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PROSPECTS FOR CREATING ENERGY-EFFICIENT ROAD BUILDING 

MACHINES AND IMPROVEMENT OF PUMPED HYDROSTORAGE SYSTEMS 
 

L. Khmara, Prof., Dr., Eng. Sc., Prydniprovs’ka State Academy of Civil Engineering 

and Architecture, Dnipropetrovsk, A. Kholodov, Assoc. Prof., Cand., Eng. Sc.,  

Kharkiv National Automobile and Highway University 
 

Abstract. Existing achievements in creating pumped hydrostorage systems as well as vehicles with 

hybrid power plants have been analyzed. Possible development of energy-efficient road building ma-

chines of cyclic and continuous action, and ways to improve the pumped hydrostorage systems have 

been considered.  
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Ƚɢɛɪɢɞɧɵɟ ɫɢɥɨɜɵɟ ɭɫɬɚɧɨɜɤɢ ɩɨɥɭɱɢɥɢ 

ɲɢɪɨɤɨɟ ɪɚɡɜɢɬɢɟ ɧɚ ɚɜɬɨɦɨɛɢɥɶɧɨɦ ɬɪɚɧɫ-
ɩɨɪɬɟ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɦɢɪɨɜɨɣ ɬɟɧɞɟɧɰɢɟɣ 

ɩɨɢɫɤɚ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ, 

ɫɧɢɠɟɧɢɹ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɢ ɩɨɜɵɲɟɧɢɹ ɷɤɨ-
ɥɨɝɢɱɧɨɫɬɢ ɚɜɬɨɦɨɛɢɥɟɣ. ɉɨ ɩɪɨɝɧɨɡɚɦ ɤɨɦ-

ɩɚɧɢɢ Bosch, ɜ 2010 ɝ. ɧɚ ɚɜɬɨɦɨɛɢɥɶɧɨɦ 

ɪɵɧɤɟ ɩɨɹɜɢɬɫɹ ɨɤɨɥɨ 50 ɪɚɡɥɢɱɧɵɯ ɝɢɛɪɢɞ-

ɧɵɯ ɦɨɞɟɥɟɣ ɦɚɲɢɧ. ɂɯ ɞɨɥɹ ɛɭɞɟɬ ɩɨɫɬɨɹɧ-

ɧɨ ɪɚɫɬɢ: ɨɬ 1 % ɜ 2010 ɝ. ɞɨ 5 % ɜ 2025 ɝ., 
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ɱɬɨ ɫɨɫɬɚɜɢɬ ɩɨɪɹɞɤɚ 4 ɦɥɧ ɚɜɬɨɦɨɛɢɥɟɣ. Ɉ 

ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɢ ɞɚɧɧɵɟ ɤɨɦɩɚɧɢɢ 

Toyota ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɜɵɩɭɳɟɧɧɵɯ ɮɢɪɦɨɣ 

ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ ɫ ɝɢɛɪɢɞɧɵɦɢ ɫɢɥɨ-
ɜɵɦɢ ɭɫɬɚɧɨɜɤɚɦɢ (ɪɢɫ. 1).  
 

 
 

Ɋɢɫ. 1. Ⱦɚɧɧɵɟ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɜɵɩɭɳɟɧɧɵɯ 
ɚɜɬɨɦɨɛɢɥɟɣ ɫ ɝɢɛɪɢɞɧɵɦɢ ɫɢɥɨɜɵɦɢ 

ɭɫɬɚɧɨɜɤɚɦɢ 

 

ȼ ɞɨɪɨɠɧɨɦ ɯɨɡɹɣɫɬɜɟ, ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɩɨ-
ɬɪɟɛɢɬɟɥɟɦ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɨɩɥɢ-

ɜɚ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɪɚɡɜɢɬɢɟ ɝɢɛɪɢɞɧɵɯ 

ɫɢɥɨɜɵɯ ɭɫɬɚɧɨɜɨɤ ɩɪɨɬɟɤɚɟɬ ɦɟɧɟɟ ɢɧɬɟɧ-

ɫɢɜɧɨ. Ɉɬɞɟɥɶɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ ɞɨɪɨɠɧɨɝɨ 
ɯɨɡɹɣɫɬɜɚ ɧɟ ɜɟɥɢɤɢ, ɧɨ ɢɡ-ɡɚ ɢɯ ɦɧɨɝɨɱɢɫ-
ɥɟɧɧɨɫɬɢ ɫɭɦɦɚɪɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɨɩɥɢɜɧɨ-
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɜ ɨɬɪɚɫɥɢ ɡɧɚɱɢ-

ɬɟɥɶɧɨ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɝɢɛɪɢɞɢɡɚɰɢɹ ɞɨɪɨɠ-

ɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɲɢɧ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɚɤ-
ɬɭɚɥɶɧɨɣ.  

 

  

 

Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɩɨɜɵɲɟ-
ɧɢɹ ɬɨɩɥɢɜɧɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɨ-
ɞɨɪɨɠɧɵɯ ɦɚɲɢɧ ɤɚɤ ɰɢɤɥɢɱɟɫɤɨɝɨ, ɬɚɤ ɢ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ 
ɝɢɛɪɢɞɧɵɯ ɦɚɲɢɧ ɢ ɫɢɥɨɜɵɯ ɭɫɬɚɧɨɜɨɤ. 
 

