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C noMomLro Mo.uenn peaKTopa MEP-2, ocHOBattHoii Ha 6noqHoii cTpyi<rype 
C z-npeo6pa30BaHneM nepeMeHHblX II 3KCnepnMeHTaJibHO onpe.ueJieHHblX napaMe
Tpax o6paTHbIX CB.ll3eii BbJqncneHbl nepeXO,!lHhie npouecCbl MOIUHOCTII npn pa3-
JIIIqHbIX 3HaqeHlliIX napaMeTpOB aBTOMaTnqecKom perym1rnpa MOIUHOCTII (AP). 
IlOKa3aHO, qTo npn perym1pHblX BO3M)'llleHlliIX peaKTIIBHOCTII HalIJI)"IIIIIIe nepe
XO.!lHbie npouecCbl COOTBeTCTBYJOT Han60JihIIIeii CKOpOCTII AP npn ycTpaHeHIIII 
6noKa crmvKnBaHllil AP. L{aHLI peKoMettnaunn BLI6opa napaMeTpoB AP npn HaJIH
qnn cnyqaii:Hh!X B03MymeHIIH peaKTIIBHOCTII, IIMeromnx MeCTO npn HOpMaJibHOii: 
pa6oTe peaKTopa MEP-2. 

Pa6oTa BblIIOJIHeHa B Jla6oparnpnn HettTpOHHOii: q>II31IKII HM. 11.M.<l>pattKa 
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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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PeaKTOp I1EP-2 ocnawen CHCTeMoii aBTOMaTHqecKoro peryimpoaa11m1 MOIIIHOCTH 

(AP). Ocnoamui 3a;:i_aqa AP cocTOHT B aBTOMaTnqecKoM BhIBO,n:e peaKTopa na 3a,n:annh1ii 

ypoBellh cpe,n:neii MOIIIHOCTII H CTa6mIH3al.\HH MOIIIHOCTH peaKTOpa na 3a;:i_annoM ypoane. 

CTpyKTypa H rrapaMeTpbl AP cywecrnenno BJIHHIOT na rrepeXO,L{Hhie rrpOl.\eCChI MOIIIHOCTH. 

Ha :narre rrpoeKrnpoBaHHH I1EP-2 6bIJI BhIBe,n:en arrropHTM q>OpMHpOBaHHH peaKTIIBHOCTII 

AP, o6ecrreqnaaIOIIIIIH CTaTHCTHqeCKH OIITHMaJihHOe IIOMeplKaHile ypoBHH MOIIIHOCTII, a 

HMeHHO - ,L{OCTHlKe!IHe MHIIHMyMa cpe,n:neKBMpaTI1qecKoro OTKJIOHeHIIH :meprIIII ,[{ITH 

6y .n:ywero HMIIYJibCa MOIIIHOCTH na OCHOBaHHH IIHq>OpMal.\IIII, 11orryqe11noii B rrpe,Llhl,L{YIIIIIX 

HMIIYJihCaX [!]. fipH Bh!BO,L{e arrropHTMa AP rrpe,n:rrorrararroch, qTQ na peaKTOp B03,n:eiicTByeT 

cnyqaiinoe B03MymenHe peaKTHBHOCTH C HOpMaJihHhIM 3aKOHOM pacrrpe,n:erreHHH. 

ITpe,n:11orrararrocb TaKlKe, qTo AP 01.\eHHBaeT 3uaqenIIH peaKTIIBHOCTH, COOTBeTCTBYIOIIIIle 

11pe,n:hl.LlYIIIHM HMIIYJihCID.I MOIIIHOCTH, C HCKOTOpoii CTaTIICTilqecKoii OIIIH6Koii Il3MepeHIIH, 

TaK)Ke xapaKTepH3YIOIIIeiicH uopMarrhHhIM 3aKOHOM pac11pe,n:eJieHHH. KpoMe TOro, 6bIJIO 

BBe,n:eno IIOHHTHe CTerreHII "cTapeHHH" l!Hq>OpMal.\HH B AP. B pe3yJihTaTe 6bIJIO IIOKa3aHO, 

qTo AP ,L{OJilKeH npe,n:CTaBJIHTh Il3 ce6H HIITerpHpy10wee 3Beno, na BXO,Ll KOToporo rro,n:aeTCH 

OTKJIOHenile :mepnrn TeKymero IIMnynhca MOIIIHOCTII OT ero 6a30BOro 3naqeuI1H. B 

IIITaTHhlll AP I1EP-2 nOMIIMO peryrrHpy10wero CTeplKHH C IIIarOBhIM ,L{BHraTeJieM II ero 

