BICHUK JIbBIB. YH-TY VISNYK LVIV UNIV.
Cepisn mex.-mam. 2007. Bun.67. C.84-103 Ser. Mech.-Math. 2007. Vol.67. P.84-103

VIK 517.95

OBEPHEHA 3AJAYA JJId CNJIBHO BUPO/I2KEHOT'O
ITAPABOJITYHOI'O PIBHAHH4 B OBJIACTI 3 BIJIbHVIMUA
ME2KAMMUN

Hania TPUHIIIB

JIveiscovrutl naytonasvrul yrwieepcumem tment learna Pparka,
79000, JIveis, eys. Ynisepcumemcora, I

B obsracti 3 BimbHEHME MeXaM# OCTILIKEHO OODepHEHY 3aJady BU3HAYEHHS
cTapuroro KoedilieHTa B CHJIBHO BHPOIXKEHOMY IIOBHOMY HapabOIidHOMY DiBHSIHEHI.
Busnadeno ymMoBHU iCHYBaHHS Ta €IMHOCTI K/IACHYIHOTO PO3B’A3KY TIi€l 3a1ati.

Karouo6i crosa: obepHeHa 3a/1a4a, CUIbHE CTEIIEHEBE BUPO/I2KEHHS, BIJIbHI MeXKi,
napabostidHe piBHAHHS.

Bamada, Ky OOCTIIKYEMO, TOETHYE KOeMdillieHTHY ODepHeHy 3aady 3 BUPOIKEH-
HAM Ta 3aJa9y 3 BIAbHUMU MexKaMu. KoXKeH 3 IuX THMIB 337249 JOCTIIZKYBAJJIN PAHIIIe.
B [1, 2] B obuiacti 3 BigoMuMu MexkaMu BuB4asu 0OepHEHI 3a/1a41 BU3HAYEHHSI CTAPILOIO
KoedinienTa B MOBHOMY MMapabOIidHOMY PiBHAHHI B BHIIQIKaX CJAAOKOTO i CHJIBHOIO CTe-
meHeBoro Bupomkenus. [loaiony obepreny 3amaqy 6e3 BUPOIKEHHS B 00JIACTi 3 BUIbHUMEA
MeXaMu po3risggaiy B [3]. Bunmagok ciabkoro BUpOIzKeHHs Jyist TapabosiaHOro piBHsH-
Hs B 06acTi 3 BiTbHOIO MeXero aociimxkeHo B [4]. Mera Hamoi mpali — 3a JOIOMOro0
teopemu [llaynepa BU3HAYUTH yMOBH iCHYBAHHS KJIACHIHOTO PO3B 3Ky OOEPHEHOI 33,19~
i BU3HAYEHHS KOoedilieHTa Mpu CTapimii moxiguiit y moBHOMY HapabOiIHOMY PiBHAHHI
3 CUJIbHUM CTEIIEHEBUM BHUPOJKEHH:M B 00sacTi 3 BlabHuMU Mexkamu. JloBejileHHd €1u-
HOCTi pO3B’si3Ky 3raIaHol 3a4a4i I'PYHTYETHCS HA OIIHKAX PO3B’s3KY MEIKOrO PiBHSHHS,
0 MiCTUTH HeBimoMmi DyHKIII.

1. ®opmysroBaHHs 3aa4di Ta OCHOBHI pesysubraru. B obnacri Qr = {(z,1) :
hi(t) < & < ha(t), 0 < t < T}, ne ¢ = hi(t) ra © = ho(t) — nesinomi dynkuii,
pO3rIanaeThCa 00epHeHa 3aa4a Bu3Hadenua koedinienra a(t) > 0,¢ € [0,T] B piBuanui

we = (Ot + b, ug + (o, i+ fo,t), (1) € Qr (1)
3 IIOY9aTKOBOIO yMOBOIO

(2,0 = (@), Mi(0) < @ < ha(0) (2)
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Ta KPAOBUMHU yMOBaMUA

(b (t),8) = ma(t), ulha(t),t) = palt),  0<t<T, (3)

ne h1(0) = hio ta 8 > 1 — 3azani aucia. g BusHadeHHs HeBioMOro koedirjienra ta
dyHuKIi, gxi 337a00Th MeXi 00J/1acTi, 33/1a10Th A0JATKOBI TaK 3BaHI yMOBHU NEpEBU3HA-
9eHHSI BUTJISIILY

a(t)tPuy (hy(t),t) = us(t), 0<t<T, (4)
h2(t)
u(z, t)dr = pa(t), 0<t<T, (5)
ha(t)
h2 ()
zu(z, t)de = us(t), 0<tT. (6)
ha ()
Baminoroo 3MiHHEX Yy = #ﬁ)@), t = t 3amaga (1)-(6) 3BoamTHCH 110 OOEpHEHOT

crocoBHO HeBimomux (a(t), hi(t), hs(t) = ha(t) — h1(t),v(y,t) = u(yhs(t) + hi(t),t)) B
obacti 31 cramumu mexxamu Qr = {(y,t): 0<y<1,0<t <T}:

a(t)t? - blyha(t) + ha(0),0) + ki () + yhs(?)

vy = D) Vyy T vy + c(yhs(t) + ha(t), t)v+
+f(yhs(t) + ha (1), 1), (y,t) € Qr, (7)
v(y,0) = ¢(yhs(0) + hio),  0<y< 1L, (8)
v(0,t) = pa(t), v(1,t) = p2(t),  0<E<T, 9)
W 0.0 = (), 0<ELT (10)
ha(t) ’ ’
1
/Uy, Vdy = pa(t), 0<tT. (11)
0
1
hy(t)pa(t) + h3(t /yv t)dy = us(t), 0<t<T. (12)
0

Teopema 1. IIpunycmumo, o 6UKOHYIOMBCA YMOSU:

1) p € Cl[hlo,—FOO), (p(:l?) = @9 > 0,2 € [h10,+00), i € Cl[O,T],i = 1,2,4,5,
/Li(t) > 0,1t € [O,T],i =1,2.4, b,f S CQ’O([hlo,-i-OO) X [O,T]), c € Cl’o([hlo,—FOO) X
x[0,T)), f(z,t) =0, c(x,t) <0, (x,t) € [h1g,+00) X [0,T7];

2) ps € C0,T], us(t) > 0,t € (0, T], ma ichye CKiHYeHNa 2ParuLs tliquo us(t )t’M =

= A > 0. =) > 0.0 € DT [p(H)] < AT (0] < st
€ [0,7), [ba, )] < Ast T, [by(w, 1)] < AT, [bya(e, )] < Ast"T 7, [e(a, )] <
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< At eala, t)] < Art™T ) |f (2, 8)] < Ast™= Y, | fula,t)] < Agt T 7, (2,1) €
€ [h1g, +00) x [0,T], de A;, i = 0,9 — deawi dodamni cmani, v > 0 — dosinvne dixcosare
YUCAO;

3) ¢(h1o) = p1(0), ©(h2(0)) = p2(0).

