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AHHOTALIMA

[enepanis MOLIHEIX 11y UKOB HEIITPAJIOB, HeoDXOMMMBIX JUTS Harpesa
NiIasMel OMpenesifieTcs, B OCHOBHOM, NPOIPECCOM B paspaboTke HOHHBIX
MCTOUHHKOB € BHICOKOI APKOCTBIO I1YYKOB. Ina yvnyuwenusa paboTocrno-
cobHOCTH HCTOYHNEOB B paboTe mpelyaraeTcd MAarHHTO3AILMIIEHH bl
KBAIUIUIOCKHI] BBHITSATHBAIOLIHN 371K TPOI, npeficTaBAAI0IMI coboit cu-
CcTeMY HATAHYTHIX IPOBOJIOYEK, MO KOTOPBIM TPOMyCKaeTCH Tok. Pac-
CMOTPEHH YCJIOBHH 3aMarHMH¥eHHOCTH HMeKTPOHOB B MArHHTHOM TIOJe
2NIEKTPONA, BOIPOCH! TENJIOBOM CTOMKOCTH 1IPOBOJIHAKOB 11 MeXaHHYe-
CKOH YCTOHYMBOCTH.

Magnetically-shielded extracting
electrode for high current density accelerators

V. V. Filippov, M.A. Scheglov

Budker Institute of Nuclear Physics
630090 Novosibirsk, Russia

Generation of high power neutral beams, required for the experiments on heating
of magnetically confined plasmas, is connected mainly with the progress in the
development. of ion sources with high brightness of the ion beams. For improvement
in operation of this sources magnetically-shielded quasiplanar extracting electrode
(cathode) is suggested. The clectrode is a row of tightened wires, which draw a
strong electric current from storage battery. The electric current in neighboring
wires flows in opposite directions. The conditions for the emitted electrons to be
magnetized as well as the problems of thermal and mechanical stability of the

electrode are considered.
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1 Bsenenue

[Ipn nosyueHl HHTEHCUBHBIX MYYKOB 32PSKEHHbIX YACTHIL B yCKO-
pHTeNsX NPAMOro JeilcTBIIs MaKpOCKONUYeCKas HalPAKEHHOCTD SIeK-
TPUYECKOIO MO HA NOBEPXHOCTH BBITATHBAIOUINX 31K TPONOB NOCTH-
raeT BeIcoKmX 3Hauenmii E; > 10° B/cm. Takue HanpskKeHHOCTH
MOTYT HPHBOIHTH K NOABICHHIO IMHCCHHU 3JIEKTPOHOB € MHKPOOCTpUHl
MOBEPXHOCTH OTPHIATENBHOIO 3JIEKTPOAA, HANPiKEHHOCTh 3JIeKTpPH-
YecKOro moJis Ha KOTOPBIX Ha HeCKOJNLKO NOPANKOB Bblllie, YeM Cpeanas
B ycKopsiollleM npoMexyTke. ObpeMublil 3apsil SMHTTHPOBAHHBIX C
MHEKPOOCTPHil 3/IeKTPOHOB BHI3bIBaeT JIOKAJIbHOE HCKaKelnne 3JeKTpH-
4YecKOro nojis B o671acTi YCKOPEHHS, YTO MOXeT NPHBOIKTH K BhICHINa-
HHIO YCKOPAEMBIX HOHOB Ha BBHITArMBAIONIMi 3neKTpon. boMGapuupos-
Ka MOHAMH IIOBepPXHOCTH BeleT K aKTHBHON jecopOlun rasa, paciblie-
HIIO MaTeplaJia 3JIeKTpola N NosBIeHNIo Mi1a3Mbl. [logBIene n1a3Mbl
MOCTATOYHOI IJIOTHOCTH, B KOHEYHOM cyeTe, BeleT K BO3HHKHOBEHHIO
npo6os M eclii HCTOYHHK NMHTaWHi He MOKeT ObICTPO OTKIIYHTHCH,
TO 9TO BeleT K HapylneHnio paGoTel yCKopsiolleit cucremul. [lns cHu-
KeHWs BepoATHOCTH MpoGoes TPANNIMOHHO NPUMEHAIOT TPeHHPOBKY
3MeKTPOINOB KaK HMIYJNbCaMN HalpsKeHHs, Tak H paspilaMi c Ol-
HOBpeMeHHBIM [POrPEeBOM, YTO MO3BOJSET CYLIECTBEHHO NOANATH Ha-
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NpAXKEHHOCTh 3JIEKTPHIECKOro MoJsA Ha JeKTpole i, COOTBETCTBEHHO,
JIOTHOCTH IOTOKa yCKopfeMbIX dacTun. OnHako, nocie odepeiHoro
3aMblKaHid B paboueM pexHMe Ha JeKTpolaX MOTYT NOABHTLCA Clie-
IIbL 3PO3HH U 118 BOCCTAHOBJICHHSA HIeKTPHYECKOoill MPOYHOCTH YCKOpS-
I011lero NpoMeXyTKa BHOBbL HeoGxoluMa TPEHHPOBKa MIEKTPONoB.

B paborte npemnaraercs NN CHHAKeHNs BepOATHOCTH NMpobos M BhI-
CHINAHUA YCKOPACMBIX YacTHI HCIOAbL30BATh MarHHTO3AllHIIeHHBIH
BRITATHBalOLIf 3nekTpon. B KadecTBe 3/ieKTpola UCTONb30BATE N0~
CKYIO CHCTEeMYy HATAHYTHIX NPOBOJOYEK, MO KOTOPHIM MPONyCKaeTcH
TOK OT cToponHero ncrouynnka. HeobxonnMmas BenmwynmHa TOKa, TeKy-
1LIerc 1o MpoBOJIoYKaM, olipefelseTcs W3 YCIOBHSA 3aMarHHYeHHOCTH
SMHUTHPOBAHHBIX € MOBEPXHOCTH 3MeKTpona 3JeKTPOHOB B MAarHHTHOM
none H, Toka npoBosoyek. (3mech n manee GymeT paccMaTpHBaThCH
ciydail Korfa Mar iHTO3alllHIIEeN I 31eKTpol ABiaseTcd KaTonoM). B
THX VCJIOBHAX NPH Nojlaye UMIYIIbCa HANPAKeHns BOJIH3H 11 POBOJIOYEK
BHITATHBAIOIIEI0 »JIeKTpola MOMKEeH MOABHTLCH 3JIEKTPOHHBIH CJIOM,
COCTOSAIINI U3 3JEKTPOHOB 3MHTTHPOBAHHBIX ¢ MUKPOOCTPHI NMOBepX-
HOCTH ¥ ApeiipyIOmNX BAOJL MPOBOJOYEK B HANIPABICHUHN JIBHKEHUS
5NIeKTpoHOB B npoBoiHuke. [losgBnenne 3Toro ciiod npuseneT K Makpo-
CKONMYECKOll nepecTpoiike IeKTpHYecKoro nojs B objlacTi yCKopeHnd
B pe3ynbTaTte yero 6yner ymMenbied 3@ ek THBHbLIT yCKOpAIOIIMiT Mpo-
MexkyTok. Crnoil npeiigyomux 3/ekTponon OyeT 3KpaHupoBaTh 3JieK-
TPHYECKHEe TOJIA Ha MHKPOOCTPHAX MOBEPXHOCTH, UYTO OOMAKHO NMPHBO-
INTh K CHHKeHNIo sMiccun ¢ MukpoocTpuii. [Ipu aTom B yckopsioiem
NpoMexyTKe NOMAKHAa HCYe3HYTh MHKPOCTPYKTYpa, CKOMIIGHCHPOBaH-
HBIX 10 06beMHOMY 3apAaly, JIEKTPOHHBIX H HOHHBIX HOTOKOB NOTOMY,
YTO 3JIeKTPOHLI 3aMarHnvYennl.

