
·\ 
I 
J 

gg-1 

0 ti b e A M H e H H bl M 
MHCTMTYT 
RABPHblX 

MCCJIBAOBaHMM 

C.B.fanoHoB*, E.B.noK}'KHH, Jl.A.KopHeeB, 
E.fi.KmoemcoB*, BJie6Hep, B.Bllac10K, 
A.B.Iletpemco, X~, n11.qepHemco 

AY6Ha 

P3-89-l 

OIIPFJIEJIEIDffi fJIYiilllibl IIPOHHKHOBEHIDI 
MAI1IlITHOfO IlOIDI B CBEPXIIPOBOJlRIUYIO 
TOHKYIO MOHOKPl1CT AJIJil1lIECIO'IO IlJIEHIO' 
YBa2Cu307 METO.UOM OTPA)l(EHIDI 

. IlOIDIPl130BAHHhIX HEITTPOHOB 

Hanpae.neHo a 1KypHa.n 1'ni,1cbMa a JK3T<l>11 

*~HCTHTYT npHKJtaAHO~ $H3HKH AH CCCP ,ropbKH~ 

1989 



ranoHOB-C.B. 11· 

0 
.n.P~ . 6 .. 

npe,n.eneH:ne rny HHbI, npo-, 
HllKHO B0Hllfl ·.; •• 
P3-89-I. . . . 

j~/~Cj-q Y----D-J~~-: 
,C)b~. 

,',"'',: 

(l 

MeTO!l 3epKanbHOr'O OTPal!<CIIIIH nonRpJl30BallllblX TCJIJ!OllblX Hef•TpOHOB 

Obin ycnew110 npuMCHCH nnH il3MCPCHIIH l'flYOllllbl npoHllKIIOBCH,IH Mal'HHTHOr'O 

nonH I\ a o6bllJHblC caepxnpoBORllilKJI / l /. HcnoJJb3Y>l 3TOT MCTOR nm1. onpe

neneHHH /I a vsa 1 c'-'3 o7 KepaM11Ky, a pa6oTe / 
21 

nonytJ11n11 3Hat1e1111e /\ 
+ 0 

~225-75)A npll TCMnepaType 4,8 K.ABTOpaMII npJIBORHTCH coo6pa*CHllH o TOM, 

llTO 11anne1111oe 3HatJCHJle HBflHCTCH llCPXHCJ{ 3KCnepJIMCHTRflbllOii OQCIIKOil BC

ntttJHHbl A a naHHOM MeTone. 3aMCTHM, tJTO npu a11an113e norpewnocTeii a 
121 

HC Y'ITCII pa'3MR['UlltJHBRJOIUllfl •!JaKTOp o6pa3IJR, Y.aK noKR3am1 HRIIIJI pactJCTLI, 
q 

YtJCT nonH pb3Mar'Hll'IHBRllll>l nonpaanHeT 31JatJCIIIIC II = 225 AB 6onblllYJO 

CTOPOHY np11Mep110 Ha 10%. 0TMCT'IM. '!TO 3HR'ICHJl>l A nnR KCPaMJIK. 113MepeH

llblC nPYr'IIMII MCTO!laMII /
3
/, npeBblWaJOT YKR3'1HIIOC II 3-10 pa3. np11•111Hbl 

CTOflb CllflbHO['O pa3flll'IHH 3KCnepi!MCIIT:tnbHblX 3HR'!Clllln RCJJ:ltJHllbl /\ , nony~ 

tJCHHbJX pa3Hb1MII MCTOUaM11, OCTRIOTCH HCRCllblMII, 

B A<JHHOii pa60TC IIPIIB0,'1HTCH pe3YflbTrtTbl nep[lbJX 113MCpeHnii rny6HIILI 

npoH11Kt10Be1111n Mar'HIITHoro nonn n TOHKonne110•111b1fJ • YBa1Cu.307 MoH0Kp11c

Tann11•1ecK11ii 06pa3e11, BbinOJIIICllllblX C IIC110Jlb30BRHIICM MeTona 3CpKaflbll0['0 

OTPR*CHJIH nonHPll30BaHllblX TennOBblX HCiiTPOIIOB Ha IIMPYflbCIIOM peaKTOPC 

HEP-2 OHRH (cneKTPOMCTP cnH-1). 