6rroKoM ynpaBrrenIIH axo,n:HT TaKlKe 6rroK crrralKIIBamrn. Buxo,n:noii cHrnarr 6rroKa 

crrralrmnanHH nocTynaeT na 6rroK ynpaarrenIIH waroBhIM ,n:BilraTerreM H qiopMI1pyeTCH rryTeM 

CrJialKHBaHHH OTKJIOHeHHll :meprHII IIMnynhCOB MOIIIHOCTII OTHOCHTeJihIIO 6a3oBoro 
3uaqe1IHH. OJIOK crrralKHBaHIIH npe,n:cTaBJIHeT co6oii IIHepl.\IIOHHOe 3Beno, a warOBhlll 

,L{BHraTeJih COBMeCTHO c peryJIIIPYIOIIIIIM CTeplKHeM H 6JIOKOM ynpaBrreHIIH 

HHTerpHpy10wee [2]. 

B npHHHTOll Il,L{eorrornH nepe,n:aToqnM xapaKTepIICTIIKa o6parnoii CBH3II peaKTOpa no 

AP npe,n:CTaBJIHeT co6oii no cyTH neKOTOpblll q>IIJihTP Hil3KHX qacTOT, o6ecneqIIBaIOIIIHH 

,L{OCTaToqno xopowy10 cTa6HJIIl3al.\IIIO MOIIIHOCTII peaKTOpa I1EP-2 B cpe;:i;HeM. EcTecrnenno, 

qTo '.HO B03MOlKHO TOJihKO npH ycrroBHH, ecrrH cneKTp B03MymenHii peaKTHBHOCTH 

(;:i;eTepMHHHpOBaHHhIX IIJIII cnyqaiiHhIX) JielKIIT B norroce nponyCKaHIIH AP. I1ccne;:i;OBaHHH, 

npoae;:i;ennhre ua CTMHH q>Il3IlqecKoro II 311epreTI1qecKoro nycKoB peaKTopa, a TaKlKe ua 

CTa)l;IIII ero 3KCHrryaTal.\HII n03BOJIHJIII norryqIITh PHA ;:i;onommTeJibllhIX )l;aHHhIX, KOTOphie He 

6bIJIH H3BeCTHhI npH npoeKTHpOBaHHH AP. 3To, npe)l()l;e Bcero, crre;:i;y10wee. 

J13-3a Bh!COKOH qyacTBHTeJihHOCTII peaKTOpa K crryqaiiHhIM B03MyIIIeHIIHM 

peaKTHBHOCTH, BhI3BaHHhIM nanpHMep, BI16pal.\l!HMII nO)l;BlllKHhIX orpalKaTeneii, APOlKaHIICM 

TOnJIIIBHhIX KacceT, qirryKryal.\IIHMII TeMnepaTyphI II pacxo;:i;a naTpIIH B aKTHBHOH 30He, 

peaKTOp I1EP-2 IIMCCT cpaBHIITCJihHO Bh!COKIIC q>ITYKTYal.\IIII 3HeprnI1 IIMnyJihCOB (;:i;o ±40%). 

fipII 3TOM pearrbHhlll CIICKTP KOJie6auI1ii 3HeprHII IIMnyrrhCOB rrpe;:i;cTaBJICH ne TOJihKO 

KOMnoneHTOH 6erroro wyMa, HO II pHJJ;OM ;:i;eTepMHHilpOBaHHhIX Kone6aHHH rapMOHilqecKoro 

THna ua BCCX qacTOTax BnJIOTh ,n:o KpHTHqecKoii qaCTOThI HaiiKBIICTa (2,5 fl\), T.e. na 

qacTOTaX, cywecTBCHHO 6orrhIIIHX rpanI1qnoii qacTOThl peaKI.\IIII AP. 

KpoMe Toro, na CTl!JlIIII npoeKTllpOBaHHH ne 6bIJIII Il3BCCTHhl napaMerpbl 

MOIIIHOCTHOH o6paTHOH CBH3ll, KaK OKa3aJIOCh, )l;JIH I1EP-2 xapaKTepHhl TPII KOMIIOHCHThI 

6b1cTpoii MOIIIHOCTHOH o6parnoii CBH3ll (o;:i;na Il3 HIIX noJIOlKllTCJibHa) C BpeMCHHhIMII 

KOHCTaHTaMII OT~ 10 )l;O 0,2 C. 