Todi mootcna 3a3navumu make wucao Ty, 0 < Ty < T, akxe susnavaemves 6uTidHu-
My danumu, wo po3e’ssox (a,hy, hs,v) € C[0,To] x (C10,Ty))* x C*HQz,) N (Qr,),
vy(0,t) € C(0,Tp], a(t) >0, hs(t) > 0, t € [0,To] 3adaui (7)-(12) icnye i cdurud.

2. 3segennd 3agadi (7)-(12) mo cucremu piBHsIHB. BH3HAYNMO MOYATKOBE
sravenns GyHKUii ¢ = ho(t), axa 3amae HeBimomy mexy obmacri. 3rimHo 3 ymoBaME
(2), (5) ra upunyenHsMu Teopemu icuye eaune uuciao ho(0) > hyg, sike € po3B’a3KOM
PiBHSHHS

h2(0)

/ o(z)dx = pa(0).
h1io

Tomy mamasi pizuuiio hsg = ha(0) — hip BBasKaTUMEMO BiJIOMOIO.
Ho posp’sasky 3aunaui (7)-(9) 3acrocyemo upuniun Makcumymy [5, c¢. 25]. Orpumaemo
ouinky 3uu3y dyukuil v(y,t)

v(y,t) = My >0, (y,t) € Qr, (13)

Je craia My 3a1exKuTh Bl BUXiAHUX JaHUX 33/a4i. SHallieHa OLHKA J1a€ 3MOI'y OLiHUTH
dbyukuii hs(t), hi(t), BpaxoByouu piBuganus (11), (12)

1

hs(t) < i I[El%(uél(t) =H, <o, t€][0,T], (14)
s (1) palt)  _
[hi(t)] < ) + =H,, tel0,T]. (15)

}v(y7t)dy
0

BukopucroByioun 3HOBY IPUHIMII MaKCUMyMy mjis po3s’sa3ky 3azgadi (7)-(9), onep-
KYEMO

v(y,t) < My < +o00, (y,t) € Qr (16)
i 3rigno 3 (11)
1
hs(t) > — mi t)=Hy >0, telo,T). 17
3(t) YA [r(g{lifr}u4() 0> €[0,7] (17)

IMosuaunmo q(t) = :2(—8), p(t) = hi(t), r(t) = h5(t), w(y,t) = vy(y,t). Ipuoycrus-
3

!/
1
A TUMYAcoBO, 1m0 GyHKIHT a(t), hi(t), hs(t) — Bigomi, mpamy 3azaqy (7)-(9) 3amianmo
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€KBIBAJIGHTHOIO CHCTEMOIO 1HTEerpaJbHUX PIBHAHD

v(y, ) = vy y’ //Gl y7t’n7 ( (nh3(7—) + hl(T)’T) +p(T) + nr(T)u}(T],T)-i—

hs(T)
T elnha(r) + ha(r), uln, ﬂ) dndr, (1) € O, (18)
w(y,t) = oy (3 //Gly gt (b(nhs(r) + h1(;)?:(7;))+p(7) + W(T)w(n,TH
Felnhs(r) + by (), 7)ol ﬂ) dndr, (.)€ Qr, (19)

ne gepe3 Gi(y,t,m,7), k = 1,2 nosuaueno dynkuil I'pina k-i kpaiioBoi 3ama4i oy pis-
HSIHHS

vy = q(1)tPvyy + flyhs(t) + ha(t),t). (20)
Ix Busmauaors hopmymow0

- 1 N2 (o (= +2n0)?
Gt = o gy 2= (2w o ) *

n=—oo

ne 0(t fo )77 dr. Poss’sa30k pismanna (20) 3 ymoamu (8), (9) nosHaueno depes
vo(y, t) i Bin mMae BurIAL

1
Uo(yat) = /Gl(yatanao) Sp(nh30 + th dn+/G17] yat 017-) Tﬁq(T):u’l(T) dr —
0
t 1
/ Gy, t,1,7) rydr + / / Gi(y,t,0,7) f(nhs(r) + hy(r),7)dndr.  (21)
0 0

ITpomudepenniooemo pisaictb (21) mo y. Buxkopucrosyouu saactusocti ¢yukuii ['pina
G1y = —Gayy, Gor = —7Pq(7)Gayy,; Ta inTerpyioun yacTHHAME, 3HAXOIUMO

wo(y,t) = h3o/Gz(y, t,1,0)¢ (nhso + hio)dn +/Gz(y, t,0,7)(f(hi(7),7) — py (7)) dr+
0
+ / Galy, £, 1,7)(1h(7) — F(hs(r) + ha(7), 7)) dr+

t 1
4 / / Gy, t,1,7) ha(7) o (nha(7) + ha (), 7) diy . (22)
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3 ymos (10)-(12) orpumyemo

hs(l)’ t €[0,T], (23)
hs(t) = 1“& te0,7], (24)
Jo(y, t)dy
0
1
b ()ua(t) = pus(t) — B2(2) / yo(y, O)dy, t < [0,T]. (25)
0

