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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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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 regularities 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-elastic 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-elastic 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.

yo! {(%—2)R(3n_1—1 R R }Z(m 2)(3m — )R (e? -DR

Up =——=
. 60Gg(m—1) 2 m+1 (e —1)
3 2
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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:

2
Lté,:#[(m—z)k3 =S pig +
84Gg(i —1)
2 2 R} 2R7 dP
m

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, (u), P, () - poly-

noms of Legendre; 0'(()’) R 0'51) R z'(()l) 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, u, ¢.

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

The balance equations in movements look like:

grad divu + V2 = égmd @,

1 . . _ .
where @ = ——Za)2r2 - potential of centrifugal forces, # - movement vector, G - shift module,

2g
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 (s)P!" (u)cosmp, P (s)P!(u)sinmep.
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:

G, 06 G, 06

+G,Vu=0, +G,Vw=0, (1)
1-2v, o 1-2v, o
2 2
where V? = % + 8—2— Laplacion, @ = Z—u + ;ﬂ, G, - shift modulus, v, - basis Poisson’s ratio.
x* Oz x Oz

— g4 ——
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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)=e,(z)sinmx, 2)
where
3-4v,—mz
@ (2)=(4, — A,z)exp(mz), @,(z)=| 4 + A4, - expm,z,
1
. nmw .
A, 4, — the arbitrary constants, m, =—,n — integer.
a

Expression for a rated stress has an appearance:

o.=2G, [Alm1 —4,(2v, -2+ mlz)]exp(mlz) sin m,x. (3)
We will also define constants 4, and 4, from a condition of rigid coupling of a plate with the basis:
h, ow
W.oo = Wol.—o oY :-?a > =Upl_yo “)

where u,w- horizontal and vertical movement of a plate,, u,,w, —movements of the basis on border
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:
_ (2 — mlhl )ml /.

2(3—4v,) ®)

1
A ==_mhl, A=

Substituting values A, 4, in expression (3), we will determine the size of normal pressure on border

2m,(1-v,) 1-2v, 4G,m,(1-v,) 3 A-2v)hG,
+ w K

=c| =-2G hm’ |(sinmx=— , 6
179l | 3-4v,  23-4v) ‘ 3-4v, 3—4y, (©)
w
where x =— pa curvature of a plate at z=0.
X
We investigate the equation of neutral equilibrium of a plate
o'w 5 NOW L, 0w
—(K -K; )— —=0. @)
ox! ( ! ’ ) ox; ?oz?

1 1
where
12G,(1-v} —v! 12(1-v?)P
ki - G23( vl)’ K22:12E23(1 vl)’ K- ( VQ) _K°P,
Ep (-p) E p°(1-p) Ep

_h

P , h="h +h,, E— elastic modulus, v ,— Poisson’s ratio, A - thickness of a rigid layer;
h
2G,(1-v,) . P .
E, = o transversal module, G, - shift modulus, v, — Poisson’s ratio, 4, - thickness of the weak

X z . . .
layer; x, = o z, =Z; u, w- horizontal and vertical movements, P = ph — regional pressure.

Boundary conditions have an appearance:
2
w:O,aa—vfzo at x, =0 and xlz%, (8)

X
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Z—WZO atzlz%:]/‘, (9)
Z)
_ 2
a_W:_q*(xl):Kg |:4'(1_V0)W_Ma 1;V:| at 4 =0,
oz, m Ox;

where
K= (1-2v,))(1- p)mG,
C 2B -4v)(1-v,)G,’

m =mh— the pure wave number.

We will find value of critical effort:

=1 2 (4(1—v0)+pm(1—2v0))]—

K} K
P =L{m2+K12+3 2 {Hr 0
mr

”;02 [4(1-v,)+ pm(1-2v,)]}. (10)

—\/1+ rzfs [4(1—v0)+,0m(1—v0)]2 +

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 ellipsoid 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.e. 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
earth's plate is modelled by a viscid body the deflection also grows in time under the exponential law.
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JIMTOCOEPAJIBIK TEOANHAMHUKAHBIH ITPOBJIEMAJIAPBI

