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Ha ceccHHX Y'leHOI'O CoseTa 06oe.aHHeHHOI'O HHCTHTyTa sr.aepHhiX HCcne.aosaan:lt 

H8'1HH8SI C 1957 I'O.aa S .aoKna.aax na6opaTOpHH He:ltTpOHHOA cPH3HKH C006WaliOCb 0 

npoeKT8X1 8 38TeM 0 XO.ae CTpOHTellbCTS8 HMrrynbCHOI'O pe8KTOpa H8 6biCTpbiX He:ltTpO

H8X1 0 I1ll8H8X H8y'IHhiX pa60T na6opaTOpHH H 0 ITO,ai'OTOBKe 8KCI1epHMeHT8llbHOH arrrrapa

Typhi1 Heo6xo.aHMOH .ansr aaqana Hccne.aosaHHA. 

YqacTHHKH MaAcKoA ceccHH Y'leHoi'o CoseTa 1960 Po.aa no3HaKoMHnHCb c peaKTo-

pOM S TO speMSI, KOI',a8 OCHOSHbie MOHT8:>KHbie pa60Thi 6hiliH 38KOH'IeHbi H H8'18liCSI 

3arrycK peaKTOpa. BcKope nocne aTOI'O - 23 HIDHSI 1960 I'o.aa peaKTOp .aocTHI' KpHTH~e

CKoro COCTOSIHHSI S HMI1YllbCHOM pe:>KHMe H S HIDlle 6hin .aose.aeH ,ao rrpoeKTHOA MOIU-. 

HOCTH. 

PeaKTOp HOSOA KOHCTpyKUHH 1 K8K SCSIKOe HOSOe HH:>KeHepHO-cPH3H'IeCKOe coopy»<:e-

HHe, co.aep»<:HT s ce6e HeMano HeH3secTHoro. flycK peaKTopa H ei'o HCIThiTa-

HHH C8MH 110 ce6e SISliSIIDTCSI HCcne.aosaTellbCKOA pa60TOH 0 npe.aCT8BliSIIDIUeH C8MOCTOSI

TellbHhiH HHTepec. Cne.ayeT OTMeTHTb1 'ITO C0!3peMeHHbie 3H8HHSI cPH3H'IeCKHX npoueccos 

S pe8KTOpe ,aOCTHI'liH T8KOI'O ypOSHSI 0 'ITO nose.aeHHe pe8KTOp8 MO:>KeT 6b!Tb npe,aCK838-

HO C 60llbWOil: CTeneHbiD ,lleii:CTSHTellbH01 HCI1hiT8HHSI peaKTOpa I10K838liH 0 

'ITO see paaee c.aenaHHhie pacqeThi ei'o .aHH8MHKH aennoxo onpas.aanHcb. LITo KacaeTcH 

HH»<:eHepHbiX H TeX.HH'IeCKHX peweHHit1 TO 3,aeCb psr,a SOI1p0COS MO:>KeT 6hiTb ShiSICHeH 

"'- TOllbKO S pe3yllbT8Te .anHTenbHOI'O OI1h!T8 8KCI1lly8T8UHH H HCI1biT8HHit, noKa 

' l \1 

Onh!T pa60Thl H8 pe8KTOpe HesenHK1 HO OH I'OSOpHT 0 TOM 0 'ITO KOHCTpyKUHSI peaKTOpa 

H CHCTeMhl ei'O ynpasneHHSI peweHbl y ,a8'1HO, Cno»<:Hasr annapaTypa, npe.aHa3Ha'leHHasr 

.ansr ynpasneHHSI H nycKa peaKTopa, so scex cnyqasrx pa6oTana 6e30TK83HO, 

BnH»<:aH:mell: 38,aaqeA na6opaTOPHH SISJISieTCSI . npo.aon»<:eHHe HCI1b!T8HHH peaKTOpa 

,anSI 6onee ,aeT8llbHOI'O H3y'leHHSI ei'O cPH3H'IeCKHX xapaKTepHCTHK H o6ecneqeHHSI epo 

HopManbHoA aKcnnyaTaUHH, O.aHospeMeHHO 6y.ayT pa3sepThiS8TbCH Hccne.aosaHHSI s o6-

nacTH aeATpOHHOH cPH3HKH C HCI10llb30S8HHeM nO.ai'OTCSJieHHOA K H8CTOSIIUeMy speMeHH 

annapaTyphi. 

BMecTe c TeM, y:>Ke ceil:qac sH.aHa S03MO:>KHOCTb .aanbHeH:wei'o ynyqweHHSI 

pe8KTOp8 S UeliSIX yMeHbWeHHSI .anHTellbHOCTH HMITyllbCOS H ITOShiWeHHSI ei'O MOIUHOCTH, 

K 8TOA pa6oTe na6opaTOpHSI 6y.aeT I'OTOBHTbCSI. 

K H8CTOSIWeMy speMeHH pe8KT0p npowen ,ase cepHH HCI1h!T8HHH, H3 KOTOpb!X 

BTOpasr ewe He 38KOH'IeH8, B nocne.aHee speMH peaKTOp HCI1b!Th!S8liCSI S pe»<:HMe, S 

t 

j 
! 
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KOTOpOM OH I"9HepapyeT 8,3 HMnynbCa B CeKyH.Lly ( 500 B MHHYTY) • Bo Bp9MSI HMnynbCa 

MOll.lHOCTb H3JIY'I9HHSI H8p8CT89T npHM9pHO B 70 Tb!CSI'I p83 1 npH'19M nonyUIHpHH8 HMnynh

ca COCT8BJISI9T 36 MHKpoceKyHA. npa cpe.a.Heit MOll.lHOCTH peaKTOpa B 1 KHJIOB8TT MOlll

HOCTb S M8KCHMyMe HMnynbC8 .Ll0CTHI"89T 3000 KHJIOB8TT1 'ITO COOTB9TCTByeT MI"HOBeH-

17 
HOit 89JIH'IHH9 rno6aJibHOI"U nOTOK8 H3 peaKTOpa OKOJIO 10 H9itTpOHOB B CeKyHAYo .. 

npe)K.Ll9 '19M nepeXOAHTb K H3Jl0)1(9HHIO peaynbT8TOB npo.nenaHHOit pa60Tbl 1 Heo6-

XO.LlHMO CK838Tb o6 ee yqacTHHKax. Paapa60TKa KOHCTPYKUHH peaKTopa, HaroTosneHHe 

ero OTJ].9JlbHbiX Y3JIOB 1 HX MOH:ra)l( H HCnbiT8HHSI1 nycK H HCCJ19AOB8HHSI peaKTOpa - STO, 

paayMeei'cSI, KonneKTHBHbiit TPYA 6onbworo 'IHCna cneuHanHcTo~. 

Pa6oTa no npoeKTHposaHHIO HMnynhcKoro peaKTopa Ha 6hrcTphrx HeiiTpoHax 6brna 

aa'laTa no npe.nno)l(eHniO .[l.VI. EnoxHHuesa B <PHaH'IeCKOM HHCTHTyTe 1 ocy .napcTseHHoro 

KoMHTeTa roseTa MiHHCTpos CCCI? no HcnonbaosaHHIO 8TOMHOH SHeprHH npHM9pHO 

nSITb neT TOMY H838A. 3Ta pa6oTa 6hina BbliiOJIH9H8 rpynnol!: cneUH8JIHCTOB; T.T. 

IO.fi.CTasnccKHM, VI.>L EoH.napeHKo, I:O.A. 5niOMKHHOit 1 B.n. 3HHOBb9BbiM, H.B. KpacHo;

poBbiM, <P.VI. YKpaHHUeBbiM H .a.pyi"HMH no.n Hay'IHbiM pyKOBO.LlCTBOM 0 • .[1. Kaaa'IKO~o

ro. 3TH )1(9 TOB8pHll.lH COBM9CTHO C pa60THHK8MH fla6op8TOpHH HeitTpOHHOH <i:JH3HKH 

Hawero HHCTHTyTa ocymecTBJISIJIH nyCK H npOB9A9HH9 HCCJI9AOB8HHit pe8KTopa. 

CTpOHTenbCTBO peaKTopa noTpe6osano peweH_H:il pg.a.a HH)I(eHepHbiX aa.a.a'l. KaK 

H3B9CTH0 1 KOHCTpyKUHSI STOI"O peaKTOpa OTJIH'I89TCSI OT 06bi'IHblX np9)1(J].9 BC9I"O H8JIH'IH-

9M M8lUHHhl 1 o6ecne'IHB810ll.l9H 6b!CTpb!9 1 nepHOAH'19CKH nOBTOpS110ll.lH9CSI H3M9H9HflSI 

peaKTHBHOCTH. 3Ta yHHK8JlbH8Sl M8lllHH8 6bin8 CKOHCTpyHpOB8H8 H nOCTpOeHa UeHTpanb

HblM Hccne.nosaTenbCKHM HHCTHTYTOM HM. EapaHosa. HanHqne B peaKTope 6biCTpo

.LlBH)I(Yll.lHXCR '18CT9it nOTpe6osano pemeHHSI H9KOTOpblX M8TepH8JIOB9A'I9CKHX BOnpOCOB. 

PeaKTOp OCH8ll.l9H p83JIH'IHhiMH OpHI"HH8JlbHO CKOHCTpyupOB8HHhlMH ycTpOitCTB8MH 1 

o6ecne'IHB810ll.lHMH B03MOAHOCTb nnaBHOit perynHpOBKH peaKTHBHOCTH peaKTOpa H asa

pHitHOit aall.lHThi. Bnepsbre paapa6oTaHa annapaTypa, noasonRIOll.laR KOHTponHposaTb M:om-

HOCTb peaKTOpa B HMnynbCHOM p9)1(HM9 H 06ecne'IHB810ll.l8SI T8K)I(9 H 8BTOM8TH'Ie-

CK09 ynpaBJI9HH9 p98KT0p0Mo .[lng p83M9ll.l9HHSI peaKTOpa H H3M9pHT9JlbHOH annapaTypbl 

noTpe6oB8JIOCb np09KTHpOB8HH9 H CTpOHT9JlbCTBO cneUH8JIH3HpOB8HHbiX nOM9ll.l9HHA H T • .Ll. 

Bo Bceit sTofi pa6oTe npHHHManH y'laCTHe paanH'IHbie npoeKTHhie y'lp9)1(A9HHR 1 

HHCTHTyTbl H na6opaTOpHH. VIH)I(9H9pbl H Y'I9Hbl9 STHX Opi"8HH38UHit BH9CJIH 3H8'1HTenb-

Hb!H BKJI8A B pa6oTy no C03.Ll8HHIO yCT8HOBKH. OcHOBHhlMH y'laCTHHKaMH STHX 

• 
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pa6oT 6biJIH T.T. r.E. DJlOXHH, B.A. DO'IKOBCKHA, l1.c. lOJlOBHHH, E.B. KpyTHKOB, 

n.M. Haaapoa, B.M. Jle6eaes, B.A • ./'V\anhiX, B.l1. Opnoa, A.C. 3aAMOBCKHA H MHOrHe 

.apyrHe. 

CaMo co6oA paayMeeTCSI, 'ITO sec&Ma 6on&woA o6'heM pa6oTbl Bblnonaea H coTpy.a

HHKaMH 06'be.llHHeHHOrO HHCTHTyTa Sl.ll9pHbiX HCCJle,llOB8HHA. 0CHOBHaSI TSI)K9CTb pa60Thi 

nerna Ha OT.ll9Jl 9KCnnyaTaUHH peaKTOpa1 KOTOpbiM pyKOBO.LlHT rnaBHhiA HH:>Keuep na6opa

TOpHH C.K. HHKonaea. Eon&woA BKnaa B pa6oTy aaecea HH:>KeaepaMH E.H. .Llepg

rHHhiM1 E.H. EyHHHbiM, A.K. nonOBbiM, E.E. JloiUHJlOBbiM, c.A. KaaCHHKOBhiM, B.M. 1-Ja

aapOBhiM, B • .Ll. Aaau&eBhiM H MHOrHMH .apyrHMH. 

