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ɫɭɦɦɢɪɨɜɚɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɨɬɪɚɠɟɧɧɨɣ 
ɜɨɥɧɟ ɨɬ i-ɨɣ ɨɬɪɚɠɚɸɳɟɣ ɝɪɚɧɢɰɵ) ];[ Ttt ii  ; 

3. ɨɰɟɧɤɚ ɮɚɡɨɜɨɝɨ ɫɩɟɤɬɪɚ ɬɪɚɫɫɵ ɤɨɪɢɞɨɪ-
ɧɨɝɨ ɫɭɦɦɢɪɨɜɚɧɢɹ ɧɚ ɢɧɬɟɪɜɚɥɟ ɚɧɚɥɢɡɚν 

4. ɨɰɟɧɤɚ ɮɨɪɦɵ i-ɨɣ ɨɬɪɚɠɟɧɧɨɣ ɜɨɥɧɵ ɫɨ-
ɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (β)ν 

5. ɜɵɱɢɬɚɧɢɟ i-ɨɣ ɨɬɪɚɠɟɧɧɨɣ ɜɨɥɧɵ ɢɡ ɷɬɚ-
ɥɨɧɧɨɣ ɬɪɚɫɫɵν 

6. ɩɨɜɬɨɪɟɧɢɟ ɩɭɧɤɬɨɜ β-5. 
 
ȼɵɜɨɞɵ 
ɉɨɥɭɱɟɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɫɬɢ 

ɨɰɟɧɤɭ ɮɨɪɦɵ ɨɬɪɚɠɟɧɧɵɯ ɩɪɨɞɨɥɶɧɵɯ ɜɨɥɧ ɧɚ 
ɜɫɟɦ ɞɨɫɬɭɩɧɨɦ ɢɧɬɟɪɜɚɥɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɪɨɦɟ 

ɬɨɝɨ, ɨɧɚ ɢɫɩɨɥɶɡɭɟɬ ɪɟɚɥɶɧɵɟ ɢɡɦɟɪɟɧɧɵɟ ɮɨɪɦɵ 
ɩɚɞɚɸɳɢɯ ɜɨɥɧ, ɢ ɭɱɢɬɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɮɨɪɦɵ 
ɩɚɞɚɸɳɟɣ ɜɨɥɧɵ ɫ ɝɥɭɛɢɧɨɣ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɚɧ-
ɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɧɟ ɢɦɟɟɬ ɨɝɪɚɧɢɱɟɧɢɣ, ɧɚɤɥɚɞɵɜɚ-
ɟɦɵɯ ɧɚ ɬɪɚɞɢɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɨɰɟɧɤɢ ɮɨɪɦɵ 
ɨɬɪɚɠɟɧɧɨɣ ɜɨɥɧɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɞɚɧɧɵɯ ɧɚɡɟɦ-
ɧɨɣ ɫɟɣɫɦɨɪɚɡɜɟɞɤɢ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 
1. ɉɭɡɵɪɟɜ ɇ.ɇ. ɂɧɬɟɪɩɪɟɬɚɰɢɹ ɞɚɧɧɵɯ ɫɟɣ-

ɫɦɨɪɚɡɜɟɞɤɢ ɦɟɬɨɞɨɦ ɨɬɪɚɠɟɧɧɵɯ ɜɨɥɧ. – Ɇ.μ 
Ƚɨɫɬɨɩɬɟɯɢɡɞɚɬ, 1λ5λ. – 451 ɫ. 

2. Ɋ. ɒɟɪɢɮɮ, Ʌ. Ƚɟɥɞɚɪɬ, ɋɟɣɫɦɨɪɚɡɜɟɞɤɚ 
Ɍ.β. – Ɇ.μ Ɇɢɪ, 1λκ7. – 400 ɫ. 

