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nunnonbll E., Maru B. P14 - 10434 
Pacmenneaue ocaoeaoro cocroHHHH HOHa Pr3+ non neliCTBHeM 
KpHCTannH~eCKOrO DOnH B Ky6H~eCKOM HHTepMeTannu~eCKOM 
coenuaeHHH PrMg 

KopOTKO OOHCbiBBJOTCH OCHOBbl TeOpHH KpHCTannH~eCKOrO DOnH H B03-
MO*HOCTH ero uay~eHHH MeTOilOM aeynpyroro paccesHHH HeliTpoaoe. Ha 
aellrpoaaoro SKcnepuMeHTa no epeMeHH nponera onpenensnHCb napaMeTpbi 
Ky6H~eCKOrO KpHCTannH~eCKoro nonH B COellHHeHHH PrMg B napaMarHHT­

HOM COCTOHHHH. flapaMeTpbl 06CY*Il810TCH B paMKaX MOllenH aqxjleKTHBHblX 
TO~e~HblX 38pHilOB, 

Pa6oTa BhmonaeHa B fla6opaTopHH Helirpoaaoli <flH3HKH 0Hfll1. 

fipeupaRT 06w:Jlllaeaaoro aacTaTyTa a,llep~~~o~x accne.lloii&Jid. ,lly6aa 1977 

Lippold B., Matz W. P14 - 10434 

Splitting of the Ground State of the Ion Pr~ 
Due to Cubic Crystalline Field in the 
Intermetallic Compound ~Mg 

At first we give a short description of the elemen­
tary crystal field theory and the possibility to study 
crystal fields by means of inelastic neutron scattering. 
From a neutron time-of-flight experiment we determine 
the cubic crystal field parameters of P~g in the para­
magnetic state. The crystal field parameters are dis­
cussed in the framework of the effective point charge 
model, 

The investigation has been performed at the 
Neutron Physics Laboratory, JINR. 
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BBE,4EHHE 

H3y'ICHHe KpHcTannuqecKoro 3neKTPH'ICCKoro nonH a 

MCTannH'ICCKHX COCAHHCHHHX Ha OCHOBC peAK03eMenbHhlX 

3neMeHTOB /P33/ npeACTaBnHeT HHTepec C TO'IKH 3peHHH 

npo6neM MarHeTH3Ma. 

MarHHTHMe 4f- 3neKTPOHLI peAK03CMenLHMX HOHOB pac­

cMaTpHaaJOTCH KaK xopowo noKanu3oaaHHMe BHYTPH aToMa 

H He yqacTBYIOll.\He B XHMH'ICCI<OH CBH3H, B OTllH'IHe, HanpH­

Mep, OT "MarHHTHbiX" 3neKTpOHOB 3d- nepeXOAHhlX 3ne­

MeHTOB. 

3!WieKTLI KPHCTannuqecKoro nonH oco6eHHO xopowo 

npocne)KHBaiOTCJI B COeAHHeHHJIX C HenepeXOAHhlMH MCTan­

naMH, B I<OTOphlX 3HeprH11 06MeHHOrO B3aHMOAeHCTBH11 

CYll.\CCTBeHHO MCHLWe 3HeprHH 3neKTPH'ICCKoro nonH. B 
nOCllCAHHe rOAM HHTeHCHBHO HCClleAOBan,c; HHTCpMeTannu­

qeCKHe coeAHHCHHJI P33 c anJOMHHHeM I . MarHHH TaK)Ke 

OTHOCHTCJI I< 06hl'IHhlM HeMarHHTHbiM MeTannaM. 0H pac­

nono)l(eH a coCCAHCH c aniOMHHHCM rpynne Ta6nHULI MeH­

Aeneeaa, BCllCACTBHe 'lero MO)I(HO O)KHAaTb H3MeHeHH11 CHllbi 

KpHCTannH'ICCKOrO nonH B COCAHHCHHHX P33 C ero yqac-

THCM. I 

B I<pHcTannuqecKo:H peweTI<e Tuna CsCl (0 h ), a I<OTo­

po:H I<pHcTannH3yeTc11 coeAHHeHHe PrMg I 21, HOH Pr 3+ Ha­

XOAHTCH B 3neKTpH'ICCKOM none Ky6H'IeCI<OH CHMMCTPHH, 

pacll.\ennRIOll.\eM ocHOBHOH MYnLTHnneT 
3B 4 4f - 3nei<Tpo­

HOB Ha 4 nOAYPOBHJI, Ha3biBaeMMX KpHCTannH'IeCKHMH ypoa­

HJIMH. 

B HacTORll.\e:H pa6oTe c noMOll.\LIO Heynpyroro napa­

MarHHTHOrO pacce11HHH TennOBbiX HeHTPOHOB HCClle,D,oBanHCb 

3 



rrepexo~hi Me)l(~y 3THMH KpHCTamiH'IeCKHMH ypoBHHMH. Ta­

Koii: Me TO~ Il03BOJIHeT IlpHMhlM IlyTeM Oilpe~eJIHTh rrapaMeT­

Phi KpHCTBJIJIH'IeCKoro IlOJIH. no ~aHHhiM pa60Thl /2/ 'PrMg 
HMeeT TO'IKY He3nH Tl\l rrpH 47 K. llpH T<TN coe~HHeHHe 
YilOpH~O'IHBBeTCH BHTH~eppOMBrHHTHO, 'ITO Be~eT K Hapy­

WeHHIO Ky6H'IeCKOH TO'Ie'IHOH CHMMeTpHH HOHOB IlpaJeo­

~HMa H TeM CBMhiM- K yBeJIH'IeHHIO 'IHCJIB YPOBHeH H HX 

OTHOCHTeJihHOrO IlOJIO)I(eHHH. B ~BHHOH pa6oTe HCCJie~oBa-

HHH rrpoBo~HJIHCh rrpH TeMrrepaTypax BhiWe TN. 

