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PeaKTOp HEP-2 OCHaIUeH CMCTeMOH aBTOMaTMqeCKOrO perYJIMpOBaHM.sI MOIUHOCTM 

(AP). OCHOBHa.sI 3a,uaqa AP COCTOMT B aBTOMaTMqeCKOM BhIBOtle peaKTOpa Ha 3a,uaHHhIH 

ypOBeHh CpetlHeH MOIUHOCTM M CTa6MJIM3amm MOmHOCTM peaKTOpa Ha 3a,uaHHOM ypOBHe. 

CTPYKTypa M napaMeTphI AP CYIUeCTBeHHO BJIM.sIIOT Ha nepeXO)..J:HhIe npolleCchI MOIUHOCTM. 

Ha nane npOeKTHpOBaHH.sI HEP-2 6hIJI BhIBetleH anrOpHTM CPOPMMPOBaHH.sI peaKTHBHOCTH 

AP, 06eCneqMBaIOmHH CTaTMCTHqeCKH OnTHManhHOe nOMeplKaHMe ypOBH.sI MOmHOCTH, a 

MMeHHO - tlOCTMlKeHHe MHHHMYMa cpe)..J:HeKBa,upaTMqeCKOrO OTKJIOHeHH.sI ::meprHH tlJI.sI 

6ytlYIUero HMnYJIhCa MOIUHOCTH Ha OCHOBaHHM MHcpopMallMM, nOJIyqeHHOH B npetlhm;ymHX 

MMnYJIhCaX [1]. ilPM BhIBotle anropHTMa AP npetlnoJIaraJIOCh, qTO Ha peaKTop B03tleHcTByeT 

CJIyqaHHOe B03MYIUeHHe peaKTMBHoCTM C HopManhHhIM 3aKOHOM pacnpetleJIeHH.sI. 

ilpe)..J:noJIaranOCh TaKlKe, qTO AP OlleHHBaeT 3HaqeHH.sI peaKTHBHoCTH, cooTBeTcTBYIOIUHe 

npetlhm;YIUHM MMnYJIhCaM MOmHOCTM, C HeKoTopoH CTaTHCTHqeCKOH 0lIIH6KOH H3MepeHH.sI, 

TaK)Ke xapaKTepM3YIOIUeHC.sI HOPMaJIhHhIM 3aKOHOM pacnpetleJIeHH.sI. KpoMe Toro, 6hIJIO 

BBetleHO nOH.sITHe CTeneHH "cTapeHH.sI" HHcpopMallHH B AP. B pe3YJIhTaTe 6hIJIO nOKa3aHO, 

qTO AP )..J:OJI)KeH npetlCTaBJI.sITh H3 ce6.sI HHTerpMpYIOIUee 3BeHO, Ha BXOtl KOToporo nO)..J:aeTC.sI 

OTKJIOHeHHe ::meprHH TeKYIUero HMnYJIhCa MOmHOCTM OT ero 6a30BOro 3HaqeHH.sI. B 

UITaTHhIH AP HEP-2 nOMHMO perYJIHpYIOIUero CTep)KH.sI C rnarOBhIM )..J:BMraTeJIeM M ero 

6JIOKOM ynpaBJIeHM.sI BXO)..J:HT TaK)Ke 6JIOK CrJIaIKHBaHH.sI. BhIXOtlHOH CHrHan 6JIOKa 

crnalKHBaHHjJ nocTynaeT Ha 6JIOK ynpaBJIeHHjJ rnarOBhIM tlBHraTeJIeM M cpopMMpyeTCjJ nYTeM 

CrJIalKMBaHHjJ OTKJIOHeHHH ::meprMM HMnYJIhCOB MOmHOCTH OTHOCMTeJIhHO 6a30BOrO 

3HaqeHM.sI. EJIOK crJIa)KMBaHM.sI npetlCTaBJIjJeT C060H MHepllMOHHoe 3BeHO, a rnarOBhIH 

tlBHraTeJIh COBMeCTHO C peryJIMpyIOIUHM Crep)KHeM H 6JIOKOM ynpaBJIeHHjJ 

MHTerpMpyIOIUee [2]. 

B npMHjJToH HtleOJIOrMH nepetlaTOqHa.sI xapaKTepHcTMKa 06paTHoH CBjJ3H peaKTopa no 

AP npetlCTaBJIjJeT C060H no CyTH HeKoTophIH CPHJIhTp HH3KHX qaCTOT, 06eCneqHBaromHH 

tlOCTaTOqHO xopornyIO CTa6HJIH3allHIO MOmHOCTM peaKTOpa HEP-2 B cpe)..J:HeM. ECTecTBeHHo, 

qTO 3TO B03MO)KHO TOJIhKO npM ycnoBHH, ecnM cneKTp B03MymeHMH peaKTHBHoCTH 

()..J:eTepMHHMpoBaHHhIX MnH cnyqaHHhlx) JIelKHT B nonoce nponycKaHMjJ AP. HCCnetlOBaHHjJ, 

npOBetleHHhIe Ha CTa,uHH cpH3HqeCKOrO H ::mepreTHqeCKOrO nycKoB peaKTopa, a TaK)Ke Ha 

CTa,uHM ero 3KcnnyaTallMH n03BOnHJIM nonyqHTh pjJ)..J: )..J:ononHMTenhHhIX tlaHHhIX, KOTophIe He 

6hIJIM M3BeCTHhI npM npoeKTHpOBaHMH AP. 3TO, npelKJ\e Bcero, CnetlYIOIUee. 

