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ɆɈȾȿɅɖ ȺɇȺɇȾȺ, ɄɈɇȿɑɇɈ-ɗɅȿɆȿɇɌɇȺə ɋȿɌɄȺ, ɋȿɌɈɑɇȺə 

ɋɏɈȾɂɆɈɋɌɖ, ɄɈɇɌȺɄɌɇɈȿ ȼɁȺɂɆɈȾȿɃɋɌȼɂȿ, ȾɈȼȿɊɂɌȿɅɖɇɕɃ 

ɂɇɌȿɊȼȺɅ, ɇȺɉɊəɀȿɇɇ-ȾȿɎɈɊɆɂɊɈȼȺɇɇɈȿ ɋɈɋɌɈəɇɂȿ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɵɩɨɥɧɟɧɨ ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ 

ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɨɬɜɨɞɨɜ ɦɟɬɨɞɨɦ ɩɪɨɬɹɠɤɢ, ɩɨɫɬɪɨɟɧɚ ɪɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɜ 

ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɦ ɩɚɤɟɬɟ Ansys, ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ 

ɞɚɧɧɵɦɢ. ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɬɪɟɧɢɹ ɦɟɠɞɭ ɡɚɝɨɬɨɜɤɨɣ ɢ ɪɨɝɨɨɛɪɚɡɧɵɦ 

ɫɟɪɞɟɱɧɢɤɨɦ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɤɨɪɨɫɬɢ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ ɧɚ ɨɬɤɥɨɧɟɧɢɹ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɨɬɜɨɞɚ. 

THE ABSTRACT 

47 pages, 20 pictures, 5 tables, 3 application 

ELBOW HOT FORMING, ELBOW, HORN CORE, BENDING RADIUS, ANAND 

MODEL, FINITE ELEMENT MESH, MESH CONVERGENCE, CONTACT 

INTERACTION, TRUST REGION, STRESS-STRAIN STATE 

In this paper, a numerical modeling of the elbow hot forming process was 

carried out, a computational model was constructed using the finite-element package 

Ansys, a comparison was made with the experimental data. The effect of friction 

between the sample and the horn core, the temperature and the pressing speed on the 

deviations of the geometric dimensions of the elbow were studied. 

 

  



4 
 

ɈȽɅȺȼɅȿɇɂȿ 

ȼɜɟɞɟɧɢɟ ....................................................................................................................... 5 

Ƚɥɚɜɚ 1. ɗɤɫɩɟɪɢɦɟɧɬ ɩɨ ɩɪɨɬɹɠɤɟ ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ ............................................. 9 

1.1 ɍɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ................................................................. 9 

1.2 Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ............................................................................... 10 

1.3 Ɉɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ....................................................... 10 

Ƚɥɚɜɚ 2. Ɇɨɞɟɥɶ ɦɚɬɟɪɢɚɥɚ ɡɚɝɨɬɨɜɤɢ..................................................................... 12 

2.1 ȼɹɡɤɨɩɥɚɫɬɢɱɧɨɫɬɶ .......................................................................................... 12 

2.2 Ɇɨɞɟɥɶ Ⱥɧɚɧɞɚ ................................................................................................ 13 

2.3 ȼɚɥɢɞɚɰɢɹ ɢ ɜɟɪɢɮɢɤɚɰɢɹ ɦɨɞɟɥɢ Ⱥɧɚɧɞɚ .................................................. 16 

Ƚɥɚɜɚ 3. Ɋɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ .................................................... 19 

3.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ........................................................................................... 19 

3.2 Ʉɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɫɟɬɤɚ ............................................................................. 19 

3.3 ɇɚɝɪɭɡɤɢ ɢ ɡɚɤɪɟɩɥɟɧɢɹ.................................................................................. 22 

3.4 ȼɵɛɨɪ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ..................................................................... 24 

3.5 ȼɵɛɨɪ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ........................................................ 25 

Ƚɥɚɜɚ 4. Ɋɟɡɭɥɶɬɚɬɵ ................................................................................................... 28 

4.1 ɋɪɚɜɧɟɧɢɟ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ............................................... 28 

4.2 Ɉɰɟɧɤɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɬɜɨɞɨɜ ..................... 31 

4.3 ȼɚɪɶɢɪɨɜɚɧɢɟ ɬɪɟɧɢɹ ...................................................................................... 32 

4.4 ȼɚɪɶɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ........................................................................... 34 

4.5 ȼɚɪɶɢɪɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ ................................................... 35 

Ɂɚɤɥɸɱɟɧɢɟ ................................................................................................................ 37 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ................................................................................................... 38 

ɉɪɢɥɨɠɟɧɢɟ Ⱥ ........................................................................................................... 40 

ɉɪɢɥɨɠɟɧɢɟ Ȼ ............................................................................................................ 42 

ɉɪɢɥɨɠɟɧɢɟ ȼ ............................................................................................................ 44 



5 
 

ȼɜɟɞɟɧɢɟ 

ɂɡ-ɡɚ ɩɪɢɪɨɞɧɨɝɨ ɥɚɧɞɲɚɮɬɚ, ɚ ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɬɜɟɬɜɥɟɧɢɣ 

ɬɪɭɛɨɩɪɨɜɨɞɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɨɤɥɚɞɵɜɚɸɬɫɹ ɧɟ ɩɨ ɩɪɹɦɨɣ. Ⱦɥɹ ɨɪɝɚɧɢɡɚɰɢɢ 

ɢɡɝɢɛɨɜ ɬɪɭɛ ɢ ɢɡɦɟɧɟɧɢɹ ɢɯ ɞɢɚɦɟɬɪɚ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɦɚɝɢɫɬɪɚɥɶɧɵɯ 

ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɢ ɧɚɫɨɫɧɵɯ ɫɬɚɧɰɢɣ, ɧɟɮɬɟ- ɢ 

ɝɚɡɨɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɚɬɨɦɧɵɯ ɢ ɬɟɩɥɨɜɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɬɜɨɞɵ. Ɉɬɜɨɞɵ – ɷɬɨ ɬɪɭɛɱɚɬɵɟ ɢɡɞɟɥɢɹ ɢɡɨɝɧɭɬɨɣ ɮɨɪɦɵ, 

ɢɡɨɛɪɚɠɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 1. 

 

Ɋɢɫɭɧɨɤ 1 - Ɉɬɜɨɞɵ 

Ɉɬɜɨɞɵ ɞɟɥɚɸɬ ɢɡ ɬɪɭɛ-ɡɚɝɨɬɨɜɨɤ, ɜɵɩɨɥɧɟɧɧɵɯ ɲɬɚɦɩɨɜɤɨɣ ɢɥɢ ɝɨɪɹɱɟɣ 

ɩɪɨɬɹɠɤɨɣ. ɉɪɢ ɩɪɨɬɹɠɤɟ ɩɪɢɦɟɧɹɸɬ ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ ɦɟɧɶɲɟɝɨ ɞɢɚɦɟɬɪɚ, ɱɟɦ 

ɩɨɥɭɱɚɟɦɵɣ ɨɬɜɨɞ, ɬɚɤ ɤɚɤ ɬɪɭɛɭ-ɡɚɝɨɬɨɜɤɭ ɜ ɝɨɪɹɱɟɦ ɫɨɫɬɨɹɧɢɢ ɩɪɨɬɹɝɢɜɚɸɬ 

ɱɟɪɟɡ ɪɚɫɲɢɪɹɸɳɢɣɫɹ ɪɨɝɨɨɛɪɚɡɧɵɣ ɫɟɪɞɟɱɧɢɤ (ɪɢɫɭɧɨɤ 2), ɩɪɢɞɚɜɚɹ ɟɣ 

ɧɭɠɧɵɣ ɞɢɚɦɟɬɪ ɢ ɤɪɢɜɢɡɧɭ. ɉɪɨɰɟɫɫ ɩɪɨɬɹɠɤɢ ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ ɱɟɪɟɡ 

ɪɨɝɨɨɛɪɚɡɧɵɣ ɫɟɪɞɟɱɧɢɤ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3. ȼ ɪɚɛɨɬɟ [1] ɨɩɢɫɚɧɵ ɨɛɳɢɟ 

ɩɪɢɧɰɢɩɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɜɨɞɨɜ ɦɟɬɨɞɨɦ ɝɨɪɹɱɟɣ ɩɪɨɬɹɠɤɢ. 

http://chem21.info/info/976157
http://chem21.info/info/403802
http://chem21.info/info/1718469
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Ɋɢɫɭɧɨɤ 2 – Ɋɨɝɨɨɛɪɚɡɧɵɟ ɫɟɪɞɟɱɧɢɤɢ 

 

Ɋɢɫɭɧɨɤ 3 - ɉɪɨɰɟɫɫ ɩɪɨɬɹɠɤɢ ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ ɱɟɪɟɡ ɪɨɝɨɨɛɪɚɡɧɵɣ ɫɟɪɞɟɱɧɢɤ; 

1 – ɪɨɝɨɨɛɪɚɡɧɵɣ ɫɟɪɞɟɱɧɢɤ, 2 – ɩɟɱɶ, 3 – ɡɚɝɨɬɨɜɤɢ, 4 – ɜɵɬɹɠɧɨɣ ɩɪɟɫɫ 

Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɫɩɨɫɨɛ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɜɨɞɨɜ ɦɟɬɨɞɨɦ 

ɝɨɪɹɱɟɣ ɩɪɨɬɹɠɤɢ ɢɡɨɛɪɟɬɟɧ ɢ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɭɠɟ ɞɚɜɧɨ, ɢɦɟɸɬɫɹ 

ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɨɛɥɟɦɵ ɢ ɫɜɹɡɚɧɧɵɟ ɫ ɧɢɦɢ ɡɚɞɚɱɢ ɜ ɨɛɥɚɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɨɬɜɨɞɨɜ. Ɉɞɧɨɣ ɢɡ ɬɚɤɢɯ ɩɪɨɛɥɟɦ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɱɟɬɤɢɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ 

ɬɨɦ, ɤɚɤ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ ɬɚɤɢɟ ɤɚɤ ɬɪɟɧɢɟ ɦɟɠɞɭ ɡɚɝɨɬɨɜɤɨɣ ɢ 

ɪɨɝɨɨɛɪɚɡɧɵɦ ɫɟɪɞɟɱɧɢɤɨɦ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢ ɫɤɨɪɨɫɬɧɨɣ ɪɟɠɢɦ ɜɥɢɹɸɬ ɧɚ 

ɪɟɡɭɥɶɬɚɬ, ɚ ɢɦɟɧɧɨ ɧɚ ɢɬɨɝɨɜɭɸ ɝɟɨɦɟɬɪɢɸ ɨɬɜɨɞɚ. 
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ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɬɜɨɞɨɜ ɢɧɠɟɧɟɪ-ɬɟɯɧɨɥɨɝ ɧɟ ɪɚɫɩɨɥɚɝɚɟɬ ɫɩɨɫɨɛɚɦɢ 

ɩɪɟɞɫɤɚɡɚɧɢɹ ɝɟɨɦɟɬɪɢɢ ɨɬɜɨɞɚ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɨɞɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɬɹɠɤɢ 

ɩɪɨɢɫɯɨɞɢɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɩɪɚɤɬɢɤɟ. Ɍɚɤɨɣ ɫɩɨɫɨɛ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ 

ɡɚɬɪɚɬɧɵɦ ɡɚ ɫɱɟɬ ɢɡɝɨɬɨɜɥɟɧɢɹ ɧɨɜɵɯ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ ɢ ɡɚ ɫɱɟɬ ɜɪɟɦɟɧɢ, 

ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɩɪɨɯɨɠɞɟɧɢɹ ɜɫɟɝɨ ɰɢɤɥɚ ɢɧɠɟɧɟɪɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɑɢɫɥɟɧɧɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɩɨɫɨɛɧɨ ɭɫɬɪɚɧɢɬɶ ɷɬɭ ɩɪɨɛɥɟɦɭ. 

ɋɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɢɫɫɥɟɞɨɜɚɬɶ 

ɩɪɨɰɟɫɫ ɩɪɨɬɹɠɤɢ ɛɟɡ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ɇɚɩɪɢɦɟɪ, ɜ 

ɪɚɛɨɬɟ [2] ɢɫɫɥɟɞɨɜɚɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɬɪɭɛɧɨɣ ɡɚɝɨɬɨɜɤɢ ɩɪɢ 

ɢɡɝɢɛɟ ɩɪɨɬɚɥɤɢɜɚɧɢɟɦ ɫ ɩɨɦɨɳɶɸ ɱɢɫɥɟɧɧɨɝɨ ɩɚɤɟɬɚ ANSYS/LS-DYNA. Ȼɵɥɨ 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɬɨɧɟɧɢɟ, ɪɚɜɧɨ ɤɚɤ ɢ ɭɬɨɥɳɟɧɢɟ, ɢɦɟɟɬ ɦɟɫɬɨ ɧɟ ɩɨ ɜɫɟɣ 

ɞɥɢɧɟ ɛɨɥɶɲɨɣ ɢ ɦɚɥɨɣ ɨɛɪɚɡɭɸɳɢɯ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɪɚɞɢɭɫɚ ɝɢɛɚ ɧɟ ɜɥɢɹɟɬ ɧɚ 

ɜɟɥɢɱɢɧɭ ɭɬɨɧɟɧɢɹ ɜ ɨɩɚɫɧɵɯ ɫɟɱɟɧɢɹɯ. ȼ ɪɚɛɨɬɟ [3] ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɮɨɪɦɵ 

ɪɨɝɨɨɛɪɚɡɧɨɝɨ ɫɟɪɞɟɱɧɢɤɚ ɧɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɨɬɜɨɞɚ, 

ɞɨɤɚɡɚɧɨ, ɱɬɨ ɮɨɪɦɚ ɫɟɪɞɟɱɧɢɤɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ ɮɚɤɬɨɪɨɦ 

ɭɫɬɨɣɱɢɜɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ. Ɉɞɧɚɤɨ, ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɩɪɨɬɹɠɤɢ ɧɟ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɜ ɞɨɫɬɚɬɨɱɧɨɣ ɫɬɟɩɟɧɢ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ, ɫɤɨɪɨɫɬɢ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ ɢ ɬɪɟɧɢɹ ɦɟɠɞɭ ɪɨɝɨɨɛɪɚɡɧɵɦ 

ɫɟɪɞɟɱɧɢɤɨɦ ɢ ɬɪɭɛɨɣ ɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɨɥɭɱɢɜɲɟɝɨɫɹ ɨɬɜɨɞɚ. 

