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Цɠɦɷ ɟɩɥɦɛɟɛ 
 

 ɉɪɟɞɫɬɚɜɢɬɶ ɩɪɢɦɟɪ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 
ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɟɫɬɟɫɬɜɟɧɧɵɯ ɩɪɟɞɩɨɥɨɠɟɧɢɹɯ, ɜ 
ɤɨɬɨɪɨɣ ɤɜɚɧɬɨɜɨɟ ɢɥɢ ɤɥɚɫɫɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ 
ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɹɜɥɹɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ. 

Ɇɨɠɟɬ ɛɵɬɶ ɷɬɚ ɦɨɞɟɥɶ ɫɦɨɠɟɬ ɩɨɫɥɭɠɢɬɶ 
ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɧɨɜɵɯ ɚɥɶɬɟɪɧɚɬɢɜ 
ɮɢɥɨɫɨɮɫɤɢɯ ɜɡɝɥɹɞɨɜ ɧɚ ɤɜɚɧɬɨɜɵɣ ɦɢɪ. 
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    Ɋɩɬɭɛɨɩɝɥɛ ɢɛɟɛɲɣ 
Ɇɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɦɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɞɜɢɠɟɧɢɟ ɦɚɥɨɣ ɱɚɫɬɢɰɵ ɜ 

ɬɟɩɥɨɜɨɣ ɫɪɟɞɟ: 
 Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɥɚɫɫɢɱɟɫɤɚɹ ɱɚɫɬɢɰɚ,  ɫɨɫɬɨɹɧɢɟ ɤɨɬɨɪɨɣ ɡɚɞɚɟɬɫɹ 

ɤɨɨɪɞɢɧɚɬɨɣ, ɢɦɩɭɥɶɫɨɦ ɢ ɧɟɤɨɬɨɪɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɡɚɞɚɸɳɢɦɢ 
ɜɧɭɬɪɟɧɧɟɟ ɫɨɫɬɨɹɧɢɟ ɱɚɫɬɢɰɵ. 

 ɑɚɫɬɢɰɚ ɞɜɢɠɟɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɥɹ ɫɢɥ ɜ ɫɪɟɞɟ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ 
ɬɟɩɥɨɜɨɦ ɪɚɜɧɨɜɟɫɢɢ ɩɪɢ ɧɟɤɨɬɨɪɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

 ɋɪɟɞɚ ɨɤɚɡɵɜɚɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɜɢɠɟɧɢɸ ɱɚɫɬɢɰɵ ɫ ɫɢɥɨɣ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰɵ ɢ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ 
ɦɟɧɹɟɬ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ  ɱɚɫɬɢɰɵ ɩɪɢ ɫɬɨɥɤɧɨɜɟɧɢɢ ɱɚɫɬɢɰɵ ɫ 
ɱɚɫɬɢɰɚɦɢ ɫɪɟɞɵ. Ɍɨ ɟɫɬɶ ɱɚɫɬɢɰɚ ɧɚɯɨɞɢɬɫɹ ɜ ɛɪɨɭɧɨɜɫɤɨɦ ɞɜɢɠɟɧɢɢ.  

  ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜɧɭɬɪɟɧɧɟɟ ɫɨɫɬɨɹɧɢɟ ɱɚɫɬɢɰɵ  ɨɩɢɫɵɜɚɟɬɫɹ 
ɧɟɤɨɬɨɪɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɫɨɜɟɪɲɚɟɬ ɝɚɪɦɨɧɢɱɟɫɤɢɟ 
ɤɨɥɟɛɚɧɢɹ ɫ ɛɨɥɶɲɨɣ ɩɨɫɬɨяɧɧɨɣ ɱɚɫɬɨɬɨɣ ω>>1. 

Зɚɞɚɱɚ: 
ɧɭɠɧɨ ɧɚɣɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɷɧɟɪɝɢɢ 

ɜɧɭɬɪɟɧɧɢɯ ɤɨɥɟɛɚɧɢɣ ɱɚɫɬɢɰɵ, ɞɥɹ ɱɚɫɬɢɰɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ 
ɛɪɨɭɧɨɜɫɤɨɦ  ɞɜɢɠɟɧɢɢ ɩɪɢ ɞɜɢɠɟɧɢɢ ɜ ɬɟɩɥɨɜɨɣ ɪɚɜɧɨɜɟɫɧɨɣ ɫɪɟɞɟ ɢ 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɥɹ ɫɢɥ, ɡɚɞɚɧɧɵɦ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɮɭɧɤɰɢɟɣ.  

