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1. Bue,!{euue 

HII3K03HepreTWieCKI:le Heirrpom,1 C 3Heprueii: . MeHhllie 5 . 10-1 
3B' np0HIIKIDI B 

uemecrno u IICIIhIThIBIDI ynpyroe II Heynpyroe paccesrnIIe Ha aToMax u M0JieKynax, 

,!{a!0T 06rrmpny10 IIH!pOpMaL{IIIO 0 CTPYKTYPe II ,!{IIHaMIIKe K0H,!{eHCIIp0BaHHbIX cpe,!{ 

(CM., narrpIIMep, [1]). CTeIIeHb IIp0HIIKH0BeHIUI neirrp0H0B B uemecrno 3aBIICIIT OT IIX 

3HeprnII II yma na,!{eHIUI rryqKa Ha Il0BepXH0CTb o6pa3L{a. J];rnI KIDK,!{Oli 3HeprnII 

cymecrnyeT HeKOTOpblli KpIITW!eCKIIii: yron (9 g , K0r,!{a neirrpon ynpyro 3epKaJibH0 

0Tpa,KaeTCSI OT II0BepXH0CTII. B 3T0M CJiyqae II0Be,!{eHIIe neirrpOHOB II0,!{'IIIHSieTCSI 

3aK0HaM reoMeTpIIqecK0ii: 0IITIIKII. l.JeM MeHbllie 3HeprIISI neirrpoHOB, TeM 6oJibllie 

KpIITWleCKIIii: yron (yroJI CKOJib)KeHIISI). J];rnI neii:TpOH0B C 3Heprneii: s 5. 10-1
3B yron 

0 8 ;::: 10-3 PM, 

5IBJieHIIe 3epKaJibH0ro 0Tpa,KeHIISI 6bIJIO o6napJ,KeHO B 1946 r. [2], II 

C 1963 r. [3] OHO IICil0Jib3YeTCSI IIpII C03,!{aHIIII neirrpoH0B0,!{0B - Heirrp0HH0-

0IITWleCKIIX CIICTeM ,!{JUI npoB0,!{KII nyqKa OT IICT0qHIIKa ,!{0 06pa3ua. B 1951 r. 6bIJIO 

ycTaH0BJieno, qTo SIBJieHIIe 3epKaJibH0ro 0Tpa,KeHIISI neirrpoHOB OT MarHIITHOii: 

II0BepXH0CTII M0)KeT 6hITb IICII0Jib30BaH0 ,!{JUI C03,!{aHIISI IIyqK0B IIOIDipII30BaHHbIX 

neii:Tp0HOB C opIIeHTIIpoBaHHbIM narrpaBJieHIIeM CIIIIH0B [ 4]. 11ompII30BaHHbie 

neii:TpOHbl C ycrrexoM IICII0Jib3JIOTCSI B HaCT0SIIUee BpeMSI ,!{JUI II3)"1eHIISI MarHIITHbIX 

SIBJieHIIli [5]. 
C naqana 80-x f0,!{0B C II0SIBJieHIIeM H0B0ro II0K0JieHIISI BbIC0K0II0T0qHbIX 

IIMIIYJibCHbIX IICTQqHIIK0B neii:TpOHOB [6] SIBJieHIIe ynpyroro 3epKaJibH0ro OTpa,KeHIISI 

Heii:TpOHOB aKTIIBH0 IICIIOJih3yeTCSI ,!{JUI II3Y'f eHJUI !pII3IIKII II0BepXH0CTeii: II rpaHIIL{ 

pa3,!{eJia cpe,!{. HOBblli MeT0,!{ - Heii:TpOHHIDI pecpJieKTOMeTpIISI - pa3BIIBaJICSI II0 

II0.!{06IIIO peHTreHOBCKOH pecpJieKTOMeTpIIII II B HaCT0SIIUee BpeMSI SIBJISleTCSI M0IUHblM, 

,!{0II0JIHSIIOIUIIM peHTreH0BCKYIO pecpJieKTOMeTpIIIO crroco6oM II3yqeHIUI 

II0BepxH0CTHbIX SIBJieHIIli. B pSl.!{e cnyqaeB, 6naro,!{apSI OC06bIM CBOU:CTBaM neii:Tpona, 

neii:Tp0HHIDI pecpJieKTOMeTpIISI 0Ka3hIBaeTCSI He3aMeHIIMOii:. 

B Heii:TpOHHOii: pecpJieKTOMeTpIIII HCII0Jib3JIOT KaK nerrompII30BaHHbie, TaK H 

II0JISipH30BaHHbie II)"IKH neii:TpOH0B. B rrepB0M CJiyqae (neirrpOHHIDI pecpJieKTOMeTpIISI) 

II3yqaeTCSI rrpocpIIJib neirrp0HH0-0IITWieCK0ro Sl.!{epnoro II0TeHL{HaJia B,!{0Jib H0pMaJIH K 

rpanIIue. Bo BTopoM CJiyqae (rrompII3auuoii~rui neirrpoHHIDI pecpneKTOMeTpIISI) 

II3yqaeTCSI rrpocpIIJib JI0KaJibH0ii: HaMarHWieHH0CTH B rrpurrouepXH0CTH0M CJI0e 

(~ 10 A) IIJIH u T0HK0ii: MarnIITH0ii: IIJieHKe. O6beKTaMH II3)"1eHIISI SIBJISIIOTCSI 

KpHCTaJIJIWleCKIIe H aMOp!pHbie rnep,!{ble TeJia B BII,!{e MaCCHBHbIX IIJiaCTHH IIJIH 

T0HKIIX MOHO- IIJIH MHOfOCJIOU:HbIX IIJieH0K, naneceHHbIX na MaCCIIBHYIO II0,!{JI0)KKY, a 

TaK)Ke )KII,!{K0CTII. Oco6oe 3Haqenue ,!{JUI !pII3HKH, MaTepuanoBe.!{eHIISI H Pa3JIWIHblX 

01r. \.C '~'f'"': .. t M,::1-ryr t 
~A-~,i!\i.tl )l{,Jl~iI:l:ii>!lll 
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npIDimKeHii:ii HMeer Il0llilpH3aI.J;HOHHall peqlJieKTOMe'l'pllll, IlOCKOnhKY OHa Il03BOlli!eT 

H3)"IaTb He.uocrynHoe .upyrnM Me'l'O.UaM pacnpe.ueneHtte HaMarnll11eHHOCTll TOHKllX 

IlJieHOK c HeO,D;HOpO,D;HblMll (HeKOJIJIHHeapHbIMll) no my6ttHe CTPYKTYPaMll. 

B .UaHHOH neKI.J;llll KpaTKO ll3JIO)l(eHbI OCHOBbI HeiiTpOHHOH peqmeKTOMeTpllll C 

aKI.J;eHTOM Ha IlOllilpH3aI.J;llOHffYIO peqlJieKTOMeTpll!O ll HeKOTOpbre ee npHJIO)l(eHIUI. 

2. Oco6eHHOCTII 0Tpa,KeHHJI HeiITpOHHLIX BOJIH 

B q>Ii3llKe KOH,D;eHC!ipOBaHHbIX cpe.u IiCilOnh3yroTC51 TeilJIOBbie HeiiTpOHbl C 

:meprneii 5. 10-3 + 5. 10-1"3B, a TaK)l(e xono,D;Hble HeHTpOHbI C 3Heprneii 

10-4 + 5 · 10-~ 3B. l(enhrii PM cneu;Hcpll11eCKHX cBoiicTB HeiiTpoHa c.uenanH ero 

COBepIIIeHHO Heo6xo,n;HMblM liHCTpYMeHTOM COBpeMeHHOro ecTeCTB03HaHllil. B rn6n.1 

npHBe,D;eHbI OCHOBHbie CBOHCTBa HeiiTpoHa Ii B03MO)l(HOCTll 3KCnepHMeHTOB npll 

IiCilOnb30BaHHii 3TllX CBOHCTB. 