 

ɋɌȺɐɂɈɇȺɊɇɈȿ ȼɊȺɓȿɇɂȿ ɇȿɍɊȺȼɇɈȼȿɒȿɇɇɈȽɈ ɊɈɌɈɊȺ, 
ɑȺɋɌɂɑɇɈ ɁȺɉɈɅɇȿɇɇɈȽɈ ɀɂȾɄɈɋɌɖɘ ɉɊɂ ȾȿɃɋɌȼɂɂ ɋɂɅ 

ȼɇȿɒɇȿȽɈ ɌɊȿɇɂə 
ɉɨɧɨɦɚɪɺɜ Ⱥ.ȼ. 

Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
6γ4050, Ɋɨɫɫɢɹ, ɝ. Ɍɨɦɫɤ, ɩɪ–ɬ Ʌɟɧɢɧɚ, γ0 
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ȼɜɟɞɟɧɢɟ 
ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ, ɜ ɪɚɦɤɚɯ ɩɥɨɫɤɨɣ ɦɨɞɟɥɢ, 

ɢɡɭɱɚɟɬɫɹ ɜɪɚɳɟɧɢɟ ɪɨɬɨɪɚ ɫɨ ɫɥɨɟɦ ɠɢɞɤɨɫɬɢ ɧɚ 
ɫɬɟɧɤɟ ɤɚɦɟɪɵ ɩɪɢ ɜɹɡɤɨɭɩɪɭɝɨɦ ɞɟɣɫɬɜɢɢ ɜɚɥɚ. 
ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɝɪɚɧɢɰɟɣ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɹɜɥɹɟɬɫɹ ɨɤɪɭɠɧɨɫɬɶ ɫ ɰɟɧɬɪɨɦ ɧɚ 
ɨɫɢ ɜɪɚɳɟɧɢɹ, ɚ ɫɚɦɚ ɨɧɚ ɜɪɚɳɚɟɬɫɹ ɜɦɟɫɬɟ ɫ ɪɨ-
ɬɨɪɨɦ, ɤɚɤ ɬɜɟɪɞɨɟ ɬɟɥɨ. 

 
Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɠɢɞɤɨɫɬɧɵɯ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɛɚ-

ɥɚɧɫɢɪɧɵɯ ɭɫɬɪɨɣɫɬɜ (ȺȻɍ) ɫɜɨɞɢɬɫɹ ɤ ɡɚɞɚɱɟ ɨ 
ɞɜɢɠɟɧɢɢ ɜɪɚɳɚɸɳɢɯɫɹ ɬɟɥ ɫ ɩɨɥɨɫɬɹɦɢ, ɱɚɫɬɢɱ-
ɧɨ ɡɚɩɨɥɧɟɧɧɵɦɢ ɠɢɞɤɨɫɬɶɸ Д1Ж. ɗɬɚ ɡɚɞɚɱɚ ɫɨ-
ɩɪɹɠɟɧɚ ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɬɪɭɞɧɨɫɬɹɦɢ, ɬ.ɤ. 
ɬɪɟɛɭɟɬ ɪɚɫɫɦɨɬɪɟɧɢɹ ɫɨɜɦɟɫɬɧɨɝɨ ɞɜɢɠɟɧɢɹ 
ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɢ ɠɢɞɤɨɫɬɢ. ɂɡɜɟɫɬɧɨ ɨɝɪɚɧɢɱɟɧɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ, ɜ ɤɨɬɨɪɵɯ ɪɟɲɚɟɬɫɹ ɭɤɚɡɚɧɧɚɹ 
ɡɚɞɚɱɚ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ȺȻɍ. Ɍɚɤ ɜ ДβЖ ɪɚɫɫɦɨɬ-
ɪɟɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɜɪɚɳɟɧɢɹ ɪɨɬɨ-
ɪɚ, ɱɚɫɬɢɱɧɨ ɡɚɩɨɥɧɟɧɧɨɝɨ ɠɢɞɤɨɫɬɶɸ ɫɨ ɫɜɨɛɨɞ-
ɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. ɂɡɝɢɛɧɵɟ ɤɨɥɟɛɚɧɢɹ ɜɚɥɚ ɫ 
ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɵɦ ɞɢɫɤɨɦ ɧɚ ɧɟɦ ɢɡɭɱɟɧɵ ɜ Д5Ж. 
ȼ ДγЖ ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɠɢɞɤɨɫɬɢ ɜɨ ɜɪɚɳɚɸɳɟɦ-
ɫɹ ɪɨɬɨɪɟ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɛɚɥɚɧɫɢɪɨɜɤɭ ɦɟɯɚ-
ɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɛɟɡ ɭɱɟɬɚ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 
ɇɢɠɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɞɜɢɠɟɧɢɟ 
ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɨɝɨ ɪɨɬɨɪɚ ɫ ɠɢɞɤɨɫɬɶɸ ɩɪɢ 
ɧɚɥɢɱɢɢ ɜɧɟɲɧɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 
ɉɭɫɬɶ ɪɨɬɨɪ 1 (ɪɢɫ. 1), ɫɨɞɟɪɠɢɬ ɤɚɦɟɪɭ β ɱɚ-

