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Abstract. The article describes how to obtain the students skills with the appliance IPS-MG4.01 to determine 

the strength of reinforced concrete structures on a stand laboratory of the department «Organization and 
technology of construction» and on construction sites. A method for shock pulse, on the basis of which the device 
works, the impact energy is recorded and strength values are fixed. We consider the measurement of concrete 
strength range of the instrument, the scope of the device, the measurement error. 

 
Keywords: IPS-MG4.01 device, strength of materials, non-invasive method of monitoring the strength, 

method of a shock pulse, measurements of space, the number of tests, calibration dependence. 
 
Ⱥɧɞɪɸɲɟɧɤɨɜ Ⱥɥɟɤɫɚɧɞɪ Ɏɟɞɨɪɨɜɢɱ – ɤɚɧɞɢɞɚɬ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɚ «Ɉɪɝɚɧɢɡɚɰɢɹ 

ɢ ɬɟɯɧɨɥɨɝɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ» ɎȽȻɈɍ ȼɈ «ɋɢɛȺȾɂ» (644080, ɝ. Ɉɦɫɤ, ɩɪ. Ɇɢɪɚ 5). 
 
ȼɨɥɨɜɧɢɤ ɇɚɬɚɥɶɹ ɋɟɪɝɟɟɜɧɚ – ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ ɤɚɮɟɞɪɚ «Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɬɟɯɧɨɥɨɝɢɹ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ» ɎȽȻɈɍ ȼɈ «ɋɢɛȺȾɂ» (644080, ɝ. Ɉɦɫɤ, ɩɪ. Ɇɢɪɚ 5; e-mail: volovnik.natalya@mail.ru). 
 
Andryushenkov Alexander Fedorovich – candidate of economic sciences, associate professor of the 

department «Organization and technology of construction» FSBEI HE «SibADI» (644080, Omsk, Mira Ave. 5). 
 
Volovnik Natalia Sergeevna – candidate of technical sciences, department «Organization and technology of 

construction» FSBEI HE «SibADI» (644080, Omsk, Mira Ave. 5; e-mail: volovnik.natalya@mail.ru). 
 
 

ɍȾɄ 666.λ73.2:666.972.1 
 

ɈɉɊȿȾȿɅȿɇɂȿ ɋɌȿɉȿɇɂ ȼɅɂəɇɂə ɎȺɄɌɈɊɈȼ, ɈȻɍɋɅȺȼɅɂȼȺɘɓɂɏ 
ɈɋɇɈȼɇɕȿ ɎɂɁɂɄɈ-ɆȿɏȺɇɂɑȿɋɄɂȿ ɉɈɄȺɁȺɌȿɅɂ 

ɄɈɋɌɊɈɋɈɅɈɆȿɇɇɕɏ ɉɅɂɌ 
 

Ⱥ.Ⱥ. Ȼɚɤɚɬɨɜɢɱ, ɇ.ȼ. Ⱦɚɜɵɞɟɧɤɨ 
ɉɨɥɨɰɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɋɟɫɩɭɛɥɢɤɚ Ȼɟɥɚɪɭɫɶ, ɝ. ɇɨɜɨɩɨɥɨɰɤ 

 
Аɧɧɨɬɚɰɢɹ. Ɉɩɪɟɞɟɥɟɧɵ ɮɚɤɬɨɪɵ, ɨɤɚɡɵɜɚɸɳɢɟ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɮɢɡɢɤɨ-

ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɤɨɫɬɪɨɫɨɥɨɦɟɧɧɵɯ ɩɥɢɬ. 
ɉɪɢɜɟɞɟɧɵ ɩɨɥɢɧɨɦɢɚɥɶɧɵɟ ɦɨɞɟɥɢ ɩɚɪɚɦɟɬɪɨɜ ɜ ɤɨɞɢɪɨɜɚɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ. 
ɉɪɟɞɫɬɚɜɥɟɧɵ ɨɞɧɨɮɚɤɬɨɪɧɵɟ ɝɪɚɮɢɤɢ ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɧɚ ɫɜɨɣɫɬɜɚ 
ɦɚɬɟɪɢɚɥɚ. ɍɫɬɚɧɨɜɥɟɧɵ ɝɪɚɧɢɰɵ ɜɚɪɶɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ, ɩɨɡɜɨɥɹɸɳɢɟ ɫɨɯɪɚɧɢɬɶ 
ɤɚɩɢɥɥɹɪɧɭɸ ɫɬɪɭɤɬɭɪɭ ɤɪɭɩɧɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ ɢ ɩɨɥɭɱɢɬɶ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ 
ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɫ ɡɚɞɚɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

 
Кɥɸɱɟɜɵɟ ɫɥɨɜɚμ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɠɢɞɤɨɟ ɫɬɟɤɥɨ, ɡɚɩɨɥɧɢɬɟɥɶ, 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɤɨɫɬɪɨɫɨɥɨɦɟɧɧɵɟ ɩɥɢɬɵ. 
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ȼɜɟɞɟɧɢɟ 
Ɋɚɫɬɢɬɟɥɶɧɵɟ ɨɬɯɨɞɵ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɬɚɤɢɟ ɤɚɤ ɫɨɥɨɦɚ ɡɟɪɧɨɜɵɯ 