Ɂɚɞɚɱɚɦɢ ɪɚɛɨɬɵ ɹɜɥɹɸɬɫɹ: 

- ɚɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɧɚɝɪɭɡɨɤ; 

- ɪɚɡɪɚɛɨɬɤɚ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ, ɜɤɥɸɱɚɹ ɩɨɫɬɪɨɟɧɢɟ 

ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɫɟɬɤɢ ɢ ɜɵɛɨɪ ɦɚɬɟɪɢɚɥɚ ɡɚɝɨɬɨɜɤɢ; 

- ɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɞɚɧɧɵɯ; 

- ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɬɹɠɤɢ ɧɚ ɨɬɤɥɨɧɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 

ɪɚɡɦɟɪɨɜ ɨɬɜɨɞɨɜ. 
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɦɟɬɨɞɚɦɢ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɧɨɦ 

ɩɚɤɟɬɟ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ANSYS 18.2. 
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Ƚɥɚɜɚ 1. ɗɤɫɩɟɪɢɦɟɧɬ ɩɨ ɩɪɨɬɹɠɤɟ ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɨɩɢɫɚɧɵ ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɩɪɨɬɹɠɤɟ 

ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ ɩɨ ɪɨɝɨɨɛɪɚɡɧɨɦɭ ɫɟɪɞɟɱɧɢɤɭ. ɉɪɨɜɟɞёɧ ɚɧɚɥɢɡ ɢ ɨɛɪɚɛɨɬɤɚ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɫɪɚɜɧɟɧɢɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ 

ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

1.1 ɍɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɉɟɪɟɞ ɩɪɨɬɹɠɤɨɣ ɧɚ ɡɚɝɨɬɨɜɤɢ ɧɚɧɨɫɹɬ ɪɚɡɦɟɬɤɭ ɢ ɡɚɦɟɪɹɸɬ ɬɨɥɳɢɧɵ ɜ 

ɬɨɱɤɚɯ ɡɚɝɨɬɨɜɤɢ ɫɨɝɥɚɫɧɨ ɪɚɡɦɟɬɤɟ. Ɂɚɬɟɦ ɩɪɨɜɨɞɹɬ ɩɪɨɬɹɠɤɭ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɜ ɭɫɥɨɜɢɹɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɯɧɨɥɨɝɢɢ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɜɨɞɨɜ ɞɚɧɧɨɝɨ ɬɢɩɨɪɚɡɦɟɪɚ. 

ɍɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɩɨɞ ɫɨɛɨɣ 

ɨɩɪɟɞɟɥɟɧɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɢ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɥɭɧɠɟɪɨɜ 

ɜɵɬɹɠɧɨɝɨ ɩɪɟɫɫɚ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɞɨɫɬɢɝɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɝɨɪɟɥɨɤ. ɂɯ ɱɢɫɥɨ ɡɚɜɢɫɢɬ 

ɨɬ ɬɢɩɨɪɚɡɦɟɪɚ ɡɚɝɨɬɨɜɤɢ. ɑɟɦ ɛɨɥɶɲɟ ɬɢɩɨɪɚɡɦɟɪ ɡɚɝɨɬɨɜɤɢ, ɬɟɦ ɛɨɥɶɲɟɟ 

ɤɨɥɢɱɟɫɬɜɨ ɝɨɪɟɥɨɤ ɩɨɧɚɞɨɛɢɬɫɹ.  

ɋ ɩɨɦɨɳɶɸ ɝɨɪɟɥɨɤ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɩɟɱɢ ɪɚɜɧɚɹ 900 ˚ɋ. ȼ 

ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɨɜɟɞɟɧɨ ɢɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɝɨɬɨɜɤɢ ɜ ɪɚɡɧɵɟ 

ɦɨɦɟɧɬɵ ɩɪɨɬɹɠɤɢ. ȼ ɧɚɱɚɥɟ ɩɪɨɬɹɠɤɢ ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɝɨɬɨɜɨɤ ɤɨɥɟɛɥɟɬɫɹ ɜ 

ɩɪɟɞɟɥɚɯ ɨɬ 845 ˚ɋ ɞɨ 890 ˚ɋ, ɚ ɜ ɤɨɧɰɟ ɩɪɨɬɹɠɤɢ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 900 ˚ɋ ɞɨ 

1000 ˚ɋ.     

ɋɤɨɪɨɫɬɶ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ ɤɨɥɟɛɥɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 220 ɦɦ/ɦɢɧ ɞɨ 280 

ɦɦ/ɦɢɧ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɞɥɹ ɩɥɭɧɠɟɪɨɜ ɜɵɬɹɠɧɨɝɨ ɩɪɟɫɫɚ ɧɟɬ 

ɜɨɡɦɨɠɧɨɫɬɢ ɭɫɬɚɧɨɜɢɬɶ ɩɨɫɬɨɹɧɧɭɸ ɫɤɨɪɨɫɬɶ, ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɟ 

ɞɚɜɥɟɧɢɟ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɫɤɨɪɨɫɬɶ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɞɚɜɥɟɧɢɹ, 

ɧɨ ɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɡɚɝɨɬɨɜɨɤ ɧɚ ɧɚɩɪɚɜɥɹɸɳɟɣ. ɉɨɷɬɨɦɭ ɜ ɧɚɱɚɥɟ ɪɚɛɨɬɵ 

ɫɤɨɪɨɫɬɶ ɦɟɧɶɲɟ, ɚ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɡɚɝɨɬɨɜɨɤ ɧɚ ɧɚɩɪɚɜɥɹɸɳɟɣ 

ɫɤɨɪɨɫɬɶ ɜɨɡɪɚɫɬɚɟɬ. 
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1.2 Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɨɬɹɧɭɬɵ ɜɨɫɟɦɶ ɡɚɝɨɬɨɜɨɤ. Ⱦɥɹ ɤɚɠɞɨɣ 

ɡɚɝɨɬɨɜɤɢ ɨɩɪɟɞɟɥɟɧɵ ɬɪɢ ɬɢɩɚ ɜɟɥɢɱɢɧ: ɪɚɞɢɭɫ ɝɢɛɚ, ɞɢɚɦɟɬɪɵ ɢ ɬɨɥɳɢɧɵ ɞɨ 

ɢ ɩɨɫɥɟ ɩɪɨɬɹɠɤɢ. 

ɇɚ ɪɢɫɭɧɤɟ 1.1 ɩɨɤɚɡɚɧɚ ɪɚɡɦɟɬɤɚ ɢ ɬɨɱɤɢ ɡɚɦɟɪɚ ɷɬɢɯ ɜɟɥɢɱɢɧ. ɑɟɪɧɨɣ 

ɫɬɪɟɥɤɨɣ ɩɨɤɚɡɚɧɨ ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ ɬɪɭɛɵ ɩɨ ɪɨɝɨɨɛɪɚɡɧɨɦɭ ɫɟɪɞɟɱɧɢɤɭ. 

ɉɭɧɤɬɢɪɧɵɦɢ ɥɢɧɢɹɦɢ ɨɛɨɡɧɚɱɟɧɵ ɤɪɢɜɵɟ, ɜɞɨɥɶ ɤɨɬɨɪɵɯ ɜ ɧɟɫɤɨɥɶɤɢɯ 

ɫɟɱɟɧɢɹɯ ɢɡɦɟɪɹɸɬɫɹ ɬɨɥɳɢɧɵ. ȼ ɬɟɯ ɠɟ ɫɟɱɟɧɢɹɯ ɢɡɦɟɪɹɸɬɫɹ ɞɢɚɦɟɬɪɵ ɜ ɞɜɭɯ 

ɧɚɩɪɚɜɥɟɧɢɹɯ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɞɪɭɝ ɤ ɞɪɭɝɭ.  

 

Ɋɢɫɭɧɨɤ 1.1 – Ɋɚɞɢɭɫ ɝɢɛɚ, ɬɨɥɳɢɧɵ ɢ ɞɢɚɦɟɬɪɵ 

1.3 Ɉɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

Ƚɪɭɛɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɢɡɦɟɪɟɧɢɣ ɧɚɡɵɜɚɸɬ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ, 

ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɸɳɭɸ ɨɠɢɞɚɟɦɭɸ ɩɪɢ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɉɪɢɱɢɧɨɣ ɩɨɹɜɥɟɧɢɹ ɝɪɭɛɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɜ 

ɪɟɡɭɥɶɬɚɬɚɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɹɜɥɹɟɬɫɹ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɭɫɥɨɜɢɣ 

ɢɡɦɟɪɟɧɢɣ ɜɫɥɟɞɫɬɜɢɟ ɫɛɨɹ ɜ ɪɚɛɨɬɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ȼ 

ɩɨɞɨɛɧɵɯ ɫɥɭɱɚɹɯ ɪɟɡɭɥɶɬɚɬɵ, ɫɨɞɟɪɠɚɳɢɟ ɝɪɭɛɭɸ ɩɨɝɪɟɲɧɨɫɬɶ, ɢɫɤɥɸɱɚɸɬ 

ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɫɩɟɰɢɚɥɶɧɵɯ ɦɟɬɨɞɨɜ. 

t2 

t3 

t7 
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 Ⱦɥɹ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɚ 

ɨɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢ ɢɫɤɥɸɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɫɨɞɟɪɠɚɳɢɟ 

ɝɪɭɛɵɟ ɩɨɝɪɟɲɧɨɫɬɢ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɨɬɫɟɜɚ ɝɪɭɛɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ, 

ɨɩɢɫɚɧɧɵɣ ɜ [4]. Ɉɬɫɟɜ ɩɪɨɢɡɜɟɞɟɧ ɩɨ ɡɧɚɱɟɧɢɹɦ ɪɚɞɢɭɫɚ ɝɢɛɚ, ɬɚɤ ɤɚɤ ɷɬɨɬ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ ɨɩɪɟɞɟɥɹɟɬ ɢɬɨɝɨɜɭɸ ɮɨɪɦɭ ɨɬɜɨɞɚ. ɋɧɚɱɚɥɚ 

ɜɵɱɢɫɥɹɟɬɫɹ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɪɚɞɢɭɫɚ ɝɢɛɚ ɢ ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ. Ɂɚɬɟɦ 

ɞɥɹ ɤɚɠɞɨɝɨ ɪɚɞɢɭɫɚ ɝɢɛɚ ɜɵɱɢɫɥɹɟɬɫɹ Ĳ' ɩɨ ɮɨɪɦɭɥɟ 1.1, ɤɨɬɨɪɚɹ ɧɟ ɞɨɥɠɧɚ 

ɩɪɟɜɵɲɚɬɶ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ Ĳ' ɪɚɜɧɨɝɨ 2,17 ɞɥɹ ɜɵɛɨɪɤɢ ɢɡ ɜɨɫɶɦɢ 

ɢɫɩɵɬɚɧɢɣ ɢ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ 0,05. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ Ĳ' ɞɥɹ ɧɚɲɟɣ 

ɜɵɛɨɪɤɢ ɪɚɜɧɨ 1,89, ɢɡ ɱɟɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɜɵɛɨɪɤɚ ɧɟ ɢɦɟɟɬ ɝɪɭɛɵɯ 

ɩɨɝɪɟɲɧɨɫɬɟɣ. 

𝜏′ = ˓˃ˇˋ˖˔ ˆˋ˄˃ − ˔˓ˈˇːˈˈ ˊː˃чˈːˋˈ ˓˃ˇˋ˖˔˃ ˆˋ˄˃˔˕˃ːˇ˃˓˕ːˑˈ ˑ˕ˍˎˑːˈːˋˈ  
(1.1) 

ɇɚ ɤɨɧɟɱɧɨɦ ɷɬɚɩɟ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɩɪɟɞɟɥɟɧɵ 

ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɬɨɥɳɢɧ ɞɨ ɢ ɩɨɫɥɟ ɩɪɨɬɹɠɤɢ, ɚ ɬɚɤɠɟ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ 

ɞɢɚɦɟɬɪɨɜ. ɉɨɫɤɨɥɶɤɭ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɬɨɥɳɢɧɚ ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ ɞɨ ɩɪɨɬɹɠɤɢ 

ɧɟɨɞɢɧɚɤɨɜɚ ɜ ɪɚɡɥɢɱɧɵɯ ɟɟ ɬɨɱɤɚɯ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɬɨ 

ɩɪɢɧɹɬɨ ɫɥɟɞɭɸɳɟɟ ɩɪɚɜɢɥɨ ɪɚɫɱɟɬɚ ɬɨɥɳɢɧɵ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɫɪɚɜɧɟɧɢɹ ɫ 

ɱɢɫɥɟɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɨɦ:  ݐ = ˋˍˉˑ˔ˎˈ ˒˓ˑ˕я˒ݐ − ˋˍˉˑ ˒˓ˑ˕яˇݐ +  ːяя (1.2)ˇˈ˓˔ݐ

 ȼ ɉɪɢɥɨɠɟɧɢɢ Ⱥ ɬɚɛɥɢɰɵ Ⱥ.1 ɩɪɢɜɟɞɟɧɵ ɫɪɟɞɧɢɟ ɬɨɥɳɢɧɵ, ɩɨɥɭɱɟɧɧɵɟ 

ɩɨ ɮɨɪɦɭɥɟ 1.2, ɚ ɜ ɬɚɛɥɢɰɟ Ⱥ.2 ɩɪɢɜɟɞɟɧɵ ɫɪɟɞɧɢɟ ɞɢɚɦɟɬɪɵ. ɋɪɟɞɧɢɣ ɪɚɞɢɭɫ 

ɝɢɛɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚ ɪɚɜɟɧ 99,76 ɦɦ. 
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Ƚɥɚɜɚ 2. Ɇɨɞɟɥɶ ɦɚɬɟɪɢɚɥɚ ɡɚɝɨɬɨɜɤɢ 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɞɚɧɨ ɨɩɢɫɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɦɨɞɟɥɟɣ ɜɹɡɤɨɩɥɚɫɬɢɱɧɨɫɬɢ ɢ 

ɫɞɟɥɚɧ ɜɵɛɨɪ ɜ ɩɨɥɶɡɭ ɨɞɧɨɣ ɢɡ ɧɢɯ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɢ ɦɚɬɟɪɢɚɥɚ ɡɚɝɨɬɨɜɤɢ. 

ȼɵɛɪɚɧɧɚɹ ɦɨɞɟɥɶ ɦɚɬɟɪɢɚɥɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɪɚɡɪɚɛɨɬɤɢ 

ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ, ɨɩɢɫɚɧɧɨɣ ɜ ɝɥɚɜɟ 3. 

2.1 ȼɹɡɤɨɩɥɚɫɬɢɱɧɨɫɬɶ 

ȼɹɡɤɨɩɥɚɫɬɢɱɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɮɨɪɦɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ, ɡɚɜɢɫɹɳɟɣ ɨɬ 

ɜɪɟɦɟɧɢ, ɝɞɟ ɪɚɡɜɢɬɢɟ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ 

ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ. ɉɪɨɫɬɟɣɲɢɦ ɩɪɢɦɟɧɟɧɢɟɦ ɜɹɡɤɨɩɥɚɫɬɢɱɧɨɫɬɢ ɹɜɥɹɟɬɫɹ 

ɩɪɨɰɟɫɫ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɮɨɪɦɨɜɤɢ ɦɟɬɚɥɥɚ, ɬɚɤɨɣ, ɤɚɤ ɩɪɨɤɚɬɤɚ ɢ 

ɝɥɭɛɨɤɚɹ ɜɵɬɹɠɤɚ, ɜɵɡɵɜɚɸɳɢɟ ɛɨɥɶɲɢɟ ɩɥɚɫɬɢɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ ɢ 

ɩɟɪɟɦɟɳɟɧɢɹ ɫ ɦɚɥɵɦɢ ɭɩɪɭɝɢɦɢ ɞɟɮɨɪɦɚɰɢɹɦɢ. 

