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B cmapmoeoli nnasme Kowyesot CucmeMs OMXpumoll Roeyuixu AMEBAJI-M panee

Gl IKCREPUMENMANbKO OGHApYXCeH SHAUUMENLHYI NPOOONLHUE IAEXMPOHHbL
mox. B dawnoii pabome u3y¥aemcs MoK Ha nepugepus nAasMel, HeoOXoOuUMBT O

saMmbixanus moxoeod yemi Paccmampusaomcs Npoyecce, npusodsujue K
BOSHUKHOBENWIO NONEPENRo20 mokd. OnpeceiRemcs §eniiund nonepednazo moxa &
mparcnopmupyiotjeil obracmu.

ITposedénnoe paccuompenue MNOIGONREM  SLIACHUMEL  OCHOGHBIE npoyeccs,

oBecheuusauue KeaSUNETMPARbHOCTs NAASM, U COERamb MPeOnonodcene o
MEXAHUIME 2EHEPAYUN RPOSONLHO20 IREXMPONHO20 MOKA.

Transversal current in the initial plasma periphery
of the AMBAL-M open trap

S. Yu. Taskaev

Budker Institute of Nuclear Physics
630090 Novosibirsk, Russia
taskaev(@inp.nsk.su

Considerable longitudinal electron current was experimentally found beforehand in
initial plasma in the end system of the AMBAL-M open trap. Current in the plasma
periphery has been studied in the present work. Processes resulting in transversal
current have been considered. Transversal current value in the transport area has
been determined.

The present consideration allows to clear out the main processes providing plasma
quasineutrality and to suppose the mechanism of longitudinal eleciron current
generation.

© Hucmumym sdeproii usuxu um. I H Byoxkepa CO PAH

B craproBoii IUIa3Me KOHIEBOH  CHCTEMM orkpuTolt  mosymnxw  AMBAJI-M
SKCTICPHMEHTAITEHO OOHAPYKEH IPOIOTBHEM AMEKTPOHHBIH TOK BeTHuMHON nopajxa 1 kA,
wxynmﬁorrmaauemuﬁn}m[l]. JTOT TOK PETMCTPHpYeTCH Ha Beel JTHHE YCTAHOBKH.
IIpe/mionaracTcs, 4Io TOK MOMMOMAETCE TOPLIOM YCTRHOBKHM, BO3BpalliacTcs TIo
ITpOBOAAIIEH BAKYYMHOH KaMepe W 3aMBIKACTCA B TpaHcnopTvpylomeli obnacti 1o
nepudepyn I1aIMBL,

B jammoli paGore MPOBEACHO M3YYeHHE 3aMBIKAHMA TOKA B TpaHCMIOpTHpYIOMmeH
obnacTd. B HECKOMBXMX CEYEHHAX JIEHrMIOPOBCKHMM 30HJAMM MOMCPCHEL paHaTbHLe
pacIIpe/ieICHHS ILIOTHOCTH IUTa3Mhl H [TIABAIOICTO TIOTEHIMANA, 8 MATHHTHRIM 30HJIOM —
pajMaNbHEIC paclpe/iefieua [UIOTHOCTH TOKA. TToapobHO paccMOTpEHh OCHOBHBIE
KJIacCHUECKHe MPOLIECCH, MPHBOJIMIHME K MOMNEPEHHOMY TOKY.

Matepuan cTaThH NpejCcTaRicH CIERYIOnHM obpazom. Tlocie xpaTKoro OMACAHHA
YCTAHOBKH M KOHCTATAI(H ITpoOmeMbl chOpMYTMpPOBAHA 337a¥a. 3aTeM PACCMOTPEHH
OCHOBHBIE TIPOIECCH, TPHBOJAIDAE X BOIHMKHOBEHWIO MOIEPEUHOrO Toka. [lanee
YTOUHEHA BETHYMHA NOTIEPEYHOTO TOXA B TpancriopTHpyomei obnactv. M B 3akmoueHHH

chOpMYTTHPOB2HE! OCHOBHKIE PE3YIBTATH paboTh.

BaiHOCT: ¥ aKTYAIBHOCTS paboThl OMMEPKHBACTCH CICAYIONTMM OOCTOSTE/TLCTBOM.
BRISCHEHO, YTO0 TOJACPRAHKE BHICOKOR MICKTPOHHOH TeMIIEpaTyphl B 11pobKOTpOHE HE
MOKET O0OECTICUMBATLCA TOMBKO HAIPEBOM JMEKTPOHOB OT Golee TOpPAYMX MOHOB B
pe3ynbTaTe  KyIOHOBCKHMX cTONKHOBeHMET [2]. 3HauwMTEBHOE BIMAHME HAa HAIPCB
MEKTPOHOB J0/DKCH OKa3bIBATh NpOTeKAIONi TOK, H BOIMOXHOE OORACHCHHE HArpeBa
TUTa3MEI CYIECTBEHHO 3ABHCHT OT MPEICTABNICHHA MEXAHH3MOB TeHepaltiH TOKA.

ABTOp TIPMHOCHT M3BMHCHMS 32, BO3MOXHO, HITHILHE nofpobHoe HVIOKCHHE
MaTepHana B PAJe MECT, ONpaB/HBai 310 crieimHKROR SKCIIEPHMEHTS.



Kparkoe onucaHue yCTaHOBKMW

Ha Puc.]1 nokaszaHa cxeMa JkcnepumenTa. [logpoGHoe ONMMCaHWE YCTAHOBKM H OCHOBHBIE
IKCTIEPHMEHTAILHEIE Pe3Y/TbTaTH H10XKeH: B paborax [1-3].

HanoMHMM, YTO MCTIOL3YeMas KO/IbLieBas IUIa3sMeHHas Mymka [4] uMeeT KOIbLEBLIe
KATOA W aHoA BHYTpH No pal{ycy HAXOAHTCH KaTONl, CHapysM aHolA I'asopaspsimHbii
KaHa/I MPOCLMPYETCA HA KATOJ H MMeeT BHyTpeHHHMi muamerp 11 cM, BHemmwmi 13 oM.
CWIOBHE JMHMM MACHMTHOIO NOJA, BHIXOAMIME C TIOBEPXHOCTH KATONA, HE MPOXOAAT
yepe3 anol. Hu OHH W3 3/IEeKTPOJIOB TIYIIKK He 3a3eMIIEH.

KoHcTtaTtauus npobnembl

BojHMKHOBEHME TNpoGIeMB CBS3EHO C OCOIHAHMEM MPOTHRODEHMA B M3HAYabHOM
NpPEeCTABIEHHH O BOIMOMHOM 3aMbIKAHHH TOXA BO/IH3H TTYIIKK.

B ruiasme oSHapyXeH TOK # €ro TeueHHe MpeCTaBIFeTCa CeRyonmM obpasoM. OT
IUIa3MEHHOM NYIIKH BJONL CHJIOBBRIX /MMM MACHMTHOTO TOJIS TEYET SIEKTPOHHLIH TOK,
KOTOpbIA TOTJIOMAETCA TOPLUEBHIMH IUIACTHHAMM IUI&3MOTTPHEMHMKA, BOIBpAMIACTCH IO
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Puc. 1. Kowyesas cucmema ycmanosku AMBAJI-M u cunosas nunus,
EWXO0SIan u3 naaimennon mpwky. Huwce — maznumnoe none na ocu. 1 —
xamyuxs npobxompona, 2 — conenoud nywxu, 3 — nrazmennaa nywxa, 4 —
nnaamonpuémuuk, 5 — xanywxa noxyxacna. Cmpenkamu ceepxy Ha pucymke
OmMeeNs  KOOPOUHAMY Cevenull, 8 KOMOPHX NPOSOOWINCH UIMEPEHUR
NEHZMIOPOECKUM 30HOOM, CIPETKAMU CHUTY — MAZHUMHBIM 30HOOM.
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Puc. 2. O6racme ebnusu nrazmennoil mywxu. | - xamod, 2 - usanupoeannsie
duagppazmei, 3 - enympennas waiiba, 4 - anoo, 5 - 3a3emnénnmil xopnyc
conenouda, 6 - BOIMONCHOE — HANPAGNEWNE  MEYEHUS  MPOOGNbHO20
INEKMPOHHO20 MOKA, ] - 0ZDAHUNUBAIOWAR CUNOBAR JUHUR MAZHUMHOZO
nons.