Heobxonnmo 3aMeTHTh, YTO peXuMbl C TOKAaMH MeHBIINMH, 4YeM
HeobXonNMO MM 3aMarHHYuBaHig 3JIeKTPOHOB TaKkKe MOryT NpeacTa-
BIATH HHTepec KakK Iig obe3raXuBaHHus 3JIeKTpolla NPOTeKalolnM To-
KOM, TaK u IJisg co3naHuns o6LeMHOro 3apsia 5J1ekTpoHOB BO Bceil obna-
CTH YCKOPEHHA, YTO BaiKHO JU/is NOBBILIEHHA NepBeanca AHONA.

2 MarsuTHoe IoJie MarHuTo3allluIIeHHOI0
3JIEKTPOAAa

Kak yxe oTMeuayioch BBIUIE, MArHHTO3AIIMUICHHBIH BBITACHBAIOLINI
3eKTPoN NpeAcTaBiseT coboil MIOCKYI0 CHCTeMY HATAHYTHIX IIPOBO-
JI0YEK, IO KOTOPBIM NPONYCKaeTCs TOK OT CTOPOHHEro HCTOYHHKA. 10K
B COCENHHX MPOBOJIOYKAX TeuyeT B IPOTHBOMNONOXKHBIE CTOPOHBI, YTO
obecneuuBaeT MaJiblil, B HalpaBJIeHUHM YCKOPEeHUS YacTHl, MaciiTad
MArHHTHOrO TIOJMA BJleKTpona. lakas NOKaJllbHOCThL MOJSA MOXeT OKa-
3aThCA BayKHOIl MpH reHepallid NMYy4YKOB B HMOHHBIX MCTOYHHKaAX H3-3a
HeOOXONUMOCTH MAaJIOro BO3MYUIEHHA MarHUTHBIM [OJeM NJa3sMeHHo-
ro sMutTTepa [1]. DTo ycnoBue MOXeT BBHINOMHATHCS MPH OTHOUICHHHU
INHHBI YYacTKa YCKOPEeHHSA K PACCTOAHHIO MeXNYy TMPOBOJOYKAMH ~ 2
n Gosee. [Ipumep Takoili KOHQUTypanum yckKopsiomieii cucTeMbl IpH-
BeneH Ha puc.l. Tam ke npusefieHa KapTHHA CHIIOBBIX JHHUW IJA
feckoHeuHOIro YHuCiia MPOBOIOYEK.

Puc. 1: K_&I)THH& CHJIOBBIX NMUHHH MArHUTHOTO NOJH MAarofTo3alin-
HIeHHOTO 3jleKTpona. (CleBa Ha pUcyHKe H300paskeH SMUTTEp, Mpel-
cTaBAAOIINIl coGoil niTa3sMennyio oblacTh, OrPaHHYEHHYIO N1POBOJIOY-
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Puc. 2: 1 — MarHuTHOe Tojie O HOM TNpoBonokn B, - s = %; 2 — Mar-
HHTHOE IOJIe MArHNTO3AIINLIEHHOTO JIeKTPola BAOJAbL ocl X, IPOXo-
nfllleil yepe3 HeHTP NPOBONOYKU NepneHAHKyJ/spHO IJIOCKOCTH 3JIeK-
tpona; I = 2 KA, s — mar npoBojioyek, X — paccTosHue, H3mMepsemoe
B equHuiax s, X = 0 coorpeTcTBYeT LHEHTPY MPOBONOYKH.

O6o3naunM dYepes X ocb, npoxoasuryio uepes LEHTP HeKOTOPOH
e oueHb GNN3KON K Kpalo NMPOBONOYKH NMepneHAHKYyASPHO MIOCKOCTH
anekTpona. IlycTh paccTofsHue BIOOAL 3TON OCH H3MepseTcs B €lH-
HUIAX §, TJle § PaBHO WIary [POBONOYEK ekTpona. PaccrosHue no
NpOM3BOJLHON TOUKH Ha ocH X, OTCYHTHIBaeMOe MO 3TOil OCH OT IleH-
Tpa npoBoliouki, 6yiiem oGo3navyarh yepes X. Torma Boanum oT Kpaes
3MeKTpojia, COCTOAIEro H3 6obIIOro YiCia IPOBOJIOYEK, MarHUTHOe
nose Buoab ocu X 6yner pasuo (B CI'C):

2X*
n? 4+ X?

v s
By 1y S {(=)n
by n=l1

I'patpux usmenenns 1nois B npusenen na puc.2 B CpaBHEHHH C [0JIeM
onnuousoit nposonouku, [lpu manwix X (X <« 1) 3To mone no4rH
COBNAJAeT C TofleM oJMHouHoil nposonoyku. OnHako, Npm yBenuye-
pni koopauuaThl X chnaj MarHUTHOTO [ONS HIET 3aMeTHO ObICTpee
IS TpelljiaraeMoro SIeKTpoia, YeM IUid cilydas ONMHOYHOH [pPOBO-
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JIOYKH ¢ TokoM, rue cnan uaer kak 1/X. Tax na paccrosauu 0.3s no
ocu X mose 3eKkTpona cocrabigeT 87% OT BeJINYNHEI TOJA ONHHOTHOI
IpOBOJIOYKH, a Ha paccrosuuu 1.5s Beero 8.5%.

3 Heobxoaumasa BeJIMYNMHA TOKa B NPOBOJIOY-
Kax

YcnoBue 3aMarHHUYeHHOCTH 3M€KTPOHOB, SMHTTHPOBAHHBIX C TMOBEPX-
HOCTH MPOBOJIOYEK, B MAarHHTHOM MOJie BJIEKTpoNa OlpenelseT CHIY
TOKa, KOTOPBIil HeoOXONHMO MPONYCTHTH [0 NPOBOJNOYKAM I Peatiu-
3alHH MArHiTO3alIHIIEHHOTO 3JIeKTPoa.

B 6Gousiee mpocToil mocTaHOBKE MJIA OUEHKH BelMYMHBI TOKa, 3aMar-
HIUNBAOIIEro 3JeKTPOHBl, paCCMOTPHM NBHXKeHHe OTIeNbHOro 3Jek-
TPOHA, SMHTTHPOBAHHOIO C MOBEPXHOCTH HEKOTOPOH MPOBONOYKH. Bri-
GepeM HayaJlo KoopauHaT - TouKy O, nexaleii Ha oci 3Toif MPOBOJIOY-
k. HanpaBum och Y napannensno niockocTH 3AeKTpoaa U NepueHin-
KYJASPHO MPOBOJIOYKAM H NYCTh OCh X HallpaBlieHa NepneHauKyispHO
JIOCKOCTH 3JieKTpola, KaK nokasano Ha puc.d. IlycTh ock Z mpoxo-
AT BHOJL OCH BLIOpaHHOH MPOBOJOYKHN H HallpaBlieHa HAa PHCYHKE " OT
Hac”.

iy

Puc. 3: CxemaTnueckuil pucyHok, nzobpaxalouinit BeIGpaHHy©O cucTe-
MY KOOpJIUHAT.

