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KaK H BO 
MHorux Apyrux coeAHHeHHBX peAK03eMenLHhlX 3neMeHTOB, 
3$$eKTLI JneKTpocTaTH'IecKoro KpHcTannuqecKoro nom1 
HrpaJOT Ba)I(HYJO ponL ADB llOHHMaHHB HX MaKpOCKOllH'IeCKHX 
CBOHCTB /2/. qaCTO H3 H3MepeHHH MaKpOCKOllH'IeCKHX 
caoiicTB, TaKHx, KaK HaMarHH'IeHHOCTL /.!; 4 I, yAenLHaJI 
TennoeMKOCTL /S/ H AP·, HeB03MO)I(H0 nony'IHTL HaAe)I(HYJO 
HH$OpMaU.HJO 06 3HeprHBX H C06CTBeHHLIX dJyHKU.HBX ypOBHeH 
JneKTpuqecKoro KpHcTannuqecKoro nonJI. 3TH ypoBHH nony
qaJOTCB B pe3ynLTaTe paCII.J.enneHHB OCHOBHOrO MYDLTHnneTa 
(3H 

4
) HoHa Pr ·1+ B KpHcTannuqecKoM none Pr/\1 2 c Ky6H'·Ie

cKoii TO'Ie'IHOH CHMMeTpueii T d AnB HOHa Pr. B HaCTOJIII.J.eii 
pa6oTe coo6II.J.aeTcB o npBMhlX uccneAOBaHHBX KpHcTannu
"'eCKHX ypoaHeii B Pr/\1 2 MeTOAOM Heynpyroro pacceHHHJI 
HeHTpOHOB. 

nonHKpHCTannH"'eCKHH o6pa3eu. PrAI 2 6bln H3rOTOBneH 
H3 Pr c "'HCTOTOH 99,90/o H AI c "'HCTOTOH 99,990/o MeTOAOM 
AYrOBOH nnaBKH B rocyAapCTBeHHOM HHCTHTyTe peAKHX 
MeTannOB /M OCKBa/. )l.udJpaKU.HOHHaJI HeHTpOHOrpaMMa 06-
pa3u.a yKa3hlBana Ha OTCYTCTBHe APYrHx $a3 cucTeMLI 
Pr-Al. 

3KcnepHMeHTLI no HeynpyroMy pacceJIHHIO HeHTpOHOB 
npoBOAHDHCL MeTOAOM apeMeHH nponeTa. Ha puc. 1 noKa3aHLI 
cneKTPLI, nony"'eHHLie npu TeMnepaTypax 300 H 80 K Ha 
cneKTpOMeTpe o6paTHOH reOMeTpHH C 6epunnHeBhlM $HDLT
poM nepeA AeTeKTOpOM /G/ Ha HMllYDLCHOM peaKTOpe 
HliP-30 B OHRH. liyKaoii S o6o3Ha"'eHhl nono)l(eHHH TaK 
Ha3LIBaeMLIX CaTennHTOB 6LICTpLIX HeHTpOHOB, THllH"'HLIX 
ADH peaKTopa THna HliP. Ha puc. 2 noKa3aHhl cneKTpLI, 
nony"'eHHLie npu TeMnepaTypax 7,7, 20, 30 H 50 K Ha 
cneKTPOMeTpe IN4 B 11HCTHTyTe Jlay3- JlaH)I(eBeHa B rpe-
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Puc. 1. CneKmpbl ueynpy2opacceJ1HHbiX HeumpoHo6 6 PrAl2 npu 
Y2Ae pacceJIHUJI ¢ = 90 °. N - HOMep KaHaJia c wupuHou 
KaHaJia 32 MKc, < - :mep2UJI nepe6atJu 6 M:JB; I - uumeu-
CU6Hocmb ua KaHa/1 3a 80 tJaco6; Be u Be '- 6epuJIJIUe6aJI 
2paHu1.1a u npe62paHu1.1a, coomBemcm6eHHo, ·s - cameJIJIUmbl 
6bJcmpbiX HeumpoHoB. 

Ho6ne 17 I. )J.aHHbie nocne yqeTa liJoHa 6biJIH nepecl.fHTaHbi 
Ha JIHHeHHYIO :mepreTH'"ieCKYIO IIIKany H YMHO)I(eHbl Ha 4JaKTOp 
k/k' /k H k' - BOJIHOBbie BeKTOpbi COOTBeTCTBeHHO na.n.aro

