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ɊȺȻɈɌȺ № 10. ɋɂɇɌȿɁȺɌɈɊ ɑȺɋɌɈɌ  
ɋ ɑȺɋɌɈɌɇɈ-ɎȺɁɈȼЫɆ ȾȿɌȿɄɌɈɊɈɆ 

 

Ⱥɜɬɨɪɵ: Ȼɟɥɨɜ Ʌ.Ⱥ., ɉɪɨɤɨɮɶɟɜ ȼ.Ⱥ.  

1. ɐɟɥɢ ɪɚɛɨɬɵ 

1. ɂɡɭɱɢɬɶ ɭɫɬɪɨɣɫɬɜɨ ɫɢɧɬɟɡɚɬɨɪɚ ɱɚɫɬɨɬ, ɩɨɫɬɪɨɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ 

ɮɚɡɨɜɨɣ ɚɜɬɨɩɨɞɫɬɪɨɣɤɢ ɱɚɫɬɨɬɵ ɫ ɱɚɫɬɨɬɧɨ-ɮɚɡɨɜɵɦ ɞɢɫɤɪɢɦɢɧɚɬɨɪɨɦ ɜ ɰɟɩɢ 

ɭɩɪɚɜɥɟɧɢɹ. 

2. Ɉɰɟɧɢɬɶ ɩɚɪɚɦɟɬɪɵ ɤɚɱɟɫɬɜɚ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɫɢɧɬɟɡɚɬɨɪɚ. 

3. ȼɵɹɜɢɬɶ ɜɥɢɹɧɢɟ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɢɧɬɟɡɚɬɨɪɚ ɧɚ ɭɪɨɜɟɧɶ ɪɟɝɭɥɹɪɧɨɣ 

ɩɚɪɚɡɢɬɧɨɣ ɮɚɡɨɜɨɣ ɦɨɞɭɥɹɰɢɢ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ.  

 

2. ɉɨяɫɧɟɧɢя ɤ ɪɚɛɨɬɟ 

ɋɢɧɬɟɡɚɬɨɪ ɱɚɫɬɨɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɫɬɪɨɣɫɬɜɨ, ɮɨɪɦɢɪɭɸɳɟɟ ɢɡ ɨɩɨɪɧɨɝɨ 

ɤɨɥɟɛɚɧɢɹ ɷɬɚɥɨɧɧɨɣ ɱɚɫɬɨɬɵ fɷ ɤɨɥɟɛɚɧɢɹ ɞɢɫɤɪɟɬɧɨɣ ɫɟɬɤɢ ɱɚɫɬɨɬ fN = Nfɷ, ɝɞɟ N – 

ɰɟɥɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɟɥɟɧɢɹ ɜ ɞɟɥɢɬɟɥɟ ɱɚɫɬɨɬɵ, ɜɤɥɸɱёɧɧɨɦ ɜ ɰɟɩɢ 

ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɫɢɫɬɟɦɵ ɮɚɡɨɜɨɣ ɚɜɬɨɩɨɞɫɬɪɨɣɤɢ ɱɚɫɬɨɬɵ (ɎȺɉɑ). 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ ɫɢɧɬɟɡɚɬɨɪɚ ɫɟɬɤɢ ɱɚɫɬɨɬ ɧɚ ɨɫɧɨɜɟ 

ɫɢɫɬɟɦɵ ɎȺɉɑ ɫ ɰɟɥɨɱɢɫɥɟɧɧɵɦ ɞɟɥɢɬɟɥɟɦ ɱɚɫɬɨɬɵ ɢ ɱɚɫɬɨɬɧɨ-ɮɚɡɨɜɵɦ ɞɟɬɟɤɬɨɪɨɦ ɜ 

ɰɟɩɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ.1.  
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Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɫɬɟɧɞɚ  

Осɧɨвɧыɦɢ уɡɥаɦɢ ɫɢɧɬɟɡɚɬɨɪɚ ɱɚɫɬɨɬ (ɫɦ. ɪɢɫ. 1) ɹɜɥɹɸɬɫɹ ɷɬɚɥɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ 

ЭȽ ɫ ɤɜɚɪɰɟɜɨɣ ɫɬɚɛɢɥɢɡɚɰɢɟɣ ɱɚɫɬɨɬɵ fɷ = 1 ɤȽɰ ɢ ɫɨɟɞɢɧёɧɧɵɟ ɜ ɤɨɥɶɰɨ: 

ɭɩɪɚɜɥɹɟɦɵɣ ɧɚɩɪɹɠɟɧɢɟɦ ɝɟɧɟɪɚɬɨɪ Ƚɍɇ; ɞɟɥɢɬɟɥɶ ɱɚɫɬɨɬɵ ȾɉɄȾ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɞɟɥɟɧɢɹ N; ɱɚɫɬɨɬɧɨ-ɮɚɡɨɜɵɣ ɞɟɬɟɤɬɨɪ ɑɎȾ; ɰɟɩɶ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɫ 

ɧɚɤɨɩɢɬɟɥɶɧɵɦ ɤɨɧɞɟɧɫɚɬɨɪɨɦ ɋ ɢ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɦ (ɢɡɨɞɪɨɦɧɵɦ) ɡɜɟɧɨɦ ɋ1R1; 

ɫɭɦɦɚɬɨɪ ɋɭɦ. ȼɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɫɢɧɬɟɡɚɬɨɪɚ u(t) ɜ ɫɢɧɯɪɨɧɧɨɦ ɪɟɠɢɦɟ ɢɦɟɟɬ 

ɫɪɟɞɧɸɸ ɱɚɫɬɨɬɭ 

 f = fɷ/N.                                                                           (1) 

ɉɪɢ ɷɬɨɦ ɩɨɥɨɠɟɧɢɟ ɜɨ ɜɪɟɦɟɧɢ ɩɟɪɟɞɧɟɝɨ ɮɪɨɧɬɚ ɤɨɥɟɛɚɧɢɹ uɞ(t) ɧɚ ɜɵɯɨɞɟ 

ȾɉɄȾ ɛɥɢɡɤɨ ɤ ɩɨɥɨɠɟɧɢɸ ɩɟɪɟɞɧɟɝɨ ɮɪɨɧɬɚ ɷɬɚɥɨɧɧɨɝɨ ɫɢɝɧɚɥɚ uɷ(t). Эɬɨ ɨɡɧɚɱɚɟɬ, 

ɱɬɨ ɩɪɨɢɡɨɲɥɚ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɱɚɫɬɨɬɵ ɢ ɮɚɡɵ ɜɵɯɨɞɧɨɝɨ ɤɨɥɟɛɚɧɢɹ 

Ƚɍɇ ɫ ɫɢɝɧɚɥɨɦ ЭȽ. ɉɪɢ ɩɟɪɟɤɥɸɱɟɧɢɢ ɡɧɚɱɟɧɢɹ N ɢɥɢ ɩɪɢ ɜɚɪɢɚɰɢɢ ɧɚɱɚɥɶɧɨɣ 

ɪɚɫɫɬɪɨɣɤɢ ɱɚɫɬɨɬɵ Ƚɍɇ f0 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɪɚɧɟɟ ɡɧɚɱɟɧɢɹɦ, ɜ ɫɢɫɬɟɦɟ  

ɚɜɬɨɩɨɞɫɬɪɨɣɤɢ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ, ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɣ ɮɚɡɨɜɭɸ 

ɫɢɧɯɪɨɧɢɡɚɰɢɸ ɩɨ (1).  

ȼ ɫɢɫɬɟɦɟ ɎȺɉɑ ɭɩɪɚɜɥɹɟɦɵɣ ɝɟɧɟɪɚɬɨɪ Ƚɍɇ ɹɜɥɹɟɬɫɹ ɢɧɬɟɝɪɚɬɨɪɨɦ ɞɥɹ ɮɚɡɵ 

ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɚɪɢɚɰɢɹɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɑɎȾ. 

ɇɚɤɨɩɢɬɟɥɶɧɵɣ ɤɨɧɞɟɧɫɚɬɨɪ ɋ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɪɚɡɧɨɫɬɢ ɮɚɡ ɦɟɠɞɭ 

ɜɯɨɞɚɦɢ ɑɎȾ ɜ ɧɚɩɪɹɠɟɧɢɟ еɞ(t), ɢɝɪɚɟɬ ɪɨɥɶ ɜɬɨɪɨɝɨ ɢɧɬɟɝɪɚɬɨɪɚ ɜ ɤɨɥɶɰɟ 

ɚɜɬɨɪɟɝɭɥɢɪɨɜɚɧɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɫɢɫɬɟɦɚ ɎȺɉɑ ɫ ɑɎȾ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɨɦ 

ɚɫɬɚɬɢɡɦɚ ɩɨ ɮɚɡɟ, ɬɨ ɟɫɬɶ ɫɩɨɫɨɛɧɚ ɫɜɟɫɬɢ ɪɚɡɧɨɫɬɶ ɮɚɡ ɧɚ ɜɯɨɞɚɯ ɑɎȾ ɜ ɩɪɨɰɟɫɫɟ 

ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɢɧɯɪɨɧɢɡɦɚ ɤ ɧɢɱɬɨɠɧɨ ɦɚɥɨɦɭ ɡɧɚɱɟɧɢɸ. ɇɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɢɫɬɟɦɚ 

ɧɚɯɨɞɢɬɫɹ ɧɚ ɝɪɚɧɢɰɟ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɮɚɡɵ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɤ 

ɦɚɥɵɦ ɜɚɪɢɚɰɢɹɦ ɩɚɪɚɦɟɬɪɨɜ ɢ ɤ ɲɭɦɚɦ ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɟɬ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɩɨɥɭɱɟɧɢɹ ɡɚɞɚɧɧɨɝɨ ɭɪɨɜɧɹ ɟё ɡɚɩɚɫɚ ɜ ɫɯɟɦɭ ɜɜɨɞɹɬ 

ɫɬɚɛɢɥɢɡɢɪɭɸɳɭɸ ɰɟɩɨɱɤɭ («ɢɡɨɞɪɨɦɧɨɟ ɡɜɟɧɨ») ɋ1R1. 

