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Crarsu CopocoBckoro O06pa3oBaTeapHOT0 KYPHAIA B TEKCTOBOM hopMare

Dddextrr [xo3edcona B ceepxnpoBogaukax (I'omsuman ILH. , 2000), DUSNKA

Onucanbl 3ddexTsr [Ixo3edcoHa - OT MEpBOMl TEOPETUUYECKOM pabOTHI O COBPEMEHHBIX
WCCIIC/IOBAaHUI ~ OCHOB  CBEPXIMPOBOISANIMX  KOMITBIOTEPOB W CBEPXUYBCTBHTEIBHBIX
MarHeToMeTpoB.  PaccMOTpeHbl ~ SKCHEpUMEHTHl MO  KBAaHTOBOW  HMHTepdepeHuuHu,
JEeMOHCTPHUPYIOIINE HaONI0AaeMOCTh BETHMUMHBI (Da3bl BOJTHOBOW (PYHKIIMH CBEPXITPOBOISIINX
ANIEKTPOHOB ¥ HANSAHO ITOKA3bIBAIONIME, YTO CBEPXIPOBOAMMOCTh - MaKPOCKOITUYECKOE
KBaHTOBOE SIBJICHHE.

ODODEKTHBI JIPKOZEDCOHA B CBEPXIIPOBOJHMUKAX

I H. TOJIbIIMAH

MOCKOBCKHI TOCYyTapCTBEHHBIN MeAarorndeCKuii yHUBEpPCUTET
CBEPXITPOBOIUMOCTSD - MAKPOCKOITMYECKOE
KBAHTOBOE ABJIEHUE

Uurarenu "Copocosckoro O6pazoBarenbHoro JKypnana" yke MO3HaKOMUJIHCh C OCHOBHBIMH
CBOMCTBaMH CBEPXIIPOBOAHUKOB B cTaThe [1]. It Toro uToObI MepeiTH K ONMCAaHUIO OTHOTO U3
CaMbIX SIPKMX M TPAKTHUECKH BAKHBIX SIBICHUN B (DU3HMKE CBEPXIPOBOJHHMKOB - 3(P(PEKTOB
JIxo3edcoHa, TMOJE3HO BCIOMHHUTH OCHOBHBIC AKCIIEPHMEHTANBbHBIE (DaKThl W CBEICHHS O
HPUPOJE CBEPXITPOBOAUMOCTH.

[Ipy nmoHmXeHUM Temneparypbl MHOTME METAJUIbl U CIUIABbI MEPEXOMAT B CBEPXIIPOBOMSIIICE
COCTOSIHME. DTOT IEPEXOA MPOUCXOAUT IPU BIIOJIHE ONpPEAEICHHOW I KaXXIO0ro Mmarepualia
temneparype Tc , Ha3piBaeMOll KpHUTHYECKOH. (CBEpXIPOBOAMMOCTh XapaKTePHU3YETCA
UJeaNbHON 3IEKTPOIIPOBOAHOCTHIO (COMPOTUBIICHHUE NEKTPUUECKOMY TOKY PAaBHO HYIIO, €CIIU
IUIOTHOCTh TOKA MEHBIIE HEKOTOPOM KPUTHYECKON BEIMYMHBI jC) U  UACAIBHBIM
TUaMarHeTU3MOM (MHIYKIMS MarHUTHOTO TOJISl BHYTPU CBEPXIIPOBOAHHMKA paBHA HYIIO, €CIU
€€ 3HaUYeHHUE CHapYXHU MEHbIIe KpuTHuueckoro Bce).

B Mukpockonuyeckoi TeOpuH CBEPXIPOBOJAUMOCTH BaKHBIM MOMEHTOM SIBIISIETCSI OOBsICHEHHE
AOCTATOYHO CHJIBHOTO TMPUTKCHHUA MCKAY ABYMS OJICKTPOHAMH, BO3HHUKAIOUICTO IIpU
MOJSIPU3AIUN KPUCTAININYECKON pemeTKH. J[Ba 31IeKTpOHa C MPOTUBOIOJIOKHBIMUA CIIMHAMH U
HAMpaBJICHUSIMH JIBIXKCHUST OOBEIUHSIOTCS B Tapy, HA3bIBAEMYHO KYyNEpPOBCKOW (IO HWMEHH
amepukanckoro ydenoro JI. Kymepa, BmepBbpie NOKa3aBIIEro, 4TO TaKWe JABA JJIEKTPOHA
00pa3yrT CBSI3aHHOE COCTOSHWE). DTHU Tapbl 00NaNaloT HYJIEBBIM CyMMAapHBIM CITUHOM H
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MI03TOMY SBJISIOTCS 003€-4acTUllaMHU (TO €CTh YaCTUIIAMHU, TOAYMHAIOIUMUCS cTaTucThke bo3e-
OiHiuTeitHa). Takue yacTuIpl 006Ja1AI0T 3aMeyYaTeIbHBIM CBOMCTBOM: €CIIM TeMIIepaTypa HHXKe
Tc , OHM MOTryT CKalMBaTbCsl HA CaMOM HHYKHEM HHEPreTMYECKOM YPOBHE (B OCHOBHOM
coctosiHuM). Uem Oonbliie UX Tam cobepercs, TeM TpyAHee KaKkoW-1M00 YacTUIe BBINTH U3
3TOr0 COCTOSAHUSA. J{J1s1 TOro HEOOXOMMO MPEOI0IETh SHEPreTUYeCKuil 6aprep BeauuuHon 2D
(mo D Ha xaxkaplii 37€KTPOH B nape). Bce yacTuiibl IpH 3TOM ONUCHIBAIOTCS €IMHOM BOJIHOBOM
byHKIMEH WM, APYTHMMH CJIOBAaMH, KOTE€PEHTHBI. XapaKTepHOE PACCTOSTHHE MEXIY IBYMs
IEKTPOHAMHU B KYIIEPOBCKOM Iape, Ha3bIBAEMOE JJIMHOW KOTE€PEHTHOCTH X, PA3JIMYHO JUIA
Pa3HBIX CBEPXIIPOBOJHUKOB M MOXKET IpUHUMATh 3HaueHus 10 7-10 5 cm.

Takum 00pa3oM, CBEpXMPOBOAMMOCTh MOXHO mpeactaButh cebe Tak. Ilpuy T < Tc
ANEKTPUYECKHM TOK TEPEHOCUTCA KYNEPOBCKUMHU IMAapamMu, TO €CTh 3JE€MEHTapHbIMU
HOCHUTEIISIMU TOKa C 3apsaioM 2e (e - 3apan ekrpoHa). [Ipu 3ToM kakoil-mubo yacTHIle COBCEM
HE TMPOCTO paccesThCsl Ha MPUMECHOM aToMe WM KakoM-Tubo Jpyrom naedexte
KPUCTAJUIMYECKOM pPEHIeTKH MeTajula, BKIOYash TEIUIOBbIE KojieOaHus MOHOB. Jlis aTOoTO eif
HYKHO MPEOJI0JIETh COMPOTUBICHNE BCEX OCTATbHBIX MOJTOOHBIX YACTHII.

