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I'. A. CHiTKO (Iu-T npukn. TIpo6i. MexaHiku i MaTematruku HAH Ykpainu, JIbBiB)

BU3HAYEHHSA MOJIOAIIOIO KOE®IIIEHTA OAJHOBUMIPHOTI'O
ITAPABOJIITYHOTI'O PIBHAHHSA B OBJIACTI 3 BIVIBHOIO MEXEIO

The unique solvability conditions of the inverse problem of finding the minor coefficient with two unknown time-dependent
parameters in a one-dimensional parabolic equation with integral overdetermination conditions in a free boundary domain
are established.

VYcTaHOBIICHEI YCIIOBHS OJHO3HAYHON Pa3pelIMMOCTH OOpaTHON 3aJauu ONpeneleHHs MiIaaniero koddumueHTa ¢ qpyms
HEHU3BECTHBIMHU, 3aBHCAILIMMHI OT BPEMEHH MapaMeTpaMu B OJHOMEPHOM HapaboiIMYecKOM YPaBHEHMU C MHTETPaIbHBIMHU
YCIIOBHSIMH IIEPEOTIPEACIICHUS B 00IaCTH CO CBOOOIHOM rpaHuUIei.

1. Beryn. 3apada, siky po3IISIHYyTO B pOOOTI, MOEAHY€E OB TUIH 3alad — KOeQilieHTHY 0OCpHEHY
3a1ady Ta 3ajady 3 BUIbHOIO Mexero. KokeH 13 IMX THIB 3aad JOCTiKyBald paHime. 30Kkpema,
B [1, 2] mocmimkeHo oOepHEHY 3amady BU3HAYCHHSI 3aJICXKHOTO BiJ 9acy KoeQillieHTa MPH TePImii
MOX1/IHI{ 32 TPOCTOPOBOIO 3MIHHOIO HEBIAOMOI (PYHKIIIT B ONHOBUMIPHOMY MMapaboIidHOMY PiBHSHHI
3 YMOBOIO TIEPEBU3HAYCHHS TPETHOTO POAY B 00NACTi 3 BimoMOr0 Mexero. B [1] BcTaHOBIIEHO yMOBH
100aThHOTO iICHYBaHHS PO3B’sI3Ky 00epHEHO 3a1adi, a B [2] OTpUMaHO YMOBH JIOKAJIBHOTO iCHYBaH-
HS pO3B’S3KY 3a/adi, a TakoX YMOBH, 32 SIKMX 3a7lada HE MOXXKE MaTH IVI00albHOro po3B’s3Ky. B
[3] 3HaliieHO YMOBH JIOKAJBHOTO 32 YacOM iCHYBaHHs, €IMHOCTI Ta HEMEPEpPBHOI 3aJIeKHOCTI Bif
BUXIIHUX JaHUX PO3B’SA3KY Takoi * oOepHeHoi 3ajadi 3 IHTerpajJbHOI0 YMOBOIO IIepeBU3HaYeHHS. B
[4, 5] BcTaHOBJIEHO YMOBH OIHO3HAYHOI PO3B’A3HOCTI OOEpHEHUX 3a/a4 BU3HAYCHHSA KOe(iIli€HTiB
(a(t),b(t)) i (ao(t),a1(t)) y mapabomiyHUX PIBHSIHHSIX

up = a(t)uzy + b()uy + c(z, t)u + f(z,t),
up = (ao(t) + zag (t))ugy + b(z, t)uy + c(z, t)u + f(x,t), (x,t) € (0,h) x (0,T).

B [6, 7] 3HalizeHo yMOBH iCHYBaHHS Ta €IUHOCTI PO3B’A3KiB OOCpHEHUX 3a/1a4 U1 OAHOBUMIPHHUX
napa®oJiuHUX PiBHIHD 3 HEBIOMHM, 3aJIeKHUM BiJl 4acy CTapLIMM Koe(ilieHTOM B 00IacTi, YacTHHA
abo Bcs Mexa skoi € HeBimomor. Y [8—10] mocmimkeHo oOepHEHI 3aadi BU3HAYCHHS 3aJICKHOTO
BiJ yacy KoediIlieHTa IpH MepIIii MmoxXigHiid 3a TPOCTOPOBOIO 3MIHHOIO HEBimoOMOi QyHKIII B OIHO-
BUMIpPHOMY Iapa0oJiuHOMY DPiBHSHHI B 0OJIACTi, YacTHHA ab0 BCS Mexa sKoi € HeBimomoro. Harra
MeTa — BCTAaHOBUTH yYMOBH OJHO3HAYHOI PO3B’SI3HOCTI OOEpHEHOI 3a/adi BU3HAYEHHS MOJIOIIIOTO
koedimieHTa mapaboiYHOTO PIBHAHHS 3 JIBOMA HEBIIOMHMH, 3aJISKHUMH BiJ Yacy mapaMeTpaMu B
o0JacTi 3 BUIBHOIO MEXKEIO.

2. ®opmyaoBanHs 3agadi. B obmacti Qp = {(x,t): hi(t) < & < hao(t), 0 <t < T}, ne
hi1 = hi(t), hy = ho(t) — HeBimomi QyHKIIIi, po3misaaeMo obepHEHY 3a1ady BU3HAUCHHS Koeili-
eHTiB b1 (t), b2(t) mapaboni4HOro PiBHIHHS

up = a(xz, t)uzy + (b1(t)x + ba(t))ug + c(x, t)u + f(x,t), (x,t) € Qr, (1)

3 HOYaTKOBOIO YMOBOIO
u(z,0) = p(z), € [h1(0),h2(0)], )
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KpallOBUMHU yMOBaMU
u(ha(t),t) = m(t), u(ha(t),t) = p2(t), ¢ €0,T], 3)

Ta YMOBaMH IICPCBU3HAYCHHS

o Pu(z, tyde = pi(t), i=3,6, tel0,T], 4)

ne hi1(0) = hg; — 3amane gucio.

Tr — hl (t)
ha(t) — ha(t)
(hi(t), hs(t), b1(t), ba(t), v(y,t)), ne ha(t) = ha(t)—h1(t), v(y,t) = u(yhs(t)+hi(t),t), B obnacri
3 Bimomoro mexero Qr = {(y,1) : 0 <y < 1,0<t <T}:

_alyhs®) + (®),0) - i) (whs(t) + ha(t)) +ba(t) + (1) + y hs(t)

3aMiHO0 3MIHHOT §y = 3anauy (1)-(4) 3BoguMo 10 00EpHEHOT 3a/1a4i 3 HEBITOMUMU

vt = h%(t) Vyy hg(t) Uyt
Fc(yhs(t) + hi(t),t) v + f(yhs(t) + ha(t), 1), (y,t) € Qr, (%)
U(?/? O) = 90(yh3(0) + hl(o))’ RS [07 1]’ (6)
U(Ovt) = .Ul(t)a U(17t) = NQ(t)a te [Oa T]a (7)
1
ha(®) [ oty = pa(t), te 0.7, ®)
0
1
B [ vol Oy + b (Opalt) = pa®). ¢ € [0.7), ©
0
1
h(t) /va(y,t)dy + 2hy () pa(t) — B3 () ps(t) = ps(t), te€[0,T], (10)
0

1
hi(t) /y3v(y7t)dy +3ha(D)ps(t) — 3hT()pat) + hi()us(t) = pe(t), te[0,T],  (11)
0

ne hi1(0) = hg1 — 3amane 9ucio.

