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0606LLeHHOe AncKpeTHoe
npeobpasoBaHne dypbe,
nouTn-nepuoanyeckas yHKLms,
KO3 DULMEHT hunbTpaLmm.

Mpy mMopenupoBaHUM UNbTpaLUMKN XUAKOCTM B NOPUCTOW cpefe MPUHSITO cunTaTb Koad-
UUMEHT DUNbTPaLUM NOCTOSIHHLIM, B pe3ynbTaTe Yero pelleHune ynpollaeTcs U CcBOAWUTCH K
KpaeBoW 3agadve Ans ypaeHeHus Jlannaca. B HacToswen paboTe CTpoATca ¢ MOMOLLbI0 0606-
LLIeHHOTO AUCKpeTHoro npeobpasoBaHns Pypbe nouvTU-Nnepuoanyeckne no bopy aHanutTnyeckne
peLUeHUsi NNOCKOW 3a4a4un YyCTaHOBUBLLEWCS OUMbTPALMM XKUAKOCTU B YNPYronopuCToi KyCO4HO-
HeogHopoaHoun obnacTtu. ObnacTb NpeAcTaBnseT cobow NOMocy, COCTOSALLYIO HECKOMbBKNX CNOEB
(nonoc) ¢ pa3nuyHbIMK YNpyrumu 1 unbTpaLMoOHHBIMU XapakTepucTukamu. B npeanonoxexuu,
4YTO KO3(PULIMEHT HUNbTPaLMM YNPYronopuUcToi cpeabl 3aBUCUT OT NEPBOrO MHBapuaHTa TeH-
30pa HanpsPKeHW, cYMTaem ero NUMHENHO-3aBUCUMbIM OT KOOpAMHATbI, U3MEHSIIOLLECs BAOMb
LWMPpUHBI Nnorockl. 3agaya unbTpauum CBOAUTCA K PELUEHWI0 cUcTeMbl AnddepeHumanbHbIX
YPaBHEHWI B YACTHbIX NPOU3BOAHbIX C 3a4aHHLIMU IPaHUYHBIMU YCIOBUAMY Ha BEPXHEN U HUX-
HeW rpaHnLax Bce MHOrOCMNOMHOW NONOCk! U YCNOBUSIMU Ha BHYTPEHHUX NWHUSIX pa3aena cpeg,
KoTOpasi, B CBOIO ouvepedb, CBOAWUTCH K pelleHuto 3agayun Kowwm ans cuctemMbl 0ObIKHOBEHHbIX
anddepeHumanbHbix ypaBHeHun Beccens. Bce pelueHns B AaHHoW paboTe nonyyeHbl B BUAe
abcontoTHo cxopswmxcst psaoB Bopa — dypbe, K0ahPULMEHTBI KOTOPLIX BblpaxatTcs vepes
3afaHHble yHkumMn. CmoaenupoBaHa hunbTpauusi XXUAKOCTU B TPEXCIIONHOW nornoce, CoCTos-
e 13 CroeB pasnNuyHbIX NErKMX U AOCTaTOYHO YNpPYronopuCTbIX 0CaA0YHbIX U MarMaTU4ecKux
ropHbIX nopog. MocTpoeHbl rpacuky MCKOMBIX MeXaHUYecknx napameTpoB. [okasaHa ux cxoau-
MOCTb K rPaHW4HbIM YCIIOBMSIM U YCMOBUSIM Ha NVHKSAX pasaena cpeg.

B pabote Takke npuBedeHbl OCHOBHblE CBEAEHMWsl, Kacalolimecsl CBOWCTB MOYTU-
nepuoamyecknx yHKuMn n 0606LLEeHHOro ANckpeTHoro npeobpasoBaHusa Pypbe, Heobxoanmble
ans 6onee AgeTanbHOro NOHNMMaHWs Npobnemsbl.
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When modeling liquid filtration in a porous medium, it is assumed that the filtration coeffi-
cient is constant, as a result of which the solution is simplified and reduced to a boundary value
problem for the Laplace equation. In this paper, the almost periodic of Bohr analytical solutions of
the plane problem of steady-state liquid filtration in an elastic — porous piecewise inhomogene-
ous domain are constructed using a generalized discrete Fourier transform . The domain is a
strip consisting of several layers (strips) with different elastic and filtration parameters. Assuming
that the filtration coefficient of an elastic-porous medium depends on the first invariant of the
stress tensor, we consider it linearly dependent on the coordinate varying along the bandwidth.
The filtration problem is reduced to solving a system of partial differential equations with specified
boundary conditions on the upper and lower boundaries of the entire multilayer strip and condi-
tions on the internal lines of the media interface, which in turn is reduced to solving the Cauchy
problem for a system of Bessel ordinary differential equations. All solutions in this paper are ob-
tained in the form of absolutely convergent Bohr-Fourier series, the coefficients of which are
expressed in terms of given functions. Fluid filtration in a three-layer strip consisting of various
light and sufficiently elastic-porous sedimentary and igneous rock layers is modeled. Graphs of
the desired mechanical parameters are constructed. Their convergence to boundary conditions
and conditions on the interface lines of media is shown.

