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ɬɟɥɶɧɨ. ȼɟɥɢɱɢɧɚ ɡɚɪɹɞɚ ɛɭɞɟɬ ɪɚɜɧɚ q = N·e, ɝɞɟ N — ɱɢɫɥɨ ɢɡɛɵɬɨɱɧɵɟ ɢɥɢ 

ɧɟɞɨɫɬɚɸɳɢɯ ɷɥɟɤɬɪɨɧɨɜ; ɟ — ɷɥɟɦɟɧɬɚɪɧɵɣ ɡɚɪɹɞ, ɪɚɜɧɵɣ 1,6·10
–19

 Ʉɥ. 

ȿɫɥɢ ɡɚɪɹɞ ɬɟɥɚ q ɪɚɫɩɪɟɞɟɥɢɬɶ ɧɚ ɧɟɫɤɨɥɶɤɨ (N) ɨɞɢɧɚɤɨɜɵɯ ɬɟɥ, ɬɨ ɩɨ-

ɥɭɱɟɧɧɵɟ ɡɚɪɹɞɵ q0 ɛɭɞɭɬ ɪɚɜɧɵ ɦɟɠɞɭ ɫɨɛɨɣ, ɬ.ɟ. 
0

q
q

N
= . 

Ɍɨɱɟɱɧɵɦ ɡɚɪɹɞɨɦ ɧɚɡɵɜɚɸɬ ɡɚɪɹɠɟɧɧɨɟ ɬɟɥɨ, ɪɚɡɦɟɪɚɦɢ ɤɨɬɨɪɨɝɨ ɜ ɭɫ-
ɥɨɜɢɹɯ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 

Эɥɟɤɬɪɢɡɚɰɢɹ — ɹɜɥɟɧɢɟ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɡɚɪɹ-

ɞɨɜ ɧɚ ɬɟɥɚɯ. 

Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ. ȼ ɥɸɛɨɣ ɡɚɦɤɧɭɬɨɣ (ɷɥɟɤɬɪɢɱɟ-
ɫɤɢ ɢɡɨɥɢɪɨɜɚɧɧɨɣ) ɫɢɫɬɟɦɟ ɫɭɦɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɡɚɪɹɞɨɜ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧ-

ɧɨɣ ɩɪɢ ɥɸɛɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ ɜɧɭɬɪɢ ɧɟɟ. ɉɨɥɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡɚɪɹɞ (q) 

ɫɢɫɬɟɦɵ ɪɚɜɟɧ ɚɥɝɟɛɪɚɢɱɟɫɤɨɣ ɫɭɦɦɟ ɟɟ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɡɚ-
ɪɹɞɨɜ (q1, q2, …, qN): q = q1 + q2 + … + qN . 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ. Ɉɩɵɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɪɚɡɧɨɢɦɟɧ-

ɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɡɚɪɹɞɵ ɩɪɢɬɹɝɢɜɚɸɬɫɹ ɞɪɭɝ ɤ ɞɪɭɝɭ, ɚ ɨɞɧɨɢɦɟɧɧɵɟ — 

ɨɬɬɚɥɤɢɜɚɸɬɫɹ. 
Ɂɚɤɨɧ Ʉɭɥɨɧɚ. ɋɢɥɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ F ɞɜɭɯ ɬɨɱɟɱɧɵɯ ɧɟɩɨɞɜɢɠɧɵɯ ɷɥɟɤ-

ɬɪɢɱɟɫɤɢɯ ɡɚɪɹɞɨɜ ɜ ɜɚɤɭɭɦɟ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɢɯ ɜɟɥɢɱɢɧɚɦ q1 ɢ q2, 

ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɜɚɞɪɚɬɭ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɧɢɦɢ r ɢ ɧɚɩɪɚɜɥɟɧɚ 

ɜɞɨɥɶ ɩɪɹɦɨɣ, ɫɨɟɞɢɧɹɸɳɟɣ ɷɬɢ ɡɚɪɹɞɵ: 
1 2

2
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= ⋅ , ɝɞɟ k — ɤɨɷɮɮɢɰɢɟɧɬ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ, ɪɚɜɧɵɣ 
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= ⋅
π ⋅ ε

; ε0 — ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɨ-

ɫɬɨɹɧɧɚɹ, ɪɚɜɧɚɹ 8,85·10
–12
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. 

• ɋɢɥɵ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚɩɪɚɜɥɟɧɵ ɜɞɨɥɶ ɥɢɧɢɢ, ɫɨ-

ɟɞɢɧɹɸɳɟɣ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɟ ɬɨɱɟɱɧɵɟ ɡɚɪɹɞɵ, ɪɚɜɧɵ ɩɨ ɜɟɥɢɱɢɧɟ, ɧɨ ɩɪɨ-

ɬɢɜɨɩɨɥɨɠɧɵ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ. 

• Ɂɚɤɨɧ Ʉɭɥɨɧɚ ɩɪɢɦɟɧɢɦ ɧɟ ɬɨɥɶɤɨ ɤ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɬɨɱɟɱɧɵɯ ɡɚɪɹɞɨɜ, 

ɧɨ ɢ ɤ ɪɚɜɧɨɦɟɪɧɨ ɡɚɪɹɠɟɧɧɵɦ ɬɟɥɚɦ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ r – 

ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɫɮɟɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. 

 

2. Эɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ. ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨ-

ɥɹ. ɉɨɥɟ ɬɨɱɟɱɧɨɝɨ ɡɚɪɹɞɚ. Ɉɞɧɨɪɨɞɧɨɟ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ. Ƚɪɚɮɢɱɟ-
ɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ ɩɨɥɟɣ. 

Эɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɟɦ ɧɚɡɵɜɚɸɬ ɜɢɞ ɦɚɬɟɪɢɢ, ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɬɨɪɨɝɨ ɨɫɭ-

ɳɟɫɬɜɥɹɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɡɚɪɹɞɨɜ. Эɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ 
ɩɨɥɟ — ɩɨɥɟ, ɫɨɡɞɚɧɧɨɟ ɧɟɩɨɞɜɢɠɧɵɦɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɡɚɪɹɞɚɦɢ. 

ɇɚɩɪɹɠɟɧɧɨɫɬɶɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ — ɫɢɥɨɜɚɹ (ɜɟɤɬɨɪɧɚɹ) ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɚ ɩɨɥɹ, ɱɢɫɥɟɧɧɨ ɪɚɜɧɚɹ ɫɢɥɟ, ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɟɞɢɧɢɱɧɵɣ ɩɨɥɨɠɢɬɟɥɶ-

ɧɵɣ ɡɚɪɹɞ, ɩɨɦɟɳɟɧɧɵɣ ɜ ɞɚɧɧɭɸ ɬɨɱɤɭ ɩɪɨɫɬɪɚɧɫɬɜɚ: F
E

q
=
GG

. Ɉɛɨɡɧɚɱɚɟɬɫɹ 

Ʉɪɚɬɤɢɣ ɫɩɪɚɜɨɱɧɢɤ ɩɨ ɮɢɡɢɤɟ     37 

 

T = (t + 273) Ʉ ɢɥɢ t = (T — 273) ºɋ, ɝɞɟ T — ɚɛɫɨɥɸɬɧɚɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟ-
ɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ (Ʉ); t — ɬɟɦɩɟɪɚɬɭɪɚ ɩɨ ɲɤɚɥɟ ɐɟɥɶɫɢɹ (ºɋ). 

Ɍɟɦɩɟɪɚɬɭɪɚ — ɷɬɨ ɜɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɫɪɟɞɧɸɸ ɤɢɧɟɬɢɱɟɫɤɭɸ 

ɷɧɟɪɝɢɸ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ, ɬ.ɟ. 
3
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⋅ υ
=  — ɫɪɟɞɧɹɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɞɧɨɣ ɦɨ-

ɥɟɤɭɥɵ ɝɚɡɚ (Ⱦɠ); ɬ0 — ɦɚɫɫɚ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ ɝɚɡɚ (ɤɝ); 2υ  — ɫɪɟɞɧɟɟ ɡɧɚ-
ɱɟɧɢɟ ɤɜɚɞɪɚɬɚ ɫɤɨɪɨɫɬɢ ɦɨɥɟɤɭɥ (ɦ2

/ɫ2
). k — ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ, ɪɚɜɧɚɹ 

1,38·10
–23

 Ⱦɠ/Ʉ; T — ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ (Ʉ). 

Ɂɚɜɢɫɢɦɨɫɬɶ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɟɝɨ ɦɨɥɟɤɭɥ n  ɢ ɬɟɦɩɟɪɚɬɭɪɵ 

T ɜɵɪɚɠɚɟɬɫɹ ɮɨɪɦɭɥɨɣ: p n k T= ⋅ ⋅ , ɝɞɟ N
n

V
= ; N — ɱɢɫɥɨ ɦɨɥɟɤɭɥ ɝɚɡɚ, ɩɪɢ-

ɯɨɞɹɳɢɯɫɹ ɧɚ ɨɛɴɟɦ V. 

 

3. ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ (ɭɪɚɜɧɟɧɢɟ Ʉɥɚɩɟɣɪɨɧɚ-

Ɇɟɧɞɟɥɟɟɜɚ). ɂɡɨɬɟɪɦɢɱɟɫɤɢɣ, ɢɡɨɛɚɪɧɵɣ ɢ ɢɡɨɯɨɪɧɵɣ ɩɪɨɰɟɫɫɵ ɜ ɢɞɟɚɥɶɧɨɦ 

ɝɚɡɟ. 
ɍɪɚɜɧɟɧɢɟ Ʉɥɚɩɟɣɪɨɧɚ. Ⱦɥɹ ɞɚɧɧɨɣ ɦɚɫɫɵ ɝɚɡɚ (m = const) ɩɪɢ ɥɸɛɨɦ ɢɡ-

ɦɟɧɟɧɢɢ ɫɨɫɬɨɹɧɢɹ ɞɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɝɚɡɚ ɩɪɨɢɡɜɟɞɟɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚ ɨɛɴɟɦ, 

ɞɟɥɟɧɧɨɟ ɧɚ ɚɛɫɨɥɸɬɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ. 

1 1 2 2

1 2

p V p V

T T

⋅ ⋅
=  ɢɥɢ const

p V

T

⋅ = , ɝɞɟ p1 ɢ p2 — ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɜ ɫɨɫɬɨɹɧɢɹɯ 

1 ɢ 2; V1 ɢ V2 — ɨɛɴɟɦɵ ɝɚɡɚ ɜ ɫɨɫɬɨɹɧɢɹɯ 1 ɢ 2; T1 ɢ T2 — ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɝɚɡɚ ɜ ɫɨɫɬɨɹɧɢɹɯ 1 ɢ 2. 

• ɍɫɥɨɜɢɹ ɧɚɡɵɜɚɸɬɫɹ ɧɨɪɦɚɥɶɧɵɦɢ, ɟɫɥɢ ɝɚɡ ɧɚɯɨɞɢɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
tɧɭ = 0 ºɋ ɢ ɞɚɜɥɟɧɢɢ pɧɭ = 101325 ɉɚ ≈ 10

5
 ɉɚ. 

ɍɪɚɜɧɟɧɢɟ Ʉɥɚɩɟɣɪɨɧɚ-Ɇɟɧɞɟɥɟɟɜɚ: p V R T⋅ = ν ⋅ ⋅ , ɝɞɟ p — ɞɚɜɥɟɧɢɟ ɝɚɡɚ; 
V — ɨɛɴɟɦ ɝɚɡɚ; ν — ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ (ɦɨɥɶ); R — ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ 

ɩɨɫɬɨɹɧɧɚɹ, ɪɚɜɧɚɹ 8,31 
Ⱦɠ

ɦɨɥɶ Ʉ⋅
; T — ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ (Ʉ). 

Ɂɚɤɨɧ Ȼɨɣɥɹ-Ɇɚɪɢɨɬɬɚ (ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ) (T = const, m = const): 

1 1 2 2p V p V⋅ = ⋅  ɢɥɢ constp V⋅ = , ɝɞɟ p1, p2 — ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɜ ɫɨɫɬɨɹɧɢɢ 1, 

2; V1, V2 — ɨɛɴɟɦɵ ɝɚɡɚ ɜ ɫɨɫɬɨɹɧɢɢ 1, 2. 

Ɂɚɤɨɧ ɒɚɪɥɹ (ɢɡɨɛɚɪɧɵɣ ɩɪɨɰɟɫɫ) (p = const; m = const): 

1 2

1 2

V V

T T
=  ɢɥɢ const

V

T
= , ɝɞɟ V1 ɢ V2 — ɨɛɴɟɦɵ ɝɚɡɚ ɜ ɫɨɫɬɨɹɧɢɢ 1 ɢ 2; T1 ɢ 

T2 — ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ ɜ ɫɨɫɬɨɹɧɢɢ 1 ɢ 2. 

• ȼ ɭɪɚɜɧɟɧɢɢ ɡɚɞɚɧɚ ɚɛɫɨɥɸɬɧɚɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ (ɩɨ 

ɲɤɚɥɟ Ʉɟɥɶɜɢɧɚ), ɩɪɢɱɟɦ T = (t + 273) Ʉ. 

ɉɪɨɰɟɫɫɵ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɢɡɨɛɚɪɧɵɦɢ, ɟɫɥɢ ɨɧɢ ɩɪɨɯɨɞɹɬ: 
• ɜ ɰɢɥɢɧɞɪɟ ɫ ɧɟɡɚɤɪɟɩɥɟɧɧɵɦ ɩɨɪɲɧɟɦ (ɛɟɡ ɭɱɟɬɚ ɬɪɟɧɢɹ); 

• ɜ ɜɨɡɞɭɲɧɵɯ ɲɚɪɢɤɚɯ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɪɚɫɬɹɠɟɧɢɹɯ ɢɥɢ ɫɠɚɬɢɹɯ. 
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ɱɚɟɬɫɹ ɛɭɤɜɨɣ M, ɢɡɦɟɪɹɟɬɫɹ ɜ ɤɝ/ɦɨɥɶ. 
M = Mr·10

–3
 ɤɝ/ɦɨɥɶ, ɝɞɟ Mr — ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɚɬɨɦɧɚɹ ɦɚɫɫɚ, ɬɚɛɥɢɱɧɚɹ 

ɜɟɥɢɱɢɧɚ (ɫɦ. ɬɚɛɥɢɰɭ Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ). 
0 AM m N= ⋅ , ɝɞɟ ɬ0 — ɦɚɫɫɚ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ (ɤɝ), N — ɱɢɫɥɨ ɦɨɥɟɤɭɥ ɜ 

ɜɟɳɟɫɬɜɟ. 
• ȼ ɬɚɛɥɢɰɟ Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɚɬɨɦɧɭɸ ɦɚɫɫɭ ɩɢɲɭɬ ɩɨɞ 

ɨɛɨɡɧɚɱɟɧɢɟɦ ɯɢɦɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ. 
 

2. ɂɞɟɚɥɶɧɵɣ ɝɚɡ. Ɉɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ. 

ɋɪɟɞɧɹɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɦɨɥɟɤɭɥ ɢ ɬɟɦɩɟɪɚɬɭɪɚ. Ɍɟɩɥɨɜɨɟ ɪɚɜɧɨɜɟɫɢɟ. 
Ɍɟɦɩɟɪɚɬɭɪɚ. ɒɤɚɥɚ ɬɟɦɩɟɪɚɬɭɪ ɐɟɥɶɫɢɹ. Ⱥɛɫɨɥɸɬɧɚɹ ɲɤɚɥɚ ɬɟɦɩɟɪɚɬɭɪ 

— ɲɤɚɥɚ Ʉɟɥɶɜɢɧɚ. 

Ɏɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ: 
1) ɪɚɡɦɟɪɵ ɦɨɥɟɤɭɥ ɦɚɥɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɪɟɞɧɢɦ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ 

ɧɢɦɢ; ɦɨɥɟɤɭɥɵ ɦɨɠɧɨ ɩɪɢɧɢɦɚɬɶ ɡɚ ɦɚɬɟɪɢɚɥɶɧɵɟ ɬɨɱɤɢ; 

2) ɫɢɥɵ ɩɪɢɬɹɠɟɧɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ, ɚ ɫɢɥɵ ɨɬɬɚɥɤɢ-

ɜɚɧɢɹ ɜɨɡɧɢɤɚɸɬ ɬɨɥɶɤɨ ɩɪɢ ɫɨɭɞɚɪɟɧɢɹɯ; 

3) ɦɨɥɟɤɭɥɵ ɫɬɚɥɤɢɜɚɸɬɫɹ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɤɚɤ ɚɛɫɨɥɸɬɧɨ ɭɩɪɭɝɢɟ ɲɚɪɵ, 

ɞɜɢɠɟɧɢɟ ɤɨɬɨɪɵɯ ɨɩɢɫɵɜɚɟɬɫɹ ɡɚɤɨɧɚɦɢ ɦɟɯɚɧɢɤɢ. 

Ɉɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ ɆɄɌ (ɭɪɚɜɧɟɧɢɟ Ʉɥɚɭɡɢɭɫɚ): 2

0

1
,

3
p n m= ⋅ ⋅ υ  ɝɞɟ 

ɪ — ɞɚɜɥɟɧɢɟ ɝɚɡɚ (ɉɚ); ɩ — ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɥɟɤɭɥ (ɦ–3
); ɬ0 — ɦɚɫɫɚ ɨɞɧɨɣ 

ɦɨɥɟɤɭɥɵ ɝɚɡɚ (ɤɝ); 2υ  — ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɤɜɚɞɪɚɬɚ ɫɤɨɪɨɫɬɢ ɦɨɥɟɤɭɥ 

(ɦ2
/ɫ2

). 

• ȼ ɡɚɞɚɱɟ ɦɨɠɟɬ ɛɵɬɶ ɡɚɞɚɧɨ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɤɜɚɞɪɚɬɚ ɫɤɨɪɨɫɬɢ ɦɨɥɟɤɭɥ 

( )2υ , ɚ ɦɨɠɟɬ ɢ ɫɪɟɞɧɹɹ ɤɜɚɞɪɚɬɢɱɧɚɹ ɫɤɨɪɨɫɬɶ ɦɨɥɟɤɭɥ 
2

ɤɜυ = υ . ȼɧɢ-

ɦɚɬɟɥɶɧɨ ɱɢɬɚɣɬɟ ɭɫɥɨɜɢɟ ɢ ɨɛɪɚɳɚɣɬɟ ɜɧɢɦɚɧɢɟ ɧɚ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ: 
2⎡ ⎤υ⎣ ⎦  = ɦ2

/ɫ2
; ɤɜ⎡ υ ⎤⎣ ⎦  = ɦ/ɫ. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ — ɷɬɨ ɬɚɤɨɟ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ, ɜ ɤɨɬɨ-

ɪɨɦ ɤɚɠɞɵɣ ɟɟ ɩɚɪɚɦɟɬɪ ɢɦɟɟɬ ɨɞɢɧɚɤɨɜɨɟ ɡɧɚɱɟɧɢɟ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ ɫɢɫɬɟɦɵ ɢ 

ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ. 

Ɍɟɦɩɟɪɚɬɭɪɚ — ɫɤɚɥɹɪɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɫɨ-

ɫɬɨɹɧɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. Ɉɧɚ ɨɩ-

ɪɟɞɟɥɹɟɬ ɧɟ ɬɨɥɶɤɨ ɫɬɟɩɟɧɶ ɧɚɝɪɟɬɨɫɬɢ, ɧɨ ɢ ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ ɧɚɯɨɞɢɬɫɹ ɜ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦ ɪɚɜɧɨɜɟɫɢɢ ɫ ɞɪɭɝɢɦɢ ɫɢɫɬɟɦɚɦɢ. 

ɉɨ ɲɤɚɥɟ ɐɟɥɶɫɢɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɨɡɧɚɱɚɟɬɫɹ ɛɭɤɜɨɣ t, ɢɡɦɟɪɹɟɬɫɹ ɜ ɝɪɚ-
ɞɭɫɚɯ ɐɟɥɶɫɢɹ (º ɋ). Ɂɚ 1º ɋ ɩɪɢɧɹɬɚ ɨɞɧɚ ɫɨɬɚɹ ɩɪɨɦɟɠɭɬɤɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɥɚɜɥɟɧɢɹ ɥɶɞɚ (0º ɋ) ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɜɨɞɵ (100º ɋ). 

Ⱥɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɲɤɚɥɚ — ɲɤɚɥɚ ɬɟɦɩɟɪɚɬɭɪ, ɜ ɤɨɬɨɪɨɣ ɡɚ 
ɧɚɱɚɥɨ ɨɬɫɱɟɬɚ ɩɪɢɧɹɬ ɚɛɫɨɥɸɬɧɵɣ ɧɭɥɶ. Ɍɟɦɩɟɪɚɬɭɪɚ ɡɞɟɫɶ ɨɛɨɡɧɚɱɚɟɬɫɹ ɛɭɤ-

ɜɨɣ T, ɢɡɦɟɪɹɟɬɫɹ ɜ ɤɟɥɶɜɢɧɚɯ (Ʉ). Ɂɚ ɟɞɢɧɢɰɭ ɢɡɦɟɪɟɧɢɹ ɜ ɷɬɨɣ ɲɤɚɥɟ ɩɪɢɧɹɬ 
ɨɞɢɧ ɝɪɚɞɭɫ ɐɟɥɶɫɢɹ, ɬ.ɟ. ɢɡɦɟɧɟɧɢɟ ɧɚ ɨɞɢɧ ɤɟɥɶɜɢɧ (1 Ʉ) ɪɚɜɧɨ ɢɡɦɟɧɟɧɢɸ ɧɚ 
ɨɞɢɧ ɝɪɚɞɭɫ ɐɟɥɶɫɢɹ. 

Ʉɪɚɬɤɢɣ ɫɩɪɚɜɨɱɧɢɤ ɩɨ ɮɢɡɢɤɟ     13 

 

ɛɭɤɜɨɣ E
G

, ɢɡɦɟɪɹɟɬɫɹ ɜ ɇ/Ʉɥ ɢɥɢ ȼ/ɦ. 

• ɇɚɩɪɚɜɥɟɧɢɟ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɜɩɚ-
ɞɚɟɬ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɫɢɥɵ, ɫ ɤɨɬɨɪɨɣ ɩɨɥɟ ɞɟɣɫɬɜɭɟɬ ɧɚ ɩɪɨɛɧɵɣ (ɩɨɥɨɠɢɬɟɥɶ-
ɧɵɣ) ɡɚɪɹɞ, ɩɨɦɟɳɟɧɧɵɣ ɜ ɷɬɭ ɬɨɱɤɭ ɩɨɥɹ. 

Ɂɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɧɧɨɝɨ 

• ɬɨɱɟɱɧɵɦ ɡɚɪɹɞɨɦ, ɜ ɧɟɤɨɬɨɪɨɣ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨ-

ɧɚɥɶɧɨ ɜɟɥɢɱɢɧɟ ɷɬɨɝɨ ɡɚɪɹɞɚ ɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɜɚɞɪɚɬɭ ɪɚɫɫɬɨɹ-

ɧɢɹ ɨɬ ɡɚɪɹɞɚ ɞɨ ɞɚɧɧɨɣ ɬɨɱɤɢ: 
2

q
E k

r
= ⋅ ; 

• ɡɚɪɹɠɟɧɧɨɣ ɫɮɟɪɨɣ, ɜ ɧɟɤɨɬɨɪɨɣ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨ-

ɧɚɥɶɧɨ ɜɟɥɢɱɢɧɟ ɷɬɨɝɨ ɡɚɪɹɞɚ ɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɜɚɞɪɚɬɭ ɪɚɫɫɬɨɹ-

ɧɢɹ ɨɬ ɰɟɧɬɪɚ ɫɮɟɪɵ ɞɨ ɞɚɧɧɨɣ ɬɨɱɤɢ, ɟɫɥɢ ɪɚɫɫɬɨɹɧɢɟ ɧɟ ɦɟɧɶɲɟ ɪɚɞɢɭɫɚ 
ɫɮɟɪɵ. ȿɫɥɢ ɪɚɫɫɬɨɹɧɢɟ ɦɟɧɶɲɟ ɪɚɞɢɭɫɚ ɫɮɟɪɵ, ɬɨ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɪɚɜɧɚ ɧɭ-

ɥɸ: 
2

q
E k

l
= ⋅ , ɟɫɥɢ l ≥ R; ȿ = 0, ɟɫɥɢ l < R, 

ɝɞɟ 
2

9

2

ɇ ɦ
9 10

Ʉɥ
k

⋅
= ⋅  — ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ. 

ɉɪɢɧɰɢɩ ɫɭɩɟɪɩɨɡɢɰɢɢ ɞɥɹ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ. 
ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɫɢɫɬɟɦɨɣ ɡɚɪɹɞɨɜ q1, q2, …, 

qN ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɪɚɜɧɚ ɜɟɤɬɨɪɧɨɣ ɫɭɦɦɟ ɧɚɩɪɹɠɟɧɧɨɫɬɟɣ ɷɥɟɤ-

ɬɪɢɱɟɫɤɢɯ ɩɨɥɟɣ 1 2, , ..., NE E E
G G G

, ɫɨɡɞɚɜɚɟɦɵɯ ɜ ɬɨɣ ɠɟ ɬɨɱɤɟ ɡɚɪɹɞɚɦɢ ɜ ɨɬ-
ɞɟɥɶɧɨɫɬɢ: 1 2 ... NE E E E= + + +

G G G G
. 

Ƚɪɚɮɢɱɟɫɤɢ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɜ 

ɜɢɞɟ ɫɢɥɨɜɵɯ ɥɢɧɢɣ. ɋɢɥɨɜɚɹ ɥɢɧɢɹ — ɷɬɨ ɧɚɩɪɚɜ-

ɥɟɧɧɚɹ ɥɢɧɢɹ, ɤɚɫɚɬɟɥɶɧɚɹ ɤ ɤɨɬɨɪɨɣ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ 
ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɜ 

ɷɬɨɣ ɬɨɱɤɟ ɩɨɥɹ. ɋɢɥɨɜɵɟ ɥɢɧɢɢ ɢɡɨɛɪɚɠɚɸɬ, ɭɱɢɬɵɜɚɹ ɫɥɟɞɭɸɳɢɟ ɢɯ ɫɜɨɣɫɬ-
ɜɚ: 
• ɧɚɱɢɧɚɸɬɫɹ ɧɚ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɡɚɪɹɞɚɯ ɢ ɡɚɤɚɧɱɢɜɚɸɬɫɹ ɧɚ ɨɬɪɢɰɚɬɟɥɶ-
ɧɵɯ; 

• ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ ɩɨɜɟɪɯɧɨɫɬɢ; 

• ɧɟ ɩɟɪɟɫɟɤɚɸɬɫɹ ɢ ɧɟ ɢɦɟɸɬ ɢɡɥɨɦɨɜ; 

• ɬɚɦ, ɝɞɟ ɫɢɥɨɜɵɟ ɥɢɧɢɢ ɝɭɳɟ, ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɛɨɥɶɲɟ, ɢ ɧɚɨɛɨɪɨɬ. 
Ɉɞɧɨɪɨɞɧɨɟ ɩɨɥɟ — ɷɬɨ ɩɨɥɟ, ɜɟɤɬɨɪ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɤɨɬɨɪɨɝɨ ɜ ɤɚɠɞɨɣ 

ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɨɞɢɧɚɤɨɜ (ɩɨ ɦɨɞɭɥɸ ɢ ɧɚɩɪɚɜɥɟɧɢɸ). Ƚɪɚɮɢɱɟɫɤɢ ɨɞɧɨ-

ɪɨɞɧɨɟ ɩɨɥɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɚɜɧɨɨɬɫɬɨɹɳɢɯ ɞɪɭɝ ɨɬ 
ɞɪɭɝɚ ɫɢɥɨɜɵɯ ɥɢɧɢɣ. 

 

3. ɉɨɬɟɧɰɢɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ. ɉɨɬɟɧɰɢɚɥ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ ɬɨɱɟɱɧɨɝɨ ɡɚɪɹɞɚ. Ɋɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ. 
ɇɚɩɪɹɠɟɧɢɟ. ɋɜɹɡɶ ɦɟɠɞɭ ɧɚɩɪɹɠɟɧɢɟɦ ɢ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ ɨɞɧɨɪɨɞɧɨɝɨ 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ. ɉɪɢɧɰɢɩ ɫɭɩɟɪɩɨɡɢɰɢɢ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ 
ɩɨɥɟɣ. 
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Ɋɚɛɨɬɚ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɡɚɪɹɞɚ — ɮɢɡɢɱɟ-
ɫɤɚɹ ɜɟɥɢɱɢɧɚ, ɱɢɫɥɟɧɧɨ ɪɚɜɧɚɹ ɩɪɨɢɡɜɟɞɟɧɢɸ ɷɬɨɝɨ 

ɪɹɞɚ q, ɧɚ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 
E ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɩɨɥɹ ɢ ɧɚ ɩɪɨɟɤɰɢɸ ɩɟɪɟɦɟɳɟɧɢɹ ɡɚ-
ɪɹɞɚ ɧɚ ɨɫɶ, ɧɚɩɪɚɜɥɟɧɧɭɸ ɜɞɨɥɶ ɫɢɥɨɜɨɣ ɥɢɧɢɢ: 

A q E x= ⋅ ⋅ Δ , ɝɞɟ Δx = x2 – x1 ɢɥɢ Δx = Δr·cos α — ɩɪɨɟɤ-

ɰɢɹ ɩɟɪɟɦɟɳɟɧɢɹ ɡɚɪɹɞɚ ɧɚ ɨɫɶ, ɧɚɩɪɚɜɥɟɧɧɭɸ ɜɞɨɥɶ 
ɫɢɥɨɜɨɣ ɥɢɧɢɢ (ɦ); x2 ɢ x1 — ɤɨɨɪɞɢɧɚɬɵ ɡɚɪɹɞɚ ɜ ɤɨ-

ɧɟɱɧɨɦ ɢ ɧɚɱɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɦ); Δr 

— ɩɟɪɟɦɟɳɟɧɢɟ ɡɚɪɹɞɚ (ɦ); α — ɭɝɨɥ ɦɟɠɞɭ ɧɚɩɪɚɜɥɟ-
ɧɢɟɦ ɩɟɪɟɦɟɳɟɧɢɹ ɢ ɫɢɥɨɜɨɣ ɥɢɧɢɟɣ. 

ɉɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ — ɫɤɚɥɹɪɧɚɹ ɮɢɡɢɱɟɫɤɚɹ 
ɜɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ W ɟɞɢɧɢɱɧɨɝɨ ɡɚɪɹɞɚ q ɜ 

ɞɚɧɧɨɣ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ: pW

q
ϕ = . Ɉɛɨɡɧɚɱɚɟɬɫɹ ɛɭɤɜɨɣ ϕ, ɢɡɦɟɪɹɟɬɫɹ ɜ 

ɜɨɥɶɬɚɯ (ȼ). 

ɉɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɧɧɨɝɨ ɬɨɱɟɱɧɵɦ ɡɚɪɹɞɨɦ q ɜ 

ɬɨɱɤɟ, ɨɬɫɬɨɹɳɟɣ ɧɚ ɪɚɫɫɬɨɹɧɢɢ r ɨɬ ɡɚɪɹɞɚ, ɪɚɜɟɧ 
 

k q

r

⋅
ϕ = . 

• Ɂɧɚɤ ɩɨɬɟɧɰɢɚɥɚ ɫɨɜɩɚɞɚɟɬ ɫɨ ɡɧɚɤɨɦ ɡɚɪɹɞɚ. 
• ɉɨɬɟɧɰɢɚɥ ɬɨɱɤɢ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɨɬ ɡɚɪɹɞɚ, ɫɨɡɞɚɸɳɟɝɨ 

ɩɨɥɟ, ɪɚɜɟɧ ɧɭɥɸ. 

ɉɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɧɧɨɝɨ ɫɮɟɪɨɣ ɪɚɞɢɭɫɚ R ɢ ɫ 

ɡɚɪɹɞɨɦ q ɜ ɬɨɱɤɟ, ɨɬɫɬɨɹɳɟɣ ɧɚ ɪɚɫɫɬɨɹɧɢɢ l ɨɬ ɰɟɧɬɪɚ ɫɮɟɪɵ, ɪɚɜɟɧ 
k q

l

⋅
ϕ = , 

ɟɫɥɢ l > R; 
k q

R

⋅
ϕ = , ɟɫɥɢ l ≤ R. 

ɉɪɢɧɰɢɩ ɫɭɩɟɪɩɨɡɢɰɢɢ ɩɨɬɟɧɰɢɚɥɨɜ. ɉɨɬɟɧɰɢɚɥ ɩɨɥɹ ɧɟɫɤɨɥɶɤɢɯ ɬɨɱɟɱ-

ɧɵɯ ɡɚɪɹɞɨɜ ɪɚɜɟɧ ɚɥɝɟɛɪɚɢɱɟɫɤɨɣ ɫɭɦɦɟ ɩɨɬɟɧɰɢɚɥɨɜ ɨɬɞɟɥɶɧɵɯ ɡɚɪɹɞɨɜ: 

1 2 Nϕ = ϕ + ϕ + + ϕ… . 

Ɋɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɞɭ ɞɜɭɦɹ ɬɨɱɤɚɦɢ ɩɨɥɹ ɱɢɫɥɟɧɧɨ ɪɚɜɧɚ ɪɚɛɨ-

ɬɟ, ɤɨɬɨɪɨɟ ɫɨɜɟɪɲɚɟɬɫɹ ɩɨɥɟɦ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɟɞɢɧɢɱɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 

ɡɚɪɹɞɚ ɦɟɠɞɭ ɷɬɢɦɢ ɬɨɱɤɚɦɢ: 
1 2

A

q
ϕ − ϕ = . Ɉɛɨɡɧɚɱɚɟɬɫɹ 

1 2ϕ − ϕ , ɢɡɦɟɪɹɟɬɫɹ ɜ 

ɜɨɥɶɬɚɯ (ȼ). 

ɇɚɩɪɹɠɟɧɢɟ ɦɟɠɞɭ ɞɜɭɦɹ ɬɨɱɤɚɦɢ ɩɨɥɹ ɪɚɜɧɨ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟ-
ɠɞɭ ɷɬɢɦɢ ɬɨɱɤɚɦɢ, ɟɫɥɢ ɦɟɠɞɭ ɧɢɦɢ ɧɟ ɜɤɥɸɱɟɧ ɢɫɬɨɱɧɢɤ ɬɨɤɚ: 

1 2U = ϕ − ϕ . 

Ɉɛɨɡɧɚɱɚɟɬɫɹ ɛɭɤɜɨɣ U, ɢɡɦɟɪɹɟɬɫɹ ɜ ɜɨɥɶɬɚɯ (ȼ). 

ɇɚɩɪɹɠɟɧɢɹ ɢ ɩɪɨɟɤɰɢɹ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɨɞɧɨɪɨɞɧɨɝɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟ-

ɫɤɨɝɨ ɩɨɥɹ ɫɜɹɡɚɧɵ ɫɥɟɞɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ: 1 2

2 1 1 2 
x

U
E

x x x x

ϕ − ϕ
= = −

− −
, Ex – 

ɩɪɨɟɤɰɢɹ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɧɚ ɨɫɶ 0X, ɧɚɩɪɚɜɥɟɧɧɭɸ ɜɞɨɥɶ ɫɢɥɨɜɨɣ ɥɢɧɢɢ; x1 ɢ 
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–13

 Ⱦɠ. 

 

Кɪɚɬɤɢɣ ɫɩɪɚɜɨɱɧɢɤ ɩɨ ɬɟɦɟ «Ɉɫɧɨɜɵ МКɌ ɢ ɬɟɪɦɨɞɢɧɚɦɢɤɢ» 

Ɉɫɧɨɜɵ МКɌ 

1. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨ-ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ. ɏɚɪɚɤɬɟɪ 

ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɜ ɝɚɡɚɯ, ɠɢɞɤɨɫɬɹɯ ɢ ɬɜɟɪɞɵɯ ɬɟɥɚɯ. 
Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨ-ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ: 

1) ɜɫɟ ɜɟɳɟɫɬɜɚ ɫɨɫɬɨɹɬ ɢɡ ɦɟɥɶɱɚɣɲɢɯ ɱɚɫɬɢɰ — ɦɨɥɟɤɭɥ (ɩɪɨɫɬɟɣɲɢɟ 
ɦɨɥɟɤɭɥɵ ɫɨɫɬɨɹɬ ɢɡ ɨɞɧɨɝɨ ɚɬɨɦɚ); 

2) ɦɨɥɟɤɭɥɵ ɧɚɯɨɞɹɬɫɹ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɯɚɨɬɢɱɟɫɤɨɦ ɬɟɩɥɨɜɨɦ ɞɜɢɠɟɧɢɢ; 

3) ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɞɟɣɫɬɜɭɸɬ ɫɢɥɵ, ɤɨɬɨɪɵɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫ-
ɫɬɨɹɧɢɹ ɹɜɥɹɸɬɫɹ ɫɢɥɚɦɢ ɩɪɢɬɹɠɟɧɢɹ ɢɥɢ ɨɬɬɚɥɤɢɜɚɧɢɹ. 

ȼ ɬɜɟɪɞɵɯ ɬɟɥɚɯ ɱɚɫɬɢɰɵ ɭɞɟɪɠɢɜɚɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɦɢ ɫɢɥɚɦɢ 

ɤɭɥɨɧɨɜɫɤɨɝɨ ɩɪɢɬɹɠɟɧɢɹ ɜ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɩɨɥɨɠɟɧɢɹɯ — ɩɨɥɨɠɟɧɢɹɯ ɪɚɜ-

ɧɨɜɟɫɢɹ. ɉɪɢ ɷɬɨɦ ɨɧɢ ɫɨɜɟɪɲɚɸɬ ɤɨɥɟɛɚɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɜɨɢɯ ɩɨɥɨɠɟɧɢɣ 

ɪɚɜɧɨɜɟɫɢɹ. ɉɨɷɬɨɦɭ ɬɜɟɪɞɨɟ ɬɟɥɨ ɢɦɟɟɬ ɠɟɫɬɤɭɸ ɮɨɪɦɭ ɢ ɧɟɢɡɦɟɧɧɵɣ ɨɛɴɟɦ. 

ȼ ɝɚɡɚɯ ɱɚɫɬɢɰɵ ɧɚɯɨɞɹɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɞɚɥɟɤɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɢ ɞɜɢɝɚɸɬɫɹ ɫ 
ɛɨɥɶɲɢɦɢ ɫɤɨɪɨɫɬɹɦɢ. ɋɢɥɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɨɱɟɧɶ ɦɚɥɵ, 

ɩɨɷɬɨɦɭ ɝɚɡ ɛɵɫɬɪɨ ɡɚɩɨɥɧɹɟɬ ɥɸɛɨɟ ɞɨɫɬɭɩɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ. Ⱦɚɜɥɟɧɢɟ ɜ ɧɟɦ 

ɜɨɡɧɢɤɚɟɬ ɡɚ ɫɱɟɬ ɫɨɭɞɚɪɟɧɢɣ ɟɝɨ ɱɚɫɬɢɰ ɫɨ ɫɬɟɧɤɚɦɢ ɤɨɧɬɟɣɧɟɪɚ. 
ɀɢɞɤɨɫɬɢ ɩɨ ɫɜɨɢɦ ɫɜɨɣɫɬɜɚɦ ɡɚɧɢɦɚɸɬ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɩɨɥɨɠɟɧɢɟ ɦɟɠ-

ɞɭ ɝɚɡɚɦɢ ɢ ɬɜɟɪɞɵɦɢ ɬɟɥɚɦɢ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɦɟɧɶɲɟ ɱɟɦ ɭ ɝɚ-
ɡɨɜ. ɑɚɫɬɢɰɵ ɤɨɥɟɛɥɸɬɫɹ ɨɤɨɥɨ ɫɜɨɢɯ ɩɨɥɨɠɟɧɢɣ ɪɚɜɧɨɜɟɫɢɹ, ɧɨ ɱɚɫɬɢɰɵ ɦɨ-

ɝɭɬ ɩɪɟɨɞɨɥɟɜɚɬɶ ɫɢɥɵ ɩɪɢɬɹɠɟɧɢɹ ɢ ɢɡɦɟɧɹɬɶ ɫɜɨɢ ɩɨɥɨɠɟɧɢɹ. ɀɢɞɤɨɫɬɶ 
ɢɦɟɟɬ ɩɨɫɬɨɹɧɧɵɣ ɨɛɴɟɦ, ɨɛɥɚɞɚɟɬ ɬɟɤɭɱɟɫɬɶɸ ɢ ɦɨɠɟɬ ɡɚɩɨɥɧɹɬɶ ɥɸɛɭɸ 

ɮɨɪɦɭ. 

Ɏɢɡɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɆɄɌ 

Ɂɚ ɚɬɨɦɧɭɸ ɟɞɢɧɢɰɭ ɦɚɫɫɵ (1 ɚ.ɟ.ɦ.) ɩɪɢɧɢɦɚɟɬɫɹ 
1

12
 ɦɚɫɫɵ ɚɬɨɦɚ ɭɝɥɟ-

ɪɨɞɚ: 1 ɚ.ɟ.ɦ. ≈ 1,66·10
–27

 ɤɝ). 
Ɉɬɧɨɫɢɬɟɥɶɧɨɣ ɚɬɨɦɧɨɣ ɦɚɫɫɨɣ Mr ɜɟɳɟɫɬɜɚ (ɦɚɫɫɨɜɵɦ ɱɢɫɥɨɦ) ɧɚɡɵɜɚ-

ɟɬɫɹ ɛɟɡɪɚɡɦɟɪɧɨɟ ɱɢɫɥɨ, ɪɚɜɧɨɟ ɨɬɧɨɲɟɧɢɸ ɦɚɫɫɵ ɚɬɨɦɚ m ɞɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ 
ɤ ɚɬɨɦɧɨɣ ɟɞɢɧɢɰɟ ɦɚɫɫɵ. 

Ɉɞɢɧ ɦɨɥɶ — ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ, ɜ ɤɨɬɨɪɨɦ ɫɨɞɟɪɠɢɬɫɹ ɫɬɨɥɶɤɨ ɠɟ ɦɨ-

ɥɟɤɭɥ ɢɥɢ ɚɬɨɦɨɜ, ɫɤɨɥɶɤɨ ɢɯ ɫɨɞɟɪɠɢɬɫɹ ɜ 0,012 ɤɝ ɭɝɥɟɪɨɞɚ. 
ɉɨɫɬɨɹɧɧɚɹ Ⱥɜɨɝɚɞɪɨ — ɱɢɫɥɨ ɦɨɥɟɤɭɥ ɜ 1 ɦɨɥɟ ɥɸɛɨɝɨ ɜɟɳɟɫɬɜɚ. Ɉɛɨ-

ɡɧɚɱɚɟɬɫɹ ɛɭɤɜɨɣ NA, ɢ NA ≈ 6,02·10
23

 ɦɨɥɶ–1
. 

Ʉɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ — ɱɢɫɥɨ ɦɨɥɟɣ ɜ ɞɚɧɧɨɣ ɩɨɪɰɢɢ ɜɟɳɟɫɬɜɚ. Ɉɛɨ-

ɡɧɚɱɚɟɬɫɹ ɛɭɤɜɨɣ ν, ɢɡɦɟɪɹɟɬɫɹ ɜ ɦɨɥɹɯ (ɦɨɥɶ). Ʉɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ ɪɚɜɧɨ 

m

M
ν =  ɢɥɢ ,

A

N

N
ν =  ɝɞɟ ɬ — ɦɚɫɫɚ ɜɟɳɟɫɬɜɚ; M — ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ (ɤɝ/ɦɨɥɶ); 

N — ɱɢɫɥɨ ɦɨɥɟɤɭɥ ɜ ɜɟɳɟɫɬɜɟ. Ɍɨɝɞɚ A

m
N N

M
= ⋅ . 

Ɇɨɥɹɪɧɚɹ ɦɚɫɫɚ — ɦɚɫɫɚ ɜɟɳɟɫɬɜɚ, ɜɡɹɬɨɝɨ ɜ ɤɨɥɢɱɟɫɬɜɟ 1 ɦɨɥɹ. Ɉɛɨɡɧɚ-
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ɍɫɥɨɜɢɹ ɝɥɚɜɧɵɯ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɦɚɤɫɢɦɭɦɨɜ 

ɢɦɟɸɬ ɜɢɞ: sind m⋅ θ = ⋅ λ , ɝɞɟ l
d

N
=  – ɩɨɫɬɨɹɧɧɚɹ 

ɢɥɢ ɩɟɪɢɨɞ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲɟɬɤɢ (ɦ); θ – ɭɝɨɥ 

ɨɬɤɥɨɧɟɧɢɹ ɥɭɱɟɣ ɨɬ ɧɨɪɦɚɥɢ ɤ ɩɥɨɫɤɨɫɬɢ ɳɟɥɢ); λ 

– ɞɥɢɧɚ ɜɨɥɧɵ; ɬ – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɞɢɮɪɚɤɰɢ-

ɨɧɧɨɝɨ ɦɚɤɫɢɦɭɦɚ ɢɥɢ ɫɩɟɤɬɪɚ ( )0, 1, 2,m = ± ± … ; 

l – ɞɥɢɧɚ ɪɟɲɟɬɤɢ, ɧɚ ɤɨɬɨɪɭɸ ɩɪɢɯɨɞɢɬɫɹ N 

ɲɬɪɢɯɨɜ; N – ɱɢɫɥɨ ɲɬɪɢɯɨɜ ɪɟɲɟɬɤɢ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɧɟɤɨɬɨɪɭɸ ɞɥɢɧɭ l 

ɪɟɲɟɬɤɢ. 

 

Ɉɫɧɨɜɵ ɋɌɈ 

1. ɉɨɫɬɭɥɚɬɵ ɫɩɟɰɢɚɥɶɧɨɣ ɬɟɨɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ. ɉɪɢɧɰɢɩ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨɫɬɢ Эɣɧɲɬɟɣɧɚ. ɉɪɨɫɬɪɚɧɫɬɜɨ ɢ ɜɪɟɦɹ ɜ ɫɩɟɰɢɚɥɶɧɨɣ ɬɟɨɪɢɢ ɨɬɧɨ-

ɫɢɬɟɥɶɧɨɫɬɢ. Ɂɚɤɨɧ ɜɡɚɢɦɨɫɜɹɡɢ ɦɚɫɫɵ ɢ ɷɧɟɪɝɢɢ. 

ɉɟɪɜɵɣ ɩɨɫɬɭɥɚɬ ɬɟɨɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɩɪɢɧɰɢɩ ɨɬɧɨ-

ɫɢɬɟɥɶɧɨɫɬɢ Эɣɧɲɬɟɣɧɚ: ɩɪɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ ɜɫɟ ɮɢɡɢɱɟɫɤɢɟ ɹɜɥɟ-
ɧɢɹ ɜ ɥɸɛɨɣ ɢɧɟɪɰɢɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɨɬɫɱёɬɚ ɩɪɨɢɫɯɨɞɹɬ ɫɨɜɟɪɲɟɧɧɨ ɨɞɢɧɚɤɨ-

ɜɨ. 