CBoiicTBa HeiiTpoHa 3KcnepHMeHTaJibHble B03M0)1(HOCTll 

OrcyTCTBtte 3ap51,11;a, CJia6oe B3aHMo,n;eii- IlpHMeHHMOCTb 6opHOBCKOro IlpH6nH-

CTBHe C semecTBOM )l(eHllll 

EonhIIIall mv6ttHa IIPOHHKHOBeHllil 

51.n;epHoe pacce51HHe M30TonHhrii KOHTpacT 

flerKHe 3neMeHTbI 

MarnITTHOe pacce51Htte MarnITTHbre CBOHCTBa Ha MllKpOCKOIIIi-

qecKOM ypOBHe 

An"' 1 + 10 A KpttCTaJIJill11eCKtte C1'PYKTYPhI nono)l(eHllil 

En "' 1 + 100 M3B aTOMOB 

,r:(HHaMllKa KBa3ll11aCTllU: 

KorepeHTHoe H KoJIJieKTllBHbie 3cpcpeKTbl 

HeKoreoeHTHoe oacce51Htte O,n;HO'laCTll11Hall .UllHaMHKa 

Ta6nttu:a 1. 3KcnepHMeHTaJibHLie B03MO)l(HOCTll npHMeHeHllil TeilJIOBbIX HeiiTpoHOB 

PacCMOTpHM npoxo)l(,ll;eHHe HeiiTpoHOB qepe3 rpaHHQY "BaKYYM-Cpe.ua" [7]. 

B BaKYYMe nonHall 3Heprn51 HeiiTpOHOB COBna,n;aer C KliHe'l'll11eCKOH 3Heprneii T : 

Eo = To = mvo 2 I 2. BHe Beru;eCTBa, eCJIH llCKJIIO'lllTb npou:ecCbl Heynpyroro 

B3aHMo.ueiiCTBllil, nonHall 3Heprn51 £ = Eo . Ho BHyTpll BemecTBa B pe3ynhTaTe 

B3aHMo.ueiiCTBllil co . cpe.uoii. HeiiTpOHbl o6na,n;aIOT nOTeHU:llaJibHOH 3Heprnei1 

2 

t 
! 
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V = Nb2rdi 2 Im (N - 'lttcno paccettBaTenefi:, b - .wnma paccel!Hllil). B pe3ynhTaTe 

BHyTpll BemecTBa CKOpOCTb HeHTpOHa H3MeHITTCll tt 6y.ueT onpe.UemITbCll Bblpa)l(eHHeM 

mv2 12 + V = mvfi' I 2. (1) 

KaK ll B OilTHKe, KO::Hpqmu;HeHTOM npenoMJieHllil Hefi:TpOHHblX BOnH Ha3bIBaeTCll 

OTHOIIIeHHe CKOpOCTeH B .UBYX cpe.uax: 

n = v I v0 . (2) 

Mcnonb3Yll Bbrpa)l(eHHe (1 ), nonyqaeM 

n2 = 1-_.!'.'._ = 1- NA2b (3) 
Eo 1C 

M3 (3) cne.uyeT, 'ITO eCJIH b > 0, TO n < 1. 3TO o3HatiaeT, 'ITO yron na,n;eHllil 0 0 

MeHbIIIe yma npenoMJieHllil 0r. OTCIO,D;a cne.uyeT, 'ITO, B OTnH'llie OT o6bi'IHOTT 

OIITllKll, B HeiiTpoHHOH OilTHKe npH na,n;eHHll Hel!TpoHa H3 BaKYYMa Ha IIOBepxHOCTb 

BemecTBa B03MO)l(H0 nonHoe OTpa)l(eHHe. 

Hai1.ueM KpllTH'leCKHH yron cKonb)l(eHllil 0 g = 90° - 0 0 . Ilo onpe.ueneHHIO 

n = sin 0o / sin 0r. IlpH 

n = sin(1r/2 - 0 g) = cos 0 g. 

Cne.uoBaTeJibHO, 

nonHOM OTpa)l(eHHii 0r = 90°' Il03TOMY 

B pe3yJihTaTe: 1 - n 2 = sin
2 

0 g "'0 g 
2

. 

0g "' ✓l - n
2 "',J2(1- n) =A~. (4) 

HanpttMep, ,D;JI51 Me.UH, ecntt A = 1 A , 0 g = 4.8'. 

AHaJIOI1I'lHbIM o6pa30M MO)l(H0 pacCMOTpeTb npoxo)l(,ll;eHHe rpaHHUbl "BaKyyM

MarnIITHOe none" [7]. B 3TOM CJiyqae noTeHU:HaJihHall 3Hepoo Hei'rrpoHOB B none ii 
paBHa V = -µnH, r.ue µn - MarnITTHhIH MOMeHT Hei1TpoHa. IloKa3aTeJih 

npenoMJieHllil 6y,n;eT 3aBHCeTb OT C00THOIIIeHllil HanpaBJieHllil CIIHHa HellTpoHa H 

HanpaBJieHllil MarnIITHOro non51: 

A2 Nb _ µnB 
n± .. 1---+--

2,r 2Eo 

3 

(5) 



r.ue B - MafHITTHaJI HH.n}'KUllil, a BepXHHe 3HaJCH O3Ha1.fa!OT napaJJJieJibHOCTH cn11Ha 

HeirrpoHa H MafHITTHOro noJUI, HICKHHe 3HaICH - aHTnnapaJJJieJibHOCTH. 

MOJl(HO co:maTb YCJIOBllil, npn KOTOpblX JJ:Ba noCJie.UHHX 1.fJ!eHa B (5) OKa)KYTCll 

paBHblMH no BeJlll'-IHHe. II01moe OTpa)KeHHe np11 3TOM 6y.ueT llMeTb MeCTo TOJlbKO .!lJUI 

0.!lHOro cnlfHOBOro COCTOllHIDI, a HMeHHO COCTOllHIDI, B KOTOpOM cmm HeirrpoHa 

napaJJJierreH HanpanrreHIIIO HaMafHll'-!IIBaHIDI. Orpa)KeHHb!H 11)'1.fOK HettTpOHOB B 3TOM 

CJiyqae 6y.ueT nOJIHOCTblO noJU1pli3oBaH. 

3. HeiiTpoumur pe.p.rieKTOMeTplUI 'IL 

Ha p11c. l noKa3aHa reoMeTpllil ::iKcnepHMeHTa no HefnpoHHOtt 

peqmeKTOMeTpHH [8]. CKOJib3llIUaJI no.u MaJiblM (- 10-3 + 10-2 pa.n) yrJIOM 0 
HeirrpoHHaJI IIJIOCKall BOJIHa xapaicTepmyeTcll BOJIHOBbIM BeKTopoM k . B npocTeuweM 

CJiyqae paccMaTplIBaeTCll nony6eCKOHe'-!Hall lf.!leaJibHO IIJIOCKall pOBHaJI noBepXHOCTb. 