3. IcuyBanns po3B’sa3Ky 3aaaui (5)—(11).

Teopema 1. [llpunycmumo, wo 6UKOHYIOMbCA YMOBU:

1) a, C, f S Cl’O(R X [O,T]), p e 02[h01,h02], Wi € Cl[O,T], 1= 1,76;

2) 0<ag <a(z,t) <ar, c(z,t) <0, f(z,t) >0, (x,t) e Rx[0,T], @(x)> po>0,
x € [ho1,00), ¢'(x) >0, x € [ho1,hoz2], (ho2 — z)¢'(ho2 + ho1r —x) — (z — ho1)¢'(z) > 0,

[
h h S
SDI('I) - SD/(hUQ + hOl - l’) > 05 HANS |:h01301_;02)5 /‘LZ(t) > 07 1= 1537 t € [O’T]v
h2(0)
oe hga = ha(0) — poss asox pieHsnHs / o(x)dr = pz(0);
ho1
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3) YMOBU Y32000iCeH s HYIbOBO2O MA NEPULO20 NOPSOKIE.
Tooi mooicna exazamu uucno Ty, 0 < Ty < T, sKe euzHawaemvcst GUXIOHUMU OAHUMU, MAKe, WO

icnye pose azox (hy, hs, by, be,v) € (C0,Tp))? x (C[0, Tp))? x 02’1(@%), hs(t) > 0, t € [0,To],
3aoaui (5) — (11).
Josedenna. 3rigHO 3 yMOBaMH TEOPEMH iCHye €IUHHN pO3B’s30K hga = ho(0) piBHSIHHS
h2(0)
/ w(x)dxr = p3(0). ITosnaunumo hosz = hoz — ho1. BeranoBumo ouinku Gynkuiit by (), hs(t).

h
3 }(I);AOB (8), (9) orpumyemo

hst) = 0 e, (12)
. t)d
/O v(y,t)dy
1
hi(t) = i i /yv t)dy, t €10,7). (13)
0

BuxopucToByroun npuHIun Makcumymy [11] ans po3s’si3ky npsimoi 3amgaui (5)—(7), onepxkyemo

U(y7t) > MO > 07 (ya t) € @T?

ne crana My Bu3HadaeTscs BuxinHumu ganumu. Toxi 3 (12), (13) oTpuMyeMo HacTymHI HEPIBHOCTI:
1
hs(t) < — max = H; < o0, te |0,T],
(t) MO[OT]“?’() 1 [0, 7]

1

Im (t)] / pa()] 1
hy(t < Hy < te (0,T].
|hi(t)] < 2() v 1{3:})}( 13() +Mo [OT)](u?)() 2 < 00, [0, 7]

0

Jlist ouieku 3uU3Y hs3(t) ominumo v(y, t) 3Bepxy. I3 IpHUHIMIY MAKCHMYMY MaeMo
’U(y,t) <M < 00, (y7t> € @Tv

ne My BU3HaYa€eThCS BUXiMHUME JaHUMU. Tomi s po3B’si3KiB piBHAHHA (12) BUKOHYETBCS HEPIBHICTD

hs(t) > min u3(t) = Hp > 0, te[0,T).

1
1 [0,7]

Takum yuHOM,
My <o(y,t) <My, (y,t) € Qp, |m(t)| < Hay Ho<hs(t)<Hi, tel0,T]. (14)

JloBeneHHs icHyBaHHS po3B 3Ky 3anadi (5)—(11) 6a3yerbes Ha 3acTocyBanHI Teopemu laynepa
PO HEPYXOMY TOUKY. 3BeeMO 3a/ady JI0 CUCTEMH pPiBHSIHb. BBeneMo HOBY (QyHKIIiO

0(y, t) = v(y,t) = p(yhos + hor) — y(pa(t) — p2(0)) + (y — 1)(p1(t) — 12(0)).
Jits byskii v(y, t) onepxyeMo 3amaqy
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5, — a<yh3(tf)L§—i(_t)hl(t)7 t) By + b1 (t)(yhs(t) + hl(t))h-g(lg(t) + Ry (t) +y Ry () (5, + d(y, )+
+e(yhs(t) + ha(t), v+ F(y,t), (y,t) € Qr, (15)
u(y,0) =0, ye[o1],
5(0,¢) =o(1,¢) =0, te0,T],
ne

d(y,t) = ho3@'(yhos + ho1) + p2(t) — p2(0) — pa (t) + p1(0),

F(y,t) = h%sa(yh:i(tgg—i(_t)hl(t)’ £ ©"(yhos + hot) + c(yhs(t) + ha(t), )<

x (p(yhos + hot) + y(p2(t) — p2(0)) + (1 — y) (ui(t) — p1(0)))+

+f(yhs(t) + ha(t),t) — yus(t) + py(H)(y — 1)
3a monomoroto ¢yukii I'pina Gy (y, t,n, T) mepioi KpaioBoi 3axadi Iyisl piBHIHHS

~ _alyhs(t) + ha(?),t)
10

Uyy + c(yhs(t) + hi(t), 1) 0

3amady (15) 3BoguMo 10 piBHSHHS

//G1 gt < 7) (nhs(7 )+h1(7>)hg+(f§(f)+h’< D+ 5
+d<n,T>>+F<n,r>)dndT, (v.1) € Qr. (16)

Hosuauumo w(y,t) = vy(y,t), p(t) = ) (t), r(t) = hj(t). Samumemo (16) y Burmiai

t 1
v(y,t) = ¢(yhos + hot) + y(pa(t) — p2(0)) + (1 = y)(pa(t) — p1(0)) + //Gl(y,tm, T)X
0 0

o <bl(7)(77h3(7) + hi (7)) + ba(7) + p(7) + (1)
hs(7)

3nudepentiroBaBmy (17) 3a 3MIHHOIO 3/, OTPUMAEMO

w(n, T) +F(77,T)>dndﬂ (y,t) € Qp. (17)

1
/Gly yat n,T
0

w(n, T) + F(nﬁ)>dndﬂ (y,t) € Qp. (18)

w(y,t) = ho3e' (yhos + ho1) + p2(t) — p2(0) — p1(t) + 1 (0) +

o

« <51(T)(77h3(7) + hi (7)) + ba(7) + p(7) + (1)
hs(7)
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3mudepenniroBasim (8)—(11) 3a 3MiHHOO ¢ 1 BUKOPUCTABIIH (5), onepKUMO
1

m@%=hdo/meQMAw3%@>wﬁmuxw+zm@maw2mamawm@»x
0

x (w(y, ) (ha(t)yaz(yhs(t) + hu(8),t) + a(yhs(t) + ha(t),£)) — h3()y(f (yha(t) + ha(t), 1)+
+o(y, t)e(yhs(t) + hi(t),1))) +y(3us(t) — h3()ps(t) — 6h (t)palt) + 303 (£ s (1)) %
x ((yau (yhs (1) + ha (1), )ha(t) + 2alyhs(t) + ha (1), 0)w(y, t) — B3 (E)y(c(yha(t) + ha(t),t) x
xv(y,t) + f(yha(t) + hi(t),1))) + ha(t)y® (ha(t) s (t) — 2ua(t) + 20 (E)p(1)) %

* ((hs(t)yas (yhs(t) + ha(t),t) + 3alyhs(t) + ha (1), 0)w(y, t) — h3(E)y(c(yhs(t) + ha(t),t) x
xv(y, t) + f(yhs(t) + ha(t), ) dy + pg(t) (ha(t)ps(t) — 2pa(t) + 2ha (t)us(t))+
s (4) (Bus (£) — h3 (s (t) — 3ha(D)ha () ps(t) — 3hT()pa(t)) + py(¢) (6T () palt)—
—6ha ()5 (t) — 3ha(t)ps () + 61 (£)ha(t) pa(t) + 205 (¢ pa(t)) + p()ha () (Bha (s (1) +

