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Annotation. The article is devoted to solving of a live scientific problem of improving methods for predicting stability 
of mine roadways under mining-and-geological conditions of the rock watering. Research methods: analysis of 
experimental data on assessing state of water-saturated rock massif; statistical processing of laboratory research results 
on the strength properties of rock samples; mathematical modeling of the rock massif stress-strain state by the finite 
element method; mine studies of deformations of water-saturated rocks. Specific effect of water on the rock strength 
properties was investigated. The generalized correlation dependences of the strength reduction of sandstones, 
mudstones and siltstones at their saturation with water relatively to their initial strength in natural state were obtained. By 
method of mathematical modeling, regularity of changes in the stress-strain state of the rock massif depending on rate of 
preparatory roadway watering were established and confirmed by the mine observations. The correlations were 
proposed for calculating probable water inflows into the mine roadways basing on the assessment of volume of broken 
elements in the geomechanical model, parameters of open porosity and fracturing. Nature of deformation of water-
saturated rocks in the roof, walls and floor of the mine roadway was determined. It is established that intense 
deformations starts in the drift walls and manifest themselves in the form of weak rock slips in the coal seam roof and 
floor. The most dangerous areas are the upper lateral corners of the mine roadway, which are prone to falls under the 
effect of water, when the roof bolting system loses its bearing capacity. Such manifestations of rock pressure are reliably 
predicted by analytical method and are verified by data of mine experiments, making it possible to undertake in advance 
additional measures for proper supporting the mine roadways. It is stated that implementation of a set of measures 
aimed at reducing water flows into the mine roadway improves its stability due to the smaller size of inelastic deformation 
zones in the walls and roof of the mine roadway in the stationary abutment-pressure zone, reduced contours of the mine 
roadway deformation, and decreased rate of horizontal and vertical convergence. 

Keywords: stability of mine roadways, water-saturated rocks, rock massif stress-strain state, mathematical 
modeling, finite element method. 

 
Introduction.   
Today, preparatory roadways are mined in the rocks of medium and low strength. 

In the active mine roadways, effect of underground and technical waters on the rock 

massif stability is often ignored. At the same time, clay rocks, even in the drained 

state, are characterized by relatively weak strength, and, under the moisture effect, 

can completely lose their bearing capacity. Numerous visual observations and 

instrumental measurements of the displacements of preparatory roadway contour in 

the coal mines [1, 2] show that stability of the mine roadways is significantly reduced 

at presence of the water-saturated clay rocks. In this case, sudden roof fall and 

caving, as well as intensive floor rising occur in the mine roadways. 

There are two main reasons for the increase of moisture content in clay in the 

mine roadway floor and roof. The first reason is seepage of water from aquifers along 

the fracture systems through the rock massif disturbed by mining operations. These  

_____________________________________________________________________________ 
                                                                     © O.A. Slashchovɚ, 2019  

https://doi.org/10.1051/e3sconf/201910900092


ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Ƚɟɨɬɟɯɧɿɱɧɚ ɦɟɯɚɧɿɤɚ. 2019. № 148 

 

140 

cracks are developed around the goafs at inelastic deformation of rocks [3-5]. The 

second reason for the rock watering is penetration of water into the mine roadways 

during technological processes with the use of technical liquids in significantly great 

volumes. In particular, a great amount of water flows into the roadway floor at the 

borehole drilling, plugging and concreting and during the anti-dust irrigation. 

Ignoring of the rock watering factor leads to significant economic losses, since 

hydrogeological processes contribute to intensive uncontrolled deformation of 

preparatory roadways. Therefore, prediction of changes in the stress-strain state of the 

water-saturated rock massif and assessment of expected water inflows into the mine 

roadways is an important scientific problem, and its solution will allow timely 

undertaking proper measures in order to improve stability of the mine objects. 

 

Methods 
Analysis of experimental data on assessing state of water-saturated rock massif; 

statistical processing of laboratory research results on the strength properties of rock 

samples; mathematical modeling of the rock massif stress-strain state by the finite 

element method; mine studies of deformations of water-saturated rocks. 

