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AHHOTanusA. B cTatbe pacCMOTPEHBI COBPEMEHHBIE ITOAXOABI K PELICHUIO JIMHEWHBIX 3a/1a4
¢GuIbTpanuy napaboIMYEcKOro TUIA, HIMPOKO BCTPEUAIOIIUXCS B I'MJIPOreOJIOTuH, HeQTerazoBoi
WH)KCHEpUH H MareMaThueckoil ¢usuke. Ocoboe BHHMAaHUE YACICHO AHAIUTHYECKUM U
YHUCIEHHBIM METO/AaM, 00ECHEeUMBAIOUIMM YCTOWYMBOCTh U TOYHOCTb PEIHICHUS MPU Pa3IMYHBIX
IPaHUYHBIX U HadaJbHBIX ycioBHsX. lIpencTaBiensl KiaccuyecKkne METOJpl — IpeoOpa3oBaHUe
Jlarnaca, MeToJ| pa3eieHus IepEeMEHHBIX, UCIOIb30BaHNEe (PyHAAMEHTAIBHBIX PELICHUH, a TaKkKe
YUCJICHHBIE CXEMbl, OCHOBAaHHBIC Ha KOHEYHBIX PA3HOCTAX M KOHEYHBIX 3JIeMeHTax. lIpoBenén
CpaBHUTEbHBIN aHaIu3 3(p(PEKTUBHOCTH METOM0B B 3aBUCHMOCTH OT XapakTepa Ko3(duuueHTos,
reoMeTpun 00JacTM M TpeOOBaHMN K BBIUUCIUTENBHBIM pecypcam. PaccmarpuBarorcs
BO3MO>XHOCTH aJalTUBHBIX CETOK U WTEPALMOHHBIX AJITOPUTMOB JJISl IOBBIIIEHHS TOYHOCTH U
COKpallleHUs BpeMeHH BblYHMCICHHNH. (Oco0oe BHUMAaHHE VYAEICHO OIICHKE IOTPENIHOCTEH,
YyBCTBUTEIBbHOCTU PEIICHUH K U3MEHEHHIO IapaMeTPOB M IIPAKTUYECKON MPUMEHMMOCTH METOI0B
B MH)KEHEPHBIX 3a1adax. [Ipu 3TOM akIeHT celaH Ha TOM, KaK BHIOOP METO/AA HANpSIMYIO BIIHSIET
Ha HaAEXKHOCTh MOJEIMPOBAHUSA M TPUHATHE IPOEKTHBIX PEIICHUH B pEaJbHBIX YCIOBHAX
sKcruTyatanuu. llomyueHHble pe3ynbTaTbl MOTYT OBITh HCIOJB30BaHbl MPU  MOJAEIUPOBAHUU
IpoIeccoB (GWIBTPALMM B MOPHUCTBIX Cpelax, a Takke NpU pa3padOTKe aIrOpUTMOB IS
WHXEHEPHbIX  pacyéToB U  MNPOrpaMMHBIX  KOMIUIEKCOB,  obOecreuuBas  HaAEKHOCTD
IIPOrHO3UPOBAHUS U ONTUMHU3ALUIO IPOEKTHBIX PEIIEHUI.

KiroueBbie cioBa: 3agaun QuiIbTpalMK; ypaBHEHUS MapaOOJUYECKOTO THUIIA; JIMHEWHbBIC
MOJIENM; AaHAaJIUTHYECKHEe MeToAsl; Merton Jlamuaca; Mmeron  pasfeneHus NEPEMEHHBIX;
(yHIaMEHTalIbHOE pEIlEHUE; YHCIEHHBIE METO/bl; KOHEYHbIE Pa3HOCTU; KOHEYHBIE 3JIEMEHTHI;
MOJIeIMpOBaHue (hUIbTpALMK; IOPUCTas Cpea.

