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Ⱥɧɨɬɚɰɿɹ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɞɨɫɥɿɞɠɟɧɧɹ ɜɩɥɢɜɭ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɜɢ-
ɩɪɨɦɿɧɸɜɚɧɧɹ ɧɚ ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɢɣ ɫɬɚɧ ɛɭɞɿɜɟɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ ɡ ɤɪɢɜɨɥɿɧɿɣɧɢɦɢ 
ɜɢɪɿɡɚɦɢ. Ɋɨɡɪɨɛɥɟɧɚ ɦɟɬɨɞɢɤɚ ɞɨɡɜɨɥɹɽ ɩɪɢɜɟɫɬɢ ɞɚɧɭ ɡɚɞɚɱɭ ɞɨ ɜɢɡɧɚɱɟɧɧɹ ɬɪɶɨɯ ɚɧɚɥɿɬɢɱ-
ɧɢɯ ɮɭɧɤɰɿɣ, ɹɤɿ ɡɚɞɨɜɨɥɶɧɹɸɬɶ ɜɿɞɩɨɜɿɞɧɢɦ ɝɪɚɧɢɱɧɢɦ ɭɦɨɜɚɦ.  
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Ⱥɧɧɨɬɚɰɢɹ. ɉɪɟɞɥɨɠɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɧɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɤɪɢɜɨɥɢ-
ɧɟɣɧɵɦɢ ɜɵɪɟɡɚɦɢ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɨɡɜɨɥɹɟɬ ɫɜɟɫɬɢ ɞɚɧɧɭɸ ɡɚɞɚɱɭ ɤ ɨɩɪɟɞɟɥɟɧɢɸ 

ɬɪɺɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ, ɤɨɬɨɪɵɟ ɨɬɜɟɱɚɸɬ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɹɦ.  
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Abstract. The mathematical model of electromagnetic field effects research on the stress-strain state of 

building structures with curved notches is offered. The developed technique allows to apply this prob-

lem to determine the three analytic functions that satisfy appropriate boundary conditions. 
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Ⱥɤɬɭɚɥɶɧɢɦ ɩɢɬɚɧɧɹɦ ɬɟɨɪɿʀ ɬɚ ɩɪɚɤɬɢɤɢ ɛɭ-
ɞɿɜɧɢɰɬɜɚ, ɧɚ ɫɶɨɝɨɞɧɿ ɽ ɩɪɨɛɥɟɦɚ ɜɩɥɢɜɭ 

ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ ɧɚ ɦɿɰ-

ɧɿɫɬɶ ɫɩɨɪɭɞ ɿ ɛɭɞɿɜɟɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ.  

 

んÖí¿：£ äÜß¿：¡íî：ú 
 

ɇɚ ɫɶɨɝɨɞɧɿ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɧɚɩɪɭɠɟɧɨ-
ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ ɩɥɨɫɤɢɯ ɛɚɝɚɬɨɡɜ’ɹɡɧɢɯ 

ɬɿɥ ɩɿɞ ɞɿɽɸ ɦɟɯɚɧɿɱɧɢɯ ɡɭɫɢɥɶ ɪɨɡɪɨɛɥɟɧɨ 
ɞɨɫɬɚɬɧɶɨ ɟɮɟɤɬɢɜɧɿ ɦɟɬɨɞɢ, ɤɨɥɢ ɧɟ ɜɪɚɯɨ-
ɜɭɽɬɶɫɹ ɞɿɹ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ [1, 4, 5, 

10]. Ɇɟɬɨɞɢ ɜɢɡɧɚɱɟɧɧɹ ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪ-
ɦɨɜɚɧɨɝɨ ɫɬɚɧɭ ɧɟɫɤɿɧɱɟɧɧɨɝɨ ɚɧɿɡɨɬɪɨɩɧɨɝɨ 
ɛɚɝɚɬɨɡɜ’ɹɡɧɨɝɨ ɬɿɥɚ ɭ ɜɢɩɚɞɤɭ ɞɿʀ ɬɟɩɥɨɜɨɝɨ 
ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ ɡɧɚɣɲɥɢ ɜɿɞɨɛɪɚɠɟɧɧɹ ɜ 
ɪɨɛɨɬɚɯ [2, 11].  

