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Abstract

Purpose is to substantiate and develop an efficient scheme of coalmine methane capture while preparing and developing
gassy coal seams.

Methods. Critical analysis of literature sources has been carried out; practice of applying the known schemes of coalmine
methane capture for its further use has been systematized. Analysis and selection of theoretical substantiation of a new
coalmine methane capture scheme have been performed taking into consideration the parameters of preparation and deve-
lopment of gassy coal seams. Methods of mathematical analysis have been applied to describe the dependence of gamma
distribution of the continuous random variable of gas emission intensity on the distance to a stope.

Findings. A scheme of coal mass degassing has been improved; that scheme helps increase degassing degree and eliminate
colliery gas, including methane, in terms of specific arrangement of wells and introduction of new technological operations
and parameters. The developed scheme takes into consideration physical and mathematical properties of rocks to increase
the volume of produced gas along with the reduced total mining costs. Mathematical modeling has made it possible to de-
fine that the density function coincides maximally with the experimental and practical graph of dependence of gas emission
intensity on the distance to a stope.

Originality. Analytical dependences have been specified making it possible to evaluate rational range of the depth of degas-
sing gas outlet wells and the distance between them according to the proposed scheme of their arrangement within the
extraction pillar.

Practical implications. The proposed scheme of coal mass degassing allows controlling coalmine methane extraction in-
cluding special preparatory operations. It helps widen a range of effective application of the system for colliery gas extrac-
tion and reduce the time for preparatory degassing operations; that favours both rising stope output and the associated
coalmine methane recovery with the corresponding increase in energy saving and safety during mining operations.
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1. Introduction

Nowadays, natural gas consumption is at a high level.
Since gas is extracted mostly from nonrenewable deposits,
that results in the necessity to expand the exploration area and
search for alternative sources [1]-[3] as well as to Improve the
available extraction techniques [4]-[9] and to consider uncon-
ventional methods of gas recovery from coal and biomass
[10], [11]. When gas is extracted in a traditional way, there is
a need to solve the problems connected with the specific
features arising in the process of drilling operations [12]-[15].

Coal seams, which development involves the equipment
requiring constant improvement, may also be considered as
alternative sources to extract natural gas [16], [17]. Increase
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in gassiness of the developed coal seams is a great difficulty
for efficient use of such heavy-duty facilities in production
and development faces [18]-[21]. Growth of air supply to the
production development sites is limited by such parameter as
boundary admissible air rate and economically expedient
areas of mine working cross sections. Owing to those facts,
procedures aimed at prevention, decrease, or redistribution of
mine methane emissions within the mine working during
certain technological processes (gas control methods) are
widely used in coal mines [22]-[24]. The methods include
gas control, mining and engineering facilities control, venti-
lation facilities control, and degassing facilities control.
Ventilation of mine working is the basic method of me-
thane recovery from the coal mines. Despite the fact that
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methane dilution in a mine requires the air supply being
10-20 times more than the amount of the extracted coal,
nowadays, it is not enough to reduce methane concentration
within the mine working down to the safe level [25]-[27].
Under such conditions, methods of forced degassing of main
gas-emission sources (coal seams, rocks, and worked-out
areas) are applied — the methods mean methane pumping
out [28]. However, despite their high cost, even complex use
of several methods to control methane in a mine cannot al-
ways provide safe level of methane concentration.

2. Literature review

There are numerous schemes to capture mine methane.
As a rule, they involve various degassing techniques while
developing gassy coal seams. Selection of degassing tech-
nique while developing gassy coal seams of various thick-
nesses depends upon different factors in terms of a certain
case. The factors include natural coal and lateral rock gas-
siness, direction of fissility, natural seam pressure of the
gas, sorption and filtration properties, and the adopted sys-
tem of development.