ȼɬɨɪɨɣ ɩɨɫɬɭɥɚɬ ɬɟɨɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɩɪɢɧɰɢɩ ɩɨɫɬɨ-

ɹɧɫɬɜɚ ɫɤɨɪɨɫɬɢ ɫɜɟɬɚ: ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ ɜ ɜɚɤɭɭɦɟ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɞɜɢ-

ɠɟɧɢɹ ɢɫɬɨɱɧɢɤɨɜ ɢ ɩɪɢёɦɧɢɤɨɜ ɢ ɜɨ ɜɫɟɯ ɢɧɟɪɰɢɚɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɨɬɫɱёɬɚ 
ɨɞɢɧɚɤɨɜɚ. 

ɉɪɨɫɬɪɚɧɫɬɜɨ ɢ ɜɪɟɦɹ ɜ ɫɩɟɰɢɚɥɶɧɨɣ ɬɟɨɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ. 

ɉɪɢ ɫɤɨɪɨɫɬɹɯ ɛɥɢɡɤɢɯ ɤ ɫɤɨɪɨɫɬɢ ɫɜɟɬɚ ɧɚɛɥɸɞɚɸɬɫɹ ɪɟɥɹɬɢɜɢɫɬɫɤɢɟ 
ɷɮɮɟɤɬɵ: 

• ɡɚɦɟɞɥɟɧɢɟ ɜɪɟɦɟɧɢ 0

2

2
1

t
t

c

Δ
Δ =

υ−

, ɝɞɟ Δt0 – ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɞɜɭ-

ɦɹ ɫɨɛɵɬɢɹɦɢ, ɢɡɦɟɪɟɧɧɵɣ ɱɚɫɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɞɜɢɠɭɳɟɣɫɹ ɫɨ ɫɤɨɪɨ-

ɫɬɶɸ υ ɂɋɈ; Δt – ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɷɬɢɦɢ ɫɨɛɵɬɢɹɦɢ ɩɨ ɱɚɫɚɦ, ɧɚ-
ɯɨɞɹɳɢɦɢɫɹ ɜ ɧɟɩɨɞɜɢɠɧɨɣ ɂɋɈ. 

• ɫɨɤɪɚɳɟɧɢɟ ɩɪɨɞɨɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɬɟɥɚ 
2

0 2
1l l

c

υ
= ⋅ − , ɝɞɟ l ɢ l0 — ɪɚɡɦɟɪɵ 

ɬɟɥɚ ɜ ɧɟɩɨɞɜɢɠɧɨɣ ɢ ɞɜɢɠɭɳɟɣɫɹ ɫɢɫɬɟɦɚɯ ɨɬɫɱёɬɚ. 

Ɂɚɤɨɧ ɜɡɚɢɦɨɫɜɹɡɢ ɦɚɫɫɵ ɢ ɷɧɟɪɝɢɢ: 2

0E m c= ⋅ , 2E m cΔ = Δ ⋅ , 
2

2

2
1

m c
E

c

⋅
=

υ
−

, 

ɝɞɟ E0 – ɷɧɟɪɝɢɹ ɩɨɤɨɹ ɬɟɥɚ; ΔE – ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ ɬɟɥɚ; E – ɩɨɥɧɚɹ ɷɧɟɪɝɢɹ 
ɬɟɥɚ; m – ɦɚɫɫɚ (ɧɟɩɨɞɜɢɠɧɨɝɨ) ɬɟɥɚ; Δm – ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɬɟɥɚ; c – ɫɤɨɪɨɫɬɶ 
ɫɜɟɬɚ, ɪɚɜɧɚɹ 3,0·10

8
 ɦ/ɫ; υ – ɫɤɨɪɨɫɬɶ ɬɟɥɚ. 

• Эɧɟɪɝɢɹ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ ɦɨɠɟɬ ɢɡɦɟɪɹɬɶɫɹ ɜ Ɇɷɜ, ɝɞɟ 1 Ɇɷȼ ≈ 

θ 
d 

Ⱥ 

Ɉ

Ʉɪɚɬɤɢɣ ɫɩɪɚɜɨɱɧɢɤ ɩɨ ɮɢɡɢɤɟ     15 

 

x2 — ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɟɤ ɫ ɩɨɬɟɧɰɢɚɥɨɦ ϕ1 ɢ ϕ2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

• ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ ɧɚɩɪɚɜɥɟɧɚ ɜ ɫɬɨɪɨɧɭ ɭɛɵɜɚɧɢɹ 
ɩɨɬɟɧɰɢɚɥɚ. 

 

4. Ⱦɢɷɥɟɤɬɪɢɤɢ ɜ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɦ ɩɨɥɟ. Ⱦɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟ-
ɦɨɫɬɶ ɜɟɳɟɫɬɜɚ. 

ɉɪɨɜɨɞɧɢɤɚɦɢ ɧɚɡɵɜɚɸɬɫɹ ɜɟɳɟɫɬɜɚ, ɩɨ ɤɨɬɨɪɵɦ ɦɨɝɭɬ ɫɜɨɛɨɞɧɨ ɩɟɪɟ-
ɦɟɳɚɬɶɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɡɚɪɹɞɵ. 

Ⱦɢɷɥɟɤɬɪɢɤɚɦɢ ɧɚɡɵɜɚɸɬɫɹ ɜɟɳɟɫɬɜɚ, ɜ ɤɨɬɨɪɵɯ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭ-

ɸɬ ɫɜɨɛɨɞɧɵɟ ɧɨɫɢɬɟɥɢ ɡɚɪɹɞɨɜ. 

Ⱦɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɪɟɞɵ — ɫɤɚɥɹɪɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢ-

ɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɞɢɷɥɟɤɬɪɢɤɚ ɩɨɥɹɪɢɡɨɜɚɬɶɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɢ ɪɚɜɧɚɹ ɨɬɧɨɲɟɧɢɸ ɦɨɞɭɥɹ ɧɚɩɪɹɠɟɧɧɨɫɬɢ E0 ɨɞɧɨɪɨɞ-

ɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɜɚɤɭɭɦɟ ɤ ɦɨɞɭɥɸ ɧɚɩɪɹɠɟɧɧɨɫɬɢ E ɷɥɟɤɬɪɢɱɟɫɤɨ-

ɝɨ ɩɨɥɹ ɜ ɨɞɧɨɪɨɞɧɨɦ ɞɢɷɥɟɤɬɪɢɤɟ, ɜɧɟɫɟɧɧɨɦ ɜɨ ɜɧɟɲɧɟɟ ɩɨɥɟ: 0
E

E
ε = . Ɉɛɨ-

ɡɧɚɱɚɟɬɫɹ ɛɭɤɜɨɣ ε. 

ɉɪɢ ɪɚɫɱɟɬɟ ɤɭɥɨɧɨɜɫɤɢɯ ɫɢɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɬɨɱɟɱɧɵɦɢ ɡɚɪɹɞɚ-
ɦɢ, ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɢ ɩɨɬɟɧɰɢɚɥɚ ɬɨɱɟɱɧɨɝɨ ɡɚɪɹɞɚ ɜɧɭɬɪɢ ɞɢɷɥɟɤɬɪɢɤɚ 
ɧɟɨɛɯɨɞɢɦɨ ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ ɮɨɪɦɭɥɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɭɸ 

ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɞɚɧɧɨɣ ɫɪɟɞɵ: 1 2

2

k q q
F

rε
⋅ ⋅

=
⋅

, 
2

k q
E

rε
⋅

=
⋅

, 
 

k q

r
ϕ

ε
⋅

=
⋅

. 

 

5. Эɥɟɤɬɪɨɟɦɤɨɫɬɶ. Ʉɨɧɞɟɧɫɚɬɨɪɵ. Эɧɟɪɝɢɹ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ 
ɤɨɧɞɟɧɫɚɬɨɪɚ. 

Эɥɟɤɬɪɨɟɦɤɨɫɬɶ ɭɟɞɢɧɟɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ ɡɚ-
ɪɹɞɚ q, ɫɨɨɛɳɟɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɭ, ɤ ɩɨɬɟɧɰɢɚɥɭ ϕ, ɤɨɬɨɪɵɣ ɨɧ ɩɪɢ ɷɬɨɦ ɩɪɢɨɛ-

ɪɟɥ: 
q

C =
ϕ

. 

Эɥɟɤɬɪɨɟɦɤɨɫɬɶ ɞɜɭɯ ɩɪɨɜɨɞɧɢɤɨɜ (ɤɨɧɞɟɧɫɚɬɨɪɚ) — ɮɢɡɢɱɟɫɤɚɹ ɜɟɥɢ-

ɱɢɧɚ ɪɚɜɧɚɹ ɨɬɧɨɲɟɧɢɸ ɡɚɪɹɞɚ q ɨɞɧɨɝɨ ɢɡ ɩɪɨɜɨɞɧɢɤɨɜ ɤ ɧɚɩɪɹɠɟɧɢɸ U ɦɟ-

ɠɞɭ ɧɢɦɢ: 
q

C
U

= . Ɉɛɨɡɧɚɱɚɟɬɫɹ ɛɭɤɜɨɣ C, ɢɡɦɟɪɹɟɬɫɹ ɜ ɮɚɪɚɞɚɯ (Ɏ). 

Ʉɨɧɞɟɧɫɚɬɨɪ – ɭɫɬɪɨɣɫɬɜɨ, ɫɨɫɬɨɹɳɟɟ ɢɡ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɞɪɭɝ ɨɬ ɞɪɭɝɚ 
ɩɪɨɜɨɞɧɢɤɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ ɢ ɷɧɟɪ-

ɝɢɢ. ɉɥɨɫɤɢɦ ɧɚɡɵɜɚɟɬɫɹ ɤɨɧɞɟɧɫɚɬɨɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɜɭɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɦɟ-
ɬɚɥɥɢɱɟɫɤɢɯ ɩɥɚɫɬɢɧ (ɨɛɤɥɚɞɨɤ), ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɧɟɛɨɥɶɲɨɦ ɪɚɫɫɬɨɹɧɢɢ 

ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɢ ɪɚɡɞɟɥɟɧɧɵɯ ɫɥɨɟɦ ɞɢɷɥɟɤɬɪɢɤɚ. 
Эɥɟɤɬɪɨɟɦɤɨɫɬɶ ɩɥɨɫɤɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɩɥɨɳɚɞɢ 

ɟɝɨ ɨɛɤɥɚɞɨɤ S, ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɜɟɳɟɫɬɜɚ ε ɦɟɠɞɭ ɨɛɤɥɚɞɤɚ-

ɦɢ ɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɧɢɦɢ d: 0 S
C

d

ε ⋅ ε ⋅
= , ɝɞɟ 
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ε0 — ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ, ɪɚɜɧɚɹ 8,85·10
–12

 
2

2

Ʉɥ
ɇ ɦ⋅

. 

Эɧɟɪɝɢɹ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ ɤɨɧɞɟɧɫɚɬɨɪɚ ɪɚɜɧɚ ɩɨɥɨɜɢɧɟ ɩɪɨɢɡ-

ɜɟɞɟɧɢɹ ɟɝɨ ɷɥɟɤɬɪɨɟɦɤɨɫɬɢ ɢ ɤɜɚɞɪɚɬɚ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɨɛɤɥɚɞɤɚɯ: 
2

2

C U
W

⋅
= . 

• Ɍɚɤ ɤɚɤ 
2

  ɢ  
2

C U q
W C

U

⋅
= = , ɬɨ ɷɧɟɪɝɢɸ ɡɚɪɹɠɟɧɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ ɦɨɠ-

ɧɨ ɪɚɫɫɱɢɬɚɬɶ, ɡɧɚɹ ɥɸɛɵɟ ɞɜɟ ɜɟɥɢɱɢɧɵ ɢɡ ɬɪɟɯ: C, U, q. 

ȿɫɥɢ ɤɨɧɞɟɧɫɚɬɨɪ: 

• ɨɬɤɥɸɱɟɧ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ, ɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɟɦɤɨɫɬɢ ɤɨɧɞɟɧɫɚɬɨɪɚ, 
ɡɚɪɹɞ ɤɨɧɞɟɧɫɚɬɨɪɚ ɢɡɦɟɧɹɬɶɫɹ ɧɟ ɛɭɞɟɬ, ɬ.ɟ. q1 = q2; 

• ɩɨɞɤɥɸɱɟɧ ɤ ɢɫɬɨɱɧɢɤɭ ɩɢɬɚɧɢɹ, ɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɟɦɤɨɫɬɢ ɤɨɧɞɟɧɫɚɬɨɪɚ, 
ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɟ ɢɡɦɟɧɹɬɶɫɹ ɧɟ ɛɭɞɟɬ, ɬ.ɟ. U1 = U2. 

 

ɉɨɫɬɨяɧɧɵɣ ɬɨɤ 

1. Эɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. ɍɫɥɨɜɢɹ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ. 

ɂɫɬɨɱɧɢɤɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ. Эɥɟɤɬɪɢɱɟɫɤɚɹ ɰɟɩɶ. ɋɢɥɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ. Эɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. ɍɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɟ. Ɋɟɨɫɬɚɬɵ. Ɂɚɤɨɧ Ɉɦɚ ɞɥɹ ɨɞɧɨɪɨɞɧɨɝɨ ɭɱɚɫɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ. 

Эɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ – ɷɬɨ ɫɩɨɫɨɛɧɨɫɬɶ ɜɟɳɟɫɬɜ ɩɪɨɜɨɞɢɬɶ ɷɥɟɤɬɪɢɱɟ-
ɫɤɢɣ ɬɨɤ. ɉɨ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜɫɟ ɜɟɳɟɫɬɜɚ ɞɟɥɹɬɫɹ ɧɚ ɩɪɨɜɨɞɧɢɤɢ, ɞɢ-

ɷɥɟɤɬɪɢɤɢ ɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ. 

Эɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɧɚɡɵɜɚɟɬɫɹ ɭɩɨɪɹɞɨɱɟɧɧɨɟ (ɧɚɩɪɚɜɥɟɧɧɨɟ) ɞɜɢɠɟ-
ɧɢɟ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ. 

Ⱦɥɹ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɜ ɡɚɦɤɧɭɬɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟ-
ɩɢ ɧɟɨɛɯɨɞɢɦɨ: 

• ɧɚɥɢɱɢɟ ɫɜɨɛɨɞɧɵɯ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ; 

• ɧɚɥɢɱɢɟ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɫɢɥɵ ɤɨɬɨɪɨɝɨ, ɞɟɣɫɬɜɭɹ ɧɚ ɡɚɪɹ-
ɠɟɧɧɵɟ ɱɚɫɬɢɰɵ, ɡɚɫɬɚɜɥɹɸɬ ɢɯ ɞɜɢɝɚɬɶɫɹ ɭɩɨɪɹɞɨɱɟɧɧɨ; 

• ɧɚɥɢɱɢɟ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ, ɜɧɭɬɪɢ ɤɨɬɨɪɨɝɨ ɫɬɨɪɨɧɧɢɟ ɫɢɥɵ ɩɟɪɟɦɟɳɚɸɬ 
ɫɜɨɛɨɞɧɵɟ ɡɚɪɹɞɵ ɩɪɨɬɢɜ ɧɚɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ (ɤɭɥɨɧɨɜɫɤɢɯ) ɫɢɥ. 

ɂɫɬɨɱɧɢɤɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ – ɷɬɨ ɭɫɬɪɨɣɫɬɜɨ, ɫɩɨɫɨɛɧɨɟ ɩɨɞɞɟɪɠɢ-

ɜɚɬɶ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɢ ɨɛɟɫɩɟɱɢɜɚɬɶ ɭɩɨɪɹɞɨɱɟɧɧɨɟ ɞɜɢɠɟɧɢɟ ɷɥɟɤɬɪɢ-

ɱɟɫɤɢɯ ɡɚɪɹɞɨɜ ɜɨ ɜɧɟɲɧɟɣ ɰɟɩɢ. ɂɫɬɨɱɧɢɤ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɢɦɟɟɬ ɞɜɚ ɩɨ-

ɥɸɫɚ (ɞɜɟ ɤɥɟɦɦɵ), ɤ ɤɨɬɨɪɵɦ ɩɪɢɫɨɟɞɢɧɹɸɬɫɹ ɤɨɧɰɵ ɩɪɨɜɨɞɧɢɤɚ (ɜɧɟɲɧɟɝɨ 

ɭɱɚɫɬɤɚ ɰɟɩɢ). ȼ ɢɫɬɨɱɧɢɤɚɯ ɬɨɤɚ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɜɪɚɳɟɧɢɟ ɷɧɟɪɝɢɢ 

ɋɢɥɚ ɬɨɤɚ I – ɫɤɚɥɹɪɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ, ɪɚɜɧɚɹ ɨɬɧɨɲɟɧɢɸ ɡɚɪɹɞɚ 
Δq, ɩɪɨɲɟɞɲɟɝɨ ɱɟɪɟɡ ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ ɡɚ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ 

Δt, ɤ ɷɬɨɦɭ ɩɪɨɦɟɠɭɬɤɭ: 
q

I
t

Δ
=

Δ
. Ɉɛɨɡɧɚɱɚɟɬɫɹ ɛɭɤɜɨɣ I, ɢɡɦɟɪɹɟɬɫɹ ɜ ɚɦɩɟɪɚɯ 

(Ⱥ). 

• Ɂɚ ɧɚɩɪɚɜɥɟɧɢɟ ɬɨɤɚ ɩɪɢɧɹɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ ɩɨ ɩɪɨɜɨɞɧɢɤɭ ɩɨɥɨ-

ɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ. ȼ ɡɚɦɤɧɭɬɨɣ ɰɟɩɢ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɧɚɩɪɚɜɥɟɧ 

ɨɬ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɩɨɥɸɫɚ (+) ɢɫɬɨɱɧɢɤɚ ɤ ɨɬɪɢɰɚɬɟɥɶɧɨɦɭ (–). 
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ɧɵɯ ɭɦɟɧɶɲɟɧɧɵɯ ɨɛɪɚɬɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɩɪɟɞɦɟɬɨɜ ɧɚ ɮɨɬɨɩɥёɧɤɟ. ɉɪɢ ɷɬɨɦ 

ɩɪɟɞɦɟɬɵ ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɪɚɡɥɢɱɧɨɦ ɭɞɚɥɟɧɢɢ ɨɬ ɬɨɱɤɢ ɫɴёɦɤɢ. 

 

ȼɨɥɧɨɜɵɟ ɫɜɨɣɫɬɜɚ ɫɜɟɬɚ 

1. Эɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɩɪɢɪɨɞɚ ɫɜɟɬɚ. Ʉɨɝɟɪɟɧɬɧɨɫɬɶ. ɂɧɬɟɪɮɟɪɟɧɰɢɹ 
ɫɜɟɬɚ. Ⱦɢɮɪɚɤɰɢɹ ɫɜɟɬɚ. Ⱦɢɮɪɚɤɰɢɨɧɧɚɹ ɪɟɲɟɬɤɚ. Ⱦɢɫɩɟɪɫɢɹ ɫɜɟɬɚ. ɋɩɟɤɬɪ. 

ɉɨɞ ɫɜɟɬɨɦ ɜ ɨɩɬɢɤɟ ɩɨɧɢɦɚɸɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɜɨɥɧɵ ɫ ɱɚɫɬɨɬɚɦɢ ɨɬ 
1,5·10

11
 Ƚɰ ɞɨ 3·10

16
 Ƚɰ (ɞɥɢɧɵ ɜɨɥɧ ɧɚɯɨɞɹɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 

ɢɧɮɪɚɤɪɚɫɧɨɦɭ, ɜɢɞɢɦɨɦɭ ɢ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɦɭ ɢɡɥɭɱɟɧɢɹɦ). 

ɋɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɜɟɬɚ ɜ ɜɚɤɭɭɦɟ ɫ = 3,00·10
8 ɦ/ɫ. 

Ⱦɥɢɧɚ ɜɨɥɧɵ: 
ɫɫ Tλ = ⋅ =
ν

, ν — ɱɚɫɬɨɬɚ (Ƚɰ), Ɍ — ɩɟɪɢɨɞ ɤɨɥɟɛɚɧɢɣ (ɫ). 

Ⱦɢɫɩɟɪɫɢɹ ɫɜɟɬɚ — ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɜɟɳɟɫɬɜɚ, ɚ 
ɬɚɤɠɟ ɫɤɨɪɨɫɬɢ ɫɜɟɬɚ ɨɬ ɟɝɨ ɱɚɫɬɨɬɵ. ɐɜɟɬ ɡɚɜɢɫɢɬ ɨɬ ɱɚɫɬɨɬɵ ɫɜɟɬɨɜɨɣ ɜɨɥɧɵ. 

ȼɨɥɧɚ ɨɩɪɟɞɟɥёɧɧɨɣ ɱɚɫɬɨɬɵ ɧɚɡɵɜɚɟɬɫɹ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɣ. 

Ⱦɥɢɧɚ ɫɜɟɬɨɜɨɣ ɜɨɥɧɵ ɜ ɜɟɳɟɫɬɜɟ: ɩ
n

λ
λ = , ɝɞɟ λ – ɞɥɢɧɚ ɜɨɥɧɵ ɜ ɜɚɤɭɭɦɟ 

(ɦ), n — ɚɛɫɨɥɸɬɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɫɪɟɞɵ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɜ ɞɪɭɝɭɸ 

ɫɪɟɞɭ ɱɚɫɬɨɬɚ ɜɨɥɧɵ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. 

ɋɥɟɞɫɬɜɢɟɦ ɞɢɫɩɟɪɫɢɢ ɹɜɥɹɟɬɫɹ ɪɚɡɥɨɠɟɧɢɟ ɜ ɫɩɟɤɬɪ ɩɭɱɤɚ ɛɟɥɨɝɨ ɫɜɟɬɚ 
ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɟɝɨ ɱɟɪɟɡ ɩɪɢɡɦɭ. 

Ʉɨɝɟɪɟɧɬɧɨɫɬɶ — ɹɜɥɟɧɢɟ ɫɨɝɥɚɫɨɜɚɧɧɨɝɨ ɩɪɨɬɟɤɚɧɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ 

ɜɨ ɜɪɟɦɟɧɢ ɧɟɫɤɨɥɶɤɢɯ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɢɥɢ ɜɨɥɧɨɜɵɯ ɩɪɨɰɟɫɫɨɜ. Ⱦɜɟ ɫɜɟɬɨɜɵɟ 
ɜɨɥɧɵ ɨɞɢɧɚɤɨɜɨɣ ɱɚɫɬɨɬɵ ɢ ɢɦɟɸɳɢɟ ɩɨɫɬɨɹɧɧɭɸ ɜɨ ɜɪɟɦɟɧɢ ɪɚɡɧɨɫɬɶ ɮɚɡ 
ɧɚɡɵɜɚɸɬɫɹ ɤɨɝɟɪɟɧɬɧɵɦɢ. 

ɂɧɬɟɪɮɟɪɟɧɰɢɹ — ɹɜɥɟɧɢɟ ɫɥɨɠɟɧɢɹ ɞɜɭɯ ɢ ɛɨɥɟɟ ɤɨɝɟɪɟɧɬɧɵɯ ɜɨɥɧ, 

ɩɪɢɜɨɞɹɳɟɟ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɭɫɬɨɣɱɢɜɨɣ ɤɚɪɬɢɧɵ ɱɟɪɟɞɭɸɳɢɯ-

ɫɹ ɦɢɧɢɦɭɦɨɜ ɢ ɦɚɤɫɢɦɭɦɨɜ ɚɦɩɥɢɬɭɞ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɤɨɥɟɛɚɧɢɹ. 

