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Abstract. During filling and operation of small canals and reservoirs, the groundwater level
W) rises and if the initial level hi, is located below the critical depth )/, then there will come a

point in time 7 =7, such that the level in them reaches the critical level hkp' With a further rise in

e water level in canals (reservoirs), due to the dependence of & on the groundwater level, two
motion areas with a moving interface X =1I0(¢),[(f,) =0 appear in the region
0,1 = w(t) > h(l(t),t) = h,, ,there will be evaporation. but in region h’, < h(x,t) < hkp it
s absent.

Within the hydraulic theory of the filter, neither the value of the GW /(x,) satisfies the
Soussinesq equation

oh(x,t k 8 oh(x,t E.
g h( ) ( ) —— )
ot U Ox U
where k — filtration coefficient, M —  coefficient of W&}er loss, & —rate of evaporation
@etermined by the equality
__[fe=hp0. >, -
0 , h<h,

f(h- hkp ,1) —known function with its arguments.

To simplify the study of the problem, equation (1) is usually considered in a linearized form. In
the work, a separate linearization of equation (1) is carried out for each of the areas

0<x<I(t) (h>h,),l(t)<x<x(h<h,)

assuming that
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~ Oh
oh hlac—,h>hkp
il s
—, h<h
t hzf:?x :

where 4, € (hkp J1 T /;2 =0 h,‘p ] = some average values of h(x, o h

Given the above assum
reservoirs in the presence of ev

=maxy(r).
t :

ptions about the dynamics of groundwater near new channels

aporation, it is formulated as follows:

Find function U(x,t) = h(x,t) - hul(t), l(l‘o_)__: 0 in space Q:: ,{x X = [(I)} :

satisfy the equation:

gt o 9% o
—— = ()
ot ox y7i

and conditions

U6y = 0), Uttt o= w (1), U,

| U(x, 1) =i U (X, t)'xzt'(tﬁ(): Vo= hkp 804
~ oU ~ oU
hl a‘ x=I(1)-0— 'Y “a;‘ x=I(1)+0 (t >to) .
Here .
al =—h =const, 0 < x <[(2),
a’(x) =
52

5 :——iz; =const, I(t) < x < oo,
7

RS U= Unay o =0, U<y,;
QF ={(x,1): 0<x <o, fy <t <T}.

Problem (3)-(6) belongs to the class of problems with an unknown interface. ]

The difference between problem (3)-(6) from the well-known Stefan problem [1] is that the
(flow) is continuous at an unknown interface, while the flow in Stefan's problems is discontinuous
this gap is proportional to the speed of moving the moving interface ( front). :

The requirement / (Z‘O) =0 and the indicated difference 7" in the Stefan condition cee
additional difficulties in the study of problem (3)-(6).

In this regard, it is also of independent mathematical interest.

Keywords. Unknown boundary, quasistationary approximation method, small time
Green's function, groundwater level, Laplace-Carson transform, equation of heat conductivity.
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Amnotatsiya. Yangi kanallar, suv omborlari suv bilan to ‘Idirilganda va ulardan foydalanilganda
’ W5 suvlari sathi ko’tarilishi yuz beradi. Agar yer osti suvlarining dastlabki sathi h kritik

WStk )V, dan pastda joylashgan bo’lsa, vaqtning shunday / =/, lahzasi keladiki, yer osti suvlari
‘ ko tarilib h kritik sathga yetib qoladi. Kanallardagi va suv omborlaridagi keying

S amlishlarda bug’lanish g ning sathdan bog’ligligini hisobga olsak, yer osti suvlari harakati
_. ap'aluvchan x =/ (2‘) chegara ikkita sohaga ajraladi:

Berinchisi /2(0,7) = g{/(l‘) > h(l(1),t) = hk ,da bug’lanish mavjud

skkinchisi /1, < h(x,t) < h da esa bug’lanish mavjud emas.

