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TRANSITION OF A NEWTONIAN FLUID TO A VISCOPLASTIC
STATE

Abstract. When a non-isothermal waxy oil flow in a main oil pipeline,
a Newtonian fluid transits to a viscoplastic state. This is due to the fact that
the rheological properties of waxy oil are highly dependent on temperature.
When oil flow in the pipeline cools due to heat exchange with the
environment, viscosity and yield stress begin to increase and lead to the
appearance of a viscoplastic state of oil. In the zone of yield stress, the
fluid transits to a viscoplastic state and is described by the Shvedov-
Bingham rheological equation. Along the pipe cross-section, oil in the
near-wall zone can be in a viscoplastic state, and in the central part it can
be in a Newtonian fluid. In the zone of yield stress, oil does not flow,
which causes an increase in flow velocity in the central part of the
pipeline. Such a complex structure of a non-isothermal waxy oil flow is
investigated using the RANS turbulence model. In numerical calculations,
the distributions of averaged and pulsating flow characteristics are
obtained. The calculated data are compared with the results of the DNS
model and show the transition of a Newtonian fluid to a viscoplastic state
in the pipeline.

Key words: waxy oil, Newtonian fluid, viscoplastic state, RANS
turbulence model.
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HBIOTOH CYUBIKTHIFBIHBIH TYTKBIP IINIACTHKAJIBIK
KYWUT'E AYBICYBI

AHHOTauMsl. Maructpanabsl MyHail KyObIpbIHIAFbI NapaduHal MyHaii-
IBIH M30TEPMUSIIBIK €MeC KO3FallbIChl Ke3iHJe HBIOTOH CYMBIKTBIFBI
TYTKBIp IUIACTUKAJBIK KyWre aybicanpl. byn mnapadunzai MyHaiIbIH
PEONIOTHSIIBIK  KACHUEeTTepl TeMIlepaTypara KaTThl TOyelal eKeHIIriMeH
tycingipineni. KyOblpnarbl MyHail aFbIHBI KOpIIaFaH OpTaMEH JKbLTY
aJMacyblHa OaiJIaHBICTBl CaJIKBIHAAFAH Ke31€ TYTKBIPJIBIK IEH IIEeKT1
BIFBICY KepHeyi apra OacTaipl >XoHEe TYTKbIp IUIACTUKAIBIK MyHal
KyHiHiH maiiga OomybiHa okeneni. IlIexTi BIFBICY KepHEyl alMarbIHIA
CYMBIKTBIK BSI3KOIUTACTUKANBIK KyWre etedi »xoHe IlIBenoB-buHramusiyg
PeoNIOTUSIBIK TeHJIeyiMeH cunartaiaasl. KyObIp/AbIH KesJeHeH KHMachl
OolibIHIIa KaObIpFa aiiMarbIHAAFbl MYHAl TYTKBIp IJIACTHUKAJBIK KYIe,
an optanblk Oenirinae HpOTOH CYHBIKTBIFBIHAA O0mMybl MyMmKiH. IllexTi
BIFBICY KEpHEyl aliMarblHIa MYHal akmaijel, Oyl KyOBIPIBIH OpTaJIbIK
OeJiriHeri aFbIHHBIH KbUTIAMIBIFBIH apTThipaabl. [lapadunmi MyHaiiabH
M30TEPMUSUIIBIK €MEeC KO3FallbICBIHBIH MYHAal Kypaeni KypbulbiIMbl RANS
TypOyJIEeHTTIK MOJeNiHIH KeMeriMeH 3epTreniniai. CaHAbIK ecenTeyiepae
aFbIHHBIH OpTAallla )KOHEe UMITYJIbCTIK CUIIATTaMalIapblHbIH Tapalybl aJIbIHIBI.
Ecenrenren nepexrep MonenpaiH DNS HoTHKenepiMeH CabICTBIPbUIIbI
XKoHe KyObIpaarbl HbIOTOH CYHMBIKTBIFBIHBIH TYTKBIP TJIACTUKAJBIK KYHTe
aybICYbl KOPCETLIII.

Tyiiin ce3nep: mapapunni myHail, HbIOTOH CYHBIKTBIFBI, BSI3KOILIAC-
TUKaNbIK Ky, RANS TypOyneHTTinik Moeni.
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MEPEXO/l HbIOTOHOBCKO# "KUJIKOCTH B
BSI3KOIIVIACTUYECKOE COCTOSTHUE

