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O6ma51 xapaKTepHCTHKa pa60Thl 

AKTVMhHOCTh npo6JieMhI. Hecr.rnTP» Ha Manym .[(0JIJO 3ana3.n1,rnaI01llHX 

HeifrpoHoB (3H) B nonH0M 1lHcne HeHTPOHOB .neneHH», .naHHhie no 3H 

0KaJMHCh Ba)KHI,J KaK }lJI» HJyqenirn cpyn.naMCHTaJihHhIX CBOHCTB 

npouecca ,neJieHirn, TaK H ,[(JI» pacqeT0B KHHCTHKH ».nepHbIX peaKT0p0B. K 
HaCT0J!lllCMY BpCMCHH rrp0BC,[(CH0 60JihIIIOe K0JIH1ICCTB0 HCCJie,[(OBaHHH 

3H, Il051BJI»IOlllHXC» B pe3yJihTaTe ,[(CJICHH» Tenn0BhIMH HCHTPOHaMH, 

61,1CTPhIMH HCHTPOHaMu, cpoTo,neJieHnu n T . .[(., o.nHaKo, .nocTHrHYTOH B 

H3MepeHH51X BhIX0,[(a 3aIIa3,[(hIBaJOll.J,HX HeHTPOHOB vd T01IH0CTH (3% ,[(JI51 

6 nsu) ~ Han 0Jiee xop0III0 H3Y1lCHH0fO 51.[(pa HC,[(0CTaT01lH0 ,[(JI51 51.[(CpH0H 

3HepreTHKH H, ITO-IIpC)KHeMy, C0XpaHJICTCJI ITOTPCfiHOCTh B H0BhIX 

H3MepeHH51X C IlOBhIIIICHHOH T01lH0CThlO. Ilo51BJICHHC H0BhIX HCHTPOHHhIX 

HCT01IHHK0B BhICOKOH HHTCHCHBH0CTH (KaK CTaI.J,H0HapHhIX, TaK H 

HMilYJihCHhIX), Il03B0JI51CT np0B0,[(HTh UCCJIC,[(0BaHH51 3H Ha 6oJiee BhIC0K0M 

ypoBHe. B HaCT0»lllee BpeM» nJyqeHne 3H rrpo.noJI)KaeTCJI KaK c ueJihJO 

YT01IHCHH» .naHHhIX ,[(JI» 0CH0BHhIX peaKT0pHhIX H30T0IT0B, TaK H B IIJiaHe 

H3Y1ICHH51 BhIX0,[(0B 3H, IT0JIBJIJIIOlllHXCJI B pe3yJihTaTe ,[(CJICHHJI MaJI0 

H3Y1lCHHhIX HYKJIH,[(0B. nOJihIIIHC IT0T0KH HCHTPOHOB, Bhl3hIBaIOlllHX 

,neJieHHe, Il03B0JI51JOT npoB0,[(HTh H3MepeHH» C BhICOKOH 3cpcpeKTHBHOCThJO, 

1IT0 oco6eHHO Ba)KHQ ,[(JIJI H3Y1ICHH51 HCCTa6HJihHhIX H30T0IT0B H Jl,[(ep, 

nMeIOlllHX MaJihie ce1IeHnJ1 .neneHHJI. Oco61,1ii mnepec B rrocne.nnee BpeMJI 

Bhl3hIBaJOT HCCJie,[(0BaHHJI .neneHHJI 
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Np. 3To CBJ!Jano C TCM, 1IT0 
237

Np 

paccMaTPHBaeTC» KaK rrepcneKTHBHhIH H30T0IT B rrpoeKTax 6e3onaCHhIX 

3HepreTH1leCKHX ycrnH0B0K Ha 6aJe CHJihH0T01lHhIX ycKOPHTCJICH. 

O.[(HHM H3 JiyqllIHX cpe.nn HCCJIC,[(0BaTeJihCKHX peaKT0p0B 51BJI51CTCJI 

HMnyJihCHhIH peaKrnp MEP-2, co1.naHHhIH B JIH<I> OIUIM. PJ1.n KaHaJI0B 

MEP-2 o6opy.noBaH 1epKaJihHhIMH HCHTPOHOBo.naMH, 1IT0 rro1BoMeT 

np0B0,[(HTh H3MepeHHJI C TCITJI0BhlMH HCHTPOHaMH B ycn0BHJIX HH3K0f0 

cpoHa 6hIC'rphIX HCHTPOHOB. McnOJih30BaHne rrepH0,[(H1lCCK0fO MCT0,[(a 

o6nyqeHHJI o6pa3I.1,0B B 3THX ycJI0BHJIX npe.nocTaBJIJICT YHHKaJihHhie 

B03M0)KHQCTH ,[(JIJI HCCJIC,[(0BaHHJI 3aITa3,[(hIBaJOII.J,HX HCHTPOHOB. 

UeJih pa6oThJ. ,[(ucceprnu11J1 nocBJ11lleHa nccne.noBaHHIO Bhixo.noB 3H, 

B03HHKaJOII.J,HX B pe3yn1,TaTe ,[(eJieHH» 0CH0BHhIX peaKT0pHhIX H30T0IT0B-

235U, 
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Pu, a TaK)Ke 
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Np, TerrnoBhIMH HCHTPOHaMH. ll1MepeHHJ1 

np0BC,[(CHhI MeT0,[(0M nepH0,[(H1lCCK0f0 o6Jiyqemrn o6pa3I.J,a Ha 

nMnyJihCH0M peaKTope MEP-2. KpoMe Toro, ncnoJihJyeMhIH B 

HaCT0JIII.J,CH pa6oTe MeT0,[( Il03B0JI»CT H3MCpHTh KpHBhie pacrra.na 3H B 
-,~._._,___,._ 
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,[(ttaml30HC 5-730 MCCK II0CJIC 0K0HqaHH51 o6nyqemrn, qTo 

B03M0)KH0CTb HCCJIC,[(0BaTb 3H C MaJibIMH rrepH0,[(al\rn rronypacrra,[(a. 

HOBH3Ha, HayqHa51 H rrpaKTHqecKa51 UCHH0CTb pa60Tbl. 

,[(aeT 

l13MepeHH51 rrpoBe,[(CHbl MCT0,[(0M rreptt0,[(HqecKoro o6nyqcmrn 

o6pa3u,a, II03B0J151IOmHM 0,[(H0BpeMCHH0 H3MCp51Tb qucno MrH0BCHHblX H 

3aIIa3,[(bIBaIOmHx HeihpoHOB ,[(CJICHH51 0,[(HHM H TCM )KC ,[(CTCKT0p0M 6e3 

rrepeMemeHH51 o6pa3u,a. 11crrOJih3YCMb!H MCT0,[( II03B0J151CT rrp0BCCTH 

H3MepeHH51 Bb!X0,[(a 3H C Bb!COKOH TQqH0CTbIO. BnepBbIC H3MepeH BbIX0,[( 

3H 237N ~ TX ~ 
B ,[(CJICHHH p TCIIJI0Bb!MH HCHTP0HaMH. nCII0Jib30BaHHC C03,[(aHH0H 

ycrnH0BKH H ttMnynhcHoro peaKrnpa 11EP-2 II03B0JrneT rrpoB0,[(HTh 

HCCJIC,[(0BaHH51 3H B ,[(Harra30HC 5-750 MCCK II0CJIC 0KQHqaHH51 o6nyqemrn. 

IIonyqeHHhie c BhICOKOH CTaTttcn1qecKott: T0qHoCTbIO KpHBble pacna,[(a 3H 

II03B0J151IOT II0JiyqHTb 0IJ,CHKY Bb!X0,[(a 3aIIa3,[(bIBaIOmIIx HCHTpOHOB C 

MaJib!M rrepH0,[(0M II0Jiypacna,[(a (rrop51,[(Ka 50 MCeK), rrpoB0,[(HTb cpaBHCHHe 

rronyqeHHbIX ,[(aHHh!X C KpHBh!MII, paccquTaHHhlMH C II0M0mhIO H3BCCTHh!X 

H3 JIIITepaTyphl Ha6opoB napaMCTP0B . 

O61,eM u CTQVKTypa .uucceprnuuII. 

