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the explosion chamber and for which only the minimum in-
flame energy is known should be considered, the task of 
converting hazardous parameters of the known energy effi-
ciency in the discharge was set. 

Methodology. The existing method of conversion of 
parameters of control flammable gas mixtures has sev-
eral disadvantages, which lead to significant errors in 
calculating of probable values. A new dependence for 
conversion of the parameters for the other mixture has 
been designed and the comparative evaluation of the 
experimental energies of ignition has been carried out. 
To increase the accuracy of the calculation the influ-
ence of the multiplicity of reduction of the minimum 
ignition energy value of a gas mixture on energy release 
into a discharge taking into account different electrode 
spark mechanisms and discharge duration has been fig-
ured out. 

Findings. Results of calculation of flammable energy 
have been compared with experimental data listed in nor-
mative document GOST R51330.10-99 and those received 
by V.P. Didenko methodology. It has been found out that 

the presented method reduces the error by 22% for IIA 
group mixtures of and by 35% for IIB group mixtures. 

Originality. The analytical method of converting values 
of the energy and the duration of the discharge determining 
risk of sparking in explosive environments of subgroups 
IIA, IIB, IIC at various switching speeds of sparking me-
chanism has been further developed. In comparison with al-
ready known methods it shows more accurate probable da-
ta. For the first time the possibility of converting the 
parameters of flammable explosive mixtures in condition of 
luck of input information has been proved. 

Practical value. Potentialities of the method of assess-
ment of low-voltage electrical chains use in explosion-proof 
equipment have been broadened and examples of its appli-
cation for obtaining of flammable options more aggressive 
than 8.3% methane-air mixture are shown. 
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POSITION OF CHARACTERISTIC POINTS OF THE DYNAMIC SEMI TROUGH  
DURING UNDERMINING IN THE CONDITIONS OF FALL OF WATER TABLE  

. ɂɫɫɥɟɞɨɜɚɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɫɞɜɢɠɟɧɢɹ ɧɚɞ ɞɜɢɠɭɳɢɦɫɹ ɨɱɢɫɬɧɵɦ ɡɚɛɨɟɦ ɧɚ
ɇɢɤɨɩɨɥɶɫɤɨɦ ɦɚɪɝɚɧɰɟɜɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ.

. ȼɵɩɨɥɧɟɧɢɟ ɱɚɫɬɨɬɧɵɯ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɧɚ ɧɚɛɥɸɞɚɬɟɥɶɧɵɯ ɫɬɚɧɰɢɹɯ ɧɚ ɭɱɚɫɬɤɟ
ɝɥɚɜɧɨɝɨ ɫɟɱɟɧɢɹ ɦɭɥɶɞɵ ɫɞɜɢɠɟɧɢɹ, ɤɨɬɨɪɵɣ ɞɨ ɩɨɞɪɚɛɨɬɤɢ ɛɵɥ ɜɩɟɪɟɞɢ ɨɱɢɫɬɧɨɝɨ ɡɚɛɨɹ, ɚ ɩɨɫɥɟ ɩɨɞɪɚɛɨɬɤɢ
ɨɤɚɡɚɥɫɹ ɜ ɩɥɨɫɤɨɦ ɞɧɟ ɦɭɥɶɞɵ. Ⱥɧɚɥɢɡ ɩɨɥɨɠɟɧɢɹ ɬɨɱɟɤ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɫɞɜɢɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚ-
ɰɢɣ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɜɢɠɭɳɟɝɨɫɹ ɡɚɛɨɹ ɜ ɝɥɚɜɧɵɯ ɫɟɱɟɧɢɹɯ ɦɭɥɶɞɵ ɫɞɜɢɠɟɧɢɹ.

. ɇɚɬɭɪɧɵɦɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɦɢ ɧɚɛɥɸɞɟɧɢɹɦɢ ɭɫɬɚɧɨɜɥɟɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɪɟɜɵɲɟɧɢɟ ɜɟɥɢɱɢɧ ɦɚɤ-
ɫɢɦɚɥɶɧɵɯ ɨɫɟɞɚɧɢɣ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɵɧɢɦɚɟɦɨɣ ɦɨɳɧɨɫɬɢ ɦɚɪɝɚɧɰɟɜɨɪɭɞɧɨɝɨ ɩɥɚɫɬɚ ɢɡ-ɡɚ
ɜɥɢɹɧɢɹ ɜɨɞɨɩɨɧɢɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɦɟɳɚɸɳɢɯ ɩɨɪɨɞ.ɉɪɟɞɥɨɠɟɧɵ ɮɨɪɦɭɥɵ ɞɥɹ ɩɪɨɝɧɨ-
ɡɢɪɨɜɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɫɞɜɢɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɤɚɯ ɞɢɧɚɦɢɱɟɫɤɨɣ ɩɨɥɭ-
ɦɭɥɶɞɵ, ɚ ɬɚɤɠɟ ɞɥɹ ɪɚɫɱɟɬɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɫɞɜɢɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɞɜɢɠɭɳɟɦɫɹ ɡɚɛɨɟ.

. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɥɨɠɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ ɞɢɧɚɦɢɱɟɫɤɨɣ ɩɨɥɭɦɭɥɶɞɵ, ɜɨɡɧɢɤɚɸɳɟɣ
ɧɚ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɩɨɞɪɚɛɨɬɤɚɯ ɜ ɭɫɥɨɜɢɹɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɨɞɨɩɨɧɢɠɟɧɢɹ.

. ɍɫɬɚɧɨɜɥɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɬɨɱɟɤ ɞɢɧɚɦɢɱɟɫɤɨɣ ɩɨɥɭɦɭɥɶɞɵ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ
ɡɧɚɱɟɧɢɹɦɢ ɜɟɥɢɱɢɧ ɫɞɜɢɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɜɵɛɢɪɚɬɶ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɟ
ɦɟɪɵ ɨɯɪɚɧɵ ɩɨɞɪɚɛɚɬɵɜɚɟɦɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ.
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,

Ɂɚɳɢɬɚ6 ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɨɬ ɜɪɟɞɧɨɝɨ ɜɥɢɹ-
ɧɢɹ ɩɨɞɡɟɦɧɵɯ ɪɚɡɪɚɛɨɬɨɤ ɢɦɟɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ,
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ɬ.ɤ. ɜ ɨɫɬɚɜɥɟɧɧɵɯ ɰɟɥɢɤɚɯ ɩɨɞ ɡɚɫɬɪɨɟɧɧɵɦɢ ɬɟɪɪɢ-
ɬɨɪɢɹɦɢ ɬɟɪɹɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɡɚɩɚɫɵ ɩɨɥɟɡɧɵɯ
ɢɫɤɨɩɚɟɦɵɯ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɨɞ ɦɧɨɝɢɦɢ ɨɛɴɟɤɬɚɦɢ,
ɬɚɤɢɦɢ ɤɚɤ ɪɚɡɥɢɱɧɵɟ ɡɞɚɧɢɹ, ɫɨɨɪɭɠɟɧɢɹ, ɠɟɥɟɡɧɵɟ
ɞɨɪɨɝɢ ɢ ɜɵɫɨɬɧɵɟ ɨɛɴɟɤɬɵ, ɦɨɠɧɨ ɢɡɜɥɟɤɚɬɶ ɩɨɥɟɡ-
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ɧɨɟ ɢɫɤɨɩɚɟɦɨɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɪ ɡɚɳɢɬɵ ɜɨ
ɜɪɟɦɹ ɩɨɞɪɚɛɨɬɤɢ.

Ⱦɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɚ ɪɚɡɥɢɱɧɵɯ ɦɟɫɬɨɪɨɠ-
ɞɟɧɢɹɯ ɟɳɟ ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɡɭɱɟɧɨ ɪɚɡɜɢɬɢɟ ɩɪɨɰɟɫɫɚ
ɫɞɜɢɠɟɧɢɹ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨ ɜɪɟɦɟɧɢ ɧɚɞ ɞɜɢ-
ɠɭɳɢɦɫɹ ɨɱɢɫɬɧɵɦ ɡɚɛɨɟɦ [1]. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɦɟɪɵ
ɨɯɪɚɧɵ ɩɨɞɪɚɛɚɬɵɜɚɟɦɵɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɨɛɴɟɤɬɨɜ
ɜɵɛɢɪɚɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧ ɞɟɮɨɪɦɚɰɢɣ
ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ.

ɂɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ
ɫɞɜɢɠɟɧɢɹ ɧɚɞ ɞɜɢɠɭɳɢɦɫɹ ɨɱɢɫɬɧɵɦ ɡɚɛɨɟɦ ɧɚ ɇɢ-
ɤɨɩɨɥɶɫɤɨɦ ɦɚɪɝɚɧɰɟɜɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɩɪɨɜɨɞɢ-
ɥɢɫɶ ɩɭɬɟɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɱɚɫɬɨɬɧɵɯ ɢɧɫɬɪɭɦɟɧɬɚɥɶ-
ɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɧɚ ɧɚɛɥɸɞɚɬɟɥɶɧɵɯ ɢɧɬɟɪɜɚɥɚɯ
ɦɟɠɞɭ ɧɚɛɥɸɞɟɧɢɹɦɢ ɨɬ 2 ɞɨ 10 ɞɧɟɣ.

ɍɫɥɨɜɢɹ ɩɨɞɪɚɛɨɬɤɢ ɧɚɛɥɸɞɚɬɟɥɶɧɵɯ ɫɬɚɧɰɢɣ
ɛɵɥɢ ɫɥɟɞɭɸɳɢɦɢ: ɦɨɳɧɨɫɬɶ ɦɚɪɝɚɧɰɟɜɨɪɭɞɧɨɝɨ
ɩɥɚɫɬɚ – 2,0–3,1 ɦ, ɝɥɭɛɢɧɚ ɪɚɡɪɚɛɨɬɤɢ – 75–100 ɦ,
ɭɩɪɚɜɥɟɧɢɟ ɝɨɪɧɵɦ ɞɚɜɥɟɧɢɟɦ – ɩɨɥɧɨɟ ɨɛɪɭɲɟɧɢɟ,
ɫɤɨɪɨɫɬɶ ɩɨɞɜɢɝɚɧɢɹ ɨɱɢɫɬɧɨɝɨ ɡɚɛɨɹ – 10–60 ɦ/ɦɟɫ.

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɬɧɨɫɹɬɫɹ
ɤ ɬɨɦɭ ɭɱɚɫɬɤɭ ɝɥɚɜɧɨɝɨ ɫɟɱɟɧɢɹ ɦɭɥɶɞɵ ɩɨ ɧɚɩɪɚɜ-
ɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɡɚɛɨɹ, ɤɨɬɨɪɵɣ ɞɨ ɩɨɞɪɚɛɨɬɤɢ ɛɵɥ
ɜɩɟɪɟɞɢ ɨɱɢɫɬɧɨɝɨ ɡɚɛɨɹ, ɚ ɩɨɫɥɟ ɩɨɞɪɚɛɨɬɤɢ ɨɤɚɡɚɥ-
ɫɹ ɜ ɩɥɨɫɤɨɦ ɞɧɟ ɦɭɥɶɞɵ.

