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OBIPYHTYBAHHA MATEMATWYHOI MOJENI
MPOLECY PYXY PIOVHA
B AHISBOTPOINHOMY BYTIJIbHOMY TJACTI

B ctatbe paccmaTtprBaeTcs 3a4adva NOCTPOEHUs U UCCMeA0BaHUS AETEPMUHNPOBAHHON MaTeMaTU4ECKON
MOZENnM npoLecca ABWKEHNS XUOKOCTU B aHU30TPOMNHOM YrONbHOM MriacTe npu ero rmapaBnnyeckon
06paboTke 4NA CHUXEHWUSI NPOSIBNEHNST ONACHbIX CBOMCTB. B OCHOBY Moaenu NonoXeHbl ypaBHEHUS B
YacTHbIX MPOU3BOAHbLIX, OMUCHLIBAOLINE PEXUM HENUHENHO-YNPYron unbTpaumm HecKnmaemomn
XNOKOCTU B CUMbHO CLIEMEHTUPOBAHHOW CNIOLIHON cpeae, PunbTpaumnoHHble napaMeTpbl 3aatoTes
KaK CTOXaCTU4YeCKMe BEMNYMHBI C PMKCUPOBaHHBLIM UHTEPBanoM Bapvauun. KomnboTepHas peanu-
3auusa MOJenu ocyLlecTBrieHa C NCMOoNb30BaHMEM KOHEYHO-PA3HOCTHOW annpoKCUMmaLimu.

KnrouyeBble cnoBa: maTtemaTnyeckas Mogenb, NpoLecc, napameTp, ypaBHEHNE, anropuTm.

In the article the task of construction and investigation of determine mathematical model of liquid
motion processes in anisotropic coal stratum during its hydraulic action for dangerous properties
reducing is considered. The model based on particular derivatives equations, describes nonlinear-
elastic filtration regime of compress-resist liquid in strength continuous environment, filtration
parameters are given as random quantities with fixed variation interval. Computer realization made
by ending-difference approximation.

Key words: the mathematical model, process, parameter, equation, algorithm.

PosrnsHyTto 3agady nobynooBw i JOCHIOKEHHSA OeTepMiHOBaHOI MaTeMaTuMYHOI Mogeni npouecy
pPyXy piOvHW B aHi30TPONHOMY BYrifbHOMY MMacTi Npu MOro rigpasnidHin obpobui ANA 3HUXKEHHS
nposiBy HebesnevyHnx BNacTMBOCTEN. B OCHOBY Mogeni NoknageHo PiBHAHHS B YaCTUHHUX MOXIOHUX,
LLIO ONUCYHOTb PEXUM HENIHINHO-NPYXXHOT inbTpawii HECTUCNNBOT PIOUHY B CUIBHO 3LEMEHTOBAHOMY
CyuinbHOMY cepefoBuLLi, (hinbTpauinHi NnapameTpyn 3a8atTbCs K CTOXaCTUYHI BENMUYMHN 3 (DIKCOBaHUM
iHTepBanom Bapiauii, komn'loTepHa peanisauis Moaeni nposBefeHa 3 BUKOPUCTAHHAM KiHLEBO-
pi3HMLIEBOT anpokcumallii.

KnroyoBi cnoBa: matemaTuyiHa Mogerb, Npouec, napameTp, PiBHAHHSA, anropuTMm.

14 ISSN 2413-7383 [1pobGnembl NCKyCCTBEHHOIO HTennekta 2019 Ne 2 (13)
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BBepneHune

B cBsi3u ¢ Tem, uTo mpu pa3paboTKe YrojbHBIX IUIACTOB MPOSIBISETCS PsAIl OMACHBIX
CBOMCTB (TIbLJICOOpa30BaHKE, Ta30BBIICIICHHWE, BHE3alHBIE BHIOPOCHI, CaMOBO3TOPAHHUE),
HEOOXOAMMBIM YCIIOBHUEM SIBIISIETCS MPUMEHEHHE KOMIUIEKCA MEPONPUSTUN Ui CHIKEHUS
WHTCHCUBHOCTH TIPOSIBIICHUS YKa3aHHBIX OMACHBIX siBJeHuH [1]. B cucreme crmoco6oB 60pr0ObI
C OCHOBHBIMHM OMACHOCTSIMU NPU TOA3EMHON JOObIUE YITISl BaKHOE MECTO 3aHMMaeT CIoco0
MIPEIBAPUTEIILHOM THIPOITHEBMATHIECKON 00paOOTKH TIIacTa.