)],uccepTaIJ,II51 C0CT0HT H3 BBC,[(CHH51, qeTbipex rnaB, 3aKJIIOqeHH51 II 

CIIHCKa JIIITepaT)'Phl Ha 7 5 CTPaHuu,ax rreqanmro TCKCTa, C0,[(Cp)KHT 16 

pucyHK0B, 12 rn6nuu, H 6u6JIHOrpaqrnro H3 66 HaHMCHOBaimH. 

Arrpo6aUH51 pa6oThI II ny6nuKauuu. 

OCHOBHhie pe3yJihTaThl ,[(HCcepTau,uu 6bIJIH ony6nuKOBaHhl B 

npenpHHTaX 0115111 H )KypHane «ATOMHa51 3Hepru51», npe,[(CTaBJJCHb! Ha 

MC)K,[(yHap0,[(HblX KOHcpepeHIJ,H51X B O6HliHCKe, )],y6He, lfacrn

IlarrIIepHHqKe (CnoBaKH51), TpuecTe (11TaJIII51). Ilocne,[(HIIe pe3ynhTaThI 

ony6JIUKOBaHhl B BH,[(e rrperrpHHTOB 0115111 u HanpaBJICHhl B )KYPHaJihl 

«Jl,[(epHa51 cptt3HKa» u «BorrpochI aTOMHOH HayKu u TeXHIIKH 11 (CepH51 

«51,[(epHhie K0HCTaHTbl» ). 

KPATKOE CO)],EP)KAHl1E )],11CCEPT AQl1I1 

Bo BBC,UCHHH C0,[(Cp)KIITC51 06ocHOBaH11e aKTYaJihH0CTH 

uccne,[(0BaHutt: 3aIIa3,[(hrna10mux Hett:TPOHOB, onpe,[(eneHbI 3a,[(aqH 

HaCT051mett: pa60Thl H 0IIHCaHa CTPYKTypa ,[(HccepTaIJ,IIH. 
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B rnaBe ,[(aH KpaTKHH o63op CBOHCTB 3H u cnoco6b1 

TeopeTuqeCKHX ou,eH0K IIX rrapaMCTP0B. 

I1TOrH nepBhIX HCCJIC,[(OBaHHH 3H II0,[(BC,[(CHbl B MOHorpacpuu 

KIIIIHHa, KOTOph!H ycTaHOBHJI, qTo 3aBHCHMOCTb Bh!XO,[(a 3H OT BpeMeHH 

xoporno OIIHChIBaIOTC51 B paMKax 6-TH rpyrrrrOBOro rrptt6JIH)KCHH51. 

)],JI5I TeopeTuqecKOH OIJ,CHKH BbIXO,[(a 3H Heo6XO,[(HMO onupaTbC51 Ha 

H3BCCTHOC MaCCOBOC HJIH 3ap51,[(0BOC pacnpe,[(CJICHHC OCKOJIKOB. 

CoorneTcrnyromIIe MO,[(CJIH nonyqHJIH Ha3BaHHe Zp HJIH Ap-MO,[(enett:. B 

pa6oTe rrpHBC,[(CH O,[(HH H3 BapuaHTOB BhJqHcJieHH51 qHCJia 3aII8.3,[(bIBaIOmHx 

HCHTPOHOB. B HaCT051mee BpeM51 H3BCCTHO 272 51,[(pa-rrpe,[(IIICCTBCHHHKa. B 

npaKTHqecKHX pacqeTaX ,[(J151 98 H30TOIIOB HCIIOJ1h3YIOT H3BCCTHbie H3 

3KCrrepttMCHTa 3HaqeHH51 Pn,· )],n51 OCTaJihHhIX 174 51,[(ep HCIIOJ1h3YIOT 

pacqeTHh!C 3HaqeHH51 Pn. He,[(OCTaTOK 3KCIIepHMCHTaJibHhIX ,[(aHHblX IIO 

IIJIOTHOCTH ypOBHCH, crrimaM H qeTH0CT51M ,[(J151 MHOrHX 51,[(ep

rrpe,[(IIICCTBCHHHKOB H 3MHTTepoB He II03BOJ151CT npOBCCTH qHCTO 

TeopeTHqeCKHe pacqeTbl C BhICOKOH TOqHOCTbIO. 

IlpHBC,[(CH KpaTKHH ofoop pa6oT, IIOCB51meHHh!X 3HepreTHqecKOH 

3aBHCHMOCTH BhIXO,[(a 3H. 

3HepreTHqecKa51 3aBHCHMOCTb BCJIHqHHhl V d npH 3HeprH51X, 

MCHblllHX 1 3B, B JIHTepaType He _o6c~anacb. O,[(HaKo, TaK KaK BhIXO,[( 3H 

rrp51MO CB513aH C MaCCOBblM pacnpe,[(CJICHHCM OCKOJIKOB, KOTOpoe 

HCCKOJihKO MCH51CTC51 npu 3THX 3HeprH51X, MO)KHO npe,[(IIOJIO)KHTh, qTo V d 

TaK)Ke 3aBHCHT OT 3HeprHH. l13MCHCHHC MaCCOBOro pacrrpe,[(CJICHH51 

OCKOJIKOB rrpu TaKHX 3HeprH51X H3yqaJIOCh B pa6oTe Pe)KhC H ,[(p. ,[(J151 51,[(pa 
239P B ~ 6 u. 3TOH pa OTC onpe,[(CJ151J10Ch OTHOIIICHHe acHMMCTPHqHoro 

,[(CJICHH51 K CHMMCTPHqHOMY B 3aBHCHMOCTH OT 3HeprHH H 6hIJIO IIOKa3aHo, 

qTo OHO H3MCH51CTC51 B 2 pa3a npH rrepexo,[(e OT TCIIJIOBbIX HCHTPOHOB K 

HCHTPOHaM C En=0.4 3B. KoHeqHo, H3MCHCHHC vd 3HaqHTCJihHO MCHbIIIe, 

IIOCKOJihKY H30TOIIbl, COOTBCTCTByIOmHe CHMMCTPHqHoMy ,[(CJICHHIO, 

BHOC5IT MaJih!H BKJia,[( B BhIXO,[( 3H. TeM He MCHee, npe,[(CTaBJ151eT HHTepec 

H3yqHTb ~03M0)KH0e H3MCHCHHC V d B YKa3aHHOM HHTCpBane 3Heprutt: B 

npeU,H3HOHHhIX H3MepeHH51X. 

Bo BTOQOH rnaBe OIIHCaHbl 3KCrrepHMCHTaJibHhie MeTO,[(bI H3yqemrn 

3H. qacrn HCIIOJih3yeMOH cxeMOH H3yqeHH51 3H 51BJI51eTc51 o6nyqeHHe 

,[(CJI51meroc51 H30TOIIa C IIOCJie,[(yIOmHM nepeMeIIJ,eHHCM o6pa3u,a K 

,[(CTeKTopy 3H. )],n51' perucTPau,HH 3H HCIIOJih3YIOTC51 HCHTPOHHhie 

,[(CTCKTOpbI C BblCOKOH 3!p!pCKTHBHOCTbIO, cna6o 3aBHC51mett: OT 3HeprHH. 

IIocKOJihKY nepeMemeHue 06pa3u,a TPe6yeT BpeMeHH rrop51,[(Ka ,[(CC51TKOB 
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MJIH C0TeH MIIJIJIIICeKyH,n, BKJia,n K0p0TK0)KIIBYI.QIIX II30T0CT0B B 

IIcnycKaHIIe 3H onpe,nem1eTCH C 60JihllJOH norpernH0CThIO. 

B pH,ne 3KCnepIIMeHTaJibHhIX pa6oT Henocpe,ncrneHH0 onpe,neJIHeTCH 

BeJIIIqIIHa 

/3o=Vdl(Vp +v,t), 

r,ne Vp- qIICJI0 MrH0BeHHhIX HeHTPOHOB, IICnycKaeMhIX B 0,[IH0M aKTe 

,[leJieHIIH. IlpII 3T0M IICKJIIOqaIOTCH Heonpe,neneHH0CTII, CBH3aHHhle C 

TQqHQCTblO onpe.neneHIIH 3<p<peKTIIBHOCTII ,neTeKTOpa. 3HaH f3o M0)KHO 

onpe,neJIIITb vd TIOCKOJihKY BeJIIIqIIHa Vp, KaK npaBIIJIO, II3BeCTHa C O'leHh 

BhICOKOH TOqHOCThIO. 