AnHoTanus. [Ipu HEN30TEepMUYECKOM JBMKEHUH NTapauHUCTON HEPTH
B MAarucTpajibHOM He(TENnpoBOJe MPOUCXOAUT TMEPEXOa HBIOTOHOBCKON
KHMJIKOCTH B BSI3KOIUIACTUYHOE COCTOSHHE. OJTO OOBACHSAETCS TEeM, YTO
peosioruueckue CcBoiicTBa mnapauHUCTOM HEPTH CHIBHO 3aBUCSAT OT
temneparypsl. [Ipu oxnaxxaeHun moToka HeTH B TpyOe n3-3a TeII000MeHa
C OKpYKaloLEH Cpefol BA3KOCTh W IPEINEIbHOE HANpsKEHUE CIBUTa
HAuUMHAET BO3pacTarb W IPUBOJUT K IMOSBICHUIO BA3KOIUIACTUYHOIO
coctosiHusl He(TU. B 30HE mpenenbHOro HampsKEHUs CIIBUra KUAKOCTh
MIEPEXO/IUT B BSI3KOIJIACTUYHOE COCTOSIHUE U OMUCHIBAETCS PEOJIOTUUECKUM
ypaBHeHueM llIBenoBa-bunrama. I1o cedennto TpyObl He()Th B IPUCTEHHON
30HE MOXET HAXOAUTHCA B BA3KOIUIACTUYHOM COCTOSIHMM, a B LICHTPAJIbHON
4acTU — HBbIOTOHOBCKOHM XHUAKOCTHIO. B 30HE mMpenenbHOro HampsbKeHUs
c/IBUTa HEPTH HE TEUYET, YTO BBI3OBET POCT CKOPOCTH MOTOKA B LIEHTPATBHOM
yacTu TpyObl. Takas CIOXHasi CTPYKTypa HEM30TEPMHUECKOTO JIBUKECHUS
napadpuHUCTON HedTH wucciaenoBana ¢ nomomblo RANS  mopenn
TypOyJleHTHOCTU. B 4YHCIeHHBIX pacueTax IOJIYy4YeHbl paclpeaeeHus
OCPEIHEHHBIX M IYJIbCALMOHHBIX XapaKTEpUCTUK TeueHUs. PacueTHble
JaHHBIE COIOCTaBJIEHbl C pe3yapraraMu DNS Mozmenum M IMOKa3bIBaIOT
Nepexo]] HbIOTOHOBCKOM HIKOCTH B BSI3KOIUTACTUYHOE COCTOSIHUE B TPYOE.

KuroueBbie ciaoBa: mapadunucras HeTb, HHIOTOHOBCKAS KUAKOCTD,
BsI3KOIIACTUYHOE cocTosiHne, RANS mMozesns TypOyneHTHOCTH.

Introduction. Turbulent flows of non-Newtonian viscoplastic fluids
in pipes are of great practical importance, since they are found in many
industrial installations (pipelines, various heat exchangers, plain bearings,
centrifuges, oil production, wastewater treatment systems, etc.).

As an example of such a fluid is waxy oil. A characteristic feature of such
a fluid is the strong dependence of viscosity and yield stress (yield point)
on its temperature (Evseeva et al., 2002; Barnes, 1999; Abu-Jdayil et al.,
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2012; Zhapbasbayev et al., 2021). At high temperatures, waxy oil obeys the
laws of a Newtonian fluid, and as the temperature decreases, the viscoplastic
properties of a non-Newtonian fluid appear (Aiyejina, 2011; Chala, 2018).
Such oils have a high-pour-point (from 15 to 30°C), which can be higher
than the ambient temperature (Kulwant, 1995; Braga, 1997).

The appearance of yield stress in waxy oils can lead to a stagnant zone
where the flow does not occur. This leads to a decrease in the pipeline flow
area (Chala et al., 2018; Pakhomov et al., 2021; Gavrilov et al., 2016). The
appearance of the stagnant zone can lead to a complex rheological fluid flow
(Abu-Jdayil et al., 2012). In the case of the insufficient kinetic and thermal
energy of the flow, the stagnant zone overlaps the working section of the
pipeline and the section of the oil pipeline freezes (Hwang et al., 1998;
Blackburn et al., 2006; Blackburn et al., 2004).

The non-isothermal turbulent flow of a non-Newtonian fluid has been
little studied in the literature and only one recent paper has been found
(Blackburn et al., 2017).

Materials and methods. The mathematical model of the problem. The
non-isothermal waxy oil flows in an underground pipeline with an inner
diameter D, = 0.2 m, length L = 3 m, and its depth to the pipe axis H=2 m
(see Fig. 1). The average velocity of the fluid flow at the pipe inletis U_ =
0.2 m/s and its initial temperature T, = 298 K. The ambient temperature, soil
temperature, is T, = 273 K. The paper assumes that the soil temperature is a
constant value for a given depth and the pipe wall temperature on its outer
side is equal to the soil temperature T, =T, =273 K. The fluid density in the
inlet section is p, = 835 kg/m’. The Reynolds number of the flow determined
from the flow parameters at the inlet (for a Newtonian fluid) is Re=U_ D /
vy, = 8200. At the pipeline inlet, velocity and temperature profiles are
assumed to be constant, equal to initial values. As the fluid flows, the heat
transfer process takes place through the pipe wall with the environment, so
oil temperature and velocity will vary both along the pipe length and along
its cross-section.
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wall 15
o
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Figure 1. The flow and heat exchange diagram of an underground pipeline.
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The rheological model of a viscoplastic Bingham-Shvedov fluid has the

form (Barnes, 1999):
_{ﬂpﬂow, if [o]> 7,
/'leff - .
0, if |2'| <7,

(1)

The system of averaged Reynolds equations for an incompressible fluid
has the form (Pakhomov, 2021):

V-U=0 @)
V-(pUU)=-VP+V-(201,8)+ V(- pluw))+ V- (24, 8")  (3)
V-(pC,10)=V - (AVT)+ V(- pC, (u't'))+ 7S (4)

where S is the average strain rate tensor, S = ~/25ij,-,- is the average
strain rate tensor modulus. The turbulent characteristics —p(u'u’) and
—pC,(u 't" are in accordance with the Boussinesq hypothesis (Gavrilov et
al., 2016) he expression V - <2,u S ;in equation (3) is found according
to the representation (Gavrilov et al 016). The last term in equation (4)
considers the kinetic energy dissipation of the flow.