npoBojisimeit BakyyMHOH KaMepe H MOXKET 3aMKHYTRCH HA aHOJ| ITyIIKH BAC/b MATHUTHOTO
MOJIA ¢ BHLICTYMAIOMIETO 3a3eM/IEHHOTO KOpITYca CONEHOMAA. JTa CHTYaIlis BOMMIH TyIKH
CXeMaTHUHO, HO ¢ cobmo/ienueM MacnrraGa nokazaHa Ha Puc. 2. 3aseMn@HHMIA kopiTyc
COICHOM/IA BHIIONHCH B BHJE [OJNON0 INUMMHAPa M BHICTYNACT 38 TOpEH ITYIKH.
Hekotopsle CWIOBEIE JIMHMM MAHMTHOTO TOJIN, BRIXOMANME M3 AHOJA, B CTIAJIAIONIEM
MATHITHOM TON¢ NONAJAIOT HA 3ajeMISHHEN kopmyc. BodMoxaio passurtve myr. M
JIEHCTBUTENEHO, CIE/TH KATOMHLX IINTEH OGHAPYXMBAIOTCA HA BHYTPEHHER NOBEPXHOCTH
pnaEpa. Kasanock Gil, MMEHHO TaK JIODKEH TeYb JMEKTPOHHRIA TOK OT 3a3¢MIEHHOIO
BHICTYTIAIOIIEro Kopiyca Ha aHoji (xpupnie 6 Ha Puc. 2). Ho Torja moreruman anoja B
NpofokeHHe BeeH JUTMTENBHOCTH TCHCHMA TOKA JOIDKCH 6ul OWITE MOMOMHMTENLHEM H
NpPUMEPHO TIOCTORHHKIM. OJHaKo, NpejCTaR/eHHMe Ha Puc. 3 OCIMLIOrpaMMbl
[OTCHIAANA AHOJA [yIKH M NPOAOTLHOIO TOKA He TO3BOMAIOT TOXTBEPAMTH 3TO
Ipe/ionoxkenye. IocToSHCTBA MOTEHIMANA aHOJA NPH HANHYHH TOKA HET. Bonee Toro,
BHAYANE, KOra IPOXObHAIH MIEKTPOHHBIA TOK YXKE TEeHET, MOTESHIHAT AHOA IAXKE HIDKE
TIOTEHIHANA 3a3eMIEHHON BaKyyMHON KaMeEphl.

[looToMy MEI TIOJIaraeM, YTO OCHOBHOE 3AMbIKAHWE TOKa BOMMIH IYIIKM HE
obecricuMBaETCH MYrOBHIMM PajpijiaMi MeXJy aHooM H OmM3K0 PpacronoXeHHHIM
223eMIIEHHBIM KOPITycoM. XOTH, C MOMEHTA BPEMEHH 1,2 MC, 3TOT MEXAHIIM PEATM3YETCH
¥ BHOCKT JONOMHMTEMLHBI BKIag B TOK. CKauoOK aHOAHOIO MOTEHIMANA B MOMEHT
BpeMeHH 2,75 MC SBIACTCH THILAHBIM TPH OKOHYAHHH [IyT0BOT'0 paspija.
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Puc. 3. Ocyunrozpamms nomenyuana anoda nyuxu (1) u npodonsiozo moxa
& npobKompoNe (1), UIMEPEHHO20 MAZHUMMNBLM sondom na paduyce 11 cm.

MoctaHoBKa 3agaym

[lycTs mia3Ma B TPaHCMOPTHpYOmeH ©00AacTH 3aHWMACT Hexuit ofnéM. ['paHuMHBIC
YCIIOBMR C1eB2 (CO CTOPOHBI MYIIKH) BO3bMEM CIEAYIONMMH. OT OCH 10 OIIpeAENIEHHOT O
PaJHYCa CICIOBHIE JTHHMM MAIHWTHOTO TIONA MPOCLHMPYIOTCA HA NYUIKY, KOTOpas, MOXHO
CUMTATH, He coeluHeHa ¢ 3eMiéfl (COMPOTHBICHHE COCIMHCHHA aHOlA C 3eMIeH
cocTaRNAeT NecaTkM KOM), 34 JTHM PajMycoM CWIOBbIE IHHMM ITPOCLMPYIOTCH Ha
3a3cMICHHEIL KOprTyC BaxyymHoM kamephl. IIpelcTamiseT HHTEpEC MOBEPXHOCTD,
OTACISIOMAS BHYTpCHHMH 00BEM IUIa3Mbl, KOHTAKTWDYIONDE C1eBa ¢ H3OMMPOBAHHOH
cucTeMoft (ITymmxoit), OT BHEIIHET0, KOHTAKTUPYIOMIEro C ITOH CTOPOHHI C semiéfl. Jta
[I0BEPXHOCTL OMNPEJEIACTCS CHIOBOR JTHHHMER, BHIXORAIIEA c aHoja Ha pamuyce & CM,
xoTopag NokaaHa BOMMDH IyDIKH XpHBOH 7 Ha Puc. 2. PaccMoTpMM ITPOIIECCHI,
NMPHBOJATIME K MEPEHOCY MACTMI| YEpe3 ITY MOBEPXHOCTE. Ot 310r0 MEpeHoca 3aBHCHT
NPOAC/LHLIA TEPEHOC W3 BHYTPEHHETO oObEMA uYepe3 MpaByio IpaHMily — BXOJ B
ITpOOKOTPOH.

M3BecTHO TO, YTO HA JTOH OTASAIOMEH IOBEPXHOCTH.

® [UIOTHOCTSH IUI&IMBL CTIAJIAET HAPYKY,

*  JIEeKTPUHEcKoe TIONE HAITPARNEHO HAPYXY.
F1MX MpEANONoREHKA (IKCTIEPHMEHTAIBHEIX (akTOB) NOCTATOMHO JUIA JaNbHEHIIIEro
PAacCMOTPEHHA NEPEHOCA YACTHIL HePe3 ITY NIOBEPXHOCTS.

CornacHo TOCTARNCHHOM 3a/iaue TeueHMe TOKA MOXHO IMPEJACTABHTH CACTYIONUHM
ofpajoM: eclH M3 TPaHCIOPTHPYIOMeH obnacT¥ BJOML MATHHTHOTO TIONA YXOOHT
ANEeKTpOHHEIA Tok MacurraGa 1 kA, To is ofecTicHeH s KBAIHHEATPATEHOCTH TIONEPEX
MAFEIATHOTO TIONS JOMKEH YXO/IHTh HOHHBIA TOK TAKOH e BETHUHHL.

ﬂngxmu(petmammymeu,mummmneammaxmcpmemx
HafpaBeHo oT MymKd (N) K poOKOTPOHY {5)

JaMETHM, 9TO B TPAHCTIOPTHPYIOMEH O6NaCTH BO BHYTpEHHEM OOBEMe M
TIPHCYTCTBYET TeueHHe TOKA B BH/IC TOKOBWX TETeldb, KkoT/a H3-3a 38MATHW4EHHOCTH
3JEKTPOHHOTO KOMIIOHEHTA HacTh TOKA Pa3pija BRIHOCHTCA M3 ITyTIH BACOTL CHTOBRIX
THHMH W 3aMBIKASTCH TONEPEK CHIOBRIX JIMHMHA B IUIaiME. Taioke SKCNEpHMEHTATEHO
0GHAPYAEHO, YTO ITPOJIOIHHOE TEHEHHE MEKTPOHHOIO TOKA COTPOBONIACTCH €10 CXATHEM
K OCH TI0 Mepe yialeHus oT mymxu. Ho 3TH SBIEHHS BOICACTBHE HX NOKATHIAIMH BO
BHYTPEHHEM O0BEME [U1a3MEl HE SBILNOTCH TPEIMETOM HCCITCIOBAHHA naHHO# paboThl.

OrpaHWyeHHe PacCMOTDCHMA TMOMEPeyHOro TOKAa TONLKO B TPAHCTIOPTHPYIONIER
obnacTi O0YCIOBNEHO TEM, YTC H3MCPEHHA B poOKOTpOHE He TMOKAIWBATH HAMHYHA HA
nepudepus 0GpaTHOTO MPOJOTHHOO MEKTPOHHOTO TOKA.

[IpH paccMOTPEHHH MCTIONLIYETCH MHIPOAHHAMHIECKOS MpuGOKEHKE, MPHMEHEHHE
KOTOPOTO OITPABJAHO TEM, YTO ATHHK CBODOHOIO mpobera 4acTHl| MEHbIIE XapaKTeEPHBIX

pasMEpOB CHCTEMBI, M HAC HMHTEPECYIOT NApaMETpHI, YCpeHEHHRIE 3& JOCTATOYHO
GobIIoi BpeMeHHOH TTPOMENYTOK.

