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SUBSTANTIATION INTO “ROCK MASSIVE — UNDERGROUND
GASIFIER” SYSTEM ADAPTABILITY OF SOLENOVSKYI SITE
IN THE DONETSK COAL BASIN

Purpose. Research on stress-deformed state of rock massive around underground gasifier taking into account the
change in the continuity of the roof rocks and the thermodynamic stresses in them.

Methodology. Conducting analytical studies was based on the accepted physical and mathematical models, for the
development of which the rock massif movement theory of Professor A. V. Savostianov is adopted, reflecting the fea-
tures of the rock strata behavior over the gasifier (stratification, the fractures and stratification cavities formation,
layers movements relative to each other).

Findings. Multivariant calculations of the stress-deformed state of the rocks around the underground gasifier are
performed with the establishment of the load diagrams parameters for the sub-layers of the massif, depending on
geological, technological and temporal factors.

Originality. Dependencies of the underground gasifier bearing pressure zones distribution on the adjacent roof
level of the coal seam were established, taking into account gasification channel length (30 and 60 m) and the veloc-
ity of combustion face advance from 0.5 to 2.0 m/day. For the first time, dependencies representing the rock layers
subsidence parameters in the underground gasifier roof from geomechanical factors, as well as thermal stresses along
the gasification channel length and the velocity of combustion face advance, were obtained.

Practical value. A mathematical mechanism was proposed for the determination of stresses in various rock massif
sections in case of borehole underground coal gasification in order to establish the conditions for the “Rock massive —
underground gasifier” system adaptability, taking into account geomechanical factors and thermal stresses along the
gasification channel length. The obtained dependencies make it possible to predict the necessary velocity of the com-
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bustion face advance to ensure technological effectiveness of the gasification process.
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Statement of the problem. The implementation of
borehole underground gasification technology into the
coal-mining complex of Ukraine is impossible without
taking into account the adaptation processes in the
“Rock massive — underground gasifier” system. Among
these processes, an important place is taken by the adap-
tive impermeability of the underground gasifier, which
is associated with the geological criteria, physico-me-
chanical, structural and filtration properties of the rock
and coal massif, as well as with the changes occurring in
the rock strata with the coal seam gasification.

Analysis of recent research and publications. The oc-
currence of anomalous rock pressure zones with the
combustion face advance and the affected area growth
causes the formation of areas around the gas generator
with different degrees of rocks fracturing [1]. The geo-
mechanical parameters of the roof rocks behavior dur-
ing the coal seam gasification are identical to the condi-
tions of the coal extraction in longwall face [2, 3] and
methane gas output from the gas-hydrate deposits [4],
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but the main difference is due to the behavior of the ad-
jacent roof over the gasifier, which lower layer in the
combustion face area is subjected to thermoelectromo-
tive force varying in length (4 = 0.15—0.4 m) under the
influence of high-temperature processes (7 = 480—
1250 °C) [5].

Technogeneous fracturing of the massif in the case
of unconventional methods of gas extraction causes roof
rock shearing and spalling into cavities [6, 7] and forms
an increased enclosing rocks permeability [8], which
leads to the destabilization of the process and contami-
nation of the environment [9].

In the course of laboratory and bench studies devot-
ed to the elastic properties of formation under the influ-
ence of high temperatures, an uneven change in the
rocks thickness in the lower layer of the adjacent roof
along the gasification channel length has been estab-
lished, which leads to an increase in the rocks volume by
1-5 % of the initial one, with elasticity modulus chang-
ing by 5—18 % [10].

Identification of previously unsolved parts of the gen-
eral problem. According to the results of analytical and
bench research, the world scientists have established the
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parameters of the “underground gasifier — rock mas-
sive” system adaptability, taking into account the roof
rocks continuity changing over the combustion face
[11—13], but without taking into account the thermody-
namic stresses.

The purpose of this article is to justify “rock massi-
ve — underground gasifier” system adaptability, which
takes into account the parameters of the rocks continu-
ity change with the coal seam gasification and the ther-
modynamic stresses in them for the mining and geolog-
ical conditions of the Solenovskyi coal mining site.

