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ABSTRACT

The article presents a mathematical model of coal self-heating in the stack in which the heat exchange and
gas exchange processes are described by a system of two non-linear differential equations of the second
order with respect to the temperature t of coal self-heating and the volume fraction C of oxygen in the voids
of the stack with boundary and initial conditions. The differential equations took into account that self-
heating of coal in the stack and appearance of spontaneous combustion are observed in a relatively small
layer adjacent to the surface of its contact with the air and called the zone of oxygen influence. In the
mathematical model, the influence on the process of coal self-heating of parameter F- specific heat release
power was taken into account, which in addition characterises the stability of coal during storage. When
compiling the differential equations, such physical parameters as thermal conductivity, diffusion coefficient,
specific heat capacity of coal in the stack, bulk density, thermal effect of oxidation, stack voidness,
temperature coefficient of exponential growth of heat release power were also used. For numerical
implementation of the mathematical model, dimensionless variables and criteria were introduced, which
allowed us to apply the net method. Analysis of the obtained results allowed to get: change in the stack
temperature profiles with time; change in the stack oxygen concentration profiles with time; influence on the
stack temperature profile of the specific heat release power; influence on the stack temperature profile of
the parameter characterizing exponential growth of heat release intensity with temperature increase. It has
been determined that the dynamics of coal self-heating in the stack is mostly influenced by the Lykov
criterion, proportional to the diffusion coefficient, and the Nusselt criterion related to the effective thermal
conductivity and to the effective thermal diffusivity of coal. The obtained results suggest that self-heating in
the stack is due on the one hand to intensive penetration of air oxygen and on the other hand to a weakened
heat transfer. Self-heating and the transition of self-heating into ignition are associated with the occurrence
of turbulent diffusion in the stack, arising from increased thermal blowing, whose impact can be enhanced
by directing it perpendicular to the surface of the stack.
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Introduction chemical kinetics, diffusion, filtration, convective

motion, thermal conductivity, moisture exchange.

The theory of heat and mass transfer considers ~ These equations together with initial and boundary
a number of mathematical models in the form of  conditions, determining uniqueness of their
ordinary differential equations and equations of  solution, to a greater or lesser extent reflect those
mathematical physics derived from the laws of  real physical conditions, under which the process
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under study proceeds. This measure, obviously,
depends on the number of considered factors and
details in description of geometry and boundaries of
the environment, in which the process is considered.
The number of considered factors must be sufficient
for the corresponding mathematical model to reflect
essential regularities and features of the process; on
the other hand, the number of considered factors
must not be burdensome for the solution of the
arising problem and visibility of the results of its
solution. This last circumstance is associated with
the so-called simplifying assumptions, which are
accepted in the compilation of mathematical models
and consist in neglecting some factors and
circumstances, the influence of which on the studied
process is either negligible or is such that it does not
change the regularities of the process in principle.

Experimental part

Development of recommendations for
preventing self-heating of coal in stacks requires the
study of heat and gas exchange processes arising
from the chemical reaction of coal oxidation, heat
transfer, diffusion of oxygen and oxidation products.

Figure 1 - Calculation diagram for the heat transfer
equation

It is known [1, 2, 3], that self-heating of coal in
the stack and occurrence of self-ignition s
observed in a relatively small layer adjacent to the
surface of its contact with the air, called the zone of
oxygen influence. Based on the observed values of
coal temperatures in the stack at great depths
obtained in practice, it can be assumed that at a
considerable distance from the surface of the stack
the coal temperature is constant. It gives a reason
to consider the fields of temperature and oxygen

concentration in the stack as one-dimensional,
depending only on the distance x from the surface of
the stack, considered flat (Fig. 1). If we neglect the
influence on the temperature and oxygen
concentration in the zone of oxygen influence of the
values of these values at sufficiently distant points,
we will consider the stack to be unlimitedly
extended in the direction perpendicular to the
bounding surface under the above and some other
natural simplifying assumptions.

