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ABSTRACT

Purpose. Improving the efficiency of application of gas hydrate technologies for
converting coal mine methane into a solid crystalline state with its subsequent
transportation to consumers by intensifying the hydrate formation process.
Methods. Experimental studies were carried out in the laboratory of innovative
technologies of the Dnipro University of Technology (Dnipro, Ukraine). The
thermobaric parameters of the hydrate formation process varied to produce of gas
hydrate samples from mine methane by artificial means. Physical modeling and
field experiments were carried out in an ILKA KTK-3000 climate chamber, as
well as on an NPO-5 unit, which made it possible to simulate specified thermobar-
ic parameters (temperature, pressure). The least squares method was used to de-
termine the linear regression parameters.

Findings. Gas hydrates and their thermobaric conditions were experimentally ob-
tained under three variants: free mixing of gas and water in a reactor, forced mix-
ing of a water-gas mixture and mixing of a water-gas mixture in a magnetic field.
The functional relationship between the initial parameters of the hydrate for-
mation process is determined for the three variants considered. The adequacy of
the constructed models was verified by calculating the determination coefficient
for each model using the square of the linear correlation coefficient. It is reasona-
ble to transportation of gas in a solid gas hydrate state due to the effect of self-
preservation, which is safer and economically feasible.

Originality. By mathematical modeling found that the determination indices for
all the considered variants of the hydrate formation process are larger than the de-
termination coefficients, which confirms the fact that the parabolic model is more
adequate.
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Practical implications. The optimal method for intensification of the hydrate
formation process for substantiating artificially created gas hydrates from coal
mine methane as an alternative energy source is justified.

Keywords: gas hydrate, methane, crystallization centers, intensification, effect of
self-preservation, transportation

1. INTRODUCTION

Despite the rapid development of scientific and technological progress, under-
ground coal mining in Ukraine remains difficult and due to insignificant thickness
of seams, their gas-bearing content and unstable rocks [1]. Analysis of the devel-
opment of coal deposits in modern conditions shows the need for new solutions to
a number of problems in terms of ensuring the safety of mines, integrated devel-
opment of mineral resources and environmental protection [2, 3]. Such problems
include the problem of methane utilization, which is discharged to the surface in
various ways of degassing, as well as being carried by a ventilating air jet to the
surface of the earth. The activity of the coal-industrial complex of Ukraine today
is controlled by many regulatory acts, among which methane gas occupies a spe-
cial place [4].

Modern technologies of coal mining underground cause, that the atmosphere
receives a huge amount of hydrocarbon, which is, of course, a topical problem for
not only the coal industry, but the whole country. Many scientific works are de-
voted to the issue of coal methane processing [5-7]. It should also be noted that
the high prices for hydrocarbons, the depletion of traditional gas fields, the use of
hydrocarbons as an argument in international relations are pushing the interna-
tional community to develop alternative energy projects. About half of US natural
gas production is already provided through non-traditional natural gas, and alter-
native energy development projects are being actively developed in Canada, the
United Kingdom, Poland, Turkey and Ukraine.

Analysis of the composition of gas coming to the surface from the degassing
wells of Ukraine’s coal mines shows that the methane content ranges from 2 to
95%. Well flow rates also vary over wide ranges [8]. In view of this, the task is to
find a way of utilizing coal gas for which the chemical composition would not be
a harsh condition. Today, this solution is the conversion of gas mixtures of degas-
sing wells into a solid state, i.e. the formation of gas hydrates [9].

Gas hydrates are compounds of gas and water that are stable at low tempera-
tures and high pressures. Gas hydrates refers to non-stoichiometric compounds,
I.e. compounds of variable composition. The most common gas hydrates are me-
thane hydrates. Gas hydrate technology for the storage and transportation of natu-
ral gas is a real future prospect, since 1 m® of gas hydrate contains about 200 m®
of methane, which is not characterized by spontaneous combustion inherent in
free or liquefied methane [10, 11]. Obtaining gas hydrates from the methane-air
mixture of their transportation are quite relevant at the present time and economi-
cally feasible in the development of coal deposits [12]. The integrated approach
will allow to integrate coal and methane technology into a single system, increase
the profitability of coal mines, safety of work and ensure the energy independence
of our country [13, 14].
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2. METHOD OF RESEARCH

In developing a method for producing gas hydrates, one of the main tasks is to
accelerate the hydration process. To date, in the experimental study of the kinetics
of gas hydrate formation, there are two fundamentally different directions: the
first — when the studies are conducted in the absence of forced mixing, i.e., the
supply of hydrate-forming components occurs as a result of diffusion, and heat
dissipation in heat and law; and the second direction (dynamic mode), when the
effect of diffusion and thermal conductivity is removed by mixing the substance.

