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O PELUEHUWN FPAHUYHOWN OBPATHOW 3A0AYM
Ona NAPABONTUYMECKOIO YPABHEHUA METOOOM
KBA3UOBPALLEHUA"

E.B. Ta6apuHueea® I1.[. Menuxec®, A.[. Apo3uH®

PaccmaTpuBaerca 00paTHas rpaHHuHas 3aaaya Ui napadojHvecKkoro
ypaBHenus. s MOCTPOEHUS YCTOHUMBLIX NPUOAMIKEHHBIX pellenuii JaHHOIH
3a1avd UCNOIb3YyeTCa METO)L Knamoﬁpamelmn, COCTOSIllll/Ii/i B 3aMeHC MCXOJHOI
3a7a4n 3a1a4ei 139 TunepdoIHYecKoro YpapHeHus ¢ Maabiv napamerpom. IMo-
JiyuyeHa TOUHAas 110 NOPS/IKY OUCHKA HOTPeliiocTH /IAHHOIO MeT0/12 HA OAHOM U3
KJIACCOB PABHOMCPHOM Pery/iapu3amnu.

Kuouesore crosd. ()6/)0111/1(1}1 )’Cl()(llla, Memoo I7[7116.IZIJI('L’IIII()R() peuctist, oyenka
ROSPCUNOCINL.

Beeacnue

B patorc paccmarpuBacTcs 0aHOMCpHAs TOCTAHOBKA OOPATHOH rpaHWYHON 3a744M TCILI0OOMCHA.
[TpubnuKcHHOC PCLICHMC CTPOMTCST MCTOAOM KBAa3MOOPALICHMS, KOTOPbIH COCTOUT B 3aMCHC HCYCTOM-
YUBOH MCXOAHON 3a0auM YCTOHYMBOM 3alauci Jst rurncpOOJIMUCCKOrO YPaBHCHHS C «MallbIM» napa-
mcTpom. [lostyucHa TouHas no NopsAKy OLUCHKAa MOTPCIIHOCTH MOCTPOCHHOIO MPUOIMIKCHHOrO peuic-
HUSL HA OJIHOM M3 KJIACCOB KOPPCKTHOCTH OOpPaTHOH rpaHHYHOM 3a1auu. Jloxasana onTMMaiblnoCTh MO
NopAAKy MCTOAa KBa3uoOpaLICHHs ¢ BHIOOPOM napameTrpa peryaspusanuu no cxeme M.M. Jlaspenrnera
Ha PaCCMOTPCHHOM KJIACCC KOPPCKTHOCTH.

Borpoce! TennoodmMcHa MMCIOT 0c000C 3HAYCHHE B TaKUX 0OIACTAX TCXHHKH, KAK daBHALMOHHASA H
PaKCTHO-KOCMHYECKass TCXHHKA, DHEpreTuka, Mcramyprds [1]. [lpu 2Tom Oonbloe 3HAUCHUC HMCHOT
IKCIICPUMEHTA/IBHBIC UCCCIOBAHUS, CTCHAOBAS U HATypHas OTpabOTKa TCIUIOBbIX PCKUMOB, CO3AAHUC
3} (EKTUBHBIX MCTOAOB AHATHOCTHKU M HIACHTU(UKAUMH TCINIOOOMCHHEIX MPOLICCCOB MO pc3yibTaTaM
DKCIICPUMCHTOB M HUCIBITaHWH. B OCHOBY JTUX MCTOAOB MOryT ObiTh MOJIOXKCHBI PCHICHUS O0PAaTHBIX
3aa4 TCINIOOOMEHA, NPHUYCM B PAJC CIyuaeB 00paTHbIC 334K ABJIAIOTCA MPAKTHYCCKH CAMHCTBEHHBIM
CPCACTBOM IMOJYYCHHS HCOOXOAHMBIX pe3yabTatoB. McToabl o0paTHbIX 3a4a4 00J1a4al0T BbICOKOH UH-
(OPMATHBHOCTLIO H MO3BOJSAIOT MPOBOAUTL DKCIICPUMCHTANIbHBIC HCCIICNIOBAHHS B YCIOBHAX, MaKCH-
MaJIbHO MPUOSIHIKCHHbIX K HATYPHBIM.