The dynamics of the changes in the self-heating
temperature t of the coal and the volume fraction C
of oxygen in the stack cavities are described by a
system of differential equations:

at %t 1 C
=a =+ (o -C—0d>0 exp[S(t—ty)], (1)
aC_ 9*°C 1 C

el DW—H—qPC—O‘Do exp[d(t — to)],

Here a, D are effective thermal diffusivity,
diffusion coefficient respectively, Mm% /c; Cy is specific
heat capacity of the coal in the stack, J /(kg - K); p -
bulk density of coal in the stack, kg/m3; q - thermal
effect of oxidation, J/m?; N - stack voidness; D -
the specific heat release power corresponding to the
initial temperature to and oxygen concentration Co,
W /kg; &8 is temperature coefficient of exponential
growth of heat release power, K. It is common to
characterise the stability of coals during storage by
value @, measured at temperature 70°C [2, 10]. This
value is related to the oxygen sorption rate constant,
known in the theory of self-ignition of industrial
materials, by the simple combination of = C - u q).

Assuming that at the initial moment =0 the
temperature at all points in the stack is the same and
equals t,, we get the initial condition for the
temperature

t/T —0="Y (2)

The boundary condition for temperature is
naturally assumed to correspond to the free heat

transfer between the stack surface and the
environment:
ot _alt—tp) _
Ags /x=0=0 (3)

where A is effective thermal conductivity of coal
in the stack, W / (m - K), ais external heat transfer
coefficient, W /(m? - K).
The second boundary condition is:
t/x — o0 =t (4)
If the volume fraction of oxygen in the ambient
air is Co, the boundary condition for it is

Ce=0="Co (5)
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As for the initial condition for the oxygen
concentration, it would be obviously unnatural to
suggest that it is the same at all distances from the
surface of the stack at the initial moment of time. As
the initial values of the oxygen volume fraction, we
should obviously take those values that are
established in the voids, at the initial temperature
t=to. Such a stationary distribution is described,
under the assumptions made earlier, by the
differential equation derived from the second
equation (1), if there will be assumed t=to, % =0;

d%c
ﬁ—pl'[‘1 A7l q7iC - Cilog =0

A bounded solution of the equation satisfying

condition (5) is the function:

1
C(x) = Coexp[— (pdol™ - A1 - g7 - €5 1)ax]
Thus, we obtain the initial condition for the
oxygen volume fraction:

C/T — o = Coexp[— (»0‘1’01_[_1 Ateqt
1

co-l)zx]. (6)

System (1) under conditions (2) - (6) is solved by
the numerical net method.

When calculating the temperature and oxygen
concentration fields in the stack using the developed
programme, the following parameter values were

recorded:
- initial temperature of coal in the stack

to = 10°C;
- thermal conductivity of coal in the stack 1 =
0 3&.
) (mK)'
- thermal diffusivity of coal in the stacka = 1,7 -
1077 ™,
C )

- stack voidness MN=0,2;
- stack density of coal py, = 1200 kg/m3;
- specific heat capacity C;, = 1400 //(kg - K );
- thermal effect of oxidation g = 12,6 - 106#;
- (oxygen volume fraction) in the ambient air
Co =0,2.
The variables whose influence was studied
varied in the following intervals:
- - ambient air temperature t, =15+
359C;
- - specific heat release rate ®, = 0,02 —
0,10 W/kg;
- exponential rate § = 0,04 +~ 0,09K™%;
- diffusion coefficient D = 0,18 -107% — 0,90 -
10~*m? /c;
- external heat transfer coefficient @ = 2,5 +
250 W/(m? - K).

Figure 2.a - Changes in stack temperature profiles
over time

Figure 2.a. shows changing in stack temperature
profiles over time: 1,2,3,4,5,6,7,8 -T =
5,10,15,20,25,30,40,50 day.