@uU3nNYeCcKU YroJIbHBIN IIACT pacCMaTPUBAETCS KaK OTpaHHuYEHHAas CIUIOLIHAs Cpena,
pacroioXeHHasi Ha 3HAYUTENbHOW TIIyOMHE OT 3eMHON MOBEPXHOCTH, BCJIEACTBHUE YETO
MOJIBEP>KEHHAs JABJICHUIO BBIIIENIEKAIIUX TTOPOJI, U XapaKTePHU3YIOIIAsCs CreupUIecKuMU
cBoiictBamMu. Kak OOBEKT pa3paOOTKH YTOJBHBIM IUTACT O0JamaeT psioM MapaMeTpoB,
3HAYEHUSI KOTOPBIX MOTYT OBITH ONPEIENICHBI TOJBKO MPU HEMOCPEICTBEHHOM KOHTAKTe
yTeM BHEJIPEHUS B €ro CTPYKTYPY WJIM BO3JEWUCTBHUA Ha HEro HpU MOAXO0J]ie TOPHOM
BBIPA0OTKH, MPU 3TOM HMCXOJIHOE MPUPOJHOE COCTOSHME IIacTa HapymaeTcs. Jlo Havana
BO3/ICHICTBUS YTOJIbHBIN IUIACT SIBIISETCS «3aKPBITHIM» OOBEKTOM, B CBS3HM C YeM OH pac-
CMATpUBAETCA KaK CHUJIBHO TUPOBAHHBIA aHU3OTPOIHBIA TPEIIMHOBATO-MIOPUCTHIN MOPOI-
HBII MacCHB.

AKTyarnbHOCTb paboThl

AHaM3 CYIIECTBYIOIINX CIIOCOOOB HATHETAHUS KUJIKOCTEH B YTOJIBHBIN IIJIACT C IEITBIO
00pBHOBI C OCHOBHBIMHU OMACHOCTSIMHU MOKa3bIBA€T, YTO HEOOXOAUMBIM YCIOBUEM BBICOKOI
3 PEeKTUBHOCTH BO3JACHCTBUS SIBISICTCS PABHOMEPHOCTH THIPABIMYECKON 00pabOTKH
yroapHOTO MaccuBa. K O/THON M3 OCHOBHBIX NMPUYHH HEJOCTATOYHO BHICOKOW I((HEKTHB-
HOCTH YMEHBIICHHs MbLUICOOpa30oBaHMs MPH MPEIBAPUTEILHOM YBIAXXHEHUH OTHOCUTCS
HEPAaBHOMEPHOCTh pACHpEENIeHNs BJard B MAacCUBE, BbI3BaHHAsI MPEUMYIIECTBEHHBIM
JBUKEHHEM >KUIKOCTH MO KPYMHBIM TPEIIMHAM W MPHUBOIALIAS K HEAOCTATOYHOMY IO-
BBIIIICHUIO BIIAXXHOCTH OONbIMX OnokoB yriis [2-4]. TloBblmieHne KavyecTBa HACBIIIECHUS
VIJIs SKUJIKOCTBIO SIBIISIETCS HEOOXOMUMBIM yCIOBHEM 3(PGEKTUBHOCTH BCEX CIOCOOOB
TUJPABINYECKOTO BO3JAEHCTBUS HA YTOJIbHBIN IIACT.

Jnst moBeimeHust 3QGEKTUBHOCTH BO3JEHUCTBHS HEOOXOJAMMO ITOCTOSHHOE COBEp-
MIEHCTBOBAHUEC TCXHOJOIWMHU U MAapaMCTPOB MPOUECCOB, YTO B CBOKO OUYCPCIAb BBI3LIBACT
HEOOXOIUMOCTh a/ICKBAaTHOTO TEOPETHUECKOTO 00OCHOBaHUS. BBUAY «3aKpBITOT0)» Xapak-
TCpa O6’beKTa BOSI[GﬁCTBHSI OCHOBHBIM MCTOAOM HCCJIICAOBaAHUSA ABJISICTCA MAaTEMAaTHUYCCKOC
MO/ICJIUPOBAHUE.

B 5710101 CcBsI3U COBEPIIIEHCTBOBAHUE MAaTEMAaTUUECKOTO arapara JJis pa3BUTHUS Teope-
THUYCCKUX OCHOB KOMIIJICKCHOI'O THAPOITHCBMATUYCCKOIO BOBHCﬁCTBHﬂ Ha YT'OJIbHBIC TIJIACThL
SIBJISIETCS. aKTyaJlbHOM HAYyYHOU 3aa4ei.

Llens pa6oTbl — 000CHOBaHNE MAaTEMaTHYECKOW MOJIETH MPOIecca BHEAPECHUS KUJI-
KOCTU B YTOJBHBIM IUIACT ¢ Yy4ETOM HECTAallMOHAPHOIO XapakTepa TEYCHUS KUIAKOCTH U
AQHU30TPONHUH (PUIBTPAIIMOHHBIX TAPAMETPOB IUIACTA.

