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Hay<i:emie peaKUHli ( n I a ) Ha peaoHaHCHbIX H0HTPOHax OTKpb!­

BaeT rrepea 3KCrrepHM0HTaTopaMH HOBhlH KaHan anH rronyqeHHH CBeaeHHH 

0 CTpyKType Bb!COKOBoa6y}KaeHHbIX COCTOHHHH aTOMHbIX Haep. OaHaKO 

rrpoBeaeHne TaKnx nccneaoBaHnii CBHaaHo co aHaqnTenbHbIMH MeToanqec­

KHMH TpyaHOCTHMH, o6ycnoBneHHb!MH ManoCTblO ceqeHHH peaKUHH ( n , a ), 

6onbIIIHM !pOHOM OT KOHKypnpyJOIUeii peaKUHH ( n , y ) , ( a ( n , y ) / 

I a ( n , a ) "' 106 t- 109 ) n ManoCTblO ITOTOKa peaoHaHCHbIX HeiiTpo­

HOB. KpoMe Toro, ManbIH rrpo6er a -qacTHU s BeIUeCTBe MHIIIeHH rrpnsoaHT 

K Heo6xoaHMOCTH aenaTb HX TOHKHMH. 

YKaaaHHbJe ycnoBHH Tpe6yJOT OT aeTeKTOpoB, KOTOpbie MoryT 6b!Tb 

ncrronbaoBaHbI B nccneaosaHHHX peaKnx peaKunii Tnna ( n a ), 6onb-

IIIHX rroBepXHOCTeii MHIII0Heii. Paapa6oTaHHbl0 paHee 6onblll0H raaOBblH 

CUHHTHnnHUHOHHbIH aeTeKTOp co CUHHTHnnHTOpOM s sneKTpnqecKOM rrone/1/ 

H HOHliaaunoHHhie KaMepb! paannqHbIX THITOB 12,31 noasonnnn Ha6nJOaaTb 

n nccneaoBaTb peaKUHIO ( n , a ) B o6naCTH peaoHaHCHbIX HeiiTpOHOB 

aa pHae Haep H rronyqnTb opnrnHanbHYJO ¢nanqecKyJO nH¢opMaUHJO 14,51. 
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OnHaKo aTn nccnenoBaHn.H orpaHnq1IBanncb .HJlpaMII BonlI31I. 3aMKHy-

Tb!X HeuTp0HHb!X II rrpoT0HHblX o6onoqeK, rne aaeprnn a -qacTiru, Bhme-

-r:a10ru1Ix rrocne 3aXBaTa HeiiTp0H0B, cpaBHIITenbHo BenlIKII, a cnenoBaTenbHo, 

II Bb!C0Ka rrpoHnuaeM0CTb a -qacTllU qepe3 KynoHOBCKllH 6apbep .IIJlpa. 

D.n.H cyruecTBemwro pacumpeHII.H Kpyra 1IccnenyeMbIX .HJlep aeo6xon1IMO 

na,nbHeti:11Jee ycoBep1UeHCTB0BaH1Ie neTeKT0p0B a -qacTnu c uenbIO CHII-

)KeHII.II yp0BH.II CO0CTBeHHoro ¢oHa neTeKT0p0B, a TaK)Ke yMeHblUeHIIe nx 

qyBCTBIITenbH0CTII K 6onbllJIIM II0T0KaM cna6o. II0HII31IpyIOlUIIX qacTIIU, 

3a 0CH0BY H0Boro neTeKT0pa 0brna B3.HTa CIICTeMa nnoCKIIX MHoro-

BllT0Bb!X rrponopUII0HanbHb!X cqeTqlIK0B Tuna 0IIIICaHHbIX B paooTax /6, 71 • 

BBeneHne JlB0HHblX COBIIa)leHIIH Jl0n)KHO 0binO CBeCTII K MIIHIIMYMY CO0CT-

BeHHb!H ¢oH, a He6onb11J1Ie Me)KnyaneKTPOJlHb!e' pacCT0.IIHII.II - ynyqllJIITb 

BpeMeHHbJe xapaKTeplICTllKII neTeKT0pa, cnenaTb ero MeHee qyBCTBIITenb­

Hb!M K y -KBaHTaM ll ll0HII31IpyrorunM ll3nyqemrnM, B03HllKaIOlUIIM B M0-

MeHT IIMIIynbca Mo.lUH0CTll peaKTopa HBP. 

