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AmpHOoTAanMA

B paboTe npecTaBleHO ONMUCAHNE KOHCTpPYKIIHH 30Ha, NIO3BO-
ISIONIEr0 OCYIIECTBIATH HETNOCPENCTBEHHOE H3MEPEHHE JIOKaJTb-
HOIT 3aBMXPEHHOCTH IJIA3MEHHOro NOTOKA (rotU(F, t). U(F, 1) — 10-
xaJbHAS CKOpOCThb Miia3Mbl). IIpiBesieHBl pesyIbTaThl M3MepeHn
JAHHBIM 30HJIOM B IUIa3MeHHON cTpye ¢ CHIbHBIM HEeOIHOPOMHBLIM
ppamenuem. I[lokasaHo, 9TO B obnacTH MaKCHMaJIbHOTO LIHPa
ppallleHus T1a3Mbl GOPMHPYIOTCH BAXPEBBIC obpa3oBaHHA C Xa-
paKTepHBIM Pa3MepoM MOpsfika pa3Mepa neopnopoanoctTn. Hau-
Hasg MeTolHUKa M3MepeHHUs 3aBHXPEHHOCTH TIa3MBl MOXeT OBITH
MCTOb30BaHa i JUIA APYTHX TrasMopusnieckux 0BHLEKTOB.

V.B. Reva, V.G. Sokolot

The probe for the direct measurement
of plasma vorticity

Abstract

In this work the construction of probe is offered for the direct measurement
of local plasma vorticity. The experiment results are presented which are

obtained by the given probe in a‘plasma flow with high inhomogeneus rotating.

It is detected that the vortex structure is formed in the domain of maximum
of azimuthal velocity shear. The characteristic vortex structure size is about
size of shear. This method of the direct measurement of plasma vorticity can
be used for experiments with other turbulent plasma phenomena.
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1 Bpsenenmue

Monn3npoBaHHoe COCTOAHHE BellleCTBa, MM I1a3Ma, — Haubosiee SPKHi
npuMep Cpelibl, JUIA ONHCaHNA KOTOpOIl, BO MHOTHX CJy4asX, MOHATHE TYP-
6ysenTHOoCTH HaunboJjiee aneKBaTHO. Tort ¢daxT, 9TO MIasMa ONHOBPCMCHHO
gRIISETCS HE TOJBKO MHOXKECTBOM OT/EbHBIX YaCTHIL, HO TaKxe Il COBOKYII-
HOCTBIO CO3IABaeMBIX MMH 3JIeKTPHUYECKHX H MarHHTHBIX noJiei. NpPUBOUHT
K CHJIBHO HEPaBHOBECHOH CHCTEME, cocTodilell M3 BelllecTBa H 3JleKTpoMmar-
suTHOrO mosid. B Takoii cpese B cuiy ee 60JbIIOH MOABMKHOCTH M HAJIMUITA
JabHONEHCTBYIOMNX Ky/IOHOBCKUX CHJI JIETKO PasBHBAIOTCS PasJIHIHOTO pora
KoJjle6aHus ¥ HeyCTOMYMBOCTH, H €C/IM MEXaHH3MBbl MHCCHOANNH J[IOCTAaTOUYHO
cnabBl, TO COCTOSIHME cpelibl IpHobpeTaeT TypOyneHTHBIH XapakTep.

[L1asMeHHBIe CTPYHM H3 ra3s’opa3spaiHBIX HCTOYHHKOB IIHPOKO HCIIOJIB3Y-
JoTCS B IUIa3MEHHBIX YKCIIEpHMEHTaX. B TakuX MOTOKax pasBHBACTCH HE-
ycroitunBocTs Kenppuna-l'eabMroibia (HKT) [1, 2]. Kak 6nwio nokasaHo,
pe3y/IbTaTOM Pa3BUTHA apeiipoBbIX BOMH (K MOAMHOXECTBY KOTOPBLIX IpH-
gamiexut 1 HKI) aBiseTcsa reHepaumus MO ¢ MaJbIM k. u w [3]. Taxas
KOJUIEKTHBHAd MOa ¢ KOHeYHBIM k) NpeAcTaBJdeT coboil KpynuoMaciTab-
HEIl BHXpb, 3aTyXaHHe KOTOPOI'o ONpENeAeTCH HOHHOIl CTONKHOBHTEJILHOM
paakocThio pt = 0.3v;p?. PeaynpTaThl THCICHHOTO MOICJIMPOBAHNA (4] yxassl-
BalOT HA TO, YTO HA MO3/iHeH CTaauH pa3sBATHA npeiidoBoil TYpOYAEHTHOCTH
cylmecTBeHHas NOJIA SHEPTrUH $payxTyauui oKa3biBaeTCA 3aKJI0YeHHOW B MO-
nax ¢ k, — 0 u mansM k.