=]




Paccrosuue no ocn X OT Havalia KOOPIHHAT N0 HEKOTOPOIl TOYKH,
N3MepeHHoe B eAnHHIlaX palnuyca r NpOBOJOYKH, 6yneM o003Ha4YaTh
yepes & M, JUig ynobcTBa, Ha3bIBaTh KoopanuaToil 3Tofl Toykn. Ko-
OpIlHATa TOYKH 3aBHCHT, TakHM 06pa3oM, OT pajiyca NpOBOJIOYKA 1
gpaseTcs 6espazMepHoil BeJIMUHHOI.

[lycTh HanpaBleHWe TOKa B BhIOpaHHOH IPOBOJIOYKE MPOTHBOIO-
N0KHO HanpaBlenuio ocu Z. Torna nanpapieHHe MarHMTHOTO INOIHA
sieKTpona Ha oct X NMpOTHBOMNOJIOKNO HalpABJIEHUIO OCH Y u Ha Ma-
JBIX PacCTOAHUAX OT IPOBOMOYKH (ra < s) MokeT GBITH 3aMeHeHO
Ha MAFHHTHOE TOJié ONWHOUYHOIN TPOBOJIOYKH C TOKOM (CM.pa3neln 2).
MEI MOKeM, TakHM 08pa3oM, nojiaraTh I OLl€HOYHLIX PacieToB, UTO
MarHHTHOe NoJie HMeeT B MJ0oCcKOCTH Y = () TOJBKO OIHY KOMTOHEHTY

s s ke B el 4 : :

B,(z) = - =+~ = - Z,rne B= Z;. llpeanonoxnm nanbuie, 4T0
sneKTpHYeckoe TMole uMeeT B NOCKOCTH Y = ( TONBKO ONHY KOMIO-
wenty Ep(z) = — E(z). DnexTpudeckoe nojie nanpasieno Tak, 9To

MPOBOJIOYKa ABJIAETCS KATOAOM.

[IycTh 37€KTPOH CTapTyeT H3 TOYKH C KOOPAHHATAME (1,0,0) c my-
JeBoil HayanbHOI ckopocThio. Fcim Tenepb 1ojis He 3aBHCAT OT Bpe-
MeHH, TO JBHKEHIe eKTPpoHa NPOUCXOAHT B ONHOI MJIOCKOCTH Y = 0,
a ypaBHeHWs [IBHKEHHHS HMeT BHIL:

€

mri = eE(z) — = V=,

le.

. i i
. e ——,
T

3nech ¢ — abconoTHAS BeJIHUNHA 3apiala 3JeKTpoHa, 1 — ero Macca.

Boinncan 3TH ypaBHeHHs, Mbl NipeciiefiyeM TOJbKO Hellb OlleHKH TO-
Ka, 3aMarHiYHBaiouero sekTponbl. Hac, Takum obpa3oM, He HHTepe-
CYIOT JOBOIILHO CHOKHBEIE TPaeKTOPHH, KOTOPhIe ONHCHIBAET SMHTTU-
pOBaHHbI 2eKTPOH BOIH3H NPOBOJIOYKH B PeAJbHBIX yCIOBUHAX. bo-
jllee TOUHBIE YpaBHEHNS NBHXKeHHS MOIYT ObITh BRINHCAHBLI B IHMIIAH-
NApPHYECKHX koopaugaTax. [lonpobHEIl TPaeKTOPHBIH aHAJN3 MOKET
6LIThL Tak:ke nposenen Ha JIBM, manpumep, ¢ noMoleio NporpaMMel
SAM [2]. YnoBneTBOpHTENbHYIO OIEHKY TOKa, HEOOXOAMMOro i 3a-
MACHHYHBAHHS 3/eKTPOHOB, MOXKHO, TeM He MeHee, NOJNYYHTh, HCHOIb-
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3yA MpHBEOCHHbLIE BbIlLE YpaBHEHHSA, ONHCHLIBAlOLIHe JBHXKCHHE 3ICK-
TPOHA TOJLKO B ONHOIl MJIOCKOCTH.

l'ak kak v,(2 = 1) = 0, 03 BTOPOro ypaBHEHAS MOIYIHM:

., =wrinz |
eB __  2el s, i1
2= = —=5-. DJTa CKopocTh obecneunBaeT 3JeKTpHYecKuil ToK,
HallpaBJIeHHBIIT B Ty JKe CTOPOHY, YTO H TOK B IPOBOJIOYKE.
[ToncraBisis BuIpaXxenue s U, B NepBoe ypaBHeHNEe, HMeeM:

rmne W =

siselete In 2

pa Sie) s ime
mr x

YMHOXKasd Ha & W WHTErpupys ¢ ycioBnem z(z = 1) = 0, monmyunm

JOCTATOYHO oUeBHIHOe YpaBHeHHe:

_ 2
g = i (wrinz)? ,
m

rue w(z) = [ E(F) r dz. Torna obpailenne B HOIb CKOPOCTH r'E B
H@KGTDpDﬁ TOYRE C I{DDPHI-IHEI.,TD]? &£ = Ig eCTh YCUIOBHE 3aMarHH4YeHno-
CTH 3MeKTPOHa Ha paccTOsHUM r(zg — 1) OT NOBEPXHOCTH NPOBOMOYKH
i BBIPA/KAETCS PABEHCTBOM:

2ep(vo) :
iR (wrlnze)”,

OTKyNa Afis TOKa 3aMarHWviBaHus nony4uuM sBeipaxenue (B CI'C):

2 [m  ¢(zo)

LiTa)=C — *
(%) e 2In% 2,

(1)

3aMeTnM, 4TO eciin g = 1+ p, rue p — beckonevyno Mamnasd, To: (&) ~
p, Tak ;kak E(1) # 0, a In*zg ~ p?. Takum obpasom, I;(xg) ~ ?],—; -

1 1 r- ' m

Vzoo1!! JTO, B YaCTHOCTH, 03HAYaeT, YTO NPH 2o J0CTATOYHO BIH3KHX
K enuinue /,(zo) yMeHbIIAeTCA C YBelNUYEeHHEM I, TO €CTh ABAMETCH
ybriBajomeit pyHknueir xg. Boipaxenne (1), monyueHHoe Bhille IJis
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TOKA 3aMATHUYABANNSL, COXpaHAeT CBOil CMBICH, 10 TeX HOop MoKa I.(z0)
ocTaeTcs ybbiBawolleil GyHKinei rq.

Yrobbl HCMONL30BATE BeIpaxenne (1), HeobxonuMo 3HATE SIEKTPH-
qeckoe monie BOMM3H MPOBOJIOYKH. ITO None, B AeHCTBATENBHOCTH,
MOXkKeT ObITh ClNoXHoi QyHKIKeHl mapaMeTpoB paccMaTpHBaeMoil KOH-
cTpyKnmu (palimyca MpOBOJIOYEK T, Uiara MpoBoJioYeK §, pacCTOANHA
mexny snektponamn d u T.a.): E(z,r,s,d,.. ). Tak KaK 5TO BBIpaxe-
uue B J1O6GOM cllydae HOCHT ONEHOUHEIN XapakTep, Mbl Or paHHYHMCH
pacdeToM Be/lHUNHbI TOKa 3aMarHHYHBAHUS IS NBYX NPOCTHIX CHyHda-
e. [lepBbIM, KOrZia SneKTpudeckoe nose BOIH3H NPOBOJIOYKH IOCTOAH-
go. M BTOpBIM, KOria B KayecTBe 3JI€KTPHYECKOrO MOJA MBI BO3bBMEM
3MeKTpHYecKoe 1one KoaKCHallbHOH JIMHIH.