I13-3a BhICOKOH qYBcTBMTeJIhHOCTM peaKTopa K cnyqaHHhIM B03MymeHMjJM 

peaKTMBHOCTM, BhI3BaHHhIM HanpMMep, BM6pallM.sIMH nOtlBMIKHhIX OTpa)KaTeneH, )..J:pOlKaHHeM 

TonnMBHhIX KacceT, cpnYKryallHjJMM TeMnepaTyphI H pacxotla HaTpHjJ B aKTMBHOH 30He, 

peaKTop HEP-2 MMeeT cpaBHHTeJIhHO BhlCOKMe cpJIYKTyallHM 3HeprHM HMnYJIhCOB (tlO ±40%). 

ilPM )TOM peaJIhHhIH cneKTp Kone6aHHH 3HeprMM MMnynhcoB npetlCTaBneH He TonhKO 

KOMnOHeHTOH 6enoro rnYMa, HO H PjJtlOM tleTepMMHHpOBaHHhIX Kone6aHHH rapMOHHqeCKOrO 

TMna Ha Bcex qaCTOTax BnnOTh tlO KpMTMqeCKOH qaCTOThI HaHKBMCTa (2,5 rll), T.e. Ha 

qaCTOTax, cymeCTBeHHO 60nhrnMX rpaHMqHOH qaCTOThI peaKllMM AP. 

KpoMe Toro, Ha CTa,uMH npoeKTMpOBaHMjJ He 6hIJIM M3BeCTHhI napaMeTphI 

MOIUHOCTHOH 06paTHOH CB.sI3M. KaK OKa3aJIOCh, tlnjJ HEP-2 XapaKTepHhI TpH KOMnOHeHThI 

6hICTPOH MOIUHOCTHOH 06paTHOH CB.sI3H (O)..J:Ha H3 HHX nOnO)KHTenhHa) C BpeMeHHhIMH 

KOHCTaHTaMH OT -10 )..J:O 0,2 c. 
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BbIOOP CTPYKTypbI H rrapaMeTpOB AP, yqHTbIBaIOlllHH BCe OCOOeHHOCTH paOOTbI 

peaKTOpa, KpaHHe Ba:>KeH, T.K. Oe3 AP peaKTOp HaxO,ll,HTC.SI BOJIH3H rpaHHUbI YCTOHqHBOCTH 

[3]. 3arrac YCTOHqHBOCTH rro KaKOMY-JIHOO rrapaMeTpy OOblqHO oueHliBalOT KaK OTHOllleHHe 

ero 3HaqeHHSl, cooTBeTcTBYlOlilero COCTOSlHHIO peaKTopa Ha rpaHHue YCTOHqHBOCTH, K ero 

3HaqeHHIO, orrpe,ll,eJIeHHoMY )l,JISl HCCJIe,ll,yeMoro YCTOHqHBOro COCTO.SlHHSl. I1pH TaKOM 

nO,ll,XO,ll,e 3anac YCTOHqHBOCTlI, HanpHMep, no O,ll,HOMY H3 Tpex KO:3$q>HUHeHTOB nepe,ll,aqH 

MOIilHOCTHOH oopaTHoH CBSl3H (MOC), a HMeHHO - nOJIO:>KHTeJIbHOMY, OIl,eHeH Bcero 

B 17-19%,ll,IDl qeTbIpex 3apemcTpHpOBaHHbIX pe:>KHMOB paooTbI: 1,9 H 2 MBT (MaH 1993 r.), 

1,9 MBT (,ll,eKaOpb 1993 r.) H 1,95 MBT (SlHBapb 1996 r.). Pacxo,ll, TenJIOHOCHTeJISl ,ll,JISl Bcex 

pe:>KHMOB COCTaBJI5m 90 M3/q. B O,ll,HOM :>Ke H3 3apemcTpHpoBaHHblx B .SIHBape 1997 r. 

npOIl,eCCOB (rrpH Cpe,ll,HeH MOIilHOCTH 1,87 MBT H pacxo,ll,e TenJIOHOCHTeJI.SI 80 M3/q) 

COCTOSlHHe peaKTopa oe3 AP OIl,eHeHO KaK HeycTOHqHBOe [4]. 