ɤɭɥɶɬɭɪ, ɤɨɫɬɪɚ ɥɶɧɚ, ɫɬɟɛɥɢ ɯɥɨɩɱɚɬɧɢɤɚ, ɬɚɛɚɤɚ ɢ ɞɪ. ɹɜɥɹɸɬɫɹ ɦɧɨɝɨɬɨɧɧɚɠɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ, 
ɩɨɥɭɱɚɟɦɵɦɢ ɜɨ ɜɫɟɯ ɱɚɫɬɹɯ ɦɢɪɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɯɨɞɨɜ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɨɜɵɯ ɢɡɞɟɥɢɣ 
ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ. ɋɭɳɟɫɬɜɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɜɵɫɨɤɢɯ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɞɚɥɨɫɶ ɞɨɫɬɢɱɶ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɡɚ ɫɱɟɬ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɪɚɫɬɢɬɟɥɶɧɵɯ 
ɡɚɩɨɥɧɢɬɟɥɟɣ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɨ ɫɜɨɢɦ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ 
ɨɬɯɨɞɨɜ ɪɚɫɬɟɧɢɟɜɨɞɫɬɜɚ ɜɩɥɨɬɧɭɸ ɩɪɢɛɥɢɡɢɥɢɫɶ ɤ ɩɨɤɚɡɚɬɟɥɹɦ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ 
ɭɬɟɩɥɢɬɟɥɟɣ. 

Ɉɫɧɨɜɧɵɦ ɬɪɟɛɨɜɚɧɢɟɦ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɭɬɟɩɥɢɬɟɥɹ ɞɨɥɠɧɚ ɹɜɥɹɬɶɫɹ ɧɢɡɤɚɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɜ ɤɨɦɩɥɟɤɫɟ ɫ 
ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɱɢɫɬɨɬɨɣ ɦɚɬɟɪɢɚɥɚ. Ɍɨɥɶɤɨ ɜɵɩɨɥɧɟɧɢɟ ɬɚɤɢɯ ɭɫɥɨɜɢɣ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ 
ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɣ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɫ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ ɜ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ. 

ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɡɚɩɨɥɧɢɬɟɥɶ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɫɦɟɫɢ ɪɭɛɥɟɧɨɣ ɪɠɚɧɨɣ 
ɫɨɥɨɦɵ ɢ ɤɨɫɬɪɵ ɥɶɧɚ ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɚɟɬ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɭɬɟɩɥɢɬɟɥɹɦ, ɫɨɫɬɨɹɳɢɦ ɢɡ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɯ 
ɡɚɩɨɥɧɢɬɟɥɟɣ, ɬɚɤɢɯ ɤɚɤ ɫɨɥɨɦɚ ɢɥɢ ɤɨɫɬɪɚ ɥɶɧɚ Д1Ж. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɵ ɪɚɡɦɟɪɵ 
ɤɪɭɩɧɨɝɨ ɢ ɦɟɥɤɨɝɨ ɡɚɩɨɥɧɢɬɟɥɟɣμ ɞɥɢɧɚ ɬɪɭɛɤɢ ɪɭɛɥɟɧɨɣ ɪɠɚɧɨɣ ɫɨɥɨɦɵ ɫɨɫɬɚɜɥɹɟɬ 20-40 ɦɦ, 
ɮɪɚɤɰɢɹ ɤɨɫɬɪɵ ɥɶɧɚ ɪɚɜɧɚ 5 ɦɦ. ȼ ɤɚɱɟɫɬɜɟ ɜɹɠɭɳɟɝɨ ɢɫɩɨɥɶɡɨɜɚɥɢ ɧɚɬɪɢɟɜɨɟ ɠɢɞɤɨɟ ɫɬɟɤɥɨ Д2Ж. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɨɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɨɤɚɡɵɜɚɸɳɢɦɢ 

ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 
ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɤɨɫɬɪɨɫɨɥɨɦɟɧɧɵɯ ɩɥɢɬ ɹɜɥɹɸɬɫɹ ɪɚɫɯɨɞ ɜɹɠɭɳɟɝɨ, ɤɨɥɢɱɟɫɬɜɨ ɫɨɥɨɦɵ ɜ 
ɨɛɳɟɦ ɪɚɫɯɨɞɟ ɡɚɩɨɥɧɢɬɟɥɹ ɢ ɞɚɜɥɟɧɢɟ ɮɨɪɦɨɜɚɧɢɹ. 

ɋ ɰɟɥɶɸ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɬɟɩɟɧɢ ɜɥɢɹɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɜɜɨɞɢɦɨɝɨ ɜɹɠɭɳɟɝɨ, ɤɨɥɢɱɟɫɬɜɚ 
ɫɨɥɨɦɵ ɜ ɨɛɳɟɦ ɪɚɫɯɨɞɟ ɡɚɩɨɥɧɢɬɟɥɹ ɢ ɞɚɜɥɟɧɢɹ ɮɨɪɦɨɜɚɧɢɹ ɧɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɤɨɫɬɪɨɫɨɥɨɦɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɪɟɚɥɢɡɨɜɚɧ 3-ɯ ɮɚɤɬɨɪɧɵɣ 
ɷɤɫɩɟɪɢɦɟɧɬ. Ɏɚɤɬɨɪɵ ɢ ɢɧɬɟɪɜɚɥɵ ɜɚɪɶɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
 

Ɍɚɛɥɢɰɚ 1 – ɍɪɨɜɧɢ ɢ ɢɧɬɟɪɜɚɥɵ ɜɚɪɶɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ 
 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɮɚɤɬɨɪɚ 
ȿɞɢɧɢɰɵ 

ɢɡɦɟɪɟɧɢɹ 

Ɉɛɨɡɧɚɱɟɧɢɹ 
ɜ ɤɨɞɢɪɨɜɚɧɧɵɯ 

ɩɟɪɟɦɟɧɧɵɯ 

ɍɪɨɜɧɢ 
ɮɚɤɬɨɪɨɜ 

ɂɧɬɟɪɜɚɥɵ 
ɜɚɪɶɢɪɨɜɚɧɢɹ 

ɮɚɤɬɨɪɨɜ 
–1 0 +1 

Ɋɚɫɯɨɞ ɜɹɠɭɳɟɝɨ ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɏ1 1 1,4 1,8 0,4 

