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Eop3aKOB C.E. H .!IP-
113)"-leHHe KpHBhlX pacna.[la 3ana3,!lbJBaIOIUHX HeihpoHOB 
npH ,!leJieHHH mu H 239Pu TenJIOBbIMH HeHTpOHaMH 

P3-99-208 

TipttBe,!leHhl pe3yJihTaTbl H3MepeHHH KpHBbJX pacna,!la 3aila3,!lbJBaIOIUHX HeH
TpOHOB, o6pa3YJOIUHXC51 B pe3yJihTaTe ,!leJieHH51 TeilJIOBhlMH HeHTpOHaMH 51,!lep mu 
H 239 Pu. ,UaHHhie IlOJI)"-leHbl MeTO,!IOM nepHO.!IH'!eCKOro o6JI)"-leHH51 B HHTepBane 
BpeMeHH nocne o6JI)"-leHil5I OT 5 ,!10 730 MC. 11CTO'IHHKOM HeHTpOHOB CJI)')KHJI HM
nyJihCHhlH peaKTop HEP-2. TipoBe,!leHO cpaBHeHHe H3MepeHHhIX KpHBhIX c KpHBhl
MH, pacC<JHTaHHhJMH C HCilOJib30BaHHeM H3BeCTHhlX 113 JIHTepaTyphl Ha6opoB napa
MeTpOB (OTHOCHTeJihHhIX BeCOB H nepH0,!10B nonypacna.[la 6 HJIH 8 3KCilOHeHT). 
Tipe,!IJIO)KeH HOBhIH 7-rpynnoBOH tta6op napaMeTpOB, Jl)"-lllle OilHChJBaIOIUHH 3KC
nepHMeHTaJibHbJe ,!laHHbJe. 

Pa6orn BhlilOJIHeHa B J1a6opaTOpHH HeHTpOHHOH qJH3HKH HM. 11.M.<l>paHKa 
omrn. 

npenp1rnr 06bemmemwro m1crnryra ~11epHhlX 11crne11osaH11ii . .ily6Ha, 1999 
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Borzakov S.B. et al. P3-99-208 
Study of Delayed Neutron Decay Curves 
from Thermal Neutron Induced Fission of 235 U and 239 Pu 

The results of measurements of decay curves for delayed neutrons, obtained 
in the thermal neutron induced fission of 235 U and 239 Pu, are presented. The data 
were obtained by the periodical irradiation method on the IBR-2 pulsed reactor 
in the time interval from 5 to 730 msec after the end of irradiation. The compari
son of the measured curves with the curves calculated with using several known 
from literature parameter sets (relative weights and half-lives of 6 or 8 exponents) 
was carried out. The new 7-group parameter set, which describes experimental 
data better, is proposed. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna, 1999 



BseneH11e 

v13Becrno, '-IT0 38BI/ICI/IM0CT6 OT BpeMeHI/I '-II/IC118 3ana3A6l88IOW,I/IX 

HeHTPOHOB (3H) nd(t), o6pa3ylOLll,I/IXCSl 8 pe3y116TaTe ge11eH111Sl s:igep 1/1 

nocnegy10w,ero f3 - pacnaga ocK011Kos-npegwecrneHH111Kos, MQ)l(8T 

66IT6 npegCTaBlleHa 8 Bl/lge CYMM6I 60116WOro '-II/IC11a 3KCn0H8HT C 

nocTOSlHH6IMI/I pacnaga A; = ln2/T1; 2,; 111 secaM111 a; = Ye; Pn;: 

nd (t) ="'"' a .,1,.e-A.,r .L..J I I ( 1) 

rAe T,;2,; - nep1110A no11ypacnaAa i-ro npeAwecTBeHHI/IKa, Ye; - era 

KyMy11SlTI/IBH61'1 861X0A np111 AeJJeHI/II/I SlAPa, Pn; - BepoSlTH0CT6 3MI/ICCI/II/I 

H8HTpOHa 8 aKTe {3-pacnaga. CyMMltlp088Hl/le segeTCSl no BCeM 

1/130TonaM - npeAW8CTB8HHI/IK8M. 

