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BBEllEHl1E 

nocne neperpyJKH aKTHBHOii JOHLi pe·aKTopa 11EP-2 6Lm JaperncTpHpoBaH 
p».n nepexo,nHb!X npoueccoB MOlllH0CTH, KIDK,!lblH HJ K0T0pb!X 6b!W BblJBaH paJo
BblM HJMeHeHHeM ypoBH.ll peaKTHBH0CTH nocpe.ncTB0M nepeMemeHH.ll WTaTHoro 
opraHa ynpaBneHH.ll - npoMe:lKyTOtJHoro peryn»TOpa (TTP).' TTpH 3TOM. _aBT0-
MaTHtJeCKHii peryn.llT0p, 06ecnetJH_Ba10lllHH no.n.nep:lKaHHe M0lllH0CTH Ha Ja,naHHOM 
ypOBHe, 6bm 0TKJIIOtJeH. 

Heo6b!tJHblH npouecc c »pKo BMpa:lKeHHOii Kone6a~enbHOCTblO 6Lm Ja
perncTpHpoBaH 31 .llHBap.ll 1997 r. npH HCX0.I{HOM ypOBHe cpem1eii M0lllH0CTH 

1,87 MBT, pacxo.ne TennoHOCHTen.ll 80 M3/tJ npH yMeHbWeHHH ypOBHH. 
peaKTHBHocrn nYTetrt cMemeHH.ll TTP BHHJ Ha 3,41 MM (pHc. l ). lfacTOTa HMnyiJLcoB 
MOlllHOCTH COCTaBn.llna 5 HMn./c. C HHTepBanOM B 1 c 6bmH Japernc'rpHp0BaHbl 
nepeMemeHHe TTP " ycpe.nHeHHa.ll no 5 HMnynbCaM 3Heprn.ll HMnynhC0B MOll.lHOCTH. 

CBOllKA 11CTTOJib3OBAHHbIX 
COKPAIUEHl1H 11 OEO3HA llEHl1H 

MOC - MOlllH0CTHa» o6paTHa» CB.llJh. 
11TTX MOC - HMnynLCHa» nepexo.nHa» xapaKTepHcrnKa MOlllHOCTeii o6paT-_ 

HOH CB.llJH. 
TTP - npoMe:lKYTOtJHh1ii· peryn»Top. 
~u - npHH.llTa.ll .I{n.ll . HMnynhCHblX peaKT0p0B e.nHHHUa HJMepeHH.ll 

peaKTHBHOCTH. lln» 11EP-2 ~u = 1;6-10-4 a6conlOTHblX e,nHHH~ peaKTHBHOCTH: . 

w - 11TTX MOC <~u/Mll:lK), npe.ncTaBn.si10ma» co6oii peaKTHBHOCTb MOC, 

o6ycnoBneHHYJO 0.I{HHM HMnynbC0M MOlllHOCTH. 
µj, A.; - COOTBeTCTBeHHO OTHOCHTenbHa.ll .non.si " nocT0.llHHa.ll pacna.na JanaJ-

.I{b!BalOlllHX HeHTPOHOB rpynnhl i (i = 1, ... , 6). 
µj = 0,038; 0,28; 0,216; 0,328; 0,103; 0,035; 

'-; = 0,0129; 0,0311;.0,134; 0,331; 1,2§; 3,21 1/c. 

Tu = 0,2 c - nepHo.n HMnym,COB M0lllH0CTH. 

n, n - 1 - H0Mepa HMnynhC0B. 



p, P3, p7 , p77 - peax:TnattoCTL a .non.sx flu cooTaeTCTaetttto C}'MMapmlSI, Ja,na

roma.s, MOIUHOCTHoii o6paTttoii ca.sJH H ee I-ii cocTaan.sromeii (I= 1, ... , 4). Pe

aKTHaHOCTL MOC noMeqeua HH,nexcoM T, T.K. oua o6ycnoaneua TeMnepaTJPoii 
(paJorpeaoM peaKTopa). 

E 
0
, E; S 

0
, S ; S;

0
, S; - coorneTcTaeuuo 6aJoa1,1e H Texymne JttaqeHHH 

3HeprnH HMnynLca MOll{HOCTH, C}'MMapuoii HHTeHCHaHOCTH HCToqHHKOa JanaJ,nbl

aaromnx HeiiTPOHOB H ee i-ii COCTaIIJUIIOll{eii (i =1, ... , 6). EaJoa1,1e JHaqeHH.8 co

OTBeTCTayroT yCTattoanaIUeMyc.s pe)KHMy .no HJMeHeHH.8 Ja,naromeii peaKTHaHOCTH. 

