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 ɤɨɧɬɪɨɥɶ ɫɨɫɬɨɹɧɢɹ ɦɟɯ ɮɨɧɞɚ ɤɭɫɬɚ 
ɫɤɜɚɠɢɧ-ɩɨ 16-ɬɢ ɫɤɜɚɠɢɧɚɦν 

 ɞɟɛɢɬ ɧɟɮɬɹɧɵɯ ɫɤɜɚɠɢɧ ɜ ȺȽɁɍν 
 ɩɨɥɨɠɟɧɢɟ ɉɋɆ ɜ ȺȽɁɍν 
 ɭɩɪɚɜɥɟɧɢɟ ɝɢɞɪɨɩɪɢɜɨɞɨɦ ɜ ȺȽɁɍν 
 ɩɟɪɟɞɚɱɭ ɞɚɧɧɵɯ ɩɨ ɪɚɞɢɨɤɚɧɚɥɭ. 
Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɢ ɭɥɭɱɲɟɧɢɹ ɤɭ-

ɫɬɨɜɨɣ ɬɟɥɟɦɟɯɚɧɢɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɡɚɦɟɧɢɬɶ 
ɭɫɬɚɪɟɜɲɢɟ Ʉɉ ɧɚ ɤɨɧɬɪɨɥɥɟɪɵ. 

Ɋɚɫɫɦɨɬɪɢɦ ɜɚɪɢɚɧɬ ɡɚɦɟɧɵ Ʉɉ ɧɚ ɤɨɧ-
ɬɪɨɥɥɟɪ SCADA Pack 32. ɄɨɧɬɪɨɥɥɟɪД4Ж SCADA 
Pack γβ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɢɦɟɟɬ ɤɨɧɬɪɨɥɥɟɪɧɭɸ 
ɩɥɚɬɭ ɢ ɜɫɬɪɨɟɧɧɭɸ ɩɥɚɬɭ ɜɜɨɞɚ/ɜɵɜɨɞɚ ɢ ɹɜɥɹɟɬ-
ɫɹ ɧɚɢɛɨɥɟɟ ɦɨɳɧɨɣ ɢ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɣ 
ɫɟɪɢɟɣ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ ɥɨɝɢɱɟɫɤɢɯ ɤɨɧɬɪɨɥɥɟ-
ɪɨɜ Control Microsystems. Ʉɨɧɬɪɨɥɥɟɪɧɚɹ ɩɥɚɬɚ 
ɫɨɞɟɪɠɢɬ γβ-ɛɢɬɧɵɣ CMOS ɦɢɤɪɨɩɪɨɰɟɫɫɨɪ Hita-
chi SH-γ 1β0 ɆȽɰ, κ Ɇɛɚɣɬ SDRAM, 4 Mɛɚɣɬ 
Flash, 1 Mɛɚɣɬ CMOS RAM, ɜɫɬɪɨɟɧɧɵɣ ɢɫɬɨɱɧɢɤ 
ɩɢɬɚɧɢɹ. ȼ ɟɟ ɫɨɫɬɚɜɟ γ ɞɢɫɤɪɟɬɧɵɯ/ɫɱɟɬɧɵɯ ɜɯɨɞɚ 
ɢ ɨɞɢɧ ɞɢɫɤɪɟɬɧɵɣ ɜɵɯɨɞ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɤɚɤ ɫɢɝ-
ɧɚɥ ɫɨɫɬɨɹɧɢɹν ɞɜɚ ɜɧɭɬɪɟɧɧɢɯ ɚɧɚɥɨɝɨɜɵɯ ɜɯɨɞɚ, 
ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɧ-
ɬɪɨɥɥɟɪɧɨɣ ɩɥɚɬɵ ɢ ɧɚɩɪɹɠɟɧɢɹ ɥɢɬɢɟɜɨɣ ɛɚɬɚ-
ɪɟɢν β ɩɨɪɬɚ RS-βγβ ɢ 1 ɩɨɪɬ, ɤɨɧɮɢɝɭɪɢɪɭɟɦɵɣ 
ɩɟɪɟɦɵɱɤɚɦɢ ɤɚɤ RS-2γβ ɢɥɢ RS-4κ5ν ɜɫɬɪɨɟɧɧɵɣ 
EЭСОЫЧОЭν κ ɚɧɚɥɨɝɨɜɵɯ ɜɯɨɞɨɜνγ ɫɱɟɬɧɵɯ ɜɯɨɞɚ, 1 
ɜɯɨɞ ɩɪɟɪɵɜɚɧɢɹν 1 ɜɵɯɨɞ ɫɨɫɬɨɹɧɢɹν Ⱦɨɩɨɥɧɢ-
ɬɟɥɶɧɨ 16 ɞɢɫɤɪɟɬɧɵɯ ɜɯɨɞɨɜ ɢ 1β ɞɢɫɤɪɟɬɧɵɯ 
ɜɵɯɨɞɨɜ ɢɥɢ γβ ɤɨɧɮɢɝɭɪɢɪɭɟɦɵɯ ɞɢɫɤɪɟɬɧɵɯ 