PaccmoTpeHue npoueccos, NpUBOARUIKX K
nonepevyHoOMy TOKY

Monepeyran dugpy3un

PaccMOTPHM KJIACCHYECKYIO TONEPEHHYIO middy2a0, oOYCNOBICHHYIO KYTOHOBCKHMH
CTOKHOBEHMAMH YACTHII. Mnmumcnpuqmyﬂmnaumﬁmm npenen
CKOPOCTAM BO3IPacTaHus JHTPOIMH H NEPEHOCA HACTHIL B IUIAIME. PaccMoTpHM MPOCTYIO
IU1a3My, TJie JIMIIb JIBA COPTa YACTHI] — JEXTPOHRE H HOHK (TTPOTOHKE ).

CTOTKHOBEHMS MEWJY ONeKTpOHAMH H HOHAMM [PHBOJAT K mapdyum, W 3Ta
maddysus aMOKIIONAPHA, T.¢. HE NPHBOJMT K MONEPEHOMY TOKY. AMOHTIONIPHOCTE JIETKO
TIOKA3LBAETCA M3 YpaRHeHMH MH/IPOMHAMKIHM [5] AN a3HMYTATHHO O, THOPOTHOR TUTA3ME
B CTALHOHADHOM COCTOHHMH. Kosgbtbmmem amOunionapHoft  TMddyIHu  pameH

: : 1 p,
D jambip = DM re D= ‘D_.[k = E% . 3%ech p — NapMOPOBCKHI pajdyc, T — BpeMA

MOTEPH WMIynbca. BpeMeHa MOTEPH HMITYMCA CHAIAHE COOTHOWICHWEM r.-.z% T

[6, c1p.163].

| CoraacHo BBeISHHON BRINE TEPMHHOIOTHH.



[LIAYMEHRAR
cTpyS

"kpacHu " HoH nocne
o CTOMKHRORCHHA

Puc. 4. Cxema, uwinwocmpupyiowas oughgyauino uonoe 8 xanvyesoii cmpye
6 peIVALMAmMe WOH-UOHHBX CTHANKHOSENUT.

CYMTaeTCH, YTO CTOIKHOBCHMA MEXIY YaCTMIIAMM OJHOIO COpTAa He IPHBOAST K
by, B Hamenm cryyae 310 He Tak. CTOMKHOBEHMS HOHOB MeXTy coBGoll IPUBOIAT K
nonepeurion mddysuH, mMpuuéM K 3HauHTeEHOH. KauecTBEHHO 3T0 YTBEPKICHHE MOXHO
[MPOJIEMOHCTPHPOBETEL CHIEAYIONMM NPUMEPOM, IPEJCTABICHHHM Ha Puc. 4. BoabMEM
TOHKYIO KOJBIEBVIO INAMEHHYIO CTPYI0 B MATHMTHOM mojie (TOJi€ HAnpaBleHo [0
HOPMATH K IUIOCKOCTH PMCYHKa). PaccMOTpHM /iBa HOHEZ B CTpYE, HAXOMMIAXCA HA
O[MHAXOBOM DaJHyce, HO HA pasHLIX a3MMYTax. B pesynbTare CTONKHOBEHHS ITHX JBYX
HOHOB MexXIy coboi moja yrmoM 90° LeHTp NapMOpOBCKOH OKDYMXHOCTH OJHOI'O HOHA
CMECTHTCH 110 PaJMyCy HA JTapMOPOBCKMI pajWyc HAapyXy, a ApYroro — BOBHYTpb. T.e.
ITH HOHB! BHILIYT 3a npelens cTpyH. LIeHTp HX Macc OCTAHETCH Ha TOM XE pajMyce, Ho
CTPY# cTaHeT mmpe’. HOHH TEpRIOT AMITY/ISG B PE3y/IbTaTe HOH-HOHHBIX CTONKHOBEHMUH, U
ITH CTOIKHOBEHHSA B KONBLIEROH CTPYE TIPHBOJAT K YIIMDEHHIO CTPYH, T.€. IHbdyIHM kak
BOBHYTDb, TAK M HAPYXKY. DTOT ITpoLiecC OoMmHchiBaeTca Kak muddysus ¢ xosddmmentom

! Tax, y @ Yena [8,crp.173] manWcawo: «.. DEHTP Mace ABYX BEAYIHX LCHTPOB OCTACTCA
nenoaprxHbIM. [TooTony muddyinn ... meomerca oweHb cnabofl, ... BunoHReTCA CTporuil GanaHe: Ha
xam/(uili HOM, ABHXYMHACK B PeIy/LTaTe CTUIKHOBEHHH BHYTPS CHCTCMEI, NPHXOAHTCR APYTOM,
KOTOPBIA JBMKETCR HADYXY.»

*Inech LEHTP MAce ABYX BEIYUIMX LECHTPOB OCTACTCH HETOJBHKHMLM, OfHAKO 004 HOHA BRINLIM H3
CHCTEME! (3AMETKA K IpeIbiIylieH conlke).

4 M
D/ =%% 3 ﬁ;’f D (5 "\E— t;). Buumo, 4To 5Ta HeaMGurionspHas mHddyns

H3-3a MOH-HOHHBIX CTONKHOBEHMIl MHOTO CHIbHEe, YeM aMOMIIONAPHAS H3-33 JEKTPOH-
HOHHEIX.

AHANOTHYHO paccmMarpuBacTcs JMPQYIHS B PEIYNBTATE 3NEKTPOH-3EXTPOHHAIX
CTOIKHOBEHHH H BHISCHIETCH, YTO 370 caMasl caGas mubdyms — D~ = 0,5D".

dopmansHo ronepeyHnit  koopdupent MPPyIuH HOHOB  MHOIO Gonmme
anextporHoro. Ho... IlpotprmapyeM cHauana C. M. bparuuckoro [5, ctp. 229]: «llyems,
HaNpUMep, UMeemca 2paduenm NIOMHOCMYU UOHOE 800Nb OCU X U MAZHUMMNOEZ none
nanpaenexo no ocu z. To20a so3Hukaem NAPMOpOSH NOMOK HONOE no oOcu y €O
cxopocmuio V, = (cT/enB) dn/dx. B amom cryuae npusmensme Henocpeocmsesto gopmyny
ans dugppysuu D ~ p*/7 Henvas, ubo dugpghyus npoucxodum 8 deuncyweiics cpede, u npu
CMONKNOBEHUSX UOH NOTYuaEm & CpedHeM Hekomopyiil ummnynse 80ons ocu y. Ilepeiidém e
cucmemy koopounam, 20e V,=0. B 3moil cucmeme umeemca 3rekmpuvecxoe none
E.=(V/c)B = (T/e) dinn/dx, @& xomopom uoWel umeiom xax paz bonsymanoscxoe
pacnpedenenue u ux nOMOK pAseH HYno, max Kax nomox, BBIEAHNBIE ITEKMPUYECKUM
nonem, kKomnencupyem ouggyauio. »

Hapucyem 5Ty curyamio ¢ mubdysueli NMpH HATHMMH TpajMeHTa [UIOTHOCTH
KOHKPETHO /TS JIaHHoro 3kcnepuMenta (Puc. 5a) # nepedpasHpyem CxaiaHHOE BHINIC. Ha-
3a TpaJHeHTa TUIOTHOCTH HA 3aJIAHHOM PAMyce YMCIIO HOHOB, MMEIONMX MO AHMYTY
BEKTOp CKOPOCTH ITPOTHB 4acomoi CTpesiky, GONbINE YMCIA HOHOB, HMCIONMX BEKTOP
CKOpOCTH 110 4acOBOH cTpenke. Ilonarad WOMBI OJHHAKOBBIMH, [OMY3ACM CyMMapHBIH
@3UMYTATHHLI TIOTOX HOHOB TPOTHB 4acOBOH CTPEIKH. Ecu nepefiigM B CHCTEMY
KOODIMH2T, JBIKYIIYIOCH a3MMYTamkHO C MOTOKOM MPOTHR YacoBOW CTpENnKH, TO
BO3HMMKHET OTPHIATENLHOS pAJHATLHOE DJIEKTPHYECKOC [ON€, KOMIICHCHpYIOiliee
mAp by 3HIO.

NapMOpOBcKan napmoposckud 5
OKDYXHOCTMb maxK No
UoHa aumymy E
——
- N paduyc L

N paduyc % O O BoaLLeHHe
no a3uMyTy
1‘........_..._

grad n

Puc. 5. Cxemsi, noscusiowue zpaduenmwwiil Opeiih (a) u Opeiigp &
cxpewennvix E, B nonsx (6).




