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6a6aea B.H. ~ AP· P3 - 12051 

~~3~4eCK~~ nycK peaKTopa H6P-2. PacnpeAeneH~e nnoTHOCT~ 
AeneHH~ a aKTHBHO~ 30He 

H3y4eHo pacnpeAeneHHe nnoTHOCTH AeneHH~ o aKTHBHO~ 30He peaKropa 
H6P-2 npH npoaeAeHHH era ~H3H4eCKoro nycKa 6e3 TennoHOCHTenR a Ha4ane 
1978 r. HenocpeACTBeHHO H3MepRnacb HHTeHCHBHOCTb OCTdT04HO~ )' -aKTHB
HOCTH no B~COTe ~ no yrny nOBOpOTa ronnHBH~X KacceT OTHOCHTenbHO 
C4HHTHnnR4HOHHoro AereKropa. H3ane4eHH~e H3 aKTHBHo~ 30H~ ronn~BH~e 
KdCCeT~ nOMe~anHCb B ycTaHOBKy, rAe n~6aR T04Ka Ha noaepXHOCTH dKTHB· 
HO~ 4aCTH Kaccer~ MOrna 6~Tb AHCTaH4~0HHO OpHeHTHPOBaHa HanpOTHB 
BOnb~paMOBOro KonnHMaropa. noKa3aHO, 4TO 3KCnepHMeHranbHOe 3Hd4eHHe 
06beMHOrO K03$$H4HeHTa HepaBHOMepHOCT~ COBnaAaeT C pac4eTH~M H paBHO 
1,56. B~AeneHa HaH6onee 3HeproHanpR*eHHaR o6nacrb aKTHBHOH 30H~. 
H3MepeHHOe pacnpeAeneHHe a npeAenax owH6KH cornacyercR c pe3ynbraroM 
pac4eTa no MeTOAY MoHre-Kapno. B HeKorop~x nepH~epH~H~x Kaccerax 
o6H~PY*eH~ y4aCTKH noa~weHHO~ nnoTHOCTH AeneHH~, 4To, no-&HAHMOMy, 
CBR3aHo c AeneHHeM Ha pacceRHH~x co CTopoH~ nOABH*Horo oTpa*arenR 
3nHTennos~x He~TPOHax. 

Pa6ora B~nonHeHa B na6oparopHH HeiiTpOHHO~ <)lH3HK~ OHRH. 

Coo6meHHe 06bBilHHBHHOI'O HHCTHTYTB SlllBpHbiX HCCnellOBBHHl!, lly6Ha I 979 

Babayev V.l. et al. 

Reactor IBR-2 Physical Start-Up. Fission Density 
Distribution in the Reactor Core 

P3 - 12051 

Fission density distribution in the reactor core was studied 
during the operation of the IBR-2 reactor at zero power in the beginn 
ing of 1978. The intensity of residual y -activity was estimated 
by measuring the height and turning angle of fuel rods with respect 
to scintillation detector. Fuel rods extracted from the reactor core 
were installed so that any point on their surface could be oriented 
from a distance to face a tungsten coli imator. It was shown that 
volume inhomogeneity coefficient obtained experimentally was in agree 
ment with the theoretical one, i.e. was equal to 1 .56. The most 
energy tense area of the reactor core was outlined. The measured 
distribution is in agreement within the accuracy limit with that 
calculated by the Monte-Carlo method. Some periphery areas of fuel 
rods were found to have higher fission intensity possibly due to the 
fission on thermal neu!rons scattered by a moving reflector. 

The investigation has been performed at the Laboratory of 
Neutron Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubno 1979 
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BBE,[fEHHE 

H3y'leaae pacnpe.~~;eneaa.11 3Hepraa, Bbl.D;eJIHeMoii: B axTasaoii: 

30He peaKTOpa, .IIBJI.IIeTC.II 'laCTbiD pa60T, BblnOJIHeHHblX DO BpeMJI 

clla3B'Iecxoro nycxa HliP-2 6e3 TennoaocaTeJI.II. Henocpe.~~;cTaeaao 

B3Mep.llnoc& pacnpe.~~;eneaae nJIOTHOCTB .D;eJieHBH no OCTaTO'IHOH 

Y ·aKTBBHOCTB TOnJIBBHblX KaCCeT. 

naHHble BCCJie.D;OBaHH.II no3BOJIHJIB Bbl.D;eJIBTb HaB60Jiee 3Hepro· 

HanpJI)I(eHHble o6JiaCTB aKTBBHOH 30Hbl, 'ITO Henocpe.D;CTBeHHO CBJI· 

3aao c npo6neMoii: o6ecne'leHHJI .11.11;epaoii: 6e3onacaocTa peaxTopa. 