ɑɚɫɬɨɬɧɨ-ɮɚɡɨɜɵɣ ɞɟɬɟɤɬɨɪ ɑɎȾ ɜɵɩɨɥɧɹɟɬɫɹ (ɪɢɫ. 2) ɧɚ ɨɫɧɨɜɟ D-ɬɪɢɝɝɟɪɨɜ U1 ɢ 

U2, ɭɩɪɚɜɥɹɟɦɵɯ ɬɪɚɧɡɢɫɬɨɪɧɵɯ ɤɥɸɱɟɣ VT1 ɢ VT2, ɚ ɬɚɤɠɟ ɫɯɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɜ ɜɢɞɟ 

ɷɥɟɦɟɧɬɚ U3 «ɂɫɤɥɸɱɚɸɳɟɟ ɂɅɂ» ɢ ɷɥɟɦɟɧɬɚ ɡɚɞɟɪɠɤɢ . ɇɚ ɜɯɨɞɟ ɭɩɪɚɜɥɟɧɢɹ 

ɤɥɸɱɨɦ VT1 ɜɤɥɸɱёɧ ɭɡɟɥ U4 ɢɧɜɟɪɬɨɪɚ ɥɨɝɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ 

ɬɪɢɝɝɟɪɚ U1. ɋɯɟɦɚ ɬɚɤɨɝɨ ɢɦɩɭɥɶɫɧɨɝɨ ɑɎȾ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɨɞɧɨɦ ɢɡ ɬɪёɯ 

ɫɨɫɬɨɹɧɢɣ. ȼ ɩɟɪɜɨɦ ɢɡ ɧɢɯ ɤɥɸɱ VT1 ɨɬɤɪɵɬ, ɤɥɸɱ VT2 ɡɚɤɪɵɬ, ɬɚɤ ɱɬɨ ɱɟɪɟɡ 

ɤɨɧɞɟɧɫɚɬɨɪ ɋ ɩɪɨɬɟɤɚɟɬ ɬɨɤ ɡɚɪɹɞɚ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɩɨɥɹɪɧɨɫɬɢ i(t) = Eɩ/R2. ȼ ɜɬɨɪɨɦ 

ɫɨɫɬɨɹɧɢɢ VT1 ɡɚɤɪɵɬ, ɚ VT2 ɨɬɤɪɵɬ, ɬɚɤ ɱɬɨ ɱɟɪɟɡ ɤɨɧɞɟɧɫɚɬɨɪ ɋ ɩɪɨɬɟɤɚɟɬ ɬɨɤ ɪɚɡɪɹɞɚ 
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ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɩɨɥɹɪɧɨɫɬɢ ɱɟɪɟɡ ɤɥɸɱ VT2 ɢ ɪɟɡɢɫɬɨɪ R3. ȼ ɬɪɟɬɶɟɦ ɫɨɫɬɨɹɧɢɢ ɨɛɚ 

ɤɥɸɱɚ ɡɚɤɪɵɬɵ, ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɟ ɦɨɠɟɬ ɦɟɞɥɟɧɧɨ ɭɦɟɧɶɲɚɬɶɫɹ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɪɹɞɚ ɱɟɪɟɡ ɰɟɩɢ ɭɬɟɱɤɢ ɢ ɜɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɯɨɞɚ 1 ɫɭɦɦɚɬɨɪɚ ɋɭɦ.  

 

Ɋɢɫ. 2. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɱɚɫɬɨɬɧɨ-ɮɚɡɨɜɨɝɨ ɞɟɬɟɤɬɨɪɚ   

ɫɨ ɫɯɟɦɨɣ ɩɨɞɤɚɱɤɢ ɡɚɪɹɞɚ  

Эɥɟɦɟɧɬ ɡɚɞɟɪɠɤɢ ɧɚ ɜɪɟɦɹ  ɩɨɪɹɞɤɚ ɞɥɢɬɟɥɶɧɨɫɬɢ ɮɪɨɧɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɭɤɚɡɚɧɧɭɸ ɥɨɝɢɤɭ ɩɟɪɟɤɥɸɱɟɧɢɹ (ɨɬɫɭɬɫɬɜɢɟ ɫɨɫɬɨɹɧɢɹ ɫ ɞɜɭɦɹ ɨɬɤɪɵɬɵɦɢ ɤɥɸɱɚɦɢ), 

ɟɫɥɢ ɩɨɥɨɠɟɧɢɹ ɮɪɨɧɬɨɜ ɫɢɝɧɚɥɨɜ uɷ(t) ɢ uɞ(t) ɧɚ ɜɯɨɞɚɯ ɑɎȾ ɩɨɱɬɢ ɫɨɜɩɚɞɚɸɬ. 

ɉɟɪɟɯɨɞ Мɯɟɦɵ ɩɨɞɤɚɱɤɢ ɡɚɪɹɞɚ CɉɁ (ɜ ɚɧɝɥɨɹɡɵɱɧɨɣ ɬɟɪɦɢɧɨɥɨɝɢɢ Charge of  

Ɋump) ɢɡ ɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɧɚ ɤɚɤɨɣ ɢɡ 

ɞɜɭɯ ɜɯɨɞɨɜ ɑɎȾ ɩɟɪɜɵɦ ɩɪɢɯɨɞɢɬ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɮɪɨɧɬ, ɩɟɪɟɜɨɞɹɳɢɣ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɬɪɢɝɝɟɪ ɜ ɫɨɫɬɨɹɧɢɟ «Ʌɨɝ.1». ȿɫɥɢ ɜ ɫɢɫɬɟɦɟ ɎȺɉɑ ɭɫɬɚɧɨɜɢɥɨɫɶ 

ɫɨɫɬɨɹɧɢɟ ɫɢɧɯɪɨɧɢɡɦɚ, ɬɨ ɱɟɪɟɡ ɤɨɧɞɟɧɫɚɬɨɪ ɋ ɩɪɨɬɟɤɚɸɬ  ɤɨɪɨɬɤɢɟ ɢɦɩɭɥɶɫɵ ɬɨɤɚ 

ɡɚɪɹɞɚ i(t) (ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɩɨɥɹɪɧɨɫɬɢ ɧɚ ɪɢɫ. 3,ɚ) ɢɥɢ ɬɨɤɚ ɪɚɡɪɹɞɚ (ɨɬɪɢɰɚɬɟɥɶɧɨɣ 

ɩɨɥɹɪɧɨɫɬɢ ɧɚ ɪɢɫ. 3,ɛ) ɫ ɱɚɫɬɨɬɨɣ fɷ = 1 ɤȽɰ. 
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Ɋɢɫ. 3.  Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɢɦɩɭɥɶɫɨɜ  i(t) ɬɨɤɚ ɡɚɪɹɞɚ (ɚ) ɢ ɪɚɡɪɹɞɚ (ɛ)  ɧɚɤɨɩɢɬɟɥɶɧɨɝɨ 
ɤɨɧɞɟɧɫɚɬɨɪɚ ɜ ɪɟɠɢɦɟ ɫɢɧɯɪɨɧɢɡɦɚ  

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɷɬɢɯ ɢɦɩɭɥɶɫɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɧɨɫɬɶɸ ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ ɦɟɠɞɭ 

ɮɪɨɧɬɚɦɢ ɢɦɩɭɥɶɫɨɜ ɨɬ ЭȽ ɢ ɨɬ ȾɉɄȾ ɧɚ ɜɯɨɞɚɯ ɑɎȾ. ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ 

ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɟ eɞ(t) ɜ ɬɨɱɧɨɫɬɢ ɤɨɦɩɟɧɫɢɪɭɟɬ ɧɚɱɚɥɶɧɭɸ ɪɚɫɫɬɪɨɣɤɭ ɱɚɫɬɨɬɵ 

ɫɢɝɧɚɥɨɜ ɧɚ ɜɵɯɨɞɟ ȾɉɄȾ f0/N ɨɬɧɨɫɢɬɟɥɶɧɨ ɱɚɫɬɨɬɵ ɷɬɚɥɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ fɷ. 

ɉɪɨɰɟɫɫ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɡɚɪɹɞɚ ɢɥɢ ɪɚɡɪɹɞɚ ɱɟɪɟɞɭɟɬɫɹ ɫ ɢɧɬɟɪɜɚɥɨɦ ɜɪɟɦɟɧɢ, ɤɨɝɞɚ 

ɨɛɚ ɤɥɸɱɚ ɡɚɤɪɵɬɵ ɢ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɹɞ ɷɬɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ, ɱɬɨ ɜɵɝɥɹɞɢɬ ɧɚ 

ɨɫɰɢɥɥɨɝɪɚɦɦɚɯ ɪɢɫ. 4,ɚ ɢ 4,ɛ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɜɢɞɟ ɩɢɥɨɨɛɪɚɡɧɨɝɨ ɢɡɦɟɧɟɧɢɹ 

ɧɚɩɪɹɠɟɧɢɹ eɞ(t) ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɢɥɢ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɭɝɥɨɜɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɢ 

ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɪɚɡɦɚɯɨɦ.  

       

Ɋɢɫ. 4. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ eɞ(t) ɩɪɢ ɡɚɪɹɞɟ (ɚ) ɢ ɪɚɡɪɹɞɟ (ɛ) 
ɧɚɤɨɩɢɬɟɥɶɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ ɜ ɪɟɠɢɦɟ ɫɢɧɯɪɨɧɢɡɦɚ 

 

ȿɫɥɢ ɱɚɫɬɨɬɚ ɫɢɝɧɚɥɨɜ ɧɚ ɜɵɯɨɞɟ ȾɉɄȾ f/N ɛɨɥɶɲɟ, ɱɟɦ fɷ, ɬɨ ɩɟɪɢɨɞɢɱɟɫɤɚɹ 

ɩɨɞɤɚɱɤɚ ɡɚɪɹɞɚ ɩɪɢɜɨɞɢɬ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɬɚɤɬɨɜɵɯ ɢɧɬɟɪɜɚɥɨɜ Ɍɷ = 1/fɷ ɤ 

ɩɟɪɟɯɨɞɧɨɦɭ ɩɪɨɰɟɫɫɭ, ɭɦɟɧɶɲɚɸɳɟɦɭ ɫɪɟɞɧɟɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɟ, ɬɚɤ ɱɬɨ 

ɫɪɟɞɧɹɹ ɱɚɫɬɨɬɚ Ƚɍɇ ɫɧɢɠɚɟɬɫɹ. ȿɫɥɢ ɱɚɫɬɨɬɚ ɫɢɝɧɚɥɨɜ ɧɚ ɜɵɯɨɞɟ ȾɉɄȾ f/N ɦɟɧɶɲɟ, 

ɱɟɦ fɷ, ɬɨ ɭɤɚɡɚɧɧɵɟ ɩɪɨɰɟɫɫɵ ɭɜɟɥɢɱɢɜɚɸɬ ɫɪɟɞɧɟɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɟ, ɬɚɤ 

ɱɬɨ ɫɪɟɞɧɹɹ ɱɚɫɬɨɬɚ Ƚɍɇ ɜɨɡɪɚɫɬɚɟɬ. Эɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞɧɵɣ 

ɩɪɨɰɟɫɫ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɢɧɯɪɨɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬɵ. ɉɨɫɥɟ ɟɝɨ ɨɤɨɧɱɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ 

ɩɪɨɰɟɫɫ ɭɦɟɧɶɲɟɧɢɹ ɪɚɡɧɨɫɬɢ ɮɚɡ ɧɚ ɜɯɨɞɚɯ ɑɎȾ ɞɨ ɛɥɢɡɤɨɝɨ ɤ ɧɭɥɟɜɨɦɭ ɡɧɚɱɟɧɢɹ.   

 ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɭɫɬɚɧɨɜɥɟɧɢɹ ɱɚɫɬɨɬɵ ɢ ɪɚɡɧɨɫɬɢ ɮɚɡ ɧɚ ɜɯɨɞɚɯ ɑɎȾ ɧɨɫɹɬ 

ɤɨɥɟɛɚɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ. ɉɪɢ ёɦɤɨɫɬɢ ɧɚɤɨɩɢɬɟɥɶɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ ɋ = 1,2 ɦɤɎ 

ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɦɚɤɟɬɟ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 60 ɦɫ, ɚ ɪɚɡɦɚɯ 

ɩɢɥɨɨɛɪɚɡɧɵɯ ɜɚɪɢɚɰɢɣ ɧɚɩɪɹɠɟɧɢɹ eɞ(t), ɩɨɤɚɡɚɧɧɵɯ ɧɚ ɪɢɫ. 4 ɫɨɫɬɚɜɥɹɟɬ 6 ɦȼ. 

ɍɦɟɧɶɲɟɧɢɟ ɷɬɨɣ ёɦɤɨɫɬɢ ɞɨ 0,2 ɦɤɎ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ 

ɭɫɬɚɧɨɜɥɟɧɢɹ ɞɨ 6 ɦɫ, ɧɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɦɚɯɚ ɜɚɪɢɚɰɢɣ ɞɨ 20 ɦȼ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɜɵɛɨɪɟ ɡɧɚɱɟɧɢɹ ɋ ɩɪɢɯɨɞɢɬɫɹ ɪɟɲɚɬɶ ɤɨɦɩɪɨɦɢɫɫɧɭɸ ɡɚɞɚɱɭ 

ɦɟɠɞɭ ɭɪɨɜɧɟɦ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɜɚɪɢɚɰɢɣ ɱɚɫɬɨɬɵ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɢ 

ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ.  
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ȼ ɫɢɫɬɟɦɟ ɎȺɉɑ ɫ ɑɎȾ ɦɨɠɟɬ ɭɫɬɚɧɨɜɢɬɶɫɹ ɧɟɠɟɥɚɬɟɥɶɧɵɣ ɞɥɹ ɫɢɧɬɟɡɚɬɨɪɚ 

ɚɫɢɧɯɪɨɧɧɵɣ ɪɟɠɢɦ ɛɢɟɧɢɣ. ɉɪɢɱɢɧɨɣ ɷɬɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɜɵɯɨɞ ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 

Ƚɍɇ ɢ ɑɎȾ ɡɚ ɩɪɟɞɟɥɵ ɢɧɬɟɪɜɚɥɨɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɧɟɭɫɬɨɣɱɢɜɵɣ ɯɚɪɚɤɬɟɪ 

ɩɪɨɰɟɫɫɨɜ ɭɫɬɚɧɨɜɥɟɧɢɹ ɮɚɡɨɜɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ.  

ɇɚ ɪɢɫ. 5 ɩɨɤɚɡɚɧɚ ɫɩɥɨɲɧɨɣ ɥɢɧɢɟɣ ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɚɹ ɫɬɚɬɢɱɟɫɤɚɹ 

ɦɨɞɭɥɹɰɢɨɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ Ƚɍɇ f(eɭ) ɩɪɢ ɪɚɡɨɦɤɧɭɬɨɣ ɰɟɩɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. 

 

Ɋɢɫ. 5. Ɉɛɥɚɫɬɶ ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬɵ ɢ ɧɚɱɚɥɶ ɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɪɚɛɨɱɟɣ ɬɨɱɤɟ Ƚɍɇ, ɜ 
ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɨ ɞɨɫɬɢɠɟɧɢɟ ɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ  

Ɇɨɞɭɥɹɰɢɨɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɜɨɛɨɞɧɨɝɨ Ƚɍɇ ɧɚ ɪɚɛɨɱɟɦ ɭɱɚɫɬɤɟ ɢɦɟɟɬ 

ɤɪɭɬɢɡɧɭ ɭɩɪɚɜɥɟɧɢɹ S ɫ ɪɚɡɦɟɪɧɨɫɬɶɸ ДȽɰ/ȼ], ɚ ɡɚ ɟɝɨ ɩɪɟɞɟɥɚɦɢ ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ 

ɱɚɫɬɨɬɵ ɨɝɪɚɧɢɱɟɧ ɦɢɧɢɦɚɥɶɧɵɦ fɦɢɧ ɢ ɦɚɤɫɢɦɚɥɶɧɵɦ fɦɚɤɫ ɡɧɚɱɟɧɢɹɦɢ. ɉɪɢ ɜɧɟɲɧɟɦ 

ɧɚɩɪɹɠɟɧɢɢ Е0, ɤɨɬɨɪɨɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨ ɫɯɟɦɟ ɪɢɫ. 1 ɧɚ ɜɯɨɞɟ 3 ɫɭɦɦɚɬɨɪɚ ɋɭɦ 

ɩɨɬɟɧɰɢɨɦɟɬɪɨɦ R0, ɜ ɫɜɨɛɨɞɧɨɦ Ƚɍɇ ɝɟɧɟɪɢɪɭɟɬɫɹ ɤɨɥɟɛɚɧɢɟ ɫ ɧɚɱɚɥɶɧɨɣ ɱɚɫɬɨɬɨɣ f0 

(ɬɨɱɤɚ Ⱥ ɧɚ ɪɢɫ. 5). 

ɉɨɫɥɟ ɡɚɦɵɤɚɧɢɹ ɜɤɥɸɱɚɬɟɥɹ S2 ɧɚ ɫɯɟɦɟ ɪɢɫ. 1 ɢ ɭɫɬɚɧɨɜɥɟɧɢɹ ɪɟɠɢɦɚ 

ɫɢɧɯɪɨɧɢɡɦɚ, ɧɚ ɜɯɨɞɟ 1 ɫɭɦɦɚɬɨɪɚ ɞɟɣɫɬɜɭɟɬ ɧɚɩɪɹɠɟɧɢɟ Еɞ ɨɬ ɑɎȾ ɬɚɤɨɣ ɜɟɥɢɱɢɧɵ, 

ɱɬɨ ɩɨɞ ɜɥɢɹɧɢɟɦ ɫɭɦɦɵ 

 Еɭ = Е0 + Еɞ                                                                  (2) 

ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɜ Ƚɍɇ ɢɦɟɟɬ ɩɨ (1) ɡɧɚɱɟɧɢɟ f = Nfɷ ɜ ɩɪɟɞɟɥɚɯ ɡɨɧɵ ɫɢɧɯɪɨɧɧɵɯ 

ɪɟɠɢɦɨɜ, ɜɵɞɟɥɟɧɧɵɯ ɧɚ ɪɢɫ. 5. ȼɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɑɎȾ Еɞ ɨɝɪɚɧɢɱɟɧɨ ɫɧɢɡɭ (ɫɦ. 

ɫɯɟɦɭ ɪɢɫ. 2) ɡɧɚɱɟɧɢɟɦ Еɦɢɧ (ɫɭɦɦɨɣ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɪɟɡɢɫɬɨɪɟ R3 ɢ ɬɪɚɧɡɢɫɬɨɪɟ 

ɨɬɤɪɵɬɨɝɨ ɤɥɸɱɚ VT2), ɚ ɬɚɤɠɟ ɫɜɟɪɯɭ ɡɧɚɱɟɧɢɟɦ Еɦɚɤɫ (ɪɚɡɧɨɫɬɶɸ ɧɚɩɪɹɠɟɧɢɹ Еɩ 

ɩɢɬɚɧɢɹ ɋɉɁ ɢ ɩɚɞɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɪɟɡɢɫɬɨɪɟ R2 ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɨɬɤɪɵɬɨɝɨ ɤɥɸɱɚ 
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VT1). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɨɧɚ ɫɢɧɯɪɨɧɧɵɯ ɪɟɠɢɦɨɜ ɧɚ ɪɢɫ. 5  ɨɝɪɚɧɢɱɟɧɚ ɡɧɚɱɟɧɢɹɦɢ Еɦɢɧ, 

Еɦɚɤɫ, fɦɢɧ, fɦɚɤɫ. ȼɧɟ ɷɬɨɣ ɡɨɧɵ ɜ ɫɢɧɬɟɡɚɬɨɪɟ ɱɚɫɬɨɬ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɪɟɠɢɦ ɛɢɟɧɢɣ ɢɥɢ 

ɩɪɨɢɫɯɨɞɢɬ ɫɪɵɜ ɤɨɥɟɛɚɧɢɣ ɜ Ƚɍɇ. 

ȼ ɡɨɧɟ ɩɨɬɟɧɰɢɚɥɶɧɨ ɫɢɧɯɪɨɧɧɵɯ ɪɟɠɢɦɨɜ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɫɚɦɨɜɨɡɛɭɠɞɟɧɢɟ, 

ɟɫɥɢ ɧɟ ɜɵɩɨɥɧɟɧɵ ɭɫɥɨɜɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɫɢɫɬɟɦɟ ɎȺɉɑ.  

Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ u(t) ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɫɢɧɬɟɡɚɬɨɪɚ ɱɚɫɬɨɬ ɜ 

ɪɟɠɢɦɟ ɫɢɧɯɪɨɧɢɡɦɚ ɞɥɹ ɜɵɯɨɞɧɨɣ ɱɚɫɬɨɬɵ 1506 ɤȽɰ ɩɪɢ fɷ = 1 ɤȽɰ ɢ N = 1506 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 6,К, ɟɝɨ ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ ɦɨɳɧɨɫɬɢ – ɧɚ ɪɢɫ. 6,ɛ.  