OcHoBHOe coagepxaHue paboThl

O} heKTUBHBIM METOJOM HCCIEAOBAHUS JUHAMUKUA PACTIPOCTPAHEHUS KHUJIKOCTU
B aHHU30TPOITHOM YTOJILHOM IUTACTE SIBJISICTCS MaTeMaTH4Yeckoe MojenvupoBanue. B coor-
BETCTBUU C (DM3MUECKON CYNIHOCTHIO OOpaOOTKM M CHEHU(HUKON Mporecca IBUKCHUS
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KHUJKOCTH B YTOJHHOM MAacCHUBE ypaBHEHHE (HIBTPALUH JIOJDKHO YJOBJIETBOPSTD CIEAYIO-
UM YCJIOBUSIM:
— HESIBHOE BBIYHCIIEHHE KOOPIUHAT (PPOHTA ABMKYIIETOCS MOTOKA )KUAKOCTH;
— BO3MOKHOCTb HCCIIEZIOBAHUS KECTKOTO, YIIPYroro U HEMUHEHHO-YIIPYroro pexu-
MOB (punbTpanuy;
— Hanuyue 3pPEKTUBHOTO YUCIEHHOTO METO/A PELICHHUS.
CkopocTb BIKeHUs (HpoHTa QUIBTPYIOIIEHCS KUIKOCTH ONPEIEIISIETCS U3 CHCTEMBI:

k 0°P oW
—— = (1)
M Ox ot
ow
—— =aP(W,-W) 2)
ot
P(0,t) = P. (3)
P(x>1Lt)y=0;W(x>1,t)=0 4)
[=1(t);/(0)=0;
dl k oP
—— (5)
dt um Ox

rae /() — nonoxenue GpoHTa;
W — IpUpPOCT BIIArOHACHILIEHHMS;
W, — MakCUMaJbHbIIA TPUPOCT BIIATOHACHIIICHHS.

W3 Teopun HETMHEHHBIX MapabOIMYECKUX YPaBHEHUN N3BECTHO, YTO PEIIEHUE YPaB-
HEHUs BUJA

88—1: = div[A(P)gradP}, (6)
A(P)=aP"; n>0 (7)

MMEET MPU HYJEBOM HAyaJlbHOM YCIOBUU KOHEUYHYIO CKOPOCTbH PacHpOCTPAHEHUS BO3MY-
menns [4-6]. OueBuaHO, 4TO0 ypaBHEHHE (6) ¢ TOYHOCTHIO N0 Koddduuuenta A(P) sB-
JsIeTCs. YpaBHEHUEM YNPYrod (GHIBTpAalUH XKHUJIKOCTH B mopuctoi cpene. [Ipennonaras,
YTO 3aBUCUMOCTbD (7) UMEET MECTO, CHEeIHaIbHBIM OA00pOM KO3 PHUIHEeHTa ¢ U MOKa3a-
TN CTEMEeHU n JOObEMCs, YTOObI BENMYMHA ITOH CKOPOCTH COOTBETCTBOBAJA BHIYHMC-
asieMoil mo ypaBHeHMIO (5). be3 orpaHuueHust OOIIHOCTH Ui YNPOUICHHUS BBIKIAIOK
OyzaeM paccMaTpuBaTh 33Ja4y B OZTHOMEPHOH OCTaHOBKE.
XapakTepHO€e 3HaYCHHE BPEMEHH HaXOINUTCS U3 yPaBHEHUS

Ly = s )

e ¢ = .
mn,

n, —3(pdexTuBHAT HIOPUCTOCTS;

P — xapakrepHOoe 3HaueHWe JaBJICHUs (JaBJIEHHE B HEKOTOPOH TOuke BOIM3U
¢dpoHTa PrIIBTpaLUN);

X_ — paccTosHUE OT 3TOW TOYKH J0 MOBEPXHOCTH (POHTA.
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Cuuras, yTo ypaBHEeHHE (6) cripaBeUTMBO BOJIHM3U KOHTYpa OOJIACTH, 3aHITOU JKHI-

KOCTBIO, IOJIYy4YacM BBIPAKCHUC IJIA XapPaKTCPHOI'0 3HAYCHW S BPECMCHU:

2
X

_ X
Lo =—10r ©)
aP,
Jlng paBeHCTBAa XapaKTEPHBIX 3HAYECHUN BPEMEHHU JOCTATOYHO BBIIIOJIHEHHE NIBYX
YCIIOBHH:

a=¢;, n=1.
Torna ypaBHenwue (6) BOJIM3U KOHTYpa MPUHUMAET BHJT (B OTHOMEPHOM TTOCTAaHOBKE):
OP o(,0P
L gl p= 10
ot d ox ( ox j (10)

[pH YCIIOBHU & = CONSL.

