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3anuCKU HAyTHBIX
cemuaapos [IOMU
Tom 461, 2017 r.

E. A. Topoagaunkuu, M. B. IIepeasn

OBOCHOBAHHUE OCHOBAHHOM HA BEMBJIETAX
VMHTET'PAJILHOM ®OPMY.JIBI A/ PENIEHUA
BOJIHOBOT'O YPABHEHUA

§1. BBEIEHUE

PaboTa nmoceamena nETErpaIbHOMY IIPEICTABICHAIO PEIICHAI BOJTHOBO-
r'0 ypaBHeHUs, HAJEHHOMY B pa6oTax [1-3]. DTo nuHTerparbHOe IpejcTa-
BJICHUE TIOJYYEHO C MOMOIIBIO MPOCTPAHCTBEHHO-BPEMEHHOT'O HEMPEPbIB-
HOT'O BeUBIET-aHAIN3A. BIepBLIe BeBICT-aHAINS TPUMEHAICS 1A BEIBOIA,
MHTErpaIbHEIX IpecTaBieHud B [4], a 3arem B paborax [5-7]. B katecTse
OMHOIO U3 BO3MOXKHEIX TPUMEPOB DJIEMEHTAPHLIX PEIIEHNN C U3BECTHEIMUA
cBomcTBaM” B paboTtax [1-3,5-7] mpeanaranock NCIOIL30BATh TOUHBIE J0-
Kan3oBaHHbIE pertenus [8,9]. B padore [10] ncnons3oBainck aCUMOITOTH-
YECKUE DEIICHUs, HA3LIBAEMBIe KBA3U(pOTOHAME, KOTOPHIE OLLIA BIIEPBLIC
nocrpoessl B pabore [11] mas ypasuenus lpexunrepa, a 3arem B pabo-
rax [12-14] gna BomHOBOrO ypaBHeHusA. B mpensraymux Hamumx paboTax
[0 IPUMEHEHUIO IPOCTPAHCTBEHHO-BPEMEHHOI'0 BeuBIeT-aHaau3a [2,3, 10]
OCHOBHOE BHUMAHWE yIEAATOCH TPAKTUIECKON DPEATM3AINN MOSYIeHHBIX
dbopmy1 n ux mpuaokeruam. PoOpMyIBI 3a,1aI0TCA HECOOCTBEHHBLIMY NHTE-
rpajlaMi U Hallla IeJb B HACTOANIEH pabOTe COCTOUT B UCCICIOBAHUM UX
CXO TUMOCTH.

Paree mHTErpaTbHbIE PA3IOKEHNA PEIIEHUN BOJHOBOI'O YPABHEHU ITO
OPYTUM JOKATA3OBAHHLIM PEIIEHUAM, MayCCOBEIM ITyIKaM, CTPOUIUCH HA
OCHOBE aCUMIOTOTHYeCKUX GopMy.I B [15]. OpueHTHpOBAHHEIE HA IPUIOKE-
HUA POPMYJIbI, MPENCTABIAIIINE COOON PA3IMIHEIE PA3I0KEHWUA PEIICHIN
[0 DJIEMEHTAPHBIM JOKAIU30BAHHBIM DelleHusaM gaHel B [16,17] u B uu-
TUPOBAHHON JUTEPATYPE. Pasnoxenns, OCHOBAHHLIE HA CABUTE (DyHKIUN
'puHa B KOMIUIEKCHYIO IUIOCKOCTD, OTy4€eHH B [18].

[Janum KpaTkoe conep:kanme cTaThu. [Ipexk e BCero, Mbl IpUBOIUM HE-
06XOAUMBIE HAM (DAKTHI U3 MPOCTPAHCTBEHHO-BPEMEHHOTO HETPEPEIBHOTO
BEUBJET-aHAIN3A, OCHOBAHHOrO Ha apduunon rpymme [lyankape. 3atem

Kaouesbie ca06a: BOIHOBOE yPABHEHWE, MHTErPAIbHBIE MPEJCTABICHNUS, BEUBIET-
anaau3, addunnaa rpynna Ilyankape.
Pa6ora M.B.II. noxaepxana rpaaTom CII6I'Y 11.42.1073.2016.
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108 E. A. TOPOJHUIIKAI, M. B. IIEPEJIb

BBOAUM B PACCMOTPEHUE TPOCTPAHCTBO PEIICHUN BOJHOBOTO YPABHEHU,
ST DIEMEHTOB KOTOPOTO TIOTYYeHBI MHTErpaTbHBIE MPeACTaBIeHUA. Vb
JOKA3BIBAEM IIPU HEKOTODPHIX VCIOBUAX IOTOYEYHYIO CXOIUMMOCTL HECOO-
CTBEHHBIX HHTErDAJOB B MHTErPAILHOM IpeicTaBaeHuu. [OKa3bIBAETCs
TAKXKe CXOAUMOCTH 3TUX UHTErpPajoB B Lo HOPME.