Bh16op CTJlYKTYPhI II napaMeTpOB AP, yqIIThIBaIOII.\IIH Bee oco6eHnocTII pa60Tb1 

peaKTopa, Kpai1He BalKCH, T.K. 6e3 AP peaKTop HaXO,[lIITCH B6mnII rpaHIIUbl ycTottqIIBOCTII 

[3]. 3arrac ycTottqIIBOCTII no KaKOMy-im6o napaMeTpy 06hrqJIO OUCHIIBa!OT KaK OTHOlllCHIIC 

ero 3Haqemrn, COOTBCTCTBYIOII.\CfO COCTOHHIIIO peaKTOpa Ha rpam1ue yCTottqIIBOCTII, K ero 

3HaqeHIIIO, onpe,l:lCJICHHOMY ,[(ITH IICCJICJ:lYCMOfO ycToitqIIBOfO COCTOHHIIH. IlpII TaKOM 

nO,[lXOJ:(C 3arrac ycrnitqIIBOCTII, HaIIpIIMep, no OJ:(HOMY II3 TJ)CX K03cpqmUIICHTOB nepe,[1aq11 

MOII.\HOCTHOii o6paTHOii CBH311 (MOC), a IIMCHHO - noJIOlKIITCJlbHOMY, OUCIICH BCero 

B 17-19% ,[(ITH qCTbrpex 3apeflICTJ)IIpoBaHHbIX pelKIIMOB pa6oTbI: 1,911 2 MBT (Maii 1993 r.), 

1,9 MBT (J:lCKa6pb 1993 r.) II 1,95 MBT (HHBapb 1996 r.). Pacxo,[l TCnJIOHOCIITCJIH ,[IJIH BCCX 

pelKIIMOB COCTaBJIHJI 90 M3/q_ B 0,[(HOM lKC 113 3aperncTpIIpOBaHHblX B HHBape 1997 r. 
npoueccOB (npII cpCJ:lHCH MOII.\HOCTII 1,87 MBT II pacxo,[le TCnJIOHOCIITCJIH 80 M3/q) 

COCT051HIIC peaKTopa 6e3 AP OUCHCHO KaK HeycrniiqIIBOC [4]. 

HIIJKC ,[laH aHaJIII3 BJIIl51HIIH napaMeTpOB IIITaTHOfO AP na nepeXO,[(HbIC npoueccbl 

MOII.\HOCTII np11 peryJIHpHbIX II cnyqaitHhlX B03MYII.\CHil51X peaKTIIBHOCTII. 

2. KpaTKoe om1caH1,1e MOAen1,1 IIIEP-2 

IlepexO,[(Hb!C npoueCCbl BbiqIICJICHbl C nOMOII.\b!O C03,[laHIIOH 6noqH011 MOJ:(CJIII 

peaKTOpa HEP-2, IICnOJib3YIOII.\CH z-npeo6pa30BaHII51 nepeMCHHbIX [5]. MOJ:(CJib yqIIThIBaeT 

HCJIIIHCiiHOCTh Ko3cpcp11uIIeHTOB nepe,l:laqII MOC. ErroK-cxeMa peaKrnpa HEP-2 c AP 

npIIBCJ:(CHa Ha PIIC. 1. 
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Puc. 1. ErroK-cxeMa peaKTopa HEP-2. 
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IlapaMCTpbl 6bICTpoi1 II MCJ:(JICHHOH MOII.\HOCTHOH o6paTHOH CBH311 onpe,l:lCJICllbl 

3Kcnep11MCHTaJibHO. ErroK B03Myll\a!Oll\CH peaKTIIBHOCTII n03B0JI51JI reHep11poBaTb JII06y10 

KOM611HaUII!O J:lCTCpMIIHIIpoBaHHbIX II cnyqaiiHhIX II3MCHCHIIH peaKTIIBHOCTII. ,[(nH 

MO,[(CllllpoBaHIIH IICnOJib30BaJIIICb CKaqKII peaKTIIBHOCTII, a TaKlKC cnyqai1HbIH rayccoBCKIIH 

2 

wyM C llaJIO)l(CIIHOH na nero cep11ei1 rapMmmqecKHX Kone6aHII1I. B noCJIC,[lIICM cnyqae 

HMIITIIpOBaJICH pCaJibHblH cneKTp cnyqai1HblX B03MYII.\CIIIIH peaKTIIBHOCTII, IIMCIOII.\IIH MCCTO 

np11 HOpMaJibllOH pa6oTe peaKTOpa. 