IUHX H pacce.HHHbiX HeHTpoHoB/. CneKTpbl npe.n.cTaBJI.IIIOT 
co6oH: cyMMY no aceM .n.eTeKTopaM B o6nacTH yrnoa pacce.H
HHH oT 9 .u.o 43° . 3HeprHH na.u.aiOIUHX HeHTPOHOB E 0 = 
= 22,2 M:JB. B ma611. 1 .n.aHbi 3HeprHH acex Ha6JIIO.n.aBIIIHXCH 
ITHKOB. llOJIO)I(eHHe ITHKOB H OIIIH6KH onpe.n.eJI.HJIHCb Heno
cpe.U.CTBeHHO H3 3KCnepHMeHTaJibHOrO CITeKTpa 6e3 .lJ.OllOJIHH
TeJibHOH npo:u;e.u.yphl no.u.roHKH. KaqecTBeHHO cneKTpbl 
MO)I(HO OXapaKTepH30BaTb CJie.U.YIOJUHM o6pa30M: llpH HH3KHX 
TeMnepaTypax Ha6nro.u.aroTcH xopoiiio pa3.n.eneHHble nHKH, 
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Puc. 2. 3Hep2emu<JecKue cneKmpbl Heynpy2opacceJIHHbiX Heil
mpoHoe e PrAl 2 npu pa3AU'lHbiX meMnepamypax /eM. meKcm/. 
l - :JHep2UJI nepeoa<Ju e M:JB. I - uHmeHcueHocm& e npo
U380AbHbiX eOUHUJlQX. 

KOTOpbie npu TeMnepaType ::: 30 K 3aMeTHO yrnupJUOTCJI, 

3a HCKniO'feHHeM llHKa npu 4,5 M:JB. 
IJpu HHTepnpeTaUHH B03HHKaeT BOllpOC, KaKHe 83 llHKOB 

Bb13biBaiOTCJI nepexo.D;aMH Me>K.D;Y KpHCTannH'feCKHMH ypoa

HJIMH u KaKne - .npyrnMH npoueccaMu pacceJIHHJI? 113 auanu3a 

H3MeHeHHJI HHTeHCHBHOCTH llHKa B 3aBHCHMOCTH OT H3Me

HeHHJI TeMnepaTypbi H yrna pacceJIHHJI MO>KHO OTnH'IHTb BKna.D; 

~OHOHOB OT BKna.D;a nepeXO.D;OB B KpHCTannH'feCKOM none. 

11HTeHCHBHOCTb nHKOB OT pacceJIHHJI Ha ~OHOHaX nponopuuo

HanbHa Q2
, u pacceJinue onucblaaeTcJI cTaTHCTHKOH 6o3e. 

C .D;pyroo CTOpOHbl, HHTeHCHBHOCTb OT pacceJIHHJI, Bbi3BaH

ua11 nepexo.naMH B KpucTannuqecKoM none, nponopuuouanbua 
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f (Q) H OllHCbiBaeTCJI CTaTHCTHKOH DOnbUMaHa. Q = k- k'-
BCKTOp pacceJIHHJI, a f(Q) - MarHHTHbiH ~OpM~aKTOp HOHa 
Pr. Ha ocuoae BblrnecKa3anuoro nHKH c 3neprHJIMH 12,5, 

22 H 25 M:JB MO>KHO npHllHCaTb ~OHOHaM. 0.D;H03Ha'I:HaJI 

H.D;eHTH~HKaUHJI 4,5 M:JB llHKa Ha OCHOBaHHH 3THX apryMeHTOB 

oKa3biBaeTCJI, o.nnaKo, ueB03MO>Kno8. B KpucTannu'fecKoo 
cTpyKType C15 aTOMbl Al BbiCTpoeHbi B perynJipHbie TeT

pa3)J.pbi /I/. Bo3MO>KHO, 3TH TeTpa3.D;pbl coaeprnaiOT Kone6a

HHJI npH ManbiX 3HeprHJIX ll0)J.06HO TaK Ha3biBaeMOH KarOM3-

aeTBH B ~a3e Jlaaeca MgZn2/s/, Bbi3biBaJI nuK npu 4,5 M:JB. 
B nocne.nywmeM Mbi 6y)J.eM paccMaTpHBaTb nHKH c 3HepruJI

MH 6,2, 8,2, 8,7, 14,7 /15,2/ M:JB KaK nHKH, Bbi3BaHHbie 

nepeXO)J.aMH Me>K)J.y KpHCTannH'feCKHMH ypOBHJIMH. 

PrAl 2 ynopJI.D;O'IHBaeTCJI ~eppoMarHHTHO npu T r 

34 K a.nonb uanpaaneuuJI < 100>. Pa3perneHHbie nuKu OT 

nepexo)J.OB B KpHcTannuqecKoM none B uarnux 3KcnepuMeHTax 

BH.D;Hbi npu TeMnepa Typax uu>Ke MarHHTHoro ~a3oaoro nepe

XO)J.a. Il03TOMY raMHnbTOHHaH MO>KHO 3anucaTb B BH)J.e 

cyMMbl )J.BYX 'fneHOB: BKna)J. OT Ky6H'feCKOrO KpHCTannH'fe

cKoro nonJI u o6Meuuoro B3aHMO)J.eocTBHJI. B npu6nu>Kenuu 

MOneKynJipHOrO llOnJI O.D;HOHOHHbiH raMHnbTOHHaH HMeeT BH)J. 

