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XAOTHUECKME KOJIEGAHWUA B IEKTPOHHOM NMOTOKE
C BAPTYAJIbHBIM KATOJJOM’

B.I". AnpurozeHnos

TIpn MOMOIA FHCIEHHOrO MOJE/THpOBAHHs METOIOM YACTHI| B Sueiike WIYICHEI
JieTHHeIHEE Konebamis MIeKTPOHHOro NoTORA € BHPTYaILHEIM KaTOAOM B mmone Ilapca.
BrisiBacHsl PayIHuHLIC [HHAMEMECKHE PeXKHMBI, BRJTEOYAs XAOTHUECKHe KoneOamus
‘aNeKTPORHOTO ToTOKa. IlomyyeHbl KONHHCCTREHHBlE (KOPpeNsIuonHas PasMepHOCTL U
MAKCHMAIBHEI nokasatens JIamyroBa) H KaueCTBEHHEIE (aBTOKOppEIATHONHAs! (hYHKIHS,
HEYCTONMHABLIE L€ pHOfUHIECKIe OpGHTBI) XApAKTEPHCTHEH ~XAOTHHCCKHEX KoneOaHmii.
VccienoBans] (PH3ETecKhe NPOTECCH B JHOfE, TIOKA3AND, 9ro B TOTOKE Hapsiy ¢
BHPTYAILHBIM KaTOJOM MOKET hOpMEPOBATLCS Bropast 061acTh, OTPakAIONAs 3NEKTPOHBI,
- BTOPHYHEI BHPTYaTLHLIN KaTO. OGHapyKena, 970 OfjAH H3 MEXaHH3MOB BO3HAKHOBCHHA
xaoTUgeckofi MHAMHKA SNeKTPOHHOTO TIOTOKA CBA3AN € HHTECHCHBHLIM HETHHEHHLIM
B'!aHMOJ](‘-fiC"I'E]ICM BHP’T'Y&J’LL\:FEI:]X KaToORoB.

Muop Tlmpea [1] npepcrannger coolt Oy W3 NPOCTEHIX MOfEneH
OrpaHMYEHHEIX TUTa3MEHHBIX CHCTEM. Muorue peanbHsie NpuGOpBl BKIOYAIOT B celn
SIeMEHTBI, aanoruuubie oy Tlupca, HAIPHMED, TEPMOKOHBEPTOPBI H ICKTPOHHBIC
nymiky [2].

Tuop Tlmpca cocromr U3 JIBYX apanienbHBLIX  OECKOHCTHO  IIMPOKHX
OKBHIIOTEHIAANLHBIX CETOK, MPOHH3LBACMBIX MOHOSHEPIETHYECKHM  3MEKTPOHHEIM
noTokoM. TIIOTHOCTh 3apsiia M CKOPOCTE TIOTOKA Ha BXOJC B CHCTEMY TIOJIEPKUBAROTCS
[IOCTOSHHBIMH, TIPOCTPAHCTBO MCXJy CETKaMH JATMONHCHO  OHOPOJHEIM  (POHOM
HEMNOJBIDKHLIX  MOHOB. TIpocTPAHCTBEHHBIH  3apsjl MOHHOrO doHa KOMIEHCHPYET
HEBO3MYLCHHETI OpOCTPAHCTBEHHELI 32PN 3MEeKTPOHHOI'O MOTOKA.

Y IpaBnsonHM NapaMeTPOM CHCTEMEL ABIIACTCA napameTp ITupca

o=, L vy,
e o, =Vepy/em - MWIA3MCHHAS HACTOTA, Py - MNOTHOCTE 3apsaia B 3MEKTPOHHOM
HOTOKE HA BXONE B CHCTEMY, Uy - CKODOCTh HOTOKA HA BXOJC B CHCTCMY, L =

pacCTOSTHHE MEXKy CeTKaMil.

Kaxk 6emo nokasauno Ilupcom [1], paBHOMEPHOE JIBIKEHUE [OTOKA CO CKOPOCTLIO
2(x)=0y CTAHOBHTCS HEYCTOIMMBLIM HPH O>T. dnyKTyauEn IMIOTHOCTH 3apsid B MOTOKE
NPUBOAAT K MEPEPACTIPEICTICHHIO 3apsjIOB BO BHCINHCH HCIH, CBH3BIBAIOIIEH CCTKH, H
HOSRJICHIIO HABEJCHHBIX 3apsyiOB HA OrPAHITHBAIOUNIX CHCTEMY cerkax. B pesynnTare
NOTCHIUAN HA CETKAX COXPAHAETCH MOCTOAHHBIM, a OHOPOJIHOE Tone 3THX 3apAjoB

N e
Marepnaliki faHHOMN CTAThLA GLimH MCMOML30BANE! B lokaase Ha Bropofl MeXuyHapoitHon mEoe-
cemmnape «/lpaMaIecKie” H CTOXACTHUECKHE BOIHOBLIC ABICHHA» (H,HnnmpomMocxna—I—I.Hoampon,
21—28 wrons 1994r.) .
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CHIILHO BO3SMYIIACT MBHMXKCHHC MOTOKA. HPH O>7 3TO BOSMYIIICHHE NMPUBOUT K POCTY
(aykryanuu mIoTHOCTH 3apsjd. PaipuTHe BO3MYLIECHHS NPOAOMKAETCA N0 TEX MOp,
MOKa B CHCTEME HE BO3HHKHET BHPTyambHbeH Katop (BK) - oGmacth ¢ norenmmanom
NPOCTPAHCTBEHHOrO 3apsija, GiU3KiM K motennuany katoma. Ilpu arom BK otpaxkaer
YacTh NOCTYHAIOMIETO EKTPOHHOTO MOTOKA KO BXOJJHON CETKE.

Hecmotps Ha cBoro npoctoty, muop Ilnpca Moxer jeMOHCTPHPOBATL GOraryio
JIMHAMHKY, Pa3BHBAIOINIYIOCA HA HEMHEHHON cTagun HeycroltunsocTu [Tnpea [3]. Opuum
u3 HauOomnee HHTEPECHLIX OOLEKTOB HCCHEOBAHMA SABNSIETCHd CIOXHAA [IMHAMHKA
3NEKTPOHHOr O noTOKA, BIIHOYAIONIAA BO3HHKHOBEHHE [IMHAMMYECKOTO Xaocd.
IopoGnsIe mponeccs! HabmoaIuch Mpu o> 663 BOSHAKHOBEHHS MOTOKOB OTPAXEHHBIX
4acTHI] B y3K0# o0nacTy 3Hauennit mapamerpa o [4-6].

IlpefcTaBnseT MHTEPEC HCCIENOBATh AMHAMEKY 3MeKTPOHHOrO motoka ¢ BK B
MHUPOKOR 00NACTH W3MCHEHHS NApaMeTpa ¢ C [ENBI0 BREICHEHHS BO3MOXKHBIX
JMHAMHYECKHX  COCTOSHMIL, OCOGEHHO PEXHMOB CO CHNOXHBIM  [OBEJICHHCM
3MEKTPOHHOIO NOTOK4, NPOAHANH3NPOBaTh (PH3HYECKHE MPOLECCHI, CONPOBOXKIAIONIHE
TAKOE NOBEICHHUE.

