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ABSTRACT

Purpose. Development of innovative approaches in technological and technical solutions improvement for coal seam
gasification.

Methods. Carrying-out of native and world experience in the coal reserves development by underground gasification
technology analysis, analytical studies on the heat and mass balance gasification process parameters determining and
determination of the rock massif stress-deformed state around the gas gasifiers, and its technical and economic indi-
cators operation.

Findings. The analytical calculations of the rocks stress-deformed state for the Western Donbas mines conditions
have revealed that the maximum length of the gasification pillar should not be more than 580 m. The innovative
technological schemes of gas gasifiers sites preparation work are proposed in two constructions: with roses and drill
injected blast activators. The energy indicators of the gas gasifiers work, the period of release into the gasification
mode during reverse operations and fuel gases discharge during different combustion face advance and the injected
blast composition are determined. Introduction of gas gasifiers’ constructions with drill injected blast activators are
recommended for the numerous advantages.

Originality. The dependence of the gasification pillar length change on the technical and economic parameters of the
gasification station operation was established; the dependence of the gasification operation on the gasification mode and
exhaust gases discharge, depending on the injected blast composition and the rate of the combustion face advance.

Practical implications. The rational parameters of bed preparation at mine gasification, as well as energy and tech-
nological parameters of this process are substantiated. New technological schemes for coal reserves working out with
gasification have been developed, which will allow additionally to use non-commercial and abandoned mine reserves
and extend the mining enterprises duration.
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1. INTRODUCTION

Today, proportion of coal in the energy industry of
the country is 34.6%. According to the Ministry of Ener-
gy and coal-mining industry of Ukraine, the total volume
of coal production in 2017 amounted to 34.9 million
tons. Compared to 2016, its volume decreased by 14.6%.
This situation is explained by the fact that the coal indus-
try of the country is in a crisis condition due to a number
of reasons: outdated and rundown mining equipment,
high production costs, lack of significant investments in
re-equipment of production, loss of human resources due
to falling prestige, imperfection of Price and Fee Policy,
depending on caloric value of coal product and market
opacity (Kharlamova, Chernyak, & Nate, 2016; Gladii,
2017; Bondarenko, Svietkina, & Sai, 2017).

Mainly, the crisis is due to the presence of a large
number of unprofitable, unproductive enterprises and the
lack of facilities for mines remodelling that are pro-
mising for investment (Vivcharenko, 2012; Petenko &
Maidukova, 2014; Borshchevska, 2015). Analyzing the
coal production dynamics (Snihur, Malashkevych, &
Vvedenska, 2016), it can be noted that the existing prob-
lems with the coal industry state were accompanied by
the military-political problems in the country, associated
with the occupation of the eastern territory part and get
out of 85 state mines control, that is 60% of the mine
fund, and by 2016 35 state and 22 private mines, resul-
ting in a significant reduction in coal production.

Taking into account the complex situation in the fuel
and energy sector of Ukraine’s industry, it is necessary to
change technological and technical solutions for the coal
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development fundamentally (Bondarenko, Griadushchiy,
Dychkovskiy, Korz, & Koval, 2007). All these realities
require comprehensive solution on the development and
introduction of innovative technologies for coal extraction
and processing at the site of its occurrence to obtain a hy-
drocarbon-chemical product. One of such technologies is
borehole underground coal gasification (BUCG) (Falshtyn-
skyi, Dychkovskyi, Saik, Lozynskyi, & Cabana, 2017).

The introduction of BUCG in colliery undertakings
that have given out their existence or are in stagnation will
allow the exploitation of mines to be prolonged by brin-
ging coal reserves left behind for technical and environ-
mental reasons (Wiatowski et al., 2015; Nieé, Sermet,
Checko, & Gorecki, 2017). The BUCG technology pro-
vides the efficient gasification process adaptation to the
mining system through the end-product variety and direc-
tion based on the market conditions, taking into account
technical and mining-geological conditions dynamic change
for the coal reserves deposit (Dubinski & Turek, 2016).

