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Purpose. To justify the opportunities to cross the disjunctive geological faults without full coal seam fracturing by un-
derground gasifier, basing on the established time dependencies ofunderground gasifier output to an effective gasification
regime applying the technology of borehole underground coal gasification.

Methodology. The changing dependency of time when the underground gasifier reaches the regime of stabilization
during underground coal gasification was found with a laboratory experimental unit.

Findings. The dependencies of fault plane amplitude in geological fault on the distance at which the gasifier reaches
the regime of stabilization on the total output of combustible gases and their heating value were received. The change of
the dependency of the coefficient of gasification enhancement, which is influenced by the thermochemical rate processes
in reaction channel of the underground gasifier, is presented. The approach to transfer the results ofthe experimental inves-
tigation in natural conditions based on geometric and time simplifications was offered. The results of the research will al-
low adjusting the calculation of material and heat balance of the gasification process to determine the optimal qualitative
and quantitative composition of injected air.

Originality. The time of underground gasifier reaching the regime of stabilization is determined by the rate of non-
fracturing of a coal seam and regulated by the reaction channel advance and balanced supply of reagents blast.

Practical value. The results of the experimental investigations are precise enough for practical application. They can
be used to determine the output parameters allowing the process to reach the regime of stabilization during underground
coal gasification. It gives the possibility to expand the use of underground coal gasification technology in geological frac-
turing zone and can be potentially involved in mine development of substandard coal reserves for energy and chemical
generator gas production, chemicals and heat manufacture.

Keywords: laboratory research, disjunctive geological faults, underground gasifier

Introduction. Coal is the main fossil fuel used in pow-
er generation. According to the World Energy Resources
2013 on average 60% of global substandard coal reserves is
located in difficult mine and geological conditions, includ-
ing the geological fracturing zones development of which
would allow to increase the time of its consumption due to
additional production and integrated use of'the following
40-60 years. International and local experience shows that
traditional coal mining in the areas of geological fracturing
is unviable because of the high cost of coal produced, low
labor safety of miners and gas-dynamic phenomena that
occur near the affected zones.

The concentrationof coal seams in difficult mining and
geological conditions at a considerable depth requires a
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comprehensive review of development opportunities. There
is aneed to develop an alternative technology of extraction
that will be based on scientific investigation, consistent
with the modern development of science and technology,
cost-effective and environmentally safe and, which is the
most important, belong to Clean Coal Technology. Such
technologyis underground coal gasification (UCG). An un-
derground coal gasification is a promising option forthe fu-
ture use ofun-worked coal. UCG permits coalto be gasified
in situ within the coal seam, via a matrix of wells. The coal
is ignited and air is injected underground to sustain a fire,
which is essentially used to “mine” the coal and produce a
combustible synthetic gas, which can be used for industrial
heating, power generation or the manufacture of hydrogen,
synthetic natural gas or diesel fuel [1].

For the conditions of Ukrainian energy and power sec-
tor, the research and justification the possibility of alterna-
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tive mining technologies are essential. Substantial deposits
of coalcan be converted to generators gas turn-on commer-
cially reasonable level, to solve problems of providing spe-
cific kind of energy and political aspects of the energy se-
curity.

The analysis of recent research and publications.
Thelastdecade’s breakthroughin the field of underground
coal gasification was obtained due to the strong interest in
the development ofalternative technologies of coal mining,
due to the ever-increasing demand and fuel price. Several
generations of local and foreign scholars have worked in
the field of development and implementation of the envi-
ronmentally friendly technology ofunderground coal gasi-
fication of coal seams.

The works by V.I. Bondarenko, H.I. Hajko, R.O. Dych-
kovskyi, V.N. Kazak, O.V. Kolokolov, H.V. Orlov, LA. Sa-
dovenko, P.V.Scafa, Ju.V. Stefanyk, M.M. Tabachenko,
V.S. Falshtynskyi, L. Yang, G. Perkins, S. Daggupati, and
scientific departments of companies “Linc Energy”, “Car-
bon Energy”, “Cougar Energy”, “Wildhorse Energy”, (Aus-
tralia), “Ergo Energy” (Canada), “Lawrence Livermore Na-
tional Laboratory”, “Carbon County” (USA), “ENN Coal
Gasification Mining Corporation”, “Xinwen Coal Industry
Group” (China), and others deserve particular attention.