[lepexonst kK n-MepHON NMOCTaHOBKE, ypaBHEHUE YIPYTroW (HUIBTPALIUH KUIKOCTU B
aHU30TPOIHOM ILUIACTE 3alMILEM B BUIE:

2—1: = div[A(P)gradP} (11)
&P, x; 21, —Ax;;
AP) = (12)
2, x, <l —Ax,

rae [ — HOMEP KOOPAUHATHI;
Ax, — HeKOTOpas MaJlasi BEJINYHMHA;

¥ — K03h(DHUIMEHT Mhe30ITPOBOTHOCTH.

VYpaBuenne (11) pemaercs urcienHo Ha DBM ¢ ucnonp30BaHHEM METO/1a KOHEUHBIX
pasHocreii [5], [6].

[Ipucoenunsiss k ypaBHeHuio (11) HavanpbHBIE W TPAHWYHBIC YCJIOBHS, COOTBETCT-
BYIOIIUC PAa3JIMUHBIM TCEXHOJOI'MYCCKUM CXEMaM U PCKUMaM BOBI[GP'ICTBPISI, MoJIy4Yum
MaTeMaTUYeCKyl0 MOJIENb THAPaBIMYECKOTO BO3JCHCTBUS Ha YrOJbHBINA IJIACT B PEKUME
GuIbTpaum.

[Tpumem B naneHeiimem P =P —F,.

Torna B kauecTBe HAYAJIBHOIO YCIOBUS MOXKHO MPUHSTH:

P(x,y,2,0)=0. (13)

Vpasuenue (11) ¢ COOTBETCTBYIOIIMMHU KOHKPETHOW 00JACTH KPAaeBBIMH YCIOBHSIMHU
IpeACTaBIsieT cO00H MaTEMaTHUYECKYK0 MOJIENIb HAIIOPHOW (PUIBTPALIMH KUAKOCTH B YTOJIb-
HOM IUIaCTe.

HccnenoBanue MOBeIEHHUs pEIICHUS NPU HATUMYUU aHU30TPONMH, BOJOYIOPOB U
BCTPEUYHBIX ITOTOKOB >KMJIKOCTH B OJHOMEPHOM M INIOCKOCTHOM ITOCTAHOBKE I10KA3aJ10, YTO
C JOCTaTOYHOW JUIsl NMPAKTHUKH TOYHOCTHIO B OOJIBLIIMHCTBE CIIy4aeB IMbE30MPOBOJHOCTD
MOYKHO YYHUTBIBaTh TOJIBKO IPH OTCYTCTBUU CBOOOJHON MOBEPXHOCTH (PPOHTA JIBIKYILEHUCS
AKHUJIKOCTH, T.€. IPU BCTpeYE MOTOKA C BOAOYIOPOM WU JIPYT'MM NMOTOKOM. Bonoynopamu
OOBIYHO SBJISIOTCSA OYBA U KPOBJIS IJIACTA MPU MPEATIONIOKEHIUH 00 X HEPOHULIAEMOCTH.

Torna Beipaxkenue (12) MOKHO TepenucaTh B BUJIE:

&P, . <L;

A(P) = =1L (14)

rjae L,— pacCTosiHUE OT CKBaKUHBI 10 BOJOYIIOpA MM I'PAHUILIBI BCTPEYHOTO MOTOKA TI0
i~ KOOpJHATE.
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Pemenne 3amaun B OJHOMEPHOM MOCTAHOBKE MOXET CIYKWUTh JUISl MOITY4YEHUS MH-
dbopMaluu 0 MOTPEIIHOCTH peIIeHU, 00 W3MEHEHUSX AABJICHUS IO MPOCTPAHCTBY JUIS
(UKCUPOBAHHBIX 3HAYCHUH BPEMEHHU WM BO BPEMEHM B (PMKCHPOBAHHBIX TOYKAaX MPOCT-
paHCTBa, OJJHAKO Ui MCCIeAOBaHUA (U3MUKH Ipolecca HeoOX0IUMO NEPEXOIUTh K IBY-
MEpHON MOCTaHOBKE, YTOOBI HCCIEAOBAaTh WM3MEHEHHE [aBleHUS KaKk (YHKIUU Tpex
xoopauHat: P(x,,1).

Takum o6pa3oM, HamopHas (UIBTpalUs >KUIKOCTH B aHU30TPOMHOM YTrOJbHOM
IUIacTe MPHU HATUYUH BOJIOYIIOPOB U BCTPEUHBIX MTOTOKOB OT €IMHOBPEMEHHO pabOTAIOIINX
CKBQ)KMH YJIOBJIETBOPHUTENILHO OINKCHIBAETCS ypaBHEHHEM ympyroro pexuma (11) ¢ kpae-
BBIMU YCJIOBUSIMH COTJIACHO TEXHOJIOTMYECKMM cxeMaM. [l pelleHHsl MOCTaBIEHHOMN
3a/1a4M UCIIOJIb3YETCSl METOJI KOHEUHBIX Pa3HOCTEH.

