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I. Baeaea:ne 

CxeMa peaKTopa 11EP noaaomreT nonyqaTb qacTOTbi B ananaaoa:•e 

5 .. 50 I"U/ 1,3/ • TipH Cpe.na:el!: MOIUHOCTH 6 KBT 1:1 'l8CTOTe CllellOB8HHSI liM

rrynhCOB 5 ru HX aHeprHsr ~ 3.10 1 ~ .nen. TaK KaK aHeprHH HMrrynhca He aa

BHCHT oT HHTeliCHBHocTn oxna)K.neHUH peaKTopa, Ha MEPe MO)KHO nony'lHTib 

liMllYllbCbl BbiCOKOH MOIUHOCTll 1 COXpaHHB HliTeHCHBHOCTb OXli8)KlleHHSI
0 

HO 

COOTBeTCTBeliHO yaenH'IHB BpeMH Me)KllY HMllYllhC8MH. CHH)Ke}IHe 'l8CTOTI:ol 

llOBTOpeliifH HMllYllhCOB C nponopUHOH8llhHbiM yaenH'leHHeM HX 9HeprHH BO 

MHOI"HX CliY'l8HX yBeliH'IUBaeT OTHOWeHHe "a~~eKTa" K "~oHy" ITpU H3MepeHUHX 

Ha HeHTpOHHbiX ITY'lKaX. 3TOT pe)KUM pa60Tbl peaKTOpa Yll06eH llliH HCCne.no

BaliHH llHHaMHKH Cpe.n, ilOllBeprHyTbiX B03lleHCTBHro ~MI"HOBeHHOI"O" pa.nnaUUOH

HOI"O y.napa B MOMeliT HMITyllhCa MOIUHOCTH1 a T8K)Ke llliH HefiTpOHH0-8KTHBa

UHOHHOI"O aaanuaa. Ho c yBenntieHHeM aaepruu HMrrynhca B TB3nax peaK.Topa 

paaBuBaroTca rrpouecChi 1 o6ycnoBneHHhie TerrnoBhiM y.napoM, KOTOphie ycyry6-

naroTCH BhiCOKOH 'l8CTOTOH CllellOB8HHH HMITyllhCOB. .H BlleliUe TeiTnOBOI"O ynapa 

COCTOHT B TOM, 'ITO ITpH 6b!CTpOM HBI"peBe MaTepnan TB3noB He ycrreBaeT 

pacwnpHThCH co cKopocThro pocTa TeMrrepaTyphi, u a TB3nax BoaHnKaroT 

HarrpH)Ke}IUH C)K8THH1 KOTOpbie Clly)KaT HCTO'IHHKOM ITOCllellYIDIUHX CB060llHbiX 

Kone6aaufi Harrpa)KeHufi u .ne~opMauun/2/. B cnyqae rrpeBhiWeHHH rrpe.nenhHoro 

H8ITpSI)KeHHH1 KOTOpoe MO)KeT 6b!Tb llOCTHI"HYTO 111160 BO BpeMSI OlliiHO'lHOI"O 

HMrrynbca, nu5o cno)KeHHeM aarrpH)KeHufi DT pana rrocnet:toBaTenhHhiX uMrrynhcoB, 

BoaMO)KHhi rroBpe)K.neHusrTB3noB. B cBoro oqepe.nh, .nnHaMHKa TB3noB oKa-

3hiBaeT CyiUeCTBeliHOe BliHHHHe Ha KHHeTHKy peaKTopa. Pe)KUM pellKHX HM

rrynhCOB rroaBonaeT aKcrrepnMeHTanhHo nccne.noBaTh llHHaMnKy TB3noB n Kn

HeTuKy HMITYllhCHOI"O peaKTOpa B yCliOBHHX rrepHOllH'leCKH ITOBTOpHroiUHXCH 

TerrnoBhiX y.napoB. Pe)KHM nMrrynhcoB .MOWHocTn c qacToTofi cnenoBaHHH 0,2 ru 
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14 . 
H saeprHeii 8.10 nen. 6btn BnepBbie ocymecTBneH aa peaKTope HBP B 1968 r. 

':, ' 
AaanorH'!HaSI CX9Ma CHII)!{9HIISI qaCTOTbl IIMnynbCOB MOIIIHOCTII IICUOnb30BaHa 

H nng HBPa-30. OnaaKo KIIHeMaTII'IecKaSI cxeMa npHaona nonBII)!{Horo oTpa

)!{STenSI 6hlna 113Meaeaa nng o6ecne'leHHSI lliiCTaHUIIOHHoro nepeaona peaKTopa 

B HII3KO'IaCTOTHblii pe)!{IIM C coxpaHeHIIeM CHHXpOHHOii pa60Tbi llOllBII)!{HbiX 

sneMeHTOB1 a TaK:lKe 6btnH BB9ll9Hbl llOUOnHIITenbHble 'iaCTOTbi1 }Ia OJlHOii 11:3 KOTO

pbiX .oae OCHOBHbie llOllBH)!{Hbie 30Hbi pa6oTaJOT nooqepe.nao. Ilo STOH )!{e 

cxeMe aa peaKTope HEP-30 MoryT 6biTb nony'leHbi H eniiHII'IHbie IIMnynbCbi 
;: 

MOIIIHOCTII. 

2. CxeMa CHII)!{eHHSI 'laCTDTbi 

<lJopMa HMnynbCOB MOUIHOCTH 1 'laCTOTa HX llOBTOpeHIIS1 1 a T8K)!{e !floH 

Me)KJly IIMUynbCaMH onpenenSIJOTCSI 3aKOHOM H3M9HeHHSI peaKTHBHOCTII peaK-

TOpS HEP oT apeMeHH. B cxeMe Hcnonh3YJOTCSI ocaoaHaSI (OI13) 

H BCUOMqraTenbHaSI ( BI13) llOllBH)!{Hble 30Hbl II llOllBH:lKHblii OTpa:lKaTenb (no) -

aonb!flpaMOBbdi CTep)!{eHb1 nepeMeiiiaJOIIIHii:CSI B03BpaTHO-llOCTyllaTenbHO B ne

pu!flepllii:HOM KaHane aKTIIBHOH 30Hhl (puc. 1). IlpH pa6oTe TOnbKO OCHOBHOH 

llOllBII)!{HQH 30Hbi IIMeeTCSI 3aBIICIIMOCTb M9)KJlY JlniiTenbHOCTblO HMnynbCOB 

II qaCTOTOH HX cnenoaaHIISI. Ilp11 CHH)!{eHIIII CKOpOCTH 0Il3 'laCTOTa cneno

B8HIISI BCllhllii9K CHII)!{a9TCSI 1 HO yaenH'IIIBaeTCSI HX nniiTenbHOCTb1 UOSTOMY 

TaKIIM nyTeM o6bi'IHO .113M9HSIJOT 'laCTOTy B CpaBHIITenbHO He6onbiiiOM llHana-

30H9 ( ocHOBHaSI 'laCToTa peaKTopa). CHII:lKeHIIe 'laCTOTbi cnellOBaHHSI IIMnynb

coa 6e3 yaenll'i9HIISI IIX JlniiTenbHOCTII (npoMe:lKyTO'!HaSI 'laCTOTa) llOCTHraeT

CSI MOJlynSIUII9H peaKTHBHOCTH BCllOMOraTenbHOH llOJlBII)!{HOH 30HOH. B STOM 

cnyqae peaKTOp llOCTHraeT IIMnynbCHoft KpHTH'iHOCTII: B MOM9HT OllHOBpeMeHHO

ro coBMeiiieHHSI OTI3 H BTI3 c ueaTpoM aenollBH)!{HOii 30Hbi peaKTopa. B oc_: 

TanbHbl9 MOM9HTbl COBMemeHIISI 0Il3 C H9llOllBH)!{H0H 30HOH COCTOSIHHe 

peaKTopa OCTaeTCSI llOllKpHTn'ieCKHM1 HO llOBhliiieHHe peaKTIIBHOCTII npHBOlliiT 

K o6pa30B8HHJO no60'IHblX HMllynbCOB (caTennHTOB) 1 'laCTOTa KOTOpbiX paBHa 

OCHOBHOH '18CTOT9 peaKTOpa. BapbHpySI CKOpOCTH llOJlBII)!{HbiX 30H1 MO)!{HO 

3Ha'IIIT9nbHO paCIIIHpiiTb Jlllana30H B03MO)!{HbiX qaCTOT. 
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HII)!{HSIH rpaa~~:ua npoMe)!{yTO'IHOii '18CTOTbi ne:>K11T B o6na 

repu II onpeJlenSieTCSI MHHHM8nbHOH CKOpOCTblO BTI3, HH)!{e K 

MOCTb peaKTHBHOCTif OT BpeMeHH paCIIIHpSieTCSI HaCTOnbK0 1 

._ CSI He)!{enaTenbHbiM nanbaeiiiiiee yaenH'IeHHe saeprHH 6nH)!{aii:I 

MOIIIHOCTII CaTennHTOB. ·.Tip II '18CTOTe HH)!{e . STOH ·r 

HSieTcSI llOnonall'renbHaSI nynbcauHH peaKTHBHOCTH peaKTopa. Pc 

KpHTII'IHOCTb llOCTHraeTCSI TOnbKO B MOM9HTbl OllHOBpeMeHHC 

c aeno.oBH)!{HOii aoaoii OTI3, BTI3 11 np11 onymeaaoM a aoay < 

IIMnynbCOB~. 'tJaCTOT8 IIMnynbCOB MOIIIHOCTII B STOM cnyqae 

llOllOnHIITenbHOH nynbC8UHH peaKTHBHOCTH1 a JlnSI orpaHH'I9HHl 

6o'IHbiX IIMnynbCOB npoMe)!{yTO'IHOfi '18CTOTbl llOn)!{Hbi BbillOnJ 

IIIeHHSI: 

l no;;: l o .,.z.zo-3 
I 

T < 
p = 

1 
= 0,1 t-0,2 ceK. n 

ana 

31leCb T P - apeMSI cpa6aTbiBaHHSI cTep)!{HSI. 