In terms of stoping, preliminary or accompanying degas-
sing with various types of coal seam effecting is ap-
plied [29]. Main feature of preliminary degassing is in the
fact that to increase gas recovery factor, the coal mass
should be effected in more energy-intensive way. In its turn,
that has negative influence upon economic efficiency of a
mining enterprise [30], [31].

Accompanying degassing makes it possible to use the
results of manifestation of natural dynamic processes in the
rock mass caused by mining operation development as well
as to predict more accurately the dynamics of formation of
gas accumulation areas, intensity of its emission into the
face zone, worked-out area, and development entries of the
working area.

Intensity of methane emission from the developed seam
while its breaking depends upon the extraction pattern, type
of actuating device of an extracting machine, shearer feed
rate, longwall length and other factors. In this context, as a
rule, greatest methane accumulation within the face zone is
observed near the conveyor.

Branch institutions propose typical schemes for seam de-
gassing stipulating advance drilling of degassing wells from
the development mine workings [29]. It should be noted that
following parameters are rather important conditions for
degassing efficiency: well length, distance between wells,
their diameters etc.

It should be highlighted that in most cases the major
share of the emitted mine methane is accounted for the
worked-out area within the extraction pillar [32]-[34]. Thus,
the problem of its capturing is still topical while developing
coal reserves.

The problem is especially urgent in terms of possible me-
thane capturing within the operating mines with great
amount of its commercial reserves [35], [36]. There can be
given an example of methane emission values in terms of
mines of PJSC “DTEK Pavlohradvuhillia”; the values, repre-
sented in Table 1, are rather characteristic for the majority of
Ukrainian coal mining enterprises.

In this context, Table 2 represents indices of gas balance
of the working area being characteristic for the majority of
coal mining enterprises of Ukraine.

22

Table 1. Indices of average methane content in the operating
mines of PJSC “DTEK Pavlohradvuhillia”

Name of a mine Rating Methane
of gas hazard content, m3/t
Blahodatna 3 14.0
Heroiiv Kosmosu C 18.7
Dniprovska 3 9.8
Zakhidno-Donbaska C 22.1
Pavlohradska 3 13.2
Samarska 3 13.7
Stashkova 2 6.7
Stepova C 23.7
Ternivska C 15.0
Yuvileina 3 10.7

Table 2. Gas balance of the working area

Average expected methane emission
relative, m3/t absolute, m3/min

Methane release sources

Loosened coal, qo.y 4.04 5.62
!_oosened coalr 209 290
in long wall, "oy

Production face, go. 3.90 5.42
Enclosing rocks, guop 7.91 10.98
Seams being 2707 3760
underworked, Qen.n

Seams being 8.66 12,03
developed, gse

Seams being 307 426
overworked, Qen.n

Worked-out area, q'b.. 38.76 53.83
Stope face, gsp 9.26 12.86
Working area, gar 44.75 62.15

Analyzing the expression to determine the expected me-
thane emission from the worked-out area (¢ v..), according
to [37], it may be concluded that there are following sources
from which methane comes into the worked-out area:

— coal loosened from the developed seams and left within
the worked-out area;

— seams being overworked;

— seams being underworked;

—enclosing rocks of the rock mass.

Taking into account the fact that practically all the methane
from the mentioned sources comes into the worked-out area,
degassing is still one of the most important measures in terms
of methane capturing within the limits of the working area.

Considering the aforementioned, there is the necessity to
develop efficient scheme to capture coalmine methane; it is
especially topical in terms of the development of the reserves
of gassy coal mines.

The proposed scheme of coal rock mass degassing deals
with the issues of mining operation safety in coal mines as
well as methane capturing and its recovery; the scheme may
be used while stoping operations.

There is a well-known method of coal rock mass degassing
involving the construction of additional mine working — col-
lector. The working is driven above the coal seams along the
whole extraction pillar length behind the zone of active dis-
placements of main roof; that is the basis to form separate gas-
collecting level. To do that, the mine working floor should
have a ring of wells dividing the site into sub-sites, uniting the
degassing system, and performing degassing operations by
forced gas withdrawal into the wells, drilled from the surface,
into the collector and the seam being developed [38].
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Disadvantage of the technique is in the complexity of that
degassing system and the construction of additional mine
working, acting as a collector, with a complex system of
degassing wells.