Ʉɨɥɢɱɟɫɬɜɨ ɫɨɥɨɦɵ ɜ ɨɛɳɟɦ 
ɪɚɫɯɨɞɟ ɡɚɩɨɥɧɢɬɟɥɹ 

ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɏ2 0,3 0,6 0,9 0,3 

Ⱦɚɜɥɟɧɢɟ ɮɨɪɦɨɜɚɧɢɹ Ɇɉɚ ɏ3 0,01 0,03 0,05 0,02 

 
Ɉɛɪɚɛɨɬɤɚ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɜɵɩɨɥɧɟɧɚ ɦɟɬɨɞɨɦ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɩɪɨɝɪɚɦɦɵ «SЭКЭТЬЭТМК» [3]. ɉɪɨɢɡɜɟɞɟɧɧɚɹ ɩɪɨɜɟɪɤɚ ɡɧɚɱɢɦɨɫɬɢ ɧɚɣɞɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɪɟɝɪɟɫɫɢɢ ɫ ɭɱɟɬɨɦ ɤɪɢɬɟɪɢɹ ɋɬɶɸɞɟɧɬɚ [4] ɩɨɡɜɨɥɢɥɚ ɩɨɥɭɱɢɬɶ ɩɨɥɢɧɨɦɢɚɥɶɧɵɟ ɦɨɞɟɥɢ 
ɫɪɟɞɧɟɣ ɩɥɨɬɧɨɫɬɢ, ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ ɩɪɢ 10% ɞɟɮɨɪɦɚɰɢɢ, ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ ɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɤɨɫɬɪɨɫɨɥɨɦɟɧɧɵɯ ɩɥɢɬ ɜ ɤɨɞɢɪɨɜɚɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ. 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɥɢɧɨɦɢɚɥɶɧɵɟ ɦɨɞɟɥɢ ɜɵɯɨɞɧɵɯ ɜɟɥɢɱɢɧ ɜ ɤɨɞɢɪɨɜɚɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯμ 
- ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ 

 

1 1 3
245,33 20,3 35,2 ;Y X X= + ⋅ + ⋅      (1) 

 
- ɩɪɨɱɧɨɫɬɶ ɧɚ ɫɠɚɬɢɟ ɩɪɢ 10% ɞɟɮɨɪɦɚɰɢɢ 
 

2

2 1 2 3 2
0,278 0,083 0,049 0,13 0,241 ;Y X X X X= + ⋅ − ⋅ + ⋅ − ⋅    (2) 

 
- ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ 



 
2

3 1 2 3 2
1,154 0,08 0,041 0,129 0,317 ;Y X X X X= + ⋅ + ⋅ + ⋅ − ⋅    (3) 

 
- ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
 

2

4 1 2 3
0,0508 0,0033 0,0022 0,0091Y X X X= + ⋅ + ⋅ + ⋅ .   (2) 

 
Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɬɟɩɟɧɢ ɜɥɢɹɧɢɹ ɮɚɤɬɨɪɨɜ ɧɚ ɜɵɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ (ɫɪɟɞɧɸɸ ɩɥɨɬɧɨɫɬɶ, 

ɩɪɨɱɧɨɫɬɶ ɧɚ ɫɠɚɬɢɟ ɩɪɢ 10% ɞɟɮɨɪɦɚɰɢɢ, ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ, ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ) ɩɨɫɬɪɨɟɧɵ ɨɞɧɨɮɚɤɬɨɪɧɵɟ ɝɪɚɮɢɤɢ ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɧɚ 
ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɧɭɥɟɜɵɯ ɡɧɚɱɟɧɢɹɯ ɨɫɬɚɥɶɧɵɯ ɮɚɤɬɨɪɨɜ ɢ ɧɭɥɟɜɨɦ ɡɧɚɱɟɧɢɢ 
ɫɜɨɛɨɞɧɨɝɨ ɱɥɟɧɚ ɭɪɚɜɧɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫɭɧɤɚɯ 1, 2 ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ 
ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɹ ɮɚɤɬɨɪɨɜ ɧɚ ɩɪɨɱɧɨɫɬɶ ɧɚ ɫɠɚɬɢɟ ɩɪɢ 10% ɞɟɮɨɪɦɚɰɢɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 

 

  
 

Ɋɢɫ. 1. ȼɥɢɹɧɢɟ ɢɡɦɟɧɟɧɢɹ ɮɚɤɬɨɪɨɜ  
ɧɚ ɩɪɨɱɧɨɫɬɶ ɧɚ ɫɠɚɬɢɟ ɩɪɢ 10% ɞɟɮɨɪɦɚɰɢɢ  

(ɜ ɤɨɞɢɪɨɜɚɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ) 

 
Ɋɢɫ. 2. ȼɥɢɹɧɢɟ ɢɡɦɟɧɟɧɢɹ ɮɚɤɬɨɪɨɜ  
ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

(ɜ ɤɨɞɢɪɨɜɚɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ) 
 
