


~n~ npeo6naAa~eM RBnReTcR paA~a~~OHHaR . KpoMe Toro, B cMec~ 
~30TOnOB BCerAa COAepm~TCR He KOTOpOe KOn~4eCTBo 234U,~Me~~ero 
YA06H~A AnR ~ccneAOBaH~R pe3oHaHc. 3To pacw~pReT nony4aeMy~ 
~Hci>OpMa~~IO. 

K comaneH~~. sen~4~Ha CAB~ra pe3oHaHca, ~3BneKaeMaR ~3 ~3Me
peHHoro cneKTpa (~EexJ.coAepm~T, KPOMe ~CKOMoro x~M~4ecKoro 
CAB~ra (~Eo ),e~e CAB~r (~Efv),o6ycnosneHH~A pa3n~4H~M AOnnepos
CK~M yw~peH~eM B cpaBH~BaeM~X X~M~4eCK~X o6pa3~ax, 4TO Tpe6yeT 
T~aTenbHoro aHan~3a pa3n~4~R cl>opM~ pe3oHaHcos. C 3ToA ~enb~ 
6~n np~MeHeH MeToA, pa3pa6oTaHH~A AnR 6,67 3B pe3oHaHca 238u / I~ 
Han~4~e y235u MHor~x H~3K03HepreT~4ecK~x pe3oHaHcos c cy~ecT
seHHO oTn~4a~~~M~CR napaMeTpaM~ no3son~no 6onee cTporo nOATBep
A~Tb np~rOAHOCTb np~MeHReMoA MOAen~. 

H~me AaeTcR on~caH~e 3Kcnep~MeHTa ~ onpeAeneH~R ~ Eexp , 
a TaKme aHan~3 nony4eHH~x pe3ynbTaTos . 

2. 3KCnEPWHEHT 

CneKTP~ HeATpoHOB, npoweAw~x 4epe3 ~ccneAyeM~e o6pa3~~. ~3-
MepRn~cb no MeTOAY speMeH~ nponeTa Ha ~MnynbCHOM peaKTope H6P-30, 
pa60TaiOI.l\eM B 6ycTepHOM pem~Me C n~HeHHbiM YCKOP~TeneM JlY3-40 / 4/ . 
np~ nponeTHOH 6a3e OKOnO 60 M ~ An~TenbHOCT~ HeHTPOHHOro ~M
nynbca 4 MKC 3HepreT~4ecKoe pa3peweH~e nemano B npeAenax 2-
80 M3B AnR ~HTepsana 3Hepr~A HeATpoHoB 1-12 3B. B Ka4eCTBe 

ccneAyeM o6 a3~0B cno 30B n~c MeTaJ1 ~4ecK~A y H, U 2 , 
U30 8 ~ U03 C o6ora~eH~eM no 235U OKOno 90% ~ TOniJ1~HOH 0,48, 0,51 
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11 1,10·1022 RAep 235 u/cM 2,uo36biJ1 np1-1roTosneH 113 U0 2 1-1 11Men I..IBeT 
a -MOAI-1<!>1-1Ka1..1111-1. 

B XOAe 1-13MepeHI-1~ o6~e~ AJ111TeJ1bHOCTb~ oKono 400 4 ABa I-1J111 TPI-1 
o6pa31..1a 4epeAOBaJ11-1Cb B ny4Ke 4epe3 nfiTb MI-1HYT C nOMO~b~ aBTOMa
TI-14eCKOrO ycTpO~CTBa, ynpaBJlfleMoro MI1HI-1-3BM/ll, 3Ta me 38M 11C
nOJ1b30BaJ1aCb AJ1fl HaKOnJ1eHI1fl BpeMeHH~X cneKTPOB, MOHI-1TOpl1pOBaHI-1fl 
He~TPOHHOrO ny4Ka, KOHTPOJlfl 3a CTa61-1JlbHOCTb~ KamAOrO nfiTI-1MI-1HYT
HOrO 1..11-1KJ1a. 

B ny4Ke He~TPOHOB nocTOl'IHHO HaXOA1-1Jlacb TaHTaJloBafl <!>OJlbra 
TOJ1~11HO~ 0,1 MM. Pe3oHaHc~ TaHTana B cneKTpe nponycKaHI1fl pa3-
J1114HbiX o6pa31..10B ypaHa o6pa6aTbiBaJ11-1Cb TaK me, KaK pe30HaHCbl 
ypaHa, 1-1 I-1CnOJ1b30BaJ111Cb AJlfl KOHTPOJlfl 3a B03MOmHbiMI-1 annapaTyp
HbiMI1 CAB11raMI1 MemAY cneKTpaMI-1. Ha p11c. 1 npi1BeAeH OA1-1H 113 Tl-1ni14-
H~x cneKTPOB no speMeH11 nponeTa. 

