɤɟ ɢ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ Д5Ж, ɩɨɡɜɨɥɢɥɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɞɪɭɝɢɟ ȺК 
ɦɢɤɪɨɫɯɟɦɵ Ɇɇ2ɏȺ010 ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ ɪɚɞɢɚɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ. 

ɐɟɥɶɸ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɪɚɫɫɦɨɬɪɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ ɧɚ ɨɫɧɨɜɧɵɟ ɫɬɚɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ Д6-κЖ ɞɜɭɯ 
фɭɧɤɰɢɨɧɚɥɶɧɵɯ ɹɱɟɟɤ ȻɋК – ɤɨɦɩɚɪɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɣ (Кɇ) ɢ ɡɚɪɹɞɨɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ 
ɭɫɢɥɢɬɟɥɹ (Ɂɑɍ) ȻɋК. 

 

ɈɋɈȻȿɇɇɈɋɌɂ ȺɇȺɅɈȽɈȼɕɏ КɈɆɉɈɇȿɇɌɈȼ ȻɋК Ɇɇ2ɏȺ010 

 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɚɧɚɥɨɝɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ȻɋК ɛɵɥɢ ɭɱɬɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ 
ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɬɪɚɧɡɢɫɬɨɪɨɜ, ɚ ɬɚɤɠɟ ɨɫɧɨɜɧɵɟ ɩɪɚɜɢɥɚ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɞɢɚɰɢɨɧɧɨ-ɫɬɨɣɤɢɯ ɦɢɤɪɨɫɯɟɦ ДλЖ. 

ȼ ɚɧɚɥɨɝɨɜɵɯ ɤɨɦɩɨɧɟɧɬɚɯ ȻɋК ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɞɢɚɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ  
ɩɪɢɦɟɧɟɧɵ n-p-n- ɬɪɚɧɡɢɫɬɨɪɵ ɫ ɝɪɚɧɢɱɧɨɣ ɱɚɫɬɨɬɨɣ (fT) ɛɨɥɟɟ 2,2 ȽȽɰ, p-n-p - fT ɛɨɥɟɟ 
1,5 ȽȽɰ Д10Ж. Ɋɟɡɢɫɬɨɪɵ, ɜɵɩɨɥɧɟɧɵ ɧɚ ɧɢɡɤɨɨɦɧɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɫɥɨɹɯ p ɢ p+ 

ɛɚɡɵ n-p-n- ɬɪɚɧɡɢɫɬɨɪɚ. ȼɫɟ ɬɪɚɧɡɢɫɬɨɪɵ ɪɚɛɨɬɚɸɬ ɫ ɛɨɥɶɲɨɣ ɩɥɨɬɧɨɫɬɶɸ 
эɦɢɬɬɟɪɧɨɝɨ ɬɨɤɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɞɢɚɰɢɨɧɧɨɟ ɢɡɦɟɧɟɧɢɟ β. 

 

ɈȻɈɊɍȾɈȼȺɇɂȿ ȾɅə ɂɁɆȿɊȿɇɂə ɉȺɊȺɆȿɌɊɈȼ ȺɇȺɅɈȽɈȼɕɏ 
КɈɆɉɈɇȿɇɌɈȼ ɉɊɂ ɈȻɅɍɑȿɇɂɂ ȽȺɆɆȺ КȼȺɇɌȺɆɂ 

 

Ɉɛɥɭɱɟɧɢɟ ɨɛɪɚɡɰɨɜ ȻɋК ɝɚɦɦɚ-ɤɜɚɧɬɚɦɢ 60CШ ɜɵɩɨɥɧɹɥɨɫɶ ɫ ɦɨɳɧɨɫɬɶɸ ɞɨɡɵ 
ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ 12,4 ɪɚɞ/ɫ. ɋɭɦɦɚɪɧɚɹ ɩɨɝɥɨɳɟɧɧɚɹ ɞɨɡɚ DG ɩɨɫɥɟ ɫɟɚɧɫɨɜ ɨɛɥɭɱɟɧɢɹ 
ɫɨɫɬɚɜɢɥɚ: 0,1ν 0,201ν 0,502ν 1,04ν 2,04 Ɇɪɚɞ. Ɉɛɥɭɱɟɧɢɟ ɨɛɪɚɡɰɨɜ ɫ ɡɚɤɨɪɨɱɟɧɧɵɦɢ 
ɜɵɜɨɞɚɦɢ ɩɪɨɜɨɞɢɥɨɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɨɥɨ 300 К. 

ɂɡɦɟɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ Кɇ ɢ Ɂɑɍ ɜɵɩɨɥɧɹɥɢɫɶ ɫɪɚɡɭ ɩɨɫɥɟ ɨɛɥɭɱɟɧɢɹ ɧɚ 5 
ɨɛɪɚɡɰɚɯ ȻɋК. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ Кɇ ɢ Ɂɑɍ ɫɨɫɬɚɜɥɹɥɚ ɨɤɨɥɨ 
2 ɱɚɫɨɜ. ɉɪɢɦɟɧɹɥɫɹ ɤɨɦɩɥɟɤɬ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɤɥɸɱɚɸɳɢɣ: ɰɢфɪɨɜɨɣ ɨɫɰɢɥɥɨɝɪɚф 
«Infiniium» HP 54κ30ψν ɜɵɧɨɫɧɨɣ ɩɪɨɛɧɢɤ 10073Cν ɝɟɧɟɪɚɬɨɪ ɫɢɝɧɚɥɨɜ ɩɪɨɢɡɜɨɥɶɧɨɣ 
фɨɪɦɵ χРТХОЧЭ 33250χν ɚɬɬɟɧɸɚɬɨɪ χРТХОЧЭ κ4λ4Gν ɞɜɭɯɤɚɧɚɥɶɧɵɣ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ 
χРТХОЧЭ ȿ3646ν ɢɧɬɟɪфɟɣɫɧɵɣ ɦɨɞɭɥɶ USψ – GPIψ χРТХОЧЭ κ2357ψν ɫɢɫɬɟɦɭ ɫɛɨɪɚ 
ɞɚɧɧɵɯ χРТХОЧЭ 34λ70χ ɫ ɧɚɛɨɪɨɦ ɭɩɪɚɜɥɹɸɳɢɯ ɦɨɞɭɥɟɣν ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ. 

ɂɡɦɟɪɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɛɵɥɨ ɨɛɴɟɞɢɧɟɧɨ ɜ ɟɞɢɧɭɸ ɫɢɫɬɟɦɭ ɧɚ ɨɫɧɨɜɟ 
ɲɢɧɵ GPIψ. ɍɩɪɚɜɥɟɧɢɟ ɜɵɩɨɥɧɹɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɜ ɫɪɟɞɟ «Agilent 

VEE» ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 
ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɢɤɪɨɫɯɟɦ.  

Ⱥɦɩɥɢɬɭɞɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɢɝɧɚɥɨɜ ɨɩɪɟɞɟɥɹɥɢɫɶ ɫ ɬɨɱɧɨɫɬɶɸ ɧɟ ɯɭɠɟ 0,5 ɦȼ, ɱɬɨ 
ɨɛɟɫɩɟɱɢɜɚɥɨɫɶ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɤɚɥɢɛɪɨɜɤɨɣ ɬɪɚɤɬɚ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ 
ɨɫɰɢɥɥɨɝɪɚфɚ, ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ ɢ ɰɢфɪɨɜɨɣ фɢɥɶɬɪɚɰɢɟɣ ɪɟɡɭɥɶɬɚɬɨɜ 
ɢɡɦɟɪɟɧɢɣ. Ȼɨɥɶɲɢɧɫɬɜɨ ɢɡɦɟɪɟɧɢɣ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ. ɂɯ 
ɪɟɡɭɥɶɬɚɬɵ ɡɚɩɢɫɵɜɚɥɢɫɶ ɜ *.ЭбЭ фɚɣɥ, ɞɚɥɶɧɟɣɲɚɹ ɨɛɪɚɛɨɬɤɚ ɤɨɬɨɪɨɝɨ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɜ 
ɫɪɟɞɟ εS EБCEδ ɫ ɩɨɦɨɳɶɸ ɫɬɚɧɞɚɪɬɧɵɯ ɫɪɟɞɫɬɜ. 

