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Aa.ttpeeljlcjl A. H llp. P14 - 11324 

0npeJle/laHBe KpHCTB/1/IB'IaCKHX ypOBHeii BORa Pr 3+ B PrNi S 
M9TOJlOM Heynpyroro paCCeHHHH HeiiTpOHOB 

B pal5oTe coo6wa!OTCH peaynbTaT&I aay'leHHR pacwenneHHH ocaosaoro 
lcOCTORHBSI 

3
H 4 HOHB Pr 3+ B reKCBr'OHB/IbHOM KpHCTB/1/IH'IeCKOM 3/leKTpH'IeC

IxoM none coeJlHHaHHR PrNi5 c noMOWb!O aeynpyroro pacceRHHR TennoabJX 
HeiiTpoaos. CneKTpbi aeynpyroro pacceHHHR aeATpoaoa Ha PrNi 5 " LaNi 

5 
IB3MepRnHCb MeTOJlOM speMeHH nponeTa Heii:Tpoaos npn TeMnepaTypax o6paana 
T •85 K a T •295 K. 

no&CK napaMeTpOB OCyWeCTBI!RnCSI Ha OCHOB9 H861110Jl89Mb!X 3Hepral! 

~
epeXO.QOB Me~y KpHCTannH'I9CKHMH YPOBHSIMH. nnR onpe)lel!eHHSI BK/IBJl!l ~o
OHOB B Cfi9ltTphl Heynpyroro pacceRHHSI Hei!TpOHOB HCnOIIb30B8/18Cb TeMne-
8TYJIB8R aas&CHMOCTb pacceRHHR Ha ~oaoaax 'lepea ~HKUHIO Eoae. 

HaAnea Ha6op napaMeTpos xpacTann&'lecKoro nonR: x-0.7 ;y-0,41; w. 
1,04 M9B. C 3THMH napaMeTpBMB JlOCTBTO'IHO XOpOWO on&CbiBBeTCSI B/IRliHRe 
~PRCTanna'leCKoro nona &a y.Qen&Hy!O TennoeMKOCTb H Mar&aTeyro socnp&HM'IR 
jBocTb PrNi 5 • 

Pal5oTa B&monaeaa s Jia6opaTopaa aei!Tpoaaol! ~R3RKH 0115!11. 

Coo6meaae 06'beLIHH9HHOro HHCTHTyTa RLiepHblX HCC/19LIOB8HHII. ny6aa 1978 

Andreeff A. et al. Pl4 - 11324 

Experimental Determination of the Crystal F'ield Splitting 
of Pr 3+ · in PrNi5 by means of Inelastic Neutron 
Scattering 

The results of experimental determination of crystal field 
splitting of pr3+ in PrNi 5 by means of inelastic neutron scatter
ing are reported. Inelastic neutron sea tte ring experiments were per
formed by the time - off - flight method at different temperatures 
of the target {T=85K and T3295K). For the determination of the 
phonon po-.rt of scattered neutron intensity we used the temperature 
dependence of phonon scattering in the form of Bose function. For 
the crystal field parameters we obtain xa 0.7; Y• 0.41; W• 1.04meV. 
With these parameters the experimental heat capacity and the 
magnetic susceptibility can be reproduced in a satisfactory manner. 

The investigation has been performed at the La. bora tory of 
Neutron Physics, JIN'R. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06t.e/1HHeHHbl/l HHC't'Hf'yT Rl16pHbiJC HCCneJ10BBHHil J1y6H8 

BBEilEHI1E 

B HacTomuen pa6oTe c noMOWbiD Heynpyroro pacceg
HHg TennOBbiX HeHTpOHOB HCCnenyeTcg pacwenneHHe OCHQ-

3+ 
BHOrO MynhTHnneTa HOHa Pr non ll9HCTBH9M KpHCTannH'lec-
KOrO nong a HHTepMeTannH'leCKOM coenHHeHHH PrNi 5 c 
uenbro onpeneneHHg napaMeTpoa KpHCTannHqecKoro nong. 

PrNi 5 HMeeT KpHCTannH1JeCKyiD CTpyKTypy THna 
CaCu/ 1 1

. l1 OHbi npaaeonHMa pacnono)l(eHbi a peweTKe 
H8 MeCTaX C reKcaroHanbHOH T01J91JHOH CHMMeTpuen. fio 
qpe3Bhi1Janao HH3KHX TeMnepaTyp noaeneaue aToro coenH
HeHug smngeTcg THnH'lHhiM nng napaMarHeTHKa BaH-<I>ne
Ka12-41. 3To 03Ha1JaeT, 'ITO o6MeHHOe B38HMOlleHCTBHe 
B PrNi 5 npeae6pe)I(HMO Mano H 6naronapg 3TOMY anHgHHe 
aneKTpOHOB npoBOllHMOCTH Ha KpHCTannH'leCKOe none 
B aToM coenHHeHHH non)I(HO xopomo npocne)I(HBaTbcg. 
OcHoaHoe cocTogau:e non)I(HO 6hrTb CHHrneToM. TaKHe 
CHHrneHTHbie CHCTeMhi oco6eHHo npHrollHhi nng ycHneang 
a<fMPeKTa oxna)I(JleHug c noMOWbiD gnepHoro paaMarRH'lRBa
HHg B peaynbTaTe caepxTOHKoro aaaHMOlleficTaHg. PrNi5 
gangeTcg OllHHM ua Han6onee nonxongwHX nng aToro Ma