In the laboratory of innovative technologies of Dnipro University of Technolo-
gy (Dnipro, Ukraine), thermobaric parameters of the hydration formation process
were created during the experimental researches and samples of gas hydrates were
obtained by artificial means. Experimental research methodology is based on
physical modeling and field experiments in the KTK-3000 climate chamber [15].
The basis of the technique is the use of the experimental unit of NPO-5, which
allows to simulate the given thermobaric parameters of the process of obtaining
gas hydrates in a wide range of temperatures and pressures [16].

Laboratory research were aimed to creating samples of pure gas hydrate. In gen-
eral, the method of laboratory research included the preparation of samples for phys-
ical modeling, conducting a series of experiments and processing of the obtained ex-
perimental data.

3. METHODS OF INTENSIFICATION OF THE GAS HYDRATE FOR-
MATION

To develop a process of continuous production of gas hydrates, it is necessary
to understand the kinetics of gas hydrate formation. Most known research of gas
hydrates are mainly focused on studying the mechanism of their formation and
dissociation [17-19]. At the same time, their results showed that these processes
occur rather slowly. Formation of gas hydrates under laboratory conditions usual-
ly takes from several hours to several days.

Devices for the formation of artificial gas hydrates differ in the ways of creat-
ing interphase gas-water contact:

— spraying water into the gas phase;

— introducing gas into the liquid phase by foaming the substances;

— combined method of introducing of reagents.

One of the main direct of physical-chemical research of gas hydrates is the
study of the kinetics of hydrate formation, which is especially relevant when
modeling the process of obtaining of gas hydrates in laboratory and industrial
conditions [20].

To intensification of gas hydrates formation process it is possible to use the fol-
lowing methods [21, 22]:

— application of surface-active substance (SAS);

— impact of the shock wave on the water-gas mixture;

— application of electromagnetic static field;

— intense mixing of water saturated of gas dissolved in it.
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It is established that the use of SAS influences on the period of crystallization
centers nucleation, the size and concentration of hydrated particles at the stages of
their nucleation and growth. It is established that at the nucleation stage SAS in-
crease the number of crystallization centers, and at the hydrate growth stage inhib-
it the processes of hydrate particle aggregation [23]. As an aqueous hydration-
forming medium, it is possible to use an aqueous solution of low-concentration
SAS at a pressure and temperature above the equilibrium required for gas hydrate
formation [24]. Cationic, anionic, or nonionic surfactants, such as polyoxyeth-
ylene ethers, sorbitans, long-chain alcohols, sulphates, diols, fatty acids, alkylated
ammonium compounds, sulphonyls, sulfonates, can be used as accelerators of the
gas hydrate formation process. Preferably, the SAS is a quaternary ammonium
compound containing four alkyl groups, of which at least one has from 1 to 6 car-
bon atoms.

To increase the kinetics of gas hydrate formation, it is also possible to create of
shock waves of pressure in a gas-liquid medium. Such waves can be generated by
electromagnetic pulse emitters or pneumatic shocks, or other devices, and can
reach values in hundreds of atmospheres. The propagation of a shock wave of suf-
ficient length over the gas-liquid medium, due to the weak attenuation, leads to
the following physical phenomenon: the gas phase is crushed into small gas bub-
bles. Therefore, the interphase surface increases. Moreover, increasing the intensi-
ty of the shock wave leads to the fragmentation of the gas phase into smaller in-
clusions. The relative kinetics of gas inclusions in a fluid in a shock wave pressure
significantly exceeds the relative kinetics of the gas phase in the absence of a
shock wave. As the wave amplitude increases, the relative kinetics of the gas
phase in the liquid increases.

The electromagnetic static field also significantly affects the kinetics of gas
hydrate growth. Research of the influence of electromagnetic fields on gas hydrate
formation processes have shown that denser and more stable crystalline hydrates
are formed under these conditions. In addition, it was found that under the influ-
ence of magnetic fields, the accumulation of gas hydrates is significantly acceler-
ated.