The paper also provides basic information concerning the properties of almost-periodic func-
tions and the generalized discrete Fourier transform necessary for a more detailed understanding

of the problem.

© PNRPU

BBepneHune

Pelienue 3amaun ycTaHOBUBILEHCS (UIBTPALUH KU
KOCTH B CpeJIe C MOCTOSHHBIM KO3(PQPHUIIMEHTOM (QHIbTpa-
MU CBOAMTCS K HAXOXKICHUIO TAPMOHUYECKON (PYHKIHH 110
ee TPaHWYHBIM YCIOBHSIM WM HE NPEACTABISIET HUKAKUX
cioxkHoctel. JloctatoyHo moapoOHO (uibTpalys B mopuc-
TBIX, KaK MPaBIJIO, TUCIIEPCHBIX Cpelax M3y4eHa B paboTax
[1-8], roe mpemmoskeH psig METOAOB (aHATUTHYECKUX WA
'-II/ICJ'IGHHI)IX) peuicHusd 3aJa4u B OAHOPOJHBIX W HCOJAHO-
pomHbIX miactax. W, AeWCTBUTEIBHO, TOBOPS O (PMiIbTpa-
LY, KaK MPaBUJIO, CKIABIBACTCS MPEACTABICHIE O JBIKE-
HUM XHUIKOCTH B rpyHTax. Ho XuaKocTe criocoOHa MpoHH-
Katb 1104 ﬂeﬁCTBMeM TUAPABINYCCKOTO HaIlopa Oaxe
B yIIpyTHE Ci1a00 TOPHCTHIE Tela. DTO IOATBEPKIACTCS
B pabortax [9; 10]. Hampumep, mpu pa3paboTKe YTrONBHBIX
IJ1aCTOB JJISI U3BJICUYCHUA U3 KJIUBaXKell MeTaHa MMPUMEHAIOT
3aKayKy TOJ JaBJICHUEM BOJBI C MOCICIYIONIEH OTKAYKOH,
B pPe3yJIbTATE YET0 M3MEHSIIOTCSI CBOWCTBA YTIIS, © OH MOJKET
3aKyIOPUTH KIMBAXKH M 3aTPYIHUTH M3BiIeYeHne raza [11].
Cxoxast mpo0iieMa BO3HHKAET MPU COOPYKEHUH H IKCILTya-
TaIMH TITyOMHHBIX TOCTpoeK [12].

BBuxy TOro, 9T0 CKOPOCTH PACIPOCTPAHEHHS YIPYTHX
BO3MYILIEHUM B paccMaTpuUBaeMOW Cpeje BbILIE CKOPOCTH
GWIbTpanuu, TO W3MCHCHHE HANPSIKCHHOTO COCTOSHHS
YOpyrod cpenasl TMOBIEYET W3MEHEHHe Kod(huimenTa
¢unbTpaunu. B pabore [13] aBTopoM Oblia BBIABHHYTa U

JI0Ka3aHa I'MIIoTe3a O 3aBHCUMOCTH KO3 duIeHTa QuIbT-
pauuu OT NEPBOrO MHBAapUaHTa TEH30pa HampsbkeHuid. Ha
CaMOM [€JI€ 3aBHCHMOCTh BOJOIPOHHIAEMOCTH CPEIbI OT
BO3HMKAIOIIMX Ha TPaHUIIE Cpelbl HAarpy3oKk — (akrt Io-
BOJIHO W3BECTHBIH, IPOBEPEHHBIH 3KCIIEPUMEHTAIBHO.
OpHaKo 3TOT BONPOC PAacCMaTPUBAETCs, KAaK IPaBUIIO, B
KOHTEKCTE CKMMAeMOCTH I'PYHTOB, KOTOPBII 00yCIIOBIMBa-
ercs (UIbTPALMOHHOM KOHCOJIMIALMEH M «IIepeyIaKoB-
Koit» gactur [14; 15]. Ha npaktuke ucmons3ytoTes mabopa-
TOPHO MOJIy4eHHbIE 3HaueHHs Ko3((UuMeHTOB (uibTpa-
IIMM, KOTOpPBIE MOTYT HE COOTBETCTBOBATb pEalIbHBIM
3HAYEHMSAM M HE J1aBaTh MaTeMaTHYECKOTO OIMCAHUS CPEIbI
B 1enioM. B pabotax aBtopa [13; 36] mpeasoskeHa deTkast
MOCTaHOBKA KPaeBO 3aaul PUIBTPALMK KHUIKOCTH B Cpe-
JIe C TepeMeHHBIM KO3 PHUIHEHTOM (PHUIBTpannu, KaK JIH-
HeHOW (YHKIMH OT MepBOro WHBapHaHTa TEH30pa Harps-
xeHust. B ynpyromopuctsix cpenax namenenue koadhuim-
eHTa GUIbTpalUK OyAET MPOUCXOIMTH 32 CUET M3MEHEHUS
00BeMa TIOPOBOTO MPOCTpaHCTBA. Takum 00pa3oM, 3amady
MOXHO CBECTH K MOCJIEZIOBATEIILHOMY PAaCCMOTPEHHIO CHa-
Yaja HaNpsDKEHHOTO COCTOSIHUSI CPEJIbl, a 3aT€M K PEILICHUIO
3amaund  QUIBTPAK C TEPEMEHHBIM K03 duueHToMm
¢bunpTpanuu. B ganHol paboTe caenmaHbl MPEaoIOKEeHNs,
B paMKax KOTOPBIX KOI(GGHUUUEHT GUIbTPALUK B ILIOCKOW
3aj1a4e JIMHEWHO 3aBUCUT OT BEPTHKAIBHONW KOOPANHATHI.