L\ e = (E-:- E
0
)(E

0
, L\ s.= (S - S 0)/ S 0, L\s; = (S; - S;°)/S o_ cooTaeTCT

ae1rno OTKnOHeHH.8 E, S H S; OT HX 6aJOabIX JHaqeHHii a OTHOCHTenLHb!X 
• e.nnHnuax. 

' L\; =,(E -.E 
0
)/ E.

0 
- OTKnOHeHne.JaperncTPHpoaauuoii :.uepnm HMnyn1,coa 

MOIUHOCTH E OT· 6aJoaoro JHaqeun.s E O a OTHOCHTeJILHLIX e.nnunuax. 

T1, k1 - nocTo.suua.s apeMeHn (c) H xo:.cpqmunettT nepe,naqn <flu/MBT) I-ii 
cocTaBJI.sromeii peaKTHaHOCTH MOC (i = 1, ... , 4). 

k?, k~ - HeJa~HCm.tbie COCTaBJl.8~11{He K03<p!pHUHeHToa k1 H k2 <flu/MBT). 

Vi, V2 - IlOKaJaTenH HenHHeiiHOCTH K03cp<pHUHeHTOa k1 H k2 (1 /flu)-

(J -:-.· cpe.nHeKBa,npaTnqecxoe OTKnOHeHHe paccqHTaHHb!X 3Haqeunii 3HeprnH 
HMil¥::.1bCOa MOIQHOCTH OT 3apernCTpHpoaattHblX. 

N - qncno JaperncrpnpoaattHblX HMnynLcoa MOIQHOCTH, HCilOflLJyeMblX a 
pacqeTax. 

ro, co = roTU - Kpyroaa.s qaCTOTa COOTBeTCTaeHHO a 1/c H a OTHOCHTenLHblX 
e.nnHnuax (co = 0 + 1t) . 

L\e*(fw), Pi(/ro), p;<,ro), L\s*(Jro) - <pypLe-HJo6paxettH.8 COOTBeTCTayroll{HX 

cpynKuHii apeMeHH. ' 

. w;(Jro); w;(Jro), w;(Jro), W0\_(Jro) - qaCTOTHble HMilYJILCHbie nepe,naTOqHbie 

cpynKQHH COOTBeTcTaeHHO peaKTopa, MOIQHOCTHOii o6paTHOii ca.83H, JanaJ,nbrna
IOIQHX .neiiTpOHOa H nonuoii o6paTHoii Ca.83H (paJOMKHYTOii CHCTeMbI). 

l1H.nexc * yxaJLIBaeT~ qTO ¢YJ>Le-n306paxeHH.8 OTHOC.8TC.8 ·. K nepeMeHHbIM, 
npe.ncrnanenHLIM a an,ne nocne.noaaTenLnocTeii HMnynLcoa, nponopu1rnuan1,u1,1x 
.nenLTa-cpyttKUH.8M. 

MOL{EJih MOI.UHOCTHOH OEPATHOH CB513H, 

yqHThIBAIOI.UA51 ME,llJIEHHhIE TIPOQECChl 

B pa6ornx (1,2] onncana ,nea.sTHnapaMeTpnqecxa.s Mo,nen1, MOC. Ee HTIX 

npe.ncrnaneHa TPeM.s 3KCilOHeHTaMH, npnqeM K03<p<pHQHeHTbl nepe,naqn acex TPeX 

2 

·, I 

r 

•i 
. 't 
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Pttc. I. 3aperncTpttpoeaHHblH nepexonm,rii npouecc :mepnm 
HMnym,COB MOIUHOCTH 

3KCilOHeHT a CBOIO oqepe,nb npHH.8Tbl nHHeHHO 3aaHCHMblMH OT cyMMapHOH 

peaKTHBHOCTH MOC. TipH HCilOflbJOBaHHH 3TOii MO,nenH Bbl.8CHHfl0Cb, lJTO 

ttaHnyqwee npH6nmKeHHe pacclJHTaHttoro nepexo,nHoro npouecca K Ja

perncTpttpoaaHHOMY .nocTHfaeTC.8, ecnH IlOCT0.8HHa.8 apeMeirn CaMOH 6bJCTpoii. co- .. 

