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AKOUSIH f ,f, H llP· P3- 11740 

H3oMepHbiA CllBHr neArponnblX peaonancoe. 1. H3Mepennsr 
C p83HbiMB XHMH'IaCKHMB COallHHaHHSIMH 238U 

Ha BMnyllbcHoM peaKTOpe HSP-30 MeTOllOM epeMenn nponeTa naMepeHbl 
CUeKTpbl nponyCKBHHSI pa3nH'IHbiX COellHHaHHil 238U C UellbiO o6napyll<eHHSI 

B30Mepnoro CllBHra Hei!TpOHHbiX pe30HBHCOB, npellnaraeMBSI pa6oTa, SIB

nSIIOlUBSICSI nepeoi! H3 cepHH CTaTei!, OUHCbiBBeT CBSI38HHble C 9THM ljlH3H

'IaCKHe npo6neMbl, MeTOll H3MepeHHSI, CUOC06 o6pa60TKH llBHHbiX, B TaKJKe 
nepeble peayn&TBTbl no aKcnepnMeBTan&nOMY onpeaenenn10 Cllenroe. 

p a60T8 Bbmonaena B na6opa TOpBH HeATponnoA tPH3HKH OH HH. 

Coo6IUaHHa 06baQHHaHHOI'O HHCTHTyTa SIQapHblX HCCneaOB8HHi!, ,Uy6Ha 1978 

Akopyan G.G, et ai. P3 - 11740 

The Isomer Shift of Neutron Resonances, 
1. Measurements on Various compounds of 238 U 

Employing the time-of-flight method, the recently predicted 
isomer shift of neutron resonances has been searched for in va
rious compounds of 238U by precisely measuring their transmission 
spectra at the IBR-30 pulsed reactor, The present paper, to be 
regarded as the first of a series of articles, describes the physical 
problems involved, the pertinent techniques of measuring and data 
analyzing, as well as first results on the resonance shifts experi
mentally determined. 

The investigation has been performed at the Laboratory 
of Neutron Physics, nNR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06'6ettBH9BHbl/l BHCTB'I'yT SlJJepHblJC HCCOeJtOBBHBil 0,y6Ha 

1. BBE,O.EHHE 

B 1973 ro)J.y HruaToBuq, OcTaneBuq H qep npeJJ.no:>KH" 

nH /!/ HCllOnb30BaTb 3neKTpuqeCKOe CBepXTOHKOe B3aHMO" 

)J.eHCTBHe 3neKTpOHOB C H)J.pOM )J.nH onpe)J.eneHHH H3MeHeHHH 

cpeJJ.HeKBaJJ.paTuquoro pa)J.uyca BhlCOKOB036Y~JJ.eHHhlX co

CTOHHHH H)J.ep nyTeM H3MepeHHH C)J.BHrOB HeHTpOHHhlX pe30" 

HaHCOB B pa3HhlX XHMHqeCKHX COe)J.HHeHHHX, B KOTOphlX 

uaxoJJ.HTCH paccMaTpHBaeMoe HJJ.po. ,[J;nH CJJ.BHra pe3ouauca 

BCne)J.CTBHe 3neKTpuqeCKOrO CBepXTOHKOrO B3aHMO)J.eHCT· 

BHH - H30Mepuoro CJJ.BHra - xopowuM npu6nu~euueM HBnH

eTCH Bhlpa~euue: 

IS 1 2 2 2 
ll E 0 = --- e Z ~ I 'll e (0) I i'l < r > , /1/ 

6fo 
r)J.e I'll 'lie (0) 12 o603HaqaeT pa3HOCTb nnOTHOCTH 3neKTpOHOB 

Ha MeCTe H)J.pa Me~JJ.Y JJ.BYMH paCCMaTpHBaeMbiMH XHMH· 

qe CKHMH coeJJ.HHeHHHMH, a i'l < r 2 > - H3Meueuue cpeJJ.HeKBaJJ.

paTuquoro pa)J.uyca HJJ.pa npu JaxBaTe ueiiTpoua. O~HJJ.aeMhlH 
C)J.BHr BeCbMa Man /nopH)J.Ka COTeH MK3B/, HO He)J.aBHO 