B nmannO#t paboTe pemraeTcs miockas 3ajgada yCTaHO-
BUBIICHCS (QHIBTPAIMH B KYyCOYHO-HEOIHOPOIHOM YIIPyro-
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MOPHUCTON 00JIaCTH, NPEACTABISIIOMEH TOPU30HTAIBHYIO
TI0JIOCY, COCTOSIIIYIO M3 HECKOJIIBKUX CJIOEB — IIOJIOC C Pa3-
JUYHBIMHA YHPYTMMHU CBOWCTBAMH M PA3IHYHBIMU JIHHEH-
HBIMH TI0 BEPTHKaJIbHOW KOOpAWMHATE KO3 HLMEHTaMU
¢unbTpanmy. MaTeMaTHdeckasl [TOCTAHOBKA IPEAINOIaraeT
pemeHne cucTeMbl TuddepeHInaIbHbIX ypaBHEHHH B Ya-
CTHBIX IMPOU3BOJHLIX C 3aJaHWMEM Ha BHCIIHUX TI'paHUlaX
MHOT'OCJIOHHOM IOJIOCHI TPaHUYHBIX YCJIOBHH W JOIOJIHH-
TEJIbHBIX YCJIOBHHM Ha BHYTPEHHHUX JHMHUSX pasZiela CIOEB.
IlocraBnenHass 3agada pemaercs B Kiacce IOYTH-
nepuoandeckux 1o bopy ¢ynkumit [16; 17] ¢ nomomsio
0000menHoro nuckpetHoro mpeobdpazoanus (OAD), BBe-
JeHHOTO U n3y4eHHoro B [18; 19]. ITocTpoeHHBIH anroput™m
MpeACTaBIsieT CO00I aHAMTUYECKUH METO/ PELICHUs LIH-
pOKOro Kiacca 3agady Maremarnieckod ¢usuku. B padote
[20] Oblm omumcaH aNTOPUTM  IOCTPOCHHS  IOYTH-
NIEPUOJUYECKUX B CMbIciIe bopa pemieHuil KpaeBbIX 3alad
it nudQepeHIHaNbHBIX yPaBHEHHH BTOPOTO TOpPSIKa C
MTOCTOSTHHBIMA KO3 pHUIHIEeHTaMH, a B [21] — mpomsutocTpu-
POBaH aJrOpUTM Ha 337a4ye YCTaHOBUBIIEHCS (UIBTPALUK B
TIOPHUCTOH cpelie C TOCTOSIHHBIM KO3 GHUIIMeHTOM (QHIbTpa-
uun. B Hacrosme#d  pabore  MOCTPOCHBI  TOYTH-
HepHOANYECKUE B cMbicie bopa pemieHust KpaeBbIX 3a/1ad
JJI ypaBHeHI/lﬂ B YAaCTHBIX MPOU3BOAHBIX ITPOU3BOJILHOI'O
MOpPSIIKA, B TOM YHMCIIE C TMIEPEMEHHBIMH KO3 dHIMEHTaMU
MIPUMEHUTENBHO K MOJEIHMPOBAHUIO YCTAHOBHUBIIEHCS
(bUIBTPALIUK KHUIKOCTH B KYCOYHO-HEOIHOPOIHOM cpee.

