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ɍȾɄ 517.972.5+519.217.4.001.57 

ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɉɊɈɐȿɋɋȺ ɉɊɈɉɂɌɄɂ ȽɊɍɇɌȺ 

ɑȿɊȿɁ ɈɋɇɈȼȺɇɂȿ ɁȿɆɅəɇɈȽɈ 

ȽɂȾɊɈɌȿɏɇɂɑȿɋɄɈȽɈ ɋɈɈɊɍɀȿɇɂə 

ɋ.Ⱥ. ɉɨɥɨɠɚɟɧɤɨ1, ɋ.Ⱦ. Ʉɭɡɧɢɱɟɧɤɨ2 
1 Ɉɞɟɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ,  

ɩɪɨɫɩ. ɒɟɜɱɟɧɤɨ, 1, Ɉɞɟɫɫɚ, 65044, ɍɤɪɚɢɧɚ; О-ЦКТХ: ЩШХШгСКОЧФШ@ЦКТХ.ЫЮ 
2 Ɉɞɟɫɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɷɤɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ,  

ɭɥ. Ʌɶɜɨɜɫɤɚɹ, 15, Ɉɞɟɫɫɚ, 65016, ɍɤɪɚɢɧɚ 
 
ɉɪɟɞɥɨɠɟɧɨ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɮɢɥɶɬɪɚɰɢɢ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɨɫɧɨɜɚɧɢɟ ɡɟɦɥɹɧɨɝɨ ɝɢɞɪɨ-
ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɢ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨ-
ɜɚɧɢɹ ɚɧɨɦɚɥɶɧɵɯ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɢ ɪɚɡɜɢɬɢɢ 
ɚɩɩɚɪɚɬɚ ɜɚɪɢɚɰɢɨɧɧɵɯ ɧɟɪɚɜɟɧɫɬɜ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɧɨɦɚɥɶɧɵɟ ɞɢɮɮɭɡɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚ-
ɧɢɟ, ɜɚɪɢɚɰɢɨɧɧɵɟ ɧɟɪɚɜɟɧɫɬɜɚ 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ 

ɉɪɨɰɟɫɫ ɩɪɨɫɚɱɢɜɚɧɢɹ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɫɥɨɠɧɨ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ ɩɥɚɫɬɨɜɵɟ ɝɨ-
ɪɢɡɨɧɬɵ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɤɥɚɫɫɭ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 
ɚɧɨɦɚɥɶɧɨɫɬɶɸ ɩɪɨɬɟɤɚɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ. Ⱥɧɨɦɚɥɶɧɨɫɬɶ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɧɚɪɭɲɟ-
ɧɢɢ ɥɢɧɟɣɧɨɝɨ ɡɚɤɨɧɚ ɮɢɥɶɬɪɚɰɢɢ – ɡɚɤɨɧɚ Ⱦɚɪɫɢ, ɢ ɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɨɩɪɟɞɟ-
ɥɟɧɧɵɯ ɤɥɚɫɫɨɜ ɫɢɫɬɟɦ «ɠɢɞɤɨɫɬɶ / ɩɨɪɢɫɬɚɹ ɫɪɟɞɚ». Ⱥɧɨɦɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɩɪɨɬɟɤɚɧɢɹ 
ɩɪɨɰɟɫɫɚ ɞɢɮɮɭɡɢɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɛɭɫɥɨɜɥɟɧ ɩɪɢɨɛɪɟɬɟɧɢɟɦ ɠɢɞɤɨɫɬɶɸ ɩɫɟɜɞɨɩɥɚ-
ɫɬɢɱɟɫɤɢɯ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɮɢɡɢɱɟɫɤɨɣ ɫɪɟɞɨɣ 
(ɧɚɩɪɢɦɟɪ, ɝɥɢɧɨɣ ɢ ɝɥɢɧɢɡɢɪɨɜɚɧɧɵɦɢ ɩɨɪɨɞɚɦɢ). 

