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OKCIEpUMEHTDI, TIPOBEACHHBIE C IUIA3MOM, CO3AABAEMOM ITyYKOM MOIIHOTO HMMITYJIbC-
HOPO MHMKPOBOJIHOBOTO M3JIyUEHHS] Y MOBEPXHOCTH HAXOASILEroCs B BAKYYME OMDJIEKTPHKA,
NoKa3anM, YTO0 370 IUasMeHHoe obpasosanme (”MMKpOBONHOBBEA ¢aken”) obsapaer na-
PaMarHUTHEIMM CBOMCTBAMHM, YCHIMBAS HAJIOXKEHHOE MIBHE AKCHAJILHOE MATHMTHOE noJie.
Habmonaoumeecs SBjeHWE PACCMATPUBAETCH KaK Pe3yibTAT HEJIMHEUHOTO B3AaWMOZEHCTBMS
MOLIHOM JJIEKTPOMArHUTHOM BOMHbI C CO3JAHHOH €10 X ' HaJKPHTHYECKOM' IUIa3MOi B
" DE3OHAHCHOM” 00J1aCTH moCHeHeiA.

®daxen, co3pgaBaeMHIil ITYYKOM MOLIHOTO MHMKPOBOJHOBOTO HM3/JYYCHHS Y TOBEPX-
HOCTH HAXOASIIErocs B BaKyyMe pmuanekrpuka (cm. [l]), mpenacrasager coboi
wiasMedHoe o0pasosanue, B OOJBIIEN CBOEH YACTH COCTOSINEE M3 NPAKTHYECKU
IOJIHOCTBIO MOHM30BaHHOM (n > 1013 cM~3), ropsueir (T, > 1009B) Geccronkuosn-
TE/ABHONW BOJOPOAHOMN ILIa3MBl. XapaKTEpHas CXeMa MNoJaydYeHMs (DaKeaa NPHUBEACHA
Ha pwuc.l.

E

Puc.l. Cxema reHepalMy IUTa3MEHHOTO (akena MydKOM MHKDOBOJHOBOTO M3JTyYEHUS

CaoiicTBa MMKpPOBOJIHOBOrO hakena, Kak NOKasaju MccaemoBaHus [1], BO MHO-
TOM ONPERENSIOTCS HEJMHEHHBMHE NPOUECCAMM, Pa3sBHBAIOIMMMUCH B " PE3OHAHCHOR”
00/1aCTH CO3JaHHOK y NOBEPXHOCTH AMIJICKTPHKA IUIa3Mul (00MACTH, THE LMKIMYe-
CKag YaCTOTZ MHKPOBOJIHOBOTO HM3JIyYEHMS w CPAaBHHMBAETCS C COOCTBEHHOHN IUIA3MCH-
HO# JICHTMIODOBCKOHM Y3aCTOTOH wp.). Bo30yXacHHE CHIBHBIX JICHTMIODOBCKHX BOJIH M
HX " ONPOKMANBAHME” COMPOBOXAAKTCS AHOMAJIBHBIM HArpeBOM JIEKTPOHHOM KOMIIG-
HECHTH, TOSBJCHHECM BBICOKOSHCPIMUHOTO ”XBOCTA” HA €ro (PyHKUHMH pacnpeneseHMs
0O SHEPrusM, CKAaykKoOOpa3HHM BO3PACTAHMEM IUIA3MEHHOIO MNOTEHIMANa, YCKOpe-
HHEM 10 BBICOKMX 3HEPrHi HMOHHOM KOMIIOHEHTH M T.X. MMEHHO pe30oHaHCHHMM
SBJICHMAMH OODBSCHAECTCS TAKXKE IEHEPALMS CIHOHTAHHHWX CAMO3AMKHYTHIX TOKOB J,
{cM.  puc.l), 3aperncTpHpoOBaHHHX B [2], @ TakXKe KBA3UCTAUMOHADHHX TOKOB B
LEMH BBENCHHOrO M3BHe B ¢haken anekrpopa [1,3).
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B obmupHOoM muksie paGor [1-3], MOCBSMEHHOM B3aMMONCHCTBHMIO MOMIHHBIX MH-
KPOBOJIHOBHX IMyYKOB C CO3JAHHOM MMM X€ HAJKPHUTHUYECKOM ILUIa3MOH (ne > Necris =
mw? /4xe?), BccnenoBanMch MIOTPONHHE IUTA3MEHHHE ofpasosannd, Bo3byxnaeMue
B OTCYTCTBHE HAJIOXCHHHX HM3BHE MATHHTHBIX IOJEH.