JIoBOJIBHO YacTo 3ajaudl MaTeMaTHYeCKOW (DM3UKH pe-
MAarTCsA JIMOO YHUCIeHHO [22-27], mu00 aHAIUTHYECKH C
noMo1ipo npeodpasosanus Pypwe, Koraa pemeHns ux 3a-
MUCBIBAIOTCSA B BUAC HHTETPAJIOB CDypbe, YTO BBI3BIBACT
OoJpIIrie BRIYMCIUTENRHBIE TpyaHOCTH [28—33]. B manHoOi
paboTe perieHus morydeHsl B Bue aOCOMOTHO CXOISAIINX-
cs psanoB bopa — ®ypre, KOIPPUIMEHTH KOTOPBIX BbIpa-
KAIOTCs Yepe3 3aaHHble (QYHKIIH.

Mexny Teopueld NEPUOAMYECKUX WU MOYTH-IIEPUOIU-
4yeckuX (YHKIHMHA ecTh MHOTO oOriero. OfHaKoO Kiacc mod-
TU-TIEPUOANYECKNX (DYHKIUH ropasfo IIupe, U, B OTIHYHE
OT TIEPUOJMYECKUX, Ul MOYTH-TIEPHOINUECKUX (YHKIMN
nokazaten Pypbe MOTYT MMETh HpENENbHBIE TOYKH Ha
KOHEYHOM PACCTOSIHUM U JIXKATh BCIOJY IJIOTHO.

1. MoyTn-nepunognyeckne hbyHKLUM N 0606 EeHHoe
OUCKpeTHoe npeobpasoBaHue Pypbe

[IpuBenem B 3TOM paszeie HEKOTOpPHIC TIOHSATHS U pac-
CY>KICHUS, Kacalouecs NOYTH-NePHOINYECKUX QyHKIUN 1
OCHOBHOTO JTUCKPETHOTO NpeoOpa3oBaHust Pypbe, KOTOpbIE
HEOOXOAUMBI I OoJiee NETaTbHOTO MOHUMAHHS paccMar-
puBaemoii B pabote mpobiiembl. bosee moapoOHO ¢ ITHMU
MIOHATHUSIMHU MOXHO 03HAKOMUThCS B [16—19].

MHOXeCTBO MOYTH-TIepUoYecKuX 1o bopy QyHkmi
I1,, cocrout u3 GyHKIU BUIA

F(t)=Y fe™', —o<t<+m, (1)

n=1

40

OpuiYeM COOTBETCTBYHOII A Ka)K}_'[Of/'I TaKOH (I)yHKIII/II/I I10CJIC-

o0
noatenbHOCT  {f, ) €', TO ecth  cnpasemmuBo

0

Z|fn|<oo.

n=1

MmnuoxectBo 11,

» ABIAeTcs OaHaxoBOU anreOpoil

[16; 19]. Psax (1) cxomgurest aDCOMOTHO M PABHOMEPHO TpH
—00 <t <+,

ITocraBum kaxnoil gynkiuu F(¢) € I1,, B COOTBETCT-

Bue pyHKIMIO
1T
M) = lim — [ F(e™ 2
Q) rlfiozr_JT e ™, @

KOTOpast CYIIECTBYET U OTIMYHA OT HyJIsI He OoJee, 9eM st
CUETHOIO MHOJKECTBA JEWCTBUTENBHBIX 3HAYEHUH A :

Aoy,

CTBO Hap

f(}\')={(fi77\‘l)’(f‘2’}\‘2)”"}€ll7 fn EC’}\’n ER. (3)

Ayse.. . OyHKIUA f(A) 3ama€T CUETHOE MHOXKE-

Takum 00pa3oM, YCTaHOBJICHO B3aWMHO-OZHO3HAYHOE
COOTBETCTBHE MEXIy IOYTH-IIEPHOJNYECKUMU 10 bopy
¢byskumsiva (1) ¥ ABYMEpHBIMH TOCIECIOBATSIBHOCTIMHU
(3). CopaBemnBo u oOpaTHOe: Ui KaXAOH (QYHKIHUU
f(A) el cymectByer dynkuus F(¢)ell,, mna xotopoit
BBITIOJTHEHO (2).

Onpeoenenue. PaBenctBo (1), IO KOTOPOMY KaXKIou
TOCJICIOBATEIILHOCTH  f(A) € /| CTaBUTCS B COOTBETCTBHUC
¢bynxuus F(t) € 11, , Ha3pIBaeTCA TUCKPETHBIM IpeoOpaso-
Bauuem Pypse (OJIP). O6osnauenne: F (1) =W, f(1).

Onpeoenenue. PaBeHCTBO (2) TO KOTOPOMY KaXKaou
bynkuun F(¢) € I1,, craBUTCA B COOTBETCTBHE JIByMEpHas

F) el
npeodpazoBanreM Pypne. O6o3Hauenne: f(A) = VI/({IF ®).