O6pasyiomuecs B pesy/jibTaTe pa3BUTHA HeyCTOMYHBOCTH ApeidoBLIe BH-
xpH (BuxpeBbie TPYOKH, KOHBEKTHBHBIE sueiikn) GopMHPYIOTCA BOKPYT JO-
KaJbHBIX MAHUMYMOB M MAaKCHMYMOB BO3MYIICHHOTO NOTEHIHMAJA. dopma
NOMEepeYHOro CcedeHus Aped¢OoBbIX BHXpeil onpezejigeTcd, B obuieM ciydae,
opmoit obpa3zyolIHXCH SKBHMOTEeHIHANeH. EquHuYHBIA BHXPbL NpeAcTaBJIsd-
eT coboil BLITAHYTYIO BIOJIb OCHOBHOI'O (Bemyiuero) MarHMTHOrO MOJA KOH-
BeKTHBHYIO A4eilKy, B KOTOPOil ¢ TOMOUIBIO BHEIINAX TPAHHIHBIX yCIIOBUH
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co3llaH 3KCTPEMYM moTeHnmasa (W obacTh ¢ HEMOHOTOHHBIM IEKTpHte-
CKHMM TIOJieM, CKpellleHHBIM ¢ MArHUTHEIM nosieM) [5]. Anasnormunbie s4eiku,
B YaCTHOCTH, (PUKCHPOBA/INCE B SKcniepuMenTax Ha ycranoBke [IP-8 npn usy-
YeHHH HeyCTONUMBOCTH, BHI3BAHHOI CHJILHBIM IIMPOM BpamleHus miasMsl [6].
OTMeTHM, 4TO nofobHble MJIa3MeHHBIE BUXPH He 0043aTe/IbHO JOMKHEL ObITH
mcpyrnm.iu no ¢opme. OHH MOTYT HMETH U GoJiee CJIOXKHYIO CTPYKTYPY NpH
TOM JIMIIL YCJIOBHH, 4TO 3Ta ¢opma omnpenensercd dopmoii obpasylonnxcs
skpunoTeHuuaseil. Ha puc.l, ang npocToThl, ApeiidoBhe TPaeKTOPHH HIBH-
MeHUst YacTHI IUIa3MBl 110 5KBHIOTEHIHAJIAM BO Bpaliaolieiics cHCTeMe OT-
cYeTa NpeAcTaBl/ieHbl B BHMIe Pa3BepHYTHIX JJIMICOB., 3HAK 3aBHXPEHHOCTH

Puc. 1: Heaunetinag cmadus pazeumuda weycmotivusocmu Keaveuna-
leabmzoavya.

3TOTO ABHKEHHS MpH 3aJaHHOM HalpaBJeHHH MarHUTHOIO I0JIA OlpenesseT-
cst HanpaBJ/leHHeM 3J1eKTPHYECKOro MoJId B KOHBeKTHBHOI gdeiike. B ciyuae
HKI ¢aykTyaluun INIOTHOCTH M NOTEHIHaJa B BO3HHKalolleM aHcambJe asu-
MyTajbHBIX 3JeKTPOCTATHYeCKUX BOJH OKashiBaloTcs B mpoTuBogdase [2, 6],
T.e. BCIUIbIBalolme (mo pammycy) Buxpu obpasyioTcs BOKpYT J'IDI{B..TII:H}:{X MU-
HMMYMOB TOTEHIIMajla H BPALIAIOTCA MO YacOBOH CTPEJIKE BOKPYT CBOeH OCH,
a norpyxxamlinecs — BOKPYT MaKCHMYMOB IOTeHIIHajJa M BpallaloTCd Mpo-

. TuB. Takum obpa3oM, ¢ yueToM HampasjleHHs BEKTOpPa Cpe/iliero paanajbHo-

*? 10 2IEKTPHYECKOTO 1014 B Ii1asMeHHoM cTosibe (puc.1) passurne HKT MOXKHO
paccMaTpHBaThL KakK npoliecc obpasoBaHus ApeidOBLIX MJIa3MeHHEIX BUXpel
HKJIOHHYECKON ¥ aHTHIMK/IOHHIECKOil mosdpHocTH [7).
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CrencrsrueM Takoro moBefeHHS IUIa3Mbl MOKET CIyXNThL obpazopanne
caneundguveckoil TypbysenTHocTH, 0bs1anaolmei HEHYJIeBBIM IIapaMeTpoM KH-
HeTHYECKOH cOHpanbHOCTH h =< # -rotii > n BECKTODOM 3aBHXPEHHOCTH
Q =< rotif >, rae U - BeKTOp cKopocTH. TypBysenTHocTh nonobHoro po-
Ala npuBJeKaeT Bce GoJibllee BHMMaHHe B CBA3N ¢ [IPOIHECCAMH obpazoBaHuA
KPYNHOMacIITabHLIX BUXPEBLIX CTPYKTYP Kak B (i3uke J1a3Mbl, TakKk H B
OOBI9HOIl ruaponuHamuke [8].

