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B HacTosilee Bpems And aHanu3a kaHanos paspaboTaHbl MaTteMaTU4eckme Moaenu pasrnuyHbIX
YPOBHEN CMOXHOCTM WU CTENeHW afeKkBaTHOCTWU pearnbHbIM KaHanam. Mogenu, nonyuyusluve Haubornee
LUMPOKOE pacnpocTpaHeHue, - 3TO pa3HOBUAHOCTM rayccoBa kaHana.

Mog rayccoBbiM KaHanoM MOHMMAaKT MaTeMaTUYeCKyld MOAEeNb pearibHOro KaHana, NoCTPOEHHYHO
npuv criegyowmx ONyLEeHNsX:

- OCHOBHble (bu3nyeckme napamMeTpbl kaHama SBMASITCA W3BECTHbIMW LEeTEePMUHUPOBaHHBIMM
BENMUYMHaMU;

- monoca nponyckaHus KaHana orpaHuyeHa yactoTom Fy;

- B KaHane OencTByeT aadWTMBHBLIA raycCOBCKMA Oenbii WyM - agauTtmBHas QIIOKTyauMoHHas
rmomMexa OrpaHU4eHHOW MOLLUHOCTM C  pPaBHOMEPHbIM  YaCTOTHbIM  CMNEKTPOM W HOPMarnbHbIM
pacnpegeneHvemMm amnnuTya.

Mpegnonaraetca Takke, YTO MO KaHany nepedalwTcs CurHanbl C MOCTOSIHHOW  CpeaHen
MOLLIHOCTbIO, CTaTUCTMYECKNE CBA3U MeXAy CUrHanamu v Lymom OTCYTCTBYIOT, LUMPUHA CMEKTpa curHana
1 NMOMEXU orpaHU4eHa nofocon NponyckaHus kaHana.

[aHHble ponyuwieHWss B pearnbHbIX YCMOBUSAX 3a4acTyld He BbIMOMHAKTCH, YTO MpPUMBOAUT K
CYLLECTBEHHbIM UCKaXXEHUSIM NepefaBaeMblX CUrHanoB M B KOHEYHOM uTore K notepe mHgopmauyun. 3710
CBS3aHO C TPaAMUMOHHBIM MNOAXOAOM K aHanuM3y ClyyamHbIX MpoueccoB, 0asupylolemycs Ha
CMeKTparnbHO-KOPPENSLUMOHHON Teopun ¢ dyHOaMeHTanbHon Teopemon BuHepa-XuHumHa. OgHako Onis
MOMTHOTO CTaTMCTUYECKOro OMMCaHWs CryyarHbIX NPOLLECCOB HEOOXOAMMO OLEHUTb MOMEHTbl BbICLUNX
NopsiAKOB C Y4ETOM MHOFOTOYEYHbIX Koppensuun. Pe3koe Bo3pacTaHue CrOXHOCTU U 06bema BblMUCIIEHWI
Npu yxXygweHnn nx TOYHOCTM CTaBUT NOf COMHEHME CamMO OnMcaHue CryyYyamHbIX MPOLECCOB UX CPEOHVMM
BENMYNHAMW.

AnbTepHaTVBON CTaTUCTUYECKOMY OMUCAHWUIO SBMSIOTCA OLEHKM pakTanbHbIX pasMepHOCTEN
pasnMuHbIX CBA3a@HHbLIX C MPOLECCOM reoMeTpuyecknx OOBLEKTOB, KOTOpble WMEKT OonpeaeneHHbINn
PU3NYECKUA CMBICT U OTHOCATCA K NEpPCneKkTMBHOMY HanpaBfeHu WUccrnefoBaHW B aTonm obnactu.
dpakTtanbHOe pacnpegeneHve BO BPeEMEHUM UM MPOCTPaHCTBE MOryT MMeTb MNIOTHOCTU pacnpefeneHus
PasnuyHbIX BEMNWYWH, rpadvkym CUrHanoB, MHOXeCTBA 9KCTPEMYMOB CIlydaWHbIX MpoueccoB, ¢asoBbie
TpaekTopum AMHAMUYECKNX CUCTEM KOHEYHOW pa3MepPHOCTU C XaoTUYeCKMM nosegeHnem u 1.4 [1].

B pabote paccMOTpeH 3(EeKTUBHbIN METOA aHanu3a pakTanbHbIX U MyNbTUdPaKTaIbHbIX
CBOWCTB LlymMa B pajvoKaHane Ha OCHOBE AWCKPETHOro BeWBMeT-npeobpasoBaHMs CUIHanoB, TEOpWUU
CryyariHbIX MPOLLECCOB, PErpeCCMOHHOIO aHanmsa n npeobpasoBaHus JlexxaHapa.