PaduaneHoe anekmpuyecxoe norse

OTBeTHM HA BOMPOC: €CTh JIH TOK NPH HATHYHH PaJMATBLHOTO MNIEKTPHYECKOro TIoMH?
Omnsrs npoimrupyem chavata C. M Bparusickoro [5, Ctp. 230]: «/lyeme sdans ocu x
umeemcs exmpuueckoe none. Ono ewzvisaem Opeiigh uacmuy oBoux 3Haxoe 6001b OCU Y
co cxopocmbw Vy= cE/B. B cucmeme xoopdunam, 20e V, =0, anexkmpuueckoe none
E =0 max wmo mukaxo2o nomoxka no OCH X, m.e. RO HANpAeleHuio NpuloNCERHO20
INEKMPUYECKO20 NOAR, He BOTHUKAEM.)

H306paiiM KOHKPETHYIO CHTYALMIO B JAHHOM Jxcnepumente (Puc. 56). Mmeerca
ToTepetHOoe JEKTPHUYECKOe TioNE, HANPABICHHOE HAPYXY. B CKpEmeHHRIX MOJAX fiasMa
BpamiaeTcs Kak Lenoe Mo 4acopod CTpesike, Eciu repedIEM B CHCTEMY KOOPJMHAT,
BPAILIAIONIYIOCH 110 4acoBOH CTpeiKe, TO VIEKTPH4ecKoe INoNe 3aHYMHTCH, M HHMKAKOro
noToka BbiTh He JOTHO.

Monepeyxan ughgy3us + paduanbLHOe 3nekmpuyeckoe none

Tenepb PaccMOTPHM TH JIBA TIPOLIECCE, HEAMOHIIOMAPHYXC NOMNCPEYHYIO maddy3mo H
NEpeHOC B PaIHATLHOM JNIEKTPHUSCKOM [1071€, BMECTE. Kax Gmmo moka3zaHo BeILE, JUIA
NOMYYEHHA HY/IEBOrO MOMEPEeUHOro TOKa, B [EPBOM CITYYae, CHCTEMA KOOD/HHAT JO/DKHA
BpalllaThCi NMPOTHB HacoBOM CTPENKM, 8 BO BTOPOM, HaobopoT, mo yacosofl CTpeixe.
PaccMOTpeHsble [BA MEXAHH3Ma HE IPHBOJST K KOMIICHCAIMM NOTOKOB, 8, HaobopoT,
YCHTHBAKOT MOTIEPEUHLIA TOK.

MOXeT 7TM TOK, BL3BaHHLIHA nofepeyrolt tuddysHedl HOHOB M3-38 CTONMKHOBEHMIH HX
JPYT ¢ JPYTOM, KOMIICHCHPOBATHCA BOSHUKHOBEHHEM TOTIEPEHOrO S/EKTPHHECKOr0 nons?
Jla, KOHEWHO, ¥ ECTh XOpOmO K3BecTHHe ananornu. Hanpumep, snexrponbl Gonee
NOJBKAHE BJO.IL CHIOBRIX JIMHMIA, M B MPOOKOTPOHE A HX YACHKAHHS YCTAHABIIMBACTCH
Gotee MOIOMMTE LML (aMOumonapiedt) norexipman. Mo ke Golee MOABIDKHEL B
MONEPeyHOM HAMPABNEHMM, H [UIM MX YACPXAHMI B OTOM TONEPEYHOM HANPABIICHHH,
COOTBETCTBEHMO, JOTKEH YCTAHAB/IMBATLCA  OTPHUATEBHHIA — moTeHian (WM
OTPHLATETHHOE PAJHATHHOE MEKTPHYECKoe T107ie). Y HAC e MOIOXHTENBHOE PAHATEHOS
ylekTpuyeckoe rniote. [loTeHian Iasme Takoif, 4o, HaoGopoT, criecodCTBYET,
TIONEPEeHHOMY HOHHOMY NOTOKY HAPYXY.

JamerrM, 410 GOpMMpOBaHME HA TEPHOEPHM OTPULIATEIBHOTO 2IEKTPHYECKOro
MoK, YAEPAMBAIOILIET0 HOHbLI, OCYHISCTRIANOCE HAMM PaHEE, KOIJa AHOJOM CITYXH1T HE
COGCTBEHHO AHOJL, & BHYTpeHHss mai6a mynna (3 Ha Puc. 2). B oroM ciry4ae HamepaeMblit
MPOJOTHLHHH JMEKTPOHHBIA TOK YMEHBIIATCA Ha TOPANOK NO CPABHEHHIO C OOBIVHBIM
NO;UCTIONEHHEM YICKTPOJOR IUIasMeHHOR Nynu. 3ToT Qakr MoxerT GblTh OGBSCHEH
yMEHbILIEHHEM TIONIEPEMHOT0 HOHHOTO TOKA H CITYMMT Ka4YeCTBEHHbIM MNOATBEPXKACHHEM
MpABUTHHOCTH BRIGPAHHOA MOJETH.

Boobilie TOBOPH, 3T0 OueHb HHTEPeCHHH BOMPOC O momepeuHod maddysM U
ronepeyHoR MpoBoIHMocTH. K 310l npobneme TolepeuHoro Toka B CHIBHOM MATHHTHOM
note (wr>>1) pcersa OHI0 NPHKOBAHO ITPHCTATHHOE BHMMaHHE. [loCTaTouHO
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obpatutbes Kk pabotaM 50-x romos [10, 12]. ¥ paxe B mocneqylonmx oSobmaronix
paboTax mpH oOCYXIEHHH YacTO NPHBOJHIOCE BHIPAXKCHHE obofmgnnoro 3axona Oma B
paamunbiX popmax [5, 9, 7] ¥ paccMaTpUBATHCH YACTHHIC 3aJaYH. Ilo 3ToMy moBogy
KpacHOpeuHBEL clioBa 13 paGotul [7]: «Pasnsie gopmni obobwénnozo zaxona Oma eosce
He ceéudemenvcmeyom 06 ux paztuuul, maxK Kax no cyuecmsy OHU IKBUEATENMNG,
OOHGKC Npu KOWKpemunix uccnedosawusx ma wiu Opyaas popma Ouieaem uno20a
yenecoobpasnee, max Kax npowe moxcem npusecmu K yenur. CRONKHOCTH npob1emMb
TaKOKE MOXGHO IIPOMILTIOCTpUpoBats ciobami O. Yena [8, ctp. 170]: «Jipocmozo omeema
06 ambunonaproii Jugghyzuu nonepéx MazHUmMNO20 NoAR He cyuwecmeyem. Hexnouenue
cocmaensem monsko mom cayuail, Ko20a CMonG nIaIMs RERIEMCR HACMONLKO ONUNHBIM,

umo Jughhysueii 8 NPOCONLHOM HANPABNENUY BOOOUE MONCKO npenebpeyb.»

TN JOCTIOKEHMA CBOCH LeMM BObMEM 0GOOmEHHHH sakoH Oma B dopme,

mpescTaBnenHoit B pabore [9, cTp.158], H, NEPETPYIIMPOBAB ‘WICHH, NOTYdHM
CIIeJIYIOMIEE BHIPaXKEHHE!

E+1[Ex§]=-‘-r—+—l-[}xf_;'j|-igmdp,.
o enc en
Mvi+mv,

3necs V = s P TUJIPOMHAMMYECKAs CKOPOCTD (CKOPOCTh MACCH ).

Fcmu nonarats j = 0, TO NOTYYHM, YTO, PaJHATBHOE MEKTPHUCCKOE NONe MPHBOAKT
K A3MMYTATbHOMY BPAMICHHIO OJHOPONHOH ILIA3MBL. Ho 210 4acthoe pemerme. OHO
COOTBETCTBYET CIYMAlo, KOTjla paccMaTpuBaercd OecKoHCHHO IUTHHHALH  TU183MEHHEDA
cTo6 M NPOACILHBIMK TIOTEPAMK MOXHO IpeHeGpedb, WIH KOIJid HPOJOJLHEE MOTEpH
aMOHITOIAPHEL.

Jlpyroe uacTHOE PeIIEHHe COOTBETCTBYET CIYHAIO, KOI/IA 3AIIpEIEHN TOKH Xoia
[5, c1p. 238, 7, c1p. 367]. Jns MpOTEKAHWS TOKA MOMEPEK MATHMTHONO MONA BOIHHKAET
XOIUIOBCKOE  ICKTPHYecKoe Tofie’, MepreHIMKyspHoe BHemmemy nomo. Owo
YPABHOBEIIMBAET AEHCTBYIONYIO HA 3aPAKCHHBIC HACTMIBI CHIY Jlopeuua. Benejcrsne
3TOr0 BOCCTAHABIMBACTCA HOpMA/IbHAS TPOBOIMMOCTS i = oy £, rie oy = 0.5 o B stoM
CMBICTIE TOBOPHTCS, YTO MATHHTHOE I10/1€ HE BIMAET Ha MPOBOHMOCTS TUTA3MBL.