 

Ⱥɧɚɥɿɡ ɮɚɤɬɨɪɿɜ, ɹɤɿ ɩɪɢɡɜɨɞɹɬɶ ɞɨ ɩɟɪɟɞɱɚɫ-
ɧɨɝɨ ɪɭɣɧɭɜɚɧɧɹ ɫɩɨɪɭɞ ɿ ɛɭɞɿɜɟɥɶɧɢɯ ɤɨɧɫ-
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ɬɪɭɤɰɿɣ, ɩɨɤɚɡɚɜ, ɳɨ ɦɚɝɧɿɬɧɟ ɩɨɥɟ ɜɩɥɢɜɚɽ 
ɧɚ ɪɨɡɩɨɞɿɥ ɦɟɯɚɧɿɱɧɢɯ ɧɚɩɪɭɠɟɧɶ ɿ ɧɢɦ ɧɟ 
ɦɨɠɧɚ ɧɟɯɬɭɜɚɬɢ ɩɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ ɛɭɞɿɜɟɥɶ-
ɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ. 

 

ぜñöí ： äÜïöíÖÜç¡í £íÑíô： 
 

Ɇɟɬɨɸ ɪɨɛɨɬɢ ɽ ɪɨɡɪɨɛɤɚ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨ-
ɞɟɥɿ ɡɚɝɚɥɶɧɨʀ ɞɜɨɦɿɪɧɨʀ ɡɚɞɚɱɿ ɜɢɡɧɚɱɟɧɧɹ 
ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ ɞɥɹ ɛɚɝɚ-
ɬɨɡɜ’ɹɡɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɩɿɞ ɞɿɽɸ ɧɟ ɬɿɥɶɤɢ 

ɦɟɯɚɧɿɱɧɢɯ ɫɢɥ, ɚ ɣ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɜɢ-

ɩɪɨɦɿɧɸɜɚɧɧɹ. 
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Ɋɨɡɝɥɹɧɟɦɨ ɩɥɚɫɬɢɧɱɚɫɬɭ ɬɨɧɤɭ ɩɥɢɬɭ, ɨɫɥɚ-
ɛɥɟɧɭ ɤɪɢɜɨɥɿɧɿɣɧɢɦ ɬɟɯɧɨɥɨɝɿɱɧɢɦ ɨɬɜɨ-
ɪɨɦ, ɹɤɚ ɡɧɚɯɨɞɢɬɶɫɹ ɩɿɞ ɞɿɽɸ ɦɟɯɚɧɿɱɧɨɝɨ 
ɧɚɜɚɧɬɚɠɟɧɧɹ ɣ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɜɢɩɪɨɦɿ-
ɧɸɜɚɧɧɹ. Ɂɚ ɮɿɡɢɤɨ-ɦɟɯɚɧɿɱɧɭ ɦɨɞɟɥɶ ɬɚɤɨʀ 
ɤɨɧɫɬɪɭɤɰɿʀ ɦɨɠɟ ɛɭɬɢ ɩɪɢɣɧɹɬɚ ɿɡɨɬɪɨɩɧɚ 
ɩɥɚɫɬɢɧɤɚ. Ⱦɥɹ ɟɥɟɤɬɪɨɩɪɨɜɿɞɧɨɝɨ ɩɪɭɠɧɨɝɨ 
ɬɿɥɚ, ɹɤɟ ɧɟ ɧɚɦɚɝɧɿɱɭɽɬɶɫɹ ɿ ɧɟ ɩɨɥɹɪɢɡɭɽɬɶ-
ɫɹ, ɞɨɫɥɿɞɠɟɧɧɹ ɧɚɩɪɭɠɟɧɨɝɨ ɫɬɚɧɭ ɩɨɛɥɢɡɭ 
ɨɬɜɨɪɭ, ɩɪɢ ɧɟɯɬɭɜɚɧɧɿ ɧɟɡɧɚɱɧɢɦ ɜɩɥɢɜɨɦ 