Results and discussion

An analysis of the solutions obtained with the
parameter values typical for brown and bituminous
coals has shown that, in the presence of only
molecular diffusion (D=~0,2:10'm?/s) the self-
heating intensity fades with time, after 30-40 days a
stationary temperature field is established which
remains practically unchanged over time. On fig.1a
shows how the temperature profile in the stack
changes every 5 days (©0=0,06 W/kg, §=0,06 K1,
t, = 15°C).

While at the beginning of the process the
maximum daily increase is 2K, after 15 days it is only
0.4K and on the 30th day it is less than 0.1K. During
the last 30 days, the maximum temperature
increases by no more than 2K. The temperature at
other points in the stack changes even less. The
maximum temperature is set at a distance of 0.4-0.5
m. As the heat release specific power @ and the
temperature coefficient increases § the stationary
maximum temperature rises and shifts slightly
towards the surface of the stack.

XM
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Figure 2.b - Change in stack oxygen concentration
profiles

Figure 2.b. shows a change in stack oxygen
concentration profiles over time: 1,2,3,4,5,6; T =
5;10; 15; 20; 25; 30 day.

Similarly, a steady-state profile of oxygen
concentration is established, characterised by a
monotonic decrease with distance from the surface
of the cluster (Fig. 2), where the profiles are shown

for ease of comparison C£ The boundary of the
0

oxygen-affected zone is quite clear from the given
profiles. From the given profiles the boundary of the
oxygen influence zone is clearly visible, which in this
case is located at a distance of 0.8 m from the
surface (beyond this boundary the oxygen fraction
does not exceed 1%).

The temperature profile in the stack is most
strongly influenced by variations in the diffusion
coefficient D, which is usually related to wind
influence. Wind blowing on the stack surface leads
to filtration flows, the influence of which on mass
transfer can be accounted for by introducing the
concept of turbulent diffusion. It is known [4, 8] that
turbulent diffusion coefficient can exceed the
molecular diffusion coefficient by tens and even
hundreds times. When considering mass transfer in
porous media it is reasonable to introduce an
effective diffusion coefficient [O,, determining the
cumulative effect of molecular and turbulent
diffusion.

t.C
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Figure 3 - Steady-state self-heating temperature
profiles
Figure 3 is a steady-state self-heating

temperature profiles at different diffusion
coefficients: 1-5D — 1,8,;3,6;5,4;7,2;;9 -
10~*m?/s. It shows the steady-state temperature
profiles at different values of the diffusion
coefficient. In calculating the curves, it is taken into
account that wind blowing on the stack surface
simultaneously with an increase in the diffusion
coefficient leads to an increase in the a external heat
transfer.
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Figure 4 - Diagram of maximum self-heating
temperature variation
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Therefore, with an increase of diffusion
coefficient by a factor of 2, 3, 4, 5 the external heat
transfer coefficient (based on known empirical data
[5, 7] increases by a factor of 5, 15, 40, 100
respectively. Despite such sharp increase of heat
transfer, maximum temperature, as seen from
figure, strongly increases with increase of diffusion
coefficient.

1, 2, 3, 5- D=18;54;7,2,9-10"*m?/
s,ata = 2,5;25;125;2,5(W/m? - K), 4—-D=

-4 2
541" ¢ =15W/m?-K, 6-D=15

—4 2
™. g =2,5W/m?-K.

When the stack surface is exposed to wind, it is
also possible that an increase in the effective
diffusion coefficient occurs without a corresponding
change in the external heat transfer coefficient.
Some of the resulting graphs of the change in

maximum self-heating temperature are shown in
Figure 4. The figure shows that at a < 2,5 % and De

2
>5,4-1074(M /C) there is a progressive increase in
temperature, which is known to be associated with
the transition [6, 9] from self-heating to combustion.

