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AnomameHas muddyzms  [1-5] — auddyHoHHENT mOpomecc, aII  KOTOPOTO
CpeHeKBaJIpPaTHIHOe OTKIOHEHHEe OT CPEeIHEero 3HaueHHs 3a BpeMA T COCTOSHHIl J/ CHCTEeMEL,
H3MEHSIOMHXCA BIOTE Bcefl COBOKYITHOCTH BO3MOJKHBEIX COCTOSHHH (- o0 < V < o),

MMpeacTaB/I[AeTCA Kak:

(@7y) . =2D1,(e/1, )™ (1)

d
3nece D — xoaddumment auddyun, 7, — XapakTepHCTHUeCKoe BpeMs, H; — IoOKazarelb
XepcTa, a COOTBETCTBYIOIlee  yCpelHeHHe, 0003HauaeMoe CHMBOIOM  <(...)>.u
pacCUMTHIBAeTCA IPH BBeAeHHH ILToTHOCTH W( V. 1) BeposaTHOCTH (probability density function
— pdf) HaXOKIEeHHs CHCTEMEI B 3aJJaHHOM HMHTepBajie COCTOSHHIL. IIpH 3TOM Mojaraercs, 4To
CHCTEMA HAXOIWIACh B HAYaIbHBEIN MOMEHT BpeMeHH T = ( B OKPECTHOCTH COCTOSHHS
(«touxm») ¥V = 0. @uxoBckad auddyzus (H; = %2) COOTBETCTBYET CIyUaHBEIM H3MEHEeHHIM
(«random walk») coOCTOSHMIT CHCTEMEI, TPOHCXOIAINUM ¢ HEKOTOPEIM XapaKTEPHEIM
MacmrTaboM O BeTHUHH «3TeMEHTapHBIX CKAauKOB» IIPH TepPexode CHCTEMBI MEKIY
CMEKHBEIMH COCTOSHHUSMH H XapaKTePHOI ITHTETEHOCTEIO 0T IPeOLIBAHNS CHCTEMEI B KAKIOM
u3 cocTosHHil. OJHAKO eCIH TaKHe H3MEHEHHS COCTOSHHI CTOXACTHUYECKH TMEPeMeKaroTcs
CKauKaMH aHOMAaTbHO OONbIIefl BEeTHUHHBI, HeXeTH OF, mpH TeX JKe XapaKTepPHEBIX
ITTHTETBHOCTAX OT IpeOBIBaHMA CHCTEMEI B 3aJaHHOM COCTOSHHH, TO B 3TOM CIydae HMeeT
MecTO Tak HaswiBaeMas cymepauddysus («auddysmsa Jlepny», «moneTsl JIeBH»), MPH KOTOPOIt
Hy > Y. Ecmu e H3MEHEHHSA COCTOAHHMI CTOXACTHYECKH TEPEMEKAIOTCS CKAUKAMH ¢
AHOMATBHO [THTETBHBIM, 3HAYHTENRHO MPEBOCXOIANIMM OT BpeMeHeM NpeOhIBaHHS B
HEKOTOPEIX COCTOSHHSAX («OCTpPOBa CTAOHIRHOCTH» [3]) mpH TeX ke XapaKTePHBIX BeTHIHHAX

0V cKaukoB, TO B 3THX CIydasxX HMeeT MecTo cyOoauddy3ud, korga H; < Y.



JInd ommcaHHS AaHOMATBHEIX «10 @Duky» IH(QPYHOHHEIX MPOIECCOB MOXKHO
HCIONTB30BaTh ypaBHeHHA THPPY3HH ¢ MOCTOSHHBIM — Ko3ddummentom muddysum,
cofepsKalllHe BMeCTO YACTHEIX MIPOHM3BOJHEIX II0 BpeMeHH H KOOpAHHATe IIPOHU3BOIHEIE
apodoHoro mopaaka (cM. mompoOHee [1]). Ilpm sToM 414 mpeacTaBIeHHS IIPOIECCOB
cyOmuddy3un BMecTo YacTHOI MPOH3BOIHOM 1-To mopsaka 1Mo BpeMeHH BBOAHUTCA JpoOHasd
npon3poaHas mopaaka o (0 < o < 1), a mpH omHcaHHH TpoleccoB cymepanddy3un BMecTo
YacTHOH TIPOH3BOIHOI 2-TO MHopsAaka NO KOOpAHHAaTe BBOAHTCA JIpoOHas MPOH3BOTHAA
nopsanka S (0 < f < 2) [1-5]. IIpu 3ToM B cayuae cyoauddyzun napameTp H; H3MeHsdeTcsS B
npenenax 0 < Hy < Y4, a npu cynepanddysun — B mpeaenax 2 < Ay < 1. OmgHako mokasaTens
Xepcta Hi MOXkKeT NPeBOCXOIUTE eHHHITY, eCclTH aHaIH3HpPYeMEIl mpoliecc Ooree ClIOXKeH H
OITHCEIBAETCs, HAIIPHMeP, 3aBHCAIIHM OT KOOPIHHATH K03 ¢umneHTOM TH Y 3HH.

K macTrosmemy BpeMeHH HAaKOIIIEHO MHOIO JaHHEIX O COOTBETCTBHH Pa3HOOOPa3HEIX
cyYaiiHEIX «OmysxaaHui» 3aBHcuMocTH (1). HamGonee wm3pectHrri mpumep — muddysnsa
yacTHIl B TypOyTeHTHOM moToke (T.H. auddyzua Puuapacona) [5]. KoTopasd OmHCEIBAETCA
3aBUCUMOCTRIO (1) mpu A, = 3/2. EcTh mpuMepHl NposBieHHs aHoMansHOI muddy3un mpu
MepeHoce 3apsia B NOTyIPOBOJHHKAX, B JHHAMHKE MOTHMEPHEIX CHCTeM., IIPH MacconepeHoce
B IIOPHCTEIX CTeK1aX, B KBAHTOBOI ONTHKE.

