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AnHoTanuA KiroueBsie cmoBa
Paccmotpena samavya Komm s omHOMepHOTO ypaBHeHMA — YpasweHue IlIpedunzepa, 3a0aua
Ilpemuarepa ;(t,x)=iHy(t,x) ¢ rammmsronmanom —H — Kouu, Kkeasugetinmanosckas Pop-

1 Myna, ypasHeHue mensionposooHo-
P —— " .
Buma —Hf = 5 J"+Vf, tnme motenuuan V — BemeCTBeH- . xacanue no Yeproay, kpammbii

Hast mubdepertmpyemas GYHKINA, OrpaHIIeHHAs BMecTe co  WHMEEPar, nonyepynna onepamopos

CBOEJI TPOM3BOJHON. DTO YpaBHEHME U3Y4Yalu CO BPEMEH
CO3maHnA KBAaHTOBOI MEXaHUKU U [0 CUX IIOp OHO ABJ/IAETCA
XOPOIIYM MOJEIbHBIM MPUMEPOM M/ [EMOHCTPALMM pas3-
JIYHBIX METOZIOB DelICHNS YPaBHeHMII B YacCTHBIX IIPOW3-
BOJHBIX. VICCIenoBaH BOIPOC O IIPENCTABYMOCTYL PeLIeHs
sagaun Komm B Buse kBasudeiiHMaHOBCKOI GOPMyIIbL, U HA
Hero JaH yTBepAUTENbHbIIT oTBeT. [TocTpoeHHast KBasudeltH-
MaHOBCKas popmyna — pozcrBeHHOe popmynam DeitHmaHa
BBbIp&XEHIE HOBOTO THUIIA, COfIEpPKallee KPATHbIE MHTEIPaJIbl
OecKOHeYHO pacTyleil KpaTHocTy. Takme dopmysbl yerde

ROKasbiBaTh (10 CpaBHEHMIo ¢ (eiinmanoBckuMmu GOpMyna-  [Tocrymmra B penakiyio 10.05.2016
M), HO OHU JatoT 60J1ee JUIMHHOE BBIPAKEHVE JUIA PelleHNa @ MITY mm. H.9. Baymana, 2017

Paboma svnonnena npu gunarncosoti noddepyxke Poccutickoeo Hayunozo ¢onoa
(epanm PHO Ne 14-41-00044) 6 HHI'Y um. H.JL. Jlo6auesckozo

Ypasuenne lllpemarepa 1 KBaHTOBasA MexaHMKa. Y paBHeHMe llpenunarepa — ogHo 13
OCHOBHBIX ypaBHEHMII KBaHTOBOJI MeXaHMKM [1], KOTOpOoe OmMChIBaeT IBOMIOLUIO 3aM-
KHYTOJ KBAaHTOBOJ CUCTEMBI, T. €. USMEHEHME CUCTEMbI BO BpEMEHM IIPU YCIIOBUU TOTO,
YTO CHCTEMA HE B3aMMOJENCTBYET HU C KaKMMM BHELTHMMM I Hee YacTULaMy WK T10-
namu. Ecmy KBaHTOBas cucTeMa IIOMy4eHa IyTeM KBAHTOBAHMUA HEKOTOPOI KIaccude-
CKOW CUCTEMBI, TO ITOJ] YNCTBIM COCTOSIHMEM KBAaHTOBOJ CUCTEMbI IIOHMMAIOT MUMEOIII

eVHITIHYIO0 HOPMY BEKTOP KOMIUTEKCHOTO THbbepToBa mpoctpanctsa LF(Q), tme Q —
KOH(UTYPAIMOHHOE ITPOCTPAHCTBO MCXOIHOM K/IACCMYECKOI crcTeMBl. B mporjecce aBo-
TIOLMY 3aMKHYTOJM CUCTEMbI YUCTble COCTOSIHUA IIePeXOfAT B YUCTble COCTOSHMA.
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[ToaTOMY 9BOJIIOLNMIO CHCTEMBI U3 Ha4aIbHOTO coCTOsIHMA Y(0) =y, € [*(Q) B cOCTOsIHME
y(t) € [*(Q) MOXXHO OmMcaTh KaK pe3y/IbTaT eViCTBYsI HEKOTOPOTO YHUTAPHOTO OIlepa-
Topa U(f) Ha cocTosiHUE Vo, T. €. y(t)=U(t)y,. Oneparop sBomonuu U(f) cBA3aH C
raMUIbTOHMAHOM CUCTEMBbI cooTHoutenueM U(t)=e M, rme H — raMumIbTOHMAH CH-
CTeMbl, OIMCBHIBAIOIIMII COCTOSIHME W(f) C MOMOIIbI0 3ajauM Komm mast ypaBHeHMS
[pepyurepa iy (t) = Hy(t), y(0) = y,. B obimem crydae raMuibToHMaH H IHpeacTaBsi-
eT co00JI CaMOCOTIPSKEHHBII OIlepaTop B POCTpaHCTBe [*(Q), MMEILNit ITIOTHYIO 00-
nactp onpepeneHus. Takum 06pasoM, Ijisi OGHOZHAYHOTO 3a/IaHMsI IBOMIOLIUN CHCTEMBI
HeoOXOAMMO 3HATh MIU TaMWIbTOHMAH H , wim (mpu KaxpaoM t € R) omeparop aBojmo-
iy U(t). OO6BIYHO raMIIbTOHMAH U3BECTEH, a orepaTop aBoyonyy HeT. K coxxanenuro,
dopmyna U(t) =e " HempuropHa i HEOCPEACTBEHHOTO BbIYMCIeHust U(t) mpu us-
BECTHOM TaMIWIbTOHMaHe H B C/Iydae, €C/ii OIepaTop H HeOorpaHMYeH, a B COfeprKa-
TeJIbHBIX IIPYIMePaX 9TO UMEHHO TaK. [loaTomy BblpaxkeHne U(t) = e " 4epe3 raMmibro-
HVMaH H PaBHOCWIBHO PELIEHMIO I K&XI0T0 o € [*(Q) 3amaum Ko iy} (t) = Hy(t),
y(0) =y,. VI3BeCTHO HECKOIBKO CIy4aeB, KOI[a FaMIWIbTOHMAH H CUCTEMBI TaK IIPOCT,
4TO pemreHye 3aa4uy Koy MOXKHO omycaTb HeOOMbIIO SBHOI (popMyIIoi, HanpuMep,
IUIs1 aTOMa BOZIopofa. B ob1em cydae Takme popMyIibl He M3BECTHBL.

OpHako, ecnu yganoch HOCTPOUTb CMJIBHO HEIIPEPbIBHOE CEMENICTBO OTpaHUYEH-
HBIX CaMOCOIIPSDKEHHBIX OIIepPaTOpPOB, KacaTelnbHOe 10 YepHOBY K onepaTopy H, TO
MO)XHO IPMMEHNUTh IPUBOAMMYIO B HACTOsIIel paboTe TeopeMy 3 1 MOTYIUTh Olle-
parop U(t) B Bufie KBa3uQelHMaHOBCKOM (GOPMYIIBL. ITO U CHAETAHO /IS MIPOCTOTO
MOJIe/IbHOTO CITy4as.