TlpakTnyeckuil WHTEpEC JAHHON 3aJa4d MPEXJE BCEro CBA3AH C TEM, 4TO B
nocnejHee Bpemsa kKoneOamus BK ¢ wactoTof mopamka o, IIpefmoxaracTcs
HCTIONBL30BATh I noMyyenns ceepxmornaoro CBY uanywenus [7, 8].

1. Cxema umcieHHoro pelnenus

ITocne oGpazoparna BK B MOTOKE HAMHHAIOTCA OTPAKCHMA YACTHI], VTO JIEIAET
AHAMTHYECKOE ONHCAHUE HEBO3MOXHEIM. IlosroMy B Hacrosmiedi paGore OGLumo
HCTIONB30BAHO YHCIEHHOE MOfenmpoBanue npu nomoru PIC - meTopa [9].

ONeKTPOBHLI MOTOK MPEJCTABIAETCA B BHIE COBOKYIIHOCTH KPYIHELIX YACTHI]
(B OmHOMEPHOM CJIydae - 3apPsOKCHHBIX JIHCTOB), MHXEKTHPYEMbIX Y€PEe3 pAaBHELIE
IPOMEXKYTKH BPEMEHH C MOCTOSHHOIM CKOPOCTRIO B IPOCTPAHCTBO B3auMopeicTris. Ins
KaX[I0r0 JIHCTA PEIIaNoch HEPENSTHBHCTCKOE YPABHEHHE [BIDKECHHS

dexildr =-E(x;),

e X; - KOOpAMHATa i-r0 nucta, E(x;) - HANPSHKEHHOCTDH MO MPOCTPAHCTBEHHOTO
3apsa B TOUKE C KOOPAHHATOH X;.

Hnst BBIMMCICHHS HANPSXKEHHOCTH M MOTEHIWANA IO [POCTPAHCTBEHHOTO
3apAfia M MIOTHOCTH 3aPSJa BBOJWIACH PABHOMEPHAS MPOCTPAHCTBEHHAS CETKA C IIATOM

Ax. TloreHnmpan mONS NPOCTPAHCTBEHHOIO 3apsjia B SMEKTPOCTATHYECKOM
NpHOTHKEHUN ONIPEJIENANCS TpH nomoinu ypasuenus [lyaccona

2plox2 = o2(p - 1).

Jns BEMHACTCHHS MIIOTHOCTH 3apsiia HMCHONB30BANACH MPONENYPa JMHEHHOrO
B3BEHIMBAHUSA YACTHI] HA IPOCTPAHCTBEHHOI CETKE, CHIDKAIONMAA CeTOMHLI myM [9]

1 »
pi=— ZS(xi- x;),
Ry =1
Ifie p; - WIOTHOCTL 34psijia B y3Je CeTKHM C KOOPIMHATOH X;, X; - KOOpHUHATA i-OH
4acTHipl, N - YMMCIO 4acTHl, A, - YHCIO YACTHII HAa S4efiKy B HEBO3MYIICHHOM
COCTOSTHHH,

J 1 - |x/A x|, ecnm |xl<A x,

S e
@) L 0, ecmd |xl > A x

- (ynkuus, onpenensoman opmy vacTuipl. HanpskeHROCTs 10N NPOCTPAHCTBEH-
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HOTO 3apsjia onpegenanach mupdepeHnnpoBaHHeM NOTY TEHHEIX JHAYECHUH IOTEHIHAN".

Brinyu onpejenensl TAKHEe NapaMETPhl YMCICHHON CXEMDBI, KaK MHCIO S9CEK CETKH
N, ¥ 4HCJIO YACTHI Ha SUENiKy B HEBOIMYIICHHOM COCTOSHHH Mg, ODecneuMBalomue
A[EKBATHOE OmcaHne (hUIMUYECKHX MPOIECCOB B CHCTEME. B BpeMEHHbIX peami3anui
HATIPSKCHHOCTH TOJISL ITPOCTPAHCTBEHHOrO 3apsifia Ha BRIXO[HOH CETKC mepecTan
zaBuceTh OT THXx mapamerpos mpn N,=128 m ny=4. [lannHefiliMe BLIMHCICHUS
POBOJUINCE C STUMH 3HAYCHHAMA N, U .

2. 0O6mas XapakTePHCTHKA MOBCICHUST CHCTEMBI
npu H3MEeHeHNH YIIPaB/IAioiero napamMeTpa

TIpeBapuTenpHEIE UCCHE/IOBAHNS TOBE/ICHNSA CHCTEMEI OLITH TIPOBC/ICHLI NPH
ysenuucHnn mapamerpa o or © 10 3m. Ilpm Hew3MCHHON reomMeTpHH CHCTEMBI H
MOCTOSHHOM YCKOPSIOMIEM TOTEHIMANE 3TO COOTBETCTBYET POCTY IIIOTHOCTH
MPOCTPAHCTBEHHOTO 3ApAa MyYKa. YIPABISIONMA NApaMeTp o HIMEHANCH B ITHX
npejenax, HOCKONBEKY NMuHelHad [MHAMHMK? CHCTEMbl KaUECTBEHHO MOBTOPACTCS IIpH
NPEBLIIICHMH TAPAMETPOM O 3HAYeHHA 7 ¢ mepuoom 2m mo o. Kpome sroro,
HAMMEHBIIIE 13 BO3MOXKHLIX 3HAUCHHN ¢, 0GECHETNBAIONIHE PASBHTAC HEYCTONIHBOCTH,
COOTBETCTBYIOT PEAILHO JIOCTIDKAMBIM B TIYUKEe MNNOTHOCTAM NPOCTPAHCTBEHHOIO
3apsya.

IIpexpapuTentHblil aHAH3 konebanmit BK nposoncs npu nOMOIH HAGTIOISHTS
BPEMEHHBIX Deanusanuii 1oJis MPOCTPAHCTBEHHOLO 3apAja E Ha BBLIXOJHOM KOHIE
CHCTEMBI M COOTBETCTBYIOIMX 9THM Pealn3anusM CHeKTpos momuocTn. [lns Gomee
HONHOTO AWAnW3a W3  BPEMCHRBIX peammsammi mo  merojy  Takenca [10]
PCKOHCTPYHPOBATICEH ATTPAKTOPBI B (ha30BoM mpocTpancTBe chcTeMbl. Hamommmm, 1o
[IPM ITOM TOUKA B M - MEPHOM (ha30BOM MPOCTPAHCTBE CHCTEMLI HMEET KOOPAMHATLI
(Eiy Eisgs «ov s Eisgm-1w)> TRE E;=E(iAt), At - THar YHTEr PHPOBAHMUS, t=kAl - IIUTENHLHOCTE
3ajlepXKn, | - HOMep orcueTa. B HameM cuytae peamH3amma cOCTOSIA M3 10000
orcaeToB, k=25, a m H3MeHANach OT 2 70 8 WIS NOXYYEeHHs ONTHMANBHBIX (a30BLIX
MOPTPETOB.