 

ɁȺɊəȾɈɑɍȼɋɌȼɂɌȿɅɖɇɕɃ ɍɋɂɅɂɌȿɅɖ 

 

Кɚɠɞɚɹ фɭɧɤɰɢɨɧɚɥɶɧɚɹ ɹɱɟɣɤɚ Ɏə5 ȻɋК Д11Ж ɜɤɥɸɱɚɟɬ Ɂɑɍ (ɪɢɫ. 1). 
Кɪɨɦɟ эɬɨɝɨ, Ɏə5 ɫɨɞɟɪɠɢɬ 4 ɤɨɧɞɟɧɫɚɬɨɪɚ ɫ ɟɦɤɨɫɬɶɸ 1 ɩɎ, 2 ɪɟɡɢɫɬɨɪɚ ɬɢɩɚ 

2RκЮ (ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɪɟɡɢɫɬɨɪɨɜ ɫ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 0,65 ɤɈɦ ɢ 1,4 ɤɈɦ), 
2 ɪɟɡɢɫɬɨɪɚ ɬɢɩɚ 2R4Ю (ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɪɟɡɢɫɬɨɪɨɜ ɫ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 
1,4 ɤɈɦ ɢ 2,7 ɤɈɦ), 3 ɡɚɳɢɬɧɵɯ ɞɢɨɞɚ. 
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ɚ)      ɛ) 

Ɋɢɫ. 1. – Ɂɚɪɹɞɨɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɭɫɢɥɢɬɟɥɶ (Ɏə5) (ɚ) ɢ ɟɝɨ эɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ (ɛ). 
 

Ɂɑɍ ɫɨɞɟɪɠɢɬ «ɩɟɪɟɝɧɭɬɵɣ» ɤɚɫɤɨɞ ɫ ɜɯɨɞɧɵɦ ɩɨɥɟɜɵɦ ɬɪɚɧɡɢɫɬɨɪɨɦ J2, n-p-n- 

ɬɪɚɧɡɢɫɬɨɪɨɦ ɫ ɨɛɳɟɣ ɛɚɡɨɣ (Q100) ɢ ɚɤɬɢɜɧɨɣ ɧɚɝɪɭɡɤɨɣ ɧɚ ɤɚɫɤɨɞɧɨɦ ɫɨɫɬɚɜɧɨɦ p-n-

p- ɬɪɚɧɡɢɫɬɨɪɟ (Qλλ, Q102), ɚ ɬɚɤɠɟ эɦɢɬɬɟɪɧɵɦ ɩɨɜɬɨɪɢɬɟɥɟɦ ɧɚ КȻɌ Д3Ж. ɐɟɩɶ ɞɥɹ 
ɟɦɤɨɫɬɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɜ Ɂɑɍ ɨɬɞɟɥɟɧɚ ɨɬ ɰɟɩɢ ɪɟɡɢɫɬɢɜɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, 
ɭɫɬɚɧɚɜɥɢɜɚɸɳɟɣ ɧɭɥɟɜɨɟ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨɤɨɹ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɯɨɞɧɨɝɨ 
ɫɢɝɧɚɥɚ. Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ Ɂɑɍ (ɤɨэффɢɰɢɟɧɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɞɥɢɬɟɥɶɧɨɫɬɶ 
фɪɨɧɬɚ ɧɚɪɚɫɬɚɧɢɹ ɢ ɫɩɚɞɚ) ɨɩɪɟɞɟɥɹɸɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ, эɥɟɦɟɧɬɚɦɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. ȼ 
ɬɨ ɠɟ ɜɪɟɦɹ, ɜ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨɤɨɹ ɩɪɢ ɫɨɩɪɨɬɢɜɥɟɧɢɢ 
ɪɟɡɢɫɬɨɪɚ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ RF=10 ɆɈɦ ɧɟ ɩɪɟɜɵɲɚɟɬ 100 ɦȼ, ɚ ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞɧɨɣ 
ɢɦɩɭɥɶɫ ɧɚɩɪɹɠɟɧɢɹ Ɂɑɍ (ɨɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ) – ɛɨɥɟɟ 7 ȼ. 