ITpomudepenniooemo pisuocri (11), (12). Bpaxosytouu pisusuus (7), ymosu (8), (9) Ta
BUKODPUCTOBYIOUH IHTErpyBaHHs YaCTHHAMH, OJEPIKYEMO

p(ym(t) = 50 (hl 0, 1) b (0), Oy (1) — Ra()g(0)0° ((0,) + pua (1)

hs(t) hs(t)
1 1
—p2(t)) + /b(yhs(t) + ha(t), t)o(y, t)dy — hs(t) /(1 = ) ((ba(yha(t) + ha(t),t)—
0 0
—C(yh3(t) + hl(t)a t))’l}(y, t) - f(yh?»(t) + hl(t)a t))dy7 te [07 T]’ (26)

p(®)(p2(t) = pa(t)) + r(t)pa(t) = Mﬁ;( ) = ha(t)a()t (W (1, 1) — w(0,)) + b(ha (1), t)pr ()~
—b(h3(t) + ha(t), t)ua(t) + ha(t / 2(Yhs(t) + hai(t), 1) — c(yhs(t) + ha(t), 1))o(y, t)—
0

—f(yhs(t) + ha(t), 1))y, t €0, T]. (27)

Orxe, 3amauy (7)-(12) 3Begeno 10 cucremu pisugnb (18); (19), (23)-(2 ) Bamaua (7)-
(12) ra 3rajgana cucremMa eKBiBajleHTHI B TakoMy ceHci: skimo (a(t), hi(t), hs(t), v(y,t)) €
possmskon savtai (7)-(12), 10 g(t) = 245, ha (8), halt), p(t) = K4 (0), (1) = H5(0), 0(y.0),
w(y,t) = vy(y,t)) — menepepsuuii poss’szox cucremu (18), (19), (23)-(27), i nasnaxu,
axio (q(t), ha(t), hs(t), p(t),r(t),v(y, t),w(y,t)) — HenepepBHuii po3s’a30K cucremu (18),
(19), (23)-(27), r0 a € C[0,T), h1, hs € CH[0,T],v € C*H(Qr)NC(Q7), v, (0,t) € C(0,T]
€ po3s’a3koM 3azmad4i (7)-(12).

Cupasai, mexait (q(t), hi(t), hs(t),p(t),r(t),v(y,t),w(y,t)) — nenepepsHuil po3s’a30K
cucremu pisuaub (18), (19), (23)-(27). Ilpunyumenns reopemu n1aiorh 3mory npojaudepen-
uiroBaru pisaicTs (18) o y. IlopiBHiouy npasi YacTuHu OTpUMaHOl PiBHOCTI 1 piBHOCTI
(19), omepxyemo w(y,t) = vy(y,t), (y,t) € Qr. Kpim Toro, v,(0,-) € C(0,T]. Higcras-
ngroun B (18) samicrs w(y,t) dynkuio v, (y,t), Marumenmo, mo v € C*H(Qr) N C(Qr),
3a/10BOJIbHSE PIBHAHHSA

blyhs(t) + ha(t),t) +p(t) +yr(?)
hs(t)

ve = q(t)t vy, + vy + clyhs(t) + ha(t), t)v +

+f(yhs(t) + ha(t),8)  (28)
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Ta, ymoBH (8), (9).
ITpouudepenuioemo pisnocri (24), (25), Bukopucrosyiouu piBHsiHH# (28) ra yMOBU

(8), (9)

1
Pi@®palt) o, ((1alt) palt) palt)
B g0 (2 - 2 / oty ) +960) (a0~ 1451 ) i) (3 -

1
B0 (0
- / oty 0y ) = B — ) (1) — a1, 000 — Py 0.0+

1 1

+pa(t) = pa(t)) +/ b(yhs(t) + ha (1), t)o(y, t)dy — hs(t)/(l =) ((ba(yhs(t) + ha(t).1)—
0 0

—c(yhs(t) + ha(t), ))vo(y, t) — f(yhs(t) + M (t),1)), ¢t €[0T, (29)

B p(0)ra) = () 4 70) ( alt) = 203 )= 48) = halt)a(0” (1,0~

—w(0,1)) + b(ha(t), ) pa (t) — b(hs(t) + ha(t), t)pa(t) + hs(t) /((bm(yhB‘(t) + ha(t), 1) —
0
—c(yhs(t) + ha(t),1))o(y, t) — f(yha(t) + hu(t),8))dy, t €0, T). (30)

3BizcH, BpaxoByOUH NPHITYIEHH TeOPEMH, POONMO BECHOBOK, 110 h1, hz € C1[0, T]. Bia-
nimemo Bix (30) piBnicrs (27). Bpaxosytouun, mo w(y,t) = vy(y,t), orpumyemo

M (t) ’ _
@ T ) =0,

3BIIKM, BUKOPUCTOBYOUM yMOBH Teopemu, Maemo 1 (t) = h4(t). Bigaasum Tenep sim (29)
pieicTs (26), 3Haxoaumo p(t) = kY (t). Higcrasasioun B (28) 3amicts 7(t), p(t) 3naiineni

3HAYEHHs, a 3amicTb ¢(t) — apib ;2(—8), upuxoaumo 10 pisusuusg (7). Iicasg uporo ymosu
3

(23)-(25) exsiBasienrsi Binnosinno (10)-(12), wo i 3aBepiiye 10BeAEHH eKBIBAJIEHTHOCT.

3. HdoBenenns icHyBaHHsI po3B’sa3ky 3amadi (7)-(12). Hoseuemo, wmio icuye
po3B’a30k cucremu piBasanb (18), (19), (23)-(27). Jasa mporo BEKOPHCTAEMO TeOpeMy
[MTayaepa npo HEpyXOMy TOYKY IIJIKOM HEIEPEPBHOIO OMEpaTopa. JHaiaeMo anpiophi
OIIHKY PO3B’A3KiB cucreMu. 3 ekBiBasieHTHOCTI 3aaa4i (7)-(12) Ta cucremu pisasHb (18),
(19), (23)-(27) Bunamsae, mo miasa GyHKIH hy(t), ha(t), v(y,t) npaBuabhi oninku (13)-
(17). Tomy sammurmioch orinuTr GyHKIGT p(t), r(t), ¢(t), w(y,t). Busnaunmo moBemiHKy
dbyuxnii w(y,t) npu t — 40. losraanmo W (t) = max |w(y,t)|, hamin(t) = min hs(7),

y€0,1] o<t

h3maz () = org?i(t hs(T), qmin(t) = Ogligtq(T)’ Gmaz(t) = Org}gtq(ﬂ. Bpaxosytoun pis-