TepHanoa 151 . 3$$eKT ycHneHHg oxna)l(neaug c noMOWbiD 
Mepaoro paaMarHH'lHBaaug B peaynbTaTe caepxToHKoro 
B38HMOlleHCTBHg 38BHCHT OT 3HepreTH1J9CKOrO paCCTOgHHg 
AO nepaoro aoa6y)I(AeHHoro MarHHTHoro ypoaag. lJeM 
MeHbWe aTo paccTogaHe, TeM 6onbwe $aKTop ycHneaug. 
C npyrou CTOpOHhi, ynopgAo'leHHe gnepHbiX M;arHHTHbiX 
MOM9HTOB H8CTynaeT TeM p8HbW9 1 qeM MeHbW9 paCCTOg
HH9 M9)1(AY nepBbiM B036y)I(JleHHhiM ypOBHeM H OCHOBHhiM 
COCTOgHH9M 1 H 3THM orpaHH'lHBaeTCg B03M0)1(HOCTb 
AOCTH:lK9HHg MHHHManbHOH TeMnepaTyphlo 
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fparr H np,/2/ Ha OCHOBe H3MepeHHH ynenbHOH 

TennoeMKOCTH H M8I'HHTHOH BOCnpH.HM'lHBOCTH Ha nonHKpH

CTannu'leCKHX o6pa3uax PrNi5 npenno*HnH cxeMY auepre

TH'leCKHX ypOBHeH, B KOTOpoil OCHOBHMM COCTOSIHHeM 

SIBnSieTCSI CHHrneT r4 , a ny6neT r5 , pacnonO)KeHHbiH Ha 

paccroSIHHH 3,25 MaB (37,8 K), SIBnSieTCSI nepBbiM B03-

6Y*IleHHbiM COCTOSIHHeM. HOBbie H3MepeHHSI M8I'HHTHOH 
16 1 

BOCilpHHM'IHBOCTH Ha MOHOKpHCTannax PrNi 
5 

' He CMO!-

nn 6b!Tb 06'bSICHeHbl C llOMOillbiO 9TOH CXeMbi ypOBHeil, 

n 09TOMy npencTaBnSinOCb none3Hb!M onpenenHTb CXeMy 

yposueil: H napaMeTpbi KpucrannH'IecKoro nang uenocpe.ll

craeuuo H3 H3MepeHHH Heynpyroro pacCeSIHHSI HeilTpOHOB, 

Pa6oTa co~ep*HT KpaTKoe H3no*eHHe reopuu JlnSJ 

cnyqag KpHCTannH'IeCKOI'O nonSI I'eKC8I'OH8J1bHOH CHMMeTpHH
1 

38TeM OllHChlB8eTCSI MBTOJlHK8 H3I'OTOBneHHSI o6pa3UOB
1 

9KCilepHM€HT lf o5pa60TK8 9KCnepHMeHTanhHbJX Jl8HHbiX, 

B 3aKniO'leHH.H o5cy*naeTCSI nonyqeuHaSI ua ocuoaauuu 

9KCilepHMeHTa 9HepreTH'IeCK8SI CXeMa KpHCTannH'lBCKHX 
ypoaueil:. 

TEOPI1.H 

Kpucrannu'IeCKoe none reKcarouanhuoil: CHMMerpuu 

0IlHCb!B88TCSI B MeTOJle 9KBHBaneHTHb!X oneparopoa /7/ 
I'8MHnbTOHH8HOM 

oo oo 
}(, Wl(l-Jyj )_g_ +Y[X~ +(1-Jx I) 

F2 F4 

m 

06 + VO~ 

Fa 
]l. (1) 

BenH'IHHhr Oe - TaK Ha3hiBaeMhie 9KBHBaneHTHbre oneparo-

phi Cruseuca, JleHCTBYIOWHe TonbKO ua yrnoay10 'laCrh 

sonuoaoil: ~YHKUHH; F2 , F4 , F
6 

- nocroSIHHbie, KoTophre 

JlnSI OCHOBHOI'O MynbTHnneTa HOH8 Pr 3+ llpHHHM8~.)T 3Ha

'I8HHSI 1,60 n: 1260 coorsercraeuuo. Benu'IHHhi x , y , W 
SIBJISIIOTCSI napaMeTpaMH KpliCT8J1J1H'leCKOI'O llOnSI, llpli'lBM 