IIpe.unonaraeTCll, '-!TO IIJIOTHOCTb MaTepnana He MeHlleTCll B my6L o6paJua B.!lOJib 

HanpaBJieHllil z, HOpMaJibHOro K noBepxHOCTH. IIpn ynpyroM paccel!HHH, Kor.ua 

:mepfllil HeirrpoHa npn OTpa)KeHHH He MeHlleTCll, HMrryJILC OTpa)KeHHOro HeirrpoHa 

/f 1/ paBeH HMrryJibcy na.nawmero HeirrpoHa /f;/ (/k 1 / = /k;j = k ). B 3TOM cnyqae 

BeJill'-IHHa nepe.uaHHoro HMrryJibca Q = /f f - fd = 2k sin 0 = 2k z, yrnbI na,neHIDI 11 

OTpa)KeHllil paBHbl (3epKaJibHOe OTpa)KeHHe). 

Puc.I: Teo.MempUR ompaJKeHUR 11eumpo11oa 
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IIp11 MaJib!X 3Ra1.feHllilX Q OTpa)Keirne .!lOCTaTO'-IHO BeJIHKO H HeirrpOHHaJI 

IIJIOCKaJI BOJIHOBaJI cpyttKUllil MO)KeT HCKa3ITTbCll. Ilo3TOMY 6opHOBCKOe rrptt6JIICKe1me, 

cnpaBeMHBOe npH onncaHHH .!lH!ppaKUHH npH 6oJILillHX Q, B CJIY1.fae 

pecpneKTOMeTpHH npII MaJiblX Q He Bcer.ua cnpaBeMIIBO. B 3TOM CJIY1.fae MO)KeT 

noTpe6oBaTbCll 6onee aICKypaTHOe .!lIIHID.fll'-!eCKOe paccMOTpeHile. 

IIocKOJlbKY B npouecce 3epKaJibHOfO ynpyroro OTpa)KeHllil KOMIIOHeHTa 

BOJIHOBOro BeKTOpa HeirrpoHa B IIJIOCKOCTH llBJUleTCll IIHTerpanoM .!lBICKeHllil, 

COOTBeTCTByJOIUee ypaBHeHile .!lBH)KeHllil ~CTI, O.!lHOMepHoe ypaBHeHile IIIpe.UIIHrepa. 

IIonarall, '-!TO MIIHa BOJIHbI HeirrpoHa B BaKYYMe Aoz= 2,r / koz = 4,r / Q MHoro 

6oJibllie Me,KaTOMHblX pacCTOYHIIH B cpe.ue, cpe.uy MO)KHO paccMaTpIIBaTL 

HerrpepbIBHOH. B 3TOM CJiyqae noTeHUilaJibHyJO 3Heprn!O HeirrpoHa B cpe.ue, 

OT.UeJieHHOH OT BaKYYMa 6ecKOHe'-IHOH IIJIOCKOH rpaHIIUett, MO)KHO npe.UCTaBIITb B Blf.!le 

V = 27rh 2bN Im, r.ue 1i - noCTOllHHaJI IlJiaHKa, b - CYMMa MepHLIX KorepeHTHLIX 

MIIH paccel!Hllil HeirrpoHa C MaCCOH m Ha N 3JieMeHTapHbIX ll'-!ettKax IIJIH MOJieKynax. 

Berrll'-!IIHa p = bN onpe.UeJilleT ::icpcpeKTHBHyJO IIJIOTHOCTb paccellHllil. I-fa 3aKOHa 

coxpatteHllil ::itteprnn HeirrpoHa CJieeyeT 

2 2 2 2 kz (z) = koz - 2mV I 1i = koz - 4,rp(z). (6) 

)lrui Bbl'-IIICJieHllil K03!p!pIIUHeHTOB OTpa)KeHllil R H npoxo)K.!leHIDI T 

npe.unonaraJOT HenpepbIBHOCTb BOJIHOBOH !pyHKUHII H ee rrepBoii npOH3BO.!lHOH no z. 
BoJIHOBaJI cpyttKUllil B nepe.uuett H 3a,nueu o6JiaCTllX IIOTeHUilaJia OIIHCb!BaeTCll 

Bbipa,KeHllilMII 

'I'(z) = /k1z + Re -ik1Z, 'I'(z) = Teikbz, (7) 

r.ue k f = kef II kb = kzb - z-KOMnoHeHTLI BOJIHOBOro BeKTopa HeirrpoHa nepe.u II 3a 

IIOTeHUilaJibHbIM 6ap1,epOM. )lrui 0.!lIIHO'-IHOro npllMOyroJILHOro . 6ap1,epa nrnpIIHOH Ll 
B.!lOJlb OCII z II BbICOTOH, paBHOH IIJIOTHOCTII paccellHllil p , MH R II T nonyqa~Cll [8] 

cne.uywmee ypaBHemi:e: 

( 
T ) [ cosom 

inbT = -nm sin om 

~sinom l+R 
1 l 

n~s Sm (;n /(I - R} (8) 
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me nb = kw I koz, nm = kz I koz, nf = kef I koz, om = koznmL1. Om1caHHIDI 

npoue.nypa MO:iKeT 61,rr1, o6o6meHa npaxTU'IecKu Ha mo6oii npocplfJI1, IUIOTHOCTH 

pacce.SIHHll, KOTOpblli MO)KeT 61,rr1, annpOKCHMHpOBaH c Heo6xo.n;HMoii ' TOqHOCTI,IO 

CHCTeMOli npxMoyroJII,HI,lX IlOTeHQHaJIOB C IUIOTHOCT51MH pacceXHHll Pi H rrmpHHaMH 

L1j. CoOTBeTCTBeHHO B ypaBHeHHH (8) BMeCTO OJI.HOR MaTpHQI,I 6yneT CT051TI, 

npomBe.n;eHHe MaTpHu. 

ECJIH BI,ICOTa IlOTeHUHaJII,HOro 6ap1,epa p B OJI.HOM HanpaBJieHHH CTpeMHTC51 B 

6ecKOHe~OCTI, H kfiz < 4;rp •· TO kz 6y.n;eT MHHMOli H B03HHKHeT IlOJIHOe BHerrrnee 

OTpa:iKeHHe. Urnr npxMOyroJibHOro 6ap1,epa C KOHeqHoii rrmpHHOii K03cpcpHUHeHT 

OTpa:iKeHHll 6yn"eT OCUIIJIJIHpOBaTI, C nepHO.I(H'IHOCTI,IO, onpe.n:ernieMoii 3TOR lliHpHHOli. 

B 3KCnepHMeHTe K03cpcpH[(HeHT OTpa:iKeHHll R(kz) onpe.n;ernieTC51 C IlOMOIUMO 

COOTHOllieHHll 

R(kz) = I(kz) I Io(kz), 
0, (9) 

me Io(kz) H J(kz) - IIHTeHCHBHOCTH na.n:aromero H 3epKaJII,HO OTpa:iKeHHOro nyqKOB 

HeiiTpoHOB. 06pa6oTKa 3KCnepHMeHTaJII,HI,IX .I(aHHI,IX 3a.KJil()qaeTC51 B MHHHMil3a[(HH 

pa3HOCTH ll3MepeHHOro H BI,~HCJieHHOro C MO.I(eJII,HI,IM nOTeHQllaJIOM K03!pcpH[(HeHTa 

R. fnaBHIDI [(eJII, 3KCnepHMeHTa no pecpneKTOMeTpHH COCTOIIT B onpe.n;eneHHH 

IUIOTHOCTH paccexHHll p(z). 

B H3JIO:iKeHllll CXeMbl onpe.n;eneHHll R Mbl HCilOJib30BaJIH UeJiblli PM 

ynpomaIOIUIIX npe.n;nOJIO:iKeHHll, KOTOp1,re Moryr He BI,IIlOJIH51TbC51 B peaJII,HI,IX 

CHCTeMax. 0.I(Ha.KO Y.I(IIBIITeJII,HO, HO Ta.Koe .I(OBOJII,HO npoCToe OilHCaHHe BilOJIHe 

COOTBeTCTBYeT .n;eiiCTBIITeJII,HOCTH H HCilOJib3YeTC51 B pecpneKTOMeTpHH B KaqeCTBe 

6a30BOli cxeMbI. 

