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KayH n. fi ap. Pl4 - 9790 
0 HeKOTOpbiX KCCneJlOB8HIISIX C ITOMOillbiO Heynpyl"'OI'O pacceSIHIISI 

aeiiTpoHoB Ha I!MnynbCHOM peaKTope HEP-30 

Ha6n10aanocb pacmennea11e Kpi!CTannl!qecKI!M noneM ocHOBHoro ypOBHSI 
I!OHa Pr B noni!KpiiCTannax PrFe03, PrGa03, PrAI2 11 Pr3Al c noMOIIlbiO 
MeToaa Heynpyroro pacceSIHIISI TennoB.biX aeliTpOHOB. Tip11 paaHbiX TeMnepa
Typax nepeXOJlbl Me~Jly KpKCTannl!qecKKMII ypOBHSIMII K3MepSini!Cb MeTOJlOM 
Bpe~IeHI! nponeTa np11 I!CnonbaoaaHI!II 6epl!nnl!eBoro ~llnbTpa nepea aeliTpoa
HbiM JleTeKTOpOM. naHa CXeMa 3HepreTIIqecKI!X ypOBHeH 3TI!X BellleCTB, 
KOTopaSI 6bina nonyqeaa B aKcnepHMeHTax. Ta ~e ycTaHOBKa Hcnoilbaoaaaa 
anSI 113MepeHI!SI aeynpyroro pacceSIHHSI Ha aoaopoae, pacTaopeHHOM B P~Al 
11 La. B aTOM cnyqae B o6naCTI! nepeaaq11 BbiCOKIIX aaepr11ii ( -100 MaB) 
BOilOPOily Ha6niOJl8nCSI CITeKTp THIT8 cneKTpa rapMOHHqecKOI'O OCUHnnSITOpa. 

Pa60T8 Bbmonaeaa B na6opaTOp1111 HeiiTpOHHOH ~H3HKH 0115111. 

Coo6meHKe 06beAKHeHHoro KHCTKTyTa ~AepH~x Kcc~eAoBaHM~ 
,ll;y6Ha 1976 

Kaun L. et al. 

Some Experiments on Neutron Inelastic 
Scattering at the Pulsed Reactor IBR-30 

Pl4 - 9790 

The crystal field splitting of the 3H 4 ground state 
o f the Pr ion in polycrystalline PrFe0 3, PrGa03, PrAI 2 , and 
Pr 3Al has been investigated by inelastic scattering of 
the rm a l neutrons. At several temperatures the transitions 
b etw e en the crystalline field levels have been measured by 
u s ing the time-of-flight technique with a beryllium-filter 
in front of the detector. From the exper~ments the energy . 
l evel scheme for each compound has been deduced. By the I 
same method t h e inelastic scattering on hydrogen solved inl 
Pr 3Al and La has been studied. For high energy transfer 
(-100 meV) a harmonic oscillator type behaviour of the 
spectra has been obtained. 

Communication of the Joint Institute for Nudear Research 

Dubna 1976 
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~nB npoBe~eHHB 3KcnepuMeHTOB no pacceRHHID Tenno
BbiX HeiiTpOHOB Cyll{eCTBYIDT B npHHUHDe ~Ba BH~a MOll{HbiX 
HCTO'IHHKOB HeiiTpOHOB: CTaUHOHapHbiH H HMnynbCHbiif. KaK 
HJBeCTHO, HMnynbCHblii peaxTop HliP-30 B ~y6He y)l(e 
MHoro neT ucnonbJyeTCR ~nR uccne~oBaHHH B o6nacTH 
R~epHOH $H3HKH H $H3HKH TBep~oro Tena. llo~po6HOCTH 06 
3TOM peaKTope MO)I(HO HaUTH B I 11. Cpe~H.R~ TennoBa~ Mom
HOCTb HliPa-30 cocTaBn~eT 30 r<Bm. H3- Ja nepao~H'IHoii 
reHepaUHH HMnynbCOB HeHTpOHOB OH OC06eHHO DO~XO~HT 

~n~ 3KCnepHMeHTOB, BbiDOnHReMbiX C nOMOll{biD TeXHHKH 
no BpeMeHH nponeTa /coKp. TBll/. 

