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ONE CLASS OF SMOOTH BOUNDED SOLUTIONS TO THE CAUCHY
PROBLEM FOR A THREE-DIMENSIONAL FILTRATION MODEL WITH
DARCY’S LAW

The first results on the use of the apparatus of four-dimensional mathematics for solving
the three-dimensional model of the Navier-Stokes equations by the analytical method were
obtained by the Kazakh mathematician Professor M.M. Abenov. After the author of this
article with other researchers proved the theorem on the existence of a solution to the Cauchy
problem for a three-dimensional model of filtration theory.

This paper is devoted to the study of a three-dimensional model of the filtration theory
in one of the spaces of four-dimensional numbers. The purpose of this article is to obtain an
analytical solution of the three-dimensional Cauchy problem for the mathematical model of
linear filtration model by the method of four-dimensional regular functions.

In this study, a class of infinitely differentiable and bounded functions of the initial
conditions of the Cauchy problem, satisfying the Cauchy-Riemann condition, with five degrees
of freedom for a specific four-dimensional function is found, and also a class of infinitely
differentiable and bounded solutions of this problem is found that satisfy the linear Darcy
law.

Keywords: continuity equation, Darcy’s law, four-dimensional function, Cauchy-Riemann
condition.
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JAPCHU 3AHBI BAP YIII ©JIINEMAI ®NJIBTPAIINA MOAEJITHIH, KOIIIN ECEBIHIH,
TET'IC INEKTEJITEH INEIMIMAEPIHIH BIP KJIACBI

Tepremmemai Mmaremarnka annaparbii Habe-CToOKC TeHIeyIepiHiH YIIT JIImeM, 1 MO/Ie/TiH
AHAJTUTUKAJIBIK, O/IICTIEH TIENTY YIITH KOJITAHY/IbIH aJIFallIKbl HOTUZKEIePIH Ka3aKCTaH IbIK, Ma-
temaTuk mpodeccop M.M. Ob6enoB Ko kKeTKizmi. KefimnupekTe ochbl MaKaJlaHbIH aBTOPHI
backa i3geHyIriaepMen Karap GUIBTPAIS TEOPUICHIHBIH VI oJIImmeM/Ii Moaesi yirian Korrm
MOCeJIeCiHIH, IIenriMi 6ap TypaJibl TeopeMaHbl JIDJIeJIIeTeH.

Byn xkyMbIc TOpT esimem i caHIap KeHICTIKTepiHiH OipiHie GUIbTpaIind TeOPUSICHIHBIH,
VI ©JIIIeM/II MOJIEJIIH 3epTTeyre apHaJfaH. ATaJIbIll OTHIpFaH MaKaJIaHbIH MaKCaThl TOPT OJI-
meM/Ii TYPaKThl (DYHKIIAAIAP d9/IiCIMEH ChI3BIKTHIK (DUIBTPAIUSHBIH MaTeMATUKAIBIK, MOIET1
yirin yir esmemai Kommn ecebiHiH, aHAJIMTUKAJIBIK, IIENTIIMIH a1y OOJIbII TaObLIa b

Byn skyMmbIcTa HAKTBHI TOPT oJmeM/Ii (DyHKIUA YIIiH Oec epKiHIiK Jopexeci bap Korm-
Puman mapThin KaHaraTTaH IbIpaTbiH Koru ecebiniH, OacTanKbl MapTTaPbIHBIH, EKCi3 -
depeHImaIaHaThIH KOHE MEKTE/TeH (DYHKIUATAPBIHBIH, KJIaChl TaObLIIbI, COHBIMEH KaTap
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mekci3 anddepenHuaiiaHaThiH YKoHe [MTeKTeJINeH MIelMIePiHiH KJaackl TaObLIAbl. TabbLiran
mernrimep kKiaackl Jlapcu 3aHbIH KaHAFaTTaH IbIPa/IbI.

Tyiiin ce3aep: y3aikcizmik Teraeyi, Japcu 3ambr, Topt emem i dyuknns, Komm-Puvan maprsr.