MarHHTHOe CBepXTOHKOe B3aHMO)J.eHCTBHe 3neKTpOHOB a TOMa 

c HJJ.POM 6hlno ycnewuo ucnonL30Bano B Jla6opa Topuu ueiiT

pouuoil 4Ju3HKH OHJIH JJ.nH onpeJJ.enenHH MaruuTHhlX MoM en

TOB BhlCOKOB036y~)J.eHHhlX COCTOHHHH H)J.ep/2~ llpH 3TOM 

6LinH pa3BHThl MeTO)J.hl, ll03BOnHIOu_.He npH llOMOu_.H ClleKTpo· 

cKonuu ueiiTpouoB no BpeMeHH nponeTa ua nyqKe 6hlcTporo 

HMnynLcuoro peaKTopa o6uapy~HTL 3HepreTuqecKue CJJ.BHrH 

HeHTpOHHhlX pe30HaHCOB Ha )J.eCHTKH MK3B, qTO Ha HeCKOnb· 

KO nopH)J.KOB MeHbWe, qeM WHpHHhl pe30HaHCOB. 
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llpe)J.JiaraeMa.H: pa6oTa RBJIReTCH nepBOH H3 CTaTeH, 

H3JiaraiOU(HX pe3yJibTaTbl llOHCKa H30MepHOrO C)J.BHra HeHT

poHHbiX peJoHaHCOB. B ueii onHCbiBaeTcR HJMepeHHe H o6-

pa6oTKa )J.aHHbiX )J.JIR pa3HbiX XHMH'IeCKHX COe)J.HHeHHH ec

TeCTBeHHoro ypaHa. YpaH o6na)J.aeT HeCKOJibKHMH 6naro

npHRTHbiMH )J.JIR TaKHX H3MepeHHH CBOHCTBaMH. K HHM OT

HOCRTC.II 60JibWOH .II)J.epHbiH 3ap.II)J. Z H HaJIH'IHe COe)J.HHeHHH 

pa3HbiX BaneHTHOCTeii /T.e. L'.l 'l'e (0) 1 2 6y)J.eT OTHocu

TeJibHO BeJIHKo/. KpoMe Toro, Y'IHTbiBa.ll 6onbwoii napaMeTp 

.IJ.e4JopMaUHH ypaHa, MO:>KHO O:>KH)J.aTb, 'ITO H L', <r 2 > 6y)J.eT 

HMeTb npHeMneMoe JHa'leHHe. HaKoHeu, HaJIH'IHe HH3Ko-

3HepreTH'IeCKHX pe30HaHCOB CllOC06CTByeT 06Hapy:>KeHHIO 

MaJibiX H30MepHbiX C)J.BHrOB MeTO)J.OM BpeMeHH npoJieTa. 

0.IJ.Ha H3 rnaBHbiX TPY.IJ.HOcTeii H3MepeHHR H30MepHoro 

C)J.BHra, KpOMe MaJIOCTH 3¢¢eKTa, B03HHKaeT H3-3a TOrO, 

'ITO pa3JIH'IHe KpHCTaJIJIH'IeCKHX peweTOK y pa3HbiX XHMH

qeCKHX COe)J.HHeHHH npHBO)J.HT K H3MeHeHHI04JopMblpe30HaH

Ca. 3TOH npo6JieMe, a TaK:>Ke BOllpOCaM llJIOTHOCTH 3JieKTpo

HOB Ha MeCTe R)J.pa llOCBRU(eHbl pa60Tbl /3,4/. 

2. METO,l{ H3MEPEHH.JI 

l13MepeHHe cneKTpa HeHTpOHOB, npowe)J.WHX qepe3 HC

CJie)J.yeMble o6pa3Ubl, npOBO)J.HJIOCb Ha nyqKe HMllYJibCHOro 

peaKTopa HliP-30, pa6oTaBwero B 6ycTepHOM pe)I(HMe 

C JIHHeHHbiM 3JieKTpOHHbiM ycKOpHTeJieM JIY3-40 /5/,CxeMa 

3KCllepHMeHTaJibHOH ycTaHOBKH H306pa:>KeHa Ha puc. J. 
,lJ;JIJI HaKOllJieHHR ClleKTpOB, ynpaBJieHHR CMeHOH o6pa3-