R ()3 (t) — 413 (1) a(t) + Bhs(D)ps (£) — 61 (Dhs(D)pa(t) + 203 (¢ (t) s ()

OR3(Balt) + M (DR (Bs()| A1), e [0.7], (19)
1
[ ) [ (@mit (£) — O (£)p15(£) + 6h3(E)pa () — Bhs(B)ps ()~
0

—h3(t)p3(t) + 4pe(t) — hi(t)hs(t)us () (w(y, 1) (ha(t)yas (yhs(t) + ha(t),t) + alyhs(t)+
+hi(t), 1)) = h3()y(v(y, O)c(yhs(t) + ha(t),t) + fyhs(t) + ha(t),1))) + y(2h5 (£ ua(t)
—Ap1(t) — 61 ()ua(t) + Oha(t)ps () + R () pa(t) — hu(8)h3 (1) s (1)) (w(y, 1) x
% (ha(t)yas(yhs(t) + ha(t),t) + 2a(yhs(t) + ha(t),1)) — h3(E)y(v(y, )clyhs(t) + ha(t), )+
+f(yhs(t) + ha(8),1))) + ha(t)y* (ha (D) hs(t)s () — 2hs(t)ualt) + 3pus(t)—
—4h (£ pa(t) + BT ()3 (1)) (w(y, 1) (ha(t)yas (yha(t) + ha(t),t) + 3alyha(t) + ha(t), 1)) -
—h3()y(v(y, t)e(yhs(t) + ha(t),8) + flyhs(t) + ha(t),1))))dy + pG(t) (ha () hs(t)us(t)—
~2h3(t)pa(t) + 3pus(t) — 4ha(t)ua(t) + 13 (8)pa (1)) + ps () (203 (1) alt) — 4pe ()~
—h1(t)h3(t)pa(t) — 213 (£ s () + 63 (1) a(t) + 6ha(t)hs(t)ua(t) — 3hT () ha(t)pa(t))+
+uy(8) (W1 (£) s () + Bha(t)po(t) + dhs(t)pe(t) — ORT (¢ ps (t) — Bh3(¢)ps ()~
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—9ha(8)ha(t)ps(t) + hi(8)h3 () s (t) + 203 () ha(t) s () + p () (6RF () s (1) —

by (B)ps(t) — 23 (8)aa(t) + W3O (£) — 2ha (YB3 (D)pa(t) + Ohu (E)ha(t) s (H)—

—4h3(t)ps(t) — 403 (L) hs(t)pa(t)) o (t) |ATH(E), € [0,T], (20)

1
[/ Flyhs(t) + ha(t), 1) + c(yhs(t) + ha(t), t)o(y, ) —
0

—ag(yhs(t) + ha(t), t)w(y, t)) + (3h3(E)ua(t)ps (t) — 9B (£) + 12ha (£ pa(t) s (8) —
A2RR(1) 3 (0) + ARS8 (paa (£) — () 3(E) + Spa(t)pas () — S (8o (g (£)+
R (8 a3 (1) s (t) — 6ha ()3 (1) s () pa(t) — 1203 (E) B3 (8)pa (1) palt)+
+307 ()3 (63 (t) + 4hT ()3 (6 pa () (t) — 23 (8 3 () pa(t) — 6l ()3 () (£) pua(8)+
+2h ()3 (63 (t) + 3R ()3 (8 (£) pa(t) + 12h1 (8)R3 (1) (8) s () + Bh3 () pua () s (8) —
—4R3(#)p (8o (1)) (w(y, ) (yha(t)ax (yha(t) + ha (1), 1) + a(yhs(t) + ha (1), 1)) -
—h3(6)y(v(y, t)e(yhs(t) + ha(t),t) + fyhs(t) + ha(t),1))) + ha(t)y(4hs (t)u () pe (t)—
—4p3(t)p6 (t) — 2R3 (8 () pra(t) + 1203 (£)ha (t) i ($)pa(t) — 120 ()P (£ paa (£) s (£)+
+6h1 (1) 3 (85 () — 403 () ha (8)pa (£ (£) + 2R ()3 (6 pa () pa (8) + B3 (£) 3 () —

— 3R (t) 3 () s (t) + 6p1a(t) s (£) + 6h (8)ha (t) s (¢ pa () — 120 (1) (8)—
=303 ()ha (1) 3 (1) + 6RF (¢)pa(t)pa(t) — 203 ()3 (6) ((yaw (yhs(t) + ha (1), O)ha(t)+
+2a(yhs(t) + ha (1), £)w(y, t) = h3(O)y(v(y, t)e(yhs(t) + ha(t), 1) + f(yha(t) + hi(t), 1))+
+h3(0)y? (2R3 (8) pa (8 pa(t) + 6ha ()R (8 () pa(t) — 4pf(t) + 2P (83 () pa(t)
—h3 ()3 (t) — 2ha (E)h3 (8)p (£)paa(t) — 2R ()3 (83 (E) — 3R ()R () () pa (1) —
—2hF (83 (1) + 203 () () pa(t) — 3ha (8)ua () ps () + B () s () + hi(1)p3(t)) ¥
x(w(y,t)(hs(t)yaz(yhs(t) + hi(t),t) + 3a(yhs(t) + hi(t),1))—
—yh3(t)(f(yhs(t) + ha(t), 1) + e(yha(t) + hi(t),t)o(y, 1)) dy — a(ha(t), 1) x
X A(H)w(0, 1) + () ((ha(t) + ha(t))ps(t)(2uat) — (hs(t) + ha(t))ps(t))+
+ha(t)pa () (24 (t) (Bha(t) + hs(t)) — ha(t)ps(t)(3hi(t) + 2h3(t))) + 3pus(t) (ps(t)—
—ha(t)p1(£))) + 5 (8) (ha () 3 (8) 1 (£) a3 () (23 () + 5T (L) + 6ha () ha(t))+
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+ha(t) 1 (1) (4pe (t) — Bha () s (1)) — 4ps () e (t) + 2 () (3ps(t) — h5(t)pa(t))+
+(ha(t) + ha(t)) (3 () ((ha(t) + ha(8))?ua(t) — (1)) — 6ha(t)hs () pa () pa (1)) +
+uy (1) ((ha () + ha(t)* (Bua () s () — hi(8)ha () (D) (t) — 2u3 () pa(t) (R (t) + ha(1))+
+3ha(t)n (t) s (£) (5hE () + h3(1) + 4ha()hs(t)) — dhs () (t) e (t) (2ha (t) + hs(t))—
—2h1 (t)ha ()1 ()pa(t) (3h1(1) + h5(t) + 3ha(t)ha(t) — QA (t) + 8pua(t)pe(t))+
s (8) (B (1) + Ry (1)) (4ha (0 A () 1 () p6 (1) + 95 (1) — Bpaa (8o () + (ha (1) +
+h(t)) (4us(t) e (t) — Gua(t)us(t) — hi(#)ha () (B)ps(t) + (ha(t) + hs(t))
* (403 (1) — 3us(t)us (1)) + ha(t)ha(t)pa (£)(2ha ()na(t)(2h3(2) + 5ha(t)hs(t) + 3hi())—

