
OE1>ELB1HEHHbltf 
HHCTMTYT 
SI.UEPHbIX 

HCCnE.UOBAH M vi 

.lly6aa· P3 - 5528 

m.n. raurpcKHH, T. H~b, 11. BHHHaH, 11. KoBaq 

n OJI yqE H11E 

CilOHTAHHO ~EJIHm11xcH 1130MEPOB. 

YPAHA, nnYTOH118 11 AMEP11Ul18 
B PEAKU11HX C HEATPOHAMl1 



P3 - 5528 

IO .n. r aurpCKHH, T. H a,nh, l1. B HHHaH*, l1. Koeaq* 

IlOJIYIJEHl1E 

CTTOHTA~HO ~EJIHml1XCH l130MEPOB 

YP AHA, IlJl YTOHl1H l1 AMEPl1Ql1H 

B PEAKQl1HX C HEtiTPOHAMl1 . 

HanpaBnetto B A3 

* UeHTpanhHhlA HHCTHTyT ~HsrrqecKHX HccneaoBaHHA (6yna38WT). 



B ll8CT05IIIlee npeMSI H3BeCTHO y,Ke 6onee ·20 CITOHTaHHO ttenHIIlHXCSI 

H30MCpOI.l OT u no Bk • EonblIIHHCTBO 3THX H30MepoB HMeeT 

npeMe11a )l<H3HH B o6nacTH 11a11oceKyHn, noaroMy nnH ux uccnenonaHHH MOll(-

' /1/ HO ucnonb30naTh MeTonHKY npeMe1111 nponeTa • B naHHOR pa6ore 3Ta 

M8TOnHKD ncnonb30Banacb nnH uayqeHHH CDOHTDHHO nenHIIlHXCH H30Mepon, 

KOTOp!,IC o6pa3y10TCSI ~ pe~KUHHX C 61,ICTpblMH 11efiTpOll8MH. CxeMa 3KCnepH

M8lITOnblIOH YCTaHOBKH npenCTannefia Ha pHC. 1. nyqoK H8llTpOHOB rranan Ha 

MIIU!Cllb, OK.py,Kel!Hy10 • ·KonbU8BhlM nusneKTpuqeCKHM nereKTOpoM ( B KaqecT

llC /lOT~·KTOp·a HCITOnb30Ba'nacb cmona-MyCKOBHT) ~ flHaMeTp MHllleHH COCTaB

ns,n l C1\i, ·u1r°e·lllHHi"l nnat,teTp neTeKTopa - 6 CM. 83aHMHOe pacnonO)l(eHHe' , 

MIIUJCJIII II cmon1,1 6b1no TaKHM, qTo OCKOnKH llbIHy)l(neHHOf'O neneHHSI He 

MOf'nH nonaCTb Ha cmony. OcKOnKH perHCTpHponanHCb nHlllb B TOM cnyqae, 

ecnu n1,16HTh1e 11eflrpoHaMH 1!3 MHllleHH Hnpa ornaqn HCIThlThIBanH cnoHTaH

Hoe neneHne Ha paccToHHIIH 6onee 1 MM ~T MHllleHH. no aennqttae yrn·a 

II KoopnmrnTe TpeKa, OCTannHeMOf'O B cmone OCKOnKOM, MO)l(HO onpenenHTb 

paCCl'OSIHHe, KOT.opoe' nponeTano sinpo OTnaqu no pacnana. noc:Kon6Ky cK'opOCTb 
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51npa 0Tna 1n1 Il3BeCTHa ( Olla paCC'!IlTbIBaeTC51 Il3 KilHeMaTilKil peaKUilil), TO 

8TO paCCTOHHile naeT B03MO)KHOCTb oueHilTb BpeMH )Kil3Hil nenmueroc11 51Apa. 