They investigated geomechanical, thermodynamically,
thermochemical, hydrogeological and other aspects of coal
seams gasificationthatwere in relatively advantageous ge-
ological conditions ofoccurrence [1-4], while studying the
gasification process in the zones of geological fracturing
practically not carried out in certain cases hitting under-
ground gasifier in the zone of influence of geological faults
where they adversely affect the handling process, as they
most often are unpredictable. In case of insufficient detailed
exploration, the study oftechnology options for their transi-
tion led to stop the process ofunderground coal gasification.

Unsolved aspects of the problem. The possibility of
coal seams gasification with a large number of small-
amplitude geological faults without coal seam fracturing,
determines the minimum distance between faults, uncon-
sumed coal left by the faults of various types; the impact
of the stability of wells near geological faults, etc. current-
ly is poorly understood.

Thus, the existing technologies of underground coal
gasification process in the area of small-amplitude geologi-
cal faults not sufficiently reflect the latest achievements of
science and technology. The problems associated with
cross the disjunctive geological faults make it clear that the
study ofnew methods forthe coal seams extraction in diffi-
cult geological conditions is now an urgent task not only
for Ukraine but for other countries around the world.

The objective of the article is to set the time when the
gasification process reaches the regime of stability with
variable fault plane amplitude of geological dislocations on
the basis of laboratory investigation.

The presentation of the main research and the ex-
planation of scientific results. The investigations on the
laboratory model explain the need for the thorough exami-
nation of possible transition disjunctive geological disloca-
tion without full coal seam fracturing at different values of
dis-placement amplitude and the initial data acquisition for
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development the methods for coal seam gasification in na-
tural conditions.

The experimental laboratory unit is projected and pa-
tented in the department of underground mining of the Na-
tional Mining University and built by PISC “Neftemash” at
the sponsorship by the department ofeducation andscience
of Ukraine. Installed and geared-up after the assistance of
technical services of Donetsk electrical plant “Donetsk-
steel” and situated on the plant territory [5].

The processes occurring in realunderground conditions
are extremely difficult, so it is almost impossible to choosea
universaltheory thattakes into account the comprehensive-
ness ofthe process by looking at the systemofphase transi-
tions. Accordingly, in practice, most often the studies are
conductedbased onsignificant factors that are crucial for a
certain amount oftime to process. The air injected fromthe
first compressorthrough thepipeline system to the reaction
channel carries out control ofthe gasification process on la-
boratory unit. The air inject in oxidation zone where reac-
tion behavioris carried out by exothermic chemical reaction
releases the heat in gasification channel. In reducing zone
where reaction behavior is carried out by endothermic
chemical reaction absorb the heat in gasification channel.
That is why it is necessary to calculate heat and material
balance for physical equilibrium velocity and kinetics of
chemical reactions in the underground gasifier.

Combined injected air supply in pulsating regime allo-
wed in a short time pass the ignitionregime and reaches the
regime ofstabilization. In the oxidation zone, the multiphase
chemical reaction between oxygen, which has been supplied
in the gasifier and carbon (the main part of coal seam) pro-
vide heat generation to high enough temperature. Heat gen-
eration provides endothermic reaction behavior of carbon
dioxide (CO,) recovery and water vapor decomposition.

Oxidation or oxygen zone is an energy source and out-
put products for the subsequent formation of combustible
components of the underground coal gasification [6]. A
characteristic feature of underground coal gasification re-
action channelis that in the oxidation zone addition to coke
also present volatiles matter and coal inherent moisture
and rocks around the coal seam.

The enhancement of the total process of carbon gasifi-
cation theoretically depends both on the rate of chemical
reactions and on the enhancement ofinjected air supply and
the extraction of gasification product. The role of these he-
terogeneous factors depends on specific conditions of the
gasification process. The interactions of carbon with oxy-
gen result in oxide and carbon dioxide. At low tempera-
tures, the rate of chemical reactions between carbon and
oxygen is low, and the total rate of the process is deter-
mined by the speed of chemical reactions.

During the investigation, the reagents of blast passing
through three reaction zones formed generator gases com-
prised the combustible mixture of CO, H,, and CH,. The
proportion of these gases varied depending on the type
of blowing and the time from the beginning of the study.
Generator gases move out along the direction of airflow.
Fig. 1 is the concentration of generator gases measured by
gas detectors “Gasboard 320 L” and “BX-170" that work in
dynamic and manual mode.
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Fig. 1. Generator gas output during the experiment

Since experimental studies of underground coal gasifi-
cation include coal ignition, followed by reaction channel
formation in oxidation and reducing zone with a gradual
transition to a stable regime of gasification process, fig. 1
has the marks of the conventional division between these
processes.