ɋɨɫɬɨɹɧɢɟ ɬɚɤɨɝɨ ɩɪɨɰɟɫɫɚ ɨɩɢɫɵɜɚɟɬɫɹ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɚɦɩɥɢɬɭɞ ɢ ɮɚɡ 
ɜɧɭɬɪɟɧɧɢɯ ɤɨɥɟɛɚɧɢɣ ɧɚ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɬɨ ɟɫɬɶ 
ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɨɣ ɮɭɧɤɰɢɟɣ ɧɚ фɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. 
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ɋɠɢɮɦɷɭɛɭɶ ɫɛɜɩɭɶ 
 Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɰɟɫɫ ɞɢɮɮɭɡɢɨɧɧɨɝɨ (ɬɟɩɥɨɜɨɝɨ) ɪɚɫɫɟɹɧɢɹ 

ɜɨɥɧɨɜɨɣ ɮɭɧɤɰɢɢ, ɡɚɞɚɧɧɨɣ ɜ ɜɢɞɟ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɨɣ ɮɭɧɤɰɢɢ ɧɚ 
ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɉɪɢɜɨɞɢɬɫɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ 
Ʉɥɟɣɧɚ-Ʉɪɚɦɟɪɫɚ, ɨɩɢɫɵɜɚɸɳɟɟ ɷɬɨ ɹɜɥɟɧɢɟ.  

 ɉɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɛɨɥɶɲɨɝɨ ɭɞɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɪɟɞɵ  
ɩɪɨɰɟɫɫ  ɩɪɨɯɨɞɢɬ ɧɟɫɤɨɥɶɤɨ ɫɬɚɞɢɣ.  ȼ ɬɟɱɟɧɢɟ ɩɟɪɜɨɣ ɛɵɫɬɪɨɣ ɫɬɚɞɢɢ 
ɮɭɧɤɰɢɹ, ɡɚɞɚɸɳɚɹ ɫɨɫɬɨɹɧɢɹ ɩɪɨɰɟɫɫɚ, ɩɟɪɟɯɨɞɢɬ ɜ ɨɞɧɨ ɢɡ 
ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɯ ɫɨɫɬɨɹɧɢɣ. ȼɨ ɜɬɨɪɨɣ ɦɟɞɥɟɧɧɨɣ ɫɬɚɞɢɢ  ɮɭɧɤɰɢɹ 
ɭɠɟ ɦɟɧɹɟɬɫɹ ɜ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɟ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɯ ɫɨɫɬɨɹɧɢɣ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɟɦ ɒɪɟɞɢɧɝɟɪɚ.  

 Ⱦɚɥɟɟ ɞɢɫɫɢɩɚɰɢɹ ɩɪɨɰɟɫɫɚ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɥɸɛɚɹ ɫɭɩɟɪɩɨɡɢɰɢɹ 
ɫɨɫɬɨɹɧɢɣ ɩɪɢɯɨɞɢɬ ɤ ɨɞɧɨɦɭ ɢɡ ɫɨɛɫɬɜɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɨɩɟɪɚɬɨɪɚ 
Ƚɚɦɢɥɶɬɨɧɚ (ɞɟɤɨɝɟɪɟɧɰɢɢ). ɋɦɟɲɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɬɟɩɥɨɜɨɝɨ 
ɪɚɜɧɨɜɟɫɢɹ (ɫɨɫɬɨɹɧɢɟ Ƚɢɛɛɫɚ) ɜɨɡɧɢɤɚɟɬ ɧɚ ɩɨɫɥɟɞɧɟɣ ɫɬɚɞɢɢ ɡɚ ɫɱɟɬ 
ɬɟɩɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɫɪɟɞɵ ɢ ɫɥɭɱɚɣɧɵɯ ɩɟɪɟɯɨɞɨɜ ɦɟɠɞɭ 
ɫɨɛɫɬɜɟɧɧɵɦɢ ɫɨɫɬɨɹɧɢɹɦɢ ɨɩɟɪɚɬɨɪɚ Ƚɚɦɢɥɶɬɨɧɚ. 

 ȿɫɥɢ, ɧɚɨɛɨɪɨɬ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɟɞɵ ɧɚ ɟɞɢɧɢɰɭ ɦɚɫɫɵ ɱɚɫɬɢɰɵ ɦɚɥɨ, 
ɬɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɨɞɟɥɢ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ  
ɭɞɨɜɥɟɬɜɨɪɹɟɬ  ɤɥɚɫɫɢɱɟɫɤɨɦɭ ɭɪɚɜɧɟɧɢɸ Ʌɢɭɜɢɥɥɹ, ɬɨ ɟɫɬɶ ɩɪɨɰɟɫɫ 
ɜɟɞɟɬ ɫɟɛɹ ɤɚɤ ɤɥɚɫɫɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ. 