Description of the research methodology. To deter-
mine the areas and parameters of rock mass discontinu-
ity at the BUCG, the calculations have been performed,
similarity criteria for the rock massif formation, ele-
ments of the underground gasifier, the gasification pro-
cess of the coal seam, taking into account the strati-
graphic section of the characteristic wells and bench
maintenance test set parameters have been established.
Analytical studies were carried out with separation into
layers by the lithological difference and rock massif
thickness of the stratigraphic section. In the absence of
high power rock bridges, the separation into rock layers
is carried out from the coal seam (gasified) to the day-
light area, in the case of rock bridges presence — from
the seam to the hard layer.

Geology of the deposit. Preliminary selection of
BUCG sites was carried out on the coal seams (¢, ¢,
¢, ¢l cs, c;) of the Solenovskyi coal-mining area con-
fined to the Lower Carboniferous sediments of C; mul-
tiple coal layers, taking into account the acceptability
appraisal criteria for the underground gasification pro-
cess [7]. When acceptability appraisal criteria for the
sites were made, the largest coefficient of acceptability
0.87 was obtained by 2A site in coal layer c5, where it was
proposed to construct an experimental underground
gasifier.

2A site is located on the coal field of Solenovskyi —1,
2, 3 of the Krasnoarmiiskyi coal-bearing territory in
Donetsk region, adjoined the northeastern slope of the
Ukrainian crystalline massif and extended along the
southeastern side of the Donetsk ridge. The natural
boundaries of the 2A site, represented with multiple coal
layers cg, cé, cs, cf, are the Tersianskyi normal fault
No. 1 down the pitch in the north, Muraviovskyi nor-
mal fault across the pitch from the south, and the Ter-
sianskyi normal fault from the east.

Property extension down the pitch is H = 1362 m,
across the pitch is S = 686 m. The total producing re-
serves of the multiple coal layers of 2A site are Z=2083.2
thousand tons. The depth of coal seams occurrence is
H =60 — 285 m, the power is m = 0.5—0.75 m, angle of
incidence is oo = 7—23°. The coal of the formation is rep-
resented with G and Jbrands. The filtration properties of
the seam are characterized within 0.4—0.6 D range, the
enclosing rocks are 0.8—1.1 D.

The hydrogeological conditions of the site are rela-
tively favorable. The site is isolated by tectonic faults
down and across the pitch from the hydraulic connec-
tion with the overlying water-bearing formation. Waters
are confined to strata of coals, limestones and sand-
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stones. Water-bearing horizon of Lower Carboniferous
deposits are represented in formation-fractured type
with a pressure surface. The pressure varies in the range
from 49.35 to 71.90 m. The coefficient of filtration is
K, = 0.0045-0.9140 m/day. Coeflicient of water con-
ductivity is K,, = 4.36—9.51 m?/day. The expected fluid
influx into the underground gas generator is 0.85—
4.7 m’/t.

Taking into account that limestone and sandstone
layers are limited with tectonic faults, only insignificant
stocks of static waters are contained in limestone and
sandstone of the roof [14].

Coal of ¢s layer of J grade is black, simple structured,
thin-layered, lying calm with the rocks falling in the
northern and northeasterly directions at an 8—18° angle
with the outlet under the deposits (4, = 75 m), decreas-
ing in the disjunctive geological fault zone up to 14°. The
calorific value of combustible fuel varies between 33.8
and 36.6 MJ/kg, with an average value of 34.5 MJ/kg.
The lowest calorific value is 32.2 MJ/kg. The detailed
information is presented in Table 1.

The main roof and bottom of the layer are represented
with alternating of sandy and irregular metal layers, and
sandstone, and the adjacent roof of the layer predomi-
nantly with sandy shale of average hardness with a strength
coefficient f=4. The main roof is represented with sand-
stone and sandy shale dense, of average hardness with a
strength coefficient f= 5, medium-broken (A2).