Cm!COK IICIIOJJhlOBaHHhIX 060111aqeu11ii: 

E O 
- 6a30BOC 3Ha'ICIIIIC 3Hepr1111 IIMnyrrbca MOII.\HOCTII; 

n IIHJ:(CKC, YKa3bIBa!Oll\llH, qTO nepeMeHHbIC C ,[laHHbIM IIHJ:(CKCOM 

COOTBCTCTBYIOT n-My IIMnyJihCY MOII.\HOCTII; 

Lie, Lie 1 , 6e = Lie 1 - Lie, oe - COOTBeTCTBCHHO OTKJIOHCHIIC 3HCpf1111 l!Mny JlhCa 

MOII.\HOCTII OT 6a30B0f0 3HaqeHIIH (B ,[(OMX OT 6a30B0f0 3Ha'ICH1151), ee 

3a,[la!Oll\CC 3HaqeH11e, IIX pa3HOCTb II crnalKCHHa51 pa3HOCTh; 

a = . 1( N ~] f &} ) - OUCHKa cpe,l:lHCKBa,l:lpaTll'ICCKOfO OTKJIOHCHJIH 3HeprIIII 

fl;f 

IIMnyJihCOB MOII.\HOCTII, nonyqeHHb!X np11 MOJ:(CllllpOBaHIIII nepexo,[(HbIX 

npoueccoB (N=250); 

p, PA, PF, PT, Pr. PT - coorneTCTBeHHO peaKTIIBHOCTh peaKTopa, AP, 

BHCIIIHH51 (B03MYII.\CHIIe), a TaKlKC peaKTIIBHOCTb MOC (cyMMapnaH, 6b!C'Iphlii 

II MC,[lJICHHbIH MOC). Bee peaKTJIBHOCTII BbipalKCllbl B IIMnyJihCHblX ,[(OMX 

3ana3,l:lbIBaIOII.\IIX HCHTJ)OH0B Pu; 
T 

kj, 'I'j, 

k 

11 

Vt.. 

- nepII0J:l IIMnyJihC0B M0II.\H0CTII; 

Cj - C00TBCTCTBCHH0 K03cpcp11u11eHT nepe,l:la'III, II0CT051HHa51 BpCMCHII II 

K03cpcp11UIICHT HCJIIIHCHHOCTIIj-ii C0CTaBJI51IOII.\CH MOC (i=l, ••• , 5); 

- napaMC'Ip ycpe,[(HCHIIH 6JIOKa CfJlalKl!BaHIIH AP (MOlKCT npllHIIMaTb 0J:IH0 113 

'-ICTblpCX 3Ha'-!CIIIIH: 4, 8, 16, 32); 

- napm,leTp CKOp0CTII IIIaroBoro J:lBilfaTCJIH AP (MOlKCT npIIHIIMaTh 0,[(H0 113 

qeTbrpex 3Haqem1ii: 0,05; 0,10; 0,15; 0,20); 

5,5 - CK0p0CTb IIIafOB0fO ,[lBIIraTCJI51 (IIIar/c), C00TBCTCTBYIOIUaH 3Ha'-!CHIIIO 

oe=LI; 

mA=0,0136 - MaCIIITa6 0J:lH0fO IIIara AP (PulIIIar). 

3. MoAen1,1poBaH1,1e nepeXOAHblX npOL\eCCOB 

Ilepexo,[(Hbie npoueccbr Bhl'-IIICJICHhl J:IITH J:IBYX Ha6opoB napaMeTJ)0B MOC, 

C0OTBCTCTBYIOII.\IIX J:IBYM pelKIIMaM pa60Tbl peaKTopa. 

PelKHM 1 C00TBCTCTBYCT cpe,l:lHCH M0II.\H0CTII peaKT0pa 1,7 MBT np11 pacX0,[le 

Tennonoc11TeJIH 90 M 3/'-1 (Maii 1993 r.). MOC npeJ:lCTaBJICHa 6hICTJlOH MOC, cocT0HII.\CH 113 

TJ)CX IIHCPUII0HHbIX 3BCHbCB C HCJIIIHCHHblMII K03cpcpIIUIICHTaMII nepe,l:la'-111. B UCJIHX 
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yrrporueHIIJ:I MO,Uem1 KOJtpqnn-111enThl rrepe.ua1m MOC rrpIIHllTb! 3aBIIeIIMblMII 11e OT 
peaKTIIBHOeTII MOC, KaK B [3, 4], a OT OTKJIOHeHIIJ:I JHeprnII IIMIIYJihea MOIUHOeTII [5]. 

Euerpall MOIUHOeTHall o6paTHall eBJ:I3b orrIIeaHa ypaBHeHIIeM 

3 
PTn = L( PI]n-1 + E 0 

.1en-Jk / 1 +c j;J.e11 _1 )/Tj )exp(-T /Tj ), 
j=l 

T.e. rrpe,UcTaBJieHa TpeMJ:I IIHepUII0HHblMII 3BeHbJ:IMII. 