VYpaBaenne (1) — 3TO HenMHEWHOE MapabOIMYecKoe ypaBHEHHE, TOYHOE pelIeHUe
KOTOpOro BechMa 3aTpyaHeHo. K HacrosimieMmy BpeMeHHM pa3paboTaH psJl YUCIEHHBIX U
AQHATUTHYECKUX METOAOB JJIsl IPUOIMKEHHOTO PELIeHNs YpaBHEHUI 3TOro Thma. bosbioi
BKJIaJ B pa3pabOTKy M NPAaKTUYECKOE HCIIONBb30BaHUE JTUX METOJIOB BHECIH YYEHBIE
Hucruryra kudepHetrnku ¢ BL[ AH Y36ekucrana o pykoBoactBoM mpod. @.b. AGyramuesa [5)].

BbiBOAbI

O6ocHOBaHa MaTeMaTH4ecKkasi MOJIENb MPOoIecca TUAPABINYECKOIO BO3ICHCTBUS Ha
YTOJBHBIN JIACT, 0a3UpYyIOMAscs HAa YpaBHCHHH HEITWHEWHOW YIpyroul (GpuibTpanuu He-
CKMMAeMOMH JKUJIKOCTH B CUJIBHO CLIEMEHTUPOBAHHOW aHU30TPOIHON CIIOUIHON Cpefe.

[Tokaszano, 4TO MO MPUYUHE BHIPAKECHHONW aHU30TPONUU (PUIBTPANMOHHBIX TTapaMeT-
POB YrOJIBHOTO IUIACTa MPOILECC YBIIAXKHEHHUs NPU THAPABIMNYECKOM BO3JCHCTBUU Yepe3
OJIMHOYHYIO CKB)KHUHY OOYCIIaBIMBAECT BHICOKUN YPOBEHb Bapualluu MIPUPOCTA BIAKHOCTH
B 00pabaTbIBAEMOM MacCCHBE.

[IpennosxeHo MoeIMPOBAaHNE PEATBHO MPOTEKAIOIIETO Mpollecca yBIaKHEHUsS o0ec-
ne4ynBaTh 3afaHueM Ko3(@UIeHTa MPOHUIIAEMOCTH IJIacTa KaK MepeMEeHHONW BEIMYMHBI
CTOXaCTHYECKOI0 XapakTepa.

BrinosiHeHa ynCIeHHAs peaiu3auns MOAEIEH METOAOM KOHEUYHO-PAa3HOCTHOM amnIpo-
KCHMaI1H.

[IpensioxkeHHbIE MOJENN U METOJbI UX pealn3alry MO3BOJSIOT MPOBOAUTH YHUCIEH-
HOE MOJEJIMPOBAHME NPOILIECCOB U pelIaTh 3aJaud COBEPIIEHCTBOBAHMS KaK KOHCTPYK-
THUBHBIX, TAK U TEXHOJOTUYECKUX NTAPaMETPOB.
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RESUME
V. N. Pavlysh, G. B. Peretolchina
The Base of Mathematical Model of Liquid Motion Process in Anisotropic Coal Stratum

Physically coal seam is regarded as limited solid environment, located on the large
depth of the Earth's surface, as a result, subject to the pressure of the overlying rocks, and
characterized by specific properties. How to design coal layer object has a number of
parameters, whose values can only be determined by direct contact through the
introduction in its structure or exposure to it when approaching the mountain, while the
source natural the state of the reservoir is broken, so the seam is "closed" object.

Due to the fact that, in the development of coal seams is manifested a number of
hazard, a prerequisite is to apply a set of measures to reduce the intensity of the negative
phenomena. In the system of how to combat the main hazards in underground coal mining
method important preliminary hydro-pneumatic fracturing processing.

To enhance the effectiveness of impact requires continuous improvement of
technology and process parameters, which in turn necessitates adequate theoretical
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justification. In view of the "closed" nature of the object impacts the main method of
research is mathematical modeling.

In this context, improving the mathematical apparatus for development of theoretical
bases of complex fluid power impact on coal seams is a topical scientific challenge.

The aim of this work is the justification of mathematical model of hydraulic impact
on coal seam with consideration of unsteady nature of the introduction of fluids and
anisotropy of reservoir parameters.

The article discusses the task of constructing and study the deterministic
mathematical model of movement of fluid in the anisotropic coal seam, which is seen as a
fractured-porous solid environment with random certain filtration parameters. The model
is based on the differential equation describing the mode of nonlinear -elastic
incompressible fluid filtration in a highly compact solid environment, filtration parameters
are set as stochastic values with fixed the variation interval. Computer model implemented
using finite differential approximation.

