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BeeOeHue 

J.IJyqeHHe CnHHOBOH 3aBHCHMOCTH B3aHMO,IJ.eHCTBHB Ten

ROBhlX HeHTpOHOB C B,IJ.paMH ,IJ.aeT HH~OpMaUHID 0 npupo,IJ.e 

H xapaKTepe B.IJ.epHbiX cun B cnyqae nerKHX B.IJ.ep H ,IJ.aHHbie 

0 CBOHCTBaX Tal< Ha3MBaeMbiX OTPHUaTenbHbiX ypOBHeii 

/c 3Heprueii B036y~,IJ.eHHB HH~e 3HeprHH CBB3H HeiiTpOHa/ 

.IJ.RB CRO~HbiX B,IJ.ep. llonyqaeMble pe3ynbTaTbl MOryT 6biTb 

HCnORb30BaHhl B ,IJ.pyrHX o6naCTBX ~H3HKH, HanpHMep, ,!J,RB 

onpe,IJ.eneHHB BHyTpHaTOMHhlX MarHHTHhlx noneii, uccne,IJ.o

BaHHB CBepXTOHKHX B3aHMO,IJ.eHCTBHH, H3yqeHHB B.D.epHoro 

MarHeTH3Ma H T .,IJ.. Hau6onee BpKHM npHMepoM CnHHOBOH 

3aBHCHMOCTH BBnBeTCB pa3nHqHe CHHrJieTHOH H TpHnneTHOH 

,!J,JIHH pacceBHHB HeHTpOHa Ha npOTOHe . 

.lJ.nB no,IJ.aBJIBIDIUero 60JibWHHCTBa B,IJ.ep, O,IJ.HaKO, ,IJ.aHllble 

0 CnHHOBbiX aMDJIHTY.IJ.aX pacceBHHB OTCYTCTBYIDT, nOCKOJibKY 

.IJ.RB HX onpe,IJ.eJieHHB He,IJ.OCTaToqHo 06bJqHo npOBO,!J,HMbiX 

H3MepeHHH nOJIHbiX H KOrepeHTHbiX HeHTpOHHbiX ceqeHHH. 

llpBMhlM MeTO,IJ.OM peWeHHB 3TOH 3a,IJ.aqu BBnBeTCB HCnORb30-

BaHHe nOJIBpH30BaHHbiX HeHTpOHHblX nyqJ<OB H nonBpH30BaH

HhlX B,IJ.epHhlX MHWeHeH I TaK 6binH H3MepeHbl CnHHOBhle 
I , 

aMnnHTY.D.bl pacceBHHB .D.RB K06aJibTa' 2 / 

HOBhlH MeTO.IJ. H3MepeHHB CnHHOBbiX aMnnHTY.D., ynyqmaro

IUHH qyacTBHTeJibHOcTb 3KcnepuMeHTOB c nonBpH30BaHHbiMH 

HeHTpOHaMH H nonBpH30BaHHbiMH B.D.paMH, npe,IJ.JIO~HJIH lia

pwweBCKHH H llo)lropeUKHH :J • npe.D.CKa3aB BBJieHHe npe

UeCCHH CnHHa HeHTpOHa B nonBpH30BaHHOH B.D.epHOH MHWeHH. 

CucTeMaTuqeci<aB pa6oTa no abmonHeHHIO nporpaMMhl no

.IJ.06HMX H3MepeHHH HaqaTa a Ca1<.1e -1.·. 

MeHee YHHBe pcanbHbiH, HO 6o.,ee npocTou MeTO.IJ. onpe

.neneHHB CnHHOBbiX aMnJIHTY.D. pacceJIHHB HeHTpOHOB B,IJ.paMH 
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,l).aH ci>.JI.llianHpO / 5/ H lliepMepoM H linroMe / 6/. 3TO MeTO,ll. 
.U.HcilpaKUHH HenomipH30BaHHbiX HeHTpOHOB Ha aHTHcileppo
MarHHTHOH MHmeHH c opueHTHpoaaHHbiMH JI,ll.paMH. OH npu
MeHeH .u.ng HJMepeHHJI cnHHOBbiX aMnnHTY.ll. 165 Ho / 7/ npu 
TeMnepaTypax *H.U.Koro renug Ha cTaUHOHapHOM peaKTope. 
3KcnepHMeHTanbHbiC B03MO)KHOCTH CyiUeCTBeHHO pacmupg
IOTCJI C nepeXO,ll.OM K 6onee HH3KHM TeMnepaTypaM. Mbi 
C0061UaeM 06 H3MepeHHH cnHH·CnHHOBOH aMnnHTY.ll.bi 159Tb 
MeTO,ll.OM .U.HcilpaKUHH HCHTpOHOB no BpeMeHH nponeTa Ha HM
nynbCHOM peaKTope HliP c npHMeHeHHeM o6pa3UOB, oxna)K
.u.aJOIUHXCJI ,ll.O CBepXHH3KHX TeMnepaTyp B KpHOCTaTe C pac
TBOpeHHeM renug-3 B renuu-4. 