(I) 

Pe:iKIIM 2 C00TBeTCTByeT cpe.uHeii M0IUHOeTII 1,87 MBT rrpII paexo.ue TeIIJI0H0CIITeJIJ:I 

80 M3/q_ MOC rrpe.uernarreHa .UBYMJ:I IIHepUII0HHhIMII 3BeHbll:MII 6b!eTpoii MOC e 
HeJIIIHeH.HblMII KOJtptpIIUIIeHTaMII nepe.uaqII (1) (BJIIIJ:IHIIe TpeTbero 3BeHa ne yqIITb!BaJI0Cb, 
T.K. ero noeT0J:IHHall BpeMeHII 0Ka3arraeb MHOro MeHbll!e rrep110.ua IIMTIYJibeOB MOIUHOeTII) II 
.UBYMJ:I I1Hepu110HHb!MII 3BeHbJ:IMII Me,UJieHHOH MOC e JIIIHeHHblMII K03cpcpIIuIIeHTaMII 

nepe.uaq11_ Me.urre1rnaJ:1 MOC onIIeaHa ypaaHeHIIJ:IMII 

5 
PTn = L( PTjn-1 + E 0 

.1e11 _1k j /Tj)exp(-T /Tj), 
j=4 

rrp11 eo6mo.ueHIIII yerroa11J:1 

k/T4 = -k/T5, 

03Haqaioruero, qTO peaKTIIBHOeTh Me,UJieHHOll MOC He II3MeHJ:IeTCJ:I CKal.!K0M. 

PeaKTIIBHOeTb AP 0IIIICaHa ypaaHeHIIJ:IMII [2] 

&11 =&n-1 +(oe11-&n-1Jlk, 

P An= PAn-1 +(v LlmA I ;J.)Tlien-1, 

r.ue v ,1m A =0,0748 I3u/c. 

(2) 

(3) 

(4) 

AHaJIII3 yerniiqIIB0eTII peaKrnpa e BKJl!oqenHhIM AP rrpII napaMeTpax peaKTopa, 

coorneTCTBY!OIUIIX pe)KIIMY 2, II0Ka3aJI, qTQ 3anac yeTOlll.!IIB0CTII peaKT0pa IlOIIII)KaeTeJ:I C 

yaeJIIIqeHIIeM rrapaMeTpoa AP k II/",. [2]. 

JJ:rrJ:I .uayx YKa3aHHblX pe)KIIMOB Mo.uerrIIpOBaJIIIeb rrepexo,UHbie rrpoueeehI IIpII 

pa3JIIIl.(HbIX Bap11aHTax B03MyIUeHIIJ:I peaKTIIBHOeTII: 

napnaHT a - eKaqoK peaKTHBHOeTH PF =-0,1,llu, 

napnaHT 6 - crryqaiiHoe B03Myruen11e peaKTIIBH0CTH e H0pMaJibHbIM 3aK0H0M 

pacnpe.uerreHIIJ:I c .UIIcrrepeneii /Ji = ( 5 -10-2 J2 /JJ , 
napnauT n - B03Myrue1me peaKTIIBHoeT11 npe.ucrnBJIJ:IeT eo6oii cyMMY crryqaiiHoro 

B03MyrueHIIJ:I eornaeHO aapIIaHTY "6" II O.!J.HOBpeMeHHO qeTbipex 

eIIHYCOII,UaJibHbIX coeTaBJIJ:I!OIUIIX e0OTBeTCTBeHH0 c aMIIJIIITY.UaMII 0,03; 

0,024; 0,009; 0,003 f3u, C qaeTOTaMII 0,8; 1,25; 1,6; 1,8 fU II C q>a3aMII 
(Bb!Opa!IHblMII rrpOII3B0JlbHO) O; 0,4; 0,8; 1,2 pa.u. TaKoe B03MyrueHIIe 6JIII3KO 

K pearrbHOMY .ll.Jlll: HEP-2. 

Bee rrpoueeebl M0,UeJIIIpOBaJIIIeh KaK 6e3 AP, TaK II IIpII BKJIIOqeHH0M AP e 

pa3JIIIl.(HbIMII 3Ha1 Ie1111J:1MII rrapaMeTp0B k II /",.. IloMIIMO ll!TaTHbIX 3HaqenIIii k, paBHblX 4, 8, 
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16 H 32, BbI6IIparroeb TaK)Ke 311aqeIme k= I, l.(T0 eooTBeTCTByeT orcyTeTBHIO 6rroKa 

ernmImaamrn. 