ȼɹɡɤɨɩɥɚɫɬɢɱɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɛɴɟɞɢɧɟɧɢɟɦ ɩɥɚɫɬɢɱɧɨɫɬɢ ɢ 

ɩɨɥɡɭɱɟɫɬɢ ɩɨɫɪɟɞɫɬɜɨɦ ɧɚɛɨɪɚ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ ɢ 

ɷɜɨɥɸɰɢɨɧɧɵɯ ɭɪɚɜɧɟɧɢɣ. ȼɹɡɤɨɩɥɚɫɬɢɱɧɨɫɬɶ ɩɨɡɜɨɥɹɟɬ ɜɜɨɞɢɬɶ ɷɮɮɟɤɬ 

ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɜ ɦɨɞɟɥɢ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɨɬɤɥɢɤɚ ɦɚɬɟɪɢɚɥɚ, ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɜɪɟɦɟɧɢ. ɉɪɢ ɪɚɫɱɟɬɟ ɜ ɱɢɫɥɟɧɧɨɦ ɩɚɤɟɬɟ 

Ansys ɩɪɢɦɟɧɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɦɨɞɟɥɢ ɜɹɡɤɨɩɥɚɫɬɢɱɧɨɫɬɢ ɬɚɤɢɟ ɤɚɤ ɦɨɞɟɥɶ 

ɉɟɠɢɧɵ (Perzyna) [5] ɢɥɢ ɦɨɞɟɥɶ ɉɢɪɫɚ (Peirce) [6]. ȼ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ 

ɦɨɞɟɥɟɣ, ɡɚɜɢɫɹɳɢɯ ɨɬ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɦɚɬɟɪɢɚɥɚ, ɦɨɞɟɥɢ ɉɟɠɢɧɵ 

(Perzyna) ɢ ɉɢɪɫɚ (Peirce) ɜɤɥɸɱɚɸɬ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɚɫɬɢɱɧɨɫɬɢ. Ɍɨ ɟɫɬɶ ɷɮɮɟɤɬ 

ɭɩɪɨɱɧɟɧɢɹ, ɫɜɹɡɚɧɧɵɣ ɫɨ ɫɤɨɪɨɫɬɶɸ ɞɟɮɨɪɦɚɰɢɢ, ɚɤɬɢɜɢɡɢɪɭɟɬɫɹ ɬɨɥɶɤɨ 

ɩɨɫɥɟ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ. 

Ⱦɚɞɢɦ ɤɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɦɨɞɟɥɢ ɉɟɠɢɧɵ. Ɍɟɨɪɢɹ ɉɟɠɢɧɚ ɩɨɫɬɪɨɟɧɚ ɧɚ 

ɩɥɚɫɬɢɱɟɫɤɨɦ ɪɟɥɚɤɫɚɰɢɨɧɧɨɦ ɭɪɚɜɧɟɧɢɢ Ȼɢɧɝɚɦɚ. ɋɨɝɥɚɫɧɨ ɷɬɨɣ ɬɟɨɪɢɢ, 

ɫɤɨɪɨɫɬɶ ɞɟɮɨɪɦɚɰɢɢ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɭɩɪɭɝɨɣ ɢ ɜɹɡɤɨɩɥɚɫɬɢɱɟɫɤɨɣ 

ɫɨɫɬɚɜɥɹɸɳɢɯ. ɍɩɪɭɝɨɟ ɩɨɜɟɞɟɧɢɟ, ɩɪɟɞɩɨɥɚɝɚɟɦɨɟ ɢɡɨɬɪɨɩɧɵɦ, ɦɨɞɟɥɢɪɭɟɬɫɹ 
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ɝɭɤɨɜɵɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ. ɋɥɟɞɭɸ ɩɪɟɞɩɨɥɨɠɟɧɢɸ ɉɟɠɢɧɵ, ɫɤɨɪɨɫɬɶ 

ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɧɚɯɨɞɢɬɫɹ ɢɡ ɡɚɤɨɧɚ ɬɟɱɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 2.1. 

𝜺̇̂ = 𝜸 ( 𝝈𝝈૙ − ૚)૚/𝒎, (2.1) 

ɝɞɟ 𝜀̂̇ – ɫɤɨɪɨɫɬɶ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ, 𝛾 – ɩɚɪɚɦɟɬɪ 

ɜɹɡɤɨɫɬɢ, ݉ – ɩɚɪɚɦɟɬɪ ɭɩɪɨɱɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ, 𝜎 – ɷɤɜɢɜɚɥɟɧɬɧɵɟ 

ɧɚɩɪɹɠɟɧɢɹ, ɚ 𝜎଴ – ɧɚɩɪɹɠɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɜɨɡɧɢɤɚɸɬ ɩɥɚɫɬɢɱɟɫɤɢɟ 

ɞɟɮɨɪɦɚɰɢɢ.  

Ɍɚɤɠɟ ɪɚɫɫɦɨɬɪɢɦ ɦɨɞɟɥɶ ɉɢɪɫɚ, ɤɨɬɨɪɚɹ ɫɯɨɠɚ ɩɨ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɫ 

ɦɨɞɟɥɶɸ ɉɟɠɢɧɵ ɫ ɬɨɣ ɥɢɲɶ ɪɚɡɧɢɰɟɣ, ɱɬɨ ɩɚɪɚɦɟɬɪ ɭɩɪɨɱɧɟɧɢɹ ɫɤɨɪɨɫɬɢ 

ɞɟɮɨɪɦɚɰɢɢ ɫɬɨɢɬ ɜ ɞɪɭɝɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ. ɋɤɨɪɨɫɬɶ ɷɤɜɢɜɚɥɟɧɬɧɵɯ 

ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 2.2. 

𝜀̂̇ = 𝛾 [( 𝜎𝜎଴)ଵ/௠ − ͳ] , (2.2) 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ ɱɬɨ ɜ ɦɨɞɟɥɹɯ ɉɷɠɢɧɵ ɢ ɉɢɪɫɚ ɪɚɡɜɢɬɢɟ ɩɥɚɫɬɢɱɟɫɤɢɯ 

ɞɟɮɨɪɦɚɰɢɣ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɩɨɫɪɟɞɫɬɜɨɦ ɫɬɟɩɟɧɧɨɣ ɮɭɧɤɰɢɢ, 

ɷɬɢ ɦɨɞɟɥɢ ɧɟ ɨɩɢɫɵɜɚɸɬ ɩɨɜɟɞɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɜ ɦɟɧɹɸɳɢɯɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 

ɭɫɥɨɜɢɹɯ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ ɡɚɝɨɬɨɜɤɢ 

ɱɟɪɟɡ ɪɨɝɨɨɛɪɚɡɧɵɣ ɫɟɪɞɟɱɧɢɤ ɷɬɢ ɦɨɞɟɥɢ ɧɟ ɩɨɞɯɨɞɹɬ. Ɂɚɬɨ ɬɪɟɛɨɜɚɧɢɸ 

ɡɚɜɢɫɢɦɨɫɬɢ ɞɟɮɨɪɦɚɰɢɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɦɨɞɟɥɶ ɦɚɬɟɪɢɚɥɚ 

Ⱥɧɚɧɞɚ, ɤɨɬɨɪɭɸ ɪɚɫɫɦɨɬɪɢɦ ɜ ɫɥɟɞɭɸɳɟɦ ɩɚɪɚɝɪɚɮɟ. 

2.2 Ɇɨɞɟɥɶ Ⱥɧɚɧɞɚ 

Ɇɨɞɟɥɶ Ⱥɧɚɧɞɚ (Anand) [7] ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɝɨɪɹɱɟɣ ɨɛɪɚɛɨɬɤɢ ɢɥɢ ɞɪɭɝɢɯ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɣ ɦɟɬɚɥɥɨɜ. Ɇɨɞɟɥɶ 

ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ. 

 ȼɨ-ɩɟɪɜɵɯ, ɜ ɦɨɞɟɥɢ ɨɬɫɭɬɫɬɜɭɟɬ ɹɜɧɵɟ ɭɫɥɨɜɢɹ ɬɟɤɭɱɟɫɬɢ ɢɥɢ ɤɪɢɬɟɪɢɣ 

ɩɨ ɧɚɝɪɭɡɤɟ. ȼɦɟɫɬɨ ɷɬɨɝɨ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɬɟɤɭɱɟɫɬɶ ɢɦɟɟɬ ɦɟɫɬɨ ɜɟɡɞɟ, ɝɞɟ 
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ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɪɚɜɧɵ ɧɭɥɸ, ɯɨɬɹ ɩɪɢ ɧɢɡɤɢɯ ɧɚɩɪɹɠɟɧɢɹɯ ɫɤɨɪɨɫɬɶ 

ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ ɦɨɠɟɬ ɛɵɬɶ ɧɟɢɡɦɟɪɢɦɨ ɦɚɥɚ. 

ȼɨ-ɜɬɨɪɵɯ, ɞɚɧɧɚɹ ɦɨɞɟɥɶ ɭɱɢɬɵɜɚɟɬ ɜɧɭɬɪɟɧɧɸɸ ɫɬɪɭɤɬɭɪɭ ɦɚɬɟɪɢɚɥɚ ɫ 

ɩɨɦɨɳɶɸ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɢɡɦɟɪɹɟɦɨɝɨ ɜ ɟɞɢɧɢɰɚɯ ɧɚɩɪɹɠɟɧɢɹ. Ʉɚɤ 

ɛɵɥɨ ɨɬɦɟɱɟɧɨ Ⱥɧɚɧɞɨɦ, ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɜɧɭɬɪɟɧɧɸɸ ɫɬɪɭɤɬɭɪɭ 

ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɦɧɨɠɟɫɬɜɟ ɪɟɠɢɦɨɜ ɧɚɝɪɭɠɟɧɢɹ ɦɨɠɧɨ ɭɱɟɫɬɶ ɫ ɩɨɦɨɳɶɸ 

ɨɞɧɨɝɨ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɧɟɬɨɱɧɨ. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɛɵɥɨ ɞɨɤɚɡɚɧɨ, ɱɬɨ 

ɦɨɞɟɥɶ ɨɩɢɫɵɜɚɟɬ ɩɨɜɟɞɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ 

ɫɥɭɱɚɹɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɬɟɫɬɚɯ ɧɚ ɫɠɚɬɢɟ ɢ ɪɚɫɬɹɠɟɧɢɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɫɤɨɪɨɫɬɹɯ ɞɟɮɨɪɦɚɰɢɢ. 

ȼ-ɬɪɟɬɶɢɯ, ɦɨɞɟɥɶ, ɩɪɟɞɥɨɠɟɧɧɚɹ Ⱥɧɚɧɞɨɦ ɢ ɜɩɨɫɥɟɞɫɬɜɢɢ ɞɨɪɚɛɨɬɚɧɧɚɹ 

Ȼɪɚɭɧɨɦ, ɨɛɴɟɞɢɧɹɟɬ ɩɨɥɡɭɱɟɫɬɶ ɢ ɧɟ ɡɚɜɢɫɹɳɭɸ ɨɬ ɫɤɨɪɨɫɬɢ ɩɥɚɫɬɢɱɧɨɫɬɶ ɩɪɢ 

ɩɨɦɨɳɢ ɡɚɤɨɧɚ ɬɟɱɟɧɢɹ ɢ ɷɜɨɥɸɰɢɨɧɧɵɯ ɭɪɚɜɧɟɧɢɣ. 

ɋɧɚɱɚɥɚ ɪɚɫɫɦɨɬɪɢɦ ɨɩɪɟɞɟɥɹɸɳɟɟ ɭɪɚɜɧɟɧɢɟ (2.3), ɤɨɬɨɪɨɟ ɜɤɥɸɱɚɟɬ ɜ 

ɫɟɛɹ ɦɨɞɟɥɶ Ⱥɧɚɧɞɚ.  

𝜀𝑝̇ = 𝑥𝑝݁ܣ (− ܴܳ𝜃) 𝑖݊ℎݏ] ቀ𝜉 𝜎ܵቁ]ଵ/௠̇
 

(2.3) 

ɍɪɚɜɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɤɨɧ ɬɟɱɟɧɢɹ ɢ ɩɨ ɮɨɪɦɟ ɚɧɚɥɨɝɢɱɧɨ 

ɭɪɚɜɧɟɧɢɸ, ɢɫɩɨɥɶɡɭɟɦɨɦɭ ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɬɚɰɢɨɧɚɪɧɨɣ ɜɬɨɪɢɱɧɨɣ ɩɨɥɡɭɱɟɫɬɢ, 

ɫ ɬɨɣ ɥɢɲɶ ɪɚɡɧɢɰɟɣ, ɱɬɨ ɜ ɧɟɦ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜɧɭɬɪɟɧɧɢɣ ɩɚɪɚɦɟɬɪ S. ɗɬɨɬ 

ɩɚɪɚɦɟɬɪ ɧɚɡɵɜɚɟɬɫɹ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɢ ɡɚɜɢɫɢɬ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɦɚɬɟɪɢɚɥɚ. 

 Ɂɚɦɟɬɢɦ, ɱɬɨ 𝜀𝑝̇ – ɷɬɨ ɫɤɨɪɨɫɬɶ ɧɟɭɩɪɭɝɨɣ ɞɟɮɨɪɦɚɰɢɢ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɫɭɦɦɭ ɩɨɥɡɭɱɟɫɬɢ ɢ ɡɚɜɢɫɹɳɟɣ ɨɬ ɜɪɟɦɟɧɢ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ. 

 ɉɟɪɜɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ - ɡɚɤɨɧ Ⱥɪɪɟɧɢɭɫɚ, ɤɨɬɨɪɵɣ ɮɢɤɫɢɪɭɟɬ 

ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɥɡɭɱɟɫɬɢ, ɝɞɟ ܴ – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ 

ɩɨɫɬɨɹɧɧɚɹ, 𝜃 – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ܣ – ɩɪɟɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ 

ɦɧɨɠɢɬɟɥɶ, ɤɨɬɨɪɵɣ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ ܳ – ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ. 

ɗɧɟɪɝɢɸ ɚɤɬɢɜɚɰɢɢ ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɤ ɧɟɤɨɬɨɪɭɸ ɩɨɪɨɝɨɜɭɸ 
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ɷɧɟɪɝɢɸ ɚɤɬɢɜɚɰɢɢ ɫɬɪɭɤɬɭɪɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ: ɩɪɨɰɟɫɫ ɫɬɪɭɤɬɭɪɧɨɝɨ 

ɢɡɦɟɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɧɟ ɡɚɩɭɫɬɢɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɦɟɧɶɲɟ ܳ. 

 ȼɬɨɪɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ – ɦɧɨɠɢɬɟɥɶ ɫ ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɦ ɫɢɧɭɫɨɦ – 

ɨɩɢɫɵɜɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɧɟɭɩɪɭɝɨɣ ɞɟɮɨɪɦɚɰɢɢ ɨɬ ɧɚɩɪɹɠɟɧɢɹ. Ɂɞɟɫɶ 𝜉 – ɦɭɥɶɬɢɩɥɢɤɚɬɨɪ ɧɚɩɪɹɠɟɧɢɣ, ı – ɧɚɩɪɹɠɟɧɢɹ, ɚ ݉ – ɤɨɷɮɮɢɰɢɟɧɬ, 

ɨɬɜɟɱɚɸɳɢɣ ɡɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɧɚɩɪɹɠɟɧɢɣ ɤ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɣ. ɂɦɟɧɧɨ 

ɦɧɨɠɢɬɟɥɶ ɫ ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɦ ɫɢɧɭɫɨɦ ɜɤɥɸɱɚɟɬ ɜɧɭɬɪɟɧɧɢɣ ɩɚɪɚɦɟɬɪ, ɞɥɹ 

ɤɨɬɨɪɨɝɨ ɫɩɪɚɜɟɞɥɢɜɨ ɫɥɟɞɭɸɳɟɟ ɫɨɨɬɧɨɲɟɧɢɟ: 

ܵ̇ = {ℎ଴ሺ|ܤ|ሻ𝑎 {|ܤ|ܤ 𝜀𝑝,̇  (2.4) 

ɝɞɟ: 

ܤ = ͳ − ܵܵ∗, (2.5) 

 

ɝɞɟ: 

ܵ∗ = ܵ̂ [𝜀𝑝̇ܣ ݁𝑥𝑝 ( ܴܳ𝜃)]௡ 
(2.6) 

ɋɨɨɬɧɨɲɟɧɢɟ, ɩɪɢɜɟɞɟɧɧɨɟ ɜɵɲɟ, ɧɚɡɵɜɚɟɬɫɹ ɷɜɨɥɸɰɢɨɧɧɵɦ 

ɭɪɚɜɧɟɧɢɟɦ, ɝɞɟ ܵ̂ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɫɵɳɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɹɦ, n – 

ɤɨɷɮɮɢɰɢɟɧɬ, ɨɬɜɟɱɚɸɳɢɣ ɡɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɧɚɫɵɳɟɧɢɹ (ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɞɟɮɨɪɦɚɰɢɹɦ) ɤ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ, α – ɤɨɷɮɮɢɰɢɟɧɬ, ɤɨɬɨɪɵɣ ɨɬɜɟɱɚɟɬ ɡɚ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɧɚɫɵɳɟɧɢɹ ɤ ɭɩɪɨɱɧɟɧɢɸ ɦɚɬɟɪɢɚɥɚ. ɗɜɨɥɸɰɢɨɧɧɨɟ 

ɭɪɚɜɧɟɧɢɟ ɜ ɨɫɧɨɜɧɨɦ ɡɚɯɜɚɬɵɜɚɟɬ ɷɮɮɟɤɬ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɫ 

ɩɨɦɨɳɶɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɪɨɱɧɟɧɢɹ ℎ଴. 

ɉɪɟɞɩɨɥɚɝɚɟɦɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɧɚɩɪɹɠɟɧɢɟɦ ɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɜɵɪɚɠɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ: 𝜎 = 𝑐ܵ, (2.7) 

ɝɞɟ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ: 
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˔ = ͳ𝜉 𝑖݊ℎ−ଵݏ [(𝜀𝑝̇ܣ ݁𝑥𝑝 ( ܴܳ𝜃))௠] (2.8) 

Ɇɨɞɟɥɶ Ⱥɧɚɧɞɚ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɢ ɦɚɬɟɪɢɚɥɚ 

ɡɚɝɨɬɨɜɤɢ ɜ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ, ɪɚɡɪɚɛɨɬɤɚ ɤɨɬɨɪɨɣ ɨɩɢɫɚɧɚ 

ɜ ɫɥɟɞɭɸɳɟɣ ɝɥɚɜɟ. ɇɨ ɩɟɪɟɞ ɷɬɢɦ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɜɚɥɢɞɚɰɢɸ ɢ 

ɜɟɪɢɮɢɤɚɰɢɸ ɦɨɞɟɥɢ. 

2.3 ȼɚɥɢɞɚɰɢɹ ɢ ɜɟɪɢɮɢɤɚɰɢɹ ɦɨɞɟɥɢ Ⱥɧɚɧɞɚ 

ɉɪɟɠɞɟ ɱɟɦ ɦɨɞɟɥɢɪɨɜɚɬɶ ɩɪɨɬɹɠɤɭ ɬɪɭɛɵ ɩɨ ɪɨɝɨɨɛɪɚɡɧɨɦɭ ɫɟɪɞɟɱɧɢɤɭ 

ɧɟɨɛɯɨɞɢɦɨ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɜɵɛɪɚɧɧɚɹ ɦɨɞɟɥɶ ɤɨɪɪɟɤɬɧɨ ɨɩɢɫɵɜɚɟɬ ɩɨɜɟɞɟɧɢɟ 

ɦɚɬɟɪɢɚɥɚ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɫɥɨɜɢɹɯ. Ⱦɥɹ ɷɬɨɝɨ ɪɟɲɟɧɚ ɡɚɞɚɱɚ ɨɞɧɨɨɫɧɨɝɨ 

ɫɠɚɬɢɹ ɜ ɱɢɫɥɟɧɧɨɦ ɩɚɤɟɬɟ Ansys, ɚ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɵ ɫ 

ɷɤɫɩɟɪɢɦɟɧɬɨɦ. 

ɋɬɚɥɶɧɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɨɛɪɚɡɟɰ ɫɠɢɦɚɟɬɫɹ ɩɪɟɫɫɨɦ. ȼɟɪɯɧɢɣ ɬɨɪɟɰ 

ɨɛɪɚɡɰɚ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜɞɨɥɶ ɨɫɢ ɰɢɥɢɧɞɪɚ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɚ 

ɩɟɪɟɦɟɳɟɧɢɹ ɧɢɠɧɟɝɨ ɬɨɪɰɚ ɨɛɪɚɡɰɚ ɜɞɨɥɶ ɨɫɢ ɰɢɥɢɧɞɪɚ ɪɚɜɧɵ ɧɭɥɸ ɢ 

ɫɜɨɛɨɞɧɵ ɜ ɩɥɨɫɤɨɫɬɢ ɬɨɪɰɚ. Ɉɩɢɫɚɧɧɵɟ ɜɵɲɟ ɧɚɝɪɭɡɤɢ ɢ ɡɚɤɪɟɩɥɟɧɢɹ 

ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.1.  

 

Ɋɢɫɭɧɨɤ 2.1 - ɉɨɫɬɚɧɨɜɤɚ ɦɨɞɟɥɶɧɨɣ ɡɚɞɚɱɢ 

 ܸ = ͳ9,Ͳ5 мм/с 
 

Ø 50 ɦɦ 

75 ɦɦ 
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ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ Ⱥɧɚɧɞɚ ɞɥɹ ɫɬɚɥɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 2.1-2.3. ɗɬɢ 

ɩɚɪɚɦɟɬɪɵ ɩɨɥɭɱɟɧɵ ɋɬɸɚɪɬɨɦ Ȼɪɚɭɧɨɦ ɢ ɨɩɢɫɚɧɵ ɜ [8]. 

Ɍɚɛɥɢɰɚ 2.1 – ɉɚɪɚɦɟɬɪɵ Ⱥɧɚɧɞɚ ɞɥɹ ɫɬɚɥɢ 

A, c-1 6.346x1011 

Q/R, K 37587 

ȟ 3,25 

m 0,1956 ܵ̂, Ɇɉɚ 125,1 

n 0,06869 

h0, Ɇɉɚ 3093,1 

α 1,5 

Ɍɚɛɥɢɰɚ 2.2 – Ɂɚɜɢɫɢɦɨɫɬɶ S0 ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

Ɍɟɦɩɟɪɚɬɭɪɚ, ˚ɋ S0, Ɇɉɚ 

800 102,7 

850 89,6 

900 74,6 

950 79,1 

1000 66,1 

1100 58,4 

1200 60,1 
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Ɍɚɛɥɢɰɚ 2.3 – Ɂɚɜɢɫɢɦɨɫɬɶ ɭɩɪɭɝɢɯ ɤɨɧɫɬɚɧɬ ɫɬɚɥɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

Ɍɟɦɩɟɪɚɬɭɪɚ, ˚ɋ ȿ, Ƚɉɚ Ȟ 

800 135 0,35 

900 115 0,37 

1000 105 0,41 

1100 93 0,43 

1200 87 0,45 

ɋɠɚɬɢɟ ɰɢɥɢɧɞɪɚ ɩɪɨɦɨɞɟɥɢɪɨɜɚɧɨ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɹɯ 

ɞɟɮɨɪɦɚɰɢɢ ɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɡɚɝɨɬɨɜɤɢ. ɇɚ ɪɢɫɭɧɤɟ 2.2 ɢɡɨɛɪɚɠɟɧɵ 

ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɞɟɮɨɪɦɚɰɢɣ ɩɪɢ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ 1 

ɫ-1. ɋɪɟɞɧɟɟ ɨɬɤɥɨɧɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɤɪɢɜɨɣ ɨɬ ɤɪɢɜɨɣ, ɩɨɥɭɱɟɧɧɨɣ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɪɚɜɧɨ 7 %, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ 

ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɨɜɨɥɶɧɨ ɯɨɪɨɲɨ ɤɨɪɪɟɥɢɪɭɸɬ ɫ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. Ɍɚɤ ɤɚɤ ɞɚɧɧɚɹ ɦɨɞɟɥɶ ɦɚɬɟɪɢɚɥɚ ɤɨɪɪɟɤɬɧɨ 

ɨɩɢɫɵɜɚɟɬ ɩɨɜɟɞɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢ ɫɤɨɪɨɫɬɧɵɯ 

ɪɟɠɢɦɚɯ, ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɩɨɫɥɟɞɭɸɳɟɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɨɬɹɠɤɢ 

ɬɟɨɪɟɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɨ. 
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Ɋɢɫɭɧɨɤ 2.2 – ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɦɨɞɟɥɢ Ⱥɧɚɧɞɚ 
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Ƚɥɚɜɚ 3. Ɋɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ  

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɨɩɢɫɚɧɚ ɪɚɡɪɚɛɨɬɤɚ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɩɪɨɬɹɠɤɢ ɡɚɝɨɬɨɜɤɢ 

ɩɨ ɪɨɝɨɨɛɪɚɡɧɨɦɭ ɫɟɪɞɟɱɧɢɤɭ. Ɉɩɢɫɚɧɵ ɩɪɢɧɹɬɵɟ ɭɩɪɨɳɟɧɢɹ ɢ ɜɵɪɚɛɨɬɚɧɵ 

ɫɩɨɫɨɛɵ ɢɡɦɟɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɫ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɝɥɚɜɟ 1. 

3.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɞɜɭɯ ɬɟɥ: ɡɚɝɨɬɨɜɤɢ ɢ 

ɪɨɝɨɨɛɪɚɡɧɨɝɨ ɫɟɪɞɟɱɧɢɤɚ. ɋ ɩɨɦɨɳɶɸ ɜɵɬɹɠɧɨɝɨ ɩɪɟɫɫɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɞɜɢɠɟɧɢɟ ɡɚɝɨɬɨɜɤɢ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɤ ɪɚɫɲɢɪɹɸɳɟɣɫɹ ɱɚɫɬɢ ɫɟɪɞɟɱɧɢɤɚ. ɉɪɢ 

ɷɬɨɦ ɫɤɨɪɨɫɬɶ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɝɨɬɨɜɤɢ ɞɨɥɠɧɵ 

ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɢɡɥɨɠɟɧɧɵɦ ɜ ɝɥɚɜɟ 1. 

Ɍɨɪɟɰ ɞɥɢɧɧɨɣ ɱɚɫɬɢ ɫɟɪɞɟɱɧɢɤɚ ɡɚɤɪɟɩɥɟɧ. Ɉɩɢɫɚɧɧɵɟ ɜɵɲɟ ɭɫɥɨɜɢɹ 

ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.1. Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɫɢɦɦɟɬɪɢɱɧɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɪɢɫɭɧɤɚ. 

 

Ɋɢɫɭɧɨɤ 3.1 - ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ; 1 – ɪɨɝɨɨɛɪɚɡɧɵɣ ɫɟɪɞɟɱɧɢɤ, 2 – ɡɚɝɨɬɨɜɤɚ 

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɨɬɜɨɞɚ, ɚ ɢɦɟɧɧɨ ɪɚɞɢɭɫ ɝɢɛɚ, ɬɨɥɳɢɧɵ ɢ ɞɢɚɦɟɬɪɵ 

ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɫɪɚɜɧɟɧɢɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. 

 ܸ  

T˚ 

Ø 80 

ɦɦ 

Ø 100 

ɦɦ 

1 

2 
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3.2 Ʉɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɫɟɬɤɚ 

ɉɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ ANSYS Mechanical ɪɟɲɚɟɬ ɡɚɞɚɱɢ ɦɟɯɚɧɢɤɢ 

ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɬɜёɪɞɨɝɨ ɬɟɥɚ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. Ɋɚɫɱёɬ ɦɟɬɨɞɨɦ 

ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɡɛɢɟɧɢɟ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɧɚ ɧɟɤɨɬɨɪɨɟ ɱɢɫɥɨ ɧɟɩɟɪɟɫɟɤɚɸɳɢɯɫɹ ɨɛɴёɦɨɜ – ɷɥɟɦɟɧɬɨɜ. 

ɋɨɜɨɤɭɩɧɨɫɬɶ ɷɬɢɯ ɨɛɴёɦɨɜ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɦɟɠɞɭ ɧɢɦɢ ɧɚɡɵɜɚɟɬɫɹ 

ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɫɟɬɤɨɣ. 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɫɟɬɤɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɨɛɴёɦɧɵɟ 

ɬɜɟɪɞɨɬɟɥɶɧɵɟ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ ɫ ɮɭɧɤɰɢɟɣ ɮɨɪɦɵ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɜ ɮɨɪɦɟ 

ɝɟɤɫɚɷɞɪɨɜ. Ʉɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɢɦɟɸɬ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɭɡɥɵ 

ɧɚ ɫɟɪɟɞɢɧɟ ɝɪɚɧɢ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɨɝɭɬ ɛɨɥɟɟ ɬɨɱɧɨ ɨɩɢɫɚɬɶ ɮɨɪɦɭ 

ɷɥɟɦɟɧɬɚ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ 

ɫɟɬɤɢ ɧɚ ɡɚɝɨɬɨɜɤɟ ɞɨɫɬɚɬɨɱɧɨ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɬɨɥɳɢɧɟ ɫɬɟɧɤɢ, ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɨɛɳɟɟ ɱɢɫɥɨ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɦɨɞɟɥɢ ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɷɤɨɧɨɦɢɬɶ ɪɚɫɱɟɬɧɵɟ ɪɟɫɭɪɫɵ. Ⱦɚɧɧɨɟ ɭɩɪɨɳɟɧɢɟ ɫɞɟɥɚɧɨ, 

ɢɫɯɨɞɹ ɢɡ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɯɨɞɢɦɨɫɬɢ ɩɨ ɫɟɬɤɟ. 

ȼ ɬɟɨɪɢɢ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɨɰɟɫɫ ɩɨɢɫɤɚ ɦɢɧɢɦɚɥɶɧɨ 

ɧɟɨɛɯɨɞɢɦɨɣ ɪɚɫɱɟɬɧɨɣ ɫɟɬɤɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɜ ɡɚɞɚɱɟ 

ɧɚɡɵɜɚɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɫɯɨɞɢɦɨɫɬɢ ɩɨ ɪɚɫɱɟɬɧɨɣ ɫɟɬɤɟ. ȼɵɛɢɪɚɟɬɫɹ 

ɯɚɪɚɤɬɟɪɧɵɣ ɩɚɪɚɦɟɬɪ (ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ – ɷɬɨ ɬɨɥɳɢɧɚ ɨɬɜɨɞɚ ɜ ɫɟɪɟɞɢɧɟ 

ɧɢɠɧɟɣ ɨɛɪɚɡɭɸɳɟɣ), ɚ ɡɚɬɟɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ 

ɢɡɦɟɥɶɱɟɧɢɟɦ ɪɚɫɱɟɬɧɨɣ ɫɟɬɤɢ. ɇɚ ɪɢɫɭɧɤɟ 3.2 ɢɡɨɛɪɚɠɟɧ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ 

ɬɨɥɳɢɧɵ ɨɬɜɨɞɚ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ. ɂɡ 

ɝɪɚɮɢɤɚ ɜɢɞɧɨ, ɱɬɨ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ ɬɨɥɳɢɧɵ ɩɪɢ ɞɜɭɯ ɢ ɬɪɟɯ 

ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɚɯ ɧɚ ɬɨɥɳɢɧɭ ɬɪɭɛɵ ɧɟ ɩɪɟɜɵɲɚɟɬ 1 %, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, 

ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɫɟɬɤɢ ɫ ɞɜɭɦɹ ɷɥɟɦɟɧɬɚɦɢ ɩɨ ɬɨɥɳɢɧɟ 

ɬɪɭɛɵ ɨɛɨɫɧɨɜɚɧɧɨ. 
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Ɋɢɫɭɧɨɤ 3.2 - ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɯɨɞɢɦɨɫɬɢ ɩɨ ɫɟɬɤɟ 

Ɉɛɳɢɣ ɜɢɞ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɫɟɬɤɢ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.3. 