Conclusions

The given results testify to the decisive influence
of wind impact on self-ignition of coal in stacks and
to the effectiveness of fire prevention measures
based on preventing the penetration of air oxygen
into the stack and enhancing heat transfer from its
surface. This explains the measure known from
practice consisting in orienting the long side of the
stack along the heating of the prevailing wind.
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LUtabenbaeri Kemipai e3a4iriHeH Kbi3ablpyablH MaTeMaTUKaNbIK moaeni

AxmeTtos K.M, LLanxosa I'.C, }Xypos B.B, Xmbiposa E. H, ApynnuHa A.P

KaparaHObl mexHuUKanolK yHugepcumemi, KaparaHobl Kaaacsl, Kazakcma

TYWNIHAEME

Byn makanafa lekapanbik kaHe 6actankpl afganapga wrabenbdid, KybiCTapbliHAafbl OTTeriHiH, C

Kenempaik yneci MeH KemipAiH e34iriHeH Kbi3yblHbIH, t TeMnepaTypacbiHa KaTbICTbl Kbly XaHe ra3 aamacy

npouectepi eKiHwWi peTTi CbI3bIKTbl emec eki AuddepeHUManabik TeHAeyNep XKyheciMeH cunaTTanaTbiH

KeMIpAiH, e34iriHeH Kbi3yblHbIH, MaTemaTUKanblK mogeni KenTtipinreH. AubdepeHumanabik TeHaeynepai

Makana kengi: 20 cayip 2021
CapantamagaH eTTi: 23 maycbim 2021
Kabbingangpbl: 11 mamerz 2021

KypacTbipy Ke3iHae wrabenbaeri Komipain e34iriHeH Kbi3ybl KaHe e34iriHeH XaHyAblH, naiaa 60aybl, OHbIH,
ayameH YKaHacy beTiHe YKaKblH OpHaNacKaH »KaHe OTTeriHiH, acep eTy ailimafbl Aen aTanaTbiH KaTapablH,
MeALepiMeH canbiCTbipFaH4a CcanbiCTbipManbl TypAe a3 Kabatra 6aiikanaTtbiHAbIFbl eckepineai. byn

MaTemaTUKanblK MOAEeNbAe KypacTblpy KesiHAe KeMipAiH, OPHbIKTbIIbIFbIH CUMMATTANTbIH @ - Kby

WbIFAPYAbIH, MEHLUIKTI KyaTbl MapameTpiHiH, KemipaiH, e3iHAiK Kbi3Ablpy npoueciHe acepi eckepingi.

OnddepeHumangplk TeHAeynepai KypacTblpy KesiHAe Temnepatypa MeH OTKI3riwTiK, auddysun

K03bduumeHTi, wTabenbaeri KOMIPAiH, MEHLUIKTI ¥KblNy CbIAbIMAbINbIFbI, CYCbIMabl TbIFbI3AbIK, TOTbIFYAbIH,

by acepi, KaTapAapblH, 60C 60YbI, XKbiNy WbIFAPY KyaTbiHbIH, SKCNOHEHLMANAbI OCYiHiH TemnepaTypanbik

KO3bPUUMEHTI cuaKTbl GU3MKaNbIK NapameTpaep KongaHbiigbl. Ocbl mMaTemaTMKablK MOAENbAi icke

acblpy YWiH enwemci3 aiHbiMmanblnap eHrisingi, 6yn Top a4iciH KongaHyfa MyMKiHAIK 6epeai. AnbiHFaH

HOTUXKenepai Tangay Keneci HaTwKenepai anyfa MYMKIHAIK 6epai: yakbIT eTe Kene TemnepaTtypa

npodunbaepiHiH, e3repyi; KaTapAafbl OTTEr KOHLEHTPAUMACBIHbIH, NPOodUAbAEPiHiH, YaKbIT eTe Kene

o3repyi; Kby LWbIFAPYAblH, MEHWIKTi KyaTblHblH KaTapblHAafbl TemnepaTtypa npoduniHe acepi,