 

Results and discussion 
Evaluation of the strength properties of water-saturated rocks 
Since it is impossible to reproduce the whole complex of factors affecting the 

rock deformations in a single model of geomechanical processes, therefore, it is 

necessary to choose the most important parameters. In the first place, it is physical-

mechanical properties of the rocks and effect of water saturation on them. Since 

mudstones and weak siltstones almost completely get soaked in water for 20 days, 

and sandstone strength is reduced by about 1.5-2.0 times [6], therefore, presence of 

water in the pores of rocks in an amount close to water saturation drastically changes 

their behavior in the rock massif. In addition to the rock strength reduction when 

soluble minerals are washed-out from them, water saturation changes nature of the 

bonds between the particles, and, in case of the rock deformations, cohesive forces 

between the rock blocks and seams are reduced. 

Three thousand one hundred twenty (3120) rock samples taken from the Western 

Donbas were studied and tested in laboratory of the Institute of Geotechnical 

Mechanics, and the obtained results were statistically processed. The rock samples 

were studied at their saturation with the distilled water, since the so-called “mine 
water”, even taken from different roadways of one and the same mine, features 
greatly different mineralization. Besides, content of dissolved acids and alkalis in the 

mine water drastically differs, so it is permissible to use it for analyzing only when 

solving specific problems for one concrete roadway, or horizon, or, less often, mine. 

In case of hard sandstone and limestone, strength of water-saturated rocks relatively 

to their initial strength in their natural state decreases according to the following 

correlation dependence: 

e
w
e  79.092.1  ,    R=0.67,                                         (1) 
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where σe
w
 is ultimate strength of rocks in their water-saturated state, MPa; σe is 

ultimate strength of rocks in their natural state, MPa; R is coefficient of variation. 

Many of the clay rocks samples got completely soaked, therefore, the residual 

strength of these samples at water-saturation is equal to the strength of the destroyed 

rocks for the closed volume of the rock massif σe/3 [7], then, the generalized 

correlation dependence for the mudstones and siltstones is written in the following 

way: 

e
w
e  67.05.2 ,  R=0.76.                                       (2) 

 
When assessing probability of water seeping through the hardly-permeable 

formations, it should be borne in mind that the determining factor for formation of the 

rock massif permeability is its fracturing. The highest permeability is observed in 

zones of rock rupturing failure, where crack opening increases under the effect of 

winning operations. In such conditions, forecast of the rock pressure manifestations 

can be based on geomechanical models, which determine stage of main cracks 

developing.  

For the soils, it is established that, depending on depth, their saturation W with 

water takes place in accordance with hyperbolic regularity, while their density ρ first 

increases and then decreases by parabolic dependence (Fig. 1), which, in this case, is 

associated with the soil subsidence and compaction in the upper clayey seam. 
 

a)     b)  

Figure 1 – Dependences of change of relative humidity W (a) and density ρ (b) of the soil with the 

depth during its long-term watering 
 

Modeling of water-saturated rock massif 
Rock massif is a complex structure with pronounced seaming and plasticity 

properties, which present certain difficulty for describing mechanical processes of its 

deformation. Complexity and multifactor nature of such description requires using of 

elastoplastic geomechanical models, which can be realized with the help of modern 

computer technologies based on combination of continuum mechanics methods 
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(solutions are obtained by the finite element method [8]) and theory of limiting states 

of rocks (is implemented by method of initial strains [7]) subject to discrete analogs 

of the law of energy conservation for each element separately and the design scheme 

as a whole. Such approach to solving problems of estimating the stress-strain state of 

the water-saturated rock massif was implemented in the computer system “GEO-

RS
©”, developed by the Institute of Geotechnical Mechanics with participation of the 

author of this paper. 

Changes in the rock massif stressed state during its watering were studied on the 

example of operation of drift 535, coal seam C5 , in the “Samarska” Mine. Data given 
by the geological department of the Mine and the established correlation relations (1) 

and (2) were used as initial data. Despite the small depth of the coal seam bedding 

(h=130 m), the mining and geological conditions for its development are complex. 