Ɉɩɬɢɱɟɫɤɚɹ ɪɚɡɧɨɫɬɶ ɯɨɞɚ ɜɨɥɧ: 
1 1 2 2n l n lδ = ⋅ − ⋅ , ɝɞɟ ɩ1 ɢ ɩ2 – ɚɛɫɨɥɸɬɧɵɟ 

ɩɨɤɚɡɚɬɟɥɢ ɩɪɟɥɨɦɥɟɧɢɹ ɞɜɭɯ ɫɪɟɞ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɚɛɥɢɱɧɵɟ ɜɟɥɢɱɢɧɵ; l1 ɢ 

l2 – ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɥɭɱɟɣ ɞɨ ɬɨɱɤɢ ɧɚɛɥɸɞɟɧɢɹ (ɦ). 

Ɋɚɡɧɨɫɬɶ 1 2l l−  ɧɚɡɵɜɚɸɬ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɪɚɡɧɨɫɬɶɸ ɯɨɞɚ. 
ɍɫɥɨɜɢɟ ɦɚɤɫɢɦɭɦɚ ɨɫɜɟɳɟɧɧɨɫɬɢ ɩɪɢ ɢɧɬɟɪɮɟɪɟɧɰɢɢ: 

2
k

λ
δ = ⋅ , 

1 2 kϕ − ϕ = ⋅ π ,  ɝɞɟ k = 2m – ɱɟɬɧɨɟ ɱɢɫɥɨ; 

ɭɫɥɨɜɢɟ ɦɢɧɢɦɭɦɚ ɨɫɜɟɳɟɧɧɨɫɬɢ ɩɪɢ ɢɧɬɟɪɮɟɪɟɧɰɢɢ: 

2
k

λ
δ = ⋅ , 

1 2 kϕ − ϕ = ⋅ π , ɝɞɟ k = 2m + 1 – ɧɟɱɟɬɧɨɟ ɱɢɫɥɨ, 

λ – ɞɥɢɧɚ ɜɨɥɧɵ (ɦ); ɬ – ɧɟɤɨɬɨɪɨɟ ɰɟɥɨɟ ɱɢɫɥɨ ( )0, 1, 2,m = ± ± … . 

Ⱦɢɮɪɚɤɰɢɹ ɫɜɟɬɚ — ɹɜɥɟɧɢɟ ɨɝɢɛɚɧɢɹ ɜɨɥɧɚɦɢ ɩɪɟɩɹɬɫɬɜɢɣ ɢ ɩɪɨɧɢɤɧɨ-

ɜɟɧɢɟ ɢɯ ɜ «ɨɛɥɚɫɬɶ ɬɟɧɢ». Ⱦɥɹ ɩɪɨɹɜɥɟɧɢɹ ɞɢɮɪɚɤɰɢɢ ɪɚɡɦɟɪɵ ɩɪɟɩɹɬɫɬɜɢɣ 

(ɨɬɜɟɪɫɬɢɣ) ɞɨɥɠɧɵ ɛɵɬɶ ɦɟɧɶɲɟ ɢɥɢ ɫɪɚɜɧɢɦɵ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ.  

Ⱦɢɮɪɚɤɰɢɨɧɧɚɹ ɪɟɲёɬɤɚ — ɨɩɬɢɱɟɫɤɢɣ ɩɪɢɛɨɪ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ 
ɨɱɟɧɶ ɬɨɱɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɞɥɢɧ ɜɨɥɧ ɢ ɪɚɡɥɨɠɟɧɢɹ ɫɜɟɬɚ ɜ ɫɩɟɤɬɪ. 
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Ɏɨɪɦɭɥɚ ɬɨɧɤɨɣ ɥɢɧɡɵ: ±

ɡɵ, f – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɢɡɨɛɪɚɠ
ɥɢɧɡɵ. 

ɫɨɛɢɪɚɸɳɚɹ ɥɢɧ
ɉɪɚɜɢɥɨ ɡɧɚɤɨɜ: ɜ ɫɥɭɱɚɟ 

ɢ ɢɡɨɛɪɚɠɟɧɢɹ ɜɟɥɢɱɢɧɵ F, d, 

ɜɚɸɳɟɣ ɥɢɧɡɵ, ɦɧɢɦɵɯ ɢɫɬɨɱ
ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ. 

• ɉɪɟɞɦɟɬ ɢɥɢ ɢɫɬɨɱɧɢɤ ɹɜ
ɫɯɨɞɹɳɢɣɫɹ ɩɭɱɨɤ ɫɜɟɬɚ. 

Ɉɩɬɢɱɟɫɤɚɹ ɫɢɥɚ ɥɢɧɡɵ – 

ɡɵ: 
1

D
F

= . Ɉɛɨɡɧɚɱɚɟɬɫɹ ɛɭɤɜ

Ⱦɥɹ ɫɢɫɬɟɦɵ ɬɨɧɤɢɯ ɥɢɧɡ
ɫɢɫɬɟɦɵ ɜɩɥɨɬɧɭɸ ɫɥɨɠɟɧɧɵɯ
ɫɢɥɵ ɬɨɧɤɢɯ ɥɢɧɡ ɫɢɫɬɟɦɵ. 

ɉɨɩɟɪɟɱɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɥɢ

ɛɪɚɠɟɧɢɹ; h – ɥɢɧɟɣɧɵɣ ɪɚɡɦ
ɥɢɧɡɵ; d –ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɪɟɞɦ

Ʉ ɨɩɬɢɱɟɫɤɢɦ ɩɪɢɛɨɪɚɦ ɨ
Ʌɭɩɚ – ɤɨɪɨɬɤɨɮɨɤɭɫɧɚɹ ɫ

ɝɥɚɡɨɦ ɢ ɩɪɟɞɦɟɬɨɦ. Ɇɧɢɦɨɟ 
ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɧɚɢɥɭɱɲɟɝɨ ɡɪ
ɤɨɧɟɱɧɨɫɬɢ). 

Ɇɭɥɶɬɢɦɟɞɢɣɧɵɣ ɩɪɨɟɤɬ
ɝɨ ɧɚ ɷɤɪɚɧɟ ɩɨɥɭɱɚɸɬ ɞɟɣɫɬ
ɢɡɨɛɪɚɠɟɧɢɟ, ɫɧɹɬɨɟ ɫ ɢɫɬɨɱɧɢ

Ɏɨɬɨɚɩɩɚɪɚɬ – ɩɪɢɛɨɪ,

ɢɧɡɵ 

F 

 

ɞɥɹ  ɪɚɫɫɟɢɜɚɸɳɟɣ  ɥ
 

 

 

 

 

 

O 
F 

1 1 1

F d f
± = ± ± , ɝɞɟ F – ɮɨɤɭɫɧɨɟ ɪɚɫ

ɠɟɧɢɹ ɞɨ ɥɢɧɡɵ; d –ɪɚɫɫɬɨɹɧɢɟ ɨɬ 

ɧɡɚ                    ɪɚɫɫɟɢɜɚɸɳɚɹ ɥɢɧɡɚ
ɫɨɛɢɪɚɸɳɟɣ ɥɢɧɡɵ, ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ
f ɫɱɢɬɚɸɬ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ; ɜ ɫɥɭɱɚ

ɱɧɢɤɚ ɢ ɢɡɨɛɪɚɠɟɧɢɹ ɜɟɥɢɱɢɧɵ F, d, f

ɜɥɹɸɬɫɹ ɦɧɢɦɵɦ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ɧɚ 

ɜɟɥɢɱɢɧɚ, ɨɛɪɚɬɧɚɹ ɮɨɤɭɫɧɨɦɭ ɪɚɫɫ

ɜɨɣ D, ɢɡɦɟɪɹɟɬɫɹ ɜ ɞɢɨɩɬɪɢɹɯ (ɞɩɬɪ

ɡ: 
0 1 2 ND D D D= + + +… , ɝɞɟ D0 – ɨɩɬ

ɯ N ɬɨɧɤɢɯ ɥɢɧɡ; D1, D2, D3, …, DN 

ɢɧɡɵ: 
'h fȽ

h d
= = , ɝɞɟ h '– ɥɢɧɟɣɧɵɣ

ɦɟɪ ɩɪɟɞɦɟɬɚ , f – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɢɡɨ
ɦɟɬɚ ɞɨ ɥɢɧɡɵ. 

ɨɬɧɨɫɹɬɫɹ: ɥɭɩɚ, ɩɪɨɟɤɬɨɪ, ɮɨɬɨɚɩɩɚ
ɫɨɛɢɪɚɸɳɚɹ ɥɢɧɡɚ, ɤɨɬɨɪɚɹ ɪɚɫɩɨɥɚ
ɭɜɟɥɢɱɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɟɞɦɟɬ
ɟɧɢɹ – 25ɫɦ ɞɥɹ ɧɨɪɦɚɥɶɧɨɝɨ ɝɥɚɡɚ

ɬɨɪ – ɨɩɬɢɱɟɫɤɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɫ ɩɨɦɨ
ɬɜɢɬɟɥɶɧɨɟ  (ɩɪɹɦɨɟ ɢɥɢ ɨɛɪɚɬɧɨɟ) 
ɢɤɚ ɜɢɞɟɨɫɢɝɧɚɥɚ (ɤɨɦɩɶɸɬɟɪɚ, ɬɟɥɟ
, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɥɢɧɡɵ  

 

ɫɫɬɨɹɧɢɟ ɥɢɧ-

ɩɪɟɞɦɟɬɚ ɞɨ 

 

ɯ ɢɫɬɨɱɧɢɤɚ 
ɚɟ ɪɚɫɫɟɢ-

f ɫɱɢɬɚɸɬ 

ɥɢɧɡɭ ɩɚɞɚɟɬ 

ɫɬɨɹɧɢɸ ɥɢɧ-

ɪ). 

ɬɢɱɟɫɤɚɹ ɫɢɥɚ 
– ɨɩɬɢɱɟɫɤɢɟ 

ɣ ɪɚɡɦɟɪ ɢɡɨ-

ɨɛɪɚɠɟɧɢɹ ɞɨ 

ɚɪɚɬ. 
ɚɝɚɟɬɫɹ ɦɟɠɞɭ 

ɬɚ ɩɨɥɭɱɚɟɬɫɹ 

ɚ (ɢɥɢ ɧɚ ɛɟɫ-

ɨɳɶɸ ɤɨɬɨɪɨ-

ɭɜɟɥɢɱɟɧɧɨɟ 
ɜɢɡɨɪɚ). 
ɞɟɣɫɬɜɢɬɟɥɶ-

Ʉɪɚɬɤɢɣ ɫɩɪɚɜɨɱɧɢɤ ɩɨ ɮɢɡɢɤɟ     17 

 

ɋɢɥɚ ɬɨɤɚ ɜ ɩɪɨɜɨɞɧɢɤɟ ɪɚɜɧɚ ɞI q n S υ= ⋅ ⋅ ⋅ , ɝɞɟ q – ɡɚɪɹɞ ɨɞɧɨɣ ɫɜɨ-

ɛɨɞɧɨɣ ɱɚɫɬɢɰɵ (ɞɥɹ ɦɟɬɚɥɥɨɜ q = ɟ ≈ 1,6⋅10
–19

 Ʉɥ), n – ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɜɨɛɨɞ-

ɧɵɯ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ (ɦ–3
), S – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɧɢɤɚ 

(ɦ2
), ɞυ  – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ (ɫɤɨɪɨɫɬɶ ɞɪɟɣɮɚ) 

ɫɜɨɛɨɞɧɵɯ ɡɚɪɹɞɨɜ (ɦ/ɫ). 
Эɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ – ɜɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 

ɩɪɨɜɨɞɧɢɤɚ ɩɪɨɬɢɜɨɞɟɣɫɬɜɨɜɚɬɶ ɩɪɨɯɨɠɞɟɧɢɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ. Ɉɧɚ ɪɚɜɧɚ 
ɨɬɧɨɲɟɧɢɸ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ (ϕ1 – ϕ2) ɦɟɠɞɭ ɤɨɧɰɚɦɢ ɞɚɧɧɨɝɨ ɩɪɨɜɨɞɧɢ-

ɤɚ ɤ ɫɢɥɟ ɬɨɤɚ I ɜ ɧɟɦ: 1 2R
I

ϕ − ϕ
= . Ɉɛɨɡɧɚɱɚɟɬɫɹ ɛɭɤɜɨɣ R, ɢɡɦɟɪɹɟɬɫɹ ɜ ɨɦɚɯ 

(Ɉɦ). ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ ɡɚɜɢɫɢɬ ɨɬ ɟɝɨ ɦɚɬɟɪɢɚɥɚ (ɜɟɳɟɫɬɜɚ), ɝɟɨ-

ɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɢ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɪɨɞɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɞɥɢɧɨɣ 

l ɩɨɫɬɨɹɧɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ S ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ l
R

S
= ρ ⋅ , ɝɞɟ 

ρ — ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ, ɬɚɛɥɢɱɧɚɹ ɜɟɥɢɱɢɧɚ. 
ɍɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ – ɫɤɚɥɹɪɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ, 

ɱɢɫɥɟɧɧɨ ɪɚɜɧɚɹ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɨɞɧɨɪɨɞɧɨɝɨ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɩɪɨɜɨɞɧɢɤɚ, 
ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɢɡ ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɢɦɟɸɳɟɝɨ ɟɞɢɧɢɱɧɭɸ ɞɥɢɧɭ ɢ ɟɞɢ-

ɧɢɱɧɭɸ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 
S

R
l

⎛ ⎞ρ = ⋅⎜ ⎟
⎝ ⎠

. Ɉɛɨɡɧɚɱɚɟɬɫɹ ɛɭɤɜɨɣ ρ, ɢɡ-

ɦɟɪɹɟɬɫɹ ɜ Ɉɦ·ɦ. 

• ȿɫɥɢ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɧɢɤɚ ɢɡɦɟɪɹɸɬ ɜ ɦɦ2
, ɬɨ ɦɨɠ-

ɧɨ — [ ]
2Ɉɦ ɦɦ

ɦ
⋅

ρ = . 

ɍɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɬɚɥɥɨɜ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɭɦɟɧɶ-
ɲɚɟɬɫɹ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɛɥɢɡɤɢɯ ɤ –273 ºC (ɚɛɫɨɥɸɬɧɵɣ ɧɭɥɶ) ɧɚɛɥɸɞɚɟɬɫɹ 
ɹɜɥɟɧɢɟ ɫɜɟɪɯɩɪɨɜɨɞɢɦɨɫɬɢ. Ɉɧɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɢ-

ɠɟ ɧɟɤɨɬɨɪɨɣ ɤɪɢɬɢɱɟɫɤɨɣ tk (ɧɚɡɵɜɚɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɟɪɟɯɨɞɚ ɜ ɫɜɟɪɯɩɪɨ-

ɜɨɞɹɳɟɟ ɫɨɫɬɨɹɧɢɟ), ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ ɫɤɚɱɤɨɦ ɩɚɞɚɟɬ ɞɨ 

ɧɭɥɹ. 

ȼɫɹɤɢɣ ɩɪɨɜɨɞɧɢɤ, ɨɛɥɚɞɚɸɳɢɣ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 

ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɪɟɡɢɫɬɨɪɨɦ. Ɋɟɨɫɬɚɬ — ɷɬɨ ɩɪɢɛɨɪ, ɪɚɛɨɱɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɢɡɦɟɧɹɬɶ ɡɚ ɫɱɟɬ ɞɥɢɧɵ ɜɤɥɸɱɚɟɦɨɝɨ ɜ ɰɟɩɶ ɩɪɨɜɨɞɧɢɤɚ. 

ɋɨɱɟɬɚɧɢɟ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ, ɧɚɝɪɭɡɤɢ ɢ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ ɧɚɡɵɜɚ-
ɸɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɶɸ. Ɉɛɵɱɧɨ ɜ ɰɟɩɢ ɢɫɩɨɥɶɡɭɸɬ ɟɳɟ ɢ ɜɵɤɥɸɱɚɬɟɥɶ 
(ɤɥɸɱ).  

Ɂɚɤɨɧ Ɉɦɚ ɞɥɹ ɨɞɧɨɪɨɞɧɨɝɨ ɭɱɚɫɬɤɚ ɰɟɩɢ. ɋɢɥɚ ɬɨɤɚ I ɧɚ ɨɞɧɨɪɨɞɧɨɦ 

ɭɱɚɫɬɤɟ ɰɟɩɢ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɧɚɩɪɹɠɟɧɢɸ U ɧɚ ɤɨɧɰɚ ɷɬɨɝɨ ɭɱɚɫɬɤɚ ɢ 

ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ R: 
U

I
R

= . 
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2. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɢ ɩɚɪɚɥɥɟɥɶɧɨɟ ɫɨɟɞɢɧɟ-
ɧɢɟ ɩɪɨɜɨɞɧɢɤɨɜ. 

Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟ-
ɧɢɹ ɪɟɡɢɫɬɨɪɨɜ: 

• I = I1 = I2 = … = IN; U = U1 + U2 +… + UN; 

1 2 NR R R R= + + +… ; 

• ɟɫɥɢ R1 = R2 =… = RN, ɬɨ R = N·R1, 

U = N·U1. 

Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 
ɪɟɡɢɫɬɨɪɨɜ: 

• I = I1 + I2 +… + IN; U = U1 = U2 =… = UN; 

1 2

1 1 1 1
...

NR R R R
= + + + ; 

• ɟɫɥɢ R1 = R2 =… = RN, ɬɨ 
N

R
R 1= , I = N·I1. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɜ ɩɪɨɜɨɞɧɢɤɟ R1 ɫɢɥɵ ɬɨɤɚ 
ɩɪɢɦɟɧɹɸɬ ɚɦɩɟɪɦɟɬɪ, ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɸɬ ɩɨ-

ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫ ɷɬɢɦ ɩɪɨɜɨɞɧɢɤɨɦ (ɪɢɫ. ɚ). ɉɨɫɤɨɥɶɤɭ ɜɤɥɸɱɟɧɢɟ ɚɦɩɟɪɦɟɬɪɚ 
ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɰɟɩɶ ɧɟ ɞɨɥɠɧɨ ɫɢɥɶɧɨ ɢɡɦɟɧɹɬɶ ɫɢɥɭ ɬɨɤɚ ɜ ɧɟɣ, ɬɨ ɫɨɩɪɨ-

ɬɢɜɥɟɧɢɟ ɚɦɩɟɪɦɟɬɪɚ ɞɨɥɠɧɨ ɛɵɬɶ ɤɚɤ ɦɨɠɧɨ ɦɟɧɶɲɟ. ɍ ɢɞɟɚɥɶɧɵɯ ɚɦɩɟɪ-

ɦɟɬɪɨɜ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɜɧɨ ɧɭɥɸ. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɧɚ ɩɪɨɜɨɞɧɢɤɟ R1 ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɦɟɧɹɸɬ ɜɨɥɶɬɦɟɬɪ, ɤɨ-

ɬɨɪɵɣ ɜɤɥɸɱɚɸɬ ɩɚɪɚɥɥɟɥɶɧɨ ɷɬɨɦɭ ɩɪɨɜɨɞɧɢɤɭ (ɪɢɫ. ɛ). ɑɬɨɛɵ ɩɨɞɤɥɸɱɟɧɢɟ 
ɜɨɥɶɬɦɟɬɪɚ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɢɡɦɟɧɹɥɨ ɫɢɥɭ ɬɨɤɚ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ 

ɧɚ ɭɱɚɫɬɤɟ ɰɟɩɢ, ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɤɚɤ ɦɨɠɧɨ ɛɨɥɶɲɢɦ. 
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• ɉɪɢ ɜɤɥɸɱɟɧɢɢ ɷɬɢɯ ɩɪɢɛɨɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ ɩɨɥɹɪɧɨɫɬɶ. 
 

3. Ɋɚɛɨɬɚ ɢ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ. Ɂɚɤɨɧ Ⱦɠɨɭɥɹ-Ʌɟɧɰɚ. 

Эɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ. Ɂɚɤɨɧ Ɉɦɚ ɞɥɹ ɩɨɥɧɨɣ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɣ ɰɟɩɢ. Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ. 

Ɋɚɛɨɬɚ ɬɨɤɚ ɧɚ ɭɱɚɫɬɤɟ ɰɟɩɢ ɪɚɜɧɚ ɩɪɨɢɡɜɟɞɟɧɢɸ ɫɢɥɵ ɬɨɤɚ I, ɧɚɩɪɹɠɟ-
ɧɢɹ U ɧɚ ɷɬɨɦ ɭɱɚɫɬɤɟ ɢ ɜɪɟɦɟɧɢ Δt, ɜ ɬɟɱɟɧɢɢ ɤɨɬɨɪɨɝɨ ɬɨɤ ɩɪɨɯɨɞɢɥ ɩɨ ɩɪɨ-

ɜɨɞɧɢɤɭ: A U I t= ⋅ ⋅ Δ . 

• ɋ ɭɱɟɬɨɦ ɡɚɤɨɧɚ Ɉɦɚ ɞɥɹ ɭɱɚɫɬɤɚ ɰɟɩɢ 
U

I
R

= , ɪɚɛɨɬɚ ɬɨɤɚ: 
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3. Ʌɢɧɡɵ. Ɏɨɤɭɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɢ ɨɩɬɢɱɟɫɤɚɹ ɫɢɥɚ ɬɨɧɤɨɣ ɥɢɧɡɵ. ɉɨ-

ɫɬɪɨɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɬɨɧɤɢɯ ɥɢɧɡɚɯ. Ɏɨɪɦɭɥɚ ɬɨɧɤɨɣ ɥɢɧɡɵ. Ɉɩɬɢɱɟɫɤɢɟ 
ɩɪɢɛɨɪɵ. 

Ʌɢɧɡɚ – ɩɪɨɡɪɚɱɧɨɟ ɬɟɥɨ, ɨɝɪɚɧɢɱɟɧɧɨɟ ɫ ɞɜɭɯ ɫɬɨɪɨɧ ɤɪɢɜɨɥɢɧɟɣɧɵɦɢ 

(ɱɚɳɟ ɜɫɟɝɨ ɫɮɟɪɢɱɟɫɤɢɦɢ) ɩɨɜɟɪɯɧɨɫɬɹɦɢ. 

Ƚɥɚɜɧɵɣ ɮɨɤɭɫ F ɥɢɧɡɵ – ɬɨɱɤɚ, ɜ ɤɨɬɨɪɭɸ ɫɨɛɢɪɚɟɬɫɹ ɩɚɪɚɤɫɢɚɥɶɧɵɣ ɩɭ-

ɱɨɤ ɫɜɟɬɚ ɩɨɫɥɟ ɩɪɟɥɨɦɥɟɧɢɹ ɜ ɥɢɧɡɟ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɣɫɹ ɩɚɪɚɥɥɟɥɶɧɨ ɝɥɚɜ-

ɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɨɩɬɢɱɟɫɤɨɝɨ ɰɟɧɬɪɚ ɥɢɧɡɵ ɞɨ ɟɝɨ ɝɥɚɜɧɨɝɨ 

ɮɨɤɭɫɚ ɧɚɡɵɜɚɟɬɫɹ ɮɨɤɭɫɧɵɦ ɪɚɫɫɬɨɹɧɢɟɦ ɥɢɧɡɵ. 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɬɨɱɟɤ ɜɵɛɢɪɚɸɬ ɥɸɛɵɟ ɞɜɚ ɢɡ ɬɪɟɯ ɫɬɚɧ-

ɞɚɪɬɧɵɯ ɥɭɱɟɣ. 

