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fyces B.B. 1-1 AP· P3 - 12449 
¢1,131,14ecK1-1A nycK peaKTopa H6P-2. HaMepeHHR 
cpeAHero speMeHH mH3Hl,1 noKoneHHR HeHTPOHOB 

HaMepeHO cpeAHee BpeMR mH3Hl-1 noKoneHHR HeriTpOHOB r 

s peaKTope H6P-2 so speMR ero ¢1,131,14ecKoro nycKa 6ea Tenno
HOCHTenR. HccneAyeTCR BnHRHHe Ha senH4"1Hy r OTAenbHblX 3ne
MeHTOB KOHCTPYK41-11-1 peaKTOpa. HenocpeACTBeHHO senH4HHa r 
"13MepRnacb C nOMOlllblO MeTOAa Pocc1-1-a, aHan1,13a ¢opMbl peaK
TOPHOH BCnWWKl-1, 3aBHCHMOCTl,1 i1-1cnepc1,11,1 3Hepr1,11,1 HMnynbCOB OT 
cpeAHeA MOUIHOCTl-1, a TaKme 1-13 aHan1,13a cneKTpanbHOH nnOTHOCTl-1 
wyMOB TOKa HOHH3a41-10HHOH KaMepbl. Bo scex "13MepeHHRX 1,1cnonb-
3OBan1-1cb HOHH3a41-1OHHWe KaMepw AeneHHR. 3Ha4eHHR T, "13MepeH
HWe paanH4HWMH MeTOAaMH, B npeAenax ow1-16K1-1 cornacylOTCR 
MemAY co6oA 1,1 COCTaBnRIOT B 3aBHCMMOCTl,1 OT KOHCTPYKTHBHWX 
oco6eHHOCTeA peaKTopa 46-83 He. noKa3aHo, 4TO OTn1-141,1e pac~ 
4eTHOro 3Ha4eHHR T = 42 HC OT 3KcnepHMeHTanbHblX o6bRCHReTCR 
HeA004eHKOA B pac4eTax HeKOTOpWX 3neMeHTOB nOABHmHOro OTpa
>KaTenR. np1-1BOARTCR peKOMeHAa41,11,1, nO3BOnRIOUIHe yMeHbWHTb r 

AO 50 7 55 HC. 

Pa6oTa BbtnOnHeHa s Jla6opaTop1,11,1 HeATpOHHOA ¢1-1a1-1K1-1 OHRH. 

Coo6WeHHe O6be!IHH8HHOI"O HHCTHTyTa R!lepHblX HCCne!l0B8HHA. Lly6ua I 979 

Gusev V.V. et al. 

Reactor IBR-2 Physical Star-Up. Prompt 
Neutron Life Time Meas~rement 

P3 - 12449 

Prompt neutron life timer for the IBR-2 core without 
sodium was measured by means of Rossi-a method, comparison 
between experimental and calculated neutron pulse shape, 
power spectra analyses, ~nd experimental dependence of the 
peak pulse power dispersion upon a mean power of the reac
tor. Fission chambers were used for these purposes. The rolE 
of various reactor components, which effect on r value, was 
investigated. ExperJmental value. of r depends on construe-. 
tional features of the outer environment of the core ·and 
ranges from 46 up 83 ns. The theoretical value of 42 ns qif
fers from experimental one mainly because of some features 
of the moving reflector device which has not been taken 
into consideration for the calculations performed.The recom
mendations are given which allow to diminish r upto 
507 55 ns. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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BBE,l(EHHE 

Cpe~Hee BpeMJI )KH3HH IlOKOileHHJI HeiiTpOHOB B peaKTope r JIB

IlJleTCJI O~HOH H3 Ba)l(Heii:wux KOHCTaHT, xapaKTepH3YIOIIUIX pa3BHTHe 

nenHoii: peaxnuu BO BpeMeHH. B qacTHOCTH, ~IlJI HMDYilLCHLIX peaK-

TOP.OB BeilH'IHHa T 

HOCTH 0. 
onpe~enJieT ~IlHTeilLHOCTL HMnynLca MOU(-

B eacTOJIU(eii pa6oTe npe~cTaBneHLI pe3ynLTaTLI H3Mepeeu·~ .r. , 
nony'leHHLie Bo BpeMJI 4'u3uqecKoro nycKa peaKTopa HBP-2 6e3 

TennOHOCHTeilJI. Hccne~yeTCJI BilHJIHHe OT~eilLHLIX 3IleMeHTOB KOH

CTPYKUHH peaKTOpa Ha BeilH'IHH)' T, npHBO~HTCJI aHailH3 ·owu6oJC H3 -

MepeHHH. 

~ 

1. METO,l(HKA H3MEPEHHil 

B OCHOBHOM HCDOilL3OBailHCL ~Ba MeTo~a H3MepeHJiJI T: MeTo~ 

Poccu- a 
11

-~{ ' H MeTo~ oneHKH r ~3 aHailH3a 3KcnepHMeHTailLHOH 

,PopMLI HMnynLca MOIIUIOCT:e:. ,D;ononHHT_enLHO / CM. npuno)KeHHJI 1,2/ 

BeilH'IHHa r onpe~enJI~aCL no H3MepeHHOH 3aBHCHMOCTH ~HcnepcHH 

3HeprHH HMDYilLCOB OT cpe~Heii MOU(HOCTH, a TaK)Ke H3 aHailH3a 

cneKTpanLHOH IlilOTHOCTH WYMOB TOKa HOHH3aUHOHHOH KaMepLI npH 

perHCTpanHH HeiiTPOHOB. 