Ɋɚɫɫɦɨɬɪɢɦ ɡɟɦɥɹɧɨɟ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɟ ɫɨɨɪɭɠɟɧɢɟ (ɛɚɫɫɟɣɧ) ɞɥɹ ɤɨɬɨɪɨɝɨ 
ɩɨɫɬɪɨɢɦ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɮɢɥɶɬɪɚɰɢɢ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɟɝɨ ɨɫɧɨɜɚɧɢɟ. 
ȼɵɩɨɥɧɢɦ ɚɞɚɩɬɚɰɢɸ ɞɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɤ ɪɟɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ ɢ 
ɩɪɨɜɟɞɟɦ ɟɟ ɱɢɫɥɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ, ɱɬɨ ɜɚɠɧɨ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɞɥɹ ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɝɨ ɜɥɢɹɧɢɹ ɩɪɨɩɢɬɤɢ ɧɚ ɞɢɧɚɦɢɤɭ 
ɭɪɨɜɧɹ ɝɪɭɧɬɨɜɵɯ ɜɨɞ. 

ɉɨ ɮɢɡɢɤɟ ɩɪɨɬɟɤɚɸɳɢɯ ɩɪɨɰɟɫɫɨɜ ɞɚɧɧɚɹ ɦɨɞɟɥɶ ɨɩɢɫɵɜɚɟɬ ɮɢɥɶɬɪɚɰɢɸ 
ɠɢɞɤɨɫɬɢ ɜ ɫɤɟɥɟɬɟ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨ-
ɞɟɥɢ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɬɨ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɞɟɥɚ ɦɟɠɞɭ ɜɥɚɠɧɨɣ (ɩɪɨɩɢɬɚɧɧɨɣ) ɢ 
ɫɭɯɨɣ ɱɚɫɬɹɦɢ ɝɪɭɧɬɚ ɩɨɞ ɨɫɧɨɜɚɧɢɟɦ ɛɚɫɫɟɣɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɧɟɤɨɬɨɪɚɹ 
ɦɟɦɛɪɚɧɚ ɫ ɨɞɧɨɫɬɨɪɨɧɧɟɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ. Ɍɚɤɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɜɵɬɟɤɚɟɬ ɢɡ ɭɫɥɨɜɢɹ, 
ɱɬɨ ɝɪɭɧɬ ɩɨɞ ɨɫɧɨɜɚɧɢɟɦ ɛɚɫɫɟɣɧɚ ɢɦɟɟɬ ɩɭɫɬɶ ɦɚɥɵɟ, ɧɨ ɤɨɧɟɱɧɵɟ ɡɧɚɱɟɧɢɹ 
ɩɨɪɢɫɬɨɫɬɢ ɢ ɩɪɨɧɢɰɚɟɦɨɫɬɢ Д1Ж. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɦɢɤɪɨɫɬɪɭɤɬɭɢɪɨɜɚɧɢɟ ɝɪɭɧɬɚ 
ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɨɞɧɨɫɬɨɪɨɧɧɢɣ ɯɚɪɚɤɬɟɪ ɝɪɚɞɢɟɧɬɚ ɩɪɨɩɢɬɤɢ ɩɨɞ 
ɨɫɧɨɜɚɧɢɟɦ ɛɚɫɫɟɣɧɚ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢ ɚɞɟɤɜɚɬɧɵɦ ɨɩɢɫɚɧɢɟɦ ɞɚɧɧɨɝɨ ɮɢɡɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɦɨɠɟɬ 
ɫɥɭɠɢɬɶ ɚɩɩɚɪɚɬ ɜɚɪɢɚɰɢɨɧɧɵɯ ɧɟɪɚɜɟɧɫɬɜ, ɩɪɢɦɟɧɹɟɦɵɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɨɣ ɦɨɞɟɥɢ ɪɟɨɥɨɝɢɢ ɚɧɨɦɚɥɶɧɵɯ ɠɢɞɤɨɫɬɟɣ Д2Ж. 
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Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɫɱɟɬɧɭɸ ɫɯɟɦɭ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɧɚ ɪɢɫ. 1 (ɞɥɹ ɩɪɨɫɬɨɬɵ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɢɦɦɟɬɪɢɱɧɨɫɬɶ ɫɯɟɦɵ 
ɛɚɫɫɟɣɧɚ).  