Roof and floor of the coal seam are presented by mudstones and siltstones with 

compressive strength σe=10-20 MPa. In the immediate floor, weak siltstones 

(σe=11.8-15.0 MPa) occur. At water saturation, the rocks are very unstable and prone 

to sudden fall. Coal strength is σe~ 40 MPa. Water-saturated sandstone (σe=11-

14 MPa) occurs zonally in the roof. The coal seam has a complex hypsometry, 

distance from the floor to the coal seam changes along the drift length within ~ 0.6-

1.6 m. 

In order to determine water saturation effect on the rock pressure manifestations 

and stability of preparatory roadway, the calculations were performed for water-

saturated and dry rocks. Analysis of distribution of maximum principal stresses (Fig. 

2, a) showed that stresses at the ends of the coal seam were (2.1-3.6)h ( is volume 

weight of rocks, t/m
3
; h is depth, m). Due to the fact that the coal seam is ~2-3 times 

harder than the lateral rocks, the roof rocks and the coal seam floor are intensively 

pressed out into the roadway in the watering zones. And, on the contrary, roadway 

floor is unloaded from stresses. These are signs of existing deformations and floor 

rising. 

As it is shown in Figure 2, b, maximum changes in the rock massif stress at their 

water saturation occur in extremely stressed rocks of immediate and main roof above 

the ends of the coal seam to the height of up to 14 m, and also in the roadway wall in 

the area of abutment pressure at a distance of 17 m. As a result of intensification of 

the water-saturated rock massif deformations, maximum principal stresses in the 

roadway wall from the side of the coal pillar and over the goaf are decreased by 0.3-

1.1 MPa. On the contrary, stresses of the overlying rocks are increased by 0.1-0.4 

MPa. These negative effects of watering lead to the intensive development of zone 

with inelastic deformations. 

Analysis of breakdown zones allows determining the water-seepage paths and 

volumes of probable water inflows including volumes of aquifers and water 

accumulation zones. If no hydrogeological data are available, it is proposed to solve 

the problem on determining the water seepage volume in two stages: first, to 

determine zones of broken elements by solving the geomechanical problem, and then 

to calculate potential water inflows. 
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a)    

b)    

Figure 2 – Regularity of changes in the stressed state of water-saturated rock massif around the drift 

535, coal seam C5, in the “Samarska” Mine: a – distribution of maximum principal stresses around 

the drift, MPa; b – zones where stress-strain state of the rock massif changes at its watering 

(numerals show difference between maximum principal stresses when physical and mechanical 

properties of water-saturated and drained rocks are considered), kPa; 1 – mine roadway; 2 – mined-

out space; 3 – roof bolting system; 4 – coal seam 
 

Water volumes are calculated by total area of the broken elements in the model 

and by coefficient of loosening or volume porosity of the rocks, which is average for 

the zone under the study. In the program for geomechanical calculations area under 

the study is divided into a grid of triangular elements. Let’s assume that breakdown 
zones consist of triangular elements, in which one, two or three bonds have broken. 

For any of the three points Ⱥ(x1, y1), B(x2, y2), ɋ(x3, y3) area of triangular element SABC 

is calculated by the known formula: 

 )
12

)(13()
13

)(12(
2

1
yyxxyyxxS ABC   , m2.                      (3) 
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In the formula, sign “+” means that the expression is positive, and sign “–” means 
that the expression is negative. Value of the zone area is always positive. Area of the 

loosing zone Sz is equal to sum of n areas of the broken elements in the model: 





n

i
iz SS

1

 , m2.                                                     (4) 

If it is necessary to calculate breakdown zones with several sections, then 

supposed volume of water accumulation is equal to volume of the water-seepage 

zone multiplied by coefficient, which characterizes the rock open porosity and 

fracture m0: 
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 , m3

,                    (5) 

where Vw and Vz are volumes of water and water-saturated zone, m
3
; m0 is coefficient 

of open porosity, in rel. unit; Lz is length of the zone along the mine roadway, m. 

In accordance with obtained results on determining zones of the rock massif 

loosing and breakdown, volumes of probable water inflows into the mine roadways 

are calculated by the known methods and instructions [1, 2]. Based on these data, 

changes in the stress-strain state of the rock massif and expected water inflows are 

predicted, and measures are developed for improving stability of the mine objects. 
 

