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1 ɉɪɚɤɬɢɱɟɫɤɢɟ ɡɚɧɹɬɢɹ 

1.1 Ɉɫɧɨɜɧɵɟ ɬɟɪɦɢɧɵ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ 
ɫɨɜɦɟɫɬɢɦɨɫɬɢ 

Ɍɟɪɦɢɧɵ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɧɹɬɢɣ ɜ ɨɛɥɚɫɬɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ 
ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɭɫɬɚɧɚɜɥɢɜɚɟɬ Ɇɟɠɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɫɬɚɧɞɚɪɬ ȽɈɋɌ P 50397-2011 (ɆɗɄ 60050-161:1990

1) ɨɬ 2011 ɝ. 
«ɋɨɜɦɟɫɬɢɦɨɫɬɶ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ  Ɍɟɪɦɢɧɵ ɢ 
ɨɩɪɟɞɟɥɟɧɢɹ» (ɜɡɚɦɟɧ ȽɈɋɌ Ɋ 50397-92 ɨɬ 1997 ɝ.2). ɇɚɫɬɨɹɳɢɣ ɫɬɚɧɞɚɪɬ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɬɟɪɦɢɧɵ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɧɹɬɢɣ ɜ ɨɛɥɚɫɬɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ 
ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ. Ɍɟɪɦɢɧɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɧɚɫɬɨɹɳɟɦ 
ɫɬɚɧɞɚɪɬɟ, ɪɟɤɨɦɟɧɞɭɸɬɫɹ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜɨ ɜɫɟɯ ɜɢɞɚɯ ɞɨɤɭɦɟɧɬɚɰɢɢ, ɜ 
ɬɟɯɧɢɱɟɫɤɨɣ ɢ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ, ɜ ɩɢɫɶɦɟɧɧɵɯ ɫɨɨɛɳɟɧɢɹɯ ɢ ɬ.ɩ. Ⱦɥɹ 

ɹɫɧɨɫɬɢ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɥɨɠɟɧɢɹ ɩɪɢɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɨɩɪɟɞɟɥɟɧɢɹ. 
Ɍɟɯɧɢɱɟɫɤɨɟ ɫɪɟɞɫɬɜɨ, Ɍɋ – ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɟ, ɷɥɟɤɬɪɨɧɧɨɟ ɢ 
ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɟ ɢɡɞɟɥɢɟ, ɚ ɬɚɤɠɟ ɥɸɛɨɟ ɢɡɞɟɥɢɟ, ɫɨɞɟɪɠɚɳɟɟ 
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɢ/ɢɥɢ ɷɥɟɤɬɪɨɧɧɵɟ ɫɨɫɬɚɜɧɵɟ ɱɚɫɬɢ (ɦɨɠɟɬ ɛɵɬɶ 
ɭɫɬɪɨɣɫɬɜɨɦ, ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɫɢɫɬɟɦɨɣ ɢɥɢ ɭɫɬɚɧɨɜɤɨɣ.). 
ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɨɛɫɬɚɧɨɜɤɚ, ɗɆɈ (electromagnetic environment)3

 – 

ɫɨɜɨɤɭɩɧɨɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɹɜɥɟɧɢɣ, ɫɭɳɟɫɬɜɭɸɳɢɯ ɜ ɞɚɧɧɨɦ 
ɦɟɫɬɟ.  
ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɲɭɦ (electromagnetic noise) – ɢɡɦɟɧɹɸɳɟɟɫɹ ɜɨ 
ɜɪɟɦɟɧɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɹɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɧɟ ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɢ ɢ 
ɦɨɠɟɬ ɧɚɥɝɚɬɶɫɹ ɧɚ ɩɨɥɟɡɧɵɣ ɫɢɝɧɚɥ ɢɥɢ ɨɛɴɟɞɢɧɹɬɶɫɹ ɫ ɩɨɥɟɡɧɵɦ 
ɫɢɝɧɚɥɨɦ.  
ɇɟɠɟɥɚɬɟɥɶɧɵɣ ɫɢɝɧɚɥ (unwanted signal; undesired signal) – ɫɢɝɧɚɥ, 
ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɭɯɭɞɲɢɬɶ ɩɪɢɟɦ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ. 
Ɇɟɲɚɸɳɢɣ ɫɢɝɧɚɥ (interfering signal) – ɫɢɝɧɚɥ, ɤɨɬɨɪɵɣ ɭɯɭɞɲɚɟɬ ɩɪɢɟɦ 
ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ. 
ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɩɨɦɟɯɚ, ɗɆɉ (electromagnetic disturbance)4

 –ɥɸɛɨɟ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɹɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɭɯɭɞɲɢɬɶ ɤɚɱɟɫɬɜɨ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɪɟɞɫɬɜɚ5

.  

                                                           
1
 IEC 60050-161:1990 International electrotechnical vocabulary – Chapter 

161: Electromagnetic compatibility (MOD) 
2
 ɑɚɫɬɶ ɬɟɪɦɢɧɨɜ ɢɡɦɟɧɟɧɚ ɢ ɢɫɤɥɸɱɟɧɚ. 

3
 ȼ ɨɛɳɟɦ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɨɛɫɬɚɧɨɜɤɚ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɢ ɞɥɹ ɟɟ 

ɨɩɢɫɚɧɢɹ ɦɨɠɟɬ ɬɪɟɛɨɜɚɬɶɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɩɨɞɯɨɞ. 
4
 ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɩɨɦɟɯɚ ɦɨɠɟɬ ɛɵɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɲɭɦɨɦ, 

ɧɟɠɟɥɚɬɟɥɶɧɵɦ ɫɢɝɧɚɥɨɦ ɢɥɢ ɢɡɦɟɧɟɧɢɟɦ ɜ ɫɪɟɞɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ. 
5 Ɍɟɯɧɢɱɟɫɤɨɟ ɫɪɟɞɫɬɜɨ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɪɨɣɫɬɜɨɦ, ɨɛɨɪɭɞɨɜɚɧɢɟɦ, 

ɫɢɫɬɟɦɨɣ ɢɥɢ ɭɫɬɚɧɨɜɤɨɣ. 
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ȼɥɢɹɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɩɨɦɟɯɢ (electromagnetic interference) – 

ɭɯɭɞɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɪɟɞɫɬɜɚ ɢɥɢ 
ɤɚɧɚɥɚ ɩɟɪɟɞɚɱɢ, ɜɵɡɜɚɧɧɨɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɩɨɦɟɯɨɣ.  
ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɫɨɜɦɟɫɬɢɦɨɫɬɶ Ɍɋ (electromagnetic compatibility; 
EMC) – ɫɩɨɫɨɛɧɨɫɬɶ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɪɟɞɫɬɜɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɫ 
ɡɚɞɚɧɧɵɦ ɤɚɱɟɫɬɜɨɦ ɜ ɡɚɞɚɧɧɨɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɨɛɫɬɚɧɨɜɤɟ ɢ ɧɟ 
ɫɨɡɞɚɜɚɬɶ ɧɟɞɨɩɭɫɬɢɦɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɦɟɯ ɞɪɭɝɢɦ ɬɟɯɧɢɱɟɫɤɢɦ 
ɫɪɟɞɫɬɜɚɦ. 
ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɷɦɢɫɫɢɹ (electromagnetic emission) – ɹɜɥɟɧɢɟ, ɩɪɢ 
ɤɨɬɨɪɨɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɷɧɟɪɝɢɹ ɢɫɯɨɞɢɬ ɨɬ ɢɫɬɨɱɧɢɤɚ.  
Ɇɟɠɫɢɫɬɟɦɧɨɟ ɜɥɢɹɧɢɟ ɩɨɦɟɯɢ (inter-system interference) – ɜɥɢɹɧɢɟ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɩɨɦɟɯɢ ɜ ɫɢɫɬɟɦɟ, ɜɵɡɜɚɧɧɨɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦɢ 
ɩɨɦɟɯɚɦɢ, ɫɨɡɞɚɜɚɟɦɵɦɢ ɞɪɭɝɨɣ ɫɢɫɬɟɦɨɣ. 
ȼɧɭɬɪɢɫɢɫɬɟɦɧɨɟ ɜɥɢɹɧɢɟ ɩɨɦɟɯɢ (intra-system interference) – ɜɥɢɹɧɢɟ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɩɨɦɟɯɢ ɜ ɫɢɫɬɟɦɟ, ɜɵɡɜɚɧɧɨɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦɢ 
ɩɨɦɟɯɚɦɢ, ɫɨɡɞɚɜɚɟɦɵɦɢ ɜ ɬɨɣ ɠɟ ɫɢɫɬɟɦɟ. 
ȿɫɬɟɫɬɜɟɧɧɵɣ ɲɭɦ (natural noise) – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɲɭɦ, ɢɫɬɨɱɧɢɤɨɦ 
ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɩɪɢɪɨɞɧɨɟ ɹɜɥɟɧɢɟ, ɚ ɧɟ ɭɫɬɪɨɣɫɬɜɚ, ɫɨɡɞɚɧɧɵɟ 
ɱɟɥɨɜɟɤɨɦ 

ɂɧɞɭɫɬɪɢɚɥɶɧɵɣ ɲɭɦ (man-made noise) – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɲɭɦ, 
ɢɫɬɨɱɧɢɤɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɬɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ.  
ɍɯɭɞɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɪɟɞɫɬɜɚ 
(degradation of performance)

1
 – ɧɟɠɟɥɚɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɪɚɛɨɱɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɪɟɞɫɬɜɚ ɨɬ ɬɪɟɛɭɟɦɵɯ. 
ɉɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ Ɍɋ, ɭɫɬɨɣɱɢɜɨɫɬɶ Ɍɋ ɤ ɗɆɉ (immunity to a 

disturbance) – cɩɨɫɨɛɧɨɫɬɶ Ɍɋ ɫɨɯɪɚɧɹɬɶ ɡɚɞɚɧɧɨɟ ɤɚɱɟɫɬɜɨ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɧɟɝɨ ɜɧɟɲɧɢɯ ɩɨɦɟɯ ɫ 
ɪɟɝɥɚɦɟɧɬɢɪɭɟɦɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɚɪɚɦɟɬɪɨɜ.  
ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ (electromagnetic susceptibility) – 

ɇɟɫɩɨɫɨɛɧɨɫɬɶ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɪɟɞɫɬɜɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɛɟɡ ɭɯɭɞɲɟɧɢɹ 
ɤɚɱɟɫɬɜɚ ɩɪɢ ɧɚɥɢɱɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɦɟɯ.  
ɗɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɣ ɪɚɡɪɹɞ, ɗɋɊ (electrostatic discharge, ESD) – ɩɟɪɟɧɨɫ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ ɦɟɠɞɭ ɬɟɥɚɦɢ, ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɟ 
ɩɨɬɟɧɰɢɚɥɵ ɤɨɬɨɪɵɯ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɩɪɢ ɢɯ ɫɛɥɢɠɟɧɢɢ ɢɥɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɤɨɧɬɚɤɬɟ. 
ɗɦɢɬɬɟɪ ɗɆɉ (emitter of electromagnetic disturbance) – ɬɟɯɧɢɱɟɫɤɨɟ 
ɫɪɟɞɫɬɜɨ, ɜɵɡɵɜɚɸɳɟɟ ɜɨɡɪɚɫɬɚɧɢɟ ɧɚɩɪɹɠɟɧɢɣ, ɬɨɤɨɜ ɢɥɢ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɞɟɣɫɬɜɨɜɚɬɶ ɤɚɤ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɨɦɟɯɢ.  
ȼɨɫɩɪɢɢɦɱɢɜɨɟ ɤ ɗɆɉ Ɍɋ (susceptible device) – ɬɟɯɧɢɱɟɫɤɨɟ ɫɪɟɞɫɬɜɨ, 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɭɯɭɞɲɟɧɨ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 

                                                           
1 Ɍɟɪɦɢɧ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɤ ɜɪɟɦɟɧɧɨɦɭ ɢɥɢ ɩɨɫɬɨɹɧɧɨɦɭ 

ɧɚɪɭɲɟɧɢɸ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɪɟɞɫɬɜɚ 
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ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɩɨɦɟɯɢ.  
Ʉɨɧɞɭɤɬɢɜɧɚɹ (conducted disturbance) – ɗɆɉ, ɷɧɟɪɝɢɹ ɤɨɬɨɪɨɣ 
ɩɟɪɟɞɚɟɬɫɹ ɩɨ ɨɞɧɨɦɭ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦ ɩɪɨɜɨɞɧɢɤɚɦ. 
ɂɡɥɭɱɚɟɦɚɹ ɗɆɉ  (radiated disturbance) – ɗɆɉ, ɷɧɟɪɝɢɹ ɤɨɬɨɪɨɣ 
ɩɟɪɟɞɚɟɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɜ ɜɢɞɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ. 

1.2 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɗɆɋ Ɍɋ, ɤɚɤ ɧɚ ɜɧɭɬɪɢɫɢɫɬɟɦɧɨɦ, ɬɚɤ ɢ ɧɚ 
ɦɟɠɫɢɫɬɟɦɧɨɦ ɭɪɨɜɧɹɯ – ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɪɨɰɟɫɫɚ ɢɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 
ȼɨɡɦɨɠɧɵ ɮɢɡɢɱɟɫɤɨɟ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ Ɍɋ. Ɉɞɧɚɤɨ ɥɸɛɨɣ 
ɜɢɞ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɜɪɟɦɟɧɧɨɝɨ ɪɟɚɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɪɚɡɪɟɲɢɦɭɸ ɡɚɞɚɱɭ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ 
ɩɨɥɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ – ɡɚɤɨɧɱɟɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɱɬɨ ɩɪɨɬɢɜɨɪɟɱɢɬ 
ɡɚɞɚɱɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ Ɍɋ, ɚ ɫɨɡɞɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɧɟɜɨɡɦɨɠɧɨ 
ɞɚɠɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɚɦɵɯ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ. ɉɨɷɬɨɦɭ 
ɩɪɢɦɟɧɹɸɬɫɹ: 

 ɢɦɢɬɚɰɢɨɧɧɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ; 
 ɮɢɡɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚ ɨɫɧɨɜɟ ɭɩɪɨɳɟɧɧɵɯ ɦɨɞɟɥɟɣ 

ɞɟɣɫɬɜɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɢɥɢ ɢɯ ɱɚɫɬɟɣ, ɪɟɚɥɢɡɭɸɳɢɯ ɨɫɧɨɜɧɵɟ 
ɮɭɧɤɰɢɢ ɭɫɬɪɨɣɫɬɜɚ ɜ ɰɟɥɨɦ. 

Ɍɪɭɞɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɦɟɧɶɲɟ, ɱɟɦ ɮɢɡɢɱɟɫɤɨɝɨ, ɨɞɧɚɤɨ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɫɥɟɞɧɟɝɨ 
ɨɛɵɱɧɨ ɜɵɲɟ. 

Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɫɬɪɨɟɧɢɹ ɚɥɝɨɪɢɬɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɚ 
ɫɯɟɦɨɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫ. 1.1. Ⱥɥɝɨɪɢɬɦ ɫɨɫɬɨɢɬ ɢɡ ɪɹɞɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɫɬɚɞɢɣ – ɷɬɚɩɨɜ. 

Ɋɟɚɥɶɧɵɣ  ɉɨɫɬɚɧɨɜɤɚ  Ɋɟɚɥɶɧɚɹ  Ɇɨɞɟɥɶ  ɉɪɨɝɧɨɡ 

ɨɛɴɟɤɬ  ɡɚɞɚɱɢ  ɢɞɟɚɥɢɡɚɰɢɹ     

(ɩɪɨɰɟɫɫ)         

         

 

ɉɪɨɜɟɪɤɚ ɚɞɟɤɜɚɬɧɨɫɬɢ ɩɪɢɧɢɦɚɟɦɵɯ ɪɟɲɟɧɢɣ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ 

Ɋɢɫɭɧɨɤ 1.1 – ɋɬɪɭɤɬɭɪɚ ɚɥɝɨɪɢɬɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɗɆɋ Ɍɋ 

Ⱦɚɥɟɟ ɤɪɚɬɤɨ ɨɩɢɫɚɧɵ ɡɚɞɚɱɢ ɢ ɰɟɥɢ ɤɚɠɞɨɝɨ ɷɬɚɩɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
Ɋɟɚɥɶɧɵɣ ɨɛɴɟɤɬ – ɷɬɚɩ ɨɫɦɵɫɥɟɧɢɹ ɩɪɢɫɭɳɢɯ ɨɛɴɟɤɬɭ (ɩɪɨɰɟɫɫɭ) 

ɫɭɳɟɫɬɜɟɧɧɵɯ ɫɜɹɡɟɣ. 
ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ – ɭɫɬɚɧɨɜɥɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɪɟɡɭɥɶɬɚɬɚɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
Ɋɟɚɥɶɧɚɹ ɢɞɟɚɥɢɡɚɰɢɹ – ɭɩɪɨɳɟɧɢɟ ɪɟɚɥɶɧɨɣ ɫɢɬɭɚɰɢɢ ɩɨɫɪɟɞɫɬɜɨɦ 

ɢɫɤɥɸɱɟɧɢɹ ɦɚɥɨɡɧɚɱɢɬɟɥɶɧɵɯ ɞɟɬɚɥɟɣ (ɭɩɪɨɳɟɧɧɚɹ ɦɨɞɟɥɶ). 

Ɇɨɞɟɥɶ:  
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1) ɩɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɟɣ ɷɥɟɦɟɧɬɨɜ, ɭɡɥɨɜ, ɢɥɢ ɛɥɨɤɨɜ Ɍɋ ɢ ɢɯ 

ɜɡɚɢɦɨɫɜɹɡɟɣ; 
2) ɩɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɟɣ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɗɆɉ ɜ Ɍɋ. 
ɉɪɨɝɧɨɡ – ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ (ɧɚ ɨɫɧɨɜɟ ɩɪɢɦɟɧɟɧɢɹ ɦɨɞɟɥɢ) ɪɚɡɥɢɱɧɵɯ 

ɜɨɡɦɨɠɧɵɯ ɫɢɬɭɚɰɢɣ ɪɚɛɨɬɵ ɪɟɚɥɶɧɵɯ Ɍɋ ɢ ɫɨɫɬɚɜɥɟɧɢɟ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɢɡɝɨɬɨɜɥɟɧɢɸ ɢɯ. 

ɉɪɨɜɟɪɤɚ ɚɞɟɤɜɚɬɧɨɫɬɢ – ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɫɢɬɭɚɰɢɣ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɤɚɤɨɣ-ɥɢɛɨ (ɢɥɢ ɪɹɞɨɦ) ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɪɟɚɥɶɧɵɦɢ 
ɫɢɫɬɟɦɚɦɢ ɢ ɫɢɬɭɚɰɢɹɦɢ. ɉɪɨɜɟɪɤɚ ɚɞɟɤɜɚɬɧɨɫɬɢ ɩɪɢɧɢɦɚɟɦɵɯ ɪɟɲɟɧɢɣ 
ɧɟɨɛɯɨɞɢɦɚ, ɧɚɱɢɧɚɹ ɫ ɦɨɦɟɧɬɚ ɢɡɭɱɟɧɢɹ ɪɟɚɥɶɧɨɝɨ ɨɛɴɟɤɬɚ (ɩɪɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ Ɍɋ – ɦɵɫɥɢɦɨɝɨ ɨɛɪɚɡɚ ɨɛɴɟɤɬɚ). ɉɨ ɫɭɳɟɫɬɜɭ – ɷɬɨ 
ɨɫɦɵɫɥɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɪɚɡɪɚɛɨɬɱɢɤɚ ɨɛ ɨɛɴɟɤɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɭɬɟɣ 
ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

Ɋɚɫɫɦɨɬɪɢɦ ɨɫɨɛɟɧɧɨɫɬɢ ɜɢɞɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

1.2.1 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɫɩɟɰɢɮɢɱɟɫɤɢɯ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɜ ɨɬɧɨɲɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɞɧɚɤɨ 
ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ Ɍɋ ɦɨɠɧɨ 
ɜɵɞɟɥɢɬɶ ɨɛɳɢɟ ɩɨɥɨɠɟɧɢɹ ɩɪɨɰɟɫɫɚ (ɚɥɝɨɪɢɬɦɚ) ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɉɧɢ ɜɤɥɸɱɚɸɬ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ.  

 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɗɆɈ – ɜ ɨɫɧɨɜɧɨɦ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, 
ɤɨɬɨɪɨɟ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɬɟɨɪɢɢ ɫɥɭɱɚɣɧɵɯ ɮɭɧɤɰɢɣ, ɬɚɤ ɤɚɤ 
«ɩɨɦɟɯɨɜɚɹ» ɫɢɬɭɚɰɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ ɹɜɥɹɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɧɨɣ, ɩɨɬɨɦɭ 
ɱɬɨ ɢɫɬɨɱɧɢɤɢ ɩɨɦɟɯ ɨɛɪɚɡɭɸɬ ɜɨ ɜɪɟɦɟɧɢ ɢɡɦɟɧɹɸɳɢɟɫɹ (ɫɥɭɱɚɣɧɵɟ) 
ɤɨɦɛɢɧɚɰɢɢ. 

 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ Ɍɋ, ɤɨɬɨɪɨɟ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɢɟ, 

ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɟ ɢɥɢ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɟɝɨ ɷɥɟɦɟɧɬɨɜ, 
ɭɡɥɨɜ ɢ ɛɥɨɤɨɜ ɢ ɢɯ ɫɜɹɡɢ. 

 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ «ɩɭɬɟɣ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɩɨɦɟɯ» ɜ Ɍɋ, ɤɨɬɨɪɨɟ ɫɬɪɨɝɨ (ɜ 
ɩɨɥɧɨɦ ɨɛɴɟɦɟ) ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɧɚ ɛɚɡɟ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɩɨɞɯɨɞɚ – ɪɟɲɟɧɢɹ (ɜ ɬɟɯ ɢɥɢ ɢɧɵɯ ɩɪɢɛɥɢɠɟɧɢɹɯ) ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ, ɬɨ 
ɟɫɬɶ, ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ Ɇɚɤɫɜɟɥɥɚ ɩɪɢ ɡɚɞɚɧɧɵɯ ɢɫɬɨɱɧɢɤɚɯ 
ɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ. ȼɵɯɨɞɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɪɚɫɱɟɬɨɜ ɩɪɢ ɷɬɨɦ 
ɹɜɥɹɸɬɫɹ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ, ɤɨɬɨɪɵɟ 
ɡɚɬɟɦ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɢɜɟɞɟɧɵ (ɜɵɪɚɠɟɧɵ) ɜ ɬɟɪɦɢɧɚɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɰɟɩɟɣ, ɬɚɤ ɤɚɤ ɢɦɟɧɧɨ ɜ ɧɢɯ ɨɩɢɫɵɜɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɷɥɟɤɬɪɨɧɧɵɯ 
ɭɫɬɪɨɣɫɬɜ. ɋɬɪɨɝɢɣ ɚɧɚɥɢɡ ɩɭɬɟɣ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɩɨɦɟɯ ɜ ɪɟɚɥɶɧɵɟ Ɍɋ 
ɜɟɫɶɦɚ ɬɪɭɞɨɟɦɨɤ ɢ ɪɟɚɥɢɡɭɟɦ ɬɨɥɶɤɨ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ.  

ȼ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ ɡɚɞɚɱɭ ɪɟɲɚɸɬ ɜ ɩɪɢɛɥɢɠɟɧɢɹɯ. Ɉɫɧɨɜɧɨɟ ɢɡ 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢɛɥɢɠɟɧɢɣ – ɭɫɥɨɜɢɟ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɫɬɢ – 

ɩɪɟɧɟɛɪɟɠɟɧɢɟ «ɮɚɡɨɜɵɦ ɡɚɩɚɡɞɵɜɚɧɢɟɦ» ɜ ɭɪɚɜɧɟɧɢɹɯ Ɇɚɤɫɜɟɥɥɚ. ɉɪɢ 
ɷɬɨɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɪɨɰɟɫɫɵ ɢ ɩɨɥɹ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɷɥɟɤɬɪɢɱɟɫɤɢɟ 
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ɢ ɦɚɝɧɢɬɧɵɟ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɟɡɚɜɢɫɢɦɨ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɡɞɟɥɹɸɬɫɹ ɢ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɩɭɬɢ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɩɨɦɟɯ ɜ ɷɥɟɤɬɪɨɧɧɵɟ ɫɯɟɦɵ. 
Ɉɬɞɟɥɶɧɨ ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɩɨɦɟɯɢ, ɩɪɨɧɢɤɚɸɳɢɟ ɜ ɫɢɝɧɚɥɶɧɵɟ ɰɟɩɢ ɩɨ 
ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɹɦ, ɨɬɞɟɥɶɧɨ – ɩɪɨɧɢɤɚɸɳɢɟ ɜ ɫɢɝɧɚɥɶɧɵɟ ɰɟɩɢ ɩɨ 
ɦɚɝɧɢɬɧɵɦ ɩɨɥɹɦ. ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɚɧɚɥɢɡ ɩɪɨɰɟɫɫɨɜ ɩɪɨɜɨɞɹɬ ɜ ɬɟɪɦɢɧɚɯ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɯɟɦ. 

Ⱦɥɹ ɱɢɫɥɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɤɚɤɨɣ-ɥɢɛɨ ɮɢɡɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɵ ɧɟɨɛɯɨɞɢɦɨ 
ɩɨɫɬɪɨɢɬɶ ɟɟ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɭɱɢɬɵɜɚɸɳɭɸ ɜɫɟ ɫɭɳɟɫɬɜɟɧɧɵɟ ɞɥɹ 
ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɨɫɨɛɟɧɧɨɫɬɢ ɪɟɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɧɟ ɢɞɟɧɬɢɱɧɚ ɨɛɴɟɤɬɭ, ɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɩɪɢɛɥɢɠɟɧɧɵɦ 
ɨɩɢɫɚɧɢɟɦ. ɉɨɷɬɨɦɭ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɨɜɚɧɢɣ ɤ ɬɨɱɧɨɫɬɢ ɢ 
ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ ɦɨɞɟɥɟɣ, ɨɧɚ ɦɨɠɟɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɭɸ ɫɥɨɠɧɨɫɬɶ ɢ 
ɬɪɟɛɨɜɚɬɶ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ. 

ɉɪɨɰɟɫɫ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɦɨɠɧɨ ɪɚɡɛɢɬɶ ɧɚ 
ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ – ɨɩɪɟɞɟɥɟɧɢɟ ɰɟɥɟɣ ɪɚɫɱɟɬɚ ɢ ɤɥɚɫɫɚ ɪɟɲɚɟɦɵɯ ɡɚɞɚɱ, 
ɨɩɪɟɞɟɥɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɝɨ ɨɛɴɟɦɚ ɜɯɨɞɧɨɣ ɢ ɜɵɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɚ 
ɬɚɤɠɟ ɞɨɩɭɫɬɢɦɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɲɟɧɢɹ. 

Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ – ɮɨɪɦɭɥɢɪɨɜɤɚ ɭɪɚɜɧɟɧɢɣ, ɧɚɱɚɥɶɧɵɯ ɢ 
ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɨɩɢɫɚɧɢɟ ɮɨɪɦɵ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɢ ɫɜɨɣɫɬɜ 
ɡɚɩɨɥɧɹɸɳɟɣ ɟɟ ɫɪɟɞɵ, ɜɵɛɨɪ ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɭɪɚɜɧɟɧɢɣ ɦɨɞɟɥɢ ɤ ɜɢɞɭ, ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɟɦɭ ɞɥɹ ɞɚɧɧɨɝɨ 

ɱɢɫɥɟɧɧɨɝɨ  ɦɟɬɨɞɚ, ɚɩɪɢɨɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ ɩɨɥɭɱɟɧɧɵɯ 
ɭɪɚɜɧɟɧɢɣ ɢ ɢɯ ɪɟɲɟɧɢɟ. 

Ⱦɢɫɤɪɟɬɢɡɚɰɢɹ ɦɨɞɟɥɢ – ɩɟɪɟɯɨɞ ɨɬ ɧɟɩɪɟɪɵɜɧɵɯ ɮɭɧɤɰɢɣ ɤ ɞɢɫɤɪɟɬɧɵɦ 
ɢ ɨɬ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɢ ɤ ɫɢɫɬɟɦɟ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ 

(ɋɅȺɍ), ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɫɦɵɫɥɟ ɩɪɢɛɥɢɠɚɸɳɟɣɫɹ ɤ ɢɫɯɨɞɧɵɦ 
ɭɪɚɜɧɟɧɢɹɦ. 

Ɋɟɲɟɧɢɟ ɩɨɥɭɱɟɧɧɨɣ ɋɅȺɍ ɫ ɡɚɞɚɧɧɨɣ ɬɨɱɧɨɫɬɶɸ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɜɚɠɧɭɸ 
ɪɨɥɶ ɢɝɪɚɟɬ ɜɵɛɨɪ ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ, ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɟɝɨ ɞɥɹ ɞɚɧɧɨɣ 
ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ. 

Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ – ɪɚɫɱɟɬ ɩɨɥɹ, ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɩɚɪɚɦɟɬɪɨɜ 
ɫɢɫɬɟɦɵ ɩɨ ɞɚɧɧɵɦ ɪɟɲɟɧɢɹ ɢ ɢɯ ɜɢɡɭɚɥɢɡɚɰɢɹ. ɑɚɫɬɨ ɧɚ ɷɬɨɦ ɷɬɚɩɟ 
ɩɪɢɯɨɞɢɬɫɹ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɨɬɤɥɢɤ ɫɢɫɬɟɦɵ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ 
ɱɚɫɬɨɬ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɟɲɟɧɢɹ ɜ ɨɬɞɟɥɶɧɵɯ ɬɨɱɤɚɯ ɷɬɨɝɨ ɞɢɚɩɚɡɨɧɚ. 

ɇɚ ɩɪɚɤɬɢɤɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɷɬɚɩɵ ɧɟ ɹɜɥɹɸɬɫɹ ɧɟɡɚɜɢɫɢɦɵɦɢ. Ɍɚɤ, 
ɧɚɩɪɢɦɟɪ, ɜɵɛɨɪ ɦɟɬɨɞɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɜɥɢɹɟɬ ɧɚ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɚɟɦɨɣ 
ɋɅȺɍ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɩɪɟɞɟɥɹɟɬ ɜɵɛɨɪ ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ ɷɬɨɣ ɫɢɫɬɟɦɵ. 
Ɉɬ ɩɪɟɞɵɞɭɳɢɯ ɷɬɚɩɨɜ ɡɚɜɢɫɹɬ ɢ ɫɩɨɫɨɛɵ ɜɵɱɢɫɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɢɫɬɟɦɵ. 

Ɉɞɧɨɣ  ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ  ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
ɹɜɥɹɟɬɫɹ ɩɨɝɪɟɲɧɨɫɬɶ ɩɨɥɭɱɚɟɦɵɯ ɫ ɟɟ ɩɨɦɨɳɶɸ ɪɟɡɭɥɶɬɚɬɨɜ. ɗɬɚ 
ɩɨɝɪɟɲɧɨɫɬɶ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɜɧɨɫɢɦɵɯ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ 
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ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɹɬɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɟɣ ɤ 
ɫɨɫɬɚɜɥɹɸɳɢɦ ɨɛɳɟɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɲɟɧɢɹ Ɉɬɧɨɫɹɬɫɹ : 

 ɇɟɭɫɬɪɚɧɢɦɚɹ ɩɨɝɪɟɲɧɨɫɬɶ, ɜɨɡɧɢɤɚɸɳɚɹ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɡɚ ɫɱɟɬ 
ɧɟɬɨɱɧɨɫɬɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɧɚɡɜɚɧɢɟ, ɷɬɚ 
ɩɨɝɪɟɲɧɨɫɬɶ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɪɚɧɟɧɚ ɧɚ ɩɨɫɥɟɞɭɸɳɢɯ ɷɬɚɩɚɯ, ɨɞɧɚɤɨ 
ɨɧɚ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɩɪɢ ɪɟɲɟɧɢɢ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ 
ɧɟɤɨɪɪɟɤɬɧɵɯ ɡɚɞɚɱ. 

 ɉɨɝɪɟɲɧɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɜɨɡɧɢɤɚɸɳɚɹ ɧɚ ɜɬɨɪɨɦ ɷɬɚɩɟ 

ɜɫɥɟɞɫɬɜɢɟ ɧɟɩɨɥɧɨɣ ɧɟɚɞɟɤɜɚɬɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦɨɣ ɦɨɞɟɥɢ ɪɟɚɥɶɧɨɦɭ 
ɮɢɡɢɱɟɫɤɨɦɭ ɨɛɴɟɤɬɭ ɢɥɢ ɩɪɨɰɟɫɫɭ. 

 ɉɨɝɪɟɲɧɨɫɬɶ ɦɟɬɨɞɚ, ɜɨɡɧɢɤɚɸɳɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɡɚɞɚɱɢ. 
ȼɵɱɢɫɥɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ, ɜɨɡɧɢɤɚɸɳɚɹ ɧɚ ɷɬɚ ɩɚɯ 4 ɢ 5 ɜ ɫɜɹɡɢ ɫ 
ɤɨɧɟɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ ɢ ɤɨɧɟɱɧɵɦ ɱɢɫɥɨɦ 
ɨɩɟɪɚɰɢɹɦɢ ɧɚɞ ɧɢɦɢ. 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ ɫɥɨɠɧɵɯ ɫɬɪɭɤɬɭɪ, ɧɚɩɪɢɦɟɪ 
ɩɨɥɨɫɤɨɜɵɯ, ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ ɋȼɑ ɢ ɩɪ. ɜɨɡɦɨɠɧɨ ɧɚ ɨɫɧɨɜɟ ɫɥɟɞɭɸɳɢɯ 
ɩɨɞɯɨɞɨɜ – ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɨɝɨ, ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɢ ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɝɨ, 
ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɵɯ ɩɪɢɦɟɧɹɸɬɫɹ ɱɢɫɥɟɧɧɵɟ, ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɦɟɬɨɞɵ. ɋɯɟɦɨɬɟɯɧɢɱɟɫɤɢɣ ɩɨɞɯɨɞ ɨɫɧɨɜɚɧ ɧɚ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ Ɍɋ, ɢɡɨɛɪɚɠɚɟɦɵɯ ɜ ɜɢɞɟ 
ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɫɯɟɦ, ɨɫɧɨɜɚɧɧɨɦ ɧɚ ɡɚɤɨɧɚɯ Ʉɢɪɯɝɨɮɚ. 
ɗɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɹɜɥɹɸɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ, 
ɩɨɡɜɨɥɹɸɬ ɪɟɲɚɬɶ ɡɚɞɚɱɢ ɫ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɟɣ, ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ ɤɨɦɩɶɸɬɟɪɚ ɢ ɨɛɴɟɦɭ ɟɝɨ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ 
ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɱɪɟɡɜɵɱɚɣɧɨ ɜɵɫɨɤɢɦɢ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɚɞɚɱɚ ɛɭɞɟɬ 
ɧɟɜɵɩɨɥɧɢɦɨɣ. 

ȼɫɟ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɚɧɚɥɢɡɚ ɷɥɟɦɟɧɬɨɜ Ɍɋ ɢ Ɍɋ ɜ 
ɰɟɥɨɦ ɨɫɧɨɜɚɧɵ ɧɚ ɩɨɢɫɤɟ ɭɪɚɜɧɟɧɢɣ Ɇɚɤɫɜɟɥɥɚ ɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɞɜɟ 
ɛɨɥɶɲɢɟ ɝɪɭɩɩɵ ɦɟɬɨɞɵ ɜ ɱɚɫɬɨɬɧɨɣ ɢ ɦɟɬɨɞɵ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɹɯ. (ɉɪɢ 
ɤɜɚɡɢɫɬɚɬɢɱɟɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɦɟɬɨɞɵ ɢɧɬɟɪɩɪɟɬɢɪɭɸɬɫɹ ɤɚɤ ɦɟɬɨɞɵ ɜ 
ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ɫ ɧɭɥɟɜɨɣ ɱɚɫɬɨɬɨɣ =0 ɢɥɢ ɤɚɤ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɜɨ 
ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɫ df/dt=0.  

Ɇɟɬɨɞɵ ɚɧɚɥɢɡɚ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɨɛɳɢɦɢ, 
ɩɨɡɜɨɥɹɸɳɢɦɢ ɭɱɟɫɬɶ ɩɪɨɢɡɜɨɥɶɧɭɸ ɮɨɪɦɭ ɜɨɡɞɟɣɫɬɜɭɸɳɟɝɨ ɫɢɝɧɚɥɚ ɢ 
ɧɟɥɢɧɟɣɧɨɫɬɶ ɫɪɟɞɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ. Ɉɞɧɚɤɨ, ɟɫɥɢ ɜ ɫɢɫɬɟɦɟ ɩɪɢɫɭɬɫɬɜɭɸɬ 
ɬɨɥɶɤɨ ɫɢɧɭɫɨɢɞɚɥɶɧɵɟ ɜɨɥɧɵ ɢ ɨɬɫɭɬɫɬɜɭɸɬ ɧɟɥɢɧɟɣɧɨɫɬɢ, ɱɬɨ ɛɵɜɚɟɬ 
ɞɨɫɬɚɬɨɱɧɨ ɱɚɫɬɨ ɧɚ ɩɪɚɤɬɢɤɟ, ɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫ ɩɨɦɨɳɶɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
Ɏɭɪɶɟ ɩɟɪɟɯɨɞɹɬ ɤ ɮɨɪɦɭɥɢɪɨɜɤɚɦ ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ. ɉɪɢ ɷɬɨɦ ɨɩɟɪɚɬɨɪ 
ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɩɨ ɜɪɟɦɟɧɢ d/dt ɡɚɦɟɧɹɬɫɹ ɧɚ j, ɚ ɨɩɟɪɚɬɨɪ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ  ɩɨ ɜɪɟɦɟɧɢ ɧɚ 1/j. ɗɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɫɥɨɠɧɨɫɬɶ 
ɦɨɞɟɥɢ, ɭɩɪɨɳɚɟɬ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ ɢ ɤɨɦɩɶɸɬɟɪɧɵɟ ɩɪɨɝɪɚɦɦɵ. 

Ʉɪɨɦɟ ɜɪɟɦɟɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɢɥɢ ɱɚɫɬɨɬɧɨɣ, ɜ ɭɪɚɜɧɟɧɢɹɯ Ɇɚɤɫɜɟɥɥɚ 
ɮɢɝɭɪɢɪɭɸɬ ɟɳɟ ɬɪɢ ɧɟɡɚɜɢɫɢɦɵɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɩɟɪɟɦɟɧɧɵɟ, ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɬɨɪɵɦ ɦɨɠɧɨ ɜɜɟɫɬɢ ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɛɚɡɨɜɵɯ ɷɥɟɦɟɧɬɨɜ, ɢɯ 
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ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɦɨɞɟɥɟɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ ɢ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɚ ɢɯ ɨɫɧɨɜɟ. 

ɇɭɥɶɦɟɪɧɵɟ ɷɥɟɦɟɧɬɵ (0D) – ɷɥɟɦɟɧɬɵ ɫ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ, ɬ.ɤ. ɢɯ ɪɚɡɦɟɪɵ ɩɨ ɜɫɟɦ ɬɪɟɦ ɤɨɨɪɞɢɧɚɬɚɦ ɧɚɦɧɨɝɨ ɦɟɧɶɲɟ 
ɞɥɢɧɵ ɜɨɥɧɵ (l</10). Ʉ ɧɢɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɟ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ (ɤɨɪɨɬɤɨɡɚɦɵɤɚɸɳɚɹ ɩɟɪɟɦɵɱɤɚ ɜ ɫɤɜɨɡɧɨɦ ɨɬɜɟɪɫɬɢɢ, 
ɨɬɤɪɵɬɵɣ ɤɨɧɟɰ ɩɨɥɨɫɤɨɜɨɝɨ ɪɟɡɨɧɚɬɨɪɚ), ɩɚɫɫɢɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ 
(ɤɨɧɞɟɧɫɚɬɨɪɵ, ɪɟɡɢɫɬɨɪɵ), ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɩɪɢɛɨɪɵ (ɞɢɨɞɵ, 
ɬɪɚɧɡɢɫɬɨɪɵ), ɤɨɬɨɪɵɟ ɦɨɞɟɥɢɪɭɸɬɫɹ ɤɚɤ «ɤɥɚɫɫɢɱɟɫɤɢɟ» ɰɟɩɢ ɫ  
ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. Ʉ ɋȺɉɊ ɬɚɤɢɯ ɷɥɟɦɟɧɬɨɜ ɦɨɠɧɨ ɨɬɧɟɫɬɢ, 
ɧɚɩɪɢɦɟɪ, PSpice. 

Ɉɞɧɨɦɟɪɧɵɟ ɷɥɟɦɟɧɬɵ (1D) – ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ, ɦɨɞɟɥɢɪɭɟɦɵɟ ɤɚɤ ɰɟɩɢ ɫ 
ɪɚɩɪɟɞɟɥɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. ɂɯ ɤɥɚɫɫɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɜɤɥɸɱɚɟɬ ɞɜɚ ɷɬɚɩɚ: 
ɧɚ ɩɟɪɜɨɦ ɢɡ ɪɟɲɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɣ ɞɜɭɯɦɟɪɧɨɣ ɡɚɞɚɱɢ (ɭɪɚɜɧɟɧɢɟ Ʌɚɩɥɚɫɚ 
ɢɥɢ ɉɭɚɫɫɨɧɚ) ɧɚɯɨɞɹɬɫɹ ɩɨɝɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɨɥɧɨɜɟɞɭɳɟɣ ɫɬɪɭɤɬɭɪɵ; ɧɚ 
ɜɬɨɪɨɦ ɷɬɚɩɟ ɩɨɝɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɬɟɥɟɝɪɚɮɧɵɯ 
ɭɪɚɜɧɟɧɢɣ, ɢɡ ɤɨɬɨɪɵɯ ɜ ɢɬɨɝɟ ɩɨɥɭɱɚɸɬɫɹ ɦɚɬɪɢɰɵ ɜɧɟɲɧɢɯ ɩɚɪɚɦɟɬɪɨɜ 
(ɧɚɩɪɢɦɟɪ, S-ɩɚɪɚɦɟɬɪɵ) ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ. Ɍɟɥɟɝɪɚɮɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɜ 
ɤɨɬɨɪɵɯ ɬɨɤɢ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢ ɡɚɜɢɫɹɬ ɬɨɥɶɤɨ ɨɬ ɨɞɧɨɝɨ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɢɡɦɟɪɟɧɢɹ, ɹɜɥɹɸɬɫɹ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ ɨɞɧɨɦɟɪɧɨɝɨ 
(1D) ɦɟɬɨɞɚ.  

Ⱦɜɭɯɦɟɪɧɵɟ ɷɥɟɦɟɧɬɵ (2D) – ɞɜɭɯɦɟɪɧɵɟ ɩɥɚɧɚɪɧɵɟ ɤɨɦɩɨɧɟɧɬɵ, 
ɩɪɨɬɹɠɟɧɧɵɟ ɩɨ ɞɜɭɦ ɤɨɨɪɞɢɧɚɬɚɦ ɢ ɞɨɫɬɚɬɨɱɧɨ «ɬɨɧɤɢɟ» ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ 
ɨɫɢ, ɜɞɨɥɶ ɤɨɬɨɪɨɣ ɭɤɥɚɞɵɜɚɟɬɫɹ ɦɟɧɟɟ ɱɟɦ ɨɞɧɚ ɞɟɫɹɬɚɹ ɱɚɫɬɶ ɪɚɛɨɱɟɣ 
ɞɥɢɧɵ ɜɨɥɧɵ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɭɯɦɟɪɧɵɟ (2D) ɦɟɬɨɞɵ, ɝɞɟ 
ɩɨɥɟ ɞɢɧɚɦɢɱɟɫɤɢ ɡɚɜɢɫɢɬ ɨɬ ɞɜɭɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɫɭɳɟɫɬɜɭɟɬ ɦɟɬɨɞ 2,5 D – ɷɬɨ 2D ɦɟɬɨɞ ɩɥɸɫ ɭɱɟɬ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ 
ɧɚɩɪɚɜɥɟɧɧɵɯ ɬɨɤɨɜ. Ɍɢɩɢɱɧɵɟ ɩɪɢɦɟɪɵ – ɞɢɫɤɨɜɵɟ ɦɢɤɪɨɩɨɥɨɫɤɨɜɵɟ 
ɪɟɡɨɧɚɬɨɪɵ, ɦɟɚɧɞɪɨɜɵɟ ɥɢɧɢɢ ɫ ɛɨɥɶɲɢɦ ɪɚɡɦɚɯɨɦ, ɩɥɚɫɬɢɧɱɚɬɵɟ (patch) 

ɚɧɬɟɧɧ, ɚ ɬɚɤɠɟ ɞɪɭɝɢɟ ɩɨɞɨɛɧɵɟ ɦɧɨɝɨɫɥɨɣɧɵɟ ɫɬɪɭɤɬɭɪɵ. Ɉɫɧɨɜɧɨɣ ɦɟɬɨɞ 
ɪɟɲɟɧɢɹ ɬɚɤɢɯ ɫɬɪɭɤɬɭɪ ɦɟɬɨɞ ɦɨɦɟɧɬɨɜ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɢ ɫɩɟɤɬɪɚɥɶɧɨɣ 
ɨɛɥɚɫɬɹɯ, ɚ ɬɚɤɠɟ ɦɟɬɨɞ ɥɢɧɢɣ. 

Ɍɪɟɯɦɟɪɧɵɟ ɷɥɟɦɟɧɬɵ (3D) – ɩɪɨɢɡɜɨɥɶɧɵɟ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɟ 
ɫɬɪɭɤɬɭɪɵ, ɩɪɨɬɹɠɟɧɧɵɟ ɩɨ ɜɫɟɦ ɤɨɨɪɞɢɧɚɬɚɦ. ɂɯ ɨɛɳɢɣ ɚɧɚɥɢɡ ɨɫɧɨɜɚɧ ɧɚ 
ɭɪɚɜɧɟɧɢɹɯ Ɇɚɤɫɜɟɥɥɚ. Ɍɪɟɯɦɟɪɧɵɟ ɦɟɬɨɞɵ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱ, ɜ ɤɨɬɨɪɵɯ ɩɨɥɟ ɞɢɧɚɦɢɱɟɫɤɢ ɡɚɜɢɫɢɬ ɨɬ ɬɪɟɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ 
ɢɡɦɟɪɟɧɢɣ. ɗɬɢ ɦɟɬɨɞɵ ɪɟɚɥɢɡɭɸɬ ɩɨɥɧɨɜɨɥɧɨɜɨɣ (full-wave) ɚɧɚɥɢɡ ɨɛɳɟɝɨ 
ɧɚɡɧɚɱɟɧɢɹ. ɇɚɢɛɨɥɟɟ ɪɚɡɜɢɬɵ 3D ɦɟɬɨɞɵ ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ: ɤɨɧɟɱɧɵɯ 
ɷɥɟɦɟɧɬɨɜ (ɆɄɗ, FEM), ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ (ɆɄɊ, FD) ɢ ɦɟɬɨɞ ɦɨɦɟɧɬɨɜ 
(ɆɨɆ). ɋɪɟɞɢ ɦɟɬɨɞɨɜ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɜɵɞɟɥɹɸɬɫɹ: ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ 
ɪɚɡɧɨɫɬɟɣ ɜɨɪ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ (ɆɄɊɈ, FDTD), ɤɨɧɟɱɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 
(FIT), ɦɟɬɨɞ ɦɚɬɪɢɰ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ (TLM).  
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1.2.2 Ɏɢɡɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

Ɏɢɡɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨ ɫɭɳɟɫɬɜɭ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɪɨɰɟɫɫ ɧɚɬɭɪ-

ɧɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɛɚɡɟ ɭɩɪɨɳɟɧɧɵɯ ɦɚɤɟɬɨɜ. Ⱥɥɝɨɪɢɬɦ ɩɪɨɰɟɫɫɚ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɢɯ ɷɬɚɩɚɯ. 

 ɗɆɈ – ɡɚɦɟɧɹɟɬɫɹ ɪɚɡɥɢɱɧɵɦɢ ɢɦɢɬɚɬɨɪɚɦɢ (ɞɢɩɨɥɢ ɢɥɢ ɢɧɵɟ 
ɢɫɬɨɱɧɢɤɢ ɩɨɥɹ) ɫ ɡɚɞɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 

 Ɍɋ – ɞɟɣɫɬɜɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɡɚɦɟɧɹɟɬɫɹ ɭɩɪɨɳɟɧɧɵɦ ɦɚɤɟɬɨɦ 

(ɱɚɫɬɶɸ Ɍɋ, ɟɝɨ ɭɡɥɨɜ, ɛɥɨɤɨɜ). 
 Ɋɟɡɭɥɶɬɚɬ ɢɡɦɟɪɟɧɢɹ (ɦɨɞɟɥɢɪɨɜɚɧɢɹ) ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɦɟɯɢ ɡɚɬɟɦ 

ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɢ ɭɬɨɱɧɹɟɬɫɹ. ɉɪɨɰɟɫɫ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬ 
ɩɭɬɶ «ɩɪɨɛ ɢ ɨɲɢɛɨɤ». Ɏɢɡɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɱɟɧɶ 

ɞɨɪɨɝɨɫɬɨɹɳɟɟ, ɚ ɩɨɥɭɱɚɟɦɵɟ ɪɟɡɭɥɶɬɚɬɵ ɧɟ ɜɫɟɝɞɚ ɚɞɟɤɜɚɬɧɵ ɬɟɦ, 
ɤɨɬɨɪɵɟ ɛɭɞɭɬ (ɢɥɢ ɦɨɝɭɬ ɛɵɬɶ) ɩɨɥɭɱɟɧɵ ɭɠɟ ɧɚ ɪɚɡɪɚɛɨɬɚɧɧɨɦ ɩɨ 
ɪɟɤɨɦɟɧɞɚɰɢɹɦ ɮɢɡɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɯɧɢɱɟɫɤɨɦ ɫɪɟɞɫɬɜɟ. 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɨɜɟɪɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ ɮɢɡɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ 
ɩɪɨɟɤɬɢɪɭɟɦɨɦɭ Ɍɋ (ɧɚɩɪɢɦɟɪ, ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɤɚɤɨɣ-ɥɢɛɨ ɧɨɜɨɣ 
ɫɢɫɬɟɦɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɷɥɟɤɬɪɨɧɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɧɚ ɛɚɡɟ 
ɡɚɤɨɧɱɟɧɧɵɯ ɛɥɨɤɨɜ ɢɥɢ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɢɡɞɟɥɢɣ ɗȺ (ɊɗȺ, ɗȼȺ 
ɢ ɬ. ɩ.)), ɬɨ ɟɫɬɶ ɜɟɪɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɗɆɋ, ɚɥɝɨɪɢɬɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɨɥɠɟɧ ɛɵɬɶ ɞɨɩɨɥɧɟɧ ɟɳё ɨɞɧɢɦ ɩɭɧɤɬɨɦ: 

 ɪɚɡɪɚɛɨɬɤɚ ɤɪɢɬɟɪɢɟɜ ɨɰɟɧɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦɵɯ 
ɪɚɡɪɚɛɨɬɱɢɤɨɦ ɮɢɡɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɪɟɚɥɶɧɨɦɭ ɨɛɴɟɤɬɭ ɜ ɪɚɡɥɢɱɧɵɯ 
ɫɢɬɭɚɰɢɹɯ. ȼ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɩɪɨɜɟɪɤɚ ɩɪɚɜɢɥɶɧɨɫɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɬɜɟɪɠɞɟɧɚ ɥɢɲɶ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɗȺ. 

ɋɯɟɦɚɬɢɱɧɨ ɩɪɨɰɟɫɫ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ Ɍɋ ɫ ɭɱɟɬɨɦ ɗɆɋ, ɧɚ ɩɪɢɦɟɪɟ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɫɪɟɞɫɬɜɚ, ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1.2. 

 
Ɋɢɫɭɧɨɤ 1.2 – ɉɪɨɰɟɫɫ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɧɧɨɝɨ ɫɪɟɞɫɬɜɚ ɫ ɭɱɟɬɨɦ ɗɆɋ 
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ȼ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɩɪɨɜɟɪɤɚ ɩɪɚɜɢɥɶɧɨɫɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɦɨɠɟɬ ɛɵɬɶ 
ɩɨɞɬɜɟɪɠɞɟɧɚ ɥɢɲɶ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ Ɍɋ. 