After five hours of the efficient gasification process,
we fixed a decrease in all indices of combustible gases, in-
dicating the approaching of fault plane and disbalance of
material and heat balance. This situation during the exper-
iment promoted the deployment of the experiment gasifi-
cation process transferto manual control mode. There was
a gradual reduction of injected air supply in the zone of
reaction channel to prevent the formation of the high-
concentration of unreacted part of oxygen in the recovery
zone. For the calculation of the materially thermal balance
of BUCG, the special program was utilized. The calcula-
tion algorithm includes thermochemical conversions of
solid fuel into gas and condensed fluid in the conditions of
the elementary composition of a coal seam.

After gasification stabilization, the process moved in
the planning mode of gasification. During the experiment,
with a certain step, such intermittent effect was observed
three times. The readiness to the development of such
events has enabled early steps to predict the alarm appear-
ance during the experimental investigation. The ratio
CO/CO, in generator gases depends on kinetic and hydro-
dynamic conditions of carbon combustion and significant
effect not only on the process of gas production, butalso on
the intensity of oxygen consumption and correspondingly
expansion of oxidation zone.

Throughout the experiment, there was a high concentra-
tion of CO in the generator gases with respect to CO,,
which is explained by quite effective chemical reactions
under high temperatures in an oxidation zone and a small
amount of water vapor and gradual reduction of O, shows
the number of balanced injected air blast supply. The ex-
ceptions are the areas with the crossing of the fault plane.
Here there was a dramatic decrease of the volume of com-
bustible generator gases and smoky gas increase. This
is especially true for transition zone III-IV in which at
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16 hours 30 minutes from start the gasification the concen-
tration of CO,reached 11.3 %, O, — 5.6 %. The formation of
so-called reduction of CO roughly coincides with the pres-
ence of geological faults, although there is some disagree-
ment with the calculated parameters.

Analyzing the decrease in the concentration of CO, it
should be noted that the so-called lowering of the percent-
age content of carbon monoxide occur before displace-
ment amplitude of disjunctive geological fault, because the
gasification of coal seam is carried out not only in the
length of the reaction channel. The chemical zone of oxi-
dation, recovery and drying was formed in the coal seam
perpendicular to the reaction channel. The disturbance of
these zones provides the variation of material and heat bal-
ance, coursing time degrades ofthe combustible generator
gases output.

According to the research results [7], the reduction of
qualitative and quantitative composition of the generator
gases was stipulated by varying the power of the coal
seam, including the presence ofa disjunctive fault. Geolog-
ical anomalies greatly influence the redistribution of heat
in the reaction channel of underground gasifier affecting
the initial concentration of gas generator [8].

Making parallels between the obtained concentrations
of combustible and non-combustible generator gases
(fig. 1) there is a substitution of some other. In the zone I
and reduce the concentration of H,, CH,, CO started at 4
hours 45 minutes in the zone II — at 9 hours 15 minutes,
while zone III - 13 hours 45 min from the beginning of gasi-
fication process on laboratory unit.

The confirmation of the linear velocity of combustible
face advance made it possible to analyze timing violations
of crossing the geological fault by underground gasifier
with access to effective regime of gasification on the total
output of combustible generator gases and their heating
value during the experiment (fig. 2).

The definition of the time when underground gasifica-
tion processes reach the regime of stabilization requires
phased implementation analysis of experimental data. First,
this analysis was performed on the total output of generator
gases.
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Fig. 2. The total output of combustible generator gases and their heating value during the experiment

It should be noted that the process of gasification is ef-
fective, and it is in a stable mode under the condition of
the total output of combustible gases more than 25% or its
heating value more than 4 M J/m’.

As the percentage volume fixation of generator gases
occurred at the intervals of 15 minutes, in this case, fora
more precise definition of the moment when gasification
process reaches the regime of stabilization, it is necessary
to take into account the total output of combustible gases

; , which can be found by the following formula

P P (LB ) R e ML W S B
100 ) SCatty-¥Catt,

where t— the nearest fixed time with the total value of out-

put combustible generator gases < 25% ; ¢,— the nearest
fixed time, with the total value of outputcombustible gener-
ator gases > 25% ; > c— the total percentage content of
combustible generator gases;,— the estimated time of

crossing the fault plane of disjunctive geological fault.
The next phase of experimental data analysis was to de-
termine the actual time when the gasification process re-
aches the regime of stabilization. To make this determina-
tion we had do include an important parameter, such as he-

ating value g that was obtained by the following formula

fo=|n 4| 2o]. A2l ag)
100 Q,atty —Q,at

where ¢ — the nearest fixed time with the heating value of

combustible generator gases < 4 MJ/m’; ¢, — the nearest fi-

xed time with the heating value of combustible generator
gases >4 MIJ/m’.