2. ANALYSIS OF TECHNOLOGY
SOLUTIONS ON COAL GASIFICATION
IN THE PLACE OF ITS OCCURRENCE

Today the native and world concept of BUCG tech-
nological schemes development is constantly being im-
proved. Research program design on underground gasifi-
cation of solid organic fuels is under development (Lan-
gan & Friggens, 1991; Yang, 2003; Li, Liang, & Liang,
2007; Blinderman, 2017). The main focus of these pro-
grams is to obtain high-quality combustible fuels, which,
by their calorific value, is not inferior to natural gas. The
peculiarity of the gasification process conducting is
based on the suitability criteria of the coal reserves sub-
stantiation for gasification (Lozynskyi, Saik, Petlovanyi,
Sai, & Malanchyk, 2018). These criteria influence the
choice of preparation methods and coal reserves deve-
lopment systems by gasification technology.

The developed underground gasification technologi-
cal schemes by the employees of the ‘“National Mining
University” have been substantiated by analytical studies,

approved and corrected gas gasifier operating parameters
in laboratory and industrial experiments for the mining
and geological conditions of the Western Donbas for-
mation and under the conditions of the experimental
mine “Barbara” (Katowice, Poland). They fully ensure
the efficiency of the gasification process (Falshtynskyy,
Dychkovskyy, Lozynskyy, & Saik, 2012; Falshtyns’kyy,
Dychkovs’kyy, Lozyns’kyy, & Saik, 2013).

Analysis of the situation with non-commercial and
abandoned mine reserves showed that it is most expedient
to use their technology for gasification in mine conditions
(Wang, Wang, Feng, Rudolph, & Jiao, 2009; Mocek et
al., 2016; Xin et al.,, 2017). The introduction of mine
gasifiers requires the coal mining availability. In this case,
the gasifiers preparation is carried out by horizontal, in-
clined wells from preliminary developments. Gasification
channel formation is carried out with the bankette of pre-
liminary development. The opening and preparation of
mining reserves, which are not opened, is carried out from
mining developments by semisteep horizontal wells in
horizontal direction along the coal seam. Gasification
channel formation between the wells is carried out by
hydraulic fracturing or burning (Blinderman, Saulov, &
Klimenko, 2008; Jiang, Chen, & Ali, 2017).

The main components that affect the allotment and/or
its site preparation parameters to the mine underground
gasification technology implementation are mining and
geological conditions for the reserves occurrence and
mining and technical factors for mining operations within
the selected area (Lozynskyi, Dychkovskyi, Falshtyn-
skyi, & Saik, 2015; Saik, Dychkovskyi, Lozynskyi,
Malanchuk, & Malanchuk, 2016). The mine gasifier
construction life, which is determined by the geomecha-
nical factor, depends on rate of combustion face advance
and the stress-deformed state of the rock massif around
the gasifier (Dychkovskyi et al., 2018). In Table 1 on the
example of the Stashkova mine (cs seam) the results of
rocks lowering and stress at immediate mine roof bottom
layer folding on the length of the extraction pillar of the
gasifier are shown.

Table 1. Physical parameters of the bearing zone at immediate roof bottom layer folding
on the length of the extraction pillar of the gasifier

Stress in the coal

Lowering the bottom layer

Bottom layer .
Y Combustion

massif, MPa of the roof, mm of the roof shift, mm face advance
G. G, G over 'Fhe com- 15m frpm the over Fhe com- I15m frpm the m/day ’
bustion face combustion face bustion face combustion face
2.70 0.54 0.08 163.00 614.00 68.60 152.30 0.50
3.10 0.72 0.12 128.00 560.00 56.10 124.40 1.00
5.60 0.98 0.33 110.00 484.00 41.20 100.80 2.00

Analysis of the stress-deformed rocks state calcula-
tion results at the finite area of the gasifier when the
velocity of combustion face advance changes, leads to a
decrease in the bearing zone from 14.3 to 6.9 m and the
increase in coal seam stresses from 2.7 to 5.6 MPa.
Horizontal displacements vary in the range of
41.2 — 68.6 mm, with a strike slip towards the combus-
tion face and the exploitation wells of the gasifier.
Deformations in the coal seam along the exploitation
wells in the bearing zone are within the range of
2.5-3.8 mm/m. It should be noted that the nature of
such stress intensity and deformations does not affect
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the rock mass state around the wells adjacent to combus-
tion face. This is due to the small size of combustion
face at its length (< 60 m) and the presence of thermoe-
lectromotive force around it, ensuring equal distribution
of combustion face at the finite areas.