Mine research of water-saturated rock deformations 
In order to clarify and verify the calculated data, visual observations and 

measurements were carried out in the drift 535, coal seam C5, in the “Samarska” 
Mine [9]. The observations showed that most of the rock falls were confined to the 

watering zones. For example, in the area of the stake 62 (at a distance of 620 m from 

the main drifts), water occurs, and host rocks in the roadway walls get soaked 

resulting in long longitudinal cracks formed in upper corners of the drift (Fig. 3), 

while water-saturated roof of the mine roadway is warped, exfoliates (Fig. 3, a) and, 

in some locations, falls (Fig. 3, b). 

a)   b)  

Figure 3 – Rock pressure manifestations at the rock water saturation: a – destruction of the upper 

corners in the mine roadway (section between 640-670 meters of the drift); b – lateral pressing of 

water-saturated rocks and falls of the mine roadway walls (sections at 360 m and 736 m of the 

drift); 1 – roof bolting system; 2 – falls zone 
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According to the results of the mine observations and calculations by the finite 

element method, nature of deformation of water-saturated rocks in the roof, walls and 

floor of the mine roadway was determined (Fig. 4). It is established that intense 

deformations starts in the drift walls and manifest themselves in the form of weak 

rock slips in the coal seam roof and floor. The most dangerous areas are the upper 

lateral corners of the mine roadway, which are prone to falls under the effect of 

water, when the roof bolting system loses its bearing capacity. Such manifestations of 

rock pressure are reliably predicted by analytical method and are verified by data of 

mine experiments, making it possible to undertake in advance additional measures for 

proper supporting the mine roadways. 
 

 

Figure 4 – Manifestations of water-saturated rock deformations in the drift 535, coal seam C5, in the 

“Samarska” Mine, reproduced in accordance with results of calculations and mine observations 

 

Conclusions 
As a result of the research, specific effect of water on the rock strength properties 

was determined. The generalized correlation dependences of strength reduction of 

sandstones, mudstones and siltstones at their saturation with water relatively to their 

initial strength in natural state were obtained. The correlations were proposed for 

calculating probable water inflows into the mine roadways basing on the assessment 

of volume of broken elements in the geomechanical model, parameters of open 

porosity and fracturing. Regularity of changing of the rock-massif stress-strain state 

depending on rate of preparatory roadway watering were established, which allowed, 

for the conditions of the “Samarska” Mine, to determine degree of effect of water 

saturation of the rocks on their stress-strain state and manifestations of rock pressure 

in the preparatory mine roadways. On the basis of mathematical modeling, it is 

established that implementation of a set of measures aimed at reducing water flows 

into the mine roadway improves its stability, namely: it reduces area of inelastic 

deformation zone in the walls and roof of the mine roadway in zone of stationary 
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abutment pressure, diminishes deformation of the roadway contour and decreases rate 

of horizontal and vertical convergence. 
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Ȼɨɩɭɛɱіɺ. ɋɬɚɬɬɹ ɩɪɢɫɜɹɱɟɧɚ ɜɢɪɿɲɟɧɧɸ ɚɤɬɭɚɥɶɧɨʀ ɧɚɭɤɨɜɨʀ ɡɚɞɚɱɿ ɡ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɦɟɬɨɞɿɜ ɩɪɨɝɧɨɡɭɜɚɧɧɹ 