1.3 Ɇɟɬɨɞ ɦɨɦɟɧɬɨɜ 

ɇɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɪɚɡɜɢɬɢɹ ɛɵɬɨɜɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ 
ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ ɚɧɚɥɢɡɚ ɜɥɢɹɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɦɟɯ (ɗɆɉ), 

ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɧɚɪɭɲɟɧɢɸ ɪɚɛɨɬɵ ɭɫɬɪɨɣɫɬɜ. Ɉɞɧɨɣ ɢɡ ɫɚɦɵɯ 
ɚɤɬɭɚɥɶɧɵɯ ɞɥɹ ɗɆɋ ɹɜɥɹɟɬɫɹ ɩɪɨɛɥɟɦɚ ɧɟɢɫɤɚɠɟɧɧɨɣ ɩɟɪɟɞɚɱɢ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ. Ɉɧɚ ɨɫɨɛɟɧɧɨ ɨɛɨɫɬɪɹɟɬɫɹ ɫ ɪɨɫɬɨɦ ɩɥɨɬɧɨɫɬɢ 
ɦɨɧɬɚɠɚ ɢ ɦɟɠɤɨɧɬɚɤɬɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɪɚɡɜɟɬɜɥɟɧɧɵɯ ɢ ɩɪɨɢɡɜɨɥɶɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ. ɉɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɜ 
ɬɚɤɢɯ ɫɨɟɞɢɧɟɧɢɹɯ ɫɢɝɧɚɥɵ ɡɚɞɟɪɠɢɜɚɸɬɫɹ ɩɨ ɜɪɟɦɟɧɢ, ɨɬɪɚɠɚɸɬɫɹ ɨɬ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ, ɡɚɬɭɯɚɸɬ ɢɡ-ɡɚ ɩɨɬɟɪɶ, ɢɫɩɵɬɵɜɚɸɬ ɜɥɢɹɧɢɟ ɫɨɫɟɞɧɢɯ 
ɦɟɠɤɨɧɬɚɤɬɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. Ɉɞɧɚɤɨ ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ ɭɫɬɪɨɣɫɬɜ ɞɪɭɝ ɧɚ ɞɪɭɝɚ 
ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ, ɬ.ɤ. ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɧɟɫɤɨɥɶɤɨ 
ɭɪɨɜɧɟɣ: ɢɫɤɚɠɟɧɢɹ, ɜɨɫɩɪɢɧɢɦɚɟɦɵɟ ɧɚ ɭɪɨɜɧɟ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ ɢ ɧɚ ɭɪɨɜɧɟ 
ɛɥɨɤɨɜ ɜɧɭɬɪɢ ɩɪɢɛɨɪɚ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɗɆɋ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ 
ɜɨɡɧɢɤɚɸɬ ɩɪɨɛɥɟɦɵ ɞɨɪɨɝɨɜɢɡɧɵ ɧɟɤɨɬɨɪɵɯ ɤɨɦɩɨɧɟɧɬ ɭɫɬɪɨɣɫɬɜɚ, 
ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɩɨɫɥɟ ɧɚɯɨɠɞɟɧɢɹ ɨɲɢɛɨɤ ɜ ɭɠɟ 
ɝɨɬɨɜɨɦ ɭɫɬɪɨɣɫɬɜɟ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ ɮɢɧɚɧɫɨɜɵɯ 
ɡɚɬɪɚɬ ɩɪɢ ɫɨɡɞɚɧɢɢ ɭɫɬɪɨɣɫɬɜɚ, ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚ ɧɚɱɚɥɶɧɵɯ 
ɫɬɚɞɢɹɯ ɩɪɨɟɤɬɢɪɨɜɤɢ ɭɫɬɪɨɣɫɬɜɚ ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɗɆɋ ɭɠɟ ɝɨɬɨɜɨɣ 
ɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɩɪɨɝɪɚɦɦɧɨɦ ɭɪɨɜɧɟ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɡɜɨɥɢɬ ɜɵɹɜɢɬɶ 
ɜɨɡɦɨɠɧɵɟ ɨɲɢɛɤɢ ɫɨɡɞɚɧɢɹ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɧɚɱɚɥɶɧɵɯ ɷɬɚɩɚɯ ɢ 
ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɢɯ.  

ɋɩɟɤɬɪ ɡɚɞɚɱ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɫɬɨɹɳɢɣ ɩɟɪɟɞ 
ɪɚɞɢɨɢɧɠɟɧɟɪɚɦɢ ɜɟɫɶɦɚ ɲɢɪɨɤ, ɜ ɧɟɝɨ ɜɯɨɞɹɬ ɪɚɞɢɨɥɨɤɚɰɢɹ, ɫɜɹɡɶ, 
ɦɟɞɢɰɢɧɚ ɢ ɞɪ., (ɪɢɫ. 1.3). 

  
Ɋɢɫɭɧɨɤ 1.3 – ɋɩɟɤɬɪ ɡɚɞɚɱ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 

ɋ ɜɧɟɞɪɟɧɢɟɦ ɦɨɳɧɵɯ ɤɨɦɩɶɸɬɟɪɨɜ ɢ ɩɨɹɜɥɟɧɢɟɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ, ɩɨɹɜɢɥɫɹ ɰɟɥɵɣ 
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ɪɹɞ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɉɟɪɟɞ ɪɚɡɪɚɛɨɬɱɢɤɚɦɢ 
ɚɩɩɚɪɚɬɭɪɵ ɜɨɡɧɢɤɚɟɬ ɫɥɨɠɧɨɫɬɶ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɞɥɹ ɪɟɲɟɧɢɹ 
ɩɨɫɬɚɜɥɟɧɧɵɯ ɩɟɪɟɞ ɧɢɦɢ ɡɚɞɚɱ. Ɉɩɬɢɦɚɥɶɧɨɫɬɶ ɫɢɫɬɟɦɵ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ (ɋȺɉɊ) ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶɸ, ɛɵɫɬɪɨɞɟɣɫɬɜɢɟɦ, ɫɢɫɬɟɦɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ, ɰɟɧɨɣ ɢ 
ɞɪ. ɉɨɷɬɨɦɭ ɜɨɩɪɨɫ ɜɵɛɨɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɋȺɉɊ ɜɟɫɶɦɚ ɚɤɬɭɚɥɟɧ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ 
ɩɨɞɯɨɞɵ, ɤɨɬɨɪɵɟ ɫɜɨɞɹɬɫɹ ɤ ɚɧɚɥɢɬɢɱɟɫɤɨɦɭ ɢɥɢ ɱɢɫɥɟɧɧɨɦɭ ɪɟɲɟɧɢɸ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɧɬɟɝɪɚɥɶɧɵɯ ɢɥɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 

Ɇɚɤɫɜɟɥɥɚ ɜ ɱɚɫɬɨɬɧɨɣ ɢɥɢ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ. Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ 
ɬɨɱɧɵ, ɧɨ ɩɨɥɭɱɟɧɵ ɥɢɲɶ ɞɥɹ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɤɪɭɝɚ ɩɪɨɫɬɵɯ ɫɬɪɭɤɬɭɪ. 
ɑɢɫɥɟɧɧɵɟ ɪɟɲɟɧɢɹ ɩɪɢɛɥɢɠɟɧɧɵ, ɧɨ ɩɪɢɦɟɧɢɦɵ ɤ ɩɪɨɢɡɜɨɥɶɧɵɦ 
ɫɬɪɭɤɬɭɪɚɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɧɢ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶɫɹ ɫ ɡɚɞɚɧɧɨɣ ɬɨɱɧɨɫɬɶɸ, ɱɬɨ, 
ɩɪɢ ɭɱёɬɟ ɫɞɟɥɚɧɧɵɯ ɞɨɩɭɳɟɧɢɣ, ɜɩɨɥɧɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ. Ɉɞɢɧ ɢɡ ɫɚɦɵɯ ɢɡɜɟɫɬɧɵɯ ɢ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 
ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɜɵɱɢɫɥɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 
ɩɨɥɹ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɦɨɦɟɧɬɨɜ (ɆɨɆ).  

Ɇɟɬɨɞ ɦɨɦɟɧɬɨɜ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɦ ɦɟɬɨɞɨɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɡɚɞɚɱ ɗɆɋ. ȼ ɱɚɫɬɧɨɫɬɢ, ɨɧ ɭɞɨɛɟɧ ɞɥɹ 
ɜɧɟɲɧɢɯ ɡɚɞɚɱ (ɨɬɤɪɵɬɵɯ ɝɟɨɦɟɬɪɢɣ) ɢ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɪɚɡɥɢɱɧɵɯ ɥɢɧɟɣɧɵɯ 
ɢ ɨɞɧɨɪɨɞɧɵɯ ɫɪɟɞ. Ɇɟɬɨɞ ɦɨɦɟɧɬɨɜ ɨɱɟɧɶ ɩɨɞɯɨɞɢɬ ɞɥɹ ɝɢɛɪɢɞɢɡɚɰɢɢ ɫ 
ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɢ ɱɢɫɥɟɧɧɵɦɢ ɩɪɨɰɟɞɭɪɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ GTD/UTD 

(ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɞɢɮɪɚɤɰɢɢ/ɨɞɧɨɪɨɞɧɚɹ ɬɟɨɪɢɹ ɞɢɮɪɚɤɰɢɢ (ɈɌȾ)). 
ɉɪɢ ɨɛɴɟɞɢɧɟɧɢɢ ɫ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ, ɧɚɩɪɢɦɟɪ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɢɣ 
ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ, ɦɨɠɧɨ ɪɟɲɢɬɶ ɦɧɨɝɨ ɫɥɨɠɧɵɯ ɡɚɞɚɱ, ɧɚɩɪɢɦɟɪ ɬɨɱɧɨɟ ɢ 
ɧɚɞёɠɧɨɟ ɜɵɱɢɫɥɟɧɢɟ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɢɥɢ 
ɧɚɜɨɞɨɤ ɧɚ ɷɤɪɚɧɢɪɨɜɚɧɧɵɟ ɤɚɛɟɥɢ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ 
ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɢɥɢ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɦɟɬɨɞ ɦɨɦɟɧɬɨɜ 
ɬɪɟɛɭɟɬ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɫɟɬɤɨɣ ɧɟ ɨɛɴёɦɚ, ɚ ɬɨɥɶɤɨ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɷɬɨɦɭ 
ɡɚɬɪɚɬɵ ɧɚ ɷɬɭ ɩɪɨɰɟɞɭɪɭ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɵ. ȼ ɫɢɥɭ ɞɚɧɧɵɯ ɨɛɫɬɨɹɬɟɥɶɫɬɜ 
ɦɟɬɨɞ ɦɨɦɟɧɬɨɜ ɪɚɡɪɚɛɚɬɵɜɚɥɫɹ ɢ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɨɱɟɧɶ ɢɧɬɟɧɫɢɜɧɨ. Ⱦɚɥɟɟ 
ɤɪɚɬɤɨ ɪɚɫɫɦɨɬɪɟɧɵ ɢɫɬɨɪɢɹ ɢ ɨɛɳɚɹ ɬɟɨɪɢɹ ɦɟɬɨɞɚ ɦɨɦɟɧɬɨɜ. 

Ɍɪɭɞɧɨ ɫɤɚɡɚɬɶ ɬɨɱɧɨ, ɤɨɝɞɚ ɢɦɟɧɧɨ ɩɨɹɜɢɥɫɹ ɦɟɬɨɞ ɦɨɦɟɧɬɨɜ. 
ɑɢɫɥɟɧɧɵɟ ɢ ɜɚɪɢɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɭɯɨɞɹɬ ɟɳё ɤ ɜɪɟɦɟɧɚɦ Ɇɚɤɫɜɟɥɥɚ. 
Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɜɡɹɬɶ ɥɢɧɟɣɧɨɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɢ ɩɪɟɞɫɬɚɜɢɬɶ ɟɝɨ 
ɥɢɧɟɣɧɵɦ ɦɚɬɪɢɱɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɬɚɤɠɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɪɚ. Ƚɚɥɟɪɤɢɧ, 
ɪɭɫɫɤɢɣ ɢɧɠɟɧɟɪ-ɦɟɯɚɧɢɤ, ɪɚɡɪɚɛɨɬɚɥ ɫɜɨɣ ɦɟɬɨɞ ɩɪɢɦɟɪɧɨ ɜ 1915 ɝɨɞɭ, ɟɳё 
ɞɨ ɬɨɝɨ, ɤɚɤ Ƚɢɥɶɛɟɪɬ ɬɳɚɬɟɥɶɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɥ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɩɪɨɟɤɰɢɣ ɢɡ ɩɪɨɫɬɪɚɧɫɬɜɚ ɛɟɫɤɨɧɟɱɧɨɦɟɪɧɨɣ ɮɭɧɤɰɢɢ ɧɚ ɤɨɧɟɱɧɨɦɟɪɧɨɟ 
ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ. Ʉɜɚɧɬɨɜɚɹ ɦɟɯɚɧɢɤɚ, ɪɚɡɜɢɬɚɹ ɜ 20-ɯ ɝɨɞɚɯ XX ɜɟɤɚ, 
ɢɫɩɨɥɶɡɨɜɚɥɚ ɦɧɨɝɢɟ ɢɞɟɢ ɢɡ ɥɢɧɟɣɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜ ɢ ɢɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚ 
ɩɪɨɫɬɪɚɧɫɬɜɚ Ƚɢɥɶɛɟɪɬɚ. Ɉɞɧɚɤɨ, ɞɨ ɩɨɹɜɥɟɧɢɹ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɯ 
ɤɨɦɩɶɸɬɟɪɨɜ ɷɬɢ ɦɟɬɨɞɵ ɧɟ ɩɨɥɶɡɨɜɚɥɢɫɶ ɩɨɩɭɥɹɪɧɨɫɬɶɸ ɢɡ-ɡɚ 
ɭɬɨɦɢɬɟɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɬɪɟɛɭɟɦɵɯ ɞɥɹ ɢɯ ɩɪɢɦɟɧɟɧɢɹ. Ʉ ɧɢɦ ɱɚɫɬɨ 
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ɨɬɧɨɫɢɥɢɫɶ ɤɚɤ ɤ ɢɫɩɨɥɶɡɭɟɦɵɦ ɥɢɲɶ ɜ ɩɨɫɥɟɞɧɸɸ ɨɱɟɪɟɞɶ ɱɢɫɥɟɧɧɵɦ 
ɦɟɬɨɞɚɦ, ɤ ɤɨɬɨɪɵɦ ɨɛɪɚɳɚɥɢɫɶ, ɬɨɥɶɤɨ ɟɫɥɢ ɜɫё ɨɫɬɚɥɶɧɨɟ ɢɫɱɟɪɩɚɥɨ ɫɟɛɹ. 
ɇɨ ɨɧɢ ɧɟ ɛɨɥɟɟ ɱɢɫɥɟɧɧɵɟ, ɱɟɦ ɧɟɤɨɬɨɪɵɟ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ, ɚɧɚɥɢɬɢɱɟɫɤɢɟ 
ɦɟɬɨɞɵ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɟɫɥɢ ɝɪɚɦɨɬɧɨ ɩɪɢɦɟɧɹɸɬɫɹ. ɉɪɨɫɬɨ ɨɧɢ ɞɟɥɚɸɬ 
ɚɤɰɟɧɬ ɧɚ ɞɪɭɝɨɣ ɚɫɩɟɤɬ ɦɚɬɟɦɚɬɢɤɢ, ɚɫɩɟɤɬ ɥɢɧɟɣɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜ ɢ 
ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɩɪɨɟɤɰɢɣ. 

ɉɨɫɥɟ ɢɡɭɱɟɧɢɹ ɤɧɢɝɢ Ʉɚɧɬɨɪɨɜɢɱɚ ɢ Ʉɪɵɥɨɜɚ ɞɥɹ ɏɚɪɪɢɧɝɬɨɧɚ ɫɬɚɥɨ 
ɨɱɟɜɢɞɧɨ, ɱɬɨ ɦɟɬɨɞ Ƚɚɥɟɪɤɢɧɚ ɮɨɪɦɚɥɶɧɨ ɷɤɜɢɜɚɥɟɧɬɟɧ ɜɚɪɢɚɰɢɨɧɧɨɦɭ 
ɦɟɬɨɞɭ Ɋɷɥɟɹ-Ɋɢɬɰɚ. ɇɟ ɛɵɥɨ ɜɟɫɤɨɣ ɩɪɢɱɢɧɵ ɜɵɛɢɪɚɬɶ ɮɭɧɤɰɢɸ 
ɪɚɡɥɨɠɟɧɢɹ ɢ ɬɟɫɬɨɜɭɸ ɮɭɧɤɰɢɸ ɨɞɢɧɚɤɨɜɵɦɢ, ɤɚɤ ɞɟɥɚɥɨɫɶ ɢ ɜ ɦɟɬɨɞɟ 
Ƚɚɥɟɪɤɢɧɚ, ɢ ɜ ɜɚɪɢɚɰɢɨɧɧɨɦ ɦɟɬɨɞɟ Ɋɟɥɟɹ-Ɋɢɬɰɚ. Ʉɨɝɞɚ ɨɧɢ ɛɵɥɢ 
ɨɞɢɧɚɤɨɜɵɦɢ, ɥɟɝɱɟ ɛɵɥɨ ɞɨɤɚɡɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɬɟɨɪɟɦɵ, ɧɨ ɜɵɱɢɫɥɟɧɢɟ 
ɪɟɲɟɧɢɣ ɞɚɜɚɥɨɫɶ ɬɪɭɞɧɟɟ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɜɵɱɢɫɥɟɧɢɣ ɮɭɧɤɰɢɸ ɪɚɡɥɨɠɟɧɢɹ ɢ 
ɬɟɫɬɨɜɭɸ ɮɭɧɤɰɢɸ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɪɚɡɧɵɦɢ ɢ, ɩɨ-ɩɪɟɠɧɟɦɭ, ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ 
ɪɟɲɟɧɢɟ ɫɬɚɰɢɨɧɚɪɧɨ.  

Ʉɨɝɞɚ ɫɬɚɥ ɜɨɩɪɨɫ, ɤɚɤ ɧɚɡɜɚɬɶ ɷɬɨɬ ɨɛɳɢɣ ɦɟɬɨɞ, ɏɚɪɪɢɧɝɬɨɧ, ɩɨɧɢɦɚɹ, 
ɱɬɨ ɞɪɭɝɢɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɟɝɨ ɜ ɩɪɨɲɥɨɦ, ɧɟ ɫɬɚɥ ɜɜɨɞɢɬɶ ɧɨɜɵɣ ɬɟɪɦɢɧ. 
ɉɨɫɥɟ ɩɨɢɫɤɚ ɥɢɬɟɪɚɬɭɪɵ, ɨɧ ɪɟɲɢɥ, ɱɬɨ ɫɚɦɵɦ ɛɥɢɡɤɢɦ ɚɧɚɥɨɝɨɦ ɬɨɝɨ, ɱɬɨ 
ɨɧ ɢɫɩɨɥɶɡɨɜɚɥ, ɛɵɥɨ ɢɡɥɨɠɟɧɢɟ, ɞɚɧɧɨɟ Ʉɚɧɬɨɪɨɜɢɱɟɦ ɢ Ⱥɤɢɥɨɜɵɦ. Ɉɧɢ 
ɧɚɡɜɚɥɢ ɷɬɨ «ɦɟɬɨɞ ɦɨɦɟɧɬɨɜ», ɢ ɢɦɟɧɧɨ ɬɚɤ ɏɚɪɪɢɧɝɬɨɧ ɧɚɡɜɚɥ ɦɟɬɨɞ, 
ɩɪɢɦɟɧёɧɧɵɣ ɢɦ ɤ ɪɚɡɥɢɱɧɵɦ ɡɚɞɚɱɚɦ. ɋ ɬɟɯ ɩɨɪ, ɨɛɳɢɣ ɦɟɬɨɞ ɦɨɦɟɧɬɨɜ 
ɜɨɲɟɥ ɜ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɷɥɟɤɬɪɨɞɢɧɚɦɢɤɢ ɢ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ. 

Ɋɚɫɫɦɨɬɪɢɦ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ: 
Lf=g (1.1) 

ɝɞɟ L – ɥɢɧɟɣɧɵɣ ɨɩɟɪɚɬɨɪ, g – ɢɡɜɟɫɬɧɚɹ ɮɭɧɤɰɢɹ, ɚ f – ɢɫɤɨɦɚɹ ɧɟɢɡɜɟɫɬɧɚɹ 
ɮɭɧɤɰɢɹ. ɉɭɫɬɶ f ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɫɢɫɬɟɦɨɣ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ 

{f1, f2, f3, ... } ɜ ɨɛɥɚɫɬɢ L ɤɚɤ ɥɢɧɟɣɧɚɹ ɤɨɦɛɢɧɚɰɢɹ 


j

jj ff  , (1.2) 

ɝɞɟ j – ɢɫɤɨɦɵɟ ɫɤɚɥɹɪɵ. Ⱦɥɹ ɩɪɢɛɥɢɠёɧɧɵɯ ɪɟɲɟɧɢɣ (1.2) ɹɜɥɹɟɬɫɹ 
ɤɨɧɟɱɧɨɣ ɫɭɦɦɨɣ, ɚ ɞɥɹ ɬɨɱɧɵɯ – ɨɛɵɱɧɨ ɛɟɫɤɨɧɟɱɧɨɣ. ɉɨɞɫɬɚɜɥɹɹ (1.2) ɜ 
(1.1) ɢ ɢɫɩɨɥɶɡɭɹ ɥɢɧɟɣɧɨɫɬɶ L, ɦɵ ɢɦɟɟɦ 

gf 
j

jjL , (1.3) 

ɝɞɟ ɪɚɜɟɧɫɬɜɨ ɹɜɥɹɟɬɫɹ ɨɛɵɱɧɨ ɩɪɢɛɥɢɠёɧɧɵɦ. Ɍɟɩɟɪɶ ɡɚɞɚɞɢɦ ɧɚɛɨɪ 
ɬɟɫɬɨɜɵɯ ɢɥɢ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ {w1, w2, w3, ... } ɜ ɨɛɥɚɫɬɢ L. ȼɨɡɶɦёɦ 
ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ (ɨɛɵɱɧɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ) (1.3) ɫ ɤɚɠɞɵɦ wi ɢ 
ɢɫɩɨɥɶɡɭɟɦ ɥɢɧɟɣɧɨɫɬɶ ɷɬɨɝɨ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

>g,w<>f,w<
j

ijij  L , i=1, 2, 3, ... . (1.4) 

ɗɬɭ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ ɤɚɤ 

g][ l , (1.5) 

ɝɞɟ [l] ɹɜɥɹɟɬɫɹ ɦɚɬɪɢɰɟɣ 
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]>f,w<[][ jil L , (1.6) 

ɚ   ɢ g  ɹɜɥɹɸɬɫɹ ɜɟɤɬɨɪɚɦɢ-ɫɬɨɥɛɰɚɦɢ 

][ j ; (1.7) 

]>g,w<[g i . (1.8) 

ȿɫɥɢ [l] ɧɟɫɢɧɝɭɥɹɪɧɚ, ɬɨ ɫɭɳɟɫɬɜɭɟɬ ɟё ɢɧɜɟɪɫɢɹ, ɢ   ɧɚɯɨɞɢɬɫɹ ɤɚɤ 

g][ 1 l . (1.9) 

Ɋɟɲɟɧɢɟ ɞɥɹ f ɬɟɩɟɪɶ ɞɚёɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ (1.2). Ⱦɥɹ ɤɪɚɬɤɨɝɨ 
ɨɛɨɡɧɚɱɟɧɢɹ ɡɚɞɚɞɢɦ ɜɟɤɬɨɪ-ɫɬɪɨɤɭ ɮɭɧɤɰɢɣ 

][ff
~

j . (1.10) 

Ɂɚɩɢɫɚɜ (1.2) ɤɚɤ  f
~

f  ɢ ɩɨɞɫɬɚɜɢɜ  ɢɡ (1.9), ɩɨɥɭɱɢɦ ɪɟɲɟɧɢɟ 

g][f
~

f 1 l , (1.11) 

ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɛɥɢɠёɧɧɵɦ ɢɥɢ ɬɨɱɧɵɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɵɛɨɪɚ ɮɭɧɤɰɢɣ ɪɚɡɥɨɠɟɧɢɹ ɢ ɬɟɫɬɨɜɵɯ ɮɭɧɤɰɢɣ. 

Ⱦɥɹ ɥɸɛɨɝɨ ɱɢɫɥɟɧɧɨɝɨ ɦɟɬɨɞɚ ɜɚɠɧɨ ɜɵɹɫɧɢɬɶ ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɟɝɨ ɫɯɨɞɢɦɨɫɬɶɸ, ɫɤɨɪɨɫɬɶɸ ɫɯɨɞɢɦɨɫɬɢ ɢ ɬɨɱɧɨɫɬɶɸ, ɤɨɬɨɪɵɟ ɞɥɹ ɦɟɬɨɞɚ 
ɦɨɦɟɧɬɨɜ ɡɚɜɢɫɹɬ ɨɬ ɨɩɟɪɚɬɨɪɚ L, ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ fi, ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ wi 

(i=1,2,…N) ɢ ɢɯ ɱɢɫɥɚ N. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɥɨɠɟɧɢɹ ɦɟɬɨɞɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɚ ɫ 
ɡɚɞɚɧɧɨɣ ɬɨɱɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɜ ɤɨɧɟɱɧɨɦ ɫɱёɬɟ, ɡɚɬɪɚɬɚɦɢ ɜɪɟɦɟɧɢ ɢ 
ɩɚɦɹɬɢ ɤɨɦɩɶɸɬɟɪɚ. ȿɫɥɢ ɩɨɤɚ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɡɚɞɚɱɭ ɫɢɧɬɟɡɚ, ɚ 
ɨɝɪɚɧɢɱɢɬɶɫɹ ɡɚɞɚɱɟɣ ɨɞɧɨɜɚɪɢɚɧɬɧɨɝɨ ɚɧɚɥɢɡɚ, ɬɨ ɞɥɹ ɦɟɬɨɞɚ ɦɨɦɟɧɬɨɜ 
ɪɟɲɟɧɢɟ ɫɜɨɞɢɬɫɹ ɤ ɫɥɟɞɭɸɳɢɦ ɲɚɝɚɦ: 

 ɩɨɥɭɱɟɧɢɟ ɢɡ ɭɪɚɜɧɟɧɢɣ Ɇɚɤɫɜɟɥɥɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɫɬɪɭɤɬɭɪɵ; 

 ɞɢɫɤɪɟɬɢɡɚɰɢɹ ɫɬɪɭɤɬɭɪɵ (ɪɚɡɛɢɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɧɚ N ɩɨɞɨɛɥɚɫɬɟɣ, ɜ 
ɤɚɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ ɢɫɤɨɦɚɹ ɮɭɧɤɰɢɹ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫɹ ɛɚɡɢɫɧɵɦɢ 
ɮɭɧɤɰɢɹɦɢ); 

 ɜɵɱɢɫɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɦɚɬɪɢɰɵ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ 
ɭɪɚɜɧɟɧɢɣ (ɋɅȺɍ) ɪɚɡɦɟɪɨɦ N*N; 

 ɜɵɱɢɫɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜɟɤɬɨɪɚ ɜɨɡɞɟɣɫɬɜɢɣ ɪɚɡɦɟɪɨɦ N; 

 ɪɟɲɟɧɢɟ ɋɅȺɍ; 
 ɜɵɱɢɫɥɟɧɢɟ ɬɪɟɛɭɟɦɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡ ɜɟɤɬɨɪɚ ɪɟɲɟɧɢɹ ɋɅȺɍ. 

Ɇɟɬɨɞ ɦɨɦɟɧɬɨɜ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ ɪɟɲɟɧɢɹ 
ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɡɚɞɚɱɢ. Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ ɚɧɚɥɢɡɢɪɭɟɦɨɣ 
ɫɬɪɭɤɬɭɪɵ ɡɚɦɟɧɹɸɬɫɹ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ 
ɬɨɤɚɦɢ. Ɂɚɬɟɦ ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɜɨɡɛɭɠɞɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɞɚɧɧɵɦɢ 
ɬɨɤɚɦɢ. ɉɪɢ ɷɬɨɦ ɫɪɟɞɚ ɦɨɠɟɬ ɛɵɬɶ ɫɥɨɠɧɨɣ, ɬ.ɟ. ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ ɦɚɝɧɢɬɨ-

ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɥɨɢ. 
Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɜɨɡɛɭɠɞɟɧɢɹ ɫɪɟɞɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɚɩɩɚɪɚɬɚ ɬɟɧɡɨɪɧɵɯ ɮɭɧɤɰɢɣ Ƚɪɢɧɚ. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɡɚɞɚɱɚ ɜɨɡɛɭɠɞɟɧɢɹ 
ɪɟɲɟɧɚ, ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɧɚɣɞɟɧɨ, ɧɚ ɧɟɝɨ ɧɚɤɥɚɞɵɜɚɸɬɫɹ ɝɪɚɧɢɱɧɵɟ 
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ɭɫɥɨɜɢɹ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɚɯ. ɉɨɫɥɟɞɧɟɟ ɭɫɥɨɜɢɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɬɨɤɨɜ. ȼɚɠɧɵɦ ɦɨɦɟɧɬɨɦ ɪɟɲɟɧɢɹ ɹɜɥɹɟɬɫɹ 
ɪɚɡɛɢɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɧɚ ɷɥɟɦɟɧɬɚɪɧɵɟ ɩɥɨɳɚɞɤɢ ɢ ɚɩɩɪɨɤɫɢɦɚɰɢɹ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɜ ɩɪɟɞɟɥɚɯ ɩɥɨɳɚɞɤɢ. ɉɪɢɦɟɪ ɪɚɡɛɢɟɧɢɹ ɩɪɢɜɟɞɟɧ ɧɚ 
ɪɢɫ. 1.4. 

 
Ɋɢɫɭɧɨɤ 1.4 – ɉɨɜɟɪɯɧɨɫɬɶ, ɪɚɡɛɢɬɚɹ ɧɚ ɷɥɟɦɟɧɬɚɪɧɵɟ ɩɥɨɳɚɞɤɢ 

ɑɚɳɟ ɜɫɟɝɨ ɞɥɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɬɨɤɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɨɫɬɨɹɧɧɵɟ, 
ɥɢɧɟɣɧɵɟ ɢ ɬɪɟɭɝɨɥɶɧɵɟ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɛɚɡɢɫɧɵɦɢ 
ɮɭɧɤɰɢɹɦɢ. Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɜ ɆɨɆ 
ɜɵɩɨɥɧɹɸɬɫɹ ɩɪɢɛɥɢɠɟɧɧɨ, ɚ ɢɦɟɧɧɨ ɜ ɧɟɫɤɨɥɶɤɢɯ ɬɨɱɤɚɯ ɜ ɩɪɟɞɟɥɚɯ 
ɤɚɠɞɨɣ ɷɥɟɦɟɧɬɚɪɧɨɣ ɩɥɨɳɚɞɤɢ (ɫɬɪɨɝɨ ɝɨɜɨɪɹ, ɷɬɢ ɭɫɥɨɜɢɹ ɞɨɥɠɧɵ 
ɜɵɩɨɥɧɹɬɶɫɹ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɜ 
ɞɢɫɤɪɟɬɧɵɯ ɬɨɱɤɚɯ ɩɨɥɭɱɚɟɬɫɹ ɋɅȺɍ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɢ 
ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɹɯ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɫɦɵɫɥ ɚɦɩɥɢɬɭɞ ɬɨɤɨɜ, ɬɟɤɭɳɢɯ ɜ 
ɩɪɟɞɟɥɚɯ ɷɥɟɦɟɧɬɚɪɧɨɣ ɩɥɨɳɚɞɤɢ. Ⱦɚɧɧɚɹ ɋɅȺɍ ɪɟɲɚɟɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫ 
ɩɨɦɨɳɶɸ ɢɡɜɟɫɬɧɨɝɨ ɦɟɬɨɞɚ ɢɫɤɥɸɱɟɧɢɹ Ƚɚɭɫɫɚ ɢɥɢ ɢɬɟɪɚɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ. 

ȼ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɚɯ ɷɥɟɦɟɧɬɚɪɧɚɹ ɩɥɨɳɚɞɤɚ ɢɦɟɟɬ ɬɪɟɭɝɨɥɶɧɭɸ 

(FEKO, EMC Studio) ɢɥɢ ɜ ɫɥɭɱɚɟ ɫ CONCEPT-II ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɢ 
ɬɪɟɭɝɨɥɶɧɭɸ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɬɶ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɢɫɤɪɢɜɥɟɧɧɵɟ 
ɩɨɜɟɪɯɧɨɫɬɢ. Ɍɨɱɧɨɫɬɶ ɆoɆ ɬɟɦ ɜɵɲɟ, ɱɟɦ ɦɟɧɶɲɟ ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɚɪɧɨɣ 
ɩɥɨɳɚɞɤɢ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɢɟɦɥɟɦɨɣ ɬɨɱɧɨɫɬɢ ɪɚɡɦɟɪ 
ɩɥɨɳɚɞɤɢ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ /10, ɝɞɟ  – ɞɥɢɧɚ ɜɨɥɧɵ ɜ ɫɜɨɛɨɞɧɨɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ. Ʉɨɥɢɱɟɫɬɜɨ ɭɪɚɜɧɟɧɢɣ ɜ ɋɅȺɍ ɪɚɜɧɨ ɱɢɫɥɭ ɷɥɟɦɟɧɬɚɪɧɵɯ 
ɩɥɨɳɚɞɨɤ N, ɤɨɬɨɪɨɟ ɧɟɢɡɛɟɠɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɦɟɪɨɜ 
ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɢɥɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɱɚɫɬɨɬɵ. ɉɨɷɬɨɦɭ ɥɟɝɤɨ 
ɭɜɢɞɟɬɶ, ɱɬɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɬɢɩɚ ɪɚɫɫɟɹɧɢɹ ɪɚɞɢɨɜɨɥɧ ɧɚ 
ɚɜɬɨɦɨɛɢɥɟ ɫ ɩɨɦɨɳɶɸ ɆoɆ ɩɨɬɪɟɛɭɟɬ ɪɟɲɟɧɢɹ ɋɅȺɍ ɨɝɪɨɦɧɨɣ 
ɪɚɡɦɟɪɧɨɫɬɢ. ɇɚ ɩɪɚɤɬɢɤɟ ɨɧɨ ɩɪɨɫɬɨ ɧɟɜɨɡɦɨɠɧɨ ɢɡ-ɡɚ ɨɝɪɚɧɢɱɟɧɧɨɣ 
ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ ɗȼɆ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɢɫɫɥɟɞɨɜɚɬɶ ɫɪɟɞɫɬɜɚ 
ɭɥɭɱɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɹɦɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɡɚɞɚɱ ɜɨɨɛɳɟ, ɢ MoM ɜ ɱɚɫɬɧɨɫɬɢ, ɬɚɤ, ɱɬɨɛɵ ɬɢɩɢɱɧɵɟ ɩɪɨɛɥɟɦɵ ɗMC 
ɦɨɝɥɢ ɦɨɞɟɥɢɪɨɜɚɬɶɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɚɥɢɫɬɢɱɧɵɯ ɤɨɦɩɶɸɬɟɪɧɵɯ 
ɪɟɫɭɪɫɨɜ. 
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1.4 Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɦɨɞɟɥɟɣ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɜɪɟɦɟɧɧɨɝɨ 
ɨɬɤɥɢɤɚ ɩɪɨɢɡɜɨɥɶɧɵɯ ɫɯɟɦ ɦɧɨɝɨɩɪɨɜɨɞɧɵɯ ɦɟɠɫɨɟɞɢɧɟɧɢɣ 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɤɨɬɨɪɵɟ 
ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɚɧɚɥɢɡɚ ɦɧɨɝɨɩɪɨɜɨɞɧɵɯ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ, ɢ ɩɪɢɜɟɞɟɧɵ 
ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɬɪɟɯ ɦɨɞɟɥɟɣ ɩɨ ɜɵɱɢɫɥɟɧɢɸ ɜɪɟɦɟɧɧɨɝɨ ɨɬɤɥɢɤɚ ɜ 
ɦɧɨɝɨɩɪɨɜɨɞɧɵɯ ɥɢɧɢɹɯ ɩɟɪɟɞɚɱɢ. ɇɚ ɪɢɫ. 1.5ɚ ɩɨɤɚɡɚɧ ɨɬɪɟɡɨɤ 
ɦɧɨɝɨɩɪɨɜɨɞɧɨɣ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ ɫ N ɫɢɝɧɚɥɶɧɵɦɢ ɩɪɨɜɨɞɧɢɤɚɦɢ ɢ 
ɡɟɦɥɹɧɵɦ (ɨɩɨɪɧɵɦ) ɩɪɨɜɨɞɧɢɤɨɦ, ɝɞɟ x – ɪɚɫɫɬɨɹɧɢɟ ɜɞɨɥɶ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ 

(x=0 ɜ ɧɚɱɚɥɟ ɥɢɧɢɢ ɢ x=l ɜ ɤɨɧɰɟ ɥɢɧɢɢ). (ɉɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɡɟɦɥɹ ɧɚɯɨɞɢɬɫɹ 
ɩɨɞ ɧɭɥɟɜɵɦ ɩɨɬɟɧɰɢɚɥɨɦ ɞɥɹ ɜɫɟɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɦɧɨɝɨɩɪɨɜɨɞɧɵɯ 
ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ). Ʌɢɧɢɹ ɩɟɪɟɞɚɱɢ ɪɟɝɭɥɹɪɧɚ ɩɨ ɞɥɢɧɟ ɩɪɢ ɩɪɨɢɡɜɨɥɶɧɨɦ 
ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ.  

x=0 x x=l 

iN(0, t) 

vN(0, t) 

i2(0, t) 

v2(0, t) 

i1(0, t) 

v1(0, t) 

i1(l, t) 

v1(l, t) 

i2(l, t) 

v2(l, t) 

iN(l, t) 

vN(l, t) 

ɚ 

v1(x, t) 

R11 L11 

Gm Cm 

R22 L22 

Lm 

i1(x, t) 

v2(x, t) 

i2(x, t) 

i1(x+∆x, t) 

∆x 

G22 C22 

G11 C11 

Rm 

i1(x, t)+i2(x, t) 

i2(x+∆x, t) 

v1(x+∆x, t) 

v2(x+∆x, t) 

ɛ 

Ɋɢɫɭɧɨɤ 1.5 – Ɉɬɪɟɡɨɤ N-ɩɪɨɜɨɞɧɨɣ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ (ɚ) ɢ ɷɤɜɢɜɚɥɟɧɬɧɚɹ 
ɫɯɟɦɚ ɞɥɹ ɷɥɟɦɟɧɬɚ ɞɥɢɧɵ ɞɜɭɯɩɪɨɜɨɞɧɨɣ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ (ɛ) 

ȼ ɦɟɠɫɨɟɞɢɧɟɧɢɹɯ ɫ ɧɟɨɞɧɨɪɨɞɧɵɦ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɦ ɡɚɩɨɥɧɟɧɢɟɦ, ɚ 
ɬɚɤɠɟ ɩɪɢ ɭɱɟɬɟ ɜɥɢɹɧɢɹ ɩɨɬɟɪɶ ɢ ɢɯ ɱɚɫɬɨɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ, ɫɱɢɬɚɟɬɫɹ, ɱɬɨ 
ɜɞɨɥɶ ɥɢɧɢɢ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɫɦɟɲɚɧɧɵɟ ɢɥɢ ɝɢɛɪɢɞɧɵɟ ɜɨɥɧɵ (ɬ.ɟ. ɜɨɥɧɵ, 
ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɟɤɨɬɨɪɭɸ ɤɨɦɛɢɧɚɰɢɸ Ɍȿ- ɢ ɌɆ-ɜɨɥɧ). 
Ɉɞɧɚɤɨ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɚɡɦɟɪɚɯ ɥɢɧɢɢ (ɬ.ɟ. ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɵɯ 
ɩɨɩɟɪɟɱɧɵɯ ɪɚɡɦɟɪɚɯ, ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɯ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɞɥɹ 
ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɢɧɬɟɪɟɫ ɫɨɫɬɚɜɥɹɸɳɟɣ ɧɚɢɜɵɫɲɟɣ ɱɚɫɬɨɬɵ) ɩɪɨɞɨɥɶɧɵɟ 
ɫɨɫɬɚɜɥɹɸɳɢɟ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɛɭɞɭɬ ɦɧɨɝɨ ɦɟɧɶɲɟ ɩɨɩɟɪɟɱɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ. Ɍɚɤɢɟ ɝɢɛɪɢɞɧɵɟ ɜɨɥɧɵ ɦɨɠɧɨ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɌȿɆ-

ɜɨɥɧɚɦɢ, ɤɨɬɨɪɵɟ ɞɥɹ ɛɨɥɶɲɟɣ ɬɨɱɧɨɫɬɢ ɫɥɟɞɭɟɬ ɧɚɡɵɜɚɬɶ ɤɜɚɡɢ-ɌȿɆ 
ɜɨɥɧɚɦɢ. ɉɨɷɬɨɦɭ ɞɚɥɟɟ ɜɫɟɝɞɚ ɛɭɞɟɬ ɫɱɢɬɚɬɶɫɹ, ɱɬɨ ɜ ɦɟɠɫɨɟɞɢɧɟɧɢɢ 
ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɤɜɚɡɢ-ɌȿɆ ɜɨɥɧɵ. ɉɪɢɦɟɪ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ c 
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ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɞɥɹ ɷɥɟɦɟɧɬɚ ɞɥɢɧɵ ɞɜɭɯɩɪɨɜɨɞɧɨɣ ɥɢɧɢɢ 
ɩɟɪɟɞɚɱɢ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 1.5ɛ. 

Ɉɛɨɡɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ: ɫɨɛɫɬɜɟɧɧɵɟ (L11, L22) ɢ 
ɜɡɚɢɦɧɚɹ (Lm) ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɩɪɨɜɨɞɧɢɤɨɜ ɫɬɪɭɤɬɭɪɵ; ɫɨɛɫɬɜɟɧɧɵɟ (ɋ11, ɋ22) 

ɢ ɜɡɚɢɦɧɚɹ (ɋm) ɟɦɤɨɫɬɢ; ɫɨɛɫɬɜɟɧɧɵɟ (G11, G22) ɢ ɜɡɚɢɦɧɚɹ (Gm) 

ɩɪɨɜɨɞɢɦɨɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɩɨɬɟɪɹɦɢ ɜ ɞɢɷɥɟɤɬɪɢɤɚɯ; ɫɨɛɫɬɜɟɧɧɵɟ (R11, 

R22) ɢ ɜɡɚɢɦɧɨɟ (Rm) ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɩɨɬɟɪɹɦɢ ɜ ɩɪɨɜɨɞɧɢɤɚɯ. 
(ȼɡɚɢɦɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɜɥɢɹɧɢɟɦ ɤɨɧɟɱɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ 
ɡɟɦɥɹɧɨɝɨ (ɨɩɨɪɧɨɝɨ) ɩɪɨɜɨɞɧɢɤɚ, ɚ ɬɚɤɠɟ ɜɢɯɪɟɜɵɯ ɬɨɤɨɜ, ɧɚɜɨɞɢɦɵɯ ɜ 
ɨɞɧɨɦ ɫɢɝɧɚɥɶɧɨɦ ɩɪɨɜɨɞɧɢɤɟ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɬɨɤɚ ɜ ɞɪɭɝɨɦ.)  

1.4.1 Ɋɟɲɟɧɢɟ ɜɨɥɧɨɜɵɯ ɭɪɚɜɧɟɧɢɣ 

ɋɨɝɥɚɫɧɨ ɬɟɨɪɢɢ ɰɟɩɟɣ, ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɢ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ ɩɪɢ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɌȿɆ-ɜɨɥɧ ɫɜɹɡɚɧɵ ɬɟɥɟɝɪɚɮɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ: 

I ZV 
dx

d
, (1.12) 

YVI 
dx

d
, (1.13) 

ɝɞɟ I ɢ V – ɦɚɬɪɢɰɵ-ɫɬɨɥɛɰɵ ɪɚɡɦɟɪɚ N1 ɧɚɩɪɹɠɟɧɢɣ ɢ ɬɨɤɨɜ ɜ ɥɢɧɢɹɯ, 
Z=R+jωL, (1.14) 

Y=G+jωC, (1.15) 

ɝɞɟ j – ɦɧɢɦɚɹ ɟɞɢɧɢɰɚ, ω – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ, C – ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɚ NN 

ɩɨɝɨɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɢ, L – ɦɚɬɪɢɰɚ 
ɪɚɡɦɟɪɚ NN ɩɨɝɨɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ, G – 

ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɚ NN ɩɨɝɨɧɧɵɯ ɩɪɨɜɨɞɢɦɨɫɬɟɣ, R – ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɚ NN 

ɩɨɝɨɧɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ. ɂɡ ɬɟɥɟɝɪɚɮɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɨɥɭɱɚɟɦ ɜɨɥɧɨɜɨɟ 
ɭɪɚɜɧɟɧɢɟ 

VZYV )(
2

2


dx

d
; 0< x < l. (1.16) 

ȿɝɨ ɪɟɲɟɧɢɟ ɢɳɟɬɫɹ ɜ ɜɢɞɟ 

V
m
(x)= V0

m
exp(±γmx), I

m
(x)= I0

m
exp(±γmx), m=1, …, N. (1.17) 

Ɂɧɚɤ ɦɢɧɭɫ ɜ (1.17) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɨɞɟ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ ɜɞɨɥɶ ɨɫɢ 
x (ɩɚɞɚɸɳɚɹ ɜɨɥɧɚ), ɚ ɡɧɚɤ ɩɥɸɫ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɨɞɟ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ ɜ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ (ɨɬɪɚɠёɧɧɚɹ ɜɨɥɧɚ). 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ (1.17) ɜ ɭɪɚɜɧɟɧɢɟ (1.16) ɩɨɥɭɱɚɟɦ ɫɢɫɬɟɦɭ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɩɪɹɠɟɧɢɣ ɜ ɥɢɧɢɹɯ 

(ZY–γm
2
U)V0

m
=0,  (1.18) 

ɧɟɬɪɢɜɢɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ ɜɨɡɦɨɠɧɨ ɩɪɢ ɭɫɥɨɜɢɢ 

|ZY–γm
2
U|=0, (1.19) 

ɝɞɟ U – ɟɞɢɧɢɱɧɚɹ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɚ NN. 



20 

 

Ɋɟɲɟɧɢɟɦ ɞɥɹ (1.19) ɹɜɥɹɟɬɫɹ N ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ m
2, ɤɨɬɨɪɵɟ 

ɧɚɡɵɜɚɸɬɫɹ ɫɨɛɫɬɜɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ. Ʉɚɠɞɨɟ ɫɨɛɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɤɬɨɪ V0

m, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟɦ ɞɥɹ 
(1.18) ɢ ɹɜɥɹɟɬɫɹ ɭɧɢɤɚɥɶɧɵɦ ɞɥɹ ɤɨɧɫɬɚɧɬɵ m

2. ȼɵɱɢɫɥɹɹ ɤɜɚɞɪɚɬɧɵɣ 
ɤɨɪɟɧɶ ɢɡ m

2, ɩɨɥɭɱɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɞɥɹ ɤɚɠɞɨɣ m–ɦɨɞɵ, 
ɤɨɬɨɪɵɟ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɜɢɞɟ ɞɢɚɝɨɧɚɥɶɧɨɣ ɦɚɬɪɢɰɵ . ȼɵɱɢɫɥɟɧɧɵɟ 
ɫɨɛɫɬɜɟɧɧɵɟ ɜɟɤɬɨɪɚ V0

m
 ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɫɬɨɥɛɰɵ ɦɚɬɪɢɰɵ SV, ɤɨɬɨɪɚɹ 

ɧɚɡɵɜɚɟɬɫɹ ɦɚɬɪɢɰɟɣ ɦɨɞɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɚ SI – ɦɚɬɪɢɰɚ ɦɨɞɚɥɶɧɵɯ 
ɬɨɤɨɜ, ɫɬɨɥɛɰɵ ɤɨɬɨɪɨɣ ɹɜɥɹɸɬɫɹ ɜɟɤɬɨɪɚɦɢ I0

m
. ɗɬɢ ɦɨɞɚɥɶɧɵɟ ɦɚɬɪɢɰɵ 

ɫɜɹɡɚɧɵ ɭɪɚɜɧɟɧɢɟɦ 

SI=Z
–1

SV. (1.20)   

ɇɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɢ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ ɜ ɥɸɛɨɣ ɬɨɱɤɟ x ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɤɚɤ 
ɫɭɦɦɵ ɩɚɞɚɸɳɟɣ (i) ɢ ɨɬɪɚɠёɧɧɨɣ (r) ɜɨɥɧ: 

V(x)=(Vi(x)+Vr(x))=SV(E(x)C1+E(x)
–1

C2), (1.21)   

I(x)=(Ii(x)–Ir(x))=SI (E(x)C1–E(x)
–1

C2), (1.22)  

ɝɞɟ ɋ1 ɢ ɋ2 – ɜɟɤɬɨɪɵ ɤɨɧɫɬɚɧɬ, 
E(x)=diag(exp(–γ1x), exp(–γ2x),…, exp(–γNx)). (1.23)  

Ɇɚɬɪɢɰɚ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɢɦɩɟɞɚɧɫɚ ZC ɥɢɧɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɨɨɬɧɨɲɟɧɢɹɦɢ:  

Vi(x)=ZCIi(x); Vr(x)= –ZCIr(x), (1.24)   

ɢɡ ɤɨɬɨɪɵɯ ɫɥɟɞɭɟɬ 

ZC=SVSI
–1

=SV–1
SV

–1
Z. (1.25)   

Ɇɚɬɪɢɰɭ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɚɞɦɢɬɚɧɫɚ ɥɢɧɢɢ YC ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ 

ɤɚɤ YC=ZC
–1

. 

1.4.2 ɍɪɚɜɧɟɧɢɹ ɞɥɹ ɨɬɪɟɡɤɚ ɦɧɨɝɨɩɪɨɜɨɞɧɨɣ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ 

Ɇɚɬɪɢɰɵ ɩɚɪɚɦɟɬɪɨɜ ɢ ɜɵɪɚɠɟɧɢɹ, ɨɩɢɫɚɧɧɵɟ ɜ ɪɚɡɞɟɥɟ 1.4.1, 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɨɬɪɟɡɤɚ 
ɦɧɨɝɨɩɪɨɜɨɞɧɨɣ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ. ȼ ɦɨɞɟɥɢ Ɍɟɲɟ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ 
BLT ɭɪɚɜɧɟɧɢɟɦ, ɡɚɩɢɫɵɜɚɟɦɵɦ ɞɥɹ ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ ɜ ɜɢɞɟ 

V=(1+S)(S–Ɏ)
 –1

Vs, (1.26) 

I=Yɋ(1–S)(S–Ɏ)
 –1

Vs, (1.27) 

ɝɞɟ S – ɦɚɬɪɢɰɚ ɪɚɫɫɟɹɧɢɹ ɨɤɨɧɟɱɧɵɯ ɢ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɰɟɩɟɣ ɥɢɧɢɢ 
ɩɟɪɟɞɚɱɢ, Ɏ – ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɚ 2N2N ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ, Vs – 

«ɫɭɩɟɪɜɟɤɬɨɪ» ɪɚɡɦɟɪɚ 2N1 ɜɯɨɞɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ɇɚɬɪɢɰɚ ɪɚɫɫɟɹɧɢɹ ɞɥɹ 
ɨɤɨɧɟɱɧɵɯ ɢ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɰɟɩɟɣ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ ɫɜɹɡɵɜɚɟɬ ɜɫɟ 
ɨɬɪɚɠɟɧɧɵɟ ɜɨɥɧɵ ɫ ɩɚɞɚɸɳɢɦɢ ɜɨɥɧɚɦɢ ɤɚɤ 

Vr=SVi. (1.28) 
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Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɦɚɬɪɢɰɵ ɪɚɫɫɟɹɧɢɹ ɞɥɹ ɩɪɨɢɡɜɨɥɶɧɨɝɨ 
ɱɢɫɥɚ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ ɫ ɨɤɨɧɟɱɧɵɦɢ ɢ ɫɨɟɞɢɧɢɬɟɥɶɧɵɦɢ ɰɟɩɹɦɢ ɜ ɫɯɟɦɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɪɚɡɞɟɥɟ 1.4.3. Ɉɬɪɚɠɟɧɧɵɟ ɜɨɥɧɵ ɧɚ ɤɨɧɰɚɯ ɥɢɧɢɢ 
ɩɟɪɟɞɚɱɢ ɫɜɹɡɚɧɵ ɫ ɩɚɞɚɸɳɢɦɢ ɜɨɥɧɚɦɢ ɭɪɚɜɧɟɧɢɟɦ 

Vr=Vi+Vs. (1.29)   

ɍɪɚɜɧɟɧɢɟ (1.27), ɩɪɢ x=0 ɧɚ ɛɥɢɠɧɟɦ ɢ x=l ɞɚɥɶɧɟɦ ɤɨɧɰɚɯ ɥɢɧɢɢ 
ɩɟɪɟɞɚɱɢ, ɡɚɩɢɲɟɬɫɹ ɜ ɜɢɞɟ 
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ɝɞɟ 

E(l)=diag{exp(γ1l), …, exp(γNl)}, 

E(xs)=diag{exp(γ1xs), …, exp(γNxs)} 

E(l–xs)=diag{exp(γ1(l–xs)), …, exp(l–xs)}, 

V0 ɢ I0 ɜɟɤɬɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɟɡɚɜɢɫɢɦɵɟ ɢɫɬɨɱɧɢɤɢ ɧɚɩɪɹɠɟɧɢɹ ɢ 
ɬɨɤɚ, ɪɚɡɦɟɳɟɧɧɵɟ ɧɚ ɥɢɧɢɢ ɜ x=xs. 

Ⱦɥɹ ɦɨɞɟɥɟɣ Ⱦɠɨɪɞɠɟɜɢɱɚ ɢ ɇɚɤɯɥɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɨɨɬɧɨɲɟɧɢɹ ɞɥɹ 
ɧɚɩɪɹɠɟɧɢɣ ɢ ɬɨɤɨɜ ɧɚ ɛɥɢɠɧɟɦ (x=0) ɢ ɞɚɥɶɧɟɦ (x=l) ɤɨɧɰɚɯ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ 
(1.21) ɢ (1.22) ɜ ɜɢɞɟ 
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Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɢɥɢ ɬɨɤɨɜ ɩɨ ɦɨɞɟɥɢ Ⱦɠɨɪɞɠɟɜɢɱɚ ɜɧɚɱɚɥɟ 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ ɋ1 ɢ ɋ2, ɢɫɩɨɥɶɡɭɹ ɦɚɬɪɢɱɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ 
(ɪɚɡɞɟɥ 1.4.3), ɤɨɬɨɪɨɟ ɨɩɢɫɵɜɚɟɬ ɩɪɨɢɡɜɨɥɶɧɵɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɟ ɢ 
ɨɤɨɧɟɱɧɵɟ ɰɟɩɢ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɯɟɦɟ. Ɂɚɬɟɦ, ɩɨɞɫɬɚɜɥɹɹ ɋ1 ɢ ɋ2 ɜ 

(1.34)–(1.37), ɩɨɥɭɱɚɸɬ ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɢ ɧɚ ɛɥɢɠɧɟɦ ɢ ɞɚɥɶɧɟɦ ɤɨɧɰɚɯ 
ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ: 

V(0)=SV(C1+E(l)C2); (1.34) 

V(l)=SV(E(l)C1+C2); (1.35) 

I(0)=YCSV(C1–E(l)C2); (1.36) 

I(l)=YCSV(E(l)C1–C2). (1.37) 

ȼ ɦɨɞɟɥɢ ɇɚɤɯɥɵ ɤɨɧɫɬɚɧɬɵ ɋ1, ɋ2 ɜ (1.32) ɢ (1.33) ɢɫɤɥɸɱɚɸɬɫɹ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɬɫɹ  
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ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ ɜ ɜɢɞɟ 
Y-ɩɚɪɚɦɟɬɪɨɜ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɜɫɟ ɬɨɤɢ ɧɚ ɤɨɧɰɚɯ ɥɢɧɢɢ ɜɬɟɤɚɥɢ ɜ ɧɟё, 
I(l) ɭɦɧɨɠɚɟɬɫɹ ɧɚ –1 ɢ (1.38) ɡɚɩɢɲɟɬɫɹ ɜ ɜɢɞɟ 
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ɝɞɟ  
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diag2E , k=1, 2, …, N. (1.40) 

ɉɨɥɭɱɟɧɧɚɹ ɦɚɬɪɢɰɚ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨɞɫɬɚɜɥɹɟɬɫɹ ɜ 
ɭɪɚɜɧɟɧɢɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɭɡɥɨɜɨɝɨ ɦɟɬɨɞɚ (ɪɚɡɞɟɥ 1.4.3), ɤɨɬɨɪɵɣ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɨɬɤɥɢɤɚ ɫɯɟɦɵ. 