Tak kak 3JeKTpUUECKOe COMPOTHUBICHUE PABHO HYIIO, TO BO3OYKICHHBIN B CBEPXIPOBOISIIEM
KOJIbIIE TOK OyZeT CyIIecTBOBATh OECKOHEYHO JOJT0. DIEKTPUYECKHI TOK B ITOM Cllydyae
HAIlOMHUHAET TOK, CO3J[aBacMbIli JJIEKTPOHOM Ha opOuTe B arome bopa: 310 kak OBl OYCHB
OompIas 0opoBckas opouta. Hesaryxaronuii Tok 1 co3qaBaeMoe UM MarHuTHoe mose (puc. 1)
HE MOTYT HMMETh MPOU3BOJIBHYIO BEIHYHMHY, OHH KBAaHTYIOTCS TaK, YTO MAarHUTHBIA TMOTOK,
MIPOHU3BIBAIOINI KOJIBIIO, MPUHUMACT 3HAYCHMSI, KpaTHBIE JIEMEHTaApHOMY KBaHTY MoToka FO =
h/(2e)=2,071110-15 B0 (h - moctosinnas [lanka).

B ominuue oT 371€KTPOHOB B aTOMax U IPYTUX MUKPOUYACTHULL, TOBEACHUE KOTOPBIX OMKCHIBAETCA
KBAaHTOBOW TEOPUEH, CBEPXIPOBOAUMOCTh - MAaKPOCKOIIMYECKOE KBAHTOBOE SIBJIEHUE.
JIeiCTBUTENBHO, JJIMHA CBEPXIPOBOIAILIECH MTPOBOJIOKH, O KOTOPOH TEUET HE3aTyXaoOIIUH TOK,
MOXXET JOCTUIaTb MHOTMX METPOB M Jaxe KUIOMETpoB. Ilpum 3TOM HOcuTEnM TOKa B HeEH
OIMCHIBAIOTCS €AMHOW BOJIHOBOM (yHKIMEH. DTO HE EIWHCTBEHHOE MAaKPOCKOMHYECKOe
KBaHTOBOE SIBJIEHUE. J[pyrM MPUMEPOM MOXKET CITY>KUTh CBEPXTEKYUECTh B HKUIKOM T€JIMHU WU
B BEIIECTBE HEUTPOHHBIX 3BE3I.

B 1962 rony mosiBunach crates [2] HUKOMY A0 TOro HeusBecTHoro aBtopa b. JIxxozedcona, B
KOTOPOH TEOPETUYECKH IMPE/ICKa3bIBAJIOCh CYIIECTBOBAHHUE ABYX YAMBHTEIHHBIX 3((HEKTOB:
CTallMOHAPHOTO M HecTaruoHapHOro. J[o3edcoH TeopeTHueckn Hu3ydan TyHHEIHPOBAaHHUE
KYIIEPOBCKHX Iap U3 OJHOTO CBEPXIPOBOJHHMKA B JPYrou uepe3 kakoh-nmubo OGapwep. [Ipexne
4eM MepexoAuTh K nepBomy dddekty Jxo3edcoHa, 0CTAaHOBUMCS KPAaTKO HAa TYHHEIHPOBAHHUH
AJIEKTPOHOB MEXKY JIByMS HaCTSIMU METaslIa, Pa3eJICHHBIMU TOHKUM CIIOEM JAUAJIEKTPHUKA.

TYHHEJIbHBI DOOEKT

TynHenbHbIM 3QQeKxT - 3T0 THUMMYHAS 3a/laya KBAaHTOBOM MexaHWKku. Yactuna (Hampumep,
SNIEKTPOH B METaJIe) MOUIeTaeT K Oapbepy (Hampumep, K CIIOK JAUAIEKTPUKA), MPEOA0IeTh
KOTOPBIH OHA TI0 KJIACCHYECKUM TIPE/ICTABICHUSM HHUKAaK HE MOXKET, TaK KaK €€ KUHETHYeCKas
SHEPTHsI HEJOCTAaTOYHA, XOTs B 001acTH 3a OaphepoM OHA CO CBOEH KWHETHYECKOH SHEprueit
BIIOJIHE MoOINIa Obl CyllecTBOBaTh. HampoTHB, COIMNTaCHO KBAaHTOBOM MEXaHUKE, NMPOXOXKIECHUE
O6apbepa BO3MOXHO. YacTuila ¢ HEKOTOPOH BEPOSTHOCTHIO MOXKET KaK Obl MPOWTH MO TYHHEIIO
gyepe3 KIIACCHYECKH 3alpelieHHyl0 00NacTh, I1e ee MOTEHIMaIbHash YHEePTus Kak Obl OoJbIie
TMIOJTHOM, TO €CTh KJIacCHueckasi KHHeTHUeCKasi SHEeprus Kak Obl oTpunarensHa. Ha camom nene ¢
TOYKM 3pEHHs] KBAHTOBOM MEXaHUKM JJII MMKpPOYACTUIBI (2JEKTPOHA) CIIPAaBEUINBO
COOTHOIIEHHe HeomnpeneneHHocteir DxDp > h (X - koopauHara 4acTHIBI, P - €€ UMITYIIBC).
Korga manas HeompeneneHHOCTh €€ KoopAuHAThl B auaiekTpuke Dx = d (d - TommuHa cios
JMIJICKTPUKA) TPUBOMUT K OOJNBINON HeompeneneHHocTH ee umMmmyinbca Dp $§ h / Dx, a
CJIEIOBATENIBHO, M KHHETHUYECKOU dHepruu p2 /(2m) (m - Macca 4acTHUIlbl), TO 3aKOH COXPAHCHHUS
sHepruM He Hapymaercs. ONBIT TOKa3bIBA€T, YTO JCHCTBUTENFHO MEXIY IBYMS
METaJUIMYECKUMU OOKIIaJKaMH, pa3[eIeHHBIMH TOHKHUM CIIO€M JUAJIEKTPUKA (TyHHEIbHBIH
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Mepexo1), MOXKET MPOTEKATh IECKTPUUCCKHN TOK TEM OOJIBIINI, YeM TOHBIIE TUAICKTPHUCCKUN
CJIOU.

CTALIMOHAPHBII DODEKT JKO3EOCOHA

Jlxo3edcoH paccMaTpuBald YaCTHBIM Cilydail TyHHEIBHOTO d(dexra - TyHHEIUPOBAHHE
KyNEpOBCKUX Tap - M MpecKa3all cyliecTBoBaHue AByX 3 dekToB. [IepBblii U3 HUX COCTOUT B
TOM, YTO Yepe3 TYHHEJIbHBIH Mepexol C TOHKUM CIIOEM AMAIEKTPHKA, KOIJa €ro TOJNIIMHA
MEHbIIE WIM TOpsAAKa JUIMHBI KorepeHTHoctd X (d # X), BO3MOXHO NpOTEKaHHE
CBEPXIIPOBOJAIIETO TOKa, TO €CTh TOoKa 0e3 compoTuBieHusa. llpenckaspiBanoch, 4TO
KPUTHYECKOE 3HAau€HHE 3TOro Toka OyIeT cBOeoOpa3HO 3aBHCETh OT BHEUIHETO MAarHUTHOIO
nons. Ecnm Tok uepe3 Takoil mepexoi CTaHeT Ooblie KPUTUYECKOTO, TO Tepexox OyneT
HCTOYHUKOM BBICOKOYACTOTHOTO JJIEKTPOMATHUTHOTO W3JIyYeHUs. IJTO HECTallMOHAPHBIN
addexr JIxo3edcona, KOTOPBIKE MBI pACCMOTPUM TTO3KE.