ɝɪɚɞɿɽɧɬɿɜ ɬɟɦɩɟɪɚɬɭɪɢ ɧɚ ɟɥɟɤɬɪɢɱɧɢɣ 

ɫɬɪɭɦ, ɦɨɠɥɢɜɟ ɧɚ ɨɫɧɨɜɿ ɥɿɧɿɣɧɢɯ ɪɿɜɧɹɧɶ 
ɦɚɝɧɿɬɨɩɪɭɠɧɨɫɬɿ. ɉɪɢ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱ ɥɿ-
ɧɿɣɧɨʀ ɦɚɝɧɿɬɨɩɪɭɠɧɨɫɬɿ ɿɡɨɬɪɨɩɧɨɝɨ ɬɿɥɚ, 
ɹɤɟ ɡɧɚɯɨɞɢɬɶɫɹ ɭ ɡɨɜɧɿɲɧɶɨɦɭ ɦɚɝɧɿɬɧɨɦɭ 
ɩɨɥɿ ɿ ɩɟɪɟɛɭɜɚɽ ɩɿɞ ɞɿɽɸ ɦɟɯɚɧɿɱɧɨɝɨ ɧɚɜɚɧ-

ɬɚɠɟɧɧɹ, ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɪɿɜɧɹɧɧɹ Ɇɚɤɫ-
ɜɟɥɥɚ ɿ ɪɿɜɧɹɧɧɹ ɪɭɯɭ ɩɪɭɠɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ, 
ɞɨɩɨɜɧɟɧɿ ɩɨɧɞɟɦɨɬɨɪɧɢɦɢ ɫɢɥɚɦɢ [3, 7]. 

Ɋɚɡɨɦ ɿɡ ɪɿɜɧɹɧɧɹɦɢ ɫɬɚɧɭ ɪɭɯɨɦɨɝɨ ɿɡɨɬɪɨɩ-

ɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ [8] ɿ ɪɿɜɧɹɧɧɹɦɢ ɭɡɚɝɚɥɶɧɟ-
ɧɨɝɨ ɡɚɤɨɧɭ Ɉɦɚ [7] ɜɨɧɢ ɫɤɥɚɞɚɸɬɶ ɡɚɦɤɧɟ-
ɧɭ ɫɢɫɬɟɦɭ ɧɟɥɿɧɿɣɧɢɯ ɪɿɜɧɹɧɶ ɦɚɝɧɿɬɨɩɪɭɠ-

ɧɨɫɬɿ ɞɥɹ ɨɞɧɨɪɿɞɧɨɝɨ ɿɡɨɬɪɨɩɧɨɝɨ ɫɟɪɟɞɨ-
ɜɢɳɚ, ɹɤɭ ɩɨɬɪɿɛɧɨ ɪɨɡɜ’ɹɡɚɬɢ ɡɚ ɡɚɞɚɧɢɯ 
ɩɨɱɚɬɤɨɜɢɯ ɭɦɨɜ ɿɡ ɭɪɚɯɭɜɚɧɧɹɦ ɝɪɚɧɢɱɧɢɯ 

ɭɦɨɜ ɧɚ ɩɨɜɟɪɯɧɿ ɬɿɥɚ. ȼ ɡɚɝɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ 

ɩɨɜɟɪɯɧɹ S, ɹɤɚ ɨɛɦɟɠɭɽ ɩɪɭɠɧɟ ɬɿɥɨ, ɽ ɝɪɚ-
ɧɢɰɟɸ ɪɨɡɩɨɞɿɥɭ ɞɜɨɯ ɫɟɪɟɞɨɜɢɳ ɡ ɪɿɡɧɢɦɢ 

ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ, ɿ ɡɚ ɜɿɞ-

ɫɭɬɧɨɫɬɿ ɧɚ S ɩɨɜɟɪɯɧɟɜɢɯ ɟɥɟɤɬɪɢɱɧɢɯ ɫɬɪɭ-
ɦɿɜ ɿ ɡɚɪɹɞɿɜ ɝɪɚɧɢɱɧɿ ɭɦɨɜɢ ɞɥɹ ɟɥɟɤɬɪɨɦɚɝ-
ɧɿɬɧɨɝɨ ɩɨɥɹ ɦɚɸɬɶ ɜɢɞ [3, 9]. Ⱦɥɹ ɜɢɤɨɧɚɧɧɹ 
ɭɦɨɜɢ ɧɟɩɪɨɬɿɤɚɧɧɹ ɟɥɟɤɬɪɢɱɧɨɝɨ ɫɬɪɭɦɭ 
ɱɟɪɟɡ ɩɨɜɟɪɯɧɸ S ɧɟɨɛɯɿɞɧɨ, ɳɨɛ ɩɪɨɜɿɞɧɿɫɬɶ 
ɫɟɪɟɞɨɜɢɳɚ, ɹɤɟ ɨɬɨɱɭɽ ɬɿɥɨ, ɛɭɥɚ ɪɿɜɧɨɸ 

ɧɭɥɸ.  