ȼ ɧɚɫɬɨɹɳɢɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɵ ɪɚɡɥɢɱɧɵɟ ɝɢ-

ɛɪɢɞɵ: 

– ɷɥɟɤɬɪɢɱɟɫɤɢɟ – ɧɚ ɨɫɧɨɜɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟ-
ɥɟɣ ɢ ɷɥɟɤɬɪɨɚɤɤɭɦɭɥɹɬɨɪɨɜ; 
– ɬɟɪɦɨɝɢɞɪɚɜɥɢɱɟɫɤɢɟ – ɧɚ ɨɫɧɨɜɟ ɫɨɜɦɟɫɬ-
ɧɨɣ ɪɚɛɨɬɵ Ⱦȼɋ ɢ ɝɢɞɪɨɫɢɫɬɟɦɵ;  

– ɬɟɩɥɨɜɵɟ – ɧɚ ɨɫɧɨɜɟ ɬɟɩɥɨɜɵɯ ɚɤɤɭɦɭɥɹ-
ɬɨɪɨɜ; 
– ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɢɟ – ɧɚ ɨɫɧɨɜɟ ɝɢɞ-

ɪɨɩɧɟɜɦɨɚɤɤɭɦɭɥɹɬɨɪɨɜ. 
 

ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɝɢɛɪɢɞɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭ-

ɸɬɫɹ ɜ ɚɜɬɨɦɨɛɢɥɶɧɨɦ ɬɪɚɧɫɩɨɪɬɟ ɢ ɪɚɡɪɚɛɚ-
ɬɵɜɚɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɦɢ ɢɡɜɟɫɬɧɵɦɢ 

ɮɢɪɦɚɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ: BMW, Mersedes, 

Volvo. ɇɚ ɫɬɪɨɢɬɟɥɶɧɨ-ɞɨɪɨɠɧɵɯ ɦɚɲɢɧɚɯ 
ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɟ ɫɢɫɬɟɦɵ ɜɧɟɞɪɹɸɬɫɹ ɬɚ-
ɤɢɦɢ ɮɢɪɦɚɦɢ ɤɚɤ Catapiller, Volvo ɢ ɞɪ. ȼ 

ɚɜɬɨɦɨɛɢɥɟ Volvo FE Hybrid ɩɪɢɦɟɧɹɟɬɫɹ 
ɝɢɛɪɢɞɧɚɹ ɫɢɥɨɜɚɹ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɭɫɬɚɧɨɜɤɚ 
ɜ ɜɢɞɟ ɞɢɡɟɥɶɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɢ ɨɛɪɚɬɢɦɨɣ 

ɷɥɟɤɬɪɨɦɚɲɢɧɵ, ɤɨɬɨɪɵɟ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 

ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɤɚɤ ɜɦɟ-
ɫɬɟ, ɬɚɤ ɢ ɨɬɞɟɥɶɧɨ. ɉɪɢ ɷɬɨɦ ɩɟɪɟɤɥɸɱɟɧɢɟ 
ɦɟɠɞɭ ɪɟɠɢɦɚɦɢ ɪɚɛɨɬɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɷɥɟɦɟɧ-

ɬɚɦɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. ɋɢɥɨɜɚɹ ɷɧɟɪɝɟ-
ɬɢɱɟɫɤɚɹ ɭɫɬɚɧɨɜɤɚ (ɪɢɫ. 2) ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ Volvo FE Hybrid 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: ɞɢɡɟɥɶɧɵɣ ɞɜɢɝɚɬɟɥɶ D; 

ɫɰɟɩɥɟɧɢɟ; ɤɨɪɨɛɤɭ ɩɟɪɟɦɟɧɵ ɩɟɪɟɞɚɱ (Ʉɉɉ) 

I-Shift (I); ɫɢɫɬɟɦɭ MDS ɜ ɜɢɞɟ ɨɛɪɚɬɢɦɨɝɨ 

ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɫɨɱɟɬɚɸɳɟ-
ɝɨ ɜ ɫɜɨɟɣ ɨɫɧɨɜɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠ-

ɧɨɫɬɢ ɫɬɚɪɬёɪɚ (ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ G ɩɨɫɬɨ-
ɹɧɧɨɝɨ ɬɨɤɚ) ɢ ɝɟɧɟɪɚɬɨɪɚ E; ɛɥɨɤ PMU 

ɭɩɪɚɜɥɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɨɣ, ɤɨ-
ɨɪɞɢɧɢɪɭɸɳɢɣ ɪɚɛɨɬɭ ɟё ɨɫɧɨɜɧɵɯ ɱɚɫɬɟɣ; 

ɛɥɨɤ B ɚɤɤɭɦɭɥɹɬɨɪɨɜ. 
 

 
 

Ɋɢɫ. 2. ɋɯɟɦɚ ɝɢɛɪɢɞɧɨɝɨ ɩɪɢɜɨɞɚ Volvo 

 

ɗɤɨɧɨɦɢɱɧɨɫɬɶ ɢ ɧɚɞёɠɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɚɜɬɨɦɨɛɢɥɹ Volvo FE Hybrid, ɚ ɬɚɤɠɟ ɟɝɨ 

ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɥɹ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɫɜɢɞɟɬɟɥɶ-
ɫɬɜɭɸɬ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɝɢɛɪɢɞɧɨɣ ɬɟɯɧɨ-
ɥɨɝɢɢ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɟɝɨ ɤɨɧɫɬɪɭɤɰɢɢ. 

