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YMCNEHHbIX NOAXoAa K OLLEHKE NOrPELLUHOCTU
HEKOPPEKTHbIX 3AOAM

A.A. Cudukoea
FOxHo-Ypanbckuli 2ocydapcmeeHHbil yHusepcumem, 2. HensbuHck

Moynb HEnpephIBHOCTH OOPATHOrO OIeparopa MPUBOJUT K MHUHUMH3AIMH HEBBITYKIOTO
¢dyukponana. Ha mpakTtuke MOIyjb HEMPEPHIBHOCTH MOXET OBbITh BBIYHCICH JUIS OYEHb Y3KOTO
KJacca 3a1a4. [ 1aBHO# TPYAHOCTHIO TIPH €r0 BBIYHMCICHUH SIBIIICTCS KOMMYTHPYEMOCTh BXOIAIIAX
B 3a[[a4y OneparopoB. Tak Kak 3TO YCIOBHE B PEaTbHBIX 33[auaxX PEAKO BBIMOJHSACTCS, TO BO3HHUKIIA
HEOOXOIUMOCTh B YHCICHHBIX AJITOPUTMAX JJISl OI[CHKH [TOTPEITHOCTH.

IIpemioskeH YUCICHHBIA aArOPUTM IS OLCHKH NPHUOIMKCHHOIO PEIICHHS OIEepPaTOPHOrO
ypaBHEHHSI TICPBOTO POAA, MOJTYYSHHOTO METOJIOM HEBS3KH, HE HCIIONB3YIOIIMA MOIYJIb HEMPEPHIB-
HOCTH oOpaTHOTro omepartopa. [loka3aHo, YTO 3Ta OLEHKA IOIPEIIHOCTH HE XY)KE OLCHKHU, HCIIOJIb-
3yolIel MOyJIb HEMPEPBIBHOCTH 00paTHOTO omneparopa. [IpeiokeHHbIi B paboTe Moax0/ M03BO-
JSIET 3HAYUTENILHO PACIIUPUTD KIIACC 3a/1a4, K KOTOPBIM OH MPUMEHUM, a TAKIKE MOJYyIUTh TOUHOCTD
OLIEHKH, HE YCTYMAOIIYI0 TOU, KOTOpast MOTJa Obl OBITH MOyYeHA C MOMOIIBIO MOYJIS HETPEPhIB-
HOCTH 00paTHOIO OIeparopa.

Knioueswie cnosa: pezynisipusayusi, Memoo He6sA3KU, OYEHKA NOSPEUHOCMU, HeKOPPEKMHAS 3d-
odaua.

Beenenue

Bo MHOTrHX 001aCTSIX €CTECTBO3HAHUS MPUXOIUTCS CTAIKHBATHCS C 33Ja4aMU, KOTOPbIE B MaTeMa-
TUKE MPHUHATO Ha3bIBaTh HEKOPPEKTHHIMU. OCHOBBI TEOPUH HCCIENOBAHMS M METOJIOB PEIICHUS TaKUX
3a1ad ObuTH pa3paboTaHbl B Tpynax akaneMukoB A.H. TuxonoBa, M.M. JlaBpeHTbeBa U WiICH-KOPP.
PAH B.K. lBanoBa. Pa3BuTHe BBIYMCINUTENBHON TEXHUKH CTUMYIMPOBAIO MHTEPEC K HEKOPPEKTHBIM
3agadaM. B HacTosee BpeMs MpakTUYECKU BO BCEX paslesiax MaTeMaTHKH (BKJIIOUYas anredpy, Mmarema-
TUYecKuil aHanmu3, auddepeHnranbHple ypaBHEHUs, MaTeMaTHIeCKyI0 (pHU3HKY, (YHKIIMOHANBHBINA aHa-
TI13, BEIYUCIUTEIBHYIO MATEMaTHKY | T. [1.), B (hU3HKe, TeOPU3NKE, METUIIMHE, ACTPOHOMUN M MHOTHX
JIPYTUX 00JIaCTSAX 3HAHWH, B KOTOPHIX IPUMEHUMBI MaTeMaTH4YECKHE METO/IbI UCCIEA0BAHUH, N3Y4al0TCA
TaKue 3aJa4u.

[Ipyn pemieHMH HEKOPPEKTHO MOCTABICHHBIX 3aJad BAXXHYIO POJIb UIPAET OLIEHKA MOTPEIIHOCTH
MPUOTIKEHHOTO PelIeHHs. JTa OleHKa IO3BOJISIET CYyIUTh O CTETIEHU TOCTOBEPHOCTH 3TOTO PELICHHMS.
Jo mocienHero BpeMeHU NPU OLIEHKE TOTPEITHOCTH MPHOIMKEHHOTO PEIICHHUS UCTIOIE30BAJICS MOIYIb
HETPEePLIBHOCTH 00paTHOTO omneparopa [ 1], KOTOPbIi He TONBKO MO3BOJISUI IMONyYUTh 3Ty OLEHKY, HO U
JI0OKa3aTh €€ TOYHOCTh [2], a TaK)Ke ONTUMAIBHOCTh, UCIOJIB3YEMOT0 MeToa [2].

3aMeTHM, 9TO K HACTOSIIEMY BPEMEHU MOIYJIb HEMPEPHIBHOCTH 0OPATHOrO OIepaTopa A0CTaTOYHO
xopomro uccienosad [3]. OnHoi U3 ciabbIX CTOPOH MOJYJS HEMPEPBIBHOCTH [2], SBISETCS TO, YTO MPH
€ro BBIYUCIICHHU TPeOyeTCsi KOMMYTHPYEMOCTh OIIEpaTOPOB, UCIONB3YEMBIX B 3aaue. ITOT (akT 3Ha-
YUTEIBHO CY’KaeT KJIacc 3a7a4, K KOTOPbIM IPUMEHUM MOJTyJTb HETIPEPHIBHOCTH.