11 x O 4 1 - \ xi 0 4 7 
.1\ = \1! [ -- ( 0 + 50 ) + --( 0 - 21 0 ) ] + g p. J II , 

F(4) 4 4 F(6) 6 6 B z M 

r.ne x u \1! - napaMeTlbi Jlu-JlucK-Bonb~a/10/ , O!
onepaTopbi CTnaeuca 111 , liM - MoneKynHpuoe none, Jz -
MOMeHT nona Pr B uanpaaneuuu ~eppoMarHHTHoro nopH.D;Ka 

/B3JITO uanpaaneuue z I u F(4) , F(6) - KOHCTaHTHbi/ 101 . 
raMHnbTOHHaH )J.HaroHanH3HpOBanCJI B 3aBHCHMOCTH OT na

paMeTpOB x u y = g11B 1\;. MacrnTa6HbiH ~aKTOp \\ 6pancJI 
)J.nJI 3Toil npoue.nypbi paBHhiM 1 M:JB. HapH.ny c co6cTBeHHbi

MH 3Ha'feHHJIMH Mbl nOC'IHTanu C06CTBeHHbie ~YHKUHH )J.nJI 

onpe.neneHHJI BepOJITHOCTH nepeXO.D;OB H MarHHTHbiX MOMeH

TOB KpHCTannH'feCKHX ypOBHeH. 
113 MarHHTHbiX H3MepeHHH H3BeCTHO, 'ITO MarHHTHbiH 

MOMenT Pr npu T = 0 K paaeu 2,88 p. 8/4/. 3To orpaHH'IH

aaeT Bbi6op B03MO>KHbiX OCHOBHbiX COCTOJIHHiL BenH'IHHY 

MOMeHTa H HalllH 3KCllepHMeHTanbHble )J.aHHble MO>KHO 06'bJIC

HHTb cne.nyiOIUHM ua6opoM napaMeTpoB: x = -0,58±0,02; 
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W = /-0,48±0,02/ M3B.HM= /480±50/ K3. 3T003HaqaeT, 
qTo OCHOBHOe COCTOHHBe - HeMarHBTHblH ~y6JieT r 3 B napa

MarHBTHOH o6JiaCTB. ~JIH napaMeTpOB KpBCTaJIJIBqeCKOrO 

nonH B
4 

H B
6 
1101 nonyqaeM: 

~X -4 
B = ---- = (47 2 + 4 0). 10 M3B 

4 F (4) ' - ' 

B = W<l~2_ =- (156± 12). '10-6 M3B. 
6 F(6) 

KoHcTaHTa MOJieKyJIHpHoro nonH 

HM 
A = ----- = (208 ±22) xJI fls. 

gfls<J> 

Hamu pe3yJILTaTLI, KOTOPLIM B napaMarHHTHOH o6nacTB 

COOTBeTCTByeT CXeMa :mepreTBqeCKHX ypOBHeH I' 3 (0) , 

f' 
5 

/8,2 M3B/, r 
4 

1 15 M3B/, r 1 /36 M3B/, Haxo~ncH 
B pa3HOrJiaCHB C 3HeprHHMB KpHCTaJIJIHqeCKHX ypOBHeH, 

onpe~eJieHHblX B pa6oTe 131 H3 H3MepeHHH HaMaruuqeHHOC

TH. llonuoe pac~enneuue KpHcTannuqecKHM noneM B pa6o

Te 131 MeHLille 3 M3B. ~pyraH CXeMa 3HeprHH KpHCTaJI

nuqecKHX ypoaueH. 112/ ~aeT 3HaqeHHH ~JIH B 4 H B 6 , 

cpaBHHMLie c uamHMH pe3yJILTaTaMH, TOJILKO B 4 HMeeT 

o6paTHblH 3HaK. Ha6mo~aeMoe ymupeuue nHKOB oT nepexo

~oB B KpHCTaJIJIHqecKOM none B napaMarHHTHOH o6naCTH 

MO)KHO o6'hHCHHTL ~HHaMuqecKHM 3$<lleKTOM 3eeMaHa I 13 I 
rpy6aH OIJ,eHKa YillHpeHHH BOCnpOH3BO~HT KaqecTBeHHO 3KC

nepHMeHTaJibHble pe3yJILTaTbl. qT06bl 06'hHCHHTb HeO)KH

~aHHOe ucqeJHOBeHHe nHKa npH 12,5 M3B npH TeMnepaTy

pax BLIIlle T c, Heo6XO~HMO npoBeCTH H3MepeHHH Ha MOHO

KpHCTaJIJiaX. 
K.X. 6naro~apuT pyKoao~cTBO WJIJI 3a rocTenpHHMCT

ao. ABTOPLI 6naro~apHLI IO.M.OcTaueauqy H JI. qepy 3a 

noJie3Hbie ~HCKYCCHH. 
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