B rJiaBe 3 OTIIICaHa 3KCnepIIMeHTaJibHaH ycTaHOBKa «l130Mep», Ha 

KOTOpOH 6bIJIII nonyqeHbI npIIBe,neHHhie B ,[IIICCepTaU:IIII ,naHHbie II MeTO,n 

II3MepeHIIH. )],nH IIccne,noBaHIIH 3anaJ,nhrnaIOI.QIIx HeHTPOHOB B JIH<D 

0115111 6bm pa3BIIT MeTO,n nepIIo,nIIqecKoro o6ny'leHIIH 06pa3u:a II 

C03,[(aHa ycTaHOBKa «I130Mep», IICCTOJih3YIOI.QaH B KaqeCTBe HeHTPOHHOro 

IIcTOqHIIKa IIMnyJI),CHhIH peaKrnp HEP-2. 

B pa6oTe npIIBe,neH BhIBO,[( OCHOBHbIX cpopMyJI, IICTIOJih3yeMbIX B 

paMKax MeTo,na nepIIO,[(II'leCKOro o6nyqeHIIH: OTHOllieHIIe Bh!XO,[(a 3H K 

'IIIcny MrHoBeHHhIX HeHTPOHOB_,neneHIIH paBno: 

V S t: 
_d = _d _P F(t t C!.t T) s 1' 2, ' 
VP P t:d 

(1) 

r.ne Sd II SP KOJIIIqecrna 3aperHCTPIIpoBaHHhIX 3anaJ,nhrnaIOI.QIIX II 

MrHOBeHHhIX HeHTPOHOB .neneHIIH; Cd II Ep - COOTBeTCTBYIOI.QIIe 

3cpcpeKTIIBHOCTII perHCTPaU:IIII. 

6 a, 1-exp(-?c,t!.t) 
[ ]

-I 

F(ti,t2 ,C!.t,T)= L ---"--'----''----'-(exp(-A,t1)-exp(-A,t2 )) 
,=1 A, t!.t I - exp( -A, T) 

(2) 

cpyHKU:IIll, 3aBIICHI.QaH OT ycJIOBIIH II3MepeHIIll II Y'IIIThIBaIOI.Qal! 

nepIIO,[(II'IHOCTb o6nyqeHIIH o6prou:a. 3,necb a; II A; OTHOCIITeJibHhie Beca II 

nocTOHHHhle pacna,na (A; = ln2/T1m , . r.ne T1m - nepIIO,[(hI nonypacna,na, 

COOTBeTCTBYIOI.QIIe onpe,neneHHOH rpynne). )],JIH a; BbinOJIHHeTCH 

cne,nyIOI.Qee COOTHOllieHIIe: L,G; = I. 
I1cnonh3YH nepIIO,[(II'leCKIIH MeTO,[( o6ny'leHIIH, BeJIII'IIIHbl sd II Sp 

MO)KHO H3MepIITh O,[(HIIM II TeM )Ke ,neTeKTOpOM 6e3 nepeMeI.Qemrn 

o6prou:a. KaK MO)KHO BII,[(eTb II3 (2), H3MepeHIIe f3o He TPe6yeT 3HaHIIH 

a6coJIIOTHOH 3cpcpeKTHBHOCTII ,neTeKTOpa II xapaKTepIICTIIK o6pa3u:a, a 

TOJihKO onpe,neJieHIIH OTHOllJeHIIH 3cp<peKTIIBHOCTeH ,[(JIH 3anaJ,[(bIBaIOI.QIIX II 

MrH0BeHHhIX HeHTpOHOB. <DyHKU:IIH F(tl,t2,11t, T) npaKTII'leCKII He 3aBHCIIT 
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OT IICflOJih3yeMoro Ha6opa napaMeTPOB II MO)KeT 6bITh paCC'IIITaHa C oqeHh 

Bh!COKOH TO'IHOCThlO. 

YcTaHOBKa I130Mep pacnoJIO)KeHa Ha paCCTOHHIIII 27 MOT aKTIIBHOH 

30HhI peaKrnpa. PeaKTop HEP-2 IIMeeT cpe,nHIOIO MOI.QH0CTh 2 MBT II 

qacTOTY HMnynhCOB 5 ru:. lllHpIIHa IIMfIYJihCa COCTaBJIHeT 

npn6JIII3IITeJihHO 230 MKC. TaKIIM o6pa30M, MOI.QHOCTb peaKTopa B 

IIMHYJibCC (1500 MBT) 3Ha'IIITeJihHO npeBbillJaeT cpe,nHIOIO, 'ITO 

fl03BOJIHeT IIMeTh 3Ha'IIITeJibHhIH • f!OTOK HeHTPOHOB, na,naIOI.QIIX Ha 

o6pa3CU B Te'leHne KOpOTKOro IIHTepsana BpeMeHII (n Bhl3bIBaIOI.QIIX 

,neJieHIIe), II npOBO,[(IITh H3MepeHIIH BbIX0,[(0B 3H Me)K,ny BCflhlllJKaMII 

peaKTopa. O,nHaKO, XOTH MOI.QHOCTh peaKTopa Me)K,ny BCflhlllJKaMII Mana 

(0.15 MBT), cpoH, Bhl3hrnacMhIH HeHTPOHaMII II3 aKTHBHOH 30HhI peaKTopa, 

3Ha'IHTeJibHO npeBhillJaeT C'leT 3H OT o6pa3ua. 

Ilo3TOMY Heo6xo,nIIMO npephIBaTh ny'IOK HettTpOHOB nocne Toro, 

KaK TennoBhie HeHTPOHbI nonanII Ha o6pa3eu. Y crnHOBKa cocTOHT H3 

H30rnyTOro 3epKaJibHOro HeHTpOHOBO,na ,[(JIHHOH 20 M, npcpbIBaTem1 

Tef!JIOBhlX HeHTpOHOB II HettTpOHHOro ,neTeKTOpa. 3epKaJibHhIH 

HeHTpOHOBO,[( CJIY)KHT ;l],JJH 3HaqnTeJihHOro no,naBJieHHH Q)OHa OT 6bJCTpbIX 

HettTpOHOB n raMMa-KBaHTOB. IlOTOK Ha Bh!XO,ne HeHTpOHOBO,na paBeH 6 

10+
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HI cl'i c. 3HeprnH na,naIOI.QHx Ha 06pa3eu HCHTpOHOB onpe,nemrnach 

MeTo,noM speMeHH nponeTa. 

Ilpepb!BaTeJih npc,ncTaBJIHeT co6oi1 ,[(HCK H3 Ka,UMIUI, 33'KaToro 

Me)K,ny aJIIOMIIHHeBbIMII ,[(IICKaMH. Ka,nMHH HMeeT 2 I.QeJIH, CIIMMeTpH'IHO 

pacnOJIO)KeHHhIX Ha ,[(IICKe. BpaI.QeHHe .L(IICKa ocyI.QeCTBJJHeTC51 rnaroBbIM 

)__(BlfraTeJieM c 'IaCTOTOH 2.5 ru. Bpau~eHHC npcphIBaTeJrn 

CHHXpOHII3HpoBaHO C BCflhlllJKaMH peaKTOpa. KpoMe Toro, 6bIJI 

npe,nycMoTPeH pe)KHM spaI.Qemrn npephrnaTeJIH c qacrnrnii 0.625 ru, <ITo 

fl03BOJil1JIO HCCJIC.L(OBaTh xapaKTepHCTHKH 3H B HHTepBaJIC .no 750 MC. 

HettTPOHHhIH ,neTeKTOp cocTOHT HJ 12 
3
He C'ICT'IIIK0B, noMeI.QCHHhIX 

B 3aMe,[(JIIITeJih II3 fI0JIII3TIIJieHa. OhlJI np0BCJ~eH pacGeT 3Q)Q)eKTHBHOCTH 

· Mern,noM MoHTe-Kapno c noMOI.QhIO nporpaMMhI MCNP .L(JIH Ha6opa 

3Heprni1 HeHTpOHOB B IIHTepBane OT 0.1 .no 2 M3B. 3cj)cj)eKTHBHOCTb 

,neTeKTopa II3MCpHnacb C fIOMOI.QblO Kam16p0Bam1oro HCTO'IHHKa 
252

Cf, 

HMeIOI.Qero cneKTp HCHTpOHOB ,neneHHH. Pe3y11hTaTh1 II3Mcpem1ii u 

pacqeToB Haxo,nHTCH B xoporneM cornacIIII ,npyr c ,npyroM. 