ɫɬɿɣɤɨɫɬɿ ɝɿɪɧɢɱɢɯ ɜɢɪɨɛɨɤ ɜ ɝɿɪɧɢɱɨ-ɝɟɨɥɨɝɿɱɧɢɯ ɭɦɨɜɚɯ ɨɛɜɨɞɧɟɧɢɯ ɩɨɪɿɞ. Ɇɟɬɨɞɢ ɞɨɫɥɿɞɠɟɧɶ: ɚɧɚɥɿɡ 
ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɩɨ ɨɰɿɧɰɿ ɫɬɚɧɭ ɦɚɫɢɜɭ ɨɛɜɨɞɧɟɧɢɯ ɝɿɪɫɶɤɢɯ ɩɨɪɿɞ, ɫɬɚɬɢɫɬɢɱɧɚ ɨɛɪɨɛɤɚ ɪɟɡɭɥɶɬɚɬɿɜ 
ɥɚɛɨɪɚɬɨɪɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɦɿɰɧɿɫɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɡɪɚɡɤɿɜ ɝɿɪɫɶɤɢɯ ɩɨɪɿɞ, ɦɚɬɟɦɚɬɢɱɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɧɚɩɪɭɠɟɧɨ-
ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ ɩɨɪɨɞɧɨɝɨ ɦɚɫɢɜɭ ɦɟɬɨɞɨɦ ɫɤɿɧɱɟɧɧɢɯ ɟɥɟɦɟɧɬɿɜ, ɲɚɯɬɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɞɟɮɨɪɦɚɰɿɣ 
ɜɨɞɨɧɚɫɢɱɟɧɢɯ ɝɿɪɫɶɤɢɯ ɩɨɪɿɞ. Ⱦɨɫɥɿɞɠɟɧɨ ɨɫɨɛɥɢɜɨɫɬɿ ɜɩɥɢɜɭ ɜɨɞɢ ɧɚ ɜɥɚɫɬɢɜɨɫɬɿ ɦɿɰɧɨɫɬɿ ɝɿɪɫɶɤɢɯ ɩɨɪɿɞ. 
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Ɉɬɪɢɦɚɧɨ ɭɡɚɝɚɥɶɧɟɧɿ ɤɨɪɟɥɹɰɿɣɧɿ ɡɚɥɟɠɧɨɫɬɿ ɡɧɢɠɟɧɧɹ ɦɿɰɧɨɫɬɿ ɩɿɫɤɨɜɢɤɿɜ, ɚɪɝɿɥɿɬɿɜ ɿ ɚɥɟɜɪɨɥɿɬɿɜ ɩɪɢ 
ɜɨɞɨɧɚɫɢɱɟɧɧɿ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ʀɯ ɩɨɱɚɬɤɨɜɨʀ ɦɿɰɧɨɫɬɿ ɜ ɩɪɢɪɨɞɧɨɦɭ ɫɬɚɧɿ. Ɇɟɬɨɞɨɦ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ 
ɜɫɬɚɧɨɜɥɟɧɿ ɿ ɲɚɯɬɧɢɦɢ ɫɩɨɫɬɟɪɟɠɟɧɧɹɦɢ ɩɿɞɬɜɟɪɞɠɟɧɿ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ ɡɦɿɧɢ ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ 