The heating value of generator gases Opq is equal to

the heating value ofall combustible gases: CO, H,, CHy. To
determine the heating value of generator gases we can use
the next formula
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127,7-CO+108- H, +356-CH,
- 1000
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where CO, H,, CH4 — the percentage of the corresponding
generator gases.
Table 1 shows basic parameters, which took place for

the calculation ¢, and ly for the displacement amplitude

consideredat a specified time. Due to the experimental stu-
dies conducted with the account of the coefficient of geo-
metric similarity, the transfer results in natural conditions
should execute the inverse problem, the essence of which
is described below.

With the design speed of face combustion Ve =9 cn/

hour, which most probably was maintained (as we can see
from the results ofthe study), the coal seam ( lgg =180 cm)
gasified within 20 hours.

Taking into account the fact that this model corres ponds
to the length of the gasifier of Iy, =36 m, then the time of
gasification of extraction pillar will make ¢ =400 hours at

a similar rate of combustible face advance.
To make the analysis of experimental studies easier we
can make the calculation of coal gasification advance to

compare the time of gasification in gasifier model ¢ and in
gasifier in nature £ and ¢_.

Here are the temporal and geometric transformations in
the system of equations

m
ZgAg —)tx, at Vl
ln
lpo—>t, =25 atny’
"

lgg =1, atV,

n

!
, then VZ:%.

da
Where Zz :tx hiy
our
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Table 1

Basic parameters and calculation results 7, and g

. Heating value of | The regime of stabiliza-
Displacement S . .
litude. m ) Gas production, % generator gases, |tion of underground gasi-
amp > Time, hour MJ/m fier, hour
h H, CHy CcO >C Qg,g [V tQ
h 1.00 8.2 3.6 11.3 23.1 3.61
0m 1.09 1.13
t 1.25 8.5 3.9 13.8 26.2 4.07
1A 6.75 6.9 3.9 13.3 24.1 3.83
0.5m 1.67 1.72
1y 7.00 7.9 4.2 14.3 26.4 4.17
4 12.50 8.1 3.4 13.2 24.7 3.77
0.75m 2.31 2.20
t, 12.75 8.1 4.5 15.9 28.5 4.51
4 18.00 6.8 3.4 12.7 22.9 3.57
0.9m 3.07 3.14
t, 18.25 7.3 4.0 14.2 25.5 4.03
. . . " o
In this system of equations temporal and geometric 88 88

frames are calculated from variables to enable the compari-
son of numerical values x and z . After the calculation, we
obtain the speed of combustion face advance in nature
7.5 cihour, and the total time of coal seam gasification
t, =20days.

The conclusion concerning nature and model similarity
enables the calculation of homochronicity criterion, i.e. of
constant temporal similarities in the processes. In addition,
the invariant and the simplex of similarity in thermochemi-
cal processes were considered.

Now we can get the dependence of the fault plane am-
plitude on the distance at which the underground experi-
mental gasifier reaches the regime of stabilization based on
generator gases production and heating value of generator
gases (fig. 3).

7.0
6,0 v
yzz,(]cl.\.h
HL R*=0,981
40 s y=20cl0
’ R=0,9467

Distance from fault plane, m
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@ Production of generator gases ,; m Heating value of generator gases, %

Fig. 3. The dependence of the fault plane amplitude on
the distance at which the gasifier reaches the regime
of stabilization

Fig. 3 shows howthe hourly value, when underground
coal gasification reaches the regime of stabilization, was
comprised with the distance fromthe fault plane by the fol-
lowing simplification

m _qn
lg.g —t = lg'g — 1,

< tx :tz'

26

Accordingly 1; = -ty and 15 :T.,Q )

Fine precision of the received results (fig. 3) allows us
to determine the distance fromfault plane at which the gas-

ification process reaches the regime of stabilization.

t

z

[=19¢""da

where 5, ~—thedisplacementamplitude of the fault.

It is undoubted that the time of passing some distance
by underground gasifier can be corrected by speed advance
of the combustion face. Thus, the rate of gasification en-
hancement characterizes the change in speed advance ofa
combustion face (fig. 4). Speed advance depends on the ba-
lanced quantity ofthe injected air.

