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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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ACOUSTIC TESTING OF RHEOLOGICAL PROPERTIES
OF OIL IN BOREHOLE

Abstract. The article considers the pulsed wave effect as more efficient and environmentally expedient in
comparison with other influence methods. The effectiveness of the applied acoustic wave significantly depends on
the correct choice of the mathematical model, taking into account the basic physical processes. When setting up
mathematical model for removal of sand plug in bottom hole zone by acoustic influence it is necessary to consider
variation of rheological parameters of oil versus depth. Physically, it means that it is necessary to study propagation
of acoustic waves in non-homogeneous medium, as rheological parameters of fluid vary with depth. The problem in
this statement has not been solved yet.

It was determined that particles of solids remaining in the well in suspension are in the gravitational field of the
Earth and therefore, they are subject to the Boltzmann distribution over the depth of the well. In this case, the model
proposed by Einstein for determining the viscosity of two-phase systems was used. The volume viscosity of oil
changes when there is a particle of solids in it.

The dependence of changes in the rheological parameters of oil from the depth of the well mathematically
comes down to solving the inverse problem for the equation proposed by Landau-Livshits. The inverse problem is to
determine the desired value from the solution of the above equation with known information about the change in the
acoustic waves of the front in time in two sections of the well.

Applying the Landau-Livshits model on the propagation of acoustic waves in a homogeneous fluid, a mathe-
matical model of the propagation of acoustic waves in a heterogeneous fluid in oil wells is developed, where the
rheological parameters of the fluid are subject to change at the changing of depth of borehole.

The hydrostatic pressure measurements in three drilling wells by depth gauges have shown that the deviation of
the measured value of the hydrostatic pressure from the calculated to the depth of 2000-2500 m occurs according to
linear law, after which there is a nonlinear law.

Based on the conducted researches of the diagnosis of rheological parameters of the fluid in the well, a
graphical dependence of the change in relative density of oil on the depth of the well is constructed.

Key words: acoustic testing, rheology, oil, well, sand plug, acoustic waves, mathematical model.

Problem statement. Analysis of complications and emergency situations taking place while drilling
and development of oil fields displays that many of them is related to variation of rheological parameters
of oil [1,9]. Therefore, for the last years in order to avoid complications in production process, in
particular to cleaning of bottom hole area from sand plug, the possibility of physical fields such as
magnetic field, acoustic impact and others application is discussed in periodical press [1, 10-13]. We
consider that pulsed wave effect is more efficient and environmentally appropriate for removal of sand
plug from bottom hole area (the height of which constitutes 660000m each year) [14-16]. It is explained
by exhaustion of layers in mature fields of Azerbaijan and due to this sand plug removal by traditional
tools is not possible. That is why the repair works capacity each year involves over 100000 wells. The
efficiency of applied acoustic wave field significantly depends on the correct choice of mathematical
model taking into account the major physical processes.
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When designing mathematical model of sand plug removal in bottom hole zone by use of acoustic
effect the rheological parameters of oil variation versus depth must be taken into account. Physically this
means the necessity to study propagation of acoustic waves in in homogeneous environment.

Therefore, the problem of bottom hole zone cleaning from sand plug by acoustic effect
mathematically is reduced to resolution of equation of acoustic wave propagation in in homogeneous
environment. It should be noted that the problem in such statement has not been solved.

Problem resolution. Various mathematical models are designed to describe acoustic waves
propagation in the real fluid. For this case the Landau-Lipschitz model [1] is considered as appropriate:

P __10P V0P
oo ¢ ot 7 o2

“(x)zzplcg {(5+§n)+k(%_éﬂ ()

where ¢ — is acoustic wave propagation velocity; P — is field of acoustic pressure; 7 — is shearing
viscosity; & — is bulk viscosity; p — is fluid density; ¢, and ¢y — are fluid heat absorption capacity at the
constant pressure and capacity, respectively.