 

Ⱦɥɹ ɦɨɛɢɥɶɧɵɯ ɦɚɲɢɧ ɢ ɷɤɫɤɚɜɚɬɨɪɨɜ ɪɚɡ-
ɪɚɛɨɬɚɧɵ ɬɟɪɦɨɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɚɝɪɟɝɚɬɵ 

(ɪɢɫ. 3, 4), ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɫɧɢɡɢɬɶ ɷɧɟɪ-
ɝɨɩɨɬɪɟɛɥɟɧɢɟ ɧɚ 30 %.  
 

 
 

Ɋɢɫ. 3. ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɬɟɪɦɨɝɢɞɪɚɜɥɢɱɟ-
ɫɤɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚ ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞ-

ɫɬɜɨ: 1 – ɬɟɪɦɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɚɝɪɟɝɚɬ; 
2 – ɫɢɥɨɜɨɣ ɤɨɧɬɭɪ ɝɢɞɪɨɫɢɫɬɟɦɵ; 3 – 

ɨɛɪɚɬɧɵɣ ɤɨɧɬɭɪ ɝɢɞɪɨɫɢɫɬɟɦɵ 
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Ɋɢɫ. 4. ɋɯɟɦɚ ɬɟɪɦɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɚɝɪɟɝɚɬɚ 
ɫɨ ɫɜɨɛɨɞɧɵɦ ɩɨɪɲɧɟɦ: 1 – ɰɢɥɢɧɞɪ 
ɞɜɢɝɚɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ; 2 – 
ɬɨɩɥɢɜɧɚɹ ɮɨɪɫɭɧɤɚ; 3 – ɩɪɨɞɭɜɨɱɧɵɣ 
ɨɛɴɟɦ ɰɢɥɢɧɞɪɚ ɞɜɢɝɚɬɟɥɹ; 4 – ɧɢɡɤɨɟ 
ɞɚɜɥɟɧɢɟ ɠɢɞɤɨɫɬɢ; 5 – ɜɵɫɨɤɨɟ ɞɚɜɥɟ-
ɧɢɟ ɠɢɞɤɨɫɬɢ; 6 – ɡɨɧɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟ-
ɧɢɹ; 7 – ɤɨɥɶɰɟɜɚɹ ɡɨɧɚ; 8 – ɜɨɡɞɭɲɧɵɣ 
ɮɢɥɶɬɪ; 9 – ɦɟɦɛɪɚɧɧɵɣ ɤɥɚɩɚɧ; 10 – 
ɩɟɪɟɯɨɞɧɨɣ ɤɚɧɚɥ ɝɚɡɨɜ; 11 – ɜɵɯɥɨɩɧɚɹ 
ɬɪɭɛɚ ɫ ɝɥɭɲɢɬɟɥɟɦ 

 
Ɋɚɧɟɟ ɚɜɬɨɪɚɦɢ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɝɢɞɪɨɚɤ-
ɤɭɦɭɥɢɪɭɸɳɢɟ ɫɢɫɬɟɦɵ (ɪɢɫ. 5) ɞɥɹ ɡɟɦɥɟ-
ɪɨɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɯ ɦɚɲɢɧ ɰɢɤɥɢɱɟɫɤɨɝɨ 
ɞɟɣɫɬɜɢɹ, ɩɨɡɜɨɥɹɸɳɢɟ ɧɚɤɚɩɥɢɜɚɬɶ ɝɢɞɪɚɜ-
ɥɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɧɚ ɯɨɥɨɫɬɵɯ ɯɨɞɚɯ ɦɚɲɢɧ 
ɢ ɜɨɡɜɪɚɳɚɬɶ ɟɟ ɧɚ ɧɚɝɪɭɠɟɧɧɵɯ ɪɟɠɢɦɚɯ 
ɤɨɩɚɧɢɹ.  
 

 
 
Ɋɢɫ. 5. Ɇɨɞɟɪɧɢɡɢɪɨɜɚɧɧɚɹ ɝɢɞɪɨɫɯɟɦɚ 

ɛɭɥɶɞɨɡɟɪɚ: 1 – ɝɢɞɪɨɩɧɟɜɦɨɚɤɤɭɦɭɥɹ-
ɬɨɪ; 2 – ɞɚɬɱɢɤ ɞɚɜɥɟɧɢɹ (ɉȾ 10/2 ɍɏɅ 
3.1); 3 – ɝɢɞɪɨɰɢɥɢɧɞɪ; 4, 5 – ɝɢɞɪɨɪɚɫ-
ɩɪɟɞɟɥɢɬɟɥɶ (ɬɢɩ Ⱦɭ 10); 6 – ɝɢɞɪɨɪɚɫ-
ɩɪɟɞɟɥɢɬɟɥɶ (ɬɢɩ Ɋ75); 7 – ɧɚɫɨɫ (ɬɢɩ 
ɇɒ); 8 – ɮɢɥɶɬɪ 

 

Ƚɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɚɹ ɫɢɫɬɟɦɚ ɩɟɪɟɪɚɫɩɪɟ-
ɞɟɥɹɟɬ ɫɢɥɨɜɵɟ ɩɨɬɨɤɢ ɜ ɬɟɱɟɧɢɟ ɪɚɛɨɱɟɝɨ 