3. OnPEAEnEH~E CAB~rOB PE30HAHCOB 

KaK 11 B npeAbiAY~e~ pa6oTe I II, pe3oHaHc~ B cneKTpax ABYX o6-
pa3I..IOB, 113MepeHH~X B OAHOM 11 TOM me 1..111KJ1e, N1 (t) 11 N2 (t), cpas
HI1BaJ111Cb C 11CnOJ1b30BaHI1eM MeTOAa Hai1MeHbWI1X KBaApaTOB np11 
sapbi1POBaHI111 napaMeTpos cneKTpa N2 OTHOCI1TeJ1bHO N1 : 

/2a/ 

r.T, .... , ........ ,.,,2 
L'-"I\"J-1'42 \"'1 J 

->min, /26/ 

Beni1411Ha !l texp xapaKTepl13yeT CAB11r cneKTpa no oc11 speMeHI1 
nponeTa, a napaMeTpbl A 11 N8 Y411T~Ba~T pa3J111411fl B 11HTeHCI1BHOCTI1 
npoweAwero ny4Ka, <!>oHa, 3<l><l>eKT11BHOCTI1 AeTeKTopa. 

YKa3aHHOe cpasHeHI1e npoBOA11JlOCb AJlfl KamAoro pe3oHaHca no 
11HTepsany BpeMeHI1 npoJleTa (t

1
, t

2
), C11MMeTpi14HOMY OTHOCI1TeJ1bHO 

l..leHTpa pe3oHaHca. 
4To6~ 11CKJ1~411Tb 113 /lt x BKJlaA, o6yCJ10BJ1eHH~~ pa3J1114HO~ <!>op-

w e wP 
MOI1 pe30HaHca, B03HI1Ka~~l111 B nepsy~ 04epeAb 113-3a pa3J1114Horo 
AOnJlepOBCKOrO YWI1peHI1fl, 411CJ1eHHO reHepl1pOBaJ1aCb napa cneKTPOB 
C1 (t) 11 C 2(t), 11Me~~I1X TaKI1e me <!>OPM~, KaK N1 11 N2 ,Ho 6e3 xi1-
MI14ecKoro CAB11ra. Anfl 3TI1X cneKTPOB npOBOA11JlaCb nOArOHKa B 
COOTBeTCTBI111 C B~pameHI1fiMI1 /2/, 'OTKYAa noJ1y4aJ1Cfl .CABI1r fl tfv , 
o6yCJ10BJ1eHH~~ TOJlbKO <!>OPMO~ pe30HaHCOB. ~CKOM~~ CABI1r B 3Hepre
TI14eCKOM npeACTaBJ1eHI111 MOmHO TOrAa 3ani1CaTb B B11Ae 

!lE =-2,77·10-2 E 312 (!lt -!ltn.,)IL. 
0 0 e~ L 

/3/ 

3Aecb 3Heprl1fl pe3oHaHca E 0 11 CABI1r !l E 0 s~pameH~ B 3JleKTpoHsonb
Tax, nponeTHafl 6a3a L - B MeT pax 11 !l t - B MI1KpoceKYHAaX. 
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CneKTP~ cl j.1 c 2 paC411TbiBaJ111Cb npl-1 OAI1HaKOBO~ 3Hepr1111 E 0 11 -
HOpM11POBaJ111Cb Ha OA1-1HaKOBY~ C 3KCnepi1MeHTaJ1bH~M11 cneKTpaM11 CTa 

TI1CTI-14eCKY~ T04HOCTb: 

C 1 (t)=N 1 (t), /4a/ 

c 1 (t)- c;(t) = N1 (t)- N;(t). /46/ 

H1-1me on11caH~ pac4eT~ <I>OPM~ pe3oHaHca c y4eToM AOnneposcKoro 

yw11peH11fl. 

4. AHAn~3 AOnnEPOBCKOrO YW~PEH~R 

3Kcnep1-1MeHTaJ1bHO Ha6Jl~AaeMOe He~TpOHHOe Ce4eHI1e aLS KaK 
<!>YHK1..111fl KI-1HeTio14eCKO~ 3Heprl11-1 He~TPOHa En B na6opaTOPHO~ CI1:TeMe 
fiBJlfleTcfl csepTKO~ fiAepHoro nonepe4Horo ce4eHI1fl a c <I>YHKLI11el1 S, 
Oni1Cb1Ba~~e~ o6MeH 3Heprl1e~ MemAY HaJ1eTa~~11MI1 He~TpOHaMI1 11 KOJ1e6-
J1~~1-1MI1Cfl aTOMaM11 B Kpl1cTaJ1J1114eCKO~ peweTKe o6pa31..1a: 

/5/ 

3HepreTI14eCKafl 3aB11CI1MOCTb a MOmeT 6~Tb npeACTaBJleHa B B11Ae 
cyMM~ 6pa~T-B11rHepoBCK11X 4JleHoB a 8 w scex pe3oHaHcos, Aa~~11x 

