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ȼ ɷɬɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɫɹ ɫɩɟɤɬɪ ɨɩɟɪɚɬɨɪɚ 
2

2

2
( , ) (cos cos 2 )

d d
H x ih h i x x

dx dx
− = − + +  ɩɪɢ 0h →  (ɬ.ɟ. ɜ ɤɜɚɡɢɤɥɚɫɫɢɱɟɫɤɨɦ 

ɩɪɟɞɟɥɟ). Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɬɟɯɧɢɤɚ ɥɢɧɢɣ 
ɋɬɨɤɫɚ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ Ɇ.ȼ. Ɏɟɞɨɪɸɤɨɦ (1966). Ɋɚɛɨɬɭ ɦɨɠɧɨ ɪɚɡ-
ɛɢɬɶ ɧɚ ɞɜɟ ɱɚɫɬɢ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɤɨɦɩɶɸ-

ɬɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɟɧɵ ɭɪɚɜɧɟɧɢɹ ɧɚ ɬɨɱɤɢ ɫɩɟɤ-
ɬɪɚ ɢ ɫɩɟɤɬɪɚɥɶɧɵɣ ɝɪɚɮ, ɜ 2( )O h  ɨɤɪɟɫɬɧɨɫɬɢ ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɹɬɫɹ 
ɬɨɱɤɢ ɫɩɟɤɬɪɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɨɩɟɪɚɬɨɪɚ. 

 

 

ȼɜɟɞɟɧɢɟ. Ɋɚɫɫɦɨɬɪɢɦ ɫɩɟɤɬɪ ɨɩɟɪɚɬɨɪɚ 
2

2

2
( , ) ( )

d d
H x ih h iV x

dx dx
− = − +  ɩɪɢ 0h → . (1) 

ɉɭɫɬɶ ( ) cos cos 2V x x x= + . 

Ɉɫɨɛɟɧɧɨɫɬɶ ɷɬɨɣ ɡɚɞɚɱɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɚɥɢɱɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚ i ɩɟɪɟɞ ɩɨɬɟɧɰɢɚɥɨɦ, ɱɬɨ ɞɟɥɚɟɬ ɧɚɲ ɨɩɟɪɚɬɨɪ ɧɟɫɚɦɨɫɨ-
ɩɪɹɠɟɧɧɵɦ, ɢ ɬɟɦ ɫɚɦɵɦ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɥɨɠɧɹɟɬ ɡɚɞɚɱɭ. ɉɨɞɨɛɧɨɝɨ ɪɨ-
ɞɚ ɡɚɞɚɱɢ ɩɨɹɜɥɹɸɬɫɹ ɜ ɦɚɝɧɢɬɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɤɟ (ɩɪɨɛɥɟɦɚ ɝɢɞɪɨɦɚɝ-
ɧɢɬɧɨɝɨ ɞɢɧɚɦɨ, ɬ.ɟ. ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɢ ɫɨɯɪɚɧɟɧɢɟ ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ 

ɩɪɨɜɨɞɹɳɟɣ ɠɢɞɤɨɫɬɢ). 

 

Ɋɚɧɟɟ ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɫɥɭɱɚɢ: 

• ( ) ,  [0,1] ɢ [ 1,1]V x x x x= ∈ ∈ −  ɢɥɢ V(x) ɛɥɢɡɤɨ ɤ x. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɭɪɚɜɧɟɧɢɟ (1) — ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɗɣɪɢ.  

• 2( ) ,  [0,1] ɢ [ 1,1]V x x x x= ∈ ∈ − . ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɪɚɜɧɟɧɢɟ (1) — 

ɷɬɨ ɭɪɚɜɧɟɧɢɟ ȼɟɛɟɪɚ. ɗɬɨ ɪɚɛɨɬɵ ɞɜɭɯ ɝɪɭɩɩ ɦɚɬɟɦɚɬɢɤɨɜ:  
1. ɋ.Ⱥ. ɋɬɟɩɢɧ (1995), Ⱥ.Ⱥ. Ⱥɪɠɚɧɨɜ ɢ ɞɪ.  
2. ɋ.ɇ. Ɍɭɦɚɧɨɜ, Ⱥ.Ⱥ. ɒɤɚɥɢɤɨɜ (2002) ɢ ɞɪ.  
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• ( ) cosV x x= . ɋɥɭɱɚɣ ɢɫɫɥɟɞɨɜɚɥɢ Ⱥ.ɂ. ɒɚɮɚɪɟɜɢɱ ɢ ɋ.ȼ. Ƚɚɥɶɰɟɜ 
(2006). 

 

Ɋɟɡɭɥɶɬɚɬɵ. 

Ɍɟɨɪɟɦɚ 1. ɋɩɟɤɬɪ ɫɨɫɪɟɞɨɬɨɱɟɧ ɜ 2( )O h  ɨɤɪɟɫɬɧɨɫɬɢ ɤɨɧɟɱɧɨɝɨ 
ɱɢɫɥɚ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ ɧɚ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ ȿ, ɤɨɬɨɪɵɟ ɜ 
ɫɨɜɨɤɭɩɧɨɫɬɢ ɧɚɡɵɜɚɸɬɫɹ ɫɩɟɤɬɪɚɥɶɧɵɦ ɝɪɚɮɨɦ. 

Ɍɟɨɪɟɦɚ 2. Ɍɨɱɤɢ ɫɩɟɤɬɪɚ ɧɚɯɨɞɹɬɫɹ ɜ 2( )O h  ɨɤɪɟɫɬɧɨɫɬɹɯ ɪɟɲɟ-
ɧɢɣ ɭɪɚɜɧɟɧɢɣ  

( ) ( /2)
i

j

x

ij
x

iV x Edx i h nπ γ− = +∫ , 

ɝɞɟ ijn  — ɰɟɥɵɟ ɱɢɫɥɚ, 0,1γ = ,  i jx ɢ x  — ɧɭɥɢ ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɝɨ ɜɵɪɚ-
ɠɟɧɢɹ. 
  

 

 

 

 
Ɋɢɫ. 1. ɋɩɟɤɬɪɚɥɶɧɵɣ ɝɪɚɮ ɞɥɹ ( ) cos cos2V x x x= + . 
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In this work we investigated spectrum of 
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( , ) (ɫos cos 2 )

d d
H x ih h i x x

dx dx
− = − + +  

operator at 0h → (semi-classical limit) using Stokes lines technique. Comput-

er-aided calculations were an important part of the work. We obtained equa-

tions for points of the spectrum and spectral graph. Points of the spectrum of 

the operator considered are in the Ɉ(h
2
) neighborhood of the spectral graph.  
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