4. RESULTS OF RESEARCH

Experimental studies of the gas hydrate formation process were performed in
three variants:

variant 1 — free mixing of gas and water in a reactor;

variant 2 — forced mixing of water-gas mixture;

variant 3 — mixing of a water-gas mixture in a magnetic field.

When conducting the experiment in the reactor of gas hydrate formation was
set to a constant pressure of 7 MPa, the experiment was carried out in a tempera-
ture range from +0.5 to + 7.5°C, technologically mixing in the reactor gas and wa-
ter. To create a magnetic field, 4 magnets were placed inside the reactor.

In the first variant, the first signs of gas hydrate formation were detected at
+0.5°C after 6.1 hours; in the second, at the same thermobaric parameters, — after
4 hours; and for the third — after 2 hours (Fig. 1).
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Figure 1. Formation periods of gas hydrates in three variants: variant 1 — free mixing
of gas and water in a reactor; variant 2 — forced mixing of water-gas mixture; vari-
ant 3 — mixing of a water-gas mixture in a magnetic field

To analyze the data obtained in the experimental studies, the functional de-
pendence between the original parameters for all variants was determined. The
adequacy of the constructed models was verified by calculating the determination
coefficient for each model.

The least squares method was used to determine linear regression parameters.
Let between the data (x;,y;) there is a linear relationship. General view of linear
dependence — y = ax + b, where a and b are unknown. Model parameters were
calculated by the formulas:
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A modified least squares method was used to determine the parabolic regres-
sion parameters.

Let between the data (x;,y;) there is a parabolic dependence. General view of
parabolic dependence — y = ax? + bx + ¢, where a, b and ¢ are unknown. The
model parameters are calculated from the following system of equations:
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The adequacy of the constructed models was verified by calculating the deter-
mination coefficient for each model. To evaluate the quality of the selection of the
linear function, the square of the linear correlation coefficient was calculated r,3,,
called the coefficient of determination. The coefficient of determination character-
izes the proportion of variance of the productive trait y, which is explained by

regression in the total variance of the productive trait:
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2 _ fin |

oy

where:

The generalized results of the calculated parameters for the linear model are
shown in Figure 2, with the determination coefficients for each variant.

The quality of a nonlinear regression model is determined by a nonlinear corre-
lation index called the correlation index for nonlinear forms of communication. It
is calculated using the dispersion decomposition theorem. The determination in-
dex for the nonlinear coupling characteristics is similar to the normal coefficient
of determination.

If the nonlinear regression equation using factor substitutions can be reduced to
a paired linear regression equation, then all the hypothesis testing methods for the
paired linear dependence will apply to this equation:
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Figure 2. Linear regression models and equations with coefficients of determination
for each of the three variants

Generalized results of the calculated parameters for the parabolic model are
shown in Figure 3 with the determination indices for each variant.
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Figure 3. Parabolic regression models and equations with determination indices
for each of the three variants

To perform the adequacy analysis and module selection, the results obtained
were summarized in a common table (Table 1).

Therefore, since the determination indices for all variants are greater than the
coefficients of determination, the parabolic model is more adequate.
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Table 1. Determination coefficients (indices) for the constructed models

Linear model Parabolic model
Variant 1 0.9723 0.9984
Variant 2 0.9869 0.9972
Variant 3 0.9984 0.9986

We finally accept the equation of dependence between the parameters of the
formation time of gas hydrates (T) from the temperature (t):

— for variant 1- T (t) —0.0195t2 +0.4601t +5.4624:
— for variant 2— T (t) =-0.0198t? +0.6541 +3.2867;
—for variant 3 - T (t) —0.0017t2 +0.4508t +1.4509 .

5. SUBSTANTIATE OF METHOD OF COAL MINE METHANE TRANS-
PORTATION IN GAS HYDRATE STATE

When developing a method of transportation gas, safety and cost factors must
be paramount [25] Currently, two variants are being considered: in gas hydrate
state and liquefied state. The second method has become more widely used, but
only because the application of the self-preservation effect of gas hydrates at the
industrial level has not yet been fully understood. And thanks to this effect, natu-
ral gas can be transported in a solid gas hydrate state at atmospheric pressure and
negative temperatures.

