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HacTOHIUHH BhIIIYCK c6op1111Ka ",l.(HHaMHKa H 6cJonacnocTh .sI3Y" 
UOCBHIIJ;aeTCH 40-JieTHIO 

Kopnycuoro KHIIBm;ero pcaKTopa BK-50 (r. ,l.(uMHTposrpaA) 

,l.(HHAMIIKA H YTIP ABJIEHIIE 

Y,L(K 621.039.512/519 
XapaKTepHCTHJOI 3KTHBHOH JOHLi peaKTopa BK-50 C IlOBLiilleHHLIM 

BO)J;HO-TOilJIHBHLIM OTHOWeHHeM 

C.H. AnmonoB, H.H. Ce.MuOOl,(KUU, H.II. TypmaeB, B.E. lliJJteJleB, 
<I>rYTI 'T~ P<I> HIDiAP", 433510, r. ,[(HMHTJ)OBrpa,n-10 YJIMIHOBCKOH 0611. 

IlpencTaBJieH.b1 peJym,TaTbJ MonepHH3arorn aKTHBHOH JOHbI peaKTopa BK-50 rrpH aepexo,lle OT 
KOHCTPYKUllH TBC c BO.lUIO-TOIDlHBHblM ornomeHl!eM (BTO) 2,2 Ha TBC c BTO 3,0. IloKaJaHo, t:iTO 
rrpH TaKOM rrepexo,lle coxpamurnc& BbICOKHe caMoperynwpyiomHe caoAcTBa peaKTopa rrpH 
O,llROBpeMeHHOM ITOBbII.IIeHHH rny6HHbl BbrropaHIDI TOn.JlHBa H 3arraca ycTOH"IHBOCTH. 

VK-50 REACTOR CORE CHARACTERISTICS WITH INCREASED WATER-FUEL RA­
TIO. S.N. ANTONOV, I.I. SEMIDOTSKY, N.P. TURTAEV, V.E. SHMELEV. The results of 
VK-50 reactor core refurbishment are presented with regard to replacement of the fuel assembly having 
2.2 water-fuel ratio for fuel assembly with 3.0 water-fuel ratio. It is demonstrated that high self-control 
reactor capabilities are preserved with provision for simultaneous fuel bumup and stability margin in­
crease. 

BhICOKHe 3HaCJeHIDI 0TJ>HU:aTem.Horo naposoro 3cpcpeKTa peaKTHBHOCTH B peaKTope BK-50 H 

ecTeCTBeHHrul i:zytpKyJ1J1UJ.UI TenTIOHOCHTeJUI o6ecnet.{J{BaIOT BbICOKHH yposeHb BttyrpeHHHX 

CBOHCTB 6e3onacHOCTH, HO 3TO npHB0Jl,HT K yMeHbrneHHJO BbITOpaHHJI T0nTIHBa no cpaBHemno C 

peaKTopaMH BB3P H BWR [l, 2]. 0.u;HHM H3 cnoco6os nosb1IlleHHJ1 rny6HHbI BbirOpaHHR TonnHBa 

J1BJTJ1eTCJ1 Bbr6op onTHMaJibHoro BTO B aKTHBHOH 30He. 

CJTO)KHOCTb 0TITHMH3al{HH 3aKJTIOtJaeTCJI BO B3aHM03aBHCHM0CTH scex xapaKTepHCTHK peaKT0-

pa, s TOM 1:1],fCJie Ta.K.HX 6aJOBblX A1U1 pa6otJero pe>KHMa, KaK M0ll{H0CTb, Jl.a.BJieHHe, pacxo.n TenJIO­

HOCHTeJlJI H nono:>KeHHe opraH0B perymtpOBaHHjJ. TTocKOJibKY rHJJ.paBJlWieCKHe xapaKTepHCTHKH 

onpeJJ.eJIJIIOTCJI KOHCTpyKl{Hei:t He T0JlbK0 aKTHBHOH 30Hbl, HO H scero K0Hrypa ecTeCTBeHHOH UHp­

Kymtl{HH, KOHKpeTHbJH xapaKTep YKaJaHHOH B3aHM0CBJl3H cymeCTBeHH0 3aBHCHT OT KOHCTpYKTHB­

HblX oco6eHHOCTeH peaKTopa. TToJTOMY He npeJJ.CTaBJlJleTCJI B03MO)KHblM npH BbI6ope KOHCTpYK­

THBHbIX napaMeTp0B TOnJTHBHOH peilleTKH Jl,aTb o6ocHOBaHHbie peKOMeHJl,al{HH no onpe,neneHJH0 

K0HKpeTHOro o6beMHOro C00THOilleHIDI B0J],bl H T00JlHBa, 0ITTHMaJibH0ro Jl.Jljl scex KHnJllllHX peaK­

T0pOB, pa60TalOUlHX B pa3JIHlJHblX pe)KJ{MaX. B npHHl{Hne 0nTHMH3aUIDI TOnJIHBHOH peilleTKH 

Jl.0JDKHa np0H3B0Jl,HTbCJI Jl.Jljl KIDK,nOH YCTaH0BKH HHJl,HBHJJ.YaJibH0. TeM He MeHee npe.ucTaBJTeHHblH 

3Jl,eCb MaTepHan B u:eJIOM n03B0JIJleT onpeJJ.eJIHTb 3cpqJeKTHBHbie nyrn peilleHHJI npo6neMbI IlOBbl­

illeHIDI 3KOHOMJ-fCIHOCTH ycTaH0B0K THna BK. 

1. KoncTpyKUKH peaKTopa u aKTuenoii JOHLi 

PeaKTop BK-50 COCT0IIT H3 Kopnyca BbIC0K0ro Jl,aBJiemu1 H pa3MemeHHbIX B HeM TaKHX JJie­

MeHT0B, KaK aKTHBHM 30Ha; o6eqai-fKa, C03Jl,aIOUJ.aJI rnrOBblH H onycKHOH yqacTKH KOHrypa ecTe-
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P11c. I . PeaKTop BK-50: 1 - Koprryc; 
2 - na'Ipy6KH D0Aaq11 nwraTeJibH0H 
B0JO,I; 3 - aepem!BHble 0KHa; 4 -
Tm-0BblH yqaCT0K; 5 - aKTmma,r 30Ha 

P11c. 2. AKTRBHaJJ J0Ha peaKTopa BK-50: 
0- TBC;@ - Kaccern c pyqm,IM pe­
rymtpoeaHHeM (PP);®- Kaccern A3 

crneKHOH UHPKYJUU..J.KH; pa6otrne opram,1 CY3 c HcnonHu­
TeJibHbIMH MeXaHIDMaMH )lJUl nepeMell(eHIDI; YCTJ)OHCTBa no­
.n.aqH UHTilTeJJbHOH B0.l{bl H 0TB0.l{a napa H .n.p. (puc. 1 ). AK­
THBHruI 30Ha BKJTJO'-laeT 72 pa6o'-IHX TBC, 16 pa6o'-IHX opra­
H0B C PY'-IHhIM ynpasnettHeM H 3 KaCCeTbl asapHHHOH 3fil.nlITbI 
(A3). CxeMa aKTHBHOH 30HbI apHBe.z:teHa Ha pHc. 2. 

Bo.z:tgHQH TeITJJOHOCHTeJlb B aKTHBH)'IO 3OHy nOCl)'TiaeT 

cm13y B nepHq>epHHHhie TBC no "rop.K'-leMY" orrycKHoMy 
yciacTKY 6e3 tte.n.orpesa, a B ueHTpanbHbie TBC no "xono.z:ttto­
My" orrycKH0MY yqacTKY c tte.n.orpeB0M 3 ... 5 °C. Bo.n.a 3aKH­
nae-r Ha ttal.fanbH0M y'-laCTKe aKTHBHOH qacnt TBC H napoco­
.n.ep)Kam1.e yseJIH'-IHBae-rcg ITO BbICOTe aKTHBHOH 3OHbl. 

2. lliMeneune KOHCTpyKQnu TBC opu nOBL1meuuu BTO 

T 6 a n" ... a 1 X apaKTepHCTHKH TB3Jia 
ilapaMe-rp 3Ha<JeH.He 

_nrrHHa, MM 2 078 ± 3.3 
Beeurn1di AFlaMeTp o60JIO'-IKH, MM 9,1 
TOJllI(HHa o6oJIO'-IKH, MM 0,65 

MaTepHam,H.blM C0CTaB o6oJIO'iKH, MM Cnnae 3110 
(Zr + I %Nb) 

ilJIOTHOCTb MaTep1-1ana o60JIO'lKH, r /cMj 6,5 
BtteWHJfll AHaMeTp Ta6neTKH, MM 7,58 
BbICOTa Ta6JieTKH, MM 10 
BbICOTa T0TTnHBH0H qacnt, MM 1 980 ± 5 
.[{HaMeTp 0TBepCTHR B TB3Jie, MM 1.4 
MaTepHanbHbIH cocTae Ta6neTKH .[{eyoKMCb 

ypatta 
lliOTHOCTb ABY0KHCH ypaHa, r/cMj 10,4 
O6orameHHe ypatta-235, % 2,4; 3,0 
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TeI1J10BbIJlemnoDJ,He c6opKH PY BK-50 
c BTO 2,2 npe.ucntBJUIIOT co6ou nycioK HJ 

162-x cTep)l{HeBbIX TB3Jl0B H 6-TH CBIT, 
noMemeHHbIH B npaBHJThH0M rnecnrrpaH­
HOM qeXJJe H3 UHPKOHHeBOfO cnnasa C 

" pa3MepOM no.u KJIIOLf" 176 MM H T0Jlll(H­
HOH 1,5 MM (puc. 3). Ha KOHUax TBC 
HMeIOTcg XBOCTOBHKH, lf3rOTOBJleHHbie 10 

ttep)l{aee10ca:eu CTanH. Ilepexo.n. Ha BTO 
3,0 ocymeCTBJU111cg nyTeM 3aMeHhr oT­
JJ,eJJbHbIX TB3Jl0B (nt6JI. 1) Ha UHpK0HHe­
Bb[e -rpy6KH JJ,mfHOH 800 MM, 3arJJ)'llleHHh[e 
CHH3Y H 0TKpblTbie ceepxy (pHC. 4). TB3Jlbl 
C aHaJlOfHLfHblM TOilJIHBOM H KOHCTpyK­

THBHbIMH xapaKTepHCTHKaMH xoporno 3a­

peK0MeHJJ,OBaJlH ce6g Ha peaKTopax BB3P. 



0 
0 
V') 

N 

Pwc. 3. TBC 

BT02,2 

BTO 3,0 

PHc. 4. CeqeHHe TBC: 1 - TB3JJ; 2 - CBTT; 3 -
80,lUIHhle Tpy6KH 

3. CpaBHBTeJlbHble xapaKTepHCTHKH aKTHBHblX JOH c BTO 2,2 u 3,0 

TBC c BTO 3,0 Hal.JaJIH 3arpy)K_aT£, B aICTHBHYJO JOH)', HatIBHa.SI c 1985 r. B nepHO.U JJ.O 1990 r. 
see 3arpy)K_aeMb1e TBC HMeJrn o6orameHHe Torurnsa 2,4 % no 

235U. C 1991 r . Ha'4aJIC.SI nocTeneH­

HbIH nepeso.u aKTHBHOH 30HbI Ha TBC c o6oramettHeM Torurnsa 3 % (c coxpattem1eM BTO 3,0) no 
235U, KOTOpblH 3aKOHL£HJIC.sJ B 1995 r . 

B npouecce nepexoJJ.a Ha HOBbie TBC H s nocne,UYJOIT(HH rrep110.u npoBOJJ.H.JIHCb 3KcrrepHMeH­

Tbr c onpe.uenem1eM TeMneparypttoro 3cpq>eKTa peaKTHBHOCTH, ttepasHoMepttocTH :meprosb1,uene­

Hli.S1 no ofrbeMY aKTHBHOH 30HbI, rpaHHUb( pe30HaHCHOH HeyCTOH'4HBOCTH. Hccne,noBaJIHCb rrepe­

XO,D.Hble npoueccbI npH H3MeHeHirn noJJ.a1.£H nHTaTeJlbHOH BOJJ.bI " pacxo.ua napa, a TaIOKe npH sse­

.uettHH nOJlO)K_HTeJlbHOH peaKTHBHOCTH. B Ta6n. 2 rrpHBO)l.SITC.SI 3KCnepKMeHTaJibHbie JJ.aHHbie no 

HaH6onee B8)K_ffbIM HHTerpanbHbIM xapaKTepHCTHKaM aKTHBHblX 30H C pa3JlH'4HblM BTO. 
OcttoBHhfM pe3ynhTaTOM rrepexo.ua Ha ttosy10 KOHcrpyKUHIO TBC .sJBHJJOCb ysenH1--1eHHe rny-

6HHbI Bb1ropaHK.S1 Tonn11sa. Otto o6ycnosnetto rrpe)K_,lle scero yMeHbUJeHHeM TeMrreparypttoro H 

naposoro 3cpcpeKTOB peaKTHBHOCTH H yseJIHlieHHeM pacxo.ua TeJ1J10HOCHTeJ1.S1 . 

y CTOHliHBOCTb peaKTOpa B pe)K_HMax BbIXO.D.a B KpHTii'4eCKOe COCTO.sJHHe H pa3orpesa Terurn­

HOCHTeJl.SI .D.O KHneHJ,ljl onpe.uen.SleTC.sJ BeJlH'--IHHOH H 3HaKOM TeMneparypHoro 3cpq>eKTa peaICTHBHO­

CTH. Ha CTa.QHH OITTHMH3fillHOHHblX paC'4eTOB 3HaK TeMneparypttoro 3cpq>eJ<Ta peaKTHBHOCTH CTaJI 

OCHOBHblM orpaHW-!HBalOinHM q>aKTOpOM no yseJJH'4eHHIO BTO [3]. 3cpcpeKT peaKTHBHOCTH .UOJl­

)l(eH 6bITb .UOCTaT0'4HO MaJlbIM, HO OCTaBaTbC.SI OTPHUaTeJlbHblM BO BCeM .UH8Ila30He TeMrreparyp. 

5 



T a 6 J1 11 u. a 2. CpaBHHTem,Hb1e xapaKTepHCTHKH aKTHBHhIX JOH c BTO 2,2 H 3,0 
npH MOII(HOCTH 200 MB 5 Mil TH naBJJeH.HH a 

TiapaMeTp BTO 
2,2 3,0 

O6maJI Macca TOIJJlliBHOH 3arpY3KH, T 10,5 8,5 
CKopocTb TennoaocHTenx Ha axone B TBC, Mi c 0,9 ... 1,0 1,0 .. . 1,1 
TeMnepal)'J)HbIH 3cpcpeKT peaKTHBHOCTH npH pa:mrpese 
OT 20 .no 220 °C, % !:}.k/k - 3,0 - 1,5 
TiapoBOH 3cp<peKT peaKTH:BHOCTH npH )'Bem1:cieHHH MOW.HOCTH 
.no 200 MBT, % !:}.k/k - IO - 5 
HepaBHOMepHOCTb 3HeproBbI.lleJJeHJUI □o nonepeqHoMy 
ceqemno TBC 1,25 1,08 
HepaBHOMepHOCTI, JHeprOBbl.lleJJeIDrn no pa.zi.eycy 
aKTHBHOH 30Hbl 1,3 ... 1,5 1,3 . .. 1,5 
HepaaHOMepHocn, JHeproBI,1.nenemu1 no BbIC0Te TBC 
Jl,JUI Il0JJHOCTblO H3BJJetieHHbIX PP 1,5 .. . 1,7 1,3 ... 1,7 
Bb1ropaHHe Bbirpy)KaeMoro TOilJIHBa Jl,JUI 06orameHHJ1 3 % 
no 235U, MBrcYTIKr ypaaa 21. .. 22 25 ... 27 

Ilo3TOMY B Haqane no'iTH acex KaMnaHJ-tH peaKTopa no cneuHaJibHOH MeT0.IJ.HKe npoao.n.111rncb H3-

Mepemu, TeMneparypHoro 3cpcpeKTa peaKTHBH0CTH [ 4]. Ha pHC. s npHBe)].eHI,I 3aBHCKM0CTH TeM­

neparypHbIX 3cpcpeKTOB peaKTHBH0CTH aKTHBHbIX 30H JI.JUI BTO 2,2 H 3,0. O6mHH TeMTieparypHblH 

3cpcpeKT JI.JUI aKTHBHOH 30HhI c BTO 3,0 npH pa3orpeae OT 20 .IJ.0 220 °C coCTaBJUreT sen~ 

( l ,S ± 0,5) % Af/k, a .um1 aKTHBHOH 30Hbr c BTO 2,2 - aerrH'-lHHY (3 ± 0,5) % Aflk (S]. 
IlycKOBbie pe.>KHMbI peaKTopa BK-SO npe.n.nonararoT HCIT0Jlb30BaHHe pacTBopa 6opHOH K.Hcrro­

Thr, K0TopaR BhIB0.IJ.HTC51 no Mepe TT0BbllIJeHHJI M0ll.lH0CTH peaKTopa. 3Ha'leHHR K0HI.{eHTpfilUffl, 

C00TBeTCTByi<>llU{e BblX0.!l)' B KpHTifl'leCK0e C0CT0ID-rne, C0CTaBrunoT ~ 3,5 r/11 )].Jl.51 BTO 2,2 H 

~ 1,7 r /n .Lum BTO 3,0 (pHC. 6). 3ro TT03B0JIHJ10 pa3pa6oTaTb 6e3onacm,rn pe)KHM BbJX0)].a B KpH­

TH'ieCK0e C0CT0RHHe 1-1 n0BbIWeHJ.151 M0IUH0CTH c 6opHOH KHCJIOTOH npH K0HUeHTpainm 1,5 r /n. 

O.IJ.HHM H3 Bcl)l(HbIX napaMeTp0B, xapaicrepH3YJOillHX pa6ory KHmlll.lero peaKTopa, cny)l(HT na­

poaoi:f 3cp<peKT peaKTHBH0CTH. 3ttaK H semPrnHa naposoro 3cp<peKTa peaKTHBH0CTH onpe.n.emuo-

1.llHM o6pa30M BJlHRIOT Ha CTaTWieCK.He H )].HHaMHtJecKHe CBOHCTBa KHITRmero peaKTopa, a TaK)l(e 

CTa6IDihHOCTb ero pa60Tbl (pHC. 7). □apOBOH 3cp<peKT onpe)].eJlRJIC51 pac'leT0M, B K0T0p0M M0)].eJIH­

p0BaJIHCb KpHTl{l{eCKHe COCT0RHH.51 Ha pa3JIH'IHhlX ypoBHSIX MOll.lH0CTH )].JUI aICTHBHbIX 30H C BTO 
2,2 H 3,0. 3aTeM npH Tex )Ke napaMe-rpax aKTHBH0H 30HbI peaKTopa onpe.IJ.eJIRJlHCh rrapoBbre 3cp-

TeMnepal)'])HblH Jq>q>eKT peaKTHBH0CTH, % !:}.klk 

Or-~ --j::::::::---=a:=c=---r--,----, 
l1JMeHeH1-1e perucrHBHOCTH, % Mdk 

- 0,51----+---...P,,.~ - -+-=--.::::---+------i 

- lf---+---+----""k--- -f-,,.___--t 
- 1,5 

>-----+-----+----+------+------I 

- 2 
- 2,5 

- 3 

l 
0,5 

0 
- 0,5 

- I 
- 1,5 

- 2 
- 2,5 

- 3 
- 35'---~---'-------- -'---~ , 0 50 100 150 200 250 - 3,5J 

TeMnepal)'])a, °C 

--
__, ...... 

0,5 

---- ---!.,... i---- ---
....... 

__,,,,..- ~ 

? ---------- ...-

1,5 2 2,5 3 3,5 4 
KoHUettTpal.(IDI 6opHOH KHCJI0Thl, r/n 

PHC. 5. 3aBHCHMOCTb TeMnepaTypHoro Jq>q>eKTii pe- PHC. 6. 3aBHCHMOCTb TeMnepal)'])HOfO 3cpqieKTii pe­
aKTHBHOCTH OT TeMnepal)'J)bI BOJlbl : 1 - BTO 3,0; 2 - aKTHBHOCTJil OT K0H.UewrpaUHH 6opHOH KHCJlOTbl: 1 -
BTO 2,2 BTO 3,0; 2 - BTO 2,2 
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cpeKTbl peaKTHBHOCTH npH nOJlHOCTblO BbIBe)J.eHHbIX 113 aKTHBHOH 30Hbl opraHax perynHposaHIUI. 

IlapoBOH 3cpcpeKT peaKTHBHOCTH orrpe.D.emmcj{ KaK Pq, = p, - Po, r.D.e p, - peaKTHBHOCTb Ha HMHTH­

pyeMOM yposHe MOWHOCTH; Po - peaKTHBHOCTb npH pa6ot.ieH TeMneparype TefiJlOHOCHTeJlj{ 6e3 

napa B aKTHBHOH 30He. 

4. )J;uuaMH-iecK11e xapaKTepHCTHKH aKTHBHoii JOHbI c BTO 3,0 

IlOBbUUeHHe BTO y.rryqlllHJIO CTa6HJlbHOCTb aKTHBHOH 30Hbl (3anac .D.O rpaHHUbl ycTOH'IBBO­

cn1), l.fTO IT03BOmrno o6ecnetIHTb )J.OCTaTOl.fHO BbICOKHH ypoBeHb MOIUH0CTH np.H CHIDKeHHH pa6o­

qero .D.aBneHIDl c 7,0 .no 5 0 MITa. TipH 3T0M csoi1cTsa caMopery1rnpoBaHID1 peaKTopa coxpaHH­

JTHCb Ha .D.OCTaT0tJHO BblCOKOM yposHe. Ha pHC. 8 ... 12 npe.ncTaBJleHbl pe3yJibTaTbl .D.HHaMWieCKHX 

3KCnep.HMeHTOB C HaHecemreM B03MyIUeHHH no peaKTHBH0CTH, ITO.D.at.ie mtTaTeJll,HOH BOJJ.bl H OT-

6opy napa, BbIIl0JTHeHHbIX Ha M0r.nH0CTH .uo 170 MBT H pa6olfeM .uasnemrn: ,LlO 4,0 MTia. Bo scex 

pe:>KHMax ycTaHaBJlHBaJlOCb H0BOe CTaI.{HOHapHoe COCTOj{IDfe, npouecc BO speMeHH pa3BHBaJ1Cj{ 

fiJlaBHO, scnneCKOB MOIUHOCTH H .nasneHIDI He Ha6mo.nanocb. 

Ha pHC. 8 ITOKa3aHo noBe.D.eHHe peaKTopa npH 880)).e ITOJlO)l(J,fTeJTbHOH peaKTHBHOCTH C ITOMO­

lllblO Tpex ueHTpanbHbIX opraHOB CY3. B HCXO.D.HOM CTaUHOHapHOM COCTQjlffifH peaKTopa TJ>H 

ueHTpanbHbIX perynj{TOpa HenpepbIBHO H38JleKanHCb H3 aKTHBHOH 30Hbf. B nepBOM cnyqae BBO,LlH­

nacb peaKTHBH0CTh ~ 2,5 % t:Jdk, a BO BT0pOM ~ 1,2 % Afdk. Ilocne BHeceHHbIX B03MymeHHH pe­

aKT0p B Tet.ieHHe nepBbIX 6 . .. 7 MHH He no.useprancj{ onepanmuoMy BMeIIIaTeJlbCTBY nepcouana. B 

nepB0M cny4ae MOIUHOCTb peaKTopa nocne BBO,Lla ITOJTQ)KHTeJlbHOH peaKTHBHOCTH CTana nnaBHO 

ITOBbilllaTbCj{ H yseJ1H1-1HJiaCb Ha 38 .. .40 % 3a ~ 180 C. Bo BT0pOM c11y1-Iae MOlUHOCTb IT0BblCHJiaCb 

3a ~ 90 c Ha~ 19 %. 
Ha pHc. 9 H 10 npe.ncrasneHbI nepexo.D.Hbte rrpoueccbJ s peaKTope npH H3MetteHHH pacxo.na 

IJHTaTeJlbHOH B0)J.bl. B HCXO)J.HOM C0CTQj{HHH peaKTOp pa6oTan B CTa6HJlbHOM pe)KHMe. B03MYIUe­

HHe BH0CHJlOCb C TIOMOlUblO pery1mpy10mero KJlaIJaHa Ha pacxo)J. ITHTaTefilHOH 80)].bl. B nepBOM 

c.rryqae npH yseJJ.Hl.feH.HH pacxo.ua ITHTaTeJlbHOH B0)J.bl Ha ~ 9 Krlc MOlUHOCTb peaKTopa TIJTaBHO s 

Tel.feHHe 270 ... 300 c ITOBblCHJlaCb Ha ~ 16 %, a .uaBneHHe s Tel.leIDJe ~ 360 c Ha~ 0,275 MTia. 

Ysen.li'-leHHe pacxo.na ITHTaTeJlbHOH 80)].bl Bbl3BaJ10 COOTBeTCTB)'lOmee yaerrHtJeHHe ypOBIDI BO.Ubl B 

Koprryce c 40 .D.O 80 % s Tel.leHHe ~ 180 c , nocne 4ero ypoBeHb CTaJJ ITOCTeneHHO CH}{)KaTbCj{. Bo 

BTOpOM cnyqae npH pe3KOM YMeHbWeHHH pacxo)J.a ITHTaTeJTbHOH BO.Ubl Ha ~ 19 ,5 Krlc (pHC. 10) 
MOWHOCTb peaKTopa nnaBHO B Tet.ieHHe 96 C CHH3HJlaCb Ha 16 ... 17 o/o OT HCXO.L(HOfO 3HalfeHHj{, a 

.nasneHHe MOHOTOHHO CHH)KaJ10Cb 8 TetJeHHe ~ 420 C (Ha ~ 0,07 Mila). YposeHb 80)).bl 3a ~ 150 C 

CHH3HJ1Cj{ C 62 .D.O 38 %. AHanH3 ,llaHHblX pe)KHMOB CBH)J.eTeJlbCTBYeT O BbIC0KHX CBOHCTBax CaMO­

perynHposaHHjj peaicropa npH 3THX B03MymeHHjjX. 
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P11c. 8. Beon nonmKHTeJTbHOH peaKTHBHOCTH: 

MOI.IlHOCTb MBT I - HJMeHeJrne MOIJ.IHOCTH rrpH eeo.ne 2,5 % !)Jdk; 
2 - HJMeHeHHe MOlll,HOCTH npH BBO.ne 1,2 % !)Jd k; 
3 - HJMeHeHHe naeneHIDI rrpH BBO.ne 2,5 % !)Jdk; 
4 - HJMeHeHHe naeneHm1 rrpH eeone 1,2 % !!.klk 

P1-1c. 7. 3asHCHMOCTb naposoro 3q>q>eKTa pea1<T11B­

Hocrn OT MOlllHOCTH peaI<Topa: I - BTO 3,0; 2 -
BT02,2 
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PHc. 9. YaeIDfCleime pacxona mrraTeJll>HOH BOJlhl Ha PHc. 10. YMem,meIDJe pacxo.u;a IlHTilTem.HoH aom,1: 
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Hoen; 3 - naaneHHe; 4 - ypoaem, aom,1 AaBneHHe; 4 - ypoaem, aom,1 
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MOIIJ,HOCTb; 3 - naBneRHe 
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- pacxon napa; 2 -

IlepeXO,Ll,Hble npou;ecCbl B peaKTO­

pe npH H3MeHeHHH pacxo.Qa napa 

npe,Ll,CTaBJJeHbl Ha pHC. 11 H 12. B CTa­

u;HOHapHOM HCXO,Ll,HOM COCTOJIHIDI C 

IlOMOll{bfO O,LJ,Horo H3 pery11Hp)'IOIUHX 

KJ1anaHOB Ha rnaBHhIX napor1poao,L1,ax 

BHOCHJlOCb BO3M)'IUeHHe no pacxo;zy 

napa H perHCTPHPOBaJUICb napaM~bl 
nepeXO,Ll,HOfO pe)K.HMa. 

Ha pHc. 11 npe,ucTaBJiem.I nepe­

XO.D.Hhie npou,eCChl apH pe3KOM 

yMeHbllleHHH pacxo,ua napa H3 peaKTo­

pa no O,Ll,HOMY H3 naponpOBO,Ll,OB (Ha 

pHCYHKe npe,Ll,CTaBJJeHO H3MeHeHHe 

pacxo.ua napa HMeHHO no 3TOM)' napo­

npoao;zy ). YMeHbllleHHe pacxo,LJ,a napa 

Ha ~ 12 Krlc Bbl3BaJIO B TetJeHHe ~ 50 C 

IlOBbillleHHe MOUlHOCTH npHMepHO Ha 

35 %, npWieM HaH6onee HHTeHCHBHblH 

pocT MOll{HOCTH OTMetJeH B TetJeHHe 

nepBbIX 30 C. B HHTepaaJie 

60 . . . 120 c MOl.l\HOCTb rrpaKTHtJeCKH 



CTit6HJIH3HpOBaJl3Cb, a 33TeM CTaJJa 
Me.ll,JleHHO ITOBblllJ3TbC.sl B CBH3H C 

npO)lOJDKaIOII(HMC.sl pOCTOM .n.asnemrn. 
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.LJ:asne1-rne HenpepblBHO ITOBbIIlJa­

JIOCb s TeqeHHe ~ 250 c ( c 2,85 )lO 

3,86 Mila), nocne qero Ha4aJJO CHH­

:>KaTbC.sl B CB.sl3H C onepanfBHbrM BMe­

lllaTeJTI,CTBOM no ysenH4eHHJO pacxo­

.n.a napa. 3To BMemaTeJlhCTBO Bbl3B3-

HO TeM, 'ITO .n.asnemi:e s peaKTope 
MOrno BblHTH 33 ycTaHOBJieHHhJe 

npe.n.em,1 (T.e. Bbillle 4,0 MIIa). 3THM 

TaIOKe BbI3B3HO H noHH:>KeHHe MOII(­

HOCTH nocne ~ 270 C. 

"#. I 0t------.----..-----.---~...----.----....... 
..ti 
t 
0 
X 
3 

~ 
80---+----'----L...----'-----'----.J 

l13MeHeHHe MOII(HOCTH H .n.asne­

HIDI .slBHO BblXO)lHT 33 paMKH CT3TH4e­

CKO.H xapaKTepHCTHKH oco6eHHO Ha 

Ha4-aJJbHOM :nane npouecca. J11nett­
CHBHI>IH pocT MOII(HOCTH Ha H34aJlb­

HOM :nane s nepsyro ottepe,n:b 06y­

c11os11eH ITOBbillleHHeM pa3HOCTH TeM­

neparyp BOJJ;bl H napa B CB.sl3H C He­

paBHOBeCHblM xapaKTepoM rrpouecca, 
'ITO 3KBHBaJJeHTHO ysenw-1emuo He­

.n.orpesa BOAbl Ha BXOJJ;e B aKTHBHYJO 

30tty. Ilo Mepe cTa6HJIB3al.(HH npo-
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uecca H3MeHeHHe MOW:HOCTH HatJHHa-
PHc. 12. Y se.rrnqeHHe pacxo.na napa: 1 - pacxo.n napa; 2 -

eT npH6JTH:>KaTbC.sl K CTaTwreCKOH xa-
MOll.lHOCTh; 3 - .nasJieHHe; 4 - ypoBeHh BOJ(bl 

paKTepHCTHKe. 

l1HTeHCHBHbJ.H pocT JJ;aBJleHHH B peaKTope Bbl3BaJI yMeHbllleHrle nepenaJJ;a A3BJieHHJI Me)f(.lzy 

uanopoM nHTaTeJlhHoro Hacoca H peaKTopoM, '-!TO eCTeCTBeHHO np1rneno K JHa1u1TeJlhHOM)' CHH­

:>KeHHJO pacxo,n:a ITHTaTeJlbHOH B0.ll;bl. Pe3KOe yMeHbllleHHe paCX0Jla napa Bbl3bIBaeT 3H34-HTeJlbHblH 

pocT MOIIJ,HOCTH H ,nas11eHHJ1, 'ITO B YCJlOBHJIX HOpMaJJbHOH 3KcnnyaTaUHH MO)KeT 6bITl, orpaHH'-le­

H0 cpa6aTb1BaHHeM A3 (no ypoBHJO M0IIJ,HOCTH H jlaBJleHH.sl). OllHaKO H B 3T0M cnyqae 0'-leBH)lHbl 

CBOHCTBa CaMOperyJ1HpOBaHIDI, orpaHHt.JHBaIOII(He ITOBblilleHHe MOI.UHOCTH, eCJlH 3all{HTHbTe CHC­

TeMbI He cpa6aTbrBaIOT. 

B ApyroM 3KcnepHMeHTe (pHc. 12) npH pe3KOM yaeJ1H'-leHHR pacxoJJ;a napa H3 peaKTopa 

(npeACTitBJTeH pacxo.n. napa no OllHOM)' naponpoaoJJ;y) MOtnHOCTb peaKTopa a nepsble 12 ... 13 c 

pe3KO CHH3HJiaCb Ha ~ 12 %, a 3aTeM qepe3 25 ... 30 C OT Hat.taJJa npouecca BOCCTaH0BHJ13Cb )lO 

ypOBH.sl ~ 96 % OT HCX0JlHOro 3Ha'-leHIDI. B AaJJbHeHIIJeM npouecce M0W:HOCTb nocTeneHHO noHH­
)Ka.Jl3Cb B CBJl3H C noHH:>KeHHeM ,naBJ1eHID1. 

Pe3KOe CHIDKeHHe M0tnH0CTH Ha nepBOM 3Tane npouecca o6ycnOBJieHO HHTeHCHBHbIM BCKH­

nattHeM Te11J10H0CHTeJT.s1, '-IT0 Bbl3Ba.JIO IT0BblllleHHe o6beMHOro napoco.n.ep)KaHIDI B aKTHBHOH 30He. 

qaCTH4-HaH CTa6HJIH3aUIDI pacxo,na napa npHsena K HeKOTOpoMy B0CCTaHOBJlemuo MOil{H0CTH, 

o6ycJTOBJTeHHOMY COOTBeTCTBYJOtne.H )lHHaMHKOH napoco.n.ep:>KaHHH. . 

.LJ:asnem1e s peaKTope c HaqaJJa npouecca ttenpepbIBHO CHH:>KaJJ0Cb H cTa6HJIH3Hpoaanocb qe­

pe3 ~ 240 c nocne soccTaH0BJieHIDI pacxo.n.a napa. YsenHtJeHHe pacxo.ua napa, ecTeCTBeHH0, npH­

seno K ITOBbillleHHJO rrapoco.n.ep:>KaHIDI Te11J10HOCHTeJI.s1, qTQ Bbl3Ba.JI0 H C0OTBeTCTBYJOmee IT0Bbl­

llJeHHe ypoBHH: B0Jlbl. Atta.JIH3 nepexo,nHbIX npoueccos B )laHHOM 3KcnepHMeHTe TIOKa3blBaeT 

11JlaBHbl.H xapaKTep H3MeHeHIDI OCH0BHblX napaMeTPOB, He rrpHBO)lH.1.UHH K HapyllleHHJO npe)leJTOB 
6e3onacHOH 3KCilJiyaTaLJ,HH. 
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IlpRMoe conocTaBnem-i:e c 3KcnepHMeHTaJlbHhlMH ,n.aHHbIMH .n.m1 30HhI c BTO 2,2 He npe,n­

cTaBJUleTCR B03MO)KHbIM, nocKOJibKY J]JI.R TaKHX 30H aHaJIOrH'-IHbie 3KCnepHMeHTbl npOBO.D.Hm-tcb Ha 

CHJlbHO OTJlH'-lalOU.U,fXCR pe)KHMax. TeM He MeHee, aHaJlH3HpyR:, HanpHMep, ,n.aHHbie pa6oT (5, 6], 
MO)KHO 3aKJTIO'-IHTb, '--rTO aKTHBHa.R 30tta c BTO 3,0, 0611a.n.a10l!laR MeHhIIHt:MH no a6comoTHOH Be­

JIH'-IHHe 3Ha'-leHHRMH naposoro H Tef\meparypHoro 3cp<peKTOB peaKTKBHOCTH, Ha H3MeHeHHe pac­

xo.n.a mnaTeJibHOH B0)].bl pearnpyeT 6011ee nnaBHO H MeHee 3Ha'-IHTeJibHO, 4eM aKTKBHaR 30Ha C 

BTO 2,2 . 3-ro crry)KJIT KOCBeHHbIM noKaJaTeneM Toro, '-ITO Kone6aTellbHbie CBOHCTBa CHCTeMJ,1 
yMeHblIIHJlHCb B 0611aCTH He TOJlbKO Bb!COKHX, HO H HH3KHX l.faCTOT. 

TipH onpe.n.eneHHblX ycJIOBH.RX, K0r,n.a napoco.n.ep)KaHHe TennoH0CHTeml B aKTHBHOH 30He .n.oc­

THraeT HeK0T0poro KpHTW!eCK0f0 3Ha'-leIDUI, B KHrun:u.eM peaKT0pe 803HHKaeT Heihpouuo­

<pH3WleCKaR tteycTQHqJ,180CTb. TipH 3T0M np0HCX0)].HT 6bICTpbIH pOCT aMWIHl)')].hl QJJIYKl)'al(HH 

HeHTpOHHOH MOJ.UH0CTH C pe30HaHCHOH '-laCTOTOH 0K0JI0 1 ru.. TTpH3HaKOB .n.pyrnx simos Heyc­

TOH'-IHBOCTH, HanpHMep rH)].pO.D.HHaMH'-leCKOH, npH 3KCnnyaTaU.HH PY BK-50 B IIIHpOKOM )].Harra-

30He OCHOBHbIX napaMeTp0B He o6ttapy)KeHO. Ilpe,n.eJibHaR: M0lllH0CTb peaKTopa ITO HeHTpOHHO­

QJH3H'-leCKOH HeycTOH"IHBOCTH 3aBHCHT OT naposoro 3cp<peKTa peaKTHBH0CTH H CKOp0CTH ecTeCT­

BeHHOH U.HPKYJIKU.HH. TTepexo.n. Ha TBC c BTO 3,0 He T0JlbKO yMeHl>l.DJ,fJI no a6comoTHOH BeJlK'-lH­

He (s - 1,5 pa3a) naposow 3cp<peKT peaKTHBHOCTH, HO H 3a C'-ieT pacurnpemui npoxo.n.uoro ce'-leHIDI 

s sepxtteH '-laCTH TBC }'BeJIH'-IKJI CKopocTb UHPKYJIRUKH TennoHOCHTeJI..R Ha~ 10 % . B cosoKynHo­

CTH 3TO npHBeJIO K yseJlH'-leHHJO rpaHHLJ.bl pe30HaHCHOH HeycTOH'-UfBOCTH Ha 35 .. .40 MBT [5]. 

3a1emoqenue 

B pe3yJihTaTe npose,n.eHHbIX Ha PY BK-50 Hccne.n.oBrurn:H Hei1-rpottHo-cpH3Hl.fecKHX H 3Kcneya­

Tau.H0HHbIX xapaKTepHCTHK peaKTopa noKaJaHO, '-ITO nepeso.n. aKTHBHOH 30Hbl Ha BTO 3,0 coxpa­

H.R.eT CBOHCTBa caMoperynHposaHMR H caMoorpaHHl:feHIDI MOlUH0CTH n o6ecne'-IHBaeT 6orree BbICO­

KHe TeXHHK0-3K0HOMH'-leCKHe TIOKa3aTeJIH, a HMeHH0: 

• TOITJIHBHa.R 3arpy3Ka yMeHbllHJlaCb Ha ~ 15 % ; 

• TeMneparypm,1w 3cpcpeKT yMeHblllHJlC.R. no a6comoTHoi1 senH'-IHHe s 2 pa3a" paseH 1,5 % Mlk 
npH pa30rpese OT 20 )].0 220 °C ; 

• napoBOH 3cpcpeKT peaKTHBHOCTH yMeHbllllIBCR B 2 pa3a H paBeH ~ - 5 % Mlk npH yBeJIHl.JeHHH 

M0lUHOCTH OT O )].0 200 MBT; 

• K03q>QJH1.J,HeHTbl HepaBHOMepHOCTH no pa.n.eycy aKTKBHOH 30Hbl 3aBKCR:T B 0CH0BHOM OT KOH­

KpeTHOH 3arpy3KH H nono)KeHH.sl oprattos pery1111posattK.s1 npH 3arpy3Ke TBC KaK c BTO 2,2, TaK H 

c BTO 3,0, H paBHbl 1,3 . .. 1,5; 

• oceBOH K03QJQJHUHeHT HepaBHOMepHOCTH B nepsoHa'-laJibHblX 3arpy3Kax 6b1Jl )].OCTaT0'-lHO BbICOK, 

HO no Mepe BbirOpaHK.sl TOnnMBa H H3BJie'-leHH..R opraHOB perynHp0BaHHR: YMeHbllJHJIC.sl .n.o 1,3 . . . 1, 7; 

• BhiropattHe s Bhlrpy)KaeMbIX TBC c BTO 3 ,0 06oraU.1,eHHeM 3,0 % no 
235U no cpaBHettmo c BTO 

2,2 6naro.n.apR yMeHblllemuo naposoro H TeMneparypHoro 3cpcpeKTOB peaKTMBHOCTH ysenWIHJIOCb 

Ha ~ 25 % H paBH0 25 ... 27 MBT·CYT/ Kr ypatta; 

• rpaHHl.l,a MOll.l,HOCTHOH pe30HaHCHOH HeyCTOH"IHBOCTH C)].Bl,fHYJiaCh Ha ~ 30% B CTopotty 66Jib­

lIIHX yposHeH MOillH0CTH, '-ITO CB.sl3aH0 C ysem1YeHHeM CK0p0CTK UHPKYJI.slUHH H YMeHbil.leHHeM 

naposoro 3cpcpeKTa peaKTHBHOCTH. 
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posaHIDI HeCTal.{HOHapHbIX HdiTpOHHO-<j>HJH'leCKHX npoueccos B aKTI1BHOH JOHe PY. ITpHBeneHbI pe-
3YfilTiiTbl TeCTOBbTX paC4eTOB. 

DINA: THE PROGRAM OF MODELING OF NON-STATIONARY NEUTRON PHYSICAL 
PROCESSES IN AN CORE REGION REACTOR FACILITY. V.N. VASEKIN, E.N. DANILOVA. 
The brief description of physical models realized in code DINA for modeling non-stationary neutron 
physical processes in core region reactor facility is given. Results of test calculations are resulted. 

B eei'iTpouuo-KHeeTeqecKou oporpaMMe DINA [I , 2) peaJIHJOBaHbI anropHTMbt pemeHHJ1 
HeCTailHOHapHoro ypasHeHHJI nepeHOCa HeirrpoHOB B aKTHBHOH 3OHe PY B MHOrorpynnoBOM 
llHq>q>y:moHHOM npH6J1H)l(eHHH C npe,llBapHTenbHOH roMoreHH3aUHeH HeHTJ)OHHO-Q)H3HtieCKHX 
CBOHCTB no pact.JeTHblM o6'beMaM. 

IlpH nocrpoeHJrn YKaJaHHbIX aJiropHTMOB HCnOnb3OBaJIHCb .nsa no.nxo.na. IlepBbIH OCHOBaH Ha 

np.siMOM lJHCneHHOM perneHH.H HeCTaUl.fOHapHoro ypaBHeHH.SI C rrpHMeHeHHeM He.SIBHOH cxeMbl no 
epeMeH.H. BTopou no.nxo.n HcnOJTb3yeT npe.ncTaeneHHe perneHH.si HecTal..(Hottapttoro ypastteHH.si 

nepettoca B BH,ne npOH3Be,lleHIDI aMrutHTyllHOH Q)YHKUHH P(t) H ¢opM-q>YHKUHH 'l'(r, E , t), KOTO­

pble onpe.nen.SIIOTCH CHCTeMaMH ypaBHeHHH [3] 

dP(t) = p(t)- P(t) P(t) + L )..Jc/ t) + Q(t); 
dt A(t) j=I 

de J (t) = P(t) P(t) - "- c (t)· 
dt A(t) J J ' 

(1) 
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.!.[a'I'(r,E,t) \{l(r,E,t) dP(t)] TTJ( E ) ~ ( E )UJ( E )------+---- + v r, ,t +Li, r , ,t T r, , I 
v a, P(t) d1 

= I, f l:
0 
(r, E, E', t)\{l(r, E' t) + f x(E)[l -P(t)]vl: 1 (E', r, t)'I'(r, E', t)dE' + Q(t) + QAt); 

a~J P(t) 
(2) 

QAt) =ff v 1: 1 (E', r, t')P(t')'I'(r, E',t')I, A1c/t) x/E)exp(- A/t -t'))dE'dt'. 
/=I 

BenHLJHHhI p(t), r3(t) = Ir3it), A(t), cit) H Q(t) onpe)leJUUOTC51 KaK cpymu_\HOHaJibI cj>opM­

cpyttKUHH 'I'(r, E, t) H cj>yHKUHH <l>~(r, E) JlJl.8 onpe)leneHH51 KOTopoii s nporpaMMe DINA pearm-

3osaHo pewem1e cooTBeTCTB)'JOmeii conpIDKeHHOH 3a)lattH. 

,[(Jrn pewemui: npocTpaHCTBeHHOH 3a)la4.H 11cnonb3YeTC51 MeTO.Ll nepeMeHHI>IX HanprumeID111 

IlHCMeHa - p3qcj>op)la [4] C HO,Aam.HOH annpoKCHMal.{HeH onepaTopa JlH<pcj>y3HH HeHTpOHOB. B 

paMKax BToporo H3 YKa3aHHI,IX ITO,AXO,AOB B HeirrpoHHO-KHHeTl{tleCKOH nporpaMMe DINA pean11-

3OBaHbl airropITTMI,J perneHIDI HeCTaui,tOHapttoro ypasHeHHR nepeHoca HeHTpOHOB )].JUI p51)la npH-

6mrnceHHH. 

I1p116moKeHHe TO'-le4HOH KHHeTHKH npHMeID!eTC51 )].JUI MO,AeJIHposaHHJI ,AHHaMH'-leCKHX npo­

ueccos, KOr,Aa He Y4HTblBaeTCR H3MeHeHHe cpopM-cj>yttKUHH BO speMeHH. 8 Kattecrne cpopM­

cj>yHKUHH HCnOJib3YeTC51 COOTBeTCTBYlOW,ee Ha'-lMbHOMY CTaU}iOHapHOM}' COCTORHlfiO pacnpe.uene­

HHe TTJlOTHOCTH nOTOKa HeHTpOHOB 'I'o(r, E), onpe)leJ151eMoe KaK peweHHe ycnOBHO-KplITH-ijeCKOH 

3a,Aa4lf )].JUI HCXO,llHOro COCTO51HHR. 

Amta6aTH'-leCKOe npH6JHDKeHHe OCHOBaHO Ha npe.unoJIO)KeHHH, lffO s mo6oii MOMeHT speMe­

HH KOHU,eHTpaUHH npe,AWeCTBeHHHKOB 3ana3,llbIBal:OW,HX HeHTpOHOB HMelOT 3HatteHH.51, 6JIH3KHe K 

paBHOBeCHblM. B Ka4eCTBe cj>opM-cj>yttKUHH 6epeTC.8 peweffife '¥,(r, E) ycnOBHO-KpHTH'-leCKOH 3a­

)lattH )].JUI TeKymero COCTO.SIHHR. 

KBa3HCTaTHtteCKOe np116moKeHHe YtJHTblBaeT TOT cpaKT, YTO B Ka)l(JlblH MOMeHT speMeHH KOH­

ueHTpaum1. npe,nweCTBeHHHKOB 3aTTa3,AbIBalOW,HX HeHTpOHOB MMeeT HepasHOBeCHOe 3Hat.JeHHe. 8 
3TOM cnyqae B KaYecrne cj>opM-cj>yHKUHH HCTTOJ1b3YeTC.s! peweHHe CTaUliOHapHoro ypasHeHIDI ne­

pettoca HeirrpOHOB C HCTO'-lHHKOM Qd, onHCbIBalOII{HM HepaBHOBeCHl>lli BKJla)l 3ana3,D.b1Bal0ll{HX 

HeHTpOHOB. 

CocTaBHOH 4.aCTblO nporpaMMbl DINA RBJ1.51eTCR 6116mmTeKa roMoreHH3HpOBaHHbIX HeH­

TpOHHO-cj>H3HYeCKHX MaKpOCKOm14eCKHX 514eelfHblX KOHCTaHT, TTO,llfOTOBJleHHa.51 C HCTTOJ1b3OBaHH­

eM pe3yJ1bTaTOB .sryeet.JHbIX pac'-leTOB no nporpaMMe WIMS [5]. bH6J1HOTeKa BKJllOt.JaeT KOHCTaHTbl 

)lJ151 HeTOTTJlHBHblX H TOilJIHBHblX 51'-leeK B 3aBHCHMOCTH OT 06orameHID1, 3Hepros1,1pa60TKH, KOH­

ueHTpaUHH KCeHOHa, IlJIOTHOCTH TeTTJ1OHOCHTeJ151, TeMneparypbl TOTIJlHBa, 3aMe)lJ1HTeJ1.51 H TeilJ1O­

HOCHTeJ151. tJ:1-1ana30H H3MeHeHH51 y-Ka3aHHbIX napaMeTpOB BbI6paH C Yt.JeTOM BO3MO)KHOro HX H3Me­

HeHH.51 B npouecce 3Kcnnyaraum1 PY B CTaUH.OHapHbIX COCTO51HH51X Ha pa3pemeHHblX ypOBHRX 

MOII{HOCTH npH peMH3aUHI-t I.IITaTHblX nepeXO,AHblX pe)l(HMOB H asapHHHblX npoueccos. 

B pa6oTe [2] 6btJ1H npe,ucTaBJleHbl HeKOTOpbie pe3yJ1bTaTbl sepH<pHKaUHH nporpaMMbI DINA B 

YaCTH paC4eTHOro Mo.n.em1posamrn CTaUliOHapHblX COCTOSIHHH PY. BepHcj>HKaUH.51 npoBO.D.RJlaCb no 

pe3yJ1bTaTaM pact.JeTa peanbHblX CTaUHOHapHblX COCTO.s!HHH aKTHBHOH 3OHbl PY PEMK Ha pa3pe­

rneHHblX ypoBIDIX MOIWiOCTH. 

3)leCb npHBe)leHbl pe3yJ1bTaTb1 sepHcj>HKaUHH nporpaMMbl DINA B l.faCTH paCl.feTHOro MO.D.e­

JIHposaHH51 HeCTaUHOHapHblX HeHTpOHHO-<pH3Ht.JeCKHX npoueccos B a.ICTHBHOH 3OHe PY C HCTTOJ1b-

3OBaHHeM TeCTOBblX 3a,llalf, B Ka4.eCTBe KOTOpblX 6panHCb TeCTbl, npe,AJlO)l(eHHble B [5 ... 7]. TecTO­

Bble pac4eTbI BbinOJlH.SlJIHCb c npHMeHeHHeM onum-t rrporpaMMbl DINA, pean1ny1:0w,eii MeTO.D. pe­

rneHID1 HecTaUHOHapttoro ypasHeHJ,151, OCHOBaHHblH Ha npe.n.cTaBJleHHH pellleHHR B BH.D.e npOH3Be­

.n.eHID! aMITJlHTY.D.HOH cj>yHKUHH H cj>opM-cj>yHKUHH. KpoMe TOro, ,llJISI cpaBHemrn npOBO)lHJIHCb pac-
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1-leTbl C HCilOJlb3OBaHHeM om.urn nporpaMMbl DINA, peanH3YIOW.eH rrp.SIMOH MeTOJJ. 4HCJleHHOfO 

pemem-u1 HecTau,HoHapHoro ypasHemUI nepeHoca tteirrpottos. 
llepeaH HJ paccMoTpeeeblx e nacToHmeii pa6oTe TecTOBblX Ja,na11 (TeCT TWIGL) npe,D;-

11m1<eHa s [5], rJJ,e JJ,atto noJJ,po6Hoe om1caHHe TeCTa, BKJIJ04aJI Heo6xoJJ.HMbte JJ.JJ.SI npoaeJJ,eHIDI 
pac4eTOB HCXOJJ,Hbte )].aHHbie, JJ,eTaJlbHOe H3JlO)l(eHHe MeTOJJ.HKH paC4eTa H pe3yJibTaTbl COOTBeTCT­

ByJOJ..UHX pac4eTOB no nporpaMMe CUBBOX. TecTOBaJI 3aJJ,a4a npeJJ.CTaBJUleT co6oii pac4eTbI 
JJ.HHaMWiecKoro npou,ecca JJ.JUI JJ.ByMepttoro peaKTopa 6e3 oTpIDKaTeJIH. feoMeTpIDI pac4eTHOH o6-
nacTH ITOKaJaHa Ha pHC. I . PeaKTOp COCTOITT H3 Kaa.upaTHOH aKTHBHOH 30Hbl, OKp~eHHOH 6naH1Ce­
TOM (o6nacTb 3), 11 c 6mlHKeTOM BttyrpH. CBOHCTBa o6nacTeH 1 11 2 s HCXOJJ,HOM COCTO.SIHHH OJJ.H­

HaKOBbl. Pa3Mep paC'ieTHOH o6naCTH l 60xl 60 CM2
, mar C4eTa 8 CM no npocTpaHCTBy. ,[(HHaMH4e­

CKHH npouecc, paCCMOTPeHHblH B TeCTOBOH 3aJJ,a4e, COCTOHT BO BBOJJ,e nOJlO)KHTeJlbHOH peaKTHB­
HOCTH nyreM H3BJle4eHIDI nornoma10mero CTep)KH.SI. BBOJJ. pea.KTHBHOCTH nop.SIJ].Ka 2 $/c ocymeCT­
BJl.SleTC.SI B TelfeHHe 0,2 C no JlHHeHHOMY 3aKOHY H MOJJ,em1pyeTC.SI COOTBeTCTBYIOl.l.\liM H3MeHeHHeM 
ce4eHIDI nornomeHIDI HeHlpOHOB B TeilJlOBOH rpynne. 

Ha pHc. 2 JJ.aHo cpaaHeHHe JJ,aHHbIX TeCTOBOH 3aJJ,a4H TWIGL, rronyqettHbIX no nporpaMMe 
CUBBOX, C pe3yJ1bTaTaMH pac4eTOB, BbtnOJlHeHHblX B KBa3HCTaTH4eCKOM np116mraceIDrn C HC­
Il0Jlb30BaHHeM nporpaMMbI DINA. Ha p11cyHKe 
npHBeJJ,eHbl pe3yJ1bTaTbl paC4eTOB H3MeHemra BO 

BpeMeHH HHTerpanbHOH MOW.HOCTH Q int, nony-
4eHHble no YKaJaHHblM nporpaMMaM, C OJJ;HHa­

KOBbIM pacYeTHblM maroM 0,01 c no speMeHH. 
MOW.HOCTb npHBOJJ.ITTC.sl B OTHOCHTeJlbHblX eJJ,H­

HHU,ax. 

MaKCHMaJlbHOe OTJ1H41'1e pe3yJlbTaTOB pac-

4eTOB MOJ..UHOCTH, nonyqeHHblX no nporpaMMe 

DINA, OT COOTBeTCTByJOJ..UHX JJ,aHHblX TeCTOBOH 
3aJJ,atJH He npeBbllIJaeT 2,1 % H tta6JTJOJJ.aeTc.s1 
npH apeMeHax, 66JibllIHX apeMeHH 0,2 c H3BJ1e-
4eHIDI IIOrJIOIUaJOW.HX CTep:>1rneit ITpH speMe­

Hax, MeHbllIHX 0,2 c, OTJIH4He He npeBbilllaeT 
1 %. 

1 

2 

1 

3 

2 1 

3 2 

2 1 

B Ka'leCTBe BTOpoii TeCTOBOH JaJla'IH 4 8 14 18 21 

(TeCT LMW) s HaCTO.llll(eH pa6oTe paCCMOTPeH PHc. 1. r eoMeTpIDI pacqernoii o6JJaCTH .nrui: TeCTa 
TPeXMepttbIH TecT, MOJJ.enHpyJOW.HH nepexoJJ.- TWIGL 
m.1ii rrpouecc s ynpow.eHHoH MOJJ,enH peaKTOpa 
PWR. PaccMaTp11saeTc.s1 pac4eTHaJI o6nacTh s 
nnatte 1 l Ox 11 0 CM, KOTopa.H npeJJ.CTaBJl.SleT co-
6oii ¼ qacTb JOHbI peaKTopa PWR. I..llMpHHa 
OTPIDKaTeJl.ll 20 CM. llHCJIO cnoea no BblCOTe - 10 
(1-H cnoii - sepXHIDi OTPIDKaTeJlb, 10-ii - HH)f<­
HHH Olpa>l<aTellh). ll1Hp1rna cnoes no BbICOTe 
OJJ.HHaKOBa - 20 CM. B aKTH.BHOH 30He np11cyr­
CTBYIOT TOilJlHBO 2-x THllOB H nornoma10w.11e 
CTep)ICJiH, KOT0pbie npeJJ.CTaBmIJOT co6oH TOITJIH­
BO 1-ro nma c ysenWieHHhIM ce4eHHeM norno­
meHH.s1 s 1-H 11 2-H :mepreTw-recKHX rpynnax. B 
Ka4eCTBe HCXOJJ.HblX JJ.aHHblX 3aJJ,aHbI JJ.Byxrpyn-

2,5 

2 

1,5 

0,5 

0 

~ 
./ 

0,1 

I 

/ 
-+-DINA I 
--cuBBOX 

BpeM,1, c 

0,2 0,3 0,4 0,5 

nos1>1e MaKpoceqeHH.ll, JJ.0llH H nocTO&HHbie spe- P1-1c. 2. TecT TWIGL. lhMenettHe M0IUH0CTII c ma­
MeHH JJ.JJSI 6-TH rpynn 3aITa3JJ.bIBaJOW.HX HeHTpO- roM 0,0 I c DO epeMeH.H 
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HOB. PaccMa-rpi,rnaeMbIH )lHHaMH'¾eCKHH npouecc Ha'¾1rnae-rcst c H3BJ1e'¾eHID1 c 3a.naHHOH cKopo­

CTbtO nepBOH rpynnbl qaCTH'¾HO norp)')KeHHbfX rrornouuuomHx CTep)l(HeH. 3aTeM '¾epe3 7,5 CC TOH 

)Ke CKOpOCTblO B aKTHBttylO 30HY BBO)lHTCSl BTOpaSl rpynna nornoma10mi,rx CTep)l(Heit Ilo.npo6Hoe 

OfiHCaHHe TeCTa )laHO B pa6oTe [ 6]. 
Pac'¾eTttoe Mo.nenHpoBaHHe omtcattHoro Bblllle )lHHaMaqecKoro npou.ecca no nporpaMMe 

DINA ocymecTBJTSlJlOCb B KBa3HCTaTH'{eCKOM npH6JIIDKemrn. Ha pHC. 3 npHBe)leHbl pe3yJlbTaTbI 

pac'¾eTttoro MO)leJ1HpoBamU1 no nporpaMMe DINA paccMa-rpHBaeMoro B TecTe LMW ,mrnaMJflle­

cKoro npouecca H pe3yJ1bTaT1,1 cooTBeTcTByt01.UHX pacqeToB no nporpaMMe CUBBOX, npHBe)leH­

Hbie B [6]. PactteTbI BbinOJIHeHbI c .nocTaTO'¾HO 60J1bl.IIMM BpeMeHHbIM uraroM 0,5 c. Ha pHcyHJ<e 

noKaJaHbI BpeMeHHhle 3aBHCHMOCTH HHTerpaJibHOH MOIUHOCTH Qinr peaKTopa B OTHOCHTeJlbHbIX 

e)lHHHUaX. 