TEOPH.JI KPHCTAJIJIHlJECKOFO IIOJI.JI 

H3 
3JieKTpOHHOe CTpOeHHe MBrHHTHOro HOHa HBXO~HTCH 
peWeHHH ypaBHeHHH illpe~HHrepa C raMHJihTOHHBHOM 
.. ... ... 
H-H 0 +V, /1/ 

... .. 
r~e H 0 - raMHJihTOHHaH cBo6o~Horo HOHa, V - orrepaTop 

B03MyiD;eHHH, o6yCJIOBJieHHhiH CTaTH'IeCKHM 3JieKTpH'IeCKHM 

qoneM coce~HHX HOHOB, pacrroJio)l(eHHhiX 11 TO'IKax 

R . (R . ,0. '¢. ), j c~ l, ... ,N. OrrepaTop B03MyiD;eHHH v HMeeT 
J J J J 

BH~ _, 

" n p (R) -> 

V = :£ e (---dH 
id l;i -RI , 

r~e ll - 'IHCJIO "MarHHTHhiX" 3JieKTpOHOB paCCMBTpHBae­

MOrO HoHa c R i = 0, _,. ; i - pa~Hyc- BeKTop i -oro 3JI(!.KT­

poHa 3Toro HoHa, R - pa~Hyc- BeKTop TO'IKH R, p (R ) -

IlpOCTpBHCTBeHHBH IlJIOTHOCTh 3apa~OB BOKpyr paCCMaT­

pHBaeMoro HOHa. 

EcnH BOJ~eii:cTBHe coce~eii: /nHraH~oB/ arr~poKCHMH-
pyeTca IlOJieM TO'Ie'IHhiX 3BpH~OB q j , TO V ~aeTCH 

BhlpB)I(eHHeM 

'V 
n N 
I :£ 

i=1 i= 1 

eq i 
/2/ 

If'. -it. 
1 J 

r~e R i - paccTOHHHe oT a~pa paccMaTpHBaeMoro HOHa ~o 
coce,I\Hero. 

4 

l" 

t 

~ 

TaK KBK B 3TOH MO~eJIH 3JieKTpOHHhle COCTOHHHH u;eHT­

paJihHOrO H COCe~HHX HOHOB He rrepeKphiBBIOTCH, TO 3JieKTpO­

CTBTH'IeCKHH IlOTeHD;HBJI V H eCTh peweHHe ypaBHeHHH 

Jlarrnaca 

~v 0, /3/ 

KOTOpoe MO)I(HO 3BilHCBTh B BH~e 

A ll +f e ffi ffi 

V = :£ :£ :£ r Ap Ye W ,¢ . ) , 
i= 1 e m=-f - . 1 

/4/ 

r~e 

m 

Ae 
N 

:£ ___±___. 
j = l (Zf + 1) 

eq. J ( m -m 

R
<e +Il -D 1 <e.,"'.) j J '/"' J • 

/5/ 

BH~HO, 'ITO A r /TaK HB3hiBBeMhle rrapaMeTphi KpHCTBJIJIH­

'leCKOrO IIOJIH/ 3BBHCHT OT IIOJIO)I(eHHH H BeJIH'IHHhl 3apa~a 
COCe~HHX HOHOB, T.e. OT CHMMeTpHH OKpy)l(eHHH paCCMaT­

pHBBeMoro HOHB. Ja C'leT orpaHHYeHHH, HaJiaraeMhiX CHM­

MeTpHeH KpHcTanna, HeKoTophle Np cTaHOBHTCH paBHhiMH 

Hymo, T.e. 'IHCJio Ap J. 0 yMeHhwaeTca. 

Co6CTBeHHhle 3HB'ICHHH 3lleKTpOHHhiX COCTOHHRi H HX 

BOJIHOBble ~YHKD;HH IlOJiy'laiOTCH IIyTeM ~HaroHaJIH3BD;HH MaT­

pHD;hl onepaTopa 'Q /4/. llpHHHMaH BO BHHMBHHe paCID;err­

JieHHe TOJihKO BHYTPH OT~eJihHOrO MYJihTHllJieTa, llpH Bhl­

'IHCJieHHH Ma TPH'IHhiX 3JieMeHTOB raMHJihTOHHaHa rrpHMeHa­

IOT Me To~ ,..3KBHBaneHTHhiX orrepaTopoB /?I. PaJJIO)I(eHHe 

onepaTopa V /4/ 3BIIHChiBBeTCH Ha OCHOBe pa60Thl/S/ B 

BH~e: 

"' +f m m 

V = T m:_e B e 0 e ' /6/ 
m 

r~e orrepaTOphl 0 f ~eHCTBYIOT TOJihKO Ha TY 'IBCTh BOJIHO-

BOH ~YHKUHH, KOTopaa co~ep)KHT rrpoeKu;HH orrepaTopa rron­

Horo MOMeHTa KOJIH'IeCTBa ~BH)I(eHHH M • Me)I(~Y rrapa-
m m 

MeTpaMH KPHCTBJIJIH'IeCKoro IIOJIH A e H Be CyiD;eCTByeT 

cne~yiOID;ee OTHoweHHe: 
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m m r m 
B f = A f < r > K r 8 £ ' 17 I 

r.u.e <r e >= Jr 2 
f 2(r)r e dr c f(r) pa.u.uaJibHOH IPYHKI.J;Heu/6/ 4f-

3JieKTPOHOB, K e - llOCTOJIHHble' e f - o6o6~eHHble Ma Tpuq­
Hble 3JieMeHTbl. 