Ɉɫɧɨɜɧɨɣ ɪɟɡɭɥɶɬɚɬ: Ɉɛɵɱɧɵɟ ɤɜɚɧɬɨɜɵɟ ɨɩɢɫɚɧɢɹ ɜ ɷɬɨɣ ɦɨɞɟɥɢ 
ɜɨɡɧɢɤɚɸɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɫɢɦɩɬɨɬɢɤɢ  ɩɪɨɰɟɫɫɨɜ ɞɢɮɮɭɡɢɨɧɧɵɯ 
ɪɚɫɫɟɹɧɢɣ ɜɨɥɧ ɛɨɥɶɲɨɣ ɱɚɫɬɨɬɵ ɜ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. 
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ɉɬɨɩɝɨɶɠ ɪɩɦɩɡɠɨɣя ɧɛɭɠɧɛɭɣɲɠɬɥɩɤ 
ɧɩɟɠɦɣ 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɨɞɟɥɶ ɜɨɥɧɨɜɨɝɨ ɩɪɨɰɟɫɫɚ, ɫɨɫɬɨɹɧɢɟ ɤɨɬɨɪɨɝɨ ɜ 
ɦɨɦɟɧɬ  t ɨɩɢɫɵɜɚɟɬɫɹ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɨɣ ɮɭɧɤɰɢɟɣ φ(x,p,t) ɧɚ 
ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ R6. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ: 
 ɞɥɹ ɮɭɧɤɰɢɣ, ɡɚɞɚɸɳɢɯ ɫɨɫɬɨɹɧɢɟ ɩɪɨɰɟɫɫɚ, ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢɧɰɢɩ 

ɫɭɩɟɪɩɨɡɢɰɢɢ ɧɚ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ; 
 ɬɚɤ ɤɚɤ ɷɧɟɪɝɢɹ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɜɚɞɪɚɬɭ 

ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ, ɬɨ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ρ(x,p) ɷɧɟɪɝɢɢ 
ɜɧɭɬɪɟɧɧɢɯ ɤɨɥɟɛɚɧɢɣ  ɱɚɫɬɢɰɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɧɟɤɨɬɨɪɨɣ ɨɛɥɚɫɬɢ  
ɮɚɡɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ  

ȼ ɦɨɞɟɥɢ ɤɚɠɞɵɣ ɤɨɦɩɥɟɤɫɧɵɣ ɜɟɤɬɨɪ φ(x,p) ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɚɯɨɞɢɬɫɹ ɜ  
2-ɯ ɞɜɢɠɟɧɢɹɯ: 

 Зɧɚɱɟɧɢɟ ɜɨɥɧɵ φ(x,p) ɩɟɪɟɧɨɫɢɬɫɹ ɩɨ ɫɥɭɱɚɣɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɱɚɫɬɢɰɵ, 
ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɛɪɨɭɧɨɜɫɤɨɦ ɞɜɢɠɟɧɢɢ, ɨɩɪɟɞɟɥɟɧɧɨɦ  ɬɟɩɥɨɜɨɣ 
ɞɢɮɮɭɡɢɟɣ ɢ ɞɟɣɫɬɜɢɟɦ ɩɨɥɹ ɫɢɥ.  

 Ɏɚɡɚ ɜɨɥɧɵ  ɦɟɧɹɟɬɫɹ, ɤɪɨɦɟ ɬɨɝɨ, ɫ ɩɨɫɬɨɹɧɧɨɣ   ɫɤɨɪɨɫɬɶɸ ω >>1 Ȋ 
șȖȉșȚȊеȕȕȖȔ ȊȘеȔеȕи ɜ ɞɜɢɠɭɳɟɣɫɹ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɫɜɹɡɚɧɧɨɣ ɫ 
ɱɚɫɬɢɰɟɣ. 

.|),(|
2px
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Ɏɫɛɝɨɠɨɣɠ Кɦɠɤɨɛ-Кɫɛɧɠɫɬɛ 
(ɜɫɩɮɨɩɝɬɥɩɠ ɟɝɣɡɠɨɣɠ) 

 Ɋɚɫɫɦɚɬɪɢɜɚɟɦɨɟ ɛɪɨɭɧɨɜɫɤɨɟ ɞɜɢɠɟɧɢɟ ɜ ɮɚɡɨɜɨɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ R6, ɤɨɬɨɪɨɟ ɨɩɢɫɵɜɚɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦ 
ɤɥɚɫɫɢɱɟɫɤɢɦ ɭɪɚɜɧɟɧɢɟɦ Ʉɥɟɣɧɚ-Ʉɪɚɦɟɪɫɚ (1922 ɝ.; 
ɢɫɫɥɟɞɨɜɚɧɢɟ Ʉɪɚɦɟɪɫɚ,  1940 ɝ.): 

