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Tipu npoeKTHpoaaHHH peaKTOpOB Ha npoMe:iKyTO'IHbIX u 6bICTpb!X HeiiTpo

Hax Heo6xo11HMO 3HaTb 3HepreTH'l0CKYIO 3aBHCHMOCTb B0JIH'll1Hbl 1J ( E) = v a (E)/ 
r 

/a ,,.(E) (rae ii - cpeaHee 'IHcno n:cnycKaeMbIX HeiiTpouoa Ha aKT nene-

mm, a J E) H a,. ( E) - ce'leHHSI aeneHHSI u· norno111eHHSI Heii:TpoHoB, cooT

aeTCTBeHHo) a IIIHPOKOii: o6nacTH SHepruii:. Tpe6yeMaSI TO'IHOCTb onpeaeneHHSI 

Jl01DKHa 6b!Tb He xy:iKe ±_5% / I/. ilnSI STOii: uenH 6bIJIH pa3pa6oTaHbl npSIMbie 

M8T0Jlbl H3MepeHHSI .,, \ E, / 2,3,4/. OaHaKO JlO CHX nop 3TH M0TOJlbl npHMe

HSIJIHCb B orpaHH'leHHOii: o6naCTH SHeprn:ii: Heii:TpOHOB (JlO 200 SB B HaH6onee 

6naronpHSITHOM JlJISI H3M0p0HHH'. CJiyqae ypaHa-235/ 4/) • 

8HepreTH'l8CKYIO 3aBHCHMOCTb 77(E) MO:lKHO T8K)K0 nony'IHTb qepea 

napaMeTp a -OTHOlll0HHSI C8'18HHSI pai:mauHOHHOI'O 38XBaTa K Ce'leHHIO aene

HHSI - H3 cooTHOllle HHSI 77 ( E) = v I [l + a ( E) ] • ila:iKe Hea1,1coKaS1 TO'IHOCTb 

H3MepeHHSI B0JIH'IHHbl a ( E) ' He npeBbilllalOIIIaSI ( 10 .. 20)%, OKa3bIBaeTCSI 

JlOCTaTO'IHO!i: JlJISI JlOCTH)K0HHSl TO'IHOCTH B ( 2 ➔ 5) % npn: onpeaeneHHH T/ ( E) 

JlJISI THilH'IHblX B npoMe)KyTO'IHOii: o6naCTH 3Heprnii: B8JIH'IHH a "' ( o, 2 .. 0,4). 

Hcnom,30BaHHe 6onblllHX )KliJlKOCTHbIX CUHHTHJIJISIUHOHHblX Jl8T0KTOpOB 

C BB0Jl8HHbll\t B paCTBOp K8)lMHeM/5/ Il03B0JISl8T Jl0CT8TO'IHO Ha)l8)KH0 H3Me

pS1Tb a\EJ B SHepreTH'l8CKOii: 06JiaCTH OT H8CKOJibKHX 3B JlO H8CKOJibKHX 

)l8CSITKOB K3Be 

Cneaye-r OTM0THTb, 'ITO HaH60JibUIHe M8TO)lli'I8CKH0 TpyJlHOCTH npn: H3-

MepeHHSIX a/ E J _ Hal E) BcTpe'lalOTCSI B sHepreTH'leCKOii: o6nacTn: OT 300 -

500 SB JlO 10 ➔ 20 KSB. B STOii: o6naCTH H8liTpOHHbl8 cneKTpoMeTpbl no 

BpeMeHH nponeTa HMe10T B 6onbUIHHCTBe cnyqaeB 'nnoxoe• paapeUieHne, 
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.a aneKTpocTaT11qecK11e reaepaTopbl B KaqecTae 11cToqa11KoB .Mo110xpoMaT11qec

KIIX ael!TpOHOB eme ae MoryT. 6b1Tb 11cnonb30BaHbl. 8T11M, nO-Bl!JlHMOMY, 06'bstC

a11eTCII aec&Ma orpaa11qeaaoe Kon11qecTao 11aHHblX a aTol! aaepreTnqecKoll 

o6nacTH H cymecTBeHHb1e pacxoiKJ:teHHII B aennqnaax or lE) H a(E) , nony

qeaHbIX pa3Hb1MH aBTOpaMH. 

MeTO!lllKa 113MepeHIIH 

HaMepea1111 npoH3B011HflHCb MeTOIIOM BpeMeHH nponeTa aa HMnynbCHOM 

6blCTpOM peaKTope OHHH/6/ npH cpe11Hell MOlllHOCTH 3 KBT, qacToTe cneno

aaHml HellTpOHHblX HMnyn&COB 5 a CeK H nponeTHOM pacCTOIIHHH 10IO Mo 

B KaqecTBe 11eTeKTopa HCnonb30Banc11 lKHllKOCTHblll CUHHTHnnstuHOHHblll 

11eTeKTOp o6'beMOM 500 IIHTpOB Ha OCHOBe Tonyona C 1106aaKaMH napa-Tepq,e

HHn~ H ITQITQIT. C flOMOlllblO 06e3BOlKeHHOrO MeTHnOBoro CITHpTa B paCTBOp 

6bm aae11ea npon110HOBDKHCnbll! KHllMHll B KDnnqecTBe, 06ecneqnaa10meM OTHO

weHHe qncna 11nep KHllMIIII K qncny 1111ep aonopo11a paaaoe 0,004. 

