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UTEPAIIMOHHBIE METO/bI PEIIIEHINSI OBPATHBIX 3AJJIAY
VJIBTPA3BYKOBOM TOMOTPA®UN

A.B. Tonuapckuii', C. }O. Pomanos?

CraTbst TIOCBSAIIEHA CTPOIOMY MaTeMaTHIeCKOMY 000CHOBAHUIO UTEPAIMOHHBIX METOJIOB PEIleHust 00-
PATHBIX 33J1a4 YJITPa3ByKOBo ToMorpadun. O6parHbie 3a/1a49u yILTPA3ByKOBOIl ToMorpadun pac-
CMATPUBAIOTCS B PAMKAX CKAJISIPHON MOJIEJIM BOJIHOBOTO YPaBHEHUs. DTa MOJEIb YIUTHIBAET TAKUE
BOJIHOBBIE 3(peKThl, Kak audpakins, pedppakius u ap. ObparHas 3ajada pacCMaTPUBAETCs KakK
ko3 dunmenTHast obpaTHas 3aa4a. Ha crporom MareMaTndecKoM yPOBHE IOy Y€HO [IPEJICTAB/IEHUE
Jyutsi ipon3BosiHOf Dperiie HYHKIMOHAIA HEBS3KU 110 CKOPOCTH PACIPOCTPaHEHUs! BOJIH ¢(1), KOTO-
past xapakTepu3yeT HEOJHOPOIHYIO CTPYKTYpy o0bekTa. IIpencrasienne st mpoussomaoit Operre
[OJTyYeHO KaK [Tl JBYMEPHBIX 33J1a4, TaK U B TPEXMEPHOM ciiydae. Vcmosb3ys Moy deHHoe mpe-
craBjieHne Jis mpou3BoiHoit Dperire, aBTOPHI CTATHU MPEJJIATAIOT JIJIsI PEIeHns 0OpATHON 3a1a9u
UCIIOJIB30BATh I'Pa/[MeHTHbIE METO/ bl MUHUMUI3AIUU (DyHKIMOHAJIA HEBA3KU. [IpejjiozkeHHast B CTaThe
UTepaImoHHasI [IPOIIE/Iypa JOILyCKAET BBICOKUN YPOBEHD paclapaJule/InBaHUsl Ha, CyIePKOMIIbIOTEpE.

KitoueBbie cioBa: ko3ddunmenTabie 00paTHbIE 331291, BOJHOBOE YPaBHEHUE, YIbTPA3BYKOBAasl TOMO-
rpadust, mpousBoaHas Operrne, HTEPAITMOHHBIE METOIDI.

1. BBeaenme. Tomorpaduieckue MCC/IeI0BaHNS MHTEHCUBHO Pa3BUBAKOTCS B TeYEHHE ITOCJIEIHUX JBYX
JecsTuiernii. PazpaboTaHbl pa3/iidHble TUIBI TOMOIPaUYECKUX METOJOB, BKJIIOYAIOIINE B ce0si MarHUTHO-
PE30HAHCHYIO, TIO3UTPOHHO-3IMUCCHOHHYIO, ONTUIECKYI0 ToMorpadun u n1p. Hanbosbiee pacnpocrpaHenne Kak
B MEJWIUHE, TAK U B IPOMBIILJIEHHOM AUArHOCTUKE [oJayduia pearrenoBekas Tomorpadus (PT). Paspemenue
coBpemennbix PT B memurune cocrapisier 1-2 M. J[J1st IPOMBITIUIEHHBIX MCCIEIOBAHUN CYIIECTBYIOT TOMOTPA~
&ni, paspemntenune Koropbix cocrasiisier 100 mxm. Hemocrarkom PT B Memunube siBiisiercsi BbICOKAsl JIydeBast
HArpysKa, B ¢Ba3u ¢ deM PT Hesb3st uCrosb30BaTh Jisl perysIsipHbIX obcienoBanmii. COBpeMEHHON TeH IeHIIeil
B MEJIUIMHE sIBJISIETCsI OTPaHUYEHNE MCIIOJIb30BAHIS HOHU3UPYIOIIEro U3JIlydeHusi. B 9TOil CBsI3U MPEJICTABIISIIOT-
¢Sl aKTYaJbHBIMEA PAabOTHI TI0 pa3zpaboTKe TOMOrpadUIeCKUX METOJ0B HA OCHOBE YJIbTPA3BYKOBBIX UCTOYHUKOB
U3JTy 9€HUS.

OpHoit 3 BarKHEHUX MPOOJIeM B MEJIUIMHE SBJISETCS PAHHsIS JTUATHOCTHKA 3a00JIeBaHUIi paka MOJIOY-
HOI1 Kesie3bl. Pa3zpaborky yiabTpasByKoBbix ToMorpados (YT) s stux neseii BeayT naydnse rpynnsl CITA,
Tepmanun, Poccun [1-9]. PaGorsr nposogisitest yzke 6ostee 10 jreT n OMIIN JI0 CTAMU MAKETHBIX YCTAHOBOK. 1Ipo-
MBIIILJIEHHO U3roTasauBaeMbix ¥ T noka He cymectByer. OIHOI u3 cepbe3HbIX 1podseMm Y T siBiisieTcst pa3spaboTKa
METOJIOB perienns obparHbix 3aga4. B orinuane ot PT obparubie 3anaan YT apisorcs nesnuneitabivu. Hawmbo-
Jlee aJIEKBATHON MOJIEJIBIO SIBJISIETCST TPEXMEPHBIN BaprHaHT OOpATHON 3a/1a4u, KOTIA TI0 JIAHHBIM Ha JIETEKTOPAX
BOCCTAHABJIMBAETCS TPEXMEPHbBINA CKOPOCTHOW pa3pes, XapaKTepusyoluil BHyTPEHHee CTPOEHUE UCCIEIyEeMOro
obbekTa. CyIecTByIOT ABa IIOIX0a K PEIIeHnIO 3a/1a9 BOJHOBOM ToMorpadun. Ilepsoiit u3 Hux 6asupyercs Ha
uHTerpaJbHOM npejcraBiennn yukiyn 'puna [10, 11]. Mcnonb3yst 910 npejcraBierne, MOXKHO CBECTH 06paT-
HYIO 33JIa9y K CHCTEeMe HEeJMHEHHBIX MHTErPAJbHBIX ypaBHeHHN. Kak MOKa3bIBAIOT MCCIIEIOBAHUSI, IUCIEHHAS
peaJin3alus aJITOPUTMOB TTPUOJIMAKEHHOTO PEIIEHUs] B TPEXMEPHOM CJIy9ae JIJIsl 3TOr0 TOX0/a TPeOyeT CUITKOM
GOJIBIIIONO KOJIMYECTBA OllepAlil CJOKEHNs-yMHOXKeHus [12—-14].

