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Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɩɪɨɫ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɝɚɡɨɚэɪɨɡɨɥɶɧɨɣ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɶɸ ɩɨɫɥɟ ɟё ɩɪɨɯɨɠɞɟɧɢɹ ɧɚɞ ɨɛɲɢɪɧɵɦɢ 
ɚɤɜɚɬɨɪɢɹɦɢ ɜ ɪɚɦɤɚɯ ɝɢɩɨɬɟɬɢɱɟɫɤɨɣ ɪɚɞɢɚɰɢɨɧɧɨɣ ɚɜɚɪɢɢ. Ɉɫɨɛɟɧɧɨɫɬɶ ɩɪɨɯɨɠɞɟɧɢɹ 
ɩɪɢɦɟɫɢ ɧɚɞ ɚɤɜɚɬɨɪɢɟɣ ɫɨɫɬɨɢɬ ɜ ɭɜɟɥɢɱɟɧɢɢ эффɟɤɬɢɜɧɨɣ ɜɵɫɨɬɵ фɚɤɟɥɚ ɜɵɛɪɨɫɨɜ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɬɪɭɢ ɫ ɤɨɧɜɟɤɬɢɜɧɵɦ ɜɨɡɞɭɲɧɵɦ ɩɨɬɨɤɨɦ, ɜɨɡɧɢɤɚɸɳɢɦ ɧɚɞ 
ɚɤɜɚɬɨɪɢɟɣ ɜ ɥɟɬɧɢɣ ɫɟɡɨɧ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɫɚɠɞɟɧɢɟ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ ɜ эɬɨɦ ɫɥɭɱɚɟ 
ɧɚɞ ɚɤɜɚɬɨɪɢɟɣ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɧɚɞ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɤɨɬɨɪɭɸ 
ɞɨɫɬɢɝɚɟɬ ɜɨɡɞɭɲɧɵɣ ɩɨɬɨɤ ɩɪɢ ɫɜɨёɦ ɩɪɨɯɨɠɞɟɧɢɢ – ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɪɢɜɨɞɢɬɫɹ ɦɟɬɨɞ 
ɨɰɟɧɤɢ ɢ ɨɛɨɫɧɨɜɚɧɢɟ эɬɨɝɨ эффɟɤɬɚ, ɤɨɬɨɪɨɟ ɬɪɟɛɭɟɬ ɢɡɦɟɪɟɧɢɹ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 
ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ, ɢɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɟɝɨ 
ɫɤɨɪɨɫɬɢ, ɢɥɢ ɢɧɵɯ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɭɤɚɡɚɧɧɵɣ ɩɚɪɚɦɟɬɪ. 
 

Кɥɸɱɟɜɵɟ сɥɨɜа: ɩɨɞɫɬɢɥɚɸɳɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɚɤɜɚɬɨɪɢɹ, ɪɚɞɢɨɚɤɬɢɜɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ, 
ɤɨɧɜɟɤɬɢɜɧɵɣ ɜɨɡɞɭɲɧɵɣ ɩɨɬɨɤν ɫɨɫɬɨɹɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɬɦɨɫфɟɪɵν ɩɪɢɡɟɦɧɚɹ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢɦɟɫɢ. 
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Кɚɤ ɢɡɜɟɫɬɧɨ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɪɢɦɟɫɟɣ ɜ ɚɬɦɨɫфɟɪɟ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ 
ɝɢɞɪɨɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ, ɨɪɨɝɪɚфɢɢ ɩɨɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɬɪɚɧɫфɨɪɦɚɰɢɢ ɜɟɳɟɫɬɜ ɡɚ ɫɱɟɬ ɯɢɦɢɱɟɫɤɢɯ ɢ фɨɬɨɯɢɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ, 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢɥɢ ɢɡɦɟɧɟɧɢɹ ɟё ɲɟɪɨɯɨɜɚɬɨɫɬɢ. 
ɇɟɫɨɦɧɟɧɧɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɪɢɦɟɫɟɣ ɧɚɞ 
ɡɧɚɱɢɬɟɥɶɧɵɦ ɜɨɞɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɨɦ – ɚɤɜɚɬɨɪɢɟɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣɫɹ ɨɫɨɛɵɦɢ 
ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ ɨɫɨɛɟɧɧɨ ɜ ɥɟɬɧɢɟ ɦɟɫɹɰɵ.  

ȼɫɥɟɞɫɬɜɢɟ ɪɚɡɧɢɰɵ ɩɨɬɨɤɚ ɹɜɧɨɝɨ ɬɟɩɥɚ ɦɟɠɞɭ ɫɭɲɟɣ ɢ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶ ɜ 
ɛɟɪɟɝɨɜɨɣ ɡɨɧɟ ɪɚɡɜɢɜɚɸɬɫɹ ɛɪɢɡɵ Д1Ж, ɤɨɬɨɪɵɟ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɸɬ 
ɤɥɢɦɚɬ ɩɪɢɛɪɟɠɧɵɯ ɪɚɣɨɧɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ, ɭɦɟɧɶɲɚɹ ɞɧɟɜɧɵɟ ɦɚɤɫɢɦɭɦɵ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɚɞ ɫɭɲɟɣ Д2Ж. Кɪɨɦɟ ɬɨɝɨ, ɞɚɜɧɨ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɛɪɢɡɨɜɚɹ ɰɢɪɤɭɥɹɰɢɹ ɫɭɳɟɫɬɜɟɧɧɨ 
ɜɥɢɹɟɬ ɧɚ ɩɟɪɟɧɨɫ ɚɬɦɨɫфɟɪɧɵɯ ɚэɪɨɡɨɥɟɣ ɢ ɝɚɡɨɜɵɯ ɩɪɢɦɟɫɟɣ Д1Ж. Ɋɟɡɭɥɶɬɚɬɵ 
ɦɟɡɨɦɚɫɲɬɚɛɧɨɝɨ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ Д3Ж ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɛɥɸɞɚɟɦɵɟ 
ɩɪɟɜɵɲɟɧɢɹ ɉȾК ɧɟɤɨɬɨɪɵɯ  ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɡɞɭɯɟ ɜ ɝɨɪɨɞɚɯ, ɫɬɨɹɳɢɯ ɧɚ 
ɛɟɪɟɝɭ ɜɨɞɨɟɦɨɜ, ɦɨɝɭɬ ɛɵɬɶ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɨɛɭɫɥɨɜɥɟɧɵ ɩɟɪɟɧɨɫɨɦ ɩɪɢɦɟɫɢ ɤ 
ɢɫɬɨɱɧɢɤɭ ɜɨɡɜɪɚɬɧɵɦ ɬɟɱɟɧɢɟɦ ɛɪɢɡɨɜɨɣ ɹɱɟɣɤɢ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɭɪɚɜɧɟɧɢɟ 
ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢффɭɡɢɢ Д4Ж, ɨɩɢɫɵɜɚɸɳɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɪɢɦɟɫɢ ɜ ɚɬɦɨɫфɟɪɟ, 
ɭɱɢɬɵɜɚɟɬ ɬɨɥɶɤɨ ɥɢɲɶ ɝɪɚɜɢɬɚɰɢɨɧɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɫɤɨɪɨɫɬɢ ɩɪɢɦɟɫɢ w, ɜ ɬɨ 
ɜɪɟɦɹ ɤɚɤ ɤɨɧɜɟɤɬɢɜɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰɵ ɜ ɚɬɦɨɫфɟɪɟ, ɜɨɡɧɢɤɚɸɳɚɹ ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɩɥɚɜɭɱɟɫɬɢ ɩɪɢ ɫɜɟɪɯɚɞɢɚɛɚɬɢɱɟɫɤɨɦ ɜɟɪɬɢɤɚɥɶɧɨɦ ɝɪɚɞɢɟɧɬɟ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɝɞɚ ɨɬɞɟɥɶɧɵɟ эɥɟɦɟɧɬɚɪɧɵɟ ɨɛɴɟɦɵ (ɜɨɡɞɭɲɧɵɟ ɱɚɫɬɢɰɵ) 
ɨɤɚɡɵɜɚɸɬɫɹ ɬɟɩɥɟɟ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɥɟɝɱɟ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, ɫɱɢɬɚɟɬɫɹ 
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ɩɪɟɧɟɛɪɟɠɢɬɟɥɶɧɨ ɦɚɥɨɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ Д5Ж. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ ɧɚɞ ɛɨɥɶɲɢɦɢ ɚɤɜɚɬɨɪɢɹɦɢ ɪɚɫɫɦɨɬɪɢɦ 
ɩɪɢɧɰɢɩ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɚɬɦɨɫфɟɪɧɨɣ ɤɨɧɜɟɤɰɢɢ ɢ ɩɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 
ɤɨɧɜɟɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɱɚɫɬɢɰɵ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ. 
ɉɨɥɭɱɢɜɲɟɟɫɹ ɜɵɪɚɠɟɧɢɟ ɭɱɬɟɦ ɩɪɢ ɨɰɟɧɤɟ  ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ (ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ).  

ɇɚ ɪɚɡɜɢɬɢɟ ɤɨɧɜɟɤɰɢɢ ɜ ɚɬɦɨɫфɟɪɟ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɸɬ ɩɪɨɰɟɫɫɵ фɚɡɨɜɵɯ 
ɩɟɪɟɯɨɞɨɜ ɜɥɚɝɢ, ɦɟɥɤɨɦɚɫɲɬɚɛɧɨɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɢ ɪɚɞɢɚɰɢɨɧɧɵɯ ɩɨɬɨɤɨɜ ɬɟɩɥɚ 
(ɨɫɨɛɟɧɧɨ ɤ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ). ȼɵɯɨɞɧɨɣ ɩɪɨɞɭɤɰɢɟɣ ɧɚɢɛɨɥɟɟ ɩɨɥɧɵɯ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɱɢɫɥɟɧɧɵɯ ɦɨɞɟɥɟɣ ɤɨɧɜɟɤɰɢɢ ɹɜɥɹɸɬɫɹ ɬɪɢ ɤɨɦɩɨɧɟɧɬɚ ɫɤɨɪɨɫɬɢ (u, v, 

w), ɬɟɦɩɟɪɚɬɭɪɚ (T), ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɜɥɚɝɢ (qv), ɜɨɞɧɨɫɬɶ ɨɛɥɚɤɨɜ (qc), ɜɨɞɧɨɫɬɶ ɨɫɚɞɤɨɜ 
(qr) ɢ ɢɯ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɭ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ. 

