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THE PROBLEMS OF LITHOSPHERIC GEODYNAMICS

Abstract. The mechanics of viscoelastic lithosphere where the dynamic source of its development determined
forces of inertia of internal asynchronous rotation and viscous forces from a spherical current of Kuett in astheno-
sphere is constructed. These forces define the nature of internal geodynamic pressure and tangential tension. It is
found that depending on a difference of angular speeds of internal covers of Earth lithosphere can be in conditions of
comprehensive expansion or compression. The mechanism of local changes of thickness of a lithosphere as a result
of instability of deformation of a lithospheric cover of Earth under the influence of the internal pressure and volume
forces of inertia of rotation is found. Stability of deformation is investigated by a Leybenzon-Ishlinsky method. The
main stressed and deformed state is considered at an invariable form of border of a body, and revolted taking into
account turns of elements of borders of a body in the course of transition to an adjacent form of balance. Asymmetric
forms of the indignations leading to loss of stability of an ellipsoid of rotation are defined. Exponential growth of
components of indignations in time, accompanied by oscillatory changes takes place. Within a viscoelastic rheology
of a lithosphere the stress-strain state of lithospheric plates at bilateral compression is analyzed. Investigated the
formation of folds, arising from the interaction of the plates in the zones of inter-plate boundaries. The interaction of
the lithosphere with the underlying asthenosphere with bilateral compression plates. The critical effort of loss of
stability of the non-isotropic plate lying on the resilient basis at its bilateral compression is found. The swelling of a
viscoelastic earth's plate on a viscid astenosphere at values of compressive forces, larger critical, grows under the
exponential law eventually until the condition of applicability of model of a reference linear body is violated. When
material of an earth's plate is modelled by a viscid body the deflection also grows in time under the exponential law.
Key words: stress-strain state, deformation, viscoelastic, lithosphere, asthenosphere, Earth.

Introduction. In Kazakhstan, many problems in the mechanics of the Earth in its unified inter-pretation
set by academician Zh. S. Erzhanov and solved by his pupils [1, 2]. In researches of deep geody-namics to
the fore a problem with the study of the structure and the processes occurring in the boundary between the
mantle and the core layer [3]. The mechanism of interaction between the internal and external layers of the
Earth is based on the dynamics of the Earth's axial rotation. Influences of endogenous processes apply to
all external covers of the Earth.

Works [4-20] from a position of mechanics of a deformable solid body are devoted to research of
tectonic development of Earth. Here on elastic, viscoelastic and viscoplastic models of a lithospheric cover
of Earth global and local regularitics of tectonic movements are studied.

The basis of the modern concept of tectonics of lithosphere's plates is made by the following
provisions:

- the precondition about division of the top part of firm Earth into two covers, a lithosphere and an
asthenosphere, significantly differing viscous properties;

- the lithosphere is subdivided into limited number of the plates, seven large and as much the small;

- divergent, convergent and transform borders between plates define nature of mutual movements of
plates;
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- movements of lithosphere's plates submit to laws of spherical geometry;

- the seduction completely compensates spreading;

- the reason of movement of plates in mantle convection.

The most part of earthquakes, volcanic eruptions and orogeny processes occurring on a planet is
dated for area of borders between plates. Thus concentration of epicenters of the strongest earthquakes on
the globe in rather accurately limited belts defines outlines of borders of lithosphere's plates.

The problem of delimitation of lithosphere's plates by mechanic-mathematical methods is unresolved
and actual.

Theoretical fundamentals of tectonics of plates are based on two essentially important prerequisites.
First, the most external cover of Earth called by a lithosphere directly lies on the layer called by an asthe-
nosphere which is less strong, than a lithosphere. Secondly, the lithosphere is divided into rather small
number of plates on which borders almost all tectonic, seismic and volcanic activity takes place [21-23].
Plates move relatively each other therefore form zones of expansion, thrusts, under thrusts and shifts. In
tectonics of plates of methods of mechanics of a deformable solid body and the theory of stability of de-
formable systems the powerful impulse gives the efforts on introduction which have increased now to
further development of science about Earth.