TemMMepaTypaHblH, YKOFAapbIMAybIMEH Kby LWbIFAPY KaPKbIHABIIbIFbIHBIH, SKCMOHEHUMANABIK  ©CYiH
CUMNATTalTbIH NapameTpaiH, TemnepaTypa npoduniHe acepi. JIbIKOBTbIH, AMbdy3ua KoaddUUMeHTIHe

nponopLuoHanabl Kputepuiinepi kaHe HyccenbTTiH, TUIMAI KblNy OTKI3riWTIriMeH XaHe KemipaiH, Tnimai

TemnepaTypasnbik

oTKi3riwTirimeH

6aNNaHbICTbl  KPUTEpPUINEpPi  KeMIipAiH, ©34iriHEH  Kbl3ybIHbIH,

AVHAMUKacblHA €H, Ken acep eTeTiHi aHbIKTanAbl. ANbIHFAH HITUXKeNep KaTapAblH, ©3iHAIK Kbl3ybl 6ip

)KafblHaH aya OTTEriCiHiH, KapKblHAbI €HYIMEH, an eKiHWi afblHaH 3/CipereH Kbliy KabblngafbillKa

6aiinaHbICTbl Aen aluTyFa MYMKIHAIK 6epegi. O3iHAIK Kbi3AbIpYy KaHe ©3iHAIK Kbl3ablpyAblH, OTKa aybiCybl

—— g4 ——
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MKbINYy COKKbICbIHbIH, Kylletoi KesiHge naipa 6onatbiH TypbyneHTTi aAnddysuaHbiH naiga 6onybimeH
6aiinaHbICTbl, OHbIH, acepi WTabenbaiH, 6eTiHe nepneHanKynap 6arbITTa Kywwenyi MymKiH.

TyiiiH ce30ep: e3airiHeH TyTaHy, wWTabenb, WwWTabenbaeri ©34iriHeH Kbidy, Xblly a/iMacy KaHe ra3 aamacy
npouecrepi, KOMIpAiH 634iriHeH Kbiybl.
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MaTtematnueckaa mogenb caMoHarpeBaHuA yrna B wrabene

AxmeTtos K.M, LLanxosa I'.C, }Kypos B.B, Xmbiposa E. H, AAipynnuHa A.P

KapazaHduHckuli mexHu4eckuli yHusepcumem, Kazaxcma

AHHOTAUMUA

B AaHHOI cTaTbe MPMBOAMTCA MaTemMaTUYecKas MOLEe/b CaMoHarpeBaHus yras B8 wrabese, B KOTOPOit
Ten1006MeHHble 1 ra3006MeHHbIE NPOLLECCh OMMUCaHbI CUCTEMOW ABYX HENMHENHbIX AnddepeHLmanbHbIX
ypaBHEHWI BTOPOro nopsjKa OTHCUTEIbHO TemnepaTypbl t camoHarpeBaHusa yraa u obbemHoi gonm C
KMcnopopa B nyctoTax lWTabens C rpaHUYHbIMKM M HayanbHbIMM ycioBuAMMU. [pU  cocTaBneHUU
anddepeHumanbHbIX YpaBHEHUI YYUTLIBASIOCh, YTO CaMOHarpesaHue yras B WwWrabese v BO3HUKHOBEHUE

MNoctynuna: 20 anpensa 2021 04YaroB CamoBO3ropaHua Hab1lAAETCA B CPABHUTENIBHO HEGO/IbLLIOM MO CPaBHEHMIO C pasmepamu Wwrtabens
PeueH3nposaHue: 23 urona 2021 CNoe, MPUMbIKAIOWEM K MOBEPXHOCTU  €ro COMPUKOCHOBEHMSA C BO3AYXOM M HA3blBAEMOM 30HOW
MpuHAaTa B Nneyvatb: 11 ageycma 2021 KUCNOPOAHOrO BAWAHWA. B AaHHOW MaTemaTUyeckoW MOAEeNM Y4YuTbiBaNoCb BAMAHME Ha npouecc