B nmanmHoli paGoTe moka3zaHO, YTO TPOSBIEHHA aHOMATBHOH AH(QY3HH B peampHEIX
mporeccax Oollee pa3HOOOpa3HEL, YeM A3TO IMPHHATO CUYHTATh. B WACTHOCTH, B JHHAMHKe
MHOTHX HPHPOJHEIX IIPOIECCOB, MPeJICTARIAeMOl BpeMeHHEIMH PAJaMH — H3MeHSIIONTHMHUCA
BO BpeMeHH [ 3HAa4eHHAMH H3MepAeMEBIX TlepeMeHHEIX J(7), MOryT OHTH BEIIeIeHH
XaOTHYeCKHe  COCTABIAIOIIHe, SBOMIOIHOHHAA  JAHHAMHKA  KOTOPEIX  OIHCHEIBAeTCA
COOTHOINIEHHAMH, XapaKTePHBIMH T aHOManbHoil muddy3uu. [Ipu 3ToM, KOHEYHO, HApAIY C
XaOTHUECKHMH  «CIy4aHHEIMH  ONyKIaHHAMH», XapaKTepPH2YIOIIHMH  CKauKooOpa3HEIe
H3MeHeHHsd 3HAueHHil IHHAMHYECKHX TIepeMeHHBIX J(f) moa BO3IelicTBHEM XaOoTHYeCKH
H3MeHSIOMUXCS CTOPOHHUX (JaKTOPOB, B AHHAMHKE aHATH3HPYEMBIX IPOIIeCcCOB IPOSBIIIOTCA
H JIpyTHe COCTAaB/AIINHe. 3Jech HMeeTcd B BHAY HaOOp chenmH(HYeCKHX 111 KaXkIOro
MPHPOTHOTO Ipomecca Oollee HH3KOYACTOTHBEIX, HEXeTH CTOXacTHUeCKHe H3MeHeHHA
3HaueHHil J(f), «pe3oHaHCOB» H HX UHTep(epPEeHIIHOHHBIX BKIAJOB, a Takke Oollee
BEICOKOUACTOTHEIX «BCIUIECKOBHIX)» XAOTHUECKHX COCTABIAKIINX [6].

IIpobGaemsr  >¢ddexkTHBHOrO  BBIAEIEHHS  BKIAJOB  VKA3aHHBIX  PeryIAPHBIX
(«pe30HaHCHBIX») H XaOTHYeCKHX COCTABIAKIIHX C OINpeaeleHHeM COBOKYITHOCTH
COOTBETCTBYIOIITHX HH(OPMALHOHHEIX rapamMeTpoB pazpernarnTes B o0meM
(heHOMEeHOTOTHUECKOM TOIXOAe K aHATH3Y CIOKHBEIX CHTHAToB V(f) — daHKkKep-mIyMoBOif

criektpockormu (@IIC) [6-9]. @IIC opHeHTHpOBaHA HA aHATH3 IHHAMHKH OTKPEITEIX



IIPHPOIHEIX CHCTeM, B KOTOPBIX Hapsly ¢ HeIHHeHHOCTHIO pealH3yIoIHXcsa B3aHMOJeHCTBHIA
Hem30eXHO MpOABIARTCA 3QGeKThl THCCHIAIHH H HHePIHOHHOCTH ()parMeHTOB IOICHCTEM
Ha Ka’kKIOM YpPOBHe HX IIPOCTPaHCTBEHHO-BPeMeHHOH HepapxHH. B 3THX VCIOBHAX, Kak
IIOKAa3adH MHOIOYHCIEHHEIE KOMIIBIOTEPHEIE pacyueThl, BpeMeHHad IHHAMHKA pealH3yeTci B
tdopme mepemexkaeMocTH (infermiffency), NPOSBIAACE B IIOCTIeIOBATeIRHOM UepeIOBaHHH
Pe3KHX H3MeHeHHH BeIHUHH JHHAMHYeCKHX IepeMeHHBIX Ha MajblX HHTepBalax BpeMeHH H
OTHOCHTETEHO HeOOTBIIHX BAapHAIMIT 3THX 3HaUeHHIl Ha MPOTsUKeHHBIX HHTepBantax [10, 11].
CymuocTts @OIIC kak obmero (peHOMeHOIOrHIecKoro Moaxoa K H3BIeUeHHI0 HH(pOpMAaIIHH,
cofep/Kameiica B CIOXKHEIX Xa0THYECKHX CHIHAIAX Pa3HOH CYIIHOCTH, COCTOHT B IPHIAHHH
HH(QOPMAIIHOHHON 3HAYHMOCTH Hepery/SIpHOCTAM aHATH2HpPYeMEIX cHrHamoB MW7) —
BCIUIECKAM, CKadKaM, H3JI0MaM IIPOH3BOIHBIX PA3/IHYHEIX ITOPAJKOB HAa KaXKIOM BPEMEHHOM
VPOBHe HepapxHUecKOH OpraHH3allHH HccleayeMoH ITHHaMHKH. /(11 omnpeneleHHd BKIAIOB
PeryIApHBIX COCTABAIOIIHX H OINHCAHHSA COBOKYIHBIX CBOHCTB KakJ0rO H3 THIIOB
HEPEryIPHOCTEN C BBEIEHHEM COOTBETCTBYIONINX IIapAMETPOB aHAIH3HPYIOTCA «CIEKTPEI
momHocT» S(f) (f — gacToTa) U IepexomHEle pasHocTHBIe MoMeHTH ®(7) (7 — mapamerp
BpPEeMEeHHOH 3aep:KKH) 2-T0 MOpsAIKa.

OcuoeHoe orTmmune OIIIC oT HHEIX MeTOJOB aHATH3a XaOTHYECKHX CHIHATIOB (CM.,
HampuMep, [12]) coCcTOHT WMeHHO B BBeIeHHH HH(OPMAIIHOHHEIX IApaMeTpOB,
XapaKTePH3YIOIIHUX COCTABIIAIOIINE HCCIeIyeMbIX CHTHAIOB B Pa3HBEIX JHAIA30HAX YacTOT. H
peanH3alHH He0O0XO0IHMBIX NPOLeAypP A BBIISISHHA TaKHX apaMeTpoB. 1 moatoMy HMeHHO
Hecronnp3oBaHHe ODIIIC anamm3za, IO3BONAIONIErO BBINSIHTH H3 AHAIM3HPYEeMOIO CHIHAlIa
XaOTHYECKHE COCTABIIAIOINHE, COOTBETCTBYIOIIHE «CIydaiiHOMY ONy:KIaHHIO» H3MEpAEMBIX
BeTHuHH F(f) Ha (QoHe OTHOCHTelIbHO 0Oo07Tee MeITeHHO H3MEeHSIOMNXCA peryIsIpHEIX
(«pe30HaHCHEIX») COCTABIAINHX, IIO3BOIAeT YOeIHTECI B TOM, YTO [HHAMHKA TaKHX
cIyuaiHEIX OTy’KIaHHUIl B IpeIene MalblX BpeMeH JefICTBHTeIEHO MOKeT XapaKTepH30BaThCA
2aBHCHMOCTEIO (1), cBOiCcTReHHOIT aHOMAaTBHOI TH Y3 HH.