1.4.3 Ɏɨɪɦɭɥɢɪɨɜɤɚ ɭɪɚɜɧɟɧɢɣ ɫɯɟɦɵ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬɤɥɢɤɚ 

Ɇɨɞɟɥɢ, ɨɩɢɫɚɧɧɵɟ ɜ ɪɚɡɞɟɥɟ 1.4.2, ɩɨɡɜɨɥɹɸɬ ɜɵɩɨɥɧɢɬɶ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɥɹ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ, ɨɤɚɧɱɢɜɚɸɳɢɯɫɹ ɩɪɨɢɡɜɨɥɶɧɵɦ 
ɨɛɪɚɡɨɦ. ɇɚɩɪɢɦɟɪ, ɩɪɨɜɨɞɧɢɤ ɥɢɧɢɢ ɦɨɠɟɬ ɛɵɬɶ ɡɚɤɨɪɨɱɟɧ ɧɚ ɡɟɦɥɸ, 
ɨɫɬɚɜɥɟɧ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ, ɨɤɚɧɱɢɜɚɬɶɫɹ ɩɪɨɢɡɜɨɥɶɧɵɦ ɢɦɩɟɞɚɧɫɨɦ, 
ɭɩɪɚɜɥɹɬɶɫɹ ɝɟɧɟɪɚɬɨɪɨɦ, ɢɥɢ ɨɧ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɫɨɟɞɢɧёɧ ɤ ɩɪɨɜɨɞɧɢɤɭ, 
ɩɪɢɧɚɞɥɟɠɚɳɟɦɭ ɤ ɷɬɨɣ ɠɟ ɢɥɢ ɞɪɭɝɨɣ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ. 

Ɉɩɢɫɚɧɢɟ ɨɤɨɧɟɱɧɵɯ ɢ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɰɟɩɟɣ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ ɜ ɦɨɞɟɥɢ 
Ɍɟɲɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɚɬɪɢɰɵ ɪɚɫɫɟɹɧɢɹ S. Ⱦɥɹ ɨɬɪɟɡɤɚ 
ɦɧɨɝɨɩɪɨɜɨɞɧɨɣ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ɩɪɨɜɨɞɧɢɤɢ ɧɚ ɛɥɢɠɧɟɦ ɢ 
ɞɚɥɶɧɟɦ ɤɨɧɰɚɯ ɥɢɧɢɢ ɨɤɚɧɱɢɜɚɸɬɫɹ ɜɧɟɲɧɢɦ ɢɦɩɟɞɚɧɫɨɦ, ɦɚɬɪɢɰɚ S ɪɚɜɧɚ 
ɦɚɬɪɢɰɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɬɪɚɠɟɧɢɹ: 

   1 CC ZZZZρ , (1.41) 

ɝɞɟ Z – ɦɚɬɪɢɰɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɢɦɩɟɞɚɧɫɨɜ, ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɩɪɨɜɨɞɧɢɤɚɦ 
ɥɢɧɢɢ. Ⱦɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ BLT ɭɪɚɜɧɟɧɢɟ ɡɚɩɢɲɟɬɫɹ ɜ ɜɢɞɟ 
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Ⱦɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɫɨɟɞɢɧɢɬɟɥɶɧɚɹ ɰɟɩɶ ɫɜɹɡɵɜɚɟɬ n ɦɧɨɝɨɩɪɨɜɨɞɧɵɯ 
ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ, ɦɚɬɪɢɰɚ ɪɚɫɫɟɹɧɢɹ ɞɥɹ ɬɚɤɨɣ ɰɟɩɢ ɡɚɩɢɲɟɬɫɹ ɜ ɜɢɞɟ 

   111 )()(  
nn CIVCIV ZCCZCCS , (1.44) 
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ɝɞɟ CV – ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɚ ɆɆ ɫ ɷɥɟɦɟɧɬɚɦɢ {1, –1}, ɨɬɨɛɪɚɠɚɸɳɚɹ 
ɧɚɩɪɹɠɟɧɢɹ ɫɨɟɞɢɧɢɬɟɥɶɧɨɝɨ ɭɡɥɚ, ɢ ɞɥɹ ɟɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɡɚɤɨɧ Ʉɢɪɯɝɨɮɚ ɞɥɹ ɧɚɩɪɹɠɟɧɢɣ; CI – ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɚ ɆɆ ɫ ɷɥɟɦɟɧɬɚɦɢ {0, 

1}, ɨɬɨɛɪɚɠɚɸɳɚɹ ɬɨɤɢ ɫɨɟɞɢɧɢɬɟɥɶɧɨɝɨ ɭɡɥɚ, ɢ ɞɥɹ ɟɟ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɚɤɨɧ Ʉɢɪɯɝɨɮɚ ɞɥɹ ɬɨɤɨɜ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɬɨɤɢ ɜɵɯɨɞɹɬ ɢɡ 
ɭɡɥɨɜ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɰɟɩɢ; 

nC
Z  – ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɚ ɆɆ, ɫɨɫɬɨɹɳɚɹ ɢɡ 

ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɢɦɩɟɞɚɧɫɨɜ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ, ɩɪɨɜɨɞɧɢɤɢ ɤɨɬɨɪɵɯ 
ɫɨɟɞɢɧɹɸɬɫɹ ɜ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɰɟɩɢ; M – ɨɛɳɟɟ ɱɢɫɥɨ ɩɪɨɜɨɞɧɢɤɨɜ, 
ɫɨɟɞɢɧɹɸɳɢɯɫɹ ɜ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɰɟɩɢ. 

ȼ ɦɨɞɟɥɢ Ⱦɠɨɪɞɠɟɜɢɱɚ ɭɡɥɵ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɢ ɨɤɨɧɟɱɧɵɯ ɰɟɩɟɣ 
ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɞɜɟ ɝɪɭɩɩɵ. ɉɟɪɜɚɹ ɨɯɜɚɬɵɜɚɟɬ ɭɡɥɵ, ɫɨɟɞɢɧɹɸɳɢɟ ɥɢɧɢɢ 
ɩɟɪɟɞɚɱɢ, ɤɨɬɨɪɵɟ ɧɚɡɵɜɚɸɬɫɹ ɜɧɟɲɧɢɦɢ ɭɡɥɚɦɢ, ɜɬɨɪɚɹ ɝɪɭɩɩɚ ɨɯɜɚɬɵɜɚɟɬ 
ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɭɡɥɵ, ɤɨɬɨɪɵɟ ɧɚɡɵɜɚɸɬɫɹ ɜɧɭɬɪɟɧɧɢɦɢ. ɑɢɫɥɨ ɜɧɟɲɧɢɯ 
ɭɡɥɨɜ, ɨɛɨɡɧɚɱɟɧɧɨɟ X, ɞɥɹ ɰɟɩɢ ɪɚɜɧɨ ɨɛɳɟɦɭ ɱɢɫɥɭ ɩɪɨɜɨɞɧɢɤɨɜ ɜɫɟɯ 
ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ, ɩɪɢɫɨɟɞɢɧёɧɧɵɯ ɤ ɷɬɨɣ ɰɟɩɢ. ɉɨɫɤɨɥɶɤɭ ɰɟɩɶ ɥɢɧɟɣɧɚ, ɬɨ 
ɫɩɪɚɜɟɞɥɢɜɨ ɦɚɬɪɢɱɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ 

PV+QI=E, (1.45) 

ɝɞɟ V – ɜɟɤɬɨɪ ɪɚɡɦɟɪɚ X ɧɚɩɪɹɠɟɧɢɣ ɦɟɠɞɭ ɜɧɟɲɧɢɦɢ ɭɡɥɚɦɢ ɰɟɩɢ ɢ 
ɡɟɦɥɟɣ, I – ɜɟɤɬɨɪ ɪɚɡɦɟɪɚ X ɬɨɤɨɜ ɦɟɠɞɭ ɜɧɟɲɧɢɦɢ ɭɡɥɚɦɢ ɰɟɩɢ ɢ ɡɟɦɥɟɣ, P 

ɢ Q – ɤɜɚɞɪɚɬɧɵɟ ɦɚɬɪɢɰɵ ɪɚɡɦɟɪɚ XX, E – ɜɟɤɬɨɪ ɪɚɡɦɟɪɚ X. ɍɪɚɜɧɟɧɢɟ 
(1.45) ɜɤɥɸɱɚɟɬ ɨɩɢɫɚɧɢɟ ɰɟɩɢ Z-ɩɚɪɚɦɟɬɪɚɦɢ ɢ Y-ɩɚɪɚɦɟɬɪɚɦɢ. ȼ ɫɥɭɱɚɟ 
ɨɩɢɫɚɧɢɹ Z-ɩɚɪɚɦɟɬɪɚɦɢ ɩɨɥɭɱɚɟɦ P=U, Q=Z ɢ E=V0, ɝɞɟ V0 – ɜɟɤɬɨɪ 
ɧɚɩɪɹɠɟɧɢɹ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ. ɗɬɨ, ɜ ɫɭɳɧɨɫɬɢ, ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ 
ɫɯɟɦɵ ɩɨ Ɍɟɜɟɧɢɧɭ. ȼ ɫɥɭɱɚɟ ɨɩɢɫɚɧɢɹ ɱɟɪɟɡ Y-ɩɚɪɚɦɟɬɪɵ: P=Y, Q=U ɢ E=I0, 

ɝɞɟ I0 – ɜɟɤɬɨɪ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɷɬɨ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɇɨɪɬɨɧɚ.  

ɍɪɚɜɧɟɧɢɟɦ (1.45) ɦɨɠɧɨ ɥɟɝɤɨ ɨɩɢɫɚɬɶ ɥɸɛɨɣ ɬɢɩ ɰɟɩɢ, ɜ ɨɬɥɢɱɢɟ ɨɬ Z-

ɩɚɪɚɦɟɬɪɨɜ ɢ Y-ɩɚɪɚɦɟɬɪɨɜ. Ⱥ ɢɦɟɧɧɨ, Z-ɩɚɪɚɦɟɬɪɵ ɧɟ ɦɨɝɭɬ ɛɵɬɶ 
ɨɩɪɟɞɟɥɟɧɵ ɩɪɢ ɧɚɥɢɱɢɢ ɰɟɩɟɣ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ, ɚ Y-ɩɚɪɚɦɟɬɪɵ – ɞɥɹ 
ɤɨɪɨɬɤɨ ɡɚɦɤɧɭɬɵɯ ɰɟɩɟɣ. Ⱦɥɹ ɰɟɩɟɣ, ɤɨɬɨɪɵɟ ɧɟ ɫɨɞɟɪɠɚɬ ɜɧɭɬɪɟɧɧɢɯ 
ɭɡɥɨɜ, ɭɪɚɜɧɟɧɢɟ (1.45) ɩɨɥɭɱɚɟɬɫɹ ɡɚɩɢɫɶɸ ɭɡɥɨɜɵɯ ɭɪɚɜɧɟɧɢɣ. ɗɬɢ 
ɭɪɚɜɧɟɧɢɹ ɞɨɥɠɧɵ ɜɤɥɸɱɚɬɶ ɬɨɤɢ, ɜɵɬɟɤɚɸɳɢɟ ɢɡ ɰɟɩɢ, ɚ ɭɡɥɨɜɵɟ 
ɧɚɩɪɹɠɟɧɢɹ ɜ ɷɬɢɯ ɭɪɚɜɧɟɧɢɹɯ ɫɨɜɩɚɞɚɸɬ ɫ ɷɥɟɦɟɧɬɚɦɢ ɜɟɤɬɨɪɚ V. Ⱦɥɹ 
ɰɟɩɟɣ, ɧɟ ɢɦɟɸɳɢɯ ɜɧɭɬɪɟɧɧɢɯ ɤɨɧɬɭɪɨɜ (ɬ.ɟ. ɡɚɦɤɧɭɬɵɯ ɩɭɬɟɣ ɩɨ 
ɨɬɜɟɬɜɥɟɧɢɹɦ, ɤɨɬɨɪɵɟ ɩɨɥɧɨɫɬɶɸ ɥɟɠɚɬ ɜɧɭɬɪɢ ɰɟɩɢ), (1.45) ɩɨɥɭɱɚɟɬɫɹ ɢɡ 
ɤɨɧɬɭɪɧɵɯ ɭɪɚɜɧɟɧɢɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɤɨɧɬɭɪɧɵɟ ɬɨɤɢ ɫɨɜɩɚɞɚɸɬ (ɫ 
ɬɨɱɧɨɫɬɶɸ ɞɨ ɡɧɚɤɚ) ɫ ɷɥɟɦɟɧɬɚɦɢ ɜɟɤɬɨɪɚ I. ɑɬɨɛɵ ɜɵɱɢɫɥɢɬɶ C1 ɢ C2, 

ɧɟɨɛɯɨɞɢɦɨ ɜ ɜɟɤɬɨɪ V ɭɪɚɜɧɟɧɢɹ (1.45) ɩɨɞɫɬɚɜɢɬɶ ɭɪɚɜɧɟɧɢɹ (1.34), (1.35), 

ɚ ɜ I ɩɨɞɫɬɚɜɢɬɶ (1.36), (1.37) ɢ ɪɟɲɢɬɶ ɷɬɭ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ. (ɑɢɫɥɨ 
ɧɟɢɡɜɟɫɬɧɵɯ ɪɚɜɧɨ ɭɞɜɨɟɧɧɨɦɭ ɨɛɳɟɦɭ ɱɢɫɥɭ ɩɪɨɜɨɞɧɢɤɨɜ ɜɫɟɯ ɥɢɧɢɣ.) 
Ɂɚɬɟɦ ɧɚɞɨ ɩɨɞɫɬɚɜɢɬɶ C1 ɢ C2 ɜ (1.34)–(1.37) ɢ ɜɵɱɢɫɥɢɬɶ ɧɚɩɪɹɠɟɧɢɹ ɢɥɢ 
ɬɨɤɢ ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ.  
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Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ ɜ ɦɨɞɟɥɢ ɇɚɤɯɥɵ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ ɭɡɥɨɜɵɯ ɩɨɬɟɧɰɢɚɥɨɜ. ɍɪɚɜɧɟɧɢɟ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɭɡɥɨɜɨɝɨ ɦɟɬɨɞɚ ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ, ɞɥɹ ɥɢɧɟɣɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ ɢ n ɦɧɨɝɨɩɪɨɜɨɞɧɵɯ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ, ɢɦɟɟɬ ɜɢɞ 
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ɝɞɟ s=jω; W, H – ɦɚɬɪɢɰɵ ɪɚɡɦɟɪɚ AA, ɨɩɢɫɵɜɚɸɳɢɟ ɩɪɨɢɡɜɨɥɶɧɵɟ 
ɨɤɨɧɟɱɧɵɟ ɢ ɫɨɟɞɢɧɢɬɟɥɶɧɵɟ ɫɯɟɦɵ ɢɡ ɚɤɬɢɜɧɵɯ ɢ ɪɟɚɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ 
(A – ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɦɟɬɪɨɜ, ɜɵɱɢɫɥɹɟɦɵɯ ɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɦɟɬɨɞɟ 
ɭɡɥɨɜɵɯ ɩɨɬɟɧɰɢɚɥɨɜ); Dk – ɦɚɬɪɢɰɚ-ɫɟɥɟɤɬɨɪ, ɨɬɨɛɪɚɠɚɸɳɚɹ ɬɨɤɢ, ɜɯɨɞɹɳɢɟ 
ɜ k-ɸ ɥɢɧɢɸ, ɫ ɷɥɟɦɟɧɬɚɦɢ di, j  {0, 1}, ɝɞɟ i{1, …, A}, j{1,…, ɬk} ɫ ɨɞɧɢɦ 
ɧɟɧɭɥɟɜɵɦ ɡɧɚɱɟɧɢɟɦ ɜ ɤɚɠɞɨɦ ɫɬɨɥɛɰɟ, mk=2Nk – ɤɨɥɢɱɟɫɬɜɨ ɬɨɤɨɜ, 
ɜɯɨɞɹɳɢɯ ɜ k-ɸ ɥɢɧɢɸ, ɝɞɟ Nk – ɱɢɫɥɨ ɩɪɨɜɨɞɧɢɤɨɜ k-ɣ ɥɢɧɢɢ; Yk – ɦɚɬɪɢɰɚ 
ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɞɥɹ k-ɣ ɥɢɧɢɢ ɢɡ (1.39); V – ɜɟɤɬɨɪ ɭɡɥɨɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢ 
ɬɨɤɨɜ ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɧɚɩɪɹɠɟɧɢɹ; E – ɜɟɤɬɨɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ 
ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɧɚɩɪɹɠɟɧɢɹ ɢɥɢ ɬɨɤɨɜ.  

1.4.4 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɜɪɟɦɟɧɧɨɝɨ ɨɬɤɥɢɤɚ ɫ ɭɱɟɬɨɦ ɞɢɫɩɟɪɫɢɢ 

Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬɤɥɢɤɚ ɜ ɦɟɠɫɨɟɞɢɧɟɧɢɹɯ 
ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɨɬɟɪɢ ɜ ɩɪɨɜɨɞɧɢɤɚɯ ɢ ɞɢɷɥɟɤɬɪɢɤɚɯ, ɚ ɬɚɤɠɟ 
ɱɚɫɬɨɬɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɬɟɪɶ. ȼɵɫɨɤɨɱɚɫɬɨɬɧɵɣ ɬɨɤ ɜ ɪɟɚɥɶɧɵɯ 
ɩɪɨɜɨɞɧɢɤɚɯ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɩɪɨɜɨɞɧɢɤɚ. ɗɬɨ 

ɹɜɥɟɧɢɟ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ (ɫɤɢɧ-)ɷɮɮɟɤɬɚ. ɋ ɟɝɨ ɭɱɟɬɨɦ 
ɱɚɫɬɨɬɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɝɨɧɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ ɦɨɠɧɨ 
ɨɰɟɧɢɬɶ ɩɨ ɜɵɪɚɠɟɧɢɸ 

0

0 )() (



 RR , (1.47) 

ɝɞɟ ω0=2π f0,  f0 – ɱɚɫɬɨɬɚ, ɧɚ ɤɨɬɨɪɨɣ ɜɵɱɢɫɥɹɥɚɫɶ R(ω0), Ɉɦ/ɦ. 

ɉɨɥɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ, ɩɪɢ ɭɱɟɬɟ ɩɨɬɟɪɶ ɜ ɩɪɨɜɨɞɧɢɤɚɯ, ɜɵɱɢɫɥɹɟɬɫɹ 
ɤɚɤ ɫɭɦɦɚ ɜɧɟɲɧɟɣ (L, Ƚɧ/ɦ) ɢ ɜɧɭɬɪɟɧɧɟɣ ɢɧɞɭɤɬɢɜɧɨɫɬɟɣ: 





) (

)(
R

LL . (1.48) 

ɉɨɱɬɢ ɞɥɹ ɜɫɟɯ ɜɢɞɨɜ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜɟɥɢɱɢɧɚ ɬɨɤɚ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɢɡɦɟɧɹɟɬɫɹ ɩɨɱɬɢ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɱɚɫɬɨɬɟ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɱɚɫɬɨɬɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɜɨɞɢɦɨɫɬɢ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɤɚɤ 

0

0 )()(



 GG , (1.49) 

ɝɞɟ ω0=2πf0, ɚ f0 – ɱɚɫɬɨɬɚ, ɧɚ ɤɨɬɨɪɨɣ ɜɵɱɢɫɥɹɥɚɫɶ G(ω0), ɋɦ/ɦ. 
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1.5 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ ɜ ɫɢɫɬɟɦɟ TALGAT 

1.5.1 ȼɵɱɢɫɥɟɧɢɟ ɩɨɝɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ, ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɤɨɧɮɢɝɭɪɚɰɢɢ ɩɨɥɨɫɤɨɜɨɣ ɫɬɪɭɤɬɭɪɵ (ɪɢɫ. 1.6) ɜ ɫɢɫɬɟɦɟ TALGAT, ɞɥɹ 
ɩɨɫɥɟɞɭɸɳɟɝɨ ɜɵɱɢɫɥɟɧɢɹ ɩɨɝɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɩɪ. ɉɚɪɚɦɟɬɪɵ 
ɫɬɪɭɤɬɭɪɵ: (w=0,5 ɦɦ, s=1 ɦɦ, d=3w, t=105ɦɤɦ, h=300 ɦɤɦ). 

1 t

h

w

2
sd

 
Ɋɢɫɭɧɨɤ 1.6 – ɋɜɹɡɚɧɧɚɹ ɦɢɤɪɨɩɨɥɨɫɤɨɜɚɹ ɥɢɧɢɹ 

(1, 2 – ɩɪɨɜɨɞɧɢɤɢ) 
ɋɢɫɬɟɦɚ TALGAT, ɛɚɡɢɪɭɸɳɚɹɫɹ ɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ ɧɚ ɨɫɧɨɜɟ 

ɦɟɬɨɞɚ ɦɨɦɟɧɬɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɲɢɪɨɤɨɝɨ ɤɥɚɫɫɚ ɡɚɞɚɱ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɡɚ ɫɱɟɬ ɜɵɩɨɥɧɟɧɢɹ 
ɫɥɟɞɭɸɳɢɯ ɨɫɧɨɜɧɵɯ ɮɭɧɤɰɢɣ: ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ (ɜɵɱɢɫɥɟɧɢɹ 
ɦɚɬɪɢɰ ɩɨɝɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ) ɩɪɨɢɡɜɨɥɶɧɵɯ ɞɜɭɯɦɟɪɧɵɯ ɢ ɬɪɟɯɦɟɪɧɵɯ 
ɫɬɪɭɤɬɭɪ ɩɪɨɜɨɞɧɢɤɨɜ ɢ ɞɢɷɥɟɤɬɪɢɤɨɜ; ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
ɩɪɨɢɡɜɨɥɶɧɵɯ ɬɪɟɯɦɟɪɧɵɯ ɫɬɪɭɤɬɭɪ ɢɡ ɩɪɨɜɨɞɨɜ ɫ RLC-ɧɚɝɪɭɡɤɚɦɢ; 
ɜɵɱɢɫɥɟɧɢɹ ɜɪɟɦɟɧɧɨɝɨ ɢ ɱɚɫɬɨɬɧɨɝɨ ɨɬɤɥɢɤɨɜ ɩɪɨɢɡɜɨɥɶɧɵɯ ɫɯɟɦ ɢɡ 
ɨɬɪɟɡɤɨɜ ɦɧɨɝɨɩɪɨɜɨɞɧɵɯ ɥɢɧɢɣ ɩɟɪɟɞɚɱ; ɫɬɪɭɤɬɭɪɧɨ-ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ 
ɨɩɬɢɦɢɡɚɰɢɢ ɫ ɭɤɚɡɚɧɧɵɦɢ ɜɢɞɚɦɢ ɚɧɚɥɢɡɚ.  

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1.7. Ʉɥɢɟɧɬɵ ɫɢɫɬɟɦɵ – 

ɦɨɞɭɥɢ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ. əɞɪɨ ɫɢɫɬɟɦɵ – TLCORE. 

ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɦɨɞɭɥɢ: MOM2D – ɞɜɭɯɦɟɪɧɵɣ ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ; 
MOM3D – ɬɪɟɯɦɟɪɧɵɣ ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ; RESPONSE – ɜɵɱɢɫɥɟɧɢɟ 
ɨɤɥɢɤɚ; MOMW – ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɧɵɯ ɫɬɪɭɤɬɭɪ. 
Ɇɨɞɭɥɢ ɨɩɬɢɦɢɡɚɰɢɢ: ES – ɷɜɨɥɸɰɢɨɧɧɵɟ ɫɬɪɚɬɟɝɢɢ; GA – ɝɟɧɟɬɢɱɟɫɤɢɟ 
ɚɥɝɨɪɢɬɦɵ. Ɇɨɞɭɥɢ ɭɬɢɥɢɬ – ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɦɨɞɭɥɢ (ɦɚɬɪɢɱɧɵɟ 
ɨɩɟɪɚɰɢɢ, ɪɚɛɨɬɚ ɫ ɝɪɚɮɢɤɚɦɢ ɢ ɩɪ.). Ⱦɥɹ «ɨɛɳɟɧɢɹ» ɩɨɥɶɡɨɜɚɬɟɥɹ ɫ 
ɫɢɫɬɟɦɨɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɧɬɟɪɩɪɟɬɢɪɭɟɦɵɣ ɫɤɪɢɩɬɨɜɵɣ ɹɡɵɤ TALGAT_Script, 
ɢɫɩɨɥɶɡɭɸɳɢɣ ɩɨɫɬɮɢɤɫɧɭɸ ɡɚɩɢɫɶ ɜɵɪɚɠɟɧɢɣ. 
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QtClient.exe BasiClient.exe ES.tlm GA.tlm

UTIL.tlm MATRIX.tlm

INFIX.tlm GRAPH.tlm

TLGPU.tlm TLPCB.tlm

MOM2D.tlm MOMW.tlm

MOM3D.tlm RESPONSE.tlm

TLCORE.dll

Ʉɥɢɟɧɬɵ ɫɢɫɬɟɦɵ Ɇɨɞɭɥɢ ɨɩɬɢɦɢɡɚɰɢɢ

ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɦɨɞɭɥɢ

Ɇɨɞɭɥɢ ɭɬɢɥɢɬ

 

Ɋɢɫɭɧɨɤ 1.7 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ TALGAT 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɩɪɚɤɬɢɤɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɤɥɸɱɢɬɶ ɫɥɟɞɭɸɳɢɟ ɦɨɞɭɥɢ: 
UTIL (ɤɨɦɚɧɞɵ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɢ ɭɫɥɨɜɧɵɟ ɤɨɦɚɧɞɵ, 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɬɢɩɨɜ, ɩɪɨɜɟɪɤɚ ɜɟɪɫɢɣ ɢ ɬ.ɞ.), MATRIX ɢ MOM2D. 

ɉɨɞɤɥɸɱɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɤɨɦɚɧɞɵ: INCLUDE "ɢɦɹ 

ɦɨɞɭɥɹ": 

INCLUDE "UTIL" 

INCLUDE "MATRIX" 

INCLUDE "MOM2D". 

ɉɨɫɥɟ ɩɨɞɤɥɸɱɟɧɢɹ ɦɨɞɭɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɬɢɩ ɛɟɫɤɨɧɟɱɧɨɣ 
ɩɥɨɫɤɨɫɬɢ ɡɟɦɥɢ: ɤɨɧɟɱɧɚɹ (0) ɢɥɢ ɛɟɫɤɨɧɟɱɧɚɹ (1), ɫ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞɵ 
SET_INFINITE_GROUND ɡɧɚɱɟɧɢɟ. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɬɪɟɛɭɟɬɫɹ 
ɛɟɫɤɨɧɟɱɧɚɹ ɩɥɨɫɤɨɫɬɶ ɡɟɦɥɹ: 

SET_INFINITE_GROUND 1 

Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɩɟɪɟɦɟɧɧɵɟ ɞɥɹ ɨɩɢɫɚɧɢɹ ɝɟɨɦɟɬɪɢɢ 
ɫɬɪɭɤɬɭɪɵ (ɲɢɪɢɧɚ ɩɪɨɜɨɞɧɢɤɚ t, ɬɨɥɳɢɧɚ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɨɞɥɨɠɤɢ h ɢ 
ɩɪ.). ȼ ɫɢɫɬɟɦɟ TALGAT ɞɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɚɧɞɚ SET "ɧɚɡɜɚɧɢɟ 
ɩɟɪɟɦɟɧɧɨɣ" ɩɪɢɫɜɚɢɜɚɟɦɨɟ ɡɧɚɱɟɧɢɟ, ɧɚɩɪɢɦɟɪ: 

SET "t" 105e-6. 

Ⱦɥɹ ɡɚɞɚɧɢɹ ɩɚɪɚɦɟɬɪɚ  d ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɨɦɚɧɞɨɣ 
ɭɦɧɨɠɟɧɢɹ MUL:  

SET “d” MUL 3. t 

ɉɨɫɥɟ ɡɞɚɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɫɬɭɩɢɬɶ ɤ ɩɨɫɬɪɨɟɧɢɟ ɫɚɦɨɣ 
ɤɨɧɮɢɝɭɪɚɰɢɢ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɨɡɞɚɸɬɫɹ ɩɪɨɜɨɞɧɢɤɢ (CONDUCTOR), 
ɡɚɬɟɦ ɞɢɷɥɟɤɬɪɢɤ (DIELECTRIC).  

ɉɨɞɪɨɛɧɨ ɪɚɡɛɟɪɟɦ ɫɨɡɞɚɧɢɟ ɩɟɪɜɨɝɨ ɩɪɨɜɨɞɧɢɤɚ. ɉɟɪɜɨɧɚɱɚɥɶɧɨ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɚɧɞɚ CONDUCTOR ɛɟɡ ɩɚɪɚɦɟɬɪɨɜ (ɚɧɚɥɨɝ ɢɦɟɧɢ ɤɥɚɫɫɚ). 
Ⱦɚɥɟɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɥɢɧɢɢ (ɝɪɚɧɢɰɵ ɩɪɨɜɨɞɧɢɤɚ), ɩɨɫɬɪɨɟɧɢɟ ɤɨɬɨɪɵɯ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɤɨɦɚɧɞɚɦɢ LINE ɢ LINETO. Ʉɨɦɚɧɞɚ LINE (x,y) (x1,y1), ɝɞɟ 
ɯ,ɭ – ɤɨɨɪɞɢɧɚɬɵ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ ɥɢɧɢɢ, x1,y1 – ɤɨɨɪɞɢɧɚɬɵ ɤɨɧɟɱɧɨɣ 



27 

 

ɬɨɱɤɢ. Ʉɨɦɚɧɞɚ LINETO ɩɪɢɦɟɧɹɟɬɫɹ ɩɨɫɥɟ ɤɨɦɚɧɞɵ LINE ɢ ɧɚɱɢɧɚɟɬɫɹ ɫ 
ɬɨɱɤɢ ɤɨɨɪɞɢɧɚɬɵ ɤɨɬɨɪɨɣ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɤɨɨɪɞɢɧɚɬɚɦ ɤɨɧɟɱɧɨɣ ɬɨɱɤɢ, 
ɭɤɚɡɚɧɧɨɣ ɜ ɤɨɦɚɧɞɟ LINE (ɬ.ɟ. ɧɚɱɢɧɚɟɬɫɹ ɫ ɤɨɧɰɚ ɩɪɟɞɵɞɭɳɟɣ ɥɢɧɢɢ). 
LINETO (x2,y2), ɝɞɟ x2,y2 – ɤɨɨɪɞɢɧɚɬɵ ɤɨɧɟɱɧɨɣ ɬɨɱɤɢ. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ 
ɪɢɫɨɜɚɬɶ ɥɢɧɢɢ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ (ɪɢɫ. 1.8). 

ɇɚɱɚɥɨ-(d, h)

(0, 0)

(d+w, h)

(d+w, h+t)
Ʉɨɧɟɰ-(d, h+t)

ɏ

Y

1

 
Ɋɢɫɭɧɨɤ 1.8 – ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɝɪɚɧɢɰ ɩɪɨɜɨɞɧɢɤɚ  

ɫ ɩɨɦɨɳɶɸ ɥɢɧɢɣ 

ɉɨɹɫɧɢɦ ɨɫɨɛɟɧɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ. 
ɋɥɨɠɟɧɢɟ: 

 ɜɵɪɚɠɟɧɢɸ a+b ɫɨɨɬɜɟɬɫɬɜɭɟɬ PLUS a b; 

 ɜɵɪɚɠɟɧɢɸ a+b+c ɫɨɨɬɜɟɬɫɬɜɭɟɬ PLUS a PLUS b c  

ɢɥɢ PLUS PLUS a b c. 

Ɉɩɟɪɚɰɢɢ ɭɦɧɨɠɟɧɢɹ (MUL), ɞɟɥɟɧɢɹ (DIV), ɪɚɡɧɢɰɵ (MINUS) ɢɦɟɸɬ 
ɚɧɚɥɨɝɢɱɧɵɣ ɫɢɧɬɚɤɫɢɫ.  

ɋ ɩɨɦɨɳɶɸ ɨɩɢɫɚɧɧɵɯ ɤɨɦɚɧɞ ɢ ɪɢɫ. 1.8 ɫɨɡɞɚɬɶ ɩɟɪɜɵɣ ɩɪɨɜɨɞɧɢɤ. 
ȼɬɨɪɨɣ ɩɪɨɜɨɞɧɢɤ ɫɨɡɞɚɟɬɫɹ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ. 

ɋɨɡɞɚɧɢɟ ɝɪɚɧɢɰ ɞɢɷɥɟɤɬɪɢɤɚ ɚɧɚɥɨɝɢɱɧɨ ɫɨɡɞɚɧɢɸ ɝɪɚɧɢɰ ɩɪɨɜɨɞɧɢɤɚ. 
ȿɞɢɧɫɬɜɟɧɧɨɟ ɨɬɥɢɱɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɫɚɦɨɦ ɧɚɱɚɥɟ 
ɫɨɡɞɚɧɢɹ ɤɨɦɚɧɞɵ DIELECTRIC ɛɟɡ ɩɚɪɚɦɟɬɪɨɜ ɜɦɟɫɬɨ CONDUCTOR. 

ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɤɨɦɦɟɧɬɢɪɨɜɚɧɢɹ ɱɚɫɬɢ ɤɨɞɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɚɜɢɬɶ 
ɩɟɪɟɞ ɬɟɦ, ɱɬɨ ɧɚɞɨ ɤɨɦɦɟɧɬɢɪɨɜɚɬɶ ɞɜɨɣɧɨɣ ɩɪɚɜɵɣ ɫɥɟɲ // (ɢɥɢ ɝɨɪɹɱɚɹ 
ɤɥɚɜɢɲɚ  ctrl + k). 

ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɨɬɪɢɫɨɜɤɚ ɤɨɧɮɢɝɭɪɚɰɢɢ ɡɚɜɟɪɲɟɧɚ, ɧɟɨɛɯɨɞɢɦɨ ɟɟ 
ɫɨɯɪɚɧɢɬɶ ɫ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞɵ: 

SET "ɢɦɹ ɤɨɧɮɢɝɭɪɚɰɢɢ" GET_CONFIGURATION_2D 

Ⱦɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɫɨɡɞɚɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɤɨɦɚɧɞɚ: 
DRAW_CONFIGURATION "ɢɦɹ ɤɨɧɮɢɝɭɪɚɰɢɢ" 

Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɤɫɬɢɬɶ ɩɪɨɝɪɚɦɦɭ ɫ ɩɨɦɨɳɶɸ ɤɥɚɜɢɲɭ F5 ɧɚ 
ɤɥɚɜɢɚɬɭɪɟ ɢɥɢ ɧɚɠɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɸ ɤɧɨɩɤɭ ɜ ɩɚɧɟɥɢ ɢɧɫɬɪɭɦɟɧɬɨɜ. 
ɉɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɜ ɝɥɚɜɧɨɦ ɨɤɧɟ ɩɪɨɝɪɚɦɦɵ ɛɭɞɟɬ ɨɬɨɛɪɚɠɟɧɚ ɩɨɫɬɪɨɟɧɧɚɹ 
ɤɨɧɮɢɝɭɪɚɰɢɹ (ɪɢɫ. 1.9). ȿɫɥɢ ɨɬɨɛɪɚɠɚɟɦɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɬɪɟɛɭɟɦɨɣ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɸ ɤɨɪɪɟɤɬɢɪɨɜɤɭ. 
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Ɋɢɫɭɧɨɤ 1.9 – ȼɢɞ ɫɜɹɡɚɧɧɨɣ ɦɢɤɪɨɩɨɫɥɨɫɤɨɜɨɣ ɥɢɧɢɢ ɜ ɫɢɫɬɟɦɟ TALGAT 

(ɫɢɧɢɣ ɰɜɟɬ – ɩɪɨɜɨɞɧɢɤɨɜɵɟ ɝɪɚɧɢɰɵ, ɤɪɚɫɧɵɣ – ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɝɪɚɧɢɰɵ) 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɩɨɝɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɭɤɬɭɪɵ ɧɟɨɛɯɨɞɢɦɨ ɤɨɪɪɟɤɬɧɨ 

ɭɤɚɡɚɬɶ ɞɥɢɧɭ ɩɨɞɵɧɬɟɪɜɚɥɨɜ ɫ ɩɨɦɨɳɶɸ, ɤɨɬɨɪɨɣ ɫɟɝɦɟɧɬɢɪɭɟɬɫɹ ɫɬɪɭɤɬɭɪɚ 
ɢ  ɧɚɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ (ɪɢɫ. 1.10). 

1 t

h

w

2
sd

er=1

er=4,5

 
Ɋɢɫɭɧɨɤ 1.10 – ɋɜɹɡɚɧɧɚɹ ɥɢɧɢɹ ɢ ɟё ɩɚɪɚɦɟɬɪɵ 

Ⱦɥɹ ɡɚɞɚɧɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɟɝɦɟɧɬɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 
ɤɨɦɚɧɞɨɣ (ɤɨɦɚɧɞɭ ɜɜɟɫɬɢ ɞɨ ɫɨɡɞɚɧɢɹ ɩɪɨɜɨɞɧɢɤɨɜ ɢ ɞɢɷɥɟɤɬɪɢɤɨɜ): 
SET_AUTO_SEGMENT_LENGTH ɞɥɢɧɚ ɩɨɞɵɧɬɟɪɜɚɥɚ ɢɥɢ ɫ ɩɨɦɨɳɶɸ 
ɭɠɟ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɭɤɬɭɪɵ, ɧɚɩɪɢɦɟɪ 
SET_AUTO_SEGMENT_LENGTH DIV t 2. (ȼɬɨɪɨɣ ɜɚɪɢɚɧɬ 
ɩɪɟɞɩɨɱɬɢɬɟɥɟɧ, ɩɨɫɤɨɥɶɤɭ ɛɭɠɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɞɚɥɶɧɟɣɲɟɦ.) 

Ⱦɥɹ ɡɚɞɚɧɢɹ ɡɧɚɱɟɧɢɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɤɨɦɚɧɞɵ: 

SET_ER_PLUS ɡɧɚɱɟɧɢɟ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ; 
SET_ER_MINUS ɡɧɚɱɟɧɢɟ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ. 
ȼɧɢɦɚɧɢɟ: ɉɪɢ ɫɨɡɞɚɧɢɢ ɩɪɨɜɨɞɧɢɤɚ ɭɤɚɡɵɜɚɟɬɫɹ ɬɨɥɶɤɨ 

SET_ER_PLUS. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɨɞɥɨɠɤɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɬ ɠɟ ɩɨɞɯɨɞ, ɱɬɨ ɢ ɩɪɢ 

ɫɨɡɞɚɧɢɢ ɩɪɨɜɨɞɧɢɤɚ. ɂɫɤɥɸɱɟɧɢɟ ɫɨɫɬɚɜɢɬ ɬɨɥɶɤɨ ɡɧɚɱɟɧɢɟ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɦɚɧɞɵ 
SET_ER_PLUS  ɢ SET_ER_MINUS). 

Ɋɚɡɥɢɱɢɟ ɜ SET_ER_PLUS (5) ɢ SET_ER_MINUS (1) 

ɩɪɟɞɨɦɨɧɫɬɪɢɪɨɜɚɧɨ ɫ ɩɨɦɨɳɶɸ ɪɢɫ. 1.11. Ɍɚɤ, SET_ER_PLUS ɧɚɯɨɞɢɬɫɹ 
ɫɩɪɚɜɚ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɫɬɪɟɥɤɢ, SET_ER_MINUS ɫɥɟɜɚ. 

 
Ɋɢɫɭɧɨɤ 1.11 – Ⱦɥɹ ɡɚɞɚɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ 
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ɑɬɨɛɵ ɨɬɨɛɪɚɡɢɬɶ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɜ ɨɬɤɪɵɜɲɟɦɫɹ ɨɤɧɟ ɫ ɩɨɫɬɪɨɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɧɟɨɛɯɨɞɢɦɨ 
ɧɚɠɚɬɶ ɤɥɚɜɢɲɭ E. ɉɪɢɦɟɪ ɫɨɡɞɚɧɢɹ ɫɥɨɹ ɞɢɷɥɟɤɬɪɢɤɚ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ: 

DIELECTRIC 

SET_ER_PLUS 5. 

SET_ER_MINUS 1. 

LINE 0. h MUL 3. w h 

LINE MUL 4. w h PLUS s MUL 4. w h 

LINE PLUS s MUL 5. w h PLUS MUL 8. w s h 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɩɪɨɪɢɫɨɜɵɜɚɸɬɫɹ ɜɫɟ ɥɢɧɢɢ. 
ɉɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɫɤɪɢɩɬɚ ɜ ɧɨɜɨɦ ɨɤɧɟ ɨɬɨɛɪɚɡɢɬɶɫɹ ɫɬɪɭɤɬɭɪɚ, 

ɩɨɤɚɡɚɧɧɚɹ ɧɚ ɪɢɫ. 1.12.  

 
Ɋɢɫɭɧɨɤ 1.12 – ȼɢɞ ɫɜɹɡɚɧɧɨɣ ɩɨɥɨɫɤɨɜɨɣ ɥɢɧɢɢ ɜ ɫɢɫɬɟɦɟ TALGAT 

ɂɧɨɝɞɚ, ɞɥɹ ɥɭɱɲɟɝɨ ɨɬɨɛɪɚɠɟɧɢɹ ɬɪɟɛɭɟɬɫɹ ɫɞɟɥɚɬɶ ɥɢɧɢɢ ɬɨɧɶɲɟ, ɜ 
ɨɬɤɪɵɜɲɟɦɫɹ ɨɤɧɟ ɫ ɩɨɫɬɪɨɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɧɟɨɛɯɨɞɢɦɨ ɧɚɠɚɬɶ ɤɥɚɜɢɲɭ l. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɟ ɦɚɬɪɢɰ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɦɚɧɞɵ: 
ECHO Cmn 

SET "smn" SMN_C conf_ig 

ECHO TO_STRING CALCULATE_C smn conf_ig 

ECHO Lmn 

SET "smn" SMN_L conf_ig 

ECHO TO_STRING CALCULATE_L smn conf_ig 

ɉɪɢ ɡɚɩɭɫɤɟ ɩɪɨɝɪɚɦɦɵ ɜ ɤɨɧɫɨɥɢ ɛɭɞɭɬ ɨɬɨɛɪɚɠɟɧɵ ɩɨɥɭɱɟɧɧɵɟ 
ɡɧɚɱɟɧɢɹ ɦɚɬɪɢɰ L ɢ C (ɪɢɫ. 1.13). 

 
Ɋɢɫɭɧɨɤ 1.13 – ȼɵɜɨɞ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ 

Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɢɫɚɧɧɨɦ ɜɵɲɟ ɩɪɨɰɟɫɫɭ ɫɨɡɞɚɧɢɹ ɤɨɧɮɢɝɭɪɚɰɢɢ ɦɨɠɧɨ 
ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɩɟɰɢɚɥɶɧɵɦ ɤɨɧɮɢɝɭɪɚɬɨɪɨɦ. ɑɬɨɛɵ ɨɬɤɪɵɬɶ ɤɨɧɫɬɪɭɤɬɨɪ, 
ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɧɫɬɪɭɦɟɧɬ . Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɪɚɡɦɟɪ 
ɹɱɟɣɤɢ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 1 ɦɦ (ɪɢɫ. 1.14). 
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Ɋɢɫɭɧɨɤ 1.14 – Ɂɚɞɚɧɢɟ ɪɚɡɦɟɪɚ ɹɱɟɟɤ ɞɥɹ ɪɢɫɨɜɚɧɢɹ 

Ⱦɚɥɟɟ ɧɭɠɧɨ ɡɚɞɚɬɶ ɛɟɫɤɨɧɟɱɧɭɸ ɡɟɦɥɸ ɫ ɩɨɦɨɳɶɸ ɢɧɫɬɪɭɦɟɧɬɚ . 

ɉɨɫɥɟ ɷɬɨɝɨ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ 
ɩɚɧɟɥɢ, ɫɨɡɞɚɟɬɫɹ ɬɪɟɛɭɟɦɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ. ɉɪɢɦɟɪ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 1.15. 

 
Ɋɢɫɭɧɨɤ 1.15 – ɋɨɡɞɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɫ ɩɨɦɨɳɶɸ «Ʉɨɧɮɢɝɭɪɚɬɨɪɚ» 

ȿɫɥɢ ɧɭɠɧɨ ɢɡɦɟɧɢɬɶ ɪɚɡɦɟɪɵ ɫɬɪɭɤɬɭɪɵ, ɞɥɹ ɷɬɨɝɨ ɬɪɟɛɭɟɬɫɹ ɜɵɞɟɥɢɬɶ 
ɨɬɪɟɡɨɤ ɢ ɡɚɞɚɬɶ ɤɨɨɪɞɢɧɚɬɵ ɩɨ ɯ, ɭ ɢ ɭɤɚɡɚɬɶ ɨɬɧɨɫɢɬɟɥɶɧɭɸ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ (ɪɢɫ. 1.16). 

 
Ɋɢɫɭɧɨɤ 1.16 – Ɋɟɞɚɤɬɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ 

Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɭɫɬɢɬɶ ɩɪɨɝɪɚɦɦɭ, ɩɨɫɥɟ ɱɟɝɨ ɦɨɠɧɨ 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ. 

Ⱦɥɹ ɭɫɩɟɲɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɫ ɩɨɦɨɳɶɸ ɪɭɤɨɜɨɞɫɬɜɚ 
ɩɨɥɶɡɨɜɚɬɟɥɹ ɤ ɫɢɫɬɟɦɟ TALGAT ɨɡɧɚɤɨɦɢɬɶɫɹ ɫ ɨɫɨɛɟɧɧɨɫɬɹɦɢ 
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ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɤɪɭɝɥɵɯ ɝɪɚɧɢɰ (ɤɪɭɝɨɜɨɝɨ ɢɧɬɟɪɜɚɥɚ), ɢɫɩɨɥɶɡɭɹ ɩɪɢɦɟɪɵ 
ɨɩɢɫɚɧɧɵɟ ɜ ɧɟɦ. 

Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɨɡɧɚɤɨɦɢɬɶɫɹ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɤɚɛɟɥɹ RG-316\U, 

ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɧɚ ɞɚɧɧɨɦ ɡɚɧɹɬɢɢ. Ʉɨɧɫɬɪɭɤɰɢɹ ɤɚɛɟɥɹ ɩɪɢɜɟɞɟɧɚ ɧɚ 
ɪɢɫ. 1.17 (http://www.radiolab.ru). 

 
SCCS – ɩɨɫɟɪɟɛɪɟɧɧɚɹ ɨɦɟɞɧɟɧɧɚɹ ɫɬɚɥɶ. 

PTFE – ɮɬɨɪɨɩɥɚɫɬ. 

SCC – ɩɨɫɟɪɟɛɪɟɧɧɚɹ ɦɟɞɶ. 

FEP – ɷɤɫɬɪɭɞɢɪɭɟɦɵɣ ɬɟɮɥɨɧ. 

Ɋɢɫɭɧɨɤ 1.17 – Ʉɨɧɫɬɪɭɤɰɢɹ RG-316\U 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɢ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɤɚɛɟɥɹ ɩɪɢɜɟɞɟɧɵ ɧɚ 
ɪɢɫ. 1.18 (http://www.radiolab.ru). 

 
Ɋɢɫɭɧɨɤ 1.18 – ɉɚɪɚɦɟɬɪɵ ɤɚɛɟɥɹ RG-316\U 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɬɪɟɛɭɟɬɫɹ ɜɵɱɢɫɥɢɬɶ ɩɨɝɨɧɧɵɟ ɟɦɤɨɫɬɶ ɢ ɢɧɞɭɤɬɢɜɧɨɫɬɶ 
ɢ ɜɨɥɧɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. Ɉɰɟɧɢɬɶ ɪɚɡɥɢɱɢɟ ɜ ɡɧɚɱɟɧɢɹɯ, ɭɤɚɡɚɧɧɵɯ ɜ 
ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ ɢ ɩɨɥɭɱɟɧɧɵɯ ɱɢɫɥɟɧɧɵɯ ɩɭɬɟɦ. 

ɇɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɮɚɣɥɚ ɩɪɨɜɟɫɬɢ ɚɧɚɥɨɝɢɱɧɵɣ ɪɚɫɱɟɬ ɤɚɛɟɥɹ 
RG-402. Ʉɨɧɫɬɪɭɤɰɢɹ ɤɚɛɟɥɹ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1.19, ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɢ 
ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɤɚɛɟɥɹ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1.20 

(http://www.radiolab.ru). ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɫɮɨɪɦɢɪɨɜɚɬɶ 
ɜɵɜɨɞɵ ɩɨ ɪɚɛɨɬɟ. 
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SCCS – ɩɨɫɟɪɟɛɪɟɧɧɚɹ ɨɦɟɞɧɟɧɧɚɹ ɫɬɚɥɶ. 

PTFE – ɮɬɨɪɨɩɥɚɫɬ. 

SCC – ɩɨɫɟɪɟɛɪɟɧɧɚɹ ɦɟɞɶ. 

FEP – ɷɤɫɬɪɭɞɢɪɭɟɦɵɣ ɬɟɮɥɨɧ. 

Ɋɢɫɭɧɨɤ 1.19 – Ʉɨɧɫɬɪɭɤɰɢɹ RG-402 

 
Ɋɢɫɭɧɨɤ 1.20 – ɉɚɪɚɦɟɬɪɵ ɤɚɛɟɥɹ RG-402 

1.5.2 Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ ɫɟɝɦɟɧɬɚɰɢɢ ɧɚ ɬɨɱɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ 

Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɞɥɹ ɪɟɲɟɧɢɣ ɡɚɞɚɱ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ 
ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ ɤɨɧɮɨɪɦɧɵɯ ɨɬɨɛɪɚɠɟɧɢɹɯ. ɗɬɨ ɨɛɳɟɩɪɢɡɧɚɧɧɵɣ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɞɥɹ ɪɟɲɟɧɢɹ ɞɜɭɯɦɟɪɧɵɯ ɭɪɚɜɧɟɧɢɣ Ʌɚɩɥɚɫɚ ɢ 
ɉɭɚɫɫɨɧɚ. Ɋɟɲɟɧɢɟ ɞɚɟɬ ɞɜɟ ɩɨɝɨɧɧɵɟ ɦɚɬɪɢɰɵ ɟɦɤɨɫɬɟɣ ɞɥɹ ɨɞɧɨɪɨɞɧɨɝɨ 
ɜɨɡɞɭɲɧɨɝɨ ɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɩɨɥɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɧɚɯɨɠɞɟɧɢɹ ɞɪɭɝɢɯ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɢɧɬɟɪɟɫ, ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɭɤɬɭɪɵ.  

ɐɟɥɶ ɪɚɛɨɬɵ – ɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɹ ɜɨɥɧɨɜɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɚɧɚɥɢɬɢɱɟɫɤɢ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨ ɞɥɹ ɨɰɟɧɤɢ 
ɜɥɢɹɧɢɹ ɫɟɝɦɟɧɬɚɰɢɢ ɧɚ ɬɨɱɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ. 