DeitHMaHOBCKMe ¥ KBasuQeitHMaHOBCKUe (popmynsl. Delinmanosckas dopmyna
(popmyna Deiinmarna) npepcTaBIsAeT coOOI PaBeHCTBO C/IEAYIOLIErO BUfiA: C/ieBa CTOUT
ompefieiieMas paBeHCTBOM (PYHKLNSA, a CIIpaBa — Ipefie/l KPaTHOTO VIHTErpala Ipu
cTpeMsilLeiicss K 6eCKOHETHOCTH KpaTHOCTHU. Takoe ompefienenye ObIIo BIiepBble BBEIEHO
O.I'. CmomnstHOBBIM [2] M BocxoauT K moHepckuM paboram P.O. Deitnmana [3, 4], koTo-
Pblil BIIepBbIe MCIIO/Ib30Ba/I PABEHCTBA TAKOTO BUJIA Ha (PM3UNYECKOM YPOBHE CTPOTOCTI.
[Tonpobuee dpertHMaHOBCKME POPMY/IBI pacCMOTPeHbI B paborax [5-7].

Hayunoit rpynmoit O.I. Cmonsanosa B 2002-2015 ropax B Bupe (elfHMaHOBCKUX
dbopMyn ObUIM IOCTPOEHBI pellleHMs 3afaum Kol a1 MHOTMX ypaBHEHMil BUpa
u(t,x)=Lu(t,x), Ha3pIBaeMbIX 3BOJIOLVIOHHBIMI YpaBHEHUsMU (WM ypaBHEHUSIMMU
9BOJIIOLVY, YPaBHEHMAMM SBOJIIOLMOHHOrO Tuma). K aroMy Tumy takxe OTHOCAT
ypaBHEHMEe TEIUIONPOBOAHOCTY (IIPOCTO OJJHOMEPHBIl IpVMep TaKOrO YpaBHEHUs
u(t, x) =1l (8, x) - V(u(t,x), L=0*/0x*—V) n ypauenue lllpennurepa (mpocroii ox-
HOMEPHbIiT IpuMep ypaBHeHus ; (t, x) =—iyhy (¢, x)+iV(x)u(t,x), L= —i(0? /x> -V)).

KiroyeBbIM MOMEHTOM YKa3aHHOTO IIOCTPOEHMsI ObUIO MCIIO/Ib30BaHNMeE TeOPeMbI
YepHoBa, a TakKe MOCTPOEHME [ KaXKJOTO ypaBHEHMs CIIELMaJbHOTO ceMeiicTBa
oneparopoB. TpeboBanoCh MPeNbsIBUTh CEMENCTBO JTMHENHBIX OIpaHNMYEHHBIX OIle-
paTopoB, 9KBMBajieHTHOe 110 YepHOBY Co-IONYyTpyIIIle C FeHepaTopoM L.
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VsBecTHO, 4TO CTPOUTD TaKMe ceMelicTBa jjiA ypasHeHus lllpenunrepa ropasmo
TpyAHee, 4eM i1 ypaBHeHMA TertonpoBopHoctu. [Ipusenem nBa npumepa. B 2012-
2013 ropax ms ypaBHeHuit Terwonposoguocty u llpeaunrepa ¢ x€R" deitHmaHOB-
ckre ¢popmysbl 6putn mocTpoensl A.C. IDIAnIeYHNKOM, IpUYeM B pACCMOTPEHHOM MM
cmydae K03(UIVEHTl YpaBHEHUIT MOI/IM 3aBUCETh OT BPEMEHU; pellleHle ypaBHe-
Hus llpeaunrepa moTpe6oBano peryaspusanuy ¢ IOMOIIBI0 MAJIOTO IIapaMeTpa €
[8, 9]. Ins He 3aBuUCALIeit OT BpeMeHM npaBoit yacTu V.J]. PeMn3oBbiM 6bU10 mOTy4e-
HO pellleHNe ypaBHEHUA TEIUIONPOBOJHOCTY C OECKOHEYHOMEPHBIM T'MIbOepPTOBBIM
IPOCTPAHCTBOM KOOPAMHAT B Byfe (eitHMaHOBCKON dopmynel [10, 11], a g coot-
BeTCTBYMOIero ypaBHeHus lllpennHrepa cfenaTh 3TOro He YAAIOCh B CBA3M C OeCKO-
HeYHOMepHOII crienudukoit 3afgaun. Torma Obla MpefIpUHATA NOMbITKA HAWTHU Ka-
Kue-1mmbo ImyTu peureHyus 6ecKkOHeYHOMepHoro ypaBHeHus Illpenyurepa, pif KOTo-
PbIX 6€CKOHEYHOMEPHOCTD He ObTa ObI IIeHTPaTbHBIM MECTOM.

B 2014 r. I.[l. PeMu3oB yCcTaHOBMJI, 4TO, €C/IM HECKO/IBKO PacIIMpUTh K/IacC HO-
ITyCTUMBIX IpPEe/ICTABICHNII PELIEHN, TO CEMENCTBA, MOCTPOEHHbIE I YPaBHEHMA
TEIUIONPOBOJHOCTY, MO>KHO JCIIO/Ib30BaTh IIOCTIe HEKOTOPOI MOAUQUKALUM I
pemtenns ypaBHenus llIpennurepa [12]. Tak 6b110 chopMynMpoBaHO HIpUBeEHHOE
HIDKe OIlpefie/ieHNe.

Keasudgeiinmanosckas popmyna — paBeHCTBO, B KOTOPOM CJIeBa CTOUT OIpefie-
nsieMasi paBeHCTBOM (PyHKIMSA, a CIIpaBa — BBIpaKeHIe, CofieprKalliee KpaTHbIe MHTe-
Tpajbl CKOJTb YTOAHO OOJBIION KpaTHOCTU. B oTimume ot ¢elfTHMaHOBCKUX, KBa3u-
¢ertHMaHOBCKME (GOPMY/IBI B IMPaBOM YacTU MOTYT COfiepXKaThb CyMMUpPOBAaHMe MK
Apyrue onepanuim.

ITpepnoskeHHBIT MeTON, MOAMMUKAIINY CEMEeIICTB 0Ka3a/ICs JOCTATOYHO OOLIMM U
TMOKMM, YTOOBI IPUMEHSTD €r0 He TOJIbKO /ISt TOJ 3a/jadi, A/l PelIeHNsI KOTOPOil OH
ObU1 paspaboraH. Merop paboTaeT Ha ypoBHe IOJIYTPYIIII OIEPATOPOB, IOITOMY pe-
maemoe ypasHeHue lllpennHrepa Mo>xeT MMeTb NPOU3BOJIbHBIN CAMOCOIPsKEHHBIN
raMWIbTOHMAH ¥ IPOM3BOIbHOE KOHPUTYpAIIOHHOE IPOCTPAHCTBO, JINIIb OBI Cyllle-
CTBOBAJIU CEMETICTBA JI/I1 COOTBETCTBYIOIIETO YPAaBHEHM TEITIONIPOBOSHOCTIL.