Ⱦɥɹ ɫɨɛɢɪɚɸɳɟɣ ɥɢɧɡɵ: 

1. ɥɭɱ, ɩɚɪɚɥɥɟɥɶɧɵɣ ɝɥɚɜɧɨɣ ɨɩɬɢ-

ɱɟɫɤɨɣ ɨɫɢ, ɩɨɫɥɟ ɩɪɟɥɨɦɥɟɧɢɹ ɩɪɨ-

ɯɨɞɢɬ ɱɟɪɟɡ ɝɥɚɜɧɵɣ ɮɨɤɭɫ; 
2. ɥɭɱ, ɫɨɜɩɚɞɚɸɳɢɣ ɫ ɩɨɛɨɱɧɨɣ 

ɨɩɬɢɱɟɫɤɨɣ ɨɫɶɸ, ɩɪɨɯɨɞɢɬ ɛɟɡ ɩɪɟ-
ɥɨɦɥɟɧɢɹ ɱɟɪɟɡ ɰɟɧɬɪ ɥɢɧɡɵ; 

3. ɥɭɱ, ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɝɥɚɜɧɵɣ 

ɮɨɤɭɫ ɩɟɪɟɞ ɥɢɧɡɨɣ, ɩɨɫɥɟ ɩɪɟɥɨɦɥɟ-
ɧɢɹ ɢɞɟɬ ɩɚɪɚɥɥɟɥɶɧɨ ɝɥɚɜɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ. 

Ⱦɥɹ ɪɚɫɫɟɢɜɚɸɳɟɣ ɥɢɧɡɵ: 

1. ɥɭɱ, ɩɚɪɚɥɥɟɥɶɧɵɣ ɝɥɚɜɧɨɣ ɨɩɬɢɱɟ-
ɫɤɨɣ ɨɫɢ, ɩɨɫɥɟ ɩɪɟɥɨɦɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧ 

ɬɚɤ, ɱɬɨ ɟɝɨ ɩɪɨɞɨɥɠɟɧɢɟ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ 
ɝɥɚɜɧɵɣ ɮɨɤɭɫ ɩɟɪɟɞ ɥɢɧɡɨɣ; 

2. ɥɭɱ, ɫɨɜɩɚɞɚɸɳɢɣ ɫ ɩɨɛɨɱɧɨɣ ɨɩɬɢ-

ɱɟɫɤɨɣ ɨɫɶɸ, ɩɪɨɯɨɞɢɬ ɛɟɡ ɩɪɟɥɨɦɥɟɧɢɹ 
ɱɟɪɟɡ ɰɟɧɬɪ ɥɢɧɡɵ; 

3. ɥɭɱ, ɧɚɩɪɚɜɥɟɧɧɵɣ ɧɚ ɝɥɚɜɧɵɣ ɮɨɤɭɫ 
ɡɚ ɥɢɧɡɨɣ, ɩɨɫɥɟ ɩɪɟɥɨɦɥɟɧɢɹ ɢɞɟɬ ɩɚɪɚɥɥɟɥɶɧɨ ɝɥɚɜɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ. 

ȼɢɞɵ ɢɡɨɛɪɚɠɟɧɢɹ: 1) ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ (ɟɫɥɢ ɨɧɨ ɨɛɪɚɡɨɜɚɧɨ ɫɚɦɢɦɢ ɥɭ-

ɱɚɦɢ) ɢɥɢ ɦɧɢɦɨɟ (ɟɫɥɢ ɨɧɨ ɨɛɪɚɡɨɜɚɧɨ ɧɟ ɫɚɦɢɦɢ ɥɭɱɚɦɢ, ɚ ɢɯ ɩɪɨɞɨɥɠɟ-
ɧɢɹɦɢ); 2) ɩɪɹɦɨɟ ɢɥɢ ɩɟɪɟɜɟɪɧɭɬɨɟ; 3) ɭɜɟɥɢɱɟɧɧɨɟ ɢɥɢ ɭɦɟɧɶɲɟɧɧɨɟ. 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɥɟɞɭɸɳɢɦ ɫɜɨɣɫɬɜɨɦ: 

ɜɫɟ ɥɭɱɢ ɫɜɟɬɚ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɩɚɪɚɥɥɟɥɶɧɨ ɩɨɛɨɱɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ, ɩɨ-

ɫɥɟ ɩɪɟɥɨɦɥɟɧɢɹ ɫɨɛɢɪɚɸɬɫɹ ɜ ɩɨɛɨɱɧɨɦ ɮɨɤɭɫɟ. 
• ȼɫɟ ɩɨɛɨɱɧɵɟ ɮɨɤɭɫɵ ɥɟɠɚɬ ɧɚ ɮɨɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɩɪɨɯɨɞɹɳɟɣ ɩɟɪ-

ɩɟɧɞɢɤɭɥɹɪɧɨ ɝɥɚɜɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ. 

• ȼ ɫɨɛɢɪɚɸɳɟɣ ɥɢɧɡɟ ɩɟɪɟɫɟɤɚɸɬɫɹ ɜ ɮɨɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɪɟɥɨɦɥɟɧɧɵɟ 
ɥɭɱɢ (ɩɨɷɬɨɦɭ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɮɨɤɚɥɶɧɭɸ ɩɥɨɫɤɨɫɬɶ, ɥɟɠɚɳɭɸ ɡɚ ɥɢɧɡɨɣ). 

• ȼ ɪɚɫɫɟɢɜɚɸɳɟɣ ɥɢɧɡɟ ɩɟɪɟɫɟɤɚɸɬɫɹ ɜ ɮɨɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɪɨɞɨɥɠɟ-
ɧɢɹ ɩɪɟɥɨɦɥɟɧɧɵɯ ɥɭɱɟɣ (ɮɨɤɚɥɶɧɚɹ ɩɥɨɫɤɨɫɬɶ, ɥɟɠɚɳɟɣ ɩɟɪɟɞ ɥɢɧɡɨɣ). 

ɞɥɹ ɫɨɛɢɪɚɸɳɟɣ ɥɢɧɡɵ 
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ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɱɟɪɟɡ ɝɪɚɧɢɰ
Ɂɚɤɨɧ ɩɪɟɥɨɦɥɟɧɢɹ ɫɜɟɬɨɜ

• ɨɬɧɨɲɟɧɢɟ ɫɢɧɭɫɚ ɭɝɥɚ ɩ
ɧɭɫɭ ɭɝɥɚ ɩɪɟɥɨɦɥɟɧɢɹ γ  ɟɫɬ

ɫɬɨɹɧɧɚɹ ɞɥɹ ɞɚɧɧɵɯ ɞɜɭɯ ɫ

ɝɞɟ ɩ1 ɢ ɩ2 – ɚɛɫɨɥɸɬɧɵɟ ɩɨɤɚ
ɥɟɧɢɹ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɫɪɟɞ 

ɬɚɛɥɢɱɧɵɟ ɜɟɥɢɱɢɧɵ. 

• ɩɚɞɚɸɳɢɣ ɢ ɩɪɟɥɨɦɥёɧɧɵ
ɥɹɪɨɦ, ɩɪɨɜɟɞёɧɧɵɦ ɜ ɬɨɱɤɟ ɩ
ɫɪɟɞ. 

ɉɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ 

ɞɚɧɧɨɣ ɫɪɟɞɟ (ɦ/ɫ); c – ɫɤɨɪɨɫɬ
• ɋɥɨɜɨɫɨɱɟɬɚɧɢɟ «ɚɛɫɨɥɸ
ɦɟɧɹɸɬ «ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟ

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɩɨɤɚɡɚɬ

ɜɬɨɪɨɣ 1
1/ 2

2

n
n

n
= , 2

1/ 2

1

n
υ

=
υ

, ɩ1 

ɜɨɣ ɢ ɜɬɨɪɨɣ ɫɪɟɞ ɫɨɨɬɜɟɬɫɬɜ
ɫɜɟɬɚ ɜ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɫɪɟɞɚɯ
• ȿɫɥɢ ɜ ɡɚɞɚɱɟ ɭɩɨɦɢɧɚɟɬ
ɹɜɥɹɟɬɫɹ ɜɨɡɞɭɯ. 
• ɉɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ 

ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 1,0. 

ɉɪɢ ɩɟɪɟɯɨɞɟ ɫɜɟɬɚ ɢɡ ɨɩ
ɩɥɨɬɧɭɸ ɫɪɟɞɭ ɦɨɠɧɨ ɧɚɛɥɸɞ
ɞɚɬɶ ɜɨ ɜɬɨɪɭɸ ɫɪɟɞɭ. ɍɝɨɥ, ɩ
ɜɚɟɬɫɹ ɩɪɟɞɟɥɶɧɵɦ ɭɝɥɨɦ ɩ

(α0): 
2

0

1

sin
ɩ
ɩ

α = , ɩ1 ɢ ɩ2 – ɚɛɫɨ

ɥɢ ɩɪɟɥɨɦɥɟɧɢɹ ɩɟɪɜɨɣ ɢ ɜɬɨ
ɫɬɜɟɧɧɨ, ɬɚɛɥɢɱɧɵɟ ɜɟɥɢɱɢɧɵ

ɉɪɢɡɦɚ. ɏɨɞ ɥɭɱɟɣ ɜ ɩɪɢɡɦ
ȿɫɥɢ ɩɪɢɡɦɚ ɢɡɝɨɬɨɜɥɟɧ

ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɛɨɥɶɲ
ɳɚɹ ɫɪɟɞɚ, ɬɨ ɬɚɤɚɹ ɩɪɢɡɦɚ ɩɪɟ

Ƚɪɚɧɢ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɩɪɨ
ɦɢ; ɢɯ ɪɟɛɪɨ – ɩɪɟɥɨɦɥɹɸɳɢɦ
ɭɝɥɨɦ ɩɪɢɡɦɵ. ɍɝɨɥ φ ɦɟɠɞɭ 

ɧɚɡɵɜɚɟɬɫɹ ɭɝɥɨɦ ɨɬɤɥɨɧɟɧɢɹ:

ɰɭ ɪɚɡɞɟɥɚ ɞɜɭɯ ɫɪɟɞ. 

ɜɵɯ ɥɭɱɟɣ: 

ɩɚɞɟɧɢɹ α ɤ ɫɢ-

ɬɶ ɜɟɥɢɱɢɧɚ ɩɨ-

ɪɟɞ: 2

1

sin

sin

n

n

α
=

γ
, 

ɚɡɚɬɟɥɢ ɩɪɟɥɨɦ-

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɵɟ ɥɭɱɢ ɥɟɠɚɬ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫ
ɩɚɞɟɧɢɹ ɥɭɱɚ ɤ ɩɥɨɫɤɨɫɬɢ ɝɪɚɧɢɰɵ 

ɫɪɟɞɵ ɪɚɜɟɧ: 
ɫ

n =
υ

, ɝɞɟ υ – ɫɤɨɪ

ɬɶ ɫɜɟɬɚ ɜ ɜɚɤɭɭɦɟ 

ɸɬɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɫɪɟɞ
ɧɢɹ ɫɪɟɞɵ» 

ɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɩɟɪɜɨɣ ɫɪɟɞɵ ɨ

ɢ ɩ2 – ɚɛɫɨɥɸɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɟɥ

ɜɟɧɧɨ, ɬɚɛɥɢɱɧɵɟ ɜɟɥɢɱɢɧɵ; υ1 ɢ υ
ɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɦ/ɫ). 
ɬɫɹ ɬɨɥɶɤɨ ɨɞɧɚ ɫɪɟɞɚ, ɬɨ ɞɪɭɝɨɣ, ɩɨ

ɜɨɡɞɭɯɚ, ɟɫɥɢ ɧɟɬ ɫɩɟɰɢɚɥɶɧɵɯ ɨɝɨɜ

ɩɬɢɱɟɫɤɢ ɛɨɥɟɟ ɩɥɨɬɧɨɣ ɫɪɟɞɵ ɜ ɨɩɬɢ
ɞɚɬɶ ɩɨɥɧɨɟ ɨɬɪɚɠɟɧɢɟ, ɬ.ɟ. ɫɜɟɬ ɧɟ
ɩɪɢ ɤɨɬɨɪɨɦ ɧɚɱɢɧɚɟɬɫɹ ɩɨɥɧɨɟ ɨɬɪɚ
ɨɥɧɨɝɨ ɨɬɪɚɠɟɧɢɹ 

ɨɥɸɬɧɵɟ ɩɨɤɚɡɚɬɟ-

ɨɪɨɣ ɫɪɟɞ ɫɨɨɬɜɟɬ-
. 

ɦɟ. 
ɧɚ ɢɡ ɦɚɬɟɪɢɚɥɚ ɫ 
ɲɟ, ɱɟɦ ɨɤɪɭɠɚɸ-

ɟɥɨɦɥɹɟɬ ɥɭɱɢ ɤ ɨɫɧɨɜɚɧɢɸ ɩɪɢɡɦɵ 

ɨɯɨɞɢɬ ɥɭɱ, ɧɚɡɵɜɚɸɬɫɹ ɩɪɟɥɨɦɥɹɸ
ɦ ɪɟɛɪɨɦ, ɚ ɭɝɨɥ θ ɦɟɠɞɭ ɧɢɦɢ – ɩɪ
ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɜɯɨɞɹɳɟɝɨ ɢ ɜɵɯɨɞ
 φ = i1+i2 – θ 

 

ɫ ɩɟɪɩɟɧɞɢɤɭ-

ɪɚɡɞɟɥɚ ɞɜɭɯ 

ɪɨɫɬɶ ɫɜɟɬɚ ɜ 

ɞɵ» ɱɚɫɬɨ ɡɚ-

ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɨɦɥɟɧɢɹ ɩɟɪ-

υ2 – ɫɤɨɪɨɫɬɢ 

ɨ ɭɦɨɥɱɚɧɢɸ, 

ɜɨɪɨɤ, ɦɨɠɧɨ 

ɢɱɟɫɤɢ ɦɟɧɟɟ 
ɟ ɛɭɞɟɬ ɩɨɩɚ-
ɚɠɟɧɢɟ, ɧɚɡɵ-

ɢ ɧɚɨɛɨɪɨɬ. 
ɸɳɢɦɢ ɝɪɚɧɹ-

ɟɥɨɦɥɹɸɳɢɦ 

ɞɹɳɟɝɨ ɥɭɱɟɣ 

Ʉɪɚɬɤɢɣ ɫɩɪɚɜɨɱɧɢɤ ɩɨ ɮɢɡɢɤɟ     19 

 

2A I R t= ⋅ ⋅ Δ  ɢɥɢ 
2U

A t
R

= ⋅ Δ , ɝɞɟ R — ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɭɱɚɫɬɤɚ (Ɉɦ). 

ɉɪɨɯɨɠɞɟɧɢɟ ɬɨɤɚ ɱɟɪɟɡ ɩɪɨɜɨɞɧɢɤ, ɨɛɥɚɞɚɸɳɢɣ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ, ɜɫɟɝɞɚ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɨɬɵ. ȿɫɥɢ ɧɚ ɭɱɚɫɬɤɟ ɰɟɩɢ ɧɟ ɫɨɜɟɪɲɚɟɬɫɹ 
ɦɟɯɚɧɢɱɟɫɤɚɹ ɪɚɛɨɬɚ ɢ ɬɨɤ ɧɟ ɩɪɨɢɡɜɨɞɢɬ ɯɢɦɢɱɟɫɤɨɝɨ ɢɥɢ ɢɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɬɨ 

A = Q, ɝɞɟ Q — ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɟ ɩɪɨɜɨɞɧɢɤɨɦ ɫ ɬɨɤɨɦ (Ⱦɠ). 

Ɂɚɤɨɧ Ⱦɠɨɭɥɹ-Ʌɟɧɰɚ. Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɟ ɩɪɨɜɨɞɧɢɤɨɦ ɫ 
ɬɨɤɨɦ, ɪɚɜɧɨ ɩɪɨɢɡɜɟɞɟɧɢɸ ɤɜɚɞɪɚɬɚ ɫɢɥɵ ɬɨɤɚ I, ɫɨɩɪɨɬɢɜɥɟɧɢɹ R ɢ ɜɪɟɦɟɧɢ 

Δt ɩɪɨɯɨɠɞɟɧɢɹ ɬɨɤɚ ɩɨ ɩɪɨɜɨɞɧɢɤɭ: 2Q I R t= ⋅ ⋅ Δ . 

Ɇɨɳɧɨɫɬɶ ɬɨɤɚ ɜ ɧɚɝɪɭɡɤɟ ɪɚɜɧɚ ɪɚɛɨɬɟ, ɤɨɬɨɪɚɹ ɫɨɜɟɪɲɚɟɬɫɹ ɬɨɤɨɦ ɡɚ 

ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ: 
A

P
t

=
Δ

, ɝɞɟ Δt — ɜɪɟɦɹ ɩɪɨɯɨɠɞɟɧɢɹ ɬɨɤɚ. Ɉɛɨɡɧɚɱɚɟɬɫɹ 

ɛɭɤɜɨɣ P, ɢɡɦɟɪɹɟɬɫɹ ɜ ɜɚɬɬɚɯ (ȼɬ). 

• Ɍɚɤ ɤɚɤ A U I t= ⋅ ⋅ Δ , ɚ U
I

R
= , ɬɨ ɦɨɳɧɨɫɬɶ ɬɨɤɚ ɦɨɠɧɨ ɬɚɤɠɟ ɧɚɣɬɢ, ɟɫɥɢ 

ɢɡɜɟɫɬɧɵ ɥɸɛɵɟ ɞɜɟ ɜɟɥɢɱɢɧɵ ɢɡ ɬɪɟɯ: , ,I U R : 

2,P U I P I R= ⋅ = ⋅  ɢɥɢ 
2U

P
R

= . 

ȼ ɢɫɬɨɱɧɢɤɟ ɬɨɤɚ ɫɥɟɞɭɟɬ ɧɟɩɪɟɪɵɜɧɨ ɪɚɡɞɟɥɹɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɡɚɪɹɞɵ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɡɧɚɤɨɜ, ɤɨɬɨɪɵɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ Ʉɭɥɨɧɚ ɫɬɪɟɦɹɬɫɹ ɫɨ-

ɟɞɢɧɢɬɶɫɹ. Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɵ ɫɢɥɵ ɢɧɨɣ ɩɪɢɪɨɞɵ 

ɋɬɨɪɨɧɧɢɟ ɫɢɥɵ – ɷɬɨ ɫɢɥɵ ɧɟɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ (ɨɬɥɢɱɧɵɟ ɨɬ 
ɤɭɥɨɧɨɜɫɤɢɯ), ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɫɜɨɛɨɞɧɵɟ ɡɚɪɹɞɵ. 

Эɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ (ЭȾɋ) – ɫɤɚɥɹɪɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ, ɱɢɫɥɟɧ-

ɧɨ ɪɚɜɧɚ ɪɚɛɨɬɟ ɫɬɨɪɨɧɧɢɯ ɫɢɥ Ⱥɫɬ ɩɨ ɩɟɪɟɦɟɳɟɧɢɸ ɟɞɢɧɢɱɧɨɝɨ ɩɨɥɨɠɢɬɟɥɶ-

ɧɨɝɨ (ɩɪɨɛɧɨɝɨ) ɡɚɪɹɞɚ ɩɨ ɡɚɦɤɧɭɬɨɣ ɰɟɩɢ: ɫɬA

q
=E , ɝɞɟ q — ɜɟɥɢɱɢɧɚ ɩɟɪɟ-

ɦɟɳɚɟɦɨɝɨ ɡɚɪɹɞɚ. Ɉɛɨɡɧɚɱɚɟɬɫɹ ɛɭɤɜɨɣ E  (ЭȾɋ), ɢɡɦɟɪɹɟɬɫɹ ɜ ɜɨɥɶɬɚɯ (ȼ). 
Ɂɚɤɨɧ Ɉɦɚ ɞɥɹ ɩɨɥɧɨɣ ɰɟɩɢ. ɋɢɥɚ ɬɨɤɚ I ɜ ɩɨɥɧɨɣ ɰɟɩɢ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨ-

ɧɚɥɶɧɚ ЭȾɋ E ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ ɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɩɨɥɧɨɦɭ ɫɨɩɪɨɬɢɜ-

ɥɟɧɢɸ ɰɟɩɢ R0: 
0

I
R R r

= =
+

E E
, ɝɞɟ R — ɜɧɟɲɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɩɢ; r — ɫɨ-

ɩɪɨɬɢɜɥɟɧɢɟ ɢɫɬɨɱɧɢɤɚ. 
Ɇɨɳɧɨɫɬɶ, ɜɵɞɟɥɹɟɦɚɹ ɧɚ ɜɧɟɲɧɟɦ ɭɱɚɫɬɤɟ ɰɟɩɢ, ɧɚɡɵɜɚɟɬɫɹ ɩɨɥɟɡɧɨɣ 

ɦɨɳɧɨɫɬɶɸ. Ɉɧɚ ɪɚɜɧɚ 2

ɩɨɥP I R= ⋅ . 

Ɇɨɳɧɨɫɬɶ, ɜɵɞɟɥɹɟɦɚɹ ɧɚ ɜɧɭɬɪɟɧɧɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɢɫɬɨɱɧɢɤɚ, ɧɚɡɵɜɚ-
ɟɬɫɹ ɬɟɪɹɟɦɨɣ ɦɨɳɧɨɫɬɶɸ. Ɉɧɚ ɪɚɜɧɚ 2

ɬɟɪP I r= ⋅ . 

ɉɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ ɪɚɜɧɚ Ɋ = Ɋɩɨɥ + Ɋɬɟɪ ɢɥɢ P I= ⋅E, . 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ (ɄɉȾ) ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɩɨɥɟɡɧɨɣ ɦɨɳɧɨɫɬɢ ɤ ɩɨɥɧɨɣ: ɩɨɥ 100% 100%
P R

P R r
η = ⋅ = ⋅

+
, ɝɞɟ 

R — ɜɧɟɲɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɩɢ; r — ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ. 
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4. Эɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɜ ɦɟɬɚɥɥɚɯ, ɷɥɟɤɬɪɨɥɢɬɚɯ, ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ, ɝɚɡɚɯ 
ɢ ɜɚɤɭɭɦɟ. 

Эɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɜ ɦɟɬɚɥɥɚɯ – ɧɚɩɪɚɜɥɟɧɢɟ (ɭɩɨɪɹɞɨɱɟɧɧɨɟ) ɞɜɢɠɟɧɢɟ 
ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ. 

Ƚɚɡɵ ɜ ɟɫɬɟɫɬɜɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɧɟ ɩɪɨɜɨɞɹɬ ɷɥɟɤɬɪɢɱɟɫɬɜɚ. ɉɪɨɜɨɞɧɢɤɚ-
ɦɢ ɦɨɝɭɬ ɛɵɬɶ ɬɨɥɶɤɨ ɢɨɧɢɡɢɪɨɜɚɧɧɵɟ ɝɚɡɵ, ɜ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɚɬɫɹ ɷɥɟɤɬɪɨɧɵ, 

ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɢɨɧɵ. ɂɨɧɢɡɚɰɢɹ – ɩɪɨɰɟɫɫ ɩɪɢɫɨɟɞɢɧɟɧɢɹ 
(ɡɚɯɜɚɬɚ) ɢɥɢ ɨɬɞɟɥɟɧɢɹ (ɨɬɪɵɜɚ) ɷɥɟɤɬɪɨɧɨɜ ɨɬ ɧɟɣɬɪɚɥɶɧɵɯ ɚɬɨɦɨɜ ɢ ɦɨɥɟ-
ɤɭɥ. əɜɥɟɧɢɟ ɩɪɨɯɨɠɞɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɱɟɪɟɡ ɝɚɡ ɧɚɡɵɜɚɟɬɫɹ ɝɚɡɨɜɵɦ 

ɪɚɡɪɹɞɨɦ. 