Bropoit moaxom k perennio obpaTHbix 3ama4d ¥ 1 6asupyercs Ha anddepeHnaIbHOM TPEICTABICHIH 3a-
sagn. [IpopbiBHBIE pPe3yJIbTATBI B 9TOM IIOJXO/€E CBSI3aHbI C IOSIBJIEHUEM ITyOJIMKAINii, B KOTOPBIX JIJIs Pa3HbIX
[OCTAHOBOK JAHO [IPEICTABJICHNE [lsl IpajuenTa (QpyHKInonaa Hessasku [15-18]. B paborax [13, 19] Beipazkenue
JTst TpajinenTa (DyHKIIMOHAIA HEBSI3KHU MOJIYI€HO JJIs CIy4ast, KOTJa JUArHOCTUKA, OCYIIECTBIISIETCS KOPOTKAMU
AMITYJIbCAMA. B 9TUX mMyOJInKausaxX pe3y/abTaThl MOJy9YeHbl Ha (PU3NIECKOM YPOBHE CTPOTOCTH. B HacTosIei
CTAThe HAa CTPOTO MATEMATHYECKOM yPOBHE IIPEJJIOKEHO MpeJICTaBIeHne Jijis pon3BoaHoit dperte MuHUMI3N-
pyeMoro (pyHKIIMOHAJIA HEBSI3KU B HOPME HEIPEPBIBHBIX (DYHKITUIA.
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Pesynbrarsl Hacrosieil crarbu 6asupyiorcs Ha dyHuzaMerTaabbix padorax O. A. Jlanprkenckoii [20, 21].
B sTux paborax mosry9YeHbl HCYEPIIBIBAIONINE TEOPEMBI O CYIIECTBOBAHUU U €IUHCTBEHHOCTU PEIIeHUs JJIsi TU-
1epOOJIMIECKIX YPABHEHNN B YACTHBIX IMPOU3BOMHBIX B CODOJIEBCKUX MPOCTPAHCTBaX. lIpuMennTesbHO K pac-
CMaTPUBAEMON B HACTOSIIIEH CTaThe 3a/atde 3TH TeopeMbl (hDOPMYIUPYIOTCS CJIEIYIOINM 06pa30M.

Teopema 1.1 [20]. ITycmv 6 ob6aacmu Q = Q x (0,T), 2de Q — oeparnunennan obracmv 6 RY (N = 2,3)
u 00 € C?, dynryua u(r,t) ydosaemeopaem caedyrousum mpebo6aruam:

N

Z di(a(r))d;u(r,t)

i=1

N
uge (7, t) Z@Z r)Oyu(r,t)) + b(r)opu(r,t) = f(r,t),
=1

U(T,t = 0) SD(T)) Ut(rat = 0) - @(7’), 0.

“‘an(o,T):

Iyemoy f € Lo1(Q), fir € L21(Q), p € WEQ)N W3 (Q), @ € W3 (), xosppuyuenm a(r) umeem obobusen-
Hoe npouseodnme u 0 < v < a(r) < u, mgx|8ia(7°),b(7°) < p1. Tozda cywecmsyem eduncmserhoe peuenue
paccmampusaemoti sadanu, npunadaesicawee Wi (), u ewnoanaromes nepasencmea

S <m(T) (lelS, 1e)s IulEh <m(m) (el 1a)-

Bmecy Wi () — cobonesckoe mpocTpancTBO dDyHKIMIT, NMEOmuX 0600IEeHHbIe TPOU3BOIHBIE JI0 TOPSJIKA ¢
[e]

o+ 12058 + /]

2,1, + || ft

n3 upocrpancrsa La(2); || - ”;qgl — nopma B npoctrpanctse Wy (Q); Wy () — npocrpanctso yHKImit u3
npocrpanctsa CoGonesa W (), nMeromux Hy/eBble IPAHUYHBIE YCJIOBUS; IPOCTPAHCTBO Ly (Q)) cocromT u3

r/q 1/r
BCex 3y1eMeHTOB L1 (Q)) ¢ Koneunoit HOpMOit ||ullq,r.o = / / |u|? dx dt

Teopema 1.2 [21]. [Tycmo wosffuyuenmor ypasnernus uy — a(r)Au(r,t) + b(r)u(r,t) = f(r,t) umerom
Henpepovishvle NPoussodnvie no r do nopadka k—1 (k > 3) 6 yuaundpe Q@ = Q x [0,T], 0 < v < a(r), c60600nwvili

waen f(r,t) npunadaescum xaaccy ngfl(Q), a epanuya obaacmu Q nenpepuisro Juddeperuyupyema k+ 1 pas.
S

Iycmo, dasnee, e = 0 na eceti obaacmu Q, s =0,...,k—2. Toeda obobwennoe pewerue u(r,t) cmewarnod
t=0

3a0a4u 0Af PACCMATMPUBAEMO20 YPABHEHUS NPU HYAEBLIT HAUAALHOIL U 2PAHUMHBIL YCAOBUAT CYULLCTNEYEM,
edurncmeenno u npunadaesicum npocmparcmey W (Q) u, caedosamenvio, A6AAEMCA peuienuem nowmu 6ctody.

} ,

Kak ormeueno B paborax JIaaprKeHCKOl (M 9T0 HETPY/IHO IIPOBEPHUTH ), YKA3AHHBIE TEOPEMbBI CIIPABEIJIUBHI,
ecsu rpaangHOe ycaosue lupuxite 3amennts ycaosueMm Heiimana anu| 00%(0.7) = 0.
,

Jas pewenus u(r, t) cnpasedauso nepasencmeo ||u||(k) m(T )[Hf|

2. ITocraHoBKa mpsiMoii 1 o6paTHoii 3agaun. Paccmorpun npsamyio sagaay Komu 8 RV, N =2, 3:
c(r)u(r,t) — Au(r,t) = f(r,t), u(r,t=0)—1u(r,t =0)=0. (1)

Bneck ¢~ %2(r) = v(r) — ckopocth BosmbI B cpejie, 7 € RY — nosioskenne Touxn B npocrpancTse, A — onepaTop
Jlarutaca 1o nepemenHo# r, f(r,t) — OYHKIMS IWIOTHOCTH BHEITHEH CHJIbI, BO3MYIIAMOIIEH Cpesy.