B1,rmeH3JIO:iKeHHoe paccMOTPeHHe npe.n;nonarano, ~o OTpa:iKeHHe HMeeT 

3epKaJII,HI,Ili xapaxTep, T.e. yron OTPa:iKeHHll 01 paBeH yrny na.n;eHHll0o. 0.n;Ha.KO 3TO 

YCJIOBHe BI,IIlOJIH51eTC51 TOJII,KO B cnyqae ll.I(eaJibHOii IlOBepXHOCTH. B cnyqae 

HeO.I(HOPOJI.HOCTH pacceHBaromeii IUIOTHOCTH B IUIOCKOCTH pacce51HHll lfJIH npH 

HaJIH'IHH mepoxoBaTOCTeii IlOBepXHOCTH B03HIIKaIOT He3epKaJII,HI,Ie KOMilOHeHTI,I Ka.IC 

B OTpa:iKeHHOM, Ta.IC H B npome.n;meM nyqKe. 3cpcpeKTI,I He3epKaJII,HOro OTpa:iKeHHll 

m-3a mepoxoBaTOCTeii npHBJieKaIOT B nocne.n;Hee BpeM51 60JI1,moe BHHMaHHe [9-11]. 

Mo:iKHO 0:iKII.I(aTb, ~o ::na o6JiaCTb pecpneKTOMeTpHH 6y.n;eT 3KTHBHO pa3BHBaTbC51 B 

6nI1:iKaiimee BpeM51. 
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4. Ilom1pH33QHOHH3ll pe<tmeKTOMeTpHll 

ll3JIO:iKeHHb!H B npe.n:1,1.n;ymeM pa3.n;eJie cpopMaJIH3M Henocpe.n;CTBeHHO 

o6o6maeTcx Ha cnyqaii paccexHHll nom1p113oBaHHbIX HeihpoHoB. Tenep1, MaTpnua 

nepexo.n:a HMeeT pa3MepHOCTI, 4x4 .I(JI5I JI.BYX 3aBHCSIIUHX OT nom1pmauHH CilHHa 

KOMilOHeHT K03!p!pH[(HeHTOB OTpa:iKeHHll II npoxo)K.I(eHHll [12). MeTO.n; 

no1l51pH3a[(HOHHOH HeiiTpOHHOH peqmeKTOMeTpHH onncaH, HanpuMep, B pa6oTaX 

[13-17). Ecnu Mb! HHTepecyeMCll TOJibKO o-i-pa)KeHHb!M nyqKOM, TO B o6meM cnyqae 

npouecc xapaKTepmyeTCll MaTpuueiI [7] 

A (R++ R= 
R_+ 

R+-) , 
R __ (10) 

r.n:e Ra/3 (a,{3 = ±) - aMIUIIITYJl.bl BepOllTHOCTH OTpa)KCHHll 6e3 nepesopoTa (a= /3) 
u c nepesopoTOM ( a 'I= f3) cnu11a 11ei1Tpo11a; 3HaKu "+", "-" 060311aqaroT 

11anpaBJie11ue cnu11a 11eiiTpo11a "no" u "npoTnB" 3a.n;aimoro 11anpaBJieHHll MarHHTHoro 

noJI51 iI. MaTpuua R HaXOJJ.HTCll H3 perneHHll ypaBHeHHll llaynu u coaep)KHT 

HHcpopMauuro o cTpyKType BeKTopa Marnurnoil HHJJ.yK[(HH cpea1,1 B(z). 

B 3KcnepHMeHTe H3Mepl!IOT HHTeHCHBHOCTH OTpa)KCHHb!X Hei'rrpOHOB C 

no1l51pmauueii no nonro, l+(kz), H npornB nonll, l_(kz)- llpoCTpa11cTBe1111oe 

11anpaBJie11ue BeKTopa nonllpmauuu na.n;aromero nyqKa P0 (kz) onpeJJ.enlleTCll 

HanpaBJieHHCM Be.n;ymero IlOJill ycTaHOBKH H. ll3MeHem1e HanpaBJieHHll IlOJillpH3a[(HH 

nyqKa npOH3BOJI.HTCll C IlOMOIUbIO cne[(HaJibHOro 3JICKTpOMarHHTHOro ycTpOl!CTBa -

cnnH-cpnunnepa. llHTeHCHBHOCTH l+(kz), !_(kz) CBl!3a111,1 c P0 (kz) H BeKTopoM 

no1l51pmyromeii cno~o611ocm cpea1,1 W(kz) coornorne11neM 

Po(kz)W(kz) = l+(kz)- !_(kz) 
l+(kz)+!_(kz) 

BeKTOp W(kz) CBl!3aH c MaTpHueii oTpa)KCHHll cooTHorneHneM 

w = tr(fa.fa.+ a) t tr(RR+), 

(1 l) 

(12) 

A+ 
me R - 3pMHTOBO-COilpl!)KeHHIDI MaTpuua, O' - BCKTOp C KOMIIOHeHTaMH 

CJ' a (a = x, y, z), a a - MaTpuua llaynn. 
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TaKllM 06paJOM, 3a,uaqa pecpneKTOMeTpWiecKoro HccnenosattIDI C 

nollilpH30B3HHb!MH HeirrpOHaMH COCTOHT B nonrottKe BeKTOpa nom,pH3yio!lleii 

cnoco6ttoCTH o6paJua W(kz), BhiqHcrrettttoro c noMO!llhlO cooTHOIIJeHIDI (12), K 

onpeJlerreHHOMy HJ 3KCnepHMeITTa COfrraCHO COOTHOllleHH!O (11). Uerrb 3KCnepHMeITTa 

COCTOHT B nonroHKe MOJleIThHOH MaI1UITHOH crpy1CTypbl K 3KCnepHMeITTaJibHblM 

Jl3HHbIM. 

Ha puc.2 nOKaJaHa npHHUHnHaJibHaJI cxeMa nom1pH3aUHOHHOro 

pecpneKTOMeTpa. IlyqoK HeirrpOHOB OT HCTOqHHKa HanpaBruleTCll Ha nollilpH3aTOp 1, _c 

nOMOll{hlO KOToporo Bh!Jlerr.sIIOTCll HeirrpOHhl C 33,UaHHhlM HanpaerreHHeM cnHHa. 

CoBpeMeHHhie nollilpHJaTOphl n03B0llillOT nom1pH30BaTb nyqoK HeHTpOHOB Ha 98%. 
Ilocrre nollilpHJaTOpa HeirrpOHbl npoxo.wn qepe3 KOrrrrHMaTOp 2, KOTOpblll 

npencraB/UleT co6oii norrroma10mHe JlHacpparMbI, H 3aTeM MarnHTttyio CHCTeMy nyqKa, 

KOTOpall COCTOHT H3 noCTOllHHb!X MarnHTOB 3, C03JlalOlllHX BeJlYlllee MarnHTHOe none, 

H cnHH-cpnHnnepa 4. O6paJeu 6 pa3MelUeH B 3a30pe 3JieKTpoMarnHTHOH CHCTeMbl 

o6pa3ua 5, KOTopall npencTaB/UleT co6oii, ttanpHMep, cHcTeMy Koneu rerrhMronhua H 

CJI)')KHT lIJlll C03JlaHID! MarnHTHOro nom1 Ha o6pa3ue, a TaKJKe lIJlll 3a,uaHID1 

HanpaerreHIDI nom1pH3aUHH HeirrpoHoB Po OTHOCHTerrhHO noaepxttocTH o6pa3ua. 