B pa6oTe npaso.D;HTCJI TaK)I(e cpasaeaaH 3KcnepaMeHTaJI&HblX 

.~~;aHHblX c pac'leTaMa no MeTo.~~;y MoaTe-Kapno. 

I. METO,[f H3MEPEHH.R llJIOTHOCTH ,[fEJIEHHR 
llO OCTATOqHOR y -AKTHBHOCTH KACCET 

Y.~~;eJI&HYJO MOJ.IUIOCT& y ·aJJiy'leHH.II c 3Hepraeii: E, Bbl.D;eJI.IIeMYJO 

B TO'IKe aKTBBHOH 30Hbl C KOOp.D;BHaTOH f npB BpeMeHB 06Jiy'leHB.II 

T B BpeMeHB Bbl.D;ep)I(KB t, npe.D;CTaBBM B BB.D;e 

:~o =I
1
(E)Q(T,t)P(r)+I

2
(E)<I>(r')J

1
Qi (T,t)li 3¢. (i:'), /1/ 

r.~~;e I
1
(E) , I 2 (E) - 'IBCJIO y-xsaHTOB c 3Hepraeii: E, acnycxae

MblX B cpe.D;HeM Ha e.D;BHBilY pacna.D;a o6pa3YJOJ.IUIXCJI pa.D;BOB30TOnOB; 

Q(T , t ) • aKTBBHOCTb npo.D;yKTOB .D;eJieHBH B pacna()/c/CJe.II/C; 

<l>(r) • nJIOTHOCTb nOTOKa Heii:TpOHOB; P(r) • nJIOTHOCTb .D;eJieHaii:; 

1 i 3 ¢ · 3cWleKTBBHOe Ce'leHBe aKTBBaUBB i ·oro 3JieMeHTa 

aKTBBHOH 30Hbl; Qi(T,t)· aKTBBHOCTb i·oro pa.D;BOB30TOna Ha 

e.D;HHB'IHYJO CKOPOCTb 3aXBaTa. llpaKTB'IeCKOMY B3MepeHBID B BH· 
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Tepsane 3HeprHH y "ICB&HTOB t.E H BpeMeHH H3MepeHHJI t. t o6wq· 

HO no.z.ne>KHT seJIH'fHHa 

N= f f _:I_!_Q_(r,E,T,t)G';(E)dEdt=I01 ·+I
02 ~E t.t d t 

r.z.e <i:(E) - 34lcllexTHBHOCTh .z.eTexTopa y -xsaHTOB, I 01 I 02 -
C'feT C .z.eTeXTOpa OT OCICOJIO'IHOB H COOTBeTCTBeHHO • &XTHB&UHOH· 

HOB XOMDOHeHT DOJIHOrO y "H3Jiy'feHHJI X&CCeTW. llOCXOJILXY 3XCDe· 

pHMeHT&JihHO OCXOJIO'IH}'IO y ·&XTHBHOCTh Dp&XTH'feCXH HeB03MOJK· 

HO BW.Z.eJIHTh H3 06~eii y ·&XTHBHOCTH X&CCeTW, TO N- P (1 ) 

TOJILXO npH ycnoBHH I o 1 »I 02 /2/ /B BWpaJKeHHH /1/ He Y'fH· 

TbiB&eM eCTeCTBeHH}'IO Y ·&XTHBHOCTh X&CCeTW, XOTOp&JI He 3&· 

BHCHT OT MO~OCTH H MOJKeT 6WTh onpe.z.eJieHa 3XCDepHMeHT&JihHO/. 

OneHBM ycnosse /2/ .Z.JIJI H6P-2. Bss.z.y orpaHH'feHHoro spe

MeHH pa60TW pe&XTOpa B Te'feHHe CYTOX DpH npose.z.eHHH ciiH3H'feC • 

xoro nycxa H6 P- 2 6e 3 TennoHOCHTeJIJI paccMoTpHM sapsaHT UHXJIH

'fecxoro 06Jiy'feHHJI.BecL UHXJI BO BpeMeHH COCTOHT H3 'feTwpex 

ICOMDOHeHTOB: t 1 • BpeMeHH HenpepWBHOrO o6ny'feHHJI 3& UHXJI, 

t 2 - BpeMeHH sw.z.epJKXH B nsxne, t 3 - speMeHH nocne~eii sw.z.epJK· 

XH, t 4 - speMeHH H3MepeHHJI. QHXJIW T=t 1 + t 2 nepHO.Z.H'fecxH 

noBTOPJIIOTCJI K pa3. PeaJILHwe cpe~se 3H&'feHHJI t 1 =174 qaca 

H T =24 qaca. Tor.z.a BeJIH'fHH& Qi .z.nR y ·xsaHTOB o6oJIO'fXH TB3JIOB 

H X&CCeTW BWp&3HTCJI B BH.Z.e: 