¥ iimatsiya nazariyasining gidravlika doirasida yer osti suvlari sathi A(x, 7 ) Bussineskning
5h(x,f) k 0 [ o )5}2(.76,1)) b

ot M OX Yo U
mamasini ganoatlantiradi. Bu yerda £ — filtratsiya koeffitsienti, £{— suv o’tkazish qobiliyati

> (D

 Weisienti. £ — quyidagi tenglik bilan aniglanadigan:

| [ fCh=hD, h>h,

g = )
| 0 , h<h,

e Senish intensivligi; A (/1 -h ,t )— oz argumentlarining berilgan funksiyasi.

§ “ekshirish oson kechishi uchun odatda (1) tenglama chiziglilashtiriladi. Mazkur ishda (1)
Seama quyidagi sohalarning

O<x<Z(t) (h>h )va I(f) <x <o (h<h,)

h(x,t)% =X
Ox ~ Oh e
khz a, = ko

" h :madagj almashtlrlsh qiimgan holda alohida-alohida ch121thasht1r11ad1 Bu yerda h1 va h

] -& S m va h2 e( ]bo’lgan h(x 1) ning biror oraliq giymatlaridir.

\uqonda keltirilgan mulohazalardan kelib chigib bug’lanish mavjud bo’lganda yangi kanallar
- e omborlari yaginidagi yer osti suvlari dinamikasi hagidagi masala quyidagicha qo’yiladi:

Q7 |{x:x =I(t)} sohada

2
%_a ( ) _f._ (3)
ot g

mmm hamda quyidagi
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Ux0)],.,= 0(x), Ulx,1)
U(x,1)

~ oU
bigr

shartlarni qanoatlantiruvehi U/ (x, # Y=hixi )— h; va l(2), ] (IO) = 0 funksiyalar topilsin. Bu
yerda

= ol

x=1(1)-0 = hz o

a’ =—k~/;l =const, 0 <x <I(?), P

' H
a’(x) = 5 ™)
a, =—h, = const, I(t) <x < oo,
Y7

E=fU-pO\ Uy & =0,U<y,;

(8)
QF :{(x,t): O<a<m, £ <z‘<'T}.

(3)-(6) noma’lum qo’zg’aluvchan chegarali masalalar sinfiga tegishlidir.

(3)-(6) masalaning ma’lum Stefan [1] masalasidan farqi shundaki, sohalarni ajratuvchi
noma’lum chegarada sarf (oqim) uzluksiz ((5) shart), Stefan masalalarida esa sarf (oqim) uzilishga
¢ga hamda sakrash qo’zg’aluvchan-noma’lum chegaraning tezligiga proportsionaldir.

(3)-(6) masalani eslatilgan Stefan shartidan farq qiluvchi shartning mavjudligi hamda
I(Z,) = 0 bo’lishligi talabidan kelib chigilganda tekshirish qo’shimcha giyinchiliklar bilan kechad;.
Shu jihatdan (3)-(6) alohida matematik muammo kasb etadi.

Kalit so‘zlar. Noma’lum chegara, kvazistatsionar yaginlashish metodi, vaqtning kichik

qiymati, Grin funksiyasi, yer osti suvlari sathi, Laplas-Karson almashtirishi, issiglik o‘tkazuvchanlik
tenglamasi.

Beexenne. Jlannas pabora mnocesmena IpUOIIMKEHHOMY DELICHHIO 3a7aui (3)-(6) nna
SHaueHWH BpeMern [, 6muskux k ).

[ycre  dynxmun f,go,gy M HX COOTBETCTBYIONIMC IPOM3BOAHBIE YIOBIETBOPSIOT

COOTHOWIEHHSM: f;_,” (Z,Z‘ ), gp"(f ), W”(x). CyTe HenpepeBHBIE (GyHKIME B CBoell o6nacti
ONpeseIeHUs U KPOME TOro
?(x) >0, ¢'(x) <0, () >0, w'(t)>0,w"(t)>0,

9
w(t,)=9(0) =y, = const. ' ' &

o A S i g i 4)
x::’(r)—(]:U(xit)|x=!(:)+0: Vo = hkp o h; (t > to) )

x=1(1)+0 (t>1,) (6)