HIiCTH

1
/Gz(y, t,n,T)dn =1, (31)
0
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0JIePXKYEMO, 1110 Hepiiuii i yerBepTuil inrerpanu 3 (22) obMexeHi crajuMu, ki 3aexKaTh
Bl Buxiguux naxux 3aga4i (7)-(12)

1 1t

] [ Gatuton. 0 o) dn] o, ] [ [ sttty vy, ninar| < o (32
0 0 0

Jtst OmMiHKY ABOX IHIMKMX JOMAHKIB BUKOPUCTAEMO TaKy OmiHKY (yHkiiii ['pina

Cy

Ga(y,t,n,7) < O3 + ———mvs. 33
2(y,1,7,7) < Cs ORI (33)
Orpumaemo
t
| woly,t) | < C +c/ a7 (34)
w 5 X ————————N
oY 5 60 ﬁ(t)—@(r)
BpaxoByroun HepiBHICTH
/ C
Gy, t,n,7) |dn < ———— 35
0/| bl )l < s (35)
Ta PUILYIIEHHA TeopeMu, 3 piBHsHHs (19) 3HAX0AUMO
wit) < G +C/ +C/
t
T 4 | p(@)] + ()]
+C/ W(r)dr, ,t) € Qr. 36
: e (Mdr, @ EQr.  (36)

0

®yukuii p(t),r(t) ouinumo, BukopucroByouu (26), (27). BpaxoByoun yMoBu Teopemu,
MaEMO

01015‘32;1+7 + Cu1g(t)t? + Craqt)tPW (t), te (0,1, (37)
C’lBt T 4 Craq(t)t? + Crisq()t°W (t), te€[0,T). (38)

[p(t) |
(@)

Posrasgaemo inTerpast

NN

Cy

/ dr < 016 / dr <
J VO —0(r) ~ \/Gmin(t) J N R N

[Mincrasasoan (37)—(39) v (36), oneprumo

t 5
Clg C19t7 020 TTJF’YW(T)
W(it) < Cs+ — + / ——dr +
’ t% \/Qmm \/qmm t% V Qmin (t) o t—7
t t
B t BI1 2
Czlqmaz / T W gZQQmam( ) / "W (T) dT, (40)
t2 \/Qmm ] \/t—T ti\/qmin(t) ) \/t_T
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Coas
7

Haa roro, mo6 ouinuru ¢(t) 3Bepxy, ominumo w(0,t) 3uau3y, spaxosyoun (19), (22).
Ockinbku G2(0,t,1,7) < Caq, To, Bpaxosyioun (32), (35), 3HaX01UMO

3BijKM POGMMO BUCHOBOK, 10 w(y,t) HOBOAUTE cebe K mpu t — +0.

t p 5+
w(0.0)> [ 60,01 n(7).7) = ()7 — Cos = Cao [ N ookl
0 0
oy [T OOl g e 0.1, (41)

Vo(t) —6(7)
OninrMo nepruit iHTErpasT 3 OCTAHHBOI HEPIBHOCTI, BUKOPUCTOBYOYH 300paKeHHs

dyukmii I'pina

t

/GZ(Ov 2 Ov T)(f(hl (T)v T) - /L/l

0

(7) dr+

1 [ F(a(n),7) — i
T))dr = —
7 ﬁo/ Vo) —o(r)

2 @) i@ S (w1 [ () - ()
+\/7?0/ Vo) —0(r) ,; p< H(t)—9(7)>d>\/?0/ VO(t) —0(T) o

Buxkopucrosywun mepisrocti (37), (38) Ta noseninky dbyukuii w(y,t) npu ¢ — +0, pobu-
MO BUCHOBOK, 1110 0cOBimBOCTL 1BOX iHmmX inrerpasis 3 (41) € MeHuuMu 3a ocobiusicTb
mepinoro. Tomy s moBibHOTO dikcoBanoro r: 0 < r < 1 icHye Take 4ucyo t1:

0<t; <T, mo

a1, .
T T2 T+ p@)+ ()

o) — 0(r)

W(r)dr <
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[Mincrasusmmm (42) B (23), omepRumMo

at) < _ta(l) —— <
0 LR
< Vs(t) qmaw(t) Ctel0h] (43)
(1= 7)VT+ B tPhamin(t) /f H ) dr
BBeAeMO HO3HAMeH s
K(t) = Vi (1) . (44)
VITB / K H ) 4

3rizno 3 ymoBamu teopemu K (t) Henepepsra ta mogaria Ha (0,7]. Bukopucrosyroun
TEOPEMY IIPO CEPEJIHE Ta 3aMiHy 3MIHHUX z = T/t, I0BEJEMO iCHyBaHHS IPAHUII

Vps(t)

lim K(t) = lim =
t——+0 t—40 ¢ dT
3 NN _ N -
V14 BtA(f(hi(t),t) H1(t))/ Nt gpse)
0
T Ao > 0,

1+ B (f(h10,0) — p1(0) Iy

1
dz

aete0,T), [ = /7
V1= zB+1
, z

Bpaxosytouu (44), 3 (43) marumemo

K(t) K2 (t)
t < max t 9 a60 max t < $, 45
1) S T gty ¥ et 200 e S Ty e )
ne Kz (t) = OrgggtK (7). OcraTodHo OTPUMYEMO
Kaa(T)
t) < By, By = ma . teot). 4
q(t) < B1, ne B EnEEawa [0, 2] (46)

Ouinnmo w(0,t) 3Bepxy. 3rinHo 3 (19), (22) maemo

t

w(0,t) < / \/7 dr+ 90/16\/57

0

T+
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[P 4 ()] + (o)
9t — 6(r)

IMincraBumo ocrannio Hepisaicrs B (23). Bukopucrosyoun (37)-(38), (46), ogepkumo

+030
0

W(r)dr.

t 4
K (t)\/qmin(t) -1 ST B-1 T2 YW (T) B—1
q(t) > W C31t 27 +1+C3t 27 77 4+Cs3t 2 7Wd7+c34f 2 X
0