-1

3us(6) (R2(0) + 4hn (s () + 382(0))) | (O (D AWD) c0.7], @1
1
[ / )(an(yhs() + ha (), (. £) — hs(6)(F(uhs(t) + ha (), 1)+
0

+e(yha(t) + ha(t), oy, ©)AE) + ((ua(t) — (1)) (9pZ () — 33 () ua(t)ps (t)—
120 (1) s (s (8) — 123 (2)2(0) — A3 (E) s (Opaa(t) + HAEE(E) — Spa(t)pis )+
+8h1 (1) 3 (t) 6 (t) — 6h3 () 3 (1) s (£)) + 6ha (£)h3 (1) pa (8) 3 (£ pra () +
617 ()3 (8 pa () o (t) pa(t) — BT (EV I3 (8) pa (8 a3 (£) + 23 (1) pa (8 3 () pra (1) —

—2h1 (803 (£)pa (1) 5 (£) + Bh3 (1) pn (£ o (8) 15 () — BRE(#)aa () pas (£ s (1) —

—6h1 (4)h3 () (1) 2 (8)pa(t) + 6RT ()3 (8 a (£ o (t) pra(8) + 3hT(E)R3 (1) pa (8) 2 () s (£) —
— 2R3 (8) e (8 () pra(t) + 2R () h3 () () pz ()23 (1)) (w (y, 1) (yhs () az (yha (t) + ha (1), 1)
xa(hi(t) +yha(t),t)) — B3(6)y(v(y, )c(yha(t) + hi(t),t) + f(yhs(t) + ha(t), 1))+
+ha () y((4ha(t) e () — 6ha (8) s () s () — 6pua(8) s (8) + 12h (8) 3 (£) — 6RF (¢) pa (8) pa(t)+
207 ()3 (6)) (p2(t) — pa (8) — h3(E)pa ()3 (8) + 3ha (8 o () pa(t) s (8) —

—6h1 (£)h (t) o (1) 3 (8)pa(t) + 3R () s (8 pa(t) i3 (1) + hig () ()2 () pa(t) — 3h3(8)x
X pur (8) 2 (£) s (1) + 6ha ()3 () (1) (8) pra(8) — 3R () B3 (#) i (£ o () i (£)) (w iy, £) (ha (£)y
Xaz(yhs(t) + ha(t), ) + 2a(yhs(t) + ha (1), 1)) — y(c(yhs(t) + ha(t), )v(y, 1)+
+f(yha(t) + ha(t), )h3(1)) + h3(0)y* ((a(t) — pa () (4 (8) — 2R (83 () pa (1) +
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203 ()5 (8) — Bus () (1) — RT3 (t)) — 2R3 (t) o (8 s () pa(t) + B3 () o (8 i3 (1) +
+2h1 () ha () pa ()3 (1) + 205 (8 (8) a2 (8 ra (8) — B3 () pr () ez () pis () —
—2h1 ()3 () () 2 () 3 (1)) (w(y, 1) (R ()yaz (yha(t) + ha (1), t) + 3a(yhs(t) + ha(t), 1)) -
—yh3 () (f(yhs(t) + ha(8), ) + clyhs(t) + ha (1), t)v(y, 1)) dy + A(t)(w(0, ) %
xa(h (8), )ua(t) — alha(t) + ha(t), O (Dw(1,1)) + g (6)((ua(t) — pa (1)) (44 (1) —
=33 ()5 (t) — 201 (8 s () pa(t) + R E3(E)) + pa(t) (W3 ()3 (1) — 2ha (1) pa(t) pa(t) +
+2h1 () ha (85 (8) — h3 () () s () + 2R3 () (8 pa(t) — 2R ()RE(E)pa ()3 (1)) +
H((u2(t) = pa () (ps (o (1) — 6pa(t) s () + 3ha (£) s (¢ s (8) + 2R3 (43 (1) pa(t)
—RE ()3 (8) — 2R3 (6 pa (D) pa(t)) + p2 () (Bha (1) s (t) s (8) — h3(Op3(E) — 3ha (DRF (1) 3 (L)~
—3hT(t)ha ()3 (t) — 3R3 (6 (¢)pas (1) + g (t)pon (8) s (8) + Bl (6) 13 (¢)paa (1) pa () +
303 (4)h3 (1) 1 (£ s () () + () (w2 (t) — pa () (273 (1) s (8 a(t) — 3RT () s (t) s () +
+Ou3 () — 8ua(t)o(t)) + p2(t) (6h () ha (1) 3 (1) ra(t) + 6ha (£)A3(t) s (8 pa(t)+
203 () s (£ pa(t) — 3R3 ()3 () 5 (t) — 6ha ()R (t) s (8 s (£) — 6T (8)h5 (8 paa (1) pa (1) +
+6R1 (E)P3 () (£)pas (1) + BR3(E)paa (1) 5 () — 6ha (E)R3(E) pur (8 ra(t) — 2R3 (#)paa (1) pa (1)) +
+H((2(t) — 1 (1) (303 (8 s () (1) — Oha (D)3 (1) + 6h3 (1) pua(t) s (t) — 4R (8l (£)+
+8h () pa(t o (t) — 4h3 () s (D)6 (t)) + pz(8) (ORT () s (t) s () s (£)+
R (£)h3 () s (£ pa (1) + 6R3 () pa(t) s (t) — 12ha ()RF () (t) + 3h3(E) s () s (£)—
—9h3(t)u5(t) + 12h1 (D) ha () pa(t) s (t) — 1203 ()R () (1) — 4h3 (8 ()~
—Ah3 ()3 () 6 (t) + 8ha(t) a ()6 (t) — 8ha()hs (¢ s (t) e (t) + 1 () (4hT ()W (£ pa(t)
—3hT ()3 (1) s (t) — R (8)h5 (8 us(t) — Bha()h5(1)us(t) + 6RT(D)RZ (1) pa(t)
—2h3(0)R3(t) s (t) + 21 (£ h5 (8 pa(t) — Wi (O h5 (D) s (1)) ps(t) | *
x(hs(Om(Ou(A®) " te(0.T], (22)
ne
A(t) = 6ha(t)ua(t s (t) — 1201 (8)hs (8 (8) + 63 (8)hs () () pa(t) — 203 () ha(t) 3 (1) +

3303 (s (£) — OA(E) + 120 (1) ua (D) (£) + 2y (YR (E) s (E)pua (£) + Ah3(E) s (E)pua (1) —
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—12R2 () (E) — (A () — ARAO(E) — B (OR3ORA(E) — Aha(t) s (o (t)—
—8hy (E)p3 (o) + 8pa(t)ps(t) + G ()hs(E)ps () s (8) + 63 (E)ps (1) s (0):

OTrxe, 3anauy (5)—(11) 3BeneHo a0 cuctemu iHTerpainbHux piBHsHb (12), (13), (17)—(22) BinHOC-
Ho HeBigomux (hs(t), hi(t),v(y,t), w(y,t),bi(t),ba(t), p(t), r(t)). 3amaua (5)—(11) i Bkazana cucre-
Ma piBHSHb eKBiBaJeHTHi B Takomy cenci: skmo (hi,hs, b1, b, v) € (CH0,T))? x
x(C[0,T])? x C*1(Q7) € po3s’askom 3amadi (5)—(11), 0 (h3, h1,v,w,by, by, p, ) € (C[0,T])?
x(C(Qr))? x (C[0,T))* € poss’sizkom cuctemu pisnsnb (12), (13), (17)—(22), i HaBmaky.
Banumemo A(t) y BUDIsI