OTmeTum, uTo TypOyJleHTHOCTB, He obiafialoiuas oTpaXkaTeJLHON CHM-
MeTpHell, pe/iko ObIBaeT MpeJIMETOM MPAMOTr0 KCNEPHMEHTANBHOTO HCCeI0-
BaHHA B JIabOpaTOPHLIX ycaoBHAX. ITouTn Bee Tpaannuonubie HocIeIOBaHNS B
310l obsacTu Kacasuce ColHila, MeX3BE3IHON Cpehl WiIn JIpYyrux actpodu-
3UYecKHX 06bekToB. Kpome sToro, 1o cux nop ue 6nuio peJIOKEeHO MeToa
pAMOTO OSKCHEPHMEHTAJBHOIO W3MepPeHHsd cpeiHeil cnupaabHocTH | ABTO-
paM H3BeCTHa TOJLKO KOCBelHas CChblaKa Ha paborty: Leorat J., Frisch 4J.,
Pouquet A. Helical magnetohydrodynamic turbulence and the non-linear
dynamo problem. Ann. New York Acad. Sc.. v. 257, 1975, p.173-176 ).
Ilaa sxcrniepuMenTanbHOrO oNpeneeHns CpemHeil cnupalibHOCTH < Uroti >

MM 3aBHUXPeHHOCTH < rotd > TpebyeTcs 3HaHne Cpa3y BCEX TpexX KOMIIOHEeHT

BEKTOpA CKOPOCTH B HeKOTOpPOil obiacTu npoctpancTpa. CIOXKHOCTH, BO3HIU-
Kalomine IpH 3TOM, CBA3aHblI C TeM, YTO ABHXKEHHE ABJIAETCH CYIIECTBEHHO
TpexMepHuIM. [Ipu ucmonb3oBanm anpuopHbIX 3HAHHI 06 HCCTIeIyeMOM TYP-
Oy/leHTHOM NOTOKe MOXKHO NOIPoBOBaTh ONPeNeNnTsL < frotid > u < roti 3
CBASLIBAA KOPPEJNATOPH < #itj >, < Uiw; >, < Wilkij >, HO H B 3TOM CJIy-
1a€ 3ajava OnpeeseHHA cpefHell CNUPANBLHOCTH OCTaeTcsd OYeHb CJIOMKHOIIL,
Hpyroit noaxon x npobaeMe 3akmoyaercs B KOHCTPYHPOBaHHU CIICIHAJbLHOIO
30H[Ia HANPAMYIO H3MEDAIONIETO BEeJMYHMHY NPONOPUHOHANLHYIO < irotil >
i roti. MmeHHo Takoil nogxon ucnonb3oBaicd B AAHHOIN paboTe.

2 3o0HA AN ompedesIeHUS 3aBUXPEHHOCTH
IJIa3MEHHOI'0 MOTOKAa

[Ipensaraemas MeTomuka u3MepeHHd roti OCHOBaHa Ha M3BECTHON Teo-
peme Crokca: § udl = $ rotddS. PaccmoTpum cuctemy u3 YeThIpeX map
[IFIOCKMX 3JIEKTPOMIOB, PACIIONOKEHHBIX NONAPHO 3KBHAECTAHTHO MO OKPYKHO-
CTH, KaK mokasaHo Ha puc. 2. Pasmep 3onma R, &~ 1 cM. pasmep omnoro
3EKTpola A 3 X 3 MM, HOPMaJIb K IJIOCKOCTH 3JIeKTPOOB NepHeHAHKYI9pHa
OCHOBHOMY MarHMTHOMY noio. 3oHI paboTaeT B pexiime cbopa snekTponHo-
ro Toka. llonoxnTenbuoe cMelenre MOKeT MOAABATLCA KAK OTHOCHTENLHO



ONOPHEM
3NeKTPON

Hanpasnenue nﬂTouqu

Ia 3k

Puc. 2: Crema 3o0nda.