Analytical calculations, for the PJSC “DTEK Pav-
lohradvuhillia” conditions, found that the maximum
length of the gasification pillar does not exceed 580 m.
The combustion face length varies from 30 to 60 m,
depending on the conditions of “rock massif — under-
ground gasifier” system adaptation taking into account
the geomechanical factor, technical and technological
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parameters of the gasifier equipment, methods of blast
injection and exhaust gases flows grouping.

The economic efficiency of the given parameters
of the gasifier extraction pillar length was confirmed
on the basis of technical and economic construction
indicators calculations and underground coal gasifica-
tion station operation: investments, the number of
workers, labor productivity, gas price cost, the pay-
back period of investments.

The complexity of the gasification station chemical
composite economic calculations is related to the cost
and economic efficiency of the BUCG by-products pro-
cessing (ballasting gases, chemical feedstock). This is
due to significant fluctuations both in particular products
rate scale of the chemical industry and in producing costs
of various technological processes.

The area of the rational pillar length that is gasified
during the gasification station operation, which consists
of 4 to 6 mine gasifiers, is shown in Figure 1.
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Figure 1. Change dependency in the gasification pillar length
on the technical and economic indicators of the sta-
tion: (a) area of rational gasification pillar length

The most suitable for comparison with BUCG is a
method of coal processing by coking tendency. The
experience of the coal coking technology developing,
the use of chemical products obtained in the process
can serve as a basis for chemical production technolo-
gy creation based on underground coal gasification.
In calculations, the overturn consists of two parts: the
cost of gas produced and released to the consumer; the
cost of heat energy generated by utilizing the heat of
waste gases and sold to industrial enterprises and
public utility companies.

Analysis of the dependency shown in Figure 1 indi-
cates that the rational area of the mine gasifier length is
from 320 to 480 m. Point /, shown in Figure 1, charac-
terizes the minimum gasifier length, which allows cover-
ing the minimum costs for the construction and operation
of the coal gasification station surface complex. Point 2
shows the maximum gasifier length based on analytical
studies of the geomechanical factor.

3. TECHNOLOGICAL RECOMMENDATIONS
FOR THE MINE GASIFIER OPERATION

The mine gasifier preparation is carried out in mine
conditions from mining excavations by drilling horizon-
tal exploitation wells along the coal seam. The techno-
logical scheme of the mine gasifier is shown in Figure 2.

The gasification channel of the gasifier 2 is formed
from the airway bankette /8 between the air injection
hole 4 and gas-conducting wells 5. Its length is deter-
mined on the basis of gasification heat and mass balance
indicators, the size of the exothermic reactions zone and
the geomechanical parameters of the rock mass contain-
ing the gasifier. The flexible tubing with roses 6, 7 in
gasifier is carried out after the of exploitation wells prep-
aration 4, 5 on the haulage gate side 7.
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Figure 2. Technological scheme of the mine gasifier with roses: 1-coal seam; 2 — gasification channel of the gasifier;
3 — combustion face; 4 — air injection hole; 5 — gas-conducting well; 6, 7 — flexible pipeline with rose; 8 — compressor
for air blast supply; 9—oxygen capacity; 10— steam generator; 11 — fault plane dispenser of blast components;
12, 13 — a device for moving a flexible pipeline with roses; 14 — gas-conducting bankettes; 15 — heat-resistant phos-
phogypsum barrier of haulage gate; 16 — heat-resistant phosphogypsum barrier of airway; 17— haulage gate;
18 — airway; 19 — the direction of air blast supply; 20 — direction of gasification products venting; 21 — vertical gas out-
let well (connection with the surface cleaning complex and gasification products processing); 22 — gasification affected
area; 23 — steam line; 24 — oxygen line; 25 — air line; 26 — blast pipeline

The gasification channel is separated from airway by
a heat-resistant phosphogypsum barrier /6, before its
installation, on the connection between air injection hole
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with the gasification channel, wood chocks are carried
out. The free space of the wood chocks is filled with
pieces of coal.
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The binary charge, as the main ignition element,
serves as an ignition capsule of wood chocks. It is fed
from the haulage gate side /7 through the air injection
hole 4. To provide additional activation of the coal seam
ignition process, oxygen is supplied along the flexible
pipeline 7 through the rose into the place of ignition.