A complete mathematical model of process must contain complex mathematical
dependencies, which can be used to submit progress and calculate its parameters. In this
case, to obtain mathematical models of hydrodynamic stimulation equation should be
supplemented with initial and boundary conditions, which in turn defines the technological
schemes and processing modes. Means, mission studies, and calculation of process
parameters is formed in accordance with the specific technological scheme.

As aresult of the analysis tasks process parameters study of hydrodynamic stimulation.

Equation, put in a basis of the mathematical model, is a nonlinear parabolic equation,
analytical solution which is very difficult, and you need to use numerical methods.

Behavior research solutions in the presence of anisotropy, water-resist and counter
fluid flow in one-dimensional and Planar setting showed that with sufficient precision for
practice in most cases, press-conductivity can be taken into account only when the absence
of free surface front moving liquid, i.e. when meeting with flow aquifers or by another
thread. Water-resist are usually ground and roof seam assuming their impenetrability.

Solution to the problem in one-dimensional setting can be used to obtain information
about errors the decisions about changes of pressure on space for fixed values of time or
over time at fixed points of space, however, to study physics the process must move to a
2D setting to explore change in pressure as a function of three coordinates:.

Thus, pressure filtration of liquids in anisotropic coal seam in the presence of water-
resist and counter flow from lump sum working wells satisfactorily described by the
equation of elastic regime with regional conditions under technological schemes. To solve
the task, the finite difference method is used.

Justified mathematical model of hydraulic impact on coal seam based on the
equation of nonlinear elastic incompressible fluid filtration in a heavily strength
anisotropic solid area.

It is shown that because of the pronounced anisotropy of seepage parameters of coal
bed wetting with hydraulic impact through a single hole causes the higher level variations
in the moisture gain array.

Invited to modeling real wetting process flow to ensure job coefficient permeability
as a variable stochastic nature.

Numerical model implementation implemented by the method of differential
approximation.

The proposed models and methods of their realization allow numerical modeling
processes and meet the challenges of improving as constructive and technological parameters.
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O6ocHoBaHVe MaTeMaTUYeCKO MOAENN NpoLiecca ABMKEHUS KUOKOCTY. ..

PE3IOME
B.H. lNaenbiw, I".6. lNepemonyuHa
ObocHosaHue mamemamu4eckol Mooenu rpouyecca 08UXEHUS XUudKocmu
8 aHU30mpoOriHOM yeOJIbHOM rijiacme

OU3NYECKU YTOJBHBIN TUIACT PAaCCMATPUBASTCS KaK OTpaHMYEHHAs CIIONTHAS Cpefa,
pacroioXeHHasi Ha 3HAYUTENbHOW TiIyOMHE OT 36MHON MOBEPXHOCTH, BCIEICTBHUE YETO
MOJIBEP)KCHHAS JIABJICHHUIO BBIMICIEKAIINX MOPOJA, U XapaKTepu3yrolascs crernupu-
YeCKMMH CBoMcTBaMH. Kak 0OBEKT pa3pabOTKH YroJIbHBIA IUIACT 00JIaiaeT PsaIoM
apaMeTpoB, 3HAYEHUSI KOTOPBIX MOT'YT OBITh OIpeJIeNIEHbI TOJIBKO MPH HEMOCPEICTBEHHOM
KOHTAaKTe MyTEeM BHEJIPEHHS B €ro CTPYKTYpYy WJIM BO3ACMCTBUS Ha HETO MpHU IMOAXO0JE
TOpHOH BBIPAOOTKH, MPHU STOM HCXOAHOE IMPHPOJHOE COCTOSIHME IUIacTa Hapyllaercs,
MO3TOMY IUIACT SIBISIETCS «3aKPBITBIM» 0OBEKTOM.

B cBsi3u ¢ TeM, 4TO mpu pa3pabOTKe YrOJBHBIX IJIACTOB MPOSBISETCS PSJ OMACHBIX
CBOMCTB, HEOOXOJUMBIM YCIOBUEM SIBJIIETCS MPUMEHEHHE KOMIUIEKCAa MEPONPUITHHA s
CHI)KCHUSI WHTCHCHUBHOCTH TPOSIBIICHHS HETAaTUBHBIX SIBICHWH. B cucreme crmocoOoB
OOpb0OBl C OCHOBHBIMH ONACHOCTSIMH TPU TOA3EMHON JI0OBIYE YIS BaXKHOE MECTO
3aHUMAeT croco0 MpeaBapUTEIHLHON THAPOITHEBMATHYECKOW 00pabOTKH TIacTa.