ɜɯɨɞɚ/ɜɵɯɨɞɚ, ɢɥɢ γβ ɞɢɫɤɪɟɬɧɵɯ ɜɯɨɞɚ ɢ 16 ɞɢɫ-
ɤɪɟɬɧɵɯ ɜɵɯɨɞɨɜν ɪɚɞɢɨɦɨɞɟɦ ɧɚ λ00 ɆȽɰ/β.4 
ȽȽɰν ɞɨ γ ɩɨɪɬɨɜ RS-βγβ ɢ 1 ɩɨɪɬ RS-232/485; 

ɉɪɨɰɟɫɫɨɪ ɞɚɧɧɨɝɨ ɉɅɄ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɪɨ-
ɝɪɚɦɦɢɪɨɜɚɧ ɧɚ ɹɡɵɤɟ ɋ++. 

 
Ɂɚɤɥɸɱɟɧɢɟ 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɥɢɱɢɟ ɦɧɨɠɟɫɬɜɚ ɚɧɚɥɨɝɨ-

ɜɵɯ ɢ ɞɢɫɤɪɟɬɧɵɯ ɜɯɨɞɨɜ ɢ ɜɵɯɨɞɨɜ, ɦɨɳɧɵɣ 
ɩɪɨɰɟɫɫɨɪ ɩɨɡɜɨɥɹɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɜɫɟ ɬɪɟɛɭɟ-
ɦɵɟ ɩɚɪɚɦɟɬɪɵ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 
1. ɇɟɮɬɟɝɚɡɢɧɠɢɧɢɪɢɧɝ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟ-

ɫɭɪɫЖ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚμ СЭЭЩμ//ааа.ЧРТ-
ЮПК.ЫЮ/ОЪЮТЩЦОЧЭ.КЬЩб?МХКЬЬИТНο5&ТЭОЦИТНοβκ, ɫɜɨ-
ɛɨɞɧɵɣ. 

2. ɗɥɟɫɢ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. Ɋɟɠɢɦ ɞɨ-
ɫɬɭɩɚμ СЭЭЩμ//ОХОЬв.ЫЮ/ОЧРТЧООЫТЧР/Ыeshenija-po-
napravlenijam/dobycha-nefti/sistema-kustovoj-
telemehaniki.aspx#prettyPhoto 

3. Ɏɨɪɭɦ ШЩОЧκ6 Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. Ɋɟ-
ɠɢɦ ɞɨɫɬɭɩɚμ 
http://open86.ru/stati/neft/avtomatizacija-kustov-
skvazhin.html 

4. PδC ЬвЬЭОЦЬ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. –
Ɋɟɠɢɦ ɞɨɫɬɭɩɚμ 
http://plcsystems.ru/catalog/SCADAPack/doc/SCAD
APКМФγβИЬЩОМИЫЮЬ.ЩНП1, ɫɜɨɛɨɞɧɵɣ 

 
ɋɊȺȼɇɂɌȿɅɖɇɕɃ ȺɇȺɅɂɁ ȻȿɋɉɅȺɌɇɕɏ ɋɂɋɌȿɆ 

ȺȼɌɈɆȺɌɂɁɂɊɈȼȺɇɇɈȽɈ ɉɊɈȿɄɌɂɊɈȼȺɇɂə ɉȿɑȺɌɇɕɏ ɉɅȺɌ 
Ʌɢɯɨɥɚɬ Ⱥ.Ⱦ., Ʌɟɡɢɧ Ⱥ.ɋ. 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶμ Ɍɭɬɨɜ ɂ.Ⱥ. 
Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

6γ4050, Ɋɨɫɫɢɹ, ɝ. Ɍɨɦɫɤ, ɩɪ-ɬ Ʌɟɧɢɧɚ, γ0 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɜ ɭɫɥɨɜɢɹɯ ɛɭɪɧɨɝɨ ɪɚɡɜɢ-

ɬɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɪɚɡɪɚɛɨɬɤɚ ɢ 
ɢɡɝɨɬɨɜɥɟɧɢɟ ɤɚɤɨɝɨ-ɥɢɛɨ ɭɫɬɪɨɣɫɬɜɚ, ɩɪɢɛɨɪɚ 
ɢɥɢ ɞɟɬɚɥɢ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɛɟɡ ɭɱɚɫɬɢɹ ɫɢɫɬɟɦ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ (ɋȺɉɊ). 
Ɍɚɤ, ɜ ɨɛɥɚɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɩɟɱɚɬɧɵɯ ɩɥɚɬ ɤɨɦɩɶɸ-
ɬɟɪɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɟɳɟ ɫ ɲɟɫɬɢɞɟ-
ɫɹɬɵɯ ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɫɬɨɥɟɬɢɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟ-
ɦɹ ɪɵɧɨɤ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɟɞɥɚɝɚɟɬ 
ɲɢɪɨɤɢɣ ɜɵɛɨɪ ɫɪɟɞ ɪɚɡɪɚɛɨɬɤɢ. ɗɬɨ ɬɚɤɢɟ ɦɨɳ-
ɧɟɣɲɢɟ ɩɚɤɟɬɵ, ɤɚɤ EбЩОНТЭТШЧ PCB, PCB DОЬТРЧ 
SЭЮНТШ, AХЭТЧЮЦ DОЬТРЧОЫ ɢ ɩɪɨɱɢɟ. Ɉɞɧɚɤɨ, ɡɚɱɚ-
ɫɬɭɸ, ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɫɨɡɞɚɧɢɢ ɧɟ-
ɫɥɨɠɧɨɣ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ, ɦɚɥɵɯ ɪɚɡɦɟɪɨɜ ɢɥɢ ɜ 
ɟɞɢɧɢɱɧɨɦ ɷɤɡɟɦɩɥɹɪɟ. Ⱦɥɹ ɷɬɨɣ ɫɢɬɭɚɰɢɢ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɞɨɪɨɝɨɫɬɨɹɳɢɯ 
ɩɪɨɝɪɚɦɦ ɧɟɭɦɟɫɬɧɨ. ȼ ɫɬɚɬɶɟ ɩɪɨɢɡɜɟɞɟɧ ɫɪɚɜɧɢ-
ɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɯ ɛɟɫɩɥɚɬɧɵɯ 
ɋȺɉɊ ɩɟɱɚɬɧɵɯ ɩɥɚɬ. Ɉɫɧɨɜɧɵɟ ɤɪɢɬɟɪɢɢ, ɧɚ ɤɨ-
ɬɨɪɵɟ ɛɵɥɨ ɨɛɪɚɳɟɧɨ ɜɧɢɦɚɧɢɟ, ɷɬɨμ 

1. Ʌɟɝɤɨɫɬɶ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɨɫɜɨɟɧɢɹ. 

2. ɍɞɨɛɫɬɜɨ ɪɚɛɨɬɵ. 
3. ɇɚɥɢɱɢɟ ɜɫɟɯ ɧɟɨɛɯɨɞɢɦɵɯ ɮɭɧɤɰɢɣ ɜ 

ɨɞɧɨɦ ɩɪɨɝɪɚɦɦɧɨɦ ɩɚɤɟɬɟ. 
4. Ɉɝɪɚɧɢɱɟɧɢɹ ɛɟɫɩɥɚɬɧɵɯ ɜɟɪɫɢɣ. 
5. ɇɚɥɢɱɢɟ ɪɭɫɢɮɢɤɚɬɨɪɚ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɜɵɛɪɚɧɵ ɧɟɫɤɨɥɶɤɨ ɫɢɫɬɟɦ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹμ PCB1βγ, KТCAD, PCBАОЛ, 
DipTrace, EagleCAD. 