IlpH pa6oTe p98KTOp8 Ha 38M~THOH MOUIHOCTH !flnJOK1 

HMnynbCOB onpellenSieTCSI B OCHOBHOM KOne6aHHSIMH peaKTHI 

OHH M8nbi1 HO ecnH CHHXpOHH38UHSI OCHOBHOii H BCUOMOraTem 

30H BbiUOnHeHa HellOCT8TO'IHO TO'IH01 !flnJOKTyaUHH pe3KO B031 

6HnbHaSI pa6oTa peaKTopa cTaaoBHTCSI aeaoaMO)!{Hoii. HcTo'IHi 

peaKTHBHOCTH 1 38BHCSIUIHM OT CHHXpOHH3aUHH 30H1 SI_BnSIJOTC 

Kone6aHHSI nncKa BTI3. BnHSIHHe cnaxpoaaocTH apameHHSI ac 

UHJO peaKTHBHOCTH noSicHeHo 'pnc. 2. KpoMe Toro, npn aap-y 

HH3aUHH llOJlBH)!{HblX 30H HMUynbC MOIIIHOCTH !flopMHpyeTCSI pa 

Hee M8KCHMyMa peaKTHBHOCTH BCllOMoraTenbHOH nbllBH)!{HOH 

a clicTeMe nog BnSieTCSI cKpbiTaSI peaKTHBHocTb 6.£ (puc. 2 

BHe38llHOrO BbiCB060)KJl9HHSI 1 KOTOpOe MO)!{eT 6biTb Bbl3BaH01 

nOMKOH B MeX8HH'19CKOii CHCTeMe llpHBOll8 1 UpOH30Rll9T pea 

saeprnn HMnynhca H nocnenyJOIIIHfi paaroH peaKTopa. 
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1a peaKTope HEP B 1968 r. 

MOlliHOeTH nenonb30BaHa 

lHBOna nonBH~HOI"O OTpa

>HHOI"O nepeBona peaKTopa 

HHOif pa60Tbi nonBH~HbiX 

'laCTOTbi1 Ha OJUIOfi Ha KOTO

!OO'l9p9JlHOo Tio 9TOif ~e 

>I H enHHH'lHbi9 HMnynbebi 
" 

bl 

roBTopeHnst,. a TaKme cpoH 

9HHSI peaKTHBHOeTH peaK

lOTOS! OeHOBHast ( 0 TI3) 

II~Hbiti . OTpa~aTenb (nO) -

tTHo-noeTynaTenbHO B ne-

1 pa60T9 TOnbKO oeHOBHOif 

nnTenbHOeTbiD HMnynbeOB 

eTn OTI3 qaeToTa eneno-

t nnnTenbHoeTb, noaToMy 

TenbHO ae6onblliOM nnana

:TOTbi enenoBaHHSI HMnynb

'lHa~ qaeToTa) noeTHraeT

ronBn~Hoti aoaoif. B aTo~ 

I B MOM9HT onHOBp9M9HHO

IOfi aoHbi peaKTopa. B oe

rmsoti SOHOfi eoeTOSIHHe 

{9 peaKTHBHOeTH npHBOnHT 

) , . qaeTOTa KOTOpbiX paBHa 

<t flOilBHmHbiX SOH, MO)!{HO 

raeTOTo 

Hn~HstH rpaHHUa npoMe~yTO'lHOif qaeTOTbi ne~HT B o6nacTH aeeKonbKHlt 

repu H onpenensteTest MHHHManbHOii eKopoeTbiD Bn3, HH~e KOTOpoti 38BHeH

MOeTb l peaKTHBHOeTH OT Bp9M9HH paelliHpst9TCSI H8eTonbK0 1 'ITO eTaHOBHT-
& 

est He~enaTenbHhlM nanbHeifmee yBennqeane aaeprnH 6nH~atimHx K HMnynbey 

MOlliHOeTH eaTennHTOB. npH qaeTOT9 HH~e 9TOfi rpaHHUbl npHMe

~steTest nononHH'renbHast nynbeauHst peaKTHBHOeTH peaKTopa. PaBHoBeeHast aan

KpHTH'lHoeTb noCTHI"a9Test TOnbKO B MOM9HTbl onHoBp9M9HHOI"O eOBM9lli9HHH 

e H9flO)lBII~Hoif 30HOfi ons, Bn3 H npH onyureHHOM B 30HY eTep~He penK~Jt 

HMflynbeOB~. l.JaeTOTa IIMnynbCOB MOlliHOeTH B 9TOM enyqae paBHa 'laeTOT4~ 

nononHHTenbHOfi nynbeaUHH peaKTHBHOeTH, a nnst orpaHH'l9HHSI 9H9pi"HH fl9-

60'!Hb!X HMnynbeOB npoMe~yTO'lHOfi 'laeTOTbl non~Hbl BbinOnHstTbest eOOTHO

lli9HHst: 

E > E no= o 

T < 
p = 

... 1·10-3 

1 
n 

Bns 

' 
= 0,1 t-0,2 ceK. 

3necb T P - apeMst epa6aTbiBaHHst eTepmast. 

TipH pa6oTe peaKTOpa Ha 3aM9THOfi MOUIHOCTII cpniOKTyaUHSI aHeprnit 

HMnynbeOB onpenensteTest B OCHOBHOM KOne6aHHSIMH peaKTHBHOeTH. 06bi'lHO 

OHH Manbi1 HO eenH eHHXpOHH3aUHSI OeHOBHOfi H BCflOMOI"aTenbHOfi nonBHmHbUt 

30H BbinOnHeHa HenoeTaTO'lHO TO'lHO, cpniDKTyaUHH p93KO B03paeT8IDT H eTa-

6HnbH8st pa6oTa peaKTOpa eTaHOBHTest H9B03MO~HOfi~ J1CTO'lHHKOM KOne6aHHJi 

peaKTHBHOeTH, SaBHestUIHM OT eHHXpOHH3aUHH 30H1 stBnstiDTest KpyTHnbHbl9 

Kone6aHHSI )lHeKa Bn3. BnHstHH9 eHHXpOHHOeTH .BpaUI9HHSI SOH. Ha cpniDKTya

UHID peaKTHBHOeTH nosteH9HO ~He. 2. KpoMe TOI"0 1 npH HapymeHHH eHHXpO

HH38UHH nonBH~HbiX 30ll HMnynbe MOlliHOeTH cpopMHpyeTe.II paHblli9 HnH noan

nee MaKeHMyMa peaKTHBHOeTH BCflOMOI"aTenbHOif llbllBH~HOfi SOllbl0 fl09TOMY 

B eHeTeMe flOst BnsteTest eKpb!Tast peaKTHBHOeTb /). E ( pHe. 2) • B enyqae ee 

Bneaanaoro BbieBo6o~neanst, KOTopoe Mo~eT 6biTb Bbi3BaHo, aanpnMep, no

noMKoif B M9XaHH'l9eKOif CHeTeMe npHBOna, npOH30fineT p93K09 yBenH'l9HH9 

aneprHH HMnynbea n noeneJtYIDUIHfi paaron peaKTopa. 
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3. KnHeMaTH'IecKasr cxeMa HEPa-30 
t 

3neMeHThi
0 

¢opMHpyiOIIIli9 peaKTliBHOCTb peaKTOp8 0 npJIBOllSITCSI B llBli-

)!{9HII9 qepea KliH9M8TJI'I9CKyiO cxeMy ( pliC. 3) I"Jl8BHbiM npliBOllOM ( 1) -

9Jl9KTpOMOTOpOM nOCTOSIHHOI"O TOK8 C nnaBHOH perynnpoBKOH CKOpOCTlio ~Ty

neH'I8T09 JI3M9H9Hll9 COOTHOIII9HliH CKOpocTeH llliCKOB ,0TI3 li BTI3 BbinOJl

HH9TCSI niicTaHuHoHHO nepeKnroqaeMhiM 6noKoM UiecTepeH ( 2): Tipn nepeKnro

'I9Hl!SIX cKopocTefi nncKn OTI3 (3) n BTI3 (4) npenBapnTenbHO ycTaHaBnnBa

roTCSI aa cneunanbHhie ¢nKcaTophi, KOTOphie o6ecneqnBaroT Ha'lanbHoe coc

TOSIHHe CllCT9Mhi1 H900XOllliM09 llJlSI nocnenyromefi CliHXpOHHOH paoOThi non-

Bll)!{HbiX aoH. Bo Bp9MSI pa6oTbi peaKTopa npii H900XOllliMOCTJI 

rrpOH3BOllHTCSI KOppeKTllpOBK8 ITOJ10)!{9HHSI lliiCKOB ITyTeM HX M9llJl9HHOI"O OTHO

Cl!T9JlbHOI"O BpameHHH C ITOMOIIlblO nn«P¢epeHUII8JlbHOI"O M9X8HH3M8 ( 5) li crre

Uli8JlbHOI"O ~:meKTporrpnBona. C Bana nncKa BTI3 llBH)!{eHne nepenaeTcH Kyna'i

KDBOI'v V llllCKY ( 6) 1 KOTOpblll npll CB09M BpameHHSI ll8BJIT H8 pbl'I8I" ( 7) 1 II 

cTep)!<eHb (8) orrycKaeTCSI B aKTIIBHyro aoay peaKTopa (9). BoaBpaT cTep)!{HSI 

B BepxHee rrono)!{eHIIe ocymecTBnSieTCSI TpeMSI npy)!{IIHaMII ( 10). Co6cTB9HHhie 

KOJ1908HIISI pb!'lJ8)!{HOI"O M9X8HII3M8 raCSITCSI Jl9Mrr¢epoM ( 11) • lliiCT8HUIIOHH09 

OTKJ110'19HII9 II BKJ110'19HII9 B paooTy CT9p)!{HSI npii COXp8H9HIIII CIIHXpOHHOCTII 

ero llBII)!{9HIISI c BTI3 npoiiaBDJliiTCSI aneKTporrpiiBDllDM ( 12), KOTOpbifi nnSI 