Ha pHc. 4 npe)lCTaBJleHa nonyqeHHast no nporpaMMe DINA 3aBHCHMOCTb, xapaKTepH3YlOIIJ.M 

COOTBeTCTBYlOIUee 113MeHeHHe BO BpeMemt peaKTHBHOCTH p CHCTeMbl B '3:$1>, 4TO B HeKOTOpoti 

CTeneHH pacurHpSleT npe.n.cTaBHTem.HOCTb paccMaTpl1BaeMOH TeCTOBOH 3a,n.arrn. 

CpaBHeHHe rrpe)lCTaBJleHHbIX Ha pHc. 3 pe3yJTbTaTOB pactteTOB no rrporpaMMaM DINA H 

CUBBOX nOKa3bIBaeT, 4TO MaKCHMaJlbttoe 3Haqemte MO[[{HOCTH .nocTHrae-rcsi B OJlHH H TOT >Ke 

MOMeHT BpeMeH:H. IlpH 3TOM OTJIH4He MO[[{-

300 Qm, HOCTH, rronyqeHHOH no nporpaMMe DINA, OT 

BpeMSI C 

0 
10 20 30 40 50 60 

PHc. 3. TeCT LMW. H:JMeHeID!e Momttocrn peaK-

rnpa 

p 
0,3 

0,2 
0, 1 

0 

-0,1 

-0,2 
-0,3 

- 0,4 

-0,5 
-0,6 
-0,7 

/ 
/ "' "'-

10 20 
BpeMR, 

~o ~o !:P E 

\ 
\ 

\ 
"-

"" ~ 
P1-1c. 4. TecT LMW. 113MetteHHe peaKTJ.tBHOCTH cHc-
TeMbl 
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COOTBeTCTBYlQIIJ.l,fX )laHHI,IX TeCTOBOH 3a)la1!H 

He rrpeB1,1urae-r 3 % . 
Ha pHC. 5 npi,rne,n.eHbI pe3yJlbTaTbl pact.J:e­

TOB no rrporpaMMe DINA B KBa3HCTaTH'-le­

CKOM npH6JIH>Kemrn BpeMeHH0H 3aBHCHMOCTH 

H3MeHemu1 JIOKaJlbHbIX MOIIJ.HOCTeH w. l13Me­

HeHHe JIOKaJlbHblX MOII{HOCTeH npe)lCTaBJieHo 

B OTHOCHTem.HhIX e,llHHHUax B T04Kax p 11 . .. 
p 14, .ll11Sl KOTOpbIX eCTb COOTBeTCTBYlQIIUie 

I 

BpeMeHHbJe 3aBHCHMOCTif H3MeHeHHJI 110-

KaJlbHblX MO[[{HOCTeH, no.nyqeHHbie no npo­

rpaMMe CUBBOX B paMKax TeCTOBOH 3a,n.a­

q11 LMW. YKaJaHHbie 3aBHCHMOCTH HJo6pa­

)KeHbI Ha pHC. 6. KpoMe TOro, Ha pHC. 5 H 6 
np.1rne.n.eHbl COOTBeTCTBYlQLUHe )laHHbie AJISI 

HHTerpallbHbIX MOlUHOCTeH Qint · 

AHanH3 pe3yJibTaTOB pacqe-roB 113MeHe­

HHSI BO BpeMeHH JIOKaJlbHh[X MOlUHOCTeH no 

nporpaMMe DINA ff TeCTOBbIX )laHHblX Ha 

pHC. 5 H 6, COOTBeTCTBeHHO, II03BOJTJleT c.n.e-

c JTaTb BblBO)l O xoporneM COBIIa,lleHHH C )laH-

0 HbIMH TecTa pe3yJibTaTOB MO,lleJIHpOBaHHJI no 

nporpaMMe DINA npoc-rpaHCTBeHHoro pac­

npe.n.e11eHHJ1 MOIUHOCTH. 

C ueJTblO onpe,n.eJTeHHJI 3aBHCHMOCTH pe-

3YJTbTaTOB MO,lleJIHpOBaHHJI OT BeJIH'lHHbl HC­

Il0Jlb3yeMoro B pacqeTax BpeMeHtt6ro rnara 

no nporpaMMe DINA npoBO)lHJIHCb pacqe-r1,1 

TeCTOBbIX 3a)laq B KBa3HCTanNeCKOM npH-

6moKeHHH c pa3JlH'¾HbIMH BpeMeHH@MH ma-, 
raMH . Pact.feTbl BbtnOJIHSlJlHCb C BpeMeHHbIMH 
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PHc. 5. TecT LMW. lliMeHeHHe JIOKaJibHbIX MOIIl­
HOCTeii no rrporpaMMe DINA 
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P0c. 6. TecT LMW. H3MeHeID!e JIOKaJibHhIX MOW.­
HOCTeH ao nporpaMMe CUBBOX 

waraMH 0,001, 0,01 H 0,05 c .wu1 TeCTa TWIGL H 0,001 , 0,01 0,1, 0,5, 1,0 c lJ,JUI TecTa LMW. Pe-

3YJibTaTbI pact.JeTOB HHTerpanbHOH MOWHOCTH Qm, B OTHOCHTeJlbHblX e,llHH.HU.aX npHBe,UeHbl Ha 

p11c. 7 H 8, cooTBeTCTBeHHo. ,lvrn recTOBOH 3a,uat.JH TWIGL pe3yJibTaThI pacqeToB npH p83Jluqm,IX 

warax no BpeMemJ OTJIHqaJOTCK He 6onee, LJeM Ha 0,2 %. MaKCHMaJibHOe OTJIHl.JHe pe3ym:.TaTOB 

paC'leTa HHTerpaJibHOH MOW.HOCTH C waraMH 1 H 0,001 C lJ,JUI TeCTOBOH 3a,Ua'IB LMW COCTaBJIKeT 

7%. 
,lvUi oueHKH BJIHJIHHSI npoCTpaHCTBeHHbIX 3cpcpeKTOB Ha .UHHaMHKY IlOBe,UeHIDJ HHTerpanbHOH 

MOl.l..{HOCTH Qm1 no nporpaMMe DINA nposo.i:umHCb pact.JeTbI TeCTOBbIX 3a,uaq TWIGL H LMW s 

KB83HCT8TJ.'.tt.teCKOM npH611IDKeHHH H B npH6JIIDKeHHH TOl.fetJ.HOH KHHeTHKH. PaclfeTb[ BbinOJIHAAHCb 

c apeMeHHhlM waroM 0,001 c. AHanH3 nonyqeHHbIX pe3ynbTaTOB nOK83aJI, 'ITO lJ,JUI TeCTOBOH 3a­

,uatJ:H TWIGL npH6JIIDKem1e TOt.te'iHOH KHHeTHKH .D,aeT 3aHIDKemte H3MeHeHIDI MOW.HOCTH npH­

MepHo Ha 5 %. ,nm1 TeCTOBOH 38.IJ;al.JH LMW npH6JIIDKeHHe TOlfel{HOH KHHeTHKH .l{aeT 3aBbIIIJeHHe 

MOW.HOCTH B TOtJ.Ke MaKCHMyMa npHMepHO Ha 15 % no cpaaHeHHIO C KB83HCT8THl.JeCKHM npu6m1-

)f(eHHeM. 
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PHc. 7. TecT TWIGL. PeJyJlbTaTbI pacl!eTos TecTO­
BOH 3a.na'IH (H3MeHeHHe MO[UHOCTH C waroM 0,001 C 
no speMeHH) 
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--6-0,1 

200 t-- -T.IIIF--__J,-- -11.------H- o,5 
---1 
--TO~. KMH. 

0 10 20 30 40 50 60 

P0c. 8. TecT LMW. l13MeReHHe so speMeHH HHTe­
rpaJibHOH MOlllHOCTH 
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2,5 

I I 
2 

1,5 

I /11 --eepci,i~ c2 I 

/ I ----eepcHR c1 J 

I 

0,5 I 
I 

I I I JBpeMJI, C 

0 0,1 0,2 0,3 0,4 0,5 

P11c. 9. TeCT TWJGL. .I1JMeHeHHe MOW.Hocrn c ma­
roM 0,001 c no BpeMeIDI 

w 
300 -,----------,--- - --.,-----, 

-+- eepc11R 2 - 0,001 

-- eepc11R 1 - 0,001 
-tr- eepc11R 1 - 0,5 
-- eepc11R 2-0.5 

I BpeMll, c 

0 10 20 30 40 50 60 

PHc. 10. TecT LMW. I1JMeHeHHe so epeMeH.J,1 11me­

Ha pHC. 9 H 10 npe.UCTaBJieHo cpaBHeHHe 

pe3yJibTaTOB pacqeTOB TeCTOBbrx 3a,rw-1 TWIGL 

H LMW, no.rryqeHHbIX no nporpaMMe DINA c 

HCnOJib30BaHl1eM npj!MOfO qJ,fCJieHHOro perue­

HHR HeCTctUHOHapHoro ypaBHeHJ,ijj nepeuoca 

HeihpoHOB (Cl) H KBa3HCTaTJ,{qeCKoro npH6m1-

)l(eHJ,ijj (c2). MOI.IlHOCTb npKBe,!\eHa s OTHOCH­

TeJibHbIX e,UHHHUax. O6a pacqeTa .LI.JUl TeCTa 

TWIGL npoBO.UHJIBCb c rnaroM 0,001 c no spe­

MeHH. Orm,rq),fjj BpeMeHHLIX 3aBHCHMocreii HH­

TerpanhHhrx MOJ..UHOCTeH Qm, He npeBblllJaJOT 

1,5 %. )1/IR Teem LMW pacqen1 npoBO.llHJIHCb 

c waraMH 0,001 H 0,5 c no BpeMemL )1/I_S! ruara 

0,001 c no BpeMeHH OTJllil-lHJI He npeBbllIIaJOT 

2 %. IlpH ware Cl{eTa 0,5 c OTJTHl{He COCTaBJ]j!eT 

12 %. 
Tipe,!\CTaBJleHHbie pe3yJlbTaTbl TeCTOBbIX 

pac1JeTOB, BblITOJIHeHHbIX no nporpaMMe DINA, 
noKaJanH, llTO B qacn1 Mo,uenHpoaaHJ,ijj spe­

MeHH6ro nose.neHHR HHTerpaJibHOH H JIOKaJII,­

HblX MOlllHOCTeH HMeeTCSI xopomee coana.ueHHe 

C COOTBeTCTBYIOII{HMH .UaHHblMH TeCTOB, npHBe­

.ueHHblMH B pa6oTaX [5, 6]. 

3aKJIJO'leeue 

PacYeTbI no sepcHH nporpaMMbl DINA, 
peaJIH3YJOJ..UeH no.uxo.n, OCHOBaHHblH. Ha npe.n-

CTaBJieIDrn pemeHIDI HeCTal.{HOHapHoro ypaBHe-

HJ,ijj nepettoca B BH,ne npoH3Be.lleHIDr aMilJIHTY.LJ.-
rpa.nbHOH MOW,HOCTH 

HOH cpyHKl{HH P(t) H cpopM-<p~HH '¥(r, E, t), 
Il03B0JIHJIH .Ll)Ul paCCMOTµeHHblX TeCTOBblX 3a,naq 01..{eHHTb BJIIDIHHe npOCTµaHCTBeHHbIX 3cpcpeKTOB 

Ha MO,lleJrnpoBaHHe BpeMeHH6ro H3MeHeHJ,ijj HHTerpaJibHOH MOI.UHOCTH. B KOHel.fHOM Cl{eTe HC­

non1,3yeMblH nonxo.u .LiaeT B03MO:>KHOCTb rrpOBO.llHTb 01..{eHKH BJIHRHHR npocTµaHCTBeHHblX 3cpcpeK­

TOB Ha BeJIHLfHtty peaKTHBHOCTH CHCTeMbl, 3cpcpeKTbl H K03<p<pHUHeHTbl peaKTHBHOCTH. 
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CTaThH nocrymma a pe.aaxumo 31 MaH 2005 r. 
BonpOCbl aTOMHOH Ha)'KH H TeXHHKH. 

Cep. <I>H31{1(a a.nepm,1x peaKTOpOB, 2005, Bbm. 1, C. 11 - 17. 

Y,w( 621.039.51 
BJIHHBHe BepaBBOMepBOCTH IIOJieii 3HeprOBhlAeJieBHH Ha o6paTHLJe CB.HJH 

B peaKTHBHOCTHLIX aeapH.HX 

J(.I'. Kpeco6, 
<l>IYTI "OKEM HM. 11.H. AcppHKaHTosa", 603074, H . Hosropo.n, EypHaKOBCKHH npoe3,u, 15 

Ha OCHOBe TeopHH B03M)'ll{eHIDi H pa.aa ynpomalOll.lHX nOCblJIOK npe,llCTaBJieH aHaJIH3 BJIIDIHJ,Ui He­
paBHOMepHOCTH no11ei1 :meprOBbl,lleJiemrn Ha peaKTHBHOCTHbie CBHJH. 

INFLUENCE OF NON-UNIFORMITY OF POWER DENSITY FIELDS ON FEEDBACK 
DURING REACTMTY-INITIATED ACCIDENTS. D.G. KRESOV. Analysis of influence of 
power density fields non-uniformity on reactivity feedback performed on the basis of perturbation theory 
and a number of simplifying assumptions. 

B p.sr.ne pacqeTHbIX HCCJle,llOBaHHH (HarrpHMep, [I]) o6pamaeTCSI BHHMaHHe Ha 3aBHCHMOCTb 

xapaKTepa nepeXO.llHblX rrpoueccoB H, COOTBeTCTBeHHO, J:lHHaMHKH orrpe.nemnOJ.llHX 6e3onaCHOCTb 

napaMeTpOB OT cpopMhl IlOJl.sl 3HeproBbJ,l{eneHHH B aKTIIBHOH 30He. QqeBH,l{HO, 'lTO 3Ta 3aBHCH­

MOCTb peanH3yeTc.sr qepe3 o6paTHbte CB.sl:3H no peaKTHBHOCTH. O,nHaKO CJIO)l(HOCTb o6beMHOro 

npoqrnn.sr nom1 H CBH3aHHbIX C HHM oco6eHHOCTeH pacnpe.neneHH.sJ HewrpOHHO-cpH3H"leCKHX H Ten­

JIOrH.npaBJIJ,JqeCKHX xapaKTepHCTHK KaHaJTOB, TeM 6onee B ,llHHaMHKe, orp~saeT B03M0)KHOCTH 

attaJIHTJ,JqeCKOro HCCJie,llOBaHH.sl YKaJaHHoro BJll-UIHH.sl. BMeCTe c TeM OHO MO)KeT 6bITb cym.ecTBeH­

HbTM. TaK, B (2] noKaJaHa CHJlhHa.sl 3aBHCHM0CTb seJJH'lHHbl " scnnecKa" HeHTPOHHOrO TIOTOKa OT 

BblCOTHOro rrpocpHJI.sr 3HeproBbl,lleneHH51 npH MO,lleJIHposamrn sapHaHTOB pa3BHTIDI HaqaJibHOH 

CTa)lHH asapHM Ha 9eptto6bIJ1bCKOH A3C. KoHCTantpyeTCSI, qTQ H3MeHeHHe BbIC0THOro npocpHml 

.ll0 10 % npHBOJ:lHT K .necRTm<paTHOMY yseJIHqeHmo MOLUHOCTH peaKTopa. TioJiy"leHHblH pe3yJ1bTaT 

npe,nCTaBJIJleT HHTepec ,llJlj( TIOHHMaHHJl "MeXaHH3MOB", OTBeTCTBeHHbIX 3a no,uaBJ1eHHe cw. ITo-

3TOMY BO3MO)KHOCTb paCCMOTPeHIDI npHqH_HHO-CJle.llCTBeHHblX CB.sl:3eH, no KpairneH Mepe, B ynpo­

meHHOM KBa3HCTaTJ,fqecKOM npH6n:H)KeHHH npe,nCTaBJl.sleTC.sl aKT)'aJTbHOH. 

1. MeTo,umca Ol.leHKH J(j>(j>eKTOB OT yqeya eepaeeoMepnocTu :meproebmeJieeeii 

8 COOTBeTCTBHH C reopHeH BO3MYllleHH51 ,LJ,JUI HCXOJ:lHO KpHTHqecKoro peaKTOpa H3MeHeHHe 

3cpcpeKTHBHOro K03cpcf>HUHeHTa pa3MHO)KeHIDI B 0 ,l{HOrpynnosoM npw6moKeHHH MO)l(HO npe.ucrn­

BHTb <pOpM)'JlaMH (3] 

ok:$1> = f ok(r) <l>~( r )dr/f <l>~(r)dr , (1) 
ko 

npHro.nttoii ,LJ,JUI oueHoK B03MyLUeHHH ceqeHHH nornomeHHR (.neneHIDI pacce.srHH51), rum .llJUl cny­

qa.sr BO3M)'LUeHIDI rpaIDl1ffiblX ycJIOBHH 
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(2) 

QqeBH,UHhie o6o3H3'1eHHH B (1), (2) COOTBeTCTBYJOT rrpIUUITblM B [3]. 
C u,eJlblO ouemrn BJlH,SlHHjj HepaBHOMepHOCTH noJTeH Ha K03cpqm:ue-eHTbl peaKTHBHOCTH BBe­

,ueM ynpou.r.alOUJ,He TIOCbinKH. ilpHMeM paBeHCTBO HeHTpOHHOro ITOJIH H ITOJUI 3HeprOBbI,UeJieHHH. 

ITpe,ucTaBHM 3KTHBH)'IO 3OH)' TpeMJI ofrheMaMH C pa3JIH'IHbIMH K03<pq>HUHeHTaMH K HepaBHOMep­

HOCTH nOJIH 3HeproBbl)~eJieHHH, a cyMMapttylO peaKTHBHOCTb B COOTBeTCTBIDf C ()) B BH,lle 

_ v, Kt p(:z;) + V2KJ p(J;) + V3Kj p(T;) 
P1: - KY KY K Y ' (3) 

VI I + V2 2 + V3 3 

r.ue V - OTHOCIITefil>HblH o6'heM COOTBeTCTBYJOII{eH rpynnbl K3HaJIOB; I'; - cpe.uffjljl no j-My 06'beMy 

TeMnepazypa, j = 1, 2, 3; y - o6o6u.r.eHHblH nOKa.33Tefil>, YlfHTbIBaJOlll,HH BKJla,ll non& 3HeproBbl)].e­

JleHHH B 3cpcpeKT peaKTHBHOCTH H 3aBHCHII{liH OT pacnpe.ueneHH& no 3OHe ueHHOCTH HeihpOHOB 

(npH .uayx- 11 6onee rpynnoBOM npH6mt)Kemrn); p(T) = 8k(T)/(k0k-M ). 

Y CJIOBHH HOpMHpOBKH: 

v, + V2 + V3 = l; } 

v1K1 + v2K 2 + v3K3 = 1. 
(4) 

IlonaraH K1 = 1, o6o3Ha'IHM T1 KaK T . ITp11MeM, 'ITO TeMneparypHoe cocTOHHHe cooTBeTCT­

sy10mHX yqacTKOB aKTHBHOH 3OHbl np&MO npo11opUHOHaJibHO nOJilO 3HeprOBbI,UeJTeHHH [4). B yn-

pomeHHOH 3an11cH 7; = fK2 , T; = TK3 • K03cpcpH:u,HeHTbI ttepaBHOMepHOCTH .uAA y.uo6cTBa 11pe.u-

crnsHM B BH,lle K 2 = 1 + M 2 , K 3 = l - M 3 . 11.HLIMH cnosaMH, 6y,ueM CqffTaTb BTopyio H Tpe-

TblO rpynru,1 K3HaJIOB H3XO.UHUJ,HMHCjl B none C Hanp,l)KeHHOCTblO COOTBeTCTBeHHO Bhlme H HIDKe 

cpe,utteii no 3OHe. 

Tor.ua, npe,uCTaBJljljl B (3) cpyHKUHIO p(1) K3K aT (a - K03cpcpn:uHeHT peaKTHBHOCTH), nocne 

HeCJlO)KHb[X npeo6pa30B3HHH H C yqeTOM ycJIOBHH HOpMHpOBKH (4) IlOnyqHM: 

- .ZlJUI y = 2 ( OJJ.HOCKopocrnoe npH6nIDKeHHe) 

= [l v2 (2M; +MC; )+v3 (2MC; -M; )Jr-. 
P1: Cl + -, 2 ' 

1 + v2M 2 + v3MC3 

(5) 

- .llAA y = 1 (npeJJ.eJibHblH cnyqaH HeO,lJ.HOpO.U.HOH 3OHhl, KOr.l(a ueHHOCTb HeHTpOHOB HBJljleTC$1 

<pyttKUHe.H, cna6o 33BHCjlllJ.eH OT KOOp.l(HHaT) 

[ 2 2]-P1: = Cl 1 + v2MC2 + v3M 3 T . (6) 

KaqecTBeHHhlH BblBO.l( He MeHJleTC$1, eCJIH cpyHKUHIO p(1) npe.ncTaBHTb KaK a✓T. PacKJia.l(bl­

BaH cpyHKUHlO (3) B p.H.l( H orpaHWOtB3jJCb 'IJleHaMH B TpeTbeH CTerreHH (.uAA paCCM3TpHBaeMhlX 

3Hat.ieHHH ITOJieH BKJ13,l1. "CTapurnx" 1.IJleHOB p.s1.u.a MaJI 113-33 6bICTporo cna.l(a K03<pq>HUHeHTOB C 

pOCTOM TIOKa33TeJUI CTeneffii y napaMeTpa pa3JIO)KeHHjj [5]), nOJTY'IHM: 

.ZlJl,Sl y = 2 

){ / 2 15 3' / 2 15 3'} 8 v2I 7M2 +6M2 +v3 7M3 -6M3 
P2: = a 1 + 2 2 ff ; (7) 

1 + v2M 2 + v3M 3 

JJ.Jl&y= 1 

P, =n[I +¾H Mi +¾Mi)+•,( M}-¾Mi )} ].Jr . (8) 
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B npasoii qacn1 (5) .. . (8) KoMn11eKc, cTOHll.\HH nocne e.D.HHHUbI, npe.D.CTas11S1eT co6oi1 rronpas­

KY OP2-3 K K03<pq>HUHeHly, paCC4HTaHHOMY .lJ.JlSI ycpe.D.HeHHOro no o6beMy 3OHbl JTOJUI 3HeproBbl­

.D,eJieHHH. 1-fa (5) ... (8) cne,n:yeT lfTO HepaBHOMepHOCTb pacnpe.n:eneHIDI nOJl51 3HeprOBblt:(eJlemrn 

ycHJIHBaeT ,neHCTBHe o6paTHblX CBSl3eH (ycJIOBHe OP2-3 > 0, KaK npaBHJIO, BbillOJIHSleTC.ll .lJ.JISI ycno­

BHH C cymecTBeHHOH HepaBHOMepHOCTblO). 

yqeT BO BTOpOM ypaBHemm CHCTeMbl ( 4) JTOTepH 3HeprnH B 3aMe.lJ.J)HTene Me)Kl(aHaJibHOro 

npOCTPaHCTBa (HanpHMep, ITO om,Iry npoeKTHposaHIDI KaHaJibHhlX 3OH B rrpaBOH lfaCTH BMeCTO l 
H)')KHO 0,97 . .. 0,98) npHBO.UHT K TOMY, qTo (5) . . . (8) BH,UOH3MeHSl:lOTCSI. TaK, (6) 6e3 yqeTa BTOporo 

ypaatteHIDI HOpMHpOBKH 3amtmeTCSI B BH.D.e 

-[ 2 2 ] P1: = aT 1 + vi{M2 + 2M2 ) + v3(M3 -2M3 ) • (9) 

1-fa (9), B 4aCTHOCTH, cne,zzyeT, '-ITO .lJ.Jljl non.H 3HeprOBht,UeJieHHH, 6JIH3KOro K paBHOMepHOMY 

( M,2 ➔ 0, i = 1, 2), ocna6JieHHe o6paTHblX CBSl3eH MO)KeT npeBaJIHposaTb Ha.D. ycHJieHHeM, a KO-

3q>q>HUHeHTbl peaKTHBHOCTH 6y.n:yT CHH)KeHbl B COOTBeTCTBHH C HOBOH HOpMHpOBKOH Ha 4 .. . 6 % 
( OTHOCITTeJlhHO HX a6coJIIOTHOH seJIJ,fqlfHht}1 . 

CJie)lyeT 3aMeTHTb, qTO nepeMeHHble, BXO.U.llW.He B (5) . .. (8), B3aHMOCB.ll3aHbl COOTHOllleHHeM, 

CJie,n:yIOW.HM H3 HOpMHpOBKH (4), v2M2 = V3!:1K3. BMeCTe C TeM HCJTOJlh30BaHRblH BH.U npe.n­

CTaBJICHHSI nO3BOJUleT o6paTITTb BRHMaHHe Ha nOJIO)IUITeJlhHbIH BKJlaJ{ B nonpaBKY OT o6JiaCTH 3O­

Hbl C JTOHIDKeHHOH HarrpSIJKCHHOCTblO, HJIJllOCTpHpyg 3cpq>eKT "nepe,naBJIHBaHH.ll" JTOJl.ll B MeHblllHH 

o6beM ( B npe,n:ene .1._K3 ➔ 1, K 3 ➔ 0) C BO3paCTaHHCM 8<1:>/Bn Ha rpaHHUe nocne)lHero H COOTBeT­

CTByIOW.HM (2) yseJIHlfeHHeM 6~cl>cl> (npH V3 ➔ 0 H3MeReHHeM <l>o MO)KHO npette6pe%). 

2. HeKOTOpble pe3ynbT3Tbl npHMeHeHUH oony11eHHblX COOTHowennii 

IlonyqeHHble COOTHOlllCHIDI nO3BOJUUOT, B qacTHOCTH, 

oueHITTb BJIIDIHHe H3MeHCHIDI BblCOTHOro npoq>HJUI 3Hep­

fOBbl,UeJieHHH, ocyw.eCTBJieHROro B [2] , HanpHMep, Ha H3-

MCHCHHe .UOJTJiepOBCKoro K03q>q>HUHCHTa peaKTHBHOCTH 

(.UaHHble no pa,nHaJibHOMY pacrrpe,lleJTeHHlO HCHTPOHHOro 

JTOJTSI B3SITbl H3 pa60Tbl [6]; 3,UCCb no-npe)KHCMY cqHTaeM, 

lfTO cpopMa noJUI 3HeproBbI.lleJieHHH 6JTH3Ka qiopMe rromr 

HeHTPOHHOro ITOTOKa [7]) . .D:attttb)e s t.JaCTH pacnpe.nene­

HIDI rroneH 3HeprOBbI)leJieHlfH no o6'heMY 3OHbl B HaCTOSl­

w.eH pa6oTe c ueJlhIO rmnyqettIDI oueHICH ycpe,llHeHbI no.ll 

npe,ncTaBJTeHHe aKTHBHOH 3OHbl .UBYM.ll o6nacni:M C no­

BbIUieHHOH H JTOHIDKeHHOH HanpSIJKeHHOCT.llMH TIOJISI 3Hep­

fOBbl)leJTeHHH (v1 = 0). B wrore npH yKa3aHHOH s [2] .n:e­

cpopMau1-m Hcxo.nttoro noJUI (pHc. 1) nonpasKa 6p2_3 no 

(7) H (8) H3MCHHJiaCb c 0, 13 .no 0,08 H c 0 07 .no 0,039, 
COOTBeTCTBeHHO, T .e . ,UOJTJiepOBCKHH K03q>q>HUlfCHT yMeHb­

lllHJICSJ, 4TO cnoco6cTBOBaJIO s pacqeTax [2] npeBbICHTb 

MfHOBeHHyIO Ha.nKpHTKlfHOCTb, a CJie)lOBaTeJibRO, cyw.e­

CTBeHHO yaeJIH4HTb HHTerpanbHOe 3HeproBbl,UeJieHHe. 

H , M 

6 

4 

2 

'---___.c;..,ii,,,a:;;. __ ___. ___ --'N 
0 0,5 1,0 1,5 

PHc. I. Ycpe,n:tteHHbie no ceqeHHJO peaK­

Topa BblCOTHl,Ie npoq>HJIH Hem-pOHHOfO 

noTOKa: I - npoq>HJib COOTBeTCTByeT HC­

XOAHOMY JHa'!eHIDO, 2 - ,n:eq>apMHpOBaH­

HOMY (JlaHlil,Ie B3SITbl HJ pa60Tbl [2]) 

I IlpH MO,UeJTHposaHHH asapHHHblX pe)KHMOB THna "CTon rr.nI" B peaKTope C OTPHUaTCJlb­

HbIMH o6paTHbIMH CBSl3SIMH ocpe.nHeHHe xapaKTepHCTHK KaHaJIOB no o6beMY 3OHbl H3 o6nacTeH 

KaK C nOBbtllleHHbIM, TaK H ITOHH)l<eHHblM 3HalleHIDIMH noneH 3HeproBbI)leJieHHH, npHBO,UHT K He­

onpas)laHHOMY 3aBbJllleHHJ-O TennoTeXHffqeCKHX 3anacos s nepexo.nttoM npouecce. 
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AOP2-3, OTB. e.n. 

0,8 

0,6 

0,4 

0,2 
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2 / / "",/ I , 

3 
.. - - . - . 4 

'....... , 
\ ----- / 

'\... / 

Ha pHc. 2 np1,rne.l).etta o6pa6oTKa .LJ.aH­

Hhrx pa6oThI [6] no pacnpe.ll,eneIDUO Heii­

TJ)OHHhrx noneJ;i s o6'heMe 3om,1 (Ta.IOKe 

ycpe.ll,HeHbJ aBTOpOM no.ll, npe.ll,CTaBJleHHe 

aKTHBHOH 30Hbl JlB)'MJI o6naCT.SIMH) B BH.ll,e 

JaBHCHMOCTeH nonpasoK OP2_3 no q>opMy-

naM (5) . . . (8) OT nOJlO)l(eHIDI CTep)l(HeH 

CY3. PeJynhTaT ycpe.LJ.HeHHjJ sMeCTe c no­

npasKaMH K K03QJQJimHeHTaM peaKTHBHO­

CTH npe,uc-rasneH s Ta6n. l. 
B TepMHHax 3aBHCHMOCTeH, H306pa­

:>KeHHbrx Ha pHC. 2, mrrepeCHbl YCJIOBffjJ, 

rrpH KOTOpbCX npasoMepHO paccMa-rpHBaTb 

nepeXO.ll,bl Me)K.ll.y " LieTHblMH" H " tte4eT­

HbIMH" KpHBbIMH. 04eBH.ll,HO, LJTO B ,UHHa­

MHKe B 3TOM CJI)"-lae peaJIHJYeTCjJ BHece­

HHe .l).OnoJIHHTeJibHOH peaKTHBHOCTH. 

Ilpe.ll,nOCblJIKaMH .ll.JljJ 3TOro MOryr 6bITb, 

HanpHMep, sapHal{HH Ql)'HKUHOHaJibHOH 

3aBHCHMOCTH ueHHOCTH OT KOOp.ll,HHaT HJIH 

H3MeHeHIDI :>KeCTKOCTH aKTHBHOH 30Hbl (no 

[3] - OTHOIIleHIDI KBa.ll,paTOB )J.JlHHbl 3a-

- 0,2 ~I~,~,~,~, ~I~,-,~, ~,~1~, ~,~,-,~I~,~,~,~, ~i-,~, ~,~,,....,1 H, M :~::;::;e~c~e .LJ.HQJQJYJHH) s nepexo.LJ.-

0 0,25 0,50 0, 75 1,00 1,25 " BbmOJia:>KHBfilrne" nOJljJ 3HeproBhl-

PHC. 2. OnmoeeHHe nonpaBKH OP2_3 OT 1-1cxon.Horo 3eaqe- .l).eneHHH no o6'heMy aKTHBHOH 30Hbl CHH­

HIDI B 3aBHCHMOCTH OT rny6mn,1 norp)')KeHIDI CTep)!<Heit :>KaeT senwnrny norrpaBOK K K03QJQJHUHeH­

CY3: KpHB~ I COOTBeTCTB)'eT nonpaBKe, pacc•urra}iHOH TaM pe~HBHOCTH, 4TO nO,UTBep)K.LJ.aeT 

no (5); KpKBbJe 2 .. .4 - nonpaBKaM, pacc'lHTaHHbJM COOT- npose.ll,eHHblH B [2] paC4eT, H ,C8jJ3aHO C 

BeTCTBeHHo no (6) .. . (8) yMeHbrneHHeM 3Ha4eHHH M 2 H /lK3 B 

(5) .. . (8). Ilo3TOMy npe.ll,CTaBJljJeT HHTepec 803MO:>KHOCTb npose.ll,eHIDI OIITHMH3fill.HH QJH3H4eCKOfO 

npOQJHJIHposaHml B HanpasneHHH CHH)l(eHH_jJ JlOKaJibHbIX rpa.ll,HeHTOB DOJleH B OKpeCTHOCTj{X 3KC­

TJ)eMyMOB HeHTJ)OHHOfO IlOTOKa (nOBbllDM TeM caMbJM vM), LJTO 6y,ueT cnoco6cTBOBaTb s ycno­

BJ,fj{X OTJ)HUaTeJibHhlX o6paTHblX CBjJJeH no TOruJHBY 6onee 3QJQJeKTHBHOMy orpaHH1ieHHIO MOU(HO­

CTH. 

Y 4HTb1BM npeHMymeCTBeHHoe HCIIOJlb30BaHHe B npoeKTHbrx paC4eTax ,uHHaMHKH MO,UeJleH 

T04et{HOH KHHeTHKH C npe.ll,CTaBJleHHeM aKTHBHOH 30Hbl orpaID{t{eHHbIM KOJIH4eCTBOM KaHaJIOB, B 

MeTO.ll,H4eCKOM ruJaHe CJle.ll,CTBHJIMH IlOJI)"-leHHbCX pe3yJlbTaTOB MOf)'T 61,1Tb CJleJzyIOmHe. 

0:>KH,uaeTC.si 60JlbUIM KOppeKTHOCTb TaKOH HO.ll,aJIH3aUHH aKTHBHOH 30Hbl, KOTOpM HCKJIJ04aeT 

B mo6oM paC4eTHOM Kattane HaJIH4He TBC H3 o6nacreii C K03Q)Q)HUHeHTilMH HepasHoMepHOCTH no 

pa,ueycy 30Hbl, 66m,UIHMJi H MeHhlllHMH e,UHHHUbl (3anpeT Ha " aHHHfHJl.s!l..{H10" ) . Ha npaKTHKe 

3KCnepHMeHTaJibHbie npe.ll,eJlbHble 3Haqemui: 3HeprOBbI,UeneHHH, IlOJI)"-leHHble npH HMil)'JlbCHOM 

T a 6 JJ H u a 1. PeJym>TaT o6pa60TICH npe.ncTaBneHHhIX s [ 6] mUIHbTX 

Ilon mKeHHe op-
Ki/v2 K/v3 op2.3 no (5)/(6)/(7)/(8) 

rattos CY3, M 

0 1,5/0,4 0,667/0,6 0,31/0,17/0, l3/0,06 
0,25 1,3/0,46 0,744/0,54 0, 15/0,08/0,06/0,03 
0,5 1,46/0,37 0,73/0,63 0,24/0, 12/0, 10/0,05 
1,25 2,1/0,315 0,494/0,69 0,93/0,56/0,3 8/0,23 
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Harpy:>KeHHH TB3Jl0B [8], .ll.JlJI 

Hau6onee HanpK)KeHHbIX yqa­

CTKOB 30HhI CHIDKaJOTC.s! o6paT­

HO rrponopUHOHaJibHO 3Ha4e­

HHIO o6'beMHOH HepaBHOMepHO­

CTH K v. CooTBeTCTBeHHo, He­

.LJ.OCTH)l(eHHe BbI.l).eJlHBUieHC.s! B 



TOWUIBHOH KOMn03HUHH ::mepnrn CHH)KeHHblX TaKHM o6pa30M noporOBblX 3Ha'-leHHH H paCCMaT­

pHBaeTCR B Ka4eCTse KpHTepilll 6e3orracttoro npoxo~eHH.si: pe)KHMa. IlpH 3TOM 3a1.Jacry10 .nHHa­

MHKa pe:>KHMa HCCJle.zzyerc.si: B ynpomeHHblX ITOCbIJIKax paBHOMepHoro JTQJlj!_ B J].eHCTBHTeJlbHOCTH 

HepaBHOMepHOCTb nonej;j 3HeprOBblJ].eJieHHH, IlOBblllJa.sI JlOKaJibHble TepMH4eCK.He Harpy3KH TB3JlOB 

B peaKTHBHOCTHbIX asapIDIX, B HHTerpanbHOM nnatte BHOCHT n03HTHBttylO nonpaBKY B OTPHUa­

TeJlbHble 3cpcpeKTbl peaKTHBHOCTH, a ee Yl.feT npH MO.lJ,eJrnpoBaHHH .QHHaMHKH asapHHHbIX npouec­

COB TTOBbIWaeT peanHCTHtJHOCTb nporH03a (9]. IIo onbl,Y Hccne.nosaHHH 3anpoeKTHblX aaapHH 

□pe.neJlbHO .nonyCTHMa.sI peaKTHBHOCTb B 3TOM c.rryqae MO)KeT B03paCTaTb .no 30 %. 
B03MO)KH0 YTO'lHeHHe onepaTHBHOH Ol\eHKH MaKCHMaJibHblX TeMneparyp TOJTJlHBa H Bbl­

.nenHBWeik.si: :mepnm rrpH pe3KHX B03MYIUeHI-UIX peaKTHBHOCTH. Pac4eTbl no ITOJlHOH MO.D,eJlH no­

Ka3bIBalOT, lfTO xopowHM npH6JlH)KeHHeM 3.D,ecr, 0Ka3b1Baerc.si: "HaJIO)KeHHe" Ha H3BeCTHbie COOT­

HOWeHHR Hop.nreiiMa - <I>yKca (1 OJ .D,OilOJlHHTeJlbHOfO MHO)KHTem1 (HarrpHMep, ,lJ,JIJI y = l ): 
26p I 26pC 1 

T = [ ] ; E = [ 2 2 ] ' r.ne 6p - H8JJ.KpHTHLfHOCTb Ha MrHO-
a.Jl I + vl>k; + v/>~ a. .n I + viik2 + vii.ls 

BeHHb[X HeHTpOttax; a.A - .nonnepOBCKHH K03cpcpmu,ieHT peaKTHBHOCTH, l/°C; C - TennoeMKOCTb 

peaKTopa lltt</°C. 
Asrop swpa:>KaeT npH3HaTeJlbHOCTh B.H. AneKceesy 3a o6c~eHHe p.sr.na sorrpocos, cB.si:3aH­

HblX C rrpHMeHeHHeM TeopHH B03M)'llleHHH. 

Ko11maKmHblU mell.: (831-2)-75-45-08, Kpeco6 ,l(Mumpuu I'e1111aobe6utt; E-mail: 
ezekov@okbm. nnov. ru 
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Ha pHc. 2 npHBeJJ.eHa o6pa6oTKa JJ.aH­

H.hrx pa6on,1 [ 6] no pacnpeJJ.eneaHJO tteii­

TpoHHbrx. noJieH B 06-beMe 30HI,I (TaIOKe 

ycpeJJ.HeH1>1 asropoM noJJ. npeJJ.CTaBJieHHe 

aKTHBHOH 30Hb1 JJ.Bywl o6naCT.sIMH) B BH,ne 

JaBHCRMOCTeif nonpaBOK 8p2_3 no cpopMy-

JiaM (5) .. . (8) OT noJIO)l(eHIDI CTep)l(Hej;i 

CY3. PeJynbTaT ycpeJJ.Hemur BMeCTe c no­

npasKaMH K K03cpcpHl.{HeHTaM peaKTHBHO­

CTH npeJJ.CTaBJieH B Ta6n. 1. 
B TepMHHax 3aBHCliMOCTeH, H306pa­

>ICeHHbIX Ha pHC. 2, HHTepecm.1 ycJIOBIDI:, 

rrpH KOTOpbrx. npaBOMepHO paccMa-rpHBaTb 

rrepeXOJJ.bl Me>IC,lzy " "leTH.bIMH" H "He\.feT­

HbIMH" KpHBbIMH. O4eBH)UIO, \.fTO B ,nHHa­

MHKe B 3TOM CJIY"lae pea.mt3YeTCSI BHece­

HHe JJ.OflOJIHHTeJibHOH peaKTHBHOCTH. 

IIpe,nnOCbIJIKaMH JJ.Jl$I 3TOro MOryr 6bln,, 

ttanpHMep, sapHal..{HH <PYHJ<UHOHaJibHOH 

3aBHCHMOCTH ueHHOCTH OT KOOp,llHHaT Hm1 

H3MeHeHIDI: )l(eCTKOCTH aKTHBHOH 30Hbl (no 

[3] - OTHOmeillUI. KBa)lpaTOB )lJlllHl,I 3a-

- 0,2
1 
~ ~, ~,~,~, ~,~,-,,.......,..., ~,~,~, ~,~,.......-, ~, ~,~,~, ~,~,.......-, ~, ~,~,,.....,,H, M :~::~;::c~e JJ.Hcpcpy3HH) B rrepexoJJ.-

0 0,25 0,50 0,75 l,00 l ,25 " BbmOJia>ICHBaHHe" Il0Jl$1 3HeprOBbf-

PHC. 2. OnmoneHHe nonpaBKH 6p2_3 OT HCXOJJ,Boro 38aqe- .n.eneHHH no o6'beMy aKTHBHOH 30Hbl CHH­

HIDI B 3aBHCHMOCTH OT rnyfotHI,I norpy')KeIDUI CTep)l<Hei:i 2KaeT BeJlH"IHlfY norrpaBOK K K03cpcpm.meH­

CY3: KpHBaR l COOTBeTCTBYeT nonpaBKe, paccqHTaHHOii TaM pe~HOCTH, tITO ITO.llTBep)KJJ.aeT 

no (5); KpHBbie 2 ... 4 - IlOilpaBKaM, paCC'IHTaHHblM COOT- rrpose.n.eHHbIB s [2] pactieT, H CBSl3aHO c 

BeTCTBeHHO no (6) ... (8) )'MeHbmeHHeM 3HaqeHHH M2 H /:1K.3 B 

(5) ... (8). Ilo3TOM)' rrpeJJ.CTaBJISleT HHTepec B03MO)l(HOCTb npose.u.emur OITTHMH3al.J;HH cpH3H-cJeCKOro 

npoq>HJIHpOBaHHSI B uanpasrreHHH CHH>ICeHHSI JlOKaJlbHblX rpa,llHeHTOB noneu B OKpeCTHOCTJIX 3KC­

-rpeM)'MOB HeihpoHHOro IIOTOKa (nOBbllllM TeM caMbJM vl:l.K), \.fTO 6y.n.eT cnoco6cTBOBaTb s ycno­

BHJIX OTJJHUaTeJibH.bfX o6paTHblX CBSl3eH no TOITJlHBY 6onee 3cpcpeKTHBHOM}' orpaHH-qeHmo MOll.lHO­

CTH. 

Y4HTbIBM npeHMymeCTBeHHoe HCilOJlb30BaHHe B rrpoeKTHbrx pac\.feTax J:{HHaMHKH MOJJ.eJieH 

TOtietrnOH KHHeTHKH C npeJJ.CTaBJieHHeM aKTHBHOH 30Hbl orpaHH\.feHHbIM KOJIHqeCTBOM KaHaJIOB, B 

MeTO.llH\.feCKOM ITJiaHe CAeJJ.CTBIDIMH nOJIY"leHHbIX pe3yJibTaTOB MOryr 6b1Tb CJieJzylOcuHe. 

O)1(}{,naeTCH 60JibillM KOppeKTHOCTb TaKOH HO.IJ.aJIH3au;HH aKTHBHOH 30Hbl, KOTOpaH HCKJilOqaeT 

B mo6oM paCtieTHOM Kauane HaJIH"IHe TBC H3 o6naCTeH C K03cpq>HUHelITaMH HepasHOMepHOCTH no 

paJJ.HYCY 30Hbl, 66JrhlliHMH H MeHblllHMH e.n.HHHUbl (3arrpeT Ha " aHHHrHJISIUHJO"). Ha IlpaKTHKe 

3 KCI1epHMelITaJibHble npe,neJibHbie 3Haqemur 3HeproBb[JJ.eJieHHH, TIOJIY"feHHbie rrpH HMrryJibCHOM 

Ta 6 J1 u u a 1. Pe3yJrnTaT 06pa60TKJ1 npe,ncTaBnemn,rx B [6] .namn,rx 

IloJIO)KeIDJe op-
K2IV2 Kiv3 6P2-3 no (5)/(6)/(7)/(8) 

raHOB CY3, M 

0 l ,5/0,4 0,667/0,6 0,3 l/0, 17/0, l3/0,06 
0,25 1,3/0,46 0,744/0,54 0, 15/0,08/0,06/0,03 
0,5 l,46/0,37 0,73/0,63 0,24/0, l2/0, 10/0,05 
1,25 2,1/0,315 0,494/0,69 0,93/0,56/0,38/0,23 
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HarpY>ICeHJ-rn TB3Jl0B [8], .llJ]SI 

HaH6onee aanpIDKeHHhIX Y"fa­

CTKOB 30Hbl CHIDKaJOTCSI o6paT­

HO nponopUHOHaJibHO 3Hatie­

HHlO o6'beMHOH HepaBHOMepHO­

CTH K v. CooTBeTCTBeHHO, ae­

.uocTH)l(eHHe BbJJJ.emrnIIIeiic.H s 



TOilJIHBHOH KOMilO3HUHH 3HeprHH CHH)l(eHHhlX TaKHM o6pa30M noporOBhlX 3Ha'-leHHH H paccMaT­

pHBaeTC.11 B Kal.fecrne Kpm-epH.11 6e3orracttoro npoxo~eHH.SI pe)K.KMa. IlpH 3TOM 3aqacryio JJ.KHa­

MHKa pe)K.HMa HCCJieJIYeTC.SI B ynpomeHHblX ITOCbIJIKax paBHOMepttoro nom1.. B J].eHCTBHTeJJbHOCTH 

ttepaBHOMepHOCTb noneH 3HeprOBblJ].eJieHHH, nOBblllla.11 JIOKaJibHbie TepMH'ieCKHe ttarpy3KH TB3JTOB 

B peaKTHBHOCTHblX asapK.SIX, B HHTerpaJibHOM nJiaHe BHOCHT IlO3HTHBH)'IO nonpaBKY B OTpHu.a­

TeJJbHble 3cpcpeKTb1 peaKTHBHOCTH, a ee yqer npH MO.L{eJIHpOBaHHH .LJ.HHaMHKH asapHMHblX npou.ec­

COB ITOBbIUiaeT peaJIHCTHl.fHOCTb npOrHO3a [9]. Ilo omrry HCCJTe.nosaHHH 3anpoeKTHbIX aBapHH 

npe,ueJTbHO .nonycTHMa.11 peaKTHBHOCTb B 3TOM cnyqae MO)KeT BO3paCTaTb .no 30 %. 
B03MO)K.H0 yro1IBeHHe onepaTHBHOH OI~eHKH MaKCHMaJibHblX TeMrreparyp TOnJIHBa H Bbl­

.u,eJIHBUieikJI 3HeprHH rrpH pe3KHX BO3MYIUeHHn peaKTHBHOCTH. Pacl.feTbl no TIOJIHOH MO,LleJIH no­

Ka3blBalOT, l.fTO xopOllIHM npH6JIH)l(eHHCM 3,LleCb OKaJbIBaeTC.11 'HaJIO)KeHHe" Ha H3BeCTHble COOT­

HOUieHH.sr Hop.nreilMa - <l>)'Kca (1 O] .uonoJIHHTeJibHOro MHO)K.HTeJI.sr (ttarrpHMep, .LlJU[ y = I): 
26p 1 26pC 1 

T = [ ] ; E = [ 2 2] ' r.u.e 6p - Ha,nKpHTH'-IHOCTb Ha MfHO-
a.Jl 1 + v/>k; + v/>kJ all 1 + v2ok2 + v3ok3 

BeHHblX HeHrpOttax; aA - .LlOnJiepOBCKHH K03Q)Q)Hl.(HeHT peaKTHBHOCTH, 1/°C; C - TennoeMKOCTb 

peaKTopa, lJ.>t</°C. 
ABTOp Bblpa)KaeT npH3HaTeJibHOCTI, B .H. AneKceesy 3a o6cy~eHHe px.u.a BonpocoB, CB.1133H­

Hl>IX C npHMeHeHHeM TeOpHH B03M)'UJ.eH.HH. 

KoHma1<mHblU meJl.: (831-2)-75-45-08, Kpecoe ,l(Mumpuu I'em1aobeeu1J; E-mail: 
ezekov@okbm. nnov. ru 
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EE301IACHOCTh 

Y,l(K 621.039.524.4-97.519.86 
Pa3pa6onrn H C0BepmeHCTB0BaIIHe CHCTCM 6eJorracHOCTH 

HCCJIC,lJ,0BaTeJJLCK0ro peaKT0pa BK-50 

H.H. Ce.AtU~Ol(KUii, H.II. Typmaea, B.E. llIAtenea, 
<I>rYII 'TIBJ: P<I> Hill1AP", 433510, r. ,[t;HMHTJ)OBrpan.-10 YJib.SlHOBCKOH o6n. 

PaccMo-rpeHb1 oco6eHHocrn pa6oThl CHCTeM 6e3onacHocn1 PY BK-50, npe.u,HaJHa'leHHbJX .llJIJ[ BBO.lla 
B peaKTOp 8O,ll,HOro pacTBopa 6opHOH KHCJIOThJ H 3all.l,HTbl OT IlOTepH TeilJIOHOCHTem1. PacqeTHcUI oueHKa 
3cpcpeKTlfBHOCTH CHCTeM OCHOBaHa Ha MaTeMan11-1eCKOH MO,ll,eJIH YCTilHOBKH, pa3pa6oTaHHOH Ha 6aJe Ten­
JIOrH,!lpaBJIH'-leCKOro Ko.u.a ynylJilJeHHoii oueHK11 RELAP5/MOD3.2. 

DEVELOPMENT AND ADVANCEMENT OF THE VK-50 SAFETY SYSTEMS. I.I. SEMI­
DOTSKY, N.P. TURTAEV, V.E. SHMELEV. The specific character of some VK-50 safety systems 
operation is analyzed. The systems are intended for introduction of boric acid water solution in the reactor 
and core protection in the loss of coolant accident. Estimation of the safety system efficiency is based on 
the reactor mathematical model that has been developed on the basis of best estimate thermal-hydraulic 
computer code RELAP5/MOD3.2. 

1. Oceooeb1e uanpaeJJeHHH noob1meneH 6e3onacuocTH PY BK-SO 

Hccne,LJ,oBaTeJlhcKH'H peaicrop BK-50, OTHOCRIIU-tiicR K nepsoMy noKonemno :rneprerwiecKMx 

peaKTopoB, npoeKTHpOBaJlCj! B COOTBeTCTBHH C KOHU,eill{H.RMH 6e3onaCHOCTH, C)'I.1.1.eCTBeHHO OTJIH-

9:aBWHMHCR OT cospeMeHHb!X. BnnoTb ,ll,O 1987 r . (pa3pa60TKa fffi>I-74, OITE-82) 3TH KOHU.eITUHH 

OCHOBb!BaJlHCb Ha .lleTepMHHHCTCKOM no.QXO,LJ,e npH Bb16ope HCXO.llHbIX co6hITHH, OTHOCHTeJlhHO 

npOCTblX MO,LJ,em1x., ynpomeHHOCTb K0TOphlX, KaK nOKaJana npaKTHI<a, He Bcer,LJ,a Morna 6hITh 

CKOMneHCHpOBaHa KOHCepsaTHBHhlM TTO,ll,XO,ll,OM. AHanH3 6e3onacHOCTH orpaHHt.lHBaJICR paCCMOT­

pemleM TOJThKO npoeKTHbIX asapMH H nocrym1posaHHblX HCX.0,l),Hl,IX co6hITIDi, npH 3TOM 1IHCJIO 

yqHTb!BaeMbIX B npou.ecce HX pa3BHTIDI OTKaJOB orpaHH'IBBaJlOCb npHHU.HTIOM e,l),HIDfl-lHOro OTKa-

3a. 

Ilepexo,LJ, K cospeMeHHOH KOHUeilUHH 6e3onaCHOCTH 3a cpaBHHTeJlbHO KOpOTKIDI npoMe)KYTOK 

BpeMeHH noTpe60BaJl 3Ha•mTeJlbHblX YCHJIHH ,l),Jlj! npHBe.ueHHR PY BK-50 B COOTBeTCTBHe 3THM 

Tpe60BaHIDIM. 3Ta .uejlTeJlbHOCTh CBR3aHa npe)K)J.e scero C HanpaBneHHRMH TeXHH1IeCKOro H. pac-

4eTHO-MeTO,ll,H4eCK0ro o6octtosattllil 6eJonacttocTH. Bonpocb1 pact.1eTHO-MeTOJJ.Ht.1ecKoro 06ecne-

1Iett11» paccMaTpHBa.JOTCR B CTaTbe [1] HaCTORJ.Uero c6opHHKa. 3,LJ,eCb .uaeTCR om1cattHe pa3pa6oTOK 

no 06ecnet.1eHHIO TeXHw-1eCKOH 6e3onacHOCTH ycTaHOBKH. 

2. Oco6eueocTH aoap1tiiHbIX peiKHM0B PY BK-50 

PerneHHe 3a,n.aq11 npo.ll)leHHR 3KCnnyaTaUHH ycTaHOBKH 6a3HpOBaJIOCb Ha HCil0Jlb30BaHHH 

npHHU.HnOB BHyrpeHHeH 6e3onaCHOCTH, H3Hat.laJlbHO 3aJIO)f(eHHb!X B K0HCTpyKU,HJO peaKTOpa, -

3TO rny60KM 01J)HU.aTeJ1bHaR o6paTHaR CBR3b Me)l(Jly jl.uepHb!MH H TeruJOfH,ll,pasm,1.qecKHMH npo­

ueccaMH, ecTeCTBeHHaR UHPKYAAUIDI TennOH0CHTem1 H OTHOCHTeJibHO HeBblCOKHe TenJlOBhie 

Harpy3KH. 

YKaJaHHhie CBOHCTBa BttyTpeHHeH 6e3onaCHOCTM HJIJIIOCTpHpyeT pHC. 1, Ha KOTOpOM conoc­

TaBJleHI,I pe3ynbTaTbl paC'-!eTa .UHHaMHKH MOlllHOCTH peaKTopa ,l),Jljl .UByx. pe)KHMOB. TiepBb!H npe.u-
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crnsm1e-r 3anpoeKTH)'lO asapHto THna A TWS c 

60JTblDOH TetU,IO H OJJ;HOBpeMeHHbIM OTKa30M 

scex 3all{HTHblX CHCTeM. BTopoH pe)l(HM - npo­

eKTHaJI asapIDI c TeM )Ke HCXO,UHbIM co6bITHeM, 

conposo)KJ],atomHMC.Sl cpa6aTb1sanHeM asapHH­

HOH 3all{HTbl (A3), C o6bl-in{bIMH OTKa3aMH, npe­

JzyCMOTPeHHI:,IMH ,nJT.Sl aHaJTH3a npoeKTHblX asa­

pHH (B TOM t.JHCJie C OTKa30M Ha 880.U B aKTHB­

H)'lO 30HY - " 3aBHCaHHeM" HaH6onee 3cp<peKTHB­

HOfO oprana CY3). 

";I?. 100 ----- .--------,-----,-----, 
.o~ 
~ u 
0 
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0 
~ 

80 

0 
5 15 20 

Pa3mflrne B ,UHHaMHKe MOII(HOCTH .nm1 3THX 

.nsyx pe:>KHMOB Ha6mo.naeTC.Sl a neps1,1e 10 c. B 

npoeKTHOM pe:>KHMe (KpHBaJI 2) COBMeCTHOe 

)],eHCTBHe OTJ)HUaTem,HOH o6paTHOH CB.Sl3H no 

napoBOM)' 3cp<peKTY peaKTHBHOCTH H peaKTHBHO­

CTH opranos CY3 06ecne1rnsaeT fo,1cTPLIH cna.n 

BpeMJi, c 

PHC. I . l13MeHeHHe MOIQH0CTH peaI<Topa B Janpo-

MOll{HOCTH .no ypOBIDI OCTaTOqHoro TellilOBLI)],e- eKTH0H aaapHH C OJJ.HOBpeMeHm.LM 0TKaJOM acex 

JTeHH.Sl. B pe:>KHMe C nOJIHbIM OTKa30M Bcex CHC- 3aIQHTH1,IX CHCTeM (I) H B rrpoeI<TH0A aaapHH (2) 
TeM cna.n MOll{HOCTH onpe,neJUieTC$1 TOJlbKO o6paTffi,IMH CB.Sl3HMH. B 3THX ycnOBIDIX CHCTeMa CTa­

HOBHTC.Sl no,o:KpwrwrnoH nocne Toro, KaK 06'1,eMHaJI )].Oml BOJ{bl B aKTHBHOH 30He Ha 10-H ceKyn.ne 

CHH3HTC.Sl )].O IO % . TaKHM o6pa30M, o-rpi,maTCJlbHbIH □apOBOH 3cp<peKT peaKTHBHOCTH B 3TOM pe­

)KHMe <paKTwiecKH .ny6JIHpye-r sso.n s aKTHBH)'lO 30HY pa6otI:HX opranos CY3 peaKTopa. 