Directly under the layer is a sandy shale with the
0.1—0.2 m thickness, f= 2. Below, the soil is represented
mainly with irregular metal with f= 3—4 strength coef-
ficient, medium-tight. Irregular metal and sandy shales
are a reliable aquaclude and will protect the combustion
face from entering static water that is in the sandstone.
The water-bearing formation of stratal-fracture type is a
pressure head, with variable magnitude from 58 to 75 m.
The specific yield ranges from 0.001 to 0.067 1/s,
K, = 0.0044—0.7200 m/day. Considering that there are
no natural screens due to the up the pitch, fluid influx
can be up to 0.84—1.70 m3/t. The fluid influx will occur
from the overlying horizon of ¢} and ¢4 layers.

Results of the study. To calculate the stress-deformed
state of the rocks, it is necessary to establish the param-
eters of the load diagram for the underworked seams of
the massif, depending on geological, technological and
temporal factors [15, 16]. As a boundary condition we
take the parameters of free and maximum rock layer
subsidence of the immediate roof [17].

The selected mathematical apparatus under the
BUCG conditions makes it possible to determine the
lateral force (Q), the moment (M), cross-sectional

Table 1

Characteristics of coal reserves in the cs reservoir
within the 2A site

Stratification Thickness, | Density, Coal reserves,
depth, m m t/m3 thousand tons
75—280 0.65—-0.85 1.25 487.5
202 0.8
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seams inclination (0) and its descent (y) [18]. Creation
of mathematical models allows to solve the set issues
with obtaining predictive results over an extended time
frame [19].

The coal seam gasification temperature changes
along the length of the gasification channel. The maxi-
mum temperature (1050—1200 °C) is observed at the
boundary of the oxidizing zone transition to the reduc-
ing one. Therefore, the combustion face rocks along the
length of the gasification channel is subjected to differ-
ent thermoelastic stresses, the same situation is observed
in the affected area.

The stress-deformed state of the bottom bench of the
adjacent roof is subjected to high temperatures, which
leads to deformations and changes in the physical and
mechanical properties of the rocks, depending on the
thermal conductivity of the layer sections along the gas-
ification channel Iength of the underground gasifier.

The heat exchange of the massif is carried out not
only due to conduction, but also due to convection. This
situation is justified by the stratification cavities forma-
tion in the roof of an underground gasifier and the pres-
ence of pores and fractures in it. The degree of influence
of heat exchange convection (g;) is determined by the
presence of cavities in the rocks and their location,
which in turn determines the thermal stress of the adja-
cent roof rocks. Therefore, to study the stress-deformed
state of the roof of an underground gasifier it is neces-
sary to take into account the changes in the elastic mod-
ulus £, and the linear thermal expansion coefficient f3.
The elasticity coefficient varies depending on thermal
effect correction factor influence K, = 1.08—1.35.

The primary causes of the rock layer destruction are
normal loads, friction forces (#;), moment of resistance
and tangential stresses from shear forces, stresses from
moment of resistance (G), friction forces and tangential
stresses from shear forces (t).

The stress-deformed state of rocks in the roof layer
of the underground gasifier is determined with the main
stresses (G, G,) and with the rock resistance test to sim-
ple compression (SPR). The condition for roof rocks
destruction is the formula

SPR> R, and 1.,,, > R,, (1)

where R, is the ultimate strength of the rock to simple
compression, t/m?*

There are no shear forces over the middle of the un-
derground gasifier, normal loads are insignificant, and
the condition of the rocks depends on the moment of
resistance causing stress along (AG,, AG,) and perpen-
dicular (G,, G,) to the formation.

Due to its own weight and moment of resistance in
the rock layer, through-the-thickness stresses are created
perpendicular to the formation. According to the accept-
ed physical model and the calculation scheme [18], the
stresses in different sections of the rock layer are deter-
mined. The shear forces O, and the moment of resistance
M, are determined from the formula, MPa and MPa/m

0. =B, -sin%x +B, -sin%x, )
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The probability of vertical fissure in rocks develop-
ment, contained in underground gasifier, depends on
natural and man-caused factors. Due to the flexure of
the rock layer, tension and contraction stresses arise,
which lead to its movements along the formation [20,
21]. The magnitude of these movements is comparable
with the value of the maximum subsidence and is 25—
30 % of them. The vertical fissure development is deter-
mined according to the rock deformations through hori-
zontal displacements N,, calculated for two adjacent
sections according to the formulas, mm