Ⱥɧɚɥɢɡ ɝɪɚɮɢɤɨɜ ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ ɩɪɢ 10% 

ɞɟɮɨɪɦɚɰɢɢ (ɪɢɫɭɧɨɤ 1) ɩɨɤɚɡɚɥ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɜɹɠɭɳɟɝɨ ɮɚɤɬɨɪ (ɏ1) ɢ ɞɚɜɥɟɧɢɹ 
ɮɨɪɦɨɜɚɧɢɹ ɮɚɤɬɨɪ (ɏ3) ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɱɧɨɫɬɢ ɨɛɪɚɡɰɚ. Ɏɚɤɬɨɪ (ɏ2) ɨɤɚɡɵɜɚɟɬ 
ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɚɪɚɦɟɬɪɵ (Y2). Ɉɞɧɚɤɨ, ɫɭɳɟɫɬɜɭɟɬ ɨɛɥɚɫɬɶ ɜɛɥɢɡɢ «ɧɭɥɟɜɨɝɨ» 
ɡɧɚɱɟɧɢɹ ɮɚɤɬɨɪɚ, ɝɞɟ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚɢɦɟɧɶɲɟɟ. ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ 
ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɮɚɤɬɨɪ (ɏ2) ɨɤɚɡɵɜɚɟɬ ɩɪɢ ɫɜɨɢɯ ɝɪɚɧɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ. 
ɇɚɢɛɨɥɶɲɟɟ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɚɪɚɦɟɬɪ (Y2) ɨɤɚɡɵɜɚɟɬ ɞɚɜɥɟɧɢɟ ɮɨɪɦɨɜɚɧɢɹ (ɏ3). 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɝɪɚɮɢɤɚ ɜɥɢɹɧɢɹ ɜɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɧɚ ɩɨɤɚɡɚɬɟɥɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɦɚɬɟɪɢɚɥɚ (ɪɢɫɭɧɨɤ 2), ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɜɹɠɭɳɟɝɨ, ɫɨɥɨɦɵ ɢ ɞɚɜɥɟɧɢɹ ɮɨɪɦɨɜɚɧɢɹ 
ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɉɪɢɱɟɦ ɞɚɜɥɟɧɢɟ ɮɨɪɦɨɜɚɧɢɹ (ɏ3) 
ɨɤɚɡɵɜɚɟɬ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɢɡ ɜɫɟɯ ɬɪɟɯ ɮɚɤɬɨɪɨɜ ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɜɵɯɨɞɧɨɝɨ ɩɚɪɚɦɟɬɪɚ (Y4). 
ɍɜɟɥɢɱɟɧɢɟ ɮɚɤɬɨɪɨɜ (ɏ1) ɢ (ɏ2) ɩɪɢɜɨɞɢɬ ɤ ɥɢɧɟɣɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (Y4). Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (Y4) ɢɡɦɟɧɹɟɬɫɹ ɩɨ ɩɚɪɚɛɨɥɢɱɟɫɤɨɦɭ 
ɡɚɤɨɧɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɞɚɜɥɟɧɢɹ ɮɨɪɦɨɜɚɧɢɹ (ɏ3). ȼ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ ɮɚɤɬɨɪɚ 
(ɏ3) ɨɬ – 1 ɞɨ 0 ɜɟɥɢɱɢɧɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0 ɞɨ +1 ɡɧɚɱɟɧɢɟ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɂɡ ɭɫɥɨɜɢɹ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɧɢɠɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɚɹ ɬɪɟɛɨɜɚɧɢɸ ɜɟɥɢɱɢɧɚ ɞɚɜɥɟɧɢɹ ɮɨɪɦɨɜɚɧɢɹ 
ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ – 0,2 ɞɨ +0,2 ɢɡɦɟɧɟɧɢɹ ɮɚɤɬɨɪɚ (ɏ3). 

ȼɜɟɞɟɧɢɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɪɭɩɧɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ – ɪɠɚɧɨɣ ɫɨɥɨɦɵ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɵɯɥɨɣ ɫɬɪɭɤɬɭɪɵ ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɧɟɡɚɩɨɥɧɟɧɧɵɯ ɩɭɫɬɨɬ ɢ 
ɨɬɫɭɬɫɬɜɢɹ ɫɜɹɡɚɧɧɨɝɨ ɤɚɪɤɚɫɚ ɢɡ ɦɟɥɤɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ – ɤɨɫɬɪɵ ɥɶɧɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 
ɩɪɨɱɧɨɫɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ȼ ɬɨɠɟ ɜɪɟɦɹ, ɦɚɥɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɠɚɧɨɣ ɫɨɥɨɦɵ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɜɹɡɧɵɣ ɢ ɩɪɨɱɧɵɣ 
ɤɚɪɤɚɫ ɢɡ ɤɪɭɩɧɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ. Ɍɪɭɛɤɢ ɫɨɥɨɦɵ, ɥɢɛɨ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɨɬɞɟɥɶɧɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, 
ɧɚɯɨɞɹɫɶ ɜ ɫɬɪɭɤɬɭɪɟ ɤɚɪɤɚɫɚ ɢɡ ɦɟɥɤɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ, ɥɢɛɨ ɢɦɟɸɬ ɦɚɥɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ 



ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɛɨɥɶɲɭɸ ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ ɞɪɭɝ ɫ ɞɪɭɝɨɦ. ɉɪɢ ɤɪɚɣɧɢɯ 
ɡɧɚɱɟɧɢɹɯ ɪɚɫɯɨɞɨɜ ɫɨɥɨɦɵ ɢ ɤɨɫɬɪɵ ɥɶɧɚ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɮɨɪɦɢɪɨɜɚɧɢɟ 
«ɠɟɫɬɤɢɯ» ɤɚɪɤɚɫɨɜ ɢɡ ɤɪɭɩɧɨɝɨ ɢ ɦɟɥɤɨɝɨ ɡɚɩɨɥɧɢɬɟɥɟɣ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɨɱɧɨɣ ɫɬɪɭɤɬɭɪɵ 
«ɤɚɪɤɚɫ ɜ ɤɚɪɤɚɫɟ». ɋɛɚɥɚɧɫɢɪɨɜɚɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɪɚɫɯɨɞɚ ɤɪɭɩɧɨɝɨ ɢ ɦɟɥɤɨɝɨ ɡɚɩɨɥɧɢɬɟɥɟɣ 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɬɪɭɤɬɭɪɭ ɢɡ ɞɜɭɯ ɩɨɥɧɨɰɟɧɧɵɯ ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɜɡɚɢɦɨɩɪɨɧɢɤɚɸɳɢɯ 
ɤɚɪɤɚɫɨɜ – ɪɠɚɧɨɣ ɫɨɥɨɦɵ ɢ ɤɨɫɬɪɵ ɥɶɧɚ. Ʉɚɪɤɚɫ ɢɡ ɦɟɥɤɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ ɡɚɧɢɦɚɟɬ 
ɩɪɨɫɬɪɚɧɫɬɜɨ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɨɨɛɳɚɸɳɢɯɫɹ ɩɭɫɬɨɬ ɜ ɤɚɪɤɚɫɟ ɤɪɭɩɧɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɠɟɫɬɤɨɣ ɫɬɪɭɤɬɭɪɵ ɫ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɩɪɨɱɧɨɫɬɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