,l].JIJI KYfiH'ieCKOH TO'ie'iHOH CHMMeTpHH HOHa ypaBHeHHe 
161 HMeeT CJie)J.yiO~HH BH)J. / 5/ : 

181 
0 () 4 0 0 4 

V =H 4 <0 4 t fi·0
4

>+B
6

<0
6

-21·0
0

). 

~ 

B 3TOM CJiyqae cy~eCTBYIOT TOJihKO )J.Ba OTJIH'i,hiX OT HYJIJI 
napaMeTpa, a HMeuuo R ~ H B ~ . B pa6ore / 8, cooT HOllie­
uue 181 fihiJIO nepenucauo a au.u.e 

,. 04 06 
V = Wlx- + (1- jxj)--1 

F F 4 (, 
191 

r.u.e 

04 
0 4 

=04~!1·04, W·x ~ B~F4 , 

0° -21·0 4 
6 ()' \\ • (1 - I xi) = B° F 

(, 6 
06 

llapaMeTp X (-1 :S.,. X::::; + 1 ) OllHChiBaeTCJI OTHOUieHHeM 

0 0 
B4 /B6 

A 
!x = T~AT' 

0 0 
r.u.e A=<B4F4 /B

6 
F

6
> I u onpe-

.u.enJieT BKna.u. qneua 4- ro nopJIJJ.Ka no OTHollleHHIO K qneuy 
6- ro nop.RJJ.Ka, W - napaMeTp nonuoro pac~enneuuJI MY Jib­
THllJieTa. 

Ha puc. 1 noKa3aHo pacqeruoe rac~enneuue ocuoa­
uoro cocTOJIHHJI uoua npaJeO.U.HMa Pr + I J =41 KaK !IJyuK­

U:HH napaMeTpoa x ' W , nonyqeuuoe .u.uarouanuJau;ueu 
raMHJihTOHHaHa 191/8 • 

B CJiyqae KyfiuqecKOH TO'ie'iHOH CHMMeTpHH OCHOBHOH 
MYJihTHnJieT uoua Pr 3+ pac~emueTcJI ua qeTblpe no.u.­
ypoauJI, a HMeHHO: Ha O)J.HH CHHrJieT f'

1 
, O)J.HH .U.YfiJieT f'

3 
H 

)J.Ba TpHnJieTa f' , f' . B ma6A. 1 npBBe)J.eHbl COOTBeTCT-
4 .f. 5 u 

ayro~ue BOJIHOBhle ..,yHKU:BB 3TBX no.u.ypoaueu. 

6 

}' 

1 :: r--.-T""""'T"--.-~--T"""...-,__,.._-.-...-.---.--...--.---.--- 80 

60 

w 40 40 w 

-20 "1 ,£ j-20 

-40 

-60 J=4 -60 

_ 
80 

I I • I I I I • ' I ~I I I I I I I I I '-eo 
-W-M-~-~ -~ 0 ~ ~ ~ ~ ~ 

X X 

Puc. 1. Pacr~~enAeHue 1 H4 -MyA&munAema Pr 1
t e Ky6u~e­

cKoil CUMMelllpUU B 3Q8UCUMOCIIIU 0111 napaMempa X /Oua­
zpaMMQ JIJIB/. 

Ta6AU11a 1 
OprouopMupoaauuble aonuoable !IJyuKU:HH KpucrannuqecKHX 
ypoa~eu OCHOBHOrO MYJihTHllJieTa Pr3+ B KyfiuqeCKOH CHM­

MeTpHH 

Ypoaeub 

I'] 
I' 3 

r4 

I~ 5 

Bonuoahle IPYHKU:HH 

0,4564\ +4>+0,7638\ 0>+0,4564\ -4> 
0,5401\ +4> -0,6455\ 0>+0,5401\ -4> 
0,70711 +2>+0,7071\ -2 > 
0,3536\ +3 >+0, 9354\ -1 > 
0,3536\-3>+0,93541 +l> 
0,7071\ +4>+0,0000\ 0>-0,7071\ -4> 
0,9354\+3>-0,3536\-1> 
0,93541 -3>-0,3536\+1> 
0,7071\ +2>-0,7071\ -2> 
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OIIP E,4EJIEHHE KPHCTAJIJIHIJECKHX YPOBHEH 
C IIOMOIJ!b/0 PACCEJIHHJI TEIIJIOBb/X 
HEHTPOHOB 

KaK H3BeCTHo, H3 3KcnepHMeHTOB no HeynpyroMy pac­

CeRHHIO TeiiJIOBLIX HeiiTpOHOB MO)KHO OIIpe,u.eJIHTL 3HeprHH 

nepexo.u.oB Me*.U.Y ypoBHJIMH, ecnH OHH He npeBLimaroT 

KHHeTHqecKOH 3HeprHH HeHTpOHOB H BepOJITHOCTL IIepexo­

)].OB He paBHJieTcJI HyJiro. BcJI HHclJopMan;HR o B3aHMo,u.eiicT­

BHH HeHTpOH - BeiiJ;eCTBO B JIJ060M 3KCIIepHMeHTe BKJIJOqeHa 

B )].BOHHOe .U.HclJclJepeHIJ;HaJILHOe ceqeHHe pacceJIHHJI. ,[I;JIJI 

CHCTeMLI napaMarHHTHLIX HOHOB B IIpH6JIH)KeHHH MaJIOH 

rrepe,u.aqH HMIIYJILca K .U.BoiiHoe .U.Hcll)ib?eHu;HaJILHoe ceqeHHe 

OIIHCLIBaeTCJI CJie,U.yJOIIJ;HM o6pa30M : 