Llens Hacrogmei xe paGOTH 3aKIIOYAETCS B IKCIIEPHMEHTANBHOM HCCAEAOBAHMH
BHYTPHILIA3MEHHHX TOKOB B MHKDOBOJIHOBOM (Dake/ic B YCIAOBHMAX HAJIOKEHHS HA
pa3psgHyl0 00/1aCTh CTALMOHAPHHX MATHHTHHIX MOJEH Bo,. BEJMUYMHH MATHHTHHX
NOJICH, MCHONb30BAHHHE B HACTOSIIEM JKCIIEPUMEHTE, BHOHMpDAMMCh CTOMb MAJBMH,
9ro6H HE OKa3WBaTh CYIIECTBEHHOIO BJMSHHA HA AHHAMHKY IUIA3MEHHOro daxena
H HA JOCTHXHMMHC B MHMKDOBOJIHOBOM HMITYJIBCE MAaPAMETPH IUIA3MEHHOIO 00pa3oBa-
Hus. B uacTHOCTH, OTMETHM, YTO YCJIOBHMS ONMCHBAEMOTO 3KCIICPUMEHTA AAJIEKM OT
IUKJIOTPOHHOIO DPE3OHAHCA: w > w., TM€ w, — YACTOTA JAPMOPOBCKOrO BPAMCHHS
SNEKTPOHA BO BHEIDHEM MATHHTHOM IOJIE.

?L 000000000
1
g 3
R
£ :2- iy Puc.2. Cxema 3xcnepuMenta ¢ Bo3GyxueHu-
T 4=l :‘};‘1 €M MHMKDOBOJHOBOTO (axena npv HANOXEHHH
m / k‘ o HA paspsHyo 06JacTh CTALMOHADHBIX MAT-
o ] ,gf HUTHBIX TOJEH: ] — MMKPOBOJIHOBBEA IMydOK;
) ,F‘: >y 2 - paKyyMHas Kamepa; 3 ~ IMINEKTpuue-
Eéé w¥ CKas MMIIEHb; 4 — CONEHOMZ, CO3AANOLIMIA
aKCHAJIBHOE CTALMOHAPHOE MATHHUTHOE MOJE;
N 5 S - MarHMTHBIA 30MI-KATYWIKA, 6 — JeHT-
' MIOPOBCKHMI 30HA
oo0oqgdgoofooo

K ocy. <«
K ocy.

JKCIEPAMERT CTABMIICA MO CXeMe, M306paxeHHON Ha puc.2. CxOsmmiics IMyyox
MOIIHON0 MMITY/TbCHOTO MHKDOBOJIHOBOIO M3/IyueHHS ! BBOXWTCS B LTHHADHUYCCKYIO
BaKyyMHyI0 xamepy 2 (ocratouHoe pasacmue < 1075 Topp). Ilapamerpw Mukpo-
BOJIHOBOTO HM3JIYYEHHMS: JUIMH2 BOJHH Xy =2.5CM, mukoBas MomHocTh Py < 600 xBr,
JUTHTEIBHOCTh MHMKDOBOJHOBOro mmmynbca 1 < 20Mxc. B ¢okyc mukpoBosmoso-
IO Nyyka NOMEImACTCS MUIICKTPHYECKAs (WIH META/UIONUIIEKTPHUECKAsd) MHUIIEHD
3, Y DOBEPXHOCTH KOTOPOH NpPH OOJyYCHHM MOIGHHM MHMKPOBOJHOBHM ITYYKOM
B DE3y/NbTATE YACTHYHOM CyO/MMALMM BEHIECTBA MHIIEHM M HOHM3ALMM TAPOB
BO3HMKAET IUIA3MAa — MHKPOBOAHOBHI1 ¢paken. Conenomp 4, pacnonoXeHHHH Ha
BHEMHCH NMOBEPXHOCTH KaMEPH, CO3MAET CTALMOHAPHOE AKCHANBHOE MATHUTHOE MOJIE
By, < 109. Cncrema xaTymek (MArHMTHHX 30HAOB) 5 C Da3s/JMYHBIMA PaXyCaMH
M3MEPACT M3MCHEHME MATHATHOTO NOTOKA B MX CCYCHMM NPH TEHEPALMHM MMITYJIbC-
HOTO IUIA3MEHHOTO (hakesa y NOBEPXHOCTH MMIICHH.