113 mHpOPMAIHOHHEIX «IIACTIOPTHEIX» XaPaKTePHCTHK AaHATH3HPYeMOi 3BOIIIOITHH,
H3BIIeKAeMEIX H3 COIIOCTABIIEHHS PAacueTHBIX H MOTYYeHHEIX Ha OCHOBe 3KCIIepHMeHTallbHBIX
maEHEIX  3aBucHMocTeil  S(f) m  @®Y(7). mpexge Bcero, BEIIGTHM  BETHUHHY
CpeIHeKBAJPaTHYHOTO OTKIOHeHHA ¢ HepeMeHHOH J(f) oT «0a20Boil» HH3KOYACTOTHOI
3aBHCHMOCTH KaK Mepy CKauKoOOpa3HBIX H3MEHEHHH XaoTHYeCKOH COCTAB/IAIONIeH, a TaKxke
Mepy S(0) «BCIUIeCKOBBIX» Hepery/IIpHOCTell B 3BOIIOLHOHHOH IHHamMHKe. IloMmmoO
VKa3aHHEBIX, B Ka4ecTBe I1apaMeTpPOB, XapaKTepH3YIOINHUX HHIAHBHIYAIBHOCTE aHATH3HPYeMOil
SBOIIOIIHOHHON THHAMHKH, BBOIATCSA KOHCTaHTa XepcrTa /i, XapakTepH3yIomas CKOPOCTh, C

KOTOpOﬁ JHHAMHYEeCKAad IIepeMeHHad TepdaeT «IIaMATb» O CBOell BeTHUHMHE Ha BpPEMEHHEBIX



HHTepBaax, MeHBIHX BpeMeHH 7 MOJIHOI MOTepH «IIaMATH» O HOIydeHHOM IIPH H3MepeHHH
B HEKOTOPEII MOMEHT BpeMeHH 3HaueHHH IHHAMHYeCKOH NepeMeHHOil (KopperTillHOHHOe
BpeMs 1A «CKAuKOB»), a Takxke (IHKKep-IIyMOBOH mapaMeTp 71y, XapaKTepH3YIOIIHii
CKOPOCTE IIOTePH KOPPEIALHOHHEIX CBA3eil B IIOC/IeIOBATEIbHOCTH «BCILUIECKOB» Ha
BpPEeMeHHEIX HHTepBatax 7y (KOppeIalHOHHOe BpeMs 171 «BCILIECKOB»).

B nmaHHOM coOOmIeHHH NPHBOAATCA NPHMepPH aHATH2a XAaOTHYECKHX CHTHATOB,
JTeMOHCTPHPYIOIHEe IIPHBEJeHHOe YTBep:KAeHHe O IIHPOKOM MPOSBISHHH aHOMaTbHOI
mdgdyzun B pasHOo0OpazHEIX Npolleccax. Kak oTMeuanock BEIIIe, BO BCeX H3BeCTHEIX JIaHHEIX
O TPOABICHHAX AHOMATBFHOH TH(QY3HH HMeeTcsI B BHIY COOTBeTCTBHE 3aBHCHMOCTH (1),
XapakTepH3yIOIei npoliecc, MPH KOTOPOM BO3MOKHO JOCTH/KeHHe IPOH2BOIBLHEIX 3HaUeHHil
V(7). llpuBoamMEle JKe HIDKe IPHMEPEl PACIIHPAIOT O0TacTe IPOSBISHHA aAHOMATBHOM
middyzun Ha caydan, Korga A1d IyKTYalHOHHEIX H3MeHeHHil THHaMHUecKoH IepeMeHHOId
IO MPOIIeCTBHH HeKOTOPOro HHTepBana /) BpeMeHH YCTaHABIHBAKTCA KOHEUHEHIe 3HAUeHHST
CpeIHeKBaJPaTHYHOTO OTKIOHEHHH, M COOTHOomeHHe (1) MOKeT BBINOMHATECA THINE IIPH
OTHOCHTEIILHO HeOOIBIIHX BpeMeHHEIX HHTepBanax 7 << J.

CormacHo [6-9]., nMHaMHKa cIydJaiffHBIX H3MeHeHHi («OIyKIaHHID») H3MepAeMBIX
BemHumH V(f) CBA3BIBAeTCA ¢ XAOTHUeCKoil cocTapmmomeii dyuxmmm ®P(7), ompemersemoit
KaK «Pa3HOCTHEIIl MOMEHT» H/IH «CTPYKTypHas QYHKIIHA» BTOPOTO TOPSIKA:

1 T2
o (0)=(F()-v+a)f)  =(ar@?). . (0@n), = [o.1)dt. 2)
C -T/2
3nece 7 — BpeMeHHOH HHTepBal, Ha KOTOPOM paccMaTpHBaeTcs Ipomecc H II0 KOTOPOMY
ocyImIecTBIAeTCA ycpeaHeHHe. [lolaraeM Takike, YTO IapamMeTp 7 BpeMeHHOIl 3alepikKKH
H3MeHseTcad B mpefenax 0 = 7 = 7T, = 7/2. BrelpakeHHe (DCQ)( 7) 118 XAOoTHUeCKOi
COCTABILIIOINeHl 3aBHCHMOCTH (2) B IpocTefimeM cIydae, KOTJa BBOJHTCHA JHIIb OIHH
XapakTepHEIH MacInTad B ITocIe10BaTeTEHOCTH HeperyIIpHOCTell paccMaTpHBaeMOro CHrHajla

— «CKa9YKOB» H «BCILIECKOB» HMeeT BHI [6-9]:

©.% (1)~ 202 [1-T ") TH,.o/T)] . 3)
(s, x)= ]Ee};p(—r) 7't T(s)=T(s,0)

3nece I'(s) u I'(s, x) — cooTBeTCTBeHHO raMMa-pyHKITHA H HeloIHasg raMMa-QyHKIHA (¥ = 0 1 §
> 0): 0 — cpeIHeKBaJpPaTHYHOe OTKIOHEHHe H3MepsieMOil IHHAMHYecKOHl IIepeMeHHOMH c

pasmepHOCTEIO [V]: mapameTprl A 1 77 OBLTH OIIpe/IeIeHEl BEIIIE.