Memoo U3MepeHu.R 

PacceJIHHe s·HeHTpOHOB JI,ll.paMH co cnHHOM I npo
XO.U.HT no .ll.BYM KaHanaM CO CnHHaMH KOMnayH)J,· CHCTeMbi 
J = I ± 1/2 . B cooTBeTCTBYIOIUHX cnHHOBbiX aMnnuTy)J,ax 

± v 

pacceJIHHH a+ npHHJITO Bbl,ll.enJITb .u.aa qneHa, nepBbiH H3 
KoTophlx He JaaucuT, a BTopo:H JaaucuT oT cnuuoa: 

a 
± 

->_. 

=A±B(Is). /1/ 

B 3KcnepuMeHTax c HenonJipH30BaHHbiMH HeHTpoHaMH H JIJJ.
paMH aMnnuTy)J,a A onpe.u.enJieT KorepeHTHoe, a TaK HaJbl
aaeMaJI cnuH-cnuHoaag aMnnuTy.u.a B - cnHH·KorepeHTHoe 
ceqeHue pacceJIHHJI: 

acoh = 4rr A 2 
' a inc = 4 rrl 0 + I) B 

2 
• /2/ 

Benuquubl A H B MoryT 6b1Tb Bblpa)KeHbl cornacuo /1/ 
qepe3 aMnnHTYJJ.bi pacceJIHHJI a± KaK 

A= ~a+ _I__ 1 
21 

.._ + 21 a- ' B = ---(a -a ) /3/ + ' + I 21+ I + - . 

,l(ng nonHOCTbiO nonJipH30BaHHbiX HCHTpOHOB H JI,ll.ep aMnnu
TYJJ.bi KorepeHTHoro pacceJIHHJI a tt , a H )J,nJI napannenbHOH 
H aHTHnapannenbHOH opueHTauu:H nongpuJaUHH nyqKa HeiiT
poHoB H JI,ll.CpHOH MHliiCHH HMCIOT BH,ll. /CM., HanpHMep,/6/ /: 

4 

a 
t t 

a =A+B·I, 
-t 

a 
N 

1 
2f+J:a+ + 

21 
2f+J:a_=A-B·l. 

/4/ 

PaccMOTPHM BJaHMo.u.eiicTBHe HeB:TpOHOB c Konnuueap
HbiM aHTHcileppoMarHeTHKOM. KonnuueapHbiH aHTHcileppo
MarHeTHK /puc. 1/ cocTOHT H3 .J.BYX no.u.pemeToK I H 11 c 
paBHbiMH llO BenHqHHe, HO llpOTHBOllOnO)KHO HanpaaneHHbiMH 
uaMaruuqeuHOCTJIMH. PerneTKH cMeiUeHbi Ha aenuqHHY aToM
uoro nepuo.u.a d , paauoro nonoauue MarHHTHoro nepuo)J,a d . 

0 
, m 

Xna)K)J,eHHe MHliieHH npHBO,ll.HT K llOnJipH3aUHH JI)J,ep 
a Ka)K,ll.OH no.u.perneTKe, B03HHKaJOIUeH B peJynbTaTe caepx
TOHKOrO B3aHMO)J,eHCTBHJI Me)K)J,y MarHHTHbiM MOMeHTOM 
JI)J,pa H BHyTpHaTOMHbiM MarHHTHbiM noneM. BenuquHa paaHo
aecHoB: JI)J,epHOH nonJipH3aUHH )J,aeTCH H3BeCTHOH cilopMynoH 
lipunnJ03Ha: 

pill 
p = B (---) 

N I k T 
21+1 21+1 ---('llth(---

21 n 
JL II 

II I ___!-;-_)' 11
1 

-) _ -:-_!__ ('()th(2J k I 

-n 21 ;s; 

JoT 

Jon 
~ 

' ' ' 
hi ' ' ' ' 

/ 

/ 

/ 
/ 

/ 
/ 

/ 

/ 
/ 

I .... J / - ' / 

h:u: ' ~-----+-----K -~---- --- E 
i -o -o 

Puc. J. ,4u¢jpaKijU.R HenOA.RpU30BQHHbiX HeiimpOHOB HQ KOA

/IUHeapHOM QH111U¢jeppOMQ2He111UKe. JIO.RCHeHU.R B meKcme. 
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r~e I - cnHH JI~pa, 11 1 - ero MarHHTHhlii MOMeHT, H -
"caepxTOHKoe" none Ha JI~pe, T - TeMnepaTypa o6pa3I.J,a. 