ȼ ɫɜɨɟɣ ɨɫɧɨɜɟ ɜɫɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɨɣ ɢɥɢ 
ɢɧɨɣ ɩɪɢɦɟɫɢ ɨɩɢɪɚɸɬɫɹ ɧɚ ɩɨɥɭэɦɩɢɪɢɱɟɫɤɨɟ ɞɢффɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ 
ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢффɭɡɢɢ Д4Ж: 
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ɫ ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ:  
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ɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ Д6Ж: 
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ɝɞɟ q – ɢɫɤɨɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢɦɟɫɢν  
 t – ɜɪɟɦɹν 
 u(z), v(z), w – ɤɨɦɩɨɧɟɧɬɵ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɩɨ ɨɫɹɦ x, y, z ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɵ 

ɤɨɨɪɞɢɧɚɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨν 
 k(z) – ɤɨэффɢɰɢɟɧɬ ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢффɭɡɢɢ ɜ z-ɧɚɩɪɚɜɥɟɧɢɢ (z – ɜɵɫɨɬɚ)ν 
 f – фɭɧɤɰɢɹ ɢɫɬɨɱɧɢɤɚ, ɡɚɜɢɫɹɳɚɹ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɬ ɤɨɨɪɞɢɧɚɬ ɢ ɜɪɟɦɟɧɢ, ɬɨ 

ɟɫɬɶ ),,,( tzyxff  ; 

 σ – ɜɟɥɢɱɢɧɚ, ɫɜɹɡɚɧɧɚɹ ɫ ɬɪɚɧɫфɨɪɦɚɰɢɟɣ (ɩɨɝɥɨɳɟɧɢɟɦ) ɫɭɛɫɬɚɧɰɢɢ (ɜ ɨɛɳɟɦ 
ɫɥɭɱɚɟ) ),,,( tzyx  ; 

 β – ɫɤɨɪɨɫɬɶ ɫɭɯɨɝɨ ɨɫɚɠɞɟɧɢɹν 
 w – ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɫɤɨɪɨɫɬɶ ɩɪɢɦɟɫɢν 
 z0 – ɩɚɪɚɦɟɬɪ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ. 
 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧ ɩɪɨɞɨɥɶɧɨɣ – u(z), ɩɨɩɟɪɟɱɧɨɣ – v(z) 

ɫɤɨɪɨɫɬɟɣ ɜɟɬɪɚ, ɚ ɬɚɤɠɟ ɤɨэффɢɰɢɟɧɬɚ ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢффɭɡɢɢ – k(z) ɨɬ ɜɵɫɨɬɵ z ɨɬ 
ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɣ ɜɢɞ ɜ ɪɚɦɤɚɯ ɪɚɡɥɢɱɧɵɯ 
ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɧɚɩɪɢɦɟɪ ɦɨɞɟɥɢ ɩɨɝɪɚɧɢɱɧɨɝɨ ɢɥɢ ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ 
ɚɬɦɨɫфɟɪɵ.  

ɉɪɢ ɡɚɞɚɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ u(z), )(Ȟ z ɢ k(z) ɜ ɭɪɚɜɧɟɧɢɢ ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢффɭɡɢɢ  
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(1) ฀ (3) ɩɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɪɚɡɦɵɜɚɧɢɟ ɩɪɢɦɟɫɢ ɩɨ ɨɫɢ Y ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɡɚɤɨɧɭ 
Ƚɚɭɫɫɚ, ɨɩɪɟɞɟɥɹɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɴёɦɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ 
ɜɵɪɚɠɟɧɢɟɦ Д7Ж: 

    
 

 22 σ2exp
σπ2
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y
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tzxS
tzyxq  , (4) 

ɝɞɟ σɭ(ɯ) – ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ. 
 

ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛɴёɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ ɜ ɜɢɞɟ ɜɵɪɚɠɟɧɢɹ 
(4) ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ фɭɧɤɰɢɸ ɞɜɭɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɢ ɜɪɟɦɟɧɢ S(x, z, t), 

ɱɬɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɭɩɪɨɫɬɢɬɶ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ. ɗɬɭ фɭɧɤɰɢɸ 
ɧɚɯɨɞɹɬ, ɩɪɨɜɨɞɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ (4), ɫɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɸ: 
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ɂɧɬɟɝɪɢɪɭɹ ɭɪɚɜɧɟɧɢɟ ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢффɭɡɢɢ (1) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (5), ɩɨɥɭɱɚɸɬ: 
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ɝɞɟ S = S(x, z, t);        




 эфB δδ,,,,, hzxPdytzyxftzx ; 

 hэф – эффɟɤɬɢɜɧɚɹ ɜɵɫɨɬɚ ɜɵɛɪɨɫɚν 
 Pȼ – ɦɨɳɧɨɫɬɶ ɜɵɛɪɨɫɚ, ДȻɤ/ɫЖν 
 )(δ)(δ)(δ эфB hzyxPf  – ɢɫɬɨɱɧɢɤ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ. 
 

ȼ ɪɚɦɤɚɯ ɦɨɞɟɥɢ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ ɚɬɦɨɫфɟɪɵ Д7Ж,  ukbaxuxbxy /1)(σ 222  , 

ɝɞɟ ukb ,, – ɭɫɪɟɞɧɟɧɧɵɟ  ɩɨ ɩɨɝɪɚɧɢɱɧɨɦɭ ɫɥɨɸ ɡɧɚɱɟɧɢɹ: эɧɟɪɝɢɢ ɬɭɪɛɭɥɟɧɬɧɵɯ 
ɩɭɥɶɫɚɰɢɣ b(z), ɤɨэффɢɰɢɟɧɬɚ ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢффɭɡɢɢ k(z), ɩɪɨɞɨɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ 
ɢ(z). Ɉɛɪɚɛɚɬɵɜɚɹ ɝɪɚɧɢɱɧɵɟ ɢ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɚɧɚɥɨɝɢɱɧɨ ɭɪɚɜɧɟɧɢɸ (3), 
ɩɨɥɭɱɚɸɬ: 
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ɝɞɟ β – ɫɤɨɪɨɫɬɶ ɫɭɯɨɝɨ ɨɫɚɠɞɟɧɢɹ ɩɪɢɦɟɫɢν 
 z0 – ɩɚɪɚɦɟɬɪ ɲɟɪɨɯɨɜɚɬɨɫɬɢ. 
 

Ɋɚɫɫɦɚɬɪɢɜɚɹ ɂɊȽ ɤɚɤ ɨɫɧɨɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɝɚɡɨɚэɪɨɡɨɥɶɧɨɣ ɪɚɞɢɨɚɤɬɢɜɧɨɣ 
ɩɪɢɦɟɫɢ, ɪɚɫɩɪɨɫɬɪɚ- ɧɹɸɳɟɣɫɹ ɜ ɚɬɦɨɫфɟɪɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɞɢɚɰɢɨɧɧɨɣ ɚɜɚɪɢɢ ɧɚ 
ɈɂȺɗ ɨɬɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɂɊȽ ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɟɫɶɦɚ 
ɡɧɚɱɢɬɟɥɶɧɨɣ, ɩɨɫɤɨɥɶɤɭ ɢɯ ɩɥɨɬɧɨɫɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ ɩɥɨɬɧɨɫɬɢ ɜɨɡɞɭɯɚ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ эɬɢ ɝɚɡɵ ɬɨɧɭɬ ɜ ɜɨɡɞɭɯɟ ɫɨ ɫɤɨɪɨɫɬɶɸ, ɜɟɪɯɧɹɹ ɨɰɟɧɤɚ ɤɨɬɨɪɨɣ 
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ɫɨɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɭ  
3

ɝ

ɜɝ2

 

 kgw  [8], 

ɝɞɟ νk Дɫɦ2/ɫЖ – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɜɨɡɞɭɯɚν 
 ρɜ  – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚν 
 ρɝ – ɩɥɨɬɧɨɫɬɶ ɂɊȽν 
 g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ. 

 

Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢффɭɡɢɢ (6), 
ɨɩɢɫɵɜɚɸɳɟɟ ɩɟɪɟɧɨɫ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ ɜ ɚɬɦɨɫфɟɪɟ ɢ ɟё ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ 
ɨɫɚɠɞɟɧɢɟ ɫ ɜɵɫɨɬɵ hэф,g = HT+h (HT  ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɜɵɫɨɬɚ ɜɟɧɬɬɪɭɛɵν h 

ɩɪɢɪɚɳɟɧɢɟ ɜɵɫɨɬɵ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ, 
ɜɵɯɨɞɹɳɟɝɨ ɢɡ ɭɫɬɶɹ, ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɞɚɜɥɟɧɢɟɦ, ɚ ɬɚɤɠɟ ɫɤɨɪɨɫɬɶɸ ɜɟɬɪɚ ɜ 
ɚɬɦɨɫфɟɪɟ u(z)) Д7, λЖ, ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ: ɩɪɨɞɨɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ,u  ɤɨэффɢɰɢɟɧɬɟ 
ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢффɭɡɢɢ k , эɧɟɪɝɢɢ ɬɭɪɛɭɥɟɧɬɧɵɯ ɩɭɥɶɫɚɰɢɣ ,b  ɨɩɪɟɞɟɥɹɟɦɵɯ, 
ɧɚɩɪɢɦɟɪ, ɜ ɪɚɦɤɚɯ ɦɨɞɟɥɢ ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ ɚɬɦɨɫфɟɪɵ Д10Ж, ɭɫɪɟɞɧɟɧɧɵɯ ɩɨ ɟɝɨ 
ɜɵɫɨɬɟ Hɩɪ, ɢ ɪɚɜɧɨɣ ɧɭɥɸ ( 0v ) ɩɨɩɟɪɟɱɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ Дλ, 11-12Ж, ɜɵɝɥɹɞɢɬ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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ɉɪɢ эɬɨɦ ɨɰɟɧɤɚ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɂɊȽ ɫ ɭɱёɬɨɦ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ 
ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢффɭɡɢɢ ɞɥɹ ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ ɚɬɦɨɫфɟɪɵ (κ) 
ɛɭɞɟɬ ɢɦɟɬɶ ɚɧɚɥɨɝɢɱɧɵɣ ɜɵɪɚɠɟɧɢɸ (4) ɜɢɞ Д7Ж 
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ɂɫɯɨɞɧɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɚɬɦɨɫфɟɪɧɨɣ ɤɨɧɜɟɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɢɫɬɟɦɨɣ 
ɭɪɚɜɧɟɧɢɣ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɢɡɦɟɧɟɧɢɟ ɬɪёɯɦɟɪɧɨɣ ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɨɬɨɤɚ Д5Ж: 

 

,
1

xF
x

p

dt

du








 

ɝɞɟ p , ρ – ɞɚɜɥɟɧɢɟ ɢ ɩɥɨɬɧɨɫɬɶ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ.  
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ɝɞɟ θ,  θ' – ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ  θ = T[p0/p]
R/Cp

; 

 R/Cp = Д(Ȥ-1)/ȤЖ, Ȥ = ɋɪ/ɋv – ɩɨɫɬɨɹɧɧɚɹ ɚɞɢɚɛɚɬɵ. 
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ɝɞɟ ρ  – ɭɫɪɟɞɧёɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ.  
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ɝɞɟ v
q , q' – ɭɫɪɟɞɧёɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɜɥɚɝɢ ɜ ɚɬɦɨɫфɟɪɟ ɢ ɤɨɧɜɟɤɬɢɜɧɨɦ 

ɩɨɬɨɤɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

ɍɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɟɝɨ ɩɟɪɟɧɨɫ ɜɨɞɧɨɫɬɢ ɨɫɚɞɤɨɜ: 
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ɝɞɟ 0p  – ɞɚɜɥɟɧɢɟ ɚɬɦɨɫфɟɪɵν 
 x, y, z – ɬɟɤɭɳɢɟ ɤɨɨɪɞɢɧɚɬɵν 
 Fx, Fy, Fz, FT ɢ Fq – ɱɥɟɧɵ, ɨɩɢɫɵɜɚɸɳɢɟ ɦɟɥɤɨɦɚɫɲɬɚɛɧɭɸ ɬɭɪɛɭɥɟɧɬɧɨɫɬɶ ɜ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɪɚɜɧɟɧɢɹɯ Д5Жν 
 İph – ɩɪɢɬɨɤɢ ɬɟɩɥɚ ɡɚ ɫɱɟɬ фɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɜɥɚɝɢ ɜ ɚɬɦɨɫфɟɪɟν 
 İr – ɪɚɞɢɚɰɢɨɧɧɵɟ ɩɪɢɬɨɤɢ ɬɟɩɥɚν 
  

phr dtdq – фɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ ɜɥɚɝɢ ɢɡ ɨɛɥɚɱɧɨɫɬɢ ɜ ɨɫɚɞɤɢ ɢɥɢ ɢɡ ɨɫɚɞɤɨɜ ɜ 
ɜɨɞɹɧɨɣ ɩɚɪ. 