B Hawux uccne~oBaHHRX no pacce.JiHHID TennoBbiX HeiiT
pOHOB Ha DOnHKpHCTannH'IeCKHX o6pa3UaX HCOOnbJyeTCR 
TaK HaJbiBaeMbiH Me To~ o6pa THoii reoMeTpHH / 21. B 3TOM 
cnyqae Ha o6paJeu na~aeT 6enbiii ny'loK, no3TOMY MeTo~ 
o6na)J.aeT 6onbWOH CBeTOCHnOH H npHMeHReTC~ Ha 
peaKTOpax CO cpaBHHTenbHO Manoii cpe~HeH MOI.UHOCTbiD. 

Ha puc. 1 ~aHo cxeMaTH'IecKoe HJo6pa)l(eHHe Hawero 
)J.OBOnbHO npOCTOrO cneKTpOMeTpa o6paTHOH reoMeTpHH. 

t-
7 

Puc. 1. CxeMamu~ecr<oe npeocmaeAeHue 
3KCnepuMeHIJIQAbHOU ycmaH06KU: 
1 - 3aMeOAumeAb, 2 - o6pa3efl, 3 - 6epuA
Aueebtil t/JUAbmp, 4 - 3arquma, 5 - Oemer<mop. 
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Ilepe,IJ;a'ia 3HeprHH ~E npH O,IJ;HOKpaTHOM pacceJIHHH MO)I(eT 

6hlTb paCC'iHTaHa C XOpOWeH TO'IHOCTbiD H3 COOTHOWeHHJI 

,IJ;JIJI cyMMapHoro speMeHH npoJieTa: 

L L2 N· r = a I --::.L.__.. +--I, 
(E +~E)Y2 E~ 

c c 

r,IJ;e N - HOMeP KaHaJia, r - WHpHHa KaHaJia, a - Ko3<WJH-

nHeHT (mn /2) 12 c mn- Maccoa HeHTpoHa, L I H L 2 - I H I I 
npoJieTHhle 6a3hl H E - rpaHH'IHaJI 3HeprHJI Ma TepHaJia 

c 
ciJHJibTpa. 

Mhl HcnoJIL30BaJIH 3TOT MeTo,IJ; ,IJ;JIJI onpe,IJ;eJieHHJI seJIH'iH

Hhl H THna paciQenneHHJI OCHOBHOro COCTOJIHHJI 3 H
4 

napa

MarHHTHOrO HOHa Pr 3+ KpHCTaJIJIH'ieCKHM TIOJieM B He

KOTOphlX COe,IJ;HHeHHJIX. B CJiy'iae Ky6H'ieCKOH TO'ie'IHOH 

CHMMeTpHH OCHOBHOe COCTOJIHHe CB060,IJ;HOrO HOHa Pr 3+ B 

,IJ;aHHOH peweTKe paciQeTIJIJieTcJI Ha 'ieTLipe no,D;ypoBHJI. IIpH 

6oJiee HH3KOH CHMMeTpHH 'IHCJIO no,D;ypOBHeH MO)I(eT ,IJ;O

CTHrHyTb 9 /3/ 
~BOHHOe ,D;HciJciJepeHnHaJibHOe Ce'ieHHe )l;JIJI napaMarHHT

HOrO pacceJIHHJI Ha O,IJ;HOM HOHe B ,IJ;HnOJibHOM npH6JIH)I(eHHH 

JanHCbiBaeTCJI B BH,IJ;e /4/ 

d 2a k { 2 2 En- Em 
---=G--f (K)L p !<n!J !m>! 8(----w), 
dn d w k . n ,m m .i h 

I 

r,IJ;e G =(1,9le2 g1 /2mn c
2 

)
2 

, g1 - ciJaKTOP JlaH,IJ;e; kc H ki -
BOJIHOBhle BeKTOpa pacceJIHHOro H na,IJ;aiDIQero ny'!Ka HeHT

poHos; f (K) - MarHHTHhlH ciJopMciJaKTop; K= ki - k~ - seK

Top pacceJIHHJI; p - 3aCeJieHHOCTb 3HepreTH'ieCKHX ypos-
u m 

HeH E ; In> H I m > - co6cTseHHhle ciJYHKnHH,onHcbiBaroiQHe m 
KPHCTaJIJIH'ieCKHe ypoBHH E H E ; J J.. - KOMnoHeHTa on epa-