Q. =-1-(1 -A.t 1 
I A -e I 

i 

-A t 
)(1- e i 4 

-Ai(t 2 +t 3 ) K-1 -mAiT 
)e 1 e 

m=O 

Bxna.z. &XTHBHOCTH CT&JILHWX o6onoqex B o6~}'10 axTHBHOCTL I o 

6WJI p&CC'IHT&H B npe.Z.DOJIOJKeHHH, 'ITO Ce'feHHe &XTHB&IlHH He 

3&BHCHT OT XOOP.Z.HH&T H G';(E) =1; H& puc. 1 BeJIH'fHH& Io2 npHse· 

.Z.eHa X&X ciiYHXIlHJI BpeMeHH BW.z.epJKXH t 3 .z.nJI p&3HWX 3H&'feHHB 

'fHCJia llHXJIOB o6ny'feHHJI K . 

Bxna.z. npo.z.yxTOB .z.eneHHJI I 0 1 B o6~}'10 y - axTHBHOCTh xac

CeTW 6WJI OileHeH H& OCHOBe p&C'feTHWX .Z.&HHWX .Z.JIJI DPO.Z.YXTOB 
239 

Pu, npHBe.Z.eHHWX B JIHTepaType .Z.JIJI CT&UHOH&pHoro 

peJKHMa pa6oTw peaxTopa:'
11. PeaJI.LHWB IlHXJIH'fecxsii pe>KHM pa-

.z.eneHHJI 

6oTw peaxTopa nps6JIHJKeHHo MOJKHO &DDpOXCHMHpOB&Th CT&· 
- t 1 

IlHOHapHwM pe>KHMOM co cpe.z.Heii MOIIlHOCTLIO, paBHOii P = Py --t-
t 1+ 2 

r.z.e Py- MOIIlHOCTh nps llHXJIH'fecxoM o6Jiy'feHHH. 

4 

H3 puc. 1 BH.Z.HO, 'ITO OCHOBHOe y "H3JIY'feHHe X&CCeTW o6yCJIOB" 

JieHO y "ICB&HT&MH DpO.Z.YXTOB .z.eneHHJI, T .e. nponopUHOH&JII,HO DJIOT" 

HOCTH .z.eJieHH:ii. 

lo 

10 
I 

10 
I 

2 

3 

100 10 20 30 t3 

Puc.1. tJuc11o y - K8aH•o8, 81>1c)e.IIJIIOIIIUXCJI c oc)Hozo caH•uMe•pa 
c).lluHw Kacce•w 3a 20 MUH. 8 308UCUMoc•u o• 8peMeHu 8WOepJttKU 
t 3 8 cy•Kax: 1 - y - K8aH••• npoc)yK•o8 oe.lleHUJI, P =4 B•, T = 

20 ()Neil. 2, 3 - aK•u8aiiUOHHWe y- K8aH•••· P =100 B•, T =24 'lac, 
t 1=1 'IOC. ,/.lii.JI KpU80il2 'IUCIIO IIUK./108 0611y'leHUJI K=10, 0./I.JI KpU80r'l 
3 K=S . 

2. AIIIIAPATYPA 

llpHHilBDB&JihB&JI CXeMa ycT&HOBXB .z.nJI B3MepeHHJI DJIOTHOCTB 

.z.eneHBi DO OCT&TO'IHOI Y ·&XTBBHOCTB X&CCeT npe.Z.CT&BJieH& H& 

puc. 2. YcT&HOBIC& COCTOBT B3 CJie.Z.}'IOIIlBX OCBOBHWX 'I&CTei: 
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2 3 4 56 

Puc.2. C•PYKJiypHaA cxeMa yc•aHoeKu ~AA U3MepeHUA nAOJIHoc•u 
~eAeHUU no OCJIQJIO'fHOU y ·aKJIU6HOCJIU KQCCeJI: J • U3MepAeMaA 
KacceJia, 2 • C6UHfi06QR 3QJIIUJia, 3 • C6UHfi06QR 3QJIIUJ1a ~eJieKJIOpa, 
4 • 60Ar.~paM06f>IU KOAAUMQJIOp, 5 • CfiUHJIUAARJIOp, 6 • ~0JI03AeKJI• 
poHHr.lil YMHOJKUJieAr., BH- er.1coKoe HanpRJKeHue, HY- npe~ycUAu
•eAr., Y • YCUAUJieAr., H)l - UHJieZpaAt.Hf>IU ~UCKpUMUHQJIOp, 30 -
aMu••epHr.lil noe•opu•eAr., HII- nepec'feJIHr.lil npuoop, EY - OAOK 
ynpaeAeHUR, C 1, C 2 • CeAt.CUHW. 