Xopowo pa6oTanH Mono.able KHTaAcKHe HH:>Keaephi T.T. Baa illH-.llH, '-lea& Te-IOH1 

Uaea 1-JaA-rya. 3ua'IHTen&Hblil: B.Kna.ll B paapa6oTKY TeopHH peaKTopa H BblnonueaHe 

nycKOBhiX pa6oT saec KHM Xea Boa ( KH.llP). PH.ll aeo6xo.aHMhiX pac'leTOB Bhinonaea 

B.H. E<i>HMOBhiM, E.n. Wa6anHHhiM H .ap. 

B HCnhiT8HHSIX peaKTopa 

pyKOBO.llCTBOM ¢.!1. WanHpo: 

aenocpeacTBeaaoe y-qacTHe npHHSIJIH H <i>H3HKH DOLl . 

IO.C. HaBHUKHA, B. VI. JlyiUHKOB, r.c. CaMOC'BaT, 

A.B. nonoa H apyrHe. Eon&woa o6'heM pa6oThi Bhinonaea oT.aenoM aneKTPOHHKH, 

KOHCTpyKTOpCKHM 610p0 H MaCTepCKHMH na6opaTOpHHo 3.aecb pa6oTaJIH KaK COBQTCKHe 

CneuHaJIHCTbi1 TaK H <iJH3HKH H HH:>KeHepbi H3 pa3JlH'IHhiX CTpaH- yqaCTHHU HHCTHTYTat 

rnaBHhiM o6p830M MOJIO.ll9:>Kb. Oo CYIU9CTBY BeCb KOJIJleKTHB Jla6opaTOpHH1 MHOrHe pa60T" 

HHKH HHCTHTyT8 H, Dpe:>K.ll9 Bcero, .LlHP9KTOp 06be.LlHHeHHOrO HHCTHTyTa Sl.llepHbiX HCCJie

LlOB8HHA npo<t>eccop .U.Vf. EnoxHHuea 6hiJIH y'ISCTHHKaMH aToro oTaeTcTseauoro aTana 

pa60Tbi Jla6opaTopHH aeii:TpOHHOA <iJu3HKH. 

MaraiOIUHA peaKTOp Ol1Hl1 

1-Ja npe.Llbi.LlYlllHX CeCCHSiX Y''leaoro COBeTa HeO,llHOKp8THO C006IUaJIOCb 06 OCHOBHbiX 

OC06eHHOCTSIX KOHCTpyKUHH peaKTOpa. nosTOMy ceil:qac MO:>KHO OCTaHOBHTbCSI Ha 9TOM 

BODpOce JlHWb BKpaTU~ H COCp9.llOTO'lHTb BHHMaHHe !'JtaBHb!M o6pa30M sa o6cy:>K.ll9HHH 

MeXaHH3Ma ero pa60Tbi H nony'leHHbiX K HaCTOSIIUeMy BpeMeHH 9KCDepHMeHTaJibHbiX 

peaynbTaTax. 

KaK H3BeCTB01 OCHOBHBSI OCo6eHROCTb 9TOrO peaKTopa COCTOHT B HaJIH'lHH B HeM 

M9XaHH3M81 OCyiUeCTBJlSIIOIUero nepHO.llH'leCKH DOBTOpSIIOIUeeCSI H3MeHeHH9 peaKTHBHOCTHo 

.UnSI· 9TOI uenR CJly:>KHT 6biCTp0 Bp8IU810IUHICSI CT8JlbHOI LlHCK 1 B KOTOpbiA B6JIH3H nepa-

<iJepHH aanpeccosaa BKJIB.llbiW H3 ypaua -235.~ .................... ~ .............. .-



6 

B sxcnepHMesTax,. o xoTophlx s 6yny paccxaabi88Tb, ll.HCK co8epwan 83 o6opoTa 8 ce

xyHil.Y { 5000 o6opoT08 8 MHHYTY). npH 9TOM nHHeAH851 cxopOCTb IJ.8H>K9HH51 8Kn81J.biW8 

COCTaBnSleT 230 M9Tp08 8 cexysny. VfMeeTCSl 803MO>KHOCTb D08biCHTb <iHcno o6opOT08 

llO 6000, 'ITO npennonaraeTCSI cnenaTb 8 ll.MbHelweM. npH 8p8W8SBH IJ.HCKa 8Kn81J.hlW 

npoXOilHT M8>Kil.Y K8CC9T8MB C nnyTOSH88biMH CTep>K9HbK8 MH { S9DOIJ.8H>KH851 8KTH8S851 

30S8) 1 8hl 801J.Sl peaxTop sa 88CbM8 KOpOTKHI CpOK 8 H81l.KPHTH'l9CK08 COCTOBHHe. 3TOT 

yp8H08bll 8Kii81J.biW, HMeiOWHA !f:lopMy IJ.HCK8 1 

HOI 30HOA - coxpawesso ona. 

,. 
5I 6y IJ.y S83bi88Tb OCH08HOI DOIJ.8H>K-

t:!Hcno no8Topesal BMnynbCo8 83 8 cexysny cnHwxoM 8enHKO nnH psna sxcnepa

M811T08 H He noa8onHeT pa6oTaTb c MenneHHbiMB HeATposaMH npa nonHoA nnHHe npo

neTHol 683hl 1 paBHOI 1000 M. t:iT06hl H369>K8Tb 9TOI Tpyll.HOCTB, 8 peaKTOpe HM99TCSI 

8:'0pOA 8p8W810WHIC51 IJ.HCK M9SbWero p83Mepa, 8 KOTOpbii T8K>K9 aanpecCOB8H ypaHo-

8hll BKn81l.hlUI. ( BcnoMoraTenbHaSl 8KTB8H8Sl aosa, coxpawesso ana). 3TOT acnoMora

TenbHhll ll.HCK MO>KeT 8pawaTbCH c MesbWeA cxopocTbiO, '19M ocH08HOI. PeaxTop cTa

HOBHTCSI Jl81J.KpHTH'l9CKHM 1 TOnbKO ecnH o6a BKn81J.hlW8 On3 H Bn3 COBM9W8Hhl C nes

TpoM seno,aBH>KHol axTB8sol aoHbl. KoHCTP.YKUHH noa8onseT yMeHbW8Tb 'lBcno o6opo

T08 8cnoMoraTenbHoro nHcs:a no cpaasesHIO c ocsoBShlM 8 onpeneneHHoe 'lHcno paa, 

sanpHMep, 8 10 paa. Torna 8CDhlWXA 803HBK89T OIJ.HH paa H8 K8>Kil.b19 1J.9C51Tb o6opo

T08 OCHOBSoro ll.BCX81 T.e. npHM8pHO 8 p83 8 ces:ys,ay. Celqac, K8K y>Ke OTMe'lanOCb, 

HCUbiT8Sbl ll.B8 pe>KHM8 pa60Tbl pe8KTOpa, 8 BM9HHO: pe>KHM, npH KOTOpOM peaKTOp re

S9pHpyeT 8,3 HMn.fces: H 83 HMn./ceK {8CDOMOr8TenbHhll IJ.HCK OCT8H08nes). 0cH08H08 

H3M9H9SH9 p98KTH8HOCTB 8HOCHT nepeM9W9HHe On3 - 7,4%, 8CDOMOraTenbSbll 8Kn81l.hlW 

- Bn3 MesHeT peaxTBBHOCTb sa 0,4%. 

CHcTeMa ynpaaneaas H 38WHThl peaxTopa o6ecne'lH8aeT HaMeHeHHe peaxTHBHOCTH 

CHCT9Mbl npH nycxe, pa6oTe H raWeHHH peaKTOpa, a8apHIHyiO ero OCT8HOBKY 1 KOHTpOnb 

ypo8.HSI MOI,UHOCTH 80 BC9X pe>KHM8X pa60Tbl H aBTOM8TH'lecxoe nonnep>KaHHe ypo8HSI 

;;.;r-· 

MOWHOCTH {npH MOWHOCTH BbiWe 1 B8TTa). Jlns 880.08 (HnH 8hl80.1l8) 6onbWOI peaKTHB· 

HOCTH HCIIOnb3yeTC51 'rpy6bii perynsTop"' { rp). rp Sl8nsreTCSl IIOIJ.BH>KHOI 'l8CTbiO OTpa

>KaTenH. C IIOMOWbiO cepBonpHBO.Il8 OH MO>KeT nepeM9W8TbCSl, o6ecne'IH88Sl H3M9H9SH9 

-5 -5 
peaKTHBHOCT_H CO CKOpOCTbiO OT 13 • 10 1/cex ll.O 1,3 • 10 1/cex. Jlns TO'l.HOrO 

H3M8H9HHSI peaKTHBHOCTH HCDOnb3yeTC51 py'IHOI perynHTOp (pp)-cTep>K8Hb
1

TAX>K9 SIB

n5110WHIC51 'l8CTbiO 0Tp8>K8Tens. 

--

• 
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AsTOM&TH'IeCKHit peryn.HTOp ( AP) - TaKoit )l{e cTep.>KeHb, coe.a.HHeHHblit c cepao

npHao.noM CHCTeMbl c!lBTOMc!lTH'IeCKOI"O pe_rynHpOB8HH.H • .Lln.H ueneit BBc!lpHitHOit 3c!lll1H~bl 

Hcnon&ayiOTCH .naa nny~oHHea&IX cTep)I{HH HenoaaH)I{HOit aoH&I ( AC-1 , AC-2), no.nae

weHH&Ie Hc!l aneKTpOMc!li"H.I_ITc!lX. npH fiO.HBneHHH c!lBc!lpHitHOI"O CHI"Hc!lnc!l CTep)I{HH Bbi6pc!lCbi

B8IOTCH H3 c!lKTHBHOit 30Hbl 110.0. .a.eitCTBHeM npy)I{HH ~ C06CTBeHHOI"O aeca C yCKOpeHH-

eM 

PeaKTHBHOCTh, ~aHOCHMc!lH oT.nenhHbiMH opraHaMH, cocTaan.HeT: 

AC-1 H AC-2 1,1% (Kc!l)I{Llbiit) 

f'P 2,6% 

pp 0,1% 

A,P 0,036%. 

B peaKTOpe npe.nycMoTpeHo cneuHanhHoe ycTpoitcTao, npe.a.HaaHa'leHHOe .nnH 

C03Jlc!lHH.H M01UHblX 0,1lHHO'IHbiX HMnynhCOB (6ycTep pec!lKTHBHOCTH ). 

B cHcTeMe ynpaaneHH.H H aamHTbl Hcnonb3yiOTCH .a.ae rpynn&I .naT'IHKOB - nycKo

B&Ie H pa60'IHe.B Kc!l'leCTBe nycKOBblX .O.c!lT'IHKOB HCDOnb3yiOTCH nponopUHOHc!lnhHbie C'leT

'IHKH1 aanonHeHHble BF'~ 11 cHa6)1{eHH&Ie aaMe.a.nHTeneM Ha napacj>HHa. npH Man&IX 

MOWHOCT.IIX (rny6QK8.11 fiO.O.KpHTHKc!l) yCHneHHbie HMnynbCbl OT C'leT'IHKOB 0 anHTenbHOCTbiC 

0,5 MKCeK, fiO,(lc!liOTCH Hc!l nepeC'IeTHble CXeMbl H H3MepHTenH CKOpOCTH C'leTa. Yfcnonb

ayeTCH cxeMa BpeMeHHbiX BOpOT1 CHHXpOHH3Hp0Bc!lHHblX C 110MOUlbiO cPOTO,(lc!lT'IHKc!l C Bpame

HHeM OCHOBHOI"O .0.HCK8.3Ta CXeMa 06ecne'IHBc!leT perHCTpc!lUHIO HeitTpOHOB TOnbKO BOBpeMq 

npOX0)1{,1l~HHH OCHOBHOI"O BKnc!l,(lbllUc!l 'lepea HeUO.O.BH)I{HyiO 30Hy • npH 6onbUlHX MUW.HO-

CTHX OCyUleCTBnHeTC.II HHTei"pHpOBc!lHHe HMnynbCOB OT nponOpUHOHanhHbiX C'leT'IHKOB. 