OTKJllO'i9HHSI CTep)!{HSI UOB0p8'1HB89T pb!'I8I" ( 7) 1 npH 9TOM CT9p)!{9Hb orryCK89TCSI 

B 3DHY B HII)!{H99 UOJ10)!{9HH9 ll ero nepeMemeHIIH npii BpameHllll Kyna'IKOBO

ro JlllCK8 npeKpamaiOTCSio BKniO'I9HII9 npOll3BDllllTCSI BOCCT8HOBJ19HII9M KOH

T8KT8 pb!'I8I"8 ( 7) C KYJl8'1KOBbiM lliiCKOM ( 6) • 

4. TiycK HEPa n HEPa-30 B pe)!{nMe penKIIX nMnynbcoB 

4.1. Bo Bp9MSI paoOThi peaKTopa aMITJliiTYllB llMITYJlbC8 MOIIIHOCTll KOH

TpOniipyeTCSI CHCT9MOH aBapllHHOH 38IIIIIThi. B K8'19CTB9 ll8T'IIIKOB IICUOJlb

ayroTCSI IIOHJiaauiiOHHhie KaMephi, aanonaeHHhie MeTaHoM. CIIrHan Ha copo'c 

aBapiiHHhiX CT9p)!{H9H UOSIBHTCSI TOJlbKO nocne o6pa30B8HIIH IIMrryJlbC8 C ITOBhl

III9HHOH aMUJliiTyJlOH. Tipii BbiCOKOH '18CTOT9 IIMITYJlbCOB MOIIIHOCTII 9TO H9-

0U8CH01 T8K K8K 38 BpeMH M9)!{llY IIMUYJlbC8MII II 38 BpeMSI cpaoaThiB8HliSI 
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38IIIIIThl peaKTIIBHOCTb peaKTOpa He M0)!{9T YB9Jlli'IIITbCSI H8 

B9Jlll'IIIHY II He M0)!{9T OOp830B8TbCH llMITYJlbC IIJlii rpyrrrra IIMU 

aofi' nnH peaKTopa 9!1eprnefi. B pe)!{UMe penKnx IIMrrynhCDB : 

BblllOJlHS19TCH1 II H900X0lliiM8 CIICT9M81 KOTOpaSI OTKJ110'189T 

Oopa30B8HII9M OUBCHOI"O ~ UO 9H9pi"IIII IIMITYJlbC8 MOIIIHOCTH.. ' 

pell.KIIX IIMITyJlbCOB n03BOJlH9T UCIT0Jlb30B8Tb B K8'19CTBe KOHTJ 

Jlli'IIIHhi aMITJlHTYilY ITOOO'IHhiX IIMrtynbCOB0 KOTOph19 ¢opMHpyR 

BpeMeHHOM coBMemeRnn OTI3 II BTI3 c aenonBH)!{HOfi aoRofi ( 

l.JaCTOTa IIX nOSIBJl9HHSI B 38BIICIIMOCTH OT pe)KJIMa nepeJ 

npoMe*YTD'IHOfi qacTOThi HEPa-30 4 t- 10 ru. AMnniiTYllhi a1 

rrponopUIIOH8JlbHhi MOIIIHOCTII IICTO'IHHKa 3ana3llhiB8IOIIIIIX HefiTpOf. 

¢opMI1pOB8HIIHo 3aBUCUMOCTb OT BpeMeHl! HCTO'IHIIKa 38IT83llh!B81C 

Me)KJly HMUYJlbC8MII MOIIIHOCTII OT BC9X npellhlllYIIIIIX IIMUYJlbC 

HO Bb!p83liTb COOTHOIII9HII9M 

00 6 ~ ~ , -A ( t + k > 
k= 0 I= 1 a I "I e I ;;-

rne n - '18CTOT8 HMnynbCOB MOIIIHOCTII, a I II ,\ I - rrapaMeT 

lib! npeJllll9CTB9HHIIKOB 38IT83JlhiB8IOIIIliX H9HTpO.HOB. 

PaccqnTaHHaH nnH qacTOThl cnenoBaHnH ~MrrynbcoB. 0,2 

MOCTb IIpliB9ll9H8 H8 puc. 4. l.JyBCTBIIT9JlbHOCTb aMnJlHTYllhi 

nynbca II 8MITJliiTYJlhi C8T9JlJll!T8 K U3M9H9HIIHM peaKTIIBHOCT 

peHa Bo BpeMH pa6oThi HEPa-30 c qacToTofi 0,13 ru • .3Rer: 

UIIOH8JlbH8H eit aMnnHTyna paooqero IIMITynbCa perJICTplipOBa 

HhiM I"8JlbB8HOM9TpOM1 nOJlKJll0'19HHhiM K OJlOKy IIOHII38IIHOHH: 

KHT -52. A MrrnHTyna caTennHTa, oTcToSimero a a .. 7 ceK oT 

nynbca, aa6nronanacb no ocuHnnorpa¢y, naT'IHKOM cny*Hna 

KaMepa, aarronHeHHaH MeTaHoM. PeaynbTBThi naMepeHIII1 rrpHBe 

llonOJlHIIT9JlbH8H CJICT9M8 0 KOHTpOJIIIpyiOIUaSI peaKTIIBH 

1 HJ:?P-30 B rrpoMe)!{yTKe Me)KJly pa6o<~HMH HMrrynbcaMn, Bhmom 

HO CHCTeMe aBapUHHOH 38IIIIIThi no rrpeBhiiii9HUIO aMnJlJITYll pa 

COB1 HO B OTJlii'III9 OT nocnenHeil OHB OJlOKHpyeTCSI H8 2 f- 3 

TpOJlH IICKJ110'189TCSI paooqnfi liMITYJlbC li CJl9llYIOIIIH9 38 HIIM C 

nnnTyllhi KOTOphiX CliJlbHO 38BHCHT OT BpeMeHII, EcnJI peaKTHB: 

7 



6Pa-30 

CTOpa, llpHBOJlSITCSI B JlBH

'118BHbiM llpHBOJlOM ( 1) -

ynuponKoA cKopocTn, CTy

KOB ,OTI3 n BTI3 Bbmon

:Tepea ( 2): Tipn nepeK1110-

nnapnTe1lbHO ycTaaannuna-

' ' 
ne~una10T aa~anbHoe coc-

cuaxpoaaofi pa6oTbi non-

npn aeo6xonnMoCTH 

rTeM nx Menneaaoro OTHO

)ro MeXaHH3Ma (5) ll Cll9-

H~9HH9 nepenaeTCSI Kynatt

ISI Jl8BHT Ha pbi~ar ( 7), ll 

·opa (9), BoanpaT cTep~HSI 

KHHaMn ( 10), Co6cTneHHbie 

epoM ( 11), .LlHCT8HUHOHH09 

COXp8H9HHH CHHXpOHHOCTH 

IOJlOM ( 12), KOTOpblH Jl11SI 

9TOM CTep~eHb onycKaeTCSI 

llpll Bp8lll9HHH Kyna~KOBO-

~SI BOCCT8HOB119HH9M KOH-

JlKHX HMllY1lbCOB 

t HMnynbCa MOlllHOCTH KOH

l~9CTB9 Jl8T~HKOB HCll01Ib

teTaHOMo Cnraan aa c6poc 

l30BaHHSI HMny1IbCa C nOBbl

IY1lbCOB MomaocTn aTo ae.:. 

H 38 Bp9MSI cpa6aTbiB8HHSI 

38lllHTbl p98KTHBHOCTb peaKTOpa H9 M0~9T YB91lll~HTbCSI H8 31I8~HT91lbHYI<l 

B91JH~HHy II He M0~9T o6paaoBaTbCSI HMnynbc l!1JH rpynna l!MllY1IbCOB C onac

HOH' nmr peaKTOpa a~eprneii, B pe~nMe p9JlKHX llMIIY1IbCOB 9TO ycnonue He 

Bbin011HSI9TCSI1 ll ll906XOJlHM8 CUCT9M8 1 KOTOp8S1 OTKJIIO~BeT peaKTOp Il9p9ll 

o6paaonanneM onacnoro no sneprnu HMnynhca MomaocTn. CxeMa. pe~nMa 

p9JlKllX HMnyJxbCOB ll03BOlJSI9T HCIIOJib30BaTb B K8'19CTB9 KOHTponnpyeMOH B9-

1IH~Hllbl LlMllliHTYJlY no6o~llbiX HMllY1lbCOB, KOTOpb19 !flopMnpy!OTCSI llpll 0JliiO

BpeM9llliOM conMemenuu OTI3 u BTI3 c aenoJlBH~Hofi aouofi ("a,. na pnc,l). 

lJacTOTa HX llOSIBll9HUSI B 38BIICHMOCTH OT pe~HMa nepena~u panna Jl11SI 

npoMe~yTO~HOfi ~aCTOTbl J1EPa-30 4 fo J0 ru. AMII1JllTYJlbl STIIX C8T91111IITOEI 

11pOnOpUHOHa1JbHbl MOlllHOCTll llCTOttHHKa 3aiia3)lblB810llliiX H9HTpOliOB B MOM9HT !IX 

!flopMIIpOBaHIISI, 3aBIICHMOCTb OT Bp9M9HII llCTO~HllKa 38IIll3JlbiBa!OllliiX H9HTpOHOil 