[ToHanoOuIOCH HEMHOTO BPEMEHH, YTOOBI OOHAPYXUTh ITH 3PQPEKTHI IKCIEPUMEHTAIBHO.
Bornee Toro, Bckope cTaio sicHO, 4To 3¢ dexTs! [)ko3edcoHa Mpucymy He TOIbKO TyHHEIbHBIM
nepexojyiaM, HO U 0oJiee MHUPOKOMY KJIACCy OOBEKTOB - CBEPXIPOBOISAIINM CIA0BIM CBS3SM, TO
€CTh Y4aCTKaM CBEpPXIIPOBOJIAIIEH LEMH, B KOTOPBIX KPUTUUECKUNA TOK CYIIECTBEHHO IO/IaBJICH,
a pa3Mep y4yacTka HOpsi/iKa JJTUHBI KOTEPEHTHOCTH X.

B ocHoBe 3¢ dexroB [[xo3edcona nexar KBAaHTOBBIE CBOMCTBA CBEPXIIPOBOISIIETO COCTOSHHS
(cMm. BhIme). JeHCTBUTENBHO, CBEPXIIPOBOASIIEE COCTOSHUE XapaKTEPU3YETCsl KOTEPEHTHOCTHIO
KY[IEpOBCKHUX Iap: 3TU Napbl 3JEKTPOHOB HAXOAATCS Ha OAHOM KBAaHTOBOM YpPOBHE U
OIMMCHIBAIOTCS OOIICH ISl BCEX Map BOJHOBOW (yHKIMEH, ee aMmruiuTymodl u (aszoit. OHu
KOTEPEHTHbl KaK 4YacTHIbl cBeTa - (DOTOHBI B M3IyYEHMH Jlaepa, KOTOPOE Takxke
XapaKTepHU3yeTcsl aMIUTUTYAO0N U (a30il SIMeKTPOMArHUTHON BOJIHBI.

[IpencraBuM Temeps cebe JBa MAcCCHBHBIX KyCKa OJHOTO W TOTO JK€ CBEPXIPOBOIHUKA,
MOJIHOCTBIO M30JMPOBAHHBIX JIPYT OT Apyra. Tak kak 00a OHM HaXOJATCS B CBEPXIPOBOISIIEM
COCTOSTHUH, KaXK]IbIi1 13 HUX OyAeT XapaKTepu30oBaThbcs CBOEH BOIHOBOH (yHkImei. [lockonbky
Marepuaigbl M TeMIepaTypbl OAMHAKOBBI, MOAYIM OOEUX BOJHOBBIX (DYHKIMHA JOJKHBI
COBIAAATh, a (ha3bl MPOU3BOILHBI. OHAKO, €CIM YCTAaHOBUTH MEXKIYy HHUMH XOTS OBl ClaObIi
KOHTAKT, HallpuMep TYHHEJIbHbIN, KylepoBCKUE Mapbl OylyT HNPOHUKAThb U3 OJHOIO KyCKa B
JPYToil U yCTaHOBUTCS (pa30Basi KOTEPEHTHOCTh. BO3HUKHET enuHas BOJTHOBas (DYHKIUS BCETO
CBEPXIPOBOIHUKA, KOTOPYIO MOJKHO PacCMaTpUBaTh KaK Pe3ylbTaT MHTEP(EPEHLIUH BOIHOBBIX
GbyHKIMH AByX MOJOBHHOK. Hmke Oymer moka3zaHO, YTO CBEPXIIPOBOIHHKH CO CIIAOBIMH
CBS3SIMM JAlOT YHHUKAJIbHYIO BO3MOXKHOCTh HaOmofeHust (a3bl BOJHOBOM (YHKIMH B
MaKpOCKOIIMYECKOM MacIliTabe aHaJIOTMYHO HPOSIBICHHUIO (a3bl JEKTPOMATHUTHOM BOJIHBI B
SBJICHUAX UHTEP(EPEHIINU B ONTHKE.

Crnemyer 3amMeTuTh, 4YTO ciabas CBSI3b MEXIY ABYMsI CBEPXIPOBOAHMKAMH - 3TO TIPOCTO
yAOOHBINA 00BEKT /i oOHapykeHus uHTephepeHIIMOHHBIX 3P dekxToB. OnHako Takue 3PPeKThI
OBUTM M3BECTHBI CPABHUTENBHO JaBHO. ONMH U3 SAPKUX MPUMEPOB - KBAHTOBAaHHE MAarHUTHOTO
MOTOKAa M TOKAa B CBEPXIPOBOSIIEM KOJbIIE. J[eHCTBUTENBHO, CBEPXIPOBOMSAIINNA TOK MOXKET
MPUHUMATH TOJIEKO TaKWe 3HAYCHUs, IPU KOTOPHIX HA JJTUHE KOJIbIIA MOXET YIOKHUTHCS LEI0e
YHCIIO JUIMH BOJH BOJHOBOM (DYHKIIMHM CBEPXIPOBOAALIMX JIEKTPOHOB, TO €CTh MPH 00X0J€ 10
KOHTYPY KOJIbIla BOJHOBas (DYHKIMS B KaXKJIOW TOUke momajaer B a3y cama ¢ coboil. Eme pa3
BUJIHA TIOJTHASI AHAJIOTHUS C KBAHTOBaHUEM OpOHT B arome bopa.

Kak yxe ynomuHanocs, cranroHapHusiil a¢ ekt J>xo3edcoHa COCTOUT B TOM, YTO TOCTATOYHO
cnadblii TOk [ (MEHBIINN KPUTUYECKOTO TOKa cnaboit cBsi3u Ic) mpoTekaeT 6e3 COMmpOTHBICHUS,
TO €CTh Ha HEH HE MPOUCXOAMT MaJCHUs HampspkeHus. J[ko3edCcoH MOoMydms clemyromee
BbIpa)KE€HHE JJ14 TOKA [:

[=1Ic sinj,

7€ j - pa3HOCTh (ha3 BOJHOBBIX (PYHKIMI MO pa3Hble CTOPOHBI cnaboil cBsa3u. B cBoeil pabore
[2] Hdxo3zedcon mpenackazans, dYTO B OONACTH  JUAJICKTPUUECKOW TPOCIONKH  OyayT
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uHTep(eprupoBaTh KOTEPEHTHBIE TOKH, UCXOASIINE M3 000UX CBEPXIIPOBOJHUKOB, TaK )K€ Kak
CBETOBbIE BOJHBI OT JBYX KOT€PEHTHBIX HMCTOYHHKOB. [l03TOMY pe3yabTHpPYIOIIUNA TOK
OKa3bIBaCTCS MPONOPIMOHAIEHBIM CHHYCY Pa3HOCTH (has3.