PeaynhTHpyiOUlHe HMnynbCbi ,(lnHTenbHOCThlO 600 MKCeK, c!lMDnHTy.a,a KOTOpblX nponopuHo

Hc!lnhHc!l 9Hepi"HH 1 Bblaen.HIOUleAC.II 38 BpeMH HeitTpOHHOit BCfiblWKH 1 Hc!l6ni0.1lc!liOTC.II Hc!l 

OCUHnnorpacpe H H3Mep.HIOTC.II C fiOMOWbiO HHTerpHpyiOWHX CX9Mo npH MOWHOCT.!IX BblWe 

1 Bc!lTTa HCnon&ayeTC.H HMfiynbCHc!lH aneKTpOH~c!lH annapaTypa, ,(lc!lT'IHKc!lMH ansi KOTOpoA 

""' Cny:lK&T HMnynbCHO-TOKOBble Kc!lMepbl, aanonHeHHble MeTaHOM. YfMnynbC HOHH38UHOHHOI"O 

TOKc!l B KaMepe, Bbl3Bc!lHHbiA HeilTpOHc!lMH H y -ny'I8MH 1 yCHnHBc!leTC.H H no.a,aeTC.II 

Ha TpHrrepbl aaapHAHoA alnUHTbl (.a,aa HeaaBHCHMbiX KaHana) H ua axoa npeo6paao

aaTenH HMnynbCa. AaapHilH4H aall1HTa racHT peaKTOJl ecnH aMnnHTyaa HMnynbCa 

XOTH 6bi B 0,1lHOM H3 Kc!lHanOB npeBOCX0,1lHT aapaHee 38.0.c!lHHOe 3Ha'leHHeo 
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C BblXO.ll8 npeo6pa30B8T9ml HMIIY.IlbCOB CHHM89TCSI H8IIpSI)K9HH9 1 nponOpUH?H8.Jlb

H09 8MIIJIHTYA9 HMIIyllbCOB, MOUlHOCTBe 3To H8IIpSI)K9HH9 IIOA89TCSI H8 CXeMy aBTOM8TH

'l9C~OI"O peryllSITOpa 06bi'lHOI"O THII8 (cxeM8 Cp8BH9HHSI - YCH.JlHT9llb MOUlHOCTH - 8MII.JlH

AHH - CepBOIIpHBOA ). 

BpaweHHe OCHOBHOI"O H BCIIOMOI"8T9.JlbHOI"O AHCKOB OCYUl9CTB.JlSI9TCSI C IIOMOUlbiO 

cu.noaoa ycTaHOBKH MBKCHMB.IlbBOA MOlllHOCTbiO 100 KBT. YcTaHoaKa BK.IliO'laeT ycKopu

Te.nb H s.neKTponpHao.a, co6paHHbiA no cxeMe neoHap.ao ( TpexMawHHHhlA arperaT).. . ~ 

Ope.OyCMOTpeHa CHCT9M8 pery.nHpOB'8HHS11 o6eCII9'1HB8IOUl8SI 3aiiYCK1 OCT8HOBKY MBWHHhl 

H IIO.ll.ll9p)K8HH9 IIOCTOSIHHOI"O 'IHC.JlS o6opOTOB C TO'lHOCTbiO ~ 2% B .llH8II830ife OT 

2000 .00 6000 o6/MHHo 

.ll.nSI OX.Jl8)K,ll9HHSI B03.llYX81 HarpeB8IOUl9I"OCSI 38 C'l9T TpeHHSI B KO)KyXe OCHOBH0-

1"0 .llHCK81 npe.ayCMOTpeHa UHPKYllSIUHSI B03.llYX81 OTC8CblB89MOI"O H3 KO)KYX81 qepea CH

CTeMy BO,ll.:IHbiX XO.JlO.llH.JlbHBKOB C Bbi6pOCOM B03.llyXa o6paTHO B 38.11 peaKTOpa. 

Ox.na)K.aeHue Heno.aBH*HoA 'IBCTH aKTHBHOA aoHbi ocywecTB.nSieTCSI aTMoc<PepBhlM 

3 
aoa.ayxoM, HarHeTaeMblM c IIOMOlllbiO KOMOpeccopa. Pacxo.a aoa.ayxa ~ 60M /qac. 

06wHA BH.ll yCT8HOBKH peaKTOpa IIOK838H H8 <i>OTOI"p8<i>BH ( pHc.l ) 1 a CX9M8 91"0 YCTpoi

CTB8 H8 pBCa 2. y-

PeaKTop pacno.no)KeB a ueHTpe aa.na paaMepoM 10 x 10 x 7 M. BeTOHHble cTeHbl 

aa.na o6ecnequaawT no.nHyiO aawHTY. PeaKTop cHa6*eB aHa'lHTe.nbHhlM KO.IlH'IeCTBOM 

CII9UH8llbBblX ycTpOACTB 1 II03BO.IlSIIOUlHX B9CTB WHpOKHA Kpyr HeATpOHHbiX .HCC.Jl9.ll0B8HBA. 

0cHOBHOe 9KCIIepHM9HT8.JlbHOe ycTpOICTBO - I"llaBHblA HeiTpOHOBOA AlWBOI 1000 M 1 

IIpe.OCT8B.JlSIIOUlHA co6oA M9T8.Jl.JlH'19CKyiO Tpy6y AH8M9TpOM 400 MM B nepaoA ero '18CTB 

R 800 MM - BO BTOpoA, B KOTopoA: IIOA.ll9p)KRB89TCSI B8KYYM IIOpSI.OK8 0,01 MM pTyTBOI"O 

CTO.Jl68. 1-JeA:TpOHOBO.ll CH86)KeB U9IIbiO IIpOM9)KYTO'IBblX IIaBH.JlbOHOB1 II03BO.JlBIOUlBX ycTa

BaB.JlHB8Tb 9KCII9pHM9HT8.JlbHYIO aooapaTfpy H8 paCCTOBHHB 70, 2501 500, 750 H 1000M. 

Haps.ay C I".Jl8BBhlM H91TpOBOBO.llOM COOpy)KeH BCIIOM OI"8T9llbHblA: 
1 

.llllHBOI 100 M. 

Bn.nOTHyiO K aany peaKTOpa OpHMbiK89T 9KCIIepHM9HT8nbHhli 38n 1 B KOTOphlA MO

>K9T 6h1Tb BblBe.aeHo 4 HeATpOHHhlX ny'IKa. VIMeeTcs aoaMO)KHOCTb Bhlao.aa HeATpoHHhlX 

ny'IKOB a aepxuuA sKcnepHMeHTanbHhlA aan, pacno.no*eHHhiA ua.a aanoM peaKTOpa. n.nu 

p83M9Ul9HHSI p98KTOp8 H 9KCII9pRM9HT8nbHblX OaBH.JlbOHOB IIOK838H H8 pBC. 3. 

Via 

i!o 

• 
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flycK 11 Cp11311qeCK11e 11CCJleJJ.OB8HI1Sl peaKTOpa 

HccnenosaHI1SI peaKTopa HaqanHCb npHMepHo 3a ron no ero rrycKa 11 rrposanl1-

nncb H8 CT8HJJ.0Bb!X ITOJJ.Kp!ITf!qeCKUX C60pK8X, 3TH C60pKI1 DOJlHOCTbiO HMHTHpOB8JlH 

8KTHBHYIO 30HY peaKTOpa. 0Tmiqlie COCTOSlJlO· J111Wb B TOM 1 qTo OCHOBHOH BKJ18J].b!W 

( on3) J1H60 6b!Jl 38KpenneH, J1H60 rrepeMewancSI c Man oil: CKOpOCTbiO, T 8KHM o6pa3oM, 

HB CT8HJJ.e peaKTOp HCITb!Tb!B8JlCSl B CT8UHOH8pHOM ITOJJ.KpHTHqecKOM pe)!(HMe. 

Bo apeMSI 9THX HCITbiTBHHA bbin nonyqeH pSIJJ. Heo6xo.nMMbiX .naHHbiX, 0Hn rro3BOnM

JlH onpe.nenHTb BeJ1HqHHY KpHTHqecKOfi M8CCbl npH p83J1HqHblX p8CITOJ10)!(eHI1SlX nnyTOH11e

Bb!X CTepmHefi, H3Mep11Tb acpcpeKTHBHOCTb opraHOB ynpaaneHHSI 1 a) rnaBHOe 
1 

HBMTH aenn

q11HY .OByX oqeHb cyweCTBeHHb!X napaMeTpOB 1 OT KOTOpb!X 38BHCHT pa60T8 11MDYJ1bCHO

ro peaKTOpa, 3TH napaMeTpbl Mhl 0603H8qaeM 6yKB8MH oL 11 r • 
¢H3f!qeCKHA CMb!CJl 9TIIX napaMeTpOB cne.nyiOlUHHa 

npH CMeweHHH On3 OT OITTHM8J1bHOrO llOJlOJKeHHSI KOacpcpMUHeHT p83MHO)!(eHnSI 

Heii.TpOHOB K MeHSieTCSI no Kaa.npaTHqHoMy saKoHy 

2 C = K- i = cE;n-«X . 
3.necb E,.,- M8KCHM8J1bHOe 3HaqeHHe peaKTHBHOCTH H X - CMeweHHe on3 OT OITTH-

M8JlbHOro ITOJ10)!(9HHSI, BenMqHHY £,., MOJKHO M9HSITb nepeMeweHHeM OpraHOB ynpas

neHHSI peaKTOpoM, Haqf!HaSI oT E,., < 0 , T,e. OT K < 1, .no He6onbWHX nonox<M

TenbHhiX 3HaqeHHfi c, ( K /' I). npH 9TOM peqb H.QeT 0 aenHqHHax I( H E, .OJ1SI 

o(_ .OJlSI Bh!6paHHOit reOM9Tp1111 peaKTopa SIBJ1SI9T-

CSI KOHCT8HTOil:, 0Ha cyweCTBeHHa .OJlSI .0HH8MHKH peaKTOpa, B C8MOM .nene, qeM 60nb

we t:X_ 1 TeM 6b!CTpee MeHSI9TCSI peaKTHBHOCTb DpH .OBHJKeHHH BKJ18.0b!W8 1 TeM KOpoqe 

aonmeH 6hiTb HMnynbC HeitTpoHHoro nsnyqeHHSI, 

BTopofi napaMeTp1 OT KOTOporo T8KJKe 38BHCHT .OnHT9J1bHOCTb HMITYJ1bC8 B 

peaKTOpe, - aTo cpe.nHee apeMSI 

p83MHOJKeHHSI Heii:TpOH<JIB, 

1 B TeqeHHe KOTO~oro DpOHCXO.OHT O.OHH UHKJl 

o( -3 -2 
=0 7•10 CM 

' c- -8 t. = 1,2 • 10 ceK, 

x) 
Hs TeOpHH, pa3BHTOfi BoH.napeHKO H CTaBHCCKHM , cne.nyeT, qTo npi 3a.naHHoA 

x) 
vt.H. BoH.napeHKo, lO.A. CTaBHCCKHA. ATOMHBSI aHeprHSI1 7, 417, 1958. 
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MOlUHOCTH peaKTOpa H3MeHeHHe HHTeHCHBHOCTH HeHTpOHHOrO H3JiyqeHHR B6JIH3H MaKcH

MyMa BCIIbllUKH HMeeT QJOpMy 1 6JIH3KyKi K KpHBOi!: r aycca, nonywHpHH8 KOTOpoi!: pasHa 

& =Kro(-v~ . ;re;- ) J3 

3lleCb 2/ - CKOpOCTb llBH)KeHHR on3, a K- KOaQJQJHUHeHT, 6JIH3KHil: K ellHHHue 

H cna6o 38BHCRlUHA OT .napaMeTpOB peaxTopa. no pacqeTaM, ClleJI8HHbiM KHM XeH Eo

HOM, cne,llyeT noJIO)KHTb K = 1,2. Torlla, IIOllCTasnRH npHBelleHHbie alleCb aHaqeHHR 

l/, eX H r 1 IIOJiyqaeM llJIR (:) BeJIHqHHy 1 COBIIallaKJ.UyiO C :3KCnepHMeHTaJibHbiM 

aHaqeHHeM G =36 MKcex. 06pawaeT Ha ce6R BHHMaHHe To""t>6cToRTenbcTso, qTo f9 Mano 
r.- ., "2 

qyBCTBHTenbHO K senHqHHaM o( 1 {., H V 1 IIOCKOJibKY OHO nponopUHOHaJibHO KOpHIO 

KYPHqecxoMy H3 KOM6HH8UHH aTHX senHqHH. 

nepBbiA nyCK peaKTOpa npOXO.V:HJI ecTeCTBeHHO npH OCT8HOBJieHHOM llHCKe 1 npHqeM 

aanpeCCOB8HHbiA B HeM BKJiallbllU (Qn3) H8XOllHJICR B OIITHMaJibHOM IIOJIO)KeHHH. 8 Ta-

KOM BH.Lle peaKTOp He OTJIHqaeTCR OT 06bJqHoro peaKTOpa Ha 6biCTpbiX Heii:TpOHaX. 