There is also additional degassing technique when
degassing wells are drilled from the mother gate to access
the roof rock; the wells are drilled above the coal seam
throughout the extraction pillar length with the degassing
wells displacement towards zonal mine working. That is, the
wells are located along the zonal mine working at small
distance from its axis [39].

Disadvantage of the method is in its insufficient level of
coal rock mass degassing with consequent unproductive gas
recovery.

There is also the degassing technique where horizontal
degassing wells are drilled from the zonal mine working to
access the roof rocks; the wells are drilled above the coal
seam in parallel to the production face at the distance being
0.5-1.0 m from the seam [29]. Disadvantage of the method is
in low level of coal rock mass degassing; thus, the technique
is low efficient as for gas recovery.

The proposed scheme of wells construction has the fol-
lowing basis: a task to improve degassing of coal rock mass
when innovative operations and parameters are introduced to
increase the degassing degree (including methane removing)
with the possibility to take into consideration physical and
mechanical properties of rocks. The process results in further
growth of the extracted gas output along with the decreased
total costs for mineral extraction [40].

3. Methods

The problem is solved as follows. According to the well-
known coal rock mass degassing technique, horizontal de-
gassing wells are drilled within the rock mass; the wells
access the seam roof rocks throughout the pillar length in
parallel to the zonal mine workings with return ventilation
air. According to the proposed scheme, horizontal degassing
wells are drilled within relatively stable roof rocks in the
central part of the extraction pillar; a set of wells is drilled in
controlled drilling from them towards the coal seam into the
zone of active stratification of the main roof forming a gas-
collecting level from which degassing is performed by forced
mine gas recovery.

Figure 1 demonstrates the proposed technique explained
by the scheme of coal rock mass degassing to recover
coalmine gas. When preparation work to form extraction
pillar is completed (Fig. 1), i.e. there are structures of devel-
opment zonal mine workings 2 and 4 as well as installation
chamber of production face 3, horizontal degassing wells 5
are drilled from mother entry 1. Further, a set of vertical
degassing wells 6 are drilled from the horizontal degassing
wells 5 towards coal seam 8. All the wells supply captured
gas into gas pipe of mother entry 7.

Depending upon physical and chemical properties of roof
rocks, one or several horizontal degassing wells 5 may be drilled
within the area of extraction pillar. Total amount of horizontal
degassing wells is calculated for specific mining conditions
taking into consideration properties of the roof rocks.

Calculation of the parameters of engineering process as
well as preliminary construction and putting into service of
all the degassing wells before stoping operations is a com-
pulsory condition.
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Figure 1. Scheme of coal rock mass degassing to recover
coalmine gas: (a) top view; (b) cross section view A — A;
1 — mother entry; 2 — zonal mine working with intake
air; 3 — production face (installation chamber) 4 — zonal
mine working with return ventilation air; 5 — horizontal
degassing wells being drilled from the mother entry;
6 — set of degassing wells towards the coal seam being
drilled from horizontal degassing wells; 7 — gas pipe in
the mother entry; 8 — coal seam

4. Results and discussion

When reserves of coal mine 8 are extracted, within the
area of extraction pillar, production face 3 moves constantly
with the rate being usually calculated for specific mining
conditions. In terms of constant movement of production
face 3 above the coal seam, within the area of extraction
pillar, rock is broken and stratifies forming gas-collecting
level; that favours activation of natural process of mine gas
emission, i.e. methane emission. There is conventional divi-
sion into separate active zones of gas-collecting level for-
mation within certain areas creating additional surfaces for
mine gas (i.e. methane) emission from associated seams and
rocks containing working layer; that favours general methane
capturing. Formation of such local zones of methane accu-
mulation creates the conditions for efficient mine gas (i.e.
methane) recovery within the zones of mining operations.