1/ ycTpoiicTaa KpenneaaJI, nepeMeiQe&&JI a apa~nea&JI KacceTw, 

2/ CBRHQOBOB 3aiQRThl C BOnbfllpaMOBWM KOnn&MaTOpOM .D;nJI 
aw.D;eneaaJI accne.D;yeMoro yqacTKa KacceTw, 

3/ peracTp&pYJOIQero YCTpOBCTBa, 

4/.D;BCTaHQBOHHOrO nynJ.Ta ynpaaneHBJI. 

KacceTa, yKpenn_eaaaJI aepT&Kan~oao a caRHnoaoi 3aiQRTe, c 

nOMOIQbiO ,D;BCTaHQBORHOrO nynJ.Ta ynpaBneHBJI MO)I(eT BpaiQaTbCJI 

BOKpyr QeHTpanbROB OCR B nepeMeiQaTbCJI B,D;Onbaee. Per&CTp&pYJO• 

IQee YCTpOBCTBO npe,D;CTaBnJieT co6oii CQRHTBnnJIQBORRhiA ,D;eTeiCTOp 

C KpBCTannoM NaJ pa3MepaMB 0 40x40 MM, YICpenneHHhiM B BOnb· 

fllpaMOBOM KOnnHMaTope. C nenbiO B3MeHeHBJI ,D;Bana30Ha CICOpOCTB 

C'leTa y ·KBaHTOB B pa3pemaiOIQei CDOC06HOCTB no BhiCOTe KacceTW 

KonnawaTop awnonaea a BR.D;e cweaaoro 6noKa. 

6 

H3MepaTen~oaaJI neno•nca BKJDO'IaeT a ce6JI npe.D;ycanaTen~o, 

OCHOBHOA ycan&Tenb, BHTerpam,HWA ,D;BCKpBMBHaTOp B 3MBTTepHWB 

nOBTOpBTem,. llacno BMnynbCOB C ,D;eTeKTopa 3a BpeMJI B3MepeHBJI 

fllaKcapyeTcJI aa nepec'leTHOM npa6ope. 

3. PE3YJihTATI:J H3MEPEHH1l H METO,llHKA 
HX OEPAEOTKH 

KoafllarypanaJI 3arpy3KH aKTBBHoA 30HW so apeMJI flla3&'1ecKoro 

nycKa 6e3 Tennoaoc&TenJI npe,D;cTaaneaa aa puc. 3 /Kpy)l(}(aMa 

o6o3Ha'leHw B3Mepeaawe KacceTw/. llonaaJI 3&epr&JI, BW,D;eneH&aJI 

B aKTBBHOA 30He 3a apeMJI4JR3B'IeCKOrO nyciCa, COCTaBnJina -10 KBJI• 

'fQC, a BpeMJI Bhi,D;ep)I(}(R ICaCCeT t 3 =60 CyTOK. flporpaMMa 3KCnepa

Me&Ta BKJDO'Iana a ce6JI: a/ &3Mepeaae no awcoTe ycpe,D;aeaaoii: 

no yrny noaopoTa OCTaTO'IROA y ·aKTBBROCTB KacceTW N(Z); 6/&3-

MepeHBJI B 3aBBCBMOCTR OT yrna nOBOpOTa ICacceTW K ,D;eTeKTopy 

N (z , ¢ ). Haqano a Koaen aKTBBHoA qacT& KacceTw onpe,D;enJin&cb 

no MaKCRManbHOMY 3Ha'leHBIO npo&3BO,D;&oA I dN (z)/ dz I . 

Puc.3. Kap•ozpaMMa aazpyaKu aKJIUBHoiJ 30HW. l{u~Mu yKaaaHw 
HOMepa R'feeK. Kpy:JKKQMU 0003Ha'feHW U3MepeHHWe KQCCeJir.l. 

1 



BwpalKeHHe AJI.II nonHoro 'IRena y - KBaHTOB N I (z) , 3aperHCTpH-

pOBaHHWX B TO'IKe Z KaCCeT:W, MOlKHO npe,llCTaBHTb B BH,Ile 

NI(z)-[N(z)f(z). 71 (t)+ Ny¢(z)+N cp]·K(t), 
131 

r,lle N( z) - P (z) , NY - ecTeCTBeHHa.ll y -aKTHBHOCTb xacceT:w, 

Ncp- cl>oH OT perHCTpa.llHH KOCMH'IeCKoro H3ny1feHH.II, WYMOB ci>3Y 

H ycunHTen.ll, ci>YHK.IlH.II 7J(t) onpe,llen.lleT cna,ll aKTHBHOCTH xacceT:w 

so speweHH; K ( t ) - Ko34>cl>unueHT, y'IHTWBaiOI.Illlii HecTa6un&HOCTJ. 