1.1. OcuoBHBIe (paKTHI MPOCTPAHCTBEHHO-BPEMEHHOI'0 BelBJIeT-
amamm3a. PaccMOTpPUM MPOCTPAHCTBO (PYHKIIUN

f(t,z),v(t,z) € Lo(R x R, dadt),

TIPOCTPAHCTBO KBAAPATUTHO UHTETPUPYEMBIX KOMILTEKCHO3HATHBIX q)yHK—
I_[I/Iﬁ OT OBYX NEPEMEHHBIX:

(f,v)y = / dr dif(t,z)v(t, ) < oo, (1)
RxR

rie t — BpeMs, T — NPOCTPAHCTBEHHAasA KOOpauHaTa. B nanbmeniieMm Oy-
JeM HUCMOTb30BaTh O6O3HaveHme X = (t,z)', rje BeKTOp X MpWHAIIe-
JKUT TPOCTPAHCTBY MUHKOBCKOTO, HAa KOTOPOM BBOIUTCA WHICMHUHUT-
HOE(TICEB TOEBKIN IOBOE) CKAIAPHOE TPOU3BENCHUE:

(X1,X2) = tita — 122, (2)
KOTOpPOE TIOPOK 1aeT MCEBI0eBKINI0BOe PacCToAHMe(MHTEPBA):
X1 — Xallp = (t1 — t2) — (21 — 22)°. (3)

Bremem B paccMOTpeHME IPyITy Tpeodpa3oBaHUN MPOCTPAHCTBA R X R,
cocroamyio u3 caruros Ty, X = X + X, mpeobpazoranuit Jlopenra

LoX = AgX, (4)
_( cosh¢ sinh¢
Ay = ( sinh¢ cosh¢ ) (5)

u MacmTabuposanusa D, X = aX, KOTOpas Ha3kIBAETCA adPUHHON TPYIION
[Iyankape G [19]. DreMeHTHI rPyNIILL — IPEOOPA3OBAHUS

g:g(x_;‘aa'7¢):7}('s Da£¢' (6)
Bribepem pyuxmmio ( € Lo(R x R). Iloctpoum cemencrso gpyHKIUI,
3aBUCAIILX OT IAaPAMETPOB Xs,a,, npuMenus K ((Y) mpeobpasoBaHue

Ul(g):

U(9)¢(X) = Clg™'X) = %C ( AXT x)

a Cg(x*s,a,dﬂ (X)- (7)
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DTO Ipeobpa3oBaHue YHUTAPHO, TO CTh

1T = IcCOI?, (8)

YTO TPOBEPSETCA 3aMEHOU MEPEMEHHOU WHTECPUPOBAHUS U O0ECIeIBA-
ercs BBIOOpOM MHOXUTeAs 1/a npeobpasoBannou Gyukuuu. [IpeoGpazo-
Banue Dypoe Qpyuknum ( ompesenseM CIeIyomM 0O0pa3oM:

(@) = / 250 ¢(R). (9)
RxR

HeTpynuo nokasaTts, ITO
Cotn,,0) (F) = al(aA_yF)e T Xe), (10)

Bce npoctpancTso L2(R x R) aBaseTcsa npsaMou CyMMOU YeTHIPEX WH-
BApUAHTHEIX OTHOCUTEIBLHO U(g) MOAMPOCTPAHCTB

4
LR xR) = P D;, (11)
i=1
KOTODEIE PA3InIaloTcs HocuTeneM npeobpasosanus Pypoe dyukuui ((F),
a nMeHHO, Pypre-npeobpasoBanue QYHKIMN I3 IPOCTPAHCTBA D; OTIHY-
HO OT HyJs TOIBKO B D :

k
D, ={7= (k > tk >0,k > |k}, (12a)
o k
Dy, ={c= (k ) tk <0,k > |k}, (12b)
o k
Ds;={5= (k ) tke >0, k| < |kz|}s (12c¢)
R k
Dy={5= (k > 1k <0, k| < |kz|} (12d)

IMokaxxem, HATPUMEP, ITO MPOCTPAHCTRBO D ABIACTCA NHBAPUAHTHLIM OT-
HocuTeabHo npeobpasosanus U(g). Beskun BekTop ¢ € Dy MOXHO mpen-
CTaBUTH CACIYIOMUM 00Pa3OM:

= (1) =ene(y) p=VER (13)

ke
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1 TOJBKO BEKTOp 13 D1 MOXKHO 3amucaTh B Takon popme. BossMeM kakoe-
Huby L g € Dy,

k ks
Go = < 0)’ |Gollm = po >0, tanh gy = —===. (14)
kx() k'O
[Ipeo6pazosanus JlopeHna u MaCIITACUPOBAHUSA OTOOPAKAIOT Gy HA F,
- — 1
G =aA_uy00 = apoA_y_g, (0), (15)

umeronui Bug (13) u mosTomy npunagmexamui Dy . O4eBugHO, 9TO, MOI-
6upas macmrad ¢ u mapamerp npeoOpasoBaHus JIopeHia ¢, MBI TOXY-
quM o60u ¢ € Dy. lipencrasaenue U(g) ABIAETCA HEIPUABO JUMBIM TIPE-
CTaBJeHHEM B KaxkJOM moampocrpanctse Dj, j = 1,2,3,4, cm. [19]. DTo
IpecTaBIeHue KBapaTudHo uarerpupyemo [20,21], To ecThb cymecTByeT
menyaesoe Y (x) € Dy Takoe, 9TO

[ dn@Iw.v@0) P < . (16)
G
3IeCh MHTErPUPOBAHNUE BEICTCA MO BCEH T'PYMIE, BJEMEHTHI KOTOPOU 3a-
narorcs mapamerpamu a € (0,00), Y5 € R2, ¢ € (—o0,0), a du(g) — vepa,
UMHBAPUAHTHAA CJI€Ba (JeBas Mepa Xaapa), TO €CTb IpU (PUKCUPOBAHHOM
go € G nas aoboro g € G umeem du(gog) = du(g). B cayuae apdpunnon
rpynnel [lyankape aTa Mepa OIpemeaseTcsa (POPMyJIOn:

L da
dulg) = & do. (17)

DyHKIMY, yI0BJICTBOPAIONMITE YCA0BMO (16), HA3BIBAIOTCA MATEPUHCKY-
mu BemBreTamu [21]. YciaoBue KBaIpATUYIHON MHTEIPUPYEMOCTH SKBUBA-
JIEHTHO YCJIOBUIO

ovon = [0 <o (18)
EHR
D,
rie R
b = B(E) /1 m, (19)

KOTODOE HA3LIBAIOT YCJAOBMEM momycTumMocTu [21]. DToT dakT mokasaH
B mpuinoxkenuu. Heorpanudenusin oneparop C HA3BIBAETCA 0ONEPATNOPOM
tiogao-Mypa (cm. [20,21]).

Cemerictso (7) HasbiBaeTcs cemeticmsonm afdunnviz setisaemos Ilyan-
Kape, Wi, LI KPATKOCTHU, CemMelucmaeom 6eli6.aemos.
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Beenem B paccmorpenue afiunnoe etisaem-npeobpazosanue Iyanka-
pe (cM. [21]), koTOpOE, B CBSA3M C TEM, ITO APYTUX BEUBIET-TIPEOOPA30OBa-
HUU B JaHHOU CTAThLE HE BOBHUKAET, OyeM HAa3LIBATL BEUBJIET-IIPEOOPa3o-
BaHmeM. BenBreT-mpeoOpa3oBaHue OnpeneaseTcs OTAEIbHO IIA KaXKI0T0
Dj, j =1,2,3,4, Mbl npuBoauM pe3yabTarsl 1 jaodon f(X) € Di:

Weh) (9) = (£.U()C) = / PTG,
]R2
(20)

Weh) (g (a6, %s)) = / d2>%’f<f>§< (A X X)
A

Bensaer-mpeo6pa3zoBaHue ABIACTCA CBEPTKOU U MO3TOMY JETKO BEIUUCTA-
erca B Pypwe obaacTu:

W) (g (ardy o)) = / 5 1(5)C(ah_oF)e %) (21)

Dy

a
(2m)?
OTmeTuM CBOUCTBO, creayomee u3 HepasencTsa Kommu-ByHsakosckoro,

| W) (@)l < IIFIHICH- (22)

IMosToMy BeuBIET-IPEOOPA3OBAHNE €CThH PE3yIbTAT MPUMEHEHUS OTPaHU-
genHoro omneparopa K f(X).

Pematomee 3Havenne mif TaJbHENIIErO ABIAETCA TEOpeMa 00 m3oMe-
TpHUHM, JOKA3AHHAA I JOKATHHO KOMIAKTHHIX Ipynm B [20], KoTopas mpn-
MEHMA ¥ B 9ACTHOM cirydae adpduaron rpymms [yamkape. Ilycrs v,
— IBa JOMYyCTUMBLIX MATEPUHCKUX BeusreTa. Torma mis dyuxmun f(Y),
v(Y) € D; cupaBeiIuBO COOTHOLIEHNE OPTOrOHAIBHOCTH

/ (. U@, T @0du(g) = (O, CC) (f,0) (23)