 

 

Ɋɢɫ. 6. Ɉɫɰɢɥɥɨɝɪɚɦɦɚ (ɚ) ɢ ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ (ɛ) ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ  

ɜ ɫɢɧɯɪɨɧɧɨɦ ɪɟɠɢɦɟ ɩɪɢ fɷ  = 1 ɤȽɰ ɢ N = 1506 

Ɍɪɚɩɟɰɟɢɞɚɥɶɧɚɹ ɮɨɪɦɚ ɤɨɥɟɛɚɧɢɹ u(t) ɧɚ ɪɢɫ. 6,ɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨ ɫɩɟɤɬɪɨɝɪɚɦɦɟ 

ɪɢɫ. 6,ɛ ɧɚɥɢɱɢɸ, ɤɪɨɦɟ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫ ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɨɣ ɨɤɨɥɨ 1,5 ɆȽɰ ɜɵɫɲɢɯ 

ɝɚɪɦɨɧɢɤ ɧɚ ɱɚɫɬɨɬɚɯ 3,0 ɆȽɰ, 4,5 ɆȽɰ, 6,0 ɆȽɰ, 7,5 ɆȽɰ. ɍɪɨɜɟɧɶ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ ɫ 

ɱёɬɧɵɦɢ ɧɨɦɟɪɚɦɢ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɫ ɫɨɫɟɞɧɢɦɢ ɧɟɱёɬɧɵɦɢ. Эɬɨ ɨɛɴɹɫɧɹɟɬɫɹ 

ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɰɟɧɬɪɚɥɶɧɨɣ ɫɢɦɦɟɬɪɢɢ ɨɫɰɢɥɥɨɝɪɚɦɦɵ u(t). Ⱦɥɹ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɝɨ 

ɪɚɫɫɦɨɬɪɟɧɢɹ ɮɨɪɦɵ ɫɩɟɤɬɪɚ ɤɨɥɟɛɚɧɢɹ ɜɛɥɢɡɢ ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɵ ɧɚ ɪɢɫ. 7 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɩɟɤɬɪɨɝɪɚɦɦɵ ɤɨɥɟɛɚɧɢɹ ɜɢɞɚ ɪɢɫ. 6,ɚ ɩɪɢ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɹɯ 

ɧɚɤɨɩɢɬɟɥɶɧɨɣ ёɦɤɨɫɬɢ ɋ.  ɉɪɢ ɦɚɥɨɦ ɡɧɚɱɟɧɢɢ ɧɚɤɨɩɢɬɟɥɶɧɨɣ ёɦɤɨɫɬɢ (ɪɢɫ. 7,ɚ) 

ɡɚɦɟɬɧɵ ɫɩɟɤɬɪɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫ ɨɬɫɬɪɨɣɤɨɣ ɨɬ ɧɟɫɭɳɟɣ, ɤɪɚɬɧɨɣ ɱɚɫɬɨɬɟ 
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ɫɪɚɜɧɟɧɢɹ ɜ ɑɎȾ fɷ = 1 ɤȽɰ. ȿɫɥɢ ɷɬɚ ёɦɤɨɫɬɶ ɭɜɟɥɢɱɟɧɚ ɞɨ 1,2 ɦɤɎ, ɬɨ ɜ ɫɩɟɤɬɪɟ 

ɫɢɝɧɚɥɚ ɧɚ ɪɢɫ. 7,ɛ ɬɚɤɢɟ ɤɨɦɩɨɧɟɧɬɵ ɢɦɟɸɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ. 

 

 

       

Ɋɢɫ. 7. Ⱥɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɜ ɫɢɧɯɪɨɧɧɨɦ ɪɟɠɢɦɟ ɩɪɢ fɷ  = 1 ɤȽɰ ɢ    
N = 1500 ɩɪɢ ɡɧɚɱɟɧɢɹɯ ёɦɤɨɫɬɢ ɧɚɤɨɩɢɬɟɥɶɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ 0,2 ɦɤɎ (ɚ) ɢ 1,2 ɦɤɎ (ɛ)  

ɇɚ ɪɢɫ. 8 ɩɨɤɚɡɚɧ ɜɢɞ ɨɞɧɨɫɬɨɪɨɧɧɟɣ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɦɨɳɧɨɫɬɢ ɮɚɡɨɜɨɝɨ 

ɲɭɦɚ (ɋɉɆ Ɏɒ) ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɨɬɫɬɪɨɣɤɢ ɨɬ ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɵ.  

 

Ɋɢɫ. 8. ɋɩɟɤɬɪɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɢ ɦɨɳɧɨɫɬɢ ɮɚɡɨɜɨɝɨ ɲɭɦɚ ɜ ɡɚɜɢɫɢɦɨ ɫɬɢ ɨɬ ɨɬɫɬɪɨɣɤɢ ɨɬ 
ɧɟɫɭɳɟɣ ɜ ɪɟɠɢɦɟ ɫɢɧɯɪɨɧɢɡɦɚ  

Ɋɚɫɫɦɨɬɪɟɧɢɟ ɪɢɫ. 8 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɩɪɟɞɟɥɚɯ ɩɨɥɨɫɵ ɩɪɨɩɭɫɤɚɧɢɹ ɫɢɫɬɟɦɵ 

ɎȺɉɑ (ɩɪɢ ɨɬɫɬɪɨɣɤɟ ɨɬ ɧɟɫɭɳɟɣ ɦɟɧɟɟ 100 Ƚɰ) ɫɨɛɫɬɜɟɧɧɵɟ ɮɚɡɨɜɵɟ ɲɭɦɵ Ƚɍɇ 

ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɞɚɜɥɹɸɬɫɹ. ɇɚ ɝɪɚɧɢɰɟ ɭɤɚɡɚɧɧɨɣ ɩɨɥɨɫɵ (ɩɪɢ ɨɬɫɬɪɨɣɤɟ ɨɤɨɥɨ 104 Ƚɰ) 

ɢɦɟɟɬɫɹ ɡɚɦɟɬɧɵɣ ɩɨɞɴёɦ ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ 

ɩɪɢɛɥɢɠɟɧɢɟ ɤ ɝɪɚɧɢɰɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ ɎȺɉɑ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɢɢ 

ɨɬɫɬɪɨɣɤɢ ɫɩɟɤɬɪɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɦɨɳɧɨɫɬɢ ɮɚɡɨɜɨɝɨ ɲɭɦɚ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ 

ɨɬ ɋɉɆ Ɏɒ ɫɜɨɛɨɞɧɨɝɨ Ƚɍɇ. 

3. Ʌɚɛɨɪɚɬɨɪɧɵɣ ɫɬɟɧɞ 
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ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɫɬɟɧɞɚ ɩɨɤɚɡɚɧɚ ɜɵɲɟ ɧɚ ɪɢɫ. 1. 

ɉɨɞɫɬɪɚɢɜɚɟɦɵɣ ɝɟɧɟɪɚɬɨɪ Ƚɍɇ ɜɵɩɨɥɧɟɧ ɩɨ ɫɯɟɦɟ ɢɧɞɭɤɬɢɜɧɨɣ ɬɪёɯɬɨɱɤɢ ɧɚ 

ɩɨɥɟɜɨɦ ɬɪɚɧɡɢɫɬɨɪɟ Ʉɉ303Ƚ. ȼɟɪɯɧɢɣ ɢɥɢ ɧɢɠɧɢɣ ɱɚɫɬɨɬɧɵɟ ɩɨɞɞɢɚɩɚɡɨɧɵ 

ɤɨɦɦɭɬɢɪɭɸɬɫɹ ɩɟɪɟɤɥɸɱɟɧɢɟɦ ɤɨɧɬɭɪɧɵɯ ɢɧɞɭɤɬɢɜɧɨɫɬɟɣ. Эɥɟɤɬɪɨɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ 

ɱɚɫɬɨɬɨɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɫɬɪɟɱɧɨ ɜɤɥɸɱёɧɧɵɦɢ ɜɚɪɢɤɚɩɚɦɢ. ɉɪɢ ɩɨɦɨɳɢ 

ɩɨɬɟɧɰɢɨɦɟɬɪɚ R0 ɧɚ ɜɯɨɞɟ 3 ɫɭɦɦɚɬɨɪɚ ɋɭɦ ɢɡɦɟɧɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɜɧɟɲɧɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ Еɜɧ, ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɩɨɥɨɠɟɧɢɟ ɪɚɛɨɱɟɣ ɬɨɱɤɢ ɧɚ ɦɨɞɭɥɹɰɢɨɧɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ Ƚɍɇ ɩɪɢ ɪɚɡɨɦɤɧɭɬɨɣ ɰɟɩɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. ɇɚɱɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 

ɝɟɧɟɪɚɰɢɢ f0 ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɹ ɞɥɹ ɧɢɠɧɟɝɨ ɩɨɞɞɢɚɩɚɡɨɧɚ ɨɬ 0,9 ɞɨ 2,5 ɆȽɰ, ɚ ɞɥɹ 

ɜɟɪɯɧɟɝɨ ɨɬ 1,8 ɞɨ 4,8 ɆȽɰ. Ɂɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ ɢɡɦɟɪɹɟɬɫɹ ɜɫɬɪɨɟɧɧɵɦ ɜ ɥɚɛɨɪɚɬɨɪɧɵɣ 

ɫɬɟɧɞ ɰɢɮɪɨɜɵɦ ɱɚɫɬɨɬɨɦɟɪɨɦ, ɡɧɚɱɟɧɢɟ Еɜɧ ɢɡɦɟɪɹɟɬɫɹ ɫɬɪɟɥɨɱɧɵɦ ɜɨɥɶɬɦɟɬɪɨɦ ɧɚ 

ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɫɬɟɧɞɟ ɩɢɬɚɧɢɹ. 