ITpHHUHfl perHCTpaUl!H neneHHll H pa11HaUHOHHblX aaxaaTOB OCHOBaH Ha 

TOM q>aKTe, qTO neneHHe conpOBOlKJl88TCll HCflYCKaHHeM MrHOB8HHblX y -ny

qel! H HellTpOHOB, a pa11HaUHOHHbll! aaxBaT - TOnbKO . Y -nyqel!. 

PerHCTpauHH aKTa 11eneHHll COOTBeTCTByeT aaneplKaHHOe COBnaneane 

nayx co6b1Tnll: 

I) HCIIyCKBHHH MrHOBeHHbIX Y -nyqefl tieneHHH, qJHKCHpy10111HX MOMeHT 

tieneHHH, H 2) 3BXBBTB KB/lMHeM 0/lHoro H3 3BM8/lIIHB1IIHXCH neilTpOHOB tiene

HHH, ,PHKCHpy10111ero CBM ,PaKT tieneHHH, H llBIOII1ero B pe3yIIbTSTe KBCKB/l 

B cpetiHeM H3 'l8Tblpex y -KBBHTOB C lIOIIHOil 3HeprHeil 9,2 M:as. BpeMH, 

PB3/l8I1HI0111ee 3TH co6bITHH, OIIpetienHeTCH cpetiHHM BpeMeHeM )KH3HH Heilrpo

HB B tieTeKTope llO 3BXBSTa, KOTopoe paBHH8TCH 8 MKCeK. PatiHBUHOHHblil 

3BXBBT neilrpoHa o6pa3UOM COI1POBOJK.QS9TCH HCIIyCKBHHeM HeCKOIIbKHX y -KBBH

TOB C IIOIIHOil 3HeprHef1, paBHOil 3HeprHH CBH3H Heilrpona B o6pa30BBBIIIeM

CH H tipe. flotipo6Hbie llBHHbie O tieTeKTope H ero xapaKTepHCTHKH IIpHBetie

Hbl B pa6oTe BBTOpos/51. 

B 3HBHCHMOCTH OT pelKHMa pa6oTbl neTeKTOpa noporH perHCTpaUHH 

y -nyqel! neneHHll H pannauHOHHoro aaxaaTa ycTaHaannaanHcb paBHblMH 
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0,3 -t 0, 7 Msa, a ael!TpoHoa nenemrn - 0,8 -t 1,5 Msa. ITpn aToM aq>q>eK

THBHOCTH perHCTpSIIIIH aKTOB neneHHll H panHaUHOHHoro 3HXBaTa, H3MepeHHbl8 

M8TOIIOM, . nonpo6ao OflHCSHHblM B pa6oTe/ 5/, COCTSBilllilH 40-60, H 

20-30%, COOTB8TCTB8HH0o 

HaMepeH11g II o6pa6oTKa 

BpeMeHHble cnexTpbl p8J'HCTpHpoaanHCb nayMll 4096-KauanbHblMH auanH-

38TopaMH C WHPHHHMH KSHanoa B rpynnax 32, 16 H 8 MKC8K llilll auepreT11-

qeCKHX HHTepaanoB o, 15 .. 5 aa; 5 .. l00 3B H o, 1 .. 30 K3B, COOTB8TCTBeHHD. 

KoppeKTHbili yql!T q>oHa a cneKTpax neneHHll H pannaunoHHoro aaxaaTa, 

oco6eHH.0 a o6naCTB 3HeprHli BbtWe 500 -t 1000 aa, llBml8TCll OCHOBHDll npo-

6neMOH npH H3MepeBHSIX Ha uel!TpOHHOM cneKTpoMeTpe no Bp8M8Hlf nponeTa. 

8 HSCTOllllll!X H3MepeBl!llX paannqHble KDMriDH8HTbl .q>oHa yqHTblBSnIICb cne11y10-

lllHM o6pa3oM: 

I. floCTOflHHb/11 tpOH. coanaaaeMblll pan11oaKTIIBHOCTblO noMememrn, KOCMll

qecKHM nanyqeHlleM II ecTeCTB8HHOl! y -aKTHBHOCTblO o6paaua, He 38BIICIIT 

OT Bp8M8HH II yq11TblBaeTCll nocTaToqHo TO'IHO B 113MepeHHllX 6ea pa60Ta10-

1llero peaKTopa. KpoMe Toro, M8lKAY 'IYBCTBHTenbHblM OO'beMOM neTeKTopa 

H o6pa3UOM n0Mewanc11 CBIIHUOBblll q>HnbTp TOillllHHOli 0,6 CM, qTQ noaaone

no flOHH311Tb noCTOIIBHblH q>oH B 2-3 pa3a no cpaBH8HHIO C paooToii/7/ aa cql!T 

yMeHbW8HHll aq,q>eKTBBHOCTH per11cTpau1111 'MllrK11x· y -KB8HTOB, B03HIIK8ID

lllHX a peayn&TaTe 1111TeHc11auoro a -pacnana stnep o6paaua. 