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɟɞɟɧɢɟ ɨɱɢɫɬɧɵɯ ɝɨɪɧɵɯ
ɪɚɛɨɬ ɧɚ ɲɚɯɬɚɯ ɨɫɥɨɠɧɟɧɨ ɧɚɥɢɱɢɟɦ ɜ ɬɨɥɳɟ ɝɨɪ-
ɧɵɯ ɩɨɪɨɞ ɧɟɫɤɨɥɶɤɢɯ ɜɨɞɨɧɨɫɧɵɯ ɝɨɪɢɡɨɧɬɨɜ (ɤɚɤ
ɛɟɡɧɚɩɨɪɧɵɯ, ɬɚɤ ɢ ɧɚɩɨɪɧɵɯ).
Ɉɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɨɛɜɨɞɧɟɧɢɹ ɲɚɯɬɧɵɯ ɝɨɪɧɵɯ
ɜɵɪɚɛɨɬɨɤ ɹɜɥɹɟɬɫɹ ɧɢɠɧɟɫɚɪɦɚɬɫɤɢɣ ɜɨɞɨɧɨɫɧɵɣ
ɝɨɪɢɡɨɧɬ. ɗɬɨɬ ɝɨɪɢɡɨɧɬ ɧɚɩɨɪɧɵɣ, ɜɟɥɢɱɢɧɵ ɧɚɩɨ-
ɪɨɜ, ɜ ɫɪɟɞɧɟɦ, ɫɨɫɬɚɜɥɹɸɬ ɨɬ 8 ɞɨ 15 ɦ ɢ ɛɨɥɟɟ. Ɉɧ
ɩɪɟɞɫɬɚɜɥɟɧ ɦɟɥɤɨɡɟɪɧɢɫɬɵɦɢ ɩɟɫɤɚɦɢ ɦɨɳɧɨɫɬɶɸ
3–4 ɦ, ɦɟɫɬɚɦɢ ɞɨ 10 ɦ. Ƚɨɪɢɡɨɧɬ ɧɚɞɪɭɞɧɵɣ, ɜɨɞɨ-
ɧɨɫɧɵɟ ɩɟɫɤɢ ɨɬɞɟɥɟɧɵ ɨɬ ɦɚɪɝɚɧɰɟɜɨɪɭɞɧɨɝɨ ɩɥɚɫɬɚ
ɝɥɢɧɚɦɢ ɦɨɳɧɨɫɬɶɸ ɨɬ 5 ɞɨ 20 ɦ. ɉɢɬɚɧɢɟ ɝɨɪɢɡɨɧɬɚ
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɛɨɥɶɲɨɣ ɩɥɨɳɚɞɢ, ɜɵɯɨɞɹɳɟɣ
ɞɚɥɟɤɨ ɡɚ ɩɪɟɞɟɥɵ ɲɚɯɬɧɵɯ ɩɨɥɟɣ. ȼɨɞɨɩɪɢɬɨɤɢ ɢɡ
ɧɢɠɧɟɫɚɪɦɚɬɫɤɨɝɨ ɜɨɞɨɧɨɫɧɨɝɨ ɝɨɪɢɡɨɧɬɚ ɧɚ ɲɚɯɬɚɯ
ɤɨɥɟɛɥɸɬɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ – ɨɬ 5,5 ɞɨ 70 ɦ3/ɱ.
ɇɚɥɢɱɢɟ ɬɚɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɨɞɵ ɜ ɬɨɥɳɟ ɝɨɪɧɵɯ ɩɨ-
ɪɨɞ ɹɜɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɩɪɟɩɹɬɫɬɜɢɟɦ ɩɪɢ ɪɚɡɪɚ-
ɛɨɬɤɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. ɉɨɷɬɨɦɭ, ɫ ɰɟɥɶɸ ɩɪɟɞɨɬɜɪɚ-
ɳɟɧɢɹ ɩɪɨɪɵɜɨɜ ɜɨɞɵ ɜ ɝɨɪɧɵɟ ɜɵɪɚɛɨɬɤɢ, ɩɟɪɟɞ
ɧɚɱɚɥɨɦ ɜɟɞɟɧɢɹ ɨɱɢɫɬɧɵɯ ɝɨɪɧɵɯ ɪɚɛɨɬ ɩɪɨɜɨɞɢɬɫɹ
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɯ ɭɪɨɜ-
ɧɟɣ ɜɨɞɨɧɨɫɧɵɯ ɝɨɪɢɡɨɧɬɨɜ ɧɚ ɭɱɚɫɬɤɚɯ, ɧɚɦɟɱɚɟɦɵɯ
ɤ ɪɚɡɪɚɛɨɬɤɟ ɜɵɟɦɨɱɧɵɯ ɫɬɨɥɛɨɜ, ɩɪɢ ɩɨɦɨɳɢ ɜɨɫ-
ɫɬɚɸɳɢɯ ɫɤɜɚɠɢɧ, ɩɪɨɛɭɪɟɧɧɵɯ ɢɡ ɩɨɞɝɨɬɨɜɢɬɟɥɶ-
ɧɵɯ ɝɨɪɧɵɯ ɜɵɪɚɛɨɬɨɤ.

