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VHCTUTYT pagmMOTEXHUKN U 3NeKTPOHUKN PAH,
YenabuHcKnin rocyaapCTBEHHbIV YHUBEPCUTET

B pooknage npuBedeHbl pesynbTaTbl aHanm3a BpPeMEHHbIX MOoCrefoBaTenbHOCTEN, reHepupyemMbIx
OVCKPETHOM CTOXacTMYEeCKOM CUCTEMOM, nNpefHasHayYeHHoOW AN MOAENUPOBaHUA OUHAMMUKU  MOTOKa
NMPOCTPAHCTBEHHOIO 3apsaa B PeXMMe CBEPXKPUTUYECKOrO ToKa.

PaccmaTprBaeTcs ogHOMEpHOe ABWXKEHME YacTul, KOTOpble PaBHOMEPHO C MHTepBanoMm Dt
NHXEKTMpYtoTCa B npomexyTok 0£x£ 1 B Todke x=0 CO CKOpPOCTbIO V. 3aKOH OBWXEHUSI K-OM YacTuupbl B
ANcKpeTHOM Bpemenu t=iDt (i=1,2,...) 3agaeTcs paBeHCTBOM

x, (i+1) =x, (i) + v, (i)Dt.

CKkopOCTb KaXoun YacTuLbl MOXHO NPeAcTaBUTb B BUAE TPEX cnaraembix:

Vi(i)=Vo+Dvz+gy(i),

roe Vo=1; Dv<1/2 — napameTp, onpefensawwWwmi pa3dbpoc CKOPOCTEM 4acTul, zx — ChyyYamHas
BENMYMHaA, pacnpegeneHHas no HopMasnibHOMY 3aKOHY; g — KO3(O(ULNEHT CBSA3U C BHELUHVMM BO3AENCTBMEM.
Mepuoamnyeckas coctaBnsoLlas ckopocth y(i) onpeaenseTca CUCTEMOW BTOPOro nopsifika, HasbiBaeMoun B
Teopun unbTPoB LUPOBLIM PE3OHATOPOM:

y(i)-a1 y(i-1)-a2 y(i-2)=0,
roe a;=2coswy, a,=-1, wg — YactoTta nocnegoBaTesibHOCTH.
BeeneHne cnaraemoro gy(i) nossonsiet uccnenoBatb 3(PEEKTbl BbIHYXAEHHOW CUHXPOHM3aUUn B

paccmaTtpuBaemon cucteme. Npu nepexoae YacTuLbl Yepes LEeHTP Macc NoToka
M

x. )= x,0/M,
k=1

roe M —nonHoe umMcno 4actuy B i — W MOMEHT BpEMEHM, MNPOUCXOOUT CryyYanHbl BbIBOp
HanpaBneHus OBuxeHusi. CKOpoCTb YacTuubl MOXET OAMH pa3 M3MEHWUTb 3HaK C BEpPOSTHOCTbI g, NMbo
OCTaBUTb HanpaBfieHWEe CKOPOCTU HEM3MEHHBLIM C BEPOSITHOCTLIO P, p+q=1. OCcoBEHHOCTN AUHAMMKN NOTOKA
onpenensoTcs 3aBMCMMOCTBIO BEPOSTHOCTEN Mnepexoda OT MOSMOKEHWUst LleHTpa Macc MoToka, KoTopas
UMEET rMCcTepesnc

P(Xc)=ps, O£XEX; , P(Xc)=Pb, X £X£1,

roe x> X, pe1/2, pp<1/2.

YuncrneHHoe wccregoBaHWe CUCTEMbl MOKa3ano, YTO B HEKOTOPOM AuManasoHe BpeMEHHbIX
WMHTEpPBAasoB 3aBNUCUMOCTb X.(i) NpeacTaenseT cobon dpakranbHoe OpoyHoBCKOe ABWXeHue. [NpupaleHus

Dxc(m)=xc(i+m)-xc(i)

MMEIOT rayCCOBCKOe pacrnpeferieHme co cpefHekBagpaTUYHbIM OTKIIOHEHUEM s(th)H. Pexum
OBWKEHWS!, onpedensieMbll napameTpoM H , 3aBUCUT OT MOMOXEHWs TOYEK paBHOBECUsI MOTOKa Xo(pr) ,
Xo(Pp). KoopamHata Toukm paBHOBeCWs ANS OAHHOW BEPOATHOCTU COXPaHEHWsl 3Haka CKOpPOCTWU 3afjaeTcs
BbIpaXkeHreM Xo(p)=p((1+2q/p)"?-1)/2q. Mpu BbINOMHEHNM HEPABEHCTB