r 2 o
VkazaHHOe CcOOTHeceHHe GYHKIIHH @ )( 7) K 3aBHCHMOCTH (1), ommchHIBarommedl mporiecc
aHOMalbHOI Tuddy3HH, clIeayeT H3 PacCMOTPEHHS COOTBETCTBYIOINETO acHMIITOTHUECKOTO

BEIpazkeHHd 1714 (3) B npenene 7 << Ii:
25,

02 (1) =22 (1+ H)-0*| — | . ecmn —<<1 . 4)
7 I

113 comoctaenenns (4) u (1) cieayer, uro mapametp Xepcta /) OOHMHAKOB B OOOHX CIIyYasx
(mepBoHAUaTREHO KOHCTaHTe XepcTa mpuaaBancs HHOI cMmeica [13]). IIpu >ToM B KauecTBe
BETHUMHBI XapaKTEePHUCTHUECKOTO BpPeMeHH f; eCTecTBeHHO BEIOHpaTh mapametp /7. Toraa
MoJaydyaeM HCKOMYEO CBiI3b Ko3ddumueHta [ aHoMambHOH auddy3HH ¢ BBeIeHHBIMH
tenomenonormuecknvu OIIC mapamerpamu [9]:

1 o
B S )
C'U+H,) T,
BrImmmmeM acHMITOTHUECKOe BRIpakeHHe IIA (3) B CTallHOHAPHOM IIpeele OOIBIIHX
BpeMeH 3aTepPKKH T >> T75:
H,-1 2
Hy- \I

=z exp = , ecIH LRSS (6)

O (1)=20"|1-T7'(H,) (
e T) T

OueBHIHO, UYTO I7Td ydeTa TakKoH BO3MOKHOCTH YCTaHOBIeHHS KOHEUHOTO 3HAUeHHA
CpeIHEeKBAIPAaTHUYHOTO OTKJIOHeHHA TMpH (IYKTVAIIHOHHEIX M3MeHeHHH IHHAMHUecKOi
IEepPeMeHHOl 10 TPOIIECTBHH HEKOTOPOTO HHTepBata 1) BpeMeHH HeOOXOIHMO
paccmatpuBath AH(¢Y3HOHHOEe YpaBHeHHe 718 BeIHUHHEI IUIOTHOCTH BepoATHocTH W(V, 1)
H3MeHeHHs B TeUeHHe BpeMeHH T CIyuaiiHoi BeTHUHHE J/ He Ha OeCKOHETHOM, a HA KOHETHOM

«uHTepBane» [— K, + K], xotopoe B mpocteiinmem, OHKOBCKOM cTydae HMeeT BHI:

oW o'W
ar _p&

or or’ @)
ITPH BEIIIOTTHEHHH Ha I'PpaHHIIAX YKAa3aHHOT'O HHTepBalla }’CJIOBPIﬁ «OTpaxKeHHA» !
%ZOH}JHV:-KHVZ‘FK, (8)
a TaKKe «HAYa/IEHOI'O YCIIOBHA» .
W(V.0)=8(V). 9)

He ocranapmnBasdchk Ha paccMOTpeHHH 5Toff 3agaud (cM. [9]), ykakeM 3[echk, UTO B
paccmatpuBaeMoM caydae @ukosckoit nuddyzun (A7 = 0.5) OIIIC mapaMmeTp o CBI3bIBaeTCA
¢ BenHuHHoH 2K BBOJAHMOrO HHTepBala: K* =60 . B cIydae aHoManbHOI auddy3un
XapaKTep CBA2H & ¢ «obmacTeio ToKammamHE» 2K, T0KeH COXPaHUTELCA, XOTS UHCIeHHEIH

MHOJKHTETh MOKeT OBITh JAPYTOI:



K *=bc’, (10)
rae b — Oe3pa3MepHEIT apaMeTp.

Hmxe ma psame mpumepoB (puc. 1-4) mokazaHO, KaK B IHHAMHKY XAOTHYECKHX
H3MeHeHHH  H3MepsAeMBIX CHTHAIOB  (BapHanHil  3MeKTpHYecKOro  IOTeHIHala B
ANIEKTPOMEMOPaHHOI CHCTEMe B peXKHMe 3ampelelsHOrO0 Toka [6, 7] JIMHAMHKH
PEHTTeHOBCKOTO H3TyUeHHsS aKKpelHpyiomleil IBOIHOI 3Be3IHON cHCTeMEl [6]; AHHAMUKH
HeHpOMarHHTHOTO OTKIHKA KOPBI TOTOBHOTO MO3ra Ha BO3JeHCTBHA IIBETOBOTO MepHAIIero
ctumyna [9. 14]; daykryupyromux mnpoduiefi dparMeHTa MHOBEPXHOCTH MArHETHTHOTO
NOKpEITHA  [15]) «BoumcrBaroTca» mpeacTaBleHHA 00 aHoMmMampHol auddyzun. Bes
uHbopMarua o0 aHATH3HPYeMEBIX CHTHAIaX IpeicTaBiIdeTcs B MOANHCAX K pHc. 1-4 (oM.
TakKe yKa3aHHBEIE CCEUIKH). Bce mpejcTaBleHHEIe Ha pHc. 1-4 JaHHBIE HOKA3BIBAIOT, UTO
BEIJIeIeHHe H3 Xaoca H3MepsAeMOoH JHHAMHUYecKOH NepeMeHHOH 3aBHCHMOCTH, XapaKTepHOH
ans  aHoMmanbHOR auddy3mm, oKasbpBaeTcsd BO3MOKHEIM Bedeacteue OIIC mpomeayp
H3BI€UeHHs H3 AHATH3HPYeMBEIX CHTHAI0B HH(OpPMAIHH, OTHOCAMeHcd K pa3THIHBEIM
YAaCTOTHEIM COCTABIAIOINHM cHrHamnoB. CraeayeT oOpaTHTE BHHMAaHHe, 4YTO OJHH H3
aHATH3HPYeMBIX ~ XAaOTHYeCKHX CHTHaTOB (puc. 4) —  MPOCTPAaHCTBEHHBIH  pAM,
cchopMHPOBAHHEIIT TIPH HCCAeJOBAHHH MeTOIOM AaTOMHO-CHIOBOH MuKpockomuu (ACM)
CIOXKHOTO pelnbeda MOBEPXHOCTH AHTHKOPPO3HOHHOIO MArHeTHTHOTO IIOKPEITHA Ha
HHU3KOYTIepoaucToii ctamu [15]. [Ipu amammse mpocTtpaHcTBeHHEIX ACM psaaoB B KadecTBe
JTHHAMHUEeCKOil IepeMeHHOIl BBRICTyIaeT BEIcOTA /2(x) MpodHiIs MOBEPXHOCTH, H3IMEPSIeMOro
BIIOJIb MIPOCTPAaHCTBeHHOI KOOPIHHATH X Ha BenHuHHe L «okHa» ACM m3o0pakeHHs, H TaKkxke
paccMaTpHBarOTCA CHeKTP MomrHOCTH S(fy) (f; — MpoCTpaHCTBeHHAS UACTOTA) U CTPYKTypHad
dyrxmms O.P(A) (A — HpoCTpPaHCTBEHHOe CMelleHHe). B 3TOM ciIydae IO AHATOTHH C
BpeMeHHEIMH mapaMeTpamMu @OIIIC 7, u 77 BBOAATCA NpOCTpaHCTBeHHEIe apaMeTphl Lo 1 L.