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɧɚɬɭɪɧɵɯ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɧɚ-
ɛɥɸɞɟɧɢɣ ɩɨɡɜɨɥɹɟɬ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɟ
ɫɞɜɢɠɟɧɢɹ ɢ ɞɟɮɨɪɦɚɰɢɢ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɜɢɫɹɬ
ɨɬ ɫɥɟɞɭɸɳɢɯ ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɨɜ: ɦɨɳɧɨɫɬɢ ɪɭɞɧɨɝɨ
ɩɥɚɫɬɚ, ɝɥɭɛɢɧɵ ɜɟɞɟɧɢɹ ɨɱɢɫɬɧɵɯ ɪɚɛɨɬ, ɪɚɡɦɟɪɨɜ
ɜɵɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɫɬɟɩɟɧɢ ɜɨɞɨɩɨɧɢɠɟɧɢɹ
ɧɚ ɩɨɞɪɚɛɚɬɵɜɚɟɦɵɯ ɭɱɚɫɬɤɚɯ, ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ
ɫɜɨɣɫɬɜ ɜɦɟɳɚɸɳɢɯ ɝɨɪɧɵɯ ɩɨɪɨɞ. ɉɪɢ ɷɬɨɦ ɜɥɢɹɧɢɟ
ɝɥɭɛɢɧɵ ɪɚɡɪɚɛɨɬɤɢ ɨɬɞɟɥɶɧɨ ɧɟ ɢɫɫɥɟɞɨɜɚɥɨɫɶ, ɜ ɧɚ-

ɫɬɨɹɳɟɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɬɨɥɶɤɨ ɭɫɥɨɜɢɹ ɩɨɥ-
ɧɨɣ ɩɨɞɪɚɛɨɬɤɢ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ.

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɢɤɚɯ ɪɚɫɱɟɬɚ
ɫɞɜɢɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ [2,3] ɜɚɠɧɟɣɲɢɦ ɩɨɤɚɡɚɬɟ-
ɥɟɦ ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɨɫɟɞɚɧɢɹ ɡɟɦ-
ɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɬ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɬɨɪɨɣ, ɜ ɡɧɚɱɢ-
ɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ, ɡɚɜɢɫɢɬ ɬɨɱɧɨɫɬɶ ɩɪɨɝɧɨɡɢɪɭɟɦɵɯ
ɫɞɜɢɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ.

ɇɚɬɭɪɧɵɦɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɦɢ ɧɚɛɥɸɞɟɧɢɹɦɢ,
ɜɵɩɨɥɧɟɧɧɵɦɢ ɫɨɬɪɭɞɧɢɤɚɦɢ ɤɚɮɟɞɪɵ ɦɚɪɤɲɟɣɞɟɪɢɢ
ɧɚ ɧɚɛɥɸɞɚɬɟɥɶɧɵɯ ɫɬɚɧɰɢɹɯ, ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɡɧɚ-
ɱɢɬɟɥɶɧɨɟ ɩɪɟɜɵɲɟɧɢɟ ɜɟɥɢɱɢɧ ɦɚɤɫɢɦɚɥɶɧɵɯ ɨɫɟɞɚ-
ɧɢɣ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɵɧɢɦɚɟɦɨɣ
ɦɨɳɧɨɫɬɢ ɦɚɪɝɚɧɰɟɜɨɪɭɞɧɨɝɨ ɩɥɚɫɬɚ (ɞɨ 1 ɦ ɢ ɛɨɥɟɟ). 

Ɉɛɳɟɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɨɫɟɞɚɧɢɟ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɞɥɹ ɇɢɤɨɩɨɥɶɫɤɨɝɨ ɦɚɪɝɚɧɰɟɜɨɝɨ ɦɟɫɬɨɪɨɠɞɟ-
ɧɢɹ, ɜ ɭɫɥɨɜɢɹɯ ɜɨɞɨɩɨɧɢɠɟɧɢɹ ɩɪɢ ɩɨɥɧɨɣ ɩɨɞɪɚ-
ɛɨɬɤɟ, ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜɵɱɢɫɥɹɬɶ ɩɨ ɫɥɟɞɭɸɳɟɣ
ɮɨɪɦɭɥɟ [4] 

000 ηηη +=
ɢɥɢ

=
Δ+=

n

i
ii hkmq

1
00 ση , (1) 

ɝɞɟ 0η  – ɦɚɤɫɢɦɚɥɶɧɨɟ ɨɫɟɞɚɧɢɟ, ɜɵɡɜɚɧɧɨɟ ɨɱɢɫɬ-

ɧɵɦɢ ɝɨɪɧɵɦɢ ɪɚɛɨɬɚɦɢ, ɦ; 0η  – ɦɚɤɫɢɦɚɥɶɧɨɟ

ɨɫɟɞɚɧɢɟ, ɜɵɡɜɚɧɧɨɟ ɜɨɞɨɩɨɧɢɠɟɧɢɟɦ, ɦ; 0q  – ɨɬɧɨ-
ɫɢɬɟɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɨɫɟɞɚɧɢɹ (ɞɥɹ
ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɫɨ ɫɥɚɛɵɦɢ ɜɦɟɳɚɸɳɢɦɢ ɩɨɪɨɞɚɦɢ
ɪɚɜɧɨ 0,9); m – ɜɵɧɢɦɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɩɥɚɫɬɚ, ɦ;

γσ )( 21 HH −=Δ – ɜɟɥɢɱɢɧɚ ɷɮɮɟɤɬɢɜɧɵɯ
ɧɚɩɪɹɠɟɧɢɣ ɜɫɥɟɞɫɬɜɢɟ ɜɨɞɨɩɨɧɢɠɟɧɢɹ, ɤɝ/ɦ2;