Main results. The case of unmatched rotation of the Earth’s lithosphere and mantle is considered.
The nature of internal geodynamic pressure and tangential stresses determines by the Cuetta’s spherical
flow in asthenosphere layer. The equilibrium problem of visco-clastic lithosphere was formulated and
solved. The lithosphere is under operating of volumetric centrifugal forces of inertia and forces of visco-
sity of asthenosphere layer on its base surface. The new qualitative properties of an external display of
visco-clastic deformations in lithosphere of the Earth was detected and shown. The process of their
stabilization was studied. The distributive mechanism of disturbances with depth along a meridian and
parallel was found. The mechanism of formation three axes of Earth’s figure was obtained.
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The Earth’s lithosphere can be under conditions of comprehensive dilating or compression depending
on a difference in rotation with mantle was shown. For a viscoelastic lithosphere the field of movements
under the influence of centrifugal forces of inertia is received:
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and the field of the movements caused by forces of viscosity of a secondary current in an asthenosphere
layer:
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where Ry, R; - radiuses of external and internal surfaces of a lithospheric envelope; P, (). P, (u) - poly-

noms of Legendre; 0(() ), 05’) s r(()’) the sizes answering to forces of viscosity of an asthenosphere layer.
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The mechanism of emergence of global tectonic breaks on which there is a splitting of a lithospheric
cover into lithosphere's plates, is investigated by mathematical methods of the theory of stability of
deformable systems.

The main stressed-deformed state of an elastic and viscous ellipsoid of rotation is investigated. The
equation of elastic balance and the main ratios are defined in degenerate elliptic coordinates of s, &, ¢.

The ellipsoid rotates round its pivot-center symmetry with a constant angular speed @ and is under
the influence of the uniform pressure g attached to its surface in the positive direction to a normal.

The balance equations in movements look like:
1

1-2v

1
=—grad ©
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where ® :—Ela)zrz - potential of centrifugal forces, # - movement vector, G - shift module,

v - Poisson's coefficient, j = pg - specific weight, g - gravity acceleration, p - density.

The common decision of the equations of balance is defined through the biharmonic functions
expressed by means of tesserae spherical functions

P ()P (1)cosme, P ()P (u)sinme.
Asymmetric forms of the indignations leading to loss of stability of an ellipsoid of rotation are
defined.
Components of indignations are expressed through three any constants which are found from
boundary conditions.
Let's consider stability of a non-isotropic plate of length «, of thickness H subject to bilateral com-
pression and lying on the deformable elastic basis.

Let's define reaction of the basis at loss of stability of a plate. Equilibrium equations in movements
u,w of the indignant condition of the basis have an appearance:
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We will take the solution of equilibrium equations (1) meeting a limitation condition on infinity in a
look

u(x,z)=@(z)cosmx, w(x,z)=g¢,(z)sinmx, 2)

where
3-4dv,—-mz
p(2)=(4, - A,z)exp(mz), @,(z2)=| A4 +A, ——— |expm,z,
1
. nzw .
A . A, — the arbitrary constants, m, =—_,n — integer.
a
Expression for a rated stress has an appearance:
o, =2G, [Alm1 —A4,(2v, -2+ mlz)}exp(mlz) sin m, x. 3)

We will also define constants 4, and A, from a condition of rigid coupling of a plate with the basis:

ow
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z=0

where #,w - horizontal and vertical movement of a plate,, #,,w, — movements of the basis on border

Wz:O =W,

z=0. Let's say that vertical movements of a plate at z=0 has an appearance:
w=/{sinmx,

where ¢ — maximal deflection.

Then from a condition (4) we will define:
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Substituting values 4,, 4, in expression (3), we will determine the size of normal pressure on border
z=0:
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where x = ———— curvature of a plate at z=0.
e
We investigate the equation of neutral equilibrium of a plate
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X Z . . .
layer; x, =—, z, =—; u,w- horizontal and vertical movements, P = ph, — regional pressure.
1 h 1 h 1

Boundary conditions have an appearance:
2
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m =mh — the pure wave number.

We will find value of critical effort:
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When material of an earth's plate is modelled by a viscid body the deflection grows in time under the
exponential law.

Recommendations. It is discovered that action of centrifugal force of inertia causes following
geodynamic phenomena: with time and at value change of Poisson's constant the zero value of radial
movement displaces along a meridian and is a possible disturbance and a trigger mechanism of tectonic
stresses; with increase of Poisson's constant the compression close to a pole increases, and the expansion
in the field of equator decreases and meridian movement increases. The mechanic-mathematical model of
process of emergence of global tectonic breaks is presented by local changes of thickness of a lithosphere
as a result of loss of stability of deformation of an ellipsoidal lithospheric cover of Earth under the in-
fluence of the internal pressure and volume forces of inertia of rotation. The lithospheric cover is rigidly
linked to an adjacent continuous ¢llipsoid of rotation. The critical effort of loss of stability of the non-
isotropic plate lying on the resilient basis at its bilateral compression is found.