OTpaJKeHHhle HeirrpOHhl perncrpHpJIOTCll ,neTeKTOpOM 7. 

2 

tr ~~ \oo\ C:::;:\l~ ;:: T\ -

1 &--- u ~~~ \ \ \ \ ~ 

3 2 

' 4 

V 
5 

Puc.2: IlpuHijUnUMbH(lJ! cxe.Ma pe<fJJ1eKmo.Mempa. O60JHaiteHU11 onucaHbl o meKcme 

EcrrH Ha cxeMe (pHc.2) y6paTb ManIHTH}'IO CHCTeMy H nollilpHJaTOp, TO Mb! 

nonyqHM cxeMy pecpJieKTOMeTpa C HenollilpH30BaHHhIMH HeirrpOHaMH. B COBpeMeHHblX 

pecpneKTOMeTpax HCnOJih3YeTCll MHOfOnyqKOBaJI cxeMa cpopMHpOBaHHll He OJlHOro, a 

nayx H 6onee nyqKOB, paJHeceHHhIX no yrny 0 H perncrpHpyeMbIX paJJlerrhtto nocrre 

OTpaJKeHHll [ 17). TaKHe CHCTeMbl Il03B0lli!IOT yaerrH4HTb CBeTOCHJIY pecpneKTOMeTpa. 

B KaqeCTBe npHMepa npHMeHeHHll HeHTpOHHOH IlOJlllpH3aUHOHHOii 

pecpneKTOMeTpHH paccMOTpHM pe3yJibTaThl H3MepeHHll MarnHTHOro MOMeITTa B 
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ocHoBHOM coCTOllHHH B ynhTpaTOHKOii nrreHKe W(l 10)/Fe(l 10)/W(l 10). H3MepeHHll 

6bIDH BhmonHeHbl Ha cneKTpOMeTpe Il0llilpH30BaHHb!X HeirrpoHOB CITH Ha 

nynhcHpyiomeM peaicrnpe HEP-2 B Jly6He (18). I1po6neMa onpenerreHHll MOMeITTa B 

OCHOBHOM COCTOllHHH HH3KOpa3MepHb!X CHCTeM o6cyJKnanacb B uerroM pl!Jle 

TeopeTWieCKHX pa60T. OJlHaKO HJ 3KCnepHMeITTaJihHhlX pa6oT HaM HJBeCTHa, KpoMe 

pa60Tbl (18], eme TOnhKO pa60Ta [19], rne HJMepl!JlaCb HaMarnH4eHHOCTh B MOHO- H 

JlByxcnoiiHoii nrreHKe Fe. 
}lru! HeHTpOHHhlX 3KcnepHMeITTOB [l 8] HCil0JlhJOBanacb TpeXCJIOHHaJI nrreHKa 

F e(l 10) c TOnlUHHoii crrol! 6 ± 1 A, HaHeceHHaJI Ha crroii · W(l 10) 500 ± 5 A H 

noKpbITaJI crroeM W(l 10) 100 ± 5 A. Ha puc.3 nOKaJatta 3aBHCHMOCTh K03cpcpuuHe~a 

OTpaJKeHHll HeirrpOHOB R+, C IlOJlllpHJaun:eii, naparrrrerrhHOH HaMarnH4eHHOCTH, OT 

nepeJlattHoro HMnyJihca, nonyqeHHaJI B 3KcnepHMeITTe npH TeMnepaType 300 K npH 

MarnHTHOM none 500 3, npHJIOJKeHHOM BJlOJlh OCH HaMarnH4HBaHHll o6pa3ua. 3Ta 

3aBHCllMOCTb MO)KeT CIT)')KHT~ npHMepOM. THilWIHOH JaBHCllM0CTH K03cpqmuHeITTa 

OTpaJKeHHll B pecpneKTOMe-rpWieCKOM 3KCnepHMeITTe. HJ IlOJlfOHKH K H3MepeHHOH 

JaBHCHMOCTH pacqeTHOH HJBITeKaeTCSI TOJill{HHa crroeB H rnepoxoBaTOCTh noBepXHOCTH. 

IIIepoxoBaTOCTh OKaJanacb paBHOii 5 A Ha rpaHHUax Fe/W. HaMarnWieHHhiii crroii 

TonmHHOii 5 A coCToHT nptt6nHJHTerrbHO HJ 20% Fe H 80% W. 

10° -
~ \ 0 

10·1 

>, 

·; 10·2 

'fi 
~ 10·' 
c::: 

to-4 

10-' 
0.01 0.1 

Puc.3: Ko3</J</Ju11ueHm 3epKMbH0ZO omp{l)KeHUJI HeumpoHOO om .MQZHUmHOU TIJleHKU 

W(l 10) I Fe(] JO) I W( 110) (cM.[18]) 

HHcpOpMaUHl! 0 MarnHTHOM B3aHMoneiiCTBHH (o · MarnHTH0M MOMeITTe) 

HJBITeKaeTCSI H3 OTH0IIIeHHll R+ /. R- (R- - K03cpcpmi:HeITT OTpaJKeHHll HeirrpOHOB C 
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IlOllilpll3aIIHeii, aHrnnapaJIJieJibHOH mlMaI1U:l'-leHHOCTH). Cpe,n;HHH MarnIITHbIH MOMeHT 

B MarnIITHOM cnoe paBeH m = 1.80 ± 0.05 µ 8 . 3KCTpaIIOllilllIDI K HyneBoii 

TeMrrepaType ,naeT mo = 2.1 ± 0.1 µ 8 , <rro KaqecTBeHHO coBIIMaeT c pe3ynhTaTOM 

TeopeTnqeCKHX pacqeToB [20]. KpoMe Toro, )laHHhIH 3KCIIepHMeHT IIO)lTBep)K,!laeT 

BbIBO)l TeOpHH O IIO)laBneHHH BOllb!ppaMOM MarnIITHOI'O MOMeHTa Ha rpaHHIIe W / Fe. 
)lo cnx rrop MhI paccMaTPHBanH 3epKanbHOe OTPa)KeHne. Ilpn rrorra,naHHII 

nyqKa HeiiTpoHOB Ha rpaHHuy pa3,nena )lByx MarnIITm1,nepHblX cpe,n, KOr,na BeKTOpbl 

IIH,D;yKllIIII H MamIITHOro IIOllil HeKOMIIHeapHbl, MO)KeT B03HIIKaTb He3epKanbHOe 

OTpa)KeHHe. 3TOT 3cpcpeKT' CB.SI3aHHblH C nepeXO)lOM HeiiTpoHa ll3 O)lHOI'O CIIIIHOBOro 

COCTOIIHIDI B ,npyroe Ha rpaHIIIIe pa3,nena BaKJYM-MarnIITHaII cpe,na, 6bln rrpe,ncKa3aH 

TeopeTnqecKH · B pa60Te [21]. )lanee OH 6hrn ll3yqeH ,D;n1I 6onee o6mero cnyqa11 

rpaHnqamnx MarnIITHbIX cpe,n [22]. B o6meM cnyqae OTpa)KeHHblH rryqoK )lOn)KeH 

COCT011Tb ll3 Tpex (cp. pnc.l): cpe,n;HIIH - 3epKanhHbIH II )lBa 6oKOBbIX -

He3epKanhHbie. EoKOBbie nyqKH OKa3hIBaIOTC11 IlOllilpll30BaHHbIMII, IIX IIHTeHCHBHOCTb 

onpe,nen11eTC1! MaTpH:qHbIMII 3neMeHTaMH R+- H R_+ II IlOIDipll3aIIIIeii na,naromero 

nyqKa. Ecnn na,naromnii IlyqOK IIOllilpll30BaH nonHOCTblO, TO B OTpa)KeHHOM IIOTOKe 

6y,neT TOllbKO O)lIIH 6oKOBOH nyq. ECJIII rra,naromIIii nyqoK HeIIOIDipll3oBaH, TO a 

cna6oM BHeIIIHeM none 6oKOBbie OTpa)KeHHbie IlyqKII )lOll)KHbl HMeTb O)lIIHaKOBhie 

IIHTeHCHBHOCTII. PacmerrneHIIe OTpa)KeHHOro nyqKa . rrpOIICXO)llIT BCne,ncTBIIe 

nepeaoporn crrIIHa, coxpirneHIDJ 3Heprnu II KOMIIOHeHT HMrrynhca HeiiTpoHa, 

napaJIJieJibHbIX IInOCKOCTII pa3)leJieHIDI cpe,n. 

