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Awunoranms. Pabora TIOCBSIIIIEHA KAACCY CTOXaCTUIECKUX ABYMOAOBBIX SPEAUTAPHBIX
Mopenen KOCMUYIECKOT'O AMHAMO. Moaeru BKAIOYAIOT B cebs ABa reHeparopa
MarHUTHOI'O TIOAS — KPYIIHOMAaCIITAaOHBIR u TYpPOYAEHTHBIR (x-addekT). Bausinue
MAarHATHOI'O HOAST Ha ABU>KEHUST CpeAB! IpPeACTaBAECHO qepes IOAABAEHUE

a-a3dderTa QPYHKIUOHAAOM OT KOMIIOHEHT IIOASI, YTO BBOAUT B MOAEAb IaMSTh (SPEAUTAPHOCTD).
Mop€eAb ONMUCHEIBAET AMHAMUKY TOABKO KPYITHOMACIITAOHBIX KOMIIOHEHT, OAHAKO YYUTHLIBAET BO3MOXKHOE
BO3AENCTBYE MEAKOMACHITAOHBIX MOA, C IIOMOIIBIO CTOXACTUYIECKOTO YAECHA. DTO YNEH MOAEAUDPYET BAUSHUE
BO3MOXXHOM CIIOHTAHHOM CHHXPOHM3AIMM MeAKOMAacIITabHBIX MOA. Tak >ke B paboTe IpepCTaBAEHA
YUCAEHHAS CXeMa AAS PeLIeHUsI UHTerpo-AuddepeHIanbHbIX YPaBHEHUN MopeAu. UHUCAEHHAsT cxeMa
COCTOUT M3 ABYX HacTell: AAsT AUDDEPEHIMANBHON YaCTH HCIOAB3YETCS METOA, IIPEAVKTOP-KOPPEKTOP»
ApaMca 4eTBepTOro MOPsIAKA, a AASL MHTErpaAbHOM dacTu — MeTop CumincoHa. OCHOBHBIM Pe3yABTATOM
paboThl SBASIETCSI ODOOIIEHHAsT MOAEAb AMHAMO-CUCTEMBI, C AAAUTUBHBIM AODAaBAEGHUEM CAYYaNWHOMN
IoNpaBKa B X-TeHepaTop. Y4YeT TaKOW IIONpPaBKU CYILIECTBEHHO PasHOOOPA3UT AMHAMUYECKUE PEXUMEBI B
MOAEAU.
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Stochastic Two-Mode Hereditary Model of a Cosmic Dynamo

E. A. Kazakov*, G. M Vodinchar
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Paratunka, Mirnaya str. 7, Russia

Abstract. The paper is devoted to a class of stochastic two-mode hereditary models of the cosmic dynamo.
The models include two magnetic field generators — large-scale and turbulent (x-effect). The influence of
the magnetic field on the motion of the medium is presented through the suppression of the x-effect by
a functional of the field components, which introduces memory (hereditary) into the model. The model
describes the dynamics of only large-scale components, but takes into account the possible impact of small-
scale modes using a stochastic term. This term models the influence of possible spontaneous synchronization
of small-scale modes. The paper also presents a numerical scheme for solving the integro-differential
equations of the model. The numerical scheme consists of two parts, for the differential part the Adams
«predictor-correctory method of the fourth order is used, and for the integral part the Simpson method.The
main result of the work is a generalized model of a dynamo system, with an additive addition of a random
correction to the a-generator. Taking into account such a correction significantly diversifies the dynamic
modes in the model.
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BBeaenne

Teopust rUAPOMArHWTHOIO AWHAMO  YCIEIIHO OIMCHIBAeT CyIIeCTBOBaHUE
KPYIIHOMACINTaOHBIX MArHUTHBIX IIOAEH KOCMUYECKMX OOBEKTOB (IIAQHET, 3BE3h U
ranakTuk) [1,2]. B mpocrefimeit popMe 3TOT MEXAHU3M AASI KOCMUYECKUX AXHAMO-
CUCTEM IIPEACTaBAsIET CObOH B3aMMHYIO T'€Hepalio TOPOMAAABLHOM ¥ IIOAOKAAABHOMR
KOMIIOHEHT IIOASI APYI U3 Apyra C IIOMOIIbIO KPYIHOMACIITaOHBIX ABMYKEHUH
IIPOBOASAIIEN CPEABI M MEAKOMACIITabHBIX TYpOYAeHTHBIX IyAbcanuit [1, 3]. Pabora
AMHaMO-CUCTEMBI HOCUT CaMOCOI'AACOBAHHBIM XapaKTep C 06paTHOM CBS3BIO.