B MeTo~e Poccu-a Henocpe~CTBeHHO H3MepJieTCJI nOCTOJIHHaJI 

cna~a nenO'IKH MrHoBeHHLIX Heii:TpOHOB 

1 - kp 
a= 

T /1/ 

r~e kp =k(l-/3) - x_o:JclxliunueeT pa3MHo)KeHHJI Ha MrHoBeHHLIX HeiiT

poeax, /3 - 34xlieKTHBHaJ1 ~OilJI 3ana3~LIBaromux Heii:_TPOHOB. B KPH~' 

TH'leCKOM peaKTope (k = 1) a= a = {3/r. IloCTOJIHHaJI a CBJ13aHa 
. 0 
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c ycnoBHoii uepo.llTHOCTbIO P(t)dt 3aperHc:TpHpouaTb HeiiTpoH B MO· 

MeHT BpeMeHH t /B BHTepuane dt /, eCJIH npe,nbl,nymeii OTC'leT .ne· 

TeKTOpa npOH30WeJI B MOMeHT t=O. B o,nHOTO'le'IHOH Mo,neJIH KHHeTH· 

KB ,nn.11 P(t)dt cnpaue,nneua e3BeCTHaJI cliopMyna OpH.nocliclia111: 

Dv· k2p -at 
P(t)dt = & F. dt + &---=-- - e dt. 

2;1- k·p) r 

/2/ 

3,necb & - 3cliclieKTHBHOCTb ,neTeKTopa B OTC'leTax Ha .neneuee, 

F - CKOPOCTb .neneHeii, D V - napaMeTp J];aiiBeHa, paBHblH 

0,815±0,017 ,nn.11 
239 Pu. 

Henocpe,ncTBeHHOe onpe,neneuee r H3 B3M_epeuuoro 3Ha'leHHJI 

aMDJIHTy,nbl npe 3KCD0HeHTe B ypaBHeHHH /2/ . .naeT HeCK0JibKO 

HHble pe3yJibTaTbl, 'leM T, nony'leHH0e H3 3KCD0HeHUHaJibHOrO 

cna,na. Hae6onee KoppeKTH0 /B MeTo,neqeCK0M CMblCJie/ BeJIH'IHHa 

T nonyqaeTCJI H3 aHaJIH3a K0HCTaHTbl cna.na H3MepeHHOH 3aBHCH· 

MOCTB /3/. 

Ilpe H3MepeHBJIX uepo.llTH0CTB P(t)i\t BCD0Jlb30BaJICJI upe-

MeHHOii aHane3aTop c wupeHoii KaHana i\t = 0,5 MKC e qecnoM 

KaHaJIOB N = 1024. lfaMepeHBJI npouo,neJIBCb c D0M0mbIO o,nHOii 

e3 .. uoHe3aueoHHblX KaMep ,neneHe.11 Ha 235 U: ene 
238

U /3qi

qieKTBBHblii nopor ,neJICH!f.11 0,8 M3B/' K0T0pble ycTaHaBJIBBaJIBCb 

B ueHTpe peaKT0pa. 3cliclieKTBBHOCTb KaMep K HeiiTpoHaM cneKTpa 

,neneHBJI •• 10-5 UMn/beA. ff3•3a HaJIB'IBJI BCT0'IHBKa CD0HTaHHblX 

HeiiTp0HOB Bbl6op npeeMJICMOH CK0p0CTB .neneHBii F Mor 6b1Tb 

ocymecTBJieH T0JlbK0 3a C'ICT B3MeHeHHJI no,nKpBTB'IHOCTB 1 -· k p 

/c co6n10,neHeeM ycnoue.11 1- k_p - r/(15-:-3Q)L\t. · 

BpeM.11 H3MepeHBH T ope 3a,naHHblX wepeHe KaHaJia L\t, 'IBCJie 

BMDYJibC0B B KaHane N K , cpe,nHeii cKopocTe c'leTa &F e qecne 

KaHaJI0B N oueHBBaJI0Cb no cliopMyne 

NK 1 
T = ---- (---- +N• &F). 

(&F)2 tit 
/3/ 

BTopoii MeTo.n 3aKJIIO'laJICJI B o6pa6oTKe o,neH0'l~0ro T0KOBOrO 

CHrHaJia C BOHH3aUHOHHOH KaMepbl, cliopMa K0T0poro C TO'IHOCTblO 

2,5~ C00TBCTCTB0BaJia B3Mep.11eM0MY HMDYJibCY MOmHOCTB. Ilpe 

Bbl6paHHOii Ha,nJie)KamHM o6pa30M BeJIB'IBHe T 3KCnepeMeHTaJibHaJI 

cliopMa HMDYJibca MOmH0CTB B npe,nenax yKa3aHHOH owe6KB coena,naeT 

C _paC'ICTHOii /3a BCKJIIO'ICHBCM "XBOCTOB" BMDYJibCa, r.ne 0TJIB'IBC 

HeCK0JibK0 60JibWe/. 
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Oc'I'aJibHble .nua MeTo,na, KOTOpble BCDOJib30BaJIBCb .nonOJIHHTeJib• 

HO, ODHCaHbl B npHJIO)KeHHJIX 1-2. 