Ha puc. 1 moka3aHnl MeCTh XapAKTCPHBIX [ITHAMIIECKIX cocTosTHMIE KomeOanuii
37IEKTPOHHOrO MOTOKA nocne obpazosanna BK. [Lis KaXkji0oro cOCTOSHAS MPEACTABICHA
HaCThL BPEMEHHOH peamu3anuu E(7), COOTBETCTBYIONIHA CIIEKTP MOIHOCTA H MPOCKIH
BOCCTAHOBJIEHHOIO ATTPAKTOPA HA MIOCKOCThH (E;, Eip)-

Cpasy mnocne NPEBRIICHHA TOKOM Iy9Ka MNPECNLHOrO0 3HA4YCHHA B IIOTOKC
BO3HHKAIOT HeperymsipHeie koneOGanns BK. B cnekTpe MOXHO BBIICTHTh BE 9ACTOTLI,
HAXOISITECS B MPPANMOHAILHOM COOTHONTEHHH. IIpH 9TOM IMIyMOBON mbejiectan B
CIEKTpE MMEET 3HATHTENLHYH) BICOTY. Pa3oBLIi MOPTPET OJHOPOJICH U NMPH MATOM
NPEBBIIICHAN O HaJ T COOTBETCTBYET CHILHO pPA3MBLITOMY NPECAbHOMY HHKITY
(cm. puc.1, a). TTo Mepe pocTa 0. OCHOBHOI MK CTAHOBHTCH BYXO0OPOTHLIM, CTENCHE
PasMa3aHHOCTH aTTpakTopa ymenbmaercsa. Ilpn smauenmn o = 1.28r noeegenne
CHCTEMBI CTAHOBHUTCA MOYTH PETYIAPHBIM, ATTPAKTOD NPEBPAIACTCA B Y3KYIO JEHTY, a B
CNEKTPE MOIHOCTH BBLIIENACTCA TOJALKO OCHOBHAS 9YACTOTa M €€ TapMOHMKH
(em. puc.l, 6). B dazoeom moprpere MOABNACTCA HEOMHOPOJHOCTE: B 0GNACTH,
coorercrpyromeit orcyrersuro BK B cucreme, (pazoBas TpPAEGKTOpHS HPOBOJUT
OTHOCHTENBHO OOMBIIE BpeMeHH. BHYTPH KaKJIOTO MEPHOMIA KONMeOaHni B peann3anun
MOHO BBIEHTH TIPOMEKYTOX TOYTH HEH3MEHTIONTHXCS 3HAMEHNI NOMsE I CIESMYION{Hi
334 HHM OCTPBIN IHK.

HaneHelmmi  poct o OPHBOAUT K DPACHIMPEHHIO JICHTHI aTTPAKTOpd, MTO
COOTBETCTBYET YBEJMUEHUIO HEPerynapHOCTH KoneOanuil. B criekTpe npyn 9TOM pacTeT
YPOBEHE IITyMOBOTO MLEECTANA M PACILILIBAIOTCH OTAGJIBLHLIC CICKTPANLHBIC THKH.
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ATTPakTOp TO-TIPEXHEMY sBIseTcs HeogHopomusm (cMm. puc.l, @).Ysennucuue o
Benne 1.58n nmpuBOMT K MOMHOMY paciuikiBaHMio atrpaktopa.Teneps OH 3aHHMACT
uenyo obmacte B (asoBom npocrpancrse (cm. puc.l, 2). Ha npoekuun pazosoro
noprpera BujgHa oOnacTh pasberanus OMN3KNX TPACKTOPHI, YTO XapaKTEpHO [yis
XA0THYECKHX ATTPAKTOPOB. BMecre ¢ TeM XOpOmIo BHAHA KpyHHOMACIITAOHAA
crpykrypa hazosoro moprpera. Crekrp o0majaeT BEICOKHM ITYMOBBIM HbEJICCTANIOM,
HTO TAKXKE 3aCTABIACT NPCINONOMXKHTE XA0THUUCCKOE NMOBCACHHE. HCPEFYHH'PHDCTL
KoneOanuli mnposABIAercs M B peanM3alid, XOTS OCHOBHOH BpEMEHHO# MaciTad
coxpansiercsi. Ilo mMepe pocra ¢ HEOJHOPOJHOCTH ATTPAKTOPA PACTET, M CYXAETCH
obnacTk, 3aHnMaemas uM B (azoBoM npocrparcTee. IIpn  o>1.68n HeperyasprocTh
KoneGauuit pe3ko ymenstnaercst (cm. puc.l, 0). ATTPAKTOP OpH 9TOM MOPENCTABIACT
coboif y3Kyio NeHTY cnoxkuoi ¢opMmbel. B chmekTpe MONIHOCTH MOMKHO BLIIEIHTL
OONBIIOE YHCIO BBICIIHX FapMOHHK, HMCHOIIHX [OYTH OJIMHAKOBYK) C I‘apMOHHKOﬁ
OCHOBHOII YaCTOTLI AMIUTHTYJTY, YTO CBHICTCILCTBYET O CHIBLHONH HEeNMHEHHOCTH
npoueccos B cucteme. JanbHelmuii pocT o HPHBOAMT K (POPMHPOBAHIIO TOCTE
CIIOXKHOTO TEPEXOJHOTO TIPOIECCa HEOJHOPOJHOTO CTANMOHAPHOrO cocTostHus. TIpn
0>2.48n B cHcTeMe BHOBE BOZHHKAIOT HePeryispHLie KoneGanus, Koroprie ua dhasonom
NOpTpeTe MpecTaBagiorT coboil  OGmyxkpaHne H300paXkaromeil TOUKH MEeX]y [IByMH
MPATATHBATOITHMHA MCHTDAMI. CI{GKTP B 9TOM PCXKHME C!TEUIHI-OHI,I-[FI., d OCHOBHAA YACTOTH
B HEM HIDKE, eM B pekumax ¢ a<2r (em. puc.l, e).

