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UЧНОr rОЯТОа ЦКЭСОЦКЭТМКХ ЦШНОХ ШП SаТЭМСОН rОХЮМЭКЧМО ЦШЭШr КХХШаs ТЧЯОsЭТРКЭТЧР ЭСО аШrФ ШП sаТЭМСОН-

rОХЮМЭКЧМО НrТЯО ТЧ ЮsЮКХ, ОЦОrРОЧМв КЧН ХШа-ЩСКsОs ЦШНОs. 
 

ȼ ɭɫɥɨɜɢɹɯ ɪɚɡɜɢɬɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɢɫɬɟɦ ɢ ɫɢɫɬɟɦ ɫ ɩɨɜɵɲɟɧɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɧɚɞɟɠɧɨɫɬɢ ɢ 

ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɨɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɜɟɧɬɢɥɶɧɨ-ɢɧɞɭɤɬɨɪɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɜ ɚɜɚɪɢɣɧɵɯ ɧɟɩɨɥɧɨɮɚɡɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ.  

ȼ ɨɫɧɨɜɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜɟɧɬɢɥɶɧɨ-ɢɧɞɭɤɬɨɪɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɩɨɥɨɠɟɧɵ ɭɪɚɜɧɟɧɢɹ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɨɧɬɭɪɨɜ ɫɨɫɬɚɜɥɟɧɧɵɟ ɞɥɹ ɤɚɠɞɨɣ ɢɡ ɮɚɡ. ɉɪɢɧɹɬɵ ɞɨɩɭɳɟɧɢɹ, ɱɬɨ ɦɚɝɧɢɬɧɵɟ ɫɢɫɬɟɦɵ 

ɤɚɠɞɨɣ ɮɚɡɵ ɢɞɟɧɬɢɱɧɵ ɞɪɭɝ ɞɪɭɝɭ, ɝɢɫɬɟɪɟɡɢɫ ɢ ɜɢɯɪɟɜɵɟ ɬɨɤɢ ɜ ɦɚɝɧɢɬɨɩɪɨɜɨɞɟ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ, ɚ 

ɚɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɮɚɡ ɪɚɜɧɵ Д1, βЖ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɤɚɠɞɚɹ ɮɚɡɚ ȼɂȾ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɫɨɝɥɚɫɧɨ ɜɬɨɪɨɦɭ ɡɚɤɨɧɭ Ʉɢɪɯɝɨɮɚ. ɍɪɚɜɧɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 

ɪɚɜɧɨɜɟɫɢɹ ɞɜɢɝɚɬɟɥɹμ ( , )
,ex ex

x s s

d i
U R i

dt

 
    

ɝɞɟ Uб – ɧɚɩɪɹɠɟɧɢɟ ɩɪɢɥɨɠɟɧɧɨɟ ɤ ɨɛɦɨɬɤɟ ɮɚɡɵ ɫ ɢɧɞɟɤɫɨɦ ɯν Тб – ɮɚɡɧɵɣ ɬɨɤν Rs – ɷɥɟɤɬɪɢɱɟɫɤɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɮɚɡɵν ,  ,( ) ( )x ex x x ex xi L i i     – ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɟ ɮɚɡɵ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɨɛɦɨɬɨɤ ɜ ɜɟɧɬɢɥɶɧɨ-ɢɧɞɭɤɬɨɪɧɨɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 

ɧɟɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɬɟɤɭɳɟɝɨ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ ɢ ɡɧɚɱɟɧɢɹ ɮɚɡɧɨɝɨ ɬɨɤɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤμ 

0 1 2( , ) ( ) ( ) cos ( ) cos2 ,e e eL i L i L i L i        

ɝɞɟ e r rN   – ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɭɝɨɥ ɪɨɬɨɪɚ ɜ ɪɚɞɢɚɧɚɯν rN  – ɱɢɫɥɨ ɩɨɥɸɫɨɜ ɪɨɬɨɪɚν r  – ɦɟɯɚɧɢɱɟɫɤɢɣ 

ɭɝɨɥ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ ɜ ɪɚɞɢɚɧɚɯν  δ0(Т), δ1(Т),  δβ(Т) – ɮɭɧɤɰɢɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɨɬ ɬɨɤɚ 

ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɬɪɟɯ ɨɫɧɨɜɧɵɯ ɩɨɥɨɠɟɧɢɹɯ ɪɨɬɨɪɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ (ɩɨ ɡɚɤɨɧɭ Ɏɚɪɚɞɟɹ 

ɨɛ ɨɪɢɟɧɬɚɰɢɢ ɮɟɪɪɢɦɚɝɧɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹΨ Дγ, ζЖ. 