Ornbatowasa curHana xapakTepusyeT 3akoH W3MeHeHusi ero amnnuTygbl. Pasa curHana
ONUCbLIBAETCS B YINOBOW Mepe, MpuUYeM CuUMTaeTcd, YTO B WHTepBane Mexay COCeaHVMW Touvkamu
nepemMeHbl 3HaKa OHa U3MEHSIeTCS HenpepbIBHO Ha BenuuuHy, paBHyio JI. VHTepBanbl BpemeHu, yepes

KOTOpble MponcxognT wuU3MeHeHune CbaSbI CuUrdana, npepncraBnarT coboin CJ'Iy‘-IaIZHbIIZ npouecc TQ

npOBEﬂ,eHHbM aHanm3 nokasan Hanun4yne CTPYKTYpHOro cxoacteBa CTaTUCTUYECKUX XapaKTepUCTUK OaHHOro
npouecca npmn n3mepeHmnn oTpe3KkoB BpeEMEHU U3MEHEHUA CbaSbI npn pasfmimyHbIX Macwrtabax nameHeHus

camon asbl 9, T.e. 3aKOH u3MeHeHus ¢a3bl obnagaer camonofobHbIMKU, MMM  ppakTanbHbIMUK,
ceonctBamu. [logobHble cBoWCTBa OOHapyXeHbl B HEKOTOPbIX APYrMX SBNEHUsIX, Hanpumep,
TypOyneHTHOCTU 1 Tpadbuke ceTu nepeaaym OaHHbIX.
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Ha pucyHke 1 npeacTtasneH rpauk nHTepBanoB CMeHbl dhasbl B 3aBUCMMOCTM OT 3HAYEHUSI CaMon
dasbl, Nnepnoa nsmMmeHeHus asbl COCTaBnNaeT 7T/ 2.

M3 pucyHka 1 BUOHO, YTO UCCreayembln Npouecc U3MeHEeHUs MHTEPBarioB BPEMEHM CMeHbI dhasbl
CUrHana xapakTepusyeTcs BbICOKOW JIOKaNbHOW CUHIYMSPHOCTBIO: HanmuyMem MUKoB, rpebHer, BCNecKoB.
Y7106kl KONMYECTBEHHO ONpeaenuTb 3TW JToKanbHble BapuaLlmu B UCCnegyemMom npoLecce npu KOHKPETHOM

anaueHn dassl 0, oGosnaumm uepes Y =(Y(0):0<6<1) npouecc, npeacrasnsiowmit obuiee

BpeMs, B TeueHWe KOTOPOrO HabIOAasncs curHan Ao MOMEHTY, Koraa 3Haueue cassi coctasuno O
(NpeanonaraeTtcsi, Y4TO PaccMaTpuUBalOTC HOPMMPOBAHHbIE 3HaYeHUs asbl),u ans Hekotopbix N>0,
npeactasum untepsans Bpemenn T, , kak Y((k, +127")-Y(k,2™");k, =01,...,2" —1; To ecTb uHTepsan

BPEMeHU CMeHbI (hasbl, B TeyeHre KoToporo dasa namensietcs B uhtepsane [k, 27";(k, +1)27™"). Mpouecc

N3MeHeHNs hasbl MMeeT fokasbHbIN MacluTabupytowwmin akcrnoHeHT O (8,)) ans aHadenns daswl G, ecnm

MHTEpBan BpeMeHM wameHeHns dasbl Bepet cebs kak (27")*®) npu k2" - 6,(n > ). B

JanbHenwem 6y,1:|,eM Ha3biBaTb NnpoLecc CMeHbIl (ba3bl C OOHMM N TEeM Xe NoKalrlbHbIM MaCLLITa6I/IpyPOLLI,MM
3KCMOHEHTOM AN BCEX 3HaYeHUn CbaSbI 90 MOHOd)paKmal'leblM (STO BKMNIOYAET TOYHO CamMonogobHbI

npouecc, anst kotoporo a (6,) = H ans scex 90 ), B TO BPeMs Kak MPOLECC C HEMOCTOSHHBIM 3HAYeHUEM

a(6,) , HasbiBaeTCs MynbmugpakmansHbiM [2].

Llens MynbTUgpakTanbHOTO aHanmMsa CoCTOoMT B TOM, YTOObl MOMy4nTb MHGOPMauuio o
CUHTYNSIPHBIX 3KCMOHEHTaX B 3a@aHHOM CUrHarne v NpuiiTi K KOMNaKTHOMY OMWCAHWUIO MOJTHOWM CUHIYNSIPHOW
CTPYKTYPbl CUrHAroB B reOMETPUYECKUX UIN CTaTUCTUYECKUX TepMUHaXx [3].