KOpHyca BaKyyMHOIl KaMephl YCTaHOBKH, TaK H OTHOCHTEJILHO CNICINAJILHOTO
OMOPHOTO 3JeKTPofia, NoKasanHoero Ha puc. 2. Wsmepsercs cyMMapHBIi TOK [
Ha miacTHHb! 1-4 1 cymMapubiil Tok I’ wa mracTunet 1°-4°. Il JallbHenuero
aHaJN3a UCHONb3yIoTes pastocTh I — I’ 1 9acTOTHBIE CNIEKTPLI TOKOB rel.
Ve w3 KOHCTPYKUMH 301/1a BHAHO, 9YTO €r0 TeOMeTPpHs, B ITPEANIOJIOKEHHH O
MOTOKe IJIasMbl BIOJAL BekTopa Oz, aBjAsfeTCA OTpa)kaTelIbHO HEHHBapHaHT-
noit. IlpemnaraeMulil 3011 9BIdeTCA OTPpaXaTeIbHO HEMHBAPHAHTHOH CHCTE-
MOIl IPM pacipocTpaHeliil BUXPeBOTro MOTOKA NJIa3sMLl B/IOJE BEKTOPA 0z. B
caMOM fieJie, NPH 3ePKaJibHOM OTpaKeHUH OTHOCHTEJIBHO MJIOCKOCTH, NepleH-
AMKYJISpHO# 07, cucTeMa " 30H1 - TIOTOK naa3Mbl” He MEPexoiuuT cama B ceba
[pH YC/OBHE COXPaHeHWs HAIPABJICHHSA NOTOKOBOH CKOPOCTH ITa3MEl Ustow -
Ili14 NOJHOCTBIO MHBADHAHTHOTO NMPeobpa3’oBaHMS CUCTEMBI ~30HI - H3Mepi-
eMBblil 0BBeKT” HeODXOMMMO TAKKe BLIIOJHITH 3aMeny Usiow = e N B
KUM 0oBpa3oM. JIaHHAA CHCTEMA BBITJIAAHT NpHBJEKaTEILHON JI1A perucrpa-
UK OTPaxKaTeTbHO HeMHBAPHAHTHBLIX OOBLEKTOB, HANPUMED, JIEBLIX H IIPABLIX
BHXpeit, ABHXYIIHXCS BloJb ocu Oz.

PaccmoTpuM dusnyecKie mpouecchl, obyciapiinBaoline BeJIHIHHY 3J1€K-
TPOHHOTO TOKAa HACBIIIEHHA Ha IeKTPOCTaTHYECKHI 30HI, pacnofoXeHHbI
B MATHUTHOM moJie. B 3ToM ciydae »ieKTPOHHBIH TOK Ha 30HI yikKe Hellb3d
ANNPOKCHMEPOBATh Xa0THYECKMM 3JIEKTPOHHBIM TOKOM B IJIa3Me. Ecnn na-
BJICHHE OCTATOYHOrO ra3a He O4eHb BEJIMKO U CpeliHAd AniHa ¢BODORHOro 1po-
Hera HAMHOrO NpeBhIlIaeT JAPMOPOBCKHH pajuyc, TO ABHKEHHe 3JIEKTPOHOB
nonepek MarHUTHOrO ToJid DoJiee 3aTPYAHEHO, €M BJOJAb CHJIOBBLIX JINHHUH.

« IIpuKeHne 3JIeKTPOHOB K 30H/LY unpene.rme*rm: riaasibIM obpa3oM. cBODOIHBIM
ABMAKEHeM BOJEL CHJIOBLIX JIMHHI MarHUTHOTO Nojs ¥ anddysneil nonepek
[9]:

- _&_ 1)

1 wn A (

Ce wie — JIeKTPOHHAA OHKJIOTPOHHAd YacTOTa, T, — CpellHee BPEMs MEX-

Oy CTOJKHOBeHHAMI, D). — Kiaccudeckni Kos(qpunnenT nuddyanu WeKTpo-

HoB. Judgdy3ua a1eKTPpoHOB NolepeK CHIOBLIX JHHHI MACHHTHOLO NOJIA CY-

[eCTBEHHO YMEHBIIAeTCH Jake NpH ciabelx nojgx. XapakTepHoe 3HaYeHHe

W T B HAIIMX dKCMepuMeHTax cocTaBmio &= 6.3 103. 3amMeTHM, YTO U HOHOB

wT, 10 KpaiiHeit Mepe, merblite B Mj/m, pas, mo>ToMmy JIHIUEL OYeHb Oobinne

BeJIMYMHBI B BangioT Ha D ;.