The system of gasifiers development involves the use
of flexible pipelines with an internal diameter of 28 cm
and an external 33.5 cm in reels. For a stable supply of
injected blast mixture to the combustion face source, a
fault plane dispenser of blast components // is used. It
provides continuous air injection through the main exploi-
tation wells and flexible controlled pipelines while com-
bustion face advance. The use of such an integrated air
injection system ensures that the active blasting reagents
(O3, O, + CO, superheated steam) are fed and controlled
by the combustion face of the gasification channel.

After coal seam ignition from the oxygen capacity 9
to the combustion face of the gasification channel oxida-
tion zone, oxygen is fed along the flexible pipeline of the
well 4 through the rose. Formation and further exploita-
tion of the gasification channel oxidation zone is asso-
ciated with the exothermic processes of thermochemical
reactions. These reactions provide a stable kinetics of
endothermic reactions in the reduction zone of the gasifi-
cation channel. The length of the oxidation zone is
30 —33% of the gasification channel length.

From the gas-conducting well 5 along the flexible
pipeline 6 to the combustion face 23 of the reduction

zone, superheated steam with a temperature of < 125°C
or water steam > 125°C, depending on the humidity of
the rock mass and the water supply in the gasification
channel 6, is supplied with steam generator /0. Quantita-
tive steam supply indices in the reduction zone are calcu-
lated according to the heat and mass balance of the gasi-
fication process in order to obtain a technical or exhaust
gas with high consumer qualities.

Controlled flexible pipelines with roses move along
the combustion face with the help of trommels /2, 13.
Exhaust gases 20 from the gasification channel along the
gas-conducting well 5 are sent to the gas-conducting
bankette /4 under the pressure, separated from haulage
gate /7 with heat-resistant phosphogypsum barrier. Gasi-
fication products on a vertical gas-conducting well 2/ are
sent to underground gasification products purifying and
processing surface complex.

The implementation of controllability of the gasifica-
tion channel zones method by supplying the active in-
jected blast components along a flexible pipeline through
roses into the gasification channel selectively, according
to the process direction, will ensure the technical exhaust
gas output suitable for further thermal conversion to
obtain a synthetic product or an energy gas according to
the needs and hydrocarbon market condition.

Technological indices of a mine gasifier equipped with
a flexible pipeline with roses at coal seam cs gasification
(grade G) under the conditions of the Stashkova PJSC
“DTEK Pavlohradvuhillia” mine are given in the Table 2.

Table 2. Technological indices of cs coal seam gasification

The number of gasified coal

Duration of Output of combustible

Type of injected t/during exploi-  pillar gasifi-  gases (Hz2, CHs, CO) during
blast t/hour  t/day t/year tation period cation, days gasifier operation, m?
Air 2.15 51.60 18834.00 16641.00 322.50 9.10
Steam 2.20 52.80 19272.00 16932.90 320.70 14.20
02 + steam 2.02 48.50 17703.00 16931.80 349.10 19.40
02+CO2+steam 195 46.80 17082.00 16501.70 352.60 20.00
02 2.05 49.20 17958.00 16240.90 330.10 19.20
02+ CO2 1.99 47.80 17447.00 16443.20 344.00 18.10

The rate of combustion face advance with such struc-
tural differences as roses will be 1.42 — 1.80 m/day. It
depends on the mining-geological conditions, parameters
and method of air injection, the number of reversing
operations per day, the uniformity of the active zones
displacement along the gasification channel length.

In the coal gasification complex located in the chamber
opposite the gasifier, in addition to the installation of con-
trolled pipelines supply, there is equipment for preparation
and air injection in a well. Placing such equipment in mine
conditions requires considerable expenses for installation
and demolition works, in addition, as the parameters of the
mine gasifier increase, the dimensions of the complex
increase, which affects the growth of metal content.

Another technological solution for coal gasification is
the use of flexible controlled pipelines equipped with
injected blast activator. The application of this technical
solution provides an effective activation of the gasification
process along the gasification channel length, the propor-
tioning of the blasting current to the combustion face mir-
ror in each active zone of the gasifier.
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This contributes to reducing the injected blast and coal
losses, equal formation of the gasification channel and the
blasting current reverse. The developed and patented
technological scheme of a gasifier with drill injected
blast activators for direct and separate influence on the
oxidation and reduction zones in the gasification channel
is depicted in Figure 3.