OpHuM W3 HaIpaBAeHUI PaboT IO AMHAMO-CHUCTEMaM SIBASIETCS YU€T B MOAEASIX
mamsaTu (spepmrapHocT:). OOBIYHO 3Ta ObpaTHAsi CBSI3b CUUTAETCS MIHOBEHHOM BO
BPEMEHN ¥ AOKaAbHOH B IpocTpaHcTBe. OpAHAKO IPaBUABHOE OIMCAaHUE TyPOYAEHTHOIO
IlepeHoca BKAIOYAeT CBEPTKY MHTEIPAABHEIX SIAED CO CpeAHUM moaeM [4]. B pabore [5]
IIOKa3aHO, YTO 3EKT MaMsATU TaK’Ke CUABHO BAUSET Ha AeHCTBME AMHAMO.

[IpsimMoe YWCAEHHOE MOAEAMPOBAaHHUE AASl ypaBHEHWE AMHaAMO TpebyeT OdeHb
OOABITNX BBHIYUCAUTEABHBEIX PECYPCOB. AAS BOCIIPOM3BEAEHUS B MOAEASIX PeaU3aIUMl
IIOASI, CPaBHUMEBEIX IIO AAMTEABHOCTH CO BPEMEHEM CYIIECTBOBAHUSI KOCMUYECKUX
0OBEKTOB, IPUXOAUTCSI OIPAaHUYMBATHCS MaAOMOAOBEIMY IIPUOAMIKeHUsIMHU. [IpeaeabHO
BO3MOYKHOE yCEYEHME YMCAA MOA IPUBOAUT K ABYMOAOBBIMU MOAEASIM. Aa’ke IIPU TaKOM
CHUABHOM IIPOCTPAHCTBEHHOM YCEYEHUN B MOAEASIX C IaMSThIO YAAETCS BOCIIPOU3BOAUTD
AVHAMHUYECKAE DPEXUMBI, IOAOOHBIE peaAbHBIM, BKAIOYasi TaKHWe CBOMCTBa, KakK
dpaKTaABHOCTL IIKAABI IOASPHOCTH MAarHWTHOIO IIOASI M CTEIEHHOE DacIIPeAeAEHUe
BpPEMEHU OKUAAHUS NHBEPCUHU.

ABropaMy paspaboTaHa ABYMOAOBasl 3peAUTapHas MOAEAb AWHAMO B BHAE

CAeAyIOIE#l  MHTerpo-pAudepeHnraAbHOE  cucTeMbl [6-8], B  6e3pasMepHBIX
IIEPEMEHHBIX!
dx S [
at - ety nopst ) Kit=1QUx(r),y(r) dr
(1)
d T
d—l‘i =—y+x {D —J K(t — T)Q(X(T),y(’t)) d’t] )
0

3aecs  x(t) m y(t) mnpeacTaBASIOT COBO# aMIAWTYABL TOPOMAAABHOM U
[TOAOUAAABHON KOMIIOHEHT IIOASI, IIOAOKUTEABHEIE KO MUIUEHTEL 1), S, P, D SIBASIOTCS
YVIPaBASIIOIIMMY ITapaMeTpaMu MopeAu. [Ipy p = 0 moayyumm ow-puHaMo, npu p # 0
HoAyYHM o W.

QU3NIECKUA CMBICA HHTEMPAABHOTO YAEHA — 3TO [aMsTh B OOpPaTHOW CBS3U
AMHAMO-CACTEMBI, KOT'AA MOAABAEHNE TE€HEPAMM MArHUTHOTO IIOASI ODECIIEYMBAETCSI
B3BEIIIEHHON I[I0 NPOLIABIM COCTOSIHUSM GYHKIMeX Q(X,Yy) OT KOMIIOHEHT IIOAS.
B peanbHO# (pU3MUECKON AMHAMO-CUCTEME OOpaTHAasI CBSI3b ODECIIEYMBAETCS CHUAOK
J\opeHIla, KOTOpasi KBaAPaTUYIHA II0 IToAI0. [losTomy dyuKIus Q(X,y) 6yaeM cuuTaTh
HEKOTOPO#t KBaApaTHIHOM hopMoit CBOUX apryMeHToB, T.e. Q(x,y) = Ax?>+2Cxy+Ay?,
rae A, — HEKOTOPBIE ITIOCTOSIHHEIE KO3 PUIMEHTEI, HE PaBHLIE HYAIO OAHOBpPEMEHHO. [Ipn
A = 0 mopaBAEHME reHepaTopa CIXPAABHOCTBIO oA, Tpu = O IIOAABAEHUE reHepaTopa
SHEPTUEN IIOAS.
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J\OKa3aTeAbCTBO CYILIECTBOBAHUS ¥ E€AMHCTBEHHOCTH pelleHust cucTeMbl (1) mpum
IIPOM3BOABHEIX HAa9aAbHEIX YCAOBHUSIX IIPUBEAEHO B pabore [8].

