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)UIHAMHKA II YIIP ABJIEHHE 

Y,ro< 621.039.51 

HeKoTopble eonpocbl KJiaccu(}>uKauuu u ouenKu 
norpewnocTeii MeTo.z.a OPYK onpe.z.eJienuH peaKTnenocTu 1 

E.J(. A6pllM06, <I>rYII "rm.i: P<I>-<I>3H HM. A.H. JleHnyHCKOro", 

249020, r . O6HHHCK Ka.n}')KCKOM o6n., nn. oOHJJ.apeHKO, 1 

PaccMa-rpHBalOTC.11 aKT)'aJU>Hhle aonpOCbl MaTeMaTJ-l"leCKoro Monem1poaaHID1 HeHTpOHHOH KHHen1-
KH peaxTOpa 1-1 onpenenemui: peaKTHBHOCTH MeTOJlOM OPYK ( o6paw,eHHOro peweHID! ypaaHeHIDI KHHe­
nnrn). 

SOME ERROR CLASSIFICATION AND ESTIMATION PROBLEMS OF INVERSE 
KINETIC REACTIVITY DETERMINATION METHOD. B.D. ABRAMOV. Some actual theo­
retical problems of nuclear reactor reactivity determinations by inverse kinetics method are considered. 

B pa6oTe paccMaTpHBaJOTc.11 MeT0JJ.H'-IeCKHe sonpocbt MaTeManrtJecKoro M0JJ.em1posamrn 

pacnpeJJ.eneHHOH HeHTpOHHOH KHHeTHK.H peaKTopa H onpeJJ.eneHHR ero peaKTHBH0CTH MeT0J].0M 

OPYK. <I>opMyn11py10Tc.11 octtoBHbte pa.JH0BHJJ.H0CTH ypasHeHHH MeT0JJ.a OPYK, 06cy:>1<,D,aJOTC.11 

a.nropHTMbl BbltJHcneH~ HX K03cpcpHI~HeHTOB, J],aeTCR KnaCCH(pHKaui:-u, norpeIIIHOCTeH MeT0Jia 

OPYK, o6ycnosneHHbIX norpewH0CT.IIMH pactJeTHbIX H JKcnepHMeHTaJibHbIX ,n:filfHbIX. IlpHBO­

Jl.HTC.11 p.llJJ. H0BblX cpOpMYn Te0pHJ,f B03MYI.UeHHM JI.fl.II oueHKH C00TBeTCTBYJOI.UHX C0CTaBAAlOI.UHX 

norpewH0CTH onpeJJ.eneHHR peaKTHBH0CTH MeT0JJ.0M OPYK. IloKa.JblBaeTC.11, lJT0 BKnaJJ. norpew­

HOCTeH JJ.aHHblX no n0CT0.IIHHbIM pacna)J.a npeJJ.wecTBeHHHK0B 3ana.J)J.b1BalOW,HX HeHTpOHOB H 

BHewHeMy HCT0lJHHKY B onpeJJ.emieMYIO MeT0JJ.0M OPYK peaKTHBH0CTb B nepB0M np116nIDKeHHH 

TeopHH BOJMYW.eHHH paseH ttynlO. 

1. YpaanenuH pacnpe,ae.r1euooii 1rnneTnKn peaKTopa 

PacCMOTpHM, cneey.11 [1 .. . 28), JJ.0CTaT0\JH0 06azy10 CHCTeMy ypaBHeHHH 

(1/v)acp! at+ Mcp = Fcp + L0--jRj - F/p) + Q; 
j 

(la) 

(16) 

0ilHCbJBalOW,HX 3B0nlOUHIO n0T0Ka HeifrpOHOB cp(x,E, Q, t) B peaKTope, rJ].e V - CK0p0CTb He.H­

Tpotta; Q - BHeWHHM HCT0lJHHK; Rj = x jc j ; xj - cneKTp; CJ - K0HUeHTpaUH.11 npe.n,wecTBeH­

HHK0B 3ana.JJJ.bIBa101.UHX ttem-pottos c nocTO.IIHHOH pacna.n:a A. i ; p 1 - HX JJ.0n.11; M = QV + L - S 

H F = F0 + Fd - onepaTopbt, onHCbIBa10w,1-1e npoueccbI YTetJK.H, nornorn.emuI, pacce.11tt11.11 H 

rettepaUHH MrH0BettHbIX F0 H 3ana.JJJ.bIBa10m11x F" = L F1 HeHTpOHOB [3, 5, 8, 9). 
j 

1Hccnenoaamu1 nposeneHbJ npH <jJHHaHcoaoii nonnep>1<xe P<I><I>H H npaBHTeJibCTBa Karry)l(cKoi-i 06-
nacrn ( npoeKT .N!! 04-0 1-97207). 
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-
3KBHBaJleHTHa51 cpopMa 3am-fCH 3TJ,fX ypaBHeHHH JfMeeT BHJJ. 

I 

(1/ V )acp /a,+ M<p = Fo<p + l)-- j J dt 'e -'>-i(I-I') Fl <pl , + Q, 
j 

r.D.e cp, . = ep(x,E, Q, t'). 

(2) 

OTMeTHM, 4TO ypaBHeHH51 (1), (2) He caMbie o6w.He B TOM CMhICJJe, 1-:ITO He }'1-IHTbIBalOT, Ha­

npHMep, 803MO)KHYlO 3aBHCl1MOCTb 3cpcpeKTHBHhIX rpynnOBbIX nOCT051HHhIX pac□aJJ,a npe.nwe­

CTBeHHHKOB OT cneKTpa 3HeprHH HeHTpOHOB B peaKTope H T.n. Pa3JJl14Hbie o6o6w.emur CM., 

Ha□pHMep, a [22 . . . 26]. 

3aMeTHM TalOKe, 4TO npH pacCMOTpeHH_H MeJJ,JJeHHhIX no cpaBHeHH_lO co CKOpOCTblO pacnpo­

CTpattemrn HeHTpOHOB npoueccoB, CBSI3aHHblX C pacnaJJ,OM npeJJ,IIIeCTBeHHHKOB, ypaBHeH11e (2) 

4aCTO ynpom,aIOT, nonaraSI B npH6JJH_)KeHHH " MrHOBeHHOrO CKa4Ka" [3, 5, 8, 9] 

(3) 

2. 06paTHbJe ypaBHCHHH KHHCTHKH 

Ecn11 npSI:Mbie ypaBHeHH.sl KHHeTRKH (1 ) . .. (3) npeJJ,Ha3Ha4eHbI .D.JJH onpeJJ,eJJeHHSI: □OTO Ka 

HdhpOHOB no H3BeCTHbIM 3HaY:eHH51M Ce4eHHH HJJH peaKTHBHOCTH, TO o6paTHble ypastteHH}I 

KHHeTHKH (wrn OPYK) cJJy)KaT .D.JJSI onpe.D.eJJeHHSI peaKTHBHOCTH no H3BeCTHblM 3Ha4emHlM no­

TOKa. Ha□OMHHM HeKOTOpbie H3 HHX. 

ITycTb \jf' \jf. ~ 0 - peweHHJI ycJJOBHO-KpHTH4eCKHX ypasHeHHH [3, 5, 8, 9]: 

M\jf = F\jf I k3 <1><1> ; 

M *\jf • = F * \jf * I k
3

<1><1> , 

(4a) 

(46) 

rJJ,e M *, F * - conpIDKeHHbie c M, F onepaTOpb1; k :icl>cl> - 3cp<peKTHBHhJ.H. K03<p<pHl.(HeHT pa3-

MHO)KeHlUI. TorJJ,a, }'MHO)Ka.sl ypaBHeHHe (2) Ha \jf. , ypaBHeHHe ( 46) - Ha <p , HHTerpHpyH no BCeM 

paccMaTJ)HBaeMoIM 3Hat.J.eHH51M nepeMeHHblX x,E,Q H Bbl4.HTM pe3yJJbTaTbl .D.pyr H3 JJ.pyra, He­

TJ)YJJ.HO 3anHCaTb TO)K)leCTBO 

(5) 

cnpase.nn11soe )lJJsi BC.sIKHX perneHHH ypasttemri:f ( 1 ), ( 46), me ( , ) - 0603tta1.Jemie HHTerpana no 

paccMaTpHBaeMblM 3Ha4eHHSIM x ,E, Q ' a p = 1-1/ k:icl><I> - peaKTHBHOCTb, 3aBHCHMOCTb KOTO­

poii OT speMeHH onpe.D.eJJSieTCSI: COOTBeTCTB)'lOlll,eH 38BHCHMOCTblO Ce4eHHH ( CBOHCTB peaKTopa) 

B ypastteHIDlx (4). 

I-fa (5), B CBOIO o4epeJJ.b, cneJJ.yeT OPYK 

(6) 
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t(JUI onpe)].enem1S1 peaKTHBHOCTH no H3BeCTHblM 3Ha'-!eHHSIM noTOKa, r.ae 

- (\j/*' v-
1acp1 at) A - (\j/

0

' v-1cp) 
a- (\jl*,v-1cp) ' - ('1/,Fcp)' 

(7) 

OPYK (6) .H.Bn.HeTCSI TO4HblM ypastteHHeM (JJ.aeT TO4HOe 3Ha4em1e peaKTHBHOCTH), ecnH B 

Ka'-leCTBe (j) 8 (6), (7) HCnOnb3YeTCSI TO4HOe perneHHe ypasHeHHSI (2). 

B aHanont'-IHOM CMb1cne TO4HbIM S1BnS1eTC.S1. 11 ynpomeHttoe OPYK BH.Ua 

(8) 

BblTeKaJOLUee H3 (6) npH aA << ~ (HnH Henocpe)].CTBeHHO H3 (3), (46)), KOTopoe TilIOKe .uaeT 

TO4HOe 3Hal.feHHe p ecnH B Ka'-leCTBe (j) B (7), (8) HCnOJib3YeTCSI TOl.fHOe pemem1e ypaaHeHIDI (3). 

ITp116nm1<eHHb1e OPYK o6b!4HO nony'-lruoT, Hcnonb3YSI B (6) ... (8) arrnpoKCHMaU.HH nma 

cp(x, E, Q , t) = P(t)~(x E, Q , t), ~ = ij, l(p, \ji); 

cp(x,E,Q, t)== L~(t)~k(x,E, Q,t), ~k = ekwk l(A,ek\jik), 
j 

(9) 

(10) 

H T.JJ.., r.ue p = (p,<p), ~ = (pk,ek<p) - nOKa3aHIDI .uaT4HKOB HeihpOHHOro non.SIB peaKTope, 

xapaKTep113yeMblX " ceYeHHSIMH" p(x, E), p k (x, E)' COOTBeTCTBeHHo; 0 k (x) - xapaKTepHCTH-

4eCKaSI cpyHKU.HSI no.n.o6nacTH Gk c G peaKTopa, B KOTOpoif noKa.JIH3OBaH k -H .naTYHK; G -

o6naCTb npOCTPaHcTBa, 3aHI-tMaeMa.H peaKTopoM; \ji(x, E,Q,t), 'V k (x, E,Q,t) - cpyttKLJ.HH cpopMbl 

HeHTpOHHOro non.SI 8 G, Gk' COOTBeTCTBeHHO, Bbl6HpaeMbJe H3 Tex HJIH HHbIX coo6pIDKeHHH 

annpOKCHMaQHH noTOKa cp(x,E, Q, t) . HanpHMep, B a.n11a6aTH1·!eCKOM np116nIDKeHHli nonarruoT 

\ji = \If HT.IT. [3, 8, 9]. TTp11 BbI6ope ij, = <p COOTHOUieHHSI (9), (10) o6pamaIOTC..SI s TO)l(,lleCTBa. 

,[(anbHeHWHe YTO4HeHH..SI MO)KHO nony~ITTb, nepexo.n.H. B (6) .. . (8) K annpoKCHMaU.IDIM THna 

cp(x, E Q , t) == L p: (t)~~ (x, E, Q, t), ~~ = 8~ w~ l(p!, 8~ w~), (11) 
k.i 

Hau.eneHHblM Ha .llH<pcpepeHQH.a1.vuo .neTeKTOpOB KaK no npOCTPaHCTBY, TaK H no :meprHH, r.ue 

0~ (x,E) = 0k (x) 0' (E), 0' (E) - xapaKTep11cTw-1ecKa.H cpyttK~H..H i -ro HHTepaana :mepnm. 

B 4aCTHOCTH, nO.UCTaBJUISI (9) B (8), npHXO.llHM K TpaJJ.HU.HOHHOro THna OPYK 

MS! onpe.neneHH..SI p / ~ no 3a.naHHbIM P(t) C K03<pq>MU.HeHTaMH 

E /t,t') = (\jf ;, Fj~1,), E(t) = (\jf;, Fd~t), 

(12) 

(13) 

Bbl4HCn..HeMblMH C secoM H3BeCTHblX cpyHKU.HH \jf.' ~ = w / (p, 'ijl) . AHanOrH4HbIM o6pa30M MO­

ryT 6b1Tb BbinHCaHbl H ..SIBHbie Bbipa)KeHH..SI .nn..H OPYK B np1-16nH)KeHHSIX (10), (11 ). 
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3. Pa:moe11,u11ocTH OPYK 

IToMHMO YKa.JaHHblX H3BeCTHO H MHO)l(eCTBO HHblX pa3HOBH.UHOCTeH OPYK, o63op KOTOpbIX 

MO)l(HO H8HTH, HanpHMep, B [1 ... 28]. OTMeTHM, c11e.ey.s1 [22 ... 25], HeKOTOpbte 113 ffilX. 

TaK, p.s1.u pa3HOBH.UHOCTeH OPYK B03HHKaeT npH HCnOJlb30BaHHH BMeCTO ( 46) HeKOTOpbtX 

HHblX, OTJlHlJHblX OT ( 46) conp.sl)l(eHHblX ypastteHHH, O.UHOpO.UHblX HJlH HeO,UHOpO,UHblX. CKIDKeM 
' 

ecmt B KatJecTBe secOBOH <PYHKUHH "'. Bbt6HpaeTC.sl nOJlO)KHTeJlbHOe peweHHe ypasttett1111 

• • F,• • lk M \jl = 0 \j/ 0 , TO OPYK (12 ), (13) nepexo,UHT s ypasHeHHe .LlJl.sl onpe,ne11ett11.s1 "peaKTHBHo-

CTH Ha MrttoseHHbtX HeiiTpottax" Po, BbtTeKa10mee H3 OPYK (12), (13) npH 3aMeHe B nocne.n.HeM 

p / P, Fd ➔ Po = 1 -1/ k0 , F0 . l1cnoJ1b30BaHHe )Ke B KatJecrne \j/• > 0 noJ10)KHTeJ1bttoro pewe­

HH.11 ypasttett11.11 M •'V; = F,; 'V; I kd npHBOJJ.HT, B cso10 04epe,ub, K OPYK .LlJl.sl onpe,ue11ett1-111 

"peaKTHBHOCTH Ha 3ana.J.Ubtsa10mHX HeiiTpottax" pd = 1-1 / kd , BhITeKa10meMy H3 OPYK ( 12), 

(13) npH 3aMette B nocne.utteM p/f3 ➔ (\jl.,F0cp)/(\jl*,Fdcp)-1/kd, H T.Jl. (.npyrne npHMep1,1 

CM. B [23]). HcKOMa.sl HOpMaTHBHa.sl peaKTHBHOCTb p = l-1/ k:$1) onpe.uen.SleTC.SI 3aTeM pac'4eT-

HbIM nyTeM c ITOMOmblO COOTHOWeHHH THna k3<jMI> = ko cw·, F\V) l(w·, Fo W) == ko /(1-~) , .... 

XapaKTepHbte pa.JH0BH.UHOCTH OPYK ,upyroro po,na MO)l(HO nony'-IHTb, paccMaTp11sa.s1 ypaB­

ttemte (3) s TeKyIUHH MOMeHT speMeHH, a ypaBHemte (46) 11 ero peweHHe "'. = \j/;o s HeKOT0-

pbIH cjJHKCHposattHbIH M0MeHT 10 . ITycTb TaIOKe ~ , Fd ,. . . - onepaTopbI F, Fd ,. . . npH 
0 to 

t = t0 . Tor.ua H3 ypastteHHH (3), (46) BbJTeKaeT tteKoTopoe OPYK BH.Ua [8, 23] 

p/ f3 = 1-[ ~ + o/ Ai j_dt'€ /t0 ,t')P(t')e-ijC,-n ]/[£0 (t)P(t)] 

C K03cpcpm.1,HeHTaMH 

€ /to,t') = ('1';
0

, Fl~,.), €o(t) = ('1';
0 

• Fd ~, ), Qo = ('V;a' Q) 

.LlJl.SI onpe.ne11eHH.s1 TaK Ha.JbIBaeMOH [8, 18] ,D;HHaMHtJeCKOH peaKTHBHOCTH p: 

p = Po + op, BF = F - F,
0

, BC = C - C,
0 

; 

8 
= cw·, (BF -BC)cp,) A= cw-. Fdcp,) 

p • ' t,J • ' 
(W 'F,o <p,) ('If 'F,o <p,) 

r,ue Po - peaKTHBHOCTb s MOMeHT to H T.,ll. (CM. TaIOKe [8, 23]). 

(14) 

(15) 

(16a) 

(166) 

OPYK (14) . .. (16) TaK)l(e .slBJlJleTC.SI T04HbIM ypaBHeHHeM B TOM CMblCJle, 4TO eCJlH ero K03cjJ­

cjJHl.J,HeHTbl BbllJHCJl.sllOTC.sl C BeCOM T04HOro peweHH.SI cp COOTBeTCTB)'K)mero ypaBHeHHJI (3), TO 

OHO .naeT TOlJHOe 3Hat.feHHe JJ.HHaMHtJeCKOH peaKTHBHOCTH p, onpe.uen.s1eMOH cpopMY118MH (16). 

ITocne,UHJl.sl, O,UHaKO, OTJlH'-iaeTC.sl B o6meM CJTyt-iae OT HOpMaTHBHOH, CTaTHtJeCKOH peaKTHBHOCTl.f 

p = 1-1/ k3cpq>' B qaCTHOCTH TeM, 4TO MO)l(eT HCITblTbIBaTb H3MeHeHl-t.SI, 06yc110BJ1eHHble H3Me-

HeHH.slMH BO BpeMeHH <p , H npH HeH3MeHHOM COCTO.slHHH peaKTOpa, a 3H8lJHT, He .slBJl.sleTC.sl co­

rnactto 51.B. Illesenesy [ 18] MepoH OTKJlOHeHH.sl peaKTOpa OT KpHTH4eCKOro COCTO.slHH.sl . 

,[wyrne pa3H0BH.UHOCTH OPYK CM., ttanpHMep, B [1...28]. 
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4. Bb1qacJ1eu11e KOJcjulnn~uenToe OPYK 

BbtWe 6bIJ10 nOKa3aHO, 4TO }lJlR nonylfemrn TO'IHblX 3Ha4eHJ-tH HCKOMOH peaKTHBHOCTH KO­

J<pcjrnuHeHTbl (13) OPYK (12) cne.nyeT BbllJHCJlRTb c seCOM \jJ = <p peweHml ypasHeHHR (3). 

0}lHaKO Ha npaKTHKe o6b[4HO HCnOJlb3YIOT HHble TIO}lXO.ll,bl. HanoMHHM, CJle.LJ,ysi: [11, 15, 23], 
HeKOTOpbte H3 HHX. 

06paTHMCR K 3a]laYe C MrHOBeHHbIM BBO)J.OM B03MYUleHHR B MOMeHT t = 0. Ilpe.ll,TIOJiaraJI, 

'ITO npH t < 0 H t > 0 csoi:fcTsa peaKTopa <pHKCHposaHbl, lfTO dp I dt = 0, H nonaraR 

(17) 

r}le \j/ ±' \j/: -H3BeCTHble cpyHKl..ll-lH~ 0(±t) - (pYHKUlffl XeBHCa.H)J.a, paBHbte e)J.HHHUe npH t;O H 

ey1110 npH npollHX t, TpaHccpopMHpyeM (12) npH t > 0 K OPYK BH.D.a 

p/ij = 1-{ Q:,qxt, + f a jA j[ Tl i j_ + ! Je-A1c,-,·> P(t')dt'} / P(t), (18) 

RBmllOI..UeMyCR Henocpe]lCTBeHHblM 06061..1.J.eHHeM Tpa.nHUHOHHOro OPYK (cpopMyna (4.38) H3 

[ 15]), r.ne 

(19) 

a E±, ~±,Q± - 3HalleHHR cpyHKUHH COOTBeTCTBeHHO £(!), ~(t), Q npH t;O [23]. 

AHanorn4HhIM o6pa30M cpopMHPYIOTCR OPYK s 3a,na4e onpe,neneHJ,tR peaKTHBHOCTH peaK­

TOpa, nepexo.nsi:I.U.ero no.n B03JleifcTBHeM pacnpe.ll,enettHoro B npoMe)l(yrKe ( t+ - t_ ) B03MYUleHHSI 

(CKa)l(eM, .UBIDKeHHR CTep)l(H.sl H T . .!J..) H3 OJlHOro <pHKCHpOBaHHOro COCTORHHR npH t < t_ B ,npy­

roe npH t > t+. TTpe,nnonara.s1, lfTO cf>opM-qJYHKUHH 'I'·, "'(o603Ha4aeMble .nanee e,nHHblM CHMBO­

JIOM ~ ) MeHRIOTCR OT HCXO)J.HOro .no KOHelfHOro COCTORHHR nponopUHOHaJJbHO H3MeHemtlO HeKO­

Toporo napaMeTpa 't(t)(peaKTIIBHOCTH [ 11], KOOp,nHHaTbl CTep)l(Hjl H T .n.) TaK, l{TO 

s = \j/
0

' \JI: ~(t) = ~-' t < t_; ~(t) = ~ + ' t > t+; 

s(t) = C, = S- "C+ ~ -c(t) + S+ -c(t): "C_ = S- + <s+ - s-) ::r(t); 

::r(t)=('t(t)-'t_)/~, ~='t+ -'t_, "Ct ='t(t±), tE (t_, t+), 

(20a) 

(206) 

(20s) 

H no,ncTaBJIRR (20) s ( 12), (13 ), MO)l(HO BbinHCaTb KOHKpeTHble Bblpa)l(eHHJI KOJq>q>HUHeHTOB 11 

CaMO COOTBeTCTByJOI..Uee OPYK ( 12), KOTopoe npH t > t+ MO)l(HO npe,ncTaBHTb s BH,ne [23] 

p / ~ = 1-{ Q,.. + o/ a ;A { TJ 1 )_ +£ µ 1 + J. }-•,c,-,·, P(t')d1"}/ P(t), (21) 

r}le a 
1

, Yj
1

, Ql<j><I> .na10TCR cpopMyJiaMH (19), a KOJ<p<pHUHeHT µ /t') =(\JI:, Fj ~,.) /(\j/:, F1 ~+) npo-

6eraeT 3HalfeHHR OT 11 i npH t = t_ .no 1 npH t = t+. 0TMeTHM, YTO npH t > t+ OPYK (21) 

OTJJHYaeTCR OT OPYK (18) JIHWb yro4HeHJ,teM nose,neHHR peaKTopa so speMR }leikTBHR B03MY­

I..UeHHR H nepexo,nHT s (18) npH t+ ➔ t_ = 0. (CM. raIOKe [11, 15, 23].) 
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CornacHo 3THM cpopMynaM K03cpcpHUHCHTbl OPYK ( 1 8), (21) swrncJT}IJOTC}I np116JIH)KCHH0 c 

HCnOJTb30BaHHeM cpopM-cpyHKU.HH (17) (20), pacct.IHTb!BaeMblX o6bl4HO Ha OCHOBe ycJIOBHQ­

KpHTH4eCKHX ypastteHHH ( 4 ). Httor.na npHMeH}IJOTC.SI. H .npyrne annpoKCHM8L{HH, Kor.na 3TH K0-

3qJqJHU.HeHTbl paCCtJ.HTbIBaJOTC.SI., HanpHMep, C secoM tJHCJTeHHOro peweHH.SI. ypaBHeHHH (I) MR 

.lJ.8HHOH MO,neJTH 3KCnepHMeHTa [28] HJIH onpe.nem!JOTC.SI, CKa)KeM, MeTO.lJ.OM H8HMeHbllIHX KBa.n.­

paTOB B xo.ne caMOfO 3KCnepHMeHTa [7, 11], HT.)].. 

5. Knaccnct,mca1urn norpewuocTeii MeTo,ua OPYK 

OTbtcKaHHe p / ~ no MeTo.ny OPYK cso.nHTC.H, KaK H3BeCTHO [2, 15] , K swmcneHHJO npaBbIX 

lJaCTeH COOTBeTCTBYIOllI.HX ypastteHHH TH.Ila (12) no 3a)],aHHblM (HanpHMep, pactJeTHblM) 3Hal.fe­

HIU[M K03cpcpHU.HeHTOB H 3KcnepHMeHTaJTbHblM 3Ha4eHH}IM cpyHKU,HOHaJTa P(t) , xapaKTePH3YIO­

mero nOK838HH.SI. )].eTeKTOpOB tteihpoHOB B peaKTOpe. 

Ho scer.na JTH MeTO.ll. OPYK npHBO)].HT K HCKOMOH peaKTHBHOCTH? PaccMoTpHM B 3TOH cs.11-

3H, CK8)KeM, OPYK (12). Ol.feBH.lJ.HO, l.fTO eCJIH HCXO.lJ.HOe H KOHClJHOe COCTO.SI.HH.11 peaKTopa He­

H3BeCTHbl, TO HH'-rero H3MepHTb MeTO.lJ.OM OPYK, soo6UJ,e rosop}I, HeJJb3.SI, H6o l.fT06bl onpe.n.e­

JIHTb C noMOUJ.blO OPYK (12) peaKTHBHOCTb, tty)KHO 3H8Tb ero K03qJqJHUHeHTbl (13), a lJT06b1 

BbltJHCJIHTb K03qJqJH.lJ.HeHThr, He06XO)].HMO 3HaTb Hal.faJTbHOe H KOHel.fHOe COCTOHHH.SI. peaKTOpa. Ec­

J]J,f )Ke, KaK 3TO o6bllJHO 6bl88eT, HHTepecyIOUJ,ee Hae KOHel.fHOe COCTO.SI.HHe peaKTopa H3BeCTHO 

He.ll,OCTOBepHO, TO pet.Jb MO)KeT H.ll,TH JUfllib O npH6JIH)KeHHOM onpe)].eJieHHH peaKTHBHOCTH 8 

.ll,OnOJIHHTeJibHOM npe,unoJJO)KeHHH O MaJTOCTH BO3MYW.eHH}I HIHJJH O HeH3MeHHOCTH K03qJqJHUH­

eHTOB (13) B X0}l.e B03MYIIJ.CHJ,fj!. Tor.n.a HX MO)KHO pacCYHTaTb 3apaHee (ttanpHMep, .ll,Jl.SI. HCXO.D:HO­

ro COCT0.SI.HJ,lj! peaKTopa HIHJIH .lJ.Jlj! HCKOToporo sepO.SI.THOfO COCTO.SI.HH.SI. nocne B03MYll.leH.HH) H 

3aTeM no H3MepeHHblM P(t) Bbl4l-lCJ1HTb peaKTHBHOCTb. O,n:HaKo B HT0re MO)KHO nonyt.fHTb He 

HCKOMYIO peaKTHBHOCTh, a HeKOTopyio HttyJO BeJJH411tty THJia .ll,HH8MW:leCKOH peaKTHBHOCTH [23]. 
YTOtJHHM 3TH noJIO)KeHH.H Ha npHMepe OPYK BH)].a (6), (9). McTHHHOH (ttopMaTHBHOH) peaK-

THBH0CThJO H830BeM, cne.uy.SJ. [4], serrWIHtty p 11cT = 1-1/ k~;;, r,1J.e k:;; - HCTHHHblH 3cpcpeK­

THBHbrH K03cpcpHUHeHT p83MHO)f{CffJ,lj! HeHTpOHOB B peaKTOpe ( cyw.ecTBOBaHHe KOToporo MaTeMa­

THlJeCKH CTµOro ycTattosnetto B pa6oTe [5]). IlycTh TaK)Ke P yKp = 1-1/ k;~ - peaKTHBHOCTh, 

onpe.uemreMa.SI. H3 pemeHHH ycJJOBHO-KpHTHtJeCKHX ypaBHCHHH (4); PJKC - peaKTHBHOCTb, onpe­

.nemreMa.11 3KCnepHMeHTaJTbHO C TIOMOllI.hlO peaKTHMeTpa no MeTO)ly OPYK; p •me - peaKTHBHOCTh, 

nonyl.fetttta.11 no MeTo.uy OPYK a xo.ne q11cJieHHoro MOJJ.enHposattH.SI. 3KcnepHMeHTa no ypastte­

HH.SI.M (1 ), T.e. npH 3aMeHe p3KC ➔ p'lHC, r.ne p'lHC - paclJeTHb[e nOKa38Hl-lH ,IJ.8TtJHKOB no MO,IJ.eJTH 

(1). Ilpe,unonaraeTC.SI., l.fTO p 3Kc = p 4Hc, ecnH P3Kc = P-i11c. 

Tor.na CHCTeMaTw-,eCKHe rrorpeWHOCTH MeTO.ll,a OPYK MO)KHO oxapaKTepH30B8Tb MepOH OT-

JIHlJH.SI. p
3

Kc OT p
11

CT. 3TH norpemttocTH MO)KHO ycnostto p83JJ.eJJHTb Ha TPH rpynn1:,1: 

a) norpewHOCTH 3KCnepHMeHTaJTbHOro onpe.neneHH}I p3KC HCTHHHbIX nOK838HHH PHCT; 

6) norpemHOCTH MaTeMaTHqecKOH MO)].eJJH (1) onHcamrn KHHeTHKH peaKTopa; 

a) norpellIHOCTH paccMaTµHBaeMoro OPYK OTHOCHTeJJbHO HCXO,IJ.HOH MO)leJJH (1). 
TTorpewHOCTH a) o6ycJJOBJJeHbl ttecosepweHCTBOM annaparypb!, paJJ.HaJ..J.H0HHblM cpOHOM H 

T.,IJ.. H Bb!p8)1(8JOTC.SI. B OTJJHl.fHH p3KC OT P..,cT ; norpellIHOCTH THna 6) CBSl38Hbl C Hea.neKB8THblM 
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0ITHCattHeM peaJJbHbfX npouecC0B B peaKTope c noMOlllbfO MO,n.emi (1) H npo.si:BJUlfOTCJI, B qacTHO­

CTH, B OTJIH'rnH PucT OT Py~,,; norpeWHOCTH B) o6ycJIOBJieHbl paccornacoBaHHeM MaTeMaTH4e-

CKHX Mo,n.eneH (1) H OPYK, CBJl3aHHbIM c ase,n.eHHeM arrnpoKCHMaUHH THna (9) ... (11), H BbI­

prot<aIOTc.si: B OTJIWUfH p YKJ) OT p 'IHC. 

IlpH 3TOM MHHHMH3aUHJI norpernHOCTeH THna 6) ,ll.OCTHraeTCJI, soo6me roBOpJI, JlHWh Ha 

rryTH yroqtteHHJI KaK caMHX HCXO,ll.HbfX ypaBHeHHH (1), TaK 11 BXO,ll..SHUHX a HHX HeHTpOHHO­

cpH3HqeCKHX rrapaMeTpOB ( Ce4eHHH peaKUHH, KOHCTaHT), H B 3TOM CMhTCJie BblXO,ll.ITT 3a paMKH 

co6crnetttto MeTo,n.a OPYK . .l{rr11 MHHHMH3aur,rn )Ke norpernHOCTeH nma s) o6brqHo np116eraIOT 

m160 K yroqtteHHfO K03cpcp11u1-1eHTOB OPYK (rryreM sse.n.ettH..s1 " 3cpcpeKTHBHOCTeii .n.eTeKTopos" 

n ma (13)) [15, 17, 28], m160 K KoppeKUHH p 3 Kc c noMOill.hfO nonpaBOK PucT == p
3

Kc y, 

Y = P yKJl I P'l"c [12, 19] mm PucT == p 3Kc + 8, 8 = P yKp -p'lHc [16] c ue11b10 06ecneqeH11..s1 pa­

aeHCTBa p HCT = p YKJl B cnyqae p 3 KC = p •me , 

Ilo.n.o6HbTe npoue.n.ypbl HCITOJib3YfOTCJI, HanpHMep, )J.JlJI MHHHMH38UHH npocrpaHCTBeHHhlX 

3cpcpeKTOB peaKTHBHOCTH, Bblprot<afOlllHXCJI B 38BHCHMOCTH P:)KC OT MeCTa pacnoJIO)l(eHH..sl .n.e-

TeKTOpa a peaKTope H, TeM caMbIM, B oTJrnqr,rn p
3

Kc OT p 11CT [2 .. . 28]. OH.H He pernafOT, o.n.HaKo, 

rrpo6neMbl nOJIHOCTbfO, nocKOJlbKY He ycTpaH..slfOT norpernHOCTH THnOB a), 6), BKJifOqaJI o6cy)l(­

.n.aeMbie HH)l(e norperuHOCTH 3a cqeT ,n.aHHbIX no 38IIa3)J.bIBafOll.l,HM HeHTpOHaM. 

6. <l>opMyJJbl JJ;JJH ouenKu norpemuocTH MeTo.zi:a OPYK 

O6paTHMCJI K ouettKe norpewttocTeH MeTo.n.a OPYK, on11parow,eroc.si Ha ypasttem-rn (3), (8). 
BapHaUHH 8p peaKTHBHOCTH p rrpH BtteceHHl'I B peaKTOp B03~eHHH 8C, 8F Bb14HCJIJl­

fOTCJI o6blq}{0 no H3BeCTHblM cpopMynaM TeOplm B03Myw,eHHH BH,ll.a [3 , 5, 8, 9] 

, c"'·, (oF I k~ -oc)'I'') c"'·, (oF I k.$1> -oc)'I') 
op = p - p = ( * F ') == ( * F ) ' 

\j/ , "' \j/ , "' 
(22) 

r.n.e k:i4><1>, 'V H k~ o/' - noJIO)K}fTeJibHbre peweHH..sl ypaaHeHHH (4a) H M'\j/
1
=F

1
/k~, cooTBeTCT­

BeHHO, onHCbIBafOlllHX peaKTop )J.0 H nocne B03M}'UJ.eHH..sl, p = 1-1/ k:$1>' p' = 1-1/ k~. 

Ilo 3THM cpopMynaM MO)KHO oueHHTh BJIHJIHHe aapHauHii 8C, 8F Ha P yKp . qTo )Ke KacaeT­

c.s1 3aBHCHMOCTH p YKJl OT OA. j' oQ ' TO TaKOBaJI, OlleBH)J.HO, soo6w,e OTCYfCTBYeT, nOCKOJTbKY no­

CTOJIHHbie pacna.n.a Ai H BHeWHHH HCToq_HHK Q np0CT0 He cpHrypHpYfOT a ypaatteHH..s!X ( 4 ). 

Ilocne,n.ttee 0 3HaqaeT, B qacTHOCTH, llTO ecnH H3MeHHTb a ypastteHHH (8) Ai ➔Ai + 811. i 
HJIH Q ➔ Q + 8Q ' TO 3TO npHae.n.eT K H3MeHeHHfO cp ➔ cp + 8cp , 0)J.HaKO He H3MeHHT peaKTHB­

H0CTH p , H6o nocne,n.tt..s1R no onpe.n.eneHHfO ecTb npocTo p Y•P. HettyneaoH sKJiaA 8).. i, 8Q a 8p 

M0)l(eT II0.SIBHTbCJI JlHWb npH 38MeHe T0W0f0 peweHH..sl Ha npH6JIH)l(eHHOe .H 6y.n.eT HMeTb, Ta­

KHM o6pa30M, BTOpOH nop.sr,ll.0K MaJIOCTH no B03Myw,eHH..s!M (CM. TaK)l(e [25]). 
(OTCfO)J.a, Me:>K.Lzy npoqHM, BhlTeKaeT Kp.HTepHH nposepKH Kaqecrna Tex HJlH HHblX CHCTeM 

K0HCTaHT 3ana3.[lhlB8fOlllHX HeHTpOHOB: Kor.n.a ace norpewH0CTH a), 6), B) CBO)].JITCJI K norpernH0-

CTJIM 6) KOHCTaHT, T04Hee 6y.zzy-r Te K0HCTaHTbl, K0T0pble o6ecneqaT, npH npoqHX paBHbIX ycn o ­

BH.sJX, nyqrnee cornac1-1e p 3Kc c P YKJJ ). 
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Y '-IHTbIBrul CKa3aHHOe, onycntM 811. j , 8Q H paCCMOTpHM HHTerpa.IlbHOe TO)K)].eCTBO 

, A• [Q """' sl d • -A./1-1·)c • F' , )]/ c • F ') p = I-' - + f j -- t e \j/ ' 1<i>t' \jl ' tfcp1 , 

Bb1TeKa10w.ee H3 HeB03MYW.eHHOfO ypaBttemu1 ( 46) H BO3MyW.eHHOro ypaBHeHHSl (3): 
I 

M 'm I= F,'m '+ ""A, f dt 'e -),,J (1-1) F'm' + Q 
'I' O't' L.J j j't'1' • 

j ---

r.ue M'=M+f>C, F'=F+f>F, F; =Fj+8F;, cp'=cp+f>cp, p'=p+8p, 

8p = (\j/., (8F0 - 8C)cp') l(\jl*, Fcp'), P' =(\JI*, Fdcp') l(\jl*, F<p'). 

B COOTBeTCTBHH C 3THMH q>OpMymwH no1rnoe npHpaw.eHHe 8p peaKTHBHOCTH p 3a ClJeT 

H3MeHeHHH 8C, 8F CBOHCTB peaKTopa H noToKa 8cp MO)KeT 6bITb Tor.ua npe.ucTaBJieHO B BHlle 

8p = 8p
0 

+ 8p'P, (23) 

r.ue B paMKax TeOpHH MaJlblX B03MyW.eHHH 

s: _ (\V.,(8F0 -8C)cp) ""'\ f1 

d' -"A.1(I-11 (\jl*,8F1 <pI , ) 
upo - • + L.J"-1 te • 

(\Jl,Fcp) 1 _ (\Jl,Fcp1 ) 

- npHpamem,1e peaKTHBHOCTH 3a C'-leT BapHaU.HH ceqeffifH npH 8cp = 0, a 

- npHpamettHe peaKTHBHOCTH 3a C1!eT BapHal(MH nOTOKa 

r.ue, B CBOlO oqepe.uh, 8cp
0 

- npHpamettHe noToKa <p 3a C'-leT BapHaUHH 8C, 8F, a 

8cp' = <p arrn - <p 'Ute 

(24) 

(25) 

(26) 

(27) 

- 3a c11eT OTKJiotteHHH tteBO3MYll.lettttoro pac11eTHoro noToKa q:> = cp~•c OT HeBO3MYLUettttoro )Ke 

3KCnepHMeHTaJlbHO-pac'-!eTHOro "CHfHaJJa" <?ann' no.uaBaeMoro Ha BXO.U OPYK, o6ycJIOBJieHHblX 

norpernHOCTSIMH THTTOB a), B), r.ue <?ann = <p'IIIC + 8cp' - npHMeHSleMrul annpOKCHMaw:rn nma 

(9) ... (11). 
Co0Tttomettm1 (23) ... (27) - HCKOMble q>opMy11bt .ZlJISl oueHKH norpeWHocn1 MeTo.ua OPYK B 

nHHeHHOM no 8C, 8F,8cp npH6JJl{)KeHHH. 3.uecb 8p
0 

- ".UHHaMwiecKHu" attaJJor "cTaTHLfeCKoro" 

npHpameHIDI 8pYKP H3 nocne.utteH q>OpMyJJbI (22), CBSl3aHHbIH C HHM COOTHOlllettHeM 

Opo + Opq, (ocpo) = opYKP , (28) 

a Op'P(Ocp
0

) ,Op/8cp') - HeKOTOpbie HOBbie, OTCYTCTBYlOLUHe B ycJJOBHO-KpHTHqecKHX. 3a,na11ax 

(r.ue BapHaUHH nOTOKa B nepBOM npH6JJl{)KeHHH TeopHH B03MYLUeHHH He BJIIDllOT Ha peaKTHB­

HOCTb) crraraeMbie, Y'-IHTbIB3lOll.lHe BJHUIHHe norpelllHOCTeH nmoB a) . . . B) Ha peaKTHBHOCTb. 
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F' 

B 4aCTHOCTH, eCJlH 8C, 8F - OTKJTOHeHIUI HCTTOJlb3yeMblX senwurn OT HCTllliHblX, TO cpop­

MYJla (28) OITHCbJBaeT norpernHOCTH THna 6) MaTeMan14ecKOH MOJJ,eJlH (3). B CBOIO OYepeJJ.b, 

cnaraeMoe 8pq, (8cp') np11 sb16ope B (9) P = P '!uc om1cb1saeT norpernuocTH THna s). 

7. HJJJIIOCTpaTHBHble npnMepbl 

flpo1mn10CTpHpyeM 3TH ITOJlO)f(eHIDI Ha npOCTeHllHIX npHMepax. TaK, B cnyqae 3KCITOHeH­

u11anbHOfO tteB03MY111.eHHoro pe)f(J,fMa, KOrJJ.a, ttanp11Mep, 8cp(x,£,Q,t) == E(t)cp(x,E,Q,t) = 

== E(t)iji(x, £,Q)exp(at) , cpopMynh1 (24), (25) np1106peTa10T 6onee npocToH BHJJ.: 

(29a) 

(296) 

r.ue B JJ.aHHOM cnyqae 8B 1 = (,(, 8F1 iji) l('tf • , Fiji), B 1 = ('tf • , F1 iv) l('tf*, Fiji). 

Ecmt )f(e, s YacTHOCTH, Q = 0, E(t) = exp(8at), TO s npeJJ,nono)f(eHH.flX a+ 8a > - A 
1 

, 

a.>-A.
1

, oat<<l H3(29) cneAYeT pe3yJ1hTaT 

- -
11. ~.8a 11. ~ 

8p = I 1 1 e&u == L 1 1 8a, 
IP 1 (11.1 +a)(11.

1 
+a+8a) 1 (11.1 +a)1 

(30) 

sb1TeKa10111.11ii TaK)f(e H H3 npocTe.iirnero OPYK THna ypaatteHH}I o6paTHblX Yacos 

-
p = a7~1!(11.1 +a) . (31) 

OTMenfM, lfTO ypaBHemte o6paTHblX 4aCOB (3 1 ), BblTeKaIOl.ll.ee, B CBOIO oi:iepeJJ.b, 113 OPYK 

(8) npH Q = 0, cp = ij,exp(at) , TpaKryeTC.fl o6hI4HO KaK np&Moe ypaBHemfe JJ.Jl.fl onpeJJ,eneHH.fl 
-

a no JaJJ,aHHbIM p, A 
1

, ~ 
1 

, a He KaK o6paTttoe ypasHemte (OPYK) AAA onpeJJ.enemu1 p no 3a-
-

JJ,aHHbIM a, A 
1

, B 
1 

. flpH 3TOM B np.flMOM TOJlKOBaHHH peaKTHBHOCTb, ecTeCTBeHHO, He 3aBHCHT 

OT a, 'A 
1

, B 
1 

, a s o6paTHOM TaKa.fl 3aBHCHMOCTh, o6ycnoeneHHa.fl B03MO)f(HbIM OTJlHl.fHeM noJJ,a­

saeMoro Ha sxo.a OPYK (31) "c11rnana" a+ 8a oT peweHIDI a ypasttemrn o6paTHbJX Yacos 

(3] ), MO)f(eT ITOHBHTbC.fl. 

CneJJ.oBaTenbHO, ecnH paccMaTpHBaTb ypasHeHHe (31) KaK OPYK (6e3 3aBHCHMOCTH a OT 

p, A 1 ), TO ero norpernHOCTb 3a C4eT 8B 1 , 8'A 1 , 8a MO)f(eT 6hITb ou,ettetta B paMKax TeopHH Ma­

m,1x B03MymettHH KaK 

op= r[ a_p o~ . + ap 8A. ]+ ap oc1. 
J a A . 1 aA. . J aa 

I-' J J 

(32) 

Ec1m )f(e npHH.flTb BO BHHMaHHe TaKYIO 3aBHCHMOCTb, TO B cpopMyne (32) CJieJJ,yeT nepeiint OT 

YaCTHbIX npOH3BOJJ.HblX no B1, A.1 K TTOJIHbJM: apldx~dpldx = dplax+(dplda)(daldx), 
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X = B j 'A. j . B 3TOM cny•rne, B cornaCHH C nocne.uHeH cpopMyJlOH B (30), op:::::: cap I aa)oa B 

c1111y non How KOMnettcau.HH BKJ18.U0B OT coorneTCTBYIOW.HX np11paw.em1i1 8~ 
1

,811. j • 

Crnno 6bITb, B JlHHeHHOM no B03MyW.eHIHIM 8~ J '811. J '8a np116mo1<eHHH (Kor.ua COOTBeT­

CTBYIOLl.lHMH KBa.upaTH'-lHblMH H T.n. LfJleHaMH MO)KH0 npette6peYb) 38BHCHMOCTb Pm OT BJ'11.
1 

OTCYTCTByeT. B o6w.eM )Ke c.rryyae npOH3BOJlbHOH "3KcnepHMeHT8JlbHOH" nonpaBKH 8a * 0 

o6cY*.LI.aeMrur KOMnettcau.H.11 BKJ1a.uoB OT 8B 
1

,811.
1 

y)Ke He 6y.ueT nonttoi1, LfTO H rrp1-1Be.ue,- K 

38BHCHMOCTH PJKC OT BJ ,A. J · 

TaKHM o6pa30M, oTnwrne aJKc =a+ 8a oT aq"c = a (mrn, B o6meM c.rryqae, OTJlHLfHe JKc­

nepHMeHTaJJhHo-pacqeTHhIX annpOKCHM8IJ.HH <pann noT0Ka THna (9) ... (11) OT (/)qHc), T.e. HeCOOT­

BeTCTBHe peaJJbHOfO 06beKTa ero MaTeMaTHLfeCKOH MO,D.eJlH, H nopmKJJ.8eT Ha6J110,D.aeMyio 38BH­

CHMOCTb peaKTHBHOCTH PJKC OT .U8HHblX no 380a3,D.bIBaIOl.l.{HM HeHTpOHaM. 

3aKmo~ienne 

PaccMorpeHbI aKTYaJJhHbie sorrpocb1 orrpe.n.eneHHR peaKTHBHOCTH MeTo.n,oM OPYK, BKJl!O'-irul 

sonpOCbl KJlaCCH<pHKaU.HH H ou.eHK.H ero rrorpewHOCTeH. fIOKa38HO, B '-!aCTH0CTH, '-ITO Ha6J110-

.uaeMble 3aBHCHMOCTH peaKTHBHOCTH OT MeCTa pacnOJl0)KeHH.ll .ueTeKTopa, OT nocT0.llHHblX pac­

na.n,a npe.n.wecTBeHHHKOB 3ana3JJ.bl88IOW.HX HettrpOHOB H OT BHewHero HCT0'-lHHKa .llBJl.sJIOTCR 

"napa3HTHblMH" 3cpcpeKT8MH, 06ycJ10BJTeHHblMH norpelllHOCT.llMH MaTeMaTH~eCKOro MO.n,emtposa­

HH.ll H 3KCnepHMeHTa. M3JlO)KeHbl MeTO,D.bl 6opb6bl C HHMH. 
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Y)I:K 621.039.514 

YnpaBJJeHne HMITYJJbCHbIMH CTOX3CTU'-leCKHMH peJKHM3MU 

B H,n;epHbIX peaKTOpax1 

H.C. Ilocnmu«oa, HMYI MexaHHKH HHrY, 603950, H. Hosropo.LJ., np. rarap1rna, 23, K. 6 

PacCMOTJ)eHbl cnoco6bl ynpaBnemrn HMnynhCHblM xaocoM B 11.nepHblX peaKTopax, 0CH0BaHHbie Ha 
BHewHeM 113MeReHl111 peaKTltBH0CTH, ocymecTBJI11eM0M KaK 6e3 yYeTa o6paTHbIX CB113eH, TaK 11 B C00TBeT­
CTBIDI C npe.nno)KeHHbIMH JaKoHaMH pery1111poeaH1111. 

CONTROLLING PULSED STOCHASTIC MODES lN NUCLEAR REACTORS. N.S. POST­
NIKOV. Possible ways of controlling pulsed chaos in nuclear reactors are considered. Such ways are 
based on externally changing the reactivity both without accounting for the feedback and following the 
proposed controlling lays. 