I1MnyJibChl OT HettTpOHHoro ,neTeKTOpa no,naBaJIHCb Ha BXO,l.( 

BpeMeHHOrO KO.L(IIpOBI.QIIKa. BpeMeHHhie pacI1pc,neJICHWI HC11TpOHOB 

perncTpIIpOBaJIIICh C fIOMOI.QhIO 3JieKTpOHHOH annapaTyphl, pa3pa6ornHHOH 

B JIH<D 0115111. HaKonneHne ,naHHhlX ocyI.QeCTBJillJIOCh c noMoUihIO IBM 
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COBMeCnIMOro nepcomlJihHOro KOMIIhIOTepa. Ynpasnem1e npoQeCCOM 

H3MepeHHH ocylll,eCTBnHnOCb nporpaMMOH, 1103B0flHIOlll,eH qepe,uosaTb 

H3MepeHHH 3<p<peKTa If !pOHa If 3aIIHChIBaTh HaKonneHHhie cneKrpbl Ha 

)KeCTKHH ,UHCK KOMIIbIOTepa. 

EonhllIOe BHHMaHHe y,ueneHo xapaKTepHCTHKaM HCIIOflb3YeMhIX 

o6pa3QOB, IIOCKOflbKY OT HHX 3aBHCHT ycnOBHH H3MepeHIIH. 

,UnH H3MepeHHH HCIIOflb30BMHCb cnoH ,unaMerpOM 60 MM, 

HaHeceHHhie Ha 110,uno)KKY H3 Al (2350), 1rnn Ni (2330, 239
Pu). TTo,unO)KKa 

II3 Ni HCII0flh30Banacb ,unH yMeHbllieHirn !pOHa OT ( a,n)-peaKQHH, KOTOpaH 

n,ueT c 6onh11IOH sepoHTHOCThIO npn B3aHMo,uei1cTBHII a-qacTHQ c Al, 
qacTO HCIIOflb3YeMbIM B Ka'IeCTBe IIO,UflO)KKlf. KpoMe TOro, ( a,n)- peaKQIIH 

Ha KHCnopo,ue-18, ,uaeT 3aMeTHbIH BKna,u B BbIXO).\ HeHrpOHOB II3 o6pa3Qa. 

TT03TOl',1Y B nocne,uHHX H3MepeHIIHX HCIIOflh30BMCH o6pa3eQ 

MeTannH'IeCKoro 
239

Pu, 'ITO 1103B0fllffl0 CHH3HTb !pOH IIO'ITII B ,usa pa3a. 

,UnH HCCne,uosaHHH KpHBbJX pacna,ua 3H HCIIOflb30BMHCb o6pa3Qbl BeCOM 

HeCKOflbKO rpaMM. OTHOCHTenbHO HeBbICOKOe o6oralll,eHHe II30TOIIOB 

ypaHa (90%) He BflHHeT Ha pe3ynhTaT H3MepeHIIH, TaK KaK OCHOBHy10 qacTh 
nso - -npHMeCH COCTaBnHeT ' He ,uenHlll,HHCH TennOBbIMH HeHrpOHaMH. 

,UnH Hccne,uoBaHHH 3H HenTyHirn 6brn II3rOTOBfleHbl o6pa3Qhl, 

co,uep)Kalll,He OKHCh 
237

Np B repMeTH'IHhIX KOHTeHHepax II3 Al. ,UnH 

yMeHbllieHHH !pOHa OT ( a,n )- peaKQIIH Ha MaTepHane KOHTettHepa, BHYTPH 

6hlna npono)KeHa HHKenesaH <ponhra. 

I13-3a Toro, 'ITO ce'IeHHe ,ueneHHH 
237

Np B 3 I 0+
5 

pa3 MeHhllle qeM 

ceqeHHH ,unH 
235

0 If 
239

Pu, HeIITYHHH Tlll,aTenhHO 04Hlll,MCH XHMH'IeCKH OT 

B03MO)KHhIX npHMecei1 
2350 H 

239
Pu. Co,uep)KaHHe 

239
Pu MO)KeT 

KOHrpOnHpOBaThCH MeTO,UOM a-cneKrpOCKOTTHH. l13MepeHHH, c,uenaHHble 

npH O'IHCTKe o6pa3Qa IIOKa3MH, 'ITO npHMeCb 
239

Pu He 6onee I 0"
6 

r/r. 

0 2350 -,UHaKO ,unH TaKOH KOHrpOnh HMeeT 3Ha4HTeflbHO XYL\llIYIO 

4YBCTBHTenhHOCTb, IIOCKOflbKY ero aKTHBHOCTb O'IeHh Mana If 3HeprHH a

qaCTHQ OT 
235

0 MeHhllle, 'IeM OT 
237

Np. MeTO,Ubl -y-cneKrpOCKOTTHH TaK)Ke 

He no3sonHIOT ,n:ocTwih rpe6yeMoi1 T04HOCTH. TTo3ToMy 6hrna 

npe,unpHHHTa TTOilbITKa onpe,ueneHHH co.n:ep)KaHHH 
235

0 B o6pa3Qe 
237

Np C 

TTOMOlll,blO pe30HaHCHbIX HeHrpOHOB. ,UnH 3TOro 6hlna H3rDTOBneHa 

HOHH3aQHOHHaH KaMepa, co,n:ep)Kalll,aH 88 Mr 
237

Np H3 TOH )Ke napTHH, 'ITO 

H o6pa3eQ .n:m1 H3y4eHHH 3H. H3MepeHHH npOBO).\HflHCb MeTO).\OM speMeHH 

nponera Ha HMnynhCHOM HCTO'IHHKe HeHrpOHOB (6ycTepe) HEP-30. 

Co.n:ep)KaHHe 
235

0 B o6pa3Qe onpe,uenHnoch no H3BeCTHhIM napaMerpaM 

HaH6onee CHnhHhIX pe30HaHCOB 
235

0 H 
237

Np. B pe3ynhTaTe H3MepeHHH 

6 

.~ 

.,._ 

235 -5 
6hrn c,uenaH BblBO).\, 'ITO co,n:ep)KaHHe O He npeBbilllaeT BenH'IHHbl I 0 

r/r. 
EonhllIOe BHHMaHue 6hrnO y.n:eneHo onpe.n:eneHHIO MepTsoro 

speMeHH perncrpHpymlll,eH annapaTypbI 1:. l13MepeHue Meprnoro speMeHH 

npoH3B0).\Hfl0Cb KnaccuqeCKHM MeTO).\OM C TTOMOlll,blO .n:syx HeHrpOHHblX 

HCTO'IHHKOB. To4HOCTb onpe,ueneHHH 1: COCTaBnHeT 10 %. 

<l>oH onpe,uenHncH c noMOlll,hIO <pttnbrpa H3 Cd, nepeKpbmaIOlll,ero 

ny'IOK na,uaIOlll,HX Ha o6pa3eQ TennOBb!X HeHrpOHOB. , 

B ,uuccepTaQHH npoaHMH3HposaHbl <paKTOpbI, BflHHIOlll,He Ha 

norpellIHOCTb 3Ha4eHHH senH'IHHbl VJ : 

1. - Heonpe.n:eneHHOCTh B nonpasKe Ha npocqeThI; 

2. - pa3nH4Hbie 3Hepruu MrHOBeHHbIX H 3ana3,UbIBaIOlIJ,HX HeHrpOHOB ,n:nH 

pa3flH4HblX H30TOTTOB; 

3. - HepaBHOMepHoe BO BpeMeHH o6nyqeHHeM o6pa3Qa; 

4. - pa3nH4Hhie 3Ha4eHHH <pyHKQHH F(t1.t,T,t1,t2) ).\flH pa3nH4HblX Ha6opoB 

napaMerpOB, H3BeCTHblX H3 nHTepaTypbI, ,n:nH O).\HOrD If Toro )Ke 

H30TOna. 

OcHOBHhIM <paKTOpOM, BHOCHlll,HM 

nonyqaeMbie pe3ynhTaThI, HBnHeTcH npocqeThI. 