ɇɚ ɪɢɫ. 1.21 ɩɪɢɜɟɞɟɧɨ ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɦɢɤɪɨɩɨɥɨɫɤɨɜɨɣ ɥɢɧɢɢ. 

t

h

w

1

er=1

er

 
Ɋɢɫɭɧɨɤ 1.21 – ɉɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɦɢɤɪɨɩɨɥɨɫɤɨɜɨɣ ɥɢɧɢɢ 

Ɂɧɚɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ (eɷɮ) ɢ 
ɜɨɥɧɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (Z) ɢ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ (ɛɟɡ 
ɭɱɟɬɚ ɬɨɥɳɢɧɵ ɩɪɨɜɨɞɧɢɤɚ): 
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Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɵɱɢɫɥɟɧɢɹ, ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɯ ɮɨɪɦɭɥ ɧɟɨɛɯɨɞɢɦɨ 
ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɚɤɟɬɨɦ Scilab. ɋɩɟɪɜɚ ɦɢɧɢɦɚɥɶɧɨ ɨɩɢɲɟɦ ɨɫɨɛɟɧɧɨɫɬɢ 
ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɫɨɛɫɬɜɟɧɧɭɸ ɩɨɞɩɪɨɝɪɚɦɦɭ-

ɮɭɧɤɰɢɸ ɜ ɜɢɞɟ ɮɚɣɥɚ ɫ ɪɚɫɲɢɪɟɧɢɟɦ sci, ɢɫɩɨɥɶɡɭɹ ɜɫɬɪɨɟɧɧɵɣ ɪɟɞɚɤɬɨɪ 
Scipad. ɂɦɹ ɫɨɡɞɚɧɧɨɝɨ ɮɚɣɥɚ ɢ ɨɩɪɟɞɟɥɹɟɬ ɢɦɹ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɨɟ ɛɭɞɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢ ɟɟ ɜɵɡɨɜɟ (ɬ.ɟ. ɢɦɹ ɮɭɧɤɰɢɢ ɞɨɥɠɧɨ ɫɨɜɩɚɞɚɬɶ ɜ ɢɦɟɧɟɦ 
ɮɚɣɥɚ. ɉɨɞɩɪɨɝɪɚɦɦɚ-ɮɭɧɤɰɢɹ ɞɨɥɠɧɚ ɫɨɞɟɪɠɚɬɶ ɡɚɝɨɥɨɜɨɤ ɢ ɨɩɟɪɚɬɨɪ 
ɨɤɨɧɱɚɧɢɹ. Ɂɚɝɨɥɨɜɨɤ ɢɞɟɬ ɜ ɩɟɪɜɨɣ ɫɬɪɨɤɟ ɢ ɧɚɱɢɧɚɟɬɫɹ ɨɩɟɪɚɬɨɪɨɦ function. 
ɉɨɫɥɟ ɷɬɨɝɨ ɜ ɡɚɝɨɥɨɜɤɟ ɭɤɚɡɵɜɚɸɬɫɹ ɢɦɟɧɚ ɜɵɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ (ɟɫɥɢ 
ɩɟɪɟɦɟɧɧɵɯ ɧɟɫɤɨɥɶɤɨ, ɬɨ ɢɯ ɢɦɟɧɚ ɩɟɪɟɱɢɫɥɹɸɬɫɹ ɜ ɤɜɚɞɪɚɬɧɵɯ ɫɤɨɛɤɚɯ). 
Ɂɚɬɟɦ, ɩɨɫɥɟ ɡɧɚɤɚ ɪɚɜɟɧɫɬɜɚ, ɭɤɚɡɵɜɚɟɬɫɹ ɢɦɹ ɮɭɧɤɰɢɢ ɢ ɩɪɢɜɨɞɢɬɫɹ 
ɡɚɤɥɸɱɟɧɧɵɣ ɜ ɤɪɭɝɥɵɟ ɫɤɨɛɤɢ ɫɩɢɫɨɤ ɢɦɟɧ ɜɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ, 
ɪɚɡɞɟɥɟɧɧɵɯ ɡɚɩɹɬɨɣ. ɉɨɫɥɟ ɡɚɝɨɥɨɜɤɚ ɢɞɟɬ ɫɚɦɨ ɬɟɥɨ ɮɭɧɤɰɢɢ, ɡɚ ɤɨɬɨɪɵɦ 
ɫɥɟɞɭɟɬ ɨɩɟɪɚɬɨɪ ɨɤɨɧɱɚɧɢɹ endfunction. 

ɉɪɢɦɟɪ. ɉɨɫɥɟ ɫɨɡɞɚɧɢɹ ɮɚɣɥɚ func.sci, ɜ ɧɟɦ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ, 
ɱɬɨ ɞɟɥɚɟɬ ɮɭɧɤɰɢɹ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɮɭɧɤɰɢɹ ɛɭɞɟɬ ɩɨɥɭɱɚɬɶ ɡɧɚɱɟɧɢɟ, 
ɜɨɡɜɨɞɢɬɶ ɟɝɨ ɜ ɤɜɚɞɪɚɬ ɢ ɜɨɡɜɪɚɳɚɬɶ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɟɟ. 

function [y]=func(t) 

y=t^2 

endfunction. 

ɉɨɫɥɟ ɨɩɢɫɚɧɢɹ ɩɨɞɩɪɨɝɪɚɦɦɵ-ɮɭɧɤɰɢɢ ɟɟ ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɭɫɬɢɬɶ ɧɚ 
ɢɫɩɨɥɧɟɧɢɟ ɮɭɧɤɰɢɟɣ exec. Ⱦɥɹ ɷɬɨɝɨ ɜ ɤɨɦɚɧɞɧɨɦ ɨɤɧɟ ɜɜɟɫɬɢ ɤɨɦɚɧɞɭ: 
exec('func.sci'). ɉɨɫɥɟ ɷɬɨɝɨ ɢɡ ɤɨɦɚɧɞɧɨɝɨ ɨɤɧɚ ɦɨɠɧɨ ɜɵɡɵɜɚɬɶ ɫɨɡɞɚɧɧɭɸ 
ɮɭɧɤɰɢɸ func. ɉɪɢɦɟɪ: func(3). Ɋɟɡɭɥɶɬɚɬɨɦ ɜɵɩɨɥɧɟɧɢɹ ɛɭɞɟɬ ɡɧɚɱɟɧɢɟ 9. 

Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɥɨɜɧɵɯ ɨɩɟɪɚɬɨɪɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 
ɤɨɧɫɬɪɭɤɰɢɢ: if (ɭɫɥɨɜɢɟ) ɬɪɟɛɭɟɦɨɟ ɞɟɣɫɬɜɢɟ – end, if(ɭɫɥɨɜɢɟ) ɞɟɣɫɬɜɢɟ 1 –
else ɞɟɣɫɬɜɢɟ 2 – end. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ +, –, /, * ɚɧɚɥɨɝɢɱɧɨ 
ɨɛɳɟɩɪɢɧɹɬɨɦɭ. Ʉɜɚɞɪɚɬɧɵɣ ɤɨɪɟɧɶ ɜɵɱɢɫɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɜɫɬɪɨɟɧɧɨɣ 
ɮɭɧɤɰɢɢ sqrt(ɡɧɚɱɟɧɢɟ).  

Ⱦɥɹ ɤɨɦɦɟɧɬɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɜɟ ɤɨɫɵɯ ɱɟɪɬɵ (ɚɧɚɥɨɝɢɱɧɨ 
ɹɡɵɤɚɦ C/C++) – //. ɉɨɫɥɟ ɱɟɝɨ ɤɨɦɦɟɧɬɢɪɭɟɦɵɣ ɬɟɤɫɬ ɦɟɧɹɟɬ ɰɜɟɬ ɧɚ 
ɡɟɥɟɧɵɣ. 

Scilab ɩɨɞɞɟɪɠɢɜɚɟɬ ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɡɚɩɢɫɢ ɜɟɳɟɫɬɜɟɧɧɵɯ ɱɢɫɟɥ. 
ɇɚɩɪɢɦɟɪ, ɞɨɩɭɫɬɢɦɵ ɡɚɩɢɫɢ: 4, -5.2, 32e3, 7.8e-5, -12E-10, -12D-10. 
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Ɋɚɡɞɟɥɢɬɟɥɟɦ ɦɟɠɞɭ ɦɚɧɬɢɫɫɨɣ ɢ ɩɨɪɹɞɤɨɦ ɩɪɢ ɜɜɨɞɟ ɦɨɝɭɬ ɫɥɭɠɢɬɶ 
ɫɢɦɜɨɥɵ e, E, d, D. Ɋɚɡɞɟɥɢɬɟɥɟɦ ɦɟɠɞɭ ɰɟɥɨɣ ɢ ɞɪɨɛɧɨɣ ɱɚɫɬɹɦɢ ɱɢɫɥɚ 
ɫɥɭɠɢɬ ɫɢɦɜɨɥ «ɬɨɱɤɚ». Ɂɚɩɢɫɶ -5,2 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɜɭɦ ɜɵɪɚɠɟɧɢɹɦ (-5 ɢ 2). 
ȼ ɫɪɟɞɟ Scilab ɧɟ ɞɟɥɚɟɬɫɹ ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ ɰɟɥɵɦɢ ɢ ɜɟɳɟɫɬɜɟɧɧɵɦɢ 
ɱɢɫɥɚɦɢ, ɩɨɷɬɨɦɭ ɩɪɢ ɫɨɡɞɚɧɢɢ ɩɟɪɟɦɟɧɧɵɯ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɤɚɡɵɜɚɬɶ 
ɢɯ ɬɢɩ, ɤɚɤ ɩɪɢɧɹɬɨ, ɧɚɩɪɢɦɟɪ ɜ C/C++. 

ɋ ɩɨɦɨɳɶɸ ɨɩɢɫɚɧɧɨɝɨ ɜɵɲɟ ɫɢɧɬɚɤɫɢɫɚ Scilab ɧɟɨɛɯɨɞɢɦɨ 
ɪɟɚɥɢɡɨɜɚɬɶ ɮɭɧɤɰɢɸ microstrip, ɜɵɱɢɫɥɹɸɳɟɸ ɜɨɥɧɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɦɢɤɪɨɩɨɥɨɫɤɨɜɨɣ ɥɢɧɢɢ. ɉɨɫɥɟ ɱɟɝɨ ɬɪɟɛɭɟɬɫɹ ɪɟɚɥɢɡɨɜɚɬɶ ɚɧɚɥɨɝɢɱɧɨɟ 
ɜɵɱɢɫɥɟɧɢɹ ɜɨɥɧɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɢɤɪɨɩɨɥɨɫɤɨɜɨɣ ɥɢɧɢɢ ɜ ɫɢɫɬɟɦɟ 
TALGAT, ɫ ɬɟɦɢ ɠɟ ɩɚɪɚɦɟɬɪɚɦɢ. Ɂɚɬɟɦ ɭɱɚɳɚɹ ɫɟɝɦɟɧɬɚɰɢɸ, ɧɚɱɢɧɚɹ ɨɬ 
ɫɚɦɨɣ ɝɪɭɛɨɣ (ɞɥɢɧɚ ɩɨɞɵɧɬɟɪɜɚɥɚ ɪɚɜɧɚ ɲɢɪɢɧɟ ɩɪɨɜɨɞɧɢɤɚ), ɨɰɟɧɢɬɶ ɟɟ 
ɜɥɢɹɧɢɟ ɧɚ ɬɨɱɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ, ɫɪɚɜɧɢɜɚɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɫɨɝɥɚɫɧɨ 
ɮɨɪɦɭɥɵ (1.50). 

1.5.3 ȼɵɱɢɫɥɟɧɢɟ ɨɬɤɥɢɤɚ  
ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɨɩɢɫɵɜɚɸɬɫɹ ɤɨɦɚɧɞɵ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɱɚɫɬɨɬɧɨɝɨ ɢ 

ɜɪɟɦɟɧɧɨɝɨ ɨɬɤɥɢɤɨɜ. ɇɚ ɤɨɧɤɪɟɬɧɨɦ ɩɪɢɦɟɪɟ ɩɨɞɪɨɛɧɨ ɨɩɢɫɵɜɚɟɬɫɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜɜɨɞɚ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɜɵɜɨɞɚ ɩɨɥɭɱɟɧɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ. 

Ɋɚɫɫɦɨɬɪɢɦ ɜɵɱɢɫɥɟɧɢɟ ɨɬɤɥɢɤɚ ɧɚ ɩɪɢɦɟɪɟ, ɩɪɢɜɟɞɟɧɧɨɦ ɧɚ 
(ɪɢɫ. 1.22). ȼɵɱɢɫɥɟɧɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɚɧɞ 

TALGAT_Script ɜɯɨɞɧɨɝɨ ɮɚɣɥɚ (ɢɥɢ ɤɨɦɚɧɞɧɨɣ ɫɬɪɨɤɢ ɫɢɫɬɟɦɵ). Ⱦɥɹ ɷɬɨɝɨ 

ɧɟɨɛɯɨɞɢɦɨ ɡɚɝɪɭɡɢɬɶ ɦɨɞɭɥɢ UTIL, MATRIX, RESPONSE ɢ GRAFH. 
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2 
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ɧɨɦɟɪ ɭɡɥɚ 

ɧɨɦɟɪ ɜɵɜɨɞɚ  
Ɋɢɫɭɧɨɤ 1.22 – Ɉɬɪɟɡɨɤ ɞɜɭɯɩɪɨɜɨɞɧɨɣ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ 

ɉɨɫɥɟ ɩɨɞɤɥɸɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɦɨɞɭɥɟɣ ɧɚɞɨ ɡɚɞɚɬɶ ɦɚɬɪɢɰɵ 
ɩɨɝɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɆɉɅɉ. Ɂɚɬɟɦ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɚɧɚɥɢɡɚ ɧɟɨɛɯɨɞɢɦɨ 
ɡɚɞɚɬɶ ɜɪɟɦɟɧɧɨɣ ɲɚɝ "step_time" ɢ ɱɢɫɥɨ ɨɬɫɱɟɬɨɜ (2

count_degree
) ɧɚ ɩɟɪɢɨɞ 

ɩɨɜɬɨɪɟɧɢɹ ɢɦɩɭɥɶɫɨɜ ɞɥɹ ɚɥɝɨɪɢɬɦɨɜ ȻɉɎ ɫ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞɵ 
TRANSIENT_ANALYSIS_SETUP (ɪɢɫ. 1.23). 

TRANSIENT_ANALYSIS_SETUP "step_time" 0.05E-9 

TRANSIENT_ANALYSIS_SETUP "count_degree" 12 

Ɋɢɫɭɧɨɤ 1.23 – Ʉɨɦɚɧɞɵ ɞɥɹ ɜɜɨɞɚ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɚɧɚɥɢɡɚ 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɫɯɟɦɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɤɨɦɚɧɞɵ: RESISTOR – 

ɪɟɡɢɫɬɨɪ, CAPACITOR – ɟɦɤɨɫɬɶ, INDUCTANCE – ɢɧɞɭɤɬɢɜɧɨɫɬɶ, 
SOURCE – ɢɫɬɨɱɧɢɤ ɜɨɡɞɟɣɫɬɜɢɹ, TRANSMISSION_LINE – ɨɬɪɟɡɨɤ ɆɉɅɉ. 
ɉɟɪɜɵɣ ɚɪɝɭɦɟɧɬ ɞɥɹ ɤɨɦɚɧɞ RESISTOR, CAPACITOR, INDUCTANCE – ɢɦɹ 
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ɤɨɧɤɪɟɬɧɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɡɚɤɥɸɱɟɧɧɨɟ ɜ ɤɚɜɵɱɤɢ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɪɟɡɢɫɬɨɪɚ 
"R1". ȼɬɨɪɨɣ ɢ ɬɪɟɬɢɣ ɚɪɝɭɦɟɧɬɵ – ɧɨɦɟɪɚ ɭɡɥɨɜ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ 
ɪɚɫɩɨɥɨɠɟɧ ɷɥɟɦɟɧɬ, ɚ ɱɟɬɜɟɪɬɵɣ ɚɪɝɭɦɟɧɬ ɡɚɞɚɟɬ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ. 

Ⱦɥɹ ɡɚɞɚɧɢɹ ɢɫɬɨɱɧɢɤɚ ɜɨɡɞɟɣɫɬɜɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɨɱɟɬɚɧɢɟ ɤɨɦɚɧɞ. 
ȼɧɚɱɚɥɟ, ɡɚɞɚɟɬɫɹ ɤɨɦɚɧɞɚ 

SOURCE "I1" 0 1, 

ɝɞɟ ɩɟɪɜɵɣ ɚɪɝɭɦɟɧɬ – ɢɦɹ ɤɨɧɤɪɟɬɧɨɝɨ ɩɚɪɚɦɟɬɪɚ (ɬɨɤ ɢɥɢ ɧɚɩɪɹɠɟɧɢɟ), ɚ 
ɜɬɨɪɨɣ ɢ ɬɪɟɬɢɣ ɚɪɝɭɦɟɧɬɵ – ɧɨɦɟɪɚ ɭɡɥɨɜ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɪɚɫɩɨɥɨɠɟɧ 
ɢɫɬɨɱɧɢɤ. Ɂɚɬɟɦ, ɞɥɹ ɡɚɞɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢɫɬɨɱɧɢɤɚ ɜɨɡɞɟɣɫɬɜɢɹ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɚɧɞɚ (ɧɚɩɪɢɦɟɪ, ɞɥɹ ɢɦɩɭɥɶɫɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ ɢ 
ɧɚɩɪɹɠɟɧɢɹ): 

SIMULATION_SOURCES_IPULSE Iin Ipv tTD tRT tFT tD Period;  

SIMULATION_SOURCES_VPULSE Vin Vpv tTD tRT tFT tD Period. 

Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨ ɤɨɦɚɧɞɵ ɞɥɹ ɡɚɞɚɧɢɹ ɢɫɬɨɱɧɢɤɨɜ ɬɨɤɚ ɢɥɢ ɧɚɩɪɹɠɟɧɢɹ 

ɨɩɢɫɚɧɵ ɜ ɨɬɞɟɥɶɧɨɦ ɪɚɡɞɟɥɟ 1.5.6. 

Ⱦɥɹ ɡɚɞɚɧɢɹ ɨɬɪɟɡɤɚ ɆɉɅɉ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɥɟɞɭɸɳɟɟ ɫɨɱɟɬɚɧɢɟ ɤɨɦɚɧɞ. 
ȼɧɚɱɚɥɟ, ɡɚɞɚɟɬɫɹ ɤɨɦɚɧɞɚ 

TRANSMISSION_LINE "t11" N in1 out1 … inN outN, 

ɝɞɟ ɩɟɪɜɵɣ ɚɪɝɭɦɟɧɬ – ɢɦɹ ɆɉɅɉ, ɜɬɨɪɨɣ ɚɪɝɭɦɟɧɬ – ɤɨɥɢɱɟɫɬɜɨ 
ɩɪɨɜɨɞɧɢɤɨɜ N, ɚ ɨɫɬɚɥɶɧɵɟ inN – ɧɨɦɟɪ ɭɡɥɚ, ɫ ɤɨɬɨɪɵɦ ɫɨɟɞɢɧɟɧ ɩɪɨɜɨɞɧɢɤ 
N ɜ ɧɚɱɚɥɟ ɥɢɧɢɢ ɢ outN – ɧɨɦɟɪ ɭɡɥɚ, ɫ ɤɨɬɨɪɵɦ ɫɨɟɞɢɧɟɧ ɩɪɨɜɨɞɧɢɤ N ɜ 
ɤɨɧɰɟ ɥɢɧɢɢ. Ɂɚɬɟɦ, ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɆɉɅɉ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɚɧɞɚ 

TRANSMISSION_LINE_PARAMETERS L ɋ R G length, 

ɝɞɟ L – ɦɚɬɪɢɰɚ ɩɨɝɨɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ, 
C – ɦɚɬɪɢɰɚ ɩɨɝɨɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɢ, R – 

ɦɚɬɪɢɰɚ ɩɨɝɨɧɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, G – ɦɚɬɪɢɰɚ ɩɨɝɨɧɧɵɯ ɩɪɨɜɨɞɢɦɨɫɬɟɣ, 

length – ɞɥɢɧɚ ɨɬɪɟɡɤɚ ɥɢɧɢɢ. 
Ⱦɥɹ ɜɵɜɨɞɚ ɫɨɡɞɚɧɧɨɣ ɫɯɟɦɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɚɧɞɚ DRAW_SCHEME. 

ɉɪɢɦɟɪ ɫɨɡɞɚɧɢɹ ɫɯɟɦɵ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɢɦɟɪɚ ɩɪɢɜɟɞɟɧ ɧɚ 
ɪɢɫ. 1.24. 

RESISTOR "R1" 1 2 50 

RESISTOR "R2" 0 3 100 

RESISTOR "R3" 0 4 100 

RESISTOR "R4" 0 5 100 

SOURCE "V1" 0 1 

SIMULATION_SOURCES_VPULSE 0. 1. 0. 1.5e-9 1.5e-9 6.0e-9 0. 

TRANSMISSION_LINE "tl1" GET_MATRIX_ROWS L 2 4 3 5 

TRANSMISSION_LINE_PARAMETERS L B R G 0.3048 

DRAW_SCHEME 

Ɋɢɫɭɧɨɤ 1.24 – Ʉɨɦɚɧɞɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɯɟɦɵ ɞɥɹ ɪɢɫ. 1.22 
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ɉɪɢ ɡɚɜɟɪɲɟɧɢɢ ɩɨɫɬɪɨɟɧɢɹ ɫɯɟɦɵ ɢ ɜɜɨɞɚ ɟё ɩɚɪɚɦɟɬɪɨɜ ɦɨɠɧɨ 
ɩɪɢɫɬɭɩɚɬɶ ɤ ɜɵɱɢɫɥɟɧɢɸ ɨɬɤɥɢɤɚ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 
ɤɨɦɚɧɞɵ: 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɦɚɧɞɵ T_RESPONSE_I ɢ T_RESPONSE. Ⱥɪɝɭɦɟɧɬɨɦ ɞɥɹ 
ɨɛɟɢɯ ɤɨɦɚɧɞ ɹɜɥɹɟɬɫɹ ɱɚɫɬɨɬɚ f0, ɧɚ ɤɨɬɨɪɨɣ ɜɵɱɢɫɥɹɥɢɫɶ ɦɚɬɪɢɰɵ ɩɨɬɟɪɶ 
R, G. ɉɪɢɦɟɪ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɦɚɧɞɵ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 1.25. 

T_RESPONSE f0 (ɢɥɢ T_RESPONSE_I f0)  

Ɋɢɫɭɧɨɤ 1.25 – Ʉɨɦɚɧɞɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɨɬɤɥɢɤɚ 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɤɨɦɚɧɞɚ F_RESPONSE_I ɢ F_RESPONSE. Ⱥɪɝɭɦɟɧɬɨɦ ɞɥɹ ɨɛɟɢɯ ɤɨɦɚɧɞ 
ɹɜɥɹɟɬɫɹ ɱɚɫɬɨɬɚ f0, ɧɚ ɤɨɬɨɪɨɣ ɜɵɱɢɫɥɹɥɢɫɶ ɦɚɬɪɢɰɵ ɩɨɬɟɪɶ R, G.  

Ʉɨɦɚɧɞɚ F_RESPONSE ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɜ ɱɚɫɬɨɬɧɨɣ 
ɨɛɥɚɫɬɢ ɩɪɢ ɝɚɪɦɨɧɢɱɟɫɤɨɦ ɜɨɡɞɟɣɫɬɜɢɢ. Ⱦɢɚɩɚɡɨɧ ɱɚɫɬɨɬ ɢ ɲɚɝ ɜɵɱɢɫɥɟɧɢɹ 
ɡɚɞɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɚɪɚɦɟɬɪɨɜ «start_frequency», «stop_frequency», 
«step_frequency» ɤɨɦɚɧɞɵ TRANSIENT_ANALYSIS_SETUP. ɉɪɢɦɟɪ ɡɚɞɚɧɢɹ 
ɞɢɚɩɚɡɨɧɚ ɱɚɫɬɨɬ ɨɬ 10 Ƚɰ ɞɨ 10 ȽȽɰ ɢ ɲɚɝɚ ɜɵɱɢɫɥɟɧɢɹ ɩɪɢɜɟɞɟɧ ɧɚ 
ɪɢɫ. 1.26. ɉɪɢ ɷɬɨɦ, ɟɫɥɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɷɬɢ ɩɚɪɚɦɟɬɪɵ, ɬɨ ɩɚɪɚɦɟɬɪɵ, 
ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫ. 1.23, ɧɟ ɡɚɞɚɸɬɫɹ. Ⱦɥɹ ɡɚɞɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢɫɬɨɱɧɢɤɚ 

ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɚɧɞɚ 

SIMULATION_SOURCES_HARMONICS (I,0.), 

ɝɞɟ I (V) – ɚɦɩɥɢɬɭɞɚ ɬɨɤɚ ɢɥɢ ɧɚɩɪɹɠɟɧɢɹ, Ⱥ (ȼ). 
TRANSIENT_ANALYSIS_SETUP "start_frequency" 10. 

TRANSIENT_ANALYSIS_SETUP "stop_frequency" 10.e+9 

TRANSIENT_ANALYSIS_SETUP "step_frequency" 1.e+6  

Ɋɢɫɭɧɨɤ 1.26 – Ʉɨɦɚɧɞɵ ɞɥɹ ɡɚɞɚɧɢɹ ɞɢɚɩɚɡɨɧɚ ɱɚɫɬɨɬ ɢ ɲɚɝɚ ɜɵɱɢɫɥɟɧɢɹ 

1.5.4 Ʉɨɦɚɧɞɵ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɨɬɤɥɢɤɚ ɜ ɦɟɚɧɞɪɨɜɵɯ ɥɢɧɢɹɯ  
Ƚɟɨɦɟɬɪɢɹ ɦɟɚɧɞɪɨɜɨɣ ɥɢɧɢɢ ɢɡ ɞɜɭɯ ɜɢɬɤɨɜ (ɫ ɞɜɭɦɹ ɩɥɨɫɤɨɫɬɹɦɢ 

ɡɟɦɥɢ) ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1.27, ɝɞɟ t ɢ w – ɬɨɥɳɢɧɚ ɢ ɲɢɪɢɧɚ ɩɪɨɜɨɞɧɢɤɨɜ, s – 

ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɧɢɦɢ, d – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɪɨɜɨɞɧɢɤɚ ɞɨ ɤɪɚɹ ɫɬɪɭɤɬɭɪɵ, l – 

ɞɥɢɧɚ ɩɪɨɜɨɞɧɢɤɚ ɢ h1 ɢ h2 – ɬɨɥɳɢɧɵ ɫɥɨɟɜ ɞɢɷɥɟɤɬɪɢɤɚ, εr – ɨɬɧɨɫɢɬɟɥɶɧɚɹ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɞɢɷɥɟɤɬɪɢɤɚ.  

 

LIN–OUT 

εr 

h2 

h1 

s w 

t 

s w 

t 

s w 

t 

d w 

t 
l 

ɚ ɛ 

d 

 
Ɋɢɫɭɧɨɤ 1.27 – Ƚɟɨɦɟɬɪɢɹ ɦɟɚɧɞɪɨɜɨɣ ɥɢɧɢɢ ɡɚɞɟɪɠɤɢ: ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ 

(ɚ); ɜɢɞ ɫɢɝɧɚɥɶɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɫɜɟɪɯɭ (ɛ) 

Ⱦɥɢɧɵ ɦɟɚɧɞɪɨɜɨɣ ɥɢɧɢɢ ɢ ɟё ɩɪɨɜɨɞɧɢɤɚ: 
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LIN–OUT=(s+w)N,  LTOTAL=(l+(s+w)π/2)N, (1.1) 

ɝɞɟ N – ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɜɨɞɧɢɤɨɜ. 
ɉɟɪɜɚɹ ɫɯɟɦɚ ɦɟɚɧɞɪɨɜɨɣ ɥɢɧɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɨɞɧɨɝɨ ɨɬɪɟɡɤɚ 

ɆɉɅɉ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɧɰɵ ɩɪɨɜɨɞɧɢɤɨɜ ɤɨɬɨɪɨɝɨ ɡɚɦɤɧɭɬɵ (ɪɢɫ. 1.28). 
 

l 

V1 Eɝ 

 

Rs 

V2 Rɧ 

 
Ɋɢɫɭɧɨɤ 1.28 – Ɇɟɚɧɞɪɨɜɚɹ ɥɢɧɢɹ ɢɡ ɞɜɭɯ ɜɢɬɤɨɜ ɛɟɡ ɭɱɟɬɚ ɡɚɞɟɪɠɟɤ ɧɚ 

ɫɬɵɤɚɯ ɩɨɥɭɜɢɬɤɨɜ 

Ⱦɥɹ ɡɚɞɚɧɢɹ ɞɚɧɧɨɣ ɫɯɟɦɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɥɟɞɭɸɳɟɟ ɫɨɱɟɬɚɧɢɟ ɤɨɦɚɧɞ. 
ȼɧɚɱɚɥɟ, ɡɚɞɚɟɬɫɹ ɤɨɦɚɧɞɚ 

TRANSMISSION_LINE_MEANDER "t11" N, 

ɝɞɟ ɩɟɪɜɵɣ ɚɪɝɭɦɟɧɬ – ɢɦɹ ɫɬɪɭɤɬɭɪɵ, ɜɬɨɪɨɣ – ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɜɨɞɧɢɤɨɜ 

N. Ɂɚɬɟɦ, ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɚɧɞɚ 

TRANSMISSION_LINE_PARAMETERS L ɋ R G length, 

ɝɞɟ length – ɞɥɢɧɚ ɨɬɪɟɡɤɚ ɥɢɧɢɢ l. 

Ⱦɥɹ ɭɱɟɬɚ ɡɚɞɟɪɠɤɢ ɜ ɞɭɝɚɯ ɧɚ ɫɬɵɤɚɯ ɩɨɥɭɜɢɬɤɨɜ ɦɨɠɧɨ ɞɨɛɚɜɥɹɬɶ 
ɤɨɪɨɬɤɢɣ ɨɬɪɟɡɨɤ ɨɞɧɨɩɪɨɜɨɞɧɨɣ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ (ɪɢɫ. 1.29). 
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l–(s+2w) 

V1 Eɝ 

 

Rs 

V2 

Rɧ 

(s+w)π/2 

(s+w)π/2 

(s+w)π/4 

(s+w)π/4 

 
Ɋɢɫɭɧɨɤ 1.29 – Ɇɟɚɧɞɪɨɜɚɹ ɥɢɧɢɹ ɢɡ ɞɜɭɯ ɜɢɬɤɨɜ 

Ⱦɥɹ ɡɚɞɚɧɢɹ ɞɚɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɥɟɞɭɸɳɟɟ ɫɨɱɟɬɚɧɢɟ 
ɤɨɦɚɧɞ. ȼɧɚɱɚɥɟ, ɡɚɞɚɟɬɫɹ ɤɨɦɚɧɞɚ 

TRANSMISSION_LINE_MEANDER2 "t11" N L1 ɋ1 R1 G1 length1, 

ɝɞɟ ɩɟɪɜɵɣ ɚɪɝɭɦɟɧɬ – ɢɦɹ ɫɬɪɭɤɬɭɪɵ, ɜɬɨɪɨɣ – ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɜɨɞɧɢɤɨɜ 

N, ɚɪɝɭɦɟɧɬɵ, ɫ ɬɪɟɬɶɟɝɨ ɩɨ ɫɟɞɶɦɨɣ – ɩɚɪɚɦɟɬɪɵ ɨɞɧɨɩɪɨɜɨɞɧɨɣ ɥɢɧɢɢ 
ɩɟɪɟɞɚɱɢ. Ɂɚɬɟɦ, ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɚɧɞɚ: 

TRANSMISSION_LINE_PARAMETERS L ɋ R G length, 

ɝɞɟ length – ɞɥɢɧɚ ɨɬɪɟɡɤɚ ɥɢɧɢɢ l–(s-2w). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɬɨɪɚɹ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ ɩɨɡɜɨɥɹɟɬ ɬɨɱɧɟɟ ɭɱɟɫɬɶ 
ɡɚɞɟɪɠɤɭ ɫɢɝɧɚɥɚ ɧɚ ɫɬɵɤɚɯ ɩɨɥɭɜɢɬɤɨɜ, ɱɬɨ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ 
ɩɪɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ ɪɚɡɧɨɫɚ ɩɪɨɜɨɞɧɢɤɨɜ ɦɟɚɧɞɪɚ. ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɜ 
ɬɚɤɨɣ ɫɯɟɦɟ ɩɨɥɧɨɫɬɶɸ ɭɱɢɬɵɜɚɸɬɫɹ ɜɡɚɢɦɨɜɥɢɹɧɢɹ ɧɟ ɬɨɥɶɤɨ ɛɥɢɠɚɣɲɢɯ 
ɩɪɨɜɨɞɧɢɤɨɜ, ɧɨ ɢ ɜɫɟɯ (ɫɤɨɥɶɤɨ ɛɵ ɢɯ ɧɢ ɛɵɥɨ), ɬ.ɟ. ɤɚɠɞɨɝɨ ɫ ɤɚɠɞɵɦ, ɱɬɨ 
ɹɜɥɹɟɬɫɹ ɜɫё ɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɦ ɜ ɫɥɭɱɚɟ ɭɫɢɥɟɧɢɹ ɫɜɹɡɢ, ɩɨɥɭɱɚɟɦɨɦ ɩɪɢ 
ɭɩɥɨɬɧɟɧɢɢ ɦɟɚɧɞɪɚ.  

ɋɯɟɦɵ ɧɚ ɪɢɫ. 1.28 ɢ 1.29 – ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ ɰɟɥɨɝɨ ɱɢɫɥɚ ɜɢɬɤɨɜ (ɬ.ɟ. ɞɥɹ 
ɱɟɬɧɵɯ N). Ɉɞɧɚɤɨ ɨɩɢɫɚɧɧɵɟ ɜɵɲɟ ɤɨɦɚɧɞɵ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢ ɞɥɹ 
ɧɟɱɟɬɧɵɯ N (ɪɢɫ. 1.30).  
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l–(s+2w) 

V1 Eɝ 

 

Rs 

V2 
Rɧ 

(s+w)π/2 

(s+w)π/4 

(s+w)π/4 

(s+w)π/2 

 
Ɋɢɫɭɧɨɤ 1.30 – Ɇɟɚɧɞɪɨɜɚɹ ɥɢɧɢɹ ɢɡ ɩɨɥɭɬɨɪɚ ɜɢɬɤɨɜ 

Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɨɫɧɨɜɟ ɞɜɭɯ ɨɬɪɟɡɤɨɜ ɆɉɅɉ, ɫɨɟɞɢɧɟɧɧɵɯ ɫɨ ɫɞɜɢɝɨɦ 

(ɞɥɹ ɟɳё ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɩɨɞɛɨɪɚ ɡɚɞɟɪɠɤɢ ɜ ɦɟɚɧɞɪɟ), ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ 
ɚɧɚɥɢɡ ɞɚɠɟ ɞɥɹ ɰɟɥɨɝɨ ɱɢɫɥɚ ɱɟɬɜɟɪɬɶɜɢɬɤɨɜ (ɪɢɫ. 1.31). 

l–(s+2w) 

V1 Eɝ 

 

Rs 

V2 

Rɧ 

(s+w)π/2 

(s+w)π/2 

(s+w)π/4 

(s+w)π/4 

(s+w)π/2 

(s+w)π/2 

 
Ɋɢɫɭɧɨɤ 1.31 – Ɇɟɚɧɞɪɨɜɚɹ ɥɢɧɢɹ ɢɡ ɱɟɬɜɟɪɬɶɜɢɬɤɨɜ 

1.5.5 Ɋɟɞɚɤɬɨɪ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɫɯɟɦ 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɨɩɢɫɚɧ ɪɟɞɚɤɬɨɪ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɫɯɟɦ, ɤɨɬɨɪɵɣ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɢɡɜɨɥɶɧɨɣ ɫɯɟɦɵ ɢ ɜɵɱɢɫɥɟɧɢɹ ɨɬɤɥɢɤɚ. 

Ɉɤɧɨ ɪɟɞɚɤɬɨɪɚ, ɤɨɬɨɪɨɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ 
ɫɯɟɦ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 1.32. Ɇɟɧɸ ɪɟɞɚɤɬɨɪɚ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ 
ɷɥɟɦɟɧɬɨɜ: 
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– ɫɨɡɞɚɬɶ ɧɨɜɨɟ ɨɤɧɨ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɫɯɟɦ; 

 
– ɫɨɟɞɢɧɢɬɟɥɶɧɚɹ ɥɢɧɢɹ (ɫɨɟɞɢɧɹɟɬ ɷɥɟɦɟɧɬɵ ɫɯɟɦɵ); 

 
– ɪɟɡɢɫɬɨɪ;  

 
– ɤɨɧɞɟɧɫɚɬɨɪ;  

 
– ɢɧɞɭɤɬɢɜɧɨɫɬɶ; 

 
– ɢɫɬɨɱɧɢɤ ɧɚɩɪɹɠɟɧɢɹ; 

 
– ɢɫɬɨɱɧɢɤ ɬɨɤɚ; 

 
– ɨɬɪɟɡɨɤ ɆɉɅɉ; 

 
– ɫɢɝɧɚɥɶɧɚɹ ɢɥɢ ɫɯɟɦɧɚɹ ɡɟɦɥɹ; 

 

– ɦɚɪɤɟɪ (ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɭɡɥɚɯ ɫɯɟɦɵ ɞɥɹ ɜɵɜɨɞɚ ɪɟɡɭɥɶɬɚɬɨɜ 
ɜɵɱɢɫɥɟɧɢɣ) 

 
– ɨɱɢɫɬɤɚ ɩɨɥɹ ɨɤɧɚ ɪɟɞɚɤɬɨɪɚ ɫɯɟɦɵ; 

 
– ɡɚɩɭɫɤ ɜɵɱɢɫɥɟɧɢɹ ɨɬɤɥɢɤɚ. 
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Ɋɢɫɭɧɨɤ 1.32 – Ɉɤɧɨ ɪɟɞɚɤɬɨɪɚ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɫɯɟɦ ɜ TALGAT 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɯɟɦɵ ɩɨɥɶɡɨɜɚɬɟɥɶ ɜɵɛɢɪɚɟɬ ɷɥɟɦɟɧɬɵ ɫɯɟɦɵ ɜ ɦɟɧɸ 

ɢ ɪɚɡɦɟɳɚɟɬ ɢɯ ɧɚ ɩɨɥɟ ɨɤɧɚ ɪɟɞɚɤɬɨɪɚ. ɗɥɟɦɟɧɬɵ ɫɨɟɞɢɧɹɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ 
ɫ ɩɨɦɨɳɶɸ ɷɥɟɦɟɧɬɚ «ɫɨɟɞɢɧɢɬɟɥɶɧɚɹ ɥɢɧɢɹ». ɉɪɢ ɪɚɡɦɟɳɟɧɢɢ ɷɥɟɦɟɧɬɚ ɧɚ 
ɩɨɥɟ ɟɦɭ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɢɦɹ. ȼ ɦɟɫɬɚɯ ɫɨɟɞɢɧɟɧɢɹ ɜɵɜɨɞɨɜ 
ɷɥɟɦɟɧɬɨɜ ɨɛɪɚɡɭɸɬɫɹ ɭɡɥɵ, ɤɨɬɨɪɵɦ ɩɪɢɫɜɚɢɜɚɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɧɨɦɟɪɚ. ȿɫɥɢ ɜɵɜɨɞ ɷɥɟɦɟɧɬɚ ɫɨɟɞɢɧɟɧ ɫ ɫɢɝɧɚɥɶɧɨɣ ɡɟɦɥёɣ, ɬɨ ɧɨɦɟɪ ɭɡɥɚ 0. 
Ⱦɥɹ ɷɥɟɦɟɧɬɨɜ ɪɟɡɢɫɬɨɪ, ɤɨɧɞɟɧɫɚɬɨɪ, ɢɧɞɭɤɬɢɜɧɨɫɬɶ, ɢɫɬɨɱɧɢɤ ɬɨɤɚ, 
ɢɫɬɨɱɧɢɤ ɧɚɩɪɹɠɟɧɢɹ, ɨɬɪɟɡɨɤ ɆɉɅɉ ɫɨɡɞɚɧɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɨɤɧɨ 
«ɉɚɪɚɦɟɬɪɵ». ɋ ɩɨɦɨɳɶɸ ɧɟɝɨ ɡɚɞɚɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ 
ɷɥɟɦɟɧɬɨɜ. ɉɪɢɦɟɪɵ ɜɜɨɞɚ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɪɟɡɢɫɬɨɪɚ, ɢɫɬɨɱɧɢɤɚ ɜɨɡɞɟɣɫɬɜɢɹ 
ɢ ɨɬɪɟɡɤɚ ɆɉɅɉ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1.33. 
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Ɋɢɫɭɧɨɤ 1.33 – Ɉɤɧɨ ɜɜɨɞɚ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɪɟɡɢɫɬɨɪɚ (ɚ),  

ɢɦɩɭɥɶɫɧɨɝɨ ɫɢɝɧɚɥɚ (ɛ), ɨɬɪɟɡɤɚ ɆɉɅɉ (ɜ)  

1.5.6 Ʉɨɦɚɧɞɵ ɞɥɹ ɡɚɞɚɧɢɹ ɜɨɡɞɟɣɫɬɜɭɸɳɢɯ ɫɢɝɧɚɥɨɜ ɢ ɧɚɝɪɭɡɨɤ 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɩɢɫɚɧɢɟ ɮɨɪɦ ɜɨɡɞɟɣɫɬɜɭɸɳɢɯ 
ɫɢɝɧɚɥɨɜ ɢ ɧɚɝɪɭɡɨɤ. ɉɪɢɜɟɞɟɧɵ ɩɚɪɚɦɟɬɪɵ ɫɢɝɧɚɥɨɜ ɢ ɧɚɝɪɭɡɨɤ, 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɩɵɬɚɧɢɣ ɧɚ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ ɤ 
ɤɨɧɞɭɤɬɢɜɧɵɦ ɩɨɦɟɯɚɦ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɚɛɟɥɹɯ ɢ ɰɟɩɹɯ ɩɢɬɚɧɢɹ, ɫɨɝɥɚɫɧɨ 
MIL-STD-461F. 

ɂɦɩɭɥɶɫɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɜ ɨɫɧɨɜɧɨɦ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɩɪɨɜɟɪɤɟ 
ɢɫɩɵɬɭɟɦɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɛɵɫɬɪɨ ɧɚɪɚɫɬɚɸɳɢɟ ɢ ɫɩɚɞɚɸɳɢɟ ɩɟɪɟɯɨɞɧɵɟ 
ɩɪɨɰɟɫɫɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɢɡ-ɡɚ ɩɟɪɟɤɥɸɱɟɧɢɣ ɢ ɜɧɟɲɧɢɯ 
ɩɟɪɟɯɨɞɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɬɚɤɢɯ ɤɚɤ ɦɨɥɧɢɹ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɢɦɩɭɥɶɫ. 
Ʉɨɦɚɧɞɚ ɞɥɹ ɡɚɞɚɧɢɹ ɢɦɩɭɥɶɫɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ (ɧɚɩɪɢɦɟɪ, ɞɥɹ ɢɫɬɨɱɧɢɤɚ 

ɬɨɤɚ): 

SIMULATION_SOURCES_IPULSE Iin Ipv tTD tRT tFT tD Period, 

ɝɞɟ I0 – ɩɨɫɬɨɹɧɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ, Ⱥ; IȺ – ɚɦɩɥɢɬɭɞɚ ɬɨɤɚ, Ⱥ; tTD – ɜɪɟɦɹ 
ɡɚɞɟɪɠɤɢ, ɫ; tRT – ɞɥɢɬɟɥɶɧɨɫɬɶ ɮɪɨɧɬɚ, ɫ; tFT – ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɩɚɞɚ, ɫ; tD – 
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ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɥɨɫɤɨɣ ɜɟɪɲɢɧɵ ɢɦɩɭɥɶɫɚ, ɫ; Period – ɩɟɪɢɨɞ ɩɨɜɬɨɪɟɧɢɹ 
ɢɦɩɭɥɶɫɨɜ, ɫ. 

ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɭɸ ɤɨɦɚɧɞɭ, ɦɨɠɧɨ ɡɚɞɚɬɶ ɢɦɩɭɥɶɫɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɫ 
ɬɪɟɛɭɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɬɪɟɛɨɜɚɧɢɣ CS115 ɫɬɚɧɞɚɪɬɚ MIL-

STD-461F (ɦɚɤɫɢɦɚɥɶɧɚɹ ɚɦɩɥɢɬɭɞɚ 5 Ⱥ, ɜɪɟɦɹ ɧɚɪɚɫɬɚɧɢɹ ɢ ɫɩɚɞɚ 
ɦɟɧɟɟ 2 ɧɫ, ɲɢɪɢɧɚ ɢɦɩɭɥɶɫɚ ɦɢɧɢɦɭɦ 30 ɧɫ, ɱɚɫɬɨɬɚ ɩɨɜɬɨɪɟɧɢɹ 30 Ƚɰ) 
ɤɨɦɚɧɞɚ ɡɚɩɢɲɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

SIMULATION_SOURCES_IPULSE 0. 5. 0. 2.0e-9 2.0e-9 30.0e-9 30. 

ɋɢɧɭɫɨɢɞɚɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɜ ɨɫɧɨɜɧɨɦ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɦɢɬɚɰɢɢ 
ɮɨɪɦɵ ɫɢɝɧɚɥɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɨɢɫɯɨɞɹɳɟɝɨ ɨɬ ɜɨɡɛɭɠɞɟɧɢɹ 
ɟɫɬɟɫɬɜɟɧɧɵɯ ɪɟɡɨɧɚɧɫɨɜ. Ʉɨɦɚɧɞɚ ɞɥɹ ɡɚɞɚɧɢɹ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ: (ɧɚɩɪɢɦɟɪ, ɞɥɹ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ): 

SIMULATION_SOURCES_ISIN I0 IA Fsin tTD THETA Phase, 

ɝɞɟ I0 – ɩɨɫɬɨɹɧɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ, Ⱥ; IȺ – ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 

ɬɨɤɚ, Ⱥ; Fsin – ɱɚɫɬɨɬɚ ɫɢɝɧɚɥɚ, Ƚɰ; tTD – ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ, ɫ; THETA – 

ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ, 1/ɫ; Phase – ɮɚɡɚ, ɝɪɚɞ. 
ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɭɸ ɤɨɦɚɧɞɭ, ɦɨɠɧɨ ɡɚɞɚɬɶ ɫɢɧɭɫɨɢɞɚɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 

ɫ ɬɪɟɛɭɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɬɪɟɛɨɜɚɧɢɣ CS116 ɫɬɚɧɞɚɪɬɚ 

MIL-STD-461F (ɭɪɨɜɟɧɶ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɨɤɚ ɡɚɬɭɯɚɸɳɟɣ ɫɢɧɭɫɨɢɞɵ 10 Ⱥ, 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɫɢɝɧɚɥɚ 100 ɆȽɰ, ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ 50e6 1/ɫ, 0) 
ɤɨɦɚɧɞɚ ɡɚɩɢɲɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ:  

SIMULATION_SOURCES_ISIN 0 10 100.ɟ6 0. 50.e6 0. 

ɗɤɫɩɨɧɟɧɰɢɚɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɜ ɨɫɧɨɜɧɨɦ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɦɢɬɚɰɢɢ 
ɮɨɪɦɵ ɫɢɝɧɚɥɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ ɪɚɡɪɹɞɨɜ. Ʉɨɦɚɧɞɚ 
ɞɥɹ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ (ɧɚɩɪɢɦɟɪ, ɞɥɹ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ): 

SIMULATION_SOURCES_IEXP I0 IA tTD tRT tFT0 tFT, 

ɝɞɟ I0 – ɩɨɫɬɨɹɧɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ, Ⱥ; IA – ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɬɨɤɚ, Ⱥ; tTD – ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ, ɫ; tRT – ɞɥɢɬɟɥɶɧɨɫɬɶ ɮɪɨɧɬɚ, ɫ; tFT0 – ɧɚɱɚɥɨ 

ɫɩɚɞɚ, ɫ; tFT – ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɩɚɞɚ, ɫ.  
ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɭɸ ɤɨɦɚɧɞɭ, ɦɨɠɧɨ ɡɚɞɚɬɶ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɟ 

ɜɨɡɞɟɣɫɬɜɢɟ ɫ ɬɪɟɛɭɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɚɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ 5 Ⱥ, ɜɪɟɦɹ ɮɪɨɧɬɚ 2 ɧɫ, ɜɪɟɦɹ ɫɩɚɞɚ 20 ɧɫ, ɬɨ ɤɨɦɚɧɞɚ 
ɡɚɩɢɲɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ:  

SIMULATION_SOURCES_IEXP 0. 5. 0. 2.e9 2.e9 20.e9. 

Ƚɚɭɫɫɨɜ ɢɦɩɭɥɶɫ, ɜ ɨɫɧɨɜɧɨɦ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɦɢɬɚɰɢɢ ɮɨɪɦɵ  ɋɄɂ. 
Ʉɨɦɚɧɞɚ ɞɥɹ ɡɚɞɚɧɢɹ Ƚɚɭɫɫɨɜɚ ɢɦɩɭɥɶɫɚ (ɧɚɩɪɢɦɟɪ, ɞɥɹ ɢɫɬɨɱɧɢɤɚ 
ɧɚɩɪɹɠɟɧɢɹ): 

SIMULATION_SOURCES_VGAUSS Vpv fc r bw tpr bwr, 

ɝɞɟ Vpv – ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ, ȼ; fc – ɧɟɫɭɳɚɹ ɱɚɫɬɨɬɚ 
ɝɟɧɟɪɢɪɭɟɦɨɝɨ ɫɢɝɧɚɥɚ, Ƚɰ; bw – ɨɬɧɨɫɢɬɟɥɶɧɚɹ (ɬ.ɟ. ɧɨɪɦɢɪɨɜɚɧɧɚɹ ɤ 
ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɟ) ɲɢɪɢɧɚ ɫɩɟɤɬɪɚ, %; tpr – ɦɚɤɫɢɦɚɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ 
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ɨɝɢɛɚɸɳɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɟɟ ɩɢɤɨɜɨɝɨ ɭɪɨɜɧɹ, ɞȻ; bwr – ɭɦɟɧɶɲɟɧɢɟ 
ɫɩɟɤɬɪɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɟɟ ɩɢɤɨɜɨɝɨ ɡɧɚɱɟɧɢɹ, ɞȻ. 

ɗɤɜɢɜɚɥɟɧɬ ɧɚɝɪɭɡɤɢ LISN ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɤɨɧɞɭɤɬɢɜɧɵɯ 
ɷɦɢɫɫɢɣ. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɤɜɢɜɚɥɟɧɬɚ ɧɚɝɪɭɡɤɢ LISN (line stabilization 

network), ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɤɨɧɞɭɤɬɢɜɧɵɯ ɷɦɢɫɫɢɣ ɩɨ 
MIL-STD-461F, ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1.34, ɝɞɟ R1=5 Ɉɦ, R2=1 ɤɈɦ, ɋ1=8 ɦɤɎ, 
ɋ2=0,25 ɦɤɎ ɢ L=50 ɦɤȽɧ.  

 

L

C1 C2

R1 R2

Ʉ ɢɫɬɨɱɧɢɤɭ 
ɩɢɬɚɧɢɹ

Ʉ ɂɍ

Ʉ 50-ɨɦɧɨɦɭ ɨɤɨɧɱɚɧɢɸ 
ɢɥɢ 50-ɨɦɧɨɦɭ ɜɯɨɞɭ 
ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɢɟɦɧɢɤɚ

ȼɵɯɨɞɧɨɣ 
ɫɢɝɧɚɥɶɧɵɣ ɩɨɪɬ

 
Ɋɢɫɭɧɨɤ 1.34 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ LISN ɩɨ MIL-STD-461F 

 

1.6 Ɇɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɟ Elcut 

Ʉ ɪɟɲɟɧɢɸ ɡɚɞɚɱ ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ 
ɩɨɞɯɨɞɵ, ɨɧɢ ɫɜɨɞɹɬɫɹ ɤ ɚɧɚɥɢɬɢɱɟɫɤɨɦɭ ɢɥɢ ɱɢɫɥɟɧɧɨɦɭ ɪɟɲɟɧɢɸ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɧɬɟɝɪɚɥɶɧɵɯ ɢɥɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
Ɇɚɤɫɜɟɥɥɚ ɜ ɱɚɫɬɨɬɧɨɣ ɢɥɢ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ. Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ 
ɬɨɱɧɵ, ɧɨ ɩɨɥɭɱɟɧɵ ɥɢɲɶ ɞɥɹ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɤɪɭɝɚ ɩɪɨɫɬɵɯ ɫɬɪɭɤɬɭɪ. 
ɑɢɫɥɟɧɧɵɟ ɪɟɲɟɧɢɹ ɩɪɢɛɥɢɠɟɧɧɵ, ɧɨ ɩɪɢɦɟɧɢɦɵ ɤ ɩɪɨɢɡɜɨɥɶɧɵɦ 
ɫɬɪɭɤɬɭɪɚɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɧɢ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶɫɹ ɫ ɡɚɞɚɧɧɨɣ ɬɨɱɧɨɫɬɶɸ, ɱɬɨ, 
ɩɪɢ ɭɱёɬɟ ɫɞɟɥɚɧɧɵɯ ɞɨɩɭɳɟɧɢɣ, ɜɩɨɥɧɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɛɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, 
ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɩɪɨɝɪɚɦɦɚɯ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
ɋɪɟɞɢ ɧɢɯ ɢɦɟɸɬɫɹ ɩɪɹɦɵɟ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɝɪɚɧɢɱɧɵɯ ɡɚɞɚɱ, ɧɚɩɪɢɦɟɪ, 
ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɆɄɗ). ȼɨɡɦɨɠɧɨɫɬɶ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɪɚɤɬɢɱɟɫɤɢ 
ɥɸɛɭɸ ɫɬɪɭɤɬɭɪɭ, ɬɨ ɟɫɬɶ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹ 
ɹɜɥɹɟɬɫɹ ɨɬɥɢɱɢɬɟɥɶɧɨɣ ɢ ɧɚɢɛɨɥɟɟ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɣ ɢɯ ɱɟɪɬɨɣ. ȼ ɫɥɭɱɚɟ 
ɆɄɗ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɪɚɡɛɢɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɦɟɪɧɨɫɬɢ ɪɟɲɚɟɦɨɣ 
ɡɚɞɚɱɢ ɢ ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɦ. 

Ɉɛɵɱɧɨ ɪɟɲɟɧɢɟ ɝɪɚɧɢɱɧɨɣ ɡɚɞɚɱɢ ɢɳɟɬɫɹ ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ. Ɇɟɬɨɞ 
ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɡɜɨɥɹɟɬ ɜɟɫɬɢ ɪɚɡɪɚɛɨɬɤɭ ɱɢɫɥɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɫ 
ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ. ɗɬɢ ɚɥɝɨɪɢɬɦɵ ɨɤɚɡɵɜɚɸɬɫɹ ɜɟɫɶɦɚ 
ɷɮɮɟɤɬɢɜɧɵɦɢ ɞɥɹ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɬɚɤɢɯ ɡɚɞɚɱ ɤɚɤ: ɚɧɚɥɢɡ ɜɨɥɧɨɜɨɞɧɵɯ ɢ 
ɩɨɥɨɫɤɨɜɵɯ ɫɬɪɭɤɬɭɪ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɚɧɬɟɧɧ ɢ ɪɚɫɱɟɬ ɫɥɨɠɧɵɯ ɭɫɬɪɨɣɫɬɜ. 