JluarHocTuka M MACHTHUQHKALMA TPOLICCCOB TCNIOOOMCHA MOTYT ObITh CBSI3aHbl ¢ PELICHHCM 00-
paTHbIX 3a1a4 pPasjinvdHbIX THIOB, OJHAKO MPaHHYHbIC O0PATHLIC 3aAa4u — ITO OJMH M3 HanOOJICC BaxK-
HBIX M PACNpPOCTPAHCHHBIX B TCILUIOBOM MOJACIMPOBAHMU KJIACCOB 33jiau. ['paHUt4HbBIC 0OpaTHBIC 3a1a4n
NPCACTaBASIOT U MCTOAMUCCKUH MHTEPCC, TaK KaK 3a/1ayd JaHHOTO THMA, [0 CPABHCHUIO ¢ KOO PuLu-
CHTHBIMH M I'COMCTPHUCCKMMH 3aJauyaMH, KaKk MPaBHI0, UMCIOT OONbIUYIO CKIOHHOCTb K HCKaXXCHHIO
pE3yJIbTATOB, CBA3AHHYIO C HCKOPPEKTHOCTBIO MOCTAHOBOK, allpHoOpHas HHpOpMauKs O TOYHOM pCHiC-
HHHU FPaHHYHBIX 00parHbIX 3a7a4 ObIBACT OrpaHHUCHHOM.

PaccmorpenHas B naHHOH paboTe oaHOMCpPHAs NOCTAHOBKA OOPATHOH MPaHUYHOI 3a/1auu ABIACTCS
OCHOBHOM PAacUCTHOH MOACIBIO, /U1 KOTOPOH AOJKHBE ObITh MOCTPOCHb! DH(PCKTHBHEBIC MCTO/bLI 0Opa-
OOTKH DKCICPUMCHTAILHBIX IAHHBIX.

1. [locTanoBka 3aa0aun
Paccmorpum  ofparHylo  rpaHduHyr  3ajaudy, T.C. 3a4auy  BOCCTAHOBIACHHUS  (DYHKIUUH

v(t)=u(l,t)e L,[0,00) (rpaHU4HOro ycaoBHA), TAC GyHKUMA u(X,1) yAOBICTBOPSCT yCIOBHAM:

ou  du
—=—5.(0<x<],£>0), n
ot ox”
" PaGoia upoBouLtack IpH QUHAHCOBOH HOUICPKKEe PO upoekt 07-01-96001
s
= Tabapuniesa fuieHa Bag, MHPOBHA — KaHAKAAL (DHINKO-MAICMA THUCCKHX HAYK, JOHCH!, kade/pa GYHKIHOHLILHOPO aHuI3d, KwHo-
Ypwibchuit rocynapelBeHubi yHuBepeiiiet  E-mail eltab@rambler ru
P Mennxee Jiconnst JIaBHIOBIY — J0KTOP (I 3UKO-MA1CMI 1 HUCCKHUX HAYK, NPOGECCOp, JABC IYIONIHH KaBe PO (GYHKIHOHLILHOI O dHMIN 3,
HOmHO-Y paisCrUM 10CY 1apCIBCHHBIN yHuBepeutel  E-mail leonid menikhes@gmail com
* J1po s Altekcanitp JIMIPHCBHY — ,[0K10p TEXHHUCCKHX HAYK, IPOQEccop, 3aBe,IyIoHH Kadie \poil Md1eMa 1 HUCCROIO AHAIIM3A, ICKAH M-

XAHHKO-MAreMarHucekor 0 dakyabiern, KkHo-Ypdibehhii 10Cy 1ape I BCHEBI YHUBepeH el E-mail drozmni@mail ru
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TabapuHyesa E.B., Mernuxec J1.4., O peweHuu 2paHu4HoOl obpamHott 3ada4vu
Aposun A4 dns napabosiuyecKkoz20 ypasHeHUs memoodoM keaszuobpaueHus

u(x,0y=0; u(0,1) = 0; u, (0,1) = ¢(t).