d2
a k' 2 2 

-- = N. c . -. f (K) • I p I< n I J I m >I o(E - E -f) ' 
dOdF. k n,m m -'- n m 

/10/ 

r,u.e N - qHCJIO HeB3aHMO,U.eHCTBYIOIIJ;HX HOHOB __.CHCTel'fLI, 

C = (1,9le 
2

g /2m C 
2

) 
2 

C g 1-clJaKTOpOM JlaH,u.e; k, H k 
e ~ 

BOJIHOBLie BeKTOpLI pacceJIHHOrO H IIa,U.aJOIIJ;ero nyqKa HeH-
) --> --> ~k, 

TpOHOB, f( K - MarHHTHLIH 4JopM4JaKTOp, K = k- - BeKTOp 

pacceJIHHR, Pm - JaceneHHOCTL 3HepreTHqecKHX ypoBHeii 

Em , I m >,In > - co6cTBeHHLie clJyHKUHH, OIIHCLIBaJOIIJ;He 

KpHCTaJIJIHqecKHe YPOBHH Em H En ' J J - KOMIIOHeHTa 

OIIepaTopa IIOJIHOrO MOMeHTa KOJIHqecTBa )].BH)KeHHJI, rrep-
--> 

IIeH,U.HKYJIRpHaJI K • 

,[J;nR rronHKpHcTannHqecKoro o6pa3u;a /rrpH n106oii To­

qeqHoii CHMMeTpHH rrapaMarHHTHOrO HOHa/ H MOHOKpH­

CTanna KyfiHqecKOH pemeTKH BepOJITHOCTL nepexo,u.a 

l<niJ -'-lm>l
2 

MO)KHO npe,U.CTaBHTL B BH,U.e 

I 2 1 2 2 2 
<niJ lm>l = -ll<niJ lm>l +l<niJ lm>l +2l,:n1J lm>l l./11/ .._ 3 + - z 

BepoRTHOCTL nepexo.u.oB ,u.nR Ky6HqecKoii ToqeqHoii CHM­

MeTpHH, rronyqeHHaJI IIPH HCIIOJIL30BaHHH BOJIHOBLIX clJYHKIJ;HH 

H3 ma6A. 1, npHBe,u.eHa B ma6A. 2. B HeyrrpyroM 3KcnepH­

MeHTe B napaMarHHTHoii o6nacTH (T>T c. TN) BeiiJ;ecTBa .u.on­
)KHLI 06Hapy)KHBa TLCJI MaKCHMaJILHO qeTLipe rrepexo,u.a BHYT­

PH OCHOBHoro MYJILTHIIneTa HOHa Pr 3+. 

8 

Ta6Autla 2 
BepoRTHOCTL nepexo,u.oB Me*.U.Y KpHcTaJIJIHqecKHMH ypoBHR­

MH OCHOBHOrO MYJILTHIIJieTa Pr 3+ B KyfiHqecKOH CHMMeTpHH 

I' I 
1'3 

1'4 
1'-:-, 

ri 

0,0 

I 0,1 

8 
... o,a 

0,7 

0,6 

0,5 

0,4 

0,3 

0,2 

0,1 

r3 
0,0 
0,0 

14 

13,333 
18,667 
1,0 

p,.h 

['. 
:> 

0,0 
8,0 
7,0 

25,0 

0~--._--~--~--~~--~--~---L--~U 

0 1 2 3 ' 5 • 7 II 
I.-----~ 

Puc. 2. MazHU111Hbu1 (JopM(JaKmop Pr 3+
9 
~ 1 3aeucuMocmu om 

nepeOa'iU UMnyAbCa K 8 eOUHUijaX A 

Ha puc. 2 H3o6pa:>KeH MarHHTHLiii clJopMclJaKTop .u.nH Pr3+B 

3aBHCHMOCTH OT K/lO/. 3aceJieHHOCTL i-ypOBHJI onpe,u.e­

JIJieTCJI IIO 3aKOHY .liOJILIJ;MaHa: • 
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w i exp(-E/kT) 
P. 

I ~.w. exp(-E. /kT) 
1121 

J J J 

r,ll;e E; - 3Heprug OTHOCHTeJILHo ocHOBHoro ypoaHg IE 1 =01, 

w i - CTeneHL BhlpO)I(,ll;eHHB i - ypOBHj{, k - ITOCTOj{HHag 

lioJILUMaHa H T- H!MnepaTypa o6pa3ua. 

IlocKOJILKY npu HeynpyroM paccegHHH HeihpoHoB npaK­

THqecKH BCer,ll;a HMeeT MeCTO B036y)l()l;eHHe 4JOHOHOB, B03-

HHKaeT npo6JieMa OT,ll;eJieHHj{ 4JoHOHHLIX ITHKOB OT KpHCTaJI­

JIHqeCKHX nepeXO,li;OB. 

~Jig pemeTKH lipaB3 KyfiuqecKOH CHMMeTpHH ,li;BOHHOe 

,li;H4J4JepeHUHaJILHoe ceqeHHe O,li;HolboHOHHoro HeKorepeHT­

Horo pacceBHHB C pO)I(,ll;eHHeM 4JoHOHa HMeeT BH,ll; / J 1/ 

d
2 
rr_ = 

0
• _l~. b 2 ~ e -2W g(f/1i) 

dOdt k IlK c 1-exp(-f/kT) 
1131 

r,ll;e 
n 

a c- (i~lNI M - Macca B,ll;pa, 'n - ITOCTOjiHHaB IlJiaHKa, 

N - qucno aTOMOB B KpHCTaJIJiel; ( oo1l• (:) - nepe,ll;aqa 3Hep­

rHH HeHTpOHOB Ha 4JoHOHbl; bilK - HeKorepeHTHaJI aMITJIHTy,ll;a 

pacceBHHj{, e-2W - TeiTJIOBOH 4JaKTOp, g (~ ) - 4JoHOHHLIH 

cneKTp. 

