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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɨɞɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɨɣ ɩɪɨɝɪɚɦɦɧɨ – ɚɩɩɚɪɚɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ» ɫɨɞɟɪɠɢɬ 50 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 33 

ɢɥɥɸɫɬɪɚɰɢɢ, 1 ɬɚɛɥɢɰɚ, 17 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 1 ɩɪɢɥɨɠɟɧɢɟ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɢɫɬɟɪɟɡɢɫɧɵɣ ɬɨɪɦɨɡ, ɭɩɪɚɜɥɟɧɢɟ ɞɜɢɝɚɬɟɥɟɦ, ɛɥɨɤ 

ɭɩɪɚɜɥɟɧɢɹ, ɩɟɱɚɬɧɚɹ ɩɥɚɬɚ. 

 Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɝɢɫɬɟɪɟɡɢɫɧɵɣ ɬɨɪɦɨɡ Magtrol HB – 140. 

 ɐɟɥɶ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɡɪɚɛɨɬɤɟ 

ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɩɨɞɫɢɫɬɟɦɵ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ. 

 Ɂɚɞɚɱɢ, ɩɨɫɬɚɜɥɟɧɧɵɟ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ:  

-  ɂɫɫɥɟɞɨɜɚɬɶ ɞɨɤɭɦɟɧɬɚɰɢɸ ɩɨ ɝɢɫɬɟɪɟɡɢɫɧɵɦ ɬɨɪɦɨɡɚɦ; 

- Ⱥɧɚɥɢɡɢɪɨɜɚɬɶ ɫɯɟɦɵ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɝɢɫɬɟɪɟɡɢɫɧɨɝɨ ɬɨɪɦɨɡɚ, 

ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɞɥɹ ɭɞɨɛɫɬɜɚ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ; 

-  Ɇɨɞɟɥɢɪɨɜɚɬɶ ɜ ɫɢɫɬɟɦɟ Multisim. ɉɪɨɜɟɪɢɬɶ ɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ 

ɢɫɯɨɞɧɭɸ ɢ ɢɡɦɟɧёɧɧɭɸ ɫɯɟɦɵ; 

- ȼ ɫɪɟɞɟ ɪɚɡɪɚɛɨɬɤɢ ɩɟɱɚɬɧɵɯ ɩɥɚɬ: ɋɨɛɪɚɬɶ ɰɟɩɶ ɫ ɷɥɟɦɟɧɬɚɦɢ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ȽɈɋɌ ȿɋɄȾ; ɫɨɛɪɚɬɶ ɤɨɧɬɚɤɬɧɵɟ ɩɥɨɳɚɞɤɢ ɫ 

ɨɬɜɟɪɫɬɢɹɦɢ ɞɥɹ ɜɵɜɨɞɨɜ ɷɥɟɦɟɧɬɨɜ; ɪɚɡɦɟɫɬɢɬɶ ɜɫɟ ɷɥɟɦɟɧɬɵ ɧɚ ɩɟɱɚɬɧɭɸ 

ɩɥɚɬɭ ɩɨ ɩɪɚɜɢɥɚɦ ɤɨɦɩɨɧɨɜɤɢ; ɩɪɨɢɡɜɟɫɬɢ ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ 

ɫɨɟɞɢɧɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɦɟɠɞɭ ɫɨɛɨɣ ɧɚ ɩɥɚɬɟ, ɜɵɜɟɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɟɱɚɬɧɨɣ 

ɩɥɚɬɵ ɧɚ ɷɤɪɚɧ; 

- Ɋɚɡɪɚɛɨɬɚɬɶ ɤɨɪɩɭɫ ɞɥɹ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ; 

- Ɋɚɡɪɚɛɨɬɚɬɶ ɭɩɪɚɜɥɹɸɳɟɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ. 
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ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɭɫɬɚɧɨɜɨɤ, ɬɚɤɢɟ ɤɚɤ 

ɤɨɫɦɢɱɟɫɤɢɟ ɚɩɩɚɪɚɬɵ, ɫɬɚɧɨɜɹɬɫɹ ɜɫё ɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵ, ɢ ɤ ɧɢɦ ɜɵɞɜɢɝɚɸɬɫɹ 

ɜɫɟ ɛɨɥɟɟ ɢ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɧɨɲɟɧɢɹɯ (ɬɚɤɢɯ ɤɚɤ 

ɝɚɛɚɪɢɬɵ, ɦɚɫɫɚ, ɬɨɱɧɨɫɬɶ, ɧɚɞёɠɧɨɫɬɶ ɢ ɬ.ɞ.). ɗɬɨ ɩɪɢɧɭɠɞɚɟɬ ɢɫɤɚɬɶ ɧɨɜɵɟ 

ɩɭɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ, ɜ ɤɨɬɨɪɵɯ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɛɨɥɟɟ 

ɫɨɜɟɪɲɟɧɧɚɹ ɢ ɧɨɜɚɹ ɷɥɟɦɟɧɬɧɚɹ ɛɚɡɚ, ɚ ɬɚɤ ɠɟ ɫɩɨɫɨɛɵ ɭɩɪɚɜɥɟɧɢɹ. Ɋɚɛɨɬɵ, 

ɫɜɹɡɚɧɧɵɟ ɫ ɜɨɩɪɨɫɚɦɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɢ ɤɨɫɦɢɱɟɫɤɢɯ 

ɚɩɩɚɪɚɬɨɜ ɧɚ ɨɫɧɨɜɟ ɢɧɞɭɤɬɨɪɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɞɜɨɣɧɨɝɨ ɩɢɬɚɧɢɹ (ɂȾȾɉ) ɜ 

ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɵɦɢ. ɗɬɨɬ ɞɜɢɝɚɬɟɥɶ ɟɫɬɶ ɪɚɡɧɨɜɢɞɧɨɫɬɶ 

ɢɧɞɭɤɬɨɪɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɨɧ ɨɛɥɚɞɚɟɬ ɧɟɤɨɬɨɪɵɦɢ ɭɧɢɤɚɥɶɧɵɦɢ 

ɜɨɡɦɨɠɧɨɫɬɹɦɢ: ɡɚ ɫɱɟɬ ɞɜɨɣɧɨɝɨ ɩɢɬɚɧɢɹ ɭ ɞɜɢɝɚɬɟɥɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 

ɪɚɜɧɨɦɟɪɧɨɟ ɜɪɚɳɟɧɢɟ ɫ ɥɸɛɵɦɢ ɦɚɥɵɦɢ ɫɤɨɪɨɫɬɹɦɢ ɪɨɬɨɪɚ ɩɪɢ 

ɫɪɚɜɧɢɬɟɥɶɧɨ ɜɵɫɨɤɢɯ ɱɚɫɬɨɬɚɯ ɩɢɬɚɧɢɹ, ɚ ɡɚ ɫɱɟɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɪɟɞɭɤɰɢɢ 

– ɭɜɟɥɢɱɟɧɢɟ ɜ ɞɟɫɹɬɤɢ ɪɚɡ ɧɨɦɢɧɚɥɶɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɧɤɪɟɬɧɵɯ ɷɤɡɟɦɩɥɹɪɨɜ 

ɢɧɞɭɤɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɞɜɨɣɧɨɝɨ ɩɢɬɚɧɢɹ ɢ ɫɩɨɫɨɛoɜ ɭɩɪɚɜɥɟɧɢɹ ɢɦɢ 

ɫɨɡɞɚɧ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɣ ɤɨɦɩɥɟɤɫ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɜɯɨɞɢɬ 

ɢɧɞɭɤɬɨɪɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɞɜɨɣɧɨɝɨ ɩɢɬɚɧɢɹ, ɜɤɥɸɱɚɸɳɢɣ ɂȾȾɉ, 

ɰɢɮɪɨɜɨɣ ɞɚɬɱɢɤ ɭɝɥɨɜɨɝɨ ɩɨɥɨɠɟɧɢɹ, ɞɚɬɱɢɤɢ ɬɨɤɚ, ɫɢɥɨɜɵɟ ɦɨɞɭɥɢ 

ɢɧɜɟɪɬɨɪɨɜ, ɦɟɯɚɧɢɱɟɫɤɭɸ ɧɚɝɪɭɡɤɭ ɢ ɚɩɩɚɪɚɬɭɪɚ Nationɚl Instruments [1,2].  

Ⱦɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɧ ɜɵɫɬɭɩɚɟɬ ɤɚɤ 

ɦɟɯɚɧɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ, ɡɚɦɟɧɹɟɬɫɹ ɧɚ ɝɢɫɬɟɪɟɡɢɫɧɵɣ ɬɨɪɦɨɡ ɮɢɪɦɵ Magtrol, 

ɩɪɢɨɛɪɟɬɟɧɧɵɣ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ №16-38-00487 ɦɨɥ_a. 

Ƚɢɫɬɟɪɟɡɢɫɧɵɣ ɬɨɪɦɨɡ Magtrol ɇȼ-140Ɇ-2 ɫɨɡɞɚёɬ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ 

ɱɟɪɟɡ ɜɨɡɞɭɲɧɵɣ ɡɚɛɨɪ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɪɢɤɰɢɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ. Ɍɚɤɨɟ 
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ɬɨɪɦɨɠɟɧɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬ: ɝɥɚɞɤɢɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ 

ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɢ ɯɨɪɨɲɭɸ ɩɨɜɬɨɪɹɟɦɨɫɬɶ; ɬɨ ɟɫɬɶ ɜɵɫɨɤɢɟ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɉɪɨɝɪɚɦɦɧɨ – ɚɞɚɩɬɢɜɧɵɣ ɤɨɦɩɥɟɤɫ ɞɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɂȾȾɉ ɩɨɡɜɨɥɹɬ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ 

ɭɩɪɚɜɥɟɧɢɹ ɢ ɫ ɨɱɟɧɶ ɬɨɱɧɨ ɢɫɫɥɟɞɨɜɚɬɶ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ 

ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɫ ɂȾȾɉ. Ɍɟɯɧɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ 

ɤɨɦɩɥɟɤɫɚ ɩɨɡɜɨɥɹɸɬ ɝɢɛɤɨ ɪɟɚɥɢɡɨɜɚɬɶ ɡɚɤɨɧɵ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ  

ɫɢɫɬɟɦ (ɤɚɤ ɡɚɦɤɧɭɬɵɯ, ɬɚɤ ɢ ɪɚɡɨɦɤɧɭɬɵɯ), ɢ ɩɨɜɵɫɢɬ ɫɤɨɪɨɫɬɶ ɚɧɚɥɢɡɚ 

ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ [3, 4]. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ 

ɞɨɫɬɭɩɧɨɝɨ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ ɧɚɝɪɭɡɤɨɣ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɫɤɨɪɨɫɬɢ 

ɞɜɢɝɚɬɟɥɹ. Ⱦɥɹ ɧɚɝɪɭɡɤɢ ɧɟɨɛɯɨɞɢɦɚ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɫɢɫɬɟɦ ɫɞɟɥɚɬɶ ɜɵɛɨɪ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ, ɬɚɤ ɤɚɤ ɜɫɟ ɨɧɢ ɥɢɛɨ 

ɧɟɞɨɫɬɭɩɧɵ, ɥɢɛɨ ɨɱɟɧɶ ɞɨɪɨɝɨɫɬɨɹɳɢɟ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ 

ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɪɟɲɢɬɫɹ ɷɬɚ ɩɪɨɛɥɟɦɚ. 
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1. Ɉɛɡɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ 

 

1.1 Ɉɩɢɫɚɧɢɟ ɝɢɫɬɟɪɟɡɢɫɧɨɝɨ ɬɨɪɦɨɡɚ  

 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɪɚɦɤɚɯ ȼɄɊ ɹɜɥɹɟɬɫɹ ɝɢɫɬɟɪɟɡɢɫɧɵɣ ɬɨɪɦɨɡ 

ɦɚɪɤɢ Magtrol, ɦɨɞɟɥɶ HB-140 ɢ ɟɝɨ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ. ɇɟɨɛɯɨɞɢɦɨ 

ɪɚɡɪɚɛɨɬɚɬɶ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɩɨɡɜɨɥɹɬɶ ɪɟɝɭɥɢɪɨɜɚɬɶ ɫɤɨɪɨɫɬɶ 

ɞɜɢɝɚɬɟɥɹ, ɩɨɫɤɨɥɶɤɭ ɫɭɳɟɫɬɜɭɸɳɢɟ ɛɥɨɤɢ ɞɨɪɨɝɨɫɬɨɹɳɢɟ ɢ ɧɟɬɨɱɧɵɟ. 