Jnst moBeimeHust 3QGEKTUBHOCTH BO3JEHUCTBHS HEOOXOJAMMO ITOCTOSHHOE COBEp-
IIEHCTBOBAHUE TEXHOJOIMM M IAapaMEeTPOB IPOILIECCOB, YTO B CBOIO OYEPE]b BBI3HIBAET
HEO0OXOUMOCTh a/IEKBaTHOTO TEOPETHUECKOro 000CHOBaHUS. BBUAY «3aKpbITOro» Xapak-
Tepa 00BbEeKTa BO3/ICHCTBHS OCHOBHBIM METOJIOM HCCIIEOBAHUS SBIISIETCS MAaTEMaTHUECKOe
MOJIeJTUPOBaHUE.

B 37Ol CBSI3M COBEpIIEHCTBOBAHME MAaTEMaTHMYECKOIO ammnapara Uil pPa3BUTHUSA
TEOPETUUYECKHX OCHOB KOMIUIEKCHOT'O T'HMIPOITHEBMATUYECKOTO BO3/IEUCTBUS HA YroJjbHbIE
IJIACTHI SIBJIAECTCS AKTYyaJIbHOW Hay4HOU 3a1aue.

[{enb paboThl — 000CHOBaHWE MaTeMaTUYECKOW MOJIENH MpoIlecca THAPABINYECKOTO
BO3JICUCTBUS HA YIOJIBHBIM IIIACT € YYETOM HECTALlMOHAPHOIO XapakTepa BHEAPECHUS
KUJKOCTU U aHU30TPONUU HUIHTPALMOHHBIX [TAPAMETPOB ILJIACTA.

B crarbe paccmarpuBaeTcs 3ajada OCTPOCHUS U UCCIIEN0BAHUS JETEPMUHUPOBAH-
HOM MaTeMaTH4ecKOW MOJIENU Mpollecca IBUKEHHS KUAKOCTH B aHU30TPOITHOM YTOJIbHOM
IU1acTe, KOTOPBIM paccMaTpUBAETCA KaK TPEIMHOBATO-NOPUCTAs CIUIOLIHAS cpeda co
CIy4ailHO pacnpefenéHHbIME (UIBTPAIMOHHBIME TIapaMeTpaMu. B OCHOBY Mojenu
MOJIO)KEHBI YPAaBHEHHUS B YACTHBIX MPOW3BOJIHBIX, OIMUCHIBAIOIIME DPEKUM HEITUHEHHO-
yapyroi (GpriibTpanuu HECKUMAEMOM JKUJIKOCTH B CHIILHO CIIEMEHTHPOBAHHOW CILIONTHOM
cpene, GWIBTPALIMOHHBIE NapaMETPhl 3aJal0TCSI KAaK CTOXAaCTHMYECKHE BEIMYUHBI C
(buKCUpPOBaHHBIM WHTEpBaJIOM Bapuanuu. KommbroTepHas peanu3aiusi MOJIEIH OCYILECT-
BJIEHA C UCIIOJb30BaHNEM KOHEUYHO-PA3HOCTHON allpOKCUMALUH.

[Tonnass marematuyeckass MOJENb Mpolecca MOJDKHA COAEpKaTh KOMIUIEKC Mare-
MaTHYECKHX 3aBUCUMOCTEH, HA OCHOBE KOTOPBIX MOXXHO IPEACTAaBUTH XOJ Ipolecca U
paccuuTaTh €ro napameTpbl. B 1aHHOM ciyyae A IOJy4yeHHUs MaTeMaTU4ecKol Mozenu
npoliecca TuAPOIUHAMUYECKOTO BO3ICHCTBHSI Ha IJIACT YpaBHEHHUE JOJDKHO OBITH JIOMOJI-
HEHO HayvaJbHBIMU U TPAHUYHBIMH YCIOBHUSIMH, KOTOPBIE, B CBOIO OY€PE/Ib, OMPEAEISIOTCS
TEXHOJIOTHYECKUMHU CXeMaMHU U peXHMaMu o0paOOTKH. 3HAYMT, MOCTAHOBKA 3aJaudl HC-
CJIEIOBaHMS U pacueTa mapaMmeTpoB Mpoliecca POpMUPYETCS B COOTBETCTBUU C KOHKPET-
HOM TE€XHOJOTHYECKON CXEMOM.

B pesynpraTe ananmuza chopMmynHpoBaHbBl 3aladdl  HCCIEAOBAaHUS IapaMeTpOB
npolecca ruApOAMHAMUYECKOT0 BO3/IEHCTBUS HA TUIACT.
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YpaBHEHUE, TOJIO)KEHHOE B OCHOBY MAaTEMATHYECKOW MOJENIH, — 3TO HEJIMHEUHOE
napaboMYecKoe ypaBHEHHE, aHATUTHYECKOE PEIICHHEe KOTOPOTO BeChbMa 3aTpPyIHEHO, U
HE0OXOIUMO HCIOJIb30BATh YUCIIEHHBIE METO/IBI.