Heonpe,n,eneHH0CTb B 

,UnH o6pa60TKH 

pe3ynhTaTOB H3MepeHHH 6brnH HanHCaHa nporpaMMa, Bbl'IHCflHIOlll,aH 

HCnpaBneHHOe Ha npocqeThI BpeMeHHoe pacnpe,ueneHHe Hei1rpoHOB. TTpn 

H3MepeHHHX C o6pa3QaMH, HMeIOlll,HMH 6onhllIOe ceqeHne .n:eneHHH, TTOTOK 

HettrpOHOB ocna6nHnCH C TT0M0lll,blO nornOTHTenei1 H3 Kap6n,n:a 6opa Hfllf 

CBHHQa TaKHM o6pa30M, 4T06bI MaKCHMMbHaH MrH0BeHHaH 3arpy3Ka He 

npeBhI11Iana 2xl04 1/c. TaKHM o6pa30M, nonpaBKa Ha npocqeThI He 

npeBhllllana BeflH'IHHhl 10% H norpellIHOCTb npn ee BBe,n:eHHH He 

npeBh111Iana 1 %. 

3HeprnH l\ffH0BeHHbIX HettrpOHOB npaKTH'IeCKH o.n:1-rnaK0Bhl ).\nH 

BCex nccne.n:yeMhIX H30T0TT0B. CneKrpbI 3H HMelOT CflO)KHbIH xapaKTep, 

cpe,n:HHe 3HeprnH 3H onpe.n:eneHh~ C nnOXOH T0'IH0CTblO. O,n:HaKO, 

n0CK0flbKY 3<p<peKTHBHOCTb ,n,eTeKTopa cna6o 3aBHCHT OT 3HeprHH, 

coorneTCTB)'IOll.J,aH Heonpe,n,eneHH0CTb He npeBhilllaeT (0.2)%. OTHOllleHHe 

3<p<peKTHBHOCTeH ,l],nH Bcex H30T0TT0B ucnonh30BM0Ch TaK0e )Ke, KaK ,n,nH 

2350. 

HepaBHOMepHOCTb o6nyqeHHH BO BpeMeHn npHBO,ll,HT K OllIH6Ke He 

6onee 0.2 %. 

Henocpe,n,crneHHbIMH Bhl'IHCneHHHMH <pyHKQHH F(t1.t,T,t1,t2) 6bWO 
nonyqeH0, 'ITO pe3ynhTaThl HCTT0flb30BaHHH pa3IlH4HbIX aa6opoB 

napaMerpoB C0Bna,n,aIOT c TO'IHOCTblO nopH,uKa 0.1 %. 
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rnaBa 4 C0)..(ep)KIIT OIIIICaHIIe np0I..(e)..(yphl H3MepeHIIlf H o6pa60TKH 

)..(aHHhIX. 3)..(eCh )Ke np1rne)..(eHhl pe1yJihTaThl H3MepeHHH, HX cpaBHem,e C 

)..(aHHhIMH )..(pyrnx pa6oT II C TeopeTnqecKHMH OIJeHKal\m. 235U 
HCII0Jih30BaJICH B KaqeCTBe CTaH)..(aprn. TnnnqHhllf cneKTp, nony11eHHhlH C 

06pa1110M 
235

U BecoM 25 Mr 1a 18 qacoB, noKa1aH Ha pnc. I. Ha 3TOM 
- 11 23su pncyHKe 110Ka3aH0 TaK)Ke )..(eIICTBIIe npephIBaTena. 3MepeHHH C npII 

3Heprnn 0.023 3B no3BonnnII onpe)..(eJIHTh ornorneHIIe 3<p<peKTHBHOCTei1 

HeHTµOHHoro )..(eTeKT0pa )..(JIH 3alla3)..(h!BaIOIIJHX II MrHoBeHHhIX HeHTµOHOB 

)..(eneHHH. IlpII )TOM )..(JIH 0TH0CHTeJihHhlX BeCOB H nepII0)..(0B fIOJ1ypacna)..(a 

pa3JJHqHhIX rpynn HCII0Jlh30BaJIHCh )..(aHHhie pa60Thl TaTna. 

ti) 

10

6 f; ~ ti - 235U (25 mg) 12 C: 
::, 
0 i 0 

1 0 5 

104 
~II I I """--,. 

1 0 3 -di~ I 

i b 

10 2 ~I I. M... 
f"f"'?'' T'.,..'l1""""TtM~ . 

ft l~~\f~,~f/~~~•~~~,~~~, 
101 

0 25 50 75 100 125 150 175 200 

Time, ms 

P I 3 V V 235u uc. . KcnepuMe11maJZ&HblU cneKmp, noJ1y'le1111&1u c : a- cneKmp, 

U3Mepe1111&1u npu ocma11oe1temwAt npep&wameJZe, b - c epaUfa10UfUA1c51 

npep&1eame.neAt, c - ¢011, U3Atepe1111&1u c noAtOUfb/0 Cd qJlUl&mpa. 

ll0Ka3a11&1 epeM51 06JZy'le11tm (t0,t1) u u11mepeaJZ epeAteuu, e KomopoM 

Bbl'lUCJl5lllOCb 'lUCJZO ]fl (t1,!2}-

L(na BennqHHhI /30 6brno npIIHHTO 3HaYeHIIe {30 = 0.680 ± 0.020, 
II0JiyqeHH0e C II0MOIIJhlO H3BeCTHhIX 113 JIHTepaTyphl 3HaqeHIIM VJ H V. 

OhIJIH npoBe)..(eHhl TaK)Ke H3MepeHIIH npII )HeprIIII na)..(a!OIIJIIX HettTpOHOB 

8 

:. 

0.035 H 0.003 3B, qTo )..(0CTHraJI0Ch H3MeHeHHeM <pa3hl npephIBaTeJia. 

B nocne)..(HeM cnyqae ncnonh30Banca TaK)Ke Be <pHJihTP, KOTOphIH nMeeT 

pe3KHH cKaqoK B ceqeHnH pacceaHHH npn 0.005 3B. 
TT ~ 239p ~ 6 µ,JlH H3MepCHHH C U IICII0Jlh30BaJICH MeTaJIJmqeCKHII 0 pa1e11. 

TeM He MeHee, <pOH C0CTaBJlHJl 60%. OhlJIO npoBe)..(eH0 HeCK0JlhK0 cepIIH 

II3Mepem111 C 11eJ1hlO npoBepKH CTa6IIJlhHOCTH nonyqaeMhIX pe3yJihTaT0B. 

Ourn6Ka onpe)..(eJIHJlaCh KaK CTaH)..(apTH0e 0TKJI0HeHne cpe)..(Hero 3HaqeHHH. 

TionyqeHHhie )..(JIH Tpex 0CH0BHhlX H30T0II0B )..(aHHhle npIIBe)..(eHhl B 

rn6mu1ax 1 (/30) H 2 (VJ). Cne)..(yeT 0TMeTHTh, qrn CTaTIICTH'IeCKaa 

T0'IH0CTh H3MepeHIIH, KaK npaBHJI0, nyqwe 0)..(H0ro npo11eHTa. 

Heonpe)..(eneHH0CTh nopa)..(Ka 1-1.5% BH0CHT nonpaBKa ua npocqeThI npu 

onpe)..(eJieHHH qucna MrH0BeHHhlX HettTpOHOB. CyIIJecTBeHHhlH BKJla)..( 

B OlIJH6Ky VJ BH0CHT Heonpe)..(eJieHH0CTh HCl10Jlh3yeM0ro CTaH)..(aprn (3%). 
OrnoweHne BCJlllqHHhl /3 )..(JIH 

235 U (E11 = 0.003 H 0.035 3B), )..(JlH 
233 U (Ell 

= 0.003, 0.023 n 0.035 3B) H )..(JIH 
239

Pu (E11 = 0.023 3B) K {30(235U+n1h) 
nonyyeuo c T0'IH0CThIO He xy)Ke 1.5 %. 3m )Ke Bcnnqnua )..(JIH 

239
Pu (E11 = 

0.003 H 0.035 3B) onpe)..(eJieHa C T0'IH0CThlO nopa)..(Ka 4% H3-3a xy)..(WHX 

<pOHOBhlX ycJIOBHlf. 3aBHCHMOCTH BhIX0)..(a 3H OT )HeprnH uaneTalOIIJHX 
- 23su 239p 6 uenTp0H0B )..(JIH H U He 0 uapy)KeH0. 