B pa6ornx [ 1 ... 3] Bbljj BJJeHbl HOBbJe asTOKOJJe6aTeJJ bHbte pe)KHMbl pa60Tbl .H.LJ.epH_bfX peaKTo­

poB - HMilYJlbCHbte CTOXaCTH4eCKHe pe)KHMbl. OHH COCTO.SIT B TOM, 4TO B peaKTope 9epe3 cnyt.taH­

Hble npoMe)KYTKH speMeHH npOHCXO)]..SIT HeHTpOHHbte BCnbIWKH CJ'IyqaHHOH HHTeHCHBHOCTII, a 

Me)K)].y HHMH nJJOTHOCTb HeHTpOHOB KOJ1e611eTC.sl Ha HH3KOM ypoBHe. Onpe)].eJJeHbl YCJJOBH.SI H Me­

xaHH3Mbl B03HHKHOBemrn HMnyJlbCHOrO xaoca [I .. . 3]. IloKa.JaHo, 4TO HMnyJJbCHbIH xaoc MO)KeT 

peaml30BaTbC.SI 3a C4eT )],eHCTBH.SI OTpm.1.aTeJJbHblX nJlOTHOCTHbIX o6paTHbIX CB.Sl3eH, npHCYI.IJ.HX 

pa3JlH4HblM THnaM peaKTopoB. vlccJle)],OBaHbl ,ll,OnycTHMOCTb 11 u.enecoo6pa3HOCTb peaJTl13aU,HH 

HMilYJJbCHblX CTOXaCTH1-feCKHX pe)l{HMOB s peaKTopax c raJoo6pa3HblM .SI.LJ.epHblM TOllillfBOM [ 4, 5] 
H B KopnycHblX B0)],0-80)]..Sl:HblX KHil.Sl:lll,HX peaKTopax [6]. 

MMnyllbCHble CTOXacntYeCKHe pe)KHMbl )].OJJ)KHbl 6bITb ynpaBJl.SleMblMH, KaK H mo6b1e .LJ.pyrne 

pe)KHMbl pa60Tbl peaKTopos. IJ,eJlblO ynpaBJleHH.SI MOryT 6bITb B036y)K)].eHHe 3THX pe)KHM0B, npe­

o6pa30BaHHe HX B .LJ.pyn1e pe)KHMbl, HanpHMep, nepHO)],H4eCKHe, u.eneHanpaBJ1eHHOe H3MeHeHHe 

xapaKTepHCTHK xaon11-reCKHX KOJle6aHKH. 

K HaCTOSIW,eMy BpeMeHH pa3pa60TaHbl pa3H006pa3Hble MeTO)],bl ynpaBJJeHlrn .Ll.HHaMH4eCKHM 

xaoCOM. OcHOBHble cnoco6bJ ynpasJleHH.SI xaoTHYeCKHMH .Ll.HHaMHYeCKHMH CHCTeMaMH H B03M0)1{­

Hbie npHJIO)KeHH.SI 3THX cnoco6os s KOHKpeTHblX CHCTeMaX npe,nCTaBJJeHbl a pa6oTax [7 .. . 9]. TaM 

)Ke co.LJ.ep)KHTC.SI 06w1-1pHa.S1 6116n11orpacpH.S1 no 3TOH TeMe. OcHosoif ,nn.H: ynpasneHIDI xaocoM c11y­

)KHT TO, 4TO xaoTH4eCKHe )],BH)KeHH.H HeycTOH'-IHBbl H no3T0MY BeCbMa no,naTJJHBbl H 4pe3BbJ4aHH0 

4YBCTBHTeJ1bHbI K BHeWHHM B03MyLII.eHH.SIM. 8 CB.Sl3H C 3THM, BBO.Ll..SI MaJlble ynpaBJJ.SIIOlll,He 803,lJ.eH­

CTBH.SI, MQ)KHQ nerK0 H3MeH»Tb nose,neHHe TpaeKTOpHH xaoTH4eCKOH CHCTeMbl, nepeso.n» ee Ha 

)KeJJaeMblH .Ll.}iHaMw-JeCKHH pe)l{HM. 

BbI.Ll.eJJ»IOT .nsa pa.Jnw-IHbIX cnoco6a ynpasneHH.H xaocoM. IlepBbtH o6ecnet.IHBaeT BbIB0.Ll. c11c­

TeMb1 Ha Ja,naHHblH pe)KHM pa60Tbl 3a C4eT BHewHero B03,neHCTBH.SI: (ttanpHMep, nepHO.Ll.H'-leCKOro), 

peaJ1113yeMoro 6e3 o6paTHOH CB.SI.JH. BTopoif cnoco6 ynpas11em1.S1 c o6paTHOH cs»JbJO pean1-1JyeTc.si 

3a CI.JeT B03.Ll.eHCTBHH, Bblpa6aTbIBaeMblX C y4eT0M TeKymero C0CTO.SIHH.SI ,nMHaMH4eCKHX nepeMeH­

HbIX CHCTeMbl. 

B HaCTO.SI.W,eH pa6oTe n0Ka.JbIBaeTC.SI, 4TO o6a 3TH cnoco6a M0ryT 6b1Tb HCn0JJb30BaHbl .Ll.Jl.SI 

ynpasneHH.SI. HMnyJJbCHblMH CT0XaCTHYeCKHMH pe)KHM8MH B .H,nepHblX peaKT0pax .. 8 Ka4ecrne 

1Pa6oTa no.n.nep)KaHa rpaHT0M P<l><l>H (npoeKT 03-02-16056). 
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jiP 

ynpaBllillOW.HX 803)],eHCTBHH npe)],narae-rc.11 HC0OJ1b30BaTb BHernHee nepHO,llH'-leCKOe H3MeHeHHe 

peaKTHBHOCTH H H3MeHeHHe peaKTHBHOCTH, ocyw.ecTBJl.lleMoe no TOMY 11nH HHOMY 3aKOH)' o6paT­

HOH CB.11311 Ha OCHOBe H3MepeHHb[X napaMeTPOB peaKTOpa. 

,n1ui on11cam1.11 )],HHaMHKH peaKTOpa BOCnOJ1b3yeMC.SI TO'-le'-IHblMH ypaBHeHHHMH KHHenu<.11 C 

JlHHeHHblMH o6paTHbIMH CB.113.SIMH o6w.ero BH,lla: 

k 

ldnldt=(l+n)ok+L,A.,c1-~n; (1) 
l=l 

dc,ldt = - A; C; + r3; n, i = 1, ... , k; (2) 

(3) 

3necb n(t) = (N(t) - No)INo - OTHOCHTeJlbHOe OTKJIOHeHHe 0JlOTHOCTH tteihpOHOB N(t) OT ee CTa­

UHOHapHoro 3Ha'-leHH.S[ No; l - speM.11 )1(}13HH MrHOBeHHblX Heihpottos; 8k - peaKTHBHOCTb; C;(t)ll -
OTHOCHTeJlbHOe OTKJlOHeHHe OT CTaUHOHapHoro 3Ha'-lemrn KOHUeHTpaUHH sr.uep-H3JI)''-laTeneii 3a-

0a.3,llb1BaJOUlHX HeHTpottos i-H rpynnht; k - 1.rncno rpynn; A; - nocTO.SIHHble pacna.ua 3THX Rnep; 

~; - OTHOCHTeJJbHblH BblXO.ll 3ana3)],bIBaJOW.HX HeHTpOHOB B pe3yJlbTaTe aKTa )],eJJettHR; 

~ = 2/=I ~, ; t - speMH; u(t), d, b - BeKTOpbl H3 K"; p - nOCTOHHHM ryps11uesa MaTPHUa pa.3Mep­

HOCTH m X m; 0 > 0 - K03q>q>HUHeHT ycHJJeHH.11 o6paTHOH CBR3H; 8kr - pery11HpyJOUlee 803)],eHCT­

BHe. 

TipennaraeMbte cnoco6b1 ynpas11eHHJ1 HJIJTJOCTpHpyJOTC.11 Ha npHMepe npocTeiimeH o6paTHOH 

CBR3H, npHBO)],SCW.eH K 11MnyJ1bCHOMY xaocy: 

dxldt = so(x - 11); dyldt = ay - roz - ax; dz/dt = wy + az - wx; 8k = - by+ 8kr, (4) 

r.D.e x, y, z E R1
; s0 < O; b > O; a< O; w > O; 0 < - a/w < 0,3. TTp11 pacqernx B3.11Thr napaMeTpor 

so = - 0,25; a= - 1; w = 10; L = 104
c; k = 6; A1 = 0,012 c·

1
; A2 = 0,03 c·

1
; 11.3 = 0, 111 c·

1
; 

A.4 = 0,301 c ·
1
; A5 =1,14 c ·

1
; A6 = 3,01 c·

1
; ~ = 0,0065; ~ii~= 0,033; ~ii~= 0,219; 

~y~ = 0,196; ~J~ = 0,395; ~sf~= 0,115; ~J~ = 0,042. (5) 

O6paTHa.11 CB.113b (3) nonHOCTblO xapaKTep113yeTCH nepeXO,llHOH cpyHKUHeH h(t) HJJH HMnyJlbc­

HOH cpyHKUHeH ro(t), SCBMUOIUHMHCR OTKJIHKOM 8k(t) Ha cryneH'-laTOe (n(t) = l(t)) HJlH HMnynoc­

HOe (n(t) = 8(t)) B03Myw.e1-111e n np11 u(0) = 0: 

h(t) = bT [exp(Pt) - l]P-1d; ro(t) = dhldt = bT(exp(Pt))d. (6) 

Ct.tHTaeM, LJTO HMnyJlbCHM cpyHKUH.11 OTpHUaTeJlbHa, o6ecne'iHBaR orpaHw-IeHHOCTb scex 

)],BH.)l{eHHH CHCTeMbl (1 ) ... (3). TionaraeM TalOKe, '-ITO o6a COCTOSCHHJI paBHOBeCHR 3TOH CHCTeMb[ 

M1 = (- 1, - ~,/A;, p·1d) H Mo = (0, 0, 0) HBnHJOTCR 1-1eycTOH'-IHBbIMH. B 3TOM cnyyae ycTaHOBHB­

WHMHCH )],8H)KeHH.SIMl1 B CHCTeMe (I) ... (3) 8811.IIIOTC.sl aBTOKOJJe6aHH.II. 

B pa6oTe [2] ITOKa.JaHo, '-ITO HMnynbCHblH xaoc B CHCTeMe ( l) ... (3) (8kr = 0) 803HHKaeT npH 

ysen11'-1eHHH K03q>q>HUHeHTa yc~rneHIDI o6paTHOH CB.sl311 e > 0, eCJlH HMnyJioCHa.11 cpyHKUHR W(t) 

SIBJlS!eTCSI OTpm.i;aTeJlbHOH H HeMOHOTOHHOH H BbinOJlHeHO ycnos11e 

Wo(t) = w(t) - w(O) exp(s0t) < 0 np11 scex t > 0, (7) 

r.ue So < 0 - 6mo1<.athuee K MHHMOH OCH co6cTBeHHOe 3Ha'-leHHe MaTpHUbl P. 
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MexaHH3M xaoca cocTOHT s cne.uy1omeM [2]. ITycTb 3Hat.teHHe K03cpcfrn1.u1eHTa yc1rneam1 O6-

paTHOH CB$13H e sem-tKO HaCTOJibKO, t.tTO peaKTop HaXO,llHTC$1 rny6oKO s o6naCTH tteycTOH'-IHSOCTH 

CTal{HOHapHoro pe:>K.HMa. ITycTb S HeKOTOpblH MOMeHT speMeHH peaKTHSHOCTb ok .llOCnfrna 3Ha­

t.teIDUI ~ . T.e. peaKTop CTan HaJJ,KpHTHt.teCKHM no MrHOBeHHbIM HeihpoHaM, H s peaKTope Hat.tanaco 

HeHTpOHHajl scnhlWKa. 3a ct.teT JJ,eHCTBH$1 OTPHUaTeJibHOH o6paTHOH CSSl3H (3) OHa asTOMaTHt.teCK}f 

raCIHCSI, peaKTHBHOCTb pe3KO naJJ,aeT, peaKTop CTaHOSHTCSI rny6oKO TTO.llKPHTHt.teCKHM. 

IToeKOJibKY norarneHHOe eoeTOSIHHe peaKTopa HeyeTOHl.JHSO, TO noene HMnyJibea peaKTHB­

HOeTb paeTeT. flpH 3TOM OHa nosTOpSleT see H3rH6bI H MaKeMMYMbl HMnyJibeHOH cpyHKUHH CUo(t). B 

HeKOTOpblH MOMeHT speMeHH 8k BHOSb .llOCTHraeT 3Hal.feHHSI ~- ITpoHeXO.llHT OYepeJJ,HaSI HeHTPOH­

HaSI senbIWKa . .D:anee see nosTopsieTeSI. TaKHM o6pa30M, 3a et.teT JJ,eHCTSHSI OTpHUaTeJibHOH o6paT­

HOH' CBSl3H rettep11pyeTejl 6eeKOHet.tHaSI noeneJJ,osaTeJibHOeTb HethpOHHbIX HMnynbeos - pean113y­

eTCSI aBTOKOJie6aTeJibHbIH HMnyJibeHbIH pe:>K.HM. 

CToxaeTwrnoeTb 3TOro pe:>K.HMa (enyl.faHHOeTb seJIKl.fHH HMnynbeos H HHTepsanos speMeHH 

Me:>K..lly HHMH) - eneJJ,eTSHe HeMOHOTOHHOfO noseJJ,eIDUI peaKTHSHOeTH noene HMnyJibCa. PeaKTHB­

HOCTb .uoeTHraeT 3Hat.teHml ~ Ha yt.taCTKe ITOJJ,beMa nepe.ll O.llHHM H3 ee MaKeHMyMOS. 11HTepsan 

speMeHH Me)K.lly senbIWKaMH onpe.uenJleTCSI HOMepoM Toro MaKeHMYMa peaKTHSHOeTH, KOTOpb!M 

HHHUHHpyeTCSI HeHTpOHHbIH HMrryJibe. 3TOT HHTepsan TeM 60Jibllle, t.teM 60JibWe KOJie6aHHH pe­

aKTJIBHOeTH npoHCXO,llHT .llO oqepeJJ,HOH senbilllKH. 

I1HTepsan BpeMeHH Me)K.lly scnbJWKaMH onpeJJ,eJISleTCJI seJIH4HHOH HMnyJibea. qeM OHa 

60JibWe, TeM Ha 60JibWYfO seJIH4Htty noene seITbJWKH yMeHbWaeTeSI 8k H TeM 60JibllJe KOJie6aHHH 

peaKTHBHOeTH npoXO.lllff .llO OYepe,llHOH SCITbIWKH. BpeMJI Me)K.lly senhillJKaMH JIBJIJleTeSI pa3pb1S­

HOH H MOHOTOHHO paerymeii cpyHKUHeH seJIJ,{1.{Jillbl HMnyJibea. 

B eSOfO Ot.tepe.llb seJIHl.JHHa HMnyJibCa onpeJJ,eJISleTCSI He TeM, KaKHM MaKeHMYMOM peaKTHSHO­

CTH OHa HHHL{HHpyeTeJI, a TeM, C KaKHMH npOH3SOJJ,HblMH peaKTHBHOeTb .llOCTHraeT 3Hal.feHHSI ~­

HMrryJibebI, KOTOpbie peanH3YfOTCJI npH JJ,OeTIDKemrn peaKTHSHOCTbfO 3Hat.JeHHSI ~ Ha OJJ,HOM H 

TOM )Ke MaKeHMyMe, MOryT 6bITb caMblMH pa3JIHl.fHblMH no seJIHl.fHHe. qepe3 r,. o6o3HalfflM MHO­

)KeCTBO (eep1110) seex SO3MO)KHhlX seJIH4HH HMnyJibCOS, KOTOpbie MOryT npOHCXO.llHTb npH .llOC­

TH)KeHHH peaKTHSHOCTbfO 3Hat.JeHIDI ~ Ha ee i-M MaKCHMYMe. flpH .llOCTa.TO"4HO 60JibWOM K03q>­

q>HUHeHTe ycHJieIDUI 8 peanmyeTCJI c11ryau1rn, KOrJJ,a cepHH HMITYJibCOS 1; pa3paCTafOTCJI, T .e. Ka­

)K.llaSI H3 cepHH r, S CJieJJ,yIOLUeM L{HKJie nopo)K.llaeT He O.lltty, a y)Ke HeCKOJibKO pa3JIH'iHhlX cepHH 

r j . 3To O3HaqaeT, l.fTO nocne HMITYJibCOS H3 O,llHOH (n106ou) cepHH, nopo)K.llaeMOH i-M MaKCHMY­

MOM 8k, O4epeJJ,Hbie HMnyJibCbl MOryT nopo)K.llaTbCSI ~e HeCKOJibKHMH pa3JIH"4HblMH MaKCHMYMa­

MH 8k , T.e. npHHaJJ,Jie)KaTb HeCKOJibKHM cepHSIM HMnyJibCOS r j. Pa3pacTaHHe cepHH HMnyJibeOB 

SJie"4eT tteycTOH'-IHBOCTb seex .llSIDKeHHH s CHCTeMe ( 1) . .. (3 ). B ycnOSHJIX rno6anbHOH orpaHH­

qeHHOCTH BCex .llBIDKeHHH TaKasi HeyCTOH"4HSOCTb nopo)K.llaeT .llHHaMHl.feCKHH xaoc. 

flpHTS!rHSaIOmHM MHO)KeCTBOM xaoTH"4eCKOH CHCTeMbl cJiy)KaT CTpaHHhte an-paKTOpbl, co­

CTOSIUU.fe H3 KOHTHttyyMa tteycTOH'-lHSblX TpaeKTOpHH. B paecMaTpHsaeMOM cnyqae Ka)KLl,OH Heye­

TOH"4HSOH TpaeKTopm-t, COCTaBJISlfOLUeH arrpaKTop, COOTBeTCTByeT nony6eCKOHe4HaSI nocne.uosa­

TeJibHOeTb l;J , f ;2, ... , r,m,· .. MaKCHMYMOB peaKTHSHOCTH, Ha KOTOpblX peanH3YfOTCSI ITOCJieJJ,OBa­

TeJibHbJe HMnyJibCbl. KpoMe Toro, .llJI.11 Ka)KLl,OH JJ,onycTHMOH nocneJJ,OSaTeJibHOCTH r,.,, r i2, · .. , 

l;m,• . . HaHJJ,eTC$1 tteycTOH'-IHBaSI TpaeKTOpH.11, KOTOpasi ee nopo)K.llaeT. B qaCTHOCTH, nepHOLl,Hl.fe­

CKHM noeneJJ,OSaTeJibHOCTJIM OTBel.faJOT HeycTOH'-IHBble nepHOJJ,Ht.teCKHe TpaeKTOpHH CHCTeMbl. Ha­
npHMep, nocne.uosaTeJibHOCTH r,., r,., ... , r ,, .. . OTseqaeT nepHO.llH"4eCKHH HMnyJibCHblH pe)KHM, s 
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K0T0p0M semr4HHa scex HMnyJlbC0B 0.UHH3K0Ba ( 0Ha TeM 60J1bllle, YeM 60J1bllle i), KIDK.)lblH HM­

nynhC pean113yeTC.SI Ha i-M MaKCHMyMe peaKTHBH0CTH H npoHCX0.LJ:HT 1.{epe3 0)l.H0 H TO )Ke speM.SI 't 

TeM 60JlbWee, 4eM 60J1bWe i. 
11MnyJlhCHblH xaoc B peaKTope np116J1H)l(eHHO onHCbIBaeTC.SI 0.LlH0MepHbIM T04e'-IHbIM npeo6-

~ . 
pa30BaHHeM, K0T0poe no BeJlH'-IH.He y TeKymero HeHTp0HH0ro HMnyJlbCa onpe.nen.SleT BeJlJ,JqHHY y 

cne,n:yfOmero HeHTpOHHOro HMnyJlbCa. B KaYecTBe y M0)l(H0 6paTb MaKCHMaJJbH0e .Ll0CTHraeMoe s 

HMny111,ce 3Ha4eH»e nJl0TH0CTH HeihpoHOB HJlH 3Ha4eHHe .npyrnx nepeMeHHbIX B M0MeHT 0K0H-

43HJ,fjl HMnyn1,ca, Kor.na peaKTHBH0CTb, yMeHbWaRCb, .LJ:0CTHraeT 3HaYeHH.SI ~- Cnoco6bt 4HCJleHH0-

ro nocTp0eHK.SI OT06pa)KeHH.SI y·(y) H npH6mt)KeHHoe ero aHaJJHTHlieCK0e Bblp3)1(eHHe, HCn0J1b-

3yfOmee JlHWb .SIBHbiii BHJI. nepeXO)l.HOH H HMnyJlbCHOH <PYHKUHH (6), npHse,ueHhl B pa6oTe [2]. 
XapaKTepHblH BHJJ. :noro OTo6p3)1(eHJ-t.SI noKaJaH Ha pHc. l. 3To OTo6p3)1(em1e xapaKTepH3yeT xao­

TH4eCKHe )l.BH)l(eHJ,fjl, n0Ka33HHbie Ha pHC. 2, K0T0pb1e B03HMKafQT B CHCTeMe (l), (2), (4), (5) npH 

b = 0, l 95 . 3.necb y = 4x(t0) + 10z(t0) + 0,192, r)l.e t0 - MoMeHThl speMeHH, s K0T0pbie ok(t0) = ~ npH 

ok(to) < 0 . OTo6p3)1(eHHe xa0TH4eCK0e, T.K. nepeB0JI.HT B ce6.SI 0Tpe30K [O; 6,5], .SIBJl.SleTC.SI Ha HeM 

pa3pb1BHbIM H pacrnnrnafOIJ..(HM Ha K3)1(.LJ:0M HHTepsane He­

npepbIBH0CTH [Y;, Y;+1J. Y4aCTKH HenpepbIBH0CTH onpe.n.en.Sl-
6 

!OT seJ1H4HHbl HMnyJlbC0B, nocne K0T0pbIX 0t.JepeJJ,Hbie HM-

nynbCbl HHHUHHpy!OTC.SI 0.LJ:HHM H TeM )Ke MaKCHMYM0M peaK­

T HBH0CTH. Pa3pacTaHHe cepHH HMnynbC0B 03Hat-JaeT, YT0 

o6pa3 KIDK.)l0ro 0Tpe3Ka ttenpepbIBH0CTH [y;, Yi+l] noKpbIBaeT 

HeCK0JlbK0 HHTepsanos HenpepbIBH0CTH [yj, Yi+IJ. Heno,u­

BH)l(HbJM T0YKaM OT06p3)1(eHH_.SI 0TBe4afOT HeycTOH4HBble 

HMnyJlbCHble nepHO,llH4eCKHe pe)KHMbl nma r,, c, ... , c, .... 
PaCCMOTPHM cnoco6bI ynpasJieHH.SI HMTIYJlbCHbIMH CT0-

xacTHYeCKHMH pe)l(HMaMH, B K0T0pb!X ynpaBJl.SlfOIJ..(HM 803-

JJ,eHCTBHeM CJJY)KHT BHewHee H3MeHeHHe peaKTHBH0CTH, 

ocymeCTBJl.SleMoe KaK C y4eT0M, TaK H 6e3 YYeTa o6paTHblX 

0 

* y 

\ 
y 

Y1 Y2 Y; Yi+I 6 

CB.Sl3ew. B .SI.UepHbtX peaKTopax HMefOTC.SI pa3Hoo6pa3Hbie P11c. I . OitHoMepHoe oTo6pa)l(eHHe, onpe­

TeXHw-IeCKHe B03M0)l(H0CTH .nmr BBeJJ,eHH.SI TaKHX B03,lteHCT- )lCJUIIOLUee xaOTH'feCKHe ro3HiKCHJ,Ui B CHC-
TeMe (1), (2), (4), (5) npH b=0,195 11 

BHH, a TaK)l(e )J,JlSI H3MepeHH.SI napaMeTp0B, onpe.neJl.SIJOIJ..(HX Okr= 0 

0 

- 4 ~------~---- ---~ t, C 

0 20 

a) 

ok 

- 0,25 

- 0,5~------~ --- -----'- t, C 

0 20 

6) 

P11c . 2. I1MnynhcH1,1J;i xaoc e CHCTeMe ( I), (2), (4), (5) np11 b = 0, l 95 11 ok, = 0 : a) H3MeHeH11e aenH'fHHbl I;= In( I + 11) ; 

6) H3MelleHHe p eaKTHBII0CTH 
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TeKyLUee COCTOHHHe peaKTOpa. HMeeTCH 6oraTblH OITblT pean113au;m1 pa3JIHl:.fHhlX cnoco6os sse.n.e­

HHH peaKTHBHOCTH. 3To H BHeWHHR MO.LJ.yJrnU.HH peaKTHBHOCTH C 3a.UaHHblM nepHO.UOM, H peaJIH3a­

U.WH pa3JIH4.HblX 3aKOHOB 06pan1011 CBH3H no peaKTHBHOCTH. I1MelOLUHeCH TeXHHYeCKHe BO3MO)K­

HOCTH 11 60JlhWOH OITblT ynpasneHHH HeHTpOHHblM noneM peaKTOpa nOMoryr pewaTb H COBep­

weHHO HOBble ,lJ.JlH H.D.epHblX peaKTOpOB 3a,naYH ynpaBJieHHH HMnyJihCHblM xaOCOM. 

YnpaBneHHe 11MnyJibCHblM xaocoM u.enecoo6pa3HO ocyLUeCTBJIHTb nyreM peryn11poBaHJ,tH xa­

paKTepHCTHK HeHTpOHHblX HMnyJibCOB. YnpaBJIHl-01..U,He B03)].eHCTBJ,lH .LJ.OJl)KHbl yYaCTBOBaTb B cpop­

MHpOBaHHH HMrryJibCOB, BJlHHH Ha HX BeJIH4Htty H .D.JIHTeJibHOCTb. TOJibKO BO speMjl HMnyJibCa pe­

aKTop Be.LJ.eT ce6H KaK HeyCTOH4HB~ CHCTeMa H BeCbMa no,naTJIHB H 4pe3Bbr-IaHHO yYBCTBHTeJieH l( 

BHeWHHM B03,lJ.eHCTBJ,tHM. Me)KJl.y Hei1TpOHHblM11 BCITblUJKaMH peaKTOp Be,neT cefo1 KaK YCTOH'fHBrui 

CHCTeMa, H ynpaBJieHHe, BBO,lJ.HMOe Me)KJl.y HMrryJibCaMH, OKa3bJBaeTCH He3cpcpeKTHBHhTM. Ecn11 .D.JIH 

ynpasneHHH HMnyJibCHblM xaoCOM HCTIOJib3YeTCH BHewHee nepHO.LJ.H4eCKOe B03,UeHCTBHe, TO OHO 

.n.eHCTBYeT ITOCTOHHHO, B TOM 4HCJie H B Te MOMeHTbl, Kor,na npOHCXO,lJ.HT HeHTpOHHble BCnbllliKH. 

Tio3TOMY OHO MO>KeT BJIHRTb Ha cpopMHposaHHe H pa3BHTHe HMITYJibCa. 3To BJIJ,tHHHe cyw.ecTBeH­

HO 3aBHCHT OT seJIH4HHbl H 4.aCTOTbl nepHO,lJ.H4eCKOfO B03,lJ.eHCTBJ,tH. ITpH ynpasneHl-rn, HCnOJib-

3YIOLD.eM o6paTHbie CBH3H, uenecoo6pa3HO onpe.nenHTb MOMeHTbl HaYana HMnyJibCOB J,f BBO,lJ.HTb 

peaJ<THBHOCTb HMeHHO B 3TH MOMeHTbl BpeMeHH. 

PacCMOTPHM CHaYana ynpaBJieHHe HMnynbCHblM xaOCOM nyreM BHewHero nepHO,lJ.HYeCKoro 

H3MeHeHHH peaJ<THBHOCTH. Peryn1-1py10w.ee B03,lJ.eHCTBHe Ok, onpe.nem1M COOTHOWeHHeM 

Ok, = A0sin( Wot); Ao, Wo = con st > 0. (8) 

Pac11eTbl, npose.neHHble B paMKaX Mo.nenH ( 1 ) . . . (3) H (8), nOKa3aJlH, 1-ITO 3a CYeT no.n.6opa aM­

ITJIHTY.Ubl H YaCTOTbl BHeurnero B03,D.eHCTBHH (8) MO>KHO peurnTb pa3JIHYHhle 3a,naYH. 

Mo>KHO B036y)KJl.aTb HMnyJibCHble CTOXaCTHYeCKHe pe)KHMbl npH Tex napaMeTpax peaKTopa, 

npH KOTOpblX CTaL.J,HOHapHblH pe>KHM peaJ<Topa HBJIHeTCH YCTOHYHBhlM. MO)KHO npeo6pa30BbIBaTb 

nepHO)lH'feCKHe H CTOXaCTH4eCKHe pe)KJ,IMbl C MaJlOH HHTeHCHBHOCTblO HeHTPOHHblX BCITbIWeK B 

CTOXaCTHYeCKHe pe>KHMbl c 6oJibWHMH cpe,nHHMH BeJIHYHHaMH HeHTpOHHblX HMrryJihCOB. Pewe­

HHe 3THX 3a.naY ocyw.ecTBJIHeTCH 3a CYeT no.u6opa aMITJIHTY.lJ.b[ B03.UeHCTBJ,tH Ao npH YaCTOTax OOo, 
HMelOLUHX O.UHH nopH.UOK C YaCTOTaMH, xapaKTepHblMH ,lJ.Jl.SI. o6paTHOH CBH3H (3) H onpe.neJIHIOW.H­

MH YaCTOTY KOJie6aHHH. peaJ<THBHOCTli Me)K.LJ.y HMITYJlbCaMH. ITepHO.UHYeCKOe B03.UeHCTBHe B 3TOM 

cnyYae npOCTO yseJIH'-rnBaeT K03cpqmuHeHT yc11JieHHH o6paTHOH CBH3H. 

C ITOMOI..U,bTO nepHO,UHYeCKOro B03JJ,eifoTBHjl MO)KHO no.naBJIHTb HMnyJibCHble CTOXaCTHYeCKHe 

pe)KHMbl, T.e. npeo6pa30BblB3Tb HX B CTOXaCTHYeCKHe HJIH nep11O.nw-1ecK.He pe)KHMbl C MeHbWeH 

HHTeHCHBHOCTbTO HeHTpOHHblX BCIThlWeK. ,[vIH 3TOfO Tpe6yeTCH ,UOCTaTOYHO BblCOKaH 4.aCTOTa ne­

pHO.lJ.114.eCKOfO B03,lJ.eH.CTBHH. TiepHO)], B03,neHCTBHH 2n/c.oo )],OJI>KeH 6btTb MeHbWe BpeMeHH HeH­

TPOHHOro HMnyn1,ca tHMn, xapaKTepttoro JJ.JIH peryn11pyeMoro xaontYecKoro pe)KHMa (2n/c.oo < tHMn)­

B 3TOM cnyqae nepHO)],H4.eCKOe B03,lJ.eHCTBHe MO>KeT HHHUHHpOBaTb H raCHTb HeH.TpOHHble HM­

rryJibCbl 6bICTpee, YeM 3TO ,nenaeT o6paTH~ CBH3b, H onpe.u.eJIHTb xapaKTepHCTHKH HOBOfO HM­

nyJibCHOfO pe)KHMa. 

B KaYeCTBe npHMepa paCCMOTpHM peaKTOp C o6paTHOH CBH3bl0 (4) H napaMeTPaMH (5). Hyne­

BOe COCTOHHHe paBHOBeCJ,lH CHCTeMbl (1), (2), (4) (5), COOTBeTCTBYTOW.ee CTaL.J,HOHapHOMY pe)KHMY 

peaKTopa, ycTOHYHBO npH 0 < b < 0,07 H HeycTOH4.HBO np11 b > 0,07. Tip11 bE [0 07; 0, 14] tta6ruo­

.u.aTOTCH nep11O.u.11YeCKHe Kone6attl,fj!. HMnyJibCHbIH xaoc pean113yeTCH np11 bE [0, 14; 0,4]. XaoTH­

YecK11e KOJie6aH1-rn ITJIOTHOCTH HeihpOHOB H peaKTHBHOCTH, H306pa>KeHHbTe Ha pHC. 2, H onpe.l).e­

JlHTOW.ee HX OT06pa>KeH11e y*(y) Ha pHC. I COOTBeTCTByTOT 3HalfeHHIO b = 0,195. TipH b = 0,195 
MaKCHMaJlbHoe 3HatJeH1-1e, JJ.OCTHraeMoe senHYHHOH ~ = ln(l +n) = ln(NIN0) B npou,ecce xaon1qe­

CKHX KOJie6aHHH, paBHO ~max= 5. TaKHM o6pa30M, BO BpeMH MaKCHMaJlbHOfO HMnyJTbCa ITJlOTHOCTb 
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}-leHTpOHOB NB 148 pa.3 npeBbJWaeT ee CTaWiOHapHOe 3Ha4eHl-ie No. B pe)KHMe HMnynbCHOro xao­

ca, nOKa.3aHHOf0 Ha pHc. 2, HettTpOHHble HMnyJibCbl npOHCXO.LJ,jiT nocne HeCKOJlbKHX KOne6aHHH 

peaKTHBHOCTH, 1-IHCJlO KOTOpblX HeperyJijipHO MeHj{eTCR OT 0.Ll,HOro .LJ,O ceMH. 

Ecn11 b = 0,05, TO nepHO.LJ.HYecKoe B03.LJ,ettcTBHe (8) npH Ao= 20, Wo = 13 npeo6pa.3yeT ycToi1-

4HBbIH CTaUHOHapHblH. pe)KHM B HMnyJibCHbJH CTOXaCTH4eCKHH, H306pa)KeHHblH Ha pHC. 3,a. Ecmt 

b = 0, 1, TO ynpaBneHHe (8) npH Ao = 0,50, Wo = 13 npeo6pa.3yeT nep1-10.LJ,w-1ecKHH pe)KJ,{M, B KOTO­

poM I In(l+n(t)) I< 1,8, B cToxacTw1ecK.1-1H pe)KHM, noKa.3aHHbIH Ha pHc.3,6. IIp1-1MeHett11e ynpaB­

neHlfR (8) npH Wo = 13 11 Ao> 0 K xaonttiecKoMy pe)KHMY, HJo6pa)KeHHoMy Ha p11c. 2 (b = 0,195), 
npeo6pa.3yeT ero B CTOXaCTHtJeCKHH )Ke pe)KHM, HO C yaeJlH4eHHOH cpe.LJ,HeH BeJIHtJlfHOH HeH:TpOH­

HblX HMnyJibCOB. 

flo.LJ,aBHTb HMnyJlbCHblH CTOxacnrtJeCKHH pe)KHM, peamn)'lOll.(HHCji npH b = 0, 195 (pHc. 2), 
MO)KHO 3a CtJeT BblCOKOtJaCTOTHOro nepHO.LJ,HtJeCKOro 803.Ll,eHCTBHR npH Wo > 60 (.UJlj{ 3Toro npHMe­

pa xapaKTepHoe apeMj{ HMnynbca cocTaBnReT tHMn = 0, I c). IlpH Ao= 20, Wo = 80 H Ao = 30, 
lOo = 200 CTOXaCTHtJeCKHH pe)KHM, IlOKa.3aHHblH Ha pHC. 2, npeo6pa.3yeTCj{ B pe)KHMbl, H306pa­

)KeHHble COOTBeTCTBeHHO Ha pHC. 4,a H 6. 3a Cl.feT BBe.Ll,eHml ynpaaneHHj{ aMnnH'ry.ua KOne6aHHH 

nJIOTHOCTH HeHTpOHOB cyw.ecTBeHHO CHIDKaeTCj{. B IlHKe HMnyJlbCOB Nf No = 20 (6e3 ynpaaneHml 

NmaxfNo = 148). 

2 

0 
0 

_ 2 '------ -----'---'----------'- t, C _ 3 .__ _____ _ ____. _______ ___._ l, C 

0 20 

a) 

0 20 

6) 

PHC. 3. XaoTH'teCKJ,fe Kone6amu, aem-r'lHHbl ~ = ln(l+n) a CHCTeMe (1), (2), (4), (5), (8): a) b = 0,05, Ao= 2(3, Wo = 13; 

6) b = 0,1, Ao= 0,5(3, Wo = 13 

l l 

- l - 1 

- 3 
t, C 

-3 
t, C 

0 l 2 0 l 2 

a) 6) 

PHC. 4. TTepHO.llH'lCCKHe Kone6aHHSI eenH'lHHbl ~ = ln(l+n) e CHCTeMe (1), (2), (4), (5), (8) npH b = 0,195: a) Ao= 2(3, 

Wo = 80; 6) Ao = 3(3, Wo = 200 
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OrMeTHM, YT0 BblBO)l.bl O 803MQ)KHQCTH ynpaBJ1emu1 HMnynbCHblMH CTOXaCTHYeCKHMH pe)KH­

M8MH C n0M0W:blO nepHO)l.HYeCKOrO H3MeHeHIDI peaKTHBHOCTH (8), C)l.enaHHbJe Ha OCHOB8HHH H3y­

YeHHR MO)l.eneH (1) .. . (8), n0)l.TBep)f()J.eHbl H B paMKaX MO)l.eneH C 6onee CflQ)KHblMH, 4eM (3), 06-

paTHblMH CBR3RMH, onHCbl88IOIUHMH .l(HHaMHKY KOHKpeTHblX peaKTopos. PaccMaTpHBMHCb MO)J.e­

nH, HCnonh3088HHbie B pa6oTax [4 . .. 6] rrpH H3y4eHHH HMnynbCHOrO xaoca B BO)l.0-80.l(RHhIX 

KHmlllJ.HX peaKTopax H peaKTopax C ra3006pa3HblM H,nepHblM TOnnHBOM. B pa6oTax [5, 6] noKa3a­

HO, 4TO B peaKTopax 3TOro nma peanH38UHH HMrrynhCHbIX CTOX8CTH4eCKHX pe)f(J,fMQB MO)KeT 6bITb 

uenecoo6pa3HOH. OnHaKO )J.nH HX B036y)f()J.eHHH B peaKTopax C ra3006pa3HhIM TOTinHBOM Tpe6yeT­

CH )l.0CTaT0YH0 60J1blliaH CTaUHOHapHaH MOIUHOCTb, a B KHITRW.HX peaKTopax 3TH pe)f(J,fMbl B03HH­

KalOT TOJlbKO npH .l(OCT8T04HO 6onhWOM napoco.nep)KaHHH Ha BbIXO)J.e aKTHBHOH 30Hhl. Hcnonb3Q­

BaHHe npe)J.nO)KeHHblX cnoco6os ynpasneHIDI IT03BOJ1HT peanH3088Th HMnyJibCHbIH xaoc np» 

MMOH CTaUHOHapHOH M0W.H0CTH B peaKT0pax C ra3006pa3Hb1M TOITJIHBOM H MMbIX napoco.nep­

)KaHHHX Ha BblXO.l(e B KHllilW.HX peaKTopax. 

PacCMOTpHM cnoco6bI ynpasJieHHH, HCITOflb3YIOW.He o6paTHhie CBH3H H COCTOHW.He B TOM, 4TO 

peaKTHBH0CTb 8k, BB0.l(HTCH s npol.(ecce cpopMHposaHHH HeHTpOHHhlX HMnynhC0B c uenblO BnIDI­

HIDI Ha HX xapaKTepHCTHKH. 

PacCMOTpHM anropHTM ynpasneHHH, npH KOTOpOM ynpaBJlHIOIUHMH 803,lJ.eHCTBHHMH HBJIHIOT­

CH HMnynhCbl peaKTHBHOCTH, 880,lJ.HMhle B MOMeHT Ha4ana HeHTpOHHblX BCnhIWeK. 3TH MOMeHTbl 

cpHKCHpylOTCH H3MepHTenbHblMH ycTpOHCTBaMH. Ha4anOM HeHTpOHHOro HMnyJihCa cn~HT MO­

MeHT speMeHH t, B KOTOpblH HeK0T0paH K0HTp0nHpyeMaH senH4HHa ~ . B03paCTaH, JJ.0CTHraeT 3a­

)J.aHH0ro 3HaYeHHH ~(t·) = ~·- B Ka4eCTBe ~ H ~ · M0ryT 6b1Tb BbI6paHbl nnoTH0CTb HeHTpOHOB 

~ = ln(l+n) = ln(N/N0) HnH peaKTIIBH0CTh 8k 11 HX KpHTH4eCKHe 3HaYeHHH ~•= ln(l+n•) > 0 HJIH 

8k* = B- EyJJ.eM C'lHTaTb )J.nHTenhH0CTh 't ynpaanHIOW.HX HMnynhC0B peaKTHBH0CTH nocTOHHHOH H 

npH6nH3HTenbHO paBHOH )J.nHTeJibH0CTH HeHTpOHHblX HMnynbC0B ('t = tffMn ): 

{

A npH tE [t • , 1· + ,:]; • • • . . 
'&k, = • . ,: = const; t : s(t ) = s ; s(t ) > 0. 

0 npH t e [t , t + ,: ] ; 

IlpOCTeHil.IHM aapHaHT0M ynpaaneHIDI (9) HBJlHeTCH cnyt.JaH 

A = const < O; ~ = ln(l +n) = ln(NIN0) , 

(9) 

(10) 

Kor.na Ka)f()J.blH pa3 a npouecce yaenw--1eHHH nn0TH0CTH HeiirpOHOB ( s = ,i/(1 + n) > 0) 11 ,ll.0CTH)Ke­

HHH elO KpHTH'-leCK0ro 3Ha4eHHH (ln(l+n) = ln(l+n*) = ~) BB0.l(HTCR OTPHUaTeJibHblH HMnynbC 

peaKTHBH0CTH IJOCTOHHHOH aenHYHHbl A < 0 11 ITOCTOHHHOH ,ll.JIHTenbH0CTH 't = tHMn• 

i:• • 
PacYeThl noKa3bIBaJOT, 1-ITo 3a C4eT Bb16opa napaMeTpoa A < 0, s = ln(l +n ), 't > 0 anropHTM 

ynpasneHHH (9), (I 0) n03B0JIHeT orpaHH4HTb aMnnHryny rettep11pyeMbIX peaKT0p0M HMnyJlbC0B 

mo6oH 38JJ.8HHOH semt4HHOH. BBO)l.HMOe ynpasneHHe np0CT0 raCHT paHhwe speMeHH H84HHalO­

IUHeCH HeHTpOHHbie BCnblWKH. 

Ha pHC. 5,a - 2 IT0Ka3aHbl pe)KHMbl, B K0T0pble npeo6pa3yeTCH HMnyJihCHblH CTOXaCTHYeCKHH 

pe)KHM CHCTeMbl (I), (2), ( 4 ), ( 5) (b = 0, 19 5), H3o6p8)KeHHblH Ha pHC. 2, npH BBe)l.eHHH ynpasn e­

HHH (9), (I 0), C00TBeTCTBeHH0, npH A = - 0,IB, ~· = 2, 't = 0, I c ; A = - 0,5B, f = 2, 't = 0,1 c ; 

A = - B, ~• = 3,7, 't = 0, I c HA = - B. ~• = 4, 't = 0, 1 c. BMeCTO cToxacTH4ecKoro pe)KHMa, B K0T0-

poM MaKCHMYMbl nn0TH0CTH HeHTpOHOB )l.0CTHralOT 3Ha4eHHH ln(l +n) = 5 (N/No = 148), nony4HM 
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P11c. 5. Kone6a1-111R eeJ1w-111Hbl ~ = ln(l +11) e CHCTeMe (I), (2), (4), (5), (8) np11 b = 0, 195, -r = 0, I c: a) f = 2, A = - 0, Ip; 

6) f = 2, A= - 0,5P; a)~• = 3.7, A= - p; 2) f = 4, A= - P 

CTOXaCTHl.feCKHH pe)l<HM, B KOTOpOM ln(l+n(t)) < 3 H NmaxlNo = 20 (pHC. 5 a), H nepHO,LU14eCKHH 

pe)KHM, B K0TOpOM ln(l+n(t)) < 2,2 H Nrrr.1xlNo = 9 (pHC. 5,6) . fipH ,noCTaT04H0 60JiblllOM nopore 

i:• i:• 
sse,neHHH ynpaBJieHHH (s = 3,7 H ":, = 4) CTa6HJIH3HpyIOTCH nepHo~e~KHe pe)KHMbl, B KOTOpbIX 

HeHTPOHHbte HMnyJihCbl npoHCXO,nHT Ha TpeTbeM (pHC. 5,e) H 4eTBepTOM (pHC. 5,2) MaKCHMYMax 

peaKTHBHOCTH. 

3cpcpeKTHBHOCTb ynpaBJieHHH (9), (10) non.TBep)K)J.eHa H B paMK3X MO,nemt Kmum:t,ero peaKTO­

pa, paCCMOTpeHHOH B pa6oTe [6]. OrpaHH4em-1e semP-IHHbl HeHTPOHHblX HMrryJibCOB, ocyll.\eCTB­

JUleMoe 3a CY:eT ynpasJJeHHH (9), (10), npHB0)lHT K orpaHH1-JeHHfO aMnmny,nbI KOJie6aHHH TeMne­

parypbI TOilJJHBa. I1MeHHO 3TH KOJie6aHllil Bbl3bIBafOT UHKJJH4eCKHe TepM0MeXaHH4eCKHe Harpy3-

KH Ha TB3Jlbl, HaH6onee onaCHbte npH 3Kcnnyarnu1111 KHTTHIUHX peaKTopos. licnOJib30BaHHe 

anroplffMa (9), (10) npH ynpasJieHHH HMnyJibCHblMH CTOXaCTH4eCKHMH pe)KHM3MH B KHTTH[l.lHX 

peaKTOpax MO:>KeT CHH3HTb B03HHK3fO[l.lHe B TB3JJax Harpy3KH ,llO .nonyCTHMblX BeJJH4HH. 

Bo3MO)l<Hbl H 6onee CJJO)l<Hbie, 4eM ( 10), cnoco6bt BBe,aeHHH ynpaBJIHf01Uero HMITYJJbCa ck,, 
• 

np11 KOTOpblX BeJJHY:HHa A H 3HaK BBO)lHMOr0 B M0MeHT t ynpaBJieHHH 3aBHCHT OT TeK)'llU1X H3Me-

pHeMblX napaMeTpOB peaKTopa, HanpHMep, OT np0113B0)lHblX ~(1· ), ~(t . ), .. . KOHTPOJTHpyeMOH 
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BeJHi4HHbl ~ B M0MeHT .[{0CTH)KeHI-UI eto 3HatteHHSI f. )ifa K0HKpeTHblX BH.U0B 3aBHCHM0CTH 

A(~(t·),~(t), ... ) paccM0TpHM JI11HeHHblH 3aK0H ynpasnemrn 

(11) 

r.ue 1;o - 3a,naHHoe 3HatteHHe npoH3BO.UHOH. CooTHoweHHSI (9), (11) 03Hal.fatoT, '-IT0 s M0MeHT l 
BB0.UHTCR noJIO)KHTeJibHblH HMnynbc peaKTHBH0CTH, ecn11 n(t•) < (1 + n(t.)Ro, 11 0TPHI~aTenb-

HbfH, eCJIH n(t") > (1 + n(t°)Ro. 
PaclleTbl noKa3bl8alOT, '-IT0 HCn0Jib30Bamte 3aK0Ha o6paTHOH CBR3H (9), ( 11) n03B0mler one­

paTHBH0 BJlHRTb Ha cpopMHposamte HeHTpOHHblX HMnyJibC0B, CTafarJIH3Hpy.si: HX BeJIHl{HHY H o6ec­

ne'-IHBa.si: TeM caMbIM )KeJiaeMoe nose,neHHe peaKTopa Me)K,Uy HMnyJibcaMH. AnropHTM ynpasneHHJ1 

(9), ( I I) n03B0JrneT CTa6HJIH3HpoBaTb pa3JIH1-!Hble nepH0.UHl.feCKHe HMnyJibCHbie pe)KHMbl, B llaCT­

H0CTH, HeyCTOHllHBble nepH0.UHYeCKHe pe)KJ,fMbl, BX0,n.si:mHe B C0CTaB xa0THl.feCK0ro aTipaKTopa. 

OKa3bIBaeTCSI: B03MO)KHOH CTa6HJIH3aUHjl HeycTOHllHBbIX nepH0.UHl.feCKHX pe)KHM0B THna f;, f;, ... , 

r,, ... , B K0T0pblX BCe HeHTpOHHble HMnyJibCbl HMelOT 0.UHHaK0Byto BeJ1H1-1Htty H HHHUHHPYIOTCR 

0.UHHM H TeM )Ke i-M MaKCHMYM0M peaKTHBH0CTH. 