CTaana_JOllleii MHOfO MeHLWe nepHo.na HMnyn1,coa Tu. 3TO 03HalJaeT, lJTO npH 

HCilOflbJoaaHHH yxaJaHHOH Mo.nenH ,nOCTaTOlJHO YlJHTbJBaTb He TpH, a . .nae 3KCilO

HeHTbl, nocKonLKY HJMeHeHHe MOC, o6ycnoaiieuuoe n-M HMnynLCOM MOII.IHOCTH, 

MHHeT nHWb Ha (n + 1)-ii n noc.rie,nyJOIQHe HMnynLCbl MOlUHOCTH. TaKa.8 Mo,nenb 

noJaonHna y.noaneTBOpHTeflbHO OilHCaTb .riHllJb HalJanbHYJO qacn~ JaperncTpttpoaaH

HOfO nepexo.nHoro npouecca c weCTLIO nepHo,naMH apKo ablpa)KeHHLIX Kone6aHHii 

H He noJaonHna OilHCaTb nocne.nyromnii nom,eM MOlllHOCTH (pnc.l). B caaJH C 

3THM HTIX MOC 6blna npe,ncTaMeHa C}'MMOii lJeTb1pex 3KCilOHeHT. TIOMHMO ,nayx 

yxaJaHHblX OTHOCHTenbHO 6blCTPblX_ 3KCilOHeHT C HenoCTOHHHblMH KO- . 

3cp<pHUHeHTaMH nepe,nalJH .nononHHTeflbHO 61,mn aae,neHbl .nae Me,nneHHbJe 3KCilO

HeHTbl. 

Jlna paclJeTa (MaTeMaTnqecKoro Mo.nennpoaa~ua) nepexo,nnoro npouecca, 

o6ycnoaneunoro 33,naHHblM HJMeHeHHeM peaKTHaHOCTH a peJynLTaTe CMeIQeHH.8 

TIP! 6bmH HCilOflbJOaaHbl ypaatteHH.8 (1)-(10), COOTBeTCTayromne n-My HMnymcy. 

TipH 3TOM nj:>HHHMaJIOCb, q-ro Me)K,ny .na}'M.8 COCe,llHHMH JaMepaMH IlOflO)KeHH.8 

TIP, oTcToauinr.iit i:ipyr OT .npyra'ua l c, TIP nepeMemanca no nnueiittoMy,Jax:ouy, 

a 1 MM CMeuiemtli TIP COOTBeTCTaoaan HJMeHeHHIO peaKTHaHOCTH Ha 0,057 flu• 

Pn = PJn + PTn • 
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Aen = (Asn + 1) exp Pn - I, 

4 

PTn = L PTln• 
l = 1 

.. . ._· ' ·( · _ o k1 J ( Tu J 
PTin = PTin -1 + E ~en -1 Ti exp - Tl ' 

k1 = k?(l + V1PT1n - 1), 

( 
o . k2 J ( Tu J PT2n = PT2n -1 + E Aen - IT

2 
exp - T

2 
' 

k2 = k~(l + V2PTn - 1), 

· ( o k3J ( ,Tu J Pn = Pnn - I + E Aen - I T3 exp - T3 , ; 

( o k4 J ( Tu J PT4 = PT4n - I + E Aen - I T
4 

exp - T
4 

_ ' 

k3/T3 = -k4/T4, 

Asn = L As;n _ I + E O µ; A; Aen _ 1 exp (-\Tu), 
6 (' . · o J · · 

i = 1 S 

6 exp (-A;Tu) 
0 '}., ---=------:--;;- . 

Ji_= 1 / L µi i 1 + exp (-A;Tu) 
SO ; = I 

(2) 

(3) 

(4) 

(4a) 

(5) 

(5a) 

(6) 

(7) 

(8) 

(9) 

(10) 

· YcnoBI1e (8) Bh16paHo II3 cpmIIqecKIIX coo6pa2KeHIIH II 03HaqaeT cnenyromee. 

JII060H IIMnynhc MOIUHOCTII npIIBO,nIIT K . II3MeHeHIIIO peaKTIIBHOCTII Me,nneHHOH 
MOC, KOTOprui onpenem1eTCH CJMMOH ypaBHeHIIH (6) II (7), HO B MOMeHT IlOHB
neHII,H IIMnynhca 3Ta CJMMa He II3MeHHeTCH. 

B npouecce MaTeMaTIIqecKoro Mo,nenIIpoBaHIIH nepexo,nHhIX npoueccoB 3a_na
BanIICh pa3nIIqHhie 3HaqeHIIH k1/T1, T1 (l = 1, •.. , 4) a TaK)Ke v

1 
II v

2
. TIYTeM nepe-

4 
·--.. 

