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:nrumynr JIOepHbiX UCC/IeOOBUHUU ,[ly6Ha 

I. B peaKTope viEP-30 na6opaTOpHH HeHTpOHHOH ¢w-

3HKH OM HH OCHOBHbie llOJlBIDKHb!e 30Hbl ( on3) nepBoi:f 

3arpy3KH 1 BhmonneHHbie H3 ypaua-235 90% o6oramenwH, 

ycnewuo npopa6oTanw B Teqemw 2,3 x 10 4 'Il!C B ycno
BHHX U8HTpo6eJKHb!X Harpy30K 0 npeBbllii8IOill.HX 4xl0 3 g 0 

npH TeMnepaType o6ono'IeK JlO 300°C; BhlropaHHe JlOCTHr

liO 276 MBT-CYTOK ua TOHHy. Ynpyr.He H nnacTH'IeCKHe 

ne<flopMaUHH 3alllHTHhiX 060JIO'IeK 38 8TO BpeMSI He npeBbl

lii81IH 0,1 MM. B To JKe BpeMSI BJlBoe Bo3pocna pa3HOCTh 

cpeJlHHX aMnJUITYJl IIMllYlihCOB MOillHOCTH 0 <fJopMHpyeMh!X 

npw noo'Iepenuotl pa6oTe 30H /I/ , nwc6anauc KOTOpbiX no 

peaKTHBHOCTH B03HHK BC1I8JlCTBHe H3MeHeHHH HX llOliOJKe

RHH B rHe3nax nwcKa non nei:fcTBHeM TennoBhlx ynapoB 

H ueuTpo6eJKHhlX aarpy30K. B CB513H c TeM, 'ITO ¢aKTH'Ie

CKoe BpeMSI pa6oTb! On3 BnBoe npeBb!CHliO 38ll1IaHHpOBaH

HOe, B KOHue 1975 rona B peaKTope HEP-30 6hm ycTa

HOBnea HOBb!ll llHCK C OCHOBHbiMH fiOllBHJKHh!MH 30HaMH. 

KoacTpyKUHH wx ocTaBneaa npeJKuetl (KoHcTpyKUHH peaK

•ropa HEP-30 onwcaua B pa6oTax 12 , 31), no nnH wcKniO

qeuHH CMemeHHH BBeneua llOllOJIHHTelihHaH ¢HKC8UH51 30H 

B rHe3nax nHCKa. 0JlHOBpeMeHHO Ha peaKTOpe 6hl1I8 

ycTanoBneua HoBaSI TexuonorwqecKaH MawHHa - rnaBHhiH 

llpHBOJl C KHH8M8TH'IeCKOH CHCT8MOH 0 npHBO.QSIIlleH B .QBH

JKeHHe JlHCKH OCHOBHOH H BCllOMoraTelibHOll llOllBHJKHhiX 

30H. 3aMeHeHbi TaKJKe cepBonpHBOJlhi oprauoa perynHpoBa

HHSI. B npouecce ¢H3H'IeCKoro nycKa HEP-30 6bl1IH H3-

MepeHhi <fJniOKTY8Ullll 8Mll1IliTYll li:MnynhCOB MOillHOCTll npll 

pa31IH'IHb!X 'IaCTOTHhiX peJKMMax, a TaKJKe 3HaqeHHH OCHOB

Hh!X napaMeTpoB, onpe.QeJISIIOillHX CTa6HJihHOCTh pa60Tbl pe

aKTopa II ero CHCTeM. 
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2, Pa3HOCTb peaKTHBHOCTBH nOllBH)I{HbiX 30H OUBHHBa