Ɉɛɳɭɸ ɨɛɪɚɬɧɭɸ ɟɦɤɨɫɬɧɭɸ ɫɜɹɡɶ ɜ Ɂɑɍ ɨɛɪɚɡɭɟɬ ɤɨɧɞɟɧɫɚɬɨɪ, ɜɤɥɸɱɚɟɦɵɣ 
ɦɟɠɞɭ ɜɵɜɨɞɚɦɢ IЧCЬЩ ɢ τЮЭCЬЩ, ɚ ɨɛɪɚɬɧɭɸ ɪɟɡɢɫɬɢɜɧɭɸ ɫɜɹɡɶ – ɪɟɡɢɫɬɨɪ ɦɟɠɞɭ 
IЧCЬЩ ɢ RFCЬЩ. ɗɬɨ ɫɞɟɥɚɧɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɢ ɬɢɩɨɜɵɯ ɩɚɪɚɦɟɬɪɚɯ ɜɯɨɞɧɨɝɨ 
ɩɨɥɟɜɨɝɨ ɬɪɚɧɡɢɫɬɨɪɚ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɜɨɞɟ τЮЭCЬЩ ɛɵɥɨ ɨɤɨɥɨ ɧɭɥɹ ɩɪɢ 
ɨɬɫɭɬɫɬɜɢɢ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. ɇɚ ɜɵɜɨɞ VЬCЬЩ ɩɨɞɚɸɬ ɧɭɥɟɜɨɣ ɩɨɬɟɧɰɢɚɥ, ɧɨ ɢɡɦɟɧɹɹ 
ɩɨɬɟɧɰɢɚɥ ɧɚ эɬɨɦ ɜɵɜɨɞɟ ɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ 
ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. Ɋɟɡɢɫɬɨɪɨɦ RЯКЫ ɦɨɠɧɨ ɢɡɦɟɧɢɬɶ ɬɨɤ ɫɬɨɤɚ ɢ ɤɪɭɬɢɡɧɭ ɝɨɥɨɜɧɨɝɨ 
ɩɨɥɟɜɨɝɨ ɬɪɚɧɡɢɫɬɨɪɚ Ɂɑɍ. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɬɨɤɚ ɩɨɬɪɟɛɥɟɧɢɹ ICC ɢ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ UOO ɞɥɹ ɩɨɤɨɹ 
5 эɤɡɟɦɩɥɹɪɨɜ Ɂɑɍ ɨɬ ɩɨɝɥɨɳёɧɧɨɣ ɞɨɡɵ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2. 

ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɞɜɭɯ ɡɧɚɱɟɧɢɹɯ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ ( ± 4,5 ȼ ɢ ± 5,5 ȼ), 
ɧɨ ɧɚ ɪɢɫɭɧɤɟ 2 ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɚɧɧɵɟ ɞɥɹ ɧɚɢɯɭɞɲɟɝɨ ɫɥɭɱɚɹ. 

Ɍɚɤ ɤɚɤ Ɂɑɍ (ɪɢɫ. 1) фɭɧɤɰɢɨɧɢɪɭɟɬ ɩɨ ɫɯɟɦɟ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ, ɤɨɬɨɪɚɹ 
ɜɜɨɞɢɬɫɹ ɱɟɪɟɡ ɪɟɡɢɫɬɨɪ ɫ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 10 ɆɈɦ, ɬɨ ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ эɬɨɦ 
ɪɟɡɢɫɬɨɪɟ, ɜɵɡɜɚɧɧɨɟ ɬɨɤɨɦ ɡɚɬɜɨɪɚ ɜɯɨɞɧɨɝɨ ɩɨɥɟɜɨɝɨ ɬɪɚɧɡɢɫɬɨɪɚ, ɜɧɨɫɢɬ 
ɡɧɚɱɢɬɟɥɶɧɵɣ ɜɤɥɚɞ ɜ ɪɚɞɢɚɰɢɨɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɨɤɨɹ Ɂɑɍ. 
ɉɪɢ эɬɨɦ, ɫɪɟɞɧɟɟ ɭɜɟɥɢɱɟɧɢɟ UOO ɫɨɫɬɚɜɥɹɟɬ 7κ,λ ɦȼ ɩɪɢ DG = 2,04 Ɇɪɚɞ. 
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ɚ)     ɛ) 

 

Ɋɢɫ. 2. – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɨɤɚ ɩɨɬɪɟɛɥɟɧɢɹ Ɂɑɍ (ɚ) ɢ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɨɤɨɹ Ɂɑɍ (ɛ) ɨɬ ɩɨɝɥɨɳɟɧɧɨɣ 
ɞɨɡɵ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ DG 

 

КɈɆɉȺɊȺɌɈɊ ɇȺɉɊəɀȿɇɂɃ 

 

Кɚɠɞɚɹ фɭɧɤɰɢɨɧɚɥɶɧɚɹ ɹɱɟɣɤɚ Ɏə 6 ȻɋК ɫɨɞɟɪɠɢɬ ɤɨɦɩɚɪɚɬɨɪ (ɪɢɫ. 3), 3 
ɪɟɡɢɫɬɨɪɚ 2RκЮ ɢ 6 ɪɟɡɢɫɬɨɪɨɜ 2R4Ю Д11Ж. 

