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Аɧɧɨɬаɰиɹ. ɉɪɢɜɟɞɟɧɚ ɤɨɦɩɥɟɤɫɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɨɜ ɪɚɡɝɨɧɚ ɢ ɩɨɜɨɪɨɬɚ 
ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɫ ɞɜɭɯɩɨɬɨɱɧɨɣ ɬɪɚɧɫɦɢɫɫɢɟɣ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɨɩɢɫɚɧɢɟ ɞɜɢɝɚɬɟɥɹ 
ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ, ɬɪɚɧɫɦɢɫɫɢɢ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɨɥɟɫ ɫ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɭɱɢɬɵ-
ɜɚɟɬ ɫɢɥɭ ɬɹɝɢ ɢ ɛɭɤɫɨɜɚɧɢɟ ɞɜɢɠɢɬɟɥɹ. 
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Аɧɨɬаɰіɹ. ɇɚɜɟɞɟɧɨ ɤɨɦɩɥɟɤɫɧɭ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɩɪɨɰɟɫɿɜ ɪɨɡɝɨɧɭ ɿ ɩɨɜɨɪɨɬɭ ɝɭɫɟɧɢɱɧɨʀ 
ɦɚɲɢɧɢ ɿɡ ɞɜɨɩɨɬɨɤɨɜɨɸ ɬɪɚɧɫɦɿɫɿєɸ, ɹɤɚ ɜɤɥɸɱɚє ɨɩɢɫ ɞɜɢɝɭɧɚ ɜɧɭɬɪɿɲɧɶɨɝɨ ɡɝɨɪɹɧɧɹ, ɬɪɚɧ-
ɫɦɿɫɿʀ, ɜɡɚєɦɨɞɿʀ ɤɨɥɿɫ ɡ ɨɩɨɪɧɨɸ ɩɨɜɟɪɯɧɟɸ ɿ ɜɪɚɯɨɜɭє ɫɢɥɭ ɬɹɝɢ ɬɚ ɛɭɤɫɭɜɚɧɧɹ ɪɭɲɿɹ. 
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SIMULATION OF CONTROLED MOVEMENT OF TRACKED VEHICLES  
WITH A TWO-STEP TRANSMISSION 

 
B. Kalchenko, Prof., D. Sc. (Eng.), 

 National Technical University «KhPU», Kharkɿv 
 

Abstract. A complex mathematical model of acceleration and turning of tracked vehicles with two-step 
transmissions, which includes a description of the internal combustion engine, the transmission, the 
interaction of wheels with the bearing surface and considers the thrust force and slipping of the  
engine, is carried out. 
 
Key words: mathematical model, acceleration, tracked vehicle, engine, transmission dynamics. 
 
 

ȼɜɟɞɟɧɢɟ 
 
Ɍɪɚɤɬɨɪɵ Ɍ-150, Ɍ-β00, Ɍ-150Ʉ, Ɍ-β00Ʉ, 
ɆɌɁ-80, Ʉ-700 ɢ ɞɪɭɝɢɟ ɡɚɪɭɛɟɠɧɵɟ ɚɧɚɥɨɝɢ 
ɜ ɫɯɟɦɟ ɫɢɥɨɜɨɣ ɩɟɪɟɞɚɱɢ ɢɦɟɸɬ ɨɫɧɨɜɧɭɸ 
(ɝɥɚɜɧɭɸ) ɦɭɮɬɭ ɢ ɮɪɢɤɰɢɨɧɧɵɟ ɦɭɮɬɵ ɤɨ-
ɪɨɛɤɢ ɩɟɪɟɞɚɱ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɨɡɦɨɠɧɨ ɪɚɡ-
ɥɢɱɧɨɟ ɫɨɱɟɬɚɧɢɟ ɢɯ ɜɤɥɸɱɟɧɢɹ ɞɥɹ ɨɫɭ-
ɳɟɫɬɜɥɟɧɢɹ ɪɚɡɝɨɧɚ, ɚ ɬɚɤɠɟ ɜɵɩɨɥɧɟɧɢɹ ɩɨ-
ɜɨɪɨɬɚ ɧɚ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɟ. ȼ ɩɨɫɥɟɞɧɟɦ 
ɫɥɭɱɚɟ ɨɞɧɢ ɢ ɬɟ ɠɟ ɮɪɢɤɰɢɨɧɧɵɟ ɦɭɮɬɵ 
ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɜ ɪɟɠɢɦɚɯ ɪɚɡɝɨɧɚ ɢ ɩɨɜɨɪɨ-

ɬɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɚɤɬɭɚɥɶɧɵɦɢ ɹɜɥɹɸɬɫɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɫɢɥɨɜɨɣ ɩɟɪɟɞɚɱɢ 
ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɫ ɞɜɭɯɩɨɬɨɱɧɨɣ ɬɪɚɧɫ-
ɦɢɫɫɢɟɣ ɩɪɢ ɧɟɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɪɟɠɢɦɚɯ 
ɞɜɢɠɟɧɢɹ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 
Ⱥɧɚɥɢɡ ɫɯɟɦ ɫɢɥɨɜɵɯ ɩɟɪɟɞɚɱ ɨɬɟɱɟɫɬɜɟɧɧɵɯ 
ɢ ɡɚɪɭɛɟɠɧɵɯ ɝɭɫɟɧɢɱɧɵɯ ɬɪɚɤɬɨɪɨɜ, ɨɛɨɪɭ-
ɞɨɜɚɧɧɵɯ ɬɪɚɧɫɦɢɫɫɢɹɦɢ ɫ ɩɟɪɟɤɥɸɱɟɧɢɟɦ 
ɩɟɪɟɞɚɱ ɧɚ ɯɨɞɭ ɫ ɩɨɦɨɳɶɸ ɮɪɢɤɰɢɨɧɧɵɯ 
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ɦɭɮɬ ɢ ɢɦɟɸɳɢɯ ɪɚɡɞɟɥɟɧɢɟ ɫɢɥɨɜɨɝɨ ɩɨɬɨ-
ɤɚ ɜ ɤɨɪɨɛɤɟ ɩɟɪɟɞɚɱ, ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚ ɫɟɥɶ-
ɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɦɚɲɢɧɚɯ ɩɨɞɨɛɧɵɟ ɫɯɟɦɵ 
ɧɟ ɩɪɢɦɟɧɹɥɢɫɶ. ɋɯɟɦɚ ɫɢɥɨɜɨɣ ɩɟɪɟɞɚɱɢ 
ɬɪɚɤɬɨɪɨɜ Ɍ-150 ɢɦɟɟɬ ɨɫɧɨɜɧɭɸ (ɝɥɚɜɧɭɸ) ɢ 
ɮɪɢɤɰɢɨɧɧɵɟ ɦɭɮɬɵ ɩɟɪɟɞɚɱ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɜɨɡɦɨɠɧɨ ɫɨɱɟɬɚɧɢɟ ɜɤɥɸɱɟɧɢɹ ɮɪɢɤɰɢɨɧ-
ɧɵɯ ɦɭɮɬ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɚɡɝɨɧɚ ɢ ɩɨ-
ɜɨɪɨɬɚ ɦɚɲɢɧɵ, ɬ.ɟ. ɨɞɧɚ ɢ ɬɚ ɠɟ ɦɭɮɬɚ ɦɨ-
ɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɟɟ ɪɚɡɝɨɧɚ ɢ ɩɨɜɨɪɨ-
ɬɚ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦ ɢ ɫɢɥɨɜɵɦ ɫɩɨɫɨɛɚɦɢ. 
 
ȼɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɡɝɨɧɨɦ ɢ ɩɨɜɨɪɨɬɨɦ 
ɝɭɫɟɧɢɱɧɵɯ ɦɚɲɢɧ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ 
ɞɜɢɠɟɧɢɹ, ɨɫɜɟɳɟɧɵ ɜ ɬɪɭɞɚɯ Ⱥɜɪɚɦɨ- 
ɜɚ ȼ.ɇ., Ƚɭɫɶɤɨɜɚ ȼ.ȼ., Ƚɪɭɧɚɷɪɚ Ʌ.Ⱥ., Ƚɪɟɞɟ-
ɫɤɭɥɚ Ⱥ.Ȼ., Ɂɚɛɚɜɧɢɤɨɜɚ ɇ.Ⱥ., Ʉɨɞɟɧɤɨ Ɇ.ɇ., 
Ʉɭɬɶɤɨɜɚ Ƚ.Ɇ., Ɏɚɪɨɛɢɧɚ ə.ɗ., ɒɟɩɟ- 
ɥɟɧɤɨ Ƚ.ɇ. ɢ ɞɪ. ɚɜɬɨɪɨɜ. 
 