W - a5coniOTHhiH napaMerp, KOTOpbril: naer nonuoe pacmen

neuue MynbTHilJieTa B 8JlHHHU8X 9H8pi'IiH, a X II y- OTHO-

4 

CHTenbHbJe napaMeTpbl, OnHCbiB810WHe aenH'IHHy BKnana 

'IneHa 4-ro nopSIIlK8 KpHCTannH'IeCKOI'O noliSI no OTHOille

HHIO K BKnany 'IneHOB 6-ro H 2-ro nopSIIlKOBj X H y 

MeHSIIOTCSI a HHTepsane ( -1, + 1 ) • B raMunbTOHHaH no

nonHHTenbHO saeneHa aenH'IHHa V - B: I B 0 171 ( Bt- TO)I{e 

Ha6op napaMeTpOB KpHCTannH'IeCKOI'O nonSI,, KOTOpaSI 

onpenenSieTCSI B paMK8X MOilenH TO'Ie'IHbiX 38pSIIlOB, 06bJ'I

HO HCnonb3yeTCSI 3H8'leHHe v a77/8. TaKoe 3Ha'IeHHe nony

qaeTCSI TOnbKO llnSI HlleanbHOI'O OTHOilleHHSI oceil: I'eKC8I'o

H8nbHOH perueTKH: C/a = 1,633. nocKOnbKY B cnyqae 

Pr Ni 5 c/a = 0,803, Mbi nonC'lHTanu coorsercray10Wee 

peanbHOH pernerKe PrNi 5 3Haqeuue V. 0Ho OKa3anocb 

paBHbJM 26 1 7 • 

Ha puc.l npuseneHo pacwenneuue OCHOBHoro MynhTH

nnera 
3 

H4 HOHa Pr:l+ B reKcarouanbHOM KpncrannuqecKoM 

none, rne Sicuo sunuo BliHSIHHe napaMeTpa V. none reKca

rouanhHOH CHMMeTpHH pacruennSieT MynbTHnneT 
3H4 Ha 

3 CHHrneTa ( rt,r:'3, r 4 ) H 3 lly6neTa (['
5
A,[5 B, r

6 
), 

8 aKcnepuMeHTe no ueynpyroMy pacceSIHHIO Heil:rpoHOB 

Ha6nl01l810TCSI nepeXOJlbl Me)l{llY KpHCTannH'lBCKHMH ypOBHSIMH, 

no npaBHnaM OT6opa B I'BKC8I'OHanbHOM KpHCTannH'lBCKOM 

none nnSI Pr 3+ B03!1.tOIKHbi 9 nunonbHbiX nepexonos, Be

poSITHOCTb nepexonos SIBnSieTcSI ~YHKUHeil: x H y. Mureu

CHBHOCTh, Ha6n10Jl8BM8SI B BKCnepHMeHTe, nponopUHOHanb-

H8 sepOSITHOCTH nepexona, YMHO)I{eHHOH Ha ~8KTOp 38Ce

neHHOCTll ypOBHSI, OT KOTOpOI'O HCXOilHT nepeXOil, T.e, 

HHTeHCHBHOCTb 3aBJtCHT or TeMneparypbi o6pa3ua. KpoMe 

pacceSIHHSI Ha nepeXOJl8X Me)l{llY KpHCTannH'lBCKHMH ypoa

HSIMH nO'lTH BCBI'Il8 HMeeT MBCTO paCCBSIHHB H8 ~OHOH8X, 

0TnH'IHTb paCCBIIHHB HeHTpOHOB Ha nepexonax MB*JlY 

KPHCTannH'IBCKHMH ypOBHSIMH OT pacceSIHHSI H8 ~OHOH8X 

MOIKHO nyTeM Cp8BHBHHSI cneKTpOB OT PrNi5 H H30CTpyK

TypHOI'O eMy coenuHeHHSI LaNi5 MB*IlY co6oil: HnH nyTeM 

H3Y'IBHHSI TeMnepaTypHOH H yrnOBOH 38BHCHMOCTBH HHTeH

CHBHOCTH pacceSIHHSI ua PrNi 5. Y LaNi 5 MarHH.THOe pac

ceSIHH.e Ha 4f - aneKTpouax orcyrcrayer, T,K, 4f -o6o

no'!Ka y HOH8 La nycTa, 06bJ'lHO COellHHeHHe C li8HT8HOM 

p8CCM8TpHB8eTCSI K8K npellCT8BHTenb ~OHOHHOI'O paCCeSI

HHSI, H nononHHTellbHbJe IlllKH B cneKTpe OT H30CTpyKTyp

HOI'O COBilHHeHHSI C pellK03eMenbHbiM HOHOM npHnHCbiB810T-
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3H Pr3+ Puc. 1. PacUienneaue 
4 - MynhTHnneTa 

noa aefiCTBHBM KpHCTannH'!eCKOf'O nonSI f'8KC8-
f'OH8nbHOH CHMMBTpHH B 3aBHCHMOCTH OT napa
MeTpOB f'8MHnbTOHH8H8 ( 1 )· X H y ( y - !jJHKCH

poaaH) anSI pasnu'!HhiX saaqeHuii napaMerpa V . 

CSI pacceSIHHJO aa nepexoaax MB*llY Kpncrannu'!ecKHMH 
ypoBHSIMH 

1 81
. H ano, onHaKo, OTMeTHTh, '!To rrpocroe Bbi'lH

rauue cneKTpoa npyr us npyra anSI nony'!eHHSI •qucroro" 
BKaaaa pacceSIHHSI Hei1Tpoaoa Ha nepexoaax Meffi.llY Kpucra.n
.1H'lecKHMH ypOBHSIM!i HeB03MO*HO, IIOTOMy 'ITO B C8'!8HHe 
~SCC8AHHSI aa ¢oHOHSX BXO.llHT ~nHHa KOrepeHTHOf'O pac
Ce£HH5!, KO'l'Opa.H ;:\,1HI K8.1Kil0f'O 8ii8M8HTa V.MeeT CBOe 
.::_ ~-!8tf8HHf). 