46 

 

ɉɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ Elcut ɪɚɡɪɚɛɨɬɚɧ ɪɨɫɫɢɣɫɤɨɣ ɤɨɦɩɚɧɢɟɣ 
ɈɈɈ «ɌɈɊ» ɜ 1990 ɝɨɞɚ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɧɬɟɝɪɢɪɨɜɚɧɧɭɸ ɞɢɚɥɨɝɨɜɭɸ 
ɫɢɫɬɟɦɭ, ɩɨɡɜɨɥɹɸɳɭɸ ɪɟɲɚɬɶ ɩɥɨɫɤɢɟ ɢ ɨɫɟɫɢɦɦɟɬɪɢɱɧɵɟ ɡɚɞɚɱɢ 
ɫɥɟɞɭɸɳɢɯ ɬɢɩɨɜ: ɪɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɪɚɫɱɟɬ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, 
ɡɚɞɚɱɢ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ɡɚɞɚɱɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ, 
ɦɭɥɶɬɢɞɢɫɰɢɩɥɢɧɚɪɧɵɟ ɡɚɞɚɱɢ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɦɟɬɨɞɨɦ 
ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. ELCUT – ɤɨɦɩɥɟɤɫ ɩɪɨɝɪɚɦɦ ɞɥɹ ɢɧɠɟɧɟɪɧɜɵɯ 
ɪɚɫɱɟɬɨɜ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 
ɢ ɨɛɪɚɡɨɜɚɧɢɢ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ELCUT ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɫ ɪɚɡɧɵɦɢ 
ɬɢɩɚɦɢ ɞɨɤɭɦɟɧɬɨɜ: ɡɚɞɚɱɢ, ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɛɢɛɥɢɨɬɟɤɢ ɫɜɨɣɫɬɜ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɞɪ. Ʉɚɠɞɵɣ ɞɨɤɭɦɟɧɬ ɨɬɤɪɵɜɚɟɬɫɹ ɜ ɫɜɨёɦ ɨɬɞɟɥɶɧɨɦ ɨɤɧɟ 
ɜɧɭɬɪɢ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɩɪɨɝɪɚɦɦɵ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɦɨɠɧɨ ɨɬɤɪɵɬɶ ɥɸɛɨɟ 
ɱɢɫɥɨ ɥɸɛɵɯ ɨɤɨɧ. ɉɟɪɟɯɨɞɹ ɢɡ ɨɤɧɚ ɜ ɨɤɧɨ, ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɤɥɸɱɟɧɢɟ ɫ 
ɨɞɧɨɝɨ ɞɨɤɭɦɟɧɬɚ ɧɚ ɞɪɭɝɨɣ. Ɍɨɥɶɤɨ ɨɞɧɨ ɨɤɧɨ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
ɹɜɥɹɟɬɫɹ ɚɤɬɢɜɧɵɦ. Ɇɨɠɧɨ ɢɡɦɟɧɹɬɶ ɫɨɞɟɪɠɚɧɢɟ ɚɤɬɢɜɧɨɝɨ ɞɨɤɭɦɟɧɬɚ, 
ɢɫɩɨɥɶɡɭɹ ɩɨɡɢɰɢɢ ɦɟɧɸ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜɜɟɪɯɭ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ELCUT. 
ɋɨɞɟɪɠɚɧɢɟ ɦɟɧɸ ɪɚɡɥɢɱɧɨ ɞɥɹ ɞɨɤɭɦɟɧɬɨɜ ɪɚɡɧɵɯ ɬɢɩɨɜ. ELCUT 

ɢɫɩɨɥɶɡɭɟɬ ɫɥɟɞɭɸɳɢɟ ɬɢɩɵ ɞɨɤɭɦɟɧɬɨɜ:  
Ɉɩɢɫɚɧɢɟ ɡɚɞɚɱɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɚɠɞɨɣ ɮɢɡɢɱɟɫɤɨɣ ɡɚɞɚɱɟ, ɪɟɲɚɟɦɨɣ 

ɩɪɢ ɩɨɦɨɳɢ ELCUT. ɗɬɨɬ ɞɨɤɭɦɟɧɬ ɫɨɞɟɪɠɢɬ ɬɚɤɢɟ ɨɛɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, 
ɤɚɤ ɬɢɩ ɡɚɞɚɱɢ ("ɗɥɟɤɬɪɨɫɬɚɬɢɤɚ", "Ɇɚɝɧɢɬɨɫɬɚɬɢɤɚ", "Ɍɟɩɥɨɩɟɪɟɞɚɱɚ" ɢ ɩɪ.), 
ɤɥɚɫɫ ɦɨɞɟɥɢ (ɩɥɨɫɤɚɹ ɢɥɢ ɨɫɟɫɢɦɦɟɬɪɢɱɧɚɹ) ɢ ɬɨɦɭ ɩɨɞɨɛɧɵɟ, ɚ ɬɚɤɠɟ 
ɢɦɟɧɚ ɞɪɭɝɢɯ ɞɨɤɭɦɟɧɬɨɜ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ ɞɚɧɧɨɣ ɡɚɞɚɱɟɣ.  

Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɨɞɟɪɠɢɬ ɩɨɥɧɨɟ ɨɩɢɫɚɧɢɟ ɝɟɨɦɟɬɪɢɢ ɡɚɞɚɱɢ, 
ɦɟɬɤɢ ɪɚɡɥɢɱɧɵɯ ɟё ɱɚɫɬɟɣ ɢ ɪɚɫɱɟɬɧɭɸ ɫɟɬɤɭ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. Ɋɚɡɧɵɟ 
ɡɚɞɚɱɢ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɛɳɭɸ ɦɨɞɟɥɶ (ɷɬɨ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɨɥɟɡɧɨ ɩɪɢ 
ɪɟɲɟɧɢɢ ɫɜɹɡɚɧɧɵɯ ɡɚɞɚɱ. 

Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɢɥɢ Ⱦɚɧɧɵɟ, ɪɚɡɥɢɱɚɸɬɫɹ ɞɥɹ ɪɚɡɧɵɯ ɬɢɩɨɜ ɡɚɞɚɱ 
(ɋɜɨɣɫɬɜɚ ɞɥɹ ɷɥɟɤɬɪɨɫɬɚɬɢɤɢ, ɫɜɨɣɫɬɜɚ ɞɥɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɟɪɟɦɟɧɧɵɯ 
ɬɨɤɨɜ ɢ ɬ.ɞ.). ɗɬɢ ɞɨɤɭɦɟɧɬɵ ɫɨɞɟɪɠɚɬ ɡɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ, 
ɢɫɬɨɱɧɢɤɨɜ ɩɨɥɹ ɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɪɚɡɧɵɯ ɩɨɦɟɱɟɧɧɵɯ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɦɨɞɟɥɢ. Ⱦɨɤɭɦɟɧɬ ɫɜɨɣɫɬɜ ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧ ɤɚɤ ɛɢɛɥɢɨɬɟɤɚ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɚɞɚɱ.  

ɑɬɨɛɵ ɪɟɲɢɬɶ ɡɚɞɚɱɭ, ɧɭɠɧɨ ɚɫɫɨɰɢɢɪɨɜɚɬɶ ɫ ɧɟɣ ɢɦɟɧɚ ɤɚɤ ɦɢɧɢɦɭɦ 
ɞɜɭɯ ɞɨɤɭɦɟɧɬɨɜ: ɦɨɞɟɥɢ ɢ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Ⱦɥɹ ɛɨɥɶɲɟɝɨ ɭɞɨɛɫɬɜɚ 
ɡɚɞɚɱɚ ɦɨɠɟɬ ɫɫɵɥɚɬɶɫɹ ɧɚ ɞɜɚ ɞɨɤɭɦɟɧɬɚ ɫɜɨɣɫɬɜ ɨɞɧɨɜɪɟɦɟɧɧɨ: ɨɞɢɧ ɢɡ 
ɧɢɯ, ɧɚɡɵɜɚɟɦɵɣ ɫɩɪɚɜɨɱɧɢɤ ɫɜɨɣɫɬɜ, ɫɨɞɟɪɠɢɬ ɫɜɨɣɫɬɜɚ ɱɚɫɬɨ 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɛɢɛɥɢɨɬɟɤɚ ɦɚɬɟɪɢɚɥɨɜ), ɚ ɞɪɭɝɨɣ ɞɨɤɭɦɟɧɬ 
ɫɨɞɟɪɠɢɬ ɞɚɧɧɵɟ, ɫɩɟɰɢɮɢɱɧɵɟ ɞɥɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɢɥɢ ɝɪɭɩɩɵ ɡɚɞɚɱ.  

ȼ ɩɪɨɰɟɫɫɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ELCUT ɫɨɡɞɚɟɬ ɟɳɟ ɨɞɢɧ ɮɚɣɥ – ɮɚɣɥ 
ɪɟɡɭɥɶɬɚɬɨɜ. ɗɬɨɬ ɮɚɣɥ ɜɫɟɝɞɚ ɢɦɟɟɬ ɪɚɫɲɢɪɟɧɢɟ .res, ɢɦɹ, ɫɨɜɩɚɞɚɸɳɟɟ ɫ 
ɢɦɟɧɟɦ ɮɚɣɥɚ ɨɩɢɫɚɧɢɹ ɡɚɞɚɱɢ, ɢ ɩɨɦɟɳɚɟɬɫɹ ɜ ɬɭ ɠɟ ɩɚɩɤɭ, ɜ ɤɨɬɨɪɨɣ 
ɧɚɯɨɞɢɬɫɹ ɮɚɣɥ ɨɩɢɫɚɧɢɹ ɡɚɞɚɱɢ.  
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ɉɨɫɥɟ ɡɚɩɭɫɤɚ ɩɪɨɝɪɚɦɦɵ ɨɬɤɪɵɜɚɟɬɫɹ ɨɫɧɨɜɧɨɟ ɨɤɧɨ ɩɪɨɝɪɚɦɦɵ. 
Ƚɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ Elcut ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: ɩɚɧɟɥɶ ɦɟɧɸ, ɩɚɧɟɥɶ 
ɢɧɫɬɪɭɦɟɧɬɨɜ, ɫɩɪɚɜɨɱɧɭɸ ɩɚɧɟɥɶ, ɞɟɪɟɜɨ ɩɪɨɟɤɬɚ ɢ ɪɚɛɨɱɭɸ ɨɛɥɚɫɬɶ 
(ɪɢɫ. 1.35). ɉɨɜɬɨɪɧɵɣ ɜɵɡɨɜ ɫɩɪɚɜɨɱɧɨɣ ɩɚɧɟɥɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚɠɚɬɢɟɦ 
ɤɥɚɜɢɲ Ctrl+F1 ɢɥɢ ɤɧɨɩɤɢ  ɧɚ ɩɚɧɟɥɢ ɢɧɫɬɪɭɦɟɧɬɨɜ. 

Ⱦɟɪɟɜɨ ɡɚɞɚɱɢ ɬɚɤɠɟ ɩɨɤɚɡɵɜɚɟɬ ɢɦɟɧɚ ɮɚɣɥɨɜ, ɧɚ ɤɨɬɨɪɵɟ ɫɫɵɥɚɟɬɫɹ 
ɨɩɢɫɚɧɢɟ ɡɚɞɚɱɢ. ȼɟɬɜɢ ɞɟɪɟɜɚ Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ Ȼɢɛɥɢɨɬɟɤɚ ɫɜɨɣɫɬɜ 
ɫɨɞɟɪɠɚɬ ɫɩɢɫɤɢ ɦɟɬɨɤ, ɩɪɢɫɜɨɟɧɧɵɯ ɛɥɨɤɚɦ, ɪɟɛɪɚɦ ɢ ɜɟɪɲɢɧɚɦ (ɪɢɫ. 1.36). 

 

Ɋɢɫɭɧɨɤ 1.35 - Ƚɥɚɜɧɨɟ ɦɟɧɸ ɢ ɩɚɧɟɥɶ ɢɧɫɬɪɭɦɟɧɬɨɜ Elcut 

Ɂɧɚɱɤɢ ɫɥɟɜɚ ɨɬ ɦɟɬɨɤ ɨɡɧɚɱɚɸɬ ɫɥɟɞɭɸɳɟɟ: 
 - ɦɟɬɤɚ ɛɥɨɤɚ ɫ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɦɚɬɟɪɢɚɥɚ; 
 - ɦɟɬɤɚ ɪɟɛɪɚ ɫ ɡɚɞɚɧɧɵɦ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɟɦ; 
 - ɦɟɬɤɚ ɜɟɪɲɢɧɵ ɫ ɡɚɞɚɧɧɵɦ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɟɦ ɢɥɢ 

ɢɫɬɨɱɧɢɤɨɦ ɩɨɥɹ; 
   - ɦɟɬɤɚ ɞɥɹ ɤɨɬɨɪɨɣ ɟɳɟ ɧɟ ɡɚɞɚɧɵ ɫɜɨɣɫɬɜɚ; 

  - ɦɟɬɤɚ ɫ ɟɫɬɟɫɬɜɟɧɧɵɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɢ ɛɟɡ 
ɢɫɬɨɱɧɢɤɚ ɩɨɥɹ; 

 - ɦɟɬɤɚ ɩɭɫɬɨɝɨ ɛɥɨɤɚ, ɢɫɤɥɸɱɟɧɧɨɝɨ ɢɡ ɪɚɫɱɟɬɚ ɩɨɥɹ. 
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Ɋɢɫɭɧɨɤ 1.36 – Ⱦɟɪɟɜɨ ɡɚɞɚɱɢ 

ɑɬɨɛɵ ɩɟɪɟɣɬɢ ɤ ɪɚɛɨɬɟ ɫ ɞɨɤɭɦɟɧɬɨɦ, ɧɚ ɤɨɬɨɪɵɣ ɫɫɵɥɚɟɬɫɹ ɨɩɢɫɚɧɢɟ 
ɡɚɞɚɱɢ, ɫɥɟɞɭɟɬ ɞɜɚɠɞɵ ɳɟɥɤɧɭɬɶ ɩɨ ɢɦɟɧɢ ɮɚɣɥɚ ɜ ɞɟɪɟɜɟ ɩɪɨɟɤɬɚ ɢɥɢ 
ɜɵɛɪɚɬɶ ɤɨɦɚɧɞɭ Ɉɬɤɪɵɬɶ ɜ ɤɨɧɬɟɤɫɬɧɨɦ ɦɟɧɸ. ɋɨɡɞɚɧɢɟ ɦɨɞɟɥɢ ɜ 
ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɪɢ ɷɬɚɩɚ: 

 ɜɜɨɞ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɢ ɦɚɧɢɩɭɥɹɰɢɢ ɧɚɞ ɧɢɦɢ; 
 ɡɚɞɚɧɢɟ ɫɜɨɣɫɬɜ, ɢɫɬɨɱɧɢɤɨɜ ɩɨɥɹ ɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ; 
 ɩɨɫɬɪɨɟɧɢɟ ɫɟɬɤɢ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɤɨɦɚɧɞɭ Ɋɟɲɢɬɶ ɡɚɞɚɱɭ ɜ 
ɩɭɧɤɬɟ Ɂɚɞɚɱɚ ɝɥɚɜɧɨɝɨ ɦɟɧɸ Elcut ɢɥɢ ɜ ɤɨɧɬɟɤɫɬɧɨɦ ɦɟɧɸ (ɪɢɫ. 1.37). 

 

Ɋɢɫɭɧɨɤ 1.37 – ȼɤɥɚɞɤɚ ɡɚɞɚɱɚ 

ɉɪɨɝɪɚɦɦɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɞɫɬɚɜɢɬɶ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɧɟɫɤɨɥɶɤɢɦɢ 
ɫɩɨɫɨɛɚɦɢ: 

 ɤɚɪɬɢɧɵ ɩɨɥɹ; 
 ɥɨɤɚɥɶɧɵɟ ɩɨɥɟɜɵɟ ɡɧɚɱɟɧɢɹ; 
 ɢɧɬɟɝɪɚɥɶɧɵɟ ɜɟɥɢɱɢɧɵ; 
 ɦɚɫɬɟɪɚ ɜɵɱɢɫɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ; 
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 ɝɪɚɮɢɤɢ ɢ ɬɚɛɥɢɰɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ; 
 ɝɪɚɮɢɤɢ ɢ ɬɚɛɥɢɰɵ ɜɨ ɜɪɟɦɟɧɢ; 
 ɫɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ. 

1.7 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɦɢɤɪɨɩɨɥɨɫɤɨɜɨɣ ɥɢɧɢɢ 

ɐɟɥɶ ɪɚɛɨɬɵ – ɪɚɫɫɱɢɬɚɬɶ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ, ɨɩɪɟɞɟɥɢɬɶ 
ɫɨɛɫɬɜɟɧɧɭɸ ɢ ɜɡɚɢɦɧɭɸ ɟɦɤɨɫɬɶ ɩɪɨɜɨɞɧɢɤɨɜ. 

Ɋɚɫɱɟɬɵ ɜɵɩɨɥɧɢɬɶ ɜ ɫɢɫɬɟɦɚɯ Elcut Student, TALGAT ɢ ɫ ɩɨɦɨɳɶɸ 
ɮɭɧɤɰɢɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɜ Scilab ɪɚɧɟɟ. ɋɬɪɭɤɬɭɪɚ ɥɢɧɢɢ ɩɪɢɜɟɞɟɧɚ ɧɚ 
ɪɢɫ. 1.38.  

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ Elcut. Ɉɛɥɚɫɬɶ ɡɚɞɚɱɢ ɨɝɪɚɧɢɱɟɧɚ Ɂɟɦɥɟɣ ɫɧɢɡɭ ɢ 
ɛɟɫɤɨɧɟɱɧɚ ɜ ɬɪɟɯ ɞɪɭɝɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. Ɍɢɩ ɡɚɞɚɱɢ: Ɂɚɞɚɱɚ ɷɥɟɤɬɪɨɫɬɚɬɢɤɢ. 
Ʉɥɚɫɫ ɡɚɞɚɱɢ: ɉɥɨɫɤɨ-ɩɚɪɚɥɥɟɥɶɧɚɹ. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ 
ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɨɡɞɭɯɚ ε0=1. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ 
ɞɢɷɥɟɤɬɪɢɤɚ ε=2. Ɉɛɨɥɨɱɤɚ ɡɚɡɟɦɥɟɧɚ U=0ȼ. Ɉɫɬɚɥɶɧɵɟ ɪɚɡɦɟɪɵ (ɜ 
ɦɢɥɥɢɦɟɬɪɚɯ) ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1.38. 

 
Ɋɢɫɭɧɨɤ 1.38 – Ɇɢɤɪɨɩɨɥɨɫɤɨɜɚɹ ɥɢɧɢɹ 

Ⱦɥɹ ɧɚɱɚɥɚ ɪɚɛɨɬɵ ɧɭɠɧɨ ɡɚɩɭɫɬɢɬɶ ɩɪɨɝɪɚɦɦɭ Elcut, ɡɚɬɟɦ ɫɨɡɞɚɬɶ 
ɧɨɜɵɣ ɩɪɨɟɤɬ ɫ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞɵ ɋɨɡɞɚɬɶ ɡɚɞɚɱɭ… ɩɭɧɤɬɚ ɦɟɧɸ Ɏɚɣɥ ɢɥɢ 
ɧɚɠɚɬɶ ɫɨɱɟɬɚɧɢɟ ɤɥɚɜɢɲ Ctrl+N. ȼ ɩɨɹɜɢɜɲɟɦɫɹ ɨɤɧɟ ɋɨɡɞɚɧɢɟ ɡɚɞɚɱɢ 
ɜɜɟɫɬɢ ɧɚɡɜɚɧɢɟ ɩɪɨɟɤɬɚ ɢ ɜɵɛɪɚɬɶ ɦɟɫɬɨ ɫɨɯɪɚɧɟɧɢɹ ɮɚɣɥɨɜ ɡɚɞɚɱɢ. ȼ 
ɫɥɟɞɭɸɳɟɦ ɨɤɧɟ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɫɜɨɣɫɬɜɚ ɡɚɞɚɱɢ, ɜ ɩɨɥɟ Ɍɢɩ ɡɚɞɚɱɢ 
ɭɤɚɡɚɬɶ ɗɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ, ɜ ɩɨɥɟ Ʉɥɚɫɫ ɦɨɞɟɥɢ – ɉɥɨɫɤɚɹ, Ɋɚɫɱɟɬ – 

Ɉɛɵɱɧɵɣ, Ʉɨɨɪɞɢɧɚɬɵ – Ⱦɟɤɚɪɬɨɜɵ, ȿɞɢɧɢɰɵ ɞɥɢɧɵ – ɋɚɧɬɢɦɟɬɪɵ. ɉɨɫɥɟ 
ɡɚɞɚɧɢɹ ɜɫɟɯ ɫɜɨɣɫɬɜ ɧɚɠɚɬɶ ɤɧɨɩɤɭ Ƚɨɬɨɜɨ. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɩɨɥɹ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɦɨɞɟɥɢ ɧɟɨɛɯɨɞɢɦɨ 
ɞɜɚɠɞɵ ɤɥɢɤɧɭɬɶ ɩɨ ɪɚɡɞɟɥɭ Ƚɟɨɦɟɬɪɢɹ ɜ ɞɟɪɟɜɟ ɡɚɞɚɱɢ. Ʉɥɢɤɧɭɜ ɩɪɚɜɨɣ 
ɤɧɨɩɤɨɣ ɦɵɲɢ ɩɨ ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɟɬɤɟ ɜɵɛɪɚɬɶ ɩɭɧɤɬ ɋɟɬɤɚ ɩɪɢɜɹɡɤɢ, 
ɭɫɬɚɧɨɜɢɬɶ ɲɚɝɢ ɪɚɜɧɵɦɢ 0,5 ɫɦ. ɉɨɥɶɡɭɹɫɶ ɤɧɨɩɤɨɣ  ɢ ɨɪɢɟɧɬɢɪɭɹɫɶ ɩɨ 
ɤɨɨɪɞɢɧɚɬɚɦ ɜɵɜɨɞɢɦɵɦ ɜ ɥɟɜɨɦ ɧɢɠɧɟɦ ɭɝɥɭ ɝɥɚɜɧɨɝɨ ɨɤɧɚ, ɢɡɨɛɪɚɡɢɬɶ 
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ɪɚɫɱɟɬɧɭɸ ɦɨɞɟɥɶ ɡɚɞɚɧɧɵɯ ɪɚɡɦɟɪɨɜ (ɪɢɫ. 1.39). Ɋɟɛɪɨ AD ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ 
ɷɬɨɦ ɫɨɜɦɟɫɬɢɬɶ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɶɸ. 

 

Ɋɢɫɭɧɨɤ 1.39 - Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɬɪɭɤɬɭɪɵ. 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɝɟɨɦɟɬɪɢɢ ɦɨɞɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɫɜɨɢɬɶ ɦɟɬɤɢ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɨɛɴɟɤɬɚɦ: ɛɥɨɤɚɦ, ɪɟɛɪɚɦ, ɜɟɪɲɢɧɚɦ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ 
ɤɥɢɤɧɭɜ ɥɟɜɨɣ ɤɧɨɩɤɢ ɦɵɲɢ ɩɨ ɨɛɴɟɤɬɭ ɜɵɞɟɥɢɬɶ ɟɝɨ, ɡɚɬɟɦ ɜ ɤɨɧɬɟɤɫɬɧɨɦ 
ɦɟɧɸ ɜɵɛɪɚɬɶ ɩɭɧɤɬ ɋɜɨɣɫɬɜɚ. ȼ ɨɬɤɪɵɜɲɟɦɫɹ ɨɤɧɟ ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ 
ɧɚɡɜɚɧɢɟ ɦɟɬɤɢ ɛɥɨɤɚ – ɉɨɞɥɨɠɤɚ ɢ ɧɚɠɚɬɶ ɤɧɨɩɤɭ ɈɄ. 

Ɍɚɤɠɟ ɜɬɨɪɨɦɭ ɛɥɨɤɭ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɫɜɨɢɬɶ ɦɟɬɤɭ ȼɨɡɞɭɯ. 
Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɦɟɬɤɢ ɩɪɢɫɜɚɢɜɚɸɬɫɹ ɪɟɛɪɚɦ. Ⱦɥɹ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ 
ɜɵɞɟɥɟɧɢɹ ɪɟɛɟɪ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɜɟɪɲɢɧɚɦɢ A, B, C, D, ɧɭɠɧɨ ɞɟɪɠɚɬɶ 
ɧɚɠɚɬɨɣ ɤɧɨɩɤɭ Ctrl. ȼɵɞɟɥɟɧɧɵɦ ɪɟɛɪɚɦ ɩɪɢɫɜɨɢɬɶ ɦɟɬɤɭ ɗɤɪɚɧ. Ɋɟɛɪɭ EF 
ɩɪɢɫɜɨɢɬɶ ɦɟɬɤɭ ɉɪɨɜɨɞɧɢɤ. ȼɟɪɲɢɧɟ E ɢɥɢ F ɩɪɢɫɜɨɢɬɶ ɦɟɬɤɭ Ɂɚɪɹɞ. 

Ɍɚɤɠɟ ɜ ɨɤɧɟ ɫɜɨɣɫɬɜ ɦɟɬɨɤ ɦɨɠɧɨ ɡɚɞɚɬɶ ɲɚɝ ɞɢɫɤɪɟɬɢɡɚɰɢɢ, ɞɥɹ ɛɨɥɟɟ 
ɬɨɱɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɤɢ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɧɨ ɭɱɢɬɵɜɚɹ ɨɝɪɚɧɢɱɟɧɢɹ 
ɧɚɤɥɚɞɵɜɚɟɦɵɟ ɫɬɭɞɟɧɱɟɫɤɨɣ ɜɟɪɫɢɟɣ ɩɪɨɝɪɚɦɦɵ ɜ 255 ɭɡɥɨɜ, ɪɟɤɨɦɟɧɞɭɟɬɫɹ 
ɞɥɹ ɜɫɟɯ ɦɟɬɨɤ ɨɫɬɚɜɢɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ ɲɚɝɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. 

Ⱦɥɹ ɡɚɞɚɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɪɟɞɵ ɧɟɨɛɯɨɞɢɦɨ ɳɟɥɤɧɭɬɶ ɩɪɚɜɨɣ 
ɤɧɨɩɤɨɣ ɦɵɲɢ ɩɨ ɦɟɬɤɟ ȼɨɡɞɭɯ ɜ ɞɟɪɟɜɟ ɡɚɞɚɱɢ. ȼ ɤɨɧɬɟɤɫɬɧɨɦ ɦɟɧɸ 
ɜɵɛɪɚɬɶ ɩɭɧɤɬ ɋɜɨɣɫɬɜɚ. ȼ ɩɨɹɜɢɜɲɟɦɫɹ ɨɤɧɟ ɫɥɟɞɭɟɬ ɜɜɟɫɬɢ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɨɡɞɭɯɚ (      ɢ ɩɥɨɬɧɨɫɬɶ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ ɜ ɜɨɡɞɭɯɟ      

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɡɚɞɚɬɶ ɡɧɚɱɟɧɢɟ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ 
ɞɥɹ ɦɟɬɤɢ ɉɨɞɥɨɠɤɚ, ɞɥɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɷɬɨ ɡɧɚɱɟɧɢɟ ɛɭɞɟɬ ɪɚɜɧɨ 10. Ⱦɥɹ 
ɡɚɞɚɧɢɹ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɧɟɨɛɯɨɞɢɦɨ ɳɟɥɤɧɭɬɶ ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ ɩɨ 
ɦɟɬɤɟ ɗɤɪɚɧ ɜ ɞɟɪɟɜɟ ɡɚɞɚɱɢ. ȼ ɤɨɧɬɟɤɫɬɧɨɦ ɦɟɧɸ ɜɵɛɪɚɬɶ ɩɭɧɤɬ ɋɜɨɣɫɬɜɚ. 
ȼ ɩɨɹɜɢɜɲɟɦɫɹ ɨɤɧɟ ɫɥɟɞɭɟɬ ɜɤɥɸɱɢɬɶ ɮɥɚɠɨɤ ɉɨɬɟɧɰɢɚɥ      , ɨɫɬɚɜɢɬɶ 
ɡɧɚɱɟɧɢɹ ɩɨ ɭɦɨɥɱɚɧɢɸ. Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɨɬɤɪɵɬɶ ɨɤɧɨ ɫɜɨɣɫɬɜ 
ɩɪɨɜɨɞɧɢɤɚ. ȼɤɥɸɱɢɬɶ ɮɥɚɠɨɤ ɂɡɨɥɢɪɨɜɚɧɧɵɣ ɩɪɨɜɨɞɧɢɤ. 

ɑɬɨɛɵ ɜɜɟɫɬɢ ɞɚɧɧɵɟ ɞɥɹ ɦɟɬɤɢ ɜɟɪɲɢɧɵ Ɂɚɪɹɞ ɧɟɨɛɯɨɞɢɦɨ ɜ ɨɤɧɟ 
ɫɜɨɣɫɬɜ ɦɟɬɤɢ ɜɤɥɸɱɢɬɶ ɮɥɚɠɨɤ Ɂɚɪɹɞ ɢ ɜɜɟɫɬɢ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɟ 1. ɋɟɬɤɚ 
ɨɛɪɚɡɨɜɚɧɚ ɭɡɥɚɦɢ, ɚ ɥɢɧɢɢ, ɫɨɟɞɢɧɹɸɳɢɟ ɭɡɥɵ, ɞɟɥɹɬ ɜɫɸ ɨɛɥɚɫɬɶ ɡɚɞɚɱɢ ɧɚ 
ɨɬɞɟɥɶɧɵɟ ɹɱɟɣɤɢ – ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ. 
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Ⱦɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɫɨɡɞɚɧɢɹ ɪɚɫɱɟɬɧɨɣ ɫɟɬɤɢ ɫɥɟɞɭɟɬ ɧɚɠɚɬɶ ɤɧɨɩɤɭ 
ɉɨɫɬɪɨɟɧɢɟ ɫɟɬɤɢ  ɧɚ ɩɚɧɟɥɢ ɢɧɫɬɪɭɦɟɧɬɨɜ. Ɍɚɤ ɠɟ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 
ɤɨɦɚɧɞɨɣ ɉɨɫɬɪɨɢɬɶ ɫɟɬɤɭ ɜ ɫɩɢɫɤɟ ɤɨɦɚɧɞ ɩɨɞɦɟɧɸ ɉɪɚɜɤɚ  

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɧɚɠɚɬɶ ɤɧɨɩɤɭ Ɋɟɲɢɬɶ , 

ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɧɚ ɩɚɧɟɥɢ ɢɧɫɬɪɭɦɟɧɬɨɜ ɉɨɫɥɟ ɪɟɲɟɧɢɹ ɨɬɤɪɨɟɬɫɹ ɨɤɧɨ 
Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ, ɜ ɤɨɬɨɪɨɦ ɛɭɞɟɬ ɢɡɨɛɪɚɠɟɧɚ ɤɚɪɬɢɧɚ ɩɨɥɹ. 

Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɟɦɤɨɫɬɢ ɩɪɨɜɨɞɧɢɤɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ 
ɧɚɠɚɬɶ ɤɧɨɩɤɭ Ʉɚɥɶɤɭɥɹɬɨɪ , ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɧɚ ɩɚɧɟɥɢ ɢɧɫɬɪɭɦɟɧɬɨɜ. 
Ⱦɜɚɠɞɵ ɧɚɠɚɬɶ ɧɚ ɩɭɧɤɬ Ɇɚɫɬɟɪ ɟɦɤɨɫɬɟɣ ɜ ɦɟɧɸ ɤɚɥɶɤɭɥɹɬɨɪɚ, ɜ 
ɨɬɤɪɵɜɲɟɦɫɹ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ ɧɚɠɚɬɶ ɤɧɨɩɤɭ Ⱦɚɥɟɟ. ȼɵɛɪɚɬɶ ɧɭɠɧɵɣ 
ɩɪɨɜɨɞɧɢɤ ɢɡ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɫɩɢɫɤɚ, ɩɪɢ ɷɬɨɦ ɟɝɨ ɩɨɬɟɧɰɢɚɥ ɨɬɨɛɪɚɡɢɬɫɹ ɜ 
ɩɨɥɟ ɉɨɬɟɧɰɢɚɥ, ɧɚɠɚɬɶ ɤɧɨɩɤɭ Ⱦɚɥɟɟ. ȼ ɫɥɟɞɭɸɳɟɦ ɨɤɧɟ ɩɪɢɜɨɞɢɬɫɹ 
ɫɩɢɫɨɤ ɜɫɟɯ ɩɪɨɜɨɞɧɢɤɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɛɵɥɨ ɡɚɞɚɧɨ ɡɧɚɱɟɧɢɟ ɡɚɪɹɞɚ. ɇɭɠɧɨ 

ɜɵɛɪɚɬɶ ɧɭɠɧɵɣ ɩɪɨɜɨɞɧɢɤ ɦɵɲɤɨɣ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɜɵɱɢɫɥɟɧɢɹ ɟɦɤɨɫɬɢ, ɧɭɠɧɨ ɧɚɠɚɬɶ ȼɵɱɢɫɥɢɬɶ 
ɷɧɟɪɝɢɸ, ɚ ɡɚɬɟɦ ɤɧɨɩɤɭ Ⱦɚɥɟɟ. ɉɨɫɥɟɞɧɹɹ ɫɬɪɚɧɢɰɚ ɦɚɫɬɟɪɚ ɟɦɤɨɫɬɟɣ 
ɨɬɨɛɪɚɠɚɟɬ ɡɧɚɱɟɧɢɹ, ɜɵɱɢɫɥɟɧɧɵɟ ɞɜɭɦɹ ɪɚɡɧɵɦɢ ɫɩɨɫɨɛɚɦɢ. ɉɪɢ ɢɯ 
ɫɪɚɜɧɟɧɢɢ ɜɨɡɦɨɠɧɨ ɨɰɟɧɢɬɶ ɬɨɱɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ɍɚɤɠɟ ɜɫɟ 
ɜɵɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɨɬɨɛɪɚɠɚɸɬɫɹ ɜ ɨɤɧɟ ɤɚɥɶɤɭɥɹɬɨɪɚ (ɪɢɫ. 1.40). 

 

Ɋɢɫɭɧɨɤ 1.40 – Ɉɤɧɨ ɤɚɥɶɤɭɥɹɬɨɪɚ 

1.8 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɞɜɭɯɩɪɨɜɨɞɧɨɣ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ 

ɐɟɥɶ ɪɚɛɨɬɵ – ɪɚɫɫɱɢɬɚɬɶ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ, ɨɩɪɟɞɟɥɢɬɶ 
ɫɨɛɫɬɜɟɧɧɭɸ ɢ ɜɡɚɢɦɧɭɸ ɟɦɤɨɫɬɶ ɩɪɨɜɨɞɧɢɤɨɜ. 



52 

 

Ɋɚɫɱɟɬɵ ɜɵɩɨɥɧɢɬɶ ɜ ɫɢɫɬɟɦɚɯ Elcut ɢ TALGAT. ɋɬɪɭɤɬɭɪɚ ɥɢɧɢɢ 
ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1.41.  

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ Elcut. Ɉɛɥɚɫɬɶ ɡɚɞɚɱɢ ɨɝɪɚɧɢɱɟɧɚ Ɂɟɦɥɟɣ ɫɧɢɡɭ ɢ 
ɛɟɫɤɨɧɟɱɧɚ ɜ ɬɪɟɯ ɞɪɭɝɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. Ɍɢɩ ɡɚɞɚɱɢ: Ɂɚɞɚɱɚ ɷɥɟɤɬɪɨɫɬɚɬɢɤɢ. 
Ʉɥɚɫɫ ɡɚɞɚɱɢ: ɉɥɨɫɤɨ-ɩɚɪɚɥɥɟɥɶɧɚɹ. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: Ɋɚɡɦɟɪ ɩɪɨɜɨɞɧɢɤɚ: 
10ɯ30 ɦɦ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɪɨɜɨɞɧɢɤɚɦɢ: 20 ɦɦ. Ɍɨɥɳɢɧɚ ɞɢɷɥɟɤɬɪɢɤɚ: 
10 ɦɦ. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɨɡɞɭɯɚ ε0=1. 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɞɢɷɥɟɤɬɪɢɤɚ ε=2. 
 

 
Ɋɢɫɭɧɨɤ 1.41 – Ⱦɜɭɯɩɪɨɜɨɞɧɚɹ ɥɢɧɢɹ ɩɟɪɟɞɚɱɢ 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɢ ɛɟɫɤɨɧɟɱɧɨɣ ɡɚɞɚɱɢ ɭɞɨɛɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɨɛɥɚɫɬɶ ɪɚɫɱɟɬɚ ɤɚɤ ɩɪɹɦɨɭɝɨɥɶɧɢɤ, ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ (ɧɚɩɪɢɦɟɪ, 
24×40 ɦɦ), ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɜɥɢɹɧɢɟ ɤɪɚɟɜɵɯ ɷɮɮɟɤɬɨɜ. Ⱦɥɹ 
ɜɵɱɢɫɥɟɧɢɹ ɦɚɬɪɢɰɵ ɟɦɤɨɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɩɨɬɟɧɰɢɚɥɵ U=1 ȼ ɭ 
ɨɞɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɢ U=0 ȼ ɭ ɞɪɭɝɨɝɨ, ɬɨɝɞɚ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɟɦɤɨɫɬɟɣ ɩɪɢɦɭɬ 
ɜɢɞ: ɫɨɛɫɬɜɟɧɧɚɹ ɟɦɤɨɫɬɶ C11=C22=Q1/U1, ɜɡɚɢɦɧɚɹ ɟɦɤɨɫɬɶ C12=C21=Q2/U2, 

ɝɞɟ ɡɚɪɹɞɵ ɩɪɨɜɨɞɧɢɤɨɜ Q1
 

ɢ Q2
 

ɜɵɱɢɫɥɹɸɬɫɹ ɤɚɤ ɢɧɬɟɝɪɚɥɵ ɜɞɨɥɶ 
ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɤɨɧɬɭɪɨɜ, ɩɪɨɜɟɞɟɧɧɵɯ ɜɨɤɪɭɝ ɩɪɨɜɨɞɧɢɤɨɜ 1 ɢ 2 ɫ ɨɬɫɬɭɩɨɦ 
ɨɬ ɢɯ ɝɪɚɧɢɰ. 

ɋɧɚɱɚɥɚ ɧɭɠɧɨ ɡɚɩɭɫɬɢɬɶ Elcut ɢ ɫɨɡɞɚɬɶ ɧɨɜɵɣ ɩɪɨɟɤɬ. ȼ ɨɤɧɟ ɫɜɨɣɫɬɜ 
ɡɚɞɚɱɢ ɡɚɞɚɬɶ: Ɍɢɩ ɡɚɞɚɱɢ - ɗɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ, Ʉɥɚɫɫ ɦɨɞɟɥɢ – 

ɉɥɨɫɤɚɹ, Ɋɚɫɱɟɬ – Ɉɛɵɱɧɵɣ, Ʉɨɨɪɞɢɧɚɬɵ – Ⱦɟɤɚɪɬɨɜɵ, ȿɞɢɧɢɰɵ ɞɥɢɧɵ – 

Ɇɢɥɥɢɦɟɬɪɵ. ɉɨɫɥɟ ɡɚɞɚɧɢɹ ɜɫɟɯ ɫɜɨɣɫɬɜ ɧɚɠɚɬɶ ɤɧɨɩɤɭ Ƚɨɬɨɜɨ. 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɞɜɚɠɞɵ ɤɥɢɤɧɭɬɶ ɩɨ 

ɪɚɡɞɟɥɭ Ƚɟɨɦɟɬɪɢɹ ɜ ɞɟɪɟɜɟ ɡɚɞɚɱɢ. Ʉɥɢɤɧɭɜ ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ ɩɨ 
ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɟɬɤɟ ɜɵɛɪɚɬɶ ɩɭɧɤɬ ɋɟɬɤɚ ɩɪɢɜɹɡɤɢ, ɭɫɬɚɧɨɜɢɬɶ ɲɚɝɢ 
ɪɚɜɧɵɦɢ 5 ɦɦ. ɉɨɥɶɡɭɹɫɶ ɤɧɨɩɤɨɣ  ɢ ɨɪɢɟɧɬɢɪɭɹɫɶ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ 
ɜɵɜɨɞɢɦɵɦ ɜ ɥɟɜɨɦ ɧɢɠɧɟɦ ɭɝɥɭ ɝɥɚɜɧɨɝɨ ɨɤɧɚ, ɢɡɨɛɪɚɡɢɬɶ ɪɚɫɱɟɬɧɭɸ 
ɦɨɞɟɥɶ ɡɚɞɚɧɧɵɯ ɪɚɡɦɟɪɨɜ. Ɉɝɪɚɧɢɱɟɧɢɟ ɪɚɡɦɟɪɨɜ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɩɪɢ 
ɷɬɨɦ ɨɬ -160 ɦɦ ɞɨ 160 ɦɦ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ, ɨɬ 0 ɦɦ ɞɨ 160 ɦɦ ɩɨ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ.  

Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɫɜɨɢɬɶ ɦɟɬɤɢ ɛɥɨɤɚɦ ȼɨɡɞɭɯ ɢ Ⱦɢɷɥɟɤɬɪɢɤ. Ⱥ 
ɬɚɤɠɟ ɪɟɛɪɚɦ: Ɂɟɦɥɹ, ɉɪɨɜɨɞɧɢɤ 1, ɉɪɨɜɨɞɧɢɤ 2. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ 
ɤɥɢɤɧɭɜ ɥɟɜɨɣ ɤɧɨɩɤɢ ɦɵɲɢ ɩɨ ɨɛɴɟɤɬɭ ɜɵɞɟɥɢɬɶ ɟɝɨ, ɡɚɬɟɦ ɜ ɤɨɧɬɟɤɫɬɧɨɦ 
ɦɟɧɸ ɜɵɛɪɚɬɶ ɩɭɧɤɬ ɋɜɨɣɫɬɜɚ. ȼ ɨɬɤɪɵɜɲɟɦɫɹ ɨɤɧɟ ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ 
ɧɚɡɜɚɧɢɟ ɦɟɬɤɢ. ɒɚɝ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɞɥɹ ɜɫɟɯ ɦɟɬɨɤ ɨɫɬɚɜɢɬɶ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ. 
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Ⱦɥɹ ɡɚɞɚɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɪɟɞɵ ɧɟɨɛɯɨɞɢɦɨ ɳɟɥɤɧɭɬɶ ɩɪɚɜɨɣ 
ɤɧɨɩɤɨɣ ɦɵɲɢ ɩɨ ɦɟɬɤɟ ȼɨɡɞɭɯ ɜ ɞɟɪɟɜɟ ɡɚɞɚɱɢ. ȼ ɤɨɧɬɟɤɫɬɧɨɦ ɦɟɧɸ 
ɜɵɛɪɚɬɶ ɩɭɧɤɬ ɋɜɨɣɫɬɜɚ. ȼ ɩɨɹɜɢɜɲɟɦɫɹ ɨɤɧɟ ɫɥɟɞɭɟɬ ɜɜɟɫɬɢ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɨɡɞɭɯɚ (      ɢ ɩɥɨɬɧɨɫɬɶ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ ɜ ɜɨɡɞɭɯɟ    . Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɡɚɞɚɬɶ 
ɡɧɚɱɟɧɢɟ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɞɥɹ ɦɟɬɤɢ Ⱦɢɷɥɟɤɬɪɢɤ, ɞɥɹ ɞɚɧɧɨɣ 
ɡɚɞɚɱɢ ɷɬɨ ɡɧɚɱɟɧɢɟ ɛɭɞɟɬ ɪɚɜɧɨ 2. 

Ⱦɥɹ ɡɚɞɚɧɢɹ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɧɟɨɛɯɨɞɢɦɨ ɳɟɥɤɧɭɬɶ ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ 
ɦɵɲɢ ɩɨ ɦɟɬɤɟ Ɂɟɦɥɹ ɜ ɞɟɪɟɜɟ ɡɚɞɚɱɢ. ȼ ɤɨɧɬɟɤɫɬɧɨɦ ɦɟɧɸ ɜɵɛɪɚɬɶ ɩɭɧɤɬ 
ɋɜɨɣɫɬɜɚ. ȼ ɩɨɹɜɢɜɲɟɦɫɹ ɨɤɧɟ ɫɥɟɞɭɟɬ ɜɤɥɸɱɢɬɶ ɮɥɚɠɨɤ ɉɨɬɟɧɰɢɚɥ      , ɨɫɬɚɜɢɬɶ ɡɧɚɱɟɧɢɹ ɩɨ ɭɦɨɥɱɚɧɢɸ. Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɨɬɤɪɵɬɶ ɨɤɧɨ 
ɫɜɨɣɫɬɜ ɩɟɪɜɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɢ ɡɚɞɚɬɶ ɡɧɚɱɟɧɢɟ       . Ⱦɥɹ ɜɬɨɪɨɝɨ 
ɩɪɨɜɨɞɧɢɤɚ ɡɧɚɱɟɧɢɟ          

ɋɨɡɞɚɬɶ ɫɟɬɤɭ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚɠɚɜ ɤɧɨɩɤɭ ɉɨɫɬɪɨɟɧɢɟ ɫɟɬɤɢ  

ɧɚ ɩɚɧɟɥɢ ɢɧɫɬɪɭɦɟɧɬɨɜ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɧɚɠɚɬɶ ɤɧɨɩɤɭ 
Ɋɟɲɢɬɶ , ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɧɚ ɩɚɧɟɥɢ ɢɧɫɬɪɭɦɟɧɬɨɜ. ɉɨɫɥɟ ɪɟɲɟɧɢɹ 
ɨɬɤɪɨɟɬɫɹ ɨɤɧɨ Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ, ɜ ɤɨɬɨɪɨɦ ɛɭɞɟɬ ɢɡɨɛɪɚɠɟɧɚ ɤɚɪɬɢɧɚ ɩɨɥɹ. 

ɋɨɛɫɬɜɟɧɧɭɸ ɟɦɤɨɫɬɶ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ:                

ȼɡɚɢɦɧɚɹ ɟɦɤɨɫɬɶ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ:              .  

Ɂɞɟɫɶ    ɢ    ɡɚɪɹɞɵ, ɤɨɬɨɪɵɟ ɜɵɱɢɫɥɹɸɬɫɹ ɤɚɤ ɢɧɬɟɝɪɚɥɵ ɜɞɨɥɶ 
ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɤɨɧɬɭɪɨɜ, ɩɨɫɬɪɨɟɧɧɵɯ ɜɨɤɪɭɝ ɩɪɨɜɨɞɧɢɤɨɜ ɫ ɨɬɫɬɭɩɨɦ ɨɬ ɢɯ 
ɝɪɚɧɢɰ. ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɭɪɨɜ ɞɥɹ ɪɚɫɱɟɬɚ ɡɚɪɹɞɨɜ    ɢ    ɫɥɟɞɭɟɬ ɩɨɫɬɪɨɢɬɶ 
ɩɪɹɦɨɭɝɨɥɶɧɢɤɢ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ɨɬ -60 ɦɦ ɞɨ 0 ɦɦ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ, ɨɬ 
0 ɦɦ ɞɨ 40 ɦɦ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɢ ɨɬ 0 ɦɦ ɞɨ 60 ɦɦ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 
ɨɫɢ, ɨɬ 0 ɦɦ ɞɨ 40 ɦɦ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɡɧɚɱɟɧɢɣ ɜ Elcut, ɜɵɩɨɥɧɢɬɶ ɚɧɚɥɨɝɢɱɧɵɟ ɜɵɱɢɫɥɟɧɢɹ 
ɜ TALGAT ɢ ɫɪɚɜɧɢɬɶ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɩɨɫɥɟ ɱɟɝɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ ɩɨ 
ɪɚɛɨɬɟ. 

1.9 Эɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɟ Concept-II 

ɉɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ CONCEPT-II ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɜ Ƚɚɦɛɭɪɝɫɤɨɦ 
ɢɧɫɬɢɬɭɬɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɬɟɨɪɢɢ. ɗɬɨɬ ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ ɩɪɟɞɧɚɡɧɚɱɟɧ 
ɞɥɹ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɪɚɫɫɟɢɜɚɧɢɹ ɜ 
ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ. əɞɪɨ ɜɵɱɢɫɥɟɧɢɣ ɨɫɧɨɜɚɧɨ ɧɚ ɦɟɬɨɞɟ ɦɨɦɟɧɬɨɜ ɢ 
ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɹɯ ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ (EFIE) ɢ ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ 
(MFIE). CONCEPT-II ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɬɨɤɨɜ, 
ɧɚɩɪɹɠɟɧɢɣ ɢ ɩɨɥɟɣ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɤɚɤɨɝɨ-ɥɢɛɨ 
ɜɨɡɛɭɠɞɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɢɥɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɬɟɥ. 
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ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɨɥɹ ɦɨɝɭɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɵ ɤɚɤ ɜ ɛɥɢɠɧɟɣ, ɬɚɤ ɢ ɜ 
ɞɚɥɶɧɟɣ ɡɨɧɟ. 

ɉɪɨɝɪɚɦɦɚ CONCEPT-II ɩɨɡɜɨɥɹɟɬ ɦɨɞɟɥɢɪɨɜɚɬɶ ɡɚɞɚɱɢ, ɜɤɥɸɱɚɸɳɢɟ ɜ 
ɫɟɛɹ ɤɚɛɟɥɶɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɩɪɨɢɡɜɨɥɶɧɵɟ ɧɚɝɪɭɡɤɢ ɢɥɢ ɢɫɬɨɱɧɢɤɢ 
ɜɨɡɛɭɠɞɟɧɢɹ, ɚ ɬɚɤɠɟ ɫɬɪɭɤɬɭɪɵ ɫ ɩɪɨɢɡɜɨɥɶɧɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ ɚɩɟɪɬɭɪɵ, ɳɟɥɢ ɢ ɫɬɵɤɢ; 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɬɟɥɚ ɫ ɩɨɬɟɪɹɦɢ ɩɪɨɢɡɜɨɥɶɧɨɣ ɮɨɪɦɵ; ɬɟɥɚ, ɩɨɤɪɵɬɵɟ 
ɬɨɧɤɢɦɢ ɫɥɨɹɦɢ ɦɚɬɟɪɢɚɥɚ ɫ ɤɨɧɟɱɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ (ɞɥɹ ɚɧɚɥɢɡɚ ɡɚɞɚɱ 
ɷɤɪɚɧɢɪɨɜɚɧɢɹ); ɩɪɨɢɡɜɨɥɶɧɵɟ ɝɚɥɶɜɚɧɢɱɟɫɤɢɟ ɫɜɹɡɢ ɩɪɨɜɨɞɨɜ ɢ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ; ɫɬɪɭɤɬɭɪɵ, ɤɚɤ ɜ ɫɜɨɛɨɞɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɬɚɤ 
ɢ ɧɚɞ ɢɞɟɚɥɶɧɨ ɩɪɨɜɨɞɹɳɟɣ ɩɥɨɫɤɨɫɬɶɸ. ȼ ɫɢɫɬɟɦɟ ɪɟɚɥɢɡɨɜɚɧɨ ɫɨɱɟɬɚɧɢɟ 
ɦɟɬɨɞɚ ɦɨɦɟɧɬɨɜ ɢ ɦɟɬɨɞɚ ɮɢɡɢɱɟɫɤɨɣ ɨɩɬɢɤɢ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɱɢɤɢ ɩɪɟɞɫɬɚɜɢɥɢ ɧɨɜɭɸ, ɭɥɭɱɲɟɧɧɭɸ 
ɜɟɪɫɢɸ ɩɪɨɝɪɚɦɦɵ Concept-II, ɫ ɛɨɥɟɟ ɭɞɨɛɧɵɦ ɢ ɩɨɧɹɬɧɵɦ ɝɪɚɮɢɱɟɫɤɢɦ 
ɢɧɬɟɪɮɟɣɫɨɦ. Ⱦɥɹ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɰɟɥɟɣ ɪɚɡɪɚɛɨɬɱɢɤɢ ɩɪɟɞɥɚɝɚɸɬ 
ɞɟɦɨɧɫɬɪɚɰɢɨɧɧɭɸ ɜɟɪɫɢɸ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɚɹ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɞɚɧɧɨɦ 
ɩɨɫɨɛɢɢ. 

Ⱦɚɥɟɟ ɤɪɚɬɤɨ ɪɚɫɫɦɨɬɪɟɧ ɩɪɨɰɟɫɫ ɭɫɬɚɧɨɜɤɢ CONCEPT-II. Ⱦɥɹ 
ɭɫɬɚɧɨɜɤɢ ɩɪɨɝɪɚɦɦɵ CONCEPT-II ɧɟɨɛɯɨɞɢɦ ɮɚɣɥ ɫ ɢɦɟɧɟɦ «concept-II-

12.0-p23-64bit-demo-setup.exe», ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɫɤɚɱɚɬɶ ɫ ɨɮɢɰɢɚɥɶɧɨɝɨ ɫɚɣɬɚ 
ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɩɪɨɝɪɚɦɦɵ. Ɂɚɩɭɫɬɢɬɶ ɮɚɣɥ ɭɫɬɚɧɨɜɤɢ ɢ ɫɥɟɞɨɜɚɬɶ ɭɤɚɡɚɧɢɹɦ 
ɭɫɬɚɧɨɜɳɢɤɚ ɧɟ ɦɟɧɹɹ ɩɚɪɚɦɟɬɪɨɜ (ɪɢɫ. 1.42). 