Self-preservation of gas hydrates is known as a very slow hydrate decomposi-
tion when the outside pressure drops below the equilibrium value for the “gas-ice-
gas hydrate” system at a temperature below zero degrees and, as a consequence,
an icy crust is formed on the surface of the hydrate, which significantly reduces
the Kinetics dissociation of gas hydrate. This property of gas hydrates is critical
and plays a significant role in substantiate the parameters of their transportation
under atmospheric pressure and temperatures below zero degrees Celsius.

Studies have shown that only the presence of a crust on the surface of a gas hy-
drate is an insufficient condition. It is also necessary to take into account the role
of such factors as the ratio between pressure and temperature, the microstructure
of ice, the kinetics of formation of ice crystals, the composition of gas. The com-
bination of these factors leads to the effect that the formation of a sufficiently thin
crust creates a sufficient diffusion barrier for the released gas molecules. It is like-
ly that the released gas molecules dissolve in the boundary layer between the ice
and the gas hydrate, maintaining the necessary chemical activity for the stability
of the latter, thus, the icy crust does not require high pressure. Therefore, self-
preservation should be considered as a complex phenomenon in which part of the
gas hydrate, which is exposed to external factors, is spent in order to form a pro-
tective ice crust.

Table 2 provides a comparison of two methods of gas transportation.
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Table 2. Comparison of properties of gas hydrates and liquefied gas

Characteristic Gas hydrates Liquefied natural gas
State solid liquid
Gas content in 1 m*, m® up to 200 up to 600
Temperature, °C -20°C -162°C
Specific gravity, kg / m® 850.00 — 950.00 420.00 — 470.00

From Table 2 it is obvious that gas hydrates can be transported at a higher tem-
perature than gas in the liquefied state. This allows us to speak about the cost-
effectiveness of this mode of transportation. There are also advantages such as
capital and operating costs, energy consumption, greenhouse gas emissions during
formation and transportation, and, most importantly, safety in gas transportation,
since the possibility of a sudden explosion reduces to zero.

It should be noted that special gas-tight containers are required to transport gas
in the form of gas hydrates. During the transport of hydrates, the pressure and
temperature inside the tank must be controlled to prevent the ice crust from melt-
ing on the surface of the hydrates. As already mentioned, the transportation of hy-
drates can be carried out even at atmospheric pressure and temperature below zero
degrees Celsius. Therefore, it is necessary to apply active cooling of the space in
which gas hydrates are located in order to maintain the required transportation
temperature.

6. CONCLUSIONS

1. The existing methods of intensification of the process of gas hydrate for-
mation are analyzed, the features of devices (units) for obtaining artificial gas hy-
drates are revealed.

2. Experimental researches on creation of gas hydrates have been carried out
and thermobaric parameters of the gas hydrate formation process have been estab-
lished using various methods of process intensification.

3. The functional dependence between the initial parameters of the gas hydrate
formation process for 3 considered variants is determined. The least squares
method was used to determine linear regression parameters. A modified least
squares method was used to determine the parameters of the parabolic regression
that was accepted in the calculations.

4. The adequacy of the constructed models is verified by calculating the coeffi-
cient of determination for each model using the square of the linear coefficient of
correlation. As a result, the determination indices for all variants have more de-
termination coefficients, which confirms the fact that the parabolic model is more
adequate.

5. Comparison of the parameters of gas transportation methods. Emphasis is
placed on the technology of gas transportation in the solid gas hydrate state due to
the self-preservation effect, which is more secure and economically feasible when
comparing the thermobaric parameters of gas mixture transportation.
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ABSTRACT (IN UKRAINIAN)

Merta. [ligBuieHHs epeKTUBHOCTI 3aCTOCYBaHHS ra30TipaTHUX TEXHOJIOTIN JUIs
NepEeBE/IEHHS IaXTHOIO METaHy y TBEpJAUN KPHUCTATIUHUN CTaH 3 HACTYyIHUM Ho-
ro TPaHCIIOPTYBAHHAM JI0 KIHIIEBUX CIIOKMBAayiB HUISAXOM IHTEeHCcHU(iKawii mpoiie-
Cy T1IpaTOyTBOPEHHS.