Ho, B ofmieM cy4ae, Korja ycloBHe aMOHIIONAPHOCTH HA TPOJIO/IBHBIE MOTEPH HE
HaxnajJpBaeTcd, KOTAa He HaknajbBaeTci HMKAKMX YCIOBHA HA KOMIIOHEHTY TOKa,
MEPTICHAMKY/ISAPHYIO BHENMeMy Nomo E, (TaKk HAJBBACMBIH XOJUIOBCKHMHA TOK), TorJa
BJOJIb HAITPAB/ICHMS MMPHIOKEHHONO NONEPEYHOro EKTPHUYECKOro Mojs E; TexyT TOKHM

7 CYLIECTBEHHO MNOJABICHHLIC CHIbHLIM MarHMTHBRIM

noneM. MiMerHo 5Ta CHTyalMsd XapaxTepia VIR GAHHOMO DKCNIEPHMCHTa, MOCKOIBKY HET
janpeTa kak HA TPOJOMBHBIA TOK M3-33 KOHTAaxTa C TOPIOM YCTAHOBKHM NpOBOJMIlCH
BaKyyMHOMH KaMephl, Tak H Ha XOJUTOBCKUH TOK H3-34 LUTMHAPHYHOCTH TUTA3MBL.

4 JameTHM, WTO IR 3TOH KOMIOREHTRI 1aKoH OME, 09EBH/IHO, HE HMOCT chbicaa [9, c1p.159].
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Teneps Bxpartiie o6paTHM BHHMAHHE Ha BOIMOKHOE YBENHYCHHE NIONEPEHHOTO TOKA,
CBS3AHHOTO YXe ¢ TYPOY/IEeHTHOCTRIO Ia3Mbl. HeoHOPOJHOCT: MPOBOMMMOCTH IUIa3MB
(KNACCHYECKad — M3-33 HEOJHOPONHOCTH 3NEKTPOHHOR TeMNEPATYPHI) 3aTPYRHACT
TpOTeKAHME XOJUIOBCKOTO TOKA, W IAXKe Maiad HEO/THOPOHOCTS CHIILHO (¢3aMArHHSCHHOM)
WA3MEl MOKET TPMBECTH K 3aMETHOMY VBEIMYEHMIO TOKA BJONL [ONEPEHHOro
IMeXTpHYeckoro nons. Jtot 3ddekr Guin yxazau B paGore [10] u 3areM M3yueH
B.B. Kagomuessim B pabore [11, cip.314]. B oroft palore paccMaTpHBAETCH
TypOy/eHTHAS IU1a3Ma H NOKA3LIBACTCS, YTO [PH CPE/IHEM aSHMYTATHLHOM NICKTPHHCCKOM
10]Ie PABHOM HYIO B IPE/TIONOKEHHH (14 POCTOTH) 3aBHCHMOCTH MPOBOJMMOCTH OT
ITIOTHOCTH Kak orh = const, H3-3a JONOTHUTEIBHOTO CIaraeMoro <en'E'> nonepeysmii Tok
B CITy4ae BRICOKOYACTOTHBIX (@ > @) HIOTPOMHBIX KoNeGAH BOSPACTAET NOYTH B (e Te
pas, a B CIy4se HHMIKOYACTOTHBIX XONeGAHMIX 3HAUMTENbHO MeHbmie. [Ipu aroM
NPOXOMLHLIA TOK NOYTH HE MEHACTCH.

KoHeuHO, M3yueHWe OTOr0 MEXaHWsMa TpedyeT OTJeNbHOro paccMorpenud. B
JAHHOM CTaThe, MOMHMO YKA3aHMA Ha JTOT MEXAHMIM, MOXHO ClieNaTth JBa JOTOMHCHHL
Bo-niepebiX, 3aMeTWM, 4to B paGore [13] OO MOKalaHO TNOBRIIEHHE noTiepeyHoH
mudbd Y3 TIaIMEL BCTIE/ICTBHE PA3BHTHA MEKTPOCTATHYECKHX koneOariit B ruiasMe. Bo-
BTODEIX, [PEIOKHM KaUeCTBEHHOE OGBLACHEHHE. ITpeanonoXuM, YT B ONpeeTEHHbIA
MOMEHT BpPEMEHH A3MMYTANLHOE ICKTPHHECKOE [oNie IIPH CPE/HEM 3HaYCHHK (38 00X0A)
PaBHOM HYJTIO TIPOMOJIYTHPOBAHO B NPOCTPAHCTBE, HAIPHMED, cuHycouzioii. IIpu HynepoM
ATHMYTATHHOM TI0/IE POBOIIMOCTS TIOfARNeHA B 1/(ow.t)° pas. [IpH MoyTMpOBaHHOM
a3HMYTATLHOM TI0Ne B TeX 00MacTsX, rje HANpaBIeHHe NONS COBNANACT C HAITPARICHHEM
XOJUTOBCKOFO ITIONA, MOWET BOCCTAHOBHTLCA HOPMANLHAS IIPOBOJHMMOCTB, 4 B JPYIHX
061aCTAX — HAOGOPOT YMEHBUINTBCA 40 GeckoHedHo Manoff BesudMHBL Ho B cymme
TOTIEPEHbIE TOK B PAJMAIBHOM ONEKTPHMECKOM TIO/ie BOSPAcTET (B mpefiene — B
(ﬂkkfr)?n Pﬁ3)

3asepmas PACCMOTPEHHE TIPOLIECCOB, MPHBOASIIHX K BO3HHKHOBEHHIO MOTIEPEUHOrD
ToKa, ofpaTvM BHHMAaHHE Ha CJICAYIONTHE TIPOLIECCHI, KOTOPHIE, KAK BRICHAETCA, HE BHOCAT
CYMIECTBEHHOIO BKJIAJIA B TOK Yepe3 BHOPaHHYIO HAMH MOBEPXHOCTD.

AmGuniongpHas MbdY3IMs IPH HATHYMH PaJMATLHONO IEKTPHYECKOro oS
IIPUBOJIT K MOSBIEHKIO TIONEPEHHOro Toka. [leno B ToM, ¥ro GiIiDke K IPaHHIIE HAXOAUTCH

ia3Ma, 3apspkenHas Gonee MONOXKMTENBHO. B pesymbrare amMOHTIONSPHOMR b dy3uu
BHYTpeHHMI 00BEM ImiaiMel Oyaer NOKHAATP HMEHHO IUIa3Ma, HeCyniad Gonee
TIOTOHTEILHEIA 3apAT.

B obnacti cnaboro MaruMTHOro nons f~ 0,3 M BO3MONHO pa3BHTHE CaLIOHHBIX
poamymiennit. Y, kak B crydae ¢ amGumionspuolt muddysuedt, obnéM miasmu OyzeT
TIOKMAATH [U1a3Ma ¢ 5oliee NONOAMHTENBHEIM 32pA/IoM.

Ha nepudepuyt BOTHIM MYMKH AOCTATOMHO BHICOKAA IUIOTHOCTH Tala. B pesynbrare
CTO/KHOBEHMI YaCTHI{ IUTa3MBl C HEHTpalaMK NPH HATMYAM TPAJMEHTa IUIOTHOCTH WST

mbdysus, mpuudM nonepeuHad MMGQY3Hs HOHOB 3HAUMTENLHO CHibHee MHQQysm
SMeKTporoB. Taioke MpH a3MMyTATLHOM BPAIleHHH CTPYM B PaJMATHLHOM JMEKTPHYECKOM
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noje B Pe3y/bTaTe CTONKHOBEHMH ¢ HEHTpalaMH HAa MOHE H 3JIEKTPOHH JCHCTBYIOT
ONHOHAITPABIEHHKE AHMyTATbHEE CWibl F. JleficTeue 3ToM ajuMyTalnbHOH ciwia F B
POAIEHOM MATHMTHOM IT0Jle TIPHBO/MT K BOIHMKHOBEHHIO PRHATLHOIO MOTOKE HOHOB H
TEKTPOHOB B Pa3HEIX HAIPaBICHHAX (M3-38 IPOTHBONOJIOWHOCTH MX 3apijioB), T.€. K

HONEPEeYHOMY HOHHOMY TOKY Hapyxy. HalpamneHwe TOKa JIerko IOHATS, IIOCKOMIBKY
muddy3Hs BeET K BRITIONaAMBAHMIO TOTEHLHATA.