 

 

 

ɝɞɟ f (x,p,t) – ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɟɣ; V(x) – ɩɨɬɟɧɰɢɚɥɶɧɚɹ 
ɮɭɧɤɰɢɹ ɫɢɥ; m – ɦɚɫɫɚ ɱɚɫɬɢɰɵ; Ȗ=ȕ/m – ɤɨɷɮɮɢɰɢɟɧɬ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɪɟɞɵ ɧɚ ɟɞɢɧɢɰɭ ɦɚɫɫɵ; k –  ɩɨɫɬɨɹɧɧɚɹ 
Ȼɨɥɶɰɦɚɧɚ; T – ɬɟɦɩɟɪɚɬɭɪɚ ɫɪɟɞɵ. 

Эɬɨ ɭɪɚɜɧɟɧɢɟ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɡɚɞɚɱ ɯɢɦɢɢ ɢ ɡɚɞɚɱ 
ɞɜɢɠɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ. 
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ɉɜ ɣɢɧɠɨɠɨɣɣ ɯɛɢɶ ɟɦя ɥɩɦɠɜɛɨɣɤ ɬ 
ɜɩɦɷɳɩɤ ɪɩɬɭɩяɨɨɩɤ  ɲɛɬɭɩɭɩɤ 

Ɍɚɤ ɤɚɤ ɱɚɫɬɨɬɚ ɜɧɭɬɪɟɧɧɢɯ ɤɨɥɟɛɚɧɢɣ ω ɞɥɹ ɱɚɫɬɢɰɵ 
ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɛɨɥɶɲɨɣ, ɬɨ ɩɪɢɯɨɞɢɬɫɹ ɭɱɢɬɵɜɚɬɶ 
ɡɚɦɟɞɥɟɧɢɟ ɜɧɭɬɪɟɧɧɢɯ ɤɨɥɟɛɚɧɢɣ ɞɥɹ ɱɚɫɬɢɰ, 
ɞɜɢɝɚɸɳɢɯɫɹ ɫ ɪɚɡɧɵɦɢ ɢɦɩɭɥɶɫɚɦɢ (ɫɤɨɪɨɫɬɹɦɢ), ɬɨ ɟɫɬɶ 
ɭɱɢɬɵɜɚɬɶ ɷɮɮɟɤɬ ɪɟɥɹɬɢɜɢɫɬɫɤɨɣ ɬɟɨɪɢɢ ɞɚɠɟ ɞɥɹ ɱɚɫɬɢɰ, 
ɞɜɢɠɭɳɢɯɫɹ ɫ ɦɚɥɵɦɢ ɫɤɨɪɨɫɬɹɦɢ. 

 ɉɨ ɮɨɪɦɭɥɚɦ ɋɌɈ ɫɨɛɫɬɜɟɧɧɨɟ ɜɪɟɦɹ                 
 ɢ                  

 

ɝɞɟ    
 

ɉɨɷɬɨɦɭ  ɩɪɢ  ɩɚɪɚɥɥɟɥɶɧɨɦ  ɩɟɪɟɧɨɫɟ  ɜɟɤɬɨɪɚ φ0 ɢɡ ɬɨɱɤɢ 
(x,p) ɧɚ ∆x ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ t c ɭɱɟɬɨɦ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɱɚɫɨɜ 
ɜɟɤɬɨɪ φ0  ɧɭɠɧɨ ɭɦɧɨɠɢɬɶ ɧɚ        

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɩɟɪɚɬɨɪ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɨɝɨ ɫɞɜɢɝɚ  
ɡɚɦɟɧɹɟɬɫɹ ɧɚ                         (ɋɞɜɢɝɢ ɱɚɫɬɢɰɵ ɩɨ ɢɦɩɭɥɶɫɚɦ ɢ 

ɤɨɨɪɞɢɧɚɬɚɦ ɧɟ ɤɨɦɦɭɬɢɪɭɸɬ ɢɡ-ɡɚ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɮɚɡɚɯ 
ɜɧɭɬɪɟɧɧɢɯ ɤɨɥɟɛɚɧɢɣ.)       
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ɉɬɨɩɝɨɩɠ ɮɫɛɝɨɠɨɣɠ ɧɩɟɠɦɣ 

 ȼɨɥɧɨɜɚɹ ɮɭɧɤɰɢɹ φ(x,p,t) ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɪɚɜɧɟɧɢɸ: 
 

 

 

ɝɞɟ          (1 ) 

 

 ȿɫɥɢ ɜ ɭɪɚɜɧɟɧɢɢ ɨɬɛɪɨɫɢɬɶ ɩɨɫɥɟɞɧɟɟ ɫɥɚɝɚɟɦɨɟ, ɬɨ 
ɩɨɥɭɱɢɦ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɩɪɨɰɟɫɫɚ 

 ɉɨɫɥɟɞɧɟɟ ɫɥɚɝɚɟɦɨɟ ɨɩɢɫɵɜɚɟɬ ɞɢɮɮɭɡɢɨɧɧɭɸ 
ɫɨɫɬɚɜɥɹɸɳɭɸ ɩɪɨɰɟɫɫɚ. 