AW (7) 1 W2 (r) T KV min()
T T s T T min
dr + Csst 2 d > ) 4
| T Tt T | e T) (1 + 7)h3maz (t) (47)
0 0
t € [0,t2], me umcao tg : 0 < to < T Take, MO NPABUIbHA HEPIBHICTH
B-1 81 B-1 / T%+’YW(T) 81 W (r)
Cs1t7 27 + ngtT-i_’y + Cs3t 2 dr + O3yt 2 dr+

VBT _ 7B+ VBT _ A+
0 0

W2 (T)
B+ — B+
0

+C35t% dr < C31L‘% + Cs2tﬁ2;l+7 + Cs6t” + C37t% + Csst <y

opu t € [0,t2]. Toxni

doin®) > ey 0 a()> Bo. te(0.b) (48)
3max

K2 (T
5 Kin(t) = min, K(r), By = —znlD) ¢

0<T<t (1 +7)2h3 00 (T)
Bpaxosyiouu (46), (48), 3 (40) 3naxoaumMo

t
Bir/2
dT—|— 042 W (T)

———=dr. (49
Vt—T +5 Vt—T 7. (49)
0

2

t
S+ B
W(t) < Cs+ % +Cuot" + Cf,l / u )W)

Homuoxkumo obuasi gacrunu Hepisuocri (49) Ha t“=" i npuitvemo Wy (t) = W(t)t%.

Orpumaemo

t t

B+1

-1 1 [ (T T2 )WA(T) _l/TWf(T)
Wi(t) = Cyst 2 C. Cyst™ 2 d Cypt™ 2 dr. (50
1() 43 + Caq + COys / \/t——T T+ Cae \/t——T T ( )
0 0

Hexaii v < 1. Toami 3 (50) maTumemo

AUAGESI
t—T1

Wi(t) = Cur + Cust ™2

3

o—_ .
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abo, nosuaumsim Wa(t) = Wi(t) + 1

Wa(t) <

/t (51)
0

[Minnecemo obuasi wacruum (51) 1m0 KBajpara, BUKOpUCTOBYIOuu HepiBaocti Ko Ta
Komi — Byrakoscbkoro

%\Q

t
W3(t) < 205 +2C5t7> /
0

B ocranuiit HepiBrOCTI 3MiHUMO t HaA 0 i, JOMHOXKHUBIIHA HA, i [IPOiHTErpy€eMo ii 1o o

Big 0 no t
t t

< 050\/24-051157_‘_%/T7_1W24(7')d7'.
0 0

BuxkopucroByroun ocranHio HepiBuicTb B (51), omepxKuMo

t
Wi (T)
Wa(t) < Csz + Css Tff(v d (52)
0
[Tosragumo
4
x(t) = Csa + Cs3 / f ) dr. (53)

Toxi 3 (52) orpumaemo Wa(t) < x(t). Ipomudepentiopasmu (53) i BUKOpHCTABIIN
OCTAHHIO HEPIBHICTh, 3HAXOIUMO

4
X'(t) < A X (t),
3BLIKN
Cs2 /Y
Y. v — 305?2 CistY
Bubupaiouu uucio t3,0 < t3 < T rtak, mob v — 3C5,Cs3ty > 0, marumemo x(t) < Ms,
abo Wa(t) < Ms, t € [0,¢3]. ¥ Bunmaaky v > 1 mepisuicts (50) 3BOAUTHCS IO BUIVILY

t
W3(T)
Wa(t) < Csy + 055/ 22 dr
—
) Vi—T1

3BijIKHM, 3aCTOCOBYIOUM Ti caMi MipKyBamHHs, 0 # 1npu po3s’s3anui (51), 3HaxOmMMO
Wa(t) < My, t € [0,t4], ne aucio t4,0 < t4 < T Busnauaerbcs crajumu Chy, Css.
Orxe,

x(t) <

lw(y.1)] < jﬂ (4.1) € [0.1] % (0,85]. (54)
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ne Ms = max{Ms, My}, t5 = min{ts,t4}. Migcrasasioan (46), (54) B (37), (38), omep-
KUMO
PO < Mat™= 7, [r(D)] < Mzt ™=+, 1 € [0,85]. (55)
3ayBazkuMo, 1o 3rinHo 3 (42) 1 (48)
M,
w(0,t) > =, tE(0,13). (56)
t7=

Orxke, 3Haiieno anpiopsi oninku po3s’a3kis cucremu (18), (19), (23)-(27). Beenemo HoBy

dyukio O(y,t) = w(y,t)t% i momamo cucremy (18), (19), (23)-(27) y Buraszi

o(5,t) = (.1 //@yim (wma+mmwwmﬂ+

_|_

2

b(nhs(1) + ha(7), >+p( )+ nr(7) B(n,7) _
: hg(T) Tﬁ;l >d77d7’, (yvt) € thv

Y, t) € @toa

0
+b(nh3(r)+h1(7),7)+p( ) +nr(r) W(n ’T))dndT (

hg(t) =T te [O,to],
{v(y,t)dy

(60)
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yv(y,t>dy) i), e (0.4, (61)

>
=
=
N~—

Il
N\
=

(928

=

N~—

|

>

W N
o _

1 1
() + / b(yhs(t) + ha (1), £)o(y, t)dy — hs(t) / (1= ) ((bu (yhs () + B (8), £)—
0 0

—c(yhs(t) + ha(8),1)v(y, 1) — f(yhs(t) + b (1), t))dy) prl(), telok],  (62)

B+

r(t) = (ui;(t) =P (p2(t) = pa(8)) = ha(t)g()t = (w(1, 1) = &(0,8)) + b(ha (1), t)pa (8)—

