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MATHUTOCTATHKA CBEPXITPOBOJHHUKOB BE3 HEHTPA HHBEPCUH
JI.C.JIesuros, 10.B.Hazapoe, I.M.3auawubepe

PaccmoTpemnsl HekoTophble 0CO6EHHOCTH IPOHHKHOBEHHS MATHUTHOTO MO B JIOHAOHOBCKHH
CBepXnpoBoaHHK 6e3 ueHTpa HHBepcHH. Ilokasano, 9To B MefiICHEpOBCKOM Ci10€ BO3HHKaeT Ha-
MArHHYCHHOCTS, KOTOPO# COOTBETCTBYET CKAYOK MArHHTHOH MHIAYKUMM HAa I'paHHIE CBepXHpo-
BOOHHKA.

B cBepxnpoBogsHiax 6e3 [EeHTpa HHBEPCHH BO3MOXXHBI TEPMOOUHAMHUYECKH PaBHOBECHBIE fB-
) NEHHA, POICTBEHHbIC MArHHTOIICKTPHYECKHM, TaK Kak ¢a3a NapaMerpa MopafaKa MeHsAeT 3HaK
IpH OBPEIIECHUH BpeMeHH.

_ O6cynum 3TOT BONPOC Ha mprMepe NIOHTOHOBCKOTO CBEPXIIPOBOIHHAKA, I7Ie KAPTHHA BBITIIANMT
Haubosiee MPO3pauHO, XOTA B KOJIMYECTBEHHOM OTHOILEHHH 3TOT CIy4ail, Kak GyJer BUOHO, He SB-
nsaerca GrnaronpuATHLIM. FcX0nA U3 IHMHEHHOH CBA3M IUIOTHOCTH TOKA j C IMOTEHIMAIOM JMEKT-
POMArHMTHOTO oA A

Jux) =1 a%'Q R4, (x"),
vV

rae R (x+x )/2 7=x-x" V —obrem NPOBOMHHKA, H pasnaraa Ab(x' )=A4,(x —7;)
10 p [0 MMHEHHOTO tmena, TIONTYMM CriefTyloitiee BLIDAXKEHHE A f,

aA
i, =a,4 —b";v 5 6))
x,\
3pech
v 30, K
= Q“u(o), b[}:ll = l——”;k—— k=0 ]
A 2

0,,® = fd%e~¥P0 @),

310 BHIpOKEHHE CIPABEITMBO BAAIM OT I'PAHHIRI, Tde Anpo O He 3aBHCHT OT R, T.e. Ha paccTo-
AHUAX, Gonbumx ueM d (d — pamlyc KOpPpeALMH, ONpeeoli HeOKATBHOCTD anpa) . Tak
xak Q (R, 0)= 0, R, - "), 10 a, = a,., b" --b A Tensop b" , CYILIeCTB YOI
B o-rcy'rc'mlm IeHTpa HHBEPCHH, nyaneﬂ ncennoreﬂaopy BTOPOI'O paura. Hocnenmm B obmeM

Cly4ac MOXHO 3amnMcarb Tak:
~

s

A= oy = + 85 4 A _
Buv = Cuvp Bons BT gyt B8, bpk 5 bpa= baps %bM

B KyGHUecKHX KPHCTA/IaX b , CBOJHICA K NCEBROCKANAPY § , ONIHYHOMY OT HYNIA M SHAH-

THOMOpdH3Me. BekTop p BO3MOXEH IIPH CHMMETpHH, [OMyCKAIOMIEH MPOINEKTPHUECTBO

JOTMETHM, UTO IIPHMEpHI CBEPXIIPOBOAHHKOB 6e3 LIEHTpa HHBEPCHH ONKCAHBI B JIATEPAType 2
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YpaBHesne MakcBelna ¢ ToicoM rot B = (4n/c)j tpebyer H3MeHeHHs IPaHUYHOTO YCHOBHS,
IO CPaBHEHMIO ¢ YCJIOBHEM HelIpephIBHOCTH B Ha rpaHuue. 310 MpHHUMIHATIBHOE OGCTOATEND-
CTBO yOOHO IIOACHHTD Ha IIpEMepe IPOBOAHMKA C pa3MbITO# rpaHuuei, Korga Axpo @ Kak ¢yH-
ks R BapacraeT OT HynA 10 HOCTOAHHOTO B I7TyGHHe MIPOBOOHHKA 3HAUEHHA B CHOE TOJIHM-
Hol h,Takoi ,4r0 d << h < § (6 — NOHOOHOBCKaA IIyGKHA EPOHMKHOBEHHUA) . YUHTHIBAA,
uro R=x— J/2 upasnarasno 7, MOMYUMM BIPDKEHHE [UIA TOKA, JIOKATH3OBAHHOTO B CJI0E