If acoustic pressure field is known, then from (1) we define the required value a(x):

-1
oP 1 oP)[@8*P
alx)=| —+——|'| —= 2
()(8)6 c@t)(aﬂj @
In cases of unknown acoustic pressure field, it is required to derive the required a(x) from resolution
of equation (1).
Therefore, variation of rheological parameters of oil versus well depth is mathematically reduced to
resolution of reverse problem for equation (1). The reverse problem consists in defining of a(x) from

solution of equation (1) in case of known variation of acoustic wave front in time at two sections of well.
Due to this the initial and boundary conditions are given as the following:

+a(x

P(x,0)=0, %_f(x, 0)=0, P(0,0)=0(r), P(¢, t)=plr) 3)
Resolving differential equation (1) applying Laplace transformation, we will have:
dp K ~ ~ »
E:{—;hs*za(x)} P; P(x, s):'[? P(x, t)edt 4)
Applied conditions in (3) will be as the following:
P(0,5)=B(s)= I@(t)e_SIdt,' P(0,5)=0(s)= J¢(t)e_S’dt (5)
0 0

In the process of acoustic waves propagation in the fluid the compression and dilation of fluid takes
place causing the second viscosity &, named as bulk viscosity.

Oil viscosity is evaluated according to data of testing of samples acquired at the output from well.
These data on oil viscosity and rheological parameters in general do not correspond to parameters under
real conditions.

The particles of solid bodies incoming from layer into the well are brought to the surface not in a
whole amount. Particles of solid bodies left in well in suspended form are unevenly distributed along the
hole depth. Their amount is maximal in bottom hole while it decreases towards well mouth. It can be
regarded that solid body particles suspended in the well are the subject of Boltzmann distribution. If to
match the origin of coordinates to the well mouth, then:
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n=ngexp (k). p(x)=pgexp (kx) (©)

The viscosity coefficient for such two-phased fluids as crude oil can not be defined by the method
applied for homogeneous fluids. Several rheological models exist for description of internal friction of oil.
In case under the study it would be appropriate to use the model offered by Einstein for evaluation of
viscosity of two-phase flow [17, 18]:

n=n,(1+2,5n) (7

where 70 — is viscosity of pure fluid; » — is ratio of particles of hard bodies volume to total volume of
fluid in the well.
Taking into account formula (6), the formula (7) is written as below

n=n, (1+2,5n0e"") ®)

Similar to shear viscosity the bulk viscosity & of oil varies in case of solid body particles presence.
Variation of bulk viscosity due to the presence of particles of solid bodies is calculated by Brenner [3] and
is in the form shown below:

E=&,| 1+n, 1+§- Z—O e” )

0

The constant coefficient «k» in formulae (6), (8) and (9) characterizes variation degree of p, 7, £ from
point to point versus variation of well depth and is a measure of diagnosis. It must be noted that for fluids
¢p = ¢y and therefore

a(x)=

1 4 n,| 4
; = n| l+—- =% 2,5n,
2p0 (50 ] ﬂo 2p0 C3 i 980 0[ 3 é()] 3 /I ‘

Resolution of equation (4) while boundary conditions (5) is as the following:

5(S)=®(S)exp{—§£+s{ﬂ0£+%(l—e“)}} (11)

To define «k» from equation (11) we apply the method of determined moments. For this, we expand

{§+— =q,- "+, (10)

(21

0

the functions ¢Z(S) and @ (S) in series by degrees of s , i.e.:

(,/5( )=¢, +s¢+5'h +... ; ( )=D@, +5D, +5D, +.. (12)

While ¢, and @, are derived from the following:

¢ = _r[ }—dr D, :J:[(Dn(r)—CDJ ;—n!dr (13)

Substituting (12) in (11) to define «k» by diagnostic measure we derive transcendental equation:
2
, 1| @ O D
ﬂ(l_e*’«):ﬂ__ b, 2D 4 ___Igg (14)
k o, 2(D, D, O (D, D, D,

Taking into account that k€< 1, expand exp(— k€) in series and we are restricted by initial three
expansion terms. While doing this we have:
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2
k:z I—L ﬁ_l g_ﬂ + g g_ﬂ _g_ﬂg (15)
(et @, 2@, @, o (D, D] @

At present it is considered as complicated to hold direct experiments to study acoustic wave front
variation versus time in two deep oil wells. Due to this we have limited our studies by indirect,
experimental data evidencing necessity to test rheological parameters of oil along well depth.