Ilepexo,Ullble npoueeCbl npII eKal.!KOo6pa3HOM II3MeHemm peaKTIIBH0eTII (aapnaHT 
"a") .urrJ:I pe)KIIMa I noKa3aHhI Ha pIIC. 2a (6e3 AP) n Ha pIIe. 2 6, B, r ( c AP), a .urrJ:I pe)KIIMa 2 

- na pnc. 3a (6e3 AP) 11 11a pile. 3 6, B, r, .u (e AP). 

Ilpn cpHKCHpOBaHHblX 3Haqemrnx k, paBHbIX I, 4, 8, ,UJIHTeJ!bH0CTb nepexo.uHoro 

npoueeca yaem1l.!1maeTeJ:1 c yaerruqeH!leM napaMerpa /",. (pnc. 2, 3), a npII tpllKCllpoaaHHbIX 

3Hal.!eHIIJ:IX k, paBHb!X 16 H 32, - yMeHbIIIaeTCJ:1 e yserruqe1meM /",._ 

HanMeHbUIHe KOJie6amrn Ha6JIIO.UaIOTCll npII k=l, T.e npII 0TCYTCTBHH 6rroKa 

errrmKHBaHllll AP (pIIC. 26 II 36). C yaem1qem1eM k KOJie6aTeJibHOeTb yaeJIH'IIIBaeTCJ:I (pIIe. 2 

B, r, 3 a, r). 

IlpII k, paBHblX 16 n 32, KOJie6areJibl!OeTb Bbll.(IIeJieHHbIX rrepeX0.!J.HbIX npoueeeoB 

eme 6orree yaerr1Il.!1IBaereJ:1. Jl:JIH pe)KIIMa 2 npII k=32 II /",.=0,05 · Ha6JIIO.UaeTeJ:I 

aBTOKOJie6aTeJibHbIH npoueee, rrpu K0T0p0M aMIIJIIITY.Ua Korre6aHHH C Te11eHIIeM BpeMe1m 

yaemll.!IIBaeTCJ:1, Bb!XO.UJ:I Ha 6oJibll!OH yernHOBIIBll!HHCJ:I yposeHb (p1Ie. 3.u). 

TaKllM o6pa30M, eeJIII pIIITbIBaTb JIIIlllb perynllpHble B03Myrue111Ill peaKTl!BHOeTII, TO 

uenceoo6pa3HO npn.UaTb napaMeTpaM AP 3Ha1 Iemrn k=l II /",.=0,05. 

Ha p1IC. 4 II0Ka3aHbl 3aBIICIIM0eTII cpe.uHeKBanpaTHl.!eeKIIX OTKJIOHeHIIII 3Hepnm 

HMIIYJlbC0B MOU_\H0CTII CT, Bbll.!IIeneHHblX 3a llHTepaarr BpeMeHII 50 C (250 111\IIIY,'lbeoa). 
P11c. 4a II 46 0TIIOCJ:ITCll K cnyl.!aHHbIM B03MyrueHIIllM peaKTIIBHOCTH C m1cnepc11e11 

(j~ = 25. ur4 /3,~ (B03MyIUeHIIe peaKTIIBHOCTII corrraeH0 aapIIaHTY "6") np11 pa3Jill'IHblX 

3Ha,IeH11J:1X napaMeTp0B AP k II /",._ P11c. 4a cooTBeTcrnyeT pe)KllMY I, a puc. 46 - pe)KIIMY 2. 

113 pnc. 4 BII.UHO, '!TO nplI cnyimiiHblX B03Myll_\emrnx peaKTllBIIOCTll rrpn k= I KaK )_\Jill 

pC)KHMa I, Tai( II )_\Jill pe)KHMa 2 /j yMe!lblllaeTCll C yaem1qeH1IeM /",.. Ilpn ysennqemm 

napaMeTpa k .uo 311a1IeHHJ:1 k=4 .UJIJ:I pe)KHMa 1 1J yMeHhrnaeTCll (p11c. 4a), a .UJill pe)KHMa 2 -

npaKTII'IecK11 He II3MeIrneTCJ:1 (p1Ie. 46). l13 pile. 4a cnenyeT, l.!T0 npu k=l npn /",.=0,05 

=0,0569, a npn /",.=0,20 o=0,0526, T.e 3Hal.!ellllll 1J oTJIIIl.!aJOTCJ:I Ha 8 %. Ilpn k=4 J-IJIH 

/'l=0,05 o=0,0539, a .UJIJ:I L'l=0,20 =0,0521, T.e. (jQTJill'IaJOTCll Ha 4%. 