Paxbivosa A.T.
Espasniickuit HanmonaabHbll yHuBepcuTeT umenu JI.H. I'ymusesa, Kaszaxcran, r. Hyp-Cynran
E-mail: aigerim rakhimova@mail.ru
OJIVH KJIACC I'JIAJIKNX OTPAHUYEHHBIX PEIIIEHUN 3AJAYM KOIIIN JJIs1
TPEXMEPHOM MO/IEJIN ®NJIBTPAITUU C 3AKOHOM JTAPCHU

[lepBble pe3ysbTAaThI IO MPUMEHEHUIO allllapaTa YeThIPeXMEPHOW MaTeMaTUKH JIJIsd pe-
IeHusT TpexMepHoit Mojiesin ypasuenuit HaBbe-CToKca aHAIUTHYIECKUM METOJIOM ObLINA TI0-
JIy9IeHbI Ka3axCTaHCKUM MareMaTukoMm mpodeccopom M.M. Abenosbim. [locsie aBropam Ha-
CTOATIEH CcTaThbU W JPYTUMHU HCCJIe/I0BATeIsIMI ObLIa JIOKa3aHa TeopeMa O CYIeCTBOBAHUH
perienus 3aa9u Kotm it TpexXMepHO# MOJIeIn TeOPUun (pUILTPAIIAN.

Hacrositiiast paboTa mocssiiiera nccaie0BaHn0 TPEXMEPHON MOe/ I Teopur (pUIbTPaIiin
B OJIHOM M3 IIPOCTPAHCTB YeThIPeXMePHBIX unces. [lenbio HacTosdieid cTaTb SBJIATCS TOJTY-
YeHre aHaJUTUIECKOrO pelleHns] TpexXMepHoi 3ajaun Ko Jijid MareMaTudecKoi MOJeIn
JINHENRHOM (DUIBTPAIIME METOJOM Y€THIPEXMEPHBIX PEryISPHBIX (DyHKITHIA.

B pmannoit pabore maiijieH Kiacc OeckoHedHO JTudMEpeHImpyeMbIX U OTPAHUYICHHBIX
dyHKIMI HaUAIBHBIX ycjaoBuil 3aga4dn Koru, yiaonerBopsmomniue yciaouio Kormu-Pumana,
C TATBHIO CTENEHsIME CBOOOBI JIJIsT KOHKPETHON deThIpexMepHOil (DYHKINN, a Tak:Ke HailaeH
KJ1acc 6eckoHevIHO JnddepeHITUPYeMbIX 1 OTPAHUYCHHBIX PEIeHnu 9TOH 3a/a9u, KOTOPbIe
VJIOBJIETBOPSIIOT JinHeitHOMY 3akony Jlapcn.

KirroueBbie cjioBa: ypaBHEHUE HEPa3pbIBHOCTH, 3aKOH Jlapcu, deTbipexMepHast PYHKIMSA, YCIIO-
pue Komm-Pumana.

1 Introduction

The theory of filtration is one of the main areas of scientific research due to its economic
importance in connection with the extraction of oil and gas products, the development of
subsoil, where the main extraction technologies are managed by the laws of filtration theory.
The main law of the filtration theory, which describes the movement in a porous medium, is
the linear Darcy law [1-14].

A large number of scientific works are devoted to the study of three-dimensional models of
fluid motion. Basically, such problems of hydrodynamics and filtration are solved by numerical
methods, since the solution by the analytical method is difficult. To avoid this difficulty,
professor M.M. Abenov [15-16] proposed a new method for solving the continuity equation
in four-dimensional space. In the work [15] M.M. Abenov provides an analytical solution of
the Navier-Stokes equations using four-dimensional regular functions.

To obtain an analytical solution of the three-dimensional model of the filtration theory,
in the article [19] a new approach to solving the problem in the space of four-dimensional
numbers M5 is studied. The norm and properties of the space M5 were studied in [17-
18]. In this paper, we study the Cauchy problem for a three-dimensional non-stationary
mathematical model of filtration with the linear Darcy law.
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2 Problem statement

Consider the motion of a compressible fluid in a porous medium. The continuity equation
has the following form

dp ) _
rn +div(p7) =0 (1)

where m = m(z,y,z) — known medium porosity, p(x,y,z,t) — liquid density, Kid (x,t) =
(v1 (z,y,2,t) ,v2 (,y, 2,t) , v3(x,u, 2,t)) — filtration velocity, z = (z,y,z) € R® — spatial
coordinates, t € R, - time.

Let’s write Darcy’s law in the form

o
-vpP =27, 2)

where p — liquid viscosity, k = k(x,y, z) — permeability coefficient depending only on the
properties of the porous medium, P(x,y, z,t) — fluid pressure. The system of equations (1) -
(2) describes the non-stationary motion of a fluid in a porous medium in a three-dimensional
space R?. From physical considerations, it is obvious that the solutions of this system should
be bounded functions in the entire space.