1,8

0,2

Coefficient of gasification enhancement, ke

0.0
1,01,11,21,3141,51,6 1,71,81,92,02,12,223242,52,62728293,0

Speed of combustion face advance, m/day

Fig. 4. Change dependency of coefficient of gasification
enhancement kyin accordance to the speed advance
of combustion face

After the enhancement of the coal seam gasification,
we have an opportunity for a shorter time reach the regime
of stabilization; however, these actions require additional
technical implementations in the gasifier operation.

Research conclusions and recommendations for
further research in this area.
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1. The reduce of'the percentage concentration of com-
bustible generator gases appears ahead of disjunctive fault
plane of a geological fault, because of the breakdown of
the chemical zone in the coal seam perpendicular to the re-
action channel.

2. Time ¢ at which underground gasifierreaches the re-
gime of stabilization, that is determined by the total output
of generator gases and the heating value of generator ga-
ses crossing disjunctive geologic fault with the amplitude
up to 0.9 of coal seam thickness at an exponential depen-

dence de-pends on the displacement amplitude #,;, and
the speed of combustion face advance Vg .

3. The enhancement of the geological fault crossing
zones depend on balanced supply of injected reagents, re-
spectively, taking into account heterogenic geometry of
coal seam, it is necessary to conduct additional calcula-
tion of material and heat balance and make manual mode
of gasification process.

4.1t will be effective to conduct similar studies using
computer simulation to confirm or refute the results of ex-
perimental studies on laboratory unit in the further rese-
arches. In addition, it is necessary to conducta detailed stu-
dy of coal seams abandon after the mining, where traditio-
nal mining is inefficient.
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MeTta. OOTpyHTYBaHHS MOKJIMBOCTI IEPEX0Ty 3 FOH-
KTHBHUX TE€OJIOTIYHUX MOPYIIEHB 0€3 pO3pUBY CYUUTHHOCTI
BYTUILHOTO IJIACTa MiI3eMHUM ra3oTeHePaTopoOM, BUXO IS~
YU 13 BCTAHOBJICHUX 3aJISKHOCTEH 3MIHU 4acy BUXOAY il
3eMHOTO ra3oreHeparopa Ha e() eKTUBHUIT pE)KUM BUTA30BY -
BaHHS TPH 3aCTOCYBAaHHI TEXHOJIOTIl CBEPIOBUHHOT i/~
3eMHOT ra3udikariii By riuisl.

MeTonnka. CTCHIOBHMH EKCIICPUMEHTAIBHUMHU JIOC-
JDKEHHSIMH BCTAHOBJICHI 3aJIC)KHOCTI 3M1HU 9acy BUXOIy
ITI3EMHOTO Ta30TeHepaTopa Ha e eKTUBHUIT PEKUM BHTa-
30BYBaHHS IIPH MiJBEeMHilf ra3nuQikarmii By riuLs.

PesynbTaTn. OtprMaHi 3a1eXKHOCTI BIUIMBY aMIUITy A1
3MilTyBada TeoJIOTITHOTO MOPYIICHHS HA BiICTaHb, 3 SIKO1
ra3oreHepaTop MePexoUTh Ha () eKTHBHUH PEKUM BHTA30-
BYBaHHS 32 CyMapHHUM BHXOJOM TOPIOYUX F€HEPATOPHUX
ra3iB Ta ix TemnoTu 3ropasHs. [IpencTaBneHa 3ajeXkKHICTD
3MiHM KoedilieHTa iHTeHcudiKallii BUra30ByBaHHS, 110 3a-
JIOKUTh Bil KIHETUKU MPOTIKAHHS TEPMOXIMITHHUX PeaKiii
y peakiifHOMYy KaHaJi MiI3eMHOTO ra3oreHeparopa. 3amnpo-
MOHOBAHUH MIIXiZ 11 MEPEHECEHHsI Pe3yJIbTaTiB CTCH/IO-
BUX CKCIICPHMCHTAJIBFHUX JOCIIDKCHb O HATYPHHUX YMOB
Ha OCHOBiI€OMETPUYHUXTAa YACOBUX CIIPOIICHB. Pe3ybTa-
TH JIOCIIDKEHb Ja/yTh 3MOTY BHECTH KOPEKTHBH B pPO3pa-
XYHOK MaTepiaJlbHO-TEIUIOBOTO OaslaHCy mporiecy rasudi-
Kalii [UId BU3HAYEHHS ONTUMAJILbHOTO SIKICHOTO Ta KUIBKIC-
HOTO CKJIaJTy Iy TTbOBO CyMIIIi.