Byzem cuurars, uro c(r) € C3(RY), 0 < v < ¢(r) < p, ¢(r) = co = const, Bue obnactn Q, rie @ C RY —
BBITTYK/Iasi OTPaHIYeHHAs OJJHOCBA3HAA 00/1aCTh, pmdeM rpanuia obractu OS2 € C°. Ceobombiit wien f(r,t) B
obmactn RY x (0, T) (amst nexoroporo koneunoro T') pasen 0 BHe 061acT HOCHTE/IsT Q; x(0,7), tme Q; ¢ RN —
3aMbIKaHUE OrpaHnYeHHo# obsacTu €. ObacThb Qq me epeceKaeTcst ¢ 00J1acThIo Q SIBJISITOIIEIICST 3aMBIKAHIEM
obmacru 2. Kpome roro, nycrs f(r,t) € W3 (01 x (0,T)) nnst moboit coneprareii Q1 orpanudentoii obaacru
O ¢ rmagkoit rparunei u f(r,t) = 0 npu 0 < ¢t < 7 juist HeKoTOpOro Masoro 0 < 7. 31ech W (©) — coboureBckoe
pPOCTPaHCTBO (BYHKIMH, HMeomuX 06001IeHHbIe IPOU3BOAHbIE IO OPsIKa ¢ U3 npocrpatcrsa L, (), C1(Q) —
IIPOCTPAHCTBO ¢ Pa3 HenpepbiBHO muddepennupyemMbrx GyHKIUA B obmacta 2.

Ucnonbaysa Teopemy 1.2, MOXKHO B 9THX IIPEANOJIOKEHHUIX OKA3aTh, 4TO CylnecTByeT QyHKius U(r,t),
anst koropoit ma RY x (0,7 semonmsiorcst coornomennst (1), npuaem u(r,t) € Wi (01 x (0,7T)) ans mroboit
JI0CTATOYHO GOJIBINON orpamndentoit obmacta ©; C RN ¢ miankoit rpamurmeii, Takoit, uro  C ©; u O C O5.
CxaszanHoe cJie/TyeT, HallpuMep, U3 cytiecTBosanus byuxmun u(r, t) € Wi (@1 x (0, T)) n3 TeopeMbl 1.2 mpu k = 4
st obmactu © C RY ¢ roajikoit rpanmeit, Taxoit, uto ) C © u Q; C O, u HACTOIBLKO GOJIBINOMH, 4TO BO3MYIIEHIE
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oT mcrounnka B objactu £y 3a Bpems T me ycmeer nofiTi g0 TrpaHmusl O, a B obsjacTu [RN /9] x (0,T)
upomoskaem u(r,t) = 0. B wacraocrn, nmo Teopeme o ciene [22] cymecrsytor dyuxnuu U(s,t) = a(r, t)‘F "
p(s,t) = Oyu(r, t)‘F u3 Ly(T) (T' =092 x (0,7)).

Ilepeiinem K mocranoBke obparHoil 3aaun. Ob6parTHas 3aj1ada — HAXOXKJIEHUE OIUCHIBAIONIEH HEOIHOPO/I-
Hocth yHKiuu ¢(r) B obactu () 0O IKCIEPUMEHTAIBHBIM JaHHBIM “u3Mepenus’ Bosubl U(s,t) = u(r, t)‘r’
(s,t) € 02 x (0,T) =T, na rpanune 92 obsacru €2 3a Bpems (0,7) IpU PA3JINIHBIX HOJIOKEHUIX UCTOIHUKA.

MatremaTudeckn oOpaTHas 3aa9a CTABUTCS CJIEIYIOIM 00pa3oM. PaccMoTprM BOTHOBOE ypaBHEHHUE, KO-
TOpOE ONHCHIBAET aKycTuaeckoe noge u(r,t) B obmactu  x (0,T) = Q:

c(r)ug(r,t) — Au(r,t) = 0. (2)
Kpowme Toro, gomycrum, 9ro u(r,t) yI0BIETBOPSIET HAYAJIBHLIM M IPAHUYHBIM yCJIOBUSIM
u(r,t =0) = us(r,t =0) =0, anu‘rz p(s,1). (3)

31ech Gnu|F — NIPOM3BOJHAS BJIOJIb HOPMAJIM K IIajKoit nosepxuoct O € C°, p(s,t) — u3pectHas dyHKIHS,
sagannasg na [. Ilpejmoaraercst, 9T0 HEOJHOPOTHOCTD CPEJIbl BhI3BAHA H3MEHeHuAMHI cKopocTn ¢ 02 (1) = v(r),
c(r) e C? (RN ) — ruaakas QYHKIUs, a BHE 06J1acTH HeoHOPOHOCTH {25 ¢(r) = ¢o = const, e ¢y — U3BECTHA.
3aech yepes 25 0603HAUEHBI Bce TOYKM {2, OTCTOsAIIME OT rpaHulpl J§2 Ha paccrosinue, 6omabinee d, e 6 > 0 —
dpuKcupoBaHHAs BeJIMYMHA.

ITycrs “uzmepennast” dyuxiums U(s,t) € Lo (89 x (0, T)) = Ly(T). Ilycrs cymecTsyeT 0600IEHHOE perienne
u(r,t) € Wi(Q) samaun (2), (3) aus moboit dyukiuu c(r) € Y mis mekotoporo Muoxkectsa dbyHkimit Y.
CymecrBoBanue 0600IIEHHOTO peIeHust st Jo00i (DYHKIMU U3 HEKOTOPOTO MHOXKECTBa Y OyJeT ITOKa3aHo.
ITo Teopeme o ciese s bynximun u(r,t) € Wa(Q) cymecTsyer orpanndeHHblil uHefinbiii oneparop Tu —
u|F€ Lo (89 x (0, T)) Beenem dyHkImona  HEBA3KY Ha Y

®(u(c)) = % Hu|F—UH:F = % O/S/(u(s,t) - U(s,t))st dt. (4)

Bnech u(c) — pemenne samaqn (2), (3) mpu mexoropom c(r), || - ||3  — KBagpat mopmbr B mpoctpancTse Lo(T).
O6parHas 3a/a9a CTABATCS KaK 3aja4a noucka GyHkmn ¢(r) € Y, MuHuMU3UpyoMieil (OyHKIMOHAI HEBSI3KH

¢(r): min ®(u(c)) = @(U(E)) (5)
c(r)ey
JJIsE MHO2KeCTBa (PyHKIHi Y.