Bozmukaiolas aHU30TPONNA NOTOKa 3MeKTPOHOB MopokuaeT cledylolee
WHTepecHoe ABJieHHe. OJIEKTPOHHBIA TOK HACHILICHNS [1PeBOCXOAUT HOHHBIH
UL B HeDOJBIIOEe YHUCJIO pa3 0 CPABHEHHIO € €ro BEJIMYUHON B OTCYT-
CTBUH MATHWTHOIO TIOJIF M 5TO OTHOLIEHHE MaJIo [0 CPaBHEHHNIO ¢ IapaMeTpPoM
Vv M;/m. =~ 40. Puszndeckoil NPUUNHOI 14 STOLO ABJISETCH 0DeHEHUE SJIEK-
TPOHAMH 30HBI, HENOCPEJCTBEHHO NPHMBIKAIONIEH K 30HAY. MO CPaBHEHUIO C
DSLIOM JieKalUMH ydacTKamu miasmer [9, 11, 13). Jlas storo ciydas B pabo-
Te Yena [10] 6b1710 BEIBeieHo npubiiukeHHOe BhHIDaKeHHE I 3JIEKTPOHHOIO
TOKa HachlLIeHHH:

DJ.E

i A Jii,
fﬁ = ZTIubT.%SpLER—P De . (2]
rpe D, — kinaccrmueckuil. koaddunuent anddysun miasmel, D) .. — koapdu-
nueHT Audpy3un I1a3sMbl nonepek MarHHTHOTO MOJIA, A — IJiMHa cBOGOIHOIO
npobera 37eKkTpoHOB, R, — XapakTepHEIH pasMep 30HIa, SpL - TIomajib 30H-
f1a ¢ HOpMaJIblo, HaMpaBJIeHHOH IONepeK MarHHTHOTO MoJid.
DKcnepUMeHTalbHOe HccTeioBaie sthbexTa NomaBiaeHUs J1EKTPOHHOTO
TOKA HACBIIIIEHHWY Ha 30HO B MarHHTHOM I10J1€ OBIIO BIEPBEIE IIPOBENEHO B pa-
6otax Boma ¢ coapropamu [12]. DkcnepHMeHTHL Ha- COBPeMEHHBIX TOKaMaKax
ASDEX-Upgrade, DITE [14, 15] u crennapatope [17], a Takxke TeopeTnye-
cKHe uccsenopaHns apTopos paboTsl [16] moaTBepxknaioT cylecTBOBaliHe Bhi-
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we ykasaHHoro sdgdgekta. B skcnepumenTax na Tokamake ASDEX-Upgrade
buL10 BacbﬁxcnpDBaHU OTHOIIEHHE JIEKTPOHHOrO TOKA HACKHIMIeHHI K HOHHOMY

It/ e = 3, B 5xkcnepumenTax wa DITE If,, /I, ~ 0.5 — 6 B 3aBucHMOCTH
OT yIJia HAaKJIOHA 30HJia [10 OTHOIEHHIO K BeAylleMy MarHHTHOMY MOJIO.

OI.IEHHM B HallcM cCJy4dae T:lJlEHTpDIIliLII:’,I TOK HAaCBIIIEHHNA Kak CyYMMY
i5q¢ = id + iy, THe ig — TOK Ha 30HMA, CBA3aHHLIN ¢ Auddysneir »j1eKTpo-
HOB [OTlepeK MarHUTHOTO MO, ONnpelieiseMblil popmynoil (2); iy — TOK, BbI-
3BaHHBIA JIpeil(pOBLIM MNONepeYyHBIM [ABHXKeHHeM IJIa3Mbl B pe3yabLTaTe Mo-
ABJIeHUA B IlazMe QUIyKTyauuia sinekTpuyeckoro noag, H3a-3a kKaHaJbHOro
MexaHH3Ma cbopa 3/1eKTPOHOB BAOJbL CHJIOBLIX JIMHHH oONpeAessdionied BesH-
YHHON [T 3HAYeHHS i4 ABJIAETCA IUIOMIA/lb CeYeHUs 30HMIa Sp| ¢ HOPMAJIbIO
BJIOJIb MAarHUTHOrO MoJid. TOK f; MOXHO OLEHHTH Kak iy = énuv”quPL:
rlie Ufjow — CKOPOCTH APeN(oBOro NBHXKEHHA IJIA3MBI NOMEPeK MarHHTHO-
ro noJig; Sy — IJoMIagb 30HAA ¢ BeKTOPOM HOpMaJiH IONepeKk MarHHTHO-
ro noas. Takum obpasom. npu BeinonHeHun cooTHoweHmiA Sp /S, < 1,
D¢y /De € 1 MOKHO OKNNATH, YTO BeJIMYHHA 3JIEKTPOHHOrO TOKa HachIIle-
Hus OyneT onpenesIATECH Uflgyw . OTMETHM TaKke, YTO XOTH B CHJILHBEIX Mar-
HUTHBIX TOJAX YacTO BO3IHHKAET aHOMaJbHag ANddy3ud W melicTBUTe/IbHAA
pesuuuia [); 6wiBaeT HamMHOTO DOJIBINIE BEJIMYHHBLI, ONpefesIeHHON YypaBHe-
HueM (1), aTo MokeT okasaTh ropasno Gosee cinaboe BANSHHE Ha KOHEYHLIM
PE3VIRTAT H3IMEPEHNA. YeM DTO KaXXeTCHd C MeEpPBOro B3rJidla. FC n B Typ-
OyJIeHTHOM IepeHOCe MJIa3Mbl AOMHHHPYIONIee BJIASHHE OKa3bIBAlOT PIIyKTY-
alllM ¢ XapakTepPHBIM pasMepoM 6OJLIINM pa3zMepa 30Hia, TO BeJUYHHA HO-
NOJHUTENBHEIX JIEKTDOHOB, MOCTAaBIACMEIX B KaHaJIEHYIO obmacTes W3-3a TYP-
OyJIeHTHBIX ABHZKEHUI NJIa3Mbl, ToXKe OyneT onpeaeaThCd BeINYHHON ¥yjoy -
Takum obpa3oM. MOXKIO CYHTATL., YTO PA3HOCTh 3JIEKTPOHHLIX TOKOB HACKI-
merduss [ u I’ ¢ weTbipex nmap nMIacTHH NpPONOPIHCHANBLHA CJIENYIONIel BesIu-
unne 41, = Zfﬂ Viiow B Z:.lzl ﬁﬂmdf'n: fﬂ'ﬁmdf= frmi"ﬁﬂwdg,, UTO
MOXHO paccMaTpPHBaThL KaK OLEHKY V14 BeJIHYHHBI TotVasy WJIH 3aBHXPEHHO-
CTH MOTOKa. Yucso nap niacTH, HCNIOJb3YIOMMXCS /IS OUMeHKH rotd, MoxeT
ObITh UHbIM. Takxe MojYepKHEM, YTO MOJy4YeHHad OlleHKa BeKTopa rotd co-
OTBeTCTBYET TOYKe B [POCTpalcTBe, HaXOAAIIEHCA BHYTPH 30I.a.