2. <l>oHbl, Cilll3aHHbl9 C HeiiTpOHHb[M ny'IKOM peaKTOpa 

a) IlnH HCKfll0'18Hllll q>OHS OT peuHKilll'IHblX. HeliTpOHOB B o6nacTH auepr11il 

no 20 aB H3MepeHHll npoBO/lllilllCb C noMellleHHblM B ny'IOK K8IlMll8BblM q,11n.bT

poM ( n uc! = 22.4),_ a BbtWe 20 3B - c 6opHblM q>llnbTpOM ( oo,t = 15). 

6) Ilm1 onpeneneHHll q>oHa cnyqaliHblX coananeHHll npn perncTpau1111 

neneHnll ncnon&aoaanc:11 MeTou aa11eplKaHHblX coananea11ll. Ben11q11Ha aa11eplKKII 

cocTaamma 40 MKcex, '!TO B 5 paa npeBbtwaeT cpenaee apeMll lKH3HII aeiiT-
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poHa llO 38XBaTa B ll9T9KTOpe. 3TOT M9TOll llOCTaTO'IHO TO'IHO Y'IIITbtBaeT 

<j,ou B TOM cnyqae, Korna ·ceqeu11e Meu11eTc11 nnaBHO (a 06nacT11 Hepa3pe

meHHbtX pa30HaHcoa) 11 Korna annapaTypHaH nonyw11p11Ha pe3oHaHca 6onee 

•ISM B 3 pa3a npeBblW89T B9Jlll'IIIHY 3SlleplKKII (B o6naCTII paapemeHHblX pe-

30H8HCOB np11 Hll3KIIX 3HeprHHX). 

B TOM cnyqae, Korna nonyw11p11ua pe3oHaHca npesocxon11T 3anep)KKY 

np11 113MepeHIIII <pOHa He 6onee, '19M B 3 pa3a, 3KCnepRM9HT8JlbHSH Kp11B8SI 

ipOHS YMHOlKSJlSCb Ha ipaKTOp k=[ l-(r/20) 2 1-1
• rne 20 - annapaTypHaSI 

nonyw11p11Ha pe3oHaHca, r - 3aneplKKa np11 11aMepeu1111 <poHa, B1111 nonpas

KII onpeneneu B pa6oTe asTopos/8/
0 

a) Ilnst y'leTa <poHa, CBSI3aHHoro c paccestHReM HellTpOHOB ny'IKa Ha 

KOJlJlllMaTopax, 3arnymKax HellTpOHOBOlla, KOHCTPYKUIIOHHblX MaTep11anax ne

T9KTOpa II T.n., a TSKlKe ipOHa 38Il83/lb!BSJOl!lllX HellTpOHOB peaKTOpa, HellT

poHHblll ny'IOK nepeKpb!B8JlCSI ipllJlbTpaM11 113 cepe6pa, Ko6anbTa, MapraHna, 

HSTpllSI II TIITaHa C TOJllllllHSMII 2,9• 10-3 11nep-6apH ; 

nu• 5,3 /IJlSI Eo =_5,2 3B); 2,8•10-3 srnep/6apH; 

n u = 11,0 1:m11 E O = 132 aa); 5,3 • 10-3 stnep/6apH ; 

nu = 21 111111 E O = 337 as II nu = 2, 7 nn11 E o = 2350 as); 

1,9 • I0-2 11nep/6apH ( nu = 8,7 nnst E O = 2850 aa) 11 4 • 10-2 stnep-oap~ 

no = 6,1 111111 E 0 = 17500 as), cooTBeTcTBeHho. C'IeT neTeKTopa B pe-

3oHaHcax, npl!HSllJ19lK81IlllX aTirM 1130TOITaM, npllHIIMSJlCH paBHblM ipOHy 113--38 

nonHoro Bb!B9/19Hll!I 113 ny'IKa HellTpOHOB COOTB9TCTBYJOl!ll!X 3Hepr11ll, TaK KaK 

3TOT ipOH SIBJl!IJlC!I OCHOBHb!M ipOHOM np11 Bb!COKIIX 3Hepr1111x B KaHane pan11a

UIIOHHOI'O 3SXBSTa, TO nm, ero YM9HbW9Hll!I no cpaBH9HIIJO C nepBb!MII ll3Me

peHIISIMll/7/ HellTpOHHblll ny'IOK <pOpMllpOBSJlCSI 38 npenenaMII 3KCnepl!M9HT8Jlb

HOI'O ITOM91!l9HIISI, 'ITO 38M9THO CHll311J10 paccesrn11e Ob!CTpb!X HellTpOHOB Ha 