Uepes rog mocne npenckazanus Jxo3edcona 3toT 3¢ dHeKT mpoBepui1 MPSMBIM SKCIIEPUMEHTOM
JIx. Poyamn. B TyHHENBHBIX SKCIIEPUMEHTAX TaKOTO Pojia, KOrjaa JU3JICKTPUYEcKas MpOCIohKa
O4YCHb TOHKA, OCHOBHAA TPYAHOCTH COCTOUT B YCTPAHCHUU KOHTAKTA MCTAJINIMYCCKUX O6KHaI[0K
n3-3a neeKToB nudekTpuka. Hamo kakuM-to 00pa3oM J0KaszaTh, YTO HAOMIONAEMBINH TOK HeE
SIBISICTCSL CJICZICTBUEM TPUBHAIBHBIX 3aKOPOTOK, a JICHCTBHUTENBHO SIBISETCS TYHHEIBHBIM
tokoMm. s storo J[Ix. Poysnnm moMecTun TyHHENBHBIM TIEpPEXOl B MarHUTHOE TIOJE,
HalpaBJIEHHOE BIOJb IUIOCKOCTH Oapbepa. ECTeCTBEHHO, YTO MAarHMTHOE TIOJE€ HE MOXKET
BJIMATH HA 3aKOPOTKHM W B 3TOM CJIy4a€ TOK HNPAKTUUCCKHU HC HU3MCHHIICA OFEL. OI[HaKO Jaxe
OYEHB CJIa00€ MarHUTHOE I0JIE BIIUSUIIO HA TOK, IPUYEM COBEPIIEHHO HETPUBHAILHBIM 00Pa30M.

Jleno B TOM, 4TO MarHUTHOE IOJIe¢ M3MEHsET (pa3y BOJIHOBOM (PYHKIIMHM CBEPXIPOBOMISIIMX
251eKTpoHOB. [lockonbKy B 3TOM, Mokaiayidd, HauOoJiee SpKO MPOSBISAETCS MaKpPOCKOIMMYECKUI
KBAaHTOBBII XapakTep CBEPXIPOBOASAIIETO COCTOSIHUS U ATH ABJIEHUS MIPOIOJIKAIOT OCTABATHCS B
LIEHTpE BHUMAHUS U B HACTOSIIEE BPEMsl, pACCMOTPHUM UX Oosiee oaApoOHO.

KBAHTOBAS MHTEPOEPEHIINA

VxKe B MepBOM SKCIEPUMEHTE ObLJI0O 0OHAPYXKEHO, YTO MAKCUMAJIbHBIA CBEPXIIPOBOASIIUN TOK
Ic B MarHuTHOM moJie, MapajUIebHOM IUIOCKOCTH KOHTaKTa, HEMOHOTOHHO 3aBUCHUT (C
NIEpPUOJIOM, PABHBIM KBaHTY motoka F0) oT BelnunHBI MarHUTHOTO MoToka F, mpoHukaromiero B
KOHTAKT. JTa 3aBUCUMOCTb I10Ka3aHa Ha puc. 2. Kak BUJIHO U3 pUCYHKa, B Cllyyae, Korzia IoToK
paBeH 1eloMy uHuciay KBaHTOB FO , NpOMCXOAMT KOMIEHCAlMsi TOKOB, TEKYLIMX B
IIPOTUBOIIOJIOKHBIE CTOPOHBI B Pa3HBIX TOYKAX KOHTAKTA, U PE3yAbTUPYIOIIUN KPUTHYECKUI
TOK OKa3bIBa€TCsl paBHBIM HYII0. DTOT rpa)uk aHAJIOTHYEH 3aBUCUMOCTH MHTEHCUBHOCTH CBETA
Ha 9KpaHe npu Judpakluuy HAa OJMHOYHOW IIEIH OT PACCTOSIHUS 0 LEHTPAJbHOM TOYKH U
HaIAHO IEMOHCTPUPYET BOJIHOBBIE CBOICTBA CBEPXIPOBOISIIMX TOKOB.

YroObl pacCMOTpEHHE 3TOTO SBJIEHUS CTAl0 0ojiee MPOCTHIM, BKIIOUUM TYHHEJIbHBIA KOHTAKT B
CBEPXIIPOBOAIINI KOHTYp (KOJb10). MaruuTHbIN notok F uepes miomaab cBEpXIPOBOISLIETO
KOJIbLIa (HE COZIEpIKAILEro KOHTAKTa) CTPOro moctosiHeH. Ero 3HaueHue, Kak y»e roBOpUIIOCH,
kBaHTyeTcsl. OHO paBHO LieNOMy 4yucily KBaHTOB FO , U M3MEHHUTH €ro, He NMepeBOAs KOJIbLO B
HOpPMAalIbHOE COCTOSTHHE, HEBO3MOXHO. HoO eciu KONmbIIO CONEp>KUT Clabyio CBs3b, TO
MarHUTHBIN TTOTOK MOXKET MEHSTHCS - KBAaHTHI IMIOTOKA MPOHUKAIOT B KOHTYpP 4Yepe3 3TO ciadboe
MECTO.

ITocMoTpuM, Kak MpU U3MEHEHUH BHEIIHETO MAarHUTHOTO IOJIS1 MEHSETCSl BEIMYMHA 110ToKa F 1
ToKa | B KombIle co crmaboil cBsa3pio. IlycTh cHavyana BHEIIHEE IMOJIE U TOK B KOHTYpPE PaBHBI
Hymto (puc. 3, a). [lorok F npu 3TOM TOXXE paBeH HyINIO. YBEJIUYHM BHEIIIHEE TOJIE - TI0 3aKOHY
nHaykunu dapanes B KOHType MOSIBUTCSA CBEPXIPOBOIAIIMN TOK, CBOUM MarHUTHBIM MOJIEM IO
3akoHy JIeHIla KOMIIEHCHUPYIOIIUMN BHEIIHUI MOTOK. Tak OymeT MpOUCXOIUTh, MOKa TOK B
KOHTYpEe HE CTaHET PAaBHBIM KPHUTHYECKOMY TOKy KoHTakrta Ic (puc. 3, 6 ). [nsa mpocToTsr
paccMOTpeHHs BbIOEpEM IIIOIIA b KOJIbIIa Takou, 4ToOkl mpu | = Ic BHemIHee mone co3maBaiio
notok F, paBHbIi monoBuHe kBaHTa noroka: F = FO0 /2.

Kak Tonpko TOk craner Oombiie Ic , CBEpXIPOBOIMMOCTh B KOHTAKTE€ HAPYIIUTCS M B KOHTYP
Boiiner kBaHT notoka FO (puc. 3, B). [Ipu stom otHOmenue F / FO ckaukom yBennuuTcs Ha
€MHUILY, & HAIIPaBJICHUE TOKA U3MEHUTCS Ha MMPOTUBOIIOIOKHOE, XOTS €r0 BEIMYMHA OCTAHETCS
npexHedt Ic . JlelicTBUTENbHO, €CIaU 10 BXOXKJEHUs KBaHTa noroka FO Tok Ic momHOCTBIO
sKpaHupoBai BHeMHUN O0TOK F = FO /2, TO mociie BXOXKIeHUS! OH JTOJIKCH YCUJIMBATh BHEITHHM
notok FO /2 no 3nauenus FO . Takum oOpazom, KOHTyp Teperies B HOBO€ KBAaHTOBOE COCTOSTHUE.

[Ipu panpHeMIeM yBEJIWYEHWH BHELIHETO HOJsl TOK B KOJbIE OydeT yMEHbIIAThCs, a MOTOK
Oynet ocrtaBarbesi paBHbIM FO . Tok oOpaTutcs B Hy/b, KOTJ[a BHEIIHUHN MMOTOK CTAHET PAaBHBIM
FO (puc. 3, r), a 3aTeM TOK [OTE€YET B OOpaTHOM HaIpaBJIEHUH, YACTUYHO IKPAHUPYs BHEIIHUN
notok. Ilpu BHemHem motoke 3F0 /2 TOK omsATh CTaHET paBHBIM IC , CBEPXMPOBOIUMOCTH
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HapYLIUTCS, BOWIET CIEIYIOMIMNA KBaHT MOTOKA U T.J1. CTyneHuYaThlii XapaKTep pacCMOTPEHHBIX
3aBUCUMOCTEN MO3BOJIAET MOYYBCTBOBATh OTIEIbHBIE KBAHTHI IOTOKA, a BEJb 3Ta BEIMYMHA
OYCHB MaJia, BCETo JUIIb mopsaka ~ 2 " 10-15 BO.