OCJICA0BATCIIbHOCTD Ha3bIBACTCA OGpaTHI)IM

Mpenaoxenne. Ecu F(¢) nuddepernupyema p pas u

dF’ ()
MPUHAIICKAT BMECTE CO CBOMMU MPOU3BOJIHBIMU d—/
t
JI0 p TIOpsAAKA MHOXECTBY [1,, TO
LdFY@)
! === () 0. )

Ecmu CYIIECTBYET MOCJICAOBATCIIBHOCTL IOJIOXKUTEIIb-

meIx ancen {@, | €l Taxas, uto | £, (y)| <@, ams moGo-

CeMelcTBO TOCIE0BATEIBHOCTEH {xﬂ}ocl TaKuX, YTO
.

o0
Z‘xn‘p <o, p<oo, 3a4aCT NPOCTPAHCTBO 15 , C 3aJaHHOM Ha
n=1

HEM MEpoi HxH = (ixnpj
n=1

1
P
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ro yela,b], To dynkmun F(1,y) = an(y)ei}‘"t eIl na

n=1

KaXJI0U TOPU30HTAIBHOM IPSIMOM 10JI0CE

-0 <t<+0w,a<y<b. Torna KOXPPUINEHTH TOCIEIOBA-
TenbHOCTH f(A) = WO"IF (t,y) Taxxke OymyT 3aBHCETh OT
napamerpa y :

f(}“ay)={(f1(y)7}\‘1)’(f‘2(y):}\‘2)’}7 ye[aab]~

B aTOM citydae cripaBeIMBO CIeayromiee.
Ipennoxenne. Ecin dynkuust F(¢, y) nuddepennm-

pyeMamo y p pa3 H IO f ¢ pa3 ¥ BMECTE CO CBOMMH YacT-

J o k
HBIMH TIPOU3BOIHBIMU M, j=0,p, u 6F—(kt,y)’
oy’ ot
k =0,q , IpHHALTEKAT I, to
-1 61F(EJ’) — djf(7\’$y)
oy dy’ 6
L0 F(@, N
i S22 = () 1)

2. PelleHne ypaBHEHUN B YaCTHbIX
Npou3BOAHbIX B Knacce
noyTtu-nepmoanyecknx yHkunm

PaccmoTpuM kpaeByro 3amady uis qudQepeHIMaTbHO-
TO ypaBHEHHS B YaCTHBIX IPOM3BOJHBIX N-TO TOpsiKa C
MTOCTOSTHHBIMH K03 prrtmerTammu

k
) DI A B, ©)

Ak—mAam
k=0 m=0 a a

I'paHMYHBIC YCIOBHS 3aJal0TCSI B 3aBUCUMOCTH OT OCO-
OeHHOCTEH MOJIETPYEMOTO CLICHAPHSI.

TpeOyercst HaiiTH HenpepbiBHYIO (yHKIMIO u(X,)),
KoTopas B monoce D = {(x,y)|-o < x <+w,a < y<b} on-

penesieHa W yOOBIETBOPSIET ypaBHEHHIO (6) C 3aJlaHHBIMH
TPaHUYHBIMH YCIOBHSMH, KOTOPBIE ONPEACIIOTCS 0COOCH-
HOCTSIMHE MOJIETIUPYEMOT0 CLCHAPHSL.

Cuntaem, uto (yHKIHS, CTOsIIAs B MPaBOd YacTH
ypaBHeHUs (6)

ik, X )
gx.y)=Y g,(»e " eI,

a (QyHKIMU B IPaHUYHBIX YCIIOBHUSX NpuUHamnexar I1,, To

€CTh NPEACTABUMBI B BUIE
ik, X
D(x)=) e
n

Bynem uckate moutH-nepuonudeckue no bopy peie-

HU, OIpUHAAJICKAIIUEC MHOXKCCTBY H"L , TO €CTh B BUJC

i, x
u(x,y) = u,(y)e"

Eciu nogeficTBoBath onepatopoM ;' Ha ypaBHeHwme
(6), TO momyunM JHMHEHHOE HeogHOpomHoe auddepeHiu-
albHOE YpaBHEHHE N-TO TOPSIIKA C IIOCTOSHHBIMH K03 hu-

OUCHTaAMMU:

N N
> u, () d

m=0 k=m

A =g, (7)

rae A, — mapaMerp. Pemas momyuyeHHble ypaBHEHMS UL
KaxXaoro }\’n , HOJ'Iy‘II/IM pemeHI/Ie B BUJIC
an s

u,(»)=u,(,.») S ) +E(N,L ),

rae §; (kn, y) — JIMHEWHO HE3aBUCHMBIE PELICHUS JIMHEH-
HOTO OJHOPOJHOTO YpPaBHEHHsI, COOTBETCTBYIOLIEIO ypaB-
wermio (7), &(1,,)