Ⱦɟɤɚɞɧɵɦɢ ɩɟɪɟɤɥɸɱɚɬɟɥɹɦɢ ɤɨɷɮɮɢɰɢɟɧɬ N ɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜ ȾɉɄȾ ɢɡɦɟɧɹɟɬɫɹ 

ɜ ɩɪɟɞɟɥɚɯ ɨɬ 1 ɞɨ 9999. ɑɚɫɬɨɬɚ ɷɬɚɥɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɚ ɤɜɚɪɰɟɜɵɦ 

ɪɟɡɨɧɚɬɨɪɨɦ ɢ ɫɨɫɬɚɜɥɹɟɬ fɷ = 1 ɤȽɰ. Ⱦɟɥɢɬɟɥɶ ɱɚɫɬɨɬɵ m ɫɥɭɠɢɬ ɞɥɹ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ 

ɩɟɪɟɤɥɸɱɟɧɢɹ ɭɩɪɚɜɥɹɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɜ ɫɢɫɬɟɦɟ 

ɚɜɬɨɪɟɝɭɥɢɪɨɜɚɧɢɹ. ɇɚ ɜɵɯɨɞɟ ɷɬɨɝɨ ɞɟɥɢɬɟɥɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɞɟɥɟɧɢɹ m = 400 

ɮɨɪɦɢɪɭɟɬɫɹ ɦɨɞɭɥɢɪɭɸɳɢɣ ɫɢɝɧɚɥ ɮɨɪɦɵ «ɦɟɚɧɞɪ» ɫ ɭɪɨɜɧɹɦɢ 0 ȼ ɢ +5 ȼ ɢ ɫ 

ɱɚɫɬɨɬɨɣ ɩɟɪɟɤɥɸɱɟɧɢɹ ɭɪɨɜɧɟɣ F = fɷ/400 = 2,5 Ƚɰ. Ɋɚɡɦɚɯ ɦɨɞɭɥɢɪɭɸɳɟɝɨ ɫɢɝɧɚɥɚ 

еɩ(t) ɧɚ ɜɬɨɪɨɦ ɜɯɨɞɟ ɫɭɦɦɚɬɨɪɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨɬɟɧɰɢɨɦɟɬɪɨɦ R.  

ɋɜɟɬɨɞɢɨɞɧɵɣ ɂɧɞɢɤɚɬɨɪ ɫɢɧɯɪɨɧɢɡɦɚ ɝɨɪɢɬ, ɟɫɥɢ ɧɚɩɪɹɠɟɧɢɟ eɞ(t) ɢɡɦɟɧɹɟɬɫɹ ɜ 

ɚɫɢɧɯɪɨɧɧɨɦ ɪɟɠɢɦɟ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢɥɢ ɛɢɟɧɢɣ. ɉɪɢ ɧɚɫɬɭɩɥɟɧɢɢ ɫɢɧɯɪɨɧɧɨɝɨ 

ɪɟɠɢɦɚ ɷɬɨɬ ɫɜɟɬɨɞɢɨɞ ɝɚɫɧɟɬ.  

Ɏɨɪɦɭ ɬɨɤɚ ɩɨɞɤɚɱɤɢ ɡɚɪɹɞɚ i(t)  ɱɟɪɟɡ ɤɨɧɞɟɧɫɚɬɨɪ ɋ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɩɪɢ 

ɩɨɦɨɳɢ ɨɫɰɢɥɥɨɝɪɚɮɚ, ɩɨɞɤɥɸɱɚɟɦɨɝɨ ɤ ɤɨɧɬɪɨɥɶɧɨɣ ɬɨɱɤɟ ɧɚ ɪɟɡɢɫɬɨɪɟ r ɫ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 10 Ɉɦ. Эɬɢ ɢɦɩɭɥɶɫɵ ɩɪɨɬɟɤɚɸɬ ɧɚ ɢɧɬɟɪɜɚɥɚɯ ɜɪɟɦɟɧɢ ɦɟɠɞɭ 

ɩɟɪɟɞɧɢɦɢ ɮɪɨɧɬɚɦɢ ɫɢɝɧɚɥɨɜ ɧɚ ɜɯɨɞɚɯ ɑɎȾ, ɩɨɷɬɨɦɭ ɞɥɹ ɢɯ ɧɚɛɥɸɞɟɧɢɹ ɧɚɞɨ 

ɭɫɬɚɧɨɜɢɬɶ ɫɢɧɯɪɨɧɢɡɚɰɢɸ ɨɬ ɫɢɝɧɚɥɚ uɷ(t) (ɤɥɟɦɦɚ ɋɢɧɯɪɨɧɢɡɚɰɢɹ 1). 

Ɏɨɪɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɑɎȾ еɞ() ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ȼ ɤɪɚɣɧɟɦ 

ɥɟɜɨɦ ɩɨɥɨɠɟɧɢɢ ɞɜɢɠɤɚ R ɤɥɸɱɨɦ S2 ɪɚɡɦɵɤɚɟɬɫɹ ɰɟɩɶ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɚ «ɨɬɤɪɵɬɵɣ» 

(ɩɪɨɩɭɫɤɚɸɳɢɣ ɩɨɫɬɨɹɧɧɵɣ ɬɨɤ) ɜɯɨɞ ɭɫɢɥɢɬɟɥɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ 

ɨɫɰɢɥɥɨɝɪɚɮɚ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɤɥɟɦɦɟ eɞ(t). ɉɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɟɥɟɧɢɹ N ɩɨɞɛɢɪɚɟɬɫɹ ɬɚɤɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ Еɜɧ, ɱɬɨɛɵ ɱɚɫɬɨɬɚ 

ɫɢɝɧɚɥɚ eɞ(t) ɧɚ ɜɵɯɨɞɟ ȾɉɄȾ f/N ɛɵɥɚ ɛɥɢɡɤɚ ɤ fɷ. ȿɫɥɢ f/N  < fɷ, ɬɨ ɪɚɡɧɨɫɬɶ ɮɚɡ 
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ɪɚɜɧɨɦɟɪɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ (t)  (f/N - fɷ)t, ɚ ɨɪɞɢɧɚɬɵ ɧɚ ɷɤɪɚɧɟ ɯɚɪɚɤɬɟɪɢɡуɸɬ ɮɨɪɦɭ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɧɨɫɬɢ ɮɚɡ ɑɎȾ. ɉɪɢɦɟɪɧɵɣ ɜɢɞ ɨɫɰɢɥɥɨɝɪɚɦɦ eɞ(t) 

ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 9.  

ɇɚ ɝɪɚɮɢɤɚɯ ɪɢɫ. 9 ɩɢɥɨɨɛɪɚɡɧɵɟ ɢɡɦɟɧɟɧɢɹ eɞ(t) ɫ ɪɚɡɦɚɯɨɦ ɨɤɨɥɨ 1 ȼ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɨɰɟɫɫɚɦɢ ɩɨɞɤɚɱɤɢ ɡɚɪɹɞɚ ɫ ɱɚɫɬɨɬɨɣ ɫɪɚɜɧɟɧɢɹ ɜ ɑɎȾ fɷ = 1 ɤȽɰ. ȿɫɥɢ 

f/N < fɷ, ɬɚɤ ɱɬɨ ɪɚɡɧɨɫɬɶ ɮɚɡ ɫɢɝɧɚɥɨɜ ɧɚ ɜɯɨɞɚɯ ɑɎȾ ɭɜɟɥɢɱɢɜɚɟɬɫɹ (ɪɢɫ.9,ɚ), ɬɨ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɰɢɤɥɵ ɩɨɞɤɚɱɤɢ ɡɚɪɹɞɚ ɩɪɢɜɨɞɹɬ ɭɜɟɥɢɱɟɧɢɸ ɫɪɟɞɧɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 

ɧɚ ёɦɤɨɫɬɢ, ɚ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɨɤɨɥɨ 10 ȼ ɧɚɫɬɭɩɚɟɬ ɧɚɫɵɳɟɧɢɟ ɢɡ-ɡɚ ɜɥɢɹɧɢɹ 

ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ +12 ȼ.  

                        

Ɋɢɫ. 9. ȼɢɞ eɞ( t) ɞɥɹ ɪɚɡɨɦɤɧɭɬɨɣ ɰɟɩɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɪɢ ɢɡɭɱɟɧɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɑɎȾ  

ȿɫɥɢ ɬɟɩɟɪɶ ɭɫɬɚɧɨɜɢɬɶ f/N > fɷ, ɬɨ ɪɚɡɧɨɫɬɶ ɮɚɡ ɨɬɪɢɰɚɬɟɥɶɧɚ ɢ ɪɚɜɧɨɦɟɪɧɨ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨ ɦɨɞɭɥɸ (t)  -(f/N - fɷ)t. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɰɢɤɥɵ ɪɚɡɪɹɞɚ ɢ 

ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɡɚɪɹɞɚ ɤɨɧɞɟɧɫɚɬɨɪɚ ɋ ɩɪɢɜɨɞɹɬ ɤ ɫɧɢɠɟɧɢɸ  ɫɪɟɞɧɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 

ɧɚ ёɦɤɨɫɬɢ, ɚ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɨɤɨɥɨ 0,5 ȼ ɧɚɫɬɭɩɚɟɬ ɧɚɫɵɳɟɧɢɟ ɢɡ-ɡɚ ɜɥɢɹɧɢɹ ɩɚɞɟɧɢɹ 

ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɪɟɡɢɫɬɨɪɟ R2 ɢ ɤɥɸɱɟ VT2. 

ɋ ɩɨɦɨɳɶɸ ɤɥɸɱɚ S3 ɜɟɥɢɱɢɧɚ ɧɚɤɨɩɢɬɟɥɶɧɨɣ ёɦɤɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɚ 

ɥɢɛɨ 0,2 ɦɤɎ, ɥɢɛɨ 1,2 ɦɤɎ. ɋɭɦɦɚɬɨɪ ɋɭɦ, ɜɵɩɨɥɧɟɧ ɧɚ ɨɩɟɪɚɰɢɨɧɧɵɯ ɭɫɢɥɢɬɟɥɹɯ 

ɬɢɩɚ K140ɍȾ20Ⱥ. ȼɯɨɞɧɚɹ ёɦɤɨɫɬɶ ɫɭɦɦɚɬɨɪɚ ɫɨɫɬɚɜɥɹɟɬ 100 ɩɎ. ȼɧɟɲɧɢɟ 

ɫɬɪɟɥɨɱɧɵɟ ɜɨɥɶɬɦɟɬɪɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɫɬɟɧɞɟ ɩɢɬɚɧɢɹ, ɩɨɡɜɨɥɹɸɬ 

ɢɡɦɟɪɹɬɶ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɜɯɨɞɟ ɭɩɪɚɜɥɟɧɢɹ Ƚɍɇ Еɭ, ɧɚ ɧɚɤɨɩɢɬɟɥɶɧɨɣ 

ёɦɤɨɫɬɢ Еɞ ɢ ɧɚ ɜɬɨɪɨɦ ɜɯɨɞɟ ɫɭɦɦɚɬɨɪɚ Еɜɧ. ɉɨɬɟɧɰɢɨɦɟɬɪɨɦ R0 ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 

ɜɟɥɢɱɢɧɚ Еɜɧ ɧɚ ɜɬɨɪɨɦ ɜɯɨɞɟ ɫɭɦɦɚɬɨɪɚ. 