BKJlaA B paCCMaTpi1BaeM~~ 11HTepBaJ1 3Heprl111, BKJ1~4afl 11HTep<t>epeH1..111~ 
MemAY noTeH1..111aJ1bHbiM 11 pe3oHaHCH~M paccefiHI1eM. Y411T~Bafl ~~~oe 
paccTOfiHI1e MemAY ypoBHfiMI1 11 6oJ1bW11e AeJ111TeJ1bH~e w11p11H~ U, 
Heo6xOA11MO Y411TbiBaTb Mempe3oHaHCHY~ 11HTep<t>epeH1..111~. KaK noKa-
3aHo B~~~ OHa MOmeT 6~Tb Oni1CaHa AOnOJ1HI1TeJ1bH~M 4JleHOM ~nt' 
TaKI-1M o6pa30M, B OKOH4aTeJ1bHOM BI1Ae MOmHO 3an11caTb 

/6a/ 

ll ( [' n + 1, ) + v ( E - E 0 ) 
. ----::y------72- > 

( E - E 0 ) + (In + 1, ) I 4 
/6s/ 

a =477R 2 • 
pot 

/6r/ 

3AeCb ['n 1-1 1, COOTBeTCTBeHHO He~TPOHHafl WI-1PI1Ha 1-1 W11pi1Ha peaK1..1111-1 
pe3oHaHca, R - paA11YC noTeH1..111aJ1bHoro paccel'IHI1fl, rn - Macca 
He.::npof;ia, g- CTaTI1CTI14eCK11~ <!>aKTOP, ll 11 v - 11HTep$epeHI..II-10HH~e 
napaMeTPbl. 

<l>yHKI..II1fl nepeAa41-1 3Heprl11-1 S s~pamaeTcfl AJlfl l-1cnoJ1b30BaHH~X 
nOJ11-1KPI1CTaJ1J1114eCKI-1X o6pa31..10B 4epe3 HOpMaJ11130BaHHOe pacnpeAeJ1eHI1e 
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eH6pal.IHOHHbiX 4acTOT /6,7 I. · Y4HTbiBa.R 6onbwoe paanH4He e Mace ax 
aTOMOB ypaHa 1-1 APYrHx 3I1eMeHTOB, BXOA.R~Hx e xHAH4ecKoe coeAH
HeHHe, cneKTp 4aCTOT MOmHO npeACTaBHTb B BHAe 7/ 

!?a/ 

np~-1 a 1 + a 2 = 1. /76/ 

HHAeKc U np~-1 p yKaa~eaeT, 4TO AOilmeH HcnonbaoeaTbC.R eaeeweHH~R 
cneKTp, nOCKOJlbKY TOJlbKO aTOM~ ypaHa 3aXBaT~Ba~T paCCMaTpHBaeM~e 
pe30HaHCHble HeRTPOHbl H B036Y>KAa~T BH6pal.IHOHHble MOAbl / 8•9/. 

,[\.n.R 04eHKH Tpex HeaaeHCHMbiX napaMeTpoe ypaeHeHHR /7 I MomHo 
HcnonbaoeaTb H3Mep.ReMy~ paaHOCTb cneKTpoe N 1 ( t)- N2 ( t), npH4eM 
B Ka4eCTBe OCHOB~ MOmHO B3.RTb AI1.R MeTai1I11-14eCKOrO ypaHa a 2 = 0 
1-1 hv1 = 11 M3B/7< 5onee nOAP06HOe OnHCaHHe H HJlJl~CTPal.IHH 3Toro 
npH6JlHmeHH.R AI1.R HHTepnpeTal.IHH pa3HOCTI-1 Ce4eHHR, 3aBHC.R~eR OT 
$opM~ peaoHaHca, AaH~ ell~ 5~no TaKme noKaaaHo, 4TO aMnnHTYA~ 
pa3HOCTHOR KPHBOR B OCHOBHOM onpeAeJl.R~TC.R cpeAHeR 3HeprHeR 
Ha BH6pa4HOHHY~ CTeneHb CB060Abl <c>U 

1 
<c>u = 2 fhvpu (hv) cth (hv/2kT) d (hv), !81 

TaK 4TO Tpe6osaHH.R K T04HOCTI-1 napaMeTpOB hvl, hv2 1-1 a 1 no OT-
AeJlbHOCTH 3Ha4HTei1bHO CHH>Ka~TC.R. 