Bh

by
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OvExmHs qp(x) ompesensiomas nonoxenne YI'B B MOMeHT [, HaXOIMTCs KaK peIIeHHe

¥PacBOM 3a1a4u Ul YPaBHEHUS TEIUIONPOBOIHOCTH HA nonynpxuoﬁ x>0

ou o°u

=gi— O<x<co 0<r<t,
ot ot’
u|r=0; PL g{/(l‘), u[x—H@o: 0

Jw(r)exp{ x /4a22(t0#~r)}d

u(x’ tO ) a5 (Z T)JJQ

(10)

4 \/_

Mowesr [,  Haxommres W3 ycnosus Y/ (IO) =Y, = h@ —h,.  3amernm, uTo B

SIEINEOUIHX PACCYKISHUSX qa(x) mobas GyHKIUS, yOBIeTBOpsIONIas ycuosusm (9).

O0beKT 1 MeToAbI HeCIeJOBaHHA

UlpmvennM  BHIOM3MEHEHHBIH METOJl KBasHCTAallHOHapHOro npubmkeHns JleliGensona.
> METO/1a 3aKTIOYAETCS B TOM, 9TO ITOJBEDKHAS MPaHULA «3aMOpaKMBACTCA», T.€. [10J1araeTCs

)=1(S‘) = CONnSt wu pemaerca OObIUHAS 3ajaya CONPSUKEHUS € BEPTUKAIBHONW TI'paHHIEH
ssa x = /(5). 3arem, noncrasmss Bvecro /(S) dymkmiro /(#) w momesyscs ycnorem Ha

e x = /(1) nonyuator ypasrenue ns onpenenerus X = /(). .
Mm=x.  nosoras Z(I) =l(S)i 0 paccmoTpuM credylomyro IBYXCIOHHYHO 3anauy Ha

ot X > (), pemenue xoropoit 3aBucut ot /() :

(s) e (S}
a; —a (x)a ~E () e\ fx:ix=1(s) an
t 0
e —w(r); u| ., = o), u?| ., =0, (12)
: = Oy ~ O
u x=I(s) — 0, hl '_a';" x=I(s)-0" h, ? x=I(s)+0 * (13)

£ = a onpenensiercs (7), (8) ¢ yaerom [ (l‘ )= Z (.S'); ®, Y nu f obJiafaeT NpUBEACHHBIMH

i :f x"a+0wf}x—a 0°*

B8 pabore [2] ¢ TIOMOIIBIO  HHTETPATBHOTO npeobpazoBanus Jlamtaca-Kapcona nocrpoeHa
% I'para ,ZI,B)'XC.TIOPIHOH TepBOil KpaeBoil 3ajayd Ha moiynpsMoi X > 0 s ypasuenus

csodcTsamu (9), cﬁMson O3HaA4Yaer, 4To f(x)

11
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TCIUIONPOBOAHOCTH € KyCOYHO-MOCTOSHHEM Ko3bdumentom B ciayuae / ) =1
Z(S) # 1, Z(S) > 0 ona umeer pux:

. B cnyuae

(8, (x,1,E,7,1(s)), 0<x,& <i(s),

:J &, (x,t,g”,‘r,l(s)), 0< § < [(S) <X <00,
8g(x,1,&,7,1(s)) & (x%,1,£,7,1(s)), 0<x,<I(s)<& <o,
| 84 (xsta 55 T,Z(S)), I(S) = x,f < 0,

e g;(x,1,£,7,1(s)), i= 1,2,3,4 smrmores cymmavm CXOZSIIAXCS PSIOB.
OtMern™, 4ro u3-3a FPOMO3JIKOCTH BBIpasKEHHSI ,1131";[ &g; (x, L (,E 4 ,‘i (S)) S9TH BBIPAXKECHHUS
3[1€Ch HE [IPUBEHEHEL.