n m -> 
TOpa nOJIHOrO KOJIH'ieCTBa ,IJ;BH)I(eHHJI, nepneH,IJ;HKYJIJipHOrO K • 

IIepBhle 3KCTiepHMeHTbl 6hlJIH npoBe,IJ;eHhl HaMH Ha H30-

JIJITOpax. Ha puc. 2 H 3 noKa3aHhl TBII - cneKTphl ,IJ;JIJI 

Pr Fe03 H PrGa03 • B ma6A. 1 ,IJ;aHa 3HepreTH'iecKaJI cxeMa 

KPHCTaJIJIH'iecKHX yposHeH ,IJ;JIJI o6oHx seiQeCTB. To'ie'IHaJI 

CHMMeTpHJI HOHa Pr 3+ s 3TOM cJiy-.iae - C
8 

, 'ITO ,IJ;OJI)I(HO 

npHBO,IJ;HTb K paCIQenJieHHID OCHOBHOrO COCTOJIHHJI Ha 9 
no,D;ypOBHeH. TOT ciJaKT, 'ITO Mhl Ha6JIID,IJ;aJIH TOJibKO 6 ypos

HeH,MO)I(HO 06bJICHHTb HJIH MaJihlM pa3JIH'IHeM no 3HeprHH 

,IJ;JIJI HeKoTophlx yposHea /pa3pewaroiQaJI cnoco6HOCTb no 
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Puc. 2. CneK111Pbl, U3MepeHHble no 6peMeHu npoAema OAR 
PrFeO 3 npu 10,80,300K. CmpeAKU yKa3bl6arom noAoJKeHUR 
MaKCUMYM06, o6yCA06AeHHbiX nepexooaMU MeJICOY KpUC11laA
AU'leCKUMU ypo6HRMU, S o6o3Hatlarom noAoJKeHUR maK Ha-
3bl6aeMbiX cameAAU11l06, munu'lHbiX OAR peaKmopo6 muna 
HEP. CneK11lP npu 80 K 6blll no/ly'leH 6 pe3yAb11la1!le 06YX 
U3MepeHuu npu pa3AU'lHbiX nolloJKeHURX cameAAU11l06. I- -
'lUCAO omc'le1!lo6 Ha KaHaA 3a 35 tlaco6 U3MepeHUR, ~ E -
nepeoatla :JHepzuu 6 M:JB, N - HoMep KaHaAa npu wupuHe 
KaHaAa 32 MKC, Be - 6epuAAUe6aR zpaHUI.Ia u Be'- 6epuA
AUe6aR npeozpaHUI.Ia. 
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Hble cuM60IIbl - KaK Ha puc. 2. 
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3HeprHH ,l{aHHoro cnei<TpoMeTpa cocTaBmma- 14~ B o6-

nacTH ~E , paBHOH 10 -;. 100 M3B/ HJIH MaJIOH BepOJIT

HOCTbiO nepeXO,l{OB Me)I(,D,y HHMH. 

rnaBHOe npeHMyll{eCTBO MeTO,D,a Heynpyroro pacceJIHHJI 

HeHTpOHOB DO cpaBHeHHIO C ,D,pyrHMH MeTO,D,aMH DpOJIBJIJieT

CJI B HCCJie,D,OBaHHJIX MeTaJIJIOB H MeTaJIJIHqeci<HX COe,D,HHe

HHH. Ha puc. 4 H 5 noi<aJaHhl TBll - cnei<Tpbl PrA1 2 H 

Pr 
3 

AI, nonyqeHHhle BblweonHcaHHbiM MeTO.D.OM. Pr Al
2 

HMe

eT I<y6Hqeci<yJO CTPYI<TYPY $a3hl JlaBeca. 3To Bell{eCTBo 

ynopJI,D,oqHBaeTcJI !lleppoMarHHTHO npH T -34 K /G/ • Ha-
c 

npaBJieHHe ocH ynopJI,D,oqeHHJI - < !()()>. TaKHM o6pa30M, 

MO)I(HO Ha6JIJO,D,aTb Mai<CHMaJibHO qeTblpe nepeXO,D,a Me)I(.IJ.y 

I<PHCTannHqeci<HMH lPOBHJIMH BHYTPH pacil{enneHHoro oc

HOBHOro COCTOJIHHJI H4 B napaMarHHTHOH o6naCTH (T > 34K~ 

s s 

1- T• 300K . 
H 

•· 
. .._,iz,"'.i=~.'":.t;:'~;:>;:·:"b::,:..."=.~}· < ,. 