3. UrepanmonHbie ajaropuTMbl pellleHns OOpaTHBIX 3akad. B KadecTBe MPUOINKEHHOIO METOJIA
perieHust OOPATHON 3a7a9M UCHOJIB3YIOTCST UTEPAIMOHHBbIE TPAJUEHTHBIE METObI MUHUMU3AIUH (DYHKIMOHA~
Ja Hepsi3ku. OCHOBHBIMU Pe3yJIbTaTaMi PabOTHI SIBJISIIOTCS JOKa3aTeIbeTBO nuddepentmpyemoctu mo Pperre
dyHukimonasa Hepsisku (Teopema 3.1) U MOJIyUIEHHOE TIPeJICTABIEHNE JIJIsl IPOU3BOIHOM 110 Pperre 3Toro dbyHK-
nuonasa (Teopema 3.2).

Paccemorpum Borpoc jgudgdepentnupyemoctu o @pere dbynkimmonana @ : ¢(r) € Y — R zamasaemoro
BbIpazkenueM (4), Ha HEKOTOPOM MHOXKecTBe Y u HaifijieM ero upousBoanyio. Ilycrs 3amannas na rpanune '
dyukuusa p(s,t) rakosa, 9ro cymecrsyer dbyukuus F(r,t), Takas, 9410

F(r,t) e W(Q), 0nF|.=p(s,t), O/F(r,00=0 npu reQ, j=0,1,23. (6)

Ecau p(s, t) = dyu(r, t)}r, rue u(r, t) — pemenne upsimoii 3agaau Komwu (1), To cymecrBoBanue Takoii byHK-
wan F(r,t) cnenyer us cymecrsosanus u(r,t) € Wi (Q x (0,T)) — pemrenust npsivoit 3anaxn Komm (1), rae
nosaraem F(r,t) = T(r, t). Yenosue 8 F(r,0) = 0 npu 7 € € BbImosmsercs:, TaK Kak HocuTesb f(r,t) He mepece-
KaeTcst ¢ 06,1acThio () i BO30YIK/IEHIE PACIPOCTPAHIETCH ¢ KOHEIHOH CKOPOCTHIO. JIpyroil BApHAHT HOCTpOEHMsT
dyukipn F(r,t) cocTouT, HAIPUMED, B IPOJOJIKEHUN JIOCTATOYHO MIa Kol dyHKmu p(r,t) ¢ rpanumst 0f) Ha
BCIO 06J1aCTh §) MeTOZIAMU TIOCTPOEHNUSI, U3JI0KEHHBIME B paseste 3.4 [21].

[IycTh HOPMHPOBAHHOE TIPOCTPAHCTBO Z COCTOUT W3 Takux sjementos dc(r) € C3 (ﬁ), qaro de(r) = 0 B
IOTPAHUYIHOMN I10JI0CE ﬁ/ Qs mupuns § > 0, a HopMa 3a1aeTcst Kak Hopma de(r) B C© (ﬁ) 3nech, Kak 1 BBIIIIE,
4qepes (15 0603HAUEHBI BCe TOYKHU obJracTh ), orcTosine oT rpanuibl J§) Ha paccrosHue, boabiiee §, rae § > 0 —
bUKCUPOBaHHASA BEJTUINHA.
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BosbMmem dbynrmmo ¢o(r) = ¢y = const mpu r € . Onpeesmm MHOKecTBO Y C C3 (ﬁ) Ha MHOroo0pasun
co(r) + Z, cocrosimee 3 Taxkux c(r) € co(r) + Z, nas xoropbix 0 < ¢ < ¢(r) B Q (¢; < 1). Takum o6pazom,
dyHKIWs ¢(r) paBHa KOHCTaHTE ¢g B NOrpaHUIHO# mosoce /s mupuasr § > 0.

Hazosem e-okpecraoctbio O (c(r)) dyukipn ¢(r) € Y muOXKecTBO Takux OyHKIUA ¢ (1), IS KOTOPBIX
e(r) —ce(r) =de(r) € Z mn rgleaé<|c(7°) — ¢<(r)| menbme e. Ouesuno, uro st moGoro c(r) € Y cymecrsyer

e-okpectnoctb Oc (c(r)) C Y anst meroroporo 0 < &. DTO ClIeyeT U3 TOro, 9TO B CHILy HENPEpBIBHOCTH ¢(T)
ma () 11t BRIGpaHHO# ¢(r) MOXKHO HAlTH 3HaveHme €, Takoe, uto 0 < ¢ < ¢(r) — €, a s3HadwT, ¢; < c.(r) u
(ce(r)) €Y.

Ipexxie ueM JOKa3bIBATH OCHOBHBIE TEOPEMBI, [IPEIBAPUTENILHO jT0KazKeM JJeMMy 1. B pabore [23] npusenena
HOXO02Kasl JIEMMa [IPU OTJIMYAIONINXCSA yCIOBUAX. PaccMoTpuM 3ajiady Ha BBEIEHHOI Bblle obsacTu )

c(ryog — Av = f(r,t), wv(r,t =0) =uv(r,t =0) =0, anv‘rz 0. (7)

Jlemma 1. Ha obaacmu Q C RY pacemompum dymwyuu c(r), maxue, wmo c(r) € C? (ﬁ), 0<ci<c(r),s
Q (1 1), u pyrnwyuu f(r,t) € La(Q). Hyemov cywecmesyrom pewenus sadavu (7) v(r,t) € W2(Q) das smuz
c(r) u f(r,t). Toeda cywecmeyem wucao Er, ne sasucswee om c(r) u f(r,t), makxoe, wmo dasn aobozo c(r) u
fr,t) us ycaosus aemmol 6epHa PABHOMEPHAH OUEHKG H’U||élé2 < Ev| fll2,q, 2de |- H(zkc?g — HOPMA 8 Npocmparcmee

W3 (Q).

Joka3zaresibcTBO. YMHOXKIM ypaBHeHHe 3a1a4n (7) Ha vy u npouHTerpupyem 1o 2 x (0,7), tae 7 € (0, 7.

