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Annotation. The oscillation modes of vibrating feeders with vibro-impact adaptive drive are researched, which are 
intended for output and loading of reflacted ore from chambers of wining blocks at underground mining, or other bulk 
media from bunkers and so on, under complicated vibration conditions. The resonant polyfrequency oscillations of the 
impactor of the vibro-impact drive of feeders with such drive in vibro-impact modes are excited, which through the one-
side elastic elements are transmitted to the feeder tray, and in the pillar of the reflacted ore in the chamber above the 
tray. With increasing load from the ore on the tray there is an increase in the intensity of the impactor vibration of the 
feeder vibro-impact drive with accelerations in hundreds m/s2. Such oscillations increase the depth of dissemination of 
vibrational effects in the pillar of reflacted ore above the tray, which increases the efficiency and productivity of vibration 
output. Depending on the feeders parameters in its oscillatory system, the various modes of vibro-impact oscillations are 
excited. On heavy vibrating feeders that are used to vibrate and load reflacted ores from wining blocks chambers driven 
by asynchronous motors, fixed on a stationary frame, bearings of heavy series are installed on the debalanced vibrators. 
Therefore, acceleration of the impactor of their vibro-impact drive in normal vibration output modes, it is possible to 
provide at the level of 200 m/s2. Under conditions of blockage, in the short term, the accelerator of an impactor can 
increase to 400-500 m/s2, depending on the setting. Given the possibility of achieving such a level of acceleration and 
growth, in this case, the spectral density and the width of the frequency spectrum of oscillations that is excited in the 
vibrational system of the feeder, this will ensure the high productivity and efficiency of the vibration output of the reflacted 
ore from the wining blocks chambers.The task of choosing the mode of variation of the feeder is to determine such 
parameters, which would ensure efficient vibration output of the rock mass and reliability of its operation. 

Keywords: underground mining, vibrational feeders, bulk medium, vibro-impact adaptive drive, polyfrequency 
oscillations, frequency spectrum, vibration output of the rock mass, high productivity and efficiency. 

 

Introduction. At the underground mining of minerals for the output and loading 

of reflacted ore from the chambers of winings blocks through the outlets (hollows), 

vibrating feeders are used [1-9]. Such vibration feeders are subject to high 

requirements for the strength and reliability of the construction, since they operate in 

conditions of bulk, under heavy load from ore, and from explosions at the destruction 

of oversized pieces of the rock mass and the elimination of its freezes in the chamber, 

as well as significant shock loads from pieces falling on the feeder tray. 

Typically, these feeders are single-mass over-resonance systems with oscillation 

excitations from debalanced vibrators driven by asynchronous electric motors. The 

essential disadvantage of such systems is to reduce the intensity of vibration  
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excitation of the feeder tray with increasing load on it from the pillar of the reflacted 

rock mass in the chamber. When working under a blockage it is possible to 

significantly reduce or almost complete stopping of excitation of the rock mass above 

the tray, which greatly complicates the repair of vibration output process [5, 6]. Note 

that vibration actively influences the parameters of the reflacted ore flow zone due to 

the static equilibrium bonds destruction and the adhesion forces reduction, and the 

friction between the pieces of the bulk medium, which increases the output 

productivity. In spite of this, the depth and intensity of the reflacted rock mass 

excitation above the tray are important factors at vibration output. Therefore, the 

providing of intensive excitation of the reflacted ore in the chamber above the tray 

and the non-stopping of its excitation at the feeder operation under the blockage is 

actual. This allows to reduce the probability of occurrence of ore freezing in the 

chamber and to increase the vibration output. 

Such requirements correspond to vibrating feeders with vibro-impact adaptive 

drive [1], which are double-mass dynamic systems, which are connected with each 

other by two-side and one-side elastic bonds, which are installed between the feeder 

tray and the vibro-impact drive impactor, on which the debalanced vibrator is fixed. 

In such a system, resonant polyfrequency oscillations of the impactor can be excited 

[4], which are transmitted to the feeder tray with the reflacted rock mass. With 

increasing loads from the pillar of the rock mass above the tray, due to the decrease in 

the amplitude of its oscillations, dynamic gaps between one-sided elastic elements 

installed on the tray and the the vibro-impact drive impactor are increased and which 

limit its moving. At the same time, the phases of the impactor and tray oscillations 

vary, which, with increasing load, gradually practically from in-phase become 

antiphase. The spectral density of the frequency spectrum of oscillations is also 

varied due to excitation the additional harmonics in the feeder vibrational system. 

There is a significant (at times) increase in the intensity of the oscillations of the 

vibro-impact drive impactor, which, accordingly, is transmitted to the tray and the 

rock mass on it. Thus, by changing the parameters and energy of the impactor 

oscillations, the vibro-impact drive adapts to the change in the load on the tray from 

the pillar of the rock mass in the wining block chamber. 

It should be noted that polyfrequency oscillations contribute to the increase of the 

efficiency of the technological process of reflacted ore vibrations output from the 

wining blocks chambers, due to the increase in the intensity and depth of excitation of 

the rock mass in the chamber above the feeder tray and the speed of its displacement 

[1-3]. Therefore, the growth of the oscillations frequency spectrum spectral density 

positively affects the vibration output. In this case, an increase in the level and depth 

of vibration dissemination in the massive of reflacted ore, the static equilibrium 

bonds destruction and the adhesive forces and friction between the pieces of reflacted 

ore reduction is provided. 