Annotanusi. TyTKpIp-ceprimai auTochepaHblH MEXaHUKAChl )KacallFaH, OHBIH JaMYbIHBIH JTUHAMHKAJIBIK He-
ri3iHeH 1MKi aCHHXPOHABI aifHATy MHEpUMSUIBIK KYII MeH CYHbBIK acteHocdepanarbl KysTra chepanblk arbIMHaH
TYMKBIp KYIITEep aHbIKTasFaH. O KyLITep iki TeoJHHAMHUKAIBIK KbICHIMHBIH TAOUFATBIH JKOHE jKaHaMa KepHeyJepIi
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aHBIKTaiAbl. JKepmiH imKi KaTmapiapblHBIH KeJiCiIMEreH aifHalyblHa COMKec TUTOC(EpaHBIH TEH XaKTBl ocyi
HEMece CBHIFBUTYBl TaOBUTFaH. [IKi KBICHIM JKOHE KeJIeMi aifHay WHepIs KyIITep ocepiHeH JKep JmMTOCEpabIK
KaOaTBIHBIH TYPaKCHI3ABIK HOTIKECiHEH JMTOC(hEpaHbIH KaJBIHABIFBIHBIH TETIT1 KEPTUTiKTI e3repicTep TaOBUIIBL
Jleiiben3on-MuumHCKUiT oiciMEeH TYPaKThUIBIK Jedopmanusuiay 3epTrenreH. JleHe Iiexapa HbICAHbI ©3TePMEHTIH
Ke3iH/Ie Heri3ri KepHeyJIi-1edopMalisIbIK Kyl Kapaji/ibl )KeHe aybITKy XKaF/iail ieHe 1ekapa OypbuIbicTap dJIeMEHT-
TEpiHIH KOCHIMIIIA TeMe-TeHIIK HbICAH YEPICIH/E KOIly eCKepe OThIPHIN. AWHAIY 3JUTUIICOU OPHBIKTBUIBIFBIH KO-
fajiTyra OKE€Il COraTblH KaJbIIITaH AaCUMMETPHUAJIBIK HbICAHJAAP AaHBIKTAJFaH. yaKbIT KaJIBITITAH ayBITKYy KOMIIO-
HEHTTEPiHIH AKCIOHCHIMAIIBIK 6CYl OPBIHIBI CYHEMENICHETIH aybITKYbl e3repicTepMeH. TYTKbIp-cepmiMIi peosio-
rus meHOepiHe €Ki )KaKThl ChIFY JUTOC(epa IUIUTAIAP IBIH KepHEYIIi-1edhopMaIusUIbiK Kyiiepl Tanaanaabl. [lnura-
Jap miekapa aiiMakTap e3apa ic-KHMBLT apKBUTBI KaTmapiap Kypbury nporectep 3eprrenmi. Jlutocdepa mmranap exi
JKaKThl ChIFy Ke3iHze Jurocepa MeH acTeHocdepa e3apa ic-KMMBIT Kapayabl. Exi KakTel ChIFy Ke3iHAe cepriHmi
Heri31 KaTaTblH aHU30TPONTHIK IUTUTAHBIH TYPAKTBUIBIK JKOFAITy KYJIKTI Kyl TaObutraH. KpICBIM KYII KYIIKTI KYII-
TEH YJIKeH Ke3iH/e TYTKBIP-CepIiMIi JuToCc(epalblK IUIMTAHBIH OHICTEHY YaKbIT OOMBIHINA SKCIIOHEHIINAT 3aHMEH
ecelli CTaHAaPTTHI CHI3BIKTHI IEHE MOJIENI KOJIIaHy MIapTKa coTke AeiiH. Erep nmurocdepanplk MmMTaHBIH MaTepHUAITbI
TYTKBIp JIeHe OOJIFaH Ke3/le YaKbIT OOMBIHINA SKCITOHESHITNAI 3aHMEH JOHICTIK COHai-aK ocei.

Tyiiin cesnep: xepHeyi-neGopMannsuibik Kyi, nedopmanus, TYTKbIpcepniMaiiik, aurocdepa, acteHochepa,
Kep.
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MPOBJIEMBI INTOC®EPHOM T'EOJJMHAMUMKHU