BeKTop nonJipH3ai.J,HH PN a no~peweTKe KOJIJIHHeapeH ee 

HaMarHH'IeHHOCTH /napanneneH npu J1 1 H > 0 H aHTH

napanneneH npu 11 1 H < 0 /. Iiy~eM ~JIJI npocTOTbl C'IHTaTL, 

'ITO Jl~pa B no~pemeTKaX nOJIJipH30BaHbl nOJIHOCTLIO. 

IIa~aiOll.J,HH HenonJipHJOBaHHLiii nyqoK HeiiTpoHoB y~o6Ho 

paCCMaTpHBaTL COCTO.Jilll,HM H3 ~BYX nOJIHOCTLIO nOJIJipHJO

BaHHblX KOMnOHeHT J O I H J O II C HHTeHCHBHOCTLIO 1
0
/2 

Ka*~a.JI. KoMnOHeHTa J
01

, HanpHMep /pHC. 1/, HMeeT 

DOJIJipH3ai.J,HIO, napaJIJieJILHYIO nOJIJipH3ai.J,HH Jl~ep B no~pe

WeTKe I . IloMHMO JI~epHoro pacce.JIHHJI, HeiiTpOHbl 6y~yT 
HCnblTblBaTL H KOrepeHTHOe MarHHTHOe pacceJIHHe, aMnJIH

Ty~a KOTOporo ( ± a ) HMeeT 3HaK nJIIOC HJIH MHHYC B 

JaBHCHMOCTH OT OTHOCHTeJILHOH OpHeHTai.J,HH CnHHa HeiiTpOHa 

H HaMarHH'IeHHOCTH no~pemeTKH. 

PaCCMOTPHM OTPa*eHHbiH ny'IOK B uanpaaJieHHH em ' 
Y~OBJieTBOPJIIOlll,eM YCJIOBHIO lip3rra- BynL$a 2d sin em = ,\ 

/TaK HaJLIBaeMblH "aHTH$eppoMarHHTHhlii pe$neK~"/. B oT

pa*eHHH HeHTpOHOB Ka*~OH KOMnOHeHTLI na~aiOII.J,ero ny'IKa 

yqaCTBYIOT o6e no~pemeTKH. 11HTeHCHBHOCTL OTpa*eHHJI 

O~HOaTOMHblM KpHCTaJIJIOM O~HOH,HanpHMep 1- OH KOMnOHeH

Tbl ny'IKa, paaua 

Io No 2 'tt 2 
J = c • -- (-- ) [ ( a + a ) - ( at~ - a ) J • 

I 2 2 J1 fl 

J~eCL Y'ITeHO, 'ITO Ka*~a.JI no~pemeTKa HMeeT B~BOe MeHL

wee 'IHCJIO aTOMOB ( N0 /2) H nocTOJIHHble MHO*HTeJIH, TaKHe, 

KaK KpHCTaJIJIOrpa$H'IeCKHH $aKTOp HJIH nonpaaKa Ha pa~Ha

I.J,HOHHLIH JaxaaT HeiiTpOHOB, npe~CTaBJieHbl KOHCTaHTOH c . 

AMnJIHTY~LI pacce.JIHHJI oT pa3HJ>IX no~peweToK cno*eHbl 

B npOTHBO$a3e, TaK KaK pa3HOCTL XO~a ~JIJI BOJIH, OTpa*eH

HblX OT ~BYX no~pemeTOK B HanpaBJieHHH @ m, paBHa DOJIO

BHHe ~JIHHbl BOJIHbl. AHanorH'IHoe Bblpa*eHHe nonyqaeTcJI 

~JIJI HHTeHCHBHOCTH pacce.JIHHJI II KOMnOHeHTbl. CKJia~blBaJI 

J 1 H .J II H HcnoJILJYJI $opMyJibl I 4/, nony'IHM 

J = c · I 0 • N~ ( a 
11 

+ Bl) 2• /6/ 

(J)opMyJia CBH~eTCJILCTByeT 06 HHTep$epeHI.J,HH MarHHTHOrO 

pacceBHHJI HeiiTpouoa c ~onoJIHHTeJILHLIM KorepeHTHblM 

6 

Jl~epHLIM pacceJIHHeM, BOJHHKaiOII.J,HM npH nOJIJipH3ai.J,HH Jl~ep. 