ɫɬɢɱɧɨ ɡɚɩɨɥɧɟɧɧɭɸ ɨɞɧɨɪɨɞɧɨɣ ɧɟɫɠɢɦɚɟɦɨɣ 
ɠɢɞɤɨɫɬɶɸ γ, ɫɢɦɦɟɬɪɢɱɧɨ ɡɚɤɪɟɩɥɟɧ ɧɚ ɝɢɛɤɨɦ 
ɜɟɪɬɢɤɚɥɶɧɨɦ ɜɚɥɭ, ɩɪɨɯɨɞɹɳɟɦ ɱɟɪɟɡ ɝɟɨɦɟɬɪɢ-
ɱɟɫɤɢɣ ɰɟɧɬɪ Ɉ1. ɐɟɧɬɪ ɦɚɫɫ ɪɨɬɨɪɚ (ɬɨɱɤɚ Ɋ) 

ɫɦɟɳɟɧ ɨɬ Ɉ1 ɧɚ ɪɚɫɫɬɨɹɧɢɟ Ɉ1Ɋ=ɟ. ɉɪɢ ɜɪɚɳɟɧɢɢ 
ɪɨɬɨɪɚ ɜɚɥ ɫɦɟɳɚɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ Ɉ2Ɉ1=a, ɚ ɧɟ-
ɫɠɢɦɚɟɦɚɹ ɨɞɧɨɪɨɞɧɚɹ ɠɢɞɤɨɫɬɶ, ɩɥɨɬɧɨɫɬɶɸ ȡ, 
ɩɟɪɟɬɟɤɚɟɬ ɜ ɫɬɨɪɨɧɭ ɩɪɨɝɢɛɚ ɜɚɥɚ. ɉɪɢ ɭɫɬɚɧɨ-
ɜɢɜɲɟɦɫɹ ɞɜɢɠɟɧɢɢ ɠɢɞɤɨɫɬɶ ɜɨ ɜɪɚɳɚɸɳɟɦɫɹ 
ɪɨɬɨɪɟ ɡɚɧɢɦɚɟɬ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɫɥɨɣ ɜɵɫɨɬɨɣ h, 
ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ 
ɨɤɪɭɠɧɨɫɬɶ ɪɚɞɢɭɫɚ r2 ɫ ɰɟɧɬɪɨɦ ɧɚ ɨɫɢ ɜɪɚɳɟɧɢɹ 
AB (ɬɨɱɤɚ Ɉ2) ɢ ɜɪɚɳɚɟɬɫɹ ɫ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ 

( )t const   Д4Ж. Ɉɬɫɸɞɚ ɰɟɧɬɪ ɦɚɫɫ ɫɥɨɹ 
ɠɢɞɤɨɫɬɢ ɧɚɯɨɞɢɬɫɹ ɧɚ ɥɢɧɢɢ ɰɟɧɬɪɨɜ Ɉ2Ɉ1 ɜ ɬɨɱ-
ɤɟ G, ɚ ɞɜɢɠɟɧɢɟ ɪɨɬɨɪɚ ɹɜɥɹɟɬɫɹ ɩɥɨɫɤɢɦ. 