Ɂɚɞɚɱɚ ɩɪɨɩɢɬɤɢ (ɮɢɥɶɬɪɚɰɢɢ) ɫɬɚɜɢɬɫɹ ɞɥɹ ɛɚɫɫɟɣɧɚ, ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɫ ɛɨɤɨɜɵɯ 
ɫɬɨɪɨɧ ɧɟɩɪɨɧɢɰɚɟɦɵɦɢ ɩɥɨɬɢɧɚɦɢ, ɢ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɬɹɠɟɧɧɨɝɨ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 
ɤɨɨɪɞɢɧɚɬɟ 1z  (ɬ.ɟ. ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɜɵɩɨɥɧɟɧɧɵɦ ɭɫɥɨɜɢɟ lL  ). Ƚɪɭɧɬ ɩɨɞ ɨɫɧɨɜɚɧɢ-
ɟɦ ɛɚɫɫɟɣɧɚ ɢɦɟɟɬ ɢɡɜɟɫɬɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɩɨɪɢɫɬɨɫɬɶ  zm  ɢ ɩɪɨɧɢ-
ɰɚɟɦɨɫɬɶ  zk  (ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɥɢɧɟɣɧɵɣ ɫɥɭɱɚɣ). Ɉɫɧɨɜɨɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɟɦɚɬɢ-
ɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɢɥɢɫɶ ɦɨɞɟɥɢ ɩɪɟɞɥɨɠɟɧɧɵɟ ɜ Д2, 3Ж. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɩɪɨɩɢɬɤɢ ɝɪɭɧɬɚ ɩɨɞ ɨɫɧɨɜɚɧɢɟɦ ɛɚɫɫɟɣɧɚ 
 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɡɚɞɚɱɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɩɪɹɦɨɭɝɨɥɶɧɢɤɟ    21,, zzzzR  , 
ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ ɩɨɞ ɨɫɧɨɜɚɧɢɟɦ ɩɥɨɬɢɧɵ. ɇɟɢɡɜɟɫɬɧɨɣ ɜ 
ɡɚɞɚɱɟ ɹɜɥɹɟɬɫɹ (ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ) ɜɥɚɠɧɚɹ ɱɚɫɬɶ R  ɝɪɭɧɬɚ. Ɏɨɪɦɚɥɢɡɭɟɦ 
ɩɨɫɬɚɧɨɜɤɭ ɡɚɞɚɱɢ ɢ ɩɪɢɜɟɞɟɦ ɟɟ ɤ ɜɚɪɢɚɰɢɨɧɧɨɦɭ ɧɟɪɚɜɟɧɫɬɜɭ.  

ɉɭɫɬɶ RHhhL L ,,, 0  – ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɨɛɥɚɫɬɢ, 
ɩɪɢɱɟɦ ,0L  Hh  00 , HhL 0 . ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɮɭɧɤɰɢɸ  ,12 zПz   

,0 1 Lz   ɫ   00 hП   ɢ   hzП 1 , ɩɪɟɞɫɬɚɜɥɹɸɳɭɸ ɫɨɛɨɣ ɭɪɚɜɧɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 
ɪɚɡɞɟɥɚ ɜɥɚɠɧɨɣ ɢ ɫɭɯɨɣ ɱɚɫɬɟɣ ɩɥɨɬɢɧɵ ( LL 5.0  – ɜɜɢɞɭ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɫɯɟɦɵ 
ɛɚɫɫɟɣɧɚ). ɉɪɢ ɪɟɲɟɧɢɢ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɮɭɧɤɰɢɟɣ ɩɶɟɡɨ-
ɦɟɬɪɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ ɠɢɞɤɨɫɬɢ  

 zu , z , 

ɝɞɟ  – ɡɚɦɵɤɚɧɢɟ   (ɬ.ɟ.  );   – ɝɪɚɧɢɰɚ ɨɛɥɚɫɬɢ  . 
Ⱦɚɧɧɨɟ ɡɚɦɟɱɚɧɢɟ ɫɥɟɞɭɟɬ ɢɡ ɭɫɥɨɜɢɹ    1zПzu  , ɩɪɢɱɟɦ, ɞɥɹ ɧɟɢɡɜɟɫɬɧɨɣ ɱɚɫɬɢ 