The system of equations (2)—(4) is considered together with the k—&
model (Hwang et al., 1998):

o(pU k 3
(pU, _)=£|:[/1+ jak} 05£{ 558J+pnk—pg+D,,+F,, )
J O A

Ox. Oox . 6xj ox £ Ox

opUE)_ @ Ku{jjﬂ ( gag] (CofT —CufoE)+E,  (6)
(7)

ox ; ox ;

pk2
C/tf

The problem is solved at the following boundary conditions. On the pipe
wall, no-slip conditions are set for velocity, turbulence kinetic energy and
the rate of its dissipation, and for temperature, conditions for heat transfer
with the environment are:

oT

r=R=D2: U=V =k=&=0and— ﬂw(a
r

j =k(T,-T,) (8)
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where A, is the fluid thermal conductivity coefficient, h is the heat
D2

5 I T(r)U(r)rdr is the fluid mass average

=1 o0
temperature, the subscript “W” is the parameter determined by the conditions

on the pipe wall.
The boundary conditions on the pipe axis have the form:

transfer coefficient, 7 =

ou _ov _or _ok _oF_, 9)
or or or or Oor

r=0:

In the inlet section (x = 0), the uniform distributions of velocity and
temperature over the pipe cross-section were set, and for turbulence kinetic
energy and the rate of its dissipation in the form are:

32

N k
k,=1.5Tu’Uy; & =C, 006 7 (10)

In the outlet section (x = L), the derivatives of all sought quantities in the
axial direction are set equal to zero.

Numerical solution. The solution will be obtained using the finite
volume method on staggered grids. For the convective terms of differential
equations, the QUICK procedure of the third order of accuracy is used. For
diffusion flows, it is planned to use the central differences of the second
order of accuracy. The correction of the pressure field will be carried out
according to the finite volume agreed the SIMPLEC procedure.

A computational grid was applied that was non-uniform both in axial and
radial directions. The concentration of design nodes is done in the vicinity
of the inlet section and solid walls. The first calculation node from the wall
is located at the distance y,= yu*/v = 0.5 — 0.8, where y is the distance from
the pipe wall measured along the normal, u, is the fluid friction velocity
determined from flow parameters in the inlet section, and v is the fluid
kinematic viscosity. It was found that the calculation results of the averaged
fields of axial velocity and temperature on grids 1500x100 and 1000x60 of
the control volume differ by less than 0.01%.

Results and discussion. The waxy oil flow, which is originally a
Newtonian fluid, is cooled by heat exchange with the environment through
the pipe wall. The profiles of the dimensionless averaged axial velocity U/
U_, (a), turbulence kinetic energy k/k, (b), temperature © =(7-7,,)/(7, - T,,)
(c), and yield stress T/t | (d) are shown in Fig. 2. Here 7 | is the yield point
at T =293 K.
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The inlet profile of the averaged axial velocity is significantly deformed
due to the process of heat exchange between the fluid and the environment
(see Fig. 2a). On the wall, the axial velocity value is equal to zero, and it
increases and reaches its maximum value in the near-axial zone. The average
longitudinal fluid velocity value in the near-axial zone of the pipe increases
by more than 1.6 times in comparison with the inlet velocity value. Fluid
turbulence kinetic energy transverse profiles also undergo significant changes
as the fluid flows along the pipe length (see Fig. 2b). There is an increase
in the level of turbulence kinetic energy (TKE) in the near-axial zone of
the pipe (more than 1.5 times) and its noticeable decrease in the near-wall
region. This is associated with changes in the averaged axial velocity profile
(see Fig. 2a).

A decrease in fluid temperature (see Fig. 2¢) leads to a change in its
physicochemical properties and viscoplastic properties begin to appear
(Evseeva et al., 2002; Barnes, 1999; Abu-Jdayil et al., 2012; Zhapbasbayev
etal., 2021). Ata temperature of T <293 K, yield stress 7 appears in the near-
wall zone, which leads to a deceleration of velocity and a stop of waxy oil
(see Fig. 4d). The height of the near-wall section with low flow temperature
increases towards the pipe axis and corresponds to the height of a decrease
in fluid axial velocity.

It can be noted that the evolution along the pipe length of temperature
and yield stress profiles show that waxy oil has a Newtonian fluid property
in the central part of the pipe. Whereas in the near-wall zone, waxy oil has a
viscoplastic Bingham-Shvedov fluid property.