3TOT npoCTOH BblBO~ C~eJiaH B COOTBeTCTBHH C apry: 

MeHTaMH (J).JI.lllanHpO /5/. 0611.J,HH CJiyqaii npOHJBOJILHOH 

DOJIJipH3ai.J,HH Jl~ep H MHOrOaTOMHOrO KpHCTaJIJia paCCMOTpeH 

B pa6oTe /S/, no pe3yJILTaTaM KOTOpOH $opMyJia /6/ MO*eT 

6blTL nepenucaHa a BH~e 
-->__. 

i k r. --. 
2 I --> 2 

J=c.J 0 .N 0 1~c (piqi+BIPN)I /7/ 
I 

J~eCL BBe~eHO CYMMHpOBaHHe no BCeM aTOMaM 3JieMeHTap

HOH JI'IeiiKH, aMnJIHTy~a MarHHTHoro pacce.JIHHJI a JaMeHeHa 

ee 06ll.J,enpHHJITLIM Bblpa*eHHeM p q H BBe~eH aJ\<Top DOJIJI

pH3ai.J,HH PN cucTeMhl JI~ep a no~peweTKax. BeJIH'IHHa p a 

e~HHHI.J,aX 10- 12 CM paSHa p = 0,27 f1 f , r~e fl - MarHHT

HblH MOMeHT HOHa /a MarHeTOHaX Iiopa/, f - MarHHTHblH 

$opM$aKTOP aToMa. BeKTop MarHHTHoro aJaHMO~eiicTBHJI 
q JaBHCHT OT B3aHMHOH OpHeHTai.J,HH e~HHH'IHOrO BeKTOpa 

--> ' 
paCCeJIHHJI k H e~HHH'IHOrO BeKTOpa HaMarHH'IeHHOCTH 'Tj H 

paae H q = ~ - k (i; 1j ) • 
TaKHM o6pa30M, H3MepeHHe HHTeHCHBHOCTH aHTH$eppo

MarHHTHLIX OTpa*eHHH npH HaJIH'IHH H OTCYTCTBHH Jl~epHOH 
DOJIJipH3ai.J,HH B DO~pemeTKaX aHTH$eppoMarHeTHKa llOJBOJIJI

eT onpe~eJIHTL cnHn-cnuuoayiO aMnJIHTY~Y pacceJIHHH B . 
IlpH 3TOM, a cooTBeTCTBHH c $opMyJiaMH /5/ H /7/, neo6-

xo~HMO 3HaTL MarHHTHYIO CTpyKTypy o6pa3I.J,a, ero TeMne

paTypy, a TaK*e BeJIH'IHHbl H 3HaKH CBepXTOHKOrO MarHHT

HOrO DOJIJI H MarHHTHOrO MOMeHTa Jl~pa. 

H3 npoae~euuoro sLime paccMoTpeHHJI cne~yeT TaK*e, 

'ITO pe3yJILTaTOM D0~06Horo 3KCnepHMeHTa MO*eT 6blTL 

H peweuue o6paTuoii Ja~a'IH, T .e. onpe~eneuue aeJIH'IHHLI 

H 3HaKa "caepXTOHKOro" DOJIJI npH H3BeCTHOM 3Ha'leHHH 

aMUJIHTY ~bl U . 

3KcnepuMeH111 u pe3yAblllalllbr 

1. H3MepeHHJI BblnoJIHJIJIHCL ua HMDYJILCHOM peaKTope 

HliP-30 MeTo~oM ~u$paKI.J,HH HeiiTpouoa no apeMeHHnpone

Ta. Yron pacce.JIHHJI 6blJI $HKcupoaan, na~aawHe Ha o6pa3ei.J, 

HCHTpOHLI HMC:JH uenpepLIBHLIH 3HepreTH'ICCKHH cneKTp, 

B ~JIHHa BOJIHLI, y~oaneTaop.siOII.J,aJI ycnoBHIO lip3rra- Bym.$a, 
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onpe,!l;enJinach no speMeHB rrponeTa ueihpoHaMB 3a,!l;auuoro 
pacCTOJIHBJI. 

PeaKTop pa6oTan ua cpe,!J;HeH MO~HOCTH 15 KBm /HM
nym.cuaJI Mo~uocn. 60 MBm/, rrponeTHaJI 6a3a cocTaBnJina 
pacCTOJIHHe 34,5 M OT peaKTOpa .IJ.O o6pa3.u;a H 2 M OT o6pa3-
.u;a ,!1;0 ,!l;eTeKTopa. )l;eTeKTOPOM CJIY)KHJIH 5 Manora6apHTHhlX 
renHeBhlX cqeT'IHKOB, CMOHTHpOBaHHhiX B 06~eM 3a~HTHOM 
KO)KyXe H yCTaHaBJIHBaBWHXCJI IIO,!I; 3a,!l;aHHhlM yrJIOM K Ha
npaBJieHHffi nyqKa" 

