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AHaHbeB B.A. ~ AP· P13 - 12482 

~~3~4eCK~H nycK ~MnynbcHoro ~ccneAOBaTenbcKoro 
peaKTopa H6P-2 

AaeTcH o6aop ~ aHan~a OCHOBH~X peaynbTaTOB HeHTPOHHo
~~3~4eCK~x ~ccneAOBaH~H np~ 11 cyxoM11 /6ea TennoHoc~TenH/ 
nycKe H6P-2: a~~eKT~BHOCT~ 6noKoB c~cTeMbl ynpasneH~H ~ aa
~~T~ /CY3/ ~ OTAenbH~X aneMeHTOB peaKTOpa, BpeMeH~ ~~3H~ 

~ npocTpaHCTBeHH0-3HepreT~4eCKOro pacnpeAeneH~H HeHTPOHOB, 
~OpM~ ~ npOAOn~~TenbHOCT~ ~Mnynbca, a TaK~e ~nyKTya~~~ 
MO~HOCT~ peaKTOpa ~ OC06eHHOCT~ BbiBOAa ero B COCTOHH~e 
~MnynbCHOH KP~T~4HOC~~. 

Pa6oTa s~nonHeHa B fla6opaTop~~ HeHTPOHHOH ~~3~K~ OHHH. 

npenpHKT 06'b9llHKeKKOrO HKCTHTYTS RJl9pKblX HCCnellOBSKHil, .Qy6K8 1979 

Ananyev V.D. et al. P13 - 12482 

Fast Pulsed Reactor IBR-2 Physical Start-Up 

The main results of experimental investigation of 
IBR-2 reactor during its physical start-up (without 
cooling) are reviewed. The aspects taken into consideration 
are the following: the control rods and other mechanisms 
reactivity effects, prompt neutron generation time, space
and- energy distribution for the neutron flux, the pulse 
shape and its duration, power fluctuations and some aspects 
concerning the pulse criticality achievement. Disagree
ments between some measured and calculated parameters core 
are pointed and the ·ways to their elimination are cleared 
up, in particular the modification of the moving reflector 
is supposed. 

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

Preprint of the Joint Institute for Nuclear Research . Dubna 1979 

1. BBE,4EHHE 

B ICORQe 1977 r. " Ha'lane 1978 r. B ,ZJ;y6He COCTO.IInC.II cliR3R" 

'leCICRB DyCIC RMDyn&CHOrO peaJCTopa nepRO.I{R'IeCKOro .l{eHCTBB.II 

HSP-2, npe.I{Ha3Ba'leHHoro ~.II uccne.I{OBaHBA no .ll.l{epHoA cliB3BKe 

B cliB3BJCe ICOII,II;eHCBpOBaBHLIX cpe.l{ Ha BLIBC.I{CHHLIX DY'IKaX Me.!{· 

neauwx aeATpouos npa cpe.l{ueA MOIJlHOCTB 4 MB• u MaKCBMan&

HOM DOTOICe TeDnOBLIX HCHTpOHOB Be MCKee 10
16 HeUIIIp./ CM 2 C I 1•21. 

Hccne.l{osauu• nposo.QIInuc& 6e3 TennoHocuTen.ll npu cpe.I{Heii Mom

uocTB peaKTOpa He 6onee 500 Bill KaK B CTaQBOHapHOM, TaK 

B B B:W:Dyn&CHOM pe)J(BMaX ero pa60TLI. 

Bnepswe BLIBO.I{ H6 p" 2 B KpBTB'ICCKOe COCTO.IIHBe Ha 3ana3 • 

.I{LIBaJOIJlRX uejhpoHax ocymecTsneH 30 .11. 77 r., a BMnyn&cHa.ll 

KpBTB'IHOCTJ. .I{OCTBrHyTa 13.01.78 r. 

HB)J(C DpBBO.I{BTC.II 063op OCHOBHLIX 3KCDepBMCHTOB, npOBC.I{CH· 

HLIX npa cliB3B'IecKoM nycKe HSP-2. 

2. KPHTHqECKAJI CEOPKA 

fiepe.l{ 3arpy3KOB TODnBBBLIX KaCCCT /TK/ BCe .II'ICHKB aKTBB" 

BoA 30HLI 6wna 3anonHeHw KacceTaMu-uMBTaTopaMH, oTnB'Iaswu

MBC.II OT TODnBBHLIX TOnJ.KO TeM, 'ITO cep.I{C'IHBKB B HBX B3rOTOB" 

neHLI B3 MC.I{B BMeCTO .I{BYOKBCB nnyTOHB.II. B QCHTpe aKTBBHOH 

30HLI ycTaHaBnBBanC.II DOnOHBB·6epunnBeBLIH BCTO'IHBK BHTCHCBB· 

HOCTJ.IO -10
7 

HeUJfp.jc. ,ZJ;n.11 KOBTpOn.ll HCBTpOHHOrO DOTOKa BC· 

non&3osanac& wTaTHa.ll nycKoBa.ll annapaTypa c TpeM.II KaMepaMB 

.l{eneHB.II ua ypaHe-235, KoTopwe pa3Memanuc& sHe peaKTopa ua 

paCCTO.IIHBB 1150 MM OT ero QCHTpa /1 Ha puc. 1/, a TaK)J(e .I{Ba 

.I{ODOnHBTenJ.HLIX 3KCDepBMeHTanJ.HLIX KaHana C 3aMeH.IICMLIMB .l{e • 

TeKTopaMu, ycTaHasnusaeMLIMB KaK s HX3 /12 Ha puc. 1/, TaK 
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Puc. 1. IlonepettHoe cetteHue HliP- 2. 1 - UIIIIOIIIHI>Ie KOMepbl c)eAeHU.JI, 
2 - eoc}.JIHOU 30Mec)AullleAb 30 noc)eu.rHI>IM o111po.ro111eAeM /IIO/, 
3 • 6epUAAUe6biU 6KAOc}bJUI c)onOAHUIIIeAI>HOZO noc)eu.rHOZO 011pa.ro· 
llleA.JI /Jlll0/, 4 • AOnOCIIIb OCH06HOZO noc)eu.rHOZO OlllpOXOIIIeA.JI 
/OliO/, 5 - Clllep.reHb 06110MOIIIU'IeCKOZO pezyA.JIIIIOpa /AP/, 6 -
6AoK 6biCIIIpoc)eucneyJOIIIei1 oeopuiJHoiJ 30JIIUIIII>I /liA31 1/, 7- eoc}.JI· 

HOU 30Mec)AUIIIeAb 30 KOMneHCUPYIOJIIUM OpZOHOM peOKIIIU6HOCIIIU 
/K011/, 8 - oKnueHO.JI 30HO, 9- 6AOK K011, 10- 6AoK Mec)AeHHOU 
060pUUHOU 30JIIUIIII>I /MA31 1/, 11 • 6AOK· UMUIIIOIIIOP XOAOc)HOZO 30· 
Mec)AUIIIeA.JI /HX3/, 12 • 3KCnepuMeHIIIOAI>Hble KOMepbl, 13 • 30Mec)
AUIIIeAb UIIIIOIIIHI>IX KoMep, 14 - 6AoK MA31, 15 - 6AoK K01, 16-
3KCnepUMeHIIIOAI>HO.JI KOMepo 6 KOHOAe MUUieHU, 17 • 6AOK JiA31, 
18 • 6AOK npoMe.ryiiiO_'IHOZO pezyA.JIIIOpa /IIP/,19 - 60c}.JIHOU 30Mec)
AUIIIeAb 30 K01. 