C T0lfKH 3peHH.si: T0lfe'-IH0ro OTo6pIDKeHH.si: /(y), onpe.uem10mero xaoTHYeCKHe .llBH)f(eHJ,fjl, 

BBe,neHHe ynpaBJieHHR BH,n0H3MeHReT 3TH OT06pIDKemu1, ,neJiaR HMetomHec.si: HeycTOH4HBble He­

IT0.[{BHJKHble T0'-IKH yCTOH'-111BblMH Jrn6o C03,D.aBaSI H0Bble ycTOH'-IHBbie Heno,nBHJKHble T0YKH. 

B cny'-lae ynpaBJieHHR (9), (11) napaMeTpbl Ao, ~·. 1;o CJie.D,yeT Bbl6HpaTb TaK, l{T06bl Ha 0AH0M 

H3 HHTepsanos ttenpepbIBH0CTH [Y;, Y;+d OT06pIDKem1e y•(y) npeo6pa3oBanocb 6b1 B OTo6pIDKeHHe 

y; (y), y K0Toporo 0CTaeTCR npeJKHRSI Heno,nBH)KHaR T0YKa Y;o, HO HaKJI0H KpHBOH H3MeHReTCR TaK, 

'-IT0 npH YE [y;, Y;+i] BbITT0JIHSieTC.SI I dy; /dy I < 1, T.e. TOY-Ka Y;o CTaH0BHTCR ycTOH'-IHBOH. CTa6HnH-

3au,J,fjl 3TOH Heno,nBH)f(HOH T04KH 03Ha'-laeT CTa6HJlH3aUHJO nepH0,nHYeCK0f0 pe)KHMa f;, f;, ... , 

r,, .... 
11cnoJib30BaHHe ynpasnettHjl (9), (11) npH ~• = 2; Ao= 0,03~; 't = 0,1 c npHBo,nHT K no.uasne­

HHto HMnyJibCH0ro xaoca B CHCTeMe (1), (2), (4), (5) (b = 0,195), n0Ka3aHH0ro Ha pHC. 2, H CTa6H­

Jll13aU,HJ-f nepH0.UHlfeCKHX pe)KHMQB 1;, f;, ... , f;, ... , noKa3aHHblX Ha pHC. 6. Ilpli 3HalfeHHSIX 

1;o = 35, 1;o = 40, 1;o = 43, 1;o = 50 CTa6HJIH3HpytoTCR, C00TBeTCTBeHH0, nepH0.llH'-leCKHe HMnyJlbC­

Hble pe)KH.Mbl f2, f2, ... , f2, ... (pHC. 6,a), f3, f3, ... , f3, ... (pHC. 6,6), f4, f4, ... , f4, ... (pHC. 6,6), 

r1, f7, ... , r1,, .. (p11c. 6,2). 

B 3aKJII04eHHe 0TMeTHM, l{TQ npe.llJIQ)KeHHble cnoco6bl 0TH0CRTCR K ynpaBJieHHJO BpeMeHHbl­

MH MMnyJibCHblMH CT0xacn1qecKHMH pe)KHMaMH, B K0T0pblX Ka)K,UaR HeHTpOHHaR BCITblWKa oxaa­

Tb!BaeT cpa3y BCIO aKTH.BttylO 30tty peaKTopa H K0T0pbie peaJIH3YlOTCR B peaKTopax MaJiblX pa3Me­

p0B. B pa6oTax [3, 5] IT0Ka3aH0, 4T0 B peaKT0pax 60JibU1HX pa3Mep0B M0ryT 803HHKaTb pe)KHMbl 

HMnyJlbCHOH ryp6yneHTHOCTH HeHTpOHHOfO n0JIR, a K0T0pblX HeifrpOHH.ble HMnyJibCbl CJlY'-faHHOH 

HHTeHCHBH0CTH np0HCX0.USIT s JI0KaJibHblX o6naCT.SIX peaKTopa, pacn0JI0)KeIDte K0T0pbIX s aKTHB­

HOH 30He HeperynRpH0 MeHReTCR co BpeMeHeM. Tipe.llJIO)KeHHbie cnoco6bI M0)KHQ npHMeHRTb H 

.nm1 ynpaBJleHHSI pe)KHM0M HMnyJJbCHOH ryp6yneHTHOCTH, eCJIH BHewttee peryJIHpytomee H3Me-

11eHHe K03cpcp11u11eHTa pa3MH0)KeHHSI HeHTpOHOB np0H3B0.UHTb B HeCK0JlbKHX o6JiaCTRX aKTHBHOH 

30Hbl. LIHCJlO TaKHX o6nacTeH .U0JIJKH0 6bITb TeM 60JibU1e, YeM 60Jlb[lle pa3Mepb1 peaKT0pa. 
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Pwc. 6. TTepHO.llH'iCCKHC KOJJe6aHHJI BCJJH'iHHbl ~ = ln(l+n) e CHCTCMC (1), (2), (4), (5), (8) npH b = 0,195, ~· = 2, 
Ao= 0,03~; -r = 0, 1 c: a) CJ>= 35; 6) l;o = 40; e) CJ>= 43; z) CJ>= 50 
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OT3hIB 
Ha pa6ozy H.C. 11oCTHHKOSa " Ynpae/leHue iwnyllbC1lblMU cmoxacmu11ecKU?,,tU pe:»eUMOMU 

e ROepHblX peaKmopax " 

Pa6oTa H.C. 11ocTHHKOSa nocs.HmeHa SIDKHOH npo611eMe - SblRSJleHHl-0 YCJlOSHH, npH KOTO­

pb!X S03M0)K.H0 ynpaSJlRTb .LlHHaMHKOH HeK0TOpbIX R.LlepHbIX peaKTopos. 11pH 3T0M peaKTop .LlOJl­

)KeH HaX0,llHTbeR s pe)KHMe T.H. HMrryJlhCHOro xaoca. EcTeeTseHHO, see peaKT0pbl .LlOJl)l(Hbl 6bITb c 

Heo6XO.LlHMOCTblO ynpasm1eMhlMH. Ilo3TOMY npaKTJ.ilJeCKa.H BIDKHOCTb JJ,aHHOH pa60Tbl OtJeBH.ll,Ha. 

,ll;pyroe JJ,eJIO, tty)KH0 JlH SSO.LlHTb peaKTop B pe>KHM xaOTHYeeK.HX asTOKOne6aHHH. Ho eCJll,f TaKHe 

pe)KHMbl see >Ke .aonyentMhl, JJ,IDKe eCJlH HX sepOHTHOCTb HeBeJIHKa, pe3yJibTaTbl H.C. TToCTHHKOSa 

np1m6peTat-0T nepsocTeneHHhIH HHTepec. 

AsTop paceM0Tpen S03MO)KHOCTb ynpasneHHR HMITYJlbCHblMH xa0THYeCKHMH pe>KHMaMH Kai( 

C o6paTHOH CS.H3bl0, TaK H 6e3 yYeTa TeKymero COCTO.HHHJI CHCTeMbl. O.aHaKo X0TeJl0Cb 6bI 0TMe­

THTb, 4T0 .LlJlR H,lleHTHQ)HKaUHH Toro HJIH HH0ro pe)KHMa Heo6XO.LlHMO pacc1Jumamb Kpumepuu 
xaomu 1mocmu (cneKTpallbH)'l-0 nJlOTHOCTb, nOKa3aTeJlH llinyHosa H .Llp.). O.UHHX speMeHHhlX 3a­

SHCHMOCTeH .LlHHaMHtJeCKHX nepeMeHHhlX He,llOCTaTOlfH0. KpoMe Toro, Tpe6yeTCR 6bl.R6Un7b o6-
Jl0C/11b xaomu•mocmu s npocTpaHeTse napaMeTpos. Ho 3T0 s pa6oTe He npHBeJJ,eHo. 

,D;anee s pa6oTe nOKa3aHo, lJTO no.uasHTb HMnyJlbCHOe xa0THtJeCKOe nose.aettHe MO>KH0 rryTeM 

SbIC0KOtJaCTOTHOro nepHO.LJ.HtJeCK0ro S03JJ,eHCTBHR. 3.aecb yMeCTHO CJJ,eJiaTb TO )Ke 3aMetJaHHe: 

npueeoeHHbte puc. 4 a, 6 Heoocmamo1111b1 OllR uoeH1mujJuKa4uu nepuoou11Hocmu nonyt.IeHHhIX pe­

)KHMOS. Eonee Toro, e KGKou 0611acmu npoucxooum eo3oeucmeue (8) ? CTporo B xaoTHLJecKoH 

HJlH aMITJlHT)'.Lla Ao see >Ke SblBO.LlHT eHeTeMY H3 Hee? EcnH 3TO TaK, TO rosopHTb HMeHHO O no­

.uasJleHHH xaoca HeKoppeKTH0. 

,D;pyrne pe3yJ1bTaTb[ TO)Ke Heo6XO.Ll)-IMO .aonOJIHHTb (xoni 6bI t.JaCTHlJHO) KpHTepHRMH xaontt.J­

HOCTH. 3TO Heo6XO.LlHMO c.nenaTb, T.K. 0ilblT peueH3eHTa nOKa3bIBaeT, l.!TO SH3YaJlhHO (no spe­

MeHH0H pa3BepTKe) HeS03MO)KH0 onpe.nemrn,, RBJlHeTCR nonyYeHHaH .LlHHaMHKa perympHOH HJlH 

HeT. 3To OTHOCHTCR K pHC. 5 H 6. 
KpoMe Toro, He ot.Ietth RCeH CMbICJl nepsoro afoaua Ha cTp. 13 (3-u a63a4 c1-1u3y 1-10 cmp. 22 

1-1acn10RU/e20 c6opHUKO - peo. ). ,D;eno s TOM, lffO H3 o6w,ei1 TeopHH 0.LlHOMepttblX OT06pIDKeHHH 

CJleJJ,yeT, lffQ JlOKaJlbHO npH yMeHbWeHHH HaKJioHa KpHSOH Yi (scne.l{CTSHe SHewHero SOJ.l{eHCT­

SHR) MOryT po)K.LlaTbCH ycmOlllJU(Jble l,{UKllbl, a HenO.l{BH)l(HaH TOl.!Ka npH 3TOM 0CTaHeTCR Heycmou-
1/U(JOU. 3To TO>Ke CTa6HJlH3aUHH xaoTHLJeCKOro pe>KHMa. TaKaH CHT)'auHA 6011ee sepoRTHa, tJeM 

CTa6HJlH3aUHR HenO,UBH)l(HblX T0l.!eK. 

,D;anee, ecm1 SHHMaTeJlbHO nOCMOTpeTb Ha pHC. 1, TO MO>KHO YBH,UeTb 0611aCTH C KpHTHt{eCKH­

MH T0YKaMH. Tor.ua Hempyo110 OOK03Gmb, •1mo e 31110M c.11y 11ae KOHmpOllb p e:>1eUMa noeeoemm ma­
KOZO omo6pa:>1eeHZIJI. ocyu1ecmBUM ecezoa. TaKHM o6pa30M, eCJlH nOKa3aTb, lJTO OT06pIDKeHHe 

pHC. } .Ll0CTaT0lfHO TOYHO onHCbIBaeT HCXO.LlH)'lO CHCTeMy, TO K0HTpOJlb Ha.Ll peaKTopoM MO)l(eT 

6bITb 3q>q>eKTHBHO peanH30SaH. 
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• 
TionaraIO, 4TO eCJlH aBTOp JJ.OTIOJlHHT pe3yJTbTaTbl paC4eTaMH xapaKTepHCTHK xaoTH4HOCTH H 

,UOTIOJlHHTeJlbHO HCCJle,nyeT OT06pIDKeHHe pHC. 1, TO CTaTE,11 .nom,rna 6bJTb ony6mIKOBaHa. Eonee 

Toro, .nyMaIO, 4TO He cne.nosano 6hI orpaHH-qJIBaTbC11 ny6mn<aUIDIMH TOJlbKO B )l(ypHane 

"BonpOCbl aTOMHOH HayKH H TeXHHKH", a npe.ncTaBHTb pa60Tbl Ha 31Y TeMy B .upyrne, He CTOJlb 

cneUHaJJbHble H3)J.aHH11 (HanpHMep, B )l{T<I>), TIOCKOJlbKY npH .D.OJDKHOH .nopa6oTKe pe3yJ1bTaTbl 

6y~:K::::•:::p::::~n::$:c::•reneH.{/JD~ 
qlH311-qecKoro cllaeynhTeTa MrY j1f Jfr / (A.10. JlocKyros) 

S- §2~Y'1. 

Y)(K 621.039.51 

IIHJKeHepHaH MeTO)J.HKa ou;eHKH 

Tpe6yeMhIX CKOpOCTHhlX xapaKTepucTHK PO CY3 .HIIIIY 

B. C BocmoKoa, /(.I'. Kpecoa, 
<I>rYrr "OKEM HM. 11.H. A¢p11KaHTOBa", 603074, H. Hosropo.n., EypHaKOBCKHM npoe3)]., 15 

Dpe.nCTaeneH OIThJT np1rnnetJett1111 pactJeTHO-aHaJJlITl{l[ecKHx MeTo.zi:oe 1-1ccne.noeamm Mo.nem, 5l3Y 
BblCOKOro rrop11,nKa .nm1 cpaBHHTeJlbHOH oueHKM Tpe6yeMblX CKOpOCTHI,IX xapaICTepHCTHK pa60tJMX opra­

HOB (PO) CY3. 

ENGINEERING METHOD OF AN ESTIMATION OF THE REQUIRED SPEED 
CHARACTERISTICS CONTROL RODS OF NPP. V.S. VOSTOKOV, D.G. KRESOV. Experience 
of calling of calculation-analytical methods of researches of model of the NPP of high order for compari­
son estimation required speed characteristics of control rods is submitted. 

Ha onpe.ueneHHbIX CTa.LlIDlX pa3pa6oTKH TeXHJ,J-qeCKOrO npoeKTa .s1.uepHOH naponpOH3BO.UHll(eH 

ycTaHOBKH (.mlITY) Hepe,UKO BO3HHKaeT 3a.Ual.la YfO4HeHJ,{jj pattee BhI6paHHbIX CKOpOCTHblX xa­

paKTep.HCTHK PO CY3 scne.ncTBHe onTHMH3aui-rn CBOHCTB o6beKTa ynpasneHJ,{jj no Kp11Tep11.s1M 

3KOHOMH4HOCTH, pecypca, Ha.ne)KHOCTJ,f J,f .n.p. B uen.s1x flOBblllleHJ,{jj 6e3onaCHOCTH I1TIY B peaK­

THBHOCTHb[X aBapJ,{j!X O.UHHM 113 HanpaBJieHHH YKa3aHHOH 3a_n:a411 .slBJJ.sleTCSI MHHHMH3auIDI CKOpo­

CTH nepeMell(eHIDI PO CY3 no cHrHanaM ynpasneHJrn. 

KaK npaBHJlO, H3MeHeHH.sl 3aTParHBaIOT ueJlblH KOMITJJeKC napaMeTpOB TITIY, BJIIDLHHe KOTO­

poro Ha .D.HHaMH4eCK.He xapaKTepHCTHKH ycTaHOBKH Heo,nHO3Ha4HO. YT04HeHHe Bb16paHHblX pa­

Hee CKOpOCTeH nepeMemeHHSI PO B 3TOM cnyl.lae rpa.UHUHOHHO oc~eCTBJl.sleTC.sl nyTeM paC4eTOB 

.D,HHaMHKH onpe.n:eJJSJIOIUHX pe)l(HMOB Ha MO.D,em,x, npe.UHa3Ha4eHHblX .D,Jl.sl aHaJJH3a nepeXO.D:HblX 

npoueccoB. K He.UOCTaTKaM TaKOro no.uxo.na MO)KHO OTHeCTH, B nepByIO O4epe.nh, tteo6xo.uHMOCTh 

MHOroBapHaHTHblX pac4eTOB. B 3TOH CBSl3H npe.n,cTaBJl.!leTCR uenecoo6pa3HblM ITCH.CK nyTeH MH­

HHMH3aUHH o6beMa pac4eTHOro aHaJJH3a, HanpHMep, nyreM npHBJle4eHH.sl MO,UeJleH, B HaH60Jlb­

weH CTeneHH TIO.UXOA11IUHX .D,JJSI aHaJJHTH-qecKoro HCCJ1e.n,OBaHH1I .ll,HHaMH4eCKHX CBOHCTB ycTaHOB­

KH [ 1]. B TO )Ke BpeMSJ npHMeHeHHe aHaJ1HTH4eCKHX MeTO.ll,OB orpaHHqeHo HH3KHM nopR.ll,KOM CHC­

TeMbl HCXOJJ.HblX ypasHeHHH H B cny4ae HCCJle,nosaHH.sI. BJJIDIHH11 Ha .Ul-lHaMHKY 3Ha'll!TeJlhHOro 

o6beMa napaMeTpOB npHBO.l(HT K Heo6XO.D.HMOCTH TIO3TanHoro aHaJJH3a orpaHH4eHHOro nepe4H.sl 

nocne,nHHX, conpOBO)l(JJ:aeMoro K TOMY )Ke COOTBeTCTBYJOIUHM no.u6opoM HCTIOJlh3yeMbrX MO.Ue­

JleH. 

B pa6oTe npe.n,CTaBJJeH OITblT npHBJlet:.JeHH.sI pac4eTHO-aHa.JIHTH4eCKHX MeTO.LlOB HCCJie,noBaHHH 

Ha OCHOBe ynpomeHHOH MO,UeJil,I peaKTOpHOH ycTaHOBKH (aHanorH4HOH paccMaTpHBaeMblM B [2]). 
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B KaYeCTBe HCXOD.HblX J}.aHHhlX HCnOJib3OBaHbl KOnl14eCTBeHHbie xapaKTepHCTHKH D.Byx sapHaHTOB 

cyn.oBblX TIITY, OTmrqafOW.HXC.sl KOHCTPYKUHdi aKTHBHOH 3OHbl H, KaK CJieD.CTBHe, paCXOD.aMH Te­

nJIOHOCHTeJI.si 4epe3 peaKTop, o6paTHblMH CB.sl3.s!MH no peaKTHBHOCTH, nosepXHOCUIMH TenJIOOTD.a-

4H H o6beMaMH TenJIOHOCHTeJI.si B KaHanax aKTIIBHOH 3OHbl. 

1. Mo.11:em. JJ:HH3MHKH peaKTopuou ycTaHOBICH 

PacCMOTpHM ynpow.eHttylO MOD.eJib TIIlY B npH6mt)KeHHH OD.HOH rpynnbl 3aITa.3)).bIBalOW.HX 

HeHTpOHOB [3], nOCTORHHblX D.aBnemrn s peaKTope H MOW.HOCTH II KOHrypa. 

,ll;HHaMHqeCKaR MOD.eJib npe,n.CTaBJieHa CHCTeMOH .umpcpepeHl.(HaJTbHI,IX ypasHeH11H wecToro 

nop.siD.Ka s11.ua 

d
2
n dn ( d8p) e dt2 =(8p-1-f.;l..)dt+ ;l..8p+dt n; 

mcdT =A n-kF[T- U1e +/;")]· 
dt " 2Cp ' 

~ di" =kF[T- U1e +I;")]+G (l -I)· 
le 'Y 1e dt 2C p le ID le ' 

Vm'Ym d[m =Amn+Gm(/10 -[m); 
dt 

I = G1e I + Gm I . 
out Gk +Gm le Gle +Gm m• 

(1) 

rn.e f. - speMJI )KH3HH MrHOBeHHblX HeHTpOHOB, OTHeCeHHOe K ~:$1,, c; n - OTKJIOHemte HeHTpOH­

HOH: MOUJ.HOCTH, 0TH. en..; f- BpeMJI, c; Op - peaKTHBHOCTb, ~:$1,; A - IlOCTO,rfllfaR paCnaJ}.a H3JTyqa-
v V -1 V 

TeJieH 3afla.3)).b1Ba!OW.HX HewrpoHOB, C ; me - npOH3BeD.eHHe MaCCbl Ha TerumeMKOCTb TOnJIHBHOH 

KOMnO3HUHH, ~°C; T - OTKJIOHeHHe cpeD.HeH no aKTHBHOH 3OHe TeMneparypbl TOITJIHBHOH 

KOMnO3HUHH, °C; A1c - .n.omr :rneprnH, BbI,UeJIRIOW.aRCR B TB3Jiax, K,[vK/c; kF - npOH3BeD,eHHe KO-

3q>q>HUHeHTa TenJIOOTD.a4H Ha nnow.a.ub nosepXHOCTH TenJIOOT,n.aqH, ycpe.utteHHOe no o6'beMy aK­

THBHOH 3OHbI, ~( c·°C); h - OTKJIOHettHe 3HTaJibTTHH TennoHOCHTen.si Ha Bbrxo.ue H3 TBC, 

~Kr; l;n - OTKJIOHeHHe 3HTaJibTTIUI TenJJOHOCHTerur Ha BXOD.e B aKTHBH)'IO 3Otty, K,[J;)K/Kr; Cp -
TeITJioeMKOCTb TeITJIOHOCHTen.si, ~(Kr·°C); V1c - o6beM TeITJiottocHTeJIR s TBC, M

3
; Y1c - nnoT­

HOCTb TeITJiottocHTeJijl s TBC, Kr/M
3
; G1c - pacxoD. TennoHOCHTen.si qepe3 TBC, Kr/c; Vm - o6beM 

TeITJIOHOCHTem1 B MKTI, M
3
; Ym - nJIOTHOCTb TeITJIOHOCHTeJI.si B MKil, Kr/M

3
; Am - D.OJIR 3HeprnH, 

BbI,l].eJIRIOI.UaRc.sr B MKTT, K,ll;)K/c; Im - OTKJIOHeHHe 3HTaJibnHH TenJIOHOCHTeJI.si Ha BblXOD.e H3 MK.IT, 
~Kr; Gm - paCXOD. TenJIOHOCHTeJI.si 4epe3 MK.TI, Kr/c; lout - OTKJIOHeHHe 3HTaJibllHH TenJIOHOCH­

TeJIR Ha Bb!XOD.e H3 peaKTopa, K,[vK/Kr; 't - speM.11 npoxo.n.a cppoHTa TeITJIOHOCHTeJIR no KOHTYPY 

UHPKYJI.s!UHJi, c; ak - K03q>q>H.UHeHT peaKTHBHOCTH no ITJIOTHOCTH TeITJIOHOCHTerur TBC, 

~:$j>/(Kr/M
3
); am - K03q>q>Hl.(HeHT peaKTHBHOCTH no nJIOTHOCTH TeITJIOHOCHTeJIR MK.TI, 

~34><1il(KrlM
3
); av - K03q>q>HUHeHT peaKTHBHOCTH no TeMneparype TOITJIHBa, ~34><1i/°C; oy/8[ - npo­

H3BOD,Ha.11 ITJIOTHOCTH no 3HTaJibITHH npH ITOCTO.slHHOM ,n.aanemrn, Kr
2
/(M

3
·K~); Kn - K03q>q>HUHeHT 
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ycHJieHJUI CHrHaJJa OTKJlOHeHJ.UI HeihpoHHOH MOI.L(HOCTH, ~ :$1>; Kr- K03cpcjrnuHeHT ycHnem,ur CHr­

HaJJa OTKJlOHeHHH cpe.ntteu no peaI<Topy TeMneparyphI TennoHOCHTensi , ~ :$1>/°C. 

JlHtteapH3yst CHCTeM)' (I) B6nH3H pa6o4eH TOl{}(J,f n = I H 38MeHSISI 3HaK .UHcpcpepeHUHpOB8HHSI 

no speMe1m onepaTopoM Jlannaca s = jw, nocTPOHM rpattHuy o6nacTeii cymecTsosamrn ycTOH4H­

BhIX perneHHH (D-pa36HeHHe) Ha TTJIOCKOCTH AByx npOH3BOJlbHblX napaMeTpOB. Yt.1HTbl88SI OTHO­

CHTeJibHO 60JibllJOH nopst.UOK HCXO.UHOH CHCTeMbl, anropHTM nocTpOeHHSI YKa3aHHOH rpamil..(bl 3a­

Knl04aJJCSI B HaXO)l(J(eHHH BbI6paHHblX napaMeTpOB 4HCJieHHblMH MeTO)].aMH no ycnOBHJO y.nosne­

TBOpeHHSI paBeHCTBa ttymo KOMnneKCHOro onpeAeJIHTeJUI CHCTeMbl (1) npH Ka)l(J(OM 3Hat.IeHHH w. 
8b16epeM B K84eCTBe napaMeTpOB D-pa36HeHH.SI K03<p<pHUHeHThl ycHJieHJ,tSI Kn H Kr, Ko3cpcpH­

UHeHTbl onHCbIBalOT CBH3b Me)l(J(y OTKJIOHeHHSIMH perynHpyeMblX napaMeTpOB IIlIY OT 3a.naHHOfO 

3Ha4eHHSI H BHOCHMOH CY3 peaKTHBHOCTblO H, cne.nosaTeJibHO, onocpe.nosaHHO xapaKTepH3YIOT 

cKopocTb nepeMemettHH PO. 

2. PeJyJJbTaTbl anaJJH3a npe.i.cTaBJJCHHOH Mo.i.enn 

Pe3yJibTaTbl perneHHH CHCTeMbr (I) .ZJ.JISI OJ],HOro sapHaHTa ycTaHOBKH H306pIDKeHbT Ha pHC. 1, 
H3 KOTOpblX cneeyeT, LfTO ycTOH4HBaH o6naCTb (D = 0) 3a CLfeT CBOHCTB CaMoperynHpOBaHHSI cy­

mecTByeT y)Ke npH OTpHUaTeJibHblX K03<p<pHUHeHTax ycHJieIDUI CHrHaJJOB CHCTeMbl ynpasneHHSI 

( npH Jl,eCTa6HJ1113HpytomeM 803)],eHCTBHH). Kr 

TipH BO3paCTaHHH OJ rpam1ua ycTOHl{HBO- - 0,06 .....---~-~---.----.--------, 

CTH CTPeMHTCSI K BepnlKaJJbHOH aCHMnTOTe H3-

3a HC4e3atomeii 3aBHCHMOCTH OT napaMeTPa Kr , 
KOTOpbIH B OTJIHl•IHe OT Kn He BXO.UHT B J].Haro­

HaJJ bHble 3JleMeHTbl onpeJJ.emnensi CHCTeMbl (1 ). 

TipH 0) ➔ CX) rpaHHUa o6pb1BaeTCH (HeT 3aBHCH-

MOCTH OT Kr H Kn), a o6naCTb D-pa3foteHHSI He _ 0,08 

6 
V vi 

HMeeT oco OH npHMOH . 

8 JJ.Hana3OHe cpaBHHTeJibHO HH3KHX 4aCTOT 

OT O AO 7 c ·
1 

(nepHOJJ. KOJie6aHHH 6onee 1 c) 

nOJIO)KeHHe rpaHHl..{bl ycTOH4HBOCTH OTHOCH­

TeJibHO oceii Kr H Kn 3aBHCHT OT senH4.HH BttyT­

peHHHX OTpHUaTenbHblX o6paTHbIX CBJl3eH, 

HHepUHOHHOCTH pa3orpesa TenJIOHOCHTeM, 

BpeMeHH ero npOXOJ],a no aKTHBHOH 3OHe H KOH-

rypy UHPKYJIHUHH. 3ToT J].Hana3OH tJaCTOT 

npeJJ.CTaBJIHeT HaH60Jibl.llHH HHTepec C TOl{KH 

3peHHH perymrposaHHH napaMeTpoB peaKTopa B 

HOpMaJJbHblX H 60JibllJHHCTBe aBapHHHblX pe-

)KHMOB. 

}vlst cpaBHeHHSI TPe6yeMblX CKOpOCTHblX 

3cpcpeKTHBHOCTeH perymrpytoll(HX B03)].eHCTBHH 

uenecoo6pa3HO pacCMOTJ)eTb xapaKTep perne­

HHH B ycTOH4HBOH o6naCTH paCCM8TJ)HBaeMblX 

-0,10 

D= I 

-0,12 

-1 ,6 -1,2 -0,8 -0,4 0,0 

P1-1c. I. <l>parMCHT (orpaJHl'ICHHblH csepxy no OCH Op,llH­
HaT) D -paJ61-1ett1-1.11 nnocKOCTH napaMe-rpos Kn 1-1 Kr 

I )];pyraR oco6aR npS1Ma51, .llJUI KOTOpOH pattr onpeJJ,emneJTR CHCTCMbl (I) HIDKe HCXOJJ.HOro, He WTPHXY­
CTCSI [4]. 
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napaMeTpOB. Ha pHC. 2 HapR.D.Y C rpaH11U,aM11 ycTOHYHBOCTH 1no6pIDKeHbJ JIHHHH noCTORHHbO( 

.n.eKpeMeHTOB Jaryxamrn (II,[J;3) KOJie6attHH. tfa pHCYHKa BH.D.HO, 'ITO .n.eKpeMeHT 3aryxaHHR 8O3-

paCTaeT c pOCTOM TeMneparypHOH COCTaBJUIJOW,eH (KT) s ynpaBJIRJOJ.IJ.eM CHrHaJie. 3aBHCl1MOCTb 

.n.eKpeMeHTa 3aryxattHJI OT MOlllHOCTHOH COCTaBJUIJOW,eH (Kn) CHrHaJia ynpasneHIDI HeO.LJ;H03HaYHa: 

C pOCTOM Kn .D.eKpeMeHT BO3pacTaeT B 06nacn1 60JlbWHX OTplU.(aTeJlbHbIX 3HaYeHHH KT (JlJIR pac­

CMaTp11saeMoro Bap11attTa npHMeptto < - 0,05 '3:$1> /°C) 11 CHH)f(aeTCR BHe npe.D.eJIOB 3TOH o6naCTH. 

flHHHH TT,[{3 orpaHHYHBaJOTCR cnpaaa - npH B03paCT8IDUf Kn H3-3a HCtie3HOBeHHJI B peweHHH 

Kone6aTeJibHOH cocTasm11ow,eit (peweHHR T11rra s = - A + j*O .D.JIR HeKOTOpbIX A 11306pIDKeHhI tta 

pHc. 2 nyHKTHpoM). TTpH 3TOM JIHHHR, coe.n.11ttsriow,aR KpaHHHe npasb1e TOtIKH JIHHHH IT,[{3 F(A) == 
= - A+ j*E (r.n:e E - 6eCKOHetIHO MaJiaR senwrntta), 6y.D.eT onHChIBaTh rpaHHtzy, cnpaBa OT KOTOpOH 

cymecTByJOT TOJlbKO peweHHR THna "y3en". 

8b16op CKOpOCTHblX xapaKTepHCTHK ynpaBJISllOW,ero 803.D.eikTBHR, 06ecnet1HBaJOW.HH 6ecKo­

Jie6aTeJlbHOe 3aryxaHHe 803MymeHHH, MO)KeT 6b1Tb npe.D.JIO)KeH B KaYeCTBe onntMaJibHOro, Ha­

npHMep, C TOllKH 3peHHR pecypca npHBO.D.OB H CHH)f(eHHR TepMOU,HKJlHposaHHJI o6opy.D.OBaHHR 

I Kottrypa. ITo3TOMY conocTasnettHe noJIO)KeHHR rpaHHQ F(A) OTHOCHTeJihHO ocH K11 .D.JIR o6oHX 

sap11aHTOB ycTaHOBKH MO>ICeT .D.aTb cpaBHHTeJibttyJO oueHKY COOTBeTCTBYJOW.HX CKOpOCTHhlX 3cp­

cpeKTHBHOCTeH perymITOpOB .lJ.Jljl o6cy)K)J.aeMblX npoeKTOB. 

Ha p11c. 3 H3o6pIDKeHbl YKa3aHHble rpattHQbl )lJIR .D.Byx sapHaHTOB. Ilo pe3yJihTaTaM pactieTOB 

npe11Myw,eCTBO OT HCilOJlh30BaHHJI nepsoro sap11aHTa no YKa3aHHOMY Kp11Tep111O (MHHHMH3aU,HR 

nepepery1111posaHHH) He npeBbIWaeT 8 ... l O % B 3cpcpeKTHBHOCTH peryJIRTOpa OTHOCHTeJlbHO BTO­

poro sapHaHTa. 

Kr 

-0,02 

-0,04 

Rc(s) = - 0,05 

-0,06 

¢>OKYCbl 

-0,08 

Ylllbl 

-0,10 

-0~12 j I I I I j I I I I I I I I I ( i I I I I I I I I I Kn 

-2 -I 0 2 3 

P11c. 2. XapaKTep ycrou1.J11eocr11 JJ.IUI paccMaTJ)HBaeMbIX 

napaMeTpoe 
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Kr 
0,20 

0,15 

0,10 

0,05 

¢>OKYCbl 

0 I I I i I I I I I I I i I I I I I I I I I I I I I I Kn 

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

P11c. 3. <I>parMeHT pa:36HeHH.R n!IOCKOCTH napaMeTJ)OB Kn 
H Kr KpHBblMH F()..) JJ.!lll nepeoro (I) 11 BTOporo (2) eapH­

aHTOB peaKTOpHOH ycTaHOBKH 



,[(onoJJHHTeJJbHO MO)KHO OTMeTHTb, 4TO B o6naCTH nOJ10)KJ1TeJJbHb!X 3Ha4eHHH Kr H K,, nOBbl­

wem,e MOLUHOCTHOH COCTaBmnomeH B ynpaBmnomeM CHTHaJJe 6y.LJ.eT yseJ1H4HBaTb nepHO.D. KOJ1e-

6aHHH napaMeTpOB, O.QHOBpeMeHHO CHH:>Kajl .LJ.eKpeMeHT 3aryxaHHjl, a ITOBblilleHHe TeMneparypHOH 

COCTaBJUI.IOLUeH - yBeJJH'-IHBaTb .LJ.eKpeMeHT, yMeHbWajt nep110.n KOJJe6aHHH. B 3TOM CMblCJJe .QJljl 

conoCTaBJJeHHjl CKOpOCTHblX xapaKTepHCTHK ynpaBmnomero B03.D.eHCTBHjl MO:>KeT 6bITb HCITOJ1b30-

BaH mo6oii .D.pyroH Kp1nep11ii, HanpHMep, OTITHMH3HpOBaHHbIH no C04eTaHHIO y0enw-1emrn ,neK­

peMeHTa 3aryxaHI-UI H CHH)KeHHjl nepHO.D.a KOJJe6aHHH, nma MOfl-KpHTepHH [5] H .LJ.p. 

3aKJuoqeeue 

no MHeHHIO aBTOpOB, npe,nno:>KeHHblH B KaqecTBe HHCTpYMeHTa anropHTM oueHKH .D;HHaMH'-Ie­

CKHX CBOHCTB CHCTeM BblCOKOro nopjJAKa IT03BOJUleT peWHTb WHpOJ(_J,f}f Kpyr OITTHMH3aQHOHHblX 

3a,naY. 
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YJJ;K 621.039.612 

3aBHCHMOCTb 3cj>cj>eKTHBHOCTH cTep»cneu CY3 PliMK npu nycKe 

OT HX KOOp,ll;HH3T H pacope,ll;eJieHHSI HeHTpOHHOfO UOTOKa B 3KTHBHOH Jone 

H.JI. l/ui1yJ1un, A.H. Honoa, 
<DfYfI H11K.113T HM. H.A. J:lo11J1e)Ka.JU1, 107140, MocKBa, yn . M. KpacttoceJ1bCKa.11, 2/8 

Oco6eHHOCTblO nycKa PEMK .11s11.11eTc.11 CHJJbHM 3as11CHMOCTb 3cpq>eKTHBHocrn ynparuuaolll.ero 

CTep>KH.!1 CY3 OT ero KOOpJU1HaT. 3TO OTHOCITTCH KaK K no,nKpHTH'leCKOMY, TaK H KpHTffl-!eCKOMY COCTOSI­
HH.!IM peaKTopa. AHaJJH3HpyeTCH JaBHCHMOCTb 3cpcpel<THBHOCTH CTep>KHeH CY3 OT HX nOJJO>Kemu1 OTHOCH­

TeJJbHO rpaHHU: aKTHBHOH 30Hbl H npocTpaHCTBeHHOro pacnpe,ne11emuI Hettl"pOHHOro 0OTOKa. TToKa.JaHo, 
4TO 6mt30CTb K 60KOBOMY Ol"pa)KaTeJJIO 11 pacno11o>KeHJ1e B paifoHax MaKCHMYMOB HeHl"pOHHOro noTOKa 

caM11 no ce6e He HBJJffiOTC.!I npH3HaKaMH 6oJJbUJOH 3cpcpeKTHBHOCTH CTep)KH.!1 CY3. TOJJbKO o6a 3THX cpax­

Topa C BblCOKOH aepO.!ITHOCTblO IlOKa.3bIBalOT, 'lTO CTep>KeHb 0611a.naeT 60JJbUJOH 3q>q>eKTHBHOCTblO. 

P6MK RODS WORTH IN STARTUP MODE DEPENDING UPON THE DISTANCE FROM 
THE CORE BOUNDARY AND NEUTRON FLUX DISTRIBUTION. N.L. CHICHULIN, 
A.I. IONOV. In earlier work we showed that strong dependence of control rod worth on its position is a 
feature of RBMK start-up mode. It relates to subcritical and critical state as well. Dependence of control 

rods worth on their distance from the core boundary and neutron flux distribution in the core is analyzed. It 

is shown that taken separately nearness to side reflector and being in local neutron maximum don ' t evi­

dence large worth of the rod. Only both the factors concurrently are a sign of large rod worth with high 

probability. 

B rrycKOBbIX pe:>K11Max PEMK 3cp<peKTifBHOCTb ynpasmnomwx cTep)KHeH CY3 CHJlbHO 3aBHCHT 

OT ID( KOOp.[(HHaT [ 1]. TO'-IHOe onpe.ue11em1e nOJlO)KeHH..!I CTep:>KHeH MaKCHMaJlbHOH 3cp<peKTHBHO­

CTH npe.UCTaBJl.!leT co6oi1 CJlO)KH)'lO H Tpy.n:oeMKYIO 3a.uaqy 3D nOJlHOMaCWTa6ttoro CB.!13aHHOro 

KOMnbIOTepttoro Mo.nem1posaHH.!I peaKTopa. C .upyroH CTOpOHbl, npe.ucTaBJl.!leT cym.ecTBeHHblH 

npaKTH'-leCKHH HHTepec pernettHe sonpoca, HaCKOJlbKO TOl.fHO MO)KHO npe,nCKa3aTb noJlO)KeHHe 

TaKHX CTep)KHeH, HCXO.U.!I JlHWb H3 HeKOTOpOH npe.nsapHTeJlbHOH ,rncpopMaU,HH. 

TaKOH HHq:>OpMaU,HeH, B nepsylO O'-lepe.Ub, MO:>KeT CJTY:>KHTb pacnpe,neneHHe nJlOTHOCTH HeH­

TpOHHOro noTOKa no aKTHBHOH 30He. O'-IeBHJJ;HO, '-ITO CTep)KHH, pacnOJlO)KeHHbie B pawoHax MaK­

CHM)'MOB HeHTpOHHOH IlJlOTHOCTH, .UOJDKHbl HMeTb OTHOCHTeJlbHO 66Jlhu:ryK) 3cp<peKTHBHOCTb. Ew,e 

0.[(HHM 8a)l(Hb)M napaMeTpOM, BJlH.!IIOI.U.HM Ha 3cpcpeKTHBHOCTb CTep)KH.!I CY3, .!IBJl.!leTC.!I ero pacno­

JlO)Kem,e OTHOCHTeJTbHO rpaHHU,bl aKTHBHOH 30Hbl. 113BeCTHO, '-ITO '-IeM 6J1H)Ke CTep)KeHb CY3 K 

rpaHHU,e, TeM B o6meM cnyyae 60JlbllJe OTHOCHTeJlbHa.!I .necpopMaU,H.!I cpopMhl HewTpOHHOro nOTOKa 

npH ero H3BJle'-IeHHH. J:locTaTO'-IHO no.npo6Ho 3TOT sonpoc 113y'-lett .nm1 3HepreTH4ecKoro ,n1-1ana30-

tta MOW,HOCTeit 

Ilpe.n:MeTOM npeLl,CTaBJleHHOro HCCJle,nosaHH.!I JJ;Jl.!I rrycKOBbIX pe)KHMOB CTaJl aHaJlH3 c11e.uy10-

lll,HX 3aBHCHMOCTeH: 3 cp<peKTHBHOCTH CTep)KHeH CY3 OT HeHTpOHHOH nJlOTHOCTH B TK BOKpyr HHX 

B TTOLl,KpHTH'-leCKOM H KpHTH'-leCKOM COCTO.!IHH.!IX" 3cpcpeKTHBHOCTl1 CTep)KHeH CY3 OT HX pacnon o­

)KeHH.!I no OTHOIUeHHIO K rpaHHU,e aKTHBHOH 30Hbl B no.uKpHTH'-IeCKOM H KpHTH4eCKOM COCTOHHH.!IX 

H MaKCHMaJlbHOH 3 cp<peKTHBHOCTH CTep)f(HeH CY3 OT HepaBHOMepHOCTH HeHTpOHHOH nnOTHOCTH B 

no,nKpHTH'-IeCKOM 11 KpHTH4eCKOM COCTO.s!HHHX. 

qHCJleHHOe MOL1,e1111posaHHe npoBe.uetto C TTOMOW,blO 30 nOJlHOMaCWTa6ttoro JlHHaMH'-IeCKoro 

ttei:hpoHHO-TennorH.npas111-14ecKoro nporpaMMHoro KOMilJleKca DINA-PEMK (2 ... 5]. 11ccne.uosa-
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• 
mre npose.n:etto Ha npHMepax ttecKOJihKMX pearrbHhIX nycKOB PY PEMK: 1-ro JHepro6110Ka Kyp­

cKOH A3C B HJOHe 2003 r., 3-ro 3Hepro6noKa Jlemrnrpa,ncKoi-1 A3C B OKT.sr6pe 2003 r., 2-ro 3Hep­

ro6noKa JleHHHrpa,ncKoi-1 A3C B OfCTjJ6pe 2000 r. 

YT06bl BbHlBHTb 3aBHCHMOCTb 3cpcpeKTHBHOCTH CTep)f{HjJ CY3 OT OTHOCHTeJibHOH IlJIOTHOCTH 

HeihpoHHOfO ITOTOKa, npOCLfHTaHa 3Q)<peKTHBHOCTb scex CTep)l(HeH CY3, KOTOpa.sr nocne 3TOfO 

6bIJia COOTHeceHa c HeHTpOHHOH ITJlOTHOCTblO s KBa.n:paTe 3x3 KaHana BOKpyr CTep)f{HjJ , OrMeTHM, 

LfTO )J.JljJ HCCJie)J.OBaHH.sr no,nKpHTHLfeCKOfO COCT0j{HH$l Heo6xo,nHMO HCTTOJlb30BaTb HeHrpOHH)'IO 

rulOTHOCTb, nOJJ}'1-letrnyJO no ycnoBHO-KpHTHLfeCKOH MO)J.eJJH, nOCKOJlbKY 3aBHCHMOCTH 3Q)Q)eKTHB­

HOCTH CTep)f{ttei:i OT tteihpOHHOH ITJlOTHOCTH, nonyLfeHHOH C yLfeTOM BHelllHHX HCTOqHHKOB HeH­

TpOHOB, H3-3a HX CrJJa)l(HBaJOll.lero B03J.J:eHCTBH$l soo6me He J.J:OJJ)f{HO 6bJTb. 

Ilp11Mepbl pe3yJibTaTOB J.J:JJSI HCXO)J.HOro no,nKpHTHLfeCKOfO COCTO$lHHSI nepe,n nycKOM npe,n­

cTasnem,I Ha p11c. I, 2, )J.Jlj[ KpHTHl.leCKOro COCTO$lHH$l - Ha pHC. 3, 4. IloJiyl.feHH8.sr 3aBHCHMOCTb 

HeO)J.H03Ha4Ha 8 o6oHX CJIY48.srX. B cpe.n:HeM npH yMeHbllleHHH 3HeproBbI)J.eJJeHMSI 3cpcpeKTHBHOCTh 

CTep)l(HjJ na,naeT, HO cymeCTBYeT sepOjJTHOCTb, LfTO CTep)f{eHh 60JihllIOH 3cpcpeKTHBHOCTH HaXOJ.J:HT­

C51 B paHOHe Manora 3HeprOBbl)leJJeHIDI. 

3aBHCMMOCTH 3cpcpeKTHBHOCTH CTep)l(HeH CY3 OT paCCTOjJHHjJ r )lO rpaHHU,bl aKTHBHOH 30Hhl 

np1,rne.n:ettb1 Ha np11Mepe nycKa KA3C-1 s HJOHe 2003 r. (p11c. 5, 6). J.h rpaQ)HKOB BHJJ.HO, 11To l.feM 

6nmKe CTep:>KeHb K 6oKOBOMY Orpa)l(aTeJJJO, TeM B o6meM cny4ae 60J1bUie ero 3cpcpeKTHBHOCTb, 

o.n:HaKo 3Ta C8j{3b TaK:>Ke HeperyJijJpHa. YT06bl JJYLfUie OTCJJe)J.HTb 3TY CBSl3h, npHse.n:eM )J.Ba 1.1acT-

P..i,<1> 
3 

• • 
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• • •• • 
• • •• • • ) : . • • • 

0 2 3 4 5 

OTHOCl1Te.JlbHlUI Heihp0HHlUI nnoTH0CTb 

PHc. 1. 6pcr(Qcr) B IT0.llKplITHtteCK0M C0CT0RHl111 KA3C-1, 
IOOHb 2003 r. 
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OTHOCHTenbHlUI HeHTP0HHaR nnoTH0CTb 

P11c. 3. 6pcr(Qcr) B Kp11TH1.fCCK0M C0CT0RHIUI KA3C-1 , 
IOOHb 2003 r. 
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OTHOCHTenbHaR Hei-lTP0HHlUI nnoTH0CTb 

P11c. 2. 6pcrCQcr) B IT0llKplIT11ttCCK0M C0CT0RHHH J1A3C-3, 
OKTll6pb 2003 r. 
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0,2 • . '· •. • . ~ . 
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OTHOCl1TenbHlUI HCHTpOHHlUI ITJI0TH0CTb 

PHC. 4. 6pcr(Qcr) B KpHTH'ICCK0M C0CT0RHHH J1A3C-3, 
OKTR6pb 2003 r . 
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-
HblX CJ1Y4rul - 3aBHCHMOCTH 3cjlCpeKTHBHOCTH OT paCCTOSIHHJI np11 cjmKCHpOB8HHOM ypoBHe 3Hepro­

Bbt,!le11emu1 H 3cpcpeKTHBHOCTH OT 3HeprOBbt,!leJleHHJI rrpH qJHKCHpOB8HHOM paCCTOSIHHJ,f OT rpaHH­

U,bl aKTHBHOH 30Hbl. Ha pHC. 7 np11Be,!leH rpacpHK 38BHCHMOCTl1 3cpcpeKTHBHOCTH CTep)f<HeH OT pac­

CTOSIHHSI ,!lO OTpa)f(aTeJlSI .um, CTep)f(HeH, pacnOJlO)f(eHHblX B 06J1aCTH 3HeproBbI,!leJleHHSI 0,6 .. . 0,8 
OT cpe,UHeH BeJ1114HHbl ( cpaKTH4eCKH 3TO Y8CTb .LJ.8HHbIX C rpacp11Ka Ha p11c. 6). Ha p11c. 8 npHBe.n;eH 

rpacpHK 3aBHCHMOCTH 3cpcpeKTHBHOCTH CTep)f(HeH OT 3HeproBbI,!leJ1eHml OKOJlO HHX MS! CTep)f(HeH, 

pacnoJlO)f(eHHbIX Ha pacCTOSIHHH 6J1J1)f(e 1,5 M K rpaHHU,e aKTHBHOH 30Hbl (3TO, COOTBeTCTBeHHO, 

YaCTb ,!l8HHblX C rpacpHKa Ha pHC. 3). 811,n;HO, YTO o6e 48CTHbie 3aBHCHMOCTH TaK)f(e Heperym1pHbl. 

CyMMapHaSI 38BHCHMOCTb 3cpcpeKTHBHOCTH CTep)f(HeH CY3 OT paccTOSIHHSI JlO Kpasi 8KTHBHOH. 