OueHkKa BeNIMUMHbI NONEPEeYHOro ToKa B
TpaHcnoprupyuien obnacrm

M3 TpancniopTHpyiomei ofracTi B MpoGKoTpoH uepes ceyenwe 10 cM” B po0Ke BRTEKaeT
npofomsHEDE ToK MacmrraGa 1 kKA. Tlockoibky MOHMEI TOK COCTHBISET BENHYMHY

npumepro 100 A [2], To MoXHO cyMTaTh, WI0 M3 TpaHCHopTHpylome# ofnacTe B
NpoOKOTPOH BHITEKAET HMEHHO SMEKTPOHHMA Tok Macmiraba 1 kA. Jlma obecrieyenms
KBa3MHEHTPAIBHOCTH B TPaHCHiopTHPYIomieH obnacTH JOMKEH CTEXaTh HOHHBIA TOK TaKoH
e BeMUMHEL BJONE CHIOBRIX THHHA MArHHTHOIO IOMA OCHOBHON (BHYTPEHHMIA) 00BLEM
INIa3MBl TIpOSIMpYeTcss ¢ JPYrod CTOPOHE! HA MBOMMPOBAHHYIO CHCTEMY — IVIIKY, M
NOTOMY CTOKA TyJia ObITh He MOXeT. [lonepeynnili HOHHBIA TOK JO/DKEH BLITEKATH Y€peE3
MOBEPXHOCTD, OT/ICNSIONTYIO BHYTpeHHMHA 00BEM 0T BHeNMero nepupepuiiHoro. lanee Tox
MOKET CTEK4aTh Kak BJAONh CHIOBHIX JmHMM, Tak M nornepéx. [Inomaxe orolt

OrpaHHUMBAIOMICH TOBEPXHOCTH  COCTABISET  JOCTATOMHO OONBINYI0  BEIHUMHY
3,7 x 10* o,

Huppysus

OnpenemuM BeSMYHHY HOHHOIO TOKa HAPYXKY Yepe3 MOBEPXHOCTH B TPAHCTIOPTHPYIOMEH
o6NacTH W3-2a JHPPYIMH B pesyibTaTe HOH-HOHHLIX CTONKHOBEHMH IIPH HATHYMM
rpamyenTa wioTHocTH. [lonaras asMMyTaILHYIO OJHOPOHOCTD H IIpeHeOperas TOKOM H3-

38 UG GY3HH VIEKTPOHOB BBMTY MAJIOCTH, HOTEpeyHLI TOK 3aIMCHBACTCH KakK:

z
ep] n _Sev’ n

dy _ i ﬁ
I¥ = [eDf S 2nrdzeS et SR
B ofmacTi cnaboro MarHMTHOIO IOJIA NIaPMOPOBCKHI pajHyC HOHOB o JOCTHracT
2cM. Ilpu XapakrepHodt wiomHocTH mmasMbt 10 oM”  xoopdmment muddysmm
nomysaercs papHbiM  5x10°cMYc, uyTo cpaBHMMO ¢ GOMOBCKMM  KOO(OhHITHEHTOM
mubdysud. BenmudumMHa [OroHHOro ToKa (4epe3 MOBEPXHOCTE ¢ NPOJONBHBIM pasMepoM
1cM) pocturaer 4 A/cm. OyHKIMOHATHHAS 3ABHCHMOCTH TOKa BHITIAIHT KAk

4 2

2is w—— " HauGonsumii BKIax B TONEpeYHHH ToX AaéT ofnacts cnaGoro
de. L B*JT,

MATHKTHOIO MoJA M 00nacTh BOMM3M IYIIKM, Ti¢ BETMKA [UIOTHOCTS TUIA3MBI M CIIE Man

rpagueHTHBIE  pazmep L:. Tlo okcnepumeHTanbHRIM — pesynbrataM  [2]  Geulo

alMpPOKCHMHPOBAHO  NPOJIONBHOE  pacnpelie/icHHe  IUIOTHOCTH  miasmel.  HoHuas
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TEMIIEpATYPa AMTPOKCUMUPOBANACH KAK TMHEHEI POCT NPH YAAICHWH OT ITyIIKH ¢ 103B
no 170 3B. Tlonepeunniit paMep WiMeHeHus TUloTHocTH L, Bospactan ¢ 1/5 no 1/3

pamayca oraensonieli nopepxHoctd (oM. Prc.16 B [2]). Homyuennas TaxuM oOpaszoM
BeJIHUMHEA [10NePeYHOro Toka Yepe3 BHOpaHHYI0 HAMH MOBEPXHOCTL COCTABHIIA 280 A.

flonepeynas npoeoduMocms

Onpeie/HM BEIWYHHY HOHHONO TOKa HAPYXKY Hepe3 Or paHHIHBAIONLYIO MOBEPXHOCTL B
TpaHcriopTHpyomeH o6nacTH B pajMATEHOM WIEKTPHYECKOM Tiorne. IpeanionoxkeHue o
CHILHOM MATHHTHOM TIONE ONPEBJAHO, TOCKONBKY B TpaHCTOpTHpylomel obnacTd
@ t> 150. ITonaras a3MMyTATbHYIO OJHOPOIHOCTS, IOTIEPEYHBIH TOK 3aITHCHIBAETCH KAk

2
" e'n

5
I —j{m‘r‘ 12:rrdzacSmmjr‘

E.

[Tojienus 3TC BRpAKEHME HA NPHBEJEHHOE BHINEC BRIPAKCHHE VA TIOTICPEIHOIO
Toka B pesyibrare HeamOunonspHo# udysHM NOmywHM JOCTATOMHO IPOCTOE

1
BRIDAKCHHE OTHOIMIECHHA YTUX TOKOB: I _eLE (""t) M _eLE lJE(T_i]% ,
il I \@/) t. m I, 2¥YM\T,
OTHOIIeHHe JTHX TOKOB PABHO OTHOMICHHIO PA3HHI(H TOTCHIMAIOB HA TIPAaHCHTHOM
pasMepe K OHHOM TeMTiepaType Ha kodhuLMenT, KoTophil 13-3a Goree BHICOKOH HOHHOM
TEMIIEPATYPHl COCTABIAET BETHYMHY riopajka 1/7. B cevennm 2 = -325 mpu E; = 15 Blem
510 orHomerme pasme 0,3, T.e. BKIAZ TOKA U3-33 NPOBOJMMOCTH (CYIIECTBEHHO
TNoAABEHHON) B paHaTbHOM JTEKTPHYECKOM TIONE B TioNepeHEI HOHHBIH TOK HECKOBKO
MeHLIIe BKIANA TOKa W3-32 uddyIuu TipH rpajMenTe wioTHooTH. M3 dyHKipoHATBHOH
ARMCHMOCTH BHIHO, HYTO 3T0 OTHOMIEHWE IIPHMEPDHO COXpaHACTCE BO BCEH
TpaHCTIOPTHPYIOMeH o6rnacTh. Ycpe/HeHHe No BCEH NOBEPXHOCTH IAET BEIMHHHY TOKA H3-
3a monepeuHoit npopo/uMocTH B 100 A. Takad Xe BelMuMHA TOKA TIOMYACTCA M M3
JPYrux coobpakeHtil. 3aminieM OTHOMIEHHE TTPOJIOLHOTO TOKA B npodxe K TIoTIEPEYHOMY
B TPAHCTIOPTUPYIOIEH 06NACTH |, MO/ICTABMB XAPAKTEPHRHIE 3HAUCHHA, IT0JTYHM
£ B - | 1 25 37000 1 1

L oES, (@n) 196x15705 10 (700 10

Ambunonspran ugppy3un

Kak GhUIO CKa3aHO Beimie, #3-3a aMOumionspuolt AupoysuM H passMTHi OayIoHHBIX
BO3MYIICHHIT 06bEM mnasMel OyAeT NOKMAATS IUIA3MA C INONONHTEIBHHM 3apaIoM. Taxk,
3a3eMICHHBI 30H1 B TpaHcToprHpylomeil ofNacTy, pacrioNokeHHbH Ha nepudepun
(CHapYXH OT OCHOBHOTO TIOTOKA MNA3MK ), KPACHOPEYHBO MOKA3BIBACT PCIUTHIBAHHE bano-
HOB, HECYDWX MONOAMTENbHEIA 3apa (Puc. 6a). Yacrora smHx KoneGaHMi COBMAACT C
yacroToil Heycroirmocty Kesmpuma-Tesmmromsia (Prc. 66), MEMIAMPYIODIEH BCIUIBIBA-
rue Gawionos. CpeTHsA ITOTHOCTH TOKA Ha 30H/L HA BPEMEHHOM 0Tpe3ke oT | Mc Jio 2 Mc
cocranmser pemamny 0,157 A/cr’. Toraa nomHent TOK Yepe3 NOTOKOBYIO HOBEPXHOCTD, Ha
KOTODPOH PACTIONOMKEH 3TOT 30H/T, OTYHAETCH POCTO ONPOMHBIM — HECKOIBKO KA.
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Puc. 6. Ocywwozpamma 3asemnénnozo depes 10 Om  3sonda ¢
mpancnopmupyloueii ofnacmu (z = -325 cM) na nepucpepuy (paouyc 40 cm)
(@) u 6peMenHaA 3asUCUMOCMb OOpaMKO20 8peMeRU MeNCOY MUKAMU MOKA
(cnnownas nunus) (6). Takxce na (6) noKas3ansl 6PEMEKKAS 3ABUCUMOCTL
wacmomsl ocHo8Koil Modw xonebanuii HKI™ u mpembeii Moow, Oenénnoi na 3.