TaKHM o6pmoM, een11 Y'IHTb!BaTb IIOMHM0 perynHpHbIX B03Mymemiii II cnyirniiHble 

B03MYIIleHIIJ:I peaKTHBHOCTII, TO II B )TOM CJiyl.!ae Bpll.U Jill uerreeoo6pm110 Bb16npaTb 

3Hal.!eIIHJ:I k 60JibIIIe 1 (BO BCJ:IK0M cnyqae He cne.uyeT Bb!6HpaTb k>4). 

Ha pnc. 4a IIOKa3aHhl TaK)Ke 3aauc11MOCTII /j ,UJIJ:I pe)KHMa pa60Tbl peaKTopa I npn 

e11yqaiiHOM B03MymenHH peaKTIIBHOCTII 0J_\H0BpeMeJHIO C 11eTblpbMll pery1rnpllh!Ml! 
c111IycoHJ_\aJibHblMII B03Myll_\eHIIJ:IMH (sap11al!T B03MymeHllll peaKTIIBIIOCT!I "s"). 1,13 pnc. 4a 

BH.!J.110, 'ITO .UJill aapllaJITa B03Myme1111J:1 peaKTIIBII0CTII "s" xapaKTep /J I!C ll3MC!IIIJICll I!O 

cpas11e11mo C aap11aHTOM "6", 110 3!Ia'lelIHll /J, eeTeeTBCIIIIO, yBeJIH'UIJIIICb. 
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Puc. 4. Cpe,nHeKBa):(pan1qeCK1Ie OTKJIOHeII!lll ::meprmf IIMilYJihCOB MOlll,HOCTII O' B 

3aBIICIIMOCTII OT napaMeTpOB AP k II I'!,.. 

a - cpe,nHIDI MOlll,HOCTb peaKTOpa 1,7 MBT, pacxo.n TeITJIOHOCIITeJill 90 M
3
q. KpIIBble 1 

coorneTCTBYIOT crryqaiiHOMY B03MymeHIIIO peaKTIIBHOCTII C ,n1Icnepc11eii 25 · 10·
4 

p/. Kp11Bble 2 cooTBeTCTBYIOT crryqaiiHOMY B03Melll,eHIIIO peaKTIIBHOCTII C 

,n11cnepc11eii 25· 104 p/ COBMeCTHO C peryrrllpHblM B03MymeHIIeM B BII,ne cyMMbl 
qeTb1pex CIIHyco11,narrhHblX coCTaBJill!Olll,IIX c aMnrrIIry,naMII 0,03; 0,024; 0,009; 

0,003Pu, c qaCTOTaMII 0,8; 1,25; 1,6; 1,8 ru II qJa3aMII O; 0,4; 0,8; 1,2 pa,n. 

6 - cpe,nHllll MOlll,HOCTb peaKTOpa 1,87 MBT, pacxo.n Tenrronoc11TeJil1 80 M
3
/q. Kp11Bble 

coorneTCTBYIOT crryqaiiHOMY B03Mymen1110 peaKTIIBHOCTII C ,nIIcnepCHeii 25 · 10·
4 

pt 
i'!,.=0,05, - - - - i'!,.=0,10, i'!,.=0,15, i'!,.=0,20 

)],rrll pe)KIIMa 1 np!I B03MymeH!lll peaKT!IBHOCTII no BapIIaHTY "B" npll pa6oTe 

peaKTopa 6e3 AP o=0,0581, a npII pa6oTe peaKTopa c AP npII k=l n i'!,.=0,20 cr=0,0594 

(pile. 4a), T.e np11 BKrr10qeHHOM AP cr yBerrIIqIIBaeTcll no cpaBnenmo c npoueccoM 6e3 AP 
Bcero na 2%. O,nuaKO peryrrllpHble B03MymeH!lll peaKTIIBHOCTH npn TaKIIX napaMeTpax AP 
6y,nyT OTCTpaIIBaThCll 6e3 cymecTBeHHblX nepeperyrrnpoBaHHll. Hnaqe roBOpll, npll 

napaMeTpax AP k=l (6rroK crrrmKIIBaHIIll ycTPanen) n i'!,.=0,20 na6rr10,na10TCll 
y,noBrreTBOpHTeJihHble nepexo,nHbJe npouecChl KaK npll peryrrllpHblX, TaK H npll crryqa:liHhlX 

B03MymeHHllX peaKTIIBHOCTlf. 