TakuMm 0bpa3oM. NpeNIoKEeHHYIO 30HAOBYIO CHCTEMY MOXKHO paccMaTpH-
BaThb KaK XOPOUINii HHAMKATOP BHXPEBLIX MBHKeHui mna3mul. [lonyuenune xe
C ee NOMOIIIELIO HaJIeKHBIX KOJHYeCcTBeHHBIX BeJINYMH, XapaKTepH3yolnx 3To
ABHKEHNe, NMpe/IcCTaRIgeTcd Ha JIaHHOM 3Talle MaJIoBepOATHRIM H3-3a CJIOXKHO-
CTH TOYHOI'O yueTa BceX (paKkTOpPOB, BJIHAIOUINX HA [I0oNepeuHEklil TOK B IlJlazMe
M CBA3AHHBIX C 9THM ABIEHIIIL.

Ilng yMeHbIlIeHHA BO3MOKHOIO BAHAHNA CYHIECTRYOIIETO B TlJlazMe mnore-

pedHoro npoduig noTeHlajla U ApYrux napamMeTpoB miasmel 06110 BEIOpano
cHMMeTPHYHOe PacIoJIOXKEeHHe Map IJIACTHH OTHOCHTEBHO pajinyca TIOTOKa
(cm. puc.2). Ilpn aTom MecTononoxenne miactun 1 w4’, 1’ u 4, a Takxe 2 u
3’. 2° m 3 oka3bIBaJIOCh TMOJIHOCTBIO 3KBHBAJEHTHLIM OTHOCHTEJILHO pafmnyca,
H BJIHAHHE HEOMHOPOAHOCTEH palnallbHBIX NMpoduiedl napaMeTpoB NJIa3MEI
CBOAMJIOCE K MHHUMYMY.

Ilng amajinsa pe3yabTaTOB, NOJYYEHHLIX ¢ HAHHOrO 30HIAA, YAODHO HC-
NOJIL30BaTh AaHAJIOTHIO C MarHHTOCTaTHKON. Toraa cKOpocTh TeYeHns MJas-
MbI B BHXpe i byneT sKBHBaJEHTHA BEKTOPY MarHHTHOTO IOJIA H a 3aBH-
XPEeHHOCTh o JIeKTPHYECKOMY TOKY J. ¥ paBHEHUS, CBA3LIBAIOLINE COOTBET-
CTBYIOLINHE BEJIHYHHBI, MOMHOCTHIO 3KBHBaJICHTHDL: rotH = 411"]/-:: — B clIy4ae