KOHCTPYKUIIOHHblX MaTep11anax. 

r) BKnan HellTpOHOB, noTeHu11anbHO pacce!IHHblX 11ccnenyeMbIM 1130TO

noM, np11M8C!IMII II ynaKOBKOll o6pa3ua, B 3KCnepllM9HTSJlbHbill cneKTp pan11a

UIIOHHOI'O 3SXBaTa BO BC9M 3HepreTl!'leCKOM IIHTepsane onpe~en11nc11 113 OT

/19JlbHb!X ll3MepeHl!ll C o6pa3USMII CBIIHUa, IIM9JOl!ll!MII 0/ll!HSKOBble C 11ccnenye

Mb[M 1130TonoM q,opMy, ynaKOBKy, XIIMll'leCKOe coen11HeH11e II (nu ) = (no ) , 
p Pb p U.Pu 
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TaK KSK C9'19Hll!I noTeHU118JlbHOro pacce!IHIISI CBHHlla, ypaHa II nny-

TOHIISI OJ1113KII no B9Jlll'IIIH9 ( 11,0 -f 11,4 oapH/9/), TO, 1Ip9llITOJ1Srag0 'ITO 

u 
p Mano 113M9H!leTC11 c 3Hepr11ell a 11ccnenyeMoll o6nacnr, 113MepeH1111 c, 06-

pa3noM CBIIHIIa, 3SM9H!IJOl!ll!M 11ccnenyeMbll1 o6pa3ell,, 1I03B0Jl!IJOT llOCTSTO'I-

HO HSll9lKHO onpenenl!Tb 3KCnepHM9HT8JlbHblll BKJlS/1 IlOT9BllllSJlbHOro pacce

!IHIISI, OnHaKO /111!1 yny'IW9HIISI OTHOW0HIISI 3¢q,eKT-<jlOH II yM9HbW9HHSI B03-

MOlKHblX CIICT9MSTH'f9CKIIX OWH60K npif onpeneneHIIII BKJlS/18 H9llTpOHOB noTeH

llHSJlbHOI'O pacce11HH!1 B cneKTp pannannoHHOro 3SXBaTa M9lKllY 'IYBCTBIIT9Jlb

HbIM 06'b9MOM /19T9KTOpa II o6pa3UOM noMewancg UHJ1HHIIPll'I9CKl!ll q,HJlbTp 

6 
H3 Li 

1111!1 

TOJllllllHOfi 3 CM {nu na = 8,4 llJlSI E = IO as; nu na = 2,9 

= I Kas/7/).B HSCTO!IIUell pa6oTe E = 100 3B II nu =l,l nnst E 
nO. 10 

ncnonb3osanncb <pnnbTpbI H3 B c napa<lmHoM, no3som1Bmne ysenn'IIITb 

n Una B 3 -f 4 pa3a, n1111 YM9HbW9HHSI pacces!Hll!I H9fiTpOHOB ny'IKS HS B03-

IIYX9 BHYTPH UHJll!H/lpll'l9CKOro OTBepcTHH neTeKTOpa 3TOT 06'beM OTKS'IIIBSJlCH 

no nasneHH!I I MM pT, CT • 

KpoMe Toro, no scell nnnHe 1000-~eTpoaoro HellTpOHOBona a ny'IKe 

OCTSBJl!IJlOCb ~HHHMSJlbHOe KOJ1ll'l9CTBO IlOCTOpOHHIIX MaTepnanoB (anJOMIIHHe

Bbl9 BaKyyMHbl9 3arnymKn), KOTOpbI0 B nepBblX 113MepeHll!IX/7/ He TOJlbKO 

yMeHbWSJlll. aeilTpOHHblH llOTOK, HO ll HCKSlK8Jlll ero BOJ1113H aeliTpOHHbIX pe3o

HSHCOB MapraHna ( E 
O 

= 0,337 n 2,35 KaB) n anJOMHHIISI ( E ·o = 36 K3B), ,· 

'ITO TSKlK9 Morno npnBeCTH K noHBJ10HHIO CHCT9M8TH'19CKBX own6oK B, aTl!X 

3HepreTH'19CKllX o6nacT!IX. 

Bee aTo Il03B0JlllJ10 llOHll3HTb cyMM8pHb[H q,oH B KaBane perncTpi.!UHlf 

aKTOB pannaunoHHOI'O 3aXBaTa B Ha116onee TpynHoil nn11 113M9p9Hllli o6naCTII 

3Hepr11il 10 ➔ 30 K3B c = 50%/7/ no =30% nnH U-235 11 c = 70%/7/ 

no = 40% nn11 _Pu -239 • CyMMapHbiil <!>oH a KaHane per11cTpan1111 aKTOB 

11eneH1111 a Toil lK9 06nacT11 aHepr11il nn11 U-235 11 Pu-239 yMeHbWHncg np11-

. 6nH3HT9JlbHO Ha 30%. 