 

ȼɪɚɯɨɜɭɸɱɢ ɡɪɨɛɥɟɧɿ ɡɚɭɜɚɠɟɧɧɹ ɿ ɞɨɩɭɳɟɧ-

ɧɹ, ɨɞɟɪɠɢɦɨ ɿɡ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ ɦɚɝɧɿɬɨ-
ɩɪɭɠɧɨɫɬɿ ɧɚɫɬɭɩɧɿ ɪɿɜɧɹɧɧɹ [6], ɹɤɿ ɜ ɞɟɤɚɪ-
ɬɨɜɿɣ ɫɢɫɬɟɦɿ ɤɨɨɪɞɢɧɚɬ ɦɚɸɬɶ ɜɢɝɥɹɞ 
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Ɋɿɜɧɹɧɧɹ (1), (2) ɽ ɮɭɧɞɚɦɟɧɬɚɥɶɧɢɦɢ ɪɿɜ-
ɧɹɧɧɹɦɢ ɥɿɧɿɣɧɨʀ ɬɟɨɪɿʀ ɦɚɝɧɿɬɨɩɪɭɠɧɨɫɬɿ 
ɿɡɨɬɪɨɩɧɢɯ ɩɪɨɜɿɞɧɢɤɿɜ. 
 

Ɋɨɡɝɥɹɧɟɦɨ ɨɞɧɨɪɿɞɧɟ ɿɡɨɬɪɨɩɧɟ ɬɿɥɨ, ɹɤɟ 
ɡɧɚɯɨɞɢɬɶɫɹ ɭ ɫɬɚɧɿ ɩɥɨɫɤɨʀ ɞɟɮɨɪɦɚɰɿʀ, ɚɛɨ ɜ 
ɭɡɚɝɚɥɶɧɟɧɨɦɭ ɩɥɨɫɤɨɦɭ ɧɚɩɪɭɠɟɧɨɦɭ ɫɬɚɧɿ 
ɜɿɞɧɨɫɧɨ ɞɟɹɤɨʀ ɩɥɨɳɢɧɢ ɬɿɥɚ, ɩɪɢɣɧɹɬɨʀ ɡɚ 
ɤɨɨɪɞɢɧɚɬɧɭ ɩɥɨɳɢɧɭ. ȱɡɨɬɪɨɩɧɟ ɬɿɥɨ ɭ ɩɥɨ-
ɳɢɧɿ xOz ɡɚɣɦɚɽ ɨɛɥɚɫɬɶ S ɡ ɜɢɪɿɡɨɦ, ɨɛɦɟ-
ɠɟɧɢɦ ɩɪɨɫɬɢɦ ɝɥɚɞɤɢɦ ɡɚɦɤɧɭɬɢɦ ɤɨɧɬɭ-

ɪɨɦ L. ɉɪɢ ɚɧɚɥɿɬɢɱɧɨɦɭ ɪɨɡɜ’ɹɡɤɨɜɿ ɡɚɞɚɱɿ 
ɨɛɥɚɫɬɶ S ɜɜɚɠɚɽɬɶɫɹ ɧɟɫɤɿɧɱɟɧɧɨɸ. Ɂɛɭɪɟɧ-

ɧɹ ɦɟɯɚɧɿɱɧɨɝɨ ɬɚ ɦɚɝɧɿɬɧɨɝɨ ɩɨɥɿɜ, ɨɛɭɦɨɜ-
ɥɟɧɟ ɧɚɹɜɧɿɫɬɸ ɨɬɜɨɪɭ, ɧɟ ɞɨɫɹɝɚɽ ʀʀ ɡɨɜɧɿɲ-

ɧɶɨʀ ɝɪɚɧɢɰɿ. Ɍɿɥɨ ɡɧɚɯɨɞɢɬɶɫɹ ɩɿɞ ɞɿɽɸ 

ɨɞɧɨɪɿɞɧɨɝɨ ɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ ɡ ɜɟɤɬɨɪɨɦ ɧɚ-
ɩɪɭɠɟɧɨɫɬɿ 0H


 

 

0 0 0{ cos ; sin ;0}.H H H    


       (3) 

 