BBenenue

MaT eMaTnu4deCKasad MOACIIb q)HHBTpaIII/II/I, quTBIBaIOIHHe BA3KOCTHBIC, KaHI/IJ'IJ'ISIpHBIe,
rPaBUTALMOHHBIE CBOWCTBA JBHM)KECHUS TPAHULIBI pa3/ielia JIBYX HECMELIMBAIOIIUXCA KUIAKOCTEU
OTIMCHIBACTCS CIOXKHOW CUCTEMOH NBYX AU(QepeHnaIbHbIX YPaBHEHUN B YaCTHBIX IIPOU3BOJHBIX
(AMIMIITUYECKOTO U MapaboIMYECKOT0) ¢ KPAeBBIMH YCIOBUSMHU:

m u + div(F \75 + a’z’v(i Fearadp) + a’z’v(i FApg) =0
ot Hy Hy (1)
Vy =Gu,y)

rne, u(&,n,7),w(&E,n,7)- BOAOHACHILIEHHOCTh U (YHKIMS TOKa CyMMapHOTO TEUYEHHUS B
0e3pa3MepHBIX KOOpAWHaTaxX. Moenp IIacTa paccMaTpUBAETCS B pa3pese B BUAE MPAMOYTOIbHUKA
cpazmepamu L u H .[1, 15]
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(0)=w(0)=0; u|_ =u,(S); =g,(n); & —y, (1)
(0 W ‘t =0 0 aé (e0.m0) 0 65 - 4 (77)
1, - MOMEHT IIPOPBIBA BOJBI. )
ou
% i = O; M‘ ) = § —max BOJIOHACBIICHHOCTh
ou
Y =0(&0; w(0,0)=w(&); V.., ,n = @(S),
86‘3 p— 1»

[pl.]: 0, [vi]: 0 - ycnoBHs HEpa3pbIBHOCTEH MO 00€ CTOPOHBI CIOUCTO-HEOJHOPOAHOTO
wiacta. B 3amavax ¢unerpanum ¢ &) 00bvHO pa3peiBHBIE. B ciryuae Metona GUKTUBHBEIX oOnacTei
Ha JIMHUAX paspeiBa (&) MepBble NPOM3BOJHBIE HE SBISAIOTCS HenpepblBHbIMU. [losTomy

BOCITOJIB3YEMCSI HHTETPATBLHBIM 3aKOHOM coxpaHeHus. 1 3TOT ke 3aKoH OyAeT MOJO0KEH B OCHOBY
MOCTPOEHUS CETOUYHOM anmpokcumaruu. [2, 15]
PaCCMOTpHM 0)1H0MepHy10 3ajauy:

_g(((p@_g) f)=0,u(0)=u(L)=0 3)

NHuTterpanbHblii 3aK0oH coxpaHeHus Ha oTpeske [0, L]

& =ih; q ,~q ot jf(z)dz— 4)

rie, q(&) = _(P(M)_St )

Bynem cuutatrh, 4TO TOUKU pa3pbiBa ¢(u) COBNAAAIOT ¢ y3IamMu ceTku &, . Tak kak /i - manas

BeIMYMHA, U =const=u, Ha uHtepBane (& ,,& ), g=const=q , Ha unrtepBaie (&, ,,&.).
i— it i
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Takum o6pa30M, MOJIy4aeM CETOUHYIO anmpoKcuManuio (3).
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u(0) =u(L) =0,
1
B i z+§
Ire, fi= Z Ilf(z)dz (7)
™
(7) yMHOXHM Ha /1 ¥ IPOCYMMHUPYEM 110 BHYTPEHHUM TOUYKaM. [1]
n—1 __
4, —q +h). [, =0 (®)
2 " i=1

Ecmu (7’,4% =0 +0(A“)- TOYHOCTBH aNMPOKCHMAIIIH, j_”l. =f,+0(h"), a>0,>0, 10

(8) paccmaTpuBaeTcst Kak pa3HOCTHAs alllIPOKCUMAIIUs 3aKOHA COXpaHeHus [3]
du(L) du(0)
P(L)——= = p(0)——
dg dg
Ecny nopsiok TOYHOCTH amIpOKCUMAlMU @ = ff =2, MOXKHO PacCMaTpUBaTh U JPYTYIO
Pa3HOCTHYIO CXEMY TOTO XK€ MOpsIKa:

+ J. f(2)dz=0  (9) T.x. npu & — 0 (8) mepexoaut B (9).

h Uiy — 2};1 LIS ¢i+12_h¢i—1 _ ”i+12_h”i—1 +f=0 10)
w0 =u(D) =0, L oty motl g
Torza BMecro (8) Gymer:
ql—qn_1+hi0(h2)+hiﬁ 0 an
> R pa