Oco0OeHHO SIPKO KOTE€pPEHTHbIE CBOMCTBA CBEPXIPOBOISIIETO COCTOSIHHSI IMPOSBISIOTCS MpU
BKJIFOYEHHH B KOHTYP JIBYyX JK03€(COHOBCKHX KOHTakToB (puc. 4, a). [Tonuelii Tok I mpu 3Tom
orpeensieTcss THTep(hepeHINEH TOKOB, MPOTEKAIOIINUX Yepe3 KOHTAKTHI:

Im=1Icsinjl +lcsinj2,

rae j1 u j2 - ckauku a3 BOJHOBBIX (DYHKIIMA Ha MEpexoaax, a KPUTUYECKHE TOKH O0OUX
KOHTAKTOB ISl IPOCTOTHI B3ThI OMHAKOBBIMU M paBHBIMHU Ic . B pe3ynbrare KpuTudeckuit TOK
Im meproguvecky 3aBUCUT OT BHEITHETO MATHUTHOTO IOJISE i OOPAIaeTCs B HYJIb, KOTJIA TOTOK
paBeH TOJIYIEIOMY YUCITy KBaHTOB (puc. 4, 0 ). DTa 3aBUCHMOCTh B TOYHOCTH COOTBETCTBYET
ONTUYECKOMY aHAJIOTy - 3aBUCMMOCTH MHTEHCHBHOCTH CBETa Ha 3KpaHE OT PACCTOSHUS NPHU
TUQPAKIIN HA IBYX IIETSX.

OnucaHHble  SIBICHUS JIE)KAaT B OCHOBE HMHTEPECHBIX M BAXKHBIX  YCTPOUCTB -
CBEPXITPOBOIHUKOBBIX KBAHTOBBIX HHTEP(PEPOMETPOB.

CBEPXITPOBOJIHKOBBIE

KBAHTOBBIE UHTEP®EPOMETPbLI

W3 onucanus KBaHTOBOM MHTEP(EPEHLINN CBEPXITPOBOAIINX TOKOB IIPH TOMELIEHUN KOHTYpa C
OIHOM MM AByMs c1aObIMU CBSI3SIMH B MarHUTHOE I10JI€ BUJIHO, YTO 3TO SIBJICHHE aHAJIOTUYHO
uHTepdepeHu cBeTa. B ontudeckux wuHTepdepoMeTpax CBETOBYIO BOJHY OOBIYHO
pacIIeIIsSIoT Ha JBE WAYLIME MO pa3HbIM MyTAM. JlJis 3TOro MCMoNIb3yIOT WM JIBE ILEIH B
HENpO3pauHOi MEeperopojke, WiK ABa 3epKaja, WU MOTyNPO3payHyIO IUIACTUHKY, UM Jpyrue
npucnoco6aenus. B ojHy U3 MOJIOBUHOK BHOCST, HAIPUMED, U3yYaeMblil IPO3payHblil OOBEKT U
M0 BO3HUKIIEH Pa3HOCTH (a3 HAXONAT €ro TOJNIIUHY, IMOKa3aTelb MPEIOMIICHHS U ApYyTrHhe
XapaKTEePUCTUKH. DTa aHAJIOTUsS OOBSICHSIET CMBICT TEPMUHA "CBEPXIIPOBOAHUKOBBIN KBAHTOBBIM
uHTepdepomerp” WM cokpamieHHO "CkBHUA' (MO COKpAIIEHHWSM CJIOB B aHIJIMKACKOM
HanycaHuM). B ckBuie cBEpXIPOBOASALIMI TOK TAK)XKE PACLIEIUIAECTCA Ha JBE YaCTH, KaxXaas U3
KOTOPBIX (MJIM TOJIBKO OJIHA) MPOXOJUT CBOM TYHHEJIbHBI KOHTAKT, & 3aT€M OHM CBOJIATCS
BMecTe. Pa3sHocTh (a3 mpu 3TOM M3MEHSIETCs ¢ MOMOIIBIO MArHUTHOTIO IOJISA, U MO3TOMY €ro
MOTOK MJIM UHAYKLHUIO MOXKHO U3MEPSTh TAKUM HHTEP(PEPOMETPOM.

B pabotaromem CKBHIE MOXHO MPEIBAPUTEIBHO CO3/1aTh HEOONBIIONW TOCTOSHHBIA TOK
(cmemenue). Toraa B HEMOCPEACTBEHHONW OKPECTHOCTH TE€X TOYCK, I KPUTHYSCKHA TOK paBEeH
HYJIIO, CBEPXIPOBOIUMOCTh TYHHEIBHBIX KOHTAKTOB (MJIM CIIa0BIX CBsI3eH) paspymuTcs W
MPUCOCAMHEHHBI K CKBUAY BOJIBTMETpP MOKAXeT MaJeHHe HaNpsHKeHUsA. loraa yxke MpHu
W3MEHEHUH TOTOKAa Ha COTHIC WJIM Jake THICSYHBIC 1o KBaHTa FO BOIM3M Takoil TOYKM Ha
CKBUZC TOSBHUTCS JOCTAaTOYHO OOJIBIIOE HANpPsDKEHHE, NPOINOPIHUOHAIBLHOE BEIWYHHE
MarHUTHOTO TOJIS. TaKUM IMyTEM Y4yBCTBHTEIBHOCTh K MATHUTHOMY MOTOKY oBOAAT 10 (10- 5-
10- 6)FO0 . ITpumensis npeoOpa3oBaTeNd pa3INdHbIX (PU3MUYECKUX BEITUYHH B TIOTOK MATHUTHOTO
TI0JIs1, TIOYYarOT OY€Hb YYBCTBUTEIHHBIC U3MEPHUTEIU TOKA, HAMPSHKCHUS, TEMIICPATYPHI U T.1I.

Ha mnpaktuke Hambonblnee pacrnpoCTpaHEHUE CKBHUABI TMOJYYWIHM B MEAHWIMHE, (U3HKE H
nedekrockonuu. Mx Oonbpliine mMpeuMyIiecTBa mepen ApyrMMH MpuOopaMu Al U3MEPEeHUS
MarHUTHBIX TIOJIGH - CBEPXBBICOKAS YYBCTBUTEIHHOCTH M BO3MOXXHOCTH OCCKOHTaKTHBIX
M3MEpPEeHH. DTO TO3BOJISIET PETrUCTPUPOBATh OYEHBb CIA0ble MAarHUTHBIC TOJIS, CBS3aHHBIE CO
cnabbIMU  DJICKTPUYECKMMHM TOKAaMH, BO3HHUKAIONIMMU B JKMBBIX OpTraHM3Max. YIaeTcs
PETUCTPUPOBATH MATHUTOKAPAUOTPAMMBI, MATHUTOAHIIE(ATOTPaMMBbI, MATHUTOTPAMMBI pa0OTHI
MBI, Xenyaka, rmaza. OmHako mpu 3TOM TpeOyeTcs SKpaHHpOBaHHAST KOMHATa, TaK Kak
COOTBETCTBYIOIIIEE MAarHUTHOE TOJIE€ Ha HECKOJIBKO TMOPSIKOB BEJIMYWHBI MEHBIIIE MAarHUTHOTO
oJIst 3eMJIH.

http://www.pereplet.ru/obrazovanie/stsoros/985.html

5/8



31.12.2017

AddpekTbl [PkosedcoHa B cBepXNpoBOgHUKax - Monbumax MH.