X1 ¥ Xo(Pb), Xo(Pr)# X,

B CWUCTEME YyCTaHaBMnMBaeTCs konebaTenbHbli pexvm C MNofynepyvoaoM, pPaBHbIM CpedHeMy
BPEMEHM ABWXKEHUS LieHTpa TSHXKEeCTU Mmexady rpaHuuamu rucrtepesvca. bpoyHoBckoe OBWkeHVe SABrnsieTcs
npyu 3TOM nepcucteHTHeiM (H>1/2). Ecnn xoTa Obl ogHa M3 TOYEK pPaBHOBECUSI OOCTATOYHO TNyboKo
nonagaeT BHYTpb obnactu rucrtepesmnca X< Xo(Pp) WM Xo(Pr)< X, , PEXMM [OBWKEHUS LEHTpa Macc
CTaHOBUTCHA  @HTUMNEPCUCTEHTHbLIM (H<1/2). PeryngapHbein  xapaktep konebaHun  cMmeHsieTcs
LLIMPOKOMOMOCHBIMU (PryKTYaUNOHHBIMKU BUEHUSIMU, UMEIOLLUMMM XapakTep dnnkkep-wyma. Mpu nepexoge ot
konebaHuin, MEIOLLMX MHTEHCUBHYIO NEPUOONYECKYIO KOMMOHEHTY, K (ONIMKKEp-LWIyMYy Habnopgaetcs obnactb
nepemexaemMocTu, rge Ba npoiuecca HeperynspHelM 06pasoM CMeHsT apyr Apyra. [Onsi nepcuUcTeHTHOro
OBWKeHUs HabnogaeTcs ahdeKT BbIHYXAEHHOW CUHXPOHU3aUUM C 3aXBaTOM YacTOTbl, MOOOOHO TOMY, Kak
3TO NPOUCXOOUT B Krnaccnyeckom reHepatope BaH gep lNons.
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FRACTAL BROWINIAN MOTION IN THE MODEL OF RANDOM WALKS WITH HYSTERESIS OF
TRANSITION PROBABILITIES

Kornienko V., Privezentsev A.

The paper provides analysis of time sequences generated by a discrete stochastic system designed
for modeling complex dynamics of space charge flow in super-critical current mode.

For the sake of notation of the equation of the set let us consider one-dimensional motion of
particles, which are evenly, with the interval Dt , injected into the gap 0£x£ 1 in the point x=0 with constant
speed. The law of motion of k-th particle in discrete time t=iDt (i=1,2,...) is set by inequality

x, (i+1) =x,(i) + v, (i)Dt.

The speed of the particles has three components v(i)=vo+Dvz+gy(i) where vo=1, Dv<1/2 is
parameter, which determines the dispersion of particle speeds, z is random variable of distribution under
normal law and g is coefficient of connection with external impact. Periodic component of speed y(i) is
determined by a second order system, which is called digital resonator in filter theory

y(i)-a1 y(i-1)-az y(i-2)=0

where a;=2coswg , a,=-1, wg the frequency of sequences. Introduction periodic value by gy(i) allows

to research the effects of forced synchronizing in considereded system. When going particles through centre

of masses of flow
M

x ()= x,OM,
k=1

where M is complete number of particles in i-th moment there is a random choice of particle
direction. Particle speed can change sign once with probability g or it can remain unchanged with probability
p, p+g=1. Peculiarities of flow dynamics are determined by the dependence of transition probabilities on the
position mass center of the flow , which has hysteresis p(xc)=p;, 0£X.£X; , P(Xc)=Pp, X £X.£1,where x> X,
p>1/2, pp<1/2. Numeric study of the system showed that x.(i) is fractal Brownian motion in a certain range
of time intervals. Increments Dx.(m)=xc(i+m)-x.(i) have Gaussian distribution with root mean square
deflection s(th)H . Motion mode, determined by H parameter, depends equilibrium points of the flow xq(ps) ,
Xo(pp). Co-ordinate of equilibrium point for the given probability of retaining the speed sign is set by
xo(p)=p((1+2q/p)"2-1)/2q . When inequalities x; #+ xo(pp), Xo(Ps)# X:, are fulfilled the system acquires oscillatory
mode with half-period equal to mean time of motion of center of masses between hysteresis boundaries.
Brownian motion here is persistent (H>1/2). If at least one of equilibrium points penetrates deep enough
into the domain of hysteresis x,< Xo(ps) Or Xo(ps)< X; () motion mode of center of mass becomes anti-persistent
(H<1/2). Regular character of fluctuations is replaced by wide-band flicker-noise-like fluctuations. When
fluctuations with intensive periodic component transfer to flicker-noise there is an intermittency zone, where
the two processes alternate irregularly. Persistent motion shows effect of forced synchronization with
frequency locking like in the classical Van der Pol generator.