ITocTraHoBKa 3agaun U ee penenue. ['1aBHas 3ajada paboThl — JJOKA3aTeIbCTBO
TOTO, 4TO 3afa4da Komm nna ypasHenusa llpennnrepa Ha npsAMoit

1
2 Ox
W(0,x) =wyo(x)

i 0 0?
;E\V(tax)____ZW(t)x)+V(x)\V(t)x)7 (1)

uMeeT euHCTBeHHOe pemrenvie B mpocrpancte [2(R), samaBaemoe cripaBemmuBbim
IS TIOYTH BCeX x € R paBeHCTBOM (KBa3uQeiiHMaHOBCKO (HopMy1oit)

k m (_1\m—q;m my,m(q; m q/2
y(t,x)=lim lim ¥ 3 CDH"a " (sign()" [ n

n—)ook—)oomzoqzo q'(m—q)' 27'C|t|
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|t| 1 q q 1 q n q 5
xj...jexp — = ZV)+ 2V | x+ 2y [+ V] x4+ 2y | |- 2y
2R ni2 P} i=p 2 = 2[t]5a
q
q q
xyo| x+2.y; |[1dyy, @)

Jj=1 p=1

e 0#2acR, x,teR, Yoel’(R) u dynkuma V:R — R orpanmdeHa m mmeer
OTPaHNYEHHYIO [IEPBYIO IPOM3BOLHYIO.

AKTyalIbHOCTD ITOCTaB/IEHHOJ 3afa4yyl ¥ MeTOf, ee peureHusA. B obuiem crydae
3ajjadya O BBIp@XEHWUM pelleHMs AudQepeHnnaTbHOr0 ypaBHEHNS depes3 ero Koad-
bULMeHTHI CT0XKHA. B 3aBMCHMOCTY OT ypaBHEHUA 1 TOTO, YTO MOHMMAETCSA TOf C/I0-
BaMIl «BBIPA3UTh pellleHNe ypaBHEeHNs depe3 ero koadduimenTsl», 9Ta 3agada mmoo
HIOTHOCTBIO pellleHa (IIPOCThbIe C/Iyday M3y4aloT B YHMBEPCUTETCKOM Kypce audde-
PEHIMAIbHBIX YpaBHEeHMIt), 1100 HepadpeuMma, 1Mo O CUX MOp MpUBIEKaeT BHU-
MaHHe Y4YeHBIX. B cBA3M ¢ 9TMM /1A KaX[0ro BaKHOTO AuddepeHIanibHOrO ypas-
HEHUS ITIpeCTaB/IsAeT OOJbLION MHTepeCc KaXjas HOBas HeTpuBMaNbHas (opMyIa,
JAoIas pelleHune K HeMy.

B 3aBucumocty ot BbIOOpa MOTeHIMana V ofHOMepHoe ypaBHeHMe IllpemyHrepa
MO>KeT OIVCBIBATb MHOIME KBAaHTOBBIE CHUCTEMBI, HAIpXMep, KBaHTOBbI/I TapMOHMYe-
CKMIT OCUVJIIATOP WM YaCTUITY B KYTOHOBCKOM II071e. PaccMaTpmBaeMblii ITIafiKuit orpa-
HIYEHHBIII IOTEHIMa V BO3HUKAeT B 3ajiade O IPEOJ0/IeHN IVIaIKOTO OTPaHNYEHHOTO
IIOTEHIIMATbHOTO Oapbepa, a TAkKe B 3aflavyaX, CBA3AHHBIX C KBAHTOBBIMM CBOJICTBAMMU
KPUCTA/UIOB, MOCKOJIbKY IOTEHIMAT MOXKeT ObIThb mepuopmdeckuM (V(x) = sin(kx)),
JIIb 6bI OH BMECTe CO CBOEJI IIEPBOI IIPOM3BOAHON ObIT OTPaHIYEH.

Bompoc 0 COOTBETCTBYIOLIMX YpaBHEHMIO (PUSMYECKUX CUCTEMaxX 3[jeCh YMBbILI-
JICHHO He paccMOTpeH. [71aBHOe [JOCTOMHCTBO 3TOTO ypaBHEHUA 3aK/IIOYaeTcs He B
obmacty ero GU3MYECKUX IPUMEHEHMIT, @ B TOM, YTO C MaTeMaTUYeCKOI TOYKM 3pe-
HIs 3ajada CBOOOLHA OT criennduIecKux jetajeil 1 cpaBHUTeNbHO mpocta. OHa pe-
IIaJTaCh U PelIaeTcsi MHOTVMMY MEeTONAMM, KXK/BIN 13 KOTOPBIX MIMEET CBOU CU/IbHbBIE
" cmabble CTOPOHBI, KOTOPbIE YacTO OBIBAIOT BUAHBI Ha IPUMEpPe 3TOTO MOAEILHOTO
ypaBHEHUSI.

Llenv Hacmosweil pabomvr — TIPUBECTH TPUMep NPYMEHEH) HOBOTO IOMIXOAA,
BO3HUKIIero B 2014 r. 1 ocHoBaHHOTO Ha TeopeMe 3 (cM. pabory [12]). [ToscHuM, mmo-
4eMy eCTb CMBICTI Y/ie/IATh BHUMaHUe 9TOl TeopeMe. Bo-IepBbIX, BBIBOAUTD U JOKa-
3bIBaTh (PpeITHMaHOBCKME (POPMYIIBI 3aBEOMO C/IOXKHEe, 4eM IIOy4aTb KBasMQeiiH-
MaHOBCKJe (GOPMYIIbI OIMCBIBAEMbIM 3/IeCh METOJOM. BO-BTOPBIX, 3TOT METOZ MOXKET
obecriednTh 60OIee BBICOKYI0 CKOPOCTh CXOAMMOCTH K PEIIEHNIO, YeM [jaeT OOBIYHO
¢eitHMaHOBCKasA popMyia. B-TpeTbrx, BO3MOKHO, € IIOMOIIBIO 3TOTO METOa MOXKHO
HAaXOAMTh pelleHNs NI 6ojiee IMPOKOTO KIacca HOTEeHIMANOB V.

B npusepenHOM Bbilte ypaBHeHyy lllpeayHrepa noTeHnman Vo 3aBUCUT TOJBKO
OT IIepeMeHHOI X, [03TOMY pellleHue BpeMeHHOro ypaBHeHus IlIpenuHrepa cBOASAT
K pelIeHNIo cTauoHapHoro ypaBHenus lllpeannrepa, 9T0 CTaHAAPTHBII TOAXON, IS
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TaKOTO poja 3aflady. ABTOPBI HACTOAIIENl PabOTBl XOTAT IPOAEMOHCTPUPOBATD aJlb-
TEPHATVBHBIN METOJ, IO3BOIAIIINIT HAXOAUTD pelleHre 3amaun Komm (T. e. Hews-
BECTHYIO BOJIHOBYIO (pyHKIVIO ) 6e3 pelleHNs 3afjadll O COOCTBEHHBIX (PYHKIVAX U
COOCTBEHHBIX YMCIIaX WIN CBeEHNA K APYTroli mpobieme.

CrneflyeT OTMETHUTD, YTO HACTOsAIIee COOOIIeHNe HOCUT TeOPeTUIecKUil XapaKkTep
¥l HaIlMICAaHO CKOpee C TOUKM 3peHMsI MaTeMaTuKa, 4eM QU3NKa, YTO U 0OBSCHsIET BbI-
6op MeTOmOB. 37ech He paccMOTpeH Guamveckuit cMbicn Koadduumenra a, He
HalifleH 9HepreTUYecKMil CIIeKTP YacTUIbI, He PeIleHbl CBA3aHHbIE C MCCIEAyeMbIM
ypaBHeHueM (usndecKue 3agadn.