Ƚɢɫɬɟɪɟɡɢɫɧɵɟ ɬɨɪɦɨɡɚ ɫɨɡɞɚɸɬ ɧɨɦɢɧɚɥɶɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ 

(ɧɚɝɪɭɡɤɭ) ɨɬ 0 ɨɛɨɪɨɬɨɜ ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɚɝɪɭɡɤɭ ɩɨ ɜɫɟɦɭ ɞɢɚɩɚɡɨɧɭ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ. ɋɟɪɢɹ HB ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɥɚɜɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, ɢɦɟɟɬ 

ɞɥɢɬɟɥɶɧɵɣ ɫɪɨɤ ɫɥɭɠɛɵ, ɩɪɟɜɨɫɯɨɞɧɭɸ ɩɨɜɬɨɪɹɟɦɨɫɬɶ, ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ 

ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɢ ɦɟɧɶɲɟɟ ɜɪɟɦɹ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɩɪɨɫɬɨɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɜ ɫɢɫɬɟɦɚɯ ɤɨɧɬɪɨɥɹ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ, ɢɫɩɵɬɚɬɟɥɶɧɵɯ 

ɫɬɟɧɞɚɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɬɟɧɞɚɯ. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, 

ɷɥɟɦɟɧɬɨɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɭɟɦɵɣ ɝɢɫɬɟɪɟɡɢɫɧɵɣ ɬɨɪɦɨɡ (ɧɚɝɪɭɡɤɚ), 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 
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Ɋɢɫɭɧɨɤ 1 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɢɧɞɭɤɬɨɪɧɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɞɜɨɣɧɨɝɨ 
ɩɢɬɚɧɢɹ 

 

Ƚɢɫɬɟɪɟɡɢɫɧɵɣ ɬɨɪɦɨɡ ɧɚ ɭɫɬɚɧɨɜɤɟ ɪɚɫɩɨɥɨɠɟɧ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 

 

Ɋɢɫɭɧɨɤ 2 – ɉɨɥɨɠɟɧɢɟ ɝɢɫɬɟɪɟɡɢɫɧɨɝɨ ɬɨɪɦɨɡɚ ɜ ɭɫɬɚɧɨɜɤɟ 

 

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ƚɢɫɬɟɪɟɡɢɫɧɨɝɨ ɬɨɪɦɨɡɚ 

Magtrol HB-140, ɨɩɢɪɚɹɫɶ ɧɚ ɤɨɬɨɪɵɟ ɢ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɞɚɥɶɧɟɣɲɢɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ [5, 6]. 



8 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 3 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ƚɢɫɬɟɪɟɡɢɫɧɨɝɨ ɬɨɪɦɨɡɚ Magtrol HB-140 

 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɝɢɫɬɟɪɟɡɢɫɧɨɝɨ ɬɨɪɦɨɡɚ 

ȼ ɩɨɞɨɛɧɵɯ ɬɨɪɦɨɡɚɯ ɷɮɮɟɤɬ ɦɚɝɧɢɬɧɨɝɨ ɝɢɫɬɟɪɟɡɢɫɚ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ 

ɭɩɪɚɜɥɟɧɢɹ ɤɪɭɬɹɳɢɦ ɦɨɦɟɧɬɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɜɭɯ ɨɫɧɨɜɧɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ: ɫɟɬɱɚɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɥɸɫɚ ɢ ɱɚɲɢ ɪɨɬɨɪɚ/ɜɚɥɚ ɜ ɫɛɨɪɟ, ɧɨ 

ɛɟɡ ɮɢɡɢɱɟɫɤɨɝɨ ɤɨɧɬɚɤɬɚ. ɉɨɤɚ ɧɚ ɤɚɬɭɲɤɭ ɜɨɡɛɭɠɞɟɧɢɹ ɧɟ ɩɨɞɚɟɬɫɹ 

ɧɚɩɪɹɠɟɧɢɟ, ɱɚɲɤɚ ɢ ɜɚɥ ɦɨɝɭɬ ɫɜɨɛɨɞɧɨ ɜɪɚɳɚɬɶɫɹ ɧɚ ɩɨɞɲɢɩɧɢɤɚɯ. Ʉɨɝɞɚ 

ɩɨɞɚɟɬɫɹ ɬɨɤ ɜɨɡɞɭɲɧɵɣ ɡɚɡɨɪ ɫɬɚɧɨɜɢɬɫɹ ɨɛɥɚɫɬɶɸ ɞɟɣɫɬɜɢɹ ɦɚɝɧɢɬɧɨɝɨ 

ɩɨɥɹ. Ɋɨɬɨɪ ɫɞɟɪɠɢɜɚɟɬɫɹ ɞɚɧɧɵɦ ɩɨɥɟɦ, ɩɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 

ɬɨɪɦɨɠɟɧɢɟ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɦɟɠɞɭ ɩɨɥɸɫɨɦ ɢ ɪɨɬɨɪɨɦ [7]. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɭɫɢɥɢɟ ɬɨɪɦɨɠɟɧɢɹ ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ, 

ɤɨɬɨɪɵɣ ɩɨɞɚɟɬɫɹ ɤ ɭɫɬɪɨɣɫɬɜɭ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ ɬɨɪɦɨɡɨɦ. ɉɨɫɤɨɥɶɤɭ 

ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɫɨɡɞɚɟɬɫɹ ɱɟɪɟɡ ɦɚɝɧɢɬɧɵɣ ɜɨɡɞɭɲɧɵɣ ɡɚɡɨɪ, ɧɟ ɩɪɨɢɫɯɨɞɢɬ 

ɤɚɤɨɝɨ-ɥɢɛɨ ɮɢɡɢɱɟɫɤɨɝɨ ɤɨɧɬɚɤɬɚ ɱɚɫɬɟɣ ɢ ɦɟɯɚɧɢɡɦɨɜ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟ 

ɨɛɪɚɡɭɸɬɫɹ ɩɪɨɞɭɤɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ (ɧɚɩɪɢɦɟɪ, ɩɪɢ ɬɪɟɧɢɢ ɧɚɤɚɩɥɢɜɚɸɬɫɹ 

ɨɬɤɨɥɨɜɲɢɟɫɹ ɱɚɫɬɢɰɵ ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ ɦɚɬɟɪɢɚɥɨɜ), ɝɢɫɬɟɪɟɡɢɫɧɵɟ 

ɬɨɪɦɨɡɚ ɩɨɡɜɨɥɹɸɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

- Ⱦɥɢɬɟɥɶɧɵɣ ɫɪɨɤ ɫɥɭɠɛɵ; 
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- ɉɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɨɛɫɥɭɠɢɜɚɧɢɢ; 

- ɉɥɚɜɧɨɫɬɶ ɧɚɝɪɭɠɟɧɢɹ; 

- Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ; 

- ɒɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ ɪɟɝɭɥɢɪɨɜɤɟ ɭɫɢɥɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; 

- ȼɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɩɨɜɬɨɪɹɟɦɨɫɬɢ; 

- ɋɬɚɛɢɥɶɧɨɫɬɶ ɢ ɧɟɩɪɢɯɨɬɥɢɜɨɫɬɶ ɜ ɪɚɛɨɬɟ [8]. 

 

Ʉɨɧɬɪɨɥɶ ɢ ɭɩɪɚɜɥɟɧɢɟ. 

ȼɟɥɢɱɢɧɚ ɬɨɪɦɨɡɧɨɝɨ ɦɨɦɟɧɬɚ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɬɨɪɦɨɡɨɦ, 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɜɟɥɢɱɢɧɟ ɬɨɤɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɱɟɪɟɡ ɬɨɪɦɨɡɧɭɸ ɤɚɬɭɲɤɭ. 

ȼɨɡɦɨɠɧɚ ɪɟɝɭɥɢɪɨɜɤɚ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 

(ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɞɲɢɩɧɢɤɚ ɤɚɤ ɟɞɢɧɫɬɜɟɧɧɨɣ ɱɚɫɬɢ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɮɢɡɢɱɟɫɤɢɣ ɤɨɧɬɚɤɬ ɜ ɦɟɯɚɧɢɡɦɟ) ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɡɧɚɱɟɧɢɹ ɦɨɦɟɧɬɚ. ɇɚɩɪɚɜɥɟɧɢɟ ɬɨɤɚ (ɩɨɥɹɪɧɨɫɬɶ) ɧɢɤɚɤ ɧɟ ɜɥɢɹɟɬ 

ɧɚ ɪɚɛɨɬɭ ɬɨɪɦɨɡɚ. Ⱦɥɹ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɫɬɨɱɧɢɤ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ ɜɵɫɨɤɢɦ 

ɪɚɡɪɟɲɟɧɢɟɦ ɩɨ ɪɟɝɭɥɢɪɨɜɤɟ. ɗɬɨ ɩɨɦɨɠɟɬ ɫɜɟɫɬɢ ɤ ɦɢɧɢɦɭɦɭ ɫɦɟɳɟɧɢɟ 

ɦɨɦɟɧɬɚ, ɫɜɹɡɚɧɧɨɟ ɫ ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɬɭɲɤɢ ɢ ɥɢɧɟɣɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɢɡɦɟɧɟɧɢɸ ɬɨɤɚ ɜ ɤɚɬɭɲɤɟ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 

ɤ ɢɡɦɟɧɟɧɢɸ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ.  

ɇɨɦɢɧɚɥɶɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɨɬɞɟɥɶɧɵɯ ɷɤɡɟɦɩɥɹɪɨɜ ɦɨɠɟɬ ɛɵɬɶ 

ɛɨɥɶɲɟ ɭɤɚɡɚɧɧɵɯ ɜ ɨɩɢɫɚɧɢɢ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɨɞɟɥɢ [10]. 
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Ɋɢɫɭɧɨɤ 4 – Ƚɢɫɬɟɪɟɡɢɫɧɵɣ ɬɨɪɦɨɡ 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɝɢɫɬɟɪɟɡɢɫɧɨɝɨ ɬɨɪɦɨɡɚ ɢɡ 

ɞɨɤɭɦɟɧɬɚɰɢɢ Magtrol ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ 

ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ [6] 



11 

 

 

Ɋɢɫɭɧɨɤ 5 – ɋɯɟɦɚ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɝɢɫɬɟɪɟɡɢɫɧɨɝɨ ɬɨɪɦɨɡɚ 
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1.2 Ɉɩɢɫɚɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɪɟɞɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɫɪɟɞɫɬɜ 
ɪɚɡɪɚɛɨɬɤɢ, ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

 

- Micro-Cap - ɷɬɨ ɭɬɢɥɢɬɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɢɧɠɟɧɟɪɨɜ-

ɷɥɟɤɬɪɨɧɳɢɤɨɜ. Ȼɵɥɚ ɫɩɟɰɢɚɥɶɧɨ ɫɨɡɞɚɧɚ, ɱɬɨɛɵ ɩɨɦɨɱɶ ɢɦ ɩɪɨɟɤɬɢɪɨɜɚɬɶ 

ɷɥɟɤɬɪɨɧɧɵɟ ɫɯɟɦɵ ɢ ɢɦɢɬɢɪɨɜɚɬɶ ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ. 

ɉɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɧɚɫɬɪɨɣɤɭ ɫɬɪɭɤɬɭɪ ɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɩɭɬɟɦ 

ɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɫɯɟɦ ɜ ɦɨɞɟɥɢɪɭɟɦɨɣ ɫɪɟɞɟ ɞɥɹ ɚɧɚɥɨɝɨɜɵɯ / 

ɰɢɮɪɨɜɵɯ ɫɯɟɦ ɫ ɢɧɬɟɪɚɤɬɢɜɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ ɷɫɤɢɡɢɪɨɜɚɧɢɹ, ɩɟɪɢɨɞɢɱɟɫɤɢɦ 

ɫɬɚɰɢɨɧɚɪɧɵɦ ɚɧɚɥɢɡɨɦ, ɢɧɫɬɪɭɦɟɧɬɚɦɢ 3D-ɩɨɫɬɪɨɟɧɢɹ ɢ ɬ.ɞ. 

ȼ ɩɪɨɝɪɚɦɦɭ ɢɧɬɟɝɪɢɪɨɜɚɧɨ ɛɨɥɶɲɚɹ ɛɢɛɥɢɨɬɟɤɭ ɭɫɬɪɨɣɫɬɜ. ɇɟɤɨɬɨɪɵɟ 

ɢɡ ɭɫɬɪɨɣɫɬɜ, ɜɤɥɸɱɟɧɧɵɯ ɜ ɪɚɡɞɟɥ "ɚɧɚɥɨɝɨɜɵɟ ɩɪɢɦɢɬɢɜɵ", ɹɜɥɹɸɬɫɹ 

ɩɚɫɫɢɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ, ɚɤɬɢɜɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ, ɢɫɬɨɱɧɢɤɚɦɢ ɫɢɝɧɚɥɨɜ, 

ɮɭɧɤɰɢɹɦɢ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ Ʌɚɩɥɚɫɚ, Z - ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɡɚɜɢɫɢɦɵɦɢ 

ɢɫɬɨɱɧɢɤɚɦɢ, ɦɚɤɪɨɫɚɦɢ, ɦɨɞɭɥɹɬɨɪɚɦɢ. ɇɚ ɫɚɦɨɦ ɞɟɥɟ ɜ ɪɚɡɞɟɥɟ "ɚɧɚɥɨɝɨɜɵɟ 

ɩɪɢɦɢɬɢɜɵ" ɧɚɫɱɢɬɵɜɚɟɬɫɹ 258 ɧɚɢɦɟɧɨɜɚɧɢɣ, ɧɟ ɦɟɧɟɟ 21928 ɧɚɢɦɟɧɨɜɚɧɢɣ 

ɚɧɚɥɨɝɨɜɨɣ ɛɢɛɥɢɨɬɟɤɢ, 88 ɰɢɮɪɨɜɵɯ ɩɪɢɦɢɬɢɜɨɜ ɢ 2050 ɧɚɢɦɟɧɨɜɚɧɢɣ 

ɰɢɮɪɨɜɨɣ ɛɢɛɥɢɨɬɟɤɢ. ɇɟɤɨɬɨɪɵɟ ɚɧɢɦɢɪɨɜɚɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɬɚɤɠɟ 

ɞɨɫɬɭɩɧɵ. ɋɭɳɟɫɬɜɭɸɬ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ ɚɧɚɥɢɡɚ, ɧɚɩɪɢɦɟɪ, ɩɟɪɟɦɟɧɧɨɝɨ 

ɬɨɤɚ, ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɩɨɫɬɨɹɧɧɨɝɨ ɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɞɢɧɚɦɢɱɟɫɤɢɯ ɢ 

ɧɟɥɢɧɟɣɧɵɯ ɢɫɤɚɠɟɧɢɣ. Ɇɨɠɧɨ ɜɵɩɨɥɧɹɬɶ ɫɯɟɦɚɬɢɱɟɫɤɨɟ ɡɨɧɞɢɪɨɜɚɧɢɟ 

ɮɨɪɦɵ ɜɨɥɧɵ, ɚɧɚɥɢɡ ɩɨ ɦɟɬɨɞɭ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ 

ɝɪɚɮɢɤɨɜ ɢ ɢɡɦɟɪɟɧɢɣ. ɑɬɨɛɵ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɷɮɮɟɤɬɵ ɢɡɦɟɧɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ, ɬɚɤɠɟ ɜɨɡɦɨɠɧɨ ɩɨɫɬɪɨɟɧɢɟ 3D-ɝɪɚɮɢɤɚ. ɉɨɜɟɞɟɧɢɟ ɪɚɡɥɢɱɧɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ ɦɨɠɟɬ ɛɵɬɶ ɢɫɫɥɟɞɨɜɚɧɨ ɢ ɫɦɨɞɟɥɢɪɨɜɚɧɨ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɫɯɟɦɚ 
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ɫɨɫɬɚɜɥɟɧɚ, ɨɧɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ, ɚ ɬɚɤɠɟ ɨɬɪɟɞɚɤɬɢɪɨɜɚɧɚ ɛɟɡ 

ɨɫɬɚɧɨɜɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɫɯɟɦɵ. 

 

 

Ɋɢɫɭɧɨɤ 6 – ɉɪɢɦɟɪ ɢɧɬɟɪɮɟɣɫɚ  

 

Ⱦɨɩɭɫɤɚɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɫɬɚɧɞɚɪɬɵ 

ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ. ɉɨɥɧɚɹ ɩɨɞɞɟɪɠɤɚ SPICE-ɦɨɞɟɥɟɣ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ 

ɩɪɨɟɤɬɵ ɢɡ ɞɪɭɝɢɯ ɩɪɨɝɪɚɦɦ (DesignLab, OrCAD, P-CAD). ɂɡ ɧɟɞɨɫɬɚɬɤɨɜ 

ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɥɢɲɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, 

ɬɚɤ ɤɚɤ ɨɛɴɟɦ ɛɢɛɥɢɨɬɟɤ Micro-Cap (ɞɚɠɟ ɜ ɩɨɥɧɨɣ ɜɟɪɫɢɢ) ɹɜɧɨ ɧɟɞɨɫɬɚɬɨɱɟɧ.  

ɋɬɨɢɦɨɫɬɶ Micro-Cap ɫɨɫɬɚɜɥɹɟɬ ɧɟɫɤɨɥɶɤɨ ɬɵɫɹɱ ɞɨɥɥɚɪɨɜ, ɧɨ ɧɚ 

ɨɮɢɰɢɚɥɶɧɨɦ ɫɚɣɬɟ ɟɫɬɶ ɛɟɫɩɥɚɬɧɚɹ Evaluation Version. Ɉɬɥɢɱɢɹ ɨɬ ɨɫɧɨɜɧɨɣ 

– ɧɟ ɛɨɥɟɟ 50 ɷɥɟɦɟɧɬɨɜ ɜ ɫɯɟɦɟ, ɫɭɳɟɫɬɜɟɧɧɨ ɭɪɟɡɚɧɧɚɹ ɛɢɛɥɢɨɬɟɤɚ 

ɤɨɦɩɨɧɟɧɬɨɜ, ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɩɨɫɬɪɨɟɧɢɟ ɪɹɞɚ ɝɪɚɮɢɤɨɜ ɢ ɦɟɞɥɟɧɧɚɹ ɫɤɨɪɨɫɬɶ 

ɪɚɛɨɬɵ [11]. Ɍɚɤ ɤɚɤ ɧɭɠɧɚɹ ɧɚɦ ɫɯɟɦɚ ɢɦɟɟɬ ɛɨɥɶɲɟ 50 ɷɥɟɦɟɧɬɨɜ, ɚ ɩɨɥɧɨɣ 
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ɜɟɪɫɢɢ ɜ ɧɚɭɱɧɵɯ ɥɚɛɨɪɚɬɨɪɢɹɯ ɧɟɬ, ɷɬɨɬ ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ ɧɟ ɩɨɞɯɨɞɢɬ ɞɥɹ 

ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

 

- LTspice/SwitcherCAD - ɷɬɨ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ 

ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ SPICE - ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɫɨɡɞɚɧɢɹ ɫɯɟɦ ɢ ɩɨɞɪɨɛɧɨɝɨ ɚɧɚɥɢɡɚ 

ɨɫɰɢɥɥɨɝɪɚɦɦ ɢ ɫ ɛɚɡɨɜɵɦɢ ɦɨɞɟɥɹɦɢ ɞɥɹ ɨɛɥɟɝɱɟɧɢɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɚɧɚɥɨɝɨɜɵɯ ɫɯɟɦ. ȼ ɤɨɦɩɥɟɤɬ ɭɫɬɚɧɨɜɤɢ LTspice ɜɯɨɞɹɬ ɦɚɤɪɨɦɨɞɟɥɢ ɞɥɹ 

ɛɨɥɶɲɢɧɫɬɜɚ ɚɧɚɥɨɝɨɜɵɯ ɭɫɬɪɨɣɫɬɜ, ɩɟɪɟɤɥɸɱɚɸɳɢɟ ɪɟɝɭɥɹɬɨɪɵ, ɭɫɢɥɢɬɟɥɢ, 

ɚ ɬɚɤɠɟ ɜ ɧёɦ ɟɫɬɶ ɛɢɛɥɢɨɬɟɤɚ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɛɳɢɯ ɫɯɟɦ. 