1. Tlonaras E(z) = E = const, nonyunM ¢(zo) = Er(zog—1) m

m .Tg-—-]
2 |— Ey ——

f2lZ6) = :
Ro) =% € 21n? zq

['paduk 3asucuMocTy [, oT xg—1 1ns 3TOrO0 CNyYas NpuBelen Ha puc.4
npu E = 100 kB/cMm, r = 0.07 cm. I'nang ma 5Ty 3aBHCHMOCTH, MOKHO

5
\\1 ﬂ %
3 R
¥ e o
2 0.1 Xo-1 1

Puc. 4: Ouenounurii TOK 3aMarHM4YHBaHHA /s NPOBONOYKH pannyca
r = 0.07 cM. DaexTpuueckoe none BOAN3N MPOBOJOYKH MOJMaraerTcH
nocTosHHBIM 1 paBHeIM E = 100 kB/cMm.
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3aKMOYUTh, YTO I 3aMarHNYHBaHHA 3JIeKT PDOHOB B IAHHBIX YCJIOBHAX
HYZHO IPONYCTHTH MO TPOBOJIOYKaM TOKHM, Benmannoil I, > 2 kA. Wan,
nepexols K MIOTHOCTAM TOKOB, MOJIY4UM: J; = ;T{fy > 130 kA /cM?. Be-
AMYAHA TOKa 3aMarHMYMBaHHS, KpoMe TOro 4YTO OHa ABjgercs (PyHk-
uneil g, 3aBHCHT B [aHHOM CJIyvae OT palHyca r IPOBOJIOYKH H MO
F u onpeneneHHbIM 0o6pa3oM MeHsfeTCs IpH BapbHPOBaHUM 3TUX Na-
paMeTpoB. BumHo, 4TO N5 NPOBONIOUKH ONpejielieHHoro panuyca TOK
3aMarHiyuBaHid BO3pacTaeT IIPH YBeJIHYEeHHH TTOJIA BOIN3N npoBoJiod-
ku kak v £. [Ipu BeIOpaHHBIX YCIOBAAX TaKykKe OKa3bIBaeTCs, 4TO IUIA
3aJJaHHOI HANPAKEHHOCTH 3IeKTPHYECKOro MnoJik NpH YMeHbIIeHHH pa-
Auyca MPOBOJIOUKH TOK 3aMarHHYiBaHud GyneT yMeHbUAThCH KaK VT,
P 3TOM INIOTHOCTH TOKa OyneT yBeln4YHBAThCA ~ ;71:_-5 OJTa 3aBH-
cHMOCTh 6ylleT HEeCKOJNbKO MHOI, eclii paccMaTpPHBAaThL 3aMarHn4nBa-
HHe IeKTPOHOB He Ha (pHKCHPOBAaHHOI KOOpAHHATE X, a, CKaKeM, Ha
(GUKCHPOBAHHOM PacCTOSHUN ¢ OT NOBEPXHOCTH NPOBOJIoYKH. Ee nerko
MONY4YUTh, MOACTABAB Zp = 1 + 7.

Vunreisag 2In” 2 2 1, n3 nocienneil GopMyIibl HOMYUHM, YTO 3JIEK-
TpoHn GyleT 3aMarHnyeH Ha PAcCTOAHHN ONHOIO palnyca OT MOBepX-
HOCTH NPOBOJIOUKH, €CJH CH/Ia TOKA COCTABUT:

L=c* /= Er. (2)

JTo BBIpakKeHHE MOKHO BHIOpaTh B KayecTBe ONEHOYHOIO KpuTepus
3aMar HHUeHHOCTIH JIeKTPOHOB, XapaKTepH3ylollero 3aBHCHMOCTh CH-
bl TOKa 3aMarHMYHBaHHUSA OT OCHOBHBLIX MapaMeTpoB: palnyca mpo-
BOJIOYKM 1 U moas E, npuaaBas eMy CMBICH 3JIeKTPHYECKOro nojs Ha
NMOBEPXHOCTH TPOBOJIOYKH. ByneT noieino Takxke nepemnucaTh €ro Iis
MAOTHOCTH TOKa B MPOBOJIOYKAX:

: c?
Ju S

!

2. OQuennM Tenepb TOK 3aMarHHYHBaHWA I clyyas, KOrjia mpo-
BOJIOYKA ABIAETCA NEHTPAJLHbIM 3eKTPONOM KOaKCHAJLHONK JIMHKH

%1
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(puc.5). B aToM cnyvae anekTpuyeckoe nose BAOJL OCH X €CTh:

E{z) = —————U ,

o' Pan il
ra,lnr

rie ¢ - Kak W panblie Oe3pa3MepHas koopnmunata, U - pa3sHocTb no-
TeHIHAJOB MEeXNY 3IeKTpolaMH, r U d - paIuychl HEeHTpajlbHOroO H
BHEIIHEro 3IeKTPOIOB COOTBETCTBEHHO.
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Puc. 5: KoakcnmajibHas reoMeTpus: r — paJUyC IHeHTPaJILHOTO 3JIek-
TpoHna, d — pacCTOAHHE MEAY DJIeKTporaMi.

Bsons none na NOBEepPXHOCTH HEHTPAJIBHOIO 3JieKTpola:
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IIpenacTaBiM 3Ty 3aBHCHMOCTL B BILIE:

E
E(z) = —.
I

Torpa @(zg) = E r Inzg ¥ npn noncTaHoBke B BhipaxeHue (1) naer:

R L R
.E.(LI:U)—C > Er 21111:0.

I'padpuk 3aBucumocTu I, or zg — 1 nng 5TOro ciayyas NpuBejeH Ha
puc.b6 npu Tex ke napaMerpax, UYTO W B npenwinyiueM cnydae (E =
100 kB/em, r = 0.07 cm). Kpupas 3meck npoXoauT HeCKONMLKO HHXKE,
YeM B clly4ae NOCTOAHHOTO MOJIA.
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Puc. 6: OueHounbill TOK 3aMarHMYUBAHHSA I8 KOAKCHAJILHON reome-
rpun. Pammyc memTpanbHoro anextpona pasen r = 0.07 cM. Omek-
TPHYECKOe N0JIe Ha NOBePXHOCTH LeHTPalbHOro 31eKTpoia paBHo F =
100 kB/cMm.