—b(hs(t) + hi(t), 1) )+ ha(t bz (yhs(t) + hi(t),t) — c(yhs(t) + hi(t),t))v(y,t)—

O\H

— Flyhs(t) + h1<t>,t>>dy> (), e (0.t (63)

ne vo(y,t),wo(y, t) BusHauarorbest popmynamu (21), (22), a to = min{t;, i = 1,5}. Cuc-
remy (57)-(63) nopamo y BULUIsi/Il OLEPATOPHOIO PIBHAHHS

w = Pw,

me w = (q,h1,h3,p,7,v,0), a onepaTrop P BU3HAYAETHCA TPABAMHA YACTHHAME DiBHSIHD
(57)-(63). Yepes N nosmaumvo muoxuny N = {(q,h1,hs,p,r,0,0) € (C[0,t])3x
x(C(@,,))% = Bo < q(t) < By, |mi(t)] < Ha, Hy < ha(t) < Hy, [p(t)] < Met™= 7,
r()] < Mot”= 47, My < v(y,t) < M, |@(y.t)| < Ms, ©(0,t) > Mg > 0}. Bragani
OLHKY JAI0Th [IPABO CTBEPJKYBATH, 10 MHOKMHA N — 3aMKHEHA, i OIIyKJ1a, & OLEepaTop
P nepeBomuts ii B cebe. Te, mo omneparop P mijkoM HemepepBHMIA, TOBOAUTHCH SK B
[2], [6]. Toxi 3rimHo 3 Teopemoro Hlaynepa icaye po3s’si30k cucremu piBHsaHb (18), (19),
(23)-(27), a orke, i poss’a3ok 3amadi (7)-(12) mpu (y,t) € [0,1] x [0, 0]

4. HoBeneHHst equHOCTI po3B’sa3Ky 3amadi (7)-(12). Ha nigcrasi eksiBasieH-
rHocti 3aza4ai (7)-(12) Ta cucremu pisuans (18), (19), (23)-(27), goBesemo eauHiCTH
po3B’s3Ky 3rajanoi cucremu. Ipunycrumo, wo icuye jasa poss’ssku (q;(t), hi;(t), hai(t),
pi(t), mi(t), vi(y,t), wi(y,t)), i = 1,2, cucremu piBuans (18), (19), (23)-(27). [Tozuaunmo
q(t) = q1(t) — q2(t), ha(t) = h11(t) — ha2(t), hs(t) = ha1(t) — haa(t), p(t) = p1(t) — p2(t),
r(t) = ri(t) —ra(t), v(y, t) = vi(y, 1) — v2(y, t),
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w(y,t) = w1(y,t) — wa(y, t). 3a3Haveni pi3HAII 33J0BONBHSIOTH TaKy CHCTEMY DiBHSHb

t 1

o(y,t) = 5 (,1) + / / GOyt 7) — GO (g, 1, 7)) (cmhglm + haa (7))o (1, 7)+
0 0

hgl(T)
p(r)  nr(r) | b(hsi(7) + haa (1), 7) = b(
><((’”L31(T)+h31(7)+ hs1(7)
__ hs(m) b(nhsa(7) + M2 (1), 7) + pa(7) +172(7)
h31 (T)hgg (T) h32 (T)
xw(n, ) + (c(nhsi (1) + h11(7),7) — e(nha2(7) + haz(7), 7))v1 (0, 7)+

Felnhan(r) + haa(r), 7)o, ﬂ) dndr, (y,1) € Oy (64)

t 1
+b(nh31(7—) + hll(T)7 T) + P1 (T) + i (T) w1 (’l’], T)) d’l]dT + / / ng) (yu t, m, T) X
0

b(nha2(7)+hi2(7), T)wi (n, 7) +

t 1
Wy t) = Wi, 1) + / / GO (gt 7) — GO (.1, 7)) (c<nh31<7> + han(7), 7)x
0

>
~
3
> ©

31(7) + ha1(7), 7) 4+ p1(7) +nr1(7)
hgl(T)

t 1
2) 77T(T) b(nh31 (T) + h11(7'), T) — b(nhgg(T) + hlg(T),T)
+O/O/G (y,tm,T)(( +

w1 (), T)) dndr+

hgl(T) hgl(T) +
p(7) k()
)0
+b(77h32(7') + h12(7), 7) + p2(1) + nra(7)

h32(7’)

—c(nhs2(1) + h12(7), 7))v1(n, 7) + c(nhaz (7) + hi2(7T), T)v(n, T)) dndr, (y,t) €Qr, (65)

b(nhsa(T) + hi2(7), T)wi (n, 7)+

w(n, 7) + (c(nhs(T) + har(7), 7)—

Cha(®)ai(t)  tPqi(t)ga(t)hai (t)

q(t) = a2 (1) (D) w(0,t), te[0,T], (66)
ha(t) = %/v(y,t}dy, t e 0,7, (67)
0

yu(y, t)dy, te€0,T], (68)

>
=
—
~
=
=
Ny
pay
~
=
|
>
w
=
~
=
=
>
w
-
—_
py
=
+
>
w
[\v]
—
py
=
=

o _
<
S
S
—
<
~
=
QL
NS
+
>
W N
n
—
py
=

o — _
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pt)pa(t) = — h31 h32 (h31 o :3112 Dl )))—tﬁ((ha(t)(h(t)-f—

+haa(t)q(t))w: (0, t)+h32() 2(H)w(0,1) + (ha(t)qr (t) + haz(t)q(t)) (ua (t) — pa2(1))) -

1
—(b(h11(t),t) = b(ha2(t),t))p1 (t) + /((b(yhm(t) + h11(t),t) — b(yhs2(t) + hia(t),t))x
0

xv1(y, t) + v(y, t)b(yhsa(t) + hi2(t), 1)) dy — hs(t / o (yha (t) + h11(t), ) —
0
—e(yhsi () + har (8, )0 (0, 8) — £ (whsn (£) + B (£),£)) dy — Bt /
0

X <((bx(yh31(t) + h11(t),t) = ba(yhsa(t) + hia(t), 1)) — (c(yhsi(t) + hia(t), t)—
—C(yhgg (t) + hlg(t), t)))’Ul (y, t) + (bm (yhgg (t) + hlg(t), t) — C(yh32 (t) + hlg(t), t)) X

xv(y, t) - (f(yh?d(t) + hll(t)a t) - f(yh32(t) + h12(t)7 t))) dyv te [Oa T]v (69)

p(t) (p2(t) — pa () + r(t)p2(t) = —(hs(t)qr (t) + hsa(t)q(£))t7 (wi(1,t) — wi (0, 1)) —
—haa(t)q2 ()t (w(1,8) = w(0, 1)) + (b(ha1 (), t) — b(haa(t), £))pa () —