'l 
J' 

~\ 

/ i \ 

i' 
'i'' 

6opa 6bmII onpeneneHhI 3HaqeHIIH napaMerpoB ~OC, npII KOTOphIX cpenHeKBa.n
pamqecKoe 0TKnOHeHIIe CMO,nenIIpOBaHHhIX no ypaBHeHIIHM (1)-(10) 3HaqeHIIH 
Ae OT 3aperncrpIIpOBaHHblX 3HaqeHIIH Ae MIIHIIManbHO: 

✓ N · I - 2 o = = L (Ae11 - Ae11) 
N n= 1 

=min. (11) 

qepTa ua.n IIH,neKCOM JKa3bIBaeT, qTo B cpopMyne (11) IICUOnh3YIOTCH 3HaqeHIDI 
3HeprnII ue Bcex HMnynhCOB · MOIUHOCTII .Ae , a nlflllh 311aqe11m1 Tex IIMnynhCOB 

. . n , 

Ae-, KOTOpbie COBna,naIOT no BpeMeHII C 3aperncTpIIpOBaHHhIMlf 3HaqeHIIHMII Ae-. n n 

3HAqEHH~.TIAPAMETPOB MOllJ,HOCTHOH 

OEPATHOH CB~3H H TOqHQCTb ATITIPOKCHMAUHH 

TipII pacqeTax IIcnonb30BanOCh N = 1000 3aperncTpIIpoBaHHhIX IIMnynhCOB, 

T.e. nponon)KIITenhHOCTh nepexo,nHoro npouecca cocrnrurnna 1000 c: B pe3ynhTaTe 
6bmII onpe,neneHhI cne,nyIOmIIe 311aqe11IIH napaMeTpoB. 

Jlirn 6b1crpoii MOC 

kt°= - 8,12; kio = 6,97 Pu/MBT; 

v1 = -0,008; v2 = - 0,29 I /Pu; 

T1 = 5,6; T2 = 4,3 c; 

(kt° /T= -1,45; kf /T= 1,~2 Pu/MA)K). 

Ami Me,nneHuoii MOC 

k3 = 15,12; k4 = - 26,46 Pu/MBT; 

T3 = 560; T4 = 980 c; 

(k3/T3 = 0,027; k4/T4 = - 0,027 Pu/MA)!(). 

(12) 

(13) 

Ha pIIc.2 II 3 noKa3aHhI 3aperncrpHpoBaHHhie nepexo,nHhie npouecchI, a TaKXe 
npouecChl, COOTBeTCTByromIIe BhJqIIcneHHhlM napaMeTpaM. 
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P11c.3. 3a,uaJOIUal! peaKTHBHOCTb P3 II pacc'IHTaHHble 

peaKTIIBHOCTII Pr II Pn MOIUHOCTHOH o6parnoif CB»JII. I- epe
MR (c) 

6 

f 

( 

1 
1 
) 

I 

)I ,i 
\ 1

1
1_·_' 'I 

Cne,llyeT OTMeTHTb, 'ITO Ko::icpqmuHeHT nepe,lla'lll k1 (c OTpHU~H!.llbHOH 0OCTO

.HHHOH cocrnruu1101uei1 ki°), KOTOpbIH 06yc.11arurnsaeT cocrnsmnomyw peaKTHBHOCTH . 

PT (4), npHH.HT JaBHC.HIUHM OT ::JTOH .lKe cocrnrurn10mei1 (4a). Ko::icpcp11uHeHT .lKe 
I 

kz. npHH.HT 3aBHC.HIUllM OT CYMMapHOH peaKTHBHOCTH PT (5), (5a), (3). 11Meml0 

TaKa.H MO,lleJib 06ecnetiH.11a 'HaHMeHblllee er = 0,0354 ( 11 ). 
TaKoe OT.llll'llle B ypaBHeHll.HX (4a) ll (5a) MO.lKHO 060.HCHHTb, ecnll npe,lln0-

.110.lKllTb, '!TO OTpHUaTe.llbHa.H cocrnsn.HJOIUa.H 6bICTPOH MOC (4) 06yc.110B.1Ie11a B 

OCHOBHOM paClllHpenHeM TeHJIOBbI.lle.11.HJOIUllX 3.lleMeHTOB, Bbl3BaHHbIX HX pa3orpe

BOM. ITo.110.lKHTe.llbHa.H .lKe cocraBJI.HJOIUa.H . 6b1cTpOH MOC (5) 06ycnoB.1IeHa 

MHOrnMH cpaKTOpaMH, cpopMHPYJOIUHMll no.1111y10 (CYMMapHyJO) peaKTllBHOCTb 

MOC. 