B I‘eO(l)I/ISI/IKe C IIOMOIIBIO CKBHUA-MAIrHUTOMCTPOB MOKHO BCCTHU I'COJIOTMYCCKYHO PA3BCIKY C
CaMoJI€Ta WM CITYTHUKA, N3y4dadTb TAKUC AKTHBHBIC IPOLCCCHI B 36MJ’I€, KaK H3BCPIKCHUA
BYJIKAHOB, IIPEACKA3bIBATh 3CMJICTPACCHUS.

CBEPXITPOBOJIHMKOBBII CYITEPKOMIIbIOTEP

TenneHUM pa3BUTUSI COBPEMEHHBIX KOMIIBIOTEPOB JIETKO HAOJI0OaeMbl, UX MaTepHabHas 6a3a
pa3BUBaeTCI B OCHOBHOM B CTOPOHY YBEJIWYEHHUS OBICTPONEHCTBHSI M CTETIEHU WHTETPALUU
(uncna SIEMEHTOB MaMATH, JOTMKM W T.J. Ha €IUWHULy IUIomaau uyumna). B OonpminHCTBE
KOMITBIOTEPOB HMCIOJNb3YETCs JBOMYHAS CHCTEMA CUHUCIICHMs, B KOTOPOM HMMEIOTCS BCErO JBa
yucaa: Hylb U equHuna. OOBIYHO 3TO O3HAYAaeT OTCYTCTBUE WIM HAJMYME HANpsDKEHUS Ha
BBIXOJI€ ITOJIYIIPOBOJHUKOBOIO TPAH3UCTOPA.

Hcnonp3oBanue MOMIYNPOBOAHUKOBOM JIEMEHTHOM 0a3bl B KOMIIBIOTEpAX HMMEET CBOHU
TEXHUYECKHUE OTPAHUYCHUS: BCE TPYIHEE MOBHIIIATH ObICTPO/ICHCTBUE, YMEHbBILIATH pa3Mephl, a
TaKk)K€ OTBOAMTH JIMITHEe Teruio. [Ipu OonbmIoi TIIOTHOCTH pa3MEIeHHs] TPAH3UCTOPOB JIaxe
MpH HEOOJBIIOM TEIUIOBBICIICHUN KaXKJIOTO W3 HUX O0OIIee KOJWYSCTBO TEIUIa CTAHOBHTCS
Ype3MEpPHBIM.

I/I,Z[eﬂ HCIIOJIb30BaHUA I[)KO3C(I)COHOBCKI/IX Nepexog0B B Ka4YCCTBC AJIEMEHTHOM  0as3bl
KOMIIBIOTCPOB IMOSABUJIACH YK€ JOBOJIBHO JaBHO. " ecimm 3aaa4a MOJy4YCHHA MaJIbIX PasMCpOB
IepexXoa0B (HJ'IOTHOCTI) ynaKOBKI/I) 1 MaJIOrO TCTIJIOBBIACIICHUA (B CBEPXMPOBOAAIIEM COCTOSIHHUN
TCILIO BOO6H_IC HC paCCCI/IBaeTCH) JOBOJIBHO JICTKO pPCHIACTCA, TO CBCPXBBICOKOT'O
651CTpOI[€fICTBHSI AO0CTUYb JOJII'O HE yAaBaJIOCh.

[IpyHUIMIUATEHO HOBOE pEIICHHE 3TOM MPOOIEeMbl OBLJIO BIEPBBIE MPEIJIOKEHO B TPYyIIE
npodeccopa K.K. Jluxapesa B MI'Y. [Ins oOpaboTku M 3amoMuHaHUs WH(pOpMAIUu 37eCh
HCIONB3YeTCsl KBAHT MarHUTHOTO TIOTOKA, TO €CTh HYJIb U €IMHUIIA - OTCYTCTBUE WM HAJIHUKE B
JDKO3e(DCOHOBCKOM ~ siueiike  OJHOTO  KBaHTa  IMOTOKAa. JIorMYeckue  IIEMEHTHl ¢
I[)KO3€(1)COHOBCKI/IMI/I nepexogaMu, B KOTOPBIX MPOBOAUTCA KBAHTOBAHUC MArHUTHOI'O IIOTOKAa,
HA3BIBAIOTCS KBAaHTPOHAMH. PacueTsl U SKCTIIEpUMEHTHI TOKA3BIBAIOT, YTO KBAHTPOHBI 001a/1a10T
OYEHb BBICOKHUM OBICTpOAECHCTBUEM, AocTUTAaroMM 3HadeHuit 1012 omepammii B CEKyHIY.
OI[HaKO OHU HC TNOAYUHAIOTCSA TPaAUIIUOHHBIM IIpaBHJIaM CXEMOTCXHHUKU H HX CICAYCT
MPUMEHSTh B CX€MaxX HOBOTO THMA. 3/ech MHpOpMalMs MepedaeTcss OT OJHOTO 3JIEMEHTa K
JIPyroMy € MOMOIIbIO KBAaHTa MAarHUTHOTO MOTOKA, TOSTOMY 00S3aTENIbHBIM YCIOBHEM SIBISIETCS
ONMU3KOE pPACIONOKEHUE DJJIEMEHTOB. XapaKTEepHBIE PACCTOSHUS, Pa3CNAIONUe MPU ITOM
OJICMCHTBI, JOCTHUIalOT BCIWYWH IIOpsAAKa ACCATBIX Z[OJ'ICI\/JI MUKpPOHaA. Takne cxeMmbl BBITOAHO
MPUMEHSTh, HApUMep, TpPU CO3JAAHUU PErHCTPOB CABUTA - YCTPOWCTB € mepenadeit
uH(pOpMAIIMU BIOJb MEPUOIUYECKON CTPYKTYpPHI DJIEMEHTOB JIOTUKH, MPUYEeM HHQPOpMAIIUS
CMECIIACTCs Ha CI[I/IHI/I‘-IHBII\/JI nepuoa npyu BBEACHUUN WM U3BATUN CAUHUYHOIO KBAHTA IMOTOKA.