TTosyanm
(c(r)vttvt - vtAv) dr dt = (v, f)drdt. (8)
Q/O/ Q/O/

IIpeoGpasyeM Kaxkioe ciaraemMoe JieBoil uacTu ypasHeHust (8) 1o otjesnbHOCTH. VMeem

//Tc(r)vttvt drdt = %//T c(r)dy ((ve)?) drdt = %/c(r)(vt(r, T))2d7°7 9)
Q0 Q0 Q

Tak Kak vt(r, 0). Kpome Toro,

//vtAvdrdtz//vtanvdrdt—//VUt-Vvdrdt:—//Vvt-VUdrdt,
Q0 S50 Q0 Q0

Tak Kak Ha 0f) 0,v = 0. HTerpupys B MOCJEHEM PABEHCTBE IO ¢ 10 YACTIM, UMEeeM

//vtAvdrdt:7//Vvt~Vvdrdt:f/V’u(r,T)~Vv(r,7)dr+//Vv~Vvtdrdt.
Q0 Q0 Q Q0

CrutafipiBast OCJIE/IHAE JIBA PABEHCTBA, IIOJIY UM

// viAvdrdt = —%/Vv(r, T) - Vo(r, ) dr. (10)
Q0 Q

13 mepasencrsa Ko 3akmogaem, 9To

/’UQ(’I“, T)dr = 2//U(r, T)ve(r, 7) dr dt < 2/Hv(ﬁ)|‘270Hvt(1f)|‘27Q dt. (11)
Q Q0 0

Hoxncraeus (9) u (10) B (8), nomyanm

%/c(r)(vt(r, T))2d7“+ % /Vv(r, 7) - Vo(r,7)dr = //T(vt(r,t)f(r,t)) dr dt.

Q Q Q0
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YmuoxuM Ha 2, gobasum (11) u ucnosnb3yem uepasencrso Koru:

/(v(r, T))2 dr + 1 /(Ut(’l“, T))2 dr + /Vv(r, 7) - Volr,7)dr <
Q

Q Q

. . (12)
2 [ OOl +2 [0 00
O6o3HauYNM
Vi) = [ )+ [ (n) dr s [907)- ot dr = o)+ [0)lq + 1906
Q Q Q

Toryia BhIpaskenne ciaepa B (12) Gombme, wem ¢V (7T), a chmpasa, HCHOMb3ysd HEPABEHCTBO 27y < 2 + y° m
T

1
J106aBIssT o /(Hv(t)HzQ + QHVU(T)Hzg) dt > 0, cBeneM K Bugy

1 T T T T
— | [la@ g+ (15O qde+ o0 g i+ [lmlq ) <
0 0 0 0

1 T
<o {1 0+ 1@+ 2l + et o + 21905} e <
0

1 r 2 2 r
<a/||f(t)||2,9dt+a/V(t)dt.
0

0

Ucnonbays semmy 'ponyosuta [22], mosyanm

Vi) < c/ dtJr—/Hf HQQ _/Hf ||29 <1+ETGXP{ET}>
0

Uurerpupys no 7 ua orpeske [0, 7], umeem

2
(I15%) " = ll3
1 r 2 2
a/Hf Hmdt{u—rexp(—lf)}m
0
1 2 2
O /1Q+amw&ﬁDw<wmm&

ni Hv||(1) < E1]|fll2,q- JTemma 1 noxaszana.

N

=/wmmﬂﬂmmﬁﬂﬂwww%m
T
|/
T
|/

Teopema 3.1. IIycmv Q C RY, N = 2,3, — svnyxaas ozparudernas 00HOC6A3HAA 0OAGCTID, NPUEM
eparunya obaacmu O € C°. Pacemompum zadauy (2), (3), 20e daa p(r,t) ewnoansemca yeaosue (6). Tozda
ons moboti c(r) € Y cywecmeyem eduncmeennoe obobwennoe pewenue u(r,t,c) € Wi(Q) sadauu (2), (3).
Omobpasicenue D : c(r) € Y — u(r,t,c) € Wi(Q) duddepernuupyemo no Ppewe o aoboti c(r) €Y, ade
npouseodnas no Opewe u(r,t, c,dc) ecmv aunetinbid onepamop us Hopmuposarmozo npocmpancmea Z ¢ Wi(Q).
Kpome mozo, asasemca dugpdeperyupyemvim no Ppewe u dynxyuonanr ® @ c(r) € Y — RY, zadasaemvuii
swipastcenuem (4).

JokazaresbcTio. Jlokaxkem cymecrsosanue otrobpaxkenus D : ¢(r) € Y — u(r,t,c¢) € WHQ). Ucnob-
3ys dyukimo F(r,t) u3 ycaosust (6), MOXKHO cBecTH MOUCK (7, t) pernenus 3agaqu (2), (3) Ipu MpoOu3BOJLHOM
durcuposansoM ¢(r) € Y k 3amade noucka v(r,t) — perieHus 3a1a9u

e(ryog(r,t) — Av(r,t) = e(r)Fu(r,t) — AF(r,t), ov(r,t =0) =wv(r,t =0) =0, anv|F: 0. (13)
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Torna u(r, t) = v(r,t) + F(r,t) 6ymer pemenuneM 3agaqu (2), (3).

Bamernm, uro mockosbky F(r,t) € W3 (Q) u c(r) € C* (), o c(r)Fyu(r,t) — AF(r,t) € W3(Q). Kpome
Toro, 07 (¢(r)Fy(r,0) — AF(r,0)) =0 (j =0,1) B cuuy (6).

Torna u3 Teopemst 1.2 (¢ rpanmanbivu yeaosusaMu Hefimana) coeyer, 9T0 CymiecTByeT eIMHCTBEHHOE Pe-
menme sagaan (13) v(r,t) € W3(Q). A smauur, u(r,t) = v(r,t) + F(r,t) sABiseTca eMACTBEHHBIM DEITeHEEM
sagaun (2), (3) u u(r,t) € W3(Q).

TaxkuM 06pasoM, B yCJIOBUAX TeopeMbl 3.1 1 mponsBosIbHOTO ¢(r) € Y cyNIecTByeT eJIMHCTBEHHOE PEIlleHne
sagaun (2), (3). Dro onpenenser oneparop D : c(r) € Y — u(r,t,c) :=u(c) € W5(Q).

OTIpe,1esiM JIMHEHHBIH 1 orpaHmIeH b orepatop D : de € 7 — u(r,t,c,dc) € W4 (Q) 11t IpOU3BOIBLHOTO
e(r) € Y cnenyromum obpasom. Pacemorpum sist ¢(r) u u(r, t, ¢) ciaeayromiyo 3amady

c(r)vy — Av = —uy(r, t, c)de(r), (14)
v(r,t =0)=o(r,t =0)=0, 0|, =0 (15)
ntst pomsBosibHOTO de(r) € Z. TlpeoGpasyem ypashenue (14). ITockosbky 0 < ¢; < ¢(r), TO MOXKHO 10/~

auth (14) Ha c(r):
v (1, ) — ¢ () Av(r, t) = —cH(r)ug (r, t, €) de(r).