Honesysace unrerpansuemn NpeacTasaeHueM [3] pemenue 3agaun (11), (12), (13) merpynno
TIOJIyIUTh B BUIE PENIEHUS CIIEAYIONIEro UHTETPaIbHOTO YPaBHEHUS:

U (x,t) = AU + B(x,t;1(s)). (13)
3jtech

t I(s)
A%y = - dr I g(x,t,&,7,1(s)) f(u'® =P E
H Iy 0
Bl ) = [ goh &t )o@ +a [ 28 BRIy e

llpuruvaem 3a npuGmokennoe pemenue 3amaun G)r6) dynxwmm u(x,t) u I(r)
OTPENCIICMBIE KaK PEIICHHAE CCMYIOMIEH CHCTEMBT BYHKIHOHATBHEX ypaBHEHHi :

u(x,t) = Au+ B(x,t;1(1)),
Wo =[4du+ B(x,t;1(1))]

(14)

x=I(1)"*

3nech

Au+ B(x,t;1(1)) [ ADu® % B(x,t;1(s))]

I(s)=I(1)*

PesyneTatsl unciennoro PelIcHus 3anad Tuna CredaHa HesHaunTeNbHO OTIMYaeTCs OT
TOSHOTO PEIICHHS, NOJNYYEHHOTO B KBA3UCTAMOHAPHOM NpubmiKeHnH JlelOeH30Ha 1718 T0CTATOYHO

MAIBIX 3HaueHHE Bpemenm [1]. Opmmaxo BOIIPOC 00 OLEHKE MOrpemrHocTH METOJla OCTaeTcs
lepulm- =

Cacremy (14) 3anumew B Buze MATpHIHOIO OIEPATOPHOIO YPABHEHHUS:

,__.
12

[ = B s |
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O
1) \B@D)- 0 S

P(u,l)=u— Au— B(x, t;l(.r)“)‘,
P(u.1) =y, ~[Au+ B 10|

x=I(t)*
: u
Cuuraem, 49r0 oGnactamMum jeHcTBHS M 3HAYCHHH oreparopa P ABIIACTCA

®
cootseTctBenHo npocrparctea C u C, rre

L. =C1C

C1 ok {u(x,f) ‘ue C[O,f]x[foﬂ}’

C, ={1(t): 1(t) = m(t)(t — 1,)"***, m(t) € Ciip 112<ai<1},
b =max/(z) = I(T). |

Ly<t=T

ITox 3Haxom + moHMmaeTcs npsvoe npousseeHue .

=
Onpenenernue Hopmsr B mpoctpancrsax C Cln Cz:

ull, =max|uCe0)f; 1)), = max|(-1,)"1(2)

) 0

IIpumenum x ypaBreHuio (15) Meton Huiorona-KanToposuya [3].
B navane pacemorpum cayuait 0 < x < / (1).
[Tonoxnm

.
2

=A@ +|A6@D],

&

=l +

WOs2alt-—ty - 1/ 2<pci
u,(x,t) = B(x,1;1,()).

Torna nepsoe npuGmxenue nponecca HbioTona HAXODHTCS PelIEHAEM CIEAYIOMEr0 MaTPHUNOLO
ypaBHeHHs oTHOCHTenbHO nonpasok  Au(x,1) = u,(x,t)— w(xt) s nl= L(t)- [,(1):

Pl'u_f(uo:lo)Au H Pu, (uy,1,)A! o ["Pl(uoszo)J

| el (16)
B (ool ) Au+ By (uy 1Al ) \—Fatsly)

13
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r ! s
3nech R“ ,1‘::1 (I = 1,2) — Hpou3BoxHbie Ppemre [3].
IprctymmM k monysenuio onernox JUIS HOPM

=
U
il Pt 8 L e PY $ ;
£ A /

KOTOPEIC y9aCTBYIOT B HEpaBeHCTBe, oBecneuuBalomem cXo0qUMOCTE npouecca Herortona.
- Io onpenenennro Hopme:

U,

¥

U, ) '
P J =Ir}gx]ﬁ(uo,lo)[+m:':1.x,Pz(u0,_lo)[.