G

OTMeTuM, 9TO MOX 3HAKOM HHTErPATIA CTOAT BEUBAET-IPEOOPA3OBAHMLA
W) (9) = (,U()0) 1 Wyo) (9) = (v,U(g)0) . Coorsomenan (23)
MOKA3BLIBAIOT, 9TO BEUBJICT-MPEOOPA3OBAHUA OT f W U KAK PYHKIWA § OpP-
TOTOHAMBHBI, €CIA f M ¥ OPTOTOHAMLHBL, IA €CIU MATEPUHCKAE BEHBICTHI
¢ u ¢ BeIGpansl Tak, uro (Cy,C¢) = 0. JoxkasareascTso (23) mHemocpex-
CTBEHHO A ahGuHHON Ipymnsl IlyaHKape 3HAMUTEIBHO HPOIIEe OOIIEro
NOKa3aTeIbCTBA U IPUBEIEHO B MPUIOKCHNML.
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§2. [IPOCTPAHCTBO PEIIEHUN BOJIHOBOI'O YPABHEHUSA

IIpuMeHNM pa3BUTHIA (GOPMATI3M K HOTYUEHUIO MHTEIPAIbHBIX TPe-
cTapjeHul perreHui u(t, ) BOJIHOBOIO yDABHEHUS
u  0*u  O%u 0 04
o Yo oe = 29
Bymem uckars pemenus, Takue ato u(t,z,0) = f(t,z) € L2(R x R). Maa
KOPPEKTHOU MOCTAHOBKY 33JaYU TPeOyeTCsA €Ie YCIOBUe, KOTOPOe 00ec-
IeYnBaI0 OBl €IUHCTBEHHOCTDL pemteHna. MBI ONWIIEM HUXKE OPOCTPaH-

Ou =

CTBO PEIICHNN, KOTOPHIE OMPENEIAIOTCA OMHOZHAYHO 0 MPAHUIHBIM [AH-
HbIM. VIMEHHO [JIA PeIeHnu U3 3TUX TPOCTPAHCTB MBI OyeM CTPOUTH WH-
TerpaibHble npencrasieHus. Kak ymomunanocs Beime, Gyakuuio f(t,x)

4
MOXKHO IpeicTaBuTh B Bune f(t,z) = Y, fi(t, ), fi(t,z) € D;. Paccmo-
i=1

TPUM MPOCTPAHCTBO H, KOTOPOE SABIAETCA MPAMOU CYMMOU BOCBMU MOJ-
IPOCTPAHCTB,

4
H=EPH,, H=H oM, (25)
j=1

4

u(t,a:,y) :Z’U‘j(taxay)a Uj(t,a?,y) :uj(taxay)'i'u;(taxay)a (26)
j=1

uj(t,z,y) € Hj, uj(t,a:,y) € Hj+, u; (t,z,y) € H; . (27)

Bynem mpegnonararts, 4To f]T", fi € L-(Dj). llogupocTpancTsa Hji, Jj=
1,2, COCTOAT W3 MHTErPUPYeMBIX ¢ KBagpaToM (yHKImA ot X = (t,2) 7,
3aBUCAIIAX OT Y KAK OT IIapaMeTpa:

u}'(t,x,y) - (2m)2 /d2567i5'%+ikyyﬁ_(5’)a ky =k — k3, j=1,2,
Dj
— 1 - —idX—i T N o ==
uy (to,y) = (%)2/%6 ik F(3) F(@) = FH@) + (@),
D;
(28)

OTr PYHKIAX MOTYT OLITH HE AUp(PEPEeHIUpPYyEeMbl, 1 TOT A OHU HE SBJIA-
IOTCA KIACCUICCKAMY PEIICHHAMU BOJTHOBOTO ypaBHeHuUA. Jaamm 0606-
MIEHHYI0 HOCTAHOBKY KPAEBOU 34144 A/ BOJTHOBOIO YPABHEHUA B OJHOM
w3 mogmpocTpancTs, Hanpumep, B H) . Iycts a(X) € S, rae S— kracc
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[MBapma, TO €CTH MHOXKECTBO BEIIECTBEHHO3HAYHBEIX OECKOHETHO audde-
PEHIMPYEMBIX (DyHKINH, yOLIBAIOIINX BMECTE CO BCEMU CBOMMMA TTPOM3BOI-
HEIME GICTDEe Jo60H cTenenu. ByeM rosoputs, ato uj (t,z,y) yaosmre-
TBOPAET BOJHOBOMY YPABHEHMIO B OGOOIIEHHOM CMEICIE, 8 TAKKE KPACBO-
My yeropmo u) (t,2,0) = f(t,2), ecn Yo € S BHLIIOTHAIOTCA COOTHOMIE-