ITepenuuieM nocienuiolo GopMmyny, HNOACTABHB B Hee BbIPaXkKeHne
AN eKTPHYECKOro Mo Ha NOBEPXHOCTH LHeHTPaJIbHOro 3AeKTpoaa.
[Honyuum:

m U
IL(zo) =c* [— : 3
ATy = e 2linxg Iﬂ% 3)

Kak 6ymer scHo B JajibHeifllleM, yKa3aHHble BelIMYMHBLI TOKOB H
IJIOTHOCTEN TOKOB JOCTHXKHUMBI Ha MHJLTHCeKYHHBLIX BpeMeHaX B Mpo-
BOJIOYKAX HOCTATOYNO Majoro pamnyca. Omuako, onpenenennble 3Ha-
YeHHs TOKa MIIH IMIOTHOCTH TOKa B MPOBOJOYKAX 3JeKTpoda CaMH Ho
cebe ellle HHYEro He FOBOPAT O 3aMarH4YeHHOCTH 3JIeKTPOHOB, KOTOpas
onpenenseTcs 3IeKTPHYECKHM U MarHMTHBLIM NOASMH BOJIU3H NIPOBO-
jodek. ODTH NONs, B CBOWO ouYepellb, ONPElelSoTCs HEeKOTOpOl COoBO-
KYIHOCTBIO MapaMeTpoB Bceli cucTeMsl B nenom. MoxeT okazaThed,
4yTOo HauboJlee BaXKHBIM NMapaMeTPOM ABISETCH Pa3sHOCTbL MOTEHIHAJIOB
MeXIY aHOIOM M KaTONOM HaHHOI CHCTeMBbI NPH 3alaHHOM PacCTOAHHH
MeXAY 3TUMH ek Tpofamu. [Ipn ¢pukcanun 3TOro napaMmerpa oCcTallb-
HbIe napaMeTphl CHCTEMbl MOTYT BapbHpPOBATHCH € MENbI0 CO3JaHHA
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YCIIOBHIT 3aMarHHYeHHOCTH 3MekTponoB. [losToMy, ¢ TOukH 3peHus
NOMy4YeHUs ONpelefeHHoil Pa3HOCTH MOTEeHIHANOB MEXIY 3JeKTpoa-
MH B KOHKPETHOH CHCTeMe NpPH 3alaHHOM PacCTOAHUM MeXKINy HHMH,
npaBunbHee 6GLIIO GBI TOBOPHTH He O JNOCTUXKEHHH HeobXomnMoil Be-
NUYMHBI TOKA MK MAOTHOCTH TOKa B NPOBOJIOYKAX, a O JOCTHXKEHHH
HYKHBIX 3HaAYEeHHI NpPOH3BENeHHEM TOKA HAa HEKOTOPYIO DYHKIHIO OT
napamMeTpoB 3Toil cucTeMmbl, 60 Npou3BeneHneM MJIOTHOCTH TOKa Ha
HeKOTOPYI0O KOMOHWHAINIO DTHX mapamMeTpoB. JIng KoakcHaJbLHOH reo-
METPHH TakKasfd KOMOMHAINA MoXkeT OLITH HailmeHa n3 dopmyinl (3).
OnHo u3 caencTBuii 5Toi GOpMYIibl eCTh CTPEMACHHE K HYJIO TOKa 3a-
MarHU4YHBaHNA IPH CTPeMIIeHHH K HYJIO pajauyca npoBosioyku. Takum
o6pa3oM, yCHOBHA NJS 3aMarHHYEHHOCTH 3/eKTPOHOB JIETKO CO3/1al0T-
csd yMeHbIIeHNHeM panunyca npoBoioukn. OnHako, Kak 6yleT sicHO B
najibHeleM, NPOBONOYKN MaJioro paluyca He obnalaioT Tennopoi
CTOHKOCTBIO, KOTOpads XapaKTepH3yeTcs BeJHYMHON MIOTHOCTH TOKa
B I POBOJIOYKE. _

OcranaBinBaich Ha ¢dakTopax, BIHAIONINX HA NPHTOAHOCTH MPH-
BEJIEHHBIX BITIE (DOPMYJI, 3aMETHM, YTO 3/1eCh MBI He YUYNTLIBAIIH BIH-
sHHE M0 NPOCTPAHCTBEHHOTO 3apijia 3MHTTHPOBAHHBIX 3JIEKTPOHOB,
KOTOPOE, BO3MOKHO, 6BICTPO MEHIeTCS CO BpeMeHeM, a TakKe BIHIHUe
MarHATHOTO MOJs, CO3/1aBaeMOTr0 TOKOM ATHX 3JIeKTPOHOB, TEKYIIero
B HampaB/IeHUH TOKa B [IPOBOJIOYKe, 4TO TpebyeT Gonee neTallbHOIO
paccmoTpenns. He npurnManics Takxke BO BHUMaHHE CTONKHOBEHUS
3JeKTPOHOB € YaCTHIAMH Heil TpajibHOIO rasa.

Kax crenyeT n3 BulllIeCKa3aHHOro, TOKH, KOTOPbIe HeoBGXONHMO Tpo-
NYCKaTh [0 NPOBOJIOYKAM AJIA peasin3alill MarHH TO3alliIeHHOI'O 3JeK
Tpoia MOCTATO4HO Beluki. B cBA3H ¢ 5TUM, BO3HHKaeT PAI BOMNPOCOB,

KOTOpble OY1YT pacCMOTPeHbl B TOIl WJIH HHOIl CTeleHl B NajlbHeHlIeM.
A mmenno:

1. Buibop MaTepuaina, nuaMeTpa M iara NpoBOJIOYeK B 3aBHCHMOCTH
oT TpeboBaHHIT 3aMarHHYeHHOCT I 3JIeK T POHOB, TENJIOBOH CTOHKO-
CTH JIeKTPOHa, HeoOXoNNMOI MIHTENbHOCTH UMILYIIbCA.

2. Wccnenopanne MexaHnuecKkoil yCTORYMBOCTH MAOCKOTO JICKT Poaa,
- CHCTEMBI, COCTOHIIIell U3 MHOTHX IPOBOMOYEK, MAarHUTHOE B3au-
MOIEHCTBHE KOTOPbLIX CPaBHHMO C CHJIaMH HaTHXKEeHUH.,
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3. Usyuenne BANSHES JOKAJbHBIX MarHH THBIX noJieit HIeKTpoaa Ha
ABHKEHHe YCKOpPseMBbIX YacTHIl i UX BbICHITTAHHC.

4 TemnnoBas CTOMKOCTBE 3JIeKTpoAa

Y paBHeHHe, OMNCEIBAIOLIEe OMUYECKHIl HAl DeB IPOBOJIOKH PALMYCOM T’
miunoit | mon neficToueM Toka [, nMeeT BUl

. AL dt =n-nxr*l-C(T)-dT,
pd
rne p(T) - ynensuoe conporusienne [Om-cuj; C(T) — ynennuas Tenso-
emkocts [Ilk/(r-K)]; n - nnoTHocTh [r/cM®] MaTepnana HpOBONOYKH,
3aBHCHMOCTBIO KOTOpOil OT TeMnepaTyphl Mbl 6ylleM nmpeHeGperaTs.
Tax Kak HOApPa3yMeBaloOTCs MUJLUIHCEKYHIHbie BpeMeHa, He Y4HTbhiBa-
eTcs BiHgHIe CKIHH-3h(peKTa B IPOBONOKe, KOTOpas HMeeT N0CTaTo4-
HO Malblit PANMYC, TO eCTh TOK TeyeT 110 BCeMy CeHeHHIO NPOBOJIOKH.
MolnHoCTh NOTeph Ha H3JIYYeHHe CYUTACTCE MaJjoil Mo CPaBHEHHIO C
MOIIIHOCTHIO HATDEBa N [e NPHHNMAeTCHs B pacyeT, TaK Kak HMeTCH
B BHY NOCTATOYHO CHIbHBIC TOKHM M He CIANIIKOM BLICOKHE TeMnepa-
Typbi. Torna npon3BonHas OT TEMIepaTypbl POBOJIOYKH N0 BPeMeHH

eCThb
I kg il )es i
— . - L] _11 T ' 1:1:
rehet B v M TR )