PaspaboTtaHHas MeToaMKka OLEHKM MynbTUdpPaKTamnbHbIX CBOWCTB  BKIOYaeT —criedylolimve
OCHOBHbIE 3Tarnbl:

1. OnpepneneHve psina OTCHETOB MHTEPBANIOB BPEMEHN CMeHbI (pasbl Ha OAVHAKOBYIO BENUYMHY T, .

2. BbinonHeHue AONCKPETHOro BenBneTt npeo6pa303aHM;| Xaapa Haa psaaoM UHTepBarioB BpeEMEHU
CMEHDbI d)a3bl N BblHUCINIEHNE HOPMUPOBAHHbIX MacmTa6v|pyr0Luv|x n BenBneT KOS(*)(*)I/ILI,I/IGHTOB.

3. Pacuer Sn(q) ANS pasfnMYHbIX MacluTaboB N U pasnUYHbIX 3HAYEHWUI (| B BUAE MaTpuLbl, CTPOKM

KOTOPOM COOTBETCTBYT AWCKPETHbIM 3HA4YeHMsIM ¢ B MOpsigKe BO3pacTaHUsA, a CTPOKM pasfvyHbIM
MacluTabam.

4. OnpepeneHne yHKUMN pas3bueHns T(q), ONs 4ero Ans Kaxgoro 3HavyeHusi ¢  uwetcs
sasmcumocts 2" = Sq(q). KoHKkpeTHble 3HavyeHusi PyHKLMU pa3breHnst Moy4arTca Ha OCHOBEe MeToda
HaMMEHbLUNX KBagpaToB MyTEM MOCTPOEHUS NIMHEMHOIO YPaBHEHUSI pPerpeccum Iog2 Sj (q) Ha | (=1,...,n),
npuuem | =n-log, (m) rae m - ypoBeHb arperMpoBaHusi, ONUCaHHBIN BbiLLe.

5. BbluucneHnne mynbTdpakTanbHOro cnekrpa f(a) Ha ocHoBe yHKUMN pa3BueHus T(q) c
“cnosnb3oBaHveM npeobpasosaHus JlexaHgpa.

Jlutepartypa

1. M. Arbeiter and N. Patzschke, “Self-similar random multifractals," Math. Nachr. 181, pp. 5-42, 1996.

2. A. Feldmann, A. C. Gilbert, and W. Willinger, “Data networks as cascades: Investigating the
multifractal nature of Internet WAN traffic,” Computer Communication Review 28, No. 4, Proc.
ACM/Sigcomm'98, Vancouver, Canada, September 1998, pp. 42-55, 1998.

3. R. H. Riedi and B. B. Mandelbrot, “Exceptions to the multifractal formalism for discontinuous
measures," Math. Proc. Cambr. Phil. Soc. 123, pp. 133-157, 1998.

([T (T




4-a MexxayHapoaHasa KoHdepeHuns DSPA-2002

THE METHOD OF MULTIFRACTAL ANALYSIS IN APPLICATION TO ESTIMATION OF NOISE
PARAMETERS IN INFORMATION CHANGE CHANNELS

Baranov W., Ternowoj I., Konichev M.

Abstract. Recent studies have demonstrated that measured noise parameter such as time of
phase change exhibits locally complex irregularities, consistent with multifractal behavior. Multifractal
structures have been found in a wide variety of physical systems from turbulence and rain clouds, to data
network traffic. Multifractals provide a mathematical framework for describing local singularities and
identifying complex local structure. With time-dependent scaling lows, they are more flexible in describing
locally irregular phenomena than monofractals, where the latter are governed by single scaling laws and
“look the same across a wide range of scales.” Exactly self-similar processes a special cases of
monofractals; their degree of local irregularity is the same across all scales and across all points in time
and can be captured by a single parameter, the Hurst parameter.

In this paper, we develop a new approach to analyze fractal and multifractal noise properties in
radio channel, based on discrete wavelet transform, stochastic processes theory, regression analysis and
Legendre transform.

To investigate this new scaling phenomenon associated with the dynamics of measured parameter
over small scales, we consider a class of multiplicative processes, the so-called conservative cascades.
Multiplicative cascades generalize the self-similarity of fractional Brownian motion by offering greater
flexibility and richer scaling properties.

We have noted two attractive properties of cascades: their increment processes are spiky and have
non-Gaussian marginals. Surprisingly, these two properties are strongly related, and much effort has been
expended connecting them rigorously under various assumptions. The scaling of moments, which is
captured with the simple and efficient partition function acts as bridge. This function can be viewed as a
concise way of describing various features of cascades and processes in general.

It is necessary to make some operations to provide multifractal analysis.

At first we used the wavelet coefficients of a signal to study its scale-depend properties. Next we
fixed a scale one and computed certain statistics about the wavelet coefficients at that scale. Now we
construct a structure function to analyze the multifractal structure (or the local rather than the global-
scaling properties) of measure which is based upon the Haar discrete wavelet transform of the measure. In
order to numerically estimate partition function we transforms the structure function. After introducing
Legendre transform to partition function we can get a multifractal spectra of investigated process.