T llKllll MeTOililKa II03BOnHeT Il36aBHTbC51 OT cpOHa OCKOnKOB, Bbl3b!Bae

MOI'O Cl!OIITllllllblM neneHHeM BeIIleCTBa MilllleHJJ nnn TeIInOBblMil HeiiTpOHllMil 

rrocne BhlKmO'WIIII 51 ny'lKa 6oM6apnnpy!OIIlilX 'l8CTIIU, TI 08TOMy B Ka'leCTBe 

MilllICJleii MO}K!IO IlCIIOITb30BaTb Il30T0Ilhl C l!Il3KJJM rrepilOilOM CIIOHTaHHOI'O 

neneunsi ( 'leT111,1e H30Tom,1 Pu , Cm 11nu 6onbIIlilM ce'le11neM neneHil51 

TCJJITOBJ.11\111 11eiiTpO!lllMH ( !10'ICTHJ,le Il30TOilbl Li, Pu ) • B To )Ke BpeMSI 

ncnonb30Ba1111e 11eiiTpoHOB nnSJ nony'leHHH cnoHTaHHo nen11wuxc11 H30MepoB 

06ycnonn11naeT oco61,1e Tpe6ona111111 K 'lllCTOTe nonepxHocTn MllllleHn, T,K, 

JJMTiynbC 51npa OTilll'lll Man Il BC5JKJJe 3aI'pH3HeHIIH IIOBepXHOCTII cymecTBeHHO 

yMellblllllJOT Bl,lXOil peaKUIIII, KpoMe TOI'O, nn11 peI'IlCTpau1111 OCKOnKOB, 11eo6xo

/l1IMO IICIIOllb30BllTb n11sneKTp11qeCKJJe neTeKTOphl C 11Il3KIIM conep)KalmeM ypa

Ha II TOp1!51, T,K, 8TII /lCTeKTop1,1 o6ny'la!OTC51 rrpaKTil'leCKil TeM )Ke IIOTOKOM 

HeiiTpOHOB, 'ITO II MIIIIIC!lb, 

iln11 nony'lellli51 CIIOIITllllllO nel151IIll!XC51 U30MCpOB IICll01lb30Blll111Cb neiiT-

po111,1 H3 pcaKuull :i II + ,I . ( 81ICpI'Il51 neiiTpOIIOB COCTa11m1111; 200 K8B) 

II !l lk + " (npn 8llepr1111 neiiTpOIIOB 3 Msn II TOITCToll l\llllllClill B1• ). 

l1cTO'IHl!KllMII ncilTpOIIOB cny ✓KIIllll HeiiTpOHlll,Iii re11cpaTOp Hf-200 II ::WCKT

pOCTllTll'leCKl!ii renepaTop 3f-5 lleHTpallbllOI'O JJIICTIITYTII 1jJ113ll'JQCKIIX uc

cnenonanuii ( 6ynarremT). Ha p11c. 2 npcncTannen c11c1<TP 11ciiTpo11on, 11ony-

'leHHI,1x B peaKUIIH ll Bt• + 11' • ( 3TOT CJICKTJl 61,111 JlllCC'IIITUII 113 I'COI\ICT-
. ' /2, 

pun Olll,IT[l 11 113I30CTllblX C0'ICl111ii II yrnoBI,IX pacnpcncnc1111ii nciiTpOIIOB ). 

HeiiTpO!lhl TllKOI'O cneKTpa 8!1epr11ii BJ,l3J,IB[l!OT I'llllBllbIM o6pa30I\I peaKUIIJO 

( n , n ' ) ( ceqe1111e peaKuun ( 11 , Y 

cny'lae 11eiiTpOHOB 113 peaKUIIII 
3 II + .( 

) 3Hll'll!TenbHO MeHbllle). B 

(crreKTp neiiTponon npencTannSJeT 

cpaBHIITenbHO y3Ky!O n11111110 C 8Hepr0eii 14, 7 MsB) B OCHOBHOM UMeeT 

MeCTO peaKUII51 ( .n • 2 II ) , TioTOK HeiiTpOHOB orrpenen5leTC51 no aKTIIB8Ullll 

an10MUHileBoii cponbI'll (peaKu1111 
27 Al ( n, a ) 2 i Na ) , IIM0!01Ue11 Te 
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)1{0 pasMepb1, 'ITO H o6nytJaeMaSI Heil:TpoHaMH MHllleHb. HcnonbsyeMaH B onb1-