BKJ18/lbl scex paCCMOTpeHHblX q,OHOB C'IIIT8Jll!Cb CT8TIICTll'l9CKII Heaa-

BIICIIMbIMll .11 npll o6pa60TK9 CYMMl!poaan11cb, 'ITO, no-BHl!HMOMy, cnpasen

Jll!BO, TSK ,KaK npOC'ISTbl 113-38 H8JlOlK9HIISI l!MnynbCOB B npenenax MepTBO

ro speMeHII per11cTpnpyJOl!lllX CIICTeM He npeBbIWann 1% H Y'IIITb!BSJll!Cb npn 

o6pa6oTKe, 
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H3MepeHHll BpeMeHHbIX cneKTpOB neneHHll H panHaUHOHHoro 3aXBaTa 

aennc& onHoapeMeHHO Ha.nayx aHan113aTopax, cep1111 H3MepeH11l! 3<j,¢eKTa 

11 ¢oHa qepenoaanHc&,11 nony'!eHHall 11H¢opMau11H nepHon11qecK11 no Ka6enro 

nepenaaanac& Ha MeKTpoHHyro Bbt'IHCn11Ten&Hy10 Maw11Hy ( 3BM), rue 3an11-

CbIBanac& Ha MarHHTHy10 neHTY, Ilo OKOH'!aH1111 ace H3MepeHHll cep11l! onHoro 

THna C MarHHTHOl! neHTbl nepenaaanl!Cb B naMllTb 3BM, cyMM11poBan11c&, 

11cnpaamm11c& Ha npoc'!eT&t H 06pa6a-r&rnan11c& a cooTaeTcTBHII c onHc&rnae

Moll HHlKe npouenypoll, 

_Ce'feHue aeneHHH onpenemmoc& 113 Bb1palKeHHll 

T 
N {i) l\NaFa I 

a 1(E 1 )= N7i) l\Nt 
BF

3 

a (E )y""f";" 
I T -E-. ( I) 

rue N (;) 
I 

H £\NT 
I 

- 'IIICno 8KTOB neneHHll, 

KaHane aHan113aTopa II np11 3Hepr1111 E ; N (;) 
T BF 

3aper11cTpHpOB8HHblX B i -TOM 

T 
11 l\ N BF 

3 
- q11cno OTC'il!-

. 3 
Toa "ToHKoro• 6opHoro C'!eT'IHKa a TOM lKe KaHane aHannsaTopa II npn 3Hep-

rn11 ET ; o 1 (ET) - ceqeH11e neneHHll npa 3Hepr1111 ET; E 
1 

- aHepr11H, co-

0TaeTcTay10waH i -KaHany aHamrsaTopa. 

Kann6poBK8 no TennOBblM ceqeHl!llM, KOTOp&Ie npl!HHMannc& paBHblMH 

( 582:t,.5) 6apH llllll U-235 11 ( 742::!:.4) 6apH nnll Pu-239 /91, ocyweCTBnllllBCb 

C 11cnonb30B8HlleM peu11Knll'IHblX HellTpOHOB II nonpo6Ho on11caHa B pa6o

Tax/ 10, I 11. 

Xon HellTpOHHOro nOTOKa ll3MepllnCll ~nocKol! 6aTapeell 113 10 "TOHKIIX" 
10 

c'!eT'IHKoa, Hano:rneHHbtX o6oraweHH&IM BF 3 (87,4% B ) np11 naaneH1111 

600 MM pT CT, <PoH C'!eT'illKOB np11 pa60Ta10meM peaKTOpe onpenenllnCll C no

MOlllblO nepeKpbIB810lllllX ny'iOK pesoHaHCHbIX ¢11n&Tpoa, 0 KOTOpb!X ynoMl!Ha

noch BbIWe. 

BenHturna 0THoUieH11S1 ceqett11li pan11au110Httoro 3aXBaTa 

II neneHHSI 

a CE1) = 0 0 (E 1 )/a ,(E 1) 

a (E )= :',/y(i) 

I Nl) 
onpenenHnac& 11s Bb1palKeH11ll 
., w 
-----, ., , 

C C 

8 

.,-~-

(2) 

rne Ny (i) - '!Hcno 3aper11cTp11poaaaablx B i -Kaaane aaam13aTopa 11Mnyn&coa 

no Kaaany per11cTpau1111 aKTOB pan11au11oalioro 3axaaTa; N,liJ - q11cno 3ape

r11cTp11poa4aBhtX B TOM lKe Kaaane aaanH38TOpa 8KTOB neneHHll; f 1 ., 0 
- ~eK

TIIBBOCTH perHCTpaUIIH neTeKTOpOM aKTOB neneBl!ll II pan11au110BBblX 3axaa-

TOB; W -· "3¢¢eKTIIBHOCTb" perHCTpaun11 no Kaaany pan11aunoaaoro 3BXBBTa 

aKTOB, OTBOCllUlllXCll K nenea1110. , 
BbtpalKeane ( 2) llBnlleTCll n11aellHbIM ypaBHeHl!eM, CBSl3b!B8IOWIIM C'leT 