LTspice ɭɦɟɟɬ ɩɪɨɜɨɞɢɬɶ ɫɥɟɞɭɸɳɢɟ ɚɧɚɥɢɡɵ: 

- Ⱥɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɵɣ (ɞɥɹ ɷɬɨɝɨ ɚɧɚɥɢɡɚ ɧɭɠɧɨ ɭɫɬɚɧɨɜɬɶ 

ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ, ɬɢɩ ɲɤɚɥɵ, ɜɟɪɯɧɸɸ ɢ ɧɢɠɧɸɸ ɱɚɫɬɨɬɭ); 

- Ⱥɧɚɥɢɡ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ; 

- ɋɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ (ɜɨɡɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɬɨɥɶɤɨ ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ 

ɩɪɨɜɟɥɢ ɚɧɚɥɢɡ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ); 

- Ⱥɧɚɥɢɡ ɝɚɪɦɨɧɢɤ (ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɵɱɢɫɥɟɧɢɟ ɭɪɨɜɧɟɣ ɢ ɨɛɳɟɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɢɫɤɚɠɟɧɢɣ ɜ ɩɪɨɰɟɧɬɚɯ); 

- ɋɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɲɭɦɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɜ ɜɵɛɪɚɧɧɨɣ ɬɨɱɤɟ 

ɫɯɟɦɵ) 
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Ɋɢɫɭɧɨɤ 7 – ɉɪɢɦɟɪ ɰɟɩɢ ɢ ɟё ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ LTspice 

 

Ɉɬɥɢɱɢɬɟɥɶɧɚɹ ɱɟɪɬɚ LTspice – ɮɭɧɤɰɢɹ ɡɚɩɢɫɢ ɜ wav-ɮɚɣɥ ɫɢɝɧɚɥ ɢɡ 

ɥɸɛɨɣ ɬɨɱɤɢ ɰɟɩɢ, ɚ ɬɚɤ ɠɟ ɪɟɞɚɤɬɢɪɨɜɚɬɶ ɟɝɨ ɜ ɫɩɟɰɢɚɥɶɧɨɣ ɩɪɨɝɪɚɦɦɟ. ɗɬɢ 

ɮɚɣɥɵ ɦɨɝɭɬ ɹɜɥɹɬɶɫɹ ɜɯɨɞɧɵɦɢ ɫɢɝɧɚɥɚɦɢ ɪɚɛɨɱɢɯ ɫɯɟɦ.  

ȼ ɫɬɚɧɞɚɪɬɧɨɦ ɞɢɫɬɪɢɛɭɬɢɜɟ ɩɪɨɝɪɚɦɦɵ ɟɫɬɶ ɝɨɬɨɜɵɟ ɩɪɢɦɟɪɵ ɫɯɟɦ ɢ 

ɪɭɤɨɜɨɞɫɬɜɨ ɩɨɥɶɡɨɜɚɬɟɥɹ [12]. 

- NI Multisim – ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɧɚɛɨɪɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɯɟɦ, ɧɚɪɹɞɭ ɫ Ni Ultiboard. Multisim ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ, ɚ ɬɚɤɠɟ ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɟ ɮɭɧɤɰɢɢ 

ɢɦɩɨɪɬɚ ɢ ɷɤɫɩɨɪɬɚ ɜ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɤɨɦɩɨɧɨɜɤɢ ɩɟɱɚɬɧɵɯ 

ɩɥɚɬ ɜ ɤɨɦɩɥɟɤɬɟ Ni Ultiboard. Ɉɬɥɢɱɢɬɟɥɶɧɚɹ ɱɟɪɬɚ NI Multisim ɨɬ ɞɪɭɝɢɯ 

ɩɨɞɨɛɧɵɯ ɩɪɨɝɪɚɦɦ –ɢɧɬɭɢɬɢɜɧɵɣ ɢɧɬɟɪɮɟɣɫ. Ɍɚɤ ɠɟ ɜ ɫɬɚɧɞɚɪɬɧɨɣ 

ɛɢɛɥɢɨɬɟɤɟ ɟɫɬɶ ɜɢɪɬɭɚɥɶɧɵɟ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ, ɤɨɬɨɪɵɟ ɢɞɟɧɬɢɱɧɵɟ 

ɪɟɚɥɶɧɵɦ ɚɧɚɥɨɝɚɦ. Ʉɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɜ ɛɢɛɥɢɨɬɟɤɟ - ɛɨɥɟɟ 2000 SPICE-

ɦɨɞɟɥɟɣ. ɉɪɢɫɭɬɫɬɜɭɸɬ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɢɦɩɭɥɶɫɧɵɟ ɢɫɬɨɱɧɢɤɢ 

ɩɢɬɚɧɢɹ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɦɨɳɧɨɫɬɢ [13].   
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Ɋɢɫɭɧɨɤ 8 – ɉɪɢɦɟɪ ɪɚɛɨɬɵ ɜ NI Multisim 

 

- Proteus Professional - ɷɬɨ ɮɢɪɦɟɧɧɵɣ ɧɚɛɨɪ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ, 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 

ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɷɥɟɤɬɪɨɧɧɵɦɢ 

ɢɧɠɟɧɟɪɚɦɢ-ɤɨɧɫɬɪɭɤɬɨɪɚɦɢ ɢ ɬɟɯɧɢɤɚɦɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɫɯɟɦ ɢ ɷɥɟɤɬɪɨɧɧɵɯ 

ɩɟɱɚɬɟɣ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɟɱɚɬɧɵɯ ɩɥɚɬ. ȼ ɫɬɚɧɞɚɪɬɧɭɸ ɛɢɛɥɢɨɬɟɤɭ Proteus 

ɜɲɢɬɵ ɛɨɥɟɟ 6000 ɷɥɟɤɬɪɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɫɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ ɤ ɧɢɦ. Ɍɚɤ 

ɠɟ ɟɫɬɶ ɭɱɟɛɧɵɟ ɞɟɦɨɧɫɬɪɚɰɢɨɧɧɵɟ ɩɪɨɟɤɬɵ.  
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Ɋɢɫɭɧɨɤ 9 – ɉɪɢɦɟɪ ɪɚɛɨɬɵ ɜ Proteus Professional 

 

ɉɨɥɧɚɹ ɜɟɪɫɢɹ ɫɬɨɢɬ ɨɬ 1000 ɞɨ 2000 ɞɨɥɥɚɪɨɜ. Ɍɚɤ ɠɟ ɫɭɳɟɫɬɜɭɟɬ 

ɛɟɫɩɥɚɬɧɚɹ ɩɪɨɛɧɚɹ ɜɟɪɫɢɹ, ɧɨ ɜ ɧɟɣ ɨɝɪɚɧɢɱɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ, ɧɟɬ 

ɜɨɡɦɨɠɧɨɫɬɢ ɫɨɯɪɚɧɹɬɶ ɢ ɩɟɱɚɬɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞёɧɧɨɣ ɪɚɛɨɬɵ [14].  

- OrCAD - ɗɬɨ ɫɟɦɟɣɫɬɜɨ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ ɞɥɹ 

ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɟɱɚɬɧɵɯ ɩɥɚɬ, ɦɚɤɟɬɚ ɩɟɱɚɬɧɵɯ ɩɥɚɬ 

(PCB), ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. Ɋɟɞɚɤɬɨɪ ɩɟɱɚɬɧɵɯ ɩɥɚɬ OrCAD 

ɪɚɛɨɬɚɟɬ ɧɚ ɞɜɢɠɤɟ Cadence Allegro ɢ ɜɵɞɚёɬ ɜɚɦ ɛɵɫɬɪɵɟ ɢ ɬɨɱɧɵɟ 

ɪɟɡɭɥɶɬɚɬɵ.  

OrCAD ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɰɟɥɵɣ ɪɹɞ ɩɪɨɝɪɚɦɦ, ɬɚɤɢɟ ɤɚɤ: 
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- OrCAD Capture – ɝɪɚɮɢɱɟɫɤɢɣ ɪɟɞɚɤɬɨɪ ɞɥɹ ɫɨɡɞɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɫɯɟɦ ɢɡ ɦɨɞɟɥɟɣ ɷɥɟɦɟɧɬɨɜ; Ɇɨɞɭɥɶ ɫɨɡɞɚɧɢɹ ɫɯɟɦ OrCAD 

Capture - ɷɬɨ ɨɞɧɨ ɢɡ ɫɚɦɵɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ ɞɥɹ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɞɨɤɭɦɟɧɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ. Orcad Capture 

ɢɫɩɨɥɶɡɭɟɬ ɩɥɨɫɤɢɟ ɢɥɢ ɢɟɪɚɪɯɢɱɟɫɤɢɟ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɫɯɟɦɵ. ɉɪɚɜɢɥɚ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɡɚɩɢɫɚɧɵ ɜ ɞɢɫɩɟɬɱɟɪɟ ɨɝɪɚɧɢɱɟɧɢɣ ɞɥɹ ɩɪɨɜɟɪɤɢ 

ɩɪɚɜɢɥ ɜ ɪɟɠɢɦɟ ɨɧɥɚɣɧ ɜ ɦɚɤɟɬɟ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ. 

 

Ɋɢɫɭɧɨɤ 10 – ɉɪɢɦɟɪ ɪɚɛɨɬɵ ɜ OrCAD Capture 

 

 - OrCAD Capture CIS - OrCAD Capture CIS ɧɚɩɪɹɦɭɸ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ 

ɪɟɥɹɰɢɨɧɧɵɦ ɛɚɡɚɦ ɞɚɧɧɵɯ (ɬɚɤɢɦ ɤɚɤ SQL, Access) ɢ ɫɢɫɬɟɦɚɦ ɭɩɪɚɜɥɟɧɢɹ 

ɛɚɡɚɦɢ ɞɚɧɧɵɯ ɱɟɪɟɡ ɢɧɬɟɪɮɟɣɫ ODBC. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɢɫɤ ɜ ɛɪɚɭɡɟɪɟ 

ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɦɟɬɚɞɚɧɧɵɟ, ɬɚɤɢɟ ɤɚɤ ɩɪɚɣɫ-ɥɢɫɬɵ ɢɥɢ 

ɥɢɫɬɵ ɞɚɧɧɵɯ PDF. Ɉɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɨɫɬɭɩ ɤ ɞɚɧɧɵɦ ɩɨɞɤɥɸɱɟɧɧɵɯ ɛɚɡ 

ɞɚɧɧɵɯ. ɇɨɦɟɪɚ ɞɟɬɚɥɟɣ, ɢɧɮɨɪɦɚɰɢɹ ɨ EOL ɢɥɢ ɢɧɮɨɪɦɚɰɢɹ ɨ ɜɬɨɪɨɦ 

ɢɫɬɨɱɧɢɤɟ ɦɨɝɭɬ ɭɩɪɚɜɥɹɬɶɫɹ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨ ɢ ɨɬɨɛɪɚɠɚɬɶɫɹ ɱɟɪɟɡ 

ɫɨɟɞɢɧɟɧɢɟ ɜ Capture CIS. 
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- PCB Designer – ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ 

ɬɨɩɨɥɨɝɢɣ ɩɟɱɚɬɧɵɯ ɩɥɚɬ. ɂɦɟɟɬ ɦɨɞɭɥɶ ɜɜɨɞɚ ɫɯɟɦ OrCAD Capture. ɋ 

ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ " place replicate " ɚɧɚɥɨɝɢɱɧɵɟ ɷɥɟɦɟɧɬɵ ɫɯɟɦɵ ɦɨɝɭɬ ɛɵɬɶ 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɜ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɟ ɧɚ ɨɫɧɨɜɟ ɫɬɪɭɤɬɭɪɵ ɫɟɬɟɜɨɝɨ 

ɫɩɢɫɤɚ, ɚ ɦɨɞɭɥɢ ɦɨɝɭɬ ɛɵɬɶ ɥɟɝɤɨ ɩɪɨɞɭɛɥɢɪɨɜɚɧɵ, ɜɤɥɸɱɚɹ ɢɧɮɨɪɦɚɰɢɸ ɨ 

ɦɚɪɲɪɭɬɟ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ ɦɨɞɭɥɟɣ ɧɚɡɧɚɱɚɸɬɫɹ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢ. 