B B aiCTHBHOH 30He /16/. CxopOCTb C'leTa WTaTHbiX H 3KCDepHMeH· 

TanbHbiX ,AeTeKTOpOB DpH 3arpy3Ke B 30HY HMHTaTOPOB COCTaBmma 

OT 5 .AO 50 UMn/c. KpoMe Toro, ,Ami naueiluoro KOHTpon.ll Mo~

HOCTH HCDOnb30BanC.II 3KcnepHMeHTanbHbiB TOKOBbiB KaHan C 6opHOH 

xaMepoA B HX3, auanoroawM peaKTHMerpoM a caMODHW~HMH 
DOTeHQHOMeTpaMH. 

4 

3arpy3xa TODJIBBa a axTBBII}'JO 30BY npoao,AanacJ. nyTeM nocne

,AO&aTenJ.BOI 3aMeBW BMBTaTopOB Ba TK, ICOTOpwe 3arpyliUUUICJ. 

B Dop.a.AJCe y»eBJ.WeBB.a BX paC'IeTBOI 34wlleiCTBBBOCTB. fi03TOMY 

3ICCTpanon.aQB.a xpaaol o6paTaoro C'leTa acer,Aa yxa3waana aa 

BenB'IBBY ICpBTB'IeCICOI MaCChi, MeBJ.~ taiCTB'IeCICOI, 'ITO o6ec· 

ne'IB&aJIO ,AononaaTenJ.II}'JO 6e 3onacaocTJ. nycxoawx pa6oT I puc. 2/. 

KpBTB'IeCICOe COCTO.aBBe ,AOCTBranocJ. .An.a ,ABYX &apBaBTOB 3arpy3ICB 

aiCTBBBOI 30BW /puc. 3/: QeHTpanJ.BOTO /70TK/ B "nepa4lepal· 

uoro" /74 TK/. Pac'leTaa.a xpBTB'Iecxa.a 3arpy3xa 3TBX aapaaaToB 

71±2 • 75±2 TK cooTaeTcTaeuuo. 

y- I 

0,5 

0,4 

0,3 
• I 

0.2 

0,1 

0 10 20 30 40 50 60 70 M 

Puc. 2. 3aeucuMoc•• o6paBHozo YMHo.reHUJI (Y- 1
) o• 'IUcAa 3a· 

zpyJtteHHWX TK (M): 1 u 2 - 3KCBpanoAJIIIUJI Ha Ha'laAI>HWX 3Banax 
3azpy3Ku. 

5 



Puc. 3. Kap•ozpaMMa Kpu•ut~ecKoii 3azpy3KU peaK•opa. 0 u. -
Jl'leUKU c TK c}AJI fleH.paAI>HOU 3azpy3KU, 0 u e -Jl'leUKU c TK 
c}AJI nepufjepuiiHOU 3azpy3KU. 

3. H3MEPBHHE 344EKTOB PEAKTHBHOCTH 

liJIOKOB "CY3", "HO" H )1PYFHX 3JIEMEHTOB 
PEAKTOPA 

34Ml!eKTbl peaKTaBHOCTa 3neweHTOB Hli P- 2 a3Mep•nacb KaK we

TO~OM o6paTHOrO YMHOlKeHaJI CKOpOCTa C'leTa DO DYCKOBbiM a 3K

coepaMCHTanbHbiM KaHanaM B DO~paTa'leCICOM COCTOJIHaa /opa 

YMHOlKeHaa OT 50 ~0 2000/, TalC a ~BHaMa'leCICaMa MeTo~aMa 

B Dpouecce a3MeHeHaJI MOII(HOCTa peaJCTopa B ~aana30He ~0 100 B•. 
llpa a3wepesa .. x peaKT·aBHOCTa no YMHOlKeHBJO y'laTbiBaJiacL pa3-

HaJI 'IYBCTBHTenLHOCTb ~eTeKTopa IC HeBTpOHaM aCTO'IHaKa B HeaT

poHaM ~ene&aJI, pa3&aJI l(eHHOCTb HeBTpOHOB aCTO'IHaKa a HeBT

pOHOB ~enesa11, pacoa~ nonoHBA-6epannsesoro acTO'IHaKa a BKna~ 

CDOBTaHHOrO ~eneHaJI nnyTOHaJI- 240. llocne~HaB 4laKTOp ODpe~enxn
CJI 31CCDepaMCHTanbHO. 

H3Mepeaae peaKTaBHOCTa ~BHaMB'fecKaMa MeTo~aMa ocymecT

an•nocL auanorOBbiM peaKTaMeTpoM, a TaKlKe nyTeM peracTpauaa 

caruanoB KaMep sa caMonamYII(eM noTeauaoMeTpe ana wneA4loBOM 

6 

ocuannorpa4le c nocne~yJOmeA o6pa6oTKoii ~aHHbiX ua 3BM. B ue

KOTOpblx cny'laJIX peaKTaBHOCTb Onpe~enJinacb no ycTaHOBBBWeMy

CJI nepao~y pa3roua. ,na4lcllepeuuaan~ouaJ1 34Ml!eKTBBHOCTb 6noKoB 

CY3 B3MepJinacb MeTo~oM nepeKoMneucauaa. 

H3 auana3a ~aHHbiX no a3MepeHBJO 34Ml!eKTaBHOCTB o~HBX a Tex 

liCe y'laCTKOB KO B ~BHaMB'IeCKBX a no~KPBTa'leCKBX 3KcnepaMeu

Tax cne~yeT, 'ITO OTHOCBTenLHOe paCXOlK~CHBe pe3ynLTaTOB He 

npeBbiWaeT 5~, 'ITO MeHbWe norpeWHOCTB Ka~oro a3 3TaX MeTo

~OB /±5~ ~nJI ~aHaMB'IeCKBX MeTO~OB B ±15~ ~nJI MeTo~a o6paT

aoro YMHOlKeHBJI/. Heo6xo~aMo OTMeTaTb, 'ITO pe3ynLTaT B3Mepe

HaJI 34Ml!eKTa peaKTaBHOCTa 3aBaCaT OT nonolKeHaJI ~eTeKTOpa. 

TaK, nonuaJI 34Ml!eKTaBHOCTb 6noKa MA3 /14 ua puc. 1/, a3Mepeu

aa• C DOMOII(bJO KaMepbl B HX3 /12/, OKa3anaCb B 1,5 pa3a BbiWe 

34Ml!eKTaBaOCTa, a3MepeHHOB KaMepoA, HaXO~Jill(eHCJI B l(eHTpe aK

TaBaol 30Hbl. HanpoTaB, oueHKa 34Ml!eKTBBHOCTB 6noKOB KO · B no 
/4,9,15 Ha puc. 1/ no WTaTHbiM KaMepaM, HaXO~HBWaMCJI 3a 3TBMa 

6noKaMB, 6blna BalKe 34Ml!eKTaBHOCTa, a3MepeHHOH ~pyrBMB Ka

MepaMa. flpa'laHa :noro 34Ml!eKTa - noKanbHble B03Myll(eHHJI nOTOKa 

a CDeKTpa aeiTpOHOB. 

Haa6onee oonHble B3MepeuaJI nposo~anacL npa nepa4lepaAuoA 

3arpy31Ce TK /eM. •aliA. 1 a 2/. 