)J;anbHeitmee 3anapHBaHHe aKTHBHOH 30Hbl npH nOJIHOM OTCYTCTBHH no,nnHTKH peaKTopa 

npHBO.UHT K nocTeneHHOM)' pa30rpesy 30Hbl, KOTOpLIH HatfHHaeTC$1 qepe3 MHHYTY nocne pa3rep­

MeTH3al..{HH. TeMn pa3orpesa He npes1,1mae-r 2 °C/c, -crro o6ecne•urnae-rcg ps.noM <paKTopos, a TOM 

crncne HH3KHMH no cpasHeHHIO C BB3P TeilJTOBblMH narpy3KaMH aKTHBHOH 30Hbl H MexaHH3MOM 

KpIBHCa TCTIJIOOT,O:a11H (KpH3HC 2-ro po.na). TipoMC)K)'TOK speMeHH OT HCXO.UHOro co6b1TIDI .no .noc­

TH)Keff}U[ MaKCHMaJTbHOH TeMneparyp1,1 o6oJIOqJ(H TB3JIOB B 950 °C OUCHHBaeTC.Sl ,nJT.Sl pe)KHMa l 
KaK 7 . .. 8 MffHYT. 

YKa3aHHoe 3naqeHHe TeMneparyp1,1 o6onoqKH KBJI.SleTC.Sl npe.nerroM )].Jl.Sl cnnasa Zr + 1 % Nb, 
Bblllle KOTOporo B03MO)KHa pa3repMeTH3al{IDI o6oJIOqJ<H B ycJIOBIDIX )].aJTLHeHIIIero pa3orpesa 30Hbl 

HJIH ee nosTopnoro Jamma [2]. Orcto.na cne.nye-r, qTo opranH3aQH.Sl s ycnoBHJIX 3anpoeKTHbrx asa­

pHH C 60JiblllHMH TetJ.aMJ,f no,nnHTKH peaKTopa Ha YKa3aHHOM BpeMeHH0M HHTepsane Il03BOJI.SleT 

cymecTBeHHO orpaHHlflIBaTb HX nOCJIC)],CTBIDI, T.e. ocymecTBJUITb 3cpcpeKTHBHOe ynpaBJICHHe asa­

pH.SlMH. 

3a YKa3aHHOe speMJI CHCTeMbl 6e30ITaCHOCTH peaKTOpa ,UOJl)KHbl: 

• H,UeHntq>HQHpOBaTb asapHHHblH pe:>KHM, nepeseCTH peaKTop B no.nKpHTHtiCCKOC COCTOJlHHe, 

npe.n:oTBpaTHTb o6e3B0)KJ,{BaHHe H pa3orpes aKTHBHOH 30Hbl (npoeKTHbIC asapHH); 

• CBCCTH K MHHHM)'MY IlOCJIC,UCTBIDI HCXO,UHOfO co6b1TH.Sl H .nonoJIHHTCJlbHblX OTKa30B, ,nJT.Sl qero 

Heo6xo,nHMO o6ecnel.{HTb IlOBTOpHbIH 3aJIHB aKTHBHOH 30Hbl B YKa3aHHOM speMeHH0M HHTepsane 

H TCM caMblM coxpaHHTL nepBb[H 3am,HTHb[H 6apbep - o6oJI04KY TB3JIOB (3anpoeKTHbie asapmt). 

H.neHTHqJHKal{HJI asapHHHhrx pe)KJ,fMOB PY BK-50 ocymecTam1e-rc.11 no pK,n:y napaMe-rpos, B 

TOM q],fcJie H no ypoBHJO TellilOHOCHTeJI.ll B Kopnyce peaKTopa. Oco6eHHOCTblO CHCTeMbl H3Mepe­

HHJI ypOBH.Sl .SlBJI.SleTC.Sl TO, t:ffO OH KOHTpOJIHpyeTC.Sl no Macce :>KH,Ll,KOCTH s o6nacTH nepeJIHBa. 3Ta 
o6JiaCTb BKJIIOqaeT npoc-rpaHCTBO OT HH)KHCH KpOMKH nepenHBa TKfOBOro yqaCTKa .no OTMeTKH, 

pacnoJIO)KCHHOH BbllDC nee Ha 1,6 M (pHC. 2). TipH OTCYTCTBHH napa B 3TOH o6naCTH yposneMep 

IlOKa3hIBaeT t 00 %-e 3Ha1iem1e ypOBH$1. AsapHHHOe 3HaqeHHe ypoBH.ll onpe.neneHO B 15 % lllKaJTbJ 

ypOBHCMepa. TiocKOJTbKY KpOMKa nepeJIHBa YAaJICHa OT BhlXO,n:a aKTHBHOH 30Hbl Ha 3 M, B asap},lj{X 

C TC4aMH TCilJIOHOCHTCJUI TTOKa3aHHJI ypOBHCMepa MOfYT He OTpa)KaTb HCTHHHOH )lHHaMHKH napo­

CO,Ll,Cp)KaHIDI B aKTHBHOH 30He. 
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PHc. 2. CxeMa no.nKJUO<femUl ypoaHeMepa K peaKTo­
PY BK-50: I - Bbiropo.nKa rnroaoro ytJacTI<a; 2 -
rnax-ra; 3 - pa.J.nenHTeJibHaJI o6eqaHJ<a; 4 - Kopnyc 
peaKTopa; 5 - cocy.n nocTO.RHHoro ypoaH.R; Hp -
ypoaeHh no nOKa.JaHIDIM ypOBHeMepa; Ho - MaKCH­
ManbHblH ypoaeRb; ,l(M - .UHq>MaHOMeTJ) 
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B cnyqae 60JTbllIHX Tet.JeH 3TO He BJTH51eT Ha 

HJJ.eHTHq>HK3UJ,fJ() asapHH - B T3KHX pe)KHMax 

speMeHH0H CJ].BHr Me)f{J{)' HCXOllHbIM co6bITHeM 

(p33pb1B) H cpopMHposaHHeM C.HTHana A3 npaK­

THt.JeCKH OTCYTCTByeT. O6ecnetrnsaeTCSI. 3TO TeM, 

t.JTO CHrHan A3 CJIY)KHT peaIUlHeH Ha 6bICTpoe 

JanonHemte rop.Ht.JHM napoM maXTbI peaKTopa. 

,lvui cpeJJ.HHX H ManbIX Tecieii MeCTO pa3pb18a 

MO)l{eT 6hITb yJJ.aneHO OT III3XTbl, H OTMet.JeHHa51 

oco6eHHOCTb H3MepeHHSI. ypoBIDI 80,llbl np051BJUl­

eTC51. B Kat.JeCTBe npHMepa Ha pHC. 3 YKaJaH 

c11yqaf;i pa3pbIBa Kattana HOHH33llHOHHOH KaMe­

pbI. ,lvui 3TOro pe)KHM3 O)KM3eTC51 MaKCHManb­

H0e 3anaJ,llbIBaH11e B cpopMHposaHHH asapHHHO-

ro CHrttana no yposHIO. 

IlpHTOK B o6nacTb nepemrna )l(HJlKOCTH H3 

oKpy)l{alOUlHX o6nacTei1 Ha Hat.JanbHOM 3Tane 

npouecca (0 .. . 50 c) npHBOJl.HT K poczy ee ,llOJIH 

H COOTBeTCTBYIOilleMY H3MeHeIDUO nOKa33HHH 

yposHeMepa (KpHBM 1). B TO )Ke caMoe speM51 

KOJIHqecTBO 80,llbl B aKTHBHOH 30He 3aMeTHO 

yMeHbruaeTC51 (KpHBM 2). Ilocne 50-H C nOKaJa­

HH.H yposHeMepa B ueJlOM 0Tp3)KaJOT TeHJ].eHUHlO 

H3MeHeHH51 JlOJlH 80,llbl B 30He. K 180-H C (Mo­

Mettzy JJ.OCTIDKeHH.H asapHHHOH ycTaBKH no 

ypOBHIO, KpHBaR 3) 3TH noKaJaHHSI. 6JIH3KH K 

peanbHOMY 3HaqeHHIO YKaJaHHOro napaMeTpa. 

ITocne JJ.0CTIDKeHHR asapHHHOH ycTasKH H yse­

nKt.JeHH.H noJ].nHTKH no CHrttany A3 3KTHBHM 

30Ha 6bICTpO 3anHB3eTCSI 80,l{OH. TaKZI.M o6pa-
30J1,1, oa:>1ee e Hau6011ee He6J1a2onpwunHOM cRy­
l/ae c mot/Ku 3peuUR uoeumu<jJuKatfUU aeapuu­
Hbll~ pe:>1ez.1.,i1 c met/a.MU uoeumu</Juz1upyemcfl. oo 
mo20, KaK npou30uoem pa302pee aKmueuou 30-

50 100 150 200 Hbl. 

BpeM.R, c ,D;pyrM oco6ettuocTb cuettapHes asapHH­

HbIX pe)l{HMOB PY BK-50 csgJaHa c CY3 peax­

Topa. npH '3as11caHHH" HaH6onee 3cpq>eKTHBHo­

ro pa6ot.Jero opraHa (PO) CY3 noJJ.KpHTHt.JHOCTb 

PHC. 3. H3MeHeHHe ypoBlUI TenJIOHOCHTeJUI no no­
Ka.JaHHHM ypOBHeMepa (1) 11 q>a11.,wieCKOfO co.nep­
>KaHH.R BO.nbI B aKTHBHOH 3OHe (2); 3Hal!emte aaa­
pHHHOH ycTaBKH no ypoBHJO TenJIOHOCHTen.11 (3) 3aJ1HTOro BOD.OH H paCXOJ13)KHBaeMoro peaKTopa 

OCTanbHblMH PO He o6ecnet.JHBaeTC51. ,[(.n51 o6ecne"leHIDI rapaHTHpOBaHHOH nOJJ.KpHTH'-tHOCTH C03-

JJ.aHbl CHCTeMbl BBO,lla B peaKTop 6opHposaHHOro TenJ10HOCHTeJ151. 

3. CncTeMbl BBO,ll.a e peaKTOp 6opnpoeauuoro TenJIOHOCUTeJlH 

CucmeMa eeooa 6opuo20 pacmeopa 6 peaKmop COCTOHT H3 Tpex He3aBHCHMbIX HCTOt.JHHKOB 

(no11.cHcTeM) BBO,lla 6opttoro pacTBopa: 
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• H3 eMKOCTH V = 5,6 M3 C pa60'-IHM .[{aBJJemfeM 6,0 Mila (MOIDKJ-OCa BBO.[{a 6opHoro pacTBopa -
MBEP); 
• H3 eMKOCTH V= 5,5 M3 c pa6ocrnM .nasnettHeM 13,0 Mila (MoIDKIOca CY3-MCY3); 
• H3 eMKOCTH 50 M3 C no.nat.teH pacTBopa HaCOCOM. 

I,fa nepBb[X .nsyx eMKOCTeH 6opHblH pacTBOp s peaKTop no.naeTCi rryreM BbITecHeHIDI C)KaTblM 
a.30TOM, HaXOJI..IUUHMCjJ B 6aJJJJOHax rro.n .nasJTeHHeM, a H3 eMKOCTH V = 50 M3 - HaCOCOM. IlepBbie 
)].Be nO)].CHCTeMbl Haxo.nnc.11 B pe)KHMe 0)Kl,[Jl.3HrfjJ H aBTO~aTH'-leCKH BKJllOllaIOTCi no COOTBeTCT­
BYIOLll.HM cI-rrttanaM cpa6aTb1BaHH.11 A3: MBEP - no mo6oMy cHrHany A3, MCY3 - no CHrHaJJaM 
A3 c rroTepeii Hanp.ll)Keffl,[jJ Ha .usI-1raTem1x PO CY3 H no c11rna.ny "o6pbIB naTpy6Kos". Tpe-r1>.11 
no.ncHcTeMa o6ecrretfHBaeT no.uayy so.uttoro pacTsopa 6opHoH KHCJJOTM B peaKTop s cnyqae noTe­
pH BHelllHHX H BttyrpeHHHX HCTO'-IHHKOB nepeMeHHoro TOKa, a TaK)Ke JI.JljJ HCTIOJTh3OBaHIDI nepco­

HaJJOM npH BO3HHKHOBCHHH HapYllleHHH HOpMaJJbHOH 3KcnnyaTaU}IH C Te'-lblO TeTIJTOHOCHTe.lUI. 

Co3.UaHHe nepBbIX .nsyx cHcTeM noTpe6osano pellleffl,[jJ p.11.ua sonpocos, CB.113aHHbIX c rrporno-
3HposaHHeM )J.HHaMHlleCKHX npoueccos, B03HHKaJOmHX npH HX cpa6aTbIBaHHH: 

• TpaHCnOpT 6opa .no aKTHBHOH 30HhI; 

• KOHI\eHTpaUHJI 6opa B aKTHBHOH 30He; 

• .UHHaMHJ<a MOI]lHOCTH peaKTopa; 

• ,UHHaMHKa .uasneHHJI TCTIJJOHOCHTe.lUI B I KOHrype. 
,[vli paClleTHOfO conpOBO)K,lleHIDI 3THX pa6oT C03)].aHa cnel..(HaJJbHa.11 MaTeMaTH-qecKa.11 M0,nem, 

.UHHaMHKH PY BK-50 (3]. B xo,ne pacqeTHbrx 11cc11e.nosamrn H s npou.ecce Hcm.rTaHHH MBEP on­
THMH3Hposatt p.11.n xapaKTepHCTifK KaK caMHX CHCTeM, TaK H pe)KHMa pa60Tbl apMal)'pbl Ha napo­
rrposo.nax peaKTopa. HarrpHMep MecTo snpbtCKa 6opHoro pacTBopa nepettecetto OT sxo.na aKTHB­

HOH 30HbI 611H)Ke K 0611acTH nepenHBa, H3MeHeHa (nOBblllletta) TeMneparypa 6opttoro pacTBopa. 
Bee 3TO n03B0JlHJTO H36e)l(aTb npoCTpaHCTBeHHbIX 3cpcpeKTOB nepeMel.llHBaHHjJ TenJIOHOCHTe.lUI 
pa.3HOH TeMrreparypbl H KOHUeHTpauHH 6opttoro pacTBopa 11 onaCHOCTH BBO,na IlOJlO)KHTeJihHOH 
peaKTHBHOCTH npu nona.naHHH TaKHX CTPYH B aKTHBH)'lO 30ffY (puc. 4). B HacTo.11m.ee speMJ1 yica-

3amrr,111 3cpcpeKT npHpOCTa MOU{HOCTH He npeshrmaeT HeCKOJThKHX npoueHT0B, 4TO C0il0CTaBHM0 C 
T04HOCTblO H3MepeHHjJ MOLll.HOCTH H aMTIJJHT}'.U ee HH3K04aCTOTHb[X Kone6aHHH B pa6oqwx pe)l(H­
Max (CM. HanpHMep, (l]). 
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PI-IC. 4. PeJyJibTIITbl pac4eTa MOI..U.HOCTH peaKTopa (a) H cpe)JJleH KOHilCHTpau1-rn 6opa B aKTHBHOA 30He (6); 
BnpbICK 6opa Henocpe.n.cTBeHHO y axo.n.a a JOH)' (I) J,f Ha axo.n.e e onycKHOH yqacTOK (2) 
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8 CBOIO 04epe,llb nepeHOC MeCTa BnpblCKa np1rnen K HeKOTOpOM)' yseJIH4emuo speMeHH 

TpaHcnopTa 6opa .n.o aKTHBHOH 30HbI. TaK, Tpe6yeMaJI )J,JISI rapaHTHpOBa.HHOro o6ecneqemur no.n­

KpHTH4HOCTH peaKTopa KOHU.eHTpauIDI 6opa ( 1,5 KrlM
3

) B aKTHBHOH 30He .LtOCTHraeTCSI' qepe3 MH­

HYTY nocne cpopMHposaHHSI cI,1rHana A3. 

Tip11se.n.eHHb1e npHMepbI noKa3bIBaJOT, 4TO peweHHe sorrpoca o nose.n.emrn peaKTopa s .LtHHa­

MHqecrrnx pe)KJ,tMax co cpa6aTbIBaHHeM 6opHbIX CHCTeM Tpe6yeT pa3pa60TKH o6meKOH,YpHOH 

TeilJlOrH,Ltpasm-r'-leCKOH MO,LteJIH ycTaHOBKH, IT03BOJISIIOl.llei:i pernaTb 3a,Ltaqy TpattcnopTa 6opa H 

HMeiomei-i npeJlCTaBHTeJibH)'lO Kapi.y pe)KHMa Teqem1.s1 H Tennoo6Metta. TaKaJI Mo.nenb pa3pa6oTa­

Ha Ha octtose KO,lla RELAP5/MOD3 [I]. 
PacqeTbl no 3TOH MOJ],eJIH nOKa3anH, '-1:TO npH OTHOCHTeJibHO He6om,lllHX Te4ax B03HHKaeT CH­

ryaUHSI, KOr,na O,LtHOBpeMeHHoe cpa6aTbIBaHHe o6eax 6opHblX CHCTeM BbICOKOro .nasneHHSI npHBo­

,Ltlff K HeKOTOpOM)' poci.y .nasneHID! B KOpnyce peaKTopa BCJie)lCTBHe BBO,D.a 3HalflffefilHOro KOJIH-

4eCTBa ra3a, 'ITO He)KeJiaTeJibHO. B CBSl3H C 3THM 6bmO npmurTO perneHHe 06 OTKmO'-leHHH 6opHblX 

CHCTeM OT I KOHrypa PY rrocne TIOJIHOro BbJ,LtaBJIHBaHIDI H3 HHX 6opttoro pacTBopa. 0.u,HaKO JlO 

peanH3aU,HH 3TOfO perneHHSI' npOH30llleJJ HHU.H,D.eHT co cpa6aTbIBaHHeM A3 C O,LtHOBpeMeHH.blM 

880,llOM B peaKTOp ra3a OT o6eHX CHCTCM 6opHoro pacrnopa BCJIC,llCTBHe OlllH6K.H nepcottana. Pe-

3YJibTaTOM CTano nOBblllieHHe ,n.asnemI.s1 ,no ycTaBKH Ha cpa6aTbIBaHHe npe.noxpaHHTCJThHOro KJia­

natta, qTo no,nTsep,nHJIO npaBHJlbHOCTb BbIBO,LtOB, c,neJJattHblX Ha OCHOBe pac4eTHOro aHaJIH3a pe­

)KHMOB C Te4aMH. 

BMeCTe C TeM COTIOCTaBJICHHe 3KcnepHMCHTanbH.blX ,LtaHHblX 3TOfO pe:>KHMa C pac'-1:eTOM 

(p.HC. 5) IIOKa3anO HanH.qJ,te 3aMeTHblX pacxo)K,LteHHH pacqeTa H 3KCnepaMeHTa )J,JISI TaKOH BIDKHOH 

HHTerpanbHOH xapaKTepHCTHKH npou.ecca, KaK .nasneHHe. £1,m11 npe.nnpmurn,I 06mHpm,1e pa6oTbI 

no BepHCpHKalJ,HH pacqeTHOH MO,nem-r, HeKOTOpble pe3yJibTaTbl H3JIO)KCHbl B pa6oTe [1]. B sepmpH­

KaUHOHH.bie HCCJie,noBaHHSI. BXO.U.HIDI TaK)Ke H sonpOCbl Jl(rnaMHKH yposHeMepa B pe)KHMax C rny-

6oKHM (,no 2 MTia H 6onee) c6pocoM .nasneHHa. 

B paccMO'rpeHHOM pe:»<J1Me s1,16poc napa Yepe3 npe,noxpaHHTeJibHhie KJianam,I ocymecTBJIS1JI­

c.s1 cornacHo npoeKry PY BK-50 Henocpe,n.crneHHO B aTMoccpepy. C yt-1eTOM Tpe6osa.HHH cospe­

MeHHbIX HOpMaTHBHblX ,ll,OKyMeHTOB pa3pa6oTa.Ha H BHe.npeHa CHCTeMa JIOKaJIH3au1rn BbI6poca na­

pa, B KOTOpOH BCCb c6paCblBaeMblH nap KOH)leHCHPYeTCSI B so.ue 6acceiitta eMKOCTblO 100 M3 C no­

af 
:s: 
:i: 

~5~-~~- ~~--~--~--~ 

MOlllblO ycTpOMCTBa, pa60Ta10mero no npHHUH­

ny J»<eKTOpHoro CMeCHTen.s1. Ilap, no.nasaeMbIH 

B 3)KCKTOpH1,JH CMecwrem,, npe,n.sapHTeJI1,HO 

npoXO)lHT 0'-IHCTKY OT ifo.ua B menO'-lHOH cpe,n.e H 

OT snarH B cenapaTope, yMeHblllaJI CBOIO aKTHB­

HOCTb. HeKOH.Uettc11pyeMb1e ra31,I YJlanSIIOTCSI B 

CHCTeMy cneu.seHTHJISI L(HH. 

cc 
«l 

~ 

4 

0 200 400 600 800 

PactJeTHbJH" aHanH3 no BepH<pHUlipOBaHHOH 

MO.U.CJIH pa60Tbl 3TOH CHCTeMbl TIOKa3aJI, '-1:TO B 

p.s1.ue CJiTYaU.HH uenecoo6pa3HO ee Hcnonb30Ba­

HHe )J,JISI 6onee 61,1cTporo c6poca ,uasnettIDI napa 

B peaKTope. TeM caMbIM yMeHblllaeTCR HCTe'-le­

HHe 80,LtSIHOro TCilJlOHOCHTeJISI '-1epe3 pa3pbIB 

1000 KOHrypa H yMeHbWaeTCSI sepORTHOCTb o6e3BO-

BpeMR, c )Kl18aHHR aKTHBHOH 30Hbl peaKTopa B 3anpoeKT-

HbIX asapHSl'X. Henocpe,llCTBCHHbie HCTibITaHJ,fj[ 
P11c. 5. ConocTaBJJeHHe 3KCnepHMeHTa.JlhHblX (□) H 
pac'leTHhlX (-) .naHHhlX .nmr .nas11eHJ1J1 B pe)lOIMe CHCTCMbl nOKa3aJIH ee pa6oTocnoco6HOCTb H 

BBO.na raJa no.n KpblillKY peaxTOpa OT o6eHX 6opHbIX Ha.ue)KHOCTb B o6ecne'-leHMH pa,u11au110HHOH 

CHCTeM BhICOKOfO .naBJleHJUJ 6e3onaCHOCTH. 
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4. CecTeMLI aeapeiiuoro OXJJIDK.Qeues peaKTopa 

no HCXO.llHOM)' npoeK1)' PY npeJzyCMaTJ)HB8JJCSI 0.llllli KaHaJJ no.lla'-lH B0,l),bl B perucrop, cno­

co6HE,IH 06ecnetU1BaTb pa6ozy PY npH HopMaJJLHOH 3KcruryaTaUHH H ee ttapymemu1x. PacqeTHbIH 

att8JJH3 nOKa38JJ, qTo ecmt npOHCXO,lJ,HT o6pb1B 3Toro C,lJ,HHCTBCHHOro -rpy6orrpOBO,l),a no,naqH IIHTa­

TCJlbHOH BO.llbl B peaKTop, TO npoeKTHbIC cpe.l).CTBa no.nnHTKH peaKTopa TCIIJIOHOCHTCJICM MOrJIH 

o6ecne'lHTb fIO.ll.lJ.Cp)KaHHe ypOBHJI BO.Ubl s ero Kopnyce TOJlbKO s TeqeHHe nepBblX MHttyr. )J;anee 

npH TaKOH asapHHHOH c1-1Tya1urn B03MO)Kff0 qaCTH'-IHOe oroneHHe aKTHBHOH JOH.bl C pa3repMeTH-

3aUHCH TB3J10B H BbIXO.llOM 3Hat{HTCJlbHOf0 KOJIH'1CCTBa pa.D.HOaKTHBHoro HO)la H .npynrx npOJzyK­

TOB ,l),CJICHIDI. B JIOK8JJH3yt0lUHC nOMClUCHHjf, ~ YMCHbWCHIDI. nocne)lCTBHH TaKOH asapHH C03)la­

Hbl )lBC HC3aBHCHMbIC CHCTCMbl, OCHOBaHHbie Ha pa3HbIX npHHI.J.Hnax )lCHCTBIDI. 

CucmeMa aKKyMyRupoeaHwi eoobl peaKmopa ( CABP) cocToHT H3 rn.npoeMK0CTH 061,eMOM 

20 M3, IlO)lKJIJOqeHHOH K peaKTopy H ero K0HT)'py. Pa6oTa CHCTeMbl OCH0BaHa Ha naccHBHbIX 

rrpHHUHnaX HCil0Jib30BaffHjf 3HeprHH B0)ll>I, Haxo.nsi:meHCSI B rH)lp0CMK0CTH npH TeMnepaTYPe Ha­

CbllUCHHSI,. H rH)lp0CTaTHt{CCKoro nepena.na ,l),aBJICHHSI MC)K.ll)' CMK0CTblO H peaKTopoM 3a ClleT pac­

fIOJI0)KCHHSI fH.llpOeMK0CTH Bblllie ypOBHJI BO}lbl B peaKTope. TipH CHIDKCHHH )laBJICHIDI WHJIH 

yp0BHJI TCfIJIOH0CHTCIDI B peaKTope BO}la H3 fHJlp0CMK0CTH BbITCCHJleTCSI B peaKTop BHaqane 3a 

C'-ICT rH}lpOCTaTHllCCKoro }laBJICHHSI, a npH rny60KOM CHH)KCHHH }laBJICHHJI B peaKTope 3a ClJeT na­

pa, Bbl)lCJIHBUierocH npH BCKHnaHHH HaCbllllCHHOH B0.llbl B rn.npoeMKOCTH. 

CucmeMa aeapuuHozo ox.1uD1eOeHWl peaKmopa (CAOP) npe,ncTaBmleT co6oH nHTaTCJibHbIH 

-rpy6orrpoBO)l C .llBYMH HacocaMH, HMCIOllU,fMH pa3JIW!Hbie H He3aBHCHMbie HCT0'lHHKH 3JlCKTJ)OilH­

TaHHSI. HacOCbl BKJIIOlJalOTCSI a pa6ory aBTOMaTHllCCKH no CHfH8JJaM o6pbIBa naTpy6Ka peaKTOpa H 

CHIDKCHIDI. yp0BHJI B0}lbl a K0prryce peaKTopa .no 15 %. 
3cl>cpeKTHBHOCTb pa60Tbl CHCTCM HJIJI10CT-

pHpyeT pHC. 6. PaccMaTJ)HBalOTCR aaapHH c ";ft 80 

60JibWHMH reqaMH, B K0T0pblX no CID'Hany A3 

cpa6aTbIBaeT A3 M T0JibKO O)lHa H3 CHCTCM no.n­

DHTKH peaKTopa. TipH 3T0M Ha CAOP pacnpo­

c-rpaHJ1eTcsi: npHHI.J.Hn e,nHHH1rnoro OTKaJa, T.e. 

npennonaraeTCR, trro m .nsyx nacocoa pa6orneT 

TOJlbKO 0.llHH. 

BHJlHO, trro nocne HaH6onee aKTHBHOH ct>a-

3bl HCTC'-ICHIDI. (3 .. .4 MHH) aKTHBHaSI 30Ha 6b1c,:­

po 38JJHBaeTCH B0.llOH. TipH 3TOM Ha nepBOH cpa3e 

npouecca CAOP c OTHOCHTeJlbHO xono)lHOH so-

.noii o6na)laeT 6onbWCH 3cpq>eKTHBHOCTblO, l{CM 

CABP c HacLIIUCHHhIM rennoHOCHTeneM. TaKHM 

o6pa30M, OCHOBblBaSICb Ha pa3nwIB.blX npHHUM­
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BpeMR, c 

nax ,neHCTBIDl, o6e CHCTCM.bl B3aHMHO .llOITOJIHJI- 0 100 200 300 400 
JOT npyr .npyra. TipH 3TOM CABP HCITOJib3YeTCSI P11c. 6. M3MeHeHHe o6beMa ao.zu,1 e aXTHBHoj:l 30He a 

KaK CHCTeMa orpaHHt{eHHoro no BpeMeHH .lleH- pe)l(}fMax 60JJblllOH Teem npH pa6oTe CABP (I) H 

CTBIDI., a CAOP KaK cHcreMa )lJIHTeJI.bHoro ACH- CAOP (2) 
CTBIDI.. 

3aKJUO'leHHe 

Tipe}lCTaBJICHbI OCHOBHble pe3yJibTaTI,I pa3pa6oTKH CHCTCM 6eJonaCHOCTH peaKTopa BK-50, 

npe,lJ,HaJHaqeHHbIX )lJI.!I 3alUHTbl ycTaHOBKH B pe)KHMax C pa3repMCTH3auHeH l KOHTypa H noTepeH 

TenJIOHOCHTCJISI. 3cpcpeKTHBHOCTb CHCT CM OCHOBaHa Ha HCIT0Jib30BaHHH BttyTpeHHHX CBOHCTB 

6e3onacHOCTH, TaKHX KaK scepe)KHMHaSI CCTCCTBCHHaSI UHPKYJIHUH.!I TCilJI0H0CHTCIDI, 0TJ)HUaTCJib­

HbIC o6paTHblC CB.!13H H CB.Sl3aHHbIC C 3THM caMoperynHpOBaHHC H caM0OrpaHHlleHHe M0IUHOCTH, 

OTH0CHTCJibHO HH3KaSI 3HeproHanp.Sl)l(CHHOCTb aKTHBHOH 30Hbl. 

27 



Pacl.!eTHlUI oueHKa 3cp<peKTHBHOCTH CHCTeM 6e3onaCHOCTH 0CH0BaHa Ha MaTeMaTHl.!eCKOH M0-

.n.enH, pa3pa6oTaHHOH Ha 6a3e TeTUioni.n.paBJIHl.!ecKoro Ko.n.a yny1rn1eHHOH oueHKH 

RELAP5/MOD3 .2. BepH<pHKaua.si: Mo.n.en11 ocymecTBneHa Ha ocHoBe HHTerpam,HhIX 3KcnepHMett­

T0B Ha ycTaH0BKe, B K0T0pbrx HCCJie,n.0BaJIHCb KaK caMH CHCTeMbl 6e3onacHOCTH, TaK H HaH6onee 

cpytt.n.aMeHTaJibHble CTaTWieCKHe H JJ,HHaMWieCKHe xapaKTepHCTHKH ycTaH0BKH. 

BhmOJIHeHHblH K0MJUieKC pa6oT no n0BbITlleHHIO TeXHH"tJeCKOH 6e3onaCHOCTH H paCl.leTH0-

MeT0JJ.Hl.!eCK0M}' o60CHOBaHHlO 6e3onaCHOCTH no3B0JTHJI np0.D.JIHTb cpoK 3KCJUIYaTauHH ycTaH0BKH 

H coxpaHHTb ee KaK 6a3y .n.11.si: Jl.aJlbHeHllJHX Hccne.n.osaHHH B o6naCTH npoeKTHp0BaHIDI H C03,n.amfJI 

A3C C KHllill.l.UfM peaKT0p0M MaJlOH M0UJ.H0CTH. 

433510, 2. /.(UMutnp06Zpao Y llbJl1106CKOU o6fl. ; KOHmGKnlHble me.rz. : 8(84235)6-56-64, 6-53-57 
(p.); E-mail: ovs@niiar.ru 
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y~ 621.039.524.4-97.519.86 
OnLIT npHMeneum1 TenJion-1.u;paBJJH11ecKoro Ko,u;a RELAP5/MOD3.2 

,llJIH M0.lleJIHp0BaHHH CTaTH'leCKHX H ,llHHaMHIJeCKHX pe,KHM0B 
Kopnycuoro KHnHi.nero peaKTopa BK-50 

H.H. Ce,,1uoou,Kuu, <l>rYTI " fl-ill; P<l> HMMAP", 433510, r. ,ll;HMHTPOBrpa,n.-10 YJJbJIHOBCKOH o6n. 

TeOJJorHJ1paBJJHl'lec1ori1 KOJl RELAP5/MOD3.2 JIBJJJleTCJI ocHosoi1 MaTeMaTH1'!eCKOH Mo,u.emt peaKTo­
pa BK-50, npHMeHJ1BUiei1cJ1 .llJJJI pac'leTttoro 06ocH0BaHID1 6eJonacttocTH 3Toro peaKTopa. TTpencTaenem,1 
pe3ynhTaTbl eepwqrnxamrn MOJienH C HCITOJJh30BaHHeM JJ.aHID,lX no pa60'-IHM H 3KCnepHMeHTaJU,HbIM pe­
)l(HMaM peanopa. no pe3y1IhTaTaM amuuna 3KcnepHMeHTaJJhHblX naHHhrx H Kpocc-eepmpmcar.n,rn MOAe­
nei1 naporeHepttpyJOmero xattana Ha octtose KOJJ.OB RELAP5/MOD3.2, KOPCAPNI ycTaHOBneHbr ttexo­
TOpbie oco6eH.HOCTH pa3pa6aTbrnaeMblX Ha 6aJe KOJJ.a RELAP5/MOD3.2 MOJ).enei1. 

EXPERIENCE IN APPLICATION OF THE RELAP5/MOD3.2 HEAT-HYDRAULIC COM­
PUTER CODE TO SIMULATE STATIC AND DYNAMIC REGIMS OF THE VESSEL-TYPE 
BOILING WATER REACTOR VK-50. I.I. SEMIDOTSKY. The thermal-hydraulic computer code 
RELAP5/MOD3.2 is the basis of the boiling water reactor VK-50 mathematical model. The results of 
mathematical model validation are presented using data on operation and experimental conditions of the 
reactor. A cross-validation of the steam generating channel models is being made on the basis of RE­
LAP5/MOD3.2, KORSAR/V I. Some specific characteristics of the developed RELAP5/MOD3.2 based 
models have been found . 
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~u1. Hccne.nosamu1 6eJonacHOCTH .llKHaMWiecKHX pe)KHMOB Kopnycttoro KHn.S1w.ero peaicropa 
BK-50 a octtosttoM 11cnoJibJ)'IOT Tennorn.upasm-rl.feCKHH KO.LI. RELAP5/MOD3.2 [I]. 3To o6ycnos­
netto OTCYJ'CTBHeM Ha MOMeHT BbJnOJIHeHIDI. OCHOBHhIX pa60T no o6ocHOBaHHfO 6eJonaCHOCTH JTOH 
ycTaHOBKH OTel.feCTBeHHOro KO.LI.a, HMefOw.ero TaK.He )Ke B03MO)KH0CTH, l.fTO H KO.LI. RELAPS [2]. 

KoppeKTHOCTb pacl.feTHblX HCCJie.nosaIDIH no 6e3onacHOCTH oueHHBanH H nO,llTBep)KJ];aJIH 
sepHCpHKauueH pacl.feTHOH Mo.nemt Ha o6mHpHOM 3KCnepHMeHTaJibHOM MaTepHane no CTaTHlfe­
CKHM [3 , 4] H J(HHaMHl.feCKHM [5] xapaKTepHCTHKaM PY BK-50, HaKonJieHHOM 3a J(JIHTeJlbHbIH 
nepHO.ll ee 3KCilJiyaTaUHH. B TO speWl KaK peJyJibTan,I .sepHcpHKaUHl1 no CTaTHl.feCKHM xapaKTe­
pHCTHKaM "MOll{HOCTb peaKTopa - CKOpOCTb ecTeCTBeHHOH UHPKYJUII~lUI" H "MOinttOCTb peaKTO­
pa - J(aBJieHHe" 6LrnH YAOBJieTBOpHTeJibHblMH, paCl.feT .llHH8MHl.feCKKX pe)KHMOB Tpe6osan crre­
UHaJibHOH KOppeKTHpOBKH MO,lleJIH naposoro 3cpq>eKTa peaKTHBHOCTH. 

,lvIJI KOJlwteCTBeHHOro H Kal.feCTseHHoro o6"bj{CHeHIDI oco6eHHOCTeH Mo,neJlH l<OJ(a RE­
LAP5/MOD3 .2 HcnoJih30BanH KpoccsepHq>HKamno, )Uljl qero npHMeIDUIH oreqecrneHH.Lrn KO.ll 
KOPCAPNI (neps~ 6aJos~ sepcffj{) [6]. nocKOJibKY s JTOH sepcHH 1<0.L(a KOPCAP s OTJIH4He 
OT KO)J.a RELAP OTCYTCT5yeT cneuHanH3HpOBaHHajl MO,neJib )Uljl OITHCaHHji o6nacrn nepeJIHBa Te­
nJIOHOCHTem1 (Mo.L(eJlb SEPARATOR cenapaTopa [I]), KpoccsepHq>HKauIDI KO.!J.OB RELAP H 

KOPCAP ocymecTsnetta TOJILKO .nJijl MO)J.eJieH aKTHBHOH JOHl>I. 
HecMOTpji Ha YKa3attHoe orpaHKl.femte, pe3yJILTaThl KpoccsepHq>HKaUKH BeCbMa HHq>OpMaTHBHbl. 

OHH ,nafOT B03MO)KHOCTh ITOmlTb Te MeXaHH3MbJ, KOTOpble onpe.L(eJlj!IQT oco6eHHOCTH 4J,tCJieHHoro 
Cl.feTa no Koey RELAP5/MOD3.2 B3aHMOCB.Sl3fillHl>IX renJiorn.upaBJlHl.fecKHX H MepHLIX npoueccos s 
PY BK-50. KpoMe roro, omt noJBOJij{fOT oueHHTh rrepcneKTHBY HCTTOJib30BfillIDI ycosepmeHCTBOBatt­
HLIX sepcHH KOAa KOPCAP )Ulj! MOAeJIHpDBaHHji peaKTOpos THna BK-50. no JTHM rrpH4}1HaM OIIhIT 
rrpHMeHeHIDI. KOAa RELAP5/MOD3 .2 onHcatt s .llaHHOH pa6ore, Hal.fHH~ c pe3yJioTilTOB KpoccsepH­
q>mc~. 

1. Pac11ernaH Mo.nenL .llJlH KpoccsepncJ>11Kauun 

Octtosy pacl.feTHOH MOAeJlH PY BK-50, pac­
cMaTpHBaeMoH s J(aHHOH pa6oTe, COCTaBJljleT MO­
J(eJib rraporeHepHpyiomero Kattana (TBC), rrpeA­
CTaBJljlfOI.Qero aKTHBHYfO 30HY peaicropa c Ja.Uatt­
HhIMH rpaHWiHI>IMH ycJIOBffj{MH Ha ee sxo.ne H Bbl­
xo.ne (pHc. 1). 

no BhICOTe naporeaepHpYJOW.HH Kattan pa36H­
sairn Ha 20 yqacTKOB, KOTOpble npe,llCTaBJlj{fOT TOIJ­
JlHBttyfO qacTb H HMefOT O)J;HHaKOBYfO MHtty. npH 
TaKOM Bbl6ope pacqeTHOH cxeMbI o6ecnetfHBaeTCji 
HJ(eHTHtfHOCTb rrpocrpaHCTBeHHOH CeTKH Me)K.LJ.y 
TenJIOrHJ(paBJIH4eCK.HMH MO.LJ.eJijjMH H MO)J.eJIHMH 

Ko,ua El1IIP-K [7], HcnoJio3yeMoro _nJljl pacl.feTa 
nonei:f JtteproBhtAeJieHHjj H napaMeTpOB o6paTHbIX 
CB$13eH. 

.nnjj aHaJIH3a Bb16patt pa60l{Jffl pe)KHM ycTaHOB­

KH BK-50, peanH30BaHHblH s JKcnepHMeHTax no Hc­
cne.uosaHHfO ee .l{HHaMWiecKHX xapaKTepHCTHK. Pe­
)KJ,fM ey6rruposaJIH JJ.ec.KTKH pa3 s reqemte sceif npo­
rpaMMbI npose.L(effffj{ 3KCnepHMeHTOB, H noJTOMY 
TaKHe ero xapaKTepHCTHKH, KaK ycTOHllHBOCTb H 
BOcnpOH3B0,llHMOCTb, onpe.L(eneHLI .llOCTaTOl{HO 
Ha}le)KHO. 
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PMc. 1. Ho.murnJaUHOHHrut cxeMa naporeHepM­
P}'lOUlero KaHana .wu1 Ko,n:oa RELAP5/MOD3.2 
(a) H KOPCAPNI (6): TV - "TIME DEPEN­
DENT VOLUME"; J - "SINGULAR JUNC­
TION"; P - "PrPE"; TJ - "TIME DEPENDENT 
JUNCTION"; "BVOL_T'' - Ja,n:aHHM rpaHJ,flI­

HaR ~emca; "CH" - KaHan; "SMASS _ T" - Ja-
11,am-n,m MCTO'-IHI-lK Macchi; "BLJUN'' - Henpo­
H.HuaeMoe coe.mrneHlfe; ~ - TeilJlOBhle c-rpyK­
TYPhl, Onl-lChIBaJOUlHe TB3IThl 
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2. rn.llpaBJJHlfecKaH ueycroii'IHBOCTb paclfeTHbIX MO,lleJJeii aaporeuepupyrow;eroro KanaJJa 

PaCCMOTf)eHbl pe3y11bTaTbl pac'ieTa ycTaHOBHBwerOCSI COCTOHHIDI naporeHepHp)'lOmero KaHa­

JJa npM <trn:KCHpOBaHHbfX rpaHH'-IHblX H Ha<UlJibHbfX ycJlOBIDIX. Pacxo)J. H TeMneparypa He,norpesa 

TeITJ10HOCHTem1 Ha BXO)J.e B KaHan, ,naBJJeHHe napa Ha BbfXO,lle H3 Hero, a TaJOKe JlOKaJibHOe 3Hepro­

Bbl,llenemte 3a)J.aHbl nOCTOSIHHblMH. H He3aBHCSlmHMH OT speMeHH. 

Ha puc. 2 npuse,neHbI pe3y11r,TaTbI pacl.feTa JJOKaJlbHOro napoco,nep)l(amu:1 Ha pa311H'IHbIX BbI­

COTHblX OTMeTKax, a TaK)l(e ,naHHble, no11yl.feHHbJe no KOppeJIHl{HH MnponOJlbCKoro [8] ,llJlH npo­

CKa.Jlh3bIBaHHjl napa: 

34 8 d0,25 V 1/6 p 
R = l + ' r 

8 (1 - -) , (J ) 
Wu PKfl 

r.ue R - K03cpcpHU,MeHT CKOJlb)l(eHlUI cpa3, 0TH. e.n..; dr - rn.upaBJlH.lfeCKHH .L{HaMeTp Kattana, M; Va -

KHHeMant.'ieCKM BH3KOCTb BO.Uhl, M
2
/c; Wu - CKOpOCTh ecTeCTBeHHOH UHpKymuHH, Mic; p - .L{aBne­

HJ,Je s KaHaJJe, Mila; P Kp - KpHTHl{eCKOe ,llaBJleHMe (22,07 MI1a). 

3ry KOppeJJHl{H.10 HCnOJ1h30BaJJH B MeTO,llHKe aHaJ1H3a YCTOHl{HBOCTH KOpnycHoro KHTUIII{ero 

peaKTopa [8], sepHq:>HU,HpOBaHHOH Ha o6wHpHOM 3KCnepHMeHTa.JlhHOM MaTepHane, nony'ieHHOM 

Ha PY BK-50. B Bblpa)l(eHHH (1) K03q:>q:>HU,HeHT CKOJlb)l(eIDf.Sl cpa3 3aBHCHT OT cpe,llHHX 3Ha'ieHHH 

napaMeTpOB s o6beMe KaHaJIOB 11 CJIY)l(HT HHTerpaJibHOH xapaKTepHCTHKOH HCCJle.L{yeMoro pe)l(H­

Ma. B paccMaTpHBaeMOM pe)l(HMe no KOppeJIHl{HH MHpOnOJlbCKOro K03cpcpHUHeHT CK0Jlb)l(eHMSI 

R = 1,9. 
,lvrn oueHKJ,f pacnpe,nenettHH .D.pyrnx napaMeTp0B .L{Byxq:>aJHOro Il0T0Ka HCnOJI.b30BaJIH CB5l3h 

K03q:>q:>Hl{HeHTa CKOJTb)l(eHIDI q:>a3, o6beMHOro napoco)J.ep)l(aHIDr (j> H MaCCOBoro paCXO.L{H0ro 

napoco.n.ep)l(aHIDI X: 
1 

<p = ------ ' (2) 
1 + R(p I Ip g )(] - X) IX 

r)J.e PJ, pg - nJIOTHOCTb BO)J.bl H napa, COOTBeTCTBeHH0. 

C yqeTOM 3cpcpeKTOB nosepXH0CTH0ro KMneHHH Ha cpaBHHTeJibH0 He60JlhWOM 3KOHOMaH3ep­

H0M y4aCTKe Maccosoe paCXO.L{H0e napoco)lep)l(aHHe B 3aBHCHMOCTH (2) MO)l(HO 3aMeHIITb Ha 6a­

JiaHCH0e napoco.uep>KaHHe: 

X=( VI,.+ IQ,dl/G.)l· (3) 

~ 
:c 
l3 
Q) 

~ 
'° :E 
0. 
<I) 
o:::( 
0 u 
0 
0. 

'° C: 

r,ue V] ax - He,norpeB TeruI0H0CHTem ,U0 COCT05l­

HH5l HaCbIIU,eHHH Ha BXO.n;e B Kattan; Q, - JlHHeH­

HM ITJlOTH0CTb TeITJI0BOro ITOT0Ka; H - BblCOTa 

30Hbr; r - TennoTa napoo6paJOBaHHS1; Gu - pac­

xo.n: TennoHocHTeJISI qepe3 Kattan. 

I-fa pHc. 2 BH.llH0, 4T0 pacnpe.n;eneHHe napo­

COAep>KaHIDI no BbICOTe KaHana .um cpMKCHpO­

Ba1-rnoro nOAA 3HeproBbI,lleJieHHjl no COOTHOWe­

HH.sIM (1) ... (3) H no Ko,ny KOPCAP npe,ncTaBAA-

0 0,5 1,5 2 eT ycTOHlfHBhie CTal{HOHapHbie perneHHJl no 

PHc. 2. Pacrrpe.D.eneHHe o6beMHoro napoco,D.ep)Ka- sceu BbICOTe Ka.Hana. Tio KO,lly RELAP napoco­

mu1 no BbICOTe TOIIJIHBHOH qacTH KaHana: orn6aio- ,nep)l(aHHe C cepe,umn,1 aKTHBHOH 30Hhl yMeHb­

WHe KOJJe6aHHH Ha qacTOTe OCHOBHOro pe30HaHca waeTCJl (pnc. 2). O6naCTM BbIWe 3TOH 0TMeTKH 

(□) H ycpe.n:ReHHoe no apeMeHH napoco.ZJ.ep)KaHHe, rn.n:pasm14ecKM tteycTOH4llBbl. B HHX 061,eMHoe 

IIOJJytTeHH0e no KOD:aM RELAP5/MOD3.2 (-), napOCOAep)l(aHHe KOJJe6mrrc.H, aMrurnry.n.a KOJie-

KOPCAP (.6.) 11 no q>OpM)'JJaM (1) ... (3) (0 ) 6aHHH C0CTaBJTJleT .n.ecSITKM rrpoueHT0B. 
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8 pe3yJlbTaTe attam13a n0Ka38H0, 4T0 Half-

6onee sepoHHrui npHqJrna OTMe'-leHHOH rn.upas­

JlH4ecKoH HeycTOH"lIBBOCTH paC'-leTa ITO KO.UY 

RELAP - pe3KHH poCT K03<pq>HqHeHTa CK0J1b­

)KeH1-u1 cpa3 (pHC. 3) npH nepexo.ue Ha BbICOTHOH 

0TMeTKe 1 M OT CHap.sr,nHoro (n.srTE,lH pe)KHM Te-

4eHHJI B K0,Ue RELAP) K .UHCnepcH0-K0JlbUe­

B0MY pe)KHM)' Te4eHIDI (wecTOH pe)KHM). 

8 3T0M cny4ae B03HHKaeT CHJThHaJI 0TpH­

uaTeJibHaJI o6paTHaJI CB.sI3b Me)K)zy 061,eMHblM 

ITapoco.uep)KaHHeM H CK0p0CTblO napOBOH cpa-

3bl. C pocToM napoco.uep)KaHH.sr pe)KlfM re1.Je­

m,u1 H3Mett.sreTC.sI C llilT0ro Ha wecTOH, H yseJIH-

4HBaeTC.sI CK0p0CTb 0TT0Ka napa H3 .uaHHOH 06-

i::i 6 u 
:r 
I-
0 
uft 4 
~ 
Cd 
cc 
Ji 2 

i 
H , M :,:: 

(J 
0 
0. 0 t: 0,5 1 1,5 2 

PHc. 3. Pacnpe.n.eneHHe K03QJ<j)HUHettra CKOm.>KeHIDI 
cf>aJ no BblCOTe TOnJlHBHOH qacTH KaHana: no K0.u;y 
RELAP5/MOD3.2 (□), ycpe.n.HeHHbie no speMeHH 
3HaqeHHJ1; no Ko.u;y KOPCAP (M 

naCTH. IIpH 3T0M CHlf)KaeTC.sr Jl0KaJlbH0e napoco.n.ep)K8HHe H ocymeCTBJl.sieTC.sI o6paTHbIH nepe­

xo.u c mecToro pe)KHMa Ha nj!'Tl>JH. TaKHM o6pa3oM, Ha 4acT0Te octtosttoro pe3oHattca Ha6mo.ua­

eTCjJ MexaHH3M HeycTOH1UtB0CTH, HMelOlUHH .sIBH0 HCKYCCTBeHHblH xapaKTep. 

IIpH IT0BbUUeHH0M 0TT0Ke napa Ha rpaHHa;e rn.n.paBJ1H1.JeCKOH HeyCTOHlflIBOCTH ycpe)lHeH­

H0e ITO BpeMeHH o6beMHOe napoco.uep)K8HHe TaK)Ke CMemaeTC.sI B CT0poay MeHbIIIHX 3Ha4eHHH. 

B pe3ynbTaTe tta6nio.uaeMrui HeycTOHI.JHB0CTb Bbl3bIBaeT HCKa)KeHHe ITapaMeTp0B pacnpe.ueneHIDI 

.usyxcpa3H0f0 Il0T0Ka TenJl0H0CHTeJlJI B WHp0K0M qacT0TH0M .UHana30He. Cne,D;CTBHeM 3TOro 

jJBJlJleTC.sI CHCTeMaTHl.JeCK0e pacxo~em-1e pacl.JeTHblX H 3KcnepHMeHTaJlbHblX .D,aHHblX JUUi Ofrb­

eMHoro napoco.n.ep)KaHHJI Ha Bbrxo.ue TBC PY BK-50 (pHc. 4), oTMeqeHHoe asTopaMH pa6oTbr [9]. 
Bap1,faQHOHHble pacl.feTbl TT0Ka3b!BaIOT, 4T0 Ha6mo.uaeMoe KaqecTBeHH0e pa3JIHl£He B pe3yJib­

TaTaX paC4eTa no pa3.Jilf1.JHblM K0,D.aM (pHc. 2) HC'lfe3aeT npH n0Bbllllemnt M0II(H0CTH TBC B pacqe­

Te no KO.UY KOPCAP Ha 60 %. O.n.HaKo TaKow np1-1pocT M0II(H0CTH cooTBeTCTBYeT Bbixo.uy 3a pe­

aJlbttyIO rpaHHQY pe30HaHCHOH tteycTOH1:lHBOCTH B paccMaTp1rnaeM0M pe)KHMe. Mcxo.u..sr H3 3Toro 

HeJib3jJ CKa3aTb, 4T0 pe3yJibTaTbl KpoccsepH<pHICa.I.(HH KO.UCB 0TP8)KaIOT JlHIIlb K0J1H4eCTBeHHb1e 

pa3JlH'lfHJI. 0TMe4eHHble pa3JlH1.JH.sI .sIBJlR.JOTCjJ Ka4eCTBeHHbIMH, 4T0 ITpo.srsn.sr.eTc.sr, B 43CTH0CTH, B 

pa3J1H4HOH 4YBCTBHTeJ1bH0CTH .UHHaMHl.JeCKHX xaparcrepHCTHK HCCne.uyeMblX Mo.uenew K 4HCJIY 

K0HTp0JibHblX o6beMOB, K0T0pblMH 0ilHCh!BaeTC.sr naporettepHpJlOII(HH Kattan. 

B KaqecTBe HJ1JilOCTp3UHH Ha pHC. 5 npHBe.D;eHbI pe3yJlbTaTbl pacqeTa nepeXO.UHOH xaparcre­

pHCTHKH OT TeMneparypbl TeTIJl0H0CHTeJlJI Ha sxo.u.e B Kattan (MrHOBeHHOe YMeru,rneHHe TeMnepa-

::r: 
l­o 

r 
:r 
(J 
Cd 

• -• 
5 0,4 +-----l'-------l------1 
u 
:s: 
::r: 
Cd 
:E 
0.. 
g 
0 
(.) 

0 
0. 
Cd 
t: 0,2 0,4 0,6 0,8 
Ilapoco,nep>Kamte (3KcnepHMeHT), OTH. en;. 

PHC. 4. ,[(HarpaMMa pa36poca pacqeTHblX 
H 3KCnepHMeHTa.JlbHbIX .naHHblX AJTH 060-
eMHOfO napoco.n.ep>KaHIDI Ha BbrXOJle Ten­
JTOBh1,neJU110w,eii c6opKH PY BK-50 

2 3 4 
BpeMjJ, c 

PHc. 5. IlepexoJJ;H~ xapaKTepHCTHKa MOJ(eJIJi naporeuepH­
pyiomero Kattana Ko.n.a KOPCAP AJTJI MrHoseuttoro yMeHbme­
HHH TeMneparypbI 80)1.bl Ha sxo.n.e B Kattan Ra I °C B 3aBHCH­
MOCTH OT qHCJTa K0ffTPOJTbHbfX 06'beMOB (KOJIHtleCTBO TTOMeqe­
RO l{HCJlaMH Ha pHCYHKe) 
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2. ru.llpaeJrnttecKaB ueycroii11ueocTb pactteTHblX MO,lleJieii naporeuepupyromeroro KanaJia 

PaCCMO'rpeHbl pe3y11bTaTbl paC'4eTa ycTaHOBHBWerocsi: COCTO.SHfiUI naporeHepHpy10mero KaHa-

11a npH q>HKCHpOBaHHbfX rpaHH''IHblX H Ha4aJibHbfX ycJlOBHSIX. Pacxo,ll, H TeMneparypa He,ll,orpesa 

TeITJlOHOCHTemr Ha BXO,ll,e B Kattan, )laBJleHHe napa Ha BbfX0)le H3 Hero, a TaJOKe JlOKaJibHOe 3Hepro­

Bbl)leJ1eHHe 3a)laHhl ITOCTOSUillblMH H He3aBHC1lmHMH OT speMeHH. 

Ha pHC. 2 npirne)leHbl pe3y11bTaTbl pac'4eTa JlOKanhHOro napoco.n:ep)KaHIDI Ha J)a.3JIH'lHb[X Bbl­

COTHblX OTMeTKax, a TaK)Ke .naHHhie, nonylfeHHble no KOppellSILJ.llH MHpOnOJibCKOro [8] JJ:1111 npo­

CKaJih3hIBaHIDI napa: 

34 8 d 0
•
25 

V 
116 p 

R = I + ' r a (1 - -) , ( 1 ) 
Wu P...,11 

r.ne R - K03q>q>HI.J,HeHT CKOJlb)KeHIDI cpa3, 0TH. e.n.; dr - rH)lpaBJIHqecKHH JlHaMeTp Kattana, M; Va -

KHHeMaTHqeCK811 B113KOCTb BOJlbl, M
2
/c; Wu - CKOJ)OCTb ecTeCTBeHHOH U.HPKYJUIU.HH, Mic; p - )laBne­

HHe s Kattane, Mila; P Kp - KJ)HTH'leCKOe .n:aimeHHe (22,07 MIIa). 

3ry KoppeJIHL{HIO HCilOJlb3OBaJIH B MeTO,ll,HKe attanH3a YCTOH'-IHBOCTH KOpnycttoro KHTIS1mero 

peaKTopa [8], sepHq>Hl.J,HJ)OBaHHOH. Ha o6umpHOM 3KCrrepHMeHTil.JibHOM MaTepHane, nonyqeHHOM 

Ha PY BK-50. B Bhlp8)Kemrn (1) K03q>q>HU.HeHT CKOJlb)KeHIDr cpa3 3aBHCHT OT cpe.QHHX 3HaqeHHH. 

napaMeTJ)OB B o6beMe KaHaJIOB H CJlY)KHT HHTerpanbHOH xapaKTepHCTHKOH HCCJleeyeMoro pe)KJ,f­

Ma. B paccMaTJ)HBaeMOM pe)KHMe no KOppellHW{H MHpOnOJJbCKOro K03Q>Q>HU.HeHT CKOJlb)KeHHH 

R = 1,9 . 
.Z:Vrn oueHKH pacnpe.nenemrn .npyrHX napaMeTpOB JJ:Byxq>aJHOro IlOTOKa HCnOJJb3OBanH CBH3b 

K03q>q>Hl.{HeHTa CKOJTb)KeHIDI cpa3, 06-heMHoro napoco.D.ep)KaHJ.UI cp H Maccosoro pacxo}U{oro 

napoco.nep)KaHIDI X: 
1 

cp = ------ ' (2) 
1 + R(p I Ip g )(1 - X) IX 

r,ll,e Pr, pg - ITJlOTHOCTb BO,ll,bl H napa, COOTBeTCTBeHHO. 

C Y4eTOM 3cpq>eKTOB noBepXHOCTHOfO KHnemrn Ha cpaBHHTeJJbHO He60JlbWOM 3KOHOMaH.3ep­

HOM y4aCTKe Maccosoe pacXO,ll,HOe napoco,ll,ep)KaHHe B 3aBHCHMOCTH (2) MO)KHO 3aMeIDITb Ha 6a­

Jl8HCHOe napoco.nep)KaHHe: 

X=( VJ"+ I{Zdl/G,)/r, (3) 

~ 
:I: 

b 
af 
:s: 
:I: 
co 
:E 
C. 
Q) 
c:( 
0 u 
0 
C. 
co 
c; 

r.ne 'v Jax - He,n:orpes TeITJlOHOCHTeJUI ,ll,0 COCT0$1-

HHSI HaCbIIIJ.eHHSI Ha BXO)le B Kattan; Qi - JlHHeH­

H811 IlJIOTHOCTb TeITJiosoro noToKa; fl - BbICOTa 

30Hhr; r - TeITJTOTa rrapoo6paJOBaHJ.U1; Gu - pac­

XO,ll, TeilJIOHOCHTeJIH qepe3 Kattan. 