ȼɜɟɞɟɦ ɜ ɩɥɨɫɤɨɫɬɢ ɞɜɢɠɟɧɢɹ ɬɨɱɟɤ O1, G, P 
ɞɜɟ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɫ ɨɛɳɢɦ ɧɚɱɚɥɨɦ ɜ ɬɨɱɤɟ 
Ɉ2 ɧɚ ɥɢɧɢɢ ABμ ɧɟɩɨɞɜɢɠɧɭɸ ɫɢɫɬɟɦɭ Ɉ2ȟȘ ɢ 
ɩɨɞɜɢɠɧɭɸ Ɉ2ɯɭ, ɨɫɶ x ɤɨɬɨɪɨɣ ɩɚɪɚɥɥɟɥɶɧɚ ɨɬ-
ɪɟɡɤɭ Ɉ1Ɋ. ɍɝɥɨɜɵɟ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ 
ɫɢɫɬɟɦɵ Ɉ2xy ɨɞɢɧɚɤɨɜɵɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɨɬɨɪ ɜ 
ɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɧɟɩɨɞɜɢɠɟɧ. Ɂɚ 
ɨɛɨɛɳɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɜɨɡɶɦɟɦ ɤɨɨɪɞɢɧɚɬɵ 
ɬɨɱɤɢ Ɉ1 ɜ ɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɟ Ɉ2xy – x,y. 

 
ɚ    ɛ 

Ɋɢɫ. 1. Ɋɨɬɨɪμ ɚ) ɫɯɟɦɚ ɡɚɤɪɟɩɥɟɧɢɹν ɛ) ɫɟɱɟɧɢɟ ɫ 
ɠɢɞɤɨɫɬɶɸ 
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ɇɚ ɪɨɬɨɪ ɫɨ ɫɬɨɪɨɧɵ ɜɚɥɚ ɞɟɣɫɬɜɭɟɬ ɫɢɥɚ ɭɩɪɭ-

ɝɨɫɬɢ  OOɫFc ɢ ɫɢɥɚ ɜɧɟɲɧɟɝɨ ɬɪɟɧɢɹ, 
ɩɪɢɥɨɠɟɧɧɚɹ ɜ ɬɨɱɤɟ Ɉ1, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ ɚɛɫɨ-

ɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ 
1OV ɷɬɨɣ ɬɨɱɤɢ, 

1OVF   

Ƚɞɟ c ɢ Ȥ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɩɪɭɝɨɫɬɢ ɢ ɜɧɟɲɧɟɝɨ 
ɬɪɟɧɢɹ. ɉɪɢɪɨɞɚ ɷɬɢɯ ɫɢɥ ɩɨɞɪɨɛɧɨ ɢɡɥɨɠɟɧɚ ɜ 
Д5Ж. Ɍɚɤ, ɫɢɥɵ ɜɧɟɲɧɟɝɨ ɬɪɟɧɢɹ ɜɵɡɵɜɚɸɬɫɹ ɜɹɡ-
ɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɜɧɟɲɧɟɣ ɫɪɟɞɵ, ɨɩɨɪ, ɫɩɟɰɢ-
ɚɥɶɧɵɯ ɞɟɦɩɮɟɪɨɜ ɢ ɡɚɜɢɫɹɬ ɨɬ ɫɤɨɪɨɫɬɟɣ ɚɛɫɨ-
ɥɸɬɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɬɨɱɟɤ ɪɨɬɨɪɚ ɢ ɜɚɥɚν ɫɢɥɵ 
ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɩɨɪɨɠɞɚɸɬɫɹ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 
ɱɚɫɬɢɰ ɦɚɬɟɪɢɚɥɚ ɢ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɪɢ-
ɧɢɦɚɸɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦɢ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪ-
ɦɚɰɢɢ ɜɚɥɚ. ɋɨɝɥɚɫɧɨ ɩɪɢɧɰɢɩɭ Ⱦɚɥɚɦɛɟɪɚ ɢɦɟɟɦ 
ɭɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɝɥɚɜɧɵɯ ɜɟɤɬɨɪɨɜ ɜɧɟɲɧɢɯ 
ɫɢɥ ɢ ɫɢɥ ɢɧɟɪɰɢɢμ 
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Ɂɞɟɫɶ m1 ɢ m2 – ɦɚɫɫɵ ɪɨɬɨɪɚ ɢ ɠɢɞɤɨɫɬɢ, e