L2
N, =12-——x
Kphy - f(k)
4)
. By . 2m )
x| By -sin—x+—"-sin—x |;
e
N,—-N.
gzw.moo’ 5)

(x2-x)
where § is the horizontal deformations of the rock layer
area 1 m long, mm/m.
The rock layer subsidence Y, in the given sections is
determined from the formula, mm
L
Y. = 0.4'—3 3 X
K1 - f(k)

B
X|:Blk ~(cos%x—lj+%-[cos%x—lﬂ,

where f(k) is the rock deformation modulus that varies
along the length of the layer during the transition from
the bearing zone to the affected area and is determined
from the formulas

Fk:FO

(6)

at O<x<a; 7

Fk:<E0_En).%+En at a<x<f; (8)
0

F.=E, at f<x<L. )

In prototype and laboratory measurements of dis-
placements, it was found that with a deformation & >
> 5 mm/m, vertical fissures in the rock layers of the mas-
sif are observed [8, 12]. As a result of analytical studies,
the geometric and physical parameters of the bearing
zones of the percarbonic rock layer are determined. Bear-
ing zones of anomalous rock pressure at the burned-out
coal bed level, taking into account the length of the gas-
ification channel and velocity of the combustion face ad-
vance, which characterizes the conditions of rocks conti-
nuity trouble of the adjacent roof are shown in Fig. 1.

The adjacent roof level of the coal seam cs is repre-
sented with sandy shales with 3.8 m thickness, which is
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Fig. 1. Bearing zones of anomalous rock pressure at the
adjacent roof level of the coal seam c;, taking into
account the length of the gasification channel and ve-
locity of the combustion face advance:
a—30m; b—60m; 1 —2m/day; 2 — 1.5 m/day; 3 —
1 m/day; 4 — 0.5 m/day

stratified into two benches: the bottom bench is 1.8 m
thickness and the upper one is 2.0 m. The condition of
the rock bands lying directly above the formation will
depend on the loading of the main roof, high tempera-
tures, ash capacity, the presence of rocks in the roof
prone to heave, and the parameters of the stress-de-
formed state of the adjacent roof rocks.

The bottom bench of the adjacent roof will be more
susceptible to thermodynamic stresses. It should be not-
ed that the stresses in the rocks from the temperatures will
be unequal due to the temperature difference along the
gasification channel length. Subsidence of the rock layers
of the roof taking into account the geomechanical factors
and thermal stresses along the gasification channel length
of the underground gasifier in the characteristic section
(2 m from the combustion face) are shown in Fig. 2.

The subsidence and stresses in the bottom bench
flexuring of the adjacent roof along the affected area are
shown in Table. 2.

Analyzing the calculation data, presented in Table 2
and in Figs. 1, 2, it should be noted that with an increase
in velocity of the combustion face advance, the bearing
zone that appears ahead of the face at flexuring of the
adjacent roof decreases (d, = 11.9—7.8 m), and the load
maximum increases to 13.34—14.2 MPa. At the same
time, when the gasification channel length is 30 m, the
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Fig. 2. Subsidence of the rock layers of the roof taking

into account the geomechanical factors and thermal
stresses along the gasification channel length of the
underground gasifier at 2 m distance from the com-
bustion face:
1, 2, 3 — parameters of temperature transfer along the
length of the gasification channel at speeds of 0.5, 1.0 and
2.0 m/day productive workings velocity, respectively; 3, 4,
5 — the subsidence of the bottom bench of the roof rocks at
0.5, 1.0 and 2.0 m/day velocity of the combustion face ad-
vance, respectively

movements change insignificantly with a shift closer to
the face. With a 60 m channel length with an increase in
velocity of the combustion face advance, the geometric
parameters of the bearing zone of the adjacent roof are
reduced (d, = 20.3—18.1 m, a = 31.9-29.5 m), and the
load maximum increases to 18.4—20.9 MPa. Man-cau-
sed vertical fissures above the gasification channel,
which are directly related to the rock layers displace-
ment are formed under these deformation conditions, in
the range of 3.8—7.0 mm/m (/. = 60 m) and 2.9—
6.0 mm/m ([, = 30 m) in the rocks of the adjacent roof.