Ɉɞɧɚɤɨ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɰɟɥɢ ɢɫɫɥɟɞɨɜɚ-
ɧɢɣ, ɩɪɢɧɹɬɨɣ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɢ ɩɪɢɦɟɧɹ-
ɟɦɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ, ɜ ɷɬɢɯ ɪɚ-
ɛɨɬɚɯ ɩɪɢɧɢɦɚɥɫɹ ɪɹɞ ɞɨɩɭɳɟɧɢɣ, ɬɪɟɛɭɸ-
ɳɢɯ ɭɬɨɱɧɟɧɢɹ, ɚ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɣ – 
ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ. 
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɩɢɫɚɧɢɟ ɢ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɢɧɚɦɢɤɢ ɪɚɡɝɨɧɚ ɢ ɩɨɜɨɪɨɬɚ 
ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɫ ɞɜɭɯɩɨɬɨɱɧɨɣ ɬɪɚɧɫ-
ɦɢɫɫɢɟɣ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɢ 
ɩɨɥɟɜɵɯ ɪɚɛɨɬ; ɩɨɞɝɨɬɨɜɤɚ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ 
ɜɵɛɨɪɭ ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɪɟɤɨɦɟɧ-
ɞɚɰɢɢ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɬɢɯ ɦɚɲɢɧ. Ⱦɥɹ ɞɨ-
ɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɛɵɥɚ ɪɚɡɪɚ-
ɛɨɬɚɧɚ ɤɨɦɩɥɟɤɫɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɩɪɨɰɟɫɫɨɜ ɪɚɡɝɨɧɚ ɢ ɩɨɜɨɪɨɬɚ, ɜɤɥɸɱɚɸɳɚɹ 
ɨɩɢɫɚɧɢɟ ɞɜɢɝɚɬɟɥɹ, ɬɪɚɧɫɦɢɫɫɢɢ, ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɹ ɫ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɫɢɥɭ ɬɹɝɢ 
ɢ ɛɭɤɫɨɜɚɧɢɹ. 
 
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɭɩɪɚɜɥɹɟɦɨɝɨ ɞɜɢɠɟɧɢɹ 

ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɫ ɞɜɭɯɩɨɬɨɱɧɨɣ 
ɬɪɚɧɫɦɢɫɫɢɟɣ 

 
Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɦɚɲɢɧɧɨɝɨ ɚɝɪɟɝɚɬɚ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɢɫɚɧɢɟ ɞɜɢɝɚɬɟɥɹ ɫ ɫɢɫɬɟ-
ɦɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɬɪɚɧɫ-
ɦɢɫɫɢɢ, ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɟɣ ɢ ɜɧɟɲ-
ɧɟɣ ɧɚɝɪɭɡɤɢ. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɨɞɟɥɢ ɚɝɪɟɝɚ-
ɬɚ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɦɢɬɚɰɢɢ 
ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ 
ɪɚɛɨɬɟ ɚɝɪɟɝɚɬɚ ɜɨ ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɩɨɥɟ-
ɜɵɯ ɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɪɚɛɨɬ. 

Ɇɚɲɢɧɧɨ-ɬɪɚɤɬɨɪɧɵɣ ɚɝɪɟɝɚɬ ɛɵɥ ɩɪɟɞɫɬɚɜ-
ɥɟɧ ɜɨɫɶɦɢɦɚɫɫɨɜɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ 
ɫ ɩɟɪɟɤɥɸɱɚɟɦɵɦɢ ɧɚ ɯɨɞɭ ɭɡɥɚɦɢ ɥɟɜɨɝɨ ɢ 
ɩɪɚɜɨɝɨ ɩɨɬɨɤɨɜ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ (ɪɢɫ.1). 
 
ɉɚɪɚɦɟɬɪɵ ɚɝɪɟɝɚɬɚ ɢ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɟɧɵ ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚ, 
ɩɪɨɜɟɞɟɧɧɨɝɨ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢ ɩɨɥɟɜɵɯ 
ɭɫɥɨɜɢɹɯ. 
 

 
 
Ɋɢɫ.1. Ɋɚɫɱɟɬɧɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ: Ɇɞ, 

ɆɆ, ɆɎ1ɉ, ɆɎβɉ, ɆɎ1Ʌ, ɆɎβɅ, Ɇφɉ, ɆφɅ, 
Ɇɇɉ, ɆɇɅ  – ɦɨɦɟɧɬɵ ɞɜɢɝɚɬɟɥɹ, ɝɥɚɜɧɨɣ 
ɦɭɮɬɵ ɫɰɟɩɥɟɧɢɹ, ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬ 
ɩɟɪɟɞɚɱ, ɫɰɟɩɥɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɬɪɚɤɬɨɪɚ ɫ 
ɝɪɭɧɬɨɦ ɢ ɨɬ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟ-
ɧɢɸ; Iɞ, Iɞ1, IɆ, Imɉ, ImɅ, Iɜɪɉ, IɜɪɅ, Iaɉ, IaɅ – 
ɩɪɢɜɟɞɟɧɧɵɟ ɦɨɦɟɧɬɵ ɢɧɟɪɰɢɢ ɦɚɫɫ 
ɞɜɢɝɚɬɟɥɹ, ɦɭɮɬɵ ɫɰɟɩɥɟɧɢɹ, ɞɟɬɚɥɟɣ 
ɩɪɚɜɨɝɨ ɢ ɥɟɜɨɝɨ ɩɨɬɨɤɨɜ ɤɨɪɨɛɤɢ ɩɟɪɟ-
ɞɚɱ ɢ ɝɥɚɜɧɵɯ ɩɟɪɟɞɚɱ, ɩɪɚɜɨɣ ɢ ɥɟɜɨɣ 
ɤɨɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ, ɩɨɥɨɜɢɧ ɩɨɫɬɭɩɚ-
ɬɟɥɶɧɨ ɞɜɢɠɭɳɢɯɫɹ ɦɚɫɫ ɬɪɚɤɬɨɪɚ ɢ ɚɝ-
ɪɟɝɚɬɚ; φȾ, φɞ1, φɆ, φ1, φmɉ, φmɅ, φɜɪɉ, φɜɪɅ, 
φɚɉ, φɚɅ – ɭɝɥɨɜɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɫɨɫɪɟ-
ɞɨɬɨɱɟɧɧɵɯ ɦɚɫɫ; ɋ1, ɋ2, ɋ3 – ɤɪɭɬɢɥɶ-
ɧɵɟ ɠɟɫɬɤɨɫɬɢ ɭɱɚɫɬɤɨɜ ɜɚɥɨɩɪɨɜɨɞɚ; 
Ɏ1ɉ, Ɏβɉ, Ɏ1Ʌ, ɎβɅ – ɮɪɢɤɰɢɨɧɧɵɟ ɦɭɮ-
ɬɵ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ; i1ɉ, iβɉ, i1Ʌ, iβɅ – ɩɟ-
ɪɟɞɚɬɨɱɧɵɟ ɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɜɚɥɨɦ 
ɞɜɢɝɚɬɟɥɹ ɢ ɜɬɨɪɢɱɧɵɦɢ ɜɚɥɚɦɢ ɩɪɚɜɨɝɨ 
ɢ ɥɟɜɨɝɨ ɩɨɬɨɤɨɜ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ 

 
ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɞɜɢɠɟɧɢɟ ɦɚɫɫ ɩɪɢɧɹɬɨɣ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɨɩɢɫɵɜɚɟɬɫɹ ɞɢɮɮɟ-
ɪɟɧɰɢɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ: 
 

 ɞ1 ɞɞ1 ;ɆI Ɇ Ɇ  (1) 

 

1 1 1 1( ) ( );Ɇ Ɇ Ɇ mɆ ɆI Ɇ ɋ  (2) 
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Ɏɉ ɎɅ
1 1 1 1

ɉ Ʌ
( ) ( )Ɇ m Ɇ

Ɇ Ɇɋ
i i

; (3) 

 

Ɏɉ β ɉ 1 ɉ 1 ɉ ɉ1 ɉ( ) ( )ɉ m m mɆ ɋ Т Т Т Т ;(4) 

 

ɎɅ β Ʌ 1 Ʌ Ʌ 1 Ʌ Ʌ1 Ʌ( ) ( )m m mɆ ɋ Т Т Т Т ; (5) 

 

ɉ ɉ β ɉ 1 ɉ ɉ 1 ɉ ɉ1 ɉ( ) ( )m m m m mI ɋ Т Т Т Т

3 ɉ ɜɪɉ β ɉ ɜɪɉ( ) ( )m m mɋ ;      (6) 