8 CBSl31/1 C TeM, '-IT0 '-II/IC110 npeAW8CTB8HHI/IKOB 0'-18H6 88/ll/lK0 

(B H8CTOSlUJ,ee speMs:i I/IX 1/13B8CTH0 6onee 270), AJlSl npaKTl/l'-18CK0ro 

2 

111cn01163088Hl1rn 86IP8)KeHI/ISl ( 1) 0661'-IHO npegwecrneHHI/IKI/I C 

6111113KI/IMI/I nep111ogaM111 pa361/1B8IOTCSl Ha HeCK0116K0 OTge116H6IX rpynn. 

Ha1116011ee pacnpocTpaHeHHOH s:is11s:ieTcs:i 6-rpynnosas:i c111cTeMa 

K0HCT8HT, snepB6le BBeA8HH8Sl K111nl/lH6IM [1 ). HeK0TOp6IMI/I asTopaMI/I 

npeAJ1ara11oc6 6011ee geTa116Hoe pa36111eH111e npegwecTseHHI/IK0B Ha 

rpynn6I [2,3), 0AH8K0 OHO He no11y'-11/1110 pacnpocTpaHeHI/ISl. B 

noc11egHee speMs:i Cnp111rrcoM III gp. npeAJl0)KeHa 8-rpynnosas:i 

c111cTeMa, 11yYwe cornacy10w,as:ics:i c pe3y116TaTaM111 SKcnep111MeHT0B no 

1/13MepeHI/IIO peaKTI/IBH0CTI/I 1/1 nep111oga pa3r0Ha KplllTl/l'-leCKI/IX CI/ICTeM, 

YeM 6-rpynnosas:i [4, 13). 8 HeH npeAJ1araeTcs:i 6011ee ecTeCTBeHHoe 

¢opM111posaH111e A011 rD)KI/I BYW,IIIX rpynn, C00TBeTCTBylOW,I/IX 

npegwecTBeHHI/IK8M C Ha11160116WI/IM 86IX0A0M. OgHaKO TPYAHee 

86IA8111/1T6 A0MI/IHIIIPYIOW,l/le 1/130T0n6I 1/1 npeHe6pe'-16 BK118A0M 0CT8116H6IX 

8 o6JJaCTI/I 6011ee K0p0TK0)KI/IBYW,IIIX npegwecTBeHHI/IK0B, rge peweHl/le 

TaKOH 38A8'-11/1 CTaH0BI/ITCSl MeHee 0AH03H8'-IH6IM (CM. p111c. 1 ). 

8 CBSl31/1 C 3TI/IM 661110 peweHo 6011ee A8T8116H0 

npoaHa111113111posaT6 cornac111e HecK0116KI/IX c111cTeM K0HCTaHT {A; ; a;}, 

npeAJ1araeM6IX pa3H6IMI/I 88T0paMI/I, C 3KCnep111MeHT8116H6IMI/I A8HH6IMI/I 

1/1 AJlSl I/IX YT0'-IH8HI/ISl nposeCTI/I gon011HI/IT8116H6le 1/13MepeHI/ISl 8 0611acTI/I 

K0P0TKI/IX nep111ogos 3H. TaKas:i He06XOAI/IMOCT6 661118 CBSl3aHa C TeM, 

'-IT0 '-18CTO 111cno1163yeMaSl MeTOAI/IKa 1/13MepeHI/IH, BKJll0'-18IOW,8Sl 

nepeMeW,eHl/le o6pa3u,a OT MeCTa 0611y'-leHI/ISl K geTeKTOPY HeHTP0HOB, 

He n03B0JJSleT C xopoweH T0'-IH0CT6IO onpege11SlT6 xapaKTeplllCTI/IKl-1 3H, 

1-1cnycKaeM6IX B nepBylO CeKyHAY noc11e 0611y'-leHl-1Sl. 3Tl-1M o6bSlCHSllOTCSl 

ae111-1'-11-1H6I ow11160K 1-1 pa36poca gaHH6IX (15-35%) np1-1 onpegeneH1-11-1 

napaMeTpos 5-H 1-1 6-H rpynn [5, 10). TaK1-1M o6pa30M, npegcTas11s:i11oc6 

; 
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u,enecoo6pa3HblM 1113MepeH111e KPIIIBblX pacnaAa 3H s IIIHTepsane 

speMeHIII OT H8CKOJlbKVIX MIIIJlJllllCei<yHA AO 1 C • 
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Half-life. s 