camoHarpeBaHusa yrna napametpa ®-yaenbHONW MOLLHOCTU TEM/OBbIAENEHUA, KOTOpas K TOMy e
XapaKTepusyeT yCTOMYMBOCTb YrAA Npu xpaHeHuw. MNpu coctasneHnn anddepeHumanbHbIX ypaBHEHWU
MCMONb30Ba/IUCh TaK¥Ke Takue du3nyYeckne napameTpbl Kak TemnepaTypo-npoBOAHOCTb, KO3bPULMEHT
onddysnu, yaenbHas TENN0EMKOCTb YA B WTabesie, HacbiMHas NA0THOCTb, TeN10BOW 3GGEKT OKMUCEHMS,
NyCcTOTHOCTb  WTabens, TemnepaTypHbld  KOIGUUMEHT  IKCMOHEHLMANbHOMO  POCTa  MOLLHOCTM
TennosbiaeneHuna. [ina YUCNeHHOW peanusaumy AAHHOM MaTeMaTUyeckon mopenn 6biav BBeAeHbl
6e3pasmepHble NepemMeHHbIE U KPUTEPUU, YTO NO3BOANNO NPUMEHUTL METOA, CETOK. AHANIU3 NONYYEHHbIX
pesynbTaToB NO3BOMMA MONYYUTb: M3MeHeHue npoduneit Temnepatypbl B WTabene co BpemeHem;
n3MeHeHne npoduneit KOHUEHTpaumMn Kucnopofa B wTabene co BpemeHeMm; BAMAHWE Ha MNpodunb
Temnepatypsl B WTabene yaenbHON MOLWHOCTU TENNOBLIAENEHUSA; BAUAHUE HA NPodUnb TemnepaTtypbl B
wrabene napameTpa, XapaKTePU3YIOLLEro SKCMOHEHLMANbHDBIA POCT MHTEHCMBHOCTU TENNOBbIAENEHUA C
poCTOM TemnepaTtypbl. YCTaHOBNEHO, YTO HaMbONbLIOE BAUAHWE HA AMHAMUKY CAaMOHArpeBaHus yria B
wrabene OKasblBAOT KpuTepuit JIbIKOBa, NPOMNOPLMOHaNbHbIA KO3IpdUUMEHTY anddy3umn, U Kputepuit
HyccenbTa, CBA3aHHbIN c 3ddeKTnBHOM TEN0NPOBOAHOCTbIO " c abdeKTnBHOM
TEMNepaTyponpoBOAHOCTbIO  yraA.  [MonyyeHHble  pe3ynbTaTbl  MO3BOAAIOT  YTBEPNKAATb,  4TO
camoHarpeBaHue B LuTabene CBA3AHO C OAHON CTOPOHbI UHTEHCUMBHBIM MPOHWKHOBEHUEM KUCA0POAa
BO34yXa, a C APYrol CTOPOHbl — ocnabneHHbim TennooTsogom. CamoHarpeBaHMe W Mepexog,
CaMOHarpeBaHWs B BO3ropaHWe CBA3aHO C BO3HUKHOBEHMeM B lTabene TypbyneHTHoOU Auddysum,
BO3HMKAlOWEN NpU ycuneHun Tennosoro obayBa, BAMAHWE KOTOPOrO MOXKeT ObiTb yCWneHo npu
HanpaB/AIeHHOCTU NepneHAMKYAAPHO K NOBEPXHOCTM WTabens.

KnioueBble cnoBa: camoBosropaHusa, lwTabenb, camoHarpesBaHve B LTabene, TennoobmeHHble U
razoobMeHHble NpoLLecchbl, CaMOHarpeBaHua yraa.