ɦɚɫɢɜɭ ɩɨɪɿɞ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɨɛɜɨɞɧɟɧɧɹ ɩɿɞɝɨɬɨɜɱɨʀ ɜɢɪɨɛɤɢ. Ɂɚɩɪɨɩɨɧɨɜɚɧɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ 
ɦɨɠɥɢɜɢɯ ɜɨɞɨɩɪɢɬɨɤɿɜ ɜ ɝɿɪɧɢɱɿ ɜɢɪɨɛɤɢ ɧɚ ɛɚɡɿ ɨɰɿɧɤɢ ɨɛ'єɦɿɜ ɡɪɭɣɧɨɜɚɧɢɯ ɟɥɟɦɟɧɬɿɜ ɝɟɨɦɟɯɚɧɿɱɧɨʀ ɦɨɞɟɥɿ, 
ɩɚɪɚɦɟɬɪɿɜ ɜɿɞɤɪɢɬɨʀ ɩɨɪɢɫɬɨɫɬɿ ɿ ɬɪɿɳɢɧɭɜɚɬɨɫɬɿ. ȼɢɡɧɚɱɟɧɨ ɯɚɪɚɤɬɟɪ ɞɟɮɨɪɦɭɜɚɧɧɹ ɡɜɨɥɨɠɟɧɢɯ ɩɨɪɿɞ ɜ ɩɨɤɪɿɜɥɿ, 
ɛɨɤɚɯ ɿ ɩɿɞɨɲɜɿ ɜɢɪɨɛɤɢ. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɿɧɬɟɧɫɢɜɧɿ ɞɟɮɨɪɦɚɰɿʀ ɩɨɱɢɧɚɸɬɶɫɹ ɜ ɛɨɤɚɯ ɲɬɪɟɤɭ ɿ ɩɪɨɹɜɥɹɸɬɶɫɹ ɭ 
ɜɢɝɥɹɞɿ ɜɿɞɠɢɦɭ ɫɥɚɛɤɢɯ ɩɨɪɿɞ ɜ ɩɨɤɪɿɜɥɿ ɬɚ ɩɿɞɨɲɜɿ ɜɭɝɿɥɶɧɨɝɨ ɩɥɚɫɬɚ. ɇɚɣɛɿɥɶɲ ɧɟɛɟɡɩɟɱɧɢɦɢ ɦɿɫɰɹɦɢ є ɜɟɪɯɧɿ 
ɛɨɤɨɜɿ ɤɭɬɢ ɜɢɪɨɛɨɤ, ɹɤɿ ɩɿɞ ɜɩɥɢɜɨɦ ɜɨɥɨɝɨɫɬɿ ɫɯɢɥɶɧɿ ɞɨ ɜɢɜɚɥɿɜ, ɚ ɫɢɫɬɟɦɚ ɚɧɤɟɪɧɨɝɨ ɤɪɿɩɥɟɧɧɹ ɜɬɪɚɱɚє ɨɩɨɪɭ. 
Ɍɚɤɿ ɩɪɨɹɜɢ ɝɿɪɫɶɤɨɝɨ ɬɢɫɤɭ ɧɚɞɿɣɧɨ ɩɪɨɝɧɨɡɭɸɬɶɫɹ ɚɧɚɥɿɬɢɱɧɢɦ ɦɟɬɨɞɨɦ ɿ ɭɬɨɱɧɸɸɬɶɫɹ ɡɚ ɞɚɧɢɦɢ ɲɚɯɬɧɢɯ 
ɟɤɫɩɟɪɢɦɟɧɬɿɜ, ɳɨ ɞɨɡɜɨɥɹє ɡɚɜɱɚɫɧɨ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɞɨɞɚɬɤɨɜɿ ɡɚɯɨɞɢ ɡ ɩɿɞɬɪɢɦɚɧɧɹ ɜɢɪɨɛɨɤ. ɉɨɤɚɡɚɧɨ, ɳɨ 
ɡɞɿɣɫɧɟɧɧɹ ɤɨɦɩɥɟɤɫɭ ɡɚɯɨɞɿɜ, ɳɨ ɫɩɪɹɦɨɜɚɧɿ ɧɚ ɡɧɢɠɟɧɧɹ ɧɚɞɯɨɞɠɟɧɧɹ ɜɨɞɢ ɜ ɜɢɪɨɛɤɭ, ɩɿɞɜɢɳɭє ʀʀ ɫɬɿɣɤɿɫɬɶ ɡɚ 
ɪɚɯɭɧɨɤ ɡɧɢɠɟɧɧɹ ɪɨɡɦɿɪɿɜ ɡɨɧ ɧɟɩɪɭɠɧɢɯ ɞɟɮɨɪɦɚɰɿɣ ɜ ɛɨɤɚɯ ɿ ɩɨɤɪɿɜɥɿ ɜɢɪɨɛɤɢ ɜ ɡɨɧɿ ɫɬɚɰɿɨɧɚɪɧɨɝɨ ɨɩɨɪɧɨɝɨ 
ɬɢɫɤɭ, ɡɦɟɧɲɟɧɧɹ ɞɟɮɨɪɦɚɰɿɣ ɤɨɧɬɭɪɭ ɜɢɪɨɛɤɢ, ɜɟɥɢɱɢɧɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨʀ ɬɚ ɜɟɪɬɢɤɚɥɶɧɨʀ ɤɨɧɜɟɪɝɟɧɰɿʀ. 