1
—(b(h31(t) + h11(t),t) — b(hs2(t) + hia(t )+ ha(t / «(Yhs1(t) + ha1(t),t)—
0

1

—c(yha1(t) + har(t),8))v1(y,t) — f(yhs(t) + har(t), 1)) dy + hsa(t) /(Ul(yu t)x

0
X ((ba(yhs1 (t) 4+ ha1(t), 1) — by (yhsa(t) + haa(t), 1)) — (c(yha () + haa(t), £)—

—c(yhaa(t) + haa(t),1))) + (ba(yhaa(t) + haa(t), ) — c(yhsa(t) + hiz(t), 1)v(y, t)—

(Flyhan(t) + b (6).8) — F(yhan(t) + haa(t), t))) dy, te0.T,  (70)

e vg(y, 1) = vor(y,t) —vo2(y, 1), wi (¥, ) = wor(y,t) —wo2(y, 1), voi(y, t), woi(y, t), i = 1,2,
BU3HAYAIOTHCs piBHOCTAMEU (21), (22), GZ(-J)(y,t,n,T), i,j = 1,2, — dyukmii Ipina -1
KpaifoBOl 3a/1a4i /1 PIBHAHHSA

vjt = g5 () vjyy + f(yhs;(t) + ha;(t),t).
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[Ipunymensus Teopemu 3a6€3Me9IyIOTh TPABUILHICTH PIBHOCTI

b(yhai(t) + ha1(t),t) — b(yhaa(t) + ha2(t),t) = (y(hs1(t) — haa(t)) + (h11(t) — hi2(t)))x

1
X /bm(y(hw(t) + o (ha1(t) — haa(t)) + hi2(t) + o (ki1 (t) — ha2(t))), t)do, (71)
0

[0 TpaBUIIbHA s GYHKIWH by (yhs(t) + hi(t), ), c(yhs(t) + hi(t),t), f(yhs(t) + hi(t),t).
Ouiammo dyrknito ¢(t), Buxopucrobywum pisasuua (66). Ilozmaummo V(¢) =

= mmax [v(y, )], W(t)= max [w(y, 1) Gmax(t)= 1025, [¢(7)], homaa(t) = max | ha(7)].

Ockinpku ¢;(t), 4 = 1,2 poss’asku cucremu (18), (19), (23)-(27), To mas Hux cupas-
JKytorbest oninku (45). Toai 3 (66) orpumyemo

~ tﬁKfnam h32mam t
naslt) < e Olszmae (1)
(1 - T) 31m1n( ) 32m1n( )/L3(t)
Cnouarky orinumo Beqmansn [v(y, t)|, lw(y,t)], [p(t)], |r(©)], |hi(t)], Bix gxux 3amexarsh

ouinku |w(0,t)| Ta hsmes(t). Posrnanemo aeski 3 ponaskis, axi Bxogars 10 vg(y,t),
w§ (y,t). BukopucToBytoun npunytmenHs reopemu Ta omuky (31), (33), 3sHAX0AMMO

|w(07 t)| + C5G?L3mam (t) (72)

X

t 1
'Ql"v [ witnm) = Gt 1) s () + s (0), 7| <
0 0

B+1

CV57t R +’YQ7na;E (t) (73)

t

|Q2|=\ [ (682 000 har(7) + hasr).) = Sahsa() + hualr), )
0 0

<

< Cost 4 (hamas () + [ (1)),

< Csot7|ha ()],

Ry = \ [ 0.1.0.0)5 7). 7) ~ Shnate), 7y
0

<

ol = | [ (€520, 0.0.7) (i (7) 4 hn(7).7) = FBalr) + Do), 7
0

< CGOt’Y(}VLISmaI(t) + |h1(t)|)7

¢ 1
|R3| = ‘// G(Q) (y,t,m, 7)h32 (7)(fo (nha1 (T)+h11(7), T)—=f2 (Nh32 (T)+hi12(7), 7)) dndT| <
00

g Oﬁlt(ﬁ3maz (t) + |h1 (t)D
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Beci inmmi gonaHku OniHIOIOTE K B [2]. Y pe3ynbrari oTpHMaeMo

108 (D) < Conmas (8) + Cont P+ (raman(t) + [ (B)]), ¢ € [0,T), (74)
O Nmam t 7
Wi )| < jf” + Gt (Ramas(t) + I ()]), t € (0,7 (75)

Has oninku hs(t) mincrasumo (64) B (67)

Posrsmeno sonanox Sy = [ dy [y (G1Y (y,.1,0) — G (y,£.1,0))p(nhso + hao)dn.
SMiHUBIIN MOPSJIOK IHTEIDYBAHHS Ta, BI/IKOpI/ICTaBHII/I piBHiCTH

1 t
/Gl (yvtanvo)dn =1- /Gln(yatvoaT)Tﬁq(T)dT + /Gln(yvta 1vT)TﬁQ(T)dT7
0 0

0JIEPKHMO
t

1
S = / w(nh30+h1o)<— / (G (,£,0,7) — G (0, £,0,7)) 7Py (7)dr—
0

t

0

t

- / G2 (n,t,0,7)7°q(r)dT + / GVt 1,7) = G2 (1, 8,1,7)) 7P g (r)dr+
0 0

4
/G 7’],t (T)dT)d’I]—ZSLl
i=1

Ockinbku Giy(n,t,y,7) = —Gay(n,t,y, T), TO gyt S1,1 MaeMo

t
Sia = / Pq(rydr [ (GS)(n,t,0,7) — GS) (1,£,0,7))@(nhso + hio)dy =
0

o _

:/Tﬁql(T) ((Gél)(l,t,O,T)—G( )(1,4,0,7))p(hso+h10)—(GV(0, 8,0, 7)— G5 (0, 4,0, 7))x
0

1
o(h1o) — hao / G5V (n,1,0,7) Gé”(n,t,o,f))so’(nhgo+hlo>dn)dn
0

. B4l . . .
3Biaku 3uax01uMO |S11] < Coet 2 Gmae(t). Ouinroroun Bel inwi nonanku noaibuo, 3 (67)

OTPUMYEMO

~ ~ ~ C
h3maa (t) < Cort" Gma (t) + Cﬁ8t7+1 (h3maw (t) + |h1 (t)|) + tg%ﬂp(t)l + |T(t)|) +