B Hacrosmeit craThe MpeayiosKeH YUCICHHBIA aNTOPUTM JUISL OLICHKH PELeHHsT HEKOPPEKTHOH 3a/1a-
yn. [IpennokeHHbIi B paboTe MOAX0A MO3BOJISIET 3HAYUTEIBHO PACIIMPUTH KIIacC 3a1a4, K KOTOPBIM OH
MIPUMEHUM, a TaK)Ke MOJIIYyYUTh TOYHOCTh OIIEHKH, HE YCTYMAIOIIYI0 TOW, KOTOpasi MOorJia Obl OBITH MOITY-
YeHa C MMOMOIIBI0 MOAYJISI HEIPEPBIBHOCTH 0OPAaTHOTO OIepaTopa.

IlocTanoBka 3agaun

[ycte U,F u V — runs0epToBBl MPOCTPAHCTBA, A —MHBEKTHBHBIA JTMHEHHBIN OrpaHHMYeHHBIN
oreparop, orodpaxarouuii npoctpaictBo U B F, a B —IJIMHEHHBIN BIOJIHE HENPEPHIBHBIA OnepaTop,
otoOpaxaromuii V B U.
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PaccmoTpum onepatopHoe ypaBHEHHE
Au=f, wuelU, feF. e

Ipemtoxum, uro mpu f = f, CymecTByeT TOYHOE pelieHue i, ypaBHeHus (1) m u,eM,, rue

M,=BS,, a S, ={v: vevr, ||v||£ r}, HO f, HE U3BECTEH, a BMECTO Hero AaHel fs€F n >0 Ta-

KHE, 4TO ||f5 —f0|| <d.
Tpebyercsa o f5,0 u M, onpenenanTs NpUOIIKEHHOE PEIEHHE U5 ypaBHeHHUs (1) U OLEHUTH yK-

JIOHEHHE ||u5 —u || IPHOIMKEHHOTO PEUIEHHUS Us OT TOYHOTO 1.

Meton HeBSI3KH
MeTon HeBsI3KM MPHOJIMKEHHOTO perieHus ypaBHeHus (1), ciexys paboram [4—6], 3akimrodaeTcs B
CBEJICHUH ITOTO YPAaBHECHHUS K BAPHALIMOHHON 3a/1a4e

inf{f = ver, [ov-sif <), @)

rne C=AB.
N3 [6] cnemyeT CyIIeCTBOBAaHUE M €IWHCTBEHHOCTH perieHus 3amadd (2). Pemenue 3Toi 3amaum
0003HaunM uepe3 vy. Torna npubamxkeHHOE penleHne 1y ypaBHeHus (1) onpenenum Gpopmynoit

Temnepsp nepeiijieM K OIIEHKE MOTPENTHOCTH ||u5 - 140”.

M3zBectHo [7], uTO
||u5 —u, || <2w(9,7),

rae co(S,r) = sup{"u" D ueM,, Au” < 8}.
Beenem dynkiuio y(3,r,us) dopmynoit
Y(8,7,us) = sup{"us - Bv| : ||v5|| < ||v|| <r, ||Cv - f5|| < 5}. 4)

U3 (3) cnenyer, uto
||u5 - M0|| < Y(Sa I",ug),
au3 (3) u(4), uaro y(3,r,us) < 20(3,r).

Tak xKak MHOXXECTBO {Bv : ||v5|| < ||v|| < r} KOMIIAKTHO, TO JUIs JJI06oro € >0 cymiecTByeT KOHeYHas
€ -CETh {ul,uz,...,un} 3TOr0 KOMIIAaKTa.

Takum oOpazom, yn(S,r,uE;):m'_dx{”ui—145”: i=1,2,...,n}, a {ul,uz,...,un} — £-CETh KOMIIAKTa
1

(Bv: I <<,

3akiouenue

B pabGore npeniioxeH YMCICHHBIA TMOIX0/] K TIOMYYEHHUIO OICHKU IOTPEITHOCTH MPHOIMKEHHOTO
pelIeHHs OIepaTOPHOTO ypaBHEHHsI TIEPBOTO POJA, IMOIYYEHHOTO0 MEeToqoM HeBs3ku. [lokazano, 4to
3Ta OIICHKA MOTPEIIHOCTH HE XYIKE OICHKHU, MCIIOJIb3YIOIIEeH MOYJIb HEIIPEPHIBHOCTH 00PaTHOTO OIle-
patopa.
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NUMERICAL APPROACH TO ESTIMATE THE ERROR
OF ILL-POSED PROBLEMS

A.l. Sidikova, 7413604@mail.ru
South Ural State University, Chelyabinsk, Russian Federation

The modulus of continuity of the inverse operator leads to minimization of nonconvex func-
tions. In practice, the modulus of continuity can be calculated for a very narrow class of problems.
The main difficulty in the calculation is the commutation members of the task operators. Since this
condition in a real application is rarely executed, it became necessary in numerical algorithms for er-
ror estimation.

In this paper we consider a numerical algorithm to evaluate the approximate solution of opera-
tor equations of the first kind obtained by the method of residuals not taking into account the mo-
dulus of continuity of the inverse operator. It is shown that this error estimate is not worse than
the estimation using the modulus of continuity of the inverse operator. The proposed approach can
significantly extend the class of problems to which it is applicable and to obtain the accuracy of
the estimation, not inferior to that which could be obtained by using the modulus of continuity of
the inverse operator.

Keywords: regularization, method of residuals, evaluation of inaccuracy, ill-posed pro-
blem.
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