: : 5 2] Vs T
rnie j — MIOTHOCTb TOKa, TEKYIIero no mpoponouke [A/cM ]’_.A(T] KO

i : A
>puIHeNT, 3aBUCHLIIA OT MaTepnalla IPOBOJIOYKH [cex-[ﬁ}cug]z . Be-

nuuuna koshdunuenta A(T) orpanuunBaeT BbIGOp MaTepHAJOB IUIA
MACHHTO3AINILIEHHOr0 MIEKTPoAa i J0JIZKHa ObITh KaK MOKHO MeHb-
we. JlpyriMu cnoBamu, MaTepHall TPOBOJIOYEK NOJIKeH oblanaTh Xo-
potreii ek TPONPOBOAHOCTHI0, GONBUIUME TIIOTHOCTBIO U TeNI0EMKO-
cthio. [loaToMy Hanbomnee NOAXONALINM MaTepHAJIOM IUUIsS MarHHTO3a-
[LHIIEeHHOTO 3eKTPola ¢ TOUKN 3peHHs €ro TelIoBoil CTOHKOCTH ABIS-
J0TCH 30NI0TO, cepebpo, Mellb i HEKOTOphIe THIIbI 6POH3, B OCODEHHOCTH,
cepebpsnas. Kosdpduumenr A(T) npn T' = 20°C npusenen s Heko-
TOpBLIX MeTaslJIoB B Tabmuue 1.
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Tabanua 1: Kospdunnent A(20°C") mis HeKOTOPLIX MaTEpHAIIOB.

MaTtepuan A(20°C), MaTepnad A(20°C),
10—6 K ! 1096 K .
cek-{Afem*)?2 cek:(A/cm*)2
Cu 0.49 Zn 2.2
Ag 0.64 _ Mo 2.42
i Au 0.89 Mg 2.5
Al 1.1 Fe 2.75
Be 1.19 Pt 3.76
Ir 1.75 Ta 5.58
Ni 173 Nb 5.82
W 2.14 Cr 5.96

PacyeTHas KprmBas OMHYECKOr0 Harpena MEIHO NMPOBOAOKH pamnuy-
ca r = 0.07 cMm Tokom [ = 2 kA nokasana na pucyske 7. Kak 6yner or-
MeueHo B JajbLHeHuIeM, MeHble NPOBOJOYKH HE cllieflyeT meperpeBaTh
Gonbuwe 200°C BenencTsue nmorepn uMH ynpyrux csoiicts. IlosTomy
MarHHTO3allHIIeHHbIH 3JIeKTPOll, H3TOTORIEHHEIH U3 TaKHX NPOBOJIO-
YeK, MOxeT paboTaTh Ha TennoBoil HHepuUuH OKodo 20 Mc npu Toke
2 XA u npumepHo Ha 35 MC HoAbIIe NPH HCHONBL3OBAHUH npenBapHi-
TeNbHOTO OXJAXKIEHHI [0 TeMIePaTyphl KHIKOIO a30Ta.

[Ipn yBsenuuyenun nponyckaembIX 10 IIPOBOJNIOYKAM TOKOB, UTOGEL
H30exaTh mneperpesa, UIHTENLHOCThL HMIYJAbCa TOKa HOMXKHA OBITH
yMeHblLIeHa. beicTpoTy pocTa TeMmmepaTyphl NpoBolOYeK B 3aBHCH-
MOCTH OT BeJIMYMHBI NPONYCKaeMOro TOKa WINIIOCTPHPYeT puc.S.

Bripasnp B mociemneM ypaBHeHHN IJIOTHOCTH TOKA j uepe3 Mar-
HUTHOe nofie B Ha OBepPXHOCTH MPOBOJIOYKH, TONYYHM

271\ ? dT
.2 ¥ dt —c (-r———) * ? -
H & VTR

€ — CKOPOCTb cBeTa B pakyyme. OTKylda BHIOHO, YTO NPH 33JaHHOM
Harpese W JUIITENbHOCTH UMUYJIbCa TOKa, MarHHTHOE Tolle, KOTOpoe
MOXHO MOJIYYHTh Ha NOBEPXHOCTH IPOBOJIOYKH, NPONOPIHOHAILHO ee
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Puc. 7: Harpen Mennoii mpoBonokn pamuycoMm r = 0.07 cm mon neii-
crBueM Toka I = 2 kA; 1 — or KoMHaTHONl TeMmIlepaTyphl, 2 — NpH
npenBapuTelbHoM oxaaxinesun go 100 K.
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Puc. 8: Harpes menuoit npososnoku paaunycoM r = 0.07 es nns pas-
JHYHBIX BeNWYHH nponyckaeMoro Toka, I =6,5,4,3 u 2 KA.
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panuycy. JTo HaeT OCHOBaHie YTBEpKIaTh, YTO C TOYKH 3peHHs
TeIJIOBON CTOHKOCTH 3JIeKTPOAa BhIrOAHee HCIOJb30BaTh IPOBOIOYKH
Dounblilero pajanyca, Tak Kak eciii Bce ocTallbHbIE TapaMeTphl CHCTEMbI
3alaHbl, 3JIEKTpHYeCKkOe [10Jlé Ha NOBEpXHOCTH ITPOBOJIOYEK 6onpinero
panuyca Oyner MeHble, YeM Ha INOBEPXHOCTH NMPOBOJOYEK MeHbIile-
ro panuyca. To ects MBI GynieM nMeTh Ha MOBEPXHOCTH NMPOBOJIOYEK
Gonbliero paaumyca Goliblilee MarHUTHOE MOJie W MeHbIlee 5JeKTpHYe-
CkoO€ IIoJie, a, cNeioBaTel]IbHO, AYYIHHe OCHOBAHHA IIJIA 3aMarHW4YeHHO-
CTH 3JIeKTPOHOB.

5 MarauTHOe B3amMoencTBHae NPOBOJOYEK

[Tpu nponyckanuu no npoBoJOYKaM TOKa B HECKOILKO KHJIoaMIep BO3-
HHKAIOT CHIbHBIE MarHHTHBIE [0JIA, NOCPENCTBOM KOTOPBIX IIPOBOJIOY-
Ki OynyT B3auMoneicTBOBaTh Ipyr ¢ ApyroM. Kak 6yner scHo B maib-
HelfleM, 5TH MarHHTHbIE CHJABI CHHIIKOM BeJIHKH, YTOOBI MOXKHO Obl-
10 pacCYHTLIBATL Ha MeXaHHYeCKYIO HHepluio mnpoBonodek. [losTo-
My s obecnevdeHus YCTOHYMBOCTH 3NeKTpPORa Ha MHJIJIHNCEKYHIHBIX
BpeMeHaX, NPpOBOJIOYKH OONAHLI OLITH NOCTATOYHO CHILHO HaTAHYTEI.
HeMm cuiibHee HATAHYTHI NTPOBOJOYKH, TeM Golbille BeIMYAHA CHIBI TO-
Ka, KOTOPHI MOXKHO NPONyCTHTH No npoBonoykaM. [IpenenbHbllf TOK
onpeneiseTcs, TakuM obpa3oM, NpelesioM yIPYrocTH MaTepHalla 1mpo-
BoJiodek. YToOLI OUeHUTH BEIHYHHY CHIIBI TOKa, NONYCTHMYIO ¢ TOYKH
3peHHs MeXaHHYeCKoH yCTOHYHBOCTH 37eKTpola, paccMoTpuMm puc.9.
Ha pucynke m3o0pazkeHbl TPH COCENHUX NMPOBONOYKH 3cKTpona. He-
GoliblIoe HavaJIbloe CMellleHle & cpellHeil MPOBOJMOYKH OTHOCHTENLHO
ocn Y, KOoTOopoe CBA3aHO C HETOYHOCTBLIO €e YCTAHOBKH, NPHBOAMT K
MOSABIIEHHIO MarHUTHON CHJILI, BEITaJKHBaloILed NPOBOIOYKY H3 IJIOC-
KOCTH 37lekTpona. Tak Kak MpoBONOYKa 3akKpemsieHa Ha KOHIAX, 3TO
MPUBOAKT K ee W3rnby 1 BO3HMKHOBEHHIO YIIPYTOil CHIILI, CTpeMsILeiicd
BEDHYTbL NPOBOJIOYKY B Ha4allbHO€ COCTOAHHE. Ecnn NpoBONIOYKa IO~
CTATOYHO XOpOIIO HATHHYTA, a, 3HAYUT, BO3Bpalllaloiliad CHIIa BeIHKa,
TO KonebaHHA NpoBOMOYKH OYIYT MaJibIMH.