neTeKTopa Ny (i)/ N 
1 

(i) c onpenenlleMol! aenH'IHBOl! a( E 1 ) • Ko3¢¢11-

u11eHT&1 A=,,/,
0 

H B =W/,
0 

3TOro ypaaaeHIISI MoryT Ob!Tb aallneH&I . , 

113 HOPMllpOBKII Ha 113BeCTHble 3Ha'!eHl!ll ao II B OCHOBHOM xapaKTep11-

3YIOT MeTOAIIKY 113MepeHIIH, B pa6oTe aBTOpoa/7/ np11 HOpMi!pOBKe 11cnonb

soaan11c& sHa'!eHHll a o nnll Tennoaoll 3Hepr1111 a l U-235- J = O, I 7; 

a ( Pu-239) = 0,37, ll3BeCTHbte C TO'IBOCTblO ( l .. 5)%, 3¢¢eKTIIBBOCTH £ I 

11 f 
O 

onpenenllnl!Cb B OTnenbBbIX H3MepeBl!llX, OnaaKo TaKoll MeTOll aop

MllpOBKII np11 OTBOCl!Ten&BO BblCOKOll TO'IHOCTH Be naeT yaepeBBOCTII B ·n11-

aellBOCTH" MOTO/ll!KII per11cTpau1111 BKTOB neneBHll II pan11au11oaaoro 38XB8Ta 

np11 onpenenea1111 al E ) a. HBTepaane 0,5 - 2,0, KOTopoMy np11aan11elKaT 11 3Ha

qea11ll a\ EI B npencTaanll10U1e11 aa116on&lll1111 11aTepec 06nacT11 3aepr1111 ael!Tpo

HOB 0, 1 .. 20 K3B, no3TOMy B BBCTOSIIUIIX H3MepeHl!llX npll HOpMi!pOBKe IIC

non&30B8UHCb 3Ha'!eHl!ll a O nnll 12 H 14 xopowo pa3pel1leHHhlX pe30H8HCOB 

Pu-239 11 U-235 , cooTBeTCTBeH1m, IlorpewuocT& HOpMnpoao'!H&tx sHa'!eH11ll 

a 
O 

Ullll oTnen&HbIX pe3oHaHcoa nelKHT a npenenax OT 10 no 40%, nnll_ onpe-

neneH11>1 K03¢¢11u11eHTOB A II 8 MeTOllOM HSl!MeHbWIIX KBanpaTOB Obtnll 

ucnOllb30B8Hbl ace 113BeCTHbte llBHHbte no a O C y'll!TOM HX aeca, onpenen>1e

Moro B COOTBeTCTBIIII C yKa3BHHOH 8BTOpBMll OWIIOKOll. HopMHpOBKa ll3Mepe

Hllll a( E) U-235 npoaon11nac& no xopOlIIO cornacyIOlIIIIMCll llBHHblM pa6oT/ 12, 13,141, 

JiopMHpOBO'!Hbie 3Ha'!eHl!ll Unll Pu-239 I 15/ npuaeneHbl a Ta6nuue I. Ilpll pac-

'il!Te Ko3¢¢11u11eaT0B A II B Y'IHTb1B811Cll T8KlKe Bee· OTHOllleHIISI ~ 
N,(;) 

/lnll KBlK/IOrO pe30H8HC81 KOTOpblil onpe11enllnCll B COOTBeTCTBIIII C Benll'IIIHOH 

ero CTBTHCTH'!eCKOll OWH6KII, 

B 11onona11Ten&HbIX H3Mepea11>1x c o6pa3UOM U-238 • noMeweHHblM Ha 

MecTo 11ccnenyeMoro 06pa3ua U-235, 6btn 3Kcnep11MeHTan&HO onpe11enea 

BKna11 pa1111auaoaaoro aaxaaTa np11Mecel! B a nnH U-235 
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Tiono6HaH nonpaBKa Ha BKnan panHauHOHHoro aaxBaTa naoTona Pu-240 