 
Ɋɢɫɭɧɨɤ 1.42 – Ɉɤɧɨ ɭɫɬɚɧɨɜɤɢ ɩɪɨɝɪɚɦɦɵ 

ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɪɚɫɲɢɪɟɧɢɟ ɩɭɬɢ, ɞɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ 
ɨɬɤɪɵɬɶ ɩɚɩɤɭ «Ɇɨɣ ɤɨɦɩɶɸɬɟɪ», ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ ɨɬɤɪɵɬɶ ɫɜɨɣɫɬɜɚ. 
Ɉɬɤɪɵɜɚɟɦ ɜɤɥɚɞɤɭ «Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ» → «ɉɟɪɟɦɟɧɧɵɟ 
ɫɪɟɞɵ». Ⱦɚɥɟɟ ɜɵɛɪɚɬɶ ɩɭɧɤɬ “Path” ɜ ɫɢɫɬɟɦɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɢ ɧɚɠɚɬɶ 
«ɂɡɦɟɧɢɬɶ». ɉɭɬɶ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɞɥɢɬɶ ɫɢɦɜɨɥɨɦ «;» ɢ ɩɪɨɩɢɫɚɬɶ ɩɭɬɶ 
ɧɚɯɨɠɞɟɧɢɹ ɩɪɨɝɪɚɦɦɵ CONCEPT-II «C:\Program Files (x86)\gnuplot\bin» 
(ɪɢɫ. 1.43). ɇɚɠɚɬɶ ɈɄ. 
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Ɋɢɫɭɧɨɤ 1.43 – Ɋɚɫɲɢɪɟɧɢɟ ɩɭɬɢ 

Ⱦɥɹ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɤɪɢɜɵɯ ɩɨɬɪɟɛɭɟɬɫɹ ɪɚɫɲɢɪɟɧɢɟ 
«Gnuplot». Ⱦɥɹ ɭɫɬɚɧɨɜɤɢ ɧɟɨɛɯɨɞɢɦɨ ɫɤɚɱɚɬɶ ɮɚɣɥ «gnuplot.exe» ɫ 
ɨɮɢɰɢɚɥɶɧɨɝɨ ɫɚɣɬɚ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɩɪɨɝɪɚɦɦɵ. Ɂɚɩɭɫɬɢɬɶ ɭɫɬɚɧɨɜɤɭ ɢ ɩɨɫɥɟ 
ɡɚɜɟɪɲɟɧɢɹ ɪɚɫɲɢɪɢɬɶ ɩɭɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɭɧɤɬɨɦ 0 (ɪɢɫ. 1.44). 

 
Ɋɢɫɭɧɨɤ 1.44 – Ɋɚɫɲɢɪɟɧɢɟ ɩɭɬɢ ɞɥɹ ɩɪɨɝɪɚɦɦɵ «Gnuplot» 

Ƚɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ CONCEPT-II ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 
ɫɥɟɞɭɸɳɢɟ ɷɥɟɦɟɧɬɵ: ɩɚɧɟɥɶ ɦɟɧɸ, ɩɚɧɟɥɶ ɢɧɫɬɪɭɦɟɧɬɨɜ, ɪɚɛɨɱɚɹ ɨɛɥɚɫɬɶ, 
ɨɤɧɨ ɞɥɹ ɜɵɜɨɞɚ ɫɢɫɬɟɦɧɵɯ ɫɨɨɛɳɟɧɢɣ, ɩɚɧɟɥɶ ɨɫɧɨɜɧɵɯ ɷɬɚɩɨɜ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɪɢɫ. 1.45). 

 
Ɋɢɫɭɧɨɤ 1.45 – Ƚɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ CONCEPT-II 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɜ CONCEPT-II ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɷɬɚɩɨɜ: 
ɩɪɟɩɪɨɰɟɫɫɢɧɝ; ɜɜɨɞ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ; ɩɪɨɜɟɪɤɚ ɜɯɨɞɧɨɣ ɝɟɨɦɟɬɪɢɢ; 
ɜɵɱɢɫɥɟɧɢɟ; ɜɢɡɭɚɥɢɡɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ. Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɢɯ ɩɨɞɪɨɛɧɟɟ. 
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ɇɚ ɷɬɚɩɟ ɩɪɟɩɪɨɰɟɫɫɢɧɝɚ ɢ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɫɨɡɞɚɧɢɟ ɫɬɪɭɤɬɭɪɵ. Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɥɨɠɧɵɯ ɫɬɪɭɤɬɭɪ, CONCEPT-II 

ɫɨɞɟɪɠɢɬ ɫɨɛɫɬɜɟɧɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. ɗɬɢ ɢɧɫɬɪɭɦɟɧɬɵ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɬɪɟɭɝɨɥɶɧɵɟ ɢɥɢ ɫɦɟɲɟɧɧɵɟ ɫɟɬɤɢ, ɫɨɫɬɨɹɳɢɟ ɢɡ 
ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɢ ɱɟɬɵɪɟɯɭɝɨɥɶɧɢɤɨɜ. Ɍɚɤɠɟ ɞɨɫɬɭɩɧɵ 3D ɫɪɟɞɫɬɜɚ 
ɩɪɨɫɦɨɬɪɚ. ȼɨɡɦɨɠɧɨ ɥɨɤɚɥɶɧɨɟ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɟɬɤɢ. 
ȼɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɢɧɫɬɪɭɦɟɧɬɵ ɫɨɞɟɪɠɚɬɶɫɹ ɜɨ ɜɤɥɚɞɤɟ Cad tools, ɤɨɬɨɪɚɹ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɜɤɥɚɞɤɢ Cad tools 1 (ɪɢɫ. 1.46 ɚ) ɢ Cad 

tools 2 (ɪɢɫ. 1.46 ɛ). 

 ɚ  ɛ 

Ɋɢɫɭɧɨɤ 1.46 –  ȼɤɥɚɞɤɢ Cad tools 1 (ɚ) ɢ Cad tools 2 (ɛ) 

ɇɚ ɷɬɚɩɟ ɜɜɨɞɚ ɞɚɧɧɵɯ ɮɨɪɦɢɪɭɟɬɫɹ ɝɥɚɜɧɵɣ ɮɚɣɥ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ 
ɢɧɮɨɪɦɚɰɢɸ ɨ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ (ɤɚɛɟɥɢ, ɢɫɬɨɱɧɢɤɢ ɜɨɡɛɭɠɞɟɧɢɹ, ɧɚɝɪɭɡɤɢ ɢ 
ɞɪ.). ȼ ɫɢɫɬɟɦɟ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ ɢɫɬɨɱɧɢɤɢ ɜɨɡɛɭɠɞɟɧɢɹ: 
ɝɟɧɟɪɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ; ɩɨɞɜɨɞɢɦɚɹ ɦɨɳɧɨɫɬɶ; ɢɫɬɨɱɧɢɤ ɩɨɜɟɪɯɧɨɫɬɧɵɯ 
ɬɨɤɨɜ; ɩɥɨɫɤɚɹ ɜɨɥɧɚ; ɜɢɛɪɚɬɨɪ Ƚɟɪɰɚ ɢ ɞɪ. ȼɯɨɞɧɵɟ ɞɚɧɧɵɟ ɮɨɪɦɢɪɭɸɬɫɹ ɜɨ 

ɜɤɥɚɞɤɟ Simulation ɢ ɯɪɚɧɹɬɫɹ ɜ ɞɟɪɟɜɟ ɩɪɨɟɤɬɚ (ɪɢɫ. 1.47). 

Ⱦɟɪɟɜɨ ɩɪɨɟɤɬɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 4 ɨɫɧɨɜɧɵɯ ɪɚɡɞɟɥɚ: 

Setup of the structure (ɧɚɫɬɪɨɣɤɚ ɫɬɪɭɤɬɭɪɵ: ɝɟɨɦɟɬɪɢɹ, ɫɢɦɦɟɬɪɢɹ, ɜɢɞɵ 
ɩɪɨɜɨɞɨɜ ɢ ɬ.ɞ.). 
Setup monitoring (ɧɚɫɬɪɨɣɤɚ ɩɨɥɟɣ ɬɨɤɚ, ɧɚɩɪɹɠɟɧɢɹ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɨɤɚ). 
Setup printing (ɧɚɫɬɪɨɣɤɚ ɩɟɱɚɬɢ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɡɧɚɱɟɧɢɹ ɩɨ ɭɦɨɥɱɚɧɢɸ). 
Setup simulation (ɧɚɫɬɪɨɣɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ: ɱɚɫɬɨɬɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ, ɬɢɩ 
ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɜɵɛɨɪ ɢɫɩɨɥɶɡɭɟɦɨɣ ɫɬɪɭɤɬɭɪɵ). 
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ȼ ɪɚɡɞɟɥɟ Setup simulation ɜɨɡɦɨɠɟɧ ɜɵɛɨɪ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɪɟɠɢɦɚ ɢɡ 
ɞɜɭɯ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ. Ɉɞɢɧɚɪɧɵɣ ɪɟɠɢɦ ɜɵɱɢɫɥɟɧɢɹ Single precision ɞɚɟɬ 
ɜɟɪɧɵɣ ɪɟɡɭɥɶɬɚɬ ɞɥɹ ɫɬɪɭɤɬɭɪ ɯɨɪɨɲɨ ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɫ ɢɫɬɨɱɧɢɤɨɦ 
ɜɨɡɛɭɠɞɟɧɢɹ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɣ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɫɬɪɭɤɬɭɪ ɫɨɞɟɪɠɚɳɢɯ 
ɨɬɜɟɪɫɬɢɹ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɣ ɪɟɡɭɥɶɬɚɬ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜ ɪɟɠɢɦɟ 
Galerkin matching. ɇɟɞɨɫɬɚɬɤɨɦ ɬɚɤɨɝɨ ɪɟɠɢɦɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɞɥɹ 
ɜɵɱɢɫɥɟɧɢɹ ɬɪɟɛɭɸɬɫɹ ɦɚɬɪɢɰɵ ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɡɚɬɪɚɱɢɜɚɟɬɫɹ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ. Ɍɚɤ ɠɟ ɪɟɠɢɦ Galerkin matching ɦɨɠɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɫɬɪɨɝɨ ɬɪɟɭɝɨɥɶɧɨɣ ɫɟɬɤɢ. 

 
Ɋɢɫɭɧɨɤ 1.47 – Ⱦɟɪɟɜɨ ɩɪɨɟɤɬɚ 

ɇɚ ɷɬɚɩɟ ɩɪɨɜɟɪɤɢ ɜɯɨɞɧɨɣ ɝɟɨɦɟɬɪɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ ɡɚɞɚɧɧɨɣ 
ɝɟɨɦɟɬɪɢɢ ɢ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ. Ɉɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɩɨɫɥɟ 
ɩɨɫɬɪɨɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɭɫɬɚɧɨɜɤɢ ɜɫɟɯ ɩɚɪɚɦɟɬɪɨɜ. ȼɨ ɜɤɥɚɞɤɟ Simulation 

(ɩɚɧɟɥɶ ɦɟɧɸ) ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɤɧɨɩɤɚ Run simulation front-end (ɪɢɫ. 1.48), 

ɩɨɫɥɟ ɧɚɠɚɬɢɹ ɤɨɬɨɪɨɣ ɡɚɩɭɫɤɚɟɬɫɹ ɩɪɨɜɟɪɤɚ ɝɟɨɦɟɬɪɢɢ. ɉɨɫɥɟ ɭɫɩɟɲɧɨɝɨ 
ɨɤɨɧɱɚɧɢɹ ɩɪɨɜɟɪɤɢ ɜɨ ɜɤɥɚɞɤɟ Post processing ɚɤɬɢɜɢɪɭɟɬɫɹ ɤɧɨɩɤɚ Show 

complete structure (ɪɢɫ. 1.48), ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɪɨɢɬɶ ɫɬɪɭɤɬɭɪɭ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɡɚɞɚɧɧɨɣ ɫɢɦɦɟɬɪɢɢ. 
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Ɋɢɫɭɧɨɤ 1.48 – ɉɪɨɜɟɪɤɚ ɡɚɞɚɧɧɨɣ ɝɟɨɦɟɬɪɢɢ ɢ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɯɨɞɧɵɯ 

ɞɚɧɧɵɯ  
ɇɚ ɷɬɚɩɟ ɜɵɱɢɫɥɟɧɢɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɡɚɩɭɫɤ ɩɪɨɰɟɫɫɚ ɜɵɱɢɫɥɟɧɢɹ. ȼ ɨɤɧɟ 

ɞɥɹ ɜɵɜɨɞɚ ɫɢɫɬɟɦɧɵɯ ɫɨɨɛɳɟɧɢɣ (ɪɢɫ. 1.49) ɨɬɨɛɪɚɠɚɟɬɫɹ ɩɪɨɰɟɫɫ ɪɚɫɱɟɬɚ, 
ɜɪɟɦɹ ɜɵɱɢɫɥɟɧɢɹ, ɚɧɚɥɢɡɢɪɭɟɦɚɹ ɱɚɫɬɨɬɧɚɹ ɬɨɱɤɚ ɢ ɞɪ. 

 
Ɋɢɫɭɧɨɤ 1.49 – Ɉɤɧɨ ɞɥɹ ɜɵɜɨɞɚ ɫɢɫɬɟɦɧɵɯ ɫɨɨɛɳɟɧɢɣ 

ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɜɵɱɢɫɥɟɧɢɣ ɞɨɫɬɭɩɧɚ ɜɤɥɚɞɤɚ Post processing, ɜ 
ɤɨɬɨɪɨɣ ɧɚɯɨɞɹɬɫɹ ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɝɪɚɮɢɱɟɫɤɨɝɨ ɨɬɨɛɪɚɠɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ (ɪɢɫ. 1.50). Ⱦɨɫɬɭɩɧɵ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɨɤɨɜ ɢ 
ɞɪɭɝɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɬɚɤɢɟ ɤɚɤ ɝɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɬɨɤɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ, ɧɚɜɟɞɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢɥɢ ɬɨɤɢ, ɤɚɤ ɮɭɧɤɰɢɢ 
ɱɚɫɬɨɬɵ. Ɍɪɟɯɦɟɪɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɩɨɡɜɨɥɹɸɬ 
ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɩɨɥɧɨɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɜɟɞɟɧɢɟ ɫɬɪɭɤɬɭɪɵ. ȼɟɫɶɦɚ 
ɩɨɥɟɡɧɵɦɢ, ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɹɜɥɹɸɬɫɹ ɚɧɢɦɚɰɢɢ ɬɨɤɨɜ ɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɹ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɫɬɪɨ ɛɵɬɶ ɫɝɟɧɟɪɢɪɨɜɚɧɵ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ CONCEPT-II ɪɚɡɥɢɱɧɵɦɢ 
ɫɩɨɫɨɛɚɦɢ: 3D ɢ 2D ɞɢɚɝɪɚɦɦɵ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ; ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɤɨɜ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɹɯ ɢ ɩɪɨɜɨɞɚɯ; (I, U, E, H) ɤɚɤ ɮɭɧɤɰɢɹ ɱɚɫɬɨɬɵ ɢ ɜɪɟɦɟɧɢ; 2D ɢ 
1D ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɹ; ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɨɥɹ ɜ ɩɪɨɢɡɜɨɥɶɧɵɯ ɬɨɱɤɚɯ (ɤɚɤ 
ɩɨɬɨɤ ɷɧɟɪɝɢɢ, ɜɟɤɬɨɪ ɉɨɢɧɬɢɧɝɚ); ɤɨɷɮɮɢɰɢɟɧɬ ɭɞɟɥɶɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ. 
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ȼɤɥɚɞɤɚ Log data ɨɬɜɟɱɚɟɬ ɡɚ ɩɪɨɫɦɨɬɪ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɞɥɹ 
ɤɚɠɞɨɣ ɝɪɚɮɢɱɟɫɤɨɣ ɮɨɪɦɵ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜɵɱɢɫɥɟɧɢɣ. 

 
Ɋɢɫɭɧɨɤ 1.50 – ɉɨɫɬɨɛɪɚɛɨɬɤɚ ɜɵɱɢɫɥɟɧɢɣ 
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2 ɋɚɦɨɫɬɨɹɬɟɥɶɧɵɟ ɡɚɧɹɬɢɹ 

Ʌɸɛɨɣ ɜɢɞ ɡɚɧɹɬɢɣ, ɫɨɡɞɚɸɳɢɣ ɭɫɥɨɜɢɹ ɞɥɹ ɡɚɪɨɠɞɟɧɢɹ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɦɵɫɥɢ, ɩɨɡɧɚɜɚɬɟɥɶɧɨɣ ɢ ɬɜɨɪɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɬɭɞɟɧɬɚ 
ɫɜɹɡɚɧ ɫ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬɨɣ. ȼ ɲɢɪɨɤɨɦ ɫɦɵɫɥɟ ɩɨɞ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ 
ɪɚɛɨɬɨɣ ɩɨɧɢɦɚɸɬ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɫɟɣ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɫɬɭɞɟɧɬɨɜ ɤɚɤ ɜ ɭɱɟɛɧɨɣ ɚɭɞɢɬɨɪɢɢ, ɬɚɤ ɢ ɜɧɟ ɟɟ, ɜ ɤɨɧɬɚɤɬɟ ɫ 
ɩɪɟɩɨɞɚɜɚɬɟɥɟɦ ɢ ɜ ɟɝɨ ɨɬɫɭɬɫɬɜɢɟ. 

ȼ ɩɪɨɰɟɫɫɟ ɩɨɞɝɨɬɨɜɤɢ ɤ ɫɟɦɢɧɚɪɫɤɢɦ ɡɚɧɹɬɢɹɦ, ɫɬɭɞɟɧɬɚɦ ɧɟɨɛɯɨɞɢɦɨ 
ɨɛɪɚɬɢɬɶ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɧɚ ɩɪɨɪɚɛɨɬɤɭ ɥɟɤɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɟ ɢɡɭɱɟɧɢɟ ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɣ (ɚ ɬɚɤɠɟ 
ɧɚɭɱɧɨɣ ɢ ɩɨɩɭɥɹɪɧɨɣ) ɥɢɬɟɪɚɬɭɪɵ. ɋɚɦɨɫɬɨɹɬɟɥɶɧɚɹ ɪɚɛɨɬɚ ɫ ɭɱɟɛɧɢɤɚɦɢ, 
ɭɱɟɛɧɵɦɢ ɩɨɫɨɛɢɹɦɢ, ɧɚɭɱɧɨɣ, ɫɩɪɚɜɨɱɧɨɣ ɢ ɩɨɩɭɥɹɪɧɨɣ ɥɢɬɟɪɚɬɭɪɨɣ, 
ɦɚɬɟɪɢɚɥɚɦɢ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɢɡɞɚɧɢɣ ɢ ɂɧɬɟɪɧɟɬɚ, ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ 
ɞɚɧɧɵɦɢ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɩɨɥɭɱɟɧɢɹ ɡɧɚɧɢɣ, 
ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɚɤɬɢɜɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɨɜɥɚɞɟɧɢɹ ɢɧɮɨɪɦɚɰɢɟɣ, 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɟɟ ɝɥɭɛɨɤɨɦɭ ɭɫɜɨɟɧɢɸ ɢɡɭɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɮɨɪɦɢɪɭɟɬ ɭ 
ɫɬɭɞɟɧɬɨɜ ɫɜɨɟ ɨɬɧɨɲɟɧɢɟ ɤ ɤɨɧɤɪɟɬɧɨɣ ɩɪɨɛɥɟɦɟ. Ȼɨɥɟɟ ɝɥɭɛɨɤɨɦɭ 
ɪɚɫɤɪɵɬɢɸ ɜɨɩɪɨɫɨɜ ɫɩɨɫɨɛɫɬɜɭɟɬ ɡɧɚɤɨɦɫɬɜɨ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 
ɥɢɬɟɪɚɬɭɪɨɣ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ ɩɪɟɩɨɞɚɜɚɬɟɥɟɦ ɩɨ ɤɚɠɞɨɣ ɬɟɦɟ 
ɫɟɦɢɧɚɪɫɤɨɝɨ ɢɥɢ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɡɚɧɹɬɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɬɭɞɟɧɬɚɦ ɩɪɨɹɜɢɬɶ 
ɫɜɨɸ ɢɧɞɢɜɢɞɭɚɥɶɧɨɫɬɶ ɜ ɪɚɦɤɚɯ ɜɵɫɬɭɩɥɟɧɢɹ ɧɚ ɞɚɧɧɵɯ ɡɚɧɹɬɢɹɯ, ɜɵɹɜɢɬɶ 
ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɦɧɟɧɢɣ ɩɨ ɢɡɭɱɚɟɦɨɣ ɩɪɨɛɥɟɦɟ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɶɲɢɯ ɧɚɜɵɤɨɜ ɪɚɛɨɬɵ ɫ ɩɪɨɝɪɚɦɦɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɨɡɧɚɤɨɦɥɟɧɢɟ ɫ ɢɧɫɬɪɭɤɰɢɹɦɢ ɩɨɥɶɡɨɜɚɬɟɥɹ ɢ ɪɚɫɫɦɨɬɪɟɧɢɟ 
ɬɟɫɬɨɜɵɯ ɩɪɢɦɟɪɨɜ.  

Ɉɬɞɟɥɶɧɨɝɨ ɜɧɢɦɚɧɢɹ ɡɚɫɥɭɠɢɜɚɟɬ ɢɡɭɱɟɧɢɟ ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ 
ɩɨ ɗɆɋ. ɉɪɢ ɟё ɢɡɭɱɟɧɢɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɫɨɫɬɚɜɥɹɬɶ ɤɨɧɫɩɟɤɬɵ, ɤɨɬɨɪɵɟ 
ɩɨɡɜɨɥɹɬ ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɬɶ ɡɧɚɧɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɗɆɋ. 

2.1 Ʌɢɧɢɢ ɩɟɪɟɞɚɱɢ 

ɐɟɥɶ ɪɚɛɨɬɵ – ɨɰɟɧɤɚ ɩɟɪɟɤɪɟɫɬɧɵɯ ɧɚɜɨɞɨɤ ɜ ɥɢɧɢɹɯ ɩɟɪɟɞɚɱɢ ɧɚ 
ɩɪɢɦɟɪɟ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ. 

2.1.1 ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɰɟɧɤɢ ɩɨɦɟɯ ɜ ɥɢɧɢɹɯ ɩɟɪɟɞɚɱɢ ɧɚ ɨɫɧɨɜɧɨɣ ɫɢɝɧɚɥ 
ɧɭɠɧɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: 

1 ɉɨɫɬɪɨɢɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ ɡɚɞɚɧɧɵɯ 
ɨɬɪɟɡɤɨɜ ɥɢɧɢɣ ɩɟɪɟɞɚɱ. 

2 ȼɵɱɢɫɥɢɬɶ ɦɚɬɪɢɰɵ ɩɨɝɨɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɋ ɢ 
ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ L ɢɧɞɭɤɰɢɣ. 

3 ɋɨɫɬɚɜɢɬɶ ɫɯɟɦɭ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
4 Ɂɚɞɚɬɶ ɧɚɝɪɭɡɤɢ ɢ ɜɨɡɞɟɣɫɬɜɢɟ. 
5 ȼɵɱɢɫɥɢɬɶ ɜɪɟɦɟɧɧɨɣ ɨɬɤɥɢɤ ɧɚ ɢɦɩɭɥɶɫɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 



61 

 

ɍɤɚɡɚɧɧɵɟ ɷɬɚɩɵ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɩɨɥɧɢɬɶ ɞɥɹ ɦɧɨɝɨɩɪɨɜɨɞɧɨɣ ɥɢɧɢɢ 
ɩɟɪɟɞɚɱɢ (ɆɉɅ), ɢɦɟɸɳɟɣ 2, 3, 4, 5 ɩɪɨɜɨɞɧɢɤɨɜ. ȼɫɟ ɩɭɧɤɬɵ ɜɵɩɨɥɧɹɸɬɫɹ 
ɜ ɫɢɫɬɟɦɟ TALGAT. 

Ⱦɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɜɵɲɟɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɧɟɨɛɯɨɞɢɦɨ ɜ 
ɉɈ TALGAT ɩɨɞɤɥɸɱɢɬɶ ɫɥɟɞɭɸɳɢɟ ɩɪɨɝɪɚɦɧɵɟ ɦɨɞɭɥɢ:  

MOM2D – ɦɨɞɭɥɶ ɞɜɭɯɦɟɪɧɨɝɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. 
UTIL – ɦɨɞɭɥɶ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɦɚɧɞ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ (PLUS, 

DIV, MINUS, MUL ɢ ɬ.ɞ.). 
MATRIX – ɦɨɞɭɥɶ ɦɚɬɪɢɱɧɵɯ ɨɩɟɪɚɰɢɣ. 
ɇɚ ɪɢɫ. 2.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɢɩɨɜɵɟ ɫɥɨɢ ɢ ɩɚɪɚɦɟɬɪɵ ɢɫɫɥɟɞɭɟɦɨɣ 

ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ. 

 
Ɋɢɫɭɧɨɤ 2.1 – Ɍɢɩɨɜɵɟ ɫɥɨɢ ɢ ɩɚɪɚɦɟɬɪɵ ɢɫɫɥɟɞɭɟɦɨɣ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ 

ɉɪɢɦɟɪ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 2.2. 

 
Ɋɢɫɭɧɨɤ 2.2 – ɉɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ 

Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢɫɫɥɟɞɭɟɦɵɯ ɫɬɪɭɤɬɭɪ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɥɢɧɢɣ ɫɥɟɞɭɸɳɢɟ: ɲɢɪɢɧɚ ɩɪɨɜɨɞɧɢɤɚ 
w = 500 ɦɤɦ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɪɨɜɨɞɧɢɤɚɦɢ s = 300 ɦɤɦ, ɜɵɫɨɬɚ 
ɩɪɨɜɨɞɧɢɤɨɜ ɧɚ ɫɥɨɟ TOP ɢ BOTTOM t = 50 ɦɤɦ, ɜɵɫɨɬɚ ɩɪɨɜɨɞɧɢɤɨɜ ɧɚ 
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ɫɥɨɟ GND t = 35 ɦɤɦ, ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɤɪɚɹ ɫɬɪɭɤɬɭɪɵ ɞɨ ɩɪɨɜɨɞɧɢɤɚ d = 3×w, 

ɬɨɥɳɢɧɚ ɫɥɨɟɜ TOP, BOTTOM, GND ɢ +3V hT = 510 ɦɤɦ, ɬɨɥɳɢɧɚ 
ɩɨɤɪɵɜɚɸɳɟɝɨ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɥɨɹ GND hG= 127 ɦɤɦ, ɬɨɥɳɢɧɚ 

ɩɨɤɪɵɜɚɸɳɢɯ ɫɥɨɟɜ ɞɢɷɥɟɤɬɪɢɤɨɜ TOP ɢ BOTTOM hB = 60 ɦɤɦ, 

ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɨɡɞɭɯɚ ErAir = 1, ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ 
ɩɪɨɧɢɰɚɟɦɨɫɬɶ TOP ɢ BOTTOM ErT ɢ ErB = 3,5, ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ 
ɩɪɨɧɢɰɚɟɦɨɫɬɶ GND ɢ +3V ErG ɢ ErV = 4,2. ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɩɨɩɟɪɟɱɧɨɝɨ 
ɫɟɱɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɜɬɨɫɟɝɦɟɧɬɚɰɢɹ ɫ ɝɪɚɧɢɱɧɵɦ ɲɚɝɨɦ 
(SET_AUTO_SEGMENT_LENGTH) 10 ɦɤɦ ɢ ɛɟɫɤɨɧɟɱɧɚɹ ɩɥɨɫɤɨɫɬɶ ɡɟɦɥɢ. 

Ⱦɚɥɟɟ ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɩɨɫɬɪɨɟɧɢɹ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɬɪɟɯɩɪɨɜɨɞɧɨɣ 
ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ. 
INCLUDE "MOM2D" // ɩɨɞɤɥɸɱɚɟɦɵɟ ɦɨɞɭɥɢ 

INCLUDE "UTIL" // ɩɨɞɤɥɸɱɚɟɦɵɟ ɛɢɛɥɢɨɬɟɤɢ 

INCLUDE "MATRIX"// ɩɨɞɤɥɸɱɚɟɦɵɟ ɛɢɛɥɢɨɬɟɤɢ 

 

SET "w" 500.e-6 //ɲɢɪɢɧɚ ɩɪɨɜɨɞɧɢɤɚ 

SET "s" 300.e-6 //ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɪɨɜɨɞɧɢɤɚɦɢ 

SET "t" 50.e-6 //ɜɵɫɨɬɚ ɩɪɨɜɨɞɧɢɤɚ 

SET "d" MUL 3. w //ɪɚɡɦɚɯ ɞɢɷɥɟɤɬɪɢɤɚ 

SET "hT" 510.e-6 //ɜɵɫɨɬɚ top layer ɢ bottom 

SET "hG" 127.e-6 //ɜɵɫɨɬɚ ɩɨɤɪɵɜɚɸɳɟɝɨ ɞɢɷɥɟɤɬɪɢɤɚ ɧɚ gnd layer 

SET "hB" 10.e-6 //ɜɵɫɨɬɚ ɞɢɷɥɟɤɬɪɢɤɚ ɧɚ bottom ɢ top layer 

SET "ErAir" 1. //ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɨɡɞɭɯɚ 

SET "ErT" 42.e-1 //ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɞɢɷɥɟɤɬɪɢɤɨɜ GND ɢ +3 V 

SET "ErB" 35.e-1 //ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ bottom ɢ top 

 

SET "segm" 10.e-6 //ɲɚɝ ɫɟɝɦɟɧɬɚɰɢɢ 

 

SET_AUTO_SEGMENT_LENGTH segm 

SET_INFINITE_GROUND 1 // ɡɚɞɚɧɢɟ ɛɟɫɤɨɧɟɱɧɨɣ ɡɟɦɥɢ 

 

DIELECTRIC // ɉɨɤɪɵɜɚɸɳɢɣ ɫɥɨɣ ɞɢɷɥɟɤɬɪɢɤɚ 

SET_ER_PLUS ErB 

SET_ER_MINUS ErAir 

LINE 0. PLUS hT hB MINUS d hB PLUS hT hB 

LINETO MINUS d hB PLUS PLUS hT hB t 

LINETO PLUS PLUS d hB w PLUS PLUS hT hB t 

LINETO PLUS PLUS d hB w PLUS hT hB 

LINETO PLUS PLUS d w MINUS s hB PLUS hT hB 

LINETO PLUS PLUS d w MINUS s hB PLUS t PLUS hT hB 

LINETO PLUS PLUS PLUS PLUS d w s w hB PLUS t PLUS hT hB 

LINETO PLUS PLUS PLUS PLUS d w s w hB PLUS hT hB 

LINETO PLUS PLUS PLUS PLUS d w s w MINUS s hB PLUS hT hB 

LINETO PLUS PLUS PLUS PLUS d w s w MINUS s hB PLUS t PLUS hT hB 

LINETO PLUS PLUS PLUS PLUS PLUS PLUS d w s w s w hB PLUS t PLUS hT hB 

LINETO PLUS PLUS PLUS PLUS PLUS PLUS d w s w s w hB PLUS hT hB 

LINETO PLUS PLUS PLUS PLUS PLUS PLUS PLUS d w s w s w hB MINUS d hB PLUS hT 

hB 

 

DIELECTRIC // ɋɥɨɣ ɞɢɷɥɟɤɬɪɢɤɚ 
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SET_ER_PLUS ErT 

SET_ER_MINUS ErB 

LINE 0. hT d hT 

LINE PLUS d w hT PLUS PLUS d w s hT 

LINE PLUS PLUS PLUS d w s w hT PLUS PLUS PLUS PLUS d w s w s hT 

LINE PLUS PLUS PLUS PLUS PLUS d w s w s w hT PLUS PLUS PLUS PLUS PLUS PLUS 

d w s w s w d hT 

 

CONDUCTOR // ɉɟɪɜɵɣ ɩɪɨɜɨɞɧɢɤ 

SET_ER_PLUS ErT 

LINE d hT PLUS d w hT 

SET_ER_PLUS ErB 

LINETO PLUS d w PLUS hT t 

LINETO d PLUS hT t 

LINETO d hT 

 

CONDUCTOR // ȼɬɨɪɨɣ ɩɪɨɜɨɞɧɢɤ 

SET_ER_PLUS ErT 

LINE PLUS s PLUS w d hT PLUS s PLUS w PLUS w d hT 

SET_ER_PLUS ErB 

LINETO PLUS s PLUS w PLUS w d PLUS hT t 

LINETO PLUS s PLUS w d PLUS hT t 

LINETO PLUS s PLUS w d hT 

 

CONDUCTOR // Ɍɪɟɬɢɣ ɩɪɨɜɨɞɧɢɤ 

SET_ER_PLUS ErT 

LINE PLUS PLUS PLUS PLUS d w s w s hT PLUS PLUS PLUS PLUS PLUS d w s w s w hT 

SET_ER_PLUS ErB 

LINETO PLUS PLUS PLUS PLUS PLUS d w s w s w PLUS hT t 

LINETO PLUS PLUS PLUS PLUS d w s w s PLUS hT t 

LINETO PLUS PLUS PLUS PLUS d w s w s hT 

SET "conf_ig" GET_CONFIGURATION_2D 

DRAW_CONFIGURATION conf_ig 

 

SET "mL_THREE" CALCULATE_L SMN_L conf_ig conf_ig // ȼɵɱɢɫɥɟɧɢɟ ɦɚɬɪɢɰɵ L ɢ 

ɩɪɢɫɜɨɟɧɢɟ ɟɣ ɢɦɟɧɢ «mL_THREE» 

SET "mCG" CALCULATE_CG SMN_CG conf_ig conf_ig 0. // ȼɵɱɢɫɥɟɧɢɟ ɦɚɬɪɢɰɵ C 

SET "mC_THREE" GET_REAL_MATRIX mCG // ȼɵɱɢɫɥɟɧɢɟ ɦɚɬɪɢɰɵ C ɢ ɩɪɢɫɜɨɟɧɢɟ ɟɣ 

ɢɦɟɧɢ «mC_THREE» 

ECHO LINE_TO_STRING // ɦɚɬɪɢɰɚ ɩɨɝɨɧɧɵɯ ɢɧɞɭɤɬɢɜɧɨɫɬɟɣ L 

ECHO mL_ THREE 

ECHO LINE_TO_STRING // ɦɚɬɪɢɰɚ ɩɨɝɨɧɧɵɯ ɟɦɤɨɫɬɟɣ C  

ECHO mC_ THREE 

ɉɨɫɥɟ ɩɨɫɬɪɨɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ ɬɪɟɛɭɟɬɫɹ 
ɩɟɪɟɣɬɢ ɤ ɩɨɫɬɪɨɟɧɢɸ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɵ, ɞɥɹ ɷɬɨɝɨ ɧɚ ɩɚɧɟɥɢ ɦɟɧɸ 
ɜɵɛɢɪɚɬɶ ɋɨɡɞɚɬɶ ɩɪɢɧɰɢɩɢɚɥɶɧɭɸ ɫɯɟɦɭ ( ). ȼ ɨɬɤɪɵɜɲɟɦɫɹ ɨɤɧɟ 
ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɶɡɭɹɫɶ ɩɚɧɟɥɶɸ ɢɧɫɬɪɭɦɟɧɬɨɜ ( ), 

ɩɨɫɬɪɨɢɬɶ ɩɪɢɧɰɢɩɢɚɥɶɧɭɸ ɫɯɟɦɭ ɞɥɹ ɬɪɟɛɭɟɦɨɝɨ ɜɚɪɢɚɧɬɚ ɡɚɞɚɧɢɹ. ɉɟɪɟɞ  
ɡɚɩɭɫɤɨɦ ɚɧɚɥɢɡɚ ɫɯɟɦɵ ɧɭɠɧɨ ɩɨɞɤɥɸɱɢɜ ɜɨɥɶɬɦɟɬɪɵ  ɤ ɧɚɱɚɥɭ ɢ ɤ 
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ɤɨɧɰɭ ɥɢɧɢɣ ɢ ɜɵɛɪɚɬɶ ɜɪɟɦɟɧɧɨɣ ɨɬɤɥɢɤ. ȼ ɩɨɹɜɢɜɲɟɦɫɹ ɨɤɧɟ ɡɚɞɚɬɶ 
ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɨɬɨɛɪɚɠɟɧɢɹ ɨɬɤɥɢɤɚ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 2.3. 

 
Ɋɢɫɭɧɨɤ 2.3  – ɉɚɪɚɦɟɬɪɵ ɜɪɟɦɟɧɧɨɝɨ ɫɢɝɧɚɥɚ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɣ ɨɬɤɥɢɤ ɢ 
ɨɩɪɟɞɟɥɢɬɶ ɭɪɨɜɟɧɶ ɧɚɜɨɞɨɤ ɧɚ ɩɚɫɫɢɜɧɵɟ ɥɢɧɢɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɤɬɢɜɧɨɣ. 
ȼ ɨɬɱɟɬɟ ɬɚɤɠɟ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɢɜɟɞɟɧɵ ɜɵɜɨɞɵ ɩɨ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ. 

2.1.2 Зɚɞɚɧɢɟ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɜɵɩɨɥɟɧɢɹ 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɜɪɟɦɟɧɧɨɝɨ ɨɬɤɥɢɤɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɫɯɟɦɭ ɜ 
ɫɢɫɬɟɦɟ TALGAT ɢ ɡɚɞɚɬɶ ɜɨɡɞɟɣɫɬɜɭɸɳɢɣ ɢɦɩɭɥɶɫ. ɋɯɟɦɚ ɫɨɫɬɨɢɬ ɢɡ 
ɨɬɪɟɡɤɨɜ ɥɢɧɢɣ ɩɟɪɟɞɚɱ (ɦɚɬɪɢɰ L ɢ C), ɧɚɝɪɭɡɨɤ (ɩɨ 50 Ɉɦ), ɟɦɤɨɫɬɟɣ (ɩɨ 
0,1 ɩɎ) ɢ ɢɧɞɭɤɬɢɜɧɨɫɬɟɣ (ɩɨ 500 ɩȽɧ). ɉɚɪɚɦɟɬɪɵ ɜɨɡɞɟɣɫɬɜɭɸɳɟɝɨ 
ɢɦɩɭɥɶɫɚ: Ⱥɦɩɥɢɬɭɞɚ V = 5 ȼ, ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɥɨɫɤɨɣ ɜɟɪɲɢɧɵ ɢɦɩɭɥɶɫɚ 
tD = 1 ɧɫ, ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɟɪɟɞɧɟɝɨ ɮɪɨɧɬɚ ɢ ɡɚɞɧɟɝɨ tRT = tFT = 2 ɧɫ. 

2.1.2.1 ȼɚɪɢɚɧɬ 1 

Ɍɚɛɥɢɰɚ 2.1 – ɉɚɪɚɦɟɬɪɵ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ  
№ ɨɬɪɟɡɤɚ ɥɢɧɢɢ 

ɩɟɪɟɞɚɱɢ 
ɋɥɨɣ 

Ʉɨɥɢɱɟɫɬɜɨ 
ɩɪɨɜɨɞɧɢɤɨɜ 

Ⱦɥɢɧɚ ɨɬɪɟɡɤɚ 
ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ 

1 TOP 1 0,1 

2 TOP 1 0,12 

3 GND 1 0,21 

4 BOTTOM 1 0,25 

5 BOTTOM 2 0,15 

6 BOTTOM 3 0,125 

7 BOTTOM 3 0,32 
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Ɋɢɫɭɧɨɤ 2.4 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ 

2.1.2.2 ȼɚɪɢɚɧɬ 2 

Ɍɚɛɥɢɰɚ 2.2 – ɉɚɪɚɦɟɬɪɵ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ 
№ ɨɬɪɟɡɤɚ ɥɢɧɢɢ 

ɩɟɪɟɞɚɱɢ 
ɋɥɨɣ 

Ʉɨɥɢɱɟɫɬɜɨ 
ɩɪɨɜɨɞɧɢɤɨɜ 

Ⱦɥɢɧɚ ɨɬɪɟɡɤɚ 
ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ 

1 TOP 1 0,8 

2 TOP 1 0,75 

3 TOP 1 0,5 

4 BOTTOM 1 0,21 

5 BOTTOM 1 0,5 

6 BOTTOM 4 0,25 

7 BOTTOM 5 0,12 

 
Ɋɢɫɭɧɨɤ 2.5 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ 
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2.1.2.3 ȼɚɪɢɚɧɬ 3 

Ɍɚɛɥɢɰɚ 2.3 – ɉɚɪɚɦɟɬɪɵ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ  
№ ɨɬɪɟɡɤɚ ɥɢɧɢɢ 

ɩɟɪɟɞɚɱɢ 
ɋɥɨɣ 

Ʉɨɥɢɱɟɫɬɜɨ 
ɩɪɨɜɨɞɧɢɤɨɜ 

Ⱦɥɢɧɚ ɨɬɪɟɡɤɚ 
ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ 

1 TOP 1 0,05 

2 BOTTOM 1 0,125 

3 BOTTOM 1 0,05 

4 BOTTOM 1 0,05 

5 BOTTOM 1 0,375 

6 BOTTOM 2 0,125 

7 BOTTOM 3 0,05 

8 BOTTOM 4 0,375 

9 BOTTOM 5 0,3 

10 BOTTOM 5 0,35 

 
Ɋɢɫɭɧɨɤ 2.6 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ 

2.1.2.4 ȼɚɪɢɚɧɬ 4 

Ɍɚɛɥɢɰɚ 2.4 – ɉɚɪɚɦɟɬɪɵ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ 
№ ɨɬɪɟɡɤɚ ɥɢɧɢɢ 

ɩɟɪɟɞɚɱɢ 
ɋɥɨɣ 

Ʉɨɥɢɱɟɫɬɜɨ 
ɩɪɨɜɨɞɧɢɤɨɜ 

Ⱦɥɢɧɚ ɨɬɪɟɡɤɚ 
ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ 

1 TOP 1 0,1 

2 TOP 1 0,075 

3 GND 3 0,25 

4 GND 5 0,275 

5 BOTTOM 1 0,4 

6 BOTTOM 2 0,15 

7 BOTTOM 2 0,625 

8 BOTTOM 3 0,225 

9 BOTTOM 5 0,025 
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Ɋɢɫɭɧɨɤ 2.7 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ 

2.2 Ʉɨɚɤɫɢɚɥɶɧɵɣ ɤɚɛɟɥɶ 

ɐɟɥɶ ɪɚɛɨɬɵ – ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɤɨɚɤɫɢɚɥɶɧɨɝɨ ɤɚɛɟɥɹ ɧɚ ɤɚɪɬɢɧɭ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜɨ ɜɧɭɬɪɟɧɧɟɣ 
ɨɛɥɚɫɬɢ. 

Ɉɞɧɨɠɢɥɶɧɵɣ ɤɚɛɟɥɶ ɧɚ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ U0 ɢɦɟɟɬ ɪɚɞɢɭɫ ɠɢɥɵ r1 ɢ 
ɜɧɭɬɪɟɧɧɢɣ ɪɚɞɢɭɫ ɨɛɨɥɨɱɤɢ r2 (ɪɢɫ. 2.8). ȼ ɢɞɟɚɥɟ ɨɛɚ ɩɪɨɜɨɞɧɢɤɚ ɞɨɥɠɧɵ 
ɢɦɟɬɶ ɨɛɳɭɸ ɨɫɶ, ɨɞɧɚɤɨ ɜ ɩɪɨɰɟɫɫɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɥɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɜɨɡɦɨɠɧɨ ɫɦɟɳɟɧɢɟ ɩɪɨɜɨɞɧɢɤɨɜ ɧɚ ɪɚɫɫɬɨɹɧɢɟ d, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɩɪɨɛɨɸ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɹ, ɟɫɥɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɩɪɹɠɟɧɧɨɫɬɶ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɪɟɜɵɫɢɬ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ. 

 
Ɋɢɫ. 2.8 – Ʉɨɧɫɬɪɭɤɰɢɹ ɤɨɚɤɫɢɚɥɶɧɨɝɨ ɤɚɛɟɥɹ 
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Ɉɛɵɱɧɨ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɤɨɚɤɫɢɚɥɶɧɨɝɨ ɤɚɛɟɥɹ ɡɚɞɚɟɬɫɹ ɪɚɞɢɭɫ 
ɠɢɥɵ r1, ɤɨɬɨɪɵɣ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɜɟɥɢɱɢɧɟ ɬɨɤɨɜɨɣ ɧɚɝɪɭɡɤɢ. ȼɧɟɲɧɢɣ 
ɪɚɞɢɭɫ ɢɡɨɥɹɰɢɢ (ɜɧɭɬɪɟɧɧɢɣ ɪɚɞɢɭɫ ɨɛɨɥɨɱɤɢ r2) ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɡ 
ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ 
ɩɨɥɹ ɢ ɪɚɛɨɱɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɤɚɛɟɥɹ Emax0: 

 
Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɜɧɟɲɧɟɝɨ ɪɚɞɢɭɫɚ ɤɚɛɟɥɹ ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɬɫɹ ɢɡɨɥɹɰɢɹ 

ɢɡ ɤɚɛɟɥɶɧɨɣ ɛɭɦɚɝɢ ɫ ɪɚɡɥɢɱɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɫɥɨɟɜ. 
ɉɪɢ ɷɬɨɦ ɫɬɚɪɚɸɬɫɹ ɨɛɟɫɩɟɱɢɬɶ ɧɚɢɦɟɧɶɲɭɸ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜɞɨɥɶ ɪɚɞɢɭɫɚ. 
ɋɭɳɟɫɬɜɟɧɧɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɹ ɩɨɥɹ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɩɪɨɧɢɰɚɟɦɨɫɬɹɦɢ 
ɫɥɨɟɜ ɢ ɢɯ ɪɚɞɢɭɫɚɦɢ. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɤɚɛɟɥɹ ɫ ɞɜɭɯɫɥɨɣɧɨɣ ɢɡɨɥɹɰɢɟɣ (ɪɢɫ. 2.9) ɨɩɬɢɦɚɥɶɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɪɚɜɟɧɫɬɜɚ: 

e1r1=e2r3. (1) 

 

Ɋɢɫ. 2.9 – Ʉɚɛɟɥɶ ɫ ɝɪɚɞɢɪɨɜɚɧɧɨɣ ɢɡɨɥɹɰɢɟɣ 

Ɋɚɞɢɭɫ ɨɛɨɥɨɱɤɢ r2 ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧ ɢɡ ɪɚɜɟɧɫɬɜɚ  

 
ɉɪɢ ɪɚɫɱɟɬɟ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɟ ɬɚɤɨɣ ɫɢɫɬɟɦɨɣ 

ɩɪɨɜɨɞɧɢɤɨɜ, ɩɪɢɧɢɦɚɸɬ, ɱɬɨ ɩɨɬɟɧɰɢɚɥ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɧɭɬɪɟɧɧɟɝɨ 
ɩɪɨɜɨɞɧɢɤɚ (ɠɢɥɵ) ɪɚɜɟɧ U0, ɚ ɩɨɬɟɧɰɢɚɥ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɪɭɠɧɨɝɨ 
ɩɪɨɜɨɞɧɢɤɚ ɪɚɜɟɧ ɧɭɥɸ. ɉɪɢ ɷɬɨɦ ɩɨɥɟ ɫɨɫɪɟɞɨɬɨɱɟɧɨ ɜ ɨɛɥɚɫɬɢ 
ɞɢɷɥɟɤɬɪɢɤɚ, ɡɚɩɨɥɧɹɸɳɟɝɨ ɤɚɛɟɥɶ, ɢ ɜɨ ɜɧɟɲɧɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɧɟ 
ɩɪɨɧɢɤɚɟɬ. Ɂɞɟɫɶ ɭɱɢɬɵɜɚɟɬɫɹ ɢ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ ɜ 
ɩɪɨɜɨɞɧɢɤ ɧɟ ɩɪɨɧɢɤɚɟɬ, ɩɨɷɬɨɦɭ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɜɨɞɧɢɤɨɜ ɫɬɚɧɨɜɹɬɫɹ 
ɝɪɚɧɢɰɚɦɢ ɨɛɥɚɫɬɢ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɩɨɥɹ.  

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɞɥɢɧɚ ɤɚɛɟɥɹ ɜɟɥɢɤɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɝɨ ɞɢɚɦɟɬɪɨɦ, ɩɨɥɟ 
ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɵɦ, ɬ.ɟ. ɧɟ ɢɡɦɟɧɹɸɳɢɦɫɹ ɜɞɨɥɶ ɨɫɢ 
ɩɪɨɜɨɞɧɢɤɨɜ. ȼ ɨɞɧɨɪɨɞɧɨɦ ɢɡɨɬɪɨɩɧɨɦ ɞɢɷɥɟɤɬɪɢɤɟ (ε = const) ɬɚɤɨɟ ɩɨɥɟ 
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ɨɩɢɫɵɜɚɟɬɫɹ ɞɜɭɯɦɟɪɧɵɦ ɭɪɚɜɧɟɧɢɟɦ Ʌɚɩɥɚɫɚ ɞɥɹ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ 
ɩɨɬɟɧɰɢɚɥɚ U. 
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ɝɞɟ  – ɨɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɡɚɪɹɞɚ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɨɛɥɚɫɬɢ, ɚ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɪɚɡɥɢɱɧɵ ɜɞɨɥɶ ɨɫɟɣ ɤɨɨɪɞɢɧɚɬ. ɉɨɷɬɨɦɭ, ɞɥɹ ɬɨɝɨ 
ɱɬɨɛɵ ɭɪɚɜɧɟɧɢɹ Ʌɚɩɥɚɫɚ ɢ ɉɭɚɫɫɨɧɚ ɛɵɥɢ ɷɤɜɢɜɚɥɟɧɬɧɵ, ɧɟɨɛɯɨɞɢɦɨ 
ɩɨɥɨɠɢɬɶ =0 ɢ ɡɚɞɚɬɶ ɢɡɨɬɪɨɩɧɨɫɬɶ ɫɜɨɣɫɬɜ ɞɢɷɥɟɤɬɪɢɤɚ (ex=ey=e). 

Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ Ʌɚɩɥɚɫɚ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɩɪɢ ɭɱɟɬɟ ɭɫɥɨɜɢɣ ɧɚ 
ɝɪɚɧɢɰɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɨɛɥɚɫɬɢ. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɟ 
ɫɥɟɞɭɟɬ ɡɚɞɚɬɶ ɩɨɬɟɧɰɢɚɥɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɜɨɞɹɳɢɯ ɰɢɥɢɧɞɪɨɜ. 

ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɛɨɬɵ ɜ ɩɚɤɟɬɟ ELCUT ɫɥɟɞɭɟɬ ɪɚɡɪɚɛɨɬɚɬɶ ɪɚɫɱɟɬɧɭɸ 
ɦɨɞɟɥɶ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɢ. ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɨɛɵɱɧɨ ɫɬɚɪɚɸɬɫɹ ɜɵɞɟɥɢɬɶ 
ɱɚɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ, ɢɫɩɨɥɶɡɭɹ ɧɚɥɢɱɢɟ ɫɢɦɦɟɬɪɢɢ ɜ ɪɚɫɩɨɥɨɠɟɧɢɢ ɷɥɟɦɟɧɬɨɜ 
ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɩɪɢɥɨɠɟɧɧɵɯ ɧɚɝɪɭɡɨɤ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ 
ɪɚɫɱɟɬɨɜ. ȼ ɱɚɫɬɧɨɫɬɢ ɞɥɹ ɚɧɚɥɢɡɢɪɭɟɦɨɣ ɡɚɞɚɱɢ ɜ ɤɚɱɟɫɬɜɟ ɨɫɢ ɫɢɦɦɟɬɪɢɢ 
ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɦɨɬɪɟɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɨɫɶ. ɍɫɥɨɜɢɟ ɫɢɦɦɟɬɪɢɢ ɨɡɧɚɱɚɟɬ 
ɪɚɜɟɧɫɬɜɨ ɧɭɥɸ ɩɪɨɢɡɜɨɞɧɨɣ ɨɬ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɩɨ 
ɧɚɩɪɚɜɥɟɧɢɸ ɧɨɪɦɚɥɢ ɤ ɩɨɜɟɪɯɧɨɫɬɢ (∂U/∂n = 0). 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɩɪɢɨɛɪɟɬɟɬ ɜɢɞ, ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ 
ɪɢɫ. 2.10. Ɍɚɤɚɹ ɦɨɞɟɥɶ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɱɚɥɶɧɨɦɭ ɪɚɫɩɨɥɨɠɟɧɢɸ ɷɥɟɦɟɧɬɨɜ. 
ȿɫɥɢ ɩɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ ɡɚɞɚɧ ɨɞɧɨɫɥɨɣɧɵɣ ɞɢɷɥɟɤɬɪɢɤ, ɬɨ 
ɩɨɥɭɨɤɪɭɠɧɨɫɬɶ ɪɚɞɢɭɫɚ r3 ɩɪɨɪɢɫɨɜɵɜɚɬɶ ɧɟ ɫɥɟɞɭɟɬ. 

Ɍɪɟɛɭɟɦɵɟ ɢɡɦɟɧɟɧɢɹ ɦɨɞɟɥɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɛɚɡɨɜɨɝɨ ɪɚɫɱɟɬɚ 
ɛɭɞɭɬ ɩɪɨɜɨɞɢɬɶɫɹ ɩɭɬɟɦ ɫɦɟɳɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢɥɢ 
ɢɡɦɟɧɟɧɢɹ ɢɯ ɪɚɞɢɭɫɨɜ. ɋɦɟɳɟɧɢɟ ɠɢɥɵ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɨɫɭɳɟɫɬɜɥɹɬɶ ɜɞɨɥɶ 
ɨɫɢ Ox, ɚ ɢɡɦɟɧɟɧɢɟ ɪɚɞɢɭɫɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɫɦɟɳɟɧɢɟɦ ɭɡɥɨɜɵɯ ɬɨɱɟɤ. 