1 1
6
=0 [y = ooy [0 - - Dty
s 0

1 1
+ [ (1= ywy. tdy [ y(1—y)(1 - 2y)w(y, t)dy|.
/ /

3rigHo 3 MpUMyLEeHHAME TeopeMH 3 (18) MoxkeMo 3poOUTH BUCHOBOK NPO iCHYBaHHS TaKOTO YUCIa
t1, 0 <t < T, mo

min ¢’ (yhoz + hor) > (y,t) € Q-

Toni

1 1
/ y(1 - yyw(y, t)dy > 0, / (1~ yhuw(y,)dy >0, te0,h]
0 0

1 1
[Tonamo BHpasu / y(1 —y)(1 —2y)w(y,t)dy, / y*(1 —y)(2y — Dw(y, t)dy y Burani
0 0

1 1/2
/ y(1 - 1)(1 — 2y)w(y, )y = / y(1 = )1 - 2)(w(yt) — w(l -y, )y, (23)
0 0
1 1/2
/y2 y)(2y — Dw(y, t)dy = /y(l —y)(1 =2y)(1 = y)w(l —y,t) —yw(y,t))dy. (24)
0 0

[MigcraBumo (18) y (23). Bei nomanku, xpiM nepioro, rpu ¢ — 0 npsAMyroTh 10 Hyis. Toxi MoxxemMo
BBaXXaTH, 10 iCHYE Take 4ucio to, 0 < to < T, mo

1/2
hos3

1
[ o= - 2guttdy =" [ 1= -20)x
0 0

ISSN 1027-3190. Yxp. mam. xcypn., 2013, m. 65, Ne 11



1540 I A. CHITKO

X (&' (yhos + hor) — ¢’ (ho3(1 —y) + ho1))dy >0, t € [0,12].

[igctaBuBmm (18) y (24), MokeMO 3pOOMTH BHCHOBOK IIPO ICHYBaHHS TaKoro 4Hcia ts,
0<ts <T,mo

1 1/2
/ (1 — )2y — Dy, dy > "2 [ 41— (1 - 29)x
0

2
0
< (1= y)¢'(hos(1 — y) + hor) — v (yhos + ho1))dy > 0, t € [0, 3].

Takum amHOM,
A(t) >Cy>0, te [0,754], ty = min{tl,tg,tg}. (25)
BceranoBumo omiskn po3s’si3kiB cucremu piBasHb (12), (13), (17)—(22). Hoznaunmo W (t) =
m[%)i] lw(y,t)|. 3 (19)—(22), Bpaxosyrouu (14), (25), ogepxyemo
ye )
b1(t)| < C1+ CoW (t),  [ba(t)| < O+ CuaW (t), [p(t)| < Cs + CeW (1),
(26)
Ir(t)| < C7 + CsW (1), t €10,4].

BuxopucroBytoun (14), (26) Ta ouinku gyHkuii ['pina [11], 3 (18) orpumyemo

7) + W2(7)

t
W(
W(t) < Cy+ Ol()/ dr, te [0,754].
Vi —
5 T

MeTton po3B’sI3yBaHHS OCTaHHBOI HEPIBHOCTI HaBeAeHO Y [12]. 3BiACH OTPUMY€EMO OIIHKY
W(t) < My < 0o, te€]0,ts],
ne ts, 0 < t5 < t4, BusHavaeThes craaumu Cy, Crg. Tomi
[b1(t)] < By < o0, |b2(t)] < By <00, |[p(t)]<Bs<oo, |r(t)]<Bs<oo, tel0,ts].
3amumemo cucremy piBHAHB (12), (13), (17)—-(22) y BUMIAAL ONEPaTOPHOTO PiBHSHHS
w = Puw,

ne w = (hs(t), hi(t),v(y,t),w(y,t),bi(t),ba(t), p(t), r(t)), a oneparop P BU3HAYAETHCS MPABUMHU
gactuHamu piBHAHE (12), (13), (17)-(22).

Bizememo noBinbHi (hs, hi, v, w, b1, by, p,T), IS AKUX CIIPABIKYIOTHCSL BCTAHOBIICHI BHIIE OIIiH-
ku. OLiHUMO TIpaBy 9acTUHY piBHAHHA (18):

|Pyw| < C11 + CraV/t.

Bubuparoun gucio tg,0 < tg < T, Tak, mob BUKOHYBajach HepiBHICTH C11 + Ciav/tg < Mo,
OTPUMYEMO

|P4’LU| < M2a (yvt) € [07 1] X [Oat6]
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Hosuaunmo N = {(hg, h1,v,w, b1, ba, p,7) € (C[0,Tp])? x (C(Qg,))? x (C[0,Tp))*: Hoy <
< hs(t) < Hy, [h(t)| < He, Mo <wv(y,t) < My, |w(y,t)] < Ms, [bi(t)] < By, |ba(t)| < B,
Ip(t)| < Bs, |r(t)] < Ba}, ne Ty = min{ts, tg}. OueBnaHo, mo MHOXHHA N 3aJOBOJBHSIE YMOBH
teopemu lllaynepa, a oneparop P nepeBoauts N B cebe. Te, mo oneparop P IiikoM HerepepBHUIA
Ha N, TOBOAUTHCS, 5K Y [8].

OTtxe, 3a Teopemoro lllaynepa mpo HepyXoMy TOUYKY IIIJIKOM HEIEPEpBHOTO OMeparopa iCHYe
po3B’si3ok cuctemu piBHsIHb (12), (13), (17)—(22) i, BiamoBimHO, po3B’sa30k 3amaui (5)-(11) mpu
(y7 t) S QT()‘

Teopemy 1 noseneno.

4. €xunicTsh po3B’sa3ky 3aaaui (5)-(11).

Teopema 2. Hexail 8UKOHYIOMbCA YMOBU:

x € [ho1,00), ¢'(x) >0, = € [ho1, hoa, (hoz — )¢ (ho2 + hor — x) — (z — ho1)¢'(z) > 0,

ho1 + ho2

! ),m<t>>o,z‘:m,te[o,ﬂ.

o' () — @' (hog + hor —x) >0, x € [hm,
Tooi mooicna exazamu wucio ty, 0 < tg < T, axe uznauacmvcsa BUXIOHUMU OQHUMU, MaKe,
wo 3adaua (5) — (11) ne mooce mamu 0sox pisnux pose’asie (hs, hi,by,be,v) € (C0,t4])? x
x (C0,t4])* x C*1(Qy,), hs(t) >0, te[0,t4].
Hosedenns. Tpumyctumo, wo (hy;(t), hsi(t), bii(t), bei(t), vi(y,t)), i = 1,2, — 1Ba po3B’sI3KN
3anmadi (5)—(11). [Toznaunmo

bli(t) — b2i(t) . i VAN
hai(t) (), hai(t) alt).

qt) = q(t) — q2(t), s(t) =s1(t) —s2(t), pt)=pi(t) —p2(t), v(y,t) =vi(y,t) —v2(y,1).