Method. Adjustment of vibrational oscillation parameters of vibrating feeders 

with a vibro-mpact adaptive drive must be ensured that in normal vibration output 

modes, stationary vibro-impact oscillations of the feeder are performed, at the 

nominal operating conditions of the asynchronous motor of vibration drive. As the 
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load increases, acceleration of the impactor of the vibro-impact drive also increases, 

and when operating under a blockage, the parameters of its oscillations should be 

changed so that the acceleration does not exceed the permissible level, selected 

according to the feeder reliability criteria. 

For research on the parameters of the feeder operation with a vibro-impact 

adaptive drive, a mathematical model of a feeder with a vibration oscillations 

generator of limited-power and a calculation algorithm for its numerical studies, 

which are implemented in a computer program [10], have been developed. In 

accordance with the declared requirements to the feeder oscillations modes, the 

research of the settings of their parameters was performed. These researches were 

carried out at the basic parameters of the feeder, given in Table 1. 
 

Table 1 - Basic parameters of a vibrating feeder for research 
 

Parameter Symbol Value 

Mass of feeder tray, kg 1m  300 

Mass of impactor, kg 2m  160 

Stiffness of two-side elastic bonds between m1 and the 

stationary base, N/m 
10pc

 1680000 

Viscosity coefficient of elastic bonds 10pc  10pb
 2000 

Stiffness of two-side elastic bonds between 
1m  and 

2m , N/m 21pc
 278260 

Viscosity coefficient of elastic bonds 10pc  21pb
 2000 

Stiffness of the upper constraints, kN/m 12rc  20000 

Viscosity coefficient of elastic bonds 
12rc  12rb  2000 

Static gap 
12rc , m 12  0-0.008 

Stiffness of the lower constraints, kN/m 21rc  20000 

Viscosity coefficient of elastic bonds 
21rc  21rb  2000 

Static gap 
21rc , m 21  0-0.008 

Type of vibrating oscillator - electromechanical vibrator ȿȼ100L6U3 - 

Synchronous angular speed of vibrator axle rotation, rad/s y  104.67 

Nominal angular speed of vibrator axle rotation, rad/s v  97.34 

Weight of debalances on vibrator axle, kg 0m  12.28 

Eccentricity of debalances, m r  0-0.061 

Force of excitation of forced oscillations at synchronous 

frequency, kN 

2

0 crm   0-8.2 

Static moment, kgm rm0  0-0.75 

Nominal power of an asynchronous electric motor, kW nN  2.4 

Number of pairs of electric motor poles, pairs p  3 

Coefficient of engine capacity to overload   2.4 

Frequency of current in the network, Hz cf  50 
 

The parameters of the settings that can change the oscillations of the feeder with 

the vibro-impact adaptive drive include the gaps δ12 and δ21 to one-side elastic 

elements that limit the movement of the impactor of the vibro-impact drive and the 

eccentricity of the vibrator debalanses r, the regulation of which changes the 

excitation of the excitatory force. 
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Research results and discussion. In Fig. 1 shows the dependences of 

accelerations of the feeder masses m1 and m2 with the growth of the gaps δ12 and δ21 

in the range 0-12 mm in a 1 mm step, calculated by the mathematical model of the 

feeder by the method of continuation by parameter. 
 

 
 

 
 

Figure 1 - Dependences of the feeder masses accelerations, obtained by the method of continuation 

by parameter with increasing gaps between the impactor and one-side elastic elements 
 

It should be noted that in calculations in a mathematical model of a feeder, two 

methods of research can be used: continuation by parameter and method of discrete 

selection of this parameter. These methods allow taking into account the influence of 

the initial conditions on the solution of the mathematical model equations to the 

feeder oscillations. In the method of continuation by parameter, as the initial 

approximation of the solution of the equations in the next step of the research, 

decisions made in the previous step are selected. The method of discrete selection 

differs from the method of continuation of the parameter by the fact that when 

changing the research step of the parameter, the initial conditions do not change and 

remain the same as in the first step of the research. 

The analysis of dependencies (Fig. 1) shows that when the system starts with a 

parameter continuation method, provided that at the initial moment of time t=0, the 

system is at rest, the vibro-impact modes of the feeder drive oscillations are excited in 

the range of changes in the gaps of 0-11 mm. In the range of 11 to 12 mm, the 

vibration oscillation breakdown occurs and the system moves to vibrations without 

interaction with one-side elastic elements, with the accelerations of the impactor and 

the tray, respectively, equal to 52 and 14 m/s
2
. At the same time, the growth of gaps 

in the range of 0-11 mm ambiguously affects the acceleration of the feeder mass. The 

acceleration of the tray m1 grows throughout the range of vibro-impact oscillations 
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excitation, whereas as acceleration of the impactor m2, at the beginning of the range, 

when the gaps vary from 1 to 3 mm, they decrease and then begin to increase with 

greater intensity than the tray accelerations, reaching maximum at intervals at 11 mm, 

for the impactor of 304 m/s
2
, and for the tray of 183 m/s

2
. 