npH H3MepeHHHX a nnn Pu-239 He BBOnHnacb H COOTBeTCTBylODiaH ODIH6Ka 

BKnroqanac& B cncTeMaTnqecKyro omn6Ky onpeneneHHH alEJ 

TipH o6pa6oTKe cqHTanocb, qTo acpqieKTHBHOCTH , , n , c noCTOHHHbl 

B HccnenyeMoA o6naCTH 3HeprHA HeATpOHOB, TaK KaK nonHaH 3Heprnn_n MHO

)KeCTBeHHOCTb· Y -nyqeA neneHHH H pannauHOHHOI"O aaxBaTa, 8 T8K)Ke cpenHee 

qHcno MI"HOB8HHblX HeATpOHOB Ha aKT neneHHH cymeCTBeHHO He H3M8HHIOT

CH/ 16, 17 /, K TOMY )1(8 Hcnon&3yeMaH MeTonnKa perncTpauHn aKTOB nene

HHH n panHaUHOHHOI"O aaxBaTa Mano qyBCTBHTenbHa K He6onbDIHM H3MeHe

HHHM MHO)KeCTB8HHOCTH Y -nyqefi n·qncna HeATpOHOB Ha aKT neneHHH, Tioa-

ToMy cqHTanoc&, qTo Koa¢i¢inuneHTbI A n B HBnHIOTCH noCTOHHHblMH BO 

BceA nccnenyeMoA o6naCTH 3HeprHA, MeTon npoBepKH noCTOHHCTBa -aq¢eKTHB-· 

HOCTeA B pe30H8HCHOA o6nacTn 3HeprnA nonpo6HO paccMOTpeH B pa6oTe aB

TopoB/5/, 

OnHCaHHaH BhlDie MeTonHKa H3MepeHnA no3B0fiH8T nonyqaTb nocTaToqHo 

Bb!COKYIO CTaTHCTnqecKylO ToqHOCTb ( 1 ➔ 3%) aa OTHOCHT8fibHO KOpOTKOe 

BpeMH H3MepeHHA (10 ➔ 20) qac, OnHaKo OKOHqaTen&HaH ToqHOCTb peaynb

TaTOB onpe)lenHeTCH CHCTeMaTnqecKHMH omn6KaMn, CBH3aHHblMH C yqeTOM 

B 3KcnepHM8HTanbHhlX cneKTpax nepeM8HHOI"O ¢oHa H BKnana HeATpOHOB, pac

ceHHHbIX o6paauoM, a TaK)Ke omH6Kn HOpMnpoBoqHbIX KOHCTaHT A H B 

B npoBeneHHbIX pa3nHqHbIX cepnnx H3MepeHHA BeimqnHbI A n B ne)Kann, co

oTBeTcTBeHHO, B npenenax 1,2 ➔ 1,4 n 0,2 ➔ 0,8 H 6bmn onpeneneHbI c Toq

HOCTblO He Xy)Ke 5 H 1 5 ➔ 20%, COOTBeTCTBeHHO. 

3HaqeHHH a ' nonyqeHHbl8 B HaCTOHDieA pa6oTe, npHBeneHbl B Ta6nn-

uax II H III , OKoHqa'ren&Hbie peayn&TaTbI nonyqeHbI nyTeM ycpenHeHHH 

no cepHHM H3MepeHnA C o6pa3uaMH paannqHoA TOfill!HHbI, a yK838HHbl8 omH6-

KH xap8KTepH3ylOT cpenHeKll!_anpaTHqHblA pa36poc naHHhlX 3THX cepHA, Ycpen

HeHne TaK)Ke npoBonnnoc& no 3HepreTHqecKnM HHTepBanaM O, 1; 1,0; 5,0 

H 10 K3B nnn Toro, qTo6hl nMeTb B03M0)KHOCTb cpaBHHB8Tb nonyqeHHbie naH

HbI8 C naHHblMH npyrHX aBTOpoB, no B03MO)KHOCTH HCKnroqag BfiHHHHe paape

meHHH HeATpOHHblX cneKTpoMeTpOB no BpeMeHH nponeTa, 
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PeaynhTaTbl R 06cyJKJ1eHRSI 

Ha pnc. 1,2,3,4 rrperrcTaaneHbl ceqeam1 rreneam1 u, (E) H a ( E) 

rrmt U-235 H Pu-239 B nccnerroaaHHOM aaepreTH'leCKOM HHTepaane. 

CpaaHeHne nony,rnHHhIX B HSCTO!lmelt pa6oTe ASHHhIX o ceqemrnx aene

HRR C cirry6nRKOBSHHblMR 8KCrrepRM8HTSnbHblMll ASHHhlMR apyrnx SBTOpOB npo

BOARTCR a Ta6miuax IV , V , VI n vn . HecMoTpR HS TO, 'ITO Ce'teHHR 

aeneHnR U-235 n Pu:._239 TmaTenbHO nccneayJOTCH, nocneaHne 10 -t 15 neT 

a paanR'IHbIX na6opaTopn>tx/2,4, 13_, 14, 18, 19,20,21/ paa6poc 3Ha'teHnlt <u r(E)> 

AnR U-235 onpeaeneH B l5 -t 10)%, a AnH Pu-239 _ a (20-t500)%. . 
ITpn STOM paa6poc ASHHblX. 3HB'IHTenbHO npeBbllllSeT OIIIR6Kn, YKS38HHble 

SBTOpaMR, n, a OCHOBHOM, OTHOCHTCH K SHepreTH'teCKOlt o6nacTH Bblllle 100 SB. 