ITpu HOpMMPOBKe BOMHOBOW (DYHKIMM VICIONB30BaH CTAHJAPTHBI KBAaHTOBO-
MexaHM4ueckuit nopxos. OnepaTtop U(t) YHUTapHBIA, IO3TOMY IpU KaXK[OM f cCIIpa-
BeJI/IVBO PaBEHCTBO ||\|10 || = ||U(t)\V0 || = ||\|/(t, )
MOXXeT OBITb ITOCTaBJICH: HEM3BECTHO, VIMEET /M MEeCTO I CTOSIIUX IOJ 3HAKOM
Tpefesa BBIPAXXEHNIT 3TO JKe CBOJICTBO.

OCHOBHOII pe3ynbTaT paboThl — JOKa3aHHas TeopeMa 4.

, OJTHAKO OJIMH COJiep>KaTe/TbHBIN BOIIPOC

Ypasuenne Illpenunrepa B Bue Wy = Ly. Tleperiurem ycnoBus 3agaun Kommn
(1) B Buzie, yRoOHOM 1Al JA/IbHENIIINX ITOCTPOEHUI

v =iaHy;

3
\U(O) =VYo, ( )

e (Hf)(x)= %f”(x)—V(x)f(x). ITO MO3BOMNUT CBECTU HAXOXKIEHME PEIIeHN U3Y-

vaeMoli 3aiaun Koy k HaX0>KeHNIO TIO/TYTPYIIIBI C TeHePAaTOPOM iaH, IOCKOJIbKY B
npocrpancre ['(R) cnpaBemmeo pasencrso (t,x) = (e, )(x). Toppotree
BO3MO>KHOCTb TaKOTO MPeCTABIeHNUsI PaCCMOTpeHa B pabote [12].

CuIbHO HenpepbIBHBIE (IIOTY)IPYIIIBI ONEepaTOpPoB. IIpyBeneM MUHMMAa/IbHBII
HabOp CBeleHMII O CWIBHO HeIpepbIBHBIX (mony)rpymmax, min Co-(momy)rpynmax
OIIepaTOpPOB, HEOOXOAMMBIN A NOHUMMAHVA UX POJM B TEOPUM SBOJIOLVMOHHBIX
ypaBHEHMIT C YaCTHBIMM IIPOM3BOAHBIMU. Bce Kimaccuyeckue onpefeneHus U yTBep-
XJIeHVsI MOTYT OBITb HalifieHbl, Halpumep, B paborax [13-15]. M3 Hekmaccuueckux
(bakTOB M3/I0KEHa TONMBKO TeopeMa 3, npemmoxxenHas VI.JI. Pemusossim B 2014 1., a
TaKKe MOHATME KacaHusA 1o YepHoBY U GopMynmnpoBKa TeopeMbl UepHoBa, ommpa-
IOLIasICA Ha 9TO NOHATHE.

Omnpepenenne 1. IIycmv F — 6Oanaxoéo npocmparcmeo Hao nonem C,
L(F) — npocmpancmeo 6cex NUHEUHbIX 02PAHUYEHHBIX 0Nepamopos 6 npocmpan-
cmee F . ITycmv 0ano omobpaxcerue

W :[0,4+0) = L(F),

m. e. ecnu t >0 ¢uxcuposaro, mo W (t) — nuHeilHvlil 02paHU4eHHbLT 0Onepamop, omoo-
paxcarowuii F 6 F. Omobpanenue W Hasvieaemcs Co-nomyzpynnoi, unu cunvHo He-
npepuieHOLl 00HONAPAMEMPUHECKOL NOTY2PYNNOL ONEPAmopos, eciiu OHO Y008/emeopsem
mpem ycnosusam:
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1) omobpanenue W (0) — moxoecmeerHoiii onepamop I, Yoe F :W(0)p=@;

2) omobpasceHue W conocmaesisgem croxeHuto 4ucen 6 [0,+0) KOMHO3UUUIO One-
pamopos 6 L(F), Vt=20,Vs=20:W(t+s)=W(t)oW(s), 20e ucnonvsosano o603ua-
uenue (Ao B)(¢)=A(B(p)) ons xaxdozo ¢ € F;

3) omobpasenue W HenpepviéHo npu HadeneHuu npocmpancmea L(F) CUnvHoi
onepamopHoti mononoeuet, Yo e F Pynkuyus t—>W(t)p Henpepvisra kax omobpa-
wenue [0,+00) —> F.

Omnpepnenenne Co-TpyIIIbl IOMYy4YaloT 3aMEHO [0, +o0) MPOCTpaHCTBOM R.

Ecrm (W(t))0 — Gy-monyrpynma B 6aHaxoBOM TIpOCTpaHCTBE F, TO MHOMe-
CTBO

t—>+0 t

_ denote
{(pe}“:EI limw} = Dom(L)

IVIOTHO B TpocTpaHcTBe F . Omepartop L, olpefeneHHbI I HA Dom (L) paBeHCTBOM

. W()e-
Lo=lim W1He=@
t—>+0 t
Has3bIBaeTcss MH(QMHUTE3MMATbHBIM TeHepaTopoM (reHepatopoM) Co-IIOMYTPYIIIIBI
(V(£))i=0. Tenepatop siB/sieTcss 3aMKHYTBIM JIVHEIHBIM OIIEPATOPOM, KOTOPBII Of-

HO3HAYHO OIIpeJeNsaeT G)—nonyrpynny, u o6osnavaercs kak W(t)=el. Ecmu L —

OTpaHMYEHHBIN oneparop, 1 Dom(L)=F, TO omepaTop e’ mpefcTaBisieT coboit
o) tkLk

5KCIIOHEHTY, OTIpe/le/IAeMYI0 CTelleHHbIM psfioM el = Y ;> CXORAMMCA 10 HOp-
k=0

Me B mpoctpaHcTBe L(F). B Gonee mHTepecHbIX 1 aKTya/IbHBIX IS TPUIOKEHUIA

Cy4asix TeHepaTop IpefCTaB/IsAeT co0O0Ji HeOrpaHMYEeHHbIN AuddepeHnaTbHbII

OIIepaTop, HAIlpUMep, MaIllIaChaH A.

OpHa m3 npuumH A usydeHus Co-TIIOMYTPYNI — UX CBA3b ¢ guddepeHnnans-
HBIMM ypaBHeHMsMU. Ecmm Q — MHoXecTBO, TO ¢yHkumio u:[0,+%0) x Q> C,
u:(t,x) u(t,x) ABYX IepeMeHHBIX f,X MOXXHO IPENCTaBUTb B BUAe (QYHKIUN
u:t— [x > u(t,x)] OFHON IIEPEMEHHOI f CO 3HAYEHUSAMU B IPOCTPAHCTBE QYHK-
umii nepeMeHHoln x. Ecmm u(t,-) € F, To MOXHO onpenenntb Lu(t,x)= (Lu(t,-))(x).