O6cJ)l(,!laeMbie 3cpcpeKTbl )laIOT B03MO)KHOCTb ll3yqaTh pacrrpe,neneHIIe 

HaMamnqeHHOCTH B MaI1IIITHbIX cpe,nax. lfayqeHIIe yrnoaoii )lIICIIepcIIH ,naeT 

B03MO)KHOCTh rrp11Moro II3MepeHIDI He,nIIaroHanbHhIX 3neMeHTOB R+_(A}, R_+(A) B 

He3epKanhHO OTpa)KeHHblX nyqKax II CJMMbl [ R++ (A) + R __ (A) r 1 B 3epKanhHO 

OTpa)KeHHOM nyqKe. 

PacmerrneHIIe noIDipll30BaHHOro OTpa)KeHHOro ITyqKa OT MarnIITHbIX rrneHOK 

Ha6nro,nanocb B pa6ornx [23, 24]. 

5. Mern.a; nponycKaHIDI ueirrpouou 

lfaMepeune .nerroIDipll3auHH HeiiTpoHOB, rrporne,nrnIIx qepe3 o6pa3eII, 

IICIIOllb3YeTC11 B KaqeCTBe MeTO)la HCCJie,noBaHIDJ MarnIITHblX )lOMeHOB B ofueMe, 

HaqIIHaII C 1950 r. (CM. o63op [25]}. 3TOT MeTO)l OKa3anC11 3cp!peKTHBHblM II rrpII 

ll3yqeHHH caepxnpoBO)lHIIKOB B CMelllaHHOM COCTOIIHHII [26]. 3,nech Mbl paCCMOTpIIM 

3cpcpeKT 3eeMaHoBcKoro pacmerrneHIDJ rrpn rrporrycKaHIIH rryqKa HeiiTpOHoB qepe3 

MamIITHble cpe)lbl, KOTOpbIH B03HHKaeT, TaK )Ke KaK H B cnyqae He3epKanhHOro 
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OTpa)KeHIDJ, rrpn HanH:qllJl HeKOnnHHeapHOCTH. 3TOT 3cpcpeKT C HeIIOIDipII30BaHHbIM 

nyqKOM IICIIOnb30BanC1! B [27] ,D;n1I orrpe,neneHIDI TOlllUHHbl 6noxOBCKHX CTeHOK B 

cpeppoMarnIITHOM MOHOKpIICTaJIJie Fe. IlyqoK TerrnoBblX HeiiTPoHOB, rrp0X0.llll 

6noxoBCKyIO CTeHKy, qaCTH:qH0 rrpen0MllileTCII. Pacrrpe,neneHHe IIHTeHCIIBH0CTH 

rrpenoMneHHoro II IIp11M0I'O nyqK0B 3aBHCIIT OT T0JIIUIIHbl CTeHKH. CpaBHeHIIe · 

BblqHCJieHHbIX lI lI3MepeHHbIX IIHTeHCIIBH0CTeii )laeT TOJIIUHH)' CTeHoK: IIplI 

T = 650 °C d = 224 HM, rrpII T = 700 °C .d = 272 HM. TeMrrepaTypa MarnIITHoro 

rrepexo,na ,D;n1I uccne.uyeMoro o6pa3IIa Fe(4%Si) paBHa 750 °C. TaKHM o6pa30M, 

BH)lH0, 'ITO rrpu T ➔ Tc T0llIUIIHa )l0MeHHbIX CTeH0K yaennquaaeTCII. 

B pa6oTe [28] H3yqanoch 3eeMaH0BCK0e pacmerrneHIIe B II0llilpH30BaHH0M 

nyqKe, IIpOllle)lllleM CKB03b MarnIITHyIO rrneHKy. Ha puc.4 IIOKa3aHa CXeMa 

pacmerrneHIDI HeHTPOHHoro nyqKa rrpu QTPa)KeHHH H npoxo)K,!leHHH qepe3 MarnIITHhiii 

cnoii, KOr)la BHellIHee MarnIITH0e rrone HeK0MHHeapH0 C HaMarnnqeHH0CTbIO rrneHKII 

[28]. IlpnqHHa BCex pacmerrneHHH Hax0)llITCII B 3eeMaH0BCKOH 3Hepnm tteiiTpoHa, 

T.K. B MarnIITHOM rrone H 3HepIW1 HeiiTpoHa E = mv2 I 2 ± µnH, r.ne 3HaK 

II0Ka3bIBaeT 0pIIeHTaIIHIO II0IDipll3auIIH HeiiTpoHa OTH0CIITeJibH0 MarnIITHoro II0IDI 

(cM.(5)). TaKHM o6pa30M, ecnu crruH HeiiTpoHa rrepeaopaquaaeTc11 a,nua6aTnqecKu, TO 

ero KHHeTnqecKa11 3HepIW1 H3MeH1!eTC11 Ha aennqmcy, paaHyIO 3Hepmu 3eeMaHa. 3To 

II3MeHeHue 3Hepmn B cuny 3aK0_HOB coxpaHeHIDJ IIpIIB0)lIIT K H3MeHeHHIO yrnoB 

0Tpa)KeHIDJ u rrpoxo)K,!leHIDI. OTpa)KeHHbIH Ilyq0K 6hIJI 0IIHCaH a npe)lbl)lyrueM 
pa3,nene. 

AU(D-Il= -MO OM-MO O M 

m 

II 

AU 
-M O M = AUrefl 

Puc.4: Cxe,wa pac1J.1eT1.11eHUJ1 HeitmpoHHOZO ny'tKa npu ompaJKeHuu u npoxoJKoeHuu 
'tepe3 MQZHUmHblU CJIOU 
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B ManmmoM CJI0e (cpeJla II) pacnpoCTpaHlleTC.H '!eTh1pe nyqKa, JlBa H3 

K0T0pblX C0CT0.HT H3 HeirrpoH0B, HCCTbITaBIIIHX mMeHeHife cmrnosoro COCTO.HHHJI, a 

Jlpyrne JlBa C0CT0.HT H3 HeirrpoH0B 6e3 H3MeHeHHJI HanpaBJieHHJI cnHHa. Ha rpaHHUe 

Me)l(Jl)' CJioeM H no.uno:lKKoii: ( cpeL1oii: II H cpeL1oii: III) m Ka;KllOro n)"!Ka 06pa3yeTc.H 

JlBa OTpa;KeHHbIX B CJIOH H L\Ba nporne)llllHX B no,UJIO:lKKY nyqKa B COOTBeTCTBHH C 

JlB)'WI B03M0:lKHbIMH npoueccaMH C nepeXOJlOM H 6e3 nepexo)la Heii:TpOHa Me;KJly 

cnHHOBbIMH COCTO.HHHJIMH. B pe3yJibTaTe B no,UJIO:lKKe pacnpocTpaHl!eTC.H BOCeMb 

ny<IKOB nepaoro nop.l!JlKa. B crre,eyiomeM nop.l!JlKe oTpa:lKeHHJI •-mcrro nyqKoB 

yserrH'IHTC.H eme B 'leTbipe pa3a, HO HX HHTeHCHBHOCTb 6yL\eT 3Ha'IHTeJibHO MeHbIIie. 