P
a ɢ 

e

G
a  – ɩɟɪɟɧɨɫɧɵɟ ɭɫɤɨɪɟɧɢɹ ɬɨɱɟɤ Ɋ ɢ G ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ. Ʉɨɨɪɞɢɧɚɬɵ ɷɬɢɯ ɬɨɱɟɤ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɜɵɪɚɠɟɧɢɹɦɢ (β)μ 

, , , ,P P G Gx x e y y x rx y ry    
 

ɝɞɟ 2 2 2
1 1 2/( )r r r r   – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢ-

ɡɭɸɳɢɣ ɧɚɩɨɥɧɟɧɢɟ ɤɚɦɟɪɵν 1r  – ɪɚɞɢɭɫ ɤɚɦɟɪɵ, 

2r  – ɪɚɞɢɭɫ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ. 
ɉɪɨɟɰɢɪɭɹ (1) ɧɚ ɨɫɢ ɯ, ɭ ɢ ɢɫɩɨɥɶɡɭɹ (β) ɞɥɹ 

ɜɵɱɢɫɥɟɧɢɹ 
1OV , 

e

Pa  ɢ e

Ga , ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɹ 

ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɞɜɢɠɟɧɢɹ ɫɢɫɬɟɦɵμ 
2 2

1

2

;

0.

cx y m x me

cy x m y

     

    
  (3) 

Ɂɞɟɫɶ 21 rmmm  , 1m  – ɦɚɫɫɚ ɪɨɬɨɪɚ, 2m  – 

ɦɚɫɫɚ ɠɢɞɤɨɫɬɢ. 
ɂɡ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɫɢɥ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ Aȼ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɪɚɳɚ-
ɸɳɢɣ ɦɨɦɟɧɬ, ɩɪɢɥɨɠɟɧɧɵɣ ɤ ɜɚɥɭ ɫɨ ɫɬɨɪɨɧɵ 
ɞɜɢɝɚɬɟɥɹ. ɋɱɢɬɚɟɦ, ɱɬɨ ɞɜɢɝɚɬɟɥɶ ɪɚɡɜɢɜɚɟɬ ɭɫɢ-
ɥɢɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɡɚɞɚɧɧɨɟ ɜɪɚɳɟɧɢɟ ɪɨɬɨɪɚ. 

Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ (γ) ɢɦɟɟɬ ɜɢɞμ 
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ɉɨɥɚɝɚɹ ɜ (4) Ȥο0, ɩɨɥɭɱɚɟɦ ɪɟɲɟɧɢɟ ɞɥɹ ɨɞɧɨ-
ɤɚɦɟɪɧɨɝɨ ȺȻɍ ɛɟɡ ɜɧɟɲɧɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɪɚɫ-
ɫɦɨɬɪɟɧɧɨɟ ɜ ДλЖ. ɉɨ ɮɨɪɦɭɥɚɦ (4), (β) ɜɵɱɢɫɥɹɟɬ-