30Hbl H 3HeproBbt)].eJleHHSI OKOJ10 HHX )lJlSI Toro )f(e rrycKa np11se.ueHa Ha )lByMepHblX .n,11arpaMMax 

(pHC. 9, I 0). BH,ll,HO, YTO 3TH .LJ.88 napaMeTpa C BblCOKOH BepOSITHOCTblO onpe.Ll,ellillOT 3cpcpeKTHB­

HOCTb CTep)f(HSI. TTpaKTHYeCKH He cymecTByeT (.n,J1S1 paCCMOTpeHHbIX COCTOSIHHH) CTep)f(HeH CY3 

60JlbWOH 3cpcpeKTHBHOCTH, pacnOJlO)f(eHHblX B paHOHax MHHHMYMOB HeHTpOHHOro nOTOKa B.!lMH 

OT KpaSI 8KTHBHOH 30Hbl, 0)].HaKo HCKJllOYeHHSI no O.LJ.HOMY H3 napaMeTpOB BCTpe4alOTCSI. 3To 03-

HaYaeT, 4TO cymecTBYlOT CTep)f(HH 60J1bWOH 3cpcpeKTHBHOCTH, pacnOJlO)f(eHHbie B paHOHax Manero 

HeHTpOIIHOro noTOKa (HanpHMep, CTep)f(eHb 4063, cpeJlHHH HeHTpOHHblH noTOK BOKpyr KOTOporo 

OKOJ10 0,75 OTHOCHTeJlbHO cpe.n;Hero, B KpHTH4eCKOM COCTOSIHHH HMeeT 3cpcpeKTHBHOCTb 6onee 

0,4 B)<jxjl) n1160 s.n,an11 OT Kpa.H aKTHBHOH 30HbI (ttanp11Mep, cTep)f(eHb 4625, HaXO.LJ.S!LUHHCSI .LI.Mee 

Tpex MeTpOB OT OTp8)1(8TeJ1S1, B KpHTH4eCKOM COCTOSIHHH TaK)f(e HMeeT 3cpcpeKTHBHOCTb OKOJlO 

0,4 Blcpcp)-

~:,cj,cj, 
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• • • • r, M 

0 2 4 6 

Pttc. 5. 6pc-r(r) s no.nKpHTH1-1ecKOM coCTOllHHH KA'.)C-1 , 
HIOHb 2003 r. 

0,8 

0.6 

0,4 
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• •• • • r, M 

4 6 

P11c. 7. 3aBHCHMOCTb 3qJqJeKTHBIIOCTH OT paCCTOllHHll .llO 

OTpa')l(aTCJlll l tnll CTCp')l(HCH. pacnoJJO')l(CllllblX B 06.1aCTH 

HeiiTpOIIIIOH nnOTIIOCTH 0.6 ... 0.8 OT cpe.n11cii R<.'JlH4HHbl, 

.n.1ll KpHTH4eCKoro coCTollHHll KA3C- I, 1110Hb 2003 r. 
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Pttc. 6. 6pc-r(r) B KpHTH'!eCKOM coCTOllHHH KA3C- l. HIOHb 

2003 r. 
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0THOCHTenbHaJl HC.HTpOHHall fIJlOTHOCTb 

P11c. 8. 3aBliC11MOCTb 3cpq1eKTHBHOCTl1 OT 11ei-lTpOHIIOII 

flJIOTIIOCTH .llJlll crepi1mefl, pacnonolKeHHblX 6n11iKe 1.5 M 

K rpai11--1ue aKTl1811011 30llbl, .llJlll Kpi1Ti1<1ecKoro COCTOllHHll 

KA3C- I , 1110Hb 2003 r. 
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Puc. 9. ~Pcr(r, Q) e no,aKpITTH'leCK0M C0CT0JIIIKH KA3C-1 , 

I'10 Hb 2003 r . 
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• o.s ... 1.0 
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0.2 ... 0,4 
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1,41) 

o,75 Omoc,rrenbHall 
HCA'rpOHIIWI 

nnOTHOCTb 

P1-1c. I 0. ~Pcr(r, Q) e KpITT11'1eCK0M C0CT0llHHH KA3C-1, 

11I0Hb 2003 r. 

lfro6bl npoaHaJIH3HpOBaTb 3aBHCHMOCTb MaKCHMaJlbHOH 3cpcpeKTHBHOCTH CTep)f(HeH CY3 OT 

i1epaBHOMepHOCTH 3HeprOBbl)].eneHHJI, npOCl.!HTaHO HeCKOJlbKO nycKOB PY P£MK, )].JlR KOTOpbrx 8 

n o.uKpHTH4eCKOM H KpHT.H4eCKOM COCTOHHIUIX 3aTeM HaH)].eHbl CTep:lKHH CY3 M8KCHMaJlbHOH 3cp­

cpeKTHBHOCTH. Pe3yJ1bTaTbl pac4eTOB C YKa38HHeM K03cpcpHUHeHTOB pa)].HaJlbHOH HepaBHOMepHO­

CHI H MaKCHMaJlbHOH 3cpcpeKTHBHOCTH )].Jljl nOJJ.KpHTH4eCKHX H KpHTHl.!eCKHX COCTOHHHH np11se.11.e­

Hbl B Ta61111ue. 

T a 6 JI II u a HepaBHQ!\,fepH0CTit Hei1Tp011II0H n n 0TH0CTH H MaKCHMaJlbll0H )~lQ)CKTHBHOCHf CTep)t<11ei1 C Y3 

np11 11y cKax 11eK0T0pbIx J Hepro6noKoe A3C c PEMK 

. 
~ - r"l 1"" ~ ..f r') 

. . 
NN N. r"l c--i..., -; ..., '( <') '( ..., -; s -; <') 

..., ..., <') <') 
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~ ~ < C"! ~ ~ < C"! < C"! < . < . < C"! < . < C"! < _; < . < . 
~ ~ ~~ ~~ ~ ~ u :g u :g u :3 u~ u- u~ u8 

K, nOJ1Kp11T 7,3 6.5 3, I 3,1 4 3,2 2,3 3.8 5.4 4,8 4,9 6,1 5,5 

6p::':,,, PJ<j>cj, 2,7 2.2 2,6 3.0 3.1 2.4 2,2 1,8 2,8 2,7 2,2 2,6 2.6 

K ,l<DIIT 2,2 3 3 2,7 4,1 3,6 3, 1 7.0 4,1 3,3 3,2 2,7 2,4 

6p:1':0, PJ<j>cj, 0,8 0,9 1.2 1,4 1, I 1,3 0,7 I , 1 1,2 0,7 0,7 0,8 0,8 

..... <') 

uo 
(I) 0 
< C"! 
~ ~ 
3,6 

l,2 

4.4 

0,7 

Tio pe3yJ1bTaTaM pac4eTOB nocTpOeHbl .1].HarpaMMbl 3aBHCHMOCTH MaKCHMaJlbHOH 3cpcpeKTHB­

HOCTH CTep)KHH OT Kr .11.m1 no.nKpHTH4eCKHX (pHC. I I) 11 KpHTH4eCK.HX (pHC. 12) COCTORHHH. 

vb npose.11.eHHblX 4HCJ1eHHblX HCCJle.1].0BaHHH MO)KHO c.uenaTb c11e.11.y10m11e BblB0.1].bl. 3aBHCH­

MOCTb 3cpcpeKTHBHOCTH OT cpHKCHpOBaHHbrx napaMeTpOB, xapaKTepH3YlOlllHX COCTOHHHe peaKTopa, 

HeperynHpHa. ITorpewHOCTb oueHKH 3cpcpeKTHBHOCTH CTep)f(Hei:f Ha 0CHOBaHHH T0llbK0 HHcpOpMa­

UHH 06 HX no11m1<eHHH 111111 npocTpaHCTBeHHOH cpopMe nllOTHOCTH HeihpOHHoro noT0Ka MO)KeT 

6b1Tb BblCOKa. B 4aCTH0CTH 3HaH, 4TO 3Hepr0BbI.1].elleHHe BOKpyr CTCp)KHH MCHbWC cpe.utteH BC11H-

4HHbl. MO)KH0 C 60llbWOH sepORTH0CTblO npe.nCKa3aTb, 4TO 3T0T CTep)KeHb MO)KCT HMCTb 60111,­

WYJO 3cpcpeKTl1BHOCTb TOllbK0 B crry4ae, ec1111 OH pacnoll0)KeH 61111)Ke .11.syx MeTpOB K rpamu.te aK­

THBHOH 30Hbl. O.nttaKO ee se11wrntty H 6y.ueT 1111 0Ha MaKCHMaJlbHOH, MO)KHO onpe.11.enHTb TOJlbKO 

T04Hb1MH paC4CTaMH. AHaJIOrH4HO HC11b3R yTBep)K.1J.8Tb, 4TO M3KCHMaJlbHOH 3cpcpeKTHBHOCThlO 

cpe,a:H nep11cpep11HHbIX CTCp)KHCH CY3 0611a.11.aeT CTep>KCHb, pacn0110)KCHHblH 8 paHoHe MaKCH­

MaJlbH0ro HCHTpOHHOro nOTOKa (pHC. 8). 
TalOKe He BblSIBJleHO 338HCHMOCTH MaKCHMaJlbHOH 3cpcpeKTHBHOCTH CTep)KHCH CY3 OT Hepas­

H0MepHOCTl1 nll0TH0CTH HCHTpOHHOro noTOKa. 1-h Toro, 4T0 K03cpcpHUHCHT HepaBHOMepHOCTH He­

BellHK, HCJ1b3H .11.enaTb BblBO)]. 0 TOM, 4TO TalOKe Mana H M3KCHMaJlbHaH 3cpcpeKT11BHOCTb CTCp)l(HCH 
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PHc. 11. 6.PMaxcCKr) e nO.llKpHTH'ICCKOM COCTOSIHHH ecex PHC. 12. 6.pMllKC(Kr) e KpliTH'ICCKOM COCTOSIHHH ecex HC-

HCCJlC)lOBaHHbIX 3Hepro6J10KOB CJlC.llOBaRril,IX :mepro6J10KOB 

CY3 (cM. Ta6muzy). ,n:8.)f(e npH K, < 3 s KpHTH'IeCKOM COCTO.!IHHH MOryr cymecTBOBaTh CTep:>KHH, 

o6na,naJOll(He 3cpcpeKTHBHOCTblO 6onee 1 ~$1>- 3To TeM 6onee cnpaBe,lJ.JIBBO npH BblnOJIHeHHH yc­

JIOBIDI K, < 3,5, KOTOpoe ceHqac .!IBJI.!leTC.!l ei:urncTBeHHblM pernaMeHTHblM TPe6osrumeM, orpaHH­

tmBalOIUHM npOCTPaHCTBeHH)'IO HepaBHOMepHOCTb 3HeprOBbl)).eJieHIDI npH rrycKe PEMK. 
Eme O,llHHM Ba:>KHblM BblBO,llOM H3 npoBe)leHHOfO aHaJIH3a 5[8Jl.!leTC.!l TO, t.fTO H3ylleHHble 3aBH­

CHMOCTH pa3Jlllt{H1,( Ha pa3Hb!X 3Hepro6noKax KaK cne.LJ,CTBHe pa3JJH4HbIX CTPaTenrn neperpY30K, 

npHMeH.!llOll(HXC.!l Ha pa3Hb!X A3C. 

3aKJ1IO'le1111e 

TaKHM o6paJOM, TTOJIO)KeHHe CTep:>KHeH CY3 MaKCHMaJibHOH 3cpq>eKI'HBHOCTH H ee seJIHt{HHa 

,llJlH scex nocne.nosaTeJJbHbIX COCTO.!IHHH peaKTopa npH Bb!BO)le ero B KpHTHt{eCKOe COCTO.!IHHe 

)lOJI:>KHbl 6bITI, npe)lMeTOM cneuHaJibHblX TTOJIHOMacwTa6HbIX pacqeTOB. Btte.npeHHe TaKHX pact.fe­

TOB H COOTBeTCTBYJOll(HX nporpaMM B WTaTHyto 3KCTTJJYaTaUHOHHYlO npaKTHKY Il03BOJIHT nOBbl­

CHTb KaqecTBO H ypoBeHb paC4eTHoro o6ocHoBaHH.!l 6e3onaCHOCTH 3KCnnyaTaUl-iH PY B nycKOBOM 

pe)KHMe. OHO CTaHeT JI0fHt{eCKHM pacw11pem1eM HOMeHKJiarypbl paCt.feTOB 6e3onaCHOCTH rrycKa 

PY PEMK nocne stte.npeHIDI paclleTOB noHcKa nycKOBOH nocne.nosaTem,HOCTH cTep)KHeH. 
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CTaTbR noc,ymrna e pe.n.a1<umo 11 0Krn6p11 2004 r. 
BorrpOCbI aTOMHOi% HayKM H TeXHHKH. 
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Y)J;K 621.039.612 

Ou,enKa norpellIH0CTH YCJI0BH0-KpHTHqecKoro 00,ll.X0)J.a npH 

pellleHHH ypaBHCIIHH ueiiTpOIIHOH KHHCTHKlf B )J.Byrpynn0B0M i:.n<l><!>YJHOHHOM 

npu6JJHiKCHHH ua npuMepe PliMK 

H.JJ. q1111ynu11, A.H. Houoa, 
<I>rYTI l-lliKJ13T HM. H.A. ,L(on11e)f(aJU1, 107140, MocKsa, y11. M. KpacHoceJibcKaH, 2/8 

8 HaCTORll(ee speMR .n.nR HeitrpOHHO-KHHeTH'{eCK.HX pac4eTOB peaKTopos pa3HbrX nmos urnpOKO 
npHMelUIJOTCR Ma.norpynnosoe .U.Hq>q>y3HOHHOe np1-16mr)l(eH11e H ycJJOBHO-KpHTmeCKHH no.U.XO.ll K perne­
HHJO COOTBeTCTBYJOlllHX ypasHeHHH nepeHoca. 8 CB1l3H C 3Tl1M BCTaeT Bonpoc O rpaHHUax npHMeH.HMOCTH 
ycJJOBHO-KpHTH4eCKOro no.u.xo.u.a H ero norpellIHOCTM no cpaBHeHHJO C "pea.JJbHh!M" peaKTopOM, eCJJH no­
HHMaTb no.u. "pea.nbHblM" peaKTOp B paMKax .U.Hcpcpy3HOHHOro npH6JJIDKCHHR 6e3 no.u.roHO4HOro K03q>q>H­
UHeHTa K$1>· TaKoH peaKTop B o6weM c.nyqae HeKpHTH4eH. llpe.n.naraeTCR cnoco6 oueHKH TO4HOCTH 
np'™eHeHHR ycnosHO-KpHTH'-!ecKoro MeTOJia Ha npHMepe nycKOBbIX cocTORHHH PY P6MK. 

ERROR OF Ken-METHOD FOR TWO-GROUP DIFFUSION APPROXIMATION OF PliMK 
NEUTRON KINETICS. N.L. CHICHULIN, A.I. IONOV. At present two-group diffusion approxima­
tion and Kcrrmethod for solution of appropriate equations are widely used for reactors simulation. There­
fore means of Kerrmethod intrinsic error in comparison with "real" reactor in two-group diffusion ap­
proximation estimation is proposed and developed by the example of RBMK start-up mode. The way the 
Kerrmethod error depends on sub- and supercriticality is shown. It is demonstrated that if reactivity modulo 

doesn't exceed 3 f3err, the mean square error of Kerrmethod solved neutron fluxes doesn't exceed 10 %. 
This means that Kerrmethod for diffusion equations solution can be used in most cases for reactor simula­
tion. 

ac. 
-' = - A; C; + P;(v1:E1, <D1 + v2:E, <D2), at I J2 

i = l, N, 

r)le p:$1> - 3cpcpeKnfBHaH JlOJl,SI 3aml3)lb!BafOIUHX HethpoHOB. CHcTeMa ( l) OTTHCb!BaeT "peaJibHbIH" 

peaKTOp B npmUITOM BbJWe TTOHHMaHHH. 

y CJlOBHO-KpHTHt-IeCKHH peaKTop onHCb!BaeTC.sl CJie)lyfOmeii CHCTeMOH ypastteHHM: 

0 = v' D1v' <I>1-1:1<I>1 + (v 11: Ji <I>1 + v 21: 12 <I>2)/ K)(jlqi;} 

0 = v' D2 v' <I>2 - L2 <1>2 + 1:12 <I>, · 
(2) 

TTpH TaKOM TTO)lXO)le peaKTHBHOCTb eCTb OTHOCHTeJibHOe OTKJIOHeHHe K:$1> OT e)lHHHUbJ: 

p = 1-1/ K:$1> . QqeBH)lHO, 1-ITO TaKaH TTO)lfOHKa npHBOJlHT K HCKa)f(eHmo npOCTPaHCTBeHHOro 

pacnpe)leJleHHSI TTJlOTHOCTH HeITTpOHHOro TTOTOKa, TTOCKOnbKY H3MeHSleT CBOHCTBa TOTTJlHBHblX Ka­

HaJIOB peaKTopa. 
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IlycTb {<I> I> <l> 2} - pewem1e HCXO.UHOH CHCTeMbl ( 1 ), a {<1>;' <1>;} - peweHMe CT8UHOHapHoij 

CHCTeMbl (2). Tor.ua <I> g ' r.ue g - HOMep 3HepreTH4eCKOH rpynnbl HeHTpOHOB, eCTb <pyHKUJUI npo-

CTpaHCTBeHHblX KOOp.UHHaT H speMeHlt:: <l> g = <l> g (r' t) ' a <l>: - <pyHKIUUI TOJlbKO KOOp.LJ.JrnaT: 

<l>: = <l>: (r) . 

PeweHHe CHCTeMbl ( 1) npe.n.crnsmleT co6oH MOTHOCTb ITOT0Ka HeHTJ)OHOB s HeKpHTHlieCKOM 

peaKTOpe. B .n.eHCTBHTeJlbHOCTH T8KOH peaKTOp He M0r 6bI )J.OJlrO cymecTBOBaTb 6e3 CHCTeMbl pe­

rynHposaHHSI, KOTopasi no.lJ.)J.ep)KHBaJla 6bI ero M0ll.{HOCTb Ha 3a)J.8HH0M ypoBHe. EcJIH "peaJlbHbIH" 

peaKT0p n0)J.KpHTHqeH (p < 0), TO ero M0ll.{H0CTb na.n.aeT, eCJlH )Ke Ha)J.KpHTH-i.J:eH (p > 0) - pacTeT. 

J,faseCTHO [l), qTo cymecTByeT MOMeHT speMeHH 'tr, nocne KOToporo Hac-rynaeT pasttosecHe Me)K­

.n.y MrHOBeHHblMH H 381la3)lblBaJOUJ.HMH HeihpoHaMH, H MO)KHO pa3.UeJIJITb rrepeMeHHbie: 

<l> /r,t) = A/t) 'I\ (r)' B qacTHOCTH TaK, 4T06bl co6J1JO)J.aJl8Cb HOpMHpOBKa _!_ f dr '¥ /r) = 1. 
Vv 

,[(nsi ycnOBHO-KpHTHqecKoro peaKTopa cpopMaJlbHO MO)KHO c.uenaTb TO )Ke C8MOe: 

<l>: (r,t) = A/t) '¥: (r) =A;'¥: (r) rrpH _!_ J dr q,: (r) = 1. 
v v 

TaKKM o6pa30M, eCTb B03MO)KH0CTb 4epe3 cpopM-cpaKTOpbl q, g (r) H q,: (r) cpaBHHTb perne­

HHSI CHCTeM ypasHeHHH nepeHoca, OITHCbIBaJOmHX " peanbHblH" H ycn OBHO-KpHTHl.feCKHH peaKTo­

pbl, H oueHHTb HeTOl.fHOCTb, BHOCHMYIO HCfl0Jib30B8IDfeM ycJIOBHO-KpITTHtieCKOfO no.uxo.ua. 8 qa­

CTHOCTH, MO)KHO BBeCTH cpe.n.HeKsa.n.pan:1qecKoe OTKJIOHeHHe ' peaJlbHOro" cpopM-cpaKTOpa OT yc-

2 /, , ) 1 J [q,' (r)-'P (r)]
2 

JlOBHO-KpHTH4eCKOro: CT \q, g , \JI g = - dr g 
I 

g 

V v \Jlg(r) 

O.uttaKO npH 9HCJTeHH0M pact.Jere Heo6XO.UHMO npeo.uoneTb TPY.UHOCTb 6blCTporo H3MeHeHJ,UJ 

HeihpOHHOfO IlOT0Ka, eCJIH peaKTOp OKa3aJlCSI cymecTBeHHO tta.u- HJlH no.uKpHTWieCKHM. IlpH HC­

nOJib30BaHHH .l).JlJI nOHCKa CTaUHOHapttoro pewemrn. CHCTeMhl ( J) HTepal\HOHHoro rrpol.{ecca BH.Ua 

1 a<I>n+I - -
__ g"-- = - (L + F)<I>; 6e3 nplIBJITHJI Mep no npe.UOTBpameHMJO poem tJHCJieHHblX 3HaqeHHH 

vg at 
qepe3 onpe.ueneHH0e KOJIHqeCTBO HTepaUHH pact.JeTHble seJIWIHHhl nJlOTHOCTeH HeHTJ)OHHl>IX no­

TOK0B BblH.lJ.YT 3a rpaHHUhI, C K0T0pbIMH crroco6eH pa60TaTh K0MITbJOTep, 11 rrporpaMMa, peanH-

3YJOlllaSI TaKOH HTepaUHOHHblH npouecc, nepecTaHeT KOppeKTH0 pa6oTaTb. ,[(n11 rrpeo.n.oneHH11 

3TOH TPY.D.HOCTH rrpe.unaraeTCSI CJle)zylOll.{HH npOCTOH anrop.HTM. Ha K8)KJJ.OM wary .HTepaUHOHHOfO 

rrpouecca 

(3) 

Heo6xo,nHMO BCTaBHTb rrepeHOpMHpOBKY pact.JeTHblX rrapaMeTpos: 

<1> ; (r) ➔ <I>;11 (r)=<l>; (r)/£; ; c;1 (r) ➔ C;
0

" (r)=C;'(r) /E;, r.ue Eg(r) - napaMeTP, s1:,16paHHbIH 

-II 1 f d II ( ) ,D.JlSI 0TCJle)KHBaHHSI, a Eg = - rEg r - ero cpe.n.Hee 3Hat.JeHHe 110 aKTHBHOH 30He. 3TO M0fyT 

V v 
6b1Tb 3HeproBbI)leneHHe, M0TH0CTb n0T0Ka HeHTpOHOB KaKOH-JlH60 rpynnhl H T.JJ. . 

IlpH TaK0M no.uxo.ue cpe.uttee 3HaqeHHe Bb16paHHOfO napaMeTpa 0TCJle)KHBaHHSI 6y.ueT 0CTa­

saTbCSI paBHblM e)lHHHUe, a BMeCTO npouecca (3) peanHJyeTCSI cne,nylOll.lHH HTepaUHOHHblH npo-
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• 
u,ecc: cD~ (r) ➔ <l>~ (r) ➔ ¢:1 (r) ➔ <I>! (r) ➔ .... Ha KIDKJJ.OM wary 3Toro npou,ecca cpyHKU,HR 

<I> g (r) 6y.ueT HMeTb nOCTQjjHHOe cpe,UHee 3Ha4eHHe. 3ToT crroco6 4HCJJeHHO peaJIH30BaH B npo­

rpaMMHOM KOMnneKce DINA-PEMK [2, 3]. 
Ha np11Mepe pjj.ua cocTOjjHHH peaKTopos pa3JJH4Hbrx 6noKOB A3C c P£MK npoaHaJIH3Hposa­

HO BJlHjjHJ,fe no.uKpHTH4HOCTJ,f peaKTopa H HepaBHOMepHOCTH pacnpe.ueneHHjj 3HeprOBbI.D,eJJemui: B 

nnaHe peaKTopa Ha rrorpelUHOCTb ycJJOBHO-KpHTHlleCKOro MeTO,lla. 

C u,enbl-0 nony4eHHjj pjj,LJ.a COCTOjjHHH peaKTOpa C 6nH3KOH CTeneHbl-0 HepaBHOMepHOCTH 

3HeproBbl,lleJJeHHjj B ITJlaHe aKTMBHOH 30Hbl H pa3HOH ITO.llKPHTH1IBOCTbl-O HCITOJlb30BaH MeTO,ll Ba­

pHaU,HH BbirOpaHHjj TOITJJHBa s npe.uenax ± 10 %. 
PeJyJibTaTbl pac4eTOB npe)].CTaBJJeHbl B Ta6J1HL.J,e. Heo6XO,llHMO OTMeTHTb, l.fTO MaKCHMaJlbHbie 

paCCMOTpeHHble 3Ha4eHHR peaKTHBHOCTH (npeBblWaJOWHe ] ~:iqxp) 1-1Met-0T JIHIIlb HCCJie,AOBaTem,­

CKYl-0 u,eHHOCTb H He xapaKTepH3yt-oT KaKoe-nH6o peanbHOe COCTORHHe peaKTopa. 

T a 6 JI H u a cprurneHl1JI ycJJOBHO-Kp11Tl-l'-leCKOro H "peanbHOro" 3HeprOBbl)J.eJJeHHH 

I 

I 
CocroJ1H11e 

Y CJlOBHO-KpHTH-
" Peanb11b1if' pac'-leT 

Cpe.nHeKBa.n.paT. 

'-ICCKHH paC'-leT OTKJlOHCHHe cr, % 

K,(YX) 2,83 (4254) 2,79 (5214) 
CoCTOJIHHe I Kz"=- (YX) 3,02 (1432) 2,98 (1432) 

24,4 
K><l><I>= 0,9550 Kave 2,72 2,68 z 

K:"'"" (YX) 2,48 (6050) 2,45 (6731) 
K, (YX) 2,79 (4254) 2,76 (2123) 

CocroJ1H11e 2 K:"=- (YX) 2,94 (1432) 2,91 (1432) 
8,3 

K,<1><1> = 0,9633 K/ 'e 2,66 2,64 
Kc"IJJl (YX) 2,43 (6050) 2,41 (6050) 
K, (YX) 2,71 (4254) 2,99 (2123) 

CoCTOJIHHe 3 K_"= (YX) 2,86 (1432) 2,84 (1432) 
3,2 

K><l><I>= 0.9715 K~"'e 2,60 2,59 
K,11

"
11 (YX) 2.37 (6050) 2,36 (6050) 

K, (YX) 3,10(5162) 3,06 (5162) 
CoCTOJ1H11e 4 K;'r""" (YX) 2,42 (5361) 2,42 (5361) 

1,8 
K><l><I>= 0,9878 K/vc 1,95 1,95 

K,_mm (YX) 1,50 (3726) 1,50 (3726) 
K,(YX) 3,44 (2123) 3,49 (2123) 

CoCTOJ1H11e 5 Kz'TOIX (YX) 2,65 (3513) 2,65 (3513) 
1,5 

K><l><l>=0,9964 Kave 2,41 2,41 l 

K,rnu, (YX) 2,20 (6150) 2,20 (6150) 
K, (YX) 3,88 (1335) 3,89 (1335) 

CoCTOJ1H11e 6 K,'Tl11JI. (YX) 2,20 (5262) 2,20 (5262) 
0,5 

K><l><I>= 1,0019 K:°vc 1,66 1,66 
K,rnm (YX) 1,29 (4125) 1,29 (4125) 
K,(YX) 3,71 (2123) 3,64 (2123) 

CoCTOJIHHe 7 K~rrmx (YX) 2,59 (3513) 2,59 (3513) 
2,1 

K><l><I>= 1,0049 K/ve 2,35 2,35 
K .. rnu, (YX) 2.15 (6150) 2,15 (6150) 
K,(YX) 4,51 (2123) 4,07 (2123) 

CocroJ1H11e 8 K:"wr. (YX) 2,41 (5563) 2,42 (5563) 
11,4 

K><l><I>= 1,0309 K"vc 2,16 2,16 l 

K,mi.Ji (YX) 1,99 (6150) 1,99 (6150) 

vf3Mettem,e cpe.ntteKBa,LJ.pantl.feCKOro OTKJJOHeHHR CJ 3HeprOBbI,lleJleHHR B 3aBHCHMOCTH OT pe­

aKTHBHOCTH, paCCl.fHTaHHOro no .llBYM MO,LJ.eJijjM, HJJJllOCTpHpyeT pHC. 1. Ha pHC. 2 ITOKa3aHa 3aBH­

CHMOCTb a OT K03q>q>HU,HeHTa Kr HepaBHOMepHOCTH 3HeprOBhI,ll.eJleHHR B nnatte peaKTOpa. 
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PHC. I. 3aBHCl1MOCTh cpe)lHeKea,npaTH4eCKOro OTKnOHe- P11c. 2. 3aBHCHMQCTI., cpe)lHeKea,npaTH4eCKOro OTKJJOHe-

HH.11 cr OT peaKTHBHOCTM HM.II cr OT K03<!><1>1-1u1-1eHTa Kr HepaBHOMepHOCTH 3Heproe1.,1-

)leneHM.R 

J,fa cpaBHeHHR ycnOBHO-KpHTHlfeCKOH MO,nenH C " peanbHOH" B paMKax .usyrpyrmosoro .UHCp­

cpy3HOHHOro np1-16nHJKeHJ,UI BH)].HO, 4TO: 

• HMeeTCR .s!BHaR 3aBHCHMOCTb norpeWHOCTH ycnOBHO-KpHTHlfeCKOro paclfeTa npOCTPaHCT­

BeHHOH cpopMbl nnOTHOCTH HeHTpOHHOro noTOKa OT peaKTHBHOCTH. qeM MeHbllJe OTmflnte peaK­

TIIBHOCTH OT HYIDI, TeM MeHbme norpewHOCTb ycnOBHO-KpHTHlfeCKOH CHCTeMbl. I1pH ITO.UKPHTH4-

HOCTH, 66nbwei-i 4 '33<1><1>, cpe.uHeKsa.upanrqecKa.si norpewttocTb pactJeTa :rnepros&1.11eneHHR npe­

BbilllaeT 10 o/o; 
• He BblRBneHO RBHOH 3aBHCHMOCTH norpeWHOCTH ycnOBHO-KpHTHlfeCKOrO MeTO,lla OT Hepas­

HOMepHOCTH 3HeproBbJ,lleneHHJI. O.uHaKO, tJeM 6on&we 3Hat.JeHHe Kr, TeM 6onbwe sepoRTHOCTb 

coxpaHeHH.sl KOOp,llHHaT noKanbHblX 3KCTpeMyMOB 3HeprOBbl,lleneHHJI, BKnlOlfaR KOopmrnaTbl Ka­

Hana MaKCHManbHOH MOLI.J;HOCTH; 

• HeCMOTp.si Ha 6onblIIHe 3Hat.JeHHJI cpe.uHeKBa,npanttJeCKOro OTKnOHeHHR ycnOBHO­

KpHTH1-leCKOrO 3HeprOBbI,lleneHHR, OCHOBHble napaMeTpbl npocTpaHCTBeHHOro pacnpe.ueneHHR 

3HeprOBbl,lleneHHJI BeCbMa 6nH3KH. TaK OTflHlfHR B Kr' K;:, K/ run H Kt,ax OKa3anHCb MeHee 2 %. 

3aKJJro'leuue 

TaKHM o6pa30M, H3 noJTYlf_eHHblX pe3yn&TaTOB MO)KHO c.uenaTb Bb!BO.ll, l{TO npHMeHeHHe yc­

flOBHO-KpHTHtJeCKOro no.uxo.ua .llflJI paCYeTa pacnpe.ueneHHJI nnoTHOCTH HeHTpOHHOro ITOTOKa B 

COCTORHHRX PEMK c Ha,ll- HnH nO,UKpHTHlfHOCTblO, no Mo.aymo He npeBblllJatOLI.J;eH 1 ... 2 '3'$1>, on­

paa,naHo, nocKOflhKY He BHOCHT norpeWHOCTH, npeBbllllatOLUeH cymecTBYlOLUYIO norpelllHOCTb 3D 
nonHOMaCllJTa6HbIX HeHTPOHHO-KHHeTHlfeCKHX pact.JeTOB, CBR3aHttylO C tteycTpaHHMOH Heonpe.ue­

neHHOCThlO HCXO,llHbIX 3KCnepHMeHTMbHhIX .uaHHblX. 
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• 
Y)J.K 621.039.612 

Cnoco6 pactJeTa noKaHaJihH0f0 BblC0TH0f0 npoc)>HJISI 

Bbrropattusi T0nJiusa B 3D pactJeTax PEMK 

H.Jl. lfu'lynuH, A.H. Honoa, 
<l>rYIT H11Kl13T HM. H.A. ,[(on11e)Ka.JU1, I 07140, MocKBa, yn. M. Kpacttoce11bCKaJ1, 2/8 

j J,hseCTHO,~ '-lTO see HCXOJlHbte naHHbte JlJllJ pac'-leTOB peaKTOpOB c noMOlllblO 3D nonHOMacuna6HblX 
I cBHJaHHbtX HeHTpOHHo-Terumrnnpasm11-1ecKHX nporpaMMHbtX KoMnneKcos HMe!OT HeorrpenerreHHOCTb, 

j CBlJ3aHHYJO C norpeWHOCTblO HX 3KCnepHMeHTMbHOro onpeneneHHll. B CBll3H C 3THM COOTBeTCTBYJOIU)'K) 
' HeonpeneneHHOCTb HMe!OT Ii pe3ynbTaTbl pacl.feTOB. OnHaKO He Bee HCXOJlH.ble l{aHHbie JlJlll pacqeTOB HJ-

II necTHbl HJ JKcnep11MeHTOB. TaK, nosep11TeJ1bHbtX naHHblX no BbtCOTHOMY npoqrnmo BbrropaHIDI Tonmma 

npaKTH4eCKH HeT, IT03TOMY JlJlll ero onpeneneHHH npHXOJlHTClJ np11MemITb paJJlH'-lHble MaTeMan111eCKHe 

I HJTlf cjJ11J11l1ecK1-1e no.UXOllbt. Orr11catt npHMeID!eMbtH B □porpaMMHOM KOMnneKce DINA-P6MK cnoco6 cjrn-
1 3I1'-leCKoro BOCCTaHOBneHHH BblCOTHOrO pacnpenenemrn BblrOpaHHH TOnnHBa, OCHOBaHHbIH Ha MeTOJlHKe 

I caMocornacosaHHH 6e3 npHMOH KoppeKUlfH no noKaJaHJ.illM BbICOTHbIX ,!IaT4HKOB. 
! 

AXlAL BURNUP DISTRIBUTION CALCULATION IN 3D PliMK SIMULA TIO NS. 
N.L. CHICHULIN, A.I. IONOV. All initial data for reactor 3D coupled full-scale computer simulation 

have the uncertainties descending from the experimental error. Therefore the final calculation result has its 

own uncertainty. However not all data can be obtained experimentally. Thus, there is no reliable experi­
mental measuring of axial burnup distribution. The method of its self-agreed computer calculation used in 

the 3D dynamic coupled code DINA-RBMK is presented. 

K OCHOBHblM Heonpe.D,eJleHHOCTjJM, CBH3aHHblM C norpelllHOCTblO 3KCnepHMeHTaJlbHOro onpe­

,ne11emu1. HCXO,LlHblX .D,aHHblX .lJ,JljJ CBSl3aHHblX ,LlHH8MHYeCKHX paCYeTOB peaKTopos, OTHOCjJTC}I He­

onpe,neneHHOCTH s onpe,aenemm nono)KeHHH CTep)Kttei:i CY3, pacxo,uos Tennottoc11Te1rn s TK, 

npocTpaHCTBeHHOro pacnpe,neneHHjJ BblropaHHjJ H T . .D,. B C8j}3H C 3THM pe3yJ1bTaTbl pacl.feTOB TaK­

:>Ke HMelOT COOTBCTCTsy10w.y10 tteonpe.D,eneHHOCTb. ,[(nsi npH6JIH)KeHl1jJ pe3yJibTaTOB pacYeTHOro 

pacnpe.D,eJieHH}I nJIOTHOCTH HeHTpOHHOfO noTOKa K nOKa3aHHHM BttyrpHpeaKTopHblX ,naTYHKOB 

o6hlt.tHO npOBO.D,HTCH KOppeKTHpOBKa HCXO.D,HhlX ,aaHHblX B paMKaX HX H3BeCTHhIX norpeWHOCTeH. 

KaK npaBHJIO, B KaYeCTBe OCHOBHoro napaMerpa .D,Jl}I KOppeKUHH HCITOJlb3yeTCjJ Bbiropamte 

r onJIHBa, YTO C8jJ38HO C BblCOKOH t.tyBCTBHTCJlbHOCTblO pac4eTHblX pe3yJibTaTOB K ero sapHaI.U•UI. 

O,aHaKo s pacnpe,neneHHH BbiropaHJ,lj} no aKTHBHOH 30He eCTh, soo6w.e rosopH, ,ase tteonpe,neneH­

HOCTH: norpernHOCTb ,asyMepttoro noKaHaJlbHOro pacnpe,aeJTeHHH BbiropaHH.SI H Heonpe,aeneH­

H0CTb ero BbJCOTHOro npOQ)HJIH. TiorpernHOCTb ITOKaHaJlbHOro pacnpe,aeneHH}I Bblropam-rn TOITJIH­

Ba np11MepHO COOTBeTCTByeT norpeillHOCTH ,nsyMepHoro BOCCTaHOBJleHJ,fjJ 3HeprOBbl.D,eJieHHJI no 

ITOKa3aHH}IM pa,nHaJlhHblX )J,aTYHKOB c ITOMOUJ.blO nporpaMMhl TIPJ13MA, BbICOTHblH :>Ke npoqrnnh 

BblropaHHJI 3KCnepHMeHTaJlbHO npaKTHYCCKH COBCeM HeH3BeCTeH. fI03TOMY npH pacYeTax o6bit.tHO 

npOB0.D,HTCH ,ase KoppeKTHpOBKH BbirOpaHHJI no caMOCTOHTeJibHblM anropHTMaM: KoppeKTHpOBKa 

ero .D.ByMepttoro pacnpe.D,eJleHHH .lJ,JljJ npH6JIH)KeHJ,lj} pacYeTHOro 3HeproBbl,LleJieHHll K nOKa38HHJIM 

pa.D,HaJlhHblX )J,aTt.tHKOB 11 KOppeKL(J,!jJ ero BhlCOTHOro npoqrnJlH .D.JijJ npH6JIH)KeHH.SI K ITOKa3aHH.SIM 

BblCOTHblX ,LlaT'-lHKOB. 

,[(JIH KOppeKTHpOBKH BblCOTHOfO npOQ)HJI.SI BhiropaHHjJ .ll,OJl)KeH 6b1Tb 3a,naH KaKOH-JIH6o HC­

XO,LlHblH npOQ)HJlb BblropaHHH, HcnpaBJilJjJ KOTOpblH no TOM)' HJIH HHOMY anropHTMY, MO)KHO no­

JIY4HTb npHCMJieMblH BhICOTHblH npocpHJib HeHTpOHHOro ITOTOKa. 
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TaKoH nol(XO/( HMeeT CBOH /(OCTOHHCTBa H HO/(OCTaTKH. rnasHOe l(OCTOHHCTBO 3TOf0 nOl(XOl(a--_ 

B TOM, t.fT0 OH n03B0JlSICT CK0Jlb yro,nH0 T0I.JHO npH6mt31ffb pact.teTHhIH BhICOTHblH npo<pHJTb 3Hep­

r0Bbl)].CJlCHJ,HI K n0Ka3aHHSIM BblCOTHblX )].aTt.JHKOB. r11aBHblH )KC ero HC,llOCTaT0K - MexaHHCTH4-

H0CTh. npH peanHJau,rn TaKOro nO]lX0,lla Heo6XO)].HMO eme .no pact.teTOB HMCTh Hat.IaJTbHhlH npo­

<pHJTb BhrropaHHSI, KOTOpblH B paMKax :noro no.nxo.na M0)l(HQ 3a)laTb T0JTbKO no.n6opoM, HanpHMep, 

rapMOHHt.ICCKHM pS!)].0M HJlH nOJTHHOM0M. KpoMe Toro, rrpH KoppeKUHH Bblf0paHHSI B pa3Hb[X T04-

Kax no BblC0Te aKTHBHOH 30Hbl, B006UJ.e roB0pSI , Heo6xo.nHMO OTCJTe)l(HBaTb "cpH3HlfHOCTb" pe-

3YJTbTHPYIOUJ.ero npocj:HUISI, HanpHMep, 0TCYTCTBHe y Hero BTOpH4HblX JT0KaJTbHblX 3KC-rpeMyM0B. 

O,nHaKO cymecTByeT .npyroH ITO)].XO)]. K pacqery 3aBHCHMOCTH BblropaHIUI TOITJTHBa OT BblC0Thl, 

KOTOpbIH C0CTOHT B IT0HCKe npo<pHJlSI, cornacoBaHHOro C HCH'rpOHHO-TeITJTOnt,npaanWJeCKHM pac­

LICT0M. TaKOH no.nxo.n peanH30BaH B nporpaMMHOM K0Mn11eKce DINA-PEMK [I, 2] H 3aKJ1JOt.JaeT­

cS1 B cne,ny1omeM. 

B KaLieCTBe HallaJTbH0ro npH6JTH)l(eHl1SI HCITOJlb3YeTCSI BbirOpaHHe, pacnpe,neJTeHH0e no KaHa­

JiaM B C00TBCTCTBHH C HCXO)lHblMH .naHHblMH 11 paBH0MepH0 pacnpe.neJieHHOe no BblCOTe; .nm1 Ta­

K0ro npH6JlH)l(CHHSI npoB0)lHTCSI nepBblH CBJi3aHHblH HCH'rpOHHO-Tennon1.npaBJ111llCCKHH caM0CO­

rnacoBaHHhlH paclfeT CTaUHOHapHoro pe)l(HMa pa6oTbr peaKT0pa Ha MOUJ.H0CTH. flocne npose.ne­

HIDI paCLieTa B K~0M TK BbirOpaHHe TOnJlHBHOH SllleHKH Bij ynemfqJ,f_BaeTCSI Ha BeJlHLIHHy 

:meproBbl)].eJTeIDUl B HeH: B,j ➔ Bu + Qij, r.ne i - HOMep KaHana, a j - H0Mep CJI0SI no BblC0Te. 

I1ocne 3T0ro BbiropaHHe B aKTHBHOH 30He HOpMHpyeTCSI TaK, llT06bI cpe,lUUISI BeJlHlfHHa Bblropa­

HIDI .nm1 K~oro KaHana OCTanacb HCH3MeHHOH. 3aTeM CBSl3aHHblH pact.JCT noBTOpsteTCSI. 

KaK noKa3aJTa npaKTHKa, T8KOH HTepaUHOHHhIH npouecc CX0)ll1TCSI rrpHMeptto qepe3 20 .. . 30 

J1Tepau11H. <l>aKT11LieCKH 3Ta npoue.nypa npe)].CTaBJlSICT co6oH )].OnOJ1Hl1TeJ1bHOe cornacoBaHHe Bhl­

C0TH0ro npO<pl1JlSI BhiropaHl1Ji co CBSl3aHHhlMJ1 HeHTpOHHO-TeITJToni.npaBJlHt.JeCKHMH paClfeTaMH. 

ITocne pact.JeTa noKaHaJTbHbie npo<pHJHI BblropaHIUI )].eJTSITCSI no nmaM T0ITJJHBHhIX K8HaJTOB 

(3 CTeneHH o6orameHHSI TQITJTJ,[Ba) 11 no HX ITOJJQ)l(CHHIO 0THOCHTeJlbH0 pa3HblX THIT0B CTep)l(HeH 

CY3 - pS!.ll0M co cTep)l(HSIMH PP, YCfl HnH £A3 111160 s.naneKe OT cTep)l(HeH CY3. TaKHM o6pa-

30M, scero cpopMHpylOTCSI 12 THIT0B npo<pHJieH BblropaHHSI. I1oCKOJlbKY ynpaBJISllOlll,He CTep)l(HH B 

aKTHBHOH 30He norpy)l(eHbl no-pa3H0MY, TO no pe3ynbTaTaM pacLieTa onpaa.natto nocne.ny10mee 

ycpe,nHettHe noJIY4eHHhlX npocp11new K~oro T11na. 

Pe3yJibT8Tbl pacLieTOB C HCITOJ1b30BaHHeM OTIHC8HHOH MeTO)lHKH Ha npHMepe 1-ro 3Hepro6no­

Ka CMOJlCHCKOH A3C Ha MaH 2003 r . npe,nCTaBJJeHbl Ha pHC. 1 .. . 6. B C00TBeTCTBHH c o6menpH­

HSITOH MeTO,UHKOH npose,neHHSI pact.JeTHblX HCCJlC)lOBaHHH B KaLieCTBe HCX0,UHblX ,naHHblX Bb16pa­

Hbl IT0Ka38HIUI CHCTCMbl Cl.U( CKAJIA Ha <pl1KCHpOBaHHbIH M0MeHT speMeHH CTaUHOHapHOH pa-

60Tbl peaKT0pa Ha HOMHHaJTbH0M ypOBHe M0WHOCTH. 

1'13 pe3yJ1bT8TOB (pHC. l , 2) BH)lHO, t.IT0 npo<pHJJH BbiropaHHSI )lJJSI T0ITJTHBHbIX KaHaJTOB, pac­

IT0JlO)l(CHHblX pst,ll0M C pa3HhIMH CTep)l(HSIMH CY3, pa3HSITCSI He CHJlbHO 38 HCKJllOLICHHCM K8HaJ10B, 

pacnoJJO)l(eHHbrx pS!,U0M c YCI1. 6onee Bblpa)l(eHO pa3JJHLIHe a npo<pHJISIX .ll.JlSI T0ITJlHBHblX KaHaJT0B 

pa3H0ro o6orameHHSI 11 HaJTHt.JIDI/OTCYTCTBHSI Bhlf0PaIOll.lero nornontTeJJSI. 

Cpe,nHHM pacLieTHhlM BblCOTHblH npo<pHJJb 3HeproBbl)lCJ1CHHSI npH pa6oTe Ha HOMHHaJTbHOH 

M0ll.lH0CTH npHBe,UeH Ha pHC. 3. PaCLieTHblH BhfCOTHblH npo<pHJTb ITJI0THOCTH IT0TOKa HCHTpOHOB a 

K8HaJTe 3017 npH yc110BHI-I 0CTaHOBa, 0XJl~eHHSI H nocne.ny10mero BhIB0,Ua peaKT0pa B KpHTHLie­

CK0e C0CTOSIHHe IT0Ka3aH Ha p11c. 4. AnS! cpaBHeHIUI npHBC.llCHbl 3KcnepHMeHTaJThHble .ll8HHblC. 

811,D.HO, LIT0 .llJlSI nycKOBOro KpHTHl.JCCK0 ro COCT0SIHHSI peaKTopa BblCOTHhlH npo<pHJlb ruIOTH0CTH 

IT0TOKa HCHTpOHOB MO,nemtpyeTCSI ,llOCTaT04HO TOLIH0. 
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0TH. en. 
1,5 

0,5 

0 

- BnanH OT CTep)l<HeH 

--- pJ1nOM C pp 

- pJ1nOM C yen 
~ pJ1nOM c 6A3 

2 4 

::, M 

6 8 

PHc. 1. 8b1contb1e npocJHlm,t BbIropa11HJ1 B TK o6orame­

HHJI 2.4 % 

0TH. en. 

1,4 

1,2 

0,8 

0,6 
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0,2 
::, M 
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PHc. 2. Bb1cornb1e npo<jrnnH BbIropaHHJ1 B TK 06orame­

H1rn 2,6 % 
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PHc. 3. CpenHHH BblCOTHblH npocj)Hnb :)Heprosr,(JleneHHJI s PHc. 4. BbICOTHbJH npocjlHJTb Hei-!TPOHHOH nnoTHOCTH s 

aKTHBHOH JO He Ha HOMHHa.JlbHOH MOIUHOCTH KaHa.ne 3017 11a pacxonolKeHHOM KpHTH'-teCKOM peaKTope 

7 

6 

s 
4 

3 
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0 

Br,1c0Ta, M 

... Pac4eT 

-,,.. 3KcnepHMeHT 

Z, M 

2 

7 
C(Xe) 
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- C(Xe) -- C(Xe) I -+- [(Xe) 2 -Q -Q I -<>-Q 2 1,4 

1,2 
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Z.M 0,4 

0,2 

2 3 4 5 6 7 

PHc. S. Ycpen11eHHbJe nOKaJaHHJI BblCOTHblX naT'-IHKOB Ha PHc. 6. 3aeHCHMOCTb cpenttero 81,ICOTIIOro '.)HeprOBb(Jle-

HOMHHa.JlLHOH MOI.UHOCTH neHHJI OT sapHailHH KOHUe!ITPaUHH KCeHOHa 

Cpe,nHee 0TKJI0HeHHe pacLJeTHbIX ycpe,nHeHHblX TTOKa.JaHHH BblC0THbIX ,naTLJHK0B OT 3KCnepH­

MeHTaJihHblX ,naHHblX npH pa6oTe peaKT0pa Ha HOMHHaJlbHOH M0I..l.lH0CTH C0CTaBHJJ0 0K0JI0 IO % 
{pHC. 5). 