Ba;KHO nOMHHTb, 'ITO scerJla 6yL1eT TPH THna n)"IKOB c noTeHUHaJiaMH OTHOCHTeJibHO 

BaKyyMa: -2µH' 0, 2µH . B pe3yJibTaTe npH pernCTpaUHH HeHTpOHOB B ill!OCKOCTH, 

nepneHL\HKYJI.HPHOH ill!OCKOCTH o6pa3Ua H OTCTO.HI.Ueii: Ha paccTO.HHHH, 3Ha1-!HTeJibHO 

npeBOCXOLI.HI.UeM nporn:lKeHHOCTb o6pa3ua BL\OJ!b ny<IKa, n03HUHOHHOe pacnpe)lerreHHe 

HeHTpOHOB 6yL1eT onpeL\eJUITbC.H HMeHHO HaJIH'!HeM Tpex 3Ha'leHHH noTeHUHaJia 

B3aHMO)leii:CTBHJI. 

~0 ,------r-------r----~ 

u+----+-----H-+-~----l 

1.0 +----+---+++-------l 

0.G I I ~JI,. I I 

0.0 

1.0 2.0 3.0 4.0 

Puc.5: 3aeucu.Mocmb uHmeHcueHocmu npoiueowe20 o6pa3eij noJU1pu3oeaHH020 ny'IKa 

om yz;ia CKOJlb)KeHUJI fJ tr 6 .MGZHUmHOM no11e 6.8 K3, Hanpa6JleHHOM noiJ Y2JIOM 70 ° 
K noeepxHocmu .MamumHou n.!leHKU Fe/AUSi. KpueaJI I - ny'IOK "JJ ", 2 - "ii", 
3 - "Ji", 4 - "iJ" (c.M.[28]) 
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Ha pHc.5 nOKa3aHbI peJyJibTaTI,I H3Mepemra HHTeHCliBHOCTll np01ue,1UIIero 

nyqKa, BbIITOJIHeHHbie C aHaJill30M nompmauuu [28). Hccrre,n:oBaJICH MarHIITHbIH crroil: 

TOJII.UHHOil: 5 MKM, coCToxruuii: HJ Fe (80%), Al (9.6%), Si(4.4%), HaHeceHHb1il: Ha 

no.n:rro:lKKY HJ KepaMHKll. O6pa3eU IIMeJI pa3Mepbl 1 MM no TOJII.UIIHe, 10 MM no 

aepTHKaJill ll 20 MM no ropH30HTaJill (B.D:OJib ny<IKa). Marn:IITHOe norre 6bIJIO 

HanpaBIIeHo no.n: yrrroM 70° K noaepxHoCTu o6pa3ua. HJ pucyttKa BIIJlH0, tITO 

Harr6orrbrnee pacmeruieHue ucnbITbIBaIOT ny,nm "..!,..!," u "ii", 'ITO o6ycrroBJieHo 

reoMeTpueil: 3KcnepIIMeHTa. CTperrKu o6oJHa'laIOT HanpaBJieHII.H cnIIHa HeirrpoHa, 

nepBa.H - B na,n:aIOI.UeM ny<IKe, BTOpa.H - B nporne.n:rneM. 

MeH.HH yrorr HanpaBJieHHJI MarnIITH0ro nom, M0:lKHO uccrre.n:oaaTb MarnIITHMe 

CBOHCTBa CJIOH. Jlmr HJMepeHII.H TOJII.UllHbI MarnIITHbIX .U:OMeH0B Hau6orree 

OnTIIMaJibHblM HBJI.HeTCH nepneHL\IIKYJI.HPHOe K noaepXHOCTll HanpaBJieHue (27). 

6. CeepxnpOBOL\HHKH e ManIHTHOM nOJie 

B Ka'leCTBe npIIMepa ucnOJibJOBaHII.H HeirrpoHHoil: pecprreKTOMeTpllll 

paCCMOTpIIM uccrre.n:oaaHHe npoHIIKHOBeHII.H MarnIITHOro UOJI.H B CBepxnpOBO.U:HllKll 

[ 17). HJMepeHII.H rrry6HHbI npOHHKHOBeHII.H MarnIITHOfO nom A e CBepxnp0BO.U:HIIKll 

c nOMOI.Ub!O nompmauuoHHOH pecprreKTOMeTpllll 6bIJIH Ha'laTbl a 1984 ro.n:y [29). 
Kor.n:a nOHBllJlllCb BbIC0KOTeMnepaTypHbie CBepxnp0BOL\HIIKll, 3TH ll3MepeHII.H 6bIJill 

npoae,n:eHbI cpa3y HeCK0JibKIIMll rpynnaMH, n0CKOJlbKY rrry6uHa npoHIIKHOBeHII.H 

CB.HJaHa C qJYHJlaMeHTaJibHbIMll napaMeTpaMH ll HBJI.HeTCH Ba;KHOH BeJIH'lllHOil: L\Jl.H 

noHIIMaHII.H Mexa~ll3MOB CBepxnpOBO.U:IIMOCTH. HJMepeHII.H pa3HblX rpynn .n:arru CllJlbH0 

pa3IIH'laIOmuecx JHa'!eHII.H A . KaK 6bIJio yCTaHoBJieHo B Hccrre,n:oaaHII.HX .n:y6HeHcKoil: 

rpynmr [30, 31), 3T0 pa3IIH'llle 6bIJIO CB513aHO C pa3Hb!M YlJeT0M rnepoXOBaTOCTeil: 

noBepXH0CTll. 

Ilpu BbI'IHCJieHHH K03cpcpHUHeHTa OTpa;KeHII.H rnepoxoaaTOCTb noBepxHOCTH 

)"IIITbIBaeTCH c nOMOI.UblO napaMeTpa ("BbICOTbI") rnepoxoBaT0CTH CT • 3TOT napaMeTp 

onpe.n:e.ruieTCH H3 3KcnepIIMeHTaJibHOil: KpHBOH . L\Jl.H K03qlqJHUHeHTa 0Tpa;KeHII.H npH 

T > Tc (TeMneparypbI caepxnpoBOL\HI.Uero nepexo.n:a) corrracHo cpopM)'Jle 

R(kz) == RF exp(-4kzk~CT
2

) , 

r.n:e RF - KoacpcpuuueHT OTpa:lKeHII.H <l>peHeJIH OT pe3Koil: rpaHHUbI, kz, k~ -

BOJIHOBOil: BeKTOp HeirrpoHa e BaKyyMe H B cpe,n:e. 3aTeM npH onpe.n:erreHHOM 

JHa'!eHHll CT BbI'IHCJI.HeTCH A . 
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Puc.6: 3aeucUMocmb omHouteHLUI nepe6poca R+ I R- om OJIUHbl BOJIHbt 1teumpmw 