Cne1111qJ11tJCCKIIC oco6e1111ocTJ1 HeflTPOHHOr'O 3KCnepnMCHTa HR TOHKIIX 

caepxnpoaonnmnx nne11Kax neTanbHO 06cy~nan11cb a pa6oTe /
4

/ 3necb oco~ 

60 OTMCTHM, '!TO B 3KCnep11MCHTC Ha MOHOKPIICTRJIJllltJCCKHX TOHKIIX nneHKax 

113MCpHCTCH rny61111a npOIIHKHOBCHJIH ~Rl'H~TIJQ['Q nonR nnonb onpeneneHHO~O 

KPIICTannorpa~HtJCCKOr'O 11anpaBJICHJ1>1, B HRWCM cnytJae anonb Kpl1CTannorpa

¢11tJec1<0A oc11 C. 06pa3eQ npencTaan>1n co6on nneHKY c Tc= 92 K, nonytJett

HYJO na3epHblM 11anblne1111eM Ha nonttpoaaHHYJO noaepXHOCTb {1,0,0} MOHOKpnc

Tanna Sr Ti. 03 no MeTonnKe, onnca1111ofl a / 
5 • 61 • nnm11anb o6pa3Qa cocTaB

nnna 6 x 8 MM'. On11aKO 3,tl<!>eKTIIBHa>l nnou1anb nonepetJHOr'O CCtJCHIIR IIY'!Ka, 

nanaJOwero Ha 
-3 

10 pan np11 

noaepXHOCTb 

~=0,03, 
e 

HlltJIIBano CKOPOCTb Ha6opa 

06pa311a e 11a111eM cnytJae non yrnoM B = 4,52 x 

paa1111nacb 6 x 0,04 MM 2 , '!TO CYIUCCTBCHHO orpa~ 

CTaTIICTJIKII. C QCJlblO BOCCTRHOBJICllll>l ¢opMbl HeAT-

POIIIIO-OIITtl'ICCKO['O n0Te11u11ana nneHKJI 113MCp>lnRCb cneKTpanbllRR 3RBIICII

MOCTb (pile. 1) K03<M>IIIJIICIITa OTP:J*CHIIH R (.>..L) HCflTPOIIOB OT noaepXHOCTII 

nneHKII ! rne Jl.1. = 21T/k.1 , K.1. - HOpMaJlbllaR K noRepxHOCTII KOMIIOHCHTR 

BOJIHOBOl'O BCKTOPR 11eflTPOIIOB) npn KOMHRTIIOii TeMnepaType. nonytteHbl: Ton• 

IUIIHa nneHKII cl = ( 2000 ! 20) f II uenTPOHHO-OIITll'ICCKHii napaMCTP Ar = 

~8l0 ! 5) 1, CB93allllblii C 'IIICJIOM aTOMOB B CQIIHHQC o6b~Ma p II CPCAHHM 

3HatJCIIIICM KOl'CPCIITIIOii nn~llbl 8 11eflTpo11-11nepHO['Q pacc~RHIIH COOTIIOWCHH

CM Ar: ✓ 'ff/p8, npn noAl'OIIKC 3KCnCPIIMCHT'1flbHOii KPIIBOfl R( 1\,1.)(KPHBRH 

1, PHC. 1) TeopeTntJeCKHM 3HatteHneM RT( .A.L) ( KPH Rast 2, p11c. 1) 11cnonb3oeat 

nt!Cb HeiiTPOIIHO-OIITll'ICCKIIC napaMeTpbl nOAflO)l(KII SrTi 0.3. nonytJCHHblC H3 

a11anor11ttHOl'O 3Kcnep11MCHTR C tJIICTOIT nonno~Koii. Hb1411Cne1111e TCOPCTll'!CCKII. 
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Pflc.1. 3aBIICIIMOCTb K03'PWIIL(l!eH

Ta oTpaJKeHIIH HeiiTPOHOB R OT J...1., = 

o,s t- ,-2oool 1 ~ I ~:!.'ii/ kJ. ( KJ.. - HopManbHaH K 0TpaJKaJ0-

1Qeit noaepXHOCTII KOMUOHeHTa aonHOBO

ro aeKTOpa 11eiiTPOHOB)~ KPIIBBH 1 -

HafinJOnaeMaH 3KCnep11Me1tTanbHO ap11 0,2 

5 

l<PIIBblX 

6 7 8 • 9•102 

A.L ,A 

300 K; KP11B3H Z BblllllCneHa AllH MO-

,1:1enbllOl"'O noTeHI~Uana, noKa3aHHoro Ha 

BCTaBKe. 

· /4 7/ RT(J,,1_) ocyll{eCTBn!lnocb MeTOAOM, ll3noJKeU!ll,IM B pa60T3X ' <!>op-

Ma ueB03MY1Qet1Horo MarHHTllblM noneM 11eiiTpo11110-onTI11-iecKoro noTeHu11ana nne11~ 

KIi, 06ecnetJ1tBa101Qero nYtJlllYIO nonroHKY 3Kcnep11MeHTanbH0I1 Kpuaofi R (.A,1.) np11 

KOMllaT"HOii TeMnepaType, noKa3aHa Ha BCT3BKe puc.1. 3aTeM o6pa3el( oxnaJK

i:tancH B 11yneaoM Mar1U1THOM none no TeMIIepaTypu 5, Z K. ITocne 3Toro BKJJJO

tJanoch Mar1111Tnoe none H , napannen·h11oe noaepxHoCTH nneHKH. 