UccnenoBanue mnoBeaeHUs peLIEHUS MPU HATWYUU AHU30TPOMHUH, BOJAOYIOPOB U
BCTPEYHBIX IMOTOKOB JKUJIKOCTH B OJHOMEPHOM M IUNIOCKOCTHOM IMOCTAHOBKE MTOKA3aJI0, YTO
C JIOCTaTOYHOM JUIsi MPAKTHUKHA TOYHOCTHIO B OOJBIIMHCTBE CIIYy4aeB MbE30MPOBOIHOCTH
MOXHO YYHUTBIBAaTh TOJIBKO MPU OTCYTCTBUHM CBOOOJHOI MOBEPXHOCTH (PPOHTA IBMKYIIEHCS
KUJKOCTH, T.€. IPU BCTpEUE MOTOKA C BOAOYIOPOM WM JPYyruM noTokoM. Bogoymnopamu
OOBIUHO SIBJISIFOTCS MIOYBA M KPOBJIS IJIACTa MPU NPEANOTI0KEHUU 00 UX HEMPOHUIIAEMOCTH.

Pemienne 3amaun B OJHOMEPHON MOCTAHOBKE MOXET CIYXHUTh ISl TMOJY4YEHUs
uH(pOpMaLIMK O TOTPELUTHOCTH PeUIeHHH, 00 M3MEHEHUX JaBJICHUS MO MPOCTPAHCTBY IS
(UKCUPOBAHHBIX 3HAYCHUH BPEMEHHW WJIH BO BpEMEHU B (DHKCUPOBAHHBIX TOYKAX MPOCT-
paHCTBa, OJJHAKO Ui MCCIeAOBaHUA (U3UKH Ipolecca HeoOX0IUMO MEPEXOIUTh K JBY-
MEPHON MOCTaHOBKE, YTOOBI HCCIEAOBAaTh HM3MEHEHHE MaBleHUS KaK (YHKIUU Tpex
xoopauHat: P(x,,t).

Takum o6pa3oM, HamopHas (UIBTpalUs >KUIKOCTH B aHU30TPOMHOM YTrOJHHOM
IUTacTe MPU HAJUYUU BOJOYIIOPOB U BCTPEUHBIX TOTOKOB OT €AMHOBPEMEHHO PaOOTAOIINX
CKBQ)XMH YJIOBJIETBOPUTENIBHO OINHCHIBAECTCS YPABHEHUEM YIPYIOro pPeKUMa C KpPaeBbIMU
YCIIOBHSIMU COTJIaCHO TEXHOJOTMYECKHM cxeMam. JlJisi perieHusi MmoCTaBJIEHHOW 3aJadyu
HCITOJIB3YETCS] METOJI KOHEUHBIX Pa3HOCTEH.

OO6ocHoBaHa MaTeMaTUYECKasi MOJIEIb IPOLIecca TUPABIMUYECKOTr0 BO3ICUCTBHS Ha
VTOJBHBIN TIIACT, Oa3upyrOIIascs Ha ypaBHCHUH HEIWHEHHON ympyroi GuiabTparuu
HEC)KMMAEMOM KHUJIKOCTH B CUJIBHO CLIEMEHTHUPOBAHHON aHU30TPOIHOW CIUIOLIHOW Cpele.

[TokxazaHo, 4TO MO MPUYMHE BBIPAXKEHHON aHU30TPONUU (PUIBTPALIMOHHBIX TapaMeT-
POB YTOJBHOTO IUIACTA MPOLECC YBIAXKHEHUS MPU THUAPABIMUECKOM BO3JACHCTBUHU Yepe3
OJIMHOYHYIO CKBKHUHY OOYCIIaBIMBAET BHICOKUN YPOBEHb Bapualluu MPUPOCTA BIAXKHOCTH
B 00pabaTbIBAEMOM MacCCHBE.

[IpennoxxeHo MOAETMPOBAHKE PEATLHO MPOTEKAIOIIETO MpoIlecca YBIaKHEHUs obec-
ne4ynBaTh 3afaHueM Ko3(@UIeHTa MPOHUIIAEMOCTH IJIacTa KaK MepeMEeHHONW BEIMYMHBI
CTOXAaCTUYECKOIr0 Xapakrepa.

BrinonHeHa ynciieHHas peaau3ainus MoIesIed METOI0M KOHEYHO-Pa3HOCTHOW ammpo-
KCUMaIIUH.

[IpemiokeHHbIE MOAETN U METOJIbI UX PEAIN3ALNU MO3BOJISIOT IPOBOJINUTEH YUCIEHHOE
MO/IEIMPOBAHUE MPOLIECCOB U PEIIATh 3314l COBEPIICHCTBOBAHUS KaK KOHCTPYKTHBHBIX, TaK
Y TEXHOJOTHUYECKHUX [TapaMeTPOB.

CraTtbs noctynuna B pegakuuto 06.02.2019.
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