 
Ɋɢɫɭɧɨɤ 2.10 – Ɋɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ 

ɗɬɚɩɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɫɯɟɦɚɬɢɱɧɨ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2.11. 
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Ɋɢɫɭɧɨɤ 2.11 – ɗɬɚɩɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

2.2.1 ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ: 
1 ɉɪɢ ɫɨɡɞɚɧɢɢ ɧɨɜɨɣ ɡɚɞɚɱɢ ELCUT («Ɏɚɣɥ»-«ɋɨɡɞɚɬɶ ɡɚɞɚɱɭ») ɜ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɢɚɥɨɝɨɜɵɯ ɨɤɧɚɯ ɭɤɚɡɚɬɶ: ɢɦɹ ɡɚɞɚɱɢ – Lab1 ɬɚɤɠɟ 
(ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɤɚɡɚɬɶ ɩɭɬɶ ɤ ɩɚɩɤɟ ɧɚ ɫɟɬɟɜɨɦ ɞɢɫɤɟ ɜ ɩɚɩɤɟ 
ɝɪɭɩɩɵ ɝɞɟ ɛɭɞɭɬ ɯɪɚɧɢɬɶɫɹ ɮɚɣɥɵ); ɬɢɩ ɡɚɞɚɱɢ – ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ 
ɩɨɥɟ; ɤɥɚɫɫ ɦɨɞɟɥɢ – ɩɥɨɫɤɚɹ; ɟɞɢɧɢɰɵ ɞɥɢɧɵ – ɦɢɥɥɢɦɟɬɪɵ; 
ɤɨɨɪɞɢɧɚɬɵ – ɞɟɤɚɪɬɨɜɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚ ɪɚɛɨɱɟɣ ɩɚɧɟɥɢ ɫɥɟɜɚ 
ɩɨɹɜɢɬɫɹ Ɉɤɧɨ ɡɚɞɚɱɢ (ɩɪɨɟɤɬɚ) lab1.pbm, ɚ ɜ ɰɟɧɬɪɟ ɨɤɧɨ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɪɟɞɚɤɬɨɪɚ ɫ ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɟɬɤɨɣ, ɧɚ ɤɨɬɨɪɨɣ 
ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ ɧɚɧɟɫɟɧɵ ɤɨɨɪɞɢɧɚɬɧɵɟ ɨɫɢ. 

2 Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɲɚɝ 
ɫɟɬɤɢ ɪɚɜɧɵɦ 1 ɦɦ («ȼɢɞ» - «ɋɟɬɤɚ ɩɪɢɜɹɡɤɢ» ɢɥɢ ɤɥɢɤ ɩɪɚɜɨɣ 
ɤɧɨɩɤɨɣ ɦɵɲɢ ɩɨ ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɟɬɤɢ - «ɋɟɬɤɚ ɩɪɢɜɹɡɤɢ»). Ⱦɚɥɟɟ 
ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɣɬɢ ɜ ɪɟɠɢɦ ɜɫɬɚɜɤɢ ɧɨɜɵɯ ɨɛɴɟɤɬɨɜ ɫ ɩɨɦɨɳɶɸ  ɢ 
ɢɫɩɨɥɶɡɭɹ ɢɧɫɬɪɭɦɟɧɬɵ «ɉɨɥɨɜɢɧɚ ɤɪɭɝɚ (180)» ɢ «ɉɪɹɦɚɹ ɥɢɧɢɹ 

(0)» ɧɚɪɢɫɨɜɚɬɶ ɪɚɫɱɟɬɧɭɸ ɦɨɞɟɥɶ ɫɨɝɥɚɫɧɨ ɡɚɞɚɧɧɵɯ ɧɚɱɚɥɶɧɵɯ 
ɪɚɡɦɟɪɨɜ. 
Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɧɚɡɧɚɱɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɟɬɤɢ. Ⱦɥɹ ɷɬɨɝɨ 
ɩɟɪɟɣɬɢ ɜ ɪɟɠɢɦ «ȼɵɞɟɥɟɧɢɟ ɨɛɴɟɤɬɨɜ» ɢ ɩɪɢɫɜɨɢɬɶ ɢɦɟɧɚ: 

 Ȼɥɨɤɚɦ – ɡɚɦɤɧɭɬɵɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɨɛɥɚɫɬɹɦ, ɨɛɥɚɞɚɸɳɢɦ 
ɦɚɬɟɪɢɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ (ɞɥɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ); 

 ɪɟɛɪɚɦ – ɥɢɧɢɹɦ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ ɪɚɫɱɟɬɧɭɸ ɨɛɥɚɫɬɶ, ɧɚ 
ɤɨɬɨɪɵɯ ɛɭɞɭɬ  ɡɚɞɚɧɵ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ. 
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Ⱦɥɹ ɷɬɨɝɨ ɤɥɢɤɧɭɬɶ ɩɪɚɜɨɣ ɤɧɨɩɤɢ ɦɵɲɢ ɩɨ ɨɛɴɟɤɬɭ, ɤɨɬɨɪɵɣ 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɥɢɬɶ, ɩɨɫɥɟ ɱɟɝɨ ɨɧ ɫɦɟɧɢɬ ɰɜɟɬ ɧɚ ɤɪɚɫɧɵɣ, ɢ 
ɜɵɛɪɚɬɶ ɩɭɧɤɬ «ɋɜɨɣɫɬɜɚ». ȼ ɩɨɹɜɢɜɲɟɦɫɹ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ ɡɚɞɚɬɶ 
ɢɦɹ ɦɟɬɤɢ ɨɛɴɟɤɬɚ. 

3 Ⱦɥɹ ɡɚɞɚɧɢɹ (ɨɩɢɫɚɧɢɹ) ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɧɟɨɛɯɨɞɢɦɨ 
ɞɜɨɣɧɵɦ ɤɥɢɤɨɦ ɦɵɲɢ ɩɨ ɢɦɟɧɢ ɛɥɨɤɚ ɜ ɨɤɧɟ ɡɚɞɚɱɢ ɜɵɡɜɚɬɶ 
ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɞɥɹ ɜɜɨɞɚ ɫɜɨɣɫɬɜ. ȼ ɩɨɹɜɢɜɲɟɦɫɹ ɨɤɧɟ ɜɜɟɫɬɢ 
ɧɟɨɛɯɨɞɢɦɨɟ ɡɧɚɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɧɢɰɚɟɦɨɫɬɢ. 
ɉɪɚɜɢɥɶɧɨɫɬɶ ɡɚɞɚɧɢɹ ɫɜɨɣɫɬɜ ɦɟɬɨɤ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɪɢɫ. 2.12. 

 
Ɋɢɫɭɧɨɤ 2.12 – Ʉɨɪɪɟɤɬɧɨɫɬɶ ɡɚɞɚɧɢɹ ɦɟɬɨɤ 

4 Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɞɜɨɣɧɵɦ 

ɤɥɢɤɨɦ ɩɨ ɦɟɬɤɟ ɪɟɛɪɚ ɜ ɨɤɧɟ ɡɚɞɚɱɢ ɜɵɡɜɚɬɶ ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɞɥɹ 
ɜɜɨɞɚ ɫɜɨɣɫɬɜ. ɇɚ ɪɢɫ. 2.13 ɩɨɤɚɡɚɧɵ ɭɫɥɨɜɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɪɚɡɧɵɦ ɝɪɚɧɢɰɚɦ. Ɋɟɛɪɨ b1b: U=0 ȼ. Ɋɟɛɪɨ a1a: U=U0. Ɋɟɛɪɚ ab, a1b1: 

=0. 

 
Ɋɢɫɭɧɨɤ 2.13 –Ɋɟɛɪɚ ɫɬɪɭɤɬɭɪɵ 

5 Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɫɟɬɤɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɲɚɝ ɞɢɫɤɪɟɬɢɡɚɰɢɢ (ɫɟɝɦɟɧɬɚɰɢɢ) ɪɚɫɱɟɬɧɨɣ 
ɨɛɥɚɫɬɢ. ɒɚɝ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɨɩɪɟɞɟɥɢɬ ɝɭɫɬɨɬɭ ɫɟɬɤɢ ɜ ɪɚɡɥɢɱɧɵɯ 
ɨɛɥɚɫɬɹɯ ɦɨɞɟɥɢ. Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ 
ɫɭɳɟɫɬɜɟɧɧɭɸ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɩɨɥɹ ɜɛɥɢɡɢ ɠɢɥɵ, ɩɨɷɬɨɦɭ ɡɞɟɫɶ ɫɟɬɤɚ 
ɞɨɥɠɧɚ ɛɵɬɶ ɝɭɳɟ. Ⱦɥɹ ɡɚɞɚɧɢɹ ɲɚɝɚ ɧɟɨɛɯɨɞɢɦɨ ɞɜɨɣɧɵɦ ɤɥɢɤɨɦ ɩɨ 
ɪɟɛɪɭ ɜɵɡɜɚɬɶ ɨɤɧɨ ɫɜɨɣɫɬɜ ɜɵɞɟɥɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɩɟɪɟɤɥɸɱɚɬɟɥɶ ɫ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɩɟɪɟɜɟɫɬɢ ɜ ɪɟɠɢɦ ɡɚɞɚɧ ɢ ɭɤɚɡɚɬɶ 
ɧɟɨɛɯɨɞɢɦɵɟ ɡɧɚɱɟɧɢɹ (ɞɥɹ ɪɟɛɪɚ aa1 – 0.1 ɦɦ (ɜ ɡɚɞɚɧɢɢ №3 – 

0.02 ɦɦ), ɞɥɹ bb1 – 1 ɦɦ). Ɉɛɪɚɬɢɬɟ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɜ ɨɬɥɢɱɢɟ ɨɬ 
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ɩɨɥɹ ɦɟɬɤɚ, ɩɨɥɟ ɲɚɝ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɨɛɳɢɦ ɞɥɹ ɫɬɪɚɧɢɰ 
ɞɢɚɥɨɝɚ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɛɥɨɤɚɦ, ɪɟɛɪɚɦ ɢ ɜɟɪɲɢɧɚɦ, ɜɜɢɞɭ ɱɟɝɨ 
ɡɧɚɱɟɧɢɹ ɲɚɝɨɜ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɧɚ ɪɚɡɧɵɯ ɫɬɪɚɧɢɰɚɯ ɞɢɚɥɨɝɚ ɜɫɟɝɞɚ 
ɨɞɢɧɚɤɨɜɵ. ȿɫɥɢ ɢɡɦɟɧɢɬɶ ɲɚɝ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɧɚ ɨɞɧɨɣ ɢɡ ɷɬɢɯ 
ɫɬɪɚɧɢɰ, ɡɧɚɱɟɧɢɹ, ɩɨɤɚɡɵɜɚɟɦɵɟ ɧɚ ɨɫɬɚɥɶɧɵɯ ɫɬɪɚɧɢɰɚɯ, ɢɡɦɟɧɹɬɫɹ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɤɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɫɬɪɭɤɬɭɪɭ 

ɰɟɥɢɤɨɦ ɢɥɢ ɟё ɱɚɫɬɶ ɢ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɢɧɫɬɪɭɦɟɧɬɨɦ . (Ⱦɥɹ ɭɞɚɥɟɟ 

ɫɟɬɤɢ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɢɧɫɬɪɭɦɟɧɬɨɦ .) 

6 Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɧɚɠɚɬɶ  ɢɥɢ ɜ ɦɟɧɸ ɡɚɞɚɱɚ 
ɜɵɛɪɚɬɶ ɩɭɧɤɬ ɪɟɲɢɬɶ: lab1.pbm. ɉɨɫɥɟ ɪɟɲɟɧɢɹ ɜ ɨɫɧɨɜɧɨɣ ɱɚɫɬɢ ɨɤɧɚ 
ɩɪɨɝɪɚɦɦɵ ɨɬɨɛɪɚɡɢɬɫɹ ɪɚɫɫɱɢɬɚɧɧɚɹ ɤɚɪɬɢɧɚ ɩɨɥɹ ɬɟɤɭɳɟɣ ɡɚɞɚɱɢ. 

7 Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ: 
7.1 ɉɨɫɬɪɨɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɜɞɨɥɶ ɤɨɧɬɭɪɚ ab: 

  «Ʉɨɧɬɭɪ»–«Ⱦɨɛɚɜɢɬɶ (Ʌɢɧɢɹ/Ɋɟɛɪɨ/Ȼɥɨɤ)»–
ɤɧɨɩɤɢ ɦɵɲɢ ɩɨ ɪɟɛɪɭ. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɦɟɧɢɬɶ 
ɧɚɩɪɚɜɥɟɧɢɟ ɤɨɧɬɭɪɚ, ɱɬɨɛɵ ɨɧ ɲɟɥ ɨɬ ɭɡɥɚ a ɤ ɭɡɥɭ b 
(«Ʉɨɧɬɭɪ»–«ɋɦɟɧɢɬɶ ɧɚɩɪɚɜɥɟɧɢɟ»). 

 «ȼɢɞ»–«Ƚɪɚɮɢɤ» ɢ ɢɡ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɧɚɛɨɪɚ ɜɟɥɢɱɢɧ 
ɜɵɛɪɚɬɶ «ɇɚɩɪɹɠɟɧɧɨɫɬɶ». 

 Ɋɚɫɩɟɱɚɬɚɬɶ ɝɪɚɮɢɤ: «Ɏɚɣɥ»–«ɉɟɱɚɬɶ». 
7.2 Ɉɩɪɟɞɟɥɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɧɨɫɬɢ 
(ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɡɥɭ a) ɢ ɡɚɧɟɫɬɢ ɜ ɬɚɛɥɢɰɭ ɪɟɡɭɥɶɬɚɬɨɜ 

 «ȼɢɞ»–«Ʌɨɤɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ». ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɹɜɥɹɟɬɫɹ 
ɧɨɜɨɟ ɨɤɧɨ. 

 Ʉɥɢɤɨɦ ɩɪɚɜɨɣ ɤɧɨɩɤɢ ɦɵɲɢ ɩɨ ɫɬɪɨɤɟ «ɍɤɚɠɢɬɟ ɬɨɱɤɭ» 
ɜɵɡɜɚɬɶ ɤɨɧɬɟɤɫɬɧɨɟ ɦɟɧɸ ɢ ɜɵɛɪɚɬɶ ɩɭɧɤɬ «Ʉɨɨɪɞɢɧɚɬɵ 
ɬɨɱɤɢ». 

 ȼ ɩɪɟɞɥɨɠɟɧɧɨɦ ɩɨɥɟ ɜɜɟɫɬɢ ɤɨɨɪɞɢɧɚɬɵ ɭɡɥɚ a. 

 ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɡɚɩɢɫɚɬɶ ɜ ɬɚɛɥɢɰɭ. 
7.3 Ɂɚɤɪɵɬɶ ɨɤɧɨ «Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ». 

8 ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɝɪɚɦɦɨɣ ɪɚɛɨɬɵ ɩɪɨɢɡɜɟɫɬɢ ɧɟɨɛɯɨɞɢɦɵɟ 
ɢɡɦɟɧɟɧɢɹ ɜ ɝɟɨɦɟɬɪɢɢ ɡɚɞɚɱɢ, ɢɫɩɨɥɶɡɭɹ ɜɨɡɦɨɠɧɨɫɬɢ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɪɟɞɚɤɬɨɪɚ (ɫɦɟɳɟɧɢɟ ɨɛɴɟɤɬɨɜ): 

8.1 Ʌɟɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ ɜɵɞɟɥɢɬɶ ɨɛɴɟɤɬ – ɪɟɛɪɨ ɢɥɢ ɭɡɟɥ (ɪɟɛɪɨ 
a1 a ɩɪɢ ɢɡɭɱɟɧɢɢ ɜɥɢɹɧɢɹ ɫɦɟɳɟɧɢɹ ɠɢɥɵ, ɭɡɟɥ a (a1) ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɪɚɞɢɭɫɚ ɠɢɥɵ, ɭɡɟɥ b (b1) ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɚɞɢɭɫɚ 
ɨɛɦɨɬɤɢ). 
8.2 «ɉɪɚɜɤɚ»–«ɉɟɪɟɞɜɢɧɭɬɶ ɜɵɞɟɥɟɧɧɨɟ». ȼ ɩɨɹɜɢɜɲɟɦɫɹ 
ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ ɭɤɚɡɚɬɶ ɤɨɨɪɞɢɧɚɬɵ ɜɟɤɬɨɪɚ ɩɟɪɟɧɨɫɚ (ɫɦɟɳɟɧɢɟ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɨɥɶɤɨ ɩɨ ɨɫɢ Ɉɯ!). 

8.3 ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɪɚɞɢɭɫɚ ɠɢɥɵ ɢɥɢ ɨɛɨɥɨɱɤɢ ɩ.8.2 ɩɨɜɬɨɪɹɟɬɫɹ 
ɞɜɚɠɞɵ (ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɭɡɥɨɜ), ɩɪɢ ɷɬɨɦ ɜɟɤɬɨɪɚ ɩɟɪɟɧɨɫɚ 
ɚɧɬɢɫɢɦɦɟɬɪɢɱɧɵ, ɧɚɩɪɢɦɟɪ (2, 0) ɢ (2, 0). 
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9 ɉɨɫɬɪɨɢɬɶ ɫɟɬɤɭ (ɩɪɢ ɷɬɨɦ ɧɟ ɧɚɞɨ ɦɟɧɹɬɶ ɲɚɝ ɞɢɫɤɪɟɬɢɡɚɰɢɢ, ɚ ɩɪɨɫɬɨ 
ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɮɚɣɥɨɜɵɦ ɦɟɧɸ – ɫɦ.ɩ.5), ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɢ ɜɵɩɨɥɧɢɬɶ 
ɩɭɧɤɬ 7.2. 

10 ɉɭɧɤɬɵ 8 ɢ 9 ɩɨɜɬɨɪɢɬɶ ɧɟɨɛɯɨɞɢɦɨɟ ɱɢɫɥɨ ɪɚɡ. Ⱦɥɹ ɧɚɣɞɟɧɧɨɝɨ 
ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ ɩɨɫɬɪɨɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ 
ɜɞɨɥɶ ɤɨɧɬɭɪɚ ab ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩ.7.1 ɢ ɪɚɫɩɟɱɚɬɚɬɶ ɤɚɪɬɢɧɭ 
ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɵɯ ɥɢɧɢɣ. 

2.2.2 Зɚɞɚɧɢɟ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ 

Ɂɚɞɚɱɚ №1. Ɉɩɪɟɞɟɥɢɬɶ, ɧɚ ɤɚɤɭɸ ɜɟɥɢɱɢɧɭ ɦɨɠɟɬ ɛɵɬɶ ɞɨɩɭɳɟɧɨ 
ɫɦɟɳɟɧɢɟ ɨɫɢ ɠɢɥɵ ɤɚɛɟɥɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɫɢ ɨɛɨɥɨɱɤɢ, ɱɬɨɛɵ 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ ɜ ɞɢɷɥɟɤɬɪɢɤɟ ɧɟ ɩɪɟɜɵɫɢɥɚ ɞɜɨɣɧɨɣ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ ɩɪɢ ɫɨɜɩɚɞɟɧɢɢ ɨɫɟɣ. ɂɡɨɥɹɰɢɸ 
ɤɚɛɟɥɹ ɫɱɢɬɚɬɶ ɨɞɧɨɪɨɞɧɨɣ. 

ɉɨɫɬɪɨɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ Emax(d) (ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ Emax ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ d ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ). Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟ ɦɟɧɟɟ 8-10 ɬɨɱɟɤ. ɉɪɢɜɟɫɬɢ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɩɪɹɠɟɧɧɨɫɬɢ 
ɩɨɥɹ ɜɞɨɥɶ ɤɨɧɬɭɪɚ ab ɞɥɹ ɢɫɯɨɞɧɨɣ ɢ ɤɨɧɟɱɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. ɉɪɢɜɟɫɬɢ 
ɤɚɪɬɢɧɭ ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɵɯ ɥɢɧɢɣ ɞɥɹ ɤɨɧɟɱɧɨɣ ɦɨɞɟɥɢ. 

№                      

1 3 2 5 20 

2 3 2.2 6 22 

3 6 2.2 7 25 

4 6 2.4 8 25 

5 10 2.4 9 30 

6 10 3 10 30 

Ɂɚɞɚɱɚ №2. ɉɪɢ ɡɚɞɚɧɧɨɦ ɪɚɡɦɟɪɟ ɨɛɨɥɨɱɤɢ ɤɚɛɟɥɹ, ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɧɚ 
U0=3 ɤȼ, ɨɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ ɠɢɥɵ (ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɦɢɧɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɜ ɤɨɧɫɬɪɭɤɰɢɢ). 
Ɋɟɡɭɥɶɬɢɪɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɧɚɣɬɢ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɞɟɫɹɬɵɯ ɞɨɥɟɣ ɦɢɥɥɢɦɟɬɪɚ. 
ɂɫɯɨɞɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɞɢɭɫɚ ɠɢɥɵ ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɟ. ɉɨɫɬɪɨɢɬɶ 
ɡɚɜɢɫɢɦɨɫɬɶ Emax(r1) (ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ Emax ɞɥɹ ɪɚɡɥɢɱɧɵɯ r1 ɞɨɥɠɧɵ 
ɛɵɬɶ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ). Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟ ɦɟɧɟɟ 8-10 ɬɨɱɟɤ. 
ɉɪɢɜɟɫɬɢ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɜɞɨɥɶ ɤɨɧɬɭɪɚ ab ɞɥɹ ɢɫɯɨɞɧɨɣ ɢ 
ɨɩɬɢɦɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɤɚɪɬɢɧɭ ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɵɯ ɥɢɧɢɣ ɞɥɹ 
ɨɩɬɢɦɚɥɶɧɨɣ ɦɨɞɟɥɢ. 

№                

1 2 10 15 

2 2 11 17 

3 2.2 12 20 

4 2.2 13 22 

5 2.4 14 23 

6 2.4 15 25 

Ɂɚɞɚɱɚ №3. ɂɫɫɥɟɞɨɜɚɬɶ, ɤɚɤ ɢɡɦɟɧɢɬɫɹ ɪɚɞɢɭɫ ɨɛɨɥɨɱɤɢ ɤɚɛɟɥɹ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɜɭɯɫɥɨɣɧɨɝɨ ɞɢɷɥɟɤɬɪɢɤɚ. ȼɧɚɱɚɥɟ ɩɨ ɮɨɪɦɭɥɟ (1) 
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ɪɚɫɫɱɢɬɚɬɶ ɪɚɞɢɭɫ ɜɧɭɬɪɟɧɧɟɝɨ ɫɥɨɹ ɢɡɨɥɹɰɢɢ (r3), ɚ ɩɨɬɨɦ ɢɡɦɟɧɹɬɶ ɪɚɞɢɭɫ 
ɨɛɨɥɨɱɤɢ ɬɚɤ, ɱɬɨɛɵ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɧɟ ɩɪɟɜɵɫɢɥɚ Emax0 = 2.5⋅106 ȼ/ɦ. 
Ȼɚɡɨɜɵɣ ɜɚɪɢɚɧɬ – ɤɚɛɟɥɶ ɫ ɨɞɧɨɪɨɞɧɨɣ ɢɡɨɥɹɰɢɟɣ εr2. ɉɨɫɬɪɨɢɬɶ 
ɡɚɜɢɫɢɦɨɫɬɶ Emax(r2) (ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ Emax ɞɥɹ ɪɚɡɥɢɱɧɵɯ r2 ɞɨɥɠɧɵ 
ɛɵɬɶ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ). Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟ ɦɟɧɟɟ 6-8 ɬɨɱɟɤ. 
ɉɪɢɜɟɫɬɢ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɜɞɨɥɶ ɤɨɧɬɭɪɚ ab ɞɥɹ ɛɚɡɨɜɨɝɨ ɢ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ ɢ ɤɚɪɬɢɧɭ ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɵɯ ɥɢɧɢɣ ɞɥɹ 
ɨɩɬɢɦɚɥɶɧɨɣ ɦɨɞɟɥɢ. 

№ e   e               

1 3.4 2 2 14 

2 4.2 2 2.5 12.5 

3 3.6 2 3 11.5 

4 4.1 2 3.5 11.5 

5 3.2 2 4 11.5 

6 4.2 2 2.7 12.5 

ȼ ɷɬɨɣ ɡɚɞɚɱɟ ɩɪɢ ɩɪɨɪɢɫɨɜɤɟ ɝɟɨɦɟɬɪɢɢ ɦɨɞɟɥɢ ɜɜɨɞɹɬɫɹ ɬɪɢ 
ɩɨɥɭɨɤɪɭɠɧɨɫɬɢ ɪɚɞɢɭɫɚɦɢ r1 , r2 ɢ r3 (r3 ɧɚɯɨɞɹɬ ɩɨ ɮɨɪɦɭɥɟ (1)). ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɸɬ 2 ɡɚɦɤɧɭɬɵɟ ɨɛɥɚɫɬɢ (ɦɟɠɞɭ r1 ɢ r3, ɢ ɦɟɠɞɭ r3 ɢ r2), 

ɨɧɢ ɨɛɟ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɨɢɦɟɧɨɜɚɧɵ. ȼ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦ ɪɚɫɱɟɬɟ ɢɯ 
ɫɜɨɣɫɬɜɚ ɨɞɢɧɚɤɨɜɵ ɢ ɨɩɪɟɞɟɥɟɧɵ εr2. ȼ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɚɯ ɫɜɨɣɫɬɜɚ 
ɛɥɢɠɚɣɲɟɝɨ ɤ ɠɢɥɟ ɛɥɨɤɚ ɢɡɦɟɧɹɸɬ ɧɚ εr1. 

2.3 Ʉɨɧɬɭɪɧɚɹ ɚɧɬɟɧɧɚ 

ɐɟɥɶ ɪɚɛɨɬɵ: ɩɨɥɭɱɟɧɢɟ ɧɚɜɵɤɨɜ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɦɟɬɨɞɨɦ ɦɨɦɟɧɬɨɜ ɧɚ ɩɪɢɦɟɪɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɨɧɬɭɪɧɨɣ ɚɧɬɟɧɧɵ ɜ ɫɢɫɬɟɦɟ 
Concept-II. 

Ʉɨɧɬɭɪɧɚɹ ɚɧɬɟɧɧɚ ɹɜɥɹɟɬɫɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɦ ɢɫɬɨɱɧɢɤɨɦ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɛɥɢɠɧɟɣ ɡɨɧɟ. ȿё ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɢɫɩɵɬɚɧɢɹ ɧɚ ɗɆɋ. ɉɪɢ ɷɬɨɦ ɟё ɤɨɧɫɬɪɭɤɰɢɹ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ 
ɩɪɢɦɢɬɢɜɧɨɣ. ɉɨɷɬɨɦɭ ɞɚɧɧɚɹ ɚɧɬɟɧɧɚ ɹɜɥɹɟɬɫɹ ɯɨɪɨɲɢɦ ɩɪɢɦɟɪɨɦ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɧɚɜɵɤɨɦ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ.  

2.3.1 ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

ɂɫɫɥɟɞɭɟɦɨɣ ɫɬɪɭɤɬɭɪɨɣ ɹɜɥɹɟɬɫɹ ɤɜɚɞɪɚɬɧɚɹ ɤɨɧɬɭɪɧɚɹ ɚɧɬɟɧɧɚ ɫɨ 
ɫɥɟɞɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ (ɪɢɫ. 2.14): ɞɥɢɧɚ ɫɬɨɪɨɧɵ ɚ = 0,1 ɦ, ɪɚɞɢɭɫ 
ɩɪɨɜɨɞɚ r = 1 ɦɦ, ɱɚɫɬɨɬɚ ɫɢɝɧɚɥɚ f = 1 ɆȽɰ, ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ U = 1ȼ. 
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Ɋɢɫɭɧɨɤ 2.14 – ɉɚɪɚɦɟɬɪɵ ɤɨɧɬɭɪɧɨɣ ɚɧɬɟɧɧɵ 

Ⱦɥɹ ɧɚɱɚɥɚ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɭɫɬɢɬɶ CONCEPT-II ɢ ɫɨɡɞɚɬɶ ɧɨɜɵɣ 
ɩɪɨɟɤɬ, ɞɥɹ ɷɬɨɝɨ ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ ɧɚɜɟɫɬɢ ɧɚ ɩɚɧɟɥɶ ɦɟɧɸ File → New 
Simulation, ɜɜɟɫɬɢ ɧɚɡɜɚɧɢɟ ɩɪɨɟɤɬɚ ɢ ɧɚɠɚɬɶ ɈК. 

ɇɚ ɞɟɪɟɜɟ ɩɪɨɟɤɬɚ ɧɚɯɨɞɢɬɫɹ ɜɤɥɚɞɤɚ Wires, ɧɟɨɛɯɨɞɢɦɨ ɧɚɠɚɬɶ ɩɪɚɜɨɣ 
ɤɧɨɩɤɨɣ ɦɵɲɢ ɢ ɜ ɜɫɩɥɵɜɚɸɳɟɦ ɦɟɧɸ ɜɵɛɪɚɬɶ Edit a new wire file, 

ɨɬɤɪɨɟɬɫɹ ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ (ɪɢɫ. 2.15), ɜ ɤɨɬɨɪɨɦ ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ 
ɩɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ, ɚ ɢɦɟɧɧɨ: ɤɨɨɪɞɢɧɚɬɵ ɧɚɱɚɥɚ ɢ ɤɨɧɰɚ ɩɪɨɜɨɞɚ, ɪɚɞɢɭɫ 
ɩɪɨɜɨɞɚ ɢ ɞɪ. ɇɚɡɜɚɧɢɟ ɮɚɣɥɚ ɞɨɥɠɧɵ ɢɦɟɬɶ ɢɦɹ ɫɥɟɞɭɸɳɢɯ ɬɢɩɨɜ: xxx.wire 

ɢɥɢ wire.xxx. 

 
Ɋɢɫɭɧɨɤ 2.15 – Ⱦɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɜɨɞɨɜ 

ɂɡɧɚɱɚɥɶɧɨ ɢɦɟɟɬɫɹ ɫɬɪɨɱɤɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɨɞɧɨɝɨ ɩɪɨɜɨɞɚ, ɧɟɨɛɯɨɞɢɦɨ 
ɞɨɛɚɜɢɬɶ ɟɳɟ ɬɪɢ, ɞɥɹ ɷɬɨɝɨ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɨɤɧɚ ɜ ɝɪɚɮɟ Total wires 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ 3 (ɞɨɛɚɜɢɬɶ ɬɪɢ ɩɪɨɜɨɞɚ) ɢ ɧɚɠɚɬɶ Do. ȼ ɢɬɨɝɟ 
ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɬɶ ɱɟɬɵɪɟ ɩɪɨɜɨɞɚ ɨɞɧɨɜɪɟɦɟɧɧɨ. Ⱦɚɥɟɟ 
ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɤɨɨɪɞɢɧɚɬɵ ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 2.16. 
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Ɋɢɫɭɧɨɤ 2.16 – Ʉɨɨɪɞɢɧɚɬɵ ɢ ɩɚɪɚɦɟɬɪɵ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɤɨɧɬɭɪɧɨɣ ɚɧɬɟɧɧɵ  
Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɫɬɚɧɨɜɢɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɱɚɫɬɨɬɭ ɝɟɧɟɪɚɬɨɪɚ ɤɨɧɬɭɪɧɨɣ 

ɚɧɬɟɧɧɵ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɞɟɣɫɬɜɢɹ: 
1 ȼ ɞɟɪɟɜɟ ɩɪɨɟɤɬɚ ɧɚɯɨɞɢɬɫɹ ɜɤɥɚɞɤɚ Setup simulation, ɳɟɥɤɧɭɬɶ ɩɪɚɜɨɣ 

ɤɧɨɩɤɨɣ ɦɵɲɢ ɧɚ ɫɬɪɨɱɤɭ Frequencies (ɱɚɫɬɨɬɵ) → Single Fre.  

2 Ɉɬɤɪɨɟɬɫɹ ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ, ɜ ɤɨɬɨɪɨɦ ɜɜɨɞɢɬɫɹ ɧɟɨɛɯɨɞɢɦɚɹ ɱɚɫɬɨɬɚ 

1 ɆȽɰ (ɪɢɫ.2.17), ɡɚɬɟɦ ɧɚɠɚɬɶ ɈК. 

 
Ɋɢɫɭɧɨɤ 2.17 – ɍɫɬɚɧɨɜɤɚ ɱɚɫɬɨɬɵ ɝɟɧɟɪɚɬɨɪɚ ɤɨɧɬɭɪɧɨɣ ɚɧɬɟɧɧɵ 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɫɬɚɧɨɜɢɬɶ ɧɟɨɛɯɨɞɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɜ 
ɞɟɪɟɜɟ ɩɪɨɟɤɬɚ, ɜ ɪɚɡɞɟɥɟ Setup simulation ɧɭɠɧɨ ɳɟɥɤɧɭɬɶ ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ 
ɦɵɲɢ ɧɚ ɫɬɪɨɱɤɭ Excitation →Voltage generator(s), ɞɚɥɟɟ ɜɵɛɪɚɬɶ 
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ɧɟɨɛɯɨɞɢɦɵɣ ɩɪɨɜɨɞɧɢɤ ɢ ɜɜɟɫɬɢ ɚɦɩɥɢɬɭɞɭ ɢ ɮɚɡɭ ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 
2.18, ɞɚɥɟɟ ɧɚɠɚɬɶ Apply → OK. 

 
Ɋɢɫɭɧɨɤ 2.18 – Ɋɚɡɦɟɳɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɪɨɜɨɞɟ 

ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɛɵɥɚ ɫɨɡɞɚɧɚ ɡɚɞɚɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɢ ɭɫɬɚɧɨɜɥɟɧɵ ɜɫɟ 
ɩɚɪɚɦɟɬɪɵ, ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɭɫɬɢɬɶ ɩɪɨɰɟɫɫ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚɠɚɜ ɧɚ 
ɤɧɨɩɤɭ . ȼ ɩɪɨɰɟɫɫɟ ɜɵɱɢɫɥɟɧɢɣ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ, 
ɢɧɬɟɝɪɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɟɪɟɯɨɞɢɬ ɜ ɥɢɧɟɣɧɭɸ ɫɢɫɬɟɦɭ 
ɭɪɚɜɧɟɧɢɣ, ɤɨɬɨɪɚɹ ɡɚɬɟɦ ɪɟɲɚɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ LU-ɪɚɡɥɨɠɟɧɢɹ 
(ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ). ȿɫɥɢ ɚɤɬɢɜɢɪɨɜɚɬɶ ɜɤɥɚɞɤɭ Log data, ɤɨɬɨɪɚɹ 
ɧɚɯɨɞɢɬɫɹ ɧɚ ɥɟɜɨɣ ɩɚɧɟɥɢ ɜɤɥɚɞɨɤ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ CONCEPT-II ɢ 
ɧɚɠɚɬɶ ɧɚ Concept-II-simulation ɧɚ ɞɢɫɩɥɟɟ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɫɨɞɟɪɠɢɦɨɟ ɮɚɣɥɚ 
ɠɭɪɧɚɥɚ concept.out. 

ȼɵɱɢɫɥɹɟɬɫɹ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɨɤɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɧɚ 
ɠɟɫɬɤɢɣ ɞɢɫɤ, ɞɚɧɧɵɟ ɩɪɢ ɷɬɨɦ ɞɨɫɬɭɩɧɵ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ 
ɩɨɥɟɣ. Ɇɵ ɯɨɬɢɦ, ɜɵɱɢɫɥɢɬɶ ɩɨɥɟ H ɜɞɨɥɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ, 
ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɰɟɧɬɪ ɩɟɬɥɢ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɨɬɤɪɵɬɶ ɜɤɥɚɞɤɭ Post 

processing ɢ ɧɚɠɚɬɶ ɧɚ ɤɧɨɩɤɭ . Ɉɬɤɪɵɜɚɟɬɫɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɤɧɨ, ɤɚɤ 
ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2.19. ɉɟɪɜɚɹ ɫɬɪɨɱɤɚ ɫɨɞɟɪɠɢɬ ɤɨɨɪɞɢɧɚɬɵ ɧɚɱɚɥɚ ɢ 
ɤɨɧɰɚ ɢɦɟɸɳɟɝɨɫɹ ɩɪɨɜɨɞɚ ɢ ɤɨɥɢɱɟɫɬɜɨ ɫɟɝɦɟɧɬɨɜ ɧɚ ɤɨɬɨɪɵɟ ɪɚɡɛɢɜɚɟɬɫɹ 
ɩɪɨɜɨɞɧɢɤ. ȿɫɥɢ ɜɵɛɪɚɬɶ Field probes (ɜɬɨɪɚɹ ɫɬɪɨɱɤɚ ɜ ɧɢɫɩɚɞɚɸɳɟɦ ɦɟɧɸ), 
ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɜɵɛɪɚɬɶ ɧɟɨɛɯɨɞɢɦɵɣ ɩɪɨɜɨɞ ɢ 
ɜɜɟɫɬɢ ɟɝɨ ɤɨɨɪɞɢɧɚɬɵ. ɉɨɫɥɟ ɧɚɠɚɬɢɹ ɤɧɨɩɤɢ ɈɄ ɧɚɱɢɧɚɟɬɫɹ ɜɵɱɢɫɥɟɧɢɟ 
ɩɨɥɹ. 
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Ɋɢɫɭɧɨɤ 2.19 – ɍɫɬɚɧɨɜɤɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɩɭɬɢ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ 

ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɩɪɨɰɟɫɫɚ ɜɵɱɢɫɥɟɧɢɹ ɨɬɤɪɵɜɚɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ 
ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ (ɪɢɫɭɧɨɤ 2.20), ɜ ɤɨɬɨɪɨɦ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɧɟɨɛɯɨɞɢɦɭɸ 
ɤɨɦɩɨɧɟɧɬɭ ɩɨɥɹ, ɜɵɜɨɞɢɦɭɸ ɝɪɚɮɢɱɟɫɤɢ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɨɬɨɛɪɚɠɚɬɶɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ. Ɍɚɤ ɤɚɤ ɢɡɧɚɱɚɥɶɧɨ ɢɦɟɸɬɫɹ ɞɚɧɧɵɟ ɞɥɹ 
ɩɨɥɹ H ɩɨ ɭɦɨɥɱɚɧɢɸ ɢɦɹ ɮɚɣɥɚ «H-path1.asc» (ɪɢɫɭɧɨɤ 2.20). ɇɟɨɛɯɨɞɢɦɨ 
ɩɨɫɬɚɜɢɬɶ ɝɚɥɨɱɤɭ ɧɚ «Max. magn.» ɢ ɧɚɠɚɬɶ ɈК.  

 
Ɋɢɫɭɧɨɤ 2.20 – ȼɵɛɨɪ ɤɨɦɩɨɧɟɧɬɵ ɩɨɥɹ 

ɉɨɫɥɟ ɜɵɱɢɫɥɟɧɢɣ ɧɚ ɷɤɪɚɧɟ ɨɬɨɛɪɚɠɚɟɬɫɹ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɥɹ H 
ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɥɢɧɵ ɥɢɧɢɢ (ɪɢɫɭɧɨɤ 2.21). 
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Ɋɢɫɭɧɨɤ 2.21 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɥɹ H ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɥɢɧɵ ɥɢɧɢɢ 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɚ ɜɵɱɢɫɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɤɪɢɜɨɣ ɦɨɠɧɨ 
ɢɡɦɟɧɢɬɶ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ, ɧɚɠɚɜ ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ ɜ ɜɤɥɚɞɤɟ Post 

processing ɜ ɨɤɧɟ ɩɪɨɫɦɨɬɪ ɪɟɡɭɥɶɬɚɬɨɜ (ɞɟɪɟɜɨ ɩɨɫɬ-ɨɛɪɚɛɨɬɤɢ) ɧɚ ɫɬɪɨɱɤɭ 
1D EM field (line) ɫɨ ɡɧɚɱɤɨɦ  (ɪɢɫɭɧɨɤ 2.22).  

Ɍɚɤ ɧɚɡɵɜɚɟɦɨɟ ɞɟɪɟɜɨ ɩɨɫɬ-ɨɛɪɚɛɨɬɤɢ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɟɫɩɟɱɢɬɶ 
ɛɵɫɬɪɭɸ ɩɟɪɟɡɚɝɪɭɡɤɭ ɭɠɟ ɜɵɱɢɫɥɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫɥɟɞɭɸɳɢɦɢ 
ɫɩɨɫɨɛɚɦɢ: 

 Curve selection – ɜɵɛɨɪ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬ ɩɨɥɹ; 
 Show result – ɜɨɡɦɨɠɧɨɫɬɶ ɫɪɚɜɧɟɧɢɟ ɫɨɯɪɚɧɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 

ɜɵɱɢɫɥɟɧɢɹ. ȼɵɯɨɞɧɵɟ ɮɨɪɦɚɬɵ ɹɜɥɹɸɬɫɹ SVG, PNG ɢ PostScript. 

 
Ɋɢɫɭɧɨɤ 2.22 – Ⱦɟɪɟɜɨ ɩɨɫɬ-ɨɛɪɚɛɨɬɤɢ 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɟɪɟɣɬɢ ɜ ɮɨɪɦɚɬ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 2D ɧɟɨɛɯɨɞɢɦɨ 
ɜɵɩɨɥɧɢɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɚ ɢɦɟɧɧɨ, ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ ɫ 
1 ɆȽɰ ɧɚ 1000ɆȽɰ. Ⱦɥɹ ɷɬɨɝɨ ɜɨ ɜɤɥɚɞɤɟ Simulation ɜ ɞɟɪɟɜɟ ɩɪɨɟɤɬɚ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ ɧɚɠɚɬɶ ɧɚ ɫɬɪɨɱɤɭ Single frequency → Set 
frequency ɢ ɢɡɦɟɧɢɬɶ ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ ɜ ɨɬɤɪɵɜɲɟɦɫɹ ɨɤɧɟ (ɪɢɫɭɧɨɤ 2.23). 
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Ɋɢɫɭɧɨɤ 2.23 – ɂɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ 

ɉɨɫɥɟ ɜɧɟɫɟɧɢɹ ɢɡɦɟɧɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɭɫɬɢɬɶ ɩɪɨɰɟɫɫ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɜɬɨɪɧɨ, ɧɚɠɚɜ ɧɚ ɤɧɨɩɤɭ . ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɩɨɹɜɥɹɟɬɫɹ 
ɫɨɨɛɳɟɧɢɟ ɨɛ ɨɤɨɧɱɚɧɢɟ ɜɵɱɢɫɥɟɧɢɣ ɜ ɧɢɠɧɟɦ ɨɤɧɟ ɝɪɚɮɢɱɟɫɤɨɝɨ 
ɢɧɬɟɪɮɟɣɫɚ ɩɪɨɝɪɚɦɦɵ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɞɨɥɠɢɬɶ ɩɨɜɬɨɪɧɭɸ 
ɨɛɪɚɛɨɬɤɭ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɹ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜɵɱɢɫɥɢɬɶ ɞɜɭɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 
ɩɨɥɹ ɧɟɨɛɯɨɞɢɦɨ ɨɬɤɪɵɬɶ ɜɤɥɚɞɤɭ Post processing ɢ ɧɚɠɚɬɶ ɧɚ ɤɧɨɩɤɭ  

ɩɨɫɥɟ ɱɟɝɨ ɨɬɤɪɨɟɬɫɹ ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ (ɪɢɫɭɧɨɤ 2.24) ɜ ɤɨɬɨɪɨɦ ɧɟɨɛɯɨɞɢɦɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɧɚɱɟɧɢɹ ɩɨ ɭɦɨɥɱɚɧɢɸ, ɧɨ ɧɭɠɧɨ ɩɪɨɫɥɟɞɢɬɶ ɡɚ ɬɟɦ ɱɬɨɛɵ 
ɤɨɨɪɞɢɧɚɬɵ z ɞɥɹ ɬɪɟɯ ɬɨɱɟɤ (P1, P2, P3), ɨɩɢɫɵɜɚɸɳɢɯ ɨɛɥɚɫɬɶ 2D ɩɨɥɟ 

ɛɵɥɢ  ɪɚɜɧɵ ɧɭɥɸ.  

ɉɨɫɥɟ ɧɚɠɚɬɢɹ ɤɧɨɩɤɢ ɈɄ ɧɚɱɧɟɬɫɹ ɩɪɨɰɟɫɫ ɜɵɱɢɫɥɟɧɢɹ, ɩɨ ɨɤɨɧɱɚɧɢɢ 
ɤɨɬɨɪɨɝɨ ɨɬɤɪɵɜɚɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ. ȼ ɧɟɦ ɜɵɛɢɪɚɟɬɫɹ 
Field(s) at phases ɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɭɫɬɚɧɨɜɢɬɶ ɲɟɫɬɧɚɞɰɚɬɶ ɮɚɡɨɜɵɯ 
ɢɧɬɟɪɜɚɥɨɜ (ɪɢɫɭɧɨɤ 2.25). 

ɇɚɠɚɜ ɧɚ ɤɧɨɩɤɭ ɈК ɧɚ ɷɤɪɚɧɟ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɩɪɨɝɪɚɦɦɵ 
ɨɬɨɛɪɚɡɢɬɶɫɹ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɥɹ ɇ ɜ ɞɜɭɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɥɹ ɡɧɚɱɟɧɢɹ 
ɮɚɡɚ ɪɚɜɧɨɣ 0°. ɉɪɨɫɦɨɬɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ 
ɮɚɡɵ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨɲɚɝɨɜɨ ɢɥɢ ɜ ɜɢɞɟ ɚɧɢɦɚɰɢɢ, ɞɥɹ ɷɬɨɝɨ ɜ ɥɟɜɨɦ 

ɧɢɠɧɟɦ ɭɝɥɭ ɜɨ ɜɤɥɚɞɤɟ Post processing ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɩɟɰɢɚɥɶɧɵɟ ɤɧɨɩɤɢ 
(ɪɢɫɭɧɨɤ 2.26). ɉɨɥɟ Delay ɨɬɜɟɱɚɟɬ ɡɚ ɫɤɨɪɨɫɬɶ ɩɪɨɫɦɨɬɪɚ ɚɧɢɦɚɰɢɢ. 
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Ɋɢɫɭɧɨɤ 2.24 – Ɉɩɪɟɞɟɥɟɧɢɟ ɨɩɢɫɵɜɚɟɦɨɣ ɨɛɥɚɫɬɢ 

 
Ɋɢɫɭɧɨɤ 2.25 – ȼɵɛɨɪ ɮɚɡɨɜɵɯ ɢɧɬɟɪɜɚɥɨɜ 
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Ɋɢɫɭɧɨɤ 2.26 – Ʉɧɨɩɤɢ ɞɥɹ ɩɟɪɟɤɥɸɱɟɧɢɹ ɮɚɡɵ 

Ⱦɥɹ ɯɨɪɨɲɟɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɩɨɥɹ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ 
ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ, ɞɥɹ ɷɬɨɝɨ ɧɚ ɩɚɧɟɥɢ ɦɟɧɸ ɨɬɤɪɵɬɶ ɜɤɥɚɞɤɭ Post options → 
Arrows circles, ɩɨɫɥɟ ɱɟɝɨ ɨɬɤɪɵɜɚɟɬɫɹ ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ, ɜ ɤɨɬɨɪɨɦ ɧɭɠɧɨ 
ɭɤɚɡɚɬɶ ɩɚɪɚɦɟɬɪɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 2.27. Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ 
ɚɤɬɢɜɢɪɨɜɚɬɶ ɫɬɪɨɱɤɭ «circles». ɉɨɫɥɟ ɧɚɠɚɬɢɹ ɤɧɨɩɤɢ ɈК, ɧɚ ɷɤɪɚɧɟ 
ɩɨɹɜɥɹɟɬɫɹ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɨɥɹ ɇ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2.28. ɐɜɟɬɚ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɜɟɥɢɱɢɧɭ ɜɟɤɬɨɪɨɜ ɩɨɥɹ. 

 
Ɋɢɫɭɧɨɤ 2.27 – ɉɚɪɚɦɟɬɪɵ ɞɥɹ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ 
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Ɋɢɫɭɧɨɤ 2.28 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɥɹ H ɧɚ ɱɚɫɬɨɬɟ 1ȽȽɰ 

ɇɟɨɛɯɨɞɢɦɨ ɚɤɬɢɜɢɪɨɜɚɬɶ ɜɤɥɚɞɤɭ Post processing ɢ ɧɚɠɚɬɶ ɧɚ ɤɧɨɩɤɭ 

, ɩɨɫɥɟ ɱɟɝɨ ɨɬɤɪɨɟɬɫɹ ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ, ɜ ɤɨɬɨɪɨɦ ɧɟɨɛɯɨɞɢɦɨ 
ɫɨɯɪɚɧɢɬɶ ɡɧɚɱɟɧɢɹ ɩɨ ɭɦɨɥɱɚɧɢɸ ɢ ɧɚɠɚɬɶ ɤɧɨɩɤɭ ɈК (ɪɢɫɭɧɨɤ 2.29). 

 
Ɋɢɫɭɧɨɤ 2.29 – ȼɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɤɧɨ ɞɥɹ ɫɨɡɞɚɧɢɹ ɝɪɚɮɢɱɟɫɤɨɝɨ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɤɚ 

Ⱦɥɹ ɥɭɱɲɟɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɤɚ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ 
ɬɨɥɳɢɧɭ ɩɪɨɜɨɞɧɢɤɨɜ, ɞɥɹ ɷɬɨɝɨ ɧɚ ɩɨɧɟɥɢ ɦɟɧɸ ɨɬɤɪɵɬɶ ɜɤɥɚɞɤɭ Options → 
Setting for wires in the line mode... ɢ ɭɫɬɚɧɨɜɢɬɶ ɠɟɥɚɟɦɭɸ ɲɢɪɢɧɭ 
ɩɪɨɜɨɞɧɢɤɨɜ (ɲɢɪɢɧɚ ɪɚɜɧɚ 10). Ɍɚɤɠɟ ɭɞɨɛɧɨ ɜɵɜɟɫɬɢ ɧɭɦɟɪɚɰɢɸ ɩɪɨɜɨɞɨɜ 
ɜɨ ɜɤɥɚɞɤɟ Post processing, ɜ ɞɟɪɟɜɟ ɩɨɫɬ-ɨɛɪɚɛɨɬɤɟ ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ 
ɧɚɠɚɬɶ ɧɚ ɫɬɪɨɱɤɭ wire.0 → Show labels, ɜ ɨɬɤɪɵɜɲɟɦɫɹ ɨɤɧɟ ɨɬɦɟɬɢɬɶ 
ɫɬɪɨɤɭ Show element numbers ɢ ɧɚɠɚɬɶ OK. ȼ ɢɬɨɝɟ ɧɚ ɷɤɪɚɧɟ ɩɨɹɜɢɬɫɹ 
ɝɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɤɚ ɧɚ ɱɚɫɬɨɬɟ 1ȽȽɰ, ɤɚɤ 
ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2.30. 



84 

 

 
Ɋɢɫɭɧɨɤ 2.30 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɨɤɚ ɧɚ ɱɚɫɬɨɬɟ 1ȽȽɰ 

Ʉɚɠɞɵɣ ɩɪɨɜɨɞ ɞɨɥɠɟɧ ɛɵɬɶ ɡɚɝɪɭɠɟɧ ɜ ɰɟɧɬɪɟ ɪɟɡɢɫɬɨɪɨɦ ɜ 50 Ɉɦ. 
Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɨɬɤɪɵɬɶ ɜɤɥɚɞɤɭ Simulation, ɜ ɞɟɪɟɜɟ ɩɪɨɟɤɬɚ ɜ ɪɚɡɞɟɥɟ 
Wires ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ ɧɚɠɚɬɶ ɧɚ ɫɬɪɨɱɤɭ loop.wire ɢ ɜɵɛɪɚɬɶ Set loads, 

ɩɨɫɥɟ ɱɟɝɨ ɨɬɤɪɨɟɬɫɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɤɧɨ ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2.31. 

  
Ɋɢɫɭɧɨɤ 2.31 – ȼɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɤɧɨ ɞɥɹ ɧɚɝɪɭɡɤɢ ɩɪɨɜɨɞɨɜ 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɫɨɡɞɚɬɶ ɧɚɝɪɭɡɤɭ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ 
ɧɚɠɚɬɶ ɧɚ ɩɪɨɜɨɞ ɧɚ ɫɬɪɭɤɬɭɪɟ ɤɨɧɬɭɪɧɨɣ ɚɧɬɟɧɧɵ, ɩɨɫɥɟ ɱɟɝɨ ɜ ɞɢɚɥɨɝɨɜɨɦ 
ɨɤɧɟ ɩɨɹɜɢɬɫɹ ɫɬɪɨɱɤɚ ɫɨɡɞɚɧɢɹ ɧɚɝɪɭɡɤɟ, ɚ ɧɚ ɩɪɨɜɨɞɟ ɝɪɚɮɢɱɟɫɤɨɟ 
ɨɛɨɡɧɚɱɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɜɢɞɟ ɡɟɥɟɧɨɝɨ ɰɢɥɢɧɞɪɚ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 2.32. 
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Ɋɢɫɭɧɨɤ 2.32 – Ɋɚɡɦɟɳɟɧɢɟ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɪɨɜɨɞɟ 

ɇɚɝɪɭɡɤɭ ɦɨɠɧɨ ɪɚɫɩɨɥɨɠɢɬɶ ɧɟ ɬɨɥɶɤɨ ɜ ɫɟɪɟɞɢɧɟ ɩɪɨɜɨɞɚ, ɧɨ ɢ ɜ 
ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ, ɞɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ ɜ ɨɤɧɟ 
ɫɨɡɞɚɧɢɹ ɧɚɝɪɭɡɨɤ ɧɚɠɚɬɶ ɧɚ ɹɱɟɣɤɭ ɜ ɫɬɨɥɛɰɟ Position ɢ ɜɵɛɪɚɬɶ 
ɧɟɨɛɯɨɞɢɦɨɟ ɩɨɥɨɠɟɧɢɟ, ɩɨɫɥɟ ɧɚɠɚɬɶ Apply.  

ɍɫɬɚɧɚɜɥɢɜɚɬɶ ɨɛɳɟɟ ɡɧɚɱɟɧɢɟ ɧɚɝɪɭɡɨɤ ɦɨɠɧɨ ɧɚɠɚɜ ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ 
ɦɵɲɢ ɧɚ ɫɬɨɥɛɟɰ R in Ohm → Set global, ɢ ɜ ɨɬɤɪɵɜɲɟɦɫɹ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ 
ɜɜɟɫɬɢ ɧɟɨɛɯɨɞɢɦɨɟ ɡɧɚɱɟɧɢɟ. Ɍɚɤ ɠɟ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɪɚɡɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ 
ɞɥɹ ɤɚɠɞɨɣ ɧɚɝɪɭɡɤɢ, ɫ ɩɨɦɨɳɶɸ ɜɜɨɞɚ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɬɪɨɤɢ. 

2.3.2 Зɚɞɚɧɢɟ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ 

1 ɉɨɫɬɪɨɢɬɶ ɨɬɞɟɥɶɧɵɟ ɝɪɚɮɢɤɢ, ɧɚ ɤɨɬɨɪɵɯ ɛɭɞɭɬ ɢɡɨɛɪɚɠɟɧɵ ɪɟɚɥɶɧɚɹ 
ɢ ɦɧɢɦɚɹ ɱɚɫɬɶ ɞɥɹ ɤɚɠɞɨɣ ɤɨɨɪɞɢɧɚɬɵ ɩɨɥɹ. 