Puc. 1. BKJ18/l, pa3flWIHb/X M30TOnOB B Bb/XOA 3H (B npo4eHTaX) AflR 

ABfleHMR TenflOBb/MM HBMTpOHaMM 235LJ 

8Kcnep111MeHT 

~ 

• 

Amt sTovi u,en111 s Jla6oparnp111111 HeHTpoHHovi cp1113111K111 0111~:U.1 6b1J1a 

IIICnOJlb30BaHa ycTaHOBKa "lt130Mep", npeAHa3HaYeHHas:i Alls:! 

onpeAeJ18Hllls:I nOJJHblX BblXOAOB 3H np111 A8Jl8HIIIIII s:tAep aKTIIIHVIAOB 

TenJJOBblMVI H8HTpOHaM111 Ill IIICnOJlb3YIO~as:i IIIMnyJJbCHblH peaKTop lt16P-2 

B KaYeCTBe IIICTOYHVIKa HeHTPOHOB [6-8]. PeaKTop lt16P-2, np111 cpeAHeH 

4 

MO~HOCTIII 2 MBT, IIIMeeT YaCTOTY BCnbIWeK b I u. Ill MO~HOCTb B 

111MnyJ1bCe 1350 MBT Ill s:18Jls:18TCS'I YA06HblM VICTOYHIIIKOM HeHTPOHOB AJls:1 

1113YY8Hllls:I KPIIIBblX pacnaAa KOPOTKO)l(IIIBY~IIIX npeAW8CTB8HHIIIKOB 3H. 

rnaBHblMIII SJleMeHTaMIII ycTaHOBKIII "lt130Mep" s:IBJls:IIOTCS'I npepbJBaTeJlb 

TenJJOBblX H8HTpOHOB Ill A8T8KTOP BblCOKOH scpcpeKTVIBHOCTIII, 

COCTOS'ILL\IIIH 1113 12 3He-cYeTYIIIKOB B 3aM8AJJIIITeJJe. YcTaHOBKa 

pacnoJJO)l(eHa Ha BblXOAe 11130rHyTOrq 3epKaJlbHOro H8HTPOHOBOAa, YTO 

n03BOJ1111JlO npOBOAVITb 1113MepeHIIIS'I B AOCTaTOYHO xopow111x cj:>OHOBblX 

YCJJOBIIIS'IX. 

B HaCTOs:t~evi pa6oTe npeAcTaBJ18Hbl pe3yJlbTaTbl noBTOpHblX 

1113MepeHIIIH III aHaJ11113 KPIIIBblX pacnaAa 3H, 06pa3osasw111xcs:i s 

pe3yJlbTaTe A8Jl8Hllls:I 
235U · 111 

239
Pu TenJJOBblMIII HeHTPOHaMIII, B 6onee 

WlllpOKOM (no cpaBHeHIIIIO c Hawevi npeAblAy~evi pa60TOH [8]) 

IIIHTepsane speMeHIII pacnaAa OT 5 MC AO 730 MC nocne OKOHYaHIIIS'I 

o6JJyYeHIIIS'I. lt13MepeHIIIS'I npoBeAeHbl M8TOAOM neplllOAIIIY8CKOro 

o6JJyYeHIIIS'I 06pa3u,a C YaCTOTOH 06J1yYeH111s:i 1, 25 ru., YTO AOCrnraJJOCb 

YM8HbW8HV18M YaCTOTbl spa~eHIIIS'I npepblBaTeJls:t. B KaYeCTBe 

o6pa3U,OB 111cnOJ1b30BaJ1V1Cb MeTaJ1J1VIY8CKV1e MVIW8HIII 235U Ill 239Pu 

secoM 7 Ill 10 r COOTB8TCTB8HHO. 