-

MarauTocTaTukm, rotd = ) - B cnyyae ruaponudaMuku. Jlna nnmoctpannn
paccMoTpHuM JBa npocToiXx npuMepa. A) [lycTn niazma BpamaeTcs ¢ nocro-
SHHOM YTJIOBOHN CKOPOCTHIO Kak uesioe ug(r) = $2p - r. Torna saBuxpenHocTk
Q(r) = const = g 3aBUXPEHHOCTH He 3aBHCHT OT pauyca, H CHIHAJ ¢ 30H-
Ila [oJKeH OBITHL OMHHAKOB IS JII0BOro ero rnoJiokeHNs BHYTPH MJ1a3sMeHHOTO
cronba. B) Ilycts up(r) = rjwo/r, 94To cooTBeTcTBYET W(r) = wored(r). T.e.
caydaio BHXPeBOH HWTH, KOTJIa BCA 3aBHXPEHHOCTHL cocpefoTodeHa B Decko-
HeyHo y3Koii obnacTu B6ausu r = 0. B sTom cnyvae paccMaTpHBaeMbIil 30HA
NOTIKeH H3MepATh BeJMUMHY NPONOPHHOHANBHYIO Tawe/ Ry, eciin ero newTp
coBMajaeT ¢ PacnolioXkeHneM Buxpesoil HITH (r = (), u Honb B M1060it pyroif
TOYKE.

3 VismepeHUsa 3aBUXPEHHOCTH IJIa3MeHHOU
CTpPYyH

3aBHXPEHHOCTD IJIa3MBI H3MEPAJIach JaHHBIM 30H1I0M Ha ycTanoske MAJI
[2]. B skcmepumeHTax ILIa3MeHHBII NOTOK TeHEPHPOBAJICS T'a30pa3psaAHbLIM
HCTOYHMKOM H MMeJI cJIe[lyIolle TapaMeTphl: TeMmepaTypa uonos ~ 50 oB,
TeMmmepaTypa sJdeKTpoHoB ~ 10 3B, miorHocts mo 10'cm~3. Ha puc. 3
CBepXYy M300paxKeHbl KCNEPHMEHTAJILHO H3MEPEHHBIE PAallHaJblbie IPOhHIN
tokos [, I'. HabmonaeTes snaunTensuoe oriudie Tokos [, I’ (win Hammune
CHAbHONH 3aBUXpeHHOcTH) Ha pammycax 60 — 100 mm. ObaacTh MakcHMa/Ib-
HOH 3aBHXPEHHOCTH COBHAagaeT ¢ MAaKCHMYMOM IIHMpa 3JCKTPHYCCKOTO MoJid,
YTO XOPOUIO COrJIacyeTcs ¢ MpeanofioxenneM o (popMuposanni TypOyseHT-
HOI'O Te4YeHHs 3a cueT pas3sBuTHA HeycTolidnpocTn KeanBuna-I'esbmrosbua.
KoTopas CBg3aHa ¢ nuddepeHIHaTbHBIM BpallleHUEM TNIA3MEHHON CTPYH.

Jli1g anajins3a BAXPEBOI CTPYKTYPbI L1a3Mbl HeOOXONHMO cpaBHHBATh CHeK-
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Tpel curHayoB I u I’ w ux pammaasHyio saBucuMocTh. CHeTeMma TJIaCTHH,
cobupalomas Tok I’, 6yner Gosee YYBCTBHTeJbHA K JIPelihOBLIM ABMKEeHHAM
TTa3Mbl BpallalOUIHMCA 110 9acoBOH cTpeJike, a cobupatomas Tok [ - IPOTUB
4acoBOil cTpesiKM cM. puc. 2. Ha puc. 4 npesicTapiienn! YacToTHLe CTEKTPhI
pAyKTyaoHil TOKOB Ha pa3/MuHBIX paamycax.