06pa3I.J;hl OXJia)K,!J;aJIHCh B HH3KOTeMnepaTypHOM KOHTeH
Hepe /pa3MepaMB 200 X 60 X 5 MM/ KpHOCTaTa C paCTBO
peHHeM reJIHJI- 3 B reJIBH- 4 IIO.IJ.OfiHO TO My, KaK 3TO 6hiJIO 
C,!J;eJiaHO B/S/, T.e. C IIOMO~hlO 3aJIBTOrO B KOHTeHHep 
)KB,!I;KOro renuJI- 4, cny)KHBwero ,!I;JIJI rrepe,!l;aqu Tenna oT 
o6pa3.u;a B KaMepy paCTBOpeHHJI qepe 3 Me.llHYID CTeHKY. 
CTeHKa HMeJia 60JihWYID IIOBepXHOCTh, CHJlhHO pa3BHTYID KaK 
B CTOpOHY KOHTeHHepa, TaK H B CTOpOHY KaMephl paCTBO
peHBJI. TeMnepaTypa reJIBJI B KOHTeHHepe C o6pa3I.J;OM H3-
Mep.IIJiaCh KaJIH6pOBaHHhlM yrOJihHhlM TepMOMeTpOM H OTO
)K,!I;eCTBJIJinach c TeMnepaTypoH o6pa3.u;a. Cne.n.yeT, O,!J;HaKo, 
3aMeTBTh, qTo B CBJI3B C HeKOHTpOJIHpyeMhlM TeiiJIOCOIIpO
THBJieHBeM Me)K,!I;y o6pa3I.J;OM H )KH.Il,KHM renHeM-4 
B B03MO)I(HhiMil 3HeprOBhl)l,eJieHHJIMH B o6pa3.u;e IIOCJie,il,HHH 
MOr BMeTh 6onee BhlCOKYID TeMnepaTypy. 

2. )l;nJI KaqeCTBeHHOH rrposepKB onucaHHOrO MeTO,!I;a 
Onpe.Il,eJieHHJI CnHHOBhlX aMnJIHTy,!l; fihlJia H3MepeHa ,!I;H$paK
I.J;HJI HeHTpOHOB Ha OKBCH Ko6aJihTa. llOCKOJlhKy CIIHHOBhl~ 

aMnJIHTY,!J;hl pacCeJIHHB HeHTPOHOB B.Il,paMB K06aJihTa Cyii.J;eCT
BeHHO pa3JIH,Hhl / OHB paBHhl: a+ =- 3,5 t/J, a_ = 
= +10,3 tJJ 121 I, O)KH,nancB 6onhWOH 3KcrrepHMeHTaJihHhlH 
3$$eKT. 

I13MepeHHB, BhiiiOJIHeHHhle CO CTorpaMMOBhlM MeJIKO
.n.ucnepcHhiM nopowKoM ofihlquoro xHMpeaKTBBa Co 0 no ,!I; 
yrJIOM 36° K HeHTpOHHOMY nyqKy npH TeMnepaTypax 0,05 
H 0,5 K, ,!l;eHCTBHTenhHO ,!l;anu uarnB,!I;HO su.n.uoe /20-npo
.u;eHTHoe/ B3Meueuue nno~a,!I;B MarHHTHoro orpa)KeHHB /111/ 
/eM. puc. 2/. O.n.uaKo ,!I;JIB npoBe,!l;eHHB Konuqecrseuuoro 
CpaBHeHHB Heo6XO.Il,HMO fihlJIO, nOMHMO ,!l;aHHhlX 0 MarHHTHOH 
cTpyKType CoO 191 , HMeTh 3Haqeuue csepxrouKoro Mar
HHTHOro nOJIB H Ha B,!l;pax Ko6aJihTa B CoO H TOqHO 3HaTh 
TeMrrepaTypy o6pa3.u;a. llepsoe H3Mepeuue H /IO I noBBHJIOCh 
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1ooo 1 I I 
.. 

I CoO R. 
(111), 

28 = .36" 

I I I !l. \~ I 
I 

500 

600 650 700 N II 
Puc. 2. Yt~acmoK 3KcnepuMeHma/l&Hoii HeiimpoHozpaMMbl CoO 
6 o6Aacmu ompaxeHUJI /111/. Nk - HoMep KaHaAa BpeMew 
Hozo aHa/lu3amopa wupuHoii 40 MKCeK, N - t~UC/lO omct~emoB 
oemeKmopa. Tot~KU - U3MepeHue npu meMnepamype 0,5 K. 
KBaopam&z - U3MepeHue npu meMnepamype 0,05 K. 