Hust nocraroano riuaaxkux dyHkmumit ¢(r) u v(r, t), KAk U3BECTHO, MOXKHO 3alUCATh V - (0_1VU) = V(c_l)VU +
c~'Av. TlepeiiieM K 9KBUBAJEHTHOMY YPaBHEHHUIO /s 0600IMEHHOT0 permenns, rie 1o yciosnio c(r) € C° (ﬁ)

v (r,t) = V- (1) Vo(r, b)) + V(e H(r)) Vo(r,t) = —c (r)uw(r, t, c) de(r).
Bamerum, uro ¢ (r)ug(r, t,q)de(r) € La(Q) u ¢ (r)uue(r, t, q)dc(r) € La(Q). Hockomsky c(r) € Y C C* (Q)
u 0 < ¢1 < ¢(r), To BbIIONHEHBI ycjaoBug TeopeMbl 1.1 (¢ rpannunbiMu ycaoBusivmu Heiimana).

U3 reopemsbr 1.1 cienyer, uro cymecrByer eauHcTBeHHOE pemienue 3ajaqu (14), (15) s nupousBosbHOIO
dc € Z. O6ozraumm 3T0 permenne depes u(r, t, ¢, dc). Kpome toro, u(r, t, ¢, dc) € W2(Q) n BHLIIOTHAETCA OTEHKA

Hu (r,t,c,dc) HQQ \EQ(HC ut(q ch2Q+||c ut(q dCHQQ)

< Eaey? (Hutt(c H2 o™ [|uere ()], Q) |deflc < (16)
< Boe 4lJu(e)| % el < EslJute)]|$ el
rje koHcranTa Es He 3aBucur ot de u || - H 22 — nopwma B mpoctpanctee W (Q).

Kpowme Toro, nockonbky ¢~ L(r)ug (r,t, q)dc(r) muneitno sasucur or de, To u u(r,t, ¢, dc) muHeitHo 3aBuCHT
or dc. Takum 0bpas3oM, Ompejie/ieH JIMHEHHbBI U OrPAHUYEHHBIN OIEPaTOP D:dce Z — u(r,t,c,dc) € Wi (Q).

ITokazkeMm, 9TO OTOOparKEHME D:dceZ— u(r,t,c,dc) € WHQ) smnsercss mpoussonoit mo Pperre s
orobpazkenus D : ¢ € Y — u(r,t,c) € W3 (Q) nnsa seibpannoro c(r) € Y.

Pacemorpum e-okpectrocts O, (¢) C Y anementa ¢(r). O6osnaunm uepes u(r, t,c+dc) = u(c+dc) pernenne
sagaun (2), (3) quist c+de € O (c). Hanee, nust u(q+ dq), u(c) n u(c, dc), ncnonbays (2), (14), MmoxkHO 3ammcarhb

(¢ + dc)us(c + dc) — cug(c) — cug(c, de) — Au(c + de) + Au(c) + Au(e, dc) = deug(c),
(¢ + de) 0y (u(c + de) — u(c) — (e, de)) + deugy(c) + detig (e, de) — A(u(e+ de) — u(c) — (e, de)) = deug(c).
OKOHYATEIHLHO IMEEM
[(c+ dc)Oy — A] (u(c + dc) — u(c) — u(c, de)) = —dctuy(c, de). (17)
U3 (3), (15) caemyer, 970 rpAHUYHBIE U HAYAJILHBIE YCJIOBHs UMEIOT BUJL

(u(c+ dc) — u(c) — u(c,de)) (r,t =0) =0, 8 (u(c+ dc) — u(c) — u(c,dc)) (r,t = 0) =0,

O (u(e + de) — u(c) — (e, dc)) (18)

|r:

Taxnm o6pazom, st moboro ¢ + de € O:(c) C Y dbynkuus (u(c + de) — u(c) — u(c, dc)) sBasiercs: pemenuem
sagaun (17), (18).
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Hockombky u(c+de) € W3(Q), u(c) € W3(Q) mu(c,de) € WF(Q), To (u(c+ dc) — u(c) — u(e,dc)) € WZHQ)
u —dcuyg (e, dc) € La(Q). Torma cornacuo jiemme 1 BbiloHseTCS pABHOMEPHAs OlieHKa i Beex ¢+ de € Og(c):

m
(u(c + dc) — u(e) — ulc, dc)) vo

E1||fdcutt ¢, dc) HQQ

< By |lde|ofi(e, de) H‘2> < E1Esdel|cu(c) H(3)Hdc||z < EulJue) H(3)||d 12,

rJie UCHOJIb30BaHo HepaBeHCTBO (16), || - ||z — Hopma B mpocrpancrse Z. IT0CKONBKY IOCIEIHUN YIEH MMEET
BTOPO# MOPSJIOK MajiocTu 110 de, To orobpazkenne D : ¢ € Y — u(r,t,c) € W (Q) muddepennupyemo 1o
O@perrie Uit BeIOpaHHON ¢ € Y, a JUHEHHBINH OrepaTop D:dce Z — u(r,t,c,dc) € WHQ) asnsercs ero
IIPOUBBO/IHOMA.

Jokaxkem audpdpepeHnupyeMocTb (pyHKIMOHAIA @(u(c)) Jutsi BeIOpanHoro ¢ € Y. Io reopeme o cuese [22]
quist bynxuun u(r,t) € Wi (Q) cymecTByeT orpaHuveHHbI JuHefinblil omeparop Tu — u|F€ Ly(T). Torna,
UCIOJIB3Ys TeopeMy o puddepennuposanun ciokuoit dbyuxiyn, mist U(s,t) € Lo(T) nomayunm muddepeniu-
pyemocth o Pperre GyHKIIH @(u(c)), a MPOM3BO/IHAST TIPUMET BU/I,

' (u(c),dc) = /(u(c)|F—U) ((u(c)‘F)/,dc) dsdt = /(u(c)‘F—U)ﬂ(C, dc)‘Fds dt. (19)

Teopema 3.1 mokaszana.