 

Ȼɨɥɶɲɚɹ ɱɚɫɬɶ фɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɨɩɢɫɵɜɚɟɦɵɯ ɫɥɚɝɚɟɦɵɦɢ ɜ ɩɪɚɜɵɯ ɱɚɫɬɹɯ 
ɭɪɚɜɧɟɧɢɣ, ɹɜɥɹɟɬɫɹ ɦɢɤɪɨфɢɡɢɱɟɫɤɢɦɢ ɩɨ ɫɜɨɟɣ ɫɭɳɧɨɫɬɢ. ɂɯ ɬɨɱɧɨɟ ɨɩɢɫɚɧɢɟ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ  ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɟ ɡɚɞɚɱɢ ɤɚɤ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɫɬɪɨɟɧɢɹ ɫɚɦɢɯ 
фɢɡɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ,  ɬɚɤ ɢ ɱɢɫɥɟɧɧɨɣ ɢɯ ɪɟɚɥɢɡɚɰɢɢ. ɉɨэɬɨɦɭ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢɛɥɢɠɟɧɧɵɟ ɦɟɬɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɦɟɥɤɨɦɚɫɲɬɚɛɧɨɣ 
ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ, ɩɪɨɰɟɫɫɨɜ ɤɨɧɞɟɧɫɚɰɢɢ, ɤɨɚɝɭɥɹɰɢɢ, ɢɫɩɚɪɟɧɢɹ ɨɫɚɞɤɨɜ, ɩɨɝɥɨɳɟɧɢɹ 
ɪɚɞɢɚɰɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚ ɫɩɟɤɬɪɚ ɢ ɬ.ɞ. ɗɬɢ ɩɪɢɛɥɢɠɟɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɧɚɡɵɜɚɸɬ ɩɚɪɚɦɟɬɪɢɡɚɰɢɟɣ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɛɵɥɢ ɪɚɡɜɢɬɵ ɦɟɬɨɞɵ ɩɚɪɚɦɟɬɪɢɡɚɰɢɢ 
ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɦɟɥɤɨɦɚɫɲɬɚɛɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ ɯɨɬɹ ɢ ɬɪɟɛɭɸɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɜɵɱɢɫɥɟɧɢɣ, ɧɨ ɦɨɝɭɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɵ ɧɚ ɫɨɜɪɟɦɟɧɧɵɯ ɗȼɆ.  

ȼ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɩɨɞɫɬɢɥɚɸɳɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɥɚɞɚɟɬ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ (ɬɪɚɜɚ, ɞɟɪɟɜɶɹ, ɡɞɚɧɢɹ, ɜɨɞɨɟɦɵ ɢ ɬ.ɞ.) ɞɥɹ ɩɪɨɝɧɨɡɚ ɫɥɟɞɨɜɚɥɨ ɛɵ 
ɪɚɫɫɱɢɬɵɜɚɬɶ ɩɨɥɹ ɤɨɧɜɟɤɬɢɜɧɵɯ ɬɟɱɟɧɢɣ ɫ ɨɱɟɧɶ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ 
ɬɟɪɦɢɤɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɦɚɫɫɭ ɩɨɞɧɢɦɚɸɳɟɝɨɫɹ ɜɨɡɞɭɯɚ, ɤɨɬɨɪɚɹ ɩɪɢ эɬɨɦ 
ɦɨɠɟɬ ɩɟɪɟɦɟɲɢɜɚɬɶɫɹ ɫ ɨɤɪɭɠɚɸɳɢɦ ɜɨɡɞɭɯɨɦ, ɧɨ ɞɚɧɧɵɣ фɚɤɬ ɭɜɟɥɢɱɢɜɚɟɬ ɜɪɟɦɹ 
ɪɚɫɱɟɬɚ ɜ ɪɚɡɵ. ɇɨ ɩɨɫɤɨɥɶɤɭ ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɯɨɬɹ ɛɵ ɩɪɢɛɥɢɠɟɧɧɨɣ 
ɨɰɟɧɤɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɵɯ ɬɟɱɟɧɢɣ, ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɭɩɪɨɳɟɧɧɵɦɢ 
ɫɩɨɫɨɛɚɦɢ ɢɯ ɪɚɫɱɟɬɚ. 

ɉɪɟɞɟɥɶɧɨ ɩɪɨɫɬɨɣ ɢ ɜɦɟɫɬɟ ɬɟɦ фɢɡɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɣ ɩɨɞɯɨɞ ɤ ɪɚɫɱɟɬɭ 
ɤɨɧɜɟɤɬɢɜɧɵɯ ɞɜɢɠɟɧɢɣ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɫ ɩɨɦɨɳɶɸ ɢɦɟɸɳɢɯɫɹ ɞɚɧɧɵɯ 
ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ ɚɬɦɨɫфɟɪɵ ɨɰɟɧɢɬɶ ɨɫɧɨɜɧɭɸ ɞɜɢɠɭɳɭɸ ɫɢɥɭ ɤɨɧɜɟɤɰɢɢ 
– ɫɢɥɭ ɩɥɚɜɭɱɟɫɬɢ ɢ ɢɡ ɭɩɪɨɳɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɢɧɚɦɢɤɢ ɚɬɦɨɫфɟɪɵ ɪɚɫɫɱɢɬɚɬɶ 
ɜɟɪɬɢɤɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɤɨɧɜɟɤɬɢɜɧɵɯ ɞɜɢɠɟɧɢɣ Д13Ж. 

ɉɪɟɧɟɛɪɟɝɚɹ ɤɨɧɜɟɤɬɢɜɧɵɦɢ ɩɭɥɶɫɚɰɢɹɦɢ ɞɚɜɥɟɧɢɹ ɢ ɬɭɪɛɭɥɟɧɬɧɵɦ ɨɛɦɟɧɨɦ,  
ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɞɥɹ ɜɟɪɬɢɤɚɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɫɤɨɪɨɫɬɢ w ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ 
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ɜɢɞɟ: 
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ɝɞɟ T   – ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɧɢɦɚɸɳɟɣɫɹ ɜɨɡɞɭɲɧɨɣ ɱɚɫɬɢɰɵ, 
 T  – ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, 
 t – ɜɪɟɦɹ, 
 g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ. 
 

ȼ ɨɞɧɨɦɟɪɧɨɦ ɫɬɚɰɢɨɧɚɪɧɨɦ ɫɥɭɱɚɟ zwwtw  ɢ ɬɨɝɞɚ ɭɪɚɜɧɟɧɢɟ (46) 
ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ: 
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ɂɧɬɟɝɪɢɪɭɸɬ ɟɝɨ ɩɨ ɜɵɫɨɬɟ ɨɬ ɭɪɨɜɧɹ z0 ɞɨ ɭɪɨɜɧɹ z, ɩɨɥɭɱɚɸɬ: 
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Ƚɞɟ ɢɧɞɟɤɫ k  ɨɡɧɚɱɚɟɬ, ɱɬɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɤɨɧɜɟɤɬɢɜɧɨɝɨ 
ɩɨɬɨɤɚ. ɉɪɨɜɟɞɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɭɪɚɜɧɟɧɢɹ (11) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɹ ɫɬɚɬɢɤɢ 

( gdzdp ρ ) ɢ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ( RTp ρ , ɝɞɟ R – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ), ɩɨɥɭɱɢɦ 
ɫɥɟɞɭɸɳɭɸ фɨɪɦɭɥɭ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɱɚɫɬɢɰɵ ɧɚ ɭɪɨɜɧɟ p: 
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ɝɞɟ p ɢ p0 – ɞɚɜɥɟɧɢɟ ɧɚ ɧɢɠɧɟɣ ɢ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɥɨɹ 
ɚɬɦɨɫфɟɪɵ, 

 
0kpw  – ɫɤɨɪɨɫɬɶ ɤɨɧɜɟɤɰɢɢ ɧɚ ɧɢɠɧɟɦ  ɭɪɨɜɧɟ (p0) ɫɥɨɹ. 

 

ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɤɨɧɜɟɤɰɢɢ ɞɥɹ ɱɚɫɬɢɰɵ, ɩɨɞɧɢɦɚɸɳɟɣɫɹ ɫ ɭɪɨɜɧɹ p0 ɞɨ ɭɪɨɜɧɹ 
p, ɧɚ ɤɨɬɨɪɨɦ ( TT  )=0, ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɧɚ ɭɪɨɜɧɟ Ɂɟɦɥɢ (p0) ɛɥɚɝɨɞɚɪɹ ɬɪɟɧɢɸ 

0
0
kpw  ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɭɪɚɜɧɟɧɢɹ Д5Ж:  

 

  .ln)( 0ppTTRwkp   (12) 

 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚфɢɤ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɣ ɜɟɪɬɢɤɚɥɶɧɨɣ 
ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɰɢɢ ɩɪɢ ɩɨɞɴɟɦɟ ɱɚɫɬɢɰɵ ɫ ɭɪɨɜɧɟɣ ɚɬɦɨɫфɟɪɵ 1000 Ƚɉɚ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ фɨɪɦɭɥɨɣ (12). Ɂɧɚɱɟɧɢɹ kpw  ɩɨ ɝɪɚфɢɤɭ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ 

ɢɡɜɟɫɬɧɵɦ ɡɧɚɱɟɧɢɹɦ  TT   ɜ ɫɥɨɟ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɩɨɞɴɟɦɚ ɱɚɫɬɢɰɵ (p0) ɞɨ 
ɤɨɧɟɱɧɨɝɨ ɭɪɨɜɧɹ (p). Кɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 1, ɩɪɢ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɡɧɚɱɟɧɢɢ  TT   

ɜɟɥɢɱɢɧɚ kpw  ɦɟɧɹɟɬɫɹ ɜ ɞɨɜɨɥɶɧɨ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ ɭɪɨɜɧɟ 
ɪ0 ɢ ɪ ɢ ɪɚɡɧɨɫɬɢ ɪ0–ɪ. [5]. ɂɡɨɛɚɪɢɱɟɫɤɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 1000 ɝɉɚ ɩɪɨɯɨɞɢɬ ɜɛɥɢɡɢ 
ɭɪɨɜɧɹ ɦɨɪɹ. ɂɡɨɛɚɪɢɱɟɫɤɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 700 ɝɉɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɨɤɨɥɨ ɜɵɫɨɬɵ 3 ɤɦ. ɇɨ 
ɩɨɫɤɨɥɶɤɭ ɜɵɫɨɬɚ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 100 ɦ ɞɨ 2 ɤɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɨɫɬɨɹɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɬɦɨɫфɟɪɵ Д7Ж, ɬɨ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɫɥɟɞɭɟɬ 



 ɈɋɈȻȿɇɇɈɋɌɂ ɁȺȽɊəɁɇȿɇɂə ɉɈȾɋɌɂɅȺɘɓȿɃ ɉɈȼȿɊɏɇɈɋɌɂ 27 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 2(23) 2017 

ɨɩɪɟɞɟɥɢɬɶ ɫɪɟɞɧɸɸ ɫɤɨɪɨɫɬɶ ɤɨɧɜɟɤɰɢɢ ɞɥɹ ɱɚɫɬɢɰɵ, ɩɨɞɧɢɦɚɸɳɟɣɫɹ ɫ ɭɪɨɜɧɹ Ɂɟɦɥɢ 
(p0=1000 ɝɉɚ) ɞɨ ɢɡɨɛɚɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ κ00 ɝɉɚ. Ɂɧɚɱɟɧɢɹ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ 
ɤɨɧɜɟɤɰɢɢ 

kpw  ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ  TT   ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ.1. Ɉɞɧɚɤɨ, 
ɩɨɫɤɨɥɶɤɭ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ эффɟɤɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ ɚɬɦɨɫфɟɪɵ, 
ɬɨ ɡɞɟɫɶ ɞɨɫɬɚɬɨɱɧɨ ɩɨɤɚɡɚɬɶ ɟɝɨ ɧɚɥɢɱɢɟ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɢɯ ɡɧɚɱɟɧɢɹɯ 
ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɨɬɨɤɚ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɤɨɧɜɟɤɬɢɜɧɨɣ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɜ 
ɚɬɦɨɫфɟɪɟ ɩɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɜ ɧɟɣ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɝɚɡɨɚэɪɨɡɨɥɶɧɨɣ ɩɪɢɦɟɫɢ  ɧɚɞ 
ɛɨɥɶɲɢɦɢ ɚɤɜɚɬɨɪɢɹɦɢ (ɨɡɟɪɚ, ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɬ.ɞ.) ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɟɫɬɢ ɛɨɥɟɟ 
ɬɨɱɧɭɸ ɨɰɟɧɤɭ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

 

 
 

 

 
  

Ɍɚɛɥɢɰɚ 1. Зːа˚ˈːˋя ˔˓ˈˇːˈˌ ˔ˍˑ˓ˑ˔˕ˋ ˍˑːвˈˍ˙ˋˋ 
kw  ˇˎя ˓аˊˎˋ˚ːы˘ ˊːа˚ˈːˋˌ ˓аˊːˑ˔˕ˋ  TT   

№ p0, ɝɉɚ p, ɝɉɚ  TT  , ºɋ kpw , ɦ/ɫ 

   1 

 

 

 

1000 900 

1 13 
2 18 
3 22 
4 26 
5 29 

2 

1000 800 

1 11 
2 15 
3 18 
4 21 
5 24 

3 

900 800 

1 12 
2 16,5 
3 20,5 
4 24 
5 28 

Ɋɢɫ. 1. – Ƚɪɚфɢɤɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɣ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɰɢɢ ɩɪɢ ɩɨɞɴёɦɟ 

ɱɚɫɬɢɰɵ ɫ ɭɪɨɜɧɟɣ ɚɬɦɨɫфɟɪɵ 1000 (а), 900(ɛ), 850(ɜ) 

Ƚɉɚ 

Ɋɢɫ. 2. – Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɩɪɢɡɟɦɧɨɝɨ ɜɟɬɪɚ U(z) 

ɨɬ ɜɵɫɨɬɵ ɨɬ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɦɨɞɟɥɶ 
ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ ɚɬɦɨɫфɟɪɵ): 1 – ɧɟɭɫɬɨɣɱɢɜɨɟ 

ɫɨɫɬɨɹɧɢɟ 

(L0 = -18, *v = 0,32 ɦ/ɫ, 3,8 /u ɦ с , 424,1b ; 

2 – ɭɫɬɨɣɱɢɜɨɟ ɫɨɫɬɨɹɧɢɟ (L0=30, *v = 0,26 ɦ/ɫ, 
сɦu /66,5 , 097,0b ), [12] 

 

Ɋɢɫ. 3. – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨэффɢɰɢɟɧɬɚ ɬɭɪɛɭɥɟɧɬɧɨɣ 
ɞɢффɭɡɢɢ K(z) ɨɬ ɜɵɫɨɬɵ ɨɬ ɩɨɞɫɬɢɥɚɸɳɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɨɫɬɨɹɧɢɹɯ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɚɬɦɨɫфɟɪɵ (ɜ ɪɚɦɤɚɯ ɦɨɞɟɥɢ ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ 

ɚɬɦɨɫфɟɪɵ): 1 – ɧɟɭɫɬɨɣɱɢɜɨɟ ɫɨɫɬɨɹɧɢɟ L0 = -18, 

сɦk /0,17 2 ; 2 – ɭɫɬɨɣɱɢɜɨɟ ɫɨɫɬɨɹɧɢɟ L0 = 30, 

сɦk /5,3 2 ,[12] 



28  ȿɅɈɏɂɇ ɢ ɞɪ. 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 2(23) 2017 

Ⱦɥɹ ɪɟɲɟɧɢɹ эɬɨɣ ɡɚɞɚɱɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɜɵɪɚɠɟɧɢɟɦ  (λ), ɤɨɬɨɪɨɟ ɨɩɢɫɵɜɚɟɬ 
ɩɟɪɟɧɨɫ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ ɜ ɚɬɦɨɫфɟɪɟ, ɨɝɪɚɧɢɱɢɜɚɹɫɶ ɞɜɭɦɹ ɫɥɭɱɚɹɦɢ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɟё ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ (ɫɦ. ɪɢɫ.2 ɢ 3) Д12Ж. Ⱦɥɹ эɬɨɝɨ ɜ фɨɪɦɭɥɟ (κ), 
ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ ɪɟɲɟɧɢɟ  ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ ɭɪɚɜɧɟɧɢɹ ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢффɭɡɢɢ ɜ 
ɪɚɦɤɚɯ ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ ɚɬɦɨɫфɟɪɵ,  ɫɞɟɥɚɟɦ ɩɨɩɪɚɜɤɭ, ɬ.ɟ. ɜɦɟɫɬɨ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ 
ɫɤɨɪɨɫɬɢ ɨɫɚɠɞɟɧɢɹ ɱɚɫɬɢɰ w ɩɨɞɫɬɚɜɢɦ ɜɵɪɚɠɟɧɢɟ 

kpwww  ɢ ɩɪɨɜɟɞɟɦ ɪɚɫɱёɬ 

ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ (λ) ɞɥɹ ɧɟɭɫɬɨɣɱɢɜɨɝɨ (L0 = -18, *v = 0,32 

ɦ/ɫ) ɢ ɭɫɬɨɣɱɢɜɨɝɨ ɫɨɫɬɨɹɧɢɣ (L0 = 30, *v = 0,26 ɦ/ɫ) ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ ɚɬɦɨɫфɟɪɵ Д12Ж, 
ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɜɨɢɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɲɧɨɝɨ 
ɩɨɬɨɤɚ u(z) ɢ ɤɨэффɢɰɢɟɧɬɚ ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢффɭɡɢɢ k(z), ɝɞɟ L0 – ɦɚɫɲɬɚɛ Ɇɨɧɢɧɚ-

Ɉɛɭɯɨɜɚν *v  – ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ (ɫɦ. ɪɢɫ.2, 3).  
ɋɨɝɥɚɫɧɨ Д11, 14Ж ɨɫɧɨɜɧɵɦɢ ɪɚɞɢɨɧɭɤɥɢɞɚɦɢ ɜ ɜɵɛɪɨɫɚɯ Ⱥɗɋ ɢ ɞɪɭɝɢɯ ɈɂȺɗ ɜ 

ɚɬɦɨɫфɟɪɭ ɹɜɥɹɸɬɫɹ ɂɊȽ ɢ ɚэɪɨɡɨɥɢ 137
Cs,

 134
Cs,

 131
I,

 60
Co. ɉɪɢ эɬɨɦ, ɤɚɤ ɨɬɦɟɱɚɥɨɫɶ 

ɜɵɲɟ, ɨɫɧɨɜɧɨɣ ɞɨɡɨɨɛɪɚɡɭɸɳɢɣ ɜɤɥɚɞ ɜɧɟɲɧɟɝɨ ɨɛɥɭɱɟɧɢɹ ɫɨɡɞɚɸɬ ɂɊȽ, 
ɪɚɞɢɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ ДκЖ.  

ȼ ɪɚɫɱɟɬɚɯ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ 
ɜɛɥɢɡɢ ɢ ɧɚɞ ɛɨɥɶɲɢɦɢ ɚɤɜɚɬɨɪɢɹɦɢ, ɩɨɥɚɝɚɟɦ, ɱɬɨ ɜ ɚɬɦɨɫфɟɪɭ ɩɨɫɬɭɩɚɸɬ 
ɪɚɞɢɨɧɭɤɥɢɞɵ 85

Kr ɫ ɨɛɳɟɣ ɚɤɬɢɜɧɨɫɬɶɸ 2·105
 Кɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɟɧɟɛɪɟɱɶ 

ɩɨɫɬɨɹɧɧɨɣ  ɪɚɫɩɚɞɚ Ȝ ɜ ɭɪɚɜɧɟɧɢɢ (κ), ɜ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ эɬɨɬ ɪɚɞɢɨɧɭɤɥɢɞ ɨɬɧɨɫɢɬɫɹ ɤ 
ɞɨɥɝɨɠɢɜɭɳɢɦ ɫ T½ = 10,7 ɥɟɬ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɞɨɥɠɧɵ: 

1) ɍɬɨɱɧɢɬɶ ɪɚɡɥɢɱɢɟ ɯɚɪɚɤɬɟɪɚ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɞɫɬɢɥɚɸɳɟɣ ɢɥɢ 
ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ ɭɫɬɨɣɱɢɜɨɝɨ ɢ ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɫɨɫɬɨɹɧɢɣ ɚɬɦɨɫфɟɪɵ.  

2) Ɉɩɪɟɞɟɥɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɪɚɞɢɨɚɤɬɢɜɧɨɣ 
ɩɪɢɦɟɫɢ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ ɜ ɚɬɦɨɫфɟɪɟ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɫɤɨɪɨɫɬɢ 
ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɨɞɴɟɦɚ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ, ɜɨɡɧɢɤɚɸɳɟɝɨ ɧɚɞ ɚɤɜɚɬɨɪɢɟɣ. 

3) ɉɨɞɝɨɬɨɜɢɬɶ ɦɟɬɨɞɢɱɟɫɤɭɸ ɛɚɡɭ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɦɟɬɨɞɢɤɢ ɨɰɟɧɤɢ ɩɨɜɵɲɟɧɢɹ 
ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢ «ɡɚɛɪɨɫɟ» ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ, ɩɪɨɯɨɞɹɳɟɣ ɧɚɞ 
ɨɛɲɢɪɧɵɦɢ ɚɤɜɚɬɨɪɢɹɦɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4 (а, ɛ, ɜ) ɧɚ ɜɵɫɨɬɟ z = 1,5 ɦ ɩɪɢ 
эффɟɤɬɢɜɧɨɣ ɜɵɫɨɬɟ ɜɵɛɪɨɫɚ Hэф = 100 ɦ. 

ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɪɢɫɭɧɤɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɨɛɴёɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢɦɟɟɬ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɯɚɪɚɤɬɟɪ. ɉɪɢ эɬɨɦ ɦɚɤɫɢɦɭɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɨɹɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɬɦɨɫфɟɪɵ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɪɚɡɥɢɱɧɵɯ 
ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɢɫɬɨɱɧɢɤɚ, ɬ.ɟ. ɩɪɢ ɭɫɬɨɣɱɢɜɨɦ ɫɨɫɬɨɹɧɢɢ ɫɞɜɢɝɚɟɬɫɹ ɜ ɫɬɨɪɨɧɭ 
ɛόɥɶɲɢɯ x. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜɞɨɥɶ ɨɫɢ x ɩɪɢ ɭɫɬɨɣɱɢɜɨɦ ɫɨɫɬɨɹɧɢɢ 
ɚɬɦɨɫфɟɪɵ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɨɥɨɝɢɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɪɢ 
ɧɟɭɫɬɨɣɱɢɜɨɦ ɫɨɫɬɨɹɧɢɢ ɚɬɦɨɫфɟɪɵ, ɤɨɬɨɪɨɟ ɪɟɡɤɨ ɩɚɞɚɟɬ, ɩɨɫɥɟ ɬɨɝɨ ɤɚɤ ɞɨɫɬɢɝɚɟɬ 
ɦɚɤɫɢɦɭɦɚ. ɗффɟɤɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɫɞɜɢɝɚ ɦɚɤɫɢɦɭɦɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɩɨɥɨɝɨɫɬɶ ɟё ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢ ɭɫɬɨɣɱɢɜɨɦ 
ɫɨɫɬɨɹɧɢɢ ɚɬɦɨɫфɟɪɵ ɨɛɭɫɥɨɜɥɟɧɵ ɡɧɚɱɢɬɟɥɶɧɨ ɛόɥɶɲɟɣ ɫɤɨɪɨɫɬɶɸ ɜɨɡɞɭɲɧɨɝɨ 
ɩɨɬɨɤɚ, ɱɟɦ ɩɪɢ ɧɟɭɫɬɨɣɱɢɜɨɦ ɫɨɫɬɨɹɧɢɢ. ɗɬɢ эффɟɤɬɵ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵ Д7, λ, 12Ж ɢ 
ɩɪɢɜɨɞɹɬɫɹ ɡɞɟɫɶ ɫ ɰɟɥɶɸ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɤɨɪɪɟɤɬɧɨɫɬɢ ɪɚɫɱёɬɨɜ. ɋ ɪɨɫɬɨɦ ɫɤɨɪɨɫɬɢ 
ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɫ 0,005 ɦ/ɫ ɞɨ 0,05 ɦ/ɫ ɫɪɚɜɧɢɦɨɣ ɫɨ ɫɤɨɪɨɫɬɶɸ ɫɭɯɨɝɨ 
ɨɫɚɠɞɟɧɢɹ (ɪɢɫ. 4 а, ɛ) ɜɟɥɢɱɢɧɚ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜɛɥɢɡɢ ɩɨɞɫɬɢɥɚɸɳɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɱɬɨ ɬɚɤɠɟ ɧɟ ɜɵɡɵɜɚɟɬ ɫɨɦɧɟɧɢɣ, ɩɨɫɤɨɥɶɤɭ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɨɣ 
ɩɪɢɦɟɫɶɸ ɬɚɤɠɟ ɛɭɞɟɬ ɪɚɫɬɢ.  

ɇɚ ɪɢɫɭɧɤɟ 4 ɜ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɞɥɹ 
ɭɫɬɨɣɱɢɜɨɝɨ ɢ ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɫɨɫɬɨɹɧɢɣ ɚɬɦɨɫфɟɪɵ ɩɪɢ ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ 
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ɩɨɬɨɤɚ ɪɚɜɧɨɣ ɫɤɨɪɨɫɬɢ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ, ɧɨ ɜɡɹɬɨɣ ɫ ɨɛɪɚɬɧɵɦ ɡɧɚɤɨɦ, ɬ.ɟ. 
ɩɪɢ ɧɚɥɢɱɢɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ, ɩɨɞɧɢɦɚɸɳɟɝɨ ɲɥɟɣф ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɜɵɛɪɨɫɨɜ. 
ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɯɚɪɚɤɬɟɪ эɬɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɩɨɞɨɛɟɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹɦ, 
ɩɪɢɜɟɞɟɧɧɵɦ ɧɚ ɪɢɫɭɧɤɟ 4 а, ɛ, ɨɫɨɛɟɧɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɡɧɚɱɟɧɢɟ 
ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢ ɭɫɬɨɣɱɢɜɨɦ ɫɨɫɬɨɹɧɢɢ ɚɬɦɨɫфɟɪɵ ɜ ɨɬɥɢɱɢɟ ɨɬ 
ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɟɬɫɹ, ɱɟɦ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹɯ ɪɢɫɭɧɤɚ 4 ɛ. ɂɡ 
ɩɨɫɥɟɞɧɟɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɥɨɬɧɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɞɫɬɢɥɚɸɳɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜ эɬɨɦ ɫɥɭɱɚɟ ɬɚɤɠɟ ɛɭɞɟɬ ɩɚɞɚɬɶ. 

 

  
 

 
 

Ɋɢɫ. 4. – Ɉɫɟɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ ɞɥɹ ɭɫɬɨɣɱɢɜɨɝɨ (1) ɢ ɧɟɭɫɬɨɣɱɢɜɨɝɨ (2) 
ɫɨɫɬɨɹɧɢɣ ɚɬɦɨɫфɟɪɵ ɩɪɢ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɫɚɠɞɟɧɢɹ w ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ ɪɚɜɧɨɣ: 0,05 

ɦ/ɫ (а)ν 0,005 ɦ/ɫ (ɛ) ɢ ɩɪɢ ɧɚɥɢɱɢɢ ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɨɞɴёɦɚ w = - 0,05 ɦ/ɫ (ɜ) ɧɚ ɜɵɫɨɬɟ z = 1.5 ɦ 

 

ɉɨɩɟɪɟɱɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɪɚɡɥɢɱɧɵɯ 
ɪɚɫɫɬɨɹɧɢɹɯ (ɫɦ. ɪɢɫ. 5, а – ɝ), ɧɟ ɩɪɨɬɢɜɨɪɟɱɚɬ ɪɟɡɭɥɶɬɚɬɚɦ, ɩɨɥɭɱɟɧɧɵɦ ɜɵɲɟ. ɇɚ 
ɧɟɛɨɥɶɲɢɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɨɜ (x = 1000 ɦ) ɨɛɴɟɦɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜ 
ɪɚɫɩɪɟɞɟɥɟɧɢɢ 2 (ɧɟɭɫɬɨɣɱɢɜɨɟ ɫɨɫɬɨɹɧɢɟ ɚɬɦɨɫфɟɪɵ) ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɶɲɟ, ɱɟɦ ɜ 
ɪɚɫɩɪɟɞɟɥɟɧɢɢ 1 (ɭɫɬɨɣɱɢɜɨɟ ɫɨɫɬɨɹɧɢɟ ɚɬɦɨɫфɟɪɵ). ɇɚɩɪɨɬɢɜ, ɩɪɢ ɛɨɥɶɲɢɯ x 

(x ≥ 3000 ɦ) ɨɛɴɟɦɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɢ 1 ɨɤɚɡɵɜɚɟɬɫɹ ɜɵɲɟ, ɱɟɦ ɜ 
ɪɚɫɩɪɟɞɟɥɟɧɢɢ 2. ɉɨɫɥɟɞɧɟɟ ɨɛɭɫɥɨɜɥɟɧɨ ɬɚɤɠɟ ɬɟɦ, ɱɬɨ ɩɪɢ ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ 
ɪɚɞɢɨɚɤɬɢɜɧɚɹ ɩɪɢɦɟɫɶ ɩɨɞɯɜɚɬɵɜɚɟɬɫɹ ɜɟɬɪɨɦ (ɫɞɭɜɚɟɬɫɹ ɨɬ ɢɫɬɨɱɧɢɤɚ) ɢ ɩɟɪɟɧɨɫɢɬɫɹ 
ɧɚ ɛяɥɶɲɢɟ ɪɚɫɫɬɨɹɧɢɹ, ɚ  ɩɪɢ ɦɚɥɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɨɫɧɨɜɧɚɹ ɦɚɫɫɚ ɨɫɟɞɚɟɬ ɜɛɥɢɡɢ 
ɢɫɬɨɱɧɢɤɚ. ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɨɬɨɤɚ ɫɪɚɜɧɢɦɨɣ 
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ɫ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɫɤɨɪɨɫɬɶɸ (ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɟ), ɡɧɚɱɟɧɢɟ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 
ɜ ɩɪɢɡɟɦɧɨɦ ɫɥɨɟ (z = 1,5 ɦ) ɩɪɢ ɭɫɬɨɣɱɢɜɨɦ ɫɨɫɬɨɹɧɢɢ ɚɬɦɨɫфɟɪɵ ɨɤɚɡɵɜɚɟɬɫɹ 
ɦɟɧɶɲɟ, ɱɟɦ ɩɪɢ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ, ɱɬɨ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɪɚɧɟɟ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ. 

ɇɚɢɛɨɥɟɟ ɡɚɦɟɬɧɨ эɬɨ ɧɚ ɛɨɥɶɲɢɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɢɫɬɨɱɧɢɤɚ. 
ɋ ɪɨɫɬɨɦ ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɨɬɨɤɚ ɨɫɚɠɞɟɧɢɟ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ 

ɡɚɦɟɬɧɨ ɭɦɟɧɶɲɚɟɬɫɹ. ɗɬɢ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ.6 а, ɛ. ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɪɚɫɱёɬɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 5 (ɜ, ɝ) ɢ 6 (а, ɛ) ɩɨɞɬɜɟɪɠɞɚɸɬ эɬɨɬ ɜɵɜɨɞ. ɋɥɟɞɭɟɬ 
ɬɚɤɠɟ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɫɥɚɛɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ ɨɛɴёɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɨɬ 
ɫɤɨɪɨɫɬɢ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢ ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɨɬɨɤɚ, ɨɫɨɛɟɧɧɨ, ɧɚ 
ɛɨɥɶɲɢɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɪɢ ɧɟɭɫɬɨɣɱɢɜɨɦ ɫɨɫɬɨɹɧɢɢ ɚɬɦɨɫфɟɪɵ, ɜ ɨɬɥɢɱɢɟ 
ɨɬ ɭɫɬɨɣɱɢɜɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

ɗɬɨɬ ɜɵɜɨɞ ɫɥɟɞɭɟɬ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱёɬɨɜ ɤɚɤ ɨɫɟɜɨɝɨ, ɬɚɤ ɢ ɩɨɩɟɪɟɱɧɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ. 5 (а – ɝ) ɢ 6 (а, ɛ). 