Jlng TOro, qT06bi aanyCTHTb pe8KTOp B HMIIYJibCHOM pe)KHMe, llHCK, COllep)K8lUHA On 3, 

npHBOllHTCR B COCTOSIHHe BpaweHHR C HOMHHaJibHOil: CKOpOCTbiO 5000 o6opOTOB B MHHYTY• 

npH BpaweHHH llHCK8 aaMeTHOe ysenHqeHHe K0:3QJQJHUHeHTa pa3MH02KeHHR npOHCXOllHT 

TOJibKO IIpH ycnOBHH 1 qTO On3 HaXOllHTCSI B HenocpellCTBeHHOil: 6nH30CTH K CBOeMy 

OIITHMaJibHOMY IIOJI02KeHHIOo noaTOMy 60JibWYIO qaCTb BpeMeHH B TeqeHHe Ka)KllOrO o6o·v 

pOT& llHCKa K0:3QJQJHUHeHT p83MH02KeHHR HMeeT IIOCTORHHYIO BenHqHHY TaKyi0 1 KaK ecnH 

6bl on3 soot5we He 6bJnO. BenHqHH8 K B :3TO BpeMR npHMepHO pasHa K, "'0, 93, 

T.e. ED- -0,07. npH :3TOM HanyqeHHe IIOCTORHHOro R.a +Be HCTOqHHKa Hei!:TpOHOB 9'· 
IIOMelUeHHOrO B HeiiOllBH2KHOi!: 30He peaKTOpa, yCHJIHB8eTCR B IIOCTORHHOe qHCJIO paa 

...L 
/E./' T.e. npHME!pHo B 14 paa. Korlla IIpH BpalUeHHH .LlHCK8 On3 npH6JIH)KaeTCR 

K OIITHManbHOMy IIOJIO)KeHH10 1 K0:3QJQJHUHeHT pa3MHO)KeHHR 6biCTpo paCTeT, a aaTeM 

BHOBb yMeHbWaeTCSio PaayMeeTCH1 B HaqanbHblX CT8llHSIX nycKa opraHbl perynHpOB8HHSI 

peaKTOpa H8XOllSITCSI B T8KOM IIOJIO)KeHHH 1 qTQ M8KCHM8JibHOe 3HaqeHHe K0:3QJQJHUHeHT8 

- paaMHO)KeHHSI MeHbWe ellHHHUbl, T.e. Ehr < 0 • B MOMeHTbi npox02KlleHHR on3 qepea 

HeiiOllBH)KHYIO 8KTHBHYIO 30Hy IIOTOK Hei!:TpOHOB MeHHeTCSI. Kate i!i· 1 rlle € MrHOBeH

H8SI BenHqHH8 peaKTHBH0CTH 1 KOT0p8S1 1 KaK Mbl y2Ke BHlleJIH 1 B6JIH3H M8KCHMyMa CJiellye'l;' 

KBaLtpaTHqHoMy aaxoHy. TaKHM o6paaoM, TaKoi!: peaKTop pa6oTaeT xax Heii:TpOHHbiil: 

yCHJIHTeJib 1 IIpHqeM K0:3QJQJHUHeHT p83MHO)KeHHSI, IIOCTOSIHHbiA B IlpOMe2KyTK8X Me*llY 

HMIIYJibC8MH 1 IIpH IIpOX02KlleHHH On3 qepea OIITHM8JibHOe IIOJI02KeHHe Ha KOpOTKOe 

BpeMH B03p8CT8eT, 8 38TeM BHOBb B03BpawaeTCSI K IIpe2KHeMy aHaqeHHIO. 

CSI K 

a npH 

,fr. 

MllJibiX 

• 
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MaKCHMYM H3.11y'teHHSI COBn8LI8eT C MOMeHTOM npOXO:>KLleHHSI 0rJ3 'Iepea OnTHM8.11b" 

HOe nono:>KeHHe, KOI'Ll8 c = E,., . nonylllHpHHa HMnynbCa onpeLienSieTCSI MOMeHTOM. 

B KOTOpbift HHTeHCHBHOCTb H3.11y'leHHSI1 pasHaS! * 1 naLiaeT no CpaaHeHHIO C MBKCH-
/c/ -

MB.IlbHOft B a.sa paaa H 1 C.lleLlOB8Te.llbH0 0 ~~ ::::. 2./ f m/• flpH KBBLlpBTH'IHOM 38KOHe 

H3MeHeHHSI aTo oaua'laeT, 'ITO lllHpHHa HMnynbCa (9 = 2 ,/JE,., / 1 

y ~ 'l/Z 
TaKHM o6paaoM, ecnH c noMOlllbiO cHcTeMbi perynxpoaaHHSI peaKTOpOM aenH'IHHa 

K MaKC 0 yaenH'IHBaeTCSI 1 Teeo C,.., npH6.11H:>K8eTCSI K HY.11I01 TO BMn.llHTy LIB HMnynbCa 

aoapacTaeT, ~ lllHPHHa--ero C:>KHMaeTC.H KBK VJC: /• KorLia Koa¢¢HuHeHT paaMHO:>Ke

HHSI OT.IlH'I8eTC.H OT 1 HB ae.IIH'IHHY 1 MeHblllYIO npHMepHO 0,0031 TO noaeLieHHe peaKTOpa 

CTaH()BHTC.H C.IIO:>K&ee. flpOJieCCbi B peaKTOpe y:>Ke &e.llb3.H paCCM8TpHB8Tb KBK KB83H-

CT8UHOH8pHbi9e B CaMOM .!19.119
1 

npH H9H3M9HHOM KO.IlH'IQCTBe aarrB3LlbiB8IOIUHX Hei!:TpOHOB 

H nocTO.HHHOM c5, Hany'leuxe nOLIKpHTH'tecKoro peaKTOpa ( E < o/LlO.Il:>KHO npH6nH:>KaT&· 

-IE It 
C.H K CT8UHOHapHOMY COCTO.HHHIO, COOTBeTCTBYIOIUeMy LlaHHOMY E • KaK e ""'E='" ' 

+1£1 .L 
a npH ~>0 H8p8CTaHHe MOIUHOCTH HLleT K8K e -:r- ~ • TaKHM o6paaoM xapaK-

TepHbiM BpeMeHeM p83BHTH.H uenHOJ'O npouecca H8 MI'HOBQHHbiX Hei!:Tpouax .HB.Il.HeTC.H 

1
fi • KorLia I E. I Mano H 6brcTpo MeH.HeTC.H1 TO MOIUHOCTb peaKTOpa, cooTaeTcTByiC

IUa.H MruoseuHOMY aHa'leHHIO E. { E < 0), y:>Ke He ycneaaeT ycTaHaanHaaTbC.H. YfaMe

H9HHe MOIUHOCTH-peaKTOp8 OTCTaeT OT H3M9H9HH9 ~ • ~KCHMYM H3.11y'leHH.H Ha'IHHa

eT aana3LlbiB8Tb no OTHOlllQHHIO K MaKCHMyMy KOa!j:l!j:>HUHeHTa p83MHO:>KeHH.H1 a Ll.llHTen&· 

HOCTb HMllynbCa Ha'IHH89T MeHHTbC.H C H3M9H9HHeM C ace cna6ee. npH LlB.IlbHei!:-

weM ysenH'I9HHH r\ MaKe. aenH'IHHa ~ cTaHOBHTC.H paaHoi!: HyniO K MaKc.-:-1 ) 1 

a 3aTeM 1101IO:>KHTen&HOft0 npH STOM, C.I19LlOB8Ten&H01 peaKTOp H8 O'I€Hb KOpOTKHi!: CpOK 

cTaHOBHTC.H HaLIKpHTH'IeCKHM Ll.ll.H MI'HOBeHHbiX HeftTpoHoa. B KB:>KLlOM UHKne paaMHO:>Ke

HHR H9ftTpOHOB HHT9HCHBHOCTb H9ftTpOHHOI'O H3ny'leHH.H B03p8CTaeT1 llOKa On3 rrpH6nH

:>K8eTCSI K OllTHManbHOMY '110.110:>K9HHIO, H oco6eHHO CH.IlbHO pacTeT B TO apeM.H, llOKa 

K ') l, T.e. E > 0. PoeT HHTeHCHBHOCTH npeKparuaeTCSI nHwb nocne Toro, KaK Koa¢!j:>H-

UHeHT pa3MHO:>K9HHR1 npOftLl.H 'lepea MaKCHMyM 1 CHOB8 CTBHeT MeHbllle eLIHHHilbi, T.e. 

peaKTHBHOCTb rrepeftL19T '19pea Hyneaoe 3Ha'leHHe B o6naCTb OTpHUaTe.llbHbiX Be.llH'IHHo .. 
3TO 03K8'IaeT 0 'ITO MaKCHMYM BCnbilllKH OTCTaeT OT M8KCH.MyMa KOs!j:l!j:>HuHeHTB pa3MHO-

:>Ke!UI.R Ha HQCKOllbKO .ll9C.RTKOB MHltpOCeKyHLl (nO.IlOBHHY BpeMeHH rrpe6biBBHHSI peBKTOpa 

B HBLlKPHTH'lQCKOM COCTO.RHHH ). IlonylllHpHH8 HMIIY.IlbC8 npH STOM C.l1860 38BHCHT OT 

M8.11biX H3M9H9HHft c, . 

t 
-~ 

l 
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Ha pll:C.4 B nonynorap!!cpMH,'ieCKOM M8CWTa6e !10K838H8 Q)!(ll:,ll8eM8SI 38Bll:Cll:MOCTb 

MOWHOCTH peaKTOpa OT BpeMeHH ( B Mll:KpOceKyH.ll8X) .ll1ISI pa3ml'iHb!X C_,., , MoMeHT 

BpeMeHH, rrpHHSIThiH 38 Hynb, COOTBeTCTByeT M8KCHMYMY pe8KTHBHOCTH, KpHBhle rrony-

qeHbi KHM ·xeH EoHoM H EcpHMOBhiM s pe3ynbTaTe HHTerpHposaHHSI ypasHeHHSI peaKTo-

pa ( 6e3 yqeTa 38!183.llh!B8IOWHX HeHTpOHOB) B rrpe,llllOJIO)!(eHHH 0 'ITO B peMSI )!(H3HH «["" 

II H3MeHeHHe peaKTHBHOCTH o(_ COOTBeTCTBYIOT senH'IHH8M 0 IIIPHBe.neHHh!M B Haqane 3TOrO 

~ -8 
pa3.nena .noKna.na. TaxnM o6pa3oM rrpHHHManocb, 'ITO l.. = 1,2•10 ceK H E -

I ..1. Z. I J 7/ 2. -7 1 -4 -2 - E -d ~ r.ne o( = e7. =3,7•10 (-- )2 (e\. =7•10 eM , 
- n'1 I MKCeK 

7/ 4 -1 
U =2,3•10 CM,CeK, ), 

-3 vb KPHBbiX (pHC, 4) BH.llHO, 'ITO rrpH C;n =-1.10 MBKCHMYM HMrrynbCa 11Hillb 

HeMHOrO OI183.llhiB8eT 110 Cp8BHeHHIO C MOMeHTOM t: =0, KOI'.ll8 peBKTHBHOCTb MBKCH-

3 
M8ilbH8, np11 3TOM ero 8MI11IHTY.llB p8BH8 ~ 0,8• 10 1 T,e, 11Hillb HB 20% MeHbWe, qeM 

O*H.naeMaSI s KB83HCTauHoHapHOM cnyqae ( f ;_, = I• 10
3

). TaKHM o6pa30M OTKJIOHeHHe 

OT KB83HCT8UHOH8pHOCTH 3,lleCb eme HeBeJIHKO • npH 601Ibilll!X C'H YCJIOBHe KB83H