naCb Ha 8Tane CTaUHOHapHoro nycKa MBTOllOM H3MepeHHH 

HHTBHCHBHOCTH uenHOH peaKUHH neneHHH 1 nonnep)I{HBaeMOH 

B nOllKpHTHqeCKOM peaKTOpe BHBWHHM HCTOqHHKOM npH 

COBMBIDBHHH C HenOllBH)I{HOH 30HOH CHaqana 003-1, a 38-

TBM 003-2. Jlng K8)1{ll0H nOllBH)I{HOH 30Hbl B6nH3H M8KCH

MyMa peaKTHBHOCTH H3MepeHHH npOBOllH.'lHCb B HBCKO.'lbKHX 

TOqKax. MaKCHM8.'lbHOB yMHO)I{BHHB CHCTBMbl npH COBMe

IUBHHH nOllBH)I{HOH H HenollBH)I{HOH 30H He npeBbiWano 

1000. OepeMBlliBHHB llHCKa 003 npOH3BOllH.'lOCb llHCTaHUHOH

HO- ynpaB.'lHBMbiM MBXaHH3MOM MBll.'lBHHOro BparueHHHo 

Bo BpBMH H3MepeHHH HHTBHCHBHOCTH HBHTpOHHOrO H3-

nyqeHHH nonO)I{BHHB llHCK8 003 onpenenH.'lOCb no CB.'lb

CHHy-yKa38TB.'liD c ueHofi neneHHH 1,12 MM. B KaqecTBe 

HefiTpOHHhiX naTqHKOB H3MBplfTB.'lbHbiX KaHanOB HCnO.'lb3Q

BanHCb cqeTqRKH THna CHM-11 H CHM-14, pacnono)l{eH

Hhle B6nuau aKTHBHoH: aoHhl peaKTopa. HaMepHTenbHaH 

annapaTypa onRcaaa B pa6oTe 11/, Ha puc. 1 npuseneHhi 

peaynbTaThl H3MepeHHH no OllHOMy H3 K8HanoB, H3MepeHHH 

no llpyrHM HllBHTHqHhlo 

A6comoTHoe aaaqeHne peaKTHBHOCTH (f) onpenengnocb 

no OTHOWBHHID K H3BBCTHOfi a¢¢eKTHBHOCTH rpy6oro pery

.'lHTOpa: 

fl- f 2 
f = 

(1/N 1 - 1/N2 ) 

1 

N 

3necb N - cKopocTb cqeTa naMepnTenbHoro KaHana npn 

¢nKcnpoBaHHOM nonO)I{BHHH 003, N 1 , N 2 , f 1 , f 2 
CKOpOCTH cqeTa H 3HaqeHHH peaKTHBHOCTBH 1 COOTBBTCT

ByiDT.UHB llBYM nO.'lO)I{BHHHM rpy6oro perymiTOpa. 3¢¢eK

THBHOCTb 003-1 oKaaanacb BbiWe 003-2 Ha BenuquHy 

(4:t_2) X 10-S o 

3. Paaauua aau6onee BepoHTHbiX aMrrnnTyn HMrrynb

coB MOlliHOCTH 1 rrooqepBllHO ¢opMHpyeMbiX 003-1 H 

003-2, 6bma H3MepeHa B pe)l{nMe pa6oTbi HEP-30 c qac

ToToH: IIOBTopeHIHI HMnynbCOB 100 ru. CnrHanbi, rrponop

unoHanbiibiB aMrrmrrynaM nMnynbcos, CHHManHcb c ycTa

HoBneaaofi OKO.'lO 8KTHBHOH 30Hhl HOHH3aUHOHHOH KaMephl 
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H rrocne ycnneHHH perncTpnposanncb MHoroKaHanbHhiM 
aMrrnRTYJUihiM aHann3aTopoM I 41 • Ha pnc. 2 xopowo sna
Hhl asa rrepeKphlBaromnx apyr apyra pacrrpeaeneHHH aMrr
nnTya HMrrynhCOB MOlliHOCTH, tlJopMHpyeMbiX Ka)KaOH 30-
HOHo 06a pacrrpeaeneHH51 CHMMeTpH'IHbl ITO OTHOilieHHID 
K H8H6onee Bep05ITHhlM 3H8'IeHR5IM 0 a HX OTHOilieHRe 
Ay' A2= 1,15:!:_0,5, BMecTo 1,55 a:-> 3aMeHbi 30H /I/, Toraa 
II3 H3BeCTHOrO COOTHOilieHH51 0 CB513biBaromero aMITnHTyay 
HMrrynbca c rrapaMeTpaMH peaKTopa: 