Q)QH onpeAeJls:tJlCS'I B 1113MepeHIIIS'IX C KaAM1118BblM cj:>IIIJlbTpOM B 

nyYKe Ill COCTaBJls:!Jl B8JllllYIIIHY He 6onee 1 % OT nOJJHOro CYeTa 

HeHTPOHOB B IIICCJ18AY8MOM IIIHTepsane speMeHIII. Pe3yJlbTaTbl 

1113MepeHIIIH C BblYTeHHblM cj:>OHOM noKa3aHbl Ha p111c. 2 AJJS'I 235U Ill Ha 

p111c. 3 - AJls:I 
239

Pu. HaKOnJ1eH111e AaHHblX npoBOAVIJlOCb B TeYeHllle 40 

yacos Alls:! 
235U Ill 86 YaCOB AJls:I 

239
Pu. np111 STOM CTaTIIICTVIY8CKas:t 
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TOYHOCTb OTCYeTOB COCTasmu,a 0,3- 0,4 % Afl5l 235U lt1 239Pu 8 Ka)l(p.OM 

speMeHHOM KaHa11e, paBHOM 1,024 MC. 

c 85000 
:, 
0 

(.) 

1 
2 3 U-235 

80000 

75000 

:~""'"/ ~ "", 
• ■ ', "' ', "- . 

70000 / ·~-"' 4 ~,:, ·- ~ "-
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65000 

60000 
0 200 400 600 
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Puc. 2. 3KcnepMMeHTaflbHaR KPMBaR, nony'-leHHaR C o6pa3Lt0M 235U. 
noKa3aHb/ KPMBble pacna.o.a, paCC'-IMTaHHble C MCnOflb3OBaHMeM 
cne.o.y10w,i1x Ha6opoa napaMerpoa: 1- R. J. Tuttle [5]; 2- R. W. Waldo 
et al. [10]; 3- R. W. Mills et al. [11], 4 - G.D. Spriggs et al. [13] 

AHaJllt13 lt1 06cY?f{AeH1t1e pe3Yl)bTaTOB 

Anfl cpasHeHlt15l nonyYeHHblX HaM1t1 AaHHblX C pe3yJ1bTaTaM1t1 

paHee ony6111t1KOBaHHblX pa60T 6b1Jllt1 nOCTpoeHbl Kplt1Bble pacnaAa C 

1t1CnOJ1b30BaH1t1eM pa3Jllt1YHblX Ha6opos OTHOC1t1TeJ1bHblX BeCOB lt1 

nep1t10AOB no11ypacnaAa Ka)l(p.oi:1 rpynnbr, np1t1BeAeHHblX s pa6oTax 

[5, 10, 11, 13] Aflfl 
235U 111 [5, 10, 12, 16] Aflfl 239Pu. Kp1t1sb1e pacnaAa 
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PMC. 3. 3KcnepMMeHTaflbHafl KPMBaR, nony'-leHHaR C o6pa3LtOM 239Pu. 
noKa3aHbl Kpl1Bble pacna.o.a, paCC'-ll1TaHHble C l1CnOnb3OBaHMeM 
cne.o.y10w,i1x Ha6opoa napaMerpoa: 1- R.J. Tuttle [5], 2 - Brady
England [16]; 3 -A. Wahl [12]; 4 - R.W. Waldo [10] 

nAt) paccY1t1Tb1Ba111t1cb no cpopMyne, yY1t1Tb1sat0w,ei1 nep1t10A1t1YecK1t1i1 

xapaKTep 0611yYeH1t15l, np1t1BeAeHHOl1 8 [8]: 

- f a; 1- exp(-A, .. M) 
nd(t)=N1.vd.£d·£.J-· '.l ·exp(-A,.t) (2) 

i=I !it 1- exp(-,'!.T) 