Ilepexopsl M3 OJHOTO — peXMMa
P koncOanuii B Ipyroii aHaIn3npoOBANTHCH IPH
0.04 | nomomn  peammsamuii E(r). Ilepexom or
PeXHMa HCPErymsipHLIX — KomeOaHmil K
perymapHeIM npH o = 1.28t mpomexomur
-0.01 | ; KecTknM 00pa3om, 6e3 npeBapHTenLHOro
yeNnoxHeHUs KoneOanwii. B ormrame ot

0.01 |

0,04 |
ITOr0, PEXKHM HEPerymnsipHbIX KoneOanuii

0,07 npn 1.58r<o<1.68n Bo3nEKaeT n Hcuesaer
50.00 1050.00 2050.00 3050.00 4050.00 ' npm ysenmueHMM o Yepes NMOCTENEHHOE

yenoxuenne  (ynpomenne)  koneGanuii,
Peanusanus  mpm 3TOM  cocromr M3
obnacren perynapHoro HOBEJEHH,
NPEPBIBAEMBIX XA0THIECKHMH Bermeckami (puc.2). Ma3oBemi mopTpeT cofepkutT B cebe
XOpOIIO BHINMLIC NPEAEALHLIC [HUKILI, COOTBCTCTBYHONIHC OKPYKAIOMMM  00macTh
HEPEryIsSpPHLIX KoneOaHuli  peryiaspHeIM  pexuMam. Takoe nosefeHne B
HU3KOPA3MEDHBIX CHCTEMAX XapPAKTEPHO JUId IIEPexoa K Xaocy ucpes mepeMekaecMocTh
[11]. BosunknoBeHHe XaoTnueckux KomeOammi mpH o = 2.48m TakXKe NMPOHCXOJUT
JKECTKUM 00pasoM.

Puc. 2. Peanwsanms BOJMH3N TPaumIbl CYIIECT-
BOBAHIA XaoTHYeCKuX Kosebamufi npn o/m =1.62

3. KoimuecTeenuple XapakTepUCTHKY Xa0THYCCKHX Kone6annit BK

C 1ennbio HCCIEIOBAHNA XApakTePa HEPErylapHBIX Komebammit mpn a<2m u3
BPCMCHHEIX Peanu3amii BerMucasnach aprokoppensuunonnas dynkiua (AK®). Boumo
oGuapyskeno, 1ro AK® B 2THX peKHMAX ABASETCS CHAfAIOMIEH, YTO CBIJICTENLCTBYET O
cnyvalinbix  KoneGanmsx BK B amexrpomnom noroke (cm., nanpumep, [12]). s
KOJIMYECTBEHHOIO  CPABHCHMA  CKOPOCTH  CHNAJaHMS  3aBHCHMOCTL  JIOKATBLHBIX
makcnmymor AK® ot Bpemenn K(f) ammpoKCHMHPOBATACE JKCTTOHEHTOMN

K(,\‘) =g - dt,

rjae / - Bpems, d - BENMUMHA, MOKa3bBaromas ckopocts cnapanns AK®D. Buuto
o0HAPYXKEHO, YTO B MEPBOM pEeXHME HEpPeryasapHuIx kKoncOawmit d = (0.3 u nourn
nocrosana. Bo BTOpofi 0bnacTH HeperymspHpIXx KoneGaHuii  CKOPOCThL  CIIAJ[AHMS

makcnManbHa pn o = 1.551 (puc. 3). Cumkenne AK®D wa kpasx BTOPOro pesknma
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Puc. 3. Basmcumocts napametpa d or ckopoctn  Prc. 4. 3aBHCHMOCTL YCpeIenHoro 1o aTTpaKTopy
cnaparms. AK® xoneGaumii BHPTYanbHOIO KaTOJA  waxcumamsmoro  JIXTT  <A>  or  smatemis
OT 3HAEHIA NUPAMETPA T B PEIKAME HEPETYIAPHLIX

KO7IeGanmii YIPAaBJIAIOUIEro mapaMeTpa o

OOGBLACHACTCS YBENMMCHHEM [UTHTEILHOCTH DPEryNSpHLIX YUACTKOB B DeAH3AIMSIX.

KonuvyecTsennoii  mepoii  ckopoctn  paseranns  Gnmamesxarijmx ¢hazoBeIx
TPAGKTOPHI SBISCTCS MAKCHMAILHBIA JISIYHOBCKHI XapAKTEPHCTHICCKHI MOKA3aTCE
A (JIXIT) [13]

1. D@
= lim — In — 2
hs i oy .

e D(r) - paccTOSIHEE B MOMENT BPEMCHH { MEXKTY IBYMS M306PaskaroNIMMI TOIKAMH B
(azosom mpoctpanctse. Ilpemonaraercs, 4T0 B HAYANLEEI MOMEHT BPEMEHH 5TH
Touks Gmm3ky, T0 ecth D(0)<<R, mie R - pa3mep arrpakropa B (ha3zoBom
npocTpancTse. ITonmoxuTENMLHOE — 3HAYEHHME A CBHICTENLCTBYET O XAOTHHMECKOMN
maHamake cucremsl. [pu sTom wepes npomesxyTok Bpemenn 7= In(R/D(0))/A nosejierne
CHCTEMBI CTAHOBHTCH HCIIPeICKa3y eMbBIM.

Hna onpesienenus A HeoOXOMUMO H3MEPATE PaccTOAHNA B (ha30BOM OpPOCTPAHCTBE

cucremer. B mamem ciyuae azosoe npocTpaHCTBO - GECKOHETHOMEPHOE M KAKIOMY
COCTOSIHHIO ~ NMEKTPOHHOTO MOTOKA COOTBETCTBYeT HAOOp OespasmepHbIx (yHKInmi

E(xp), o(xp), j(xr), p(xr), e E, ¢ - HAUPSKCHHOCTS M MOTEHIHAN HOJS
TIPOCTPAHCTBEHHOTO 3aps/ia, /, p - IWIOTHOCTL TOKA W IIOTHOCTL 3apafa noroka. Jlms

MIMEPCHUA PACCTOSHHIA B 9TOM OECKOHETHOMEPHOM MPOCTPAHCTBE MBI HCIONE30BATIM
BEJTH'IHHY

D(r)= f [(pCx) - p(a))2+ ((xit) - jx.))2+ (@(xt) - @)z + (E(xf) - E(xa)R]v2dx,
0

e pyHKIun ¢ THILIOM 1 Ge3 Hee COOTBETCTBYIOT IBYM ONH3KIIM COCTOSHMSM CHCTEMBI.
Bosmynienne BHOCHNOCH B TONOXCHME M CKOPOCTH WACTHI, 34TEM OTIpEeNEeNnsnoch

Hauchue D(f) wepes spemss AT mocme BO3MYmIEHMS CHCTeMbL JIIs Ompejerenms

CPE/IHETO MO ATTPAKTOPY 3Havenus Makcumannsoro JIXTI nponeaypa nosropsmach M
pas 10 JOCTHXKEHUS BETHIHHON

. : D(to+ mAT)
= n
MAT w=1  D(ty+ (m - 1)AT)

<A>

ACHMOTOTHYECKOrO  3HaucHMs. PelymeTarbl B BHJE 34BHCHMOCTH <A> OT o
npeacTapnensl Ha puc. 4. Kak okazanock, <A> caabo 3aBHCHT OT BMIA BO3MYIICHHA H
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mrensHoctn AT mpu TOCTATOYMHO  MAJILIX apauennsax AT. B kaxjuoM pexume
KoneOaHmil <A> MOMOXHTENCH, YI0 CBUJICTENLCTBYET O XaOTHYECKOM MOBEACHNH
anexTporEOro moroka ¢ BK. B pexuMax CHILHOHEPErY/IAPHBIX xonebammit (0<1.287,
1.58r<0<1.681) <A> 3HAUMTENLHO OOMBIIE, MCM B 00nacTax ¢ GNU3KHM K PETYISIPHOMY
nosejienneM. Bayrpu obnacTeil ¢ HEPETy/IAPHLIM NOBE/ICHUEM <A> NOYTH MOCTOSAHEH,
YT CBHIETENLCTBYET O HEM3MCHHOCTH MCXAHI3MA HEYCTONYMBOCTH B KaXJI0f 00MacTH.
Tpu mpUOMILK CHAK K TPAHHIAM STHX obnacreii <A> pe3K0O YMCHBITIACTCS.