A -1/4 (4 3/2 -l/2 -1 -1) 
- f exp 3 £ 0 a r v , 

-4 
rae fQ = 4 X 10 - p8BHOBeCH851 HaaKpRTH'IHOCTb pe-
8KTOpa l1EP-3Q anSI 'IBCTOTbl 100 fu H eKopoeTH On3 
v = 138 Mle; a = 6 x 10-4 1/eM 2 - rrapaMeTp rrapa6o
nhl, KOTOphlH arrrrpoKeHMHpyeTe51 38BHeHMOeTbiD peaKTHB

HOeTH On3 OT BpeMeHH B o6naeTH OCHOBHO~~ tPOpMH-
pOB8HH51 HMITynhea MOlliHOeTH 0 T = 1,6 X }Q e - BpeM51 
)KR3HR MrHOBeHHbiX HeHTpOHOB 0 H8XOaHM 0 'ITO p83HOeTb 
peaKTRBHOeTeH On3-1 R On3-2 paBHa ( 2,0:!:_0, 7) X lQ -S • 

TaK KaK rrony'IeHo yaosneTBopRTenbHoe pa3aeneHne 
MOlliHOeTR peaKTOpa Me)Kay ITOaBR)KHbiMH 30H8MH llpR RX 
rrooqepeaHoil: pa6oTe, aononHHTenhHOH tPR3R'IeeKoil: 6anaH
enpoBKR On3-1 H On3-2 H3-3a ee TpyaoeMKOeTR He 
rrpoR3Boannoeb. BtvteeTe e TeM Mbi aaaeeMeH, 'ITO e Te
'IeHHeM BpeMeHR aeKoTopoe e6nR)KeHne 30H no peaKTRB
HoeTn 6yaeT rrpoHexoaRTb BeneaeTBRe llOBhlilieHHOH eKopo
eTR BbiropaHH51 ypaaa-235 B 6onee a~¢eKTRBHOH rroaBR)K
HOH 30He. llnx yeKopeHHH aToro rrpoueeea rrpeayeMoTpeHo 
ysenR'IeHne yaenbHoro Beea pa6oTbi l1EP-30 e 6onee 

a¢4JeKTHBHOH 30HOHo 
4. 0Taoweane rronywRpRHhl aMrrnnTyaaoro paerrpeaene

HHH HMITynhCOB MOWHOeTR, tlJopMRpyeMbiX KB)KaOH 30HOH 0 

K HaR6onee Bep05ITHOH (pRe. 2) Jln51 o6eRX 30H oaHH8KOBO 
H paBHO 0,08. llng qaeTOTbl enenoB8HH51 HMrrynbeOB 5 fu 
(pRe. 3) 8TO OTHOilieHHe 6onbwe R eoeTaBHnO 0,09 (aMe
eTO 0, 16 ao 38MBHbl TeXHOnorR'IeCKOA M8IliHHhl (eM. 
pRe. 4) ) • H eKoTopoe yxyaweane aMrrnnTyaaoro pacrrpe
aeneHHH o6'b5IeHSieTe51 JlOITOnHRTenbHblMR 4JnroKTY8UII5IMR 
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PRe. 2. Paerrpeaeneane aMrrnnTyn HMnynhCOB MOlliHOCTR 
l1EP-30. N - eq~T B KaHane aHann3aTopa, A - aMnnnTy

aa RMrrynbea MomaoeTH, OTH.ea., e I • El2 • AI , A 2 -
nonywnpRHa n aan6onee sepoHTHaH aMrrnnTyaa eooTBeTeT
BeHHO anSI on3-1 H on3-2. Pe)KRM pa6oTbl peaKTopa: 
cpeaH5151 MomaoeTb 15 KBT, qaeTOTa RMnynbeOB 100 ru, 

CKOpOCTb aRCK8 On3 50 o6/c. 

peaKTRBHOCTH, Bbl3blB8eMbiMH KpyTHnbHbiMH Kone6aHH5IMH 

BCITOMOraTenbHOH noaBH)KHOH 30Hhlo 
~niDKTY8URR 8MITnRTya RMITynbeOB MOlliHOeTH B peaK