UOB H onepaTHBHOrO KOHTpOJI.II XO)J.a 3KCnepHMeHTa HCllOJib-

30BaJiaCb Manan Bbi'IHCJIBTeJibHaR MaWBHa TPA-i /sl.tiTo6bl 

o6ecneqBn. O.IJ.BHaKOBble 3KCnepBMeHTaJibHble ycnoBB.II, B3-

MepeHBe BeJIOCb C TpeM.II MHWeH.IIMB, BBO)J.HMbiMB B ny'IOK 

nooqepe.IJ.HO ua 5 MHHYT. Ka:>K.IJ.biH n.IITHMHHYTHbiH cneKTp 

KOHTpOJIHpOBaJICJI no llOKa3aHH.IIM ny'IKOBOrO MOHHTOpa H 

cqeT'IBKa CTapTOBbiX HMllYJibCOB H npH BblllOJIHellBB 3a)J.aHHbiX 

ycnoBHB: nocTORHCTBa .IJ.06aBJI.IIJIC.II K xpaHJIIQeMycJI B naM.IITH 

3BM cneKTPY .IJ.aHHoro o6pa3ua. llocne 3Toro B nyqoK 

aBTOMaTH'ICCKH BBO)J.HJICR CJie)J.yiOIQBH o6pa3eU. 

,lJ;JIR perHCTpaUHB HeHTpOHOB HCllOJib30BaJIC.II CUHHTHJI

JI.IIUHOHHblH )J.eTeKTOp C JIHTBeBbiM CTeKJIOM H 4JoTOYMHO:>KB-
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reneM <1>3Y-49. Becb rpaKT peracrpaJ.J.HH HeiiTpoHOB o6ec
neqaaan B03MO)KHOCTb pa60Tbl npH MrHOBeHHblX 3arpy3KaX 
~o 3 · 10 5 uMn/c, qro 6blJIO Heo6xo~HMO ~JI"' nonyqeHHJI 
~OCTaroqHO BhiCOKOH CTaTHCTHqeCKOH roqHOCTH cneKTpOB. 

B nyqKe nocTOJIHHO Haxo~HJICJI o6pa3eJ.J. H3 rep6a.11, 
pe30HaHChl KOTOpOrO CJIY)KHJIH ~JIJI 06'beKTHBHOrO KOHTpOJIJI 
apeMeHHhiX cneKTpoa. Ha puc. 2 noKa3aH o~HH H3 cneKT
poa, nonyqeHHhiX 3a 10 qacoa H3MepeHHJI, so apeM"' Ko
roporo HaKannaaaJIHCh TPH pa3HhiX cneKrpa. 

N 
I I\ 209 

~ 

[1061 
6.67 eV n • U 

\ I I 159T 
\ 24.5 14.4 11.1 4.99 135 eV n • b \ 

' \ 
1,0 

0,5 

0 500 1000 t 
Puc. 2. 3KcnepuMeH11W/IbHbiU cneKmp ooHozo o6pa3ija, 
nolly'leHHbiU 3Q 10 'lQCOB U3MepeHUJI. t - HOMep epeMeH
H020 KQHU/Ia C IUUpUHOU 2 MKC, N- 'lUC/10 0111C'le11106. 

3. OEPAEOTKA ,ll.AHHb/X 

IloJiylliHpHHa pe30HaHca 6,67 3B 3aHHMaeT npHMepHO 
15 KaHanoa, a O)KH~aeMhle c~BHrH pe3oHaHca - nop.II~Ka 

corhlx ~oneu KaHana, noJTOMY rpe6yerc.11 cneuaanLHaJI 
npoue~ypa Bbl~eneHHJI raKoro c~BHra. 06pa6orKa cneKr
poa no apeMeHH nponera npoHJBO,LJ,HJiaCh raK, qro B 3a-

6 

I, 
I! 

l 

~aHHOM ,LJ,Hana30He KaHaJIOB OT t l ~0 t 2 COOTBeTCTBYIOIJ.J.He 
~pyr ~pyry pe3oHaHChl ~ayx o6pa3J.J.OB no~rOHjlJIHCh no Me
ro~y HaHMeHhlliHX KBa~paTOB C HCnOJib30BaHHeM Tpex HJIH 
qerhlpex napaMerpoa. Ilo,LJ,rOHKa npoao~anacb no !}lop
MynaM 