ɫɹ ɩɪɨɝɢɛ ɜɚɥɚ 22 yxa   ɢ ɨɬɤɥɨɧɟɧɢɟ 
ɰɟɧɬɪɚ ɦɚɫɫ ɫɢɫɬɟɦɵ ɨɬ ɨɫɢ AB 
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1  – ɤɜɚɞɪɚɬ ɨɬɧɨɲɟɧɢɹ ɱɚɫɬɨɬɵ 
ɜɪɚɳɟɧɢɹ ɤ ɫɨɛɫɬɜɟɧɧɨɣ ɱɚɫɬɨɬɟ ɪɨɬɨɪɚ, 

2
1/( )n cm   – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨ-

ɩɪɨɬɢɜɥɟɧɢɹ, 2 1/m m   – ɨɬɧɨɲɟɧɢɟ ɦɚɫɫɵ 
ɠɢɞɤɨɫɬɢ ɤ ɦɚɫɫɟ ɪɨɬɨɪɚ. 

ɍɝɨɥ ɫɞɜɢɝɚ ɮɚɡɵ ɞɜɢɠɟɧɢɹ Ȗ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɮɨɪɦɭɥɨɣμ 

2
/





mc

xytg .  (6) 

ɗɬɨ ɜɵɪɚɠɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɬɫɭɬɫɬɜɢɸ 
ɠɢɞɤɨɫɬɢ, ɬ.ɟ. ɩɪɢ m=m1. 

ɂɡ ɜɵɪɚɠɟɧɢɣ (4–6) ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ Ȧĺ∞ 
(zĺ∞) aĺm1e/m, ɬ.ɟ. ɩɪɨɝɢɛ ɜɚɥɚ ɫɬɚɧɨɜɢɬɫɹ 
ɦɟɧɶɲɟ ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɨɫɬɢ ɟ, ɬ.ɤ. 
m1/(m1+rm2)<1; rcĺ 0, Ȗĺ ʌ, xĺ -m1e/m, yĺ0ν ɤɨ-
ɨɪɞɢɧɚɬɵ ɰɟɧɬɪɨɜ ɦɚɫɫ ɪɨɬɨɪɚ ɢ ɫɥɨɹ ɠɢɞɤɨɫɬɢ 
ɩɪɢɧɢɦɚɸɬ ɡɧɚɱɟɧɢɹμ xp=rm2e/m, yp=0; xG=-
rm1e/m, yG=0. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɛɨɥɶɲɢɯ ɭɝɥɨɜɵɯ ɫɤɨɪɨ-
ɫɬɹɯ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ Ȧ ɰɟɧɬɪ ɦɚɫɫ ɫɢɫɬɟɦɵ ɫɬɪɟ-
ɦɢɬɫɹ ɡɚɧɹɬɶ ɩɨɥɨɠɟɧɢɟ ɧɚ ɨɫɢ ɜɪɚɳɟɧɢɹ Aȼ; 
ɩɪɨɢɫɯɨɞɢɬ ɫɚɦɨɰɟɧɬɪɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ. 

ȼɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɦɚɫɫɵ ɠɢɞɤɨɫɬɢ ɜ 
ɪɨɬɨɪɟ ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɫɤɨ-
ɪɨɫɬɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɝɢɛ ɜɚɥɚ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢ-
ɦɭɦɚ (ɩɨɹɜɥɹɟɬɫɹ ɪɟɡɨɧɚɧɫ) Д6Ж. Ⱦɚɥɶɧɟɣɲɢɣ ɚɧɚ-
ɥɢɡ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɜɧɟɲɧɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ȝ ɤɪɢ-
ɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɣ ɩɪɨɝɢɛ 
ɭɦɟɧɶɲɚɸɬɫɹ, ɚ ɫɚɦɨɰɟɧɬɪɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ 
(rcĺ0) ɭɫɤɨɪɹɟɬɫɹ. 