Metoau. ExciepuMeHTallbHI TOCHIIKEHHsS] BUKOHYBAIUCH Yy Jabopartopii iHHOBa-
niianx texHosorii HTY «/lninpoBceka nomitexuikay (M. {uinpo). BapiroBanuce
TepMoOapUyHi TapaMeTpH NPOLECy TipaTOyTBOPEHHS 3 OTPUMAaHHAM 3pa3KiB ra-
30BUX TiAPATIB 3 MIAXTHOIO METAHY IITYYHUM HUIsIXoM. [IpoBeneHo ¢izudyne mo-
NENIOBaHHS Ta HATypHI ekcriepuMeHTax y kimimarepmokamepi ILKA KTK-3000, a
takok Ha ycraHoBul HIIO-5, mo no3Bosisie MozentoBaTu 3ajlaHi TepMOOApUUHI
napaMmeTpu (Temmeparypa, TUCK). [l BU3HaAYeHHs MapaMeTpiB JIiHIHHOI perpecii
OyJI0 BUKOPHCTAHO METOJ] HAWMEHIITNX KBaPaTiB.

PesyabraTn. ExcrieprMeHTanpbHO OTpHMaHI Ta3oriipaTd Ta iX TepMoOapuyHi
YMOBH IPH TPHOX BapiaHTax — BIIbHOMY IMEPEMIIIYBaHHI y PeakTopi razy Ta BO-
IY, IPUMYCOBOMY TIEpEeMIIIyBaHHS BOJOTA30BOI1 CYMIIIl i mepeMilryBaHHI BOIO-
ra3zoBoi CyMIllll Y MarHiTHOMY 1oui. BusHaueHo ¢yHKIIOHAIbHY 3a1€KHICTh MIXK
BUXITHUMH TIapaMeTpaMH TPOLECY TiAPAaTOYTBOPEHHS Ul TPHOX PO3IIVITHYTHX
BapiaHTiB. BuKkoHaHO MepeBipKy aJeKBAaTHOCTI MOOYJOBAaHUX MOJENIEH 3a OMO-
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MOTOI0 pO3paxyHKy KoedirieHTa aerepMiHalii 3a KOKHO MOJEIUIIO 3a JI0IIOMO-
rol0 KBajpaTa JiHIHHOTO KoedimieHTa kopesmii. OOTpyHTOBAHO IMEPEBE3CHHS
ra3y y TBepAOMY ra3orijpaTHOMy CTaHi 3a paxyHOK e(peKTy CaMOKOHCepBaIlii,
KU € OUTBII O€3MEYHUM Ta €EKOHOMIYHO JTOIUTBHUM.

HaykoBa HOBHM3HA. MaTeMaTHYHUM MOJCTIOBAHHSIM BCTAHOBJICHO, IO 1HICKCH
JeTepMiHaLlii Ui BCIX PO3IITHYTUX BapiaHTIB MPOLECY TiApaTOyTBOpEHHS € Oi-
JBITUMU, HDK KOCQIIIEHTH AEeTepMIHAIi, IO MATBEPKY€E TOW (akT, 10 mapa-
0oJ1iuHa MOJIENb € OiIBII a/IeKBATHOIO.

IIpakTuyHa 3HaYuMicTb. OOTpyHTOBAaHO ONTHMAJIBLHUM CIOCIO iHTEeHCHIKaIi
MPOLIECY TiAPAaTOYTBOPEHHS ISl OTPUMAHHSI IITYYHO CTBOPSHHX T'a30BUX TiApPATIB
3 METaHYy BYTUIbHHX IIAXT 5K AIbTEPHATHBHOTO CHEPTOHOCIS.

Knwuosi cnosa: rtaszorinpar, MeTaH, LUEHTPU KpHUCTamizalii, iHTeHCH]iKarisi,
e(eKT caMOKOHCEpBaIlii, TPAaHCIIOPTYBaHHS

ABSTRACT (IN RUSSIAN)

Heasn. [ToBbiienne 3¢(HEeKTUBHOCTH NMPUMEHEHHsI T'a30TMJIPATHBIX TEXHOJOTHM
JUIsL IEpeBOJia IaXTHOTO METaHa B TBEPJIOE€ KPUCTAIIMYECKOE COCTOSIHUE C IIO-
CJIEAYIOIUIMM €ro TPaHCIOPTHUPOBAHWEM K KOHEYHBIM MOTPEOUTENsM IyTeM HH-
TeHCH(HUKALIUKU TIpoLIecca THAPaTO00pa3OBaHMS.