®yukuii r(t), q(t), s(t), p(t), v(y,t) 3aTO0BONBHAOTH PIBHIHHS

o — a(yhsi(t) + hi1(t), 1)
t 70

vyy + (11 (8)(yhs1(t) + ha (1) + qu () + s1(8) + ypa(t))vy+

Fe(yhsi(t) + hll(t),t)v+<a(yh3l(t) +hi(t).t)  a(yhsa(t) + h12(t)7t)>02yy+

h3, (t) I35 (t)
+(ra()(y(hs1(t) — haa(t)) + ha1(t) — haa(t)) +7(8)(yhai(t) + haa () + q(t) + s(8)+

+yp(t))vay + (c(yhs1(t) + h11(t),t) + c(yhsa(t) + hi2(t), t))va+

+f(yhs1(t) + ha1(t),t) — f(yhsa(t) + h2(t), 1), (y,t) € Qr, (27)

Ta YMOBH
U(y¢0) = 07 (/S [07 1]7 (28)
v(0,t) =v(1,t) =0, te]0,T], (29)
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LS
h3i(t) W3y (t)

1
/yv(yvt)dy = (M4(t) - hll(t)lt;;(t))( > _ (hll(t) _ hlZ(t)) ,ng(t) 7
0

1
b : 11
O/y (y,t)dy = (us(t) — 2h11 ($)pa(t) + hiq () us(t)) <h§1(t) 13, (1) > T

1

(s (t) (P11 () = Pia (1)) — 2ua(t) (haa (1) — Mz(t) gy (30)
32
/y3v(y t)dy = (pe(t) — 3hy(t)us(t) + 3hiy () palt) — hiy () ps(t)) (1 - 1) _
S B B ()
= (ua(t) (W1 (1) = Wia (1)) = Bpa(t) (1 (£) — hTa(8)) + Bpas (£) (haa () — haa(£))) h§21( nk

€ [0,77.
3a nonomoror ¢yHkuii I'pina G (y, ¢, 7, 7) nepiuoi kpailoBoi 3axadi 15 PIBHAHHS

a(yhs1(t) + hai(t), 1)
h3,(t)

Vg = Vyy + (’I"l (t) (yh31 (t) + hn(t)) +q1 (t) + Sl(t)+

+yp1(t))vy + c(yhai(t) + h11(t), t)v

3 ypaxyBauHsMm ymoB (28), (29) dyukuito v(y, t) 3amuiuemMo y B

t 1
B a(nhsi (1) + h11(7),7)  a(nhsa(T) + hia(7),7T)
e //G o)) (M) - ST )

+(r(1)(nh31 () + ha1 (7)) + r2(7)((h31(T) — ha2(7)) + h11(7) — haa(7)) + ¢(7)+

+5(7) + np(7)) v2g (0, 7) + v2(n, 7) (c(nhz1 (1) + hi1(7),7) — e(nhsa(7) + hia(7), 7))+

+f(ha1 (1) + h11(7),7) — f(nhaa(7) + hia(7), 7) | dndr, (y,t) € Q. (1)

3nudepentitoapmu (31) 3a 3MIHHOIO Y, ONESPKUMO

t

1
- a(nhs1(7) + hi1(7),7)  a(nhsa(7) + hia(7), 7)
_0/ o/ Gyt ) (G S PR )
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+(r(1)(nh31 (1) + Par (7)) 4 r2(7) (n(ha1 (1) = haa(7)) + har () = haa(7)) + (1) +

+5(7) + np(7))van(n, T) 4+ va(n, 7) (c(nhsi (T) + ha1 (7), T) — c(nhsa(T) + hia(7), 7))+

+f(nhs1(7) + ha1(7),7) — f(nhs2(7) + haa(7), 7) | dndr, (y,t) € Q. (32)

Ockinbku s hY;, hY;, bii(t), bo;(t), @ = 1,2, cupaBmkyroTsest piBHOCTI, ananorigni (19)—(22),
TO 3BIZICH OTPHMYEMO

p()p2(t) + (q(t) + s()) (pa(t) — pa () + r(@) (har (D pa(t) — p3(t) + hir (8)(p2(t) — ma(t))) =

_ (0, halhn®).1) - Zg%?“(h““) FROD) | (5200) — 1)) (o2 0. Dalhna (1), 1)

—vgy(1,t)alh11(t) + ha(t),t)) + (v24(0,t)(a(h11(t), ) — a(hi2(t), 1)) — (a(h11(t)+

1
h3a(t)
1
+h31(t),t) — a(hm(t) + h32(t) Ugy 1 t + h32 / Qg yh31 —|— h11 )vy(y t)+
0
+(az(yha1(t) + hi1(t), t) — as(yhsa(t) + hi2(t), 1))vay(y, 1)) dy+

1
+(hg(t) — hay (t (/ az(yhs2(t) + h12(t), t)vay(y, t)dy + /&ls(t)> -
0

1
/ c(yhai(t) + hai(t),1) + (c(yhai (t) + hii(t), 1) — c(yhsa(t) + haa(t), 1)) v2(y, 1)+
0

+f(yhai(t) + ki1 (t),t) — f(yhs2(t) + hia(t), t))dy — ra(t) (p2(t) (ha1(t) — hs2(t))+
+(p2(t) — pa(t))(h11(t) — ha2(t))), te€l0,77, (33)
ha1(t)s(t) 1 (t) + q(t) (har () pa(t) — ps(t)) + () (har () s (t) + haa () (8)pa () +

+ha1(t)ps(t) — 2ua(t)) =

0,0, Da(hi(£),8) 2y (0,1)
hsi(t) hai (t)

1
(a(h11(t),t) — a(hia(t h31 / ((ha1(t
0

Xag(yhs1(t) + h1(t),t) — a(yhsi(t) + hia(t),1))vy(y, 1)+
+(ha1(1) (1 — y)(az(yhsi(t) + hi1(t),t) — az(yhs2(t) + hi2(t), 1))+
+(1 = y)(ha1(t) — ha2(t))az(yhaa(t) + hi2(t), 1) — a(yhsi(t) + hai(t), 1)+
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+a(yhsa(t) + hia(t), £))vay (y, ) dy + (hy (1) — hy (1)) (ué(t) — haa (t)p5(t)—

1
a(hya(t vgy (0,1) / haa(t am yh32( )+ h12(t),t)—
0
1
—a(yhgg(t) + hlg(t), ))vgy Y, t dy> + h31 / yhgl( )+ hll(t),t)+
0

+f(yha1(t) + ka1 (t), 1) — f(yhsa(t) + hi2(t), t) + (c(yhai (t) + har(t), ) —

1
—c(yhs2(t) + hia(t), t))v2(y, ))dy + (hs1(t) — haa(t)) (/(1 —y)(f(yhs2(t) + hia(t), t)+
0

+va(y, t)c(yhsa(t) + hi2(t), t))dy — pa(t)(s2(t) + q2(t)) — ra(t) (u3(t) + hll(t)ul(t))> -

—(ha1(t) = haz () (r2(t) (13(1) + haa () (8)) + Hs(8)hzy (1), ¢ € [0,T], (34

q(t) (ha1(t)ps(t) — 2pa(t) + 2ha1 ()ps(t)) + r(t) (2ha1 () pal(t) — har (t)ha1 (t)us(t) -

—3pus(t) + 4h1 (t)pa(t) — h%l(t)/l?)(t)) =
1

/ (ha1(8)(y* — y)az (yhs1 (t) + ha1 (), ) + 2y — Va(yhs () + ki (t), 1)) vy (y, )+
0

+vay (4, 1) (U7 — y) (a1 (t) (az(yhsr () + har(t), ) — ax(yhsa(t) + hiz(t), 1)) + (ka1 (t)—
—h3a(t))az (yhaa(t)+hia(t), 1)) + (2y—1)(a(yhsi (t) +h11(t), t) — a(yhsa(t)+hia(t), 1)) dy+