Me~y UMnynbCBMH MOlllHOCTH OT DC9X llp9JlbiJlYllliiX JIMIIY1IbCOB ( k ) MO>I<

HO Bblp8311Tb COOTHOllleHH9M 

00 ' 6 \ k ) 
:£ :£ a A e-" 1 ( t + il 

k=O 1=1 I I 

rJle n - '18CTOTa HMllY1IbCOB MOlllHOCTH, a 1 H A 1 - napaMeTpbl . -oii rpyn

llbl I1p9Jllll9CTB9llliHKOB 3aiia3JlbiBa!OlllHX H9HTpO.IIOB, +> 

PaccttnTannaSI nnH ~acTOThi cneJloBaliHSI IIMrrynhcon 0, 2 ru aT a aaa_!ICII

MOCTb IlpHB9Jl9ll8 H8 puc, 4, lJyBCTBHT91lbliOCTb 8MII11HTYJlbl pa6o~ero. l!M

IIY1lbC8 ll 8MII11HTYJlbl C8T91111HT8 K II3M9ll9liHSIM peaKTHBHOCTH 6b!118 npoBe

pe.Ha no npeMn pa6oTbi 11EPa-30 c ~acToTofi 0,13 ru. 8neprm1 11 nponop

unonanbHaSI efi aMnnnTyna pa6o~ero l!Mnynbca perJicTpiiponan~cb aepKanb

HbiM ra1lbD8HOM9TpOM, nOJlK1110~9HilbiM K 6noKy IIOHli38UIIOllllblX KaMep TUna 

KHT-52, AMnnnTyJla caTennnTa, OTCTOSilllero na .. 7 ceK OT pa6o~ero IIM

nynbca, na6nJOJlanacb no ocu11nnorpa¢y, ]laT~HKOM cny~nna JionnaanJioJIHaSll 
I 

KaMepa, aa.nonnennaSI MeTalloM. PeaynbT8Tbi HaMepennif npnneneHbi na puc,5, 

.LlononHHT91lbH8SI CHCT9M8 1 KOHTp01IHpy!Olll8SI peaKTHBliOCTb peaKTOpa 

1 11EP-30 B npoMe~yTKe Me~y pa6ottnMn HMnynbcaMn, Bbmonnena ananorn~

no CHCT9M9 anapHHHOA 38lllllTbl no np9Bbllll9llll!O 8Mll1JHTYJl pa6o~HX HMIIY1Ib

COB1 liD B OT1Jll~Ue OT llOC119JlH9H OH8 61JOKHpyeTCSI ll8 2t- 3 C9K H ua KOll-

Tponst ·ncKnrottaeTcSJ pa6o'!Hi1 HMnynhc H cne.nyromne aa nnM caTennHThi, aM-

Il11HTYJlbl KOTOpblX Cll1Jbll0 38BHCSIT OT. Bp9M9lll!, EcnH peaKTHBliOCTb peaKTOpa 
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H COOTBeTCTBeHHO aMnnnTyaa CaTennnTa ~ npoMe~yTKe Me~y HMnyJibCaMH 

npeBb!CHT aony~THMOe 3Ha'leHne, cpa6aTbiBaeT aBapnii:Hast 3~1UHTa H pa3BHTHR 

onacaoro anst peaKTopa nMnynbca MOIUH~CTH He nponcxoanT. 

4.2. fipHBOa CTep~Hst BO BpeMst pa60Tbl HCnbiTbiBaeT CHJibHbie anHaMH

'IeCKHe aarpy3Kll
1 

noSTOMy HeJib3st liCKJIID'IliTb BepostTHOCTb ero noBpemneHHst 

C OCTaHOBKOH CTep~Hst B 8KTliBHOii: 30Heo B STOM cny'lae peaKTOp nepexoanT 

C qaCTOTbl peaKHX HMnynbCOB MOIUHOCTH Ha npoMeJKyTO'IHYIO '18CTOTY 

4;... 10 I'U, B 3aBHCHMOCTH OT pe~Ma nepeaa'IH1 H cneayiDIUHH HMnyJibC 

MOIUHOCTH pa30BbeTCst 'lepe3 0,1;..0,2 CeK, aero SHeprHst B03pacTeT B ~OOT
BeTCTBllli C yBeJIH'ieHHeM MOIUHOCTH liCTO'IHHKa aanaaabiB8IDIUliX Heii:TpOHOB B 4 pa-

38 (pnc. 4) H Bbi30BeT Cpa6aTb!B8HHe aBapnii:HOii: 3aiUHTblo 06pa30B8HHe OllliHO'I

HOI'O HMnynbca TaKoii: aaeprnn anst :HBPa-30 aeonacao. 

4.3. fipn nepeBoae peaKTOpa B pe~HM peaKHX HMnynbCOB yBeJIH'IUBaeT

Cst aonst aaeprnn, Bhxaenstromastcst Me~y nMnynbcaMn, 3a cqeT caTennnToB, 

4JopMIIpyro!UliXCSI B MOMeHTbl oaHOBpeMeHHOI'O COBMeiUeHHst 0fi3 H Bfi3 C He

noaBH~HOH 3oHoii:. TaK KaK annTenhHOCTn Bcex caTennnToB sToii: rpynrrhl onn

aaKOBbi, a aaeprnn nponopunoaanhHbi aMnnnTyaaM, pacnpeneneane KoTopbiX 

naBecTJio, aKcnepnMeHTanhHO onpenenstnocb oTHoweane aaeprnn nepBoro ca

TennnTa K aaeprnn nMnynbca. B Ka'leCTBe aeTeKTopa ncnonh3oBannch nn

TneBbie cTeKna, cnrJiaJibi c KOTOpbiX nocTynann Jia BpeMeHHOit aJiann3aTop. 

Pe3ynhTaTbi H3MepeJinit npnBeaeHbi Jia pnc. 6. :3Jieprnst nepBoro caTennnTa 

cocTaBnna 0,83% oT aaeprnn nMnynbca, a aonsr aaeprnn Bcex caTennnToB 

.aToil: rpynnhi cocTaBnsteT oKono 8%. CneayeT oTMeTHTb, 'ITO npn aTnx n3-

MepeJinstx 4JopMbi nMnynhca MOIUHOCTH ero 3aaJinii: 4JpoHT cnaaaeT MeaneH

Jiee no cpaBHeHHID C 4JopMOH HMITYJibCOB 6biCTpb!X Heii:TpOHOBo :3TO pa3Jili'IHe 

Bbi3biBaeTcst y -n3ny'leHlleM, KoTopoe po~aeTcst npn aaxBaTe B Bonh4JpaMo

BOM OTpa~aTene Hei!:TpOHOB, BbiXOilRIUHX ll3 38MennnTeJist B CTOpOHY aKTHB

HOH 30Hbio .D.nst can~eJinst aToro a4J4JeKTa aa peaKTope HBP Me~y 3aMe.ri

nnTeneM n oTpa~aTeneM npenycMoTpeaa ycTaHoBKa npocnoi!:Kn H3 B 4 C • 

4.4. fiylxbC8UliR peaKTHBHOCTli peaKTOpa, Bbl3biBaeMast B03BpaTHO-nOCTy_' 

naTeJibHblM llBH~eHH9M CTep~Hst1 HMeeT nnOCKyiD BepiiiHHy1 TaK KaK B MOMeHT 

MaKCHMyMa peaKTHBHOCTH CKOpOCTb CTep~Hst MeHsteT 3H8K H Tpe6oBaHHst K 

TO'IHOCTH CHHXPOHH38UHli CTep~st C OCTaJibHblMH ITOilBll~HbiMH aneMeHT8MH 

peaKTOpa HeBbiCOKHe. 3aBHCHMOCTb peaKTHBHOCTH CTep~Hst OT ero ITOJIO~e-
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HHst B 3oHe onpeaensrnacb sKcnepuMeHTanbHo n npuaeaeJia aa 

zyaUHli HMnynbCOB MOll!HOCTli B pe~n:Me peaKHX BCITbiiiieK OI 

noKa3aHliRM 3epKaJibHOI'O ranbBaHOMeTpa, noaKJIID'IeHHOI'O K 

unoHHbiX KaMep Tuna · KHT -52. Pe3ynhTaTbi naMepeHnii: npn 'l 

npnBeaeHbi aa puc. 8. Pacnpeaeneanst aMnnnTya n:MnynhcoB t 

Tbl" peaKTopa Ha '18CTOTe 0,21 I'U (nooqepeaHast pa6oTa Qfi 

cnyqae TO'IHOH II HapyiiieHHOii: CliHXpOHHOCTli BpaiUeHHst Qfi3 H 

Hbi Ha pn:c. 9. fipn HapyiiieHHli CliHXpOHII3aUIIli ITOilBli~HbiX 

MOIUHOCTli pe3KO B03paCTaroT1 li CTa6n:nbHast pa6oTa peaKTO 

HeB03MO~Hoii:. 

4.5. Bo BpeMst pa6oTbi peaKTopa HBP c qacToToii: cneac 

COB MOIUHOCTli 0,2 I'U fibinli li3MepeHbl nepeMeHHbie Hanpst~eJ 

lUlie B 381UliTHOii: o60JIO'IKe nnyTOHlieBOI'O CTep~Hst1 a TBK~e 

ca MOIUHOCTli li li3MeHeHIIe aMnnirTyn liMnynhCOB npn: CKa'IKC 

~eHIIII peaKTIIBHocTn Me~ay n:MnynbcaMII. nony'leHHbie ocunn. 

pst~ean:il: n: MeToan:Ka aKcnepiiMeHTa ony6nn:KoBaHbi /3/. B Ml 

liMnynbCa MOIUHOCTli B CTep~HeBblX TB:3nax peaKTopa B03HI 

xapaKTepHbie nnst TennoBoro ynapa. fipn sJieprn:stx n:Mnynbca ~ 

( cpeaHstst MOIUHOCTb peaKTOpa "'4,5 KBT) B o60JIO'IKe CTep~H 

Cst nepeMeHHbie Jianpst~eHlist C '18CTOTOii: "'8 KI'U li aMnJIIITYJ 

meii no Mepe noBbiiiieHIISI sJieprmr nMnynhca. lJacToTa Konet 

CTByeT npoaonhHbiM cBo6onHhiM Kone6aHnstM cTep~Hst. B IIHT' 

n:MnynhCOB ( 6;... 8) •10 14 nen. onHoBpeMeHHO c npononhHbiMJ 

B036y~aiDTCst nonepe'IHbie KonefiaHHst C '18CTOTOil: 0,8 t-1 KI'I 

TenbHO ae6onhiiiOM TennoBoM ynape ( cpenJinii aarpeB TB:3J 

3a HMnyJihC) 3aperiiCTplipOB8HHbie .aanpst~eHHst OK838JIHCb : 

n oueanBaroTcst B 108 nna/cM2. fiponon~nTenhHOCTh cBo6oa 

COCTaBnsteT 8;... 10 MCeK. 