ɰɢɤɥɚ ɦɚɲɢɧɵ, ɬɟɦ ɫɚɦɵɦ ɩɟɪɟɪɚɫɩɪɟɞɟɥɹɹ 
ɡɚɬɪɚɬɵ ɦɨɳɧɨɫɬɢ ɩɟɪɜɢɱɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɧɢɠɚɹ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ  
(ɪɢɫ. 6, 7). 
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Ɋɢɫ. 6. ɐɢɤɥɨɝɪɚɦɦɚ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɛɭɥɶɞɨɡɟɪɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɟɣ 

ɫɢɫɬɟɦɵ: ɚɤE  – ɷɧɟɪɝɢɹ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɚɤɤɭɦɭɥɹɬɨɪɨɦ ɧɚ ɷɬɚɩɟ ɤɨɩɚɧɢɹ; ɪ.ɚɤN  – ɦɨɳ-

ɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɚɤɤɭɦɭɥɹɬɨɪɨɦ ɧɚ ɷɬɚɩɟ ɤɨɩɚɧɢɹ; ɚɤɯE  – ɷɧɟɪɝɢɹ, ɚɤɤɭɦɭɥɢɪɭɟɦɚɹ ɧɚ 
ɯɨɥɨɫɬɨɦ ɯɨɞɭ; ɡ.ɚɤN  – ɦɨɳɧɨɫɬɶ, ɚɤɤɭɦɭɥɢɪɭɟɦɚɹ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ; Ⱦȼɋ.ɤɨɩN  – ɦɨɳɧɨɫɬɶ 
Ⱦȼɋ ɧɚ ɨɩɟɪɚɰɢɢ ɤɨɩɚɧɢɹ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ; ȺɄ.ɤɨɩN  – 

ɦɨɳɧɨɫɬɶ Ⱦȼɋ ɧɚ ɨɩɟɪɚɰɢɢ ɤɨɩɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ; 

ɩɟɪN  – ɦɨɳɧɨɫɬɶ Ⱦȼɋ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ ɝɪɭɧɬɚ; ɯɯ1N  – ɦɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɯɨɥɨ-
ɫɬɨɦ ɯɨɞɭ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ; ɯɯN  – ɦɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢ-

ɜɚɟɦɚɹ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ; ɤɨɩt  – ɜɪɟɦɹ 
ɤɨɩɚɧɢɹ ɝɪɭɧɬɚ; ɩɟɪt  – ɜɪɟɦɹ ɨɩɟɪɚɰɢɢ ɩɟɪɟɦɟɳɟɧɢɹ ɝɪɭɧɬɚ; ɯɯt  – ɜɪɟɦɹ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ;  

ɰt  – ɜɪɟɦɹ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ 
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Ɋɢɫ. 7. ɋɯɟɦɚ ɩɨɬɨɤɨɜ ɷɧɟɪɝɢɢ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɛɭɥɶɞɨɡɟɪɚ ɜɨ ɜɪɟɦɹ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ: ɚ – 

ɛɭɥɶɞɨɡɟɪɚ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ; ɛ – ɛɭɥɶɞɨɡɟɪɚ ɫ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɟɣ ɫɢɫɬɟɦɨɣ; 

Ɇ – ɞɜɢɝɚɬɟɥɶ; ɌɊ – ɬɪɚɧɫɦɢɫɫɢɹ ɛɭɥɶɞɨɡɟɪɚ; ɇ – ɝɢɞɪɨɧɚɫɨɫ; Ƚɐ – ɝɢɞɪɨɰɢɥɢɧɞɪ; ɊɈ – 

ɪɚɛɨɱɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ; ȺɄ – ɚɤɤɭɦɭɥɹɬɨɪ 
 

ȼ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɨɣ ɨɬɪɚɫɥɢ ɢɫɩɨɥɶɡɭ-

ɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɦɚɲɢɧ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣ-

ɫɬɜɢɹ, ɤɨɬɨɪɵɟ ɧɟ ɢɦɟɸɬ ɜɵɪɚɠɟɧɧɨɝɨ ɯɨɥɨ-
ɫɬɨɝɨ ɯɨɞɚ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɪɚɧɲɟɢ ɢ 

ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɧɭɠɞɚɸɬɫɹ ɜ ɩɨɜɵɲɟɧɢɢ ɬɨɩ-

ɥɢɜɧɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ. 

 

   

 

 

Ⱦɚɧɧɭɸ ɩɪɨɛɥɟɦɭ ɦɨɠɧɨ ɪɟɲɢɬɶ ɩɭɬɟɦ  

ɭɫɬɚɧɨɜɤɢ ɬɚɤɢɯ ɝɢɛɪɢɞɧɵɯ ɫɢɥɨɜɵɯ ɭɫɬɚɧɨ-
ɜɨɤ, ɚ ɢɦɟɧɧɨ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɟɣ ɫɢɫɬɟ-
ɦɵ. Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɩɨɡɜɨɥɹɟɬ ɚɤɤɭɦɭɥɢɪɨ-
ɜɚɬɶ ɝɢɞɪɚɜɥɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɧɚ ɧɟɞɨɝɪɭ-

ɠɟɧɧɵɯ (ɬɪɚɧɫɩɨɪɬɧɵɯ) ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ 

ɦɚɲɢɧ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɚ ɡɚɬɟɦ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɧɚɤɨɩɥɟɧɧɭɸ ɷɧɟɪɝɢɸ ɞɥɹ ɩɪɢɜɨ-
ɞɚ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. 
 