CpaBHeHHe OTHOilleHHH 1131 H 1101 ,!J;pyr C ,!J;pyroM no· 

Ka3LIBaeT, qTo ,li;BOHHOe ,!1;Hcl>4JepeHUHaJILHOe ceqeHHe B CJiy· 

qae nepeXO,li;OB Me)l(,ll;y KpHCTaJIJIHqecKHMH ypOBH.fiMH H3-

MeHBeTC.fl npOITOPUHOHaJibHO p.(T)H f 2(K),a 4JoHOHHOe ceqeHHe 
I 

exp(</kT) 

exp(c/ kT) -1 
f(T) c, H K. 

2 , IT03TOMY o6a npouecca MO)I(HO 

pa3,ll;eJIHTL, HCCJie,ll;y.fl TeMnepaTypHylO H yrJIOByro 3aBHCH· 

MOCTH Heynpyroro pacce.fiHH.fl. 

B 3KcnepHMeHTe o6Hapy)I(HBaroTC.fl nepexO,ll;bl Me)l()l;y 

KpHCTaJIJIHqeCKHMH ypOBH.fiMH, T .e. HX 3HeprHH ({ i ) H 

OTHOCHTeJILHhle HHTeHCHBHOCTH (l i). B CJiyqae, eCJIH npe,!J;· 

CKa3aHHble MO,ll;eJILW BeJIHqHHbl COBITa,ll;aroT C 3KCITepHMeH­

TaJILHLIMH ,ll;aHHbiMH I l i , I i I, TO nonyqeHHble npH 3TOM 
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3MITHpuqecKHe napaMeTphl A e HJIH Be MO)I(HO cpaBHHTL 

c pacqeTHhiMH H3 MO,ll;eJIH A nf ( Bfi). 

3KCIIEPHMEHTAJibHbiE PE3YJib TATbl 

1. HccAeooeaHUJI no ou(JpaKliUU HeiimpoHoe 

06pa3eU fiLIJI H3rOTOBJieH B 11HCTHTyTe MeTaJIJiyprHH 

HM. A.A.IiaiiKoaa AH CCCP IMocKaal H3 qucToro npa­

JeO,li;HMa 1990/ol H qucToro MarHug 199,90/ol MeTO,li;OM ,ll;yro­

Boii ITJiaBKH Ha Me,li;HOM BO,li;OOXJia)l()l;aeMOM ITO,ll;y ITpH He­

fiOJILillOM H36LITOqHOM ,ll;aBJieHHH 1900 MM plll.Clll./ oqH~eH­
HOrO reJIHB. )J,Jig KOHTpOJiji 4Ja30BOrO COCTaBa npOBO,li;HJiaCL 

,li;H4JpaKI..{Hj{ HeHTpOHOB MeTO,li;OM BpeMeHH npoJieTa Ha KaHaJie 

1 peaKTopa HliP -30 B JIH«l> OHRH. Ha puc. 3 noKaJaH 

nonyqeHHLiii cneKTp, ,ll;eJieHHLiii Ha cneKTp na,ll;aiDIUero Heii­

TpOHHOro nyqKa lpeaKTOPHLIH CITeKTpl. Ilo OCH a6CUHCC 

OT JIO)I(eHO qHCJIO KaHaJIOB IllHpHHOH 32 M KC BpeMeHHOrO aHa­

JIHJaTopa. HoMep KaHana cagJaH c Me)I(ITJIOCKOCTHLIM pac­

CTOBHHeM B KpHCTaJIJIHqecKOH peilleTKe d hke CJie,ll;ylOII..{HM 
o6pa3oM: 

N = 252,8· K~ • 2sin8 • dhkf 1141 

r,ll;e L - nponeTHa.fl 6aJa B M, KB - mupuHa KaHana B MKc, 

8 - ITOJIOBHHa yrJia pacce.fiHH.fl. 

Ilo OCH Op,li;HHaT Ha puc. 3 OTJIO)I(eHa HHTeHCHBHOCTL 

I -A 
4 

j IF hke 12 
a npoHJBOJILHLix e,li;HHHuax. 3)l;ecb IF hJ£1 2 -

CTpyKTYPHbiH 4JaKTOp ITJIOCICOCTH C MHJIJiepOBCICHMH HH,ll;eiCca­

MH (hk f) , j - 4JaKTOp ITOBTOp.fleMOCTH H A - ,li;JIHHa 

BOJIHLI HeiiTpOHOB, ,li;JI.fl ICOTOpoii HMeeT MeCTO ypaBHeHHe 

lip3rra: 

t.. = 2dhkf sine. 1151 

0/2/ 
PrMg HMeeT nocTO.fiHHyro pemeTICH a =3,877 A . OcHoa-

Hwe ITHICH Ha puc. 3 HH,li;HUHPYWTC.fl ITO 3TOH CTpyiCType. 

IlponyiUeHbl HH,ll;eiCCbl TeX pe4JJieiCCOB (hkf ), y ICOTOpbiX 

CTpyiCTypHbiH 4JaKTOp I.F hkf 12 TalC MaJI, qyo OHH He ,li;OJI)I(Hbl 

11 



12 

r-

! 