HUA:
a0« 0 (uf ,a)
<UT’W_W>_T/2:O’ (29)
(ui, @) [y=0 = (f,a) . (30)

posepum, manpumep, ato u] (t,z,y) € H] yrosrersopser (30). Tax xak
pemtenne u (t,7,y) ABIAETCA KBAIPATUIHO MHTEIPUPYEMOH (DyHKIIEH OT
X = (t,z) ", To eé meficTBUe Ha oCcHOBHYIO (GyHKIMO aX) 3a1aeTCA HHTe-
IPATOM TIO X OT TMPOM3BENEHUS U (v, 3ABUCAIINM OT Yy KaK OT apamMeTpa.
[Mpumenum ToxaectBo Iltanmepens, moryaum

way= [ et @ae
(o) = g [ EFIT @), 1)

RxR

Murerpan (31), a Takxke MHTErpaIbl, TMOLyIeHHBE Tub(EPEHINPOBAHN-
€M ero MOALIHTErPATHHOINO BEIPAKEHUA 1O Y, CXOAATCA PABHOMEPHO TIO Y.
[osTOMY MHTErpat ABIACTCA HENPEPLIBHON (hyHKImMen ¥, npu y = 0 moury-
quMm (30). KpoMe Toro, Bo3amMOKHO nuddepeHnnpoBaHue mo § MO 3HAKOM
unTerpaaa. CnpaseqmuBocTh ypaBHeHuA (29) JErKO MPOBEPAETCA MOCIE
nepexona B @ypre o6macts (29). Urax, uf (t,,y), onpeneasemoe popmy-
nou (28) mpu j = 1, sBaseTcs 06061HeHHBIM perenuem 3agauu (29), (30).
Onpegemnm Takxe pereHus u; T(t,z,y), j =3,4:

1 -~
ut (t,2,y) = / 5T F), k= R, j = 3,4,

(2m)?

uj (t,2,y) 2 TN E(),  f5(8) = (@) + f ().

(32)

CIDyHKuHH u; (t z,y), j = 3,4 aBraioTcs 0600MIEHHBIMY PELICHUAMHA 33,13~

u (29), (30) mpu y < 0, a dynkuun uj (t,2,y), j = 3,4 - o600mweHHbIE
pelerns Ton xe 3agaan upu y > 0.
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Cxansproe mpomsseenune apyx pemernnit F (Y, y), V (Y, y) € H; ompe-
JeJUM CIeIyIomuM 06pa3oM:

(FV) = [ EXFROTRD). (33)
RxR

CxanapHOe pOM3BEICHUE HE 3ABUCUT OT ¥, 9TO JErKO MOJYYUTh, TPAME-
Haa Tox AecTBo [Ltarmepens. B ganbrenmemM Mbl He 6y 1eM MUCATH HIKHAN
uHIekc H, Tpu CUMBOJE CKATAPHOTO MPOU3BEICHUIA.

ITocTponM MHTErpaIbHOe TpeICTaBIeHue penenuit u3 H,~, mHTerpats-
HEIE TIPEICTABICHUA PEIICHAN U3 OPYTUX OPOCTPAHCTB CTPOATCA AHAJIO-
CUTHO.

Buibepem dyuxumm ((X), ¥ (X), f(X),v(X) € D;, upudem nBe U3 HUX,
¢(X), ¥(X), npunagrexar obmactu onpepeaerus omeparopa Jodmo-Mypa
(18), (19). Beegem B paccMOTpeHEe COOTBETCTBYOMMe permenus w3 H

> 1 o i ik, y T 2
Z20) = gz [ EFeTIRIE), (39
RxR
3 1 BTy
V() = g [ PEe TG, (35)
RxR

KOTOpHIE Oy IeM Ha3LIBATHL MATEPUHCKUMHU PeleHnsaMu. Bregem mo aHaio-
run pemenua F'(X,y), V(X,y)-

BremeM ceMencTBa PeIeHUn, MO0 KOTOPHIM MPENNOIAraeTCs TPOu3BO-
IATH PA3JIONKEHUA

— ]- —1 = ]- )Z*ffs ()
Zy(X,y) = " Z(g~ "X y/a) = .2 <A¢>T, 5) , (36)
- ]- —1 = ]- )Z*fys ()
¥ = L ¥ o) = 1w (A )

dypoe-npeobpaszopaue OT PELIeHUH [0 IIEPEMEHHON X 1aeTCsa (popMyaa-
MU

Z,(,y) = al(aA _4&)e! (7 X Fikyy (38)
\ffg(ﬁ,y) = a{/;(aA,(ﬁ&’)ei(&”zS)“kyy. (39)
OnpenenvmM BeuBIET-IPEOOPA3OBAHUE PEIIEHUN:
WaV) (g,9) = (V(X,9), ¥ (X, 9)) »
WzF)(g,y) = (F(X,y), Zg(X,v)) -
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OTMeTnM, 9TO TAK ONPEIEICHHOE BEUBJICT-IPEOOPA30OBAHNE DEIICHAN HE
3aBucut ot y. I[losromy Toxnectso (23) mpu (Cy, C¢) # 0 maer