The initial conditions for the system (1) - (2) are set in the form:

p(x,y,2,0) = po(2,y,2),0 < prmin < po (2,9, 2) < Prmaz < 00, (3)

v; (2,9, 2,0) = ¢;(2,y, 2), (z,y,2) € R*, i=1,2,3, (4)

where the functions on the right-hand side are smooth and bounded functions in the entire
space. In the paper [19], the existence theorem for a solution to the Cauchy problem (1) — (4)
was proved under certain conditions on the initial data, and was obtained explicit analytical
formulas for the solution.

In this paper, it is interested to find a specific type of initial conditions under which the
solution of the considered problem is smooth and bounded in the entire space R? for any
values of ¢ > 0.

3 Methodology

Let us rewrite (1) as follows [15]

m%—l—?-gmdijpdiv?:O
Let us introduce the function ¢ (x,y, z,t) and define it as follows
dp _pdd
ma+7~gradp—za (5)

where ¢ — some characteristic filtration velocity. It is easy to see that 6 (z,y, z,t) has the
dimension of velocity. Dividing both sides of equation (5) by p(z,y,z,t) we obtain the
equation

00 104

My + U - gradd = s (6)
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where 0 (z,y, 2,t) = Inp(x,y, 2, t).
Rewrite (1) taking into account (5)
aUl 87)2 8113 100

%—Fa—y—Fa—FEEZO (7)
For equation (7), we set the initial Cauchy data in the form

Vilimo = 91 (2,9, 2) s 02|, = 2 (2,9, 2) ;

U3‘t:0 = ¥3 (xa%z); 6‘t:0 = o (x,y, Z). (8>

where dq(z,y, 2z) can be determined through po(x,y, z) solving the equation (6).
Similarly [19], the solution of problem (7) — (8) is sought in the form

v1 = Qi (1, pay, Pz, pact)

vy = Qw2 (P12, P2y, P32, Pact)
U3 = qsws (P12, P2y, P32, Pact) 9)
6 = quwa(p1z, P2y, P32, pact)

Using the Cauchy-Riemann conditions from (9) can be obtained formulas relating the
components of the 4-vectors of velocity:

1 Qv . 1 Ova __ 1 Ovz __ _1 06

p1q1 Or ~ p2qg2 Oy p3gz Oz paqa Ot
U Ovy _ 1 0v _ 195 _ 1 ou
P12 Ox pz 1.0y p3q4 Oz pagqs Ot
1 Ovy _ 9 _ 1 Ovr _ Ova
p1g3 Oz P2Q4 8y~ psq1 0z pagz Ot
1795 _ 1 vy _ 1 vy _ _1 9vy
p1gs Oz " p2gs Oy " p3gz 0z pagq1 Ot

From these equalities can obtain the following problems and their solutions for the
functions vy (x,y, 2,t), ve (z,y,2,t), v3(x,y,2,t), §(x,y,21t) [19]

821)1 _ p4262 82’01
ot2 = p1?2 0x?
v1|t:0 = Y1 (Iv Y, Z)
%’ — Paqic 9%
ot 1t=0" piqy 9=

1 c c
(%1 (QT,y,Z,t) =3 (Spl (QZ’+ pitayaz) +S01 (l’ - pit>yvz))
2 P D1
1
+—2 (50 (x + piCt,y,z) — o (x — %t,y,z)> (10)
2q D1 D1

821)2 _ p4262 821)2
otz T p12 0zx2
U2|t 0 = ¥2 (l’,y,Z)
8v2 |t — _ pagec Ops

p1q3 Ox
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1 c c
V2 ('I?wa?t) =35 <902 (LL’—F pituwa) + Y2 (I - pit;wa))
2 h 41
1 c c
243 Y4 P

9205 palc® 9%us
ot T pi12 022
V3], = @3 (7, Y, 2)
%| _ _ pagsc 92
ot 1t=0 p1q2 Ox

1 c c
U3 (x,y,z,t) =35 <§03 (.T-F pitayaz) _'_803 (33' - pitay7z>)
2 b Y41
1 c &
__@ (902 ("L‘ + pi]f?iyu Z) — ¥2 (l’ - pit7y7z)) (12)
2q n P1

825 _ pa3c? 926

82— p12 0a2
5|t:0 = 50 ($7 Y, Z)
@| — Pagac Op1
otIt=0 " piq1 oz

1
d(z,y,2,t) = = ((50 (x+ Dy, 2) + do (w - pict,y,z»
2 b1 D1
c c
_'_% (Qpl <x+pit7yaz) — ¥1 <I‘_pitayvz>) )
q1 b1 P1

Further find p (z,y, z,t) from [15]

1
P(fay,%t) = pPo [Clcha 03] X exp |:2 ((50 (ZE + %tyya 2) + 50 (l‘ - %tayaz))
1

cm P

C C
Uil p1 p1

Thus, using the methodology for solving the four-dimensional equation of the solenoidal
field, can find the solution of the continuity equation (1) in the form (10)-(12) of the velocity
component, (13) the density.