A decrease in the pipe flow area due to the appearance of yield stress
leads to an increase in axial velocity (see Fig. 2a). This corresponds to the
condition of conservation of fluid mass flow rate along the pipe length.
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Figure 2. Distributions of the dimensionless average component of axial velocity
U/U_, (a), turbulence kinetic energy k/k, (b), average temperature Q (c), yield stress

() / T .1 (d) along the pipe radius: Re = 8200, T =298 K, T =273 K.

The comparison of the DNS data (Blackburn et al., 2006; Blackburn et
al., 2004, Blackburn et al., 2017) and the calculations on axial velocity (a),
TKE (b) for a Newtonian fluid (1 and 3) and a Shvedov-Bingham fluid (2 and
4) is presented in Fig. 3. Here, the dots are the DNS data (Blackburn et al.,
2017), the lines are the authors’ calculations. In viscous (y,< 5) and buffer (5
<y,< 30) zones, calculations for both fluids give practically the same values
and there is good quantitative agreement with the data of (Blackburn et al.,
2017) (see Fig. 3a).

It can be concluded that a change in yield stress is practically not
manifested within the viscous sublayer and the differences between non-
Newtonian and Newtonian fluids are minimal.

According to the axial velocity distribution, it can be noted that the
difference of our calculations in comparison with the DNS data in the
logarithmic layer (30 <y, < 200) does not exceed 10%.

The distributions of TKE calculated using the RANS model also agree
satisfactorily with the DNS calculation in the viscous sublayer and in the
logarithmic zone (see Fig. 3b). In the logarithmic layer at y, = 10-55, an
additional generation of turbulence in a Shvedov-Bingham fluid is shown in
comparison with a Newtonian fluid.

Figure 4 shows the calculation data on the influence of the ambient soil
temperature T on the distributions of axial velocity (a), TKE (b), and the
Reynolds stress (c) along the pipe section. The viscoplastic properties in the
distributions of axial velocity, TKE, and the Reynolds stress are most clearly
manifested for the ambient temperature T ;=273 K (1).
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It can be noted that the distribution of TKE for a Newtonian fluid differs
significantly from the distribution of TKE for a Bingham-Shvedov fluid (see
Fig. 4b).

b)
Figure 3. Distributions of dimensionless axial velocity (a) and turbulence kinetic energy
(b) in universal coordinates for a Newtonian fluid (1 and 3) and for a Shvedov-Bingham

fluid (2 and 4), respectively.1 and 2 are the DNS calculation (Blackburn et al., 2017), 3
and 4 are the authors’ RANS calculation. Re = 1.3x10%, Re_= 323, 7/t = 1.1.
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Figure 4. Effect of the ambient temperature on the distributions of dimensionless averaged
axial velocity (a), turbulence kinetic energy (b), and the Reynolds stress (c):
1 is the T, =273 K, 2 is the T, = 288 K, 3 is the T, = 298 K.

The characteristic distribution of TKE for a Newtonian fluid with a
maximum in the near-wall zone (Pope, 2000) is transformed into the
distribution of TKE with a maximum on the flow axis for a Bingham-
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Shvedov fluid. This shows a qualitative rearrangement in the distribution of
TKE in a non-isothermal waxy oil flow in the pipe with heat transfer on the
wall.

The distribution of the Reynolds stress also shows a shift of a maximum
towards the flow axis with the presence of a braking zone in the near-wall
zone (see Fig. 4c).

Conclusion. 1. The RANS modeling of the transition of waxy oil from
an initial Newtonian fluid to a viscoplastic state due to heat transfer between
a heated fluid in the pipe with the cold environment was performed. The
calculated data on the distribution of turbulence axial velocity and kinetic
energy agree with the DNS data of other works.

2. The hydrodynamics and heat transfer structure of a non-isothermal
turbulent waxy oil flow in the pipe has been studied. A significant increase
in the level of turbulence kinetic energy in the axial zone and a decrease in
the near-wall region of the pipe are shown. This differs from the well-known
nature of the turbulence kinetic energy distribution of a Newtonian fluid
along the pipe cross-section.

3. In the calculations, the boundary of the area of the manifestation of
fluid viscoplastic properties is determined: 1) the shift of the position point
of the maximum level of turbulence kinetic energy towards the pipe axis; 2)
the stagnant zone height of a fluid flow is numerically predicted. In the area
of the appearance of yield stress (in the near-wall area of the pipe), there is
no fluid flow (the medium behaves like a solid body).
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9BAaKyMpPOBaHHBIX Ha BOCTOK 3aBOZOB, NPEANPHUATUI U CKOTA: IPEICTOSIIO
BBISICHUTb, UMEETCS JIM B IYCTBIHAX JOCTAaTOYHOE KOJUYECTBO MOA3EMHBIX
BoJ. Okazanoch, 4To B oOcienoBaHHBIX pailonax FOxnoro Kaszaxcrana
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MecYaHble IMyCTHIHU He OE3BOJAHBI MU B HHUX HIMPOKO PACHpPOCTPaHEHBI
T00pOKaUYeCTBEHHBIC ITOA3EMHBIE BOJIBI, IIPUTOHBIC IS UCIIOJIb30BAHMS.