The underground gasifier preparation is carried out
from mining’s 9, // in mining conditions. The horizontal
exploitation wells 4, 5 on the coal seam / with bankette
formation (the gasification channel) 2 between them with
airway 9 are carried out from the haulage gate //. In the
air injection holes and gas-conducting wells flexible pipe-
line connected with docking device with drill injected blast
activators 8 in a bankette 9 is installed. After this, the
airway bankette separates from it with the heat-resistant
phosphogypsum barrier /0. After formation ignition, the
bankette passes into the gasification channel. The for-
mation ignition is carried out as in the above-described
method (Fig. 2).
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Figure 3. Technological scheme of a gasifier with a drill injected blast activators: 1 — coal seam; 2 — gasification channel of the
gasifier; 3 — combustion face; 4 — air injection hole; 5 — gas-conducting well; 6, 7 — flexible pipeline with blast activa-
tors; 8 —drill injected blast activators; 9 — airway; 10 — heat-resistant phosphogypsum barrier; 11 — haulage gate;
12 — vertical gas-conducting well (connection with the surface cleaning complex and gasification products processing);
13 — gas-conducting bankette; 14 — heat-resistant phosphogypsum barrier; 15— the direction of air blast supply;
16 — direction of gasification products venting; 17 — gasification affected area; 18 — compressor for air blast supply;
19 — oxygen capacity; 20 — steam generator; 21 — fault plane dispenser of blast components; 22 — a device for moving a
flexible pipeline with roses; 23 — steam line; 24 — oxygen line; 25 — air line; 26 — blast pipeline

After ignition oxygen is supplied through the flexible
pipeline to the gasification channel through the drill inject-
ted blast activators on the combustion face mirror of the
oxidation zone. The process management is done taking
into account the geological characteristics of the formation
and the parameters of air injection into underground gasi-
fier. Control over qualitative and quantitative parameters
of the gasification product is carried out by gas analyzers,
chromatographs and heat-sensing devices, gasometers.

The drill activator is moved behind the combustion
face with the help of flexible pipelines. The gasification

products from the gasification channel along the gas-
conducting wells are directed under pressure to the gas-
conducting bankette /3, separated from the haulage gate
by heat-resistant phosphogypsum barrier /4. Later, the
gas-condensate gasification product is directed to gasifi-
cation products purifying and processing surface complex
through a vertical gas-conducting well /2.

Mass balance, technological parameters of a gasifier
equipped with drill activators for cs coal seam gasifica-
tion in mine conditions of Stashkova PJSC “DTEK Pav-
lohradvuhiillia” are given in Table 3.

Table 3. Technological indices of cs coal seam gasification using blast activators

.. The number of gasified coal Duration of Output of combustible
Type of injected - - . . .
blast thour  t/day tyear t/dupng explm- plllgr gasifi-  gases (Hz, CHs, CQ) dugmg
tation period cation, days gasifier operation, m

Air 2.12 50.97 18606.00 16373.30 321.00 9.50

Steam 2.30 55.30 20183.00 16603.10 310.30 20.40

O + steam 2.05 49.30 18011.00 16930.30 343.10 22.20

02+ COz +steam  2.04 49.10 17914.00 17018.30 346.80 21.80

02 2.10 50.50 18414.00 16388.50 324.90 20.10

02+ CO2 2.08 48.60 17721.00 15948.90 338.50 19.50

Range expansion of the injected blast components 28 28
application with chemical feed (oxygen, steam) directly _ 24
to the combustion face mirror allows providing the re- g ;
quired amount of heat for a short time, generated during g 20
exothermic reactions. In this case, through the activator, g 16 é
additional dynamic pressure is built on the burning coal £ 2
area along the whole combustion face length. Thermal = 123
energy indicators of the oxidative zone provide balanced g, g ;
endothermic reactions behavior in the conditions of im- é E
40O

pulse superheated steam supply on the combustion face.

A comparative analysis of two technological schemes
with roses and injected blast activator on the gasifiers
energy indicators enables us to substantiate the feasibility
of each scheme implementation. The main factors
influencing the technical level of the scheme are the
overall dimensions of the main air injection appliance.
The characteristics of energy indicators change at coal
gasification in two technological schemes with roses and
injected blast activator are shown in Figure 4.
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Air

0, O+CO+
+steam

0,+CO, Steam O,+steam

Gasifier heat and power indicators equipped
with flexible pipelines with roses

. B Gasifier heat and power indicators equipped
with drill injected blast activator

Figure 4. Energy indicators of the mine gasifiers work in
various injected blast components supplying
methods to the combustion face “mirror”
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One of the main indicators of effective work is to en-
sure the quick adequate gasification operation during re-
verse work. Taking into account the previously established
dependences of the underground gasification operation
into cyclic reversing (Saik, Falshtynskyi, Dychkovskyi,
& Lozynskyi, 2015) and the obtained results on the
physic-chemical reactions in the combustion face, the
authors of the work fixed the time of adequate gasifica-
tion operation. The time changes of gasification opera-
tion, equipped with flexible pipes with roses and drill
activators during reverse works are shown in Figure 5.