 ȼɟɥɢɱɢɧɚ Ȗ=ȕ/m >> 1 ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɛɨɥɶɲɨɣ ɜɟɥɢɱɢɧɨɣ. 

Ȼɵɫɬɪɨɟ ɞɜɢɠɟɧɢɟ ɜ (1) ɩɪɢɜɨɞɢɬ ɤ ɫɬɚɰɢɨɧɚɪɧɵɦ 
ɪɟɲɟɧɢɹɦ ɭɪɚɜɧɟɧɢɹ ∂φ/∂t=ȖBφ. 
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Ɍɭɛɱɣɩɨɛɫɨɶɠ ɫɠɳɠɨɣя ɟɣɯɯɮɢɣɩɨɨɩɞɩ 
ɮɫɛɝɨɠɨɣя 

Тɟɨɪɟɦɚ 1. ɉɭɫɬɶ φ(x,p,0) – ɩɪɨɢɡɜɨɥɶɧɚɹ ɮɭɧɤɰɢɹ, ɩɪɟɨɛ-

ɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ ɤɨɬɨɪɨɣ ɩɨ x ɫɬɪɟɦɢɬɫɹ ɤ 0 ɩɪɢ x → ∞. 
Ɋɟɲɟɧɢɟ φ(x,p,t) ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ (1) 
ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɩɨ ɜɪɟɦɟɧɢ (ɫ ɩɨɤɚɡɚɬɟɥɟɦ -Ȗ) 

ɫɬɪɟɦɢɬɫɹ ɤ “ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɦɭ”, ɤɨɬɨɪɨɟ ɩɨɫɥɟ 
ɧɨɪɦɢɪɨɜɚɧɢɹ ɢɦɟɟɬ ɜɢɞ: 

 

 

      ɝɞɟ 

 

ɢ            Тɨ ɟɫɬɶ χ2(x-y) –  

 

ɩɥɨɬɧɨɫɬɶ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫ ɞɢɫɩɟɪɫɢɟɣ  
ħ2/(2kTm). 
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Ɏɫɛɝɨɠɨɣɠ Шɫɠɟɣɨɞɠɫɛ 
Тɟɨɪɟɦɚ 2. Ⱦɜɢɠɟɧɢɟ, ɨɩɢɫɵɜɚɟɦɨɟ  ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ 

ɭɪɚɜɧɟɧɢɟɦ (1) ɦɨɞɟɥɢ, ɪɚɫɩɚɞɚɟɬɫɹ ɩɪɢ Ȗ→∞ ɧɚ 
ɛɵɫɬɪɨɟ ɢ ɦɟɞɥɟɧɧɨɟ. Зɚ ɜɪɟɦɹ ɩɨɪɹɞɤɚ 1/Ȗ ɧɚɱɚɥɶɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ φ(x,p,0) ɩɟɪɟɯɨɞɢɬ ɤ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɦɭ 
ɬɟɨɪɟɦɵ 1. ɉɨɞɩɪɨɫɬɪɚɧɫɬɜɨ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɯ 
ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɩɚɪɚɦɟɬɪɢɡɭɸɬɫɹ ɜɨɥɧɨɜɵɦɢ ɮɭɧɤɰɢɹɦɢ 
ψ(x) ɨɬ ɤɨɨɪɞɢɧɚɬ. Ɇɟɞɥɟɧɧɨɟ ɞɜɢɠɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨ 
ɷɬɨɦɭ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɭ ɢ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ 
Шɪɟɞɢɧɝɟɪɚ i ħ∂ψ/∂t = Ĥψ, ɝɞɟ 

 

 

  – ɫɚɦɨɫɨɩɪɹɠɟɧɧɵɣ ɨɩɟɪɚɬɨɪ, ɨɬɥɢɱɚɸɳɢɣɫɹ ɨɬ 
ɫɬɚɧɞɚɪɬɧɨɝɨ ɨɩɟɪɚɬɨɪɚ Ƚɚɦɢɥɶɬɨɧɚ  ɫɥɚɝɚɟɦɵɦɢ-
ɤɨɧɫɬɚɧɬɚɦɢ. 