B 1947 . YM. Axmencadun 3amuTuil AOKTOPCKYIO JUCCEPTALUIO B
Mockse. B 1951 roay Beimyctun Oombiryto mMoHorpaduto «Ilomzemubie
BOJIBI TECUAHBIX MACCUBOB IKHOW yactu Kaszaxcrana». B atoit pabore u
B pslie CTaTeil BIEpBbIE B OTEUECTBEHHON U 3apyOexHOU TUApOTeooTur
BCECTOPOHHE OCBEIIAETCS MH(UIBTPAIMOHHOE MIPOUCXOXKICHHE,
HAKOILJICHHE, PAcHpOCTPAaHEHHE PETHOHANBHBIX PECYpCOB TMOA3EMHBIX
BOJI, METOJOB HUX ONpeJesieHus. BbIgBIEHHbIE TpPU D3TOM PECYpChI
N0OPOKaYeCTBEHHBIX MMOI3EMHBIX BOJ AAJIM MOIIHBIN UMITYJIBC K Pa3BUTHIO
apUIHON THIPOTCOIOTHH.

B roael ocBoeHus IIeHHBIX 3eMmenb Y. AxmencaduH BO3IIABHII
ruaporeonorndeckue uccienaopanus B CeepHom Kazaxcrane. 3mech
OBLITH ONpeIeTIeHbI TIEPCTICKTUBHBIE BOJOHOCHBIE TOPHU30HTHI, COJIEPIKAIIINE
3HAYUTEIIBHBIC 3aI1achl MOA3EMHBIX BOJI, 3 CUET KOTOPBIX PeIlIeHa mpodiiemMa
BooobecneueHust 400 IEIMHHBIX COBX030B, KOJIX030B, MHOTHX PallOHHBIX
LIEHTPOB, JKEJIE3HOJOPOKHBIX CTAHIUH | T.I.

BboneeuerBeptu Beka Y. Axmencadun u3yda riyOMHHYO THIPOTEOI0T IO
apuIHBIX pailoHoB. [Ipu 3TOM UM ObUIH YCTaHOBIICHBI HAYYHbBIE TTOJIOKEHUS,
HMEIOIIME TEPBOCTEIICHHOE 3HAu€HHWE HE ToJIbKo i Kazaxcrana, HO
U N1 MHOTHUX 3acCylUIMBBIX pa3BUBAIOMIMXCS cTpaH. OHM MO3BOIHIN
€My BIEpPBbIE B HUCTOPUU THIPOTEOIOTMUYECKUX HMCCIENIOBAaHUI y HAaC U 3a
pyOexoM co3naTh U OmyOnuKoBaTh (yHIAMEHTAIbHbBIE IPOTHO3HBIE KAPThI
apTre3uaHcKkux OacceitHoB (¢ MoHorpadwusimu), BbIIBUTh 70 apTe3MaHCKHUX
0acceiHOB, OIIEHUTH COJEP)KAIIMECS B HUX OTPOMHBIC BEKOBBIC 3aItachl
NO0OpOKAUYeCTBEHHBIX  TOJ3EMHBIX BOJ, paBHbIE 7,5 TPUUIMOHAM
KybomeTpoB (comsmepumbie ¢ oobemMom 70-u o3ep banxarr), exeromHo
BO300HOBIISIFOIIMECS B pazMepe 48 MIpI.Ky0. METPOB.

B 1951 rony VY. Axmencadun u3dbupaercsi 4iIeHOM-KOPPECIOHIEHTOM, a
B 1954 — akanemukom Akanemuu Hayk Kazaxckoit CCP. B 1965 1. Bnepsbie
OpraHu3oBajl eIMHCTBEHHBIN B cucteme Akaaemuil Hayk CCCP Uucturyr
THAPOTCOIOTHU U THIPOPUZUKH.

Ero kpynHble Hay4HbIE JOCTHKEHHS MO3BOJIUIN 00€CTIEYUTh MOI36MHON
Boziol okosio 69 roponoB Ka3zaxcraHna, 4 ThICSYM HACENEHHBIX IYHKTOB,
00BoAHUTH 115 MiTH.Ta macTOuI, opocuTh 10 60 THICAY Ta 3eMEb.

OO6nanas napoM Hay4yHOTO MPEABHACHUS W OOJNBIIUM IMPAKTHUYECKUM
ombIToM, Y. AxmencaduH BbICTyHal MPOTHUB CO3JIAHUS HEKOTOPBIX
THIPOTEXHUYECKUX COOPYKEHMM, MOTYIIMX BbI3BATh OSKOJIOTUYECKUE
karacTpodsl. Bo MHOrOM ero mporHo3sl MOATBEPAUINCE. OH €TMHCTBCHHBIN
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HE TIOJINTKCAJT 3aKJIFOUCHHUE MTPABUTEILCTBEHHONW KOMUCCHH O CTPOUTEILCTBE
KbI3bUIKYMCKOTO KaHama, T.K. 3TO MPUBENO Obl K YMEHBIICHUIO IPUTOKA PEKU
Cripnapbu B ApalibCKoe MOpE U TEM CaMbIM CITIOCOOCTBOBAIIO OBl YChIXaHHUIO
ApaiabCKoro Mopsi.