ɉɪɟɨɛɪɚɡɭɟɦ ɭɪɚɜɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɞɜɢɝɚɬɟɥɹμ 
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Ȧ – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ. 

ȼ ɞɚɧɧɨɦ ɭɪɚɜɧɟɧɢɢ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɥɚɝɚɟɦɵɟ ɩɨɤɚɡɵɜɚɸɳɢɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 

ɚɤɬɢɜɧɨɦ ɢ ɪɟɚɤɬɢɜɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɢ ɜɨɡɧɢɤɚɸɳɚɹ ɜ ɫɢɫɬɟɦɟ ɩɪɨɬɢɜɨ-ɗȾɋ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ 

ɜɵɪɚɠɟɧɚ ɤɚɤμ 
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  – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɬɢɜɨ-ɷɞɫ. 

Ⱦɥɹ ɫɥɭɱɚɹ ɜɪɚɳɚɸɳɟɣɫɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ, ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɬ 

ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ ɡɚɩɢɫɵɜɚɟɬɫɹ ɤɚɤ ДγЖμ 

x x rW Ɇ     , 

ɝɞɟ Ɇб – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ ɮɨɪɦɢɪɭɟɦɵɣ ɨɞɧɨɣ ɮɚɡɨɣν Аб – ɦɟɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ. 

Ɉɬɫɸɞɚμ  x
x

r

WɆ






, ɫ ɭɱɟɬɨɦ ɩɪɢɹɬɵɯ ɞɨɩɭɳɟɧɢɣ ɩɪɢɧɢɦɚɟɦ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ ɪɚɜɧɵɦ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦɭ ɦɨɦɟɧɬɭ, ɬɨɝɞɚ ɢɡɦɟɧɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɪɚɜɧɨ ɢɡɦɟɧɟɧɢɸ ɦɚɝɧɢɬɧɨɣ 

ɤɨɷɧɟɪɝɢɢ οܹǯ   ДηЖ. 

 1’ ,
2f x x rW L i  . 
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Ɇɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɦɦɭ ɦɨɦɟɧɬɨɜ ɮɨɪɦɢɪɭɟɦɵɯ ɮɚɡɚɦɢ, ɭɱɢɬɵɜɚɹ, ɱɬɨ ɮɚɡɵ ɧɟ 

ɡɚɜɢɫɢɦɵ ɢ ɧɟ ɫɜɹɡɚɧɵ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɢ ɦɚɝɧɢɬɧɵɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦɢ. 

ɉɨɷɬɨɦɭμ  
1

, 
m

ɞɜ б б r
x

M M i 


 , ɝɞɟ  , x x rM i   – ɦɨɦɟɧɬ, ɪɚɡɜɢɜɚɟɦɵɣ ɮɚɡɨɣ ɫ ɢɧɞɟɤɫɨɦ бν Ц – ɱɢɫɥɨ 

ɮɚɡ ɞɜɢɝɚɬɟɥɹ. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɢɦ ɦɟɯɚɧɢɱɟɫɤɭɸ ɱɚɫɬɶ ɜ ɜɢɞɟ ɨɞɧɨɦɚɫɫɨɜɨɣ 

ɫɢɫɬɟɦɵ ДβЖ. Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɛɭɞɭɬ ɢɦɟɬɶ ɜɢɞμ 

;
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ɞɜ М

r

d
J M M

dt
d

dt






  

 


, ɝɞɟ J – ɩɪɢɜɟɞɟɧɧɵɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɪɨɬɨɪɚν Ȧ – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɨɞɧɨɣ ɫɟɤɰɢɢ ɬɪɟɯɮɚɡɧɨɝɨ ɜɟɧɬɢɥɶɧɨ-ɢɧɞɭɤɬɨɪɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

ɢɦɟɟɬ ɜɢɞμ   
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Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɜɟɧɬɢɥɶɧɨ-ɢɧɞɭɤɬɨɪɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɤɚɤ ɜ ɧɨɪɦɚɥɶɧɵɯ, ɬɚɤ 

ɢ ɜ ɚɜɚɪɢɣɧɵɯ, ɧɟɩɨɥɧɨɮɚɡɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ. 
 

ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 
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