UHpopmayus 06 aemopax:

Axmemoe Kabuden Mykamaesuy KaHOudam mexHuyeckux HayK, O0oueHm Kagedpsl «Boicwas mamemamuka», KapaeaHOUHCKul
mexHuveckul yHusepcumem, KasaxcmaH, E-mail: akhmetov_kabiden@mail.ru, https://orcid.org/0000-
0002-2144-5602

LWaunxosa MN'ynbHasupa CepukosHa KaHoudam mexHudyecKux Hayk, u.o.0ouyeHma Kagedpbl «Beicwas mamemamuka», Kapa2aHOuHCKul
mexHuveckul yHusepcumem, Kazaxcmad, E-mail: shaikxova_2011@mail.ru, https://orcid.org/0000-0002-

— 95


mailto:akhmetov_kabiden@mail.ru
https://orcid.org/0000-0002-2144-5602
mailto:shaikxova_2011@mail.ru
https://orcid.org/0000-0002-2036-3023
mailto:zhurvitv@yandex.ru
mailto:akhmetov_kabiden@mail.ru
https://orcid.org/0000-0002-2144-5602
https://orcid.org/0000-0002-2144-5602
mailto:shaikxova_2011@mail.ru
https://orcid.org/0000-0002-2036-3023

Kommrercuoe McnonssoBarme Murepansaoro Ceipsa. No3 (318), 2021 ISSN-L 2616-6445, ISSN 2224-5243

2036-3023

KaHdudam mexHu4eckux HayKk, OoueHm Kagedpsl «Boicwaa mamemamuka», KapazaHOUHCKul

Mypoe Bumanuii Baadumupoosuy mexHuveckuli yHueepcumem, Kaszaxcmax, E-mail: zhurvitv zhurvitv@yandex.ru, https://orcid.org/0000-

0002-4413-8584

KaHdudam mexHuyeckux HayKk, oOoyeHm Kagedpsl «M/L ul», KapaeaHOuHckuli mexHu4ecKul

Xmoiposa EneHa HukonaesHa yHusepcumem, Kasaxcmax, E-mail: linka14221 hmyrovae@mail.ru, , https://orcid.org/0000-0001-5763-

327X

AccucmeHm Kagpedpbl «Bobicwas mamemamurka», KapazaHOuHCcKuli mexHudeckull yHusepcumem,

ApynnuHa AnuHa PawudosHa

KasaxcmaH, E-mail: linka14221 linka14221@mail.ru, https://orcid.org/0000-0002-6723-507X

(1]

(2]
(3]

Nutepartypa

XpucaHdora A.U., JIuTeuHoB B.J1., TexHONOTUA XpaHEHUA yraek U MePONPUATUA MO COKPaLLEHUIO NoTepb TonMea. - M.:
Hedpa, 1970. - 288 c.

BabkuH P.J1. XpaHeHwue yrna v Topda Ha aneKkTpocTaHumax. - M.: dHepromnsaat, 1982. — 164 c.

KanutkuH H.U. YucneHHble metoapl. —Cnb.: N3a. BXB-Metepbypr, 2014. -592 c.

[4] Nbikos A.B.Teopus TennonpoBogHocTu. -M.: Bobicluan wkona, 1967. -599 c.

[5] NlbikoB A.B. TennomaccoobmeH (cnpaBoyHuK). - M.: SHepeus, 1972. — 560 c.

[6] Fny36epr E.N. TeopeTnyeckmne oCHOBbI NPOrHO3a M NPOdUNAKTUKM SHAOTEHHbIX NOXKapoB. - M.: Hedpe, 1986. — 159 c.

(7]

(8]

(9]

(10]

(1]

(2]
(3]
(4]
(5]
(6]
(7]

(8]

(9]

(10]

Suleimenov N.V, Shapalov Sh. K, Khodzhaev ev R.R, Shaikhova G.S. (2020). Computerized Analytical Systemfor Assessing
Fireand EnvironmentalSafety of Mines in the Karaganla Coal Basin International Jornal of Engineering Researchand
Technology, Volume 13, Number 6

Wawnxosa I. C, Aamnbek H, AxmeTtos K. M, ypos B. B, Llerebaesa I. E. PeTrenmereH yitenepaeri koppenauus //
Kompleksnoe Ispol’zovanie Mineral’nogo syr'd/Complex Use of Mineral Resources / Mineraldik Shikisattardy Keshendi
Paidalanu, — 2020, — Ne2 (313), — 6. 19-26. https://doi.org/10.31643/2020/6445.13