PaccmoTpuM 3a/1a49y, KOTOPYIO HA30BEM “CONPSI?KEHHON” K OCHOBHOI 3a1a4e (2), (3):

c(r)wg(r,t) — Aw(r,t) =0, (20)
wr,t =T) =w(r,t =T) =0, dyw|.= u‘F—U. (21)

3ech u — pemienue ocHOBHOI 3aza4u (2), (3), U(s, t) cooTBeTCTBYeT SKCIEPUMEHTAIBHBIM JAHHBIM “U3MepeHust”’
BOJIHBI (T, 1) |F upsiMoit 3aaan (1).
Iycre 3amannas wa rpanune 02 dyuakuus U (r, t) rakosa, 9ro cymecrsyer dbyukiusa H (r,t), Takas, 41o

H(r,t) e W3(Q), 0.H|.=U(r,1). (22)

Eciu U(s,t) = u(r,t) |F, rue u(r,t) — pemenue upsamoit 3amaun Komu (1), To cymecrsoBanue Takoi dbyHKIMNA
H(r,t) cnenyer us cymecrsopanus u(r,t) € Wi (Q x (0,T)) — pemenns npﬂMoﬁ samaqn (1), ecam MoJOXKUTH
H(r,t) = b(r)u(r,t). 3aecs b(r) € C> () Taxosa, aro b(r ‘897 0, Onb(r |aQ . (ITo moBo 1y noCTpOEHUS TAKOIT
dyukuun b(r) cmorpu, nanpumep, [17].) dpyroit Bapuant nocrpoenus dyukuuu H(r,t) cocrour, Hanpumep, B
POJIOJIZKEHU Y JIOCTATOYHO Tiajkoil dyukimuu U(r, t) ¢ rpanunst OS2 Ha BCio 06sacThb {2 MeTOJAME IIOCTPOCHUS,
U3J0XKEeHHBIME B [21, pasmesn 3.4].

Teopema 3.2. ITycmob 6vinoanenv, yeaosus meopemos 3.1 u das U(r,t) svnoansemes ycaosue (22). Tozda
npousdsodnas no Ppewe Oas GYHKUUOHAAA @(u(c)) : c €Y — RY, sadasaemozo evipasicenuem (4), umeem eud

@' (u(c), dc) = /(u(c)|F—U)ﬂ(c, dc)|Fds dtz/ /wt(r, tyue(r,t) dt| de(r) p dr, (23)

r Q

2de u — pewenue ocroenol 3adawu (2), (3), a w — pewenue “conpascennot” sadawu (20), (21). 3decv npous-
600nas no Opewie AGAACMCA MUHETHM ONEPATMOPOM U3 HOPMUPOEAHNO020 npocmpancmea Z 6 RL.

JdokazareabcTtBo. B Teopeme 3.1 mokazano, uro yHKITHOHAT CID(u(c)) muddepennupyem mo Pperie u
nponssoHast uMeeT Buj, (19). JTokakeM CyIecTBOBAHEE U ¢IMHCTBEHHOCTD pernenus 3aaa4un (20), (21). Mcnons-
3ys dyakuuo H(r,t), ceenem 3amaay (20), (21) upu durcupoBanHOM ¢ € Y K PEIIEHUIO 332491 € HYJIEBBIMU
PAHUYHBIMUA YCJIOBUSAMU:

c(r)vg(r,t) — Av(r,t) = (c(r)0u — A) (b(r)u(r,t,c) — H(r,t)), v(r,t=T)=uv(r,t=T)=0, 8nv‘F: 0.

Baeck u(r,t,c) — pemenne ocroBroii 3agaxu (2), (3). Torma w(r,t) = v(r,t) + (b(r)u(r,t,q) — H(r,t)) 6yzer

perrerneM 3azaan (20), (21). 3amerum, uro I, w|F— n’U‘F +(Onbu + bOpu — O H)| (u— U)|F.
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Mockomsicy H(r,) € WH(Q) w u(r,t,q) € WH(Q), 10 (c(r)du — &) (b(r)u(r, 1, q) — H(r, 1)) € WE(Q).

Torya, cormacHo Teopeme 1.2, cymecTByer euncTBeHHOE pemenne v(r,t) € Wi(Q), a 3HauuT, U permeHne
w(r,t) € W2(Q) samaun (20), (21).

Pacemorpum coornomenust s w(r,t) € W(Q) u u(r,t, ¢, dc), vae u(r,t, c,dc) € W2(Q) 1o nepemenubiM
(r,t) siBasiercst pemenuneM 3amaqn (14), (15) mrs npoussosbHoro de € Z. B 9THX COOTHOIIEHUSIX HCIIOJIB3yeM
dbopmyser (15), (20), (21) u npasuma auddepernuposanus 10 YacTaM s npocrpancts Wi (Q), KoTopsie
catestytot, Harpumep, u3 dopmya (6.21), (6.22) u3 [20] u Teopemsr o caene. O6osnauus u(r, t, ¢, de) vepes u(r,t),
nMeeM

0= /(C(T)wtt (r,t) — Aw(r,t))u(r,t) dr dt = //T c(r)wg (ryt)u(r, t) dt dr — /T/ Aw(r, t)u(r,t)drdt =
Q0 00

QT

T T
e(ryws (r, t)u(r,t) dt dr — Opw(s,t)u(s,t)dsdt + Vw(r, t)Vu(r,t) drdt = (24)
! !/ Il

Ot — g T

T
c(r)we (r, t)ug(r,t) dt dr — /(u(s, t) = Ul(s,t))u(s, t)dsdt + // Vw(r,t)Vau(r,t) dr dt.
00

Q r

Taxum o6pasom, u3 (24) nosrydum

/(u(s,t) —Ul(s,t))u(s,t)dsdt = —// e(r)w(r, t)u(r, t) dtdr—i—// Vw(r, t)Vu(r,t) dr dt. (25)
Q0 00

r

Ianee, mockombKy u(r,t) € W3 (Q), paccMOTpuM ClieLyiolue COOTHOTIEHNs, B KOTOPBIX HCIOMb3yeM hop-
Mmyaiet (3), (14) n (21):

/w(r7 t)(c(r)au(r,t) — Au(r,t)) drdt = — // w(r, t)ug(r, t)de(r) dt dr =

Q Q
T (26)
= /wt(r, tyu(r, t)de(r) dt dr.
Q0
C zupyroit croponsl, uciosb3ys coornomnenus (15) u (21), umeem
T T
/w(r, t) (c(r)ug(r, t) — Au(r,t)) drdt = //w(r, t)e(r)u (r,t) dt dr — // w(r, t)Au(r,t) dr dt =
Q Q0 00
T T T
= —// e(r)w (r, ) (r, t) dtdr—//w(s,t)@nﬂ(s,t) ds dt+// Vw(r, t)Vu(r,t) dr dt = (27)
Q0 00

\H;

_ / / c(rYwe (r, )il (r, 0) dt dr +

Q0

/ Vw(r,t)Vau(r,t) dr dt.
Q

(=)