Tope J1EP-30 onpeaengroTe51 Kone6aHR5IMH peaKTHBHOCTH, 
CKOpoeTH OCHOBHOH noaBH)KHOil: 30Hbl1 HHTeHCHBHOCTH 
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Prrc. 3. Pacrrpeaenearre aMrrnrrTyll rrMrrynbCOB MOIUHOCTIT 
VIEP-30. N - c'leT B KaHane aaanrraaTopa, A - aMrrnrrTy
aa rrMrrynbca MoruaocTrr, OTH.ea., 8 , A - rronyrunprrHa 
rr Harr6onee BepoHTHaH aMrrnrrTyaa. Pe•rrM pa6oThl peaK
Tapa: CpeJlHHH MOIUHOCTb - 15 KBT, qaCTOTa - 5 ITMII/c, 
CKOpOCTb JlllCKa 003 50 06/ Co 
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Prrc. 4. Pacrrpeaenearre aMrrnHTYil rrMrrynbcoB MOIUHOCTH 
VIEP-30 ao aaMeHhi 003. N- cqeT B KaHane aaanrraaTo
pa, A - aMrrnrrTyaa rrMrrynbca MOIUHocTrr, oTa.ea., 8, A -
nonyrurrprraa H aarr6onee BepoHTHaH aMnnrrTyaa. Pe•rrM pa-
6oTbi peaKTOpa: cpeJlHHH MOIUHOCTb 13 Kfu 1 qaCTOT8 -
5 HMn/ c, CKOpOCTb JlHCKa 003 50 o6/c. 

ITCTO'IHITKa 3aiia3}lbiBalOIUITX HeHTpOHOB, a TaK*e CTaTIT
CTH'18CKHM xapaKTepOM pa3MHo•eHHH HeliTpOHOB IIpH 
pa3BHTHH HMIIynbca MOIUHOCTH. OocneJlHHll 8~~eKT IIpH 
cpeJlH8ll MOIUHOCTH BbiiUe H8CKOnbKITX KHnOBBTT He3Ha'III
TeneH (cpaBHHTb prrc. 3 H prrc. 5). BoaaelicTBHe apyr 
Ha apyra COC8JlHITX ITMIIynbCOB MOIUHOCTIT pa3niT'IHhlX 8Hep-
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Puc. 5. PacnpeneneHne aMrrnuTyn HMnynbcoB MOliiHOCTH 

YIEP-30. N - cqeT B KaHane aHanHaaTopa, A - aMnnH

Tyna HMnynbca MOliiHOCTH, OTH. en.. e • A - rronyiiiHpHHa 

u Han6onee aepoHTHaSI aMnnHTyna. Pe>KHM pa6oThi peaK

Tapa: cpenHHSI MOIIIHOCTb 1 KBT, 'laCTOTa - 5 HMII/c, 

cKopocTb nHcKa Ofl3 50 o6/c. 

rHH IIpOHCXOnHT BCnenCTBHe H3Mel!eHHSI Hl!TeHCHBHOCTH 

HCTO'IHHKB aanaanbiBBIOliiHX HeHTpOHOB H lf3MeHeliHSI peaK

THBHOCTH1 Bbl3biBBeMOrO OTpHUaTenbllbiM MOliiHOCTHbiM 

Koa¢¢HuneHTOM. 06a sTu rrpouecca no s~eKTY rrpoTHBo

rrono>Kllhi: IIOHH>Kel!H8SI SlleprHSI HMIIynbC8 IIOBbiiiiBeT pe

aKTHBHOCTb K MOMeHTY ~OpMHpOB8HHSI O'lepenHOrO HMIIynb

Ca aa C'leT oxna>KneHHSI 30llb1 1 HO BMeCTe C TeM Cl!H-

10 

>KaeTCSI HHTeHCHBHOCTb 38II83nhiB8IOIIIHX HeHTpOHOB H 9~
~eKT qacTH'IHO KoMneHcHpyeTcH. Ha puc. 6 noKaaaHhl rro

cnenoBaTenbHOCTH aMnnHTyn HMnynbcoB MOIDHOCTH YIEP-30, 

~opMHpyeMhiX Ofl3-l H Ofl3-2 c paaHoCTbiO peaKTHBHOCTH 

2,6 x 10-5 • Kone6al!HH 9Heprnft norronHHTenbHO ycuneHhi 

ucKyccTaeHHOH paccnllxpoHnaauneft nHcKoB Ofl3 H Bfl3. 