MeToabl. DKcriepUMeHTaIbHbIE UCCIIEI0BaHUS BBIIOIHUIUCH B Ja00OpaTOPUN UH-
HoBalMOHHBIX TexHonorud HTY «JlnenpoBckas monurexunuka» (T. Juernp). Ba-
PBUPOBATIMCH TEPMOOApUUECKUE MapaMeTphl IMpolecca TUAPaTooOpa3oBaHUS C
MOJIyYeHUEM 00pa3IoB ra30BbIX TMAPATOB U3 IIAXTHOIO METaHA UCKYCCTBEHHBIM
nytem. [IpoBeneHo (u3nueckoe MOAEIMPOBAHUE U HATYpHBIE SKCIIEPUMEHTaX B
knumaTepmokamepe ILKA KTK-3000, a Taxxe Ha ycrtaHoBke HIIO-5, nmo3Boss-
IOIEed MOJIETTUPOBATh 3aJlaHHbIE TEPMOOAPUUYECKHE TapamMeTphl (TeMIieparypa,
nasiieHue). [ onpeneneHus napaMeTpoB JIMHEHHOW perpeccuu ObLI HCHOJIb30-
BaH METOJ] HAUMEHBIIIUX KBaIPaTOB.

Pe3yabTaThl. DKCHIEPUMEHTAIBHO MOJYyYEHBI Ta30TuApaThl U UX TepMobdapuye-
CKHE YCIIOBUSIX IPU TPEX BapuaHTaX — CBOOOJHOM IE€PEMELIMBAHUU B PEaKTOpe
ra3a U BOJbI, IPUHYANUTEIBLHOM IEPEMEIINBAHNS BOJOTa30BOM CMECH U IIepeMe-
IIMBaHUM BOJIOTAa30BOI cMecH B MarHUTHOM noJie. Onpenenena GyHKINOHATbHAS
3aBHCUMOCTh MEX1y HMCXOIHBIMHM MapaMeTpamMM Ipoliecca TuaApaTooOpa3oBaHUs
JUISL TPEX PACCMOTPEHHBIX BapHaHTOB. BbIMoyiHEHa MpoBepKa aJeKBaTHOCTHU I0-
CTPOCHHBIX MOJENiell C MOMOIIbI0 pacueTa Kod(p(UIMeHTa NeTepMHHAIUHN I10
KaKIOW MOJIETTH C TIOMOIIbIO KBaJipaTa JUHEHHOro ko3 duirenTa KOppeisiuuu.
O60CHOBaHHO TPAHCHOPTUPOBAHUE Ta3a B TBEPJIOM ra30TUAPATHOM COCTOSHHUHM 3a
cyeT 3¢ dexkTa CaMOKOHCEPBAIIMU, KOTOPBIN SIBISETCS OoJjiee O€30MacHBIM U JKO-
HOMUYECKH 11€JIeCO00pa3HbIM.

Hayunas HoBM3Ha. MaTemMaTHyeCcKUM MOJEIMPOBAHUEM YCTaHOBJIEHO, YTO HH-
JIEKChI IETEPMHUHALIMM ISl BCEX PACCMOTPEHHBIX BapUaHTOB IpoLEcca THIPATo-
o0pa3oBaHMs SBISAIOTCA OOJNBLIIMMH, YeM KO3((UIMEHTHl JEeTePMHHALIUU, YTO
MOATBEPXKIACT TOT (aKT, YTO MapadoIruecKas MojeNb sBJseTcs Ooyiee aeKBart-
HOM.

IIpakTnyeckas 3Ha4YUMOCTh. OOOCHOBAaHHO ONTHUMANBHBIM CIOCO0 MHTEHCU(DU-
Kalluy Ipoliecca TuapaTooOpa3oBaHus Ul MOJIy4YEHHUs] HICKYCCTBEHHO CO3/IaHHBIX
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ra3oBBIX THAPATOB M3 METaHa YTOJBHBIX LIAXT B Ka4yeCTBE aJbTEPHATHBHOTO
SHEPrOHOCUTEIS.

Kniwouesvie cnosa: razorunpar, METaH, IEHTPBl KPUCTAIUTU3AINY, HHTCHCH(UKa-
s, 3¢ (HeKT CaMOKOHCEPBALIMH, TPAHCIIOPTHPOBAHUE

ABOUT AUTHOR
Sai Kateryna, Candidate of Technical Sciences, Associate Professor, Dnipro
University of Technology, Associate Professor of the Mining Engineering and Education

Department, 19 Yavornytskoho  Ave., Dnipro, Ukraine, 49005, E-mail:
kateryna.sai@gmail.com

184


mailto:kateryna.sai@gmail.com