\ \
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2 3 4 5 6 7 8
Time of adequate gasification at different
gasification mode, 4

Figure 5. The diagram of fixed time of adequate gasification
operation equipped with flexible pipes with drill acti-
vator and roses: 1 — ignition; 2 — formation of gasifi-
cation channel active zones; 3 — achieving sufficient
balance between oxidation and reduction zones of
the gasification channel; 4 — gasifier blowing-out;
5 —ignition of the reduction zone and changeover
into the oxidation; 6 — achieving sufficient balance
between oxidation and reduction zones of the gasifi-
cation channel (gasification process)

Reduction of the gasification operation time,
equipped with the activator, is determined by the conti-
nuity, directionality and selectivity of the drill activators
influence on the gasifier active zones. This allows com-
bining the processes of formation ignition and gasifica-
tion channel active zones balance. At the reverse, the
combustion processes of the reduction zone are carried
out simultaneously with the aim of changeover it into the
oxidation one. At the same time there is a process of
thermochemical operations effective balancing along the
gasification channel length.

The bar chart of fuel gases output and diagram of
combustion face advance at cs coal seam gasification,
depending on the injected blast composition and
appliance for its injection, are presented in Figure 6.

Analyzing the presented characteristics of two gasifi-
cation technological schemes of low- thick coal seams
gasification in mine conditions, one can state the
advantages of introducing gasification constructions with
drill activators. The disadvantages of such scheme are
installed limit of the extraction gasifier pillar and gasifi-
cation channel length, which is associated with the loads,
which the equipment withstands when advancing the
combustion face while coal gasification.
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Figure 6. Bar chart of fuel gases output and diagram of com-
bustion face advance, depending on the injected
blast composition: (a) flexible pipeline with roses;
(b) drill activators; 1 — air; 2 — steam; 3 — O: + steam;
4-0:+steam+COz;; 5-0; 6-0:+CO: and
equipment for its injection

In further researches the authors plan to substantiate the
gasification pillar size, based on the loadsthat flexible pipe-
lines can withstand. This will allow us to establish the best
possible technical support facilities for coal gasification.

4. CONCLUSIONS

The proposed technology is effective in working out
profitable and non-commercial coal reserves in mine
conditions, ensures the gasification process controllabi-
lity, directionality and selectivity due to the direct active
air components injection to the combustion face of the
gasification zones. It allows to receive technical or ener-
gy gasification product of high quality with the further
chemicals synthesis, to provide a high rate of process
balance, to improve the ignition processes, to reduce the
gasification channel active zones formation time and
reverse, to reduce the exhaust gas and coal injected blast
loss, to expand BUCG technology field of application.
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THHOBAIIVHI ACIIEKTH B TEXHOJIOI'Ti ITAXTHOI TABU®IKAIIIL BYTVIbHUX ILJIACTIB

B. ®anpmrruncekuii, I1. Caik, B. Jlosuncekuii, P. JIndkoBcekuii, M. IleTasoBanuii

Meta. Po3po0Oka iHHOBaIIWHUX MiIXO/AIB JO YIOCKOHAJIEHHS TEXHOJOTIYHUX Ta TEXHIYHMX pIllleHb MPH IIaxTHIA

rasudikamii Byrimis.

MeTtoauka. [IpoBeaeHHs aHaizy BITYM3HSIHOTO Ta CBITOBOT'O JIOCBIY 3 PO3POOKH BYTLJIBHUX 3aIlaciB TEXHOJIOTIE0
Ii13eMHOI rasudikanii, aHaJITHYHI JOCII/KEHHs 3 BU3HAYCHHS IapaMeTpiB MaTepiallbHO-TEIJIOBOrO OajaHCy MmpoLecy
ra3udikaii, HampyXeHO-Ie(POPMOBAHOTO CTaHY TiPCHKOTO MACHBY HABKOJIO IIAXTHUX ra30T€HEPATOPIB Ta BU3HAYCHHS

TEXHIKO-€KOHOMIYHHX ITOKA3HUKIB iX POOOTH.