Layout parameters of degassing wells 5 and 6, in particu-
lar, distances Hpn, Hon1, Ron, and Rpna, as Figure 1 shows, are
also calculated for specific mining conditions.

The proposed technique makes it possible to activate the
process of mine gas accumulation and to control both the
preset direction of mine gas within the extraction pillar limits
and its capturing.

Since gas capturing starts after underworking of wells by
a stoping face when production face shifts from the well,
then, according to [41], gas emission process may be evalu-
ated by function:

q=axe ™,

)

where:
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x — a distance from the production face;

a, b — coefficients depending upon the specific mining
and engineering conditions.

Figure 2 demonstrates a graph of gas emission intensity
dependence upon the distance to a production face where q
is gas emission intensity and x is distance to production face.

q

Xm X

Figure 2. Dependence of gas emission intensity upon the distance
to production face

Owing to the fact that the formula is obtained as a gene-
ralized numerous practical and experimental data, it may be
considered as the approximating envelope curve of general
totality and analyzed according to similar statistic regularities
represented in papers [42]-[44].

Comparing expression (1) and graph in Figure 2 with the
formula and graphs of gamma distribution of continuous
random value, it may be assumed that the dependence can be
described by gamma distribution with o = 2 parameter repre-
sented in Figure 3.

G(x)
4.0

3.0

2.0 /

1.0

—— e

0

Figure 3. Functions of gamma distribution density in terms of
various a

According to the modeling results demonstrated in Figure 2,
it has been determined that, in terms of « = 2 value, functions of
gamma distribution density coincide maximally with the exper-
imental and practical graph of gas emission dependence upon
the distance to production face. In this context, it is required to
take into account the fact that the probability density in terms of
gamma distribution is specified by expression:

0 if x<0,

e X, )

a-1
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where:
a, p>0;

G(a) — gamma Euler function: [F(a) = xalexdx}

0

Then, according to the above-mentioned:
G(2)=[x* e ¥dx = | xe Ydx=—xe ¥ —e ¥ =1.
0 0
In this case, mathematical expectation is:
© aG (a) a 2
M (X)=xn = [ Xf (x)dx = =—=— ?3)

Under such conditions, dispersion will be determined as:

D(x)= | x2f (x)dx—M2(x) =% =2 4)
(9= (a-M2 ()= =
While mean-square deviation is:
o= Bl = & -2 5
(x) ﬁ; 5 (5)

Having compared all the aforementioned, in our case, ex-
pression (1) will be as follows:
q=p%xe P, (6)
Taking into consideration expression (3) S = i in this

X

m
case formula (1) may be represented as follows:

-2
q=—re'n . 0
Xm

Herewith, gm is maximum intensity of gas emission cor-
responding to value xn — being equal to mathematical expec-
tation of the distance to production face which can be deter-
mined by following expression:

4

Xme?

Om (8)

Basing upon the theoretical studies, the coefficients may be
represented by interval and may be taken according to specific
mining-geological and mining-engineering conditions.

It should be noted that value xn determined by mathemat-
ical modeling is 2 times more and value gm is 1.47 times
more than in the case when methods of mathematical analy-
sis are applied for formula (1) (calculation of a derivative and
its equating to zero to find extremum point). In this context,
according to [42] it is pointed out that comparability of the
results obtained with the help of mathematical analysis
methods with real practical data is from 30 to 50%. Thus,
accuracy of the mentioned statistic approach differs from real
practical results by not more than 20%.

Taking into consideration all the above-stated facts and
according to Figure 1, the ideas make it possible to evaluate
rational range of depth for degassing gas removal wells Hyn
or x and determine depth xn, corresponding to maximum gas
recovery. Another important parameter for that methane
capturing technique is the step between removal wells Rpni.
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Degassing wells may operate efficiently in terms of certain
interval of distances from production face (Hpn1); in terms
of the considered case, it is assumed that gas recovery from
a removal degassing well follows normal law of distribu-
tion (Fig. 4). Then, m, mathematical expectation, coincides
both with the center of distribution and gas removal well
with xn, depth.