 

Ɋɢɫɭɧɨɤ 11 – ɉɪɢɦɟɪ ɪɚɛɨɬɵ ɜ OrCAD PCB Designer 

 

ɏɨɱɟɬɫɹ ɟɳё ɨɬɦɟɬɢɬɶ ɧɟɤɨɬɨɪɵɟ ɦɨɞɭɥɢ:  

- PSpice SLPS Option - ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɜɹɡɵɜɚɬɶɫɹ ɫ Matlab;  

- SPECCTRA for OrCAD - ɭɦɟɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɬɪɚɫɫɢɪɨɜɤɭ;  

- Signal Explorer - ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɪɹɬɶ ɩɟɪɟɤɪɟɫɬɧɵɟ ɢɫɤɚɠɟɧɢɹ ɢ 

ɰɟɥɨɫɬɧɨɫɬɶ ɫɢɝɧɚɥɚ [15].   

OrCAD ɢɦɟɟɬ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɮɭɧɤɰɢɢ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɉɨɡɜɨɥɹɟɬ 

ɩɪɨɜɟɪɢɬɶ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɫɯɟɦɵ, ɚ ɬɚɤ ɠɟ ɫɨɡɞɚɬɶ ɢ ɪɟɞɚɤɬɢɪɨɜɚɬɶ 

ɩɟɱɚɬɧɭɸ ɩɥɚɬɭ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɰɟɥɟɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ 

ɪɚɛɨɬɵ.  
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- Ʉɨɦɩɚɫ 3D – ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ ɞɥɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɣ ɤɚɤ ɩɨɫɬɪɨɢɬɶ ɧɟɨɛɯɨɞɢɦɭɸ 3D – ɦɨɞɟɥɶ, ɬɚɤ 

ɢ ɫɞɟɥɚɬɶ ɱɟɪɬёɠ ɫɨɛɪɚɧɧɨɣ ɦɨɞɟɥɢ ɩɨ ɜɫɟɦ ɫɬɚɧɞɚɪɬɚɦ ȿɋɄȾ. ɂɦɟɟɬ 

ɫɨɛɫɬɜɟɧɧɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɹɞɪɨ C3D, ɢ ɩɨɞɞɟɪɠɢɜɚɟɬ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɟ 

ɮɨɪɦɚɬɵ 3D ɦɨɞɟɥɟɣ, ɱɬɨ ɞɚёɬ ɜɨɡɦɨɠɧɨɫɬɶ ɥɟɝɤɨ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ 

ɞɪɭɝɢɦɢ ɩɪɨɝɪɚɦɦɚɦɢ [16].  

 

- NI LabView - Laboratory Virtual Instrument Engineering Workbench 

(LabVIEW) -ɷɬɨ ɩɥɚɬɮɨɪɦɚ ɫɢɫɬɟɦɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ 

ɝɪɚɮɢɱɟɫɤɨɝɨ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɨɬ National Instruments. LabVIEW ɷɬɨ 

ɝɪɚɮɢɱɟɫɤɢɣ ɩɨɞɯɨɞ ɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɸ, ɤɨɬɨɪɵɣ ɩɨɦɨɝɚɟɬ 

ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɤɚɠɞɵɣ ɚɫɩɟɤɬ ɩɪɢɥɨɠɟɧɢɹ, ɜɤɥɸɱɚɹ ɤɨɧɮɢɝɭɪɚɰɢɸ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɞɚɧɧɵɟ ɢɡɦɟɪɟɧɢɣ ɢ ɨɬɥɚɞɤɭ. ɗɬɚ ɜɢɡɭɚɥɢɡɚɰɢɹ ɩɨɡɜɨɥɹɟɬ 

ɥɟɝɤɨ ɢɧɬɟɝɪɢɪɨɜɚɬɶ ɢɡɦɟɪɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɨɬ ɥɸɛɨɝɨ ɩɨɫɬɚɜɳɢɤɚ, 

ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɥɨɠɧɭɸ ɥɨɝɢɤɭ ɧɚ ɞɢɚɝɪɚɦɦɟ, ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɚɥɝɨɪɢɬɦɵ 

ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɢ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɟ ɢɧɠɟɧɟɪɧɵɟ ɢɧɬɟɪɮɟɣɫɵ 

ɩɨɥɶɡɨɜɚɬɟɥɹ [17].  

Ⱦɚɥɟɟ ɩɪɨɜɟɞёɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɨɫɬɟɣ ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɢɫɯɨɞɹ ɢɡ ɤɨɬɨɪɵɯ ɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɫɪɟɞɵ, ɜ 

ɤɨɬɨɪɵɯ ɩɪɨɞɨɥɠɚɟɬɫɹ ɪɚɛɨɬɚ. ɋɧɚɱɚɥɚ ɪɚɫɫɦɨɬɪɢɦ ɉɈ, ɩɨɡɜɨɥɹɸɳɟɟ 

ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ 
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Ɍɚɛɥɢɰɚ 1 – ɋɪɚɜɧɟɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

 Micro-Cap LTspice/ 

SwitcherCAD 

NI Multisim Proteus 

Proffesional 

Ʉɨɦɩɚɧɢɹ - 

ɩɪɨɢɡɜɨɞɢɬɟɥɶ 

Spectrum 

Software 

Linear 

Technology 

National 

Instruments 

Labcenter 

Electronics 

ɐɟɧɚ ɨɬ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹ 

ɨɬ 1000$ ɞɨ 

3000$ 

- ɨɬ 700$ - 4600$ ɨɬ 1000$ ɞɨ 

2000$ 

ɇɚɥɢɱɢɟ 

ɥɢɰɟɧɡɢɢ 

- ɇɟ ɬɪɟɛɭɟɬɫɹ + - 

ȼɨɡɦɨɠɧɨɫɬɶ 

ɢɧɬɟɝɪɚɰɢɢ ɫ 

ɞɪɭɝɢɦɢ 

ɩɪɨɝɪɚɦɦɚɦɢ 

+ + + + 

Ȼɢɛɥɢɨɬɟɤɚ 

ɷɥɟɦɟɧɬɨɜ 

Ɍɪɟɛɭɟɬɫɹ 

ɞɨɩ. 

ɭɫɬɚɧɨɜɤɚ 

ɛɢɛɥɢɨɬɟɤ 

Ȼɨɥɟɟ 1000 ɲɬ. Ȼɨɥɟɟ 2000 ɲɬ. Ȼɨɥɟɟ 6000 ɲɬ. 

ɇɚɥɢɱɢɟ ɞɟɦɨ- 

ɩɪɢɦɟɪɨɜ 

- + + - 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ȿɫɬɶ ɩɪɨɛɧɚɹ 

ɜɟɪɫɢɹ – 

ɨɝɪɚɧɢɱɟɧɢɟ 

ɧɚ ɤɨɥɢɱɟɫɬɜɨ 

ɷɥɟɦɟɧɬɨɜ: 50 

ɲɬ. 

«Ʌɟɝɤɨɟ» ɉɈ, 

ɢɦɟɟɬ ɦɚɥɵɣ 

ɪɚɡɦɟɪ. ɂɦɟɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ 

ɞɨɛɚɜɥɹɬɶ 

ɛɢɛɥɢɨɬɟɤɢ 

ɫɬɨɪɨɧɧɢɯ 

ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ 

Ɇɨɠɟɬ 

ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ 

ɢ ɫ ɞɪɭɝɢɦɢ 

ɩɪɨɞɭɤɬɚɦɢ 

ɤɨɦɩɚɧɢɢ NI, 

ɬɚɤɢɟ ɤɚɤ 

LabVIEW, ɧɨ 

ɢɦɟɟɬ ɡɚɜɵɲɟɧɧɵɟ 

ɫɢɫɬɟɦɧɵɟ 

ɬɪɟɛɨɜɚɧɢɹ 

ȿɫɬɶ ɩɪɨɛɧɚɹ 

ɜɟɪɫɢɹ – 

ɨɝɪɚɧɢɱɟɧɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ 

ɷɥɟɦɟɧɬɨɜ, 

ɨɬɫɭɬɫɬɜɭɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ 

ɫɨɯɪɚɧɟɧɢɹ 

ɪɟɡɭɥɶɬɚɬɨɜ 

ɪɚɛɨɬɵ 

Ɉɩɵɬ ɪɚɛɨɬɵ ɜ 

ɩɪɨɝɪɚɦɦɟ ɜ 

ɯɨɞɟ ɤɭɪɫɚ 

- - + - 
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ȼɵɛɨɪ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɪɚɛɨɬɵ ɢɫɯɨɞɢɥ ɢɡ ɞɨɫɬɭɩɧɨɫɬɢ 

ɩɪɨɝɪɚɦɦɵ (ɧɚɥɢɱɢɟ ɥɢɰɟɧɡɢɢ ɜ ɧɚɭɱɧɵɯ ɥɚɛɨɪɚɬɨɪɢɹɯ) ɢ ɨɩɵɬɚ ɪɚɛɨɬɵ ɜ ɧɟɣ. 

ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɞɚɥɶɧɟɣɲɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ:  

- NI Multisim 12.0 

- OrCAD 17.2 

- Ʉɨɦɩɚɫ 3D 17.0 

- NI LabView 15.0 
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2 Ɋɚɡɪɚɛɨɬɤɚ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ 

 

2.1 ɂɫɩɵɬɚɧɢɹ, ɢɡɦɟɧɟɧɢɹ ɢ ɩɪɨɜɟɪɤɚ ɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɫɯɟɦɵ 
ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɝɢɫɬɟɪɟɡɢɫɧɨɝɨ ɬɨɪɦɨɡɚ 

 

ɉɨɞɪɨɛɧɨ ɢɡɭɱɢɜ ɫɯɟɦɭ, ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɦɨɞɟɥɢɪɨɜɚɬɶ ɟё ɜ ɫɪɟɞɟ 

NI Multisim. ɐɟɥɶɸ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɫɯɟɦɵ ɧɚ 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ: ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɞɨɥɠɧɨ ɦɟɧɹɬɶɫɹ 

ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɧɚɝɪɭɡɤɟ (ɪɟɡɢɫɬɨɪ BRAKE). 