TaKHM o6oa30M. Bei11-11.11-1HCI h v. MOlKPT nhiTh OliPHPH;> n~TPM "'"'.n.
rOHKH K AaHH~M no YAeilbHOR Te~noeMKOCTH e o6nacTH TeMnepaTyp~ 
Ts100 K, AI1.R KoTopoR MOAa hv2 npaKTH4eCKH He soa6ymAaeTc.R, 

· B npeAnOJlomeHHH, 4TO KOJle6aHH.R h~ CB.R3aH~ C aTOMaMH ypaHa. 
Aanee MOAeilbHa.R paaHOCT b cneKTpos C 1 ( t ) - c 2 ( t) cor nacosbiBaeTc.R 
c H3MepeHHoR nyTeM sapHal.IHH 11<c>u = <c>u 1- <c>u 2• An.R HcnbiTaHHFI 
npHrOAHOCTH MOAeilH TaKHe noArOHKH AenanHcb AI1.R scex peaoHaHcos 
H AI1.R paanH4H~x Ton~HH o6pa3l.IOB. BenH4HHa x 2 cornacos~sanacb 
c omHAaeMoR no cTaTHCTH4eCKHM KPHTepHnM. KpoMe Taro, sapbHposa
IlHCb 3Ha4eHH.R hv2 HeaasHCHMO oT A<r>u.Ha pHc.2 npHBeAeH~ nony-
4eHH~e Bei1H4HH~ hv2 B 3aBHCHMOCTH OT 3HeprHH pe30HaHCOB AI1FI sceX 
COeAHHeHHR, a B Ta6n.1 AaHbl cpeAHHe 3Ha4eHH.R hv2 BMeCTe C Ol.le
HeHH~MH senH4HH~MH hv1.Ha pHc.3 npHBeAeH~ 3Ha4eHH.R A<c>u,pacc4H
TaHH~e C nony4eHH~MH 4aCTOTaMH AI1.R BCeX pe30HaHCOB, a B Ta6n.1 -
cpeAHHe 3Ha4eHH.R < c >ulk T. 

EcnH y4eCTb, 4TO nonH~e WHPHH~ paccMaTpHsaeM~x peaoHaHcos 
MeH.R~TC.R B npeAeilaX $aKTOpa 4eT~pe, TO 3HeprH.R OTAa4H, BJlHFI~~aFI 

Ha AOnnepOBCKOe YWHpeHHe, MeH.ReTC.R B npeAeJlaX OAHOrO nOP.RAKa 
Bei1H41-1Hbl , a eCilH TaKme Ht~eTb B BHAY CHJlbHble QJJlYKTYal.IHH rn, TO 
MomHo C4HTaTb, 4TO nony4eHH~e napaMeTp~ MOAenH .RBil.R~TCFI YAOBJleT
sopHTeJlbH~MH. CpasHeHH.R c HMe~~HMHCFI IlHTepaTypH~MH AaHH~MH no 
B3BeWeHHbiM 4aCTOTHbiM cneKTpaM AI1.R U 0 2 /10/, 0 3 0 8 /7 /,a TaK>Ke noilHbiM 
QJOHOHHbiM cneKTpaM AI1FI BCeX COeAHHeHHR /I I ,!2/ noKa3biBa~T Ka4ecT
BeHHOe HX cornacHe. 

6 

I!apaMeTpbi B3BemeHHoro qacTOTHoro cneKTpa 

06paaeu; hv 1 M3B hv2 
M3B <cu> KT T= 293 K 

u 11+2 I ,016 

uo
2 

12+3 46+4 I ,039~0,003 

U308 10+3 45+4 I ,051~0,003 

uo
3 

10+3 69+5 I ,066~0,003 

5. PE3YflbTAT~ H 05CY~AEHH~ 

HaRAeHHble senH4HHbl A E exp' A E fv H peaynb THPY~~He XHMH4eCKHe 
CABHrH A E0 Ail.R scex HccneAOBaHHbiX peaoHaHcos H KoM6HHal.IHR o6-
pa3l.IOB co6paH~ B Ta6n.2. 0WH6KH BKI1~4a~T CTaTHCTH4eCKHe Heon
peAeJleHHOCTH H3MepeHH~X cneKTPOB no speMeHH npoJleTa, OWH6KH 
s onpeAeneHHH QJOHOHH~x cneKTpos, peaoHaHcH~X napaMeTpos H APYrHx 
QJaKTOPOB, KOTOPble BJlH.RIOT Ha KOHe4HbiR pe3yJlbTaT. ,[\.n.R BCeX 
peaoHaHcos o6pa6oTKa npoBOAHilaCb AI1.R Tpex-4eTblpex HHTepsanos 
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speMeHH nponeTa, H nony4eH
H~e peaynbTaTbl cornacos~sa
nHcb s npeAenax T04HOCTH onH
caHH.R. 

npoBeAeHH~e Ol.leHKH B03Mom
HOrO BJlHFIHH.R Ha XHMH4eCKHR 
CABHr APYrHX csepxToHKHX 
B3aHMOAeRCTBHR, TaKHX, KaK 
3JleKTPH4eCKOe KBaApynOJlbHOe 
HJlH MarHHTHOe AHnOJlbHOe 
B3aHMOAeRCTBH.R, noKa3ai1H, 
~TO OHH npeHe6pemHMO Man~. 