Лɢɬɟɪɚɬɭɪɚ 

1. Ƚɟɧɟɪɢɪɨɜɚɧɢɟ ɤɨɥɟɛɚɧɢɣ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɚɞɢɨɫɢɝɧɚɥɨɜ: ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɞɥɹ 

ɜɭɡɨɜ / ɉɨɞ ɪɟɞ. ȼ.ɇ. Ʉɭɥɟɲɨɜɚ ɢ ɇ.ɇ.ɍɞɚɥɨɜɚ  –Ɇ.: ɂɡɞɚɬɟɥɶɫɤɢɣ ɞɨɦ ɆЭɂ, 2008. -

414 ɫ.; (ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɩ. 9.5, 9.6, ɫɬɪ. 271-282). 
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2. ɍɫɬɪɨɣɫɬɜɚ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɚɞɢɨɫɢɝɧɚɥɨɜ: ɍɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ / 

ɉɨɞ ɪɟɞ. Ƚ. Ɇ. ɍɬɤɢɧɚ, ȼ. ɇ. Ʉɭɥɟɲɨɜɚ ɢ Ɇ. ȼ. Ȼɥɚɝɨɜɟɳɟɧɫɤɨɝɨ. –Ɇ.: Ɋɚɞɢɨ ɢ ɫɜɹɡɶ, 

1994. -416 ɫ.; (ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɩ. 21.4, 21.5, ɫɬɪ. 355-364). 

3. Ȼɟɥɨɜ Ʌ.Ⱥ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɬɚɛɢɥɶɧɵɯ ɱɚɫɬɨɬ ɢ ɫɢɝɧɚɥɨɜ. –Ɇ., ɂɡɞ. ɰɟɧɬɪ 

«Ⱥɤɚɞɟɦɢɹ», 2005. -224 ɫ. 

 

 

4. ɁȺȾȺɇɂȿ 

Ⱥ. ȼɵɩɨɥɧяɟɬɫя ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ 

1. ɂɡɨɛɪɚɡɢɬɟ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɫɯɟɦɭ ɫɢɧɬɟɡɚɬɨɪɚ ɫɟɬɤɢ ɱɚɫɬɨɬ ɛɟɡ ɰɟɩɟɣ ɪɭɱɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɟɪɟɤɥɸɱɟɧɢɣ, ɨɬɦɟɬɢɜ ɤɨɧɬɪɨɥɶɧɵɟ ɬɨɱɤɢ еɞ(t), еɭ(t), uɷ(t), uɝ(t), u(t), i(t). 

2. ɂɡɨɛɪɚɡɢɬɟ ɨɠɢɞɚɟɦɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɤɚ i(t) ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɑɎȾ еɞ(t) 

ɩɪɢ ɪɚɛɨɬɟ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɎȺɉɑ ɜ ɪɟɠɢɦɟ ɫɢɧɯɪɨɧɢɡɦɚ.  

3. Ɉɰɟɧɢɬɟ ɭɪɨɜɟɧɶ ɩɚɪɚɡɢɬɧɨɣ ɞɟɜɢɚɰɢɢ ɱɚɫɬɨɬɵ ɜ ɜɵɯɨɞɧɨɦ ɫɢɝɧɚɥɟ ɫɢɧɬɟɡɚɬɨɪɚ 

ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɭɪɨɜɧɸ ɧɟɫɭɳɟɣ, ɟɫɥɢ ɪɚɡɦɚɯ ɪɚɛɨɱɟɝɨ ɭɱɚɫɬɤɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɑɎȾ 

ɫɨɫɬɚɜɥɹɟɬ 10 ȼ, ɦɨɞɭɥɹɰɢɨɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ Ƚɍɇ ɥɢɧɟɣɧɚ ɫ ɤɪɭɬɢɡɧɨɣ 0,2 ɆȽɰ/ȼ , 

ɚ ɪɚɡɦɚɯ ɩɭɥɶɫɚɰɢɣ ɭɩɪɚɜɥɹɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 100 ɦȼ.   

Ȼ. ȼɵɩɨɥɧяɟɬɫя ɜ ɥɚɛɨɪɚɬɨɪɢɢ 

1. ɋɧɢɦɢɬɟ ɤɨɧɬɪɨɥɶɧɵɟ ɪɟɝɭɥɢɪɨɜɨɱɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɧɬɟɡɚɬɨɪɚ ɜ 

ɫɢɧɯɪɨɧɧɨɦ ɪɟɠɢɦɟ ɜ ɧɢɠɧɟɦ ɩɨɞɞɢɚɩɚɡɨɧɟ. Ⱦɥɹ ɷɬɨɝɨ ɪɚɡɨɦɤɧɢɬɟ ɰɟɩɶ ɨɛɪɚɬɧɨɣ 

ɫɜɹɡɢ ɜɤɥɸɱɚɬɟɥɟɦ S2, ɭɫɬɚɧɨɜɢɬɟ ɩɟɪɟɤɥɸɱɚɬɟɥɶ S1 ɜ ɩɨɥɨɠɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 

ɧɢɠɧɟɦɭ ɩɨɞɞɢɚɩɚɡɨɧɭ, ɭɫɬɚɧɨɜɢɬɟ ɞɜɢɠɨɤ ɩɨɬɟɧɰɢɨɦɟɬɪɚ R ɜ ɤɪɚɣɧɟɟ ɥɟɜɨɟ 

ɩɨɥɨɠɟɧɢɟ, ɭɫɬɪɚɧɹɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚɩɪɹɠɟɧɢɟ ɞɟɥɢɬɟɥɹ ɱɚɫɬɨɬɵ m. ɋɧɢɦɢɬɟ ɩɨ 

ɬɨɱɤɚɦ ɦɨɞɭɥɹɰɢɨɧɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ Ƚɍɇ f(Еɭ), ɢɡɦɟɧɹɹ ɧɚɩɪɹɠɟɧɢɟ Еɜɧ ɨɬ 0 ɞɨ +24 

ȼ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɩɨɫɬɪɨɣɬɟ ɧɚ ɪɢɫ. 1 ɨɬчёɬɚ ɦɨɞɭɥɹɰɢɨɧɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ 

Ƚɍɇ. ɍɫɬɚɧɨɜɢɬɟ ɩɟɪɟɤɥɸɱɚɬɟɥɶ S1 ɜ ɩɨɥɨɠɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɜɟɪɯɧɟɦɭ ɩɨɞɞɢɚɩɚɡɨɧɭ, 

ɫɧɢɦɢɬɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ f(Еɭ) ɢ ɩɨɫɬɪɨɣɬɟ ɟё ɝɪɚɮɢɤ ɧɚ ɪɢɫ. 2 ɨɬчёɬɚ. Ɋɚɫɫɱɢɬɚɣɬɟ ɡɧɚɱɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɟɪɟɤɪɵɬɢɹ Ƚɍɇ ɩɨ ɱɚɫɬɨɬɟ kf = fɦɚɤɫ/fɦɢɧ  ɞɥɹ ɤɚɠɞɨɝɨ ɩɨɞɞɢɚɩɚɡɨɧɚ. 

2. Ɉɰɟɧɢɬɟ ɜɢɞ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ЧɎД еɞ() ɜ ɪɟɠɢɦɚɯ ɜɨɡɪɚɫɬɚɧɢɹ ɢ ɭɦɟɧɶɲɟɧɢɹ ɜɨ 

ɜɪɟɦɟɧɢ ɪɚɡɧɨɫɬɢ ɮɚɡ. Ⱦɥɹ ɷɬɨɝɨ ɜ ɧɢɠɧɟɦ ɩɨɞɞɢɚɩɚɡɨɧɟ ɪɚɛɨɬɵ Ƚɍɇ ɭɫɬɚɧɨɜɢɬɟ N = 

1500, ɩɨɞɤɥɸɱɢɬɟ ɨɬɤɪɵɬɵɣ ɜɯɨɞ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ Y1 ɨɫɰɢɥɥɨɝɪɚɮɚ ɤ ɬɨɱɤɟ 

еɞ(t) ɢ ɩɨɞɛɟɪɢɬɟ ɡɧɚɱɟɧɢɟ Еɜɧ ɬɚɤ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɝɪɚɮɢɤ ɜɢɞɚ ɪɢɫ. 9,ɚ ɜ ɡɨɧɟ 

ɭɜɟɥɢɱɟɧɢɹ ɪɚɡɧɨɫɬɢ ɮɚɡ. Ɂɚɪɢɫɭɣɬɟ ɩɨɥɭɱɟɧɧɭɸ ɨɫɰɢɥɥɨɝɪɚɦɦɭ. ɂɡɦɟɧɢɬɟ Еɜɧ ɬɚɤ, 

ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɝɪɚɮɢɤ ɜɢɞɚ ɪɢɫ. 9,ɛ ɜ ɡɨɧɟ ɭɦɟɧɶɲɟɧɢɹ ɪɚɡɧɨɫɬɢ ɮɚɡ ɜɨ ɜɪɟɦɟɧɢ ɢ 

ɡɚɪɢɫɭɣɬɟ ɩɨɥɭɱɟɧɧɭɸ ɨɫɰɢɥɥɨɝɪɚɦɦɭ.  
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3. ɇɚɣɞɢɬɟ ɦɧɨɠɟɫɬɜɨ ɩɚɪɚɦɟɬɪɨɜ N ɢ Еɜɧ ɫɢɧɬɟɡɚɬɨɪɚ, ɩɪɢ ɤɨɬɨɪɵɯ ɫɨɯɪɚɧɹɟɬɫɹ 

ɫɢɧɯɪɨɧɧɵɣ ɪɟɠɢɦ. Ⱦɥɹ ɷɬɨɝɨ ɡɚɦɤɧɢɬɟ ɤɥɸɱɨɦ S2 ɰɟɩɶ ɭɩɪɚɜɥɟɧɢɹ ɫɢɫɬɟɦɵ ɎȺɉɑ, 

ɭɫɬɚɧɨɜɢɬɟ S1 ɜ ɩɨɥɨɠɟɧɢɟ ɧɢɠɧɟɝɨ ɩɨɞɞɢɚɩɚɡɨɧɚ, ɭɫɬɚɧɨɜɢɬɟ Еɜɧ = +15 ȼ, N = 1600. 