2. KoHCTDVKUII.II aeTeKTopa 

ITporropUIIOHanbfra.H K8Mepa, K0HCTPYKUII.II K0T0P0H IIplIBeneHa Ha 

plIC, I, rrpencTaBn.HeT COOOH UIInlIHJlp1IqeCKIIH Kopnyc (I) C BHyTpeHHIIM 

JlliaMeTp0M 500 MM n JlnlIHOH 300 MM, CHao)KeHHblll CIIrHanbHb!MII ( 7) II 

Bb!C0K0B0nbTHbIM ( 10) BB0)laMn, BeHTIIn.lIMII nn.H 0TKaqKII n HarromreHII.II 

paooqlIM ra30M, M8HOMeTpnqecKOH CIICTeMou, a TaK)Ke MexaHII3M0M yrrpaB -

neIIII.II K0HTponbHb!M a -IICToqHIIK0M ( 8). Ha OJlHOH ll3 TopueBb!X KpbIIIJeK 

KaMepbl CM0HTIIp0BaHa KacceTa, C0CT0.HlUa.lI ll3 B0CbMII JlB0HHbIX 11neHT1IqHb!X 

ceKUIIH, pa3neneHHh!X nonno)KK8MII MIIIIJeHeii ( 4) ( an10MIIH1IeBbJe JllICKII Ton­

lUIIH0H I MM). Ha K0T0pbre HaH0C.IITC.II cnolI nccnenyeMoro . BellJeCTBa. Ka)K­

na.H ceKUII.II, B CB0IO oqepenb, C0CT0llT II3 9KpaHa (3) II JlByx co61IpaIOlUIIX 

aneKTponoB (KonneKTopoB) (5), Pa6oqnu n1IaMeTp Bcex aneKTponoB 360 MM, 
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Pnc. 1. KoHCTpyKUHSI MH0roceKUH0HHotl nponopunoHam,Hotl KaMepbl n 
6noK-cxeMa aneKTpo1rnott annapaTypb1. 
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3KpaH Bb!IlOnHeH B BH)le KOnbua H3 Hep)KaBe10mefi CTann, Ha KOTopoe HaTsr­