Conclusion. It is shown that the account of the secondary flow in asthenosphere layer results in
following properties: the positive value of radial movement increases with time and with depth, i.¢. the li-
thosphere has a state of comprehensive expansion. With increase of a difference between angular velo-
cities of lithosphere rotation and a mantle the value of radial and meridian movements reverses their mark
and the lithosphere passes converts to the state of comprehensive compression. It is established that the
main reason of emergence of global tectonic breaks on which there is a splitting of a lithospheric cover
into lithosphere's plates, loss of stability of a lithospheric cover of Earth under the influence of the internal
pressure and volume forces of inertia of rotation is. The swelling of a viscoelastic earth's plate on a viscid
astenosphere at values of compressive forces, larger critical, grows under the exponential law eventually
until the condition of applicability of model of a reference linear body is violated. When material of an
carth's plate is modelled by a viscid body the deflection also grows in time under the exponential law.
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JUTOCPEPAJIBIK TEOANHAMHUKAHBIH ITPOBJIEMAJIAPBI

AnnoTtamust. TYTKeIp-cepmiMAl JTUTOC(EPAHBIH MEXAHUKACHI JKACAJFAH, OHBIH JAMYbIHBIH AWHAMHKAJIBIK HE-
Ti3lHEH IMKI aCHHXPOHIBI affHAY MHEPUWSUIBIK KYII MEH CYHbBIK acteHocdepanzarsl Kysrra cdepansik arsIMHAH
TYMKBIP KYIITEP aHbIKTANFaH. O KYITep iMIKi T€0JMHAMUKATIBIK KbICHIMHBIH TAOMFATHIH >KOHE JKaHAMA KEPHEYICPl
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aHbIkTadabl. JKepxiH 1K KaTmapiIapbIHbIH KEICIIMETCH aHHANybIHA COMKEC JHTOC(ECPAHBIH TEH JKAKTBHI 6CYyl
HEMECE CBHIFBLUIYHI TAOBUFAH. IMIKI KBICBIM JKOHE KOJEMAl alHAIY MHEPUUsS KYITep dcepiHeH JKep JMToCcepambIk
KaOaTBIHBIH TYPAKCHI3ABIK HOTIDKCCIHECH JUTOC(EPAHBIH KATBIHIBFBIHBIH TETIrl YKEPTIMKTI e3repicTep TaOBIIIbL.
Jletiben30H-UIIMMHCKUH 9MICIMEH TYPAKTBUIBIK Acopmanmsnay 3eprrenrcH. JleHe mekapa HbICAHBI ©3T¢PMEHTIH
Ke3iHJe HeTi3Ti KepHeyi-aepopMAaIHATBIK KYH Kapanasl )KOHE aybITKY JKaraail AeHe mekapa OyphIIbICTap JICMEHT-
TEPiHIH KOCHIMIIA TENE-TCHAIK HBICAH YACPICIHAC KOIIy ECKEpPE OTBHIPHIL. AWHANY 3JUIMIICONA OPHBIKTHUIBIFBIH KO-
FAITYFa OKEIl COFATHIH KAJBINTAH ACHMMCTPISUIBIK HBICAHIAD AHBIKTAIFAH. YaKbIT KAIBIITAH AYBITKY KOMIIO-
HCHTTCPiHIH KCHOHCHIHAIIBIK 6CYi OPBIHABI CYHCMEIICHETIH ayBITKYHl e3repicTepMeH. TYTKBIp-cepmiMai peoso-
U IMCHOCPIHAC €Ki )KAKTHI CHIFY UTOC()Cpa IIHTAIAPIBIH KePHEY Ti-1eQopMaImsuibIK KyHaepi Tamganansl. [Tmra-
JIap mIeKapa aiMakTap €3apa ic-KHMBLT apKBLUTHI KAaTmapiaap Kypeuly mpouectep seprrenai. Jlutochepa mmranap exi
JKaKTHI CHIFY Ke3iHAC JuToc()epa MCH acTeHoc(epa e3apa iC-KUMBLUT Kapaiaasl Exi >KAKTHI CBIFY KC3IHAC CCPIiHII
HETI31 YKaTaThIH AaHU30TPONTHIK IUTUTAHBIH TYPAKTBLIBIK JKOFANY KYJIKTI KyII TaObUFaH. KpICHIM KYII KYAIKTI KYyII-
TCH YIKCH KE3iHAC TYTKBIP-CEPIIML JUTOCHEPANBIK IUTMTAHBIH AOHICTCHY YaKbIT OOMBIHINA 3KCIIOHCHIUAI 3aHMCH
ece/Il CTAaHAAPTTHI ChI3BIKTHI ICHE MOACTI KOJIAAaHy MIapTKa caTke aeifin. Erep murocepaisik MIMTaHBIH MaTEPHAIIBI
TYTKBIP JIcHE OOIFaH KE3/¢ YaKbIT OOMBIHINA 3KCIOHCHITNAI 3aHMCH TOHICTIK COHTAH-aK 6ceI.