 

 

 
 

 

  
 

 
Ɋɢɫ. 5. – ɉɨɩɟɪɟɱɧɨɟ  ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ (z = 1,5 ɦ) ɞɥɹ ɪɚɡɥɢɱɧɵɯ 

ɫɨɫɬɨɹɧɢɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɬɦɨɫфɟɪɵ ɧɚ ɪɚɡɥɢɱɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɨɜ (x = 1000, 6000 ɦ) 
ɩɪɢ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɫɚɠɞɟɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ w = 0,005 ɦ/ɫ (а, ɛ) ɢ ɫɤɨɪɨɫɬɢ 

ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɨɬɨɤɚ w = - 0,005 ɦ/ɫ (ɜ, ɝ) 
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Ɋɢɫ. 6. – ɉɨɩɟɪɟɱɧɨɟ  ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ (z = 1,5 ɦ) ɭɫɬɨɣɱɢɜɨɝɨ (1) ɢ 

ɧɟɭɫɬɨɣɱɢɜɨɝɨ (2) ɫɨɫɬɨɹɧɢɣ ɚɬɦɨɫфɟɪɵ ɧɚ ɪɚɡɥɢɱɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɨɜ (x = 1000, 

6000 ɦ) ɩɪɢ ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɨɬɨɤɚ  w = - 0,05 ɦ/ɫ (а, ɛ) 

 

ɇɚ ɪɢɫɭɧɤɟ 7 (а – ɟ) ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɜɵɫɨɬɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɨɛɴёɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ q(x = const, y = 0, z, w) ɞɥɹ ɭɫɬɨɣɱɢɜɨɝɨ (1, 2) ɢ ɧɟɭɫɬɨɣɱɢɜɨɝɨ (3) 

ɫɨɫɬɨɹɧɢɣ ɚɬɦɨɫфɟɪɵ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɨɬɨɤɚ w. 

 

  
Ɋɢɫ. 7. – ȼɵɫɨɬɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɴёɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ 

q(x, y, z, w), ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ ɧɚɞ ɨɛɲɢɪɧɨɣ ɚɤɜɚɬɨɪɢɟɣ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ 
ɩɨɬɨɤɚ wk, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɤɚɤ ɩɚɪɚɦɟɬɪ, ɞɥɹ ɭɫɬɨɣɱɢɜɨɝɨ (1, 2) ɢ ɧɟɭɫɬɨɣɱɢɜɨɝɨ (3) ɫɨɫɬɨɹɧɢɣ 
ɚɬɦɨɫфɟɪɵ ɩɪɢ y = 0 ɢ фɢɤɫɢɪɨɜɚɧɧɨɦ x. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ 1 ɧɚ ɪɢɫ. а–ɟ ɩɨɥɭɱɟɧɨ ɩɪɢ ɫɤɨɪɨɫɬɢ 

ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɨɬɨɤɚ ɪɚɜɧɨɣ ɧɭɥɸ 

 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ (1), ɩɪɢɜɟɞɟɧɧɨɟ ɧɚ ɝɪɚфɢɤɚɯ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɵɫɨɬɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ ɩɪɢ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɫɟɞɚɧɢɹ 
ɩɪɢɦɟɫɢ ɪɚɜɧɨɣ w = 0,05 ɦ/ɫ ɧɚ фɢɤɫɢɪɨɜɚɧɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɨɜ. ɂɡ 
ɪɢɫɭɧɤɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɚɤɫɢɦɭɦɨɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɧɚ 
эффɟɤɬɢɜɧɨɣ ɜɵɫɨɬɟ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɨɜ, ɱɬɨ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɢɡɜɟɫɬɧɵɦ ɢɡ 



32  ȿɅɈɏɂɇ ɢ ɞɪ. 
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ɥɢɬɟɪɚɬɭɪɵ ɪɟɡɭɥɶɬɚɬɚɦ Д14Ж. ɋ ɪɨɫɬɨɦ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɨɜ ɜɵɫɨɬɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɱɢɧɚɟɬ ɪɚɡɦɵɜɚɬɶɫɹ, ɧɨ ɩɨɥɨɠɟɧɢɟ ɦɚɤɫɢɦɭɦɚ ɢɡɦɟɧɹɟɬɫɹ ɫɥɚɛɨ. 
Кɪɨɦɟ ɬɨɝɨ, ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ 
ɩɨɬɨɤɚ ɦɚɤɫɢɦɭɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɞɜɢɝɚɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɛόɥɶɲɢɯ ɜɵɫɨɬ (ɫɦ. 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ (2) ɧɚ ɪɢɫɭɧɤɟ 7 (а – ɟ)), ɚ ɡɧɚɱɟɧɢɟ ɤɪɚɣɧɟ ɧɢɡɤɨɣ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 
(q(x, y, z, w) з 0) ɨɤɚɡɵɜɚɟɬɫɹ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɭɪɨɜɧɹɯ ɩɨ z, ɜ ɱɟɦ ɧɟɬɪɭɞɧɨ ɭɛɟɞɢɬɶɫɹ, 
ɫɪɚɜɧɢɜɚɹ ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɫɢ ɜ ɨɛɥɚɫɬɢ ɧɟɛɨɥɶɲɢɯ 

z. ɉɪɢ ɧɟɭɫɬɨɣɱɢɜɨɦ ɫɨɫɬɨɹɧɢɢ ɚɬɦɨɫфɟɪɵ ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɬɚɤɠɟ ɢɡɦɟɧɹɟɬɫɹ, 
ɧɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɟɟ ɡɚɦɟɬɧɨ (ɫɦ. ɪɚɫɩɪɟɞɟɥɟɧɢɹ 3 ɧɚ ɪɢɫɭɧɤɟ 7 (а – ɟ)), ɱɟɦ ɩɪɢ 
ɭɫɬɨɣɱɢɜɨɦ.  

ɉɪɢɜɟɞɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɪɢɜɨɞɹɬ ɤ ɦɵɫɥɢ, ɱɬɨ ɩɟɪɟɧɨɫ ɪɚɞɢɨɚɤɬɢɜɧɨɣ 
ɩɪɢɦɟɫɢ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɚɤɜɚɬɨɪɢɣ, ɧɚɞ ɤɨɬɨɪɨɣ ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ ɤɨɧɜɟɤɬɢɜɧɵɣ 
ɜɨɡɞɭɲɧɵɣ ɩɨɬɨɤ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨɣ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɩɨɞɨɛɟɧ эффɟкɬɭ 
каɧаɥɢɪɨɜаɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɟɪɟɧɨɫɭ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ (ɩɨ ɜɟɬɪɭ) ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦɭ ɨɫɚɠɞɟɧɢɸ ɧɚ 
ɩɨɞɫɬɢɥɚɸɳɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɤɨɬɨɪɨɟ ɩɪɟɤɪɚɳɚɟɬɫɹ (ɤɚɧɚɥɢɪɨɜɚɧɢɟ) ɩɨ ɦɟɪɟ ɬɨɝɨ, ɤɚɤ 
ɜɨɡɞɭɲɧɵɣ ɩɨɬɨɤ, ɜ ɤɨɬɨɪɨɦ ɩɟɪɟɧɨɫɢɬɫɹ ɪɚɞɢɨɚɤɬɢɜɧɚɹ ɩɪɢɦɟɫɶ, ɞɨɫɬɢɝɚɟɬ 
ɩɨɛɟɪɟɠɶɹ, ɝɞɟ ɫɤɨɪɨɫɬɶ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɨɬɨɤɚ ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɢɥɢ ɜɨɨɛɳɟ 
ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɨɣ ɧɭɥɸ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜɵɩɚɞɟɧɢɟ ɩɪɢɦɟɫɢ ɧɚ ɩɨɞɫɬɢɥɚɸɳɭɸ 
ɩɨɜɟɪɯɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɵɱɧɵɦ ɨɛɪɚɡɨɦ, ɧɨ ɩɪɢ эффɟɤɬɢɜɧɨɣ ɜɵɫɨɬɟ hэф,k  (ɫɦ. 
ɪɢɫ. 8): 

 hэф,k = hэф,g + ∆hk, (13) 

 

ɝɞɟ ∆hk – ɩɪɢɪɚɳɟɧɢɟ ɜɵɫɨɬɵ ɩɨɞɴёɦɚ ɫɬɪɭɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɟё «ɩɨɞɛɪɨɫɨɦ» 
ɤɨɧɜɟɤɬɢɜɧɵɦ ɜɨɡɞɭɲɧɵɦ ɩɨɬɨɤɨɦ, ɜɨɡɧɢɤɚɸɳɟɣ ɧɚɞ ɚɤɜɚɬɨɪɢɟɣ, ɫɦ. ɪɢɫ.7 
(а – ɟ). 

 

ɇɨ ɩɨɫɤɨɥɶɤɭ ɨɛɳɚɹ ɦɚɫɫɚ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɜɵɛɪɨɫɨɜ ɞɨɥɠɧɚ ɫɨɯɪɚɧɹɬɶɫɹ, ɬɨ ɩɪɢ 
ɞɨɫɬɢɠɟɧɢɢ ɩɨɛɟɪɟɠɶɹ ɨɛɳɚɹ ɚɤɬɢɜɧɨɫɬɶ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ, ɨɫɚɠɞɚɸɳɟɣɫɹ ɧɚ 
ɩɨɛɟɪɟɠɶɟ (ɢ ɞɚɥɟɟ), ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɲɟ, ɱɟɦ ɜ ɫɥɭɱɚɟ ɟё ɨɫɚɠɞɟɧɢɹ ɧɚ ɩɨɞɫɬɢɥɚɸɳɭɸ 
ɩɨɜɟɪɯɧɨɫɬɶ, ɪɚɫɩɨɥɚɝɚɸɳɭɸɫɹ ɧɚ ɬɚɤɨɦ ɠɟ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɨɜ, ɩɪɢ 
ɨɬɫɭɬɫɬɜɢɢ ɚɤɜɚɬɨɪɢɢ. Кɪɨɦɟ ɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ эффɟɤɬɢɜɧɚɹ ɜɵɫɨɬɚ 
фɚɤɟɥɚ ɜɵɛɪɨɫɚ (hэф) ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɟɝɨ ɧɚɞ ɚɤɜɚɬɨɪɢɟɣ ɬɚɤɠɟ ɭɜɟɥɢɱɢɬɫɹ, ɜ ɱɟɦ 
ɧɚɫ ɭɛɟɠɞɚɸɬ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ, ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 7 (а, ɟ), ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ 
ɪɚɞɢɨɚɤɬɢɜɧɚɹ ɩɪɢɦɟɫɶ ɦɨɠɟɬ ɨɫɚɠɞɚɬɶɫɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɢɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ 
ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ, ɨɩɪɟɞɟɥɹɹ эффɟɤɬ ɟё «ɡаɛɪɨса». Ɍɚɤɚɹ ɫɢɬɭɚɰɢɹ ɩɪɢɜɨɞɢɬ ɤ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ 
ɩɨ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɨɞɧɢɦɚɸɳɟɝɨɫɹ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɢ ɨɤɪɭɠɚɸɳɟɝɨ 
ɜɨɡɞɭɯɚ, (ɩɨ ɦɟɧɶɲɟɣ ɦɟɪɟ, ɜ ɥɟɬɧɢɟ ɦɟɫɹɰɵ) ɧɚɞ ɚɤɜɚɬɨɪɢɟɣ, ɫɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɹ (12), 
ɧɚɪɹɞɭ ɫɨ ɫɬɚɧɞɚɪɬɧɵɦɢ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɦɢ ɢɡɦɟɪɟɧɢɹɦɢ ɫɤɨɪɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ 
ɜɥɚɠɧɨɫɬɢ ɚɬɦɨɫфɟɪɧɨɝɨ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ, ɢɡɦɟɪɹɟɦɨɝɨ ɧɚ ɦɟɬɟɨɩɥɨɳɚɞɤɟ, 
ɨɬɧɨɫɹɳɟɣɫɹ ɤ Ⱥɗɋ ɢ ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɜɟɞɟɧɢɢ ɥɚɛɨɪɚɬɨɪɢɢ ɜɧɟɲɧɟɣ ɞɨɡɢɦɟɬɪɢɢ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ, ɩɪɢɜɟɞёɧɧɵɯ ɧɚ ɪɢɫɭɧɤɚɯ 4–7, 

ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸɳɢɦ ɜɵɜɨɞɚɦ: 
1) ɏɚɪɚɤɬɟɪ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɨɹɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɬɦɨɫфɟɪɵ, ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ 
ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɚɤɜɚɬɨɪɢɢ, ɪɚɫɩɨɥɚɝɚɸɳɢɯɫɹ 
ɜɛɥɢɡɢ Ⱥɗɋ. 

2) Ɉɫɨɛɟɧɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ, 
ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ ɜ ɚɬɦɨɫфɟɪɟ ɱɟɪɟɡ ɚɤɜɚɬɨɪɢɸ ɧɚ ɩɨɛɟɪɟɠɶɟ, ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵ 
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ɞɥɹ ɭɫɬɨɣɱɢɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɚɬɦɨɫфɟɪɵ ɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɜɟɪɬɢɤɚɥɶɧɨɣ 
ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɨɞɴɟɦɚ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ, ɜɨɡɧɢɤɚɸɳɟɝɨ ɧɚɞ ɚɤɜɚɬɨɪɢɟɣ, 
ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɸɬ ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢɹ ɢ ɜɟɥɢɱɢɧɭ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ 
ɩɪɢɡɟɦɧɨɦ ɫɥɨɟ ɚɬɦɨɫфɟɪɵ, ɧɨ ɧɚ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɛɟɪɟɠɶɹ, ɤɭɞɚ 
ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɜɵɛɪɨɫ ɤɨɧɜɟɤɬɢɜɧɵɣ эффɟɤɬ ɛɭɞɟɬ ɩɚɞɚɬɶ, ɚ ɨɫɚɠɞɟɧɢɟ ɩɪɢɦɟɫɢ – 

ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɬɪɚɞɢɰɢɨɧɧɨ, ɧɨ эффɟɤɬɢɜɧɚɹ ɜɵɫɨɬɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ фɚɤɟɥɚ 
ɜɵɛɪɨɫɨɜ ɩɨɫɥɟ ɟɝɨ ɩɪɨɯɨɠɞɟɧɢɹ ɧɚɞ ɚɤɜɚɬɨɪɢɟɣ ɭɜɟɥɢɱɢɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ ∆hk (ɫɦ. 
ɪɢɫ. κ), ɨɩɪɟɞɟɥɹɟɦɨɣ фɨɪɦɭɥɨɣ (13). 

 

 
 

Ɋɢɫ. 8. – ɂɥɥɸɫɬɪɚɰɢɹ ɤ ɡɚɞɚɱɟ ɨɰɟɧɤɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɡɚɝɪɹɡɧɟɧɢɹ ɝɚɡɨɚэɪɨɡɨɥɶɧɨɣ ɩɪɢɦɟɫɶɸ 
ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɫɥɟ ɟё ɩɪɨɯɨɠɞɟɧɢɹ ɧɚɞ ɨɛɲɢɪɧɨɣ ɚɤɜɚɬɨɪɢɟɣ 

 

ɉɨɥɭɱɟɧɧɵɟ ɜɵɜɨɞɵ ɞɚɸɬ ɨɫɧɨɜɚɧɢɹ ɩɨɥɭɱɢɬɶ ɨɰɟɧɤɭ ɩɨɜɵɲɟɧɧɵɯ ɡɧɚɱɟɧɢɣ 
ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɶɸ 
ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ ɜ ɚɬɦɨɫфɟɪɟ, ɩɪɢ ɟё ɩɟɪɟɧɨɫɟ ɱɟɪɟɡ ɨɛɲɢɪɧɵɟ ɚɤɜɚɬɨɪɢɢ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɜɟɥɢɱɢɧɵ ɩɨɜɵɲɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ 
ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɭɤɚɡɚɧɧɨɣ ɜɵɲɟ ɫɢɬɭɚɰɢɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɫɥɟɞɭɸɳɟɣ 
ɦɨɞɟɥɶɸ. Ȼɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ, ɱɬɨ ɫɬɚɰɢɨɧɚɪɧɵɣ ɢɫɬɨɱɧɢɤ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɜɵɛɪɨɫɨɜ 
ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɥɟɜɨɦ ɛɟɪɟɝɭ ɚɤɜɚɬɨɪɢɢ, ɧɚɯɨɞɹɳɟɦɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ x1 ɨɬ ɩɨɛɟɪɟɠɶɹ. 
ɒɢɪɢɧɚ ɚɤɜɚɬɨɪɢɢ ɫɨɫɬɚɜɥɹɟɬ l ɦ. ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɚɜɵɣ ɛɟɪɟɝ ɪɚɫɩɨɥɨɠɟɧ ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ x2 ɨɬ ɢɫɬɨɱɧɢɤɚ, ɬ.ɟ. x2 = x1 + l. ɇɚɲɚ ɡɚɞɚɱɚ ɫɨɫɬɨɢɬ ɜ ɨɰɟɧɤɟ ɩɨɜɵɲɟɧɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɪɚɫɩɨɥɚɝɚɸɳɟɣɫɹ 
ɧɚ ɩɪɚɜɨɦ ɛɟɪɟɝɭ, ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɶɸ ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ ɜ ɚɬɦɨɫфɟɪɟ, ɩɪɢ ɟё 
ɩɟɪɟɧɨɫɟ ɱɟɪɟɡ ɪɚɫɫɦɚɬɪɢɜɚɟɦɭɸ ɚɤɜɚɬɨɪɢɸ, ɬ.ɟ. ɜ ɪɟɡɭɥɶɬɚɬɟ ɟё «ɡаɛɪɨса». Ⱦɚɥɟɟ 
ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɨɫɟɜɵɦɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɧɚ ɪɢɫɭɧɤɟ 4 (ɛ ɢ ɜ) ɢ 
ɩɨɥɨɠɢɦ x1 = 2500 ɦ, l = 5000 ɦ  ɢ x2 = 7500 ɦ. ɉɪɢ эɬɨɦ ɩɨɥɨɠɢɦ, ɱɬɨ ɜ ɨɬɫɭɬɫɬɜɢɢ 
ɚɤɜɚɬɨɪɢɢ, ɬ.ɟ. ɧɚ ɥɟɜɨɦ (0 ≤ x ≤ x1) ɢ ɩɪɚɜɨɦ (x2 ≤ x ≤ ∞) ɛɟɪɟɝɚɯ ɡɚɝɪɹɡɧɟɧɢɟ 
ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɶɸ, ɩɟɪɟɧɨɫ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɜɚ ɧɚɩɪɚɜɨ ɨɬ ɢɫɬɨɱɧɢɤɚ 
ɜɵɛɪɨɫɨɜ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɵɱɧɵɦ ɨɛɪɚɡɨɦ ɩɪɢ ɟё ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɨɫɚɠɞɟɧɢɢ ɫɨ 
ɫɤɨɪɨɫɬɶɸ wg = 0,005 ɦ/ɫ, ɚ ɧɚɞ ɚɤɜɚɬɨɪɢɟɣ (x1 ≤ x ≤ x2) ɜɨɡɧɢɤɚɟɬ ɜɟɪɬɢɤɚɥɶɧɚɹ 
ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ wk = -0,05 ɦ/ɫ, 
ɩɪɟɩɹɬɫɬɜɭɸɳɟɝɨ ɨɫɚɠɞɟɧɢɸ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ (ɫɦ. ɪɢɫ. 9 ɛ, ɜ).  

Ɉɫɟɜɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɫɨɫɬɨɹɧɢɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɬɦɨɫфɟɪɵ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 9. 

Ⱦɥɹ ɭɤɚɡɚɧɧɨɣ ɨɰɟɧɤɢ ɨɝɪɚɧɢɱɢɦɫɹ ɥɢɲɶ ɭɫɬɨɣɱɢɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɚɬɦɨɫфɟɪɵ, 
ɩɨɫɤɨɥɶɤɭ ɨɬɥɢɱɢɹ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹɯ 2 ɢ 2' ɞɥɹ ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɥɚɛɨ 
ɜɵɪɚɠɟɧɵ (ɫɦ. ɪɚɫɩɪɟɞɟɥɟɧɢɹ 2' ɧɚ ɪɢɫ. 9 ɛ). ɇɚɞ ɚɤɜɚɬɨɪɢɟɣ ɜɦɟɫɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 1 

ɧɚ ɢɧɬɟɪɜɚɥɟ x1 ≤  x ≤ x2  ɛɭɞɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 1' (ɫɦ. ɪɢɫ. 9 ɛ). ɇɨ 
ɩɨɫɤɨɥɶɤɭ ɦɚɫɫɚ ɩɪɢɦɟɫɢ ɞɨɥɠɧɚ ɫɨɯɪɚɧɹɬɶɫɹ, ɨɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɛɪɨɲɟɧɚ ɧɚ 
ɩɪɚɜɨɛɟɪɟɠɶɟ. 
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Ɋɢɫ. 9. – ɂɥɥɸɫɬɪɚɰɢɹ ɤ ɨɰɟɧɤɟ ɩɨɜɵɲɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɞɫɬɢɥɚɸɳɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɪɚɫɩɨɥɚɝɚɸɳɟɣɫɹ ɧɚ ɩɪɚɜɨɦ ɛɟɪɟɝɭ, ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɶɸ ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ ɜ 
ɚɬɦɨɫфɟɪɟ, ɩɪɢ ɟё ɩɟɪɟɧɨɫɟ ɱɟɪɟɡ ɪɚɫɫɦɚɬɪɢɜɚɟɦɭɸ ɚɤɜɚɬɨɪɢɸ. Ɋɚɫɩɪɟɞɟɥɟɧɢɹ 1, 1' ɯɚɪɚɤɬɟɪɢɡɭɸɬ 

ɨɛɴɟɦɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɩɪɢɡɟɦɧɨɦ ɫɥɨɟ ɚɬɦɨɫфɟɪɵ (z =1,5 ɦ) ɩɪɢ ɭɫɬɨɣɱɢɜɨɦ, ɚ 2, 2' – ɧɟɭɫɬɨɣɱɢɜɨɦ 
ɫɨɫɬɨɹɧɢɹɯ ɚɬɦɨɫфɟɪɵ ɩɪɢ y = 0 

 