2  Ɂɚɮɢɤɫɢɪɨɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɥɹ ɇ ɞɥɹ ɫɥɟɞɭɸɳɢɯ 
ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬɵ: 1ɆȽɰ, 10 ɆȽɰ, 50 ɆȽɰ, 100 ɆȽɰ, 200 ɆȽɰ, 500 

ɆȽɰ, 600 ɆȽɰ. Ɋɟɡɭɥɶɬɚɬɵ ɡɚɧɟɫɬɢ ɜ ɬɚɛɥ. 2.5 ɢ ɩɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤ 
ɡɚɜɢɫɢɦɨɫɬɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɨɥɹ ɇ ɨɬ ɱɚɫɬɨɬɵ ɝɟɧɟɪɚɬɨɪɚ. 
Ɍɚɛɥɢɰɚ 2.5 – Ɂɚɜɢɫɢɦɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɨɥɹ ɇ ɨɬ ɱɚɫɬɨɬɵ 

ɝɟɧɟɪɚɬɨɪɚ 
f, ɆȽɰ 1 10 50 100 200 500 600 

Max. magn.        

3  ɍɫɬɚɧɨɜɢɜ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ 10 ȼ, ɱɚɫɬɨɬɭ ɝɟɧɟɪɚɬɨɪɚ 1 ȽȽɰ, ɜ 
ɮɨɪɦɚɬɟ 2D ɜɢɡɭɚɥɶɧɨ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɟ ɮɚɡɵ, ɩɪɢ ɤɨɬɨɪɨɦ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɹ ɜɞɨɥɶ ɩɨɜɨɞɨɜ ɦɚɤɫɢɦɚɥɶɧɨ. 

4 ɇɟ ɢɡɦɟɧɹɹ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɱɚɫɬɨɬɟ 1 ɆȽɰ, 
ɭɫɬɚɧɨɜɢɬɶ ɧɚɝɪɭɡɤɭ ɧɚ ɤɚɠɞɵɣ ɩɪɨɜɨɞ ɧɨɦɢɧɚɥɨɦ ɜ 100Ɉɦ. ɂɡɦɟɧɹɹ 
ɩɨɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ ɜɞɨɥɶ ɩɪɨɜɨɞɚ ɭɫɬɚɧɨɜɢɬɶ, ɨɩɪɟɞɟɥɢɬɶ ɩɪɢ ɤɚɤɨɦ 

ɩɨɥɨɠɟɧɢɢ ɛɭɞɟɬ ɦɚɤɫɢɦɚɥɶɧɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɹ ɇ. 
5 ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ ɩɨ ɤɚɠɞɨɦɭ ɪɚɡɞɟɥɭ 

ɢ ɨɮɨɪɦɢɬɶ ɨɬɱɟɬ. 
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2.4 Ⱦɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɮɟɪɚ 

ɐɟɥɶ ɪɚɛɨɬɵ: ɩɨɥɭɱɟɧɢɟ ɧɚɜɵɤɨɜ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɦɟɬɨɞɨɦ ɦɨɦɟɧɬɨɜ ɧɚ ɩɪɢɦɟɪɟ ɚɧɚɥɢɡɚ ɪɚɫɫɟɹɧɢɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɮɟɪɵ ɜ 
ɫɢɫɬɟɦɟ Concept-II. 

2.4.1 ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

ɂɫɫɥɟɞɭɟɦɨɣ ɫɬɪɭɤɬɭɪɨɣ ɹɜɥɹɟɬɫɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɮɟɪɚ ɫ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ εr = 4, ɪɚɞɢɭɫɨɦ R = 0.1 ɦ. 
ɋɮɟɪɚ ɨɛɥɭɱɚɟɬɫɹ ɩɥɨɫɤɨɣ ɜɨɥɧɨɣ ɫ ɚɦɩɥɢɬɭɞɨɣ 1 ȼ/ɦ ɧɚ ɱɚɫɬɨɬɟ 900 ɆȽɰ 
(ɪɢɫɭɧɨɤ 2.33). 

 
 Ɋɢɫɭɧɨɤ 2.33 – Ⱦɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɮɟɪɚ, ɩɨɦɟɳɟɧɧɚɹ ɜ ɩɨɥɟ ɩɥɨɫɤɨɣ ɜɨɥɧɵ 

ɇɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɫɢɦɦɟɬɪɢɱɧɭɸ 
ɮɢɝɭɪɭ, ɬɨ ɟɫɬɶ, ɫɨɡɞɚɬɶ ɩɨɥɨɜɢɧɭ ɫɮɟɪɵ, ɞɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɨɬɤɪɵɬɶ 

ɜɤɥɚɞɤɭ Cad tools ɢ ɧɚɠɚɬɶ ɧɚ ɤɧɨɩɤɭ ɫɨ ɡɧɚɱɤɨɦ . Ɉɬɤɪɨɟɬɫɹ ɞɢɚɥɨɝɨɜɨɟ 
ɨɤɧɨ (ɪɢɫɭɧɨɤ 2.34), ɜ ɤɨɬɨɪɨɦ ɧɟɨɛɯɨɞɢɦɨ ɭɤɚɡɚɬɶ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 
ɪɚɞɢɭɫ 0.1 ɦ, ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ (0;0;0), ɱɚɫɬɨɬɚ 900 ɆȽɰ, ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɬɟɣ 
ɧɚ ɞɥɢɧɭ ɜɨɥɧɵ 12, ɫɢɦɦɟɬɪɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ XZ. ɇɚɠɚɬɶ ɤɧɨɩɤɭ 
ɈɄ. ɇɚ ɷɤɪɚɧɟ ɩɨɹɜɢɬɫɹ ɩɨɥɨɜɢɧɚ ɫɬɪɭɤɬɭɪɵ ɫɮɟɪɵ. 

Ɉɬɤɪɵɬɶ ɜɤɥɚɞɤɭ Simulation, ɜ ɞɟɪɟɜɟ ɩɪɨɟɤɬɚ ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ 
ɧɚɠɚɬɶ ɧɚ ɫɬɪɨɤɭ ɡɚɝɨɥɨɜɤɚ ɢ ɜ ɜɫɩɥɵɜɚɸɳɟɦ ɦɟɧɸ ɜɵɛɪɚɬɶ Load all files 

from 'CAD'. ȼ ɞɟɪɟɜɟ ɩɪɨɟɤɬɚ, ɜ ɪɚɡɞɟɥɟ Symmetry ɚɤɬɢɜɢɪɨɜɚɬɶ ɫɬɪɨɤɭ Magn. 

Symmetry, XZ plane. ɉɪɚɜɨ ɤɧɨɩɤɨɣ ɦɵɲɢ ɧɚɠɚɬɶ ɧɚ ɫɬɪɨɤɭ Bodies→ Add 
body, ɩɨɫɥɟ ɱɟɝɨ ɜ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɨɹɜɹɬɫɹ ɫɬɪɨɤɢ ɫɨɡɞɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɪɨɟɤɬɚ (ɪɢɫɭɧɨɤ 2.35). 
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Ɋɢɫɭɧɨɤ 2.34 – ɋɨɡɞɚɧɢɟ ɫɮɟɪɵ 

 
Ɋɢɫɭɧɨɤ 2.35 – ɋɨɡɞɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɟɤɬɚ 

ɉɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ ɧɚɠɚɬɶ ɧɚ ɫɬɪɨɤɭ body 1 → Surface selection by 
mouse ɢ ɜɵɛɪɚɬɶ ɩɪɨɢɡɜɨɥɶɧɵɣ ɭɱɚɫɬɨɤ ɧɚ ɩɨɥɭɫɮɟɪɟ. ɉɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ 
ɧɚɠɚɬɶ ɧɚ ɫɬɪɨɤɭ body 1 → Set material values, ɨɬɤɪɨɟɬɫɹ ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ, ɜ 
ɤɨɬɨɪɨɦ ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɫɥɟɞɭɸɳɢɟ ɞɚɧɧɵɟ: conductivity 0, rel. 

permittivity 4, rel. permeability 1. ɇɚɠɚɬɶ ɧɚ ɤɧɨɩɤɭ ɈК. ɉɪɚɜɨɣ ɤɧɨɩɤɨɣ 
ɦɵɲɢ ɧɚɠɚɬɶ ɧɚ ɫɬɪɨɤɭ surf.sphere → Set boundary condition ɢ ɜ ɨɬɤɪɵɜɲɟɦɫɹ 
ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ ɜɵɛɪɚɬɶ ɬɢɩ ɩɨɜɟɪɯɧɨɫɬɢ Dielectric boundary.  

ɍɫɬɚɧɨɜɢɬɶ ɱɚɫɬɨɬɭ ɝɟɧɟɪɚɬɨɪɚ 900 ɆȽɰ. ɉɚɪɚɦɟɬɪɵ ɩɨɥɹ ɩɥɨɫɤɨɣ 
ɜɨɥɧɵ ɡɚɞɚɸɬɫɹ ɧɚɠɚɬɢɟɦ ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ ɧɚ ɫɬɪɨɤɭ Excitation → 
Plane wave field, ɩɨɫɥɟ ɱɟɝɨ ɨɬɤɪɨɟɬɫɹ ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ, ɜ ɤɨɬɨɪɨɦ 
ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ (ɪɢɫɭɧɨɤ 2.36): θ=270°,Φ=0°,Ψ=0, 
E [V/m]: 1. ɇɚɠɚɬɶ ɤɧɨɩɤɭ ɈК ɢ ɡɚɩɭɫɬɢɬɶ ɩɪɨɰɟɫɫ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
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Ɋɢɫɭɧɨɤ 2.36 – ɍɫɬɚɧɨɜɤɚ ɩɚɪɚɦɟɬɪɨɜ ɩɨɥɹ ɩɥɨɫɤɨɣ ɜɨɥɧɵ 

Ⱦɥɹ ɩɪɨɫɦɨɬɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɤɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 

ɢɧɫɬɪɭɦɟɧɬɨɦ ɫɨ ɡɧɚɱɤɨɦ . ȼ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɧɚɱɟɧɢɹ ɩɨ 
ɭɦɨɥɱɚɧɢɸ. ɋɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɨɤɚ 
ɦɨɠɧɨ ɩɪɨɧɚɛɥɸɞɚɬɶ ɤɚɤ ɧɚ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɮɟɪɵ (ɪɢɫɭɧɨɤ 2.37), ɬɚɤ 
ɢ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɢɫɭɧɨɤ 2.38), ɢɡɦɟɧɹɹ ɧɨɦɟɪ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɪɨɟɤɬɚ. 

 
Ɋɢɫɭɧɨɤ 2.37 – Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɹ ɧɚ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɮɟɪɵ 

2.4.2 Зɚɞɚɧɢɟ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ 

1 Ɉɰɟɧɢɬɶ ɢɡɦɟɧɟɧɢɟ ɪɚɫɫɟɹɧɢɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɫɮɟɪɵ (8–10ɡɧɚɱɟɧɢɣ). 

2 Ɉɬɨɛɪɚɡɢɬɶ ɝɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɥɹ ɜ 
ɩɥɨɫɤɨɫɬɢ XZ ɜ ɮɨɪɦɚɬɟ 2D. 
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3 Ɉɬɨɛɪɚɡɢɬɶ 3D ɦɨɞɟɥɢ ɢɡɥɭɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɞɥɹ ɫɥɟɞɭɸɳɢɯ ɡɧɚɱɟɧɢɣ 
ɱɚɫɬɨɬɵ: 300 ɆȽɰ, 600 ɆȽɰ, 900 ɆȽɰ. 

4 Ⱦɥɹ ɬɟɯ ɠɟ ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬɵ ɜɵɜɟɫɬɢ ɞɢɚɝɪɚɦɦɵ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɩɨɥɹ. 

5 ɋɞɟɥɚɬɶ ɜɵɜɨɞɵ ɩɨ ɤɚɠɞɨɦɭ ɪɚɡɞɟɥɭ ɢ ɨɮɨɪɦɢɬɶ ɨɬɱɟɬ. 

 

Ɋɢɫɭɧɨɤ 2.38 – Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɹ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɮɟɪɵ 

2.5 Ɇɟɬɨɞɢɤɢ ɚɧɚɥɢɡɚ ЭɆɋ ɩɟɱɚɬɧɵɯ ɭɡɥɨɜ 

2.5.1 Ɇɟɬɨɞɢɤɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ 
ɫɨɜɦɟɫɬɢɦɨɫɬɢ  

ɉɨɞ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɚɧɚɥɢɡɨɦ ɩɨɧɢɦɚɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɵɣ, ɚ ɧɟ 
ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ (ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ ɨɰɟɧɨɤ, ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɥɢ 
ɢɡɦɟɪɟɧɢɣ) ɚɧɚɥɢɡ. 

1. ȼɵɹɜɥɟɧɢɟ ɢ ɭɦɟɧɶɲɟɧɢɟ ɩɥɨɳɚɞɢ ɤɨɧɬɭɪɨɜ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ. 
ɉɪɢ ɢɞɟɚɥɶɧɨɦ ɜɚɪɢɚɧɬɟ, ɟɫɥɢ ɜɵɞɟɥɟɧɵ ɢɫɬɨɱɧɢɤ ɢ ɧɚɝɪɭɡɤɚ, ɫɨɟɞɢɧɟɧɧɵɟ 
ɞɜɭɦɹ ɩɪɨɜɨɞɧɢɤɚɦɢ (ɩɨ ɤɨɬɨɪɵɦ ɩɪɨɬɟɤɚɸɬ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɵɣ ɬɨɤɢ), ɬɨ 
ɷɬɢ ɩɪɨɜɨɞɧɢɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɜɧɨɣ ɞɥɢɧɵ, ɢ ɪɚɫɩɨɥɨɠɟɧɵ ɦɚɤɫɢɦɚɥɶɧɨ 
ɛɥɢɡɤɨ ɞɪɭɝ ɤ ɞɪɭɝɭ, ɬɚɤ ɱɬɨɛɵ ɜ ɤɚɠɞɨɦ ɫɟɝɦɟɧɬɟ ɥɢɧɢɢ ɢɡ ɩɪɹɦɨɝɨ ɢ 
ɨɛɪɚɬɧɨɝɨ ɩɪɨɜɨɞɧɢɤɨɜ ɭɱɚɫɬɨɤ ɩɪɹɦɨɝɨ ɬɨɤɚ ɛɵɥ ɩɚɪɚɥɥɟɥɟɧ ɭɱɚɫɬɤɭ 
ɨɛɪɚɬɧɨɝɨ ɬɨɤɚ. ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɥɭɱɲɟ ɜɟɫɬɢ ɨɛɟ ɬɪɚɫɫɵ 
ɪɹɞɨɦ ɧɚ ɨɞɧɨɦ ɫɥɨɟ, ɫɢɧɯɪɨɧɧɨ ɜɵɜɨɞɹ ɢɯ ɧɚ ɫɥɨɣ ɨɪɬɨɝɨɧɚɥɶɧɨɣ 
ɬɪɚɫɫɢɪɨɜɤɢ, ɚ ɜ ɨɫɨɛɵɯ ɫɥɭɱɚɹɯ ɩɪɢɦɟɧɹɬɶ ɩɟɱɚɬɧɵɟ ɜɢɬɵɟ ɩɚɪɵ. Ⱦɚɧɧɵɣ 

ɩɨɞɯɨɞ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɤɨɧɬɭɪɚ ɬɨɤɚ ɱɟɪɟɡ ɨɛɦɨɬɤɭ 

ɪɟɥɟ ɢ ɲɭɧɬɢɪɭɸɳɢɣ ɞɢɨɞ, ɰɟɩɢ ɞɚɬɱɢɤɨɜ, ɰɟɩɢ ɤɨɦɦɭɬɚɰɢɢ ɧɚɝɪɭɡɨɤ. 

2. ɍɦɟɧɶɲɟɧɢɟ ɫɜɹɡɢ ɱɟɪɟɡ ɨɛɳɢɣ ɢɦɩɟɞɚɧɫ. Ɍɪɚɫɫɢɪɨɜɤɚ ɜɵɜɨɞɨɜ 
ɡɟɦɥɹ-ɩɢɬɚɧɢɟ ɚɤɬɢɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɞɨɥɠɧɚ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɬɚɤ, ɱɬɨɛɵ 

ɩɪɨɬɟɤɚɧɢɟ ɬɨɤɨɜ (ɤɚɤ ɩɪɚɜɢɥɨ, ɛɨɥɶɲɢɯ ɢ ɛɵɫɬɪɨɢɡɦɟɧɹɸɳɢɯɫɹ) ɱɟɪɟɡ ɷɬɢ 
ɜɵɜɨɞɵ ɩɪɢɜɨɞɢɥɨ ɤ ɧɚɢɦɟɧɶɲɟɦɭ ɢɡɦɟɧɟɧɢɸ ɩɨɬɟɧɰɢɚɥɚ ɬɨɱɟɤ 
ɩɨɞɤɥɸɱɟɧɢɹ ɞɪɭɝɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɤ ɷɬɢɦ ɰɟɩɹɦ (ɪɢɫ. 2.39). 
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ɩɥɨɯɨ 

ɚ  ɛ  

ɯɨɪɨɲɨ 

ɩɟɪɟɯɨɞɵ 
ɧɚ ɡɟɦɥɸ 

ɜ 

Ɋɢɫɭɧɨɤ 2.39 – Ɍɪɚɫɫɢɪɨɜɤɚ ɫɯɟɦɧɨɣ ɡɟɦɥɢ: ɚ – ɩɥɨɯɚɹ ɢɡ-ɡɚ ɜɥɢɹɧɢɹ ɬɨɤɚ 
ɱɟɪɟɡ ɤɨɧɬɚɤɬ GND ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɩɪɢɛɨɪɚ ɧɚ ɩɨɬɟɧɰɢɚɥ ɡɟɦɥɢ (ɛ – 

ɮɨɪɦɚ ɩɨɬɟɧɰɢɚɥɚ ɡɟɦɥɢ); ɜ – ɯɨɪɨɲɚɹ ɢɡ-ɡɚ ɨɬɞɟɥɶɧɵɯ ɩɭɬɟɣ ɧɚ ɫɯɟɦɧɭɸ 
ɡɟɦɥɸ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɬɨɤɨɜ ɱɟɪɟɡ ɤɨɧɞɟɧɫɚɬɨɪ ɋ2ɚ ɢ ɱɟɪɟɡ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ ɩɪɢɛɨɪ (ɛɨɥɶɲɟ ɫɤɜɨɡɧɵɯ ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɵɯ 
ɨɬɜɟɪɫɬɢɣ – ɦɟɧɶɲɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɫɬɨɹɧɧɨɦɭ ɬɨɤɭ ɢ ɢɧɞɭɤɬɢɜɧɨɫɬɶ) 

Ɉɛɳɢɟ ɭɱɚɫɬɤɢ ɫɯɟɦɧɨɣ ɡɟɦɥɢ ɪɚɡɥɢɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɢɬɚɧɢɹ, ɚ ɬɚɤɠɟ 
ɚɧɚɥɨɝɨɜɵɯ ɢ ɰɢɮɪɨɜɵɯ ɰɟɩɟɣ ɠɟɥɚɬɟɥɶɧɨ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ 
ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɦ ɫɜɹɡɹɦ ɦɟɠɞɭ ɰɟɩɹɦɢ ɫ ɪɚɡɥɢɱɧɵɦ 
ɩɢɬɚɧɢɟɦ ɱɟɪɟɡ ɨɛɳɢɣ ɢɦɩɟɞɚɧɫ. 

3. ȼɵɹɜɥɟɧɢɟ ɢɫɬɨɱɧɢɤɨɜ, ɭɩɪɚɜɥɹɟɦɵɯ ɧɚɩɪɹɠɟɧɢɟɦ. Ɍɚɤɢɟ 
ɢɫɬɨɱɧɢɤɢ ɜɨɡɧɢɤɚɸɬ, ɤɨɝɞɚ ɦɟɠɞɭ ɞɜɭɦɹ ɱɚɫɬɹɦɢ ɜɨɡɦɨɠɧɨɣ ɚɧɬɟɧɧɵ 
ɩɨɹɜɥɹɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ ɫɢɝɧɚɥɚ, ɩɪɢɜɨɞɹ ɤ ɢɡɥɭɱɚɟɦɵɦ ɷɦɢɫɫɢɹɦ. ɇɚɩɪɢɦɟɪ, 
ɫɢɝɧɚɥɶɧɚɹ ɬɪɚɫɫɚ, ɢɦɟɸɳɚɹ ɜɡɚɢɦɧɭɸ ɫɜɹɡɶ ɫ ɬɟɩɥɨɜɵɦ ɪɚɞɢɚɬɨɪɨɦ, ɦɨɠɟɬ 
ɜɨɡɛɭɠɞɚɬɶ ɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɡɟɦɥɢ ɢ ɜɫɟɯ ɫɨɟɞɢɧɟɧɧɵɯ ɫ ɧɟɣ 
ɤɚɛɟɥɟɣ (ɪɢɫ. 2.40ɚ). Ɍɚɤɨɣ ɩɪɨɰɟɫɫ ɧɚɡɵɜɚɸɬ ɦɟɯɚɧɢɡɦɨɦ, ɭɩɪɚɜɥɹɟɦɵɦ 
ɧɚɩɪɹɠɟɧɢɟɦ, ɩɨɫɤɨɥɶɤɭ ɭɪɨɜɟɧɶ ɢɡɥɭɱɚɟɦɵɯ ɷɦɢɫɫɢɣ ɩɪɹɦɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɧɚɩɪɹɠɟɧɢɸ ɫɢɝɧɚɥɚ. Ⱦɚɧɧɵɟ ɩɪɨɛɥɟɦɵ ɭɫɬɪɚɧɹɸɬɫɹ ɥɭɱɲɟ 
ɜɫɟɝɨ ɩɨɫɪɟɞɫɬɜɨɦ ɫɨɡɞɚɧɢɹ ɬɚɤɢɯ ɭɫɥɨɜɢɣ, ɩɪɢ ɤɨɬɨɪɵɯ ɫɢɝɧɚɥɶɧɵɟ ɬɪɚɫɫɵ 
ɢ ɤɨɦɩɨɧɟɧɬɵ ɧɟ ɦɨɝɭɬ ɷɮɮɟɤɬɢɜɧɨ ɧɚɜɨɞɢɬɶ ɩɨɦɟɯɢ ɧɚ «ɱɚɫɬɢ» ɚɧɬɟɧɧɵ 
ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɪɚɡɦɟɪɚ. ɋɚɦɚ ɫɢɝɧɚɥɶɧɚɹ ɬɪɚɫɫɚ (ɞɚɠɟ ɟɫɥɢ 
ɨɧɚ ɷɥɟɤɬɪɢɱɟɫɤɢ ɞɥɢɧɧɚɹ) ɧɟ ɛɭɞɟɬ ɷɮɮɟɤɬɢɜɧɨɣ ɱɚɫɬɶɸ ɚɧɬɟɧɧɵ, ɩɨɤɚ ɨɧɚ 
ɪɚɫɩɨɥɨɠɟɧɚ ɧɚɞ ɢɥɢ ɩɨɞ ɫɩɥɨɲɧɨɣ ɫɢɝɧɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɶɸ ɡɟɦɥɢ. 

 

ɤɚɛɟɥɶ ɢɫɬɨɱɧɢɤ 

ɪɚɞɢɚɬɨɪ 

ɬɪɚɫɫɚ 

ɧɚɝɪɭɡɤɚ 
ɫ ɜɵɫɨɤɢɦ 

ɢɦɩɟɞɚɧɫɨɦ 

ɜɡɚɢɦɧɚɹ ɫɜɹɡɶ 

ɩɥɨɫɤɨɫɬɶ ɡɟɦɥɢ ɚ 

 

ɢɫɬɨɱɧɢɤ 
ɬɪɚɫɫɚ ɧɚɝɪɭɡɤɚ 

ɩɥɨɫɤɨɫɬɶ ɡɟɦɥɢ 

ɤɚɛɟɥɶ ɤɚɛɟɥɶ 

ɛ 

Ɋɢɫɭɧɨɤ 2.40 – ɂɫɬɨɱɧɢɤɢ, ɭɩɪɚɜɥɹɟɦɵɟ ɧɚɩɪɹɠɟɧɢɟɦ (ɚ) ɢ ɬɨɤɨɦ (ɛ) 

4. ȼɵɹɜɥɟɧɢɟ ɢɫɬɨɱɧɢɤɨɜ, ɭɩɪɚɜɥɹɟɦɵɯ ɬɨɤɨɦ. Ɍɚɤɢɟ ɢɫɬɨɱɧɢɤɢ 
ɜɨɡɧɢɤɚɸɬ, ɤɨɝɞɚ ɧɚ ɩɟɱɚɬɧɨɣ ɩɥɚɬɟ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɟ ɰɟɩɢ ɪɚɫɩɨɥɨɠɟɧɵ 
ɦɟɠɞɭ ɞɜɭɦɹ ɱɚɫɬɹɦɢ ɚɧɬɟɧɧɵ (ɪɢɫ. 2.40ɛ). Ɍɨɤ ɫɢɝɧɚɥɚ, ɩɪɨɬɟɤɚɸɳɢɣ ɜ 
ɤɨɧɬɭɪɟ «ɬɪɚɫɫɚ-ɩɥɨɫɤɨɫɬɶ», ɫɨɡɞɚɟɬ ɧɚɩɪɹɠɟɧɢɟ ɦɟɠɞɭ ɥɸɛɵɦɢ ɞɜɭɦɹ 
ɤɚɛɟɥɹɦɢ, ɫɨɟɞɢɧɟɧɧɵɦɢ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦɢ ɱɚɫɬɹɦɢ ɩɥɨɫɤɨɫɬɢ. ɗɬɨ 
ɧɚɩɪɹɠɟɧɢɟ ɦɚɥɨ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɩɪɹɠɟɧɢɸ ɫɢɝɧɚɥɚ, ɨɞɧɚɤɨ ɜɫɟɝɨ 
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ɧɟɫɤɨɥɶɤɢɯ ɦɢɥɥɢɜɨɥɶɬ ɦɟɠɞɭ ɞɜɭɦɹ ɤɚɛɟɥɹɦɢ ɛɵɜɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ 
ɩɪɟɜɵɲɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɤ ɢɡɥɭɱɚɟɦɵɦ ɷɦɢɫɫɢɹɦ. Ɍɚɤɨɣ ɩɪɨɰɟɫɫ ɧɚɡɵɜɚɸɬ 

ɦɟɯɚɧɢɡɦɨɦ, ɭɩɪɚɜɥɹɟɦɵɦ ɬɨɤɨɦ, ɩɨɫɤɨɥɶɤɭ ɭɪɨɜɟɧɶ ɢɡɥɭɱɚɟɦɵɯ ɷɦɢɫɫɢɣ 
ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɬɨɤɭ ɫɢɝɧɚɥɚ. ȿɫɥɢ ɷɬɨ ɫɨɛɵɬɢɟ ɩɪɨɢɡɨɲɥɨ, ɬɨ ɜ 
ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɨɬɫɭɬɫɬɜɭɟɬ ɷɤɨɧɨɦɢɱɧɵɣ ɜɵɯɨɞ ɢɡ ɫɥɨɠɢɜɲɟɣɫɹ 
ɫɢɬɭɚɰɢɢ. ȼ ɨɫɧɨɜɧɨɦ ɭ ɪɚɡɪɚɛɨɬɱɢɤɚ ɟɫɬɶ 3 ɜɚɪɢɚɧɬɚ: ɭɦɟɧɶɲɢɬɶ ɬɨɤ 
ɫɢɝɧɚɥɚ ɢ/ɢɥɢ ɩɥɨɳɚɞɶ ɤɨɧɬɭɪɚ ɬɨɤɚ ɫɢɝɧɚɥɚ; ɩɟɪɟɦɟɫɬɢɬɶ ɤɚɛɟɥɢ ɢɥɢ ɰɟɩɶ 
ɬɚɤ, ɱɬɨɛɵ ɰɟɩɶ ɧɟ ɛɵɥɚ ɦɟɠɞɭ ɤɚɛɟɥɹɦɢ; ɩɨɦɟɫɬɢɬɶ ɩɥɚɬɭ ɜ ɦɟɬɚɥɥɢɱɟɫɤɭɸ 
ɤɨɧɫɬɪɭɤɰɢɸ ɢ ɫɨɟɞɢɧɢɬɶ ɷɤɪɚɧɵ ɤɚɛɟɥɹ ɫ ɷɬɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ. ɉɟɪɜɵɣ 
ɜɚɪɢɚɧɬ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɨɜɭɸ ɬɪɚɫɫɢɪɨɜɤɭ, ɜɬɨɪɨɣ – ɧɨɜɭɸ ɤɨɦɩɨɧɨɜɤɭ. 
Ɍɪɟɬɢɣ ɜɚɪɢɚɧɬ ɡɚɬɪɚɬɟɧ, ɧɨ ɩɪɢɧɹɬ ɤ ɪɚɫɫɦɨɬɪɟɧɢɸ ɢɡ-ɡɚ ɩɪɨɛɥɟɦɵ ɫ 
ɢɫɯɨɞɧɨɣ ɤɨɦɩɨɧɨɜɤɨɣ. Ⱦɨɦɢɧɢɪɭɸɳɟɟ ɜɥɢɹɧɢɟ ɢɫɬɨɱɧɢɤɨɜ, ɭɩɪɚɜɥɹɟɦɵɯ 
ɬɨɤɨɦ, – ɨɫɧɨɜɧɚɹ ɩɪɢɱɢɧɚ ɬɨɝɨ, ɩɨɱɟɦɭ ɠɟɥɚɬɟɥɶɧɨ ɪɚɫɩɨɥɚɝɚɬɶ ɜɫɟ 
ɤɚɛɟɥɶɧɵɟ ɫɨɟɞɢɧɢɬɟɥɢ ɫ ɨɞɧɨɝɨ ɤɪɚɹ ɢɥɢ ɭɝɥɚ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ. 

5. Ʉɨɧɬɪɨɥɶ ɪɟɡɨɧɚɧɫɨɜ ɤɨɪɩɭɫɚ. ȼ ɧɟɩɪɚɜɢɥɶɧɨ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɦ 
ɤɨɪɩɭɫɟ ɩɪɨɛɥɟɦɵ ɫ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦɢ ɩɨɦɟɯɚɦɢ ɦɨɝɭɬ ɛɵɬɶ ɫɜɹɡɚɧɵ ɫ 
ɪɟɡɨɧɚɧɫɚɦɢ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɜɧɭɬɪɢ ɤɨɪɩɭɫɚ. ɇɚɩɪɢɦɟɪ, ɧɚ ɜɵɫɨɤɢɯ 
ɱɚɫɬɨɬɚɯ ɝɚɪɦɨɧɢɤɢ ɫɢɝɧɚɥɚ ɦɨɝɭɬ ɫɨɜɩɚɞɚɬɶ ɫ ɨɛɴɟɦɧɵɦɢ ɪɟɡɨɧɚɧɫɚɦɢ 
ɜɧɭɬɪɢ ɤɨɪɩɭɫɚ. Ʉɨɝɞɚ ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ, ɜɧɭɬɪɢ ɧɟɝɨ ɦɨɝɭɬ ɫɨɡɞɚɜɚɬɶɫɹ 
ɛɨɥɶɲɢɟ ɩɨɥɹ ɢ ɷɧɟɪɝɢɹ ɦɨɠɟɬ ɢɡɥɭɱɚɬɶɫɹ ɱɟɪɟɡ ɳɟɥɢ ɢ ɚɩɟɪɬɭɪɵ ɤɨɪɩɭɫɚ. 
ɇɚ ɭɪɨɜɧɟ ɩɟɱɚɬɧɵɯ ɩɥɚɬ ɥɭɱɲɢɣ ɩɭɬɶ ɭɫɬɪɚɧɟɧɢɹ ɩɪɨɛɥɟɦɵ ɬɚɤɨɝɨ ɬɢɩɚ – 

ɩɵɬɚɬɶɫɹ ɨɝɪɚɧɢɱɢɬɶ ɩɨɥɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɫɢɝɧɚɥɚɦɢ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ 
ɡɧɚɱɢɬɟɥɶɧɵɟ ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɜɵɲɟ ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ 
ɦɟɝɚɝɟɪɰ. 

6. ȼɥɢɹɧɢɟ ɫɢɝɧɚɥɨɜ ɧɚ ɜɯɨɞ-ɜɵɯɨɞ. Ʉɨɦɩɨɧɟɧɬ ɧɚ ɩɥɚɬɟ, ɫɜɹɡɚɧɧɵɣ ɫ 
ɤɨɦɩɨɧɟɧɬɨɦ ɜɧɟ ɩɥɚɬɵ ɱɟɪɟɡ ɫɨɟɞɢɧɢɬɟɥɶ, ɞɨɥɠɟɧ ɪɚɡɦɟɳɚɬɶɫɹ ɤɚɤ ɦɨɠɧɨ 
ɛɥɢɠɟ ɤ ɷɬɨɦɭ ɫɨɟɞɢɧɢɬɟɥɸ. Ʉɨɦɩɨɧɟɧɬɵ, ɧɟ ɩɨɞɫɨɟɞɢɧɟɧɧɵɟ ɤ ɰɟɩɹɦ 
ɜɯɨɞɚ-ɜɵɯɨɞɚ, ɞɨɥɠɧɵ ɪɚɡɦɟɳɚɬɶɫɹ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɜ 2 ɫɚɧɬɢɦɟɬɪɚɯ ɨɬ 
ɰɟɩɟɣ ɜɯɨɞɚ-ɜɵɯɨɞɚ ɢ ɫɨɟɞɢɧɢɬɟɥɟɣ. ȼɫɟ ɜɧɟɩɥɚɬɧɵɟ ɫɜɹɡɢ ɨɬ ɨɞɧɨɝɨ 
ɤɨɦɩɨɧɟɧɬɚ ɞɨɥɠɧɵ ɪɚɡɜɨɞɢɬɶɫɹ ɱɟɪɟɡ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɫɨɟɞɢɧɢɬɟɥɶ. 
ɋɢɝɧɚɥɶɧɵɟ ɬɨɤɢ ɦɨɝɭɬ ɫɨɡɞɚɜɚɬɶ ɧɚɜɨɞɤɢ ɧɚ ɬɪɚɫɫɵ, ɫɨɟɞɢɧɟɧɧɵɟ ɫ 
ɩɪɨɜɨɞɧɢɤɚɦɢ ɤɚɛɟɥɹ. ɉɨɷɬɨɦɭ ɬɪɚɫɫɵ ɤ ɫɨɟɞɢɧɢɬɟɥɹɦ ɧɟɷɤɪɚɧɢɪɨɜɚɧɧɵɯ 
ɤɚɛɟɥɟɣ ɞɨɥɠɧɵ ɛɵɬɶ ɞɨɜɨɥɶɧɨ ɤɨɪɨɬɤɢɦɢ ɢ ɩɪɨɯɨɞɢɬɶ ɤɚɤ ɦɨɠɧɨ ɞɚɥɶɲɟ ɨɬ 
ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. Ɍɪɚɫɫɵ, ɧɟ ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɜɯɨɞɭ-ɜɵɯɨɞɭ, ɧɟ 
ɞɨɥɠɧɵ ɧɚɯɨɞɢɬɶɫɹ ɦɟɠɞɭ ɜɯɨɞɧɵɦɢ-ɜɵɯɨɞɧɵɦɢ ɫɨɟɞɢɧɢɬɟɥɹɦɢ ɢ 
ɤɨɦɩɨɧɟɧɬɚɦɢ, ɩɟɪɟɞɚɸɳɢɦɢ ɢ ɩɪɢɧɢɦɚɸɳɢɦɢ ɫɢɝɧɚɥɵ ɱɟɪɟɡ ɞɚɧɧɵɣ 

ɫɨɟɞɢɧɢɬɟɥɶ. Ɍɪɚɫɫɵ ɫɢɝɧɚɥɨɜ ɫ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɦ ɫɨɫɬɚɜɨɦ ɧɟ ɞɨɥɠɧɵ 
ɩɪɨɯɨɞɢɬɶ ɩɨɞ ɤɨɦɩɨɧɟɧɬɚɦɢ, ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɞɥɹ ɜɯɨɞɚ-ɜɵɯɨɞɚ ɩɥɚɬɵ. 

7. Ʉɨɧɬɪɨɥɶ ɩɚɪɚɡɢɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɬɚɤɬɧɵɯ ɩɥɨɳɚɞɨɤ 

ɤɨɦɩɨɧɟɧɬɨɜ. ɉɚɪɚɡɢɬɧɭɸ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɬɪɚɫɫɢɪɨɜɤɢ ɜɵɜɨɞɨɜ 
ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɢ ɪɟɡɢɫɬɨɪɨɜ ɠɟɥɚɬɟɥɶɧɨ ɭɦɟɧɶɲɚɬɶ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɷɬɨ 
ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɞɥɢɧɵ ɢ ɭɜɟɥɢɱɟɧɢɹ ɲɢɪɢɧɵ ɬɪɚɫɫ ɤ 
ɜɵɜɨɞɚɦ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɟɪɟɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ ɩɪɢ 
ɩɟɪɟɯɨɞɟ ɩɨ ɫɥɨɹɦ (ɪɢɫ. 2.41ɚ), ɚ ɬɚɤɠɟ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɜɡɚɢɦɧɨɣ 
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ɢɧɞɭɤɰɢɢ ɬɪɚɫɫ ɫ ɩɪɹɦɵɦ ɢ ɨɛɪɚɬɧɵɦ ɬɨɤɚɦɢ, ɧɚɩɪɢɦɟɪ ɡɚ ɫɱɟɬ ɢɯ 
ɫɛɥɢɠɟɧɢɹ, ɩɪɢɱɟɦ ɤɚɤ ɜ ɭɱɚɫɬɤɚɯ ɬɪɚɫɫ, ɬɚɤ ɢ ɜ ɫɤɜɨɡɧɵɯ 
ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɵɯ ɨɬɜɟɪɫɬɢɹɯ (ɪɢɫ. 2.41ɛ). 

 

ɑɚɫɬɨ  
ɩɪɢɟɦɥɟɦɨ 

  

ɉɥɨɯɨ 

ɏɨɪɨɲɨ Ʌɭɱɲɟ 
ɜɫɟɝɨ Ɍɪɚɫɫɵ 

ɤɚɤ 
ɦɨɠɧɨ 
ɤɨɪɨɱɟ 

ɢ ɲɢɪɟ  

ɉɚɹɥɶɧɵɟ ɦɚɫɤɢ 
ɧɟ ɩɨɤɚɡɚɧɵ 

ɚ    

Ʌɭɱɲɟ ɜɫɟɝɨ 

Ʌɭɱɲɟ  

ɏɨɪɨɲɨ 

ɉɥɨɯɨ 

Ɉɱɟɧɶ ɩɥɨɯɨ 

ɇɟɩɪɢɟɦɥɟɦɨ 

Ʌɭɱɲɟ ɜɫɟɝɨ

Ʌɭɱɲɟ 

ɏɨɪɨɲɨ

ɉɥɨɯɨ

Ȼɟɡɨɛɪɚɡɧɨ

ȼɫɟɝɞɚ ɛɟɡɨɛɪɚɡɧɨ

Ʌɭɱɲɟ ɜɫɟɝɨ

Ʌɭɱɲɟ 

ɏɨɪɨɲɨ

ɉɥɨɯɨ

Ȼɟɡɨɛɪɚɡɧɨ

ȼɫɟɝɞɚ ɛɟɡɨɛɪɚɡɧɨ

Ʌɭɱɲɟ ɜɫɟɝɨ

Ʌɭɱɲɟ 

ɏɨɪɨɲɨ

ɉɥɨɯɨ

Ȼɟɡɨɛɪɚɡɧɨ

ȼɫɟɝɞɚ ɛɟɡɨɛɪɚɡɧɨ

SMT ɤɨɧɞɟɧɫɚɬɨɪ 

ɉɟɪɟɯɨɞɧɵɟ
ɨɬɜɟɪɫɬɢɹ 

Ʉɨɧɬɚɤɬɧɵɟ 
ɩɥɨɳɚɞɤɢ 

ɛ 

Ɋɢɫɭɧɨɤ 2.41 – Ɍɪɚɫɫɢɪɨɜɤɚ ɢ ɩɟɪɟɯɨɞɧɵɟ ɨɬɜɟɪɫɬɢɹ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɫ 
ɚɤɰɟɧɬɨɦ ɧɚ ɭɦɟɧɶɲɟɧɢɟ ɩɚɪɚɡɢɬɧɨɣ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ ɞɥɢɧɵ (ɚ) ɢ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɬɪɚɫɫ ɢ ɨɬɜɟɪɫɬɢɣ (ɛ) 

ɉɚɪɚɡɢɬɧɵɟ ɟɦɤɨɫɬɢ, ɜɫɟɝɞɚ ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɠɞɭ ɜɵɯɨɞɨɦ ɢ ɜɯɨɞɨɦ 
ɭɫɢɥɢɬɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɧɟ ɞɨɥɠɧɵ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɡɚ ɫɱɟɬ 
ɤɨɧɬɚɤɬɧɵɯ ɩɥɨɳɚɞɨɤ ɢ ɬɪɚɫɫɢɪɨɜɤɢ ɧɚ ɩɟɱɚɬɧɵɯ ɩɥɚɬɚɯ. 

8. ɐɟɩɢ ɡɟɦɥɹ-ɩɢɬɚɧɢɟ. Ɋɚɡɜɨɞɤɚ ɫɢɫɬɟɦɵ ɡɟɦɥɹ-ɩɢɬɚɧɢɟ – ɫɥɨɠɧɚɹ 
ɡɚɞɚɱɚ. Ʉɚɱɟɫɬɜɟɧɧɵɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɫɜɨɞɹɬɫɹ ɤ ɨɛɟɫɩɟɱɟɧɢɸ ɟɟ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɨɫɬɢ, ɞɨɫɬɢɝɚɸɳɟɣɫɹ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɦɢ 
ɫɪɟɞɫɬɜɚɦɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɞɥɢɧɵ ɢ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɰɟɩɢ 
ɡɟɦɥɹ-ɩɢɬɚɧɢɟ. ɇɚɢɥɭɱɲɢɦ ɜɚɪɢɚɧɬɨɦ ɞɥɹ ɲɢɧ ɩɢɬɚɧɢɹ ɹɜɥɹɟɬɫɹ ɢɯ 

ɪɚɫɲɢɪɟɧɢɟ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ (ɝɞɟ ɷɬɨ ɜɨɡɦɨɠɧɨ) ɞɪɭɝ ɩɨɞ ɞɪɭɝɨɦ ɧɚ ɫɨɫɟɞɧɢɯ 
ɫɥɨɹɯ ɢɥɢ ɪɹɞɨɦ ɧɚ ɨɞɧɨɦ ɫɥɨɟ, ɩɪɢɱɟɦ ɧɚ ɤɚɤ ɦɨɠɧɨ ɛɨɥɟɟ ɛɥɢɡɤɨɦ ɤ 
ɦɟɬɚɥɥɢɱɟɫɤɨɦɭ ɨɫɧɨɜɚɧɢɸ ɫɥɨɟ (ɦɢɧɢɦɚɥɶɧɚɹ ɩɨɝɨɧɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ). 

9. ɉɟɪɟɤɪɟɫɬɧɵɟ ɧɚɜɨɞɤɢ ɜ ɩɪɨɜɨɞɧɢɤɚɯ. ɋɢɝɧɚɥɵ ɜ ɞɥɢɧɧɵɯ 
ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɹɯ ɪɚɡɥɢɱɧɵɯ ɰɟɩɟɣ, ɛɥɢɡɤɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɞɪɭɝ ɤ ɞɪɭɝɭ, 
ɦɨɝɭɬ ɫɨɡɞɚɜɚɬɶ ɩɟɪɟɤɪɟɫɬɧɵɟ ɧɚɜɨɞɤɢ, ɩɪɢɱɟɦ ɤɚɤ ɜ ɧɚɱɚɥɟ, ɬɚɤ ɢ ɜ ɤɨɧɰɟ 
ɥɢɧɢɣ (ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɫɬɨɱɧɢɤɭ ɫɢɝɧɚɥɚ). ɍɦɟɧɶɲɟɧɢɟ ɞɥɢɧɵ ɥɢɧɢɣ 
ɭɦɟɧɶɲɚɟɬ ɧɚɜɨɞɤɢ. ɇɚɜɨɞɤɚ ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɩɪɨɜɨɞɧɢɤɨɜ, ɩɨ ɤɨɬɨɪɵɦ ɩɪɨɬɟɤɚɸɬ ɨɛɪɚɬɧɵɟ ɬɨɤɢ, ɢ ɬɪɟɛɭɟɬ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɨɧɤɪɟɬɧɵɯ ɤɨɧɮɢɝɭɪɚɰɢɣ. ɉɪɢɛɥɢɠɟɧɢɟ ɤ ɦɟɬɚɥɥɢɱɟɫɤɨɦɭ 
ɨɫɧɨɜɚɧɢɸ ɭɦɟɧɶɲɚɟɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɫɜɹɡɢ. Ʉɚɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ 
ɩɨɡɜɨɥɹɟɬ ɭɬɜɟɪɠɞɚɬɶ ɫɥɟɞɭɸɳɟɟ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɩɪɨɜɨɞɧɢɤɨɜ ɞɪɭɝ ɩɨɞ 
ɞɪɭɝɨɦ ɧɚ ɫɨɫɟɞɧɢɯ ɫɥɨɹɯ (ɥɢɰɟɜɚɹ ɫɜɹɡɶ), ɤɚɤ ɩɪɚɜɢɥɨ, ɞɚɟɬ ɫɚɦɭɸ ɛɨɥɶɲɭɸ 
ɧɚɜɨɞɤɭ. ɉɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɩɪɨɜɨɞɧɢɤɨɜ ɧɚ ɨɞɧɨɦ ɫɥɨɟ (ɛɨɤɨɜɚɹ ɫɜɹɡɶ) 
ɧɚɜɨɞɤɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɦɟɧɶɲɟ, ɱɟɦ ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ, ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɪɨɫɬɨɦ 
ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɩɪɨɜɨɞɧɢɤɚɦɢ. ɉɪɢɱɟɦ ɷɬɨ ɭɦɟɧɶɲɟɧɢɟ ɬɟɦ ɫɢɥɶɧɟɟ, ɱɟɦ 
ɛɥɢɠɟ ɬɪɚɫɫɵ ɤ ɩɥɨɫɤɨɫɬɢ ɡɟɦɥɢ. 

10. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ ɫɨɟɞɢɧɢɬɟɥɟɣ. ɋɨɟɞɢɧɢɬɟɥɢ ɜ ɗɆɋ 
ɜɫɟɝɞɚ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɦɟɫɬɨ ɜɨɡɦɨɠɧɨɣ ɷɦɢɫɫɢɢ ɩɨɦɟɯ ɨɬ ɩɥɚɬɵ ɢɥɢ 
ɧɚɨɛɨɪɨɬ. ɋɜɹɡɚɧɨ ɷɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫ ɧɚɪɭɲɟɧɢɟɦ ɛɥɢɡɤɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ 
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ɩɪɨɜɨɞɧɢɤɨɜ ɩɪɹɦɨɝɨ ɢ ɨɛɪɚɬɧɨɝɨ ɬɨɤɨɜ (ɞɥɹ ɧɟɱɟɬɧɨɣ ɦɨɞɵ), ɚ ɬɚɤɠɟ ɫ 
ɧɟɫɨɛɥɸɞɟɧɢɟɦ ɫɢɦɦɟɬɪɢɢ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɪɩɭɫɧɨɣ 
ɡɟɦɥɟ (ɞɥɹ ɱɟɬɧɨɣ ɦɨɞɵ). 

2.5.2 Ɇɟɬɨɞɢɤɚ ɚɧɚɥɢɡɚ ɰɟɥɨɫɬɧɨɫɬɢ ɫɢɝɧɚɥɚ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ ɜ ɫɢɫɬɟɦɟ 
TALGAT 

1. ȼɵɩɨɥɧɢɬɶ ɢɦɩɨɪɬ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ ɜ TALGAT. 

1.1. ɋɨɯɪɚɧɢɬɶ ɉɉ ɜ ɮɨɪɦɚɬɟ Altium/Protel 99. 

1.2. ɇɚ ɨɫɧɨɜɟ ɤɨɦɚɧɞ ɦɨɞɭɥɹ TLPCB ɜɵɩɨɥɧɢɬɶ ɢɦɩɨɪɬ ɉɉ ɜ 
TALGAT. 

2. ȼɵɩɨɥɧɢɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ 
ɜ ɦɟɠɫɨɟɞɢɧɟɧɢɹɯ ɉɉ ɧɚ ɨɫɧɨɜɟ ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ. 

2.1. ȼɵɱɢɫɥɢɬɶ ɦɚɬɪɢɰɵ ɩɨɝɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬɪɟɡɤɨɜ 
ɦɧɨɝɨɩɪɨɜɨɞɧɵɯ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ. 

2.1.1. ɉɨɫɬɪɨɢɬɶ ɩɨɩɟɪɟɱɧɵɟ ɫɟɱɟɧɢɹ ɮɪɚɝɦɟɧɬɚ ɉɉ, ɢɫɩɨɥɶɡɭɹ 
ɤɨɦɚɧɞɵ ɦɨɞɭɥɹ MOM2D. 

2.1.2. ȼɵɩɨɥɧɢɬɶ ɫɟɝɦɟɧɬɚɰɢɸ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɨ ɤɪɢɬɟɪɢɸ, 
ɱɬɨɛɵ ɧɚ ɬɨɪɰɟ ɩɪɨɜɨɞɧɢɤɨɜ ɛɵɥɨ ɧɟ ɦɟɧɟɟ 3-ɯ ɩɨɞɵɧɬɟɪɜɚɥɨɜ. 

2.1.3. ȼɵɱɢɫɥɢɬɶ ɦɚɬɪɢɰɵ ɩɨɝɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ L, R, ɋ, G. 

2.1.4. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ ɬɨɱɧɵɯ (ɫ ɭɱɟɬɨɦ ɞɢɫɩɟɪɫɢɢ) 
ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɢɬɶ ɦɚɬɪɢɰɵ C ɢ G ɫ ɭɱɟɬɨɦ ɱɚɫɬɨɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɩɚɪɚɦɟɬɪɨɜ ɦɚɬɟɪɢɚɥɨɜ ɞɢɷɥɟɤɬɪɢɤɨɜ. 

2.1.5. Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɮɪɚɝɦɟɧɬɚ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ 
ɦɚɬɪɢɰ L, C, G, R ɜɵɱɢɫɥɢɬɶ: ɦɚɬɪɢɰɭ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɢɦɩɟɞɚɧɫɨɜ; 
ɩɨɝɨɧɧɵɟ ɡɚɞɟɪɠɤɢ ɦɨɞ; ɤɨɷɮɮɢɰɢɟɧɬɵ ёɦɤɨɫɬɧɨɣ ɢ ɢɧɞɭɤɬɢɜɧɨɣ 
ɫɜɹɡɟɣ. 

2.2. ȼɵɱɢɫɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɬɪɟɯɦɟɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ. 
2.2.1. ɉɨɫɬɪɨɢɬɶ ɦɨɞɟɥɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ, ɢɫɩɨɥɶɡɭɹ ɤɨɦɚɧɞɵ 
ɦɨɞɭɥɹ MOM3D. 

2.2.1.1. Ⱥɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ 
ɩɪɹɦɨɭɝɨɥɶɧɢɤɚɦɢ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ ɨɪɬɨɝɨɧɚɥɶɧɨ ɨɫɹɦ 
ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬ. 

2.2.1.2. ȼɵɩɨɥɧɢɬɶ ɫɟɝɦɟɧɬɚɰɢɸ ɦɨɞɟɥɢ. 
2.2.1.3. ȼɵɱɢɫɥɢɬɶ ɟɦɤɨɫɬɶ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɞɥɹ ɤɨɧɬɚɤɬɧɵɯ 

ɩɥɨɳɚɞɨɤ ɢ ɩɨɫɚɞɨɱɧɵɯ ɦɟɫɬ ɤɨɦɩɨɧɟɧɬɨɜ, ɩɟɪɟɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ. 
2.3. ȼɵɱɢɫɥɢɬɶ ɨɬɤɥɢɤ ɫɯɟɦɵ ɦɧɨɝɨɩɪɨɜɨɞɧɨɣ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ ɧɚ 

ɡɚɞɚɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ. 
2.3.1. Ɂɚɞɚɬɶ ɩɚɪɚɦɟɬɪɵ: ɜɪɟɦɟɧɧɨɣ ɲɚɝ 
(TRANSIENT_ANALYSIS_SETUP "step_time"); ɱɢɫɥɨ ɨɬɱɟɬɨɜ ɧɚ 
ɩɟɪɢɨɞ ɩɨɜɬɨɪɟɧɢɹ ɢɦɩɭɥɶɫɨɜ ɞɥɹ ɚɥɝɨɪɢɬɦɨɜ ȻɉɎ 
(TRANSIENT_ANALYSIS_SETUP "count_degree"). 

2.3.2. ɉɨɫɬɪɨɢɬɶ ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɫɯɟɦɭ, ɢɫɩɨɥɶɡɭɹ ɤɨɦɚɧɞɵ ɦɨɞɭɥɹ 
RESPONSE. 

2.3.3. Ɂɚɞɚɬɶ ɩɚɪɚɦɟɬɪɵ ɜɯɨɞɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. 
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2.3.4. ɂɫɩɨɥɶɡɭɹ ɤɨɦɚɧɞɭ T_RESPONSE, ɜɵɱɢɫɥɢɬɶ ɜɪɟɦɟɧɧɵɟ ɢ 
ɱɚɫɬɨɬɧɵɟ ɨɬɤɥɢɤɢ. 

2.4. ȼɵɜɟɫɬɢ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɢɫɩɨɥɶɡɭɹ ɤɨɦɚɧɞɵ ɦɨɞɭɥɹ 
GRAPH. 
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