2. PE3YJibTATM H3MEPEHH11 

Ilpe o6pa6oTKe Pocce·a B3MepeHeii /MeTo,noM HaHMeHbWHX 

KBa,npaToB/ Y'IHTblBanaCb B03M0)KH0CTb 0TKJI0HCHBJI 3KcnepHMCH~ 

TaJibHOii 3aBBCHMOCTH P(t) . OT o,nH0T0'le'IH0ro npe,ncTaBJieHBJI /2/. 
Ilo3TOMY nony'leHHble Ha BpeMCHH0M aHaJIH3aTope recTorpaMMbl 

annp0KCBMBPOBaJIHCb cliYHKUBeii 

/4/ 
n -a. t 

P(t) = B + }: Ai e 
1 

i= 1 

C MBHBMB3aueeii X 2 , 'IJl6Hbl KOToporo B3BeweBanecb c_o CTaTec

TB'leCKOH owe6KOH, 3auec.11meii OT 'IBCJia 0TC'leTOB N K B KaHane 

aHane3aTopa. Onie6Ka B onpe,neneHBB a KoppeKTBpouanacb c yqe• 

TOM X 2 : • 

L'1a=L'1apac4.[x
2
/(N-K)]½. /5/ 

3,necb N - 'IBCJI0 3KcnepeMeHTaJibHblX T0'leK, K - 'IBCJI0 aHaJIB3B· 

pyeMblX napaMetpOB. Bo BCex B3MepeHBJIX 'IBCJI0 n o6Hapy)KeHHblX 

nporpaMMoii 3KcnoHekT He npeablwano ,nayx. 

Ha puc. 1 npe,ncTaBJieH TBDB'IHblH pe3yJibTaT o6pa6oTKB 3KCne

peMeHTaJibHOH 3aBBCBM0CTB P(t), nony'leHHOH C D0MOmbIO KaMepbl 

Ha 235U, C BCD0Jib30BaHeeM o,nHOH B ,nuyx 3KCD0HeHT B Bblpa

)KeHee / 4/. J];n.11 xaMepbl Ha 238 U OTHoweHHe 3clicliexTa x clioHy 

A/B 6blno B -1,4 pa3a 6onbwe, 'leM B npe,nbl,nymeM c·nyqae ,e pa3 • 

6poc 3KCnepeMeHTaJibHhlX T0'leK HeCK0JibK0 npeBbIWan CTaTHCTB· 

qecxee clinyxTyauee. Pe3YJibTaTbl B3MepeHeii a cornacy10Tc.11 Me)K,ny 

co6oii .nmI o6oex Tenou xaMep. 

Ha puc. 2 npeee,neHa 3aBBCBM0CTb DOCTOJIHHOH cna.na MrHoBeH· 
· 1-k 

HblX HeiiTpOHOB a OT CTeneHB no,nKpHTB'IH0CTBpeaKTopa -p=----. 

3xcTpanonepoaaHHoe B cocT0.IIHee xpeTB'IH0CTH 
0

(k = 1) 3Ha'lfHee 

a~a
0 

paBH0 2,8·10-2 MKc- 1• 

CTaTBCTB'lecxa.11 T0'IH0CTb perecTpauee 3KCD0HeHueaJibH0ro 

cna.na y)Ke B o6nacTH apeMeH t > 3/a 6i.ma He,nocni.TO'IHOH, 003• 

T0MY O,nH03Ha'IH0rO 0TBeTa 0 HaJIB'IHB. B 3KCnepBMCHTaJibHOH Kpe• 
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NK. 103 
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4 

0 40 80 

a/ 

NK, 103 

8 

6 

120 t 0 40 BO 

6/ 
120 t 

Puc. 1. qucAo omc'!emoe e KaHaAe epeMeHHozo aHaAu3amopa NK 
8 3a8UCUMOcmu om epeMeHU t /MKC/. CnAOUl1taJI AUHUJI - pe3yA&mam 
annpoKCUMaijUU Ha 3BM, a - annpoKCUMaijUJI. OOHOU 3KCnoHeHmoii, 
6 - annpOKCUMaijUJI OBYMJI 3KCnoHeHmaMU. AKmueHaJI 30Ha OKpyJtCeHa 

3aMeOAUmeAJIMU. 

a, 10-2 
. e I · I 1--1 

Gl------+----+----,.,c----t-----;---i 

41------A-----+-----+-----+---t 

.i,, 

2...___ ___ _._ ___ _., ____ ..__ ___ ~__. 

0 -o.s -, · -1,5 -2 p 

Puc. 2. BeAU'IUHa a KaK ¢YHKIJUJI peaKMU8HOC1ffU p e OOAJIX 
f3 OAJI peaK11opa, oKpyxeimozo 3aMeoAumeAJIMU. IlpJ1MaJ1 - pe3yA&
ma,r annpoKCUMaijUU 3KCnepuMeHmaA&HblX lfrO'leK. 
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BOB TOnbKO O)l;HOH HnH TOnbKO )l;BYX 3KCilOHeHT nony'IHTb He y,nanocb. 