Оɛɪɚɬɢɦɨɫɬɶ ɤɜɚɧɬɨɜɵɯ ɩɪɨɰɟɫɫɨɜ – ɷɬɨ ɪɟɡɭɥɶɬɚɬ 
ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɚ ɜ 0-ɩɪɢɛɥɢɠɟɧɢɢ. 
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ɉɪɣɬɛɨɣɠ ɟɠɥɩɞɠɫɠɨɱɣɣ 
Ɍɟɨɪɟɦɚ 3. ȿɫɥɢ kT/(Ȗħ)<<1, ɬɨ ɥɸɛɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (1) 

ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɩɨ ɜɪɟɦɟɧɢ  ɫ 
ɩɨɤɚɡɚɬɟɥɟɦ ɷɤɫɩɨɧɟɧɬɵ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ (kT)2/(Ȗħ2) 

ɫɬɪɟɦɢɬɫɹ ɤ ɨɞɧɨɦɭ ɢɡ ɫɨɛɫɬɜɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ 
ɨɩɟɪɚɬɨɪɚ Ƚɚɦɢɥɶɬɨɧɚ. 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɩɪɨɰɟɫɫɟ, ɨɩɢɫɵɜɚɟɦɨɦ ɭɪɚɜɧɟɧɢɟɦ (1) 
ɩɪɨɹɜɥɹɟɬɫɹ ɞɢɫɫɢɩɚɰɢɹ. ɑɟɪɟɡ ɜɪɟɦɹ ɩɨɪɹɞɤɚ Ȗ (ħ/(kT))2 

ɫɢɫɬɟɦɚ ɩɟɪɟɯɨɞɢɬ ɜ ɨɞɧɨ ɢɡ ɫɨɛɫɬɜɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ 
ɨɩɟɪɚɬɨɪɚ Ĥ (ɹɜɥɟɧɢɟ ɞɟɤɨɝɟɪɟɧɰɢɢ). 

 ɋɦɟɲɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɬɟɩɥɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜɨɡɧɢɤɚɟɬ ɡɚ 
ɫɱɟɬ ɩɟɪɟɯɨɞɨɜ ɦɟɠɞɭ ɫɨɛɫɬɜɟɧɧɵɦɢ ɫɨɫɬɨɹɧɢɹɦɢ ɫɢɫɬɟɦɵ 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɬɟɩɥɨɜɨɣ ɫɪɟɞɵ. 
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Ɍɦɮɲɛɤ   γ <<1 

 ȼ ɫɥɭɱɚɟ Ȗ=ȕ/m <<1 (ɦɚɫɫɚ ɛɨɥɶɲɚɹ), ɤɨɝɞɚ ɜ ɨɛɨɛɳɟɧɧɨɦ 
ɭɪɚɜɧɟɧɢɢ Ʉɥɟɣɧɚ-Ʉɪɚɦɟɪɫɚ 

 

 

 

ɞɢɮɮɭɡɢɨɧɧɵɦ ɱɥɟɧɨɦ ȖBφ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ, ɜɟɪɧɚ 
ɫɥɟɞɭɸɳɚɹ ɬɟɨɪɟɦɚ. 

 Тɟɨɪɟɦɚ 4. ȿɫɥɢ Ȗ=ȕ/m <<1, ɬɨ ρ =                  = φφ* 

ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɤɥɚɫɫɢɱɟɫɤɨɦɭ ɭɪɚɜɧɟɧɢɸ Ʌɢɭɜɢɥɥɹ 

 

 

В ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ ɤɜɚɧɬɨɜɵɟ ɷɮɮɟɤɬɵ ɧɟ 
ɜɨɡɧɢɤɚɸɬ. 
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ɏɮɨɥɱɣɣ ɫɛɬɪɫɠɟɠɦɠɨɣя ɝ ɯɛɢɩɝɩɧ 
ɪɫɩɬɭɫɛɨɬɭɝɠ ɝ ɥɝɛɨɭɩɝɩɤ ɧɠɰɛɨɣɥɠ ɣ 
ɝ ɟɛɨɨɩɤ ɧɩɟɠɦɣ ɟɦя ψ(x) 
 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɜ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɥɹ 

ɜɨɥɧɨɜɨɣ ɮɭɧɤɰɢɢ ɜ ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɟ ɡɚɞɚɟɬɫɹ 
ɮɭɧɤɰɢɟɣ ȼɢɝɧɟɪɚ. Ɉɧɚ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ 
ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ. ɋɝɥɚɠɟɧɧɚɹ ɮɭɧɤɰɢɹ 
ȼɢɝɧɟɪɚ ɩɨ ɧɨɪɦɚɥɶɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ 
ɧɚɡɵɜɚɟɬɫɹ ɮɭɧɤɰɢɟɣ ɏɭɫɢɦɢ. 