lk 
d:i 

~ ~ 
-I 

!-

1-

1-

1-
I­
I- A-
i-

1;- 1-
i- J-

al- 1-...... ..... 
~~ j-

~ on -

.,_ 
... • 

~ 

.,_ .. ~~ ls;;2 
_:1-1~ 

z 

{ 

~~~ 
__2> 

~1~ 
~Ul 

0 - on 

I 0 I 

:Z:~O 
~0~ 
~:z:..., 
~ 0 . 
'O:CI! 

;:s 
~c.,~ 

::.:~~ 
o~~ 
0 01! 

:z:o 
C"f") (.) 

II I I 

t:-ozoo 

;:s • c.. <:o ~ ;::o.o 
:z: 1l! • 
oi.J;J" 

bll~~o 
~·~ ~~ 
0.. :Z: (.) I 

:Z:a: 
o~~:s 
~;r:Z:~ 
~~:Sc., 
0 0 I ~ 
C.,'O ~ 
!\10-C') 
0;:: ;:s 
:z: ~ oc.,u.o 
Q,llt:cllt 
,§ ~ ~ g 
~;::C'i!:z: 
..... (.) t'l') .0 ,_ ~ 
~0 .. ~ _o~~t 

... :z:;:s 
. :S)i! 
~a:§<~ 
~~::~-8 

6biTb BH.D;Hbi B Heii:TpouorpaMMe. Ha 3TOM )Ke pHCYHKe, 

KpOMe Toro, BH.D;HO HeCKOJibKO CJia6biX IIHKOB, KOTOpbie 

HeB03MO)KHO o6'bRCHHTb $a3oB: PrMg. B CHCTeMe Pr-Mg H3-

BeCTHbi eme TpH HHTepMeTaJIJIHqeCKHX COe.D;HHeHHR /3/ 

Coe.D;HHeuue 

PrMg2 

PrMg3 

PrMg 12 

Turr CTPYKTYPbi 

7 
MgCu2 -0 h 

5 
Fe3 M - Oh 

17 ThMn 12 - D4h 

fiOCTORHHbie 

pemeTKH 

0 

a=8,689 A 

0 

a=7,43 A 

0 0 

a=L0,34 A; c=5,98 A 

Bee TpH COe.D;HHeHHR BHOCRT CBOH BKJia.D; B 3TH CJia6b1e 
IIHKH. 

)J;nR HHTeHCHBHOCTH IIHKOB B I 41 .D;aeTCR cooTuomeuue: 

1 hke - ,\ 4 ~ hkR 1

2 

V 2 -io(A), 
EZ 

/16/ 

r .D;e io (,\) - rra.D;aromuH: Ha o6pa3el( crrel<Tp ueihpouoa H VE 
2

-

o6'beM 3JieMeHTapuoB: RqeB:Ku. B $aKTop rrporropl(HOHanb­

HocTH BXO.D;RT BeJIHqHHbi, KOTOpbie He MeHRIOTCR B O.D;HOM 

3KcrrepuMeHTe. Orrpe.D;enenue KonuqecTBeHnoro BKJia~a Ka)f(­

.D;OrO COe.D;HHeHHR, IIpOBe.D;eHHOro C IIOMO{UbiO /16/, .D;aJIO 

cne.D;yromyro ol(eHKy cocTaBa o6pa3l(a: 

PrMg: 87% PrMg : 3% 
3 

PrMg: 7% 
2 

PrMg :3% • 
12 

A6COJIIOTHaR OlliH6Ka 3THX BeJIHqHH COCTaBJIReT 20/o. 

2. HccAeooeaHUJI no HeynpyzoMy pacceJIHUIO 
HeilmpoHoe 

3KCIIepHMeHTbi IIO HeyrrpyroMy pacceRHHIO HeHTpOHOB 

ua o6pa3l(e PrMg pa3MepoM 1x1x3 eM 3 6b1JIH rrpoBe.D;eHbi 
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B 11HCTHTyTe Jlay3-JlamKeBeHa B rpeHo6ne Ha cneKTpo­
MeTpe IN7 /I 4/ MeTO.IJ.OM apeMeHH nponeTa. IlapaMeTpbl 
3KcnepHMeHTa: nepaaR H BTopag nponeTHble 6a3bl L 1 H L 2-

0,90 H 2,35 M, COOTBeTCTBeHHO, yron pacceRHHR cp =26°, 
WHpHHa KaHana aHanH3aTopa - 7,5 MKC, 3HeprHR na)J,aiOII.UIX 
Ha o6pa3eu; HeiiTpoHoB E01 = 4,83 M3B, F-o2 = 19,33 M3B, 
E

03
= 43,50 M3B. lihlnH H3MepeHbl cneKTpbl npu TeMnepa­

Typax Bhiwe H HH)I(e TeMnepa TYPhl He 3nR TN = 4 7 K. Ha 
puc. 4 noKa3aH cneKTP no apeMeHH nponeTa npu T = 70 K. 
IlpH 3TOH TeMnepaType o6pa3ei.J; HaXO)J,HTCR B napaMarHHT­
HOM cocTORHHH. BH.IJ.Hbl nHKH Ha neaoii III H npaaoii II II 
CTOpOHe ynpyro HeKorepeHTHO pacceRHHbiX HeiiTpOHOB 3Hep­
rHH E 02 . 

B o6nacTH I I II, B KOTopoii .D.nR HHTeHCHBHOCTH nepexo­
)J,OB 3aceneHHOCTb COOTBeTCTBYIOII.J;ero HH)I(Hero ypOBHR 
urpaeT rnaBHYJO ponb, HMeJOTCR 'leTbipe nepexo.D.a c 3Hep­
rHRMH f 1 = 2,1±0,1 M3B, c 2 = 5,0±0,2 M3B, f 3 = 7 ,1± 

11000 
H 

500 

EOl 

dl 
i i 
I I 
I I 
I I 

I: 
! I 
I • 
I I 
I ! 
I I 

I 
I '· I 

.,., . . . . . .. 
I ,. . , ., 

100 

E .. 

! I, 
I • 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