HyTbl BOnbq>paMOBbie HHTH JlHaMeTpOM 50 MK C marOM 3 MM, KonneKTOpbl 

npe)lCTaBnSIIOT co6ofi aHanornqHbie KOnhua c HHTSIMH JlHaMeTpOM 100 MK n 

urnroM 10 MM, 

3KpaH n KonneKTOpbI_ noMerueHbI B n3onnpy10mne Konbua H3 q>Toponnac­

Ta, .KOTOpb!e OJlHOBpeMeHHO SIBnSIIOTCSI JlHCTaHIJHOHHblMII, 3a)laBasr Me)KJly­

aneKTPOJlHbJe pacCTOSIHHsr, paBHbie 6 MM, B O)lHOII H3 cekunfi noMemeH 

23s ·u ( ) KOHTpOnbHbifi a -HcToqHHK 9 1 KOTOpblfi ncnonb3yeTCSI nnsr HaCT-

pofiKH KaMepbl H C noMOIUblO cneunanbHOI'O ycTpofiCTBa ( 8) MO)KeT 3aKpbl­

BaTbCSI Ha nepHO)l H3MepeHHfi, 

OnHa H3 CE;KIIHfi ( 11) HMeeT KonneKTOpb1, BbIITOnHeHHbJe H3 Bonhq>pa­

MoBofi npoBonOKH BJlBOe MeHblllHM JlHaMeTpOM ( 50 MK)·, qTo IT03BonsreT npn 

o6rueM nnsr Bcex ceKuHfi Hanpsr)KeHHH nonyqnTh B·Hefi cymecTBeHHO 6onb111ee 

ra30Boe ycnneHne, nocTaToqHoe nnsr perncTpaunn Y-KBaaToB, PannaTop 

( 6) I Bb!IlOnHeHHbifi H3 nnaCTHHbl CBHHIJ8 TOnIUHHOfi 5 MM, noMerueHHOfi B 

an10MHHHeBblfi KOHTefiHep, no3BonsreT 9TOMy y -)leTeKTopy perncTpnpoBaTb 

y -KBaHTbl OT nccnenyeMblX MHllleHefi C' aq>q>eK_THBHOCTblO, nponopuHOHanbHOfi 

9HepI'HH KBaHTa 181 • ITpn 9TOM aq>q>eKTHBHOCTb perHCTpaunn aKTa 

3axBaTa HefiTpoHa oKa3bIBaeTcsr He 3aBncsrmefi oT cneKTpa· Y -nyqefi,TaK )Ke 

KaK H y y -)leTeKTOpa MoKCOHa-Pesr /9/. ·. y -JleTeKTOp Hcnonh3yeTCSI 

nnsr napannenhHhIX H3MepeHHfi ( n , 'Y ) -peaKIJHH na nccnenyeMoM BeruecT-

Be, qTo ITOBbJlllaeT ToqHOCTb onpeneneHHSI_ a -IIIHpHH OT)lenhHbIX pe3oaaa-

COB, a TaK)Ke nosBonsreT npoBOJlHTb aopMHpOBKY no H3BeCTHbIM pe3oHaacaM 

• /4 5/ 
HnH ceqeHHIO a TennoBOH o6naCTH ' • 

ITepen H3Mepean.srMn KaMepa OTKaqnBaeTcsr no naaneansr nopsrnKa . 

10-2 Top n 3anonasreTcsr pa6oqnM ra3oM no naBneanfi, ae npeBbI111a10mnx 

06b1qao. 760 Top. CTa6nnn3Hpo:saaaoe (no 0, 1%) nonO)KHTenhaoe BbICOKoe 

nanpSI)KelIHe nonaeTCSI pa3)lenbHO Ha KOnneKTOpbl KMKJlOfi CeKIJHH, OTKyna 

Cll"aan canMaeTcsr qepe3 uenb R = 5, 1 MoM n C = 2200 nqi. ITonno)KKH 

Mnmeaefi n aKpaa 3a3eMneHbI. TaKoe nonKn10qeane no3BonsreT pa3rpaanqHTb 
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Ka)K.!lYKl ceKUHKl aa ,!lBa caMOCTOSITenblib!X qyBCTBHTenblib!X o6'beMa rrpn 

Bb!COKOfi rrpoapa'IlIOCTH 9Kpaaa K a - qacTHUaM, BbmeTaKJIUHM H3 MHIIIelIH. 

3. 3neKTpOHliaSI arrrrapaTypa 

EnoK-cxeMa aneKTpOlIHOfi arrrrapaTypbI rrp1rne.neaa Ha pnc. 1. 11MrrynbCbI 

OT' a -qaCTHUbI, BbmeTa:ioruefi H3 MHIIIelIH H coa.na:ioruefi HOlIH3aUHKl B o6onx 

qyBCTBHTenblib!X o6'beMaX ceKUHH, ycnmma:ioTCSI ycnnHTenSIMH ( Y) Tnrra, 

OITHC8lilIOI'O B pa6oTe / 10/' H OT6HpaKJTCSI cxeMoti 'COBrra.neam'1 (cc). O.nao­

BpeMeHHO 9TH HMrrynbCbl CYMMHpYKlTCSI nnaefiHb!M cyMMaTopoM ( !, ) H 

rro.na:ioTCSI aa .!lBa n.nelITif'IHb!X IfHTerpanbHb!X .!lifCKpHMifH8TOpa Hif)KHero ( Hil) 

H BepxH~ro ( Bil) rroporoB, KOTOpbre .na:ioT B03MO)KlIOCTb oT6npaTb HMrrynbCbl 

B orrpe.neneHlIOM aMrrnHTY.!lHOM OKlie. 11MrrynbCbl co cxeMbl ( Hil) rro.na:ioTCSI 

aa 0.!lHH H3 BXO.!lOB cxeMbl TpOHlib!X coBrra.neanti (cc)• TTpn - Bb!COKOfi 'IyBCT­

BHTenblIOCTH cxeMbl rro .!lBYM .npyrHM BXO.!laM .!lliCKpHMHHaUHSI cyMMapaoro 

HMrrynbCa fl03BOnSieT OT6HpaTb .nnSI .nanblietiIIIero aaannaa IfCTiflIHbie C06b!THsr. 