CTaTHCTH'leCKHe KpHTepHH /HanpHMep, KpHTepnii: x 2 / BBH,ny 6on&-· 

WHX pac'leTHblX 3Ha'leHHH )( 2 oxa3anHCb He:JqxlieKTHBHbIMH. OTcro.na 

npe.nnono)KeHHe O HanH'IHH B 3KCnepHMeHTanbHOH KPHBOH )l;BYX 3KCno

HeHT He OTBepraeT B03MO)KHOCTH annpoKCHMaUHH Poccn- a H3Me

peHHH TOnbKO 0.l);HOH 3KCilOHeHTOH. Ha 3TO yxa3blBaeT H TOT cliaKT, 

'ITO H3MepeHHaJI 4JopMa HMnyn&ca MOIUHOCTH HliP-.2 npaKTH'leCKH 

coBna.naeT c pac'leTHoii:, nony'leHHoii: Ha ocHoBe o,nHOTO'le 1moii: Mo· 

.nenH. TeM He MeHee,3aperHCTPHPOBaHHaJI nporpaMMOH B03M0)KHOCTb 

npncyTCTBHJI BToporo 3KCilOHeHI~Han&Horo qneHa B P(t) Y'IHTbIBa· 

nae& npH onpe.neneHHH cpe,nHero 3Ha'leHHJI r B xaqecTBe .nononHH· 

TeJibHOrO MeTo,na H3MepeHHJI. 

IlpH H3MepeHHH B HMilyJibCHOM pe)KHMe 3Ha'leHHe r nonyqann 

cne,nyIOIUHM o6pa30M. BapbHpoBaHHeM napaMeTpa T WHPHHa HM

nyn&ca MOIUHOCTH Ha nonOBHHe BblCOTbI, nonyqaeMaJI H3 'IHCneHHOro 

peweHHJI ypaBHeHHJI KHHeTHKH, cpaBHHBanacb C 3KCnepHMeHTanbHOH. 

IlpH o6pa6oTKe HCilOnb30BaJIHCb 3KCnepBMeHTaJibHbie 3Ha'leHHJI na

paMeTpOB IlO)l;BH)KHOro OTpa)KaTenJI, OT KOTOPblX 3aBHCHT .nnHTen&

HOCTb Heii:TpOHHOH BCilbIWKH /cM. puc. 3/. 
Ilony'leHHble TaKBM o6pa30M 3Ha'leHBll T npBBe,neHbl B ma6A. 1, 

B KOTopoii: MeTo.n Poccu- a BKJiroqaeT B ce6JI .nBa MeTo.na oueHKB 

T: O)l;BH Y'IBTJ>IBaeT Hanuque _BTopoii: 3KCIIOHeHTLI B P(t), ,npyroii: • 

HeT. B TOH )Ke Ta6nnue npHBe,neHLI 3Ha'leHHJI T, ycpe,nHeHHbie no 

BCeM MeTO)l;aM, KPOMe MeTo,na H3MepeHHJI T H3 aHanB3a peaKTop

HblX WYMOB /cM. npBJIO)KeHHe 2/. Pe3ynLTBpyroiuee cpe,nHee 3Ha· 

'leHBe T oueHHBanocb C IlOMOIUblO COOTHOWeHBJI 

r= L r.a-:- 2 /la.- 2 , 
1 1 ; 1 

r.ne ri ,- cpe,nHee 3Ha'leHBe r B i -oM MeTo,ne, a 2 - .nucncpcBJI 

T B i • OM MeTo.ne. Pe 3YJlbTBPYIOIUaJI OWB6Ka onpe,nenllnacb KaK 

cpe,nHeB3BeWeHHOe no BCeM MeTo,naM 3Ha'leHHe 

6.r= (1/La-:-2
) ½ 

i 1 

Cne.nyeT OTMeTBTL, 'ITO pe3yJibTBPYIOIUee cpe,nHee .· 3Ba'leHBe 

T npaKTB'leCKB COBna.naeT C pe3yJI&TaTOM PocCH·a H3MepeHBH 

B npe,nnOJIO)KeHHB, 'ITO cna,n Heii:TpOHHOH UeilO'IKH O,IlBCLIBaeTCJI 

TOJibKO O)l;HOH 3KCilOHeHTOH -e-at /cM. npBJIO)KeHBe 3/. 
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Ta6AUIIO 1 

BJIHJIHHe 3aMeAJIHTeneii * H 31IeMeHTOB KOHCTP.YKUHH IlOABH)KHOro 

OTpa)Ka TeJIJI Ha BeJIH'IHHY T 

ti' PoccH-a ~opMa HMnynbca Pe3y/1bTHPYIOUlee 

r , HC r, HC r, HC 

1. nno •• - Be 
11X3 - ecTb 
3aMeA/1HTe/1H 
I ,2,3 83±2 90.:!:_9 83_!2 

---
2. nno- Be 

11X3 - HeT 
3aMeA/1HTe/1H -
HeT 72±_7 72±_7 ---

3. nno -Be 
11X3 - ecTb 
3aMeA/1HTe/1H -
HeT 78±_8 78±_8 ---

4. nno -AI 
11X3 - ecTb 
3aMeA/1HTe/1H - 3 
KOlffYX nO- HeT*** 52.:!:_0,5 52.:!:_0 ,5 

5. nno - Fe 
11X3 - ecTb 
3aMeA/1HT8/1H -
HeT 
Ko,.yxa no -
HeT *** 46,7.:!:_0,5 ·47.:!:_0,5 

6. nno -AI/AHCK/ 
11X3 - eCTb 
3aMeA/1HTe/1H -
1,2 64±_7 64+7 --

---------------* IIOMHMO Tpex BOAJIHLIX 3aMeMHTeneii uccnenyeTCJI BJIHJIHHe 

HMHTaTopa XOJIOAHOro 3aMeMHTeJIJI /HX3/. 3aMeAJIHTe1IH Nd, 2 
pacnoJIO)KeHLI 3a KOMJTeHCRTOP~MH peaKTHBHOCTH, 3aMen11uTe1IL H!!3 -
3a nonaB>KHLIM oTpa)KRTeneM. HX3 n0Me~anc11 3a 6110KaMB MA3. 