Hx Moxno uHTepnpeTmpoBaTh, Kak NPpHCYTCTBHE ONHHOMHOIO BHXDPH C
MHHMMAJIBHOH 4acToToil obpamenns ~ 12 x'u u Majoil BeauunHOI obiuen
3aBHXpeHHOCTH (cM. pHC. 1) B HeHTpe MIa3sMEHHOTO MOTOKa, DTO COOTBET-
CTBYeT 0blIeMy BpalleHHIO TJIa3MeHHOIl cTPYH (KaK 1esoro) B cKpeleHHbIX
YICKTPHIECKOM H MarHHTHOM NoadX. AGCOMIOTHBIE BEJMYUIBLI COCTABIIKIO-
IHX CUrHANa Ha NAaHHOHW vacToTe Ana TokoB I m I' pammiualorcs ciiabo,
4TO 00ycJIOoBIeHO BONBUIMM XapaKTepHBIM pa3sMepoM aHHOr'o BpalllaTesbLHO-
I'o ABMXKEHHA (IIOAYepKHEM, YTO 30HA Haubouee YYBCTBHTEJIEH K BHXPEBLIM
ABIDKEHUAM € XapaKTePHBIMH pasMepaMH NOPSAAKAa Pa3sMepPOB CaMOro 30H/4).
IIpu yBemuuennu paamyca nosnoxenus 30Hma BHIHO NOABITCHIe Apyrux 6oJee
BBICOKOYACTOTHBIX COCTAaABJAIOIINX B CIIEKTpPe CHICHaJIOB € IJIACTHH 301 IIa, B
0bacTi MakCHMyMa IUHpa NIEKTPHYECKOro MO HX YHCIO IOCTHIAST CBOO-
ro HauboJIbUIETO 3HAYEHUS, IPU YTOM OIHOBPEMEHHO BO3pacTaeT H pasHulla
MEAKY CUTHaJlJaMM Ha AaHHOH 4YacToTe mid miaacTun 1-4 u miacrun 1°-4°
OTO CBHAETENBCTBYET O HAJHYHH B 06JaCTH MaKCHMAJILHOLO IMpa 3eKTPH-
HECKOro TOJIA BHXPEBBIX OOpa3oBaHuil ¢ XapaKTepHLIMH pa3MepaMit Nopsi/iKa
pasMmepa 3oHIa & 1 cM (M pagwajbHOro pasmepa impa COOTBETCTBCHHO) H
XapaxTepHbIMU yacToTamu f & 15— 100 kI'u. XapakTepuoe Bpems aBTOKOp-
PeJIAIHN CHTH&JIa ¢ 30HMa mopsaaka 1/f, onHako 3To 3Hauenme Hesbig pac-
CMaTpUBATE KaK XapaKTepPHOe BpeMs KH3HH BHXPeBOro obpasoBanms. To
CBA3AHO € TEM, MTO M3MepeHHs (PaKTHYECKH NPOBOAATCA B 3ilJIepoBoii CH-
CTeMe KOOPAWHAT (NPHBA3aHE K QUKCHPOBAHHOMY IOJIOKECHUIO B npocTpaH-
CTBE), TOTla KaK BPeMs JKU3HUM BUXPS SBJSeTCS CYIIECTBENHO JIAT paHKeBoil
BeTUYUHON (ABIKYIIelics BMecTe ¢ BuxpeM). Ilpn naneHeilmem yBemmgenn
palnyca mponafaloT BCe YacTOTHBIE COCTABJSIONINE CHTHAJA 33 MCKJIIOYe-
HHEM COCTABJAIONIeN cooTBeTCcTRYIOmEeH & 75 kI'n, KOTOpas, No-BHAHMOMY,
OnpesesifeTcs CaMOH WHTEHCHBHOH MOMION M pa3sMep KOTOPOH OHOBPEMeHO
nHauboJsiee 61M30K K pasmepy 30H7A.

Takum obpaszom. B miaime IKCIEPHMEHTANILHO (PHUKCHDYEeTCH BHXpeBas
CTPYKTYPa, COCTOAIIAad H3 MHOXECTBA BUXPeil pa3IH4HOro pa3Mepa H nepuo-
na spamenud. Takxe UMeeTcs BUXPb, CBA3aHHMBII ¢ BpalleHUeM ILTa3MeHHO
CTPYH Kak nesioro. Makcumym KosiuuecTBa renepupyemuix BUXPell HabJiona-
eTcd B obJIacTH MaKCHMyMa HIMpa BpallleHHus ILTa3MBbl.

Besycnopo, mnTepecHBIM 6BUIO 6L HCNO/BL30BAHIE MOMOGHONO 30HAA B
PEXKHME HOHHOTO TOKA I-I'HCI::II_LIE‘HHH: HO B HALIHX YCJIOBHAX OIrpaHH4YHBAIOIIITM
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dakTOpOoM [ NONOGHBIX 3KCMEPUMEHTOB SBJSETCA CPaBHUMOCTHL BeJIMYHMH
JIADMOPOBCKOTO PaJNyca HOHOB M PacCTOSHHS MeXIy 3JIeKTpoJaMH B Tape,
YTO NPHBOOMT K KpaiiHeil C/IOKHOCTH (HEBO3MOXKHOCTH) HHTepUpeTalun no-

JIydeHHBIX 3KCNepHMeHTaJIbHEIX QaKTOB.
I[Monobuas MeToanKa MoOXeT OuITh HCNOJL30BAHA U [JId H3MEpPEeHHS 3aBH-

6bexTOB.
XPEHHOCTH JPYTHX IJIa3MEHHBIX O
Ilannas pabora 6bta yacTH4HO nopgepkana rpantamu POPU N98-02-

17864 m Mun. mayxn no nporpamme ”YTC n miasmennsie mponeccol” N381.

ABTopn BhIpakaioT riaybokyio Gmaromapuocth M.E.JIybaruny 3a kave-
cTBEeHHOE M3roTOBJIEHHe 30HIOB.
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