Ɋɚɫɫɦɨɬɪɢɦ ɧɚ ɩɪɢɦɟɪɟ ɪɚɛɨɬɭ ɬɪɚɧɲɟɟɤɨɩɚ-
ɬɟɥɹ (ɪɢɫ. 8). 
 

 
 

Ɋɢɫ. 8. Ɉɛɳɢɣ ɜɢɞ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ 
ɗɌɐ-1609 

Ɋɚɡɜɢɬɢɟ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɢɯ ɫɢɫɬɟɦ 

ɜɨɡɦɨɠɧɨ ɢ ɜ ɜɢɞɟ ɦɧɨɝɨɤɚɫɤɚɞɧɵɯ ɫɢɫɬɟɦ. 

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɷɤɫɤɚɜɚɬɨɪɨɜ 
ɫɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɝɢɞɪɨɩɧɟɜɦɨ-
ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɫ ɪɚɡɥɢɱɧɵɦ ɭɪɨɜɧɟɦ ɡɚɪɹɞɤɢ 

ɞɥɹ ɩɪɢɜɨɞɚ ɤɚɠɞɨɝɨ ɢɡ ɦɟɯɚɧɢɡɦɨɜ: ɝɢɞɪɨ-
ɰɢɥɢɧɞɪɚ ɭɩɪɚɜɥɟɧɢɹ ɤɨɜɲɨɦ, ɝɢɞɪɨɰɢɥɢɧ-

ɞɪɚ ɭɩɪɚɜɥɟɧɢɹ ɪɭɤɨɹɬɶɸ ɢ ɝɢɞɪɨɰɢɥɢɧɞɪɚ 
ɭɩɪɚɜɥɟɧɢɹ ɫɬɪɟɥɨɣ.  

 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɟɣ 

ɫɢɫɬɟɦɵ ɜ ɪɚɛɨɱɟɦ ɰɢɤɥɟ ɷɤɫɤɚɜɚɬɨɪɚ ɩɪɨ-
ɢɡɨɣɞɟɬ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ ɷɧɟɪɝɢɢ 

(ɪɢɫ. 9, 10) ɢ ɢɡɦɟɧɢɬɫɹ ɩɨɷɬɚɩɧɵɣ ɪɚɫɯɨɞ 
ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ. 
 

 
 

Ɋɢɫ. 9. ɋɯɟɦɚ ɩɨɬɨɤɨɜ ɷɧɟɪɝɢɢ ɫɢɥɨɜɨɣ ɭɫɬɚ-
ɧɨɜɤɢ ɷɤɫɤɚɜɚɬɨɪɚ ɜɨ ɜɪɟɦɹ ɪɚɛɨɱɟɝɨ 

ɰɢɤɥɚ: Ɇ – ɞɜɢɝɚɬɟɥɶ; ɇ – ɧɚɫɨɫ; ɌɊ – 

ɬɪɚɧɫɦɢɫɫɢɹ; Ƚɐ – ɝɢɞɪɨɰɢɥɢɧɞɪɵ; ɊɈ – 

ɪɚɛɨɱɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ; ɏɈ – ɯɨɞɨɜɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ 
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ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɟɣ 

ɫɢɫɬɟɦɵ ɜ ɪɚɛɨɱɟɦ ɰɢɤɥɟ ɷɤɫɤɚɜɚɬɨɪɚ ɩɪɨ-
ɢɡɨɣɞɟɬ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ ɷɧɟɪɝɢɢ 

ɢ ɢɡɦɟɧɢɬɫɹ ɩɨɷɬɚɩɧɵɣ ɪɚɫɯɨɞ ɦɨɳɧɨɫɬɢ 

ɞɜɢɝɚɬɟɥɹ. 
 

 
 

Ɋɢɫ. 10. ɋɯɟɦɚ ɩɨɬɨɤɨɜ ɷɧɟɪɝɢɢ ɫɢɥɨɜɨɣ 

ɭɫɬɚɧɨɜɤɢ ɷɤɫɤɚɜɚɬɨɪɚ ɜɨ ɜɪɟɦɹ ɪɚɛɨɱɟ-
ɝɨ ɰɢɤɥɚ ɫ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɟɣ ɫɢ-

ɫɬɟɦɨɣ: Ɇ – ɞɜɢɝɚɬɟɥɶ; ɇ – ɧɚɫɨɫ; ɌɊ – 

ɬɪɚɧɫɦɢɫɫɢɹ; Ƚɐ – ɝɢɞɪɨɰɢɥɢɧɞɪɵ;  

ɊɈ – ɪɚɛɨɱɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ; ɏɈ – ɯɨɞɨ-
ɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ; ȺɄ – ɚɤɤɭɦɭɥɹɬɨɪ 

 

Ƚɪɚɮɢɤɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ 

ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɷɤɫɤɚɜɚɬɨɪɚ ɩɪɢ ɤɨɩɚɧɢɢ 

ɝɪɭɧɬɚ ɜ ɬɟɱɟɧɢɟ ɰɢɤɥɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ  
ɪɢɫ. 11. 
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Ɋɢɫ. 11. Ⱦɢɚɝɪɚɦɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɣ 

ɦɨɳɧɨɫɬɢ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɷɤɫɤɚɜɚ-
ɬɨɪɚ ɩɪɢ ɤɨɩɚɧɢɢ ɝɪɭɧɬɚ ɜ ɬɟɱɟɧɢɟ ɰɢɤ-
ɥɚ: t1 – ɤɨɩɚɧɢɟ ɝɪɭɧɬɚ; t2 – ɪɚɡɝɨɧ ɩɥɚɬ-
ɮɨɪɦɵ ɩɪɢ ɩɨɜɨɪɨɬɟ ɧɚ ɜɵɝɪɭɡɤɭ; t3 – 