3AeCb N, - Ylt1CJ10 aKTOB AeJJeHlt15l, vd - BblXOA 3H, T - nepltlOA 

0611yYeH1t15l, Lit - speM5l 0611yYeH1t15l 8 TeYeH1t1e OAHOro nep1t10Aa, Cd -

scpcpeKTltlBHOCTb AeTeKTopa, a; - OTHOC1t1TeJ1bHbll1 sec i-oi1 rpynnbl 

(I.a; = 1 ). nocKOJJbKY Afl5l AOCT1t1)KeH1t15l BblCOKOi:1 cTaT1t1CT1t1YecKoi1 

TOYHOCTltl lt13MepeHlt15l YltlCJla 3H 661110 Heo6XOA1t1MO 1t1CnOJ1b30BaTb 

o6pa3U,bl 60JlbWOl1 MaCCbl, YltlCJlO aKTOB AelleHlt15l He onpeAe115lJ10Cb 1113-

7 



38 npocYeT0B annapa-rypbl. HopMl-1pOB0YH8Sl K0HCT8HTa C = N,vd£d 

onpeAe11HJl8Cb C noM0W,blO n0AfOHKl-1. KaK Bl-1AH0 l-13 Pl-1C. 2, aBT0pbl 

pa60T [10, 11] 38BblW8IOT BKJ18A K0p0TK0)Kl-1BYW.l-1X npeAWeCTBeHHl-1K0B, 

a pa60Tbl [13] - 38Hl-1)K81QT. Ha1,,111yYWl-1M o6pa30M 3KCnepl-1M8HT8JlbHble 

A8HHble onl-1CbIB8IOTCSl C noM0W,blO Ha6opa napaMeTp0B l-13 pa60Tbl 

[5]: X2 = 2,6 Ha 0AHY TOYKY. 

60JlbW0VI l-1HTepec, C Haweitl T0YKl-1 apeHl-1Sl, npeACT8BJlSleT 

noc11eAHee npeAJl0)KeHl-1e Cnp1,,1rrca l-1 AP- 06 1,,1cno11baosaHl-1l-1 8-

rpynnosoitl Cl-1CTeMbl K0HCTaHT [13], s KOT0poitl B KaYeCTBe 

napaMeTp0B rpynnbl npeAJl0)KeHbl napaMeTpbl npeAWecTBeHHl-1K0B, 

A0Ml-1Hl-1PYIOW,l-1X B rpynne. He Bbl3bl8aeT C0MHeHl-1Sl u.e11ecoo6pa3H0CTb 

TaK0ro n0AX0Aa, no Kpai71Hei71 Mepe AJlSl nepBblX YeTblpex 

A0JlfO)Kl-1BYW.l-1X rpynn npeAWeCTBeHHl-1K0B (CM. Pl-1C. 1 ). OAH8KO B 

CBH3l-1 C 38MeTHblM pacX0)f(AeHl-1eM X0Aa Kpl-1BblX B 0611acTl-1 

K0P0TKl-1X nepl-10A0B l-1 H8Jll-1Yl-1Sl B 5-itl 1-1 7-itl rpynnax [13] 60JlbWOro 

Yl-1CJla npeAwecTBeHHl-1K0B, l-1MelOW,l-1X cpaBHl-1Mble BblX0Abl, \ HaMl-1 

6b111a npeAnpHHHTa nonblTKa yYeCTb BKJ18A 6011bwero Yl-1CJla 

npeAWeCTBeHHl-1K0B 3H B 3Tl-1X rpynnax. npl-1 3T0M l-1Cn0Jlb30B8Jll-1Cb 

A8HHbIe no nepl-10AaM no11ypacnaAa 1,,13 [14], 3HaYeHl-1HM Pn 1,,13 

[15] l-1 KYMY1lHTl-1BHblM BblX0AaM l-13 [12]. KpoMe rnro, BCJleACTBl-1e 

0TCYTCTBl-1Sl npeAwecrneHHl-1K0B C 3aMeTHblM OTH0Cl-1TeJlbHblM 

BblX0A0M (> 0,01%) B l-1HTepsa11e T1;2 == 0,6 + 1,4 C l-1 C00TBeTcTBeHH0 

M8JlblM CYMMapHblM BK118A0M a5 < 0,02% npeACTaBJlSleTCSl 

u.e11ecoo6pa3HblM l-1CKJ1l0Yl-1Tb ee KaK 0TAeJlbHYIO rpynny l-1 nepeitlTl-1 K 7-

rpynnosoitl Cl-1CTeMe K0HCTaHT (CM. rn611. 1 ). 