When the system is started by method of discrete selection of parameters 

(intervals) in the range of 0-10 mm (Fig. 2) with zero initial conditions at each step of 

the research, vibro-impact modes of the system oscillations are excited in the range of 

growth of gaps of 1-8 mm, with maximum accelerations at gaps of 8 mm, equal, for 

the impactor 259 m/s
2
 and for the tray 172 m/s

2
. 

 

 
 

Figure 2 - Dependences of the feeder masses accelerations, obtained by the method of discrete 

selection of the parameter at the growth of the gaps between the impactor and one-side elastic 

elements 
 

Unlike the previous research method (Fig. 1), the breakdown of vibration 

oscillation regime of the system occurs earlier, in the range of the growth of the gaps 

of 8 to 9 mm, and then non-impact oscillations are further excited, with the same 

accelerations of the impactor of 52 m/s
2
 and the tray of 14 m/s

2
, as in Fig. 1. 

A more detailed study of the system oscillations by the continuation method by 

the parameter in the range of changes in the gaps of 5 to 14 mm in increments of 0.5 

mm, with a direct and reverse change of this parameter in the calculations (Fig. 3), 

show that the breakdown of vibro-impact oscillations is in the range of change of the 

gaps of 11.5 to 12 mm, and their creation, when reversely calculated with the change 

of the gaps of 14 to 5 mm, in the range of 6 to 5.5 mm. 

Note that in the parameters field of oscillations with gaps of 5.5 to 11.5 mm, if for 

some reason vibro-impact oscillations disappear, and the system will switch to the 
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regime of non-impact oscillations of the masses, vibro-impact modes can be recreated 

only with reduced gaps up to 5.5 mm. The field of vibro-impact oscillation 

parameters in the range of gaps of 8 to 11.5 mm is unstable, and such that oscillations 

are excited only with a gradual change with small increments. 

The results of studies the influence of the gaps on the oscillations of the feeder 

model indicate that when the system starts from rest, vibro-impact oscillations of the 

system will be excited in the range of gaps changes of 0 to 8 mm. For larger than 8 

mm gaps, non-impact oscillation modes will be excited in the system. However, 

when the system exits on the stationary modes of oscillation, in the range of 0 to 8 

mm gaps changes, then with a small step to start increasing them, the vibro-impact 

oscillations modes will be excited with an increase in the gaps up to 11.5 mm. With 

further increase in the gaps, a breakdown of vibro-impact oscillations and the 

transition of the system to non-impact mode oscillations will occur. 
 

 
 

Figure 3 - Dependences of the feeder impactor accelerations, obtained by the method of 

continuation by parameter with the growth of the gaps between the impactor and one-side elastic 

elements 
 

Researches of phase diagrams and oscillations spectra of a feeder masses show 

that quasiperiodic oscillations are excited in the range of changes in the gaps of 5.5 to 

8 mm, as evidenced by the sections of the Poincaré phase diagrams for the 9800 

periods of stationary oscillations of the feeder impactor (Fig. 4) and spectrograms of 

accelerations oscillations of the feeder masses (Fig. 5). 

The study of the vibrations spectrum shows that oscillations in the feeder system 

excite both superharmonic and subharmonic oscillations with frequencies that are 

lower than the frequency of forced oscillations. That is, the low-frequency 

oscillations are excited in the feeder oscillating system. As already noted, 
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polyfrequency oscillations promote to the dissemination of vibrations into the depths 

of an massive of bulk media, including by excitement of low-frequency component 

oscillations. The energies dissipation of low-frequency oscillations in a massive of 

bulk media is slower than that of high-frequency, which is related with a larger 

wavelength of their dissemination. That is, when the broad spectrum of frequencies 

excited in a bulk medium, the loss of energy of the low-frequency component 

oscillations will be less than high-frequency, and they will spread in the massive of 

bulk media at a greater distance than high-frequency ones. Therefore, it is important 

to excite the low-frequency components of these oscillations in the polyfrequency 

spectrum of oscillations, which are directed to the bulk media massive. 
 

 
 

Figure 4 - The sections of the Poincaré phase diagrams for the 9800 periods of stationary 
oscillations of the feeder impactor with gaps of 6 mm 

 

 
 

Figure 5 - Spectrograph of a feeder masses stationary oscillations accelerations with gaps of 6 mm 
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Analysis of dependencies on Fig. 1 shows that with oscillations of the feeder with 

the basic parameters (Table 1), in the range of changes in gaps of 4 to 5 mm, the 

acceleration of the impactor becomes larger than the acceleration of the tray, which is 

not acceptable in the long-term operation of the electromechanical vibrator, due to the 

growth of dynamic loads on vibration drive. Therefore, when choosing the operating 

modes of feeders with drives from electromechanical vibrators, it is acceptable to set 

gaps in the range of 1-4 mm, with impactor accelerations, which does not exceed the 

level of 100 m/s
2
, which promotes the prolongation of the resource of their 

exploitation. At gaps of 3 mm and increasing the load on the feeder tray due to an 

increase in the mass of reflacted ore attached to it in the amount of 2700 kg, 

acceleration of the vibration drive impactor will increase up to 2.38 times, of 60 to 

143 m/s
2
, which positively affects on the continuation of the vibration output of bulk 

media [1] and, in the short term, does not significantly impair the vibrator 

performance. 