11MrrynbChr c .nncKpHMHHaTopa (Bil) rrocTyrra:ioT Ha cxeMy aanpeTa (C3). 

B 9TOM cnyqae, aeCMOTpSI aa TO, 'ITO aa BblXO.!le cxeMb! COBITaLielIHfi ( CC) 

HMeeTCSI HMrrynbc, LianbaetiIIIee ero rrpoxo)K.neHHe 6y.neT aa6noKHpoBaao. 

Aaanorif'Ilib!M o6paaoM rrpOH3BO.!lHTCSI OT6op HlI<POpMaunH H C OCTanbliblX 

ceKUHfi. BnoK .. 11fl11" (C) co6npaeT HH<pOpMauH:io H rrepe.naeT ee aa Bpe­

Meaaofi aHannaaTop. TTpH Heo6xoLIHMOCTH-rrepe.naBaTb aa BpeMeHaoti aaanHa 

HH<pOpMaUHKl OT Ka)KLIOti ceKUHH B OT.!lenbHOCTH rrpeLiyCMOTpeao ncrronb30BaHHe 

KO.!lifpOBIUHKa HOMepa .naT'IHKa. 

4. XapaKTepHCTHKH neTeKTopa 

Bb16op pa6oqnx rrapaMeTpoB rrporropunoaanbaofi KaMephr orrpe.nenSieTCSI 

aeo6XOLIHMOCTbKl rronyqe~IfSI HaHnytIIIIero COOTHOIIIeHHSI a<p<peKT-!pOH. TTpH 9TOM 

<poH BKnKJ'IaeT B ce6SI co6CTBeHliblll !pOlI .neTeICTOpa H nepeMelIHblfi <polI, 
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S03HHKa10mnfi Ha nyqKe HefiTpOHOS OT HMnynbCHOI'O peaKTOpa. B KaqecTse 

pa6oqero raaa ncnonhayeTc.11 cMecb Ar + ( 5 t- 15)% -CO2 rrpn nasne-

Hll.llX 280 t- 760 Top. 3TOT nuanaaoH nasneHufi .11sn.11eTc.11, no-SH.llHMOMy, OilTH­

ManbHbIM, TaK KaK, C OllHOll CTopOHbI, noason.lleT nonyquTb He cnmIIKOM 

6onbllIYIO HOHH3aUHIO s neTeKTope s MOMeHT HMIIynbca MOIIIHOCTll peaKTOpa, 

C npyrofi - aMrrnuTyna HMITynbCOS OT a -qacTuu eme sennKa, Ha pIIc. 2 

rrpuseneHbl KpllSbJe aaSHCHMOCTH KOacpqJHuHeHTa raaosoro ycuneHH.11 S npo­

rropuuoHanbHOil: KaMepe OT HarrpmI<eHH.11 s cMecu Ar + 5% •CO 2 nn.11 nasne­

Hnil: 280, 380, 660 u 760 Top. 

3cpcpeKTHSHOCTb KaMepbl K a -qacTHUaM ( Ea } rrposep.11nacb C 

IlOMOlllbIO Ha6opa KOHTpOnbHhlX a -HCToqHHKOS: 235 -u ( Ea = 4,58M as); 

233 ·g ( ~a = 4,82 Mas); 239 Pu( Ea= 5,15 Mas); 242Cm( Ea =6,11 Mas) 