/,~,..;~';i;~_-; .. -1 ·~·~ 
-.. :;_\.~E 

- · .. 
·' .••.•• -;?;:;:.:,·. T 80K ' .~,.;;·'_ . .;~·:c , . . ·JI'%: • l;._ 

.:· . 'e.;,"=::.;~-!/i'i/~7~~:;..;..~~ .. /t!f-i;~..,,.;:! ~ ..! 
-[~~----

·.; 

i~~-?-i 
; 

~·/! 
-L ,,;_ 

i.i·. 
"so. ... · 

- I -
~~· 

I -, 

I I .. .. 
W I 

PrAl2 
". 90" 

.. 
I 

• 
I - N~ 

Puc. 4. TBII- cneKIIrpw OAR PrA1 2 . YzoA pacce.RHU.R cp co
c•aeA.RA 90°. BpeM.R U3MepeHu.R - 80 'l. t - nepeoa'la 
3Hepzuu e M3B. OcllfaAbHble cuMeoAr.r - KaK Ha puc. 2. 
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Puc. 5. TBII- cneKmpbl OAJf a-Pr3 Al. YzoA pacceJIHUJI ¢ -
90 °. BpeMJI u3MepeHUJI - 80 .., npu T = 300 K, 70.., npu 
T = 80 K u 13 .., npu T = JJK. € - nepeoat.ta 3Hepzuu e 
M3B. OcmaAbHble CUM80Abl - KQK HQ puc. 2. 

Ta6nHua 2 

3HepreTH'ieCKHe ypOBHH H Ha6op napaMeTpOB KpHCTallliH'ieC-
KOI'O nonSI anSI Pr Al 2 ( H3 aeii:TpOHHbiX H3MepeHHH) 

3aaqeHHSI SHepreTH'ieCKHX ypOBHeH B napaMarHHT~OH 
o6naCTH: £3-(0), 1 5 (8,2 MsB), f'4 (15 MsB), 11(36 MsB). 

nnB - napaMeTpb! / 3/ : X = -0,58:!:_0,02; W 
= - (0,48:!:_0,02) MsB. 3aaqeHHe MoneKyngpaoro nong: ,_ 
H M = ( 480:!:_50) K3. napaMeTpbi KpHCTannH'i€CKOI'O nong: 
8

4 
= (47:t_4).10-4 MsB, 8 6 = ....:(156:!:_12).10-6 MsB. 

8 

C .IJ.pyroii CTOpOHhl, npH T<Tc BblpmK.IJ.eHHe 3 H 4 -co

CTOJIHHJI Pr 3+ nonaocTLIO CHHMaeTcJI. B pa6oTe /7 I s paM

Kax npH6nH)I{eHHJI MoneKynJipaoro nonJI .IJ.nJI ocH ynopJI.IJ.O'Ie

HHJI B aanpasneHHH <100> 6blno pacc'IHTaao paci.QenneHHe 

KaK ~YHKD;HJI BHyTpeHHero MarHHTHOrO ITOnJI B TO'II<e pac

ITOnO)I{eHHJI HOHa Pr 3+ . B ma6A. 2 ,IJ.aH aa6op napaMeTpos 

.IJ.nJI Pr Al 2 , nony'leHHhlii HaMH nyTeM H3MepeHHii aa HM

nynLCHOM peaKTOpe B }J;y6He H Ha CTaD;HOHapHOM BLICOKO

ITOTO'IHOM peaKTOpe B f'peao6ne. 