O,nHOH H3 B03MO)fCHblX npwrnH pacxo)f(,LleHH.!I paclfeTHbIX H 3KCnepHMeHTaJibHblX ,naHHhIX 

M0>f<eT 6bITb HeCTaTH4H0CTb HeHTpOHHOro TT0JI.!I B peaKTope npH pa6oTe Ha H0MHHaJlbH0M ypostte 

M0I..l.lH0CTH H B nepexo,nHblX pe)KJ1Max. Perym1pHbie nepeMemeHHSI CTep)f(HeH CY3 H neperpy3KH 

npHB0,n.!IT, B lfaCTH0CTH, K T0MY, 4T0 K0HU.eHTpaU,H.!I KCeH0Ha Xe135 
noCT0.!IHH0 MeH.!leTCSI. TaK KaK 
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ee nOCTOSJHHaSJ apeMeHH COCTaBJU!eT HeCKOflbKO 4aCOB, TO OHa HHKor.ua He 61,rnaeT nOJJHOCTblO 

cornacoBaHHOH C HewrpoHHblM noTOKOM - TaK 803HHKalOT KCeHOHOBble BOJJHbl B nJJaHe H no Bbl­

COTe aKTHBHOH 30Hbl, conpOBO)K)laeMble COOTBeTCTBYIOlllHMl1 KOJJe6aHHSJMH nJJOTHOCTl1 tteihpott­

ttoro nOTOKa H nOKa3aHHH BttyrpH30HHblX .u.aT1.f11KOB. 

TlepHO.ll peaJJbHblX BblCOTHblX KCeHOHOBblX KOJJe6aHl1H COCTaBJU!eT OKOJJO cyroK, a aMnJIHT)'JJ.a 

H3MetteHl1SJ HeHTPOHHOro noTOKa JJ.O ± 10 %. TlpHMepttblH xapaKTep 3Tl•fX KOJJe6aHHH nOKa3att Ha 

p11c. 6, rJJ,e np11ae.uettbl pe3yJJbTaTbl pac4eTOB C paBHOBeCHOH KOHUeHTPaUHeH KCeHOHa Cxe, a 

TaJOKe c .U.BYMSJ ee aapHaUHHMH B a11.u.e 8Cxc(z) = 1Alsin(21tz/H) 11 8Cxe(z) = - 1Alsin(21tz/H), r.u.e 

A - KOHCTaHTa, Z - paCCTOSJHMe OT aepxa aKTHBHOH 30Hbl. 

BHJJ.HO, 4TO OTHOCHTeJJbHOe H3MeHeHl1e 3HeproBbJ.U.eJJeHHSJ npHMeptto B JJ,Ba pa3a 6oJJbllie, 4eM 

Bbl3Baawee ero OTHOCHTeJJbHOe 113MeHettHe KOHUeHTPaum1 KCeHOHa. TaKHM o6pa30M, npH aMnJJH­

ry.u.e H3MeHeHHSJ HeHTpOHHOro nOTOKa nopSJ.U.Ka ± 10 % aMnnHry,na H3MeHeHl-lH KOHUeHTPaum-1 

KCeHOHa J].OJDK.Ha 6b1Tb OKOJJO ± 5 %. 
J,fa BblWeJnJJO)KeHHOro CJJe,nyeT, 4TO npH q>opMHpoBaHHH BblCOTHOro npoqnurn BblropaHHSJ 

Tonmma Ha OCHOBe attaJJH3a BbICOTHblX npo¢1,tJ1eH tteihpOHHOro noTOKa H conocTaaJieHHH pac­

LfeTHblX pe3yJJbTaTOB C nOKa3aHHSJMH BblCOTHblX )laT1.fl1KOB acerJJ,a Heo6xo.u.HMO YYHTbIBaTb HaJIH­

l.fHe BblCOTHblX KCeHOHOBblX KOJJe6aHHH. 3To HMeeT 6on1,woe 3Hal.fem1e npH aHaJJH3e .llHHaMHKH 

peaKTopa B nepeXOJ].HhIX npoueccax C pa3HhlMl1 nOCTOSJHHblMH BpeMeHH. 
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Mo;:i;eJiuposauue pa6oThl peaKTHMeTpa peaKTOpa liH-600 

EJI>. Cene:mea, A.H. I'ml3a, <I>fY,rol BHMHA3C, 109507, MocKaa, <I>eprattcKaSJ yn., 25 

flOKa3aHbl npo6neMbl H3MepeHHSI H pacl.feTa 3cpcpeKTOB peaKT11BHOCTH B peaKTope EH-600 Ha 
np11Mepe oueHKH 3cpcpeKTHBHOCTH cTep)t<HeH CY3. f1p11seJJ.eHbt anropHTMht nonyqeHHSI ypasttem111 
TO'-le'IHOH KliHeTHKlf C BeCOBOH cpyHKUHeH, OTJIH'IHOH OT conpH)f(eHHOH cpymw;irn. 

SIMULATION OF REACTIMETER FOR BN-600 REACTOR. E.F. SELEZNEV, 
A.N. GANZA. Problems of measurement and calculation of reactivity effects in BN-600 NPP are listed 
and algorithms of getting of point kinetics equations with weight function, different from adjoint function, 
are shown. 
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• 
CJJO)KHQCTb H3Mepe1-nu1 H pacGeTHOfO MO,lleJJHpOBaHIDI npou.ecca H3MepeHHH peaKTHBHOCTH B 

peaKTOpe EH-600 onpe.11.eJJHeTCH HaJJH4HeM JIHWb 0)].HOro CHrttaJJa, nocryna10wero H3 6JJOKa 

HOHH3aUHOHHblX KaMep (EHK) Ha peaKTHMeTp, H rnaBHblM o6pa30M 3Ha4HTeJJbHblM y.nanemteM 

caMoro EHK OT aKTHBHOH 30Hbl peaKTopa. ,[(Jlsi HJIJIIOCTpa1..urn 3TOro Ha pHC. 1 npe.ncTaBJJetta cxe­

Ma pacnoJJo)Kemrn EHK B peaKTope EH-600. 

11eHTpanbHa.11 OCb peaKTopa 

11eHTPanbHaJ'I oci. aKTHBHOM 

30Hbl 

BblrOpo,QKa 

rpa4'KTOBaJ'I 06nMl40BKa 

HMWH MK 

PHc. I. CxeMa pacnono:>KeHHSI 611K ornocITTeJJbHO aKT11a1-1oii JOHbI peaKTopa EH-600 

Y ,llaJJeHHOCTb HOHH3aUHOHHOH KaMepbl OT HCT0'4HHKa HeHTpOHOB BHOCHT CJIQ)KHQCTH H3-3a 

OCJJa6JJeHHH nOTOKa tteHTpOHOB Ha Yl.!8CTKe OT HCT04HHKa )],0 KaMepbI H, KpOMe Toro, H3-3a HeRC­

HOCTH nose.11.emur ocna6JJeHHH npH H3Mettemn, aMTTJIHT)')].bI HCT011HHKa HewrpOHOB. 3Ta y.naneH-

HOCTb HMeeT H nOJJQ)KlfTeJJbHylO COCTaBJTHlOI..UytO, COCTOHIJ..{YIO B TOM, lfTO '-teM ,llaJJbWe KaMepa Ha­

XO,llHTCH OT HCTOlfHHKa, TeM Mettee pa3JJHl.!HMbl npocTpaHCTBeHHble 3cpcpeKTbI HCTOlfHHKa B Ka.Mepe 

H TeM o6oCHOBaHHee HCnOJJb30BaHHe T04e4HOro np116JJJ,[)KeHID1 npH o6pa60TKe ClffHaJJa. 0,aHaKo 

cywecTBeHttaR HeO)],HOpO.llHOCTb aKTHBHOH 30Hbl peaKTopa EH-600, pa3Mewemte B HeH pa3tteceH­

HbIX no npocTpaHCTBY CTep)KHeH CY3 H cneU,HaJJbHblX BHellJHHX HCT04HHKOB He CHHMaJOT npo-

6JJeMY y1.1eTa npocTpaHCTBeHHbIX 3cpcpeKTOB KaK npH H3Mepemrn, TaK H B paC4eT8X peaKTHBHOCTH. 

,Lvur o6pa6oTKH CHrHaJJOB H3MepeHHH HCITOJ1b3YIOTCH ypaBtteHHH T01.fe4HOH KHHeTHKH, ,llJTH 

nony1.1eHKH KOTOpbrX paCCMOTpHM ypasHeHHe rrepettoca HeHTpOHOB B 8KTHBHOH 30He peaKTopa 

lo<!> " " " --= F <I> - L<D - ~ F <I>+ I xd? jcj + Q; 
V Of J 

(1) 

,_ A 

3,aecb <l>(r, Q, E, t)- nJJOTHOCTb nOTOKa HeiiTpOHOB; F - onepaTop ,n;eJJeHIUI; L- orrepaTop 

yso.aa HeHTpOHOB; CJ (r, t) - KOHll.eHTpau,HH rrpe,n;llleCTBeHHHKOB 3ana3.L{bIBalOWHX HeITTpOHOB 
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rpynnb1j; Q(r,n,E,t)- HCTOYHHK BHeWHHX HeHTpOHOB; rE V' V-TpeXMepmur o6JiaCTb, B KO­

TOpOH nocTaBJleHbl Heo6XOJI.l1Mble rpaHHYHble H H8YaJlbHbie YCJ10BH$1. 

ITpeJI.CTaBHM <l>(r,Q,E,t)=P(t)cp(r n ,E,t), rJI.e P(t) - aMnmrryJI.Hrur cpyHKUH.sI, a 

(j) (r,n, E,t) - cpyHKUH.sl cpopMbl, c11a60 MeH.sIIOUJ,8RC.sI BO speMeHH. TorJI,a, HCTIOJib3Y.sI HeKOTopy10 

secosy10 JI.HcpcpepeHJ._\HpyeMyJO no110:>1<HTeJ1bHYIO cpyHKI..U,UO 'I'( f, n, £, t), onpeJI,eJl HM cpyHKUHO­

HaJl 

l / " A = < ; \j/<p > < \j/ F <p > (2) 

KaK speMJI )KH3HH MrHOBeHHblX HeHTpOHOB H, YMHO)Ka.sI secosy10 cpyHJ<J.,\HJO Ha ypastteHIDI CHCTe­

Mbl ( 1) H HHTerpHpy.sr ee no BCeM nepeMeHHblM, noJI~HM cneJI.YIOlUYIO CHCTeMY ypaBHeH.HH: 

(3) 

" 
1 <o\jlc1 1a1> 1 <A.

1
\jlc1 > 1 <P1'VF<p> __ _;__ __ + --'---'-=P--~---. 

A <\j/F<p> A <\j/F<p> A <\j/F<p> 

l <\j/C1 > 
BseJI,eM nOHJITH.sI C 

1 
= A. " - 3cpcpeKTHBHOH KOHUeHTpaUHlt npeJI,wecTBeHHHKOB 38-

< \j/ Fcp> 

" 
<P -\j/F<p> 

na3JI,bIBa10mnx HeiiTpOHOB rpynrrbI j; Pf = 
1 

" - 3cpcpeKTHBHOH JI.OJIH 3ana3JI.b!BaJOUJ,HX 

~ . 1 <\j/Q> 
HeHTpOHOB rpynnbl J; q = " 

A <\j/F<p> 

p =( 1 - < 'V ~<p > ]- peaKTHBHOCTH CHCTeMbl. l <\j/F<p> 

<\j/F<p> 

3cpcpeKTHBHOro HCTOtIBliKa BHeWH.HX HeHTJ)OHOB; 

0rMeTHB, lffO npH paseHCTBe BeCOBOH cpyHKU.HH noCTO.sIHHOH BeJil-iq}IHe HJIH conp.sr)KeHHOH 

cpyHKU.HH TIJIOTHOCTH nOTOKa HeHTpOHOB, T.e. cpyHKUHH ueHHOCTH HeihpoHOB JI,eJleHH_jl, 3HalfeHHe 

peaKTHBHOCTH 6yJI.eT HMeTb BHJI. p=l-1/K:><l><I> HJIH TOlfHee p=l-KKP/K:><l><I>, rJI,e KKP-3TOK:><l><I>, 

COOTBeTCTBYJOUJ,ee KpHTHtieCKOMY COCTO.sIHHIO peaKTopa, nepeXOJI.HM K CHCTeMe 

(4) 

Pewa.sr .l],atteyJO CHCTeMy MeTOJI.OM OPYK H aHanOrHlfHO pa6oTe [l) BBOJI..sI noHRTHe 3cpcpeK­

THBHOCTH JI,eTeKTopa, nonyYHM cneJI,y10mee pewem1e: 
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• 
I 

LA.1 f e-,.;Ct-t)Nd(-c)elro,T.)d-c+q 
_P_= 1 __ 1_· ____________ _ 

P J<jxj> N ,1f.(r0 ) 

(5) 

" <\j/P . F<p> 
r.ue e lr0 ,t) = 1 

- 3cpq>eKTHBHOCTb .ueTeKTopa HeHTpOHOB. 
<L/:D(,0,t)> 

TipellnOJiaraj{ HeH3MeHH0CTb 3<pcpeKTHBHOCTH ,ueTeKTopa ll0 Hat.J:ana sso.ua peaKTHBH0CTH, 

M0)KH0 BMeCT0 3cpcpeKTHBHOCTH ,ueTeKT0pa BBeCTH n0IDITHe OTHOCHTeJibHOH 3cpq>eKTHBHOCTH 

,ueTeKT0pa co(r0 , t) = e lr0 , t :5 0) le lro, t > 0). B npe,unono)l(emm CT)'IleH'-IaToro ITTMettemu1 

3cpcpeKTHBHOCTH .ueTeKT0pa , HanpHMep, MrH0BeHH0M H3MeHeHHH B Hat.Jane BB0lla peaKTHBH0CTH, 

nony4HM HeH3MeHeylO B npouecce BB0,Ua H H3Mepemu1 peaKTHBH0CTH 0TH0CHTeJibH)'IO 3cpcpeK­

THBH0CTb m .neTeKTopa. Tor.na ypasHemte (5) rrepexo,uHT B cne.nyiomee: 

0 I 

mIA.1 J e -"/,. ,(1-t) N,1 (-r.)(ro, -r.)d-r. + LA.1 J e-A,(1-t)Nd(-r.)d-r. + q 

_P_=l- j 1 o 

PJ<jxj> Nd(t) 
(6) 

3TO ypaBHeHI-fe B npe,un0Jl0)l(eHHH, 4TO p / p3cpcp = canst H uJ = const rrpH t > 0' npHHHMaeT 

mrneHHb[H BH,ll; 0THOCHTeJibHO napaMeTpOB p/p:xpcj, 'q H uJ: 

y(t,) = p/pJ<jxj> + mz; + qx,. (7) 

Bee TJ)H napaMeTpa Moryr 6bITb onpe.neneHbl MeT0JJ,0M HaHMeHbWHX KBa.npaTOB. 11MeHHO 

3T0T anropHTM HCnOJlh3yeTCR npH 3KCrrepHMeHTanbHOH oueHKe 3cpcpeKTJIBHOCTH CTep)l(HeH CY3 

Ha peaKTope EH-600. Paccornacosam1e pact.JeTHbIX (11.MeeTC$1 BBH.1lY perneHHe ypasHeHH$1 (1) s 

TpeXMepHOH reoMeTpHH) H 3KCnepHMeHTanbH.blX pe3yJihTaTOB ,ll0CTHraeT 10 ... 20 %. 3HatJH­

TeJibHYfO .nomo s paccornacosaHHH o6ecneYHsaeT HCIT0JJb30BaHHe s pact.J:eTe m1cpcpy3HOHHoro 

npH6JIH)l(eHH$1. O.uHaKO H BKJia,U OT 3KCnepHMeHTa TalOKe seJIHK. TaK, HanpH.Mep, npose,ueHHe B 

OJlHOH H3 KaMnaHHH peaKTOpa H3MepeHHH 3cpcpeKTHBHOCTH CTep)l(HJI AP rrpH c6pacbTBaHirn ero C 

pa3HOH CK0pOCTblO TTOKa3anO 38BHCHM0CTb H3MepeHHOH 3cpcpeKTHBHOCTH OT CK0p0CTH na)leHIDI 

CTep)l(H$1. IlpH H3MeHemrn cKopocn1 B rnecTh pa3 paccornacosaHHe 3cpcpeKTHBHOCTeH cTep)l(HH 

JI.Jljl pa3HblX CKOpocTeH na)leHH$1 npeBblCHJIO 3Hat.J:emte norpewH0CTH 3KCnepHMeHTa. 8 pact.JeTe 

3cpcpeKTHBHOCTb CTep)l(Hj{ OT CK0p0CTH ero ,UBH)KeHl1$1 He 38BHCHT, npH'-1.eM .llJl$1 mo6oro BHlla 

seCOBOH cpyHKUHH. 1 -.---.::::--------------------, 

Ha pHC. 2 n0Ka38H0 yMeHbWeHHe 
0,995 --1--- - - ----=::e....2--,,;;;:----------~ 

OTHOCHTeJibHOH 3cp<peKTHBHOCTH. ,ueTeK-

T0pa (ocb op)lHHaT) s npouecce na)leHHR o,99 

CTep)KHj{ B 38BHCHMOCTH OT speMeIDt 

na.neHH$1 (ocb a6cu11cc) 11. s11.ua secosoti 

cpyHKUHH (nOCT0$1HH8$1 seJIHtJHHa H cpyHK­

UH$1 ueHHOCTH). 

J,fa pHC. 2 BH)lH0, lJTO 3cpcpeKTHBHOCTb 

.ueTeKTopa 38BHCHT JIHWb OT BH)la seco­

BOH Q)YHKUHH H npH ee H.3MeHeHHH OT 

nOCT0$1HHOH seJIHtJHHbl no cpyHKUHH ueH­

H0CTH OTJIHlrne 3cpcpeKTHBHOCTH ,ueTeK­

T0pa He npesb1waeT I % .llJl$1 cTep)l(Hj{ AP. 

0,98 -+------------------'---.~-~ -..... ~ ..... ·-0.975 -+------.---~---~---~--~ 
0 0,2 0,4 0,6 0,8 

--1 C • • • • • 100 C - - -1 C - • - • 100 C 

PHC. 2. 3cp<j>eKTHBHOCTb JleTeKTopa B 3aBHCHMOCTH OT epeMeHH 

nMemui crep)l(IDI H anrop11TMa pacYera: --- , · · · · · ·· ·· · ·· - a 
KaYeCTae eecoeoA q>yHKUHH 11cnon1,3yerc.11 nocro.11HHa.si een111-rnHa; 

- - - - , - • - · - - e Ka'leCTee eecoaoi1 <l>YHKUHH Hcnon1,3ye-rc.11 

<l>YHKUH.11 ueHHOCTH 
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3aKJIIOl:feH He 

Pacl.feTHblM atta.11113 3KCnepHMeHTOB no H3MepeHHfO 3cp<peKTHBHOCTH CTep)KtteM CY3 nOKa3aJl, 

l.fTO 3KCnepHMeHTaJlbHaSI norpeWHOCTh 6y.n,eT MHHHMaJlbHOM, ecJrn npH H3MepeHHH 06pa6aTb1BaTb 

CHrHaJl noc11e 3asepweHH.SI .LlBH)KeHHSI CTep)KHJI. B 3TOM c11yi.iae H3Mettem1e 3cpcpeKTHBHOCTH 

neTeKTopa a npou.ecce .z:lBH)l(eHHSI cTep)Ktt.SI c11a60 amureT Ha pe3y11bTHPYfOll(YlO norpewHOCTh 

3KCnepHMeHTaJlbHOro pe3yJ1hTaTa. 

HaJJHl.fHe 3KCnep11MeHTaJlhHOH 3aBHCHMOCTH 3cpcpeKTHBHOCTH CTep)KHSI OT CKOpocnt ero nane­

HHSI, CKOpeH scero, rosopHT O He.L(OCTaTOl.fHOM o6ocHOBaHHH 3KCnep11MeHTaJlbHOH norpellIH0CTH. 

,[{.risi ee ou.eHKH B03MO)KH0 BBenem1e, KaK WTaTHOro, 3KCnepHMeHTa no B3BellIHBamno 0.LlH0ro 

cTep)KH.SI CY3 c pa3HOH cKopoCTbfO nanettHSI. B aKTHBHYfO 30HY .z:tJI.SI Ka)l<.L(OH KaMnamm peaKTopa. 

Jrn:TEPATYP A 

l. KaJQHCKUU IO.A., MamyceOIII/ E.C. 3KcnepHMeHTaJU,HbJe MeTO.D,bl q>H3HKH peaKTOp0B. - M.: 3ttepro­
aTOM1B}laT, J 984. 

CTaTbSI nocrynHJ1a B pe.n.aKUHJO 25 01m16p.S1 2004 r. 
BonpOCbl aTOMHOH HayKH H TeXHHKH. 

Cep. <l>ITTHKa H.D,epm.Ix peaKTopoB, 2004, Bbln. 3,_ C. 42 - 46. 

y~ 621.039.5 

BJIHHHHe npocTpaHCTBeHHblX Jcj>cj>eKTOB Ha OTJIH'IHe 

H3MepeHHblX OT pac'leTHblX 3Ha'leHHH Jcj>cj>eKTHBHOCTH 

pa6011ux oprauoB CY3 KC peaKTopa liH-600 EeJioHpcKon A3C 

B.A. }l(enmbl1uea, B. <l>. PoCJLR1<oa, EA3C, 624250, r. 3apet.tHbIH Csep.LlJlOBCKOH o6n ., 

E.<l>. Cene311ea, <DrY)Ul BHill1A3C, 109507, MocKsa, <DepraHCKaSI. yn., 25 

PaccMOTPeHbI HeK0TopbIe pe3y11bTaThI pac'-IeToB H H3MepeHHH Ha peaKTope EH-600 EenoHpcKoi1 
A3C, Kacaiow.11ecH 3cpcpeKTHBHocrn pa6o'-IHX oprattoB CY3 KC. 

DIMENSIONAL EFFECTS INFLUENCE TOW ARDS THE DIFFERENCE OF CS 
OPERATIVE DEVICES' MEASURED VALUES EFFICIENCY FROM CALCULATED VALUES 
OF BELOYARSK NPP' REACTOR BN-600. V.A. ZHELTYSHEV, V.F. ROSLYAKOV, 
E.F. SELEZNEV. In this article several calculation and measurement results are provided for BN-600 
reactor of Beloyarsk NPP; these results are connected with CS operative devices efficiency. 

Pacl.feTbl no onpeneneHHfO 3cpcpeKTHBHOCTH pa60l.fHX opraHOB CY3 CHCTeMhl K0MneHcau.1111 

peaKTH13H0CTH (KC) peaKTopa EH-600 nposon.siTC.SI Ha 3Tane cpopMHposam1si 3arpy3KH peaKTopa 

Ha cnenyfOI.UYfO KaMnaHHfO. Pacl.feTbl np0BO.Ll.SITC.SI no aTTeCT0BaHH0MY K0MnJTeKcy nporpaMM 

fE<l>ECT [1]. ,[{.risi nonrnep)K)J.eHHH pac'-!eTHhIX 3Hal.feHHH 3cpcpeKTHBHOCTH pa6oq11x opraHOB KC s 

Ha'LJ'ane KaMnaHHH nocne BhIB0.z:ta peaKT0pa Ha ypoBeHb MOI.UHOCTH - 0, 1 % ee HOMHHaJlhHOro 3Ha­

l.feHH.SI rrpOBO.Ll.SITCSI H3Mepemui: 3cpcpeKTHBHOCTH pa60t.JliX opraHOB KC B COOTBeTCTBHH C HHCTpyK­

U.HeH [2] cornaCH0 MeT0.LlHKe [3]. 
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CpaBHeHHe JIJMCpCHHblX If pacqeTHblX 3Haqe111111 3<l>cfleKTHBHOCTH pa601.mx opraHOB KC 

Ofl.hlT H3MepeHHH H pac4eTOB 3cpcpeKTHBHOCTeH pa604HX opraHOB KC Ha peaKTOpe EH-600 

oeJlOS!pCKOH A3C nOKa3bJBaeT, 4TO HMeeTCSI OTJJHlfHe H3MepeHHbfX 3Hat.JeHHH OT pac4eTHblX. OT­

HOCHTeJlbHble OTJ1H4HSI H3MepeHHblX 3Ha4eHHH OT pac4eTHblX, nO.II)'1-leHHble }J.JJSI Hat.Jana nSITH KaM­

naHHH peaKTopa (c 40-H no 43-IO), npe,11.CTaBJleHbl a Ta6JJ . l, }J.JJSI KOHI.(a nJITH KaMnaHHH - s 

Ta6n. 2. 
OTJ1Hl{HJI H3MepeHHblX 3Hat.JeHHH: OT pac4eTHblX B pa3JJHYHblX KaMnaHHSIX ,IJ.Jl.st pa3HblX pa6o-

4HX opraHOB KC Hax0,11.SITCSI B ,11.HanaJOHe (- 6 ... 11) % H o6bSICHSIIOTCSI KaK HaJlO)f(eHHeM cny1:JaH­

HblX norpelIIHOCTett, o6ycJJOBJleHHblX norpeWHOCTSIMH HJMepeHHH, pac4eTOB, onpe}J.eJJeHHSI no­

fJJ0THTeJISI B pa604HX oprattax KC, 3arpy3KH TOnJlHBa B TBC, TaK H B03MQ)f(HblMH CHCTeMaTH4e­

CKHMH OTJJHt.JHSIMH H3MepeHHbIX 3Ha4eHHH OT pac-YeTHbIX, Bbl3BaHHhIMH BnOJJHe cpH3H-YeCKHMH 

npH4HH8MH. Ycpe,11.HeHHbie no nSITH KaMnaHHSIM OTJHfl.fHSI HJMepeHHblX 3Ha-YeHHH: OT pactJeTHblX 

,IJ.JJSI Ka)f(}J.0fO pa6otJero opraHa KC B H3BeCTHOH CTeneHH ocso6o)f(,IJ.alOTCSI OT BJJHJIHHSI cny"tJa.HHblX 

norpewHOCTeH. I-fa ,IJ.8HHblX Ta6JJ. I H 2 cne,11.yeT, 4TO ycpe}J.HeHHble OTJlHl-fHJI H3MepeHHbJX 3Ha"4e­

HHH OT pac4eTHblX }J.JJSI KOHKpeTHOH KaMnamrn HaX0,11.SITCSI B }J.HaITa30He (- 3 .•. 7) %. 

Ta 6 JI If ll a 1. 0rHOCITTCnhHble OTnH'llUI HJMepeHHblX 3Ha'leHl-!H 3¢<j>eKTHBHOCTeH 
pa60'lHX opra11oe KC OT pac'leTHhlX JHa'leHHH 11a Ha'lano KaMnaHHH, % 

HoMep opra1-1a KC 
HoMep KaMnaH1111 

Cpe.llHee 
3q>cjlCKTH BHOCTb 

40 41 42-1 42-2 43 JleTCKTOpa 

KC-I -0,5 2,1 1,7 -0,4 7,3 2, I 0,944 

KC-2 7,9 8,3 5,8 2, I 9,4 6,7 1,038 

KC-3 10,4 10,1 6,4 2,1 6,2 7,0 I,046 

KC-4 9,4 1,2 1,4 0,8 5,2 3,6 0,961 

KC-5 3,7 0,7 2,3 -0,1 3,8 2,1 0,966 

KC-6 6,0 6,3 2,0 1,0 5,8 4,2 1,015 

KC-7 -2,9 0,8 0,1 -3,l -0,2 - 1,1 0,866 

KC-8 10,9 9,7 -2,0 -3,8 -3,5 2,3 0,929 

KC-9 0,5 - 1,9 - 2,9 -5,0 -5,0 -2,9 0,981 

KC-IO 6,3 3,0 0,6 -3,2 - 1,2 I, I 1,025 

KC-I 1 5,7 4.0 4,7 -2,7 1,2 2,6 1,047 

KC-12 7,0 5, 1 5,7 -0,1 3,4 4,2 1,042 

KC-13 8,4 7,6 6,5 0,3 4,0 5,4 I, 103 

KC-14 8,1 7.9 5,6 0,6 5,7 5,6 1,022 

KC-15 4,8 5,2 3,4 -2,0 3,5 3,0 1,01 I 

KC-16 3,7 1, I -0,4 -3,5 0,0 0,2 0,984 

KC-17 0,7 1,2 -0,8 -4,2 -0,9 -0,8 0,929 

KC-18 -0,8 -0,8 - 1,7 -6,1 -3,4 -2,5 0,870 

KC-IJ, 8,4 6,0 4,0 -0,3 10, l 5,7 1,018 

CpCJlHCC 5,2 4,1 2,2 - 1,5 2,7 2,5 -
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Ta 6 JI If u a 2. 0rHOCHTCJlbHble OTJIH'iHSI HJMepeHHblX JHa•1eHHH 3cpcpeKTHBHOCTeH 
pa6o'!HX opraHoB KC OT pac•1ernb1x JHa'!eHHH Ha Ko11eu KaMna.HHH, % 

HoMep opraHa KC 
I loMep KaMnru-m11 

Cpe1u1ee 
3c)lcpeKTHBIIOCTb 

40 41 42-1 42-2 43 .D.eTeKTopa 

KC-I - 0,9 0,4 0,0 0,3 3,1 0,6 0,920 

KC-2 4,3 4,6 3,9 - 0,8 5, L 3,4 1,013 

KC-3 6,4 4,3 5,5 0,3 1,5 3,6 1,029 

KC-4 11,4 1,9 1,5 0,9 I, I 3,4 0,963 

KC-5 1,4 - 1,2 0,9 - 3,1 0, I -0,4 0,954 

KC-6 4,2 4,0 3,8 0,1 1,0 2,6 1,005 

KC-7 -2,L -0,8 -1,4 -4,7 -1 ,6 -2,1 0,863 

KC-8 7,7 8,3 -0,7 - 7,6 -3,6 0,8 0,921 

KC-9 -3,8 -4,6 - 2,6 -9,6 -5,l - 5,1 0,959 

KC-10 1,8 -0,L -0,1 -6,2 -3,2 -1,6 1,001 

KC-I I 0,3 1,3 2,1 - 7,2 - 2,4 -1,2 1,016 

KC-12 2,6 1,8 1,4 -4,7 - 1,0 0,0 1,012 

KC-13 3,5 3.7 4,7 -4,5 0,4 L,5 1,009 

KC-14 4,7 4,5 2,7 -2,7 0,3 1,9 1,007 

KC-15 1.5 2,3 1,9 - 2,8 0,4 0,7 0,991 

KC-16 -1 ,4 -0,9 -2,1 -4,3 -3.2 -2,4 0,964 

KC-17 -0,8 - 1.8 - 1,4 -4,6 -4.0 -2,5 0,925 

KC-18 -4,8 -1 ,4 -4,4 -5,8 - 3,5 -4,0 0,859 

KC-U 6,4 5,2 2,7 1,9 4.6 4,2 1,000 

Cpe.n.11ee 2,2 1,7 1.0 -3,4 -0,5 0,2 -

B rn6n. I 11 2 np11BeJ].eHbl 3cpcpeKTHBHOCTM J].eTeKTopa, ycpeJ].HeHHbie no mlTM KaMnaHHSIM J].nSI 

KIDKJJ.Oro pa6oYero opratta KC, nOJI)"-laeMbJe 3Kcnep11MeHTanbHO npH pernemrn JaJJ.at.JH OPYK [3] 
H xapaKTepH3y10w.11e npoc-rpaHCTBeHHble 3cpcpeKTbl, B03HHKalOW.He B peaKTope npH nepeMeW,eHHH 

= 1,15 pa6ot.JHX opraHOB KC BO speMSI H3MepeHHSI 

~ 
§ 1,10 

. 
d .. 

~ • ~ 

~ 
...... • 
~ • 

~ 
It 

:,.....--

f 1,05 

" ~ 1,00 

~ 0,95 ., 

~ 0,90 
-e-

• • -e-n 
~ 0,85 
i 
" ~ 0,80 
8. -4 0 u ' -2,0 0,0 2.0 4,0 6,0 8,0 
>, 

OrnH'lll.11 113MepeHHblX 3Ha'lCHIIR )(j>(j>eKTl!BHOCTH OT paC'leTHblX, % 

PHC. I . 3aeHCHMOCTb ycpe.n.HeH1-10ro OTnH'iHSI HJMepeHHblX 
JtialJeHIIH OT pacLJeTHblX OT ycpe.n.11e11110H 'J<jlc)leKTHBHOCTH .n.e­
TeKTopa 
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HX 3cpcpeKTHBHOCTH. YcpeJJ.HeHHhie OTJIM-

'-IHJI lf3MepeHHblX 3HaYeHHH OT pact.JeTHblX 

JJ.nsi: pa3nW-IHhIX pa6ot.JHX oprattos KC Kop­

pe1111py10T co cpeJJ.HHMM 3Hat.JeHM.SIMH 3cp­

¢eKTHBHOCTH ,neTeKTopa. TaKa.SI KOppenSJ­

UHSJ tta6JIIOJ].aeTCSI KaK JJ.nH Hat.Jana, TaK 11 

KOHUa KaMnaHlrn. Ha pHC. 1 )].JI.SI HnnlOCT· 

paUHH npHBeJ].eHa 3aBHCHMOCTb ycpeJJ.HeH­

HblX OTnH'-IHH lf3MepeHHbIX 3Ha'4eHI--IH OT 

pacYeTHblX J].nSI pa3nH4HblX pa6oYHX opra­

HOB KC OT cpeJJ.HHX 3HaYeHHH 3cpcpeKTHB­

HOCTH J].eTeKTopa. 

Ha p11c. 2 JJ.n.SI HJin10cTpau1111 np1,rneJJ.e­

Ha 3aBHCHMOCTb ycpe,uHeHHblX OTJIHlfHH 



H3MepeHHblX 3Ha4eHHH OT pac4eT­

HblX .lJ.JUI pa.311H4HblX pa604HX opra­

HOB KC OT pacno11m1<.emu1 pa6ot.JHX 

opraHOB KC. 

J1cKJJJ04eHHe 113 ycpe.ll,HeHHSI 

8,0 

-6,0 

"" I '\. 
/ 1 I • I I, 
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1ra'lano I 
KaMna111111 

~ Ii~ 
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- KoHeu I I · II 
' ~ K3 Mn3IIHH ' . 

6011hw11x ornH4HH (- IO %) mMe­

peHHbIX 3Hat.JeHHH OT pac4eTHblX 

(Bnpo4eM, He BflOJlHe o60CHOBaHHOe 

H3-3a HeB03M0)KHOCTH npHMeHHTb 

CTaTHCTH4eCKHe cnoco6hI OT6pa­

KOBKH) npHBO.l1,HT K yBe11w-1eHHIO 

K03cpcp11u11eHTa Koppem1u1rn Me)f(JJ.y 

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

Pa6o'111tt opnrn KC 

ycpe.11.HeHHblM OTJlH-i.JHeM 113MepeH- PMc. 2. 3aBl-1Cl-1MOCTb ycpe.nHeH11oro OTnl-1'-!l-iji J,f3MepeHHblX 3HatJe111-1li OT 

pac'-!eTHblX OT pacnonolKeHMji pa6otJ1-1x opraHOB KC 
HblX 3Ha'-leHHH OT paC4eTHblX H 

y cpe.11.HeHHOH 3cpcpeKTHBHOCTblO .l1,eTeKTopa. To eCTb, 11MeeTCSI onpe.11.e11eHHaSI 3aBl1CHMOCTb OTJ111-

411.SI 3cpcpeKTl1BHOCTeH pa60411X opraHOB KC OT BeJ1114HHbl rrpocTpaHCTBeHHblX 3cp<peKTOB, 803H11-

Ka!OW.HX B peaKTope BO BpeM.Si nepeMew.eHIDI pa604HX opraHOB KC. 

I1HTerpanbHOe OTJUl4He H3MepeHHblX 3Ha4eHJ-lH OT pac4eTHblX no BCeM 19-TH pa60411M opra­

HaM KC ,llJlSI KOHKpeTHOH KaMnaHHH He3Ha4HTeJ1bHO H He npHBO.l1,11T K 3aMeTHblM OTJ1l141UlM 113Me­

peHHblX l1 pac4eTHbTX 3Ha4eHHH .upyrnx, noey4aeMhlX l13 3cp<peKTl1BHOCTeH pa6o4HX opraHOB KC, 

cp113H4eCKl1X xapaKTepHCTHK peaKTopa (HanpHMep, 3anacoB peaKTHBHOCTH). AHaJ1113 .uaHHhIX Ta611. 

I, 2 H HCTOpHH 3arpy3KH pa6o'-IHX opraHOB KC nOKa.3blBaeT, 4TO HaH60JibWHe OTJ1H4H.SI n0BTOpSI­

IOTCSI .11.JlSI O.l1,Hl1X 11 Tex )Ke pa60411X opraHOB KC B pa.31111'-IHbTX KaMnaHHSIX (.use no.11.p.sr.u KaMnaHHH, 

Ha4aJ10 H KOHeu KaMnaH1111). To eCTb, MO)KHO npe.11.noJ10)Kl1Tb, '-ITO 3TH OTJ1H411.Si He 06b.SICHSIIOTCSI 

nor peWHOCTblO H3MepeHHH 11 pacl.!eTOB, a onpe.uemnOTC.SI norpewHOCT.SIMH 3arpY3KH TIOrJIOTHTeJlSI 

111111 TOITJ111Ba. Ho OTCYTCTBHe .l1,0CTaT04HO npe.11.cTaBHTeJibHOro Ha6opa .11.aHHbIX He Il03BOJUleT YT­

Bep)f(JJ.aTb 3TO O.l1,H03Ha4HO. HHTerpanbHOe OTJ1H411e 113MepeHHblX 3Ha4eHHH OT pact.JeTHbTX no 

s ceM 19-TH pa604HM opraHaM KC .llJlSI KOHKpeTHOH KaMnaHHH nocne oropaKOBKH YKa.3aHHblX B 

Ta6J1. I, 2 3Ha4eHHH CTaHOBHTC.SI MeHbWe H BITOJTHe npHeMJleMo .ll.JlSI peaKTOpHblX H3MepeHlfH. 

O6paw.aeT Ha ce6.si BHHMaHHe 3Ha4HTeJ1bHOe na.11.ett11e 3cpcpeKTHBHOCTH .11.eTeKTopa .LI.JI.SI HaH60-

11ee y .11.anetttt1>1x OT .lJ.eTeKTopa pa60411x opraHOB KC (KC-11 - KC-13 , oco6etttto KC-13) K KOHtzy 

KaMnaHHH Ha cpoHe ee o6mero na,ueHH.SI K KOHUY KaMnaHHH .11.JlSI scex pa60'-IHX opraHOB KC, KpOMe 

KC-7. Cpe.l1,HSISI 3cp<peKTHBHOCTb .11.eTeKTOpa Ha Hat.Jano KaMnaHHH COCTas,rna 0,989, a Ha KOHeu 

KaMnaHHH 0 ,969. 

3aKmo'leHue 

Attan113 orn1141111 pac4eTHbIX 3Ha4eHHH 3 cp<peKTHBHOCTH pa6o4HX opraHoB KC peaKTopa EH-

600 OT 113MepeHHblX 3Ha4eHHH IlOKa.3bIBaeT, '-ITO HHTerpanbHOe OTJ1114He BITOJ1He npHeMJieM0 ,llJlSI 

peaKTOpHblX H3MepeHHH. TeM He MeHee HMeeTCSI onpe.11.e11eHHaS1 3aBHCHMOCTb 0TJlH'UUI 3 cpcpeK­

THBHOCTeH pa604HX opraHOB KC OT BeJ1H4HHbl np0CTPaHCTBeHHblX 3cpcpeKTOB, B03HHKaJOW.HX B 

peaKTope BO BpeMSI nepeMeW.eHHSI pa6o4HX opraHOB KC. no MHeHHIO aBTOpOB, Tpe6yeTCSI npoBe-
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--
.ueHHe pacYeTHbIX 11 3KCnep11MeHTaJlbHblX HCCJJe,llOBaHHH .llJUI o6b.HCHeHHjl (H B03M0)KHOro ycTpa­

Hemrn) npH4HH, npHBO.IJ..HlllHX K OTJJH4HI-O H3MepeHHblX 3Ha1feHI-lH 3cpcpeKTHBHOCTeH pa604HX op­

raHOB KC OT pacYeTHbIX 3Ha'-!eIDrH. 
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IIEPEXO,IJ;HhIE H ABAPHHllhIE PE)KHMhl 

Y ,ll,K 621.039.51 

DINA-PEMK: nporpaMMHhIH KOMDJieKc Mo,LJ,eJiupoBaHHH 

crauuonapnhIX cocToHnnii u wTaTHhIX nepexo,LJ,HhIX pe,icnMOB PY PEMK 

B.H. BaceKuu, E.H. /(a11W106a, A.H. HouoB, A.C. KyRaKoa, MA. Ocma111111a, B.E. TpexoB, 
<I>rYTI HH.KH3T HM. H.A. ,n:on11e)Ka.JU1, 107140, MocKBa, yn. Manrui KpacHocem,cKaH, 2/8 

):i:aHo onHcattHe nporpaMMHoro KOMnJJeKca DINA-PEMK, npe1rna:3HalfeHHoro ,WUI Mo,nem1posaHID1 
crnurmHapttbIX cocTO11tt11!1 H wTaTHhIX nepexo11.Hb1x npou,eccos PY PEMK. PaccMoTPeHbI peanHJOBaH­
Hbie B nporpaMMHOM KOMnJJeKce MeTO,UHKH 11 anropHTMbl, He06XOAHMbie ll,JUI MO,UeJrnposamur H pacqeTa 
Ba)l(Hb!X .um, 6eJonaCHOCTH napaMeTPOB, xapaKTepHCTHK 11 cpyHKUHOHaJJOB PY. IlpHBeAeHbl pe3yJlhTaThr 
paccieTOa c 11cnoJ1hJOBaH11eM HHcpopMaum-1 o peanhHbIX cTau11ottapHb1x cocT01!HIDIX PY PEMK. 

DINA-RBMK: THE CODE COMPLEX TO SIMULA TE THE RBMK NPP STATIONARY 
CONDITIONS AND REGULAR TRANSIENTS. V.N. VASEKIN, E.N. DANILOVA, A.I. IONOV, 
A.S. KULAKOV, M.A. OSTANINA, V.E. TREKHOV. The description of code complex DINA­
RBMK, intended for modeling stationary conditions and regular transients RBMK NPP is given. The tech­
niques realized in a code complex and algorithms necessary for modeling and calculation of the important 
parameters for safety, characteristics and NPP functionals are considered. Results of calculations with use 
of the information on real stationary conditions RBMK NPP are resulted. 

Ha ,lleHCTBYJOlUHX 6JJOKax PEMK a COOTBeTCTBHH c TeXHOJJOfH'•IeCKHM pernaMeHTOM H HHCT­

PYKl..(HeH no 3KCnnyaTa~HH PY npOBO,llHTCR lllTaTHblH KOHTpOJJh qJH3H4eCKHX H .llHHaMH4eCKHX 

xapaKTepHCTHK aKTHBHOH 30Hbl, onpe.n.emnOLl.{HX ypoBeHh 6e3onaCHOCTl1 3KcneyaTa~HH. PactJeT­

H0-3KCnepHMeHTaJJbHOe onpeJJ,eJJeHHe q>H3H4eCKHX H JJ,HHaMH4eCKHX napaMeTpOB aKTHBHOH 30Hbl 

ocymecTBJl5leTC5l B rrpol..(ecce 3KCnnyaTal..(J,[J,f 3Hepro6noKa WTaTHbIMH cpeJJ,CTBaMH Ha MOlUHOCnrx., 

6JlH3KHX K HOMHHaJJbHOMY ypoBHIO. ,L(JJ5I o6ecne4:eHHR nOBhllileHHblX HOpMaTHBHhlX TPe60BaHHH K 

6e3onaCHOCTH PY Heo6XOJJ,11MO o6ecne4HTb KOHTPOJlb 11 nportt03 QJH3H4:eCKHX H ,llHHaMHlleCKHX 

xapaKTepHCTHK Ha scex pa.3peweHHblX ypoBHID{ MOlUHOCTH, B llITaTHbIX rrepeXO.llHbJX pe)KHMax, 

CB513aHHblX C H3MeHeHHeM MOlUHOCTH peaKTopa, H nycKOBblX pe)KHMax, BKJII:04M npoxo)KJ],eHHe 

HO,llHOH RMbl nocne OCTaHOBa peaKTopa, BblBOJJ, peaKTopa B KpHTHtJeCKOe COCTORHHe H TIOJJ,beM 

MOlUHOCTH JJ,O MHHHMaJJbHO KOHTpOmtpyeMoro ypoBH5l. 

B HaCT05ILl.{eH pa6oTe JJ,aHO OfIHCaHHe pea.JIB30BaHHblX B fIOJlHOMaCmTa6HOM JJ,HHaMH1-IeCKOM 

nporpaMMHOM KOMnneKce DINA-PBMK anropHTMOB 11 MeTOJJ.HK, tteo6xoJJ,HMbIX JJ,JlR pacYeTHoro 

MO,lleJJHpOBaHJ-UI. CTal..(HOHapHblX COCT05IHHH, WTaTHblX nepeXO,llHblX H rrycKOBblX pe)KHMOB PY 
PEMK. H3JIQ)KeHbl pe3yJJbTaTbl paclfeTHOrO MO)lemtpoBaHHH WTaTHblX nepexoJJ,HblX pe)KHMOB H 

npHBeJJ,ettbt pe3y11bTaTb1 TeCTHpoBaHH5l H sepHQJHKaU.HH nporpaMMHoro KOMITJJeKca DINA-PBMK 

C HCTIOJlb30BaHHeM HHq>OpMaU,HH O peaJJbHblX CTaU,HOHapHblX COCTORHHRX H nepeXO,llHbIX npou,ec­

cax, nOJJY4:eHHOH Ha OCHOBe 3KcnnyaTaU,HOHHbIX JJ,aHHblX. 

IloJIHOMac111Ta6ub1u .QHH3MH'leCKHH nporpaMMHblH KOMnJieKc DINA-PBMK BKJII:Olf:aeT 

Hei1TpOHHO-KHHeTH4eCKHH KOJJ, DINA [I], 6H6mmTeKy HeHTpOHHO-(pH3Hl-IeCKHX MaKpOCKOnH-

4eCKHX KOHCTaHT, TenJlOrHJJ,paBJJH4eCKHH 6JlOK, nporpaMMHhle 6JJOKH, peaJJH3)'1:0IUHe aJJropHTMbl 

51 



pa60Tbl CHCTeM K0HTpom,, ynpasneHH51 H 3aUJ,tffbl (CY3), pacl.feTHbte M0J.J,ym1, pean113y10m11e Me­

T0).].HKJ,t H anropHTMbl pacl.feTa napaMeTp0B, xapaKTepHCTHK H cpyHKUHOHaflOB, BaJKHblX }].llil 6e30-

naCH0CTH, npoueJ.J,ypy KoppeKTHp0BKH pacl.feTllblX Mo.n.eneH H HCX0,llHbIX ,llaHHblX C Yl.feT0M MeT0-

.ll.Hl.feCKOH H TeXHOflOrHl.feCKOH Heonpe,lleneHH0CTH, C00TBeTCTBeHH0. 

HeuTpOHHO-KHHeT11~1eCKIIH KO.LJ; DINA pean,nyeT anropHTMbl peweHH51 HeCTaUH0HapHoro 

ypastteHH51 nepeHoca HeHTJ)OHOB B aKTHBHOH 30He PY PEMK, ycnoBHO-KpHTHl.feCKOH 3a,llal.fH H 

C00TBeTCTBYIOUJ,ero conp51)KeHH0ro ypaBHeHH_SI 8 MH0rorpynnoB0M ,llH<p<py3HOHHOM np116nl1)Ke­

HHH C npe)].BapHTenbHOH roMoreH113aUHeH HeHTpOHHO-q>H3H4eCKHX CBOHCTB no pacl.feTHbIM 06be­

MaM. 

,[(n51 peweHH51 HeCTaUH0HapH0ro ypaBHeHH51 Hcnonb3YIOTC51 )].Ba MeT0)].a. TiepBblH 0CH0BaH Ha 

np51M0M 4HCneHH0M peweHHH HeCTaUH0HapHoro ypaBHeHH51 C HCn0nb30BaHHeM He51BHOH cxeMbl 

no speMeHH H MeT0)].a nepeMeHHblX HanpasneHHH I1HCMeHa - P34q>Op,lla [2] C HO,llaflbHOH annpoK­

CHMauHeH orrepaTopa JJ.H<pcpy3HH HeHTpOHOB npH pemeHHH npocTpaHCTBeHHOH 3a,na1.m. 