Ta6n1111a I. 3KcnepIIMeHTaJlhHhle 3Ha'!eHirn f3o (B 11por1eHTax) H HX 

0TH0WeHHH K f3o(235U+n1h) (B CK06Kax) )..(JlH pa3mfqHhlX 3Hcprni1 

uaneTa!OIIJHX HettTpOHOB. 

l130TOII En= 0.003 38 En= 0.023 38 En=0.035 38 

nsu 0.683 ± 0.021 0.680 ± 0.020* 0.687 ± 0.021 
(1.004 ± 0.009) 1.000 (l.010 ± 0.008) 
0.274 ± 0.009 0.267 ± 0.009 0.255 ± 0.009 

mu (0.403 ± 0.005) (0.382 ± 0.005) (0.375 ± 0.005) 
0.227 ± 0.013 0.234 ± 0.008 0.230 ± 0.011 

239Pu (0.334 ± 0.016) (0.344 ± 0.004) (0.338 ± 0.013) 

* - CTaH)..(apT. 
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Ta6JIHI..(a 2. 3HaqeHmI vd .n:m1. OCHOBHblX H30TOITOB 

l130TOIT /30,% Vd 

HacT. Pa6orn ,n:pyr11e ,n:aHHbie 

~''U 0.270 ± 0.009 0.00674 ± 0.00022 I 0.00667 ± 0.00029 [17] 
239Pu 0.232 ± 0.008 0.00668 ± 0.00023 I 0.00653 ± 0.00026 [26] 

l13MepeHHH BblXO,n:a 3H rrpH ,n:eJieHHH TCITJIOBblMH HeHTpoHal\rn 
237

Np .n:o CHX rrop He npOBO,[(HJIOCb. '.:ho o6bJICH5IeTCR oqeHb MaJiblM 

ceqeHHeM ,n:eJieHHR a;(0.025 :::,B)= 21.5 M6. HaKOITJieHIIe ,n:aHHbIX 

npOBO,[(HJIOCb s pe:llmMe qacToro, Ka)K,[(ble 10 MHH, qepe.n:osaHHR 

H3MepeHHH c Cd cpHIIbTPOM H 6e3 Hero. l13MepeHHJI c o6pa3QOM 
235 U B 

Kaqecrne CTaH,n:aprn npOBO,[(HJIHCb s TaKOM )KC pe)KHMe. 3cpcpeKT OT 3H ,[(JIR 
237

Np COCTaBJIRJI 5-6% OT ITOJIHOro cqeTa HCHTPOHOB B HHTepsanax Me)K.n:y 

carremnaMH. OCHOBHYIO qaCTb cpoHa (npH6JIH3HTCJibHO 4 HMITYJibCa B 

CeKyH,n:y) COCTaBJIJIJI !pOH OT (a,n)-peaKQHH, Bbl3bIBaeMOH a-qacTHQaMH. 

<l>oH, Bbl3bIBaeMbIH 6bICTPbIMH H pe30HaHCHblMH HCHTPOHaMH OT peaKTOpa, 

pacceHBaIOIQHMHCJI Ha MHIIIeHH, COCTaBJIJIJI 1.2 HMITYJibCa B ceKyH,n:y. 

1 o' 

C o u n ts 

1 o' 

1 o' 

50 100 

Np-237 (40 g) 

Meas.time61h. 

1 5 0 

C ha n n e I w id th 1 . O 2 4 m s 

200 

Puc. 2 3KcnepuMeHmallbllblU cneKmp, nollyl./eHllblU c o6pa31JOM 
237

Np. 

Hu:JICH515/. KpueaR - ¢oil, U3MepellllblU c noMOUfblO Cd rjJUJlbmpa. 

10 

I 

:l 
J, 

Euno rrpose,n:eHo HeCKOJibKO cepnii pa6oq11x H3MepeHnii no 4-7 
qacoB Ka)K,U:aR. Pe3yJibTaTbl OT,U:CJlbHbIX cepHH HaXO,[(JITCH B cornaCHH .n:pyr 

C .n:pyroM B npe,n:enax TOqHOCTH 3KCrrepHMeHTa. 

11crroJib3YR nonyqeHHoe 3HaqeHHe 

/30 = (0.506 ± 0.029)% 
II H3BeCTHOe 3Ha•1eHne Vp rronyqHM BCJIHqHHY 

vd = 0.0125±·0.0011 
3To 3HaqeHHe HaXO,[(HTCJI B y,n:OBJICTBOpHTCJlbHOM cornaCHH C 

,n:aHHblMH, nonyqeHHbIMU rrpH ,[(CJICHUU 6bICTPbIMU HeHTPOHaMH. 

MeTo.n: nep110,n:11qecKoro o6nyqenmr, ocyI.QecrnnennbIH Ha 

ycTaHOBKe l130Mep, IT03BOJIReT U3MepHTb KpHBbie pacna,n:a 3H B HHTepsane 

BpeMeHH .n:o 0.75 ceKyH,U:bl. )J,JIJI 3THX U3MepeHHH HCnOJib30BaJIHCb 

o6pa3QbI c 6oJibIIIHMH MaccaMH: 7 r B cnyqae 
235U tt 1 O r ,n:JIJI 

239
Pu. 

l13MepeHHH 6brnH npose,n:eHbI B HHTepsane speMeHH pacna,n:a OT 5 MCeK .n:o 

730 MCeK nocne OKOnqaHHH o6nyqeHHJI, qTo ,[(OCTHraJIOCb yMeHbllleHHeM 

qacTOTbl BpaIQeHHH npepbIBaTeJIJI .n:o 0.625 rQ. HaKonneHHe ,n:aHHbIX 

rrposo,n:ttJIOCh B TeqeHHe 40 qacos ,n:JIJI 
235U H 86 qacos ,n:JIJI 

239
Pu. Ilptt 

'.:!TOM CTaTHCTHqecKaJI TOqHOCTb OTcqeTOB COCTaBJIJIJia 0.3- 0.4 % ,[(JIJI 
235U 

H 
239

Pu B Ka)K,U:OM BpeMeHHOM KaHane, paBHOM 1.024 MCCK. <Don 

onpe,n:eJIJIJICJI B H3MepeHHJIX C Ka,U:MHeBbIM !pHJihTPOM B nyqKe H COCTaBJIHJI 

BCJIHqHHY HC 6onee 1 % OT nOJIHOro cqern HCHTPOHOB s HCCJie,n:yeMOM 

HHTCpBane BpeMeHH. 

Pe3yJihTaTbl H3MepeHHH C BbJqTeHHbIM !pOHOM ITOKa3aHhl Ha pHC. 3 
,[(JIH 

235U H Ha pHC. 5 ,[(JIJI 
239

Pu. 

Ha 3THX )KC rpacpttKaX ITOKa3aHbl KpHBhie pacna,n:a, paccquTaHHblC no 

cpopMyne (3.6) C HCITOJib30BaHHCM pa3JIHqHbIX Ha6opOB napaMCTPOB. Bee 

pacqeTHble KpHBble npHBJI3aHbl K 3KCnepttMCHTaJibHOMY cqeTy 3H B 

HHTepsane 720 - 730 MCCK, nOCKOJlbKY B '.:!TOM HHTepsane BKJia,[( 

KOpOTKO)KHBYIQHX H30TOITOB MHHHMaJieH. )],AA HJIJIIOCTPaQHH MCTO,n:a 

neptto,n:11qecKoro o6nyqeHHJI na p11c. 4 noKa3aH sKna.n: HapacTaIOI.Qeii 

cyMMbl 3KCfIOHCHT B noJIHOe qHCJIO 3H. 
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Puc. 3 3KcnepUMeHm(1JlbH05l KpU605l (mo'lKU}, nolly'leHHOR C o6pa3tJOM 
235U. IloKa3aHbl KpU6ble pacnaoa, paccIJumaHHble c ucnOllb306aHue,11 

cJ1eoy10UfUX Ha6opo6 napa.Mempo6: 1- R. J. Tuttle [10}; 2- R. W. Waldo et 

al. [18}, 3- Mills et al. [59}, 4- G. Spriggs et al. [57}. 
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Puc. 4. Bl<llao cy.MM pa3llU'lH020 'lUClla 3KcnoHeHm 6 Kpu6y10 pacnaoa 3H. 