212 ( ) lI Po Ea = 8,8 Mas • s OCHOSHOM oxsaTb1Ba10mnx aHepreTnqecKnil: 

nnarraaoH a -qacTnu, soaHnKa10mnx rrpn pacnane nccnenyeMhIX .11nep. Ye-

TaHosneHo, qTo Ea MenneHHo soapacTaeT c ysem1qeHneM Ea n yMeHb -

11IaeTc.11 c pocToM nasneun.11 pa6oqero raaa s KaMepe. Ha scTasKe K pnc.3 

rrp1rneneHa aasnCHMOCTb acpcpeKTHSHOCTH perncTpaunn a -qacTHU OT E 
a 

nn.11 uan6onee qacTo ucrronbayeMbIX ycnosnil: (nasneune 450 Top, pa6oqee 

HarrpmKeHIIe 1580 s). nn.11 rrposepKH nneHTnqHOCTH oTnenb_HhIX CeKUHH s 

KaM.llYIO H3 HUX 6binll IlOMemeHbl KOHTpOnbHbie HCTOqHIIKH 238 ·u ( E 
--· a 

= 4, 18 Mas) C Sb!XO.llaMII a -qaCTHU, 0Tm1qa1011IIIMIIC.II He 6onee, qeM 

Ha 3%. B peaynhTaTe 6hmo nonyqeuo, qTo aHaqeHII.11 a#eKTHBHOCTel!: pe-

rncTpaunn a -qacTHU B paanIIqHh!X ceKUII.IIX OTnnqaIOTC.11 He 6onee, qeM 

Ha 10%. B KaqeCTBe nnnIOCTpauIIn pa6oThl KaMepbl Ha rryqKe HeuTpOHOS 

HMITynbCHOI'O peaKTOpa Ha pIIc. 3 rrpnseneH BpeMeHHOH crreKTp ( n , a 
147 

-peaKUIIII Ha ll30Torre Sm ( Ea = 9, 1 t- 9,8 Mas). HaMepeHn.11 rrposonn-

nHCb Ha rrponeTHOM pacCTOHHIIlI 30 M s peMIIMe· pa6oThI peaKTOpa c nHHel!:­

HbIM ycKopIITeneM s KaqecTse nHMeKTopa (MrttoseHHa.11 MOIIIHOCTb 12 MBT). 

IlpoBan B Haqane crreKTpa, aam1MaI011IIIfi OKOnO 60 MKCeK BO BpeMeHHOH IIIKa­

ne, 060.IICHHeTC.II yMeHbllleHneM raaoBOI'O ycnneHII.11 non BnIIHHIIeM rrpocTpaHCT­

seHHOI'O aapsrna, S03HHKaIOmero B MOMeHT HMrrynbca MOIIlHOCTII peaKT~pa. 
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Pnc. 2. KpHBbie 38BHCHMOCTH KOacpcpnuneHTa ra3OBOI'O ycnneHnH OT 
aarrpsr)KeHnH ansr aaBneanfi 280 Top (1); 380 Top (2); 600 Top (3) n 
760 Top ( 4). Pa6o•mfi ra3 - cMecb Ar + 5% 90 2 • 
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137 
C IlOMOlllhIO KOHTpOnhHbIX y -ncTO'IJHIIKOB Cs ( E y = o, 66 M :,lB): 

6° Co( Ey = 1,25 MsB); 
24 Na ( Ey = 2,1 MsB) n 212Po- 9 -Be (Ey= 

= 4,4 M SB) 6hm·a npoBe.QeHa npoBepxa y -.neTeKTopa xaMepbI, KoTopaSI no-

xaaana nponopunoHanhHOCTh s¢¢exTnBHOCTn sToro .neTeKTopa ( £a ) aHep­

rnn y -KBaHTOB ( CM. BCTaBKY Ha pnc. 4). Ha pnc. 4 npnBe.QeH BpeMeH­

HOll cneKTP ( n , Y )-peaxunn Ha naoTonax 155.Gd n 147'Sm. Ha6nronaro-
182 

mnecSI peao1iaHChI naoTona W BblaBaHhI peaxunett ( .n , y Ha npoBo-

notJHbIX sneKTpo.nax /l9T9KTOpa. 3¢¢eKTllBHOCTb ceKunii KaMepbI, npenaaaHa­

'IJ9HHbIX .nnH perncTpaunn peaKunn ( n , Y ) , K Y -nanyqeanro, naMepeaaaH 

C IlOMOIUhIO BbillleyKaaaHHhIX Y -nCTO'IHllKOB, cocTaBnna BenntJnHy, MeHb­

lllyIO 10-8. Co6CTBeHHhltt ¢oa KaMepbl BHe nytJKa HeiiTpOHOB COCTaBnSieT 
1 · 2 "' 10 nMn. MnH- npn IlOlIHOll nnomann Mllllleaeii 13000 CM • TaKIIM o6pa- .· 