200 

PrMg 
T·70K 

300 

~ 

N-
Puc. 4. CneKmp Heynpyzozo pacce.RHUJI HeiimpoHoe OA.R 
PrMg npu T = 70 K. N - HOMep KaHaAa WUcfUHoii 7,5 MKC, 
I - uHmeHcueHocmb, yzoA pacce.RHU.R 26 , Eo2 u E 03 -
3Hepzuu naOUIOUIUX H€UIIPOH08 /19,33 u 43,5 M3B coom­
eemcmeeHHO/, npoOOAJICUII€AbHOC111b U3MepeHUJI - 5 'l. 
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±0,2 M3B, f4 = 9,1±0,6 M3B. ,!J;ng HaXo:lK)J,eHHR 3THX nepe­
XO)J.OB 6blnH Y'ITeHbi nHKH, o6ycnoaneHHLie E 

03 
. 

TaKoii Ha6op nepexo.D.OB MO)I(HO xopowo onucaTb B .D.Ha­
rpaMMe JIJIB I puc. 21 napaMeTpoM x = -0,53±0,02. 113 
3Toro cne)J.yeT napaMeTp W = l-0,20±0,011 M3B H cxeMa 
ypoaHeii .D.nR cocTORHHR 

3H 4 : 1310 M3BI, 1~ 5 I 5,0 M3BI, 
1'4 17,1 M3BI ,I' 1 116,2 M3BI. 

IlapaMeTpbi KpHcTannuqecKoro non11: 

0 
B4 
B~ 

-4 
= 117,7+1,61·10 M3B 

- . 6 
= l-74,6±6,91·10- M3B. 

,li,HCKYCCHJI 

Hccne.D.oBaHHR KPHCTannuqecKoro 3neKTpH'iecKoro nong 
Ha pR)J.e MeTannH'leCKHX pe)J.K03eMenbHbiX COe)J.HHeHHH no­
Ka3anH, 'ITO pe3ynhTaTbl 'iaCTO MO)I(HO OnHCaTb B paMKaX 
MO)J.enH 34>clleKTHBHbiX TO'ie'IHbiX 3apR)J.OB IM3T31 /l 2/ . 

BenH'IHHa 3apR.IJ.OB He o6R3aTenbHO coBna)J.aeT c npe)J.nona­
raeMoii, KOTOpag onpe)J.enReTCR MeCTOM 3neMeHTa B Ta6-
llHI.J;e MeH.IJ.eneeaa. C noMOII.J;biO M3T3 MO)I(HO O)I(H.IJ.aTb 
)J.OBOllbHO npaBHllbHOrO npe)J.CKa3aHHR napaMeTpa X. ,!J;ng 
napaMeTpa W 3Ta MO)J.enb )J,aeT TOllbKO npaBHllbHbiH 3HaK. 
A6conJOTHoe 3Ha'leHHe W, H3- 3a npeHe6pe)l(eHHR 3neKTpo­
HaMH npOBO)J.HMOCTH, B paMKaX 3TOH MO)J.enH B 6onLWHHCTBe 
cnyqaea He nonyqaeTcR /I 2•1 ·11. MLI TaK)I(e npoBO.D.HnH aHa­
nH3 pe3ynLTaToB Heynpyroro pacceRHHR HeiiTpoHoB no 
M3T3. B PrMg HOH Pr3+ HMeeT oKpy)l(eHHe H3 8 aToMoa­
coce)J.eii Mg B nepBoM 3KBH.IJ.HCTaHTHOM cnoe. ,IJ;ng TaKoro 
oKpy)l(eHHR napaMeTpbl KpHcTannuqecKoro nong .D.aJOTCR H3 
17 I pa6oTbl /H/ : 

B
0 

= }_ ~ <r\f-3 
4 18 R 5 J 

o 1 _ll~ < r \ Y J 
B6=-9 R7 

1171 

r)J,e (3 J , y J - nOCTORHHble, a <r 4 > ,<r 6 > B311Tbl H3 pa-
60Tbl /6/, 
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C'iHTaJI TOJibKO aTOMbl nepaoro cno.H, HeJib3JI .D.OCTH'Ib 

.D.JIJI PrMg3KcnepHMeHTaJibHO onpe,D.eJieHHOH aeJIH'IHHbl x = 
= -0,53, TaK xax, cor nacHo 191, x onpe,D.en.HeTCJI TOJibKO 

0 0 
OTHOWeHHeM B 4 /B 6 , T. e. 3ap.H,D. q M g B 3TOM CJiyqae Ha 

Hero He BJIHJieT. II03TOMY B aHaJIH3 ,D.OJI)I(eH 6b1Tb BKJllO'IeH 

BTopoii cnoii coce,D.HHX aTOMOB. Ka)l(eTCJI, 'ITO a cnyqae 

coe,D.HHeHHH cTpyKTYPbi THna CsC£ .D.JIJI pac'leTa napa­

MeTpoa KpHcTaJIJIH'Iecxoro non.H acer,D.a Ha,D.o y'IHTbiBaTb 

nepBbiH H BTopoii cnoa coce.D.HHX aTOMOB, T .e. Mg H Pr 

cooTaeTCTBeHHO I 13/. 

IlpH pacqeTax npe,D.nonaranoch, 'ITO Pr HeceT 3ap.H.D. 

q =+3, a 3ap.H.D. Mg aapbapyeTcJI. M3T3 ,D.aeT 3Ha'leHHe 

X= -0,53 npH q Mg = +1 ,46 \e\ . Ilo MeCTOnOJIO)I(eHHIO B 

Ta6na:u;e MeH,D.eneeaa Mg .D.OJI)I(eH HMeTb 3ap.H.D. CIMg=+2\e\ , 
TaK 'ITO nony'leHHOe 3Ha'leHHe .D.JIJI Mg a PrMg Ka)l(eTCJI 

pa3yMHbiM. C TO'IKH 3peHHJI M3T3 HY)I(HO 'o6cy,D.HTb aonpoc 