}fa pHc. 2 BH,ll,HO, 'ITO pacnpe,ll,eneHHe napo­

co.n:ep)KattIDI no BbICOTe KaHana .lUUl q>HKCHpO­

BaHHOfO IlOAA 3HeprOBbI)leJieHHjl no COOTHOWe­

HHSIM (1) .. . (3) H no K0.D.Y KOPCAP npe.ncrnsAA-

0 0,5 1,5 2 eT ycTOH.lfHBble CTal..{HOHapHbie peweHIDI no 

PHc. 2. Pacnpe.11.eneHHe o6beMHoro napoco.11.ep)Ka- scei:1 BhICOTe Kattana. Tio KOJJ.Y RELAP napoco­
HHH no BbICOTe TOnnHBHOH qaCTH KaHana: orn6ruo- ,ll,ep)KaHHe C cepe,ll,HHbl aKTHBHOH 30Hhl yMeHb­

lUHe Kone6aHHH Ha t.JaCTOTe OCHOBHOro pe30H8HCa waeTCSI (pHC. 2). O6naCTH BbIWe 3TOH OTMeTKH 

(□) H ycpe11aeHHoe no speMeHH napoco.11.ep)KaHHe, nmpas.1TIP-1ecKH tteycT0H.lfHBbl. B HHX 061,eMHoe 

nonyqeHHoe no KOllaM RELAP5/MOD3.2 (-), napoco.nep)KaHH.e Kone6neTc.H, aMrurnry.ua KoJie-

KOPCAP (~) H no q>OpAfYnaM (1) ... (3) ( 0 ) 6aHHH. C0CTaBJljleT .necRTKH npoueHTOB. 
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8 pe3yJlbTaTe attamna n0Ka3aHo, Y.TO HaH-

6011ee sepoRTHaJI np.wrntta OTMeY.eHHOH nt)].pas­

JIHY.ecKOH HeycTOWIBBOCTH paCY.eTa no KOJlY 

RELAP - pe3KHH pocT K03<pcfnn.(HettTa CKOJlb­

)KeHHR <pa3 (pHC. 3) npH nepexo,]].e Ha BbICOTHOH 

OTMeTKe I M OT CHap.H,]].HOfO (n.HTblH pe)KHM Te­

Y.emur B K0Jle RELAP) K JlHCnepcH0-K0JlbU.e­

BOMY pe~ TeY.eHIDI (rueCTOH pe)KHM). 

8 3TOM cnyt.Jae B03HHKaeT CR/TbHaJI 0TpH­

u,aTeJibHa.H o6paTHaJI. CBX3£, Me)KJ.ly 061,eMHbIM 

napoco.uep)KaHHeM H CKOpOCTblO nap0BOH cpa-

3bl. C poCT0M napOC0Jlep)KaHHH pe)KHM TeY.e­

IDfj{ H3MeHReTCR: C llilTOro Ha weCTOH, H yseJJH­

Y.HBaeTCR: CKOpOCTb OTT0Ka napa H3 ,n;aHHOH 06-

l:i 6 0 

:.c 
f-
0 
oft 4 
~ 
Cd 
c:c 
:a 2 

i 
H,M :.: u 

0 
a. 0 c:: 0,5 1,5 2 

PHc. 3. Pacrrpe,lleJJeHHe K03<p<pmrneura CKOJib)KeHHR 
<pa3 no BblCOTe TOOJIHBHOH qacTH KaHana: no KO.ll}' 
RELAP5/MOD3.2 (□), ycpe.llHeHHbie no epeMeHH 
JHal!eHHR; no KO.llY KOPCAP (~) 

JJaCTH. IlpH 3T0M CHH)KaeTCR JlOKanbHOe napoco.uep)KaHHe H ocymecTBmleTCX o6paTHblH nepe­

X0Jl C meCT0fO pe)KHMa Ha nXTblH. TaKHM o6pa30M, Ha Y.aCT0Te OCH0BH0ro pe30HaHca Ha6mo.na­

eTCH MexaHH3M HeycTOHY.HBOCTH, HMelOlllHH .HBH0 HCKYCCTBeHHbIH xapaKTep. 

IlpH n0BbIWeHH0M 0TT0Ke rrapa Ha rpattmi:e rn.upaBJlJ,JY.eCK0H HeycTOH'IBBOCTH ycpeJ{HeH­

H0e no speMeHH o6beMHOe napoco.rcep)KaHHe TaK)Ke CMemaeTC.H B CT0p0tty MeHbmHX 3HaY.eHHH. 

B pe3yJihTaTe Ha6n10.uaeMaJ1 HeycT0HY.HB0CTb BbI3bIBaeT HCKIDKeHHe napaMeTp0B pacnpe,neJieHHR 

JlByx<pa3Horo IT0T0Ka Teilll0H0CHTeJUI B WHpOK0M Y.aCT0TH0M )].Hana30He. CJJeJ{CTBHeM 3Toro 

HBJUleTCR: CHCTeManfY.eCK0e paCX0)KJ.leHHe pact.JeTHblX H 3KCnepHMeHTaJlbHblX J{aHHbTX .[(JUI 061,­

eMH0r0 napoC0Jlep)KaHIDI Ha BbIX0JJ.e TBC PY BK-50 (pHc. 4), oTMeY.eHHoe aBT0paMH pa6oTbr [9]. 
BapHau.HOHHbie pacY.eTbl ITOKa3blBalOT, Y.T0 tta6JIIOJ{aeMoe KaY.eCTBeHH0e pa311HY.He B pe3yJib­

TaTaX pacqeTa no pa31IHY.HbfM K0)].aM (pHC. 2) HCY.e3aeT npH Il0Bbilllemrn MOII{H0CTH TBC B pacqe­

Te no Ko.ny KOPCAP Ha 60 %. O,nttaKO TaKoH np11pocT M0inH0CTH cooTseTcTByeT Bbixo.ny 3a pe­

anbtty10 rpamuzy pe30HaHCHOH tteycTOHY.HBOCTH B paccMaTpl•1BaeMOM pe)KHMe. J1CXOJlR: H3 3Toro 

HeJib3.H CKa3aTb, Y.T0 pe3yJibTaTbl KpoccsepH<pHKau.HH K0.l].0B 0Tpa)KalOT mom, K0JlHY.eCTBeHHble 

pa3J1Hl{Hjj. OTMeY.eHHbJe pa3J1Hl.f.H_jl ,HBJljl}OTC.H KaY.ecTBeHHblMH, 4T0 np0.HBJlJleTCR:, B l.faCTH0CTH, B 

pa3J1HY.HOH l.f.YBCTBHTeJlbH0CTH )],HHaMHY.eCKHX xapaKTepHCTHK HCCJJe.nyeMblX MOJ{eJleH K Y.Hcny 

K0HTp0JlbHbIX 061,eMOB, K0TOpbIMH OITHCblBaeTCX naporettepHpYJOIII:HH Kattan. 

B KaY.eCTBe IUIJIJOCTpau.HH Ha pHC. 5 np1rne)].eH1,I pe3yJJbTaTbl pacl.feTa rrepeXOJlHOH xapaKTe­

pHCTHKH OT TeMneparypbI Teilll0HOCHTeJJ.H Ha BX0,ne B Kattan (MrttOBeHHOe YMeHbllleHHe TeMnepa-
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PHc. 5. Tiepexo}lHrui xapaKTepH"CTHKa MO.llenH naporeHepH­
pyIOmero Kattana KOJla KOPCAP JlJUI MrnoeettHoro yMem,me­
HHJI TeMnepaTYPbI BO,llbl Ha BXO,lle B KaHaJJ Ha I °C B 3aBHCH­
MOCTH OT 'iHCJJa KOHTpOJihHhlX o6beMOB (KOJIH'leCTBO TIOMeqe­
HO l{lfCJJaMH Ha pHCYHKe) 
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T)'pbl Ha l °C) K MOII.(HOCTH peaKTOpa B 3aBHCHMOCTH OT '¾HCJJa KOHTpOJJbHhIX 06beMOB no BLICOTe 

KaHana. qHCJJO o6beMOB sapbHpOBanOCb OT O,UHOrO .no .nsa.nuant, paci-1eTHrul ceTKa paBHOMepHaJI. 

B H,UHO, '-ITO ,ll.JUI '-IHCeJI 7 ... IO KOHTpOJibHbIX 06beMOB 803HHKaeT HeKOTOp rul HeycTOH'iHBOCTI, pac­

'-leTHOH cxeMLl. ~ JUI OCTanbHblX pa36HeHH.H (KaK c MeHblIIHM, TaK H 66JiblIIHM lfHCJIOM KOHTJ)OJib­

HblX o6beMOB) MO,UeJib npe,nCTaBJUieT KOJTe6aTeJTbHOe 3Betto C 6om.1IIHM K03cpcp11ur1eHTOM Jaryxa­

HHSI . ,Lvisi Bcex xapaKTepHCTHK MaKCHManbHrul aMnJIHT)',Ua B03M)'I.UeHI-UI MOLUHOCTH HeBeJIHJ<a H. 

npaKTJ,tt{eCKH He 3aBHCHT OT HO,UanH3aUHH. 

PeJynbTaTbI pac1-1eTa nepexo,nHoH xapaKTepHCTHKH ,llJUI MO,nenH Ko,na RELAP npe,nCTasneHb1 

Ha p11c. 6 . O6nacTh tteycTOH"IHBOCTH pac'-!eTHOH MO.UeJIH rrpHMepHo Til )Ke, CITO ,llJUI Ko,na KOPCAP 

(4 ... 10 KOHTPOJlbHhIX o6beMOB). O,nHaKO MaKCHM)'M .nocnrraeMblX npH 3TOM scnrreCKOB MOlltHO­

CTH 3Ha'-!HTeJlbHO (Ha nopH,UOK H 6onee) BLillle. ,[(ml YKaJaHHblX pa36HeHHH, IlO-BH,AHMOM)', TepHeT 

CMhlCJJ ITOill!TMe nepeXO,UHOH xapaKTepHCTHJ<H, IlOCKOJlbKY )')Ke B HCXO.L{HOM COCTOHHHH B CIDiy 

3Ha'-IHTeJibHbIX cpnyKT)'aUH:H napoco.nep)KaIDUI Mo,nen1, Ko,na RELAP HBJJHeTCH ttenHHeHHOH . ~ 

OCTanbHblX pa36Hemrn nonyqeHHrul nepeXOJJ.Hrul xapaKTepHCTHJ<a MMeeT TOT )Ke BH.A, 'ITO H .D.JU1 

Ko.na KOPCAP (puc. 7). 

3. qaCTOTUble xapaKTepHCTHKll rH,ll;paBJIH'leCKOH ueyCTOH'IHBOCTH pac11eTHbIX MO,!J;eJieu 
oaporeuepupy10mero Ka.Hana 

ITocKOJlbKY peaKTOp BK-50 o6na,naeT pe30HaHCHhIMH CBOHCTBaMH C qaCTOTOH OKOJIO 1 ru. 
(TaK HaJbIBaeMruJ BblCOKO'-laCTOTHaSI (Bq) rapMOHHKa [10]), B03HH.KaeT BOnpoc O COOTHOmeHHH 

qacTOTbl Ha6mo.naeMbIX s paCCfeTHOH MO,UeJIH KOne6aIDfi:i rrapaMeTpOB AByxcpaJHoro TeilJIOHOCHTe­

JIH H Bq-rapMOHHKH peaKTOpa BK-50. 

Ha pHC. 8 np1,rne,neHb[ pe3yJibTaThl pacqeTa yCTaHOBH.BUIBXCH KOJie6a.H.H.H napoco.nep)l(fil{J,UI Ha 

BbrcOTHOH OTMeTKe 1,85 M .nJIH HOMHRa.JThHOH (KOA RELAP) H YBeJIH'!eHHOH Ha 60 % (KOA KOP CAP) 

MOil.{HOCTeH KaHana. BH.UHO, '-ITO IlOJIY1¾eHHb1e '-laCTOTh[ KOJie6aHHH napoco.nep)KaHHSI JaMeTHO p aJJIH­

C{aJOTCSI. O6ILO™ ,llJUI MOAeJieH Sl:BJUleTCSI TO, '!TO B o60HX cnyqasix 3Til qaCTOTa 3Half:HTem.HO (B 2 ... 3 
pa3a) Bb1U1e '-!aCTOTbI co6crneHHhIX Kone6amm peaKTopa. 

B Ka'-leCTBeHHOM nnatte CTOJib cymeCTBeHHoe pa.3JIJ,{'-!He Me)K.fly qaCTOTOH peaicropa H ee pac11eT­

HbLMH attanoraMH 06bSICHHeTCSI cne.nyIOil.{HM. B aKTHBHOH 30He OCHOBHOH BKJ13,L\ B HeCTa6HJTbHOCTb 

BHOCJIT <PJJYKTYal..{IDI napoco.nep)KaHJ.UI, B03HHKaIOl.IlHe B l{H)l(HeH '-laCTH TBC (Ha 3KOHOMai13epHOM 

yYaCTKe) [10]. CoorneTCTBeHHo pe3oHattcHasi qaCToTa onpe,neJU1eTCS1 speMeHeM rpattcnopra nap a no 

BCeH ,llJIHHe TBC. 8 paccMaTpHBaeMblX pac'-!eTHblX Mo,nem1x C <PHKCHpOBaHHbIM pacnpe,neneHHeM 
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3HeproBbI,UeJ1eHH_.SI B03HHKaeT HCKYCCTBeHHblH HCT0'-1-

HHK ttecTa6HnbHOCTH, npe,nCTaBmUOiqHH rpaHHizy CHa-
g 
:c 0,60 -t-l.---t--r- -t-1~-- -f--+-i s 

0 0,5 

PHc. 8. YcTaHOBHBmKec,i KOJ1e6aHID1 o6'beM-

pS!JJ.HOro H Jl.HCnepCHO-KOJlbUeBoro pe)KHMOB Telf.eIDUI, 

KOTopasi pacnonaraeTcsi B BepxHeH qacTH TBC. CooT­

BeTCTBeHHO yMeHbmaeTCSI BpeMSI rpaHcnopTa napa OT 

HCTOlf.HHKa B03MY1UeHHS1 .no Bbcxo.ua TBC, B pe3ynLTa­

Te 11ero YBem11rnBae-rcsi 11acT0Ta cpnyKTyaUKH napa­

MerpoB. 3-roT cpaKTop MO)KeT onpeJJ.eJ1.S1Tb napaMerpbr 

Kone6attHH H npH nO)lKnl04emrn o6paTHbIX CBSl3eH, 

T.e. B ycJIOBIDlX B3aKMOCBSl3H HeHTpOHHOH KHHeTHKH H 

TenJIOfl-lJJ.paBJIHKH. HanpHMep, B J].eTanbHOH o6rqeKOH-

1)'pHOH MO)leJlH ycTaHOBKH, OITHCaHHOH B pa6oTe [ 11] 

( 12 naporeHepHpyrom.HX KaHanOB, KIDK,UbIH H3 KOTO­

pbIX pa36HT Ha 5 KOHTp011l>Hl>IX o6beMOB), qacTOTa KO­
Horo napoco.nep)KaIDUt Ha BhIC0Te l ,85 M, 

BJlBOe rro.rryqeHHhIe no Ko.naM KOPCAP (1), Jie6aHHH MOLUHOCTH B HOMHHanhHOM peJKHMe 

npesbllllaeT 11acro-ry sq-rapMoHHKH PY BK-50. RELAP (2) 

4. Mo,lleJIHpoeanne npoueccoe c npeo6Jia,llaHDeM C0CT0HHHH Il0,llKpDTD'lH0CTH 
aKTneuoii J0Hbl 

Hanffq}fe B KO.D.e RELAP5/MOD3.2 HCKYCCTBeHHoro HCT0'-1.HH.Ka HeCTa6IDII:,HOCTH JJ.Byx<paJHoro 

noToKa TeflJlOHOCHTeJISI JJ.JUI napaMerpoB pa6otJHX pe:>KHMOB PY BK-50 yMeHbmaer 3anac Jl.O rpamn.u,1 

pe30HaHCHOH HeyCTOH'lfHBOCTH paclf.eTHOH MO.D,eJIH no cpaBHeHHIO C peam.HbIM o6'beKTOM. B pe3yJII,­

TaTe B03MO)l{Hbl npo6neMbl C paC4eTOM nepeXO.D,HblX pe:>KHMOB. Ilpe.D,eJibHbIM cnyqaeM T8KOH tteyc­

TOWIHBOCTH nepeXO.D,HOro pe)l(HMa Sl'BJI.SleTC.SI CTaTHtJeCKasi HeycTOH'lfHBOCTb pact.JeTa [5). 

TaKHM o6pa3oM, Bonpoc o KoppeKTHOCTK pactJ:eTa no KO.D.Y RELAP5/MOD3 .2 ttecTalQiOHap­

HblX npoueccos B PY BK-50 Tpe6ye-r 3KcnepHMeHTaJII,Horo o6octtoBaHH.SI. McxoJl..SI H3 no~eH­

HhIX pe3yJibTaTOB Qenecoo6pa3HO BbI.D,emrrb )].Ba Knacca ttecTaU.HOHapHbIX npou.eccoB: C OTCYTCT­

BHeM o6paTHOH CB.Sl3H Me)l(Jl.)' TeflJlOrH.D,paBnHtJeCKHMH H HeHrpOHHO-<pH3HtJ:eCKHMH npoueccaMH; C 

HanwrneM TaKOH CBK3H. 

IlpouecCbl nepBoro THna B " 4HCTOM" BH.D,e Jl.Jljl pa6ot.Jero COCTORHHK BbI.D,eJllfTb HeB03MO)K­

HO, IIOCKOJlbKY Jl.Jljf KOMITeHcau.HH 3HaqJffeJibHOro napoBoro 3cp<peKTa peaKTHBH0CTH Heo6XO.D,H­

MO orrpe.D,eJieHH0e BpeMSI Jla)f(e npH cpa6aTbIBamrn aBapHHHOH 3alUHTbl. HecMOTp51 Ha 3T0 pe­

)KHMbl cpa6aTbIBaHHSI aaapHHHOH 3alllHTbl M0)KHO OTHeCTH K 3TOMY nmy rrpoueccoB, Il0CKOJlb­

KY BB0.D,HMa51 0TpHl.{aTeJlbHaSI peaKTHBH0CTb IT0.D,aBmteT BCe "TOHKHe" 3cpcpeKTbl o6paTHOH CBR-

3H. IlpH 3TOM rny6Htta o6paTHOH CB513H yMeHblllaeTC51 no Mepe BBO)la pa60lf.HX opraHOB BTTJIOTb 

Jl.O M0MeHTa Il0JIHOro BB0.lla (20 c). 

BTopoH Knacc npou.ecC0B o6pa3yroT nepexo.D,Hble pe)KHMbl, B03HHKatOll{He B Pe3YJibTaTe one­

paTHBHOro BMelllaTeJlbCTBa, K0TOpoe npHB0,llHT K B03MY1UeHmo pacxo.D,a napa, nHTaTeJibHOH BO)lbl 

H peaKTHBHOCTH. CIO)la 0TH0C.SITCSI H aBTOKOJie6aTeJibHbie pe)KHMbl, 803HHKatOLUHe B6JlH3H rpaHH­

U.bl pe30HaHCHOH tteycTOH4HBOCTH npH pa60tIHX 3HatJ:eHHSIX yp0BH.SI Teilll0HOCHTeJlSI, a TaK)Ke aB­

TOKOne6aHH51 npH CHIDKeHHH yp0BHSI Jl.O HeK0T0poro KpHTHlf.eCK0ro 3HatJeHH.SI . 

flo,n:KpHTHtIHOCTb peaKTopa BK-50 06ecne1IBBaeTCK Jl.BYMSI He3aBHCKMbIMH CHCTeMaMH aBa­

pHHHOH 3all(HTbl: 3JleICTpOMexaHH4eCKOH CHCTeMOH ynpaBneIDI.SI 3aLUHTOH (CY3) H CHCTeMOH BB0-

.D,a 6opttoro pacTBopa H3 MOH)KIOCa snpbICKa 6opa (MBEP). ConocrasneHHe pacqerm,rx. H 3KCne­

pHMettTanbHblX ,uaHHblX Jl.JlSI 3KCnepKMeHTanbHOro pe)KHMa cpa6aTbIBaHH.SI 3JleICTpOMexaHH4eCKOH 

CY3 H MBEP ,n:aer cne.n:yromHe pe3yrrbTaTbJ. 

B nepBOM cnyqae (pHC. 9) Ha6mo.D,aeTC.SI npou.ecc C 60JlblllHM CHH)KeHHeM .D,aBneHHR (Jl.O 

2,0 MIIa) B KOpnyce peaKTopa. Mo.uenb YJl.0BJleTBOpHTeJlbH0 0nHCbIBaeT ,LJ:KHaMHKy OCHOBHbIX 
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P0:c. 9. 3as11cRMOCTh OT speMeHH JUUi .nasneHJU1 (a) 11 oroopa napa 1-13 peaJ<Topa (6) B pe>KHMe cpa6aTuIBaHID1 
A3: l - 3KcnepBMeHT; 2 - pacl.feT 

napaMe-rpOB peaKTopa ao BCeM paccMaTp11saeMOM apeMeHH6M HHTepsarre, B TOM 1.rncne Ha :nane 

nepexo.n.a OT pa6o'-lero ypOBlUI MomHOCTH K OCTaTO'-IHOMY TennOBbI,D.eneHHIO (nepsruI MHHyra 

rrpouecca). 

,nnj{ Mo.n.enHpOBaHJ-Ul MBEP npHMelUIJlH cneuHanbHO pa.3pa6oTaHttylO )lJUl O0HCaHIDI TaKHx 

CHCTeM MO.ll.CJlb rn.n.poaKKYMYIDITOpa C cocpe.n.oTO'-ICHHblMH napaMeTpaMH (KOMilOHCHTa ACCUM 
B TepM11HaX Ko.n.a RELAP). ~aHHaJI KOMilOHeHTa HMeeT TO rrpeHMYmecTBO nepe.n. THilOBblMH MO­

.a;en.SIMH KO,D.a, 1ITO npH ee HCilOJlb30BaHHl1 OTCYTCTByeT 3aXBaT ra.3a H3 ra.30BOH IlOJJ:YIIIKH )KH,llKO­

CTblO (B .n.aHHOM cny1.rne 6op11poBaHHOH). Tipe.n.sapHTenhHble paCl.feTbl (12] nOKa.3a.JIH, '-ITO paC'-leT­

HaSI KOHUCHTpaUH.SI 6opa B aKTHBHOH 30He B MO.D.CJIHpyeMOM pe)KJ{Me cpa6aTbIBaHIDI MBEP CHC­

TeMaTHt.JeCKH 3aHIDKaeTCjl no cpaBHeHHIO C 0)KH,D.aeMOH seJIH'-IHHOH. B C8$13H C 3THM pa.3pa6oTaHa 

cneu.HanbHaSI q>eHoMeHonorH'-lecKruI Mo.n.en1, c Hcnonb30BaHHeM KOMTTOHeHTbI ACCUM, rrpe.llCTaB­

neHHruI Ha pHC. 10. 

rH.LlpOaKKYMYJUITOp ac300 co.n.ep)l{JIT no 5 M
3 

a.30Ta H 80.ll.bl C KOHUeHTpauHeH 20 r/n 6opa B 

so.ne. TaKHM o6pa.30M, o6masi Macca 6opa s rH,llpoaKKyM)'IDITope paaHa 100 Kr. fH.llpOaKKYMYIDI­

Top COe,llHHeH C Tpy6oH (3JleMeHT P303), npe,ZlCTaBJlCHHOH 15-IO KOHT)JOJlbHblMH 06-beMaMH no 

1 M3
. BepXHHe 10 061,eMOB Tpy61,1 3a□OJ1HCHbl a.30TOM, HIDK.HHe 5 - 80,ll.OH. Tio.n. .llCHCTBHCM 1n61,r­

T04HOf O .nasneHIDI ra.3a s rn.a;poaK1CyMyIDITope 6opaposaHHasi so,na s Tel.feHHe 23-x c nepeTeKaeT B 

("') 

0 
("') 

0.. 

PHc. 10. Mo.uenb .LlJIH 

HCCJie,LlOBaHHSI KOM­
noHeHTbl ACCUM 
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Tpy6y, H ycTaHasmrnaeTC.sl HOBOe CTaUHOHapHoe COCTO.SIHHe, s KOTOpOM 10 

HIDKHHX o6beMOB P303 3aITOJ1HCHbl 80,ll.OH, 5 sepXHHX o6beMOB Tpy61,1 H 

rn.npoaKKYMYJlHOp - fa.30M. KoHTp01IHp)'IOTCj{ IlOJ1H3jl Macca 6opa B rn.npo­

aK.KyM)'Jl.SITOpe (M6r) H Tpy6e (M6T), a TaJOKe nonHa.si Macca 6opa B 3TOH 

3aMKffYTOH cHcTeMe (M&,): 
15 

M 6T = L,1,0xC6,; M 6r =10xC6r ; M 6c, =M6T +M6r • 
1=1 

r .a;e c6 - KOHU.eHTpauH.SI 6opa B paccMaTpHBaeMOM KOHTpOITbHOM o6oeMe 

(Krl M\ cooTBeTCTBYeT napaMCT)JY " BORON" Ko.n.a. MHo)l(JITeJIH nepe.n 
3THM napaMeTpOM npe,llCTaBIDrlOT o6oeM paccMaTpHBaCMOro KOHT)JOJlbHOfO 

3JlCMCHTa. 

):LnR Bbl4HCJleHH.SI YKa.3aHHbJX 6anaHCHblX napaMeTpOB HCCTOJlb30Ba.JiaCb 

CHCTeMa KOHT)JOITbHhlX nepeMCHHblX KO,D.a. Pe3yJlbTaTbl pacqeTa npe,n.cTaB­

n eHbl Ha pHC. 11 H 12. BH.D.HO, '-ITO Ha MOMCHT nOJlHOfO Bbl,llaBJlHBaHH.SI pac­

TBOpa 113 rH,llpOaKKYMYJljJTOpa B HeM OCTaeTC.SI 60 % MaCCbl 6opa. B 3ano11-

H.slCMOM paCTBOpOM o6oeMe HaxO.a;HTC.SI COOTBCTCTBCHHO TOJlbKO 40 % OT 

BCeH MaCCbl 6opa. TaKHM o6pa.30M .llJl,SI paccMaTpHBaeMOH cpeHOMCHOJlOrH-
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PHC. 11. 3aBHCHMOCTb OT BpeMeHH 06-beMOB 1113a (1) 
H BO,llbl (2) s MO,neJIH rn,npoaKxyMyJUlTOpa 

L., 
:.: 

100 
co~ 
u 80 
u 
co 

::E 60 

40 

20 

0 5 10 15 20 25 
BpeM.s1, c 

Puc. 12. 3aBHCHMOCTh OT BpeMeHH o6meH MaCCbl 
6opa B CHCTeMe (!), MaCCbI 6opa B rimpoaKK}'M)'JUI­
TOpe (2) H rpy6e (3) 

t.teCKOH MO.ZJ.eJIH Ha6mo,naeTCK .slBHbIH .ZJ.HC6amrnc Me)l(Jly MaCCaMH BbJ.na.BJIHBaeMoro paCTBOpa H 

6opa BCJie.LJ,CTBHe HCK)'CCTBeHHOro 3axBaTa 6opa raJOBOH KOMilOHeHTOH. 

,LlononHHTeJibHblH aHaJIH3 nOKa3bIBaeT, lffO TaKHM CBOHCTBOM o6na.LJ,aeT TOJlbKO MO.ZJ.eJib AC­
CUM. ,[vul :meMeHTa PIPE q>HKTHBHOro 3axBaTa 6opa raJoM He npoHcxo.ZJ.HT, H TPattcnopT 6opa 

ocymeCTBJlKeTCK TOJlbKO :>KH.llKOH <pa30H. 

Ha pHC. 13, r,D.e npHBO.llKTCK pacl.JeTHble H 3KCnepHMeHTa.JlbHbie .llatlHl>Ie JUIK: pe)l<HMa cpa6a­

TbIBa.HIDI MBEP Ha MOIUHOCTH, .llaHbl .ZJ.Be paCI.JeTHbie KpHBbie. KpHBaJI 1 TTOJlytleHa C HCITOJlb30Ba­

HHeM B pacqeTHoH MO.lleJIH <paKTiflieCKOH Macc1>1 6opa B MBEP, a KpHBru1 2 - c ee .ZJ.ByKpaTHLIM 

3as1,1meHHeM. Ilocne,D.HKX BeJIHI.J.HHa cooTBeTCTBYeT ouetteHHOH JUI.sl ycnoBHH BK-50 CHCTeMan-1-

qecKOH norpeIIIHOCTH B oueHKe Macc1,1 BbITectteattoro 6opa npw np.HMeHemm MO.lleJIH ACCUM. 
BH.ZJ.HO, lffO npH pacl.feTe MOIUHOCTH peaKTopa H3MeHeHHe MaCCbl BBe,D.eHHoro B peaKTop 6opa 

,D.aeT 3aMeTHblH 3<p<peKT. ,Z:(ru1 .llHHaMHKH ,D.aBJieHJ,ljl pe3yJILTaT H3MeHeHHJI TaIOKe ITOJIO:>KHTeJJeH. B 
uenoM MO)KHO 3aKmot.fHTb, t.fTO MO,D.em, TPattcnopTa 6opa )KH.ZJ.KOH <paJOH B Ko,ne RELAP5/MOD3 .2 
pa6oTaeT Y.ZJ.OBJieTBOpHTeJlbHO. 

TaKHM o6pa30M, conoCTaBJieHHe C 3KcnepHMeHTOM IlOKa3bIBaeT, qTQ .n.mr pe)KHMOB C ITO.llaB­

neHHeM o6paTHOH CB.sl3H Me:>K,Ay KHHeTHKOH H Tennorn,D.paBJIHKOH pact.feTHaJI MO.ZJ.eJih Ha OCHOBe 

KO.lla RELAP5/MOD3.2 no3BOAAeT nonyqHTh YAOBJ1eTBopHTeJI1>Hb1e pe3yn1>TaTbI npH onHCaHHH 

npoueccos c rny6oKHMH B03MYIUeHHJJMH ocHOBHbIX napaMe-rpos PY BK-50. B qacTHOCTH, a.ZJ.eK­

BaTHO B0CnpOli3B0.llKTCX pe)KHMbl co 3HacrnTeJibHblM c6pocoM .ZJ.aBJJeHIDI, lffO ITO.llTBep:>K,AaeT KOp­

peKTHOCTb pacqeTa npoueccos c 6orrblIIHMH Tet.faM.H. 
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PHC. 13. CpaBHeHHe 3aBHCHMOCTet-1 MOillHOCTH peaKTopa (a) H .naa.neHIDI (6) OT BpeMeHH npH cpa6aTbIBaHHH 
MB6P B pa6o"leM pe>KHMe (Ha MOillHOCTH): 3KCnepHMeHTa.JlbHblX (■), pacqenu,D{ C HOMHHaJil,HOH (-) H y.nso­
eHHOH (□) KOHUettrpaIOIJIMH 6opHOi-i KHCJIOTbl B Mo.ne.rm: rn.npoaKK}'MYmrropa 
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s. Mo,!J,eJJHpOBaHHe nepeXO,!J,HbIX pe:IKHMOB 

flp11 Tecn1posaHHH pac4eTHOH MO,UeJrn peaKTOpa BK-50 no 3KcnepHMeHTaJlbH.blM pe:>KHMaM C 

B03Myll.(eHlUlMH pacxo.ua napa, ITHTaTeJU,HOH BO.Ubl H peaKTHBHOCTH aBTOpbl pa60Tbl [ 11] OTMeTH­

JIH, 'ITO npH HCITOJTI,30BamrH KOppemu.1,111-1 ,UJHI naposoro 3<p<peKTa peaKTHBHOCTH "Hanp.SIM)'K)" MO­

>KeT 803HHKaTI, CTaTWieCKa.SI tteycToH-qHBOCTb MO,UeJ[H B pe>KHMe C OTHOCHTeJTbHO 60JTI,llIHMH 

(10 % 11 6onee) np11paw.emrnMH .uasneHlUl H MOII{HOCTH. AJUI 06ecneqeHID1 ycToj;j-qHBocTH pacLJeTa 

Heo6xo,UHMO nO,UaBJI.s!Tb KOJie6aHIDI MOll.(HOCTH B MO,UeJIH Ha 4aCTOTe OCHOBHOro pe3oHaHca no 

rrepe'lHCJTeHHbLM BblUJe npH4HHaM. OcymecTBHTb TaKoe ITO,!J,aBJieHHe MO>KHO .UBYM.s! cnoco6aMH: 

1) MO.ll.H<pHKauHeH. Koppemrrurn .UJUI om1camu:1 o6paTHOH CBJl3H no rrapoBOMY J<p<peKry peaKTHBHo­

CTH; 

2) rrpHMeHeHHeM u11cpposoro qnrnhTpa HIDKHHX qacToT .UAA naposoro 3cpcpeKTa. 

Ka>K,!J,blM H3 3THX cnoco6os HMeeT CBOH ,UOCTOIIBCTBa H He,UOCTaTKH. B nepBOM cnyqae OTCYTCT­

syeT <pa30BblH C,UBHr (speMeHH6e 3ana3,ubIBattHe) Me)K,ey napoco.uep)l(aHHeM H peaKTHBHOCTblO. BMe­

CTe c TeM rrpH YMem,rnemrn KOJ<p<p1-1UHeHTa ycHJieHH.si OT napoco.n.ep)l(aHIDI K MOIIlHOCTH Ha pe3o­

HaHCHOH l{aCTOTe Tpy,UHO coxpaHHTb ero 3Ha'leHHe Ha ttyJieBOH rapMOHHKe. TaKHM o6pa30M, npH 

,!J,aJ-IHOM no.uxo.ue MOfYT HapymaTbC.SI 6a30Bble (cTant-..reCKHe) COOTHOUieHIDI Me)K,lzy peaKTIIBHOCTI,10 H 

MOIIU{OCTI,10. B CBOIO Ot.Jepe.n.1, <pHJII,TJ) HIDKHHX 4aCTOT npH coxpaHeHIDI CTilTifl.leCKHX COOTHOIIleHHH 

HCKa>KaeT <pa30Bble xapaKTepHCTHKH. B o6JiaCTH ycTOj;j-qHBoH pa60Tbl peaKTOpa ,uHHaMHKa MOlll.HOCTH 

onpe.11,eJIJ1eTC.S1 o6meKOHT)'pHl>[W! npoueccaMH c xapaKrepttoti nonocoti qacTOT 0, l ru. 11 MeHee. ,l(ml 
TaKHX 4aCTOT MO>KHO OCYl.lleCTBJIJITb 3cpcpeKTHBH)'K) Q>HJibTJ)al.{HIO pe30HaHCHOH COCTilBJIJIIOil{eH npaK­

Tifl.leCKH 6e3 HCKa>KeHH.SI q>a30BbIX xapaKTepHCTHK nepexo.11,Horo pe)KHMa. fIOJTOMY BTOpOH MeTO,!J, 

nOBb[llleHH.SI ycTOHt{HBOCTH pact.JeTHOH Mo.n.en11 Ko,ua RELAP5/MOD3.2 npe,ll.CTaBJIJleTC.SI 6onee ytt11-

sepcarrbHb1M H Ha,!J,e>KHblM. 

B Kat:feCTBe TaKOro q>HJibTpa HH)l(HHX t.JaCTOT B ,ueTaJibHOH MO,ZJ;eJIH PY BK-50 HCTTOJlb30BaJIOCb 

npOCTOe HHepuHOHHOe 3BeHO 

dp; I dt = (p
1 

-p;)l-r
1

, (4) 

r.n;e Py - napOBOH 3cp<peKT peaKTIIBHOCTH, onpe.11,eAAeMblli no q>aKTW:leCKHM 3Ha4eHIDIM IlJIOTHOCTH 

TenJTOHOCHTeJl.SI H .n.pyrnx napaMeTJ)OB; p \ - pe3yJibTaT q>HJibTpaum1; 'ty - IlOCTOJIHHa.SI speMeHH 

HHepl.{HOHHOro 3BeHa. 

IlpHMeHeHHe q>HJibTpa HH>KHHX tJaCTOT (4) Il03BOJ1.SleT cyw.ecTBeHHO IlOBbICHTb ycToj;j-qHBOCTb 

paCt{eTHOH cxeMbI, HO ecTeCTBeHHO He KOppeKTHpyeT He.l).OCTaTJ<H pacqeTa CTan1.-qecKoro pacnpe­

.ueneHHJI napoco.uep>KaHIDI no s1,1c0Te TBC (p11c. 2, 3). Cne,ucTBHeM JToro .S1BJI.S1eTc.ir coxpaHeHHe 

ITOBblllleHHOH HeycTOH9HBOCTH MO.l{eJIH B 0611aCTH HH3KHX c:raCTOT. B pacLJeTe nepexo,uttoro pe)l(H­

Ma 3TO MO)l(eT npOHBHTbC.SI B Il0.SIBJiemrn cna6o 3aTYXaIOmHX HJIH ,Ua>Ke pacxo.n..simmc.c.SI HH3K0-

4aCTOTHblX KOJ1e6aHHH (nepHO.U 7 ... 8 MHH) ,nasnemrn, MOlll.HOCTH H ,npyrHX rrapaMeTpOB. Ha npaK­

THKe TaKHe KOJTe6aHHJI perHCTJ)HpOBaJIHCh TOJlhKO COBMeCTHO c BblCOKOt{aCTOTHI,JMH KOJTe6aHIDIMH 

JIH6o B cnel.l,HaJlbHOM pe>KHMe [13] C MaJTI,IMH 3Hat.JeHH.SIMH ypoBH.SI TeITJIOHOCHTeJI.SI (HH)Ke ycTaB­

KH cpa6aThIBaHH.SI asapHHHOH 3aUJJffbl no 3TOMY napaMeTpy). floBbICITTb ycTOHtJHBOCTb pactJeTa 

nepeXO,!J,HOro pe)KHMa B 06nacn1 HH3KHX LlaCTOT MO)KHO rryTeM orpaHHt.JeHH.SI MO,!J,eJIH naposoro 

3cp<peKTa peaKTHBHOCTH ny3hlpbK0BblM H cttap.Sl,!J,HI,IM pe>KHMaMH Te4eHH.SI. B Ka<JeCTBe npHMepa Ha 

pHc. 14 npuse.neHbI pe3y11bTaTbI pactJeTa pe>KHMa c yMeHbllleHHeM oroopa napa c orpaHHLleHHeM 

MO,!J,eJIH naposoro 3cp<peKTa peaKTHBHOCTH TOJlhKO 3KOHOMai13epHblM yqacTKOM. Cosna,neHHe pac­

t.JeTHbIX H 3KCnepHMeHTaJ1hHbIX ,!J,aHHI,IX B l.{eJIOM YJJ.OBJleTBOpHTeJihHOe HeCMOTp.SI Ha TO, 1ITO B 

pac11eTe Ha61110.n.aeTC.SI CHCTeMaTHtJeCKOe 3aHH)l(eHHe MOW.HOCTH no cpaBHeHHIO C 3KCnepHMeH­

TOM. 

OTMeTHM, 4TO B Ka4eCTBe 3KCnepHMeHTaJ1bHbIX ,naHHblX ,!J,Jl.SI MOll.(H0CTH HCilOJil>30BaJIH He­

nocpe.ncrneHHO noKaJaHH.SI HOHH3al.l,HOHHbIX KaMep H npH HX o6pa60TKe 6paJIB np~MO nponop­

UHOHaJlbHyIO 3aBHCHMOCTb Me)I{,[{)' TIOKaJaHH.SIMH KaMepbl H MOll.(HOCTblO peaKTOpa. flo3TOMY 

Ha116onee BepO.SITHOH npH-i.JHHOH OTMeLJeHHOro pacxo)l(JleHlUI SIBJI.SleTC..SI HeJIHHeHHa.SI CB.Sl3b Me)l(J);y 
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PHC. 14. CprurneHHe paclfeTHbIX H 3KcnepHMeHTaJTbHbIX naHlll,IX H3MeHeHJUI M0IItH0CTH (a) [,f .naimeRHH (6) 
e pe)l(HMe c yMemmeHHeM oT6opa napa: JKcnepHMeHT (■); paclfeT (- ) 

nOKa3aIDUIMH HOHH3aU.HOHHbIX KaMep H q>aKTH'-leCKOH TellJIOBOH MOI.QHOCTblO perucropa B .UHHa­

MH'-!eCKOM pe)l(HMe, He Y'-IHTbJBaeMaJI npH o6pa6oTKe .naHHbIX, KOTOpbie nony'-leHbl c nOMOll(blO 

HOHH3filUIOHHbIX KaMep. 

AHanOrHt{HbJe pe3yJibTaTbl nony'-1:eHbl AJU1 3KCnepHMeHTaJibHb(X pe)l(HMOB C IlOBbIWeHHeM 

OT6opa napa, yMeHbWemreM H yaenH'-leHHeM no.na'-IH flli(TaTeJibHOH BO.Ubl, 880.llOM IlOJIO)l(HTem,­

HOH peaKTHBHOCTH (aHaJIH3HpOBaJIOCb 6011ee 30 pe)l(HMOB). 

TaKHM o6pa30M, IlOJiyt-IeHHble pe3yJibTaTbl nOKa3blBaIOT, '-ITO, HeCMOTPjJ Ha OTMetJeHHbie He­

.UOCTaTKH Hccne.zzyeMOH sepc1rn Ko,n;a RELAP5/MOD3.2, c ero noMO~bIO MO)l(HO 1-1cc11e.uosaTb 

He TOJlbKO pe)K}{MJ,J C npeo6na.uamt:eM 110.llKPHTH'-leCKOro COCTOjJH_Hjl aKTHBHOH 30Hbl, HO H nepe­

XO.UHbie pe>KHMbl co cna6o Bbipa)l(eHHbIMH Ha qacToTe OCHOBHOfO pe3oHaHca KOJie6aTeJibHb[MH 

CBOHCTBaMH. He.n;ocTaTKOM H3JlO)l(eHHoro IlOJIY3MnHpH'-1eCKOro no.uxo.ua HBJljJeTCjl Heo6xo.n;H­

MOCTb HMeTb anpHopeyIO HHq>OpMaU,HIO O rpaHHU,e pe30HaHCHOH HeycTOH'-IHBOCTH ycTaHOBKH B 

HCCJie.zzyeMOH o6naCTH OCHOBHbIX napaMeTpOB H 3anace ycTOH'-IHBOCTH B HCXO.UHOM ( CTapTOBOM) 

COCTOjJHHH . .nnjJ .n;eiicTBy10meii ycTaHOBKH BK-50 3Ta HHq>OpMaU.HjJ no.rryqaeTCjJ KaK B xo.ue cne­

U,HaJibHblX 3KCnepHMeHTOB, TaK H nyTeM rIOCTOjJHHOro KOHTpOJijJ 3a ypoBHeM lliYMOB tteHTpOH­

HOro IlOTOKa . .nnjl npoeKTHpyeMblX ycTaHOBOK .naHHblH no.n;xo.n no,upa3yMeBaeT npHMeHeHHe 

cneU,HaJIH3HpOBaHHblX KO.UOB JJHHeHHOro H Hem1tteHHOfO aHaJIM3a ycTOH'-IHBOCTH. 

3aKJuoqeune 

y CT8H0BJJeHo, <ffO KO.ll RELAP5/MOD3 .2 I103B0JljleT M0)J.eJIHpOBaTb 60JibllIHHCTBO nepexo.u­

HblX H asapHHHbIX pe)l(HMOB PY BK-50. BMecTe c TeM .naHHbIH KO.ll 0611a.uaeT pjJJJ.OM oco6eHHO­

cTeH, KOTOpbie Heo6xo.n;HMO yqHTblB8Tb npH npose.neHIDI pacqeT0B CTaTHl.J.eCKHX H )J.HHaMH'-leCKHX 

pe)l(HM0B peaKTopa THna BK-50. 3-ro: 

• HaJIH'-1:He '-IHCJJeHHOH HeycTOHl.J.HBOCTH npH CIIIHBKe CHapjJJJ.H0ro H .llHCnepcHO-K0JibU.eBoro pe­

)l(HM0B Te'-lemur; 

• IlOBblllleHHbIH K03q>q>HIJ,HeHT ycHJJeHHjJ nepe.naTO'-IHOH q>yttKIJ,HH OT He.n;orpesa TenJIOHOCHTe]l_jl K 

M0inH0CTH B 0611acn, '-18CTOT, 6JIH3KOH K 0CH0BH0MY pe30Hattcy peaKTopa; 

• 3aXBaT 6opa ra3oBoH KOMnoHeHTOH a crreu;HaJIH3HposaHHOH MO.UeJJH "ACCUM" . 

IlepBble .n;se oco6eHHOCTH B C0B0KynHOCTH M0fYT Bbl3BaTb K0JIH'-leCTBeHHble H Ka'-leCTBeHHbre 

HCKa)l(eHHjJ B paC'-leTe nepeXO.llHblX pe)l(HMOB H pe3oHaHCHbIX jlBJiemtH a TaK)l(e npHBQ)J.jJT K CHJib­

HOH 3aBHCHM0CTH peJyJibTaT0B pacqeTa OT cxeMbt H0JJ.aJJH3a10,m. Ilocne)J.HjJJI oco6eHHOCTb MO)l(eT 

rrp1IBecn1 K cymecTBeHHOH tte.noou,eHKe K0JIHcteCTsa sse.neHHoro s pea1crop 6opa npH cpa6aTbrna­

HIDI COOTBeTCTByioll(HX 3all(HTHblX CHCTeM. 
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ConocTaB.11ett11e pac11eTOB no KO.ll.Y RELAP5/MOD3.2 c .l].aHHhIMH 3KcnepHMeHTOB Ha PY 

BK-50 nOK33bl8aeT, 4TO )].JUI 60.JlblIIHHCTBa nepeXO.ll,HblX 11 asap11HHblX pe)KHMOB 3TH 3cp<peKTb[ 

MOryr 6bITb YYTeHbl 6e3 H3MeHeHl1jf CHCTeMbl 3aMJ,IKaJOlllHX COOTHOWeHHH KO.U,a H npH 3TOM 

o6ecne4HBaeTCJI a.u,eKBaTHaJI ouettKa Mo.u,e.1rnpyeMoro npouecca. 

J13 pe3y.11bTaTOB KpoccsepH<pHKau1111 KO.ll.OB RELAP5/MOD3.2 H KOPCAP c.11e.u,yeT, 4TO no­

c.11e.l].HHH HMeeT 60.11ee KoppeKTHble .ll,HHaMHlJeCKHe xapaKTepHCTHKH npH OITHCaHHH B3aHMOCBji-

3aHHblX HeHTpOHHO-<pH3H4eCKH.X H TeTT.JlOrH.ll.paB.JlHYeCKHX npoueccos B aKTHBHOW 3OHe peaKTOpa 

BK-50. ,ll,.JUI 60.11ee o6oCHOBaHHOro BblBO.l].a O TOM, 3aMbIKa!OmHe COOTHOUJeHHjf KaKoro KO.U,a 

.11yYrne onHCblBalOT .ll,HHaMHqecKHe npouecCbl s o6naCTH napaMeTpOB, xapaKTepHJ,IX .lJ,Jljl PY 

BK-50, Heo6XO.ll.11M attanH3 COOTBeTCTBYlOlllHX 3KCnepHMeHTa.JlbHblX .l].aHHb[X O npoueccax s6Jur-

3.11 rpaHHUbl pe30HaHCHOH HeyCTOHt{HBOCTH. 

433510, 2. /(u.Jwumpo62pao YllbJlH06CKOU 06J1. ; K01i'11GKmTlble mell. : 8(84235)6-56-64, 6-53-57 
(p.); E-mail: ovs@niiar.ru 
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Y,ll;K 620.165.29.05 
KoHTpOJib repMeTH"IHOCTH o6oJiotteK TBJJIOB Ha PY BK-50 

A.M. KpacnoB, B.B. KoHRlUOB, B.M. Eut,epKuH, H.11. TypmaeB, 
<l>fYil "I'HIJ; P<l> I-lli.11AP", 433510, r. ,n:HMwrposrpa.u.-10 Y m,.llHOBCKOH o6n. 

Tipe)lCTilBneHbl pe3yJihTilTbl coseprneHCTBOBaIDUI MeTO.llOB KOHTpOJI.!I repMeTH<!HOCTH o6onoqeK TB3-

nos Ha peaKTopHoH ycraHOBKe BK-50. 

FAILED FUEL DETECTION AT THE VK-50 REACTOR. A.M. KRASNOV, V.V. KONYA­
SHOV, V.M. YESHCHERKIN, N.P. TURTAEV. The results of enhancement of methods of failed fuel 
detection at the VK-50 reactor are presented. 

KoHTpOJJb repMeTH'-IHOCTH o6onoqeK (KrO) TB3J10B CJJY)IOIT BIDKHOH COCTaBHOH qacTbJO 

o6ecnet.feHIDI pa,IJ.HaUHOHHOH 6eJonaCHOCTH PY. IlpH pa6oTe KOpnycHbIX .ll,IJ.epHbIX peaI<TopoB 

KOHTPOfil 3a COCTO.llHHeM 0,1).HOro H3 rmlBHblX 6apbepoB Ha nyTH pacnpOCTPaHeHH.ll pa.u,HOaKTHB­

HhIX npO,IJ.)'KTOB ,IJ.eneHIDI (PTI,n:) BbffiOJUU!eTC.ll H.HTerpanhHbIMH CHCTeMaMH KrO TB3JIOB, KOTOpb!e 

)J.OJDKHhl ,IJ.aBaTb HHq>OpMaUHJO O KOJI.Ht.fecTBe HerepMeTHl:IHblX TB3J10B H pa3Mepax ,IJ.e<t>eKTOB. Ilo­

HCK H oT6paKOBKY TBC C HerepMeTHt.fHblMH TB3JiaMH )J.Jl,11 HX BHeoqepe,nHOH Bhrrpy3KH OCYII.leCTB­

Jl,IIJOT CHCTeMaMH KrO Ha OCTaHOBJleHHOM peaKTOpe. 

lliTaTHbie CHCTeMbI KrO peaI<Topos THIIa BB3P pa3pa60TaHh1 MHoro ,IJ.eC.llTHJieTHH Ha3a.u,, HO 

3a 3TO BpeM,11 He npeTepnenH HHKaKHX H3MeHeHHii, XOTR B OTet.feCTBeHHOH H MHpOBOH npaKTHKe 

HaKonneH 60JTblllOH OTThIT HCCJle,IJ.OBaHHH H coseprneHCTBOBaHH.ll 3THX CHCTeM. 3,IJ.eCb npHBe,lleHbI 

pe3yrrbTaThI coseprneHCTBOBaHH.ll KrO TB3JJOB Ha PY BK-50. IloKaJaHo, l.frO MeTO,IJ.bI H YCTPOHCT­

sa KrO, K0Top1,1e y)l(e )J.JlHTeJJhHOe speM.ll HcnoJTb3yJOT Ha PY BK-50, 6onee 3q><peKTHBHbl, t.feM Ha 

BB3P, no3TOMy Moryr 61,1Tb peKoMeH,IJ.oaaHbl )).JUI coaepmeHCTBOBaHIDI KrO TB3JIOB BB3P. 

1. KrO ea pa6oTaromeM pea1crope 

B oTnwrne OT peaKTopos THna BB3P, KrO TB3JIOB Ha PY BK-50 npoBO,IJ..llT He TOJlhKO no aK­

THBHOCTH pa,ITTIOffYKJJH,IJ.0B H.O,IJ.a (
131

-
1351) B BO)J.e peaI<Topa, HO H no aKTHBHOCTH ra3oo6pa3HbIX 

npO,IJ.)'KTOB ,IJ.eJieHIDI (I'Il,[() 133
• l

3
Sm, 

138
Xe, SSm. 

87
• 

88Kr B raJe H3 KOH,ZJ.eHCaTopa T)'p6HHLI. 3To B 3Ha­

t.fHTeJibHOH Mepe pacrnHpReT B03MO)l(ff0CTh norryqeHIDI ITOJIHOH. HHq>OpMainm O COCTO.llHHH TB3J10B 

B aKTHBHOH 30He peaKTopa. 

HaH60JibmyJO qyBCTBHTeJibHOCTb KrO MO)l(ffO )J.OCTHt.fb npH perHCTPa~ m,n:, TaK KaK OHH 

B OTJIHt:fHe OT ,IJ.pyrHX PTI,n: He cop6HpyJOTCR no)). o6oJJOt.fKOH TB3na, IT03TOMy HMeJOT HaH60fillllHH 

BblXO)J. H3 HerepMeTHt.fHblX TB3J10B H BhI,IJ.eJljlJOTC.ll ,1).8.)Ke qepe3 MHKpo,IJ.e<peKTbl o6oJIOt.feK. Cpe.nH 

rI1,lI; HaH6onee ITO)J.XO.llRIUHM B Ka4eCTBe penepttoro pa.u,ltOffYKJJH,IJ.a HBJI.lleTCR 
133

Xe. ,n:euCTBH­

TeJlbHO, H3-3a OTHOCHTeJlbHO 60JiblllOro nepHO,IJ.a nonypacna.u.a (T112 = 5,25 CyT) BLIXO)J. 
133

Xe H3 

HerepMeTK4HOro TB3Jla npaKTH4eCKH He 3aBHCHT OT MeCTOITOJlO)KeHH.ll ,IJ.e<peKTa Ha o6oJJO'U<e [1] H 

pa3Mepa ,IJ.e<peKTa ( eCJIH ero )J.HaM~ 60Jibllle 20 MKM, pHC. 1 ), a 3aBHCHT TOJlhKO OT npe,llblCTOpHlt 

o6rryqeHH.ll, MOIJ.{HOCTH H BbirOpaHIDI TOIUIBBa )J.0 H nocne pa3repMeTH3al{HH (pHC. 2). 3To o6CT0$1-

TeJibCTBO Ot.feHb Ba)l(HO )J.Jl.ll O,UH03H34HOH HHTepnpeTaUHH pe3yJihTaTOB KrO. 
Ilpu pa6ome PY BK-50 no npHpocry aKTIIBHOCTH 

133
Xe nocne oqepe,IJ.HOH pa3repMeTH3at\Hlt 

TB3JIOB onpe.o.eJI.llJOT: 

• CKOpOCTh BhIXO,lla 
133

Xe H3 HerepMeTH1.JHblX TB3JIOB (c norpelllHOCThJO He 6onee 20 %); 
• MOMeHTbl pa3repMeTH3al{HH o6onot.feK TB3JlOB; 

• KOJIH1.JeCTBO HerepMeTHt.fHblX TB3JIOB H THil .uecpeKTOB (ra30HenJIOTH.blli HJIH KOHTaKT TOnJIHBa H 

TenJIOHOCHTeJljl); 
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PHc. 1. 3aBHC11:MOCTb BbIXo.na 133Xe B3-no.n 0601101.JKH 
HerepMenf'IHoro TB3Jia OT .nHaMe-rpa .neq>eKTa [2] 
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Puc. 2. Pacqerna.si 3aBHCHMOCTb CKOpOCTH Bb!XO.na aK­

TilBl:!OCTH 133Xe H3 HerepMeTWIHoro TBJJia PY BK-50 
OT cpe.nHeM JUiHeHHOH MOIIl,HOCTH q TBJJia (.n11aMeTp 
,n.eq>e,rra o6onoqKH TBJJia 6011ee 20 MKM) [2] . Bh1ro-

• KOJ1Ht1eCTBO TBC, no.n03pHTeJ1bHhlX Ha Ha­

nwu1e B IDIX HerepMeTWIHbIX TB3J10B, H Me­

CTO HX pacnOJ10)KeHHJI B aKTKBHOH 30He pe­

aKTOpa; 

• nporH03 BbIXO.D,a 
1311 H3 TB3J10B B TeflJIOHO­

CMTeJib 3a C'-leT spike-3cpcpeKTa npH OCTaHOB­

KaX peaKTopa. 

Ha ocmaH0BfleHH0M pea1<mope a nettane 

CTeH.n.a KfO BO.D.HO-faJOBblM MeTO.D.OM BbUlB­

JUIJOT ace TBC c HerepMeTH1Il-11,IMH TB3J1aM11. 

B HHX oueHMBaJOT KOJilll'feCTBO HerepMeTH'-1-

F-rblX TB3J10B, 11cnon1>Jy.i1 .n.aF-rHbte RTO Ha pa-

6oTaJOmeM peaKTope 06 H3MeHeHID!X aK'I'HB­

HOCTH 
133

Xe. PacCMOTpHM npeHMymecTBa 

KfO TB3J10B no aKTHBHOCTH 
133

Xe Ha npHMe­

pe O.D.HOH HJ KaMnattmi PY BK-50. Ha pHc. 3 
H 4 np1-rne.neHbI MOII{HOCTb peaKTopa, H3Me­

HeHIDI CKOpOCTH BbIXO.D.a aKTHBHOCTH 
133

Xe 

H3 HerepMent'lfHbIX TB3JIOB H 061>eMHOH aK­

THBHOCTII 
1311 B so.ne peaKTopa. B 3T)' KaM­

namno 3aperncTpHpoBan11 pa3repMeTH3aUIDt 

o6onocreK 6-TH TB3JIOB: no o.nttoMy TB3JIY B 

15-e H 209-e CyTKH nocne Hal.fana KaMOaHHH 

(TT. 1 H 8 Ha pHC. 4), no 2 TB3Jla - s 260-e 11 

271-e CyTKH (rr. 13 H 14 Ha pHC. 4). Pa3-

repMeTH3aUIDI 1-ro TB3Jia rrpoHJomna rrpH 

CTauHoHapHOM pe)KHMe pa60TbI peaKTopa 

Ha HOMHHaJlbHOH TeTIJlOBOH MOlllHOCTH 

200 MBT, a OCTaJlbHhIX TISITH TB3J10B - rrpH 

nepexO.D.Hl>IX pe:>KHMax pa6oTbI peKTopa. 