It PEKOHCTPYMPOBAHHBLIX ATTPAKTOPOB  ONPEC/IANach MX KOppenanioHHasn
Pa3MEPHOCTH C MOMOMIBIO ANropuTMa I'pacc6eprepa u Ipoxauma [14]. Ilpa sTom
KOPpPESAIMOHHAS PA3MEPHOCTE

D () =lim M ;
g0 1]'1(8)

e € - macimrald waGmojeHnd, a C(e) - 9HCIO Map TOYEK, PACCTOAHAC MEXTY
KOTOpLIMH B (ha30BOM IIPOCTPAHCTBE MCHBIIC &,

.

1 MN i
Ce)=——X Yol -xl-¢)
(e) NM -1 (ki - x| - €)

i#

e M - 9Aca0 TOMEK PCAyKIH, N - 4EcnO TOYEK B peanusanmi, © - hyHKIIHST

Xapucaifjja, ¥ - BEKTOD COCTOAHMHA B hazosom mpocrpaHcTse. B maniem ciyHae
HenonbroBRanoch 0koao 25 000 oTcueTOR, a YHCI0 TOMEK PAyKIHH 6p1mo pasuo 1000.
Ha puc. 5 TPEJICTABICHBL 3aBUCHMOCTH D.(e) ot Ine ana jiByx 3HAUCHHI O,
COOTBETCTBYIONIHX TEPBOMY M BTOPOMY DEXHMY  HCPETYIAPHLIX xoneGanmii MpPH
YBEJMUMBAIONIHXCS 3HAYCHHAX PA3MEPHOCTH NPOCTPAHCTBA BIOXKCHI m. B nepsom
peXHME XOpOIO BHEHA — OONACTh HCHIMEHHOrO 3HAMCHHA pasmepuocTn D, 1pH
JAMCHEHHH MACIITa0a HAGIIONGHNS - TAK HasblBaeMas O0nacTh CKeTUHAra. Benme u
mpke 5Tof  oOnactu smademmst D(e) CWABHO 3aBHCAT OT € B CHIy KOHCHHDIX
pA3MEpOB ATTPAKTOpAa I OmHMOOK MCTOJ. Bo BTOPOM pexuMe Takylo O0OmacTh
BLIIEANTE HE YIACTCH H3-32 HEOJHOPOJHOCTH ATTPAKTOPA. Ha puc. 6 mnoxa3zana
3aBRCHMOCTD CPEJHEr0 HAKJIOHA B 06NACTH CKCANMHATA OT PAa3MCpHOCTH IpOCTPAHCTBA

DJe) D)

6.00 | &.00 |

65.00 | 5.00 }

4.00 ¢ 4.00 L

3.00 3.00

2.00 2.00

1.00 1.00

0.00 0.00 K

-4.93 -2.56 Ing —4.93 -z.58 Ing

a ()

Pic.S. 3asHcHMoCTh paMeprocTd [ BOCCTAHOB/EHHLIX ATTPAKTOpaR OT MacrTada Habmofie s € npn
PATINLIX SHATSHHSX Pa3MEPHOCTH NPOCTPAHCTBA BIOXKCHHA M B JYX pexkAmMax HeperyIsapibix
koneSamni: @ - own=1.26;6 - o/n =1.68
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BIOKeHHsA m npn o=1.26m. BugHo, 4ro npu 1) ;

m > 4 s3wauenme D(€) pocTHTaeT

HACHINCHNA. 3TO0 CBHJICTENLCTBYET O
JMHAMHYECK O npupofe  CnyvaiHbIX
NPOIECCOB B CHCTEME, Tak Kak [
MIYMOBELIX ~ KosneOaumit D, mponopuuoHa-
nLHA PA3MEPHOCTH MPOCTPAHCTBA
BrHOXcHUS m.  BenwuuHa D, npu
HACBLINIEHHH  ABNAETCA  Heuesnofl, d9To
XapaKTEPHO U XAOTHYECKIX ATTPAK-
topos [15]. HeemoTps Ha 1O,  4TO
SJIEKTPOHHEI MOTOK NPEjicTaBnseT coboi
CHCTEMY C OECKOHEUHBIM THCIIOM
crenenefi cpoDOLI, B HAIIEM Cly4ae
BO30yXKIaeTca TOMRKO HeOOMLOIOE WMX
qyucno. JIMHAaMHKA CHCTEMBI, CIIEjloBa-
TENBHO, MoOxeT ObITh B OPHHUHIC
onucaHa HeOONLITHM THCIOM YPABHEHHIT,
Hna CPAaBHCHUS Pa3THIHBIX
PEKUMOB  KONEOAHmil OMpEensIach Cpejiuss B 00NacTH CKEHIMHIAa pa3Mep-HOCTh
ATTPAKTOPOB, COOTBETCTBYIONMMX PA3IMYHEIM  3HAYCHMAM O. BO BTOpOM pexmme

ONPEENSNACE CPEHsis PA3MEPHOCTD TIPH H3MEHEHHH MaciTaba HabmofieHnd Ine or - 3
10 -2. B mepnoM pekuMe HeperymispHLIX KoneOanuii pa3sMepHOCT MOTH MOCTOSHHA H
po3pacraeT ¢ pocToMm o (pic.7, @), a BO BTOPOM - OHA YMCHBITIAETCS ¢ POCTOM O IO
Mepe HpHOMIDKEHHs K TPAHMLE HEPErymsapHOro PEKMMa, YEeMy COOTBETCTBYCT
BLITATHBANHE ATTPAKTOPA B MIIHPOKYI0 neuty (puc.7, 6).