1
(FV) = oeg / dnlg) (F, Z,) V, ). (41)

G

ODTO TOXIECTBO MBI UCTOJKOBBEIBAEM KaK (POPMATBLHOE PABEHCTBO
R 1 R
F(f) = / du(g) (F, Z,) Uy(%, ), (42)
G

rJe BBeJeHO 0O03HAUEHTE

cyc = (C, CQ). (43)

YenoBue ¢y # 0 1 aBCOMIOTHOUN CXOQUMOCTH MHTErpaja B (43) Ha3bIBa-
eTCsl YCIOBUEM [OMYyCTUMOCTY [JIS MAphl MATEPUHCKUX BEUBICTOB (,1).
YunrwiBas onpegenerve (40) u To obcroarenscTeo, uto Wz F)(g,y) =
(W2F) (g,0) = (W f) (9), st noaysacs

F(.y) = m ([ dulg) We ) (9) T, (%.9)- (44)

Mu 6ygem maswiBaTh popmyay (42) wm (44) GopMymon BOCCTAHOBIE-
HIA, TIOCKOJIBKY OHA MO3BOIAET BOCCTAHOBUTD PEIICHHUE, €CIIA H3BECTHO €ro
BenBaeT-npeobpazosanue. Popmyaa (44) UCIOIB30BANACH HAMU B IIPUJIO-
KEHUAX K 3agadam cercmuku [10].

§3. ICCIEZOBAHUE CXOJAUMOCTY MHTETPAJIOB, 3ATAIONMX
®OPMYJIY BOCCTAHOBJIEHUS

Yreepxaenue 1. (O nomoueunot crodumocmu) ITycmv Pynxyus f €
Dy maxosa, umo eé npeobpazosanue DPypve aOCOAOMHO UHMELPUPYEMO
fe L1(Dy), a setisaemur ¢, ¢ — donycmumpr. Tozda umeem mecmo gop-
MYAG BOCCMAKOBACHUA:

F(%.y) = % / dulg) We ) (), (%.v)
G

. 1 ooda N L1 X’_X’s Yy
= - 0/ R/ @ [ @2 e (@ o0 (A1) )

a3 a a
R2
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MokazaTeabcTBO. BLIYucauM BHYTPEHHUN UHTETPAJ TIO X C TIOMOIIBIO
paeencTsa [Liaumepens ¢ yaérom Toro, uto B Pypbe 06IaCTU BEUBIET-
npeobpasoBanue 3agaéresa Gopmyaon (21), a npeobpasosanue Pypoe or
pelieHun ceMerncTBa, gagércs popmydaon (39):

F(X,y)
1 1 [da o e
= — — 7 F(F)C(aA_yd A_ 3)e ) +ikyy
G | [ 40 [ @@ A yien o)e
0 R D,

IMoMeHseM MOPALOK MHTErPUPOBAHUE, CIEJIAB NHTETPUPOBAHNE 110 0 BHEIII-

HUM,

F(xX,y)
11 N (.6 i 00da =
- - d2-» . —z(x7a)+zkyy/_/d A5 A G
Cy¢ (271')2/ 7@ J a ¢C(aA—40)(aA—45)
1 2 277 = —i(X,5)+iky -
= (271')2 /d Uf(g)e (X,8)+ikyy _ F(X,y)-

D,

B mpenmnociesaeM paBeHCTBE MBI BOCIOIB30BAIUCH TEM, UTO COIVIACHO JIEeM-
me, (cM. [IpumioxkeHue), BHyTpPEHHIN MHTErDAL PaBeH Cyc. B cBA3M TeM,

o~

uro f(d) € L£i NOBTOPHBIM MHTErpajt CXOAUTCA abCOMIOTHO, U, 3HATUT,
coriacao Teopeme DybuHM, 3aMeHA MOPATKA HHTECPUPOBAHUA OBLIA 3a-
KOHHOH. O

[loka3aTeabCTBO CIeAYIOMIEr0 YTBEPK JEHUs IPOBEAEHO IO AHAJIOTUU C
IOKA3aTEeIHLCTBOM I Tpynnbl ad@UHHBIX TPeoOpa30BaAHUN HA, MPAMOMH,
npuBenéHHBIM B KHure [22]. Ilpexae, ueM mepelTu K ero GpopMyInpOBKe
MOKaXKeM JeMMY, KOTOpas ABIACTCA CASACTBUEM TOXKIECTBA M30METPUN
(23).