For heavy vibrating feeders used to vibration output and load reflacted ores from 

chambers of wining blocks with drive by asynchronous motors, fixed on a stationary 

frame, heavy-duty bearings are usually installed on debalanced vibrators. Therefore, 

acceleration of the impactor of their vibro-impact drive in normal vibration output 

regimes, it is possible to provide up to 200 m/s
2
. In modes of blockage, in the short 

term, the acceleration of the impactor, depending on the setting, can increase to 400-

500 m/s
2
. Given the possibility of achieving such a level of acceleration and growth, 

with this, the spectral density and width of the frequency spectrum of oscillations 

excited in the feeder vibrational system, as compared with typical feeders, will 

increase the productivity and efficiency of the reflacted ore vibration output. 

The parameters of the setting by which it is possible to change the modes of 

vibration of the feeder with a vibro-impact adaptive drive (Table 1), also refers to the 

eccentricity of the debalances of the oscillation vibration generator r, the regulation 

of which changes the vibrator excitatory force. The eccentricity of the debalances of 

the electromechanical vibrator, set on the feeder, varies in the range of 0-61 mm. In 

this case, the force excited by the oscillator vibrator at the synchronous frequency of 

excitation varies from 0 to 8.2 kN. 

Researches of the influence of eccentricity (excitatory force) on the feeder 

oscillations (Fig. 6) with the discrete change of this parameter in the range of 1-61 

mm in a step of 6 mm shows that the acceleration of the impactor and the tray 

increases with r ranging from 1 mm to 43 mm. In the range of 43-55 mm, the 

acceleration decreases and further, of 55 to 61 mm, slightly increase. The most 

favorable range for the oscillator vibrator load is the range of eccentricity ranging of 

43 to 61 mm, which is desirable to choose when adjusting the feeder oscillation with 

the electromechanical type of vibrator. 

Dependences of the changes in the reactions of one-sided elastic bonds (Fig. 7) 

show that vibro-impact oscillations in the system begin to be excited with an 

eccentricity growth from 19 to 25 mm. That is, when the excitation force is less than 

3.36 kN, the vibro-impact oscillations in the system are not excited. 

Researches of the effect of changes in the eccentricity of debalance on the 
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oscillations of the feeder's impactor by the method of continuation by the parameter 

with the direct and reverse change of this parameter in calculations in the same range 

and with the same step as in the discrete method of research, show (Fig. 8) that the 

vibro-impact oscillations in the system begins to excite with eccentricity growth of 25 

to 31 mm. In the range of 43-55 mm, the acceleration decreases and further, of 55 to 

61 mm, slightly increase. When reverse calculation, the vibro-impact oscillation 

breakdown occurs when the eccentricity decreases of 13 mm. It should be noted that 

vibro-impact oscillations with an eccentricity of 31 mm are unstable, and can not be 

recreated without the system returning to its parameters with an eccentricity of 31 mm. 
 

 
 

Figure 6 - Dependence of accelerations of a feeder masses at the method of discrete growth of the 

debalanced vibrator eccentricity 
 

 
 

Figure 7 - Dependence of changes in the reactions of one-sided elastic bonds at the method of 

discrete growth of the debalanced vibrator eccentricity 
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Conclusions. Research results of oscillations of a model of a vibrating feeder 

with vibro-impact adaptive drive at basic parameters, as in Table. 1, show that the 

modes of the feeder vibrations depend on the method of research, or the initial 

conditions for the solution of the mathematical model equations. Depending on this, 

the fields of the existence of vibro-impact modes of the feeder masses oscillations 

varies. At the research method of continuation by the parameter, there are fields of 

unstable vibro-impact oscillations that do not arise in the discrete method of research. 

Since in the physical model of the vibration feeder with parameters, as in Table. 1, 

during oscillations, gradual adjustment of the settings of its operation modes (the 

gaps and eccentricity, or the excitatory force of the vibrators) is not foreseen, then the 

output of the feeder on the mode of oscillation, provided only by the discrete method 

of research, is possible. In view of this, the most favorable conditions for the effective 

vibration of the reflacted ore from the wining blocks chambers, arise when the gaps 

change to one-sided elastic elements in the range of 1 to 4 mm, the eccentricity of 43 

to 61 mm. In this case, the force excited by the oscillator vibrator at the synchronous 

frequency varies in the range of 5.8 to 8.2 kN. With such settings, oscillating system 

of the feeder excite vibro-impact oscillations with accelerations of the impactor and 

vibrator, which are smaller than the tray speed, and which are rational to ensure its 

reliable operation with effective vibration output. With increasing load on the feeder 

tray from the pillar of reflacted ore in the chamber, the acceleratioms of the feeder 

impactor increases, but in the short term they can reach hundreds of m/s
2
, which is 

positive for the vibration continuation. It should be noted that due to gaps in one-

sided elastic elements, the excitation of the feeder tray will be carried out under any 

load, even under blockage. 
 