Pr3 Al o6na,IJ.aeT 6onee cno)I{HOH KpHcTannH'IecKoii CTPYK

Typoii, 'I eM PrAl 2 . llpH T MeHLwe 'I eM 600 K cyi.QeCT

syeT TaK Ha3blsaeMaJI a -~a3a reKcaroaanLHoii CTPYI<Typbl • 

3Ta ~a3a ynopJI.IJ.O'IHBaeTCJI ~eppoMarHHTHo npH T -16 K/8~ 
c 

B ma6A. 3 ,IJ.aHbl nJITL aaii.IJ.eHHLIX B aaweM 3KcnepHMeHTe 

nepexo~os. TaK KaK B ,IJ.aHHOM cnyqae TO'Ie'IHaJI CTPYI<Ty

pa HOHa Pr 3+ JIBnJieTCJI C 2 v, T. e. BblpO)I{,IJ.eHHe OCHOBHOrO 

COCTOJIHHJI CHHMaeTCJI ITOnHOCTLIO, IT03TOMY BH,IJ.HO, 'ITO 

Ha6niO,IJ.eHHOe KOnH'ieCTBO nepeXO,IJ.OB MeHLWe O)I{H,IJ.aeMOro . 

3TO OITJITL MO)I{HO 06'LJICHHTL yKa3aHHbiMH BbiW,e npH'IHHa

MH. Mo)I{HO .IJ.aTL ei.Qe H .IJ.pyroe o6'LJICHeHHe. EcnH npe,!J.no

no)I{HTL, 'ITO Pr H Al o6na,IJ.aroT O.IJ.HHaKOBbiMH TO'Ie'IHbiMH 

3apJI.IJ.aMH /s cnyqae Ky6H'IeCKoii CTPYI<Typhl TaKoe npe.IJ.

nono)l{eHHe, no- BH.IJ.HMOMY, 6blno c,IJ.enaao B 19 I I, To HOH 

Pr 3+ TenepL 6y,IJ.eT aaxo,IJ.HTLCJI B reKcaroaanLHOM oKpy

)l{eHHH H, cne,IJ.OBaTenLHO, B03MO)I{HOe 'IHCnO nepeXO,IJ.OB 

yMeHLWHTCJI. 3 H4 B 3TOM cnyqae paci.QennJieTCJI aa 6 
ypoaaeii c ,IJ.eBJITLIO pa3peweHHbiMH nepexo,IJ.aMH Me)I(.IJ.Y 
HHMH I 10/. llpH y'leTe BnHJIHHJI BHyTpeHHero" MarHHTHOrO 

nonJI aa paci.QenneHHe 3THX wecTH yposaeii/ 101 aawH pe-

3ynLTaTLI MO)I{HO OITHCaTL BenH'IHHOH napaMeTpa X- 0,6. 
BbiTeKaroi.QaJI H3 3Toro cxeMa yposaeii ,IJ.aHa B ma6A. 4. 

Ha puc. 5 MO)I{HO BH,IJ.eTL nepeXO,IJ.bl C OTHOCHTenLHO 

BbiCOKoii 3HeprHeii ~ E · HaTepecao, 'ITO 3TH nepexo,IJ.hl cne
.IJ.YIOT npaBHny ~E , 2 ~E, 3 ~E H oco6eHHO xopowo BH,IJ.Hbl 
npH T = 300 K. H3MepeHHe c noMOI.QLIO RMP noKa3ano 

npHCYTCTBHe BO.IJ.OPO.IJ.a B o6pa3n;e Pr
3 

Al . 3TH BLICOKo-
3HepreTH'IeCKHe nepeXO,IJ.bl MO)I{HO CBJI3aTL C COCTOJIHHJIMH 

BO,!J.OpO,!J.a, paCTBOpeHHOrO B 3TOM o6pa3n;e. 

llo.IJ.o6aaJI CHTyan;HJI aa6nro,IJ.anacL H .IJ.nJI .IJ.pyrHx pe.IJ.

K03eMenLHbiX MeTannos. Ha puc. 6 noKa3aH, aanpHMep, 
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Puc. 6. TBll-cneKmpbr OA.R La. YzoA pacce.RHU.R () = 90': 
BpeM.R U3MepeHu.R - 2 '1. OcmaAbHble CUMBOAbl - KaK Ha 
puc. 2. 

pe3ynLTaT .nm1 La , KOTopwi co.nep>Kan 3-5 aT .o/o ao.nopo,na. 
H3 3THX 3KcnepHMeHTOB MO>KHO 3aKmoqHTL, qTo ao,nopo.n 
"qyBCTByeT" rapMOHHqecKHB DOTeHI.J;Han, H C TOqKH 3peHHJI 
clJoHOHHOrO npe,nCTaBneHHJI 3TO 3HaqHT, qTo B 3TOM cnyqae 
.neB:cTayeT Mo.nenL 3iHwTeiHa I 11 I. 