Memma 1. Iyems ¢(X),¥(X), £(0),0(X) € Dy. Myems ¢(X),¥(X) dony-
cmumble 6617,6/56mbl, moeaa cnpaeeafmeo Hepaserncmso:

[ auta) wer) <g>m\

< \/ \ [ ants) W) @ OwT <g>\ \ [ dute) Weo) (Y WT @) )
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MokazaTeabcTBO. [[eNCTBUTENLHO, IO NOKA3aHHOMY (23) meBas 4acTh
nepasencTsa pasHa |cy¢ (f, g) |, a mpasas [eye || £1|2[1/2|eyc|v]|?]'/?, a Torga
(46) caenyer u3 mepasencrsa Koummw-Byuaxosckoro gas (f, g). O

Yreepxaenue 2. (O crodumocmu 6 cpednem) ITycmo dynruua f € Dy,
a setisaempr (, 1) — donycmumvi. Tozda unmezpans 6 Gopmyase soccmano-
gaenus (42) cxodumca no Lo Hopme, @ UMEHHO, CNPABEIAUBO, UWMO:
(1) f(X) € Dy, 20e
Ag (o2
= 1 da 2 - —
FX)=— [ = [ d¢ | &Xs Wcf)(9(a, 6, Xs)Vg(a,0,0.)(X),  (47)

Cy¢
A1 Q1 Xsl<p

20e 0 < A; < Ay < 00, —00 < B1 < By < 00, |Vs|? = A2 + 22,
0<p<oo.
(2)
Alﬁélr}}lzﬁoo Hf f” =0 (48)
P ——o00,Pas—o0

p—00

[okazaTeabcTBO. BBegem B paccMOTpeHWe JMHEHHEIN (DyHKIHOHAT,
pencTeytomui Ha pyrknuax v(Y) € Dy :

I(v)
As

o) 46 [ &%, Wef) (9(a,0, %)) w (A KXY
=[5 fa | .

—®1 |X|<p (19)
49

Cormacuo Teopeme DyOuHU, €CaM MBI MOJYYUM MOCTE 3AMEHBI TEDEMEeH-

HBIX a6COJIOTHO CXOIAIUKICA UHTETPAT, TO 3aMEHA TEPEMEHHBIX OPAB A~
ua. [loMeHAeM TIOPALOK MHTETPUPOBAHUA U BOCIOIL3YEMCSA PABHOMEPHOU
ONPAHUYEHHOCTHIO BEUBIET-NPeoOpasoBanus (22), momydnm:

Az
v)] = /d“ / d / 5 W) (9(a, 6, 7)) W0 (9@ 6, %))

&1 [XI<p

Az
/ / d / 5 |We ) (9@, 6, ) | Wav) (g(a, 6, 1))

- [Xs|<p
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As
/ / @ [ ezl
—d [Xs|<p
= np? (Ai - Ai> (@5 — S| FIICIol6] < oo (50)

Corntacuo Teopeme Pucca o mpencTaBieHUN JTUHEMHOTO (hYHKIIMOHATA,
CYIIECTBYET €IMHCTBEHHBIU daemeHT f € Dy raxou, aro I(v) = < f,v

Orcrona creyeT CupaBeIIuBOCTE MEPBOU YaCTU Y TBEDK ICHUA.
[loxaxkeM BTOPYIO 9aCTh yTBEPK ICHUS.

£l = g [(£ = 0] = e Ji5.00 = (720)]

vl|=1 [lofl=1

= sup [(f,v) C¢C/da/d¢ / dXsWCf()W

lvll=1
4! ‘XS|<P

= sup |(fu0) — e 7261“ /d¢ | 5 W @)

llvf|=1
Ay D1 |¥s|<p

B nocieaneM paBeHCTBE MBI BOCIOMIBL30BATACH AOCOMOTHON CXOANMMOCTHIO
uaTerpaia (49) u mo Teopeme PyOuHN MOMEHATN TOPATOK UHTEIPUPOBA-
uust. Berencrsue roxgectsa [lnanmepens (23) u agauruBHOCTH HHTErDA-
JIa, HAIEeM CIeIyIOIIee:

I+

—%c sup / / do /d Xs WCf )m .

llvll=1
€lo, Al]Ua>A2 3(P1Ug)P2  |X[>p
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K mocrennemy mHTErpalLy yxke MOXHO IPUMEHUTH HEPABEHCTBO (46):

|#=11

1/2
_ da . -
<epd sup S| w[enwnemwnw
II=) 0,4 o> 45 o<1 Do s 3150
1/2
da . -
x & @ [ @5 W) @OV )
G[U,Al] Ua>As P< P Up>Da |i|>p
1/2

da _
-1 2
<ol [ %] afeoanewne
€[0,A1]Ua>As ¢<P1Up>Pa [Y|>p

3IeCh MBI BOCHOIB30BAIACH TEM, UTO NI BLIPAXKEHUA B TIPEITIOCICTHEN
1/2 —1/2y, 112 —1/2 _
cTpoUKe crpapeyuBa omenka |...[? < ¢,/ 7[[v]|* < ¢y '7. Tak xax un
TErpat Mo BCel O6JIACTY U3MEHEHUA TaPAMETPOB g CXOAUTCA B cuiy (23),
TO, HEePEeXOs K Ipejely B HOCJAeIHeN oueHke, moiaydaem (49). O