CTBUHOH8pHOCTH 38Be,llOMO He Bbli101IHeHO, n pH ~~'"' 0 H C,.? 0 BMIWHTy .llB HMDy1IbC8 

ocTaeTCSI KOHe'IHOA, XOT.H H CHilbHO B03pacTaeT c yBeJIH'ieHHeM E, . npH 9TOM DOJIO)!(e- ~-" 

Hue 

np11 

c, 

MBKCHMyMa 8MD1Il!TY.llhl BCe 601IbWe 381183.llbiB8eT DO cpaBHeHHIO C TO'IKOlt f: •0. 
c 3 5 

Cl'l<r = 1• 10 0)!(H,ll8eM8.H M8KCHM81IhH8.H BMDnHTy.Ua ~ 7• 10 1 T.e, DpH H3MeHeHHit 

-3 3 
OT -1· 10 .llO 1•10 OTHOCHTeJibHB.H 8MI11IHTY.ll8 HMDY1IbC8 paCTeT npHMepHO B 

ThiCSI'IY pa3, Cne.nyeT OTMeTHTb1 'ITO KpHBbie ( pHC, 4) .ll810T yMHO)!(eHHe MOIUHOCTH 

HCTO'iHHKa HeltTpOHOB 1 senH'iHHa KOToporo npHHHMaeTC.H aa.naHHoA. B .neltcTBHTenbHOCTH 

3TO HerrpaBHilbH0 1 T8K K8K O.llHHM H3 HCTO'IHHKOB HeltTpOHOB SIBJISIIOTC.H 381183.llh!B8IOIUHe 

HeltTpOHbi 1 'iHCilO KOTOpb!X DpH pa6oTe peaKTOpa CH1IbHO B03paC.T8eT C yseJIH'IeHHeM 

c;;, . ( 3ToT son poe paccMoTpeH no.npo6Hee B cne.nyiOIUeM paa.nene .noxna.na). KpoMe 

TOro cne.nyeT HMeTb BBH.llY 0 'ITO eCJIH OTHOCHTb MOIUHOCTb peaKTOpa B HMI1Y1IbCe He 

K HCTO'iHHKy 1 a K MOIUHOCTH B peaKTOpe B npOMe)!(yTKe Me)!(JtY HMI1Y1IbC8MH 1 TO 8MI11IH 

Ty.llhl KpHBhiX cne.nyeT yMeHbWHTh llpHMepHO HB 110pSI.llOK1 T8K KBK HMeiOIUHeCSI HCTO'I" 

HHKH HeltTpOHOB 

_J_ 

/Eo/ ilOCb B 

B npoMe)!(yTKe Me*.llY HMI1Y1IbC8MH pa3MHO:lK810TCSI1 KBK y)!(e OTMeqa

= 14 paa. 

npu CT8UHOH8pHOlt pa6oTe peaKTOpa se1IH'IHH8 

BpeMSI npe6b!B8HH.H B H8.llKpHTII'IeCKOM COCTOSIHHH ~ 

-3 C,., ......_ 1• 10 H COOTBeTCTBeHHO 

100 MKCeK, BenH'IHH8 MOWHOCTI 

peaKTOpa B M8KCHMyMe HMI1Y1IbC8 110 OTHOWeHHIO K 11pOMe)!(yTK8M Me)!(,lly HHMH He 

5 
rrpeBb!WBeT 10 • npH T8KOlt 8MI11IHTy.lle MOlllHOCTH seJIH'IHHB HMI1y1IbC8 eme .ll01I)KH8 

'\. 

yme 

• 
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no.o.oasaTbCSI nnaBHo:A: perynHpOBKe c noMOWh!O ynpasnHJOWHX CTep:>KHeit PP HJIH AP 

(eM. npe.llbi.llYWHit paa.oen .llOKna.oa). Bee 9TH TeopeTH"leCKH O:>KH.llaeMbre oco6eHHOCTH 

llOBe.ll9HHSI peaKTOpa ,lleHCTBHTeJibHO llO.llTBep,llHJIHCb Ha OllbiTe. 

B npose.oeHHH sKcnepHMeHTOB Renocp~.ocrseHHOe y"laCTHe npHHHJIH ¢HaH"leCKHe 

rpynnhl na6opaTOpHH 1 a llO.lli"OTOBJ19HHaSI HMH H OT.ll9JIOM 9JieKTpOHHKH annap~Typa OKa

aanacb 'l:peaBbr'l:aiiHo noneaRoit. 

.LlJISI TO"lHOI"O Onpe.oeneHH.sl ¢opMbi HMnynbCa He06XO.llHMO llOJib30BaTbCSI .ll9T9KTO

p0M1 perHCTPHPYIOWHM TOJlbKO 6hlCTpbie HeitTpOHbl JIH60 r -ny"lH •. .LlnH nepBOfi ce

PHH OllbiTOB HCUOJlb30BaJICSI CUHHTHJIJISIUHOHHbi:A: C'IeT'IHK ( ~ n s nneKcH-

I"JI8C) 1 BO BTOpOit CepHH OllbiTOB - TOpHeBaSI ,lleJIHTeJibHB.51 KaMepa. VlMnyJibChl OT 9THX 

.oeTeKTopos no.oasanHCh Ra speMeHROit 1024-KaHaJibHbiit aRanHaaTop. AHanHaaTOp aany

CKancH ¢oTO,llaT'IHKOM, CBSI3aHHbiM c spawaJOWHMCSI .llHCKOM, co.oep:>KaWHM orn. Ta

KHM o6paaOM 8H8JJH3aTop BKJIIO"laJJCSI npH BllOJIHe onpe.oeneHHOM llOJJO:>KeHHH BpaW810We

I"OCSI .llHCKB H C'IeT B K8:>K.ll0M KaHane aHaJJH38TOp8 onpe,lleJJHJlCSI "lHCJlOM HMnynhCOB 

OT ,lleTeKTOpa npH p83JlH'IHbiX llOCJJe.llOBaTeJJhHbiX llOJlO:>KeHHSIX On 3 OTHOCHTeJJbHO 

HellO.llBH:>KHOit 8KTHBHOA 30Hhlo l.fHCJJO HMITYJJbCOB ,lleTeKTOpa aanOMHii8J10Cb B Ka:>K.llOM 

H3 KaHanOB aHaJJH3aTopa aa MHOI"O UHKJJOB npOXO:>K.lleHHSI On3 qepea 30HY • nony"leH

H8SI TaKHM 06paaOM KpHBaSI O"leBH.llHO BOCnpOH3BO.llHJla Cpe,llHIOIO aMnJJHTY.llY H ¢opMy 

KpHBOit H3MeHeHHSI HHTeHCHBHOCTH H3Jly"leHHSI peaKTOpa. ~eHSISI lUHpHHY KaHana aRanH

aaTopa OT 8 MKCeK AO 2 MKCeK, BapbHpySI paCCTOSIHHe OT peaKTOpa .llO ,lleTeKTOpa H 

paaMephl ,lleTeKTOpa 
1 

MO:>KHO 6hlJJO CHHM8Tb STH KpHBbie npH scex CTaAHRX pa60Tbi OT 

C8MO:A: H8'I8JlbHOA .llO BbiXO.llll Ha HOMHHanbHy!O MOWHOCTb. I.ilt:pHHa nonyqeHHbiX KpHBbiX 1 

llOJJO:>KeHHe MaKC:HMyMa H BeJJH'IHHS &MllJJHTY.llhl MOWHOCTH OK838JlHCb B COI"J18CHH C 

pacqeTOMo IlosTOMy HX MO:>KHO 6hlJJO HCITOJ1b3008Tb K8K KOHTpOJib npaBHJibHOCTH pa60Tbl 

nyCKOBOA annapaTypbl. npH nepBbiX nyGK8X peaKTOpa T8KHe H3MepeHHSI OK838JlHCb 

qpe3Bbl"l8AHO noneaHbiMH. 

Ha pHc. 5,6, H (noKaaaHa ¢opMa ReitTpOHHOit scnhlwKH npH paanH'l:HbiX pe:>KHMBX 

E -a 
peaKTopa. B cny'l:ae, npe.ocTasneHHOM· Ha pHc. 5, n, .. -5·10 H WHPHRa KpHso:A 

npHMepHO 200 MKCeK: .llJlSI KpHBOA pHc.6 
~ -a 

Ch-7 =-Q,4•10 H lllHpHH8 OKOJJO 70 MKCeK. 

TaKHM o6paaoM, sTo .ewe cnyqaH fiO.llKpHTH'IeCKOI"O pe:>KHM8, npH KOTOpbiX U.lHpHHa 

llHK8 B C:>KHMaeTc.s~ npH yMeHbweHHH a6conJOTHoA senH'IHHbi c,., . PHc. 7 cooTBeT-

CTByeT MI"HOBeHHOA H8.llKPHTH"lHOCTH 

y:>Ke Mano aasHCHT oT E,.,_, H pasHa 

-3 C,_,"" +0, 7 ° 10 o illHpHHa fiHKa B 9TOH o6naCTH 

npHMepHo 40 MKCeK. Cne.oyeT OTMeTHTh, "'TO 

; 

J 
i 
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seJIH'lHHS E, oco6eHHO B o6naCTH cnt '?" 0 IIOKa H3MepeHa co cpaBHHTeJibHO He6onb

woA TO'lHOCTbiO. nosTOMy 8H8JIH3Hp0B8Tb 38BHCHMOCTb WHpHHbl HMnynbCa OT C,.,., 

oco6eHHo rrpH E-, , 6nHaKOM K Hynro, noKa ewe npe)K,aespeMeHHo. O.aHaKo Ha rrony

qeHHhiX LlSHHb!X 0LlH03HS'lHO CJie,ayeT, 'ITO npH Cho ;:> 0 IUHpHHS HMIIYJ!bCa, KSK H 

0)KHJ:l8J10Cb 0 y)Ke Me,aneHHO MeHHeTCH IIpH H3MeHeHHH C • 
nt 

Ha pHc. 8 sKcrrepHMeHTanbHSH KpHsaH pHc. 7 .anH cf>opMbi HMIIyJibC8 COBMeiUeHa 

C pacqeTHOA: KpHBOA LlJlH C -a 
=0 75·10 

~ ' . nonyqeHHoA KHM XeH EoHoM H Ecf>HMO,. 
Bb!M ( B nonynorapHcPMH'leCKOM M8CWTS6e 9TO KpHBSH 8 H8 pH C. 4) • TaK KSK II pH 

-3 c ""1·10 - KSK WHpHH8 1 T8K H cf>opMa KpHBOA HMilynbCa y)Ke M8JIO 'lYBCTBHTeJihHbl 

K He60JihWHM OWH6KSM B H3MepeHHH C H4. 0 TO T8KOe COTIOCTSBJieHHe HBJIHeTCH BIIOJIH~ 

aaKoHHhiM. VIa pHc. 7. BHLlHO, 'ITO aKcnepHMeHTSJihHbie TO'IKH .aeACTBHTeJihHO xopowo 

JIO)KSTCH Ha TeopeTH'leCKYIO KpHBYIO• 

Bb!XOLl Ha MOIUHOCTh H CTSUHOHapHbiA: pe)KHM peSKTOpa 

KaK cne.ayeT Ha cKaaaHJioro, HMnynhCHhiA peaKTop no cywecTsy HBJIHeTCH 

KMTIYJlbCHb!M yCHJlHTeJieM MOIUHOCTH HeA:TpOHHOrO TIOTOK80 npH 9TOM B npoMe)KyTKe -• 

Me)K,ay LlBYMSI HMTIYJibCSMH HHTeHCHBHOCTh H3Jiy'leHHH OCTaeTCH npaKTH'leCKH IIOCTOHH-