Let us turn to the solution of the three-dimensional Darcy equation (2). Write as follows
[19]

T y z
P (x,y,z,t) :—%/0 vy (é,y,z,t)dﬁ—%/o m(O,n,z,t)dn—%/ v3(0,0,¢,t)dC+C(t) (14)

0
where C'(t) = poo + £ [ 03 (0,0,¢,¢) dC.
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4 Results

Consider a three-dimensional filtration model (1)-(2). Let us assume that the viscosity of
the liquid and the coefficient of porosity and permeability are constant values. As initial
conditions, take the components of the four-dimensional function exp(—X?), which are
infinitely differentiable and bounded functions in the entire half-space:

((pl R &32))2) ((pl (o o V;ng)y)

oo~ (o v ) e (o (o J;Tsz)y)],
@2(m7y’z):_i\/%|:exp<_(p1 (x— i12y+\/173 > ( (Pl (JH- \/%y— ;32))2> (15)
(o |

1
w1 (z,y,2) = 10

s (o o g ) ) e (o o ) |

oo (z,y,2) = ————— |exp | — T — + z +exp | — T+ — z
0 (@:9.2) 4@314{ p( n NariNGT P i\ STMENCT

(o o ) ) (o (o e )]

and satisfy the conditions

9v1(z,y,2) _ e dpa(z,y,2) _ = 513 9p3(z,y,2)
- Oz

ox
Opa(z,y,2) _ O¢1(®y,2) _ 650(1 Y,z)

= S14
T oy
O¢3(®,y,2) _ S12514 650(93 Y,2) _ 6<Pl(90 Y,2)

ox oy
980 (z,y,2) _ 913 Bos (2., Z) 513 85"2(1C Y,z)
Az S14 oy S14 Oz

at (z,y,2) € R, where s19, 513, S14 are given positive real constants. Then the Cauchy problem
(1), (3)-(4) has the following solution:

1 Vs12 1 1 1 1 2
» Iy 7t = = - 1 - - t —
v (@:9.%1) ! [exp( (p1 (er \/813514 ( * 512 * 513) ¢ 812er 8132)) >
V512 1 1 1 1 2
+exp —(pl (z + 12 S14 (1 + —— + —) ct + y— z)) (16)
V813 s12 813 S12 813
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513

+exp < (m (Z - ﬁ

WWQ(MG_WMS

V' S13

1
v2 (w)yvzat) = =

4 .\/s12

—exp <— (m (m + \/‘/gs

+exp < (m (I - \/\/g

-

1 a
4 \/s13

v3 (ZD) Y, 2, t) =

s
+exp <— (p1 (m + vz

S
V813
/512 ( 1
_ 14+ —
+exp < (pl (90 MSIAL + - +

o2

1/
5w,y 7t) = — 5 o
4 \/s12814
\/s 1
+exp <— (p1 (:c + 12 S14 (1 + — 4+
513 s12

-

%WQ(M@_ﬁﬁs

1 1 1
sia|ll+—4+—|ct— Y
513 812

512

\/s 1
exp —(Pl (ﬂﬂ—i- 12814 (1 +—+
V513
1 ) 1
— et + Y
513 512

1 1 1
sia |1+ —4+—|ct— Y
513 812

S12

1
S14 (1 +—+
$12

1
14 (1+ —+
512

1
14 (1+ —+
512

5)
— et +
513

5)
— ) ct +
513

1
Y+
V812

1
Y+
V812

1

S$13

Vi 1
—exp | — (pl (m + 512 S14 (1 + — 4+
V813 512

1
s14 |1+ —
812

1
S14 (1 + —+
812

1
+-444*) ct +
513

1
14 (1 + —
812

1
14 (1+ —+
512

1
+ 7) ct +
513
V812 1
_ 14+ —
[EIP< (Pl (:c—i— 5 s14 (14 19 +

1 1
— |t + Y
513 S12

1 ) 1
— et + Y
$13 812

1 ) 1
— | ct — Yy
513 512

1 ) 1
— |t — Yy
513 812

1
y+
V812

y+
V812

1

513

1

513

1

13

)