B paboTe 6yAeM MCIOAB30BATH KOMIAKTHYIO (POPMY 3amucu CUCTeMEI (1), KoTopas
UMEET BUA;

& n—psiz)y —mx

dt ’

dy

@ - DP-2x-y, 2)

t
2= | Kit=0QUx(7),y(x) dr.
0

Kak mokasaHo B pabore [9], MHTerpaAbHBIE UA€H B CHCTeEMe (2) AASL OAHOTO
kaacca sgpep K(t — T) ¢ 3KCIOHEHNIaAbHON aCHMITOTHKOM MOMKHO YCTPaHWUTb, BBEAS
MAOTIOAHUTEAbHbBIE (pa3oBble IepeMeHHble. CumcreMa (2) Ipum 35TOM 3aMeHSIETCS Ha
cucteMy AUPQEPEHIINANPHEIX YPaBHEHUN C HEKOTOPEIMU HAYaAbHEIMU YCAOBUSIMHU
Ha AONOAHWTEABHBIE IepeMeHHEle. [IpIMepOM TaKoro sApa MOXKET ObITH (PYHKIUS
K (t) = e "'. B aTOM cAydYae HHTErPaAbHOE PABEHCTBO B (2) 3aMEHUTCST PABHOCUABHEIM

COOTHOIIIEHUEM d—i = Q(x,y) — bz, z(0)=0. Toraa npu 3uaveruu p = 0 ¥ PyHKIUL
Q(x,y) = xy moayumm Kaaccudeckyio cucremy JNoperna [10]. Eé aunamuyeckue

pexxumMmel mpu 1 = 10, b = 3 IIPEKPACHO M3BECTHEI.

CroxacTudeckasi ABYMOJOBad MOJIEJIb

Vcnoab30Banme MaAOMOAOBBIX IPUOAMIKEHWY BCETAa IIPEAIOAATAET, YTO OOIuit
3pderT OT OTOPOIIEHHBIX MEAKOMACIITabHEIX MOA, paBeH HyAo. OAHaKO B
AENCTBUTEABHOCTH 3TH MOABLI MOTYT CAMOIIPOM3BOABHO CHHXPOHU3UPOBATBECSI U HUX
BAUSHUEM V>Xe HeAb3sd IIpeHeOpeub. Ob6pa3oBaHWE TaKUX KOTEPEHTHBIX CTPYKTYP
XOPOIIIO M3BECTHO B TEOPUM TYPOYAEHTHOCTH. DTHU CTPYKTYPHI CIIOHTAHHO BOSHUKAIOT 1
CIIOHTAHHO paspymaiorcs [11].

BBeaeM B cucrteMy 2 CTOXacTHYecKuil dUneH &(t), KOTOPBIA ONKUCHIBAET
CAyYaliHOe BAUSHNUE KOTEPEHTHEIX CTPYKTYP, KOTOPHIE CIIOHTAaHHO OOpa3yoTCs
MeAKOMACIITAOHBIMY IYABCAIUSIMU CKOPOCTY ¥ MArHWTHOI'O IIOAS, Ha MHTEHCUBHOCTD
o-3pderTa. B 3aBUCHMOCTZ OT aMIAUTYABI Ka>XAOW TaKOW CTPYKTYPEHI, BAUSHUE
MOYKET YCUAUBAIOTCS UAU OCcAabeBaTh. BBEAEM 3TOT YAEH B CUCTEMY, KaK apAUTUBHYIO
IIOIIPABKY AAS z(t), B pE3yAbTATE IOAYYMM:

d

d—: =(M—ps’(z+&))y—nx,

d

d—l;':(D—z—Ez)x—y, (3)

2= j K(t — 0)Q(x(1), (1)) dr,

0
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3pech & m &) UMIOYABCHBIE CAyYallHBlEe IIPOIIECCHI, ONIMUCHLIBAIONINE BAUSHUE
CHHXPOHWU3WPOBABIIMXCS MOA Ha TeHepaunuio o-3dPeKTOM TOPOMAAABHOM U
TIOAOMAAABHOM KOMIIOHEHT.