HaykoBa HoBH3HA. Uac BUXO/y IiI3eMHOTO Ta30TCHE-
paTopa Ha e() eKTUBHHI PEKUM BUTa30 By BAHHS BHU3HAYAE Th-
Cs CTyHEeHEM HepO3PUBHOCTI By TUILHOTO MIACTA T PETYJI0-
€TbCS MIBUKICTIO ITOCYBaHHS BOTHEBOTO BUOOIO Ta 30anaH-
COBAHOIO I10IAYCI0 PCArCHTIB Iy TTS.

IpakTuyna 3Ha9EMicTh. OTpUMaHi pe3yJbTaTd CTCH-
JIOBHX SKCIIEPUM CHTAJIEHUX JIOCII/DKEHb 3 JIOCTATHBOO JUIS
MPaKTHYHOTO 3aCTOCYBaHHS TOYHICTIO MOYYTh BUKOPHCTO-
BYBATHCS JUT1 BU3HAUYCHHS MTApaMEeTPiB BUXOTy ITiIBEMHOTO
rasoreHepatopa Ha e(QEKTUBHHI PEKUM BUTa30ByBaHHS,
JIAFOTH MOJKJIMBICTH PO3MIMPHUTH 00JIACTh 3aCTOCYBAHHS TeX-
HOJIOTIl CBEpNIOBHHHOT MiIBeMHOT ra3udikarii Byruns B
30HaX I'€0JIOTIIHOT MOPYIICHHOCTI TiPCHKOTO MaCHBY Ta, Y
MEePCIEKTUBI, 3aly4aTd [0 BiAIpaIfoBaHHs HEKOHICHIIIIHI
MOKJIaM KaM “STHOTO BYTULIA IS OTPUMaHHS CHEPTeTHIHO-
ro Ta XIMIYHOTO T€HEPAaTOPHOTO a3y, XIMIYHHX MPOJIyKTiB
Ta TEIUIOBOI €HEeprii.

KiarouoBi ciioBa: cmenoosi oocnioawcents, Ous toHk-
MUBHI 2€01102T4HI NOPYULEHHS, NiO3EMHUL 24302 EeHePAMOop

Heas. O60cHOBaHNE BO3MOKHOCTH TIEPEX01a TU3bIOH-
KTUBHBIX TCOJIOTHYCCKUXHAPYIICHNI 0€3 pa3phiBa CIUIONI-
HOCTH YTOJIBHOTO IIACTa IOJ3EMHBIM Ta30TCHEPATOPOM,
MCXO0JIT M3 YCTAHOBICHHBIX 3aBICHM OCTEH N3MEHCHHS Bpe-
MEHHM BBIX0/ia IT0/I3EMHOTO ra3oreHeparopa Ha 3¢ heKTuB-
HBIW PEXXHUM BBITa30BBIBAHUS PH TP UMEHEHUH TSXHOJIOTHH
CKBKHHHO 110/ 3EMHO ra3u(UKaInu yIis.

MeToauka. CTeHIOBEIMH 3KCIIEPHMEHTAJIBHBIMHU HC-
CJIeI0BAaHUSIMH y CTAHOBJICHBI 3aBHCHMO CTH 3M €HEHHS Bpe-
MEHH BBIX0JIa MTO/3EMHOTO ra3oreHepaTopa Ha 3¢ deKTus-
HBIN PEKHUM BBITA30 BEIBAHUS ITPH MOI3EMHOM Ta3U( MKALIUH
yTIIS.

Pesyabrarel. IloiryueHbl 3aBUCHUMOCTU BIMSHUS aM-
TUTHTY bl CMECTUTESI TE0JIOTHYECKOTO HapYIIeHHs Ha pac-
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CTOsIHUE, IPH KOTOPOM razoreHepaTop nepexoautHa ¢ de-
KTUBHBIH PEXHUM BbITa30BbIBAHUS IO CYyMMapHOMY BBIXOJY
TOPIOYMX IeHEPATOPHBIX Ta30B U UX TEIIOTHI CTOPAHHUS.
[IpencTaBneHa 3aBHCUMOCTh HW3MEHEHHs Kod(QuuneHTa
WHTCHCU(UKAINHN BHITA30BBIBAHUS, KOTOPHIH 3aBHCHT OT
KHHETHKHI MPOTEKaHHS TePMOXUMHICCKUX PEAKIIUH B peaK-
IIHIOHHOM KaHaJle 0 3eMHOTO razoreHeparopa. [Ipemiosxen
HOJIX0J] K IEPEHOCY Pe3yIbTATOB CTEHI0BBIX YKCIIEPUMEH-
TaJbHBIX UCCIIEIOBAaHUI B HATypHBIE YCIOBHsS HAa OCHOBE
TeOMETPUYECKUX M BPEMEHHBIX yIpOIeHHH. PesympraTe
HCCIIeJOBAHMI TO3BOJIAT BHECTH KOPPEKTUBEI B pacyeT Ma-
TepHajbHO-TEIJIOBOTO OajaHca mpolecca ra3ug) Kanuu JUst
OTIpeJIeNieHNs] ONTUMANbHOTO KAaYeCTBEHHOTO U KOJMYe-
CTBEHHOTO COCTaBa AyTheBOIl cMecH.