ɏɚɪɚɤɬɟɪɧɵɣ ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɚ ɫɟɪɞɟɱɧɢɤɚ ɢ ɷɥɟɦɟɧɬɚ ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ ɪɚɜɟɧ 5 

ɦɦ. Ɉɛɳɟɟ ɱɢɫɥɨ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɪɚɜɧɨ 34982. 

ɂɬɨɝɨɜɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɫɨɫɬɨɢɬ ɢɡ ɫɟɪɞɟɱɧɢɤɚ ɢ ɞɜɭɯ ɡɚɝɨɬɨɜɨɤ, 

ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ ɬɨɪɰɚɦɢ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɞɨɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɟɳɟ 

ɨɞɧɨɣ ɬɪɭɛɨɣ ɫɜɹɡɚɧɚ ɫ ɡɚɞɚɧɢɟɦ ɝɪɚɧɢɱɧɨɝɨ ɭɫɥɨɜɢɹ, ɢɦɢɬɢɪɭɸɳɟɝɨ ɞɜɢɠɟɧɢɟ 

ɜɵɬɹɠɧɨɝɨ ɩɪɟɫɫɚ. ɗɬɨ ɢ ɨɫɬɚɥɶɧɵɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, ɚ ɬɚɤɠɟ ɧɚɝɪɭɡɤɢ ɛɨɥɟɟ 

ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɵ ɜ ɫɥɟɞɭɸɳɟɦ ɩɚɪɚɝɪɚɮɟ. 

 
Ɋɢɫɭɧɨɤ 3.3 - ɂɬɨɝɨɜɚɹ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɫɟɬɤɚ 
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3.3 ɇɚɝɪɭɡɤɢ ɢ ɡɚɤɪɟɩɥɟɧɢɹ 

ɉɪɟɠɞɟ ɱɟɦ ɨɩɪɟɞɟɥɢɬɶ ɤɨɧɬɚɤɬɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɫɱёɬɧɨɣ ɦɨɞɟɥɢ 

ɩɪɢɜɟɞɟɦ ɪɹɞ ɭɫɥɨɜɢɣ ɧɚ ɝɪɚɧɢɰɟ ɤɨɧɬɚɤɬɚ ɬɟɥ, ɨɩɢɫɚɧɧɵɯ ɜ ɪɚɛɨɬɟ [9]. 

Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ ɢɡ ɞɜɭɯ ɬɟɥ, ɤɨɬɨɪɵɟ ɜ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɡɚɧɢɦɚɸɬ 

ɨɛɴɟɦɵ 𝑉ଵ ɢ 𝑉ଶ ɢ ɨɝɪɚɧɢɱɟɧɵ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ܵଵ ɢ ܵଶ (ɪɢɫɭɧɨɤ 3.4). 

 

Ɋɢɫɭɧɨɤ 3.4 – ɋɢɫɬɟɦɚ ɞɜɭɯ ɬɟɥ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɤɨɧɬɚɤɬɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɞɜɟ ɬɨɱɤɢ, ɧɚɯɨɞɹɳɢɟɫɹ ɧɚ ɝɪɚɧɢɰɟ ɞɜɭɯ ɬɟɥ, 

ɧɚɯɨɞɹɬɫɹ ɜ ɤɨɧɬɚɤɬɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ. Ɉɛɨɡɧɚɱɢɦ ɫɢɥɭ ɫɰɟɩɥɟɧɢɹ ɜ ɬɨɱɤɟ 1, 

ɨɛɭɫɥɨɜɥɟɧɧɭɸ ɤɨɧɬɚɤɬɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫ ɬɨɱɤɨɣ 2 ɡɚ ݂̅ଵଶ, ɩɪɢɱɟɦ: ݂̅ଵଶ = −݂̅ଶଵ (3.1) 

ȿɫɥɢ ɞɜɚ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɬɟɥɚ ɧɟ ɫɤɪɟɩɥɟɧɵ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɬɨ ɜ ɬɨɱɤɚɯ 

ɤɨɧɬɚɤɬɚ ɧɟ ɞɨɩɭɫɬɢɦɨ ɧɨɪɦɚɥɶɧɨɟ ɪɚɫɬɹɠɟɧɢɟ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɧɨɪɦɚɥɢ  ݊ ɤ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɬɟɥ ɜ ɬɨɱɤɟ ɤɨɧɬɚɤɬɚ, ɬ.ɟ. ɢɦɟɟɦ: ݂ଵଶ ≤ Ͳ (3.2) 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɡɚɤɨɧɨɦ ɬɪɟɧɢɹ Ʉɭɥɨɧɚ ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɚ 

ɫɢɥɵ ɫɰɟɩɥɟɧɢɹ ɫɜɹɡɚɧɵ ɫ ɧɨɪɦɚɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɨɣ ɫɥɟɞɭɸɳɢɦ 

ɫɨɨɬɧɨɲɟɧɢɟɦ: 

𝜏݂ଵଶ ≤ 𝜇 ௡݂ଵଶ (3.3) 

𝑛  𝜏 ̅ 
𝑓𝑛̅ଵଶ 

𝑓𝜏̅ଵଶ 

𝑓 ̅ଵଶ 

ܸଵ, 𝑆ଵ 

ܸଶ, 𝑆ଶ 
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ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɣ (3.2) ɢ (3.3) ɤɨɧɬɚɤɬɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɫɨɯɪɚɧɹɟɬɫɹ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɩɪɨɢɫɯɨɞɢɬ ɫɤɨɥɶɠɟɧɢɟ ɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɨɣ. 

Ʉɪɨɦɟ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɵɲɟ ɫɬɚɬɢɱɟɫɤɢɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɧɟɨɛɯɨɞɢɦɨ 

ɭɱɢɬɵɜɚɬɶ ɭɫɥɨɜɢɟ ɨɬɫɭɬɫɬɜɢɹ ɜɡɚɢɦɧɨɝɨ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɬɟɥ: 𝑉ଵ ∩ 𝑉ଶ = ∅ (3.4) 

ɗɬɨ ɭɫɥɨɜɢɟ ɹɜɥɹɟɬɫɹ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦ, ɬɚɤ ɤɚɤ ɧɚɤɥɚɞɵɜɚɟɬ ɨɝɪɚɧɢɱɟɧɢɹ 

ɧɚ ɩɟɪɟɦɟɳɟɧɢɹ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɬɟɥ. 

 ȼɫɟ ɭɫɥɨɜɢɹ ɧɚ ɝɪɚɧɢɰɟ ɞɜɭɯ ɬɟɥ ɨɩɢɫɚɧɵ, ɩɨɷɬɨɦɭ ɩɪɢɫɬɭɩɢɦ ɤ 

ɨɩɪɟɞɟɥɟɧɢɸ ɧɚɝɪɭɡɨɤ, ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɢ ɤɨɧɬɚɤɬɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ. 

Ɋɚɫɱёɬ ɩɪɨɜɟɞёɧ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɥɟɞɭɸɳɟɣ ɧɚɝɪɭɡɤɢ: ɧɚ ɡɚɞɧɢɣ ɬɨɪɟɰ 

ɜɬɨɪɨɣ ɡɚɝɨɬɨɜɤɢ ɡɚɞɚɧɨ ɩɟɪɟɦɟɳɟɧɢɟ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɪɚɜɧɨɣ ɫɪɟɞɧɟɣ 

ɫɤɨɪɨɫɬɢ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ (250 ɦɦ/ɦɢɧ). ȼɟɤɬɨɪ ɷɬɨɝɨ 

ɩɟɪɟɦɟɳɟɧɢɹ ɫɨɧɚɩɪɚɜɥɟɧ ɫ ɨɫɶɸ ɧɟɢɡɨɝɧɭɬɨɣ ɱɚɫɬɢ ɫɟɪɞɟɱɧɢɤɚ (ɪɢɫɭɧɨɤ 3.5). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɨɩɨɥɧɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɜɬɨɪɨɣ ɡɚɝɨɬɨɜɤɨɣ, ɩɨɡɜɨɥɹɟɬ 

ɢɡɛɟɠɚɬɶ ɬɪɭɞɧɨɫɬɟɣ ɫ ɡɚɞɚɧɢɟɦ ɩɟɪɟɦɟɳɟɧɢɹ ɜ ɫɥɭɱɚɟ ɧɚɥɢɱɢɹ ɜ ɦɨɞɟɥɢ 

ɬɨɥɶɤɨ ɨɞɧɨɣ ɡɚɝɨɬɨɜɤɢ, ɬɚɤ ɤɚɤ ɜɟɤɬɨɪ ɩɟɪɟɦɟɳɟɧɢɹ ɢɡɦɟɧɹɥ ɛɵ ɫɜɨɟ 

ɧɚɩɪɚɜɥɟɧɢɟ ɜ ɯɨɞɟ ɩɪɨɬɹɠɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɥɨɠɟɧɢɟɦ ɨɬɜɨɞɚ ɧɚ 

ɫɟɪɞɟɱɧɢɤɟ.

 

Ɋɢɫɭɧɨɤ 3.5 – Ɋɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ 

 ܷ=0 

ܷ𝑥=V·t 
x 
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ɇɚ ɬɨɪɰɟ ɪɨɝɨɨɛɪɚɡɧɨɝɨ ɫɟɪɞɟɱɧɢɤɚ ɡɚɞɚɧɚ ɠɟɫɬɤɚɹ ɡɚɞɟɥɤɚ, ɬɨ ɟɫɬɶ 

ɪɚɜɟɧɫɬɜɨ ɧɭɥɸ ɩɟɪɟɦɟɳɟɧɢɣ ɜɫɟɯ ɭɡɥɨɜ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɫɟɬɤɢ ɩɨ ɜɫɟɦ 

ɨɫɹɦ. 

Ɂɚɞɚɞɢɦ ɤɨɧɬɚɤɬɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɡɚɝɨɬɨɜɨɤ ɢ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɟɪɞɟɱɧɢɤɚ. ɉɨɜɟɪɯɧɨɫɬɢ ɦɨɝɭɬ ɫɤɨɥɶɡɢɬɶ 

ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ ɫ ɬɪɟɧɢɟɦ, ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɬɨɪɨɝɨ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ 

ɢɡ ɛɥɢɡɨɫɬɢ ɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ. ɉɨɞɨɛɪɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ 

ɪɚɜɟɧ 0,17. Ȼɨɥɟɟ ɞɟɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɧɚ 

ɪɟɡɭɥɶɬɚɬɵ ɨɩɢɫɚɧɨ ɜ ɝɥɚɜɟ 3.  

3.4 ȼɵɛɨɪ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ 

ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɬɜɨɞɨɜ ɡɚɝɨɬɨɜɤɚ ɢɦɟɟɬ ɪɚɡɥɢɱɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɜ 

ɬɟɱɟɧɢɟ ɩɪɨɬɹɠɤɢ. Ɍɟɦɩɟɪɚɬɭɪɚ ɡɚɝɨɬɨɜɤɢ ɜ ɫɟɪɟɞɢɧɟ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ ɫɚɦɚɹ 

ɜɵɫɨɤɚɹ ɢ ɦɨɠɟɬ ɨɬɥɢɱɚɬɶɫɹ ɧɚ 50-100˚ɋ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɧɚɱɚɥɟ ɢɥɢ ɤɨɧɰɟ 

ɩɪɨɰɟɫɫɚ. Ɉɰɟɧɢɦ, ɤɚɤɨɣ ɷɮɮɟɤɬ ɧɚ ɝɟɨɦɟɬɪɢɸ ɨɬɜɨɞɚ ɨɤɚɡɵɜɚɟɬ ɪɚɡɛɪɨɫ ɜ 

ɬɟɦɩɟɪɚɬɭɪɟ. 

ɋ ɰɟɥɶɸ ɨɰɟɧɤɢ ɞɚɧɧɨɝɨ ɷɮɮɟɤɬɚ ɜɵɩɨɥɧɟɧɵ ɪɚɫɱɟɬɵ ɩɪɢ ɪɚɡɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɚɯ: ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɫɬɨɹɧɧɚ ɜ ɬɟɱɟɧɢɟ 

ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ ɢ ɪɚɜɧɚ 950˚ɋ, ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɜɧɚ 

850˚ɋ ɜ ɧɚɱɚɥɟ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ, 950˚ɋ ɜ ɫɟɪɟɞɢɧɟ ɩɪɨɰɟɫɫɚ ɢ 900˚ɋ ɜ ɤɨɧɰɟ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɟɜɹɬɶ ɬɨɥɳɢɧ, ɱɟɬɵɪɟ ɞɢɚɦɟɬɪɚ ɢ 

ɪɚɞɢɭɫ ɝɢɛɚ, ɢɡɨɛɪɚɠɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 3.6. ɗɬɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɜ ɩɪɨɰɟɫɫɟ 

ɪɚɡɪɚɛɨɬɤɢ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ. 
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Ɋɢɫɭɧɨɤ 3.6 - Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɨɬɜɨɞɚ 

 ȼ ɉɪɢɥɨɠɟɧɢɢ Ȼ ɩɪɢɜɟɞɟɧɚ ɬɚɛɥɢɰɚ Ȼ.1, ɫɨɞɟɪɠɚɳɚɹ ɪɟɡɭɥɶɬɚɬɵ 

ɪɚɫɱɟɬɨɜ ɩɪɢ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɚɯ, ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ. Ɍɚɤ ɤɚɤ 

ɪɟɡɭɥɶɬɚɬɵ ɨɬɥɢɱɚɸɬɫɹ ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 1%, ɜ ɪɚɫɱɟɬɟ ɞɨɩɭɫɬɢɦɨ ɡɚɞɚɬɶ 

ɩɨɫɬɨɹɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚ ɬɪɭɛɭ-ɡɚɝɨɬɨɜɤɭ, ɤɨɬɨɪɚɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɪɟɞɧɟɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɡɚɝɨɬɨɜɤɢ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ȼɨɥɟɟ ɬɨɱɧɵɟ ɞɚɧɧɵɟ ɩɨ 

ɬɟɦɩɟɪɚɬɭɪɟ ɡɚɝɨɬɨɜɤɢ ɧɟɞɨɫɬɭɩɧɵ ɢɫɯɨɞɹ ɢɡ ɦɟɬɨɞɚ ɡɚɦɟɪɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ. 