OnuireM MOAEABHYIO CTPYKTYpPY 3Tux mporeccoB [12]. Ilpeamonaraercsi, 4To K-
CTPYKTypa CIOHTAaHHO obpa3yeTcs B CAyUalHBI MOMEHT (y M CYIIECTBYET CAyUaiiHOe
BpeMst Oy. Ml npeHebperaeM BO3MO>XHOCTBHIO OAHOBPEMEHHOI'O CYIIECTBOBAHUSI ABYX
u 6onree cTpyKTyp. CaepoBaTEABHO, MBI HMMeeM CTOXAaCTUYECKYIO BO3PaCTAIONIYIO
IIOCAE€AOBATEABHOCTH MOMEHTOB BPEMEHMU:!

0<P1 <01 <P <O < <P <O <... (4)

Torpa TXV = ¢x — 01 - cayualiHOe BpeMs OKUAAHUS (POPMUPOBaHUS K-0it

CTPYKTYPEHL, a T]E = Oy — Py cayuaiiHOe BpeMs ee cyllecTBoBaHusI. CHHXPOHU3AIIUS

MOA, IIPOMCXOAUT AOBOABHO PEAKO M CYIINECTBYIOT OHU HEAOATO. [losToMy MEI HyaeMm
w

IIpealionraraTb, 9TO IIEPEMEHHBIE T,  HMMEIOT CTEIICHHOE PACIIPEAEAEHNE C HEKOTODPBIM
MEANAHHBIM 3HAYECHNEM TWI

w 1
o =T, (R - 1), (5)
1 -1 E
rae ¢ = (Zﬁ - 1> . A TepeMeHHBIE T, HMEIOT IIOKa3aTEABHOW pacCIpeAEAeHUE C
MEAMAHHBIM 3HAYECHNEM TEI
Te
Tr = ——— InR. (6)
In2

[Tapamerpst T, # T UMEIOT CMBICA XapaKTEPHEIX BPEMEH OXKUAAHUS U CYLIIECTBOBAHUS
CTPYKTYDP.

[lycts caygaliHble BEAWYUWHBI & U &) ONKUCHIBAIOT KMHTEHCUBHOCTL BAUSIHUS
k-off CTPYKTYphHl Ha T€HEpPAIWIO TOPOUAAABHON ¥ IIOAOMAAABHON KOMIIOHEHT.
OTV MHTEHCUBHOCTHU IIPEAIIONATAIOTCS OAMHAKOBO PACIPEAEAEHHBIMU I'AyCCOBCKUMU
cayuaitaniMu BeawauHamu N (0, 02).

Bce cay4altHble BEAWYWHEL T) , Tv, &1y 4 &7y IPEATIOAATAIOTCS HE3ABUCUMEIMA MEKAY
coboit ¥ IIpM Pa3AUYHBIX K.

Temepb ompeaeArM mporecchl &;(t) caepyromuM obpazoMm:

ai(t):Zaik[H(t_Tk)_H(t_ek)]> i=1,2, (7)

rae H(:) — crynmenyaTas dyHukius XeBucaiaa.

OAMH 73 BO3MOJKHEIX IIPUMMEDPOB PEAAM3ALUM TaKOI'0 CAYYalHOI'O IIpoIiecca Co
3HaueHusMu I, = 1 u Tg = 1 mpeacTaBAeHa Ha puc. 1.