Hayuynasi HoBu3Ha. Bpems BbIX0o/a MOI3€MHOTO Tra3o-
reHepatopa Ha () EeKTHBHBIN PEXUM BBHITA30BBIBAHHS OII-
penersieTcs CTETIeHBI0 HePa3phIBHOCTH IIACTA U PETYJIHPY-
€TCsI CKOPOCTBIO MOABUTaHMS OTHEBOTO 32005 1 cOamancu-
POBAaHHOM NO1auel peareHTOB JyThs.

V]IK 624:691

JL.L Cropo:keHKo, [1-p TeXH. HAYK, 1pog.,
.M. TI'aciii, kaHJ. TeXH. HAYK, J0IL

Ipakruyeckas 3Ha4MMOCThb. [lomydyeHHble pesyibTa-
TBI CTEHJIOBBIX YKCIIEPHM EHTAILHBIX HCCIIEIOBAHUH, C I0C-
TATOYHOM Uil MPAKTUYECKOTO MPUMEHEHHS] TOYHOCTHIO,
MOTYT MCIIOJIb30BaTHCS YIS OTIPEICIICHHS TapaMETPOB BbI-
X0Jla IMOJ3EMHOTO Tra3oreHeparopa Ha 3G eKTUBHBIN pe-
JKUM BBITa30BBIBAHHS, JAIOT BO3MOKHOCTh PACIIUPUTH 00-
JIACTh NMPUMEHEHUS TEXHOJIOTUM CKBAKMHHOM I103EMHOMN
ra3uuKalyy yrisg B 30HaX I€OJIOTHYECKOTO HapyILICHHs
TOPHOTO MacCUBa U, B MEPCIEKTUBE, IPUBJICKATh K OTpa-
0OTKE HEKOHIUIIMOHHBIE 3aJICKU KAMEHHOTO YIS IS 110~
JIy4€HHSI PHEPTETUYECKOTO U XAM Y ECKOTO TeHEPATOPHOTO
ras3a, XAM TIeCKHIX ITPOTYKTOB U TeIJIOBOM YHEPTHH.

KiroueBble cj10Ba: cmenoosble Ucciedo8aHus, OUsb-
IOHKIMUGHbIE 2e0JI02UYeCcKUe HaAPYULeHUs, NOO3EMHbIL 2A30-
2eHepamop
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THE NEW COMPOSITE DESIGNS FOR MINE TUNNEL SUPPORT

MeTa. CTBOpHTH HOBHIA CIIOCIO KPIMUICHHS TiPHUY0i BAPOOKH 3 BHKOPUCTAHHAM €()eKTHBHUX Ta HAIHHIX KOHCTPYKIIIH.
Po3poOuti KOHCTPYKTHBHI Ta MPOEKTHI pimeHHs. OOrpyHTyBaTH e()eKTHBHICTH Ta JOIUILHICTE BUKOPHCTAHHS CTBOPEHHUX
KpiMUICHB TIPCHKUX MOPiA y MiI3eMHHUX BHPOOKAX IPU OCBOEHHI POIOBHIIL.

MeToauka. BukoHaHMH KOMIUIEKC TEOPETUUHUX, AHATITHYHUX 1 eKCIIEPUM EHTAIBHUX JI0CINDKeHb. [IpoBeiennii anamniz
ICHYIOUHX KOHCTPYKUIN KpirieHb TIPHUYMX BUPOOOK 3 BUAUICHHSM X HEJIOJIKIB Ta mepesar. I3 maTepiamis 3 ¢pizuko-Mexa-
HIYHUMH XapaKTepUCTHKAM U, EKBIBAJICHTHUM M PEaJIbHUM KOHCTPYKITISIM, Y PaX0BY FOYH TEOPIO IO JOHOCTI, BATOTOBIICHI MO-
JIeJTi eKCTIepUM CHTATFHUX 3pas3KiB Ta IIpOBeIeHI TabopaTopHi BUIIpoOyBaHH:. BukoHaHe M0oIeIOBaHHS Ta YHCEINBHI po3pa-
XyHKH 3 BUHKOPHCTAHHSIM METO/y CKIHYCHHHX €JIEMEeHTIB.