6JlOKH CY3 

KO- I 
KO- II 
nP 
AP 
6A3/0AHH 6JlOK/ 
MA3/0AHH 6JlOK/ 

TaliAUfla 1 

34Ml!eKTassocTa 6noKoB CY3 

noJlHafl, 

10-2K34J4J 

1 '50+0' 12 
1 ,55+o, 12 
0,26+"0,02 
0,032+0,002 
0' 14+0,0 1 
0,60~0,06 

AH$$epeH4HailbHafl, 

10-4 K 34J4J I MM 

0,50+0,03 
0,52+"0,03 
0' 11+"0 ,01 
0,01l~0,001 

llpa ueaTpanLaoA 3arpy3Ke TK 34Ml!eKTaBHOCTa 6noKoB KO 

a MA3 DO'fTa aa 10~ MeHLWe, a 34Ml!eKTbl peaKTaBHOCTa no DO'fTa 

sa cTonLKO liCe 6on~ome I •aliA. 3/. 3To o6'bJICHJieTCJI TeM, 'fTO opa 
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Ta6Au~a 2 

34MIJeiCTW peaiCTBBHOCTB no npu nepu~epuluol 3arpy3ICe TK * 

a·104 

~K .102 rpaA-2 ~K AOO .102 
ono · 

>KeHHe n~ 

Ana e <t>.~. 1. 76 1 • 01 

AnO ebleeAeH 2,09 1 ,6 

ono e <!>.~. - - 0,39 

0n0 BbiBeAeH - - 0. 72 

* 0 IC034MiJBI{BeHTe a CM. HB>Ke. 

Ta6Au~a 3 

4 
aAnO .10, norpeWHOCTb, 

rpaA-2 % 

0.1 

a~K 

3 
2 

2 

2 

a a 

20 

34MIJeiCTW peaiCTBBHOCTB no Hli p- 2 npu l{eHTpaJIJ.HOI 3arpy3ICe TK 

napa-
- - - - - --- --~ --

a .104 a .to AfiO norpeWHOCTb, 
2 rpaA-2 ~KAnO .102 rpaA-2 % ~Kono .lO 

a~K a a 

Ana e <!>.~. 2,04 1,4 - - 2 10 
AnO BbiBeAeH 2,41 

ono e <!>.~. - - 0,45 - 2 

0n0 BbiBeAeH - - 0,82 0,4 2 12 

l{eHTpanJ.uol 3arpy3ICe I puc. 3/ ~B3B'IeCKBI l{eHTP /~U/ aKTBBHol 

30HW OTCTOBT ~aJIJ.We OT KO B MA3 B CMell{eH B CTOpouy nO. 

H3wepeuuwe nonuwe 34MIJeiCTBBHOCTB 6noiCOB B 1 ,5+2 pa3a 

weu~>me npoeiCTuwx 3Ha'leuul. Pacxo~euue o6'h•cu•eTc• Tew, 

'ITO o pac'leTax ue 6wnu Y'ITeuw ueKoTopwe ~eTanu ICOHCTPYKI{BB 
6JIOICOB. 

8 

., 

non}"'eHHWe pe3yJIJ.TaTW DO 34lclleiCTHBHOCTB peryn•TopOB Y~OB

JieTBOpB~eJIJ.HW; 34MtleiCTBBHOCTJ. >Ke MA3 ue~ocTaTo'IJia .AJI• pa6oTw 
peaiCTOpa Ha HOMBHaJIJ.HOI MOJQHOCTB, TalC ICaiC 34MiJeiCTHBHOCTJ. o~
HOrO 6noiCa MA3 weuJ.me TewnepaTypuoro 34lclleKTa peaiCTBBHOCTB. 

K :JuepreTII'IecKowy nyciCy peaKTopa 34MtleiCTBBHOCTB 6noiCoo CY3 
6y~yT yoeJIB'Ieuw 3a C'leT ue6on1.moro B3Meueuu• ux ICoucTpyiCI{BB. 

Puc. 4 ~aeT npe~cTaoneuue o ciCopoCTB cpa6aTwoauu• liA3. 3a 

spew• 0,02 - c nocne curuana ua c6poc o~uuw 6noiCow liA3 ow

oo~BTc• peaiCTBBHOCTJ. 8·10-4 ~K/K, XOT• DOJIHa• 34MiJeiCTBBHOCTJ. 

6noKa 3aweTuo owme /cw. •a6A. 1/. B uwnynJ.cuow pe>KBwe pa6o

TW peaiCTopa cpa6aTwoauue o~uoro 6noiCa liA3 npuoe~eT IC wruo

oeuuowy yweuJ.meuuJO :Juepruu uwnynJ.ca npu6nB3BTenJ.uo o 50 pa3. 

3ICcnepuweuTaJIJ.Ha• ol{euiCa BJIB•uu• ouemuux oo~opo~co~ep

>KaJQHx :Jawe~Tenel, ICOTopwe ucnonJ.3YJOTc• .AJI• ~opwupooauu• 
cneiCTpa a ny'IICax ueiTpouoa, ua 34lclleiCTBBHOCTJ. 6noiCoB CY3 no

Ka3ana, 'ITO uau6onJ.mee anu•uue oiCa3woaeT 3awe.AJIBTeJIJ. co CTo

pouw 6noiCa MA3 /HX3 ua puc. 1/. npu y~aneuuu 6noiCa HX3 

34MIJeiCTBBHOCTJ. MA3 yoeJIB'IBBaeTc• ua 20~, a 34lclleiCTBBHOCTJ. KO 
ua CTOJIJ.ICo >Ke yweuJ.maeTc•. 3awe~Tenu /7 u 19 ua puc. 1/ 
npaiCTB'IeCICB ue anu•JOT ua 34lclleiCTBBHOCTB 6noiCoo CY3. 

N --~ -\ 
\ 0.8 

............ __ 
0.6 r- - ---

0.4 -- -·-·-

0.'2 --

0 
-0.02 0 0.02 0.04 0.06 0.08 t 

Puc. 4. Oc~UAAozpaMMa MOI/IHoc•u H.SP-2 npu c6poce oC>Hozo 
6AoKa .SA3. BpeMA t /c/ o•c'lu•weae•cA o• cuzHaAa Ha c6poc . 
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ono B ,LUIO HEP-2 /eM. puc. 1 B 5/ CJiylKaT .D.JI.R nepBO.D,B

'IeCKOB MO.D.YJI.RUBB peaKTBBHOCTB C 'laCTOTOB 50 B 5 r11 B co-

3.D,aHB.R TeM CaMWM BMDYJibCOB MOUUfOCTB . no3TOMY B3MepeHBlO 

HX 3~eKTOB peaKTBBHOCTB y.D,eJI.RJIOCb OC060e BHBMaHBe. npH BJ• 

MepeHBB yrnosoi JaBBCBMOCTB peaKTBBHOCTB HEP-2 oT nono-

a/ 6/ 

Puc. 5. OcHoeHoii /a/ u donoAHUIIeAI>HI>Jii /6/ nodeaurHwe o•paxa· 
lie Au HEP· 2. 

lKeHB.R nO Bpaii(eHBe nO OCyii(eCTBJIJIJIOCb CO ClCOpOCTblO 

0,03-0,04 zpat)/c, a DOJIOlKeHBe KOHTpOJIBpOBaJIOCb C norpew· 

HOCTblO He 6onee 0,07 zpat) .D,JI.R 0n0 B 1 zpat} .D,JI.R ,IJ;nO. 

noMBMO YDOM.RHYTOB BWWe JaBBCBMOCTB 3~eKTOB peaKTHBHO· 

CTB nO OT 3arpy3KB· aJCTBBHOB 30HLI BeCbMa 3Ha'IBTeJIJ.HWM OJCa

JaJIOCb BJIB.RHBe DOJIOlKeHB.R O.D,HOrO B3 OTpalKaTeJieB Ha 3~eKTBB

HOCTb .D,pyroro /lla6A. 2 U 3/. npB'IBHa 3TOrO • B JaTeHeHH.H 

,IJ;nO OCHOBHLIM nO. 0co6eHHO CHJibHO TeHeBOB J~eKT CKa3WBaeT· 

C.R Ha K03~HUHeHTe napa60JILI a • ODHCWBaJOII(eB XO.IJ. peaKTBBHOCTB 

np~, CMeiUeHBB ono Ha Manwe yr JILl I ±3 o_ 4 ° I OTHOCBTCJibHO cl>l.J,: 
~~:'5: 

fi,(¢) = fi,m -a¢2 . /1/ 

10 

... 