** ,D;on~nusTimLHLiii nonBB>KHLiii oTpa)KaTenL. 

*** ·OTCYTCTB

0

feT ·· · TaK>1Ce aIDOMBHBeBLiii nucx · ,n;rro /ycTaHoaneH. 

· ,ll;IIO · B sane noµacTB/; -

IlpBMe'la.HHe: - B norpemHOCTL BeJIB'IBHLI T . He BK1IIO'leHa 

norpemHOCTL rpanyBpOBKB peaKTBBHOCTB, COCTRBJIJIIO~aJI ±10~. 
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3. AHAJIH3 PE3YJibTATOB 

Ha OCHOBe naHHLIX 111a6A. 1 no11y11eHLI 3Ha'leHHJI OT, BHO· 

CHMLie pa31IB'IHLIMH KOMilOHeHTaMH peaKTopa B o6~ee BpeM.11 )KH3HH. 

BJIH.IIHHe OTAeJILHLIX :nieMeHTOB Ha BeJIH'IHHY T, O'leBHAHO, CB.II· 

3aHO C o6paTHLIM pacce.llHHeM HeiiTpoHOB B aKTHBHYIO 30HY. Tax, 

B01IL!ppaMOBLIB OTpa)KaTeJIL H TOHKHB cnoii 6opHCTOB CTaJIH co 

cTopoHLI HMHTaTopa xo11onHoro 3aMen11sTe11.11 HenocTaTo'IHO 3Kpa

HHpyeT aKTHBHYIO 30HY /A3/ OT B11B.IIHH.II MenneHHLIX H pe30HaHc

HLIX HeiiTpOHOB, pacce.11HHLIX Ha 3aMennuTene. B TO )Ke BpeM.11 

6011ee TOJICTLIB cnoii 6opHCTOB CTaJIH H KO~neHCaTOPLI peaKTHB· 

HOCTH Hane)KHO 3KpaHHPYJOT aKTHBHYIO 30HY OT OCHOBHLIX 3aMen-

1IHTeneii H21,2. OHH npaKTH'leCKH He B1IH.IIIOT Ha r. 

Ta6Au11a 2 

Be11u11uHa or, BHOCHMa.11 pa31IH'IHLIMH KOMilOHeHTaMH peaKTopa 

a cpenHee apeM.11 )KH3HH HeiiTpOHOB 

tl' Ha3BaHHe 311eMeHTa . 
KOHCTPYK~HH peaKTOpa 

1 • OcHOBHble 3aMeAI1HTe_IlH 
/N'l ,2/ 

2. 3aMeAI1HTeilb co CTOPOHbl 
noABHmHoro 0TpamaTe11R 
/~3/ . 

3. HMHTaTop XOilOAHOro 
3aMeAI1HTeI1R· 

4. 3aMeHa 6epH1111Hesoro 
AOnOilHHTeilbHOro 
OTpamaTe11R Ha anID
MHHHeBbIH 

5. 3aMeHa -wTaTHoro · noAirnmHoro 
OTpa>KaTeilR.MaKeTOM 6ea , 
KOmyxa./6e3 y4eTa·,Qn0/ 

OT' HC 

-0 

+5,3 

+6 

-14 

-18 

norpeWHOCTb 
Be11H4HHbl or, HC 

±_5 

+0,5 

+6 

±_7 

±_17 

9 



l 

l 
( -

l 

Oco6eHHO CHJJLHO 3dxl>eKT o6paTHoro pacceJIHHJl HeiiTpOHOB npo

JIBJJJleTCJI ,IJ;JJJI KO»cyxa IIO, oxna»c,naeMoro BO,IJ;OH, co CTOPOHhl KO" 

Toporo A3 DJJOXO 3aJ.UHJ.UeHa OT nona,naHHJI Me,n;JJeHHhlXHeHTpOHOB. 

KaK BH,IJ;HO H3 111a611. 2, HaH60JJLWHH BKJJa,n B o6mee T BHOCJIT 

HMeHHO 3JJeMeHThl MO,IJ;YJJJITOpa peaKTHBHOCTH. BepHJJJJHeBLIH 6JJOK 

,lJ;IlQ B IlOJJO»ceHHH, COOTBeTCTBYIOJ.UeM MaKCHMaJJLHOMy 3HaqeHHIO 

peaKTHBHOCTH, JJHWL qacTHqHO OT,IJ;aJJeH OT A3 nonaCTLIO IIO. 