N ri "" A [ N II ( t + ~ t ) + N B ] , /2a/ 

+"" 2 -
N ir =A [ f N II(t+~t+X) exp ( -x2 ) /( ',!2rr S) dx+N 8 ] , 

--<>0 28 /26/ 

2 
X 

t2 

! 
t= tl 

[N I(t) -N{r (t) ]2 

N1 (t)+Nn(t) 
~ Min., /2B/ 

r,LJ,e N 
1 

(t) , Nn (t) o6o3HaqaJOT cneKTphl cpaBHHBaeMhiX 
o6pa3J.J.OB, a ~ t - HCKOMhiH C~BHr pe30HaHCOB. Ilapa
MeTphl A H N 8 yqHTblBaiOT He6oJihlliHe pa3JIHqHJI B cyM
MapHOM nOTOKe HeHTpOHOB H !}JoHe cpaBHHBaeMbiX cneKT
pOB. B OCHOBHOM o6pa60TKa npOBO~HJiaCh C HCnOJib30Ba
HHeM Bhlpa)KeHHJI /2a/. KaK noKa3aJIH pe3yJILTaThl pacqe
TOB C /26/, BBe~eHHe ~onOJIHHTeJibHOrO napaMeTpa 8 
yqHThiBaJOIJ.J.ero B03MO)KHOe YlliHpeHHe pe3oHaHcHo8 KPHBOH, 
npaKTHqecKH He BJIHJieT Ha BeJIHqHHY C~BHra ~ t H JIHillb 
HeMHoro yMeHLillaer aenaqaHy x 2• Cne~yer orMeTHTh, 
qro napaMeTphl A , N 8 H S, Me)K~Y KOTOPhiMH HMeerc.ll 
3HaqarenLHa.ll KoppeJI.IIJ.J.HJI, oqeHh cna6o KoppenapyiOT c .~ t . 

Pe3oHaHChl penepHoro o6pa3J.J.a 159Tb c JHepraeu 
3,35; 11,1 H 24,5 3B o6pa6aThiBaJIHCb TaK )Ke, KaK H pe30" 
HaHChl 238U . 

4. PE3YJ/hTATbl 

Ha puc. 3 H3o6pa)KeHhl HeKOTOphle pacnpe~eneHH.H 

3HaqeHHH At, nonyqeHHhiX ~JIJI peJoHaHca ypaHa 6,67 :JB 
H3 H3MepeHHH C HeCKOJibKHMH COe~HHeHHJIMH H ,LJ,JIJI pe30" 
HaHca 11,1 :JB penepHoro o6pa3J.J.a rep6a.11. TaM )Ke yKa
JaHhl ~aana30Hhl no~roHKH t2- t 1 ~JIJI pe3oHaHca ypaHa. 
Pacnpe~eneHHe 3HaqeHHH ;\. t ~JIJI 159Tb noJBOJIJieT 
oueHHTh roqHOCTh H3MepeHHJI H o6pa6oTKH. YKaJaHbl cpe~
HHe 3HaqeHHJI C~BHra H HX CTaTHCTHqeCKHe OlliH6KH. 0Ka-
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3~BaeTCB, qTo HCllOnL30BaHH~B MeTO~ H3MepeHHB H o6· 
pa60TKH BBnBeTCB ~OCTaToqHO qyBCTBHTenLH~M, qTo6~ 

qeTKO 06Hapy)I(HTL C~BHrH nopB~Ka 100 MK3B. 

8 

N ~ 1 uo3~ uMET 
10 ~ Tb t2- t1= 23 

T 

5 

-1,5 -0,5 •0,5 •1,5 •2,5 •3,5 -1,5 

U~+ UMET 

10 1- I D I U t 2- I 1 • 40 

5 

UfZ ~ uo3 
t 2" t, z 23 

-0,5 • 0,5 •1,5 •2,5 •3,5 

-~·-~ ·~ ·~ ~' ·~ -u -~ -~ ·~ ·~ ·~ 

U0
3
+

1 

U0
2

( N0
3 

)
2 

' :tt ® 
U03+UME"P U02(N03ltUMET 

1~·27 10 

5 

-~ -~ -~ ~5 ~5 -~ -~ ·~ ·~ ·~ ~5 -e~t 

1\ 

Ta6Aut~a co~ep)I(HT cpe~uue JHaqeHHB c~Bura .t\ t u 
COOTBeTCTBYIO~He CTaTHCTHqecKHe OWH6KH, nonyqeHH~e 
npu no~roHKe B yKaJaHHLIX ~uanaJoHax KauanoB. 3uaqeuus 
L'. t ucnpaaneu~ ua c~BHr penepHLIX peJouaucoB 159Tb. 