Crnenyer ormetuTh, uto 1) it f =0 [3] — HEKOHCepBaTHBHAs CXeMa PACXOJUTCS IS
paspbIBHBIX (&) ; 2) IMEHHO PACCMOTPEHHBIM HaMU METOJ OajlaHCa (3aKOH COXPaHEHMsI) SIBIISETCS
OCHOBHBIM B KJlacce pa3pbIBHBIX ¢(&); 3) BHE 3aBUCUMOCTH OT TOTO, SBJISIOTCS JIU KOA(PPUIIUEHTHI

pa3pBIBHBIMH, pacyeT BEACTCS 10 OJHMM W TeM ke Qopmyiam, T.e.KOHCEpPBaTHBHAs cXeMa

onHopoaHas. C TIOMOIIbIO BBEACHHBIX HOBBIX MCKOMBIX (yHKIMN cuctemy (1) MOXHO

paccMaTpuBaTh Kak JBE OTAEIbHBIE 3a]]a4l: TapaOoIHIeCKYI0 U JTUITHYECKYTO. [4-5]
PaccMoTpuM HecKoNbKO yrpolieHHyo ¢dopMmy 1-ro ypaBHeHus (1)

% =div(p(&)gradu) + [, u(&,0) = (&), u

Bocnonb3yemcs onepaTopHoit popmMoit 3anucu:

=0

epau

Dy =1 u(E0) =y () 12

dt

rae, A - TUHEHHBIA omepaTop, COOTBETCTBYIOIIMN MaTpuue nopsaka (n—1)x(n—1) Ha
OCHOBAHMH YCJIOBHH COTIIACOBAHUS
u(c +0)=u(g—-0);

PE+0)u' (S +0) = (£ —0)u'(& - 0)
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B TOUKE pa3phiBa. [6]
KoppekTHOCTb 3a1aun 00ecTieYnBaeTCs MOJI0KUTEIBHOM ONpeIeTICHHOCThIO oneparopa A U

CaMOCOTPSKEHHOCTHIO B HOPMHUPOBAHHOM HPOCTPAHCTBE ||Y || =¥ -Y), rae
Y =Y (nt) IucKpeTHOro apryMeHTa

t,=nt;A=A4">0,Y cV{Y,}

JIBYyXCIIOHHYIO Pa3HOCTHYIO allpOKCHManuio 3aaa4n (12) Oyzaem 3anmuchiBaTh B BHJIE

BY +AY=f.Y" =g, (13)

Y(e+1)-Y(@) , _Y(O)-Y(-7)

rne, Y =Y"Y, =
T T

Cnoco6 moctpoenuss 4 u 00 omepatope B omucaH B [2], CylIecTBYeT OIIEHKa
B,=E+o0(t*),4,=A+o0(h*). [7-8] B cBsasu ¢ 5tuM B, = E Ha KaJI0M BPEMEHHOM MIare

oOpallleHHI0 TOJUIeKUT JuaroHainpHass MaTpuua. B HesBHoll cxeme B, = E +14, ycinosue

YCTOMUYMBOCTHU BBINOJIHEHO M orpaHudeHuil Ha v Her. Cxema (13) ycroituusa, eciu npu f, =0
<M|g,
(<M, max” f,

. (14). VcroitunBocts mpaBoit yactu omnpenenser g, =0

CIpaBe/IuBa OLEHKA HY i

; 0<t<T,rmne M,,M, —const 1 HE 3aBUCAT OT

€CJI CIpaBe]JINBa OL[EHKA HY s

hut.
A Taxoke onepatopsl A, B HE 3aBUCAT OT ! W HOPMHPOBAHBI

[, =JA.Y.0); |y, =JBr.n (1)

Cxema (13) acuMNTOTHMYECKM yCTOMYMBA MpPU [ —> 0, €ClAM NpU ! =nT CIpaBelIuBa
OLIEHKa