<;06CTBeH1IO 113MepeUUH rny6UHbl npoHIIKHOBeHIIH npoBei:teHl,f llJlH nayx 3Ha

tJeH~ii noneii: H l = zoo 3 u Hz = 500 3. lfaMepHnllCb cneKTPbl (puc. 2} HeiiT

pOtlOB, OTpaJKeHHblX OT noaepxHOCTII nneHKH np11 /:1BYX op11eHT3l(ltllX cn1111a HeflT

poHa: W~(A.1,) (cn11H HeHTPOHa HanpaaneH no M~rllHTHOMY rronJO} 11 "1_ ( 11.J,) 
( CllllH - npoTHB nonll). Ko31>WHf~UellTbl OTpalKelll!H 11e11TpOIIUB C npoTIIBOnonolK

HblMU 11anpaane111tHMH cn1111oa R+{.J.J,) u R_ ( ).J..) AOnlKHbI oTnntJaThCH a o6nacTH 

t,o ..---~---~--~--~ 
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Puc. 2. 3aBUCIIMOCTII HHTeHCIIB

HOCTII per11cTpal(UU tteiiTpOHOB OT A.1.; 

KPIIBaH I - B naAaJOmeM nytJKe; Kpl!DaH 

2 - a llYtJKe, OTPalKellHOM OT nneHKU 

npu 5,2 K 11 H = 500 3PCTe1{. 

>..1'- >.,.. ITp11tJ1111a 3Toro pa3nll'IIIH CBH3aHa C Bb1TanKHBa111IeM MarllUTHOro nonH 

113 nneHKU. Moi:tenhHbllt pactJeT 141 no3aomrn yqecTb anuH1111e 11eo,111opo11Horo 

pacnpe,1eneH11H MarH11T11oro nonH a nnettKe 11a topMy ee 1IeiiTpoHHo-onT11tJecKo

ro n0Te11u11ana II llOCTPOIITb ( c Y'JeTOM pa3pelllelllrn npu6opa) WYIIKL(IIJO 5(.>,J,): 
.:,t,l_/ N+, KOTOP3H HBnHeTCll_ onttoBpeMeHHO 'PYIIKL(l!eli /\ 11 II, ITpu 3TOM Mbl 

npe1tnonaran11, tJTo UHAYKUIIH a nneHKe aeneT ce6H no 3aK0Hy 

B (z)=H ch t C 2. z - d)/2.11 J/ ch (d/2./\), ( I) 

2 

-:)' 
·, 

' I] \; 

ri:1e Z - Koop,11111aTa, oTctJUThlBaeMaH OT noeepx11ocT1t nne11K11 a 11anpaane11m1 

BIIYTpeI111eIi IIOpManlt, T, e. B,10nb OCH C , B uenHx yaenutJellUH CT3TIICTl!tJec

K011 TOtJHOCTII aue111<11 3Wtj)eKTa OTlllltJIIH S OT \ K3lK[lblil 113 cneKTPOB N± ( }..L) 

CYMMHpoaancH a HHTepaane 3UatJeHuii ). OT i Ar no Ar H onpenenHnacb ae-

fllllJl!Ha ,.,. .>.r-

s ( H,I\) = L N_ (>.J.) / L. N+(-\_i). 
±>.r f .>.r 

( 2} 

lfaMepeHHble 3H3lJelllrn 5 COCTaBllml: 

SCH= 500 :}J = 1,012:!:o,00111 SCH= zoo 3} = 1,004!0,001. 

nonytJeHHble 3HatJeH11H cpaa1111ean11cb c pacctJ11Ta1111oO no Monen11 /
4

/ <!iYHKL(Heii 

S(H ,A), KoTopaH np1tee,1etta Ha pac, 3 nm, nonH H = 500 3. 0TCJOJ1a Mbl onpc
+600 • 

i:tenunu aemItJ11Hy A, np11 T = 5,2 ·K: Ac= (970- 250 } A. 
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Puc.3, ConocTaanettue pactJeTHoii 

:IaBIICIIMOCTH HltTerpanbHOro 3(1.lqJeKTa 

5 (l\,H) OT rny61111u npOltHKHOBeHl!H 

/\ nplt none H = 500 3 (KpnBaH) 

C era 3KCnep11Mel1TanbHblM 3HatJett11eM, 

Yaen11tJeH11e CTaTIICTltKII B nanbHeHllJeM n03BOnUT onpeAemtTb 3Kcnep11MeH

TallbHO He TOllbKO rrapaMeTpbl "' ,Ao,8 c 6onee BblCOKOH TOlJIIOCTbJO, HO 1t 
' f 

33KOH noaeneHUH B(Z), acnonb3YH J1l!H 3TOro cneKTP3llbHyJO 33BIICHMOCTb 

5(1'.1,\, 
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