B+1

FCot T YW (L) + Ot = TV (). (76)
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3 piBHocreit (68)-(70) 3nax0mUMO
71 ()] < Crahsman(t) + CrsV (1), (77)
B—=1
p()] < Crat" T P Gman(t) + Crst? ([p(8)] + [r(1)]) + Crst = IV (t) + Crrt’ W (1), (78)
(1)) < Crst = P Gmaa(t) + Crot? (Ip(t)] + [r(£)]) + Csot = IV (t) + Csrt° W(t). (79)
Bpaxosytouu (74), (75), i3 (64), (65) ogepxyemo
V(t) < Cs2Gmar(t) + Csst” (hgmaz (1) + [ha (£)])+
t
+Ci4 / (T%—IH(V(THW(T)) M)dﬂ te[0,7], (80)
0 T
Cssdmas(t)  Css(hsmaz(t) + |h1(t
W) < Ceslma ()+ s6 (M3 )1+| 1()|)Jr
t= t=
o LSRR () 4+ I W () + @+ I 1| rir)l
87 T 2
dr, te(0,T]. 81
v — noteOTL ()
0
Posp’asytoau cucremy HepiBHOcrei (76)-(81), 3HaX04UMO
~ Cgg
V(t) < CS8Qmaw(t)7 te [Oat4]a W(t) < t@%Qmam(t)a te (OatG]a (82)
2
p()] < Coot T 1 Gmac(t)s  [r(t)] < Cort " T Gmanl(t), ¢ € [0,t6], (83)
|h1 (t)| < 092ijaw (t)7 h3ma;ﬂ(t) < 093tzjmam(t)a te [Oa tG]a (84)
ae gauciyo tg, 0 < tg < T 3a7eKuTh BiJl CTAJUX 3raJaHOl CUCTEMU.
Ouiaumo ToUHImMEe OMWH 3 TOAAHKIB, sikuii BxomuTh 10 w(0,t), a came:
Ry = / 1G57(0,4,0,7) = G52(0,4,0,7)|(f (b (), 7) — i (7))dr =
= | | ), 7) = s+
= — 1(7),7) — T
VELIVOD =0 Vo0 -6 1
X
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Honanok R4 2 momamo y BUIIAI]

mz_vﬁ/ F(ha(r),7) — (7))

3BiZKM, BPaxoBy09n OOMEKEHICTD IIi/IIHTerpaJbHOrO BUPA3y Ta, HEPIBHICTH

9] (t)—01 (T)

[ (R ()

92(t)—92(7’)

dr

3

8 B+ _ L B+1 _
01(t) — 01(T) — 02(t) + O2(T |q Jo"do < quaz(t)v (85)

MaeMo Ry < < Cout? %G maz (t). st oninku R4,1 Buxopucraemo (44), (85) ta mepiBrocri

K2 tﬁJrl _ pB+1
9. /|q |0, dO'/ mln() T , i:1,2,
31mam( )(1 + T)Q ﬁ + 1

() 7) (),
B+l — B+

R471 < \/ﬁT(l +'f') QWa;E( )hSlmaw( )h32mam /f

1 1
Krgnm( )<h31maw( t) + h32mam(t)>

(1 + r)ghglmam( )h§2mam( )/143 (t) /qv (f)
tﬁszn( )(h31mam( )+ h32mam(t)) s

st oninku BCix iammx noxankis w(0,t) Bpaxyemo HepisaocTi (82)-(84). Orpumaemo
(1+7r)3h3 (t)h3

3lmaz 32mam( ),Ltg (t) 77% -
tﬁK?nzn( )(h31mam( ) + h32ma;ﬂ (t)) T ngt >qmaz (t) (86)

[Tigcrasusmmm (84), (86) B (72), onep:kuMo

~ /32 (1 + T)4K;4naz( )hglmaz( )h§2maz( )
qmam(t) < <097t (1 - 7‘)4K;4nzn( )hglmln( )h§2m1n( )(h‘31malﬂ( ) + h32ma$(t))

+098t’y + C'99t> amaw (t)a te [Oa tG]- (87)

|wam<(@5

+

Ockinbpkn tl—i>I—I|-10 Kmaz (t) = tl—i>I—I|-10 szn (t), tl—i>I—I|-10 h3imam (t) = tl—i>I—I|-10 h3imin (t) = h30a

i =1,2, o ana 3aganoro r : 0 < r < 1 icaye Take aucyo ty : 0 < t7 < T, mo

Kfnaw( )h31maw( )h32ma;ﬂ( ) < L+
mzn( )h’glmzn( )h’§2mzn( )(h’31m¢11( ) + h’32m¢11(t)) 2’

Cg7t% + Oggt'y + Oggt <r, te [O,t7].

S [O, t7],

5

-1
. Toni

V2
V2+1
(1 + T)4K;4naz( )hglmaz( )h§2maz( )

(1 - T)4K;4nzn( )hglmzn( )h§2mzn( )(h31mam( ) + h3omaa (t))

Badikecyemo qucsio r rak, mob 0 < r <

Cort™ ™ +

+ Cost” 4+ Cogt <
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(1+47)°
< 07— < 1.

21—rpf 1"
Y pesyabrari 3 (87) MATUMEMO Gmaz(t) < 0, t € [0, ¢7], mo nemokiuBO. OTKE, e (t) =0,
t € 10,Tp], me To = min{to,ts,t7}, 38imcn q(t) = 0, h(t) = 0, p(t) = 0, t € [0,Ty),
v(y,t) =0, w(y,t) =0, (y,t) € [0,1] x [0, Tp], mo ¥ 3aBepiye JOBEIEHHS TEOPEMH.
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AN INVERSE PROBLEM FOR A STRONGLY
DEGENERATE PARABOLIC EQUATION IN A DOMAIN
WITH FREE BOUNDARIES

Nadiya HRYNTSIV

Ivan Franko National University of L’ viv,
79000, L’viv, Universytets’ka str., 1

In the domain with free boundaries there is investigated an inverse problem of
determination the coefficient at the higher - order derivative in a strongly degenerate
complete parabolic equation. Conditions of existence and uniqueness of the classical
solution to this problem are established.

Key words: inverse problem, strong power degeneration, free boundaries,
parabolic equation.
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