 

 Ʌ Ʌ β Ʌ 1 Ʌ Ʌ 1 Ʌ 1( ) (m m m mI ɋ Т Т Т

3 Ʌ ɜɪɅ βɅ Ʌ ɜɪɅ) ( ) ( )Ʌ m mm mi ɋ ; (7) 

 

 ɜɪɉ γ ɉ ɜɪɉɜɪɉ ( )mI ɋ

 2 ɉɉ ɜɪɉ( )m m Ɇ ; (8) 

 

 ɜɪɅ γ Ʌ ɜɪɅɉ ( )mɚI ɋ

 2 ɅɅ ɜɪɅ( )m m Ɇ ; (9) 

 

 ɉ ɉ ɇɉɉ ;ɚ ɚI Ɇ Ɇ  (10) 

 

 Ʌ Ʌ ɇɅɅ .ɚ ɚI Ɇ Ɇ  (11) 

 
ɉɪɢɜɟɞɟɧɧɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɩɨɡɜɨɥɹ-
ɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɪɚɡɝɨɧ ɧɚ ɝɥɚɜɧɨɣ  ɦɭɮɬɟ 
ɫɰɟɩɥɟɧɢɹ, ɪɚɡɝɨɧ ɧɚ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬɚɯ 
ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ, ɩɨɜɨɪɨɬɵ ɫɢɥɨɜɵɦ ɢ ɤɢɧɟ-
ɦɚɬɢɱɟɫɤɢɦ ɫɩɨɫɨɛɚɦɢ, ɩɟɪɟɤɥɸɱɟɧɢɟ ɩɟɪɟ-
ɞɚɱ ɧɚ ɯɨɞɭ ɢ ɩɪɨɰɟɫɫɵ, ɜɵɡɜɚɧɧɵɟ ɜɧɟɲɧɢ-
ɦɢ ɜɨɡɦɭɳɟɧɢɹɦɢ. 
 

Ɋɚɡɝɨɧ ɧɚ ɝɥɚɜɧɨɣ ɦɭɮɬɟ ɫɰɟɩɥɟɧɢɹ 
 
ɉɪɨɰɟɫɫ ɪɚɡɛɢɜɚɥɫɹ ɧɚ ɞɜɚ ɷɬɚɩɚ. ɇɚ ɩɟɪɜɨɦ 
ɷɬɚɩɟ ɝɥɚɜɧɚɹ ɦɭɮɬɚ ɫɰɟɩɥɟɧɢɹ ɛɭɤɫɭɟɬ. ȼ 
ɷɬɨɦ ɫɥɭɱɚɟ ɭɪɚɜɧɟɧɢɹ (β), (γ), (4), (5), (6) ɢ 
(7)  ɢɦɟɸɬ ɜɢɞ 
 

 1 1ɉ ɉ( )Ɇ Ɇ ɋ Ɇ mɆI Ɇ Ʉ Т

 1 1ɉ ɉ
2
1ɉ

( )m Ɇ mi

i
 

1 1Ʌ Ʌ
1 1Ʌ Ʌ 2

1Ʌ

( )
( ) ;m Ɇ m

ɋ Ɇ m
iɄ Т

i
 (12) 

 

 ɉ 1 1ɉ 1ɉ ɉɉ ( )m ɋ Ɇ mmI Ʉ Т Т

 1 1ɉ ɉ
2 Ʌ ɉ

1ɉ

( )
( )m Ɇ m

ɋ m m
i Ʉ

i
 

 3 ɉ ɜɪɉ β ɉ ɜɪɉ( ) ( );m m mɋ (13) 

 

 Ʌ 1 1Ʌ 1Ʌ ɅɅ ( )m ɋ Ɇ mmI Ʉ Т Т

 1 1Ʌ Ʌ
2 ɉ Ʌ

1Ʌ

( )
( )m Ɇ m

ɋ m m
i Ʉ

i
 

 3 Ʌ ɜɪɅ β Ʌ ɜɪɅ( ) ( ),m m mɋ  (14) 

 
ɝɞɟ Ʉɋ1 ɢ Ʉɋ2 – ɩɪɢɜɟɞɟɧɧɵɟ ɤɪɭɬɢɥɶɧɵɟ 
ɠɟɫɬɤɨɫɬɢ. 
 
ȼɬɨɪɨɣ ɷɬɚɩ ɪɚɡɝɨɧɚ ɧɚɱɢɧɚɟɬɫɹ ɫ ɦɨɦɟɧɬɚ 
ɡɚɦɵɤɚɧɢɹ ɝɥɚɜɧɨɣ ɦɭɮɬɵ ɫɰɟɩɥɟɧɢɹ ɢ ɩɪɨ-
ɞɨɥɠɚɟɬɫɹ ɞɨ ɜɵɯɨɞɚ ɚɝɪɟɝɚɬɚ ɧɚ ɪɟɠɢɦ 
ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɞɜɢɠɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɭɪɚɜ-
ɧɟɧɢɹ (1) ɢ (β) ɡɚɦɟɧɹɸɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ 
 

 ɞ ɞ 1 ɞ 1ɉ ɉɞ ( )ɋ mI Ɇ Ʉ Т

 1 1ɉɞ ɉ
1 ɞ 1Ʌ Ʌ2

1ɉ

( )
( )m m

ɋ m
i

Ʉ Т
i

 

 1 1Ʌɞ Ʌ
2
1Ʌ

( )
.m mi

i
 (15) 

 
Ɋɚɡɝɨɧ ɧɚ ɞɜɭɯ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬɚɯ  

ɥɟɜɨɝɨ ɢ ɩɪɚɜɨɝɨ ɩɨɬɨɤɨɜ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ 
 
Ɍɚɤ ɠɟ, ɤɚɤ ɩɪɢ ɪɚɡɝɨɧɟ ɧɚ ɝɥɚɜɧɨɣ ɦɭɮɬɟ 
ɫɰɟɩɥɟɧɢɹ, ɩɪɨɰɟɫɫ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɞɜɚ 
ɷɬɚɩɚ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɮɪɢɤɰɢɨɧɧɵɟ ɦɭɮɬɵ 
ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ ɛɭɤɫɭɸɬ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɭɪɚɜɧɟɧɢɹ (1), (β) ɢ (γ) ɩɨɥɭɱɚɸɬ ɜɢɞ 
 

ɞ ɞ 1 ɞ 1 1ɞ ɞ 1( ) ( );mI Ɇ ɋ  (16) 

 

Ɏɉ ɎɅ
1 ɞ 1 1 ɞ 1

1ɉ 1Ʌ
( ) ( ) .m

Ɇ Ɇɋ
i i

 (17) 

 
ȼɬɨɪɨɣ ɷɬɚɩ ɨɩɢɫɵɜɚɟɬɫɹ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɩɪɢ 
ɪɚɡɝɨɧɟ ɧɚ ɝɥɚɜɧɨɣ ɦɭɮɬɟ ɫɰɟɩɥɟɧɢɹ. 
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Ɋɚɡɝɨɧ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɜɤɥɸɱɟɧɢɟɦ 
ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬ ɞɜɭɯ ɩɟɪɟɞɚɱ ɥɟɜɨɝɨ  

ɢ ɩɪɚɜɨɝɨ ɩɨɬɨɤɨɜ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ 
 
ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɮɪɢɤɰɢɨɧɧɵɟ ɦɭɮɬɵ ɩɟɪ-
ɜɨɣ ɢ ɜɬɨɪɨɣ ɩɟɪɟɞɚɱ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ ɛɭɤ-
ɫɭɸɬ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɪɚɜɧɟɧɢɹ (β), (γ), (4), 
(5) ɡɚɦɟɧɹɥɢɫɶ ɭɪɚɜɧɟɧɢɹɦɢ 
 

Ɏ1ɉ Ɏβɉ
1 ɞ 1 1 ɞ 1

1ɉ βɉ
( ) ( )m

Ɇ Ɇɋ
i i

 Ɏ1Ʌ ɎβɅ

1Ʌ βɅ
;

Ɇ Ɇ
i i

 (18) 

 
 Ɏ1ɉ Ɏβɉ β 1ɉ 1 1ɉ ɉ( )mɆ Ɇ ɋ Т Т

 
1 1ɉ 11 ɉ( );m ɉ mi i  (19) 

 
 Ɏ1Ʌ ɎβɅ β 1Ʌ 1 1Ʌ Ʌ( )mɆ Ɇ ɋ Т Т

 
1 1Ʌ 1Ʌ1 Ʌ( ).m mi i  (20) 

 
ɍɪɚɜɧɟɧɢɟ (1) ɨɩɢɫɵɜɚɥɨɫɶ ɭɪɚɜɧɟɧɢɟɦ (16). 
 