6 

., 

~ 

YrnoaaH SBBHCHMOCTb HHTeHCHBHOCTH 060HX npoUeCCOB 

pacCeHHHH TaKOBa, 'ITO noaeaeHHe HX OKaShiBaeTCH npOTH
aononO*HhrM: C yaenH'!eHHeM yrna pacceHHHH ¢ HHTeHCHB
HOCTb pacceHHHH aa nepexoaax Me*aY KpucTannuqecKHMH 
ypoaHHMH naaaeT us-sa nponopuuoaanhHOCTH KaaapaTy Mar-

HHTHoro <fJopM!jlaKTOpa f 2(K) (K• J...!!si~), a HHTeHCHB-
A 

HOCTb pacCeHHHH Ha !jJOHOHaX HS-Sa nponopUHOHanbHOCTH 

K
2 aospacTaeT. 

Dpu yaenuqeauu TeMnepaTyphr HHTeHCHBHOCTb pacceHHHH 
aa <Poaoaax TO*e aospacTaeT, noToMy 'ITO a ceqeaue pac
ceHHHH axoaur <PYHKUHH Bose. B cnyqae pacceHHHH aa 
nepexoaax Me*llY KpHCTannuqeCKHMH ypOBHHMH HHTeHCHB
HOCTb nHKOB, Ha6nroaaeMhJX npu HHSKHX TeMnepaTypax, 
naaaeT c yaenuqeaueM TeMneparyphr. KpoMe Toro, MoryT 
BOSHHKaTb HOBbie DHKH. 

3KCDEPI1MEHTbl l1 l1X l1HTEPDPET Alll1l1 

DonuKpHCTannuqecKue. o6pasuhr PrNi 5 H LaNi 5 , Ka*ahrii 
aeCOM - 350r, 6binH HSrOTOBneHbl HS npaseoaHMa, naHTa
Ha '!HCTOTOH 99% H HHKenSI '!HCTOTOH 99,9% MeToaoM ayro
BOH nnaBKH aa MeaHoM aoaooxna*naeMOM noay npu He
GonbUIOM us6bJTO'!HOM naaneHHH O'lHUieaaoro renuH. B ae:fi

TpoaorpaMMax oGoux oGpasuoa. He 6hrno oGaapy*eHo cne
aoa KaKux-nu6o apyrux ¢as. DocrosiHHhle peiiieTKH o6pas-o 
uoa HMenu cneayroUiue saaqeauSI: a=( 4,96+0,01) A, c = 

0 - 0 

(3,98~0,01 )A .anSI PrNi 5 u a =(5,03±.,0,01) A,c =(3,96±., 

0,01) A anSI LaNi 5 , 'ITO aaxoaurcSI a xopoiiieM cornacuu 
c aaHHhiMH pa6oThi Ill I 

3KcnepnMeHThr no aeynpyroMy pacceSIHHJO rennoahrx 
aeiiTpoaoa aa PrNi 5 H LaNi5 npoaoaunuch aa peaK Tope 
l1BP-30 Ol1.Hl1 MeToaoM apeMeHH nponera Ha cneKTpoMeT
pe oGpaTHoii reoMeTpHH c 6epHnnueBhJM <PnnhTpoM nepea 
neTeKTopoM. Ehrnu CHSIThi cneKTpbr npu T = 85 K u T = 
295 K non yrnoM pacceSIHHH ¢• 60° Ha o6oux o6pasuax 
H aononaurenhHO non yrnoM ¢-105 ° npu TeMnepaType 
T .=85 K. H a puc. 2 H 3 npuaeaeHhi cneKTpbr anSI PrNi 5 
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Pac. 2. CneKTphi Heynpyroro pacceSIHH~ HeH:TpOHOB Ha 
PrNi5 npa 85 H 295 K. BpeMSI H3MepeHMSI - 80 H 50 'la
coa cooTaeTCTBeHHo. Yron pacce5IHHSI <P =600. N - HOMep 
KaHana lliHPHHOH 32 MKC, .l - nepe,!la'la 3HeprHH B M38, 
I - HHTeHCHBHOCTb lia KaHan. Be - 6epannHeaaSI rpaa~rua, 
Be ' - 6epunnHeBaSI npenrpaHHUa. 

H LaNi5 C<>OTBeTCTBeHHO, nony~eHHhie U<>ll yrnoM pacceg
HHSI <;f>=60°. 