It should be noted that the adjacent roof broken
condition developing during coal seam gasification is
primarily related to the rock pressure, the secondary
factor of vertical fissures developing in the adjacent roof
is the uneven distribution of thermal stresses in it.

The adjacent roof rocks are not actively affected by
the temperature field, the effects of thermal stresses on
rock layers are insignificant or absent at all, which makes
it possible to conduct analytical studies without taking
into account the temperature coefficient K,

The deformation module for the main roof with
5.6 m thickness, under these conditions, is adopted
without taking into account the temperatures, since un-
der the conditions of the main roof occurrence, the tem-
perature influence on the layer is small due to a decrease
in the heat and thermal conductivity and the increase in
the heat capacity of the rocks under the main roof. In
the massif £, = 1.81.10* MPa, over the worked out space
E,=0.79.10* MPa. The calculation results of the critical
deformations, subsidence and displacement of the main
roof, taking into account the gasification channel length
at the velocity of the combustion face advance, are pre-
sented in Table 3.
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Table 2
Physical parameters of the bearing zones at bottom bench flexuring of the adjacent roof™
Stresses, MPa Subsidence, mm Displacements, mm face advance, m/day
G, G, G, above the face | 15 m from the face | above the face | 15 m from the face
14.1 3.6 1.4 155.0 584.0 61.2 140.6 0.5
24.9 7.9 3.1 226.0 695.0 165.0 219.3
17.5 4.9 1.8 114.0 551.0 53.1 119.7 1.0
26.9 8.4 3.5 203.0 592.0 149.0 206.5
19.8 6.7 2.3 106.0 497.0 44.0 110.0 2.0
32.1 9.6 3.8 198.0 584.0 136.0 194.8

* the values for the length of the gasification channel are 30 m in the numerator, in the denominator — 60 m

Table 3
Critical deformation of subsidence and displacements of the main roof
o Section considered from the face, m
Type of deformations in the
main roof 5 10 15 20 25 30
10 20 30 40 50 60
Deformations, mm/m 2.9 33 3.8 4.2 4.5 5.7
4.6 5.0 5.4 5.8 6.1 7.0
Lowerings, mm 189 270 362 448 521 618
272 396 474 563 629 710
Displacements, mm 75.2 117.4 164.5 206.3 170.2 112.8
104.6 172.9 212.0 245.1 264.6 231.2

Critical conditions appear in the case when the load
from the superstrata is distributed up to the geometric
bend point. Subsidence in such conditions above the
combustion face with a gasification channel length 30 m
will be 142 mm and at a length 60—209 mm.

Maximum horizontal deformations in the layer of
the main roofrocks are 6.1—7.0 mm/m. This leads to the
vertical fissures developing in the roof rocks. Under the
action of flexure, in the sections under consideration
(L =25.0—30.0 m), the rocks of the main roof are under
the stress that affect the strength properties of the rock
bed. The stresses arising at flexure in the cross sections
of the rock layers are presented in Table 4.

Based on the analysis of the calculation results, the
destruction of the main roof is observed only by forma-
tion, since the rock layers resistance to shearing is
3.1 MPa, for compression — 4.6 MPa, and for breakage
along the formation — 0.09 MPa. At critical deforma-
tions (Table 3), roof collapse is not observed. In order

Table 4

Stresses arising at flexure in the cross sections
of the rock layers

Section Shear Moment | Flexure stresses, MPa
location, force M),
m (0,MN| MN, | G| G | Gor | Tma
22.5 20.6 356 1.1 1 0.07]0.01] 2.3
29.5 25.2 811 341012 0.04] L8
18

rock layer be collapsed in the cross-section under con-
sideration, the plastic hinge formation at total stresses at
least 7.9 MPa is required. The compressive stresses aris-
ing in the section under consideration during the layer
broken condition do not exceed 3.4 MPa.