Peanpuble AWHAMO-CHACTEMEL AEMOHCTPUPYIOT 6oAbIIOE pasHoObpazme
AVHAMUYECKAX PEXXUMOB: CTAI[MOHAPHBIE, OCIUAAUPYIOIINE, XAOTUIECKUE, BCIIAECKU
remepanuy (dynamo bursts). OaHako, B ABYMOAOBHIX MOAEAsIX Tuma (2) mpu
(PUKCHPOBAHHLIX 3HAYEHUSIX VIPABASIOIINX IIAPaMETPOB IPOOAEMATHYHO IIOAYYATH
cMmeHbl pexxuMoB. Ho mpomeccwl &; B CTOXaCTHYECKOM BapHaHTe ABYMOAOBOW MOAEAU
(3) sIBASIIOTCSH CAyYaRHBIMY BO3MYIIEHUSIMU ABYX U3 3TUX IIapaMeTPOB.
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|
i | gill ‘

U

Puc. 1. IIpumep cayuaitaoro mporecca &(t).
Figure 1. Example of a random process &(t).

[IosToMmy, ecam BEIOpATh 3HAYEHUS I[IapPaMETPOB MOAEAM BOAM3KM KPUTUUECKUX
(COOTBETCTBYIOIIUX CMEHE pEXUMOB), TO B MOAEAW MOXXHO BOCIPOU3BOAUTD
pasHoObOpasre AMHAMUKY, IIPUCYIIee PeaAbHBIM AMHAMO-CUCTEMAM.

YucaeHHBIT MeTo/

AANST YUCAEHHOTO MCCAEAOBAHUS MOAEAU (2) HEOOXOAMMO COBMEIIEHUE PA3HOCTHLIX
cxeM AAST AMGP@EPEHIMAABPHON YaCTW ¥ KBAAPATYPHOU (POPMEI AAS HMHTETPAABHOMN
YaCTH.

B KadecTBe pasHOCTHON CcxeMbI AAS AUPGEPEHIIMANBPHOE dYacTu MBI 6OyaeMm
HCIIOAB30BATh CXEMY <(IIPEAUKTOP—KOPPEKTOP» HA OCHOBE SIBHOM ¥ HESIBHOW CXeM
Apawmca 4 nopsiaka [13-15]:

h
xP = Xp + ﬂ [55f(Xn) Zn) - 59f(Xn—1) Zn—]) + 37f(Xn—2) Zn—Z) - 9f(Xn—B) Zn—3)] )

h
Xnt+1 = Xp + ﬂ [91:(Xp)zp) + ]9f(xn)z‘n) - 5f(Xn—l) Zn—]) + ]f(Xn—2) Zn—Z)]

B xauecTBe KBaApaTypHOM (OPMYABI AASL MHTETPAABHOTO YAEHA UCIOAB3yEM
dopmyry Cummncora [16], KOTOPYIO IPEACTaBUM B BUAE:

h
Zn+1 = L+ gKOQ(Xn+1)) (8)
rae L B caygae geTHOrO N
h h
L= 3KaQlx1) + ¢ (Kn1 Qo) + KnQ(x1) +4K, 1 Qlxs) ) +

n/2 n/2—1 (9)
4h 2h
+? ; Kog1—21Q(%a1) + 3 ; Knt1—irn Q(X2it1),

N
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a B CAYyY9a€ HEYETHOI'O M.

h n/Z n/Z 1

L= gKnHQ Xo Z Kn- 21+1Q X21+1 Z Kn— 21Q X21 (10)

[TocKOABKY, CEMERCTBO METOAOB AAaMca SIBASFOTCS MHOT'OIIIATOBBIMY, HaM HEOOXOAUMO
AASI 3aIIyCKa UTEPAIMOHHOM IIPOIeAYPHl HadaAabHOe NPUbAM>KeHWe. B wacTHOCTH, HaMm
HEOOXOAMMO 3HATh 3HadeHWs pyHKuum# f(x) B Toukax t = 0,h,2h,3h u 3HaYeHUS
dyukmuit Q(x) B Toukax t =0, ;,1 2,3.

OAVH 73 BO3MO>KHEIX CIIOCODOB IIOAYUEHUS STUX 3HAYEHUY B CACAYIONIEM. 3aMEHUM
sapo K(t) ma anmmpoxcumupyiomiee J(t), AAST KOTOPOTO MHTETPAABHBIA UAEH MOMKHO
HCKAIOYUTD ¥ NEpediTy K AuddepeHnmarbHoit cucreme. B pabore [9] mokasaHo, 4To
9TO MOXKHO CAEAATb AAST HEKOTOPBIX SIAEP C SKCIOHEHIUAABHON aCHMITOTUKOHA, B TOM
YuCAE, AST IAEP BUAA Ae~ bt g e b . [ToaTomy, npu K(0) # O bepeM mepBEBI# TUI sTApa
J(t), moaarast A = K(0), a mpu K(0) = 0 6epem BTOpOI#t T siapa J(t). B oboux caygasx,
moay4uuM coBmapeHue saep K(t) u J(t) B HyaeBoit Touke. Aanee AETKO ONPEAEAUTH B,
YTOOBI CXOAHOE U allIPOKCIMUPYIOUIEE TAPA COBIapaAu B Touke t = 3h.