BenB'IBHa a oxaJanacb B 3-4 pa3a MeHbwe pac'leTHoro JHa'leHB.R, 

KOTOpoe 6WJIO DOJiy'leHO 6e3 yqeya BJIB.RHB.R ,IJ;nO. BWBO.D. 6epBn

JIBeBOrO BKJia.D,wwa /co6cTseaao .n;no; oT peaxTopa .D.all<e aa 

He6on~>woA yron /6onee 5° I yll<e npBBO.D.BT K pocTy a . Cne.D,oBa

JIO OlKH.D,aTb, 'ITO npB y.D,aJieHBB ,IJ;nO BMeCTe C aJIJOMBHBeBWM .D,BCKOM 

a .D,OJI)I(HO DpB6JIB3BTJ.C.R K paC'IeTHOMY 3Ha'leHBlO. )J;eBCTBBTeJIJ.HO, 

B CDeUBaJibHLIX 3KCDepBMeHTaX C MaKeTOM 0n0 6WJIO DOJIY'IeHO 

a = 2,5 •10-4 zpat) - 2 , a DOJIHa.R 3~eKTBBHOCTJ. 0n0 OKa3anaCb 

DpaKTB'IeCKB paBHOB pac'leTHOMY 3Ha'leHBJO 2,65• 10-
2 ~K/K /eM. 

puc. 6/. 

-30° -20° 
_,

0
.AK·102 

10" 20. 30° 'f 

1,5 

2.0 

2,5 

Puc. 6. 3aeucuMOCIII> peaKIIUBHOCIIU HEP-2 011 yzAa noeopo11a 
OHO CO IIIIIOIIHI>JM JUIO /KpUBQJf 1/, 6e3 JUIO /2/ 8 cpaeHeHUU 
c U3MepeHUJIMU Ha c11eHde E,Z,C 12 1 /KpueaJf 3/. 

H3 .D,pyrBx B3MepeHHLIX 3~CKTOB no CJie.D,yeT Ha3BaTJ. Be

JIB'IBHY (dK/dX) 000 • B3MeHeHBe peaKTBBHOCTB npB OCCBOM 

CMCIUCHBB 0ll0, KOTOpa.R ODpe.D,eJI.ReT BJIB.RHBe BH6paUBB pOTOpa 

0ll0 Ha cllnyKTyaUHB MOIUHOCTB: 

. -4 
(dK/ dX )

000 
= /4,5±0,3/·10 1/MM. 
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H3Mepeaaa.a JJ;Bc)cllepeHUBam.aa.a 3c)clleKTBBHOeTh nps OTOJJ;BBraHBB 

BCeA: MaWBHhl nO OT aJCTBBHOA: 30Hhl 

(dK/dX) MP = /9,0±0,3/•10-
4 1/MM, 

a nOJJHhlA: 3c)clleKT - OICOJJO 0,06 K :HjJ<lJ. 3aMeTHhlM OJCa3aJJe.R 3c)clleKT 

peaJCTBBHOeTB npOTBBOBeca ono /eM. puc. 5/. Oa COCTaBBJJ 

0,006K 3<tJ<P • 
nps B3MepeHBB 3c)clleKTOB peaJCTBBHOCTB TK B ax BMBTaTopoa 

I eM. •a6A. 4/ aemKBJJ;aaao awcoKoA: oJCa3anaeJ. 3c)clleKTBBHOCTh 

BMBTaTOpOB Ha nepB~epBB aJCTBBHOA: 30Hhl. 3JCcnepBMeHThl no 

B3MepeHBIO 3c)clleJCTBBHOeTB MeTaJJJJB'IeCJCBX o6pa3UOB B 06JJaeTB 

Ta6Aufla 4 

3~eJCTBBHoeTB TK a JCaeeeT-BMBTaTopoa HBP-2, w-2 K 3<P<P 

N' R4ei1KH TK KacceTa-HMHTaTop 

1 1, 16:!:_0 ,04 0, 13:!:_0,02 

4 1 , 21:!:_0, 04 0, 10:!:_0,02 

5 1,20:!:_0,04 0,10:!:_0,02 

8 1, 16:!:_0 ,03 

14 1,07:!:_0,02 0,09:!:_0,02 

20 1,28:!:_0,05 0,10:!:_0,02 

31 0,99:!:_0,02 0 '282"_0 '04 

35 1, 18:!:_0' 05 0, 15:!:_0, 02 

58 0,96:!:_0,03 0,31:!:_0,04 

59 1,02:!:_0,03 0,30:!:_0,03 

61 1,07:!:_0,03 0,30:!:_0,03 

63 0,92:!:_0,03 0,27:!:_0,03 

74 0,78:!:_0,04 0,26:!:_0,03 

75 0,65:!:_0,03 0,20:!:_0,03 

77 0,86:!:_0,03 0,27:!:_0,03 
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nO nOJJ;TBepJJ;BJJB npeJJ;nOJJo:lKeHBe 0 cpaBHBTeJJhHO 60JJhWO:ii 3c)clleJC

TBBHOeTB MeJJ;B B eneKTpe HBP-2. 3cWleKTBBHOeTB o6pa3QOB eTa

JIB, MeJJ;B, BOJJh~paMa B 6epBJJJJB.R OJJ;BHaJCOBOrO 06~eMa OTHOCRTCR 

JCaJC 1:1,42:1,5:1,8 eOOTBeTeTBeHHO. 

4. H3MBPBHHB BPBMBHH )f(H3HH 
HBilTPOHOB B PBAKTOPB 

CpeJJ;Hee BpeM.R lKB3HB nOJCOJJeHBR MrHOBeHHhlX HeA:TpOHOB B pe

aJCTOpe T BO MHOrOM onpeJJ;eJJ.ReT JJ;JJBTeJJhHOeTh BMnyJJJ.ea MO~

HOCTB aa noJJOBBHe aweoTw, ICOTopyro JJ;JJR HBP-2 MOlKHO Bhl'IBC

JJBTh no ~opMyne: 

e- 1,4 (r/av2)1 / 3. 
/2/ 

rJJ;e V - CICOpOCTh Bpa~eHB.R 0n0. 

H3Mepease r npoBOJJ;BJJOCh 'leTWPhMR ae3aBBeBMhlMB MeToJJ;a

MB: MeTOJJ;OM Poees- a, no ~JJYICTyaQBRM MO~OeTB B eTaQBOBapHOM 

pelKBMe, no ~YKTyaUBRM MO~OCTB B BMnYJJhCHOM pelKHMe B no 

~opwe swnynJ.ea MO~HoeTB /3, 4 / . HasMeHhWYIO norpewaoCTh 

BMeJJB B3Mepeas.a MeTOJJ;OM Poecs- a: /83±2/ He. CpeJJ;aee 3Ha'le

HHe T, noJJy'leHHOe no COOTHOWeHHJO: 

- "" -2 ("" -2 r = "7- ri a i "7- a i , 
I I 

/3/ 

rJJ;e T i B a i - epeJJ;Hee 3Ha'leHBe H JJ;BenepeBR r B i -OM MeTOJJ;e, 

e y'leTOM B03MOlKHOA: CBeTeMaTB'IeeJCOA: norpeWHOeTB , COCTaBHJJO 

/80±10/ HC. 