PHc. 2. BeJIH'IHHbi napaMeTpOB 
hv

2 
B3BemeHHoro qacTOTHoro 

cneKTpa, rrony'leHHbJe no,o;roH
Kon H3MepeHHhlX pa3HOCTen 
cneKTPOB, KaK ~YHKIJ;HH 3HeprHH 
pe30HaHCOB •• - H3 KOM6HHa
IJ;HH yKa3aHHoro o6paau;a c Me
TannH'IeCKHM ypaHOM ,IJ;nH 
HeCKOnhKHX TO~H; ' - TO ~e 
p;nH UQ 2 ; ! - TO JKe ,IJ;nH UQ J • 
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J1pop;oJIJKeHHe Ta6JIHU:bi 2 

Tao~a 2 
PesoHaHc .Oopasm,~ 6£~ !J.E~v !J.Eo 

C~BrK pesoHaucoB I 2 MRSB MRSB MK9B 

Pe30H8HC Oopas~ !J.E~ 6 l=tv !!.Eo 
I 2 MKSB MKSB MKSB 

) uo3 {.( -363± 36 -328.± 67 - 35± 76 
3,6 38 l/03 UOz -253± 35 -1?7± 7I - '76± 79 
235 u UO.J uo2 -27!± 41 -448±!04 I77±II2 

uo3 u3 o• -146± 31 - ?6±II2 - ?O±II6 
5,2 38 uJos t( -382± 52 -346± 81 - 36± 96 

234u U30g uo~ -299± 31 -254± 41 - 45± 51 
uo3 uo..l -239± 33 - 81± 93 -158± 99 
U03 UO.t. -441± 30 -4I8,±III - 23±II5 

4,8 38 u UO;<, 376± 25 304±, 5! 72± 57 
uo3 U308 -223± 38 -203± 87 - 20± 94 

235t.J U30g u -672± 77 -453±!09 -219±!33 
U308 u 02. -I3I± 3? -145±!06 I4±,II2 
U03 u -?OI± 36 -5!4± ?4 -!8?± 82 
{J 0 .J UO.z -304± 34 -I66± 49 -138± 60 

I, I 3 t u u (}L. - 42± 36 - 55± 26 I3± 44 

235u 
ltO .3 U 1 0s -398± 34 -404± 59 6± 68 
tt3 0g u I63± 56 236± 61 - 63± 83 
U301 uo~ 282± 34 283± 57 - I± 66 
uo3 tl 01. -I20± 34 -12I± 44 I± 56 

U03 UO,t -357± 37 -4I5± 88 58± 95 

8,8 38 Ll uo~ -201±!02 52±340 -253,±355 
U03 U30g -I60± 49 -130± 60 - 30± 78 

235() UJOJJ u 3?0± IOI I92± 67 I78.±I22 
u 1 Og uo.2 245± 48 258.± 42 - I3± 63 

u U02 263± 22 274± 19 - II± 29 
2,0 38 li03 U308 - 65± 41 - ?5± ?? ID± 87 

235 u UJOg u -44I± 53 -338.± 70 -!03± 88 
u~o8 uo~ -I32± 4I - 74± 40 - 58± 58 

uo.J u 774± 89 456± 209 3I8±22? 
uc:, uo2 539±IOO 52I±22? I8±248 
lA C .. lJ t....fV:l_ l,jb ± 4tl lGti± tlb tj± '/4 

uo3 u -462.:t; 36 -472± 68 ID± ?? 
f./03 UO.z. -208± 34 -228.± 68 20± 76 

II,7J8 u uo2 -414± 54 -405±II4 - 9±I26 
U()J u 1 c>8 - 75± 59 ?± 84 - 82±103 

1..103 U02 -19?± 41 -I84± 80 - I3± 90 235u (..13 0;:; u 194±120 242± 35 - 48.±126 
U 3 0 8 uo3 96± 57 92± 30 4± 64 

ll liO,t II2± 53 I35j; 68 - 23± 86 uo_, u 1513± 77 1454;!194 59±209 
3,1 ?8 U03 U30g -253±IOI -195±I93 - 58,±2I8 U(/ J wo..._ 898± 74 927±175 - 29±I90 

235 tl tt3ol u - 89±I66 3I3±I54 -402,±226 
i1308 UO.z 8I±I03 - 41± 90 I22±I36 

U03 UO,z 21± 57 I39± 94 -II8,±IIO 

UOJ " -250± 75 -II3±I32 -13?±152 
U03 uofl -180± 72 89±153 -269±169 
uo3 uo;z -I?5±I02 -23?±250 62,±270 