 
Figure 8 - Dependence of the feeder masses accelerations with increasing the debalanced vibrator 

eccentricity by the method of continuation by parameter 
 

On heavy vibrating feeders that are used to vibrate and load reflacted ores from 
wining blocks chambers driven by asynchronous motors, fixed on a stationary frame, 
bearings of heavy series are installed on debalanced vibrators. Therefore, acceleration 
of the impactor of their vibro-impact drive in normal vibration output modes, it is 
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possible to provide at a level of 200 m/s
2
. Under conditions of blockage, in the short 

term, the accelerator of a impactor can increase to 400-500 m/s
2
, depending on the 

setting. Given the possibility of achieving such a level of acceleration and growth, in 
this case, the spectral density and the width of the frequency spectrum of oscillations 
that is excited in the vibrational system of the feeder, this will ensure high 
productivity and efficiency of the vibration output of the reflacted ore from the 
wining blocks chambers. 
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Ɋɫɩ ɛɝɭɩɫіɝ 

Шɟɜɱɟɧɤɨ Ƚɟɨɪɝɿɣ Ɉɥɟɤɫɚɧɞɪɨɜɢɱ, ɞɨɤɬɨɪ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ, ɫɬɚɪɲɢɣ ɧɚɭɤɨɜɢɣ ɫɩɿɜɪɨɛɿɬɧɢɤ, ɡɚɜɿɞɭɜɚɱ ɥɚɛɨɪɚɬɨɪɿʀ 
ɜɿɛɪɚɰɿɣɧɨʀ ɨɛɪɨɛɤɢ ɦɿɧɟɪɚɥɶɧɨʀ ɫɢɪɨɜɢɧɢ, ȱɧɫɬɢɬɭɬ ɝɟɨɬɟɯɧɿɱɧɨʀ ɦɟɯɚɧɿɤɢ ɿɦ. Ɇ.ɋ. ɉɨɥɹɤɨɜɚ ɇɚɰɿɨɧɚɥɶɧɨʀ ɚɤɚɞɟɦɿʀ ɧɚɭɤ ɍɤɪɚʀɧɢ 
(ȱȽɌɆ ɇȺɇ ɍɤɪɚʀɧɢ), Ⱦɧɿɩɪɨ, ɍɤɪɚʀɧɚ, gashevchenko@ua.fm 

ɋɭɳɟɧɤɨ Ɉɥɟɤɫɚɧɞɪ Іɜɚɧɨɜɢɱ, ɦɚɝɿɫɬɪ, ɿɧɠɟɧɟɪ-ɤɨɧɫɬɪɭɤɬɨɪ, ȱɧɫɬɢɬɭɬ ɝɟɨɬɟɯɧɿɱɧɨʀ ɦɟɯɚɧɿɤɢ ɿɦ. Ɇ.ɋ. ɉɨɥɹɤɨɜɚ 
ɇɚɰɿɨɧɚɥɶɧɨʀ ɚɤɚɞɟɦɿʀ ɧɚɭɤ ɍɤɪɚʀɧɢ (ȱȽɌɆ ɇȺɇ ɍɤɪɚʀɧɢ), Ⱦɧɿɩɪɨ, ɍɤɪɚʀɧɚ. 

Ɂɨɡɭɥɹ Ƚɚɥɢɧɚ ɉɟɬɪɿɜɧɚ, ɦɚɝɿɫɬɪ, ɿɧɠɟɧɟɪ, ȱɧɫɬɢɬɭɬ ɝɟɨɬɟɯɧɿɱɧɨʀ ɦɟɯɚɧɿɤɢ ɿɦ. Ɇ.ɋ. ɉɨɥɹɤɨɜɚ ɇɚɰɿɨɧɚɥɶɧɨʀ ɚɤɚɞɟɦɿʀ ɧɚɭɤ 
ɍɤɪɚʀɧɢ (ȱȽɌɆ ɇȺɇ ɍɤɪɚʀɧɢ), Ⱦɧɿɩɪɨ, ɍɤɪɚʀɧɚ. 

 