@ B p, Kn em’
200 T T 3 | 1
510 ol &
u - p—
u, =
—EWJ e
510 4 |
I 1 ' :
0 10 20 30 0 10 20
o ¥, CM

Puc. 7. (a) Xapaxmepuoe paduanvkoe pacnpedeneHue nomeNywand 6
mpancnopmupyloweil obracmu (z = -243 cm) v (6) nonywennoe paduaibkoe
pacnpedenenue nOMHOCU 3p20a.
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M3 vypasuenus IlyaccoHa B MHTErpaubHOM Qopme: ﬁEnd‘:“"L pdV WM

SKCTICPUMEHTAITLHO H3MCPEHHOIO PajManbHOrO pacipeacicHHs noreHimana (Puc. 7a)
JIerko OMNpeAeNMTs IUIOTHOCTS 3apaja (Puc. 70). Taxad IIOTHOCTS 3apifida COOTBETCTBYET
IUTOTHOCTH M3OBITOMHEIX OJIHO3APSIHKX 4HacTWll Ha yposHe 2 x 10° cm™, wro wmmoro
MeHbilie (Ha 8 OPAIKOB) IOTHOCTH IUa3Mel. [Tonaraercs, yro amGumonapHas auddyzes
B TPaHCIOPTHPYIOIIEH OONAcTH TMPHBOAHT K BOIHMKHOBEHMIO MONEPEYHOrO TMOTOKA
INA3MEl HA YPOBHE HECKONBKMX SKBMBANECHTHHIX Kwioamriep. M3-3a nmammmg sapsana ara
I dy3us MPHBOIMT X TOKY BEJIMYMHOR TOpAIKa 107 A, ¥TO TpeHEGPENUMO MANO TIO
CPaBHEHHIO ¢ APYTHMH MpolieccaMi. ToK Ha 3a3eMIEHHBIH 30H] HE SBISETCA TOKOM H3-3a
amGumionsiprodl maddy3uH B IeKTpHueckoM TioNe. 3ech MBI Kak OHW MpOBEpHIIM,
HACKOMBKO BEPHO IUIA3MEHHOE INPHOMIDKEHHE, KOTJ2 M3 CHCTEMBI T'MAPOIHHAMHYECKHX
ypaBHeHMi HckiIro4aercd ypasHenHe [Tyaccora H nonaraeTcs paBeHCTBO [UIOTHOCTEH.

OTHOCHTENIEHO TONEPeYHOT0e TOKA B PE3yNbTare CTOINKHOBEHMH ¢ HeHTpanaMH
MOKHO TIPHBECTH Clemyioniee rpocroe coobpaxenue. [Tockomuky Ha orpaHMyHMBaromieH
TIOBEPXHOCTH MUTOTHOCTS ra3a (B OCHOBHOM BOJIOPOJiA) MHOTO MEHBIIIE INTOTHOCTH IUTA3MEL,
TO H HOHHBIX TOK M3-3a CTONKHOBEHWI C HeHTpanaMH B 7TOM MeCcTeé MHOIO MeEHbIIe
HeoGxomMoro. [Ipejcrarigercd, YTo ITOT MeXaHHIM MOXeT CBOe00paIHO MOAXBATHBATL
MEPEHOC TOKA, TIOCKOIbKY ¢ YAANCHHEM M0 pajycy CriocoSHOCTH TMEPEHOCHTh TOK H3-3a
HeaMOumonspHolt aupdy3uH W3-38 HOH-HOHHBLIX CTONKHOBEHHMH M rmionepedHoH
NMPOBOJHMOCTH YMCHBLIIACTCH.

3heck emé pa3 TMOAYEpKHEM, YTO PacCMATPHBASTCA IOMEpEYHBIH TOK uepes
BHIJIETIEHHYIO IoBepxHOCTh. B palore He paccMaTpHBacTCs kak Te4éT TOK A0 3ToH
NOBEPXHOCTH M Tocie. Jeno B TOM, YTO TaM MOMNEPEYHBIH TOK MOXET 00eCTIeYHBATHCS
NPOBOJAIIMMH TOPLAMH (ITYlIIXa HWIH 3a3¢MIEHHAS BAKYYMHAs KaMepa), H KOTHYECTBEHHOE
peIEHNE 34/1a4H CTAHOBHTCA CIIOXHEE, XOTH KAUECTBCHHOS O0BACHEHHE IIPOIIIE.

Pe3wome

Teneps cornacyeM W3secTHEIe HaM BemHuwHe. HeamGunonspras muddyms woHOB B
pe3yAbTaTe HOH-HOHHBLIX CTONKHOBEHHA M NONIEPEYHHIA TOK B paJHATLHOM JIEKTPHYECKOM
TIoJie MPHBOMST K CyMMapHOMY HOHHOMY TOKY Hapyxky 400 A. A NpooNBEHE TOK HMEET
permyuHy 1 kA Kak Moxmo 0OBSCHUTL Takyio pasHuiy? IloMuMMmo OYEBHIHOIO OTBETA,
YT0 JIAHHEIE KIacCHYeckue (CTONKHOBMTEIBHLIE) MEXAHM3MEL He o0ecrieuMBalorT
HeoOXOMHMYI0 BETHYMHY TOKA, BO3MOKHO M cnegyooniee oObacHeHHe. JHAYEHHE TOKA
OYeHb CHITHHO (KAaK KBaJIpar) 3aBHCHT OT IUTOTHOCTH IUIA3MEI, KOTOpas ONpeNeseTCcd H3
BONLT-AMITEPHBEIX XADaKTePHCTHK 30HAOB. TOYHOCTL 3THX HIMEPEHMH OIpAHHYMBACTCH
JHAYMTENLHLIME  (UIVKTYAlMAMHM  IUIOTHOCTH IMIasMbl, MOTEHIMANa IUlasMel M
TEMIIEPATYPhl HOHOB, X JIOCTaTO4Ha FMIKa (~ 50%). [IpauéM, npoeaénroe B [2] mpocToe
YCpEJIHCHHE 30HNOBBHIX XADAKTEPHCTHK [IPH 3HAYMTENBHLIX (IyKTyauMsX MOTEHIMana
MPUBOJMT K NOMYHEHHIO 3HAYCHWA TUIOTHOCTH TUIa3Mbl MEHBIlE HCTHEMOro. Jlocrarouso
IPEANONORMUTL, YTO pealbHad IIOTHOCTL Oombime B 1,5 pasa, kak cpasy nolyvaeM
COTTIaCHE MEXIy MPOJONLHEIM K nofnepeyHbM TokoM. H3 a10r0 cnefyer, yro Npu saHHOR
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TOYHOCTH H3IMEPEHHS NApaMeTPoB IUIa3Mbl BOIMOXKHO JaXe YTBEPKJIEHHE O CIIOCOOHOCTH
TONBLKO KIACCHYECKHMX MEXAHW3MOB O0ECICYMTE HEOOXOHMBIA A KBA3HHCHTPATBHOCTH

ToTIepeYHELIH TOK.
IMoMuMo 3THX JBYX MEXaHMIMOB TOK uepe: BHOPaHHYIO TIOBEPXHOCT:
ofecrieyHBaloT €IE clIeIyIONHE MPOLIeCCH.

B npempimymieii pabore [13] G810 MOKa3dHO, YTO Pa3sBUTHE NIEKTPOCTATHYECKHX
xoneaHHif B IUIA3Me NPHBOJMT K IIOBHIIICHHOH Nonepednoll muddysuu mnazmul. B
JAHHOI paGoTe yKa3bBaeTCA Ha TO, YTO H3-38 (IyKTyaluH MpoBOIMMOCTH TYpOyieHTHON
IU143MEl HOHHBIHN TOK B PaJHATLHOM YIEKTPHUECKOM I10IE MOMKET YBETHUHBATLCH.

W 4yeTBEpPTBIM MEXAHH3MOM, BHOCSIIMM JOMOMHMTEILHHI BKIaJ ¢ MOMEHTa Bpe-
MeHH 1,2 Mc, SBISETCH NPOAONLHEIH TOK (JMEXTPOHHBIA) ¢ BHICTYTIAIOMETO 3a3€MIEHHOTO
KOPITyca CONIEHOM/Ia Ha aHOJ ITyIIKH. 3/ech NonepevHbii TOK TEYET M0 aHOY.