HH:>Ke ,ll,aH aHaJIH3 BJIHSlHH.SI rrapaMeTpoB lllTaTHOro AP Ha nepeXO,ll,Hble np0Il,eCCbI 

MOIilHOCTH npH perYJI.SIpHbIX H CJIyqaHHbIX B03MYllleHHSlx peaKTHBHoCTH. 

2. KpaTKoe onMcaHMe MOAeflM lJI6P-2 

I1epeXO,ll,Hble npOIl,eCCbI BblqHCJIeHbI C nOMOlilblO C03,ll,aHHOH OJIOqHOH MO,ll,eJIH 

peaKTopa I1EP-2, HCrrOJIb3YlOlileH z-rrpeOOpa30BaHHSl nepeMeHHbIX [5]. MO,ll,eJIb yqHTbIBaeT 

HeJIHHeHHOCTb KO:3$$HIl,HeHTOB rrepe,ll,aqH MOC. EJIOK-CXeMa peaKTopa I1EP-2 C AP 

rrpHBe,ll,eHa Ha pHC. 1. 

5nOK B03MYlJ.lalQ-
lJ.IeCi peaKn1BHOCT~ 

6nOK oen 5noK ynpaB-
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,.. neHI'!~, AB~ra-
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TeJlb, peryJlI1

pylQlJ.Il'!H 
CTep>KeHb 

DL\.C.~_1ie,.. 

I 
! 
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fln ,.. 6noK IG1HeT~K~ 
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p'Tn 6noK 5blCTPOH 
MOLl.\HOCTHOH 

o5paTHoIA CB~311 

Lien~ 6noK MeAJleHHOH 
I MOIJ.IHOCTHOH rc
p"Tn 06paTHOH caR31'! 

ABTOMaTI14eCIG111 
peryn~Top 

6nOK 
MOIJ.IHOCTHOIA 

06paTHOH caR31'! 

Puc. 1. EJIOK-CXeMa peaKTOpa I1EP-2. 

I1apaMeTpbI ObICTpOH H Me,ll,JIeHHOH MOIilHOCTHOH oopaTHOH CB.SI3H onpe,ll,eJIeHbI 

:3KCnepHMeHTaJIbHO. EJIOK B03MYlilalOlileH peaKTHBHOCTH rr03BOJI.SIJI reHepHpOBaTb JIIOOYIO 

KOMOHHaIl,HIO ,ll,eTepMHHHpOBaHHbIX H CJIyqaHHbIX H3MeHeHHH peaKTHBHOCTH. ,llnSl 

MO,ll,eJIHpOBaHH.SI HCnOJIb30BaJIHCb CKa'lKH peaKTHBHOCTH, a TaK:>Ke CJIyqaHHbIH raYCCOBCKHH 
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WyM C HaJIOJKeHHOH Ha Hero cepHeH rapMOHHqeCKHX Korre6aHHH. B nocrre,n:HeM crryqae 

HMHTHPOBaJIC.SI peanbHhIH cneKTp crryqaHHbIX B03MymeHHH peaKTHBHOCTH, HMeIOmHH MeCTO 

npH HOPMaJIbHOH pa60Te peaKTopa. 

CnHCOK HCnOJlL10B3HHLIX 0601H3'1eHHu: 

EO 	 - 6a30BOe 3HaqeHHe 3HeprHH HMnyrrbca MOmHOCTH; 

n HH,n:eKC, YKa3bIBaIOmH:H, qTO nepeMeHHble C ,n:aHHbIM HH,n:eKCOM 

COOTBeTCTBYIOT n-My HMnyJIbcy MOmHOCTH; 

Lie, Lle:J' /5e Lle:J -Lie, Iii! - COOTBeTCTBeHHO OTKrrOHeHHe 3HeprHH HMnyrrbca 

MOmHOCTH OT 6a30BOrO 3HaqeHH.SI (B ,n:OJUIX OT 6a30BOrO 3HaqeHHSI), ee 

3a,n:aIOmee 3HaqeHHe, HX Pa3HOCTb H CrJIa)f(eHHa.SI Pa3HOCTb; 

1 ~ S:~2J(Y== N 1 L.J ut:' n - oueHKa cpe,n:HeKBa,n:paTHQeCKOrO OTKrrOHeHHSI 3Hepnm 

n=l 

HMnyrrbcoB MOmHOCTH, norrYQeHHbIX npH Mo,n:errHpoBaHHH nepexo,n:HbIX 

npoueCCOB (N=2S0); 

P, PA, PF, PT, Pr, PT - COOTBeTCTBeHHO peaKTHBHOCTb peaKTopa, AP, 

BHeIIIH.SI.SI (B03MymeHHe), a TaKlKe peaKTHBHOCTb MOC (CYMMapHa.SI, 6bICTpbI:H 

H Me.n:rreHHbIH MOC). Bce peaKTHBHOCTH BblpaJKeHbI B HMnyrrbcHblx ,n:omlx 

3ana3,n:bIBaIOmHX He:HTpOHOB flu; 