PaJBHTHe .necpeKTa B o6ono'lKe 1-ro He-

pam1e TOITJIHBa Ha MOMeHT pa.3repMenoau1m repMeTWIHoro TB3na MO)KHO npocne.n.HTb 
(MBT·CyT/KrU): -♦- l ; - • - 5; - A - 10; - • - 15; TOJlbKO no 133Xe (puc. 4). Or.ueJibHble BCflJie­

-◊- 20; -□- 2S;-6.- 30 CKH aKTHBHOCTH 133Xe, CB.Sl3aF-rHbie, TIO-

BHJlHMOMY, C rrpHOTKpbITHeM H 3aKpbITHeM .necpeKTa, CMeHHJTHCb ycTOHqJIBblM ero BbIXO.D.OM H3 

Trona 4epe3 2 HeJJ.em-1 nocne pa3repMeTH3aUHH. 3To 06'b.S1CHS1eTCS1 yBenw:1eHHeM MHKpo.n.ecpeKTa ,11 
o6oJIO'-iKH. YcTaHOBHBllla.SIC.SI B 3TO apeM.SI CKOpOCTb Bb!XO)la 133Xe (4 .. . 15}10

3 
EKlc (TT. 2 H 3 Ha ¥ 

pHC. 4) cornaCHO pacqery no MeTOJlHKe [I] COOTBeTCTBOBana .necpeKT)' o6oJI04KH C .D.HaMeTpOM f1 
OKOJ10 4 .. . 7 MKM. BcflJieCK aKTHBHOCTH 

133
Xe (T. 4 Ha pHC. 4) nocne CHIDKeHHSI MOlUHOCTH OT 200 ~ 

JJ.O 138 MBT npmf3ornen HJ-Ja yaeJIH'-leHHSI .neq>eKTa o6ono4KH (6onee 20 MKM). Ilocne noro cTa­

uuottapHbIH BblXOJJ. 
133

Xe H3 TB3Jia yaeJIH'-JHJICSI Ha rropSIJlOK. ,[(anbHethnee yaeJIH4eIDte .uecpei-.'Ta He 

BJIH.SIJ10 Ha BbIXOJl 
133

Xe H3 TB3Jla. 06'bjJCHSleTC.SI 3TO TeM, 4TO eCJIH .D.HaMerp .uecpeKTa 6oJibWe 

20 MKM, TO BbIXO.D. 
133

Xe H3-nOJJ. o60J10'-IKH rrpaKTH-..i:ecKH He 3aBHCHT 9T pa3Mepa .necpeKTa (puc. 1). 

B OCTaJlbHblX TISITH TB3JiaX J].e<peKT o6onocncH 6bLJI 60Jibllle 20 MKM C MOMeHTa HX perncrpa­

UH_H, H CTaUHOHapHaSI CKOpOCTb BblXO.D.a 
133

Xe H3 Ka)KJlOro H3 HHX, KaK H H3 1-ro HerepMeTH'-IHOfO 

TB3Jia, COCTaBJ1SIJ1a OKOJIO 2· 10
5 

EKlc npu MOCUHOCTH peaKTopa 185 . . . 190 MBT. 

Tun oerjJeKmOB o6ono4eK TB3J10B (raJOHenJIOTHblH HJIH KOHTaKT TOTIJTHBa H TeflJIOHOCHTeJI.SI) 

onpeJJ.eJI.SIJOT, OCHOBbJBaSICb Ha ony6J1HKOBaHHblX .uaHHblX [3], cornacHO KOTOpbIM npH .uecpeKTe 

o60JIO'-iKH 35 MKM (H11H 6onee) H3 HerepMeH[q}{OfO TB3Jia MO)KeT BblXO.D.HTb U02. Cne.uosaTeJibHO, 
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TaI(J,fe TB3Jibl cne.zzyeT OTHeCTH K Herep­

MeTJ,fllHbIM C .necpeI<TaMH nma KOHTaKT 

TOruTHBa H TeruTOHOCHTerui:. IIocKOJibKY B 

30-JO KaMnaHmo PY BK-50 Bee wecTb 

HerepMeTH'IHl,JX TB3JIOB HMeJIH JJ;eq>eKT 

6onee 20 MKM, a no.slBJieHHe 
1311 B BO}].e 

peaKTopa B KOHl{e KaMIIaHHH CBH,lleTeJib-

MOIUHOCTb, MBT 

200+-------, 

180 
160 

140 
120 +-,--........-.,........,........,.......-,-,--.,.......++-~.,...,.....-.-.-.-......--........,.--,..-.jBpeMJ1, C)'T 

· 0 50 100 150 200 250 300 

CTBOBaJIO o J(a.JlbHeihneM pa.3BHTHH H Puc. 3. TeIIJIOBcUI MOIUHOCTI, PY BK-50 B 30-lO KaMnanmo 

YBeJii,rqeHHH .necpeKTOB B o60JI01-1Kax, TO 

3TH TB3Jlbl OTHecem,1 K HerepMeTH'IHhIM 

C .necpeKTaMH nma KOHTaKT TOJIJIHBa H 

TeruTOHOCHTeJUl. 

KollWJecmBo TBC, nooo3pumeJlbHblX 

Ha HaJlU'lUe 6 HUX HezepMemU'lHblX m63-
Jl06, u Mecmo ux pacnoflo:»eeHUR B aK­

muBHOU 3011.e peaKmopa onpe,D.emnoT 

nocne KIDK,ll.OH pa.3repMeTH3aUHH TB3JIOB. 

Crroco6 HX Br,urnnemu1 ocHOBaH Ha 

cpasHeHHH H3Me~eHHoro rrpHpOCTa CKO­

pocni: BbIXo.na 
1 3

Xe nocne 01-1epe.nttoi1: 

pa3repMeTITTamm C pac1-1eTHOH CKOpo­

CTblO BblXOJ(a H3 KIDK,ll.Oro TB3Jla J(JU[ 

scex TBC B peaKTope. 

B Ka'-IeCTBe rrpHMepa Ha puc. 5 npH­

Be,D.eH pe3ynhTaT orrpe.n.eneHIDl TBC, B 

KOTOpbIX MO)KeT H8XOJ(lITbCR 1-H Herep­

MeTH'-1.HblH TB3JI. Ha 3TOM pHCyttKe K8)K­

)J,b(H npRMOyrOJibHHK COOTBeTCTBYeT 

TBC H3 sr1-1eHKH aI<THBHOH 3om,1 peaI<To­

pa, yK3.3aHHOH c-rpenKoH. EoKOBbie CTO­

pOHht npHMoyrOJibHHKa IlOK3.3blBaIOT Ha 

OCH a6cuucc MaKCHMaJibH)'lO u MHHH­

MaJibH)'IO MO~HOCTH TB3JIOB B TBC, a 

BepXHRR. CTOpoHa o6o3Ha1-laeT Ha OCH 

og.n.uHaT paC"leTH)'IO CKOpOCTb BblXOJ(a 
1 Xe H3 TB3Jia C MaKCHMaJil>HOH MOIIUIO-

CTblO npH BbiropaHHH TOfIJTHBa, KOTOpoe 

J(OCTHnryro B c6opKe K 3TOMY speMeHH. 

CKOpOCTb BbIXOJ(a 
133

Xe H3 OCT8JibHblX 

TB3JIOB c6opKH MeHbme, H HX 3Ha1-1eHHJ1 

HaXOJJ,RTCR Ha JIBRHH, npoBeJ(eHHOH H3 

rrpaBoro sepXHero yrna npRMoyroJibHH-

Ka rrapanJieJibHO cepHH pacqeTHbIX KpH-

R, EIC/c; A, EKIKr 
1,E+7 ..---------------------. 

l ,E+6 

l ,E+5 

1,E+4 

- xe-133; 
o 1-131 

4 6 

t~ 
.s 

9 14 

~w~ 
1~~~ 12 
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PHC. 4. l13MeHeHHe CKOpOCTH BbIXOJla aKTHBBOCTH 133Xe H3 

HerepMeTH'IHbIX TB3JIOB (R) H yueJibHOH aKTHBHOCTl1 13 11 B 
Boue peaKTopa (A) s 30-JO KaMITaJililO PY BK-50. PeJyJibTa­
n,1 a.Hamna KrO Ha pa6oTaJOIUeM peaKTope: 

T. 1 - pa:1repMenoal1,IDI 1-ro TB3na; 

TT. 2, 3 - perHCTJ)HpyeMblH Mmcpoueq>eKT c J.{HaMeTJ)OM 
4 ... 7 MKM; 

T. 4 - BCITJieCK aKTHBHOCTH rrpH MOIIUIOCTH 13 8 MBT H3-3a 
YBeJllllleliHjj J.{HaMe-rpa ueq>eKTa (>20 MKM); 

TI. 5, 6, 7 - onpeu eneHHe pacnoJIO)KeIDUI 1-r o HerepMeTlftl­
uoro TB3Jia npH MOIIUIOCTB peanopa 138, 192, 155 MBT: 1-
H TB3JI B OJlHOH H3 12-TH TBC; 

T. 8 - pa:1repMeTHJal1,IDI 2-ro TB3Jia; 

TI. 9, 10, 11 - BCDJieCKH aKTHBHOCTH a rrepexo.zrm,rx pe)l<H­
Max OT I H 2-ro HerepMeTWIHbIX TB3JIOB; 

T. 12 - onpeueneHHe Mecra pacnoJIO)KeHIDl 2-ro uerepMe­
TH'IHoro TB3Jia npH MOinHOCTH peaKTopa 165 MBT: 2-H He­
repMeTH'lHblH TB3JI B OJlHOH HJ Tex )Ke 12-TH TBC; 

T. 13 - pa:3repMeTH3aI{IDl 3 H 4-ro TB3JIOB s OJlHOH H3 TeX )Ke 
12-THTBC; 

T. 14 - pa:3repMenoal.J,}IJI 5 H 6-ro TB3JIOB a OJlHOH H3 Tex )Ke 
12-TH TBC 

BbIX, H306p8)KeHHbIX Ha pHC. 5 . EcJIH 3Ta JIHIDUI rrepeceKaeT rronocy 3Ha1.JeHHii H3MepeHHOH CKO­

pocnt BblXO)].a 
133

Xe H3 TB3Jia, TO .n.aHttylO TBC OTHOCRT K CTO,!J.03pHTeJibHblM Ha HaJiwrne B HeH 

HerepMeTJ,fllHOro TB3Jla. l·fa pHC. 5 cne.zzyeT, 'ITO HerepMeTH'-JHbIH TB3JI H8XOJ(HTCjl B O.D:HOH H3 12-

TH TBC nepsoro roJJ,a 3KcnnyaTauHH B jlqeifKax 07-31 (KpaTHOCTh TBC paBHa 6), 09-29 (3), 08-34 

(3) yKaJaHHl>IX Ha pHc. 6, a). (KpaTHOCTb TBC - 3To Kon111-1ecTBO TBC B peaI<Tope, H)leHTJ,fllHbIX 

no MOUJ;HOCTH H BbirOpaHI,f}{) TOJIJIHBa.) AHaJIOfH'-IHO BblilOJIHeHHblH aHaJIH3 IlOKaJaJI, 1-ITO K8)KJJ.bl.H 

H3 OCTaJibHl,IX TTJITH HerepMeTJ,fllHbIX TB3JIOB HaxOJ(HTCjl B 0.D:HOH H3 Tex )Ke 12-TH TBC. 
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P11c. 5. CprurneHHe pac'-!eTHOH cKopocn1 R BbTXo,na 133Xe HJ 
HerepMenrrnoro TB3Jia C mrneHHOH MOIIJ,HOCTblO q H HJMe­
peHHOH (s 163 cyrKH): B - mMepeHHlUI cKopocn. BbT­
xo.na 133Xe· - - - - paccier -♦- J · -■- 5· - A - JO· - • - 15· , . , , , , , 
-◊- 20; -□- 25; -6.- 30 - BbirOpaHHe, MBTcyT/KrU 

TaKHM o6pa30M, KfO no 
133

Xe Ha 

pa60TalOII.,\CM peaKTope )laJI HH<pOpMauHJO 

0 KOJlH4CCTBe tterepMeTWffihlX TB3Jl0B H 

xapaKTepe .uecpeKTOB (KOHTaKT' TOTIJIHBa H 

TCTIJIOHOCHTeJUI). KOHTpOJleM rep MeTH'-1-

HOCTH o6ono"4eK Ha OCTaHOBJICHHOM p eaK­

TOpe OCTaBaJIOCb onpe.ueJIHTb KOHKpeTHO, 

KaKa51 H3 npe.unonaraeMbIX TBC HerepMe­

TH4Ha, '-ITO H BhlITOJIHeHo npH rrposep Ke B 

neHaJie KrO nocne 3TOH KaMnamtH. B 

OJlHOH 113 yKa.JaHHbIX ~eeK aKTHBHOH 30-

HhI peaKTopa (R'i. 06-36 Ha pHC. 6, 6) 06-

Hapy-ACetta TBC c wecTblO HerepMeTH"4-

HhIMH TB3JlaMH, KOTOpa51 6blna Bblrpy)KeHa 

H3 peaKTopa )lOCpO'iHO B CB513H C npeBbl­

lIJeHHeM 3KcnnyaTaUHOHHOro npe.uena 

nospe)KJJ;CHH51 TB3JlOB, pasHoro JlBYM TB3-

JlaM C .uecpeKTaMH THna KOHTaKT TOruJHBa 

H TeruJOHOCHTeJUI. 

113 p11c. 4 BH,lJ,HO, '-ITO C.HTHaJI no 
133

Xe nOHBHJlCjl B 15-e cynrn OT HaqaJia KaMnamrn, pa.3BHTHe 

.uecpeKTil B 1-M TB3Jle OT HeCKOJlbKHX MHKpOH .uo > 20 MKM npOHCXO)lHJJO B Te'-leHHe lleTbrpex Me­

C51UCB, a CHTHaJI no 
1311 o6Hapy)KeH JlHllib B KOHUC KaMnaHHH (263- e cyrKH Ha pHC. 4), Kor.ua B p e­

aKTofe y)Ke 3aperncTpHpOBaHbl 4 tterepMeTl{q}{f,IX TB3Jla. Al<THBHOCTb 
1311 6hma HH3KOH (Mettee 

3· 10 EKIKr) H3-3a a.ucop6UHH ifo.ua Ha BttyrpeHHl-0{ noaepXHOCT51X o60JlO'-leK TB3JIOB BCJlC.UCTBHe 

OTHOCHTeJlbHO IDl3KOH HX TeMnepaTYPbl (HH)f(e 270 °C) [4]. HaKOTIJieHHblH noJJ, o6oJJo~aMH HO,ll, 

MO)KCT BbTXOJlHTb 113 HerepMCTH1IBblX TB3Jl0B npH OCTaHOBKax peaKTopa BCJJC.UCTBHe sp ike-

3cpcpeKTa [5]. I1 ecm1 Ha BB3P np11 ocTaHOBKax no aenwnrne spike-3cpcpeKTa cy.UHT JJHillb o HaJIH­

q1111 HerepMeTHllHbIX TB3Jl0B, TO Ha PY BK-50 Q)KH,llaeMblli ypoBeHb aKTHBHOCTH 
1311 OT spike-

3cpcpeKTa nporH03HPYlOT npH Jil060H OCTaHOBKe peaKTopa, HCIT0Jlb3Y51 MeTO,llHKY [ 1] H )laJIBble 06 

aKTHBHOCTH 
133Xe. 3Ha51 O)KH,l].aeMylO BCJlJilIBH)' aKTHBHOCTH 

1311, npH OCTaHOBKe npHHHMaeTC51 

perneHHe O nOBbUIICHHH pH B BO,ll,e peaKTopa .llO 8 ... 9 .ll.JljJ CHIDKeHIDI KOHUeHTpauHH ne-ryrrnx 

cpopM HO.Ila H yMeHbweIDl51 ero Bhr6Roca s BeHTCHCTeMY, TaKHM o6pa30M, KrO TB3JlOB Ha p a60-

Ta10meM peaKTope no aKTHBHOCTH 
13 

Xe 6onee ,rncpopMaTHBeH, '-teM TOJlbKO no aKTHBHOCTH HO,l].a. 
DI •• 

a) 6) 
PHC. 6. MecTO BOJMO)f(HOro pacnoJIO)f(eHJUI mecn:1 HerepMeTWUlblX TB)JIOB no llaHHhlM KrO Ha pa6oTIUO­
meM peaKTope (a) 11 peJynbTaT KfO Ha ocTaHOBJieHHOM peaKTope - TBC c 6-10 HerepMeTH'IHhIMH TB3JiaMH 
(TeMHlUI .!l'leHKa) B .ffqeHJ<e 06-36 (6) 
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• 

Hanpasnemui: p83BHTHj! KI'O Ha BB3P MO)KHO pe1<o~e 
B KaYecTBe nepcneKTHBttoro aMMa-cneKTpoMeTpa, pa6onuol.I.(ero s pe)f(}!Me 

0
h 1¼oaa-.. 

oro r ,1,J· ,1, HCnOJib30BaHHe TCXHOJIOnt'-leCK IlpHMep TaKOH. CHCTeMbl npHse.neH B pa6oTe (6). 3-r 1tle Ii 
6aH.nace TenJIOHOCHTeJUI I KOHTYPa· P"' "HOH)'KJIH.D;OB .no TPex rpynn: 0 t'to3'13" a 

epHblX ......, v, JIHT pacwHpHTb KOJIWICCTBO pen 
87 88Kr. 

• fTT,D;: m xe, t3sXe, 138Xe, ssm.Kr i3"ff1''134 ' mes· 
131 132 1331 1341 I, Cs, ' 

• Jle'I'yl.f_He PTT)];: I, I, , 144c ,i np 
95 I 40L e r, ,_.., · • HeJieTyt.fHe PTT)];: Nb, a, 

uvoii TB3J18 003TOM)' HX BbfXO.lJ. MO)l(eT perHCl'h1, o6ono'"U' ' ·p~Po 
fTT,lJ; He cop6HpylOTC.II no.n Ha BblXO.D. _113 HerepMeTHlfilbfX TB3JIOB Jle'I'yl.f_HX Pij~ 

6 
lia°ttcJI 

,lJ.a)l(e H3 TB3Jia C MHKpo,necpeKTOM- 6 H Ha sttyTPeHHHX nosepXHOCT.SlX no.n o6onotileoij l' 0.1ltltto 
BJIHSIHHe OK83blBaJOT npoueccbl cop l..(H e qeM rn,n; (p11c. 2). 3aMeTHb!H BbfXO,ll Jle-t'ytrli}c ~Jta [7]e 

V na MeHl>W , t"fli-.' , 
003TOM)' BbfXO,ll 110.na .113 TB3 bITb 3aperHCTPHPOBaH TOJibKO nocne p83BHTHSI ~Uil<po .- ~ li3 
HerepMeTHt.fHbIX TB3JIOB MO)KeT 

6 
SIT H3 tterepMeTH"lJHblX TB3JIOB JIHUib C nosepXHocl'li 't!e~el(i-a 

o6onol.fKH. Hene'f)"{He PTI,L( s&rxo.n H perncTPHPYJOTCjj TOJibKO s CJJy"tJae KP)'mrb1x I\ tl./}liaa 
KOHT8KTHpy101.I.(eH C TeruJOHOCHTeJTe~~HPYIOT no aJCTHBHOCTH B TermoHOCHTeJie P¾1-10 e~el<l'o~ 
0601104:eK. 3p03HJO TOnmma KOHTP ~k .. 
239,,.. -~a l'llp. 

TrrQ ea 0CTaH0BJieHH0M pea1nope 2.~ 

Ha PY BK-50 s 80-e ro,n&I npose,neH 
HTaJibHbIX 

LlHKJI cpaBHHTe.lll,HbIX 3KCnepuMe MeTO,LlOB 

HCCJienosaHHH scex .H3BCCTH1>IX sa 
,.,, J)b30 -

Kro B nettanbHOH YCTaHOBKe C ucno HMeH-
HHeM o6nyqeHHOH s peaKTope 3Kcnep 

T8JibHOH TBC c HcKyccTseHHbIMH (H3secT-

6 o1.1eK TB3-HbTX P83Mepos) .aecpeKTaMH O OJI 

JIOB [8]. TTOK83aHO l.fTO 3Ha'-IHTeJJbHhie npoe-
, H MeT -

HMyIQecTBa no cpasHeHmo c .npyrHM cTH 

.ll.8MH no 'lf}'BCTBHTCJlbHOCTH, noaTopaeMOoTe 
~ npocT peJyJibTaTos H TeXHOJIOrH"tJeCKOH 

HMeeT BOJ(HO-f830BbIH MCTO,ll. THO 
T UITa -

TTpHHl..{HITHa.JU,Hoe OTJJHt{He O MeTo.na 
ro M.si: peaKTopos BB3P so.nHoro 

ae perrep­JaKJ110"CJaerc.11 s Bb16ope n KaqecT 
• ..,MeJOIUHX Hb!X H)'KJIH.nos HHepTHbIX fa30B, n 

HaH60JiblDHH no senw-1HHe H cTa6Wil>HOCTH 

( B UIT8T­BhlXO.lJ. 113 HerepMeTHqHbIX TB3JIOB 

HOM MeTo.ne penepHbIM pa,uHOH)'I{]IHJlOM 5{B-
JI 131 noKa38HO, JleTC.si: I). 3KcnepHMeHTan&HO 

1ITO lf)'BCTBHTeJihHOCTb MeTo.na 06ecne1.1HBa-
-hJ,1KaU.HH eT B03MO>KHOCTb Ha,Lle)KHOH 1-1,neHTH\p 

TBc c HerepMeTH'llibJMH TB3JiaMH nocne 

BhJAep.>f<KH TBC 6onee 10 JieT. ~ 
TTpHHQHITHanbHaJI cxeMa neHaJJbHOH yc­

TaHOBl(H M.si: peanH3al{HH BOJlHO- fa30B0f0 
MeT YcrattosKa 0

.na np11se.aeHa Ha p.11c. 7. 
PafioTaer cne.n,)'}01.I.(HM o6pa.3oM: 

ITpo6a 

B0.llbl 

8 

, ," 4 

I 
I 
I 
I 
I 
I 
I 

*V4 

I 
I 

V3 1 

9 

VJ 

: A 
Is 6accel11-1 

I 

PHc. 7. IlpHHIJ.HnHam,HruI cxeMa neHaJibHoij Ye 
KrO: I - TBC; 2 - neHa.n; 3 - Hacoc; 4 - 1te"¾a~lio13~1-t 
KOHJJ.eHcaTOp snarn; 6 - pa,llHoMeTJ); 7 - Pol'a~e 0P; s _ 
BaK)')'MHbJH KOJlJleKTop; 9 - KOJ1J1e1<Top .ltlicl' 11:>; 8 _ 
VI .. .V4 - BeHTHJlH 3anopHb1e; V5 - BeHTJiJti. l-ot.11Slla-

VlnI.IJ.HH Per-yJt , ~-- ~ 
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PHc. 5. Cpai3Hem-1e pacYeTHOH cKopoCTH R aMxo.na 133Xe H3 
HerepMenrrnoro TB3na C nHHeH.HOH MOII(HOCTblO q H H3Me­
peHROH (a 163 C}'TKH): B - RJMepeHHaJr CKopocTb BbT­
xo.na 133Xe· - - - - pacYeT· -♦- I ·-■- 5· - • - 10· - • - 15 · , ' ' , ' , 
-◊- 20;-D- 25;-1:::,.- 30 - BhlrOpamte, MBTC)'T/KrU 

TaKHM o6pa30M, I<TO no 
133

Xe Ha 

pa60Ta10l1leM peaKTope .uan HHq>opMaumo 

0 KOJIH"lieCTBe HerepMeTH'UibIX TB3JIOB H 

xapaKTepe .uecpeKTOB (KOHTaKT TOnJIHBa H 

TeTIJIOHOCHTem). KoHTpOJieM repMeTHq­

HOCTH o6onoqeK Ha OCTaHOBJJeHHOM peaK­

Tope OCTaBaJIOCb onpe.uemtTb KOHKpeTHO, 

KaKaR H3 npe.unonaraeMbCX TBC tterepMe­

THqHa, lJTO H BbITIOJJHeHO npH nposepKe B 

neHane KrO nocne JTOH KaMTiaIDfH. B 

O.llHOH H3 yKaJaHHhIX jfqeeK aKTHBHOH 30-

HhI peaKTopa (&'-1. 06-36 Ha pHC. 6, 6) 06-

Hapy)KeHa TBC c meCTblO tterepMeTJ,Jq­

HhIMH TBJnaMH, KOTOpaR 6bIJJa Bb1rpy>1ceHa 

H3 peaKTopa .uocpOtJHO B CB&3H C rrpeBbI­

weHHeM JKcnnyaTar.tHOHHoro rrpe.nena 

nospe)K)J.eHHJI TB3JIOB, paBHOro .UBYM TB3-

naM C .uecpeKTaMH nma KOHTaKT TOnJIHBa 

),f TenJIOHOCHTenSI. 

lli pHC. 4 BM)J;HO, qTo ClffHaJI no 
133

Xe IlOSIBHJlCH B 15-e cyrKH OT HatJaJJa KaMTiamrn, pa3BHTHe 

.uecpeKTa s 1-M TBJJie OT HeCKOlli,IOIX MHKpOH .uo > 20 MKM npOMCXO,llHJIO s TeqeIDfe qeTblpex Me­

CSIU,eB, a CHTHaJl no 
131 1 o6Hapy)KeH JUHllb B KOHU,e KaMnamrn (263-e cyrKH Ha pHC. 4), Kor.ua B pe­

aKTope ~e 3aperncTpHpOBaHbI 4 HerepMeTM"lfHblX TBJJia. AKTHBHOCTI, 
1311 6bma HH3KOH (MeHee 

3· l O .6KIKr) 113-33 a.ncop6u,IDt HO.Ila Ha BH)'TpeHHHX. noBepXHOCTHX o6onoqeK TB3JIOB BCne.ucTBHe 

OTHOCHTeJibHO HH3KOH HX TeMnepaTypbI (HIDKe 270 °C) [4]. HaKonneHHbIM no.u o6oJJ04KaMH HO.D. 

MO)KeT BbTXO.UHTb H3 HerepMeTJ,{qHI,TX TB3J10B npH OCTaHOBKax peaKTopa BCJie)J.CTBHe spike-

3cpq>eKTa [5]. I1 ec;rn Ha BB3P npH ocTaHOBKax no seJIHqHHe spike-Jq>q>eKTa CY.LI.HT JJHUlh o HaJIH­

qnH HerepMeTH"IIHbIX TB3JIOB, TO Ha PY BK-50 O)KH)J.aeMbIH yposeHI> aKTHBHOCTH 
1311 OT spike-

3cpq>eKTa nporH03Hp)'lOT npH mo6oH OCTaHOBKe peaKTopa, HCflOJlb3YR MeTO.UHKY [ l] H .D.aHHI>Ie 06 

aKTHBHOCTH 
133

Xe. 3HaR 0)KH)J.aeM)'lO BeJIH4KH)' aKTHBHOCTH 
1311, npH OCTaHOBKe rrpHHHMaeTCH 

pemeHHe O nOBbillleHHH pH B BO)J.e peaKTopa .D.O 8 ... 9 .llJ1jl CHH)KeHHR KOHU,eHTpa!.{HH ne-ry-qHX 

cpopM iio.na H yMeH.hweHHJI ero s1,16Roca s seHTCHCTeMY- TaKHM o6pa3oM, I<TO TBJJIOB Ha pa60-
Ta10meM peaKTope no 3KTHBHOCTH 

13 
Xe 6onee HHq>OpMaTHBeH, tJeM TOJlbKO no aKTHBHOCTH H.O,lla. 

DI DI 

a) 6) 
PHc. 6. MecTO BOJMO)KHOro pacnono>KeHIDI rnecnt HerepMenrrnhIX TB3noa no ,naHHbIM KrO Ha pa6onuo­
rueM peaKTope (a) H pe3ynhTaT Kro Ha ocTattoaneHHOM peaKTope - TBC c 6-10 HerepMen1"tJHhrMH TB3naMH 
(TeMHM ,iqeiiKa) a ,iqeAKe 06-36 (6) 
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B Ka4eCTBe nepcneKTHBHOrO HanpaBJieHJ-UI pa.3BHTHH KrO Ha BB3P MQ)l(HQ peKOMeH,UOBaTb 

HCTTOJib30BaHHe TeXHOJIOrH4eCKOrO raMMa-crrel<TpOMeTpa, pa6orn10mero B pe)l(HMe on-line Ha 

6ai1nace TenJIOHOCHTem1 I KOHrypa. TipHMep TaKOH CHCTeMbl np1-rne)].eH B pa6oTe [6]. 3To 1103B0-

JIHT pacmHpHTb KOJIJ,Jt-!eCTBO penepHbIX pa,uHOH)'KJIH,llOB )].0 TPeX rpynn: 

• ffi)::(: l33Xe, 135Xe, l38Xe, 85mKr, s,Kr, ssKr; 
• nezy1-me PTI)].: 1311, 1321, 1331, 1341, 1351, 134Cs, 137Cs; 
• Henezyy11e PII)].: 

95Nb, 140
La, 

144
Ce 11 .D.p. 

rTI,[( He copfoipYJOT C.SI TTO)]. 060JI01IKOH TB3Jia, I103TOM)' ITT( BblXO)::{ MO)KeT perHCTPHpOBaTbC.SI 

,u~e H3 TB3Jla C MHKpoaecpeKTOM. Ha BbIXO)::{ li3 HerepMeTH'-IHbIX TB3JIOB JleTyqm{ PII)]. 6oJibWOe 

BJIH.SIHHe OKa.3blBaJOT npou,ecCbl cop6UHH Ha BttyTPeHHITT( ITOBepXHOCT.SIX 110)::{ o60JIOlIKOH TB3JJa [7], 
Il03TOM)' BbIXO.lJ. HO)].a H3 TB3Jia MeH1>IIIe, tJeM rTI,[( (pHC. 2). 3aMeTHbIH BbIXO)]. JieTytJHX PTT,[( H3 

tterepMeTH'-IHblX TB3J10B MO)KeT 6bJTb 3aperHCTJ)HpOBaH TOJibKO nocJie pa.3BHTHH MHKpoaecpeKTa 

o6oJI01IKH. HenezyqHe PIT,[( BbIXO)]..SIT H3 HerepMenfl-lHblX TB3JIOB JJHlllb C noaepXHOCTH TOTIJIHBa, 

KOHTaKTHpy10me11 c TenJIOHOCHTeJJeM, H perHCTpHpYJOTCH TOJlbKO B cnyqae Kpymn,IX aecpeKTOB 

0601101IeK. 3po3mo TOilJIHBa KOHTPOJIHPYJOT no aKTHBHOCTH B TenJIOHOCHTeJie pa,uHOttyl<.JillJ].a 
239Np. 

2. KrO ea OCT3HOBJieHHOM peaKTOpe 

Ha PY BK-SO B 80-e ro.AhI rrpose,lJ.eH 

l..{HKJl cpaBHHTeJibHbIX 3KCrrepHMeHTaJJbliblX 

HCCJTe,lJ.OBaH.HH Bcex H3BeCTHblX MeT0)::{08 

KrO B rreHaJJbHOH ycTaHOBKe C HCTIOJib30Ba­

HHeM 0611y1IeHHOH B peaKTope 3KCnepHMeH­

TaJJbHOH TBC c HCKyccTBeHHl>IMH (H3BecT­

Hbrx pa.3MepoB) aecpeKTaMH 06011ol!eK TB3-

JIOB [8]. TioKa.3aHO, l!TO 3HatJHTeJibHble npe­

HM)'I.I.{eCTBa no cpaBHeHmo C apyrHMH MeTO­

)].aMH no tJYBCTBHTeJibHOCTH, IlOBTOp.SleMOCTH 

pe3yJibTaTOB H TeXHonorH'-!eCKOH npoCTOTe 

HMeeT B0)].HO-fa.30BbIH MeTO,lJ.. 

TipHHUHTIRaJJbHOe OTJIH'-IHe OT UITaTHO­

ro .lJ.JUI peaKTopoa BB3P BO.ll.HOro MeToaa 

3aKJJ10'-laeTc.si: B Bb16ope B KatJecTBe penep­

HbIX H)'KJJH,llOB H.HepTHbIX fa.30B, HMelOI.I.{HX 

HaH60JiblllHH no seJIH'-!HHe H CTa6HJibHOCTH 

BbIXO,lJ, H3 tterepMeTHtJHbIX TB3JIOB (s lllTaT­

HOM MeTO)::{e penepHbIM pa,uHOH)'KJTH,llOM SIB­

Jl.SleTC.SI 
131 I). 3KcnepHMeHTaJJbHO 110Ka.3aHO, 

l{TQ l{)'BCTBHTeJibHOCTb MeTO)::{a o6ecnetJHBa­

eT B03MO)KHOCTb Ha,lle)KHQH H)::{eHT H<pHKaI..(HH 

TBC c HerepMeTH"t.JHbIMH TB3naMH nocne 

Bl>I.D.ep)KKH TBC 6onee 10 JJeT. 

TipHHUHilHaJJbHaSI cxeMa neHaJJbHOH yc­

TaHOBKH ):{JI.SI peaJJH3aU.HH BO,lJ.HO- fa.30BOro 

MeTo,lJ,a np11Be)::{eHa Ha pHC. 7. y CTaHOBKa 

pa6orneT cne.AyiomHM o6pa.3oM: 

8 

5 

TTpo6a 

B0,l(LI 

I 
I 
I 
I 
I 
I 
I 

* 1'4 
I 
I 
I 

9 

I VI 

V31 

: ! 
la 6accei1H 

I 

P11c. 7. IlpHHI..UmHa.JibHaJI cxeMa neHanbHOH ycraHOBKH 
KTO: l - TBC; 2 - rremUI; 3 - Hacoc; 4 - .neraJarop; 5 -
KOH.nettcarop enarn; 6 - pa,unoMeTP; 7 - poTilMeTP; 8 -
Ba.KYYMHbIH KOJIJieKTop; 9 - KOJIJieKTop JlHCTHJIJI..IITa; 
Vl.. .V4 - BeHTHJJ.11 Jar10pm,1e; vs - BeHTHJlb peryJIH­
PYJOIUHH 
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• ocyl.l(eCTBJUleTCJI npOMbIBKa neHana H KOHrypa ycTaHOBKH H3 KOJIJieKTopa 9 .L\HCTHJUUITa; 

• npOH3BO.AHTCJI HaCTOH npo6r,1 B neHane 6e3 UHPKYJlRUHH TenJlOHOCHTeJUI 4epe3 neHan; 

• BKJllO'-laeTCR UHPKYJUIUHR BO.Ahl qepe3 neHan c no,na4eH ee qepe3 cpopcyttKy .neraJaTopa (4epe3 

BeHTHJlb V2). HaKO□JieHHble B Bo.ne nettana pa,nHOH)'KJIH,llbl KpHTITOHa H KCeHOHa (npH HanHtJHH B 

TBC HerepMeTH-YHblX TB3JIOB) BbI,nemnoTCJI B ,ueraJaTOpe 113 BO.Ahl H B03,nyxoM no.naioTC.sl B n po­

T04HhlH. .neTeKTop 6 6eTa-pa,nHOMeTpa; 

• no DOKa3aHH.s!M 6eTa-pa,nHOMeTpa .nenalOT BblBOA O HaJIH'UIH Hml OTCYTCTBHH HerepMeTHlJHI,JX 

TB3JIOB B TBC: npH OTCYTCTBHH HerepMeTH4HblX TB3JIOB DOKa3aHH.sl 6eTa-pa.UHOMeTpa OCTaK>TCJI 

Ha ypoBHe co6crnemmro cpotta, npH ttanwu,rn - HMelOT cpopMy rrHKa c anontte onpe,ueneHfilIMH 

rrapaMeTpaMH nepe.uttero H 33,nHero cppOHTOB, 'ITO Il03BOJI.sleT H36e)KaTb Hea,ueKBaTHOH mrrepnpe­

TaUHH pe3yJibT3TOB B c.rryqa.six arrnapazypHblX c6oeB HJIH H3MeHeHID! cpoHa B6JIH3H .ueTeKTopa. 

B TeXHOJlOrlflleCKOH cxeMe npoBepKH OTCYTCTBYJOT perynHpOBKH H rrepeKJIIO'-leHIDI. Pacxo.n 

B03.nyxa t.J.epe3 .ueraJaTop ycTaHaBJIHBaeTC.sl no pOTaMeTPY 7 B Hat.Jane pa60Tbl H OCTaeTC.sr nOCTO­

JIHHblM B Te'leHHe BCero speMeHH pa60Thl Ha ycTaHOBKe. Pacxo.n BO.Ubl qepe3 .neraJaTop (npH OT­

KpblTOM BeHTHJie Jl2 H 3aKpblTOM BeHTHJie V3) onpe.ueJIJleTC.sr xapaKTepHCTHlCaMH Hacoca H cpop­

cyHKH H TaK)Ke OCTaeTC.sl noCTOJlHHblM rrpH nposepKax. 

8 

7 9 

lJ 
10 

6 

5 .,_ ____ .,. 

4 3 

Jl 

PHc. 8. TipHRUHID!a.JibHrut cxeMa ycTitHOBKH KrO s aK­
THBHOH JOHe peaKTopa: I - TBC; 2 - npo6ooT6opHaR 
lllTattra; 3 - Hacoc; 4 - rn,np03aTBop; 5 - ,neraJaTOp; 6 -
KOHJ{eHCaTop BJTarn; 7 - pa,nHOMeTp; 8 - aaxyyMHb!H 
KOJTJTeKTop; 9 - pOTaMeTp; 10 - BeHTHJTb 
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Ilocne o6ttap~eHHR TBC c HerepMe­

THtJHbIMH TB3JlaMH B paCCMaTPHBaeMOH yc­

TaHOBKe MO)KHO orrpe.ueJIHTb pa3MepbI .ne­

cpeKTOB, ,D.JUI qero HCITOJlb3yeTCJI .AH(p(pY3H­

OHHaR MeTO.UHKa 6e3 6pOCKOB ,n:aBJleHIDI B 

neHane [8]. B 3TOM cnyqae tteo6xo,n:KMo no­

BTOpHTb npOMhIBKY neHana H KOHrypa ycTa­

HOBKH, HO nocne rrpOMblBKH, He BbfKJllO'laR 

Hacoca, nnaBHO nepesecn1 UHpKyn.siumo Ha 

,neraJaTop Yepe3 BeHTIUlb V3. B pe)KHMe 

UHPKYJHll..{IUI OroHpaK>TC.s! rrp06bI BO.Ubl H3 

.ueraJaTopa, KOTOpbie H3MepRIOTCJI Ha 11a60-

paTOpHOM raMMa-cneKTpOMeTpe. no cKopo­

CTH pocTa aKTHBHOCTH PTT):( onpe,neJUleTC.sr 

pa3Mep .necpeKTa. MeTO.lU-IKa orrpe.ueneHH.si 

pa3Mepos ,uecpeKTos npornrra npoBepKy Ha 

TBC C HCKYCCTBeHHblMH .necpeKTaMH H3BeCT­

HI:,IX pa3Mepos [8]. 
Ilocne OTPa6oTirn BO.LlHO-raJosoro Me­

To.na KrO B neHaJihHOH yCTaHOBKe Ha PY 
BK-50 co3,natta ycraHOBKa KrO .LlJJ.sl orrepa­

THBHOH rrposepKH qexnOBbIX TBC B aKTHB­

HOH 30He OCTaHOBJieHHOro peaKTopa. Y CTa­

HOBKa pa6oTaeT CJle.LlYJOl.l(HM o6pa30M 

(pHC. 8): 
• npo6ooT6opttaR rnTattra 2 ycTaHaB1111saer­

c.si Ha npoBep.sieMYJO TBC 1, npH 3TOM o6ec­

neqHsaercR ynnoTHeHHe lllTattrn Ha TBC 3a 

C4eT pe3HHOBOH. npOKJia,uKH" 

• npOH3B0.LlHTCJI HaCTOH. npo6hl - BbI.nep)l(Ka 

3aKpbITOH cBepxy TBC npH OTCYTCTBHH UHP­

KYJIRUHH TeI1JIOHOCHTeJUI 4epe3 Hee B Tet.Je-



HHC HCCKOJ1£:,KHX MHHyT, npH 3TOM 3a CYeT OCTilTOlfHOro 3HeprOBbl,1J.CJleHIDI rrpoHCXOJJ.$1.T pa3orpeB 

TB3J10B H yseJTHYCHHe BbI)J.eJlCHH.sl PII,ZJ; H3 tterepMeTHYHbIX TB3JIOB; 

• 3aTeM BKJlfOYaeTC.sl ttacoc 3 H TenJIOHOCHTCJib H3 nposepReMOH TBC ITOJJ.aeTC.si B JJ.Cra3aTOp 5, B 

KOTOpOM paJJ.HOttyKJlHJJ.bI KpHITTOHa H KCCH0Ha BhIJJ.CJI.sllOTCR H3 BO)lbl B B03JlYUIHblli o6oeM 

,1J.eraJaTopa; 

• 803.llyxOM, 0Tcacr:.rnaeMbJM H3 Q3 B BaKyyMHbIH KOJlJieKTop 8, BbIJJ.CJIHBlillfeCR H3 BOJJ.E,I paJJ.HO­

ttyKJIHJJ.E,I KpHnTOHa 11 KCeHOHa ITO)J.afOTC.sl a rrpOTOYHbIH JJ.eTCKTOp 7 6eTa-pa,1J.HOMeTpa; 

• CHHMaeTC.sl KpHBa.si H3MCHCHHR aKTHBHOCTH rrr,n; B npoTOl.JHOM JJ.eTeKTope 6eTa-pa)lHOMe-rpa, no 

xapaKTepHCTKKaM KOTOpOH )lCJlafOT BbIBO)l O HamtYHH HJIH OTC)'TCTBID:I tterepMCTH'IHbIX TB3JI0B B 

npoBep.sieMOH TBC; 

• o6pa60TKa pe3yJibTaT0B 3aKJUOYaeTC.sl B 

cpastteHHH KpHBhIX H3MCHCHH$1 ITOKa3a­

HHH 6eTa-paJJ.HOMeTpa npH nposepKe pa3-

JIHYHblX TBC (pHc. 9). IIpH rrposepKe 

TBC C repMeTw:IHbIMH TB3JlaMH KpHBbie 

H3MCHCHJ,lj{ npaKTH'!CCKH He OTJlHYafOTCR 

OT KpHBOM cpoHa peaKTopa, T.K. s npo6e 

OlUHpaeMOH BO)lbI KOHU.Ctt-rpaUHR ffi,ZJ; 
npaKTHYeCKH OJJ.HHaKOBa. IIpH rrposepKe 

TBC c tterepMeTWIHbIMH TB3JiaMH KpHBa.si 

H3MCHCHJ,lj{ OTJiw:IaeTc.si no ,D;BYM rrpH3Ha-

CKopoCTI> cqe-ra, mm/c 
5 000r------;::============;i 

- TBC c HerepMeTH'iHblMH TB3na~rn 

4 000 

3 000 

2 000 

KaM: Bbillle ypoBeHb nOKa3aHHH H Ha ne- 1000 

B0M CKJI0He KpHBOH npHC)'TCTByeT IlHl<, 

CB.sl3aHJfl,JH C KOMnaKTHblM BbIJJ:eJieHHeM 

- TBC c repMeTITTHbIMH TB3naMH 

BpeMR, MHH 

fIT,n; H3 )J.e<peKTa B TCilJIOHOCHTCJib 3a 0 5 15 20 

speM.si ttacTo.si . PHc. 9. <l>opMa CHrHaJJa KfO npH nposepKe TBC B aKTHB-
BpeMJI nposepKH TBC a aKTHBHOH HOH Jotte peaKTopa 

30He peaKTopa C0CTaBJI.sleT 12 ... 15 MHH, 

JJ.J1jf ycKopettH.si pa6oT no KrO OJJ.H0BpeMeHH0 MOryT HCilOJ1h30BaTbC$1 HCCK0JihK0 He3aBHCHMhIX 

ycTaHOBOK. IlpeHM)'ll(eCTBa npHMeHeHH.sl TaKHX ycTatt0B0K nepe.n; neHaJihHblMH COCTOJlT B cne­

JlYIOIUCM: 
• 0TC)'TCTBHe TPY.ll03a-rpaT tta -rpattcnopTHhre onepaiurn c H3BJieYettHeM TBC H3 aKTHBHOH 30Hhr; 

• C0Kpaw.ettHe BpeMeHH npose)lCHH$1 KrO; 

• K0MTiaKTH0CTh ycTaHOBKH; 

• npoCTOTa H TCXH0JlOrHlfHOCTb npouecca nposepKH; 

• OTC)'TCTBHe pacxo)J.a ,ll;HCTHJIAATa; 

• coxpattettHe HCXO)lHOH KOHU.eH-rpaJ..{HH penepHhlX HYKJIH,ll;OB Btty-rpH HerepMeTH'IBOro TB3Jia. 

K He)lOCTaTKaM 3TOro cnoco6a no cpasttemno C neHaJibHbIM OTHOCHTC.sl CHIDKeHHe YyBCTBH­

TCJibH0CTH H3-3a HaJIH'IHR B so.n;e peaKTopa q>OHOBOH K0HU.ett-rpal(HH penepHhlX H)'KllHJJ.08. 

3a1e;11011enee 

Ha PY BK-50 pa3pa60Tattr:.1 H rrpo.n;oJDKHTeJibttoe speMJ1 ycneurno 11cno11b3Yf0Tc.si MeTOJJ.bI H 

yc-rpoucTBa KrO TB3JIOB, KOTOpbre 6onee 3cp<peKTHBHhl, lfeM lllTaTHhre JJ.J1JI BB3P. OttH Moryr 

6bITb peK0Mett.n;osattbI JJ.J1JI coseplllettcTaosamrn KrO TB3nos BB3P. 

KpacHOB A.M - KOHmaKmHbZU men.: (84235) 65837; E-mail: min@niiar.ru 
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Y,l(K 621.039.5121519 
OIlbrT 3Kcm1yaTauuu PY BK-50 }lJIH 11poeKTuposauHH AT:ll( 

C K0pnycHLIM KHDH~M peaKTopoM 

C.H. Anmono6, B.M. E~epKun, H.ll. Typmae6, B.E. IlIAte.Jle6, E.K. RKiuun, 
<I>rYil "TTilJ, P<I> Hl111AP", 433 510, r. )J;HMwrpoarpa.zl-10 Y m,.srHOBCKOH o6n. 

TTpe.n.cTaBJJeHhI OCHOBHble pe3yJJbTaTbl .lJJilfTeJJ.bHOH 3KCnJJyaTaU.IDf H HCCJJe.n.oaamrn, BblilOJJHeHHhrx 
Ha PY c KopnycHhlM KH□JIIUHM peaKTopoM BK-50. OHH JJerJIH B ocHoay TexHH1IecKoro npeJlJJO)KeHIDI no 
pa3pa60TKe AT3U, C KOpnyCHblM KHnHIIU1M peaKTopoM. 

VK-50 OPERATION EXPERIENCE FOR NUCLEAR COGENERA TION PLANT DEV­
ELOPMENT WITH VESSEL-TYPE BOlLING WATER REACTOR. S.N. ANTONOV, 
V.M. YESHCHERKTN, N.P. TURTAEV, V.E. SHMELEV, E.K. YAKSHIN. The main results of 
long-term operation and examinations performed at the vessel-type boiling water reactor VK-50 are pre­
sented. These results were used as the basis of technical proposal on nuclear cogeneration plant develop­
ment with vessel-type boiling water reactor. 
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20 OKrn6pS1 2005 ro.na HcnonHS1eTCS1 40 neT co .nHsi 3ttepreTK4ecKoro nycKa PY BK-50. OHa 

6.bIJia C03,natta }l,JUI H3y4eHHS! pa3JIH4.HblX npo6neM, CBS!3aHHbIX C pa6oTOH Kopnycttoro KHIDUIJ,ero 

peaKTopa C ecTeCTBeHHOH UHPKYJlJIU.rleH TermoH0CHTeJlJl KaK HCT04.HHKa 3Hepnrn J];JIJI A3C. 

TTepBotta4.anbHO npoeKTOM PY BK-50 rrpe.nycMaTPHBanacb no,naqa napa Ha zyp6HHY KaK H3 

peaKTopa, TaK H HJ TPex naporettepaTopoB (no cxeMe cMemaHHoro UHKna). B TetfeHHe nepsoro 

ro.na 3KCnnyaTaQHH nOKa3aHbl BblCOKaSI Ha,ne)l(HOCTb H npOCTOTil npSIMOro IJ.HKJia pa60TbI PY (He­

nocpe.ncTBeHHaJI no,na4a napa HJ peaKTopa Ha zyp6Htty), B ca.sr3H c 3THM naporettepaTop&1 6btnH 
oTKJU04.eHbl. Bee& nocne.zzyioIIJ,HH nepHOJI. (c 1966 r.) PY pa6oTileT TOJibKO no npSIMOMY UH.Key, H 

.nJUl 3TOH KOMilOH0BKH BbJnOJIHeH OCHOBHOH ofrbeM Hccne.noaamrn [1.. .3]. 
3.necb npHBe,neHbl OCHOBHbie pe3yJihTaTbl pa6oT, CBSl3aHHblX C IlOBbUlleHH.eM Ha,ne:>KHOCTH, 

6e3onaCHOCTH H 3KOHOMH"l.fHOCTH ycTaHOBKH, a TaIOKe HCCJie,nosamrn Hei:tTpoHHO-cpH31-'i'IeCKHX, 

Termonui.paBJirl"l.feCKHX H. ,IJ;HHaMH"l.feCKHX xapaKTepHCTHK peaKTopa, pa,n;HalJ,HOHHOH o6cTaHOBKH, 

BOilp0COB BO,IJ;HO-XHMHtfeCKOro H raJosoro pe)KHMOB. PacCMOTPeHbl BOilpOCbl nepeao.na PY BK-50 

B pe)KHM TennocttafoKeHHSI H HCilOJib30BaHHSI nony-qeHHOro OITbITa ,!J;nSI pa3pa60TKH npoeKTOB 

AT31( c Kopnyctt.hIM KHTISIIIJ,KM peaKTopoM. 

1. O6ecne11euee Ha.lle:iteuocTu, 6eJooacuocTH H 3K0H0MH'IB0CTH PY BK-50 

PeaKTOpHM YCTaHOBKa BK-50 OTHOCHTCSI K SI.D;epHblM ycTaHOBKaM nepaoro ITOK0JICHIDI, npo­

eKTHpOBaHH.e KOTOpOH HatJaTo s KOHQe 50-x re.nos, a ee nycK ocyIIJ,eCTBJieH O.D.HOBpeMeHHo c 

nepBhIMH 6noKaMH HBA3C H IiA3C. 

B ttacTOSIIIJ,ee apeMJl PY BK-50 no ypoBHJO 6e3onacHOCTH oTBetJaeT coapeMeHHbIM TPe6oaa­

HHS!M HOpMaTHBHbIX .noeyMeHTOB. KoM6HHHpOBaHHaSI Bblpa60TKa 3JieKTJ)03HeprHH H TeIIJia JJ)ISI 

Tennoctta6)KeHHSl o6ecne4.HBaeT eii: JI.OCTaT04.HblH ypoBeHb KOHeypeHTocnoco6HOCTH H 3KOHOMH"l.f­

HOCTH B coapeMeHHbIX ycJIOBHSlX. 

,[(nJl o6ecne4.eHHSI .sr,nepHOH 6e3onaCHOCTH (Jffi) BbinOJIHeHbl CJie.D;YJOIIJ,He pafiOTbl: 

- npose.netta peK0HCTpYKUHSI npHBO.D.OB CY3, HanpasneHHaSI Ha HCK.Jll04.eHHe npOCKOKa napa BO 

BttyTpeHHHe noJIOCTH MexaHH3MOB CY3 C ueJibIO He,nonyIIJ,eHHSI o6pa3oBaHHSI B3pbIBOonaCHOH 

KOHQeHrpauHH BO.D.Opo.na; 

- IlOBbillleHa B)J.BOe CKOpOCTb BBO)J.a nornOTJ{TeJieH B aKTHBttyIO 30tty; 

- HCKJIJ04eHO Jl.BH)KeHHe npHBOJI.OB CY3 C nornOTHTeJlJIMH BBepx npH pa3repMeTH3aUHH H pa3pbl-

Be 4eXJIOB MeXaHH3MOB CY3 nyTeM ycTaHOBKH ynopoB Ha.D; 4eXJlaMH H CTOnopHbIX YCTJ>OHCTB Ha 

lllTattrax MeXaHH3MOB; 

- C03.D;aHbI He3aBHCHMbie KaHanbI OCTaHOBa peaKTopa Ha OCHOBe BB0,na 6opttoro paCTBOpa H3 .nsyx 

eMKOCTeH ofrbeMOM 5,5 M
3 

C)KaTbIM a30TOM H H3 6opHOfO 6aKa 50 M
3 

cneu:HaJibHbIM HaCOCOM, 

HMeIOIUHM .z:i;s1ffaTeJI.b, no,nKnI04eHHbIH K aKKYMYJlj{TOpHoii 6aTapee. 

~JUI o6ecne4.eHHSI HaJI.e)l(HOfO OXJla)KJJ;eHHSI peaKTopa s aaapHHHbIX CHzyalJ.HJIX JJ;OilOJIHHTeJib­

HO BBe.nettbl B JI.eHCTBHe: 

• He3aBHCHMbIH Kattan IlO)la4H nHTaTeJlhHOH BOJI.bl B peaKTop C YCTilHOBKOH B HeM JI.Byx HaCOCOB, 

HMeIOIIJ,HX 3JieKTJ)OTIHTaHHe KaK OT 3HeprOCHCTeMbl, TaK H OT aBTOHOMHOro HCTO'lHKKa ( C 

aBTOMaTH"l.feCKHM pe3epBHpOBaHHeM HCT04.HHKOB 3JieK1ponHTaHHS1); 

• KOHJJ,eHCaTop aBapHHHoro pacXOJia)KHBaHHSI JJ)IJI OTBO)la OCTaT04HOro TenJIOBLI.[(eneHHSI npH no­

Tepe BHelllHero 3JieKTJ)OCHa6:>KeHHSI; 

• ru,npoeMKOCTb C 3anaCOM 20 M
3 

HaCbIIIJ,eHHOH 80.D;bl Ha cny-qaH pa3pbIBa OCHOBHblX Tpy6onposo­

.nos. 

):(JUI asapHHHOfO OXJla)KJJ;eHHSI peaKTopa Moryr 6bJTb HCilOJI.b30BaHbl H 3anacbI paCTBOpa 6op­

HOH KHCJIOThl H.3 6opHblX CHCTeM. 
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TToBb(WeHHe pa,nHaUH0HH0H 6e3onaCHOCTH ,llOCTHrH)'T0 IT)'TeM: 

- CHH)KeHI-UI 8 300 pa3 aKTHBH0CTH fa30BblX pa,LI.H0aKTHBHI,fX Bbl6pocos B aTMOCQJepy Ha 
Ke YTIAK; YCTaHoa-

- coJ.llaHI-UI cHcTeMbI 110Krurn3au1rn pa,LI.H0aKTKBHoro napa npu c6poce ero tJepe3 npe 
.noxpaHH­

Te11Mn,1e KJJanaHbI peaKTopa H cenapaTopos HH3Koro .llaBJJeH1-u1; 

- 01.IHCTKH K0H,lleHCaTa napa ryp6HHbl B HOH006MeHH1>IX QJHJJbTpax BO BpeMH nycKa peaKTo a 
BO.Ubl peaKT0pa e QJHJJl,rpe c BblC0K0TeMneparypHbIM cop6eHTOM. P H 

,lvHI TT0BblWeHHH 6e30fJaCHOCTH YCTvaH0BKH .ll0TT0JJHHTeJJbH0 BblfJ0JJHeHI,1 CJJe.ll}'IOmHe pafiOTLI: 
• C03,UaHa CHCTeMa c,uysoK naporaJ0B0H CMeCH H3 scex YlJaCTK0B K0HT)'pa B KOT0p bJX 803 

v ' M0)ICHo 
HaK0TTJJeHHe H o6pa30Bairne B3pbIB00naCHbIX K0JmeHTpal(HH so.n;opo,ua; 

• pa3pa6oTaHa H C03,llaHa CHCTeMa C)KlffaHIDI so.n;opo.ua Ha BblXJl0TTe 3>KeKTopos T)'p6HHbt; 

• BBe.lleHO 8 .n;eHCTBHe EPOY .llJUI c6poca napa B K0H,lleHCaTop ryp6HHbl npH Il0Bbllllem111x .llclBJ) 

6 
V ~ 

Hllil. nepe.u ryp HHoH; 

• fJ)'TeM nep~opaUHH BttyrpHKopnyCHblX Tpy6onposo,uos peaKTopa HCKJ1101ieH BbI6poc 80.D;b) 113-

fJ0.ll aKTHBH0H 30Hbl npH pa3pbIBe BHeWHH"X Tpy6onpoBO.llOB np0.D;yBKH peaKTopa H BB0.n;a 6opa; 

• Ha ace naTpy6KH Kopnyca peaKTopa HasapeHbI 3amHTttb1e BT)'JJKH H ycTaH0BJJett1,1 CTpax}'IOllUfe 

K0>K)'XH H ynopm,1e K0HCTPYKUHH, opraHH30BaH K0HTp0JJb L\eJJOCTH0CTH naTpy6KoB. 

B1,monHeH 60JJbWOH 061,eM pa6oT no [IQBbIWeHHJO Ha,LJ.e>KH0CTH CHCTeM 3JieKTpoctta6llCeHJq 
ny,-eM C03.D;aHHjl He3aBHCHMbIX ll.lHT0B, pa3.ueneHHjl Ka6eJibHblX Tpacc Pa311H11Horo Ha:3Ha11e 
ycTaH0BKH .ll0nonHHTeJibHbIX aKKYMYJUIT0pHbIX 6arnpeH H arperaT0B 6ecnepe6oHHoro ITHTaHJU. 

3a r0,llbl 3KCTUl)'aTaUHH CYll.leCTBeHH0 n0Bb(WeHa 3K0H0MHt.JH0CTb YCTaH0BKH 3a Ct.JeT: 

- TT0BbIWemu, TefJJIOBOH M0IUH0CTH peaKTopa ll0 200 MBT (no npoeKT)' 140 MBT); 

-ysem111eHHH rny6HHbI s1,1ropaHID1 T0ilJIHBa .n;o 28 000 MBTITU; 

- C03.llamui TenJIOQJHKaUHOHHOH ycTaH0BKH .llJljl TennocHa6>KeHllil. CT0p0HHHX fIOTpe6 HTeneii. 

B Hacrn~ee speMjl Ha HOMHHaJibHOH M0ill.HOCTH 200 MBT peaKToptt3jl ycTaH0BKa BK-S 
cnoco6Ha Bbipa6aTblBaTb 3JJeKTpWleCK)'lO 3HeprHIO C M0UJ.H0CTbJO .n;o 45 MBT H Bbl,ll 

36 fKan/ t.Jac Tenna .wrn Tennoctta6>KeHHjl. 