 ȼ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 
ɜɨɥɧɨɜɨɣ ɮɭɧɤɰɢɢ, ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɹɜɥɹɟɬɫɹ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɏɭɫɢɦɢ ɫ ɩɚɪɚɦɟɬɪɚɦɢ 
ɫɝɥɚɠɢɜɚɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫɪɟɞɵ. 
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ɋɠɢɮɦɷɭɛɭɶ ɫɛɜɩɭɶ 
Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɨɞɟɥɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ ɜ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɞɥɹ ɜɧɭɬɪɟɧɧɢɯ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɱɚɫɬɢɰɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ 
ɛɪɨɭɧɨɜɫɤɨɦ ɞɜɢɠɟɧɢɢ. 

 ɉɪɨɰɟɫɫ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɨɞɟɥɢ ɩɪɢ Ȗ=ȕ/m>>1 ɪɚɫɤɥɚɞɵɜɚɟɬɫɹ ɧɚ 
ɛɵɫɬɪɵɣ (ɩɨɪɹɞɤɚ 1/γ), ɦɟɞɥɟɧɧɵɣ ɢ ɨɱɟɧɶ ɦɟɞɥɟɧɧɵɣ (ɩɨɪɹɞɤɚ γ). ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɛɵɫɬɪɨɝɨ ɞɜɢɠɟɧɢɹ ɫɢɫɬɟɦɚ, ɧɚɱɢɧɚɹ ɫ ɩɪɨɢɡɜɨɥɶɧɨɣ 
ɮɭɧɤɰɢɢ ɧɚ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɩɟɪɟɯɨɞɢɬ ɤ ɮɭɧɤɰɢɢ, 
ɩɪɢɧɚɞɥɟɠɚɳɟɣ ɧɟɤɨɬɨɪɨɦɭ ɨɫɨɛɨɦɭ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɭ. Эɥɟɦɟɧɬɵ ɷɬɨɝɨ 
ɨɫɨɛɨɝɨ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɮɭɧɤɰɢɹɦɢ, ɡɚɜɢɫɹɳɢɦɢ 
ɬɨɥɶɤɨ ɨɬ ɤɨɨɪɞɢɧɚɬ.  

 Ɇɟɞɥɟɧɧɨɟ ɞɜɢɠɟɧɢɟ, ɧɚɱɢɧɚɸɳɟɟɫɹ ɫ ɧɟɧɭɥɟɜɨɣ ɮɭɧɤɰɢɢ ɢɡ 
ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɚ,  ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɭ ɢ ɨɩɢɫɵɜɚɟɬɫɹ 
ɨɛɵɱɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɒɪɟɞɢɧɝɟɪɚ. 

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɱɟɧɶ ɦɟɞɥɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ (ɩɨɪɹɞɤɚ Ȗ (ħ/(kT))2) ɫɢɫɬɟɦɚ 
ɩɟɪɟɯɨɞɢɬ ɜ ɨɞɧɨ ɢɡ ɫɨɛɫɬɜɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɨɩɟɪɚɬɨɪɚ ɷɧɟɪɝɢɢ 
(ɞɟɤɨɝɟɪɟɧɰɢɹ). Ⱦɚɥɟɟ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɤ ɫɦɟɲɚɧɧɨɦɭ ɫɨɫɬɨɹɧɢɸ 
ɬɟɩɥɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. 

 ȿɫɥɢ, ɧɚɨɛɨɪɨɬ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɟɞɵ ɧɚ ɟɞɢɧɢɰɭ ɦɚɫɫɵ ɱɚɫɬɢɰɵ ɦɚɥɨ, 
ɬɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɨɞɟɥɢ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ 
ɤɨɥɟɛɚɧɢɣ ɭɞɨɜɥɟɬɜɨɪɹɟɬ  ɤɥɚɫɫɢɱɟɫɤɨɦɭ ɭɪɚɜɧɟɧɢɸ Ʌɢɭɜɢɥɥɹ, ɱɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɥɚɫɫɢɱɟɫɤɨɦɭ ɩɪɨɰɟɫɫɭ. 
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ɉɬɨɩɝɨɩɤ ɫɠɢɮɦɷɭɛɭ 
 ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɦɨɞɟɥɢ ɨɛɵɱɧɵɟ ɤɜɚɧɬɨɜɵɟ 

ɨɩɢɫɚɧɢя ɜɨɡɧɢɤɚɸɬ (ɤɚɤ ɩɪɢɛɥɢɠɟɧɧɵɟ ɩɪɢ 
Ȗ=ȕ/m>>1) ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɫɢɦɩɬɨɬɢɤɢ  
ɩɪɨɰɟɫɫɨɜ ɞɢɮɮɭɡɢɨɧɧɵɯ ɪɚɫɫɟɹɧɢɣ ɜɨɥɧ 
ɛɨɥɶɲɨɣ ɱɚɫɬɨɬɵ ɜ фɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɱɚɫɬɢɰɵ ɫɨ ɫɪɟɞɨɣ. 