Tax MHlll0Hb HMena, KaK npaBHno, TOnlllHHY 6onbllle, 'I0M npo6er SIAep OT

Aa'IH. no:aToMy TOnlllHHa cnoSI BemeCTBa, HS KOTOpOI"O BbI6nBanHCb SIApa OT

Aa'IH, paCC'IHTbIBanacb Ha OCHOBaHHH H3B0CTHOH Teop1rn npoXO)l{AeHHH TSI)Ke-

/31._ TTpH nbIX sapSI)KeHHb!X 'IaCTHU tJepes BellleCTBO :3HepI"HH Heil:TpOHOB 

'4 M 10 M.fil:... l 3B Tonm11Ha :3TOI"O cnoH COCTaBnSina cM2 TTpaBnnbHOCTb :3THX 

pactJeTOB 6bma npoBepeHa npn H3MepeHHH BblXOAa SIAep OTAa'IH B peaKUHHX 

n , 2n ) 64 Cu H 181 Ta n, 2n ) 180m Ta ; :3TOT Bbl-

XOA B npeAenax OlllH60K (20%) COBilaAan C pactJeTHbIM. 

no HSMepeHHOMy Ha OilbITe 'IHCny TpeKOB Ha cmoAe H IlOTOKY Heil:Tpo

HOB, npollleAlllHX 'Iepes MHlll0Hb, a TaK)K0 no paCC'IHTaHHOMY :aqiqieKTHBHOMY 

cnoro BellleCTBB MHllleHH onpeAenSinOCb cetJeHne peaKUHH o6pa30BaHHSI HApa 

B H3OMepHOM COCTOSIHHH. TTpn :3TOM Y'IHTbIBanacb :aqiqieKTHBHOCTb peI"HCTpa

UHH OCKOnKOB, KOTOpaSI SaBHCena OT nepHOAa nonypacnaAa o6pasyromeI"OCSI 

B peaKUHH H3OMepa. 3Ta :aqiqieKTl!BHOCTb !!Mena MaKCHManbHOe 3Ha'IeHHe 

(40%) AnSI nepHOAOB nonypacnaAa 100 HCeK. H naAana AO sHatJeHnil: 

< 5 % AnSI nepHOAOB nonypacnaAa < 5 llCeK H >. 1 MKCeK, T.K. B :3TOM 

cnytJae SIApa OTAatJH nn6o pacnaAanHCb y)Ke y IlOBepxHOCTH MHlll0llH, nu6o 

yneTann AaneKO OT AeTeKTopa. TTo:3TOMY npH nccneAOBaHHH AOnf'O)KHBYlllHX 

HSOMepoB AnSI IlOBbilllellHSI BblXOAa OCKOnKOB B 1 CM OT MHlll0HH IlOMeruancH 

c6opHHK SIAep OTAatJH. 

TTonytJellllhie pesynhTaTbI npeAcTaBne11b1 B Ta6nuue. 11sMepem,, cetJe-

HHSI ) nnu onpeAenellbI Bepxnne rpaH!!UbI AnSI 5 peaKuuil: ( n, 2n ) 

H 3 peaKUlfH ( n ' n , ) t npHBOASilllHX K o6pa3oBaHl!ID CilOHTaHHO t:1enHlllHXCH 

usoMepoB. B nocneAlleM cnytJae nonytJellbI cpeAHHe cetJeHl!H AnH HHTepBana 

:3H0pI"l!H HeHTpOllOB OT nopora peaKUl!H 3 M:aB) AO 7 ,6 Msn. 11s 

Ta6nHUbl BHAHO, 'ITO cetJeHHSI o6pa30Balll!SI cnoHTallHO AenHlllHXCH H3OMepoB 

B peaKUHSIX ( 
, 

Ii ( 2n OK83b!B8IDTCH OAHOI"O nopHAKa. He n , n n' 

o6Hapy)K0Hbi H3OM0pbl 2a4u ( T1/2 = 34 HCeK), nonytJeHHbIH B peaKUllll 

( n ' 
) /4/ :J3B 

Pu ( T½ = 6,5 HCeK)' nonytJeHHbIH B y H 

' 
peaKUlfH ( a , 2n ) 151• 
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B Ta6nuue AaHbl TaK)Ke ce11eHUH peaKUHll ( n ' 2 n ) H 