PCB1βγ ɨɛɥɚɞɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɩɨɧɹɬɧɵɦ ɢ ɞɪɭ-
ɠɟɫɬɜɟɧɧɵɦ ɢɧɬɟɪɮɟɣɫɨɦ, ɥɟɝɤɨɫɬɶɸ ɩɪɢ ɫɨɡɞɚ-
ɧɢɢ ɧɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɨɬɥɢɱɧɨɣ ɷɥɟɦɟɧɬɧɨɣ 
ɛɢɛɥɢɨɬɟɤɨɣ, ɜ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɛɟɡ ɬɪɭɞɚ ɫɨɡɞɚɬɶ 
ɫɜɨɢ ɫɨɛɫɬɜɟɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ. ȿɫɬɶ ɮɭɧɤɰɢɹ ɩɨ-
ɫɬɪɨɟɧɢɹ ɨɛɴɟɦɧɨɝɨ γD-ɢɡɨɛɪɚɠɟɧɢɹ ɩɥɚɬɵ ɛɭ-
ɞɭɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ. ɂɡ ɧɟɞɨɫɬɚɬɤɨɜμ ɧɚɥɢɱɢɟ ɜ 
ɫɬɚɧɞɚɪɬɧɵɯ ɛɢɛɥɢɨɬɟɤɚɯ, ɜ ɨɫɧɨɜɧɨɦ, ɷɥɟɦɟɧɬɨɜ 
ɜ SεD ɤɨɪɩɭɫɚɯ, ɱɬɨ ɧɟ ɜɫɟɝɞɚ ɭɞɨɛɧɨ ɞɥɹ ɪɚɞɢɨ-
ɥɸɛɢɬɟɥɶɫɤɢɯ ɪɚɡɪɚɛɨɬɨɤ. Ɋɟɞɚɤɬɨɪ ɫɯɟɦ ɧɟ ɭɞɨ-
ɛɟɧ. Ɍɚɤɠɟ ɧɟɦɚɥɨɜɚɠɧɨ, ɱɬɨ ɪɚɫɲɢɪɟɧɢɟ ɮɚɣɥɚ 
ɩɪɨɟɤɬɚ ɢɦɟɟɬ ɭɧɢɤɚɥɶɧɵɣ ɮɨɪɦɚɬ. ɗɬɨ ɩɪɟɩɹɬ-
ɫɬɜɭɟɬ ɢɧɬɟɝɪɚɰɢɢ ɫ ɞɪɭɝɢɦɢ ɋȺɉɊ. 
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Ɋɢɫ. 1. ɂɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ PCB1βγ 

 
KiCAD – ɨɞɧɚ ɢɡ ɦɨɳɧɟɣɲɢɯ ɛɟɫɩɥɚɬɧɵɯ ɫɢ-

ɫɬɟɦ ɩɨɥɧɨɝɨ ɰɢɤɥɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤ-
ɬɢɪɨɜɚɧɢɹ, ɩɨɡɜɨɥɹɸɳɚɹ ɫɨɡɞɚɜɚɬɶ ɩɪɨɮɟɫɫɢɨ-
ɧɚɥɶɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɯɟɦɵ, ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɞɥɹ 
ɧɢɯ ɩɟɱɚɬɧɵɟ ɩɥɚɬɵ ɢ ɩɨɞɝɨɬɚɜɥɢɜɚɬɶ ɜɵɯɨɞɧɵɟ 
ɞɚɧɧɵɟ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɉɪɨɝɪɚɦɦɚ ɞɚɟɬ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɪɚɛɨɬɚɬɶ ɫ ɦɧɨɝɨɥɢɫɬɨɜɵɦɢ ɢɟɪɚɪɯɢɱɟ-
ɫɤɢɦɢ ɫɯɟɦɚɦɢ, 16 ɦɟɞɧɵɦɢ ɫɥɨɹɦɢ ɩɥɚɬɵ. Ⱥɜɬɨ-
ɦɚɬɢɱɟɫɤɚɹ ɬɪɚɫɫɢɪɨɜɤɚ ɢ ɪɚɡɦɟɳɟɧɢɟ ɤɨɦɩɨɧɟɧ-
ɬɨɜ, ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɨɛɴɟɦɧɨɝɨ ɢɡɨɛɪɚ-
ɠɟɧɢɹ ɩɥɚɬɵ. ɇɚɥɢɱɢɟ ɪɭɫɢɮɢɤɚɬɨɪɚ. Ɉɞɧɚɤɨ ɦɚ-
ɥɨɩɨɧɹɬɧɵɣ ɢɧɬɟɪɮɟɣɫ ɢ ɝɪɨɦɨɡɞɤɨɫɬɶ ɩɪɨɝɪɚɦ-
ɦɵ ɞɟɥɚɸɬ ɟɟ ɫɥɨɠɧɨɣ ɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɦɭ ɨɫɜɨɟ-
ɧɢɸ. 