3HepreTuqeCKHB C~BHr L'. E 3B CBB3aH C BpeMeHHLIM 

C~BHrOM L\, t MKC COOTHOWeHHeM 

L'.E = 2,77 -10-2 E 3 / 2 L'. t/L , 

r~e L - ~nuua nponeTHOB 6a3~ B M. 

3uaqeHHB L'. t B ma6A. oTnuqaroTCB ~pyr oT ~pyra 
B 3aBHCHMOCTH OT 3a~aHHOrO ~HanalOHa llO~rOHKH. 3TO 
CBH,D;eTenLCTByeT 0 TOM, qTo 4lopMa pe30HaHCOB B pa3nuq
HLIX o6pa3IJ,aX ~eBCTBHTenLHO He BllOnHe O~HHaKOBa, TaK 
KaK HCKOMLIB H30MepHLIB C~BHr ~o~eH 6~TL He3aBHCHM 
OT ~uanaJoHa no~roHKH. KaK y)l(e OTMeqeuo BLiwe, no~po6-
uoe 06Cy)l(~eHHe BOllpOCOB 0 BnHBHHH KpHCTannuqeCKOB 
CTPYKTYPLI ua 4JopMy pe3ouauca H 3Haqeuuu H3oMepuoro 
c~aura 6y~eT npuBe~eHo B nocne~yro~ux pa6oTax ~auuoro 
IJ,HKna. 3~ecL OTMeTHM, qTo ua6nro~aeMoe noBe~euue ~t 
y,D;OBneTBOpHTenLHO OllHCLIBaeTCB npH HCllOnL30BaHHH ~o
CTaToquo npOCTOB MO~enH KpHCTanna. 3TO ll03BOnBeT 
Q)I(H~aTL, qTo H30MepHLIB C~BHr MO)I(HO 6y~eT BLI~enHTL 
HnH nonyqHTL ero BepXHIOIO OIJ,eHKY, ecnH OH Man. 

ABTOPLI cquTaJOT CBOHM npHBTHLIM ~onroM no6naro~a
pun. H.M.cl>paHKa H B.H.Jly~uKoBa Ja HHTepec K pa6oTe. 

~ 
Puc. 3. PacnpeoeAeHue 3KcnepuMeHifla/lbHbiX 3Ha~eHUU coeu
zoe L'. t pe3oHaHca 238u 6,67 3B /MeJtCoy yKa3aHHbiMU 
coeouHeHU.RMU e o6o3Ha~eHHOM ouana3oHe KaHaAoe/ u 
pe30HaHca l59Tb 11,1 3B npu U3MepeHUJIX C npOOO/IJICU· 
meAbHOCiflbiO 10 ~acoe I,\ t e eouHut~ax 10 -2 KaHaAa/. 
a/ ToA~uHa o6pa3t~oe - 0,552 ·10 21.Roep/cM2 ;meMnepa
mypa o6pa3t~oe - KOMHamHa.R /-290 K/; npoAemHa.R 6a3a -
55 M; wupuHa epeMeHHozo KaHaAa - 2,0 MKC. 6/ ToA~uHa 
o6pa3t~oe - 0,552·1 021 .ROep/cM 2; meMnepamypa o6pa3-
l#06 - 374 K; npoAemHa.R 6a3a - 64 M; wupuHa epeMeHHozo 
KaHaAa - 2,0 MKC. e/ ToA~uHa o6pa3t~oe 
1,19·102t.Roep/cM2;meMnepamypa o6pa3t~oe - KOMHamHa.R 
/-293 K/; npoAemHa.R 6a3a - 60 M; wupuHa epeMeHHozo 
KaHa/la • 2,5 MKC. 
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BLipa>KaeM cao10 6naro.n.apHocn. ,IJ;.3eenHrepy 3a none3-
HLie o6cy>K)).eHHB peJyJILTaToa pa6oTLI, IT.3KWTe8Hy - 3a 
npe)).OCTaBJieHHe :meKTpOHHbiX npH60pOB, 3.3KWTeBH 
la DOMO~b npH o6pa6oTKe .n.aHHwx, a TaK>Ke X.lipyxepT
laaclJepy - Ja npHroToaneHHe coe.n.HHeHHB UF4 . 
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