HECTALIMOHAPHBII

DODEKT DKO3EPCOHA
TyHHenMpoBaHKE KYIIEPOBCKUX Iap
MIpH SJIECKTPUIECCKOM HaNPsSHKCHUH

Mbl paccMaTpuBaJIM SBJICHUS Ha TYHHEJIBHOM KOHTAKTE JIBYX CBEPXMPOBOJHUKOB C TOHKOM
JUAIIEKTPUYECKON TPOCIOMKOM, KOIZla 4epe3 HEro NpOIMyCKalT TOK, MEHBIIMN WA PaBHbBIN
KpuTHueckomy. Tenepp nepeieM K Ciaydaro, KOrJa TOK IIPEBBIIMIACT KPUTHUYECKUA M HaA
CBEPXITPOBOMSAIIEM TYHHEIBHOM KOHTAKTE MOSIBISETCS MaJeHue HanpsokeHus. OKa3blBaeTcs,
MPUIOKEHUE MOCTOSHHOIO HAINpPSKEHUs V IPUBOJUT K TOMY, YTO TaKOM MEpexoJ HauMHAET
CaMOIIPOM3BOJIBHO TE€HEPUPOBATh IEPEMEHHBIM TOK, 4YacToTa KOTOPOTO W  3aJaeTcs
(byHIaMeHTaIbHBIM COOTHOIIEHUEeM JIxo3edcoHa:

2eV ="w.
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Orta ¢opMmyna HMEET COBEPIICHHO SCHYI HHTeprnperanuto. JleWCTBUTENbHO, €Clii Ha
TYHHEJIbHOM TIepeXojie TaJaeT HampshKeHHe V, TO AIIEKTPOHBI B OJHOM M3 METaTMYeCKHX
o0OKkIafoKk OymyT oOnajmarh MOTEHIMAIBLHON JHEpruei, Oombliell Ha eV, YeM JJIEKTPOHBI B
npyroil. B cBepxnpoBoasiiieil 00kiIagke TOK MEPEHOCUTCS KYIIEPOBCKUMH MapaMu, CyMMAapHBIH
3apsi] KOTOPBIX 2e, a N30bITOYHAs OTEeHIMaIbHas SHeprus 2eV. B pesynbrare TyHHEIUPOBaHUS
CKBO3b JURJIEKTPHK JIEKTPOH MOMAJAET B IPYTYI0 METAJUIMYECKYIO OOKIAIKY U JOKEH KaKUM-
TO 00pa30M YMEHBIIIUTH CBOKO HEPTHUIO, YTOOBI MEPEUTH B PABHOBECHOE COCTOSIHUE, B KOTOPOM
HaXOMSITCS OCTajJbHBIC OJIIEKTPOHBL.. B 0OBIYHOM MeTajie 3TO TPOM30HAET BCIEICTBUE
BO30YK/ICHHUS TETUIOBBIX KoJeOaHU B KpUCTAITUYECKOH pemieTke. [IyTem Takux CTOIKHOBEHHIA
M30BITOYHAsL PHEPTusl mepeiner B Terio. [1ogo0HbIE CTOIKHOBEHUS MPUBOAAT B METaJUIax K
ANIEKTPUYECKOMY COTPOTHUBIICHUIO, B CBEPXIPOBOIHUKE IKE OHO OTCYTCTBYeT. B Hem
KyIepOBCKasi Mmapa HE MOXET OTAaTh W30BITOYHYIO SHEPIHI0 pEIIeTKE, MOKa 3Ta JHEPrHs
MeHbIne 2D - sHepruu cBs3M napel. EAMHCTBEHHBIN BBIXO - OTAATh U30BITOUHYIO YHEPTHIO 2eV
B BHJIC KBAHTA AIEKTPOMArHUTHOTO U3TyYeHUs "w.

W3nyyeHue SNE€KTPOMArHUTHBIX BOJH TpPU IMPUIOKEHUH K JKO3€(COHOBCKOMY IIEpEXOAy
HanpspKeHUs! TPOUCXOJUT aHAIIOTUYHO M3JIyYE€HUIO CBETa aTOMaMu. DJIEKTPOH B aToMme, oOnazast
M30BITOUHOM dHepruel (HaxXoasuCch B BO30YKIEHHOM COCTOSHUH), MEPEXOAUT Ha OoJiee HU3KUN
YPOBEHb 3HEPIUH, TAK)KE U3JIydast KBaHT cBeTa. OTiau4ne B TOM, YTO JEKTPOHBI B aTOMax, Kak
U B HOPMAJIbHBIX MeTajulaX, NOAUUHSAIOTCS cratuctuke depmu-Jupaka u, eciau Kakoe-au0o
COCTOSIHME 3aHATO APYTUM D3JIEKTPOHOM, TaKOM Iepexol HeBO3MOkeH. KynepoBckue mnapbl
MOJUYMHSIIOTCS cTaTUCTHKE bo3e-OWHIITENHA, ¥ [UIsl HUX HUKHUM ypOBEHb HEPIUU BCEraa
HEOTrpaHUYEHHO cBOOOJEH. B 3TOM cMbIciie OHM HAallOMHMHAIOT CKOpee KOrepeHTHbIe (DOTOHBI B
U3JIy4YEHUH Jla3epa.

Yacrora mx03e()COHOBCKOI reHepaluy JTOBOJBLHO BBICOKA, OTHOIIECHHE 2¢ / h YnciIeHHO paBHO
npumepro 500 MI'/mxB. IlosTomy, Korma HampspKeHHE paBHO, CKakKeM, MHJUIMOHHOM J0J1e
BOJIbTA, YacCTOTa M3JIy4YEHHs] COOTBETCTBYET AMANa30HYy YIBTPAKOPOTKUX PAaJIWOBOIH (UIMHA
BoJHBI ~ 60 cm). Hajo ckaszare, 4yTO 3TO M3IydEHHE HE TaK JIETKO BBIBECTU M3 Y3KOW ILEIH
MEXJy CBEPXIPOBOASILIMMU IJIEHKAMH, II€ OHO TeHepupyerTcs. [la M MOIIHOCTH €ro OueHb
Mana. [loaTomy skciepuMeHTanbHOE OOHApY)eHHe u3aydeHus [[xo3zedcoHa OBIIIO HETPOCTOM
3amaueil. TeM He MeHee CIyCTs BCEro JUIIb JiBa Toja IMOCIE OMYONWKOBAHUS CTaThbU
Jlxo3edcoHa oHO ObUTIO OOHAPYXKEHO B XapbKOBCKOM (PU3UKO-TEXHHUUYECKOM MHCTUTYTE HU3KHUX
temneparyp yueHsiMu .M. Jimutpenko, B.M. CuctynoBbim u UK. SIHcOHOM.

Jlerue Bcero HabOmomath HecTanuoHapHBIN AddexT Jxo3edcoHa KOCBEHHBIM 00pa3oM - IO
0COOEHHOCTSIM Ha BOJBT-aMIEPHBIX XapaKTePHUCTUKAX KOHTAKTOB.

Mpbl yxe 3HaeMm, 4TO, €CIU 4Yepe3 JK03e(COHOBCKHUN MEPEeXoi] MPOIYCKAaTh TOK, OOIBIIMIA
KPUTHUYECKOTO, HANIPSDKEHHUE HAa TIEPEXO0/Ie M TOK Yepe3 Hero KPOMe MOCTOSTHHOM COCTaBIISIONICH
OylyT uMeThb UM TIePEeMEHHYI0 COCTaBIIONIYyl0, YacToTa KOTOPOH  oOmpenemnsieTcs
¢dbyHaaMeHTanbHBIM cooTHomeHneM J[xo3edcona (2). Ecnu Tenepbs mepexos MOMECTHTH BO
BHEIIIHEE BBICOKOYACTOTHOE AIIEKTPOMATHUTHOE I0JI€, TO, €CJIM YaCTOTa STOTO IOJISt COBIAAAET C
YaCTOTOM HK03e()COHOBCKOW TEHEpaIluu, JTOJDKEH BO3HHKHYTH pe3oHaHc. OkasplBaeTcs, OH
BO3HHMKAaET HE TOJIBKO MpPHU COBMAJEHUM YacTOT, HO M KOIJa dYacToTa IK03€()COHOBCKOM
TeHepaluu KpaTHa (B LIeJ0e YHCIOo pa3 OoJblle) 4acToTe BHEIIHEro moiis. J(elCTBUTENBhHO,
BOJIBT-aMITepHAs XapaKTePUCTHKA JUTSI YCPEAHCHHBIX 3HAYCHUN TOKA M HANPSDKEHUS MMEET BT
CTYNEHYaTO KpuBOWM (CM. puc. 5). PaccTosHMS MO HANPsHDKCHUIO MEXAY CTYICHbKaMU B
TOYHOCTU paBHBI "W /(2¢). Ha BO3MOXXHOCTh HAOMIONEHUS TaKMX CTYIMEHEK YKas3bIlBal B CBOEH
pabote /[xo3edcoH, a 0OHapy>KeHBI OHH OBLTH BIIEPBBIE aMepUKaHCKUM yueHbIM [llanmpo, uto
SBIJIOCH TEPBBIM JIOKA3aTeIhCTBOM CYIIECTBOBaHMs HecTannoHapHoro dddexra Ixo3zedcona.
DT CTyNEHbKU TaK W Ha3bIBaroTCs - cTynenbku Lllamnupo.