 
Ɋɢɫ. β. ɂɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ KТCAD 

 
PCBWeb – ɦɚɥɨɢɡɜɟɫɬɧɚɹ ɨɧɥɚɣɧ ɫɪɟɞɚ ɪɚɡɪɚ-

ɛɨɬɤɢ ɩɟɱɚɬɧɵɯ ɩɥɚɬ. Ɂɚɩɭɫɤɚɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧ-
ɧɨ ɜ ɜɟɛ-ɛɪɚɭɡɟɪɟ. Ɉɫɧɨɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ – ɨɬ-
ɫɭɬɫɬɜɢɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɫɬɚɧɨɜɤɢ ɩɪɨɝɪɚɦɦɵ. 
Ⱦɥɹ ɧɚɱɚɥɚ ɪɚɡɪɚɛɨɬɤɢ ɞɨɫɬɚɬɨɱɧɨ ɚɜɬɨɪɢɡɢɪɨ-
ɜɚɬɶɫɹ ɩɨɞ ɫɜɨɟɣ ɭɱɟɬɧɨɣ ɡɚɩɢɫɶɸ ɫ ɥɸɛɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ, ɩɨɞɞɟɪɠɢɜɚɸɳɟɝɨ AНШЛО FХКЬС. Ⱦɨ-
ɜɨɥɶɧɨ ɩɨɧɹɬɧɵɣ ɢ ɩɪɢɹɬɧɵɣ ɢɧɬɟɪɮɟɣɫ, ɭɞɨɛɧɵɣ 
ɪɟɞɚɤɬɨɪ ɫɯɟɦ ɢ ɩɥɚɬ, ɧɚɥɢɱɢɟ ɛɨɥɶɲɢɧɫɬɜɚ ɧɟɨɛ-
ɯɨɞɢɦɵɯ ɮɭɧɤɰɢɣ. ɇɨ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫɟɪɜɢɫ 
ɧɚɯɨɞɢɬɫɹ ɜ ɫɬɚɞɢɢ ɛɟɬɚ-ɬɟɫɬɢɪɨɜɚɧɢɹ, ɩɨɷɬɨɦɭ 
ɜɨɡɧɢɤɚɸɳɢɟ ɱɚɫɬɵɟ ɨɲɢɛɤɢ, ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨ-
ɫɬɨɹɧɧɨɝɨ ɢɧɬɟɪɧɟɬ-ɫɨɟɞɢɧɟɧɢɹ ɧɟ ɩɨɡɜɨɥɹɸɬ ɨɬ-
ɧɨɫɢɬɶɫɹ ɫɤɨɥɶɤɨ-ɧɢɛɭɞɶ ɫɟɪɶɟɡɧɨ ɤ ɞɚɧɧɨɣ ɫɪɟɞɟ 
ɪɚɡɪɚɛɨɬɤɢ. 

 
Ɋɢɫ. γ. ɂɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ PCBАОЛ 

 
DipTrace – ɨɞɧɚ ɢɡ ɫɚɦɵɯ ɭɞɨɛɧɵɯ ɢ ɩɪɢɹɬɧɵɯ, 

ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɧɬɟɪɮɟɣɫɚ, ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɡɢ-
ɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɯɟɦ ɢ 
ɬɪɚɫɫɢɪɨɜɤɢ ɩɟɱɚɬɧɵɯ ɩɥɚɬ. 

