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Anomanbaas quddys3usa ¢ TaMaTbI0 B TeEOPpUN KPUTUIHOCTH

B. M. Illesuos*, O. B. Illepememuvesa

VHCTRTYT KOCMOU3NIECKIX UCCAEAOBAHUY ¥ pacupocTpaHenus papuroBorr ABO PAH,
684034, Kamuarckuit kpait, c. [Taparyska, ya. Mupsas, 7, Poccus

Awnnoranms. PaccMaTpuBaeTcs: IpUMeHEHNE SPEANTAPHON aHOMAaABHON AUDPY3UN B TEOPUU KPUTUIECKUX
SIBAEHUM. Pe>XuMBI IIpoliecca MCCAEAYIOTCS B 3aBHCHUMOCTH OT IIapaMeTPOB APOOHOCTH IIPOM3BOAHBIX
HUCXOAHOTO AMMDPY3NOHHOIO YpaBHEHUs. KPUTHYECKHEe WMHAEKCEl, ONPEAEASIONINE CMEHY PEeXUMOB
poIecca, HAXOASTCS W3 YCAOBUML obpamieHwsi B GECKOHEYHOCTb CTATUCTUYIECKUX MOMEHTOB CTEIIEHHOT'O
IIPOCTPAHCTBEHHO-BPEMEHHOI'O PacIpeAeneHust AuddysroHHoro mporecca. CMeHy pPeXXHMOB IIpoliecca
B 3aBUCHMOCTH OT KPUTUYECKUX WHAEKCOB MOXKHO pPacCMAaTpPUWBATh KaK IIOCAEAOBATEABHOCTH (Pa3sOBHIX
nepexopoB. IlokKasaHa CBsI3b APOOHBEIX IIPOM3BOAHBIX ¥ KPUTHUYECKUMX MHAEKCOB IIpOIlecca C  €ro
pakTaAbHOM pPa3sMEpPHOCTHIO, KOTOPOM OIIPEAEASIIOTCSI SBOAIOIUSI MOMEHTOB X CBSI3aHHAs C HeH
KAACCHUKAIMS TUIIOB 3SPEAUTAPHOM M aHOManbHOU Auddysuu. CaeraHo 3aKAIOYEHHE O TOM,
9YTO OCODEHHOCTM aHOMAABHBIX SIBAEHHNW OOYCAOBAEHBI IIPOCTPAHCTBEHHO-BPEMEHHOW AWCIEPCHEN U
PE30OHAHCHBIMU 3(dEeKTaMU, ONPEAEASEMBIMU CBOWCTBAMM CTEIEHHBIX I[IPOCTPAHCTBEHHO-BPEMEHHBIX
pacnpepeneHuit auddysrorHOro mporecca. C 3TUM CBsi3aHAa M CTPYKTYpPHAsl II€PeCcTpoiKa IIPoIiecca,
U IIePEeHOPMUPOBKA €ro MCTOYHUKOB. OO6CY’>XAQIOTCS CMEHBI PEXXUMOB AUMDOY3MOHHOrO IIPOIecca, P!
KOTOPEBIX APOOHasT AMPDY3UST INEPEXOAUT B AABEKIVIO MAM BOAHOM mporecc. IIpeanosxkeHo ob6obireHue
9PEAUTAPHON AHOMAABHON AMMDOY3UM HA CAyYall CTENEHHONW HECTAIIMOHAPHOCTHA Y IIPOCTPAHCTBEHHON
HEOAHOPOAHOCTH IIpolecca. [IpeACTaBAEHHYIO MOAEAB APOGHON AMDEDY3UM MOXKHO HCIOAL3OBATL AASI
OIIMCAHUSI PEXUMOB aKTUBMA3AUWM ¥ 3aMUPAHUsS AePOPMALMOHHBEIX IIPOIECCOB, COMPOBOXKAAEMBIX
reHepanyeil aKyCTUYeCKOM X 39A€KTPOMAarHUTHON SMUCCHM.

Knmovesvie caosa: 3pedumapHai GHOMAALHAA OudPdysud, mMeopus KPUMUMHOCTU, CAYHAUHDIE
npoyeccul, 0pobrHvie NPOU3EoOHbIE, KPUMUYECKUE UHOEKCHL, DE3OHAHCDL, NepeHopmuposka 3apada, dadosvie
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Anomalous Diffusion with Memory in Criticality Theory

B. M. Shevtsov*, O. V. Sheremetyeva
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Abstract. The application of the hereditarian anomalous diffusion in the theory of critical phenomena is
considered. The process modes are investigated depending on the fractional parameters of the derivatives
of the initial diffusion equation. The critical indices determining the changes of the process modes are
found from the conditions of circulation to infinity of the statistical moments of the power-law space-time
distribution of the diffusion process. The changes of process modes depending on the critical indices can
be considered as a sequence of phase transitions. The relationship of fractional derivatives and critical
indices of the process with its fractal dimension is shown, which determines the evolution of moments and
the associated classification of types of hereditarian anomalous diffusion. It is concluded that the features
of anomalous phenomena are due to spatiotemporal dispersion and resonant effects determined by the
properties of power-law spatiotemporal distributions of the diffusion process. This is connected with the
structural restructuring of the process and the renormalization of its sources. The changes in the modes of
the diffusion process, in which fractional diffusion turns into advection or wave process, are discussed. A
generalization of the hereditarian anomalous diffusion is proposed for the case of power-law nonstationarity
and spatial heterogeneity of the process. The presented fractional diffusion model can be used to describe
the modes of activation and fading of deformation processes accompanied by the generation of acoustic and
electromagnetic emissions.
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BBeaenne