BTopoH MeT0)]. 0CH0BaH Ha npeJJ.CTaBneHHH peweHH51 HeCTaUH0Hapttoro ypaBHeHH51 nepettoca 

<P(r, E, t) = P(t)'I'(r, E, t) 8 BHlle np0H3Be)].eHH51 aMnJ1H1YJJ.HOH cpyHKUHH .P(t) H cpopM-<pyHKUHH 

'I'(r, E, t) , K0T0pbte onpe)].en51IOTC51 CHCTeMaMH ypaBHeHHH [3] 

dP(t) = p(t)-P(t) P(t)+ LA1c/t)+Q(t); 
dt A(t) J=I 

de (1) A(t) 
1 =-P -P(t)-A c (t) ; 
dt A(t) 1 1 

(1) 

.!.[a':I'(r,E ,t) 'I'(r,E,t) dP(t)] nJ( E ) ~ ( E )'H( E ) = - ---+--- + v r , , t +~, r , ,t r r , , t 
v a1 P(t) dt 

= Lf:Ea(r,E,E', t)'I'(r,E',1y]E' + f x(E)[l-P(t)]v:E1 (E', r ,t)'I'(r E ', t)dE' + 
a#f (2) 

+ Q(t) + Qd(t). 
P(t) ' 

Qd (t) =ff v:E 1 (E', r , t')P(t')'I'(r, E', t') LA 1c1 (t)x/E) exp(- A /t - t') }IE'dt'. 
J=I 

BenHl.fHHbI p(t), ~(t) = L ~j(t), A(t), ci t) H Q(t) onpeJ.J,en51IOTC$1 KaK cpyHKUHOHanhI cpopM-

cpyttKUHH 'I'(r, E, t) H perneHH51 <t>+(r, E) COOTBeTCTBYIOW.eH conp51)KeHHOH 3a,llatrn.: 

ff[ L ~. (E, E', r,t) + x(E)l!. v~, (E', r,t) ]'l'(r, E', t)dVdEdE' 

p(t) = a -;. J -

F 

ff ll:E, (E, r ,t)'I'(r, E ,t)dVdE. 

F ' 

ff X1 (E)~ 1 vI. 1 (E', r, t)'¥(r, E', t)<f> + (r, E')dVdEdE' 
~10) = F 

ff (1 / v)'¥(r, E , t)<f>+ (r ,E)dVdE ff x1 (E)~ 1C1 (r, t)<f>+ (r,E)dVdE 
A(t) =-------- -· C (t) =--------- · 

F ' 1 M ' 
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ff Q(r,E,ty:f>+ (r,E)dVdE 
Q(t) = FA ; 

F = ff x(E)vL1 (E',r,t)'¥(r,E',t)<f>+(r,E
1
)dVdEdE

1
• 

3.uecb 'X,(E), 'XiE) - cneKTp MrHOBeHHbIX H 3ana.3)].bJBalOUJ,HX HeHTpOHOB, COOTBeTCTBeHHO; f3j -
J].OJUI j-H rpynnbJ 3ana.3,UbIBa!OUJ,HX HeHTpOHOB; Cj(r,t) - KOHUeHTpau1-u1 npe,UllJeCTBeHHHKOB 3ana.3-

)lb1Bal01.l(HX HeHTpOHOs; I,,(E,r,t), v"I,J..E,r,t) H La.(E,r,t) - COOTBeTCTBYJOmHe MaKpOCKOmtt:iecKHe 

ceYeHIDI. 

B HeHTpOHHO-KHHeTHYeCKOM KO,Ue DINA pea.nH3OBaHbl a.nropHTMbl pemeHlUI CHCTeM ypasHe­

HHH (1), (2) ,UJISI pH.ua np116mrnceHHH: TOYe•rna.11 KHHeTHKa, a.zma6an1qeCKOe npH6JUt)l(eHHe, KBa.3H­

CTaTW-leCKOe npH6JIH)KeHHe. 

Tip116JIH)KeHHe TO'-le'-IHOH KHHeTHKH HCnOJib3YeTCSI nm, MO)leJIHpOBaHIDI .llHHaMJift-leCKHX npo­

ueccoB, Korna H3MeHeHHeM cpopM-cpymc.uHH so speMeHH MO)l(.HO npette6pe'-1b H s Kal.fecTse cpopM­

cpyttKUHH npHMeHHTb pacnpe.ueneHHe nJIOTHOCTH ITOTOKa HeHTpOHOB 'l'o(r,E), COOTBeTCTBYIOUJ,ee 

Ha'-la.JibHOMY crnu1mttapHOMy cocTOSIHHIO. B Kone DINA .llJI.il onpeneneHH.si: '¥0(r,E) HcnoJib3yeTCH 

pemeHHe ycJIOBHO-KpHTHlfeCKOH 3a)la'-IH. )lJIJI HCXO,UHOro COCTOJIHHH. 

A.1111a6aTH'-1eCKOe npH6JIH)KeHHe npHMeHSJeTC.sl )lJISI MO)leJIHposamrn Me,n:JieHHblX nepeXO.llHbIX 

npoueccos, Kor.n:a B JI106oi1 MOMeHT speMeHH onpas.uaHo npe.urroJIO)l(em,1e, '-ITO npe.n.llJecrneHHHKH 

3ana.3,UbIB8IOl.l(HX HeihpOHOB HMelOT 3HaYemre, 6JIH3KOe K paBHOBeCHOM)', H B KalfeCTBe cpopM­

cpyttKU.J,IH MO)l(HO HCOOJib3OB8Tb pewemte \J',(r,E) ycJIOBHO-KpHTH-.:ieCKOH 38,lla'-IH ,ll]I,11 TeKyw,ero 

COCTOSIHH51. 

KBa.3HCTanft.feCKOe npH6JIH)l(eHHe 51BJ1SleTCJI ynylfeHHblM am1a6aTH-Y-eCKHM rrpH6JIH)KeHHeM, 

Kor.ua YlfHTbJBaeTCSI TOT cpaKT '-ITO B Ka)K)lbIH MOMeHT speMemr KOHUeHTpaum1 npe.uweCTBeHHHKOB 

3ana.3.LJ,bIBalOl.l(HX HeihpOHOB HMeeT HepaBHOBecttoe 3Ha4eHHe. B '.HOM cnyqae B Kal..feCTBe cpopM­

cpyHKUHH npHMeHSieTC.sl pewem-,e ypasHeHIDI (2) C HCTOl..fHHKOM Qd, OITHCblB810ll.l,HM HepaBHOsec­

HbIH BKJia)l 3ana.3,Ub!Ba!Ou:n,£X HeHTpOHOB. 

liuomrnTeKa roMoreHn3epoeauub1x ueiiTpouuo-(Jle3uqec1rnx MaKpocKoneqecKHX nqe­

eqeb1x KOHCT3HT no.n:roTOBJleHa C HCnOJlb3OB8HHeM pe3yJlbTaTOB S11-Iee4m,1x pac1-1eTOB no npo­

rpaMMe WIMS [ 4], KOTOpa.11 BKJIIOl..faeT KOHCTaHTbl J.(mr TOITJlHBHblX .s11-1eeK c o6oraUJ,eHHHMl1 2,0, 
2,4 H 2,6 % (TOITJlHBO, COJ.(ep)l(aUJ,ee 3p6HH) B 3aBHCHMOCTH OT BbirOpaHH.ll TOnJIHBa, KOHI.{eHTpa­

lU1H KCeHoHa, TeMneparypbt TOnJlHBa H rpaq>HTa, ITJIOTHOCTH TeTTJlOHOCHTeJ151. 

):(Hafla.30H H3MeHeHIDI YKa.38HHblX rrapaMeTpOB J.(OCTaTOl..feH J.(JlSI MO,Ue1111poBaHIDl CTal.{HOHap­

HbfX COCTO.SIHHH Ha pa.3peweHHblX ypoBHHX MOUJ,HOCTH, BKJIJO'-la.11 OCTaHOBJleHHbIH peaKTop, WTaT­

HbIX nepexO,LJ.HbIX H rrycKOBblX pe)l(HMOB, asapHHHblX npoueccos. KoHCTaHTbI .llJlSI HeTOTIJUIBHbIX 

514eeK no.uroTOBJieHbl B 38BHCKMOCTH OT cpe,LJ.HHX napaMeTpOB, xapaKTepH3YIOUJ,HX OKpy)l(eHHe. 

DpocTpaHCTBeHH0-3HepreTHt.JeCKOe pacnpe.n.eneHHe ITOTOKa HeHTpOHOB pacct.JHTbIBaeTCSI B 

npeJ.(nOJTO)l(eHHH paseHCTBa ttyJIIO TOKa HeITTpOHOB Ha rpaHHUe Sll..feHKH. BbiropaHHe TOITJlHBa pac­

C4HTbtBaeTC.sl co cpe.n.HHMH 3Hat.IeHHJIMH Tennorn.n.paBJ1H4eCKHX napaMeTpOB. TeMnepa-rypa 3a­

Me,LJ.J111Tem1 3a.n.aeTCR nOCTORHHOH no ero 061,eMy H paBHOH cpe.zlHeH BeJlH'-IHHe. r paHJU).a Me)l(Jl.y 

6I.1cTpOH 11 TeTTJlOBOH 3HepreTH'-leCKHMH rpynnaMH Bbl6HpaeTC51 paBHOH 0,5 e V. 

Depe4HCJ1eHHbie npe.n.noJio)l(emrn orrpe.n.eJIHIOT MeTOJ.(H1-1ecKy10 tteonpeneneHHOCTb 6116mm­

TeKH KOHCTaHT, KOTOpa.s1 cyl.l(eCTBeHHO BJIHHeT Ha pe3yJibTaTbl pac4eTHoro MO,lleJIHpOBaHKSI pe-

8JlbHblX COCTO~HHH H ,ll.HHaMH1-1eCKJ1X npoueccoB. 
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---
H1,rnce B Ta6J1. I H 2 npi,rneneHbI 3Hal.femrn K03<p<pHUHeHTa pa.3MHO)f(eHml 6ecKOHe4HOH OI.lHO-

pOI.lHOH peweTKH (K- ) TOITJlHBHblX KaHaJlOB B 3aBHCHMOCTH OT TTJlOTHOCTH TeITJlOHOCHTem, 

(Ta611. l) 11 TeMneparypbl rpacp,ua (Ta611. 2) nm, pa.3HbIX TOl.feK no Bbiropam-110 Tonmrna. 

T a 6 n II u a I. 3cpq>eKTHBHblH K03Cpq>HUHeHT pa.JMHO)KeHIUI 6eCKOHe"IHOH O)lHOPO.!lHOH 
peweTKH B 3aBHCHMOCTH OT nnoTHOCTH TennOIIOCHTeJUI 

K_ 

TTnOTIIOCTh 80.!lbl, 06oraiuerrne rnnmrna 2,4 % 06orameHHe TonnHea 2,6 % 

r/cM3 

0,744 

0,5 

0,3 

0, 1 

31-1eproe1,1pa60TKa, MBTcyr/KrU 31-1eproe1,1pa60TKa, MBT·cyr/KrU 

0 15 30 0 15 

1,342 1,053 0,8LO 1,215 J,070 

1.348 1,059 0,820 1,211 1,074 

1,352 1,065 0,830 1,205 1,077 

1,356 1,074 0,846 1,197 1,083 

T a 6 n H u a 2. 3cpct>eKTHBllblH K03cl>qiHUHeHT pa.JMHO)KeHHll 6eCKOHC"IHOH 0.!lHOpo.nrmi1 
peWeTKH 8 3aBHCHMOCTH OT TeMneparyp1,I rpaqiHTa 

K_ 

30 

0,839 

0,848 

0,858 

0,872 

TeMnepaTypa rpa- 06orame1-11te rnnm,ea 2,4 % 06orame1rne rnnm,ea 2,6 % 
CjlHTa, K 311eproe1,1pa60TKa, MBTcyr/KrU 3Heproe1,1pa60TKa, MBTcyr/KrU 

0 15 30 0 15 30 

740 1,348 1,060 0,821 1,210 1,074 0,849 

840 1,350 1,065 0,830 1,204 1,0784 0,858 

Pacl.JeTHbie 3aBHCHMOCTH K03<p<pHU,HeHTa pa3MHO)f(eHHSI 6ecKOHe4HOH OI.lHOpO,D,HOH peweTKH 

TOITJlHBHblX KaHaJlOB OT 3HeproBblpa6oTKH npH cpenHHX 3Ha4emtSIX TeITJlO<pH3H4eCKHX napaMeT­

poB LlJlSI HOMHHaJlbHOro ypOBH..Sl MOW,HOCTH npIIBeneHbl Ha pHc. 1, 2. 
,[vlSI ou,eHKH MeTOI.lH4eCKOH HeonpeneneHHOCTH, CBSI3aHHOH C npH6J1H)f(eHHSIMH, npHH..SI.TblMH 

npH paC4eTe BbirOpaHHSI TOITJlHBa, nposenetto pact.JeTHOe Mone1111posaHHe BbirOpaIDUI TOITJlHBa, 

T.e. cpopMHposaHHe H30TOITHOro COCTaBa TOITJlHBa B npouecce BbiropaHHSI npH pa.3m.f4HblX ycno­

BHSIX, KOTOpbie xapaKTep1ny10TCSI ITJlOTHOCTblO BOI.lbl, TeMneparypaMH rpacp11Ta 11 TOITJlIIBa. Bbl-
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noJIHeHHble pacl.feTbl nOK33aJIH, l.fTO p33MH0)Kal0lll,ru! cnoco6HOCTb TBC H. K03<p<pHUHeHTbl peaK­

TffBH0CTH no nJIOTHOCTH B0.l{bl H TeMneparype rpacpITTa npH O.l].HOM H TOM )Ke 3HaLJemrn 3Hepro­

Bblpa6oTKH 3aBHCHT OT ycJIOBHH, npH KOTOpblX npOHCXO.l{HT BblropaHH.e, H np11 no.nroTOBKe H4e­

e4HbIX KOHCTaHT 3TO o6CTOHTeJibCTBO Heo6XOL1.11MO npHHHMaTb BO BHHMaHHe. 3aBHCHMOCTH OT 

:meproBblpa6oTKH KOJ<pq>HUH.eHTOB peaKTHBHOCTH no ITJIOTHOCTH TenJI0HOCHTeJUI 1-1 TeMneparype 

rpacJ>HTa, no11yl.feHHble LI.JIH Tornrnsa, BbirOpattHe KOTOporo MO,nemtpOBaJIOCb np11 p331IM4Hb1X 3Ha­

LJeHHj!X nJIOTHOCTH BO.Ubl, np11se.neHbl Ha pHc. 3 ... 6. 
TeDJ10rH,llpaBJ1H~1ecKHH 6JIOK, peaJIH30BaHHblH B KOMnJieKCe nporpaMM, n03B0JIHeT nony-

4HTb cpe.nHHe pacl.feTHbJe 3HalleHHH nJIOTHOCTH TeilJIOHOCHTeJIH, TeMneparypbl TOITJIHBa H rpacJ>HTa 

,llJUI KaJK.ll.Of0 paci.ieTHOro Y3Jia . 

.l{nH Mo.ne1111poBaHHJ1 npoueccos, npoHCX0.l{Hlll,HX B KHITHlll,eM TeITJI0HOCITTeJie, np11MeHHeTCH 

nporpaMMa GIDRA [5]. ~aHHhIH rn.npo.n1-rnaMHLieCKHM KOLi. npe,nH33HalleH .z:tJIH paci.ieTa napaMeT­

poB TeITJIOHOCHTeJIH B KaHa.ne LI.Jljl CTaUH0HapHblX H KB33HCTaU,H0HapHblX pa6oLIHX nepeX0.l].HbIX 

pe)KHMOB. B KO.rte GIDRA pea.nH30BaHa Mo.ne11h rnn11orn.npasJIHLJecK11X npoueccos, npe.LJ.JI0)KeH­

HaH OcMaLIKHHblM B.C. [6]. Mo.ne1111pyeTCH TeXHOJIOrHlfeCKHH Kattan Ha yllaCTKe OT rpynnosoro 

p33,na10w.ero KOJTJieKTopa .no 6apa6atta-cenapaTopa. ~BH)KeHHe TenJIOHOCHTeJIH npe.ncTasJTeHo B 

BH.l].e roMoreHHOfO .nsyxcp33HOfO ITOTOKa, Yl.fHTb1Ba10w.ero cpaKTOpbl TepMWleCKOH HepaBHOBeCHO­

CTH H npoCKaJlb3bIBaHHJI napa H BOLi.bi. IlpH 3TOM nonaraeTCjl, 4TO pacxo.n TenJIOHOCHTeJTH no .UJIH­

He scero TK nocTOHHeH. 
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B KaYeCTBe rpaHH4HblX ycJIOBHH HCnOJib3YIOTC.SI )],aBJieHH.SI Ha BXO)],e 11 BblXO)],e H 3HTaJibnH.SI 

TenJIOH0CHTeJIH Ha BXO.Ue KaHaJia HJIH pacxo.u 11 3HTaJibTTH.H Ha BXOJle C )laBJieHHeM Ha BblXO)],e Ka­

HaJia, 4TO TT03BOJI.SleT npoB0)].HTb a)].anTaIJ,HJO pacYeTH0ro M0LI.YJIH K BbI6paHHOMY HCX0)].H0MY co­

CT0.SIHHIO. ITpH 3TOM .uasJieHHe Ha BbIXO)],e 113 KaHaJia C0OTBeTCTByeT )],aBJieHHIO B 6apa6aHax­

cenapaTopax H onpe)].eJIHeTC.SI pe)KHMOM pa60TbJ PY. ,[lasJieHHe Ha BXO)],e COOTBeTCTBYeT )],aBJie­

HHIO B HanopHOM KOJIJieKTOpe ru;H H 3aBHCHT OT 3a)],aHHOro pe)KHMa pa60Tbl HaCOCHOH rpynnbl. 

,LvlH pacYeTa TeMneparypbl TT TOTTJIHBa B Ka)f()],OM pact.teTH0M Y3Jie npHMeH.sllOTCH COOTH0-

weHH.SI, noJiyYeHHble Ila OCHOBe aHaJIH3a pe3yJibTaTOB pacl.feTOB, BbinOJIHeHHbfX no nporpaMMe 

RET [7]: 

(3) 

r)],e TTCn - TeMneparypa TenJIOH0CHTen.s1, °C; !::.TT - TeMneparypHblH Hanop, °C; qn - mrneHHM 

Harpy3Ka Ha TB3JI, KBTIM· E - HHTerpaJibHOe BbrropaH11e TOnJIHBa, MBT·cYTIKr; E - JIOKaJibHOe 

BbrropaHHe Tonmrna, MBT·cYTIKr; a, - KOHCTaHTbI, i = 0 ... 5. 

,[vIH pacYeTa TeMneparypbr rpaqrnrn 11cnoJib3yeTC.SI paCLieTHbIH MOJJ.YJib GRAFT [8], KOTOpbIH 

n03B0JUJeT paCCl.fHTbIBaTb CTaTH1-JeCKOe pacnpeL1.eJ1em1e TeMneparypbI B rpaqmTOBOH KJia)],Ke B 

pact.teTHblX Y3Jiax 11 MeCTaX ycTaHOBKH TepMonap C yYeTOM ee K0HCTPYKTHBHbIX oco6eHHOCTeH H 

M0)].eJIHp0BaTb )],HHaMHl.feCKOe noBe)].eHHe pacnpe)].eJleHHH TeMneparypbl B rpacjmTOBOH KJia)],Ke C 

yYeTOM H3MeHeHH.H TenJI0Bbl)],eJleHH.H H COCTasa a30THO-re1111eBOH raJOBOH CMeCH. ,Lv1.s1 M0)],e1111po­

BaHH.H pa3JIJ,fl.fHbJX pe)KHMOB TenJI006MeHa Yepe3 Tpy6y KaHaJia B TenJIOH0CHTeJib npHMeH.HIOTC.H 

JlOKaJibHble K03cpqrnu,HeHTbl TenJionepe.uaYH, paCCl.fHTbIBaeMble no cneIJ,HaJibHOH no)],nporpaMMe. 

,Lvl.H pacYeTa cpe,nHHX no pacYeTHOH .Hl.feHKe rpacpHTOBOH KOJIOHHbl TeMneparyp T rpacpITTa 

np11MeH.s1eTCH ypasHeHHe CdT/dt = qv - Q, rne C - TennoeMKOCTb rpacp11Ta qv - yJJ.eJibHM MOW.­

H0CTb 3HeproBbI)],eJieHH.H B rpacp11Te, Q - nOTOK Tenna 113 rpacp.HTa. IlpH 3T0M npe)],nonaraeTC.sl, 

l.fT0 y)].eJibHa.H MOW,H0CTb 3HeproBbl)],eJleHIDI B rpacpHTe nponopUHOHaJibHa M0IUHOCTH qw 3Hepro­

BbJLl.eJieHH.sl B pact.reTH0M Y3Jle (qv = 1Ww), a 0TB0,llHM0e TenJio Q eCTb cpyHKUH.sl TeMneparypttoro 

Hanopa (Q = fl..!::.Tc)) H 3aBHCHT OT TenJionpoBOLI.HOCTH raJ0BOro 3a30pa. vlcnOJlh3yeMblH B npo­

rpaMMHOM KOMTIJleKCe KOHKpeTHblH BHLI. 3TOH 3aBHCHMOCTH nonyt.JeH Ha OCHOBe aHaJIH3a CTaTH4e­

CKHX pe)KHM0B pa60Tbl rpacpHTOBOH KJia)].KH. K03cpcp11u11eHT nponopUHOHaJibHOCTH Tl onpe,nen.s1eT­

CH no TeMneparypHOMY Hanopy !::.T cO ,llJISI CTaUHOHapHoro COCTOSIHIDI. PeweHHe npHBe)],eHHOro 

ypasHeHHH npeJJ.CTaJ3J1J1eTCS1 B BHLl.e T= TTCn + !::.Tc. Ben111.J11Ha TeMneparypHoro Hanopa !::.Tc B nepe­

XOJJ.HOM pe)l{HMe onpeaenHeTCSI ypaI3HeHHeM 

(4) 

Cne,nyeT OTMeTHTb, l.fT0 TaKOH nepexo,u .SIBJI.HeTC.sl CTporo o6ocHOBaHHblM TOJlbKO npH 

TTCn = canst HJlH )],JI.H c11y~a.s1, K0r)],a HHepUH0HH0CTb H3MeHeHH.SI TeMneparypbl TenJ10H0CHTeJ1.s1 

3Ha4HTeJibHO 60J1bWe, YeM TenJlOBa.sl HHepuHOHHOCTb rpacpHTOBblX 6110KOB, 4TO He HMeeT MeCTO B 

)],eHCTBHTem,HOCTH. Ilpe,nnoJiaraeTC.sl, LITO BJlH.SIHHe norpeWHOCTH TaK0ro npH6JIH)f(eHH.SI Ha pe-

3YJ1bTaTbl HeBeJIHKO H )].OnyCTHMO, ITO)],TBep)K)J.eHHe qeMy LI.OJl)KHa )],aTb sepHQ)HKaUHOHHM npaK­

THKa pact.JeTOB peaJihHblX COCTO.SIHHH. 

IlporpaMMHble 6JIOKH, M0,nem1pyromne pa6o-ry CY3, OCHOBaHbl Ha peaJIH3al.{lUI JlOrHKH H 

aJiropHTMOB CY3 C Y~eTOM cneu11cpHKH H oco6eHHOCTeH KOHKpeTHblX 3Hepro6JIOKOB. KpoMe Toro, 

pa3pa6orntta H peaJIH3osaHa s KOMnneKce nporpaMM DINA-PEMK npouenypa pery1111posaH1-1.s1 

pacnpe)],eJleHHH MOW,H0CTH 3Hepr0BbJ,lleJ1eHH.H, no3B0J1SIIOW,aJI nepeMeW,eHHeM CTep)l{HeH CY3 
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npJ,t6JJH3lITb pacLJeTHoe pacnpe.ueneHHe K Ja.aaHHOMY s KaLJeCTBe ycrnBKH. ArrropHTM nepeMe­

w:eHWI CTep)ICHeH CY3 OCHOBaH Ha MHHHMH3aU,HH cpe,UHeKsa.n;paTHLJeCKOro OTKJlOHeHIDI pacLJeT­

HOrO pacnpe.uerremrn OT 3<1,naHHOro [9]. Cpe}J.HeKBaJJ.pan11-IeCKOe OTKJlOHeHHe npe}J.CTaBJl.ffeTC.ff B 

au.ue KBa.upaTHLJHOH cpopMbI nepeMemeHH.ff CTep)l(HeH. CTorro)l(eHHe cTep)l(HeH CY3, MHHHMH3H­

pyiomHX cpe)J.HeKBa)J.paTHLJeCKOe OTKJlOHeHHe, onpe.n;en.HeTC.ff MeTO.LlOM rpanHeHTHOro cnycKa. 

B KOMnJieKce nporpaMM DINA-PliMK peam13oBaHa opoQe.Qypa KoppeKTnpoBKH pac­

qeTIIOH MOACJIH, KOTOpa.H BKJllOlJaeT KoppeKTHpOBKY MCXO)J.HblX .n;aHHbIX H roMoreHHhIX .ffYeelJHbIX 

KOHCTaHT. KoppeKTHpOBKa HCXO}J.HblX )laHHblX OTHOCHTC.sJ, npe)K,Ll,e scero, K HH<pOpMaUHH O pac­

npeJJ.eneHIHi 3HeproBbipa60TKH H YlIJITblBaeT norpernHOCTb WTaTHOH CHCTeMbl KOHTporr.sr HHTe­

rpanbHblX no TBC :meprOBblpa6oTOK H OTCYTCTBHe HHq)OpMaU,HH O pacnpeneneHHH BbiropaHIDI 

ronnHBa no BbICOTe aKTHBHOH 30Hbl. MeTOJJ.HKa KoppeKTHpOBKH HHTerparrbHblX no TBC 3Hepro­

Rblpa6oTOK OCHOBaHa Ha peweHHH ycrrOBHO-KpHTHlJeCKOH 3a,Li;atrn }].JI.ff' pearrbHOro KpHTH4eCKOro 

t:OCTO.ffHWI, nepecpopMy1111posaHHOH OTHOCHTeJlbHO 3HeprOBbipa6oTKH. 

,L(n_.sr onpe)leneHH_.ff pacnpe)leJleHIDI 3Hepros1,1pa60TKH no BbICOTe aKTHBHOH 30Hbl }].JI.ff' Ka)K,Ll,OH 

[ BC B nporpaMMHOM KOMTTJieKCe pearrH30BaHO HeCKOJlbKO nO)],XOJlOB. IJepBbIH 113 HHX OCHOBaH Ha 

nonytJeHJ,111 BblCOTHOro pacnpe)lenemrn 3HeproBbipa6oTKH, KOTOpoe Il03B0Jl.ffeT npH6JlH3HTb pac-

4eTHOe pacnpeJJ.eneHHe MOI.UHOCTH 3HeproBbIJleJieHH.sr K pacnpeneneHHIO, norryt-1eHHOMY no noKa-

3aHH.ffM BbICOTHblX naTlJHKOB CHCTeMbl BHYTpHpeaKTopHoro KOHTp011.ff . BTopoii IlO)J.XOJl OCHOBaH 

Ha MeTO.LlHKe onpeneneHH.sJ 3 HeproBbipa6oTKH TOnJlHBa B Ka)K,Ll,OM pactJeTHOM 06'beMe H3 COOTHO­

weHIDI 6arraHca HeHTpOHOB, COOTBeTCTBYI01.Uero YCJlOBHIO KpHTWIHOCTH paccMaTpHBaeMoro o6'h­

eMa. 8 OCHOBe TpeTbero nO,LlXO)la JTe)l(HT ypaBHemre, onHCb1Ba10mee H3MeHeHHe BO BpeMeHJ-1 pac­

npe.neneHH.ff 3HeproBbipa6oTKH E(z, t) no BblCOTe peaKTopa, KOTopoe MO)l(HO norrylJHTb Ha OCHOBe 

onpe.neneHH.ff 3Heprosb1pa60TKH KaK HHTerparra no speMeHH OT 3tteproBblJJ.eJieHH_.ff E(z,t) = diij(E, 

z' t ' )<I>(z, t ' )dt' Ha HHTepsarre (0, t) . .IJ:HcpcpepeHUHPY.ff YKaJaHHOe Bblpa)l(eHHe no BpeMeHH ,ll.Ba)l(­

Jlbl, ITOJTY4HM ypaBHeHHe 

d
2 
E(z, t) = rr...( ) dL 1 (E, z,t) dE(z, t) ~ (E ) d<I>(z,t) 

2 
'V z,t - -------+£.,1 ,z,t 

& ~ & & 
(5) 

IJepsoe cnaraeMOe B npaBOH lJaCTH YYHTblBaeT BJIIDIHHe Ha cpopMHpOBattHe BblCOTHOro pac­

npe.neneHIDI :meproBblpa6oTKH 3aBHCHMOCTH OT 3HeproBblpa6oTKH cetJeHH.ff .n;eneHH.ff Lj(E, z, t). 

BTopoe yqHTbIBaeT H3MeHeHHe, no Mepe BbiropaHH.ff TOITJlHBa, BbICOTHOro pacnpe)J.eJleHH.sJ ITOTOKa 

HeHTpOHOB, KOTopoe onHCblBaeTC.ff ypasHeHHeM 

1 d<I>(z, t) ---= -VJ(z ,t)-Iia(E,z, t)<I>(z,t) +vii1 (E, z, t)<I>(z, t)-11 • 
V dt 

3,necb 11 Y4JITblBaeT BJlH.ffHHe OKp~eHH.ff Ha cpopMHposaHH.ff BblCOTHoro pacnpe)],eneHH.ff. 

(6) 

I1orryt-1eHHOe ypasHeHHe }J.JIJI. 3 Heprosb1pa60TKH n03BOJUleT paCCMOTpeTb PH.D. npH6JIH)l(eH1-rM, 

CBSI3aHHblX C onpe)],eneHHeM }J.JISI Ka)K,Ll,Oro MOMeHTa speMeHH B npouecce BbiropaHIDI Tonmrna 

pacnpe}J.eJieHH.ff ITJIOTHOCTH nOTOKa HeHTpOHOB <I>(z, t). CTepsoe H HaH6onee npocToe npH6J1H)Ke­

HHe KOTOpoe .ffBJl.ffeTCSI nOJlHOCTblO onpaB)],aHHblM )],Jl.ff 6eCKOHelJHOH O.D.HOpOJJ.HOH peweTKH, co­

CTOHT B TOM, 4TO smurnHeM OKp~eHH.ff MO)l(HO npeHe6pe%. KpoMe Toro, ecTecTBeHHO npe.uno­

JlO)l(HTb, 4TO B Ka)K,Ll,blH MOMeHT speMeHH HMeeTC.ff CTaU,HOHapHoe COCTOSIHHe H }J.JISI onpe)J.eneHHSI 

BblCOTHOro pacnpe)],eJleHIDI nOTOKa HeHTpOHOB <I>(z, t) MO)KHQ HCnOJlb30BaTb CTal.l,HOHapHoe ypas­

Hem1e. 
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,nm1 Y'4eTa MeTOJJ.H4eCKOH Heonpe.n.eneHHOCTH, CBSl3aHHOH C npHMeHeHHeM npoue.nypbl npe.n.­

sapHTeJJbHOH roMoreHH3aU,HH, HCnOJJb3yeTCJI KOppeKTHpOBKa Sl4eet.JHblX KOHCTaHT C YlfeTOM pe­

anbHbIX TOKOB Ha rpam1u,ax Slt.JeeK, OCHOBaHHaSI Ha no.nxo.ne, npe,D,JJO)KeHH0M B [ 1 O], Ha 0CH0Be 

O.UHOCKOpOCTH0ro HHTerpanbHOro ypaBHeHHSI nepeHoca HeHTpOHOB. B COOTBeTCTBHH C YKa3aH­

HbIM no.n.xo.noM K0ppeKTHposam1e MaKpOCKOnH4eCKHX Jlt.Jeel.JHblX KOHCTaHT }:Cl onpe.neJJJleTCSI co­

OTHOWeHHSIMH L(l = L C11(l - µClJ/<l>). 3.n.ecb }:Cl, - MaKpocKonHCJecKHe J111eet.Jttb1e KOHCTaHTbt .no 

KoppeKTHpOBKH, J H Cl) - TOK H noT0K HeHTpOHOB .UJJSI paccMarpi,rnaeMOH Sll.feHKH, COOTBeTCTBeHHO. 

IlapaMeTp ~ onpe.neJJSleTCSI COOTHOWeHHSIMH 

µu =l-P511 /(P,Z:0 )+ L,M,1 (PsufZ:ul -au,/Z:u,)X
1 

• (7) 
I, ) 

BeJJH4HHbl 'XJ onpe.neJISllOTCJI H3 ypasHeHHSI 

(8) 

VP 
= -'-'-~ a s,; Aj = LMuV/Vj; V; H V- cooTseTcTBeHH0 061,eM i-H 30HbI H nonttbtH 061,eM 

Va,; 

Ps = LPs,; PIJ - sepoSITHOCTb Hei:irpotta, po)KJJ.eHHoro B i-H 30He, BbtJJeTeTb 3a npe.nenbt 

Sll.JeHKH H HCnbITaTb nepsoe CTOJJKH0BeHHe B j-H 30He, COOTBeTCTBeHHO. 

8 nporpaMMHOM K0MnJieKce peanH30BaHbl a11anornt.JHble MeTO,D,HKa H anropHTMbl KOppeKTH­

pOBKH K0HCTaHT, HCTT0J1b3YIOIJ.(He attanorHt.JHbie COOTHOWeHHSI, nonr1eHHble B .nsyxrpynnoBOM 

npH6nm1<emrn. 

IlpHMeHeHHe YKa3aHHblX KOppeKTHpOB0K Sllfee4HbIX KOHCTaHT n03BOJJSleT cyll(eCTBeHHO 

ynyt.JWHTb Kat.teCTBO M0.UeJIHposaHHSI pacnpe.ueneHHSI nOTOKa HeHTpOHOB H MOIJ.(HOCTH 3HeprOBbl­

.uenett11.sr B CTaQHOHapHblX COCTOSIHHSIX H nepeXO,llHblX pe.>KHMax. Pe3yJlbTaTbl cpaBHHTeJJbHbIX 

pact.teTOB peanbHbIX COCTOJIHHH C KOppeKTHpOBKOH H 6e3 Hee np11se,neHbl B Ta6m-1uax. B Ta6JJ. 3 
npe,nCTaBJJeHbl pe3yJJbTaTbl pact.JeT0B, Bbtn0JJHeHHblX )J,JISI peanbHbIX COCTOSIHHH :mepro6noKa N~ 4 
KypcKOH A3C 6e3 YKa3aHHOH KoppeKTHp0BKH 11 c ee 11cnonb3osam1eM. B Ta6mn.le npHBe.nettbI 

pac4eTHbJe 3Hat.teHH.sr 3q>q>eKTHBHOro K03q>q>HUHeHTa pa3MH0)KeHHSI (KJ<j>4>), K03q>q>HU.HeHTa Hepas­

HOMepHOCTH pacnpe.n.eneHHSI M0ll(H0CTH 3Hepr0BbJ,lleJieHHJI, cpe.n.HeKBa.n.paTHt.teCKOe ( cr) H MaKCH­

ManbH0e (~\laKC) OTKJJOHeHHSI pact.JeTHOrO pacnpe.n.eneHHSI MO[UH0CTH 3Heprtt0Bbl,D,eneHHJI OT pac­

npe.neneHHJI, nonyqeHH0ro no .n.aHHbIM WTaTHOH CHCTeMbl KOHTµ0JlSI. 

Ta 6 J1 Hu a 3. PeJynhTaTbl pac'!eTa pacnpe11enemU1 M0IUH0CTH 3Hepr0Bbl.lleneHHSI 

,n:arn K, a 6 MaKC K, a 6MaKC 

C0CT0SIHHSI KJ<l><I> 
6e3 K0ppeKTHp0BKH C KoppeKTHpoaKoA 

09.02.01 1,0045 1,814 18,85 62,10 1,464 10,12 31,80 

12.02.01 1,0046 1,751 18,09 58,04 l.460 9,98 31 ,20 

18.04.01 1,0044 1,800 16,72 55,23 1,478 10,67 37,62 

19.04.01 1,0138 1,966 18,95 56,23 1,544 12,57 40, 19 

20.04.01 1,0064 1,990 20,47 62,62 1,538 11 ,84 36,60 

23.02.01 1,0046 1,752 16,91 57,51 1,456 10,37 35,37 

23.04.01 1,0032 1,827 16,95 52,78 1,468 9,50 31 ,75 

26.02.01 1,0044 1,852 19,38 62,51 1,458 10, 17 30,66 
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B nporpaMMHOM KOMnJJeKce DINA-PEMK .L{JJH pac11eTa napaMeTpoe, xapa1CTepncTuK 

II 4>ynK~H01laJ10B, BaJKHblX .L{JlH 6e1ooacnocTH, HCnOJJb3YJOTCll 6anaHCHasl MeTO.[J,HKa, TeOpHll 

B03M)'llleHH.R )lJJ.R 3QHpeKTHBHOro K03cpcpHUHeHTa pa3MHO)f(eHH.R H nO)lXO)l, OCHOBaHHblH Ha perne­

HHH ycJJOBHO-KpHTHl.feCKOH 3a)la"!H )lJJ.R HCXO.l].HOro H BO3MY1UeHHOro COCTOllHHH H onpe.n.erremrn 

3cpcpeKTOB H K03cpcpHI{HeHTOB peaKTHBHOCTH no pa3HOCTH COOTBeTCTBYJOlUHX 3cpcpeKTHBHbIX KO-

3cpcpiru11eHTOB pa3M HO)f(eHHll. 

:6anaHCHasl MeTO.ll,HKa pact.teTa K03cpcpHUHeHTOB peaKTHBHOCTH OCHOBaHa Ha 6anaHCHOM COOT-

HOIUeHHH 

K3Cl><I> = F 1(-J +IT), (9) 

KOTOpoe MO)f(HO nOJJY4JITb, HHTerpl-fpy51 ycJJOBHO-KpHTH4eCKOe ypasHeHHe no o6'heMy aKTHBHOH 

3OHbl. 3)leCb J - TOK HeHTpOHOB Ha rpaHHU.e aKTHBHOM 3OHbl, a TI H F - IlOJJHOe nornorn;em1e H 

noJJHasl reHepaUl-f.R HeHTpOHOB B aKTHBHOH 3OHe, COOTBeTCTBeHHO. 

B .n.syxrpynnOBOM npH611m1<emrn BeJJW-IHHhl rr H F onpe.n,eJI.RlOTCll Bblpa)f(eHHllMH 

TI = f (Lat (r JI> 1 (r) + Lai (r JI> 2 (,) }tr H F = f (vL 11 (r JI> 1 (r) + VL 12 (r JI> 2 (r) }tr , 

r)le <I>1(r), <I>i(r) - rpynnosbte noTOKH tteihpottos, a VLJ1c2iCr) H L a1c2J(r) - MaKpOCKOilH4ecKHe 

ce"leHHll 06pa1osam-t:ll HeHTpOHOB )leJJeHHll H nornomeHHll, COOTBeTCTBeHHO. B npe)lnOJ1O)KeHHH, 

4TO npH MaJJbIX BO3MY1UeHHllX J,13MeHeHHeM pacrrpe)leJ1eHH$1 IlJJOTHOCTH noTOKa HeHTpOHOB H 

yTe"IKH HeHTpOHOB 113 aKTHBHOH 3OHbl MO)KHO npette6pe4b, K03cpcpHUHeHTbl peaKTHBHOCTH onpe­

.nemnOTCll COOTHOWeHHllMH 

/::J()(j><j> 
C( = 

~ K ~p.' 
3<1><!> t-' 

M = K (8F _ 8IT ] 
J<jl<I> 3<l><I> F (- J + IT) . 

(10) 

3.necb seJJH4HHa ~p onpe.nenlleTcll KaK HHTerpan no aKTHBHOH 3OHe OT sap1•taUHH 8P(r) O.llHOro H3 

napaMeTpos: IlJ1OTHOCTH TeilJJOHOCHTeJill (y), TeMneparypbl TOnJIHBa (Tu), TeMneparypbl rpaqmTa 

(Tc), ,[(Jill sapHaUHH BF H 8Il COOTBeTCTBYJOlUHX cpyH~HOHaJJOB HCilOJlb3YJOTCll COOTHOUJeHHll 

ITepBblH nopll.D.OK Teop1-rn B03MY1UeHHll .D.JJ.R 3cpcpeKTHBHOfO K03cpcpHUHeHTa pa3MHO)f(eHHll )lJ1$1 

paCl.feTa peaKTHBHOCTH, COOTBeTCTBYJOlUeH BO3My1UeHHfO napaMerpa P B )lByxrpynnoBOM npH-

6JJH)f(emrn, )laeT cpopMyny 

f [<t>;Vd(D, }\7<1>1 + <1>;Vd(D2 )V<l>2 -(d(L1 )-d(VL 1 ,) )<1>1<1>; ]dv 
p=~-------e---------------~-+ f ( VL 1 ,<I>,<1>7 + VL 12<1> 2<1>; )dV 

(11) 
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3,necb <I>1, <J:>2 - rpynnOBbte nOTOKH HeihpoHos; <I>t, <t>;- peweHHe COOTBeTCTBYIOW.eH conp.Sl­

)KeHHOH 3a,naYH; d(D1), d(D2), d("f-1), d("f-2), d(v"f-Jl ), d(v"f-p.), d("f, 12) - H3MeHeHH.SI HeHTpOHHO­

cp113114ecK11x KOHCTaHT, COOTBeTCTBYIOW.He BO3Myw.eHl1IO napaMeTpa ~ -

,[(JI.SI perur113au1111 a.nropHTMa pacl.JeTa K03cpcpHUHeHTOB peaKTHBHOCTH C HCTIOJlb3OBaHHeM yKa-

38HHOfO BbIWe COOTHOWeHH.SI B nporpaMMHOM KOMnJleKce DINA-RBMK peanH3OB8HO peweH11e 

conpSI)KeHHOro CTaUHOHapHoro ypasHeHHSI B MHororpynnOBOM ,n11¢cpy3HOHHOM npH6J1H)KeHHH C 

npe,nsapHTeJlbHOH roMoreHH3au11ei1 HeHTJ)OHHO-cp113H4eCK.HX CBOHCTB cpe,nbI no paclfeTHbIM o6b­

eMaM. 

Pe3yJlbTaTbl pacl.feTa K03cpq>HUHeHTOB peaKTHBHOCTH no YKa38HHblM MeTOJ:{HKaM ,nJISI ,nsyx pe­

a.JlbHblX cocTO.SIHHH ::mepro6noKa N!! 4 KypcKOH A3C npe,ncrnsnettbr s Ta6n. 4 11 5. B HHX npHse­

,nettbl pact.JeTHbie 3HalfeHH.SI K03cpcp11uHeHTOB peaKTHBHOCTH no TeMneparype Tonmrna o.ru 11 rpa­

q>HTa O.rc, naposoro (o.(jl) H 6btCTporo MOW.HOCTHOro (o.w) K03cpcpHUHeHTOB peaK.THBHOCTl1. 

Ta 6 Jl H u a 4. PeJy m,TaTbl p aCYeTa K03<j>cj>HUHeHTOB peaKTHBHOCTH .um, COCTOllHHll 

:>Hcpro6noKa N!! 4 KypcKoii A3C Ha 09.02.01 

D!IOK N!! 4 KA3 C 
KOJcj>CpHUHCHTbl peaKTHBHOCTM 

DC3 KOppCKTHpOBKH C KoppeKTHpoeKoi:i 
09.02.01 

Clq, 

aru 

aw 

arc 

6 anaHCHa!I MeTO.UHKa TeopHll BOJMyll.leHH!I 6anaHCHal! MCTO.UHKa TeopHll BOJMy lUeHHll 

3,008E-03 2,394E-03 2,556E-03 1,922E-03 

- l ,751E-05 -2,233E-05 - l ,728E-05 - 1,648E-05 

-2.161E-06 -2,884E-06 - 2, 158E-06 - 2,106E-06 

3,741E-05 4,207E-05 4.629E-05 5,335E-05 

Ta 6 JJ " u a 5. PeJynbTaTbl p acye-ra KO:>cj>q>HUHCHTOB peaKTHBHOCTH ll.JUI COCTOllHHll 

:>Hepro6n oKa N<.! 4 KypcKOH A3C Ha 12.02.01 

6 noK N2 4 KA3C 
Ko3qlcpHUHCIITbl pcaKTHBHOCTH 

6C3 KOppCKTHpOBKH C KoppeKT11poeKoii 
12.02.01 

6anaJICHal! MeTO,!lHKa TeopHll eoJMYlllCHHll 6 anaHCllal! MeTO,!lHKa TeopHll eoJMYlllCHHJI 

Clq, 2,976E-03 2,359E-03 2,542E-03 1,919E-03 

aru - l ,753E-05 -2,226E-05 - l ,740E-05 - 1,669E-05 

a,. -2,146E-06 -2.862E-06 -2,160E-06 -2,124E-06 

a 1c 4.084E-05 4,91 IE-05 4,647E-05 5,349E-05 

3aKJJIO'ICHHe 

Pa6oTa, pe3yJlbTaTbl KOTOpOH npe,ncTaBJleHbl B HaCTO.SIW.eH CTaTbe, BbfTTOJIHeHa C ueJiblO pa3-

pa6oTKH nporpaMMHO-MeTOJ:{Ht.feCKOro o6ecne4eHH.SI ,[{JI.SI aHaJ1H3a J:{HHaMHKH pe)KHMOB 11 o60CHO­

saHHJI 6e3onacttocTH 3ttepro6noKOB PY c PEMK. 
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Y 11,K 621.039:517.925.54 

KaqecTBennoe nccJie.ll,OBanue qepuo6LIJibCKOH aeapnu 
Ha OCHOBe auaJIHJa npOCTOH MaTeMaTn1IeCKOH MO.ll,eJIH 

JI.B. Cuupuoa, A.JI. /IpuzopoacKut'i, E. '1>. Ca6aea, 
HMM MexaHHKH HHrY, 603950, H. Hoaropo.n: np. rarap1ma, 23, K.6 

Ha OCHOBaHHH TeopenNecKoro Hccne.n:oaaHJ.UI npOCTOH MaTeMaTlflfeCKOH MO)J,eJIH paCCMOTpeHbl 
oco6eHHOCTH KHIT.llLUero KattanbHOro .11.u.epHoro peaKTOpa (PEMK) H BhJJBaarnero aaapmo Ha qeptto6b1Jlb­
CKOH A3C )KCnep11MeHTa. O6cy)KJlaJOTCll KalfeCTBeHHble oco6eHHOCTH HalfaJibHOfO )Terna H rrpHlfHHbl 
asapI111. PeJyJlbTilTbl 11ccne.n:oeaHID1 Harnll}lHO nO}lTBep)KJJ:aJOT BblBOJl, lfTO rrpHlfHHOH aaapHH llBHJlHCb He­
.ll.OCTaTKH npoeKTa ycTaHOBKH. 

ANALYSING THE CAUSES AND NATURE OF THE INITIAL STAGE OF THE ACCIDENT 
AT CHERNOBYL NPP USING A SIMPLE MATHEMATICAL MODEL. L.V. SMIRNOV, 
A.L. PRIGOROVSKY, E.F. SABA YEV. Based on theoretically analysing a simple mathematical model, 
the characteristic features of the RBMK boiling channel-type nuclear reactor and the experiment that 
caused the accident at Chernobyl NPP are investigated. Some qualitative features of the initial stage and 
the causes of the accident are discussed. The results of the investigation vividly validate the conclusion 
about the drawbacks of the plant design being the cause of the accident. 