3.5 ȼɵɛɨɪ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 

ɉɪɨɜɟɞɟɧ ɪɚɫɱёɬ ɢ ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɤɨɬɨɪɵɟ ɩɪɢɜɟɞɟɧɵ ɜ 

ɩɪɢɥɨɠɟɧɢɢ ȼ ɬɚɛɥɢɰɚɯ ȼ.1 ɢ ȼ.2. ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ 

ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɢɯ ɫɪɚɜɧɟɧɢɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ 

ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɯɭɠɟ ɫɨɝɥɚɫɭɸɬɫɹ ɫ 

ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɧɚ ɩɟɪɟɞɧɟɦ ɬɨɪɰɟ ɡɚɝɨɬɨɜɤɢ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɷɬɨ ɫɜɹɡɚɧɨ ɫ 

ɬɟɦ, ɱɬɨ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɤɨɧɬɚɤɬɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɡɚɝɨɬɨɜɤɢ ɫ ɞɪɭɝɢɦɢ 

ɬɚɤɢɦɢ ɠɟ ɡɚɝɨɬɨɜɤɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɧɚ ɪɨɝɨɨɛɪɚɡɧɨɦ ɫɟɪɞɟɱɧɢɤɟ. 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɪɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɫɨɫɬɨɢɬ ɬɨɥɶɤɨ ɢɡ ɞɜɭɯ ɡɚɝɨɬɨɜɨɤ, ɬɨɪɟɰ 

ɩɟɪɜɨɣ ɬɪɭɛɵ ɨɤɚɡɵɜɚɟɬɫɹ ɫɜɨɛɨɞɧɵɦ ɨɬ ɤɨɧɬɚɤɬɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ.  
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ɑɬɨɛɵ ɭɱɟɫɬɶ ɤɨɧɬɚɤɬɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɞɜɭɯ ɬɨɪɰɨɜ ɡɚɝɨɬɨɜɤɢ ɫ 

ɞɪɭɝɢɦɢ ɡɚɝɨɬɨɜɤɚɦɢ, ɧɟɨɛɯɨɞɢɦɨ ɜɤɥɸɱɢɬɶ ɜ ɪɚɫɱɟɬɧɭɸ ɦɨɞɟɥɶ ɬɪɟɬɶɸ 

ɡɚɝɨɬɨɜɤɭ. Ɉɞɧɚɤɨ ɷɬɨ ɩɨɬɪɟɛɭɟɬ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɱɟɬɧɨɝɨ ɜɪɟɦɟɧɢ ɢ 

ɡɧɚɱɢɬɟɥɶɧɨ ɭɯɭɞɲɢɬ ɫɯɨɞɢɦɨɫɬɶ ɤɨɧɬɚɤɬɧɨɣ ɡɚɞɚɱɢ, ɬɚɤ ɤɚɤ ɭɫɥɨɠɧɟɧɢɟ 

ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɩɨɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɤɨɧɬɚɤɬɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

ɑɬɨɛɵ ɢɡɛɟɠɚɬɶ ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ ɫɥɨɠɧɨɫɬɟɣ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɡɦɟɧɢɬɶ ɫɩɨɫɨɛ 

ɢɡɦɟɪɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ. 

 
Ɋɢɫɭɧɨɤ 3.7 – Ɍɨɥɳɢɧɵ ɢ ɞɢɚɦɟɬɪɵ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɜɬɨɪɵɦ ɫɩɨɫɨɛɨɦ 

ɉɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ, ɡɚɬɟɦ ɬɨɥɳɢɧɵ t1, t2, t3 ɢ ɞɢɚɦɟɬɪɵ D1 ɢ D2 

ɢɡɦɟɪɹɸɬɫɹ ɫ ɡɚɝɨɬɨɜɤɢ 2, ɚ ɬɨɥɳɢɧɵ t4, t5, t6, t7, t8, t9 ɢ ɞɢɚɦɟɬɪɵ D3 ɢ D4 ɫ 

ɡɚɝɨɬɨɜɤɢ 2 (ɪɢɫɭɧɨɤ 3.7). ɗɬɨɬ ɫɩɨɫɨɛ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ 

ɡɚɝɨɬɨɜɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ ɪɨɝɨɨɛɪɚɡɧɨɦ ɫɟɪɞɟɱɧɢɤɟ ɦɟɠɞɭ ɞɜɭɦɹ ɞɪɭɝɢɦɢ 

ɡɚɝɨɬɨɜɤɚɦɢ, ɧɟ ɜɤɥɸɱɚɹ ɜ ɪɚɫɱɟɬɧɭɸ ɦɨɞɟɥɶ ɬɪɟɬɶɸ ɡɚɝɨɬɨɜɤɭ.   

Ɂɚɦɟɪ ɬɨɥɳɢɧ ɢ ɞɢɚɦɟɬɪɨɜ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɨɬ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɩɪɨɰɟɫɫ 

ɩɪɨɬɹɠɤɢ ɞɥɹ ɩɟɪɜɨɣ ɡɚɝɨɬɨɜɤɢ ɡɚɜɟɪɲɚɟɬɫɹ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɡɚɝɨɬɨɜɤɚ 

ɢɦɟɟɬ ɫɜɨɢ ɨɤɨɧɱɚɬɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɧɚ ɫɜɨɟɦ ɩɟɪɟɞɧɟɦ ɬɨɪɰɟ ɟɳɟ ɞɨ ɩɨɥɧɨɝɨ 

ɨɤɨɧɱɚɧɢɹ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ. ɋ ɰɟɥɶɸ ɩɪɨɜɟɪɤɢ ɤɨɪɪɟɤɬɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ, 

ɩɨɥɭɱɟɧɧɵɯ ɜɵɛɪɚɧɧɵɦ ɫɩɨɫɨɛɨɦ, ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɞɜɭɯ ɧɚɛɨɪɨɜ 

ɪɟɡɭɥɶɬɚɬɨɜ: ɜ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɩɪɨɰɟɫɫ ɩɪɨɬɹɠɤɢ ɩɟɪɜɨɣ ɡɚɝɨɬɨɜɤɢ ɡɚɜɟɪɲɢɥɫɹ 
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(~167 ɫ) ɢ ɜ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɩɟɪɜɚɹ ɡɚɝɨɬɨɜɤɚ ɭɠɟ ɡɚɜɟɪɲɚɟɬ ɩɪɨɬɹɠɤɭ, ɧɨ ɟɳɟ 

ɧɚɯɨɞɢɬɫɹ ɧɚ ɪɨɝɨɨɛɪɚɡɧɨɦ ɫɟɪɞɟɱɧɢɤɟ (~80 ɫ).  

 ȼ ɬɚɛɥɢɰɟ 3.1 ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɬɨɥɳɢɧ t1, t2, t3 ɢ ɞɢɚɦɟɬɪɨɜ D1, D2 

ɞɥɹ ɞɜɭɯ ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ. ɂɡ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɨɬɥɢɱɚɸɬɫɹ ɦɟɧɟɟ 

ɱɟɦ ɧɚ 0,5%. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ, ɱɬɨ ɟɳɟ ɞɨ ɨɤɨɧɱɚɧɢɹ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ, 

ɡɚɝɨɬɨɜɤɚ ɭɠɟ ɢɦɟɟɬ ɨɤɨɧɱɚɬɟɥɶɧɵɟ ɪɚɡɦɟɪɵ, ɩɨɷɬɨɦɭ ɜ ɞɚɥɶɧɟɣɲɟɦ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɵɛɪɚɧɧɵɣ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ. 

Ɍɚɛɥɢɰɚ 3.1 - Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɪɚɡɧɵɟ ɦɨɦɟɧɬɵ 

ɜɪɟɦɟɧɢ 

ɉɚɪɚɦɟɬɪ 
Ɋɟɡɭɥɶɬɚɬɵ, ɦɦ Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 

ɨɬɤɥɨɧɟɧɢɟ, % 
~80 ɫ ~167 ɫ 

t1 6,78 6,76 0,33 

t2 9,37 9,37 ɦɟɧɟɟ 0,1 

t3 8,00 7,99 0,12 

D1 119,67 119,43 0,20 

D2 110,76 110,76 ɦɟɧɟɟ 0,1 

ȼ ɬɚɛɥɢɰɟ Ȼ.2 ɉɪɢɥɨɠɟɧɢɹ Ȼ ɩɪɢɜɟɞɟɧɵ ɞɜɚ ɧɚɛɨɪɚ ɪɟɡɭɥɶɬɚɬɨɜ: 

ɩɨɥɭɱɟɧɧɵɟ ɩɟɪɜɵɦ ɫɩɨɫɨɛɨɦ ɢ ɜɬɨɪɵɦ. ɂɡ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ, 

ɩɨɥɭɱɟɧɧɵɟ ɜɬɨɪɵɦ ɫɩɨɫɨɛɨɦ, ɥɭɱɲɟ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬɨɦ, ɚ ɢɦɟɧɧɨ 

ɬɨɱɧɨɫɬɶ ɫɨɜɩɚɞɟɧɢɹ ɩɨ ɧɟɤɨɬɨɪɵɦ ɬɨɥɳɢɧɚɦ ɭɥɭɱɲɢɥɚɫɶ ɜ 5 ɪɚɡ (ɫ 15 % ɞɨ 

3 %). ɉɨɷɬɨɦɭ ɡɞɟɫɶ ɢ ɞɚɥɟɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɜɵɛɪɚɧɧɵɦ 

ɫɩɨɫɨɛɨɦ. 
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Ƚɥɚɜɚ 4. Ɋɟɡɭɥɶɬɚɬɵ 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɝɥɚɜɟ 1. ɂɫɫɥɟɞɭɟɬɫɹ ɜɥɢɹɧɢɟ 

ɬɪɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɤɨɪɨɫɬɢ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ ɧɚ ɨɬɤɥɨɧɟɧɢɹ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬɜɨɞɚ. 

4.1 ɋɪɚɜɧɟɧɢɟ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɩɪɨɬɹɠɤɟ ɨɬɜɨɞɨɜ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɪɢ 

ɧɚɛɨɪɚ ɪɟɡɭɥɶɬɚɬɨɜ: ɡɧɚɱɟɧɢɹ ɬɨɥɳɢɧ, ɞɢɚɦɟɬɪɨɜ ɢ ɪɚɞɢɭɫɨɜ ɝɢɛɚ. Ⱦɥɹ 

ɤɨɪɪɟɤɬɧɨɣ ɨɰɟɧɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ 

ɨɛɪɚɛɨɬɚɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ. 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɩɪɟɞɥɚɝɚɸɬ ɞɜɚ ɜɢɞɚ ɨɰɟɧɤɢ ɞɚɧɧɵɯ: ɬɨɱɟɱɧɭɸ ɢ 

ɢɧɬɟɪɜɚɥɶɧɭɸ. Ɍɨɱɟɱɧɚɹ ɨɰɟɧɤɚ – ɷɬɨ, ɧɚɩɪɢɦɟɪ, ɜɵɱɢɫɥɟɧɢɟ ɫɪɟɞɧɟɝɨ 

ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ ɢ ɟɝɨ ɩɨɫɥɟɞɭɸɳɟɟ ɫɪɚɜɧɟɧɢɟ ɫ ɪɟɡɭɥɶɬɚɬɨɦ ɱɢɫɥɟɧɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɍɚɤɚɹ ɨɰɟɧɤɚ ɩɪɨɢɡɜɟɞɟɧɚ ɞɥɹ ɜɫɟɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɨɬɜɨɞɚ. 

 Ɋɚɞɢɭɫ ɝɢɛɚ, ɩɨɥɭɱɟɧɧɵɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, 

ɪɚɜɟɧ 99,76 ɦɦ, ɩɨɝɪɟɲɧɨɫɬɶ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɫɨɫɬɚɜɥɹɟɬ 

0,05%. ɑɬɨ ɤɚɫɚɟɬɫɹ ɬɨɥɳɢɧ ɢ ɞɢɚɦɟɬɪɨɜ (ɬɚɛɥɢɰɚ ɋ.1 ɢ ɋ.2 ɉɪɢɥɨɠɟɧɢɹ ɋ), ɬɨ 

ɫɪɟɞɧɹɹ ɩɨɝɪɟɲɧɨɫɬɶ ɪɚɜɧɚ 3,38% ɢ 0,61% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 ɇɟɫɦɨɬɪɹ ɧɚ ɦɚɥɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ 

ɨɲɢɛɨɱɧɵ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɩɪɨɬɹɠɤɟ ɧɟɛɨɥɶɲɨɝɨ ɱɢɫɥɚ 

ɨɬɜɨɞɨɜ (ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ – ɞɟɫɹɬɢ) ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɫɥɟɞɭɸɳɟɟ: ɫɪɟɞɧɢɣ 

ɪɚɞɢɭɫ ɝɢɛɚ ɨɞɧɨɣ ɩɚɪɬɢɢ ɨɬɜɨɞɨɜ ɦɨɠɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɫɪɟɞɧɟɝɨ 

ɪɚɞɢɭɫɚ ɝɢɛɚ ɞɪɭɝɨɣ ɩɚɪɬɢɢ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɭ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɨɬɜɨɞɨɜ 

ɧɚ ɪɚɫɫɦɨɬɪɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɧɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɟɫɩɟɱɢɬɶ ɫɬɚɛɢɥɶɧɵɟ 

ɭɫɥɨɜɢɹ ɩɪɨɬɹɠɤɢ. ɉɨɥɭɱɚɟɬɫɹ, ɱɬɨ ɬɨɱɟɱɧɚɹ ɨɰɟɧɤɚ ɫɥɭɱɚɣɧɚ, ɢ ɨɫɬɚɟɬɫɹ 

ɧɟɹɫɧɵɦ, ɤɚɤɨɟ ɡɧɚɱɟɧɢɟ ɪɚɞɢɭɫɚ ɝɢɛɚ ɛɪɚɬɶ ɡɚ ɦɟɪɭ ɫɪɚɜɧɟɧɢɹ. ɉɨɷɬɨɦɭ 
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ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɢɧɬɟɪɜɚɥɶɧɨɣ ɨɰɟɧɤɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɩɪɢɦɟɪɟ ɪɚɞɢɭɫɚ ɝɢɛɚ. 