CneKTphi or PrNi 5 H or LaNi 5 COllep.lKaT PSill nHKoa. 
Ja.na'la COCTOHT B TOM, 'ITOOhl BhiJleJIHTh UHKH, o6yCJIOBJ1eH
Hhle paCCBSIHHeM Ha nepexonax Me.lKllY KpHCT8J11IH'I€CKHMH 
ypoBHSIMH. DepBaSI rpynna MaKCHMYMOB a pailoHe KaHanoa 
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Puc.3. CneKrp ueynpyroro pacceSIHHSI ueilTpOHOB Ha 
LaNi5 npa 85 K. BpeMSI H3MepeHHSI - 30 qacoa, Ocranb
Hhle 0603HaqeHHSI DOK838Hhl Ha pHC,2, 

N=250 + 350 BHllHB B crreKTpax o6oax o6pa3UOB, nocKOJlb
KY y naHTaHa Her aneKTpona B 4f -o6ono'IKe, Hanaqae 
ITHKOB B CUeKTpe LaNi5 yKa3hiBaeT Ha TO, 'ITO OHH He 
CBSI3aHhi c nefiCTBIWM KpHCTannaqecKoro rroJHI Ha Pr 3+. 
Dpa cpaaHenaa crreKrpoa OT PrNi 5 (pH c, 2) a LaNi5 
( p a c. 3), nony'leHHI IX rrpa TeMnepaType o6paaua T =85 K, 
B o6nacTa N 6onbllie ·100 BHllHO, 'ITO a cneKTpe PrNi

5 
cymecTBYIOT nononHHTenbHhie UHKH npa nepena'le anepraa 
f =(4,6±_0,3) M98 11 f =(13,4±_0,4) M98, 3aBHCHMOCTb HX 

llHTeHCHBHOCTH OT Yl'J18 paCCeSIHHSI H TervmepaTyphl non
TBep.lK,!laeT HX UpOHCXO.lKlleHHe OT pacceSIHHSI HeHTpOHOB 

Ha nepexonax Me.lKny KpacTannaqecKHMH ypoBHSIMH, KpoMe 
Toro, Mhi ycTaHoaana eme 9HepraH nepexonoa Me.lKllY 
KpliCT8J1J1H'IeCKHMH ypOBHSIMH UpH 8HeprHSIX f =(20,8±_1 ,2 )M98, 
u f =(9,0:t_0,3)M9B. Bee OHH yKa3aHhi cTpenKaMH 
liB pac,2, ilonoiKeHue nepexona UpH f =(20,8:t_1,2)Ms8 
He O'leHb HarnSI,!lHO BllllHO Ha pac,2, HO CpaBHeHHe CO 
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cneKTpoM, nony'leHHhiM OT LaNi 
5

, noKa3biBaeT, 'ITO 

B ClleKTpe LaNi5 HMeeTCSI Ha 3TOM MeCTe nposan, KOTopo

PQ HeT B cneKTpe PrNi 5 . 

BBHllY TOPO 'ITO, C OllHOH CTOpOHhi, pacceSIHHe Ha !floHO

HaX naeT 38MeTHhiH BKnan B ClleKTpbl H Henb351 llOCT8TO'I

HO TO'IHO onpenenHTh HHTeHCHBHOCTh llHKOB OT KpJICTannH-

qecKHX nepeXOllOB H , C npyroif CTOpOHhi, OTllenbHhie 

llHKH Ha ClleKTpOMeTpe o6paTHOH reoMeTpHH C 6epu:nnu:e

BhiM !flHnbTpOM HMeiOT cnmKHYIO !flopMy / 9/, Ofihi'IHhie 

MeTOAhl llOllPOHKH ClleKTpOB He llpHMeHHMhi. 

H aMH 6bma pa3pa6oTaHa MeTOAHKa u nporpaMMa nng 

3BM nou:cKa napaMeTpos KPHCTannu:qecKoro nong Ha 

OCHOBe TOnbKO Ha6nronaeMbiX B 3KCllepHMeHTe 8HepPHH 

nepeXOllOB Me)!(llY KpHCTannuqeCKHMH ypOBHSIMH /lO/. 

TiporpaMMa HIDeT BCe Hafiopb! napaMeTpOB KpHCTannH'IeCKO-

PO nong X, y , W, llng KOTOpblX HMeiOTCSI cpellH AeBSITH 

llpHHUHllH811hHO B03MO)!(Hb!X llHllOnhHhiX nepeXOllOB Te 

aHepru:u:, KOTophTe Ha6nronamo~cb B aKcnepnMeHTe no He

ynpyroMy paCCeSIHHIO Heii:TpOHOB. C yqeTOM BhimeyKa3aH

Hb!X 8HepPHH nepeXOllOB, C llOMOIDhiO nporpaMMhl fihinO 

H8HlleHO 154 Ha6opa x,y ,W (H3 54500 H3yqaeMbiX), KO

TOphie conep)!(anu: see aKcnepu:MeHTanhHhre aHeprnH nepe

xonos B paMKaX HX OIDHfiOK. llng BCeX 8THX H36paHHhiX 

Ha6opos nporpaMMa Bhi'IHCnHeT c yqeTOM !flaKTopa 3ace

neHHOCTH BepOSITHOCTH nepeXOllOB Me)!(llY KpHCTannH'IeCKH

MH ypOBHSIMH, nponopUHOH8JihHhie HHTeHCHBHOCTH Ha6nro

naeMbiX llHKOB ll1151 TeMnepaTyp, llpH KOTOpbiX npOBOAH

nHCb 8KCnepHMeHThi. LJaCTb H8HlleHHhiX HafiopOB X, y, W 
MO)!(HO cpa3y HCKniO'IHTh H3 nanhHeii:mero paCCMOTpeHHSJ, 