<I>aKTH4eCKOe npeKpal.L(eHHe HayYHblX ny6J111Ka1J,HH, nOCB.Sll.L(eHHblX aHa.JIH3Y npH4HH H Ha-

4aJlbHOro )Tana asapHH, nO-BH)lHMOMY, )lOJDKHO CBH)leTeJlbCTBOBaTb O TOM, 4TO y cneu.HanHCTOB 

no .Sl)lepHOH )HepreTHKe CJ10)KHJ10Cb npe)lCTaBJleHHe O npH4HHax H OCHOBHblX cpaKTopax H xapaK­

Tepe asapHH ( CM., HanpHMep, [) ]). HeT .SICHOCTH TOJibKO B KOJlH4eCTBeHHblX xapaKTepHCTHKax, H 

npO)lOJlJKaeTC.SI cnop 3HepreTHKOB-3KCnJiyarnu.HOHlUHKOB H q>H3HKOB-npoeKTaHTOB, KTO )Ke 60Jib­

we BHHOBaT. B TO )Ke caMoe speM.SI H3-3a OTC}'TCTBH.SI )lOCT)'nHblX Hecneu.HMHCT)' o6b.SICHeHHH 

npe)lcTasneHHe Maccosoro 4HTaTeJ1.SI cpopMHpyeTC.SI Ha OCHOBe nepHO)lH4eCKH nO.SIBJl.SllOlUHXC.SI 

CeHcau.HOHHblX ny6JIHKaU.HH, He HMelOl.L(HX Hay4HOro o60CHOBaHl-t.SI . 
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--
TTpHBO.UHmHeCSI B cneuHaJJbHOH JlHTeparype pe3yJ1bTaTbl )J.0CTaT04H0 CJT0)KHbJX pac4eT0B, no­

CBSllll,eHHblX H3y4eHHfO asapHH, 48CT0 Hey6e.n.HTeJibHbl, noCK0JibKY He co.n.ep)KaT )J.OCTaT04HOH 11 

nOH.SITHOH HHQ)OpM8UHH 06 HCIT0JTb3yeMblX M0)J.eilllx, anropHTM8X pac4eT0B 11 HCX0,ll.HblX .n.aHHblX. 

K :H0MY crre.n.yeT .n.o6aBHTb, 4T0 )J.8.)Ke cpe.n.11 113BeCTHblX pOCCHHCKHX y4eHblX, He 3aHHMafOlll,HXCH 

H.n.epHOH :mepreTHKOH, HeT 4eTKHX npe.n.cTaBJleHHH 0 npH4HHax :HOH " asapHH BeKa" . 06 3T0M 

CBH)J.eTeJibCTByeT, B 48CTH0CTH, rry6m-1KaUHH o6cy)K)J.eHHH npo6rreMbl nporH038 Ha 3ace.n.aHHH 

TTpe311.n.eyMa p AH [2]. l1CKJ1fOLJeHHe C0CT8BJUleT np03BY488Wa.H np11 o6cy)K)J.eHHH pennHKa aKa­

)J.eMHKa 8.11. Cy660THHa, YKa3aBwero Ha .n.ecpeKT npoeKTa, KaK o6lll,enpH3HaHHbIH cpaKT. O.n.HaKo 

y)Ke 4epe3 ro.n. Ha npecc-KottcpepeHUHH B P11A "HosocTH" 4JieH PAEH H. TapaKaHoB 3a.HBHJI, LJT0 

KaTaCTpocpy Bbl3BaJI 6e30TBeTCTBeHHblH HayLJHbIH 3KCnep11MeHT Ha pa6oTafOIUeM peaKTope. B 
3THX ycJI0BHHX CTaH0BHTCH 04eBH,LJ.HOH Heo6xo,LJ.HMOCTb .!J.0CTYilH0ro .lJ,8.)Ke Hecnel.(11aJll1CTY 06bHC­

HeHH.H npoH3owe.l1,wero. 

B HacTm1mei1 pa6oTe 113JT0)KeHbl 11 npo.n.eM0HCTpHp0BaHbI C IT0M0lll,bfO Ka4eCTBeHH0ro attan11-

3a npOCTOH MaTeMaTH4eCKOH M0,D,eJilf npe.l1,CTaBJJeHIDI aBT0p0B 0 npose.n.eHH0M 3KCnep11MeHTe, 

xapaKTepe tta4anhHoro 3Tana 11 np11411Hax aaapirn. 

10 

1. KoncTpyKQHH PliMK-1000 

11 

7 

Ha p11c. l npe,D,CTaBJieHa rrp11HUH.IT11aJlbHa.H 

cxeMa .si.uepHOH 3HepreTH4eCKOH ycrnH0BKH C 

PliMK. J,fao6p8.)KeHa 0,D,Ha H3 .D.Byx 0)].11H8K0BbIX, 

r11,D,paBJIH4eCKl1 He CBH3aHHbIX neTeJlb CHCTeMbl 

UHPKYJI.SIUH11 TenJI0H0CHTeJIH. 

HcnOJlh3yeMa.H B KaLJeCTBe TenJI0H0CHTeJl.SI 

so.n.a nocrynaeT B peaKTop 1, r.lJ,e HarpesaeTCH 

)].0 TeMneparypbl KJmeHHH H 48CTH4H0 npespa­

maeTC.SI B nap, o6lll,ee K0J1114eCTB0 K0T0poro Ha 

HOMHHaJJbHOH MOlll,HOCTH COCTaBJIHeT 15 % OT 

P1-1c. l. 11pHHUHnmlJlbHrui cxeMa yc-rattoeKH o6lll,ero K0JlH4eCTBa npoTeKafOlll,eH 4epe3 peaK-

Top B0.D.bt. Ilaposo,D,.sitta.si cMecb 113 peaKTopa pa3,D,emieTcSI s cenapaTope 2, H nap rrocrynaeT Ha 

ryp611tty 4, coe,D,11Hemryf0 c 3JJeKTporettepaTopoM 5. Bo,D,a npH TeMneparype ttacbIII.leHHH cMew11-

saeTCH B B0)].SIH0M o6'beMe cerrapaTopa C ITHTaTeJJbHOH BO)J.OH 11 C IT0M0lll,bfO HeCK0JlbKH.X napan­

JieJibH0 BKJlf04eHHbIX UHPKYJUIUH0HHbIX HaC0C0B 3, CHa6)KeHHbIX 3JieKTp0JJ.BHraTeAAMM 9, no.n.aeT­

CSI Ha BX0)J. peaKTopa. PeryJISITOp 8 no)].)].ep)KJ,fBaeT IT0CT0SIHHbIM ypoBeijb B cenapaTope, H3MeHSISI 

paCX0.lJ, B0)].bl 113 KOH,D,eHCaTHO-nHTaTeJJbHOH CHCTeMbl 6, 7. TenJIOBbI,D,eJieHHe B peaKTope onpe,D,e­

JIS!eTC51 KOJJWieCTBOM yt.JaCTBYfOlllHX B peaKUHM ,D,eneHH.SI HeHTpOHOB, KOTOpoe ITO.D..D.ep)KJ,fBaeTCSI Ha 

Heo6XO)].MMOM ypostte CHCTeMOH ynpasJieHHH H 3all.lHTbl C IT0M0II.lbfO nepeMern.eHMH CTep)lrneif­

nornOTHTeJleH IO HeHTpOHOB. CTpeJIKaMH IT0Ka3aH0 Hanpasn emte TeLJeHH.SI TenJI0H0CHTeJIH. OOJiee 

.lJ,eTanbHaH cxeMa 3Hepro6noKa 11MeeTcH B [3]. 

2. ManMaT11qecKaH Moi.e11b Ten11ocJ>n3nqec1rnx npoQeccoB 

,[Lim pa6oTbl si.n.epHoro peaKTopa xapaKTepH0 B3aMMO,D,eHCTBHe HeHTpOHHO-cp113H4eCKH.X, Ten­

Jl0BblX, r11,D,p0,D,HHaMl{qeCKHX npoueccos 11 p.si,D,a CHCTeM ynpa s n eHHH. MaTeMaTH4eCKHe M0.L1,en 11, 

o6bl4HO 11CIT0J1b3yeMbJe )].JlH on11caHHH .l1,11H8MHKH pa3JJH4.HbIX nnaH0BblX 11 asapHHHblX npoueccos, 

04eHb CJI0)KHbl, B CBSl3H C 4eM TeopeTH4eCKHe HCCJJe,D,0BaHHSI 0Ka3btBalOTCSI B03M0)l(HblMH T0JlbK0 
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C noMOI.UblO l-lJ,fCJleHHOro Cl.feTil. 11.MeHHO TaKHe MO,UeJIH HCOOJlb3OBanHCb .um1 nOJT)'l.feHH$1 npe.n­

cTaBJJeHHblX B ofoope [I] pe3yJibTaT0B. O.nttaKO B 0CH0Be nocTaH0BKH CJIO)KHblX 3a)J,a4 H aHan1-13a 

noJiyl.faeMblX YaCTHbfX perneHHH ypaBHeHHH MaTeMan,~eCKHX MO,UeJJeH Jle)f(aT onbIT npoeKT11po­

saHHJI H 3KCnnyaTaUHH >I3Y pa3JJH4H0ro Ha3HaYemur, pe3yJibTaTbr TeopentYeCKHX H 3KCnepH­

MeHTanbHblX pa6oT, BKJllOlfajj H3yYeHHe np0CTblX MaTeMaTHt-leCKHX MO,UeJleH, Y4lffblBa!Oll{.HX 

T0JlbK0 rnaBHble, onpe.neJJjj}Oll{He cpaKTOpbl. U,enecoo6pa3HOCTb nocTp0eHIDI H aHanH3a npoCTblX 

Mo.u.eneH H HeK0T0pble o6mHe MeT0)J.0J10rH4eCKHe coo6pa)f(eHH$1 HMelOTC$1 B [4]. Ka)f()J.asr 113 TaKHX 

MO,LJ.eJJeH He jj8JJjjeTCR YHHBepcanbHOH H npe,LJ.Ha3Hat.JeHa ,l],Jljj perneHH$1 KOHKpeTHOH 3a,Uat.JH. 8 Ha­

weM CJlytfae MO,UeJlb npe,llHa3Ha4eHa .llJlj! nonyt.JeHHjj HenpOTHBOpet.JaUJ,eH H3BeCTHblM ,LJ.aHHblM 

Kat.JeCTBeHHOH KapTHHbl npoueccoB C Yt.JeT0M 0CH0BHblX cymecTBeHHblX oco6eHHOCTeH 3Hepro-

6noKa H xapaKTepHbIX .llJlH asapHH Ha4anbHblX ycJJOBHH H B03MyI.UeHHH. 

TipH cpopMynHpOBKe 3a,lla4.H npHH$1Tbl CJle.uyJOU{He ynpomalO[llHe npe,UITOJlO)f(eHHH, OCHO-
llf"j 11, , 

aaHHble Ha aHanH3e oco6eHHOCTeH paCCMaTPHBaeMbrX q>H3Ht.JeCKHX npoueccoB H nOCTaBJleHHOH -

3a.ri:atnt. 

1. BmtHHHeM Me,UJleHHblX npoueccoB, CB$13aHHblX C BbiropaHHeM rop!Oqero, OTpasJieHHeM 

npo.a:yKTaMH .neneHH$1, H3MeHemteM TeMneparyp&1 rpaq>HTa, 11rpa10wero pon& 3aMe.llJIHTeJrn tteii­

Tp0HOB, M0)f(HO npette6pe4b. 

2. Hcc11e.u:yeMbie TenJJ0Bbie .H q>H3Hl.feCKHe npouecCbl MO)f(HO onHCbIBaTb ypaaHeHIHI.MH C co­

cpe,UOTOYeHHblMH napaMeTpaMH [5, 6]. 
3. OcHOBHblMH 6bICTPblMH npoueccaMH, BJIHRJOI.UHMH Ha xapaKTep pa3MH0)f(eIDUI HeHTPOHOB 

(peaKTHBHOCTb), RBJ1$1IOTC$1 H3MeHeHHSI TeMneparypbl rop!OYero H nonHoro KOJIWieCTBa napa B 

aKTHBHOH 3OHe peaKTopa. 

4. TeMneparypa TennoHOCHTeJISI H K03cpq>HUHeHT Tennorrepe,Uatf.H OT rop10t.Jero K TeITJIOHOCH­

TeJIIO nOCTOHHHbl. 

5. BpeMeHeM npoxo.na TenJIOHOCHTeJieM aKTHBHOH 30Hbl MQ)f(HO npette6pe4b. 

Ba)f(HOH, ynOM$1ttyTOH Bb!We senHYHHOH, xapaKTepH3YIOI.UCH BJlHHHHe BttyTpCHHHX npouec­

COB B aKTHBHOH 3OHe peaKTopa H B03MylUeHHH Ha pa3MHO)f(eHHe HeHTPOHOB H Bbl,UeneHHC Tenna, 

SIBJl.!leTC.!I peaKTHBHOCTb [7] . 3To 0TKJlOHemte OT e,UHH.HUbl K03q>q>HI.UfeHTa pa3MHO)f(eHHSI HeHTpo­

HOB, paBHOro OTH0WCHHIO nn0THOCTH HCHTpOHOB B ,D.aHHblH MOMCHT speMeHH K TaKOBOH B npe­

JJ.bl.UYI.UHH MOMCHT speMeH.H. ITonO)f(HTeJibHOCTb peaKTHBHOCTH Be,UeT K pocry l.{.HCJla HeHTpOHOB, a 

3Ha4HT, H TennOBbl,D.CJleH.IDI, OTPHUaTeJlbHOCTb - K yMeH&WeHHIO, paseHCTBO ttyJllO o6ecnet.JHBaeT 

CaMono.u.nep)f(HBa10my10C$1 peaKUHIO .neneHH.!I C ITOCTOHHHblM TCnJIOBbI,UeneHHCM. 

TpeTbe H nSITOe npe.unoJJO)f(CHH$1 IT03B0Jl.HIOT 06be,UHHHTb BJlIDIHHe TeMneparypbl rop10qero H 

KOJIHt.IeCTBa napa B BH,Ue O,D.HOH 3aBHCHMOCTH peaKTHBHOCTH OT TenJIOBOH MOLllHOCTH. J,fonoJib30-

BaHHcU[ MaTeMantt.JCCKaJI M0,UeJlb HMeeT CJlC,llylOlUHH BH,U: 

6 

l,i = (8k - ~)n + L.~;n;; 
l=I 

(1) 

'toQ =n-Q; 

8k = 8k0 + f(Q) + 8k1• 

3.uecb n - OTH0CHTeJlbHaR HeHTpOHHcU[ MOlUH0CTb; n, - OTH0CHTeJlbHble KOHUCHTpaui,rn o6beJJ.H­

HeHHblX B weCTb rpynn 0CK0JIKOB .ueneHH.!I .!l,Uep rop!Ot.Iero - I13JIYYaTeneii 3anaJ,UbIBa10w11x HC.H­

TpOHOB; Q - OTHOCHTCJlbHblH TeITJIOBOH noTOK B TeITJJ0HOCHTene (TenJJOBaR MOll.lH0CTb peaKTopa); 
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8k - peaKTl1BHOCTb peaKTopa; 8ko - .D,OJUI peaKTl1BHOCTl1, 06ycnosrreHHlUI Me,nrreHHI,JMl1 3qJqJeKTa­

Ml1 11 CTaUHOHapHblM BKJla,UOM Cl1CTeMbl ynpasrreH11.SJ Hel-lTpOHHOH MOll.lHOCTbt0;./{Q) - 3as11c.srmasi 

OT TennoBOH MOW.HOCTH .D,OJl.SJ peaKTl1BHOCTl1, o6ycnosneHHaR 113MeHeHHeM TeMneparypbl ropIOYe­

ro 11 KOJlHl.feCTBa napa B aKTHBHOH 30He; 8k1 - 113MeHemte peaKTHBHOCTH, CB.SJ3aHHOe C pa60TOH 

6 

CHCTeMbr ynpasnett11.sr 11 3all.lM.Tbr peaKTopa, He on11cbrnaeMoi1 ypasHemurMH (1 ); P = L ~, , p; -
1= ! 

,nom1 3ana3,UbIBat0~ HetfrpoHOB i-H rpyrrnb1; 't0 - o6ycnosneHHa.sr nporpesoM ropIOYero nocTo­

.SJHHa.sr speMeHl1 M.3MeHeHH.SJ TenJIOBOH MOIUHOCTH; 't; - noCTO.SJHHlUI BpeMeHH pacna,na .sr.uep - HC­

T0YHHKOB 3ana3.l(bIBaIOl.l(HX HeihpoHoB; [ - BpeM.SJ )Kl13Hl1 MrHOBeHHblX HeihpOHOB. 

Ba)f(Hoe 3HaYeH11e ,nn.sr Ka4eCTaeHHOH oueHKH xapaKTepa 113y4aeMbIX npoueccos HMeIOT se-

nwrnHbI K03qlqJHUHeHTOB ypastteHHH CHCTeMbl (1 ) . ,[(JJ.sr PEMK HMeeM l:::: 10-3 
C [5, 6], p = 

= 0,0075 .. . 0,005 [3]. f1ocTo.srHHa.sr speMeHH TennoBhIX npoueccos 't0 ~ 10 c [6, 8]. ,[(JJ.sr wecTH 

rpynn 3ana3,UbJBaIOl.l(HX HeHTpOHOB 't;, i = l , 6 npHHHMaIOT 3HalJeHMjl OT 0, 1 .no 80 C [5, 7]. 

Han11L1He Manero napaMeTpa nepe.n o.nHoi1 113 npoH3BO.UHbIX (a ttaweM CJJ)'l.Jae up =::.io-1 
c) 

n03B0Jl.SJeT BOCTTOJib30BaTbC.SJ MeTO.UOM pa3.D,eJibHOro 11ccne.uosaHHR 6bICTpblX 11 Me,nneHHblX npo­

ueccos [9, 1 O] . CyW.HOCTb 3T0ro MeTo,na B HaWeM cny4ae C0CT0HT B cne,uy10meM. 

Ecn11 BbinOJlHeH0 ycnos11e ycTOHYHBOCTH no 6bICTpb1M npoueccaM B B11,Ue 

8k <P, (2) 

TO 113 nepsoro ypaBHeHJ,ijl CHCTeMb[ ( 1) npH l = 0 HMeeM 

n = tP;1z; j<P-8k). (3) 

B 3TOM cny4ae, noKa 3HaMeHaTeJlb Bblpa)l{eHH.SJ (3) He CJlHWKOM Man, HetiTpOHHlUI MOl.l(HOCTb 

n MeH.sreTC.SJ Me,uneHHO B C0OTBeTCTBHJ1 co CKOpOCTblO pacna,na Sl.llep-113JIYYaTeJieH 3aTTa3.l(blBatO­

llll1X ttetiTpottos 11 nporpesa ropI04ero. TaKoe csoiicTso npoueccos ,naeT B03MO)KHOCTh ynpasne­

HH$1 peaKUHeH .uenem1.sr H HOpManbHOH 3KCnnyaTaUHH peaKT0pa. EcnH B pe3ynbTaTe Me,uneHHblX 

npoueccos H BHeWHl1X B03M)'llleHl1H HepaseHCTB0 (2) MeH.SJeT 3HaK, TO B03HHKaeT 6bICTpblH npo­

uecc poem M0l.l(HOCTH B COOTBeTCTBHH C MaJJblM speMeHeM )K113HH MrHOBeHHbIX HeihpoHOB. ,Z:{.rrn 

oueHOK 11 npH6JIJ,1)KeHHblX pacIJeTOB TaKoro npouecca M0)KHO C4HTaTb noCTO.SJHHb[MH Me,nneHHO 

Memuom11ec.SJ nepeMeHHbie n;, i = 1, 6 ' Q. l1x 3Ha4eHH.SJ COOTBeTCTB)'K)T MOMeHry HapyrneHJ,ijl 

ycnoBH.SJ (2). Ilo OK0RYamrn: 6bICTJ)OfO npouecca H Kor.ua CH0Ba HaYHHaeT BbinOJIH.SITbC.SJ ycJI0BHe 

(2), H3MeHeHHe nepeMeHHhlX OIT.SJTb CTaHOBHTC.SJ Me,uneHHblM 11 MO)KH0 OITj{Tb np11H.SJTb l = 0. 
HaH60Jlbllla.SJ norpewH0CTb B TaK0M onpe,neneHl111 113MeHeH11.SJ 6blCTpOH 11 Me,UJieHHOH nepeMeH­

HblX 11MeeT MeCTO Ha Man0M HHTepsane speMeHH np11 8k ~ p, 4TO BruKHO, rnaBHblM o6pa30M, npH 

KOJIH4eCTBeHHblX pacIJeTax. 

B crnu.i,10HapHOM pe)KHMe n = n, = Q, 8k, = 0, 8k = 8k0 + f (Q) = 0. B11.u qJyttKUHH f (Q) 3a­

BHCHT OT MH0fl1X cpaKTopos, TaKHX KaK COCTaB aKTl1BHOH 30Hbl, 06oramett11e .sr,nepHoro ropt04ero, 

TeMneparypa rpaq111Ta, pacxo.n 11 tte,norpes .no KJ1neR11.SJ BO.Ahl, nocrynat0meii B peaKTop, 11 T .,n. 

AHanH3 H3BeCTHblX TeopeTH4eCKl1X npe.ucrnsneHl1H O M0ll.lHOCTHOM 3qJqJeKTe peaKTHBHOCTH, 

HMetOll.lHXC.SJ ,uaHHblX O CBOHCTBax P6MK .no asapHH 11 BHeceHHblX nocne Hee 113MetteHH.SJX KOHCT­

PYKU11H ( CM., HanpHMep, [3 , 11 , 12]) n03BOJI.SJeT npe.D,CT8B11Tb Ka'-!eCTBeHHblH 811.L{ 3TOH 3aBHCH­

MOCTH CJie)lyK)lllHM o6pa30M. 06ycnOBJ1eHHblH YBeJ111YeH11eM TennOBOH M0l.l(H0CTH Q pOCT K0JIH-

4:eCTBa napa npHBO)lHT K yseJIHYeHHtO p eaKTHBHOCTH, a npOHCXO)l.SJW.HH np11 3TOM pocT TeMne-
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• 
paT)'pbl ropIO'-:lero - K yMeHblllemno. [1epBblH 

cpaKTOp SIBJUJeTCSI onpe.n;eJUIJOLUl1M Ha MaJlbIX ~ 
uKA 

MOU(HOCTSIX, a BTOpOH - Ha 6oJU,llIHX. KatfeCT-

seHHblH B11.ll: rpacpHKa 3TOH 3aBHCHMOCTH L(JUI pac­

cMaTpl•iBaeMOro peaKTopa, orrpe.n;e11S1J01UHHCJ1 

)leHCTB.HeM 3THX )lByx nponrnonoJIO)KHbTX 3cp-

f(.Q) 

- - --o..---,---

cpeKTOB, np1,rne)].eH Ha p.HC. 2. Puc. 2. Ka'-!eCTeeHHblH BIUI. 3ae1-1c1-1MoCTH/(Q) 

TTpH pa6oTe peaKTOpa Ha MOIJ..l,HOCTH Q < Qm o6paTHaR CBJl3b MOLUHOCTh-peaKTHBHOCTb no­

JlQ)f(H.TeJibHaR, lffO MO)KHO npocneD,HTb no ypaBHCHIUIM (1 ). B 3TOM c11yyae H3-3a npeo611aL1,aIOLUe­

ro BJIH8HHSI naposoro 3cpcpeKTa pocT TenJIOBOH MOIJ..l,HOCTH npHBOLl,HT K pocry peaKTKBHOCTH, a 

3Ha4HT, K yseJIH'iCHHJO HeihpOHHOH H Ll,aJlbHeHllleMy pocry TCITJIOBOH MOll(HOCTI1. 3-ro CBOHCTBO 

PEMK .srnm1eTcS1 B3)1(HbIM )].JISI npose)].ettttoro 11ccneL1,OBfillltil. 

3. PeJyJlbTaTbl HCCJle,llOBaHHH CHCTeMbl (1) 

CHCTeMa (1) HMeeT CTaUHOHapHble pellleHIDI, OITHCb1BaeMble COOTHOllleHJ-UIMH 

ok = ok0 + f (Q0
) = 0; n ° = Q0 = n?, i = 1, 6, 

r,ne sepXHHH HHLl,eKC YKa3bIBaeT, '-:ITO BeJIHlfHHa co­

OTBeTCTByeT CTaT11Ke. Cpe)].H pellleHHH HMeeTC.s! 

HYnesoe n ° = Q0 = n~ = 0, i = 1, 6, coorneTcT­

BYJOLUee norarneHHOMY peaKTopy. Crnu1-1ottaptt0My 

3HalJeHHJO TenJIOBOH MOLUHOCTH peaKTopa COOTBeT­

CTBYeT HCKOTOpoe 3Ha4eHHe BXOL(.Slll.l,eH B oko co­

CTaBJUIJOLUCH peaKTHBHOCTH, BHOCHMOH HaxOLl,SI­

LUHMHCR B aKTHBHOH 3OHe CTep)KHSIMH-nornont­

TeJUIMH CHCTCMbl ynpaBJICHHSI MOUJ,HOCTblO. 3To 

3Ha'-lett11e 3as11c11T OT BKJiaD,a npe)].nonaraJOUJ.HXCR 

ITOCTORHHblMH Bbiropamrn ropJOYero H HaKonneHID:I 

nomomaIOLUHX HeHTpOHbl npO.ll.YKTOB D,eJieHID:I. 

BmtRHHe 3THX cpaKTOpOB KOMrrettcupyeTC.s! CHCTe­

MOH ynpasneHHSI MOlUHOCTblO, noLl,Ll,ep)lrnBaeMOH 

noCTO8HHOH. Y CTOWUIBOCTb "s MaJlOM" CTauHo­

HapHblX pe)KHMOB, omtCb!BaeMblX CHCTeMOH (3), 
JierKo onpe)].eJISleTCSI JII06b1M 113BeCTHblM MeTOAOM 

( CM., ttanp11Mep, [ l 0]). Ha pHc. 3 npeD,CTaBJietta 

6J.1cpypKal{HOHHM Ll,HarpaMMa, r.n:e KPY)KKaMH OT­

Me'-:leHbl YCTOH411Bble, a KpecntKaMH HeycTOH-Y.HBble 

COCTOSIHHSI paBHOBeCH.s!. CHCTeMa MO)KeT HMeTb 

111160 O,UHO (npH oko < - 8kA), m160 TPH (np11 

- 8kA < 8k0 < 0), m-160 ,usa (np11 8k0 > 0) COCTOSIHHR 

paBHOBeCHSI. 

TaKHM o6pa30M, B KHITSILUeM peaKTOpe C no­

JlO)KHTeJJbHblM napOBblM 3q>q>eKTOM peaKTHBHOCTH 
-oK,.. C 

(4) 

8Ko 

BO3MO)l(Hbl TPH COCTOSIHHSI paBHOBeCH.Sl, H3 KOTO- PHC. 3. 61-1cpypKauHOHHaJI llHarpaMMa CHCTeMbl (I) 
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pb!X, no KpaHHeH Mepe, C00TBeTcTByiow.11e Ma.JlblM yp0BH.sJM M0W.H0CTl1 HeyCTOH"-IHBbl. 3TOT c.rry­

t.JaH C00TBeTcTByeT CHCTeMe C n0J1Q)Kl1TeJ1bHOH o6paTHOH CBH3bl0, 0 t.JeM rosop11JJ0Cb B npe)],bI.LJ.Y­

w.eM pa3)],eJle. YcTQHL(HB8.sJ pa6oTa B K8)1()],0M 113 HeycTOHt.JHBblX pe)KHM0B (np11 0 < Q < Qm) M0-

>KeT 6b!Tb o6ecnet.JeHa T0JlbK0 C n0M0lUblO CHCTeMbl ynpaBJJeHH.sJ. Tip11 0TCyrCTBHH pery1rnposa­

HHH MOW.HOCTH CHCTeMa He MQ)l(eT OCT3B8TbCSI. B COCTO.sJHl111 paBHOBecJ-rn, COOTBeTCTBYJOW.eM 

HeycTOH'-ll1BOMY Y48CTKY .n.11arpaMMbI, l1 B03Hl1K8eT npouecc nepexo.n.a Ha 0)],HH 113 ycTOH'-IHBblX ee 

yt.JaCTK0B. 3To CO0TBeTcrnyeT nepeMew.eHHIO l1306p8)1(8JOW.11H T0'-IK11 no 6mpypKaUHOHHOH )],113-

rpaMMe BBepx 11Jll1 BHl13 no BepTHKa.JlbHOH npHMOH 8ko = C < 0, npoxo.n..siw.ew t.Jepe3 C00TBeTCT­

BYIOW.ee HaYa.JlbHblM ycJJ0BH.sJM C0CTO.sJHl1e paBH0BeCHSI. 8ko = C, Q = Qi. Dp11 T3K0M nepeX0)],H0M 

npouecce paccTO.sJHHe no rop1130HTa.Jll1 OT TOt.JeK 3TOH np.sIMOH )],0 KpHBOH CTaUHOHapHblX COCTOH­

Hl1H paBHO peaKTHBHOCTH peaKTOpa, COOTBeTCTBYJOW.eH TeKylUeMy 3Hat.JeH11lO TennoBOH MOW.HO­

CTH Q (pHC. 3 ). 
AHa.JIJ,13 CHCTeMbl ()) 11 B11)],a 611cpypKaUHOHHOH .n.11arpaMMbl n03BOJl.sJeT c.n.enaTb c11e.n.yiow.11_e 

BbIB0.LJ.bJ .ll.Jl.sI 11ttTepecyiow.ero ttac cnyYa.si, Kor.n.a np11 nepexo.n.ttoM npouecce MOlll.H0CTb pacTeT. 

1. Ecm, MaKCHMa.Jlbttoe 3ttaYettHe peaKTHBHOCTH 8kmax = 8kA + C < p, TO nepexo)],HbIH npo­

uecc .sJBJl.sJeTC.sJ Me)],JleHHblM H J].Jl.sJ ero pacYeTa MO>KH0 npHH.sJTh l = 0. B 3T0M c11yyae n0Tep11 yc­

TOHYl1BOCTH no 6bJCTpb1M npoueccaM He npOHCX0J].HT, XOT.sJ B HT0re M0W.H0CTb B nepeXO)],H0M 

npouecce.n.ocT11raeT J].0CT3T0YH0 6onbwOro 3HatteHHH. 3To c.rryt.JaH cna6oi1 HeHTpOHHOH BCnblillKl1. 

2. Ec1111 8krrnx = 8kA + C > p , TO B nepexo.n.HoM npouecce noc11e Me,ll.JleHHOH cpa3bl (np11 

8k < P) npo11cxo.n.11T noTep» ycTOHY11BOCTH no 6bJCTpb1M npoueccaM, YT0 npHBO.LJ.HT K CHJlbHOH 

tteHTPOHHOH BCnblUJKe, Kor.n.a onpe.n.enHIOW.YJO ponb HrpalOT MrH0BeHHble HeihpOHbl. 

IlpH HeKOTOpblX .n.ononH11TeJ1bHblX ynpow.a10w.11x npe.n.noJlO>KeHH.sJX MO)KHQ nonytt11Tb pewe­

HHe CHCTeMbl (1) B 06011x cny1.Ja.sJX H ouettHTb xapaKTepttble oco6eHHOCTH noBe)],eHH.sJ HeHTPOHHOH 

11 TenJJOBOH MOW.HOCTH peaKTopa. Tip11Be)],eM HeK0T0pble Heo6xo)],HMble )],Jl.sJ KaYeCTBeHHOro npe.n.­

CT3BJleHH.sJ pe3yJlbTaTbl oueH0K, nonyt-IeHHble B ro.n. asap11H 11 ony61111KOB8HHbJe 8 [13], a TaK)Ke 

6011ee n03)],Hl1e pe3yJ1bTaTbI, HMeiow.11ec.si B [14]. 
B c.rryYae cna6oi1 scnbIWKH, ecmI np11m1Tb C1 = 0, 8kA = 0,85 p (p11c. 3), .n.n» ycrnttoBHBw11xc.sJ 

KOHeYHhlX 3HaYeHl1H HeHTpOHHOH 11 TennOBOH MOW.H0CTH 11MeeM n = Q = Q . O)],HaKO B nepexo.n.­

H0M npouecce tteHTJ)OHHa.sJ M0lUH0CTb )],0CT11raeT 3HaYeHH.sJ 8 3,5 pa3a Bbllile, LfeM 8 KOHeLfH0M 

C0CT0HHl111. 

B c.rryyae CHJlbHOH HeHTpOHHOH scnbIWK11 (8kmax = C1 + 8kA > P) B C00TBeTCTBl111 c 113BeCTHhIM 

nO)],X0)],0M pa3,ll.eJlbH0ro HCCJle)],0B8HH.sJ 6bICTpbIX H MeJ].JleHHblX npouecC0B [9, 1 OJ nepeXO)],HblH 

npou,ecc HMeeT Hatta.JlhttylO Me.n.neHttylO cpa3y, nepeXO)],HlUYlO 8 6blCTpyIO, Kor.n.a 8k ~ p, a 3aTeM 

on.sJTb B MeJ].JleHttylO. 3TO B03HHKH0Bett11e 6blCTPOH qJa3bl npOHCX0)],HT, Kor.n.a OTH0CHTeJJbH0 Me)],-

neHH0 B03paCTalOJ.Uee 3H3YettHe TenJlOBOH MOW.H0CTH Q )],0CTHraeT 3H3LfeHHH Q; (p11c. 3). Bo 

speM.sJ 6bICTpOH qJa3bl pocT HeHTpOHHOH MOLUH0CTH onpe.n.e11.sJeTC.sJ MrH0BeHHblMH HeHTPOH3Ml1 C 

xapaKTepHbIM speMeHHbJM Macwrn6oM l I ~~ 0,1 c. CornacHo np116J111)KeHtto11 ouettxe np11 C1 = 0 
11 8kA = 1,7 p MaKCHMa.JlbH0e 3HaYeHJ-te, )],0CTHraeMoe B nepeX0)],H0M npouecce HeHTpOHHOH M0W.­

HOCTbJO, B I 00 pa3 6onbwe Q. 
TipH pa6oTe peaKTopa Moryr n0HBHTbCH HeCT3UH0HapHbie 803MYI.UeHH.sJ peaKTH:BH0CTH (8k1), 

He YLfHTblBaeMble B MaTeMantl.JeCKOH M0)],eJIH (1) 11 3Ha.JlH3e 611cpypKaUHOHHOH )],HarpaMMbl. 3TH 

B03Myw.eHHH CBH33Hbl C nepeMeI.UeHHeM nornow.aJOW.HX CTep)KtteH CHCTeMbl ynpaBneH11.sJ 11 33W.11-

Tbl peaKTopa. Ecn11 3Tl1 npouecCbl Be.n.yr K pocry peaKTl1BH0CTl1 (8k1 > 0), TO onaCHOCTb 803Hl1K­

H0BeHH.sJ CHJlbHOH HeHTpOHHOH BCnblWKH B03paCTaeT. Ponb T3Kl1X npoueccoB B pa3BHTIDI aBap1111 

o6c~aeTc.sJ HH)Ke. 
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Kat.feCTBeHHblH BH)]. 6mpypKaLU10HHOH ,n11arpaMMbl n03BOJIS!eT npo,neM0HCTpHp0B8Tb eme 0)].­

HY Ba)l(.HYIO oco6eHHOCTb PEMK. MeHbWHM 3Ha4eHIDIM CTaUHOHapHOH MOll.lHOCTH (np11 Q < Qm) 

coo-raeTcTB}'IOT MeHbWHe 3Hal.feHHJJ 18k0l, T.e . .nrui nepexo.na Ha ace 6onee HH3KHe ypoBHH M0lllHO­

cTH tteo6XO)].HMO npH npotJHX paBHbIX ycJJOBHSIX H3BJieKaTb CTep)KHH-nornOTHTem1 H3 aKTHBHOH 

30Hbl peaKTopa. ITpH 3TOM eCTb onaCHOCTb HapyweHHSI O)].HOro H3 Tpe6oBaHHH pernaMeHTa pa6o­

Tbl peaKTopa, cornacHO KOTopoMy KOMneHCHpyeMblH HaxO)].SllllHMHCSI B aKTHBHOH 30He CTep:>KIDI­

Mff-00rJIOTHTeJJSIMH TaK Ha3bJBaeMbIH onepaTHBHhIH 3anac peaKTHBHOCTH He )].OIDKeH 6h1Tb MeHb­

we HeKOT0poro MHHJ1MaJibHO .n.onycTHMOro [l]. 
OcHOBHOH BblBO)]., KOTOpblH MO)KHO C.ll,eJiaTb Ha 0CHOBaHHH aHaJIH3a 6mpypKaU.HOHHOH .ll,Ha­

rpaMMbl H B03HHKalOlllHX nepeX0.ll,HbIX npoueccos, COCTOHT B TOM, lJT0 pa6oTa peaKTOpa Ha Ma­

Jib(X yp0BfUIX M0Ll(H0CTH SIBJIS!eTCSI HaH6onee onaCHOH. IlpH noTepe ynpaB11emu1 Ha MaJlblX MOlll­

H0CTSIX B03MO)l(Ha CHJlbHaSI HeHTpOHHaSI BCnbIWKa. 3ToT cpaKT 6blJI OTMe4eH B pa6oTe [13), pe-

3yJibTaTbl KOTOpOH 6&1JIH .ll,0JI0)KeHbl y)Ke B ro.ll, asapm1. B cneUHaJibHOH JIHTeparype, 

nocasimeHHOH 6e3onaCHOCTH PEMK, cpaKT onacH0CTH pa60Tbl Ha MaJlblX M0I.I{HOCT.llX .ll,0 asapHH 

He 6b!JI 0TMe"tfeH (CM., HanpHMep, [3]). qTO )Ke KacaeTCSI YKa3aHHoro B pernaMeHTe 3KcnnyaTal.(HH 

p eaKT0pa Janpern pa60Tbl npH MaJI0M onepaTHBH0M Janace peaKTHBHOCTH, TO HHr.n.e He 0TMel.fe­

H0, l.fTO :no B HeKOT0pblX ycn0BHSIX cpaKTH4eCKH .SIBJIS!eTCSI orpaHH""tfem,eM B03MO)KHOCTH pa60Tbl 

Ha MaJlblX ypOBfUIX M0IJ.J.HOCTH. 

PacCMOTpeHHble BbIWe Kat.feCTBeHHbJe npe.ll,CTaBJiemur, nony'-leHHbJe nyTeM aHaJIH3a MaKCH­

MaJibHO ynpoll(eHHOH MaTeMaTHlJeCKOH M0.ll,em, ( 1 ), M0ryT CJIY)Klffb OCHOBOH JJ.Jljl noHHM8HIDI 

n p wrnH 11 xapaKTepa HatJaJibHoro 3Tana asaprrn. ,[(nsi 3Toro TaK)Ke HcnoJih30BaH HJBeCTHhIH atta­

JTH3 pe3yJibTaT0B H3MepeHHU H 3anHCeH BO BpeMSI 3KCnepHMeHTa [ 15), pe3yn1>TaTOB y)Ke npoBe­

.n.eHHhlX HCCJie.ll,OBaHHH [ 1, 16] H ny6mtKaUHH [17) yt.faCTHHKa 3KcnepHMeHTa. 

4. II;eJIL II nporpaMMa JKCnepHMCHTa 

l.(eJJblO 3KCnepHMeHTa 6blJIO TTOJIYl.feHJ-te .l],aHHblX )].JUI o60CHOBaIDISI 803M0)KHOCTH 6e3aBapHH­

HOH 0CTaHOBKH peaKTopa npH OTCYTCTBHH BHewHero HCT0t.fHHKa 3HeprnH H o6ecneqem,rn co6cT­

BeHHblX tty)K.ll. ycTaH0BKH 3a Ct.feT BHYTpeHlrnX HCTOlfHHKOB. OcHOBHblM noTpe6HTeJieM 3TOH 3Hep­

rHH SIBJISIIOTCSI UHPKYJUIUH0HHhle HaCOCbl, 6blCTpaSI 0CTaH0BKa KOTOpbIX M0)KeT npHBeCTH K nepe­

rpeBy H nocne.n.y10meMy pa3pyrneHHIO peaKTopa. ,n:a)Ke npH 61,1cTpoM raweHHH peaKu;1u1 ,ne11eHHS1 

C TT0M0IJ.J.blO BBe.ll,eHHSI B aKTHBHYIO 30tty nornomaiolll,HX eTep)KHeH aBapHHHOH 3aIJ.J.HTbl H3-3a 3a­

naeeHHoro Tenna H ocTaToYHoro Tern10BbI.ll,eneHHS1 Tpe6yeTcsi: no.ll,.ll,ep)KaHHe pacxo,na TennoHoe11-

TenS1 Ha ypOBHe, .ll,0CTaT0'-IHOM )].JISI o6ecrre'-!eHHSI: TenJJ0CbeMa. EcTeeTBeHHbIM HCT04HHK0M 3Hep-
; 

nrn, K0TOpbIM MO)KHO BOCn0JJb30BaTbCSI, CJJY)KHT KHHeTH'-leCKaSI 3HeprHS!: Bpall(atOlll,HXCSI: Mace: 

pa6ot.fero K0Jieca ryp6H.Hbl, poTopa 3JleKTporettepaTopa, etta6)KeHHblX MaX0BHKaMH pa60YHX KO­

nee UHPKYJISIUHOHHblX HaC0COB. To eCTb TTO.ll,KJIIOlfeHHe 3JTeKTp0.ll,BHfaTeJieH HacoeoB K co6CTBeH­

H0My Me.ll,JleHHO 0CTaHaBJIHBalOLl(eMycsi H3-3a 0TCYTCTBHSI: napa naporyp6oreHeparnpy (pHC. 1) 
M0)KeT o6ecne4HTb Heo6XO.ll,HMblH paCXO.ll, TenJT0H0CHTeJisi: 4epe3 peaKT0p. 3To TaK Ha3hJBaeMblH 

pe)KHM s1,16era ryp6orettepaTopa H Haeocos. 

AHaJIOrH4Hbie 3KCnepH:MeHTbl Ha qepH06bJJibCKOH A3C np0B0,nJ,IJIHCb TpH)K)].bl, rrpw-feM 3a 

f0D. .no asapHH exeMa 3KenepHMeHTa 6b1Jla TaKOH )Ke [ 1]. CornacHO 3TOH cxeMe 3JleKTp0.ll,BH:raTeJIH 

D.Byx H3 4eTbrpex BKJIIOlfeHHblX B Ka)K.ll,OH 113 neTCJlb Haeocos 6hIJIH TT0)].KJilOlfeHbl K BHewHeMy 

HeT04HHKy, a )].Ba .ll.pyrHX K eo6cTBeHHOMY ryp6orettepaTopy 5. (Ha pHe. I BMeeTO tJeTbipex H30-

6p3)KeHbl .ll,Ba 3KBHBaJieHTHblX napaJIJieJibH0 pa60Tat0Ll(HX Hacoca). no nporpaMMe 3KCnepHMeHTa 

Ha M0Ll(H0CTH peaKTOpa 22 % OT HOMHHaJibHOH e TT0MOLl(blO KJianaHa ( 11 Ha pHC. I) 0TKJIIOt.taeTCSI: 
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no napy ryp6orettcpaTop H O.llHOBpeMeHHO no c11rttany onepaTopa Ha4HHaeTcR norpy)l<eH1--1e B aK­

THBH)'IO 30HY scex .llBYXCOTO,llHHH8.llU8TH nornow.a1ow.11x HeMTpOHbl CTep)l(HeH CHCTeMbl ynpaBn e­

HJ,151 H 3aLU.HTbl .llJ151 npeKpaw.eHHH peaKUHH .uen emrn. KaK npe.unonaraJIOCb, npH 3TOM 3a C4eT .D,Byx 

IIOpMaJtbHO pa6oTalOLU.HX B K8)1(,ll0H nerne HaCOCOB ,lla)l(e npH nonHOH OCTaHOBKe .usyx Bb16era10-

LU.HX HaCOCOB 06ecne41,rnaeTC1I pacxo.u TennOHOCHTeJlR, .D,OCTaT04HblH .llJ151 6e3asapHHHOro pacxo­

J18)1(HBaHH51 peaKTOpa [ 17]. 

5. Ka1.1ecTBCHHblH anamn npHI.IIIH aoapHH 

Tiepe4HCJlHM OCHOBHble, npe.ucraBJlHIOLU.HeCR 88)1(HblMH .llJlH 06b11CHeHH5l npH4HH H Ha4aJlb­

HOro 3Tana asapHH, He ynOMRHYTble BblWe cpaKTOpbt, CB5l3aHHble C oco6eHHOCTRMH KOHCTPYKU11H 

peaKTopa 11 JJ,eHCTBHRMH 06cny)l(1,rna10w.ero nepcoHaJta npH nposeJJ,eHHH 3KcnepHMeHTa. 

l. B Ha4aJte Jl,BH)l(eHHR nornow.alOLU.HX HeHTpOHbl crep)l(HeH asapHHHOH 3aLU.HTbl, BBO,ll51W,HX­

C51 B aKTHBH)'IO 30H)', H3-3a He,llOCTaTKa HX KOHCTpyKUHl1 BBOJl,HTC51 He OTpHUaTeJJbHaR, a nOJ10)1(H­

TeJlbHa51 peaKTHBHOCTb, Bbl3blBalOLU.a51 pOCT peaKUHH .D,eneHHR [ I 16, 17]. 
2. B CB513H C o6CT05lTeJJbCTBaMH, npeJJ,weCTBOBaBWHMH noJJ,rOTOBKe peaKTOpa K 3KCnepHMeH­

TY, Ha4aJtbHbIH yposeHb MOLU.HOCTH OKa3aJIC51 paBHblM 6 % OT HOMHHaJlbHOro, T.e. B TPH pa3a HH­

)l(e npe.uycMOTpeHHOro nporpaMMOH, H 6bJJ10 npHHHO peweHHe npoBOJl,HTb 3KCnep11MeHT Ha 3TOM 

ypOBHe MOLU.HOCTH [ 17]. 
3. 3cpcpeKTHBHOCTb nornow.alOLU.HX CTep)l(HeH, HaxO.ll51LU.HXC51 B aKTHBHOH 30He H y'-laCTBYIO­

LU.HX B pa6oTe perynHopa MOW,HOCTH, B pe3yJJbTaTe JJ,eikTBHH onepaTopa OKa3aJtaCb 3Ha4HTeJlbHO 

MeHbwe onepaTHBHoro 3anaca peaKTHBHOCTH, JJ,onycKaeMoro pernaMeHTOM 3KcnnyarnuH11 [ 1]. 
4. Pe3yJJbTaTbl 3aperHCTpHpOBaHHblX np11 3KCnep11MeHTe pe3KHX H3MeHeHHH pacXOJl,08 Ten­

JlOHOCHTeJJR, o6ecne4HBaeMblX UHPKYJlRUHOHHblMH HacocaMH, Ii aHaJIH3a BJJHRHI-UI rHD.PO.llHHaMH-

4ecKHX npoueccoB Ha xapaKTep Bbl3BaBWi1X asapHIO B03M)'LU.eHHH n03BOJ1RIOT OTMeTHTb CJJe,UylO­

w,ee. Bo MHOrHX 11ccne.uosaHHRX ( CM., Hanp11Mep, [ 15, 16]) YKa3aHO BJJHRHHe CHH)l(eHHR pacxo.ua 

4epe3 aKTHBHYIO 30HY, KOTopoe npHBO.llHT K pocry KOJJH4eCTBa napa, a 3Ha4HT, H peaKTHBHOCTH. 

TlpH4HHOH TaKoro CHHJKeHHR MOrnH cny)l(HTb OTKJJI04eHHe Hacocos c11cTeMOH ynpasneHHR 

[l , 15], CMeHa HanpasneHH51 Te4eHH51 TeITJJOHOCHTeJlR 4epe3 OCTaHaBJJHB3IOUJ.HeC51 HaCOCbl [ 18, 19], 
ysem14em1e conpOTHBJleHHR peaKTOpa H3-3a pOCTa KHITeHMR B aKTHBHOH 30He [16]. I1Me!OTC51 H 

.upyrne <pH3H1IecKHe MexaHH3Mbl, Bhl3bIBalOLU.He CHH)l(eHJ,te pacxoJJ,a TeilJlOHOCHTeJ151 4epe3 peaK­

TOp. 8bI3BaHHblH 3THM npoueccoM pocT peaKTHBHOCTH npaKTH4eCKH COBnaJI no BpeMeHH C aHaJIO­

rH4HblM B03M)'LU.eHHeM B H34aJte .llBH)l(eHHR CTep)l(HeH asapHHHOH 38W,HTbl peaKTopa [}]. 

C yYeTOM nepe4HCJieHHblX cpaKTOpOB, 113BeCTHblX pe3yJlbT3TOB aHaJIH3a ,LI.aHHblX CHCTeMbl pe­

rHCTpau,-111 11 npose,LI.eHHblX paC4eTOB pa3BHTHe co6btTHH B Ha4aJte asapm,t BbirJlR.Ll.HT CJleJJ,ylOW,HM 

o6pa30M. Ilocne OTKJ1104emu1 no napy ryp6orettepaTopa np11 asT0MaT11YecK11 noMep)l(HBaeMOM 

nOCTORHHOM ypOBHe MOLU.HOCTH, paBHOM 6 % OT HOMHHaJlbHOH, Ha4aJICR TaK Ha3bIBaeMblH pe)l(HM 

Bbt6era ryp6orettepaTopa, H o6opOTbl nonOBHHbl UHPKYJIHUHOHHblX HaCOCOB Ha4aJIH Me,nneHHO 

yMeHbWaTbC51. Pacxo,n TeITJJOHOCHTeJ15l 4epe3 peaKTop TaK)l(e Ha'-laJI yMeHbWaTbC51, a B03HHKalO­

w.asi 113-3a pocTa KOJlH4eCTBa napa nOJ10)1(HTeJlbHa51 peaKTHBHOCTb KOMneHCHpOBaJtaCb aBTOMaTH-

4eCKHM nepeMemeH1--1eM HaXO.ll51LUHXC51 B aKTHBHOH 30He CTep)l(He11-nornoTHTeJ1eH HdiTpOHOB. 