Kak m3pectno (cm., manpumep, [16]), muramnka n3oOpaskaromeil TOUKH — Ha
XAOTHYCCKOM  ATTPAKTOpEe  ompejensercd HeOONBLIIAM — YHCIOM — HEYCTOHMMBLIX
nepuoppaecknx  opomr  (HITIO), ecnm  aTTPakTop NOPOXKAACTCS  [THHAMITCCKHM
nporeccoM. DTH OpOHTLI JAIOT MPEJCTABACHHE O TOM, HA OCHOBE KAKOTO JBIDKCHHS
Bo3umKkna xaormucckas uHammka. HITIO Beylensmuce u3  PEKOHCTPYHPOBAHHBIX
aTTpakTOpPoB TpH momoiH ainropurma Jlarpoma - Kocrennua [17]. StoT anropurm

2.5 |

1 | L L

2 3 - E] ) T m

Puc.6. 3apHCcHMOCTL cpefiHeii B oGnacTH CKeiiHira
pasmeproct [, OT pasMepHOCTH HPOCTPAHCTEA
BIOXKEHHA 171 B IIEPEOM PEXKHUME HEPEryJsIPHLIX
komneGami, o/f =1.26

COCTOHT B CIEYIOMEM: BLIGHpAETCA TOUKA X; HA ATTPAKTOPE M 3QJACTCA HEKOTOPOE
MAT0E MO CPABHEHMIO C PAIMEPOM ATTPAKTOPA PACCTOAHHE €. 3aTEM MOCTE/IOBATEILHO

nepeGHpaIOTCs TOUKH 10 (PA30BOl TPACKTOPHIL, TIOKA PACCTOSHIE | X, - Xyl He cTamer

n D
8.9 | //\ 4 a.st 4
- AR
a kL - 3 a3l -
'/
e
—

.8 -1 2.5 |- —

Z - e 2L
1.5 1.3 F

1 L - s . L i
o T 1.05 1.1 L.am 1.3 o a is L6 1.63 1.7 o/
Pue.7. 3aBHCHMOCTE PAIMEPHOCTH aTTPAKTOPOR OT YIPAB/SIOIIETO IApaMeTpa CHCTCMBI OL B JIBYX

P TP P P

peskuMax Heperymsipinix KoneGannit: a - 1.00< o/m <1.28;6 - 1.58< oUm <1.72
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InN (k)

2.931

2.198

s BN |

0.07 100.0 300.0 600.0 .0 800.00

InN (k) |

4.992

744 |

2,496

L2488 |

Al

G 0.0 100.0 200.0 500.0 700.0 500.0 k

Puc.8. T'mcrorpammer mmca N TOMEK BO3IBPATa TOPIKA k pas aTTpaKTOPOB, COOTBETCTBYIOUYIX
HEPeryISPHLIM PesKiAMaM komeGammii: @ - W =1.08;6 - o/n=1.68

smernime . TOrga Touka X, CUMTaeTcs TOUKOM BO3BpAaTa MOpAIKa k. XapakTepHble Juis
BYX PEXHMOB [HCTOrPAMMbI TOYEK BO3BPATd NPHUBEICHEL HA puc. 8. OTMETHM, 'TO
GONBLIIMECTBEO TOUEK BO3BPATA HMMEIOT ONM3KHE MOPSJKH, COOTBETCTBYIOMIMC
XAPaKTEPHLIM BPEMEHHLIM MacmTabam mgameli sajgaum. Ha rmcrorpamMme  3T0
OTpaXaeTcs B CYIMICCTBOBAHHN Y3KHX IHKOB. Upeno 3THX IHKOB HEBENHKO, YTO
COOTBETCTBYET BOJOYXACHUIO HEOONBINOrO YHCIA AKTHBHLIX crenereil cobO/IBI B
ccreme. B epBOM PEXHME MOXHO BLUICTHTh [BA XapaKTEPHBLIX MHKA € BpEMEHaMU
posspamenna okono 220 u 370. YimM COOTBETCTBIOT TOMONOTHIECKH HEIKBUBAMCHTHLIC
HIIO (puc. 9, a), B Buje OHOOBOPOTHOTO M aByXo00poTHOro  HuKNOB.  Bup
[HCTOrPaMMBI MO H3MEHAETCA IPH M3MCHCHHH 0, HTO CBAZAHO C COXPaHEHHEM
CTPYKTYpHI ATTPAaKTOPA. BO BTOPOM PEXHME HEPETYTAPHEIX koJie0annil rpynmupoBaHIC
TOYEK BO3BpaTAa TAKXKE OUEBHIHO, HO TENeph MKy C HAMMCHLIINM BpeMeHeM
BO3BpaTa COOTBETCTBYCT npejIebHBL UK CHOXKHOM (POPMBI, @ BLICIIMM IHMKAM - -
TOT XKe TMKI, HO Y/BOCHHDIA, YTpOSHHENT 1 T (pHC. 9, 6). Tlo Mepe N3MCHEHHSA O,
rucrorpamma u BHemami By HIIO 3HAUMTCALHO H3MCHAKOTCA: HaNMEHEIIEE BpeMs
BO3BPATA PACTET B COOTBETCTBHH C YMEHBIICHHCM OCHOBHOII YACTOTEl B CHIEKTpE, a
HIIO Hm3mero mopspka TpascthOPMHPYETCs M3 NPE/ICNLHOr0  IIKId, COOTBET-
creyiomero o = 1.40m, B TpefenbHLI IHKN cnoxHOi (HOPMBI, XapakTepHOi JyIs
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)

Puc. 9. Heycroimussic nepHojirieckne opOHThl HHAMCTO MOPAKA, BLIICNCHILIE 113 aTTPAKTOPOR,
COOTBETCTBYIONNIX HEPETYASPHEIM KoNeGaRISM 2NeKTPONIoro noroka: ¢ - o/ =1.08; 6 - o/m =1.68

o=1.70r. Takum obGpazom, agamuz HITO B aroM cmywac MOKA3LIBACT, YTO XAOTH3AIIA
NPOHCXOJNT B PE3ynbTaTe NOTCPH YCTOMMMBOCTH CYHICCTBYIOIMM B CHCTEME
MPENeNLALIM THKIOM 0e3 IPEBAPHTENILHOIO Ero YCIOXKHEHIS, YT0 XapAKTEPHO s
e PEMEKAEMOCTH.
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Pre. 10. 3asucnMocti CKOPOCTH € EPYIIILIX 9acTHll OT HX KOOPAHHATL i PACHpPE/eIe s NIOTHOCTH
3apsga PO DPOCTPARCTRY B MOCAEMOBATE/hHEIC MOMEITTET BPEMCHIT TIPH Pery/sapiLIX KozeOalmiax
BHPTYAIILTOTO KATOAR
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4, @dp3ugeckKue NPolieccsl B IEKTPOHHOM NOTOKE € BK

Ha puc.10 npejcTapuens! 3aBHCHMOCTH CKOPOCTH 3aPSKCHHBIX JHCTOB OT HX
MECTOMONOMKCGHAST W TNOTHOCTH 3apsja B y3nmax CETKH B MOCHCOBATCILHLIC
MOMEHTBLI BpeMenH. PaccMOTpuM ¢ WX MOMONILIO MEXAHH3M PEryiIApHBIX KoncOanui
BHPTYAILHOIO KATONA B ANEKTPOHHOM MOTOKE.