Pe3yabTaTH. AHATITHYHUME PO3paxyHKaMH HalpyXeHO-Ae(OPMOBAHOTO CTaHy IIOPiA Uil YMOB IIaXT 3axiIHOTro
Jlonbacy BCTaHOBJICHO, III0 MaKCUMalIbHA TOBKMHA CTOBIIA Ta3udikalii moBMHHAA cKiIagaT He Oinbime 580 M. 3amporio-
HOBaHI IHHOBAI[IfIHI TEXHOJIOTIYHI CXEMH IIATOTOBKH IUISHKHY IUTACTA MIAXTHUX Ta30T€HEPATOPIB Y ABOX KOHCTPYKIIISX:
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3 nepopoBaHMMH HacajKaMH Ta 3 MeppOpPOBAHUM aKTUBATOPOM AYTTs. BU3Ha4YeHI eHepreTn4Hi MOKa3HUKH POOOTH
IIAXTHUX Ta30T€HepaTOpPiB, TEPMiH BUXOAY Y PEKUM raszudikarii npu 3aiiicHeHi peBepCHUX pOOIT Ta BUXOIY MAIMBHUX
rasiB IIpH pi3HOMY ITOCYBaHHI BOIHEBOTO BHOOIO Ta CKJIay AYTTs. PEeKOMEHIOBaHO 3a YNCICHHUMH IIepeBaraMy BIIPO-
BaJDKEHHS KOHCTPYKIIIH IIAXTHUX ra30reHepaTopiB 3 nephopoOBaHUM aKTHBATOPOM.

HaykxoBa HOBH3HA. BCTaHOBIIEHO 3aJIeKHICTh 3MIHM JJOBXKHMHH CTOBIIA IIAXTHOTO Ta3oreHEpaTopa BiJ TEXHIKO-
€KOHOMIYHHUX MMOKa3HUKIB poOOTH cTaHLii ra3udikaiii; 3a1e:KHOCTI BUXOy IIAXTHOTO Ta30TeHEpaTOpa y PEeXKHUM ra3u-
¢ikamii Ta BUX0y T€eHEpaTOPHUX I'a3iB 3aJIEKHO Bijl CKJIIy NYTTS Ta IIBUIKOCTI IIOCYBaHHS BOTHEBOTO BUOOIO.

IpakTuyna 3HayuMicTh. OOrpyHTOBAHO palliOHAJbHI TAPaMETPH IIATOTOBKU BYTUJIBHOTO IUIACTA TIPH NIAXTHIH ra-
3uikalii, a TAKOXX SHepPreTH4Hi Ta TEXHOJIOTIUHI ITOKa3HUKU I[bOTO Ipolecy. Po3pobiaeHo HOBI TEXHOJIOTIYHI CXeMHU
BIJNIpALOBaHHS 3alaciB BYTULIS IIAXTHOIO ra3uikaiiieto, 10 J03BOJUTH J0JATKOBO 3aIy4UTH 3a0alaHCOBI Ta 3alu-
LIEeH] y MeXax IIaXTHHUX I0JIiB 3arlacy BYT1JUIS Ta ITOJIOBXHUTH TEPMiH iCHYBaHHS TpPHUYMX MiAIIPHEMCTB.

Knrouosi cnoea: niozemna easugixayis, eocnesuil 6ubill, 2a30ceHepamop, 2eHepamopHull 2a3, MamepiaibHO-
meniosuil banauc

WHHOBAIIMOHHBIE ACITEKTBI B TEXHOJIOT MM ITAXTHOM
TABUOUKAIINU YT'OJIBHBIX IIVIACTOB

B. ®anpmrreiackuit, I1. Cank, B. Jlo3unckuit, P. J{prakoBckuii, M. IleTnépaHbii

Iennb. Pa3paboTka HHHOBAI[MOHHBIX ITOIX00B K COBEPIICHCTBOBAHMIO TEXHOJOTHUSCKUX U TEXHUUCCKUX PEIICHHIMA
MIPY NIAXTHOM ra3su(UKaIny yIis.