JiOJJhWOe OTJJB'IBe 3JCCnepBMeHTaJJhHOA: BeJJB'IHHhl T OT paCe'IH

TaHBOA: MeTOJJ;OM MOHTe-KapJJO /43 HC/!1! o6~RCHReTeJI, rJJaBHhlM 

o6pa30M, BJJBRHBeM JJ;BeJCa ,D;nO, HX3 B ICOlKyxa nO, ICOTOphle He 

Y'IBThlBaJJHeh B pac'leTax. B pe3yJJJ.TaTe Poecs- a H3MepeasA:, 

BhlnOJJHeHHhlX 6e3 3TBX 3JJeMeHTOB, nony'leHO 3Ha'leHHe T = 47 HC. 

t3 



5. CIIEKTP H IIOTOK HEilTPOHOB 
BO BHEDIHHX IIYYKAX H PACIIPE,l{EJIEHHE MOH(HOCTH 
B AKTHBHOJl 30HE 

CnexTp 6blcTpLix 8 pe3onancnLix neiiTponoB 83Mep.BJIC.B no 

aKT8B8.U88 noporOBLIX ~eTCKTOpOB C nocne~yiOUUIM BOCCTaHOBJie· 

H8eM 8cxo~noro 3nepreT8'1ecl<oro pacnpe~eneH8.B neitTponos na 

3BM151 • B npoMelKyTo'lnol 'laCT8 cnexTpa nony'leno y~oBJieTsop8-
TeJILnoe cornac8e c ~anHLIM8 pac'leTa I puc. 7/. nnoTHOCTL no

ToKa TenJIOBLIX HeiiTpOHOB, 83MepeHHa.B Ha BHCWHeii nOBepXHOCT8 

3awe~TeJI.B DO aKT8BaU88 MC~LIX 8 30JIOTLIX 8H~8Ka· 

TOPOB, O.ka3anaCL B ~Ba pa3a BLime pac'leTnoro 3Ha'len8.B 

1,5·106 
ueiJ•p./cM 2c B•. 

I 'f(£} 
'I--w• 

10" 

••r----10. 

' 101 

t• tO' 

10 

10 

tO 

iO 

10 

10 

!0 

I 

I 

I 

I 

I 

I 

r-

tO . 

' 
~ 

' 

' ~ 

1 1 

I I 

" -
~ 
~ r -

f".. I 
~ r!-1\/ 

0~ \ 

"" ~~ ~\ 

"' I 

>--

f\ I 

1o·• 1a·• to-w 10-s 10-+ 10-J w-• Nr' 10" to• E 

Puc. 7. CneKJIP ueiJ•pouoe /ueiJ•p./cM 2 c M3B B•l eo eueumeM 
ny~Ke HEP-2. 1 - Ha noeepxHoc•u 3aMe<)AuJieJu, 2- ua pacc•o.R
HUU 8 M OJI noeepXHOCJIU 3aMe<)AUJieA.R. To~KU - 3KCnepUMeHJI, 
Kpuewe - pac~e•. 
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Pacnpe~eJieHBe MOUUIOCT8 B aKT8BHOB 30He onpe~eJI.BJIOCL no 

raMMa·aJCTHBHOCT8 npo~yKTOB ~eJICH8.11. AKT8BHOCTL KaCCeT 83· 

wepliJIB cnycT.B 2 wec.Bua nocne o6ny'leHB.B. H3Mepeunoe B 3Kcne

p8veuTe pacnpe~eJieH8C B OCHOBHOM COOTBCTCTByeT npOeKTHLIM 

~aHHLIM; K034MJl8U8CHTLI HepaBHOMepHOCT8 pacnpe~eJieH8.B MOm· 

HOCT8 DO BLICOTe 8 06'LeMy aKT8BHOH 30HLI COCTaB8JI8 1,3 8 1,6 
COOTBCTCTBCHHO. Ha&60JILWBe JIOKaJILHLIC OT.ICJIOHCH8.B 83MepeHHLIX 

8 paCC'I8TaHHLIX pacnpe~eJieHBH HaXO,IJ;.BTC.B B 06JiaCT8 aKTHBHOi: 

30HLI, UpBMLIKaiOmeii K nO /.11;0 20,/, 'ITO, no·BB,IJ;BMOMY, o6yCJIOB· 

neno uecnwMeTp8'1HLIM pacnonolKeH8eM no, a TaxlKe nona,~~;an8eM 

B aKT8BHyiO 30HY Me,IJ;JICHHLIX HCBTpOHOB 83 3aMC,IJ;JI8TCJI.B . 

6. Bb/XO,l{ HA HMIIYJibCHY/0 KPHTHqHOCTb 

BLIXO~ peaKTOpa B KpHTH'ICCKOe COCTO.BH8e B HMnyJILCHOM pe

lKBMe &MeeT OC06eHHOCTH no cpaBHCHHIO C ,IJ;OCTHlKCHHCM KpHTB'I· 

HOCTB Ha 311.na3~LIBaiOUUIX HCBTpOHaX B CTa1J;BOHapHOM pelKHMe. 

0TBOWCHBe cpe,II;Hel MOUUIOCTB nO,II;.kpBTB'IeCKOrO BMnyJILCHOro pe· 

aKTOpa K MOWHOCTB BHeWHero BCTO'IHHKa Ollpe,ll;eJiaeTC.B BLipalKe • 

BHew
141

: 

y.,.JL.!_ KH 
So f3 1- KH 

/4/ 

r~e KH • TalC H&3LIB8.eMLii BMnyJILCHLiii K034wl!HUHCHT pa3MHOlKe· 

HB.B HeiTpOHOB, CJIOlKHLIM o6pa30M 3aBBCJIUUlii OT M&ICCBMaJIJtHOrO 

3Ha'leBH.I c m peaJCTBBHOCTB Ha MrHOBCHHLIX HeiTpOHax /CM. /1//. 
BeJIB'IBHa KH-1, xor~a cm=Em

0
• r~e Em0 - pasnosecnaa aw

nynLcna• Ha,ll;.kpHTB'IHOCTL, B KH <<1, ICOrJJ;a E m<O. 3JCCTpano· 
-1 

JlliUBI Ha KpHT8'1HOCTL no o6paTHOMY YMHOlKeH810 Y • 80 IW 
cpe~eii MOWHOCT8 /T.e. npH H3MepeHHH cpe~Heii CJCOpOCT8 C'le· 