)1( iii ak ε+= – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɮɢ-
ɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɞɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨ-
ɪɨɞɧɨɣ ɬɨɥɳɢ (ɫɠɢɦɚɟɦɨɫɬɶ ia ɢ ɩɨɪɢɫɬɨɫɬɶ iε );
h  – ɜɟɪɬɢɤɚɥɶɧɵɟ ɦɨɳɧɨɫɬɢ ɩɨɪɨɞɧɵɯ ɫɥɨɟɜ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɪɚɠɟɧɢɟ (1) ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟ-
ɥɹɬɶ ɜɟɥɢɱɢɧɵ ɤɨɧɟɱɧɵɯ ɨɫɚɞɨɤ ɬɨɥɳɢ ɝɨɪɧɵɯ ɩɨ-
ɪɨɞ, ɫ ɭɱɟɬɨɦ ɢɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɩɪɢ
ɢɡɜɟɫɬɧɨɣ ɜɟɥɢɱɢɧɟ ɜɨɞɨɩɨɧɢɠɟɧɢɹ. Ɇɚɤɫɢɦɚɥɶɧɵɟ
ɞɟɮɨɪɦɚɰɢɢ ɪɚɡɜɢɜɚɸɬɫɹ ɜ ɝɥɚɜɧɵɯ ɫɟɱɟɧɢɹɯ ɦɭɥɶ-
ɞɵ, ɝɞɟ ɨɛɵɱɧɨ ɨɛɪɚɡɭɸɬɫɹ ɧɟɫɤɨɥɶɤɨ ɦɚɤɫɢɦɭɦɨɜ.
ɏɚɪɚɤɬɟɪɧɵɦɢ ɬɨɱɤɚɦɢ ɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɩɨɥɭɦɭɥɶɞɟ
ɛɭɞɭɬ ɫɥɟɞɭɸɳɢɟ (ɪɢɫɭɧɨɤ). 

ɉɨɥɨɠɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ (1ǯ, 2ǯ,…9ǯ) ɨɬɧɨ-
ɫɢɬɟɥɶɧɨ ɥɢɧɢɢ ɞɜɢɠɭɳɟɝɨɫɹ ɡɚɛɨɹ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ
ɝɥɭɛɢɧɵ ɪɚɡɪɚɛɨɬɤɢ , ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ.1. 

ɂɡɜɟɫɬɧɨ [1], ɱɬɨ ɜɟɥɢɱɢɧɵ ɫɞɜɢɠɟɧɢɣ ɢ ɞɟɮɨɪ-
ɦɚɰɢɣ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɞɜɢɠɭɳɟɣɫɹ ɩɨɥɭɦɭɥɶ-
ɞɟ ɡɚɜɢɫɹɬ ɨɬ ɜɵɧɢɦɚɟɦɨɣ ɦɨɳɧɨɫɬɢ ɩɥɚɫɬɚ m ɢ ɨɬ
ɝɥɭɛɢɧɵ ɪɚɡɪɚɛɨɬɤɢ . ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɦɟɫɬɨ ɩɚ-
ɪɚɦɟɬɪɚ m ɭɞɨɛɧɟɟ ɛɭɞɟɬ ɨɩɟɪɢɪɨɜɚɬɶ ɜɟɥɢɱɢɧɨɣ
ɨɛɳɟɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɨɫɟɞɚɧɢɹ 0η , ɩɨɫɤɨɥɶɤɭ ɨɧɚ
ɭɱɢɬɵɜɚɟɬ ɢ ɜɵɧɢɦɚɟɦɭɸ ɦɨɳɧɨɫɬɶ ɪɭɞɧɨɝɨ ɩɥɚɫɬɚ,
ɢ ɜɨɡɦɨɠɧɭɸ ɨɫɚɞɤɭ ɩɨɪɨɞɧɨɣ ɬɨɥɳɢ ɜɫɥɟɞɫɬɜɢɟ ɜɨ-
ɞɨɩɨɧɢɠɟɧɢɹ.
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Ɇɚɤɫɢɦɚɥɶɧɵɟ ɫɞɜɢɠɟɧɢɹ ɢ ɞɟɮɨɪɦɚɰɢɢ ɡɟɦɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɧɚɛɥɸɞɟɧɢɣ ɢ

ɭɫɪɟɞɧɟɧɧɵɟ ɞɥɹ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɜ ɰɟɥɨɦ, ɪɟɤɨɦɟɧɞɭ-
ɟɬɫɹ ɜɵɱɢɫɥɹɬɶ ɩɨ ɮɨɪɦɭɥɚɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɬɚɛɥ. 2. 