HYI’! < e—5nl YO

e,
limé, =2

a Hu(x, t)H = e_llt‘;g(z) , A, = const >0

Jns peenus 3aaauu (1)-(3) cymecTByOT UTEpallMOHHbIE, HESIBHbIE SKOHOMUYHBIE METO/IbBI,
MeToJl (GUKTUBHBIX oOjacTed, mMeroa MpuoOamkeHHoN Qakropuzauuu u apyrue. [9] CyTb 3THX
METOJIOB B OOpalIeHMH MHOTOMEPHBIX OIEpaTOPOB K TOCIEIOBATEILHBIM  OJHOMEPHBIM
oneparopam. COOTBETCTBYIOIIME MM MAaTPHUIBI — JuaroHaibHbIe. OOpalieHnue TaKuX MaTpHIl
IIPOU3BOJUTCS METOJIOM IPOroHKM c 3arpatod o(N) pedictBuid. IloaTOMy MX M Ha3bIBarOT
SKOHOMUYHBIMH. CXOJMMOCTH CXE€M HE 3aBHUCHUT OT MeEHsomuxcs kodpdunmento. Mzyuenue
CBA3EH B 3BEHBAX MPOIECCA, COCTABICHUE MOJENH, aIrOpUTMa MOJAENIH, OT HUX K MpOrpaMme Ha
OBM u ap. A0CTaTOYHO TPYIOEMKH, HO pa3pemumsbl. [10-11]
ABTOpBI CYHTAIOT, YTO C MOMOIIBIO KPUTEPHEB MOM00US, coXpaHsIone (U3nUecKue
CBOICTBa TIporiecca, 3a1a4dy (1)-(2) MOKHO TPUBECTHU K YIIPOIIEHHON OJTHOMEpHOM 3amaue [12-13]:

ou_ 0 ou dy 1
E_ag(w(gg)ag)erg (1
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rae, :%,u :%, t - Oe3pasMepHbIil apryment, L,H - pa3mepsl paszpes3a Iuiacta Io
JOTYIICHUIO IPSIMOYTOIBHON (OpMEI. [ 14]
P(0)=w(0)=0 @Y

[locTaBnennass ogHoMepHas 3ajnaya pemieHa [l] u caenaHbl claeAyrolive BBIBOABL 1)
pesynbTaTel ynpomienHoit mozenu (1') - (2') m omeITHO-poMmbImIIeHHBIE HaHHBIE [4] XOpomIo
cornacyrores, rae BaskocTh g, < (10 —15)mllac; 2) conoctaBuMOCTh pe3ysibraTos Mojean (1) -

2YH m SKCHEPUMEHTAIBHBIX JAHHBIX CBUIETEIBCTBYET O BO3MOXKHOCTH HCIIOJIb30BaHUS
YIPOIIEHHON MaTeMaTUYe€CKON MOJIEIH JUIsl UCCIICIOBAHMS TPaHULIbI JIBYX KHUJIKOCTEH, a TaKKe JJIs
MIPOTHO3UPOBAHUS OOBOAHCHHOCTH IUIACTOB, TJ€ Jpyrue Meroawl [16]: maremaTudeckue WU
SKCIEPUMEHTAJIbHBIE, 3aTPYAHEHBI.

MeToa010rusI HCCTAETOBAHMSA

B Xonme mcciaenoBaHWS HMCIOJIB30BAJICS KOMILJIEKC aHAJUTHYSCKUX M YHCIEHHBIX METOJOB
pelieHus TMHEWHBIX 3a/1a4 PruibTpanuu napadoarudeckoro Tuma. TeopeTHYecKoil OCHOBOM paboThI
MOCITYXKUJIM YPAaBHEHMSI MAaTEMAaTHYE€CKOW (PU3MKHU, OIMUCHIBAIOIIME IPOIECChl HECTalMOHAPHOM
buabTpanuu B MOPUCTHIX cpenax. [ moayyeHus: aHaATUTHYECKUX PEUICHUH MPUMEHSUIUCh METOJ]
pasnerieHus TepeMeHHBIX, IpeoOpazoBanue Jlarutaca wm ammapar (yHJIaMEHTAIBHBIX PEIICHHH,
MO3BOJISIIONIME HCCIIEIOBATh IMOBEACHUE MPOLIECCOB MPU PA3TUYHBIX HAYaJIbHBIX W TPAaHUYHBIX
ycinoBUsIX. UMCIEHHOE MOJACIMPOBAHUE IPOBOJMIOCH C HCIIOJIb30BAaHUEM METOJOB KOHEYHBIX
pa3HOCTE M KOHEYHBIX 3JEMEHTOB. [IpuM MOCTPOEHHM BBIYUCIUTEIBHBIX CXEM YUYHUTHIBAIUCH
YCIIOBUSL YCTOMYHMBOCTH, CXOJUMOCTH W TOYHOCTH pemrieHuid. J[is moBbimeHus 3Q¢GeKTHBHOCTH
BBIYMCIICHUI HCCIICIOBAINCH aJalTUBHBICE CETOYHBIE TEXHOJOTHMH U WUTEPALMOHHBIE aJITOPUTMBI,
00€eCreunBalONINEe COKpAIIEHWE BBIUUCIUTEIBHBIX 3aTpaT MpPHU COXPAHEHHWHU HEOOXOAMMOM
TOYHOCTH pPe3yJIbTaToB. CpaBHUTEIbHBIN aHAIN3 METOJOB BBINOIHSJICS MO KPUTEPUSIM TOUYHOCTH,
YCTOMYMBOCTH, CKOPOCTH BBIYMCICHUN W YYBCTBUTEJIBHOCTH PEUICHUN K U3MEHEHHUIO MMapaMeTpOB
Mozenu. Takke mpoBOAMIIACH OLEHKA IOTPEIIHOCTEN YMCIIEHHBIX CXEM U aHaJIu3 IPUMEHUMOCTHU
Pa3IUYHBIX MTOAXOJ0B K MHKEHEPHBIM 3a/1adyaM THAPOTE0JI0THH U He(Tera3oBoi oTpaciu.