Ecmu cymecrsyer Gy-monyrpymma (e),50, T0 3agava Komm

ui(t,x)=Lu(t,x) pna t>0,xeQ;

u(0,x)=ug(x) mia xeQ
uMeeT efMHCTBeHHOe (B cMbicie F, rhe u(t,-)e F Ui KaXJOro t>0) pelieHue
u(t, x)=(e"1y)(x), mempepwiBHO 3aBUCAmEe OT Ug. IIpM CyIIECTBOBAHMI CHITBHO
HeIPepBbIBHO TPYIIIIBI (e'');cr B 3amaue Kommn ypaBHenne u;(t,x)=Lu(f,x) MOXHO
paccMaTpuBaTh He TOMBKO st t >0, HO U WIS t € R, ¥ pellleHre PeCTaB/ISAIOT TO
xe dopmymoit u(t, x)=(euy)(x). Toppobree momyrpymms: u ux cssu ¢ guddeper-
LVIaJIbHBIMM YPaBHEHUAMY PacCMOTPEHBI B paborax [13, 14].
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Teopema 1 (Teopema Yepnosa) [16, 17]. [Iycmo F — 6aHaxoeo npocmparcmeo u
L(F) — npocmpancmeo ecex nMUHelHbIX 02paHU4eHHbIX onepamopos 6 F . Ilycmv dana
pynxyus G :[0,+0) —> L(F), HenpepvisHas Ha Kaxoom eexmope, G(0)=1,
||G(t)|| <e® ¢ Hexomopoii nocmosutoti ®e R. Ilycmv ecmv makoe naomuoe noonpo-

cmpancmeo D c F, umo npu ecex f €D cywecmayem npeden limt ' (G(t) f — f), 3Ha-
10

uenue komopozo 06o3navum G'(0) f. IIpednonoxum, umo G'(0) Ha D obnadaem 3amvi-
kanuem C, u umo C A6/emMCA 2eHePAMOPOM CUNLHO HENPepvl8HOLL NOYpynnbL
(Wi)iso. Toeoa ons ecsaxoeo f €F umeem G(t/n)' f — W, f npu n— o pasHomepHo
no t u3 kaxoozo ompesxa [0,ty] npu xaxoom ty > 0.

VsnoxuM teopeMy YepHOoBa B YAOOHOI M/ J[ja/IbHEIIIET0 INPYMEHEHUs
¢dopme [12]. CopmepxaHMe TeOpeMBbl OCTAETCS TeM JKe, HO YC/IOBMS TeOpeMbl pason-
Baforca Ha Omokm: (E)xistence — cymecrBoBanme mnomyrpynmsl; (C)hernoff
(T)angency — xacanue no YepHoBy; (N)orm bound — omenka cBepxy Ha pocT HOp-
mbl. CriepBa IpuBefieM OIpefieieHre KacaHus 10 YepHoBYy.

Ompepenenne 2. Ilycmv F — 6anaxoso npocmpancmeo u L(F) — npocmpan-
CMB0 6Cex JIUHeliHbIX 02PAHU4eHHbIX onepamopos 6 F. Ilycmv Oamvl PyHKUUS
G :[0,+0) > L(F) (unu cemeiicmso (G(t));>0) U 3amkHymuiil nUHElHbL onepamop

L:Dom(L) — F ¢ obnacmvto onpedenenussi Dom (L) c F. BLyoem ymeepuoamo, umo
PyHkyus G xacaemca no Yeprosy onepamopa L, ecnu SblNOTHAIOMCA credyrouue
YCTLOBUS:

CT1) ¢pynkyus G cunvro Henpepoiera (Henpepoiera npu Hadenenuu L(F) cumo-
HOll onepamopHoti monosnozueil), m. e. omobpaxcerue t > G(t) f € F nenpepuino na
ompeske [0,+0) 075 kawooeo f € F;

CT2) G(0)=1, m.e. G(0)f = f Ona kamooeo f e F;

CT3) cywecmsyem maxoe nnomuoe 8 npocmpancmee F nuHeliHoe noonpocmpan-
cmeo D F, umo npu ecex f €D cywecmeyem npedenlim,_o((GE)f —f)/t), 3ua-
ueHue komopozo 0603Hauum uepes G'(0) f;

CT4) samvixanue onepamopa (G'(0), D) cywecmsyem u pasxo (L,Dom(L)).

3ameuanmue 1. B onpepienennu kacanms no Yeprosy cemeiicto (G(t));»o He 06513aHO 6bITH

nonyrpymmnoit. OgHako kaxpas Co-TIOTyrpyIia Kacaercs 1o UepHOBY CBOETo reHepaTopa.
Vcnonbays onpepenenne KacaHus 1o YepHoBy, copMymmpyem Teopemy YepHoBa.

Teopema 2. I[Ilycmv F — 6anaxoso npocmparcmeo u L(F) — npocmparcmeo
BCex TUHETIHbIX 02paHUuUeHHbIX onepamopos 6 F, HadenenHoe onepamopHoil HOPMOTi,
danvt pynkuus G:[0,40) —> L(F) (unu cemeiicmso (G(t))=0) u 3amxHymouii nuneri-
Hotii onepamop L:Dom(L) = F ¢ obnacmoio onpedenenus Dom(L)  F. Ilycmuv 6vi-
NONIHEHbL YCTIOBUS:

E) nonyzpynna (e')i=0 cywecmeyem, obnadaem ceoiicmeom cunvHoii Henpepole-
Hocmu, u ee eenepamop (L,Dom(L));

32 ISSN 1812-3368. Becruuk MI'TY um. H.9. baymana. Cep. EcrectBennble Haykm. 2017. Ne 1



O HoBoII hopMe IpefcTaBIeHNA peleHns 3agaun Komm. ..

CT) gynxuyus G kacaemcs no Yeprosy onepamopa L;
N) cywjecmeyem maxoe wucno ® € R, umo ||G(t)||<e® npu scex t >0.

Tozda Onst kamoozo f€F cnpasednuso, umo (G(LD foelf npu n— o,
n

20e npeden pasHomeper no t €[0,ty] npu kaxnoom Puxcuposarmom ty > 0.

Omnpepenenne 3. [Iycmv F — 6anaxoso npocmpancmeo u L(F) — npocmpan-
CMB0 BCeX NUHEUHbIX 02PaAHUUEHHbIX Oonepamopos 6 F, HadeneHHOe ONeparmopHoLl
Hopmoii. J]ee onpedenennvie Ha [0,+0) (unu na R) dynkyuu G, u G, co 3navenusmu
6 L(F) nasviearom sxeusanenmuvimu no Yeprnosy [18], ecnu Gy(0)=G,(0)=1 u npu
ecex feF uecex T>0

imo e [af7]){afr)) Ao

(coorBercrBenno te[—T,T])

3ameuanne 2. CyiecTByeT HECKO/IBKO O/IM3KIX OIIpefie/leH NI SKBMBATIEHTHOCT 110 YepHOBY
[7, 18, 19]. He yry6/sisich B X CpaBHEHIe, C/IEffyeM OIIpefie/IeHNIO, IIPUBEefeHHOMY B pabdote [18].
EnmHCcTBEHHOE, YTO HEOOXOIVIMO OT TOTO OIIPeie/IeH s, 3AKUTI0YAeTCA B CIIEHyIOLIeM: eC/yt PyHK-
ums Gy u omeparop L ynosnerBopsitor ycnoBusiM teopeMsl YepHoBa, To ¢ynkuus Gy oKBuBa-

nentHa 1o Yeprony dynximm G, (£) = e'l. Opyrumu cnosamu, npenen soipaxerns (G (t /n))"
TPV 11 —> 00 JIaeT CUITbHO HempepbiHyIo nonyrpymty (e ), (wm rpymmy (e )ier ).