,t .L oM nAeHKU BblCOKome.Mnepamyp1tozo ceepxnpoeooHuKa YBa2Cu307. Kpuea11 1 -

ny'loK "JJ ", 2 - "ii", 3 - "Ji", 4 - "iJ" ( C.M. [ 17]). 06o3Ha'leHLUI onucaHbl B 

meKcme 

Ha pl:lc.6 rroKa'.3aH pe3yJihTaT Bhiql:lcneHHSI OTHOIIleHHSI K03cpqmUHeHTOB 

OTpaJKeHHSI rrpH BhIKmoqeHHOM R+ l:I BKmoqeHHOM CIII:IH-cpJIHIIIIepe R- B 

3aBHCllMOCTI:I OT HOpManhHOH K rroBepXHOCTI:I rrneHKH KOMIIOHeHThI .lJ.)ll:IHhl BOJIHhl 

HeiiTpoHa ,t .1 - 1 / k z ,n.rui rrneHKH BhICOKOTeMrrepaTypHoro CBepxrrpOBO,UHHKa 

YBa2Cu307 (Tc= 92 K). Ha BCTaBKe IIOKa3aH Mo,uenhHhiii oIITnqecKHii rroTeHUHarr V 

,n.rui ,uByx HarrpaBneHI:lli IIOID!pH3aUI:lll HeiiTpOHOB. Ilpll pacqeTaX BBe,UeH eme O,Ul:IH 

rrap~e-rp - ~. xapaKTepmyiomHii rro,uaBneHHe rrapaMeTpa rropMKa B 

rrpHIIOBepxHOCTHOM cnoe ("MepTBhlll cnoii"). PacqeTbl BhlIIOJIHeHhl ,n.rui BHeIIIHero 

IIOIDI H = 4200 3 H rrpH pa3peIIIeHHH Lil I ,'.l "' 0.006 H KoppeKUHH rroID!pH3aUHH 

OKOJIO 0.8. 
PacqeThI IIOKa3hIBalOT, qTO yqeT IIIepoxoaaTOCTI:I rroaepXHOCTli CHJibHO MeID!eT 

pe3ynhTaT ,n.rui A: KpHBruI (1) A = 225 A, a = 0 A, ~ = 0 A H KpHBruI (2) 

A = 800 A, a = 90 A, ~ = 0 A npaKTnqecKH coana,ua10T. KpHBruI (3) norryqeHa 

rrpH 3HaqeHHH ~ = 300 A, a = 90 A, qTO ,naeT A = 400 A. 
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3KcrrepHMeHTbI ~ MOHOKpl:ICTaJIJinqecKHMH IIJieHKaMI:I YBa2Cu307 Il0Ka3anll, 

qTO 3TOT cBepxrrpoBO.QHHK HMeeT 3HaqeHHe A "" 910 A npn T = 5 K, qTO 

corrracyeTC51 C H3MepeHllSIMH C IIOMOIUblO ,npyrnx MeTO,QOB. Ilpn 3TOM rrapaMeTp 

IIIepoxoBaTOCTH a "" 80 A. Ha,uo 3aMeTHTb, qTO rrpn 3TOM He yqHThrnanacb 

B03MO)KHOCTh IlO.l!BneHllSI "Meprnoro CJI051". B pa6oTe [28] rrpH nccne,noBaHHH IIJieHOK. 

Nb rrpH T = 4.9 K B none 500 3 6hmo norryqeHo 3HaqeHne A = 450 A npn rrry6HHe 

"Meprnoro cnog" ~ = 280 A. 3aMeTHM, qTO "MepTBhiii cnoif" CB513aH c HannqHeM 

IIIepoxoBaTOCTeH IIOBepXHOCTH. TaKllM o6pa30M, nccne,noBaHHe IIIepOXOBaTOCTeH, T.e. 

He3epKanbHoro OTpaJKeHHSI, HMeeT BaJKHOe 3Haqemi:e ,QIDI IIOHHMaHHSI q>H3HKH 

51BneHllSI. 1ITo KacaeTc51 myqeHHSI npocpHID! .I.lHaMarnHTHoro cnog B 

CBepxrrpOBO,l.lHHKax, TO, KaK BH,l.lHO H3 rrpHBe,l.leHHbIX ,naHHhIX, B HaCT051IIIee BpeM.ll HeT 

O,l.lH03HaqHOH KapTHHhl. 3TOT BaJKHblll .lJ.)151 cpH3HKH CBepxrrpoBO,l.lllMOCTH H ,QIDI 

rrpHJioJKeHHH aorrpoc Tpe6yeT ,narrb!feiiIIIero nccne,noaaHllSI. 

7. 3arouoqeuue 

IfraK, HCIIOJib30BaHHe pacce51HllSI HeITTpOHOB II03BOIDleT nccne,noBaTh TaKHe 

xapaKTepHCTHKH IIOBepxHOCTeii, IIJieHOK l:I MHOrocnoHHbIX CTPYKTYP, KaK 

mepoxoBaTOCTb, rrpoCTpaHCTBeHHruI IIJIOTHOCTh, rrpocpHJib MarnHTHbIX CTPYKTyP, 

pacrrpe,l.leneHHe l:I rrapaMeTpbI ,UOMeHHbIX CTeHOK H ,up. 

EOJihllll:IHCTBO BhIIIOJIH51eMhIX B HaCT051IUee BpeM.ll l:ICcne,uoBaHHH 

l:IHTeprrpeTHpYJOTC51 B paMKaX TeOpHI:1 yrrpyroro 3epKanbHOro OTpaJKeHH51. Ilpll 

paCCMOTpeHHH pearrbHhIX CHCTeM Heo6xo,QHMO yqHThIBaTb 3cpcpeKTbI He3epKanhHOfO 

OTpaJKeHllSI (.I.lHq>cpY3HOro pacce51HllSI) OT IIIepoxoBaTOCTell IIOBepXHOCTI:I l:I OT 

HeO,l.lHOpo,nHoCTeif MarnHTHhrx CTPYKTYP. 

YqeT 3THX 3cpcpeKTOB BaJKeH ,QIDI rrpaBI:IJihHOII l:IHTeprrpeTaUHH 

3KCIIepHMeHTanhHhIX pe3yJibTaTOB. KpoMe Toro, OHH OTKpbIBaIOT HOBbie B03MOJKHOCTH. 

TaK, 3cpcpeKThI He3epKaIThHOro 0TpaJKeHH51 II03BOJI51IOT HCIIOJib30BaTb 

HenoID!pH30BaHHbie HeHTpOHhI .lJ.)151 myqeHllSI MarnHTHbIX CHCTeM. 

HeiiTpoHHruI pecpneKTOMeTpllSI - ,l.lOBOJibHO MOJIO,l.lrul o6rraCTb 

3KCIIepHMeHTanhHOII q>H3HKH, II03TOMY B03MOJKHO II051BneHue H ,npyrnx He06brqHbIX 

IIpHJIO)KeHHii. TaK, B pa60Te [32] 6hmO IIOKa3aHo, qTQ IIOJI51pH30BaHHbie Hel!TpOHbI 

Moryr ,naTb HOBYJO umpopMaUHIO O HeMaI1IHTHbIX IIJieHKaX, HaHeceHHbIX Ha 

IIO.lJ.)lO)KKY, CO,l.lepJKaruy10. cnoii C H3BeCTHhIMH MarnHTHblMH CBOIICTBaMH, qTQ 

II03BOID!eT BbI,UenHTb orrpe,neneHyIO cpa30BYIO HHcpopMaUHIO, Tep51eMyIO B o6brqHoii 

pecprreKTOMeTpHH. B pa6oTe [33] o6cy)K,l.larrocb HCIIOJib30BaHne pe3oHaHCHOfO 

ycHJieHHSI HeI!TpOHHhIX CT051'1HX BOJIH B TOHKHX IIJieHKaX .lJ.)151 rrpeUH3HOHHhIX 

CTPYKTYPHhIX H3MepeHHII. 
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