Оɛɪɚɬɢɦɨɫɬɶ ɤɜɚɧɬɨɜɵɯ ɩɪɨɰɟɫɫɨɜ – ɷɬɨ 
ɪɟɡɭɥɶɬɚɬ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɨɩɢɫɚɧɢɹ ɧɟɨ-

ɛɪɚɬɢɦɨɝɨ ɩɪɨɰɟɫɫɚ ɜ 0-ɩɪɢɛɥɢɠɟɧɢɢ ɩɨ 1/Ȗ. 

 ɉɪɢ Ȗ=ȕ/m<<1 ɜ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɦɨɞɟɥɢ 
ɢɡɦɟɧɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ρ=φφ* 
ɨɩɢɫɵɜɚɟɬɫɹ ɤɥɚɫɫɢɱɟɫɤɢɦ ɭɪɚɜɧɟɧɢɟɦ 
Ʌɢɭɜɢɥɥɹ, ɬɨ ɟɫɬɶ ɩɪɨɰɟɫɫ ɤɥɚɫɫɢɱɟɫɤɢɣ. 

В ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ ɤɜɚɧɬɨɜɵɟ 
ɷɮɮɟɤɬɵ ɧɟ ɜɨɡɧɢɤɚɸɬ. 
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ɉɬɩɜɠɨɨɩɬɭɣ ɫɛɬɬɧɛɭɫɣɝɛɠɧɩɤ 
ɧɩɟɠɦɣ ɣ ɩɭɥɫɶɭɶɠ ɝɩɪɫɩɬɶ 

 ȼ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɨɞɟɥɢ                       ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɚɫɫɨɣ 
ɱɚɫɬɢɰɵ ɢ ɱɚɫɬɨɬɨɣ ɟɟ ɜɧɭɬɪɟɧɧɢɯ ɤɨɥɟɛɚɧɢɣ ɢ, ɜ ɨɛɳɟɦ 
ɫɥɭɱɚɟ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɡɜɨɥɶɧɨɣ. 

 Ȼɨɥɟɟ ɬɨɝɨ, ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɱɚɫɬɢɰ ɭ ɤɚɠɞɨɣ 
ɱɚɫɬɢɰɵ ɜɟɥɢɱɢɧɚ ħ ɦɨɠɟɬ ɛɵɬɶ ɫɜɨɟɣ. Ɍɨ ɟɫɬɶ  ɮɚɤɬ (?), 
ɱɬɨ ħ ɹɜɥɹɟɬɫɹ ɤɨɧɫɬɚɧɬɨɣ, ɧɟ ɜɵɜɨɞɢɬɫɹ ɜ ɷɬɨɣ ɦɨɞɟɥɢ ɢ 
ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɛɴɹɫɧɟɧɢɣ.  

 ȼ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɨɞɟɥɢ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɪɨɦɟɠɭɬɨɱɧɵɣ 
ɫɥɭɱɚɣ ɞɥɹ ɦɚɥɵɯ ɱɚɫɬɢɰ, ɤɨɝɞɚ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ ɭɠɟ ɧɟ 
ɤɥɚɫɫɢɱɟɫɤɨɟ, ɧɨ ɟɳɟ ɧɟ ɤɜɚɧɬɨɜɨɟ (ɩɟɪɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɤ 
ɤɥɚɫɫɢɱɟɫɤɨɦɭ ɩɨɜɟɞɟɧɢɸ). 

/2mc
def





17 

Ɍɬɶɦɥɛ 

Ɍɟɤɫɬɵ ɧɚ ɪɭɫɫɤɨɦ ɹɡɵɤɟ ɢ ɧɚ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɟ ɧɚ 
ɷɬɭ ɬɟɦɭ ɦɨɠɧɨ ɧɚɣɬɢ ɧɚ ɫɬɪɚɧɢɰɟ: 

http://beniaminov.rsuh.ru/Quantum_Mechanics.HTM 

 

http://beniaminov.rsuh.ru/Quantum_Mechanics.HTM
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