3ameuanue 3. B ciyuae, xorma npu kaxpoMm t omeparop G(f) MHTerpajbHBIA, PaBEHCTBO

e f =1im (G(t/n))" f swnsercs deitamanonckoit Gopmynoit. leiicreutensro, (G(t/2))" f —
n—o0
pBoitHolt uuterpan, (G(t/ 3))3 f — TpOItHOI U T. 1.

Teopema 3 [12]. IIycmv F — xomnsexcHoe 2unvbepmoso npocmpaHcmeo, a
Dom(H)c F — eeo nnomwuoe nuHetiHoe noonpocmparncmeo. Ilycmv onepamop
H:Dom(H)—> F 7nuHeeH u camoconpsixeH, HeHynesoe 4ucno a € R (nonoxumenn-
HOe unu ompuuamenvHoe) Pukcuposaro, Pynkuus S kacaemcs no Yeprosy onepa-
mopa H, u (S(t))" =S(t) ons xamdozo t>0. [nsa xamdozo teR npumem R(t)=
= explia(S(|t|)—I)sign(t)]". Tozoa gynxuus R sxeusanenmmua no Yeprosy zpynne

(e'),cr u 0nst Kanooz0 Puxcuposannozo f € F eeprvi pasercmea

eiatHf — ( lim (eia(s(lt/nl)—l)sign(t) )” )f, eiatHf — (limeian(S(|t/n|)—1)sign(t) )f, (4)

' K (i . £))m
ethf:[llmlllm ZM(S(lt/nl)—I)me) (5)
N—>00K—>0=0
A kK m (=1)"1(; i t)m
i f =(lim 3 (=1)"4(ian sign(t)) (St /n I))‘fjf; )
n%ook%wm:Oq:O q' (m - ‘1)'

! Takoe ompefeneHte KOPPEKTHO, IIOCKOMIbKY IPpU KaXXIoM f € R B mokasaTese 9KCIIOHEHTBI CTOAT
NVHeJHbIe OTpaHNYeHHbIE OTIEPATOPHI B TPOCTpaHCTBe F.
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atH £ _ | 1. 1.
e f =1 lim lim

. . . . k
[(1-tm) s Vg

n—ok—»00
. k! [k —ian sign(t)]*4[ian sign(t)]
et f = hmhmz g P g S(t/n|) | f; (8)
n—0k—00g=0 q'(k—q)'k
. k k=m (=1)k-"=9k!(jan sign(t))k‘q
fatH im li S(t/n)" | f. 9
“ (iﬂ%ﬂ%%ﬁ gk —m—quo—s U O)

IIpenensl B (4)-(9) cywiecTBYIOT IO HOpMe B IIPOCTPAHCTBe F .
3ameuanmne 4. Ecniu onepatop S(t) — MHTerpaapHbii, TO paBeHcTBa (5)-(9) — KBasu-

¢eitaMaHOBCKIIE HOPMYIIBL.

OcHoBHbIe pe3ynbTaThl. Paccmorpum npemnoxeHssiit A.C. Ilnameuynnkom mo-
[e/bHBIN NIPYMep, KOTOPBI IOKa3bIBaeT, Kakyie KOHKPETHO KBasuQeilHMaHOBCKIe
(bopMy/IBI TIOTY4aOTCSA B pe3y/lIbTaTe MCIIONb30BaHMA TeopeMbl 3. B kauecTBe rmmb-
6eproBa TpocTpanctBa F B3arto mpocrpancteo [*(R)=I*(R, C, uy) — mpocrpan-
CTBO BCeX KBa[JpaTUYHO MHTErpUpyeMbIX 1o JIebery ¢yHKIMIL, onpee/ieHHbIX Ha R
¥ IpUHUMAKOMUX 3HaueHMA B C, (aKTOPM30BaHHOE IO OTHOLIEHVWIO PaBEHCTBA
bYHKUMIT TTOYTM BCIOLy OTHOCUTENbHO Mepbl Jlebera. PaccMOTpuMM IpOCTpaHCTBO

L(E(R))=L,(I*(R), I*(R)) Bcex nuHeitHBIX OTPAHMYEHHBIX ONEPATOPOB, NENCTBY-

omux n3 (R) B [*(R). B xauectse omepatopa H HpMHIMaeM OmepaTop Ceyio-
wiero Buza (omepatop [aMuibTOHa ¢ O6pAaTHBIM 3HAKOM):

(Hf)(x)=%f”(x)—V(x) £,

rme Ve C},(R,R) — BellleCTBEHHO3HAYHasl OTPaHNYeHHasA (PYHKIUA C HEIPePhIBHO

OTPaHNYEHHO IIPOU3BOLHOIL.
CDyHKLU/HO S crpouM B fABa sTana. Crepsa ompefienum (byHKuI/IIo F:[0,+0)—

— L(I*(R)) paBenctBOM
(F(H) f)(x) = eXp[—%V(x)} £(x),

a pynkipmo B:[0,+00) > L(I*(R)) — pasercrsom

(B(t)f)(x)= ZnI P{ }f(y)dy, ecrn t > 05
f@), ecn t =0.

3atem onpenenum pynxumio S:[0,+0) > L(I*(R)) uepes bynxumn F u B:
S(t) = F(t)oB(t)o F(t). (10)

O6paTuM BHUMaHIE Ha TO, YTO Kommosuuus B popmyre (10) paccMoTpeHa Kak

KOMITO3MI[VS TMHETHBIX onepatopos us mpocrpancrea L(L*(R)):
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1 [ex {_t(V(x)JrV(ery))_y_z
(S f)(x0)=2nt & 2 2t

f(x), ecmn t =0.

}f(x+y)dy, ecmu t > 0; (11)

Mpemnoxenne 1. Gynxyus S:[0,+0) > L(I*(R)) onpedenena xoppexmmo, m. e.
oHa delicmeumenvHo omobpaxaem nonyurmepsan [0,+o) 6 npocmparcmeo L(I*(R))

6CeX TUHETIHbIX 02panuuenHbix onepamopos, deticmeyousux us (R) 6 (R).

«1. Oneparop F(t) OrpaHMYeH IpU KXKAOM t >0, IOCKOIbKY IIpefiCTaBsAeT
co00J1 OIlepaTop YMHOXKEHMsI Ha OTpaHMYeHHYI0 QYHKIMIO X > exp[—tV (x)/2].

2. Omnepatop B(t) TakXe sIBJISIETCS] OTPAHMYEHHBIM V¢ > 0, YTO CIE[yeT U3 Hepa-
BEHCTBa

2
~(x-y)?

L e 2t fo)ay| d 2 < o0
Hg@ﬂ.ie f(y)dy xSH£|f(x)| x < o0,

Jloka>keM 3TO HEpPAaBEHCTBO B HECKOJIbKO IIAroB C IOMOIIbI0 SKBUBA/JIEHTHBIX
peoOpa3oBaHuil, OLlEHKY MHTerpana, teopembl Oybunu m teopemol Tonewm. 13
HePaBEHCTBA BUIHO, YTO ||B(t)|| <l1.

3. ITockonbKy pyist mo6oro t €[0,+00) omepaTopsl F(t) u B(t) OTrpaHUYEHbI, TO
oTrpaHMYeH U onepatop S(t)= F(t)o B(t)o F(t). VI3 orpanudyeHHocTu omepaTtopa S(t)
cnenyer, uto s mo6ort Gyukuun f € [*(R) ee o6pas S(t)f Takke nmpuHamIexuT
npocrpancrsy [*(R).