Ta ~eTexTopos/ B BMnynLcnoM peaxTope ~ana 6L1 nepeouenxy 
-1 

nO,II;I<p8TH'IHOCTH, TaK I<ai< Y ( c m) BMeeT OTpHUaTeJILHyiO BTOPYIO 

Dp083BO~HyiO no peai<TBBHOCT8 Em • 

Cpe~HJI.B MownocTL peaxTopa W cxna,ULIBaeTCJI 83 ~Byx xoM-

noHeHTOB: W O • MOmHOCT8, ElLI~CJI.IIeMOii B HMnynLCaX, H W <!J -
MOWHOCTB, BLI,IJ;eJIJieMOi: Me~y 8MnyJILCaM8. CoOTBCTCTBeHHO MO)I(· 

no ssecT8 noH.IIT8.R YMHOlKeHHJI B HMnynLce Yo - w0 IS 0 a yMHo

lKenu B cl>one Y <P "' W <PIS o . 
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Haa6onee 6e30Racaa.a 8 TO'IHai 3KCTpanon.a~8I Ha KPHT8'1HOCTL 

o6ecne'I8BaeTc.a np8 83MepeH88 o6pa THoro YM80lKeH8I Y0 1 - S0 /W 0 • 
np8 3TOM MOIJUIOCTL W O 83Mep.aeTCI DO per8CTpa~88 CKOpOCT8 

C'leTa .D;eTeKTOpOB, nep80.1l8'1eCK8 BKnJO'IaeMWX Ha BpeMI OCHOB· 

HOro 8MRynLca, RpH'IeM .D;nBTenLHOCTL BKnJO'IeHBI .D;eTeKTOpOB T 

.llOnlKHa 6WTL pasHa BpeMeBB, B Te'leH8e KOTOporo BBO.IlBY:ai 0n0 

peaKTHBHOCTL ORBCWBaeTCI napa6onoA /1/. B o6naCTB H8lKe ypos

BI KpBTH'IHOCTB Ha MrHOBeHHWX HeATpOHaX /TO'IHee, RpH Em < -10-7 
YMHOlKeH8e B BMDynLCe 

/S/ 
Yo<£ m) - _!_ _.E__n -- arctg (..!. y a v 2 I I E m I) , 

1-KH./I I 2 2 v Em a v 

r.u;e n • 'laCTOTa cne.D;OBaHBI BMRYnLCOB, a B o6naCTB rny6oxoA 

RO.IlKPBTB'IHOCTB (IE m I» a y2 T 2) 

Y0 (£ )-~ • ....!.._-1/IEml· 
m 1-KH IEml /Sa/ 

H3/4/ B /S/ cne.u;yeT, 'ITO MOUUIOCTL B 8MRynLCe Wo CHnLHee 

3aBHCBT OT Em, 'leY: cpe.D;HII MOIJUIOCTL W /KH (£ m) • O'leHL 

cna6a.a cllYHK~a• Em np8 Em< 0 / . Kpowe Toro, .an• awnynLcHoro 

pelK&Ma xapaKTepua cne.llYJOillA• BHTepecua.a oco6eaaocTL: 3KCTpa

DOnBpOBaBBWM 83 o6naCTB rny60KOA RO.IlKPBTB'IBOCTB COCTOIHBeM 

peaxTopa .asn.aeTc.a xp&TH'IHOCTL aa wraoseanwx aeATpoaax: Em • 0 

/cw. /Sa//. 

BWBO.Il peaKTOpa B KpBTB'IeCKOe COCTOIH8e (£ m= E mo -1<r3K3q,q) 
ocyiQecTan.anc.a cne.llYJOUUIM o6pa3oM. Caa'lana, npa awae.u;eaawx 

6noxax CY3, 3anycxanc• wo.u;yn.aTop peaKT8BHOCTB. nocne .u;ocTa

lKeaa.a HOY:BHanLHOrO '18Cna 06opOTOB nO DpBBO.D;8nacL B rOTOB· 

aocTL A3 peaxTopa. 3aTeM cTyneHIM8 BBO.IlBn8cL KO. nocne KalK

.u;oro yaenB'IeH8I peaKT8BHOCT8 B3Y:ep.anaCL CKOpOCTL C'leTa B BM· 

nynLce 3a apew.a T = SOO MKc, T.e. ywaolKeH8e Yo. a o~eaaaanocL 

nonolKeHBe KO, COOTBeTCTB)'JOIQee OlKB.D;aewoA KpHTB'I80CT8. 

np8 'laCTOTe 8AmynLCOB S r11, KOr.D;a BpaiQaJOTCI o6a nO, B Ma· 

noM YMHOlKeH88 YO npOBO.Il8naCL rpy6a.a C8HXP0883a~BI pOTOpOB 

nyTeM HaXOlK.IleHBI TaKOA clJa3W apaiQeH8I ,lUIO B BMRynLce, KOTO" 

pa.a COOTBeTCTBOBana Y:aKC8Y:YMY CKOPOCT8 C'leTa. 0KOH'{aTenLHO 

C8HXpOH83a~BI ycTaHaBn8BanaCL B Kp8T8'1eCKOM COCTOIHBB. 
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I 
• 

nonyqeao xopomee cornac8e 83Y:epeaawx a pac'leTHWX 3Ha'le

ad cllYHQBB Y~ 1 (Em ) I puc. 8/. P ac'leTHwe 3aB8C8Y:OCT8 I cnnom 

HWe nBH88 Ha puc. 8/ Rony'leHW Ha OCHOBaH88 COOTHOWeHHI /S/ 

C 8CROnL30Ba88eY: 83Y:epeHHOrO 3Ha'leH8I a· He6onLmoe OTKnOHe • 

H8e 3JCCDep8Y:eHTAnLHWX TO'IeJC Y01 OT paC'IeT8WX, RO"B8.1lBY:0" 

wy, o6ycnoaneao cweiQeH8eY: ao apewea8 8MnynLca Y:OUUIOCTB ' 

8 Y:OY:eHTa BJCnJO'IeHBI .D;eTeJCTOpOB. 

HwnynLcawl pelKBY: 6wn ocYIQecTanea TonLxo npa nepaclJepaA

aol 3arpy3JCe TK. 

Yii' 

3 

2 

- g -8 - 7 - 6 - 5 - 4 - 3 -2 -1 

1,3 
0,9 

0 1 Em,10-3 

Puc. 8 . 3aeucuMoc•• o6pa•Hozo YMHOJICeHUJI e UMnyAI>CHOM pe
JICUMe o• pea~e•ueHoc•u Ha MZHoeeHHI>IX Heil•poHax. CnAOIIIHI>Ie 
AUHUU - pac'le•, •o'IKU - 3KcnepuMeH• npu 'lac• o•e 5 /KpueaJI 1/ 
U 50 r11 /2/ coo•ee•c•eeHHO. 

7. H 3MBPBHHB fi>OPMM HMIIYJihCA MOII(HOCTH 

~opwa 8Mnyn Lca MOUUIOCT8 HBP-2 .aan.aeTc.a o.u;aoA 83 ero oc

a oauwx xapaKTep8CTHK, ODpe.u;en.aJOIQeA,aap.a.u;y C 8HTeHC8BHOCTLIO 

ROTOJCa HeATpOHOB~ 3cllclJeKTBBHOCTL peaKTOpa KaK 8 CTO'IH8Ka HeAT· 

POHOB .D;ni HeATpOHHOA CReKTpOCKOR8H DO apeY:eH8 nponeTa. 
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cllopMa BCIIWWKB 6hlCTphlX ueii:TpOHOB B3MepliDaCh ,D,eTaDJ.HO, 

B pa3DB'IHhlX COCTOJIHBJIX peaKTOpa .D.BYMll MeTO,D,aMB - C'leTHhlM 

c noMOIQhJO wuoroKauan&uoro speweuaoro aaana3aTopa a TOKOBhlM 

nyTeM peracTpaQBB caraana ,D,eTeKTopa OT BH.D.BBB.D.Yan&aoro 

BMnyDJ.Ca MOIQHOCTB Ha 3Kpaae 3anOMBHaJOIQero OCQBn»Orpacl>a. 