ITpu ®IIIC aHamTH3e CIOKHEIX peabed)OB MOBEPXHOCTH XAOTHUECKAas COCTABIAKOIIAL
(IJC(D(A) CTPYKTYpHOH  (PYHKIIHH CDQ)(A) XapaKTepH3yeT  JIHHAMHKY  CIYYaiHEBIX
CKauK000Opa3HEIX H3MEeHeHH 1 JHHAMHUeCKHX TIepeMeHHEIX — BEICOT /7 ipodueit penbeda mpu
H3MeHeHHH mnapamerpa A. HeoXHOaHHEIM pe3ylaeTaToM Ipolexyp HaxoxzeHus OIIC
IapaMeTpoB OKA3aTach BO3MOXKHOCTB (hopMampHOro mpenctaBlenns @O ”(A) B Buze
3aBHCHMOCTEH, XapaKTepPHBIX 7 Mpollecca CIydaiHOTro OmyKIaHHsS BO BpeMeHH («random
walk») B CBOHCTBeHHBIX «aHOMaTpHOI» muddyzuH (cM. HIKe KpHBYIO 4 Ha pHC. 4d),
HECMOTpPS Ha TO. UTO B KauecTBe apTyMeHTa CTPYKTYPHOH (YHKIIMH BBOJIHTCS He BpeMs, a
BETHYHHA TpocTpaHcTBeHHOTO caBura A. Ilpu 3tomM dopmanbHO BBoaHMEIE K03((UIIHEHTE

mgdyzun BrIpakatuck uepes onpenensgeMmele OIIIC mapameTpEl.
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Puc. 1. Bapmammm osnexTpuueckoro mnoreHmuana Fii(f) Ha 1l-m MuKposIekTpome B
3NIeKTPOMeMOPaHHOI CHCTeMe B pPesKHMe 3ampeleTbHOr0 TOKA B TeueHHe HHTepBala BpeMeHH
T=4096 f;" =41 ¢ (qactoTa mHcKpeTm3anuy f = 100 H=, Boxueii pacteop 50 MM NaCl mpu
IUTOTHOCTH Toka j = 25 mA/sm’) [1]: (a) ¢puxcupyemeri cursar; (b) cIpyKTypHas (yHKIHA
@@ (0): wpueas 1 - OSKCHePHMEHT, Kpueas 2 — BEIUHCICHHAS HHTOPIIOTALHA,
IpeCTaBIAIOMAsA cO00H cyMMYy HH3KOUACTOTHOH («pe30HaHCHOI») KOMIIOHEHTE! (kpueas 3)
H XaoTHueckoil («aHomampHas aHPQY3HsL») KOMIOHEHTHI (Kpueéas 4) TpH 3HAYSHHIAX
napameTpos: ¢ = 0.03 otren: H1 =0.35; 71 =1213 ' = 1.2 ¢;: D= 7510 (oTH.e1) "/ c.
Tlpyrue ®IIC napametper: S.s(0) = 0.17 otH.ex.; 710 =2.09: Ty =49.4 f; ' = 0.49 c.
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Puc. 2. JIMHAMHKa pPeHTTeHOBCKOIO M3IyUeHHs aKKpelHpyIomeil JBOHHOII 3Be3THOIM
cucteMel GRS 1915+105 (3Be3ma-goHop ¢ Maccoit My = 1.2 £ 0.2 M, Bpamaromascs BOKPyT
YepPHOII IBIPH ¢ Maccolt My, = 14 =4 M:) B nepﬂo:[ ¢ 01 suBapsa 1996 r. o 31 sHBapsa 2005
T. (gactoTa JHCKpPeTH3allii Jo At S = (106 MuH)
[http://xte.mit.edu/lcextret/asmsel. html]): (a) mccnenyemserii curnan: (b) — obozHaueHHS Te
e, uro Ha puc. | npu 3HadeHnax OLIC mapamerpos: ¢ = 27.1 otn.en.; A, = 0.13: 77 = 396
fol =264 cyr; D = 27.8( ora.en.) */ cyr. Jlpyrue ®IIIC mapametpsr: Ss(0) = 5.57-10° orm.
en.; mo=1.13: Tp = 568.5 At,.; = 41.8 cyT.
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Puc. 3. JluHamMmka  Hef[pOMAarHHTHOTO  OTKIHKA  KOPH  TOJIOBHOTO  MO3Ta

(marmeTosHIedamorpaMmel, M3I7) Ha BO3/IeHCTBHA IBETOBOTO Meplaroimero crumyita RB
(KpacHbIii-cuHHil) B TeueHne 7 = 3.2 c, ¢ukcupyemas y 9-ro ucmeityemoro [12. 13] B
obmactu ceHcopa N 10, TOKaTH30BAaHHOTO Ha CKaidblle B 007MacTH TOOHOM I0TH KOpPEI
TOJIOBHOTO MoO3ra (SKCIepHMeHTalbHEIE JaHHEIE IIOIyUYeHEl ¢ HcrmoibzoBaHHeM CKBIIJI-
CEHCOPOB, PETHCTPHPYIONIHX cla0ble TpaJHeHTEl MATHUTHOH HHIYKIIHH ~ 107107 T/em,
reHepHpyeMble KOpPOi roloBHOro Mozra). Yacrtora auckpernzanuu M3I curnator 500 [
(a) uccnenyemerii curnai; (b) — obo3HaueHus Te ke, UTO Ha puc. | mpu 3HaueHnax OIIIC
napaMeTpos: ¢ = 10.1 otmex; H; = 0.67; 7, = 7.5-10 > ¢; D = 1.3610° (oten)’/c.
Tlpyrue OIIC mapametper: S.s(0) =1.74-10* otmen.: mp=2.2;: To=7.4-10""c.