ɋɯɟɦɚ ɤɨɦɩɚɪɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɣ (ɪɢɫ. 3) Д11Ж ɜɤɥɸɱɚɟɬ ɬɪɢ ɞɢффɟɪɟɧɰɢɚɥɶɧɵɯ 
ɤɚɫɤɚɞɚ (ȾК), ɞɜɚ ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɸɬ ɪɟɡɢɫɬɢɜɧɭɸ ɧɚɝɪɭɡɤɭ, ɚ ɬɪɟɬɢɣ (ɜɵɯɨɞɧɨɣ) 
ɜɵɩɨɥɧɟɧ ɩɨ ɫɯɟɦɟ ɫ «ɨɬɤɪɵɬɵɦ» ɤɨɥɥɟɤɬɨɪɨɦ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ эффɟɤɬɚ Ɇɢɥɥɟɪɚ ɜ 
ȾК ɢɫɩɨɥɶɡɭɸɬ ɤɚɫɤɨɞɧɨɟ ɜɤɥɸɱɟɧɢɟ n-p-n- ɬɪɚɧɡɢɫɬɨɪɨɜ. ɋɨɝɥɚɫɨɜɚɧɢɟ ɜɯɨɞɧɨɝɨ ɢ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ȾК ɜɵɩɨɥɧɟɧɨ ɧɚ ɨɫɧɨɜɟ эɦɢɬɬɟɪɧɵɯ ɩɨɜɬɨɪɢɬɟɥɟɣ, ɤɨɬɨɪɵɟ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɩɨɥɧɹɸɬ фɭɧɤɰɢɢ ɰɟɩɢ ɫɦɟɳɟɧɢɹ ɩɨɬɟɧɰɢɚɥɨɜ. ɋɬɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ 
ɬɪɚɧɡɢɫɬɨɪɨɜ Кɇ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɦɧɨɝɨɤɚɫɤɚɞɧɵɦ «ɬɨɤɨɜɵɦ ɡɟɪɤɚɥɨɦ». ȼ 
ɤɨɦɩɚɪɚɬɨɪɟ ɩɪɢɦɟɧɟɧɵ ɬɨɥɶɤɨ n-p-n- ɬɪɚɧɡɢɫɬɨɪɵ. 

 

  
 

Ɋɢɫ. 3. – ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɤɨɦɩɚɪɚɬɨɪɚ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɡɚɜɢɫɢɦɨɫɬɟɣ ɧɟɤɨɬɨɪɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ 5 эɤɡɟɦɩɥɹɪɨɜ Кɇ 
ɨɬ ɩɨɝɥɨɳёɧɧɨɣ ɞɨɡɵ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4. 
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Ɋɢɫ. 4. – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɨɤɚ ɩɨɬɪɟɛɥɟɧɢɹ Кɇ (ɚ), ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ S ɤɨɦɩɚɪɚɬɨɪɚ (ɛ), ɜɯɨɞɧɨɝɨ ɬɨɤɚ Кɇ 
(ɜ) ɢ ɜɵɯɨɞɧɨɝɨ ɬɨɤɚ Кɇ (ɝ) ɨɬ ɩɨɝɥɨɳɟɧɧɨɣ ɞɨɡɵ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ DG 

 

Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɧɨɝɨ ɬɨɤɚ ɤɨɦɩɚɪɚɬɨɪɚ ɨɬ ɩɨɝɥɨɳɟɧɧɨɣ ɞɨɡɵ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ 
ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɨɛɭɫɥɨɜɥɟɧɚ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɛɨɱɢɯ ɬɨɤɨɜ. Ɍɚɤ, IOUT ɭɦɟɧɶɲɢɥɫɹ ɜ 
ɫɪɟɞɧɟɦ ɧɚ 7,2 %, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɬɨɤ ɩɨɬɪɟɛɥɟɧɢɹ ɤɨɦɩɚɪɚɬɨɪɚ ɭɦɟɧɶɲɢɥɫɹ ɧɚ 4,3 %. 