PesynbTatn.TeopeTHIHO Ta €KCTIEPUMEHTAIBHO MIATBEpP/DKECHA JOIUIBHICTH 3aCTOCYBAHHS KOMIIO3UTHHX MaTepialiB
MIPH 3BeICHHI KOHCTPYKLIH KpirieHb TPHUIUX BUPOOOK, CPOPMYTLOBaHI OCHOBHI MPHUHIIUIIH X IPOEKTYBaHHS i BATOTOB-
nenns. Ha minctaBi oTpuMaHuXpe3ybTaTiB 3apOII0OHOBAHA IPOCTOPOBA IUIOIMHHO-CTPH)KHEBA CUCTEM A KpPilJIeHb, 10 3a-
Oesrnevye BUCOKY HECYTy 3/IaTHICTh Ta HAIHHICTL. PO3po0IIeHI CHCTEM U KPIMIeHb CKIIAIAI0THCS 13 TIPOCTOPOBOT CTPYKTY pHOI
PEIIITKA Ta TWIMTH. MaTeMaTHYHIM MO/ICIOBAaHHAM BU3Ha4YCHI () eKTHBHI cITOCOOM 00 € THAHHS PELTITKH i IUTHTH Ta HE00-
XiHI () I3MKO-MEXaHIdHI XapaKTepUCTHKN MaTepiajliB.

VYpaxoByroun KOHCTPYKTHBHI OCOOIMBOCTI CHCTEMH KPIiIMJIeHb, pO3pO0JICHA TeXHOJIOTIS BUKOHAHHS pOoOiT 3 1i BIamTy-
BaHHs. HaBeseHa TeXHOJIOTIsI BATOTOBICHHS BiIIIPaBHUX eJIeMEHTIB. Po3paxoBaHa TpyAOMICTKICT> BUKOHAHHS poOiT. [TinT-
BepHKeHA eKOHOM YHICTh 3alIPOIMIOHOBAHOTO CIOCO0Y 3BEICHHS KPIlJICHb.

HaykoBa HoBH3HA. P0o3p00JsicHHI HOBHUIl CHOCIO KPIMJICHHS TiPHUYUX BUPOOOK 13 3aCTOCYBAHHSAM MPOCTOPOBUX KOM -
MO3UTHUX KOHCTPY KIIif.

IpakTiyna 3HaYMMicTh. Po3po0ieHa KOHCTPYKIIiE MOKe BUKOPHUCTOBYBATUCS B TIPHUYI IPOMHCIOBOCTI B CyJacHHX
€KOHOMIUYHUX yMOBaX. J[03BOJIsI€ 3HU3UTH TPUBAIIICTD Ta TPYIOMICTKICTh POOIT.

Kiio4oBi ciioBa: cmanesanizobemon, cmpykmypa, pewimea, CImpuic etb, Kpinienns, 2ipnuia eupooxa

IlocTaHoBKa npodieMH B 3arajJbHOMY BUIJIsIAL Ta il PIOIOTBCA IMIAXTHI CTOBOYPH, INTOJIBHI, KBEPIUIATH, TOPHU-

3B’f130K i3 BaXKJIMBUMHU NPAKTUYHMMH 3aBJAHHSIMMH.
I'iparua BupoOka — MTy9HE YTBOPESHHS B 3eMHiif KOpi Imo-
POKHUH IUBIXOM BHUIMKH TipChKUX OPin. st HbOTO yTBO-

© Croposxenxo JII,, Taciit I.M.,2015

28

30HTAJIBHI Ta TOXIJI BHPOOKH. [ TpOXO/DKeHHS TipHU-
YUX BHPOOOK, 3aJICKHO Bill IX MPU3HAYCHHS, TIPHIIO-TE0-
JIOTTYHUX Ta TiAPOJIOTIYHUX YMOB, iCHY€E JEKiIbKa CIIOCO-
6iB. CriocoOu MpOX0/DKEHHS TIPHUYKMX BUPOOOK 3ayekKaTh
TaKOX BiJ PIBHA ¥ CTymMeHs MeXaHi3alil TipHUYOTPOXi-
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