AAST TaKEM CUCTEM MBI MOXXEM IIOAYYUTH pelreHme B Toukax t = 0, ;,h 2h,3h
4YuCAeHHBIM MeTopoM Pyrre-KyrTer 4 mnopsipka. Pemrenwme cucTeMBl B TOYKax
t = 0,h,2h,3h meobxopumMEI AAS AUDODEPEHIINANDHON YACTA YUCAEHHON CXEMBI, a
3Ha4YeHUEe B TOUKE % TpebyeTcs AAS KBaAPATYPHOR POPMEI.

B 3aBucuMoOCTH 0T BHAQ siapa J(t) AuHaMuYecKasi cucTeMa 6YAET UMETH CAEAYIOMIAR
BUA,

Anst siapa J(t) = K(0)e ®t.

d
dt
dXz

a (D —x3) %1 —xa. (11)

= (ﬂ - PSZX3) X2 —MNX1,

dX3

T Q(x1,x2) — bxs.

Anst siapa J(t) = te b,

dx,
dt

dx
d_tz = (D —x3)x1 — %2,

dX3
Db t
dat x4(t)

dx ~ ~
d_t4 = Q(x1,%2) — 2bxy — b*x3

HOAYT-IaeM AATOPUTM IIOMCKa HaAYaABHOI'O l'IpPI6AI/I7KeHI/I$I AASL  MHOTI'OIIIAaroBOI'O

= (n—ps’xs) x2 —1xi,

(12)

METOAQA:

1. Haxopuwm 3Hauenus dyurnui f(x) u Q(x) B Toure t = 0.
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).

2. C maroM — HaxoAUM 3HadeHZs X1. Haxoauwm 3Hauenuwe dpymkimm Q(x
2

2

1
2

3. C marom 5 HAXOAUM 3Ha4YeHWs X;. Haxoaum 3HaveHus: pyuruumi f(x) z Q(x) B

Toure t = h.

4. C marom h HaxopuM 3HaueHUs X;. Haxopum smauenust dymruumi f(x) u Q(x) B
Touke t = 2h.

5. C maroM h HaxoAuM 3HadeHus X;. Haxoaum 3HaueHus dyuknuit f(x) u Q(x) B
Toukre t = 3h.

[Tocae HaXOKAEHUS 3HAUYEHUN BCeX HEOOXOAMMBIX (PYHKIIMM, MBI MOXKEM 3aIIyCTUTH
BBIYUCAUTEABHYIO IPOIEAYPY MeToaOM AaaMca.

BroruucanreabHbie IKCIIEpUMEHTbI

Brina IpOBEAEHA CEPUST BEIYUCAUTEABHEIX SKCIEPUMEHTOB B MOAeAX (3). Aanee Ha
PUCYHKaX IIPEACTABAEHBI PE3YABTATEl MOAEAMPOBAHMSI. BBIUYMCAEHUS IPOBOAUAKCE HaA
cucreMe (3) CO CAEAYIOMUMY 3HAUEHUSIMY YIIPABASIOINUX [1apaMeTPOB:

8 2
3)
K (t) = eibt) Q(X)y) =Xy.

Ha puc. 2b. nokasano pemrenue x(t) cucremsr (3) 6e3 cAyIaiiHOrO BO3AEHCTBUA &,

T]:]O) D:24) b:

15

05 -
10

Xl
[=]
X

05

10 b

Puc. 2. Cayuaiinsrit mpouecc &(t) (a) u dasoBast koopaurara x(t) (b).
Figure 2. Random process &(t) (a) and phase coordinate x(t) (b).

Ha puc. 3b u3obpasxerno perernue x(t) cucremsr (3) ¢ caygaiiubiM Bo3aeiicTBureM & (t)
[IPUBEAEHHLIM Ha puc. 3a.

7
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Puc. 3. Caygaitueiit mpouecc &(t) (a) u dasoBas koopauzaTa x(t) (b).
Figure 3. Random process &(t) (a) and phase coordinate x(t) (b).