Il03TOMY ero BJJHJIHHe Ha T 6onee cymecTBeHHO, qeM BJJHJIHHe 3a

Me,IJ;JJHTem1 · N23, pacnono»ceHHoro .nanLme OT A3 3a ,D;IIO. B TO )Ke 

epeMJI H3MepeHHJI C MaKeTOM IIO, JJHWeHHhlM KO»cyxa, aJJIOMHHHeBO" 

ro ,IJ;HCKa ,n;no H 6HOJJOrHqecKoii 3aIUHThl, noKa3aJJH ,IJ;OBOJJLHO 6oJJL" 

moe BJJHJIHHe yKa3aHHhlX 3JJeMeHTOB ICOHCTPYKUHH IIO Ha BeJJHqHHY 

r. B OTCYTCTBHe 3THX KOHCTpyKUHH H3MepeHHOe 3HaqeHHe T 6JJH3KO 

K pacqeTHOMY /42 He/ 141• 

p !-

3--- ~---+----!--

2 ------+------+----+--

1 ----·-+---

0 200 400 600 t 
Puc. 3. tllopMa UMny11,,ca Mo111uocmu npu f = SOuMn/c. Bce3aMec>· 
11u11te11u 0111cy111cmay10111. 0 = 181 MKC. ~ - 3KcnepuMeum, cn11oumaJ1 
11uuuJ1 - pac'lelft no oc>uo1110'1e'IHoii Moc>e11u c noc>o6paHHblM 3ua
'leHueM r = 12 HC. 
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OCHOBHbIE Bb/BO,[fbl 

1. B peaKTopHoM pe)KHMe pa6oThl M:BP-2 ,nnJI cymecTBYIOIUen 

KOMDOHOBKH aKTHBHOH 30HLI MO)KHO BBeCTH O,IJ;HorpynnoBoe 3Haqe

HHe r, cornacoBaHHOe C H3MepeHHJIMH PoccH· a H qJOpMOH HM" 

nyJJLCa MOIUHOCTH. 

2. 3KcnepHMeHTaJJLHO Ha6nro.naeMoe 3HaqeHHe r = 83 He noq

TH B ,n;Ba pa3a npeBLimaeT pacqeTHOe, paBHOe 42 HC 141_ OTJJHqHe 

npe»c,ne Bcero 06~J1CHJ1eTCJ1 He,nooueHKoii B pacqeTax HeKOTOphlx 

3JJeMeHTOB peaKTOpa • 6epHJJJJHeBOrO ,l);IlQ, 3aMe,IJ;JJHTeJJJI 3a ,l);IlQ 

H KO»cyxa IlQ; 

3. OcHOBHLie MeponpHJITHJI, HanpaBJJeHHLie Ha yMeHLIDeHHe r , 

MOryT 6LITL cne.nyromHe: yCHJJeHHe co CTOPOHLI IIO H MA3 3KpaHOB, 

nornmuaIOIUHX 3IlHTenJJOBLie HeHTpOHhl, a TaK»ce 3aMeHa 6epHJJJJHe· 

Boro BKJJa,IJ;LIWa ,n;no Ha F,e HJJH Al. Bo3MO)KHO, qTo 3aMeHa 

BO,IJ;JIHOrO OXJJa)K,IJ;eHHJI Ko»cyxa IIO Ha ra30BOe TaK»ce CHH3HT r • 

3TH MeponpHJITHJI Il03BOJIJIT peaJJH30BaTL 3HaqeHHe T = 50 755 HC, 

qTo 3KBHBaJJeHTHO COKpaIUeHHIO ,IJ;JJHTeJJLHOCTH HMITYJJLCa MOIUHOCTH 

TOJJLKO 3a cqeT yMeHLWeHHJI T Ha - 30 Ml<C. 

I 

llPHJIO)KBHHB 1 

BpeMJI )KH3HH HeiiTpOHOB ; CBJl3aHO C OTHOCHTeJJLHOH ,n;Hcnep

CHeH pacnpe,neneHHJI qHCJJa HMDYJJLCOB MOJ.UHOCTH no 3HeprHH 

a 2 B cne,nyroIUeM BH,ne 151 

2 2 2) 2 a : ~ (1 + o 
O 

+ o 
O 

, /7/ 

r.ne ~ 2 = DV /2S•T • OTHOCHTeJJLHaJI ,IJ;HCnepCHJI CTOXaCTHqecKHX 

qJJJyKTyauHii MOJ.UHOCTH, DV - napaMeTp ,lJ;aiiBeHa /onpe,neJJeH 

Bhlme/, s = s err + f3 w - HHTeHCHBHOCTL DOCTOJIHHO' .neiiCTBYIO" 

IUero BO BpeMJI HMDYJJLCa HCToqHHKa HeiiTpOHOB /cnOHTaHHoro 

Seu H 3ana3,IJ;LIBaIOmHx HeiiTpOHOB /B c>e11/c; W • cpe,n;HJIJI MOJ.U• 

HOCTL B oe11/c, o i - OTHOCHTeJJLHaJI ,n;HcnepcHJI 3HeprHH BM· 
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nynLCOB 6e3 y'leTa CTOXaCTH'leCKHX l}inyKTyau;Hii. EcnH fJW >> sen 

/W »a.10-2 Bm/ H 8 2<< 1 (8 2 = 3. 10"4),To 
0 0 

D 
2 _ 32 + 

a - o 2 .13.rW 
H T = 

6,08 

da 2 /dW- 1 
HC. 

3d>d>eKTHBHaJI .nong 3ana3,LILIBalOIUHX HeHTPOHOB npHHHManacL paBHOH 

/2,16±O,2/·lO-
3

• BenH'IHHa a2 B BLipa:>KeHHH /7/ H3MepHnacL 

Ha 3BM PDP-11/20 B pe:>KHMe "on-line". 