30M, sTa 'IJaCTh ¢oaa npaKTlltJeCKll onpe.nenHeTCSI ypOBHeM ecTeCTBeHHOH 

aKTIIBHOCTll MaTepnanoB IlOlll!O)KeK Mllllle~eii n npoBonotJHblX sneKTPOllOB I l }1 

YBenntJeHne ¢ona KaMepbI na nytJKe neiiTponoB oT nMnynhcnoro peaKTopa 

Bbl3Bano, BepoSITHo, 6bICTpb!Mll H9HTpOHaMn II nponopunoaanbHO MOIUHOCTII 

peaKTopa. 

5. 3aKlIIO'IeHne 

HcnonhaoBanne onncaHaou MHoroceKunonnott nponopunoaanhHDii xaMepbl 

B noncKax peaxunn ( n , a ) na naoTone 
177 

Hf 112/ .nano nono)KnTenhHhie 

pesynhTaThI ( qero panee ne y.naBanoch nonytJnTh Ha .npyrnx .neTeKTopax). 

O6Hapy)KeH a -pacnan peaoHaHCHbIX COCTOSIHIIH c peKOpllHO ManbIMll a -

lllnpnnaMn "' 10-9 sB, KaMepa o6nanaeT cne.nyromnMH xapaKTepncTnKaMH: 

1. ITpn 6onhlllou nnomann MnllleHeii nMeeT HHSKHii co6cTBeHnh1tt ¢on, 

onpe.nenSieMblli ypoBHeM ecTeCTBeHHOH aKTHBHOCTll KOHCTPYKUllOHHhIX MaTepna­

lIOB, Bb!C0KYIO s¢¢eKTIIBHOCT~ K , a -qacTnuaM n xopolllyIO /lHCKPHMHHaUHIO OT 

Y -KBaHTOB, 
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2. He Tpe6yeT ycTaHoBneHH.II y3Koro 8MilnHTY.1lHDro 0KHa, qTQ Il03B0-

nSieT ncnonh3DB8Th ToncTbre (ao 10 Mr .cM-2 ) MHllleHH, a , cneaoBaTenhH0, 

3Ha qnTenhHb1e KomrqecTBa nccneayeMoro BemecTBa ( "" 100 r) • 

3. ITo3BonHeT npoBD.llHTh H3MepeHHSI B M0IIIJibIX nyqKax HefiTpoHoB H 

y -KB8HT0B Ha K0p0TKllX nponeTHbIX pacCT0.IIHHSIX. 

4. KoMnaKTHa, C0BMemaeT a - n y -.lleTeKTop •. 

5. ITpoCTa no K0HCTpyKUHll ll CTa6nnhH8 B pa6oTe. 

6. MmKeT 6b!Tb ncnonb30B8H8 .lln.lI HCCne,llOBliHH.II .II,llepHb!X peaKUHH 

C BbineT0M T.II)KenbIX 38p.1I)KeHHbIX qaCTHU, a TaKme .llnSI H3MepeJIH.II ManbIX 

aKTllBH0CTefi. 

ABTOpbI Bb1pamaIOT 6naroaapHocTh C.A. MapylllKHHy H M. <PnopeKy, 

npHHHM8BIIJHM yqacTne B H8CTpofiKe KaMepbI, M. CTaMilllHbCKOMY 38 ueHHbie 

coBeTbI, KnM lJaH CeHry - 38 Il0MOlllb B ,ianaaKe aneKTpoiiHofi annapaTypblo 
• 
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