The oscillogram of acoustic wave front for two oil samples acquired from various depths of active
wells in “Neft dashlary” field is shown in figure 1.

P

120

100

Figure 1 — Acoustic wave variation versus time

Computer processing of testing data displayed that these curves can be described by formulae below:

q)(t):Altexp (—Bltz), ¢)(Z):A2texp (—thz) (16)

Rheological parameters of studied oil samples, according to laboratory testing were as the following:
P, = 780 kg/m®, 7, = 0,002 Pa-c, p, = 820 kg/m®, 7, = 0.003 Pa-c. Bulk viscosity value & has been
evaluated as equal to the shear viscosity 7.

Oil samples were acquired from the depths 2200 m and 3500 m. Computing solution of equation (14)
taking into account processing results of tests [19] according to “MATLAB” software allowed us to define
the average value of k= 1.25-10*m"".

To define the degree of correspondence of calculated value of «k» to reality we have measured in-situ
the hydrostatic pressure by depth gauge while drilling of oil well in “Neft Dashlary” field.

Hydrostatic pressure measured by depth gauge in three wells displayed that down to 900-1000 m
depths the hydrostatic pressure values are approximately coincide with those calculated according to
formula P = p,gH, where p, — is the density of drilling mud at output.

At depths below than 900-1000 m the discrepancy is observed between calculated and measured values
of hydrostatic pressure. Processing of hydrostatic pressure values measured down to 2000-2500 m depths
showed that measured hydrostatic pressure value can be accurately defined by the formula below [20]:

P=p,gH(1+kH)=P, (1+kH) (17)

where g - is acceleration of free pressure, &k = 2- 10 m™.
Starting from depths of 2000-2500 m the deviation of measured hydrostatic pressure from calculated
value corresponds to quadratic law, i.e. the non-linear law.
— 44—
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Formula (17) represents the sum of initial two expansion terms in series of more general formula, £ << 1:
P=P, exp(kH), L£=p, exp(kH) (18)

Derived average value of the constant «k» corresponds to the value of diagnosing measure calculated
according to the proposed algorithm.

The diagram below (figure 2) is drawn on the basis of studied rheological parameters of fluid in the
well.

Based on these theoretical and experimental studies we may derive the following conclusions:

— it has been established that the particles of solid bodies left in well in a suspended condition are
distributed unevenly along the borehole depth. Concentration of these particles increases with depth;

— hydrostatic pressure values measured in wells under the drilling are almost coincide for depths
down to 900-1000 m with those calculated according to formula P = p,gH, where p, is density of drilling
mud at well output;

a (x) R W (x)
a, 5 P,
1 k=1,25
1 / ) 0
IOOIO 200IO 30()'0 x=

Well depth

Figure 2 — Relative density of oil variation versus well depth

— starting from 900 — 1000 m depths and below the measured hydrostatic pressure values deviate
from calculated values. Hydrostatic pressure measured in three wells under the drilling process displayed
that deviation of measured hydrostatic pressure value from calculated value down to 2000-2500m takes
place according to linear law;

— particles of solid bodies left in well in a suspended condition are in the gravity field of Earth and
therefore they are the subject of Boltzmann distribution along the depth of borehole;

— applying Landau-Lipschitz model of acoustic waves propagation in homogeneous fluid the
mathematical model of acoustic waves propagation in inhomogeneous fluid has been developed for oil
wells where rheological parameters of fluid vary with depth.