 1 

ɉɨɥɨɠɟɧɢɟ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ ɜ ɞɜɢɠɭɳɟɣɫɹ ɩɨɥɭɦɭɥɶɞɟ
ɨɬɧɨɫɢɬɟɥɶɧɨ ɥɢɧɢɢ ɨɱɢɫɬɧɨɝɨ ɡɚɛɨɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɥɭɛɢɧɵ ɪɚɡɪɚɛɨɬɤɢ  (ɪɢɫ. 1) 

ʋ ɧɚɛɥɸɞ.
ɫɬɚɧɰɢɣ

ɇɨɦɟɪɚ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ
1ǯ 2ǯ 3ǯ 4ǯ 5ǯ 6ǯ 7ǯ 8ǯ 9ǯ

ʋ2 0,82H –0,69H 0  0,23H –0,30H 0 –0,46H 0,20H –0,23H

ʋ4 0,81H –0,65H –0,04H 0,26H –0,38H –0,05H –0,52H 0,17H –0,27 

ɋɪɟɞɧɢɟ
ɡɧɚɱɟɧɢɹ 0,82H –0,67H –0,02H 0,24H –0,34H –0,02H –0,49H 0,18H –0,25H

ɉɪɢɦɟɱɚɧɢɟ: Ɂɧɚɤ „–“ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɬɨɱɤɚ ɪɚɫɩɨɥɨɠɟɧɚ ɩɨɡɚɞɢ ɞɜɢɠɭɳɟɝɨɫɹ ɡɚɛɨɹ; 0 – ɬɨɱɤɚ ɪɚɫɩɨɥɨɠɟɧɚ
ɧɚɞ ɞɜɢɠɭɳɢɦɫɹ ɡɚɛɨɟɦ.

 2 

ɉɚɪɚɦɟɬɪɵ ɞɥɹ ɪɚɫɱɟɬɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɫɞɜɢɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ
ɩɪɢ ɞɜɢɠɭɳɟɦɫɹ ɡɚɛɨɟ
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ɞɟɮɨɪɦɚɰɢɹ
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k0+ ,
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ɉɪɢɦɟɱɚɧɢɟ: ɭɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɫɦ. ɜ ɬɟɤɫɬɟ

Ⱥɧɚɥɢɡɨɦ ɞɚɧɧɵɯ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɧɚɛɥɸɞɟɧɢɣ
ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɟ ɧɚɤɥɨɧɵ ɡɟɦ-
ɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɦɚɤɫɢɦɚɥɶɧɵɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ
ɫɞɜɢɠɟɧɢɹ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɩɪɢɭɪɨɱɟɧɵ ɤ ɥɢɧɢɢ ɨɱɢ-
ɫɬɧɨɝɨ ɡɚɛɨɹ (ɬɨɱɤɢ 8ǯ, 6ǯ). ȼɟɥɢɱɢɧɚ „ɡɚɜɢɫɚɧɢɹ“ ɩɨ-
ɪɨɞ ɧɚɞ ɜɵɪɚɛɨɬɚɧɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɨɦ ɜɟɫɶɦɚ ɧɟɡɧɚ-
ɱɢɬɟɥɶɧɚ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɫɬɚɜɥɹɟɬ 0–0,02 .
ɍɱɢɬɵɜɚɹ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɥɨɠɟɧɢɹ
ɷɬɢɯ ɬɨɱɟɤ, ɬɚɤɢɦɢ ɜɟɥɢɱɢɧɚɦɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. Ʉ
ɬɨɱɤɚɦ 3ǯ, 6ǯ ɩɪɢɭɪɨɱɟɧɵ ɬɚɤɠɟ ɧɭɥɟɜɵɟ ɡɧɚɱɟɧɢɹ
ɤɪɢɜɢɡɧɵ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ.

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ ɧɟɤɨɬɨɪɭɸ ɚɫɢɦɦɟɬɪɢɱ-
ɧɨɫɬɶ ɪɚɫɩɨɥɨɠɟɧɢɹ ɬɨɱɟɤ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɡɧɚɱɟ-
ɧɢɹɦɢ ɤɪɢɜɢɡɧɵ (ɬɨɱɤɢ 4ǯ, 5ǯ) ɢ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɡɧɚ-

ɱɟɧɢɹɦɢ ɪɚɫɬɹɠɟɧɢɣ-ɫɠɚɬɢɣ (ɬɨɱɤɢ 8ǯ, 9ǯ) ɨɬɧɨɫɢ-
ɬɟɥɶɧɨ ɞɜɢɠɭɳɟɝɨɫɹ ɡɚɛɨɹ.

Ɉɬɦɟɱɚɟɬɫɹ ɛɨɥɶɲɚɹ ɭɞɚɥɟɧɧɨɫɬɶ ɨɬ ɡɚɛɨɹ ɬɨɱɟɤ ɫ
ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɞɟɮɨɪɦɚɰɢɣ (ɬɨɱɤɢ 5ǯ,
9ǯ), ɱɬɨ, ɜɟɪɨɹɬɧɨ, ɨɛɴɹɫɧɹɟɬɫɹ ɡɚɬɭɯɚɧɢɟɦ ɩɪɨɰɟɫɫɚ
ɫɞɜɢɠɟɧɢɹ ɩɨɡɚɞɢ ɞɜɢɠɭɳɟɝɨɫɹ ɡɚɛɨɹ.

Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ [1] ɨɬɦɟɱɚɸɬ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ Ɂɚ-
ɩɚɞɧɨɝɨ Ⱦɨɧɛɚɫɫɚ ɧɚɛɥɸɞɚɸɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ
ɫɞɜɢɠɟɧɢɹ ɬɨɱɟɤ ɜɨ ɜɪɟɦɟɧɢ ɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɩɨɥɭ-
ɦɭɥɶɞɟ. ɉɪɢ ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɵɟ ɫɠɚɬɢɹ ɡɟɦɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɩɪɢ ɞɜɢɠɭɳɟɦɫɹ ɡɚɛɨɟ ɡɚɜɢɫɹɬ ɨɬ ɦɨɳɧɨ-
ɫɬɢ ɩɥɚɫɬɚ ɢ ɝɥɭɛɢɧɵ ɪɚɡɪɚɛɨɬɤɢ.
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Ⱥɧɚɥɢɡɢɪɭɹ ɩɨɥɨɠɟɧɢɟ ɬɨɱɟɤ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ
ɡɧɚɱɟɧɢɹɦɢ ɫɞɜɢɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɡɟɦɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɜɢɠɭɳɟɝɨɫɹ ɡɚɛɨɹ ɞɥɹ ɭɫ-
ɥɨɜɢɣ ɇɢɤɨɩɨɥɶɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ
ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ:

– ɬɨɱɤɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɤɥɨɧɚ (ɬɨɱɤɚ ɩɟɪɟɝɢɛɚ
ɤɪɢɜɨɣ ɨɫɟɞɚɧɢɹ) ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɟɬ ɜ ɩɥɚɧɟ ɫ
ɬɨɱɤɨɣ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɞɜɢɠɟɧɢɹ ɢ
ɩɪɢɭɪɨɱɟɧɚ ɤ ɥɢɧɢɢ ɞɜɢɠɭɳɟɝɨɫɹ ɡɚɛɨɹ, ɷɮɮɟɤɬ „ɡɚ-
ɜɢɫɚɧɢɹ“ ɩɨɪɨɞ ɧɚɞ ɜɵɪɚɛɨɬɚɧɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɨɦ
ɜɟɫɶɦɚ ɧɟɡɧɚɱɢɬɟɥɶɧɵɣ 0–0,02H ɢ ɩɪɢ ɷɬɨɦ ɫɨɢɡɦɟ-
ɪɢɦ ɫ ɬɨɱɧɨɫɬɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɯɚɪɚɤɬɟɪ-
ɧɵɯ ɬɨɱɟɤ;

– ɬɨɱɤɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɤɪɢɜɢɡɧɵ ɜɵɩɭɤɥɨɫɬɢ ɢ
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɪɚɫɩɨɥɨɠɟɧɵ ɜɩɟɪɟɞɢ
ɞɜɢɠɭɳɟɝɨɫɹ ɡɚɛɨɹ ɧɚ ɪɚɫɫɬɨɹɧɢɹɯ 0,18H – 0,24H;

– ɬɨɱɤɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɤɪɢɜɢɡɧɵ ɜɨɝɧɭɬɨɫɬɢ ɢ
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɠɚɬɢɹ ɪɚɫɩɨɥɨɠɟɧɵ ɩɨɡɚɞɢ ɞɜɢɠɭ-
ɳɟɝɨɫɹ ɡɚɛɨɹ ɧɚ ɪɚɫɫɬɨɹɧɢɹɯ 0,25H – 0,34H;

– ɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɩɨɥɭɦɭɥɶɞɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɞɟ-
ɮɨɪɦɚɰɢɢ ɩɪɟɜɵɲɚɸɬ ɫɬɚɬɢɱɟɫɤɢɟ ɜ ɫɪɟɞɧɟɦ ɧɚ ɫɥɟ-
ɞɭɸɳɢɟ ɜɟɥɢɱɢɧɵ: ɧɚɤɥɨɧɵ – ɧɚ 24–34%, ɤɪɢɜɢɡɧɚ – 
ɧɚ 26–58%, ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɢ – ɧɚ 13–
18%; 

– ɦɚɤɫɢɦɚɥɶɧɵɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɫɞɜɢɠɟɧɢɹ, ɩɪɢ
ɡɚɤɨɧɱɢɜɲɟɦɫɹ ɩɪɨɰɟɫɫɟ ɫɞɜɢɠɟɧɢɹ, ɛɨɥɶɲɟ ɞɢɧɚ-
ɦɢɱɟɫɤɢɯ ɩɪɢɦɟɪɧɨ ɧɚ 50–70%; 

– ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɞɜɢ-
ɠɟɧɢɣ ɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɩɨɥɭɦɭɥɶɞɟ ɢɦɟɟɬ ɨɬɥɢɱɢ-
ɬɟɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɬɪɟɛɭɟɬ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨ-
ɜɚɧɢɣ.

ɉɨɥɭɱɟɧɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ
ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɦɟɪ ɩɨ ɨɯɪɚɧɟ ɫɨɨɪɭɠɟɧɢɣ ɨɬ
ɜɪɟɞɧɨɝɨ ɜɥɢɹɧɢɹ ɩɨɞɡɟɦɧɵɯ ɪɚɡɪɚɛɨɬɨɤ.
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ɧɢɯ ɫɩɨɫɬɟɪɟɠɟɧɶ ɧɚ ɫɩɨɫɬɟɪɟɠɧɢɯ ɫɬɚɧɰɿɹɯ ɧɚ ɞɿɥɹ-
ɧɰɿ ɝɨɥɨɜɧɨɝɨ ɩɟɪɟɪɿɡɭ ɦɭɥɶɞɢ ɡɪɭɲɟɧɧɹ, ɳɨ ɩɟɪɟɞ
ɩɿɞɪɨɛɤɨɸ ɛɭɜ ɩɨɩɟɪɟɞɭ ɨɱɢɫɧɨɝɨ ɜɢɛɨɸ, ɚ ɩɿɫɥɹ ɩɿ-
ɞɪɨɛɤɢ ɨɩɢɧɢɜɫɹ ɜ ɩɥɚɫɤɨɦɭ ɞɧɿ ɦɭɥɶɞɢ. Ⱥɧɚɥɿɡ ɩɨ-
ɥɨɠɟɧɧɹ ɬɨɱɨɤ ɡ ɦɚɤɫɢɦɚɥɶɧɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɡɪɭ-
ɲɟɧɶ ɿ ɞɟɮɨɪɦɚɰɿɣ ɡɟɦɧɨʀ ɩɨɜɟɪɯɧɿ ɜɿɞɧɨɫɧɨ ɜɢɛɨɸ,
ɳɨ ɪɭɯɚɽɬɶɫɹ ɜ ɝɨɥɨɜɧɢɯ ɩɟɪɟɪɿɡɚɯ ɦɭɥɶɞɢ ɡɪɭɲɟɧɧɹ.
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ɥɢɱɢɧ ɦɚɤɫɢɦɚɥɶɧɢɯ ɨɫɿɞɚɧɶ ɡɟɦɧɨʀ ɩɨɜɟɪɯɧɿ ɩɨ ɜɿɞ-
ɧɨɲɟɧɧɸ ɞɨ ɩɨɬɭɠɧɨɫɬɿ ɦɚɪɝɚɧɰɟɜɨɪɭɞɧɨɝɨ ɩɥɚɫɬɚ,
ɳɨ ɜɢɣɦɚɽɬɶɫɹ, ɜɿɞ ɜɩɥɢɜɭ ɜɨɞɨɡɧɢɠɟɧɧɹ, ɚ ɬɚɤɨɠ ɮɿ-
ɡɢɤɨ-ɦɟɯɚɧɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɜɦɿɳɭɸɱɢɯ ɩɨɪɿɞ.