Ɋɚɡɪɚɛɨɬɚɧɚ ɫɯɟɦɚ, ɩɨɞɨɛɧɚɹ ɢɫɯɨɞɧɨɣ ɫɯɟɦɵ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ 

ɝɢɫɬɟɪɟɡɢɫɧɨɝɨ ɬɨɪɦɨɡɚ, ɤɨɬɨɪɚɹ ɞɚɧɚ ɜ ɞɨɤɭɦɟɧɬɚɰɢɢ (ɪɢɫɭɧɨɤ 12). 
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Ɋɢɫɭɧɨɤ 12 – ɋɨɛɪɚɧɧɚɹ ɜ NI Multisim ɫɯɟɦɚ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɞɥɹ 

ɝɢɫɬɟɪɟɡɢɫɧɨɝɨ ɬɨɪɦɨɡɚ 

 

Ⱦɚɥɟɟ, ɞɥɹ ɭɞɨɛɫɬɜɚ ɪɚɛɨɬɵ, ɫɯɟɦɚ (ɪɢɫɭɧɨɤ 16) ɛɵɥɚ ɭɩɪɨɳɟɧɚ. ɇɚ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɫɯɟɦɟ (ɪɢɫɭɧɨɤ 17) ɪɟɝɭɥɢɪɭɹ ɡɧɚɱɟɧɢɟ ɩɨɬɟɧɰɢɨɦɟɬɪɚ R12 ɨɬ 

0% ɞɨ 100% ɞɨɥɠɧɨ ɦɟɧɹɬɶɫɹ ɡɧɚɱɟɧɢɟ ɧɚ ɧɚɝɪɭɡɤɟ BRAKE. ȿɫɥɢ ɡɧɚɱɟɧɢɟ 

ɢɡɦɟɧɢɬɫɹ – ɫɯɟɦɚ ɪɚɛɨɬɚɟɬ ɩɪɚɜɢɥɶɧɨ ɢ ɦɨɠɧɨ ɩɪɢɫɬɭɩɚɬɶ ɤ ɫɥɟɞɭɸɳɟɦɭ 

ɲɚɝɭ. 
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Ɋɢɫɭɧɨɤ 13 – ɍɩɪɨɳёɧɧɚɹ ɫɯɟɦɚ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɞɥɹ ɝɢɫɬɟɪɟɡɢɫɧɨɝɨ 

ɬɨɪɦɨɡɚ 

 

Ⱦɥɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɵ ɫɯɟɦɵ ɢɡɦɟɪɢɦ ɧɚɩɪɹɠɟɧɢɟ ɧɟ 

ɬɨɥɶɤɨ ɩɨɫɬɭɩɚɸɳɟɟ ɧɚ ɝɢɫɬɟɪɟɡɢɫɧɵɣ ɬɨɪɦɨɡ, ɧɨ ɢ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɛɚɡɟ 

ɬɪɚɧɡɢɫɬɨɪɚ. Ɍɚɤ, ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɛɚɡɟ ɬɪɚɧɡɢɫɬɨɪɚ ɛɭɞɟɬ 

 

Ɋɢɫɭɧɨɤ 14 – ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɛɚɡɟ ɬɪɚɧɡɢɫɬɨɪɚ 

 

Ⱥ ɧɚɩɪɹɠɟɧɢɟ, ɩɨɫɬɭɩɚɸɳɟɟ ɧɚ ɬɨɪɦɨɡ 
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Ɋɢɫɭɧɨɤ 15 – ɇɚɩɪɹɠɟɧɢɟ, ɩɨɫɬɭɩɚɸɳɟɟ ɧɚ ɬɨɪɦɨɡ 

 

Ɍɚɤ ɠɟ, ɢɡɦɟɧɹɹ ɡɧɚɱɟɧɢɟ ɩɨɬɟɧɰɢɨɦɟɬɪɚ R21 ɜɢɞɧɨ, ɱɬɨ ɦɟɧɹɟɬɫɹ 

ɧɚɩɪɹɠɟɧɢɟ, ɩɨɫɬɭɩɚɸɳɟɟ ɧɚ ɬɨɪɦɨɡ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɷɬɨ ɢ ɛɭɞɟɬ ɪɟɝɭɥɹɬɨɪɨɦ 

ɫɤɨɪɨɫɬɢ ɞɜɢɝɚɬɟɥɹ, ɢɥɢ ɠɟ ɭɩɪɚɜɥɟɧɢɟ ɬɨɪɦɨɡɨɦ.  

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɯɟɦɚ ɪɚɛɨɬɚɟɬ ɢ ɦɨɠɧɨ ɩɪɢɫɬɭɩɚɬɶ ɤ ɫɥɟɞɭɸɳɟɦɭ ɲɚɝɭ. 

 

2.2 Ɋɚɡɪɚɛɨɬɤɚ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ 

 

 Ɋɚɡɪɚɛɨɬɤɚ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ ɜ OrCAD ɞɨɜɨɥɶɧɨ ɬɪɭɞɨёɦɤɢɣ ɩɪɨɰɟɫɫ, ɢ, 

ɱɬɨɛɵ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬɵ, ɞɚɧɧɵɣ ɩɨɞɩɭɧɤɬ ɛɵɥ ɪɚɡɛɢɬ ɧɚ 

ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ. 

 

2.2.1 ɋɨɡɞɚɧɢɟ ɛɢɛɥɢɨɬɟɤɢ ɷɥɟɦɟɧɬɨɜ 

  

ɂɡɨɛɪɚɠɟɧɢɟ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ȿɋɄȾ. 

ɋɨɡɞɚɧɢɟ ɛɢɛɥɢɨɬɟɤɢ  ɧɚ ɝɥɚɜɧɨɦ ɷɤɪɚɧɟ ɩɪɢɥɨɠɟɧɢɹ «Capture CIS» ɤɨɦɚɧɞɨɣ 

File-New-Library.  
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ɋɨɡɞɚɧɢɟ ɧɨɜɨɝɨ ɷɥɟɦɟɧɬɚ ɤɨɦɚɧɞɨɣ New Part ɧɚ ɫɨɡɞɚɧɧɨɣ ɛɢɛɥɢɨɬɟɤɟ. 

ȼ ɩɨɥɟ Name ɭɤɚɡɵɜɚɟɬɫɹ ɢɦɹ ɷɥɟɦɟɧɬɚ, ɜ Part reference prefix ɟɝɨ ɩɨɡɢɰɢɨɧɧɨɟ 

ɨɛɨɡɧɚɱɟɧɢɟ, ɜ PCB Footprint ɢɦɹ ɤɨɪɩɭɫɚ. Ʉɨɪɩɭɫɚ ɜɵɛɢɪɚɥɢɫɶ ɧɚ ɨɫɧɨɜɟ 

ɤɭɩɥɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ. ȼ ɩɨɥɟ Parts per Pkg ɭɤɚɡɵɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ 

ɜ ɤɨɪɩɭɫɟ. ȿɫɥɢ ɱɚɫɬɢ ɷɥɟɦɟɧɬɚ ɨɞɢɧɚɤɨɜɵɟ – Homogeneous, ɪɚɡɧɵɟ- 

Heterogeneous.  

 

Ɋɢɫɭɧɨɤ 16 - Ⱦɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɫɨɡɞɚɧɢɹ ɷɥɟɦɟɧɬɚ 

 

ȼ ɧɚɫɬɪɨɣɤɚɯ ɲɚɝ ɫɟɬɤɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 2.5 ɦɢɥɥɢɦɟɬɪɚ. ɋɨɡɞɚɟɬɫɹ 

ɷɥɟɦɟɧɬ ɛɢɛɥɢɨɬɟɤɢ, ɢɡɨɛɪɚɠɟɧ ɫɨɝɥɚɫɧɨ ȽɈɋɌ, ɞɚɥɟɟ ɪɚɫɫɬɚɧɨɜɤɚ ɩɢɧɨɜ 

(ɜɯɨɞɵ ɢ ɜɵɯɨɞɵ ɷɥɟɦɟɧɬɚ), ɞɨɛɚɜɥɟɧɢɟ ɩɪɨɱɟɣ ɫɢɦɜɨɥɢɤɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɫɨɡɞɚɧɵ ɧɟɨɛɯɨɞɢɦɵɟ ɧɚɦ ɷɥɟɦɟɧɬɵ 
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Ɋɢɫɭɧɨɤ 17 - Ƚɪɚɮɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɪɟɡɢɫɬɨɪɚ 

 

Ɉɫɬɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɢɡɨɛɪɚɠɟɧɵ ɩɨ ɚɧɚɥɨɝɢɢ, ɫɨɝɥɚɫɧɨ ɬɟɯɧɢɱɟɫɤɨɣ 

ɞɨɤɭɦɟɧɬɚɰɢɢ. 

 

2.2.2 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɵ 

 

ɂɦɟɹ ɛɢɛɥɢɨɬɟɤɭ ɫɨ ɜɫɟɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɫɨɛɪɚɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ. 
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Ɋɢɫɭɧɨɤ 18 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ 

 

2.2.3 ɋɨɡɞɚɧɢɟ ɛɢɛɥɢɨɬɟɤɢ ɤɨɪɩɭɫɨɜ 

 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɩɚɤɨɜɚɬɶ ɩɥɚɬɭ ɩɨɬɪɟɛɭɟɬɫɹ ɧɚɪɢɫɨɜɚɬɶ ɤɨɪɩɭɫɚ 

ɷɥɟɦɟɧɬɨɜ, ɤɨɪɩɭɫɚ ɫɨɡɞɚɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ datasheet ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ.  

ɂɡɨɛɪɚɠɟɧɢɟ ɤɨɪɩɭɫɚ ɜ PCB Editor ɜɵɡɵɜɚɟɬɫɹ ɤɨɦɚɧɞɨɣ File-New  

ȼ ɩɨɥɟ Drawing type ɜɵɛɪɚɬɶ “Package symbol(wizard)”, ɱɬɨ ɨɡɧɚɱɚɟɬ ɫɨɡɞɚɧɢɟ 

ɤɨɪɩɭɫɚ. 

ȼɵɛɪɚɧ ɬɢɩ ɤɨɪɩɭɫɚ (Package Type) 
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Ɋɢɫɭɧɨɤ 19 - ɉɪɢɦɟɪ ɜɵɛɨɪɚ ɬɢɩɚ ɤɨɪɩɭɫɚ 

 

Ⱦɚɥɟɟ ɜɵɛɢɪɚɸɬɫɹ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ɢ ɡɚɞɚɸɬɫɹ ɧɟɨɛɯɨɞɢɦɵɟ 

ɩɚɪɚɦɟɬɪɵ. 
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Ɋɢɫɭɧɨɤ 20 - ɉɪɢɦɟɪ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɨɪɩɭɫɚ 

 

ȼɵɛɪɚɧ ɬɢɩ ɨɬɨɛɪɚɠɟɧɢɹ ɢ ɪɚɡɦɟɪ ɩɢɧɨɜ ɧɚ ɤɨɪɩɭɫɟ. 

Ⱦɥɹ ɞɚɧɧɨɝɨ ɭɫɢɥɢɬɟɥɹ TO 220-3 ɜɵɛɪɚɧ ɪɚɡɦɟɪ ɢ ɬɢɩ  “Pad35cir25”  

Sq – ɨɬɨɛɪɚɠɟɧɢɟ ɤɜɚɞɪɚɬ; cir- ɨɬɨɛɪɚɠɟɧɢɟ ɤɪɭɝ. ɉɨɫɥɟ Pad ɢɞɟɬ ɱɢɫɥɨ, 

ɟɞɢɧɢɰɚ ɢɡɦɟɪɟɧɢɹ ɞɚɧɧɨɝɨ ɱɢɫɥɚ ɜ ɦɢɥɚɯ. Ⱦɥɹ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɩɢɧɚ ɞɥɢɧɚ 

35 ɦɢɥ ɩɨɞɯɨɞɢɬ.  