ɉɪɢ ɩɨɫɬɨɹɧɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ (n=const) ɭɜɟ-
ɥɢɱɟɧɢɟ ɦɚɫɫɵ ɠɢɞɤɨɫɬɢ (ɩɚɪɚɦɟɬɪɚ ȝ) ɬɚɤ ɠɟ 
ɭɫɤɨɪɹɟɬ ɫɚɦɨɰɟɧɬɪɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ. Ʉɪɢɬɢɱɟ-
ɫɤɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɩɪɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ 
ɡɧɚɱɟɧɢɹɯ n ɢ ȝ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɩɚɪɚɦɟɬ-
ɪɚ r. 

 
Ɂɚɤɥɸɱɟɧɢɟ 
Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ ɩɨɤɚɡɵɜɚɸɬ, 

ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɫɵ ɠɢɞɤɨɫɬɢ ɜ ɪɨɬɨɪɟ ɭɦɟɧɶ-
ɲɚɟɬ ɟɝɨ ɤɪɢɬɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ. ȼɧɟɲ-
ɧɟɟ ɬɪɟɧɢɟ ɭɫɤɨɪɹɟɬ ɫɚɦɨɰɟɧɬɪɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ. 
ɉɨɥɭɱɟɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɩɪɨɢɡɜɨɞɢɬɶ 
ɜɵɛɨɪ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɠɢɞɤɨɫɬɧɨɝɨ 
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ȺȻɍ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɡɚɞɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɭɝɥɨɜɵɯ 
ɫɤɨɪɨɫɬɟɣ ɪɨɬɨɪɚ. 
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ȼɜɟɞɟɧɢɟ 
ɂɡɜɟɫɬɧɵɟ ɚɜɬɨɛɚɥɚɧɫɢɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ 

(ȺȻɍ) ɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɨ ɭɦɟɧɶɲɚɸɬ ɪɟ-
ɠɢɦɧɨɟ ɢɡɦɟɧɟɧɢɟ ɞɢɫɛɚɥɚɧɫɚ ɪɨɬɨɪɚ. Ɉɞɧɚɤɨ 
ɬɚɤɚɹ ɪɟɡɭɥɶɬɚɬɢɜɧɨɫɬɶ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɬɹɠɟɥɨɣ ɠɢɞɤɨɫɬɢ (ɪɬɭɬɢ) ɜ ɤɚɱɟ-
ɫɬɜɟ ɤɨɪɪɟɤɬɢɪɭɸɳɟɣ ɦɚɫɫɵ Д1Ж. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ 
ɦɚɲɢɧ ɢ ɩɪɢɛɨɪɨɜ ɫɬɪɟɦɹɬɫɹ ɢɡɛɟɝɚɬɶ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ ɜɵɫɨɤɨɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ. ɂɦɟɸɳɢɟɫɹ 
ɧɟɬɨɤɫɢɱɧɵɟ ɠɢɞɤɨɫɬɢ ɨɛɥɚɞɚɸɬ ɩɥɨɬɧɨɫɬɶɸ ɧɟ 
ɛɨɥɟɟ β ɝ/ɫɦγ, ɩɨɷɬɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɯ ɜ ɤɚɱɟ-
ɫɬɜɟ ɤɨɪɪɟɤɬɢɪɭɸɳɟɣ ɦɚɫɫɵ ɜ ɠɢɞɤɨɫɬɧɵɯ ȺȻɍ, 
ɜɦɟɫɬɨ ɪɬɭɬɢ, ɜɟɞɟɬ ɤ ɫɧɢɠɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɛɚɥɚɧɫɢɪɨɜɤɢ ɪɨɬɨɪɚ ДβЖ. ɂɦɟɧ-
ɧɨ ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɠɢɞ-
ɤɨɫɬɧɵɯ ȺȻɍ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɦɚɥɨɣ ɩɥɨɬɧɨɫɬɶɸ 
ɠɢɞɤɨɫɬɢ, ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɬɨɱɧɨɫɬɶ ɛɚ-
ɥɚɧɫɢɪɨɜɤɢ, ɛɵɥɢ ɫɥɚɛɨ ɨɫɜɟɳɟɧɵ. ɇɚ ɤɚɮɟɞɪɟ 
ɌɉɆ Ɍɉɍ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɭɫɬɪɨɣɫɬɜɨ ДγЖ, 
ɩɨɡɜɨɥɹɸɳɟɟ ɦɧɨɝɨɤɪɚɬɧɨ ɩɨɜɵɲɚɬɶ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɛɚɥɚɧɫɢɪɨɜɤɢ ɪɨɬɨɪɨɜ ɫ 
ɩɨɦɨɳɶɸ ɠɢɞɤɨɫɬɧɵɯ ȺȻɍ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨɡ-
ɧɢɤɥɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ 
ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ ɬɨɱɧɨɫɬɶ ɛɚɥɚɧɫɢ-
ɪɨɜɤɢ. 