15

10

Xl
o

10 B

-15 +

Puc. 4. Cayuqaiiusrit npouecc &(t) (a) u dasoBast koopaurara x(t) (b).
Figure 4. Random process &(t) (a) and phase coordinate x(t) (b).

Eme oaHa peanmsamusi CAydallHOTO IIPOIleCCa M €r0 BAUSHUS Ha cucTeMy (3)
IPeACTaBAEHBI Ha pucC. 4.

Termepb pacCMOTPUM CAydYalf, Koraa cucreMa (2) 6e3 caydaiHOro BO3AEHCTBUS
UMEET XAOTUUECKUN PEXKUM AMHAMUKZ puc. 5b. AAsi 3TOro 3aduKCHpPyeM 3HAYECHUS

VIPaBASIONIAX IIapaMETPOB CAEAYIOIIUM 0bpa3oM:
n=10, D=21, b=2 ps’=0,
(13)
K(t)=e", Qx,y)=nxy.

Ha puc. 6 mpeACTaBAEH DE3YABTAT MOAEAMPOBAHUSI CUCTEMEL (3) CO 3HAYEHUSIMU
yIpaBASIOIuX mapameTpos (13) u BAUSHUEM CAYYaAHOTO IPOLECCA.
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20

xi
=}
X

L
@

Puc. 5. Caywaitueiit mponecc &(t) (a) u dasoBas koopauzaTa X(t) (b).
Figure 5. Random process &(t) (a) and phase coordinate x(t) (b).

xi
o
X

Puc. 6. Caywaitmeiit mponecc &(t) (a) u dasoBas koopauzaTa X(t) (b).
Figure 6. Random process &(t) (a) and phase coordinate x(t) (b).
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t t

Puc. 7. Cayuaitueiit mpouecc &(t) (a) u dasopast koopauzaTa x(t) (b).
Figure 7. Random process &(t) (a) and phase coordinate x(t) (b).
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Ha puc. 7 mpeacTaBAEHA €Ille OAHA pPeaAr3alidsl peaAr3alsi CAYIafHOro MpoIecca u
ero BAUSIHZS Ha cucTeMy (3) ¢ ynpaBasifomumu mapamerpamu (13). Ha panaOoM npumepe
BUAHO, YTO CAydYaliHOe BO3AEMCTBME Ha XAOTUYECKYIO CHUCTEMY MOXKET IIOAABASITH
XaOTUYECKOE TTOBEAEHIE.

3akJ/rroueHue

B pamHOI paboTe OBIA IIPEACTAaBAEH METOA TI'€HEPAIMM CAYYAHHOIO IIpoIlecca
MOAEAUPYIOMINH BAUSHUS CIIOHTAHHO BO3HUKAIOMIWMX ¥ CIOHTAHHO Pa3pyIIaiolIeiocs
CTPYKTYpP. Peaam30BaH 3TOT METOA B BUAE CAYYANHOTO IIPOIECCA, BKAIOYAIOIUY B Cebst
HaboOp CAyYaHHBIX BEAUYNH PACIPEAEAEHHBIX II0 PA3HBIM 3aKOHAM PACIPEAEAEHUSI, TaK
HaIIpUMEDP UHTEHCUBHOCTDL BAUSHUS KOTE€PEHTHLIX CTPYKTYP ONUCHIBAETCS I'ayCCOBCKUM
pacIpeAeneHUEM, a BpPeMsl OXXUAQHUS K-Off CTPYKTYPBI ONUCHIBAETCS CTEIEHHBIM
pacIpeAeAEHNEM, B CBOIO OYEPEAD, BPEMSI CYIIECTBOBAHKS CTPYKTYPEI, ITIOKA3aTEABHBIM.

B pabore 6pira 0606IIEHA MOAEADL KOCMUYECKHAX AWHAMO-CHUCTEM, AAAUTUBHBIM
obpazoM pobaBAeHA CAyUaiiHAsI IIONPaBKa B (X-T€HEPATOP, YTO IIO3BOAUAO IIOAYIUTD,
P CTAaTUYHO 3aAAHHBIX 3HAUEHUSX VIPABASIOMIUX IIapaMETPOB, PE3KUE CMEHBI
PEXUMOB AMHAMUKY, BKAIOYAsT IIOSIBAEHUE IIPOMEXKYTKOB IIPEKPAIEHUS TeHEPAIUT —
OCTAHOBKY AMHAMO.
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