3nces u(x,)e C20;1)NC[0;1]; u(-,t)e Wz1 [0;00) 5 @(t)e L,y[0,00) — 3anannas GyHkums.
3anaua BbIMUCIACHHS MPAHUUYHOIO YCJIOBHS U1 YpaBHCHUS (3) mocTaricHa HekoppekTHO [1]. byacm
npeanosaratb, YTo A 3aJaHHOH PyHKuMKH @(f)e L,[0,00) oOpaTHas rpaHHdHas 3aaaua UMCCT pelic-

Huc V(f)€ L,[0,00), npUHALICIKALLCC MHOKCCTBY
M = o) v} .y +Iv )

HO TOUHBIC 3HAYCHUA PYHKUMH @(f) HC WZBCCTHbI, & U3BCCTHBI (DYHKUMS @5 W YPOBCHb MOrPCLIHOCTH

<r?,

2
I,Z[O’oo)

0 TaKHe, YTO 11(p(;—(p‘|£ 0. Tpebyetest mocTpouTs NPUOAHIKCHHOC peliicHHC 06paTHOl FPaHHYHOMN 3a-

Jauu U OUCHUTL CI'0 YKJIOHCHUC OT TOYHOI0 pCUICHHUSL.

2. Tounoc pencHuce 06paTHOM rPANUYHON 3aa4H
PaccMoTpum cicayiolMe JIMHCHHBIC HOPMHMPOBAHHbBIC [IpocTpaHcTBa: L,[0,00) — npocTpaHcTBO

CYMMHpYCMbIX ¢ KBagpatoMm (yHKUMH Ha [0;e0) (DNpHHMMaOUIMX NCHCTBUTCIABHBIC 3HA4CHM:A); D —
MPOCTPAHCTBO KOMIUICKCHO3HAUHbIX (YHKUMH, 3aaaHHbIX Ha [0;ec), JOMyCcKalOUIMX AHAJHTHUCCKOC

MPOJAOKCHUC B HHXKHIOKO MOJIYTIJTIOCKOCTL U TAKHUX, UTO /18 BCCX O < 0

[(v(t+for)izdrsc.

PaccmoTpiiM nipcodpaszoBaHuc Dypbe HyHKLUUH, CYMMUPYCMbIX € KBajpaToM Ha [0;e0).

Jdemma. Onepamop F : L,[0,00) — @, deticmesyiowuil no npasuty
-
Fy=— J.v(t)e"&’dt,
2r ;

ABNACMCA U30MEmpUell.
M3 anpHOpHBIX OLUCHOK PCUICHHSA NEPBOH KPacBOH 3a/1auu /U1 YpaBHCHHUS TCIUIONPOBOJHOCTH Clle-
AYeT, YTO K HCXOJHOM 3aJayc npHMcHUMO npcodpazoBanuc Mypbe Ha nonynpamont £ € (0,00) . [Tpume-

HSA K HUCXO/HOH oOpaTHOM 3amauc npcobpaszoBaHvc Pypbe no £, MOTYyUHM CIACAYIOLEYIO 3a1ady Ans
0BBIKHOBCHHOIO JIMHCHHOrO ypaBhcHus: tpebyctes onpeacauts GyHkumo v(A)=a(l,A), tae u(x,A)
YAOBJICTBOPSCT YCJIOBHSIM:

i (x, A) = idii(x, Ay i1(0,4) = 0; 47 (0, 1) = ().