¥

B cuny mpeanmonoxenmit o FIaIKOCTAX  QyHKIHM (D, W n f, I0CJIe  HEKOTOPBIX
IpeoOpa3soBaHmii clraraemMeIx j1eBoif qacty (15) momyunm

u 5
P 1" <Sn=M,(t-1,)%, 1/2<a<], (17)

0
rae M p — HONOXKHUTEIbHasA IIOCTOSTHHAA, 3aBHCAINAA OT NaHHBIX 3aaavu,

Ecma b1 moxaxewm, uro MaTtputHoe ypasHeHue (16) paspemmmo, To stoT Gakr Gymer
IKBUBAICHTCH CYLIECTBOBAHMIO H OrPAaHMYEHHOCTH 110 HOpMe 0bpaTHoro omeparopa

-1
Uy
y

Pemenne marpuunoro YpaBHeHHA (16) paBHOCHIBHO CHCTeMe JTHHEHHBIX HUHTETpanbHBIX
YpaBHeHu# BonbTeppa BToporo posa, KOTOpas paspemuMa npu 3HadeHusX f, D0CTATOYHO OH3KHX

Pf

x .

Bomonnss onpenenenmsre BBIYHCICHHS JIOKA3bIBAETCS , YTO onepatopHoe ypasHeHue (15)
u) fa,

HMEET €IMHCTBEHHOE B NIape
1+,/1-2
— Shee, K= hU
RF L hy

yp

u - a
Pemrenne L 2 rmae hg; ?70 — IIOCTOAHHEIE, CBI3aHHBIE C J@HHBIMH 3aJ1a4H.
l!

3ameuanme. Pemenne samaun (3)-(6) B obnactu / (t ) <X <00 SBHO BBITHCHIBAETCS ¢
noMome  Qynkunu [puna s YKa3aHHOH 00MAaCTH, €CIIM TONBKO H3BECTHO PELICHHEe YKa3aHHO
sazam B odmactn 0 < x < /(¢).

Pesyabrarsi u ux odcyxaenue
Bauzesen u ucenenosan xiace 38781 ¢ HCH3BECTHOH IpaHuIel, OTIHYAIOMHUX OT H3BECTHBIX
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Semastartel  JaHHOM  paGoTHI  MOTYT OBITh  HCIONB30BaHbl  CHEHHATHCTAMH  HAayJHO-
SMBETEABCKHX M [IPOSKTHBIX HMHCTUTYTOB, BeAyHIMX TEOPUTHYECKME U  MPOEKTHO-
PeasEsie paboThl MO TPETOTBPAIICHHMIO 3aCONCHHS W 3a00TaunBaHUA a TakKe ITOATOTUICHHS
% paiioHe T'HJIPOTEXHUYECKUX coopyxceﬂnﬁ (KpynHble KaHATbI, BOIOXPAHUIININA U T.I1.).
- 3aKka4eHne
& Speseses W npUMEHEH cr0co6 pasnem,ﬂon TMHEApH3all|H, JaroIIKi 3HAUNTECIBHO MEHBILYIO
. SCTS 110 CPaBHEHMIO OOBIYHOM CIIOCOOOM JIMHEAPU3aIHH.
 "Smesa sanaga ¢ HEW3BECTHOM IpaHMUEH, OTIMYAroascs OT W3BecTHOM 3amaun Credana,
' SuEcEIBaeT mpouece (MIbTpanWEt BOIM3M HOBBIX KaHATOB H BOJOXPAHHIHIL C YYETOM
Ulpu sroM paspaGoTaHHas MeTOJMKA MOXET OBITH NMPHUMEHEHa K PELICHUIO HO,HOGHHX
DEMATHYECKOH QU3MKH.
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% This article has developed a numerical model of a therl_noelastic process in the form
supied boundary value problem. Investigation of the equilibrium of solids subjected to
s loads is one of the urgent problems of modern science. Finite-difference relations
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