IlOBbIWeHHe fJO)f(apHOH 6e3onaCHOCTH .ll0CTHfH)'T0 C03.D;aHHeM aBT0MaTH11eCK0H CHCTe 

fJQ)KapHOH CHfHaJIH3auHH, pa3,UeJJHTeJibHbIX neperopo.n;0K B Ka6eJibHbIX KaHaJJax, fa30BOH CH 

Mb[ fJ0)KaporyweHHjl MaCJI0CHCTeMbI ryp6HHbI, 3aMeHOH Ka6eneH 0TBeTCTBeHHbIX no-rpe6-•.-i 
Ha Ka6eJIH THna ' Hr'' H noKpbITHeM Ka6enew ortte3aUJ.HTHOH nacToii, a TaIOKe nosb11IIeHHCM 

CTOHK0CTH CTp0HTeJJbHblX KOHCTpYKUHH. 

2. HeiiTpOHHO-cj>HJHqecKne u TeDJIOrH,!lpaBJIHqec KHe xapaKTepHCTHKII peaKTOpa U 

l13YlfeHHe xapaKTepHCTHK peaKTopa BK-50 B nepBbie f0.llbl 3KcnnyaTaUHH BbUIBHJIO 

noTeHUHaJJbHbie B03M0>KHOCTH fJ0BbIUieHHJI M0ll.lH0CTH 3a C4eT yseJlH'{eHHJI cKopocTH TCllJI 

TeJIH H Bb!pasmrnaHHJI 3HeprOBbI,UeneHHjl no BblCOTe aKTHBHOH 30Hbl. PeaJIH3aUHJI 3THX B03 

HOCTeH fJ03B0JIHJla B 1973 r. B 3KCnepHMeHTaJJbH0M pe>KHMe TT0BbICHTb TefJJl0BYtO MOll.lffOCTI, 

aKTopa C npoeKTH0H M0ll{H0CTH 140 MBT .ll0 256 MBT [4]. IlpH 3T0M y.n;eJibH0e 3HeprOBblJ1eRO 

s aKTHBHOH 30He yseJIH11HJJ0Cb c 28 .n;o 52 KBT/n. 

,[(o 1986 r . peaKTop 3KCilJJYaTHp0BaJJCH Ha M0ll.lH0CTH - 210 MBT npH pa6oqeM ,naBJie 
6 ,9 Mlla. B nocne,AyIOll.lHe ro,nbl peaKTop pa6oTan npH .llasneIDfH 5,0 Mila Ha MOlllH 

v yeenHt.JeHO c 
200 MBT. Bo.n;HO-TOfIJlHBHOe 0THowettHe (BTO) aKTKBH0H 3om,1 B 3T0T nepHOA C co 

162 
,LJ.0 3 ,0 nyreM yMeHbWeHHJI K0JIH'lecrna TB3JI0B .D;HaMeTp0M 9, I MM B ~Ke T B fff8Jlb 
138 WT. CpaBHJffeJlbHbie xapaKTepHCTHKH aKTHBHhIX 30H C BTO 2,2 J,f 3,0 3KCnepHMe 
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.ll
cTaBJleHbl e rn6JI. l. 803pacrnHHe BTO c 2,2 .n;o 3,0 yMeHI>llIHJIO TeMneparypm,1ii 

ffbl H npe 6 ~ 
~ "'"'eK'fhl peaKTHBHOCTH, 0 ecnel.fHBaJI npH JTOM co6mo,n;eHHe Tpe6oBaHHH .Jffi, 'ITO 

BOH 34'4' 3 ~ ~ 
H,110 yseJJW·UfTb rny6Htty BbirOpaHIDI TOnJIHBa B I, pa3a npH MeHblllCH HaqaJibHOH 3arpY3Ke 

ro Tonmrna [5]. 

T 
8 6 JI " u a 1. CpaaHHTem,Hhle xapaKTepHCTKKH aKTHBHhIX JOH peaKTopa c BTO 2,2 H 3,0 

~ IlapaMeTJ) BTO 

2,2 3,0 

Pa6oqee .zta.BJJeHHe, Mila 5,0 5,0 

MownocTb, MBT (TeruI.) 170 200 

Macca roru11-1Ba, T 10,5 9, 1 

CKopOCTh TenJI0H0CHTem1, Mic 0,9 ... 1,0 1,0 . .. 1,1 

TeMnepa,ypHbiii Jq>q>eKT peaICTHBH0CTH ( OT 20 .!l0 220 °C), % - 3,0 - 1,5 

napoeoit 3q,q,eKT peaKTHBH0CTH, % - 10,0 - 5,0 

8blropaHHe e1,1rpy)((aeMoro T0llJIHBa, MBT·CYTII<r: 
13 ... 14 22 ... 23 .zvur 06orarueHID1 2,4 % 

.zuu, o6orawemm 3,0 % 21.. .22 25 ... 27 

XapaKTepHCTHKH peaKTopa B 3KcnepHMeHTaJibHOM H HOpMaJibHbIX 3KCfIJI)'aTaUHOHHbIX pe)l(J,l-

npH pa3IIH'llibIX BTO .natt1>1 s Ta6n. 2. · 

T a 6 JI II u a 2. TeIDiorn.ztpas11Hl:feCKJ1e xapaKTepHCTHKH peaKTopa 

IlapaMe-rp 3 KcnepH- 3KcrmyaTaUHOHHbl l1 
MeHTa.JU,HhtH pe)l(HM 

pe,KHM 

BTO 2,2 BTO 2,2 BTO 3,0 
Tennoerui M0lUH0CTb, MBT 256 200 200 
Pa6oqee .ztaeneHHe, Mila 6,9 6,9 5,0 
Y.zteJibHOe JHeproBbl.ztenenue, KBT/11 52 40,6 40,6 
CKopoCTb UHJ)KYJI11UHH TennottocHTeJUI, Mi c 0,9 ... 1,0 0,9 ... 1,0 1,0 ... I, 1 
Pacxo.A eo.zt1,1 qepe3 aKTHBH)'lO 30tty, T/qac 4 000 4 000 4 000 .. .4 100 
Maccoeoe napoco.Aep)l(aHHe Ha a1,rxo.ne 
8KTHBHO!i 30HbI, % 13 9 8,8 
Ko3q>q>HT.lHeHTbJ HepaaH0MepH0CTH 
3Hepr0Bbl,AeJieHH11: 

no BhlC0Te (.AJIJI TI0JIH0CTblO H3BJieqeHHbJX 
opraHoa CY3) 1,5 1,5 ... 1, 7 1,3.. . 1,7 

no Pa.Aeycy 1,25 1,3 . .. 1,5 1,3 ... 1,5 
no ce1IeHHIO TBC 1,25 1,25 1,08 
no 061,eMy aICTHBH0!i JOH.bl 2,34 2, 1. .. 2,9 2,2 .. . 2,9 

IlnOTHOCTb TelliIOB0ro Il0T0Ka, KBT/Ml: 
cpe.n.HJIJI 

315 245 288 
MaKCHMaJibRaJI 

753 756 835 
nHHeHHbtif Tennoao!i 00T0J<, BT/CM: 

CpeJI.HHH 
90 70 82 

MaKCHMaJibHhiif 
215 215 232 

_!axeaT napa, % 
23 20 20 

49 



HMeeT MecTo BhlC0Ka51 ycTOH'iHBOCTb ecTeCTBeHHOH 1..u1pKyn51u,1-111 B0Jl.hI qepe3 aKTHBHYIO 30HY 

B nepeX0)].HbfX H asapHH.Hb[X pe)l{HMax npH 3aMeTHbIX 0TKJI0HeHHJIX 0CH0BHblX napaMeTp0B. 8 
3Ha'!HTeJJbHOH crnneHH :no 06ecne'-£Hsaerc.S1 K0H)].ettcal(HeH napa B onycKHoM Y<iaCTKe mnaTeJJh­

HOH 80)].0H, '!TO no)].Jl.ep)KHBaeT noJJe3HblH Hanop K0Hrypa ecTeCTBeHHOH U.HPKYAAU.HH TenJJ0H0CH­

TeJJ.SI Ha )].0CTaTO'iHO BblC0K0M yposHe )].a)Ke B pe)KHMax npH 60JJbllHfX c6pocax pa6o'!ero )],aBJJe­

HHJI, npHB0)].Slll.{HX K o6beMHOMY BCKHITaHHJO B0)].bl. B qacTH0CTH, rrpu c6poce )],aBJJeHl-l.SI c 6,9 ,Ll0 

4 ,6 MTia CK0p0CTb U.HPKYJJHUHH B0)].bl CHIDKaJJaCb scero Ha 20 % (npH 3T0M M0ll{H0CTb peaKTopa 

CHH3HJJaCb Ha 40 %) [6]. 

3. y CTOH'IHBOCTL pea1nopa 

KaK TT0Ka3aJJH pacl.JeTHbie H 3 KcnepHMeHTaJJbHhle HCCJJe)].0BaHHJI, M0mH0CTHa.SI rpaHJ,ma pe3o­

HaHCHOH HeHTpOHHO-q>H3Ht{eCKOH HeycTOH'-IHBOCTH KHTT.Slll{ero peaKTopa 3aBHCHT OT cpe.aHero 

y)].eJl..bH0f0 3Hepr0BbI,lleJTeHM B aKTHBHOH 30He, pa6o'!ero )].aBJJeHHJI, CKOp0CTH U.HPKYJIHUHH ren­

JJ0H0CHTeJI51, rraposoro 3q>q>eKTa peaKTHBH0CTH H BeJIWOI.Hbl He)].orpesa TeIVI0H0CHTeJI.SI Ha BX0)].e B 

aKTHBttylO 30tty [6, 7). TaK, HanpHMep, npH yseJJH'!eHlm CK0p0CTJ,I U.HPKYJI.SIUHH TeilJJ0H0CHTeJI.SI 

Ha nepsoM 3Tane 3KcnnyaTaUHH pea1cropa c 0 ,5 Jl.0 1,0 Mi c npe)].eJibHa.SI M0U{H0CTb Ha rpaH11u,e yc­

TOHl.{}IBOCTH npH ,uasneHHH 3 ,0 Mila noBbICHJiacb c 80 Jl.0 170 MBT. YseJJHtJemte BTO aKTHBHOH 

30Hbl C 2 ,2 .no 3 ,0 pacun1pHJJ0 npe)].eJibl ycTOH1i11BOH pa60Tbl peaKTopa B 1,3 pa3a (scne,LJ;CTBHe He­

K0T0poro yseJJHqeHH51 CK0pocnt llMPKYJJ51U.11H TeIVI0H0CHTeJIH H yMeHbllleHl1.SI naposoro 3q>q>eKTa 

peaKTHBHOCTH). Cne)].yeT 0TMeTHTb, lffQ pe30HaHCH3.SI HeycTOH\JHBOCTb peaKTopa B 0CH0BH0M 

np0HBJI.SleTCH npu IT0HIDKeHH0M pa6oLJeM )],aBJJeHHH. IlpH pa6oqeM ,LlaBJieHMH 0KOJJO 6,9 Mila 11 

y)].eJJbHhlX HarpY3Kax aKTHBHOH 30Hbl Jl.0 50 KBT/JJ pe3oHaHCH3.SI HeycTOHlJHBOCTb He np051BJJ.SlJlaCb, 

a yposeHb M0IUH0CTH orpaHHl.fHBaJJCH T0JlbK0 KpHTHtJeCKHM TeIVI0BblM TI0T0K0M )].JI.SI TB3JI0B TBC. 

4. ,ll;HHaMH'lec1rne xapaKTepHCTBKH 

Ha pa3JJHl.fHblX ypoBIDIX MomH0CTH 11 )].aBJieHIDI npose)].eH K0MIVIeKC ,L{MHaMHLJeCKHX HCITbITa­

HHH peaKTopa BK-50 C HaHeceHHeM B03MymeHHH BB0.Ll0M IlOJJO)KHTeJJbHOH peaKTHBH0CTH, 6hICT­

pblM H3MetteHHeM pacX0)].08 rrapa 11 IlHTaTeJl..bHOH B0Jl.bl [8, 9]. 

B KHTI.SIW.eM peaKT0pe peaKl..{HJI aKTHBHOH 30H.bl Ha H3BJJel.JeHHe K0MneHCaTopoB 3Hat.(HTeJl..bH0 

cna6ee, '!eM tta peaKTope THIIa 883P. B qaCTHOCTH, sse.aett11e nOJJO)IorreJJbHOH peaKTHBHOCTH, 

npeBblWalOIUeH f3'l<l><I> B 1, 5 pa3a 3a BpeMH 0K0JJ0 10 c , npHB0Jl.HJI0 JllffiJb K nJJaBH0MY H3MeHeHHJO 

M0IUH0CTH Ha 15 11 25 % npH HCX0Jl.HblX ypoBH51X M0IUH0CTH, C00TBe'TCTBeHH0, 16 MBT (Jl.aBJJeHHe 

1, 5 MTia) 11 130 MBT (Jl.asnett11e 6 ,9 Mila). 

B cnel..{l1aJJbH0M 3KCnepHMeHTe pe3K0e yBeJIH'-leHHe pacxo,na IJHTaTeJlbHOH 80,!lbl Ha 25 % (npH 

M0IUH0CTH 165 MBT) Bbl3BaJJ0 nnaBH0e yseJIH'-lett11e M0il{H0CTH 11 )].aBJJeHHJI B Tel{eHHe HeCK0Jlb­

Kl1X Ml1ttyT, '!TO o6b.SlCHHeTC.SI TJ)aHcnopTHbIM 3aITa3Jl.bIBaHHeM H npou.eccoM CMeweHHJI IJHTaTeJib­

HOH B0)].bl C 80,!lOH peaKTopa. 

y MeHbUJett11e oT6opa napa Ha 16 % npH M0IUH0CTH 165 MBT Bb13blBaJJ0 6blCTpoe n0Bb!Wem1e 

,nasJJeffl-l.SI (c 6 ,9 .Ll0 7 ,2 Mila) 11 M0IUH0CTH Ha 20 %, npw:ieM n0BbIWeHHe M0il{H0CTH np0HCX0)].H­

JI0 6onee HHTeHCHBH0, lfeM 3T0 CJJe,nyeT 113 CTaTHtJeCKOH xapaKTepHCTHKl1. O,nttaKO H B 3TOM cny­

qae M0mH0CTb peaKTopa CTa6HJIH3Hposanacb H HalfHHaJJa CHI1)KaTbC51. 

H3MeHeHHe BTO c 2 ,2 ,no 3 ,0 yMeHbWHJI0 TeMneparypttbIH H naposoi:i 3q>q>eKTbt peaKTHBH0-

CTH. O,L{HaKO caMoperyJJl1PYIOW.He CB0HCTBa coxpatt11JTHCb Ha ,Ll0CTaT0LJHO BblC0K0M ypostte, 06ec­

net.111sa10meM caMoorpaHH9:eHHe M0lUH0CTH npH pa3JTH-cJHblX asapHHHhlX c1nyau,H.SIX. BblCOKHe 

CB0HCTBa caMoperyn11posaHH51 n03B0JJHJTH HCKJIIO'-IHTb H3 pa60Tbl CHCTeMy aBT0MaTH'-leCK0f0 pe­

ryn11poBaH11H M0lllH0CTH peaKTopa [ 1 OJ. 
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s. Bo.uno-XHMHqecKHH pe,teHM. Kopp03HOHHOe COCTOHHHe KOHTypa PY 

Oco6eHHOCThJO BO.UHO-XHMw-recKoro pe)KHMa PY BK-50 .s1BJU1eTCR To, qTo o6opy.uosaHHe H 

Tpy6orrpOBO,llbl BblITOJIHeHbJ 113 KOHCTpYKI.zylOHHbIX MaTepHaJIOB TCITJIOBOH 3HepreTHKH (KpOMC pe­

aKTopa) H oqHCTKa BO.Ubl peaKTopa np0BO,llHTC.sl o6MCHOM BO.Ubl peaKTopa H BbmapHOH ycTaHOBKH. 

J(oH)J.ettcaTOOlfHCTKa pa6oTaeT TOJibKO s ITyCKOBbIX pe)KJ,fMax. CocTaB KOHCTpyKll,H0HHI,IX MaTe­

pHaJI0B PY BK-50 no senwrntte nosepxttocTH 11 HX .uone B o6meii nosepXH0CTH npHse.ueH B 

Ta6JI. 3. 

Ta 6 JI 11 u a 3. CocTaB K0HCTJ)YKUH0HHbIX MaTep11anoa K0H"rypa PY 

MaTepHan Cpe.ua CYMMapHM Y3JThl UlfPKYJUrUH0HH0f0 KOHTYJ)a 
noaepxH0CTb 

M~ % 
y rnep0.UHCTIUI CTaJib ( CTa.JIH nap 4 770 25,8 naponpOBO.llbl, cenapaTopbI, K0H,UeH-
20, 3Kn, 22K) Bo.ua I 330 7,0 CaTH0-nHTaTeJibHbli1: TpaKT 
Hep)f(aseiomHe CTaJIH ( crn- nap I 300 7,0 Han.naBKa Kopnyca, BKY, )l(aJD03H 
JIH 1X18H9T, 48AH-l) Bo.ua ceaapaTopoB, TJ)y6onpoBo.1lb1peaICTopa 
XpoMHCTbie CTaJIH (c-ra.,rn nap 600 2,7 JlonaTKH ryp6Hlil,I, BHHThl Mexamo-
IX13, 3X13) Bo.ua MOB CY3 
CDJiaB MI-DK-5-1 * nap 7 700 42,4 Tpy6ttaH CHCTeMa K0H.UettcaTOp0B ryp-

Bo.ua 6HHbl 
Jlarym JI-68 nap 500 2,7 Tpy6m1e CHCTeMbI no.uorpeaaTeneii 

Bo.ua 500 2,7 HH3K0f0 ,uaBJieIDUI H 3)KeKTop0B TYP-
6HHbl 

I..{HpKOHHeBbie CDJiaBbl napOBO- 1000 5,4 O6onoqxH TB3JI0B H qexm,1 TBC 
(CDJiaBbJ 110, 125) .lVIHaH 

CMeCb 
* }];o 1972 - 1974 rr. TPY6KH K0H,1leHCaTOp0B ryp6HHbl BblIJ0JUUUIHCb H3 JiaT}'HH JI-68. 

lfope3 1,5 Mec.s1u:a rrocne rrpose)J.eHHJI :rneprorrycKa 6bIJI opraHH30BaH Heih"paJihHhrH 

6ecKoppeKQHOHHhIH 80,llHblH pe,KHM. y CTaHOBJJCHO, t.J.TO OCHOBHbIM nOCTaB[UHK0M rrpO.IJ.YKT0B 

K0pp03HH B KOHTYP 6bIJI KOH)J.CHCaTHO-ITHTaTeJJbHbIM TpaKT, BbrITOJJHCHHl,IH H3 yrnepO.UHCTOH 

CTaJIH. .[(mi CHIDKeHIDJ BblHOCa npO.IJ.YKTOB Kopp03KH B K0HTYP B 1978 r. ocymecTBJieH 

HewrpanbHO-KHCJIOPO.llHhlH 80)1.HbJH pe)KHM, cymHOCTb KOToporo 3aKJJJOqaeTC.sl BO BBC.llCHHH H 

IT0.ll)J.Cp)KaHHH KOHI.(CHTpaUHH KHCJI0po.ua B K0H)J.eHCaTH0-nHTaTeJibH0M Tp3KTe Ha ypoBHe 200 

MKr/Kr (BMCCTO 35 . . . 50 MKrl Kr) [11 , 12]. Co6crneHHO peaKTop H napoBOH Tp3KT ycTaHOBKH H 

npe)KJ{e q>aKTHt.J.eCKH pa6oTaJIH B ycJIOBH.slX KHCJI0p0.IJ.HOro 80,llHOro pe)KHMa BCJIC,UCTBHe 

paJJ,H0JIH3a TCITJI0HOCHTCJUI. KottueHTpaQHJI KHCJIOp0JJ,a B nape peaKTopa COCTaBJI.sleT (H COCTaBJJ.slJia 

pattbUie) OKono 25 ... 30 MKrl Kr, as sone - 200 ... 220 MKrl Kr. 

,lvIHTCJibHhlH nepH0JJ, HCnOJih30B3HH.sl tteifrpanbHO-KHCJIOPO.D.HOro BOJJ:H0fO pe)KJ,fMa yMem.­

lliHJI BblH0C npO.IJ.YKT0B K0pp03HH B TCITJI0H0CHTeJib (JJ.O 0 ,01 r/M
2
·CYT)- Kopp03HJI yrnepO,uHCTOH 

CTa.JUI CTaJia H0CHTb 6011ee paBHOMepHbIH xapaKTep, a CK0pOCTb K0pp03HH YMCHbl.IJWiaCb .uo 

0,02 MMlro.u. B C0CTaBe OTJIQ)KCHHH n0HBJ,fJJHCb OKCH,llbl, o6Jia,llaJO[UHe 3alllHTHblMH CBOHCTB8MH. 

Cne,nyeT 0TMeTHTb, 4T0 xapaKTepHCTHKH TenJI0HOCHTem1, npe.llCTaBJJeHHbie B Ta6JI. 4, .l{0CTHrffYTbl 

6CJ 0-t.J.HCTKR KOH,neHCaTa napa ryp6HHbl. 

3cpcpeKTHBHOCTb KHCnOp0.llHOfO B0JJ,Horo pe)KHMa np0RBHJiaCb TaK)Ke s YMCHbWCHHH aKTHB­

H0CTH np0.IJ.YKT0B Kopp03HH B B0JJ,e peaKTopa H M0IUH0CTH .ll03bl raMM8-HJnyqem-1g OT o6opyJJ.OBa­

Hr-ut, B TOM l:IHCJie cneQBOJJ,00t.J.HCTKH, 4TO RBJIJleTC.sl CJIC.llCTBHeM yMeHbUieHIDl BbIH0Ca rrpO.IJ.YKTOB 

K0pp03HH. 
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Ta 6 11 11 u a 4. <l>IOHKO-XHMK<IecKHe xapaKTepHCTHKH TenJJOHOCHTemr PY BK-50 
npH 6ecKopp03HOHHOM (I) H aewrpanbHO-KHCJJOpOAHOM (II) BOAHbIX pe)l{HMax 

TeruIOHOCHTeJJb Pe)l{lfM pH KoRueHrpau1-u1 3JJeKrpOnpOBOA- KoHUeHrpaum1 npOJlYKTOB 
0 2, MKr/Kr HOCTb MKCMICM KOpp03HH, MKr/Kr 

Fe Cu Zn 
fhrrcnenbHaR BO.Ila I 6,0 35 0,2 14 15 20 

II 6,0 200 0, 1 5 5 2 
Bo.Ila peaKTOpa I 6,2 220 0,83 22 30 25 

II 6,2 200 0,34 10 20 5 

YK3.3aHHbte Bbtllie ITOK3.3aTemt BO,ll.HO-XHMH4eCKOro pe)KHMa Hafimo,l).aJOTC.SI npH ITOCTOSIHHOH 

04HCTKe BOJJ.bl peaKTopa Ha BbmapHOH ycTaHOBKe (pacxo.n npHMepHO 15 Tl'-lac ) . KoH,nettcaTOO'iH­

CTKa HCTTOJib3YeTC.SI TOJibKO AJU[ npe.nnycKOBO.H O'-IHCTKH BOJJ.bl DOCIie nJiaHOBO­

npe.izyrrpe.D.HTeJibHOrO peMOHTa. 

6.PaJlHOnH3TennouocuTe.rrH 

OITbIT 3KcnnyaTaUHJ,f peaKTopa ITOK3.3a.JI, '-ITO HHTeHCHBHOCTb pa,nHOJIH3a TenJIOHOCHTeJI.SI 3a­

BHCHT OT ypOBH.SI MOlllHOCTH, pa6ol.fero .nasJieHIDI H Ka'-leCTBa TeruIOHOCHTeJI.SI. IlpH scex npol.fHX 

paBHI,IX ycJIOBH.SIX C ITOBbtlJJeHI-teM M01UHOCTH peaKTopa y,neJibHblH BblXOA ra.308 PaAHOJIH3a C na­

poM yMeHbWaeTC)l. TaK, HanpHMep, npH 6ecKoppeKUHOHHOM BOAHOM pe)KHMe (.naBJieHHe 6,9 
Mila) npH ITOBbillleHHH MOlllHOCTH OT 100 .no 200 MBT y,neJibHbl.H BblXOA ra.308 pa,nHOJIH3a C na­

poM yMeHblllaeTCSI c 50 .no 38 .. .40 M.n!Kr, a npH HeHTpa.JibHO-KHCIIOpOJJ.HOM BOAHOM pe)KHMe - c 46 
.no 32 ... 33 MlliKr [13] . 0TJIH4He BblXO,na ra.308 pa,nHOJIB3a npH 6ecKoppeKUHOHHOM H HeirrpaJibHO­

KHCIIOpOAHOM BOJJ.HI,IX pe)KHMax 0-rpa)KaeT, B OCHOBHOM, BJIH.SIHHe Ka'-leCTBa BOJJ.bl peaKTopa Ha 

pa,nHOJIH3. 

O6beMHaSI KOHUeH-rpal..{HJl ra.308 pa,nHOJIH3a B nape peaKTopa B HOpMaJibHblX pe)KHMax He npe­

BblllJaeT 0,005 %, '-ITO 3Ha'-IHTeJibHO HIDKe B3pbtBOOITaCHblX 3Haqemrn. [3.3bl pa,nHOJIH3a, o6p3.3)'l0-

1Ui-leC.II B aKTHBHO.H 30He, BbJHOC.SITC)l C napoM B KOH,neHCaTop ryp6HHbl. B Hero )Ke HanpaaneHbl H 

ace c.nysKH napor3.3osou cpe.nb1 H3 rraponposo,nos, H3-no.n KpbJUIKH peaKTopa 11 ,nea3paropos. Ta­

KHM o6p3.30M, np.SIMOH UHKJI IlOJIHOCTblO HCKmo'-laeT 803MO)KHOCTb HaKoruieHH.SI B3pbtB00naCHblX 

KOHUeH-rpaUKH ra.308 pa,nHOJJH3a B KOttrype peaKTopa H He Tpe6yeT npHMeHeHH.SI cne[{HaJibHblX 

B0AH0r3.30BblX pe)KHMOB AJJ.SI no.nasJieHH.SI pa,nHOJJH3a. IlpH OTKJJIO'-lemrn ryp6KHhI, p3.3orpese H 

paCX0Jia)KH8aHHH PY B3pblB06e3onaCHOCTb K0ttrypa o6ecnetfflBaeTC.SI DOCT0.SIHH0 ,neHCTB)'lOlllHMH 

c,nysKaMH r3.30B s cneuseHTHJijlUHJ-O. 

7. PaJl11auuouuo-TexuonoruqecKa11 6eJonacuocTL PY 

,lvIHTeJibHbtH 0ITbJT 3KcnnyaTauKH PY BK-50 rroK3.3an, '-ITO KoprrycHOH peaKTop c KHTI)lllleH 

BOAOH H npHMOH BbI,na'-leH napa Ha ryp6Htty xapaKTepH3YeTC.SI: BbICOKHM yposHeM paJJ.MauHOHHOH 

6e3onacHOCTH. £e3onacHOCTb o6ycnoBnetta pH,noM cneump11'-1ecKHX oco6ettttoc-reu pacnpe,neneHHjl 

H nepeHoca pa,nHoaKTH.BHblX npO.ll)'KTOB B l K0Hrype, CBSl3aHHblX C pe)KHM0M KHITeHH.SI 80,ll.bl. 

IlpHMeHHTeJJI,HO K pa.nHaUH0HHO-TeXHOJIOrH'ieCKOH 6e3onaCHOCTH OCH0BHblMH H3 HHX .SIBJUUOTC.SI 

CIIe.lJ.YIOmKe q>aKTOpbt: 

• cna6onpoHHUaeMbIH Me)l(Q)3.3HbIH (so,na - nap) 6apbep AJU[ pacnpoc-rpatteHH.SI tter3.3006p3.3HbJX 

pa,nH0ttyKJJHA0B BO BHeWHHH no 0THOWeHHl:O K KOpnycy peaKTopa K0HTYP - napOKOH,UeHCaTHbJH 

TJ)aKT; 
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• ttenpepblBHM 3cpcpeKTHBHaSJ. .uefa.JaI.lIDI TeflJIOHOCIITeJUI H y.ua.nem1e fa.3006pa.3HblX npO.ll)'KTOB 

.ueJTeHHSJ. (rTI,Z::0 C HHbIMH HeKOH)leHCHp)'K)UlHMHCSI. ra.JaMH H3 KOHTYPa, '-!TO He 1103BOJUleT HaKan­

.nHBaTbC.Sl B KOHrype He TOJTbKO pa,nHoaKTHBHbTM fa.JaM, HO H .UOJITO)KHBymHM ,noqepHHM npo.nyK­

TaM pacna,na pa,nHOlfYKJUI.UOB KpHITrOHa H KCeHOHa. 

B pe3yJTbTaTe KapTHHa pacnpe,neJTeHIDI cyMMapHOH aKTHBHOCTH no Y3JTaM o6opy,noBaHIDI 

TpaKTa UHPKYJT.SJ.UHH TenJTOHOCHTeJUI xapaKTepHa TeM, '-!TO pa,nH0aKTHBHbie npO.QYKTbl cocpe,nOTO­

qeHhl B 0.l{HOM MeCTe KOHrypa - B Koprryce peaKTopa, a TaK)Ke BHe TPaKTa UHpK)'JTJIUHH - B a,ncop-

6epe CHCTeMbT O'-IHCTKH fa.JOB (COr) (pHCYffOK). B Koprryce peaKTopa cocpe,noTO'-leH0 97 ... 99 % 
pa,n11oaKTl1BHbTX npO.QYKTOB Kopp03HH H pa,nHOttyKJUl,QOB HO,na, Haxo;::vm.{HXC.Sl: B TenJTOH0CHTene, a 

s napoKOH.UeHCaTHOH '-laCTH TPaKTa UHPK)'JUIUHH .JIBlllb 1 . .. 3 % OT C}'MMapHOH a.KTIIBHOCTH. 

Kopayc 
peaKTopa 

rrr)L__o,1 % 
flo.n._· __ 99% 
PITI< 97 % 

BHellIHHH KOHTYJ) 

fIT)L__O,l % _ 
Ho.n. __ l % 
PITI< 3 % 

CHcTeMa oqHCTKH 
raJOB 

fII)L__99,8 % 
J]JT)L__99 % 
8oix __ 97% 

CxeMa pacnpeixeneHIDI pa.nH08KTIIBHhlX npo.n.yKTOB 8 I KOHTYJ)e : PilK - paJJ;H081CTHBHI,Ie npO.nyI<Tbl Koppo-
3HH; J]JT,U - Hera3006pa3Hble .UOJITO)l(IIBYmHe npo.nyKTbl .neneHIDJ. 

BcJTe.llCTBHe ,nera.JaUHH BO.Ubl B KOprryce peaKTopa H y.na.neHH51 fa.JOB H3 TYP6MHhI H ,neaJpaTo­

pOB pa,nHOttyKJIH.llbl KpHjlTOHa H KCeH0Ha B KOHrype npaKTH'-leCKH OTCyrCTB)'lOT. OHH Jl0Ka.J1H3y­

lOTC51 B a.ncop6epe cor (99, 8 % OT o6meif aKTHBHOCTH) H 3.!(eCb pacna.QaIOTC.sr. Ilo'-ITH see KOpOT­

KOJKHBYll.Uie pa,nHOlfYKJTH.llbl KpHITT0Ha H KCeHoHa npeepall.{aIOTC51 B .l{OJlfO)KJ,fBYUJ.He .llO'-lepHHe 

npo.nyKToI 11x pacna.na (
137

Cs, 
141

Ce, 
14

°Ba, 
140

La, 
89Sr H .up.) n1160 rro.n o6ono'-!KaMH HerepMeTH'-1-

Hbrx TB3JIOB, m160 B Koprryce peaKTopa, m,160 B COr, IIOCKOJThKY BpeMJl TpaHCnOpTHp0BKH fa.JOB 

.llO CQr Mettee MHHyrbl. B yrOJTbHbTX a.l1.COp6epax OHR npocrno y.uep)KHBalOTC51 H He rrepeHOC51TC.Sl: 

TOKOM B03.Uyxa. B pe3yJTbTaTe noBepXHOCTH £ KOttrypa He 3arp513H5IIOTC.SI. 3THMH pa.nHOH)'KJIH.llaMH, 

'-!TO B3.)KH0 .llJUI 3KCnnyaTal.l,HH o6opy.noBaHHJl napoKOH,neHCaTHOro TPaKTa. 

B KOH.lleHCaTe yD.eJibHbie MaCCOBble aKTHBH0CTH OCHOBHbTX pa,nHOaKTHBHhTX KOpp03H0HHhTX 

npo.nyKTOB, o6pa.3yl0ll{HX pa.l.{HOaKTHBHbie OTJIO)l(eHIDI Ha nosepxHOCT.srx napoKOH.ZJ;eHCaTH0ro 

TP8KTa (
65Zn, 59

Fe, 
6
°Co, 

54Mn), Haxo,n.srTC.Sl: Ha HH3KOM ypOBHe, COilOCTaBHMOM C ypoBH.SJ.MH, pa.3-

perueHHbIMH HOpMaTHBaMH (HPE-99) .llJl.Sl BO.llOI10JTb3088HIDI HaceneHHeM. KaK CJie.UCTBHe, 3arp513-

HeHHe BHyrpeHHHX nosepXHOCTeH o6opy,noBaHH.Sl: H TPY6onpOBO.llOB napoKOH.lJ.eHCaTHOro TPaKTa 

He Ofpamr'-IJ.fBaeT HH BpeMeHH 06cJIY)l(J-1BaHH.SJ., HH peMOHTa 06opy.uoBaHHJ1. 

YpoBeHb pa.nHauHOHHOH 6e3onacHOCTH Toro HJIH HHOro THna PY MO)l(}fO xapaKrepH30BaTb 

.llBYMJI HHTerpaJihHbIMH pa,nHaUHOHHbIMH IlOKaJaTeJUIMH: B03.lleHCTBHeM Ha OKpy)l(aIOll.{YIO cpe.ny 

npH HOpMaJibHOH 3KCilJIYaTaUHH H npH asapH.srx C Te%IO TeilJIOHOCHTeJ151 I KOttrypa. 

B pe3ynoTaTe coopy)l(eHIDI Ha PY BK-50 yronbHOH CHCTeMbI YTIAK OqffCTKH OTXO.llSI.UJ.HX 

TeXHOJIOfH'-!eCKHX fa.JOB, COBepmeHCTBOBaHIDI CHCTeMbl C.ZJ;yBOK fa.JOB, JT0Ka.J1H3auHH opraHH30-

B8HHbIX npoTe'-leK, IlOBbIWeHIDI 3cpcpeKTHBHOCTH CHCTeMbl KrO TB3JI0B BbI6pocbI pa,nHOaKTHBHblX 

fa30B (npt,fBeAeHHble Ha eAHHHuy MOll.J,HOCTH) B OKp~alOlllYIO cpe.ny npH HOpMaJibHOH 3KCflJlya­

T8QHH CHIDKCHbl AO ypOBH51 Bb16pocoB COBpeMeHHbIX A3C, coopy)l(eHHbTX .n;ec.srnmeTH51MH 1103)Ke 

(Ta6n. 5). Ha HH3KOM ypOBHe HaxO,USITC.H Bb16p0Cbl .llOJTTO)l(l{Byll.{ero i:t:o.ua-131 (He BbIWe 

3 MEKlcYT), '-!TO o6ycJIOBJTeHO HfilKHMH HeOpfaHH3088HHblMH npoTe'-!KaMH TeI1JTOHOCHTeJTJI. 

PeaKTOpHM ycTaHOBKa BK- 50 OCTiieTC.Sl 6e3onaCHOH .llJl.s[ HaceneHIDI H s CJlY'-lae CaMbIX Kpyn­

HhlX Te11eif TenJIOHOCHTeJT51 I KOH1)'pa. TaK, pa.3pb1Bbl Tpy6onpOBO.llOB I KOHrypa ITOJIHbIM ce11eHH-
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T a 6 n II u a 5. CpaaHeHHe BL16pocos rn,D, PY BK-50 c .na.HHbIMH esponeikKHx A3C 
H A3C 5JnOHJ,fH [ l , 2] (TEK Ja ro.n Ha fBT JJieKTpffliecKoH MomHoCTH) 

CTPaHa, HaJBaHHe CTilHUHH fO.ll TIVCKa 8br6poc ffi}J, THn A3C 
<f>HHJl.ffHJ{IUI: TYO 1978 0,2 BWR 
<f>HHJI.ffHJl]UI: noBHHCa 1977 4,1 PWR 
11.lBeu.lUl: Eap6eK - 1, 2 1975/78 3,2 BWR 
<f>Pf: lUra.ne; EH6nHc A, B 1975/78 .no 20 PWR 
<f>Pf: KpJOMMenL 1984 0,7 BWR 
JlnoHH.R: <l>YKYCHMa - 3, 4; }J,JeHKaH 1975/78 0,4 BWR 
..SlnoHIDJ: MHRMa; ToKoxaMa 1975/78 4 PWR 
Pocc1,rn: BK-50 1965 0,7 BK 

eM, conposo)f(JlaeMbIe Bh16pocoM scero Hcxo,uHoro TeTIJIOHOCHTem1 (52 T), co.uep)l(ameroc.11 s Kop­
nyce peaKTopa, s noMemeHIDJ I KOHlypa, ,Ua)l(e npH OTKa.3e cpe,ucTB 110Kamna1.urn npHBO.U.!IT K no­
cryruieHmo pa,UHOaKTHBHbIX semecTB B OKpy)l(aJOuzyio cpe.zzy B KOJlHl.fecTBax, pa.3peweHHbIX ,llJl.11 

HOpMa11bHOH JKCn.rryaTal.{HH. (Bo speMJI. Tel.fH H3 TeTIJIOHOCHTeJl.11 B aTMOccpepy noMemeHIDI nepe­

XO,UHT TblC.111.fHM ,UOJl.11 aKTHBHOCTH pa,UHOH)'KJllf,UOB HO.Ua, co,uep)l(al.UHXC.11: B BO,Ue, Bb!T.!l:)l(Ha.11 BeH­
TIIB.!llJ.H.11 TIOMememrn npo,uoJDKaeT pa6oTaTb.) TipH JTOM Bb16pocb1 rru:( (3 TEK) H HaH6onee pa­
,UHaUHOHHO-onacHoro HO,Ua-131 (3 fEK) He npeBbllllaIOT 3Hal.femrH cyroLfHbIX KOHTPOJlbHbIX Bbl-
6pocos, pa.3peweHHbIX ,llJl.11 BblCOTHOH BeHTIIB.!IUHOHHOH Tpy6br npoMTIJ101Ila.LIKH PY. KOffTPOJlbHbie 
Bb16pocbl ycTaHOBJieHbl H3 ycnOBH.11: 06J1Y1.feHH.!I HaceneHH.11: ,U030H He BbIWe 0,05 % OT HIDKHero 
3Hal.feHH.!I: npe,uena ,U03bl 1 M3B B JII060M rryHKTe OKp~aJOmei:i MeCTHOCTH OT rryHKTa fa.30aJpo-

30J1bHbIX Bb16pocos. 
ToJlbKO B CJ1Y1.fae nospe:>K.neHH.11: B xo,ue asapHH scex TBJJ10B aKTHBHOH 30Hbl HJIH ee TIOJlHOro 

n11aBJ1eHH.11: Tpe6yeTC.!I: BBe,UeHHe Mep 3aLlJ.HTbl HaceneHH.11: Ha paHHeH CTa.LJ.HH asapHH. Bep0.11:THOCTb 

TaKoro co6bITH.!I Ha PY BK-50 Ha nop.11noK HIDKe l · l 0·7 1/ro,u. ,[vuI npenoTBpameHIDI nOBhIIIIeHHo­

ro PaJll-l06HOJ10fH'-leCKOfO 803.l{eHCTBH.!I: pa,UH03KTHBHblX semecTB Ha HaceneHHe npH TaKOfO po,ua 
Kpafute MaJlOBep0.11:THbTX co6b(TH.!l:X Ha A T31.J, C KOprryCHbTMH KHllill.UHMH peaKTOpaMH ,UOCTaTOLfHO 
coopy)l(aTb 3aLlJ.HTHhie 060110-YKH Ha.a peaKTopoM. 

8. HcuOJibJOBaune peJyJibTaTos onb1Ta :n~cnnyaTaneu PY BK-50 
AJIH o6oceosaeeH 6noKoB AT3I( 

B paMKax rocy,uapcrneHHhIX nporpaMM HMOKP no npo6neMaM C03.llaHH.!I: peaKTopos BK-200, 
BK-2000, ACT-500 npose,uettbI ,uocTaTOLfHO r.rry6oKHe Hcc11e,uosaHID1 HeHTpoHHo-q>H3H1.fecKHX H 

Ten11orn,upaBJ1Hl.feCKHX xapaKTepHCTHK aKTHBHOH 30Hbl; OTPa6oTaH BO,UHO-XHMH'-leCKHH pe)KHM; 
H3Y"LfeHa pa,UHal.{HOHHa.11 o6cTaHOBKa A3C; onpe,ueneHb( xapaKTepHCTHKH pa.LlHOJ1H3a TeTIJIOHOCH­
TeJl.11 11 cnoco6bl C)l(HraHH.11 pa,uHOJlHTH.qeCKOrO 80.llOpo,ua; ,UOKa.3a.HO, LfTO Bb16pocb( PEr npH rrpH­
MeHeHHH yroJ1bHbIX a.ucop6epoB, pa6oTaJOI.UHX rrpH TeMneparype MHHyC 20 °C, MO)l(HO CHH3HTb 
,uo yposH.11: Bb16pocos BB3P. Ho caMoe rnasHoe, om,rr JKcTIJiyaTaUHH BK-50 npo,ueMOHCTPHposan 
rrpOCTOl)' H Ha,Ue)l(HOCTb O,UHOKOHl)'pHOH A3C, BblCOKYJO YCTOHl.J.HBOCTb H caMopery1rnpyeMOCTI, 
KHIT.11:1.Uero peaKTopa. 

8 HaCTO.!II.Uee speM.11 PY BK-50 nocne Mo,uepHH3aU.HH H BBO.lla HOBbIX CHCTeM 6e3onaCHOCTH 
COOTBeTCTByeT cospeMeHHblM TPe60BaHH.!l:M no 6e3onacHOCTH. PY BK-50 pa6oTaeT B pe:lK.HMe 
A T3U c sb1pa60TK0H JJ1eKTpHYeCKOH JHeprnH (MOlUHOCTb 45 MBT) H Teillla .llJ1.!I: TeTIJioq>HKaui,rn 
(.uo 36 fKani'lac), LfTO cymecTBeHHO TIOBblCHJlO ee JKOHOMH'IHOCTb. 

B Pocc~m HanpasneHHe KOprrycttbIX KHIT.11:1.UHX peaKTopa C ecTeCTBeHHOH UHpKYJI.11:1..{HeH Ten­
JlOHOCHTeJl.11 He ITOJlY"LflIBO pacrrpocTpaHeHH.11: BBHJzy nepBOHa'laJlhHO CJlO)KHBilleroc.11: MHeHH.11:, LfTO C 
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o,nHOfO KOpnyca BB3P B pe)KHMe KHnemu1 MO)KHO ITO.II)'tUITb 3J1eKTpH11eCK)'lO MOl.UHOCTb He Bblllle 

200 MBT npH 3Ha4HTeJlbHO 66JlbllJHX paAHOaKTHBHblX Bb16pocax (Ha 2 .. . 3 nop.S!AKa BbIIIJe, lfeM Ha 

BB3P). 
HccneAOBaHIDI, npoBe.ueHHbie Ha PY BK-50, .llOKaJaJIH B03MO)KHOCTb peaJIH3al.J,H.H B OAHOM 

Kopnyce 311eKTpH11ecKoii MOl.UHOCTH .n:o 400 MBT H CHIDKeHHJI Bb16pocos PEr .n:o ypoBID! BB3P. 
Bnocne.n:cTBHH, B 90-e ro.uhI B Jlnomrn, Ha npHMepe npoeKTa SBWR-600 noKaJaHO, lfTO MO)KHO 
no.JIY1{aTh 6onee BbICOK)'lO MOlllHOCTb. ITpoeKT SBWR-600 .LlOKaJaJI npocTory PY TaKoro nma, H 
Ha3BaHHe ' 'ynpomeHHblH" npHCBOeHo eMy BTIOJIHe 3aC.II)')KeHHo. 

Cne.uyeT OTMeTHTb, lfTO KopnyCHbie KJHUll.UHe peaKTOpbI C ecTeCTBeHHOH UHPJCYJUIIJ.HeH Ten­
JIOHOCHTeJl.SI He ITOJIYlfHJlH pacrrpocTpaHeHH.SI H B MHpOBOH aTOMHOH 3HepreTHKe .LlJ1.SI Bbipa6oTKH 
3JieKTp03Heprn11 BBHJlY orpaHHlfeHH.SI e,Ll;I-IHH4HOH MOl.UHOCTH 6noKa .uo 600 MBT (3JI.). M.HpOBa.SI 

aTOMHa.SI :mepreTHKa pa3BHBaJiaCb no rryTH ysenl-fCleIDUI MOlllHOCTH 6110KOB C N311 ~ 1000 MBT. 
OcHOBHOH npH4HHOH TaKOH TeH,UeHI.I,IDf .SIBJI.SleTC.SI TO, 4TO npH OTHOCHTeJibHO MeHbllleM TepMO,llH­
HaMHtteCKOM KIT,ll; o6ecne4eHHe KOHJCYpeHTocnoco6HOCTH A3C C TenJIOBblMH 3JieKTpOCTaHI.{IDIMH 
BO3MO)KHO TOJlbKO rryreM yseJIH4eHH.SI e,UHHHlfHOH MOll.lHOCTH. 

Ha AT3I.J; MO)KeT 6bJTb perneHa rrpo6neMa HH3KOfO TepMO,llHHaMHlfeCKOro KI1,lJ; UHKJia. Eonee 
BblCOKHe, t.J.eM Ha TeTIJlOBI,lX CTaHU.H.SIX, noTepH TeITJia Ha A3C 06ycnosnem,1 6onee HH3KHM .n:asne­
J{HeM s KOH,lleHCaTope TYPfo-fHbl H OTCYTCTBHeM ero npoMe~OlffiOfO neperpesa. KoM6HHHpo­
BaHHa.SI Bblpa6oTKa 3JieKTp03HeprHH H Tenna C TeITJIO<pHKau.HOHHOH ryp6HHOH TI03BOJI.SleT .LlOCTHlfb 
JHatteHHH KIT,ll; Ha 15 % 6onbwe, 4eM Ha TeITJiosou CTaHI.(Hli. HcnoJib30BaHHe 3TOro Tenna .LlJ1.SI 

ueneii: TeITJIOq>Hl<aUHH Il03BOJl.SleT A T3I.J; c 6JIOKaMH MOll.lHOCTb}O 150 ... 300 MBT 6bJTb peHTa-
6eJibHblMH. 

B Kat.J.ecTBe HarJI.Sl.llHOro rrpHMepa MO)KeT C.II)')KHTb KOHKpeTHbIH onbJT PY BK-50. ITpH pa6ore 
B KOH,lleHCal.l,HOHHOM pe)KHMe c .llaBJieHHeM napa nepe.u. ryp6HHOH 2,0 Mila H pereHepaTHBHOM 
no.n:orpese nHTaTem,HOH so.u.1,I .u.o 104 °C KIT,ll; cocTaBm1eT 24 %. HcnoJib30BaHHe napa H3 Hepe­
rym1pyeMhIX oroopos KOHJJ.eHCal.l,rtOHHOH ryp6HHbl Jl.JI.H rerrnocpm<aum1 fl03BOJ1HJ10 yaeJII-fCIHTb 
Kil,ll; .llO 40 %. ITpH 3aMeHe KOH,D.eHCaUHOHHOH ryp6HHbl Ha TeITJIO(pHKaUHOHH)'lO KI1,lJ; MO)KHO 
nO)lH.SITb .llO 80 . . . 82 %, 'ITO 6om,me, qeM Ha T3I.J;. 

B npouecce 3KCITJ1yaTau.HH PY BK-50 11cc11e.n:osanHcb see napaMeTpbI R.n:epHoro 3HeproHc­
TO'IlIBI<a, KOTOpbie Heo6XO,ll,HMbI npH npoeKTHpOBaHHH aHaJIOfH4HOf0 061>eKTa. ,ll;OKaJaTeJibCTBOM 
MO)KeT CJIY)KHTb npHMep npoeKTHposaHIDI PY BK-300. Pact.J.eTHhie xapaKTepHCTHKH aKTHBHOH 
30HbI H KOHrypa eCTeCTBeHHOH UHPKYJI.SIUHH TenJIOHOCHTeJI.SI BK-300 TIOJJ.TBep)K,D.eHI,I cpaKTHtte­
CKHMH xapaKTepHCTHKaMH aKTHBHOH JOHLi PY BK-50. B1,16op TB3JIOB (9,1 MM), cKopocTH UHPKY­
Jl.SIUHH BO.Ubl s TBC (1 ,0 . .. 1,2 Mic), TeITJIOBble ttarpY3KH TB3JIOB (280 ... 320 BT/CM), pecypc pa60TbI 
TBC B TelleHHe 6 neT, B03MO)KHOCTb .u.ocTIDKeHH.SI s1,1ropaHH.S1 TonnHBa JJ.O 40 MBT·CYTIKr H .upy­
rne IlOKa3aTemt, .LlOCTHrHYTble Ha PY BK-50, .LlOCTaTOlfHO xopomo o60CHOBbIBalOT aHaJlOfHlfHbie 
rrapaMeTpbI Ha PY BK-300. 

HeHTpOHHO-<pH3114eCKa.H H rHJJ.pOJJ.HHaMHlleCKa.SI ycTOH1-IHBOCTb peaKTopa BK-300 IlO,UTBep­
)1(,D.eHa OITblTOM PY BK-50. I10Ka3aHO, llTO np11 pa6olfeM .u.asJieHHH 6,9 Mila, TenJIOBbIX Harpy3Kax 
TB3JIOB JJ.O 320 BT/CM H MaCCOBbTX pacxo,UHblX napoco.uep)KaHH.SIX Ha Bb!XO)le H3 aKTHBHOH 30HbJ .llO 
14 % HeCTa6HJlbHOCTb He npO.S!BJI.SleTC.SI. Otta HalfHHaeT npO.S!BJI.SITbC.SI TOJlbKO npH CHH)l(eHHH .n:as­
JieHH.SI HIDKe 5 Mila. flepeXO.llHble pe)KHMbl: 113MeHeHHe pacXOJJ.OB rrapa H TIHTaTeJlbHOH B0.llb[, pe3-
KHe Ha6poCb[ )J.asneHH.SI C H3MeHeHHeM MOIUHOCTH, pe)KHM "cTon-nap" paccttHTaHbl Ha OCHOBe pe-
3YJibTaTOB HJyqeHH.SI nepexo.l{HblX pe)KHMOB Ha PY BK-50. 

Bo,D.HblH pe)KHM (6ecKoppeKU,HOHHb[H HeHTpaJibHO-KHCJIOPO.llHblli) H COCTaB KOHCTJ)YKUHOH­
HbIX MaTepHanos, y4acTB)'lOlllHX s npouecce Tennoo6MeHa, TJ)att3HTa napa H so,l{br TaK)Ke npHH.S1-
T1,1 Ha PY BK-300 Ha ocHoae on1,ITa 3Kcn.rryarnuHH PY BK-50. ITpH onpeJJ.eneHHH pa.n:Hau.HoHHOH 
o6cTaHOBKH yqTeHbl K03qlqlHUHeHTbl pacnpe)J.eneHH.SI paJJ.HOaKTHBHblX npHMeceu Me)K,D.y BOJJ.0.H H 
napoM, HX aKTHBHOCTb B TenJlOHOCHTene 1-1 OTJIO)KeHH.SIX Ha o6opyJJ.OBaHHH. 
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IlOJIHOCTbfO npHHSITbl B npoeKTe PY BK-300 CHCTeMbl C)KJ,fraHH.s! pa.Ll,HOJIITTH4eCKOro BO.Ll,Opo­

.Ll,a B napora.30BOH CMeCH, JIOKMH3aUHH napOBhIX Bbl6pocoB C npe.Ll,OxpaHITTeJibHblX KJlanaHOB, 

KOHTpon.si repMenf4HOCTH o6oJI04eK TB3JIOB KaK Ha pa6oTruomeM, TaK H Ha OCTaJiOBJieHHOM peaK­

TOpe, a TalOKe ycTaHOBKa 01.¾HCTKH pa.Ll,HOaKTHBHblX ra.30BblX BbI6pocoB. Bo3M0)1(}{0CTb OT6opa pa­

.Ll,HOaKTHBHOro napa B CHCTeMy TenJIOq>HKaI.lHH C npHMeHemteM KaK naposoro, TaK H BO.Ll,1lHOro 

npoMe)KyT04HOro KOHT)'pa npaKTH4eCKH ITO.Ll,TBep)K.Ll,eHa O□bITOM 3KCI1JlyaTawrn PY BK-50 B Te­

qemte 20 mrr. 
Oco6o cne.L1,yeT OTMennh, 4TO KoprrycHoi1 KHil1ll.l.lHM peaKTop c ecrecrneHHoi1 UHpKym1.u-iei1 

TeI1JIOHOCHTern1 B COCTaBe A T3U, HMeeT orrpe.neneHHbie npeHMYmecTBa no cpaBHeIDOO C peaKTO­

poM BB3P. K TaKOBbIM OTHoc.siTc.11: 

• 

• 

• 

• 

• 

• 

scepe)l<HMHOCTh OTBO.Ll,a TeI1Jia tt3 aKTKBHOH 30HhI c noMOIUbfO ecTeCTBeHHOH UHPKYJIJIUHH Te­

nnottoc1-1rem1; 

BblCOKa.11 CaMoperynHpyeMOCTb MOl.l.lHOCTH 3a cqeT OTpHI.taTeJibHOro rrapoBoro H TeMneparyp­

Horo K03q>q>lfl.{HeHTOB peaKTHBHOCTH; 

MeHhWa.11 MeTMJIOeMKOCTb OCHOBHOro 06opy.L1,0Bamu1 H3-3a OTCyTCTBH.11 naporeHepaTopoB, 

UHPKYll.s!UHOHHbIX TieTeJib, KOMneHCaT0pOB o6beMa H 3HatnfTeJlbHO MeHbIIIeH eMKOCTH cocy­

.Ll,OB )J,J1.!I aBapHIDIOH IlO.Ll,nHTKH KOHT)'pa; 
~ 1131 3HaYIHTeJ1bHO MeHbWHH BblXO.Ll, H3 HerepMeTH"IHbIX TB3JIOB B CB.!13H C noHIDKeHHbIMH Ten-

JIOHanpIDKeHHOCTbfO H TeMneparypow Tonmrna no cpasHe•nno c BB3P; 

npocTOTa 11 Ha.Ll,e)KHOCTb 6ecKoppeKUHOHHOfO HeMTpMbHO-KHCJIOpO.Ll,HOfO BO.Ll,HOrO pe)KHMa, 

HCnOJlb30BaJiHe 6opHOH KHCJIOTbl TOJlbKO B pe)KJ,fMax C OCTaJiOBOM peaKTopa npH 3aCTPeBaHHH 

I10fJIOTHTeJiei1; 

-803MO)KH0CTb npHMeHeHH.11 yrnepO.Ll,HCThIX CTMeH .Ll,JI.s! Tpy6onpOBO.Ll,OB napa H ITHTaTeJibHOH 

BO.Ll,bl npH OTHOCHTeJibHO MMOM pacxo)le Hep)KaBe10meii CTMH )].Jljl BttyTPHKOprryCHhIX ycT­

pOHCTB H CHCTeM 04HCTKH TeI1JIOHOCHTeJI.11. 

AT31( C KHil.SllUHM peaKTOpOM C ecTecTBeHHOH UHPKYll.s!UHeH TeITJIOHOCHTern1 MO)KHO pacno­

JiaraTb B6JIH3H 60JibWHX ropO.llOB. TaKa.11 B03MO)KHOCTb o6ycJIOBJieHa TeM, 'ITO ITOTeHUHMbHa.11 

onaCHOCTb npH pa.3repMeTH3auIDf o6opy.llOBaHH.!I H TPY60npOBO.Ll,OB 3Ha1.fl-tTeJibHO HIDKe, YeM C pe­

aKTOpaMH BB3P, H o6ecneYHBaeTc.si: 

- MeHblilltMH .Ll,aBneHHeM, MOl.l.lHOCTbfO 6JIOKa 11 ofrbeMOM BbICOKOatcrHBHOro TenJIOHOCHTeJI.si, Ha­

XO.Ll,.s!Ll.leroc.si TOJihKO B Kopnyce peaKTopa; 

- aKTHBHOCTbfO BO.LI.bl B peaKTOpe Ha yposHe 10-5 Ku/11, 1.fTO HIDKe Ha )].Ba nop.11.ll.Ka, YeM B BB3P. 

CKa.3aHHOe Bbillie n03BOJI.!leT Cl.fHTaTb, 'ITO tta116onee 3q>q>eKTHBHblM HCT0'IBHKOM 3HeprHH .Ll,JI.Sl 

A T3U, MO)KeT CJlY)K],fTb KOpnycHOH KHn.Slll.IHH peaKTop c ecTeCTBeHHOH UHPKYJ1.s!UHeH TeITJIOHOCH-

TeJl.11. 
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IlEPEXO)Uil>IE II ABAPHHHbIE PE)l(IIMbl 

Y)J.K 621.039.51 
DINA-PliMK: pac11eTnoe MOJJ.e.rtHpouauue 

WT3THblX nepeXO)J.HblX pe:)KJ{MOB peaicropHOH ycTaHOBKH PliMK 

B.H. BaceKuH, E.H. /(aHWl06a, A.H. HoHo6, M.A. OcmauuHa, 
<I>rYIT HMKM3T HM. H.A. ,n:onne)Kan11, 107140, MocKBa, yn. Mana11 KpacHocem,cKa11, 2/8 

TipHBe.neHbl peJym,TilThJ pacY:eTHOro MOJ].emrpoaaffiUI CTaUHOHapHblX COCTOJIHHH H IIITaTHhIX nepe­
XOJI.HhIX pe)l(HMOB PY P6MK, CBJIJaHJil,IX c RJMeHeH.HeM MO~HOCTH peaKTopa. yq}IThlBaJlHCh nepexo.n­
Hhle npou.ecchr no KOHI.tempacnm KcettoHa H TeMnepaTYPe rpaqmTil. 