ɉɥɚɡɦɚ – ɚɝɪɟɝɚɬɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜɟɳɟɫɬɜɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟɫɹ ɜɵɫɨɤɨɣ 

ɫɬɟɩɟɧɶɸ ɢɨɧɢɡɚɰɢɢ ɟɝɨ ɱɚɫɬɢɰ, ɩɪɢɱɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɥɨɠɢɬɟɥɶɧɨ ɢ ɨɬɪɢ-

ɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɵ. 

ȼɚɤɭɭɦ – ɫɨɫɬɨɹɧɢɟ ɝɚɡɚ ɩɪɢ ɞɚɜɥɟɧɢɢ ɦɟɧɶɲɟ ɚɬɦɨɫɮɟɪɧɨɝɨ. ɉɨɫɤɨɥɶɤɭ ɜ 

ɜɚɤɭɭɦɟ ɧɟɬ ɫɜɨɛɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ, ɬɨ ɨɧ ɹɜɥɹɟɬɫɹ ɢɞɟɚɥɶɧɵɦ ɞɢɷɥɟɤ-

ɬɪɢɤɨɦ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜ ɜɚɤɭɭɦɟ ɦɨɝ ɩɪɨɯɨɞɢɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ, ɜ ɧɟɦ, 

ɩɪɢ ɩɨɦɨɳɢ ɬɟɪɦɨɷɥɟɤɬɪɨɧɧɨɣ ɷɦɢɫɫɢɢ, «ɫɨɡɞɚɸɬ» ɧɟɤɨɬɨɪɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ 

ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ. Ɍɟɪɦɨɷɥɟɤɬɪɨɧɧɨɣ ɷɦɢɫɫɢɟɣ ɧɚɡɵɜɚɟɬɫɹ ɢɫɩɭɫɤɚɧɢɟ 
ɷɥɟɤɬɪɨɧɨɜ ɜɟɳɟɫɬɜɚ ɩɪɢ ɟɝɨ ɧɚɝɪɟɜɚɧɢɢ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɠɢɞɤɨɫɬɶ ɩɪɨɜɨɞɢɥɚ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ, ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨ-

ɛɵ ɩɪɨɢɡɨɲɥɚ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɚɹ ɞɢɫɫɨɰɢɚɰɢɹ, ɬ.ɟ. ɪɚɫɩɚɞ ɦɨɥɟɤɭɥ ɜɟɳɟɫɬɜɚ 
ɧɚ ɢɨɧɵ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɟɝɨ ɜ ɠɢɞɤɨɫɬɢ. Ɋɚɫɬɜɨɪ ɩɪɢ ɷɬɨɦ ɧɚɡɵɜɚɸɬ ɷɥɟɤ-
ɬɪɨɥɢɬɨɦ. Эɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɜ ɠɢɞɤɨɫɬɢ ɧɚɡɵɜɚɟɬɫɹ ɧɚɩɪɚɜɥɟɧɧɨɟ ɞɜɢ-

ɠɟɧɢɟ ɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɪɢɥɨɠɟɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. ɉɪɨɯɨɠɞɟɧɢɟ 
ɬɨɤɚ ɱɟɪɟɡ ɷɥɟɤɬɪɨɥɢɬ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɯɢɦɢɱɟɫɤɢɦɢ ɪɟɚɤɰɢɹɦɢ ɧɚ ɷɥɟɤɬɪɨɞɚɯ, 

ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɵɞɟɥɟɧɢɸ ɧɚ ɧɢɯ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ 

ɷɥɟɤɬɪɨɥɢɬɚ. Эɬɨ ɹɜɥɟɧɢɟ ɩɨɥɭɱɢɥɨ ɧɚɡɜɚɧɢɟ ɷɥɟɤɬɪɨɥɢɡɚ. 

Эɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ – ɷɬɨ ɧɚɩɪɚɜɥɟɧɧɨɟ ɞɜɢɠɟɧɢɟ 
ɷɥɟɤɬɪɨɧɨɜ ɢɡ ɡɨɧɵ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɞɵɪɨɤ ɢɡ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ. Ɍɚɤɚɹ ɩɪɨɜɨɞɢ-

ɦɨɫɬɶ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɧɚɡɵɜɚɟɬɫɹ ɫɨɛɫɬɜɟɧɧɨɣ. Ⱦɨɛɚɜɤɚ ɫɩɟɰɢɚɥɶɧɵɯ ɩɪɢɦɟ-
ɫɟɣ ɫɨɡɞɚɟɬ ɩɪɨɜɨɞɢɦɨɫɬɶ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɢɥɢ ɞɵɪɨɱɧɨɝɨ ɬɢ-

ɩɚ. ɉɨɥɭɩɪɨɜɨɞɧɢɤɢ ɩɨɥɭɱɢɥɢ ɧɚɡɜɚɧɢɟ p-ɬɢɩɚ ɜ ɫɥɭɱɚɟ ɞɵɪɨɱɧɨɣ ɩɪɨɜɨɞɢɦɨ-

ɫɬɢ ɢ n-ɬɢɩɚ – ɜ ɫɥɭɱɚɟ ɷɥɟɤɬɪɨɧɧɨɣ. 

 

Мɚɝɧɢɬɧɨɟ ɩɨɥɟ. Эɥɟɤɬɪɨɦɚɝɧɢɬɧɚя ɢɧɞɭɤɰɢя 

1. ɉɨɫɬɨɹɧɧɵɟ ɦɚɝɧɢɬɵ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɚɝɧɢɬɨɜ. Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ. 
ɂɧɞɭɤɰɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. Ƚɪɚɮɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ. 

ɉɪɢɧɰɢɩ ɫɭɩɟɪɩɨɡɢɰɢɢ ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ. 

ɍɠɟ ɜ VI ɜ. Ⱦɨ ɧ. ɷ. ɛɵɥɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɪɭɞɵ ɨɛɥɚɞɚɸɬ ɫɩɨɫɨɛ-

ɧɨɫɬɶɸ ɩɪɢɬɹɝɢɜɚɬɶɫɹ ɞɪɭɝ ɤ ɞɪɭɝɭ ɢ ɩɪɢɬɹɝɢɜɚɬɶ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɠɟɥɟɡɧɵɟ 
ɩɪɟɞɦɟɬɵ. Ɉɧɢ ɩɨɥɭɱɢɥɢ ɧɚɡɜɚɧɢɹ ɦɚɝɧɢɬɨɜ (ɟɫɬɟɫɬɜɟɧɧɵɯ ɦɚɝɧɢɬɨɜ). Ɇɚɝɧɢ-

ɬɵ ɢɦɟɸɬ ɞɜɚ ɩɨɥɸɫɚ — ɫɟɜɟɪɧɵɣ ɢ ɸɠɧɵɣ. Ɉɞɧɨɢɦɟɧɧɵɟ ɦɚɝɧɢɬɧɵɟ ɩɨɥɸ-

ɫɵ ɨɬɬɚɥɤɢɜɚɸɬɫɹ, ɪɚɡɧɨɢɦɟɧɧɵɟ — ɩɪɢɬɹɝɢɜɚɸɬɫɹ. 
ȼɨɤɪɭɝ ɥɸɛɨɝɨ ɦɚɝɧɢɬɚ ɫɭɳɟɫɬɜɭɟɬ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ. Ⱦɟɣɫɬɜɢɟ ɨɞɧɨɝɨ 

 

ɬɨɱɧɢɤɚ. ɇɚɩɪɢɦɟɪ, λ
ɋɤɨɪɨɫɬɶ ɜɨɥɧ

, .
T

λ
υ = υ = λ ⋅ ν  

Эɥɟɤɬɪɨɦɚɝɧɢɬɧɨ
ɫɪɟɞɟ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦ
ɧɨɣ ɜɨɥɧɨɣ. Эɥɟɤɬɪɨɦ
• ɋɤɨɪɨɫɬɶ ɪɚɞɢɨɜ

ɞɪɭɝɨɣ ɫɪɟɞɟ c
υ =

ε
, 

ɫɪɟɞɟ (ɦ/ɫ); c – ɫɤɨɪɨɫ
ɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦ
ɫɬɨɹɧɧɚɹ; 

0μ – ɦɚɝɧɢɬɧ
ɋɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫ
 

Кɪɚɬɤɢɣ ɫɩɪɚɜɨ

1. ɂɫɬɨɱɧɢɤɢ ɫɜ
ɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧ
Ɂɟɪɤɚɥɚ. ɉɨɫɬɪɨɟɧɢɟ 

ɋɜɟɬɨɜɨɣ ɥɭɱ – 

ɩɪɨɫɬɪɚɧɹɟɬɫɹ ɫɜɟɬ. 
ȼɨɥɧɨɜɨɣ ɮɪɨɧɬ

ɬɨɱɟɤ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ
ɜɨɟ ɜɨɡɦɭɳɟɧɢɟ ɜ ɞɚɧ
– ɥɢɧɢɹ, ɩɟɪɩɟɧɞɢɤɭɥ

Ɂɚɤɨɧ ɩɪɹɦɨɥɢɧɟ
ɪɨɞɧɨɣ ɫɪɟɞɟ ɪɚɫɩɪɨɫ

Ɂɚɤɨɧɵ ɨɬɪɚɠɟɧ
• ɭɝɨɥ ɨɬɪɚɠɟɧɢɹ ɪ
• ɥɭɱ ɩɚɞɚɸɳɢɣ, ɥ
ɤɭɥɹɪ ɤ ɝɪɚɧɢɰɟ ɪɚɡɞ
ɧɵɣ ɜ ɬɨɱɤɟ ɩɚɞɟɧɢɹ 

ɫɬɢ. 

ɋɭɳɟɫɬɜɭɸɬ ɞɜɚ
ɢ ɪɚɫɫɟɹɧɧɨɟ.  

ɂɡɨɛɪɚɠɟɧɢɟ ɩɪɟ
ɪɚɡɦɟɪɚɦ ɪɚɜɧɵɦ ɩɪɟ
ɧɚ ɤɨɬɨɪɨɦ ɪɚɫɩɨɥɨɠɟ

 

2. Ɂɚɤɨɧ ɩɪɟɥɨɦɥ
ɧɢɟ. ɉɪɢɡɦɚ. ɏɨɞ ɥɭɱɟ

ɉɪɟɥɨɦɥɟɧɢɟ ɫɜɟɬ

Ʉɪɚɬɤɢɣ ɫɩɪɚɜɨɱɧɢɤ ɩɨ ɮɢɡɢɤɟ  

 = Ⱥȼ = ɋD = EF. 

ɵ (υ ) – ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧ

ɨɟ ɩɨɥɟ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɟɫɹ ɜ ɜɚɤɭ
ɦɟɧɢ ɫ ɤɨɧɟɱɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɧɚɡɵɜɚ
ɚɝɧɢɬɧɵɟ ɜɨɥɧɵ ɹɜɥɹɸɬɫɹ ɩɨɩɟɪɟɱɧɵ
ɜɨɥɧɵ ɜ ɜɚɤɭɭɦɟ (ɜɨɡɞɭɯɟ) ɩɪɢɦɟɪɧ

0 0

1
,c =

ε ⋅μ
 ɝɞɟ υ – ɫɤɨɪɨɫɬɶ ɷɥɟɤɬ

ɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ ɜ ɜɚɤɭ
ɦɨɫɬɶ ɫɪɟɞɵ, ɬɚɛɥɢɱɧɚɹ ɜɟɥɢɱɢɧɚ; ε
ɧɚɹ ɩɨɫɬɨɹɧɧɚɹ. 

ɫɬɪɚɧɟɧɢɹ ɜɨɥɧɵ ɜ ɜɚɤɭɭɦɟ ɹɜɥɹɟɬɫɹ

ɨɱɧɢɤ ɩɨ ɬɟɦɟ «Ɉɩɬɢɤɚ. ɋɌɈ» 

Ƚɟɨɦɟɬɪɢɱɟɫɤɚя ɨɩɬɢɤɚ 

ɜɟɬɚ. ɉɪɹɦɨɥɢɧɟɣɧɨɫɬɶ ɪɚɫɩɪɨɫɬɪ
ɧɢɹ ɫɜɟɬɚ. Ɉɬɪɚɠɟɧɢɟ ɫɜɟɬɚ. Ɂɚɤɨ
ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɩɥɨɫɤɨɦ ɡɟɪɤɚɥɟ. 
ɥɢɧɢɹ, ɜɞɨɥɶ ɤɨɬɨɪɨɣ ɪɚɫ-

ɬ — ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɦɟɫɬɨ 

, ɞɨ ɤɨɬɨɪɵɯ ɞɨɲɥɨ ɜɨɥɧɨ-

ɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. Ʌɭɱ 
ɥɹɪɧɚɹ ɜɨɥɧɨɜɨɦɭ ɮɪɨɧɬɭ. 

ɟɣɧɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɜɟɬɚ: ɫɜɟɬ
ɬɪɚɧɹɟɬɫɹ ɩɪɹɦɨɥɢɧɟɣɧɨ. 

ɧɢɹ ɫɜɟɬɚ: 

ɪɚɜɟɧ ɭɝɥɭ ɩɚɞɟɧɢɹ (β = α); 

ɥɭɱ ɨɬɪɚɠёɧɧɵɣ ɢ ɩɟɪɩɟɧɞɢ-

ɟɥɚ ɞɜɭɯ ɫɪɟɞ, ɜɨɫɫɬɚɧɨɜɥɟɧ-

ɥɭɱɚ, ɥɟɠɚɬ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨ-

 ɜɢɞɚ ɨɬɪɚɠɟɧɢɹ: ɡɟɪɤɚɥɶɧɨɟ 

ɟɞɦɟɬɚ ɜ ɩɥɨɫɤɨɦ ɡɟɪɤɚɥɟ ɹɜɥɹɟɬɫɹ 

ɟɞɦɟɬɭ ɢ ɧɚɯɨɞɢɬɫɹ ɧɚ ɬɚɤɨɦ ɠɟ ɪɚɫ
ɟɧ ɩɪɟɞɦɟɬ ɩɟɪɟɞ ɡɟɪɤɚɥɨɦ. 

ɥɟɧɢɹ ɫɜɟɬɚ. ɉɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧ
ɟɣ ɜ ɩɪɢɡɦɟ. 
ɬɚ – ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɫɩɪɨ

   29 

ɧɢɹ ɝɪɟɛɧɹ ɜɨɥɧɵ: 

ɭɭɦɟ ɢɥɢ ɜ ɤɚɤɨɣ-ɥɢɛɨ 

ɚɟɬɫɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬ-

ɵɦɢ. 

ɧɨ ɪɚɜɧɚ 3·10
8
 ɦ/ɫ. ȼ 

ɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ ɜ 

ɭɭɦɟ (ɦ/ɫ); ε – ɞɢɷɥɟɤ-

0ε – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɨ-

ɹ ɩɪɟɞɟɥɶɧɨɣ. 

ɪɚɧɟɧɢɹ ɫɜɟɬɚ. ɋɤɨ-

ɨɧ ɨɬɪɚɠɟɧɢɹ ɫɜɟɬɚ. 

ɬ ɜ ɩɪɨɡɪɚɱɧɨɣ ɨɞɧɨ-

ɦɧɢɦɵɦ, ɩɪɹɦɵɦ, ɩɨ 

ɫɫɬɨɹɧɢɢ ɡɚ ɡɟɪɤɚɥɨɦ, 

ɧɢɹ. ɉɨɥɧɨɟ ɨɬɪɚɠɟ-

ɨɫɬɪɚɧɟɧɢɹ ɥɭɱɚ ɫɜɟɬɚ 
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ɫɹ ɩɨ ɮɨɪɦɭɥɟ Ɍɨɦɫɨɧɚ: 2T L C= π ⋅ ⋅ , ɝɞɟ ɋ – ɷɥɟɤɬɪɨɟɦɤɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɚ 
(Ɏ); L – ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɤɚɬɭɲɤɢ (Ƚɧ). 

ɉɨɥɧɚɹ ɷɧɟɪɝɢɹ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɤɨɧɬɭɪɚ W ɪɚɜɧɚ 
ɷɥ max ɦɚɝ max ɷɥ ɦɚɝ ,W W W W W= = = +  

ɝɞɟ 
2

ɷɥ max
2

mC U
W

⋅
=  – ɦɚɤɫɢɦɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɤɨɥɟɛɚɬɟɥɶ-

ɧɨɝɨ ɤɨɧɬɭɪɚ; 
2

ɷɥ
2

C u
W

⋅
=  – ɷɧɟɪɝɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɤɨɧ-

ɬɭɪɚ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ; 
2

ɦɚɝ max
2

mL I
W

⋅
=  – ɦɚɤɫɢɦɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɦɚɝ-

ɧɢɬɧɨɝɨ ɩɨɥɹ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɤɨɧɬɭɪɚ; 
2

ɦɚɝ
2

L i
W

⋅
=  – ɷɧɟɪɝɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 

ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɤɨɧɬɭɪɚ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 

ɉɟɪɟɦɟɧɧɵɣ ɬɨɤ – ɷɬɨ ɬɨɤ, ɫɢɥɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɩɟɪɢɨɞɢɱɟɫɤɢ 

ɦɟɧɹɸɬɫɹ. 

ɉɟɪɟɦɟɧɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɵɧɭɠɞɟɧɧɵɟ ɷɥɟɤ-

ɬɪɨɦɚɝɧɢɬɧɵɟ ɤɨɥɟɛɚɧɢɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ. 

Ⱦɟɣɫɬɜɭɸɳɢɦ ɡɧɚɱɟɧɢɟɦ ɫɢɥɵ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ I ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɚɹ ɫɢɥɚ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɤɨɬɨɪɵɣ, ɩɪɨɯɨɞɹ ɩɨ ɰɟɩɢ, ɜɵɞɟɥɹɟɬ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɬɚ-

ɤɨɟ ɠɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɱɬɨ ɢ ɞɚɧɧɵɣ ɩɟɪɟɦɟɧɧɵɣ ɬɨɤ: 
2

mI
I = , 

2

mU
U = , 

ɝɞɟ Im – ɚɦɩɥɢɬɭɞɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɬɨɤɚ (Ⱥ); U – ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɧɚ-
ɩɪɹɠɟɧɢɹ (ȼ); Um – ɚɦɩɥɢɬɭɞɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ (ȼ). 

• Ⱥɦɩɟɪɦɟɬɪ ɩɨɤɚɡɵɜɚɟɬ ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɬɨɤɚ. 
• ȼɨɥɶɬɦɟɬɪ ɩɨɤɚɡɵɜɚɟɬ ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ. 

 

Мɟɯɚɧɢɱɟɫɤɢɟ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɜɨɥɧɵ 

1. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɤɨɥɟɛɚɧɢɣ ɜ ɭɩɪɭɝɨɣ ɫɪɟɞɟ. ɉɨɩɟɪɟɱɧɵɟ ɢ ɩɪɨɞɨɥɶɧɵɟ 
ɜɨɥɧɵ. ɋɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧɵ, ɱɚɫɬɨɬɚ ɢ ɞɥɢɧɚ ɜɨɥɧɵ, ɫɜɹɡɶ ɦɟɠ-

ɞɭ ɧɢɦɢ. Эɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɜɨɥɧɵ ɢ ɢɯ ɫɜɨɣɫɬɜɚ. ɋɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ. 

Ɇɟɯɚɧɢɱɟɫɤɨɣ ɜɨɥɧɨɣ – ɩɪɨɰɟɫɫ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɤɨɥɟɛɚɧɢɣ ɜ ɭɩɪɭɝɨɣ 

ɫɪɟɞɟ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɣɫɹ ɩɟɪɟɞɚɱɟɣ ɷɧɟɪɝɢɢ ɨɬ ɨɞɧɨɣ ɬɨɱɤɢ ɫɪɟɞɵ ɤ ɞɪɭɝɨɣ. 

ȼɨɥɧɚ ɧɚɡɵɜɚɟɬɫɹ ɩɪɨɞɨɥɶɧɨɣ, ɟɫɥɢ ɤɨɥɟɛɚɧɢɹ ɱɚɫɬɢɰ ɫɪɟɞɵ ɩɪɨɢɫɯɨɞɢɬ 
ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧ. 

ȼɨɥɧɚ ɧɚɡɵɜɚɟɬɫɹ ɩɨɩɟɪɟɱɧɨɣ, ɟɫɥɢ ɱɚɫɬɢɰɵ ɫɪɟɞɵ ɤɨɥɟɛɥɸɬɫɹ ɜ ɩɥɨɫɤɨ-

ɫɬɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɧɚɩɪɚɜɥɟɧɢɸ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧɵ. 

Ⱦɥɢɧɚ ɜɨɥɧɵ (λ) – ɷɬɨ ɧɚɢɦɟɧɶɲɟɟ 
ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɜɭɦɹ ɬɨɱɤɚɦɢ, ɤɨɥɟ-
ɛɚɧɢɹ ɜ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɹɬ ɜ ɨɞɢɧɚɤɨ-

ɜɨɣ ɮɚɡɟ, ɬ.ɟ. ɷɬɨ ɪɚɫɫɬɨɹɧɢɟ, ɧɚ ɤɨɬɨɪɨɟ 
ɜɨɥɧɚ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɡɚ ɩɪɨɦɟɠɭɬɨɤ 

ɜɪɟɦɟɧɢ, ɪɚɜɧɵɣ ɩɟɪɢɨɞɭ ɤɨɥɟɛɚɧɢɣ ɢɫ-
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ɦɚɝɧɢɬɚ ɧɚ ɞɪɭɝɨɣ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɞɧɨɝɨ 

ɦɚɝɧɢɬɚ ɫ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɞɪɭɝɨɝɨ. 

ɋɢɥɨɜɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ 
ɹɜɥɹɟɬɫɹ ɜɟɤɬɨɪ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ B

G
. Ɇɨɞɭɥɶ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ 

ɩɨɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɚɝɧɢɬɧɨɣ ɫɢɥɵ Fmax, ɞɟɣɫɬ-

ɜɭɸɳɟɣ ɧɚ ɩɪɨɜɨɞɧɢɤ ɫ ɬɨɤɨɦ ɟɞɢɧɢɱɧɨɣ ɞɥɢɧɵ, ɤ ɫɢɥɟ ɬɨɤɚ I: max
F

B
l I

=
⋅

, ɝɞɟ l 

— ɞɥɢɧɚ ɩɪɨɜɨɞɧɢɤɚ. Ɉɛɨɡɧɚɱɚɟɬɫɹ ɛɭɤɜɨɣ B, ɢɡɦɟɪɹɟɬɫɹ ɜ ɬɟɫɥɚɯ (Ɍɥ). 

ɂɧɞɭɤɰɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ: 
• ɛɟɫɤɨɧɟɱɧɨɝɨ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɫ ɬɨɤɨɦ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɩɨɥɹ 

0
ɩɪ

2

I
B

l

μ ⋅
=

π ⋅
, ɝɞɟ l — ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɪɨɜɨɞɧɢɤɚ ɞɨ ɞɚɧɧɨɣ ɬɨɱɤɢ; 

• ɜ ɰɟɧɬɪɟ ɤɪɭɝɨɜɨɝɨ ɬɨɤɚ (ɤɨɥɶɰɚ) 0
ɤɪ

2

I
B

r

μ ⋅
= , ɝɞɟ r — ɪɚɞɢɭɫ ɤɨɥɶɰɚ ɫ ɬɨ-

ɤɨɦ; 

• ɜɧɭɬɪɢ (ɫɟɪɟɞɢɧɟ) ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɤɚɬɭɲɤɢ (ɫɨɥɟɧɨɢɞɚ) 0
c

I N
B

l

μ ⋅ ⋅
= , 

ɝɞɟ N — ɱɢɫɥɨ ɜɢɬɤɨɜ ɤɚɬɭɲɤɢ; l — ɞɥɢɧɚ ɤɚɬɭɲɤɢ; μ0 — ɦɚɝɧɢɬɧɚɹ ɩɨɫɬɨɹɧ-

ɧɚɹ, ɪɚɜɧɚɹ 4π ·10
—7

 
Ⱥ
ɦɌɥ ⋅

; I — ɫɢɥɚ ɬɨɤɚ. 

Ⱦɥɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢɧɰɢɩ ɫɭɩɟɪɩɨɡɢɰɢɢ: ɟɫɥɢ ɦɚɝɧɢɬɧɨɟ 
ɩɨɥɟ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɡɞɚɟɬɫɹ ɧɟɫɤɨɥɶɤɢɦɢ ɩɪɨɜɨɞɧɢɤɚɦɢ ɫ ɬɨ-

ɤɨɦ, ɬɨ ɢɧɞɭɤɰɢɹ B
G

 ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɩɨɥɹ ɟɫɬɶ ɜɟɤɬɨɪɧɚɹ ɫɭɦɦɚ ɢɧɞɭɤɰɢɣ 

ɩɨɥɟɣ 1 2, , , nB B B
G G G

… , ɫɨɡɞɚɜɚɟɦɵɯ ɤɚɠɞɵɦ ɩɪɨɜɨɞɧɢɤɨɦ ɫ ɬɨɤɨɦ ɜ ɨɬɞɟɥɶɧɨɫɬɢ: 

1 2 nB B B B= + + +
G G G G

… . 

Ɂɚ ɧɚɩɪɚɜɥɟɧɢɟ ɜɟɤɬɨɪɚ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɩɪɢɧɢɦɚɸɬ ɫɥɟɞɭɸɳɢɟ ɧɚ-
ɩɪɚɜɥɟɧɢɹ: 

• ɞɥɹ ɦɚɝɧɢɬɧɨɣ ɫɬɪɟɥɤɢ (ɫɜɨɛɨɞɧɨ ɜɪɚɳɚɸɳɟɣɫɹ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ) — ɨɬ 
ɸɠɧɨɝɨ (S) ɩɨɥɸɫɚ ɫɬɪɟɥɤɢ ɤ ɫɟɜɟɪɧɨɦɭ (N) (ɪɢɫ. 1 ɚ); 
• ɞɥɹ ɩɥɨɫɤɨɝɨ ɦɚɝɧɢɬɚ: ɜɞɨɥɶ ɦɚɝɧɢɬɚ — ɨɬ ɸɠɧɨɝɨ (S) ɩɨɥɸɫɚ ɦɚɝɧɢɬɚ ɤ 

ɫɟɜɟɪɧɨɦɭ (N) (ɪɢɫ. 1 ɛ), ɩɨ ɛɨɤɚɦ ɦɚɝɧɢɬɚ — ɨɬ ɫɟɜɟɪɧɨɝɨ (N) ɩɨɥɸɫɚ ɦɚɝɧɢɬɚ 
ɤ ɸɠɧɨɦɭ (S) (ɪɢɫ. 1 ɜ — ɩɭɧɤɬɢɪɨɦ ɩɨɤɚɡɚɧɵ ɥɢɧɢɢ ɢɧɞɭɤɰɢɢ); 
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Ɋɢɫ. 1. 

• ɦɟɠɞɭ ɩɨɥɸɫɚɦɢ ɦɚɝɧɢɬɨɜ (ɩɨɞɤɨɜɨɨɛɪɚɡɧɨɝɨ ɦɚɝɧɢɬɚ) — ɨɬ ɫɟɜɟɪɧɨɝɨ 

(N) ɩɨɥɸɫɚ ɦɚɝɧɢɬɚ ɤ ɸɠɧɨɦɭ (S) (ɪɢɫ. 1 ɝ). 
Ƚɪɚɮɢɱɟɫɤɢ ɦɚɝɧɢɬɧɵɟ ɩɨɥɹ ɢɡɨɛɪɚɠɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɵɯ ɥɢ-

ɧɢɣ, ɧɚɡɵɜɚɟɦɵɯ ɥɢɧɢɹɦɢ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. Ʉɚɫɚɬɟɥɶɧɚɹ ɤ ɥɸɛɨɣ 
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ɥɢɧɢɢ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɧɚɩɪɚɜɥɟɧɚ ɜɞɨɥɶ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ B
G

. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɜɟɤɬɨɪɚ ɦɚɝɧɢɬɧɨɣ ɢɧ-

ɞɭɤɰɢɢ ɩɪɨɜɨɞɧɢɤɚ ɫ ɬɨɤɨɦ ɩɪɢɦɟɧɹɸɬ ɩɪɚɜɢɥɨ ɛɭɪɚɜɱɢɤɚ 

ɢɥɢ ɩɪɚɜɢɥɨ ɩɪɚɜɨɣ ɪɭɤɢ: 

ɚ) ɞɥɹ ɩɪɹɦɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɫ ɬɨɤɨɦ ɩɪɚɜɢɥɨ ɩɪɚɜɨɣ 

ɪɭɤɢ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: ɛɨɥɶɲɨɣ ɩɚɥɟɰ ɩɪɚɜɨɣ ɪɭɤɢ, 

ɨɬɫɬɚɜɥɟɧɧɵɣ ɧɚ 90°, ɧɚɩɪɚɜɥɹɟɦ ɩɨ ɬɨɤɭ, ɬɨɝɞɚ ɱɟɬɵɪɟ 
ɫɨɝɧɭɬɵɯ ɩɚɥɶɰɚ, ɨɛɯɜɚɬɵɜɚɸɳɢɟ ɩɪɨɜɨɞɧɢɤ, ɭɤɚɠɭɬ ɧɚ-
ɩɪɚɜɥɟɧɢɟ ɜɟɤɬɨɪɚ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ. 

ɛ) ɞɥɹ ɜɢɬɤɚ (ɤɚɬɭɲɤɢ) ɫ ɬɨɤɨɦ ɩɪɚɜɢɥɨ ɩɪɚɜɨɣ ɪɭɤɢ 

ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: ɱɟɬɵɪɟ ɫɨɝɧɭɬɵɯ ɩɚɥɶɰɚ ɩɪɚɜɨɣ ɪɭ-

ɤɢ, ɨɛɯɜɚɬɵɜɚɸɳɟɣ ɜɢɬɨɤ (ɤɚɬɭɲɤɭ), ɧɚɩɪɚɜɥɹɟɦ ɩɨ ɬɨɤɭ, 

ɬɨɝɞɚ ɛɨɥɶɲɨɣ ɩɚɥɟɰ, ɨɬɫɬɚɜɥɟɧɧɵɣ ɧɚ 90°, ɭɤɚɠɟɬ ɧɚɩɪɚɜ-

ɥɟɧɢɟ ɜɟɤɬɨɪɚ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɜ 

ɰɟɧɬɪɟ ɜɢɬɤɚ (ɪɢɫ. ɛ). 

Ⱦɥɹ ɢɡɨɛɪɚɠɟɧɢɹ ɜɟɤɬɨɪɨɜ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɩɥɨɫɤɨ-

ɫɬɢ ɪɢɫɭɧɤɚ ɩɪɢɦɟɧɹɸɬ ɭɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ. 

 

2. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɪɨɜɨɞɧɢɤɨɜ ɫ ɬɨɤɨɦ. Ɂɚɤɨɧ Ⱥɦɩɟɪɚ. ɋɢɥɚ Ʌɨɪɟɧɰɚ. 

Ⱦɜɢɠɟɧɢɟ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ. 
ɋɢɥɚ Ⱥɦɩɟɪɚ – ɷɬɨ ɫɢɥɚ, ɫ ɤɨɬɨɪɨɣ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɞɟɥɶ-

ɧɵɣ ɭɱɚɫɬɨɤ ɩɪɨɜɨɞɧɢɤɚ ɫ ɬɨɤɨɦ. 

Ɂɚɤɨɧ Ⱥɦɩɟɪɚ. Ɇɨɞɭɥɶ ɫɢɥɵ, ɫ ɤɨɬɨɪɨɣ ɦɚɝɧɢɬ-
ɧɨɟ ɩɨɥɟ ɞɟɣɫɬɜɭɟɬ ɧɚ ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɧɟɦ ɩɪɹɦɨɥɢ-

ɧɟɣɧɵɣ ɩɪɨɜɨɞɧɢɤ ɫ ɬɨɤɨɦ, ɪɚɜɟɧ ɩɪɨɢɡɜɟɞɟɧɢɸ ɢɧ-

ɞɭɤɰɢɢ B ɷɬɨɝɨ ɩɨɥɹ, ɫɢɥɵ ɬɨɤɚ I, ɞɥɢɧɵ ɭɱɚɫɬɤɚ ɩɪɨ-

ɜɨɞɧɢɤɚ l ɢ ɫɢɧɭɫɚ ɭɝɥɚ α ɦɟɠɞɭ ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɬɨɤɚ 
ɢ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ: sinAF I B l= ⋅ ⋅ ⋅ α . 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɢɥɵ Ⱥɦɩɟɪɚ 
ɩɪɢɦɟɧɹɸɬ ɩɪɚɜɢɥɨ ɥɟɜɨɣ ɪɭɤɢ: ɟɫɥɢ ɥɚɞɨɧɶ ɥɟɜɨɣ 

ɪɭɤɢ ɪɚɫɩɨɥɨɠɢɬɶ ɬɚɤ, ɱɬɨɛɵ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚɹ ɫɨ-

ɫɬɚɜɥɹɸɳɚɹ ɤ ɩɪɨɜɨɞɧɢɤɭ ɜɟɤɬɨɪɚ ɢɧɞɭɤɰɢɢ ( )B
G

 ɜɯɨɞɢɥɚ ɜ ɥɚɞɨɧɶ, ɚ ɱɟɬɵɪɟ 
ɜɵɬɹɧɭɬɵɯ ɩɚɥɶɰɚ ɭɤɚɡɵɜɚɥɢ ɛɵ ɧɚɩɪɚɜɥɟɧɢɟ ɬɨɤɚ (I), ɬɨ ɨɬɨɝɧɭɬɵɣ ɧɚ 90° 

ɛɨɥɶɲɨɣ ɩɚɥɟɰ ɭɤɚɠɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ Ⱥɦɩɟɪɚ ( )AF
G

. 

ɋɢɥɚ Ʌɨɪɟɧɰɚ – ɷɬɨ ɫɢɥɚ, ɫ ɤɨɬɨɪɨɣ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɞɟɣɫɬɜɭɟɬ ɧɚ ɞɜɢɠɭ-

ɳɟɣɫɹ ɡɚɪɹɞ. Ɉɧɚ ɪɚɜɧɚ ɥ sinF q B= ⋅ ⋅ υ ⋅ α , ɝɞɟ Fɥ — ɫɢɥɚ Ʌɨɪɟɧɰɚ (ɇ); q — ɦɨ-

ɞɭɥɶ ɡɚɪɹɞɚ ɞɜɢɠɭɳɟɣɫɹ ɱɚɫɬɢɰɵ; υ — ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰɵ; ȼ — ɦɨɞɭɥɶ ɜɟɤɬɨɪɚ 
ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ (Ɍɥ); α — ɭɝɨɥ ɦɟɠɞɭ ɫɤɨɪɨɫɬɶɸ ɞɜɢɠɟɧɢɹ ɩɨɥɨ-

ɠɢɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ ɢ ɜɟɤɬɨɪɨɦ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɢɥɵ Ʌɨɪɟɧɰɚ 
ɩɪɢɦɟɧɹɸɬ ɩɪɚɜɢɥɨ ɥɟɜɨɣ ɪɭɤɢ: ɟɫɥɢ ɥɟɜɭɸ ɪɭɤɭ ɪɚɫ-
ɩɨɥɨɠɢɬɶ ɬɚɤ, ɱɬɨɛɵ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚɹ ɫɨɫɬɚɜɥɹɸ-

ɳɚɹ ɤ ɫɤɨɪɨɫɬɢ ɱɚɫɬɢɰɵ ( )υ
G

 ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ( )B
G

 

ɜɯɨɞɢɥɚ ɜ ɥɚɞɨɧɶ, ɚ ɱɟɬɵɪɟ ɜɵɬɹɧɭɬɵɯ ɩɚɥɶɰɚ ɭɤɚɡɵ-
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• Ɍɚɤ ɤɚɤ ɩɪɢ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɹɯ ɫɢɥɚɦɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɤɨɥɟɛɚ-
ɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ ɩɪɟɧɟɛɪɟɝɚɸɬ, ɬɨ ɩɨɥɧɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɬɚɤɨɣ ɫɢɫɬɟ-
ɦɵ ɫɨɯɪɚɧɹɟɬɫɹ. 

• ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɚɹɬɧɢɤɚ 

max maxp
W m g h= ⋅ ⋅  – ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɦɚɹɬɧɢɤɚ; 

p
W m g h= ⋅ ⋅  – ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɦɚɹɬɧɢɤɚ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ; 

hmax – ɦɚɤɫɢɦɚɥɶɧɨɟ (ɚɦɩɥɢɬɭɞɧɨɟ) ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɩɨɞɴɟɦɚ ɬɟɥɚ ɨɬ ɩɨɥɨɠɟ-
ɧɢɹ ɪɚɜɧɨɜɟɫɢɹ; h – ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ ɬɟɥɚ ɨɬ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɜ ɞɚɧɧɵɣ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ; 

• ɞɥɹ ɩɪɭɠɢɧɧɨɝɨ ɦɚɹɬɧɢɤɚ 
2

max

max
2

p

k l
W

⋅ Δ
=  – ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɦɚɹɬɧɢɤɚ; 

2

2
p

k l
W

⋅ Δ
=  – ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɦɚɹɬɧɢɤɚ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ; 

Δlmax = A – ɦɚɤɫɢɦɚɥɶɧɨɟ (ɚɦɩɥɢɬɭɞɧɨɟ) ɫɦɟɳɟɧɢɟ ɬɟɥɚ ɨɬ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟ-
ɫɢɹ; Δl – ɫɦɟɳɟɧɢɟ ɬɟɥɚ ɨɬ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 

 

2. Ʉɨɥɟɛɚɬɟɥɶɧɵɣ ɤɨɧɬɭɪ. ɋɜɨɛɨɞɧɵɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɤɨɥɟɛɚɧɢɹ ɜ 
ɤɨɧɬɭɪɟ. Ɏɨɪɦɭɥɚ Ɍɨɦɫɨɧɚ. ɉɪɟɜɪɚɳɟɧɢɹ ɷɧɟɪɝɢɢ ɜ ɢɞɟɚɥɶɧɨɦ ɤɨɥɟɛɚɬɟɥɶɧɨɦ 

ɤɨɧɬɭɪɟ. ɉɟɪɟɦɟɧɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. Ⱦɟɣɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɫɢɥɵ ɬɨɤɚ ɢ 

ɧɚɩɪɹɠɟɧɢɹ. 
Ʉɨɥɟɛɚɬɟɥɶɧɵɣ ɤɨɧɬɭɪ – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɰɟɩɶ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɩɨɫɥɟɞɨɜɚ-

ɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɤɨɧɞɟɧɫɚɬɨɪɚ ɷɥɟɤɬɪɨɟɦɤɨɫɬɶɸ C  ɢ ɤɚɬɭɲɤɭ (ɫɨɥɟɧɨɢɞ) 

ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ L  ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ R . 

ȼ ɢɞɟɚɥɶɧɨɦ ɤɨɥɟɛɚɬɟɥɶɧɨɦ ɤɨɧɬɭɪɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 0R = . 

ɋɜɨɛɨɞɧɵɦɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɜ ɤɨɧɬɭɪɟ ɧɚɡɵɜɚɸɬ ɩɟ-
ɪɢɨɞɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɡɚɪɹɞɚ ɧɚ ɨɛɤɥɚɞɤɚɯ ɤɨɧɞɟɧɫɚɬɨɪɚ, ɫɢɥɵ ɬɨɤɚ ɜ ɤɨɧɬɭ-

ɪɟ ɢ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ ɨɛɨɢɯ ɷɥɟɦɟɧɬɚɯ ɤɨɧɬɭɪɚ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɛɟɡ ɩɨ-

ɬɪɟɛɥɟɧɢɹ ɷɧɟɪɝɢɢ ɨɬ ɜɧɟɲɧɢɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɍɪɚɜɧɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɢɦɟɸɬ ɜɢɞ: 

ɫɢɧɭɫɨɢɞɚɥɶɧɵɟ ɤɨɫɢɧɭɫɨɢɞɚɥɶɧɵɟ 
( )
( )
( )
( )

0

0

0

0

sin ,

sin ,

sin ,

sin ,

m

m

m

m

q Q t

i I t

u U t

e t

= ⋅ ω⋅ + ϕ

= ⋅ ω⋅ + ϕ

= ⋅ ω⋅ + ϕ

= ⋅ ω⋅ + ϕE

 

( )
( )
( )
( )

0

0

0

0

cos ,

cos ,

cos ,

cos ,

m

m

m

m

q Q t

i I t

u U t

e t

= ⋅ ω⋅ + ϕ

= ⋅ ω⋅ + ϕ

= ⋅ ω⋅ + ϕ

= ⋅ ω⋅ + ϕE

 

ɝɞɟ q ɢ Qm – ɦɝɧɨɜɟɧɧɨɟ ɢ ɚɦɩɥɢɬɭɞɧɨɟ (ɦɚɤɫɢɦɚɥɶɧɨɟ) ɡɧɚɱɟɧɢɹ ɡɚɪɹɞɚ (Ʉɥ); i 

ɢ Im – ɦɝɧɨɜɟɧɧɨɟ ɢ ɚɦɩɥɢɬɭɞɧɨɟ ɡɧɚɱɟɧɢɹ ɫɢɥɵ ɬɨɤɚ (Ⱥ); u ɢ Um – ɦɝɧɨɜɟɧɧɨɟ 
ɢ ɚɦɩɥɢɬɭɞɧɨɟ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ (ȼ); e ɢ Em – ɦɝɧɨɜɟɧɧɨɟ ɢ ɚɦɩɥɢɬɭɞɧɨɟ 
ɡɧɚɱɟɧɢɹ ЭȾɋ (ȼ), ω – ɰɢɤɥɢɱɟɫɤɚɹ ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɹ (ɪɚɞ/ɫ); t – ɜɪɟɦɹ (ɫ); 
ϕ01, ϕ02, …, ϕ08 – ɧɚɱɚɥɶɧɵɟ ɮɚɡɵ ɤɨɥɟɛɚɧɢɣ (ɪɚɞ). 

ɉɟɪɢɨɞ T ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɤɨɥɟɛɚɧɢɣ ɜ ɤɨɧɬɭɪɟ ɨɩɪɟɞɟɥɹɟɬ-
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,
t N

T
N t

= ν = , 
1

, T
T

ν = =

– ɱɢɫɥɨ ɤɨɥɟɛɚɧɢɣ. 

• Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɤɨɥɟɛɚɧɢɹ υmax ɢ ɚɦɩɥɢɬɭɞɚ A

ɫɨɨɬɧɨɲɟɧɢɟɦ 
max Aυ = ⋅ ω ; 

• ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɭ
ɤɨɥɟɛɚɧɢɹ amax ɢ ɚɦɩɥɢɬɭɞɚ A

ɫɨɨɬɧɨɲɟɧɢɟɦ 2

maxa A= ⋅ ω . 

Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɨɪɞɢɧɚɬɵ
ɰɢɢ ɫɤɨɪɨɫɬɢ ɢ ɩɪɨɟɤɰɢɢ ɭɫɤɨ
ɜɪɟɦɟɧɢ ɩɪɢ ɤɨɥɟɛɚɬɟɥɶɧɨɦ ɞɜ

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɦ ɦɚɹɬɧ
ɡɵɜɚɟɬɫɹ ɦɚɬɟɪɢɚɥɶɧɚɹ ɬɨɱɤɚ ɦ
, ɩɨɞɜɟɲɟɧɧɚɹ ɧɚ ɧɟɜɟɫɨɦɨɣ
ɠɢɦɨɣ ɧɢɬɢ ɞɥɢɧɨɣ l ɜ ɩɨɥ
ɥɢɛɨ ɫɢɥ. ɉɟɪɢɨɞ ɦɚɥɵɯ ɤɨɥ
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɚɹɬɧɢɤɚ ɜ ɩ

ɬɹɠɟɫɬɢ Ɂɟɦɥɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɦɚɹɬɧɢɤɚ; g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛ
ɦ/ɫ2

. 

• ȿɫɥɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɦɚɹ

ɫɢɥ, ɬɨ 2
*

l
T

g
= π ⋅ , ɝɞɟ *g =

G

ɬɟɪɢɡɭɸɳɟɟ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɞ
ɉɪɨɫɬɟɣɲɚɹ ɤɨɥɟɛɚɬɟɥɶɧ

ɧɢɟɦ ɝɪɭɡɚ ɢ ɩɪɢɤɪɟɩɥɟɧɧɨɣ ɤ
ɪɨɜɚɧ. Ɍɚɤɚɹ ɫɢɫɬɟɦɚ ɧɚɡɵɜɚɟɬ

ɩɪɭɠɢɧɧɨɝɨ ɦɚɹɬɧɢɤɚ ɨɩɪɟɞɟ

ɬɟɥɚ ɧɚ ɩɪɭɠɢɧɟ; k – ɤɨɷɮɮɢɰɢ

ɉɪɢ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛ
W

ɝɞɟ 
2

max
max

2
k

m
W

⋅ υ
=  – ɦɚɤ

2

2
k

m
W

⋅ υ
=  – ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧ

ɦɚɫɫɚ ɬɟɥɚ; υmax – ɦɚɤɫɢɦɚɥɶ
ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɬɟɥɚ ɜ ɞɚɧɧ

1
=

ν
, ɝɞɟ N 

ɫɤɨɪɨɫɬɢ 

A ɫɜɹɡɚɧɵ 

ɭɫɤɨɪɟɧɢɹ 

A ɫɜɹɡɚɧɵ 

ɵ, ɩɪɨɟɤ-

ɨɪɟɧɢɹ ɨɬ 
ɜɢɠɟɧɢɢ: 

ɧɢɤɨɦ ɧɚ-
ɦɚɫɫɨɣ m

 ɧɟɪɚɫɬɹ-

ɥɟ ɤɚɤɢɯ-

ɥɟɛɚɧɢɣ T 

ɩɨɥɟ ɫɢɥɵ 

ɩɨ ɮɨɪɦɭɥɟ: 2
l

T
g

= π⋅ , ɝɞɟ l – ɞɥ

ɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɭ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦ

ɹɬɧɢɤ ɧɚɯɨɞɢɬɫɹ ɜ ɨɞɧɨɪɨɞɧɨɦ ɩɨɥ

1 2 ...g a a= + + +
G G G

 – ɷɮɮɟɤɬɢɜɧɨɟ ɭɫɤɨɪ

ɞɟɣɫɬɜɢɟ ɷɬɢɯ ɫɢɥ. 