bbl.llll onpo6oBaHbl ll .llpyme 3aBHCllMOCT~ K03!p!pllUlleHTO~ k1 ll kz OT 

peaKTllBHOCTll, HO OHll .lla.llll .Xy.llllllle pe3y.llbTaTbl C 66.llblllllMll 3Ha'leHH.HMll er2• 

TaK npll llCIIO.llb30BaHllll B ypasHeHllll (4a) BMeCTO Pn cyMMapHOH peaKTllBHOCTll . . 
PT, T.e. TOH . .lKe peaKTllBHOCTll, 'ITO " s (5a), Hal1.1IY41lla.H annpOKCHMaull.H xapaK-

Tepll30Banacb. 3HalJemteM er = 0,0411. ITpll llC0O.llb30BaHllll .lKe B ypasHeHHll (5a) 

Pn BMecro PT " coxpaHeHHH 6e3 HJMeHeHHH ypirntteHH.H (4a), T.e. npH 
/ . 

JaBHCHMOCTH H k1, " k2 oT Pn, nonyqHnocb 3HalJeHHe er= 0,0484 . 

KpoMe Toro, 6bl.lIO oueHeHO B.llll.HHlle 110Ka3aTenei1 He.lIHHeHHOCTll V1 ll Vz B 

·' Ko::icptHUHeHTaX k1 ll kz Ha nepeXO.llHblH npouecc MOIUHOCTll. TaK npll v 1 = 0 (a 

He - 0,008) HO.IIY4llJJOCb 3HalJeHHe er= 0,0845 (a He 0,0354). flpll ll3MeHeHHll Vz 
Ha 10% - Vz = - 0;29 (BMeCTO - 0,26) - ll coxpaHeHHll 3HalJeHHH npO'lll~ napa

. MeTPOB (12), (13) nonyqll.lIOCb er= 0,0633. 

11MITYflbCHA5I ITEPEXOllHAR XAPAKTEPHCTHKA 

MOW.HOCTHOH OEPATHOH CBR311 

HITX MOC, Bblpa.lKeHHa.H B ~u/Mll.lK, npe,llCTaB.11.HeT 113 ce6.H peaKTHBHOCTL . 

MOC B ~u •. 06yc.110BJieHHy10 e,llHHHlJHblM HMnymcoM MOIUHOCTH C 3Heprneii 

1 M.[{.lK. Ona onttcbrnaeTc.H cpopMynoii 

4 ( J · k1 nTu 
w_ = """ - __ exp --. -. , n kJ T· T 

. l=l I . I 

(14) 

B KOTopoit Ko::icpcp11u11eHT nepe.lla'IH_ 6LICTP<>ii cocrnB.11.HJOIUeii MOC k
2 

3as11c11T oT 

CYMMapttoit peaKTHBHocrn MOC pT (5a), a Ko::icpcp11u11eHT k
1 

- OT O.llHOii HJ ee 

cocTaBJI.HJOIUHX Pn (4a). 
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P~c.4. 11MnyJILCHrui nepexo,uHruI xapilKTepHCTHKa MOIUHOCTHOll o6paT
_Hoii CBH31l w (om6aromrui) B 1\/M,il.)K. n - HOMep HMilYJibCa, t -

BpeMH (c) 
' .. : 

IlpII Ma.JII,JX 0TKJJ0HeHJUIX nepeMeHHhIX OT lfX 6aJOBMX_ 3HatJeHHH, COOTBeTCT~ 

nyIOIUHX HCX0,!lH0MY ycTaH0BHBWeMyc51 pe)KHMY, ·Pn If Pr, nxoMIUHe n cpopMyJJhI 

(4a) If (Sa), Ma.Jib) If cnpaBe,l:(nlfBhl C00TH0WeHlf51 

1 + :Y1Pn ""_1: 

,1 + VzPr"" 1. 

B 3T0M cnyqae MIIX MOC (14) IIpIIHHMaeT Bll):( 

2 
k? ( nTu J 4 

k1 ~ nTu J -
wn= .L_ Texp_-~ + L_ Texp --T '· 

l=I,1 _1 _l=3l _
1 

' 

(15) 

(14a) 

me nepna51 C)'MMa o6ycnonneHa 6hICTPOii: MOC,_ a nTOpM: Me~eHHOii: (pHc.4). 

AHAJIM3 YCTOHl.:IMBOCTM MO,IJ;EJIM PEAKTOPA. 