Analyzing the results of the study, it should be noted
that the rock layers of the main roof, under the given
conditions, will smoothly descend with the vertical fis-
sures formation with 5 to 8 fissures intensity per 1 p.m.
The main roof stratification will occur on three layers
with 1.5, 1.8 and 2.3 m thickness.

Sandy shale, composing the bottom bench of the adja-
cent roof of the ¢s layer, under the influence of tempera-
tures is prone to heave, since its composition includes a
number of components: SiO, — 59.2, Al,0,/SiO, — 0.19
and C — 1.07 % [22]. The coefficient of roof rocks heave
(K,) will be 1.16. The rocks of the burned-out coal bed are
mainly represented with irregular metal, which is prone to
heave (K. = 1.4). The coefficient K, depends on the tem-
peratures distribution along the underground gasifier
channel length. The displacements and stresses of the ad-
jacent roof rocks cs layer are presented in Table 5.

Based on the data, obtained from Table 5 it was
found that under the influence of geomechanical and
thermodynamic factors on the adjacent roof rocks, the
maximum soil roll reached 165.8 mm with a gasification
channel length 30 m and 203.8 mm with a channel
length 60 m, which is based on the ash-and-slag capac-
ity (7.5—10.2 mm), almost one-third of the burned-out
coal bed capacity.
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Table 5
Displacements and stresses of adjacent roof rocks
¢cs layer
Distance from the coordinates to the section
under consideration, m
Indicator 5 10 15 20 25 30
10 20 30 40 50 60
stress, MPa
G, 1.03 | 1.54 | L75 1.9 2.1 2.8
1.26 1.8 2.2 2.6 29 3.2
G, 0.04 | 0.07 | 0.08 | 0.09 1.1 1.5
0.06 | 0.08 1.0 1.2 1.4 1.6
T(max) 1.2 1.7 2.0 2.5 2.8 3.1
1.8 24 2.9 3.2 3.6 3.8
Y, roll, mm
39.2 | 68.7 | 104.8 | 129.5 | 152.4 | 165.8
46.5 | 72.6 | 135.1 | 152.9 | 174.7 | 203.8

Conclusions. Analyzing the results of the study, we
can state that the primary factor is in the anthropogenic
rocks broken condition occurrence containing an under-
ground gasifier is rock pressure. The temperature influ-
ence on the rocks, directly adjacent to the combustion
face, should be considered as a secondary factor that
arises in the active phase of the coal seam gasification.

It has been established that with the change in the
parameters of the bearing zone and the increase in the
underground gasifier half-span length, at a velocity of
the combustion face advance less than 0.5 m/day or its
stopage, the roof rocks collapse is possible directly onto
the combustion face, which will destabilize thermo-
chemical reactions zones along its length.

At the boundary of the oxidizing zone transition to
the reducing zone in 14.8—16.5 m interval, at gasifica-
tion channel length 30 m, there will be no rock spalling,
the same phenomena will be characteristic at gasifica-
tion channel length 60 m in the double gasifiers transi-
tion zones. In the transition zones, sandy shale goes into
a plastic state to 16—24 cm depth under the influence of
high temperatures. When removed from the combustion
face into the affected area, roof rocks cool down and
smoothly fall on the heaved soil.

Taking into account the obtained data during the re-
search, forms an engineering technique for determining
the conditions of “rock massive — underground gasifier”
system adaptability for predicting the stability of the
process of borehole underground gasification in such
mining and geological conditions.
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Kam’SSHOBYTLJILHOTO OaceiiHy
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MerTa. JlocninxeHHs1 HanpyXeHo-Ae(popMOBaHOTO
CTaHy TipChKOTO MacCHUBY HaBKOJIO TIiI3¢MHOTO ra3ore-
HepaTopa 3 ypaxyBaHHSIM 3MiHU CYLJIbHOCTI MOPif MO-
KpiBJIi Ta il TepMOAMHAMIYHUX HAMIPY>KEHb.
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Mertoauka. [IpoBeneHHsI aHAIITUYHUX JOCIIIIXKEHb
0a3yBaJlocsd Ha OCHOBI TIpUIHATOI (hi3UYHOI it MaTeMa-
TUYHOI MoJieNiel, 1151 pO3POOKU SIKMX MTPUMMAETHCS Te-
opis 3pylIeHHs TipchbKoro MacuBy npogecopa O. B. Ca-
BOCTBSIHOBA, 1110 BiZoOpaXaloTh OCOOJUBOCTI MOBEIiH-
K1 MOPOAHOI TOBILI Hall ra3oreHeparopom (posiiapy-
BaHHSI, YTBOPEHHSI TPIllIMH i TOPOXHUH PO3IIapyBaH-
HS, 3pYILIEHHS 11apiB BITHOCHO OJWH OJHOTO).