llOCKOnbKY y HHX Bhi'IHCneHH851 HHTeHCHBHOCTh llHK8 llpH 

f =4,6 M88 B03pacTaeT C yBeJIH'IeHHeM TeMnepaTyphi, 

'ITO llpOTHBOpe'IHT 8KCnepHMeHTy ( CM. pH c. 2) • 
llng OT6opa HaHnyqmero Ha6opa napaMeTpOB KpHCTan

nH~IeCKOPO nong nanee cnenyeT HCllOnb30B8Th HHTeHCHB

HOCTH, T .e. H8ll0 llpOBeCTH llOllPOHKy 9KCnepHMeHT8nhHhiX 

cneKTpos. H3-3a 3Ha'lnTenhHoro BKnana pacceSIHHSI Ha 

!flOHOHaX B ClleKTpbl H8ll0 OllHOBpeMeHHO yqeCTh pacCeSIHHe 

Ha nepeXOll8X Me)!(AY KpHCTannH'IeCKHMH ypOBHSIMH H Ha 

!flOHOHax. TIOCKOnhKY !floHOHHhiH ClleKTp o6pa3Ua HeH3BeCTeH, 

H8MH fihinO HCllOJih30B8HO llpH6nu)!(eHHe Ha OCHOBe TeMne-
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paTypHOH 38BHCHMOCTH paCCe5IHH51 Heii:TpOHOB Ha !floHOH8X 

qepe3 iflYHKUHIO Eo3e. Ha OCHOBe napaMeTpos KpHCTannH'Iec

Koro llOJISI Bhi'IHCJISieTCSI 0)!(HJl8eMbiH BKnan pacceSIHHSI Ha 

KPHCTannuqecKHX nepexonax nng T=85 K. Pa3HHUa Me)!(ny 

8KCrrepHMeHTanhHhiM H 8THM paC'IeTHhiM ClleKTp8MH llpHllH

CbiBaeTCSI pacceSIHHIO Ha ¢oHoHax npH T=85 K. BKnan 

!floHOHOB B cneKTp nnSI T =295 K nonyqaeM~ yMHO)I{aSI 

!floHOHHhrii: cneKTp nnSI T=85 K Ha cooTBeTcTsyromull: 

!flaKTop Eo3e. OnHospeMeHHO onpenenSieTCSI TeopeTH'IeCKHH 

cneKTp OT pacceSIHHSI Ha nepexonax Me)!(ny KpHcTannH'Iec

KHMH ypoBHSIMH npH T =295 K. CyMMa BKnanos oT KpHcTan

nuqecKHX nepeXOAOB H ¢oHOHOB CpaBHHBaeTCSI C 8KCllepHMeH

TanbHhiM cneKTpoM nng T=295 K. CTeneHb cosnaneHHSI 

8KCllepHMeHTanhHOPO H pacqeTHOI'O ClleKTpOB cny)!(HT 

KpHTepHeM ):lng BhJ6opa napaMeTpOB KpHCTannH'IeCKOPO 

nong X, Y , W. llononHHTenhHhiM napaMeTpOM B 8TOH 

npouenype SIBJISieTCSI IDHpHHa JIHHHH nepeXOllOB, KOTOpaSI 

BapbHpyeTCSI AnSI o6eHX TeMnepaTyp. 

H Cll011h3YSI OllHC8HHYIO MeTOllHKY, Mhl H8IDJIH B KB'IeCTBe 

HaHnyqmero Ha6opa napaMeTpos: x =0, 70±_0,02; y =0,41±. 
0,02; W =( 1 ,04±_0,01) M98. illHpHHhi nHHHH nepeXOllOB 

y HMeiOT cnenyromue 3Ha'leHHSI: y T .. 85 K =1 ,2 M9B; 

y T , 295 K =1 ,5 M9B. BhrTeKaromaSI H3 9THX 3Ha'leHHH x, 

y, W CXeMa pacmenneHHSI OCHOBHOPO MynhTHnneTa Pr 3+ 
B KPHCTannH'IeCKOM none PrNi5 noKa3aHa Ha pH c • 4. H a 

p If c. 5 npHBelleHbl 9KCrrepuMeHT811hHbie ClleKTpb! OT PrNi
5 

BMeCTe C BKnallOM OT paCCeSIHHSI Ha KpHCTanJIH'IeCKHX 

nepeXOllBX H CYMM8pHhiM TeopeTH'IeCKHM ClleKTpOM AnSI 

T =295 K, KOTOphrii: cny)I{Hn nnSI Bhr6opa x , y, W . 

OECY)KDEHHE PE3Y JlbTATOB 

KpoMe npu:seneHHoro Bhrme Ha6opa napaMeTpos x ,y, W 
fihiJIO HBHAeHO HeCKOnbKO APYPHX Ha6opoB, llJISI KOTOpb!X 

OTKnOHeHHe Me)!(llY paC'IeTHhiM H H3MepeHHhlM ClleKTpOM 

fibinO He3HB'IHTenhHO 6oJihme. TI09TOMy fibinO HCCJiellOBaHO, 

KBK 8TH HB60phi 06bSICH5IIOT llpyru:e, 3BBHC5IIDHe OT KpHCTan

nH'IeCKOPO llOJISI CBOHCTBB, T8KHe K8K ynenhH8SI TennoeM

KOCTh H M8PHHTHBSI BOCITpHHM'IHBOCTh. COBllBAeHHe KpHBhiX 
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rse 

r; 

r5A==~ r; 
r, 
r;: 

Pr Ni5 

ECM~B) 

33,81 

13,67 

4,66 
3,36 
1,52 
0 

x=0,70 y=0,41 W=1.04 M :;,8 

Puc. 4. flony'ieHHasr cxeMa pacmenneausr ocaoaaoro 
MynbTunneTa 3H 4 uoaa Pr S+ B PrNi 

5 
. 