VIa sKcnepnMeHTa He ynaeTcH HaRTH KoppenHUHH Me>Kny 

cocenHHMH HMIIynbC8MH MOliiHOCTHo 

OcHoBHoli BKnan B paa6poc 9Hepruft HMrrynbCOB Mom

HOCTH BHOCSIT KOne6aHHSI peaKTHBHOCTH 1 CBSI38l!Hble C BH-

6pauneft cTep>KHeli HenonBH>KliOH aol!hi H oceBhiMH 6neHHH

MH nncKa Ofl3. CHH>KeHne ~niOKTyaunn peaKTHBHOCTH n, 

KBK cnencTBHe, aMIInHTyn HMIIynbCOB MOIUHOCTH nocne 
38MeHhl 30H nOCTHrHyTO IIOBhliiieHHOH TO'IHOCTbiO H3ro

TOBneHHSI TexHonorH'IeCKOH M8lllHHhl H TIUaTenbHOH 6anaH

CHpOBKOH nonBH>KllbiX 9neMeHTOB. 
5. PacnpeneneHHe aaaHMllhlX KpyTHnbHhlX Kone6aHHli 

nncKoB Ofl3 n Bfl3, apamaiOmnxcH cooTBeTCTBeHHO co 

CKOpOCTbiO 3000 H 300 o6/MHH 1 IIpHBeneHO l!a pHCo 7. 
Cn:rHanhl c naT'IHKOB KOHTponH aaaHMl!oro nono>KeHHH 

nncKoB qepea 9neKTpoHHYIO cxeMy I 41 perHcTpnpoaanncb 

MHoroKaHanhHhiM BpeMeHHhiM anannaaTopoM. B HOBOH 

TeXHOnOrH'IBCKOH M8lllHHe naT'IHK IIOnO>KeHHSI nHCK8 BCIIO

MoraTenbHOH rronBH>KHOH aoHhi ( Bfl3) ycTaHoBneH Heno

cpencTBeHHO Ha aany, H na pacnpeneneHHH OT'IeTnHBO 

BhlSIBnSieTCSI aCHMMeTpHS1 1 Bbi3hiB8eMaSI l!epaBHOMepHOCTbiO 

pa6oThl KHHeMaTH'IBCKOH uenn (2 Ha pnc. 7). B cTapoft 

TBXHOnorH'IeCKOH M8II1HHB ynaneHHe naT'IHK8 OT nHCK8 

Bfl3 pHnoM ne>KeCTKHX coennnennft crna>KHBano peanbHhiH 

xapaKTep apamenHH nucKa (1 na pnc. 7). flo a6coniOTHOH 

BBnH'IHHe pa3M8X B38HMHhlX KOne6al!Hll nHCKOB He npeBhl

maeT 2°. 
B aaKniO'Ienue cqnTaeM CBOHM nonroM no6naronapHTb 

YI.M.ct>paHKa, E • .ll.Bopo6beBa aa HHTepec K pa6oTe n no

neaHhiB o6cy>KneHHH, f.fl.)i(yKoBa, r.H.3nMHH8, B.A.Eenb

KOBU8 38 IIOMOIUb B IIpOBeneHHH H3MepeHHHo 
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Pwc. 7. PacrrpeneneHHe KpyTHnhHhiX Kone6aHHH nwcKoB 
Of13 H Bf13 J.1EP-30. n - HoMep KaHana aHanwaaTopa, 
IUHpRHa KaHana 2 MKC 1 N - CTieT B KaHane, 1, 2 - pacrrpe
neneHHe KOne6aHHH COOTBeTCTBeHHO llO H ITOCne 3aMeHbl 
OIT3. (n~ax-~in) H (n~ax-n;in ) - paaMax KpyrHnbHhiX KO
ne6aHHH COOTBeTCTBeHHO nng pacrrpeneneHHB 1 H 2. 
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PyKonHCb nocTynnna B H3AaTenhCKHH oTnen 
17 aBrycTa 1976 rona. 

HeT ~H npo6e~oa a BarneH 6H6~HoTeKe? 
8bl MOll<eTe noJiyqHTb no noqTe nepe~cJieHHble HHJKe KHHrH, 

eCJIH OHH He 6biJIH 3aJ<a3aHbl paHee. 
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