<l>opMa nMnynbca MOIUHOCTH npn aJieprnn nMnynhca 6· J 

BeTCTByeT pacqeTHOii: no OllHOTO'IS'IHOii: Monenn H napa60Jil 

H3M9HeHHst peaKTHBHOCTH 



i>KYTKe Me>KllY HMllYJ1bC8MH 

pHHHSH 38lliHT8 H p83BHTHH 

lOHCXOllHT. 

cblTbiBaeT CHJ1bHbl9 llliHSMH

,OHTHOCTb ero ll0Bp9>Kll9HHH 

cny~ae peaKTOP nepexonnT 

poMe>KyToqayro qacToTy 

~n, n cnenyromnft nMnynbc 

aHeprHH B03p8CT9T B ~OOT

lbiBSIOlliHX H9HTpOHOB B 4 pa

~HTblo 06pa30B8HH9 OllliHO~-

racHo. 

(X HMllYJibCOB yaenH~IIBaeT

;aMH, aa c~eT caTennnToB, 

.temeunsr OIT3 n BIT3, c ne

rennnToB aToit rpynnbr onn

~. pacnpeneneHne KoTopbiX 

I9HR9 aHeprHH nepaoro Ca

KTopa HCllOJ1b30B8J1HCb JIH

Ha epeMeHHOit aHannaaTop. 

'Heprnsr nepaoro caTennnTa 

aHeprnn ecex caTennnToB 

MeTHTb, ~To npn aTHX H3-

~ft ~poHT cnanaeT Mennen~ 

HeifTpOHOBo 3To paann~He 

llflli aaxaaTe B BOJlb~paMO
!llJIHTensr B CTOpOHY 8KTHB

lKTOpe HBP Me>Kny 3aMen

oeKa n,pocnoii:Kn :na B 4 C • 

:ibiBaeMaH B03Bp8THO-IlOCTy

:i9plliHHy1 TSK KSK B MOMeHT 

!HH9T 3HaK H Tpe60B8HHH K 

II , llOllBlf>KHbiMlf aneMeHT8Mlf 

11 cTep>KHH oT ero nono:>Ke-

1 

HHH B aolie onpenensrnacb aKcnepHMeliTanhHO n npuaenelia Ha pHc. 7. <PnroK

TyaunH HMrrynbCOB MOlUHOCTII a pe>KIIMe penKIIX BCllbillieK onpenensrnncb no 

IIOK838HHHM 39pK8JlbHOrO ranbB8HOM9Tpa, IIOllKJIIO~eHHOro K 6noKy liOHH3a

UHOHHbiX KaMep THna, KHT -52. Pe3ynbTaTbi H3MepeliHH npn ~acToTe 0,13 ru 

npnaeneHbi Ha pnc. 8. PacnpeneneHHH aMnnnTyJl IIMnynhcoa Bo apeMH pa6o

Tbi peaKTopa Ha ~acToTe 0, 21 ru' ( nooqepenHasr pa6oTa OIT3 N9 1 II N92) B 

cny~ae TO~Hofi 11 HapymeHHofi cnHxpoHHOCTII BpameHHH OIT3 n BIT3 npneene

Hbi Ha puc. 9. flpii HapymeHIIII CIIHXPOHII38UHII llOJlBH:>KHbiX 30H KOne6aHHH 

MOlliHOCTH pe3KO B03paCT8IOT1 II CTa6HnbH8H pa6oTa peaKTOpa CT8HOBIITCH 

HeB03MO:>KHOHo 

4.5. Bo apeMsr 'pa6oTbi peaKTopa HBP c ~acToTofi cnenoaaHnH HMnynb

coa MOlliHOCTH 0,2 ru 6btnii li3MepeHbi nepeMeHHbie Hanpst>KeHHH, B03HIIKaiO

lliii9 B 38lliHTHOfi o6ono~Ke rrnyTOHlieBoro CTep>KIIH, a TSK>Ke ~OpMa IIMnynb

Ca MOlliliOCTli II H3MeUeUIIe 8MllJIHTYJl liMIIYJibCOB llpli CK8~K006pa3HOM Clili

>K9HliH peaKTl!BHOCTH M9)1{JlY liMllYJ1bC8Mlio flony~eUHb19 OCUHJIJIOrpaMMbi Han

pSI>K9Hllfi u MeTonnKa aKcnepnMeHTa ony6nHKOB8Hbi /3/. B MoMeHT pa3Bl1Tnsr 

nMnyn~>ca MomHocTu a cTep:>KneBbiX TB8nax peaK'I;opa eoaHnKaroT srenelinsr, 
14 

xapaKTepHbre nnsr Tennoaoro ynapa. flpu aliepruHx nMnyni>ca MeHee 6•10 nen 
•' 

( cpeJlHHH MOlliHOCTb peaKTOpa = 4,5 KBT) B o6ono~Ke CTep>KHH B036y>Kll8IOT-

CH rrepeMeHHble H811pSI>K9HHH C ~aCTOTOfi "'8 KrU H 8MllJ1HTYJlOfi1 HapaCTaiO

mefi no Mepe llOBbillieHHH aueprnu HMnynbca. qacToTa Kone6alinft cooTBeT

CTByeT 11p0JlOJ1bHbiM CB060JlHbiM KOne6aHHHM CTep>KHSio 8 HHTepaane aHeprHfi 

:nMnynbcoa ( 6 t- 8) •tol4 nen. onuoepeMeHHO c npononbHbiMH Kone6aHII.SIMII 

B036y>Kn8IOTCSI nonepe~Hbl9 KOne6aHHSI C ~aCTOTOH 0,8 t-1 Kru. flpn CpaBHli

T9J1bHO He6onblliOM TellnOBOM ynape ( cpenHnfi Harpe a TB8noa 30llbi woe 

3a nMnynbc) aaperncTpnpoBaHllbre uanpSI>Keansr oKa3anncb 3aaqnTenbHbiMH 

li oueHHB8IOTCSI B to8 JlliH/cM2. flpOllOJI:>KliTenbllOCTb CB060llHbiX Kone6aHHH 

COCTaBnSieT 8 t- 10 MC9Ko 

<PopMa nMnynhca MomHocTn npn aaeprnn nMnynbca 6•10 13 nen. cooT

aeTCTByeT pacqeTaoft no onHoToqeqaofi Monenn n napa6onnqecKoft ~opMe 

H3MeHeHHSI peaKTIIBHOCTli 
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rne 

cz(t)==co-av2t2' 

f = 1 1 1!1•1V 
0 

a v 2 4 2 
18•10 1/ceK • 

(1) 

DoBhiiiieHHe sneprHH HMnynbca no 8·10 14 nen. npHBeno K coKpameHHIO ero 

nnHT9llbHOCTH C 52 no 36 MKCeK H cnBHI'Y M8KCHMYM8 M01IIHOCTH H8 32 MKC9K 

!31 ~ 
(eM. pHCo 3 ) • 3aBHCHMOCTb peaKTHBHOCTH peaKTOpa OT BpeMeHH 0 KOTO-

paH COOTBeTCTByeT H3MepeHHOH ¢opMe HMfiYllbCa M01IIHOCTH npH ero 9H9pi'HH 

8.1014 nen., H1IIeM B BHne cyMMbi neyx KpHBbiX. Onna Ha nnx o6paayeTcH 

OCHOBH~H nonBH)I{HOH 30HOH peaKTopa H HMeeT BHn napa60llbl ( 1) • BTopaH, B 

o6naCTH OCHOBHOI'O BbineneHHH 9H9pi'HH HMnyllbC8 ( 13,10-6 ~ t 'S_ 47,10-6), 

onpenemieTCH OTpHU8T9llbHOH o6paTHOH CBH3bl0 peaKTopa. TaK K8K BhrneneHHe 

SHepi'HH HMfiYllbC8 npH6llH3HT9llbHO COOTB9TCTByeT napa6onHqeCKOMy 38KOHy, 

sTy aaBHCHMOCTb BbrpaaHM B BHne napa6onhi: - b ( t -13. 10 - 6
) 

2 
• Torna 

MO)I{HO noK838Tb 0 qTO H3MepeHHOH ¢opMe· HMnynbC8 MOIUHOCTH npH ero SHep-

14 . 
I'HH 8.10 ·nen. COOTBeTCTByeT Cll9J:\YIOIII8H ¢opM8 peaKTHBHOCTH peaKTOpa: 

(2 (t).,.1,42.10-3_18.10 4 e2
' t < 13. 10-6 ( 2) 

a B HHTepeane 13. 10-6 < e < 49. 10 - 6 

(3) 
c (e).,.J,42.10-3_1B.10 4 t 2_7,6.10 5 (e-13.10- 6

)
2 

• 
DocnenHliH qneH B ¢opMyne (3) yqHThlB89T BllHHHHe MI'HOB9HHOI'O OTpHU8T9llb-

HOI'O TeMnepaTypHOI'O Kos¢¢HUH9HTa. HaMeHeHHe aMnllHTyn HMnynbCOB MOlUHOCTll 

npH CKaqKoo6pa3HOM CHH)I{9HHH peaKTHBHOCTH peaKTopa H8 1,4,10-4 Ha6nrona..:. 

llOCb no OCUHllllOI'pa¢y BO BpeMH pa60Tbl C SHeprHeii HMnyllbC8 8.10 llJ: nen. 

B KaqecTBe naTqHKa ncnonbaoeana HOHHaauHoHHaH KaMepa, aanonnennaH Me

TaHoM. YMeHbiiieHHe aMnnHTynhl nepeoro nocne CHH)I{eHHH peaKTHBHOCTH HM

nynbca COCT8Bllll0 ~17% H COOTBeTCTByeT paccqHTBHHOMy no ¢opMynaM 

(2), (3) npH yq~Te MI'HOB9HHOI'O OTpHU8T9llbHOI'O TeMnepaTypHOI'O Koa¢¢HUH9H--

Ta. 