BOMH3K MOBEPXHOCTH: | 3t
OB (x) =— — ¥ 4 (x).
0= S 4,0

9TOT NOBEPXHOCTHBIH TOK COOTBETCTBYET IOABJIEHHIO ~00BEMHOM ° HAMAarHUYeHHOCTH B MeH-
CHEpOBCKOM ~CIIOE. B nipocreiiiiiem ciydae Ky6uuecKOTro 3€pKanbHOTO  H30Mepa MOTyuaeM:

c C - ]
i=- — E\— — Vo - AB] + crotM ,
47[6 2e = (3)

A/ 2n
41rm—5<A——?7’¢) B = rotA, A = — §26.
c

B ciyuae pe3koil rpaHHIbI BRIpOKEHHE [7IA IOBEPXHOCTHBIX TOKOB HE MOXET GBITh MOJTY".eHO TAKHM
HpPOCThIM criocobom. Jlake B paccMaTpHBaeMOM JIOHIOHOBCKOM CIy¥ae IUIfl 3TOTO CIEyeT pe-
DiaTh HHTETDANIbHOE YpaBHeHHe, TakK KaK I3TH TOKM pacrpelenieHbl B cnoe ~ d. OnHako Bhipa-
xeHue (3) w12 M B OCHOBHO#H YaCTH MeHCHEPOBCKOTO CIIOA OCTAETCA CIPABEIUIHBHIM M, YUHTBI- |
Bas ero, MOXHO pemiaTs O6bIYHYI0 KpaeBYyio 3amady. s miockoi rpaHuist (x, y ) H .BHelHero
nonsA By, Haxomum: )
— +iB =B e’ Z i A 4
B, = B, zy—oxcosvexp —5—e , smv—g. @)

Kak BugHo, nipu nepexone uepes rpanuy ckauxoo6passo (#a e d ) Bo3HHKaeT By =

Box tg v , M 3aTeM IIPOHCXOIHT CONPOBOX/IAEMOE BPAILCHHEM 3aTyXaHKe IOJIA. I'ny6una 3ary-
XaHHA HEOTpAHMUYEHHO PAacTeT NpH A — §, M [anee NPOCTPAHCTBEHHO OHOPOMHOE COCTOAHME CTa-
HOBHTCA TepMOIMHAMKYECKH HeyCTOHIMBEIM. OHAKO, B paCCMOTPEHHOM HAMH MoOmeNHM A <8
H yCIIOBHE YCTOHUMBOCTH HeMapyluaercs. HabyTosckuit u llamupo, oTMeTHBIIME panee 3 Bpa-
LUEHHE MO B ITOH CHTYAIlHH, OCTABHIIH B CTOPOHE BOIPOC O FPaHMYHOM YC/IOBHH. JIMHeRHBIIH
no B wieH B TOKe NPHBJIEKAICA B HEKOTOPbIX paboTax (oMM uuTHpyloTca B 4) s untepnpe-
TaiHH NaHHBIX 110 KPUTHYECKHM TOKaM. MOTHBHpPOBKa 3TOr0 He ABJIACTCA YOEAUTEBHOM.

OTmeTHM, YTO B PABHOBECHOM COCTOAHHH HOPMANTBHOTO IPOBONHAKA JIMHEHHas 110 HHAYKIHMH
4acTh TOKa HEBO3MOXHA: KaK BHAHO U3 (3), 370 BJIeKIIO 6b1 - 3a COGOM TpaieHTHO HeMHBapVAHT-
Hoe BeIpaxeHHue 111 M. [loatomy ommGoueH pe3ynpTar, MonyueHHbIH patHee OJHHM H3 aBTOPOB

Onenka 3¢ dexra 6bU1a IpoBENEHA TeM e CIOCOBOM, YTO H NpHMeHeHHbI Hamu B . OcHoB-
HOH BKIIaJl 1aeT pacceAHue IMEKTPOHOB Ha IIPHMECAX, OTEHUHA KOTOPIX HMEeT aCHMMETpHY-
Hoe HCKDKCHUE, HHAYLHPOBAHHOE pellieTKOA. AHANN3 AUarpaMM, MOJOGHBIX PACCMOTPEHHBIM

npm;onm K ciepyiomelt oneHke A B (3):