BKnana KpucTannuqecKoro nonsr B TennoeMKOCTb, Bbi'iucneH
HhiX no cxeMe ypoaaeii nnSI onpeneneHHhiX aa6opoB x, y , 
W, H 3KCnepuMeHTanbHOii KpHBOH H3 / 2 /, HOCHT KB'ieCTBeH
HbiH xapaKTep {puc. 6). C noMOIUbiO HaUiero Ha6opa BTo
pot"I M8KCHMYM 3KCnepUMeHT8nbHOH KpUBOH He OTpa)KaeTCSI. 
HecMoTpsr Ha aTo, coananeaue Me*AY pacqeTHOii ynenb-
aoii TennoeMKOCTbiO u 3KcnepuMeHTanbaoii nnsr aroro 
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Puc.5. CpaaHeHHe 3KcnepuMeHTanbHhiX cneKTpoa 
PrNi 

5 
npu T=85 u 295 K ( uao6pa*eHbi TO'iKBMH) 

u BKnana paccesrausr Ha nepexonax Me*AY Kpucran
nuqecKHMK ypoBHSIMH (cnnouiHasr nuHHsr). flyHKrup
Rasr .nuausr aa pucyaKe nnsr T=295 K npeJ:tcTaBJisreT 
co6ou cyMMY BKnana paccesrausr Ha nepexonax Me*
ny KpHCTannuqeCKHMH ypOBHSIMH H Ha ~OHOHaX. 
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Pn:c. 6. 3aBHCHMOCTb BKnana eM B ynenhHYIO TennoeM

KOCTb, o6ycnoaneHHoro pacmenneHHhiM 3H 4 MynhTn:nne

TOM, oT TeMnepaTyphi o6paaua. CnnouiHa.H nn:Hn:.H - nn.H 

X=0,7; y=0,41; W=1,04 MaB; nyHKTHpHa.H- nn.H aa6o

pa napaMeTpoa n:a /2/. 3Kcnepn:MeHTanhHhie naHHhie 121 

I10K838Hhl TO'iK8MII, 

aa6opa Han:nyqruee, npH'iHHY OTCyTCTBII.H BTOpOI"'O M8KCHMy

M8 MO)KHO CB.H38Tb C norpelliHOCT.HMH K8K 9KCI1epn:MeHTa, 

TaK n: pacqeTHhiX aenH'iHH. XoT.H y HeKoTopbiX npyrn:x 

aa6opoB BTopoii MaKCHMYM cnerKa nposmn.Hnc.H, a6coniOT

aoe OTKnOHeHHe OT 9KCI1epHMeHT8nbHhiX TO'ieK 6binO 3H8-

'iHTenbHO 6onhme, 'ieM nn.H Hameii Kpn:aoii. 

Ha H3MepeHHH Ha MOHOKpHCTannax161 XO.Il M8f'HHTHOH 

BOCI1pHHM'iHBOCTH napannenbHO (XII ) H nepneH.IlHKyn.HpHO 

(X J.) OCH C H3BeCTeH ITO OT.IlenoHOCTH, C ITOMOlllblO Ha-

6opa x =0,7; y ,;0,41; W =1,04 MaB 9TOT xon HemKH.Il8HHO 

xopomo BOCI1pOH3BO.IlHTC.H (pH C, 7) ~ B npOTHBOiionmKHOCTb 

llPYf'HM, llO CHX nop H3BeCTHhiM Ha,6opaM X , Y , W • npn: 
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Puc. 7. 3aBHCHMOCTb Maf'HHTHoii socnpHHM'iHBOCTH 

XII H XJ. oT TeMnepaTyphi: cnnomHan nn:HH.H -

pacqeTHhie KpHBhie nn.H Ht:tmero HaC5opa x ,y , W ; 
nyHKTHpHa.H - 9KCITepHMeHTanbHbie ll8HHhie H3 /6/. 

llPYf'HX paCCMOTpeHHhlX H8MH Ht:t6opaX trapaMeTpOB XO.Il KpH

BhiX X II H x.l. ~poTn:Bononu*eH npyr npyry, TaK *e KaK 

H nn.H Ha6opa ua 121 . 