ɂɡɦɟɪɶɬɟ ɢ ɡɚɩɢɲɢɬɟ ɜ ɨɬɱёɬ ɡɧɚɱɟɧɢɟ ɧɚɢɦɟɧɶɲɟɝɨ ɞɢɫɤɪɟɬɧɨɝɨ ɲɚɝɚ ɫɢɧɬɟɡɢɪɭɟɦɨɣ 

ɫɟɬɤɢ ɱɚɫɬɨɬ. ɂɡɦɟɪɶɬɟ ɩɪɢ Еɜɧ = +15 ȼ ɧɚɢɛɨɥɶɲɟɟ ɢ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɟɥɟɧɢɹ N, ɩɪɢ ɤɨɬɨɪɵɯ ɫɨɯɪɚɧɹɟɬɫɹ ɫɢɧɯɪɨɧɧɵɣ ɪɟɠɢɦ, ɤɨɧɬɪɨɥɢɪɭɹ 

ɟɝɨ ɩɨ ɫɨɫɬɨɹɧɢɸ ɫɜɟɬɨɞɢɨɞɚ ɢɧɞɢɤɚɬɨɪɚ ɫɢɧɯɪɨɧɢɡɦɚ ɢ ɩɨ ɮɨɪɦɟ ɧɚɩɪɹɠɟɧɢɹ ɛɢɟɧɢɣ 

еɞ(t). ɇɚɧɟɫɢɬɟ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ N ɢ f ɧɚ ɝɪɚɮɢɤ ɦɨɞɭɥɹɰɢɨɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɪɢɫ. 1. ɉɨɜɬɨɪɢɬɟ ɬɚɤɢɟ ɢɡɦɟɪɟɧɢɹ ɞɥɹ Еɜɧ = +20 ȼ ɢ ɧɚɧɟɫɢɬɟ ɡɧɚɱɟɧɢɹ N ɢ f ɧɚ ɪɢɫ. 1. 

ɉɟɪɟɤɥɸɱɢɬɟ Ƚɍɇ ɞɥɹ ɪɚɛɨɬɵ ɜ ɜɟɪɯɧɟɦ ɩɨɞɞɢɚɩɚɡɨɧɟ ɢ ɢɡɦɟɪɶɬɟ ɩɪɟɞɟɥɶɧɵɟ 

ɡɧɚɱɟɧɢɹ Nɦɢɧ ɢ Nɦɚɤɫ ɞɥɹ Еɜɧ = +14 ȼ ɢ Еɜɧ = +20 ȼ ɢ ɧɚɧɟɫɢɬɟ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ N ɢ 

f ɧɚ ɦɨɞɭɥɹɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨ ɪɢɫ. 2. Ɋɚɫɫɱɢɬɚɣɬɟ ɢ ɡɚɩɢɲɢɬɟ ɜ ɨɬɱёɬ 

ɤɨɥɢɱɟɫɬɜɨ ɞɢɫɤɪɟɬɧɵɯ ɫɬɚɛɢɥɶɧɵɯ ɱɚɫɬɨɬ ɫɟɬɤɢ ɩɪɢ ɜɚɪɢɚɰɢɹɯ N ɞɥɹ ɤɚɠɞɨɝɨ 

ɩɨɞɞɢɚɩɚɡɨɧɚ. 

4. ɍɫɬɚɧɨɜɢɬɟ ɞɥɹ ɧɢɠɧɟɝɨ ɩɨɞɞɢɚɩɚɡɨɧɚ N = 1200 ɢ ɢɡɦɟɧɹɣɬɟ Еɜɧ ɜ ɫɢɧɯɪɨɧɧɨɦ ɪɟɠɢɦɟ. 

ɍɛɟɞɢɬɟɫɶ, ɱɬɨ ɫɪɟɞɧɟɟ ɧɚɩɪɹɠɟɧɢɟ Еɭ ɢ ɢɡɦɟɧɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ  ɧɟ ɢɡɦɟɧɹɸɬɫɹ, ɚ 

ɜɚɪɢɚɰɢɢ Еɜɧ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɤɨɦɩɟɧɫɢɪɭɸɬɫɹ ɢɡɦɟɧɟɧɢɹɦɢ Еɞ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɡɧɚɤɨɦ. 

5. Иɡɦɟɪɶɬɟ ɩɪɟɞɟɥɵ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ Еɜɧ, ɩɪɢ ɤɨɬɨɪɵɯ ɫɨɯɪɚɧɹɟɬɫɹ ɫɢɧɯɪɨɧɧɵɣ 

ɪɟɠɢɦ, ɢ ɧɚɧɟɫɢɬɟ ɩɨɥɭɱɟɧɧɵɟ ɬɨɱɤɢ ɧɚ ɪɢɫ. 1. ɉɨɜɬɨɪɢɬɟ ɬɚɤɢɟ ɢɡɦɟɪɟɧɢɹ ɞɥɹ N = 2000 ɢ 

ɧɚɧɟɫɢɬɟ ɩɨɥɭɱɟɧɧɵɟ ɬɨɱɤɢ ɧɚ ɪɢɫ. 1. ɉɟɪɟɤɥɸɱɢɬɟ Ƚɍɇ ɞɥɹ ɪɚɛɨɬɵ ɜ ɜɟɪɯɧɟɦ 

ɩɨɞɞɢɚɩɚɡɨɧɟ, ɩɪɨɜɟɞɢɬɟ ɬɚɤɢɟ ɢɡɦɟɪɟɧɢɹ ɞɥɹ N = 2500 ɢ N = 4000, ɧɚɧɟɫɢɬɟ ɩɨɥɭɱɟɧɧɵɟ 

ɡɧɚɱɟɧɢɹ ɧɚ ɪɢɫ. 2. ɉɨɫɬɪɨɣɬɟ ɧɚ ɝɪɚɮɢɤɚɯ ɪɢɫ. 1 ɢ ɪɢɫ. 2 ɨɝɢɛɚɸɳɢɟ ɩɨɥɭɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ 

ɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɢ ɭɛɟɞɢɬɟɫɶ, ɱɬɨ ɢɯ ɝɪɚɧɢɰɵ ɨɩɪɟɞɟɥɹɸɬɫɹ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, 

ɞɨɫɬɢɠɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɂɑɎȾ ɡɧɚɱɟɧɢɣ Еɞ ɦɢɧ = +2 ȼ ɢ Еɞ ɦɚɤɫ= +10 ȼ. 

6. ɂɡɭɱɢɬɟ ɮɨɪɦɭ ɢɦɩɭɥɶɫɨɜ ɬɨɤɚ ɡɚɪɹɞɚ ɢ ɪɚɡɪɹɞɚ ɧɚɤɨɩɢɬɟɥɶɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ 

i(t). Ⱦɥɹ ɷɬɨɝɨ ɭɫɬɚɧɨɜɢɬɟ ɧɢɠɧɢɣ ɩɨɞɞɢɚɩɚɡɨɧ ɪɚɛɨɬɵ Ƚɍɇ; N = 1500; ɩɨɞɤɥɸɱɢɬɟ 

«ɡɚɤɪɵɬɵɣ» (ɛɟɡ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ) ɜɯɨɞ ɭɫɢɥɢɬɟɥɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ 

ɨɫɰɢɥɥɨɝɪɚɮɚ Y1 ɤ ɤɥɟɦɦɟ i(t); ɜɯɨɞ Y2 ɤ ɬɨɱɤɟ eɷ(t); ɭɫɬɚɧɨɜɢɬɟ ɡɧɚɱɟɧɢɟ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨ ɤɚɧɚɥɭ Y1 50 ɦȼ/ɞɟɥ, ɩɨ ɤɚɧɚɥɭ Y2 – 0,5 ȼ/ɞɟɥ, ɫɤɨɪɨɫɬɶ 

ɪɚɡɜёɪɬɤɢ 0,1 ɦɫ/ɞɟɥ ɫ ɦɧɨɠɢɬɟɥɟɦ 0,2; Мɢɧɯɪɨɧɢɡɚɰɢɸ ɨɫɰɢɥɥɨɝɪɚɮɚ ɭɫɬɚɧɨɜɢɬɶ ɨɬ 

ɜɵɯɨɞɚ «ɋɢɧɯɪɨɧɢɡɚɰɢɹ 1». ɉɨɞɛɢɪɚɹ ɜɟɥɢɱɢɧɭ Eɜɧ, ɩɨɥɭɱɢɬɟ ɪɟɠɢɦ ɫ 

ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɢɦɩɭɥɶɫɚɦɢ, ɯɚɪɚɤɬɟɪɧɵɦɢ ɞɥɹ ɨɬɤɪɵɜɚɧɢɹ ɤɥɸɱɚ VT1 ɡɚɪɹɞɧɨɝɨ 

ɬɨɤɚ ɢ ɡɚɪɢɫɭɣɬɟ ɩɨɥɭɱɟɧɧɭɸ ɨɫɰɢɥɥɨɝɪɚɦɦɭ. ɂɡɦɟɧɢɜ Eɜɧ, ɩɨɥɭɱɢɬɟ ɪɟɠɢɦ ɫ 

ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɢɦɩɭɥɶɫɚɦɢ, ɯɚɪɚɤɬɟɪɧɵɦɢ ɞɥɹ ɨɬɤɪɵɜɚɧɢɹ ɤɥɸɱɚ VT2 ɬɨɤɚ ɪɚɡɪɹɞɚ ɢ 

ɡɚɪɢɫɭɣɬɟ ɩɨɥɭɱɟɧɧɭɸ ɨɫɰɢɥɥɨɝɪɚɦɦɭ.  
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7. ɂɡɦɟɪɶɬɟ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ. Ⱦɥɹ ɷɬɨɝɨ: ɜ ɧɢɠɧɟɦ 

ɩɨɞɞɢɚɩɚɡɨɧɟ Ƚɍɇ ɭɫɬɚɧɨɜɢɬɟ N = 1500; Еɜɧ = +15 ȼ; ɩɟɪɟɜɟɞɢɬɟ ɞɜɢɠɨɤ 

ɩɨɬɟɧɰɢɨɦɟɬɪɚ R ɜ ɩɪɚɜɨɟ ɩɨɥɨɠɟɧɢɟ; ɩɨɞɤɥɸɱɢɬɟ ɜɯɨɞ ɨɫɰɢɥɥɨɝɪɚɮɚ Y1 ɤ ɬɨɱɤɟ eɭ(t), 