Pciuas nmosyucHHyt0 3aj1a4y, HaX0AHM 00pa3 TOYHOTO PCHICHHS UCXO/THOH 3a1auu:

Ja

sy =L 5

.Uo\/z

3nacch (= l\/i—é; wWA) :-); _[v(t)e*"l’dt ~ 0bpas Dypbe dyHruun v(r) (4> 0).
0

3. llocTpocHuc npUOIUKCHHOrO pelicHUA 00paTHONH IPaAaHUYHOM 3a1a4u
Jlng nocTpocHus yCTOMUYMBOrO NpUOAMIKCHHOIO PCIICHHS MCXOAHOH 00paTHOM 3a1auM BOCHOJb3Y-
CMCSl MCTOIOM KBa3HOOpAllICHHS, COCTOSILIMM B 3aMCHC HCYCTOHYMBON UCXOJAHOH 3ajauu ycroHunsoi
3aJa4CH Ans ypaBHCHHS € «MalbiM» napamcTpoMm. Mcroa kBasznoOpanichust OblLl npeanoxkeH B [5],
NPUMCHCHHC KJIACCHYCCKHX BAPHAHTOB MCTOAA KBa3HOOPALUCHUS K PEIICHHIO OAHOMH 13 00paTHbIX rpa-
HHYHBIX 3a]a4 paccMOTpcHO B [6]. Mbl OyacM HMCTIONb30BaTh BapHaHT MCTO/Aa KBa3HOOpalLCHHUs, Npe/i-
NoxCHHBIN B [7] u 060CHYCM pe3ynbTaTsl, IPUBCACHHBIC B [7] 6C3 10Ka3aTcasCTBa.
PaccMoTpum BecrioMorate/ibHOC rHNcpOO0IMUYCCKOC YPABHCHUC C «MaJibIM» ITAaPaMCTPOM:
2 2
o"u ou Ju
eyt =7
oa°  dt ox
U CJICAYIOLIHC HAYAMbHBIC U TPAHUUHBIC YCIOBHSI:

w(x,0)=0; u(0,r)=0; 2,(0,1) = Q5 (1).
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MaTtemaTuka

3acck u(x,-)e Cz(O;])mC[O;l]; u(-,t)e sz[O;oo); £>0 — nocTosHHash BPCMCHH (BpCcMs pcllakcalvu
TCMJA0BOrO HanpsokeHus) [4]. B kauvccrBe npubnuvxkeHHOro peuicHus agaud OyJAcM paccMarpHBaTth
byHKuM0O 25(1) = uj5(1,1), taC u5(x,t) yAOBICTBOPACT YCnoBHsM (2) u € = £(F).

M3 anpyOpHO#H OLICHKH TOUHOIO PCLICHHA ICPBOM KPacBOH 3a4a4ud Anst THICPOOSIMUCCKOro ypaBHe-

Hus CJICAYCT 3aKOHHOCTb MPUMCHCHUS K 3afaayc A7 ypaBHCHUs (2) npcodpasoBanua Pypece. [TpumcHss
npcobpazoanuc Pypbe, MNoayvacM ciCAyOLLYO 3a1a4y Koy A THHCIHOrO ypaBHCHMS:

- ca 2~ ]
i, (x,A)=idii(x,A) - eA7t(x, A);
f(0,4)=0; it (0,1) = G(A).
Takum 00pazoM, B Ka4CcCTBC NPHOIHIKCHHOTO PCLICHHS HCXOAHOH 06paTHO 3aaaun paccMaTpuBa-

cres ynkums vi(¢)= R.@5, 06pa3 Gypbe KOTOPOH HMCCT BHA
Vid—ed®
v§(A) = == 5.
Vid - e4?

3acch R, — oncpatop, peryasipusy o MCXoaHyto obpaTtHyto 3aiady, €= £(9).

4. OucHKA NOrPCIIHOCTH NPHOJIHKCHHOIO PCIICHUS
PaccMoTpuM OLICHKY MOrpCLiHOCTH NPUOIHIKCHHOTO PCLUICHUS OOpPaTHOH TPaHMYHON 33aunm Ha