8 

) 

\ 
I 

Ta6111,,1u,a 1. Paa6l-1eHl-1e Ha rpynnbI 1,,1 Ha6op napaMeTpos AllH 
235U 

CpeAHee Bee 
HoMep s:IAP0- a; 3Ha'-l8Hl18 rpynnbI, 
rpynnbI npeAW8CTB8HHl1K T1;2.i, C (Ha 100 T1;2,j, C (Ha 100 

8KTOB aKT0B 

,[J,eneH11flJ ABJ18H11Sl) 

1 Br-87 55,60 0,054 55,6 0 054 
2 1-137 24,50 0,233 24,5 0,233 

3 Te-136 17,70 0,015 16,4 0, 134 
Br-88 16.23 0, 119 

4 1-138 6,27 0,087 4,99 0,309 
Rb-93 5,91 0,046 
Br-89 4 37 0, 176 

5 Rb-94 2,73 0,162 2,07 0,664 
Te-137 2,50 0,014 
1-139 2,29 0,059 

Y-98m 2,05 0,105 
As-85 2.02 0,103 
Br-90 1,91 0, 131 

Cs-143 1,79 0,024 
Sb-135 1,70 0,025 
Y-99 1,48 0,041 
Kr-93 1,29 0,010 

6 Cs-144 0,99 0,014 0,494 0,159 
As-86 0,95 0,013 
Y-100 0,73 0,005 
1-140 0,61 0,015 

Cs-145 0,586 0,013 
Y-98 0,549 0,010 
Br-91 0,542 0,034 

As-87 0,490 0,007 
1-141 0,470 0,008 
Se-89 0,410 0,007 
Y-101 0,380 0,007 
Rb-95 0,379 0,060 

7 Br-92 0,31 0,008 0,218 0,045 
Y-102 0,30 0,008 
Kr-94 0,22 0,006 
Rb-96 0, 199 0,020 
Rb-97 0 169 0,009 

9 



Cpe.a.H111i:1 nep111O.a. nonypacna.a.a ,D.Jlfl Ka)KJJ.oi:1 rpynnb1 onpe.a.ens:incs:i 

ln2 
no cpopMyne (T) = (,1,) ' 

r.a.e (A)= *a;~ -( ta}
1 

(3) 

3.a.ecb j- '-1111CJ1O npe.a.weCTB8HHll1KOB, BXO,D.s:IW,111X B .a.aHHYIO rpynny. 

ConocTaBJ18Hll18 paC'-18TOB no npe,D.J10)K8HHO£1 Cll1CTeMe KOHCTaHT C 

pe3yJlbTaTaMll1 3KCnepll1M8HTa npe,D.cTaBJ18HO Ha p111c. 4 ,D.Jlfl 
235

U. KaK 

B111,D.HO 1113 p111cyHKa, cornac111e C 3Kcnep111M8HTOM 3Ha'-1111T8JlbHO 

yny'-IW111JlOCb ( X2 = 1,6 ). 

c 
:, 
0 
0 

Puc. 4. Kpuaafl pacna,[(a ,[(11fl 235U pacc'-IMTaHHafl a 7-MM rpynnoaoM 

npu6nu>KeHMM 

85000 

80000 

75000 

70000 

65000 

200 400 600 Time, ms 

3Kcnep111M8HTaJlbHbl8 ,D.aHHbl8, noJ1y'-l8HHbl8 C o6pa3L.tOM 
239

Pu, 

aHaJ11113111POBaJ1111Cb B 6- 111 7-rpynnoBOM np1116J1111)K8Hll1111 TaKll1M )1(8 

o6paaoM, KaK 111 B cny'-lae 235U. Paa6111eH111e Ha rpynnb1 ,D.Jlfl 
239

Pu 
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I 

noKaaaHo B Ta6n. 2. Ha p111c. 5 noKaaaHo cornac111e pacc'-1111TaHHot:1 

KPll1BOt:1 C 3KCnep111M8HTaJlbHblMll1 ,D.aHHblMll1. 