ɂɧɬɟɪɜɚɥɶɧɚɹ ɨɰɟɧɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɵɱɢɫɥɟɧɢɟ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ 

ɢɧɬɟɪɜɚɥɚ [10]. Ⱦɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ – ɷɬɨ ɢɧɬɟɪɜɚɥ ɡɧɚɱɟɧɢɣ ɪɚɞɢɭɫɚ ɝɢɛɚ, 

ɜ ɤɨɬɨɪɵɣ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɩɚɞɚɸɬ c ɡɚɞɚɧɧɨɣ 

ɧɚɞɟɠɧɨɫɬɶɸ. ȿɫɥɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɞɢɭɫ ɝɢɛɚ 

ɩɪɢɧɚɞɥɟɠɢɬ ɞɨɜɟɪɢɬɟɥɶɧɨɦɭ ɢɧɬɟɪɜɚɥɭ, ɡɧɚɱɢɬ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɯɨɪɨɲɨ 

ɨɩɢɫɵɜɚɟɬ ɪɟɚɥɶɧɵɣ ɩɪɨɰɟɫɫ. Ⱦɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɢɦɟɟɬ ɜɢɞ: ሺ𝑥̅ − 𝜀; 𝑥̅ + 𝜀ሻ, (4.1) 

ɝɞɟ 𝑥̅ – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ, ɤɨɬɨɪɨɟ ɪɚɜɧɨ ɫɪɟɞɧɟɦɭ ɚɪɢɮɦɟɬɢɱɟɫɤɨɦɭ 

ɪɚɞɢɭɫɨɜ ɝɢɛɚ, ɚ 𝜀 – ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ. 𝜀 ɜɵɱɢɫɥɹɟɬɫɹ ɢɡ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, 

ɱɬɨ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ (ɪɚɞɢɭɫ ɝɢɛɚ) ɢɦɟɟɬ ɧɨɪɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ: 𝜀 = 𝛾ݐ 𝑠√௡−ଵ, (4.2) 

ɝɞɟ ݐ𝛾 – ɤɨɷɮɮɢɰɢɟɧɬ ɋɬɶɸɞɟɧɬɚ, n – ɤɨɥɢɱɟɫɬɜɨ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, s – ɞɢɫɩɟɪɫɢɹ. ݐ𝛾 ɧɚɯɨɞɢɬɫɹ ɢɡ [11] ɞɥɹ n ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɡɚɞɚɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ, ɚ s 

ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

ଶݏ = ͳ݊∑ሺ𝑥 − 𝑥̅ሻଶ 
(4.3) 

ȼ ɬɚɛɥɢɰɟ 4.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɧɚɱɟɧɢɹ ɪɚɞɢɭɫɚ ɝɢɛɚ, 𝑥̅, 𝑥 − 𝑥̅ ɞɥɹ ɤɚɠɞɨɝɨ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɞɢɫɩɟɪɫɢɹ. 
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Ɍɚɛɥɢɰɚ 4.1 - ȼɵɱɢɫɥɟɧɢɟ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɪɚɞɢɭɫɚ ɝɢɛɚ ɢ ɞɢɫɩɟɪɫɢɢ 

ɇɨɦɟɪ 
ɷɤɫɩɟɪɢɦɟɧɬɚ 

Ɋɚɞɢɭɫ ɝɢɛɚ 𝑥 − 𝑥̅ 

1 93,50 37,39 

2 98,99 0,39 

3 101,33 2,94 

4 101,89 5,18 

5 101,89 5,18 

6 99,34 0,08 

7 96,90 7,37 

8 103,01 11,53 

9 94,36 27,62 

10 104,94 28,36 

 𝑥̅ ݏଶ 

 99,62 12,60 

 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɧɚɞɟɠɧɨɫɬɶ ɪɚɜɧɚ 0,99. Ɉɬɫɸɞɚ ɤɨɷɮɮɢɰɢɟɧɬ 

ɋɬɶɸɞɟɧɬɚ ɞɥɹ ɞɟɫɹɬɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɧɚɞɟɠɧɨɫɬɢ 0,99 ɪɚɜɟɧ 3,25. ɉɨ 

ɮɨɪɦɭɥɟ 9 ɧɚɣɞɟɧɵ ɝɪɚɧɢɰɵ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ, ɤɨɬɨɪɵɟ ɩɪɢɜɟɞɟɧɵ 

ɧɢɠɟ: 

(95,77;103,46) (4.4) 

ɉɪɢ ɡɚɞɚɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ 0,99 ɢ ɞɟɫɹɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɞɨɜɟɪɢɬɟɥɶɧɵɣ 

ɢɧɬɟɪɜɚɥ ɪɚɜɟɧ 7,69 ɦɦ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɜ 99 ɫɥɭɱɚɹɯ ɢɡ 100 ɪɟɡɭɥɶɬɚɬɵ 

ɩɪɨɬɹɠɤɢ ɛɭɞɭɬ ɩɨɩɚɞɚɬɶ ɜ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ. 

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɞɢɭɫ ɝɢɛɚ ɪɚɜɟɧ 99,76 ɦɦ. Ɍɚɤ 

ɤɚɤ 99,76 ɩɨɩɚɞɚɟɬ ɜ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ (4.4), ɬɨ ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ, ɱɬɨ 

ɫɨɡɞɚɧɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɚɥɶɧɨɦɭ ɩɪɨɰɟɫɫɭ ɩɪɨɬɹɠɤɢ. 
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4.2 Ɉɰɟɧɤɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɬɜɨɞɨɜ 

Ⱦɚɥɟɟ ɨɩɢɲɟɦ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɡɚɝɨɬɨɜɤɢ ɞɥɹ 

ɬɨɝɨ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɟ ɨɛɥɚɫɬɢ, ɜ ɤɨɬɨɪɵɯ ɜɟɪɨɹɬɧɨɫɬɶ 

ɪɚɡɪɵɜɚ ɡɚɝɨɬɨɜɤɢ ɜɵɲɟ ɜɫɟɝɨ.  

ɇɚ ɪɢɫɭɧɤɟ 4.1 ɩɨɤɚɡɚɧɵ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɬɪɭɛɚɯ-ɡɚɝɨɬɨɜɤɚɯ 

ɜ ɫɟɪɟɞɢɧɟ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ ɩɟɪɜɨɣ ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ. ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ 

ɦɚɤɫɢɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ (47 Ɇɉɚ) ɜ ɬɪɭɛɚɯ-ɡɚɝɨɬɨɜɤɚɯ ɜɨɡɧɢɤɚɸɬ ɧɚ 

ɜɧɭɬɪɟɧɧɟɣ ɨɛɪɚɡɭɸɳɟɣ ɜ ɨɛɥɚɫɬɢ, ɝɞɟ ɫɟɪɞɟɱɧɢɤ ɧɚɱɢɧɚɟɬ ɢɡɝɢɛɚɬɶɫɹ. ɋɬɨɥɶ 

ɧɢɡɤɨɟ ɡɧɚɱɟɧɢɟ ɜɵɡɜɚɧɨ ɜɵɫɨɤɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ. ɋɪɚɜɧɢɦ ɩɨɥɭɱɟɧɧɨɟ 

ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɫ ɩɪɟɞɟɥɨɦ ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ 

ɡɚɝɨɬɨɜɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 950 ˚ɋ, ɤɨɬɨɪɵɣ ɪɚɜɟɧ 200 Ɇɉɚ. Ɇɚɤɫɢɦɚɥɶɧɵɟ 

ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɸɬ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɡɪɵɜɚ ɧɟ 

ɩɪɨɢɫɯɨɞɢɬ. ɉɨ ɦɟɪɟ ɞɚɥɶɧɟɣɲɟɝɨ ɞɜɢɠɟɧɢɹ ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ ɩɨ ɫɟɪɞɟɱɧɢɤɭ 

ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ.  

 

Ɋɢɫɭɧɨɤ 4.1 – ɗɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ Ɇɢɡɟɫɭ ɜ ɬɪɭɛɚɯ-ɡɚɝɨɬɨɜɤɚɯ, 

ɩɪɨɯɨɞɹɳɢɯ ɱɟɪɟɡ ɫɟɪɞɟɱɧɢɤ, Ɇɉɚ 

ɇɚ ɪɢɫɭɧɤɟ 4.2 ɩɨɤɚɡɚɧɵ ɩɥɚɫɬɢɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ ɬɪɭɛ-ɡɚɝɨɬɨɜɨɤ ɜ 

ɫɟɪɟɞɢɧɟ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ ɩɟɪɜɨɣ ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ. ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ 

ɦɚɤɫɢɦɚɥɶɧɵɟ ɩɥɚɫɬɢɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ ɜ ɡɚɝɨɬɨɜɤɚɯ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɧɚ 

ɜɧɭɬɪɟɧɧɟɣ ɨɛɪɚɡɭɸɳɟɣ ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɜɵɜɨɞɨɦ ɚɧɚɥɢɡɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɨ ɪɚɫɩɨɥɨɠɟɧɢɢ ɡɨɧɵ ɜɨɡɦɨɠɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 4.2 – ɉɥɚɫɬɢɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ ɜ ɬɪɭɛɚɯ-ɡɚɝɨɬɨɜɤɚɯ  

4.3 ȼɚɪɶɢɪɨɜɚɧɢɟ ɬɪɟɧɢɹ 

ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɬɜɨɞɨɜ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɧɵɟ ɫɦɚɡɵɜɚɸɳɢɟ 

ɜɟɳɟɫɬɜɚ ɞɥɹ ɫɤɨɥɶɠɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɩɨ ɫɟɪɞɟɱɧɢɤɭ. Ɉɞɧɚɤɨ, ɜɨɩɪɨɫ, ɤɚɤ 

ɫɦɚɡɵɜɚɸɳɟɟ ɜɟɳɟɫɬɜɨ, ɨɩɪɟɞɟɥɹɸɳɟɟ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ, ɜɥɢɹɟɬ ɧɚ 

ɤɚɱɟɫɬɜɨ ɩɪɨɢɡɜɨɞɢɦɵɯ ɨɬɜɨɞɨɜ, ɨɫɬɚɟɬɫɹ ɨɬɤɪɵɬɵɦ. 

ɋ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɢɹɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ 

ɩɚɪɚɦɟɬɪɵ ɨɬɜɨɞɨɜ ɪɚɫɫɦɨɬɪɢɦ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ 

ɧɟɫɤɨɥɶɤɢɯ ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɡɚɝɨɬɨɜɤɢ ɢ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɟɪɞɟɱɧɢɤɚ: 0,14; 0,15; 0,16; 0,17 ɢ 0,18.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱёɬɚ ɩɨɥɭɱɟɧɨ, ɱɬɨ ɜɚɪɶɢɪɨɜɚɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ 

ɧɟ ɨɤɚɡɵɜɚɟɬ ɷɮɮɟɤɬɚ ɧɚ ɪɚɞɢɭɫ ɝɢɛɚ ɢ ɞɢɚɦɟɬɪɵ, ɬɚɤ ɤɚɤ ɪɚɡɧɢɰɚ ɩɪɢ ɤɪɚɣɧɢɯ 

ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ 0,31%. 

 Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɬɨɥɳɢɧɚɦɢ ɩɪɢ ɤɪɚɣɧɢɯ ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ 

ɫɨɫɬɚɜɥɹɟɬ 1,87%, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɬɪɟɧɢɟ ɜɥɢɹɟɬ ɧɚ ɢɬɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ 

ɬɨɥɳɢɧɵ. Ⱦɥɹ ɬɨɥɳɢɧ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 4.3, ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ (ɪɢɫɭɧɨɤ 4.4). ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ 

ɬɨɥɳɢɧɚ ɥɢɧɟɣɧɨ ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ. Ɇɨɠɧɨ 

ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɧɚ 0,20 ɬɨɥɳɢɧɚ 

ɢɡɦɟɧɢɬɫɹ ɧɚ 7,5 %, ɱɬɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨ ɫɬɟɩɟɧɢ ɨɬɪɚɡɢɬɫɹ ɧɚ ɢɬɨɝɨɜɵɯ ɪɚɡɦɟɪɚɯ 

ɨɬɜɨɞɚ. 
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Ɋɢɫɭɧɨɤ 4.3 - Ɍɨɱɤɢ ɡɚɦɟɪɚ ɬɨɥɳɢɧ 

 

Ɋɢɫɭɧɨɤ 4.4 - Ɂɚɜɢɫɢɦɨɫɬɶ ɬɨɥɳɢɧ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ 

ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɬɜɨɞɨɜ ɫɭɳɟɫɬɜɭɟɬ ɩɪɨɛɥɟɦɚ ɱɚɫɬɨɝɨ ɛɪɚɤɚ ɢɡɞɟɥɢɹ, 

ɡɚɤɥɸɱɚɸɳɚɹɫɹ ɜ ɭɬɨɧɟɧɢɢ ɫɬɟɧɤɢ ɧɚ ɜɧɟɲɧɟɣ ɨɛɪɚɡɭɸɳɟɣ. ɂɫɯɨɞɹ ɢɡ 

ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɭɬɨɧɟɧɢɟ ɨɬɜɨɞɚ ɫɜɹɡɚɧɨ ɫ ɩɨɜɵɲɟɧɧɵɦ 

ɡɧɚɱɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ. Ɍɨ ɟɫɬɶ, ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɢɡɥɢɲɧɟɝɨ 

ɭɬɨɧɟɧɢɹ ɫɬɟɧɤɢ ɧɚ ɜɧɟɲɧɟɣ ɨɛɪɚɡɭɸɳɟɣ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 
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ɫɦɚɡɵɜɚɸɳɢɟ ɜɟɳɟɫɬɜɚ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ, ɩɪɢ ɤɨɬɨɪɵɯ ɬɪɟɧɢɟ ɦɟɠɞɭ 

ɡɚɝɨɬɨɜɤɨɣ ɢ ɫɟɪɞɟɱɧɢɤɨɦ ɦɢɧɢɦɚɥɶɧɨ. 

4.4 ȼɚɪɶɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ȼ ɩɪɨɰɟɫɫɟ ɩɪɨɬɹɠɤɢ ɩɟɱɶ ɧɚɝɪɟɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɝɨɪɟɥɨɤ. ɉɪɢ ɷɬɨɦ 

ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɩɟɱɢ ɧɟ ɩɨɫɬɨɹɧɧɚ ɢ ɤɨɥɟɛɥɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɞɢɚɩɚɡɨɧɚ 

ɞɨɫɬɚɬɨɱɧɨɝɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɜɨɞɨɜ ɧɭɠɧɨɝɨ ɬɢɩɨɪɚɡɦɟɪɚ. Ⱦɥɹ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɜɨɞɨɜ ɦɟɧɶɲɟɝɨ ɬɢɩɨɪɚɡɦɟɪɚ ɬɪɟɛɭɟɬɫɹ ɦɟɧɶɲɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ 

ɩɟɱɢ, ɞɥɹ ɛɨɥɶɲɟɝɨ ɬɢɩɨɪɚɡɦɟɪɚ – ɧɚɨɛɨɪɨɬ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɩɨɞɞɟɪɠɢɜɚɬɶ 

ɩɨɫɬɨɹɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɩɟɱɢ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ, ɬɚɤ ɤɚɤ ɧɚ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɧɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ 

ɞɥɹ ɪɟɝɭɥɢɪɨɜɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ. ɋ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɢɹɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɣ ɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ, 

ɩɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɩɪɢ ɧɟɫɤɨɥɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ: 800, 850, 900, 950, 1000 ɋ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɵɹɫɧɟɧɨ, ɱɬɨ ɜɚɪɶɢɪɨɜɚɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɪɟɞɟɥɚɯ 200 ɝɪɚɞɭɫɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɪɚɞɢɭɫ ɝɢɛɚ ɢ 

ɞɢɚɦɟɬɪɵ (ɪɚɡɧɢɰɚ ɦɟɧɶɲɟ 1 %), ɧɨ ɜɥɢɹɟɬ ɧɚ ɧɟɤɨɬɨɪɵɟ ɬɨɥɳɢɧɵ. 