am

hix), HM

2500 T T T T T T

2000

arks, urit
-
o
=

y

, (nm)”

=]
3

S(1,), nm”
o'y




Puc. 4. ITpumep @ILIC napamerpuzamuu ACM uzo00pakenns ¢pparmeHTa (3%3 MI{ME)
IIOBEPXHOCTH MAarHeTHTHOTO MOKPEITHA, (JOpMHpPYyeMOro Ha HU3KOYTIIEPOIHCTOH CTallH B
TeueHHe 3 MHH B OKCHIHpYIomeM pacTBope cocTaBa 20 /1 NH4sNO; + 150 mr/m1 (NH4),S,0s.
Icroas30Bancs aTOMHEIH crnoBoit Mukpockon Solver P-47 (NT-MDT, Poccus), nzo6pakeHns
TOTyUeHEI B IMTOTYKOHTAKTHOH MojIe (tapping mode) ¢ HCHOTB30BaHHEM KPEMHHEBEIX 20HIOB
cepun NSG 11 (tum B, pezonancnas gactota 150 k['11, pagmyc 3akpyriaerns 10 um). Yucmo
CKaHOB (CTPOK) orudpoBaHHEIX Ipoduieil penseda (mpu 512 u3MepseMBIX 3HAUSHHUAX /1 TIPH
nepeMeleHHH 30H1a B0 KaKIOTO cKaHa) IpH (pOopMHPOBAHUH H300pakeHHUs PaBHAIOCH 512,
TaK 4TO OOIIHIl MacCHB H3MepAeMEIX 3HaueHHi cocTaBiaan 512x512 touek. Hexognoe ACM
H300pakeHHe pa3es7I0Ch Ha 8 paBHEIX MOJOC B HAMPaBIeHHH JIBIKeHHSA KaHTHIeBepa, 3aTeM
thopMupoRaTHCE YepeAHEHHEIE 110 TonocaM npodun /i; peaseda (HyMepalusa — OT BepxHeit
YACTH H300PaKEHHS ).

(a) uccnenyemoe msobpaxkenne: (b) — ycpenHeHHEI Tpoduiak /i penpeda: (¢) — CHEKTp
MOITHOCTH B 0O0JacTH HH3KHX TNPOCTPAHCTBEHHBIX UACTOT, Ha OCHOBE KOTOPOTO
PACCUHTHIBAIACE «Pe30HAHCHAS» COCTABIAIONIAs CTPYKTYPHOH (YHKIHH (KpuBas 3 Ha pHc. 4
d): (d) — obozHaueHna Te ke, uTo Ha puc. 1 b mpu 3HaueHHsax OIIC nmapameTpoB: ¢ = 25 HM;
H=0.8; L; =78 um; D; = 8 10° (am) >/ mxm. [Ipyrre mapametpsr: S(0) = 448 (mm)™MEM; 715 =
2.04; Lo =138 mMm.

Il TOHHMAHHA 5Toro deHoMeHa n mpexcramenns ®.(A) B BHIe 3aBHCHMOCTEI,
COOTBETCTBYIOIIHX aHOManbHOIl auddy3un, BBeeM IHHAMHYECKYI IepeMeHHyI /1(x; 7),
XapaKTepPH3VIOMIYI0 CTOXAacCTHUeCKHe CKaukooOpa3Hble H3MeHeHHs BBICOT mpoduid pernseda
BJIOJIE CKaHa C pa3MepoM L B mpolecce (OPMHPOBAHHUS CIOKHOH IMOBEPXHOCTHOH CTPYKTYPEL
Jlna  cranmmoHapHOro AH(QY3UOHHOTO TIpollecca H3MeHeHHe BO BpeMEHH BBeIeHHOI
JTHHAMHUeCKOil MepeMeHHOMH /i(x; f) B HEKOTOPOH TOUKe ¥ CKaHA KOppelnHpyeT ¢ H3MeHeHHeM
BO BpPeMEHH 3Toil mepeMeHHOit /(x + A: f) B Touke x + A cKaHa, CMEIEHHON OTHOCHTETBHO
TOUKH X Ha BemuuuHy A (momaraem A > (). ecam 3Ta BeIWYHHA He TIPEBOCXOAHT ITHHY
KoppemAlHH [L;. B ycIoBHAX CTallHOHApDHOTO Mpollecca €CTeCTBEHHO IIojararh, 4YTO
KOppeTTsIIHOHHEIE B3aHMOCBS3H JHHAMHUECKHX TlepeMeHHEIX /1(x; 7) u /i(x + A; f) HUMeIOT TOT
JKe XapakTep, KaK H KOpPpeIAllHOHHEIE B3aHMOCBSI3H MeXKIY JAHHAMHUSCKHMH IepeMeHHBIMH
f(x; 1) u h(x; f + T) B OTHON (PUKCHPOBAHHON TOUYKe CKaHA, peaTH3yIOIHecs B MOMEHTEI
BpeMeHH [ U f + T (momaraem T > 0), eciu t < 7;. rAe 77 — COOTBETCTBYyIOIee BpeMs
KoppeaiHH. /[aHHOe NpeanolokeHHe 03HadaeT CyIIecTBOBAaHHE JIHHEIHOH B3aHMOCBSA3H T =
A/U (U = const), rae pennunHa U He 3aBHCHT OT KOHKPeTHBIX 3HAUEHHII T H A B YKa3aHHEIX
HHTepBalaX KOPPeTHPOBAHHOCTH, TaKk 4ro 77 = L;/U, H HMeeT CMBICI CKOPOCTH
pacrpocTpaHeHHd BJOIb IIOBEPXHOCTH «BO30Y’KIeHHA», HCXOAAMIero OT MecTa TOKalIbHOM
IePeCTPOIKH H HHHITHHPYIOLIETO IIePecTPOKYy penbeda HMOBEPXHOCTH B Li-OKPeCTHOCTH.
@DaKTHUeCcKH, cIelaHHOe NPeNoIoKeHHe MOKHO pacCcMAaTpHBAaTh KaK aHAlIoOl THIIOTEe3El
Teftmopa a1 «HMHTeHCHBHOI» TypOymeHTHOocTH (M. [16], ¢. 279 u [17]. c. 63-64), xoraa
3aBHCHMOCTE JIOKAQTBHOH CKOPOCTH OT BpeMeHH B (PHKCHPOBAHHOH TOYKe MPOCTPAHCTBA