12,4 -~B 
(I C..fO:~. -384± 63 -513±126 I29±141 

UC'.l u308 420± 60 3I3± 74 107± 96 
235/..1 (..13 0 li u 3II±123 288.± 88 23±151 

3,6 38 u UO;z 142± 25 14?± 42 - 5± 49 
UOg U301 -120± 41 -205± 98 85±106 

235{,( U101 ll -328.± 69 -I8I±I23 -I4?±I4I 
U30g UOz. -!50± 42 -227±!09 7?±II6 

) 
U70G uo2 163± 58 133± 92 30±!09 
UC/3 u I522± 90 1640±I86 -II8.±207 
UC3 u C.'z 1020± 86 !024±,167 - 4±I88 
uo3 UO;.: 573± 58 499± 65 74± 88 
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<11--t. <E>u /k 
001. 
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3 3 8 

PHc.3. Pa3HOCTH cpegHHX 
3HeprHH Ha CTerreHh CB060gbl 
KOne6aHHH aTOMa ypaHa B yKa-
3aHHblX o6pa3~ax, nonyt.IeHHbJe 
nogrOHKOH pa3HOCTeH H3MepeH
HbiX cneKTpOB, KaK cPYHK~HH 
3HeprHH pe3oHaHcoB. T - TeM
rrepaTypa o6pa3~a, K - rrocTo
HHHaH Bonh~MaHa. 

0 

0.04 

0 

0.04 

0 

0.04 

0 

0.04 

0 

0.04 

0 

u 

uo3 

UaOa 

UaOa 

uo3 

uo3 

f- t I l t t 1 I 
i i 

- 1 U308- uo2 

f, I· .. ~ 
• I i 

1- f ft ~ .. ,.. 
U-U02 

,~t 
f-

(P, uo,to, 'f 
f- I ' !t 

"L !~'' 
UPa-U ! 

t 
f 

T 

I -i V U03-t 'if 
I 

11 2.0 3.13.6 4.8 5.2 8.8 117 12.4 

E0 [J8J 

-

-

-

-

AnH nepexoAa oT x~M~
I.IecKoro CABI-ira !1 E0 K ~3MeHe
H~~ cpeAHeKBaApaT~'-IHOrO pa
A~yca 3aPHAa HAPa !1 < r 2 > Heo6-
XOA~Mo 3HaTb pa3HOCTb 3neKT
poHHbiX nnOTHOCTeH /1pe (O).AnH 
scex ~ccneAOBaHH~X coeA~He
H~i1, KPOMe U308 ,3T~ sen~'-I~H~ 
6bln~ Ol.leHeHbl B /I/. AnH U30 8 
~cnonb3oBaHo npeAnonomeH~e, 

'-ITO 3TO COeA~HeH~e COAepm!-iT 
1/3 COCTOHH~i1 C BaneHTHOCTb~ 
4 ~ 2/3 COCTOHH~H C BaneHT
HOCTbiO 6/13/. 3Ha4eH~H /1p.(0) 
AilH scex nap ~ccneAOBaHHblx 
COeA~HeH~H np~BeAeH~ B Ta6n.3. 

Ta6nH~a 3 
Pa3HOCTh sneKTPOHHb~ rrnoTHOCTeli 

06pa3~1 

2 
!1pe (0) 
10 26 CM-3 

uo2 2,8 .:!:. 2,5 

U308 3, I .:!:. I, 2 

u 3,5 .:!:. 2,2 

uo2 6,3 .:!:. I ,6 

u 6,6 .:!:. 3,0 

uo2 
9,4 + 2,0 

AnH onpeAeneH~H !1<r2> ~cnonb3osanocb B~Pa*eHI-ie /1/. MeTOAOM 
Ha~MeHbW~X KBaApaTOB npOBOA1-1nacb npHMaH nHH~H 4epe3 Ha'-lailO 
KOOPA~HaT ~ TO'-IKI-1 !1Eos 3aB~CI-1MOCT~ OT /1pe(O).AnH nocneAHei1 
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Ta6nH~a 4 
Pe3ynhTaTbl rro H3MeHeHHJO cpegHeKBagpaTHt.IHbiX pagHycoB 

5Igpo
MHmeHh 

234U 

23su 

23su 

23su 

23su 

23su 

23su 

23su 

23Su 

Eo 
3B 

5,16 

I, 14 

2,03 

3, IS 

3,61 

4,85 

8, 77 

II ,67 

12,39 

lf 
M3B 

o,o2/Is; 

107 

II 

103 

53 

4 

98 

6 

23 

• !1< r2> 
«l>M2 

-0,41.:!:_0,25 

+0,01.:!:_0,22 

-0,13.:!:_0,21 

+0,20.:!:_0,48 

+0,02.:!:_0,25 

-0,52.:!:_0,25 

+0,09.:!:_0,26 

-0,24.:!:_0,29 

+0,25.:!:_0,31 

l1<r2> 
«l>M2 B 

-0,46.:!:_0,25 

-0,09.:!:_0,22 

-0,23.:!:_0,21 

+0,10.:!:_0,48 

-0,08.:!:_0,25 

-0,62.:!:_0,25 

-0,01.:!:_0,26 

-0,34.:!:_0,29 

+0,15.:!:_0,31 

sen~'-I~Hbl BBOA~ncH <t>aKTOp 0, 9, Y4~Tb1Bal0lll~~ cna6y10 3as~c~MOCTb 
pe(r) B npeAenax HAPa/ 1~ nony'-leHH~e TaK~M cnoco6oM 3Ha4eH~H 
l1<r2>np~BeAeHbl B Ta6n.4. 