ɇɚɜɟɞɟɧɨ ɮɨɪɦɭɥɢ ɞɥɹ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɦɚɤɫɢɦɚ-
ɥɶɧɢɯ ɡɪɭɲɟɧɶ ɿ ɞɟɮɨɪɦɚɰɿɣ ɡɟɦɧɨʀ ɩɨɜɟɪɯɧɿ ɜ ɯɚɪɚɤ-
ɬɟɪɧɢɯ ɬɨɱɤɚɯ ɞɢɧɚɦɿɱɧɨʀ ɧɚɩɿɜɦɭɥɶɞɢ, ɚ ɬɚɤɨɠ ɞɥɹ
ɪɨɡɪɚɯɭɧɤɭ ɦɚɤɫɢɦɚɥɶɧɢɯ ɡɪɭɲɟɧɶ ɿ ɞɟɮɨɪɦɚɰɿɣ ɡɟ-
ɦɧɨʀ ɩɨɜɟɪɯɧɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɢɛɨɸ, ɳɨ ɪɭɯɚɽɬɶɫɹ.

. Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɨɥɨɠɟɧɧɹ ɯɚ-
ɪɚɤɬɟɪɧɢɯ ɬɨɱɨɤ ɞɢɧɚɦɿɱɧɨʀ ɧɚɩɿɜɦɭɥɶɞɢ, ɳɨ ɜɢɧɢ-
ɤɚɽ ɧɚ ɡɟɦɧɿɣ ɩɨɜɟɪɯɧɿ ɩɪɢ ɩɿɞɪɨɛɤɚɯ ɜ ɭɦɨɜɚɯ ɩɨɩɟ-
ɪɟɞɧɶɨɝɨ ɜɨɞɨɩɨɧɢɠɟɧɧɹ.

. ȼɢɡɧɚɱɟɧɧɹ ɩɨɥɨɠɟɧɧɹ
ɬɨɱɨɤ ɞɢɧɚɦɿɱɧɨʀ ɧɚɩɿɜɦɭɥɶɞɢ ɡ ɦɚɤɫɢɦɚɥɶɧɢɦɢ ɡɧɚ-
ɱɟɧɧɹɦɢ ɜɟɥɢɱɢɧ ɡɪɭɲɟɧɶ ɿ ɞɟɮɨɪɦɚɰɿɣ ɡɟɦɧɨʀ ɩɨɜɟ-

ɪɯɧɿ, ɞɨɡɜɨɥɹɽ ɨɛɢɪɚɬɢ ɧɚɣɛɿɥɶɲ ɟɮɟɤɬɢɜɧɿ ɦɿɪɢ ɨɯɨ-
ɪɨɧɢ ɛɭɞɿɜɟɥɶ ɿ ɫɩɨɪɭɞ, ɳɨ ɩɿɞɪɨɛɥɸɸɬɶɫɹ.
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Purpose. To determine dynamic parameters of dis-
placement process above a moving production face in the 
Nikopol manganese ore deposit  

Methodology. Frequency instrumental monitoring 
has been held at observation stations which had been 
placed in the main section of semi trough before mining 
face and after undermining had appeared in the flat bot-
tom of semi trough. Position of points with the maximum 
values of displacement and deformations of the earth sur-
face relative to the moving face in the main section of 
trough has been analyzed.  

Findings. Field instrumental observations showed 
that values of maximum vertical displacement of the 
earth surface considerably exceed the thickness of mined 
out manganese ore layer. This was caused by water de-
pression influence and physical and mechanical proper-
ties of enclosing rock.  

Formulas for forecasting of maximal displacements 
and deformations of earth surface in distinguished points 
of dynamic semi trough and for calculation of maximum 
displacement and deformations of the earth surface above 
moving face has been offered. 

Originality. Research of position of distinguished 
points of dynamic semi trough arising on the earth sur-
face during undermining in the conditions of preliminary 
water depression has been carried out. 

Practical value. Method of determination of position 
of distinguished points of dynamic semi trough and max-
imum values of displacements and deformations allows 
choosing the most effective protection measures during 
undermining of buildings and constructions. 

Keywords: observation station, frequency instrumen-
tal monitoring, dynamic semi trough, deformations of 
earth surface 
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