nocne JasepweHHB .n.auuoro 3KcrrepHMeHTa. C ucnonh30Ba
HHeM 3Toro 3HaqeHHB H O)KH.IJ.aeMhlH 34><l>eKT oKa3ancB 
BTpoe 6onhwe nonyqeuuoro. PacXO)K.IJ.eHue MO)KHO o6'hBCHHTh 
YIIOMBHYThlM B03MO)I(HhlM OTJIHqHeM TeMnepaTyphl o6pa3.u;a 
OT TeMneparyphl repMOMeTpa /0,05 K/. KpoMe Toro, 
HCnOJih30BaHHhlH o6pa3e.IJ; MOr HMeTh 3aMeTHYlO $paKI.J;HlO 
BTopoH Kpucrannorpa$uqecKoH MO.IJ.H$HKa.u;uu CoO jpeweT
Ka C BaKaHCHBMH/, 0 KOTOpOH C006II.J;aJIOCh B /II/. B 3TOM 
cnyqae B pe3ynhTaTe 34><t>eKTa BHYTPBKpHcrannuqecKHx no
neB none H H COOTBeTCTBeHHO 34><t>eKT MoryT 6h1Th MeHh
we. 

3. llpe,!J;BapHTeJihHhle H3MepeHHB aMIIJIHTY.Il. pacceBHHB 
Tep6HB fihlJIB BhliiOJIHeHhl C o6pa3I.J;OM .IJ.BYOKHCH Tep6HB, Bhl-
6paHHOH BBH,!J;Y npocToyr MarHHTHOH CTPYKTYPhl /Tuna Mn 0 , 
roqKa HeenB "' 3 K/ I

2
/ u nerKoCTH npuroTosneHHB. 120 

rpaMMOB Kpacuosaro-Kopuquesoro nopowKa TbO 2 , rrpuro
ro~neuuoro, KaK a I I 2/, 6hlnB uccne,!l;osaHhl npu TeMnepa
Typax 0,05 H 0,5K B YCJIOBHBX, aHaJIOrBqHhlX YCJIOBHBM 
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onbiTOB c CoO. Pac'leTHbiC 3Ha'leHHH nonxpH3au;Hii npH 

3THX TCMnepaTypax COCTaBJIHJIH 30 H 5~ IHcnOJIL30BaHO 

3Ha'leHHe nonx H ::= -315 K3 JJ.JIH 'ICTblpexaaneHTHoro 

aoaa Tep6ax B cocTOHHHH 
8 

S 1; 2 ' I. 
0THOCHTCJILHOC H3MCHCHHC nJIOID;a)J.CH JJ.HcilpaKD;HOHHbiX 

nHKOB C YMCHhWCHHCM TCMnepaTypbl OKa3aJIOCL paBHbiM 

+ 10,9 ± 1,31~ )J.JIH OTpa>KCHHH 11111 H + 10,3 ±1,21~ )J.JIH 

13111. TaKoB. pe3ynLTaT, JJ.a>Ke c y'leToM B03MO>KHOH TeM

nepaTypuoB. ueonpeJJ.eneuaocTH o6pa3u;a, yKa3an aa aecLMa 

ManyiO cnHHOBYIO aMnJIHTYJJ.Y paCCCHHHH HCHTpOHOB H)J.paMH 

TepfiHH. ~JIH yBCJIH'ICHHH TO'IHOCTH H3MCpCHHH OKa3aJIOCL 

ueo6xo.n.HMbiM noJJ.o6paTh o6paJeu, o6ecne'IHBaiOIUHH 100-

npoueHTHYIO nonHpH3aUHIO HJJ.Cp. 

4. 8 3TOH CBH3H OCHOBHaH cepHH H3MCpCHHH 6LIJia BLillOJI-

HCHa c HHTepMeTannH'ICCKHM o6pa3UOM Tb Ag, y KoToporo 

N 

50001 

I 
3000 I-

I 

1000 

800 

Tb~ 
(110) M 

29 = 42° 

&50 NK 

Puc. 3. Y<laCIIIOK 3Kcnepu.MeH111aAbHOii HeiilllpoHozpaMMbl TbAg 
6 o6AaC111U olllpaJKeHu.R /110/ M,noAy'leHHbiU npu 111e.Mnepa111ype 
0,05 K. Nk- HO.Mep KaHaAa aHaAu3a111opa wupuHoii 40MKCeK, 
N - ~ucAo omc'lemo6 oemeKIIIopa. 