(gt (8) = hag () (5(8) — 211 (1) () + ATy (D) (1) + h3, (8) x
X /1 (c(yhs1(t) + haa (t), )o(y, 1) + f (yhsi () + han (8),8) — flyhsa () + haa(t), 1)+
0
+oa(y, 1) (c(yhsi(t) + haa(t),t) — c(yhaa(t) + haa(t), ) dy+
+(h3,(t) — h2,(t) /1 fyhsa(t) + haa(t), t) + va(y, t)e(yhsa (t) + hia(t), 1)) dy+
0

+(ha1(t) = haa(t)) (r2(t) (han (D) ps(t) — 2ua(t)) — qa(t)p3(t)) + (hai(t)—

ISSN 1027-3190. Ykp. mam. srcypn., 2013, m. 65, Ne 11



BU3HAYEHHA MOJIOAIIOTI'O KOEDILHIEHTA OJHOBUMIPHOI'O ITAPABOJITYHOI'O PIBHSHHA . .. 1545

—h12(1)) (r2(t) (haa () (t) — 4pa(t)) — 2q2() 3 (t) — 20y (8)hzy (1) + (1)) +
+ (R () — hiy(6)) (r2(D)ps(t) + Hs(6)hzy (1), t € [0,T], (35)

1
[/ (611 (t — 3ps(t) — 3hT; (£ ua(t) + 2han () pa(t) — 2ha1 () har (83 (t)) x
0

(v1y(y, ) (har ()yas (yhai () + ha1 (1), 1) + alyhai (1) + hai (1), 1)) — hiy (Dy(f (yhai ()+
+hi1(t),1) + vi(y, t)e(yhsi () + hai(t), 1)) +y(3pus(t) — A3y (1) ps(t) — 61 () pa(t)+
+3h1 ()3 (1)) (v1y (y, 1) (yhar () aw(yhai () + ha1 (1), 8) + 2a(yhsi (t) + hu(t), 1))~
=3 Oy (f(yhs1(8) + haa(t), 1) +v1(y, t)e(yhsi () + haa (1), ) + ha1 (0)y? (har (s (1)~
—2p4(t) + 2h11 () p3 (1)) ((Balyhsi (t) + har(£), 1) + ha1 (H)yax(yhai (t) + haa (1), 1)) vy (y, 1) —
—h31 (O)y(f (yhs1 () + haa (t), ) + c(yhai () + hu (), )or(y, 1)) dy + pg () (us(t)+
+2(pa (81 (8) = pa(t)hay (1)) + ps (6)(3(ps () — pa ()1 () hay () — pas(8) (R (8)+
+3h11(1))) + sy (£)6h11 (8)hay' (1) (a(t)han (8) =5 (1)) =35 (t) + 24 (1) (B (t) + haa (1)) +

(£ har () by (8)(B(haa (£) + haa () s (t) + hTy () ps(t) (har (t) + 2ha1 (t))—
—2h11 (8) () (2h11(t) — 3ha1 (1)) 4 B3y () (hay () s (t) — 2ua(t))) | (2(har () —

—h2(t)) (3pa(t) s (t) — 6ha1 () () + 3hT, (8 s (8 pa(t) — Wiy (Dp3(t) — 243 (t) e () +
3R (1) s (8 s (£)) + (h3y (8) — Mo (6)) (Bpus (8) s (8) — 4pd(8) + 2 (8 s () pa(t) —
=R (05 () + 2(haa () — Paz(t)) (6pa(t) s (t) — 6haa(t) () + hia (8 s () pa(t) —
—dpu3(t)pe () + 3haz(t) s (t) s (1) + (i) (8) — hiy(£))(6ha2(t) s (t)pa(t) — 1245 ()~

—h3y ()5 () + 6ps(£)s (1)) + 20a3(1) (A1 (1) — hia(1))(2ua(t) — haa()ps(t))—
—p3(t)(hi1 () = hia(t))) (6har ()pa(t)ps(t) — 12haa () har () (1) +
+6RT () (1) s (8 pa(t) — 20y (8 (8) 3 (8) + 3h3, (8 s (D) (t) — I3 (1) +
+12h1 () pa () s () + 211 (8 A3, () s (8 pa(8) + 4Ry (8 s (£ pa(t) —

—12h3) () (1) — Py (03 () — 43, (8 (8) — hiy (6)h3, ()3 (1) — dhsy (s () pe(t) —

—8h11(t)pa(t)pe(t) + 8ua(t)pe(t) + 6ha1 (t)har (t)ps(t) s (t)+
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+6h7 1 (t) s (t) s (t)) (6haa(t) pa(t) s (t) — 12haa()haa(t) 3 (t) + 635 () haz (t) s (t) pa(t)—
—2his () haa (8) 3 () + 3h3a(t)aa(t)pas (t) — 9B () + 12haa (¢)pa(t)pis (£)+
+2h19 () A3y (8 3 () pra(t) + 435 (8 3 (£ pa(t) — 12h75(8)pF (t) — Wi ()3 (1) — 435 (t) X

X (1) — hig(t)h3a ()3 (1) — 4haa () (t) e (1) — 8haa(t)pa(t) e (t) + 8pra(t) e (t)+
1
+6h19(t) haa (£) s (t) s (1) + 6hiy () [ / ((6haa(t = 3ps (1)~
0

—3hi1(H)pa(t) + 2ha1 () pa(t) — 211 (a1 () s (t)) (ha1 (H)yaz (yha () + haa (t), 1)+
Fa(yhsi(t) + hi1(t),1))vy(y, 1) + v2y(y, £)(a(yhsi (t) + ki (t), t) — a(yhsa(t) 4 hia(t), 1)+
Fy(ac(yhsi(t) + hi1(t), 1) — az(yhsa(t) + haa(t), t))ha1 () + yas (yhsa(t)+
+haa(t), 1) (hs1(t) — hsa(t))) — y(f (yhai(t) + hai(t), 1) — fyhsa(t) + hia(t), 1)+
+e(yhs (t) + hu(8), )o(y, 1) + va(y, ) (c(yhai (1) + hai (1), 1) — e(yhaa(t) + hia(t), 1)) 3 (1)~
—(R31(t) — M3y (t))y(c(yhaa(t) + haa(t), )va(y, t) + f(yhaa(t) + haa(t), 1))+
+y(3us(t) — A3y (1) pa(t) — 6haa () pa(t) + 303 (O)a(t)) (har (t)ya (yhai (t) + haa (8), £)+
+2a(yhsi(t) + h1i(t),1))vy(y, ) + vy (y, 1) (2(a(yhsi (t) + hai(t), 1) — alyhsa(t) + hia(t), 1))+
F(az(yhsi(t) + hi1(t),t) — az(yhsa(t) + hiz(t), 1)) yha (t) + yau(yhsa(t)+
Fhaa(t),£)(hsi(t) — hsa(t))) — y(f (yhsr(t) + haa(t), 1) — f(yhsa(t) + hia(t), 1)+
+e(yhai (t) + haa (), )o(y, t) + va(y, ) (c(yhai (t) + har (), t) — c(yhaz(t) + haa(t), )51 () -
—(P31(t) = P32 ())y(c(yhaa(t) + haa(t), )va(y, t) + f(yhaa(t) + haa(t), 1))+
Fha (4)y? (har (8 s (8) — 2pa(t) + 2ha1 (83 () ((har (Hyaz (yha (1) + haa (1), 1)+
+3a(yhsi(t) + h1(t),1))vy(y, t) + vay(y, 1) (yhsi (t) (az(yhai () + haa(t), ) —
—ae(yhs2(t) + hi2(t), 1)) + 3(a(yhsi(t) + hi1(t), 1) — alyhsz(t) + hia(t), 1))+
+yaz(yhsa(t) + hiz(t), ) (hai(t) — hs2(t)) — y(f(yhsi(t)+hai(t), t) — fyhsa(t)+haa(t), t)+
+o(y, te(yhsi (t) + hai(t), 1) + va(y, ) (c(yhai (1) + hai (1), 1) — e(yhaa(t) + hia(t), 1)) i (1)~
—y(h31 (1) — B3y (1)) (c(yhaa(t) + haa(t), t)va(y, t) + f(yhaa(t) + haa(t), 1))+