Annoranus. [TocTpoeHa MexaHHWKa BA3KOYIIPYTOH TUTOCQEPHI, TAe JHHAMUIESCKAM HCTOYHHKOM €€ Pa3BHTHS
OTIpEeNIEIICHBl CHJIBI MHEPIMH BHYTPEHHETO aCHHXPOHHOTO BPAMICHHS W BA3KHE CHJIBI OT CHEPHUECKOTO TEUCHHS
Kyarra B acrenocdepe. DTu Cuiibl ONPENeNstOT MPUPOLY BHYTPEHHEr0 re0JNHAMHUYECKOTrO JIABJICHHUS M TaHIeH-
IUATBHBIX HampspkeHui. HalineHo, 9To B 3aBUCHMOCTH OT Pa3HOCTH YIJIIOBBIX CKOPOCTEH BHYTPEHHHX 000JI0YEK
3emin nuTocepa MOKET HAXOMUTHCS B YCIOBHSX BCECTOPOHHETO PaCIIMpeHust Wwin cxarus. HaiineH mexanunsm
JIOKAJIBHBIX M3MEHEHUH TOJIIMHBI JINTOC(EPHI B pe3yJibTaTe HEYCTOMYMBOCTH Ae(hOPMUPOBAHUS JIUTOCHEPHOH 000-
JIOYKU 3eMJIM MO/ IeHCTBUEM BHYTPEHHETO JaBJICHUS U OOBEMHBIX CHJI MHEPLUHU BPAILICHUSA. Y CTOHYUBOCTE Aedop-
MHUpOBaHHs HcclieoBaHa MeronoM Jleiibensona-UuumHckoro. OCHOBHOE HanpshKeHHOE U 1e(hOPMHUPOBAHHOE CO-
CTOSTHHE PAacCMOTPEHO ITPH HEU3MEHHOH (hOpMe I'paHHMIlbl Tejla, a BO3MYIIEHHOE C Y4E€TOM IHOBOPOTOB 3JIEMEHTOB
TpaHMI] TeNa B MpoIecce mepexoja K CMeXHOW ¢opMe paBHOBecus. OnpesiesieHbl aCHMMETPUYHbIE ()OPMBI BO3MY-
LIEHUH, IPUBOJSINUX K TIOTEpE YCTOMYMBOCTH IILIUIICONIA BpalieHus. iMeeT MecTo 3KCIIOHEHIIUAIBHBIA POCT KOM-
MTOHEHTOB BO3MYIICHU BO BPEMEHH, COMPOBOKIAEMBIA KoeOaTeIbHBIME U3MEHEHUSIMHU. B paMkax BSI3KOYIIpyToOit
peooTHH TUTOC(EPHl AHANH3UPYETCS HANPSLKEHHO-1e(hOPMIPOBAHHOE COCTOSHHE JTUTOCHEPHON IUIMTHI TPH ABY-
CTOpPOHHEM C)KaTHH. VlccienoBaHbl MPoLeccs 00pa3oBaHus CKIIAI0K, BO3HUKAIOIINE B Pe3yNbTaTe B3aNMOACUCTBHU
IUTT B 30HAX MEXIUIMTHBIX IPaHUIl. PaccMOTpeHO B3amMojeicTBUe UTOChHEPhl ¢ MOACTUIAMNICH acTeHochepoit
NpU IByCTOPOHHEM C)KaTuu JiutocepHoi muutel. HaiineHo kpuTHyeckoe ycuine MOTepH YCTOHYHMBOCTH aHW30-
TPOIHOM IUIMTHI, JIEXKAIlEed Ha yIPyroM OCHOBAaHUU, IIPU €€ JBYCTOPOHHEM CKaTUU. BblllyunBaHuE BA3KOYNPYrou
nuToc(hepHON IUIMTHI Ha BSA3KOHW acTeHOc(epe Npu 3HAYEHHSIX CKUMAIOIIUX YCHIMH, OOJBIIMX KPUTHYECKOIOo, C
TEYEHHUEM BPEMEHM pacTeT MO 3KCIOHEHLHAIBHOMY 3aKOHY 10 TeX IOp, MOKa He HapyIlaeTcs YCJIOBHE NpHMe-
HUMOCTH MOJIENIM CTaHAApPTHOTrO JIMHEHHoro Tena. Korma marepuan auTochepHOl IUIMTHI MOJEIUPYETCS BA3KAM
TEJIOM, TTPOTUO TaK)Ke PACTET BO BPEMEHH 110 IKCIIOHEHINAIBHOMY 3aKOHY.

KitroueBble ci10Ba: HanpspKeHHO-1e(OPMUPOBAHHOE COCTOSIHME, AedopManys, BI3KOYIPYyrocTb, Jurocdepa,
acTeHocdepa, 3emIs.
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