  ɨɛɳɟɣ ɝɪɚɧɢɰɵ  , ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 

 12: zПz  , Lz  10 . (1) 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɧɨɠɟɫɬɜɚ ɮɭɧɤɰɢɣ, ɧɚ ɤɨɬɨɪɨɦ ɛɭɞɟɦ ɢɫɤɚɬɶ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ, 
ɜɜɟɞɟɦ ɜ ɪɚɫɫɦɨɬɪɟɧɢɟ ɮɭɧɤɰɢɸ      1zПzuzv   ɢ ɜɚɪɢɚɰɢɸ       1ЦТЧ zПzuz  , 

2z  

ɇɟɩɪɨ-
ɧɢɰɚɟɦɚɹ 
ɩɥɨɬɢɧɚ 

ɇɟɩɪɨ-
ɧɢɰɚɟɦɚɹ 
ɩɥɨɬɢɧɚ 

ɉɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɜ ɛɚɫɫɟɣɧɟ 

ȼɥɚɠɧɚɹ ɱɚɫɬɶ ɝɪɭɧɬɚ 

 12: zПz   
ЕR  

  
 

ɉɨɜɟɪɯɧɨɫɬɶ ɩɪɨɩɢɬɤɢ ɝɪɭɧɬɚ 

l  

L  1z  

  

H  

0h  
Lh  
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ɧɟɩɪɟɪɵɜɧɵɟ ɧɚ   ɢ ɨɛɪɚɳɚɸɳɢɟɫɹ ɜ ɧɭɥɶ ɧɚ ɝɪɚɧɢɰɟ  . Ɂɚɩɢɲɟɦ ɨɱɟɜɢɞɧɵɟ 
ɫɨɨɬɧɨɲɟɧɢɹ 
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ɉɟɪɜɵɣ ɱɥɟɧ ɜ ɩɨɫɥɟɞɧɟɦ ɜɵɪɚɠɟɧɢɢ ɬɨɠɞɟɫɬɜɟɧɧɨ ɪɚɜɟɧ ɧɭɥɸ. Ɍɨɝɞɚ 
ɨɤɨɧɱɚɬɟɥɶɧɨ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
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ɝɞɟ I  – ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɜ , ɩɪɢɱɟɦ ɨɧɚ ɬɨɠɞɟɫɬɜɟɧɧɨ ɪɚɜɧɚ ɧɭɥɸ ɜɟɡɞɟ 
ɧɚ ЕR , ɬ.ɟ. ɩɨɫɥɟɞɧɢɣ ɢɧɬɟɝɪɚɥ ɧɟ ɪɚɜɟɧ ɧɭɥɸ ɬɨɥɶɤɨ ɜ ɨɛɥɚɫɬɢ  .  

ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɨɱɟɜɢɞɧɨ ɪɚɜɟɧɫɬɜɨ  
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  ɜ R . (2) 

Ɂɚɞɚɱɚ (2) ɢɧɬɟɝɪɢɪɭɟɬɫɹ 
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dzzПzuz , z  

ɢɥɢ, ɫ ɭɱɟɬɨɦ ɪɚɧɟɟ ɩɪɢɧɹɬɵɯ ɨɛɨɡɧɚɱɟɧɢɣ, ɢɦɟɟɦ  
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 (3) 

ɩɨɱɬɢ ɜɟɡɞɟ ɜ R ɞɥɹ ɥɸɛɨɣ   0zv  ɜ R . 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɯɨɞɢɦ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ ɜɵɩɭɤɥɨɝɨ ɦɧɨɠɟɫɬɜɚ K  

ɞɨɩɭɫɬɢɦɵɯ ɮɭɧɤɰɢɣ ɞɥɹ ɢɫɤɨɦɨɝɨ ɜɚɪɢɚɰɢɨɧɧɨɝɨ ɧɟɪɚɜɟɧɫɬɜɚ ɧɟɨɛɯɨɞɢɦɨ ɜɡɹɬɶ 
ɦɧɨɠɟɫɬɜɨ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɯ  z  ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ: 





 