HECTALIUOHAPHBII  D®®EKT JDKO3E®COHA B  OYHIAMEHTAJIBHBIX
OU3NYECKUNX SKCITEPUMEHTAX

Kak cnenyer u3 (3), MHOXUTeleM, CBA3BIBAIOIIMM YacTOTY M3JIYYEHHUS M TPUIIOKEHHOE
HamnpsDKEHUE, SBISIETCS YIBOEHHas Benu4ynMHa € / h - oTHomIeHue 3apsna d3JIeKTpoHa K

http://www.pereplet.ru/obrazovanie/stsoros/985.html

7/8



31.12.2017

AddpekTbl [PkosedcoHa B cBepXNpoBOgHUKax - Monbumax MH.

nocrosHHo  [lmanka. Crynenpkum  Illanupo, BO3HUKaloOmME€ Ha  BOJIBT-aMIEPHOM
XapaKTEePUCTUKE HKO3e(DCOHOBCKOTO Mepexoja MojA ACHCTBHEM BHEIIHETO BBICOKOYACTOTHOTO
moJist (puc. 5), MO3BOJIAIOT BMECTO OYEHBb CJIA00W K03e()COHOBCKOW TEHEpAIUU H3MEPSThH
9acTOTy 3TOTO BHEITHETO MOisd. TakuMm o0pa3oMm, M3Mepsis HANpPsOKSHUS CTYNCHEK M 4acTOTY
AIIEKTPOMArHUTHOTO M3TY4YCHHs, MOKHO BBIYHCIUTH oTHOIIeHUe € / h. Cnenyer moguepKkHyTh,
YTO PAJMOYACTOTA - OJHA U3 HEMHOTHX (PU3UYECKUX BEIHYUH, KOTOPHIE MOTYT ObITh U3MEPEHBI
C OYCHBb BBICOKOW TOYHOCTBIO M, XOTS 3JIEKTPHUECKOE HANPSDKEHUE HE YINAeTCs U3MEPSTH CTOJNb
K€ TOYHO, B II€JIOM TOYHOCTH ONpPEEICHUsI OTHOIIEHHUS € / h ¢ OMOIIBI0 HEeCTaIMOHAPHOTO
addekra JIxxo3edcoHa okazanack ropazno 0oiee BBICOKOH, 4eM 3TO ObLIO paHBbIIIE.

UeM >xe BaKHBI I3MEPEHUS OTHOIICHUS € / h ¥ mouemMy He0OX0UMO MOBBIMIATH TOYHOCTH TAKUX
mMepennii? B dyHmamMeHTanpsHOM pas3zienie COBpEeMEHHOM TEOPETUIECKON (DU3UKH - KBAHTOBOU
AIIEKTPOJUHAMUKE BEJIMYMHA J3TOTO OTHOIIEHUS, a TOYHEE, MOCTOSIHHAsI TOHKOW CTPYKTYpPBI
aroma Bomopona a = €2 /('c) BBIYMCISETCS ¢ O4YCHb BBICOKOM TOYHOCTHIO. JlocTymHasi is
M3MEPEHUI TOYHOCTh ATON BEIMYHMHBI 10 puMeHeHwus dddekra J[xo3edcona Oblia Janeko He
JIOCTATOYHOU (B OCHOBHOM M3-3a HEIOCTAaTOYHON TOYHOCTH M3MepeHus nocTtossHHou [Tmanka "),
TaK 4YTO CYIIECTBEHHOE pPACXOKIECHHE MEXKAY TEOPETUYECKUM U OKCIEPUMEHTaIbHBIM
3HAYCHUSIMH MOXKHO OBUIO TMPUMHUCATh MPOSBICHUIO TPAHUI] MPUMEHUMOCTH KBaHTOBOU
AJIEKTPOJMHAMUKHU Kak TakoBoi. Ilpu ucnons3zoBanuu 3gdexra Jxo3edcoHa peaabHO ynanoch
MOBBICUTh TOYHOCTh H3MepeHusi BenuuuHbl € / h B 20 pa3 M okazajaoch, YTO TPaHUIIbI
MPUMEHUMOCTH KBAaHTOBOM AIIEKTPOAMHAMHKH HE MPOSIBIISIOTCS.

HOXO)KI/IG C-)KCHepI/IMCHTI)I I/ICHOJ'II)?;YIOTCSI IJIs1 CO3daHUA CTaHIIapTOB CANHUIIBI HaHpH)KCHI/ISI -
BosbTa. Jleqo B TOM, YTO CYyIIECTBYIOIIME TajdbBaHWYECKHE CTAHAAPTHI BOJIBTa MEJICHHO
MEHSIOTCS BO BPEMEHH - ILJIBIBYT, OTHOCUTEIHLHOE U3MEHEHHE coCcTaBisieT npumepno 3 " 10- 7 B
ron. Ilepuoamueckoe CpaBHEHHE YPOBHS HAIMPSDKEHUs OTajJOHA C OAKCIEPHUMEHTAIBHO
OTIPENICTICHHBIM COTJIAaCHO COOTHOIIEHHUIO (3) MpW BO3JAEHCTBUU W3JIYYEHHUS! C OYEHB BBICOKOM
CTaOMJIBHOCTBIO YAaCTOTHI HAa KOHTAaKT J[Ko3edcoHa TMO3BOISET BBOAUTH HEOOXOIUMYIO
MOTPaBKy U MOJNYYUTh B IIEIOM Tropasfno Oonee CTaOWIbHBIM cTaHmapt Boibra. OCHOBHAas
TPYIHOCTh, C KOTOPOH MPHUXOAUTCS CTAJIKUBAThCS B TAKOTO POjA 3a7ade, COCTOMT B TOM, YTO
TAMTMYHOE HAINpsDKEHHWE Ha KOHTAaKTe Majo, COCTABIIICT Majyr JIOJNI0 BoOJbTa. [loaTomy yis
MOJIyYeHHUSI HaNpsDKeHHWsT B OAMH BOJBT COCAMHSIOT TIOCJIEIOBATEIBHO OOJBINOE YHCIIO
KOHTAKTOB M CHUHXPOHU3HPYIOT UX JKO3E(COHOBCKYIO TEHEpPAIlMI0 C TMOMOIIBIO BHEITHETO
H3JTyYCHHUSL.
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