HOI H CJIY)KKT KSK 
~

HCXOLlHBH npH reHepauHH cne..ayrowero HMnynhca. 4eM 6onhwe 

~~~ TeM B 60JihiUee 'IHCJIO paa OHa yCHJlHBSeTCH. 3Ta H8'18JlhH8H HHTeHCHBHOCTh 

rrponopUHOH8JlbH8 cyMM8pHOMY H3Jiy'leHHIO IICTO'IHHKOB HeATpOHOB 1 co.aep)KSJUHXCH 

s peaKTope. 0Ha cKna.ahisaeTCH Ha HanyqeHHSI I?. a.+ Be - HCTO'lHHKa, noMeweHHoro 

B HeTIOLlBH)KHOA: SKTHBHOA: 30He 0 HeA:TpOHOB CTIOHTSHHOro ,aeneHHSI H 38TI83Llb!B8IOIUHX 

HeATpOHOB. 3TO CYMM8pHOe H3Jiy'leHHe YCHJIHBaeTCH B npoMe}KyTKSX Me)K,ay HMnynbCa-

MH B TIOCTOHHHOe 'IHCJIO paa 
1
jo/ = 14. 06o3H8'1HM 'lepea Q 'IHCJIO HeATpOHOB 1 

HCnyCKSeMb!X TSKHMH HCTO'IHHK8MH 38 OLlHH UHKJI pa60Tbl peaKTOpa(T.e. B IIpOMe)Ky

TOK OT HMTiyJibCa LlO HMTiyJibCa). ECJIH ~ TIOJIHOe 'IHCJIO HeATpOHOB, HCTIYCKSeMb!X 

BO BpeMH HMTIYJihC81 TO npH 38Ll8Hllb!X o/_ 1 1r 1 ec- H r -nepHOLle TIOBTOpeHHH 
~ 

HMnynhCoB scer.aa 

X= Q/(E_). 
TaKHM o6paaoM -A';;_ nponopuHoHSJihHO Q , a K09cPcPHUHeHT nponopuHoHaJihHOCTH 

SIBJIHeTCH HeKOTOpOA: cPYHKUHeA C,!'H 1 6b!CTpo B03p8CT8IOIUeA:, KBK Mbl BHLleJIH 1 npH 

y.BeJIH'leHHH ~ • npouecc pa3MHO)KeUHSI B HMTiyJihCe IIpOHCXOLlHT UeJIHKOM 38 C'leT 

MrHOBeHHbiX HeA:TpOHOB. 4To KacaeTCSI 38Il83LlhiB8IOIUHX HeATpOHOB, TO OHH BHOCSIT 

csoa 

• _, 
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csoii aKna.a B semP'iHHY Q . B pesynbTaTe oKashisaeTcSI, 'ITO nose.aeHHe 

peaKTopa, HecMOTpSI Ha ero csoeo6paaHe, so MHoroM HanoMHHaeT nose.aeHHe o6bi'IHoro 

peaKTOpa, 3TO CXO.llCTBO Ha'IHH89T npOS!BnS!TbCSI yMe B no.aKpHTH'I9CKOM pe:>KHMe llpH 

10 
cpe.aHeM rno6anbHOM nOTOKe 6hiCTpb!X HeA.TpOHOB H3 peaKTOpa nopSI.OKa 10 HeA.TpOHOB 

B ceKyH.llY ( MOlUHOCTb nOpS!.OKa BaTT a), 

B CaMOM .aene1 .aonyCTHM 1 'ITO B KaKoil:-TO MOM9HT BpeMeHH nepeMelU9HH9M 

perynHpylOIUero cTep:>KHSI 6bi1:Ia HeCKOnbKO ysenHqeaa senH'IHHa E,., < 0. B pesynb

TaTe -~ ( E,.,)sospacTaeT, 

.aeneHHH BO Bp9MSI BCllb!IIIKH 

T.e. 'IHCnO HeATpOHOB ~ 1 a,cne,llOB8TenbH0 0 H 'IHCno 

lllH9 aana3,llh!B8101UH9 HeitTpOHhlo noaTOMy K B9nH 'IHHe 

CSI H9KOTOpOe 'IHCnO sana3,llb!Bal01UHX H9HTpOHOB 0 T.e. 

C03,lla,llyT OCKOnKH 0 HCnyCKalO

Q ,llOnonHHTenbHO npH6BBHT

Q aeMHoro ysenH'IHTCSI. Cpe.a-

HHit nepao.a pacna.aa sanas,llhiBalOIUHX aeitTpOHOB senHK no cpasHeHHIO c npoMe:>KyTKOM 

BpeM9HH M9:>K.llY HMnynbCBMH peBKTOpa, noaTOMy noTpe6yeTCSI MHOrO HMnynbCOB 

peaKTOpa1 llOKB 'IHCnO sana3.llhiB810lUHX H9HTpOHOB, Me.aneHHO HapaCTaSI 1 .llOCTHrHeT 

HOBOrO paBHOB9CHOrO 3HaqeHHSI, nocTeneHHOe HapacTaHHe Q npH nOCTOSIHHOM ~~) 
npase.aeT K nponopuHoHanbHOMy ysenH'IeHHIO H -K. . T aKHM o6paaoM, HMnynbCHhiil: 

_peaKTOp, no.ao6HO 06bi'IHOMy no.aKpHTH'I9CKOMY peaKTOpy, npH H3M9H9HHH peaKTHBHOCTH 

.ll8CT H9Me.aneHHOe ysenH'I9HHe H3nyqeHHS1 1 CBSI3aHH09 C MrHOBeHHbiMH HeitTpOHaMH 1 a 

aaTeM nocTeneHHoe HapacTaHHe HanyqeHHS11 onpe.aenSieMoe ysenHqeaHeM 'IHcna aanaatthi

BalOlUHX H9HTpOHOBo 

YCTBHOBHBIIIHitCSI pe:>KHM peaKTOpa nony'IHM 1 llpHHSIB BO BHHMaHHe, 'ITO (2:~ )B.(. 
I 

r.ae p ~ 0 1003-0THOIIIeHHe 'IHCn a sanaa,llhiBalOlUHX Hei!:TpOHOB K MrHOB9HHb!M 1 T,e,;J.N 

BKna.n B senH'IHHY t2 sana3.llb!B8101UHX H9il:Tp0HOB 1 a ~- OCTBnbHble HCTO'IHHKH ""

( Ra +Be H cnoaTaHHhie). TaKHM o6pasoM 

£'=ft2 +~fK)/(E-J. 
flpH ysenH'IeHHH Cnt BKna.a aanaa.ahiBalOIUHX HeitTpOHOB B senH'IHHY t:( 6y.aeT ... 

HapaCTaTb, n pH cpe.aHei!: MOlUHOCTH peaKTOpa nopSI,ll.KB ,lleCSITH BBTT 'IHCnO aanaa.Z:Xhi-

Ba!OlUHX HeATpOHOB 6y.aeT y:>Ke senHKO no CpaBHeHHIO C ~ o (BenH'IHHa ~ = 10 
7 

HeA-

TpOHOB B CeKyH.llY) 0 n pH ysenH'I9HHH Cnt pe:>KHM peaKTOpa BCe B 60nbllleA CTeneHH 

6y ,lleT 38BHC9Tb OT 6anaHC8 Me:>K.OY MrHOB9HHhlMH H 38ll83.llh!B8101UHMH HeATpOHaMHo 

~Tpy .llHO y6e.OHTbCSI1 'ITO npH llO,llXO.llSilUeM £he. peaKTOp .llOn:>KeH HMeTb CTBUHOHap

HbiH no Cpe.aHeit MOlllHOCTH p9:>KHM 0 npH STOM OH MO:>K9T 6b!Tb CT86HnH3HpOB8H Ha 

n1060M ypOBHe Ma.llHOCTH, a BenH'IHHa 152 6y.aeT uenHKOM onpe.aenSITbCSI sana3,llbiBalQ-

lllHMH H9i!:TpOH8MHo 
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3To ycnoaHe .ami E ""- nerKo rrony'IHTb H3 Hal1HC8HHoro BbiWe ypaaHeHHSI, rrono-

>KHB B HeM at?:: 0( npaKTH'leCKH ~ CT8HOBHTCSI rrpeHe6pe>KHMO M8J'lbiM IIO cpaaHe-

HHIO C ~~ II pH yaeJ'lH'leHHH MOlUHOCTH) • .LJ.eACTBHTeJ'lbHO I /fEn,) MOHOTOHHO 

B03pacTaeT· rrpH yaenH'leHHH ~ ,._ H rroaToMy HMeeTCSI TaKoe E,... = C K , rrpH Ko

TopoM -1 (EK) :! • 0'leBH,llH0 1 'ITO H8nHC8HHOe ~IWe ycnOBHe ,llml 6an8HC8 HeA

TpOHOB (.anSI ~ == 0 ) npH aTOM 6y.aeT BbmonHeHo npH npoH3BOJ'lbHOM ~ • Ta

KoA pe>KHM 1 aHanorH'IHbiA KpHTH'leCKOMY COCTOSIHHIO 06bi'IHOrO pe8KTOpa1 6y ,lleM H83bi

B8Tb HMnynbCHOA KpHTH'IHOCTbiO. 

AHanorHSI c o6hl'IHhlM KpHTH'leCKHM peaKTOpOM npostansteTCSI H a ToA ponH, 

KOTOpyiO HrpaiOT 3ana3,llbiB8IOLUHe HeATpOHbi B MexaHH3Me ynpaaneHHSI MOlUHOCTbiO 

peaKTOpa. 3TO cpa3y CT8HOBHTCSI O'leBH,llHbiM 1 ecnH paCCMOTpeTb .llHH8MIIKY peaKTOpa 

B TOM C';y'lae~ ecnH C n,_ yaenH'IHTCSI HJ'JH yMeHblliHTCSI no cpaaHeHHIO CO 3H8'leHHeM1 

orrpe.aensnouut:M HMrrynbCHYIO KpHTH'IHOCTb £_= EK • .LJ.onyCTHM 1 HaiipHMep, 

'ITO nepeMeLUeHHeM perynHpyiOLUero CTep>KHSI aenH'IHH8 C HeCKOJ'lbKO yaenH._ 

'leHa no cpaaHeHHIO c E~ . flpH aToM 'IHcno HeATpoHOB a HMn;bCe < ao3pacTaeT, 

KpoMe Toro_, Tenepb 

I 
/(E,) > ~ J-n.e. At:: =frE_J 

Q 

'5>""-

I 
>-· 
~ 

Cne.aoaaTeJ'lbHO OTHOWeHHe 'IHCJ'la MrHoaeHHbiX HeATpOHOB K 3aiia3.llhlBaiOlUHM OTKJ'JOHH'r

CSI OT paBHOBeCHOro. tfHCJ'lO 3ana3,llbiBaiOlUHX HeATpOHOB Q 1 C03,llaaaeMbiX MrHOBeH

HbiMH1 6y.aeT Tenepb HapacTaTb1 T.e. yaenH'IHBaTbCSI1 a TaK KaK BeJ'lH'IHHa OTHOilleHHSI 

~= f (E-JnocTOHHHa npH 3a.aaHHOM c'" . TO 6y.aeT B03pacTaTb H X . 
YIHbiMH cnoaaMH Bbi.aenHeMaH peaKTopoM MOiliHOCTb 6y .aeT yaenH'IHaaTbCH nponopuHo

HanbHO yaenH'IeHHIO 'IHCna 38na3,llbiBaiOlUHX HeATpOHO!I a • flpH 9TOM KOJ'lH'leCTBO 

3aii83.llbiBaiOLUHX HeATpOHOB a orrpe.aenHeTCSI O'leBH,llHO cyMMOA BeJ'lH'IHH ~ OT 

MHOrHX HMIIyJ'lbCOB 1 B03HHKWHX 38 HeKOTOpbiA HHTepaan BpeMeHH 1 IIpe,llilleCTBYIOlUHA 

.llaHHOMY• noaTOMy H3MeHeHHe cH-t. rrpHae.aeT .K yaeJ'lH'IeHHIO Q. 
3y 1 a nHillb rrocTeneHHO. AHarlorH'IHaH KapTHHa 6y.aeT H npH yMeHbllieHHH 

He cpa

C,..._ no 

cpaaHeHHIO c E K • YIHbiMH cnosaMH J HanH'IHe 3ana3.llbiBaiOLUHX Heii:TpOHOB co3.aaeT 

HHepuHOHHOCTb B H3MeHeHHH MOlUHOCTH 1 Bbi,lleJ'lHeMOA: peaKTOpOM 1 COBepl.lieHHO TaK 