IlpH Ma.JlhJX 0TKJJ0HeHI151X peaKTlfBH0CTlf If M0IUH0CTlf, npH K0T0phIX B03M0:lK

Ha JJIIHeapmaQH51 ypaaHeHilii: (2), (4), (5) H co6nJO,!laIOTC51 ycnonH51 (15), tJaCTOTHM 

lfMII)'JlhCHM nepe,!laT0lJHM q>yttKQlf51 peakTopa' IIpHHlfMaeT CJJe,!lyJOIUlfH Blf,!l [2]: 
. . I . 

w;(lro) = tie*(im) = 1 = . 1 , (16) 

p3(iro) 1 - w;(iro) - E 0w;(Jro) 1 + w;c_(J'!l) 

8 

me 

* ~ 2 0 / * PrUro, k1 exp (-Tu T1) w vro) = ---= Ii - ------- + 
T Eotie*(jro) l=l T1 exp(jro)-exp(-Tu/T1) 

4 . k1 

+ L T, 
l = 3 

exp (-Tu/T1) 

exp (Joo) - exp (Tu/ T1) ' 

* 0 6. '\ 
ws*(Jro) = As y@ = §_ L µ. ').,. . exp (-r..; Tu) 

tie (fro) s0 . 1 1 exp (jro) - exp (-11,. T) ' 
I= I I u 

W0~c_(Jro) = -W/(]ro) - E 0w;(jro). 

(17) 

(18) 

(19) 

3HaMeHaTeJJh WR(jro) (16) npe,!lCTaBJJeH B Blf,!le C)'MMhl 1 + w;c_(jro), me 

w;c_(jro) 51Bn51eTC51 0,!lH0BpeMeHH0 nepe,!laT0tJH0H cpynKQHeii: pa30MKH)'TOH ClfCTe

Mhl. Cne,!lOBaTeJJhHO, ,!lJJ51 ycTOHlJlfB0CTlf peaKT0pa Heo6XO,!llfMO, lJT06hJ Ha K0MII

JJeKCHOH IIn0CK0CTlf rQ,!lOrpacp W :.c_(jro) IIpll Il3MeHeHlflf 00 OT O ,!l0 TC He 0XBaThIBaJI 

T0tJKY C K00p,!lIIHaTaMlf - 1, jO. ,!J;n51 Bh16paHHhIX 3HatJeHHii: napaMeTpon MOC (12), 

(13) 3T0 )'CJJ0BHe He BhJII0JJHHeTC51 (pnc.5), T.e. M0,!leJJh peaKTOpa HeycTOHtJHBa. B 

TO :lKe BpeM51 IIpll 3TlfX 3HatJeHI151X napaMeTpon ,!l0CTlffH)'TO xopowee 

ripH6nm1<eHHe pacctJHTaHHoro nepexo.uHoro npouecca K JaperHCTPHPOBaHHoMy. 

IIepeXO,!lHhJe :lKe .npouecChl, paCCtJlfTaHHhle IIpll THII0BhlX B03M)'IUeHI151X, T.e. npH 

3a,!laJOIUeii: peaKTlfBH0CTlf B Bll):(e 0,!llfH0tJH0ro lfMII)'JlhCa pa3JJlflJH0ii: aMIIJJHT)',!lhl 

lfJJlf cKatJKa pa3JJHtJH0ro ypoBH51, oKa3aJilfCh paCX0,!l511UlfMlfC51 If II0,!lTBep,!lHJJII, tJT0 

paccM0TpeHHM M0,!leJJh. peaKT0pa HeycT0HlJIIBa. 

Ha pI1c.6 noKaJaHa rpattIIQa ycToii:tJIIBOCTII B o6nacTH napaMeTpoB k? II k~. 
O6naCTh napaMeTp0B Hil)Ke (neaee) rpaHHQhl Y,CTOHlJIIBOCTII C00TBeTcTByeT yc

TOHlJIIBOMy peaKTopy. 113 pttc.6 Blf,!lH0, lJT0 T0tJKa, C00TBeTCTByJOIUM BhI6paHHhlM 

k? II '4 (12), Haxo,!lmci B 06naCTI1 Heycjoii:tJIIBOCTII. 

3apernCTPIIPOBaHHhiii: nepexo,!lHhiii: npouecc 6hm o6ycnosneH He cKatJKoo6-

pa3HhIM, a nnaBHhIM lf3MeHeHileM JazlaIDuieii: peaKTlfBH0CTll. HoBhlH yponeHh p3 

)'CTaHaMHBaJIC51 B TetJeHile 30 lfMII)'JlhC0B M0IUH0CTlf, T.e.' tJepe3 6 C nocne HatJaJia 

,!lBlf)KeHil51 TIP. YtJHThJBM• 3T0, 6una pacctJHTaHa cepI151' nepeXOJ:lHhlX npoueccOB 

IIpll Il~MeHe~IIII p3 OT O ):(0 ..:.p~ He _cKatJK0M, a II0 JIIIHeii:HoMy JaKony (pIIC. 7a): 

-; .. 0 . . 