Cornac111e C 3Kcnep111MeHTaJ1bHblMll1 ,D.aHHblMVI ,D.Jls:1 239Pu 

H8CKOJlbKO XY)K8, '-18M ,D.Jlfl 
235U ( x2 = 2,7). 

Ta6n1111..ta 2. Paa6111eH111e Ha rpynnb1 ,D.Jlfl 
239

Pu 

a; CpeAHl1~ Bee 
HoMep s:iAp0- T112.;, (Ha 100 nep110A rpynnbl 
rpynnbI np8AW8CTB8HHl1K C aKT0B nony- (Ha 100 

A8J18H115l) pacnaAa, c aKT0B 
A8118Hl15l) 

1 Br-87 55,6 0,017 55,6 0,Q17 

2 1-137 24,5 0,157 24,5 0,157 

3 Te-136 17,7 0,009 16,5 0,043 
Br-88 16,23 0,034 

4 1-138 6,27 0,061 5,40 0,123 
Rb-93 5,91 0,019 
Br-82 4,37 0,043 

5 Nb-105 2,95 0,0117 2,097 0,248 
Rb-94 2,73 0,0635 
1-139 2,29 0,0297 

Y-98m 2,05 0,0440 
As-85 2,02 0,0165 
Br-90 1,91 0,0333 

Cs-143 1,79 0,0103 
Sb-135 1,70 0,0117 

Y-99 1 48 0 0270 
6 Cs-144 0,99 0,0044 0,460 0,061 

Y-100 0,73 0,0034 
1-140 0,61 0,0031 

Cs-145 0,586 0,0032 
Y-98 0,549 0,0085 
Br-91 0,542 0,0046 
Y-101 0,380 0,0027 
Rb-95 0 379 0,0310 

7 Rb-96 0,199 0,0070 0, 191 0,00915 
Rb-97 0 169 0 00215 
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Puc. 5. KpMBaR pacna,o.a /J,llR 239Pu, paCCI./MTaHHaR B 7-rpynnOBOM 

npv16nM>KBHMM. 

3aKJJIOY8Hlile 

8 H8CT051W,elti pa6orn npeACT8BJleHbl pe3yJlbT8Tbl 1113MepeHlillt1 Iii 

aHa111113 KPIIIBblX pacnaAa 3H a 111Hrnpaa11e apeMeH1-1 5-730 Mc noc11e 

0K0HY8Hl-151 0611yYeHl-151 AJ151 235U 1-1 239Pu, Bbln0JlHeHHble C BblCOKOltl 

CTarncrnYeCK0ltl T0YH0CTblO (0.3-0.4 % BO apeMeHH0M KaHaJle 1 MC). 

npoBeAeH0 cpaaHeHHe no11yYeHHblX 3KCnep1-1MeHT8JlbHblX A8HHblX 

C Kp1-1BbIMl-1, pacCYl-1T8HHblMl-1 AJ151 pa3Jll-1YHblX Ha6opoa rpynn0BblX 

K0HCT8HT B 6- 1,1 8-rpynn0BblX np1-16J11-1)KeHl-151X. 

An51 235U 1-1 239Pu npeAJl0)KeH 7-rpynnoaolti Ha6op napaMeTpoa, 

on1-1pa10~l-11t1C51 Ha l-13BeCTHble 1-13 Jll-1TepaTYPbl xapaKTep1-1CTl-1Kl-1 OKOJlO 

12 

30 npeAWeCTBeHHVIKOB C BblXOAOM 0.01 % 1,1 BblWe, 6011ee TOYH0 

OnlilCblB8IOW,lillt1 3Kcnep1-1MeHT8JlbHble A8HHble. 

ABTOpbl Bblp8)K8IOT 611arDA8PHOCTb I0.8. rp1-1ropbeBy 38 

npeA0CTaB11eH111e o6pa3~0B, B.l-1. ct)ypMaHy 38 noAAeP)KKy pa60Tbl. 
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