[IoHATHE KPUTWMYECKUX SBAECHUN KaK aHOMaAuWi, HabAIOAaeMBIX B (Pa30BBIX
IIePeEX0AAX, CTAAO MCIOAB30BATBCA B MCCAEAOBAHUSX IIPOILECCOB IIAACTUYECKUX
Aedopmaruit, pa3pyLIieHu#, TypOYAEHTHOCTH, PAaCIPOCTPAHEHNSI BOAH B PE30HAHCHLIX
Cpepax ¥ T.A., OOIIKMe CBOMCTBA KOTOPHIX — HEAMHENHOCTH, PE30OHAHCHBIA XapaKTeEp U
crefiavHr (MacurTabHasi WHBAPUAHTHOCTH, CBOMCTBEHHAs (PPaKTanbHBIM CPeAAM).
[loHsATE aHOMAaAMU MCIOAB3YETCSI TaK’Xe B TEOPHM KaTaCTpodp U (PUIUKE
IIPEABECTHUKOB 3€MAETPSICEHUN, B KOTOPHIX BHE3AIIHble W3MEHEHUWS COCTOSHUHR
OYEHb IIOXOKM Ha (Pa30BEIE IIEPEXOALL. B CBsI3M ¢ paclImpeHUEM IIOHSTUS KPUTUIECKUX
SIBAEHUM, X METOABI MCCAEAOBAHUSI TPEOYIOT 000OIIEHN X PA3BUTHSI.

Kputnmyeckme sBAE€HUSI B KBAHTOBBIX CHUCTEMAX KMEIOT MHOTOYUCAEHHEIE
KAACCUYIECKHUE AHAAOTH. AAS MX ONMCAHUS C YyIETOM MACIITabHON WHBAPUAHTHOCTH
WCIIOAB3YIOTCH CTATUCTUYUECKUE, APOOHBIE U (paKTaAbHBIE IIOAXOABI. VccaepyeTcs
POAB 3(P(PEKTOB MaMSTH, IPOCTPAHCTBEHHON AWCIEPCHM, HECTAIMOHAPHOCTH U
HEOAHOPOAHOCTU IIPOIIECCOB. BOABIIOE BHUMAHME YAEASETCS PE3OHAHCHBIM 3 deKTaM.

CKeRAVHT UTI'PAET OYEHDb Ba’XKHYIO POAbL B (POPMUPOBAHUM KPUTUYIECKUX STBAECHUIM.
Ho, kax OBIAO IIOKa3aHO Ha IpuMepe Ipolecca IlyaccomHa [1|, He MeHee Ba>KHYIO
POAB WI'PAIOT CBOMCTBa IaMATHU Iporecca. Ha psAy € 3TUM IPEACTAaBASET UHTEPEC
HACCAEAOBATh POAD IIPOCTPAHCTBEHHBIX 3(P(EKTOB, T.€. IPOCTPAHCTBEHHON AUCIEPCUU
(HeAOKaABHOCTH). ODTO MOXKHO CA€AATh Ha NIpUMepe aHOMaabHOM Auddysum [2, 3],
KOTOpasi 0bAapaeT TPOCTPAHCTBEHHOW AuCIepcueir, a B 6Ooaee obimeM caydae u
CBOMCTBaMHU IIaMSTHU.

AnomanbHas AUGPDY3UST HUCIOAB3YETCSI AAS CTATUCTUYECKOTO IMCAHUSI CUCTEM
B6AU3E (pa3oBOro Iepexopa [4] M aABEKUINW YacCTUI, B KOHBEKTUBHBIX TEYEHUSX [5].
B [6] BMecTo TepMuHA aHOMAABHON AMMDDY3UM UCIOAB3YETCS IOHATHE "CTpaHHAS
KIHETVKA OCODEHHOCTY KOTOPO#, Ha3bIBa€MBIE IIOAETaMU J\€BH, PacCMATPUBAAUCH B
[7-10]. Lleablo HAIIWX UCCAEAOBAHUY OYAYT KPUTUUECKUE PEXXKUMBI U MHAEKCHI 3TOTO
IIPOIIeCcCca, OTBETCTBEHHBIE 32 BOSHUKHOBEHNE aHOMAABHBIX STBAEHUI.

Anomanpaas quddy3nsa ¢ naMaTbIO

VpaBHEHUNE 3PEAUTAPHON X aHOMAABHOM AUDDy3uu [2] AAST DYHKIUK IAOTHOCTH
BeposATHOCTH P(Xx,t) 3ammucbiBaeTcsi B APOOHBIX IIPOM3BOAHEIX PuMaHa-/AUYBUAAS
CAEAYIOMIUM 0O6pa3oM:

B x
%:D%, P(x,t)li=0 =0(x), 0<B<T, T<a<2, (1)
rae 0(x) — peapTa-dpyrrIus Aupaka, D — koadpdurnuenT aAudpdysun.

IIpr 0 < o < 1 ypaBueHue (1) mEPeXOAUT B ypaBHEHUe aABEKIMU. IIpeamonaras
CMEHY TUIIa BOAHOBBIX ABMKEHUY IPU 3HAYEHUU IIapaMeTpa ApobHocTu « = 1, byaem
monrarath 0 < o < 2. DTOT CAydYayl MHTEpPeCEeH TeM, UTO 3HAUeHWEe X = | SBASETCS
KpUTUYeCcKUM. Apyroi#l caydail, Koraa KMeEIOT MECTO OAHOBPEMEHHO AMDDPY3UIT U
aABEKIINS, OYAET PacCMOTPEH OTAEABHO.
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