Ʌлɹɲɩɝі ɬлɩɝɛ: ɫɬɿɣɤɿɫɬɶ ɝɿɪɧɢɱɢɯ ɜɢɪɨɛɨɤ, ɨɛɜɨɞɧɟɧɿ ɩɨɪɨɞɢ, ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɢɣ ɫɬɚɧ ɩɨɪɨɞɧɨɝɨ 
ɦɚɫɢɜɭ, ɦɚɬɟɦɚɬɢɱɧɟ ɦɨɞɟɥɸɜɚɧɧɹ, ɦɟɬɨɞ ɤɿɧɰɟɜɢɯ ɟɥɟɦɟɧɬɿɜ. 

 
Ȼɨɨɩɭɛɱиɺ. ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɪɟɲɟɧɢɸ ɚɤɬɭɚɥɶɧɨɣ ɧɚɭɱɧɨɣ ɡɚɞɚɱɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɟɬɨɞɨɜ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɨɪɧɵɯ ɜɵɪɚɛɨɬɨɤ ɜ ɝɨɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɨɛɜɨɞɧɟɧɧɵɯ ɩɨɪɨɞ. Ɇɟɬɨɞɵ 
ɢɫɫɥɟɞɨɜɚɧɢɣ: ɚɧɚɥɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɨɰɟɧɤɟ ɫɨɫɬɨɹɧɢɹ ɦɚɫɫɢɜɚ ɨɛɜɨɞɧɟɧɧɵɯ ɝɨɪɧɵɯ ɩɨɪɨɞ, 
ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ ɝɨɪɧɵɯ 
ɩɨɪɨɞ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɪɨɞɧɨɝɨ ɦɚɫɫɢɜɚ ɦɟɬɨɞɨɦ 
ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɲɚɯɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɜɨɞɨɧɚɫɵɳɟɧɧɵɯ ɝɨɪɧɵɯ ɩɨɪɨɞ. ɂɫɫɥɟɞɨɜɚɧɵ 
ɨɫɨɛɟɧɧɨɫɬɢ ɜɥɢɹɧɢɹ ɜɨɞɵ ɧɚ ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɝɨɪɧɵɯ ɩɨɪɨɞ. ɉɨɥɭɱɟɧɵ ɨɛɨɛɳɟɧɧɵɟ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ 
ɡɚɜɢɫɢɦɨɫɬɢ ɫɧɢɠɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɩɟɫɱɚɧɢɤɨɜ, ɚɪɝɢɥɥɢɬɨɜ ɢ ɚɥɟɜɪɨɥɢɬɨɜ ɩɪɢ ɜɨɞɨɧɚɫɵɳɟɧɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɢɯ ɢɡɧɚɱɚɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɜ ɟɫɬɟɫɬɜɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. Ɇɟɬɨɞɨɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɵ ɢ 
ɲɚɯɬɧɵɦɢ ɧɚɛɥɸɞɟɧɢɹɦɢ ɩɨɞɬɜɟɪɠɞɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɦɚɫɫɢɜɚ ɩɨɪɨɞ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɜɨɞɧɟɧɧɨɫɬɢ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɣ ɜɵɪɚɛɨɬɤɢ. ɉɪɟɞɥɨɠɟɧɵ ɫɨɨɬɧɨɲɟɧɢɹ ɞɥɹ 