HopozHoro ypasHenus (7), g, ;

— YaCTHOC PCUICHUC JIMHEWHOT'0 HEOJ1-
— MOCTOAHHBIC, KOTOPLIC

OIIPEe/IEIIAIOTCS IS KaXKJI0ro A, M3 YCIOBMH Ha IpaHMIAX
y=auy=b.
PaccMOTpeHHBII anropuT™ pelieHrs ypaBHEHUNH MOKET

ObITH MpUMEHEH U AJsl psifa nuddepeHanbHbIX ypaBHe-

HUH C MEPEMEHHBIMH KOA(PQUIMESHTaAMU aﬁ,

k
=a,(y). Pac-
CMOTPHM pEalTU3alfi0 TIPESATIOKCHHOTO allTOpUTMa IS
MOJCTHPOBaHUs (UIBTPALUKN KUIKOCTH C TEPEMEHHBIM

k03 uLeHTOM (UILTPALUKE B MHOTOCIIOWHOM MOJIoCe.

3. 3apava chunbTpaumm ¢ nepemMeHHbIM
koadchpuumneHToM chunbTpaLmumn

3.1. OBGocHOBaHVEe NEPEMEHHOCTH
KoahuLmneHTa chunbTpaumm

Kak mpaBuno, npu pemeHnu 3a1a4 GpuiibTpanuy Kum-
KOCTH B YIPYTOIIOPUCTOH cpene koddduimert ¢umbTpa-
IIUU CPeAbl IPUHATO CYUTATH IIOCTOSHHBIM. B 3TOM citydae
pelleHre 3a7a4d 3HaYMTENbHO YIPOUIAETCS M CBOIMTCS K
pelIeHnio KpaeBoi 3agaun i ypaBHeHus Jlammaca. OxHa-
Ko B pabore [13] Obuia mojydeHa JIMHEHHas 3aBUCUMOCTh
ko3 unyenta QGuIbTpalMyu YHOpYronopucToil Cpeabl OT
NIepBOTO HMHBapHWaHTa TEH30pa HampspkeHnil. To ecTh B
IUIOCKOM ciy4ae il KodpduuueHTta (QUIBTpanydy crpa-
BEIUIUBO

1+v)1-2v)

k=ky(1+8(0, +0,,)), 8= ——,

rae k,k, — CKOPPEKTHPOBAHHBIM U TeOpeTUUeCcKuil Ko3(]-
¢buIeHTs GUIBTPaLlK YIPYTOMOPUCTON CPEeIbl COOTBET-
CTBEHHO.

PaccmoTpuM TsDKENBIA yHpyromopUCTBI CION B MpH-
BBIYHBIX O0O3HAYEHHUSX OCEil NIEKapTOBOW CHCTEMbI KOOD-

guHat Oxy, Ha IPOAOJbHBIX IPAaHUIAX KOTOpOro y =/, u

y= 12 3aJaHbl MIOCTOAHHBIC HAIIPSIKCHUSA, HE 3aBUCAIIIUC OT
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X (TpaHuIBl MOTYT OBITH B TOM YHCJIE€ W CBOOOJHBI OT Ha-
npspkeHnii). Cuuras, 94to ock Oy HallpaBleHa BBEpX, pellle-
HHE IUIOCKOH 3aa4l TEOPUH YIPYTOCTH

0
aG_xerﬁ:O’
ox oy
ot 0o
L =0, 8
ox Y Prg& (®)

A(o,, +0,,) =0,

raAe pr — IUNIOTHOCTH TBEPAOIO T€Jla, g — YCKOPCHUE CHJIbI
TAXKCCTHU, 6yz[eT HUMCTb B
On =Ty =0, 0, =prgy+c,

T/Ie KOHCTAHTA ¢ OTPEIEIIAETCS YCIOBUSIMHI Ha TPAHHUIIE.
Takum 00pazom, K03DUIIHCHT PHUIBTPAIIMK MPEACTA-
BUM B BHJIE

k=a+egy, ©

npudgeM a+gy >0 s moGoro y e[f,h].

Takum oOpa3omM, 3amgaya IDIOCKOM yCTaHOBHBIIEHCS
GUIBTpalUK B yIPYTOMOPUCTON cpelie ¢ KO PHUIUSHTOM
¢unbTpanun (9) npuMer B

V~((a+8y)Vp)=O, (10)
rne V — oneparop Habja, C TPaHUYHBIME YCIOBHSIMHU
P =0, p(xly)= D).

PaccMoTpuM panee penieHue 3aauu IJIOCKOH yCTaHO-
BUBIIEHCS QUIBTPALIK B KyCOYHO-HEOJHOPOIHOM yIIpyro-
MIOPUCTOU cpere.