10 

~ 

_, 

none H MHOrO 60JILWC. 06pa3CD; BCCOM 180 rpaMMOB 6biJI 

npHrOTOBJICH 83 MCTaJIJIH'ICCKHX TepfiHH H cepefipa 'IHCTOTOH 

99,99~ MCTO)J.OM cnnaBJICHHH CTCXHOMCTpH'ICCKHX KOJIH'ICCTB 

JJ.BYX KOMnOHCHT B aTMOCcilepe HHCpTHOrO raJa. fiocne OT

>KHra OH fibiJI pa3)J.p06JICH H 3aCblnaH B HH3KOTCMnepaTypHLIH 

KOHTeB.aep. M:JMepeHHH JJ.HcilpaKUHH npa TeMnepaTypax 0,05 

H 1 ,5 K npoBOJJ.HJIHCL no .D. yr noM 42 ° a reoMeTpHH "aa 

nponyCKaHHC". 3KcnepHMCHTaJILHbiH cneKTp B paHOHC OTpa

>KCHHH 11101, nony'leHHbiH 3a 60 qacoa npH TeMnepaType 

0,05 K, noKa3aH ua pHc. 3. Jiblno o6aapy>KeHo Manoe, 

HO BbiXOJJ.HIUCC 3a OWH6Ky H3MCpCHHH YMCHLIIICHHC nJIOIUa)J.H 

naKa npa yMeHLIIICHHH TeMnepaTyphi. ITony'leHHble pe3ynLTa

Thi H HCnOJIL30BaHHbiC )J.JIH paC'ICTa napaMeTpbl npHBC)J.CHbl 

B TafiJIHUC. 

afl 

cP 

23 

H 

MJlH 3 

+3, 1 

TI 

K 

0,05 

T2 

1,5 

Ta6nHua 

PN1 

% 

98 

PN 2 1\N/N 

% 

8 - ( 1 ,2:!:_0,5) 

B 

cP 

- ( 0.088:t_0,034) 

AMnJIHTYJJ.a MarHHTHoro pacceHHHH lnepaax KOJIOHKal 

pacc'IHTaHa no JJ.aHHbiM o MarHHTHOH CTPYKType /l 3/, nony

'ICHHbiM c noMOIULIO JJ.HcilpaKuHH aeB:Tpoaoa. MarHHTHaH 

CTPYKTypa - THna ( rr, rr, 0), c napaMeTpaMH MarHHTHOH 
0 . 0 

H'ICHKH a = 7 ,24A , c = 3,62A H 'ICPCJJ.YIOIUHMHCH nnoc-

KOCTHMH 11101, B KOTOpbiX MarHHTHbiH MOMCHT HOHa Ha

npaBJICH nOO'ICpCJJ.HO B)J.OJIL H npOTHB HanpaBJICHHH 10011. 
Bo BTOpOH KOJIOHKC )J.aHa BCJIH'IHHa CBCpXTOHKOrO MarHHTHOrO 

nOJIH B CBOfiO)J.HOM TpCXBaJICHTHOM HOHC TCpfiHH, HCO)J.HO

KpaTHO H3MCpHBIIIaHCH B )J.pyrHX COC)J.HHCHHHX. MO)I(HO HC

nOJIL30BaTL 3TO 3Ha'ICHHC, T.K. MarHHTHbiH MO!tflT Tpex

BaJICHTHOrO HOHa a TbAg I f1 J = 8,7 + 9,1 flB I 6nH30K 

K BCJIH'IHHC 9,0 fiB )J.JIH CBOfiOJJ.HOrO MOMCHTa. 

B CC)J.LMOH KOJIOHKC )J.aHa OTHOCHTCJILHaH BCJIH'IHHa ~N /N , 
paaaax ( N 050 - N

1 50 ) /N I,so • B nocneJJ.H:HKOJIOHKe npHae

.n.euo nony~eHHOC lHa'ICHHC CnHH- CnHHOBOH aMnJIHTYJJ.bi Tep-

6HH. 

II 



3aMeTHM, 'ITO BBH,ny HaCbl~eHHJI KpHBOH lipunmo3Ha 
/rl>opMyna /5// npu PN"" 100o/o Heonpe.neneHHOCTL B TeM
nepa Type B cnyqae o6paJ:u;a Tb Ag npaKTH'IeCKH He Bnu.ReT 
Ha peJynLTaT. He cKaJLIBaeTc.R u Hanuque aTOMOB ceoe6pa 
B 3neMeHTapHoii .R'IeiiKe Tb Ag, TaK KaK non.RpHJa:u;u.R .R,nep 
cepe6pa He3Ha'IHTenLHa BBH,ny Manoro MarHHTHOrO MOMeHTa 
.11,nep cepe6pa H HH3Koro JHa'leHH.R non.R H Ha .11,npax He
MarHHTHLIX HOHOB B COe,nHHeHHJIX pe,nK03eMenLHLIX 3lleMeH· 
TOB. 