Ha puc.3 npmBeneHN OXHOBPEMEHHO 3apeTHCTPHpOBAHHHe: ormbaomas CBU
MMITY1Ca (a) M CMTHAAW € JUATHOCTHYECKOrO 30HAa-KaTymku (b) M ¢ m3Mepsio-
Hero MIa3MEHHHH NOTEHUMAN JIEHTMIOPOBCKOro 30oHAa 6 (c). U3 pucynka Bummo,
YTO BHYTPHIUIA3MCHHHE TOKM H CBS3aHHWE C HAMH MATHATHHE TONS HAUYAHAIOT
NpOSIBJIATBCH € ONPENESIEHHOH BPEMEHHOM 3anepxkoi. 3amepkka 5Ta BCErna mpe-
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Puc.3. Tumuusble OCUMILIOrPAMMBI CHTHAJIOB: Puc.4. XapaxrepHas 3aBUCUMOCTb BbI3BAHHOTO
a — orubaom@as MMKPOBOJHOBOTO MMITYJIbCA; MHMKPDOBOJHOBBIM Pa3psi/iOM M3MEHEHUS BHEUIHEro
b — CMrHan ¢ JMarHOCTMYECKOTO MATHHTHOrO MATHMTHOTO TOJIS OT €r0 HAYANLHOU BEJIMUMHbBI

30HAA-KATYWKH, ¢ — CMTHaJA ¢ "ruviasaiomero”
JNIEHTMIOPOBCKOrO 30HAA

BOCXOQAT BpPEMS OT BKJIOYEHHMS MMKPOBOJHOBOTO M3JYUYEHHS 0 CKAauKooGpa3Horo
BO3pacTaHMd IUIA3MEHHOIO MNOTEHLMana, koppesaupyromero (cM. [1]) ¢ MomeHTOM
OOCTHXECHUS KPUTHUECKOH KOHIEHTpAamuM B ¢hbakene MW, COOTBETCTBEHHO, C pa3BH-
THEM HEJMHEHHHX MPOLIECCOB B3aHMOACHCTBHMS MHMKPOBOJH € IUIa3MOl B obnacTu
pesoHanca (w =wp,_).

Cvrnann ¢ IMarHOCTHYECKAX MATHATHBX KATYIIEK, AHAJOTHMYHHCE M306PaXXCHHHM
HAa DHC.3, TOSBASIOTCS JHMIIb NPH HAJOXKEHAM HA BHYTPUKAMEDPHOE IPOCTPAHCTBO
CTAUMOHAPHBIX MArHHTHHX mojei By, (CO3AaBAEMMX BHEIIHMM COJACHOMAOM) M
CYIIECTBEHHO TNPEBOCXOAUT CHIHAJL, CBS33aHHHE CO CIOHTAHHBIMM TOKAMH, BO3HH-
KaoIMUuMH B HC3aMarHWYCHHON ILIa3Me.