TpaxTa perucTpanuu. «<>YHK.IlHH f(z), ¢(z) sse,lleHw .lln.ll nonpasox 

Ha perucTpanHJO y -KBaHTOB, swneTaiOI.IliiX co scero o61>e:w:a xac

ceT:w, nocne pacce.IIHH.II Ha waTepuane xacceT:w H 3al.llHT:w. OcHOBHoA 

BKna,ll B :ny qaCTb y ·KBaHTOB BHOCHT O,llHOKpaTHOe pacce.IIHHe 

Ha "BH,IlHMOM" OT ,lleTeKTOpa 06'be:W:e KacceT:W I3TO UO,IlTBeplK,IlaeT· 

CJI cnenuanbHWMH H3MepeHHJIMH C HCTO'IHHKOM Y ·KBaHTOBI. Pac· 

'leTH:We O.lleHKH UOKa3:WBaiOT, 'ITO ,lln.ll .lleHTpa aKTHBHOi qaCTH 

KaCCeT:W BKna,ll pacce.IIHHWX y "KBaHTOB B 061.1l11B C'leT MOlKeT 

cocTaBn.IITh - 18~. «<>yHK.IlH.II ¢ ( z) = n ( z) I n m onpe,llenJinacb 

nyTeM H3MepeHHJI pacnpe,lleneHHJI CKOpOCTH C'leTa no ,llnHHe Kac· 

CeT:W n(z)oT y "KBaHTOB, COUpOBO:lK,IlaiOI.IlHX a ·pacna,ll H CnOHTaHHOe 

,lleneHHe nnyToHH.II B "'IHCToA" xacceTe lxacceTe, He 3arpy:lKasweii

C.II B aKTHBHYIO 30HY peaKTOpal; n m • MaKCHManbHOe 3Ha'leHHe n (z ). 

,ll;n.11 ci>YHK.IlHH f (z) npu6nH:lKeHHo npHHHManoc& ycnooue f ( z) ,.. ¢ (z ). 

141. 3To cnpase,llnuso, so-neps:wx, H3·3a cna6oii 3aBHCHMOCTH 

34>cl>eKTHBHOCT3 ,lleTeKTOpa OT 3HeprHH Y "KBaHTOB, BO"BTOPWX, 

cna6oii 3aBHCHMOCTH cp (z) OT pacnpe,lleneHHJI aKTHBHOCTH y • 

KBaHTOB no BWCOTe KacceT:W. Ha puc. 4 noKa3aH:W 3aBHCHMOCTH 

CKOpOCTH C'leTa no AJIHHe "'IHCTOB" H aKTHBHOB KaCCeT:W, a TaK:lKe 

O,llHOrO H3 TB3nOB aKTHBHOA KaCCeT:W. TaM lKe npHBe,lleHa CKOpOCTb 

c'leTa N (z), BW'IHCneHHa.ll no cl>op:w:yne 131. BH.Il ci>YHK.IlHH 1J ( t) o sw

palKeHHH 131 onpe,llen.llnc.ll no cna,lly cxopocTH C'leTa OT penepHoii 

xacceT:w. HecTa6HnhHOCTh annapaTyp:w xoppeKTHposanacJ. c no

MOI.IlhiO H3MepeHHJI CKOPOCTH C'leTa OT KanH6posaHHOrO y "HCTO'IHH· 

Ka, a TaK:lKe no cl>oHy OT KOCMH'IeCKOrO H3ny'leHHJI. 

H3:w:epeHH.II no z npoBO.IlHnHCh B 7 3KcnepuweHTan&HWX TO'IKax. 

)l;n.ll HCKniO'IeHHJI KpaeB:WX 34>cl>eKTOB TO'IKH H3MepeHHJI pacnona

ranHCb He 6nHlKe 16 MAC OT KpaeB aKTHBHOB 'laCTH KacceT:W. 

B ,llan&Heiiweii o6pa6oTKe Ha 3 B M N ( z) annpoxcu:w:uposanac h 

8 

f 

j , 

nr---------,---------.---------.---------,-------, 

200 300 400 z 

Puc.4. Ycpet)HeHHaJI no yury o•Hocu•eAr.HaJI cKopoc•• ct~e•a (}AJI 
Kacce••• 6 Jlt~eiiKe HI 4 6 aa6ucu.woc•u o• pacc•oJIHUJI z /.w.w/, o• 
HUJtrHezo KpaJI aK•U6HOii t~ac•u: 1 - pact~e• no ,Pop.wy.11e /3/, 
2 - Kacce•a, 3 - oc)uH ua •63.1106 Kacce•r.r, 4 - ec•ec•6eHHClJI 
y -aK•u6Hoc•r. Kacce•r.r. 