)],rrll narrrll,nHOCTII ,nrrll pa3JIHqHblX 3Haqeunii napaMeTpOB AP na pHC. 5 npe,nCTaBJiellhl 
noKa3aTerrH KaqecTBa nepexo,nHhIX npoueccoB npn crryqaiiHhJX H npII cKaqKoo6pa3HhJX 
B03MymeHllllX peaKTHBHOCTlf ,nJill peaKTOpa, napaMeTpbl KOTOporo COOTBeTCTBYJOT pe)KIIMY 

pa60Tbl 1. PHC. 5, B qaCTHOCTII, nOKa3bJBaeT, qTO ,nJill k=l npn yMeHbllleHIIII I'!,. c 0,20 ,no 0,05 

cr yBerrnqHBaeTCll Bcero na 8%, nepeperyrrIIpoBaHIIe )Ke i'!,.emax yMeHbIIJaeTCll B 3 pa3a. 
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Pnc. 5. 3aBHCHMOCTb IlOKa3aTerreii Kaqecrna nepexo,nHhlX npoueccoB OT napaMeTpOB AP k 

11 I'!,.. Cpe,nllllll MOlllHOCTb 1.7 MBT, pacxo,n TeilJIOHOC!ITeJil! 90 M3/q, napaMeTpbl 

Momnocrn o6parnoii CBll3H ki=-6,03; 2,33; -0,391 p.,!MBT, Ti=9.27; 3,19; 0,24 c, 

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

cr - cpe,nneKBa,npaTHqecKoe OTKJIOI!eHHe JHeprnII m,myrrhCOB MOlll,IIOCTII npn 

crry,rniiHOM B03MyllleHnH peaKTHBHOCTII c m1cnepc11eii 25· 10-
4 

Pi?. 

i'!,.emax - 11a1160Jib1I1ee IlOJIO)Kl!TeJibHOe OTKJlOHeH!le JHepnrn HMilYllbCOB MOlll,HOCTII 
(nepeperynnpoBanne) npn cKaqKoo6pa3HOM B03Mymen1111 peaKnrnnocTH 

-0,IPu-

4. 3aKJ11-0l.leHHe 

1. l13 mIan113a cMo,nem1poBan11hIx nepexo,n11hIx npoueccoB npu perym1p111,Ix 

( CKa'IK006pa3HbIX) B03MYllleHl!llX peaKTIIBHOCTH cne,nyeT. <ITO Hmrnrmme nepexot\llbh! 
npouecChl C00TBeTCTBYJOT cne,ny10m11M 311aqenHllM napaMeTpOB AP: . k=I (T.e. 6JJOK 

crrrmKHBaHl!ll OTCYTCTByeT) II i'!,.=0,05 (T.e. CKOpOCTb ,nBnraTellll AP BhI6pa11a nan6om,lllett). 
3TH npouecChl xapaKTepH3YJOTCll ua11Mellb1Ueii ,nJ111TellhHOCTblO H uanMellbllll!M 

nepeperyrrnpoBauneM. 

2. l13 a11an113a nepexo,nnhIx npoueccoB np11 cnrrnil11h1x, a TaK)KC onnoBpeMenno 
11p11 cnyqaiiHhlX H perynllpHblX c1111yco11,nanhHblX B03MYllleIU!llX peaKTHBH0CTH, HMCIOlllllX 
MeCT0 11p11 11opMMbl!Ott pa60TC peaKTOpa, H C y<IeT0M BJll!llllllll napaMeTp0B AP 11a 
Cl(a<IK006pmHhIC ll03MYllleHHll pcaKTHBII0CTll CJietiyeT, '!TO llCJ1ecoo6p,n110 Bl,16pan, k=I II 

i'!,.~0,20. 

3. YKa3aIII!blM Bb!ll!e napaMCTpaM coorneTCTBYIOT npneMJJeMblC nepcX0)llll,IC 
npo11eCCbl npn CKa'IK006pa3HblX B03MYlllCHl!llX peaKTIIBII0CTH H nocTaTO'III0 11113Klle 
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3Haqe11m1 cpe,llHeKBa,llpaTHqecKHX OTKJIOHeHHll M0IIll!0CTH rrpH CJJyqaunbIX B03MYIIlCIIHllX 
peaKTHBH0CTH. C :nou TQqKH 3peHHJl 3Ha'lel!Hll DbI6paHHbIX rrapaMeTp0D M0)KH0 C'lHTaTb 

011THMaJibHblMH. TTpmrnTb!e B HaCTOJIIIlee BpeMJI Ha 11EP-2 rrapaMeTpbl AP k=8 H Li=0,20 
HCJ1b3Jl cq11TaTb 110J1H0CTb!O 011THMaJiblib!MH .llJlll HOpMaJibl!Oll 3KCITJiyaTaUHH peaKT0pa. 
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