XapaxrepHas 3aBHCHMOCTh HMMIYJbCHHX MATHMTHHX TONE# AB,, CONpPOBOXAa-
IOIMX TNOSBAECHHE MHKDOBOJTHOBOIO (pakesna, OT BEJAMYMHH HAJIOXCHHOIO M3BHE
CTANHMOHAPHOrO MArHATHOrO nons By, npuBeneHa Ha puc.4. Buano, uro BHY-
TPHIUIA3MEHHHE a3MMYTAbHHE TOKH OTCYTCTBYIOT NPH OTCYTCTBMH BHEIIHETO MOJIS
By, (Tounee, BHXONAT HA YPOBEHb CNOHTAHHBIX KBA3HCTAUMOHAPHHX A3MMYTaJBHBIX
TOKOB, OOHApYXEeHHHX B [2]) M MEHSIOT CBOH 3HAK C H3MCHCHHEM HanpasJeHus
BHCIIHET0 mnons. HanpapneHue HMMIyNbCHHX MATHMTHHX INOJEH COBMAagaeT C Ha-
MPABJICHHEM BHEIOIHETO CTALMOHAPHOTO IIOJS, YTO MNO3BOJSET TNPHIIMCATH IUIA3ME
MHMKPOBOJIHOBOTO (hakena napamazrnumusle CBOMCTRA.

[TapamarneTnaM MHKDOBOJHOBOTO (Dakesna, MOXET DPACCMATPUBATHCS KAK €Mie
OHO CJICACTBHE HEJMHCHHBIX IPOLECCOB, PAa3BHBAIOMMXCS B OOJIACTHM IUTA3MEHHOTO
pesoHaHca. Ilpu 3TOM oOnpenensiomyro posab B ICHEPAUMH A3WMYTAJbHBIX TOKOB
MOXET HIPAaTh XAPAKTEP SHEPTETHUECKOrO PACHPENCICHUSA J/EKTPOHOB, MpHoOpeTa-
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IOmuX 9SHepruio BOMM3M “pedoHaHca”. Kak mokasawo B [1], reHepanus CHIBHHIX
JICHTMIODOBCKUX BOJH B 9TOK 00nacTu hakena NPHBOAMT KAK K HATPEBY OCHOBHOM
MACCH 3JICKTPOHOE ¢ (DOPMHUPOBAHMEM MAKCBEJJIOBCKONM 4acTH (DYHKIME pacmpene-
JICHHH, xapamepnsyemon temnepatyposi T., TaKk B K OOpa30BaHMIO HAATEILIOBOTO
" XBOCTA” BHICOKOIHEPIHYHHIX SEKTPOHOB, 00NaAAIOMHKX CPEOHEH DHeprued e > T..
XapaxkTepHOE SHEPreTHUYECKOE PACTPCHESEHHE JJEKTPOHOB B (DAKEne IPHMBENEHO Ha
puc.S.

n,,0mH. eda.

w0
10 '
Puc.5. XapakTepuoe 3HepreTrHueckoe pac-
npeaeseHue  SAEKTPOHOB B  MHKDOBOJHOBOM
70‘ dakene .

700 560800 e, 38

»

Morenman, npuobperaemuit PakesoM MOCAE NOCTHXEHMS KPHUTHYECKOM KOHIICH-
TPaUHH, COMIAcHO [l], MO MOPAAKY BEJIMYHHE COCTABJISACT ¢p X €/e, 8 PaAHAJIbHOE
anexTpuueckoe mone E, = ep/ef, rne § — xapakTepHWiH pasmep obaacTm mnaxme-
HAS TUIA3MEHHOTO NOTEHIMana (BOiu3m ”pe3oHaHCHOH” moBepxHoctH). Cornacuo
(4], MoxHO mpHHSTE § = 3c/vess, THE Vess — deKkTHBHAS YACTOTA COyAApEHMI
NEKTPOHOB B (PAKENE: Wpi, Vei K Veps < Wpe.