Ȼɨɩɭɛɱіɺ. Ⱦɨɫɥɿɞɠɟɧɨ ɪɟɠɢɦɢ ɤɨɥɢɜɚɧɶ ɜɿɛɪɚɰɿɣɧɢɯ ɠɢɜɢɥɶɧɢɤɿɜ ɡ ɚɞɚɩɬɢɜɧɢɦ ɜɿɛɪɨɭɞɚɪɧɢɦ ɩɪɢɜɨɞɨɦ, ɹɤɿ 
ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɜɢɩɭɫɤɭ ɬɚ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞɛɢɬɨʀ ɪɭɞɢ ɡ ɤɚɦɟɪ ɨɱɢɫɧɢɯ ɛɥɨɤɿɜ ɩɪɢ ɩɿɞɡɟɦɧɨɦɭ ɜɢɞɨɛɭɬɤɭ, ɚɛɨ ɿɧɲɢɯ 
ɫɢɩɭɱɢɯ ɫɟɪɟɞɨɜɢɳ ɿɡ ɛɭɧɤɟɪɿɜ ɬɨɳɨ, ɩɪɢ ɫɤɥɚɞɧɢɯ ɭɦɨɜɚɯ ɜɿɛɪɚɰɿʀ. Ɋɟɡɨɧɚɧɫɧɿ ɩɨɥɿɱɚɫɬɨɬɧɿ ɤɨɥɢɜɚɧɧɹ ɭɞɚɪɧɢɤɚ 
ɜɿɛɪɨɭɞɚɪɧɨɝɨ ɩɪɢɜɨɞɭ ɠɢɜɢɥɶɧɢɤɿɜ ɡ ɬɚɤɢɦ ɩɪɢɜɨɞɨɦ ɡɛɭɞɠɭɸɬɶɫɹ ɜ ɜɿɛɪɨɭɞɚɪɧɢɯ ɪɟɠɢɦɚɯ ɬɚ ɱɟɪɟɡ ɨɞɧɨɛɿɱɧɿ 
ɩɪɭɠɧɿ ɟɥɟɦɟɧɬɢ ɩɟɪɟɞɚɸɬɶɫɹ ɧɚ ɥɨɬɨɤ ɩɨɞɚɱɿ ɬɚ ɜ ɫɬɨɜɩ ɜɿɞɛɢɬɨʀ ɪɭɞɢ ɜ ɤɚɦɟɪɭ ɧɚɞ ɥɨɬɤɨɦ. Ɂɿ ɡɛɿɥɶɲɟɧɧɹɦ 
ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ ɪɭɞɢ ɧɚ ɥɨɬɨɤ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɡɛɿɥɶɲɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɜɿɛɪɚɰɿʀ ɭɞɚɪɧɢɤɚ ɜɿɛɪɨɭɞɚɪɧɨɝɨ ɩɪɢɜɨɞɚ 
ɡ ɩɪɢɫɤɨɪɟɧɧɹɦ ɜ ɫɨɬɧɿ ɦ/ɫ2. Ɍɚɤɿ ɤɨɥɢɜɚɧɧɹ ɡɛɿɥɶɲɭɸɬɶ ɝɥɢɛɢɧɭ ɪɨɡɩɨɜɫɸɞɠɟɧɧɹ ɜɿɛɪɚɰɿɣɧɢɯ ɟɮɟɤɬɿɜ ɭ ɫɬɨɜɩɿ 
ɜɿɞɛɢɬɨʀ ɪɭɞɢ ɧɚɞ ɥɨɬɤɨɦ, ɳɨ ɩɿɞɜɢɳɭє ɟɮɟɤɬɢɜɧɿɫɬɶ ɬɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɜɿɛɪɨɜɢɩɭɫɤɭ. Ɂɚɥɟɠɧɨ ɜɿɞ ɩɚɪɚɦɟɬɪɿɜ 
ɠɢɜɢɥɶɧɢɤɿɜ ɭ ɣɨɝɨ ɤɨɥɢɜɚɥɶɧɿɣ ɫɢɫɬɟɦɿ ɡɛɭɞɠɭɸɬɶɫɹ ɪɿɡɧɿ ɜɿɛɪɨɭɞɚɪɧɿ ɪɟɠɢɦɢ ɤɨɥɢɜɚɧɶ. ɇɚ ɜɚɠɤɢɯ ɜɿɛɪɚɰɿɣɧɢɯ 
ɠɢɜɢɥɶɧɢɤɚɯ, ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɜɿɛɪɚɰɿʀ ɬɚ ɡɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞɛɢɬɢɯ ɪɭɞ ɡ ɨɱɢɫɧɢɯ ɛɥɨɤɿɜ, ɤɚɦɟɪ, ɬɚ 
ɩɪɢɜɨɞɹɬɶɫɹ ɜ ɪɭɯ ɡɚ ɞɨɩɨɦɨɝɨɸ ɚɫɢɧɯɪɨɧɧɢɯ ɞɜɢɝɭɧɿɜ, ɡɚɤɪɿɩɥɟɧɢɯ ɧɚ ɫɬɚɰɿɨɧɚɪɧɿɣ ɪɚɦɿ, ɩɿɞɲɢɩɧɢɤɢ ɜɚɠɤɨʀ ɫɟɪɿʀ 
ɜɫɬɚɧɨɜɥɸɸɬɶɫɹ ɧɚ ɞɟɛɚɥɚɧɫɨɜɚɧɿ ɜɿɛɪɚɬɨɪɢ. Ɍɨɦɭ, ɩɪɢɫɤɨɪɟɧɧɹ ɭɞɚɪɭ ɜɿɞ ʀɯ ɜɿɛɪɨɭɞɚɪɧɨɝɨ ɩɪɢɜɨɞɭ ɜ ɧɨɪɦɚɥɶɧɢɯ 
ɪɟɠɢɦɚɯ ɜɿɛɪɚɰɿʀ ɦɨɠɧɚ ɡɚɛɟɡɩɟɱɢɬɢ ɧɚ ɪɿɜɧɿ 200 ɦ/ɫ2. Ɂɚ ɭɦɨɜ ɡɚɜɢɫɚɧɧɹ ɪɭɞɢ ɜ ɤɨɪɨɬɤɢɣ ɬɟɪɦɿɧ ɩɪɢɫɤɨɪɟɧɧɹ ɭɞɚɪɭ 
ɦɨɠɟ ɡɛɿɥɶɲɢɬɢɫɹ ɞɨ 400-500 ɦ/ɫ2, ɡɚɥɟɠɧɨ ɜɿɞ ɩɚɪɚɦɟɬɪɿɜ. ȼɪɚɯɨɜɭɸɱɢ ɦɨɠɥɢɜɿɫɬɶ ɞɨɫɹɝɧɟɧɧɹ ɬɚɤɨɝɨ ɪɿɜɧɹ 
ɡɪɨɫɬɚɧɧɹ ɩɪɢɫɤɨɪɟɧɧɹ, ɭ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɫɩɟɤɬɪɚɥɶɧɚ ɳɿɥɶɧɿɫɬɶ ɬɚ ɲɢɪɢɧɚ ɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɭ ɤɨɥɢɜɚɧɶ, ɳɨ 
ɡɛɭɞɠɭɸɬɶɫɹ ɭ ɜɿɛɪɚɰɿɣɧɿɣ ɫɢɫɬɟɦɿ ɠɢɜɢɥɶɧɢɤɚ, ɡɚɛɟɡɩɟɱɚɬɶ ɜɢɫɨɤɭ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɬɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɜɿɛɪɨɜɢɩɭɫɤɭ 
ɜɿɞɛɢɬɨʀ ɪɭɞɢ ɡ ɤɚɦɟɪ ɨɱɢɫɧɢɯ ɛɥɨɤɿɜ. Ɂɚɜɞɚɧɧɹɦ ɜɢɛɨɪɭ ɪɟɠɢɦɭ ɠɢɜɢɥɶɧɢɤɚ є ɜɢɡɧɚɱɟɧɧɹ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɿɜ, ɹɤɿ ɛ 
ɡɚɛɟɡɩɟɱɭɜɚɥɢ ɟɮɟɤɬɢɜɧɢɣ ɜɿɛɪɨɜɢɩɭɫɤ ɝɿɪɫɶɤɨʀ ɦɚɫɢ ɬɚ ɧɚɞɿɣɧɿɫɬɶ ɣɨɝɨ ɟɤɫɩɥɭɚɬɚɰɿʀ. 