HMnynLCLI TOKa C HOHH3an;HOHHOH KaMepLI .neneHHJI, COOTBeT· 

. CTBYIOIUHe HMnynLCaM MOIUHOCTH, HHTerpHpoBanHCL BO BpeMeHHOM 

OKHe ilT » 0, CHHXPOHH30BaHHOM C HMnynLCOM MOIUHOCTH, ,LlnJI 

nony<IeHHJI curHana, nponopu;HoHanLHoro 3HeprHH HMnynLca,H no.na

BanucL Ha aMnnHTY.LIHLIH KO,LIHpOBIUHK C 'IHCnOM KaHanoB, paBHLIM 

4096. 

,ll;ucnepcug a
2 

BLI'IHCnHnacL nocne HaxomieHHJI B naMJITH 3BM 

10 
4 

co6LITHH. YpoBeHL cpe,LIHeii MOIUHOCTH MOHHTOpHpoBancJI no TO· 

2 3 4 o~u• 62.10-• 

2,0 l------t-----+------J----+---l16 

I I b,C I ,/ I 112 

1.01 V I 7;":J I I le 

o,51 / _ 7r I I I 14 

.__ ___ ...__ ___ ..,__ ___ _,__ ___ _,__ _ _,o 
0 0,05 0.1 0.15 0,2 p- 1 

Puc. 4. O111HOCU1flellbHQJI c)ucnepcUJI ,3Hepzuu UMnYllbC06 M0U/H0C1/IU 

KaK ¢YHKIIUJ1 1/P e Bm - 1 
le 111eKc111e cpedHJIJI M0U/H0C1flb o6o3Ha· 

'leHa W /. AK111U6HQJI 30Ha 0KpyJICeHa 3QMeo11u111ellJ1MU. l/ac1110111a 
UMnYllbC0e MOU/HOC1/IU. f = 50 UMn./c. 
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KOB0MY CHrHany C .nononHHTenLHOH HOHH3aD;HOHHOH KaMepLI. A6co

moTHaJI "npHBJl3Ka" K MOIUHOCTH ocymecTBnHnacL no H3MepeHHIO 

TennoBLI,LleneHHJI B aKTHBHOH 30He. 

Ha puc. 4 npHBe,LleHa 3aBHCHMOCTL a 2 KaK l}iyHKD;HJI 1/W. ,ll;nJI 

nHHeiiHOH 'laCTH 3TOH 3aBHCHMOCTH BenH'IHHa da 2 / dW - 1 = 
-2 -1 = 6,8 10 Bm . OTCIO,Lla T .nnH aKTHBHOH 30HLI, oxpy:>KeHHOH 

3aMe,LlnHTenJIMH, paBHO 80±10 HC. 

IIPHJIO)KEHHE 2 

Kax H3BeCTHO AL', cneKTpanLHaJI nnoTHOCTL WYMOB TOKaHOHH3a· 

u;e:oHHoii xaMepLI /HK/ S(w) MO:>KeT 6LITL npe.ncTaBneHa B BB.Lie 

S(w)= a f- blH(w)l 2, /8/ 

r.ne a, b • K034>d>Hn;HeHTLI, BenH'IHHa KOTOpLIX 3aBHCHT OT KOHKpeT· 

HLIX ycnOBHH 3KcnepHMeHTa. 

Ilepe.naT011HaJ1 l}iy~KUHJI KPHTH'lecxoro peaxTopa npu 11acT0Tax 

w >> ,\. / ,\. - nocTOJIHHaH pacna.na Hau6onee xopoTKO:>KH· 
1 max 1 max 

Bymeii rpynnLI HCTO'IHHKOB 3ana3,LILIBalOIUHX HeiiTpOHOB/: 

2 
2 a---- ' \H(u))\ = -;2~ w ~ r.ne a = f3/r. 

ArrrrpoKCBMaD;HJI H3MepeHHOH 3aBHCHMOCTH BLipa:>KeHHeM /8/ n03B0" 

nJleT orrpe.nenHTL a. H3MepeHHJI npOBO,LIHnHCL C noMOIULIO cneKTpo

aHanu3aTopa B ,LIHana3oHe 'laCTOT OT 1 ,no 60 KI'II, 3aMeTHM, 'ITO 

BenH'IHHa a ,nng 6LICTpLIX peaKTOpOB ne:>KHT B o6naCTH 
4 . 5 -1 3 -1 -10 s-1O c , a HK o6LI'IHO no,naBnJleT qacTOTLI 6onee }0 c . 

Ilo3TOMY 6Lina npuMeHeHa cneu;uanLHaJI cxeMa, pacwupHromaH qac

TOTHLiii ,nuana30H H3MepeHHH, H ,nononHHTenLHaJI KoppeKD;HJI 3KCne

PHMeHTanLHLIX ,naHHLIX Ha 3KCnepHMeHTanLHO onpe,neneHHYIO 'lac· 

TOTHYIO xapaKTepHCTHKY BCeii H3MepHTenLHOH CXeMLI. , 

B xa11ecTBe ,neTeKTopa HeiiTpoHOB ucnonL30BanacL HK KHT-31, 

ycTaHOBneHHaJI B u;eHTpe aKTHBHOH 30HLI. 3xcnepHMeHTanLHLie 

KPHBLie cneKTpanLHOH nnOTHOCTH H pe3ynLTaTLI anrrpoKCHMall;HH 

MeTO,LIOM HaHMeHLWHX KBa,npaTOB C noHCKOM onTHManLHLIX 3Ha1Je• 

HHH napaMeTpOB. a ' b ' a noKa3aHLI Ha puc. 5. H3MepeHHJI . T ' 

npoBe,LleHHLie Ha pa3nH'IHLIX YPOBHJIX MOIUHOCTH OT 10 ,LIO 100 Bm, 
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S(w) 
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2 3 4 5 10 20 30 40 50 60 W/21' 