ɪɚɫɱɟɬɚ ɜɨɡɦɨɠɧɵɯ ɜɨɞɨɩɪɢɬɨɤɨɜ ɜ ɝɨɪɧɵɟ ɜɵɪɚɛɨɬɤɢ ɧɚ ɛɚɡɟ ɨɰɟɧɤɢ ɨɛɴɟɦɨɜ ɪɚɡɪɭɲɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɝɟɨɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɩɚɪɚɦɟɬɪɨɜ ɨɬɤɪɵɬɨɣ ɩɨɪɢɫɬɨɫɬɢ ɢ ɬɪɟɳɢɧɨɜɚɬɨɫɬɢ. Ɉɩɪɟɞɟɥɟɧ ɯɚɪɚɤɬɟɪ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɭɜɥɚɠɧɟɧɧɵɯ ɩɨɪɨɞ ɜ ɤɪɨɜɥɟ, ɛɨɤɚɯ ɢ ɩɨɱɜɟ ɜɵɪɚɛɨɬɤɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɵɟ 
ɞɟɮɨɪɦɚɰɢɢ ɧɚɱɢɧɚɸɬɫɹ ɜ ɛɨɤɚɯ ɲɬɪɟɤɚ ɢ ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɜɢɞɟ ɨɬɠɢɦɚ ɫɥɚɛɵɯ ɩɨɪɨɞ ɜ ɤɪɨɜɥɟ ɢ ɩɨɱɜɟ ɭɝɨɥɶɧɨɝɨ 
ɩɥɚɫɬɚ. ɇɚɢɛɨɥɟɟ ɨɩɚɫɧɵɦɢ ɦɟɫɬɚɦɢ ɹɜɥɹɸɬɫɹ ɜɟɪɯɧɢɟ ɛɨɤɨɜɵɟ ɭɝɥɵ ɜɵɪɚɛɨɬɨɤ, ɤɨɬɨɪɵɟ ɩɨɞ ɜɥɢɹɧɢɟɦ 
ɜɥɚɠɧɨɫɬɢ ɫɤɥɨɧɧɵ ɤ ɜɵɜɚɥɚɦ, ɚ ɫɢɫɬɟɦɚ ɚɧɤɟɪɧɨɝɨ ɤɪɟɩɥɟɧɢɹ ɬɟɪɹɟɬ ɨɩɨɪɭ. Ɍɚɤɢɟ ɩɪɨɹɜɥɟɧɢɹ ɝɨɪɧɨɝɨ 
ɞɚɜɥɟɧɢɹ ɧɚɞɟɠɧɨ ɩɪɨɝɧɨɡɢɪɭɸɬɫɹ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱɧɹɸɬɫɹ ɩɨ ɞɚɧɧɵɦ ɲɚɯɬɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, 
ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɡɚɛɥɚɝɨɜɪɟɦɟɧɧɨ ɩɪɢɦɟɧɹɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɞɟɪɠɚɧɢɸ ɜɵɪɚɛɨɬɨɤ. 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɤɨɦɩɥɟɤɫɚ ɦɟɪɨɩɪɢɹɬɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɫɧɢɠɟɧɢɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜɨɞɵ ɜ 
ɜɵɪɚɛɨɬɤɭ ɩɨɜɵɲɚɟɬ ɟɟ ɭɫɬɨɣɱɢɜɨɫɬɶ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɪɚɡɦɟɪɨɜ ɡɨɧ ɧɟɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɣ ɜ ɛɨɤɚɯ ɢ ɤɪɨɜɥɟ 
ɜɵɪɚɛɨɬɤɢ ɜ ɡɨɧɟ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɨɩɨɪɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɭɦɟɧɶɲɟɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɤɨɧɬɭɪɚ ɜɵɪɚɛɨɬɤɢ, ɜɟɥɢɱɢɧɵ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɢ ɜɟɪɬɢɤɚɥɶɧɨɣ ɤɨɧɜɟɪɝɟɧɰɢɢ. 

Ʌлɹɲеɝые ɬлɩɝɛ: ɭɫɬɨɣɱɢɜɨɫɬɶ ɝɨɪɧɵɯ ɜɵɪɚɛɨɬɨɤ, ɨɛɜɨɞɧɟɧɧɵɟ ɩɨɪɨɞɵ, ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ 
ɫɨɫɬɨɹɧɢɟ ɩɨɪɨɞɧɨɝɨ ɦɚɫɫɢɜɚ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

 
ɋɬɚɬɬɹ ɧɚɞɿɣɲɥɚ ɞɨ ɪɟɞɚɤɰɿʀ 11.07.2019. 
Ɋɟɤɨɦɟɧɞɨɜɚɧɨ ɞɨ ɞɪɭɤɭ ɞ-ɪɨɦ ɬɟɯɧ. ɧɚɭɤ ȼ.Ƚ. Шɟɜɱɟɧɤɨɦ. 