»(X)

1
o(2n) 05

1
o(27e) 0.5

0 a—a a a+a X

Figure 4. Graph of probability density in terms of normal distribution

Thus, m =a =0 and value of mean-square deviation will
be determined basing upon the fact that if x = m, then maxi-

mum gas recovery is observed being equal to g, = 5
Xm€
1

xme2 o\2r

Taking into consideration that g, =

, We

obtain:

1 xme2

g2z Mor

In case of normal distribution, up to 95% of random val-
ue fall into the specified interval [m — 2o; m — 2¢]. The inter-
val width is 44 being equal to the required value Ryn1. Thus:

©)

o

2
Xme

NP

5. Conclusions

(10)

Rbhl =40 = ~ 2.95Xm =~ 3th .

The proposed technological scheme for coal rock mass de-
gassing makes it possible to control immediately the process
of mine methane recovery including special preparatory opera-
tions. When technological process of coal rock mass degassing
is simplified, there is the possibility of its control and expan-
sion of the area of efficient application of the system to extract
mine gas along with the decrease in time to perform preparato-
ry operations for degassing. That favours both increasing per
face output and accompanying mine gas recovery; thus, energy
saving and safety of mining operations increase.
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®opMyBaHHS cXeMH KanTalii AXTHOT0 MeTaHy NPH po3podui ra3o00iibHUX BYriIbHUX IIACTIB

€. Kopossika, {. I1inka, C. Tumuenxo, B. Pacuseraes, B. Acraxos, O. [ImMutpyk

Merta. OGrpyHTyBaHHS i po3poOka eheKTHBHOI CXEeMHU KamTallii IIaXTHOro MeTaHy MpH MiATOTOBLI Ta BiANpaloBaHHI 6araTux Ha ra3
BYT1JIbHUX IUIACTIB.

Metoanka. BukoHaHO KpUTHYHUH aHAaJi3 JIITepaTypHHUX JDKEpENT 1 CHCTeMAaTH3aLil T0CBiLy 3aCTOCYBaHHS BiIOMHX CXeM KamTallii MIaXTHO-
T0 MeTaHy I HOTO IOJANBIIOro BUKOPUCTAHHS. 3AilfiCHEHO aHasi3 Ta BUOIp TEOPETHYHOrO OOTPYyHTYBAaHHS HOBOI CXEMHM KamTallii IIaXxTHOTO
MeTaHy, 10, 30KpeMa, BPaxoBy€e MOKAa3HHUKH IIATOTOBKY Ta PO3POOKH ra3000LIbHNX BYTUIFHAX IUIACTIB. 3aCTOCOBAHO METOIM MaTeMaTHIHOTO
aHAJI3y I ONUCY TaMMa PO3IIOJIiTy HellepepBHOI BUITaAKOBOI BEIMUMHH IHTEHCHBHOCTI Ta30BH/IUICHHS BiJl BIZICTaHI IO OYHCHOTO BHOOIO.