Xopomee oo'b.HCHeHn:e MaKpocKonn:qecKHX caoficTB, H3Me

peHHhiX llPYf'HMH 8BT0p8MH~ C ITOMOlllblO napaMeTpOB, B3.H

Tb!X H8MH H3 H3MepeHHH Heyrrpyroro pacce.HHHR HeiiTpOHOB, 

ITOllllep*HBaeT cnenaHHhlH Bbi60p, nanbHeiimyiO H8.1le*HOCTb 

Bhr6opa aa6opa napaMeTpOB n:a aKcrrepn:MeHTOB c pacce.HHHeM 

HeiiTpOHOB MOf'yT .ll8Tb H3MepeHH.H I1pH 6onee HH3KHX TeMrre

paTypaX, T8K K8K O)KHJl8eMhie HHTeHCHBHOCTH .lln.H OT.Ilenb

,'{b!X rrepeXO.IlOB H3-38 ¢JaKTOpa 3aCeneHHOCTH CHnbHO MeH.H

;.)TC.H, Me*.llY oTnenhHbiMII Ra6opa\m napaMeTpoa y~Ke 
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npu T = 10 K HMeeTcsr 3Ha'lHTenbHOe oTnH'!He, KoTopoe 
B HeynpyrOM CDeKTpe HeHTpOHOB aon~HO SICHee npOSIBHTb
CSI, C DOMOIUblO Bbllll90DHC8HHOH npoueaypbi BOCDpOH3BOaHn
CSI cneKTp ansr KOMHaTHoii TeMnepaTypbi (pH c. 5). Tionaoro 
COBDaaeHHSI eaaa nH MO~HO O~HaaTb, T8K K8K BKnaA $ORo
HOB MOr 6biTb y'lTeH TOnbKO DpH6nH3HTenbHO, H3 npu:ae
aeHHOH Ha pH C, 4 CXeMbi pacmenneHHSI OCHOBHOro MYnbTH-
nneTa u:oaa Pr3+ B reKcaroaanbHOM none coeau:neau:sr 
PrNi5 BHAHO, 'ITO OCHOBHOe COCTOSIHHe - CHHrneT, K8K 
9TOrO MO~HO O~HaaTb H3 OTCyTCTBHSI ynopsrao'lef!HSI DpH 
HH3KHX TeMnepaTypax, MHHHMYM B BOCDpHHM'lHBOCTH Bbi-
3biB8eTCSI HH3KOIIe~aiUHMH ay6neT8MH f' 5A H l 

5
8. TipH

Me'laTenbHa aoBonbHO 6onblllasr o6masr BenH'lHHa pacmenne
HHst, OKOnO 33 M38, KOTopasr AO CHX nop B HHTepMeTan
nH'!eCKHX coeau:aeau:srx npa3eoaHMa He aa6n10aanacb, H Ma
neHbKHe nonylllHpHHhl nepexoaoB no cpaBHeHHlO c Ky6u:'leCKH
MH HHTepMeTannH'l9CKHMH coeaHHeHHSIMH npa3eoaaMao 
TiocneaHee, DO-BHaHMOMy, o6ycnoBneHO CTpyKTypoii, TaK 
KaK '!Hcno aTOMOB B aneMeHTapHoii sr'leiiKe PrNi

5 
3Ha'lH

TenbHo MeHbllle, '!eM B Ky6H'l8CKOH $a3e flaBeca THna 
C-15. 

B aKcnepnMeHTanbHOM cneKTpe PrNi 5 (pH c, 2), KaK 
y~e YDOMHH81IOCb, Ha6n10aanHCb M8KCHMYMbi B o6naCTH 
f = 50-70 M98, 3TH MaKCHMYMbi Ha6niDaanHCb TaK~e 

If Ha LaNi5 , D09TOMy OHH fie MoryT 6biTb npHllHC8Hbi nepe
xoaaM Me~ay KpHCTannH'leCKHMH ypoBHstMH HOHa Pr 3+. Hx 
TeMnepaTypHasr H yrnoaasr 38BHCHMOCTH HCKIIlO'J8lOT $OHOHbl 
K8K DpH'JHHy HX llpOHCXO~aeHHSI. TipHpoaa 9THX llHKOB eiUe 
He SICHa, 0aHOH H3 llpH'lHH MOrna 6bi 6biTb paccestHHe Ha 
MarHHTHbiX d -aneKTpoHax HHKensr. B oaHoii H3 nocneaHHx 
pa6oT 

141 
CT8BHTCSI noa COMH8Hl:le caenaHHOe B /2/ 

yTBep~aeau:e, 'ITO d -o6ono'!Ka HHKensr aanonnsreTcsr aneKT
poHaMH npaaeoau:Ma, 3anonneHHe d -o6ono'JKH ~HKensr 
MO~Ho o~HaaTb npH H36biTKe Pr ( -3%) B coeauHeHHH 
PrNi 5 • KaK 9To MO~Ho aaKnlO'JHTb H3 H3MepenHii conpo-

THBneHHsr B141
. Toraa 9TH DHKH~ ecnH OHH Bhi3BaHhi pac

cestHHeM Ha aeaanonHeHHhiX o6onO'JKax, aon~Hbi HC'Je3HYTb, 
ABTOpbl BeCbMa DpH3HaTenbHbl O,n,Lfl:ICTSIKOBy, KOTOpbiH 

H3rOTOBHn o6pa3Ubi PrNi 5 H LaNi 5 H TeM caM hiM caenan 

noaMo~UbiM npoBeaeHHe aToii pa6oTbi, a TaK~e K.Ku:ccHry -

16 

38 o6ecne'JeHHe Haae)!(HOil pa60Tb! aneKTpOUHKH llpH npo
aeaeHHH 9KCnepHMeHTOB, 
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