BriBoa

B pesynbrare mpoBEAEHHOTO MCCIEIOBAaHUS YCTAHOBIIEHO, YTO BBIOOP METOJa pEeUICHUS
TUHENHBIX 3a7a4 (UIbTPAIMU MapadOIMYECKOr0 THUMA CYHIECTBEHHO BIHUSET HA TOYHOCTh H
HaJE&XKHOCTh MOJICTUPOBAHMS TIPOIECCOB (UIBTPAIMU B TOPUCTHIX cpefax. AHATUTUYECKHE
METONIbl ABNAIOTCS A(G(EKTUBHBIMU sl 3a7ad C MPOCTHIMH TEOMETPUSMU M TMOCTOSHHBIMH
Kod(purmenTaMu, MO3BOJISS TOJMYyYaTh TOYHBIC PEIICHUS U TPOBOJUTH TEOPETUUYECKHM aHau3
poueccoB. YUCIEHHBIE METO/IbI, OCHOBAHHBIE HA KOHEUYHBIX PAa3HOCTAX M KOHEYHBIX AJIEMEHTAX,
obOnazaroT OoJiblield YHUBEPCATHHOCTHIO W TO3BOJISIOT peliaTh 3aaddl CO CIOKHOW TeOMETpUeu
o0jacTd, HEOJAHOPOAHBIMU KOI(P(UIMEHTAMH U  CIOXHBIMA TPAHUYHBIMU  YCIOBUSMHU.
Hcnonp3oBanne aganTHUBHBIX CETOK W COBPEMEHHBIX HUTEPAIMOHHBIX aJTOPUTMOB CIIOCOOCTBYET
MOBBIIICHUI0 TOYHOCTH BBIYMCICHUM W YMEHBIICHUIO BpPEMEHM pacyéroB. lIpoBenéHHbIn
CPaBHUTEIBHBIN aHAIN3 MOKa3ajl, YTO KOMOMHUPOBAHUE AaHATUTHYCCKUX W YHCIECHHBIX TOJXO0JI0B
obecnieunBaeT Hanbosee 2QGEeKTUBHOE pElIeHUe WHXKEHEPHBIX 3a1au ¢uibTpanuu. [lomydeHHbie
pe3yapTaThl MOTYT OBITh HCIOJB30BaHBI MPH  pa3padOTKE MPOTPaAaMMHBIX KOMIUIEKCOB,
MOJICTTUPOBAHUU MPOIIECCOB (PUIBTPAIMK ¥ ONTHUMU3AINH MTPOSKTHBIX PEIICHUH B TUIPOTECONIOTHH,
He(dTerazoBoil MHKEHEPUH U IPYTUX 00JACTAX MPUKITATHON MaTEMATHKH.
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CBI3BIKTBI MAPABOJIAJBIK CY3LTY MOCEJIEJEPIH IIEITYITH KA3IPTI
TOCLIJAEPI
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Anpatna. Makanaga  THAPOTEONIOTHSAAA, MYyHaW-Ta3  MHXKCHEPNITIHAE  JKOHE
MaTeMaTHKANBIK (U3MKa/Aa KUl Ke3/IeCeTiH MapadoalibIK THUIITET1 CHI3BIKTBIK CY3Tiiey ecenTepiH
HIeNIy/AiH 3aMaHayd TOcUIepl KapacTbIpbUIajbl. ApHaibl Hazap aHaJIUTHKAIBIK >KOHE CaHJIbIK
olicTepre aynapbUIFaH, ojlap OpTYpJi MIeKapalblK >KOHE OacTamkpl MIapTTapia IMIEHIiMHIH
TYPaKTBUIBIFBI MEH NONIITIH KaMmTamachl3 eteni. Kmaccukansik omictep — Jlammac Typaenaipyi,
alfHpIManbUIapael  Oomy ofici, (yHAaMEHTANbIBIK IIEeMIMIASPAl KOJJIaHy, COHAal-aK IIeKTi
alBIPMAIIBUTBIKTAD MEH IIEeKTI JJIEMEHTTEpre HeTI3JeireH CaHABIK CXeMajap VCHIHBUIFaH.
OJiCTepaiH THIMAUITH KO3()QUIMEHTTEepAIH CUIAThIHA, aiiMaK T€OMETPHICHIHA KOHE €CeMTey
pecypcTapbiHa KOWBUIATBHIH —TajanTapfFa OalJaHBICTBI CANBICTBIPMAIBl  TalJay KYPri3uiil.
AnanTuBTI TOpiap MEH HTEPAIUSIIBIK AITOPUTMACPAIH TOIIIKTI apTThIPY JKOHE €CeNTey YaKbIThIH
KBICKapTy MYMKIHAIKTEpl KapacTbIpbuiajbel. Epekiie Hazap kKaremiktepni Oaranay, mapamerpiep
©3TepreH/ie MIeiMICPIiH Ce3IMTaIBIFBI )KOHEe HHKEHEPIIIK MIHIETTEP/IE 9ICTeP/AiH MPAKTUKAIBIK
KOJIZIaHBUTYBIHA ayaapbutabl. OChl Ke3/€ 9IICTI TaHJIay MOJENbACYIIH CEHIMITITIHE )KOHE HAKTHI
HKCIUTyaTalUSUIBIK KaFaaiaapaa >ko0anbIK menrimaepai KaObliaayra TiKeJael acep eTeTiHiHe Ha3ap
aynapsuiansl. COHBIMEH KaTap, ajlblHFaH OMIICTEP CTYACHTTEP MEH Kac MaMaHJap YIIIH OKY JKoHE
TOXKIPUOEIK XKYMBICTapJa MPAKTUKAJIBIK YT PETiHAE KOJJaHbUIYbl MYMKiH. AJIBIHFAH HOTHXeEIEep
MOPO3/Ibl OpTajiapaFbkl CY3TUJIey IMPOLECTePiH MOACIBACYE, COHAN-aK HHXCHEPIIIK eCenTep MEH
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MODERN APPROACHES TO SOLVING LINEAR PARABOLIC FILTRATION
PROBLEMS