ɋɨɨɬɧɨɲɟɧɢɟ ɪɠɚɧɨɣ ɫɨɥɨɦɵ ɢ ɤɨɫɬɪɵ ɥɶɧɚ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɬɟɩɥɨɢɡɨɥɢɪɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ. ɉɪɢ ɜɵɫɨɤɨɦ ɪɚɫɯɨɞɟ ɤɪɭɩɧɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ 
ɢɦɟɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɨɨɛɳɚɸɳɢɯɫɹ ɩɭɫɬɨɬ ɦɟɠɞɭ ɬɪɭɛɤɚɦɢ ɫɨɥɨɦɵ, 
ɧɟɡɚɩɨɥɧɟɧɧɵɯ ɢɥɢ ɱɚɫɬɢɱɧɨ ɡɚɩɨɥɧɟɧɧɵɯ ɦɟɥɤɢɦ ɡɚɩɨɥɧɢɬɟɥɟɦ – ɤɨɫɬɪɨɣ ɥɶɧɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢ ɫɜɨɛɨɞɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ ɜ ɫɬɪɭɤɬɭɪɟ 
ɦɚɬɟɪɢɚɥɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɫɧɢɠɟɧɢɸ 
ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

ɉɨɜɵɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɦɚɥɨɦ ɪɚɫɯɨɞɟ ɤɪɭɩɧɨɝɨ 
ɡɚɩɨɥɧɢɬɟɥɹ, ɧɟɫɦɨɬɪɹ ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɫɨɨɛɳɚɸɳɢɯɫɹ ɩɭɫɬɨɬ ɜ ɫɬɪɭɤɬɭɪɟ, ɨɛɭɫɥɨɜɥɟɧɨ 
ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɦɟɥɤɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ ɢɦɟɸɳɟɝɨ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɪɭɩɧɵɦ ɡɚɩɨɥɧɢɬɟɥɟɦ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɦɟɧɟɟ 
ɷɮɮɟɤɬɢɜɧɨɣ ɫɬɪɭɤɬɭɪɵ ɭ ɤɨɫɬɪɵ ɥɶɧɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɪɠɚɧɨɣ ɫɨɥɨɦɨɣ ɢ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 
ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ [5]. ɇɚɢɛɨɥɟɟ ɩɨɥɧɨɟ ɡɚɩɨɥɧɟɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɦɟɠɞɭ 
ɬɪɭɛɤɚɦɢ ɫɨɥɨɦɵ ɤɨɫɬɪɨɣ ɥɶɧɚ ɩɨɡɜɨɥɹɟɬ ɮɨɪɦɢɪɨɜɚɬɶ ɫɬɪɭɤɬɭɪɭ «ɤɚɪɤɚɫ ɜ ɤɚɪɤɚɫɟ» ɫ 
ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɦɟɥɤɢɯ ɧɟ ɫɨɨɛɳɚɸɳɢɯɫɹ ɩɭɫɬɨɬ ɢ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɫɜɨɛɨɞɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɜɨɡɞɭɲɧɵɯ ɩɨɬɨɤɨɜ ɜ ɦɚɬɟɪɢɚɥɟ. 

Ɏɨɪɦɨɜɚɧɢɟ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɦɚɥɨɦ ɞɚɜɥɟɧɢɢ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɟɩɥɨɬɧɨɣ ɪɵɯɥɨɣ ɫɬɪɭɤɬɭɪɵ. ȼ ɬɚɤɨɣ ɫɬɪɭɤɬɭɪɟ ɬɪɭɛɤɢ ɫɨɥɨɦɵ ɢ ɤɨɫɬɪɚ ɥɶɧɚ 
ɧɟɩɥɨɬɧɨ ɩɪɢɥɟɝɚɸɬ ɞɪɭɝ ɤ ɞɪɭɝɭ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɫɨɨɛɳɚɸɳɢɯɫɹ ɩɭɫɬɨɬ ɜ 
ɫɬɪɭɤɬɭɪɟ ɦɚɬɟɪɢɚɥɚ, ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɯ ɩɨɜɵɲɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. 