06cyJKoeHue pe3yAbmamoe 

HJMepeHue cnuu-cnuHoBoii aMnnuTy,nbl pacce.RHH.R Ten
noBbiX HeHTpOHOB .R,npaMH Tep6H.R MeTO,nOM ,nucl>paK:UHH Ha 
auTucl>eppoMarueTHKax npu cBepxHH3KHX TeMnepaTypax no
KaJano BbiCOKYIO 'IYBCTBHTenbHOCTb 3TOrO MeTo,na. )J,n.R 
pa3HOCTH aMnnuTy,n pacce.RHH.R Tep6u.R .'\a= a+ -a_ nonyqeHo 
3Ha'leHHe - /0,35±0,14/ fl>, cpaBHHMOe llO ManOCTH BenH'IHHbl 
co JuaqeuueM ,nn.R 19 F/4 / . HJMepeHHbiM MeTo,noM .nucl>paK:u;uu 
llOll.RpH30BaHHbiX HeHTpOHOB Ha llOll.RpH30BaHHbiX .R,npax. )J,nH. 
CllHH- HeKorepeHTHOrO Ce'leHHH pacceHHHH HeiiTpOHOB H,npaMH 
Tep6u.R /rl>opMyna /2// nonyqeno JHa'leHue /5±4/. 1CJJ 6apH. 
BepxH.R.R o:ueuKa, cymecTBoBaBwax B nuT epa Type/ 14/ .no 
HacTo.Rmeii pa6oTLI, 6blna paBna 1 6apHy. 

A I. ± 
n 

Hcnonb3Y.R Bblpa)l{eHHe a+= H +- L --+-, CBH3biBaiOmee 
- - 2E 0 

aMnnuTy,ny pacce.RHHH c napaMeTpaMH pe JoHaHCOB /HeiiTpoH
HOB wupuHoii I~ , 3Heprueii peJoHaHca E 0 /u nonara.R paB
HbiMH 3rl>cl>eKTHBHble pa,nuycbl noTeH:u;uanLHoro pacce HHH.R 
R+ u R _ , MO)I{HO paccquTaTL 3Haqeuue \a p<WY., o6ycnoB
neHHoe BKna,noM nono)I{HTenLHbiX ypoBHeii /HJBeCTHbiX .no 
3Hepruu 113 :JB 115 /j. 0Ho paBH~: \apdL'Y. = -0,65±0,15 ~ 
H OWH6Ka CB.R3aHa B OCHOBHOM C B03MO)I{HOH neonpe,neneH
HOCTLIO B CllHHOBOH u,neHTHcl>HKa:UHH ypOBHeH npH 3HeprHH 
BbiWe 74 :JB. 

PaJnuque B JHa'leHH.RX L'1 a u ".a p<lCY. .RBn.ReTC.R B 
llpHH:UHlle yKa3aHHeM Ha BKna,n OTpH:u;aTenLHbiX ypOBHeii 
B 3rl>cl>eKTHBHOe Ce'leHHe B3aHMO,neHCTBHJI TennOBbiX HeHTpO
HOB C .R,npaMH. B cnyqae 159 Tb cymecTBOBaHHe BKna,na 

~ 
I 

+· 

OTpHIJ;aTenLHLIX ypOBHeH cne,nyeT, KaK H3BeCTHO, H3 paJnu
'IHJI 3KcnepuMeHTam.Horo /25,5±1 ,0/ u pacqeTHoro /8± 
±1/ 6apH ceqeHHH pa,nuau;uoHHoro JaxBaTa TennoBLIX HeiiT
poHOB .R,npaMH Tep6H.R. 0,nHaKO CIIHHLI 6nH)KaHwHX OTpuu;a
TenLHLIX ypoBHeii 160 Tb He HJBeCTHLI. IIony'leHHLIH B ,naH
HOH pa6oTe peJynLTaT .RBn.ReTCJI KOCBeHHLIM /BBH,ny HeBLJ· 
COKOH TO'IHOCTH/ yKa3aHHeM B llOllL3Y rrpeo6na,naHHH BKna
,na OTpHIJ;aTenLHLIX ypOBHeH CO CIIHHOM J = 1 + l/2. 

Manoe JHa'leHue crruH- cnuHoBoii aMrrnuTy,nLI pacce.RHH.R 
HeHTpOHOB .R,npaMH Tep6H.R npaKTH'IeCKH HCKlliO'IaeT B03M0)1(
HOCTL HCCne,noBaHBH CBepXTOHKBX B3aHMO,neHCTBBH B Tep6HH 
C llpBMeHeHHeM non.RpH30BaHHLIX MHWeHeH H IIY'IKa Terrno
BLIX HeHTpOHOB. IIpe,ncTaBn.ReT HHTepec B3MepeHBe CllHH
CllHHOBLIX aMnnuTy,n pacce.RHH.R HeiiTpoHoB ,nn.11 ,npyrux 
pe,nK03eMenLHbiX 3ileMeHTOB. 

ABTOPLI 6naro.napHLI JI.li .IIuKenLHepy, rrpo.RBn.RBWeMy 

llOCTOJIHHLIH HHTepec K pa6oTe, li.A.Po,nHOHOBY B 
li.H.ArronnOHOBy 3a llOMO~L B npoBe,neHHB H3MepeHBH. 
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