YrBepxaenue 3. (O crodumocmu 6 cpednem) [ycmo dynryua F(Y,y) €
Hy. ITycmo getisaemut (, 10 € Dy — donycmumny, a ¥(X,y) € Hi - pewenue,
coomsemcemesywuee | € Dy. Toeda

(1) F(R) € Hy, 2de

As Dy
Fot) = — [ 5 [ao [ @ Ve (0(0.6.20) %0000 o)
Ay N1 [Xs|<p
(51)
20e 0 < A; < Ay < 00, —00 < B1 < By < 00, |Vs|? = A2 + 22,
0<p<oo,
(2)
im |FGy) - F)| =o. (52)

A1—0, As—o00
P ——00,Pas—00
p—00
JlokazaTeabcTBO CAEAyeT W3 TOTO, ITO MEXKIY MpOCTpaHcTBamMu Hi u
D1 ecTb U30METPUIECKU N30MOP(HU3M.
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§4. [IPUIOXKEHUE

IpuBeneM 31€Ch JOKA3ATEILCTBO U3BECTHBIX (DAKTOB, KOTOPHIE MBI UC-
nonb3yeM, cM. [21].

JlemMma 2. ITycmbs & € D u “’;(ﬁ?) € L1(Dy). Tozda

npu ar0bom Gy 7 0.

MokazaTenbcTBo. [lencTBUTENLHO, BCAKUN §g € Dq HomyckaeT mpen-
cTaBIeHue 6o = poA_4,€0, Tle €y = ((1)) Torga:

Ooda Ooda
T= [ [dpfar_yd0) = [ = [ déf(apoA g g,0)
[] [¥]
T ~f(pA_5é0) L f(@
o S [t
0 R Dy

rIe B MPEATOCICIHEM PABEHCTBE BBEICHLI HOBHIC NMEPEMEHHBIE p = apg,
¢ = —¢ — ¢p, & B IOCIETHEM PABEHCTBE [IEPEMEHHLIE 0 = pAﬂgé’o. O

Hoxaxem popmyry (23).

YrBepxaenue 4. (Tosxcdecmso uzomempuu,)
ITycmov napa mamepunckuz setieaemnos ((X) u (X)) donycmuma:

0<C¢<:/d25%<00, (54)
Dy

u uwmeepaa 6 (54) cxodumea abcoaommuo. Tozda das amobwiz f(X), g(X) €
Dy umeem mecmo pasencmeo:

I= / du(v) We ) () Wug) )

- / da / d$ / &5 W) ) Wog) ) = cuc (f,9) - (55)
0 R R2
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HokazareabcTBo. [Ipumenum pasencTBo [lranmepens Kk mHTErpaty mo
Xs ¥ BOCIIOJIB3YEMCA TeM, U4TO IpeobpasoBanne Pypbe BEUBIET-NIPEOOPaA-
3oBaHus gaercs popmyson (21), mosyaum

7 da 1 2T NI, A o o
- / do / s D/ 5 (6)7@)C(ah_oF)D(ah_o7)  (56)

IMomenseM MOPALOK UHTEMPUPOBAHUS, HANIEM

oo
I= s [ £FTETE [T [ d0lah_sd)iah o) = e (F.0)
Dy 0
(57)
B mociegmeM paBeHCTBE MBI BOCIOABL30BAIUCH Jemmon 2. Ilocaegnuin uH-
Terpaj CXOAUTCA aGCOMIOTHO, TAK KAK IO IPEIIONOKEHNII0 HHTEPAT Cy¢
CXOAUTCA abCOMIOTHO, & Takke TeM, 9To f,g € Lo(D1). 3uaunT, 3ameHa,

IOPSIIKA MHTErPUPOBAHUS OBLIA 3AKOHHA, COrIAcHO Teopeme Dybuuu. [

CuegcrBue 1. Ilpedcmasaenue K8a0pamMuuno uwmezpupyemo moeda u
MOAbLKO Mo20a, K0204 UMEETNCA HERYAEBAA GYHKUUA, YOO0BACTEOPAIOUAL
ycaosuro (18).
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Gorodnitskiy E. A., Perel M. V. Justification of the wavelet-based inte-
gral representation of a solution of the wave equation.

We study the previously obtained integral representation of a solution of
the wave equation. The integrand contains the weighted localized solutions
of the wave equation, which depend on integration variables. We construct
the parameterized family of the localized solutions from the chosen one
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by employing the transformations of shift, dilation and the Lorentz trans-
form. We give the sufficient conditions of the pointwise convergence for
the obtained improper integral. The convergence in the L- sense is proven
too.
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