Pe3yabTaTn. BrockonaneHo cxeMmy Jierasalii ByTJelopoIHOTO MacHBY, B SIKii, IPU MEBHOMY PO3TAllyBaHHI CBEPAJIOBHH i BBEICHHSIM
HOBHX TEXHOJIOTIYHHUX OIepalliii Ta mapaMeTpiB, JOCIATA€ThCsl MOXKJIMBICT MiABUILECHHS CTYNEHs Jeras3aiil i BUIAJICHHS LIaXTHOTO ra3y, B
TOMY 4HCIHi rasy MeraHy. Po3pobieHa cxema BpaxoBye (i3MKO-MeXaHiYHi BIACTHBOCTI TiPCBKHX MOPif, 33 PaxXyHOK YOTo 30LTBIIYETHCS
o6csr BUI00YTOro ra3y MpH 3HIKEHHI CyMapHHX BUTPAT Ha BUIOOYTOK KOPUCHHUX KOMaauH. MaTeMaTHYHUM MOJIETIOBAHHSM BCTaHOBJICHO,
0 (QyHKIIS OIBHOCTI PO3MOALTY Ta30BHIUIEHHS MaKCUMAIbHO 30ira€ThCsl 3 eKCIepUMEHTAIBHO-TIPAKTUIHUM IpadikoM 3aJIeKHOCTI iHTe-
HCHUBHOCTI Ta30BHUIIJIEHHS BiJ BiZICTaHi 10 OYMCHOTO BHOOIO.

HaykoBa HOBH3HA. BCTaHOBJICHO aHANITHYHI 3aJI€)KHOCTI, IO TO3BOJIAIOTH OL[IHUTH palliOHATBHUI Jiarma3oH TTHOMHH Jera3aliiiHuX ra-
30BIJIBITHUX CBEPJUIOBUH 1 KPOK MiXXK HHMH 3T1JTHO i3 3aIIPOIIOHOBAHOIO CXEMOIO iX PO3TallyBaHHS B MEXaX BHIMKOBOTO CTOBIIA.

IpakTHyHa 3HaYMMIicTh. 3alIPOIIOHOBAHA CXEMa Jierasalil ByIJIEIOPOIHOTO MAacHBY Ja€ MOXIIHMBICT YIPAaBIATH IPOLECOM BHAOOYTKY
IIaXTHOTO METaHy, BKJIIOYAIOYM CIieliaibHI MiAroToBui omepaii. Po3mmproeTsest 06macth eheKTHBHOTO 3aCTOCYBAHHSI CHCTEMH BHITyYEHHS
IIAXTHOTO ra3y, CKOPOUYY€EThCsl 4ac Ha MPOBE/ICHHS MiATOTOBYMX POOIT 3 Aerasarlii, o CIpusie K MiIBUICHHIO HABAHTKSHHS HAa OYHCHI BHOOI,
TaK i CymyTHHOMY BHUIOOYTKY MIAXTHOTO ra3y, i 32 paXyHOK IIbOTO 30LTBIIYEThCs eHepro30epexeHHs Ta Oe3neka BeIeHHs TIpHUYHUX POOIT.

Knruoei cnosa: kanmayis, meman, yeinoHuil naiacm, 0e2asayis, 8yenenopooHUli MAcus, c8eposio8UHA

®opMupoBaHHe CXeMbl KANTALUH HIAXTHOT0 MeTaHa NPH pa3padoTKe ra3000MJIbHBIX YTOJBHBIX MIACTOB

E. Kopossika, f. [lunka, C. Tumuenko, B. Paciseraes, B. Acraxos, E. Imutpyk

Hean. O6ocHOBaHKME U pa3paboTka dPPEKTUBHON CXEMBI KaNTallMKd MIAXTHOTO METaHa MPH MOATOTOBKE M OTPaOOTKE ra3000HIBHBIX
YTOJBHBIX IIACTOB.

MeTtoauka. BrinonHeH KpUTHUECKHUI aHAIM3 TUTEPATyPHBIX HCTOYHUKOB M CUCTEMAaTH3alMH OIbITa IPUMEHEHHS M3BECTHBIX CXEM Karl-
TalWH HIaXTHOTO METaHa JUls ero AalbHEeHIIero UCHonb30BaHus. [Ipor3BeieH aHaau3 U BHIOOP TEOPETHYECKOr0 000CHOBAHHSI HOBOI CXEMbI
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KalTaldy IIaxXTHOTO METaHa, YTO, B YaCTHOCTH, YYMTHIBAET MOKA3aTelIM MOATOTOBKH U Pa3palbOTKH ra3000MJIBHBIX YTOJBHBIX IJIACTOB.
[IpuMeHeHB! METOIBI MATEMATHYECKOT0 aHAJIN3A ATl ONMCAHUS TaMMa PacIpeiesieHHs HeTIPEPBIBHON CIy4aifHON BeTMYMHBI MHTEHCUBHOCTH
Ta30BBIICIICHAS OT PACCTOSHUS IO OYUCTHOTO 32005