,D;eTeKTopawa 6wcTpwx aeihpoaos cny)I(IIJJB: Kawepa ,D,eneaaa c ypa

aow-238 B aKTBBHOii 30He, TOpBeBall KaMepa Ha BhlBe,D,eHHOM HeiiT

pOHHOM ny'IKe B pacnonaraBWBiiCll TaM liCe nnaCTBKOBhlii CQBBTBD· 

DJITOp C 4JoTOYMHOliCBTeDeM. 

B npoQecce BhlXO,D,a Ha KpBTB'IHOCTh 4JopMa BMDYDJ.Ca B3Mepa

nacJ. C'leTHhlM MeTO,D,OM. llpa no,D,KpBTB'IHOCTB 1 B 2., ,D,DBTeDJ.HOCTI. 

awnyn:t.ca aa nODOBBHe BhlCOThl 0 OKa3anaCJ. paBHOA COOTBeTCTBeH

HO 720 H 824 MKC. llpa KpBTB'IHOCTB no MrHOBeHHhlM HeATpOHaM 

B MaKCBMyMe peaKTBBHOCTB - 240 MKC. Pac'leTHOe 3Ha'leHBe e 

p 

4 '~-----4--~---+------~~ 
I 
! 
I 

3; 

2~------~-----r;,----T-

1~----r------4--+---~ 

0 200 600 t 

Puc. 9. H3MepeHHaJf u pac'le•HaJf (xJpMW uMnyAr.ca MOIIIHoc•u 
HEP- 2 npu 'lac•o•e 50 r11. 
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nony'leHHOe C BCnODh30BaBBeM 3KCDep&MeHTaD:t.HhlX ,D,aHHhlX no 

a B T, paBHO 244 MKC B COCTOJIHBB MrHOBeHHOA KpBTB'IHOCTB. 

B COCTOJIHBB BMnyDJ.CHOA KpBTB'IHOCTB B3MepeHBll npOBO,D,B· 

DBCh, rnaBHhlM o6pa30M, TOKOBhlM MeTO,D,OM, KOTOphlii B ,D,aHHOM 

cnyqae TO'IHee C'leTaoro /norpewnocT:t. ne 6onee 2.,/. llpa qacToTe 

BCnLIWeK MOIQHOCTB 50 rl#/ ,ZJ;ll0 HenO,D,BBliCeH/ 0 ,D,Dll 6hlCTphlX 

Heii:TpOHOB COCTaB&Da 220 MKC, a npa 'laCTOTe 5 r11- 198 MKC. 

3Ha'IBTeDJ.HOe DpeswweHae B3MepeHHOrO 3Ha'leHBll 0 Ha,D, npoeKT

HLIM /92 MKC ,D,Dll 5 r11/ o6yCDOBDeHO OTDH'IBeM cl>aKTB'IeCKHX 

a B T OT pac'leTHhlX. lJ:acneHHOe peweuae O,D,BOTO'Ie'IHOrO ypas

HeHBll peaKTOpa C 3KCnep&MeHTaD:t.HhlMB a B T, ,D,aeT 4Jopwy BM· 

nym.ca,npaKTB'IecKa cosna,D,aJOIQYJO c B3MepeuuoA I puc. 9/. 
O'leBB.D.HO, 'ITO Y.D.naueaae awnyn:t.ca Bhl3LIBaJOT Te 3neweHTLI 

KOHCTPYKQBB peaKTOpa, KOTOphle cymeCTBeHHO BDBlllOT Ha a B T • 

YcTauosneno, .'ITO naa6on&wee snaauae oKa3wsaeT ,nno. llpa 

'laCTOTe BMDYDJ.COB 50 r11 B3MepanacJ. 3aBBCBMOCTh 0 OT nono

liCeHBll ,nno. Ha puc. 10 3a uyn~o npanaTo nonoliCeuae ,nno s 4J.Q., 

T.e. nODOliCeHae, COOTBeTCTBYJOIQee HaB60D:t.Weii peaKTBBHOCTB. Bw

BO.D. ,ZJ;ll0 B3 30Hhl npBBO.D.BT K CBDJ.HOMY COKpameHBJO,D,DBTeD:t.HO· 

!I I X I I II 

nol I 1/ I \ \ o I I I 

15ol I I I I -::::..oo.... 'I' I 

-20 -10 0 10 20 30'f' 

Puc. 10. 3aeucuMoc•l> lMu•eAr.Hoc•u uMnyAr.ca MOIIIHoc•u HEP-2 
0 o• noAOJit'eHUJf )UIO¢ npu 'lac•o•e 50 rf#. Q • 30Me"AU.eAr. 
3a )UIO o•cy•c•eye•, <) - o•cy•c•eyJO• ece 3aMe""u•eAu. 
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CTB BCDLIWKB • CO 190 ,AO 150 M ICC. B CDeQBA»J.BLIX :JKCDepaweu • 

TAX 6wno YCTABOBneuo, 'ITO 3TO DpOBCXO,ABT rn&BBLIM o6p&30M 

&3- 3& ysena'leoa• a OliO a 'IACTB'IBO - &3- 3a coxpameua• r . 

)l;n&Te»J.BOCTJ. BCDwmKB 3&MeTBO COKpamaeTCI TAJOI(e DpB f,AA· 

neuaa suemaax 3awe,AnaTenel. 3awe,A»BTenJ. 3& .n;IIO ysena'IBBB.eT 

0 ua /30±4/ MKc, a 3&Me,An&TenJ. 3& 6noxawa MA3- ua/8±4/ Mrcc. 

8. ~.RYKTYAUHH MOH(HOCTH HBP-2 
B HMRY.RhCHOM PBIHMB 

Bcne,ACTB&e swcoxol 'IYBCTBBTenJ.uocTa awnynJ.cuoro peax

Topa lC a3weueuBJO pealCTBBBOCTB so spew• 4IB3H'Iecxoro nycxa 

no,Apo6uo accne.Qosanc• xapaKTep 41nfxTyaual MOIIlBOCTB, a TAIClKe 

ax xoppen•na• c ,Apyrawa cny'laluwwa nponeccawa, sna•JOIIlBMB aa 

peaJCTBBBOCTJ. /sa6pan•• no B .AP./. C6op ,A&BBLIX ocrmecTaninc• 

nyTeM 3ADBCB ,ABCICpeTBLIX CBrHA»OB ,Q& T'IBICOB BA MArBBTBYJO ne&Ty. 

3anacauua• BB41opw&llBI o6pa6atwsanacJ. aa 3BM c nowoJQJ.JO cne· 

nilanJ.aol nporpawww .ivt• auana3a cTanaoaapawx cny'lalawx npo

neccos B BMDY»J.CBOM peaJCTOpe nepBO,QB'IeCJCOrO ,AeiCTBBI. llpa 

HB3JCOI 'cpe,Auel MOIIlHOCTB peaxTopa /weaee 10 Btl/ npeo6na.QAJOT 

cToxacT&'Iecxae 41»YlCTY&IlBB :Juepraa awnyn1.ca 141 . 31Ccnepaweu

TanJ.oa• 3ABBCBMOCTJ. OTBOCBTenJ.BOI ,QBCDepCBB :JHeprBB BMDY»J.CA 

~~z OT 06p&THOI MOIIlHOCTB pe&JCTopa w-lB COOTBeTCTBBB C Teo· 

pael aweeT naaeluwl xapalCTep I puc. 11/ a npa W > 0,5 Ba 
ADDpOJCCBMBpyeTCI 41YBICilBel ·. 