,0

),(
2
1

),0(
2
2

2
0

2
zh

Lz
,

,0

20

02

Hzh

hz



  (4) 
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10, 1

22
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1 zhhh

l
z LL    .0 1 Lz   (6) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɨ ɪɟɲɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ. Ⱦɥɹ 
ɫɨɜɨɤɭɩɧɨɫɬɢ  uП ,  ɩɪɢ     1Hzu  (ɝɞɟ  1H  – ɝɢɥɶɛɟɪɬɨɜɨ ɩɪɨɫɬɪɚɧɫɬɜɨ 
ɧɟɩɪɟɪɵɜɧɨ ɞɢɮɮɟɪɟɧɰɢɪɭɟɦɵɯ ɮɭɧɤɰɢɣ) ɢ ɝɥɚɞɤɨɣ  1zП , ɮɭɧɤɰɢɹ  z  ɹɜɥɹɟɬɫɹ 
ɪɟɲɟɧɢɟɦ ɫɥɟɞɭɸɳɟɣ ɡɚɞɚɱɢ Ʉɨɲɢ 

  0z  ɧɚ   LzzПz  112 0,: , 
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 , 

(7) 

ɝɞɟ K  ɨɩɪɟɞɟɥɹɟɬ ɦɧɨɠɟɫɬɜɨ ɞɨɩɭɫɬɢɦɵɯ ɮɭɧɤɰɢɣ, ɩɪɢɱɟɦ ɮɭɧɤɰɢɹ  z  – 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɫɤɨɦɨɟ ɪɟɲɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɪɟɨɥɨɝɢɢ.  

ɇɟɪɚɜɟɧɫɬɜɨ (7), ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɵɫɤɚɬɶ ɧɟɢɡɜɟɫɬɧɭɸ ɝɪɚɧɢɰɭ 
,0),(: 112 LzzПz   ɩɪɟɞɫɬɚɜɥɹɸɳɭɸ ɫɨɛɨɣ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɞɟɥɚ ɦɟɠɞɭ ɜɥɚɠɧɨɣ ɢ 

ɫɭɯɨɣ ɱɚɫɬɹɦɢ ɝɪɭɧɬɚ ɩɨɞ ɨɫɧɨɜɚɧɢɟɦ ɛɚɫɫɟɣɧɚ.  
ȼɵɩɨɥɧɢɦ ɚɞɚɩɬɚɰɢɸ ɜɚɪɢɚɰɢɨɧɧɨɝɨ ɧɟɪɚɜɟɧɫɬɜɚ (7) ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɢɤɥɚɞɧɵɯ 

ɡɚɞɚɱ. Ɏɭɧɤɰɢɸ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ  zu  ɜɵɪɚɡɢɦ ɱɟɪɟɡ ɮɢɡɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ 
ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɩɨɞɞɚɸɳɢɟɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦɭ ɢɡɦɟɪɟɧɢɸ, 

   zPmlzu


 , (8) 

ɝɞɟ l  – ɭɪɨɜɟɧɶ ɠɢɞɤɨɫɬɢ ɜ ɛɚɫɫɟɣɧɟ (ɡɚɦɟɬɢɦ, ɱɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢ 2zl   ɢɥɢ 2Czl  ); 
m  – ɩɨɪɢɫɬɨɫɬɶ ɝɪɭɧɬɚ;   – ɭɞɟɥɶɧɵɣ ɜɟɫ ɠɢɞɤɨɫɬɢ;  zP  – ɮɭɧɤɰɢɹ ɞɚɜɥɟɧɢɹ 
ɠɢɞɤɨɫɬɢ ɜ ɛɚɫɫɟɣɧɟ. 

ɋ ɭɱɟɬɨɦ (8) ɡɚɩɢɲɟɦ (7) ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫɤɨɦɨɣ ɮɭɧɤɰɢɢ  1zП   
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ɤɨɬɨɪɨɟ ɞɨɩɨɥɧɢɦ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɟɦ ɡɚɞɚɱɢ Ʉɨɲɢ 

   Е,01 RzzП . (10) 

ɇɟɪɚɜɟɧɫɬɜɨ (9) ɞɥɹ ɝɪɚɧɢɱɧɨɝɨ ɭɫɥɨɜɢɹ ɜɢɞɚ (10) ɪɟɲɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɨɞɯɨɞɚ, 
ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɜ Д4Ж.  