ɨɬɤɪɵɬɵɣ ɜɯɨɞ Y2 ɤ ɬɨɱɤɟ еɞ(t); ɭɫɬɚɧɨɜɢɬɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɨ ɤɚɧɚɥɚɦ Y1 ɢ Y2 ɩɨ 

0,5 ȼ/ɞɟɥ, ɚ ɫɤɨɪɨɫɬɶ ɪɚɡɜёɪɬɤɢ 5 ɦɫ/ɞɟɥ ɫ ɦɧɨɠɢɬɟɥɟɦ 1. ɋɢɧɯɪɨɧɢɡɚɰɢɹ 

ɨɫɰɢɥɥɨɝɪɚɮɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɬ ɜɵɯɨɞɚ «ɋɢɧɯɪɨɧɢɡɚɰɢɹ 2». ɍɛɟɞɢɬɟɫɶ, ɱɬɨ ɩɪɨɰɟɫɫ 

ɭɫɬɚɧɨɜɥɟɧɢɹ ɢɦɟɟɬ ɤɨɥɟɛɚɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ. Ɂɚɪɢɫɭɣɬɟ ɝɪɚɮɢɤɢ еɞ(t) ɢ eɭ(t), ɨɛɴɹɫɧɢɬɟ 

ɢɯ ɪɚɡɥɢɱɢɹ. ɂɡɦɟɪɶɬɟ ɩɨ ɤɚɥɢɛɪɨɜɚɧɧɨɣ ɪɚɡɜёɪɬɤɟ ɨɫɰɢɥɥɨɝɪɚɮɚ ɢ ɡɚɩɢɲɢɬɟ ɜ ɨɬɱёɬ 

ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɭɫɬɚɧɨɜɥɟɧɢɹ ɞɥɹ ɞɜɭɯ ɡɧɚɱɟɧɢɣ ɧɚɤɨɩɢɬɟɥɶɧɨɣ ёɦɤɨɫɬɢ 0,2 

ɦɤɎ ɢ 1,2 ɦɤɎ, ɡɚɪɢɫɭɣɬɟ ɜɢɞ ɷɬɢɯ ɨɫɰɢɥɥɨɝɪɚɦɦ. 

8. ɉɪɨɜɟɞɢɬɟ ɢɡɦɟɪɟɧɢɟ ɩɚɪɚɡɢɬɧɵɯ ɜɚɪɢɚɰɢɣ ɭɩɪɚɜɥɹɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɯɨɞɟ 

Ƚɍɇ ɜ ɫɢɧɯɪɨɧɧɨɦ ɪɟɠɢɦɟ. Ⱦɥɹ ɷɬɨɝɨ: ɭɫɬɚɧɨɜɢɬɟ ɩɨɬɟɧɰɢɨɦɟɬɪɨɦ R ɧɭɥɟɜɨɣ ɪɚɡɦɚɯ 

ɦɨɞɭɥɢɪɭɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ; ɩɟɪɟɤɥɸɱɢɬɟ ɜɯɨɞ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ 

ɨɫɰɢɥɥɨɝɪɚɮɚ Y1, ɩɨɞɤɥɸɱёɧɧɨɝɨ ɤ ɤɨɧɬɪɨɥɶɧɨɣ ɬɨɱɤɟ еɭ(t), ɜ ɡɚɤɪɵɬɨɟ ɫɨɫɬɨɹɧɢɟ; 

ɭɫɬɚɧɨɜɢɬɟ ɩɨ ɤɚɧɚɥɭ Y1 ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 20 ɦȼ/ɞɟɥ ɩɪɢ ɫɤɨɪɨɫɬɢ ɪɚɡɜёɪɬɤɢ 0,1 

ɦɫ/ɞɟɥ ɫ ɦɧɨɠɢɬɟɥɟɦ 1 ɢ ɩɨɞɛɟɪɢɬɟ Еɜɧ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɚɢɦɟɧɶɲɟɝɨ ɪɚɡɦɟɪɚ 

ɩɚɪɚɡɢɬɧɵɯ ɜɚɪɢɚɰɢɣ ɭɩɪɚɜɥɹɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ. Ɂɚɪɢɫɭɣɬɟ ɜ ɨɬɱёɬ ɯɚɪɚɤɬɟɪɧɵɟ 

ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɫɢɧɯɪɨɧɧɨɦ ɪɟɠɢɦɟ ɎȺɉɑ ɩɪɢ ɪɚɡɧɵɯ Еɜɧ. ɂɡɦɟɪɶɬɟ 

ɩɨ ɤɚɥɢɛɪɨɜɤɟ ɨɬɤɥɨɧɟɧɢɹ ɥɭɱɚ ɪɚɡɦɚɯ ɩɚɪɚɡɢɬɧɵɯ ɜɚɪɢɚɰɢɣ ɭɩɪɚɜɥɹɸɳɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ɢ ɩɟɪɟɫɱɢɬɚɣɬɟ ɟɝɨ ɜ ɜɚɪɢɚɰɢɢ ɦɝɧɨɜɟɧɧɨɣ ɱɚɫɬɨɬɵ, ɢɫɩɨɥɶɡɨɜɚɜ ɡɧɚɱɟɧɢɟ 

ɤɪɭɬɢɡɧɵ ɭɩɪɚɜɥɟɧɢɹ, ɢɡɦɟɪɟɧɧɨɣ ɜ ɩ. 2.  

5. ɋɨɞɟɪɠɚɧɢɟ ɨɬчёɬɚ 

Ɉɬɱёɬ ɩɨ ɪɚɛɨɬɟ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ: ɚ) ɪɟɡɭɥɶɬɚɬɵ ɞɨɦɚɲɧɟɣ ɩɨɞɝɨɬɨɜɤɢ; ɛ) ɪɢɫ.1 ɞɥɹ 

ɧɢɠɧɟɝɨ ɩɨɞɞɢɚɩɚɡɨɧɚ ɢ ɪɢɫ. 2 ɞɥɹ ɜɟɪɯɧɟɝɨ ɩɨɞɞɢɚɩɚɡɨɧɚ ɫ ɧɚɧɟɫёɧɧɵɦɢ 

ɦɨɞɭɥɹɰɢɨɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɨɛɥɚɫɬɹɦɢ ɫɢɧɯɪɨɧɧɨɣ ɪɚɛɨɬɵ; ɜ) 

ɨɫɰɢɥɥɨɝɪɚɦɦɵ еɞ (t) ɩɨ ɩ. 2, i(t) ɩɨ ɩ. 6 ɢ еɭ(t) ɩɨ ɩ. 7; ɝ) ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ 

ɤɨɷɮɮɢɰɢɟɧɬɚ  ɩɟɪɟɤɪɵɬɢɹ ɩɨ ɱɚɫɬɨɬɟ kf, ɢɡɦɟɪɟɧɢɣ ɲɚɝɚ ɫɟɬɤɢ, ɞɥɢɬɟɥɶɧɨɫɬɢ 

ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɩɚɪɚɡɢɬɧɵɯ ɜɚɪɢɚɰɢɣ ɱɚɫɬɨɬɵ ɜ ɫɢɧɯɪɨɧɧɨɦ ɪɟɠɢɦɟ; ɞ) 

ɜɵɜɨɞɵ ɨ ɜɥɢɹɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɑɎȾ, ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɟɥɟɧɢɹ ȾɉɄȾ, ɧɚɩɪɹɠɟɧɢɹ Еɜɧ ɢ 

ɜɟɥɢɱɢɧɵ ɧɚɤɨɩɢɬɟɥɶɧɨɣ ёɦɤɨɫɬɢ ɧɚ ɨɛɥɚɫɬɶ ɫɢɧɯɪɨɧɧɨɣ ɪɚɛɨɬɵ, ɧɚ ɞɥɢɬɟɥɶɧɨɫɬɶ 

ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɧɚ ɭɪɨɜɟɧɶ ɩɚɪɚɡɢɬɧɵɯ ɜɚɪɢɚɰɢɣ ɱɚɫɬɨɬɵ ɜ ɫɢɧɯɪɨɧɧɨɦ 

ɪɟɠɢɦɟ.  

6. Ʉɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ  

1. ɉɟɪɟɱɢɫɥɢɬɟ ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɢɧɬɟɡɚɬɨɪɚɦ ɫɟɬɤɢ ɱɚɫɬɨɬ. 

2. ɂɡɨɛɪɚɡɢɬɟ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɫɯɟɦɭ ɧɟɩɪɹɦɨɝɨ ɫɢɧɬɟɡɚɬɨɪɚ ɱɚɫɬɨɬ ɫ ɎȺɉɑ.  
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3. Ɉɬ ɤɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɫɢɧɬɟɡɚɬɨɪɚ ɡɚɜɢɫɢɬ ɜɪɟɦɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɧɨɜɨɝɨ 

ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬɵ ɧɚ ɜɯɨɞɟ ɑɎȾ ɩɨɫɥɟ ɩɟɪɟɤɥɸɱɟɧɢɹ ɤɨɞɚ N? 

4. Ʉɚɤɨɟ ɜɥɢɹɧɢɟ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɧɬɟɡɚɬɨɪɚ ɨɤɚɡɵɜɚɸɬ ɩɚɪɚɦɟɬɪɵ ɑɎȾ ɢ 

ɜɟɥɢɱɢɧɚ ɧɚɤɨɩɢɬɟɥɶɧɨɣ ёɦɤɨɫɬɢ? 

5. Ʉɚɤɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɧɟɥɢɧɟɣɧɨɫɬɶ ɦɨɞɭɥɹɰɢɨɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ƚɍɇ? 

6. Ɉɬ ɤɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɜɢɫɢɬ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ? 

7. ɑɟɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɟɪɢɨɞ ɫɥɟɞɨɜɚɧɢɹ ɢ ɧɚɢɛɨɥɶɲɢɣ ɭɪɨɜɟɧɶ ɩɚɪɚɡɢɬɧɵɯ ɜɚɪɢɚɰɢɣ 

ɱɚɫɬɨɬɵ ɫɢɧɬɟɡɚɬɨɪɚ ɜ ɫɢɧɯɪɨɧɧɨɦ ɪɟɠɢɦɟ? ɉɪɢ ɤɚɤɢɯ ɫɨɱɟɬɚɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ ɭɪɨɜɟɧɶ 

ɩɚɪɚɡɢɬɧɵɯ ɜɚɪɢɚɰɢɣ ɱɚɫɬɨɬɵ ɧɚɢɦɟɧɶɲɢɣ?  