Puc. 5. 31<cnepuMeHmaA1,H1,1e 1<pue1,1e omHocumeA1,H1,1x 3Ha•teHUi1 
cne1<mpaAbHOi1 nAom,iocmu WYM06 mo1<a UOHU3QijUOHHOi1 1<aMep1,1 S(w). 
Kpue1,1e npoeec)eH1,1 c n0Mo1111,10 Memoc)a HauMeH1,wux 1<eac)pamoe. 
CnAOWHble AUHUU npoeec)eHbl c y"lemo.w onmuMu3aflUU 31<cnepuMeH
maAbH1,1x napaMempoe, exoc)J1111ux e S(co). l(u¢paMu y 1<pue1,1x 
no1<a3aH1,1 3Ha"leHUJI cpec)Heil MOU/HOcmu e eammax. 

npBBO,1:VIT K cymecTBeHHO OTilB'-lalOlllBMCJI pe3ynLTaTaM /oT 110 

.no 150 HC/ C ycpe,nHeHHLIM /no BCeM B3MepeHBJIM/ 3Ha'leHBeM 

r = 130 ±20 HC. B owu6xy BeilB'IBHLI r BXO,nBT norpeWHOCTL on

pe,neneHHJI BeilB'IHH a u {3, HO He BXO,nJIT CBCTeMaTB'leCKBe 6wu6-

KB, CBJl3aHHLie_ C B3MepeHHeM S(w). 

Il~ny'leHHOe 3Ha'leHBe r OKa3anOCL cymecTBeHHO 6onLWBM,'leM 

H3MepeHHoe ,npyrBMB MeTo,naMB / r = 83 He/. 

3To •. OTilH'IBe, BO3MO)KHO, BO3HBKilO B pe3ynLTaTe cJi:cTeMaTB· 

'leCKOH owu6~H B B3MepeHBB S(w), . o6ycn~BneHHOB ~e.nocTaTO'f• 

HLIM y'leTOM 'laCTOTHOH xapaKTepBCTBKB B3MepuTenLHOro TpaKTa. 

KpoMe T·oro, Ha S(w), BO3MO)KHO, CKa3LIBaeTCJI "CMJlr'leHue" 

HeHTpOHHoro cneKTpa B MecTe YCTaHOBKH ~eTeKTopa /Henocpe.n

CTBeHHO pR,nOM c HK B A3 noMemancJI npe,nycunuTenL/. Y'leCTL 

3TOT 34>cl>eKT 6LinO npaKTH'leCKH HeBO3MO)KHO. 
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IIPHJIO)KEHHE 3 

Pe3y~LTaTLI o6pa_60TKB Poccu- a B3MepeHBH npu pa3nB'IHLIX 

runoTe3ax o xapaxTepe cna.na HeeTpOHHOH ueno'IKH 

r, HC l-1X3 ecTb, l-1X3, 3aMeA. t1'3 Bee 3aMeA1WITem1 

,D.no- Fe eCTb,,[].nO-Al eCTb, 

3aMeAm1T. 3aMeJ:lmH. wTaTHbli:1 sap1,1aHT 

tl'l ,2,3 HeT N'l ,2 HeT ,D.no-ono 

(I) (II) 

r ± 6.r 46,72"_0,5 522"_0,5 792".2 

x2 
p 

A1 

2,7 3 1 , 8 
2 --a- t 

P(t) = B + l Ai e 
1 

i= 1 
9840+490 122802".1230 2 5502".40 

r 1 ± 6.r 1 

A2 

26+2 1 32". 1 502"_3 

4140+620 74402"_2600 16702".20 

T 2 ± /1..r 2 

x2 
p 

r A ± 6.r A 

T ± 6.r 
s s 

T * ± 6.r * 

822".7 68+2 1 342".9 

1, 34 1 ,64 1,56 

60+10 552".4 1032".7 . 
1.(32".4 332"_7 832".6 

46,72"_0,5 522"_0,5 81+2 

r ± D.; 832"_2 

IlpuMe"laHUJI 1< ma6AUije: 

I, II - H3MepeHHJI C MaKeTOM no,nBH)KHOrO OTpa)KaTenJI; 
r A - 3Ha'leHHe, nony'leHHOe npu ycpe,nHeHHH r 1 H r 2 npu 

D3BeWHBaHHH no aMnnHTy,naM COOTBeTCTBYIOlllHX 3KCnoneHT; 
r 

8 
- ycpe,nHeHHoe r, B3BemeHuoe no nnoma,n.aM coOTBeT· 

CTByromux 3KCnOHeHT; 
r * - pe3ynLTHpYJOmee cpe,nHee 3Ha'leHHe r, nony'leHHoe B o.n-

HOM 
0

H3MepeHHH; 
r - pe3ynLTHpyromee cpe,nHee 3Ha'leHHe r, nony'leHHoe H3 

HeCKOilLKHX H3MepeHHH; 
x 2. pac'leTHoe 3Ha'leuae x 2 Ha o,nay cTeneaL cBo6o,nLI. 
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