nonHHOMOM 4-oii CTeneHH N T(z). ,ll;n.11 KalK,IlOB KaCCeTW BW'IHCnJin· 

CJI K034>ci>H.IlHeHT HepaBHOMepHOCTH no BWCOTe KacceT:W K z 

r,lle N.=.J. fNT.(z)dz, 
1 e e 1 

K .=N .IN. 
z1 m1 1 

P - ,llnHHa aKTHBHOii qacTH xacceTw, N mi- aKTHBHOCTh B :w:axcHMyMe 

3Heprosw,lleneHH.II no swcoTe. N 1 HaXO,IlHnoc& 'IHcneHHWM HHTerpu

posaHHeM annpOKCHMHPYJOI.Ilero nonHHOMa C ,llOnOnHHTenbHOB 3KCTpa • 

non.ll.llHeA 3KCnepHMeHTanhHWX TO'IeK Ha rpaHH.Il:W aKTHBHOB 'laCTH 

xacceTw.llocxonJ.KY 6wnu H3MepeHw He see xacceTW,To 3Ha'leHH.II Nmi 

,lln.ll HeH3MepeHHWX KaCCeT HaXO,IlHnHCb annpOKCHMa.llHeii 3KCnepHMeH • 

TanhHWX 3Ha'leHHB N mi Ha BCIO aKTHBHYJO 30HY C nOMOI.IlhiO cnnaiiHOB 

TpeT&ero nop.ll.llKa. Pe3yn&TaTw annpoxcu:w:anuu, Hop:w:uposaHHWe Ha 

3Ha'leHHe N m nepsoii JI'IeiiKH, noKa3aHw Ha puc. 5. 
3xcnepu:w:eHTan&Hwe 3Ha'leHH.II swcoTHoro K034>ci>HilHeHTa Hepas

HowepHocTH ,lln.ll HeKOTopwx xacceT npuse,lleHW Ha puc. 6. 

H3:w:epeHH.II y·aKTHBHOCTH B 3asucu:w:ocTH oT yrna nosopoTa 

KacceT:w K ,lleTeKTOPY npOBO,IlHnHCb AJI.II 6 3Ha'leHHA yrnos, KalK,Il:WB 

H3 KOTOp:WX COOTBeTCTBOBan HOp:w:anJ.HOMY pacnonOlKeHHIOOT,IlenJ.• 

HWX rpaHeA xacceT:w K ocu xonnu:w:aTopa. H3:w:epeHHa.ll ci>YHK.IlH.II 

N I ( z, ¢) o6pa6aTwsanacJ. Ha 3BM aHanorH'IHO onucaHHOB 

swwe ci>YHK.IlHH N I (z) I c:w:. cooTHOWeHHe 131 I. B •a6.11. 1 

t» 



Puc.S. 3Ha'leHUJI MaKcuMaAI>Hozo 3Hepzo61>rOeAeHUJI 6 Kacce•ax, 
o•HeCeHHI>fe K MQKCUMQIII>HOMY 3HepZ061>r0eAeHUK> 0.11.11 nep60U Jl'leU
KU. BepxHJIJI f#Ufjpa 6 Jl'leuKe - 3KcnepuMeH•aAI>Hoe 3Ha'leHue, 
HWKHJIJI - pac'le• no Me•ooy MoH•e- Kap.11o. 

Puc.6. Bwco•Hwu Ko3NUf#UeH• Hepa6HoMepHoc•u, BepxHJIJI f#UtJpa -
3KcnepuMeH•aAI>Hoe 3Ha'leHue, HWKHJIJI - pac'le• no Me•ooy MoH•e
KapAo. 
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Ta6AUf#a 1 

3KcnepaweaTan&awe 3B&'Ieaa.a c)yHK.UBB N ( z , ¢ ) .u;n.a KacceTw 
B .&'leiKe .Nt54 /3H&'IeHB.& c)yHICilBB HOpMBpOB&Hhl Ha ee M&KCBM&D&
BYJO aen&'IBHY I 

~¢:~ 60 120 100 240 300 360 
Z rM/111\ I rpam. 2 rpaH:r. 3 rpam. 4 rpaH:r. 5 rpaH:r. 6 rpaH:r. 

16 0,6II 0,628 0,637 0,67 0,697 0,667 
oo 0,71E 0,778 o,~8 0,844 O,W4 0,009 

144 0,903 0,87 0,879 0,903 0,952 0,919 
208 0,97 0,91 0,93 0,959 1,0 0,99 
272 0,92 0,9 0,906 0,96 0,99 0,99 
336 0,83 0,833 O,IE 0,906 0,935 0,9! 
400 0,705 0,695 0,74 0,73 0,76 0,74 
440 0,58 0,51 0,46 0,406 0,63 0,59 

~ ~ ~ 

Puc.7 ,/lOAJI 3Hepzo6wOeAeHUJI 6 o•oeA~>H~>rx Kacce•ax 6 npof#eH•ax o• nO.IIHOZO 3HepZ061>rOe.lleHU.JI 6 QK.U6HOU 30He. /Pac'le• no Me•ooy 
MoH•e- KapAo/. 
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Ta6.11Uila 2 

3Kcnep8Me8Tam.8we 8 pac'leTawe 3Ha'leHHJI cpe.naero 38eprosw.ne
ne88JI B HeKOTOphiX KacceTaX 

~Mep Ni IN4 ilorpemHOCT~ BSMe- Nl /N41 
~qelficB 3RCDep. peuidt ±L\(N/N4),% pac'leT 

4 I - I 
48 0,78 I,I2 0,77 
74 0,6 0,99 0,64 
60 0,8 I,I2 0,76 
3I 0,79 I,I2 0,77 
63 0,67 1,04 0,72 
56 0,65 1,03 0,74 
55 0,74 I,I 0,72 
49 0,77 I,I2 0,73 
65 0,7! I,I 0,66 ! 