.I 
! 

l 

4.6. llnH peaKTopa HEP-30 npH cpenneii MOIUHocTn 30 

cnenoBaHHH HMnynhCOB 0,1 I'll SHepi'IIH IIMnyllbCa COCTolBIIT 101 

B CBH3ll c HeanaqHTenbHbiM yeenHqenneM aarpyaKII 30Hbi n 

HEPoM ynenbHaH TerrnoBaH narpyaKa na TB8nbr HBPa-30 Bo 

ca BoapacTaeT noqnr nponopunonanbHo. · B cnyqae rrporropuuona1 

HHSJ nepeMeHHbiX HanpH)I{eHnii nnnTenbHaH 6eaaeapuiinaH pa6c 

oqeBunna. KpoMe Toro, Mennennoe aaTyxaHHe cBooonHhlX Kone 

KH paa yBenuqnBaeT UUKliUqHOCTb H81IpH)I{eHllH IIO cpaBH9HUIO C ql 

COB MOlUHOCTU, 

PaccMoTpHM B03MO)I{HOCTb CHU)I{eHnH _MexannqecKnx narpy 

lUHX B TB8nax nMnynhcHoro peaKTopa npu TerrnoBbiX ynapax. 

TB8nbr HBPa BhmonHeHbr B Bune nnyTonneBhrx cTep)I{Heii, c: 

meHHbiX B aamnTHbre o6onoqKu c Bepxneii aanenKoii ux B peu 

aoHhr. 3naqnTenbHbie MexaHHqecKne narrpH)I{eHHH B o6onoqKe TB: 

HHKaroT npu nepenaqe eii MexannqecKoro nMnynbca B MecTe orrc 

nosToMy KOIICTpyKUliH TB8noB HBPa-30 6bma U3MeHeHa. Dpn 

nnn rrpnMeneHa nnoTHaH nocanKa cepneqnnKa B JlBOiiHyro o6onoq: 

Ta cepneqHnKa C o6onoqKOH IIO Topuy. TaKaH KOHCTpyKUUH CC 

uaTenbHbiM TeMrrepaTypHbiH Kostl:'¢nuuenT peaKTopa, ynyqmaeT 

cepneqnnKa u noaBonHeT paarpyanTb o6onoqKy Bo epeMH Ter 

YMe!lblll9Hlle BnBoe nnaMeTpa CT9p)I{HH C!llf)I{89T TeMrrepaTypH 

ero ceqennro n oTonBuraeT Boa6y)I{JleHne rronepeqHbiX Kone6a 

6onbiiinx sneprnii HMrrynbcoB. 

HMeroTcn u npyrue nyTu CHH)I{eHnH MexannqecKnx narpy 

CMOTpeHUH 1IpOU9CCOB, COIIpOBO)I{naroiitHX T9IIllOBOH ynap, H9Tp) 

qTo, Bo-rrepBbiX, Benuquna MexanuqecKux HarrpH)I{eHnli: B TB8JJ 

nanbHa Kos¢¢nunenTy nnneli:noro pacmnpennH ero MaTepnan 

y cBo6onHhrX cTep)I{HeBhrx TB8floe nMeeTcH cpenHHH nnocKoc 

OT H81IpH)I{9HliH H ne¢opM8UliHo HCII01Ib30B8HHe B KaqecTBe MaTE 

crrnaBoB c 6nnaKIIM K nynro Koa¢¢nuneHTOM mmeli:noro pacmnpe 

o6nacTn TeMnepaTyp HCKnroqaeT MexannqecKne ne¢opMaunn BO 

BOI'O ynapa, HO onHOBpeMeHHO IIpHBOJlliT K CHJI)K9HHIO (nnn K II 

llO)I{liTellbHOI'O) MI'HOB9HHOI'O If MenneHHOI'O TeMnepaTypHbiX I 



(I) 

2 

nBeno K coKpameunro ero 

M8 MOIUHOCTH H8 32 MKC9K 

.KTOpa OT Bp9M9HH1 KOTO

lOIUHOCTH npu ero suepruH 

Onna Hs uHx o6pasyeTcH 

napa6onbi ( 1). BTopaH, B 

13.10-6 ~t '5. 47.10-6), 

KTopa. TaK KaK BbiJlenenHe 

napa60JIH'I9CKOMY 38KOHy, 

(t-13.10- 6
)

2 Toraa 

MOIUHOCTH npH ero 9Hep

l peaKTHBHOCTH peaKTOpa: 

( 2) 

(3) 

~ MI'HOB9HHOI'O OTpHU8T9Jib

tnHTYil HMITYJibCOB MOWHOCTll 

ropa ua 1,4.10-4 ua6molla.:. 

netl: HMnynbca 8.10 l'l: a en. 

KaMepa, sanonneunaH Me

!H)KeHHH peaKTHBHOCTH HM

cqHT8HHOMY no ~OpMynaM 

eMnepaTypHOI'O K09~~l!UH9H-

I 

I 

I 
I 
I 
I. 

! 
I 
J 

4.6. nng peaKTopa HEP-30 npH cpeJlneH: MOIUHOCTH 30 KBT II 'I8CTOTe 

CJI9Jl0B8HIHI HMnynhCOB 0,1 I'U 9H9pi'H51 l!MnyJibC8 COCTolBl!T 10 15_10 16 Jl9JI/IlMIT, 

B CBHSH c uesuaqHTenbHbiM yaenH'IeJIHeM sarpysKII SOHbi no cpaaneunro c 

HEPoM Yll9JibHaSI TennoaaSI narpysKa na TB8nbl HEPa-30 Bo BpeMSI nMrrynb

ca BospacTaeT ITO'ITH nponopuHoHaJibHo.·B cnyqae nporropunoaanbnoro yBennqe

IIIISI nepeMe!l!lbiX nanpH)KeHnfi llJII!TeJih!laH 6esaaapHihiaH pa6oTa TB8noa ue 

oqemmna. KpoMe Toro, Mellnennoe saTyxanue CB060illlbiX Kone6annif B ll9CHT

KH pas yBeJIH'IHB89T UHKJill'IIIOCTb !18llp51lK91lllif ITO Cp8Bil9111l10 C 'I8CTOTOil l!Mrrynb-

COB MOWIIOCTH, 

PaCCMOTpHM BOSMO)KUOCTb CHH)K9Hil.H M9X8Hil'I9CKIIX narpysoK, BOSIIIIK810-

IUHX B TB8nax HMnynhcuoro peaKTopa npn TennoBbiX Yllapax. KoucTpyKTUBHo 

TB8nbi HEPa BbiiTonneHbi B BHile nnyToHHeBbiX cTep)KHeif, cBo6oano noMe

meHHbiX B 381UHTHbl9 060JIO'IKH C BepxHeif 38Jl9JIKOH l!X B peWeTKe 8KTliBUOti 

soUbi. 3na'InTenbUhie MexaHH'IecKne nanpmKeHHH B o6ono'IKe TB8na HEPa Bos

HIIKBIOT npu nepe)la'Ie efi M9X8Hll'I9CKOI'O IIMnyJihCa B MeCTe onopbl cepne'IHIIK8, 

f1osToMy KoHcTpyKUHH TB8noB HEPa-30 6biJia usMeneua, f1pn nx nsroToBne

HHII npHMeHeHa ITJIOTH851 llOC81lK8 cepJl9'IHIIK8 B llBOifHyiO o60JIO'IKY 6es KOHT8K':" 

Ta · ceplle'IIHIKa c o6onoqKoif no Topuy. TaKaH Kouc'rpyKUII.H coxpauSieT oTpn

uaTenbHbiM TeMrrepaTypHb!tl: K09q'¢HUll9HT peaKTopa, YJIY'IUJ89T T911JIOOTBO~. OT 

ceplleqnnKa u rrosBonHeT pas rpysnTh o6onoqKy Bo BpeMH TennoBoro ya·apa. 

YMeHbUienne BllBOe llllaMeTpa cTep)KHSI CHII)KaeT TeMrrepaTypHblif rrepenall no 

ero ceqennro n oTOilBIIraeT Bos6y)K,Qeune norrepeqJibiX Kone6anntl: B cTopony 

6oJibUJIIX sneprnfi nMnynhcos. 

liMeiOTCH II llPYI'He nyTII CHll)K9llll51 M9X8Hll'I9CKHX narpysoK, f1pn pac

CMOTpeHllll npoueccoB, conpOBO)Kil8101UliX Te!lJIOBOH yaap, H9TPYilHO 38M9THTb
1 

'ITo, Bo-nepBhiX, Bennqnua MexaunqecKnx uanpSI)Keun:il B TB8nax nponopuno

uanhua Kos!fl~nuneuTy nHueifuoro pacUinpeunH ero MaTepnana, BO-BTOphrx, 

y cBo6ollHbiX cTep)KJieBbiX TB8noB nMeeTc.H cpeAUH.H nnocKoCTh, cBo6ollHa.H 

oT uanpg)KeJIHfi u lle!flopMaunif. HcnonbsoBauHe B KaqecTBe MaTepnana TB8noB 

cnnaBoB c 6nnsKnM K nynro Kos¢~uuHeHTOM nnuetl:uoro pacUinpennH B pa6oqeii 

o6nacTII TeMrrepaTyp ncKnroqaeT MexannqecKne lle¢opMaunn BO BpeMH Tenno

Boro Yll8pa, HO OllHOBpeMeHHO npHBOilllT K CHH)K9!IHIO ( llJill 'K nog BJI91IHIO riO

JIO)KHT9JibHOI'O) MI'HOB9HHOI'O ll M91lJ19HHOI'O TeMnepaTypUhlX K09~~HUH9HTOB 
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peaKT~pa. llnH paarpy3KU o6ono'IKU MO:lKHO npuMeHUTb u nonsecKy cepne'IHUKa 

B o6ono'IKe no ero cpenaeil, cso6onaoil OT aanpH:lKeHUH nnocKocTu, Ho TaKoe 

KOHCTpyKTUBHoe pemeaue ysenuqusaeT speMH pacceHHUH cepne'IHHKOM aanacea

aoil so speMH ynapa ynpyroil saepruu. 