4. JIuHeHOCTDb omeparopa S(¢) A KaXHoro fe[0,+0) OYEBUIHA B CUILY JIK-
HellHOCTY MHTerpana Jlebera. P>

ITpennoxenme 2. /][5 kaxooeo t >0 onepamop S(t) camoconpsixie.

<« 1. OnepaTtop F(t) caMOCOIpsKeH [JiA KaKIOro ¢ > 0, IIOCKO/IbKY OH SB/IAeTCA
OIIepaTOPOM YMHOXKEHSI Ha BeIleCTBeHHO3HAYHYI0 PYHKIINIO.

2. CaMOCONPSI)KEHHOCTDb omepartopa B(t) JIsd Kaxjoro t =0 ImokxasbiBaeTcs 9K-
BUBAJICHTHBIMU IIpe00pa3oBaHMAMI 1 VICIIOTIb30BaHMeM TeopeMbl OyOuHM U Teope-
MBI ToHenm, 160 ¢ TOMOLIBIO CBOJICTB YHUTAPHOTO NpeobpasoBanusa Pypoe u teo-
PEMBI O CBEPTKE.

3. CaMoOcoNpsHKeHHOCTDb olepaTtopa S(¢) clefyeT U3 CaMOCOIPs)KEHHOCTH OIle-
paTopoB B(t) um F(t) M TOro, 4T0 S(t) — MIX CMMMeTpUYHas KOMIIO3UIVS:

(S()f.g)=(Ft)B(t)o F(t)f, ) =(B(t)o F(t) f, F(t)g) =

=(F(6)f, B(t)o F(t)g) =(f, F(t)° B(t) F(t)g) ={ f,S(t)g). »
ITpepnoxxenne 3. Cemeiicmeo onepamopos (S(t));so ydosnemsopsiem nepsomy
ycnosuto kacanusi no Yeprosy onepamopa H, m. e. 05 n106020 PUKCUPOBAHHOZO

feX(R) ¢ynxyus t+—>S{t)f nenpepvisna na nonyunmepeane [0,+x).
4B  pemsix  ycTaHOBIeHMsT i1 HEKOTOPOTO — CeMeiiCTBa  OIepPaTopoOB

{(AW)I: (R) - IA(R))

;5o HENPEPBIBHOCTY  (PYHKIIMM t—>A(t)f nocraTouno
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IIPOBEPUTH IKBUBAICHTHYIO €il CeKBEHLMATbHYIO HEelpepbIBHOCTb: Vi, €[0,+00) 13
t, 20,t, >ty cnenyer, uro A(t,)f — A(ty)f B [*(R). lokasaTenpcTBO COCTOUT U3
ILSITH [IATOB, Ka)XK/IbIil M3 KOTOPBIX 3aK/TI0YAETCsI B IPOBEPKe HEIPEPbIBHOCTI:

1) ¢yuxumn ¢t F(t)f na momymnrepBaie [0,4+00) mpu (pUKCHPOBAHHOM
fel(R);

2) dynkuuu t > B(t) f ua uarepsane (0,+00) mpu puxcuposannom f € [*(R);

3) ¢yukuun t +— B(t)e B Hyne nmpu pukcuposannoMm ¢ € i (R);

4) byuxkuun t+> B(t) f B Hyne npu pukcuposannom f € [*(R);

5) gynxuym £ > S(t) f na nonmyuutepsane [0,+00) npu puxcuposanno f € [*(R),
TIpY y)Ke JOKa3aHHOI1 HertpepbIBHOCTY (yHKIwmit £ > F(t) f n t+— B(t) f. P

Ipegnoxxenne 4. Cemeiicmeo onepamopos S(t)o ydosnemeopsem 6mopomy
yenosuio kacanusi no Yeprosy onepamopa H, m. e. S(0) = 1.

dIlockonbky B(0)=1 n F(0)=1, S(0)=F(0)oB(0)oF(0)=1.»

Ipepnoxxenne 5. Cemeticmeo onepamopos S(t);>o yoosnemeopsem mpermvemy

yenosuto kacanus no Yeprosy onepamopa H, m.e. ons mo6bozo ¢ <€ Ci'(R) cywse-
cmeyem S'(0) := th(t)ﬂ'
t—0

<« Omnepatop S(t) momyckaer ImpefcTaBaeHNe B BUJe

(S®p)(x) = o(x) + tG(P"(x) - V(X)(P(X)j +A(t, x),

=(Ho)(x)

rne A(f,x)=o(t) B [*(R). Takoe npencraBieHre o6OCHOBBIBAETCS 3a TPU Luara.
Cravana B uHTerpanbaoM npepcrasnenun (11) mosa (S(t)@)(x) 3ameHnm Bce ydact-
Byouye QYHKIUM MX OPUOMIVDKEHUSIMM MHOrowieHamu 1o ¢opmyre Teitnopa ¢
OCTaTOYHBIM YIEHOM B ¢opMe Jlarpama. 3ateM pacKpoeM CKOOKM U CTPYIIIMPYeM
YIEeHBbl [IPU OJMHAKOBBIX CTeleHsAX f. [lajee 4acTb MONYYUBIIMXCS OIPeMeIEHHBIX
VIHTETPA/IOB BBIYUC/IUM, & 9aCTh — OLIEHVM, UCIIO/Nb3Ys] OTPAHNIEHHOCTD IIPOU3BOJ-
HBIX U [IPECTAB/IEHIE OCTATOYHbBIX YWIEHOB B popme Jlarpamka. P

1
Ipennoxxenne 6. Onepamop H: f I—)Ef"—Vf omobpaxaem NPoCMPAHCmMeo

WZ(R) 6 npocmparcmeo I?(R).

dYT1BepxaaeMblit (akT cregyer M3 ompemeneHus mpocrpancTBa Cobonepa
W2 (R) u orpannuennocru pynxiun V. P

ITpennoxxenne 7. Cemeiicmso onepamopos (S(t))i=0 yoosnemeopsem uemeep-
momy ycnosuw kacanus no Yepnosy onepamopa H, m. e. onepamop (5'(0),Cs’(R))
samvikarom u (S'(0),C¢ (R)) = (H,W2).

<« 1. B oxa3aTe/nbCcTBe TPEThEro yCI0BYUsA KacaHus 0 YepHOBY ObITIO yCTaHOBIIE-

HO, 4T0 S'(0)@ = %(p”— Ve=He mascex ¢ €Cy(R).
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2. ITokasano, uro oneparop (H,Cy’(R)) cummerpndeH Ha cBO€ll IUIOTHOI B IIPO-
crpanctee [*(R) obnactu onpenenenus, ClefoBaTeNbHO, OH TOMYCKaeT 3aMbIKaHME.
3. Omeparop Lf :=Vf orpannden (kak omepaTop yMHOXeHMsI Ha OTPaHNYEHHYIO

¢ynkuyio), u nosromy oneparop (H,Cy(R)) umeer Ty >ke 06/macTb onpeneneHns,
uto u oneparop (Hy,C§(R)), rme Hy f = %f”.