(ti, n ) , 1IpUBOA5IIUHX K OCHOBHbIM COCTO5IHH5IM { a g ) , H H3OMep-

11I.,1e OTHOIIIeHHH ( a 1 I a i:: ) • · .UnSI" PH.Cla HAep ( 
232Th 235 U 

' 
238 U 

3Ha'IeHH5I a g U3BeCTHbI, a J].nSI OCTanbllblX OHH 6bJnH paCC'IUTaHbl Ha OCHO

BaHHH CTaTHCTll'IeCKOll MOJ].enu HJJ.pa C y'IeTOM KOHKypeHUHH Me)KJJ.y ucrrape-

u . /6 / B . " ( 1 ) 
HueM HeHTpOHOB H AenenueM • cny11ae peaKUHH n , Il paCC'IHTbI-

·BanHCb. cpeJJ.HHe ce'IeHHSI B HHTepBane 9Heprui1 OT O J].O 7 ,6 Mse C y'IeTOM 

c::rreKTpa Hei1rponoB ·( puc. 2). TTpu sToM rrpeArronaranocb, 'ITO• peaKmm 

( n ' n , ) rrpoTeKaIOT TonbKO qepe3 coc:TaBHOe 5IJ].po. l13 Ta6nUUbl MO)KHO 

-4 
BHJ].eTb, 'ITO H30MepHbie OTHOlll8!{ll5I OKa3b!Ba!OTC5I paBHbIMH ' "'· 10 . ' 'ITO 

6ntt3KO K 3Ha'IeHUHM, rrony11eHHbIM J].nSI U3OMepa 242 ·Am B peaKUHHX C . 

u /7 / 
3ap5I)KeHHblMH 'IaCTHUaMH H H8HTpoHaMH • 

B 3aKmo11enue aBTOpbl ~blpa)Ka!OT 6narOJJ.apHOCTb aKaJJ.eMHKY r.H. <t>ne

poBy 3a IIOCTOHHHYIO IIOAA8p)KKy pa60TbI, a TaK)Ke l1. Bepellly 3a IIOMO!Ub 

rrpu 06ny11eHHH MHllleHei1. 
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Ta6nHua 
CeqeHHH o6pa30BaHHH CilOHTaHHO AenHIUHXCH H30MepOB 

PeaKUHH 

231'h( n, 2n) 231 Th 

235U (n '2n) 234U 

23su (n ,n ')238u 

238LJ (n,2n) 2371.J 

239Pa (n,2n)238Pu 

242p0 (n,n ')242p0 

243 Am ( n 'n ') 243 Am 

24 3 Am ( n , 2n ) 2 4 2 Am 

,. 

UI 

10-28 CM2 

~ 0,09 

.::; 0,09 

1,4 :t_0,5 

<;_ 0,13 

:;S 0,06 

0,9 :t_0,3 

0,2 :t_0,1 

0,6 :t_0,3 

8 

ul!l 

10·-24 c~ 

1,56:t_0,16 

0,65 :t_0,28 

0,80 :!:.0,30 

0,78 

0,20 

0,94 

0,74 

0,36 

UI 
~ X 

I: 

10-4 

·::: 0,06 

::; 0,15 

1,8 

-s_ 0,17 

:;S 0,3 

0,95 

0,27 

1,6 



d 

MUWeHb 
TunuBe 

OCKDliKU U 

. ··-- napa omfJaLJu 

MUWeHb 
. Th, 'U,Pu unuflm KDnb1..4el,ou 

aemeHmop 
(Clll-080) 

'· 

\ 

lx,~IJIJHHOR 
KaMepa 

Puc. 1. CxeMa 9KCnepuMeHT8TibHOH ycTaHOBKH, 
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Puc. 2. Pac'!eTHhil1 cneKTp HeiiTpouon npu o6nytwnuu ToncTofi 6epnnnuenofl 
MHIIJeHH netiTpO!WMH C 3HeprHci:i 3,0 M3n. 

E - 3HepruH neilTponon. N (E) ...; · '!Ueno neiiTpo11on c 3Hepruefi E • 
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