3Kcnep~MeHTanbH~e 3Ha4eH~H, nonyl.leHH~e TaK~M cnoco6oM, oT-
............. -.... -- ........................... - ........ _,, .... ,. ______ ,,,,,, ___ ---····-- - ··-
..... _. ,.._..,..,' ro...,o·o._.t ,._.,IF IOU ""f""'....,.M' ,._.,.,..., .... Mt" ..... I 0'1 ~I 1-1 "-' t"'-"M"IJ ..... U' ...... ~Tl...,;JUIIII~I91J r\Or\ 

C AOfiasneH~eM K HAPY He~hpoHa, TaK ~ C B036y}KAeH~eM HAPa. AnH 
B~AeneHHR nocneAHero 3$$eKTa HY*HO HCKni04HTb H30TOnHyiO 3aBHCH
MOCTb <r2>. Pa3HOCTb /1<r2>i Me*AY OCHOBH~MH COCTOHHHHMH COCeAHHX 
H3oTonos A+ 1 H A nony'-leHa H3 AaHHbiX no onTH4eCKOMY H30TOnHOMY 
CABHry/16/ H COCTaBnHna /+0,05+0,02/ <!JM 2 npH AOfiasneHHH HeHTPOHa 
K 234u H /+0,10+0,03/ <!>M 2 s cny1.1ae 235 U. 3Ha4eHHH l1<r2>8 =l1<r2>
- /1 < r2 >1 , COOTBeTCTBY~lliHe ~3MeHeHHIO cpeAHeKBaApaTH'-IHOrO paAHyca 
3a C'-leT B036ymAeHHH HAPa AO 3HeprHH CBH3H HeHTpOHa, npHBeAeHbl 
B nocneAHeM cTon61.1e Ta6n.4. 

CpeAHee 3Ha4eHHe l1<r 2>o no BOCbMH COCTOHHHHM KOMnayHA-HAPa 
236U COCTaBnHeT /-0,18+0,10/ <!JM2. EcnH HMeTb B BHAY, '-ITO cpeA
HeKBaApaTH4HbiH paAHYC -236U B OCHOBHOM COCTOHHHH paBeH 33,8 <!JM2/l6{ 
TO 3TO COOTBeTCTByeT YMeHbWeHH~ <r 2>npHMepHO Ha 0,5%, '-ITO COr
nacyeTCH C np~CKa3aHHeM Ha OCHOBe CTaTHCTH4eCKOH MOAenH, AaH
H~M 6yHaTHHOM 3~ 

npeACTaBJlHeT HHTepec nony'-leHHe BenH'-IHH~ <!JnyKTYal.lHH cpeAHe
KBaApaT[H'-IHOrO paAHYCa JA~~2 pa3nH4HbiX pe30HaHCOB j 

a<r2>= (<:r2>i _;;2';)2 /9/ 

3Ha4~TeilbHaH BeJlH'-IHHa 3KCnepHMeHTaJlbH~X OWH60K, Aame nocne 
HCKJl~'-leHHH CHCTeMaTH'-IeCKHX, T.e. ofi~HX AilH BCeX pe30HaHCOB, OWH-

ll 
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PHc.4. H3MeHeHHe cpeAHeKBaApaTHqHoro PaAHyca 3ap~Aa 
~Apa H30TOllOB ypaHa npH 3aXBaTe pe30HaHCHb~ HeHTpOHOB 
KaK IPYHKIJ;H~ AenHTenbHOli mHpHHbl rf pe3oHaHCOB. 

6oK. noasonReT nonY4HTb TOnbKO rpy6y~ o~eHKY 8<r
2

>n 

10' 1 ~~'~I <I>M 2. 

' PaccMOTPHM Tenepb, cywecTsyeT nH KoppenR~HR MemAY ~<r 2 > 
- - 1 /14/ o H AenHTenbHOH WHPHHOH r AnR HccneAoBaHH~x peaoHaHcos. Ha 

pHC. 4 npHBeAeH~ 3KCnepHMeHTanbHble 3Ha4eHHR ~< r2 > B 4JyHK~HH f'r • 
BHAHO, 4TO AnR peaoHaHcos c Man~MH ij T04KH ne*aT HHme, xoTR 
6onbwHe owH6KH He noasonR~T CAenaTb HaAemHoro yTsepmAeHHR. Yc
peAHeHHe 3Ha4eHH~ ~<r2>8no ABYM y4acTKaM c f'r <f'y/2 H 11 >1 /2 
lr. =35 M3BI AaeT COOTBeTCTBeHHO 1-0,38+0, 141 H l-0,02+0, 1li<!>M

2
. 