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɢɯ ɚɧɚɥɢɡ 

ɂɫɩɨɥɶɡɭɟɦ ɪɚɫɱɟɬɧɭɸ ɫɯɟɦɭ (ɪɢɫ. 1) ɢ ɫɨɨɬɧɨɲɟɧɢɹ (8)-(10) ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɪɨɰɟɫɫɚ ɩɪɨɩɢɬɤɢ ɝɪɭɧɬɚ ɩɨɞ ɨɫɧɨɜɚɧɢɟɦ ɛɚɫɫɟɣɧɚ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ ɩɪɢ 
ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥ. 1.  

 
Ɍɚɛɥɢɰɚ 1. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɩɪɨɩɢɬɤɢ ɝɪɭɧɬɚ ɩɨɞ ɨɫɧɨɜɚɧɢɟɦ  
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ (ɛɚɫɫɟɣɧɚ) 

 
№ 
ɩ/ɩ ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞɢɧɢɰɚ 

ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɟ 

1 Ⱦɥɢɧɚ ɛɚɫɫɟɣɧɚ L  ɦ 100 

2 ɒɢɪɢɧɚ ɛɚɫɫɟɣɧɚ B  ɦ 
1B  50 

2B  80 

3 
ɒɚɝ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɩɨ  
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɤɨɨɪɞɢɧɚɬɟ z1  1z  ɦ 5 

4 ɍɪɨɜɟɧɶ ɠɢɞɤɨɫɬɢ ɜ ɛɚɫɫɟɣɧɟ l  ɦ 
1l  3 

2l  5 

5 ɉɨɪɢɫɬɨɫɬɶ ɝɪɭɧɬɚ  m  % 15 

6 ɍɞɟɥɶɧɵɣ ɜɟɫ ɠɢɞɤɨɫɬɢ   ɤɝ/ɦ3 1000 

7 ɍɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɠɢɞɤɨɫɬɢ вP  ɤɝ/ɦ2 1000 

 
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɜɵɩɨɥɧɢɦ ɞɥɹ ɞɜɭɯ ɡɧɚɱɟɧɢɣ ɭɪɨɜɧɹ ɠɢɞɤɨɫɬɢ ɜ ɛɚɫɫɟɣɧɟ 1l  ɢ 2l , 

ɚ ɬɚɤɠɟ ɞɥɹ ɪɚɡɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɞɥɢɧɵ L  ɢ ɲɢɪɢɧɵ B  ɛɚɫɫɟɣɧɚ. Ɋɟɡɭɥɶɬɚɬɵ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2.  
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1,5
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2,7
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Ʉɨɨɪɞɢɧɚɬɚ г1, ɦ

Ƚɥ
ɭɛ

ɢɧ
ɚ 

ɩɪ
ɨɩ

ɢɬ
ɤɢ

 г 2
, ɦ

ɒɢɪɢɧɚ ɛɚɫɫɟɣɧɚ B1=50 ɦ,   ɭɪɨɜɟɧɶ ɠɢɞɤɨɫɬɢ Х1=3 ɦ
ɒɢɪɢɧɚ ɛɚɫɫɟɣɧɚ B1=50 ɦ,   ɭɪɨɜɟɧɶ ɠɢɞɤɨɫɬɢ Х2=5 ɦ
ɒɢɪɢɧɚ ɛɚɫɫɟɣɧɚ B2=80 ɦ,   ɭɪɨɜɟɧɶ ɠɢɞɤɨɫɬɢ Х1=3 ɦ
ɒɢɪɢɧɚ ɛɚɫɫɟɣɧɚ B2=80 ɦ,   ɭɪɨɜɟɧɶ ɠɢɞɤɨɫɬɢ Х2=5 ɦ

 
 
Ɋɢɫ. 2. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɩɪɨɩɢɬɤɢ ɝɪɭɧɬɚ ɩɨɞ ɨɫɧɨɜɚɧɢɟɦ ɝɢɞɪɨ-
ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ (ɛɚɫɫɟɣɧɚ)  
 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ. ɋɨɨɬ-
ɧɨɲɟɧɢɟ ɞɥɢɧɵ L  ɢ ɲɢɪɢɧɵ B  ɛɚɫɫɟɣɧɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɝɥɭɛɢɧɭ ɩɪɨɩɢɬɤɢ 