T 	 - nepHO,n: HMnyrrbcoB MOIu;HOCTH; 

ky., '0, Cj - COOTBeTCTBeHHO K03q,qmUHeHT nepe,n:aqH, nOCTOSIHHa.SI BpeMeHH H 

K03q,q,HUHeHT HerrHHe:HHOCTH j-ii COCTaBAAIOme:H MOC (j= 1, ... , 5); 

k napaMeTp ycpe,n:HeHH.SI 6rroKa Crrra)f(HBaHHSI AP (MOJKeT npHHHMaTb O,n:HO H3 

QeTbIpex 3HaQeHH:H: 4, 8, 16, 32); 

8 	 - napaMeTp CKOPOCTH IIIaroBoro ,n:BHraTeJISI AP (MOJKeT npHHHMaTb O,n:HO H3 

qeTbIpex 3HaQeHH:H: 0,05; 0,10; 0,15; 0,20); 

v~ 5,5 - CKOPOCTb IIIarOBoro ,n:BHraTeml (war/c), COOTBeTCTBYIOIu;a.SI 3HaqeHHIO 

Iii! LI; 

ffiA=0,0136 - MacIIITa6 o,n:Horo IIIara AP (fJufIIIar). 

3. MOAenMpOBaHMe nepeXOAHblX npOL\eCCOB 

TIepexo,n:Hble npoueCCbI BbNHcrreHbI ,n:JISI ,n:ByX Ha6opoB napaMeTpOB MOC, 

COOTBeTCTBYIOmHX ,UByM peJKHMaM pa60TbI peaKTOpa. 

Pe)KHM 1 COOTBeTcTByeT cpe,n:Heii MOIu;HOCTH peaKTopa 1,7 MBT npH pacxo,n:e 

TenrrOHOCHTerrSI 90 Ml/Q (MaH 1993 r.). MOC npe,UCTaBrreHa 6bICTpOH MOC, COCTOSImeH H3 

Tpex HHepUHoHHbIX 3BeHbeB C HerrHHeHHhIMH K03$qmUHeHTaMH nepe,n:aQH. B uerrSIX 
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yrrporn;eHlUI MO.IJ,eJIH K03<pqmUHeHTbI rrepe.IJ,alIH Moe rrpHH}ITbI 3aBHCHMbIMH He OT 

peaKTHBHoCTH MOe, KaK B [3,4], a OT OTKJIOHeHRSI 3HeprHH HMrrYJIbCa MOrn;HOCTH (5]. 

EbICTPaSI MOrn;HOCTHaSI o6paTHaSI CB.SI3b orrHcaHa ypaBHcHHcM 

3 
PTn = 2/PTjn-l +£0Aen_,k)(l +cjAen_l )IT) )exp(-T IT)), (1) 

)=1 

T.C. rrpe.IJ,CTaBJICHa TpeM.SI HHCPUHOHHbIMH 3BCHb.SlMH. 

Pe~nM 2 COOTBCTCTBYCT Cpc.IJ,Hcll MOrn;HOCTH 1,87 MBT rrpH paCXO.IJ,c TCnJIOHOCHTCJI.SI 

80 M 3/lI. MOe rrpc.IJ,CTaBJICHa .IJ,BYM.SI HHCPUHOHHbIMH 3BCHb.SlMH 6bICTpOll Moe C 

HCJIHHellHbIMH K03<p<PHUHeHTaMH rrcpc.IJ,alIH (1) (BJIH.SIHHC TpeTbCrO 3BCHa HC YlIHTbIBaJIOCb, 

T.K. cro rrOCTO.SlHHaSI BPCMCHH OKa3aJIaCb MHoro MCHbllIC rrcpHO.IJ,a HMrrYJIbCOB Morn;HocTH) H 

.IJ,BYM.SI HHCPUHOHHbIMH 3BeHb.SlMH Me.IJ,JIcHHoll Moe C JIHHCllHbIMH K03<P<PHUHeHTaMH 

rrcpc.IJ,alIH. MC.IJ,JICHHaSI Moe orrHcaHa ypaBHCHH.SIMH 

5 

PTn 	 2:(PTjn-l + EO iJen_1k) IT.; )exp(-T IT.i)' (2) 
.1=4 

rrpH c06mO.IJ,cHHH YCJIOBH.SI 

(3) 

03HalIaIOrn;erO, lITO pcaKTHBHOCTb MCllJICHHOll Moe HC H3MeH.SIeTC.SI CKalIKOM. 

PeaKTHBHOCTb AP onHcaHa ypaBHCHH.SIMH [2] 

5en =5en- 1+(Xn -5en- 1jlk, 
(4)

PAn PAn-l + (v,1mA I AjT5en_1, 

r.IJ,e VLimA =0,0748 Pu/c. 