 
Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɪɚɛɨɬ Дγ, 4Ж, ɩɨɫɜɹɳɟɧɧɵɯ ɢɫ-

ɫɥɟɞɨɜɚɧɢɸ ɛɚɥɚɧɫɢɪɨɜɤɢ ɪɨɬɨɪɚ ɠɢɞɤɨɫɬɧɵɦɢ 
ȺȻɍ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ, ɫɨɞɟɪɠɚɳɚɹ ɨɛɨɣɦɭ, 
ɠɟɫɬɤɨ ɡɚɤɪɟɩɥɹɟɦɭɸ ɧɚ ɝɢɛɤɨɦ ɜɚɥɭ ɩɨɥɨɫɬɶ ɜ 
ɨɛɨɣɦɟ ɱɚɫɬɢɱɧɨ ɡɚɩɨɥɧɹɟɬɫɹ ɠɢɞɤɨɫɬɶɸ, ɬ.ɟ. 
ɨɛɨɣɦɚ ɢɝɪɚɟɬ ɪɨɥɶ ɪɟɡɟɪɜɭɚɪɚ. ȼ ɧɟɤɨɬɨɪɵɯ 

ɪɟɚɥɶɧɵɯ ɦɚɲɢɧɚɯ ɪɨɬɨɪ ɠɟɫɬɤɢɣ, ɚ ɤɨɪɩɭɫ 
ɭɩɪɭɝɨ ɫɜɹɡɚɧ ɫ ɨɫɧɨɜɚɧɢɟɦ. Ⱦɢɧɚɦɢɤɭ ɬɚɤɨɣ 
ɦɚɲɢɧɵ ɬɨɱɧɟɟ ɨɩɢɫɵɜɚɟɬ ɦɨɞɟɥɶ ɪɨɬɨɪɚ, ɫɨ-
ɞɟɪɠɚɳɚɹ ɪɟɡɟɪɜɭɚɪ-ɨɛɨɣɦɭ, ɡɚɤɪɟɩɥɹɟɦɭɸ ɧɚ 
ɠɟɫɬɤɨɦ ɜɚɥɭ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɪɚ-
ɳɟɧɢɹ ɜ ɩɨɞɲɢɩɧɢɤɚɯ Д5, 6Ж. ɉɨɞɲɢɩɧɢɤɢ ɢɞɟ-
ɚɥɶɧɵɟ (ɛɟɡ ɥɸɮɬɚ) ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɤɨɪɩɭɫɟ, ɤɨ-
ɬɨɪɵɣ ɭɩɪɭɝɨ ɫɜɹɡɚɧ ɫ ɨɫɧɨɜɚɧɢɟɦ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 
ɉɨɤɚɠɟɦ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ 

ɬɨɱɧɨɫɬɶ ɛɚɥɚɧɫɢɪɨɜɤɢ – ɷɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ 
ɩɨɹɫɧɟɧɢɹ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
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Ɋɢɫ. 1. ɋɯɟɦɚ ɫɢɥ ɜ ɠɢɞɤɨɫɬɧɨɦ ȺȻɍ 