ɍ ɜɢɩɚɞɤɭ ɬɨɧɤɨʀ ɩɥɚɫɬɢɧɤɢ ɜɟɤɬɨɪ ɦɟɯɚɧɿɱ-
ɧɢɯ ɩɟɪɟɦɿɳɟɧɶ ɦɚɽ ɧɟɧɭɥɶɨɜɿ ɤɨɦɩɨɧɟɧɬɢ 

 

{ ( , ); ( , );0}.u u x y x y 


            (4) 

 

Ⱥ ɦɚɝɧɿɬɧɟ ɩɨɥɟ, ɹɤɟ ɜɢɧɢɤɚɽ ɩɿɞ ɞɿɽɸ ɡɨɜɧɿ-
ɲɧɶɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɨɩɢɫɭɽɬɶɫɹ ɜɟɤɬɨɪɨɦ 

 

1 1 2{ ( , ); ( , );0}.H H x y H x y


          (5) 

 

Ɋɿɜɧɹɧɧɹ (1), (2) ɭ ɫɬɚɬɢɱɧɨɦɭ ɜɢɩɚɞɤɭ ɞɥɹ 
ɧɟɧɭɥɶɨɜɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɜɟɤɬɨɪɿɜ (4), (5) ɡɚ-
ɞɚɸɬɶɫɹ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦɢ [8, 6] 

 

2 2
0 1 2

2 1

1
[ ( )
2

( )] 0;

xyx H H
x y x

H H
y

 
   

  


 


 (6) 
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2 2
0 1 2

2 1

1
[ ( )
2

( )] 0;

xy y
H H

x y y

H H
x

  
   

  


 


  

2 2 2
1 2 2 2

0; 0; .H H
x y

 
      

 
    (7) 

 

ȼɜɟɞɟɦɨ ɮɭɧɤɰɿɸ ɦɟɯɚɧɿɱɧɢɯ ɧɚɩɪɭɠɟɧɶ ɚɛɨ 

ɩɨɬɟɧɰɿɚɥ U(x,y) ɡɚ ɮɨɪɦɭɥɨɸ 
2

0 2 1xy

U
H H

y x


   

 
              (8) 

 

ɿ ɩɨɤɥɚɞɟɦɨ 
 

2
2 2

0 1 22

1
( )

2
x

U
H H

y


    


,        (9) 

2
2 2

0 1 22

1
( ).

2
y

U
H H

x


    


 

 

ɉɪɢ ɰɶɨɦɭ ɪɿɜɧɹɧɧɹ (6) ɬɨɬɨɠɧɨ ɡɚɞɨɜɨɥɶ-
ɧɹɸɬɶɫɹ.  
 

ɉɿɞɫɬɚɜɢɜɲɢ ɜɢɪɚɡɢ (8), (9) ɜ ɪɿɜɧɹɧɧɹ ɫɭɦɿ-
ɫɧɨɫɬɿ ɞɥɹ ɩɥɨɫɤɢɯ ɞɟɮɨɪɦɚɰɿɣ [8] ɿ ɜɪɚɯɭɜɚ-
ɜɲɢ ɡɚɤɨɧ Ƚɭɤɚ ɞɥɹ ɿɡɨɬɪɨɩɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ 
[8], ɨɞɟɪɠɢɦɨ ɪɿɜɧɹɧɧɹ [12] 

 
4 4 4

4 2 2 4
2 ( ),

U U U
G H

x x y y

  
  

   


       (10) 

 

ɞɟ 
 

2 2
0

2 2

2
2 2 1 2
1 2

1
( ) [( )

2 (1 )

( )
( ) ].

G H
x y

H H
H H

x y

  
   

  


  

 



     (11) 

 

ɓɨɛ ɨɬɪɢɦɚɬɢ ɥɿɧɟɚɪɢɡɨɜɚɧɭ ɮɨɪɦɭ ɪɿɜɧɹɧɶ 
(7), (10) ɜɿɞɧɨɫɧɨ ɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ, ɩɪɟɞɫɬɚ-
ɜɢɦɨ ɜɢɤɥɢɤɚɧɿ ɡɨɜɧɿɲɧɿɦ ɦɟɯɚɧɿɱɧɢɦ ɧɚɜɚ-
ɧɬɚɠɟɧɧɹɦ ɜɿɞɯɢɥɟɧɧɹ ɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ ɧɚ-
ɫɬɭɩɧɢɦɢ ɜɢɪɚɡɚɦɢ 

 

1 0 1

2 0 2

cos ;

sin ,

H H h

H H h

   

   
               (12) 

 

ɞɟ                       1 2{ ; ;0}h h h  –                    (13) 

 

ɜɟɤɬɨɪ ɡɛɭɪɟɧɧɹ ɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ. 
 