2z , ɧɨ ɡɚɦɟɬɧɨ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɮɨɪɦɭ ɝɪɚɧɢɰɵ   LzzПz  112 0,:  (ɫ ɪɨɫɬɨɦ 
ɲɢɪɢɧɵ B  ɛɚɫɫɟɣɧɚ ɝɪɚɧɢɰɚ   ɢɦɟɟɬ ɦɟɧɶɲɢɣ “ɡɚɜɚɥ” ɜɛɥɢɡɢ ɫɬɟɧɨɤ ɛɚɫɫɟɣɧɚ). 
Ɂɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɝɥɭɛɢɧɭ ɩɪɨɩɢɬɤɢ 2z  ɨɤɚɡɵɜɚɟɬ ɭɪɨɜɟɧɶ ɠɢɞɤɨɫɬɢ ɜ 
ɛɚɫɫɟɣɧɟ l . ɉɨɷɬɨɦɭ ɩɪɨɜɨɞɢɦɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɭɱɬɟɧɵ ɩɪɢ ɚɧɚɥɢɡɟ 
ɭɪɨɜɧɹ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɜ ɦɟɫɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ. 
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɬɶ ɛɟɡɨɩɚɫɧɵɣ ɭɪɨɜɟɧɶ ɠɢɞɤɨɫɬɢ ɜ ɛɚɫɫɟɣɧɟ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɧɚɞɟɠɧɭɸ ɫɭɯɭɸ ɝɪɭɧɬɨɜɭɸ ɩɪɨɫɥɨɣɤɭ ɦɟɠɞɭ ɜɥɚɠɧɨɣ ɩɪɨɩɢɬɚɧɧɨɣ 
ɱɚɫɬɶɸ ɩɨɞ ɟɝɨ ɨɫɧɨɜɚɧɢɟɦ ɢ ɝɨɪɢɡɨɧɬɚɦɢ ɝɪɭɧɬɨɜɵɯ ɜɨɞ (ɩɨɫɥɟɞɧɢɟ ɦɨɝɭɬ ɛɵɬɶ 
ɨɩɪɟɞɟɥɟɧɵ ɩɪɨɛɧɵɦɢ ɛɭɪɟɧɢɹɦɢ ɢɥɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ). 
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ɋ.Ⱥ. ɉɨɥɨɠɚєɧɤɨ, ɋ.Ⱦ. Ʉɭɡɧɿɱɟɧɤɨ  
ɆɈȾȿɅɘȼȺɇɇə ɉɊɈɐȿɋɍ ɉɊɈɋɈɑȿɇɇə ʈɊɍɇɌɍ ɑȿɊȿɁ ɈɋɇɈȼɍ ɁȿɆɅəɇɈȲ 
ȽȱȾɊɈɌȿɏɇȱɑɇɈȲ ɋɉɈɊɍȾɂ 
 
Ɋɨɡɝɥɹɧɭɬɨ ɪɿɲɟɧɧɹ ɡɚɞɚɱɿ ɮɿɥɶɬɪɚɰɿʀ ɪɿɞɢɧɢ ɱɟɪɟɡ ɨɫɧɨɜɭ ɡɟɦɥɹɧɨʀ ɝɿɞɪɨɬɟɯɧɿɱɧɨʀ ɫɩɨ-
ɪɭɞɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɟɬɨɞɭ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɬɚ ɱɢɫɟɥɶɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɚɧɨɦɚɥɶɧɢɯ ɞɢ-
ɮɭɡɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ɧɚ ɨɫɧɨɜɿ ɡɚɫɬɨɫɭɜɚɧɧɹ ɿ ɪɨɡɜɢɬɤɭ ɚɩɚɪɚɬɭ ɜɚɪɿɚɰɿɣɧɢɯ ɧɟɪɿɜɧɨɫɬɟɣ.  
 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɚɧɨɦɚɥɶɧɿ ɞɢɮɭɡɿɣɧɿ ɩɪɨɰɟɫɢ, ɦɚɬɟɦɚɬɢɱɧɟ ɦɨɞɟɥɸɜɚɧɧɹ, ɜɚɪɿɚɰɿɣɧɿ 
ɧɟɪɿɜɧɨɫɬɿ. 
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