5)
et —
513

5)
et —
S$13

)
)
el

1

Yy
512

(18)

L))
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Then find p(x,y, 2, t)

1 v/ 1
p(z,y,2,t) = po [C1,C2, Cs] Xexp l:— S13d1 <ezp <— (p1 (x + 12 S14 (1 + — +

dem (/512514 NGT)

512

NG 1 1 1 1 2
+exp —(pl (x—i— 12514 (1+—+—)ct+ Yy — z))
V/513 s12 513 812 513

NG 1 1 1 1 2
—exp —<p1 (a:— 812514 (1+—+—)ct— Yy — z))
V513 S12 S$13 S12 S13

exp<<pl($g814(1+;+5;)0t+\/ijy+\/iT3z)>2>)]

1) 1
ct — Y+

512

Let’s move on to solving the three-dimensional Darcy equation. Find the required pressure

by substituting (16)-(18) into the equation for pressure (14):

w71 /12 ( 1 1 ) 1
P(z,y,z,t) = —= [ = - T+ — 4 —)et—
(‘T v ) k~/0 4q1 |:exp( (pl (£+ V813 s * S12 * 513 ¢ 512y+

Y 1 \/ 1 1 1 1
-£ B eap —(m( 2 614 <1+—+—)ct— n+ 2
k Jo 4 /512 V513 512 513 V512 V513

(812 (1+1+1)t+ ! ! ))2
S14 — 4+ — e n— z
S13 S12 813 V512 513
rean (o (oo (1 s+ ) e )
exp | —(p1 | — 514 —+ — |t — — z
513 512 S13 51277 513
( ( 12 (1+ L, ) b+ ))2 ])d
—exp | —(p1|— 514 — +— |+ — z
V513 s12 813 \/81277 /513 K
=( 1 512 1 1 1 2
_E/ _z 4 —exp —(p1< 12514 (l—l-——l——) ct + C))
kJo 4 \/s13 V813 s12 813 s13
512 1 1 1 2
+exp *(pl( S14 (1+f+f)ct* ))
( 513 512 513 \/SISC
512 1 1 ) 1 ))2
p1|— sia(l+—+—)ct— ¢
( ( V513 ( s12 813 /513

512 1 1 1 2 ] )
e (‘(“ (‘ (1 T *) ot ﬁ@“)) ) o+ C(et)

—_

1

S$13

)
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Verify the fulfillment of the pressure equation in the following way. In the direction x, the

integral is solved in an obvious way

i o (o (e (i D) v 7))
G Y e (e P e =)
e (o o= o (e ) = - 7))
oo (< (= (10 5+ e e L))

In the direction y, take the differential

a% under the integral, and calculate as follows

opP =9 (1 NG 1 1 1 1 2
7_,H/ q1 exrp (pl (54»7812514 (1+7+7) ct — Z))
9y kJo dy V513 512 513 512 513
/512 1 1 1 2
+exp —(p <§+ s 1+ — 4+ — Jct+ - z
< ! V813 " Ss12 813 S12 $13
512 1 1 1 1 2
+exp —(p (f— s 1+ — 4+ —)ct— Yy — z
< ! V813 1 12 S13 S12 $13
1 1 1 2
(o (- (10 2 Ve Ly L)) |
Vs13 s12 13 S12 $13

1 1 1 1 2
(il 2+ ) s )
k 512 513 s12 813 s12 513
VE12 1 1 1 1 2
—exp —(Pl (ﬂsm (14_74_7) ct + — )) ])
V813 s12 513 512 513
/512 1 1 1 1 2
S . = exp *(pl (* 2 514 (1+f+f)ct* y— ))
k 4 \/s12 V813 s12 513 s12 s13