B HepapHelt obGoOmaiome#t myOmukaip P. . llocta [14] nepeuncieHn
OTIMYHTENIBHLE YEPTHl OTKPHITHIX JIOBYIEK. B AaHHEIX 3KCTIEPHMEHTAX, MOXHO CKa3aTh,
peanmzoBarHch JBe W3 HuX. [lepsas: moBejeHMe IUIa3MBEI ONMMCHIBAETCH HA OCHOBE
KISCCHYECKHX SBICHMN, T.€. CTONKHOBHMTENBHEIX IipoileccoB. BTopas: BOIMOXHOCTH
VIIpaBJICHHA PaJMATBHBIM IpodKieM TNOTEHIMANa MOIBOISET MIMCHATH YACPHAHHE
IUTa3Mbl H KOHTPOJHPOBATE HAIMPAB/ICHHE BRIXOJA HOHOB H3 CHCTEMEL.

leHepayus NpoAONbLHOro TOKa

Pe3ynbTaThl JAHHOTO PacCMOTPEHHA IO3BOMAIOT YTOMHHTL M DPaCHIMDHTL TPHHATYIO
MOJIENE IS IIPOJIOZIBHOTO TOKA KAK TOKA BBIHOCA.

IInazMa co3fgadéres QYTOBBIM HCTOYHMKOM (IYIIKOA) ¢ KonmbleBoli reoMerpueH
ra3opaspsIHOTe KaHAIa B aKCHATLHOM MarHMTHOM rione. Tok paspsajia nmpiMepHo 12 kKA.
BeneicTBHe 3aMATHHYEHHOCTH B HEM IIa3Mbl M HIOJMPOBAHHOCTH IO MATHHTHOMY
NOTOKY KATONHOIO KONbI{@ OT aHOJa YaCThb TOKA pa3psfia BHIHOCHTCH B IUIA3MEHHYIO
crpyio. TeucHuWe TOKA B BHJE TOKOBRIX MeTenb HaOMOJAETCs B TPRHCNOPTHpYIOMEH
obnacTi M oOBACHACTCH TIONEPEYHOH IPOBOIMMOCTBIO IUIasMbl. BedMua T0ro TOKa
nopaaka 1 kA. B jasmolt pafore nokazaHo, Yo B TOKOBOH LEMA MEXTY KaToAoM H
EHOJIOM MPHCYTCTBYET €MIE OJMH TIeMeHT. BCIeACTBHE BRIIENEPEYMCIEHHRIX MTPOLIECCOB
BO3HUKAET ToNepeyHbii HOHHBIA TOK Yepe3 MOBEPXHOCT, OTACAMONMA OOBEM TUIA3IME,
TIPOCLMPYIONMIACA BJOML MATHUTHOIO NOMA HA aHOJ M30MHPOBAHHON IMYIIKHM OT 00bEMa,
TIPOCLMPYIOMIEroc Ha 3a3¢MIEHHYIO BaKYyMHYIO Kamepy. [U1A 3aMLIKaHWA 5TOr0 Toka oT
KaTofia BAONML MATHWTHOTO [ONA JIo 3a3¢M/IEHHOr0 TOpLiA TeuéT MeKTpoHHI Tok. T.0.,
oOHapyXeHHBIH MPOJOJIbHBIA 3NEKTPOHHLHA TOK SBISETCH, B GOMbIleH CTEneHH, YAcTHIO
ToKa paspsjia. Ero BelMuMHA M JMHAMMKA OIIOCPEJOBAHHO OMPENENMOTCH H JAPYIHMH
COCTAB/IIONMMHM TOKA DPa3psjia. JTOT MPOLECC MOMHO TPEACTABHTL HECKOIBKO JPYIHM
obpasoM: MOCKONLKY M3 TpaHCTIOpTHPYIOmEH o0IacTH MOHB YXOIAT MONEPEX MAarHHMTHOIO
noig, To s obecredYeHHs KBasHHEHTPAILHOCTH IEKTPOHK JAODKHH YXOIMTh BAOMD.
MoxkeT Noka3aTeCd, YT0 HATHYME Paspa/ia B ITYIIKe 3[eCh He BakHO. B NeHCTBHTE/ILHOCTH
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e, TOTEHIMATH Ha 3NEKTPOAX IUIa3MEHHOH MyIIKM 3aJ10T criocoOcTBYIONMHA  YX0Iy
HOHOB PajMATHHb TIpodiTh noTeHipana. KoHCHHO, H fe3 paspaja B MyNIKE B pe3ybTarTe
BEILIENEPEYKCICHHBIX NPOLIECCOB BOIMOXKCH IO/ TLHEI JEKTPOHHbIH TOK. Bech BOIpoc
TONEKO B BOIMYMHE TOKa. Be3 TojjlepXaHus IEKTPOJAMH MYIKH HEPaBHOBECHOIO
pajMATLHOTO Npodmwid MOTeHIMaNa BETMYMHA [ONEPEHHOTO MOHHOIO TOKAa M,
COOTBETCTBEHHO, NPOJIONLHOTG HEKTPOHHOTO 3HAYHTEIBHO MEHEBIIIC,

BooSiie, WHTEPNPETAIMA OOHAPYXEHHONO ITPOJIONLHOTO  JMEKTPOHHONO TOKA
BLI3NBAET NMOBBIMIEHHLH MHTepec. Tak, B JOCTaTOMHO sMOIpOHANBHOH pabore [15]
npeUIoNeH Mpyrof MexaHMiIM reHEpalyH Toka. B HexoTopoM CMBHICHE, JaHHAd paGoTa
6biTa MHMIMMPOBAHA JKENAHMEM TIOKA3ATH, WTO YTBEPKICHHA M3 [15] 0 Bcd «HOBHIX
dakrax, He YKIATHBAIONMXCE B PaMKH npuHATON MOJE/IM AN NMPOROALHOrO TOKA Kak
TOKA BEIHOCA, T.€. KaK YACTH paspAJiHOro TOKA» COBCEM HE ABILTOTCA GecCTIOPHBIMA.

JaknwuyeHue

Panee 6uu10 OOHApyXkeHO, YTO IO TUIa3ME H3 TpaHCTIOPTUpYIOMeit 06acTH OTKpHITOH

nopynks AMBAJI-M BRITeKaeT NPOJOILHLIA 3MEKTPOHHLIA TOK TOpRAKa 1 xA. B manmoit

paboTe W3y4eH TOK Ha niepubepHH 1U123MEL, HEoGXO0IMMBIH /1A 3aMHIKAHHA TOKOBOH 1EIH,

H BHIACHEHO, YTO OCHOBHBIE MEXAHM3ME OOCCICHCHHA KBaIHHEHTpa/IbHOCTH IUIASMBE

crAeayIonme:

s KIACCHYECKAR HeaMOMnonspHast Tonepeurad MMdysus HOHOB B pesylbTaTe HOH-
HOHHBIX CTOJNKHOBEHHIA,

o IOTEPEMHBIH TOK B TIONONMTENLHOM Pa/HATHLHOM NEKTPHUYECKOM TIONE B Ppe3yIILTATE
KYTOHOBCKMX CTOTKHOBEHMHA MEXJTY MEKTPOHAMH H HOHAMMY,

e YBelMMEHME TOMIEPEYHOrec HOHHOMO TOkKa H3-34 nykTyaiMit  ITPOBOAMMOCTH
TypOyneHTHOM IT1a3Mbl B PA/MATEHOM NEKTPHHCCKOM MOJIE,

¢ NPOMOMHHAEIN MEKTPOHHBIH TOK ¢ BEICTYNAIOMIErO 3a3¢MICHHOIO KOPITYCa CONEHOH A
Ha aHOJ| MYIIKH (¢ MOMEHTa BpeMeHH 1,2 Mc).

B JaHHBIX 3KCIIEPHMEHTAX TOYHOCTH H3MEPCHMS MapaMeTpoB TUIAsMbI Takosa, 4To
BOIMOXHO  YTBEPWECHME O  JOCTATOMHOCTH  TIEPBRIX  JIBYX K/IaCCHICCKHX
(CTONKHOBHTEIBHEIX ) MEXAHH3MOB JUTA obecrieueHUA KBa3HHEHTPATEHOCTH TTA3MEL.

B pabore yrouHeHa W pacliMpeHa NpHHATAX MOACTL Vi IPOJICIBHOTO TOKA KakK HacTH
TOKA paspajia MUIa3MEHHOM ITIIKH.
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