C. P. Pacyaos!, I. T. 'acanos!, A. H. 3eiinanons?

1O3ip6aiikan MEMIIEKETTIK MyHall XOHE OHEPKICII yHHBEPCHTETI, baky, O3ipbaiikam;
2«MyHali, ra3 *oHE XUMHSHBIH T€0TEXHOJIOTHIBIK Macenenepi» F3U, baky, O3ipbaibkan

MYHAW YHFBIMACBIHJIAFBI PEOJIOT USIJIBIK
MEHIOIKTEPAIH AKY CTHUKAJIBIK JTUAT'HOCTHKACBI

AuHoTanusi. Makanazna yHFeIMa TYOIHIET KYM THIFBIHIBUIAPBIHBIH aliMarblH Ta3apTyFa apHaJFaH UMITYJIbCTI
TOJIKBIH OpEKeTi 0Oacka ocep €Ty OMiCTepiMEH CallbICThIPFAHAa THIMIIPEK JKOHE 3KOJOTHSIIBIK Ta3a EKEHJIri
kepcetiren. KoJaHbUIaThIH aKyCTUKAIBIK TOJKBIHIBIK SCEPIiH THIMIUTITT HETI3r1 (H3UKAIIBIK MPOIECTePIl ecKepe
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OTBIPBIII, MATEMATUKAIIBIK YJITIHI YpBIC TaHayFa OaimaHbICThl 00a/bl. ¥ HFbIMa TYOIHIET KYM THIFBIH/bUIAPBIHBIH
afiMarbIH aKyCTHUKAJIbIK 9CEPMEH YKOIOJIbIH MAaTEMAaTHUKAIIbIK MOJAEIIH KYPacThIpy Ke3iH/ie YHFbIMaHbIH TePEHIIrIMEeH
0ailIaHBICTBI MYHAHJIBIH PEOJIOTHSUIBIK TapaMeTPIIepPiHiH ©3repyiH eckepy KakeT. DU3MKAIBIK TYPFBIZAH ajFaH/a,
Oys1 OipTekTec eMec OpTajarbl aKyCTHUKAJIBIK TOJKBIHIAPABIH TapalyblH 3epTTey KepeK eKeHiH Oungipeni. YHFbI-
MaJlaFbl MYHaNJIbIH PEOJIOTHSIIBIK Iapamerpriepl Tepeniikke OaiimaHblcThl e3repeai. Afita kereifik, Oy Macene
MYHJIa# TYKBIPBIMIA HICIIIIMETEH.

YHFpIMaa CYCICH3WAJAa KAIFaH KAaTThl 3artap JKepiH TapThUIBIC epiciHAe OONATHIHIBIFHl AHBIKTAJIBI,
COHJIBIKTAH OJIap YHFBIMAHBIH TepeHiri OoWbIHIIa bombIMaHFa Taparysl kepek. KapacTelppiIFan xaraiaa DUHII-
TEiH YChIHFAH MOJICITb €Ki (ha3asibl KYHeIepAiH TYTKbIPJIbIFGIH aHBIKTayFa apHaIFaH. MaibIH KeJIeM/Ii TYTKbIPIIbIFbI
KATTHI IeHenepae O0JFaH Ke3/e e3repeii.

MyHaiBIH PEOIOTHSITBIK ITapaMeTpiiepl e3repiciHiH YHFPIMAaHBIH TepeHIirine Toyenniniri Jlanmgam - JIngmmig
YCBIHFaH TEHJEY YIIIH Kepi €CenTi LIellyre MaTeMaTHKaIbIK Typle asassl. Kepi mocene korapblga KeNTipiireH
TEHJIEYAIH LICHIIMIHEH KY/ABIKTBIH €Ki y4YacKeCiH/Ie YaKbIThIH/a aKyCTHKAJIbIK TOJKBIHHBIH aJJIbIH-alla e3repyi
TypaJibl OeJITiJI aKnapaTTapMeH KePeKTi HIaMaHbl aHBIKTAY OOJIBIIN TaObLIa IbI.