:>Ke, KaK 9TO HMeeT MeCTO B 06bi'IHOM peaKTOpe. 3TO 06CTOSITeJ'lbCTBO 3Ha'IHTeJ'lbHO 

yrrpomaeT B03MO>KHOCTb rrnaaHoA perynHpOI;IKH HMnynbCHoro peaKTopa. PaccMoTpeHHbie 

A 

:J 
.A.. 

jt 
• 
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3.LleCb OC06eHHOCTH HMnynbCHOf'O peaKTOpa, Tenepb nposepeHHbie H Ha OfibiTe1 He 5IBng

IOTC5I HeO:>KH,llaHHbiMHo ( Cxa3aHHOe OTnHqaeTC5I 1IIUL! b cpopMOii H3no:>KeHH5I OT pe3ynbTa

TOB1 npHBe.LleHHbiX B pa6oTe CTaBHCCKoro H EoH.Llapeuxo, o KoTopoA y:>Ke ynoMHHanocb). 

0TMeTHM1 'ITO cooTseTCTBYIOI.Ua5I HMnynbcHoii KPHTH'IHOCTH Cl't>t =- E~~: > O 1 

T.e. TaKOii CTaiiHOHapHO- pa6oTaiOI.UHii peaKTOp B Ka:>K.LlOM nepHO,lle pa3MHO:>KeHH5I npo-

XO.LlHT liepe3 COCT05IHHe, B KOTOpOM OIJ 5IBn5IeTC5I Ha.LlKPHTH'ieCKHM no Mf'HOBeHHbiM 

HeiiTpOHaM. B 06hl'IHOM peaKTOpe 1 KaK H3BeCTH0 1 TaKoe COCT05IHHe COBepweHHO HeLlo-

nyCTHMO. 

flpH HMnynbCHO.il: KpHTH'IHOCTH OTHOWeHHe senH'IHHhl HMnynbCa K cpoHy 1 T.e. K H3-

nylfeHHIO B npoMe:>KyTKH Me:>KLlY HMnynbCaMH 1 .LlOCTHJ'aeT fiOCT05IHHOf'O 3Ha'ieHH5I1 senH

'IHHy KOToporo HeTpy.LlHO oneHHTb. B caMOM .Llene, MO:>KHO npH6nH:>KeHHo nono:>KHTb 

~=Air B . 3.LleCb Alt.-- Mf'HOBeHHOe 3HaqeHHe HHTeHCHBHOCTH H3nyqeHH5I B 

MaKCHMyMe HMnynbCa, a If) ero nonywHpHHa. EcnH A- HHTeHCHBHOCTb H3nyqeHH5I 

B npoMe:>KyTKe Me:>K.LlY HMnynbCaMH 1 a T- nepHO.Ll fiOBTOpeHI{5I HMnynbCOB 1 TO .11T 
paBHO 'IHCny He11:Tp0HOB 1 H3ny'ieHHbiX B npOMe:>KyTOK Me:>K.Lly HMnynbCaMH. noaTOMy 

.J?T : 1;, Q • Y'liHTbiB85I 1 'ITO t :: ), , nony'IHM 

fi"- _ lc;, I T fi --,;. f) . 

flo.LlCTaBn5I5I 'IHCneHHbie 3Ha'ieHHH 3THX BenH'IHH 

~ = 40 MKcex H T = 1,2• 10
4 

MKcex npH 83 

npH 8,3 HMnynbCax B cexyH.ay, nony'IHM 
A#'(., 
;;r 

1-3 =3•10 -~ /C:,/=7·10-
2

, 
5 

HMnynbCllX B CeKyH.LlY H T=l ,2•10 MKCeK 

pasuoe npHMepHo 7000 B nepBoM 

cnyqae H 70000 - BO BTOpOM 0 QqeBH.LlH01 'ITO TaKoe CHnbHOe HapaCTllHHe HHTeHCHBHO

CTH H3nylfeHH5I 3a KOpOTKOe BpeM5I HMnynbCa B03MO:>KHO TOnbKO npH ~ >o. Pac

-3 
'leT noKa3biBaeT, xax y:>Ke oTMelfanocb, 'ITO c I< ,...., 1•10 • BenH'IHHa oTHoweHH5I 

aMnnHTYLlhl HMnynbCa K cpOHy H ee fi0CT05IHCTBO npH HMnynbCH011: KpHTH'IHOCTH corna-

cyiOTC5I c nonyqeHHhlMH, noxa npe,llsapHTenbHbiMH, aKcnepHMeHTanbHbiMH LlaHHbiMH. 

Vf3 CKa3aHHOf'O HeTpY'J!HO TaK:>Ke onpe,llenHTb Mf'HOBeHHyiO MOWHOCTb peaKTOpa. 

0Ha, o'ieBH.LlH01 npeBbrwaeT cpe.LlHIOIO B f pa3. Cne.LloBaTenbHo, npH .LlOCTHf'Hy

T.oA cell:qac Cpe,llHe11: MOWHOCTH B 1,2 KHnOBaTTa Mf'HOBeHHa5I MOWHOCTb COCT8Bn5IeT 

360 KHnOBllTT npH 83 HMnynbcax H 3600 KHnOB8T npH 8,3 HMnynbCa B CeKyH.Lly. 

npu M8nhlX nHHeli:HblX pa3Mepax peaKTOpa 3TO 03Hll'iaeT O'ieHb BbiCOKyiO Mf'HOBeH

uy10 nnoTHOCTb noTOKa HeATpoHos • .D.ng 6on&WHHCTBa aKcnepHMeHTOB HaM cywecTseH-
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Hbl He 6biCTpble He:li:Tp0Hbl 1 a nOTOK Me.aneHHbiX Heli:Tp0HOB 1 B03HHKaiOIJ.UIJ!: B napa¢HHO

BOM 3aMe.lliiHTepe 1 KOTOpbi:ll: MO:>KeT 6biTb O.lleT Ha peaKTOp. Iloxa nonyqeHbl iiHWb 

caMble npe.asapHTenhHbie .aaHHbie o aenH'IHHe n<>Toxa c napa¢HHOBbiM aaMe.anHTeneM. 

.Mo:>KHO iiHWb YTBep:>K.llaTb1 'IT01 no Kp8li:He:ll: Mepe1 C TO'IHOCTbiO .llO nopsr.aKa BeiiH'IHHbl 

. noTox cornacyeTCSI c O:>KH.aaeMbiM no pac'leTy. 

Kax BH.llHO H3 cxaaaHHOro, B MOMeHT HMnynbCa BeiiH'IHHa HeATpOHHOrO H3iiy'leHHSI 

BOapacTaeT BO MHOro paa. flpouecc p83MHO:>KeHHSI ~ He:li:TpOHOB B pe8KTope 

HOCHT CTaTHCTH'IeCKH:ll: xapaxTep. 8 peaynbTaTe 8MnnHTy.lla HMnynbCa pe8KTOpa 

fiO.llBep:>KeHa CTaTHCTH'IeCKHM cpniOXTyaUHSIMo flpH STOM pOiib HX B HMnynbCHOM peaKTO

pe .llOii:>KHa 6bJTb OC06eHHO aHa'IHTeiibHOAo Ha STy oco6eHHOCTb anepBbie 06p8THii HaW€ 

BHHMaHHe npo¢. n.nan. PacqeTbl lPiiiOKTyauHA 6binH c.aenaHbl xaK HM1 T8X H HeaaBHCH

MO - 1:0. CTaBHCCKHM. PeaynhTaTbi aTHX pacqeToa noxa He 6hmH .aeTanhHO conocTas

neHbi1 HO! DO-BH.llHMOMy 1 B HHX HeT cymeCTBeHHbiX paCXO:>K.lleHH:ll:o 

CywecTBeHHOCTb ¢niOKTyau~~:A senH'lHH HMnynhcoa o6Hapy:>KHnach y:>Ke a caMOM 

Ha'laii& nyCXOBbiX pa60To ¢lniOKTyaUHH BeiiH'lHHbl HMDYiibCOB1 reHepHpyeMbiX peaKTOpOM 

npH Hyneso:ll: ero MOWHOCTH l oxaaanHCb O'leHb 6onhWHMH. Ha axpaHe ocuHnnorpa¢a 

6bliiH OT'leTiiHBO BH.llHbl BCnneCXH 1 B HecKOiibKO .lleCSITKOB paa npeBbiWaiOlllHe cpe.llHIO'~>'IQ._ 

aMnnHTy .ay HMnynbCos. EcnK 6bl paa6poc aMnnKTY .a oxaaancH TaKKM :>Ke H npH 6onb-

WKX MOlllHOCTSIX1 T0 1 eCnK He HCnOiib30B8HHe peaKTOpa1 TO BO BCSIXOM cny'lae aBTOMa• 

TH'lecxoe ero ynpaaneHKe oxaaanocb 6bi O'leHb aaTpy.llHHTenbHbiM. 0.aHaxo1 xax H 

cne.aosano O:>KK.ll8Tb1 HeKOHTpOiiKpyeMbiA H8MK X80C MHKpOMHpa npK ysenH'leHKK MOlll• 

HOCTH peaxTppa BCe B 6onbWeA CTeneHH ycTynaeT CBOe MeCTO MBKpOCKODH'leCXKM 

3aKOHOMepHOCTSIM 1 B XOTOpbiX aMniiHTy.lla HMnynbCa O.llH03Ha'lHO onpe.aensreTCSI napa-

MeTpaMK peaxTopa. 

--

EcTecTBeHH01 'ITO_ sonpoc o ¢niOKTyauHHX HMnynbCos cTan npe.aMeTOM nepso

oqepe.llHbiX .Hccne.aosaHH:ll: 1 npoBO.llHMbix Ha peaxTope. Jlnsr aToro HMnynbCbi Toxa ·OT 

MeTaHOBOA KOHK3aUKOHHOA KaMepbi 1 HaXO.llSillleACSI B aan~ peaKTOpa, nponopUHOHanbHbi€ 

'lHCiiY H€ATpOHOB aa apeMSI BCnbiWKH 1 no.aaaanHCb Ha BXO.ll CTOKaHanbHOrO aMniiHTy.ll

HOrO aHanuaaTopa. AMnnHTy .llHbie pacnpe.aeneHHSI 6binH CHSITbi npH pa3iiH'lHbiX MOWHO

CTSIX peaxTopa. · Ha pH c. 9 H 10 noxaaaHbi nony'leHHbie pacnpe.aeneHHSI npH MOlllHOCTH 

peaxTopa 4 K 1200 saTT. EcnH s nepsoM cny'lae nonywHpHHa xpu~oA aMnnuTy.ll npeBbl' 

waeT 80% OT cpe.aHero 3HaqeHHSI 1 TO npH MOlllHOCTH 1,2 KHiiOBaTTa ORa COCTaBiiSI€T 

scero 12%. 

c 

TaTe, 

· TOpOM 

I, 



' 19 

Cpe,llHHif KBa,llpaT OTKJIOHeHHH OT cpe,llHeif aMnJIHTY.llhl OKaaaJICH, KBK H CJie,llOB8JIO 

JIHHeifHOif cpyHKUHeif o6paTHOif BeJIH'IHHhi MOIUHOCTH ( pHC 0 11) • 8 peayJib-

TaTe, y:>Ke H8'IHHaH C nOIUHOCTH nopH,llKa ,lleCHTKa BaTT, Ha,lle)KHbiif KOHTpOJib aa peaK

TOpOM MO)KeT 6b!Tb OCyiUeCTBJieH C nOMOIUbiO aBTOM8TH'IeCKOf'O peryJIHTOpa MOIUHOCTH, 

OporpaMMa pa6oT Ha 1981 ro.o H H.oepHo-c}:lHaH'IeCKHe Hccne.oosaHHH 

l1aJIO:>KeHHble Bb!We Jle3yJibT8Thi 1 noJiy'IeHHhie Ha peaKTOpe, He HC'IepnhiB810T 

nporpaMMhi ero HCnhrTaHHA. 8Ta nporpaMMa aaii:MeT ewe aHa'IHTeJibHoe speMH, OcHos

aoa H 6JIH)KaifweA: aa,lla'leA STHX pa60T HBJIHeTCH BBO.ll peaKTOpa B HOpMBJibHYIO SKC

IIJiyaTaUHIO, noaBOJIHIOlUYIO cpH3HK8M Ha'laTb CHCTeMaTH'IeCKyiO HCCJie,llOBBTeJibCKYIO 