BasxubIM BopocoM npo0ieMbl 0XpaHbl OKPY>KaroIiel cpeibl Oblia 0OXpaHa
o3epa banxanr B ¢Bsi3u co cTpouTenbcTBOM Karmuaraickoro BOJoXpaHIIHINA
Ha peke Mmu. CTpoHuTenbCcTBO M 3a00p 3HAYUTEIBLHOTO KOJIMYECTBA BOIBI
n3 pekun My Ha ero 3amojiHEHHE MOINIM IPUBECTH 03epo banxam k
ydacTu ApalbCKOro MOpsi, T.e. K YCBIXaHHIO €ro KPYIHOH aensThl. Emy
noTpeboBaIuCh OONBIINE YCUIIHS, HAyYHbIE J0Ka3aTeIbCTBA, B TOM YHCIIE
U Ha MPaBUTEIHCTBEHHOM YpPOBHE, YTOOBI MMOKA3aTh HELEIeCO00pa3HOCTh
CTPOUTENILCTBA BOJIOXPAHUIIUINA U, YK BO BCSIKOM ClIydae HEe J0 MPOEKTHOM
oTMeTKU. B pesynbrare ynmajioch OTCTOATh MHUHHUMAJbHYIO OTMETKY
3aMOTHEHUST BOJOXPAHWIMINA W HEPaCIIMPEHHUS PHUCOBBIX IUIAHTAIMA B
HU30BbAX peku Mnu. Takum 06pa3zom yaanock crnacta o3epo bamxam xors
OBl Ha TIEPHO/T 3aITOJIHCHHSI BOJOXPAHMIIHIIA.

OH TaKxxe 000CHOBAJ ITOJIOKEHHE, UTO CTPOUTEIILCTBO THAPOTEXHHUECKUX
COOPY)KEHHUH Ha peKax, MPOTEKAIOIIMX B IYCTBIHHBIX palOHAX, MOXET
MoBJIeYb 32 cO00H yChIXaHHE BOJIHBIX OaccelHOB (03ep), B KOTOPbIE OHU
BIaJAI0T. B 30HaX C MOBBIIIEHHO celicCMUYECKOM aKTUBHOCTHIO — YCHIIUBATh
O0aJTLHOCTB 3eMJIeTpsiICeHUH. B TO ke BpeMsl MpaBHIIBHOE HMCIIOIb30BaHUE
MOJI3€MHBIX BOJ B 3TUX PaOHAX CHUXKAET OAJITIbHOCThH 3€MJICTPSICCHHIA.

YM. AxmencaduH SBISUICS PBAHBIM TMPOTUBHUKOM IEPEOPOCKH
Cubupckux pek B Kazaxcran u Cpennioro A3uto. COBMECTHBIMU YCUITHSIMU
¢ yuenbiMu apyrux Pecnyomuk CCCP npunsiTHE 3TOro pelieHus Obuio
MIPUOCTAHOBJICHO.

YM. AxwmencaduH SBISICTCS OCHOBATEIEM THIPOTCOJIOTHUECKON
HayKHd M cO3JaresieM IIKOJIbI apuaHoi reojoruu B Kazaxcrane. MM Obuio
MOATrOTOBJIEHO Oonee 60 KaHIUAATOB M JOKTOPOB Hayk. Kpome HaydHOM
paboThl, 3aHUMAJICS IMPEINOJAaBATEIbCKON JEATEIBLHOCTBIO, 3aBEIOBaJ
Kadenapoil TUAPOreoIOrud U WHKEHEPHOU reosioruu B KazaxckoMm ropHo-
MeTauryprudaeckom uHeturyte. B 1949 rony emy ObU10 IpHCBOEHO 3BaHUE
npodeccopa.

YM. Axwmencadun OblT rocymapcTBeHHbIM festeneM. B 1955-59
roznax u3dupascs aemnyraroMm u wieHoMm [Ipesunuyma BepxoBHoro Cosera
Kazaxckoit CCP IV co3biBa.

B 1955-60 rr. YM. Axmencadun Obutl wieHoMm [maporeosoruyeckoi
cekuuu HanmmonansHoro komuteta reojoroB KOHECKO. On HeogHOKpaTHO
oka3zpiBaj momoIb uepe3 KOHECKO B ruporeonornyeckux uccie10BaHusIxX
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BO MHOTHUX CTpaHax Mupa, B aBrycre 1960 r. oH cuenan JIokjaj Ha
TUAPOT€0I0OrHYeCKOM CeKIMU MexTyHapOAHOTO T€0JIOrMYEeCKOro KOHrpecca
B Konenrarene. B 1979 1. nmpoBoausi MeXayHapoAHbIE KypChbl MO JIMHUU
FOHEII B Mockse, Anma-Ate u YnMKEHTE 110 SKOJIOTHH IMacTOUII MUpa, Ha
KOTOPBIX MPUCYTCTBOBAIU MpPEACTaBUTENN adpUKAHCKUX, apaOCKUX CTpaH
U ApreHTUHBI, HEOJHOKPATHO KOHCYJIBTHPOBAJ IO BOIIPOCAaM OpPOILIEHUS
3aCyLUIMBBIX 3€Mellb IpeacraBuTeneil ApcTpanuu, W3pawns, Benrpuw,
®panuun u Kyseiita.