Pe3ynbTaT. BukoHaHi 6araToBapiaHTHi po3paxyH-
KW HamnpyxXeHo-nehOpMOBAHOTO CTaHy TipChbKOTO Ma-
CHUBY HaBKOJIO MiI3€MHOT0 ra30reHepaTopa 3i BCTAHOB-
JICHHSIM TIapaMeTpiB €Iop HaBaHTaXXeHb Ha ITiApo-
OJII0BaHI IIapy MAaCUBY 3aJI€XKHO BiJl T€OJIOTIYHUX, TeX-
HOJIOTIYHUX i TUMYACOBUX (DaKTOPIB.

HaykoBa HoBu3Ha. BcTaHOBIIEHI 3a1€2KHOCTI MOIN-
PEHHSI OTMOPHMX 30H Mil3eMHOI0 ra3oreHeparopa Ha
piBHI Oe3mocepeaHbOI MOKPIiBIi BYTiJILHOTO Tjiacta 3
ypaxyBaHHSIM JOBXWMHM peakliiiHoro kanHamy (30 i
60 M) i IIBMIKOCTI TTOCYBaHHSI BOIHEBOIO BUOOIO Bil
0,5 10 2,0 M/100. Ynepiie orpuMaHi 3aJIe>XKHOCTi mapa-
METpiB OIMyCKaHHSI MOPOAHUX IIapiB MOKPiBi MiA3eM-
HOTO ra3oreHepaTopa Bil reoMexaHiYHuX (akTopiB, a
TaKOX Bill TTOKa3HWKIB TEPMOHAIIPYKCHHS 3a JOBXU-
HOIO peaKIliifHOro KaHaly ¥ IIBUAKOCTI ITOCYBaHHS
BOTHEBOTO BHOOIO.

IIpakTHyHa 3HAYMMICTB. 3aITpPOIIOHOBAHA MaTeMa-
TUYHA MOJEb 711 BUBHAYCHHS HAIIPYXeHb Y TipChKO-
MY MacHBi B pi3HUX MOro nepepisax npu CBepaIOBUH-
Hili mig3eMHii ra3udikaliii Byrijist 1ist BCTAHOBIEHHS
YMOB aJalITUBHOCTI CUCTEMU ,,TipChbKUI1 MacUB — MilI-
3eMHUIi razoreHeparop® 3 ypaxyBaHHSIM IeOMexaHiu-
HUX (haKTOpPiB i TEPMOHAMNPYXKEHD 32 MTOBKMUHOIO peaK-
LitHoro kaHany. OTpuMaHi 3aJIeKHOCTI Jal0Th MOX-
JIUBICTh MPOTHO3YBaTU HEOOXiqHY IIBUAKICTb IMOCY-
BaHHS BOTHEBOTO BUOOIO TS 3a0€3TeUeHHST TEXHOJIO-
riYHOCTI Mpoliecy ra3udikarttii.