BJIHJIHHJI npaMeca ,D.pyrax coe,D.HHeHHH cHcTeMbl Pr- Mg. Mo)I(­

HO orpaHH'IHTbCJI Ky6H'IeCKHMH COe,D.HHeHHJIMH,nOCKOJibKY B 

PrMg 12 HOH npa3eO.D.HMa qyacTayeT TeTparoHaJibHYIO 

To'le'IHYIO cHMMeTpHIO m4h). B 3TOM cnyqae 
3 

H4 • MYJibTH­

HJieT paciiJ;enJIJieTCH Ha 7 no,D.ypOBHeH H BepOHTHOCTb nepe­

XO,D.OB Me)I(,D.y HHMH Mana. Ilpe,D.nonara.H, 'ITO 3apH,D. MarHHH 

so acex coe.D.HHeHHJIX Pr-Mg O.D.HHaKoB, u axmoqas acer,D.a 

nepay10 H BTopyiO c4Jepbl coce,D.HHX aToMOB, no M3T3 nony­

qaeTCJI .D.JIJI 

PrMg 2 : x = 0,83 W < 0 
PrMg 3 : x = -0,53 W < 0. 

BH.D.HO, 'ITO pe3yJibTaT .D.JIH PrMg 3' coana,D;aeT c PrMg. llo­

CKOJibKY OH HMeeT TY )l(e CaMyiO nOCJie,D.OBaTeJibHOCTb ypoa­

HeH H BepOHTHOCTb nepeXO,D.OB Me)I(,D;y HHMH COBna,D.aeT, TO 

H3- 3a Man oro co,D.ep)l(aHHH PrMg3 a o6pa3:u;e a 3Kcnepa­

MeHTe no HeynpyroMy pacceHHHIO HeHTpOHOB He ,D.OJI)I(HO 

O)I(H,D.aTbCJI 3aMeTHbiX nuxoa. B cnyqae PrMg 2 TPH ypoBHH 

Jie)l(aT O'leHb 6JIH3KO ,D.pyr K ,D.pyry H paCCTOJIHHe Me)l()l.y 

HHMH no'ITH paaHo I puc. 11. EcnH npe,D.noJIO)I(HTb, 'ITO M3T3 

,D.aeT OTHOCHTeJihHOe paciiJ;enneHHe a o6oux coe.D.HHeHHJIX 

npaBHJibHO, TO a PrMg 2 nepexo,D.bl Me)I(.D.Y HH3KHMH ypoBHJIMH 

.D.OJI)KHbl 6b1Tb MeHbWe 1 M3B. TaKHe nepexo,D.bl He Ha6mo­

,D.aJIHCb. H3 1101 BH.D.HO, 'ITO a ce'leHHe pacceHHHJI HeHTpo-

16 

HOB BXO,D.HT 'IHCJIO N HOHOB. Ilo cpaBHeHHIO C ,D.pyrHMH 

coe,D.HHeHHHMH THna PrMgyl y =2, 3, 121 coe.D.HHeHHe PrMg 

HMeeT CaMoe 60JibWOe 'IHCJIO HOHOB Pr Ha e,D.HHHIJ;y 06'beMa, 

T.e. MeWaiOIIJ;HH BKna,D. pacceHHHH OT 3THX COe,D;HHeHHH 

OTHOCHTeJibHO PrMg B ,D;eifcTBHTeJibHOCTH eme MeHbWe. 

Ha ocHoae 3THX apryMeHToa MO)I(HO yTBep)I(,D;aTb, 'ITO 

HJMepeHHbiH cneKTp I puc. 41 nonHOCTbiO OTHOCHTCH K PrMg. 

HH)I(e TN =47 K PrMg HaXO.D.HTCJI a aHTu4JeppoMarHHTHOM 

ynopH,D.OqeHHOM COCTOHHHH. BbipO)I(,D;eHHe 3THX 4 ypOBHeH 

CHHMaeTCH BCJie,D.CTBHe BJIHJIHHH BHyTpeHHero MarHHTHOrO 

nons, TaK qTo 3 H 4 - cocTOJIHHe pacmenn.HeTcJI Ha 9 ypoa­

Heii. )J.JIJI HHTepnpeTaiJ;HH 3KCnepHMeHTaJibHbiX ,D;aHHbiX B 

3TOH 06JiaCTH Ha,D.O 3HaTb HanpaBJieHHe BHyTpeHHero MarHHT­

HOrO non.H. TaK KaK MarHHTHaJI CTPYKTypa HaM noKa He 

HJBeCTHa, 3KcnepuMeHTanbHble peJyJihTaTbi npa T< TN HH­

TepnpeTHPYIOTCH HeO,D.H03Ha'IHO. 

ABTOpbi BeCbMa npH3HaTeJibHbl 0.)1.. qHCTHKOBy, KOTOpbiH 

HJroTOBHJI o6pa3e:u; coe.D.HHeHHJI PrMg H TeM caMbiM c,D.e­
nan B03MO)I(HbiM npoae,D.eHHe 3TOH pa60Tbl. 

AaTopbi Bbipa)l(aiOT 6naro,D.apHOCTb qneHy-Koppec-

noH,D.eHTY AH CCCP li.M.Caau:u;KoMy H .D.OKTopy TexHuqe­

CKHX HayK B.ct>. Tepexoaoii Ja BHHMaHue K pa6oTe. HaM 

xoqeTCH BblpaJHTb TaK)I(e 6naro,D;apHOCTb HHCTHTYTY Jlay3-

JlaH)I(eBeHa Ja npe,D.OCTaBJieHHe B03MO)I(HOCTH llpOBe,D.eHHH 

3THX H3MepeHHH, .D.OKTopy !llHJHKo-MaTeMaTHqecKHX HayK 

A.Il.MypaHH Ja u,eHHYIO noMOIIJ;h npH npoae,D.eHH!r 3Kcne­

PHMeHToa H .D.OKTopy !llHJHKO-MaTeMaTH•IeCKHX HayK 

IO.M.OcTaHeBHqy Ja noneJHbie .D.HCKyccau. 
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