Ʌлɹɲɩɝі ɬлɩɝɛ: ɩɿɞɡɟɦɧɢɣ ɜɢɞɨɛɭɬɨɤ, ɜɿɛɪɚɰɿɣɧɿ ɠɢɜɢɥɶɧɢɤɢ, ɫɢɩɤɟ ɫɟɪɟɞɨɜɢɳɟ, ɜɿɛɪɨɭɞɚɪɧɢɣ ɚɞɚɩɬɢɜɧɢɣ 
ɩɪɢɜɿɞ, ɩɨɥɿɱɚɫɬɨɬɧɿ ɤɨɥɢɜɚɧɧɹ, ɱɚɫɬɨɬɧɢɣ ɫɩɟɤɬɪ, ɜɿɛɪɨɜɢɩɭɫɤ ɝɿɪɫɶɤɨʀ ɦɚɫɢ, ɜɢɫɨɤɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɬɚ ɟɮɟɤɬɢɜɧɿɫɬɶ. 

 
Ȼɨɨɩɭɛɱиɺ. ɂɫɫɥɟɞɨɜɚɧɵ ɪɟɠɢɦɵ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚɰɢɨɧɧɵɯ ɩɢɬɚɬɟɥɟɣ ɫ ɚɞɚɩɬɢɜɧɵɦ ɜɢɛɪɨɭɞɚɪɧɵɦ 

ɩɪɢɜɨɞɨɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɜɵɩɭɫɤɚ ɢ ɩɨɝɪɭɡɤɢ ɨɬɛɢɬɨɣ ɪɭɞɵ ɢɡ ɤɚɦɟɪ ɨɱɢɫɬɧɵɯ ɛɥɨɤɨɜ ɩɪɢ ɩɨɞɡɟɦɧɨɣ 
ɞɨɛɵɱɟ ɢɥɢ ɞɪɭɝɢɯ ɫɵɩɭɱɢɯ ɫɪɟɞ ɢɡ ɛɭɧɤɟɪɨɜ ɢ ɬ.ɩ., ɩɪɢ ɫɥɨɠɧɵɯ ɭɫɥɨɜɢɹɯ ɜɢɛɪɚɰɢɢ. Ɋɟɡɨɧɚɧɫɧɵɟ ɩɨɥɢɱɚɫɬɨɬɧɵɟ 
ɤɨɥɛɚɧɢɹ ɭɞɚɪɧɢɤɚ ɜɢɛɪɨɭɞɚɪɧɨɝɨ ɩɪɢɜɨɞɚ ɩɢɬɚɬɟɥɟɣ ɫ ɬɚɤɢɦ ɩɪɢɜɨɞɨɦ ɜɨɡɛɭɠɞɚɸɬɫɹ ɜ ɜɢɛɪɨɭɞɚɪɧɵɯ ɪɟɠɢɦɚɯ, ɢ 
ɱɟɪɟɡ ɨɞɧɨɫɬɨɪɨɧɧɢɟ ɭɩɪɭɝɢɟ ɷɥɟɦɟɧɬɵ ɩɟɪɟɞɚɸɬɫɹ ɧɚ ɥɨɬɨɤ ɢ ɜ ɫɬɨɥɛ ɨɬɛɢɬɨɣ ɪɭɞɵ ɜ ɤɚɦɟɪɟ ɧɚɞ ɥɨɬɤɨɦ. ɋ 
ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɝɪɭɡɤɢ ɨɬ ɪɭɞɵ ɧɚ ɥɨɬɨɤ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɢɛɪɚɰɢɢ ɭɞɚɪɧɢɤɚ 
ɜɢɛɪɨɭɞɚɪɧɨɝɨ ɩɪɢɜɨɞɚ ɫ ɭɫɤɨɪɟɧɢɟɦ ɜ ɫɨɬɧɢ ɦ/ɫ2. Ɍɚɤɢɟ ɤɨɥɟɛɚɧɢɹ ɭɜɟɥɢɱɢɜɚɸɬ ɝɥɭɛɢɧɭ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 
ɜɢɛɪɚɰɢɨɧɧɵɯ ɷɮɮɟɤɬɨɜ ɜ ɫɬɨɥɛɟ ɨɬɛɢɬɨɣ ɪɭɞɵ ɧɚɞ ɥɨɬɤɨɦ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɜɢɛɪɨɜɵɩɭɫɤɚ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɩɢɬɚɬɟɥɹ ɜ ɟɝɨ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ ɜɨɡɛɭɠɞɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ 
ɜɢɛɪɨɭɞɚɪɧɵɟ ɪɟɠɢɦɵ ɤɨɥɟɛɚɧɢɣ. ɇɚ ɬɹɠɟɥɵɯ ɜɢɛɪɚɰɢɨɧɧɵɯ ɩɢɬɚɬɟɥɹɯ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɜɢɛɪɚɰɢɢ ɢ 
ɡɚɝɪɭɡɤɢ ɨɬɛɢɬɨɣ ɪɭɞɵ ɢɡ ɨɱɢɫɬɧɵɯ ɛɥɨɤɨɜ, ɤɚɦɟɪ, ɢ ɩɪɢɜɨɞɹɬɫɹ ɜ ɞɜɢɠɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, 
ɡɚɤɪɟɩɥɟɧɧɵɯ ɧɚ ɫɬɚɰɢɨɧɚɪɧɨɣ ɪɚɦɟ, ɩɨɞɲɢɩɧɢɤɢ ɬɹɠɟɥɨɣ ɫɟɪɢɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɞɟɛɚɥɚɧɫɨɜɚɧɵɟ ɜɢɛɪɚɬɨɪɵ. 
ɉɨɷɬɨɦɭ, ɭɫɤɨɪɟɧɢɟ ɭɞɚɪɚ ɨɬ ɢɯ ɜɢɛɪɨɭɞɚɪɧɨɝɨ ɩɪɢɜɨɞɚ ɜ ɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɚɯ ɜɢɛɪɚɰɢɢ ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɧɚ 
ɭɪɨɜɧɟ 200 ɦ/ɫ2. ȼ ɭɫɥɨɜɢɹɯ ɡɚɜɢɫɚɧɧɹ ɪɭɞɵ ɡɚ ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ ɭɫɤɨɪɟɧɢɟ ɭɞɚɪɚ ɦɨɠɟɬ ɭɜɟɥɢɱɢɬɶɫɹ ɞɨ 400-500 
ɦ/ɫ2, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ. ɍɱɢɬɵɜɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɞɨɫɬɢɠɟɧɢɹ ɬɚɤɨɝɨ ɭɪɨɜɧɹ ɜɨɡɪɚɫɬɚɧɢɹ ɭɫɤɨɪɟɧɢɹ, ɜ 
ɷɬɨɦ ɫɥɭɱɚɟ ɫɩɟɤɬɪɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɢ ɲɢɪɢɧɚ ɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ ɤɨɥɟɛɚɧɢɣ, ɜɨɡɛɭɠɞɚɟɦɵɯ ɜ ɜɢɛɪɚɰɢɨɧɧɨɣ 
ɫɢɫɬɟɦɟ ɩɢɬɚɬɟɥɹ, ɨɛɟɫɩɟɱɚɬ ɜɵɫɨɤɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɢɛɪɨɜɵɩɭɫɤɚ ɨɬɛɢɬɨɣ ɪɭɞɵ ɢɡ ɤɚɦɟɪ 
ɨɱɢɫɬɧɵɯ ɛɥɨɤɨɜ. Ɂɚɞɚɱɟɣ ɜɵɛɨɪɚ ɪɟɠɢɦɚ ɩɢɬɚɬɟɥɹ ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɷɮɮɟɤɬɢɜɧɵɣ ɜɢɛɪɨɜɵɩɭɫɤ ɝɨɪɧɨɣ ɦɚɫɫɵ ɢ ɧɚɞɟɠɧɨɫɬɶ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ʌлɹɲеɝые ɬлɩɝɛ: ɩɨɞɡɟɦɧɚɹ ɞɨɛɵɱɚ, ɜɢɛɪɚɰɢɨɧɧɵɟ ɩɢɬɚɬɟɥɢ, ɫɵɩɭɱɚɹ ɫɪɟɞɚ, ɜɢɛɪɨɭɞɚɪɧɵɣ ɚɞɚɩɬɢɜɧɵɣ 
ɩɪɢɜɨɞ, ɩɨɥɢɱɚɫɬɨɬɧɵɟ ɤɨɥɟɛɚɧɢɹ, ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ, ɜɢɛɪɨɜɵɩɭɫɤ ɝɨɪɧɨɣ ɦɚɫɫɵ, ɜɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ. 

 
ɋɬɚɬɬɹ ɧɚɞɿɣɲɥɚ ɞɨ ɪɟɞɚɤɰɿʀ 19.07.2019. 
Ɋɟɤɨɦɟɧɞɨɜɚɧɨ ɞɨ ɞɪɭɤɭ ɞ-ɪɨɦ ɬɟɯɧ. ɧɚɭɤ  ȼ.І. Ⱦɢɪɞɨɸ. 
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