YM. AxwmencapuH HarpaxJIeH MHOTHMH IIPaBUTEIbCTBEHHBIMHU
narpagamu CCCP. B 1969 rogy oH Obul HarpakJeH BbICIIEH Harpaaon
CCCP, emy 6110 npucBoeHo 3Banue ['epos Counanuctuueckoro Tpyna.

Y.M. Axmencadun onyonukosain okoso 500 neyaTHbix padboT: u3 Hux 18
MoHoTpaduii 1 18 ruAPOreoIOrnIeCcKuX Kapr.

Y4uuThIBas 3aCIYTH YUYEHOTO, TOCJIE €0 CMEPTHU €ro UMs ObLJIO IPUCBOCHO
co31aHHOMY UM HCTUTYTY THAPOTEOI0OTHH U TUAPO(DU3UKH, OTHON U3 YIUIL
Anma-ATsl, yaeOHOMY 3aBeicHHIO Ha ero poauHe B CeBepo-KazaxcTanckoit
00J1acTH.

100-ntetue yuenoro nmpooguioch nog srugoit KOHECKO.
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CAJIBIKOBOW AJLJIBI
BANCBIMAKOBHBI

1 mrons 2022 roga Ha 76-M TOY KU3HU MOCIE HEMPOJODKUTEIBHON 00Ie3HI
ckonuanacs CagpikoBa AJiiia balicbiMakoBHA — TOKTOP PU3NKO-MaTEeMaTHIECKUX
HayK, akajeMuk MexayHapoanoit Epasuiickoit akamemun Hayk (IEAS),
3aBeaylomas jaboparopueid pernoHaibHoi ceiicMmunoctn TOO MHWucTtHTyTa
ceiicmonornn MYC Pecnybnuku Kazaxcran.

Anna baiicbiIMakoBHAa — W3BECTHBIM YYEHBI, HAy4HbBI pPyKOBOJUTEID
[IporpamMmer  «OneHKa CEHCMHUYECKOH OIACHOCTH TEPPUTOPHMA obmacTedl u
roponoB Ka3zaxcraHa Ha COBpEMEHHON Hay4YHO-METOJUYECKOM OCHOBE», OIMH
U3 aBTOPOB KapT celicMHYecKoro paiioHupoBaHust Teppuropun Kaszaxcrana
pa3HOM NeTalbHOCTH U CEHCMHUYECKOTO MUKpPOPAHOHMPOBAHUS TEPPUTOPUHU T.
ATnMarsl, BXOAALINX B IEPEUEHb HOPMATUBHBIX JOKYMEHTOB, PENIAMEHTHPYIOIINX
MIPOEKTUPOBAHUE U CTPOUTEILCTBO B CEIICMOAKTUBHBIX pernoHax KazaxcraHa.

Anna balicbiIMakoBHa pojuiIack B ceMbe ciyskamiero B ropozae llIbivkeHTe
HOxno-Kazaxcranckoit obnmactu 14 mas 1946 ropma, cpa3dy mociie OKOHYaHHS
JlennHrpaackoro By3a Hayasa paboTaTh B ceKTOpe ceiicMoioruu npu MHcTuTyTe
reonorun Axanemun Hayk KazCCP, na 6a3ze kotoporo B 1976 r. 6611 chopmupoBan
WncTtutyT ceiicMonornu. 37ech OHAa 3alUTHIIA KaHAWJATCKYIO JUCCEPTAIMIO B
1992 1., a 3atem B 2010 I. — TOKTOPCKYIO Ha TeMy «CelcMOIOTHYECKUE U T€0JIOr0-
reoU3MYECKUe OCHOBBI BEPOSTHOCTHOW OIIGHKH CEHCMHYECKOM OMacHOCTH
Kazaxcrana».

Anna baliceimakoBHa — aBTop Oosiee 160 Hay4HBIX M HAyYHO-METOIUYECKUX
pabor, B T.4. 7 MoHOTpaduii (B cOaBTOpPCTBE) B 00JIACTH M3yUEHHsI 0COOCHHOCTEH
MPOSIBIICHUST 3EMJICTPACEHHH, pa3pabOTKU METOOUKH JIOIr0- M CPEJHECPOUHOTO
MIPOTHO3a 3eMJIETPSICEHUH 1 OLEHKH ceiicMuyeckoi omacHocTH. Ee Monorpadus
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«Celicmuueckasi onacHOCTh Tepputopun Kazaxcrana» (Anmarel, 2012, 267 c.)
SIBISIETCS. (PyHIaMEHTAIBHBIM TPYIOM, TJ€ W3JI0KEHBI Pe3yJIbTaThl MHOTOJIETHUX
WCCIIEZIOBAaHUN OCOOCHHOCTEH CEHCMHYHOCTH ¥ CEHCMHYECKOTO peXuMa
tepputopun Kazaxcrana. Kuwura «3emnerpsicenus Kazaxcrana: mNpUYMHBI,
MOCIICAICTBHS U celicMuvecKasi Oe3ormacHOCTh» (B coaBTopcTBe, Acrana, 2019,
290 c.) siBisieTCS HAYYHO-TIOMYJISPHBIM H3JaHHEM O COBPEMEHHOM COCTOSTHUU
po0OIeMBbl U3ydeHHs 3eMieTpsiceHuil B Kasaxcrane, riie OTMEYeHBI BCe TPYIHOCTH
MIPOTHO3a 3EMJICTPSICEHUI W OTBEICHO MECTO HAyYHBIM W OOIIECTBEHHBIM MepaM
MIPOTHUBOCTOSIHUS CTHXUH — CEHCMO3aIIuTe.