AHaJIH3 YCTolllIHBocTH pcaKTopa C BKJIIOlIeHHbIM AP rrpH rrapaMcTpax peaKTopa, 

COOTBeTCTBYIOrn;HX pe)KHMY 2, rrOKa3aJI, lITO 3arrac YCTolllIHBOCTH peaKTopa nOHH)I<aCTCH C 

YBCJIHlIeHHeM rrapaMcTpoB AP k H L\ [2]. 

)J,JI.SI .IJ,BYX YKa3aHHhIX pe)f(HMOB MO.IJ,eJIHpOBaJIHCh rrepeXO.IJ,HhIe npoueCCbI npH 

pa3JIHlIHhIX BapHaHTax B03Myrn;CHH.SI pcaKTHBHOCTH: 

B3pn3HT 3 - CKalIOK peaKTHBHOCTH PF =-O,lpu, 

B3pn3HT 6 - cJIYlIallHoe B03Myrn;eHHe pcaKTHBHoCTH C HOPMaJIbHbIM 3aKOHOM 

pacrrpCllCJIeHH.SI C llHcrrepcHcll O'~ = (5.10-2 ;2p~ , 

B3pn3HT B - B03Myrn;eHHc pcaKTHBHoCTH rrpellCTaBJI.SICT co6011 CYMMY cJIYlIallHoro 

B03Myrn;eHH.SI comaCHO BapHaHTY "6" H O.IJ,HOBPCMCHHO lIeTbIpex 

CHHYCOH.IJ,aJIbHbIX COCTaBJI.SIIOrn;HX COOTBeTCTBeHHO C aMrrJIHTY.IJ,aMH 0,03; 

0,024; 0,009; 0,003 Pu, C lIaCTOTaMH 0,8; 1,25; 1,6; 1,8 ru H C <pa3aMH 

(BbI6paHHbIMH rrpOH3BOJIbHO) 0; 0,4; 0,8; 1,2 pa.n.. TaKoe B03Myrn;eHHe 6JIH3KO 

K peaJIbHoMY .IJ,JI.SI HEP-2. 

Bce rrpouecchI MOlleJIHpOBaJIHCh KaK 6e3 AP, TaK H rrpH BKJIIOlIeHHOM AP C 

Pa3JIHlIHbIMH 3HalIeHH.SIMH rrapaMcTpoB k H L\. llOMHMO IlITaTHblX 3HalIeHHll k, paBHbIx 4, 8, 
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16 H 32, Bbl6HpaJIOCb TaK)!(e 3Ha4eHHe k=l, 4TO COOTBeTCTByeT OTCYTCTBHIO 6noKa 
Cfna)J{HBaHlUI. 

fIepeXO)lllble npoueCCbl npH cKa4K006pa3HOM H3MeHeHHH peaKTHBHOCTH (BapHaHT 

"a") ll.n$l pe)!(HMa I nOKa3aHbI Ha pHC. 2a (6e3 AP) H Ha pHC. 26, B, f (c AP), a )lnjl pe)!(HMa 2 

- na pHC. 3a (6e3 AP) H Ha pHC. 3 6, B, r,)l (c AP). 

fIPH <PHKcHpoBaHHblx 3Ha4eHH$lX k, paBHbIX 1, 4, 8, )lnHTenbHOCTb nepeXO)lHOfO 

npouecca YBenH4HBaeTCjI C YBenH4eHHeM napaMeTpa .1 (pHC. 2, 3), a npH <pHKcHpoBaHHblx 

3Ha4eHHjlX k, paBHbIX 16 H 32, - YMeHblllaeTCjI C YBenH4eHHeM .1. 

HaHMeHblllHe Kone6aHH$I Ha6nlOnalOTCjI npH k= I, T.e npH OTCYTCTBHH 6nOKa 

Cma)KHBaHUjI AP (puc. 26 H 36). C YBenH4eHHeM k Kone6aTenbHocTb YBenH'mBaeTCjI (pHC. 2 

n, r, 3 n, r). 

fIPH k, paBHblX 16 H 32, Kone6aTenbBocTb BbI4HcneHHblX nepeXOnHbIX npoueCCOB 

ew:e 60nee YBcnH4HBaeTCjI. JJ:njl pe)KHMa 2 npH k=32 H .1=0,05 Ha6J11onaeTCjI 

aBToKonc6aTcnbHbIH npouccc, npH KOTOPOM aMnnHTyna Konc6aHHH C TC4eHHeM BpCMeHH 

yncml4HBaCTCjI, BbIXO)ljl Ha 60nbllloH YCTaHoBHBlllHHC.H ypOBCHh (pHC. 3n). 

TaKHM 06pU30M, ccnH y~IHTbiBaTb nHlllb peryn.HpHbIC B03MYUI.CHH.H pcaKTHBHOCTIt, TO 

IlCJICCo06pa3HO npHnaTb napaMCTpaM AP 3HaLICUH.H k=] H .1=0,05. 