ɉɨɥɭɱɟɧ ɤɨɪɩɭɫ TO 220-3. 
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Ɋɢɫɭɧɨɤ 21 – Ʉɨɪɩɭɫ TO 220-3 

 

 Ⱥɧɚɥɨɝɢɱɧɵɦ ɫɩɨɫɨɛɨɦ ɫɞɟɥɚɧɵ ɤɨɪɩɭɫɚ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

 

2.2.4 ɍɩɚɤɨɜɤɚ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ ɢ ɪɚɡɦɟɳɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɧɚ 

ɩɟɱɚɬɧɨɣ ɩɥɚɬɟ. 

 

ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɫɞɟɥɚɧɵ ɜɫɟ ɤɨɪɩɭɫɚ ɤ ɷɥɟɦɟɧɬɚɦ, ɪɚɛɨɬɚ ɩɪɨɞɨɥɠɚɟɬɫɹ ɜ 

Cadence Capture CIS.  
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ȼɵɩɨɥɧɟɧɚ ɩɪɨɜɟɪɤɚ, ɱɬɨɛɵ ɧɚɡɜɚɧɢɹ ɤɨɪɩɭɫɨɜ ɫɨɜɩɚɞɚɥɨ ɫ “PCB Footprint” 

ɷɥɟɦɟɧɬɚ.  

ɉɨɫɥɟ ɩɪɨɜɟɪɤɢ ɧɚ ɞɟɪɟɜɟ ɩɪɨɟɤɬɚ ɜɵɡɵɜɚɟɦ ɤɨɦɚɧɞɭ TOOLS – Create netlist. 

 

 

Ɋɢɫɭɧɨɤ 22 – ɍɩɚɤɨɜɤɚ ɩɥɚɬɵ  

 

ɉɪɢ ɭɫɩɟɲɧɨɣ ɭɩɚɤɨɜɤɟ ɷɥɟɦɟɧɬɨɜ, ɫɢɫɬɟɦɚ ɨɬɤɪɨɟɬ Cadence PCB Editor. 
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Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɚɛɨɬɵ ɜɵɩɨɥɧɟɧɚ ɧɚɫɬɪɨɣɤɭ ɫɟɬɤɢ, ɜɵɛɪɚɧɧɵɟ ɟɞɢɧɢɰɵ 

ɢɡɦɟɪɟɧɢɹ -  ɦɢɥɥɢɦɟɬɪɵ ɢ ɲɚɝ ɫɟɬɤɢ - 1.25 

 

Ɋɢɫɭɧɨɤ 23 – ɇɚɫɬɪɨɣɤɚ ɫɟɬɤɢ 

 

2.2.5 ɋɨɡɞɚɧɢɟ ɩɥɚɬɵ 

 

ɋɩɪɚɜɚ ɧɚ ɩɚɧɟɥɢ ɢɧɫɬɪɭɦɟɧɬɨɜ Options- active class and subclass ɜɵɛɪɚɧ 

Board geometry ɢ ɜɡɹɬ ɩɪɹɦɨɭɝɨɥɶɧɢɤ ɧɚ ɩɚɧɟɥɢ ɢɧɫɬɪɭɦɟɧɬɨɜ. 
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ɉɨɫɥɟ ɫɨɡɞɚɧɢɹ ɩɥɚɬɵ, ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɡɦɟɳɟɧɢɟ ɷɥɟɦɟɧɬɨɜ, ɪɚɫɩɨɥɚɝɚɹ 

ɢɯ ɬɚɤ, ɱɬɨɛɵ ɛɵɥɨ ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɫɟɱɟɧɢɣ ɫɜɹɡɟɣ. 

 

 

Ɋɢɫɭɧɨɤ 24 – Ɋɚɫɩɨɥɨɠɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɧɚ ɩɥɚɬɟ 

 

2.2.6 Ɍɪɚɫɫɢɪɨɜɤɚ 

 

Ⱦɚɥɟɟ ɜɵɩɨɥɧɹɟɬɫɹ ɬɪɚɫɫɢɪɨɜɤɭ ɜ PCB Editor.  

Ⱦɥɹ ɧɚɱɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɫɬɚɜɢɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɬɨɥɳɢɧɭ ɬɪɚɫɫɵ ɞɥɹ 

ɰɟɩɟɣ. Ⱦɟɥɚɟɬɫɹ ɷɬɨ ɤɨɦɚɧɞɨɣ Setup-Constraints-Physical-Net. 

ɐɟɩɶ 15,35, GND  EARTH =0.75. Ɉɫɬɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ =0.5  
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Ɋɢɫɭɧɨɤ 25 - ȼɵɫɬɚɜɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɰɟɩɟɣ 

 

Ⱦɚɥɟɟ ɜɵɩɨɥɧɹɟɬɫɹ ɬɪɚɫɫɢɪɨɜɤɚ Route – PCB Router – Route automatic. 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɪɟɡɭɥɶɬɚɬɵ 
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Ɋɢɫɭɧɨɤ 26 – Ɋɟɡɭɥɶɬɚɬɵ ɬɪɚɫɫɢɪɨɜɤɢ 
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2.2.7. Ɋɟɡɭɥɶɬɚɬɵ ɫɛɨɪɤɢ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ 

 

 

Ɋɢɫɭɧɨɤ 27 - ȼɢɞ ɩɥɚɬɵ ɩɨɫɥɟ ɬɪɚɫɫɢɪɨɜɤɢ, Bottom+Top 

 

Ⱦɚɥɟɟ ɧɚ ɩɚɧɟɥɢ ɢɧɫɬɪɭɦɟɧɬɨɜ ɜɵɡɵɜɚɟɦ 3D Canvas, ɫɢɫɬɟɦɚ ɫɨɡɞɚɟɬ 3D 

ɦɨɞɟɥɶ ɩɥɚɬɵ 
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Ɋɢɫɭɧɨɤ 28 - 3D ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɥɚɬɵ 
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 2.4 Ɋɚɡɪɚɛɨɬɤɚ ɤɨɪɩɭɫɚ 

 

Ɂɚɦɟɪɢɜ ɩɨɥɭɱɢɜɲɭɸɫɹ ɩɟɱɚɬɧɭɸ ɩɥɚɬɭ, ɫɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɛɭɞɟɬ 

ɱɟɪɬёɠ ɤɨɪɩɭɫɚ ɞɥɹ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɨɣ. Ʉɨɪɩɭɫ ɢɦɟɟɬ 

ɞɜɚ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɜɵɪɟɡɚ: ɨɞɢɧ ɞɥɹ ɞɢɫɩɥɟɹ, ɜɬɨɪɨɣ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɟɝɨ ɤ 

ɧɚɝɪɭɡɤɟ. Ʉɪɭɝɥɨɟ ɨɬɜɟɪɫɬɢɟ ɫɞɟɥɚɧɨ ɞɥɹ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɩɨɬɟɧɰɢɨɦɟɬɪɚ, ɫ 

ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɢ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. 

 

 

Ɋɢɫɭɧɨɤ 29 – ɑɟɪɬёɠ ɤɨɪɩɭɫɚ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ 
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ȼ 3D ɜɚɪɢɚɧɬɟ ɤɨɪɩɭɫ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 

 

Ɋɢɫɭɧɨɤ 30 - 3D ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɤɨɪɩɭɫɚ 

 

2.5 Ɋɚɡɪɚɛɨɬɤɚ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

 

Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɛɵɥ ɜɵɛɪɚɧ ɩɚɤɟɬ LabVIEW, 

ɩɨɫɤɨɥɶɤɭ ɧɚɭɱɧɚɹ ɥɚɛɨɪɚɬɨɪɢɹ ɂɄɂɌ ɨɫɧɚɳɟɧɚ ɚɩɩɚɪɚɬɭɪɨɣ ɤɨɦɩɚɧɢɢ 

National Instruments. Ɋɚɡɪɚɛɨɬɚɧɨ ɭɩɪɚɜɥɹɸɳɟɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɫ 

ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɨɣ. 

Ɋɟɝɭɥɢɪɭɹ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɢɪɬɭɚɥɶɧɨɦ ɩɪɢɛɨɪɟ ɞɚɧɧɵɟ ɛɭɞɭɬ ɩɟɪɟɞɚɜɚɬɶɫɹ ɧɚ 

ɪɟɚɥɶɧɵɣ ɜɵɯɨɞ.  

ɉɚɧɟɥɶ ɨɩɟɪɚɬɨɪɚ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 
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Ɋɢɫɭɧɨɤ 31 – ȼɢɪɬɭɚɥɶɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɨɣ (Front panel) 

 

 

Ɋɢɫɭɧɨɤ 32 – ȼɢɪɬɭɚɥɶɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɨɣ (Block 

Diagram) 

ȼɢɪɬɭɚɥɶɧɵɣ ɩɪɢɛɨɪ, ɤɨɬɨɪɵɣ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɩɚɧɟɥɢ ɨɩɟɪɚɬɨɪɚ ɤɚɤ 

ɟɳё ɨɞɢɧ ɩɪɢɛɨɪ ɭɩɪɚɜɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɨɣ (ɩɨɦɢɦɨ ɛɥɨɤɚ 

ɭɩɪɚɜɥɟɧɢɹ). Ɉɩɟɪɚɬɨɪ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶ ɡɧɚɱɟɧɢɟ ɛɥɨɤɚ «Ɋɟɝɭɥɢɪɨɜɚɧɢɟ 

ɧɚɩɪɹɠɟɧɢɹ» ɨɬ 0 ɞɨ 5 ȼ, ɦɟɧɹɹ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɧɚɝɪɭɡɤɟ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɟɧɹɟɬɫɹ ɢ ɫɤɨɪɨɫɬɶ ɞɜɢɝɚɬɟɥɹ.  Ʉɧɨɩɤɚ «ȼɤɥ/ɜɵɤɥ» 

ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɨɫɬɚɧɨɜɤɢ ɩɪɨɰɟɫɫɚ, ɬ.ɟ. ɩɨɤɚ ɤɧɨɩɤɚ ɜ ɫɨɫɬɨɹɧɢɢ «ɜɤɥɸɱɟɧɨ» 

(ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɛɭɥɟɜɨɦɭ ɡɧɚɱɟɧɢɸ 1), ɰɢɤɥ ɩɪɨɞɨɥɠɚɟɬ ɫɜɨɸ ɪɚɛɨɬɭ, ɤɚɤ 
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ɬɨɥɶɤɨ ɨɧɚ ɫɬɚɧɨɜɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɟ «ɜɵɤɥɸɱɟɧɨ» (ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɛɭɥɟɜɨɦɭ 

ɡɧɚɱɟɧɢɸ 0), ɩɪɨɰɟɫɫ ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɡɧɚɱɟɧɢɟ, ɩɨɞɚɜɚɟɦɨɟ ɧɚ 

ɜɢɪɬɭɚɥɶɧɵɣ ɢɧɞɢɤɚɬɨɪ «ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɟ» ɛɭɞɟɬ ɩɨɞɚɜɚɬɶɫɹ ɧɚ 

ɪɟɚɥɶɧɵɣ ɩɪɢɛɨɪ, ɬɨ ɟɫɬɶ ɧɚ ɝɢɫɬɟɪɟɡɢɫɧɵɣ ɬɨɪɦɨɡ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɨɩɢɫɚɧ ɜ 

ɛɥɨɤ – ɫɯɟɦɟ (ɪɢɫɭɧɨɤ 33), ɚ ɤɨɞ ɩɪɨɝɪɚɦɦɵ ɩɪɢɜɟɞёɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ. 