Ha mpotskennn MHorux net Ama balickiMakoBHa ObLTa YYEHBIM CEKpeTapeM
MEXBEIOMCTBEHHOW KOMUCCHH IO ITPOTHO3Y 3eMJICTPSCEHUH U ITPE/ICTaBIISIIA HAIITY
CTpaHy B MEXAYHApPOIHBIX opraHuzanusx. OHa aKTUBHO COTPYAHHYAJA CO BCEMHU
CEHCMOIOTHYECKUMU YIPEKICHUSIMU, ObLITa YISHOM Pa3IIUIHBIX PECITyOIIMKaHCKAX
KOMUCCHH, YhTana Kypc JIEKIHA M0 CHEeIHaTbHOCTH «CeHCMOTIOoT s Ha Kadeape
reopusuku KasHTY um. CarnaeBa. Ee HeoqHOKpaTHBIE BBICTYIIIICHHUS 110 PAANO U
TEJICBHUJICHUIO, MHOTOYHCIICHHBIE NHTEPBBIO B CPEACTBAX MACCOBOH MH(DOpMAaIiH
ObUTH HaIlpaBlIeHbl HAa HM3JIOKEHHE 3HAHWM O 3eMIICTPSCEHHSX — MPUYMHAX WX
BO3HUKHOBEHHSI, CBSI3aHHBIX C HUMH OITACHOCTSAMH, METOJaX WX HW3yYeHUs W
BO3MOXXHOCTSIMH TIPOTHO3A.

JIto60Bb K ceficmonorun Aina balickiMakoBHa COXpaHWIIa 10 KOHIA xu3HH. J[o
MTOCJICZIHETO JTHS OHA OCTaBajach Ha paboTe, BKIAJbIBas B Hee BCe (hHU3MUECKUE
W JyUIeBHBIE CHIIBI, SBISIE COOOM MpUMep MPEJaHHOTO M CaMOOTBEPIKEHHOTO
CIIy’)KEHUS HayKe, BbICOYAMIIell pabOTOCIOCOOHOCTH ¥ OTBETCTBEHHOCTH,
1[eJIeyCTPEMIIEHHOCTH, YYTKOCTH U OECKOPBICTHSI, HEPABHO/YIITHOTO OTHOIIEHUS K
MO00H XU3HEHHOH cutyaruu. 3acmyru CaapikoBoit A.b. oTMedeHBl Memanbio 3a
BKJIaJ B HayKy B yecTh 30-nerusa HezaBucumoctu PK, rpamoramu, numnmomamu.

bnaromapss BBICOKMM TpO(ECCHOHANBHBIM M JIMYHBIM KauecTBaM Aumia
BaiickiMakoBHa T0Ih30Banach OE3yCIOBHBIM aBTOPUTETOM CPEIU Ka3aXCTaHCKHX
1 3apyOeXHBIX crenuaincToB. OHa MPOXHUIA TOCTOMHYIO JKH3HBb YBa)KaeMOTO
YeloBeKa, TITyOOKOT0 MBICTUTENS U MPEIaHHOTO CBOEMY JIely y4eHoro. bomee 45
neT oHa Obua BMecTe ¢ MmyxeM E.T. CafbIkoBbIM, WMes ChIHA M YETBEPHIX BHYKOB.

1 uronst 2022 mepecTano OUTHCS ceplille dTOW YIWBUTEIBHOMN KEHITUHBI, HO B
HaIIUX Cep/Iax Bcerna Oy/IeT )KUTh CBeTIIast TaMsITh 0 Hell. MbI OyieM TOMHHTB ATLTY
BaiichiMakoBHY Kak TITyOOKO MHTEITUTEHTHOTO, OT3BIBUMBOTO, KH3HEPATOCTHOTO,
HEOOBIYAIHO JIEATEIILHOTO YeJI0BEKa M TAIAHTIUBOTO YYeHOTO. Ee yxom — Oosbinas
notepst st Haykn Kazaxcrana. Ammbl baiiceimakoBHBI CaIbIKOBO# OOJBIIE HET C
Hamu. Ho ocranock ee Oorareiimee HaydHOE HACTeNUe, YYSHUKHU, KOTOPbIE OyIyT
MIPOJIOIDKATH JIEJI0 CBOETO HacTaBHUKA. OcTanachk 100pasi maMsITh 00 TOM CBETIIOM,

AYHICBHO ICAPOM YCIIOBCKE.

OT UMeHH COPATHUKOB U KOJLJIeT Mo padore
npodeccop A. HypmaramoeToB
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