IIocne,nHHe pe3ynLTaTLI noKa3waaroT, qyo cpaBHHTenL
HO npoCTOH cneKTpOMeTp o6paTHOB reOMtnpHH B coqe
TaHHH C HMnynLCHLIM HCTOqHHKOM THna Hli P- 30 ,naeT XO
powHe B03MO>KHOCTH ,nnJI Hccne.noaaHHJI npo:u;eccoa a o6na
CTH nepe,naqH BLICOKHX 3HeprHB /300> ~E> 20 M3B/. llo3-
TOMY MLI ,nyMaeM, qyo 3TOT MeTo,n JIBnJieTCJI no,nxo,nJIUUIM 

Ta6m1ua 4 

3Ha'ieHHSI 3HepreTH'ieCKHX ypoaaeii .D.JISI a -Pr
3 

Al : 

r52 (0), r6 (4,2 MaB), fJ. (6,3 MaB), IS1 (8,0 M38), 
r3 (17,3 MaB), r 4 (27 MaB)o 
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.llJUI B3y'leHBJI pac~enneHBJI KpBcTaJIJIB'IeCKBX yposHeii B 

MeT&JinB'IeCKBX COe,llBHeHBRX &KTBHB.IlOB, r,lle OHO .llOR*HO 

6WTb 60JibWe, 'leN B pe.llK03eMeJibHbiX COe.llBHeHHJIX, B llJIJI 

BCCJie,llOBaHBB MeTaJIJIOB C paCTBOpeHHbiM B HBX BO.IlOPO.IlOM. 

Haw xo'leTCJI swpa3BTb 6naro,llapHOCTb .llOKTopaw 

IO.M.OcTaHeBB'IY a JI. qepy 3a none3Hble .llBCKyccaa. 
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PyKonucr. nocmynU/Ia e u30ameAr.cKuu omOeA 
I 7 Ma.R 1976 zooa. 

Y CJIOBHB 06MeHa 

llpenpBHTW a coo6uteaa.a OHJIH pacCiaiJUUOTC.a 6ecJJJJaTHO, aa ocaoae 
B3aBMHoro o6weaa, yaaaepcsTeTaw, BHCTBTYTaw, JJa6opaTops.aw, 6&6-
JIBOTexaw B aay'IBWM rpyuuaw 6onee 50 CTpaH. 

llowawo peryn.apaoi paccwnxa a uop.aaxe o6weaa,B3AaTe~cxBi 
OTJleJI elKerOJlBO BhiJIOJIHaeT OKOJIO 4000 OTJle~BWX 3aJIPOCOB Ha BJ.I• 

' ChiJIKy npeupa&TOB B coo6ute&aA OHJIH. B Taxax 3anpocax CJie,llyeT 
o6a3al'e~&o yxa3WBaTL B&Jlexc 3aDpaWBaae¥oro B3AaBB.a. 

Anpeca 

llac~owa no acew aoupocaw o6we&a uy6JIBX8.JUI.&MH, a Taxll(e 3aupo-
cw sa OTJleJILBWe B3JlaHB.a cne,llyeT aanpaBJiaTL no aJlPecy: 

101000 MocKea, 
FAaeHwii no.,•aM•, n/A 79, 
Haoa•em.cKuu o•oe11 
061>eOUHeHHO?O UHc•u•y•a 
JIOepHWX UCCIIe006QHUU. 

AJlpec JlJlJI uocwnxs acex uy6JIBICIUld a DOPJIJlXe o6weaa, a TaXlKe 
JlJI.a 6eCJIJiaTHOB DOJlDBCXB &a say'lllwe lKYPBaJihl: 

·· 101000 MocKea, 
r11aeHwfl no.,•aM•, n/A 79. 
llay'IHo·•exHu'lecKaJI 6u611uo•exa 
061>eOUHeHHO?O UHc•u•,_a 
JIOepHWX UCCIIe006QHUil. 