ɪɚɜɧɨɦɟɪɧɨɟ ɞɜɢɠɟɧɢɟ ɩɪɢ ɩɨɜɨɪɨɬɟ ɧɚ 
ɜɵɝɪɭɡɤɭ; t4 – ɬɨɪɦɨɠɟɧɢɟ ɩɥɚɬɮɨɪɦɵ 

ɩɪɢ ɩɨɜɨɪɨɬɟ ɧɚ ɜɵɝɪɭɡɤɭ; t5 – ɪɚɡɝɨɧ 

ɩɥɚɬɮɨɪɦɵ ɩɪɢ ɩɨɜɨɪɨɬɟ ɜ ɡɚɛɨɣ; t6 – 

ɪɚɜɧɨɦɟɪɧɨɟ ɞɜɢɠɟɧɢɟ ɩɪɢ ɩɨɜɨɪɨɬɟ ɜ 
ɡɚɛɨɣ; t7 – ɬɨɪɦɨɠɟɧɢɟ ɩɥɚɬɮɨɪɦɵ ɩɪɢ 

ɩɨɜɨɪɨɬɟ ɜ ɡɚɛɨɣ; t8 – ɨɩɭɫɤɚɧɢɟ ɪɚɛɨɱɟ-
ɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɇɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɦ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ  

ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɤɨɩɚɧɢɹ, ɜɨ ɜɪɟɦɹ ɤɨɬɨɪɨɝɨ 
ɡɚɬɪɚɬɵ ɦɨɳɧɨɫɬɢ ɦɨɝɭɬ ɞɨɫɬɢɝɚɬɶ ɭɪɨɜɧɹ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ ɜɧɭɬɪɟɧ-

ɧɟɝɨ ɫɝɨɪɚɧɢɹ (Ⱦȼɋ). ȼ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ 
ɯɨɞɚ ɷɤɫɤɚɜɚɬɨɪɚ ɟɝɨ Ⱦȼɋ ɢɫɩɨɥɶɡɭɟɬ ɥɢɲɶ 
ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ ɞɨɥɸ ɦɨɳɧɨɫɬɢ ɞɥɹ ɨɛɟɫɩɟ-
ɱɟɧɢɹ ɪɚɛɨɬɵ ɦɟɯɚɧɢɡɦɚ ɩɟɪɟɦɟɳɟɧɢɹ. 
ɉɪɟɞɥɚɝɚɟɬɫɹ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɟ ɞɨɥɢ ɦɨɳɧɨ-
ɫɬɢ Ⱦȼɋ ɩɭɬɟɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɝɢɞɪɚɜɥɢ-

ɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɡɚ ɫɱɟɬ ɧɚɤɨɩɥɟɧɢɹ ɟɟ ɜ  
ɝɢɞɪɨɩɧɟɜɦɨɚɤɤɭɦɭɥɹɬɨɪɟ (ȽɉȺ). ɂɫɩɨɥɶɡɨ-
ɜɚɧɢɟ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ ɧɚ 
ɷɤɫɤɚɜɚɬɨɪɟ ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɫɪɟɞɧɸɸ 

ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ (ɪɢɫ. 12). 
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Ɋɢɫ. 12. Ⱦɢɚɝɪɚɦɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɣ 

ɦɨɳɧɨɫɬɢ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɷɤɫɤɚɜɚ-
ɬɨɪɚ ɫ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɟɣ ɫɢɫɬɟɦɨɣ 

 

ɇɚ ɪɢɫ. 13 ɩɪɟɞɫɬɚɜɥɟɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɫɯɟ-
ɦɚ ɷɤɫɤɚɜɚɬɨɪɚ ɗɈ-4225Ⱥ-07 ɫ ɫɢɫɬɟɦɨɣ ɚɤ-
ɤɭɦɭɥɢɪɨɜɚɧɢɹ ɷɧɟɪɝɢɢ. 

 

Ƚɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɚɹ ɫɢɫɬɟɦɚ, ɭɫɬɚɧɨɜ-
ɥɟɧɧɚɹ ɧɚ ɷɤɫɤɚɜɚɬɨɪɟ, ɦɨɠɟɬ ɡɚɪɹɠɚɬɶɫɹ 
ɬɪɟɦɹ ɫɩɨɫɨɛɚɦɢ:  

– ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɷɤɫɤɚɜɚɬɨɪɚ ɩɨ ɡɚɛɨɸ ɢ 

ɩɟɪɟɛɚɡɢɪɨɜɚɧɢɢ; 

– ɜɨ ɜɪɟɦɹ ɩɨɜɨɪɨɬɚ ɷɤɫɤɚɜɚɬɨɪɚ ɨɬ ɡɚɛɨɹ ɤ 
ɦɟɫɬɭ ɪɚɡɝɪɭɡɤɢ; 

– ɩɪɢ ɨɩɭɫɤɚɧɢɢ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
 

ɇɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɚɤɤɭ-

ɦɭɥɹɬɨɪɟ ɞɨɥɠɟɧ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɨɛɴɟɦɭ, 
ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬ ɝɢɞɪɨɰɢɥɢɧɞɪ ɊɈ ɧɚ 
ɷɬɚɩɟ ɤɨɩɚɧɢɹ. ɉɪɢɧɹɜ ɞɨɩɭɳɟɧɢɟ, ɦɨɠɧɨ 
ɫɤɚɡɚɬɶ, ɱɬɨ ɨɛɴɟɦ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɝɢɞɪɨɚɤ-
ɤɭɦɭɥɹɬɨɪɚ ɪɚɜɟɧ ɨɛɴɟɦɭ ɰɢɥɢɧɞɪɚ. 
 

ɉɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɢɟ 
ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɩɭɬɟɦ 

ɭɫɬɚɧɨɜɤɢ ɭɩɪɚɜɥɹɟɦɨɣ ɦɭɮɬɵ ɦɟɠɞɭ ɞɜɢɝɚ-
ɬɟɥɟɦ ɢ ɝɢɞɪɨɧɚɫɨɫɨɦ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɨɬɤɥɸ-

ɱɚɬɶ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɧɚɫɨɫ, ɤɨɝɞɚ ɨɧ ɪɚɛɨɬɚ-
ɟɬ «ɜ ɯɨɥɨɫɬɭɸ» (ɪɢɫ. 14).  
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Ɋɢɫ. 13. Ƚɢɞɪɨɫɯɟɦɚ ɷɤɫɤɚɜɚɬɨɪɚ ɗɈ-4225Ⱥ-07 ɫ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɟɣ ɫɢɫɬɟɦɨɣ  

 

 
 

Ɋɢɫ. 14. Cɯɟɦɚ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɟɣ ɫɢ-

ɫɬɟɦɵ ɫ ɭɩɪɚɜɥɹɟɦɨɣ ɦɭɮɬɨɣ: 1 – ɝɢɞ-

ɪɨɧɚɫɨɫ; 2 – ɭɩɪɚɜɥɹɟɦɚɹ ɦɭɮɬɚ ɫɰɟɩɥɟ-
ɧɢɹ; 3 – Ⱦȼɋ; 4 – ɞɚɬɱɢɤ ɞɚɜɥɟɧɢɹ; 5 – 

ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɢ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨ-
ɰɟɫɫɨɦ ɡɚɪɹɞɤɢ – ɪɚɡɪɹɞɤɢ ȽɉȺ; 6 – 

ɝɢɞɪɨɩɧɟɜɦɨɚɤɤɭɦɭɥɹɬɨɪ; 7 – ɝɢɞɪɨɪɚɫ-
ɩɪɟɞɟɥɢɬɟɥɶ; 8 – ɮɢɥɶɬɪ; 9 – ɩɪɟɞɨɯɪɚ-
ɧɢɬɟɥɶɧɵɣ ɤɥɚɩɚɧ; 10 – ɛɚɤ; 11 – ɝɢɞɪɨ-
ɰɢɥɢɧɞɪɵ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɱɢɦ ɨɛɨɪɭɞɨ-
ɜɚɧɢɟɦ 

 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɡɚɤɥɸɱɚɟɬ-
ɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɨɬ Ⱦȼɋ 

(3) ɩɟɪɟɞɚёɬɫɹ ɱɟɪɟɡ ɭɩɪɚɜɥɹɟɦɭɸ ɦɭɮɬɭ (2) 

ɧɚ ɝɢɞɪɨɧɚɫɨɫ (1), ɤɨɬɨɪɵɣ ɩɨɞɚёɬ ɝɢɞɪɚɜɥɢ-

ɱɟɫɤɭɸ ɠɢɞɤɨɫɬɶ ɱɟɪɟɡ ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɢ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɡɚɪɹɞɤɢ – ɪɚɡɪɹɞɤɢ (5) 

ɜ ɝɢɞɪɨɩɧɟɜɦɨɚɤɤɭɦɭɥɹɬɨɪ (ȽɉȺ) (6), ɤɨɬɨ-
ɪɵɣ ɧɚɤɚɩɥɢɜɚɟɬ ɠɢɞɤɨɫɬɶ ɞɥɹ ɪɚɛɨɬɵ ɝɢɞ-

ɪɨɰɢɥɢɧɞɪɨɜ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɱɢɦ ɨɛɨɪɭɞɨ-
ɜɚɧɢɟɦ (11); ɬɚɤ ɠɟ ɝɢɞɪɨɧɚɫɨɫ ɩɨɞɚɟɬ 
ɠɢɞɤɨɫɬɶ ɤ ɝɢɞɪɨɰɢɥɢɧɞɪɚɦ, ɟɫɥɢ ɨɧɢ ɢɫ-
ɩɨɥɶɡɭɸɬɫɹ ɜ ɦɨɦɟɧɬ ɡɚɪɹɞɤɢ ȽɉȺ. ɉɪɢ ɞɨ-
ɫɬɢɠɟɧɢɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ȽɉȺ 

ɞɚɬɱɢɤ ɞɚɜɥɟɧɢɹ (4) ɩɨɞɚёɬ ɫɢɝɧɚɥ ɧɚ ɦɭɮɬɭ 

ɫɰɟɩɥɟɧɢɹ, ɤɨɬɨɪɚɹ ɨɬɤɥɸɱɚɟɬ ɫɜɹɡɶ ɦɟɠɞɭ 
ɧɚɫɨɫɨɦ ɢ Ⱦȼɋ, ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɝɢɞɪɨɰɢ-

ɥɢɧɞɪɵ ɪɚɛɨɬɚɸɬ ɨɬ ɞɚɜɥɟɧɢɹ ɜ ȽɉȺ, ɩɨɤɚ 
ɞɚɜɥɟɧɢɟ ɜ ɧɢɯ ɧɟ ɨɩɭɫɬɢɬɫɹ ɞɨ ɦɢɧɢɦɚɥɶɧɨ-
ɝɨ ɢ ɞɚɬɱɢɤ ɞɚɜɥɟɧɢɹ ɧɟ ɩɨɞɚɫɬ ɫɢɝɧɚɥ ɧɚ 
ɦɭɮɬɭ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɧɚɫɨɫɚ. 
 