ȼɯɨɞɧɨɣ ɬɨɤ ɤɨɦɩɚɪɚɬɨɪɚ ɩɪɢ DG = 2,04 Ɇɪɚɞ ɜɨɡɪɚɫɬɚɟɬ ɜ ɫɪɟɞɧɟɦ ɧɚ 65 %, ɱɬɨ, 
ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɨɛɴɹɫɧɹɟɬɫɹ ɩɚɞɟɧɢɟɦ β ɜɯɨɞɧɵɯ n-p-n-ɬɪɚɧɡɢɫɬɨɪɨɜ. ɉɪɢ 
DG > 1 Ɇɪɚɞ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɤɨɬɨɪɚɹ ɫɬɚɛɢɥɢɡɚɰɢɹ ɜɯɨɞɧɨɝɨ ɬɨɤɚ, ɱɬɨ ɤɚɱɟɫɬɜɟɧɧɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɚɜɢɫɢɦɨɫɬɢ β = f(DG) n-p-n-ɬɪɚɧɡɢɫɬɨɪɨɜ. 

 

ȼɕȼɈȾɕ 
 

ɇɨɜɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ Д10-13Ж ɚɧɚɥɨɝɨɜɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɦɢɤɪɨɫɯɟɦɵ Ɇɇ2ɏȺ010, ɭɱɢɬɵɜɚɸɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ 
ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɬɪɚɧɡɢɫɬɨɪɨɜ ɢ ɨɫɧɨɜɧɵɟ ɩɪɚɜɢɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɞɢɚɰɢɨɧɧɨ-

ɫɬɨɣɤɢɯ ψТJFОЭ ɦɢɤɪɨɫɯɟɦ Д14-20Ж, ɨɛɟɫɩɟɱɢɥɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɦɚɥɨɟ ɢɡɦɟɧɟɧɢɟ 
ɨɫɧɨɜɧɵɯ ɫɬɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨɦɩɚɪɚɬɨɪɨɜ ɢ ɡɚɪɹɞɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɭɫɢɥɢɬɟɥɟɣ 
ȻɋК ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ 60CШ ɫɨ ɫɪɟɞɧɟɣ эɧɟɪɝɢɟɣ 1,25 Ɇэȼ ɢ 
ɩɨɝɥɨɳɟɧɧɨɣ ɞɨɡɨɣ ɞɨ 2,04 Ɇɪɚɞ.  

ɉɪɢ эɬɨɦ ɨɛɧɚɪɭɠɟɧɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɜɵɯɨɞɧɨɝɨ ɬɨɤɚ ɤɨɦɩɚɪɚɬɨɪɚ 
(ɧɚ 7,2 %), ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɢɟ ɜɯɨɞɧɨɝɨ ɬɨɤɚ Кɇ ɧɚ 65 %. 

Ɍɨɤ ɩɨɬɪɟɛɥɟɧɢɹ ɡɚɪɹɞɨɱɭɜɫɬɜɢɬɟɥɶɧɨ ɭɫɢɥɢɬɟɥɹ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ 12 %, ɚ ɫɪɟɞɧɟɟ 
ɭɜɟɥɢɱɟɧɢɟ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɨɤɨɹ Ɂɑɍ ɫɨɫɬɚɜɥɹɟɬ 7κ,λ ɦȼ ɩɪɢ ɩɨɝɥɨɳɟɧɧɨɣ 
ɞɨɡɟ DG = 2,04 Ɇɪɚɞ. 
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Abstract – The effect of the 60Co gamma emission with the average energy 1.25 MeV on the 

static parameters of two analog components (ȺC) of the Ɇɇ2ɏȺ010 new structured array (SA) – 

the voltage comparator (VC) and the charge-sensitive amplifier (CSA) is investigated. It is found 

that the structural design solutions, applied at the development of the SA, which take into 

consideration the features of the  parameter radiation-induced alteration of the complementary 

BiFETs and p-FET, provide minor changes of the AC static parameters at the  absorbed dose of 

the gamma emission DG = 2,04 Ɇrad. 
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sensor interface, analog integrated circuits, radiation hardness, gamma emission. 

 