12 

KpoMe TOro, npOBO,[IHJiaCh IlO,[(rQHKa napaMerpoB KOpOTKO)KHBYlll,HX 

rpynn MeTO,[IOM HaHMeHhillHX KBa,LlpaTOB C IlOMOlll,hlO nporpaMMhl 

MINUIT. TaK KaK ttaMH attaJin1uposruu1ch 3KcnepnMeHTaJihHhie ,L1atttth1e B 

orpattw1e11HOM lfHTepBaJie BpeMeHH, npu aHaJill3e ,[(3HHhIX B 6-TH 

rpynnOBOM np116n11,KeHHII qJIIKCllpOBaJIIICh 3HalJeHIUI T112_; ,[(n}l scex rpynn 

11 3Ha'-lettu5l a; ):ln5l nepBhIX tJeThipex rpynn. Cso60,L1HhIMH rrapaMeTpaMH 

OCTaBaJIHCh sec 5-H rpyrmhI II HOpMHpOBO'-IHa}l IIOCT05IHH35l. 3Ha•1ett11e a6 

onpe,L1en5lnOCh 113 ycnOBH}l Hopr,mpoBKH. IlOIIhlTKa BapbHpOBaHH}l 

6oJihWero '-IHCna napaMeTpOB npHBO,[(HT K 6onhWHM OWH6KaM lf3-3a 

CHnhHOH KOppenm-1m1 napaMeTpOB pa3ml'-1Hh!X rpynn. <l>IITHpOBaHHe 

3KCnep11MeHTaJihHh!X ,[(3HHhIX rrpoBe,[leHO ,[(n}l 11a6opa napal\terpoB, 
135 

B3HTOro lf3 pa60Thl TaTna. IlonytJeHHhie ,[13HHhie ,Lin}! - u rrp11Be,L1eHhl B 

rn6n11ue 3. 

115 
Ta6n11ua 3 Pe1ynhTaThl 110,[lrOHKH napaMeTpOB ,[(nH -- u B 6-nl rpymJOBOM 
IT -1p11bnH)Kemrn. 

No. A;,llceK a; 

5 1.40 0.137 ± 0.008 

6 3.87 0.017 ( ± 0.008) 

x2 1.20 

IlpOBC,[leHHhlH aHaJIH3 IJOK33h!BaeT, 'ITO OTHOCl!TenhHh!e seca 5-H II 

6-H rpynrr Moryr 6h!Th orrpe,L1eneHhl c 6onee Bh!COKOH TO'IHOCThlO, •teM 

paHec, rrplI ycnOBIIII (plIKC11pOB3HII}l napaMeTpOB ncpBhlX 4-x rpyrm H 

rrep1IO,LIOB nonypacna,[la 5-11 II 6-11 rpyrrn. Ilony'lcHHhie 

3KCrrcpuMeHTaJihHhie ,[laHHhie IJ03BOn5IIOT TaK)Ke nony'-IIITh orpaHll'leHIIe 

11a sec rpyrrnhI, c rreplIO,[(OM rronypacna,[la MCHhrne I 00 MCeK. 111 

mITepaTyph1 msecTeH p5I,L1 II30Torros c rrep1IO,L1aMn nonypacrra,[la 40-70 
84 99 

MCeK, KOTOph1e Mornu 6h1 ,[(3Th BKJia,[I B TaKyJO rpynny. 3m Br, Rb, 
IOORb, 102Rb. Hx xapaKTCplICTIIKH 1!3BCCTHhI c nJioxori TO'-IHOCThJO. )],JI5I 

oueHKH BKna,[la )TOH rpyrrllhl npOBO,[(llJiaCh no,uroHKa c BKJIIO'lCHl!CM 7-H 

rpynnhl -- c - T/12 =50 MCCK ll ,[(OllOnHHTeJihllhIM napaMCTpOM, 

COOTBeTCTBYIOlll,llM OTHOCHTenhHOMY secy 07. B pe1yJ1hTaTe 6hIJIO 

rrony'-leHO orpaHH'leHHe a7 < 0.005 (rrpll ypoBHC ,UOCTOBepHOCTII 95%). 
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Puc. 5. KpueaR pacnaoa OflR 239Pu: 1- R.J Tuttle [JO}, 2 - Brady-England 
[7]; 3 - Wahl [5}; 4 - Waldo u op. [18}; 

B nocne,uHee BpeMH CnpurrcOM u ,up. npe,UJIO)KeHa 8-MH rpynnoBaH 

CHCTeMa, nyqrne cornacy10maHCH C pe3yJihTaTaMH 3KCnepHMeHTOB no 

H3MepeHHIO peaKTHBHOCTH H nepuo,ua pa3rOHa KpHTHqecKHX CHCTeM, qeM 

6-TH rpynnoBaH, H HCnOJih3YIOmaH O,UHH H Te )Ke nepHO,[(hl nonypacna,ua 

rpynn ,um1. onucaHHH ,uaHHhIX Bcex H30TOnOB. B CB51.3H C HaJIHqneM B 5-H H 

7-n rpynnax 6onhrnoro qucna npe,urnecrneHHHKOB, HMe10mux cpaBHHMhie 

BhIXO,[(hI, HaMH 6brna npe,unpHHHTa nonhITKa yqecTb BKJia,U 6oJibll1ero 

qucna npe,urnecrneHHHKOB 3H B 3THX rpynnax. Ilpu 3TOM HCnOJih30BaJIHCh 

,uaHHhie no nepuo,uaM nonypacna,ua, 3HaqeHHHM Pn u KYMYJIHTHBHhIM 

Bh!XO,UaM H3BeCTHb!e H3 JIHTepaTyphI. KpoMe Toro, BCJie,UCTBHe OTCYTCTBHH 

npe,urnecrneHHHKOB C 3aMeTHhIM OTHOCHTeJibHhIM Bh!XO,UOM (0.0 I%) B 

HHTepBane 0.6-1.4 ceK H COOTBeTCTBeHHO MaJihIM cyMMapHbIM BKJia,UOM a6 
< 0.02% npe,UCTaBJIHeTC51. Qenecoo6pa3HhIM HCKJIIQqHTh ee KaK OT,UeJibHYIO 

rpynny u nepettTH K 7-MH rpynnOBOH CHCTeMe KOHCTaHT. 

ConocTaBJieHHe pacqeTOB no npe,UJIO)KeHHOH CHCTeMe KOHCTaHT C 

pe3yJihTaTaMH 3KcnepHMeHTa npe,UCTaBJieHO Ha puc. 6 ,[(JIH 235U. KaK BH,[(HO 

JI3 PJICYHKa, KpHBaH, paccquTaHHaH C npe,UJIO)KeHHhIM Ha6opoM 

napaMeTPOB, nyqrne cornacyeTCH c ,uaHHhIMH, qeM KpJIBaH pacna,ua, 

paccqurnHHaH c Ha6opoM napaMeTPOB, B3HThIX H3 Ta6n. V Ha CTP. 14 B 

pa6oTe CnpJirrca JI ,up. (KpHBaH 4 Ha puc. 3). B TOH )Ke pa6oTe npJIBO,UHTCH 
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napaMeTPhI, COOTBeTcrny10mue pacrnJipeHHOH 8-MJI rpynnOBOH MO,UeJIJI 

KJinutta. KpJIBaH pacna,ua, paccqurnHttaH c napaMeTPaMJI 3TOH Mo,uenJI 
npaKTHqecKH coBna,uaeT c np1rne,ueHHOH Ha puc. 3 KpHBOH 1. 

B Ta6JI. 4 npHBe,UeHbl pe3yJihTaThl no,uroHKJI C .UBYMH CB060,UHhlMH 
~ 23su 7 napaMeTPaMH KpHBOH pacna,ua ,[(JIH ' nonyqeHHhie B -MJI rpynnOBOM 

npH6JIIf)KeHHJI. B Kaqecrne napaMeTPOB nepBbIX 5-TJI rpynn B351.Thl 

nepJIO,UhI nonypacna,ua JI OTHOpMJipoiattHhie Beca rpynn. Ilo,uqepKHeM, 

qTo B Ta6JI. 4 npHBe,UeHbl OTHOCHTeJihHbie Beca (TO eCTb HX cyMMa paBHa 

1 ), B TO BpeMH KaK H3 JIHTepaTypbl nonyqettbl a6coJIIOTHhie Beca rpynn 
(cyMMa paBHa 1.6%). 

Ta6JIHIIa 4. 3HaqeHJIH OTHOCJITeJibHh!X BeCOB 6-tt JI 7-H rpynn ,[(J151. 235U B 7-

6JIJI)KeHHJI. nOJIV'leHHhie B pe3yJihTaTe no,uroHKH . 