DINA-RBM.K: SETTLEMENT MODELING OF REGULAR TRANSITIVE MODES REAC­
TOR FACILITY RBMK. V.N. VASEK.IN, E.N. DANILOVA, A.I. IONOV, M.A. OSTANINA. Re­
sults of settlement modeling of stationary conditions and the regular transitive modes reactor facility 
RBMK connected with change of capacity of a reactor are resulted. Transients on concentration xenon and 
temperature of graphite were considered. 

B HaCT011I..QeH pa6oTe npe.L{CTaBJTeHbI pe3y11r,TaTbl BepHCpKKaI.J,KH nporpaMMHoro KOMilJleKca 

DINA-PBMK [I , 2] Ha ocHoBe 3KCruJYaTaUHOHHOH HHcpopMaUHH o pean&HhIX cocT011HK11X H 

llITaTH.hIX nepeXO.L{H.hlX pe)KHMaX Jl.Jl$I p11.ua 3Hepro6JTOKOB PEMK. PaccMaTpHBaJIHCb nepeXO,ZlHble 

pe)KHMb), o6ycJIOBJieHHble aBapHHH.hlM CHK)KeHHeM MOU{HOCTH H peaJIH3YJOlllHec11 npH UITaTHOM 

ynpaBJ111eMOM pernaMeHTHOM H3MeHeHHH MOI..QHOCTH peaKTopa. 

B nepBOM cnyqae MO.L{eJIHpOBaJIHCb nepeXO,llHb)e npoueccbI, HaqJ,tHa11 C MOMeHTa BpeMeHH, 

Kor,ua Ha HOBOM yposHe MOI..QHOCTH peaKTopa ycTaHOBHJIOCh KpHTw:iecKoe KBa3HCTaUHOHapHoe 

cocT011HHe. Bo BTopoM cny1.rne npe.Anonaranocr,, '-ITO ynpasJ111eMoe H3Mettem,1e MOI..QHOCTH npouc­

XO.llHT ,llOCTaTO'-IHO Me,llJieHHO, TaK l!TO B Ka)K.llb[H MOMeHT speMeHH B aKTHBHOH 30He peaKTopa 

peanH3YJOTC11 paBHOBeCHble pacnpe.ueneHHR nJIOTHOCTH TenJIOHOCHTeAA H TeMneparypbI TOnJIHBa, 

COOTBeTCTBYJOLUHe TeKyI..QeMY pacnpe.ueneHJ,OO MOil{HOCTH 3HeprOBbI)J.eJieHHJI, H HepaBHOBeCH.hle 

3Hal!eHH11 TeMneparypbl rpaqrnTa H KOHUettTpal..{HH KCeHoHa. 3To rrpeJJ.TIOJIO)KeHHe onpaB)J.aHO, TaK 

KaK xapaKTepHble speMeHa npoueccoa no nJIOTHOCTH BO)J.bl H TeMneparype TOTIJIHBa cyweCTBeHHO 

MeH.hllle xapaKTepttoro speMe1rn paccMaTpHBaeM1>IX npoueccos. 

PaccMaTpusaeM1,1e nepexOJJ.H.hie npouecc1,1 o6ycnosrreHbI Jl.OCTaTO'lliO Me,llJieHHbIMH npouec­

caMH ycTaHOBJieHIDI paBHOBeCHhlX pacnpe.L{eJieHHH TeMneparypr,1 rpacpHTa H KOHUeHTp8UHH KCe­

HOHa, COOTBeTCTBYIOLUHX HOBOMY ypOBHlO MOI..QHOCTH. XapaKTepHI,Ie speMeHa YKa3aHHblX nepe­

XO.L{HblX npoueccos cymeCTBeHHO 6oJibllle xapaKTepttoro speMeHH ycTaHOBJieHHR paBHOBeCHblX 

3Hal!eHHH KOHUeHTpau1rn npe)J.wecTBeHHHKOB 3aTia3,llb!BalOIUHX He.HTpOHOB. ~ MO.LJ.eJIHposaHK11 

TaKHX nepeXO,llH.hlX npoueccos .llOCTaTO'lliO onpaB,llaHHblM 11BJI11eTCR npHMeHeHHe a)J.Ha6aTH9:e­

CKOfO npH6JIIDKeHH11, KOTopoe npe.unonaraeT, '-ITO B Ka)l(,[{b!H MOMeHT speMeHH KOHUeHTpaUHH 

npe,llllleCTBel-lHHKOB 3aITa3,llb!BalOI..QHX HeHTpOHOB HMelOT paBHOBeCHble 3Hal!eHK11. 

Ilpe,nCTaBJieHHble HIDKe pe3yJI&TaTbl paCl!eTHOro MO,LlemtposaHHjj lDTaTHblX nepeXO,llHblX npo-

1..leCCOB nonyqettbl c ncnOJib30BaHHeM onUHH nporpaMMbI DINA-PEMK, peanH3y10wei1 a.uHa6aTH­

qecKoe npH6JIIDKeHHe. 3KCruJ)'aTaUHOHHa11 HH<pOpMauHjj O IDTaTHblX nepeXO)J.HblX pe)l(HMax, He­

o6XO.L{HMM Jl.Jl$I HX pactJeTHOro MO.L{emtpoBaHHR, BKJIIO'-laeT HH<pOpMaUHIO O CTaUHOHapHOM co­

CTORHHH Ha Hal!aJibHOM yposHe MOI..QHOCTH, rpacpHK H3MeHeHK11 MOI..QHOCTH W(t) H HH<pOpMaUHIO 

06 H3MeHeHHH fa30BOH CMeCH B rpacpHTOBOH KJTa,llKe. 0)1.HHM H3 OCHOBHblX napaMeTPOB, KOTOpbIH 

KOHTJ)OJIHPYeTCH llITaTHOH CHCTeMOH KOHTpQJljj B nepeXO)J.HbIX npoueccax, CJIY)KHT seJIHtJHHa 

onepaTHBHOfO 3anaca peaKTHBHOCTH (03P). 
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Tip11H.llTaJJ B HaCTO.lllll,eH pa6oTe MeTO)UfKa MO)lem.1posaHH.ll peanbHbIX COCTOj[HJ,fH H lllTaTHbIX 

nepexo)lHhIX pe)IGIMOB PY PEMK octtosaHa Ha MO)lerurx H pac4eTHhIX MeTo,nHKax, peaJI.H3osaH­

HhIX B nporpaMMHOM KOMilJleKce DINA-PEMK. K TaKHM MeTO)lHK3M OTHOCHTCSI MeTOJ:lHKa MO)le­

JilfPOBaHH.H CTaU.HOHapHOro COCTO.llHH.H Ha Ha"laJTbHOM yposHe MOU(HOCTH, OCHOBaHHaJJ Ha perne­

HJ,IH ycJJOBHO-KpHTl-1'-!eCKOH 3a;J.a4H J].Jlj! HCXOJ].HOro COCTO.llHll.ll. llpou.e.nypa KoppeKTHpOBKH napa­

MeTPOB pac4eTHOH MOJ].eJIH BbinOJIHeHa C Y'-leTOM Heonpe)leJieHHOCTH HCXOJJ.HhIX J].aHHbIX H MeTO­

JJ.H4eCKOH Heonpe)leJieHHOCTH npou.e)lypbl npe)lBapHTeJlhHOH roMoreHH3aU.HH HeHTpOHHO­

cpH3H4eCKHX CBOHCTB no pac4eTHblM 061,eMaM. MeTO.llHKa MO)leJIHpOBaHIDI KBa3HCTaU.HOHapHoro 

coCTOSIHH.ll JI.JlSI KIDK.LJ.OfO MOMeHTa speMeHH nepexo)lHOfO npou.ecca n03B0JlReT nepeMelll,eHHeM 

cTep)KHeH ynpasneHllR peanH30BaTb KpHTH4eCKOe COCTO.HHHe H pacnpe.neneHHe MOIIlHOCTH :mep­

roBbIJ].eJieHH.H, YJlOBJleTBOpH10II1,ee Tpe6osaHHSIM, ycTaHOBJieHHblM s pernaMeHTe. 

llpHMeHetta MeTO)lHKa pacqeTa .UJI.ll KIDK.D.oro MOMeHTa speMeHH nepexo,nttoro npouecca na­

paMeTpOB H xapaKTepHCTHK Ba)l(Hb!X LlJ(jl 6e3onacHOCTH, K KOTOpblM OTHOCRTC.ll BCJIH'-!HHa O3P, 

napoBOH H 6bICTPblli MOlllHOCTHOH K03cpq>HUHeHTbl peaKTHBH0CTH, K03cpq>HUHeHT peaKTHBHOCTH 

no TeMneparype rpacpHTa. ,lvl.ll onpe)l,eJJeHI-Ul senwIHHbl O3P s IIITaTH0H CHCTeMe K0HTPOJlj! HC­

n0JJb3yeTCSI MeTo.mnca, KOTopaR Il03B0JlReT TeK)'llleMy 3Ha4eHHJO O3P COII0CTaBHTb CO0TBeTCT­

syromee 4HCJI0 TTOJlHOCTblO norpy)KCHHhIX 3cpcpeKTHBHbIX nOrJJOIIl,atOIIlHX CTep)l(HeH (3cpcp. CT.). 

Tipoue)lypa OCHOBaHa Ha ycpe,nHeHHH C seCOM Il0TOKa HeHTPOHOB 3cpcpeKTHBHOCTH nornomatOl..l.lHX 

cTep)l(HeH C Y4eT0M HX peanbHOro ITOJlO)KeHmt )lJlj! paccMaTPHBaeMoro C0CTORHHR aKTHBHOH 30Hbl 

peaKTopa. B rrporpaMMHOM KOMnneKce DINA-PEMK JJ.J1j! pac4eTa O3P rrpHMeHReTCsr attarrorn4-

HaJJ MeTO.llHKa, B KOTOpOH npR ycpe,nHeHHH HCil0Jlh3yeTC.ll paC4eTHOe pacrrpe.nenemt:e IT0TOKa HeH­

TP0HOB. 

C uerrhIO sepHcpHKau.m-i nporpaMMHOro KOM11JteKca DINA-PEMK s '-!aCTH pac'-!eTa cTau.110-

ttapHhIX COCTORHHH Ha pa3pemeHHhIX ypOBH.llX MOUl,HOCTH H WTaTHblX nepeXO.llHhlX pe)KHM0B, CB.Sl-

3aHHhfX C H3MeHeHHeM MOIIl,HOCTH peaKT0pa, BhlTTOJIHeHl>I paC'-!eThl no M0,lleJIHposaHHIO pearrhHbIX 

COCTO.llHHH H nepeXO)lHhlX npoueccoB JI.JlSI pR,na 3 Hepro6JJOKOB PEMK. 

B Ta6n . 1 np1-rne,neHhI pe3yJibTaTbJ paC4eTOB )lmI CTaUHOHapm,1x COCTORHHH 3Hepro6JIOKOB 

KypcKOH A3C, r)le K:$1> - 3cpcpeKTHBHblH K03q>q>HU.HCHT pa3MHO)KeHHR, Kr - K03cp(pHI.{HCHT ttepas­

H0MepttOCTH pacnpe.neneHHR MOU{HOCTH 3HeprOBbl)leJleHI-Ul, cr2 
- cpe)lHeKBa,llpaTH"leCK0e OTKJJ0He­

HHe pact.JeTHOfO pacnpe)leJieHllR M0U{HOCTH 3HeprOBhlJ].eJieHH.ll OT ,naHHbIX IIITaTHOH CHCTeMhl KOH­

TP0Jlj!, Pact.feTbl npOBO)lHJIHCh C HCTTOJTh30BaHHeM rrpoue.nyphl KOppeKTHpOBKH pacqeTHOH MO,neJIH 

H HCXO)lHbIX )laHHhIX, K0TOpaJJ BKJJIOt.JaeT KoppeKTHpOBKH BeJlHqHJihl 3HeprOBhipa6oTKH B npe.ue­

Jiax tteonpe)l,eJJeHHOCTH IIITaTHOH CHCTeMbt KOHTponsr H roMoreHH3Hposamn,IX R'-!eel.{}{l,JX HeH­

TPOHHO-cpH3Ht.JeCKHX KOHCTaHT C yqeTOM MeTO)lHtICCKOH Heonpe.neneHH0CTH HX ITOJ].roTOBKH, CBR-

3aHHOH C npeJ].ITOJI0)KCHHCM O paseHCTBe H)'JIIO TOKa HeHTpOHOB Ha rpattHl.{e roMoreHH3HpyeMOH 

.ll4eHKH. KpoMe Toro, J].Jl.ll cpastteHI-Ul B Ta6rr. 1 npHBe)l,eHbl pe3yJihT3Tbl COOTBeTCTBYIOlll,HX pactJe­

T0B, IlOJIY'-!eHHhIX 6e3 HCTT0Jlh30BaHIDI YKaJaHHO.H Bblille KoppeKTHpOBKH pact.JeTHOH MO)leJIH H HC­

X0.llHhfX )l3HHblX, H 3H34CHHR K:$1> TOJibK0 )l,Jl.ll cepHH paC4eTOB 6e3 npHMeHeHH.ll K0ppeKTHp0BKH, 

TTOCK0JlbKY npH HCil0Jlh30BaHHH KOppeKTHp0BKH K:$1> paseH e,nHHHUe. 

Heo6xoJJ.HMO 0TMeTHTh, t.JTO npHMeH.HeMaJJ s nporpaMMHOM KOMnneKce DINA-PEMK npoue­

.nypa KoppeKTHp0BKH He HCITOJlb3yeT KaKHe-n H:60 ,naHHbJe CHCTeMhl KOHTpOn.ll H HHKaK He BJIH.lleT 

Ha nporH03HPYIOl..l.lHe CBOHCTBa pearrH30BaHHblX B K0MTTJICKCe nporpaMM (pH3H'-ICCKHX MO)l.eJieH. 

B Ta6JJ . 2 TTOKa33Hl,I pe3yJihT3Thl paClfeT0B naposoro K03q><pHUHeHTa peaKTHBH0CTH (Cl.qi), K0-

3Q><pHl.J,HeHTOB peaKTMBHOCTH no TeMneparype Tonmma ( CXru), rpacpHTa ( CXrg) H 6bICTPOro M0l..l.lHO­

CTHoro K03 q>q>HUHCHTa peaKTHBHOCTH ( a,.,) J].Jl.ll CTaU.H0HapHbIX COCTO.SIHHH 3Hepro6JIOKOB Kyp­

CK0H A3C, pe3yJlbTaTbl M0)l,eJIHp0BaHH.ll K0TOpbIX npe.ncTaBneHbl B Ta6n. 1. Pacl!.eTbl nposo,nH­

m1cb no MeT0.llHKe, OCHOBaHHO.H Ha nepB0M nopR,nKe Te0pHH B03MYl..l.leHH.ll, )lJl.ll pearr113a1J,HH K0TO­

poro B nporpaMMH0M KOMnneKce DINA- PBMK npeJlYCM0TPeHo peweHlle COOTBeTCTsyiomeH co­

npjl)KeHHOH 3a,na1..£H. 

59 



T 6 1 P a J1 HQ a e3' IJlbTaTbl paCtJeTa CTaUHOHapHbIX COCTOHHHH 

OJIOK CocTOSIHHe Ee3KOppeKTHpOBKH C KoppeKTHpOBKOH 

Kr K:$1> (j2 Kr r" 
2 01.01.03 3,5 0,99538 55,9 1,64 18,0 
2 27.01 .03 3,0 0,99449 53,6 1,67 21,2 
2 07.05.03 2,9 0,99569 53,3 1,66 20,2 
2 01.09.03 2,9 0,99784 49,7 1,68 18,4 
3 31.12.01 2, 1 0,99042 35,2 1,56 18,8 
3 17.03.03 2,0 0,98975 29,3 1,57 15,4 
3 09.11.03 2,3 0,99066 35,0 1,58 17,5 
3 24.03 .03 2,0 0,98979 28,0 1,58 14,6 
4 11.07.03 2,7 0,99450 37,9 1,60 16,8 
4 04.10.02 2,3 0,98957 33,2 1,53 14,7 
4 18.05.03 2,3 0,99207 30,6 1,55 14,4 
4 25.01.04 2,7 0,99450 37,9 1,60 16,8 
4 04.10.02 2, 1 0,99093 29,0 1,53 14,2 

Ta 6 J1 n n a 2. Pe3YJ1bTaTbI paCtJeTa K03cbcbHUHeHTOB peaKTHBHOCTH 

Ko3cbcbwuHeHTbl pea.KTHBHOCTH 

CKoppeKTHpOBKOH Ee3KOppeKTHpOBKH 

~-103 aru· 105 a n1· l05 aw·l06 ~-103 CXru· l 05 ar2 • l 05 aw-106 

2,86 -2,00 5,70 -2,49 3,68 - 3,80 6,57 -4,86 
2,91 - 2,01 5,75 - 2,52 3,48 -3,47 6,10 -4,42 
2,81 -2,02 5,46 -2,53 3,46 -3,65 5,56 -4,67 
2,79 - 2,02 5,79 -2,52 3,39 -3,37 6,44 -4,29 
2,45 - 1,81 4,90 - 2,31 2,76 - 2,61 4,43 -3,36 
2,42 - 1,78 4,67 -2,28 2,56 -2,53 3,65 -3,26 
2,51 - 1,81 5, 16 -2,32 3,02 -2,78 3,30 -3,60 
2,44 - 1,79 4,77 -2,29 2,63 -2,57 3,43 - 3,32 
2,67 - 1,92 5,32 -2,46 3, 15 - 3,26 2,44 -4,24 
2,50 - 1,78 5,00 -2,29 3,05 -3,06 2,76 -3,99 
2,54 - 1,82 5,25 -2,33 2,92 -2,90 3,34 -3,76 
2,67 - 1,92 5,32 -2,46 3,15 -3,26 2,44 -4,24 
2,49 - 1,79 5,03 -2,30 2,73 -2,61 3,47 -3,37 

Jfa npHBe,ll.eHHblX B Ta6J1. 1 pactJeTHblX ,ll.aHHbIX BH,ll.HO, 1iTO HCITOJ1b30BaHHe npoue.zzypbl 

KoppeICrnpoBKH paclleTHOH MO.D.enH, peanH30BaHHOH B nporpaMMHOM KOMIUieKce DINA-PBMK, 
cyw.ecTBeHHO ynyqrnae-r KatJeCTBO MO,ll.eJrnpoBaIDUI pacnpe,L1.eJ1eHHJ1 MOW.HOCTH 3HeproBbl,ll.ene­

HHJI. HepaBHOMepHOCTb paCtJeTHoro pacnpe,ll.eJieHHSI MOW.HOCTH 3HeprOBhI,ll.eJieHHJI, nonyqeHHOro 

6e3 KOppeKTHpOBKH paCtJeTHbIX MO,ll.eJieH, OKa3bIBaeTCSI cymecTBeHHO 60JibWe HepaBHOMepHOCTH 

peanbHblX pacnpe.neneHHH. IlpHMeHeHHe npoue,ll.ypbl KOppeK'THpOBKH paCtJeTHOH MO,ll.eJIH IT03B0-

J1SleT ITOJI)"-IHTb paC!.ieTHbie pacnpe,L1.eneHHS1 MOW.HOCTH 3HeproBbl.D.eneHIDI C K03<pq>HUHeHTOM He­

paBHOMepHOCTH, 6mt3KHM K peanbHblM 3Ha-qeHHJIM 1,4 ... 1,5. 
McnOJlh30BaHHe npoue.zzypbl KOppeKTHpOBKH OKa3bIBaeT 3aMeTHOe BJIIDIHHe Ha pe3ym,TaTbl 

paCtJeTOB K03<pq>HIJ,HeHTOB peaKTHBHOCTH, lJTO BITOJIHe 061,sicHHMO, ITOCKOJibKY K03<pq>HUHeHTbl 

peaKTHBHOCTH SIBJlSIIOTCSI cpyHKUHOHanaMH TIJIOTHOCTH ITOTOKa HeHTpOHOB, conpjl)f(eHHOH <pyttKUHH 

H COOTBeTCTBYIOlllHX B03MY(UeHHH HeHTpOHHO-q>H3H4eCKHX KOHCTaHT. 
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Pe3yJIE>TaT.bI pacqeToB, BbITI0JI.Hettm,rx. 

c uem,10 BepHcpHKaum-t nporpa.MMHoro 

1<0MTIJieKca DINA-PBMK B qacrH Mo,ne­

napoBaHIDI llITaTm,rx nepexo,nH.brx. rrpo­

ueccoB, npe,ncTaBJiem,1 Ha pHc. 1 . .. 3 .nm1 

TPeX pa3JIHqHl,JX nepeX0)UiblX pe)KHMQB: 

rpacpmrn H3MeHeHIDI M0IIUi0CTH W(t) pe­

aKT0pa, C00TBeTCTBYJOLU;ero H3MeHeIDUI 

BeJIH"C{HHl,I O3P 3 no JlaHH.blM uITaTHOH 

CHCTeM.bI K0HTJ)0JUI H H3MeHeHIDI O3P p, 

noJIY"lleHHOfO pac\JeTH.blM rryreM rrpH MO­

.nerurpoBaHHH nepexo.nHoro npoa.ecca c 

npKMeHeHHeM nporpa.MMHoro K0MTIJieKca 
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DINA-PBMK. PHc. 1. ABapmlttoe cHIDKeH.He MOIIlHOCTH npH 0TKJilO'lemrn 

Ecrur KIDKJJ.0e 3HatieHHe O3P, 3acpmc- ryp6oretteparopa 

CHJ)0BaHH0e llITaTHOH CHCTeMOH KOHTJ)Oml 

B Te1.JeHHe nepexo.nttoro npouecc~ cqH­

TaT.b He3aBHCHMbIM H3MepeHHeM, TO Katie­

CTBO MO)leIDlpOBaIDUI H3MeHeHIDI BeJIHlJH­

Hbl O3P B nepeXO)lH0M npouecce M0)KHO 

xapaicrepH30BaT.b BemNHHOH cpe.ntte­

KBa,upaTK'lecKoro 0TKJI0HeHIDI paC1.JeTHbIX 

3Haqemra 03P OT )laHHbIX llITaTHOH CHC­

TeM.bI KOHTJ)OJUI. Tipe,nCTaBJieHH.bie Ha 

pHC. 1. . . 3 pe3yJibTaTbl paC11eTOB JJ)UI 

cpe,nHeKBa.npaTK'leCK0f0 OTKJIOHeHIDI .na­

JOT BeJIWIHHY rropS1,nKa I O %, 11TO B nepe­

c11ere Ha 3cpcpeKTHBH.bie crep>KIDI COCTaB­

IDieT 4 . . . 5 crep)KHeit 

IlpH pac1.JeTH0M onpe.nenemrn H3Me­

HeHHSI BeJIWlH.Hbl O3P B UITaTH.bIX rrepe­

X0.[\HbIX npoueccax KMeIOTCSI MeT0,nK'le­

CKaSI H TeXHOJIOrK'leCKaSI tteorrpe.neneHHO­

CTH, K0T0pbie BJIIDIJOT Ha KaqeCTB0 Mo,ne­

JIHp0BaHHSI UITaTH.bIX nepexo,nHbIX npo­

QeCC0B. MeTo,nK'leCKaSI Heonpe.nenett­

H0CTb C0CT0HT B TOM, 11T0 npH M0)leJIHpo­

BaHHH UITaTHbIX nepexo.nm,Ix npoueccos 

B KIDK,l].bIH MOMeHT BpeMeHH peanH3yeTCR 

M0)leJibHOe CTaUH0Hapttoe C0CT0RHHe C 

pacnpe.neneHHeM MOlllH0CTH 3Hepr0Bbl.l(e-

JieHHSI, y.noBJieTBOpSllOI.QHM 'Tpe6osaHID1M, 
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PHC. 2. OnepaTHBHaJI pa3rp)'3Ka 3eepro6JIOKa npH xpaTKO­
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YCT8HOBJieHHblM B perna.MeHTe. IlpH 3TOM o 

0 
M0)leJI.bH0e pacnpe.neneHHe M0lllH0CTH 12 24 36 48 60 72 84 96 

:meproB.bI)leJieHHR B onpe.n:eneHH.bIX npe- PHC. 3. MaHeBpHpoBaHHe MOlllH0CTbJO peaKTopa B COOT­

.nenax BCer.na 6y.neT 0TJIHl.faTbCSI OT pe- BeTCTBHH c llHClleT'lepCKHM rpaq>HI<OM HarpY3KH 

aJIE>Horo pacnpe.neneHIDI, peanHJyeMoro onepaTopoM B npoa.ecce 3KCnJIYaTauHH 3Hepro6noKa. 

KpoMe Toro, Il0JIO)l(eHIDI Il0fJIOI.QaIOII{HX CTep)KHeH, peanH3YJOlllHX M0)leJlbHOe H peanbH0e pac­

npe,neJJeHIDI M0lllH0CTH 3HeprOBbl)leJieHIDI, TaK)l(e 6y.n:yT 0TIDl'{aTbCR. TeXHOJ10rH'leCKaSI Heonpe-
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,ll,eJieHHOCTb norryqeHHblX B ,ll,aHHOH pa6oTe pe3yJibTaTOB MO,ll,e1rnposamu1 UITaTHblX nepeXO,ll,HblX 

npoueccos CBSl3aHa C He,ll,OCTaTOl.lHO nOJIHOH HH!pOpMauHeH O COCTaBe raJOBOH CMeCH B rpatpHTO­

BOH KJia,ll,Ke H ee HJMeHeHHH B ret1eHHe nepexo.D.ttoro npouecca. 

3aKJ1ao11enne 

Tipe,ll,CTaBJieHHbie B HaCTO.SIU.~eH pa6oTe pe3yJibTaTbl pactfeTOB noKaJaJIH, tfTO peaJIH30BaHHble 

B nporpaMMHOM KOMnJieKce DINA-PBMK. !pHJH"leCKHe MO,ll,eJIH, Bbltf.HCJIHTeJibHbie anropHTMbl, 

pactfeTHbie MeTO,ll,HKH, 6H6JIHOTeKa HeHTPOHHO-!pH3Ht.ieCK.HX KOHCTaHT H npoue,ll,ypa KOppeKTH­

pOBKH n03BOJISIJOT MO,ll,eJIHpOBaTb CTaQHOHapHbie COCTOSIHIDI H UITaTHble nepeXO,ll,Hbie npoueccbl C 

T01.f_HOCTbJO, .LlOCTaTOl.lHOH ,lJ,JISI 3KcnnyaTaQHOHHbIX pact.ieTHblX MeTO,ll,HK KOffTPOJISI H nporH03a H3-

MeHeHIDI B UJTaTHblX nepeXO,ll,HblX pe:>KHMax napaM~OB H xapaKTepHCTHK, Ba:>KHblX ,lJ,JISI 6e3onac­

HOCTH. 
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3KCIIEPHMEHT A.JlhHJ,IE HCCJIE,l.(OBAHIUI 

Y,l.(K 621.039.524.4-97.519.86 
Pa3pa60TKa 6aJbl AaHHLIX JKCrrepHMCHTaJihHLIX peiKHMOB 

HCCJICAOBaTCJILCKOro peaKTopa BK-50 

C.H. AnmoHo6, B.M. Maxun, H.H. Ce.+1uoou,K11u, B.E IIIAteJle6, 
<l>fYII "fHU; P<l> HMM.AP", 433510, r. ,lJ;MMJITposrpa.n.-10 YnbHHOBCKOH 0611. 

PaCCMOl"peHI>J C0CTaB 3KCnepHMeHTaJibHhIX naHHbTX no CTaTJ,JqeCKHM H JlHHaMH'leCKHM xapaKTepHC­
TH.KaM HCCJienosaTeJibCK0f0 perucropa BK-50, B03M0)KHble 06nacn1 npHMeHeIDUI 3THX namn,rx nm1 BepH-
4>mcau:HH conpH)KeHmrx K0Jl0B H nocnenosaTeJihH0CTb pa6oT □o sepHq>mcamrn. 

DAT A BASE DEVELOPMENT FOR THE VK-50 EXPERIMENT AL OPERA TING CONDI­
TIONS. S.N. ANTONOV, V.M. MA.KIHN, I.I. SEMIDOTSKY, V.E. SHMELEV. The experimental 
data on static and dynamic characteristics of the VK-50 reactor, potential areas of data usage for verifica­
tion of conjugate codes and sequence of their verification are analyzed. 

1. IIpe.nnocbJJIKH COJ,naHHH 6a3bl ,naHHblX 

K HaCT0KUleMy speMeHM <l>e.nepaJJbHOH CJTY)K60H no aT0MH0MY Ha.D.30py BbJ,[(aHo 0KOJ10 200 

aTiecrnu.110HHbIX nacnopTOB Ha nporpaMMHbie cpe,ncTBa, npe,nHa.3HatfeHHote .1:ciu1 amunna 6e3o­

nacttocTH npoeKTwpyeMbIX H .neHCTBYJOID.HX 513Y. B lJaCTHOCTH, s 2003 - 2004 rr. aneCTOBaHhI 

npHMeHHTeJJbHO K BB3P o,n;H0MepHb1e Terutorn.npasmrqecKHe K0.LJ;bI y.nyqmeHHOH ou.eHKH KOP­

CAP/B 1.1 (PoccHJ1) H RELAP5/MOD3.2 (USA NRC). B 3THX KOJJ.ax, KaK H B pattee anecToBaH­

H0M 0TelJCCTBCHH0M K0.Ue TP AII-97' )lJUI paclJeTa AJ,fHaMHKH 3HeprOBbI.UeJJeHHJI B aKTHBHOH 30He 

HCOOJib3YeTCH TOtfClJHaH MO)lCJib KHHeTHKH. 

B X0)le aTTeCTaIJ.HH YKa.3aHHbIX K0,LJ;0B 0TMetteH P.SIJJ. <paKTH-qecKHX orpaHHttemrn 0611aCTH RX 

npHMeHeIDUI, CBH3aHHbIX C 3TOH M0)lCJlblO. HanpHMep, npo6JieMHblM HBJIRCTCH ee HC00JTb30Ba.HHe 

,LJ;JUI peweIDUI 3a)lal{ B3aHM0CBSI3aHHblX H,n:epHbIX H TeIDI0fl,f)lpaBJIHtJeCKHX npou.eccos C BblpIDKeH­

HbIM npOCTpa.HCTBeHHo-pacnpe)leJieHHbIM xapaKTepoM (MaTpHU.a ,LJ;JUI nepeX0)lHbIX pe)K.HM0B pe­

)KHM A TWS). K 4HCJJY conp.H)KCHHb[X np0CTpaHCTBCHHO-pacnpe,n;eJieHHhlX 3a,n.aq HeHTpOHHOH cpH-

3HKH H TeIDI0rHJJ.paBJIHKH OTHOCHTCH TaJOKe pactteT pe)KHM0B C nepeMeWHBaHHeM H TpaHcnopT0M 

6opa B I K0Hrype BB3P (MaTpHU.a )lJUI cpeJJ.HHX Ii MaJJblX TetieH) J,f CB51.3aHHoro C HMMH 3cp<peKTa 

peaKTHBH0CTH. 

C yqeT0M 3THX 3aMetfaHHH B HaCTosu.uee speMR 00)lf0TaBmlBaeTC.H )lJUI aTTeCTaU.HH sepcH.H 

Ko.na KOPCAP c TpeXMepuou KHHeTHKOH ueii:TpottoB. OJJ.HaKo 3<pcpeKTHBHOCTb nepexoJJ.a OT To­

qetJHoii K npocTpaHCTBeHHO-pacnpe,n:eneHHOH KHHeTHKe M0)KeT OKa.3aTbC.H: CHIDKeHHOH BCJie.ncTBHe 

.neq>HUHTa CO0TBeTCTBYlOI..LJ.HX 3KCnepHMeHTaJihHbIX .nattHbfX )lJ151. sepH<pHKaU,HH Mo.neneii conp.H:­

)KeHHI,IX Ja,n.alJ. 

,lJ;eHCTBHTeJibHO, xapaKTepHoii oco6eHHOCTblO TaKHX pe)KHM0B, KaK, HanpHMep, ATWS 

BB3P, HBJIReTCH BJIH.SIHHe Ha HX XO)l nJI0TH0CTH0ro 3<p<peKTa peaKTHBH0CTH B ycn0BHRX UHPKYJI.H:­

UHH B aKTHBHOH 30He .nsyxcpa.3HOro TT0TOKa TenJI0H0CHTeJT51.. TaKHe pe)KHMbl He MOryT BOCnp0H3-

B0.nHTbC5l Ha .ueHCTByK)lllHX ycTaHOBKax, a Ha 3JTeKTpoo6orpeaaeMbIX CTeH)lax TepBeTC.H: B3aHMO­

CB51.3b HJJ.epHbIX npou.eccos H Tennorn,n:paBJTHKH. 

B 3THX ycJI0BHSIX Heo6XOAHMO MaKCMMaJJbH0 HC00Jib30BaTb KaK OTeqecTBeHHbIH, TaK H 3apy-

6e)K}fbIH 0TTblT. Cne.nyeT OTMeTHTb pocT Me)l(Jl)'HapOJJ.HOH aKTHBHOCTH B 0611aCTH sepH<pHKalJ,HH 

conpIDKeHHbIX TCIDI0rHJJ.paBJIH-c.JeCKHX Ko.nos B nocJ1e)lID1e fO,[(bl. IlpHllHHa - pa.3B0pa11HBaHHe pa-

6oT B o6naCTH 3B0JllOL(H0HHbTX H HHH0BaU,H0HHhIX npoeKT0B H noBBJTeHHe C00TBeTCTBYJOI..U.HX Me­

:>K.Lzyttapo,nHblX nporpaMM (GIF, INPRO) [l]. 
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8 npHMefUl.eMblX .llJUI sepmjrnxau1rn conpIDKeHHbIX KO.llOB " Ee~MapKax" WHpOKO npe.ncTaB­

J1eHbl .naHHbie BWR, 'ffO cssi3aHo c .D.BYWI MOMeHTaMH. Bo-rrepsbIX, :no peweHue co6cTseHHbIX 

3a.naq npoeKTHposaHHSI H 6e3onacttoH JKcnnyaTaUHH peaKTopos .naHHoro THna, lllHpoKo npe.n­

cTasneHHbIX B cospeMeHHOH si.nepHOH: 3HepreTHKe. Bo-BTOpbIX, 83.)l(HblM cl>aKTopoM SIBJUleTCSI Ha­

J11,ftJHe orpOMHOfO pac4eTHOro H 3KCnepHMeHTaJJbHOro OITbITa B 06nacn1 conpSI)KeHHbIX 3a,naq no 

TeMaTHKe BWR s c,my npHcymeii 3THM peaKTopaM rny6oKOH o6paTHOH CB513H Tennorn.npasm11.Je­

cKHX H .si..nepHbIX npoueccos npaKTHqecKH: so scex pe)KHMax HX pa6oThI. PacnpocrpaHeHHe JTHX 

3HaHHH .lJ.JUI pellleHH51 npo6neM PWR HJIH peaKTopoB co csepXKpHTH"4"eCKKMH napaMeTp3MH - ec­

TeCTBeHHbIH: H 3¢¢eKTHBHb[H npouecc. 

Henocpe.ncrneHHoe HCnOJ1b30BaHHe 3apy6e)l<HOro onb1Ta BWR B oTeqecTBeHHOM peaKTopo­

c-rpoemrn npe.llCT3BJUleTC51 npo6neMHblM BCJle.lJ,CTBHe orpaHH4eHHOCTH .D.OCTYfla K COOTBeTCTB)'l0-

1.UHM 6a3aM .naHHbIX, KO.D.aM, MeTO.llHKaM, a TaK)Ke no npH4HHe KOHCTpyKTHBHOro OTJ1Hl.JIDI 3THX 

peaKTopos. 

B 3THX ycnOBHSI.X uenecoo6pa3HO oueHHTb B03MO)l(H0CTb npHBJ1e4eHJUI .lJ.JUI sepH¢HKaUHH KO­

.nos no npo6neMaTHKe BB3P OIThlTHbIX JJ,aHHbrx OTeqeCTBeHHOro 3KCnepH.MeHTaJ1bHOfO KOprrycHo­

ro KHIUILUero peaKTopa (KKP) BK-50. TaKasr oueHKa MO)KeT 6bITb .naHa C .llByx T04eK 3peHH51. flep­

BaSI - Ha OCHOBe y>Ke HMeiomerOCSI OITbIT3 TeCTHposamrn HearreCTOBaHHOro KO.lJ,a EillIP-K H arre­

CTOBaHHOro Ko.na MCU, sepH¢HKaUHH no JKcrrepHMeHTaJJbHhlM .naHl-lhrM PY BK-50 KOLi.a 

RELAP5/MOD3.2 [2, 3]. OcHOBHOH BhlBO.D. H3 JToro attanHJa - ueo.nH03HaqffOCTb nonyq-aeMorx no 

pa3J1WlHblM KO.llaM pe3yJihTiiTOB B 06nacn1, CBSl33HHOH C perneHHeM conpIDKeH.H.brx HeH:TpOHHO­

¢H3H1:JeCKOH H Tennon1.npaBJ1HYeCKOH 33.D.34. 3Ta Heo.lJ,H03H31:JHOCTb npHBO.D.HT K TOMY, lffO BeCbMa 

npo6neMHOH OKa3bl8aeTCSI oueHKa o6paTHOH CBSl3H Me>K.lJ,y tteihpoHHo-¢H3H1:feCKHMH H Tennorn.n­

paBJ1H1:JeCKHMH npouecCaMH npH npoeKTHpOBaHHl-f H 3KcnrryaTaUHH KHITSIU(HX peaKTopoB, ycrn­

HOBJleHHe TaKOH: cl>YH.llaMeHTaJJbHOH: xapaKTepHCTIIKH, KaK rpaHKUa pe30HaHCHOH YCTOH-YHBOCTH H 

ycrrOBH51 BbIXO.lla 3a Hee [ 4]. KaK crre.lJ,CTBHe, B nepuo.n C 1982 no I 999 rr. npOH30IllJIH 15 HHUH­

.neHTOB C BbIXOJJ.OM 3a rpattHtzy YCTOH4HBOCTH npH onepaTHBHOM ynpasneHHH JJ,eHCTB)'lOLUHX pe­

aKTopos BWR, T.e. npaKTHqecKH no O.lJ.HOMY HHUH.D.eHTy e)KefO.l{HO. ,[(Ba)l(.llbl ueycTOH'-1.HBOCTb 

pe>KHMa npHBO.lJ,HJla K cpa6aTbIBaHHJO asapHHHOH 33I.IlHTbl. 

TaKHM o6pa30M, BOTipOCbl Mo.nenHpOBaHH51 cospeMeHJ-fbrMH Tennorn.npaBJ1H4eCKH:MH KOJJ,aMH 

conpIDKeHHblX 33.lJ,aY npeJJ,CTaBJ1RlOT caMOCTOSITeJibHOe, pa3BHBalOLD.eeCSI H Ba>KHOe .lJ.JlSI npaKTHKH 

HanpasneHHe .l{HH3MHKH BO.lJ,0-80.lJ,SIHblX peaKTopoB. AKTyanbHa 33.lJ,a'Lfa C03.ll3HHSI COOTBeTCTBYl0-

1.UHX 633 .lJ.aHHbIX, B TOM 1-IHCJle .lJ.JUI ycnOBHH KKP C ecTeCTBeHHOH: UHPKYmll.(HeH (El.O TeilJlOHOCH­

TeJ1SI B 6a30BblX pe)KHMax pa60Tbl. 

2. Ilo,11;xo,11; K cJ>opMHp0B3HUIO 633bl ,!1;3HHblX 

,[(eC11THJ1eTHHH OIThIT npose.neHllil npoue.l{ypbl cepTHcl>HKaUHH nporpaMM ITOKa3an, lffO no cy­

mecTBY OHa rrpe.D.CTaBJUleT ¢opMaJJH3083HffYlO CXeMY o6o6meHH51 3HaHHH H OIThITa Ha MOMeHT 

npoxo>K.D.eHl,fjf :noH npoue.nypb!. CymecTByioT eme .nse HaH6onee eMKHe, pacnpoc-rpatteHHb1e H 

ITOCTOSIHHO cosepllieHCTByeMble ¢opMbl KOHKpen13au;1,rn 3THX 3H3HHH B BH.lle npoeKTHOH .l{OKy­

MeHTauHH H H3Yt.fHO-TeXHH'LfeCKOH: HH¢opMaUHH, nOJ1Yt.f3eMOH B xo.ne 3KCnrryaTauHH ycTaHOBOK H 

npose.neHHjf Ha HHX cneU,HaJibHblX 3KCnepHMeHTOB. 

PeaKTop BK-50 npHHa.lJ,J1e>KHT K YCTaHOBK3M nepsoro ITOKOJ1emrn, .lJ.JUI KOTOpbIX npoeKTHaSI 

.D.OKyMeHTaul,fjf K3K y Hae B c-rpatte, TaK H 33 py6e>KOM CTpOHJJaCb no npHHUHrry "apXHTeKTypHoro 

npoeKTHpOBaHH.SI". Otto CBO.lJ,HJlOCb K npoeKTHpOBaHKlO ycTaHOBKH, ITOJJ.fOTOBKe 4epTe>KeH H cne­

UHcl>KKaU,HH TaKHM o6pa30M, 1-IT06bI MOHT3.)K H rrycK ocymecTBHTb K3K MO>KHO 6bICTJ)ee H 3KOHO­

MH'-1Hee. B KOH[{e MOHTa>Ka KOHe4HOH KOHCTpYKTOpCKOH .D.OKYMeHTauueH 06bI'LfHO npeKparn.anu 

ITOJlb30BaTbC51. 3HaHHjj KOHCTJ)YKTOpCKOrO npoeKTHposaHIDI, OfiblT KOHCTJ)YKTOpOB, TaK)Ke KaK H 
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orTI>ff paC"leTHOrO corrpoBO)l(,lleIDUI KOHCTJ)YKTOpCKHX pa6oT, He Haxo.zuunf 3cpcpeKTKBHOro OTpa­

)l(eHWI B J].OK}'MeHTaUHH. TaKHM o6pa30M, o6H3aTeJibHhIM H BIDKHblM cpparMeHTOM pa6oT no C03-

)J,aHHIO 6a3bl )la.HHblX )lOJDKHO 6bITb npeJ.J.CTaBJieHHe COOTBeTCTB}'JOll.(eH KOHCTJ>YKTOpCKOH HHcpop­

Ma.wrn B ofrbeMe, )lOCTaT04HOM .UM pememu1. sepHcpHKaUHOHHbIX 3a,n,aci. . 

,Uanee, H:HcpopMaum1 no OIT.brry 3KCIDiyaTaUHH PY BK-50 H peanHJOBaHHbIM 3KcnepHMeH­

TaJll>HbfM nporpaMMaM HaKaITJIHBanacb cpaKTWteCKH C MOMeHTa rrycKa YCTaHOBKH H qrHKCHposa­

naCb B cpopMe Ha)'1-IHO-TeXH}{qeCKHX OTlJeTOB. Coxpa.HeHHe H BOCCTaHOBJieHHe 3TOH nepBH"t{HQH 

)J,OeyMeHTa1on1 B 3JleKTJ)OHHOH cpopMe TaJOKe HBJUIJOTCH Ba)KHOH 3a.J].aqeii:. TipeJ.J.CTaBJ1emn,1e B 3TOH 

,noK}'MeHTamrn 3KcnepHMeHTbl -rpa.llffl.{HOHHO CJIY)KHJIH CJie.ll)'K)ll.(HM B3aHMOCB..si:3a.HHbIM uen..si:M: 

• pe111eHHJO TeKymHx npHKJia.J].HbIX Ja.J].aci. co6cTBeHHO PY BK-50; 

• pemeHHJO qaCTHbIX npo6neM ycTa.HOBOK cne.uyroiuero noKoneHHH (PY BK-300); 

• MCITOJlb30BaHHJO ycTaHOBKH KaK npoTonma KHITHll.(ero peaKTopa crre.uyrom,ero nOKOJieHHH (PY 

B K-SOT); 

• pemeHmo qacTHbIX npo6neM J.J.eHCTB)'lOll.(HX ycTaHOBOK (PY PEMK). 

YHHKaJibHbJe xapaKTepHCTHKM BK-50 npeJ].onpeJ.J.eJIHJIH npHOpHTeTHOCTb nepBblX .u.syx 3a,n,aq 

Ha MOMeHT npose)leHH..si: 60JibllJeH qaCTH 3KCnepHMeHTOB. 04eBHJ].HO, lJTO Kpyr nOJib30BaTeJieH, 

CTP)'KTYPa, HanoJIHeHHe 6a3bl J].aHHbrx J,I CBH3aHHblH co BCeM 3THM cepBHC J.J.J]jJ Ka)l(,llOH H3 Bbll.lle­

nepel.(J,ICJieHHbIX o6rracTeif cymecTBeHHO pa3JIH'llaJOTC51. Ilo3TOMY npeJ.J.CTasn..si:eTcH uenecoo6pa3-

H&IM IT03TanHoe C03J].aHHe 6a3bl ,naHHbIX C OpHeHTauHeH Ha KOHCTJ)yxTOpOB H pactJeTlJHKOB, C03-

)J,aJOillHX HOBble TeXHOJIOn{H. 

IloMHMO oTetJecrneHttoro npoeKTa peaKTopa BK-300 s uenoM pHJ.J.e 3apy6e)K.HhJX npoeKTos 

peaKTopos HOBOro (IV) IlOKOJieHHH npocJie)Kl{BaJOTCH OCHOBHbie npHHUMITbl ecTeCTBeHHOH 6e30-

nacHOCTH, pean1:13osaHHb1e s BK-50, - EU H BbICOKHH yposeHb caMoperymrposaHHH ycTaHOBKH 

(SWR-1000, Simplified BWR). 

~ ITOBblllieHH:H 3KOHOMHlIHOCTH npoeKTOB C EU oqeHb Ba)f(eH OITbIT pa60TbI s6mJ3H rpaHH­

l(bI yCTOHlJHBOCTH C no3Hl.{Jffl KaK 3KOHOMHKH, TaK H 6e3orracHOCTH. TipHMeHHTeJlbHO K peaKTopaM 

B B3P HHTepec npeJ.J.cTaBJijj'eT aHaJIH3 pe)K.H:Ma asapHM 6e3 cpa6an,IBaID1.s1. asapHHHOH Jam.HTbI npH 

IlOJIHOM o6ecTO"leHHM CTaHUHH (A TWS). B 3TOM CJI)'1-lae He06XOJ].HMO IlOKa3aTb JammueHHOCTb 

CTaHL(HH. 3a Cl{eT o6paTHblX CB.Sl3el-f MOlll,HOCTb JJ.OJDK.Ha CHIDKaTbCH, a B aKTHBHOH 30He o6ecrreqH­

BaTbC.ll. pe)K}IM HaJ].e>KHoro OXJia)K.JJ.eHH:H TB3JIOB. 

TaKHM o6pa30M, pa3pa6anmaeMa.s1. 6a.Ja )J,aHHbIX J.J.OJDKHa OTpa)f(aTh s nepsyro oqepe.nb csoH­

CTBa caMoperynHposaHHH KKP s ycnosHHx EU Te11JIOHOCHTem1.. KpoMe Toro, oHa )J,OJDKHa 61,1Tb 

noneJHa H J.J.Jl.ll. attan1:13a HeKOTOpbIX pe)K.HMOB BB3P H PWR. CTpyicrypa 6a3hI J.J.a.HHbIX orrpe.ueJ]j{­

eTC51 KOHKpeTHblM COCTaBOM 3KcnepHMeHTaJibHblX pe)K.HMOB PY BK-50. 

3. 3KcnepHMeHTaJJbHbie pe,KHMbl PY BK-50 e BX HCDOJlbJOBaene 

.L{JlJI Bepu4>eKannu conpH,KeHHblX KOAOB 

11Me10Tc.s1. TJ)H THna 3KcnepHMeHTaJibHbIX pe)K.HMOB PY BK-50: CTaTM'llecKHe xapaKTepHCTHKH 

(pHC. 1), nepeXOJ].Hbie pe)KHMbI (pHc. 2), aBTOKOJie6aHH:H (pHC. 3). 

Bee 3TH pe)K.HMbl rrpeJJ.CTaBJl.ll.lOT npouecCbl C CHJlbHOH B3aHMOCBH3blO .sIJ.J.epHblX H Tennorn.u­

PaBJIHl.JeCKHX 51BJJeHHH paJJIHqHoH CTeneHH CJIO>KHOCTH M MOryT HCITOJlb30BaTbC.ll. )J.JIJI sepHcpHKa­

QHH KOJ].08 . Cne,n;yeT OTMeTHTb, "ITO OCHOBHOH MaCCHB pe3yJI.bTaTOB noJ1)'1-leH B 70 ... 90-e ro.n;hl, 

T.e. B nepHOJ.J., KOrJ].a He 6blJIH CqJOPMYJIHpOBaHbI rpe6oBaffHjj' K aepHcpHKauHOHHblM 3KCnepHMeH­

TaM. lliMep.ll.JJHCb npeHMYUleCTBeHHO HHTerpanbHbie napaMeTJ)bl. 3Ta oco6eHHOCTI, 6a3bl .n;aHHblX, 

Ka1< no1<a.Jan OITbIT rrpHMeHeHIDI. KOJ.J.OB RELAP H KOPCAP, 6yJ.J.eT s MeHhmew cTeneHH npoHB­

ll.llThcH npH nposeJ.J.emm KpoccsepHcpHKaUHH, T.e. npose,n;eHH.ll. pacqeTHoro aHaJIHJa o.nttoro H Toro 

)f(e pe)K}IMa HeCKOJibKHMH KO)J.aMM. 
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Oco6ettHOCTblO peaxTopa BK-50, rrpH6JIIDKaIOwe.ii ero pe:>KHMbI K pe)KHMaM ATWS BB3P H 

o,nttoapeMeHHO ycJIO)KID[lOlJleH pact.ten,1, S1BJU1eTcS1 EU TennottocHTem1. TionoMY aHaJIH3 a1,11nene­

pe'IBCJieHHbIX rpyrrrr .UaHHbIX uerrecoo6pa.3HO npe.uaapHTb IIOCTPOemleM CTaTHt-leCKOH xapaKTepH­

CTHKH " MOUJ,HOCTb - pacxo.n" (pH.C. 1), LfT0 II03B0JIHT OTpa6oTaTE, H0,llaJIH3aqHOHH)'lO cxeMy K0H­

rypa. ,r(anee norwrno nepeirrn K CTaTH-qecKoH xapaxTep11cTmce " MOlI.lHOCTb - .uaarreHHe", K0Topasi 

BKJllOqaeT o6paTHbie CBSl3H B HX HaH6orree npoCTOH cpopMe. 

Cne,nyIOWH.MH no CJIQ)KH0CTH Mo.uenHp0BaHIDI (pHC. 2) SllJJISIJOTCSI nepeXO.UHble pe)KHMbl c 0T­

CyTCTBHeM H3BeCTHOfO 3cpcpeKTa B3aHMo.ueikTBIDI BbIC0KHX H HH3KHX 4aCT0T [5]. KaK 0TMe4aJI0Cb, 

B 3THX pe)KHMax npe)K,Ue acero np0SIBJUllOTCSI oco6eHHOCTH CHCTeMbl 3aMDTKaIOmHX COOTHOWeHJf.H 

TeIIJIOMaccoo6MeHa a HepaBH0BeCH0M nap0BO,ll.lIHOM ITOT0Ke c He6onbWHMH He.uorpeBaMH TeMne­

parypbl. Ha TaKHX pe)KHMax uenecoo6pa.3HO ouemrnan qyscTBHTenbH0CTb paccieTa a o6nacTH KaK 

BblCOKHX, TaK H HH3KHX t.tacT0T, K cxeMe HO.UaJIH3aUHH aKTHBHOH 30HhI, npOCTPaHCTBeHHOMY pac­

npe,neneHHJO 3HeproBhI.D.eJTeHIDI., Mo.uemI napoaoro 3cpcpeKTa peaKTHBH0CTH. 3TH rrepexo.um,1e pe­

)l(HM_bJ C B03MYllleHHeM oroopa rrapa H no.ua1rn IIHTaTeJibHOli BO.Uhl pa.3HOro 3HaKa H H3MeHeHHeM 

.uaaneHIDI a .UHanaJotte ± l MTia, 110-BH..nHMOMY Ha116onee 6JIH3KH K ATWS BB3P. 

OT.uenhHO cne.zzyeT Bbl,UeJIJITb pe)KI-fMhl C OCTaHOBKOH peaKTopa Ha MOUJ,HOCTH rryreM BB0L(a 

6opttoro pacTBopa BhICOKOH KOHUeHTpauHH OT C0OTBeTCTB}'lOlllHX CHCTeM asapHHHOH 3alllHThl 

(pH.c. 2). ,r(eTaJibHOe 0TCJie)KHBaHHe npouecca BBo.ua 6opa H ero TPaHCIIOpTa .uo aKTHBHOH 30Hl>I 

rrpe,ncTaBJij{eT CJI0:>KH)'IO npocTPaHCTBeHffYlO 3a.uaqy nepeMelll.HBaHrur ITOTOKOB C cymecTBeHHO 

pa.3JIH-q-HOH KOHUeHTPa[{HeH 6opa. B nepB0M rrpH6JIH)KeHH.H 0Ha MO)t(eT pemaTbCSI C HCII0Jib30Ba­

HHeM TaKOH HHTerpanbHOH xapaKTepHCTHKH KaK MOlllH0CTb peaKTopa. 

Ha116onee CJIO)KH.b( ,UJUI M0,lleJIHp0BaHHSI aBTOKOJie6aTeJibHble pe)KHMbl (pHC. 3), IT0CK0JibKY 

An.II HX B0CI1p0H3Be,UeHHSI TPe6yeTCSI cornacosaHH0CTb ,llHHaMH4eCKHX xapaKTepHCTHK BCeH CHC­

TeMb1 3aMbIKalOlllHX C0OTHOlllemrn B WHp0K0M 1.JaCT0TH0M .UHaITa.30He. Kone6aHHJI nma npe.uenb­

Horo l{HKJia HJIH 6onee CJIQ)KHble aBTOKOne6aTeJibHble pe)KHMbl 51BJUIIOTC$1 o6'beKTOM HCCne,nosa­

HHH K0,UaMH C TPeXMepHOH KHHeTHK0H Hewrp0HOB H ciaCTJ{q}{Q TPeXMepHOH Tennorn:.upaBJim<:OH 

(HarrpHMep, [6]). B HaCT0Sllllee BpeM51 3TH HCCJie.U0BaHH51 B 3HalJHTeJibHOH Mepe He 3aaepwem,1. 

I103TOM)' BepHcpHKaUIDI K0.U0B BB3P no TaKHM pe)KHMaM npe,UCTaBJI.SleTC51 npe)K,UeBpeMeHHOH. 

Bo3Bpawasicb K pHC. I , 0TMeTHM, t.JT0 110 CTeneHH CJIQ)KHQCTH M0)leJrnpoBaHIDI npoMe)KyT0I.J­

HbIM 3BeH0M Me)K)zy rrepexo,n;HhlMH H aBTOKOJie6aTeJibHblMH pe)KHMaMH CJIY)KHT CTaTHt.JeCKaSI xa­

PaJcrepHCTHKa "rpaHHUa pe30HaHCH0H HeycToij-q-HBOCTH". O6bJqHQ 0Ha HCCJle)zyeTC51 cneUHaJIH3H­

P0BaHIU,IMH K0,UaMH, HCII0Jlh3YlOlllHMH MeT0.Ubl aHaJIH3a ycTOHq:HBQCTH B qacTOTHOH o6naCTH. ,[visi 
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BepHcpHKaU,HJ,f conpIDKeHHblX KOJ];OB BB3P 3Ta xapaKTepHCTHKa MQ)KeT 6bITb npHMeHeHa B JlBa 

3Tana. Ha nepBOM 01..\eHHBaeTCR YCTQHqHBOCTb pacqeTHOH MO]leJrn B6JJJ-f3J,f rpaHHUbI pe30HaHCHOH 

HeycToi:fqHBOCTH. 3To CTal..\HOHapHble pe)KHMbl, e KOTOpbIX noKaJaTeJib y > 0,3 c·
1 

JaTYXaHIUI aB­

TOKoppenHUHOHHOH cpyHKll,HH U.I)'MOB HeHTPOHHOro noTOKa. Ha BTOpOM 3Tane oueHHBaeTCH yc­

TQHqHBOCTb MO]leJIH no pe)KJ,{MaM, JlJIH KOTOpb!X y ~ 0, 3 c·
1
, H OTPa6aTbIBaJOTCR TPeXMepHbie MO­

.nenH HeihpoHHOH KJ,rnenrKH, T.K. nOKaJaTeJib JaTYXaHHH o"CJeHb t.JYBCTBHTeJieH K npocTPaHCTBeH­

HOMY pacnpe.neneHJ-UO 3HeprOBbI]leJieHH.sl'. HanOMHHM, 'ITO, HeCMOTpH Ha 3HaqHTem,HbIH OITblT no­

CTpoeHHJI 3TOH xapaKTepHCTHKH KaK y Hae, TaK H 3a py6e)KOM, TQqHQCTb ee pacqeTa B HaCTO.lllllee 

BpeMH He y.nosneTBopReT 3a}laqaM npoeKTHpOBaHHj{ H 3KCnnyaTilUHH KHTTHlllHX peaicropos [4]. 

3aK.JIJO'leuee 

1. 0IIhIT eep11cpHKauHH Ko.nos TPAII-97, KOPCAP, RELAP noKaJhrnaeT Ba)KHOCTb pemeHHj{ 

conpjJ)KeHHblX Ja]lal:I c paJJIH'-IHOH cTeneHbID npOCTPaHCTBeHHoii JleTaJIHJauHH HeHTPOHHOH K.HHe­

THKH H TeI1JIOrli.llpaBJTJ,fKH JlJ1jl peaKTopos BB3P. AKT)'aJibHbl pa3pa60TKa H sepHcpHKall,Hj{ TpeX­

MepHbIX conpIDKeHHblX KOJlOB. 