ȼɬɨɪɨɣ ɷɬɚɩ ɪɚɡɝɨɧɚ ɧɚɱɢɧɚɟɬɫɹ ɫ ɦɨɦɟɧɬɚ 
ɡɚɦɵɤɚɧɢɹ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬ ɩɟɪɟɞɚɱ ɥɟɜɨ-
ɝɨ ɢ ɩɪɚɜɨɝɨ ɩɨɬɨɤɨɜ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ ɢ ɜɵ-
ɤɥɸɱɟɧɢɹ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬ ɜɬɨɪɵɯ ɩɟɪɟ-
ɞɚɱ. Ⱦɜɢɠɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɨɩɢ-
ɫɵɜɚɟɬɫɹ ɩɨɞɨɛɧɨ ɪɚɡɝɨɧɭ ɧɚ ɝɥɚɜɧɨɣ ɦɭɮɬɟ 
ɫɰɟɩɥɟɧɢɹ. 
 

Ɋɚɡɝɨɧ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɜɤɥɸɱɟɧɢɟɦ 
ɝɥɚɜɧɨɣ ɢ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬ ɩɟɪɟɞɚɱ 

 
Ɋɚɫɫɦɨɬɪɟɧɵ ɬɪɢ ɫɥɭɱɚɹ ɪɚɡɝɨɧɚ ɫɢɫɬɟɦɵ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɤɨɧɚ ɜɤɥɸɱɟɧɢɹ ɦɭɮɬ. 
ɉɟɪɜɵɣ – ɤɨɝɞɚ ɬɟɦɩ ɜɤɥɸɱɟɧɢɹ ɝɥɚɜɧɨɣ 
ɦɭɮɬɵ ɫɰɟɩɥɟɧɢɹ ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɲɟ ɬɟɦɩɚ 
ɜɤɥɸɱɟɧɢɹ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬ ɩɟɪɟɞɚɱ. 
 
ȼɬɨɪɨɣ – ɤɨɝɞɚ ɬɟɦɩ ɜɤɥɸɱɟɧɢɹ ɝɥɚɜɧɨɣ ɩɟ-
ɪɟɞɚɱɢ ɢ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬ ɨɞɢɧɚɤɨɜɵ. 
 
Ɍɪɟɬɢɣ – ɤɨɝɞɚ ɬɟɦɩ ɜɤɥɸɱɟɧɢɹ ɮɪɢɤɰɢɨɧ-
ɧɵɯ ɦɭɮɬ ɜɵɲɟ ɬɟɦɩɚ ɜɤɥɸɱɟɧɢɹ ɝɥɚɜɧɨɣ 
ɦɭɮɬɵ ɫɰɟɩɥɟɧɢɹ. 
 
ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɞɥɹ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɪɚɡɝɨɧɚ 
ɚɝɪɟɝɚɬɚ, ɤɨɝɞɚ ɛɭɤɫɭɸɬ ɝɥɚɜɧɚɹ ɦɭɮɬɚ ɫɰɟɩ-
ɥɟɧɢɹ ɢ ɦɭɮɬɵ ɩɟɪɟɞɚɱ, ɞɜɢɠɟɧɢɟ ɞɢɧɚɦɢɱɟ-
ɫɤɨɣ ɫɢɫɬɟɦɵ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ (1)–
(11). 
 

ȼɬɨɪɨɣ ɷɬɚɩ ɩɨɫɥɟ ɡɚɦɵɤɚɧɢɹ ɝɥɚɜɧɨɣ ɦɭɮɬɵ 
ɢ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬ ɩɟɪɟɞɚɱ ɨɩɢɫɵɜɚɥɫɹ 
ɩɨɞɨɛɧɨ ɪɚɡɝɨɧɭ ɚɝɪɟɝɚɬɚ ɧɚ ɝɥɚɜɧɨɣ ɦɭɮɬɟ 
ɫɰɟɩɥɟɧɢɹ. 
 

ɉɨɜɨɪɨɬ ɫɢɥɨɜɵɦ ɫɩɨɫɨɛɨɦ 
 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɞɜɚ ɷɬɚɩɚ. ɇɚ 
ɩɟɪɜɨɦ ɷɬɚɩɟ ɛɭɤɫɭɟɬ ɮɪɢɤɰɢɨɧɧɚɹ ɦɭɮɬɚ 
ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ ɩɪɚɜɨɝɨ ɢɥɢ ɥɟɜɨɝɨ ɩɨɬɨɤɨɜ. 
ȼɬɨɪɨɣ ɷɬɚɩ ɩɨɜɨɪɨɬɚ ɧɚɱɢɧɚɟɬɫɹ ɫ ɦɨɦɟɧɬɚ 
ɡɚɦɵɤɚɧɢɹ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬ ɢ ɩɪɨɞɨɥɠɚ-
ɟɬɫɹ ɞɨ ɜɵɯɨɞɚ ɚɝɪɟɝɚɬɚ ɧɚ ɪɟɠɢɦ ɭɫɬɚɧɨ-
ɜɢɜɲɟɝɨɫɹ ɞɜɢɠɟɧɢɹ. 
 
ɉɪɢ ɨɩɢɫɚɧɢɢ ɞɜɢɠɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢ-
ɫɬɟɦɵ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɭɪɚɜɧɟɧɢɹ (1), (β), (γ), 
(4), (5), (6) ɢ (7) ɡɚɦɟɧɹɥɢɫɶ ɫɥɟɞɭɸɳɢɦɢ 
ɭɪɚɜɧɟɧɢɹɦɢ: 
 

ɞ ɞ 5 ɞ 1Ʌ Ʌɞ ( )ɋ mI Ɇ Ʉ Т

1 1Ʌ Ʌɞ
6 1ɉ Ɏ1ɉ2

1Ʌ

( )
;m m

ɋ
i

Ʉ Т Ɇ
i

 (21) 

 ɉ Ɏ1ɉ γ ɉ ɜɪɉɉ ( )m mmI Ɇ ɋ

 2 ɉ ɜɪɉ( );m m  (22) 

 

 Ʌ 5 1Ʌ ɞ 1Ʌ ɅɅ ( )m ɋ mmI Ʉ Т Т  

1 1Ʌɞ 1Ʌ
7 Ɏ1ɉ

1Ʌ

( )m

ɋ
i

Ʉ Ɇ
i

 

 3 Ʌ ɜɪɅ β Ʌ ɜɪɅ( ) ( ).m m mɋ  (23) 

 
ȼɬɨɪɨɣ ɷɬɚɩ (ɩɨɫɥɟ ɡɚɦɵɤɚɧɢɹ ɮɪɢɤɰɢɨɧɚ 
ɦɭɮɬɵ) ɨɩɢɫɵɜɚɟɬɫɹ ɩɨɞɨɛɧɨ ɪɚɡɝɨɧɭ ɚɝɪɟɝɚ-
ɬɚ ɧɚ ɝɥɚɜɧɨɣ ɦɭɮɬɟ ɫɰɟɩɥɟɧɢɹ. 
 

ɉɨɜɨɪɨɬ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ 
 
Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɟɪɟɤɥɸ-
ɱɟɧɢɹ ɩɟɪɟɞɚɱ ɩɪɢ ɩɨɜɨɪɨɬɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦ 
ɫɩɨɫɨɛɨɦ ɩɪɨɜɨɞɢɥɨɫɶ ɫɨɝɥɚɫɧɨ ɩɪɢɧɹɬɨɣ 
ɫɯɟɦɟ (ɪɢɫ. 1) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɬɟɨ-
ɪɢɢ ɫɢɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ  
Ⱥ.ɋ. Ⱥɧɬɨɧɨɜɵɦ. 
ɉɪɢ ɷɬɨɦ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɠɢɦɨɦ ɞɜɢɠɟ-
ɧɢɹ, ɩɪɢɧɢɦɚɥɨɫɶ ɞɨɩɭɳɟɧɢɟ, ɱɬɨ ɝɥɚɜɧɚɹ 
ɦɭɮɬɚ ɫɰɟɩɥɟɧɢɹ ɢ ɮɪɢɤɰɢɨɧɧɚɹ ɦɭɮɬɚ Ɏ1Ʌ 
ɥɟɜɨɝɨ ɩɨɬɨɤɚ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ ɡɚɦɤɧɭɬɵ ɢ 
ɧɟ ɛɭɤɫɭɸɬ (ɪɢɫ. 1). ɉɪɨɰɟɫɫ ɩɟɪɟɤɥɸɱɟɧɢɹ 
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ɩɟɪɟɞɚɱ ɧɚ ɯɨɞɭ ɩɪɢ ɩɨɜɨɪɨɬɟ ɤɢɧɟɦɚɬɢɱɟ-
ɫɤɢɦ ɫɩɨɫɨɛɨɦ ɨɩɢɫɵɜɚɥɫɹ ɜ ɱɟɬɵɪɟ ɷɬɚɩɚ. 
 