P3n = -:-p3n/N3 npH n ~ N 3, 

P3n = -p~ IIpII n > N 3, (20) 
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-1,5 

J = 0,0125 
w=0,157 

-1,0 -0.5 

J = 0,042 
w=o.052 

f = 0,025 
w= 0.031 

jlm w* (jw) 
o.c. 

0,5 

J = 2.5 
w=TT 

OI 0,5 ReW*(jw) 
o.c. 

-0.5 

..;1,0 

. -1,5. 

Pttc.5. AMlUIHTYllHO-qJ330'13CTOTHaJI xapaKTepHCTHKa paJOMKHyYOH 

CHCTeMLI. / - '13CTOTa B ru, 00 - KpYfOBaJI '13CTOT3 B. OTHOCHTeJl_bHbIX . 

enttuttuax · · · ·· 

1 = 0,040 
w=0.050 Ko 

2 
7 8. 9 4 5 6 I I 

I I 
-

5 
jQ,;;: I j=0,044 

-7 
Ko 

1 

-9 

-11 

w =0,056'., f = ~o5o k~ =-8,12 
W=0,06.3_ /. 

f ':'0,05,7....._ 
w=o,on 

06nacTb 
ycTOH'iHBOCTH 

✓ · k2= 6,97 

Pnc.6. rpaHHUa YCTOH'IHBOCTH s IIJIOCKOCTH napaMeTpOB- k~ 
H ~ 6LICTpOH MOIUHOCTHOH o6paTHOH CBlIJH. /, ffi - '13CTO

Tbl BOJMO:lKHblX KOJie6aHHH B ru H B OTHOCHTeJlbHblX 

e.UHHHU3X 

10 

po 
~ I 1~0 2~0 3~0 · 4?0 5~0 N3 

-0,1 

-0,2 

-0,3 

-0,4 

-0,5 

YcTOH'-IHBbte 
nepexo.QHble 
npOL.jeCCbl 

. 6) 

PJ~
3

.· .n 
Q ·. I 

I 

Pi -- I 

- a) 

Pttc.7. rprumua ycToii'IHBLIX nepexonHLIX npoueccos (6) 
npn Ja.uaromeii peaKTHBHOCTH (a) 

, '·• ' . . . . , 0 
me n = 0, ... , N3, ••• I'{ Pac'leTLI 6b!Jrn npose,n:efiLI npH pa3IIII'IHLIX 3Ha'leHH.SIX p3 

H N3. 

Ha pHc.76 noKa3aHa rpaHHUa ycrnii'IHBLIX nepexo.rtHLIX npoueccos B o6nacrn 

nap~eTpOB N3, pg. EcJIH H3MeHeHHe p3 (pHc.7a) xapaKTepH3yeTC.SI 3Ha'leHH.SIMH 
. ' 

N3 H pg, npHHa,n:Jie)KamHMH o6nacTH npas~e mo6p3)KeHHOH Ha pHc.76 rpaHHUbl, 

TO COOTBeTCTBYIOIUHe HM nepeXO.UHbie. npouecCbl Lie yCTOH'IHBbl. 

TaKHM o6pa30M, ecJIH 33,n:aIOIUa.H peaKTHBHOCTb IlOHH)KaeTC.SI HH)Ke onpe.ueneH

HOro ypoBH.SI, lI nepexo.u Ha 3TOT ypoBeHb npoHCXO.UlIT He CJIHlllKOM 6b1cTpO; TO 

HeJIHHeiiHoii MO.rteJIH peaKTopa, .SIBJI.SIIOIUeiic.SI B UeJIOM HeycTOH'IHBOH, COOTBeTCT

ByioT TeM He Mettee ycTOH'IHBble nepeXO.UHble npoueccbl. 

flOilblTKH CMO.z:teJIHpOBaTb 3aperncTpHpOBaHHbIH nepeXO.L{HblH npouecc C 

IlOMOIUbIO ycTOH'IHBblX MO.rteneii peaKTopa npH coxpattemrn npHH.SITOH CTpyKTypbI 

MOIUHOCTHOH o6paTHOii CB.Sl3H OKa3aJIHCb Hey.ua'IHblMH: KOJie6aHH.SI, B npoueccax, 

paCC'IHTaHHblX .rtJI.SI 3THX Mci.neneii, O'leHb 6blcrpo 3aTyxaJIH. 