ȼɵɫɨɤɨɟ ɞɚɜɥɟɧɢɟ ɮɨɪɦɨɜɚɧɢɹ ɜɵɡɵɜɚɟɬ ɞɟɮɨɪɦɚɰɢɸ ɬɪɭɛɨɤ ɤɪɭɩɧɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ. 
ɂɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɫɦɹɬɢɸ ɹɱɟɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɤɚɩɢɥɥɹɪɨɜ ɫɨɥɨɦɵ ɢ ɤɨɫɬɪɵ 
ɥɶɧɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɢɫɯɨɞɢɬ ɭɩɥɨɬɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɬɪɭɛɨɤ ɫɨɥɨɦɵ, ɩɪɢ ɷɬɨɦ ɱɚɫɬɶ ɡɚɦɤɧɭɬɵɯ 
ɹɱɟɟɤ ɤɚɩɢɥɥɹɪɨɜ ɜ ɡɚɩɨɥɧɢɬɟɥɟ ɩɨɥɧɨɫɬɶɸ ɪɚɡɪɭɲɚɟɬɫɹ, ɚ ɜ ɨɫɬɚɜɲɢɯɫɹ ɩɨɜɪɟɠɞɟɧɧɵɯ 
ɹɱɟɣɤɚɯ ɧɚɪɭɲɚɟɬɫɹ ɝɟɪɦɟɬɢɱɧɨɫɬɶ ɢ ɝɟɨɦɟɬɪɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɫɨɤɨɟ ɞɚɜɥɟɧɢɟ 
ɮɨɪɦɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɫɬɪɭɤɬɭɪɭ, ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ ɨɬɫɭɬɫɬɜɢɟ ɩɭɫɬɨɬ ɜ ɦɚɬɟɪɢɚɥɟ, 
ɧɨ ɜ ɬɨɠɟ ɜɪɟɦɹ ɪɚɡɪɭɲɚɟɬ ɫɬɪɭɤɬɭɪɭ ɬɪɭɛɨɤ ɫɨɥɨɦɵ, ɱɬɨ ɢ ɨɛɴɹɫɧɹɟɬ ɩɨɜɵɲɟɧɢɟ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɤɨɦɩɨɡɢɬɚ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɮɨɪɦɨɜɚɧɢɹ ɜɵɡɵɜɚɟɬ ɞɟɮɨɪɦɚɰɢɢ ɬɪɭɛɨɤ 
ɤɚɪɤɚɫɚ ɢɡ ɫɨɥɨɦɵ ɜɩɥɨɬɶ ɞɨ ɩɨɥɧɨɝɨ ɫɦɹɬɢɹ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɥɚɫɬɢɧ ɥɨɦɚɧɨɝɨ ɨɱɟɪɬɚɧɢɹ. 
Ʉɚɪɤɚɫ ɢɡ ɫɨɥɨɦɵ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɬɪɭɛɨɤ, ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ ɫɦɹɬɵɯ, 
ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɠɟɫɬɤɨɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ ɫɬɪɭɤɬɭɪɵ «ɤɚɪɤɚɫ ɜ ɤɚɪɤɚɫɟ» ɜ ɰɟɥɨɦ.  

Ⱦɚɜɥɟɧɢɟ ɮɨɪɦɨɜɚɧɢɹ ɩɪɢ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɹɯ ɧɟ ɩɨɡɜɨɥɹɟɬ ɮɨɪɦɢɪɨɜɚɬɶ ɠɟɫɬɤɭɸ ɫɬɪɭɤɬɭɪɭ 
ɫ ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɶɸ ɩɪɢ ɫɠɚɬɢɢ ɢ ɢɡɝɢɛɟ ɩɨ ɩɪɢɱɢɧɟ ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɥɨɬɧɨɝɨ ɩɪɢɥɟɝɚɧɢɹ 
ɬɪɭɛɨɤ ɤɪɭɩɧɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ ɤ ɱɚɫɬɢɰɚɦ ɦɟɥɤɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ. Ɏɨɪɦɢɪɭɸɳɚɹɫɹ ɜ ɬɚɤɢɯ 
ɭɫɥɨɜɢɹɯ ɫɬɪɭɤɬɭɪɧɚɹ ɫɢɫɬɟɦɚ «ɤɚɪɤɚɫ ɜ ɤɚɪɤɚɫɟ» ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɭɸ ɩɥɨɬɧɨɫɬɶ ɢ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɵɯɥɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫ ɧɚɥɢɱɢɟɦ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɭɫɬɨɬ. ɉɪɚɜɢɥɶɧɨ 
ɩɨɞɨɛɪɚɧɧɨɟ ɧɟɨɛɯɨɞɢɦɨɟ ɞɚɜɥɟɧɢɟ ɮɨɪɦɨɜɚɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɚɩɨɥɧɟɧɢɟ 
ɨɛɴɟɦɚ ɫɨɥɨɦɨɣ ɢ ɤɨɫɬɪɨɣ ɩɪɢ ɭɫɥɨɜɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ «ɤɚɪɤɚɫ ɜ ɤɚɪɤɚɫɟ» ɫ 
ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɦɟɥɤɢɯ ɩɭɫɬɨɬ ɢ ɨɬɫɭɬɫɬɜɢɟɦ ɞɟɮɨɪɦɚɰɢɣ ɬɪɭɛɨɤ ɫɨɥɨɦɵ, ɱɬɨ ɢ 
ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɱɶ ɧɚɢɥɭɱɲɢɯ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ. 

Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɜɵɹɜɥɟɧɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢ ɫɬɟɩɟɧɢ ɜɥɢɹɧɢɹ ɮɚɤɬɨɪɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ 
ɨɛɟɫɩɟɱɢɬɶ ɬɪɟɛɭɟɦɵɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɫɬɪɨɫɨɥɨɦɟɧɧɵɯ ɩɥɢɬ, ɩɪɨɜɟɞɟɧ 
ɤɨɦɩɥɟɤɫ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɨɥɭɱɟɧɵ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɫɪɟɞɧɟɣ ɩɥɨɬɧɨɫɬɢ, ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ 
ɩɪɢ 10% ɞɟɮɨɪɦɚɰɢɢ, ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɞɚɜɥɟɧɢɹ ɮɨɪɦɨɜɚɧɢɹ ɢ ɤɨɥɢɱɟɫɬɜɚ ɫɨɥɨɦɵ ɜ ɨɛɳɟɦ ɪɚɫɯɨɞɟ ɡɚɩɨɥɧɢɬɟɥɹ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ 
ɡɧɚɱɟɧɢɹɯ ɪɚɫɯɨɞɚ ɜɹɠɭɳɟɝɨ. ɇɚ ɪɢɫɭɧɤɚɯ 3, 4 ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ 
ɢɡɦɟɧɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ ɩɪɢ 10% ɞɟɮɨɪɦɚɰɢɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ 
ɪɚɫɯɨɞɟ ɜɹɠɭɳɟɝɨ, ɪɚɜɧɨɦ 1,4 ɦɚɫɫɨɜɵɯ ɞɨɥɟɣ. 



 
Ɋɢɫ. 3. ɂɡɦɟɧɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ  
ɩɪɢ 10% ɞɟɮɨɪɦɚɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ  

ɨɬ ɞɚɜɥɟɧɢɹ ɮɨɪɦɨɜɚɧɢɹ ɢ ɤɨɥɢɱɟɫɬɜɚ  
ɫɨɥɨɦɵ ɜ ɨɛɳɟɦ ɪɚɫɯɨɞɟ ɡɚɩɨɥɧɢɬɟɥɹ 

 
Ɋɢɫ. 4. ɂɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɞɚɜɥɟɧɢɹ ɮɨɪɦɨɜɚɧɢɹ ɢ ɤɨɥɢɱɟɫɬɜɚ  
ɫɨɥɨɦɵ ɜ ɨɛɳɟɦ ɪɚɫɯɨɞɟ ɡɚɩɨɥɧɢɬɟɥɹ 

 

ȼ ɬɚɛɥɢɰɟ 2 ɩɪɢɜɟɞɟɧɵ ɩɨɤɚɡɚɬɟɥɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɥɭɱɢɬɶ ɤɨɫɬɪɨɫɨɥɨɦɟɧɧɵɟ ɩɥɢɬɵ ɫɨ 
ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢμ ɩɥɨɬɧɨɫɬɶ 220-250 ɤɝ/ɦ3, ɩɪɨɱɧɨɫɬɶ ɧɚ ɫɠɚɬɢɟ ɩɪɢ 10% 
ɞɟɮɨɪɦɚɰɢɢ 0,65-0,8 Ɇɉɚ, ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ 1-1,2 Ɇɉɚ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
0,046-0,055 ȼɬ/(ɦ·°ɋ) [6]. 

 
Ɍɚɛɥɢɰɚ 2 – ɉɨɤɚɡɚɬɟɥɢ ɞɚɜɥɟɧɢɹ ɮɨɪɦɨɜɚɧɢɹ ɩɪɢ ɡɚɞɚɧɧɵɯ ɪɚɫɯɨɞɚɯ ɜɹɠɭɳɟɝɨ ɢ ɤɨɥɢɱɟɫɬɜɟ ɫɨɥɨɦɵ ɜ 
ɨɛɳɟɦ ɪɚɫɯɨɞɟ ɡɚɩɨɥɧɢɬɟɥɹ 
 

Ɋɚɫɯɨɞ ɜɹɠɭɳɟɝɨ 
(ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ), 
ɦɚɫɫɨɜɚɹ ɞɨɥɹ 

Ⱦɚɜɥɟɧɢɟ ɮɨɪɦɨɜɚɧɢɹ, Ɇɉɚ, 
ɩɪɢ ɤɨɥɢɱɟɫɬɜɟ ɫɨɥɨɦɵ ɜ ɨɛɳɟɦ ɪɚɫɯɨɞɟ ɡɚɩɨɥɧɢɬɟɥɹ, ɦɚɫɫɨɜɚɹ ɞɨɥɹ 

0,7 0,6 0,5 

1,0 0,04 0,04 0,04 

1,1 0,04 0,04 0,04 

1,2 0,03 0,03 0,03 

1,3 0,03 0,03 0,03 

1,4 0,03 0,03 0,03 

1,5 0,03 0,03 0,03 

1,6 0,02 0,02 0,02 

1,7 0,02 0,02 0,02 

 

ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɫɯɨɞɚ ɜɹɠɭɳɟɝɨ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ 
ɤɨɥɢɱɟɫɬɜɚ ɫɨɥɨɦɵ ɜ ɫɦɟɫɢ ɡɚɩɨɥɧɢɬɟɥɹ ɬɪɟɛɭɟɬɫɹ ɭɦɟɧɶɲɚɬɶ ɞɚɜɥɟɧɢɟ ɮɨɪɦɨɜɚɧɢɹ ɫ 0,04 ɞɨ 
0,02 Ɇɉɚ. ɉɪɢ ɧɢɡɤɢɯ ɪɚɫɯɨɞɚɯ ɜɹɠɭɳɟɝɨ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 1-1,1 ɦɚɫɫɨɜɵɯ ɞɨɥɟɣ, ɢ 
ɤɨɥɢɱɟɫɬɜɟ ɫɨɥɨɦɵ, ɪɚɜɧɨɦ 0,5-0,7 ɦɚɫɫɨɜɵɯ ɞɨɥɟɣ, ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɛɨɥɟɟ ɜɵɫɨɤɨɟ 
ɞɚɜɥɟɧɢɟ ɮɨɪɦɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 0,04 Ɇɉɚ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɫɯɨɞɚ ɜɹɠɭɳɟɝɨ ɜ 
ɩɪɟɞɟɥɚɯ ɞɨ 1,7 ɦɚɫɫɨɜɵɯ ɞɨɥɟɣ ɬɪɟɛɭɟɦɨɟ ɞɚɜɥɟɧɢɟ ɮɨɪɦɨɜɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 0,02-0,03 Ɇɉɚ ɢ 
ɞɚɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɫɦɟɳɚɟɬɹ ɜ ɫɬɨɪɨɧɭ ɭɦɟɧɶɲɟɧɢɹ ɞɥɹ ɜɫɟɯ ɡɧɚɱɟɧɢɣ ɪɚɫɯɨɞɨɜ ɫɨɥɨɦɵ. 

ɍɫɬɚɧɨɜɥɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɦɩɥɟɤɫɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɝɪɚɧɢɰɵ ɜɚɪɶɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɢɥɢ 
ɨɩɪɟɞɟɥɢɬɶ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɵɦɢ ɭɫɥɨɜɢɹɦɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɫ ɜɵɫɨɤɢɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɹɜɥɹɸɬɫɹμ ɤɨɥɢɱɟɫɬɜɨ ɫɨɥɨɦɵ ɜ 
ɨɛɳɟɦ ɪɚɫɯɨɞɟ ɡɚɩɨɥɧɢɬɟɥɹ 0,5-0,7 ɦɚɫɫɨɜɵɯ ɞɨɥɟɣ, ɪɚɫɯɨɞ ɜɹɠɭɳɟɝɨ 1-1,7 ɦɚɫɫɨɜɵɯ ɞɨɥɟɣ, 
ɞɚɜɥɟɧɢɟ ɮɨɪɦɨɜɚɧɢɹ 0,02-0,04 Ɇɉɚ. ȼɚɪɶɢɪɨɜɚɧɢɟ ɮɚɤɬɨɪɨɜ ɜ ɭɤɚɡɚɧɧɵɯ ɩɪɟɞɟɥɚɯ ɩɨɡɜɨɥɹɟɬ 
ɫɨɯɪɚɧɢɬɶ ɤɚɩɢɥɥɹɪɧɭɸ ɫɬɪɭɤɬɭɪɭ ɫɨɥɨɦɵ, ɨɫɨɛɟɧɧɨ ɬɨɧɤɨɫɬɟɧɧɵɯ ɹɱɟɟɤ ɤɚɩɢɥɥɹɪɨɜ ɜɧɭɬɪɟɧɧɟɣ 
ɨɛɥɚɫɬɢ ɫɬɟɛɥɹ ɜ ɩɪɨɰɟɫɫɟ ɮɨɪɦɨɜɤɢ ɢɡɞɟɥɢɣ, ɱɬɨ ɢ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɩɪɨɢɡɜɨɞɢɬɶ 
ɤɨɫɬɪɨɫɨɥɨɦɟɧɧɵɟ ɩɥɢɬɵ ɫ ɜɵɫɨɤɢɦɢ ɩɪɨɱɧɨɫɬɧɵɦɢ ɢ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 



Ɂɚɤɥɸɱɟɧɢɟ 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɱɟɧɵ ɷɮɮɟɤɬɢɜɧɵɟ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ ɤɨɫɬɪɨɫɨɥɨɦɟɧɧɵɟ 

ɩɥɢɬɵ, ɨɛɥɚɞɚɸɳɢɟ ɫɥɟɞɭɸɳɢɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢμ ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ 220-
250 ɤɝ/ɦ3, ɩɪɨɱɧɨɫɬɶ ɧɚ ɫɠɚɬɢɟ ɩɪɢ 10% ɞɟɮɨɪɦɚɰɢɢ 0,65-0,8 Ɇɉɚ, ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ 1-1,2 Ɇɉɚ, 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 0,046-0,055 ȼɬ/(ɦ∙°ɋ). Ʉɨɫɬɪɨɫɨɥɨɦɟɧɧɵɟ ɩɥɢɬɵ ɹɜɥɹɸɬɫɹ 
ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɦ ɭɬɟɩɥɢɬɟɥɟɦ ɞɥɹ ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɨɛɥɚɞɚɸɬ 
ɜɵɫɨɤɢɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 
ɤɨɫɬɪɨɫɨɥɨɦɟɧɧɵɯ ɩɥɢɬ ɩɨɞɬɜɟɪɠɞɟɧɚ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɪɚɫɱɟɬɚɦɢ ɢ ɧɚɬɭɪɧɵɦɢ ɢɫɩɵɬɚɧɢɹɦɢ ɜ 
ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɧɚɪɭɠɧɵɯ ɬɪɟɯɫɥɨɣɧɵɯ ɫɬɟɧɨɜɵɯ ɨɝɪɚɠɞɟɧɢɣ, ɱɟɪɞɚɱɧɵɯ ɩɟɪɟɤɪɵɬɢɣ 
ɢ ɫɬɟɧ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɜɟɧɬɢɥɢɪɭɟɦɨɣ ɫɢɫɬɟɦɵ ɭɬɟɩɥɟɧɢɹ. 
 

Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɣ ɫɩɢɫɨɤ 
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INFLUENCE FACTORS DETERMINING THE MAIN PHYSICAL-MECHANICAL CHARACTERISTICS  
OF BOON-STRAW SLABS 

 
A.A. Bakatovich, H.V. Davydenko 

 
Abstract. The article deals with the main factors influencing physical-mechanical characteristics of heat-

insulating thatched slabs. The author gives the polynomial model of output characteristics in a coded variable. 
Single factor graphs showing how the change of variables influences the material property are also described. 
The border set of varying factors allowing to keep the capillary structure of a coarse aggregate and to obtain 
composite heat-insulating materials with the specified characteristics has been determined. 

 
Keywords: thermal insulation material, sodium water glass, aggregate, thermal conductivity, boon-straw slabs. 
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