Ha pHC. 4 nOKU3aHhI 3aBHCHMOCTH CpCnHCKBa)lpaTH4ecKHx OTKnOHCHHH :mepnm 

HMnynbcoB MOUlHOCTH cr, Bbl4HcneHHhlX 3a HHTcpBan BpCMeHH 50 C (250 HMnynbcoB). 

PHC. 4a H 46 OTHOC.HTC.H K cnY4aHHbIM B03Myw:eHHjlM peaKTHBHOCTH C JlHCnepCnelt 

= 25· J(r4 fJ,~ (B03Myw:cHHe peaKTHBHOCTH cornaCHO sapHaHTY "6") npH pa3nHLIHblX 

3IIaLreHH$lX napaMCTpOB AP k H.1. PHC. 4a COOTBCTCTBYCT pe)!(HMY l, a pHC. 46 - PC)!(HMY 2. 

vb pHC. 4 BHnHO, 4TO npH cnYlJaHHbIX B03Myw:eHH.HX peaKTHBHoCTH npH k=] KaK nn.H 

pe)!(HMa 1, TaK H nnjl pe)KHMa 2 (J" YMeublllaeTC.H C YBenH4eHHeM .1. fIPH YBenli4eHHH 

napaMcTpa k no 3Ha4CHH.H k=4 nnjl pC)!(HMa I (J" YMeHblllaeTC.H (pHC. 4a), a nn.H PC)!(HM<l 2 
npaKTHLICCKH He H3MCH.HeTC.H (pHC. 46). vb pHC. 4a cncnyeT, 4TO npH k=l npH .1=0,05 

0=0,0569, a npH .1=0,20 0=0,0526, T.e 3HaLleHH.H (J" OTnHLIaIOTC.H Ha 8 %. Ilpu k=4 )lnSl 

.1=(),05 0=0,0539, a nn.H .1=0,20 0=0,0521, T.C. (J"OTnH'lIaIOTC.H Ha 4°;(). 

TaKHM 06pa30M, ecnH yt.IHTbiBaTb nOMHMO peryn.HpBbIX B03MYW:CIIHH H CJIY'IaltHhIC 

B03MYUleHHjI pcaKTHBHOCTH, TO Ii B ,)TOM cny4ae Bp.Hn nH uenCC006pa3HO Bhl6HpaTh 

:maLleHml k 60nbll1e 1 (BO BCSlKOM cny4ae He CneJ1.yeT Bbl6HpaTb k>4). 

Ha pHC. 4a nOKa3aHhI TaK)!(C 3aBHCHMOCTH (J" nJl.H pC)!(HMa pa60TbI pcaKTopa I I1pll 

cnY4aHHoM B03Myw:eHHH peaKTHBHoCTH onHOBpcMeliHo C LICTblPbMSI pcrymlpllbIMlI 

CHHYCOHJ1.aJlbHbIMH B03MYW:CHHSlMH (BapHaHT B03MYIl\CHHSI peaKTHBlioCTII "B"). vh pIIC. 4a 
BHJ1.HO, LITO J1.nSl BapHaHTa B03Myw:elIH.H pcaKTHBHOCTH "B" xapaKTCp a lie I13ML'IIIIJJ(SI 110 

cpaBIICHHIO C BapHaIlTOM "6", 110 3HaLICHHSI. (J", CCTCCTBCHHO, ynCJIHLIHJIHCh. 
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PIIC. 3. TIepexo,UHble npoueccbI MOIUHOCTII MEP-2 npH CKaQKe peaKTHBHOCTH -0, 1 ~u, cpe,UWlll 

MOIUHOCTb peaKTopa 1,87 MBT, pacxo,U TennOHOCHTens 80 M3/Q 

--- - Ll=O,05, ---- ~=O,lO, 8=0,15, 8=0,20 
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a 

PMC. 4. CpeJl,HeKBaJl,panPlecKHe OTKJIOHeHHjI :meprHH HMnynbcoB MOmHOCTH a B 

3aBHCHMOCTH OT napaMeTpOB AP k H ~. 

a - Cpe.IJ.RSljI MOmHOCTb peaKTopa 1,7 MBT, paCXO.IJ. TennOHOCHTeJIjI 90 M3q. KpHBbIe 1 

cooTBeTcTBYIOT CJIyqaHHOMY B03MymeHHlO peaKTHBHoCTH C Jl,HCnepCHeH 25.10.4 

Pu2
. KpHBble 2 cOOTBeTCTBYIOT CJIyqaHHoMY B03MemeHHlO peaKTHBHOCTH C 

4 Pu2.IJ.HCnepCHeH 25.10- COBMeCTHO C peryJIjlpHbIM B03MymeHHeM B BH.IJ.e CYMMbI 

qeTblpex CHHYCOH.IJ.aJIbHbIX COCTaBJIjllOmHX C aMnJIHTY.IJ.aMH 0,03; 0,024; 0,009; 

0,003pu, C qaCTOTaMH 0,8; 1,25; 1,6; 1,8 fu H <pa3aMH 0; 0,4; 0,8; 1,2 paJl,. 