/S12 ( 1 1 ) 1 1 ))2 ] >
—exp | — — s 1+ —+ — )ct+ + z
P < (p1 ( V813 " s12 813 \/812y 513
1 @ 1 1 1 1 2
) [ (o e o e ) v )
k 4.\/s12/ Jo 513 12 S13 S12 513
NGT) 1 1 1 1 2
d —<p1 <£+ 812514(1+—+—)ct— y+ z))
4/ S13 512 513 V512 V513
1 @ NG 1 1 1 1 2
(7 q )/ cap —(m (g_ 12 614 (H———&——)ct— y— Z))
4 \/s12 V813 s12 513 s12 $13
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1/7 1 1 1 2
d —(p1(£ oLz (1+—+—)ct— y— z))
\/513 512 513 512 513
1 1 1 1 1 2
) ([ (o e ) v 59)
k 4./s12 0 V513 s12 513 $12 $13
1 1 1 2
(o (s (e 2 DYy LY))
S13 512 513 512 513
1 z 1 1 1 1 2
£ () ([ o (o (s (020 e )
k \4./s12 0 $13 Ss12 813 512 513
/312 ( 1 1 ) 1 1 ))2 >
d| - — sta {1+ —+—)ect+ + z
< (pl (é Vv S13 1 512 513 \/512y 513

1 /512 1 1 1 1 2
I exp | — (p1 (7512 S14 (1 +—+ 7) ct — 2))
k 4 \/s12 V813 s$12 513
\/ 1 1 1
—exp —<;D1 ( 212 s14 (1 + — + —) ct + ) ] )
/513 s12 813 \/812
1 512 1 1 1 1 2
-2 erp | — (Pl (— L2 614 (1 +—+ 7) ct — Z))
k 4 \/s12 \/S13 S12 S13 513
v/ 1 1 1
—exp —(;Dl (— e S14 (1 +—+ 7) ct + ) ] >
V513 s12 813 \/812
1 1 1 1 1 2
—_k(_- @ exrp —(p1 (w-i—@sm (1+—+—)ct— Y+ z))
k 4 /512 V513 s12 813 V512 V513

e~ (o= s (10 5 - - )
eap <_<p1 (x_ \/‘/gm (1 + é + é) ot + \/;E?H \/;Taz))2> ] ) = v

In the direction z, take the differential % under the integral, and calculate as follows
%1: - (i;;ﬁ) /Ozezp <(p1 <§+ %514 (1+ é + i) ot — ;2y+ ;3Z>>z>
d<(p1 (£+%SM (1+£ ) i132>)2>
_% (—i ?5113)/09661'17(_(17 ( (1-5—5 S—) ct + ;Qy— ;32))2)
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d <—<p1 <§+ 812814 (1+ —+ 7)
512 513

=

IS

ISH

(0

:(1&)/%@(@1(
d< z (1+£ )

1 Y v/ 1 1
- (* n ) / exp *(pl ( 512814 <1+7+7) ct +
k \ 4 .\/s13 0 V513 S12 S13
V312 1 1 1 2
d —<p1( 12814(14_74_7)0154_ y+ z))
V313 S12 813 V512 V513
1 /512 1 1 1 2
o exp | — (p1 ( 512 S14 (1 + — + 7) ct + z))
4k /313 s13 s12 813 513
+1 ©ooq1 ( ( s12 (1 n 1 n 1 ) . 1 ))2
- exp | —(p1 514 —+— - z
4k /513 V513 s12 813 513
1 1 1 1 2
(e (B ) )
4k /513 513 s12 813 513
e (e (e ) )
- exp| —|p1|— sia |1+ —+—Jct+ z
4k /513 < s13 s12 513 513
1 ¢ ( ( S12 ( 1 1 ) 1
= —— —exp| —(p1|z+ sia|ll+—+—|ct—
4 \/s13 [ < V813 s$12 813 s12

-
0 313

k
(- (o (5~ Y (1+L+L)ct,

512 S$13

= (} a1 )/zexp 7(1)1(
s \1%515/) Jo

/3 11
d(‘(’“(g_ms“(HmJ’sls)“*
(N o (o (L (14 Dy Y
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Indeed, the equality is satisfied, from (20) have explicitly obtained equalities in directions

op _ p 0P _ u OP_
or kU dy

0. Tk

Thus, obtained a class of infinitely differentiable and bounded in the entire half-space
solutions of the three-dimensional model of filtration theory with five degrees of freedom
G, P1, S12, S13, S14 of system (1)-(2) with initial conditions (3), (4) in the form (16)-(20).

5 Conclusion

In this paper, was studied a three-dimensional model of the filtration theory with the linear
Darcy law. A class of infinitely differentiable and bounded in the entire half-space initial
conditions and solutions of a three-dimensional model of filtration theory with five degrees
of freedom ¢y, p1, S12, S13, S14 is found. The method for solving the problem of three-
dimensional filtration model is the application of the theory of functions of four-dimensional
variables M5.
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