54 0,72 I,I 0,7 
64 0,66 1,04 0,73 

.nn• np8Mepa np8BO,D;8TC• pe3ynJ.TaT 83MepeHHI N( Z, cp ) .nn• 
O,IJ;80I 83 nep8.ep8IHWX KaCCeT, CTO·~el y nO,IJ;B8*HOrO OTpa~a

Ten•. 3Ha'leH8. N ( Z, cp ) HOPM8pOBaHW Ha MaKC8ManJ.H}'IO Be· 

nH'IBHY 3TOI .YHKil8B. 

.An• cpasueua• c 3KcnepaMeHTanJ.HWM8 pe3yn~oTaTaM8 6wna 

npose.neuw pac'leTw 3Heprosw.neneaa• B aKTBBHol 30Re MeTO.IJ;OM 

Mo&Te-Kapno. Pac'leTuwe 3Ha'lena• MaKC8Man~ouoro 3Heprosw.ne

neaa• B KacceTaX Nml , a Ta~e 3Ha'leHB .. BhiCOTHhiX K03 .. BJlB• 

eHTOB Kzi Dp8Be,IJ;eHW COOTBeTCTBeRHO Ha puc. 5, 6. 
Puc. 7 8RmOCTpapyeT pe3ynJ.TaT pac'leTa BKna.na oT.nen~oawx 

K&CCeT B o()~ee 3HeprOBW.IJ;eneR8e B aKTBBHOI 30He. ,An• cpaBHeHBJI 

B •a6.11. 2 DpBBO,IJ;.TC.. cpe,D;H8e 3H&'IeHBJI 3HeprOBW,D;eneHB .. B KaC • 

ceTax B .u;on•x 3Heprosw.u;eneaa• 'leTsepTol •'leiKB Nt /N 4 • 

llonyqeaawx 3Kcnep8MeHTan~oawx .u;aHHwx 6wno ae.u;ocT&TO'IHO 

.nn• H&,D;e*Hol OlleHK8 o6WMHOrO K03 .. BilHeBTa Hep&BHOMepHOCT8 

Kv,o,D;HaKo 3Ha'leH8e K v , oueaeaaoe no B3Mepeaaww KacceTaM, 

cosna.u;aeT c pac'leTHWM a pasao 1,56. 

t2 

4.AHARH3 PE3YBhTATOB 

C TO'IKH 3peHHJI .ll.D;epuo··83H'IeCKHX CBOBCTB peaKTOp HliP • 2 

ac&MMeTp&'leH. 3To aenocpe.ncTBeHHO oTpa~aeTCJI aa pacnpe.nene

HHH nnoTHOCT8 .nenea8ii no o61>eMy aKTHBHoii 30HW I A3/ I eM. 

puc. 5, 7/. AC8MMeTp8JI nnOTHOCTH ,IJ;eneHHB OC06eHHO 3aMeTHa 

B o6naCTH aKTHBHOB 30Hhl, Henocpe.D;CTBeHHO npHMWKaJO~eii K no.n· 

B8*HOMY OTp~aTenJO /00/. 3TO MO*HO 06'hJICHHTJ. HeCHMMeTpH'I" 

HhiM pacnono~eHHeM nonaCTH flO OTHOCHTenJ.HO A3. 

B OCHOBHOM 3KCnep&MeHTMJ.Hhle pe3ynJ.TaTW B cpe,D;HeM C TO'I" 

HOCTJ.IO - 5~ COBna,IJ;aJOT C paC'IeTHhiM8. B yKa3aHH}'IO OWH6Ky 

BXO,II;.IIT OWH6KH 3KCnepHMeHTa 8 pac'leTa. ~n.ll OT,IJ;enbHhiX KaCCeT 

aa nepa.epau A3, aanpaMep, B .ll'leBKax 56, 32, 36 pacxo~.neaae 

Me~.IJ;y paC'IeTHhiMH H 3KCnep&MeHTanbHhiMH 3Ha'leHH.IIMH 3Hepro • 

Bhi.IJ;eneH8JI COCTaBnJieT 10.;.14~, 'ITO, no·BH,IJ;8MOMy, CBJI3aHO C 

a.u;eana3alllleii B pac'leTax reoMeTpaa aKT8BHOii 30HW. 