ɉɪɢɦɟɧɟɧɢɟ ɭɩɪɚɜɥɹɟɦɨɣ ɦɭɮɬɵ ɜ ɝɢɞɪɨɚɤ-
ɤɭɦɭɥɢɪɭɸɳɟɣ ɫɢɫɬɟɦɟ ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ 
ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɩɟɪɜɢɱɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɚ 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɯɨɥɨɫɬɵɯ 
ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɢ ɧɚ ɧɚɝɪɭɠɟɧɧɵɯ ɪɟɠɢɦɚɯ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɟɣ 

ɫɢɫɬɟɦɵ. 

 

ɉɪɢ ɪɚɛɨɬɟ ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɢɯ ɫɢɫɬɟɦ 

ɫɭɳɟɫɬɜɭɸɬ ɪɟɠɢɦɵ, ɤɨɝɞɚ ɧɟɜɨɡɦɨɠɧɨ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɡɚɩɚɫɵ ɪɚɛɨɱɟɣ 

ɠɢɞɤɨɫɬɢ, ɤɨɝɞɚ ɜɧɟɲɧɹɹ ɧɚɝɪɭɡɤɚ ɩɪɟɜɵɲɚ-
ɟɬ ɫɭɳɟɫɬɜɭɸɳɟɟ ɞɚɜɥɟɧɢɟ ɜ ȽɉȺ.  
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ɉɨɜɵɫɢɬɶ ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɩɪɢ ɦɚɥɨɦ ɤɨɥɢɱɟ-
ɫɬɜɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɦɨɠɧɨ ɩɭɬɟɦ ɢɡɦɟɧɟ-
ɧɢɹ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɝɚɡ 
ɪɚɫɲɢɪɹɟɬɫɹ, ɬɟɦ ɫɚɦɵɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɚɜ-
ɥɟɧɢɟ ɜ ɝɚɡɨɜɨɣ ɤɚɦɟɪɟ ȽɉȺ. ɂɡɜɟɫɬɧɵ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɚɡɨɬɚ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ 

ɜ ɬɚɛɥ. 1. 

 
Ɍɚɛɥɢɰɚ 1 ɉɨɤɚɡɚɬɟɥɢ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ  

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

 

Ɍɟɦɩɟɪɚɬɭɪɚ, ɋ 

20 40 60 80 100 120 140 160 180 

Ⱦɚɜɥɟɧɢɟ, Ɇɉɚ 
15 16 17 19 20 21 22 23 24 

 
Ɉɛɟɫɩɟɱɢɬɶ ɩɨɞɨɝɪɟɜ ɝɚɡɨɜɨɣ ɤɚɦɟɪɵ ɦɨɠɧɨ 
ɫ ɩɨɦɨɳɶɸ ɜɵɯɥɨɩɧɵɯ ɝɚɡɨɜ ɨɬ ɞɜɢɝɚɬɟɥɹ, 
ɪɟɝɭɥɢɪɭɹ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ 

ɡɚɫɥɨɧɤɨɣ (ɪɢɫ. 15). 

 

 
Ɋɢɫ. 15. Ɋɟɝɭɥɹɬɨɪ ɬɟɦɩɟɪɚɬɭɪɵ ɝɢɞɪɨɚɤɤɭ-

ɦɭɥɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ: 1 – Ⱦȼɋ; 2 – ɜɵ-

ɯɥɨɩɧɨɣ ɤɨɥɥɟɤɬɨɪ; 3 – ɬɟɩɥɨɨɛɦɟɧɧɢɤ; 
4 – ɛɚɥɥɨɧ ɫ ɚɡɨɬɨɦ; 5 – ɬɪɭɛɨɩɪɨɜɨɞ;     

6 – ȽɉȺ; 7 – ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɚɹ ɡɚɫɥɨɧ-

ɤɚ; 8 – ɪɟɜɟɪɫɢɜɧɵɣ ɩɚɬɪɭɛɨɤ 
 

 

 

ɉɪɢɦɟɧɟɧɢɟ ɝɢɛɪɢɞɧɵɯ ɦɚɲɢɧ ɨɩɪɚɜɞɚɧɨ 

ɰɟɧɚɦɢ ɧɚ ɧɟɮɬɶ ɢ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɩɨɥɢɬɢɤɨɣ. 

ɂ ɞɚɥɶɧɟɣɲɟɟ ɢɯ ɪɚɡɜɢɬɢɟ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨ-
ɜɚɧɢɟ ɜ ɨɛɥɚɫɬɢ ɫɬɪɨɢɬɟɥɶɧɨ-ɞɨɪɨɠɧɵɯ ɦɚ-
ɲɢɧ ɩɨɡɜɨɥɢɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɜɵɛɪɨɫ 
ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɢ ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ.  
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