Kimouosi ciioBa: niozemna eazugixauis, eoeresuii eu-
0ill, eipcoKulli Macue, peakyitiHuil KaHan, HanpyiceHo-oe-
gopmosanuil cmar
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eas. HMccnenoBanue HampspKeHHO-1ehOPMHUPO-
BaHHOI'O COCTOSIHUSI TOPHOT'O MAacCHBa BOKPYT MOJA3EM-
HOTO ra3oreHeparopa ¢ y4eToM U3MEHEHUS CIUIOLIHO-
CTU MOPOJl KPOBJIU U €€ TEPMOJUHAMUYECKUX HAIPSI-
JKEHUM.
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Metomuka. [IpoBenecHMe aHATUTUYECKHUX MUCCIICIO-
BaHMiT 0a31MpPOBAJIOCh HA OCHOBE INPUHSTOU (pr3mde-
CKOI M MaTeMaTU4ecKOl Mopeieit, mis pa3padoTKu
KOTOPBIX MPUHUMACTCSI TCOPUST CABMKEHUSI TOPHOTO
MaccuBa Tipogeccopa A. B. CaBocTbsiHOBa, OTpaxaro-
1K€ OCOOEHHOCTH IMOBEIEeHUs TMTOPOJHOM TOJIIM Hal
rasoreHepaTopoM (paccioeHue, 0opazoBaHue TPEIIVH
M TIOJIOCTE pacclioeHusl, TMOABUXKKU CIOEB OTHOCHU-
TEJIBHO JIPYT IpYTa).

Pe3ynbTathl. BInoTHEHEI MHOTOBapMaHTHEIC pac-
YeThl HANPSIKEHHO-Ie(POPMUPOBAHHOTO COCTOSTHHUS
TOPHOTO MacCHUBa BOKPYT MOA3EMHOTO ra3oreHepaTopa
C YCTaHOBJICHHEM ITapaMeTPOB SITIOP HArpy30K Ha IO~
paboTaHHBIE CJIOM MacCHBa B 3aBUCHUMOCTH OT T€0JI0-
TUYECKUX, TEXHOJOTMIECKNX M BPEMEHHBIX (DaKTOPOB.

Hayynasg HoBM3HA. YCTAHOBJIEHbl 3aBUCUMOCTU
pacmpocTpaHEeHUsI OMOPHBIX 30H MOI3EMHOTO ra3ore-
HepaTopa Ha YPOBHE HEMOCPEACTBEHHON KPOBIU
YrOJIBHOTO IUIACTA C YYETOM JJIMHBI PEAKLIMOHHOTO Ka-
Haua (30 1 60 M) ¥ CKOPOCTH MOABUTAHMSI OTHEBOTO 3a-
604 ot 0,5 o 2,0 M/cyT. BriepBble moJlydyeHbl 3aBUCU-
MOCTH TTApaMETPOB OITyCKaHUS ITOPOTHBIX CJI0EB KPOB-
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JIN TIOA3€MHOTO Ta30TeHepaTopa OT TeOMEXaHMIECKIX
(dakTOpOB, a TaKXKe OT IOKa3aTejel TepMOHAIIPsIKe-
HUS 110 JJIMHE PeaKIIMOHHOTO KaHalla 1 CKOPOCTH ITOMI-
BUTAaHUS OTHEBOTO 32004.

IIpakTiyeckas 3HaumMocthb. [IpemnoxkeHa MareMa-
TUYECKasl MOMAEJb IS OMNpenesIeHUs] HaIpsLKeHUR B
TOPHOM MacCHBE B Pa3JIMYHBIX €r0 CEUESHMSIX ITPU CKBa-
>KMHHOI MoA3eMHOI ra3uduKaluuu yriei st yCTaHOB-
JIEHUSI YCIOBUI aallTUBHOCTU CUCTEMBbI ,,TOPHbBI Mac-
CUB — TOA3EMHBII Ta30reHepaTop® ¢ y4eTOM reomexa-
HUYECKUX (haKTOPOB M TEPMOHATIPSDKEHUM MO JTMHE
peakIIMOHHOTO KaHaia. IloJdydeHHBIE 3aBHCHUMOCTU
IAI0T BO3MOXKHOCTH ITPOTHO3MPOBATh HEOOXOIMMYIO
CKOPOCTD TTOIBUTAHMST OTHEBOTO 320051 TSI obecriede-
HUST TEXHOJIOTMYHOCTH TIpoIiecca ra3uuKamm.

KimoueBble ciioBa: nodsemuas eazugukayus, 02Heeoll
340011, 20pHbLIL MACCUB, PEAKUUOHHBLI KAHANA, HANPSICEH -
Ho-deghopmuposantoe cocmosiHue
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