CneayeT OTMeTRTb, 'ITO OT acex A8HHblX cymeCTBeHHO OTITH'ISIOTCH ASHHbie 

pa60Tbl/20/ AIIH Pu-239 ' nony'teHHble npH !IAepHOM B3pb!Be C Bb!COKIIM 8Hep

reT!f'teCKllM paape111eHneM ll HH3KRM ij>OHOM, 'ITO CO~TBeTCTByeT HSHIIY'IIIIHM, 

no MHeHHIO SBTOpOB STOit pa60Tbl, ycnoBHltM H3MepeHnlt. IlnR 06'bSICHeHHR 

TaKor.o pas6poca· aaHHhtX cneayeT npeanono)!{HTb, 'tTo ~ yKaaaHHolt o6nacTn 

SHeprnlt HS TO'IHOCTb 113MepeHnll BJIIIHIOT HeKOTOpble nnoxo Y'IIITblBaeMble ij>aK

TOpbl, 38BHCllmne, no-BIIAHMOMy, OT xapaKTepnCTHK HeliTpOHHblX crreKTpOMeT

poB no apeMeHn nponeTa H IICilOJ!b3yeMblX MSTOIIOB per11cTpau11n 8KTOB 11ene

HHS1. 

CpaBHSHHe nony'teHHblX B H8CTOllmelt pa6oTe IISHHblX 06 OTHOllleHHII CS'te

HHlt paAHSUHOHHOro 3SXBSTS H 118JJeHHll C HMeJOmHMHCll SKcrrepHMSHTSITbHblMH 

ASHHblMH/ 18, 1_3,21,22/ AJ!ll U-235 11 Pu-~39 npoBOAHTCll Ha pnc. 5 n 6. 

Ha pncyHKSX TSKJKe rrpnaeaeHbl Kpl1Bbl8 a (E). paCC'IHT8HHble/ 23/ HS OCHOBe 

KaHanoaoll Teopnn aeneHnll npn paann'tHhtX npe11nonoJKeH11Hx 06 sHepr11n 11enn

TenbHhIX KaHanoa/24/ n cpeAHHX napaMeTpax ypOBHell U-235 n Pu-239. 

11a cpaBHe1msi peaynbTSTOB cneayeT, 'ITO ace nMeJOmnecR aaHHhte 06 

aHepreTn'tecKoll aaaHCHMOCTH a(E) AJIR U-235 cornacyJOTCR B rrpeaenax 

YK83SHHblX Ollll!60K ( 20 ... 30)% MelKIIY co6olt H C pac'tliTaM11, BblllOJIHeHHblMH 

B paMKSX KSHSIIOBOll Teop1111 11eneHnll. 

.llnR Pu-239 peaynhTaTbl HacTo!lmnx H3MepeHnll alE) cornacyIDTcll c 

ony6JIHKOBSHHblMH IISHHblMH B o6naCTH 8Heprnll HIIJKe 3 KSB H He npOTIIBOpe'taT 

HM B npeaenax Ol!H60K Bblllle 3 KSB. Ho B o6naCTH 8Heprnli 2 .. 6 KSB 118HHble 
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Pac. 5. CpaeHeHHe Be/lH'IHH <a(E)> 1111,i U-235. 
AaHHbl8 H8CTOSIIIte8 pa60Tb1,~a__,.,..,. -oaHHbl8 pa-

6on, aeTopoe/7/, •-·-·◊·-·- - aaHHbie pa6oTbl/l9/, -··♦··-· 
- aaaab1e pa6oT/13,2I/, ----- - aaHHble pa6oThl/9I. Cnnow
Hble KpHBbl8 - pacqf!T no KBHanoBoA TeopHH/23/. 
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---◊--- - llSHHble pa6oTbi/23/, - - --- - llSHHble pa60Tb1/9I. 
CnnomH&Ie KpHBbie - pacq~T no xaaanoaoit Teopuu/241. 
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pa6oTbl SBTopoa/7/ nellUlT CHCTeMSTH'leCKH HHlKe, a JlSHHbie pa60Tb1/22/ B 06-

naCTH aaeprui! 2 -t 20 ItaB - CHCTe~eTH'leCKH Bb!We JlSHHblX, nony'leHHblX 

a HSCTDHWei! pa6oTe. 

Ha. ,llaHHOM aTane _nccne)loaaanl!, no-BHJlHMDMY, MOlKHO C'IKTSTb, '!TO 

peayn&TSTbI, µonyqeam,ie B nacToHmeii pa6oTe, yJloaneTBopnTen&HO onucbIBa-

IOT 3HepreTH'l8CKYIO 38BKCHMOCTb a (E) (c TO'IHOCTblO ~ 20%) u cornacy-

IOTCH npu 3HeprHH 20 .. 30 K3B C JlSHHb!MH, nony'leHHb!MH B H3MepeHHHX 

HS :aneKTpOCTSTH'leCKHX reaepaTopax/9/. 

Xopowee cornacne Ha6monaeTCH H c paC'l<lTSMH, BblllOnHeHHblMH a paM

KSX Kaaanoaoii Teopuu neneHHH. 

B 3aKn10•rnnne aaTopbl BbipalKaIOT 6naronapnocTb n. CennaKosoi! n U. flan-. 

Teneeay 3a noMOil!b npx BbI'IHCneHHHX Ha 3BM u IO. Konrirny 3a noMDil!b 

npu npoaeJleauu HaMepeauii. 
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