B ycnoBMaX HACTOMIIETO SKCIICPHMEHTA MPH HAJOXEHMM H3BHE CTAL{HOHAPHOIO
MATHMTHOTO TOJIS BHITOJHAETCH COOTHOHMICHHE

P K py, (1)

IRE pi; — JAPMOPOBCKHI pafgHyC NPOTOHOB, pj. — JIAPMOPOBCKHH PAagHyC 371€KTPOH-
HOIO KOMIIOHEHTa, a — XapaKTepHHH pasMep IUIa3MECHHOrO O0pa3soBaHMs (COIIACHO
[1] a = 2=3)). Orto osnavaer, yro B Iwasme (akena MoryT Bo3byXmaTbcs
asuMyTaNbHHE ApeidOBHE TOKHM 37CKTPOHOB

Jp ~ cnemEr/BOz ~ nemfh/BOz& (2)

MNorernman mnasme ¢akena ¢, NONOXHMTEICH, M JJACKTPOHHMH npedd npuBomuT
K TOKaM, YCHJIMBAIOMMM BHEIMIHEE MATHATHOE nNOa€ Bp,, Nem — MAKCHMaJbHAS
KOHIIGHTpAaLKsl ICKTPOHOB B (hbakene, _

BMmecte ¢ TeM B mwiasMe ¢akena MOryT BO3OYXIATbCS H TaK Ha3bBaeMble "aua-
MATHHTHHE” TOKH, OCJAa0JsIONmMe BHEMHEC MarHwrTHoe mose [5]. - JlmamMarHMTHBIH
TOK ONpPEACHIETCS COOTHOMEHHEM

Ji ~ V1T, /Bo; ~ nemTs/Boza. 3)

Kak cnemyer m3 (2) m (3), ornomenue ”apefioBoro” u ”IMaMarHUTHOrO” TOKOB
B (akene nPONMOPIMOHANBHO OTHONICHMIO CPEAHEH SHEPTUMH BHCOKOIHCPIHUHOTO
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28 4)

B ycnoBusix ONHMCHIBAEMOrO SKCICPUMCHTA, Korma ep > T., ApeidoBHE ToKM J7ek-
TPOHOB MOrYT CYMIECTBEHHO IPCBOCXOAWTh NHMAMATHUTHBIE, UTO MOXET HBHTbCH
npuuKHEON Habmoaaemoro ”mapaMarHeTH3Ma” MHKPOBOJHOBOTO ¢hakesa.

Ilng pacuera BeJMYMHBL W pAcCOpefc/ICHNS MATHWTHBIX TIOJIEH, CBS3aHHBIX C
OpeiihOBHMH TOKaMM, Oe3yC/JOBHO TpENCTaBisio Ou WMHTEpeC MpUBJIEYEHHE apce-
HAZIA COBPEMEHHOH TEOPHMH B3aMMORECHCTBHS CWIBHBIX JEKTPOMAHHTHHX IIOJICH
¢ 6GEecCTONKHOBUTEIBHON, HEOXHOPONHON, HANKPUTHYECKOHW IUIa3Moit (CM., HATIpH-
mep, [6]). 3dmech Xe MH MOXEM JMIIb TPUBECTH NPHOIHXEHHOE BHIPAXEHHE IS
NpHPAMEHAS AKCHAJBHOrO MATHUTHOIO TOJIS B NPEATIOI0XCHMM, 4TO Apeidyromme
I7EKTPOHN (DOPMHUDYIOT TOKOBOE KOJBLO € OOJBITHM pagMycoM MOpSAKa a/2 H ¢
NONEPEeYHHM CEUCHHEM NOpsjmKa 62

AB, ~n,(E./Bo)(6*/a). 5)