U3 (26) u (27) nmonyvaem

/ /T wy(r, e (r, t)de(r) dt dr = — / /T o(rYwy (r, )i (r, ) di dr + /T / Vol OV ) drdt.  (28)
Q0 Q0 0Q
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Torna n3 (19), (25) u (28) nmeem

T

P’ (u(c), dc) :/<u(c)|FfU)ﬂ(c, dc) dsdt = /wt ryt)ug(r, t)de(r) dt dr =

r Q0

T
:/ /wt(r, Yu(r,t) dt| de(r) p dr.
Q 0
3aech u(r,t) — pemenne ocHoBHOM 3anaun (2), (3), a w(r,t) — pemenne “conpsikennoit” 3amaun (20), (21) npu
3aaHHOM c. TakuMm 00pa3om, Tpon3BOAHAs PYHKIINOHAJA BEIPAXKAETCs YePe3 PeIeHnst OCHOBHOM 1 “‘COIIPSIyKEeH-
noit” 3ama4a. Teopema 3.2 moka3aHa.

3ameuanne 1. B [PUBE/ICHHOIN BbIIle IIOCTAHOBKE 00paTHO 3a1a4du (2), (3) MCHOJB30BaIOCh IDAHNAY-
Hoe ycsosue (3): Opu(r,t) ‘F p(s,t), tae p(s,t) — mekoropas ussectHas dyHKiwdA. DyHKIWMIO P(S, 1) MOKHO
[BITATHCS. U3MEPUTh B 9KCIIEPUMEHTE, & MOXKHO BBIUUCIMTD 110 SKCIEPHUMEHTAJbHBIM JaHHbIM U (s,t) Ha rpa-
uune I, BOCHOJIb30BABIIUCEH CIIEYIONIeH poreypoil. s sroro, Hapumep, pemaem 3agady (1) misa obnacru
©/Q x (0,T) (nmpu macTobKo GosbiToM 3Haderun O, Q C O, 4TO BO3MYyIIEHHE OT MCTOYHMKA B obsacTh §)
3a Bpemsd T’ He ycueer gofitu 70 rpanunpl ©) ¢ rpanndabivu 3HadeHusyvu U (s, t) wa 0Q x (0,T) u HyseBbIMU
rpaHudHbIMU 3HaYeHuAME Ha 0O X (0,7T) g U3BECTHOrO CBOGOIHOIO qneHa f(r,t). B pesynbrare perienus
nomyaum u(r, t) na ©/€Q x (0,T), u3 xkoropoii Moxuo naiitu p(s,t) = ,u(r, )| ..

3ameuanue 2. [Tuddepennupyemocts mo Operne u mpecTaBIeHue it IPOU3BOAHON (DYHKIIMOHAIA HEBA3-
KU TI0JIy9€Hbl B HACTOSIIECH CTATHE B JIPYIUX IIPEJIOJIOKEHUAX Ha IPOCTPAHCTBA M C JIPYIUMU I'DAHUIHBIMU
YCJIOBUSIME 110 cpaBHeHHIO ¢ paboramu [17, 23, 24]. Tlo MHEHHIO aBTOPOB, MCIOJb3yeMasl B HACTOAIIEH CTa-
The TIOCTAHOBKA 3aJIa9U SBJISETCS HAMOOJIee aIEKBATHON IS yIBTPAa3BYKOBOH TOMOTPabUIECKON TUATHOCTHKY
KOPOTKAMH HMITYJT6CAME OT TOYETHBIX HCTOYHUKOB.

3ameuanue 3. Vcrnonb3ys mosrydeHHOe IpecTaBIeHne s npon3soaHoit Operre OyHKITMOHATIA HEBAIKH,
MOZKHO TIOCTPOUTH 3hDEKTUBHBIE AJTOPUTMBI PENIEHUsT OOPATHBIX 3aJ1a9 yJabTPA3BYKOBOH ToMOrpadun Kak B
JIBYMEDHOM, TaK M B TPEXMepPHOM ciryuae [25-27]. OrMernm, 4To, CTPOro roBopsl, U3 II0JLYI€HHOTO BhIPAIKEHHUSI
Jutst ipousBoiHoil @perne (23) HEIb3sT UCIIOIB30BATH MPAJMEHT JJTsi MUHUMHU3AIMN (DYHKIMOHAJA HEBSI3KH, 110~
ckombKy ¢(r) € C® (), a rpaauent moxer He npuHaexarh npocrpanctsy C? (€2). Oxpako ay1st 4nCIEHHBIX
pPacYeToB B KOHEYHOMEPHBIX MPOCTPAHCTBAX 3Ta MPOOJIEMA HE SABJISETCS TPUHIATHATBHOM.

3ameyanue 4. Ecin B 3a1a4e (2), (3) 9kcnepnMeHTAIbHbIE JAHHBIC H3BECTHDI Jyist N IIOJI0XKEHHI HCTOIHNI-
Ka, TO MUHUMHU3UPYEMbIil (DyHKIIMOHA HEBSA3KH CJIEIYeT TIOJIOKATH PABHBIM cyMMe N (DYHKIMOHAJIOB HEBA3KH
JUTsL KazKJI0T0 U3 MOJI0YKeHuit nerounnka, nmeromux sy (4). Torpa nonnast nponssonnas Opelie paBHa cyMMe
npou3BOAHbIX Pperie Jyig KasKI0ro U3 MOJI0KEHUH UCTOYHUKA, UMeIonmx Bu (23).

Pabora Bemosimena npu dbunancoBoit nommepxkke Poccuiickoro domma GyHIaMEHTATBHBIX HCCJIET0BAHMIA
(kox npoekTa 14-07-00078-a).
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Abstract: This paper is dedicated to rigorous mathematical substantiation of iterative methods for solving

inverse problems of ultrasonic tomography. These inverse problems are considered in the framework of a scalar
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model for the wave equation. This model takes into account such wave effects as diffraction, refraction, etc.
The inverse problem is considered as a coefficient inverse problem. A rigorous mathematical representation is
given for the Fréchet derivative of the residual functional with respect to the wave velocity ¢(r) characterizing a
nonuniform structure of the object under study. The representation for the Fréchet derivative is obtained both for
the two-dimensional problems and for the three-dimensional case. It is suggested that the inverse problem can be
solved using this representation of the Fréchet derivative together with the gradient methods of minimization
for the residual functional. The proposed iterative procedure is highly parallelizable and implementable on
supercomputers.

Keywords: coefficient inverse problems, wave equation, ultrasonic tomography, Fréchet derivative, iterative
methods.
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