ɚɹ ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɫ
ɤ ɧɟɦɭ ɩɪɭɠɢɧɵ, ɜɬɨɪɨɣ ɤɨɧɟɰ ɤɨɬɨ
ɬɫɹ ɩɪɭɠɢɧɧɵɦ ɦɚɹɬɧɢɤɨɦ. ɉɟɪɢɨɞ

ɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 2
m

T
k

= π⋅ , ɝɞ

ɢɟɧɬ ɠɟɫɬɤɨɫɬɢ ɩɪɭɠɢɧɵ ⎟
⎠
⎞

⎜
⎝
⎛
ɦ
ɇ

. 

ɛɚɧɢɹɯ ɩɨɥɧɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɬ
max max

,
k p k p

W W W W= = = +  

ɤɫɢɦɚɥɶɧɚɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ

ɧɟɪɝɢɹ ɦɚɹɬɧɢɤɚ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜ

ɧɨɟ (ɚɦɩɥɢɬɭɞɧɨɟ) ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫ
ɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ; 

ɥɢɧɚ ɩɨɞɜɟɫɚ 

ɦɥɢ ɪɚɜɧɨ 9,8 

ɥɟ ɧɟɫɤɨɥɶɤɢɯ 

ɪɟɧɢɟ, ɯɚɪɚɤ-

ɫ ɢɫɩɨɥɶɡɨɜɚ-
ɨɪɨɣ ɡɚɮɢɤɫɢ-

ɞ ɤɨɥɟɛɚɧɢɣ T 

ɞɟ m – ɦɚɫɫɚ 

ɬɟɥɚ ɪɚɜɧɚ 

ɹ ɦɚɹɬɧɢɤɚ; 

ɜɪɟɦɟɧɢ; ɬ – 

ɫɬɢ ɬɟɥɚ; υ – 
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ɜɚɥɢ ɛɵ ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɨɣ ɱɚɫɬɢɰɵ, ɬɨ ɨɬɨ-

ɝɧɭɬɵɣ ɧɚ 90° ɛɨɥɶɲɨɣ ɩɚɥɟɰ ɭɤɚɠɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ Ʌɨɪɟɧɰɚ ( )ɥF
G

, ɞɟɣɫɬ-
ɜɭɸɳɟɣ ɫɨ ɫɬɨɪɨɧɵ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɱɚɫɬɢɰɭ. Ⱦɥɹ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɱɚɫɬɢ-

ɰɵ ɧɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ ɛɭɞɟɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɨɥɨɠɢɬɟɥɶ-
ɧɨɣ ɱɚɫɬɢɰɟ. 
1. ȿɫɥɢ ɫɤɨɪɨɫɬɶ υ ɡɚɪɹɠɟɧɧɨɣ ɱɚɫɬɢɰɵ ɦɚɫɫɨɣ ɬ ɧɚɩɪɚɜɥɟɧɚ ɜɞɨɥɶ ɜɟɤɬɨɪɚ 
ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɩɨɥɹ, ɬɨ ɱɚɫɬɢɰɚ ɛɭɞɟɬ ɞɜɢɝɚɬɶɫɹ ɪɚɜɧɨɦɟɪɧɨ ɩɪɹɦɨɥɢ-

ɧɟɣɧɨ (ɫɢɥɚ Ʌɨɪɟɧɰɚ Fɥ = 0, ɬ.ɤ. α = 0°). 

2. ȿɫɥɢ ɫɤɨɪɨɫɬɶ υ ɡɚɪɹɠɟɧɧɨɣ ɱɚɫɬɢɰɵ ɦɚɫɫɨɣ ɬ ɩɟɪ-

ɩɟɧɞɢɤɭɥɹɪɧɚ ɜɟɤɬɨɪɭ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɬɨ 

ɱɚɫɬɢɰɚ ɛɭɞɟɬ ɞɜɢɝɚɬɶɫɹ ɩɨ ɨɤɪɭɠɧɨɫɬɢ ɪɚɞɢɭɫɚ R, ɩɥɨɫ-
ɤɨɫɬɶ ɤɨɬɨɪɨɣ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɥɢɧɢɹɦ ɦɚɝɧɢɬɧɨɣ ɢɧ-

ɞɭɤɰɢɢ. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɢɠɟɧɢɹ ɡɚɪɹɠɟɧɧɨɣ 

ɱɚɫɬɢɰɵ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɫɥɟɞɭɸɳɢɟ ɮɨɪɦɭɥɵ: 

ɰ ɥm a F⋅ =  (2-ɨɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ), ɝɞɟ 
2

ɰa
R

υ
= ; ɥ sinF q B q B= ⋅ ⋅ υ ⋅ α = ⋅ ⋅ υ , ɬ.ɤ. α 

= 90° (ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰɵ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɜɟɤɬɨɪɭ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ). Ɍɨ-

ɝɞɚ 
2m

q B
R

υ υ⋅
= ⋅ ⋅ . ɇɚɩɨɦɢɧɚɸ, ɱɬɨ ɩɟɪɢɨɞ ɜɪɚɳɟɧɢɹ ɪɚɜɟɧ 

2 R
T

π ⋅
=

υ
, ɝɞɟ R 

— ɪɚɞɢɭɫ ɨɤɪɭɠɧɨɫɬɢ; υ — ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰɵ. 

 

3. Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ. əɜɥɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ. ȼɢɯɪɟɜɨɟ 
ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ. Ɂɚɤɨɧ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ. ɉɪɚɜɢɥɨ Ʌɟɧɰɚ. 

Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɱɢɫɥɚ ɥɢɧɢɣ ɢɧɞɭɤɰɢɢ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɩɪɨɧɢɡɵɜɚɸɳɢɯ ɧɟɤɨɬɨɪɭɸ ɩɥɨ-

ɳɚɞɤɭ, ɜɜɨɞɢɬɫɹ ɮɢɡɢɱɟɫɤɚɹ ɫɤɚɥɹɪɧɚɹ ɜɟɥɢɱɢɧɚ, 
ɧɚɡɵɜɚɟɦɚɹ ɦɚɝɧɢɬɧɵɦ ɩɨɬɨɤɨɦ ɢ ɨɛɨɡɧɚɱɚɟɦɚɹ 
ɝɪɟɱɟɫɤɨɣ ɛɭɤɜɨɣ Φ. 

Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ Φ ɨɞɧɨɪɨɞɧɨɝɨ ɩɨɥɹ ɱɟɪɟɡ 
ɩɥɨɫɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɜɟɧ ɩɪɨɢɡɜɟɞɟɧɢɸ ɦɨɞɭɥɹ 
ɢɧɞɭɤɰɢɢ B ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ 

S ɢ ɤɨɫɢɧɭɫɚ ɭɝɥɚ α ɦɟɠɞɭ ɜɟɤɬɨɪɨɦ B
G

 ɢ ɧɨɪɦɚɥɶɸ n
G

 (ɩɟɪɩɟɧɞɢɤɭɥɹɪɨɦ) ɤ 

ɩɨɜɟɪɯɧɨɫɬɢ: cosB SΦ = ⋅ ⋅ α . Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɨɛɨɡɧɚɱɚɟɦɚɹ ɝɪɟɱɟɫɤɨɣ ɛɭɤ-

ɜɨɣ Φ ɢ ɢɡɦɟɪɹɟɬɫɹ ɜ ɜɟɛɟɪɚɯ (ȼɛ). 

Эɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ — ɷɬɨ ɹɜɥɟɧɢɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ЭȾɋ ɢɧɞɭɤ-

ɰɢɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɱɟɪɟɡ ɩɥɨɳɚɞɶ, ɨɝɪɚɧɢɱɟɧɧɭɸ ɤɨɧɬɭ-

ɪɨɦ. 

ɉɪɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɜɨɡɧɢɤɚɟɬ ɜɢɯɪɟɜɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, 
ɤɨɬɨɪɨɟ ɢ ɡɚɫɬɚɜɥɹɟɬ ɞɜɢɝɚɬɶɫɹ ɡɚɪɹɠɟɧɧɵɟ ɱɚɫɬɢɰɵ (ɷɥɟɤɬɪɨɧɵ) ɜ ɩɪɨɜɨɞɧɢ-

ɤɟ, ɬ.ɟ. ɫɨɡɞɚɟɬ ɢɧɞɭɤɰɢɨɧɧɵɣ ɬɨɤ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɢɯɪɟɜɨɟ 
ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɢɦɟɟɬ ɡɚɦɤɧɭɬɵɟ ɥɢɧɢɢ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 

Ɂɚɤɨɧ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ. ЭȾɋ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ Ei 

S 

α
B
G

n
G

υG

B
G

+
ɥF
G
R 
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ɜ ɡɚɦɤɧɭɬɨɦ ɤɨɧɬɭɪɟ ɪɚɜɧɚ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɩɪɨɧɢɡɵɜɚɸɳɟɝɨ ɟɝɨ ɦɚɝɧɢɬ-

ɧɨɝɨ ɩɨɬɨɤɚ, ɜɡɹɬɨɝɨ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɡɧɚɤɨɦ: 
i

t

ΔΦ
= −

Δ
E , ɝɞɟ 

2 1ΔΦ = Φ − Φ  

— ɢɡɦɟɧɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɨɬ Ɏ1 ɞɨ Ɏ2; 
tΔ

ΔΦ
 — ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɦɚɝ-

ɧɢɬɧɨɝɨ ɩɨɬɨɤɚ (ȼɛ/ɫ ɢɥɢ ȼ). 

• Эɬɭ ɮɨɪɦɭɥɭ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɬɨɥɶɤɨ ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɢɡɦɟɧɟɧɢɢ ɦɚɝ-
ɧɢɬɧɨɝɨ ɩɨɬɨɤɚ. 
• Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɜɧɭɬɪɢ ɤɚɬɭɲɤɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ N ɜɢɬɤɨɜ, ɪɚɜɟɧ ɫɭɦɦɟ 
ɦɚɝɧɢɬɧɵɯ ɩɨɬɨɤɨɜ, ɫɨɡɞɚɜɚɟɦɵɯ ɤɚɠɞɵɦ ɜɢɬɤɨɦ, ɬ.ɟ. 

1NΦ = ⋅ Φ . 

ɉɪɚɜɢɥɨ Ʌɟɧɰɚ. ȼɨɡɧɢɤɚɸɳɢɣ ɜ ɡɚɦɤɧɭɬɨɦ ɤɨɧɬɭɪɟ ɢɧɞɭɤɰɢɨɧɧɵɣ ɬɨɤ 

ɢɦɟɟɬ ɬɚɤɨɟ ɧɚɩɪɚɜɥɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɫɨɡɞɚɧɧɵɣ ɢɦ ɫɨɛɫɬɜɟɧɧɵɣ ɦɚɝɧɢɬɧɵɣ 

ɩɨɬɨɤ ɱɟɪɟɡ ɩɥɨɳɚɞɶ, ɨɝɪɚɧɢɱɟɧɧɭɸ ɤɨɧɬɭɪɨɦ, ɫɬɪɟɦɢɬɫɹ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɢɡ-
ɦɟɧɟɧɢɟ ɜɧɟɲɧɟɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ, ɜɵɡɜɚɜɲɟɟ ɞɚɧɧɵɣ ɬɨɤ. 

ɉɪɢ ɞɜɢɠɟɧɢɢ ɩɪɨɜɨɞɧɢɤɚ ɞɥɢɧɨɣ l ɫɨ ɫɤɨɪɨɫɬɶɸ υ ɜ ɩɨɫɬɨɹɧɧɨɦ ɦɚɝ-
ɧɢɬɧɨɦ ɩɨɥɟ ɢɧɞɭɤɰɢɟɣ ȼ ɜ ɧɟɦ ɜɨɡɧɢɤɚɟɬ ЭȾɋ ɢɧɞɭɤɰɢɢ sin

i
B l= υ⋅ ⋅ ⋅ αE , ɝɞɟ 

α — ɭɝɨɥ ɦɟɠɞɭ ɧɚɩɪɚɜɥɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɪɨɜɨɞɧɢɤɚ ɢ ɜɟɤɬɨɪɨɦ ɢɧ-

ɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 

ɂɧɞɭɤɰɢɨɧɧɵɣ ɬɨɤ ɜ ɩɪɨɜɨɞɧɢɤɚɯ, ɞɜɢɠɭɳɢɯɫɹ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ, ɜɨɡɧɢ-

ɤɚɟɬ ɡɚ ɫɱɟɬ ɞɟɣɫɬɜɢɹ ɧɚ ɫɜɨɛɨɞɧɵɟ ɡɚɪɹɞɵ ɩɪɨɜɨɞɧɢɤɚ ɫɢɥɵ Ʌɨɪɟɧɰɚ. ɉɨɷɬɨ-

ɦɭ ɧɚɩɪɚɜɥɟɧɢɟ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɬɨɤɚ ɜ ɩɪɨɜɨɞɧɢɤɟ ɛɭɞɟɬ ɫɨɜɩɚɞɚɬɶ ɫ ɧɚɩɪɚɜ-

ɥɟɧɢɟɦ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ Ʌɨɪɟɧɰɚ ɧɚ ɷɬɨɬ ɩɪɨɜɨɞɧɢɤ. 

 

4. əɜɥɟɧɢɟ ɫɚɦɨɢɧɞɭɤɰɢɢ. ɂɧɞɭɤɬɢɜɧɨɫɬɶ. Эɧɟɪɝɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 
ɋɚɦɨɢɧɞɭɤɰɢɹ — ɷɬɨ ɹɜɥɟɧɢɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜ ɤɨɧɬɭɪɟ ЭȾɋ ɢɧɞɭɤɰɢɢ, 

ɫɨɡɞɚɜɚɟɦɨɣ ɜɫɥɟɞɫɬɜɢɟ ɢɡɦɟɧɟɧɢɹ ɫɢɥɵ ɬɨɤɚ ɜ ɫɚɦɨɦ ɤɨɧɬɭɪɟ. 
ɂɧɞɭɤɬɢɜɧɨɫɬɶ — ɫɤɚɥɹɪɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ, ɱɢɫɥɟɧɧɨ ɪɚɜɧɚɹ ɫɨɛ-

ɫɬɜɟɧɧɨɦɭ ɦɚɝɧɢɬɧɨɦɭ ɩɨɬɨɤɭ Φ, ɩɪɨɧɢɡɵɜɚɸɳɟɦɭ ɤɨɧɬɭɪ, ɩɪɢ ɫɢɥɟ ɬɨɤɚ I ɜ 

ɤɨɧɬɭɪɟ 1 Ⱥ: 
I

L
Φ

= . Ɉɛɨɡɧɚɱɚɟɬɫɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɛɭɤɜɨɣ L, ɢɡɦɟɪɹɟɬɫɹ ɜ ɝɟɧɪɢ 

(Ƚɧ). 

ЭȾɋ ɫɚɦɨɢɧɞɭɤɰɢɢ 
is

I
L

t

Δ
= − ⋅

Δ
E , ɝɞɟ L — ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɤɚɬɭɲɤɢ (Ƚɧ); 

I

t

Δ
Δ

 — ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɫɢɥɵ ɬɨɤɚ (Ⱥ/ɫ); 
2 1I I IΔ = −  — ɢɡɦɟɧɟɧɢɟ ɫɢɥɵ ɬɨ-

ɤɚ ɨɬ I1 ɞɨ I2; Δt — ɜɪɟɦɹ ɢɡɦɟɧɟɧɢɹ ɫɢɥɵ ɬɨɤɚ. 
• Эɬɭ ɮɨɪɦɭɥɭ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɬɨɥɶɤɨ ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɢɡɦɟɧɟɧɢɢ ɫɢɥɵ 

ɬɨɤɚ. 
ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɤɚɬɭɲɤɢ (ɫɨɥɟɧɨɢɞɚ) L ɞɥɢɧɨɣ l ɢ ɩɥɨɳɚɞɶɸ ɩɨɩɟɪɟɱɧɨɝɨ 

ɫɟɱɟɧɢɹ S, ɫɨɞɟɪɠɚɳɟɝɨ N ɜɢɬɤɨɜ, ɜ ɜɚɤɭɭɦɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
2

0

S
L N

l
= μ ⋅ ⋅ , ɝɞɟ μ0 — ɦɚɝɧɢɬɧɚɹ ɩɨɫɬɨɹɧɧɚɹ, ɪɚɜɧɚɹ 4π ·10

–7
 
ɦ
Ƚɧ

. 

Эɧɟɪɝɢɸ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɤɨɧɬɭɪɚ ɫ ɬɨɤɨɦ I ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪ-

Ʉɪɚɬɤɢɣ ɫɩɪɚɜɨɱɧɢɤ ɩɨ ɮɢɡɢɤɟ     25 

 

ɦɭɥɟ 
2

ɦ
2

L I
W

⋅
= , ɝɞɟ L — ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɤɨɧɬɭɪɚ (ɤɚɬɭɲɤɢ) (Ƚɧ). 
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Кɪɚɬɤɢɣ ɫɩɪɚɜɨɱɧɢɤ ɩɨ ɬɟɦɟ «Кɨɥɟɛɚɧɢя ɢ ɜɨɥɧɵ» 

Мɟɯɚɧɢɱɟɫɤɢɟ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɤɨɥɟɛɚɧɢя 

1. Ʉɨɥɟɛɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ. Ⱥɦɩɥɢɬɭɞɚ, ɩɟɪɢɨɞ, ɱɚɫɬɨɬɚ ɢ ɮɚɡɚ ɤɨɥɟɛɚ-

ɧɢɣ. ɍɪɚɜɧɟɧɢɟ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ. ɉɪɭɠɢɧɧɵɣ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɦɚ-

ɹɬɧɢɤɢ. ɉɪɟɜɪɚɳɟɧɢɹ ɷɧɟɪɝɢɢ ɩɪɢ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɞɜɢɠɟɧɢɹɯ. 
Ʉɨɥɟɛɚɬɟɥɶɧɵɦ ɞɜɢɠɟɧɢɟɦ (ɤɨɥɟɛɚɧɢɹɦɢ) ɧɚɡɵɜɚɸɬ ɜɫɹɤɢɣ ɩɪɨɰɟɫɫ, ɤɨ-

ɬɨɪɵɣ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɨɦ ɩɨɜɬɨɪɹɟɦɨɫɬɢ ɜɨ ɜɪɟɦɟɧɢ. 

Ʉɨɥɟɛɚɧɢɹ ɧɚɡɵɜɚɸɬɫɹ ɩɟɪɢɨɞɢɱɟɫɤɢɦɢ, ɟɫɥɢ ɡɧɚɱɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢ-

ɱɢɧ, ɢɡɦɟɧɹɸɳɢɯɫɹ ɜ ɩɪɨɰɟɫɫɟ ɤɨɥɟɛɚɧɢɣ, ɩɨɜɬɨɪɹɸɬɫɹ ɱɟɪɟɡ ɪɚɜɧɵɟ ɩɪɨɦɟ-
ɠɭɬɤɢ ɜɪɟɦɟɧɢ. 

Ɉɬɥɢɱɢɬɟɥɶɧɵɦɢ ɩɪɢɡɧɚɤɚɦɢ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɹɜɥɹɸɬɫɹ: 
1) ɩɨɜɬɨɪɹɟɦɨɫɬɶ ɞɜɢɠɟɧɢɹ; 2) ɜɨɡɜɪɚɬɧɨɫɬɶ ɞɜɢɠɟɧɢɹ (ɞɜɢɠɟɧɢɟ ɤɚɤ ɜ ɩɪɹ-
ɦɨɦ, ɬɚɤ ɢ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ). 

Ⱦɥɹ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɧɟɨɛɯɨɞɢɦɨ:  

- ɧɚɥɢɱɢɟ ɫɢɥɵ, ɫɬɪɟɦɹɳɟɣɫɹ ɜɨɡɜɪɚɬɢɬɶ ɬɟɥɨ ɜ ɩɨɥɨɠɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ 
(ɩɪɢ ɦɚɥɨɦ ɫɦɟɳɟɧɢɢ ɢɡ ɷɬɨɝɨ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ) 

- ɧɚɥɢɱɢɟ ɦɚɥɨɝɨ ɬɪɟɧɢɹ ɜ ɫɢɫɬɟɦɟ. 
Ƚɚɪɦɨɧɢɱɟɫɤɢɟ ɤɨɥɟɛɚɧɢɹ — ɷɬɨ ɤɨɥɟɛɚɧɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɤɨɨɪɞɢɧɚɬɚ 

(ɫɦɟɳɟɧɢɟ) ɬɟɥɚ ɢɡɦɟɧɹɟɬɫɹ ɫɨ ɜɪɟɦɟɧɟɦ ɩɨ ɡɚɤɨɧɭ ɤɨɫɢɧɭɫɚ ɢɥɢ ɫɢɧɭɫɚ ɢ 

ɨɩɢɫɵɜɚɟɬɫɹ ɮɨɪɦɭɥɚɦɢ: 

( )0sinx A t= ⋅ ω⋅ + ϕ  ɢɥɢ ( )0cosx A t= ⋅ ω⋅ + ϕ , 

ɝɞɟ ɯ – ɤɨɨɪɞɢɧɚɬɚ ɬɟɥɚ (ɫɦɟɳɟɧɢɟ ɬɟɥɚ ɢɡ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ) ɜ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ t; ɚɦɩɥɢɬɭɞɚ (Ⱥ) – ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɦɟɳɟɧɢɟ 

maxx ɬɟɥɚ ɢɡ ɩɨɥɨɠɟɧɢɹ 
ɪɚɜɧɨɜɟɫɢɹ; ɰɢɤɥɢɱɟɫɤɚɹ ɱɚɫɬɨɬɚ (ω) –– ɱɢɫɥɨ ɩɨɥɧɵɯ ɤɨɥɟɛɚɧɢɣ ɡɚ ɩɪɨɦɟ-

ɠɭɬɨɤ ɜɪɟɦɟɧɢ tΔ , ɪɚɜɧɵɣ 2π ɫɟɤɭɧɞ: 
2

2
T

π
ω = π ⋅ ν =  (ɪɚɞ/ɫ); ɮɚɡɚ 

( )0tϕ = ω⋅ + ϕ  –– ɚɪɝɭɦɟɧɬ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ, ɨɩɪɟɞɟɥɹɸɳɟɣ ɡɧɚɱɟɧɢɟ 
ɢɡɦɟɧɹɸɳɟɣɫɹ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t  (ɪɚɞ); ɧɚ-

ɱɚɥɶɧɚɹ ɮɚɡɚ (ϕ0) – ɨɩɪɟɞɟɥɹɸɳɢɟ ɩɨɥɨɠɟɧɢɟ ɬɟɥɚ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟ-
ɦɟɧɢ. 

ɉɟɪɢɨɞ (Ɍ) – ɞɥɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɝɨ ɩɨɥɧɨɝɨ ɤɨɥɟɛɚɧɢɹ, ɬ.ɟ. ɧɚɢɦɟɧɶɲɢɣ 

ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ, ɩɨ ɢɫɬɟɱɟɧɢɢ ɤɨɬɨɪɨɝɨ ɩɨɜɬɨɪɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɜɫɟɯ ɜɟɥɢ-

ɱɢɧ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɤɨɥɟɛɚɧɢɟ. ȿɞɢɧɢɰɟɣ ɩɟɪɢɨɞɚ ɹɜɥɹɟɬɫɹ ɫɟɤɭɧɞɚ (1ɫ). 
ɑɚɫɬɨɬɚ (ν ) – ɱɢɫɥɨ ɩɨɥɧɵɯ ɤɨɥɟɛɚɧɢɣ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. 
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