ɉɟɪɜɵɣ ɷɬɚɩ ɧɚɱɢɧɚɟɬɫɹ ɫ ɦɨɦɟɧɬɚ ɜɵɤɥɸ-
ɱɟɧɢɹ ɦɭɮɬɵ Ɏ1ɉ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɜɤɥɸɱɟ-
ɧɢɹ ɦɭɮɬɵ Ɏβɉ ɢ ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɜɪɟɦɟɧɢ, 
ɩɪɢ ɤɨɬɨɪɨɦ ɦɨɦɟɧɬ ɆɎβɉ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟ-
ɧɢɹ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɦɨɦɟɧɬɚ 
ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ Ɇɇɉ ɧɚ ɨɬɤɥɸ-
ɱɚɟɦɨɦ ɛɨɪɬɭ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɦɭɮɬɚ Ɏ1ɉ ɡɚ-
ɦɵɤɚɟɬɫɹ ɢ ɧɟ ɛɭɤɫɭɟɬ, ɦɭɮɬɚ Ɏβɉ – ɛɭɤɫɭɟɬ 
ɩɪɢ ɜɤɥɸɱɟɧɢɢ. Ɇɟɠɞɭ ɜɚɥɚɦɢ 1, β ɢ γ  
(ɪɢɫ. 1) ɫɭɳɟɫɬɜɭɟɬ ɠɟɫɬɤɚɹ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ 
ɫɜɹɡɶ. ɉɪɢ ɨɩɢɫɚɧɢɢ ɞɜɢɠɟɧɢɹ ɫɢɫɬɟɦɵ ɧɚ 
ɷɬɨɦ ɷɬɚɩɟ ɜ ɫɢɫɬɟɦɟ ɭɪɚɜɧɟɧɢɣ (1)–(11) ɜɵ-
ɪɚɠɟɧɢɹ (1), (β), (γ), (4), (5), (6) ɢ (7) ɡɚɦɟɧɹ-
ɥɢɫɶ ɫɥɟɞɭɸɳɢɦɢ ɭɪɚɜɧɟɧɢɹɦɢ: 
 

 ɞ ɞ 1 ɞ 1ɉ ɉɞ ( )ɋ mI Ɇ Ʉ Т

 1 1ɉɞ ɉ
1 1Ʌɞ Ʌ2

1ɉ

( )
( )m m

ɋ m

i
Ʉ Т

i
 

 1 1Ʌɞ Ʌ Ɏβɉ
82

2ɉ1Ʌ

( )
;m m

ɋ
i ɆɄ

ii
 (24) 

 

 ɉ 1 1ɉ ɞ 1ɉ ɉɉ ( )m ɋ mmI Ʉ Т Т

 1 1ɉɞ ɉ
9 1ɉ Ʌ ɉ

1ɉ

( )
( )m m

ɋ m m
i

Ʉ Т
i

 

 1ɉ
Ɏβɉ β γ ɉ ɜɪɉ

2ɉ
1 ( )ɋ m

iɆ Ʉ ɋ
i

 2 ɉ ɜɪɅ( );m m  (25) 

 

 Ʌ 1 1Ʌ ɞ 1Ʌ ɅɅ ( )m ɋ mmI Ʉ Т Т

 1 1Ʌɞ Ʌ
9 1Ʌ ɉ Ʌ

1Ʌ

( )
( )m m

ɋ m m
i

Ʉ Т
i

 

 1ɉ
2 ɎβɅ γ Ʌ ɜɪɉ

2ɉ
( )ɋ m

iɄ Ɇ ɋ
i

 2 Ʌ ɜɪɉ( ).m m  (26) 

 
ȼɬɨɪɨɣ ɷɬɚɩ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɟɦ, ɱɬɨ ɦɭɮɬɚ 
Ɏ1ɉ ɟɳɟ ɧɟ ɜɵɤɥɸɱɟɧɚ, ɚ ɦɭɮɬɚ Ɏβɉ ɛɭɤɫɭɟɬ. 
ɉɟɪɟɤɥɸɱɟɧɢɟ ɩɟɪɟɞɚɱ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɢɫ-
ɯɨɞɢɬ ɜ ɪɟɠɢɦɟ ɰɢɪɤɭɥɹɰɢɢ ɦɨɳɧɨɫɬɢ. ɉɪɢ 
ɨɩɢɫɚɧɢɢ ɷɬɨɝɨ ɷɬɚɩɚ ɜ ɭɪɚɜɧɟɧɢɹ (β4), (β5) ɢ 

(β6) ɩɟɪɟɞ ɜɵɪɚɠɟɧɢɹɦɢ 

ɉ

ɉ
ɉɎɋ

ɉ

ɉɎ
ɋ

i

iɆɄ
i

ɆɄ
2

1
22

2

2
8 ;  ɢ  

ɉ

ɉ
ɋɉɎ

i

iɄɆ
2

1
22 1  – ɦɟɧɹɟɬɫɹ ɡɧɚɤ. 

 
ɇɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɢɡɛɵɬɨɱɧɨɝɨ 
ɦɨɦɟɧɬɚ ɬɪɟɧɢɹ ɛɭɤɫɭɸɳɟɣ ɦɭɮɬɵ ɩɪɨɢɫɯɨ-
ɞɢɬ ɢɡɦɟɧɟɧɢɟ ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɩɟɪɟɞɚɬɨɱ-
ɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ɨɬ ТИ1n ɞɨ ТИβn. ɗɬɚɩ ɡɚɤɚɧ-
ɱɢɜɚɟɬɫɹ ɜ ɦɨɦɟɧɬ ɡɚɦɵɤɚɧɢɹ ɞɢɫɤɨɜ ɦɭɮɬɵ 
ɎИβn. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɜ ɫɢɫɬɟɦɟ ɭɪɚɜɧɟɧɢɣ 
(1)–(11) ɜɵɪɚɠɟɧɢɹ (1), (β), (γ), (4), (5), (6) ɢ 
(7) ɩɪɢɧɢɦɚɸɬ ɜɢɞ 
 

 ɞ ɞ 5 ɞ 1Ʌ ɉɞ ( )ɋ mI Ɇ Ʉ Т

 1 1Ʌɞ Ʌ
2
1Ʌ

( )m mi

i
 

 1ɉ
6 1Ʌ Ɏ1ɉ Ɏβɉ

2ɉ
;ɋ

iɄ Т Ɇ Ɇ
i

 (27) 

 

 ɉ Ɏ1ɉ Ɏβɉ γ ɉ ɜɪɉɉ ( )m mmI Ɇ Ɇ ɋ

 2 ɉ ɜɪɉ( );m m  (28) 

 

 Ʌ 5 1Ʌ ɞ 1Ʌ ɅɅ ( )m ɋ mmI Ʉ Т Т
 

1 1Ʌɞ Ʌ 1ɉ
7 Ɏ1ɉ Ɏβɉ

2ɉ1Ʌ

( )m m

ɋ
i iɄ Ɇ Ɇ

ii

 3 Ʌ ɜɪɅ β Ʌ ɜɪɅ( ) ( ).m m mɋ  (29) 

 
ɇɚ ɱɟɬɜɟɪɬɨɦ ɷɬɚɩɟ ɦɭɮɬɚ Ɏβɉ ɡɚɦɤɧɭɬɚ, 
ɦɭɮɬɚ Ɏ1ɉ ɜɵɤɥɸɱɟɧɚ ɢɥɢ ɛɭɤɫɭɟɬ. ɇɚ ɜɬɨ-
ɪɢɱɧɵɯ ɜɚɥɚɯ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ ɜɤɥɸɱɟɧɵ 
ɪɚɡɧɵɟ ɩɟɪɟɞɚɱɢ, ɬɪɚɤɬɨɪɧɵɣ ɚɝɪɟɝɚɬ ɨɫɭ-
ɳɟɫɬɜɥɹɟɬ ɩɨɜɨɪɨɬ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦ ɫɩɨɫɨ-
ɛɨɦ. ɉɪɢ ɨɩɢɫɚɧɢɢ ɞɜɢɠɟɧɢɹ ɫɢɫɬɟɦɵ ɧɚ 
ɷɬɨɦ ɷɬɚɩɟ ɜɵɪɚɠɟɧɢɹ (1), (β), (γ), (4), (5), (6) 
ɢ (7) ɡɚɦɟɧɹɸɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ 
 