ɇɚ ɪɢɫɭɧɤɟ 4.5 ɢɡɨɛɪɚɠɟɧ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɥɳɢɧ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ. ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɦ ɢɡɦɟɧɟɧɢɹɦ ɩɨɞɜɟɪɝɚɸɬɫɹ 

ɬɨɥɳɢɧɵ t1 (3,39 %), t4 (3,38 %) ɢ t7 (2,22 %).  ɉɪɢ ɷɬɨɦ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ 

ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ ɭɦɟɧɶɲɚɟɬɫɹ. 
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Ɋɢɫɭɧɨɤ 4.5 - Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɥɳɢɧ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

4.5 ȼɚɪɶɢɪɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ 

ɋ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɢɹɧɢɹ ɫɤɨɪɨɫɬɢ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ ɧɚ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɨɬɜɨɞɚ, ɩɪɨɜɟɞɟɧɨ ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɩɪɨɬɹɠɤɢ ɧɚ ɪɚɡɧɵɯ ɫɤɨɪɨɫɬɹɯ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɨɬ ɢɫɤɨɦɨɣ ɧɚ 25, 50 ɢ 100 %. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɟɬ 

ɧɚ ɪɚɞɢɭɫ ɝɢɛɚ, ɬɨɥɳɢɧɵ ɢ ɞɢɚɦɟɬɪɵ (ɨɬɤɥɨɧɟɧɢɟ ɦɟɧɶɲɟ 1 %). Ɇɟɠɞɭ ɬɟɦ 

ɫɤɨɪɨɫɬɶ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɧɚɩɪɹɠɟɧɧɨɟ 

ɫɨɫɬɨɹɧɢɟ ɡɚɝɨɬɨɜɤɢ ɜ ɯɨɞɟ ɩɪɨɬɹɠɤɢ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɥɹ ɧɚɩɪɹɠɟɧɢɣ ɡɚɝɨɬɨɜɤɢ ɜ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, 

ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɪɚɡɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ 

ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ. ɇɚ ɪɢɫɭɧɤɟ 4.6 ɢɡɨɛɪɚɠɟɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɤɜɢɜɚɥɟɧɬɧɵɯ 

ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɢɫɯɨɞɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ, ɚ ɧɚ ɪɢɫɭɧɤɟ 4.7 – ɩɪɢ 

ɫɤɨɪɨɫɬɢ, ɜ ɞɜɚ ɪɚɡɚ ɩɪɟɜɵɲɚɸɳɟɣ ɢɫɯɨɞɧɭɸ. Ɂɨɧɚ ɩɨɜɵɲɟɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ 

ɧɚ ɜɬɨɪɨɦ ɪɢɫɭɧɤɟ ɡɧɚɱɢɬɟɥɶɧɨ ɲɢɪɟ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɤɨɪɨɫɬɢ, 

ɜɨɡɪɚɫɬɚɸɬ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɡɚɝɨɬɨɜɤɟ, ɚ ɩɪɢ ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɢ ɦɨɠɟɬ 
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ɩɪɨɢɡɨɣɬɢ ɟɟ ɪɚɡɪɵɜ. ɉɨɷɬɨɦɭ ɩɨɞɞɟɪɠɚɧɢɟ ɫɤɨɪɨɫɬɢ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ ɜ 

ɨɩɪɟɞɟɥɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɞɨɥɠɧɨ ɹɜɥɹɬɶɫɹ ɩɟɪɜɨɨɱɟɪɟɞɧɨɣ ɡɚɞɚɱɟɣ ɩɪɢ 

ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɬɜɨɞɨɜ. 

 

Ɋɢɫɭɧɨɤ 4.6 - ɗɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɢɫɯɨɞɧɨɣ ɫɤɨɪɨɫɬɢ 

ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ 

 
Ɋɢɫɭɧɨɤ 4.7 – ɗɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɫɤɨɪɨɫɬɢ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ, ɜ ɞɜɚ 

ɪɚɡɚ ɩɪɟɜɵɲɚɸɳɟɣ ɢɫɯɨɞɧɭɸ 

ɉɪɢ ɩɪɨɬɹɠɤɟ ɡɚɝɨɬɨɜɤɢ ɩɪɨɬɚɥɤɢɜɚɸɬɫɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɪɟɫɫɨɦ ɱɟɪɟɡ 

ɪɨɝɨɨɛɪɚɡɧɵɣ ɫɟɪɞɟɱɧɢɤ, ɩɪɢ ɷɬɨɦ ɞɚɜɥɟɧɢɟ ɩɪɟɫɫɚ ɩɨɫɬɨɹɧɧɨ, ɧɨ ɫɤɨɪɨɫɬɶ 

ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ ɢɡɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɤɚɤɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɡɚɝɨɬɨɜɨɤ ɧɚɯɨɞɢɬɫɹ ɧɚ ɫɟɪɞɟɱɧɢɤɟ. ɑɟɦ ɛɨɥɶɲɟ ɡɚɝɨɬɨɜɨɤ, ɬɟɦ ɦɟɧɶɲɟ 

ɫɤɨɪɨɫɬɶ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɬɨɛɵ ɩɨɞɞɟɪɠɢɜɚɬɶ ɩɨɫɬɨɹɧɧɭɸ 

ɫɤɨɪɨɫɬɶ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɨɹɧɧɨ ɦɟɧɹɬɶ ɞɚɜɥɟɧɢɟ ɜ ɩɪɟɫɫɟ, 

ɤɨɬɨɪɨɟ ɜɵɫɬɚɜɥɹɟɬɫɹ ɜɪɭɱɧɭɸ. Ɋɚɡɭɦɟɟɬɫɹ, ɩɪɨɰɟɫɫ ɩɨɞɞɟɪɠɚɧɢɹ ɩɨɫɬɨɹɧɧɨɣ 

ɫɤɨɪɨɫɬɢ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ ɬɪɭɞɨɟɦɨɤ, ɨɞɧɚɤɨ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ 
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ɩɨɫɥɭɠɢɬɶ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɬɜɨɞɨɜ, ɬɚɤ ɤɚɤ ɩɪɢɱɢɧɨɣ 

ɪɚɡɪɭɲɟɧɢɹ ɨɬɜɨɞɚ ɦɨɠɟɬ ɛɵɬɶ ɫɥɢɲɤɨɦ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ. 
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Ɂɚɤɥɸɱɟɧɢɟ 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɞɨɫɬɢɝɧɭɬɚ ɨɫɧɨɜɧɚɹ ɰɟɥɶ ɢ ɪɟɲɟɧɵ ɩɨɫɬɚɜɥɟɧɧɵɟ 

ɡɚɞɚɱɢ. ɉɨɫɬɪɨɟɧɚ ɪɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ ɩɨ 

ɪɨɝɨɨɛɪɚɡɧɨɦɭ ɫɟɪɞɟɱɧɢɤɭ. ɉɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɬɨɪɨɝɨ 

ɩɨɥɭɱɟɧɵ ɢɬɨɝɨɜɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɨɬɜɨɞɚ: ɪɚɞɢɭɫ ɝɢɛɚ, ɬɨɥɳɢɧɵ ɢ 

ɞɢɚɦɟɬɪɵ. Ⱦɨɫɬɢɝɧɭɬɨ ɯɨɪɨɲɟɟ ɫɨɜɩɚɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ 

ɪɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɤɨɪɪɟɤɬɧɨ ɨɩɢɫɵɜɚɟɬ ɩɪɨɰɟɫɫ ɩɪɨɬɹɠɤɢ. 

ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɚɝɨɬɨɜɤɢ ɢ 

ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɨɛɥɚɫɬɶ ɜ ɫɟɪɟɞɢɧɟ ɧɢɠɧɟɣ ɨɛɪɚɡɭɸɳɟɣ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɧɚɝɪɭɠɟɧɧɨɣ. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɧɟ ɩɪɟɜɵɲɚɸɬ 

ɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ. 

 ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɬɹɠɤɢ, ɤɚɤ ɫɤɨɪɨɫɬɶ 

ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɬɪɟɧɢɟ ɦɟɠɞɭ ɡɚɝɨɬɨɜɤɨɣ ɢ ɫɟɪɞɟɱɧɢɤɨɦ ɧɚ 

ɨɬɤɥɨɧɟɧɢɹ ɪɚɡɦɟɪɨɜ ɨɬɜɨɞɚ. Ɋɟɡɭɥɶɬɚɬɵ ɜɚɪɶɢɪɨɜɚɧɢɹ ɬɪɟɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɭɬɨɧɟɧɢɟ ɡɚɝɨɬɨɜɤɢ ɧɚ ɜɟɪɯɧɟɣ ɨɛɪɚɡɭɸɳɟɣ ɢ ɭɬɨɥɳɟɧɢɟ ɧɚ ɧɢɠɧɟɣ ɧɚɩɪɹɦɭɸ 

ɡɚɜɢɫɢɬ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɜɚɪɶɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɬɚɤɠɟ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɢɬɨɝɨɜɵɟ 

ɡɧɚɱɟɧɢɹ ɬɨɥɳɢɧ. ɑɬɨ ɤɚɫɚɟɬɫɹ ɫɤɨɪɨɫɬɢ ɧɚɩɪɟɫɫɨɜɵɜɚɧɢɹ, ɬɨ ɟɟ ɭɜɟɥɢɱɟɧɢɟ 

ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɩɨɜɵɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɡɚɝɨɬɨɜɤɟ ɜɩɥɨɬɶ ɞɨ ɪɚɡɪɵɜɚ. 

 ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɟɡɧɵ ɞɥɹ ɢɧɠɟɧɟɪɨɜ-ɬɟɯɧɨɥɨɝɨɜ 

ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɭɫɥɨɜɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɬɹɠɤɢ ɨɬɜɨɞɚ.  
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ɉɨɩɟɪɟɱɧ
ɨɟ ɫɟɱɟɧɢɟ  

ɉɪɢɥɨɠɟɧɢɟ Ⱥ 

Ɍɚɛɥɢɰɚ Ⱥ.1 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɬɨɥɳɢɧɚɦ ɞɥɹ ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ 

89ɯ8 

 
 
 
 

Ⱥ B C D 

1 8,03 8,12 8,15 7,80 

2 7,93 8,34 8,13 7,80 

3 8,03 8,25 8,17 7,79 

4 7,98 8,25 8,19 7,62 

5 8,02 8,24 8,22 7,62 

6 7,92 8,16 8,12 7,59 

7 7,93 8,11 8,08 7,48 

8 8,03 8,18 8,05 7,82 

 

  

ɉɪɨɞɨɥɶɧɨɟ 
ɫɟɱɟɧɢɟ             
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ɉɨɩɟɪɟɱ-      
ɧɨɟ 
ɫɟɱɟɧɢɟ 

Ⱦɢɚɦɟɬɪ 

Ɍɚɛɥɢɰɚ Ⱥ.2 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɞɢɚɦɟɬɪɚɦ ɞɥɹ ɬɪɭɛɵ-ɡɚɝɨɬɨɜɤɢ 

89ɯ8 

  

D1 D2 

1 116,9 112,5 

2 116,2 113,0 

3 115,8 113,2 

4 115,7 113,2 

5 115,6 113,1 

6 115,5 113,0 

7 115,6 112,7 

8 115,8 112,6 
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ɉɪɢɥɨɠɟɧɢɟ Ȼ 

Ɍɚɛɥɢɰɚ Ȼ.1 – ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɞɜɭɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɨɜ 

ɉɚɪɚɦɟɬɪ 

Ɋɟɡɭɥɶɬɚɬ, ɦɦ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 
ɢɡɦɟɧɟɧɢɟ, % ɉɨɫɬɨɹɧɧɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ 950˚ɋ 

ɉɟɪɟɦɟɧɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ  

850-950-900˚ɋ 

R 104,78 104,51 -0,25 

t1 7,16 7,16 -0,05 

t2 7,56 7,52 -0,58 

t3 8,27 8,29 0,25 

t4 8,01 7,96 -0,61 

t5 8,12 8,08 -0,54 

t6 8,18 8,19 0,15 

t7 9,16 9,12 -0,43 

t8 9,27 9,20 -0,81 

t9 7,43 7,42 -0,10 

D1 110,16 109,29 -0,79 

D2 112,42 113,03 0,54 

D3 99,48 99,89 0,41 

D4 116,75 116,06 -0,59 
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Ɍɚɛɥɢɰɚ Ȼ.2 – ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɫɩɨɫɨɛɨɜ 

ɉɚɪɚɦɟɬɪ 

Ɋɟɡɭɥɶɬɚɬɵ, 
ɦɦ 

Ɉɬɤɥɨɧɟɧɢɟ 
ɨɬ 

ɷɤɫɩɟɪɢɦɟɧɬɚ, 
% 

Ɋɟɡɭɥɶɬɚɬɵ, 
ɦɦ 

Ɉɬɤɥɨɧɟɧɢɟ 
ɨɬ 

ɷɤɫɩɟɪɢɦɟɧɬɚ, 
% Ɇɟɬɨɞɢɤɚ 1 Ɇɟɬɨɞɢɤɚ 2 

R 101,13 1,43 101,13 1,43 

t1 6,76 -13,31 7,89 1,15 

t2 9,37 14,93 8,41 3,19 

t3 7,99 -1,60 8,01 -1,35 

t4 7,89 -3,55 7,89 -3,55 

t5 6,10 3,73 6,10 3,73 

t6 5,93 1,92 5,93 1,92 

t7 6,50 -13,09 6,50 -13,09 

t8 6,30 -1,10 6,30 -1,10 

t9 6,02 -0,26 6,02 -0,26 

D1 119,43 2,16 116,97 0,06 

D2 110,76 -1,55 114,97 2,20 

D3 117,00 1,04 117,00 1,04 

D4 114,89 -0,61 114,89 -0,61 
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ɉɨɩɟɪɟɱɧ
ɨɟ ɫɟɱɟɧɢɟ  

ɉɪɢɥɨɠɟɧɢɟ ȼ 

Ɍɚɛɥɢɰɚ ȼ.1 - Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɬɨɥɳɢɧ 

 
 
 
 

B C D 

ɗɤɫɩɟ
ɪɢɦɟɧ

ɬ 

ɑɢɫɥ. 
Ɇɨɞ-ɟ 

ɗɤɫɩɟ
ɪɢɦɟɧ

ɬ 

ɑɢɫɥ. 
Ɇɨɞ-ɟ 

ɗɤɫɩɟ
ɪɢɦɟɧ

ɬ 

ɑɢɫɥ. 
Ɇɨɞ-ɟ 

1 
8,12 7,72 8,15 8,23 7,80 7,90 

-4.94% 1.01% 1.23% 

2 
8,34 7,80 8,13 8,26 7,80 7,81 

-6.50% 1.62% 0.10% 

3 
8,25 8,22 8,17 8,40 7,79 7,86 

-0.34% 2.81% 0.86% 

4 
8,25 8,78 8,19 8,53 7,62 7,95 

6.48% 4.13% 4.27% 

5 
8,24 7,14 8,22 8,02 7,62 7,53 

-13.39% -2.38% -1.17% 

6 
8,16 7,36 8,12 8,10 7,59 7,65 

-9.76% -0.20% 0.78% 

7 
8,11 7,56 8,08 8,17 7,48 7,73 

-6.77% 1.15% 3.32% 

8 
8,18 7,72 8,05 8,23 7,82 7,82 

-5.64% 2.26% -0.03% 

 
  

ɉɪɨɞɨɥɶɧɨɟ 
ɫɟɱɟɧɢɟ             
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ɉɨɩɟɪɟɱ-      
ɧɨɟ 
ɫɟɱɟɧɢɟ 

Ⱦɢɚɦɟɬɪ 

Ɍɚɛɥɢɰɚ ȼ.2 - Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɞɢɚɦɟɬɪɨɜ 

 
 
 
 

D1 D2 

ɗɤɫɩɟɪ
ɢɦɟɧɬ 

ɑɢɫɥ. 
Ɇɨɞ-ɟ 

ɗɤɫɩɟɪ
ɢɦɟɧɬ 

ɑɢɫɥ. 
Ɇɨɞ-ɟ 

1 
116,90 115,40 112,50 113,40 

-1,28% 0,80% 

2 
116,20 115,56 113,00 112,96 

-0,55% -0,04% 

3 
115,80 114,10 113,20 112,52 

-1,47% -0,60% 

4 
115,70 114,37 113,20 112,94 

-1,15% -0,23% 

5 
115,60 114,56 113,10 113,02 

-0,90% -0,07% 

6 
115,50 114,96 113,00 113,21 

-0,47% 0,19% 

7 
115,60 115,22 112,70 113,39 

-0,33% 0,61% 

8 
115,80 115,59 112,60 113,52 

-0,18% 0,82% 
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