2. BonpOCbl Mo.nem1pOBaHJ,fj{ cospeMeHHbIMH Tennorn.npasJIH'CJeCKHMH KOJlaMH corrpjJ)KeHHblX 

3a,naq npe]lCTaBllilJOT caMOCTOHTeJibHOe, pa3BHBaJOLD.eeCH H Ba)KHOe JlJ1jl npaKTHKH HanpasneHHe 

J];HHaMHKH 80,ll,O-BOJ];RHbIX peaKTopOB. ~ HX peweHHj{ npHMeHHTeJibHO K KOJ];aM 883P CJie)zyeT 

HCITOJib30BaTb OITbIT pacqeTHoro H 3KCnepHMeHTaJibHOrO HCCJie]loBaHHR .n;HHaMHKH KKP. 
3 . 3KcnepHMeHTanbHbie pe)KHMbI peaKTOpa BK-50 s nepB)'lO oqepe.nb uenecoo6paJHO npHMe­

HRTb JlJIH sepHcpHKaUHH MO.D,eneti nepeXO,ll,HbIX H asapHHHblX pe)KJ,{MQB THila A TWS BO.llO-BOJlj{HblX 

peaKTopoB H pe)KJ,{MQB MaJiblX n cpe.D,HHX TeqeH c TPaHcnopTOM 6opHoro pacTBopa s I KOJITYpe. 
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Y,l(K 621.039.538 
J{oHTpOJIL JIOKaJILHhlX BOJMy~eHHH 110)].KpHTHqJ{OCTH Ha neperpyJKax B aKTHBHOH 

3011e 3arJiymeHHOro peaKTOpa "P" C IlOMOII(l>IO CHCTeMbl KOHTPOJIH IlO,l1.KpHTffqHoCTH 

B.B. I'ycea, CH. Kp10Koa, B.10. Ca.AtOHUH, 
<I>rYil I-ll1KH3T HM. H.A. ,[(oJIJie)l(ami:, 107140, MocKBa, yn. Manrur Kpacttocem,cKa.si:, 2/8 

flpHBe,lleHI,I KpaTKOe TeXH.H'feCKOe om1.caHHe CHCTeMbl KOHTpOJlJI 11O,llKpHTHtIBOCTH (CKTI) H pe3yJib­
TaTbl BhIIlOJIHeHlD>IX C ee TIOMOIIO>IO JKCnepHMeHTam.l:Ibrx HCCJie,llOBamm Ha peaKTope "P". Tipe,llJIO)l(eH 
cooco6 06Hapy,1<eHID1 JIOKanbHOro .BO3M)'IlleHHJI (JIB) KOJQ)q>Kl.{HeHTa pa3MHO)l(eIDUI .B aKTHBHOH 3OHe 
[JO,llKpHTJftleCKOro peaKTopa □pH □eperpy:3Kax nornOTHTeJTeH l:leHTpOHOB, onpe,nenemur BepOSITHOfi KOOp­
,zuni:aTbl BO3M)'UleHIDI TIOJISI HeirrpOHOB H o6ecrreqeHJUI BO3MO)KHOCTH HenpepbIBHOro KOHTpOJISI 3a ero 
''uepeMeID,eHHeM" no o6oeM)' 3OHbI B Teqemre neperpY3KH OCTaHOBJieHHoro peaKTopa. 

MONITORING OF LOKAL SUBCRITICALITY DISTURBANCES DURING REFUELING 
OPERATIONS IN THE SHUT DOWN "R'' REACTOR CORE USING THE SUBCRITICALITY 
MONITORING SYSTEM. V.V. GUSEV, S.I. KRYUKOV, V.Yu. SAMONIN. A brief technical de­
scription of the subcriticality monitoring system is presented and the results of using it for experimental 
studies on the "R" reactor are given. A method of detecting a local breeding factor disturbance in the core 
of a subcritical reactor in the reloading of neutron absorbers, determining the potential neutron field dis­
turbance coordinate and enabling continuous monitoring of its "movement" throughout the core in refuel­
ing of the shut down reactor is proposed. 

3a,n:aqa KOHTp0ml pacrrpe,n:eneHIDI pa3MH0)1GllOIl(HX CBOMCTB BO BCeM ofo,eMe a.KTHBHOH 30Hbl 

reTeporeHHoro q:>H3K4ecKH 6om,rnoro peaKTopa "P" c rrpocTpaHcTBeHHo pacrrpe.ueneHHhIMH qJH-
3w1ecKHMH xapaKTepHCTHKa.MH oco6eHHo Ba)l(Ha H Hau6onee ocTpo scTaeT rrpH neperpy3Ke c6o­

poK nornoll(aIOUJ.HX :meMeHT0B (II3JI) Ha 3arnymeHHOM perucrope, Kor.ua KOIITp0m, 3aTpy,n:HeH H3-

3a H.H3KOro ypoBH.sI IlJT0TH0CTH IlOTOKa HeITTpOHOB (IIllH) H BI,JC0K0ro OCTaTO':l:H0ro y-q:>oHa OT 

OCK0JTK0B ,n:eJieHJ.UI. EcnH B pe3yJibTaTe OlllH6KH TeXH0JT0rK4eCK0ro nepcottana B6JTH3H JIOKanbHOH 

eeo,n:H0p0,ZlHOCTH HeHTpORHoro Il0illl H3-3a y,n:aneHH.sI II3JI ("nosymKH" HeflTpOHOB) 6y,n:eT Hat:taT0 

H3BJTet:feHHe ell(e 0,ZlHOH c6opKH ( o6pa30BaHHe HHTepcpepHpyiomew .ZlBOHHOH "nosynnrn" HeU:TpO­

H0B ), TO npH onpe.ueneHHbIX He6naronpID1THblX o6CTOSITem,cTBax B peaKTope MQ)l(eT o6pa30BaTI,­

C.sI 30Ha C He,n:onycTHM0 Bb!C0KHMH pa3MH0)l(alQUJ.HMH CBOHCTBaMH - Il0BblllleHHbIM 3Hat:feHHeM 

I1IIH. Cne.n:yeT 0TMeTHTb, l.{TQ ourn:6Ka MO)l(eT 6MTI, "cKpbITOU:" OT rrepcoHana ynpa.sneIDUI peaK­

T0p0M, Kor.ua B .si-.iemcy aKTHBHOH' 30Hbl 3arpy)l(aJOT, He ,n:ora,ZlbIBa.sICb 06 3TOM, c6opKy I13JI C rro­

rnoma10Il(HM.H CBOHCTBaMH, 0TJTHt:fHbIMH OT CBOHCTB, YKa38HHbIX B KaprnrpaMMe 3arpy3KH. 

HeCMOTJ)H Ha np0,ZlQJT)l(aJOII(YlOC.sl pa6ory no Il0BblllleffiilO 3q>q:>eKTHBHOCTH K0HTpon.si 3a "no­
BYlllKaMH" B aKTHBHOH 30He 3arJl)'llleHHoro peaKTopa "P" C HCil0JTb30BaHHeM paCt.[eTHbIX oueH0K 

H opraHH3aUH0HHI,(X Meponpl-UITHH, 3aJJ.a-Ya TeXHJ,£qeCK0ro K0HTJ)0JU[ 3a neperpy3KaMH nornOTHTe­

neR (THna ueH-rpanbHhIX c6opoK - U:C, cTep)l(HeH CY3 - CC) B aKTHBHOH 30He H orrpe.n:eneHJUI 

Koop,n:HHaTbl noTeHUHaJibH0 onacHOH "nosyll!KH" no-rrpe)l(HeMY OCTasanacb HeperneHHOH H3-3a 

0TcyrcTBHSI BttyrpH30HHbJX ,ZleTeKT0p0B Heu:TpOHOB H HH3KOH qyBCTBHTefilHOCTH WTaTHblX 6oKo­

BblX H3MepHTeJTbHblX KaHaJI0B (EHK). PemeHHe 3a,z:i:at:tH 3Hat:tHTeJibH0 yrrp0CTHJT0CI, C BBe,n:emieM B 

3KcrrnyaTatJ:HlO CKTT (pa3pa6oTY:HK HHKH3T). Co3JJ.aHHJO CKII rrpe,n:rnecTBOBaJTH 3KcnepHMeHThI 

Ha peaKTope, IT0L(TBepJJ.HBDIHe B03M0)l(HQCTb K0HTp0JI.sI 3a "nosyrnKaMH" rrpH caMOH rny6oKOH 

no.u.KpHTH-qHQCTH peaKTopa B "liO.LJ:HOH" .sIMe, BI,In0JTHeHHJ,Ie B 1990 - 1994 rr. cneUHa.JIHCTaMH 

liJ1KH3T, TIO "Ma.sIK" H PI-Il.J; "KM". 
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1. CucnMa CKII 

CKil npe,lJ,Ha.3HalleHa ,llJHI BhlllHCneHIDI TeKytl.(ero 3HalleHIDI peaKTHBHOCTH B peanhHOM spe­

MeHH no pe3ynbTaTaM KOHTPOJUI ITilH H COCTOIIT H3 H3MepHTenhHbTX Kattanos Ha 6a.3e KaMep .n.e­

neHHJI THna KHT-3 1- l , HMelOlllHX ~ pacurnpemu1 ,lJ,Hana.30Ha KOttTpOJUI ITilH .llByxn03HUHOH­

HOe pacnono)KeHHe O,lJ,HOH KaMephl B cyxoM KaHane C BO3MO)KHOCTblO nepeMemeHHJI KaMepbl HJ 

o.n.Horo nono)KeHH.11 s .npyroe 3neKTponpHBO.LlOM no KOMaH,lle onepaTopa s cTauwottapHOM cocTo.11-

HHH peaKTopa. 

OCHOBHble TeXHHlleCKHe xapaKTepHCTHKH CKil 

llffcno H3MepHTeJihHbTX HMnynhCHO-TOKOBblX Ka.Hanoa .no 16 
JJ:Hana.30H KOttTpOmr illlli, CM ·

2 
· C -I I ... 1012 

,n:11ana.30H BbltUICJUleMOH peaKTHBHOCTH, f3:$1> - IO . .. 0,5 
IIorpellIHOCTh BbltUICnemrn peaKTHBHOCTH npH p > 0, f3:$1> 0,01 .. . 0,02 
IIorpeUIHOCTh Bbll{HCneHHJI peaKTHBHOCTH npH p < 0, f3:$1> 0, 1 .. . 1,0 
)J;Hana.30H Bbl'lJHCJUleMb[X nepHO,llOB T2 y.nsoeHIDI MOII{HOCTH, C 10 ... 100 
IIorpellIHOCTb Bbl'otCneHIDI aepHO,ll0B y,n;soeHIDI. MOlllHOCTH, % 20 
Pe)KHM pa60Tbl HerrpepbIBHbTH 

MaKCHMMbHblH X0.D. Il0.ll30HHOH KaMepbt, MM 600 
MaKCHManbttbtH xo,n; 6oKosoii KaMepbI, MM I 000 
)J;HCKpeTHOCTb xo,n;a, MM 4 

8 HaCTO.ll.l.[{ee speMJI B CHCTeMe Ja,D;eHCTBOBaHbI meCTb nO,D;30HHbTX H3MepHTeJll,HbIX KaHanos 

(IIHK), lleTbipe Em< H 0.llHH raMMa-KOHBepTep - ycrpoHCTBO ~ speMeHH6ro MOHHTOpHHra cpo­

TOHeHTpOHHbTX HCTOlffiHKOB aKTHBHOH 30Hbl. IIo.n.seCKH flliK pa.3Memem.1 B rHm,Jax CHCTeMbl 

KOHTpOnJI 3HeprOBbI,D;eJieHHJI s .11-qeiiKax 11-26, 11-42, 17-20, 19-50, 27-26, 27-42 (pHC. 1 ). CTOHKa 

ynpasrreHIDl 3JieKTponpHBo.n.aMH no.usecoK no3BOJUleT asToMaTH3HposaHHo ( nootJepe,llHo) nepe­

MemaTb KaMepbl .n.eneHH.11 KHT-31-1 I1HK OT Kpaiittero sepXHero nOJJ0)KeHHJt (~ 200 MM OT HH)K­

HeH nnoCKOCTH aKTHBHOH 30Hbl) Ha 600 MM BHH3 C maroM 4 MM C B03M0)KH0CTblO OCTaHOBKH Ha 

n106oi:i s1,16pattHOH onepaTopoM npoMe)KyrOllHOH OTMeTKe. KaMepbI KHT-31-1 Em< nepeMema­

JOTC.11 aHanorwrno IlO,lJ,30HHbIM OT Kpanttero sepXHero nono)KeHIDJ (Bepxmu1 nJIOCKOCTb aKTHBHOH 

27-26 27-42 
mn< s -t ffilK 6, 

30° 
~ 60° --," 

-~ 60°\, 

/ 
~ , ..... 

1/ 
0 y 50° 

30° \ 16-41 / 

I ~ , 

~/i 1-42 
' 

EK2 
,, 

~26 
_flill( 2 

IlliK I 

PHc. l . CxeMaT!-RHOe pacnono)f(eHHe rTI1K H EHK CKIT s npoeKUHH Ha IUJOCKOCTJ. aKTHBHOH Jom1: .llBOHHaJI 
JlHHIDI - KOHTYJ) aJCTHBHOH JOHhr; EK - 6oKosoii KaHan 
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3om,1) Ha 1000 MM no .UJJHHe no.neeca BHH3. l1H<pOpMaUHOHHO-H3MepHTem,Hb1e .llHHHH CB.Sl3H 

(~ I IO M) KIDK,D,OH rpynrn,1 H3MepineJibH.blX KaHaJIOB (IIO.U30HHOH H 6oKOBOH) CTOJJ;I(Jl10lieHJ,I He3a­

sHCHM0 .npyr OT .npyra K C00TBeTCTBYJOll.lJ™ CTOHKaM c6opa H nepBHtrnOH o6pa60TKH HHQ)OpMa­

UHH. 

Co6CTBeHHo pacqeT no.nKpHTH'IH0CTH H 3q>q>eKTOB peaKTHBH0CTH Bblll0JJIDleTCSI rrepCOHaJib­

HblM KOMIIblOTepoM (s pe)KHMe on line), coeiurneHHblM HHTepcpeHCOM C KIDK,D,OH CT0HKOH. Pea.JIH-

30BaHHblH B CHCTeMe anropliTM BbIIIOJIH.SleT o6pameHHoe pernetrne ypaBHeHHH KHHeTHKH peaKTopa 

s TOCJeqHQM npH6JIIDKeHHH [I]: 
dn R(p-1) 6 -=.;.,_,_, __ n+ LA-c. +Q· 
dt I 1; ] I I > 

de; =_'A, c + P,n 
dt I I l ' 

rne n - 3HaqeHHe TeKymeif TIJIOTHOCTH HewrpoHOB; ~ - 3cpcpeKTHBHaSI )lOJISI 3aila3.l{bIBalOl.l{HX HeH­

TJ)OHOB; ~ j - 3cpcpeKTHBHa.SI .nomi: i-ii rpyn:rn,1 3ana3ni,maiomHX HeHTpOHOB; p - TeKYW.a.SI peaKTHB­

HOCTb; / - epeMjl )KH3HH MrHOBeHHbIX HeHTJ)OHOB; C; - KOH.UeHTJ)aUH.SI npeJrmeCTBeHHHKOB i-H 
rpynTibl 3aIIa3.UblBaI01UHX HeHTpOHOB B MOMeHT speMeHH t· = jilt; Q - HCTOqHHKH HeHTpOHOB. 

IIporpaMMttoe o6ecneqetrne rrpe,nCTasnetto nporpaMMaMll ENOT s rpex sepcHjix: .l(JUI. pa6o­

Tbl TOJJbKO c IIBK, .nJJ.SI pa6on1 c £HK, cosMeCTHOH pa6on1 IlliK H £HK. Ilo nporpaMMe ENOT 
Bbl'lfHCJUIJOTCSI IIIlH , TeKyW.a.SI peaKTHBHOCTb, nepHOJJ. y,nBOeHH.sl MOll.{HOCTH H npOH3B0J:(HTC.sl 3a­

IIHCb HJMepeHHbIX carttanos B q>aHJI na )KeCTKHH D.HCK II3BM PC. PeanIDosatta TaK)Ke B03MO)K­

HOCTb ITOBTOpHoro Cli.HTbIBaHHji, pacqeTa H attam-13a 3anHCaHHOH pattee HHq>OpMaUHH. 

2. PacqeTuoe MO.QeJIHposauue u cl>uJuqecKue 3KcnepuMeHTLI 

IIpoee,neHHOe pacqeTHOe M0,UeJI.HpOBaHHe 3cpcpeKTOB peaKTKBH0CTH rrpH H3BJJeqeHHll norno­

THTeJiei-i c rr0Mom1,io .nsyxrpynnosoro rrporpaMMHoro K0MnJJeKca STAT, pernarow.ero ypasHeHHji 

JJ,HQ)q>Y3HH JVIj! ITJJOCKOH re0Merp1rn:, IIOJB0JIHJJO c.nenaTb BbJB0,n O B03MO)Kff0CTH HCIIOnE,308aHHji 

IIOKa3aHKH flliK .l(JUI. KOHTJ)OJISI: 3a B03HHKHOBeHHeM " nosyrneK". B pe3yJibTaTe 3TOro MO,UeJJHpo­

saHHSI H IIOCTJ)OeHHSI: Q)YHKUHOHaJJ.bHOH 3aBHCHMOCTH OTHOCHTeJibHOro H3MeHeHIDI llOKa3aHHH 

IIl:IK CKII OT paCCTOSlffiijl J].0 ueHTpa 803MYW.eHIDI HeHTpOHHOro IIOTOKa ycTaH0BJieHO, tJTO BHA 

3TOH 3aBHCHM0CTH B 3HaqHTeJibHOH Mepe orrpeJJ,eJI.SleTCji HeOJ].HOpOD,HOCTblO 3arpY3KH aJCTHBHOH 

3OHbl. 

,[(JISJ H,neHTHq>HKauHH B03MymeHIDI IIIlli KaK 3HaqMMoro ("nosynn<a" e Jotte) rrpeJVIO)Ketto 

HCIIOJib30BaTb OTKJIOHeHIDI ycpem1eHHb1X 3a BbI6paHHblli HHTepsan speMeHH (mrrepBaJibHblX) 

3HaqeHH11 cKopoCTeii cqeTa IIMK CKII, as Kaqecrne Kp1rrepID1 .l(JUI. rpaHH-qJioro JHa11eHHJ1 - "npa­

BHJio Tpex cHrM" - cpe,nttero KBa.npaT.HliecKoro 0TKJI0HeHHji (c.K.o.), cnpaBeJVIHBoro .l(JUI. ttop­

MaJJbH0ro pacnpeJ].eJJeHH.SI HHTepBaJJbHblX CKOpOCTei-i cqeTa. 

,[(JISJ O1..lCHKH BH.na pacnpe.neneHH.sl npose.neH CTaTHCTH1-1eCKJ,1H attamo, KOTOpbIH BKJIIOqaJJ B 

ce6.11 s TOM qJicne: 

- Bbr'f'HCJieHHe HHTepBaJJbHOro 3HaqeHH.SI cpeD.HeH CKOpOCTH cqeTa, C.K.O., 3Kcuecca, KOHTp-

3Kcuecca H K03<pq>HUHeHTa 3HTponHH .l(JUI. pacrrpeJ].eJieHHJI HHTepBaJJbHblX 3HaqeHHH no KIDK,D,OM)' 

Kattany; 
- nposepKy rHIT0Te3bl O npHH3JVIC)KH0CTH pacnpe,neJieHHSI KHTepBaJJbHblX 3HaqeHIDi CKopocTei-i 

CtJeTa r ayccosy pacnpe,neJieHHJO (npHHHMaJIOCb B COOTBeTCTBHH C COCTaBHbIM KpHTepHeM no 

fOCT 8.207 (.nn.11 HHTepsanos m < 50), c KpHTepHeM MHJeca - CMHpnosa (.nnsi 50 < m < 200)) H 

OD.HOH rettepaJibHOH C0BOKYIIHOCTH (no KpHTepKIO <l>mnepa). 
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B pe3ynbTaTe ycTaHOBJleHO, t{TO BH.ZJ. pacnpe.n.eneHHJI HHTepBaJibHblX CKOpOCTeH Cl{eT rru 
CKTI "P" a nl< peaKTopa , HaxO.n.jjmerocjj B 3arrryweHHOM COCTQjjIDfH, He H3MettjjeTCjj Ha IlPOTjj)l{eHHlf 

4 000 qacos ocTattosa. Do pe3yJihTaTaM npose.ueHHoro cTaTHCTH.tlecKoro aHaJIH3a pacnpene 
v v ..... J1eH11e 

HHTepBaJibHhlX 3HatJeRHH CKOpOCTeH ClJeTa KJiaccmt>auHpOBaHO KaK yrIJIOII(eRHoe 0"HOM 
..... o.nam,-

Hoe, npe.n.CTasm10mee KOMil03HUHIO 3KCTTOHeHUHaJibHOfO H paBHOMepHoro pacnpe.n.enett11ij 

6mf3KOe K HOpMaJibHOM)' pacnpe.n.eneHHIO. Ha 3TOM BblBO.l{e o60CHOBaHO HCilOJlb30BaHHe " np , 
as11-

na Tpex cr" B KatJeCTBe KpHTepllil 3Hat{HMOCTH H3MeHeHHJI cpe.uHeH CKOpOCTH C'leTa IlliK IlpH no-

jjBJieRHH " nosymKH" B 30He ero tJYBCTBHTeJJbHOCTH (KpHTepHH npHCYTCTBHJI "rroBymJ<H" B a]{"l'lfs­
HOH 30He ) , a HaHJJyqweH oueHKOH oettTpa pacnpe.ueneRIDI pewetto Ct{lITaTb cpe,Uttee apH<pMeTHtie­

CKoe. 

Ha pHC. 2 npe.D.CTaBJJeHbl pe3yJlhTaTbl o6pa6oTKH peanbHblX H3Mepem-rn, BhlTIOJJHeHHbJX C no­

MOI.UblO CKTI Ha 0.l{HOH H.3 WTaTHblX neperpy30K, B KatJeCTBe HJIJIIOCTpauHH pa6oTocnoco6HoCT}f 

BbI6paHHOro KpHTepHJI. l13BJie'leID1e c6opKH IT3JI npOH3BO.llHJJOCb Ha HHTepsanax BpeMeHH (npH-

8jj3Ka K wxane speMeHH pHc. 2) 1 800 . .. 1 960, 2 650 . • . 2 780, 3 350 • .. 3 480, 4 270 . . .4 450 , 
5 300 ... 5 410, 6 000 •.. 6 100, 6 680 ... 6 880, 7 430 ... 7 580 C. 

C ueJiblO HCCJJe,UOBaRJ,fjj tJYBCTBHTCJlbROCTH CKTI K JIB ffiIH Ha 3arnymeHHOM peaicrope, 

B03HHKa.IOI.UHM npH neperpY3Kax IT3JI QC, npOBO,llHJJCjj aHaJJH3 nOKa3amrli IIl1K BO speMjj nepe­

rpY30K II3JI HJIH HX HMHTal.(IDI. ,lvijj HMHTaUHH QC H3BJieKanacb Ha TTOJTH)'K) BbICOTy aKTHBHOii 

30HbI c rrpe.n.rnecTBYJOllleH o6jj3aTenbHOH KOMrrettcauHeH peaKTHBHOCTH TJ)OHKOH CTep)l{_Heii CY3 
6nIDKaHI.1.1ero OKpy)KeHIDJ. 

BhmOJJHeHHhle BO speM,SI nnaHOBbIX OCTaHOBOK 3KCrrepHMeHTaJibHbie HCCJJe.l{OBaHHjj tiyBCTBH­

TeJlbHOCTH cncTeMhr K JIB (neperpY3KaM UC) noKa3aJIH, "!TO: 

- tJYBCTBHTeJibHOCTb ( K JIB III1H) I1I1K CKTI, MaKCHMaJibHO npH6JTIDKeHHhIX K HIDKHeH ImOCKO­

CTH aKTHBHOH 30Hbl Ha speM,SI npose.ueRJ,fjj IIIIP (KIIP), 3aBHCHT OT rrry6HHbl no.n.KpHTHtrnOCTH, 

BpeMeHH npOCTOjj B 3arrryrneHHOM COCTOmHH, paCCTOjjffff.jj .D.O ueHTpa 803M)'IneHHJI H 3HatJeHHJI 

ero a6con10rnoro 3<p<peKTa; 

- c ysenl{qeHHeM rrry6H.Hh1 no.n.KpHTH,qHOCTH H YMeHbmeHHeM a6comoTHoro 3<p<peKTa (aeca) B03-

M)'llleHllil qyBCTBHTeJibHOCTh IlMK CKTI K JIB na.uaeT 

- npH ypoBffjjX no.uKpHTH"IHOCTH ~ (1 ,6 .. . 2 ,0)f3:,g><j> H speMeHax ocTaHoBa .no 300 qacoa GIGI rpyn­
rroi1. 113 mecTH IIHK tta.ne)l{_HO perHcTpHpyIOTCjj JIB, pacnono)KeHHhre B 3oae nnaTo aKTHBHOH 30-

HI>J ; 

- rneCTb IIHK He Il03B0Jljj}OT perHCTJ)HposaTb neperpY3KY arrrrapaTa "P" BO BCeM 061,eMe aKTHB­

HOH 30Hhl Ha speMeHHOM HHTepsane OT MOMeHTa OCTaHOBa .no BblXO,Ua H3 "HO,UHOH jjMbl" ( 413:Jtj,41 s 
$ Pn $ 10j3:,q><j>); 

- pa.uffYC 30Hbl tJYBCTBHTCJlbHOCTH I1HK npH TIO,llKpHTK"IHOCTH 4j3:,q><j> $ Pn $ 10j3:,g><j> H BCJlHtIHHC 

3q>cj>eKTa B03M)'I.UCHJ,fj{ i1p::: 0 , 1 f3 :,q><j> COCTaBJJjjeT::: 2 ... 3 wara B pa3Mepe TBC; 
- .nm Ha,U:e:>KHoro KOHTpOJljl 3a rreperpY3KOH H3.D.CJIHH BO BCCM o6'beMe aKTHBHOH 30Hbl no.nKpHTH­

qecKoro annapaTa "P" He06XO.llHMO OTCJie:>KHBaTb He H3MeHeHHe cpe.nHeH CKOpOCTH C1-urra (peaK­
THBHOCTH) no BCeM BKJII04eHHblM IIHK, a H3MCHCHHj{ cpe.nHl{X HHTepBaJibHblX CKOpOCTCH ClfeT& 

(peaKTHBHOCTH) no K~OMY OT,U:eJlhHOMY IIliK. 
Ha pHC. 3 npe.ucTasneHbl OTHOCHTeJibHbJe H3MeHeHHJI CKOpocTeH Ct{eTa OT.l{eJibHblX KaHaJJOI 

CHCTCMbl (c 95 %-M .uosepHTeJlbHblM HHTepBaJJOM) npH H3BJietieHHJIX QC (THila 1 H 2) Ha O,llHOM 
V Hhl) 

H3 3KCnepHMCHTOB B 38BHCHMOCTH OT pacCTOjjRJ,fjj r (a ropH30HTaJihHOM ceqeHHH aKTHBHOH 
30 

OT " IIlfl( - UC". K~M TOCJKa norryqetta s pe3yJibTaTe cTaTHCTHqecKOH o6pa6oTKH 50-TH TeK)'· 

I.UHX 3HaYeHHH CKOpOCTCH ClfeTa N,(t) (qacTOTa pentCTpauHH 1 c-1). Ha pHCyttKe IIOKa3aHa KpHsaJI 
perpeCClffl C K03cj>cj>HUHCHTOM KOppeJij{QHH KKop = 0 ,92. 
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NJ~t~~~] 
350 0 1000 2 000 3 000 4 000 5 000 6 000 7 000 t, C 

N.;~ ~---•:r;~l~--" ~ 
600 

0 1000 2 000 3 000 4 000 5 000 6 000 7 000 t, C 

N~E~~~~-J 
0 1000 2 000 3 000 4 000 5 000 6 000 7 000 /, C 

a) 
6.o ..----,-----,----.----,-.----,-----,r-----r---, 

15 

10 

5 

0 1000 2 000 3 000 

IIl1K N!! I 

4 000 5 000 6 000 7 000 I, C 

!::.a ··~--.....-----.-----,.----,------,-----,---~--, 
15 

10 

5 

'. I 
X 

0 

J 

IIBK N!! 5 

1000 2 000 3 000 4 000 5 000 6 000 7 000 t, C 

6) 

: n: ITTm : ITHK N, I: : : 
j 

1000 2 000 3 000 4 000 5 000 6 000 7 000 !, C 

~' ~ ' i 
ffi1K N!! 3 

, rn m~~ rn 
1000 2 000 J 000 4 000 5 000 6 000 7 000 /, C 

e) 

3:8; H3
M_eHeHW1 IlOKaJamrn Ill1K N2N2 l, 3, 5 npH neperpY3Ke QC0 + WI ('tocT = 38 qacos, Pn = 4,0 ... !1«,). a) co6cTBeHHo CKOpOCTb cqera, c"1; 6) H3MeHeHIDI OOKaJamrn TIHK, Bblpa)l(eHHhle B C.K.o.; 8) 

UJ.eMa npH3HaKa X npHcyrcTBIDI JIB B aJCTHBHOH 30He (TOHBpOBaHHeM BbIJ{eJieHbI MOMeHTbI speMeHH 
H11,1 IlIIH OT H3BJJe'leHIDI QC, cseTJil>TM - OT nepe6opa cTep)l(Heif A3) 
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Ornoc,nenbHM CKOpOCTb C'feTa N'!N'o, % 

140 

130 

120 

110 

100 

. . 
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: ... - IDIK L 6 - UC1 + ,l(Il: 27-26 
: 0 - £IBK 1...6 -UC1 + .zm· 23-30 
: • - ffiU< 1...6 - C1 • 29-34 .. -.. -1 -. ---f + - ffi[K I 6 - C2 + .l{ll 30-23 •. -- .• - -- - - - . -

. . . . 
- t·------ - : ·-------------~--------------- -------- ----- -. . . . 

-------- --- -- ·----- --------------

------------·- ·--····· . . . . . . . . 90 '--- ---'-' ____ _._ ____ _._ ____ _, 

0 s 10 IS 
Pacc-ro.11HHe r, waroa peweTKH TBC 

PHc. 3. OTHOCHTenbmre HJMeHemra no1<a.JaID10 rIBK CKil 
npH H3BJJelJeHJrn ~c TITTIOB J, 2 ('tocT = 310 qacoa, Pn = 
= 1,613:$1» q> = I 350 Hl(cM2 c), KKop = 0,92) 

B pe3ynhTaTe npose.u.eHHoro aHan11-
3a JKcnepHMeHTanbHhrx .U.aHHbrx, nony­
tJeHHbIX JJ.JUI MHO)l(eCTBa THTIOB u:c, Bbl­
HBJleHa cpyHKI.VfOHanbHaH 3aBHCHMOCTb 

BeJU!lJHHbl OTHOCHTeJJbHOro H3MeHeHM 
CKOpOCTH CtJeTa Il11K OT paCCTOHHIDI r .u.o 
1.teHTpa BO3MYll.leHHH B no.u.KpHTHtJeCKOM 

peaKTOpe MH mo6oro THTia H3.U.eJTHJI aK­

THBHOH 30Hbl H ypoBHH no.u.KpHTH'fHOCTH 

Pn :::; 4~:$1>, KOTOp)'lO npe,lJ.JIO)l(eHO HCKaTb 

NT-N6 B 
B BH,ll.e _ (r) = Ar · , r.u.e Nr - HH-

cr6 

TepBanbttoe JHatJem1e cpe.QHeH CKopocn1 
CtJeTa B B03M)'ll.leHHOM COCTOHHHH; N6 -
ycpe.u.HeHHoe 3HatJeHHe CKOpOCTH CtJeTa 

no 6y<pepy HHTepBanbHbIX 3HatJeHHH 

CKOpOCTeH. C'-leTa (6e3 "noBylllKH" ); (j6 -

ycpe.u.HeHHOe 3HatJem-1e C.K.O. no 6ycpepy HHTepBanbHbIX 3HatJeHHH C.K.O. (6e3 "noByWKH"), yq11-
TblBM MMbie H3MeHeHIDI TeKyll.lID( C.K.O. Ha HHTepsanax 6e3 B03M)'ll(eHmi; A, B - KOHCTaHTbI. 
Bb16op BH,ll.a perpeccHH ocymecTBJUIJICH H3 12-TH HaH6onee pacnpocTpaHeHHblX <pyHKUHOHaJJb­
HblX 3aBHCHMOCTeH. no MaKCHMaJJbHOM)' K03q><pHU.HeHry KOppeJUUlHH, 

3. MeTO,[{ o6uapy,teeHHH JIB o ero sep0HTH0H K00pJlHHaTbl 

Ormr1UITeJ1bHOH oco6eHHOCThlO perneHHH HBJIHeTCH TO, l.fTO B npe.u.naraeMOM cnoco6e He Tpe-
6yeTcH nepeBO,ll.HTb peaKTop B H,nepHOOIJaCHOe KpHTWteCKOe COCTOHHHe H Bbl-qJ,fCJUITb 3cpcpeKTHB­

HOCTH nornOTHTeneH (KaK O,ll.HHOlJHbIX, TaK H HX. rpynn) B paMKax npHH.SITbIX cpH3I1'-leCKHX MO,ll.e­

neH. KpoMe Toro, KOHTpOJlb JIB K03cpcpHI.\HeHTa pa3MHO)l(eHH.H no BCeM)' o6'heMy aKTHBHOH. 30Hbl 
ocymecTBJIHeTC.SI HCK.mol.fHTeJJbHO no nepBH'-lHOH HHcpOpMallHH - HH,ll.HBH,ll.yaJJbHblM H.JMeHeHMM 

CKOpOCTH. CtJeTa HeH.TpOHOB (CCH) .u.aTtJHKOB HeHTpOHOB (,[(H), ycpe.u.HJJeMbTM 3a O.l{HH H TOT )Ke 

HHTepsan BpeMeHH. Ha3BaHHblH. napaMeTp MO)l(HO KOHTpOJJHposaT.b BpyqttylO HJl}f C HCITOJlh3OBa­

HHeM 3BM HenpepbIBHO 11 s Macwrn6e peanhHOro speMeHJ1 s TetJeHHe scero nepHO,ll.a OCTaHOBKH 
peaK.Topa. TToHCHSUOil.(aH cnoco6 HJJJ110CTpauID1 npe.u.cTasnetta Ha p11c. 4. 

,[(OCTH)l(eHHe pe3yJibTaTa npoH3BO,ll.HTC.SI B cne.zzy10m.ew nocne.u.osaTeJlbHOCTH. 

1. B HCXO,ll.HOM KBa3HCTaUHOHapHOM no.u.KpHTH1feCKOM COCTOHHHH (nepeMem.em1e CTep)l(HeH 

CY3 HJIH c6opOK II3Jl OTCYTCTByeT, "nosyl.lIKH" B aKTHBHOH 30He HeT) BbllJJ1CJIHIOTCH HHTepBanb­

Hble ycpe.u.H~HHbte 3a HHTepsan !:it 3HaCfeHH.SI CKOpOCTeH. CCfeTa N,, HX C.K.O. cr, H ycpe.u.HeHHbJe 

3Hal.feHM N6, cr 6 3a n HHTepsanos (speM.SI " noKoH" 6e3 BO3MymeHHH / 0 = n!:it) Ka)l(.lJ.oro ,[(H 
(ycpe.u.HeHHe C.K.O. BO3MO)KHO, YlfHTbIBaH Manhle OTKJIOHeHliH HHTepBaJJhHblX 3HatJeHmi C.K.O. er, 

OT cpe.u.-ttero): 
n n 

N 6 = L N, I n , a 6 = La, I n , (1) 
1= ) i=I 

r .u.e N6 = {N1, N2, .. . , Nn}, cr6= { cr1, <:r2, .. . , <:rn} - 6y<pepbt HHTepsanbHhIX 3HalfeHHH cKopocTeH C'-le­

Ta H C.K.O., COOTBeTCTBeHHO, ,lJ.Jl,11 Ka)l(,ll.Oro ,[(H; !:it = canst - nonOBHHa MHHHMMbHOro speMeHH 
ttaxo)l(,ll.eHHJI " noByUIKH" B aKTHBHOH JOHe peaKTopa, onpe.u.enHeMoro KaK HHTepBan cpe.u.Hero 
speMeHH OT HatJana H3BJletJeHH.SI c6opKH IT3JI H3 30Hbl .no ee B03BpaU-leHH.SI B 30tty ("speMeHH 
)l(J13HH"JIB); n = const - 1.fHCJJO HHTepsanos (eMKOCTh 6y<pepa). 
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PHc. 4 . PerpeccHOHHaJI KpHBaJI 

------------

r, maroa peweTKH TBC 

B1,16op BeJ1HlfflHl,I HHTepsana lit ycpe.o.HeHIDI npOH3BO,llHTC.sJ Ha OCHOBamrn CJie.ll)'IOIIlHX co­

o6p8.)KeHHH: 

- WUl )'MemrneHIDI .QHcnepcHH aHaJIH3HpyeMoro CHrHana - HHTepsanbHOH cpeJlHeH CCH tteo6xo­

J:(HMO HMeTb MaKCHMaJibHOe 1-IHCJIO OTcqeToB m TeK)'llleH CKOpOCTH C'leTa B HHTepBane lit; 
- orpattH'leHHe csepxy HaKJJa,llbIBaeTc.si TPe6osaHH.sJMH, onpe,lleJI.sJeMbIMH 51,D;epttoi-i 6e3onactto­

cTb10: nepHO.D. onpe,L1.enemU1 no,nKpHTHttHOCTH (Tp = lit) npH neperpY3Ke He .llOJDKeH npeBbIIIIaTb 

!::,.tmax = (Pn - Pmin) I Vtax , (2) 

r,lle Pn - MltHHMaJibHOe 3HaqeHHe " ttopMaJibHOM' nO,llKpHTH'IHOCTH; Pmin - MHHHMaJibHOe 3Ha'leHHe 

nO,llKpHTHttHOCTH, C1UITalOIJ.leec.si 6e3onaCHbtM; Vtax - MaKCHMaJibHa.sJ CKOpOCTb yMeHb1IIeHID1 

no,llKpliTH4HOCT H npH BO3M)'llleHHH - H3BJieqemm nornOTHTeJI.sJ. 

2. I1pOH3BO,llHTCH nocne,llOBaTem,Hoe nepeMemeHHe (H3BJJe4eIDte C BO3BpaTOM B HCXO,llHOe 

nOJIO)l(em,rn HJIH HHOe paBHOBeJIHKOe nepeMeIIJ.eHHe B HanpasneHHJI yMeHbWeHH.sJ □O,llKpHTH4HO­

CTH) 0,llHOTHflHblX (paBHblX no nornoma10m.HM CBOHCTBaM) HCTO'IHHKOB BO3MYIIJ.eHH.sJ pa3MHO­

)KaJOIIJ.HX CBOHCTB ( CTep)l(HeH CY3, c6opoK I13JI) s rrpe.nsapHTem.HO BbI6paHHblX H'leHKax aKTHB­

HOH 3OHbl. no nonyqeHHblM 3Ha4eHIDIM CCH ,l(H 3a Bbl4eTOM 6ycpepHblX 3HaqeHHH ycpe,llHeHHbIX 

CKOpOCTeH C4eTa onpe,lleJI.sJeTC.sJ H3MeHeHHe CCH OTHOCHTeJibHO ycpe,llHeHHoro 6ycpepttoro C.K.O. 

CCH, HOpMHpOBaHHOe Ha MaKCHMaJibHOe H3MeHeHHe npH r = 0, H no pe3yJibTaTaM CTPOHTC.sJ per­

peCCHOHHa.sJ 3aBHCHMOCTb OT paCCTOHHH.sJ r .llO HCTOq}JHJ(a B03MYineHH.sJ (pHC. 4): 

N - N IN - N Li 6 = i - 6 (r) i - 6 (r = 0), 
0"5 0"5 

(3) 

r.o.e Nr - cpe,llHee 3Ha4em-1e CCH ,l(H 3a speMH M s coCTOHHHH c JIB. 
3. ITpH npose,neHHH neperpy3KH q>aKT npHCYTCTBH.sJ JIB B aKTHBHOH 3OHe peaKTopa orrpe,lleJIH­

eTC.sJ ITO H3MeHeHHIO ycpe,llHeHHblX (HHTepBaJibHbIX) 3Ha4eHHH CKOpocTeH cqeTa J{H B COOTBeTCT­

BIU{ co CJTe.llYIOIJ.lHM KpHTepHeM: 

Nrr,=trpa6, (4) 
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r)le Nrp - rpaHH4HOe 3Ha4em1e H3MeHeHHH CKOpOCTH Cl.feTa; lrp - rpaHwrnoe 3Ha4emre KBaHTl1Jlb­

HOro MHO)KHTem, [2] (trp = 3 .lJ,JUI HOpMaJibHOro pacnpe.neneHID! [3]). IlpH npeBbillieHHH TeKymero 

HHTepBaJibHOro 3Hal.feHID! cpel1,HeH CKOpOCTH C<ie:_a N, no mo6oMy HeHTpOHHOMY KaHaJIY ycpe.n­

HeHHOro 6ycpepttoro 3Haqemu1 3Toro )Ke Kattana N6 Ha se1rnirney 3 cr6 (T.e. N, - N6 ~ Nrp) .nenae-r-

CH noJIO)KHTeJibHhlH BblBOlJ, 0 3Hat.JHMOCTH B03Myll.(eHJ,UI, T.e. 0 rrpHCYTCTBHH JIB B aKTHBHOH 30He 

peaKTopa, a B MaTpHuy npH3HaKOB X(t) 3aH0CHTCH "1" - rrpH3HaK cymecTBOBaHIDl JIB B aKTHBHOH 

30tte (p11c. 2,6 J].JUI Nrp = 3 cr6) . 

B cnyqae, eCJIH B03MYLUeHHe npH3HaeTCH He3Ha'-IHMblM (X(t) = 0), TO TeKymee HHTepBaJibHOe 

3Hal.feHHe CKOp0CTH Cl.feTa N, 3aHOCHTCH B 6ycpep co ClJ,BHrOM BJJeBo H y.naneHHeM nepsoro 3JJe­

MeHTa 6ycpepa - HHTepBaJibHOro 3Ha'-!eHIDI CCH no rrpmmHrry "nocJJe)lHKM 3araeJI - IIOCJTeJlHHM 

BblllJeJI", 4eM .llOCT_!:!ra~CH TTOCTOSUIHOe o6HOBJiemre 6ycpepa. 3aTeM np0H3BO.lJ.HTCH KOppeKIJ.HH 

.npei1cpa 3Ha'-l.eHHM N6, cr6 no cpopMYJie (1). On11caHHaH onepal.lHH Heo6xo.nHMa .llJIH Toro, •1To6b1 

yqecTb sapHaumo HeMTpOHHOro IlOTOKa H3-3a .n.pei1cpa <pH3H4eCKHX CBOMCTB aKTHBHOH 30Hbl BBHJlY 

pacna.n.a HCTOYHHKOB HeHTpOHOB H rreperpY30K. 

4. Koop.n.1rnaTa JIB onpel1,eMeTC.sl no nonyYeHHOH perpeccHOHHOH 3aBHCHMOCTH OTH0CHTeJib­

HOrO H3MeHeHHH l15{r) noKa3aHHM ,[(H (pHC. 4), H3 KOTOpOH ttaxOJ].HTCH HaH6onee BepoHTHbIH pa­

.n.eyc / y.n.aneHHH JIB OT ,[(H. Ha pHC. 4 30Ha HaH6011ee sepoHTH0ro MeCT0HaxO)K)leHIDl JIB H30-

6pa)Ketta B BHJJ.e KOJJbUa, orpaHW-IeHHoro pa.neycaMH r* min, r* max· EcnH 4HCJJ0 .[(H, onpe.neJIHBIIlHX 

TeKymee H3MeHeHHe CK0pOCTH Cl.feTa KaK 3Ha4HMOe, 6oJibure HJIH paBHO JJ.BYM, TO npH HCTTOJib30-

BaHHH 3BM 30Ha sepOHTHOro MeCTOHaxO)K)leHH.sl JIB M0)KeT 6b1Tb o603HaYeHa Ha OT06pa)KaeMOH 

JJ.HCnneeM BH)leorpaMMe aKTHBHOM 30Hbl peaKTopa KaK o6naCTb nepecel.feHH.sl HeCKOJlbKHX OK­

p~HOCTeH. KpoMe Toro, Ha pHC. 4 YKa3aHbI yposeHb "3 06" J].JUI H0pMaJihHOro pacnpe)leJieHIDI 

KHTepBaJihHbIX CKOpOCTeH Cl.feTa H COOTBeTCTByiomee eMY paCCTORHHe OT ,[(H .no JIB (pa.nayc OK­

py)KHOCTH C l..\eHTpOM B TOl.fKe pa3MeW,eHH.sl ,nH), Ha KOT0pOM ,lJ,aT4HK eme M0)KeT 3apenlCTpHpO­

BaTb B03MYI.UeIDte KaK 3HalfHMOe. 

OnHcattm,1if crroco6 3amHmeH naTeHToM [4] B 2001 r. Pean113au1-ur :noro cnoco6a no3Bomrr 

IlOBblCHTb tta.n.e)KHOCTb KOHTpOJIR H ocymecTBHTb ero HenpepbIBHOCTb 3a H3MeHeHID!MH 

pa3MHO)Kal0ll.(HX CBOHCTB B pe)f(HMe peaJibHOro BpeMeHH BO BCeM <pH3H"t.feCKOM o6'beMe aKTKBHOH 

3OHbl B Tel.feHHe rreperpY3KH, HCTTOJlb3YR J].JUI 3Toro onTHMaJibHOe KOJIH'-leCTBO ,[(H. 

KoHmaKmHbze mefl.: 268-93-38, 268-94-02, I'yceB BumaJluu BceBOflOOOBU'l 
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IlpaBHJJa o(j)opMJJeHHH CTaTeii 

IlpH ITOJ:{roTOBKe CTaTbH s c6opID1K asTop J:{OJDKeH PYKOBOJ:{CTBOBaTbC.11 CTaH,AapTOM "OpHrH­

muThI aBTOpCKHe H TeKCTOBbie H3J:{3TeJibCKHe" (OCT 29 .115 - 88). K aBTOpCKHM opHrnHa.TiaM, 

nepe,AasaeMbIM ):{JI.II H3,AaHIDl, npe,A'h.si:Bm110Tc.si: cJieJzylOm.He Tpe6oaamU1: 

l. 3K3eMnllilp CTaTbH J:{OJDKeH 6bITb nepBblM, OTnetJaTa.H Ha O.LJ.HOH CTOpOHe JIHCTa <popMaTa 

A4 mpH<pTOM .N"!! 12 qepe3 2 HHTepsana. CTaTb.11 J:{OJI)l(Ha 6bITb COCTaBJleHa s cneJlYIOUleM nop.si:.nKe: 

iiH,AeKC Y,[{K; 3arnasHe; HHHl{Ha.Tibl H cpaMJ,fJIHH aBTOpos; MeCTO pa6on,I KIDKJ(OfO aBTopa C IIOlJTO­

BblM a.n;pecoM; aHHOTaUJ{.11 Ha pycCKOM H attrJIHHCKOM j{JbIKax (He 6onee 10 CTPOK KIDK,!(3"); TeKcT; 

CITHCOK JIHTepazyp.b1; pHcymrn; no,ApHCyttOlJHbie no.nmtcH (Ha OT,nenbHOM JIHCTe). 

2. CTaTb.11 ){OJI)KHa TaIOKe npe,AOCT38Jl.llTbC.si: o6H3aTeJl.bHO B BH)l.e 3J1el<TpOHHOH sepc1rn o6.bJ1{­

H.blM mpH<pTOM N!! 11 Times New Roman, Me)KJ{)'CTpOtJHbIH HHTepsan - OJJ.HHapHbm, s pe.naKTope 

Word 97 HJIH 6onee no3.AHHX sepcHH. TeKCT He cpopMaTHpyeTcsi, s KatJecTBe HMeHH cpooa HC­

noJl.b3yeTcH <l>MO nepsoro asTopa CTaT.bH. KaabitJKH s TeKCTe CTaBHTC.si: npH attrJIHHCKOH pacKJiaA­

Ke KJiaBHazypbl (" .. "). 

3. Co.nep)KaIJHe CTaT.bH .lJ.0Jl)KH0 601Tb KpaTKHM H lfeTKHM. McKJTIOqaJOTCJI o6m.He paccy)f(Jle­

HIDI, H3BeCTHbie rrono)KeHIDI. He .norrycKaeTCH ;zy6mrposa.HHe MarepHana s reKcTe, Ta6mmax, 

rro,npHCYHOlJHbJX H3,[UIHCHX. Heo6xo.nHMo co61110,naTb e;:urnoo6pa3He B HaTIHCa.HHH TepMHHOB, 

HaHMeHOB3HHH q>H3Ht.JeCKHX seJIHllHH H e.ni,rnHI..J, H3MepeHIDI, ycJIOBHb[X o6o3Hat.JeIDfH, C0Kpame­

HHH, CHMBOJI0B. HaHMeHOBaHIDI H o603HaqeHHSI e.nHHHI..J, q>H3H'leCKHX BeJIH"OIH Heo6xo.nHMO npH­

BOJ:{IITb B CHCTeMe CM. 

Heo6xo.nHMO o6p3Ul3Tb BHHMaHHe Ha HaTTHCa.HHe npOTIHCH.bJX H CTPOlfH.blX 6yKB: pyccKHe H 

rpeqecKHe 6yKBbl (a., ~. 'Y, cp u T . .n.) Ha6HpalOTCJI npHMO, a JiaTHHCKHe (x, y, z, w u: T . .LJ..)- KypCHB0M. 

Te )Ke TPe6osaHIDI B o603HatteHHJIX Hy)KHO co6JIJO.LJ.aTI, rrpH HamrcaHlU{ HH.LJ.eKC0B H CTeneHeH B 

q>OpM)'Jiax. O6o3HatJeHHSI MaTpHQ H seKTopos Ha6Hpa10TCJI TI0.ll)')KHpH.blM wpHq>TOM npHMO. <I>op­

M)'Jl.bl, BKJllOtJeHHbie B TeKCT, cne;zyeT Ha6HpaTb 6e3 yseJIHtJeHIDI HHTepaana Me)KJ{)' CTPOKaMH, 

ttanpHMep bid, exp(x/e). 

4. Ta6nmu,1 ttyMepyJOTCJI, Ka)K.lJ.3" Ta6JIHQa .lJ.OJl)KHa HMeTb 3aroJIOBOK. CoKpameHIDI B rpaq>ax 

Ta6JIHI.{bl He .norrycKaJOTCSI. B TeKCTe He06XO.lJ.}fM.bI CCblJlKH Ha see Ta6mUJ,bl. Ta6JIKQ.bl netJaTaJOTCSI 

s o6rneM TeKCTe rrocne nepBOH CCblJIKH. 

5. <l>opMyJihl H 6YKBeHHbJe o603HatteHHJI seJIHllHH J:{OJl)KH.bl 6bITb pa3MelJeH.bI H cpaJy pac­

IUHq>posaHbl. <l>opM)'Jlbl ttyMepylOTCJI apa6CKHMH. QHq>paMH., HOMep CTaBHTC.11 c npaBOH CTOpOHbI 

JIHCTa B KpyrnhJX CK06Kax. HyMeposaTb cne.nyeT TOJibKO Te q>OpMyJibI H. ypastteHH.11, Ha KOTOpbte 

eCTb CC.bIJlKa B nocne;zyJOmeM 1{3JIO)KeHHH. <I>opM)'Jibl B.bin0JIHJIIOTCSI B pe,AaKTope Equation 3 .0 
I } 

npH HeB03MO)KHOCTH Ha6opa Ha KJJaBHazype (x~,y~.~J x,- H T . .LJ..). Ilo.ncTpOllHble H Ha,!J.CTpO'l-
0 y 

Hble HH,!J.eKCbI BBO.ll.JITCJI C KJiaBHazypbl (x3, KM
2 

H T . .lJ..), rpetJeCKHe 6yKBbI BCTaBmrJOTCSI 1.Jepe3 Me­

HIO BcmaeKa ➔ CUMBOll. 

6. B TeKCTe CTaTbH p11cyHOK o6si3aTeJibHO npe)lCTaBJijleTCJI Ha OT){eJl.bH0M JIHCre q>OpMaTa He 

6011ee A4. Ha pHCYHKax .norrycKaeTCJI MH.HHMa.TibHOe qJ{CJI0 o603HaqeH}{j:i - KpaTKHe QH.q>pOB.bie 

(no nop.si:.AKy HOMepos cnesa Hanpaso HJIH no Y.acosoi:f CTµenKe) HJIH 6yKBeHHb1e 060JHatteHID1. 

Bee IIOJICHeHIDl BbIHOCJITCSI s no.n.pHCYHOY.Hble no.n.nHCH. Ha o6opoTe KIDKJ(Oro pHCyHKa YKaJbIBa­

lOTCJI q>aMHJlHH asTopos HaJBaHHe CTaTbH, HOMep pHCYHKa, o6o3Hat.JeHH.si: sepxa H HH3a. BttyTPeH­

HHe Ha,!J.JIHCH Ha pHCyttKax Ha6H.pa10TCJI IIIpHCpTOM N!! l 0. BH.H3Y Ka)K.lJ.Of0 pHCYHKa J:{0JDKHbl 61,1Tb 
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npHse.n.eHbl ero HOMep H no.n.pHCYH0-4HaJI no.n.nHCb lllpHcpTOM .N!1 10. TipH HaJlH'-UiH HeCKOJJbKMX 

pa3JJH4HblX rpaq>HKOB Ha 0,1],HOM pHCYHKe KIDK,l],bIH H3 HHX o6o3Ha'--!aeTC.SI pyccKHMH 6yKBaMH a), 6), 

s) H T.,I],. H pacwHq>pOBbIBaeTCSI. 

B KOMHblOTepHOM BH,l],e pHCYHKH npe,ll,CTaJ3Jl.SIIOTC.SI. 8 OT,ll,eJihHbIX cpaHJiax, BblIIOJIHeHHbie 8 

rpaqml..fec1Utx pe.uaKTopax Paint, PhotoShop, Core/Draw a '-iepHo-6enoM L(BeTe (cpoTorpacpHH B 

pacTpOBOM cpopMaTe tif, dpi-300). PHCyttKH 8 Word He BCTaBJUITb KpOMe c~aes, KOr.z:ta pHCYHOK 

H3Ha'-laJJhHO BhmontteH B Word. 

7. CcbIJIKH Ha JIHTeparypy s TeKCTe .UaJOTC.SI no nop.S!,ll,K)' apa6CKHMH L(Hq>paMH s KBa.z:tpaTHblX 

CK06Kax. CnHCOK JIHTeparypbl COCTaBJI.SleTCSI 8 TOH )Ke nocJJe,l],OBaTeJJbHOCTH, 8 KOTOpOH npHBO­

.ll.HTC.SI CCbIJIKH Ha JJHTeparypy. <l>aMHJIHH 11 HHHL(HaJJbl aBTOpOB Ha6HpaIOTC.SI ITOJI)')KHpHblM KypcH­

BOM. 

8. CnHCOK JIHTepal)'pbl CJJe.n.yeT ocpopMJIS!Tb 8 COOTBeTCTBHH C focy.n.apcTBeHHbIM CTaH,ll,ap­

TOM " EH6JJHOrpacpH'-leCKOe OnHCaHHe .QOKyMeHTa" (fOCT 7. 1-2003), s '--!aCTHOCTH, Heo6xo.QHMO 

YKa3aTb: 

a) ,l],JISI )KYPHaJJhHblX CTaTeH - cpaMMJIJ-Of H HHKL(HaJJbl asrnpos (He Mettee Tpex nepBbIX), Ha-

3BaHHe CTaTbH, Ha3BaHHe )K)'J)HaJJa (6e3 KaBbIY:eK), ro.n., TOM, BhinyCK, HOMep, CTp~hI; 

6) ,l],Jl.SI KHHr - cpaMMJIHH H HHHUHaJJhl asTopos, noJIHoe Ha3BaHHe KHHrH, MeCTO H3,[taHH.SI, H3-

.n.aTeJJbCTBO (6e3 KaJ3bl'-leK), ro.n. H3.l(aHH.SI; 

8) ,l],Jl.SI aJ3TopecpepaTOB .l(HCCeprauHi1 - cpaMHJJHlO H HHHUHaJJbl asrnpa, Ha3BaHHe aJ3TOpecpepa­

Ta ,ll,HCCepTal(HH, Ha COHCKam1e KaKOH Yl.J.eHOH CTeneHH HanHCaHa .l(HCCepTaUIDI, MeCTO H fOJJ. 3a­

I.UHThI; 

r) ,l],JISI npenpHHTOB - q_JaMHJIHH H HHKL(HaJJbl aBTOpOB, Ha3BaHHe npenpHHTa, HaHMeHOBam1e 

H3.QaJOw,eii opraHH3al(HH, urncpp H HOMep, MeCTO H ro.n H3.QaHH.H; 

.n) ,l],Jljj naTeHTOB - cpaMHJIHH H HHHL(HaJJbJ asropos, Ha3Bam1e naTeHTa, CTpatty, HOMep H KJJacc 

naTeHTa, .nary H roJJ, 3aJIBJieHH.SI H ony6JU11<0BattID1 naTeHTa; 

e) ,l],Jl.SI OT'--leTOB - q>aMHJJIDI H HHHU,HaJJhI aBTOpOB, Ha3BaHHe OT'-1.eTa, HHBeHTapHhlH .N2, HaHMe­

HOsam1e opraHHJaU.KH, ro.n Bh1nycKa; 

)I{) )].JUI :rneKrpOHH_blX HCTO'--IHHKOB - TIOJIHhlH :meKTpOHHblH. a.npec, IT03BOJI.SIIOI.I.UIB o6paTHTbC.SI 

K ny6mncal(HH. 

9. B KOHUe TeKCTa nepe.n CilHCK0M JIHTeparypbl yi<a3bl8alOTC.SI KOHTaKTHhlH TeJJeq>OH H, )KeJJa­

TeJibH0, a.npec 3JieKTpOHHOH ITO'--ITbl. 
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BOilPOChl ATOMHOH HAYKB H TEXHHKH 

C e p H .11: <l>HJm<a .11.nepm.IX peaKTopoe 

Bwnyctc 1 

OTBeTCTBeHHJ,IH Ja BbIIlYCK C.M. 3apHLUCHH 

Pe.D.aKTop1,1: B.li. Ycnl.l.(eBa OT HHH MexaHHKH HHrY, B.B. Il'fe.rJHH 

ITo.nrrncaHo B nelfaTh 25.08.05. <I>opMaT 70xl08/16 
IlelfaTb oqiceTH!UI. Yen. nelf. JI . 9,0. Ylf.-H3.n. JI. 10,5. THpa)K 250. 11H.lleKc 3646. IO cra-rei.\. 3aKa.J 51 

PacnpocrpaHJ!eTCll 6ecnnaTHo 

OrnelfaTaHO B Pocc1-d-lcKOM HaylfHOM ueHTpe " Kyp'iaTOBCKHH HHCTffTYT" 
123 I 82, MocKBa, nn. AKa.neMHKa Kyp"!aTOaa 
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