 2
ɞ ɞ γ 1Ʌ ɞ βɉ ɉɞ ( )ɋ mI Ɇ Ʉ Т Т

 1 2ɉɞ Ʌ
2
2ɉ

( )m mi

i
 

 mɅɅɞɉɋ iiɄ 1
2
23  
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1 1Ʌ 2ɞ Ʌ
10 2ɉ 1Ʌ Ɏ1ɉ2

1Ʌ

( )
;m m

ɋ
i

Ʉ Т Т Ɇ
i

 (30) 

 

 2
ɉ γ 1Ʌ βɉ ɞ βɉ ɉɉ ( )m ɋ mmI Ʉ Т Т Т  

 1 2ɉɞ ɉ

2ɉ

( )m mi

i
 

 4 2ɉ Ʌ 1Ʌ ɉ βɉ( )ɋ m mɄ Т Т Т  

 Ɏ1ɉ 11 1Ʌ βɉ( 1);ɋɆ Ʉ Т Т  (31) 
 

1 1Ʌɞ Ʌ
Ʌ 4 ɞ 1Ʌ ɅɅ

1Ʌ

( )
( ) m m

m ɋ mm

i
I Ʉ Т

i

 

2 Ɏ1ɉ
4 ɉ βɉ Ʌ 1Ʌ 11 βɉ

1ɉ
( ) .ɋ m m ɋ

ɆɄ Т Т Ʉ Т
i

 (32) 

 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ ɨɩɢɫɵɜɚɟɬɫɹ 
ɧɟɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ 
ɨɬ ɱɚɫɬɨɬɵ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ ɢ ɩɨɥɨɠɟɧɢɹ ɪɟɣɤɢ 
ɬɨɩɥɢɜɧɨɝɨ ɧɚɫɨɫɚ ɞ ɞ ɞ( , )Ɇ П С , ɚ ɦɨɦɟɧɬɵ 
ɬɪɟɧɢɹ, ɩɟɪɟɞɚɜɚɟɦɵɟ ɦɭɮɬɚɦɢ ɤɨɪɨɛɤɢ ɩɟɪɟ-
ɞɚɱ ɢ ɝɥɚɜɧɨɣ ɦɭɮɬɨɣ ɫɰɟɩɥɟɧɢɹ, ɜ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɡɚɞɚɱ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɩɢɫɵɜɚɥɢɫɶ ɩɨ 
ɩɪɹɦɨɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ, ɡɚɤɨɧɭ ɷɤɫɩɨɧɟɧɬɵ ɢ 
ɡɚɤɨɧɭ ɫɬɟɩɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ Д1Ж. 
 
Ɇɨɦɟɧɬɵ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ ɧɚ 
ɩɪɚɜɨɦ ɢ ɥɟɜɨɦ ɜɟɞɭɳɢɯ ɤɨɥɟɫɚɯ ɨɩɢɫɚɧɵ ɢɡ 
ɭɫɥɨɜɢɣ ɨɛɳɟɝɨ ɫɥɭɱɚɹ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ 
ɞɜɢɠɟɧɢɹ ɬɪɚɤɬɨɪɚ ɩɨ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɬɪɚɟɤ-
ɬɨɪɢɢ. ɂɡɦɟɧɟɧɢɹ ɬɹɝɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɟɪɟɞɜɢɠɟɧɢɸ ɬɪɚɤɬɨɪɚ ɨɩɢ-
ɫɵɜɚɸɬɫɹ ɮɭɧɤɰɢɟɣ ɫɤɨɪɨɫɬɢ ɟɝɨ ɞɜɢɠɟɧɢɹ ɢ 
ɪɚɞɢɭɫɚ ɩɨɜɨɪɨɬɚ Д1Ж. 
 
Ɇɨɦɟɧɬ ɫɰɟɩɥɟɧɢɹ ɞɜɢɠɢɬɟɥɹ ɬɪɚɤɬɨɪɚ ɫ 
ɝɪɭɧɬɨɦ (Ɇφ) ɨɩɢɫɚɧ ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɟɦ 
ɫ ɭɱɟɬɨɦ ɛɭɤɫɨɜɚɧɢɹ ɞɜɢɠɢɬɟɥɹ ɩɪɢ ɧɟɭɫɬɚ-
ɧɨɜɢɜɲɢɯɫɹ ɪɟɠɢɦɚɯ ɞɜɢɠɟɧɢɹ 
 

ɜɤ ɦɚɤɫmɆ G R

2
ɛ 1

0

1 exp
ɪ К

dV
a Ɋ Ʉ V m

dt

2

2
1

0

,
ɛ ɪ К

dV
b Ɋ Ʉ V m

dt
 (33) 

ɝɞɟ Gm ɢ ma – ɜɟɫ ɢ ɦɚɫɫɚ ɬɪɚɤɬɨɪɚ; Rɜɤ – ɪɚ-
ɞɢɭɫ ɜɟɞɭɳɢɯ ɤɨɥɟɫ; φɦɚɤɫ – ɦɚɤɫɢɦɚɥɶɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɫɰɟɩɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɬɪɚɤɬɨɪɚ ɫ 
ɩɨɱɜɨɣ; aɛ ɢ bɛ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɚɩɩɪɨɤɫɢɦɚ-
ɰɢɢ ɤɪɢɜɵɯ ɛɭɤɫɨɜɚɧɢɹ ɞɜɢɠɢɬɟɥɹ ɢ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ ɨɪɭɞɢɹ; V – ɫɤɨɪɨɫɬɶ ɬɪɚɤɬɨɪɚ; δ0 – 
ɩɨɤɚɡɚɬɟɥɶ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɧɚɪɚɫɬɚɧɢɟ 
ɫɰɟɩɥɟɧɢɹ ɞɜɢɠɢɬɟɥɹ ɫ ɩɨɱɜɨɣ Дβ, 3]. 
 
Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɫɢ-
ɥɨɜɨɣ ɩɟɪɟɞɚɱɟ ɬɪɚɤɬɨɪɚ, ɨɰɟɧɢɜɚɥɢɫɶ ɤɨɷɮ-
ɮɢɰɢɟɧɬɨɦ ɞɢɧɚɦɢɱɟɫɤɨɣ ɧɚɝɪɭɠɟɧɧɨɫɬɢ. 
ɇɚɝɪɭɠɟɧɧɨɫɬɶ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬ ɨɰɟɧɢɜɚ-
ɥɚɫɶ ɪɚɛɨɬɨɣ ɛɭɤɫɨɜɚɧɢɹ Д1Ж. 
 
ɇɚ ɪɢɫ. β ɩɨɤɚɡɚɧɵ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ 
ɪɚɡɝɨɧɚ ɩɚɯɨɬɧɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚ ɝɥɚɜɧɨɣ ɦɭɮɬɟ 
ɫɰɟɩɥɟɧɢɹ ɢ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬɚɯ ɩɟɪɟɞɚɱ 
ɩɪɚɜɨɝɨ ɢ ɥɟɜɨɝɨ ɩɨɬɨɤɨɜ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ. 
Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɵɜɚ-
ɟɬ, ɱɬɨ ɪɚɡɝɨɧ ɬɪɚɤɬɨɪɧɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚ ɦɭɮ-
ɬɚɯ ɩɟɪɟɞɚɱ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɡɝɨɧɨɦ ɧɚ 
ɝɥɚɜɧɨɣ ɦɭɮɬɟ ɫɰɟɩɥɟɧɢɹ ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ 
ɭɫɥɨɜɢɹɯ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɫɭɦɦɚɪɧɭɸ 
ɪɚɛɨɬɭ ɛɭɤɫɨɜɚɧɢɹ ɜ ɫɪɟɞɧɟɦ ɧɚ βγ %, ɚ ɜɟ-
ɥɢɱɢɧɭ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ – ɧɚ 1β %. 
 
ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɝɨɧɚ ɧɚ ɮɪɢɤɰɢɨɧɧɵɯ 
ɦɭɮɬɚɯ ɩɟɪɟɞɚɱ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ ɷɬɨɦ 
ɫɥɭɱɚɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɚɡɝɨɧ ɦɟɧɶɲɢɯ ɜɟ-
ɞɨɦɵɯ ɦɚɫɫ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɢɫɯɨɞɢɬ ɪɚɡ-
ɝɨɧ ɚɝɪɟɝɚɬɚ ɞɨ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɞɜɢɠɟɧɢɹ ɫ 
ɦɟɧɶɲɟɣ ɡɚɬɪɚɬɨɣ ɷɧɟɪɝɢɢ ɢ ɦɟɧɶɲɟɣ ɪɚɛɨ-
ɬɨɣ ɛɭɤɫɨɜɚɧɢɹ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬ. Ʉɢɧɟɬɢ-
ɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɜɟɞɭɳɢɯ ɦɚɫɫ ɩɪɢ ɪɚɡɝɨɧɟ 
ɚɝɪɟɝɚɬɚ ɧɚ ɦɭɮɬɚɯ ɩɟɪɟɞɚɱ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢ 
ɪɚɡɝɨɧɟ ɧɚ ɝɥɚɜɧɨɣ ɦɭɮɬɟ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɩɪɨɢɫɯɨɞɢɬ ɦɟɧɶɲɟɟ ɩɨɧɢɠɟɧɢɟ ɱɚɫɬɨɬɵ 
ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɞɜɢɠɢɬɟɥɹ ɜ ɩɟɪɟɯɨɞɧɨɦ ɩɪɨ-
ɰɟɫɫɟ. 
 
ɇɚ ɪɢɫ. γ ɩɨɤɚɡɚɧ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ, ɩɨ-
ɥɭɱɟɧɧɵɣ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɨɜɨɪɨɬɚ ɩɚɯɨɬ-
ɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫɢɥɨɜɵɦ ɫɩɨɫɨɛɨɦ. ɂɫɫɥɟɞɨɜɚ-
ɧɢɹ ɩɪɨɰɟɫɫɨɜ ɩɨɜɨɪɨɬɚ ɬɪɚɤɬɨɪɧɨɝɨ ɚɝɪɟɝɚɬɚ 
ɩɪɨɜɟɞɟɧɵ ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɜɪɟɦɟɧɢ ɜɵɤɥɸ-
ɱɟɧɢɹ ɢ ɜɤɥɸɱɟɧɢɹ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬ, ɚ 
ɬɚɤɠɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɚɤɨɧɚɯ ɢɡɦɟɧɟɧɢɹ ɦɨ-
ɦɟɧɬɨɜ ɬɪɟɧɢɹ. Ⱥɧɚɥɢɡ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫ-
ɫɨɜ ɪɚɡɝɨɧɚ ɢ ɩɨɜɨɪɨɬɚ ɬɪɚɤɬɨɪɚ ɩɨɤɚɡɚɥ, ɱɬɨ 
ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɞɢɧɚɦɢ-
ɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜ ɫɢɥɨɜɨɣ ɩɟɪɟɞɚɱɟ ɢ ɪɚɛɨɬɵ 
ɛɭɤɫɨɜɚɧɢɹ ɦɭɮɬ ɞɥɹ ɬɪɚɤɬɨɪɚ Ɍ-150 ɨɛɟɫɩɟ-
ɱɢɜɚɸɬɫɹ ɩɪɢ ɜɪɟɦɟɧɢ ɢɯ ɜɵɤɥɸɱɟɧɢɹ ɜ ɩɪɟ-
ɞɟɥɚɯ 0,4–0,6 ɫ ɢ ɜɪɟɦɟɧɢ ɢɯ ɜɵɤɥɸɱɟɧɢɹ ɜ 
ɩɪɟɞɟɥɚɯ 0,5–0,7 ɫ.  
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Ɋɢɫ. 2. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ, ɩɨɥɭɱɟɧɧɵɟ 

ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɚɡɝɨɧɚ ɬɪɚɤɬɨɪɧɨɝɨ 
ɚɝɪɟɝɚɬɚ ɧɚ ɝɥɚɜɧɨɣ ɦɭɮɬɟ ɫɰɟɩɥɟɧɢɹ  
(- -) ɢ ɧɚ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬɚɯ ɩɪɚɜɨɝɨ 
ɢ ɥɟɜɨɝɨ ɩɨɬɨɤɨɜ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ: nɞ, 
nɆ, nɎ1Ʌ, nɎ1ɉ – ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɜɚɥɨɜ 
ɞɜɢɝɚɬɟɥɹ, ɦɭɮɬɵ ɫɰɟɩɥɟɧɢɹ ɢ ɜɬɨɪɢɱ-
ɧɵɯ ɜɚɥɨɜ Ʉɉɉ 

 

 
 
Ɋɢɫ. 3. ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ, ɩɨɥɭɱɟɧɧɵɣ 

ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɨɜɨɪɨɬɚ ɩɚɯɨɬɧɨɝɨ 
ɚɝɪɟɝɚɬɚ ɫɢɥɨɜɵɦ ɫɩɨɫɨɛɨɦ 

 

ɇɚɢɥɭɱɲɢɟ ɩɨɤɚɡɚɬɟɥɢ ɭɤɚɡɚɧɧɵɯ ɤɪɢɬɟɪɢɟɜ 
ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɩɪɢ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦ ɡɚ-
ɤɨɧɟ ɢɡɦɟɧɟɧɢɹ ɦɨɦɟɧɬɨɜ ɬɪɟɧɢɹ ɦɭɮɬ, 
ɧɚɢɯɭɞɲɢɟ – ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɨ ɜɨɝɧɭɬɨɣ 
ɤɜɚɞɪɚɬɢɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ. Ⱦɚɧɧɵɟ ɢɫɫɥɟɞɨ-
ɜɚɧɢɹ ɩɨɡɜɨɥɢɥɢ ɜɵɪɚɛɨɬɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ 
ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɮɪɢɤɰɢɨɧɧɵɯ 
ɦɭɮɬ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɪɟɠɢ-
ɦɟ ɪɚɡɝɨɧɚ ɢ ɩɨɜɨɪɨɬɚ. 

 
ȼɵɜɨɞɵ 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɭɫɬɚɧɨɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, ɨɩɢ-
ɫɵɜɚɸɳɢɟ ɨɛɳɢɣ ɫɥɭɱɚɣ ɞɜɢɠɟɧɢɹ (ɪɚɡɝɨɧ, 
ɩɨɜɨɪɨɬ ɢ ɞɪ.) ɫɤɨɪɨɫɬɧɨɝɨ ɝɭɫɟɧɢɱɧɨɝɨ 
ɬɪɚɤɬɨɪɚ. Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɭɱɢ-
ɬɵɜɚɸɬ: 
– ɤɪɭɬɢɥɶɧɭɸ ɠɟɫɬɤɨɫɬɶ ɞɟɬɚɥɟɣ ɫɢɥɨɜɨɣ 
ɩɟɪɟɞɚɱɢ ɢ ɟɟ ɞɟɦɩɮɢɪɭɸɳɢɟ ɫɜɨɣɫɬɜɚ; 
– ɛɭɤɫɨɜɚɧɢɟ ɝɭɫɟɧɢɱɧɵɯ ɞɜɢɠɢɬɟɥɟɣ ɩɪɢ 
ɧɟɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɪɟɠɢɦɚɯ ɞɜɢɠɟɧɢɹ; 
– ɢɡɦɟɧɟɧɢɟ ɬɹɝɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɮɭɧɤ-
ɰɢɢ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ; 
– ɢɡɦɟɧɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɟɪɟɞɜɢɠɟɧɢɸ 
ɬɪɚɤɬɨɪɚ ɜ ɮɭɧɤɰɢɢ ɫɤɨɪɨɫɬɢ ɟɝɨ ɞɜɢɠɟɧɢɹ ɢ 
ɪɚɞɢɭɫɚ ɩɨɜɨɪɨɬɚ. 
 
Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɪɚɤɬɨɪɧɨɝɨ ɚɝɪɟɝɚ-
ɬɚ ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɩɟɪɟ-
ɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ: 
– ɪɚɡɝɨɧ ɧɚ ɝɥɚɜɧɨɣ ɦɭɮɬɟ ɫɰɟɩɥɟɧɢɹ; 
– ɪɚɡɝɨɧ ɧɚ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬɚɯ ɩɟɪɟɞɚɱ; 
– ɪɚɡɝɨɧ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɜɤɥɸɱɟɧɢɢ 
ɝɥɚɜɧɨɣ ɦɭɮɬɵ ɢ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬ ɩɟɪɟ-
ɞɚɱ; 
– ɩɨɜɨɪɨɬ ɫɢɥɨɜɵɦ ɫɩɨɫɨɛɨɦ; 
– ɩɨɜɨɪɨɬ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ. 
 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɪɚɡɝɨɧɚ ɬɪɚɤɬɨɪɧɨ-
ɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɯɟɦɚɯ ɜɤɥɸɱɟɧɢɹ 
ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬ ɩɨɤɚɡɚɥɢ: 
– ɪɚɡɝɨɧ ɧɚ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬɚɯ ɩɟɪɟɞɚɱ 
ɩɪɚɜɨɝɨ ɢ ɥɟɜɨɝɨ ɩɨɬɨɤɨɜ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ 
ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ ɯɚɪɚɤɬɟɪɢɡɭɟɬ-
ɫɹ ɫɧɢɠɟɧɢɟɦ, ɜ ɫɪɟɞɧɟɦ ɧɚ β5 %, ɫɭɦɦɚɪɧɨɣ 
ɪɚɛɨɬɵ ɛɭɤɫɨɜɚɧɢɹ ɢ ɞɨ 1β % ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɡ-
ɝɨɧɨɦ ɧɚ ɝɥɚɜɧɨɣ ɦɭɮɬɟ ɫɰɟɩɥɟɧɢɹ. Ɋɚɛɨɬɚ 
ɛɭɤɫɨɜɚɧɢɹ ɤɚɠɞɨɣ ɢɡ ɞɜɭɯ ɮɪɢɤɰɢɨɧɧɵɯ 
ɦɭɮɬ ɩɨɱɬɢ ɜ β ɪɚɡɚ ɦɟɧɶɲɟ ɪɚɛɨɬɵ ɛɭɤɫɨɜɚ-
ɧɢɹ ɝɥɚɜɧɨɣ ɦɭɮɬɵ. Ɋɚɡɝɨɧ ɩɨ ɬɚɤɨɣ ɫɯɟɦɟ 
ɜɤɥɸɱɟɧɢɹ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬ ɝɭɫɟɧɢɱɧɨɝɨ 
ɬɪɚɤɬɨɪɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ; 
– ɪɚɡɝɨɧ ɧɚ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɤɥɸɱɚɟɦɵɯ ɞɜɭɯ 
ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬɚɯ ɫɦɟɠɧɵɯ ɩɟɪɟɞɚɱ ɩɪɚ-
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ɜɨɝɨ ɢ ɥɟɜɨɝɨ ɩɨɬɨɤɨɜ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ ɩɪɢ 
ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɫɧɢɠɟɧɢɟɦ ɩɨɱɬɢ ɜ 4 ɪɚɡɚ ɪɚɛɨɬɵ ɛɭɤɫɨɜɚɧɢɹ 
ɤɚɠɞɨɣ ɢɡ ɦɭɮɬ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɪɚɡɝɨɧɨɦ ɧɚ 
ɝɥɚɜɧɨɣ ɦɭɮɬɟ ɫɰɟɩɥɟɧɢɹ. Ɋɚɡɝɨɧ ɩɨ ɬɚɤɨɣ 
ɫɯɟɦɟ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚ ɯɨɞɭ 
ɫ ɩɨɦɨɳɶɸ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬ, ɪɚɫɩɨɥɨ-
ɠɟɧɧɵɯ ɧɚ ɞɜɭɯ ɜɵɯɨɞɧɵɯ ɜɚɥɚɯ; 
– ɪɚɡɝɨɧ ɧɚ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɤɥɸɱɚɟɦɵɯ ɝɥɚɜ-
ɧɨɣ ɦɭɮɬɟ ɢ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬɚɯ ɩɟɪɟɞɚɱ 
ɩɪɚɜɨɝɨ ɢ ɥɟɜɨɝɨ ɩɨɬɨɤɨɜ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ 
ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ ɯɚɪɚɤɬɟɪɢɡɭɟɬ-
ɫɹ ɩɪɢɦɟɪɧɨ ɪɚɜɧɨɣ ɫɭɦɦɚɪɧɨɣ ɪɚɛɨɬɨɣ ɢɯ 
ɛɭɤɫɨɜɚɧɢɹ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɪɚɡɝɨɧɨɦ ɧɚ ɝɥɚɜ-
ɧɨɣ ɦɭɮɬɟ ɫɰɟɩɥɟɧɢɹ. Ɋɚɛɨɬɚ ɛɭɤɫɨɜɚɧɢɹ 
ɝɥɚɜɧɨɣ ɦɭɮɬɵ ɫɰɟɩɥɟɧɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚ 
34 %, ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɝɪɭɡɨɤ – ɧɚ 18 % ɧɢ-
ɠɟ, ɱɟɦ ɩɪɢ ɪɚɡɝɨɧɟ ɬɨɥɶɤɨ ɧɚ ɝɥɚɜɧɨɣ ɦɭɮɬɟ 
ɫɰɟɩɥɟɧɢɹ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɪɚɡɝɨɧ  ɩɨ ɷɬɨɣ ɫɯɟ-
ɦɟ ɹɜɥɹɟɬɫɹ ɧɚɢɦɟɧɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢɡ-ɡɚ 
ɫɥɨɠɧɨɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɫɢɧɯɪɨɧɧɨɝɨ ɜɤɥɸ-
ɱɟɧɢɹ ɦɭɮɬ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɢ ɝɢɞɪɚɜɥɢɱɟ-
ɫɤɢɦ ɩɪɢɜɨɞɚɦɢ ɭɩɪɚɜɥɟɧɢɹ. 
 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɪɚɡɝɨɧɚ ɬɪɚɤɬɨɪɚ  
ɧɚ ɮɪɢɤɰɢɨɧɧɵɯ ɦɭɮɬɚɯ ɩɟɪɟɞɚɱ ɩɨɬɨɤɚ ɤɨ-
ɪɨɛɤɢ ɩɟɪɟɞɚɱ, ɚ ɬɚɤɠɟ ɩɪɨɰɟɫɫɨɜ ɟɝɨ ɩɨɜɨ-
ɪɨɬɚ ɫɢɥɨɜɵɦ ɫɩɨɫɨɛɨɦ ɩɨɤɚɡɚɥɢ, ɱɬɨ: 
– ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɞɢɧɚ-
ɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜ ɫɢɥɨɜɨɣ ɩɟɪɟɞɚɱɟ ɢ ɪɚ-
ɛɨɬɵ ɛɭɤɫɨɜɚɧɢɹ ɦɭɮɬ ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɩɪɢ 
ɜɪɟɦɟɧɢ ɢɯ ɜɵɤɥɸɱɟɧɢɹ ɜ ɩɪɟɞɟɥɚɯ 0,4–0,6 ɫ 
ɢ ɜɪɟɦɟɧɢ ɢɯ ɜɤɥɸɱɟɧɢɹ ɜ ɩɪɟɞɟɥɚɯ 0,5–0,7 ɫ; 
– ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɞɢɧɚ-
ɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜ ɫɢɥɨɜɨɣ ɩɟɪɟɞɚɱɟ ɢ ɪɚ-
ɛɨɬɵ ɛɭɤɫɨɜɚɧɢɹ ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɩɪɢ ɷɤɫɩɨ-
ɧɟɧɰɢɚɥɶɧɨɦ ɡɚɤɨɧɟ ɢɡɦɟɧɟɧɢɹ ɢɯ ɦɨɦɟɧɬɨɜ 
ɬɪɟɧɢɹ, ɧɚɢɯɭɞɲɢɟ – ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɨ ɜɨ-
ɝɧɭɬɨɣ ɤɜɚɞɪɚɬɢɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ.  

ɉɪɢ ɩɨɜɨɪɨɬɟ ɩɚɯɨɬɧɨɝɨ ɚɝɪɟɝɚɬɚ ɤɢɧɟɦɚɬɢ-
ɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ ɩɟɪɟɤɥɸɱɟɧɢɟɦ ɩɟɪɟɞɚɱ ɧɚ 
ɯɨɞɭ ɫ ɧɢɡɲɟɣ ɧɚ ɜɵɫɲɭɸ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɩɟ-
ɪɟɤɥɸɱɟɧɢɟɦ ɩɟɪɟɞɚɱ ɧɚ ɜɵɫɲɭɸ ɩɪɢ ɩɪɨ-
ɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢ-
ɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɪɚɫɬɟɬ ɧɚ 4β %, ɚ ɪɚɛɨɬɚ 
ɛɭɤɫɨɜɚɧɢɹ – ɧɚ βγ %. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɷɧɟɪɝɨɟɦɤɢɯ ɪɚɛɨɬ ɩɨɜɨɪɨɬ 
ɬɪɚɤɬɨɪɧɨɝɨ ɚɝɪɟɝɚɬɚ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦ ɫɩɨɫɨ-
ɛɨɦ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɩɟɪɟɤɥɸɱɟɧɢ-
ɟɦ ɩɟɪɟɞɚɱ ɫ ɜɵɫɲɟɣ ɧɚ ɧɢɡɲɭɸ. 
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