Jlanpay-JIuBimi MojieiH OIpTEKTI CYMBIKTHIKTA aKyCTUKAJIBIK TOJKBIHIAP/IBIH TapaTybIHIa KOJIaHa OTHIPHII,
MYHail YHFbIMQJIapbIH/Ia TETEPOrCH/I CYHBIKTBIKTA aKyCTUKAIBIK TOJKbIHIAPABIH TapalybIHBIH MaTeMAaTHKAIIbIK
MOJIEII JKacal/ibl, MYH/Ia CYHBIKTBIKTBIH PEOJIOTHSJIBIK MapaMeTpiepi YHFbIMaHbIH TEPEHIITIHIH 63repyiMeH e3repyi
Kepek.

TepeH MaHOMETpJIEpMEH OYpPFBUIAHFAH YHFBIMAlapIarbl THAPOCTATHKAIBIK KBICBIMBI OIIIICY THIPOCTATHKA-
JBIK KBICBIMHBIH ecenrrenred MoHiHeH 2000-2500 M TepeHIiKKe aybITKYHI CBI3BIKTHIK 3aHFa COMKEC KYPETiHiH, COTaH
KeWiH CBI3BIKTHIK eMec 3aH IMaiiaa O0NMaTIHIBIFEIH KOPCETTi.

YHFBIMaaFbl CYHBIKTBIKTBIH PEOJIOTHSUIBIK TapaMeTpiepiH AMarHOCTHKAjIay 3epTTEyNepiHiH HeTi3iHme
MYHa#IbIH CaJIBICTBIPMAIIbI THIFBI3IBIFBI ©3r€PICIHIH YHFBIMAHBIH TEPEHIITIHE MPaQUKAaIbIK TOYESI TN KYPhUIIBL.

TyiiiH ce3mep: aKyCTHKANBIK TUarHOCTHUKA, PEOJIOTHS, MyHall, YHFbIMA, KYM alllachl, aKyCTHKAaJIbIK TOJKbIHAAP,
MaTeMaTHUKAIIbIK MOJIEIb.

C. P. Pacyaos!, I'. T. 'acanos!, A. H. 3eiinanon?

! A3epOaiikaHCKHIA TOCYIapCTBEHHBIN YHUBEPCUTET HETH M IIPOMBIIUIEHHOCTH, baky, A3epbaiikan;
b b &
2HUU «T eoTexHONOTHYECKUE POOIEMBI HE()TH, Ta3a U XUMUs», Baky, AzepOaiimkan

AKYCTHYECKOE TMATHOCTUPOBAHUE PEOJIOTHYECKHX CBOMCTB HE®THU B CKBAKWHE

AHHoTanus. B craThe moka3zaHO, YTO MMITyJICHOE BOJHOBOE IEHCTBHE Ui OYMCTKH MPU3a00HHOM 30HBI OT
necyaHoi npoOku sBisgercss Oonee 3P(EKTUBHBIM M 3KOJOTMYECKH LIEIECOOOpa3HBIM IO CPAaBHEHMIO C APYTHMU
METOAaMH BO3IEHUCTBUA. D(PPEKTHBHOCT NPHMEHAEMOT0 aKyCTHYECKOI'O BOJHOBOTO BO3AEHCTBHS CYILECTBEHHO
3aBUCHT OT MNPABHJIBHOTO BHIOOpA MaTEMaTHYECKOW MOJENM C Y4E€TOM OCHOBHBIX (m3mueckux npoueccos. [Ipu
COCTaBJICHUM MaTEMaTH4eCKOW MOJAENM JIMKBUAAMU NecYaHOW NpPOOKM B NPH3a0OHHON 30HE aKyCTHYECKUM
BO3/IefiCTBMEM HEOOXOAMMO YYeCThb W3MEHEHHE pPEOJIOTMYEeCKMX IapaMeTpoB He(TH, CBA3aHHBIX C IIIyOMHOH
CKBOXWHBI. DHU3MYECKH 3TO O3HAYaeT, YTO HEOOXOAWMO MCCIIEAOBATh PAaCHpPOCTPAHEHHE aKyCTHYECKUX BOJH B
HEOJHOPOIHOM CpeJie, TaK KaKk PeoJIOrMYecKUe napamMeTpbl He)TH B CKBRKMHE N3MEHSIETCS C NI3MEHEHUEM TTyOHMHBI.
OTMeTHM, YTO 3TOT BONPOC B TAKOH MOCTAHOBKE HE PEIIEH.