6 - Cpe.IJ.HjIjI MomHOCTb peaKTopa 1,87 MBT, paCXO.IJ. TennOHOCHTenji 80 M3/q. KpHBbIe 

COOTBeTCTBYIOT CJIyqaHHoMY B03MymeHHlO peaKTHBHoCTH C .IJ.HCnepCHeH 25.10-4 

Pu2
. 

~=0,05, - - - - ~=O,10, ~=0,15, ~=0,20 

,LJ,JIjI pelKHMa 1 npH B03MymeHHH peaKTHBHOCTH no BapHaHTY "B" npH pa60Te 

peaKTopa 6e3 AP 0=0,0581, a npH pa60Te peaKTopa C AP npH k=l H ~=0,20 0'=0,0594 

(pHC. 4a), T.e npH BKJIlOqeHHOM AP 0' YBeJIHqHBaeTCjI no cpaBHeHHIO C npoueccoM 6e3 AP 

Bcero Ha 2%. O.IJ.HaKO peryJIjlpHbIe B03MymeHHjI peaKTHBHoCTH npH TaKHX napaMeTpax AP 

6Y.IJ.YT oTcTpaHBaTbCjI 6e3 cymecTBeHHbIx nepeperyJIHpOBaHHH. I1Haqe rOBOpjl, npH 

napaMeTpaX AP k=l (6noK crrralKHBaHHjI YCTpaHeH) H ~=0,20 Ha6JIIOJl,aIOTCjI 

yJl,OBJIeTBOpHTenbHble nepexoJl,HbIe npoueccbI KaK npH peryJIjlpHbIX, TaK H npH cnyqaHHbIX 
B03MymeHHjlx peaKTHBHoCTH. 

,LJ,JIjI HarrrjlJl,HOCTH )1,JIjI Pa3JIHqHbIX 3HaqeHHH napaMeTpoB AP Ha pHC. 5 npeJl,CTaBJIeHbI 
nOKa3aTeJIH KaqeCTBa nepexOJl,HbIX npOIleCCOB npH CJIyqaHHbIX H npH CKaqK006pa1HbIx 
B03MymeHHjlx peaKTHBHOCTH Jl,JIjI peaKTopa, napaMeTpbI KOTOPOro COOTBeTCTBYIOT pelKHMy 

pa60TbI 1. PHC. 5, B qaCTHOCTH, nOKa3bIBaeT, qTO Jl,JIjI k=l npH YMeHbIlIeHHH ~ C 0,20.IJ.0 0,05 ,... 

0' YBeJIHqHBaeTCjI Bcero Ha 8%, nepeperYJIHpOBaHHe lKe ~emax YMeHbIlIaeTCjI B 3 pa3a. 
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Puc. 5. 3UBHCHMOCTb nOKU3aTeJIeH KU4eCTBa nepeXO)l,HhIX npOUCCCOB OT napaMcTpoB AP k 
H L1. CPC)l,IUUI MOIIIHOCTh 1,7 MBT, PUCXO)l, TcnnOHOCHTenSi 90 M 3 /4, nupaMeTpbI 

MOIUHOCTH 06paTHoH CBSl3H kj=-6.03; 2.33: -0,391 Pu/MBT. Tj =9.27: 3,19; 0.24 c. 

cj=0,89; 0,10; -1,4. 

cr CPC)lHCKBU)l,pUTH4ecKoe OTKnOHCHHC ::meprHH HMnynbCOB MOlllHOCTH npH 

cnYl.laHHoM B03MymeHHH peUKTHBHOCTH C )l,HCnepCHcH 25·10,4 fh,2. 

L1c 111 ax 	 IUlH60nbwce nonmKHTeJlbHOe OTKJIOHCHHe :mepnm HMnynhcoB MOlllllOCTH 

(nepeperynHpoBaIlHe) npH CKaQK006pa:mOM B03MYlllcmiH peaKTHBHOCTH 

-O.lPu. 

4. 3aKntO"feHMe 

1. ),13 llHaJIH3a CMO)l,CnHpOBaHHhIX nCpeXO)l,HbIX npOUCCCOB npH pcrymlpllblX 

(CKal.IK006pU3HhIX) B03Myw:eHHSlX peUKTHBHOCTH cnC)l,yeT. l.1T0 HUHJ1Yl.IIUHC IlCpeXOJUlblC 

npOl\CCCbl COOTBCTCTBYIOT CJlC)l,YfOIllHM 3naQeHHSlM napaMCTpOB AP: k=] (r.e. 6JfOK 

CfJlaJKHBUHHSI OTCYTCTBYCT) H L1=0,05 (T.e. CKOPOCTb )l,BHraTCJlSl AP BhI6pUHa HaH60JlbWdi). 