ɉɿɫɥɹ ɩɿɞɫɬɚɧɨɜɤɢ ɫɩɿɜɜɿɞɧɨɲɟɧɶ (12) ɭ ɪɿɜ-
ɧɹɧɧɹ (7), (10), ɨɞɟɪɠɢɦɨ ʀɯ ɥɿɧɟɚɪɢɡɨɜɚɧɭ 
ɮɨɪɦɭ [6] 

 
4 4 4

4 2 2 4

2 2
2 21 2

1 22 2

2

0;

U U U

x x y y

h h
k k

x y

  
  

   

 
  

 

           (14) 

 

2 0 0
1 cos ;

(1 )

H
k


 


 2 0 0

2 sin ;
(1 )

H
k


 


   (15) 

 
2 2

1 2
2 2

0;
h h

x y

 
 

 
 

2 2
2 2

2 2
0.

h h

x y

 
 

 
     (16) 

 

Ⱥɧɚɥɨɝɿɱɧɨ ɩɿɞɫɬɚɧɨɜɤɨɸ ɨɬɪɢɦɚɽɦɨ ɥɿɧɟɚ-
ɪɢɡɨɜɚɧɭ ɮɨɪɦɭ ɪɿɜɧɹɧɶ (8), (9) 

 
2

2
1

2 0

2
2

02

1 0 2

2
2

02

1 0 2

(1 ) [ sin

cos sin cos ];

1
(1 ) [( cos

2

2 ) cos ( sin 2 )sin ];

1
(1 ) [( cos

2

2 ) cos ( sin 2 )sin ];

yx

x

y

U
k h

y x

h H

U
k H

y

h H h

U
k H

x

h H h


       

 
       


      


       


      


       

 (17) 

 

0 0 / (1 ).k H                    (18) 

 

ȼɜɿɜɲɢ ɧɨɜɿ ɧɟɡɚɥɟɠɧɿ ɡɦɿɧɧɿ 
 

,z x iy   ,z x iy               (19) 

 

ɪɿɜɧɹɧɧɹ (14), (16) ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɭ ɜɢ-

ɝɥɹɞɿ 
 

2
1 0;

h

z z




 
 

2
2 0;

h

z z




 
 

 
24

2
1 122

2

2
2 2

16

0,

U
k h

z zz z

k h
z z

         

       

    (20) 

 

ɚ ɪɿɜɧɹɧɧɹ (17) ɦɨɠɧɚ ɫɤɨɦɛɿɧɭɜɚɬɢ ɭ ɜɢɝɥɹɞɿ 
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2

4 ;x y

U

z z


  

 
 

2
2

2

0 1 0

2 1

2 0

2 4 (1 )

[( cos 2 ) cos (

sin 2 ) sin ] 2 [ sin

cos sin cos ].

y x yx

U
i k

z

H h H

h i h

h H


       


       

       
       

    (21) 

 

Ɂɚɝɚɥɶɧɢɣ ɪɨɡɜ’ɹɡɨɤ ɩɟɪɲɨɝɨ ɪɿɜɧɹɧɧɹ (16) 

ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɭ ɬɚɤɨɦɭ ɜɢɝɥɹɞɿ 
 

1 1 1

1
[ ( ) ( )],

2
h z z                   (22) 

 

ɞɟ 1 1( )z  – ɞɨɜɿɥɶɧɚ ɮɭɧɤɰɿɹ ɤɨɦɩɥɟɤɫɧɨʀ 
ɡɦɿɧɧɨʀ z = x+iy, ɳɨ ɽ ɚɧɚɥɿɬɢɱɧɨɸ ɜ ɨɛɥɚɫɬɿ, 
ɹɤɭ ɡɚɣɦɚɽ ɩɥɚɫɬɢɧɤɚ. Ɏɭɧɤɰɿɸ 2 ( , )h z z  

ɩɪɟɞɫɬɚɜɢɦɨ ɚɧɚɥɨɝɿɱɧɢɦ ɜɢɪɚɡɨɦ 

 