+(hs1(t) — haa(£)) (1 — y?) (yhsa(t)ax (yhaa(t) + hia(t), vy (y, 1) —
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—h35(0)y(c(yhsa(t) + haa(t), va(y, 1) + f(yhaa(t) + hi2(t), 1))+
+(1 = 3y*)alyhsa(t) + haa(t), )vzy (y, 1)) — yps(t) (R (8) = h3a(D)((1 = y) (yaz(yhaz(t)+
+hia(t), O hsa(t)vay (y, 1) — Wi ()y(c(yhaz(t) + haa(t), t)va(y, 1) + f(yhsa(t) + hiz(t), 1))+
+(2 = 3y)vay(y, )alyhaz(t) + haa(t), 1)) + 2(hy (t) — hia (1)) (Bua(t)(1 —y)—
—ha2 () s (8) (1 — %)) (yhaa(1)v2y (ys )aw (yhaa(t) + haa(t), 1) — B3y ()y(c(yhaa (1) +
Fhiz(t), hva(y,t) + f(yhsa(t) + hi2(t), 1)) + (Bua(t) (1 — 2y)—
—ha2 ()3 (t)(1 = 3y°))vzy (y, t)alyhsa(t) + hiz(t), 1)) — Bus(t) (ki () — hiy(t))
X((1 = y) (yhsa(t)aw(yhsa(t) + haa(t), t)vay (y, 1) — y(c(yhsa(t) + hia(t), )va(y, t)+
+f (yhaa(t) + haa(t), )3 (8)) + (1 = 2y)vay (y, )alyhaa () + haa(t),1)))dy + (hyy (t)—
—hiy (8))(25(8) (3 ()R (8) — pa()) + 3p5(t) (s (t) — ps(t)hd (1) +
+6h11 (1) (1) (a(t)han (8) — ps () + BTy (05 (1) (Bps (8) — dpa(t)han (1) + pa()hiy (1)) +
+(ha1(t) — a2 () (2pa(t)piy(t) — ps(8) s (¢) + haa (£) s (¢) (s () P (t) —

—2p4(1))) + (haa () — ha2(t)) (2hzy (1) (ks (£)4(8) — Bps (8 () — 3pa () (1) + Bpaa () (1) +
5 (8) (35 (1) — 2pa(t)hsa(t))) + (A1 (1) — hia(t)) (Bhgy (8)(2na(t)ui(t) — pa(t)s () +
ps (8) s (1)) — pis (8) (6pa(t) — pa()haa())) + 2p5(t) (A1 (1) — hia (1)) (s (t) — dpa(D)hgy (t))+
s (8 (8 g (1) (R () — Pio(8)] (6haa(t)pa(t) s (t) — 12haa(t)hsa (8 (8)+
+6hT (1) hsa (8 s (8 pa(t) — 2035 () haa (£)45(8) + 3h35 (1) s () s (1) — I (1) +
12012 (8) pa (8 s (t) + 2R (D) A3 (8 a3 () ra(t) + 475 (83 () pa(t) -
—12135 (£ 3 () — hip ()3 (t) — 4hdy (8 i (8) — Mo (t)h3y(H)p3 (1) — haz(t)ps () e (t)

—8hua(t) s (E)p16 (1) + Spa (Vs (1) + 6hua(t) haa (£ s (B)pis (1) + 6o (s (Bs (1)), (36)

te0,7).
3ayBaKHMO, 1110
6hi (t)pa () s (t) — 12hni (E) hai (£ i (t) + 6T () hai (t) pa () palt) — 2h3,(t) hai (8) 3 () +
+3h5; (£ s (£) s () — 9pi5 () + 1201 (8) ua () (1) + 2 ()M, (8 s () ea () +
+Ah3; (8 s (8 pa(t) — 1203,(D)p (1) — hi; (03 (t) — 4h3;(H)pi (1)~
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—h3; (03 ()3 (1) — 4hi () s () o () — 8haa(8) s () e (t) + Spa () s (8)+

+6h1¢(t)h3i(t)u3(t)u5(t) + Gh%i@)ug(t)/%(t) > Cy > 0, 1=1,2, te [0,t4].
3rifiHO 3 MPHUIYIIEHHAMH TEOPEMH MPABHIBHOIO € HACTYITHA PIBHICTE!

f(yhsi(t) + hi(t), 1) — f(yhaa(t) + haz(t),t) = (h11(t) — ha2(t) + y(hs1(t) — haa(t)))

1
X /fx(yhgg(t) + hlg(t) + U(y(hgl (t) — h3o (t)) + hll(t) — hlg(t)), t)da, (37
0

sika cripaBeuuBa i juist GyHkuiii c(yhs; (t)+h1;(t),t), a(yhs;(t)+h1i(t),t) ta ay(yhs;(t)+hii(t),t),
i=1,2.
Bupasumo hg;(t), hii(t) gepes pi(t), s;(t):
t t T

hgi(t) = hgz(O) exp /pi(T)dT y hli(t) = hh(O) + hgz(O) /Si(T) exp /pi(a)da dT,

0 0 0

i=1,2, h31(0) = h32(0) = hos, h11(0) = h12(0) = ho1.

BpaxoBytoun piBHICTh
1
e’ —e¥Y=(r—vy) / V@Y g7,
0

OACPIKYEMO

¢ t
1 1 1
hs1(t) B hsa(t) - _hog/p( /exp< / T) + pa(T )dr) do, (38)
0 0

+ 0/ s2(7) O/T p(n)dn exp ( O/T (p2(p) +0p(p))dp> d0d7>- (39)

Ananoriuno (38), (39) BuKkopucTaeMo s 300paxkenns pisHuib A1 (t)—hsa(t), h3(t)—h3,(t),
PEE(E) — (), B3 (D) — By(0), () — hy(t), Why(6) — hiy(0).

Buxopucrasmu (37) — (39) i mincraBusmm (31), (32) B (33) — (36), oep>XUMO CUCTEMY OTHOPITHUX
iHTerpasbHUX PiBHAHBb Bossreppa apyroro pomay BimHOCHO HeBimomux ¢(t), s(t), p(t), r(t). 3 emu-
HOCTI PO3B’3KIiB TAKUX CHCTEM BHIUIMBAE, o ¢(t) =0, s(t) =0, p(t) =0, r(t) =0,t € [0,t4].
3Bigcu orpumaeMo q1(t) = q2(t), s1(t) = s2(t), p1(t) = pa(t), r1(t) =r2(t), t € [0,t4], aoTxe,
hgl(t) = hgg(t), hll(t) = hlg(t), bn(t) = blg(t), b21 (t) = bgi(t), te [0,t4]. BI/IKOpI/ICTOByIOLII/I
ue B 3anadi (27)—(29), smaxomumo vy (y,t) = va(y,t), (y,t) € Qy,-

Teopemy 2 moBeneHo.
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