)\~EO<E°), I>8; A~ 1, 1<t. )

JTa oleHKa ClpaBedJiHBa BO BCEM TeMliepatypHOM uHTepBane. [Toatomy, kak BumHO H3 (4), 3a-
BHCHMOCTD OT TeMIieparypsl KoadoHuikenTa v, onpenenswniuero macurab s¢ KTa, cnxsaﬂa, B
OCHOBHOM, C TeMIIepaTypHO! 3aBUCHMOCTBI0 8. Boamu ot T, umpu I~ & %/ s~ 50
(6= hv F/ T,, 3¢ — rnybuna IpoHUKHOBeHusA Tipu T = O) Bee ckazannoe OTHOCHTCA K JIOHO-
HOBCKOMY TIpefieny, Koria 8o > &q.

Ormerum, uto Bi1an B 3ddexT NaeT TaKoKe MOAAPHIAUMA CIHHA HpH CIHH-OPOHTaNBEHOM pac-
PpaccesHHH Ha MIPUMECHX H aCHMMETPHYHOe paccesaHue Ha GoHoHax. Kpome Toro, onpeneneHHbIH
BKJIaJ] BOSHHKQET IIPH yYeTe 'MEeX30HHBIX MATPHUHBIX 3JIEMEHTOB OIlepaTopa CKOopocTH. Bee 1w
BKJIa/IbI CyLI€CTBEHHDI JIHIUB NPH MaJIOM KOJIHYECTBE IIpUMeECeH, Korma Bech 3dbdeKT Mar.
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VooMsAHEM B 3aKJTIOYEHHE OBA XapaKTePHBIX HeluHeHHBIX 3¢ dexTa. [lepBhiil cOCTOHT B TOM,
UTO KPATHYECKHI TOK TOHKOH CBepXIIPOBOIALICH IPOBONIOKH (TONLMHBE, MeHbIIeH §) , BAOIMb
OCH KOTOPO# IMPHIIOKEHO MarHUTHOE T0Jie, OKA3LIBAETCA Pa3HbIM B ABYX POTHBONOIOKHbIX
HalpaBJieHHAX, €CJIM MaTepHAJI CBEPXIIPOBOJHAKA XapaKTEPH3yeTCA OTIIHYHBIM OT HyJIA 3HaUCHH-
eM nicespockanapa . Bropoii 3¢ dext He cBA3aH ¢ H30MepHeH H 3aKII0YAETCA B TOM, YTO KPHTH-
ueckoe none H, [U1A IOBEPXHOCTHOH CBEPXIIPOBOAMMOCTH 7 0Ka3bIBAETCA PAIIHUHBIM Ha
IPOTHBOMOJIOXKHEIX NIAPaIUIeNIbHBIX IPAaHAX KPHCTAIINA IIpH OMHOM H TOM X¢ HAallpaBJICHHH NOJIA.
(310 OTHOCHTCA M K TITyGHHe NpOHHKHOBeHH nonA) . OueHka 3THX 3¢ dexToB BOIH3H T, tpe-
SyeT yuera WICHOB HeUeTHOM CTelleHu o MOJII0 ¥ TpajiMeHTaM A B ypaBHeHuu I'mH36ypra u Jlan-
nay. [loaToMy OTHOCHTeNIbHaA BeTMuKMHA 3¢ deKTOoB, HanmpaMep, (f : -, )i '+ » IPONOPIHOHAID-
Ha (Tc - T)Y? ,aspam or Tc unpa H ~ H_ He ©MeeT GYKBEHHO#M MaJIOCTH, KaK H Olie-
HeHHbIH Bbune K03pduimeHT v B (4). B cBA3M ¢ 3THM TOZYepKHEM, 9TO YHCIIEHHBIA daKTOp
BO BCEX NEPEUHCIIEHHBIX ABJICHUAX 3aBHCHT OT CTENEeHH aCHMMETDHH NOTEHIIHANa paccesAHusA. B
YACTHOCTH, TpebyeMas CUMMeTpHA MOXeT GbITh J0CTHIHyTa pi TOMOIIH COOTBETCTBYIOLIEH He-
¢dopramuu. Bemmuuna 3¢pexToB B 3TOM Ciyyae GyneT NpONOpHHOHAIbHA CTeNeHH AeOpMaluH.
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