YT10o6bl He CIAHIIKOM YCJIOXHATH 3aJavy, CllefaeM HecKolbKo ab-
CTPaKTHBIX monyuienui. [lycTs B3sTas cpenuss nmpoBosiodka B3amMmo-

N i
Fu
X

Puc. 9: MarunTHas ciljia, BeITaJKHBaloillas 11POBOJIOYKY U3 MIIOCKOCTH
3JIeK T POMa.

neiicTByeT TOJNBKO C NBYMS COCeIHHMM IIPOBOMIOYKAMI, KOTOphIe NpeJ-
nostaraijorcs kKectkumu. IlycTh Takxke cpelHss NpPOBOJIOYKa paBHO-
ymajleHa oT HuX. 3nech Mbl He 6yleM Takke pacCMaTpPHBATh Kolie-
GaHUsA TMPOBOJIOYKH, a OlpPe/leIIM TOJILKO ee paBHOBeCHOe TOoJIoXKeHHe.
HanpaBup Koopan#aTHLIe OCH KaK H palble, 3alullleM clenyiolee
ypaBHelie, KOTOpOe BbIPayKaeT PABEHCTBO HYJIO CYMMBI MarHHTHOI U
ynpyroii cuii, HeifcTBYIOLINX Ha CPelHIOK MPOBOJNOYKY, H onpenender
ee paBHOBecHOe NoNoKeHne x(z):

Fel+Pr=0,
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2
. s) , § — Hiar npoBoJio-

rie F - cijla HaTsxeHus nposojoukn, P = (
JeK.
M3ru6 npoBONOUKH CUYHTAETCH I0CTATOUHO cnabbiM, Tak 4To ¥ K 8

npu amboM z.
Tax kak z(0) = z(l) = 4, | - nuuHa NPOBOJIOYKH, TO:

1—::03[ {; .-T] | p P
r(z) = ——= § sin T Z + & cos 7 2
: P
Sm[ 7 i]

MNonuas aMmnTyda cMelleHns (aMmuTyna u3ruba mioc HavyalrbHOe
cMellleHne) paBHA:




Tabnuna 2: 3aBucHMOCTH Nnpenena MIAaCTHYHOCTH MeIN OT TeMIepa-
TYPHbl.

O /a1 701 501 14
{ el 20 | 200 | 400

Otciona BHIAHO, YTO IOMYCTHMBLIM SBisieTcs yenopue: /& [ < 2. O1-
K¥Illda HaXOOHM, 9TO TOK B NPOBOJNOYKaAX OOJAKEH YIOBJIETBOPATH Clie-
nyiwouiee orpannvenne (B CI'C):

I<e ? V.
[Ipu % = 0.1 u Harpyske Ha npososiouky B 25 kI' (F =25 - 10° nun),
dopmyna naer I < 5 xA.

Heo6xonumo 3aMeTuTh, 4TO Npeles MIaCTUHYHOCTH MaTepHalioB 3a-
BHCHT OT TeMnepaTyphl. [losToMy npm 3ananHoil Harpyske Ha IpoBoO-
JIOUKY, ee He clleiyeT NeperpeBaTh BhILIE TeMlepaTypsl, IpH KOTOPOi
3Ta Harpyska OGyieT cooTBeTCTBOBAThL NMpeaeay NNacTHYHOCTH MaTe-
puajga. K mpumepy nis Memn, 3aBHCHMOCTEL IIpeneia MIacTHYHOCTH
OT TeMIlepaTypbl YKa3aHa B Tabiuue 2.

CrnenoBaTeNnbHO, NI MaKCHMaJILHO HONYCTHMOTO TOKa B ITPOBONOY-
KaX MBI MOXkKeM HalHcaTh CICNYIOUIYIO OLEHKY:

& Ly
Imu;t: =& ? \/Jn-'l[f] ?T'I'“E. (5)

B 3Ty oueHKy He BXOOHMT Macca IPOBOJNOYKH, HOTOMY YTO NPH HaUIHX
VCIOBHAX OHA OnpenelseT 4acTOTY KolneGaHWi NMPOBOJIOYKH U He BJIH-
seT Ha aMnautTyny ee konebanuit. Yacrora konebanuii nMpoBOIOYKH,
ecJIU CUJia HAaTHAXeHHS JIOCTaTOYHO BelinKa, MOoXeT O6LIThH OlleHeHa [0
dopmylie:

F

mi

&2

“o

[loncraBuBs clona Maccy HpPOBONOYKH M & 2 2, JUIMHY NpoBoNoYKH [ &
10 cm u cuny narsxkenns F ~ 210" nun, nonyauM wg =~ 1 k['u. Do
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o3HaYaeT, YTO Ha MHJUINCEKYHJIHLIX BpeMeHaX yKJalibiBaeTcs MHOIO
nepuonoB KonebaHuil NpoBONOYKH M, TaKHM o6pa3oM, MeXaHHYecKas
HIepIHs TPOBOJIOYKH B HAILMX YCAOBUAX MaJia.

dopuyana (5) no3BonsgeT Takxke OUEHHTHL MaKCHMalibHOE Mar HUTHOeE
1oJie, KOTOPOE MOXKHO NOIY4YHTh Ha MIOBEPXHOCTH NPOBOJIOYEK 37K T Po-
na:

S 1
Binar = }' \[1 T ﬂ'n.-t(T ).

B npenbinyliieM paszene Mbl BHAENH, YTO MO TeIIoBOIl CTOlKO-
cTH Hanbollee NOMXONAIIIHM MaTepHAIOM NJis IPOBOJIOYHOI'O 3JIEKT PO-
na ssasercs Menb. Onmako, Mellb o0faflaeT NOCTATOYHO HEBBICOKUM
peresoM NAaCTHYHOCTH, YTO He NO3BOJMT co3faBaTh Gonbline Mar-
HHTHBLIE NOJS Ha MOBEPXHOCTH MeNHBIX mpoBoiiouek. [losTomy Goiee
INepCneKTHBHEIM NMpeacTaBiseTcs puMeHerne 6poH3, KOTopbie OIN3KH
K MellH 110 3JeKTpPOoIlpOoBOOIHOCTH, HO 3HAYHTEJIBHO IIPEBOCXOoAAT ee. 110
YOPYTHM CBOMCTBaM.