Y B npHH~Hne, yKa3aHHYI:l TeHAeH~HIO MomHo O>KHAaTb: ysen;4eHHe 
cpeAHeKBaApaTH4Horo paAHyca ysenH4HsaeT sepoRTHOCTb AeneHHR. 
0AHaKO H3MeHeHHe <r 2>B HesenHKO. AnR cpasHeHHR MOmHO OTMeTHTb, 
4TO npH npoxomAeHHH 4epe3 BTOPO~ MHHHMYM AByrop6oro 6apbepa/17,18/ 
npH napaMeTpe Ae4JopMa~~H ~ = 0,6 senH4HHa ~<r2>8 cocTasnReT 
oKono 5 4JM2. 

AnR 4eTHo-4eTH~X H30Tonos ypaHa, 6oM6apAHpyeM~X He~TPOHaMH, 
Ha6n~AaeTCR npOMemyT04HaR CTPYKTypa B ce4eHHH AeneHHR, KOTOpaR 
HHTepnpeTHpyeTCR B TepMHHaX ABYrop6oro 6apbepa AeneHHR KaK CBR3b 
MemAY COCTORHHRMH B ABYX noTeH~HanbHbiX RMax/15,19-21/, KoHclJHry
pa~HR Knacca II cywecTBeHHO oTnH4aeTcR OT KOH¢Hrypa~HH Knacca I 
H RBnReTcR npeo6naAa~we~ a KaHane AeneHHR. npH aaxsaTe He~TpoHa 
4eTHO-He4eTH~M 235U 3HeprHR B036Y>KAeHHR KOMnayHA-RAPa B~We 
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H CHnbHee CMeWHBaHHR KOH!l>Hrypa~H~ 3THX KnaCCOB. BonHOBY~ 4JYHK
~Hn MOmHO 3anHCaTb B BHAe 

r/J=al r/JI +anr/Jn, 
H npHMecb anr/Jn 6yAeT

2
onpeAenRTb sepoRTHOCTb AeneHHR. 

Me>KAY BenH4HHaMH ~<r >8,nony4eHHbiMH nyTeM ycpeAHeHHR 
HaHcaM c f'r >f'y/2 H f'r <f'y /2, MomeT 6biTb BbipameHa KaK 

PaaHocTb 
no peao-

~ <r 2 > B >- ~ <r 2 > B <:: (a ~I >- a ~I) ( < r 2 >u - < r 2 >I ) • 1101 

npH 3TOM onycKanHCb CMeWaHHble 4neHbl BI1Aa <rfJ, I r 21 r/Jn >. 11cnonb3YeM 
COOTHOWeHHe 1101 H nOACTaBI1M B npaBO~ 4aCTI1 pa3HOCTb cpeAHeKBaA
paTH4HbiX PaAHYCOB 2:~ BTOpO~ 11 nepBO~ RMaX, paBHY~ 15, 1 +0, 2/ <!>M 2 
H nony4eHHY~ AnR Am /l~frorAa MOmHo nony411Tb o~eHKY pa3HOCTI1 
(a~1 -a 1~<):::. 0,07~0,04. KoMnaYHA-cocTORHI1R, o6paay~wHecR np11 peaoHaHCHOM aaxsaTe 
He~TPOHOB 4eTH0-4eTH~MH RAPaMH 234U 11 238U,nemaT HHme 6apbepa 
Aen~HI1R, no3TOMY CBR3b MemAY KOH~Hrypa~HRM11 cna6aR. AnR HI1X 
~ < r > 8 aaMeTHO ~Hme, 4eM AnR peaoHaHCOB 235 U lpHc .I~ 1. 

3Ha4eHI1R ~ < r > 8 KaK ¢YHK~HR lnf' Ann scex HccneAoBaHH~x peao
HaHcos 234 U, 235 U H 238U xopowo no~aTCR Ha npRMY~ nHHI1~, OAHaKo 
6onbwl1e ow116KH He noasonn~T nP11AaBaTb 3TO~ aasHCI1MOCTI1 6onbwee 
3Ha4eHI1e, 4eM npOCTO 3MnHpH4eCKOe COOTHOWeHHe. 

A~Top~ ~naroAaPH~ aKaAeMHKY ~.M.$paHKY aa nocTonHHoe BH11MaHHe 
"iJdUUot::. IJUJit>wyrJ IIUMUIJ41> Ut<.d~dJIVI O.M.DdiUI:I, ,Li.ryUVIH VI f\.C.J\pbiKHH, 
pa3pa60TaBWHe CI1CTeMy HaKonneHHR AaHH~X H aBTOMaTI14eCKOrO yn
pasneHHR 3KCnepi1MeHTOM Ha 6aae MI1HI1-3BM. t1bl 6narOAaPHbl TaKme 
r.r.6yHaTnHy 3a none3H~e A11CKYCCI111. 
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