2 1 1[ ( ) ( )].
2

i
h z z                     (23) 

 

Ɋɨɡɜ’ɹɡɨɤ ɪɿɜɧɹɧɧɹ (20) ɩɪɟɞɫɬɚɜɢɦɨ ɭ ɜɢ-

ɝɥɹɞɿ ɫɭɦɢ ɪɨɡɜ’ɹɡɤɿɜ ɜɿɞɩɨɜɿɞɧɨɝɨ ɨɞɧɨɪɿɞ-
ɧɨɝɨ ɪɿɜɧɹɧɧɹ 1( , )U z z  

 

1 2 2

3 3

1
( , ) [ ( ) ( )

2

( ) ( )]

U z z z z z z

z z

    

 
         (24) 

 

ɿ ɱɚɫɬɤɨɜɨɝɨ ɪɨɡɜ’ɹɡɤɭ 2 ( , )U z z , ɹɤɢɣ ɦɨɠɧɚ 
ɨɬɪɢɦɚɬɢ ɩɨɫɥɿɞɨɜɧɢɦ ɿɧɬɟɝɪɭɜɚɧɧɹɦ ɪɿɜ-
ɧɹɧɧɹ (20) 

 

22 2
2 1 2 1

2 2 2
1 2 1

1
( , ) [( ) ( )

64

( ) ( )].

U z z k ik z z

k ik z z

    

  
    (25) 

 

ɉɿɞɫɬɚɜɢɜɲɢ ɜɢɪɚɡɢ (24), (25) ɜ ɪɿɜɧɹɧɧɹ 
(21), ɡɧɚɣɞɟɦɨ ɤɨɦɩɥɟɤɫɧɿ ɡɨɛɪɚɠɟɧɧɹ ɧɚ-
ɩɪɭɠɟɧɶ 
 

/ // //
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     

      

 

(26) 
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      

 

 
// //
2 3

2 // 2 2 2 2
1 1 2 1 1 2
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1
(1 ) (cos sin )

2
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xy z z z

z z k k z k k

k i

H i z

     

        

       

      

 

 

ɞɟ ɤɨɟɮɿɰɿɽɧɬɢ 1 2, ,k k k ɨɛɱɢɫɥɸɸɬɶɫɹ ɡɚ ɮɨɪ-
ɦɭɥɚɦɢ (15), (18). 

 

ゑóïÖÜçÜ¡ 

 

ɉɨɛɭɞɨɜɚɧɨ ɟɮɟɤɬɢɜɧɭ ɦɟɬɨɞɢɤɭ ɜɢɡɧɚɱɟɧɧɹ 
ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ ɛɭɞɿɜɟɥɶ-
ɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ ɡ ɤɪɢɜɨɥɿɧɿɣɧɢɦɢ ɜɢɪɿɡɚɦɢ, 

ɡɚ ɭɦɨɜ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ. 
Ɂɚɞɚɱɭ ɩɪɢɜɟɞɟɧɨ ɞɨ ɜɢɡɧɚɱɟɧɧɹ ɬɪɶɨɯ ɚɧɚɥɿ-
ɬɢɱɧɢɯ ɮɭɧɤɰɿɣ 1( )z , 2( )z , 3( )z ɤɨɦɩɥɟ-
ɤɫɧɨʀ ɡɦɿɧɧɨʀ, ɹɤɿ ɡɚɞɨɜɨɥɶɧɹɸɬɶ ɜɿɞɩɨɜɿɞɧɢɦ 

ɝɪɚɧɢɱɧɢɦ ɭɦɨɜɚɦ ɧɚ ɝɪɚɧɢɰɿ ɞɜɨɜɢɦɿɪɧɨʀ 
ɨɛɥɚɫɬɿ. Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɦɨɠɭɬɶ ɛɭɬɢ 

ɡɚɫɬɨɫɨɜɚɧɿ ɩɪɢ ɜɢɪɨɛɥɟɧɧɿ ɪɟɤɨɦɟɧɞɚɰɿɣ 

ɳɨɞɨ ɩɿɞɜɢɳɟɧɧɹ ɦɿɰɧɨɫɬɿ ɬɚ ɧɚɞɿɣɧɨɫɬɿ ɛɭ-

ɞɿɜɟɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ, ɹɤɿ ɩɿɞɞɚɸɬɶɫɹ ɜɩɥɢ-

ɜɭ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ. 
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