3.2. YcTaHoBMBLUAACS nnockasa ounbTpaums
XNOKOCTN B KYCOYHO-HEOLHOPOOHOMN
yrpyronopucTon cpege

MaTtemaTHuyeckasi IMOCTAHOBKA 3ajauu. Haiitu He-
IPEPBIBHBIC B KAXKIOH mojnoce —oo<x <+, [, < y<[;,
YIPYTOMOPHCTOH  0o0nacTH  (QYHKUMH JaBICHHS p, (X, )
(Oe3 ydera BECOMOCTH KHIKOCTH), j =1,m, yIOBICTBO-

psrolue CUCTEME YpaBHEHUI
V~(k;)(aj+8jy)ij(x,y))=O. (11

Ha BepxHeit u HIDKHEH TpaHUIaXx 00NacTH 3aaHbI Tpa-
HHUYHBIE yCIOBHA

p(x,0)=0, p,(x1,.)=0(x).

Ha nuHmsx pasnena cpen 3aaHbl yCIOBHS

pj(x’ljﬂ) :pj+1(xalj+l)s

N
) . 1 (x’l/+1)a

op;
k] (a./ +eln )a_yj(x’lm) =k (a./+1 +ejln oy

j=lLm-1

42

Cuurag, uro pyakmua @(x) mpeacraBuMa B BUAC

D(x) =gy + Y. 9",

n=1

pemenne cucremsl (11) Oynem uckats B Bujie

Py y) =Py () + . P ()™ (12)
n=1
Pemenue. [ToneiicTByem oneparopom WO‘1 Ha 4acCTHbIE

MpoOu3BOIHbIC ypaBHeHHH (11) ¥ mony4nM OOBIKHOBEHHBIC
nuddepeHnmansHple ypaBHEHHs, MPUBOJUMBIC K YypaBHE-
HusiM becces [34]

" ' 2 —
pn,j + pn,j _}\’npn,j =0,

b,+y

rae b; =aj./aj.

Ipu A, =0 nomyuum

po; () =d; +d; In(b; +y).

ITpu ocTanbHBIX A, MOIYYUM

Dy, :Cil,jlo(kn(bj +y))+clinO(7\‘n(bj +y)),

rae I, K, — ¢ynknun beccens 1-ro u 2-ro poja HyneBoro

HopsKa MHUMOTO apTyMeHTa.
Takum o0pa3om, pemreHus cHCTeMbl aubQepeHIaIb-
HBIX ypaBHeHUH (11) nmeer Bua

p;(x.y)=d;+d; In(b, + y)+

+§:[C}1,ﬂo (7»" (b; + y))+ c,f,jKO (xn (b, +y))] o

n=1

1 2 1 2
ITocrosiHHbIE dj s dj 3Gy, j5C

n, j ONpPCACIAIOTCA U3 TI'pa-

HUYHBIX YCJIOBMM M YCIOBHH Ha JMHMSX paszelia cpell Kak
peUICHUS CUCTEM JIMHEHHBIX wrerqueCKnx ypaBHeHI/Iﬁ

dl +d} In(b, +1)) =0,

db +d>n(b, +1,.,) =0,

di+d;In(b, +1,,)=d; +dj In(b;,, +1;,,), (13)
dike; =d3, k

Jj+l j+18j+1’

j=Lm-1

ch Iy (M (B +1)) +ch Ko (M, (B +1)) =0,
Cnnlo (% By + 1))+ € Ko (A (B +1,.)) = @,
an ilo (M (B + 1))+ 67 1Ky (M (b +15,0)) = (14)
= Czl1,j+110 (7“" (b1 +1}/+1))+C§,,‘+1K0 (7“" (b +1}/+1)),
ke (b +1,41)

= clr,j+1]1 (}\‘n(bjﬂ +[/+1))—03./+1K1 (>\’)1(bj+l +lj+1))5j =Lm-1,

[eh 1 (M +100) =2 K (2 By +10)) | =




Muxuwanuna E.A. / Becmnux ITHUITY. Mexanuxa 2 (2023) 38-46

roe /;, K, — ¢ynkoum Beccens 1-ro u 2-ro poma mepBoro
HopsKa MHUMOT'O apryMeHTa.

AcuMnrToTuyeckoe noseaenue kodppuuueHton. Vc-
clleTyeM MoBeeHne K03(h(hUIMEHTOB ITPpH HEOTPaHHIEHHOM
BO3pacTaHuu A, . AcuMnrorudeckue (GOpMysIbl Il MOJH-
¢unmpoBanHeIX QyHKIMKA beccens mpu moctaTodHO 0OIB-
[IMX 3HAYEHHSIX apTyMEHTOB UMEIOT BHJ [35]

ky =0,003(0,94+0,012y), (16)

k; =0,002(0,976 +0,006y).