Tyiiin ce3aep: kepHCymi-achopMaIuATBIK KYH, AcopMarms, TYTKeIpcepmiMaLiK, Turocdepa, acteHoc(epa,
Kep.
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MPOBJIEMBI TUTOC®EPHOI 'EOAUHAMUKH

Annortamust. [TocrpoeHa MEXaHHKa BSI3KOYIPYTOi JIMTOC(EPDL, TAC THHAMUMECKUM HCTOYHHKOM €€ Pa3BUTHUS
OTIPEICICHBI CHJIBI HHEPIWH BHYTPSHHETO ACHHXPOHHOTO BPAINCHHSI M BS3KHE CHIBI OT C(EPHUCSCKOTO TEUCHHS
Kyarra B acrenocepe. ITH CHIBI ONPEICIAIOT NMPHPOLY BHYTPEHHEIO ICOAMHAMUYCCKOTO JABJICHHS M TAHTCH-
OHANBHBIX HaOmpssHKeHHH. HalmeHo, 4TO B 3aBHCHMOCTH OT PA3HOCTH VTJOBBIX CKOPOCTCH BHYTPCHHHX O000IOUCK
3emun TTOC(EepPa MOKST HAXOAUTHCA B YCIOBHAX BCECTOPOHHETO pACIIMpEHH WiH Cxkatha. HaliaeH mexaHusm
JIOKATHHBIX H3MCHCHHI TOJIIIHHEI THTOCHEPHI B PE3YIbTATC HEYCTOWIHBOCTH AC(PopMupoBaHus TUTOCHCPHOI 000-
JOYKH 3EMJIH MOA JCHCTBHEM BHYTPCHHETO JABJICHHS W OOBEMHBIX CHJI HHEPIHH BPALICHUS. YCTOWIHBOCTD fe(op-
MHpOBaHUS HCCienoBana MeroaoM Jleiidensona-UmnmHckoro. OCHOBHOE HANPSDKCHHOE M A¢(DOPMHPOBAHHOE CO-
CTOSTHHE PACCMOTPCHO IPH HEW3MCHHOH (DOpME TPAHHMIBI TEJA, a3 BOMYIICHHOE C YIECTOM HOBOPOTOB 3JICMCHTOB
TPaHUI] TEJIA B MPOLIECCE MEPEX0aa K CMEXHOH (opme papHOBECH. ONpeaencHbl aCHMMETPHUYIHBIE (JOPMBI BO3MY-
IICHUH, MPUBOASIIUX K MOTEPE YCTONUMBOCTHU 3JUIUIICOUA BpACHUSI. IMEET MECTO SKCTIOHEHIHUATIBHBIM POCT KOM-
TOHCHTOB BO3MYILICHUH BO BPEMCHH, COIPOBOMKIACMBIH KOJICOATEIbHBIMEI H3MCHEHISIME. B paMKax BS3KOyNpyToH
peosorun TuTOC(EPhl AHATH3HPYETCS HANPSPKEHHO-ITE(hOPMUPOBAHHOE COCTOSIHHC JIMTOC(EPHOH ILIHTHI HIPH JBY-
CTOPOHHEM CKaTuH. MCCrienoBaHbl MPOIECCH 00PA30BAHMUS CKIANOK, BO3HHUKAMOIINE B PE3YIbTATE B3AMMOIACHCTBHS
IUIAT B 30HAX MCKIUTHTHBIX TPaHUI. PaccMOTpPeHO B3amMoacicTBHEC mHTOC(EpH! ¢ MOACTHIAOMCH acTeHOC(hepoi
TP IBYCTOPOHHEM CXKaTHH JIMTOC(epHOH mmuThl. HaliieHO KPHUTHYECKOE YCHIIME MOTEPH YCTOHYHMBOCTH AHH30-
TPOIHOMN IUIMTHI, JEKAIICH HA YIPYTOM OCHOBAHHWH, NPH €€ ABYCTOPOHHEM CXKATHH. BBIMYUHMBAHME BA3KOYNPYroH
muToc()epHOH ILIHTHI HA BSI3KOW acTeHOcepe IMpH 3HAYCHHAX CKUMAMOIINX YCHIMH, OONBIIMX KPHTHYECKOTO, C
TCYCHHUEM BPEMECHH PACTET MO JKCMOHCHIUAIBHOMY 3aKOHY OO0 TEX MOP, MOKA HE HAPYIIACTCA YCIOBHE MPHUME-
HUMOCTH MOJEJHU CTAHAAPTHOTO JMHEHHOTO Tena. Korma marepman muroc)epHON IIMTHI MOJCIUPYETCS BA3KHM
TEJIOM, TIPOTHO TAKKE PACTET BO BPEMCHH IO SKCIIOHCHIHAILHOMY 3aKOHY .