HeycTOH'IHBOCTb pacCMOTpeHHOH MO.rteJIH peaKTopa He .uaeT TeM He Mettee 

OCHOBaHHii yTBep)K.L{aTb, '!TO CaM peaKTOp HeycTOH'IHB. Ha 3TO YKa3bIBaeT O.UHO 

pa3JIH'!He Me)K.L{y .UOCTaTO'IHO 6JIH3KHMH B UeJIOM nepexO.UHblMH npoueccaMH 

(paCC'IHTaHHbIM lI 3aperncrp0poBaHHbIM). B paCC'IHTaHHOM npouecce KOJie6aHH.SI 

IlJlaBHo JaryxaroT. B 3aperncTpHposaHHOM )Ke npouecce Ha mecTOM nep0O.ue KO

ne6att0ii tta6nro.uaeTc.H HX cpLIB (p0c. 2). 3To YKaJLrnaeT Ha TO, '!TO paccMoTpeH-
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Hrul MO,Aenb peruCTopa He )"IHTbIBaeT KaK)'IO-TO C)'I1leCTBeHH)'IO_ HenuHeHHOCTb. B 
CBSl3H C STUM MO:lKHO npe,AnonO:lKHTb, 'ITO peaKTOp B paCCMOTpeHHOM pe:lKHMe yc
TOHllHB, XOTSI Janae YCTOHllHBOCTH, BepOS!THO, HeBenuK. 

3AKJ11QqEHHE 

1. TipoBeAeH aHanHJ 3apemcTpupoBaHHoro npoAOn:lKHTenbHOro nepexoAHOro 
npouecca MOIUHOCTH c Kone6aHHSIMH 6onbllIOH aMnnHTy.Qbl npu cpe,nHeii MOIU-

HOCTH peaKTopa 1,87 MBT u pacxo,Ae TennoHocHTensi 80 M3 /ll. HMnymcHasi 
nepeXO.QHruI xapaKTepHCTHKa MOIUHOCTHOH o6paTHoii CBSl3H npeACTaBneHa ABYMSJ 
6blCTpblMH SKCilOHeHTaMH C KO::lq>q>HUHeHTaMH nepe,naqu, 3aBHCSIIUHMH OT 
peaKTHBHOCTH MOIUHOCTHOH o6paTHOH CBSl3H, " ABYMS! Me,AneHHbIMH SKCilOHeH
TaMu: 

B pe3ynhTaTe nonyqeHo xopolllee B uenoM npu6nu:lKeHHe paccllHTaHHoro 
nepeXOAHOro npouecca K 3apemcTpupoBaHH0My. 

2. AHanH3 ycTOUllHBOCTH peaKTopa B pe:lKHMe caMoperynttpOBaHHSI, T.e. 6e3 
aBTOMaTHlleCKOrO perynsiTopa, noKa3an, llTO XOTSI nnaBHblM IlOHH:lKeHHSIM ypOBHeii 

. 3a,AalOIUeH _ peaKTHBHOCTH COOTBeTCTB)'IOT ycTOHllHBbie nepeXO.QHbie npouecCbl, B. 
uenoM ucnonb30BaHHaSI MO,Aenb COOTBeTCTByeT HeyCTOHllHBOMY peaKTOpy. 

3. PacCllHTaHHblH nepeXOAHblH npouecc He OTpa3Hn cpbIB KOne6aHHH, 
HMeBllIHH MeCTO B 3apemCTPHPOBaHHOM npouecce, B CBSl3H C qeM HJ He
ycTOHllHBOCTH paccMOTPeHHOH _ MO.QenH peaKTopa Henb3SI .nenaTb Bb!BOA O He
ycTOUllHBOCTH CaMOro peaKTopa. PaJnHllHC Me)K.!ly nepeXOAHblMH npouecCaMH YKa-
3bIBaeT nHlllb Ha Heo6xo,AHMOCTb ,QanbHCHlllero Y'fOllHeHH.11 Mo.nenH. 

4. . 3aMepbl BbIHy)K.!leHHblX Kone6aHHH MOIUHOCTH c nepHOAOM KOne6aHHH 
32 c, OC)'I1leCTBnsieMbie Ha H6P-2 MS! BbUIBneHH.11 HJMeHeHHii napaMCTPOB peaKTo

. pa, uenecoo6pa3HO .nononHHTb perncTPautteii 6onee npo.nomKHTCnbHblX nepexo.n
HbIX npoueccoB. 
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