[lonBons HekoTOpLle HTOrH, MBI MOXeM CKa3aTh, UTO 3aJilaB reoMme-
TPHIO JJIEKTPOIOB H Pa3HOCTD norTefyuuaJgqos Meaxny HIMH, Mbl MOAKEM
OLlEeHHTh BEIHUNHY TOKAa B IPOBOJIOYKAX, 3aMarHHYHMBAIOILIEr0 3MHT-
THpOBAHHBIE C IX NOBEPXHOCTH 3JeKTpoHsl. IIpn 3ToM ycnosne mexa-
HUUecKoit ycroitunBocTi (5) HesBHBIM 06pa3oMm 3ajlaeT TeMNepaTypy,
BbIllle KOTOPOIl IPOBOMIOYKI He chelyeT neperpebaTh. Torna gpopmyia
(4] OylneT onpenensiTh NONYCTHMYIO IJHTENBHOCTh HMIIYJbCa TOKA.

6 O6cyxneHue pe3yjbTaTOB

W3 nonyyenHbIX BEIIIE ONEHOK BHIHO, YTO YCIOBHE 3aMarHHYEeHHOCTH
371eKTPOHOB, BMHTTHPOBAHHBIX C MOBEPXHOCTH MPOBOJOYHOrO KaTona,
MOXKeT OLITH coriiacoBaHo ¢ TpeGoBaHHAMIL TENJIOBOH W MeXaHHYecKo
CTOHKOCTH HaJIeKalluM noubopoM mapamMeTpoB KoHcTpykuuu. Ilpn
9TOM pedb MOXKeT MITH 0 JOCTATOYHO BBLICOKMX 3JIEKTPHYECKHX MO-
M4X Ha MOBEPXHOCTH 3AeKTpona H MHINIHCeKYHAHBIX JUINTENIbHOCTAX
UMIYJIbca ToOKa 3aMmarumyusanns. [lapaMeTpsl Takoil KOHCTPYKUHH
MOryT ObIThL BbIOpaHbl JOCTATOUHO OJM3KNMHN K MapamMeTpam BBITSH-
IUBAOHINX 3IEKTPONOB VAe HCNONb3YeMbIX pealibHbIX HOHHBIX MCTOY-
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AukoB [1]. CHNLHbIe MarHHTHbIE NOJA BOMN3U 3JeKTpona, Kak mpel-
noJyiaraeTcH, 5}’}1}’T BIIHATHL Ha BO3HHRKHOBEHHEe IlpGﬁ-GEB B HCTOYHHKAX,
3aMarHM4YMBag DICKTPOHLL. JTO, BO3MOMKHO, NO3BOJIHT NOAHATH HAIpi-
KeHue MexIy sJeKTponaMu, MUbo yBenu4uuTh MIUTENbHOCTDL Hecnpo-
Goiinoif paboTsl. Brimonuenne ycjioBUsA 3aMarHH4YeHHOCTH NPH YBeju-
YeHHH HampAXKeHHOCTH NoJid Ha BLITATHBalolleM 5JeKTpole Tpebyer
COKpallleHnd NNUTEeNbHOCTH NPONyCKaeMoro ToKa H, HaobopoT, Xela-
HHEe YBeIHYHTb JJIUTENbHOCTH NPONyCKaeMoro mno MnpoBoJioYKaM TOKa
NpH COXpPaHeHUH 3aMarHHYeHHOCTH TpebyeT CHUXKEHHS HallpsXKeHHOo-
CTH 3JeKTPHYECKOro MoJid Ha BBITACMBaONIEM snekTpofe. PeanbHas
BO3MOXHOCTH YBelTHUeHNs 3THX NapaMeTpoB MokeT GLITh IpoBepeHa
TOJILKO B pealibHBIX YCJIOBHIX.

Bonpocsl TenjioBoil 1 MexaHu4ecKoil CTOHKOCTH HaKIaALIBAIOT Ol pa-
HHY€eHHd Ha BO3MOXKHLIe NapaMeTpPbl MAarHUTO3aUIHIIIEHHOT'O BLITHAT'H-
BalOLIero 3JIeKTpoda. TH.I{, He MOr'YT BLITEL clieNaHbl CAHIIKOM MaJIbIMH
nonepeyHLIil pazMep MPOBONIOYEK JEKTPONA, a Takxke ux mar. I[Iposo-
JTOYKH HE MOTYT ObITh CAMINKOM JUIHHHbIMK. ONTHMH3ANHA 3TUX MNa-
paMeTpoB HOJAKHA UATH He TONBKO Ha OCHOBe TpeboBaHHil TEeITOBOM 1
MeXaHUYeckol CTOHKOCTH moi HelicTBHEM IMPONYCKaeMOro TOKa, HO N
npn yvyeTe npospaunoctn (£=2) 3eKTpona, Tak Kak HU3Kas Mpo3pay-
HOCTh 3JIeKTpo/a BeleT K HeDOABIUIOMY BBITAIHBaEeMOMY TOKY, XOTH
MJOTHOCTh 3TON0 TOKa MOXKeT ObITh A0CTaTOYHO Beluka. OObIYHO Cy-
IleCTBEeHHBIMH ABJIAIOTCHA TakKxke TpeboOBaHUA K YITIOBOH pacXolHMOCT
ny4ka.

Hauboiee noaxonaiinM MaTepHaJoM I8 MarHHTO3allNILeHHOTO BhI-
TACHBAIOILIEr0 JeKTpola, KakK IpeacTaBifeTcs Ha MaHHBI MOMEHT,
aningeTcs cepebpsinas 6ponsa. Bo3moxkno, 6yneT nojie3dbiM UCTONB3O-
BaHWe NpedBapHTeNBHOIO OXJlaAINeHNA 3JIeKTpola. ﬂapame*rpb: IekK-
Tpolia MOTYyT OLIThL BLIOpaHBI GJH3KHMH K paccCMOTpPeHHLIM B pabo-
Te. A uMeHHO: panmyc npoBonouek r & (.07 cM, nJaHHA TPOBOIO-
YeKk Mexkily 3akpemieHHsiMn koHmamu [ &~ 10 cM, mwar mpoBolsouex
s ~ 0.5 cm. llpm nanHbIX napaMmerpax H HalpiKeHHOCTH MNIEKTpPH-
geckoro mons Ha snekTpone E > 10° B/cm Tpe6yemble TOKM 3aMar-
auquBanng I, > 2 kKA.

7 SBaxknpodeHHE

B 3akniodenne aBTopbi GrnaronapHbl MHOIHM COTPyNHUKaM, YbH COBE-
THI & OOCYKIeHUS NOMOIJH BBINOJHUTE 3TY paboTy. ABTOpPEI paﬁnTL:I
HANEIOTCH, YTO NMpeAcTaBleHHas paboTa il OlEHKH nojily4YeHHble B HEH
BO3MOYKHO NANyT HeoOGXONMMBEIH HMNYJbC [UIf MJIAHWPOBAHHA BKCIIe-
pPUMEHTOB MO NpOBEpKe yTBEepXKAeHHil cHellaHHbIX B paﬁc}Teu. Onno-
BpeMEeHHO aBTOPbI OTKPBITHI 114 COTpYNHHUIECTBa Ha JIOOOH CTannu

Gyayuiero 3KcnepuMeHTa.
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