KmodeBnie ¢JI0BA: HAPSHKCHHO-IC(HOPMHPOBAHHOS COCTOSHHC, AC(POpMAIHS, BAKOYNMPYTOCTh, TUTOC(EPA,
acTeHoc(epa, 3eMirt.

Information about authors:

Baimukhametov Abay Abyshevich, Dr. ph.-math. sc., professor of the Almaty technological university,
Almaty, Kazakhstan; abayab@mail.ru; https://orcid.org/0000-0002-3679-0222

Koksalov Kapal Koksalovich, Dr. ph.-math. sc., professor of the Kazakh national pedagogical university,
Almaty, Kazakhstan; kkapal@mail.ru; https://orcid.org/0000-0001-5379-8093

Veksler Julian, Dr. habil., professor, leiter geomechanik of Marco Systemanalyse und Entwicklung GmbH,
Dachau, Deutschland; juliani@marco.de; https://orcid.org/0000-0002-1581-3341




N E W S of the Academy of Sciences of the Republic of Kazakhstan

REFERENCES

[1] Erzhanov Zh.S., Kalybaev A.A., Baimukhametov A.A., Korzhymbaev T.T. (1986) Motion and stability of shared Earth.
Almaty: Science. 238 p. (in Rus.).

[2] Baimukhametov A.A. (2003) Mechanics of geooscillations. Almaty: Science. 244 p. ISBN: 9965-07-241-8 (in Rus.).

[3] Sorokhtin O.G., Chilingar G.V., Sorokhtin N.O. (2010) Theory of development of Earth. Moscow: IICR. 752 p.
ISBN: 978-5-93972-768-6 (in Rus.).

[4] Erzhanov Zh.S., Egorov A K., Garagash [.A., Iskakbaev A., Koksalov K. (1975) The theory of a crust folds. M.
Science. 238 p. (in Rus.).

[5] Koksalov K.K. (1999) Stability of an ellipsoidal lithospheric cover. Almaty: RIO VAK RK. 190 p. (in Rus.).

[6] Koksalov K.K., Baimukhametov A.A. (2013) Formation of lithosphere's plates owing to loss of stability of deformation
under the influence of the internal pressure and forces of inertia of rotation // International Journal of Academic Research. Vol. 5,
N 4. P. 5 9.DOIL 10.7813/2075-4124.2013/5-4/A.1

[7] Structural geology and tectonics of plates. In three volumes. / Under the editorship of K. Seifert. M.: World. 1990, 1991
(in Rus.).

[8] Le Pishon Ks., Zh.Franshto, Bonin Zh. (1977) Tectonics of plates.

[9] Sheydegger A.E. (1987) Geodynamics bases.

[10] Turcotte D.L., Schubert G. (1985) Geodynamics. Applications of Continuum Physics to Geological Problems.
New York.

[11] Unksov V.A. (1981) Tectonics of plates. Leningrad (in Rus.).