HoMep T112,; (ceK) a;, 

rpyIJIJhI 

6 0.494 0.125 ±0.010 

7 0.218 0.020 (± 0.010) 

x2 1.34 

185000 [---~---.----~----.---~~---.----~--

80000 

75000 

70000 

65000 

200 400 600 
Time, ms 

Puc. 6. KpueaR pacnaoa OllR 235U, pacctJumaHHaR e 7-Mu 2pynnoeoM 
npu6JlU:JfCeHUU. . 

3KcnepHMeHTaJihHhie ,uaHHhie, nonyqeHHhie C o6pa3IIOM 239Pu, 
aHaJIH3HpOBaJIJICh B 6-TH H 7-MJI rpynIJOBOM npJI6JIJI)KeHHH TaKHM )Ke 
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o6pa.3oM, KaK II B CJI)"Iae 
235U. B Ta6n. 5 noKa3aHhI 3Haqemrn BecoB 5-oH 

II 6-H rpynn, IT0JI)"IeHHhie B pe3yJihTaTe no,nroHKII. CcbIJIKH yKa3bIBaIOT Ha 

pa60ThI, 113 K0T0pbIX 6bm11 B3RThl q>HKCHpOBaHHhie napaMeTpb!. 

Ta6nm.i:a 5, 3HaqeHHR napaMeTP0B ,nnR 239Pu, nonyqeHHhie B pe3yJihTaTe 

-,----.- ---- - ----...- --------·-·r--6 
No. A;[5] a; [l 8] 

5 0.118 ± 0.008 0.082 ± 0.010 

6 0.022 (± 0.008) 0.049 (± 0.010) 

y2 1.58 1.51 

Ha p11c. 7 noK3.3aHo cornac11e paccq11rnHHOH KpHBOH (c 

napaMeTPaMH) C 3KcnepHMeHTaJihHbIMH ,naHHblMH. 

IIonyqeHHhie pe3ynhTaThI npe,ncTaBJieHhI B Ta6nm.i:e 6. Cornac11e c 

3KCnepHMeHTaJihHhlMH ,naHHhlMH ,nJIR 239Pu HeCK0JihK0 Xy)Ke, qeM ,nJIR 2350 
Cx2 = 1.7). 

c 110000 
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90000 
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Puc. 7. KpueaR pacnaoa ORR 239Pu, paccttummmaR e 7-Aw 2pynnoeoA1 
nptt6JlU:JICeHUU. 
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Ta6nmi:a 6. IIapaMeTPhI rpynn ,nmI 
239

Pu 

roHKH. 

B 7-MH rpynnoBOM 

HoMep Tw.; a; 

rpyrm (ceK) 

bl 

6 0.460 0.066 ± 0.008 

7 0.191 0.029 (± 0.008)· 

x2 1.68 

K C0)KaJieHHIO, o,nH03HaqHo onpe,nenHTh napaMeTpbI 

KOpOTKO)KHBYW,HX rpynn C Bb!COKOH TOqHOCTbIO He npe,ncTaBmleTCR 

B03M0)KHbIM. IIp11q11Ha, BH,nHMO, 3aKJI10qaeTCH B CJIHWKOM KOpOTKOM 

nep110,ne o6rryqeHHH 11 MaJI0M HaKnoHe myqaeMoH KpHBOH. TeM He MeHee, 

norryqeHHhie C pCKOp,nHOH CTaTHCTHqecKOH TQqHOCTblO KpHBbJe pacna,na 

IT03BOJ1HIOT nonyq11Tb Heo6xo,nHMbIH ,nJIH npaKTHqeCKHX ii:erreH Ha6op 

,naHHblX c 6onee Bb!COKOH ToqHOCTbIO, qeM paHee. IIonyqeHHble ,naHHhie 

,naIOT B03MO)KHOCTh npoBepHTb COOTBeTCTBHe Me)K,ny npe,nnaraeMbIMH 

pa3J1J1qHblMH aBTopaMH Ha6opaMH napaMeTpOB H 3KCnep11MeHTaJibHblMH 

,naHHblMH. 

Ha 3am11w BhIHOCHTCH cneJ.!y10m11e pe3YJ1hTaThI: 

I. Ha HMITYJJhCHOM peaKTOpe HEP-2 co3,naHa ycrnHOBKa «113oMep» ,nnH 

113yqeHHH xapaKTepHCTHK 3H, o6pa3yIOW,HXCH 8 ,neJJCHHH, Bbl3BaHHOM 

TerIJIOBblMH H XOJIO,nHbIMH HCHTpoHal\,111, 

2. Mern,noM nep110,n11qecKoro 06ny,1eHHH o6pa3QOB 113MepeHbl BbJX0,nbI 3H 
~ 233 239 

,nJJH peaKQHH ,neneHHH H,nep-MllllleHeH u H Pu TerIJJOBbIMH 
- ,3,

0 HeHTPOHaMH C HCITOJlb30BaHHeM ,naHHhIX ,nJIH - . B KaqecTBe CTaH,naprn. 

TO'IHOCTh onpe,neneHHH BeJIHqHHbl /3 no OTl!0llleHHIO K /3(35 
U) rryqwc 

1,5 %. ToqHOCTh IIOJJyqeHHblX 3HaqeHHH Vt1 HeCKOJlbKO xy)Ke, IJOCKOJihKY 

CTaH,napT onpe,neneH c TOqHOCTbIO 3%, HO l!aX0)\IITCH Ha ypoBHC 

COBpeMCHHblX OQCHeHHblX ,naHHblX. 

3. 113MepeHbl. BbIX0,nbl 3H, B03HHKaIOW,HX np11 )J:CJICHHII X0JIO)J:HblMH 

HeHTP0HaMH (0.003 3B) l1 HeHTpOHaMH C 3Heprnett £,, = 0.035 38 H)J:ep 
235U, 233 U, 239Pu . IIoKa3ano, qTo B npe,nenax ToqHoCTH H3Mepe1mtt HCT 

3nepreT11qecKoH 3aB11c11M0CTH BhIxo,na 3H B yKa3aHH0M )J:Hana30HC £ 11 • 

4. BnepBbie 113MepeH Bb!X0,n 3H B peaKQHH ,neneHHH 
237

Np TCJIJIOBbIMH 

nettTponaM11. 
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5. l13MepeHhl Kpttshie pacna,11.a 3H s HHTepsan:e speMeHH ,11.0 730 MC ,11.JHI 
H,11.ep 235U H 239Pu. l13MepeHHH npose,11.eHhl C CTaTHCTH4eCKOH T04H0CThlO 
nopH,11.Ka 0.3-0.4% ,l.l,JI}I Ka)K,11.0rn KaHan:a, C00TBeTcrny10w.ern 
speMeHH0MY HHTepsan:y 1.024 MC. IIony4eHHhJe 3KcnepHMeHTaJJ:hHhie 
,11.aHHhie Il03S0JIHIOT: 
a) TeCTttposaTh pa3JIH4Hhle Ha6opbl napaMeTpos, H3SeCTHhle H3 

JIHTepaTyphI; 
6) ,11.aIOT S03M0)KH0CTh Il0JIY4HTh orpaHH4eHHe Ha S03M0)KH0e 

cyw.ecTsosaHtte rpynnh1 c csepxMaJJ:hIM nepHo,11.oM nonypacna,11.a (50 Mc); 
s) Il0JIY4HTh 0TH0CHTeJibHhie seca 5-H H 6-tt rpynn (s 6-rn rpynn0S0M 

npH6Jitt)KeHtttt) c yny4llleHHOH T04H0CThIO. 
6. )],JIH onttCaHHH KpttShIX pacna,11.a npe,11.JI0)KeHhl H0ShJe 7-MH rpynn0Shie 

Ha6opbl K0HCTaHT ,11.JI.H 235U H 239Pu, 0nHpaIOrn.tteCH Ha H3SeCTHhJe H3 
JIHTepaTyphl ,11.aHHhie ,l.l,JIH 0T,11.eJihHhIX H,11.ep-npe,11.IIIeCTSeHHHK0S, H 
Il0Ka3aH0 HX C00TSeTCTSHe 3KCnepHMeHTaJJ:hHhIM KpHShlM pacna,11.a S 
HCCJie,11.osaHH0M HHTepsan:e speMeHH. 
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