4, 7, <!JopMa HMnynbC8 MOIDHOCTU I16Pa-30 no 6biCTpbiM HeHTpOHSM 6bin8 

U3MepeHa C nOMOIDbiO TOpUeBOH KaMepbl neneHUH BO BpeMSI pa60Tbl peaKTOpa 

c qacToTo:ii: 0,13 ru. PeaynbT8Tbi HaMepeHH:ii: npH aaeprHH HMnynbca 

1.1014 nen, u 2.1015 nen. npuseaeHbi aa puc. 10. Ysenuqeaue saepruu UM-

nynbca: I16Pa-30 B 2,5 paaa no cpasaeHHJO c saeprueil UMnynbca I16Pa Bbi3Ba

no coKpameaue scnbiiDKu TOnbKO aa 18%. HaMeaeaue aMnnuTyn uMnynbcos 

MOIDHOCTU I16Pa-30 npH CK8'1K006pa3HOM B03MymeHUU peaKTUBHOCTU Me:lKny 

UMnynbC8MU perUCTpHpOBanOCb flO noKa38HHHM aepKSnbHOrO ranbB8HOMeTpa 1 

nonKniO'Ieaaoro K 6noKy KaMep KHT -52. PeaynbTaTbi naMepeau:ii: noKaaaHbi 

aa puc. 5. 8aeprHH nepsoro rrocne B03MymeHJIH peaKTHBHOCTII UMnynhca yMeHb

munacb B 2 paaa, 'ITO TaK:lKe yKa3biBaeT Ha MeHbmee aaaqeaue Mraoseaaoro 

TeMnepaTypaoro Kos<PclmuueaTa no cpasaeauro c MrHoBeHHbiM TeMnepaTypHbiM 

Kos<P<l!HuiieHTOM I16Pa. Tio npensapuTenbHbiM JI3MepeHUHM nepeMeHHbie aanpH-

:lKeHHH B o6ono'IKe TB8na I16Pa-30 ae rrpeBbiiDSJOT 0,5•108niiHICM2rrpu saepruu 

uMrrynbca 2.1015 nen. ( cpenauil nonorpes TB8nos aoHbi 20°C aa UMnynbc). 

4.8. CxeMa pe:lKUMa penKux uMnynbcos noasonHeT soa6y:lKnaTb B peaKTo

pe U onUHO'IHbie UMnynbCbl Bb!COKOH MOIITHOCTU rryTeM yBenU'IeHHH peaKTUBHOCTl! 

peaKTopa aa speMH Me:lKny UMnynhcaMu rrpu ero pa6oTe aa HH3Ko:ii: cpenae:ii: 

MomaocTn. llorronauTenhHaH aamuTa no aMnnuTyne caTennuToB ucnonbayeTcR 

s sToM cnyqae nnH oTKnJO'IeHuH peaKTopa, ecnn sseneaa peaKTUBHOCTb. BbiiDe 

norrycTUMOH senu'IUHbi, Bo speMH sKcrrepuMeHTanbHoro rrycKa I16Pa-30 B STOM 

pe:lKuMe 6bma rronyqeaa saepruH onHHO'IHOH BCIIbiiDKU (5-6) .1015 nen. 3aperucT-

pnposaHHbi:ii: caMonncueM nonorpeB o6ono'IKII cTep»<HH aa IIMnynbC 

COCT8BIIn OKOnO 50°C, llnH onUHO'IHhlX IIMIIynbCOB Benii'IIIH8 MeXSHU'IeCKIIX 

aarrpH>KeHu:ii: B cepne'IHUKe n o6ono'IKe He non:lKHa rrpeBbiiD8Tb rrpenena npoq

HOCTII MSTepnana, noaTOMY 6eaonaCHbi:ii: ypoBeHb 9HepriiU IIMnynbca BbiiDe, 

I 'leM B cnyqae nepuonuqecKII noBTOpRIOIDHXCH IIMnynbcos. . 

I 

I 
I 
i 

\f 
: ~ 
'\, 

I 

;i 

i 

I 

i' 

B aaKnJO'IeHIIe 8BTOp C'IUT8eT CBOUM npiiSITHbiM nonroM n 

H.M. <t>paHKa, <!J,n. llianupo, C.K. HnKonaesa aa IIHTepec K pa6 

Hbie o6cy:lKneHUH, E.H. 6yauaa, n.K. KynbKHHa, 8.11. lliapanosa 

nposeneauu naMepeau:ii:. 

nHTepaTypa 

I. r.E. EnoxHH, 11.11. EnoxHHUeB H llP· A3, ~ 437 ( 196 

2. D. Burgreen. Nucl. Sci., Eng., 1.2, 2 (1.962). 

3. B • .ll. AHaHbeB H np. llpeiipHHT OI1RI1, 13-4395, Jly6na 

PyKonucb nocTynuna B uanaTenbCKHl! oTnen 

19 MaH 1971 rona, 



H llOAB9CKY CepAeqHHK8 

ll nnoCKOCTH. Ho T8K09 

[ c~pAeqHHKOM 38nacea-

cTpbrM aell:TpoH8M 6brn8 

lpeM5t p860Tbi peaKTOp8 

aaeprnn nMnynbca 

3ennqeane- aaeprnn HM

HMnynbc8 HEPa Bbi3B8-

~ 8MllnHTYJl HMnynbCOB 

m pe8KTHBliOCTH Me)I{Ay 

nbHOI'O I'8nbB8liOM9Tp8 1 

>I H3Mepel1Hll llOK838llbl 

3HOCTH HMnynbC8 yMellb-

3H8qeane MraoBeaaoro 

3eHllbiM TeMnep8TypHbiM 

fSIM nepeMeHHhle H8llpSI-

l•108nna/cM2npn aaeprnn 

:>Hbl 20°C 38 HMnynbc) • 

r ~oa6y~Jl8Tb B pe8KTO

'Bennqean5t peaKTHBHOCTH 

;oTe H8 an3Koll: cpenaell: 

tTennHTOB ncnonh3yeTCSI 

eH8 _ pe8KTHBliOCTb. Bb!W9 

nycK8 HEP8"":'30 B aToM 

l-6) .1015 A en. 3aperncT-

lmHn 38 HMDynbC 

~BhlW8Tb npenen8 npoq

:eprnH HMnynbC8 Bbiwe, 

bCOBo 

B 38Kmoqeane 8BTop cqnT8eT CBOHM npHSITHbiM AonroM no6.n8rOA8pHTb 

H.M. <l>p8HK8
1 

<I>.n. lll8nnpo, C.K. HnKon8eB8 38 naTepec K p86oTe n none3-

llbie o6cy)I<A9llliSI, E.H. EyHHll8, n.K. KynbKHll8, 8.H. lli8p8ll0B8 38 noMOIUb B 

npoBeAeann H3Mepeanll:. 

nnTepaTypa 

1. r.E. BnoxHH, .a.H. BnoxHHUBB H /.1Po A.9, ~ 437 ( 1961). 

2. D. Burgreen. Nucl. Sci., Eng., 1.2, 2 (1.962). 

3. B • .a. AHaHbBB H 1.1p. llpeiipHHT OHRH, 13-4395, .Uy6na, 1969. 

PyKonHCb nocTynnna B uanaTenbCKHll oTnen 

19 Mall 1971 rona. 
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J \i J 
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f.(t) 

3 I I £., 
I, 

0 

i'ln.f- a. 

1/ 
-------E.(t} 

'/n,. ---

Puc. 1. CxeMa Monynsruuu peaKTUBHocTu peaKTopa MEP-30. 1 - ocaoaaasr 

( n 0 1/ceK), 2- npoMCJKYTO'IHaH ( n b 1/ceK), 3 - HU3KaH ( nP 1/ceK) 'lac
ToTa cnenoBaHUH UMnynbCOB MomHOCTUo Co - paBHOBeCHasr· H8UKpUTll'IHOCTb 
peaKTOpa, c onao lana• C no- peaKTUBHOCTU OCHOBHOi! U BCnOMOI'aTCnbHOi! nOUBUlK
Hh!X 30H U nonBU:lKHOI'O OTpa:lKaTemr, c ( t) - peaKTUBHOCTb

1 
t - BpCMHo 

14 

&(t) 

....) 