[12] Alliso A., Palmer D. (1984) Geology.

[13] Myasnikov V.P, Fadeev V.E. (1980) Hydrodynamic models of evolution of Earth and planets of terrestrial group.
Moscow (in Rus.).

[14] Lobkovsky L.I. (1988) Geodynamics of zones of spreading, seduction and two-story tectonics of plates. Moscow (in
Rus.).

[15] Grushinsky N.P. (1976) Theory of Earth figure. Moscow (in Rus.).

[16] Shimbirev B.P. (1975) Theory of Earth figure. Moscow (in Rus.).

[17] Carey S.W. (1991) Theories of the Earth and Universe. A History of Dogma in the Earth Sciences. Stanford University

8] Zharkov VN., Trubitsin V.P. (1980) Physics of a planetary subsoil. Moscow (in Rus.).
9] Leybenzon L.S. (1951) Meeting of works. Moscow (in Rus.).

[20] Ishlinsky A.Yu. (1954) Consideration of a question of stability of balance of elastic bodies from the point of view of
the mathematical theory of elasticity. Ukrainian Mathematical Journal, 4(2): 15-23 (in Rus.).

[21] Blend D. (1965) Theory of a linear viscoelasticity.

[22] Baimukhametov A.A., Egorov A K., Koksalov K.K. (2012) Mathematical model of tectonic process at mountain
formation // International Journal of Academic Research. Vol. 4, N 3. P. 34 -37. DOI: 10.7813/2075-4124.2012/4-3/A.3

[23] Baimukhametov A.A., Martynov N.I., Ramazanova M.A., Tanirbergenov A.G. (2017) Applied aspects of researches of
mathematical modellings of salt diapirizm in oil and gas business // News of the National academy of sciences of the Republic of
Kazakhstan. Series of geology and technical sciences. Vol. 2, N 422. P. 185-193. ISSN 2518-170X (Online), ISSN 2224-5278
(Print). https://doi.org/10.32014/2018.2518-170X

[24] Kenzhaliyev B.K., Surkova T.Yu., Yessimova D.M. Concentration of rare-earth elements by sorption from sulphate
solutions // Complex Use of Mineral Resources. 2019. N 3. P. 5-9. https://doi.org/10.31643/2019/6445.22

[25] Mochamad B. Triyono, LilisTrianingsih, Didik Nurhadi. Students' employability skills for construction drawing
engineering in Indonesia // World Transactions on Engineering andTechnology Education. 2018. Vol. 16, Issue 1. P. 29-35.

[26] Kenzhaliyev B.K., Berkinbayeva A.N., Sharipov R.H. (2015). Research of the Interacting Process of Copper-Base
Alloys with Leaching Solutions under the Action of Different Physicochemical Factors // American Journal of Applied Sciences.
12(12), 982-992. https://doi.org/10.3844/ajassp.2015.982.992

[27] Kenzhaliyev B.K., Dosymbaeva Z.D., Iskhakova R.R., Suleimenov E.N. (2015). Investigation into the Use of
Electrochemical Extraction to Draw Gold from Refractory Ores // American Journal of Applied Sciences. 12(11), 857-864.
https://doi.org/10.3844/ajassp.2015.857.864

[28] Lavrinenko S.V., Arpentieva M.R., Kassymova G.K. (2019). Motivation of technical university students and its impact
on the effectiveness of the educational process // International youth scientific conference “Heat and mass transfer in the thermal
control system of technical and technological energy equipment” (HMTTSC 2019). https://doi.org/10.1063/1.5120670

[29] Kenzhaliyev B.K., Iskhakova R.R., Dosymbayeva Z.D. (2015). Sorption Extraction of Noble and Non-Ferrous Metals
from  Process Leaching  Solutions /  American Journal of Applied Sciences. 12(11), 875-884.
https://doi.org/10.3844/ajassp.2015.875.884

[30] Almagambetova A., Tileubay S., Taimuratova L., Seitmuratov A., Kanibaikyzy K. Problem on the
distribution of the harmonic type Relay wave/ News of the National academy of sciences of the Republic of
Kazakhstan. Series of Geology and Technical Sciences 2019. 1(433): 242-247 (in Eng.). ISSN 2518-170X (Online), ISSN
2224-5278 (Print). https://doi.org/10.32014/2019.2518-170X.29