 
Ɋɢɫ. 4. ɂɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ DТЩTЫКМО 

 
Ƚɥɚɜɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶμ ɫɢɫɬɟɦɚ ɪɚɡɪɚɛɨɬɚɧɚ 

ɨɬɟɱɟɫɬɜɟɧɧɵɦɢ ɩɪɨɝɪɚɦɦɢɫɬɚɦɢ, ɩɨɷɬɨɦɭ ɩɪɨ-
ɝɪɚɦɦɚ, ɭɱɟɛɧɢɤ, ɫɩɪɚɜɤɚ, ɩɪɨɱɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 
ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɩɨɞɞɟɪɠɤɚ, ɜɵɩɨɥɧɟɧɚ 
ɧɚ ɪɭɫɫɤɨɦ ɹɡɵɤɟ. ȼɫɟ ɷɬɨ ɞɟɥɚɟɬ DТЩTЫКМО ɨɱɟɧɶ 
ɥɟɝɤɨɣ ɜ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɦ ɢɡɭɱɟɧɢɢ. Ȼɟɫɩɥɚɬɧɚɹ 
ɜɟɪɫɢɹ ɩɪɨɝɪɚɦɦɵ ɞɨɫɬɭɩɧɚ ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ (β 
ɫɥɨɹ ɩɥɚɬɵ ɢ γ00 ɜɵɜɨɞɨɜ ɷɥɟɦɟɧɬɨɜ), ɱɬɨ ɜɩɨɥɧɟ 
ɩɪɢɟɦɥɟɦɨ ɞɥɹ ɰɟɥɟɣ ɢ ɡɚɞɚɱ ɪɚɞɢɨɥɸɛɢɬɟɥɶɫɤɨɝɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ.  

EКРХОCAD ɨɛɥɚɞɚɟɬ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɩɨɧɹɬɧɵɯ 
ɢ ɩɪɢɹɬɧɵɯ ɝɥɚɡɭ ɢɧɬɟɪɮɟɣɫɨɜ. 

 
Ɋɢɫ. 5. ɂɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ EКРХОCAD 
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ɉɪɨɝɪɚɦɦɚ ɢɦɟɟɬ ɧɟɨɛɵɱɚɣɧɨ ɛɨɥɶɲɨɣ ɧɚɛɨɪ 
ɫɬɚɧɞɚɪɬɧɵɯ ɛɢɛɥɢɨɬɟɤ ɤɨɦɩɨɧɟɧɬɨɜ, ɨɫɨɛɨɟ ɜɧɢ-
ɦɚɧɢɟ ɫɬɨɢɬ ɭɞɟɥɢɬɶ ɭɞɨɛɫɬɜɭ ɦɟɧɟɞɠɟɪɚ ɢ ɪɟɞɚɤ-
ɬɨɪɚ ɛɢɛɥɢɨɬɟɤ. Ȼɢɛɥɢɨɬɟɤɢ ɦɨɠɧɨ ɜɵɛɨɪɨɱɧɨ 
ɩɨɞɤɥɸɱɚɬɶ ɢ ɨɛɧɨɜɥɹɬɶ ɩɪɹɦɨ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɫ 
ɩɪɨɟɤɬɨɦ. ȿɳɟ ɨɞɧɨ ɩɪɟɢɦɭɳɟɫɬɜɨ – ɧɚɥɢɱɢɟ ɢɧ-
ɬɟɪɚɤɬɢɜɧɨɣ ɫɜɹɡɢ ɫɯɟɦɵ ɢ ɩɥɚɬɵ (ɩɨɫɥɟ ɞɨɛɚɜɥɟ-
ɧɢɹ ɧɨɜɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɧɚ ɫɯɟɦɟ ɨɧ ɬɭɬ ɠɟ ɩɨɹɜ-
ɥɹɟɬɫɹ ɧɚ ɩɥɚɬɟ). ɂɡ ɧɟɞɨɫɬɚɬɤɨɜ – ɨɬɫɭɬɫɬɜɢɟ ɪɚ-
ɛɨɬɵ ɫ ɢɟɪɚɪɯɢɱɟɫɤɢɦɢ ɫɯɟɦɚɦɢ, ɧɟɭɞɨɛɧɵɣ ɪɟ-
ɞɚɤɬɨɪ ɫɯɟɦ. Ȼɟɫɩɥɚɬɧɚɹ ɜɟɪɫɢɹ ɨɝɪɚɧɢɱɟɧɚ ɪɚɡ-
ɦɟɪɚɦɢ ɩɥɚɬɵ 100ɯκ0ɦɦ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ, ɩɨɫɥɟ ɨɰɟɧɤɢ ɩɪɟɢɦɭɳɟɫɬɜ ɢ ɧɟ-
ɞɨɫɬɚɬɤɨɜ ɤɚɠɞɨɣ ɫɢɫɬɟɦɵ, ɜ ɰɟɥɹɯ ɞɚɥɶɧɟɣɲɟɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɵɥɚ ɜɵɛɪɚɧɚ ɩɪɨɝɪɚɦɦɚ 
EКРХОCAD. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ ɩɪɨ-
ɝɪɚɦɦɵ ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɞɪɚɣɜɟɪɚ ɞɜɭɯ ɞɜɢ-
ɝɚɬɟɥɟɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ ɧɟɡɚɜɢɫɢɦɵɦ ɜɨɡɛɭɠ-
ɞɟɧɢɟɦ ɧɚ ɛɚɡɟ ετSFET ɬɪɚɧɡɢɫɬɨɪɨɜ. Ɋɭɱɧɵɦ 
ɬɪɚɫɫɢɪɨɜɳɢɤɨɦ ɛɵɥɚ ɪɚɡɜɟɞɟɧɚ ɩɥɚɬɚ ɞɪɚɣɜɟɪɚ 
(ɪɢɫ. 6). 