BojuHKAIONiee BO3MYLIEHNEC TJIOTHOCTH 3apsjd (puc.10, a) npmBomAT K
TOPMOXEHHIO TOCTYNAOIMEr0 B CHCTEMY TNOTOKA, HTO YBENMIHBACT TJIOTHOCTE
3apsa B TOM OONACTH, rje BO3MYIICHAE BO3HHKIO (puc.10, 6 - 2). Korja moTeHnuan
nonsl MPOCTPAaHCTBEHHOTO 3apsjia B srofi  obmacti 1m0 aOCONIOTHON BETHYHHE
CTAHOBMTCS. GONBIIE YCKOPSIONIETO, BOIHMKAET OTPAKCHHLII 0T  Hee — MOTOK
MEKTPOHOB M ILIOTHOCTH 3apsifa B oGnacti BK ymenpmaerca (puc.10, 0 - x).
YMeHbITIEHHC IUIOTHOCTH 3apaja B obmactn BK npuBOpMT K YMEHBICHHIO
TOPMO3AIIErO NOJNs # MPCKPATICHIIO orpaxennit wactuy (puc.10, x). Tlocne sroro
CHCTEMa BO3BPAIAETCA B HCXOJfHOE COCTOAHUC (pue.10, 3 - k) ¥ UK TOBTOPAETCA.

Ha puc. 11 mpepcrapnena  3aBHCHMOCTD MAKCHMATLHOH  INIOTHOCTH
IPOCTPAHCTBEHHOTO 3apAfA B ONCKTPOHHOM MNOTOKE OT BpEMEHH i pexmnmMa
perymApHLIX KojeGammit. MOXHO BHJICTb, ITO INIOTHOCTE 3apsfa B MOTOKE JOCTHIACT

Prax
26.51 |

18.46 |-
10.40 |

234 F

-5.71
730.00 853.80 589.60 1119.40 1248.20 1

Puc. 11, BaBuCHMOCTh MAKCHMANLHON INIOTHOCTH 3apsjia B NOTOKC OT BPEMEHH NS peXKHMA
peryIspHEIX KoneGamuii

MAKCHMyMa JBaXgbI 3a Tepuoj. Pusmieckas NpHHA BO3HMKHOBCHHS IEPBOrO
MAKCHMyMa - DA3BHTHE HEYCTOMHBOCTH IMupca. TIpU4HHONR BTOPOro yBETMICHHA
IUTOTHOCTH 3apAJA ABISIETCA KHHEMATHICCKUH athpexT - mpespameHne MOy IAnun 1o
CKOpOCTH B MOD,}?JIHU,'HIO [0 INMOTHOCTH B 3JICKTPOHHOM MOTOKE.

PaccMOTpHM HPOCTPAHCTBEHHO-BPEMEHHYIO JHAIPAMMY 3NEKTPOHHOTO MOTOKA

” ///%// ‘

0

526,000 $70.800 © £15.400 £60.400 708,200 t

Prc. 12. ITpocTpancTReNHO-BPEMEHHAS IUarpamMa MEKTPOHHOIO TOTOKA B TEUEHHE OJIHOTO TiEPHONIA
koneGammii: A - OTpaXkeHHLI| OT BHPTYAThHOIO KaTojd norok; B - 9acTh NOTOKA, MPOIIE/as
BHPTYAIBHLI KaTofy; B - crycTok, chopMHpYIOmEICS MPH pacTiajic BEPTYa/ILHOTO KaToAa
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sl OftHOro mepuopa xomeGamuit (puc. 12). KaxpoMy mucry ma mHelt cooTBeTCIByET
KPHBAS, MOKA3LIBAIONIAS 3ABUCHMOCThL KOOPMHATEI JIHCTA OT BpeMeHH. Crymienmio
KPHBBIX COOTBCTCTBYET CIYCTOK B SNACKTPOHHOM MOTOKE. KOI"}I,EI. HINOTHOCTL 3apafa B
obnacru  BK poctatouna, BK mepecraer cymiecTBoBaTh, MOCKOJBKY YacTh MOTOKA
orpaxaercs (ua puc.12 ara uacTL M0TOKa 0G03HAYCHA OYKBOIi A), 4 3aTOPOMO3MBITHECH
B obnmactn BK smektponrr yxomar x sexopmolt cetke (5). B mpomecce pacnaga BK
WIOTHOCTh 3apAfA B HEM NAJAET, M YMCHBIIACTCS HANPSKEHHOCTh CO3{ABAEMOrO MM
TOpMO3smero  nons. I1osToMy Ha 9M€KTPOHBI, MOCTYNAIOMHE B CHCTEMy MOTKeE,
ACHCTBYCT MEHBIIEE TOPMO3ANIEE TIONE M WX CKOPOCTh M3IMEHSETCH HA MEHBLIIYIO
BENUYHHY, YeM Y BIETeBUIMX paxee. B p
pesynnrare oOpa3syeTca CIyCTOK

3MCKTPOHOB, NPOXOJIsAIni 1o cucreme. Ha

MPOCTPAHCTBEHHO-BPEMEHHON JHArpaMMme \ 193
(hOPMHPOBAHMIO CIYCTKA COOTBETCTBYET o =
commwkenne kpusblx (B). OGpaszosaumne \

CrYCTKa NPHBOMMT K BTOPOMY YBETHIECHHIO
NIOTHOCTH 3aPSJia B OTOKE.

PaccMoTpuM 3aBHCHMOCTE BEJIHH-
HBI BTOPOr0 MAKCUMYMa INIOTHOCTH 3apsijia
OT YNPARNSIONIErQ NAPAMETPA CHCTEMEI O,
NpejICTaRNEHAYI0 Ha puc. 13 (ormernm,
UTO 7S XAOTHYECKUX PEXHMOB HCTIONB30-
BANOCH CPEAHCE IO BPEMEHM 3HAYCHHE  * +R £i4 1.6 18/
BTOPOr0  MAaKCHMyMa 33  HECKONLKO
NepHOIOB  KoneOanmit). OueBmmHo, uTO f:;ciz 33;‘:“““’;&:3”&%;“;““ p;;;iﬂ‘;
BENMHHA BTOPOTO MakCHMyma ompefie- cWore o p“'gi"nM = }mungmmro
MACT XapaKrep JMHAMMKA 3JEKTPOHHOTO Baseoma olrd
HOTOKA: Xa0THUCCKHM pexnMaM
COOTBETCTBYCT 3HA'ICHHE ILTOTHOCTH 3aps/la BO BTOPOM MakcHMmyme, Gonwkuree 20, a
€r0 YMCHLIIEHHC NPHBOJMT K PErynspHbIM pexnmaM. IIpu 3@aueHHsx BTOpOTO
Makcumyma, Gonbimix 20, B HOTOKE MOTYT BO3HHKATE OTPASKEHHS! HEKOTOPBIX 9aACTHI] OT
¢opMupyrommerocs crycTra.