0 'f1 

Puc. 2. Bnusraue KpyTunbHh!X Kone6aaui! Bn3 aa ¢nroKTyauuro peaK~ 
c ( t ) ·- peaKTHBHoCTb Bn3, </J.- yron noaopoTa Bn3 (a rpanyc 
aMnnuTyna KpyTUnbHbiX KOne6aaui!; cfJ= 0 - MOMeHT COBMemeHHH Ite 
c aenonBU:lKHOl!: 30HOi! npu TO'IHOi! CUHXpOHU38ItHU on3 u Bn3; cp
B cnyqae HapyweHHli CUHXpOHU38ItHH i /). C 1 H /). c2 - M8KCHManbHb!C 
peaKTHBHOCTH peaKTopa npH CHHXpOHHOi! pa6oTe Bn3 U On3 H B cny' 

pyweausr; /). c- cKpbiTaSI peaKTUBHOCTb, nosransrromasrcsr B cucTeMe 
HUU CUHXpOHHOJ!: pa60Tbl nonBH:lKHbiX 30Ho 

15 



rrnrr 
·'ln,----1 
-----+--t 

;z" ;::, ====~ t fnl 

'/n,. ---

HEP-30, 1 - OCHOBH8ll 
' Hll3K8ll ( n P 1/ceK) '18C
IOBeCH8ll, H8l1KpHTHqHOCTb 
H BCITOMOI'aTenbHOJi ITOllBHlK
rBHOCTb1 t - BpeMll, 

£, (t) 

0 '(11 

Pnc, 2. Bnnllnne KpyTnnbHbtt Kone5annn Bn3 na ljlnroKTyaunro peaKTHBnocTn, 
l ( t ) ·- peaKTHBHOCTb Bn3, cf>_- yron noaopoTa Bn3 ( B rpanycax): lief> -
aMnnnTylla KpyTHnbHbiX Kone5annfi; cf>= 0 - MOMenT COBMellleHHll ueHTpa On3 
c nenollBHlKHOfi 30HOli npn TO'IHOfi cnnxponnaaunn ona H Bn3; cp- <Pz - TO >Ke 
B cny'lae HapymeHilll CllHXpOHH38UHH; !J.l l H !J.£2 - M8KCHM8nb1[ble H3MeHeHHll 
peaKTllBHOCTH peaKTOpa npn CHHXpOHHOlt pa5oTe Bn3 H On3 H B cny'lae ee Ha-

pymeHHll; !J. l- CKpbiTSll peaKTHBHOCTb1 ITOliBnliiOII18liCll B CHCTeMe ITpll Hapyme-
Hllll cnnxponnon pa5oTbl nonan>KHbiX son, 
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Puc. 3. KuHeMSTU'IeCKSH cxeMa HBPa-30. noHCHeHHH B TeKCTe. 
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2 3 " 
PUCo 4. 3aBUCUMOCTb MOmHOCTU HCTO'IHUKS 38fi83/lb!B810mHX Heii:Tp 

MeHH MelK/ly uMnyn&caMu. t- speMH, cex; S(t )- UCTO'IHUK, Hlcel! 

UMnyn&C80 nen; '18CTOT8 cne/lOBSHU!I UMnyn&COB - 0,2 rn. 
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noRCHeHHR B TeKCTe. 
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PHCo 4. 3aBHCHMOCTb MOIIIHOCTH HCTO'IHHKS 3SfiS31lbiBSIOIIIHX Heli.TpOHOB OT Bpe

MeHH MelKllY uMnyn&caMH. t- apeMu, ceK; S( t)- HCTO'IHHK, a/ceK; E- aaeprHR 

HMnyn&CS1 ~ten; 'ISCTOTS cneltOBSHHR HMnyn&COB - 0,2 I'Uo 

17 



I 

I 
! 
ll 

i 
~ ,, 
!I 
II 
il 
il 
II 
•I' 

!I 
IJ 
~ 
'I 
.'· 
ii 
!I 
ii 
'I I! 
I! 

' 
~ 
I
I 
1 
8 
~~ 
:i' 
l 
' 

\, 

; 

A 

. 

'lJ 
t ta 

n I I t 

Pnc. 5. HaMeHeHHSI aMnnnTy.Q HMnynbcos MomaocTn HEPa-30 npn can:meann 
peaKTHBHOCTH 38 BpeMSI Me)K.Qy HMnynbCSMHo A- aMnnnTy.Qa HMnynbca; 

t - Bp9M.Ilio t l H t 2 ;... CHH:meane peaKTHBHOCTH Ha 0 173.10-4 H 2,1.10-4 i 
A 1 - aMnnnTy.r:ta caTennnTa, oTcTaromero oT nMnynbca aa 7 ceK. Ha'Ianb

HaSI cpe.QHSISI MOmHOCTb peaKTOpa·-J0KBT1 'I8CTOT8 HMnynbCOB -0,13 I"fio 

18 

N 
1000 

750 

500 

250 

0 
) 

n 

I 

I 

' 

7 

I 

rJ 
30 ,..---.--

20 I I I 

\,, 77-

\ 
fO 

I~ 
~ t- 0 

13 19 25 t, lj 

Pnc. 6. l1Mnynbc MomaocTn ( I) n nepBbill caTennnT npoMe:myTo· 
Tbi (2) peaKTopa HEP. N - cqf!T B Kaaane anannsaTo'pa; t 1 
HOMepa K8HanOB1 mnpnHa- 16 MKCeK H 256 MKCeK COOTB9TCTB9HHO.I 

MOmHOCTb peaKTOpa~ 3 KBT, 'I8CTOT8 Cne.QOBSHHSI HMnynbCOB• 0,2 
.r:tnnTenbHOCTH nMnynbca MomaocTn n caTennnTa aa nonosnae Bbi 
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~H HEPa-30 npn CHH)I(eHJm 
- aMnnnTyAa HMnynbca; 
H Ha 0, 73,10-4 H 2,1,10-4 i 
tynbca Ha 7 ceK, Haqanb-

HMnynbcoa -0,13 ru, 

1 
N 

rooo 
i 

" 750 

I 

\, "-
\ 

500 

' I"' ) ~ r-

~0 

0 
2.5 t, 7 13 rs 

t:t 

Pnc. 6, HMnynbc MomnocTH ( 1) H nepBbill caTennHT npoMe)l{yToqnoll qacTo-
Tbi ( 2) peaKTopa HEP, N - cq~T B KaHane ananH3aTopa; t 1 H t 2 -

HOMepa KaHanoB1 WHpHHa- 16 MKCeK H 256 MKCeK COOTBeTCTBeHHOo CpeAHllll 

MOinHOCTb peaKTOpa• 3 KBT, 'laCTOTa cneAOBaHHll HMnynbCOB• 0,2 ru, 8 J H 81 -

AnHTenbHOCTH HMnynbca MOinHOCTH H CaTennHTa Ha nonOBHHe BbiCOTblo 
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Puc. 7. 3aBHCHMOCTh peaKTHBHOCTH BOnhlflpaMoBoro cTep~IIH (no.r:tBH)KHOro 

oTpalKaTenH) oT ero nonoJKeHUH B aoae. nonolKeHUH cTeplKHll nepeC'IHTaHbJ B 

BenH'IHH8X yrna llOBOpoTa AHCK8 Bn3 B COOTBeTCTBHU C KUHeMSTH'IeCKOA 

CXeMoA. l -peaKTifBllOCTb CTeplKHH, cp - yron llOBOpOTa AHCK8 Bn3; 
rpa.r:t. 

N 
so 

'10 

30 

20 

fD 

0 
2.8 !~ 

(\ 

' 
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I 

I 
\ I 

J \ fl 
36 liD 

Pnc. 8. ct>niOKTyanuH aMnnuTy.r:t HMnynhCOB MODlHOCTH HEPa-30. 

Ty.r:ta HMnynhca, N - 'IHcno HMnynbcoB. Cpe.r:tHHH MODlHOCTh peaK' 

'18CTOT8 cne.r:tOBSHHH HMnynhCOB"- 0, 13 I'll, pafioTaeT O,I:IHa OCHOBHall fl 

30H8o 
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II'O CTepllj:!IH (nOABH>KHOI'O 

IRH CTep>KHH nepeC'IHT8Hbl B 

~TBHH C KHHeMaTH'IeCKOA 

·on noBopoTa .r:~ncKa ana, 

N 
so 

40 

311 

10 

fO 

0 
32. 

(\ 

l \ 
J \ 

36 lfD 

P11c, 8. «llJJJOKTyaunH aMnnnTyA nMnynbCOB MOJUHOCTH MEPa-30, A- aMnnn-

TyAa HMllyllbC81 N - 'IHCliO HMnyJJbCOBo CpeAHHH MOIUHOCTb peaKTOpa - 10 KBT 1 

'18CTOT8 ClleAOBBHHH HMllYllbCOB"- 0,13 I'Uo pa60T8eT OAHa OCHOBHUH !IOABH>Kl!BH 

30!18, 
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Pnc. 9. Pacnpenenennll aMnnnTyn IIMnynbcos MomnocTn HEPa-30. A - aMnnn-
Tyna IIMnynhca, N - qncno IIMnynhcos, 2,3 - pacnpenenannll aMnmtTyn IIM-
nynbcos MomnocTII, if>opMnpyeMbiX OIT3 NgJ 11 N92 cooTBeTCTBenuo; 4 - cyM
Mapuoe pacnpenenen11e. CpenHllll MomnocTb peaKTopa~ I 2 KBT, qacToTa cne
nosaHIIll nMnynr,coB' 0,21 ru, OIT3 Nd 11 Ng2 pa6oTaiOT nooqepenno. 1 - pacnpe- -
neneune aMnnnTyn npu napymeunn CIIHxponnocTII .OIT3 11 BIT3; neycTo:i!'IHBall 
pa6oTa peaKTopa. 
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PHc. 10. «<lopMbi HMnynr,cos MOmHOCTH HEPa-30. n - qacToTa 
E - saeprHll HMIIynr,ca1 () - .nnHTenbHOCTb HMIIy; HMnynhCOBo 

nOBHHe BbiCOTblo 
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OCTll HEPa-30, A - aMnnn
tcrrpeAenamm aMnmtTyA liM
:ooTBeTcTBeaao; 4 - cyM
pa~ 1 2 KBT, 'I8CTOTa cne-
IOT. IIDO'IepeAHD, 1 - pacnpe-
13 11 Bfl3; aeycToi!'IHBaSI 

- -101 ltCtiK 

JOO 

~~ .. 2·1 
1$ 

b'~e/1 

250 
n.a 'J/ c•~ 

, -
F_, .. ,.,o,. ~~~ 

v 

aoo 

~ a 
lc: jjO 

6. ~5,..,. r.~~: 
./ 

'I() IB.6, Mlf~ If 

~ 
.;:)-

/. ., 

tJ 

100 

~ \\ 
f 

0 " ~ 0 5 /0 15 20 2S JO J5 '10 '15 $0 
HOMeP KOHO!lO OHO/IU30mOPO , 'Z"'• B MKCeK 

Puc. 10. <l>opMbi HMnyn&coa MD!llHDCTH HEPa-30, n - qacTi:>Ta: cnenoeaHHSI 
HMnyn&coe, E- aaeprHH HMrryn&ca, (} - nnHTen&aocTb HMrryn&ca aa no

noBHHe Bb!COTbl, 
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