MHOXCCTBC M .
B kayccTBC XapaKTCPHUCTHKH TOMHOCTH MOCTPOCHHOrO NPUOJMIKCHHOIO PCLUCHHS HCHONB3YCTCH
BCJIWUMHA

A(g,0) =sup{

9— 95 <5}

V5 —vH:ve M;|
Heronb3yeM O4CBHAHYIO OLCHKY

A(g,0) S A (&) +A,(€,0),
rac

Ay(£,8)= sup ||R.(¢—5);
“¢_¢(5 <J

A (€)=sup HRqu— v”
veM
Oucuum Benuanny A,(g,0):
id—€A? sh”®a+sin® b

A, (€,0) < Osup sh <Isup

150 Nin—ear | o atieiat

rae
a’ = %(/1\/1 +2 2 b, b= ;-(/1\/1 + A% + ).
OtucHuM cHayana Beauunny A(A) = az(ﬂ). PaccmoTpum ypaBHcHuUC
A'(A)y=0. (3)
13 (3) cncayer

(EA-V1+£24%) =0. (4)

Vpasucnuc (4), 0uUCBUAHO, HC HMCCT peiieHuil Ha nyuc A€ [0;), T.c. pyukuna A(A) HC HMCCT Kpu-
THUCCKMX TOUCK. Buruncianm npeacn ¢pyHkunn A(A) npu A —>co:

lim A(A) = lim l(/1\/1 +&2At —adhH = 1
A—so0 A—vee D 4e
CnenoBaTebHO, a- (A< 4—1F npu 4A2>0.
PaccmoTpum dyHKUMIO
shvid—eA®
P(A) = |————e]|.
Vid—ed’
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TabapuHyeesa E.B., Menuxec /1.1]., O peweHuu epatu4Hol o6pamHou 3adaqu
Apozun A L] dns napabosiuvyeckozo ypasHeHuss MemodomM keasuobpaujerHus

Tak kak

hm p(A)= 11m ‘sh ‘(0)] ich(O)l =1,

TO CYMICCTBYCT HHCHO Aq >0 rakoc, uto ans Bcex 0< A< A, BbINOAHACTCA HCPABCHCTBO |p(ﬂ,)} <2.

CrncioBarcibHO,
1
supfp(/i)‘é sup {p(l)H sup‘p(l)|£(‘ez‘/:, 5
20 0<A< A, Az
rac C' — nocrosiHHas, He 3aBucsulas ot € . U3 (5) cacayer, uto

1
A,(£,8)<Cer .
Oucnum BenudauHy A (€). U3 onpeacneuns MHoKeeTBa M M M30MCTPHYHOCTH NMPCOOpa3oBaHns

®dypbe cacaycet, 4To s oOpasza Pypee PyHKUMH v(#) BBINOIHICTCH YCIOBHC

H\/ 14+ A2 v(A) <r
1510,00)
CnecaosarcibHo,
A (&)= sup | ,UO\/_\/1+I'€ 131 rsup 1 ,u()\/z\/Hig/I 4 6)
] veM \ N1+igd \F T 201+ 42 \/1+i€ﬂp0\/z '
W3 HepaseHeTga (6) cenyeT
A< rsup (ﬂo\/_\””g 1 ﬂo\/—l 11 =V1+ied] 7)
l —_—
220 1+ 47 | 1+ieA W/‘; \/1+/1 (Vi+ied|
Ouenum BrOpoe cnaragmoc B (7). PaccMoTpruM paBcHCTRO
[1-1+igd| €4 8)
Vi+ A% |V1+ied | s 2 ep H+T+ied|
Bocnosib3yemcst HCpaBCHCTBAMMU:
VI+ A2 > 4 V14227 >1 npu A20; [1+1+igd > 1,
C YUCTOM KOTOPBIX U3 (8) cncaycet
[1-V1+iel | ©

<e
VI+ A% |Vl +igd |

OucuuM nepsoe caaracmoc B (7). M3 paseHcTBa

@B (@B
-2 ( S5 o 28)

IpoOb B MCPBOM cilaracMoM B (7) NPHHUMACT BUA

|Sh(ﬂ0\//‘1\'1+i€l}_5h/fo\/z|_ 2|shz||chz |
N1+ 22 [N +igduNA | i+ 2281+ 6242 |sh V7|