CBa3b MEXJTY STUMH OTPaXEHHAMH 1 BOHHKHOBEHHEM XaOTHIECKON JIMHAMUKH B
NOTOKE MOATBEPXKIACT puc. 14, HA KOTOPOM NPECTABNCHBI 3aBHCHMOCTH OT BPEMEHH
HATIPSDKEHHOCTH TIOTA Ha BLIXO[HON ceTke E U IHCia OTPaskeHHLIX vyactun N, (wacTmm
¢ v <0) npun 3mavenmn napamerpa o=1.62r, COOTBETCTBYIONIEM PEXHUMY XAOTHYECKHX
KoneGaumit. IIpm orom 3mavcHum napamerpa peammsaums —TpeCTaBager  coGOl
perynsapHbie KoneOanus, NpPephIBAEMEIE XAOTH'ECKHMH BCIUIECKAMH. B 3aBHcHMOCTH
'[MCJId OTPAKCHHBIX TACTHIL OT BPEMEHH XOPOINO BHJICH €r0 NEePHOAMYECKHil OLICTpLIi
POCT U Pe3Koe yMEHLIIEHHE, COOTBETCTBYIONEe oTpakermio oT BK. Bmecre ¢ Tem, mpu
1 = 1200 cymecTyer cnaGblifi OTpaXeHHBI MOTOK, BO3HMKAIONMI, KOIJA ILTOTHOCTE
3apAa B (POPMHPYIONIEMCA  CIYCTKE IPEBLICHT KPHTHYECKOe 3HawcHme. Kak BumHO,
HMCHHO B 9TOT MOMCHT KOJNCOAHNS SNCKTPOHHOIO MOTOKA CTAHOBATCA HEPEry IIPHEIMA.

B a30BoM npoCTPaHCTBE CHCTEMBI OTPAXKEHHIO OT (hOPMHPYIOIIErocs CrycTka
COOTBETCTBYET YXON H300PaKAIOIICH TOUKH B PEAKO MOCEMaeMyl) 4acTh ATTPAKTOPA.

10 -

E N,
400.0 |
200.0 |

i) 400.0 800.01 1200.00 1€00.0 f o 400.0 800.0 1200.0° 1800.0 f

Puc. 14. BapucnMoCcTH OT BpeMenH M0/ Ha BEIXOIHON CeTKe H 9HcTa OTPaXeHHLIX YACTHI B IoTOKe N,
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ITponecc Bo3BpamieHuss UpH STOM CHILHO 3aBHCHT OT COCTOSHMA [OTOKA NEpef
OTPaXKCHAEM H JIOKANBHOC 3HAYCHUC NAMYHOBCKOW SKCIHOHEHTH! B 5TOH  obnacTu
aTTPAKTOPA  MONOXKUTENLHO,  POCT AMIUIMTY[L! ILTOTHOCTH 3apsifia BO BTOPOM
MAaKCHMyME  TPHBOJHT K YBCIMYEHHIO 3TOTO 3HAYEHUS (ormeTHM GiM30CTH
3ABHCHMOCTEH OT mapamMeTpa o CpefHell NAMyHOBCKOH IKCIIOHEHTEI M ILTOTHOCTH
sapaga B opmupyomemcs cryctke). KauecTseHHOe pasmuqie [BYX X4OTHYECKUX
PEXHIMOB CBS3dHO € TEM, HACKOILKO IUIOTHOCThL 3apdfla BO BTOPOM MAKCHMYyME
OPEBLINACT KPUTHYECKOE 3HAYEHHE. B NEpPBOM peXuMe HEperyaspHeIX KolaeGaHmi
IUNIOTHOCTE 3apsAfa BO BTOPOM MAKCHMYyME HACTONMLKO BENHMKA, YTO OTPAXKCHHLLT OT
HETO MOTOK CYIIECTBYET NOCTOAHHO, & BO BTOPOM PEXHUME - NPEBLITICHUE HeGonbnIoe u
OTPaXX€EHHEI MOTOK BOZHMKAET HE HA KAXKJIOM nepuojie Konebanmit BK.

3HaYCHHE MIOTHOCTH 3apsana BO BTOPOM MAaKCHMyMe OnpeaenseTcs ﬂMII.IIHTYJ'IOﬁ
HNOTEHIUANA TONS TPOCTPAHCTBEHHOrO 3apsia B oOnactn BK m paccrosHumeM Mexy
BXO[HON ceTkoit u Mmectom chopmuposarns BK. Tlpm yeenwvewwn o ammmnrysa

IWIOTHOCTH 3apsjia B obnacrn BK ymeHbmaercs, Tak Kak IPH YBeNHMYEHHH 0. PACTeT
IJIOTHOCTE 3apsjia B HOTOKE (IPH HPOYMX HEM3MEHHLIX HApAMETPax) WISt TOr0, YTOOLI
OCTAHOBHTH 3MEKTPOHHBEIA NOTOK, [BIKYIIHACT € IPEXHEN CKOPOCTHIO, AOCTATOYHO
MEHBIIETO YIUIOTHeHHSI 9MEKTPOHHOrO MOTOKA. DT0 YMEHLINEeHHe Hambomnee pPe3ko
IPOMCXOJMT NPH YBEMHICHHA o OT T 40 1.3m, 9TO OOBACHAET MEPBOE YMEHBIUICHWE
IIOTHOCTH 3apafia BO BTOPOM MAKCHMYME M BO3HMKHOBEHHE PETYJIAPHOI0 PEXKHMA TpH
o=1.3m e

Paccrosmue MeX[Iy BXOGHOH CETKOW MW BHPTYATLHBIM KATONOM  TAKXKE
YMEHBIIAETCS C POCTOM 0, HO HEPABHOMEPHO. DTO PAacCTOSHHE CIUILHO YMEHBIIACTCH
npu ¢ = 1.7r, 9TO OPHBOINT K CHIDKEHHIO IIOTHOCTH 3apsia BO BTOPOM MakCHMyMe,
T.K. CTYCTOK HE YCHEBAET CIPYIIMPOBATHCA.
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CHAOTIC OSCILLATION IN THE ELECTRON BEAM
WITH VIRTUAL CATHODE

V.G. Anfinogentov

Nonlinear oscillations of the electron beam with virtual cathode in the Pierce diode
are studied by numerical simulation (PIC method). Different dynamical states including
chaotic osciliations of the electron beam are recognized. Quantatively (correlation di-
mension and greatest Lapunov exponent) and qualitatively (autocorrelation function and
unstable periodic orbits) characteristics of chaotic oscillations are obtained. Physical pro-
cesses in the diode are investigated and it was shown that the second region reflecting the
electrons may appear in the beam. This region was called the secondary virtual cathode. It
was discovered that one mechanism of beam chaotic behavior appearence was connected
with the nonlinear interaction between the virtual cathodes.
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