OTOXIOeCTBIACTCA C l'[pOCTpElHCTBeHH[)ﬁ 3aBHCHMOCTBID CKOPOCTH B CHCTEMe OTCUeTa,



CBSI2aHHOMH CO CpPeIHHM IIOTOKOM. B 3TOM cIIyuae COOTBETCTBYIOIIAs BelTHYHHA CKOPOCTH UJ
CpelHero  IIOTOKA  JONyCKaeT  HeNOCPeACTBeHHOe  ONpedeleHHe IIPH  pacdere
cootBercTRyromux  @IIIC  kpocc-KoppernaTopoB [6] Ha OCHOBe 3KCIIEPHMEHTATBHO
H3MepsAeMEIX BpeMeHHEIX 3aBHCHMOCTe CKOPOCTH B IIPOCTPAHCTBEHHO Pa3HeCeHHEIX TOUKAX.
[TpHHATHE THIIOTE3H O KOPPEIAINOHHOII B3aMMOCBS3H CTOXAaCTHUECKHX H3MeHeHHI
BEICOTEI ()OPMHPYIOIIETOCS penbeda MOBEPXHOCTH B NMPOCTPAHCTBEHHO PasHECeHHBIX TOUKAaX
OKA3BIBAETCS JOCTATOUHEIM JUTA VCTAHOBIEHHS CBA3H XaoTHUeckoil cocraBmsmomeii @ Y(A)
crpykrypHoii dyrxnaa OP(A) ¢ «1udy3HOHHEIMY IPOIECCOM H3MeHEeHH S BEICOT /2 PO
petreda B kKakaoil Touke MOBepXHOCTH. Kak M IPH pacCMOTPeHHH BpeMeHHOI THHAMHKH, B
TaHHOM cJIydae TakKe ClIedyeT IIojaraTb, 4TO AHHAMHKA IIOTHOCTH BepoATHOcTH W(/. A)
H3MeHeHHs CITyYaifHO BeTHUHHEI /1 Ha «oTpe3ke» [—K, +K] B TeueHHe «ITepeHOPMHPOBAHHOTO
BpeMeHn» A = Ut onuckeBaetcs ypaeHeHHeM mu(dy3un ¢ 3ddekTHBHEIM K03 dUIeHTOM

Dy,

5. 3BAKJIIOUYEHHNE

B nannHoli paGoTe mokazaHO, UTO IIPOSBIEHHA aHOMATBHOH AH(]Y3HH B peanbHEIX
nporeccax Oonee pasHOOOpPa3HEL, WeM 3TO NPHHATO OyMaTh. B HYacTHOCTH, B JHHaMHKe
MHOTHX TIPHPOJIHEIX IIPOIIECCOB, IIpeCTaRIAeMOil BpeMeHHEIMH PSAIaMH — H3MeHIIOIHMHCS
BO BPeMeHH 3HAUeHHAMH H3MepAeMEIX IIepeMeHHEBIX V/(7), MOryT OBITE BEIIe/IeHEI XaOTHISCKHe
COCTAB/IAIOINHe, 5SBOMIOIHOHHAA JHHAMHKA KOTOPBIX OIHCEIBAeTCA COOTHOIIGHHAMH,
XapakTepHEIMH 1718 aHoManbHOH auddysun. [IpodreMmer 3¢ ¢peKTHBHOTO BEIIENEHHS BKITAT0B
HCCIIeyeMEIX CHTHAIOB B PA3THYHBEIX YacTOTHBIX [HANla30HAX paspelmaroTcs B oOmeMm
(peHOMeHOTOrHUECKOM MOIXOJAe K aHATH3y CIOXKHEIX CHTHAToB V(7)) — (pIHKKep-IIyMOBOIi
CHEeKTPOCKONHH. [IpH cOOTBeTCTBYIOIEM aHalTH3e HapAdy C XaoTHUECKHMH «CIydaifHBIMH
OIYKIaHUAMEY, XapaKTepH3YIIMHMH CKauKoOOpa3HEle H2MeHeHHs 2HaueHHH THHAMHUeCKHX
nepeMeHHEIX V/(f) 1o Bo3nelicTBHeM XaOTHUSCKH H3MEHAIONIHXCA CTOPOHHHX (aKTOpPOB, B
THHAMHKE aHATH3HPYeMEIX IIPOIIeCCOB NPOABIAKTCA H IPyTHe COCTaBIAKINHe. 31echk
HMeeTcs B BHAY Ha0Op crHenmH(HYecKHX T4 Ka)kJOrOo NPHPOJHOTO Iporecca Oomee
HH3KOYACTOTHEIX, HeXXeTH CTOXacTHUeCKHe H3MeHeHHd 3HaueHHil V(7), «pe30HaHCOB» H HX
HHTepepeHIIHOHHEIX BKIQJOB, a Takke 0olee BHICOKOUACTOTHEIX  «BCIITIECKOBEIX)
XaOTHUeCKHX COCTaBIAIOMHX. IIpH 3TOM cledyeT yka3aTh, YTO BO BCeX HCCIEIYeMBIX 10
HACTOSAINET0 BpeMeHH MNPOSBIeHHAX aHOMATbHOH IH((Y3HH HMeIoch B BHIY COOTBEICTBHE
pa3HOOOpa3HBIX CIOyJalHHBIX «OmyxaaHHID» oOmeil 3aBHcHMOcTH (1), XapakTepm3yromeit
mporiecc B TMpPaKTHYecKH HeOTPaHWUYeHHOH (711 paccMaTpHBaeMEIX CIIydaeB) cpele.