OmpeneneHo, 4To YaCTHIBI TBEPABIX TEJ, OCTABIIMXCS B CKBR)KHHE BO B3BELIEHHOM COCTOSHHM, HaXOIATCA B
[0JIe TATOTEHUsI 3eMJIM M MO3TOMY IO TIIyOMHE CKBaXWHBI OHM TOJUMHSIOTCS pacnpeneseHuto bombivana. B
paccMaTpuBacMOM CIIydae HCIIOJIb30BANacCh MOJENb, NPEIUIOKCHHAsT OWHINTEHHOM ISl ONpEAENEHHs BA3KOCTH
IByx(}asHeix cucteM. O0beMHas BI3KOCTh HETH U3MEHSIETCSI IPU HAIMYNY B HEH YaCTHUIIBI TBEPABIX TEIL.

3aBUCHMOCTh M3MEHEHHUS] PEOJIOTHUECKHX IapaMeTpoB He(TH OT TIIyOMHBI CKBaXHHBI MaTE€MaTHYECKU
CBOAUTCS K PEIICHUIO 0OpaTHOW 3ajauul Juld ypaBHeHUd, npemioxeHHoro Jlannay-Jludmunam. O6patHas 3amada
3aKJII0O4a€TCd B ONPEACIICHUN HCKOMOM BEJIMYHUHEI M3 peUICHM BBINICYKAa3aHHOI'0 YPAaBHCHUA IIPU H3BECTHLIX
nHdopMmanusx 06 n3MeHeHHH (PPOHTA aKyCTHYECKOH BOJIHBI BO BPEMEHH Ha JIBYX CEUECHHAX CKBAKUHBI.

IIpumensiss monens Jlangay-JIuBmMI O pacHpOCTPAaHEHHHM AKyCTHUYECKHX BOJIH B OJHOPOJHOM KHMJIKOCTH,
paspaboraHa MareMaThdeckas MOJENb PaclpOCTPAHEHUS! aKyCTHYECKMX BOJH B HEOJHOPOIHOW KHIKOCTH B
YCIOBUSX HE(TAHBIX CKBaXKHUH, T PEOJIOTHYECKUE TTapaMeTphl JKUIKOCTH IOJUIeKaT U3MEHEHHUIO TPH N3MEHEHHUH
TTyOMHBI CKBa)KUHBL.

V3MepeHnss THIPOCTATUYECKOTO JABJICHHWS B TpeX Oypsmuxcs CKBaKMHAX TIIIyOMHHBIMH MaHOMETPaMH
MOKa3aJld, YTO OTKJIOHEHHE N3MEPEHHOTO 3HAYCHMS TMAPOCTATHUECKOTO JABJICHHS OT BBIYMCIEHHOTO JO TIyOWHBI
2000-2500 M mpOUCXOAUT IO TMHEWHOMY 3aKOHY, TIOCJIE YEr0 UMEET MECTO HENWHEHHBIM 3aKOH.
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Ha ocHOBaHHMM TNPOBEIEHHBIX HCCIIEAOBAHMI JAMAarHOCTHUPOBAHMS PEOJIOTHUECKHX MapaMeTPOB JKUAKOCTH B
CKBa)XMHE TOCTpOoeHa rpaduueckas 3aBUCUMOCTb M3MEHEHHUS! OTHOCUTEIBHOW IJIOTHOCTH HE(TH OT TIIyOMHBI CKBa-
JKHUHBI.

KiroueBble CJIOBa: aKyCTHUECKOE THATHOCTHPOBAHHUE, PEONIOTHs, He(Th, CKBOKUHA, TIecUaHas MpoOKa, aKyc-
THYCCKUEC BOJIHBI, MATEMATHUUYCCKaAA MO/JCJIb.
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