Ɉɛɳɭɸ ɦɚɫɫɭ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ, ɡɚɛɪɨɲɟɧɧɨɣ ɧɚ ɩɪɚɜɵɣ ɛɟɪɟɝ, ɧɚɣɞɟɦ ɤɚɤ 
ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɤɚɤ ɛɵ ɨɫɚɠɞɚɸɳɟɣɫɹ (ɫɦ. ɪɚɫɩɪɟɞɟɥɟɧɢɟ 1 ɧɚ ɪɢɫ. 9 ɛ) ɧɚ 
ɩɨɞɫɬɢɥɚɸɳɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɚɤɜɚɬɨɪɢɢ (ɪɚɫɩɪɟɞɟɥɟɧɢɟ эɬɨɣ ɨɛɴɟɦɧɨɣ 
ɚɤɬɢɜɧɨɫɬɢ ɨɩɢɫɵɜɚɟɬɫɹ фɭɧɤɰɢɟɣ q(x, y, z, hэф,g)) ɢ ɨɫɚɠɞɚɸɳɟɣɫɹ ɧɚ ɜɨɞɭ, ɤɨɝɞɚ ɨɧɚ 
ɩɪɨɯɨɞɢɬ ɧɚɞ ɚɤɜɚɬɨɪɢɟɣ q(x, y, z, hэф,k). 
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Ɉɬɧɨɫɢɬɟɥɶɧɭɸ ɜɟɥɢɱɢɧɭ эɬɨɣ ɪɚɡɧɨɫɬɢ ɧɚɣɞɟɦ ɤɚɤ ɨɬɧɨɲɟɧɢɟ: 
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ɝɞɟ    
 





2 0

,эф,,,
x

kg dzhzyxqdydx  – ɨɛɳɚɹ ɜɟɥɢɱɢɧɚ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ, ɤɨɬɨɪɚɹ 

ɨɫɚɠɞɚɟɬɫɹ ɧɚ ɢɧɬɟɪɜɚɥɟ x2 ≤ x ≤ ∞., ɩɪɢɱёɦ фɭɧɤɰɢɹ  
kg hzyxq ,эф,,,  ɧɚ эɬɨɦ ɢɧɬɟɪɜɚɥɟ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɪɢ ɫɤɨɪɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɨɬɨɤɚ wk = 0, ɬ.ɟ. ɩɪɢ ɟɝɨ ɨɬɫɭɬɫɬɜɢɢ ɧɚɞ 
ɩɪɚɜɨɛɟɪɟɠɶɟɦ, ɧɨ ɩɪɢ hэф,k, ɨɩɪɟɞɟɥɹɟɦɨɣ фɨɪɦɭɥɨɣ (13). Ɍɨɝɞɚ ɡɧɚɱɟɧɢɟ ɨɛɴɟɦɧɨɣ 
ɚɤɬɢɜɧɨɫɬɢ ɜ ɨɛɥɚɫɬɢ x2 ≤  x ≤ ∞ ɫ ɭɱёɬɨɦ эффɟɤɬɚ «ɡаɛɪɨса» ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ 
ɧɚɣɞɟɦ ɜ ɜɢɞɟ ɩɪɨɢɡɜɟɞɟɧɢɹ: 

   )δ1(,,, ,эф kg hzyxq . (16) 
 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɨɞɨɛɧɵɣ ɦɟɬɨɞ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɭɩɪɨɳɟɧɧɵɦ, ɧɨ, ɬɟɦ ɧɟ 
ɦɟɧɟɟ, ɞɚɟɬ ɪɟɚɥɶɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɢɡɛɵɬɨɱɧɨɣ ɜɟɥɢɱɢɧɟ 
ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜɨɡɞɭɲɧɨɝɨ ɛɚɫɫɟɣɧɚ ɪɚɞɢɨɚɤɬɢɜɧɨɣ 
ɩɪɢɦɟɫɶɸ ɜ ɫɥɭɱɚɟ ɜɵɩɨɥɧɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɭɫɥɨɜɢɣ. ɇɟɫɨɦɧɟɧɧɨ, ɱɬɨ ɞɥɹ ɛɨɥɟɟ 
ɤɨɪɪɟɤɬɧɨɣ ɨɰɟɧɤɢ ɪɚɫɱёɬɵ ɫɥɟɞɭɟɬ ɩɪɨɜɨɞɢɬɶ, ɢɫɩɨɥɶɡɭɹ, ɩɨ ɦɟɧɶɲɟɣ ɦɟɪɟ, ɦɨɞɟɥɶ 
ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ ɚɬɦɨɫфɟɪɵ, ɭɱɢɬɵɜɚɬɶ ɨɪɨɝɪɚфɢɸ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɨɫɨɛɟɧɧɨɫɬɢ фɨɪɦɢɪɨɜɚɧɢɹ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɨɬɨɤɚ, эффɟɤɬɢɜɧɭɸ ɜɵɫɨɬɭ ɟɝɨ ɩɨɞɴɟɦɚ, 
ɝɥɭɛɢɧɭ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɧɚ ɩɨɛɟɪɟɠɶɟ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɜɨɡɞɭɲɧɵɦ ɩɨɬɨɤɨɦ, 
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фɨɪɦɢɪɭɸɳɢɦ ɩɟɪɟɧɨɫ ɩɪɢɦɟɫɢ ɜ ɚɬɦɨɫфɟɪɟ ɢ ɞɪɭɝɢɟ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Кɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, ɞɥɹ ɨɰɟɧɤɢ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɦɨɝɭɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɢɡɦɟɪɟɧɢɹ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɞ ɚɤɜɚɬɨɪɢɟɣ. Ⱦɥɹ эɬɨɣ ɰɟɥɢ 
ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɜɪɟɦɟɧɧɨɟ, ɧɨ ɞɚɥɟɤɨ ɧɟ ɞɟɲɟɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ (ɫɨɞɚɪɵ, 
ɥɢɞɚɪɵ), ɩɨɡɜɨɥɹɸɳɟɟ ɢɡɦɟɪɹɬɶ ɬɟɦɩɟɪɚɬɭɪɭ Д15Ж ɢ ɬɪёɯɦɟɪɧɭɸ ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɲɧɨɝɨ 
ɩɨɬɨɤɚ ɜ κ00 ɦɟɬɪɨɜɨɦ ɫɥɨɟ ɚɬɦɨɫфɟɪɵ Д16Ж, ɧɚɱɢɧɚɹ ɝɞɟ-ɬɨ ɫ 20 ɦ, ɢɥɢ ɩɪɨɫɬɨ ɢɡɦɟɪɹɬɶ 
ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɵ, ɢɫɩɨɥɶɡɭɹ ɲɚɪɨɩɢɥɨɬɧɨɟ ɡɨɧɞɢɪɨɜɚɧɢɟ 

ɚɬɦɨɫфɟɪɵ Д17, 1κЖ. 
ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɞɨɛɧɵɟ ɩɪɨɛɥɟɦɵ «ɡаɛɪɨса» ɩɪɢɦɟɫɢ, 

ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ ɱɟɪɟɡ ɨɛɲɢɪɧɭɸ ɚɤɜɚɬɨɪɢɸ, ɯɚɪɚɤɬɟɪɧɵ ɧɟ ɬɨɥɶɤɨ ɞɥɹ 
ɪɚɞɢɚɰɢɨɧɧɵɯ ɚɜɚɪɢɣ, ɧɨ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɞɥɹ ɲɬɚɬɧɨɣ ɪɚɛɨɬɵ ɩɪɟɞɩɪɢɹɬɢɣ ɯɢɦɢɱɟɫɤɨɣ, 
ɱɟɪɧɨɣ ɢ ɰɜɟɬɧɨɣ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ Д1λЖ. ɋɜɨɟɜɪɟɦɟɧɧɨɟ ɩɪɢɧɹɬɢɟ 
ɦɟɪ, ɩɨɡɜɨɥɹɸɳɢɯ ɭɱɟɫɬɶ эɬɨɬ эффɟɤɬ ɧɚ ɭɤɚɡɚɧɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɚɯ, ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɭɥɭɱɲɢɬɶ эɤɨɥɨɝɢɸ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɫɨɬɪɭɞɧɢɤɨɜ 
ɭɤɚɡɚɧɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɱɬɨ, ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ, ɩɪɢɜɟɞɟɬ ɤ ɩɨɜɵɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɨɛɳɢɯ 
ɠɢɡɧɟɧɧɵɯ ɭɫɥɨɜɢɣ ɢ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɠɢɡɧɢ ɧɚɫɟɥɟɧɢɹ ɊɎ, 
ɩɪɨɠɢɜɚɸɳɟɝɨ ɜ ɪɟɝɢɨɧɚɯ, ɝɞɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɨɞɨɛɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɚ.  
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Ɇ., 2010. – 7λ ɫ. 
 

                                                             
ɋɨɞɚɪ – ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɣ ɚɤɭɫɬɢɱɟɫɤɢɣ ɞɨɩɥɟɪɨɜɫɤɢɣ ɥɨɤɚɬɨɪ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɣ 
ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɜɵɫɨɬɧɨ-ɜɪɟɦɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɨɛɥɚɫɬɢ ɢɧɬɟɧɫɢɜɧɨɝɨ ɬɭɪɛɭɥɟɧɬɧɨɝɨ 
ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɧɢɠɧɟɦ ɫɥɨɟ ɚɬɦɨɫфɟɪɵ ɧɚɞ ɬɨɱɤɨɣ ɧɚɛɥɸɞɟɧɢɹ, ɚ ɬɚɤɠɟ ɢɡɦɟɪɟɧɢɹ ɩɪɨфɢɥɟɣ ɫɤɨɪɨɫɬɢ ɢ 
ɧɚɩɪɚɜɥɟɧɢɹ ɜɟɬɪɚ.  
 Ʌɢɞɚɪɵ – ɥɚɡɟɪɧɵɟ ɥɨɤɚɬɨɪɵ, ɪɚɛɨɬɚɸɳɢɟ ɜ ɜɢɞɢɦɨɦ ɢɥɢ ɛɥɢɠɧɟɦ ɂК-ɞɢɚɩɚɡɨɧɚɯ ɞɥɢɧ ɜɨɥɧ. ȼ 1λ60–
1λ70 ɝɝ. ɥɢɞɚɪɵ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ  ɜ ɨɫɧɨɜɧɨɦ ɜ ɜɨɟɧɧɨɣ ɬɟɯɧɢɤɟ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɧɢ ɫ ɭɫɩɟɯɨɦ 
ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɦɧɨɝɢɯ ɚɬɦɨɫфɟɪɧɵɯ ɡɚɞɚɱ: ɦɨɧɢɬɨɪɢɧɝɚ ɫɨɫɬɨɹɧɢɹ ɚɬɦɨɫфɟɪɵ, ɢɡɦɟɪɟɧɢɹ 
ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɢ ɬ.ɩ. Ɉɫɧɨɜɨɣ ɚɩɩɚɪɚɬɭɪɵ ɥɢɞɚɪɚ ɫɥɭɠɢɬ ɢɦɩɭɥɶɫɧɵɣ ɋɈ2-ɥɚɡɟɪ ɫ ɩɨɩɟɪɟɱɧɨɣ ɧɚɤɚɱɤɨɣ, 
ɨɞɧɨɦɨɞɨɜɵɦ ɢɡ-ɥɭɱɟɧɢɟɦ ɢ ɞɥɢɧɨɣ ɜɨɥɧɵ 10,6 ɦɤɦ. 
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Abstract – The issue of radioactive contamination of the underlying surface with a gas-aerosol 

radioactive admixture after its passage over vast water areas within the framework of a 

hypothetical radiation accident is considered. The peculiarity of passing the admixture over the 

water area consists in increasing the effective altitude of the emission flare due to the interaction of 

the jet with the convective airflow emerging over the water area in the summer season. It is shown 

that the deposition of a radioactive impurity in this case decreases significantly over the water area 

and it increases over the underlying surface which reaches the air flow during its passage. The 

article gives a method of estimating and substantiating this effect, which requires measuring the 

temperature difference of the convective airflow, or directly the vertical component of its velocity, 

or other meteorological characteristics determining this parameter. 
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