Mexanundeckue (ynpyrue) u puibTpariioHHbIE
CBOMCTBA Cpex

Elastic and filtration media properties

e’ ne ”
1,(2) \/E » Ki(2)x \/E > |Z| 0. (15) Ilopoma | ITmorHocts B | Koaddu- | Moayns | Koaddumuent
BOJIOHACBI- LUEHT | ynpyro- | (GuibTpanuu
3amenss MoaudUUUpoBaHHbIE (QYHKIMU Beccens Bbl- ILEHEOM €O~ Hyac\fOHa’ CK/IIAHE Hezieopmupo-
a | BaHHOH cpenbl,
paxenusmu (15) B cucreme (14), momyynM acHMIITOTHYE- CTOS{H/HP; P i M?C A
KI'/M >
CKHE BBIpXEHUsI 151 KoadduipeHToB psiga (12): Bycaniie- 1900 02 2 0.0005
IpHA A, — +o© cKuii Tyd
W3zBecTHSK- 1230 0,33 0,45 0,003
o (4070 B YA o ) e
(A, y) , HHK
P o) B, (s ) Wsectmax | 2280 03 2 0,002
/ KaBEPHO3-
ye[lj,lﬂl} HBII
npu A, —> +o0
P, (Aeik” =l + Be}\” =1y )(e_(lf _[')x" + o(e_(l’_l')x” )j N -
o ) o KasepHo3HBIR
Puj sy Y ey > H3BECTHAK
/(bj +y)|e +ole e e e A e
PaxymedHHK
y e[lj,lj+l:|,
rne A#0,B#0.

Takum obpasom, pu y <[ u ye [lj,ljﬂ}

}L}griloo pn,j (7\‘n >y) = 0’

HpI/I y:lrﬂ

hm pn m(xn’y)zc'q)ns
A, >0 7

C — nexoropas nocrosmnas. Tax kak {¢,} €l', 1o mpn

(buKcHpoBaHHOM Yy = y * MOCIIEA0BATENLHOCT KO3 duIm-

€HTOB {pn’j (Xn,y*)}n el.

3.3. Uncnoskle pacyeTbl

PaccMoTpuM ymIpyromopucTeii IJIacT, COCTOSIIUN U3
TPEX CJIOEB: BYJIIKAHUIECKOTO Ty(a (TepBbIii HIKHAN CIIOH,
h =1 M), N3BeCTHAKA-paKyIICYHHUKA (BTOPOI CpenHuil CioH,
h = 2 M), IOPUCTOTO KaBEPHO3HOTO W3BECTHsKA (TpeTHH
BepxHUI cmoif, # = 1 ™). OCHOBHBIE MeEXaHHYECKUE
U QuIBTpaIIMOHHBIE CBOWCTBA MaTepHAIOB IPEICTaBICHBI
B TabJHLIE.

Bgenem cructemy KoopanHaT, Kak IOKa3aHO Ha puc. 1.

Pemmras 3agady ynmpyrocTd ¢ y4eToM MacCOBBIX cHl (8),
orpeaeauM KodQPUIEeHTHI UIBTpaly B KaXKI0M cJI0e

k, =0,0005(0,9705+0,01 15y),

BynxaHHge cKHi
» O

>

X
Puc. 1. TpexcioliHas ynpyronopucras mimra

Fig. 1. Three-layer elastic-porous plate

Haiinem HEIpepPbIBHBIC B KaXKIOU
—o<x<4m, 0<y<L, 1<y<3 3<y<4, ¢ 3amaHHBIM

II0JIOCE

koapunmentamu  ¢uabTpanun  (16) ¢yHkuum maie-
HIS p (X, ) , j=1,_3, YAOBJIETBOPAIOINE CUCTEME YpaB-

HeHnid (11), ecny Ha BHEITHUX TpaHUIAX O0JIACTH 3aIaHbI
YCIIOBUS

p(x,0)=0, p(x,4)=

10° (5 —2cos (\/ax) + sin(@x) + cos(O,Zx)).

HepenI/ImeM IPpaHUYHBIC YCJIOBUSA B BUAC

p(x,0)=0,

1 o 1 i
X,4 — 103 5+_e(),21x +_670,21x +
p(x,4) ( 5 5
+ —l—li eOlix —1+li e Olix |
2 2
Ha pmuc.2 TpeACTaBIeHO M3MEHEHHE JaBICHHS
B I1aCTax.
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Puc. 2. 'paduk GyHKUNH TaBIECHNUST B MHOTOCIOWHOM ILIaCTe

Fig. 2. Graph of the pressure function in a multilayer formation
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