pa6oTy. 

¢H3HKaMH H cneuHaJIHCTBMH no pa,llHOSJieKTpOHHKe aa HCTeKWHif CpOK npo.oena

H8 O'leHb 60JibWaH pa6oTa no nO,llf'OTOBKe SKCnepHMeHT8JibHOif annapaTyphi .llJIH npose

,lleHHH HeATpOHHbiX HaMepeHHA. PaasepThrsaHHe sKcnepHMeHTaJibHhiX pa6oT Ha peaKTO

pe 6y.oeT nposo.oHTbCH a HeCKOJibKO sTanos. H ·ocTaHoBJIIOCb JIHWb Ha HeKoTophrx 

nepsooqepe.oHhiX pa6oTax~ 

0,llHHMH H3 OCHOBHbiX pa60T Ha HMnyJibCHOM peaKTOpe HBJIHIOTCH HCCJie,llOB8HHH 

no cneKTpOMeTpHH HeATpOHOB. B HacTbHwee speMH nonHOCTbiO no.oroToaneHa annapa

Typa ,llJIH H3MepeHHH IIOJIHhiX Ce'IeHHif BaaHMO.lleACTBHH HeifTpOHOB C H.llp8MH. 8ToA 

pa6oToA pyKOBO.llHT IO.C. HaBHUKHA. JlnH HaMepeHHif Heo6xo.oHM .oeTeKTop, o6na.oai0-

IUHA 6onbwoa nnoma.obiO H xopoweli scpcpeKTHBHOCTbiO. 8THM ycnosHHM y .oosneTsopg

eT paapa6oTaHHhiA .l.(JIH STOit ueJIH )KK.llKOCTHhiit CUHHTHJIJIHUHOHHhiH .oeTeKTop, CO,llep-

2 
:>K8IUHA MeTHJI6opaT. flnoma.llb ero OKOlTO 500 CM (.oHaMeTp 25 CM) 1 a sc}:lcpeKTHB-

HOCTb O'leHb cna6o 38BHCHT OT SHepf'HH HeHTpOHOB. JlnH 100 SB OH8 COCTaBJIHeT 

OKOJIO 50%. JleTeKTOp IIOMemaeTCH B KOHUe HeATpOHOBO.lla Ha paCCTOHHHH 1000 M 

OT peaKTopa. TaxaH nponeTHaH 6aaa npH G) =40 MKCeK o6ecne'IHBaeT paapewa!OlllYIO 

-MKCeK 
CIIOC06HOCTb cneKTpOMeTpa 0,0~ • JlnH HCCJie.llOB8HHif 6y.oeT HCnOJib30BaH 

. MeTp 

1024 -KaliaJibHhiif aHaJIH3aTop. 06WHA BH.ll .oeTeKTOpa H CXeMa ero yCTpOHCTBa 

BH.llHhl Ha pHC. 12 H 13. l1ayqaeMbie o6p83Uhl pacnoJiaf'aiOTCH Ha nOJIOBHHe ,llJIHHhi 

HeifTpOHOBO.ll8 B SKCnepHMeHT8JibHOM naBHJibOHe Ha paCCTOHHHH 500 M OT peaKTOpa. 

nepeMemeHHe o6paauoB npOH3BO.llHTCH aBTOMaTH'IeCKH. fo/nbT ynpasneHHH BCeif 

annapaTypoA (pHC, 14) H TbiCH'IeKaHaJibHhiA speMeHHOA aHaJIH38TOp HMnyJibCOB paaMeiUe

Hbi B OCHOBHOM 3,ll8HHH fla6op8TOpHH, 
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Pa6oToA no H3MepeHH~ ceqeHHA panHaUHOHHoro 3aXB8T8 pe30HaHCHbiX 

HeATpOHOB, TaK:>Ke nonroTOBneHHOA nml aKcnepHMeHTa, pyKosonHT R.B. nHKen"bHep. 

Ha pHc. 15 H 16 noKaaaHa cxeMa ycTpoAcTBa neTeKTopa H ero o6wHA BHn. 

3necb TaK:>Ke HCnonb3y~TCSI :>KHnKOCTHbie CUHHTHnnSIUHOHHbie neTeKTOpbi. 

1-1x nsa1 Ka:>KnbiH 06'beMOM 200 nHTpOBa 3¢¢eKTHBHOCTb neTeKTOpOB OKOnO 60% nnH 

r- nyqeA K06anbTaa .LJ.eTeKTOpbi HMe~T ¢opMy UH~JiHnpoB C BHeWHHM nHaMeTpOM 

80 eM H HMe~T sHyTpH KaHan nHaMeTpoM 20 eM. B aToM KaHane pacnonara~TCSI 

o6pa3Ubl 1 o6nyqaeMbie KOnnHMHpOBaHHbiM ny'IKOM OT peaKTOpa • .LJ.eTeKTOpbl pa6oTa~T 

Ha COBnaneHHSIX H perHCTpHpy~T 3flXBaTHbie d -ny'IH 1 B03HHKa~wHe S. o6paaue. 

l-13MepSIS1 3aBHCHMOCTb HHTeHCHBHOCTH Q -nyqeA H3 o6paaua Ko!lK ¢yHKUH~ BpeMeHH 

nponeTa HeATpOHOB oT peaKTopa no o6paaua, MO:>KHO cynHTb o6 aHepreTH'IeCKOM xone 

ce'leHHSI panHaUHOHHoro aaxsaTa HeATpOHos. YcTaHOBKa paaMeweHa B naBHnboHe Ha 

paCCTOSIHHH 750 MeTpOB OT p«iKTOpa H1 pa3yMeeTCSI 0 To!lK:>Ke nonHOCTb~ 8BTOM8TH3H-
x) 

posaHa 

B cTanHH aasepweHHSI H nonroTOBKH HaxonHTCSI annapaTypa nnH npyrHx pa6oT' 

no HeATpOHHOH cneKTpOMeTpHH! H3MepeHH~ cneKTpOB ( -ny'leA npH aaxsaTe pe~-
H8HCHbiX HeATpOHOB 0 H3MepeHH~ ceqeHHA neneHHSI H pe30H8HCHOro pacceSIHHSI HeATpO

HOBa 

.LlpyrHM HanpasneHHeM pa6oT0 nna KOToporo ~cnonb30B8HHe peaKTOpos asnaeTCSI 

BeCbM8 nepcneKTHBHbiM 0 SIBnHeTCSI HCCnenosaHHe :>KHnKHX H TBepnbiX seweCTB no pac

ceSIHH~ H HeynpyroMy B38HMoneACTBH~ MenneHHbiX HeATpOHOBo Yen ex STOA pa60Tbl 

nonHOCTb~ 38BHCHT OT TOr0 1 H8CKOnbKO ynaCTCSI 38WHTHTbCSI OT HeATpOHHOrO ¢oH8a 

BbiHCHeHHe aToro sonpoca HBnaeTca 6nH:>KaAweA aanaqeA. Pa6oTa nonroTosneHa Tosa-

pHIUaMH A.illKaTyna ( KpaKOB) H B.f'onHKOBbiM. 3To HanpasneHHe pa6oT paasHsaer 

CSI y H8C K8K COBMeCTHOe HCCnenoBaHHe C YfHCTHTYTOM HnepHbiX HCCnenOB8HHH B 

KoaKose. 

x) 
B HaCToHwee speMH aKcnepHMeHTbi no cneKTpoMeTpHH HeATpoHOB y:>Ke Ha'laTbi. 

Ha pHC. 17 noKa3aHa CHSITaSI OnHC8HHbiM BbiWe neTeKTOpOM SKCnepHMeHTo!lnbH8SI KpHB8SI 
3aBHCHMOCTH HHTeHCHBHOCTH ~ - nyqeA panH8UHOHHOrO 38XB8T8 HeATpOHOB B cepe6-
pe OT aHeprHH HeATpOHOB. KpHB8SI nonyqeHa npH SKCfi03HUHH OKOnO 1 qaca. nony'leHHble 
peaynbTaTbi noKa3biBa~T, 'ITO, no KpaftHeA Mepe, B o6nacTH aueprHA no coTeH aneKTpou· 
sonbT paapa6oTaHHaa MeTOnHKa snonHe ce6H onpasnbisaeT. K ToMy :>Ke BbiBony npHso
nHT H npensapHTenbHbie naHHbie no H3MepeHH~ nonHbiX ceqeHHA B3aHMoneACTBHSI HeA-
TpOHOB C HnpaMH. 
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fl OCTSHOBHIICSI Ha H3110)K9HHH OCHOBHbiX HanpaaneHHA cpH3H'i9CKHX HCC119.QOB8HHi!:, 

KOTOpbie paaaepTbiBSIOTCSI Ha peSKTOpe O.QHOBpeMeHHO C ero nyCKOMo 3To H3110)K9HHe 

SIBIIS19TCSI KpBTKHM, TSK KBK DO.Op06Hee 9TH pa60Tbi p8UHOHSllbHO paCCMaTpHBSTb y)Ke 

DOCile DOlly'ieHHSI 9KCnepHM9HT8llbHbiX peayllpTBTOBo 

PyKODHCb DOCTynHna B H3.08T9llbCKHA OT.Qen 

13 cpeapan.H 1961 ro.aa. 



-.. ....____ 

24 

([D 

Pac. 2. CxeMa ycTpolcTBa peaKTopa. 

1. OcHoBHoA apamarowaAcsr .nacK.· 2. BcnoMoraTenbHbiA apawaromalcsr ..nacx.. 
3. 0CHOBH8SI DO.llBHlKH8SI 30H8 ( On3) • 4. l-feDO..llBHlKH8SI 8KTHBH8R 3088. 
5. AaapaAHbie cTeplKHH (f.C). 6. IlnacTaHa rpy6oro perynaropa (rP) 

7 a 8. PerynHpyromae cTeplKHH AP B: PP. 9 H 10. 0TpalKaTen& aeiTpoHOB. 
13. nepe.ll8'18 ..llnSI yaenH'IeHHSI 'IHCna o6opOT08. 14. npHBO..ll K B&ny 
BCDOMOraTen&HOro .llHCK8. 15. TopM03HOe ycTpOICTBO .nnsr 6hlCTpol OCTa
HOBKH 8p8Ul9HHSI. 16. 3neKTpo.llBHr8Tenb ..llnSI Bp8IUaHRSI ..llHCK8. 
17. BcnoMoraTenbHasr DO..llBHlKHasr 3oHa /Bn3/.· 

• 
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PHc. 11. Cpe~HRA KBa~paTHquhlA paa6poc senaqHH auepraa, Bhl~enHeMoA B HMnynbCe, 
K8K ~YHKUHH o6paTHOA senaqaHhl cpe~ueA MOlUHOCTH pe8KTOpa. 
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Canl4>oa 

CaHHTHnnsrTop 

1-&ATpOHHhiA .lleTeKTOp 

P&c. 13. CxeMa ycTpoAcTsa HeATpoHHoro .lleTexTopa .llnsr H3MepeHH51 nonHhlx 
HeATpoHHhiX ce~eHHA. 
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PBc. 16. 06w11A Bllll o.o.aoro ll3 .o.ayx «Saxoa }f{HllKOCTHbiX CilllHTilnnJIIlllOIIHbiX 
A9~9XTOpO~ AnH R3M8p9HIIH ce~eHHll paAHaiiROHHOro 38XB&Ta Be.TpOHOa, 
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Puc, 17, CneKTp, nonyqeHHhlA npu H3MepeHHH paauauuoHHoro ceqeHHH 
aaxaaTa HeATpOHOB B cepe6pe (xpuaa~ nonyqeHa npu aKcnoauuuu I qac). 

BepxHHH KpuaaH c o6paauoM cepe6pa, HH}KHHH 6ea o6paaua cepe6pa fcpQHV 
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