~ 2 (..!.) 2 ~ 2 (0) 750 +50 • 10-1 
qz W qz + . W • /6/ 

r.Qe ~ 2 
(0) - :JJCCTpanonaposaaaoe 3H&'Ieaae ,Aacnepcaa, xapalCTe-qz . 

p83YJOJQee 4lnfxTYAilBB, o6ycnosneBHWe OTJCnOBeBBIMB pe&KTBBBO· 

CTB 83 • 3& JCone6aaal :JneweHTOB ICOHCTPYICilBB peaJCTopa. llpB 'lAC· 

TOTe 50 r11 ~:z (0) = /3±2/ •10-4
, a DpB 'IACTOTe 5 rfl • 

/5±2/ • 1 o-~ CTOXACTB'IeCJCHe 4lnfJCTfAilBB ,AOCTBraJOT MAJCCBMyMa 

B o6nacTa xpBTB'IBOCTB aa wraoseuuwx ueiTpouax /W- 0,02 Btl/; 
~ ~z max • 0,30 . Bee :JJCcnepaweuTw no accne,AOBB.BBJO ~ !z (0) 

npoBQ.QBnac• aa MQJqBOCTB 300 B•, 'ITO no3BO»Ino ue f'IBTWB&TJ. 

CTOXACTB'IeCJCBe 41nfJCTYAilBB :JHeprBB BMDY»J.CA. 0JCA3AnOCJ., 'ITO 
2 

,QOMBBBpYJOJQBI BJCna,A B ~q'z(O) BBOC.T nonepe'IBWe CMeJQeBBI 
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Puc. 11. 3a6UCUMOCIIII> OIIIHOCUBeAI>HOU C>ucnepcuu 3Hepzuu UMnYAI>CQ 
t\ 2 o• o6paBHoii cpeC>Heii MOII/Hoc•u pearc•opa W -1 ~ - npu 

qz "" "" ~ 
'IQCBOBe 50 r11 U HQAU'IUU 60u.RHI>IX 3QMeuAUBeAeu, 0 • npu 'IQC• 
•o•e 50 r11 U Ollcy•CB6UU 60d.RHI>IX 3QMedAUBeAeii, 0 - npu 'IQC· 
•ome 5 r11. Cn~rowHa.R AUHU.R - annporccuMaiiU.R no (JopMyAe /6/. 

000. lb puc. 12, r,Ae DpBBe,AeHW pe3ynJ.TATW CDeKTp&nJ.HO·Koppe· 

JJ.RQBOHHOrO AHAJJB3A, BB,AHO, 'ITO OTBeTCTBeHHWM 3& B3ABMHYIO 

KOppen.RQBIO Me~y 3Heprueii BMDY»J.Ca B CMeJQeH&eM 000 .RBJJJI• 

eTc.R pe3ouaucuwA nux /B cnexTpe 'IACTOT xone6auuA OllO/ npa 

'IACTOTe 16 r11, COCTABJJJIJOJQeB TO'IHO 1/3 OT 'IACTOTW BpaJQeHHJI 

OliO. HMeHHO TAKOe nepe,AaTO'IHOe 'IBCJJO &MeeT pe,AyKTOp ono, 
KOTOpWii, DO· BH,ABMOMY, B .RBJJ.ReTC.R BCTO'IBBKOM KOJJe6aHBB pOTO • 

pa, B, COOTBeTCTBeHHO, MOIQHOCTB peaKTOpa. 0,AHAKO o6yCJJOBJJeH· 

awe 3TBMB KOJJe6aHBJIMB I!>JJYKTYAQBB MOIQHOCTB BMDynJ.ca BeCJ.Ma 

MAJJLI j- 2lfo/. liO,A06HWH CDeKTpanLHO • KOppeJJJIIlBOHHLIH AHAJJB3 npo • 

BO,ABJJCJI B ,A».R ,ApyrBX DPOileCCOB, B»BJIIOIQBX Ha MOIQHOCTL peaKTO· 

pa. B pe3ynLTaTe :JTBX uccne,AoBaHuil ycTaHoBneuo: 

a/ KOJJe6aHB.R CKOpOCTB BpaiQeHB.R 000 B COOTBeTCTBYJOIQBe 

BM I!>JJYKTYAUBB MOIQHOCTB O'leHJ. Manw • OTHOCBTeJJLHOe CTAH,AapT • 

HOe OTKJJOHeHBe He npeBwmaeT 0,2lfo. 

6/ QBpKyJJ.RilBJI BO,ALI B 3AMe,AnBTe»JIX DpBBO,ABT K li>»YKTYAilB.RM 

peaKTBBHOCTB, He npeBwmaJOIQHM 5 • I 0 -s ~K I K. 'ITO cooTBeTCT

ByeT l!>nyKTYAilB.RM MOIQHOCTB - 2,5lfo. liOJJLma.R 'IACTL CDeKTpa 

KOJJe6aHBB HAXO,ABTC.R B o6naCTB HB3KBX 'IACTOT /f < 0,5 r11j. 
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Puc. 12. CneK•pa,nHwe r~~~o•Hoc•u 3Hepzuu UMnYA~>ca G q u no
nepe'4HWX CMeJIIeHUU ORO 0 z U 63QUMHQJI KOppeAJIIIUOHHQJI ~YHKIIUJI 
rqz npo11eccoe q u z. 1 - npu '4ac•o•e 48,5 T11, 2 - npu '4ac•o•e 
49,6 T11, t - epeMJI MeJKi:Jy uMn.)'AI>CaMu, c. 

B/ Dpa pa6oTe peaxTopa c qacTOTOA BMnynhCOB 5 T~ xor~a 
BpaJQaeTC .. TaX)I(e B ,lUIO, DO .. BD .. JOTC .. ~ODOJJHBTenhBWe ~Tya· 

llBB MOIQBOCTB B3"3a XPYTBDhHWX xone6aHBA ~BCXa ,lUIO, XOTOpWe 

Hoc•T noqTa nepao~aqecxaA xapaxTep. 06ycnosneHHWA awa pa3-

6poc awnnaTy~ awnynhCOB MOIQBOCT:il - He 6onee 0,4~. XapaxTep 

XOne6aHd 000 B pe)I(BMe 5 Til CYJQeCTBeHHO OTnnaeTc .. OT pe)I(B· 

wa 50 Tr~. 

HeATPOHHo·clla3aqecxae accne~osaHBJI npa "cyxow" /6e3 Tenno

HOCBTen•/ nycxe B UeDOM DO~TBep~BDB B03MO)I(HOCTh peana3aUBB 

OCHOBHWX npoeXTHWX xapaxTepHCTBX Hli P • 2 xax BCTOqHaxa HeAT· 

poHOB ~nJI clla3aqecxax accne~oBaHaA. 0Tnaqae HexoTopwx cllaxTB

qecxax napaweTpos B ocHOBHOM o6ycnosneHo HeyqeToM B pacqeTax 
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scnoworaTenhHWX 3neweHTOB xoHCTpyxuaa peaxTopa. Do pe3ynh

TaTaw clla3necxoro nycxa HaweqeHw a peanB3YJOTCJI weponpBJITBJI 

no ~anhHeAmewy ynyqmeHBJO xapaxTepacTax peaxTopa. 

B 3axnJOqeaae asTopw cTaThB swpa)l(aJOT rny60KYJO 6naro~ap

HOCTh BCeM KODneKTBBaM B OT~enhHWld COTpy~HBKaM, yqaCTBO· 

sasmaw B no~roTosxe a npose~eHBB clla3aqecxoro nycxa peaxTopa. 
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