HpHBO,I[HMBIe JKe B JIaHHOI cTaTke IIPHMEPEL C COOTBETICTBYIOITHM AaAHATH30M BPEMEHHBIX



panoB V(7)) oTHOcATCS K caydadM, Koraa Aad (UIyKTYallHOHHEIX H3MeHeHHil THHaMHJecKOH
NepeMeHHOI! 110 IPOINecTBHH HeKOTOPOro HHTepBala /| BpeMeHH yCTaHABIHBAKOTCA 3HAUSHHA
CpeIHeKBAaJIPaTHYHOTO OTKIOHEHHH, H coOoTHOmeHHe (1) MOKeT BBINOMHATECA THINE IIPH
OTHOCHTEIBLHO HeOONBIIHX BpeMeHHEIX HHTepBalax 7 << 7. I1 Ha 3ToM HOyTH yZaloch B
CaMEIX Pa3HEIX CIIOKHEIX HpolleccaX YBHIETH IPOCTYI0 MOJSTBEHYI CYITHOCTE XaOTHUECKOIl
COCTARIAIOMIEHl CHTHATOBR, (pOpMHpPYEMOIl MOCIeIOBAaTeTFHOCTEI HeperyIIpHOCTeli-CKauKoB,

OCO3HATH «CJII0KHOCTE HACTOAIIESH IMPOCTOTEI». O KOTOpOﬁ nucai Jleornag OHUIaTOB.

PaGota Orina mognep:kana PO®II (rpant 08-02-00230 a).

CIINCOK JIITEPATYPEI

1. Omemckuit A.IM., Xapuenko J[.O. CamoopraHuzanus CaMOMOJOOHBIX CTOXACTHUeCKHX
cucteMm. Mockga-ITxeBck: R&C Dynamics. 2007. 296 c.

2. Vuaaitkud B.B. MeToa 1po0HEIX MPOH3BOIHEIX. Y TBAHOBCK: «ApTHIIOK». 2008. 512 c.

3. Gitterman M. // Phys. Rev. E. 2000. V. 62. N 5. P. 6065.

4. Zaslavsky G.M. Physics of Chaos in Hamiltonian System. London: Imperial College Press.
1998.

5. Klafter J.. Blumen A.. Shlesinger M.F. // Phys. Rev. A. 1987. V. 35. N. 7, P. 3081.

6. Tumamer C.®. OIHKKep-IIYMOBas CHEKTPOCKONHA: HHPOPMAIHS B Xa0THYECKHX
carganax. M.: @mwmaraur. 2007. 248 c.

7. Timashev S.F.. Polyakov Yu.S. Review of flicker noise spectroscopy in electrochemistry.

Fluctuation and Noise Letters. 2007. V. 7. N. 2. P. R15-R47: http://arxiv.org/abs/0812.0030

8. Tumamep C.®@. ITapopmanmoHHas 3HAYHMOCTh Xa0THIECKHX CHTHAIOB: (DIHKKep-IITyMOBasi
CIIeKTPOCKOIHA H ee IpunoxeHud. DiekTpoxumud. 2006. T.42. No5. C. 480-524

9. Timashev S.F.. Polyakov Yu.S., Yulmetyev R.M.. Demin S.A., Panischev O.Yu., Shimojo
S.. Bhattacharya J. Analysis of biomedical signals by flicker-noise spectroscopy: identification
of photosensitive epilepsy using magnetoencephalograms. Laser Physics. 2009. V. 19. N.4. P.

836-854: http://arxiv.org/abs/0811.2509

10. IIyctep I'. etepmunupoBanueni xaoc. Beegenune / Ilep. ¢ aurn. @ M. Hzpaiinepa, M.I1.
MankwuHa, A.M. Pefimana; on pea. A.B. ['anmonora-I'pexoBa, M.I1. PabuHoBuua. — M.: Mup,
1988. 240 c.

11. bepxke II., ITomo H., Bumane K. [lopanok B xaoce. O OeTepMHHHCTCKOM IIOAXOIe K
TypoynentHoctH / Ilep. ¢ ¢ppan. FO.A. Jlanumora. — M.: Mup, 1991. — 368 c.

12. Kantz H, Schreiber T. Nonlinear time series analysis. — 2-nd ed. — Cambridge: Cambridge

University Press, 2004. — 365 p.



13. @enep E. ®paxktansl / [Tep. ¢ anra. FO.A. Jlanunora, A. Illakypora. — M.: Mup. 1991. —
254 c.

14. Yulmetyev R.M., Hanggi P.. Yulmetyeva D.G.. Shimojo S., Khusaenova E.V.. Watanabe
K.. Bhattacharya J. // Physica A. 2007. V. 383. P. 443.

15. Mucypkur IL.IH., Tumodeea B.A., Bepmok [I.b., Tumames I1.C., Ky3menor HO.I1.,
ConoBreBa A.b. IlapameTpH3amusa  IOBepXHOCTH  MAarHeTHTHBIX  IIOKPBITHH  Ha
HH3KOYITIePOJNCTON CTAaTH IO JaHHEIM aTOMHO-CHIOBOH MHKPOCKONHH. // [ToBepXHOCTE.
PeHTreHoBcKHe, CHHXPOTPOHHBIe H HelTpoHHEIe HeenegoBaHud. 2008. Ne 11. C. 57-68.

16. Monmun A.C., TlomybapunoBa-Koumna II1.fI., XnaeGuuxoB B.H. Kocmomorus,
I'uaponunamuka, TypOyaentHoeTs. M.: Hayka, ri1. pea. ¢uz.-mat. mutepatypsl, 1989, 327 c.

17. ©pum V. TypOynentnocte. Hacneane A.H. Kommoropora. M.: @A3LIC, 1998. 344 c.

“ANOMALOUS DIFFUSION” IN THE DYNAMICS OF COMPLEX PROCESSES

*S.F. Timashev, **Yu.S. Polyakov, ***P 1. Misurkin, *S.G. Lakeev
Karpov Institute of Physical Chemistry, Moscow 105064, Russia
USPolyResearch, Ashland, PA 17921, USA
***Semenov Institute of Chemical Physics, Russian Academy of Science. Russia

Our study shows that many complex signals represented as time series and spatial series of
dynamic variables may contain chaotic components the temporal and spatial changes of which
are controlled by anomalous diffusion — subdiffusion (A; < 0.5) and superdiffusion (H; > 0.5),
where A, 1s the Hurst constant. For the Fickian (“normal”) diffusion H; is equal 0.5. The study is
performed using Flicker-Noise Spectroscopy, toolset for the analysis of time and space series.
The procedure of analysis includes two basic steps: the separation of low-frequency components,
attributed to resonances and their interference, from the source signals produced by open real
systems and the analysis of the remaining chaotic components. Our study demonstrates that
anomalous diffusion manifests itself in electric potential fluctuations in an electromembrane
system with overlimitting current density. X-ray emission dynamics of astrophysical objects,
neuromagnetic responses to an equiluminant flickering stimulus of different color combinations
applied to a group of control human subjects. and 1 surface “roughness profiles” recorded by
atomic force microscopy.