Diyarova L.
Yessenov University, Aktau, Kazakhstan
e-mail: lyazat.diyarova@yu.edu.kz

Abstract. The article examines modern approaches to solving linear parabolic-type filtration
problems, which are commonly encountered in hydrogeology, petroleum engineering, and
mathematical physics. Special attention is given to analytical and numerical methods that ensure the
stability and accuracy of solutions under various boundary and initial conditions. Classical
methods—including Laplace transforms, the method of separation of variables, and the use of
fundamental solutions—as well as numerical schemes based on finite differences and finite
elements are presented. A comparative analysis of the methods’ effectiveness is conducted
depending on the nature of the coefficients, domain geometry, and computational resource
requirements. The potential of adaptive grids and iterative algorithms to improve accuracy and
reduce computation time is explored. Particular emphasis is placed on error estimation, solution
sensitivity to parameter changes, and the practical applicability of methods in engineering tasks. It
is highlighted how the choice of method directly influences the reliability of modeling and decision-
making in real operational conditions. The results obtained can be applied in modeling filtration
processes in porous media, as well as in the development of algorithms for engineering calculations
and software complexes, ensuring reliable predictions and optimization of design solutions.

Key words: filtration problems; parabolic equations; linear models; analytical methods;
Laplace method; method of separation of variables; fundamental solution; numerical methods; finite
differences; finite elements; filtration modeling; porous media.
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