OuektTpuueckoe mone E, c1abo MeHSeTCs BO BPEMEHH B TEUEHME MHMKPOBOJIHOBOIO
AMIYAbCa. DTO, Ka3aaoch OB, MPOTHBOPEUMT OCUMILIOrPAMME C JIEHIMIOPOBCKOTO
30H7a HA puC. 3c. OgHAKO HYXHO MMETh B BHAY, YTO OCLMJUIOTPAMMA 3Ta OMpe-
OesdgeT BPEMEHHOE MOBEACHHE MAA3MEHHOZO nomenyuara B (HPUKCHPOBAHHOM TOUKE
63K M1a3Mo00pasyomeil MUIIEHM M CBMAETEIBCTBYET, CTPOIO FOBOpS, JHMIIb
0 MOMEHTE HNOCTHXEHHMS KPUTHUYECKOH KOHLUEHTpAUMM M Hayajae ” pe3oHaHCHOro”
B3aMMOACHCTBMA. AHajiM3 Xe€ TOJHOW MNPOCTPAHCTBEHHOW KAapPTHHH pacrpeacsie-
HMS TIOTCHIHMAIA, CHATOM 30HAamu (CM., Hampumep, [1,7]), a Takxe CHATHX B
pa3IMUHKEE MOMCHTH BpeMeHH (YHKUMH pacnpenefeHus SNAEKTPOHHOM KOMIOHEHTH
no sueprum (8], ykasmBaeT Ha MEIJICHHBI cnan BeJMuvHHR E, (o61acTb nageHus
MOTEHUMANA — PEe30OHAHCHAS O0JAaCTh — NEPEMEINAETCS B TPOCTPAHCTBE, OTHANSSACEH
CO BpEMEHEM OT Iula3Moobpasylomeit Mumenn). lMes B BHAy CKa3aHHOE BHIIIE,
3apErMCTPUPOBAHHLH B IKCMIEPUMEHTE MEI/IEHHHH poct AB, (puc.3b) MOXHO mpH-
MUCAaTh POCTY KOHUEHTPALHUH INIEKTPOHOB, TEMIT KOTOPOTO, COIMJIACHO NPHUBEICHHBIM
B [1] pesynapTaTaM, yBeNIMUMBACTCS TMNOCJAE AOCTHXEHHS n, KPUTHUECKOH BEJIMUMHHL

OrtHomenne nApeidOBHX TOKOB K AWAMATHUTHHM, Kak ciaeayer u3 (4), He
3aBHCHUT OT BEJIMYMHB HAJIOXCHHOTO M3BHE MATHATHOrO nonad. [lostomy B npubau-
KCHHM Ma/IbX MAarHMTHHBIX Tosiei HaOmonaembiit >bdekT A0XKeH, HE3aBHUCHMO OT
Bo., MMETh MapaMarHMTHHK XapakTep (YTO MOATBEPXAAETCS IKCIEPHMEHTOM). B T0
Xe BpeMs B OOJIACTH OOCTATOYHO GOMBIIAX MATHUTHBIX MOJEH, NMDH KOTOPHIX CTa-
 HOBATCS 3dMATHMYEHHBIMH M MOHH, ApCiipOBHIE TOKM HCUE3AOT M ONpEacISIONIAM
OOJIXEH CTaTh OMAMATHUTHBIN 3pdeKT.

Takum obpaszoMm, kx cneuudrueckMM OCOGEHHOCTIM, CBY33HHHM C HEJWHEHHBI-
MU DE30HAHCHBIMHM TIPOLCCCAMH B3aMMOACHCTBAS MOMIHOM 3/ICKTPOMATHUTHOM BOJIHBI
C CO3TaHHOM €I XXE IUIA3MOM, MOXeT OHTb OTHECEHO ecmE OfHO — OOHapyXecH-
HOE B HACTOSIIEM OKCHEPHMEHTE — CBOMCTBO, a MMCHHO, TAapaMarHeTmsM akena,
B036yX1aeMOr0O MHMKDOBOJIHOBBIM IYUKOM y NOBEPXHOCTH 0OGnyuaeMod B BaKyyme
MHIIEHU,

Astopn Gnaronapun W1.B.CokonoBy 3a mmewo okcnepumenrta u I''M.BataHoBy 3a
wHTEpPEC K pabore.

Pabora poanepxasa rpantoM Poccuiickoro ¢oHma ¢yHIAMCHTaJbHHX HCCIENO-
Bauui (mpoext 93-02-16914).
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