3TH npOu;eCCbI XapaKTCpH3YIOTCSI HUHMCHhlllCH Jl,JlHTCnbHOCTbIO H HUliMCHbIllHM 

ncpeperYJlHpOBaHHCM. 

2. ),13 allaJIH3U nCpCXO)l,HbIX npOU;CCCOB npH CJIYl.IaHHbIX. a TaK)I(C O)l,HOBPCMCHHO 

npH cnYQUHBhIX H pcrYJISlpHbIX CHHYCOH)l,aJIbHbIX B03MYIueHHSlX peUKTHBHOCTH. lIMCIOlltHX 

MeCTO npH I10PMaJIhHOH pu6on~ peuKTopu. H C Yl.ICTOM BJlHSlIIHSI nupuMcTPOB At> I1a 

CKUl.IK006pU3HhIC B03MYlilcHHSI peuKTHBHOCTH CJIC,,'lYCT. liTO l~eJICCoo6pa'HIO Bhl6paTb k--= I II 

L1~0.20. 

3. YKU3aHHhiM BhlWC nupuMeTpuM COOTBCTCTBYIOT npHeMJleMble I1CPCXO)lllblC 

npOl~CCCbl IlpH CKUQKOo6pU3HbIX B03MYlllCHHSlX peaKTHBHOCTH H )l,OCTUTO'IHO IIH3KHe 
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3Ha'lIeHlUI Cpe)lHeKBaupanI'lIeCKHX OTKnOHeHHH MOruHOCTH npH C1IY'lIaHHhIX B03MyrueHmlx 
peaKTHBHOCTH. C :nOH TO'lIKH 3peHHH 3Ha'lIeHHH BhI6paHHhIX napaMeTpOB MQ)KHO C'lIHTaTh 

OnTHMMhHhIMH. DpHHHTble B HaCTO.Hruee BpeM.H Ha I1EP-2 napaMeTphI AP k=8 H 6=020 
Henh3.H C'lIHTaTh nonHOCThIO onTHMMhHhIMH )In.H HOPMMhHOH 3KcnnyaTaUHH peaKTopa. 
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IiOH)lapqeHKO E.A., lleneJILIlIJeB IO.H., llonoB A.K. 
BJIIDIHHe napaMeTpOB aBTOMaTHqeCKoro perymlTopa 
Ha nepeX01lHLle npOueCCLI MOlUHOCTH peaKTOpa HIiP-2 

PI 3-99-200 

C nOMOlULIO ·Mo,UeJIH peaKTOpa HIiP-2, OCHOBaHHOH Ha 6JIOqHOH CTpYKTYPe 
Cz-npe06p330BaHHeM nepeMeHHLIX H3KcnepHMeHTaJILHO onpe1leJIeHHLIX napaMe
Tpax o6paTHLIx CB1I3eH BLIqHCJIeHLI nepeXO,UHLIe npoueCCLI MOlUHOCTH npH P33
JIHqHLIX 3HaqeHIDIX napaMeTpOB aBTOMaTHQeCKoro peryJIlITOpa MOlUHOCTH (AP). 
llOK33aHO, QTO npH peryJ11lpHLIX B03MymeHIDIx peaKTHBHOCTH HaHJ1yqlIJHe nepe
XO,UHLIe npoueCCLI COOTBeTCTB}'IOT Hau:6oJILlIJeH CKOPOCTH AP npH YCTpaHeHHH 
6JIOKa CfJIruKHBaHIDI AP.llaHLI peKOMeH)laUHH BLI60pa napaMeTpOB AP npH HaJIH
QHH CJIyqaHHLIx B03MymeHHH peaKTHBHOCTH, HMelOlUHX MeCTO npH HOPMaJILHOH 
pa60Te peaKTOpa HIiP-2. 

Pa60Ta BLIDOJIHeHa B JIa6opaTopHH HeHTpoHHOH CPH3HKH HM. H.M.<lJpaHKa 
OHHH. 

npenpHHT 06'be,nHHeHHoro HHCTHryra anepHblX Hccne,nOBaHHH. .lly6Ha, 1999 

llepeBo,U aBTOpOB 

Bondarchenko E.A., Pepelyshev Yu.N., POPOV A.K. 
Influence of the Automatic Regulator Parameters 
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With the help of the IBR-2 reactor models based on a block structure 
with z-transformation of variable and experimentally determined parameters 
of feed-backs, the power transition processes at various values of parameters 
of the automatic regulator (AR) are calculated. It is shown, that at regular distur
bances of a reactivity the best transition processes correspond to the greatest speed 
of the AR while the AR smoothing-unit is eliminated. The recommendations of se
lection of the AR parameters are given if there are random disturbances of a reac
tivity which have place at normal operation of the IBR-2 reactor. 

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