Bapaau;aa 3Heproow.u;eneHH.Il B oT.nenbHWX KacceTax o 3asaca

MOCTH OT HX op8eHTaD;88 no OTHOWeHHIO K .H3H'IeCKOMY n;eHTpy 

A3 npaKTH'IeCKH He 3aBBCJIT OT pacnono~eHHJI KaCCeTW H COCTaB· 

nJIJOT B cpe.u;HeM no seeM HJMepeHHWM KacceTaM - 4,5~. O.IJ;HaKo 

.IJ;n.ll HeKOTOphiX nepa.ep8BHhiX KaCCeT, DpBMhiJCaJOID;IIX K flO, 

pa3HOCTb Me~.u;y MaKCHManbHOB H MHHHManbHOB aKTHBHOCTbiO ,IJ;nJI 

OT,IJ;enbHhiX rpaaeii KaCCeTW, OTHeCeHHaJI K aKTHBHOCTH, ycpe,D;HeH· 

HOB no rpaHJIM, cocTaonJieT 16.;.22~. TaKoe pacxo~.neaae aa6n10· 

,IJ;aeTCJI ,IJ;DJI y'laCTKa KaCCeTW, HaXO,IJ;JI~erOCJI Ha paCCTOJIHBH ,IJ;O 

40 MM oT sepxaero KpaJI A3. ~nJI yKa3aauwx KacceT o6nacTa 

MaKCHManbHOrO 3HeprOBW,IJ;eneHHJI, H3MepeHHhle ,IJ;nJI OT,IJ;enbHhiX 

rpaaeii:, COBna,IJ;aJOT. 0TCIO,IJ;a MO~HO npe,D;DonO*HTb, 'ITO y'laCTKH 

aHOManbHOrO yoenH'IeHHJI nnOTHOCTH ,IJ;eneHHJI Ha O,IJ;HOB 83 rpaaeii: 

KaCCeT CBJI3aHW C .IJ;eneHHeM 3a C'leT 3nHTennOBhiX HeBTpOHOB, 

pacceJIHHhiX CO CTOpOHhl 00. 

~H3H'IeCKHB n;eHTp A3 B cpe,D;HeM CMe~eH BHH3 OTHOCHTenbHO 

reoMeTp8'leCKOrO n;eHTpa Ha - 10 MM H HaXO,D;HTCJI Ha paCCTOJIHHH 

Z m=212 ± 3 MM OT HH*Hero KpaJI A3. 3TO CBJI3aHO, nO-B8,IJ;8MOMy, 

C pacnonmKeHHeM KOMneHCHpYJOID;IIX opraHOB H pa3n8'1HOB 3 .. eKTHB· 

HOCTbJO oepxaero a a~uero oTpa~aTeneii:. 

061.eM aKTHBHOB 30HW, r.ne nnoTHOCTb .neneaaii owwe cpe.naero 

3Ha'le8HJI, 3aKDJO'IeH no OCR Z B o6naCTH 87 < Z < 346 MM OT 

HH*Hero KpaJI A3. 
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Cpe.naaii no A3 pac'leTHhiB swcoTHhiB xoJcW!&JUieHT aepasao

MepaocTB R z paseH 1 ,38, B TO speMJI xax JxcnepaMeHTanhHOe 

3Ha'leHBe COCTaBnJieT 1 ,24. PaCXO>K,lleHBJI Me)l(,lly pac'leTHhiMB H 

3JCCnep&MeHTanhHhiMB 3Ha'leHBJIMB BhiCOTHhiX lC03cW!BUBeHTOB, JCaJC 

ycpe,llHeHHhiX no A3, TalC B ,llnJI OT,llenbHhiX JCaCCeT, COCTaBnJIIOT 

10~, npa'leM JxcnepaMeHTanhHhle 3Ha'leHBJI Kzi MeHhwe Teope

TB'Iecxax. Taxoe OTnB'IBe cne.nyeT 06'bJICHBTb HeTO'IHhiM 3Ha'leHBeM 

3aBBCBMOCTB f(z) /eM. ypaBHeH&e 3/, norpeWHOCTbiO B3MepeHBJI 

clloaa N. ¢ (z ). a TaJC)I(e pac'leTHOB owa6xoa B onpe.neneaaa K zi . 

Jloao owpa>Keaaoii 3axoaoMepaocTB B3MeHeHBJI Kz no pa.naycy A3 

BeT. 
06nacTb c MaxcaManhHhiM Jaeprosw.neneaaeM o A3 aaxo.naTcJI 

s reoMeTpaqecxoM ueaTpe axTBBHOB qacTB xacceT, ycTaaooneaawx 

o 18, 19 Jl'leiixax. 
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