MeTtoauka. [IpoBesieHre aHaIM3a OTEYECTBEHHOTO ¥ MUPOBOTO OIIBITA 110 pa3pab0TKe yroJbHBIX 3aMacoB TEXHOIO-
THEH MO[3eMHOM Ta3u(UKAINK, aHATUTHYCCKUE HCCIICJOBAHUS 110 ONPEICIICHUIO ITApaMeTPOB MaTepPHaIbHO-TEILIOBOTO
OayaHca mpoliecca ra3uukaiuy, HanpsHKeHHO-IeGOPMHPOBAHHOTO COCTOSHHS TOPHOTO MacCHBa BOKDYT INIAXTHBIX
ra30reHepaTopoB H ONPEIEIICHUE TEXHUKO-YKOHOMHUYECKUX MTOKa3aTeIe uX padoThL.

Pe3yabTaTbl. AHAIUTHYECKUMH PacdeTaMd HaIPsHKEHHO-Ie(OPMHUPOBAHHOIO COCTOSIHUSI MOPOA ISl YCIOBUE
maxT 3anmagHoro [loHOacca yCTaHOBJIEHO, YTO MaKCHMalbHas JJIMHA CTON0A Tasu(UKAIWU JODKHA COCTABIATH HE
6osiee 580 M. [IpensioxkeHHbIE MHHOBAIIMOHHbBIE TEXHOJIOIMYECKUE CXEMbI TIOATOTOBKM y4acTKa IUIACTa HIAXTHBIX ra3o-
TCHEePaTOPOB B JIBYX KOHCTPYKIHAX: C MepPOPUPOBAHHBIMHE HACAJAKAMH U C MepHOPHPOBAHHBIM AKTUBATOPOM JIYThS.
OnpezencHpl SHEPreTHYSCKHE MMOKA3aTeIH paOOThI IIAXTHBIX T'a30I€HEPATOPOB, CPOK BBIXOIA B PEKHUM rasu(pHUKanuu
MIPH OCYIIECTBICHUU PEBEPCHBIX PA0OT W BBIXOJA TOIUIMBHBIX Ta30B MPU PA3IUYHOM ITOJBHTAHUW OTHEBOTO 332005 U
COCTaBa JyThsl. PEKOMEHZOBAHO MO0 MHOT'OYMCIICHHBIM MPEUMYIIECTBaM BHEIPEHHE KOHCTPYKIHI IIAXTHBIX ra30reHe-
paTopoB ¢ eppopUpOBaHHEIM AKTHBATOPOM.

HayuHnasi HoBH3HA. YCTaHOBJICHa 3aBHCUMOCTh M3MEHEHHsI UIMHBI CTOJIOA IMIAXTHOTO Ta3oreHeparopa OT TEXHHUKO-
SKOHOMHYECKHUX TOKa3aTesieil padoThl CTAaHIIMH Ta3U(UKAIIUI;, 3aBUCUMOCTH BBIXOJIa IIAXTHOTO Ta30TCHEPATOPa B PEIKHIM
ra3u(uKaIyy U BHIX0/Ia FEHEPATOPHBIX Ta30B B 3aBUCUMOCTH OT COCTABa JyThsl U CKOPOCTH MOJIBUTAHHUSI OTHEBOTO 320051

IMpakTHyeckasi 3HAYNMOCTH. OOOCHOBAaHBI pPallMOHAIBHBIC MapaMeTPhl MOATOTOBKH YTOJBHOTO IUIACTA IPH
[IaXTHOM ra3u(uKaIiy, a TAK)Ke YHEPreTHUECKUE M TEXHOJIOTHIECKHE TOKA3aTeH JAaHHOTO mpolecca. Pa3paboTansl
HOBBIC TEXHOJIOTHYECKUE CXEMBI OTPAOOTKHU 3aMacoB YU IMIAXTHOW rasuQuKaiuei, 4To MO3BOJHUT JAOMOJHUTEIBHO
BOBJICYb 3a0aJAHCOBBIC U OCTABJICHHbBIC B Mpe/eliaX MIAXTHBIX MOJICH 3amackl yIisl U IPOUIUTH CPOK CYIIIECTBOBAHUS
TOPHBIX TPEIIPUITHH.

Knrouesvle cnosa: noozemnas 2azuuxayus, 02Hegol 3a60u, 2a302eHepamop, 2eHePaAmopHblil 243, MAMePUaLIbHO-
menosoul banamnc
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