Pe3yabTaThl. YCOBEpUICHCTBOBaHA CXeMa JETa3alliy YIICMOPOJHOTO MAacCHBa, B KOTOPOM, MPU OIMPEICICHHOM PACHOI0KEHIH CKBa-
JKUH ¥ BBEICHUEM HOBBIX TEXHOJIOTUYECKHX OIlepaluil U nHapaMeTpoB, JTOCTUTAETCsl BO3ZMOKHOCTD MOBBIIICHUS CTETICHU JieTa3allu U yaale-
HUS NIAXTHOTO ra3a, B TOM YHUCIEC Ta3a MeTaHa. Pa3paboTaHHasi cxeMa YUHTBHIBACT (PH3UKO-MEXaHUICCKUX CBOMCTBA TOPHBIX MOPOJ 32 CUET
Yero yBEIMYMBACTCS 00bEM JOOBIBAGMOrO Ta3a MPH CHIKCHUU CYyMMAapHBIX 3aTpaT Ha JOOBIYY MOJIE3HBIX MCKOMAeMbIX. MaTeMaTu4ecKum
MOJICITUPOBAHUEM YCTAHOBJICHO, YTO (DYHKIIMSA TUIOTHOCTH PACIPEICIICHHS MaKCHMAaIbHO COBIANACT C 3KCIECPUMEHTAIBHO-NPAKTUICCKUM
rpaMKOM 3aBHCUMOCTH HHTEHCUBHOCTH T'a30BBLACTICHUS OT PACCTOSHHUSA 10 OYUCTHOTO 320051,

HayyHnass HOBM3HA. YCTaHOBIICHbI aHATUTHYECKHE 3aBUCHMOCTH, MO3BOJIIONINE OICHUTh PallMOHAIBHBIN Anana3oH IIyOWHBI Aerasa-
LMOHHBIX Ta300TBOIAIINX CKBaYKHH U Il MEXTy HUIMH COTJIACHO TIPENIOKEHHON CXEMe X PAaCIOJIOKCHHA B MPEIesiaX BEIEMOYHOTO CTOIIOA.

IpakTnyeckas 3HaUNMOCTb. [Ipe/uiaraemas cxema JIerazalyy yriienopoAHOTO MacCHBa €T BO3MOXKHOCTh YIIPABJISITH MPOLIECCOM JI0-
OBIYM MIAXTHOTO METaHa, BKITIOYasl CIICIHANIbHBIC TIOATOTOBUTEIbHEIC onepanun. Pacmupsercs 001acth 3G HEeKTHBHOTO MPHUMEHEHHUS CHCTE-
MBI U3BJICYCHUSI [IAXTHOTO Ta3a, COKpAIaeTcsl BpeMsl Ha MPOBEACHHUE TOATOTOBUTEIBHBIX padoT 1Mo Jiera3ainy, 9YT0 CIOCOOCTBYET KaK MO-
BBILIICHUIO HArpy3Kd Ha OYHCTHBIC 3a00M, TaK U COMYTCTBYIOIIEH JTOOBIYE MIAXTHOTO Ta3a, M 3a CUET ATOTO YBEJIMYMBACTCS dHEProcoeperke-
HHUE U 0€30MacHOCTh BEICHUS TOPHBIX paboT.

Knroueswvie cnosa: xanmayus, Mmeman, y201bHblll NIACH, 0e2a3ayiisl, YeienopooHblll MACCUB, CKEAMCUHA
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