 

  

ɂɡɦɟɧɟɧɢɟ 
ɡɧɚɱɟɧɢɹ 

ɧɚɩɪɹɠɟɧɢɹ 

ɍɫɬɪɨɣɫɬɜɨ 
ɜɤɥɸɱɟɧɨ? 

ɉɟɪɟɞɚɱɚ ɡɧɚɱɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɹ ɧɚ ȽɌ 

ɇɚɱɚɥɨ 

Ʉɨɧɟɰ 

ɂɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɂȾȾɉ 

Ⱦɚ 

ɇɟɬ 

Ɋɢɫɭɧɨɤ 33 – Ȼɥɨɤ – ɫɯɟɦɚ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ 
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ɁȺɄɅɘЧȿɇɂȿ 

 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥ ɩɪɨɜɟɞёɧ ɚɧɚɥɢɡ ɪɚɡɥɢɱɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ, ɤɚɤ CAD – ɫɢɫɬɟɦ, ɬɚɤ ɢ ɩɪɨɝɪɚɦɦɧɵɯ ɩɚɤɟɬɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ 

ɩɟɱɚɬɧɵɯ ɩɥɚɬ. ȼ ɜɵɛɪɚɧɧɵɯ ɫɪɟɞɚɯ ɛɵɥ ɩɪɨɜɟɞёɧ ɚɧɚɥɢɡ ɫɯɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɩɢɬɚɧɢɟɦ, ɩɪɨɜɟɪɤɚ ɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɷɬɨɣ ɫɯɟɦɵ, ɪɚɡɪɚɛɨɬɤɚ ɩɟɱɚɬɧɨɣ 

ɩɥɚɬɵ ɫɨ ɜɫɟɦɢ ɷɥɟɦɟɧɬɚɦɢ ɢ ɫɛɨɪ ɤɨɪɩɭɫɚ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜ ɞɚɥɶɧɟɣɲɟɦ ɜɫё 

ɪɟɚɥɢɡɨɜɚɬɶ ɜ ɮɢɡɢɱɟɫɤɨɦ ɫɦɵɫɥɟ. Ɍɚɤ ɠɟ ɛɵɥɢ ɡɚɤɭɩɥɟɧɵ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ 

ɷɥɟɦɟɧɬɵ ɫɯɟɦɵ, ɱɬɨɛɵ ɩɪɢ ɜɨɡɦɨɠɧɨɫɬɢ ɢɡɝɨɬɨɜɢɬɶ ɩɥɚɬɭ, ɦɨɠɧɨ ɛɵɥɨ ɫɪɚɡɭ 

ɜɩɚɢɜɚɬɶ ɜ ɧɟё ɷɥɟɦɟɧɬɵ. Ɍɚɤ ɠɟ ɪɚɡɪɚɛɨɬɚɧɨ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ 

ɭɩɪɚɜɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɨɣ.  
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1 Ȼɪɨɧɨɜ, ɋ.Ⱥ.  ɉɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɣ ɤɨɦɩɥɟɤɫ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɢɧɞɭɤɬɢɜɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɞɜɨɣɧɨɝɨ ɩɢɬɚɧɢɹ / ɋ.Ⱥ. Ȼɪɨɧɨɜ, ɉ.ȼ Ⱥɜɥɚɫɤɨ, 

ȼ.Ⱥ. ɉɨɜɚɥɚɹɟɜ, Ɋ.Ⱥ ȿɪɦɚɤɨɜ, ɋ.ȼ. ɑɟɪɟɲɤɟɜɢɱ, ɇ.Ⱥ. ɇɢɤɭɥɢɧ, Ⱥ.ȼ, 

Ɇɚɪɚɪɟɫɤɭɥ, ɋ.ɘ. Ʌɢɩɭɧɨɜɚ, ȼ.ɉ, ɍɫɨɜ // – ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɢ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɦɩɥɟɤɫɨɜ ɭɩɪɚɜɥɟɧɢɹ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ. – 2013. – 4 ɫ. 

2 Ȼɪɨɧɨɜ, ɋ.Ⱥ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɫɢɫɬɟɦ ɩɨɜɨɪɨɬɚ 

ɚɧɬɟɧɧ ɢ ɛɚɬɚɪɟɣ ɫɨɥɧɟɱɧɵɯ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ / ɋ.Ⱥ. Ȼɪɨɧɨɜ, ɉ.ȼ. 

Ⱥɜɥɚɫɤɨ, Ⱥ.ȼ. Ɇɚɪɚɪɟɫɤɭɥ, ȼ.Ⱥ. ɉɨɜɚɥɹɟɜ // – Ⱥɜɢɚɤɨɫɦɢɱɟɫɤɨɟ ɩɨɫɬɪɨɟɧɢɟ. – 

2009. 

3 Ȼɪɨɧɨɜ, ɋ.Ⱥ. – ɍɩɪɚɜɥɟɧɢɟ ɢɧɞɭɤɬɨɪɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ ɞɜɨɣɧɨɝɨ 

ɩɢɬɚɧɢɹ ɜ ɩɨɡɢɰɢɨɧɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɯ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ / ɋ.Ⱥ. 

Ȼɪɨɧɨɜ, ɉ.ȼ. Ⱥɜɥɚɫɤɨ, Ⱥ.ȼ. Ɇɚɪɚɪɟɫɤɭɥ, ȼ.Ⱥ. ɉɨɜɚɥɹɟɜ, ȼ.ɉ. ɍɫɨɜ, ȼ.ɋ. 

Ʉɭɩɨɜɵɯ// Ⱥɜɢɚɤɨɫɦɢɱɟɫɤɨɟ ɩɨɫɬɪɨɟɧɢɟ – 2010. 

4 Ȼɪɨɧɨɜ, ɋ.Ⱥ. – ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ 

ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɢɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ / ɋ.Ⱥ. Ȼɪɨɧɨɜ, ȿ.Ɇ. Ʉɭɪɛɚɬɨɜ, ɉ.ȼ. 

Ⱥɜɥɚɫɤɨ, ȼ.Ⱥ. ɉɨɜɚɥɹɟɜ – 2012.  

5 Ȼɪɨɧɨɜ, ɋ.Ⱥ. – Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ / ɋ.Ⱥ. 

Ȼɪɨɧɨɜ, ɉ.ȼ. Ⱥɜɥɚɫɤɨ, ȼ.Ⱥ. ɉɨɜɚɥɹɟɜɜ, Ɉ.ȼ. ɇɟɩɨɦɧɹɳɢɣ, Ⱥ.ȼ. ȿɮɢɦɨɜ// - 

ɉɪɢɛɨɪɵ ɢ ɋɢɫɬɟɦɵ. ɍɩɪɚɜɥɟɧɢɟ, ɤɨɧɬɪɨɥɶ, ɞɢɚɝɧɨɫɬɢɤɚ – 2015. 

6 Magtrol HB/MHB Series Hysteresis Brakes/Matched Hysteresis Brakes 

[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://www.magtrol.com/wp-

content/uploads/hb-mhb.pdf 

7 ɂɧɮɨɪɦɚɰɢɹ ɨ ɝɢɫɬɟɪɟɡɢɫɧɵɯ ɬɨɪɦɨɡɚɯ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] 

Ƚɢɫɬɟɪɟɡɢɫɧɵɟ ɬɨɪɦɨɡɚ // Magtrol ɢɡɦɟɪɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 



46 

 

ɂɫɩɵɬɚɬɟɥɶɧɵɟ ɫɬɟɧɞɵ [1995-2008] «Magtrol, inc.» - Ɋɟɠɢɦ ɞɨɫɬɭɩɚ:  

http://www.magtrol.ru/ 

8 ɂɫɩɵɬɚɬɟɥɶɧɵɟ ɫɬɟɧɞɵ - Ƚɢɫɬɟɪɟɡɢɫɧɵɟ ɬɨɪɦɨɡɚ [ɗɥɟɤɬɪɨɧɧɵɣ 

ɪɟɫɭɪɫ] // ɉɪɨɦɬɟɤɫ - ɢɫɩɵɬɚɬɟɥɶɧɵɟ ɫɬɟɧɞɵ, ɞɚɬɱɢɤɢ, ɢɡɦɟɪɢɬɟɥɶɧɚɹ 

ɷɥɟɤɬɪɨɧɢɤɚ. ɈɈɈ «ɉɪɨɦɬɟɤɫ» - Ɇɨɫɤɜɚ [2020] - Ɋɟɠɢɦ ɞɨɫɬɭɩɚ:  

http://www.prom-tex.org/ 

9 ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɝɢɫɬɟɪɟɡɢɫɧɨɝɨ ɬɨɪɦɨɡɚ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

<VI syntaxVersion=11 LVversion=15008000 revision=3 

name="Regular.vi"> 

<TITLE><NO_TITLE name="Untitled 1.vi"></TITLE> 

<HELP_PATH></HELP_PATH> 

<HELP_TAG></HELP_TAG> 

<RTM_PATH type="default"></RTM_PATH> 

<DESC></DESC> 

<CONTENT> 

 <GROUPER> 

  <PARTS> 

  </PARTS></GROUPER> 

 <CONTROL ID=89 type="Knob" name="Ɋɟɝɭɥɢɪɨɜɚɧɢɟ 

ɧɚɩɪɹɠɟɧɢɹ"> 

  <DESC></DESC> 

  <TIP></TIP> 

  <PARTS> 

   <PART ID=82 order=0 

type="Caption"><LABEL><STEXT>Ɋɟɝɭɥɢɪɨɜɚɧɢɟ 

ɧɚɩɪɹɠɟɧɢɹ</STEXT></LABEL></PART> 

  </PARTS> 

 </CONTROL> 
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 <CONTROL ID=80 type="Numeric" name="Ɂɧɚɱɟɧɢɟ 

ɧɚɩɪɹɠɟɧɢɹ"> 

  <DESC></DESC> 

  <TIP></TIP> 

  <PARTS> 

   <PART ID=82 order=0 

type="Caption"><LABEL><STEXT>Ɂɧɚɱɟɧɢɟ 

ɧɚɩɪɹɠɟɧɢɹ</STEXT></LABEL></PART> 

  </PARTS> 

 </CONTROL> 

 <CONTROL ID=79 type="Boolean" name="ȼɤɥ/ɜɵɤɥ"> 

  <DESC></DESC> 

  <TIP></TIP> 

  <PARTS> 

   <PART ID=22 order=0 type="Boolean 

Text"><MLABEL><STRINGS><STRING>OFF</STRING><STRING>ON</ST

RING><STRING>OFF</STRING><STRING>ON</STRING></STRINGS></M

LABEL></PART> 

   <PART ID=82 order=0 

type="Caption"><LABEL><STEXT>ȼɤɥ/ɜɵɤɥ</STEXT></LABEL></PART> 

  </PARTS> 

 </CONTROL> 

</CONTENT> 
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<BDCONTENT> 

 <NODE ID=33 type="While Loop"> 

  <DESC></DESC> 

  <BDCONTENT> 

  </BDCONTENT> 

 </NODE> 

</BDCONTENT> 

</VI> 

 



 