 
Ɋɢɫ. 6. ɉɥɚɬɚ, ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɚɹ ɜ EКРХОCAD 

 
Ⱦɚɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɬ ɢɫ-

ɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɹɦɢ, ɭɫɬɚɧɨɜ-
ɥɟɧɧɵɦɢ ɧɚ ɲɚɫɫɢ ɫɚɦɨɞɜɢɠɭɳɟɣɫɹ ɩɥɚɬɮɨɪ-
ɦɵ [1]. 

 
Ʌɢɬɟɪɚɬɭɪɚ 
ɐɢɮɪɨɜɨɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 

Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. Ɋɟɠɢɦ ɞɨɫɬɭɩɚμ 
http://sjs.tpu.ru/journal/article/view/82/129  

DipTraМО ɋȺɉɊ ɩɟɱɚɬɧɵɯ ɩɥɚɬ Дɗɥɟɤɬɪɨɧɧɵɣ 
ɪɟɫɭɪɫЖ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚμ СЭЭЩμ//ааа.НТЩЭЫКМО.МШЦ, 
ɫɜɨɛɨɞɧɵɣ. 

EКРХОCAD ɋȺɉɊ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɟɱɚɬɧɵɯ 
ɩɥɚɬ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. Ɋɟɠɢɦ ɞɨɫɬɭɩɚμ 
СЭЭЩμ//ОКРХОМКН.ЫЮ/, ɫɜɨɛɨɞɧɵɣ. 

KТМКН Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. Ɋɟɠɢɦ ɞɨɫɬɭɩɚμ 
httpμ//МбОЦ.ЧОЭ/ЬШПЭаКЫО/ФТМКН.ЩСЩ, ɫɜɨɛɨɞɧɵɣ. 

ɂɫɬɨɪɢɹ ɪɚɡɜɢɬɢɹ ɫɢɫɬɟɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚμ 
http://www.moluch.ru/conf/tech/archive/6/1575/, 
ɫɜɨɛɨɞɧɵɣ. 

 
ȼȺɀɇɈɋɌɖ ȻȿɁɈɉȺɋɇɈȽɈ ɏɊȺɇȿɇɂə ȾȺɇɇɕɏ, ɂɏ ɋɈɏɊȺɇɇɈɋɌɂ. 

ȾɈɋɌɈȼȿɊɇɈɋɌɖ ɂ ɉȿɊȿȾȺɑȺ ȾȺɇɇɕɏ 
Ɇɟɞɟɧɰɟɜ ɇ.ɇ., Ʌɟɨɧɬɶɟɜ Ɋ.Ⱥ. 

Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
6γ4050, Ɋɨɫɫɢɹ, ɝ. Ɍɨɦɫɤ, ɩɪ-ɬ Ʌɟɧɢɧɚ, γ0 
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ȼɜɟɞɟɧɢɟ 
Ⱦɚɧɧɵɟ – ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɮɚɤɬɨɜ ɢ ɢɞɟɣ ɜ ɮɨɪ-

ɦɚɥɢɡɨɜɚɧɧɨɦ ɜɢɞɟ, ɩɪɢɝɨɞɧɨɦ ɞɥɹ ɩɟɪɟɞɚɱɢ ɢ 
ɨɛɪɚɛɨɬɤɢ ɜ ɧɟɤɨɬɨɪɨɦ ɢɧɮɨɪɦɚɰɢɨɧɧɨɦ ɩɪɨɰɟɫ-
ɫɟ. 

ȼɨɩɪɨɫ ɨ ɫɨɯɪɚɧɧɨɫɬɢ ɞɚɧɧɵɯ ɜ ɧɚɲɟ ɜɪɟɦɹ 
ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤ. Ⱦɥɹ ɷɬɨɝɨ ɫɬɚɪɚɸɬɫɹ ɭɫɨɜɟɪ-
ɲɟɧɫɬɜɨɜɚɬɶ ɫɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɫɨɡɞɚɬɶ ɛɟɡɨɩɚɫ-
ɧɨɫɬɶ ɞɥɹ ɫɨɞɟɪɠɢɦɨɝɨ ɞɚɧɧɵɯ. ɉɨɬɨɦɭ ɱɬɨ ɞɚɧ-
ɧɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɬɨɹɬ ɨɝɪɨɦɧɵɯ ɞɟɧɟɝ. 