4. N3 onpepenenns npoctpanctea W7 (R) cremyer, uto o6macts onpenenenmus
omepatopa (Hy,Cg (R)) ectb W (R). B
Mpennoxenue 8. Onepamop (H,WZ(R)) camoconpscen.
1. Cornacuo ompenenenuio npocrpanctsa W7 (R), ompenenennio compsxen-
HOTO OIlepaTopa U TOTO, YTO PaBEHCTBO jf”(x)g(x)dx = jf(x)g”(x)dx cripaBein-
R R

1
BO s Beex f, g € WE(R), oneparop (Hy, W1 (R)) camoconpsiken, rie Hy f = Ef”.

2. Oneparop @+ —V¢ onpenenen scrofy B pocrpanctee L*(R) u camocomnps-
)K€H, TaK KaK QYHKuus V OrpaHMYeHa J IMPUHMMAET JIMIIDb BeleCTBEHHbIe 3Hade-
HIAL

3. Onepartop H sBIAETCS CYMMOI OIIepaTOPOB, IOTyYeHHbIX B L. 1 1 2. B>

Teopema 4. Ilycms 0zacR, xteR, yoel’(R) u ¢ynkyus V:R >R
02pAHUYEHA U UMeern 02PaHUYeHHY nepeyt npouzsoonyr. Tozoa sadaua Kowu (1)
umeem edurcmeentoe 8 npocmparcmee [*(R) pewenue, npedcmasumoe 6 sude pa-
eercmea (2), komopoe cnpasednueo 018 noumu écex x € R.

4 O06bennHsAA BCe JOKAa3aHHOE BBIIIIE, [IOTyYaeM, YTO i GYHKUuM S U omepa-
Topa H BBIMONHACTCA IPEAIIONAraoiasi YacTb TeOPeMbl 3, T. €. PYHKIMA S KacaeTcst
o YepHoBy omneparopa H, u Vt >0 omeparops S(t) m H — caMoconpsbKeHHbIe
JIMHEeIHbIe OIlepaToOpbl. TO MO3BOJIAET MIPUMEHUTDb TEOPEMY 3 K pacCMaTpuBaeMOMy
C/y4aro M moayuuTh KBasudeiinmanoBckue gpopmynsl aisa e, Tlo Teopeme 3 pe-
menne 3afgauu Komm (3) equucrsenno B mpocrpanctse [?(R) u cormacho (6) Moxer
OBITH IIPE/ICTABIEHO B BUE

k m (_1\m—q;m, m, m/(; m
y(t,x) = lim limzz( ™ 4i"a"n™ (sign(t))

n—0 k—0m=0g=0 q'(m—q)'

S(|t/n])l. (12)

Pacriiem nompo6uee S(|t/n|)1. Insa g =2 umeem

S(t/nl)oS(t/n])f)(x)= Ljexp{_ltI(V(x)+V(x+y1))_ nyi } n
2n|t |

2n 2|t ]\ 2m|t|

X jexp

[_|t|(V(x+y1)+V(x+y1+y2))_ nys
R

+ 91+ y2)dydy, =
> 2|tl}f(x Y1+ y2)dy,dy,
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” [ |t|(V(x)+2V(x+y2)+V(x+y1+y2))}<
2n

24 2
X exp{—%}f(x+yl + y2)dyidys.

AHaJIOrMYHO 11 IPOU3BOJIbHOIO q:

q/2

(S(|t/n|)f)qf(x)=(—n j I...Iexp(—H[V(x)/ZJrV(x+yq)+V(x+yq_1+yq)+

27|t | 2R n
q

1
Fo.+V(x+y+ +...+yq_1+yq)/2]JeXp[—m(y12+y%+...+y§1+yé)]><

X f(x+y1+yr+. Y1+ y)dydy; ...dy,dy,,
9TO 9KBMBAJIEHTHO

(S(|f/ﬂ|)f)qf(x)=
. ql2 || . g 2
= \% \% _ c A X
(2n|t|] n{< ngxp{ { (x)+pzl (H,zpy]ﬂ 2|t|j§yf}
q

Xf(HZIyJJUdyp

Vicxops us atoro, popmyna (12) mpumer Bup (4). P

3ameuanne 5. Vcnosnb3ys (8) BMecto (6), MOXHO IOJTY4UTD elile OFHO IIPeCTaBIeHNEe
pewenust 3agauu Koww (1), oTmMyaronieecst OT IPUBELEHHOTO B TO YacTu (GOPMYIIBI, KOTO-

pas uger go (S(|t/n])).

3akmovyenne. ITocTpoensl kBa3ugeilHMaHOBCKYE (GOPMYIIBI, TO3BOJIAIOLINE T10-
Ty9uThb perrenue 3agauy Koum s ypaBHenus lllpepunrepa Ha mpsmoii. 9To ypas-
HeHUe CITyKUT IepBbIM, Hanbosee MPOCThIM IIPUMEPOM IPVYMEHEHNSA MeTO/a, Mpe-
JI0>KeHHOTo B pabore [12]. B kauecTBe BO3MOXKHBIX HAIPaB/IeHMIT ATbHENIINX UC-
CIelOBaHMII OTMETUM CiIefylolue. Bo-nepBbIX, cAenaTh Aaloliye pelleHue 3agadn
Koumt ¢opmyrer mpoie 3a cyer noctpoeHust apyrux cemeitcts (S(¢))s»o. Bo-Bropsix,

IPeIOXKUTh anroputMbl Bbiuncnenns dyakim Y(t,X) Ha 9BM 10 0KasaHHBIM
dopmynam ¢ yuerom ux crenuduxn. Kpome Toro, akryanbHa 3aada MoyucKa KBasu-
¢eitHMaHOBCKMUX GOpMyN /1 6o/ee CIOXHBIX ypaBHeHmit IllpeayHrepa B MHOrO-
MEPHOM IIPOCTPAHCTBE; HA MCKPMBIEHHBIX [IOBEPXHOCTSX; Ha PasBETBIEHHBIX IIO-
BEPXHOCTSAX 1 Ap.

Asmopuvt 6nazooapam A.C. IInsuweunuxa 3a nomowb 6 6vi60pe MoOenvHo20 npumepa,
A.B. Cmuprosa u I1.C. Knoukosa 3a nomousp 6 noucke owubox 8 panHeti eepcuu 4epHo8uKa
Hacmosuieti cmamvll, a Makie peyeH3eHmos 3a coenanHvie samedanus k pykonucu, T.A. Taii-
ouny, C.X. Kaowviposa, K.A. Cemuna 3a nomousp 8 noucke oneuamox.
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Abstract Keywords

The study examines Cauchy problem for the one-dimen-  Schrédinger equation, Cauchy
sional Schrodinger equation wi(f,x)=iHy(t,x) with the problem, quasi-Feynman formula,
heat equation, Chernoff tangency,
multiple integral, operator
potential V is a real-valued differentiable function semigroup

bounded with its derivative. This equation has been studied

from the creation of quantum mechanics, and it still

1
Hamiltonian —-H of the form —Hf:—E f"+Vf, where
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appears to be a good model case for various methods of
solving partial differential equations. In this paper we study
the problem of representability of the solution of Cauchy
problem in the form of the quasi-Feynman formula, and
provide a positive answer to this problem. The quasi-
Feynman formula constructed in the paper is a new type of
expression, similar to the Feynman formula. It includes
multiple integrals of an infinitely increasing multiplicity.
The quasi-Feynman formulas are easier to prove
(compared to the Feynman formulas) but they provide
lengthier expression for the solution. The paper may be of
interest to the ones who work in the fields of functional
analysis and mathematical physics
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