_-] :%(,UO\/Z—\/M—&%Z ) N :%(AO\/zﬁL\/i/l—gﬂz ).

rac

3aMCTUM, 4YTO

2
lim 2|shz|[chz, | = lim £A

501+ 2214+ €222 shpig 4| 40N | oA ++Ji - 5/12;

Cncnosatenbho, Haiiacres A, >0 Takoe, uto npu 0< A < A; BBINONHACTCS HCPABCHCTBO
2|shz,|lchz, |

1+ 2281+ €247 [sh g7 |

<E&.
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MaTtemaTuka

Paccmorpum oucuky apobu npu A > A, . 3amMcTHM, 4TO

Re:, =%\/§(l—\/\/l+ezﬂz —8/1)=l[\/%'—a} Rez, =%\/%(1+\/\/1+52/12 —Ei)=l[\/g+a].

2 2

Z{Sh:]”ch:,|Slshl(\/z—a]chl[\/g+a]ﬁeﬁ(l—eﬁ(‘/g_a)). (10)
T2 (N2 2(V2

2
OucHuM BEJIMUNHY \/Z~a cepxy. Tak kak V1+&24% —£4<1, 10

\[Z—as\/Z(HE/l—\/ng/iz):\/z 224 <2ebda. (11)
2 2 21+ ed+1+¢2

CacnoBarcnbHO,

3amMeTum TAKKC, 4TO

| A 221 -y (12)

3 (10)+(12) cacayet, uro npu A > 4,

32
2shz, [[ch, | Scl—e—ﬁ“ | 1)
\ﬁ+/12§/1+€2/12|shu0\/1| A
2 372
Pacemorpum Qyukuuo F(A) :%. 3aMCTHM, YTO /llim F(A)=0; }im F(A)=0. Kpuraucckue
—0 —»oo

TOUYKH (yHKUMH F(A) YAOBIACTBOPSAIOT YCAOBHIO
3
i
e =1+—t, 14
5 (14)

rac t= V26’ 13 ypasHcHus (14) cnenyet, 4ro GyHkaus F(A) uMCCT CAMHCTBEHHYIO KPHMTHYCCKYIO
TOUKY A, , YAOBAETBOPsOLIYIO YC/IOBHIO L < A, <1. CncaoBatensHo,

|- Ve
A(&)SCFAy) = 0= ——<Cee

BriGepem 3aBUCHMOCTS € = £(F) no cxeme M.M. JlaBpcHTbCBa, T.C. 3aBUCHMOCTE £ = £(J) BbIOMPACT-
CAl U3 YCJIOBHS

56271‘/;—? =cyro.
Umeem € < 1n2(£;‘/5) . CacposarcnbHo, cyniecTByoT uncaa C >0, d, >0 Takue, 4To A5 BCCX O < O
BBITIOJIHSCTCSL HCPABCHCTBO
A(£(5),5) S—ZC——. (15)
In“(r/9)

U3 (15) ¢ yucTOM OUCHKH MOTPCIIHOCTH ONTHMATBLHOIO MCTOAA PCINCHHS 00paTHOH rpaHUYHOI 3a1a4u
Ha MHOXKCCTBC M , nofyucHHo# B padote [2], 10Ka3aHa cicaytomas Tcopema.

Teopema. Memood keazuobpawenus ¢ 6uloOpos  napamempa  peyaspuzaylil.  no  cxeme
MM. Jlaspenmoesa onmusiaten no nopaoxy na mimoxcecmee M .
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ON SOLVING AN INVERSE BOUNDARY PROBLEM
FOR A PARABOLIC EQUATION BY THE QUASI-REVESIBILITY METHOD

E.V. Tabarintseva', L.D. Menikhes®, A.D. Drozin®

An inverse boundary problem for a parabolic equation is analyzed in the article. For the stable ap-
proximate solutions of the given problem the quasi-reversibility method is used. It consists in changing
the original problem with a problem for hyperbolic equation with a small parameter. A sharp order error
estimation of the method at one of the uniform regularization set is obtained.

Keywords: inverse problem,; approximate method; error estimation.
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