Shaikhova.G. S. Explanation of the Cluster Structures Melting Mechanism and Their Influence on the Molten State’s Physical
and Chemical Nature. Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a. = Complex Use of Mineral Resources = Mineraldik
Shikisattardy Keshendi Paidalanu. 2021. N21(316), pp. 62-68. https://doi.org/10.31643/2021/6445.08

KarkukeHosa C. L. MOHUTOPUHI KQYeCTBEHHbIX M KOJIMYECTBEHHbIX MOKa3aTenen TEXHO/NOMMYECKMX CXeM NPOU3BOACTBA
meAam Ha npeanpuatuax KasaxcraHa // KommnaeKkcHoe ucrnonb3o8aHue MuHepanbHo2o cbipba. Ne 1 (312), 2020 cTp. 79-86.
https://doi.org/10.31643/2020/6445.10.

Reference

Hrisanfova A.l., Litvinov V.L., Tekhnologiya hraneniya uglej i meropriyatiya po sokrashcheniyu poter' topliva. - M.: Nedra,
1970. — 288p. (In Rus.).

Babkin R.L. Khranenie uglya i torfa na elektrostanciyakh. - M.: Energoizdat, 1982. — 164p. (In Rus.).

Kalitkin N.I. Chislennye metody. —Spb.: I1zd. BHV-Peterburg, 2014. -592 p. (In Rus.).

Lykov A.V. Teoriya teploprovodnosti. -M.: Vysshaya shkola, 1967.-599 p. (In Rus.).

Lykov A.V. Teplomassoobmen (spravochnik). - M.: Energiya, 1972. — 560 p. (In Rus.).

Gluzberg E.I. Teoreticheskie osnovy prognoza i profilaktiki endogennykh pozharov. - M.: Nedre, 1986. — 159p. (In Rus.).
Suleimenov N. V., Shapalov Sh. K., Khodzhaev R.R., Shaikhova G.S. (2020). Computerized Analytical System for Assessing
Fireand Environmental Safety of Mines in the Karaganla Coal Basin. International Jornal of Engineering Researchand
Technology, Volume 13, Number 6. (In Eng.).

Shaikhova G. S, Adilbek N, Akhmetov K. M, Zhurov V. B, Shegebayeva G. E. Rettelmegen jilyelerdegi korrelyaciya
[Correlation in Disordered Systems] // Kompleksnoe Ispol’zovanie Mineral’'nogo syr'dé / Complex Use of Mineral
Resources / Mineraldik Shikisattardy Keshendi Paidalanu, - 2020, - Ne2 (313), - p. 19-26. (In Kazakh). https://
doi.org/10.31643/2020/6445.13

Shaikhova.G. S. Explanation of the Cluster Structures Melting Mechanism and Their Influence on the Molten State’s Physical
and Chemical Nature. Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a. = Complex Use of Mineral Resources = Mineraldik
Shikisattardy Keshendi Paidalanu. 2021. Ne1(316), pp. 62-68. (In Eng.). https://doi.org/10.31643/2021/6445.08
Kazhikenova S. Sh. Monitoring kachestvennykh i kolichestvennykh pokazateley tekhnologicheskikh skhem proizvodstva
medi na predpriyatiyakh Kazakhstana [Monitoring of qualitative and quantitative indicators technological schemes for the
production of copper at the enterprises of Kazakhstan] // Kompleksnoe Ispol'zovanie Mineral'nogo Syr'a = Complex Use of
Mineral Resources. No. 1 (312), 2020 pp. 79-86. (In Russian). https://doi.org/10.31643/2020/6445.10.



https://orcid.org/0000-0002-2036-3023
mailto:zhurvitv@yandex.ru
mailto:hmyrovae@mail.ru
mailto:linka14221@mail.ru
https://doi.org/10.31643/2020/6445.13
https://doi.org/10.31643/2021/6445.08
https://doi.org/10.31643/2020/6445.10