ȼɨɩɪɨɫ ɨ ɬɨɦ, ɜɟɪɧɵ ɥɢ ɞɚ ɞɚɧɧɵɟ, ɢɥɢ ɧɟɬ, ɤɚ-
ɫɚɟɬɫɹ ɭɠɟ ɧɟɦɧɨɝɨ ɞɪɭɝɨɣ ɫɮɟɪɵ, ɧɨ ɨɧ ɬɚɤɠɟ 
ɚɤɬɭɚɥɟɧ ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ. ɗɬɢɯ ɞɜɭɦ ɜɨɩɪɨ-
ɫɨɜ ɢ ɧɭɠɧɨ ɤɨɫɧɭɬɶɫɹ ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ. 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɨɱɟɧɶ ɦɧɨɝɨ ɤɨɦɩɚɧɢɣ ɢ 
ɩɪɟɞɩɪɢɹɬɢɣ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɫɜɨɸ ɛɚɡɭ ɞɚɧɧɵɯ ɢ 
ɫɜɨɢ ɦɟɬɨɞɵ ɡɚɳɢɬɵ ɨɬ ɜɡɥɨɦɚ, ɭɧɢɱɬɨɠɟɧɢɹ ɞɚɧ-
ɧɵɯ, ɢɯ ɫɨɯɪɚɧɧɨɫɬɢ. ȼɟɞɶ ɩɪɢ ɭɬɟɪɟ ɤɚɤɨɣ-ɥɢɛɨ 

ɨɬɱɟɬɧɨɫɬɢ ɨ ɩɪɨɢɡɜɟɞɟɧɧɵɯ ɪɚɛɨɬɚɯ ɫɪɚɡɭ ɠɟ 
ɨɛɪɚɡɭɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɩɪɨɛɥɟɦ, ɞɨɯɨɞɹɳɢɯ ɧɚ 
ɜɟɪɯɧɢɣ ɭɪɨɜɟɧɶ. 

 
Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ 
ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɫɩɨɫɨɛɨɜ ɩɟɪɟɞɚɱɢ 

ɞɚɧɧɵɯ. ɋɚɦɵɟ ɩɨɩɭɥɹɪɧɵɟ, ɬɚɤɢɟ ɤɚɤ ɥɨɤɚɥɶɧɚɹ 
ɩɪɨɜɨɞɧɚɹ ɫɟɬɶ, ɛɟɫɩɪɨɜɨɞɧɚɹ ɫɟɬɶ blutooth, ɛɟɫ-
ɩɪɨɜɨɞɧɚɹ ɫɟɬɶ wi-fi, ɜɫɟɦɢɪɧɚɹ ɫɟɬɶ ɢɧɬɟɪɧɟɬ – 
ɨɞɧɚ ɢɡ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ ɞɥɹ ɫɨɯɪɚɧɧɨɫɬɢ ɢ ɫɟɤ-
ɪɟɬɧɨɫɬɢ ɞɚɧɧɵɯ. ȼɫɟ ɷɬɢ ɜɢɞɵ ɩɪɢɦɟɧɹɸɬɫɹ ɭɠɟ 
ɦɧɨɝɨ ɜɪɟɦɟɧ ɢ ɦɧɨɝɢɟ ɫɨɜɪɟɦɟɧɧɵɟ ɤɨɦɩɚɧɢɢ 
ɢɫɩɨɥɶɡɭɸɬ ɷɬɭ ɜɨɡɦɨɠɧɨɫɬɶ. 

ɋɨɡɞɚɧɢɟ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɟɬɟɣ ɜɵɡɜɚɧɨ ɩɪɚɤ-
ɬɢɱɟɫɤɨɣ ɩɨɬɪɟɛɧɨɫɬɶɸ ɫɨɜɦɟɫɬɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ 
ɧɚ ɭɞɚɥɟɧɧɵɯ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɤɨɦɩɶɸɬɟɪɚɯ. Ɍɚɤɢɟ 
ɫɟɬɢ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɜɨɡɦɨɠɧɨɫɬɶ 
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