TOJlbKO 4epe3 36 ceKyH.ll no CHrHaJIY onepaTopa Ha4aJIOCb ,neHCTBHe asapHHHOH 3aLUHTbl, npH KO­

TOpOM 113-38 .LI.BH)l(eHH51 He60JlbWOrO 4HCJla CTep)l(HeH, y )l(e H8XO.llHBWHXC51 B 30He BHOCHJlaCb OT­

p11uaTeJ1hHaR peaKTHBHOCTb, a B HTOre H3-3a BBe,UeHH51 B 30HY OCTaJlbHblX, COCTaBJlRIOll.lHX 60Jib­

W11HCTBO, CTep)l(HeH CHCTeMhl ynpasneHHR H 3aW.HTbl - nOJ10)1(11TeJlbHa51. 8 pe3yJlbTaTe B y)l(e He­

ynpaBJ15leMOM pea,crope H3-3a poem p e aKTHBHOCTH Ha4aJIC5l pocT MOUlHOCTH 11. KOJ1114ecrna napa B 
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peat<Tope. nocne)lHHH cpaKTop H3-3a non mKHTenhHoro napoBoro 3 cpcpeKTa peaKTKBH0CTH np1rnen K 

c1-tnbHOH HeHTpOHIIOH BCnblWKe Ha MrHOBeHHblX HeHTpOHax, COOTBeTCTBy1ow.ei1 yr-1aCTKY fo1cpyp-

1<aUHOHHOH )lHarpaMMbl npH 8k 2: p (pHC. 3). 
IT pH 3T0M 33 )l0JlH ceKyHJlbl HettTpOHHruJ MOlllH0CTb yBeJ1J1l.JJ,fJ1aCb no rpy6bJM ou,eHKaM B l 03 

pa3, B 100 pa3 nepeBeCHB ee HOMHHaJTbHOe 3HalfeHHe. CKopOCTb H3MeHemrn H Jl0Cnrrnyroe B ne­

peXOJlHOM npouecce 3Ha4eHHe TenJTOBOH M0W.HOCTH H3-3a HaJTH4H.s! nOCTO.s!HHOH BpeMeHH "to::::::; IO C 

6b1J1H 3aMeTHO·HH)f(e. 0)lHaKO, TeMnepaT)'pbl TB3J10B H Jlpyrnx KOHCTpyKl(HH aKTHBHOH. 30Hbf 0Ka-

3aJ]HCb JlOCTaT04HblMH JlJl,SI ee pa3pyweHH.sI:. 3To BMeCTe C 3 tjHtJeKTOM OTPHUaTeJTbHOH peaKTHBH0-

cTH no 3Ha4HTeJTbHO B03pocwei1 TeMneparype rop104ero npHBeno K rarnemno y)Ke B03HHKWeH 

cHJJbHOH HdtTpOHHOH BCnblWKH, K0Topa.si, HMena xapaKTep HMnynhca. 

KaK B nepBblX, TaK J,f B 60JTbWHHCTBe nocneeytoW.HX Hay4HblX ny6nHKaUH.s!X, nocB.si:1UeHHblX 

H3y4eHHIO aBap,rn ( CM., HanpKMep, [I , 20]), OTMet.JatoTC.s! )lonyll.leHHble 06cJ1y)fmBatoW,HM nepco­

HaJI0M rpy6b1e HapyweHH.s! TeXHOJ10rH4eCK0ro pernaMeHTa H nporpaMMbl 3KCnepHMeHTa, K0T0pbie 

npHBeJlH K np0.s!BJTeHHIO p.si)la He)l0CTaTK0B npoeKTHblX peweHHH. (,fa BCex OTMet.JeHHblX B JlHTepa­

rype HapyweHHH BbJWe 6blJ1H nepe4HCJTeHbl TOJlbK0 Te, KOT0pble 6blJ1H cyw.ecTBeHHbl )lJl,SI aBapmL 

r11aBHbte H3 06ll.lenpH3HaHHblX He)lOCTaTK0B npoeKTHblX peweHHH K0T0pble npHBeJTH K asapHH, 

3T0 3Ha4HTeJlbHblH nonml<HTeJlbHblH nap0B0H 3cpcpeKT peaKTHBH0CTH H He)lonycntMa.si C T04KH 

3peHH.s! 6e3onaCHOCTH pa6orn aBapHHHOH 38ll.lHTbl. 06a 3TH He)l0CTaTKa 6blJ1H H3BeCTHbl )lO aBa­

pHH [ 17]. 0 J1HKBH)l3U,HH 3THX H p.si)la Jlpyrnx He)l0CTaTK0B CBH)leTeJlbCTBYIOT Cp04Hble nocneaBa­

pHHHble H noc11eeytoll.lHe Mepbl, o6ecne4HB3l0ll.lHe 6e3onaCHOCTb pa60Ta.JOW.HX 3Hepro6JIOKOB C 

PoMK [I 12]. Y4aCTHHK Bbl3BaBwero asapHIO 3KCnepHMeHTa B KHHre (17] )l0CT3T04HO y6e)lH­

TeJlbH0 nOKa3aJT, 4T0 TeXHH4eCKH peanH3088HHhlH npoeKT P£MK C0)lep)KaJT rpy6b1e Hapywe1-nrn 

KaK " 06ll.lHX nOJlO)KeHHH 6e3onacHOCTH", TaK J,f " ITpaBHJl .s!JlepHOH 6e3onaCHOCTH" . 06a 3TH )l0-

KyMeHTa .s!BJl.s!IOTC.s! 0CH0Bononara1Oll.lHMH )lJl,SI 0TpacnH. 0JlH3KO H 6e3 CCblJTKH Ha 3TH 06S13aTeJlb­

Hble )lJl,SI HCn0JlHeHH.s! )l0KyMeHTbl .s!CH0 4T0 3 KCnnyaT3UHH HeycTOHYMBOro o6beKTa 6e3ycnoBHO 

3acny)lrnBaeT cepbe3Horo ttayt.JHoro o6ocHosaHHSI H TeXHHt.JecKoro 06ecneLteHHS1, BKJ1tot.JaS1 C03)la­

HHe Ha,lle)KHOH, 6bICTpO)leHCTBYIOllldt asapHHHOH 3all.lITTbl )lJl.s! 06ecne4emu1 6e3onaCHOCTH. ,l.J;e­

cpeKT npoeKTa ycTaHOBKH KaK o6w.enpH3HaHH3jj npH4HHa aBapm-t H 0TMet.JeH aKa)leMH.KOM B.H:. 
Cy66oTHHblM (2]. 

B 33KJlto4eHJ-te eme pa3 0TMeTHM, 4TO ueJib ny6JIHKaU,HH C0CT0ITT B H3JlO)KeHJ-rn ,ll,0CT)'nHoro 

Ka4eCTBeHH0r0 npeJlCTaBJleHH,SI 0 npH4HHax H xapaKTepe Ha4aJTbH0ro 3Tana asapHH Ha qepH0-

6blJ1bCKOH A3C H 0CH0BHblX cpaKTOpax, onpe)leJlHBWHX pa3BHTHe KaTacTpOq>HlfeCKHX co6blTHH. 

,nn,SI K0J1H4eCTBeHHblX oueH0K, 6e3yCJTOBHO, CJle)lyeT paccMaTpHBaTb 6onee T04Hble MaTeMaTH"lfe­

CKHe MO)leJlH, Y4HTbJBatoll.ll1e npocTpaHCTBeHH0e pacnpe)leJleHHe 0CH0BHblX napaMeTp0B. 3To TeM 

6onee Ba)KH0, 4T0 paccMaTpHBaeMblH peaKT0p 0TH0CHTC,SI K KJTaccy TaK Ha3blBaeMblX cpH3H4eCKH 

60J1bWHX peaKT0p0B. 0)lH3KO, )lJlH nocTaH0BKH TaKOH 3a)la4H H aHaJIH3a 4HCJleHH0 no11y4aeMblX 

43CTHblX peweHHH He06XO,llHMO HMeTb o6w.ee Ka4eCTBeHH0e npe)lCTaBJTeHHe 06 o6w.Hx JlHH3MH­

lfeCKHX CBOHCTBax HCCJle)lyeMOH CHCTeMbl H onpe)leJTHIOlllHX cpaKTOpax. 3ToMy H n0CB.sIW,eHa Ha­

CT0,Slll.lruJ pa6orn, )lJT,SI 4ero COBCeM He Tpe6yeTC.s! paCCM0Tpem1e CJl0)KHb[X pacnpeD,eJieHHhlX MaTe­

Mant4eCKHX MO)leJTeH B0npeKH yrnep)l(JleHHIO aBT0p0B pa60Tbl [20]. He MeHee B3)1(Hb[M )lJl,SI K0-

JlH4eCTBeHH0ro pact.JeTa .s!BmleTc.si: 3H3HHe )l0CT3T04H0 T04HblX H HC4epnb1B8IOLUHX HCX0)lHblX 

ll,3HHblX. 0.uHaKO y)Ke B c6opHHKe [15], r.ue, B 43CTH0CTH, npe)lCTaBJleHbl HMetomHec.si: 3am1CH pe­

rHCTp11py1ow.e11 annaparypbl, pa6ornswei1 BO BpeM,SI 3KCnepHMeHTa, 0TMe4eHa HX He,ll0CTaT0lfHa.sI: 

T04H0CTb . 0JlHHM 113 rnaBHblX Bbl3b183IOLUHX cnopbl cneuHaJTHCT0B sonp0COB HBJl.s!eTC,SI K0J1H4eCT­

BeHHa,SI oueHKa napoBoro 3cpcpeKTa peaKTHBH0CTH. 
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Y)lK 621.039:517.925.54 

BJIHHHHC H3MCHCHHH pa60Tbl rn.H Ha pe)KHM pa60Thl H.LJ:epuoro peaKTopa 

H.B. Kaccuna, JI.B. Cuup11oa, 
HHrY HM. H.J.1. Jio6a4escKoro, 603950, H. Hosropo,u, np. farapirna, 23 

Hccne;zyeTCH MaTeMan11-1ecKaH M0.D.em, rn.n:poMexaHw-1ecKHX npoueccoB Te'-leH11J1 TennoHocHTemr B 

c1-1CTeMe u11pKynJ1u.1n1 (CLO 11 HJ)"la!OTCH rn.npomrnaMJ,JtiecKHe npoueccb1 npH pa3JU{tfHOH qrnKc11posaH­
HOH H Me.D.neHH0 MeHHJOW.eHCJl CK0p0CTH spameHJ-ur O.ll.H0ro H3 UHpKYRHUH0HHblX HaC0C0B. ITocrpoeHa 
6wcj>ypKaUH0HHM )lHarpaMMa KaK 3aBHCHM0CTb pacxo.l).a 4epe3 peaKTOp OT H3MelUIJOl..lleHCH CKOpOCTH 
spameHHJl. O6cy)l(.lJ.aeTCJl BRl1JIHHe rH.ll.POAHHaMH'-leCKOro B03Myw.eHIDI Ha 6e3onaCHOCTb peaKTopa. 

THE EFFECT OF CHANGES IN THE WORK OF THE CIRCULATION PUMPS ON THE 
WORKING MODE OF A NUCLEAR REACTOR. N.V. KASSINA, L.V. SMIRNOV. A mathemati­
cal model of hydromechanical processes of the coolant flow in the circulation system is analysed, and the 
hydrodynamic processes are studied for various constant and slowly varying rotation speeds of one of the 
circulation pumps. A bifurcation diagram is built as a function of the dependence of the core coolant flow 
rate on the rotation speed. The effect of the hydrodynamic perturbation on the safety of the reactor is dis­

cussed. 

8bICOKHe Tpe6oBaHHH K Ha,Ue)KHOCTH H 6e3onacHOCTH A3C npe,unonaralOT yrny6nem1e atta­

JTH3a TennoTeXHH'-teCKOH Ha,Ue)KHOCTH peaKTopHblX ycTattOBOK npH OTKaJax J,{.]Uf OTKJJOHemurx B 

pa6oTe o6opy,uoBaHHH. YcJJOBHH TenJTOCbeMa B aKTHBHOH 30He .!l,UepHoro peaKTopa B 3Ha1.Jl,!TeJlb­

HOH Mepe 3aBHCHT OT xapaKTepa TelfeHH.!I TenJlOHOCHTeJl.!I . 1Il06oe H3MeHeHHe pacxo,ua TeITJlOHO­

cHTeJlH npHBO,UHT K H3MeHeHHlO ero TeMneparypbl RIIH napoco,uep)KaHHH B cnyqae KJrneHHH, a 

3HalfHT, H3-3a TeMneparypHoro H naposoro 3cpcpeKTOB K B03Myw.emno peaKTHBHOCTH H H3MeHe­

HHJO HeihpoHHOH MOLl..(H0CTH. O,uHHM 113 OCHOBHbIX HCTOlfHHKOB B03Myll(eHH.!I pacxo,ua .!113JlHeTCJI 

H3MeHeHHe B pa6oTe rnaBHbJX UHPKYJl.!IU,HOHHblX HaCOCOB (fIJ;H). 

B pa6oTe npe,UCT8BJleHbl MaTeMaTHlJeCKaJI MO,UeJlb paccMaTpHBaeMblX s rn,upaBJlH'-IeCKOM 

np116JJ11)Kett11H rn,upoMexaHH4ecKHx npou,eccos Telfemrn TennoH0CHTen,11 s CU:, a TaK>Ke pe3ynbTa­

Tb1 H3YlJeHH.!1 HeCTaUHOHapHblX npoueccos, CB.!13aHHhIX C H3MeHeHHeM yrnOBblX CKOpOCTeH spa-

1.J:.(eHH.!I pa60lfHX KOJleC f[(H. PaccMaTp1,rnalOTCJI B03M0)KHOCTh H nocne,UCTBHH noTepH ycTOHlfHBO­

CTH no OTHOCHTeJlbHO 6blCTpblM r11,upaBJ1Hlf.eCKHM npou,eccaM BO BpeMJI MC)lJleHHoro H3MeHeHH.!I 

YfJl0BhlX CKOpocTeH pa6ol.fHX KOJleC r~H. 

1. MaTeM3TH'leCK3H MO,ne.Jlb ,neuaMHKH re,npoMexaHHlfeCKHX nponeccoB 

s CHCTeMe UHPKYJIHUHH TeDJIOHOCHTeJIH .H3Y 

PaC4eTHaH cxeMa THnOBOH cu: TenJl0HOCHTeJlH npe,ucTaBJleHa Ha pHC. 1 . TennOHOCHTeJlb, Ha­

rpesaIOLl..(HHCJI s aKTHBHOH 30He 1 peaKTopa, nocrynaeT no Tpy6onposo,uaM B napann enbHO pa60-

Ta10lll,11e Tennoo6MeHHbJe nernH 2 H nocne oxna)K)leHHH s Tennoo6MeHHHKax 3 cttoaa no,uaeTcH: B 

aKTHBHylO 30tty. Tet.ieHHe TenJJOHOCHTeJlH: o6ecnel.fHBaeTCH pa6oTOH L(HPKYJlHU,HOHHblX HaCOCOB 4, 
CHafoKeHHblX 3JleKTpO,UBHraTeJJHMH 5. CTpenKaMH nOKa3aHO ttanpaBJieHHe TC'-ICHH.H TeTTJIOHOCHTe­

JIH B HOpManbHOM 3KCnnyaTaUH0HHOM pe)KHMe. 3Ta cxel\rn npH 1-IHCJle neTCJJb, paBHOM "leTbipeM, 

C00TBeTcrny eT ycTaHOBKe THna BB3P- 1000. AHaJlOfHl.fHble cu. HCITOJib3YIOT CJI 11 s ,upyrHX BO,UO-
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3 
l 

8O)]..SIHblX peaKTOpax, HO '-IHCJIO neTeJib MO)KeT 6bITb 

JJ.pyrnM. B 60JibllIHHCTBe cny4aes l13MeHeHHe 

nJIOTHOCTH TenJIOHOCHTeJI.SI npH H.3MeHeHHH TeMne­

parypbt Hesem-tKO, H oueHKH ITOKa3bIBaIOT 4TO 

BJIH.SIHHeM 3THX H3MetteHHH B paccMaTpH.BaeMblX 

HH.)Ke rn.upoMexattH4ecKHx npoueccax MO)KHO npe­

He6pe4b (1 ]. 3To )J.aeT OCHOBaHHe BO MHOfHX cny-

4a.SIX H.3y4aTb 3TH npouecCbl He3aBHCHMO OT Ten­

JIOq>H3H4eCKHX. 

,l(JI.si CJIY4a.SI HanopHoro Te4eHH.SI H OTHOCH­

TeJl bHO Me,LlJJeHHblX npoueccos H3MeHeHJUI fH.,LlpO­

,LlHHaMH4eCKHX napaMeTpOB, Kor.ua C)KHMaeMOCTbfO 

TenrtOHOCHTeJJ.SI 11 JJ,eq>opMaUHHMH Tpy6orrpOBO.LlOB 

PHc. I . Pac•ie-rHrui Mo.uenb CU: J _ aKTHBHaJI 3oHa MO)KHO npette6pe4b, HCITOJib3YeTC.SI OD.HOMeptta.si 

peaKTopa, 2 - Tcnnoofo,te1rnrui ne-rm1, 3 - Tcnnoo6- MO,LleJib ITOTOKa B BH,ne ypasttemrn EepttyJIJ1H (2] 
MeHHHK, 4 - Hacoc, 5 - ,D.BHraTenb npH HeycTaHOBJ,fBWeMC.SI ,LlBIDKeHHH )KJ,t)J.KOCTH: 

p-[-=P1 -P2 +pg(z1 - z2 )-!lP(Q); !lP(Q) = !lPTP(Q) + pQ 2 
-

2 
- -

2
, 

dQ x, dx [ l l l 
dt Xi S(x) 2s. 2S2 

( 1) 

r.ue x - KOOpJJ.HHaTa B)J.OJlb OCH TTOTOKa; t - BpeM.si ; Q(t) - o6beMHbl_H paCXOJJ. )KH,LlKOCTW P, z, S -

COOTBeTCTBeHHO )J.aBJleHHe, BblCOTa H nnow,aJJ,b ce4emrn npoxo.ua Ha BXO.ll,e (HH)J.eKC 1) H BblXO,Lle 

(HH)J.eKC 2) y4aCTKa; p - nJlOTHOCTb TenJ1OHOCHTeJI.S1; M-rp(Q) - o6ycJJOBJ1eHHbIH TpeHHeM nepena)J. 

)J.aBJieHH.SI Ha paccMaTpHBaeMOM y4aCTKe, onpe)J.eJl.SlfOW.HHC.SI wepoxosaTOCTbfO H /{JlHHOH Tpy6o­

npOBO)J.OB, a TaK)Ke MeCTHblMH conpOTHBJleHH.SIMH. 

YpastteH11e ( 1) HCITOJI b3yeTC.SI )J.Jl.SI Ka)K)].Oro yt-1aCTKa cu: Me)K,Lly Y3J1aMH, B KOTOpbrx. npm1cxo­

Jl,.SIT CMeweHHe H pa3,LleJieHHe ITOTOKOB TenJ1OHOCHTeJ1.S1 pa311H.4HblX neTeJib, KaK 3TO BH)J.HO Ha 

pHC. 1. Y4eT pa60Tbl UH.PKYJl.SIUHOHHblX HaCOCOB npOH3BOJJ,HTC.SI BKJlIOl.feHHeM B 3aBH.CHMOCTb 

M(Q) He TOJibKO pa3HOCTH y)J.eJlbHhlX KHHeTH4eCKHX 3HeprnH BXO,Ll.SIW,eH H. BblXO)J..SIW,eH )KH)J.KO­

cnt, KaK B ypasHeHHH (1), HOH nepena)J.a ,naaneHH.SI D...PttCQ, co), co3)J.asaeMoro Me)K,Lly BXOJJ.HbJM H 

BblXOJJ,HblM Ce4eHH.SIMH Hacoca. ,[vl.si HaXO)K)J.eHH.SI CKOpOCTH co spaw,eHH.SI pa6o4ero KOJleca Hacoca 

HCTTOJ1b3yeTC.SI o6bJ4HOe ypasHeHHe BpaweHH.SI TBepJJ.OrQ Tena C HeTTO)J.BH)f(HOH OCblO. B 3JleMeHTax 

coemrneHH.SI H pa3,neJ1eHH.SI TTOTOKOB (s y311ax) npe)J.TTOJiaraeTC.SI BbtnOJIHeH11e ypaBHeHH.SI Hepa3-

pb1BHOCTH. IlpH C)J.eJiaHHblX npe,nnoJ1o)KeHH.SIX MaTeMaTHl.feCKa.SI MO)J.eJTb cu: C npOH3BOJ1I,HblM 

4HCJ1OM neTeJib, COOTBeTCTBYIOW.a.S! pac4eTHOH cxeMe Ha pHC. 1, HMeeT BH)J.: 

't11+IQ11+l = (Pi + pgzl )-(P2 + pgz2 )- ~Pn+I (Q11+l ); 

-r;(2; = (P2 + pgz2 )- (P1 + pgz1 )--~P, (Q;, ro; ), i = ~; 
II X2 dx XI dx 

Qn+I = ~Qj ; -r,i+l =pf S ( ) ; 't; = J-S.( ); 
J-1 x, 11+1 X X1 1 X 

(2) 

J,m, =M;(ro; ,a;)-M;(ro, , Q; ) , i=l, 11. 

3JJ.eCb Z - BblCOTa y311a Ha)]. ropH3OHTaJ1bHOH TTJIOCKOCTbfO; CO; - HOpMHpOBaHHOe 3Ha4eHH.e yr­

JIOBOH CKOpOCTH B i-w neTne; M; ' M; - COOTBeTCTBeHHO .LlBIDKYW.HH MOMeHT H MOMeHT conpo­

THBJieHH.SI Ha sany UHPKYJI.SIUHOHHOro Hacoca, onpeJ1,em110wHeC.S1 xapaKTepHCTHKaMH HaCOCOB H 
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npHBO,!lOB; l ; - np1-1Be,UeHHblH K sarry Hacoca cyMMapHblH MOMeHT 1rnep1.m.H spamalOl.LlHXCJI Mace; 

n - 4.HCJlO rreTeJlb c HacocaMH 11 Tennoo6MeHHHKaMH; a; - napaMeTp onpe,uemnomHJ1 stternm1e 

ao3MyW.eHHR Ha 3JJeKTponp11so.u ttacoca, ecn11 TaKOBb1e 11Me10TCS1; M ;(Q;, W;), ; = 1, n , Mn+1CQn+1) -

ttemme.HHbJe 3aBHCl1MOCTl1, onpe,neJISlJO[UHeC.SI cyMMOH ni)].pasnw=reCKHX ITOTeph Ha Tpemte [2], 
H3MeHeHl1JIMl1 y.uenhHOH KHHeTH4eCKOH. :mepr1111 )KJ,f)lKOCT.11 H xapaKTep11CTHKaMJ1 11CnOJlb3yeMbIX 

u11pKYJHIUHOHHhIX HaCOCOB [3] Ha COOTBeTCTBYIOIJJ.11X y1-IaCTKax; Hl1)1(HJ1H HH.UeKC 1, 2 COOTBeTCT­

ayeT yqacTKaM tta sxo.ue H Bbrxo,ne peaKTopa (p11c. 1). 

Ilocne cJIO)l(em,rn nepsoro ypasHemu1 c KIDK)].hIM 113 n nocne,nyJOIJJ.HX 11 11cKJ110qeHHR H36bI­

T04HOH KOOp.UHHaTbl Qn+l C.HCTeMa ypastteHHH .UHH8MHKH cu: np11HHMaeT B11,!l 

't;{2; + 'tn+I toj = -M; (Q;,W; )-Mn+I tQj , i = 1, n;} 
J =I J =l 

J/JJ; = M ;(w; ,a.;)- M ;(w; ,Q; ), i = 1, n. 

(3) 

C11cTeMa ypastteHMH (3) RBmreTCJI 48CThJO 6onee CJIO)KHOH MaTeMaTHl{eCKOH MO.UeJIH, l1CITOJlh-

3yeMOH .IUIJI H3yl{eHH.SI He TOJlbKO rn,npoMexaHlil{eCK.HX, HO 11 TeITJIOQ)H3Hl{eCKl1X, H ,npyr11x npouec­

COB, He CBJl3aHHbIX co C)l(HMaeMOCTblO )1(11,UKOCTH. ITp11 nOCTOJIHHOH ITJIOTHOCTH CHCTeMa (3) - aB­

TOHOMHaJI CHCTeMa ypasttemrH, I103BOJIHl01.llaSI 11ccne.uosaTb o6ll{He .UHHaMJ1l{eCKHe CBOHCTBa cu:. 
3Ta MO)leJib .UOCT8T0l{H0 CJTO)KHa .!lJlJI aHaJIHTHLieCKOro 11ccne,nosatt11.S1, HeCMOTpH Ha npIDUITbie 

ynpoIJJ.eHH.SI. 11MeeTC.ll B03MO)KHOCTb HeTpa,nm~HOHHOro paccMorpemiR 3TOH MO.UeJTH, KOTOPYJO 

MO)f(HO npe.ucTaBHTb B BH,ne ypasHeHHH JlarpaH.)1(8 BTOporo po,na [1 , 4]. B 3TOM cnyqae cu, pac­

CMaTpHBaeTC.ll KaK COBOKYITHOCTb HeCKOJlbKHX o6MeHHBaJOll{HXCJI MaCCOH Terr nepeMeHHOro co­

CTaBa (neTJIH C HacocaMH 11 aKTHBHajl 30Ha). ,LVlR Ka)f(,LlOro 113 3Tl1X Ten 3anHCblBaeTCSl ypasHeH11e 

JlarpaH)l(a, cnpase,nnHsoe .UJTR CJTJl{aSl nepeMeHHbIX Mace [4]. B 3TOM cnyqae s KaLiecTse 0606-

meHHbIX CKOpOCTeH HCI10Jlb3YJOTC.ll 061,eMHhie pacXO)].bl TeITJlOHOCHTeJljl B yl{aCTKaX 11 yrnOBbie 

CKOpocn1 pa60LIHX Mace KOJlec UHPKYJUIUHOHHblX HaCOCOB. TaKOH no.uxo.u OTKpbIBaeT B03MO)K­

HOCTb npHMeHeHHJI xopowo p83B11Tb!X MeT0)].0B 8HaJil1Tl1LieCKOH MexaHl1KH H TeOpHH KOJTe6attHi1, 

KaK 3TO C)].eJJaHo B [ 1]. 

2. 06m:ue CBOHCTB3 peweHHH CHCTeMbl ypaBeeeuii (2) 

MaTeMaTHqecKaJI MO,!J,eJlb (2) OTpa_)KaeT .UHHaMMKy .usyx B3aHMO)].eHCTBYJOLUHX npoueccoB 

p83HOH npHpO.Ubl. 3TO COOTBeTCTBeHHO npouecCbl Te'-leHHJI TeITJTOHOCHTeJljj H BpameHH.SI pa60l{HX 

Konec UHPKYJijjUHOHHhlX ttacocos 11 CB.ll3aHHblX C HHMH Mace (pe.uyKTop, poTop 3JTeKTp0)].BHraTeJrn 

11 Maxos11K). 3TH npoueccbI HMeJOT xapaKTepttbie speMeHa, p83J1H'l.fa10mHec..si 6orree l{eM Ha nopR­

.llOK. B paccMaTpi-rnaeMblX cu: )].JTJI 6e3onaCHOCTH peaKTopa npH asapHHHOM OTK.TIJOtfemrn mrraHHJI 

.!lBHraTeneH fU:H cnel..{HaJibHO ysenHLieH 3anac KHHeTHl{eCKOH 3Hepnm Bpaw;aJOlUHXCJI Mace. TeM 

C8Mb(M B cnyqae TaKoro OTKJIJOL(eHIUl o6ecneLieHbl Me.uneHHOe CHH)l(eH11e CKOpOCTH spameHHJI 

pa604HX Konec HaCOCOB H pacxo.ua TeTIJIOHOCHTenR, a 3HatJHT, H tteo6xo.D,HMblH ypoBeHb Tenno­

CbeMa. ,lvlsr napaMeTpOB BB3P- l 000 [I , 5] I10K838HO, 4TO Mexatt11YeCKHe rrepeMeHHble 

O)i, i = 1, n ITOCTOSlHHbl HJlH 113MeHJIJOTCSl KB83HCT8TH-i.JeCKH no OTHOWeHHJO K 6bICTPbIM nepeMeH-

HblM Qi ' i = 1, n . TaKHM o6p830M, cymecrnyeT B03MO)KHOCTb p83.UeJibHO 113Y48Tb 6blCTpble H 

Mennettttb1e npoueccb1 [6, 7]. 

73 



MaJiblM napaMeTp0M, TT03B0JHl101llMM pa3JJ.e1111Tb JJ.8(,i)f(emrn, B 3T0M cnyqae Cny)KHT 0TH0llle­

ITTfe 3HaqHTeJTbH0 0TJIJ,fliaJOUUfXCH KHHeTHt-reCKHX 3HeprnH rHJJ.p0)].HHaMHt:l'eCKHX M Mexam1qecKHX 

npoueccos. 

CHCTeMa ypaBHemtH )J.JIH 6biCTpblX npoueccoB, KaK BH)].H0 113 (3 ), HMeeT BHJJ. 

n. . II __ 

't11+1IQ1 +-r,Q; =-D.P,(Q;, co~)-D.P,a1LQ1 , i=l, n , (4) 
J=I J=I 

0 
r)].e 3HaqeHJUI Me)J.JleHHblX nepeMeHHhlX ffi; npeJ].n0JiaraJOTCH IT0CT0RHHblMH m160 Me)].JieHH0 Me-

HHIOill,HMHCSI B C00TBeTCTBHH C peweHHeM CHCTeMbl ypastteHHM )J.JIR Me)].JieHHblX npoueccos. 

HemrneHttbre q>yHK:qIDt: D.P; (Q;, CO;), i = 1, n H M,1 +1 (Q11 +1) onpe)J.em1JOTCR rH.IJ.pasmrqecKHMH 

xapaKTepHCTHKaMH yqacTK0B, aHaJIHTHqecKHe Bblpa)KeHHSI 3THX q>yHKUHli B C00TBeTCTBHM C [2, 3] 
HMelOT BHJJ. 

(5) 

r)].e a1, a 2, b, c, d1, d2 - noJI0)KJiTeJibHbre K03q>q>HUHeHTbJ. 

,[(JUI Hax0)K)].eHHR COCTOSIHHM pairnosecm1 MaTeMan,rqeCKOH M0J].emt 6blCTPbIX npoueccos 

HMeeM CMCTeMY ypastteHHH 

n 

-.o.P,(Q;, co~) = D.P,,+1 LQ1, i = l, n. (6) 
}= I 

B npm<Jia)].HOH nlJJ.P0MexaHHKe pewemie no.no6HOH CHCTeMbl ypaBHeHHH C00TBeTCTByeT 

Hax0)K)].eHHIO TaK Ha3blBaeMoro CTaUH0Hapttoro noT0Kopacnpe)].eJieHHR. qaCTHOro BH)].a 3a)].aqa 

noToKopacnpeJJ.eJiemur (6) perneHa rpa¢11qecKH nyreM peaJIM3auHJi cJieey10mei1 pacqeTHOH 

cxeMbl. IlpeJJ.TIOJIO)KJiM, qTQ JieBYJO 1.faCTb Ka)KJ].0ro ypastteHIDI CHCTeMbI MQ)KHQ pa3peIIJT,fTb 

0TH0CHTeJibH0 Q;. IloCJie TaK0ro pa3pemeHHR H cyMMMp0BaHHH no l n0_rryqHM 

t, Q, = t. 'I' { 11 P,,., t, Qi J = 'I'( II P,,,i t, Qi } OTKy)la, HaJ<O)lll o6parnyw <j,ymauoo, HMeeM O)lHO 

tteJIHHeHHoeypaBHeHlfe 

n n 

q,- l LQ; = D.Pn+ILQJ' (7) 
i=I,. j=I 

IlocJie perneHHR ypaBHeHHH (7) H TT0JJ.CTaH0BKH pe3yJibTaTa B (6) TT0JIY4HM CHCTeMy y)l(e He­

CBR3aHHbIX ypaBHeHH_H )J.JIR HaX0)K)].eHHR CTaUH0HapHblX 3Ha4eHHH nepeMeHHblX Q;0 ' i = 1, n . 

MeTO,ll,HKa H pe3yJibTaTbl noJJ,po6Ho npeJJ,CTaBJieHI,I B [l]. On11caHHblH aJiropHTM )],JUI Hax0)K)].emu, 

COCTOSIHHH paBH0Becm, CHCTeMbl (2) TaK*e peaJIH30BaH 4HCJieHH0, TT0JIY1.feHHble pe3yJibTaTbl ero 

HCTT0Jlb30BaHHR npeJJ.CTaBJieHbl HH)Ke. OcHOBHblM Ka4eCTBeHHblM pe3yJibTaT0M npH HeM0H0T0H­

HblX xapaKTepHCTHKaX TTJ;II RBJIHeTCH B03MQ)KHQCTb Cylll,eCTB0BaHHH He 0 )].H0ro, onpeJJ.eJIHJOill,e­

rocsi npoeKTHbIM pac4eT0M, a HeCK0JibKHX COCTORHHH paBH0BeCHR. C 00M0lll,blO rpaq>J,fl.feCKOro 

IT0CTP0eHHR Ha 0CH0Be peweHHSI 3a)],a4H CTaUH0HapHoro noT0K0pacnpeJJ,eJieHHSI, peamny10m,ero 

npe)],JI0)KeHeyJO CXeMY, MQ)KHQ pacCM0TpeTb xapaKTep 6Hq>ypKaumi, CBSl3aHHblX KaK c sapHauHeH 

tteJI_J,ftteHHbIX 3aBHCHMOCTeH, TaK H c H3MeHem-teM 3Ha4em1i1 MeJJ.JieHHblX nepeMeHHbIX. IlpH 3T0M 

p0)K)].aJOTCH H HC'-le3aIOT napbl COCTOHHHH paBH0Becirn THna YCTOH'-IHBhIX Y3JI0B H ce.uen pa3JIH'-l-
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~ MTI• [1]. Ha:loBeM COOTBeTCTB)"O[llee npoeKTHOMY pacsery COCTOSHHe paoHOBOCHS OCHOB-

11&IM- Pa6orn cu. B CTaU,HOHapHbIX pe:>KJ1Max COOTBeTCTBYIOLUMX .n.pyntM COCTOSIHHSIM paBHOBe­

cr-01, c TeXHltt.JeCKOH TOYKH 3peHHSI He.n.onycnrMa, TaK KaK npH 3TOM B 0)].HOH H3 neTeJTb pacxo.u 

-rennoHOCHTeJTR B ne-rne JTH60 MaJT, mr6o OTpHUaTeJTeH. 

CucTeMa npM n = 2 MO)KeT HMeTb OJlHO, TPH mm rn1n, cocTORHHM pasHoBecr,ur, YTO onpe,lleJTR -

eTCJI B03MO)KHbIM t.JHCJTOM TOt.JeK nepeceqem,rn KpHBblX \{'- I H Mn+! . l1fayttem1e CTPYKT)'pbl cpa30-

soro rrpocTpaHCTBa )lJTSI CJTY'-laSI n TieTeJib, a TalOKe HCCJTe)lOBamrn ycTOWIHBOCTH paBHOBeCHOfO 

pe)J(HMa UttPKYJIRUHH, xapaKTepa 6mpypKaUttH, B03MO)KHblX nptt tt3MeHemrn napaMeTPOB 11 Me.u­

neHHbIX nepeMeHHbIX, npose.uetto npSIMbIM MeTO)].OM JlSlnyHOBa J,{ no.upo6Ho H3JIO)KeHO B [l ]. B 
J(aYecTBe cpyttKl{MH JTonyttoBa HCnOJTb30BaHa cpyttKU.HSI PeneH o6o6meHHblX CKOpOCTeH 

Qi' i = 1, n + 1. Ha OCHOBaHH],l TeopeM rrpSIMOfO MeTO)].a JTonyHOBa [7] H pe3yJibTaTOB npoBe,ueH-

HOfO aHaJIM3a C)leJlaHbl c11e.uy10m11e BblBO)].bl : l) CHCTeMa (2) )].MCClffianmHa; 2) e)].RHCTBeHHOCTb 

coCTOSIHIDf paBHOBeCMSI - Heo6xo,uHMoe H .UOCTaTOYROe ycJIOBHe ycToiiq11BOCTH " s ueJIOM" ; 3) npH 

HaJlHqffil HeCKOJibKHX COCTORHHH. paBHOBeCmI C nOMOIJ..(blO YKa3aHHOH cpymanrn MO)KHQ BhI)].eJnITb 

ycTOHl.Jl,fBble, B KOTOpblX OHa HMeeT MHHHMYMbl, J,f rpy6o oueHHTb 06nacn1 nptITSl)KeHH:51. 3TH:X 

pe3yJ1bTaTOB )].OCTaTO"l{HQ .llJISI norryqeHHR KaqecTBeHHOfO npe,n:cTaBJleHlUI O CTPYKTYPe n-MepHOfO 

q>a30B0f0 npocTpaHCTBa 6bICTpblX rrpoueccoB. 

B CJTyYae n = 2 KOOp.llliliaTE,I COCTOSIHMH paBHOBeCHSI H cpa30BblH rropTpeT )].1151 JTI06blX 3a)laH­

HblX napaMeTpOB Moryr 6bITb nonyt.JeHbl rpacpHYeCKH HJlH t.JHCJleHHO C HCITOJJb30BaHHeM CHCTeMbl 

(4) 11 om1caHHOH Bbrwe cxeMbI peweHHSI 3a.uat.J11 crnu,Hottapttoro noT0Kopacrrpe.ue11eHID1. B cne­

,nytomeM pa3.ue11e np,-rne.ueHbl H HCnOJ1b30BaHbl pe3yJ1bTaTbl TaKHx pact.JeTOB. 

3. Hccne,uoBauue ,nByxnerneBon ca: npu Me,uJieuuoii ocTaHOBKe o,nuoro 03 ru;u 

HaH6011ee qacTO BCTpeqafOIJ..(ttMC51 B11)].0M B03MYUleHH:51 pa60TbI fQH RBJJSIIOTCR OTKJIIOY:eHMe 

Ii Me)].JieHHbIH BbI6er O.UHOro HJlH HeCKOJlbKHX rI.J;H, 1:rTO Bbl3bJBaeT H3Mettem-1e paCXO)].OB TenJJO­

HOCHTeJIR B peaKTOpe tt neTJlSIX C Terrnoo6MeHHHKaMH. B 3TH:X CJTyYaSIX CHCTeMa aBTOMantt.JeCKOfO 

ynpaBJJeHIDr .UOJDKHa npHBO)].HTh B COOTBeTCTBHe TeITJJOBbl,UeJJeHHe H TeTIJIOC'beM, l13MeHSUI MOIJ..(­

HOCTb peaKTopa, pa6ozy naporeHepaTopoB H npOH3B0.USI ,D.pyrwe H3MeHeHHSI B pa6oTe ycTaHOBKH. 

PacCMOTPHM TOJibKO oco6eHHOCTH qJfCTO rn.upoMexaHHt.JeCKHX npouecCOB 1-1 MX BJTHRHHe Ha Ten­

JTOq>H3Ht.JCCKHe rrpouecCbl. 

IlpH HCCJie)].OBaHHH npHMeHeHa CHCTeMa ( 4) )].Jl51 crry-qasi cu, C .UBYMR neTJIRMH. Ilocne aHaJTH­

THtJeCKOfO r,r3yyem1S1, .uaswero o6mr,re npe.ucrnsnettHsr o cTpyKrype cpa3osoro npocTpaHCTBa 3Ta 

CHCTeMa HCCJleD.OBaHa t.JHCJleHHO npH 3a,UaHHblX H Bapb11pyeMbfX napaMeTpax, H Ha OCHOBaHHH 

3TOro HCCJie,UOBaHHR TTOCTpoetta nocJie)lOBaTeJlbHOCTb cpa30BblX TpaeKTOpH.H Ha TIJJOCKOCTH 

Q,, Q 2 . Ha pHC. 2,a npe.ucTaBJieHbl peanH3)'10lllee npe,UJ10)KeHttylO CXeMY pernettHe 3a,Uat:fH ITOTO­

Kopacnpe.ueneHHR H COOTBeTCTBYfOlllH_H BH.U cpa30BOH TTJJOCKOCTH n1.upo,n11HaMH-YeCKHX rrpou,eccoB 

MS! nmoTeTH4eCKOfO CJ1Y1:JaSI TISITH COCTOSIHH_H paBHOBecmr. Ha '.HOM pHCyttKe BH)].Hbl .[I.Ba ycTOH­

t:fHBblX Y3Jia H .LI.Ba KPY)KOt.JKa, KOTOpblMH o6o3HaqeHbl .usa H8XO.USlll(HeCSI Me)K,lly HHMH ce.una, ce­

napaTpHChl KOTOpblX pa3.l1,eJ1SIIOT 0611aCTH npHTSl)KeHHsr Y3J10B. Crylll,eHHSl cpa30BblX TpaeKTopHH 

H3-3a HH3KOH pa3pernatomeH cnoco6HOCTH pHCYHKa BocnpHHHMalOTCSI KaK H:X CJlHSIHHe. CenapaT­

PHCbl ce.n.en H CTpenKH Ha cpa30BbIX TpaeKTOpHSIX OTCYTCTBYfOT. IlpH Heo6XO)].HMOCTH MQ)KHQ 'IHC­

JleHHO nOJTyYHTb 6J1H3KO pacnOJlO)KeHHble K cenapaTpHCaM TpaeKTopm-r. Haxo)].SIUlHMCSI Ha .llliHHH 

QI == Q 2 YCTOHt.JHBblH y 3e11 COOTBeTcTByeT pa6oCJeMY pe)KHMY, npH KOTOpOM Qi = Q~ > 0 . .[(Ba 
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0 ·-12Qo l - I ; 

6) 

P1-1c. 2. Cnyt.taii CU c .llBYMJI o,n1-1Hrucoei.1MH neTJUIMH: a) - Ha­

XO'lKlleHHe paeHOBeCHE,IX pe)l(HMOB UHPK)'JUIUHH; 6) - c)>aJOBblH 

nOpTJ)eT CU 

I I I I I I I I I I I I I I 

"'--y, -,-- -- r- -,- •,y • • r- ~ · -r- ·r - -r --,-- , ••r•·• -, •·r ·,- -, 
' ' ' I I I I I I I I I I I I I t I I I I 

·!--t -:-- ... ... L ... ... 1 ...... .! ...... 1 ...... ... 1 ... ... .L ... ... L ... 1 ...... J .. ... \. ... ...... l ... - '- ... J ..... L ......... ... J ... ... I.. ... J ... . I 
I I I I I I I I t I I I I I I I I l 
I I I I I I f 

' ' 1--r-, . 
.1 -- ~-.. 

a) 6) 

Pwc. 3. BH.ll xapaKTepwcntK ne,-eni. (a) H rpacpwKa o/"I (6) a 3a­

BHCHMOCTH OT CKOpOCTH mi epameHHSI pa6ot.tero KOneca 

.npynrx ycTOHLfHBblX Y3Jia COOTBeTCTBYIOT 

cJiylfaIO, K0r)la pacxo.u 4epe3 0.UHH H3 flJ,H 
0TpHUaTeJieH. Ha pHC. 2,a H306pIDKeHa 

cpyHKU,MJI q, - I , a COCTOSIHHSI paBHOBeCHSI 

COOTBeTCTBYIOT rrepecel.feHHIO 3TOH 3aBH­

CHMOCTH C nrJJ,paBJIJ,flieCKOH xapaKTepH-

CTHKOH o6mero yl.faCTKa M 3 (Q, + Q2 ) • 

OcttoBHaSI l.facn, HCCJie.nosaHHSI no­

csmu,etta paCCMOTpeHHIO CJIYl.JaSI, KOr)la H3-

3a H3Mettemrn o6opoTos r[(H MeHS1eTCS1 

xapaKTepHCTHKa O)lHOH ITeTJIH cu; KaK pe-

3YJibTaT Me)lJieHttoro npouecca H3MetteHHSI 

CKopocTH spameHHSI pa601.Jero K0Jieca 

r[(H npH ero OTKJIJOtieHHH H Bb16ere. IlpH 

T8KOM B03MYIUeHlrn Uh Me)lJieHHO y6brnaeT, 

H 3T0T npouecc onpe)leJISieTCSI H3 rrocJie)l­

HHX ypasHeHHH CHCTeMbl (3) npH n = 2 H 

o6pameHHH s ttyJib M ~. O.nHaKO Kal.feCT­

BeHHble npe)lCTaBJJeHHJI O xapaKTepe BJIHSI­

HHJI Me)lJieHHOfO yMeHbWeHHJI Uh MQ)KHO 

ITOJIYl.JHTb, 3a)laB 3T0 113MeHettHe 8 BH,LJ,e 

ffi 2 = ffi~ (1- at) H sapbHpySI 3HatJeHHe a . 

Ha pHC. 3 npe)].CTaBJieH npHMep BJJH.sl­

HHSI H3MeHeHHSI lfaCTOTbl spameHH.SI 0)].HOfO 

113 fl..(H Ha lfHCJIO H pacnoJIO)KeHHe oco-

6blX T0l.feK CHCTeMbl ( 4), OITHCblBaJOll{eH 

fH.D.pO)lHHaMH'-leCKHe npouecCbl B .n.syx­

ITeTJieBOH CIJ;. M.HTepec npeL(CTaBJISIIOT 

npOHCXO)].Slll{He npH KacaHHH KpHBbIX pO)K­

)leHHe H HCl.fe3HOBeHHe nap COCTOSIHHH 

paBH0BeCHSI. Ha pHC. 3,a npe)].CTaBJieH BH)l 

xapaKTepHCTHKH 0)].HOH H3 .n.syx neTeJib 

npH p83JIHlfHblX yMeHbW8lOU.\HXCR 3HatJe­

HHRX C.t)i a Ha pHC. 3,6 - C00TBeTCTBYJOll{aSI 

3B0JUOUHR cpyHKUlUt: q,- t . IlpH 3TOH 3B0JIJOUHH H3MeH.SOOTCSI 1.JHCJI0 H K00pL(HHaTbI COCTORHHH 

paBH0BeCHJI, B tJaCTH0CTH, MeHReTCSI H 3HatJeHHe seJIHqHHbl pacxo.na TenJJ0H0CHTeJIR qepe3 peaK­

T0p. IlpH 3T0M np0HCX0L(SIT nocJie)].0BaTeJibH0 ,nse 6HcpypKaUHH, B pe3yJibTaTe K0T0pblX IT0SIBJIS!eT­

CSI, a 3aTeM HClfe3aeT rrapa COCTOSIHHH paBH0BeCHJI - YCTOHlfHBOfO H tteycTOHLfHBOfO. Cttal.faJia Ha 

pHC. 3,6 BH.l(HM, '-IT0 npH 0)1 = 0)2 KpHBble q,- t H M3 nepeceKaJOTCR o,z:urn pa3, lfT0 03HatJaeT -

B (pa30BOH ITJI0CK0CTH CHCTeMbl HMeeTCSI e,nHHCTBeHH0e C0CT0SIHHe paBH0BeCHJI (ycTOHl.JHBbIH 

y3eJI). ,ll;aJiee C yMeHbWemteM Uh, BCJie.UCTBHe 3B0JIIOUHH q,- t ' np0HCX0L(HT 6HcpypKaUHSI, H K0-

JIHlfeCTB0 rrepecetJeHHH YKa3aHHhlX KpHBbIX B03pacTaeT .LJ,0 Tpex. IlpH 3T0M po)K)].aeTCR napa 
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uOBblX COCTOHHHH paBHOBeCHH - ycTOH4HBblH y3en H Ce,LJ.JlO. ITpH J].aJlbHeHweM yMeHbWemrn 3Ha­

t.JeHH$1 yrnoBOH CKOpOCTl-1 W2 spamem1H KOJleca Hacoca npOHCXOJ].HT eme OJ].Ha fai:cpypKaUHH, KO­

TOPaH conpOBO)KJ].aeTCH HC4e3HOBem1eM napbl COCTOHHHH paBHOBeCHH. Ha pHC. 3,6 3TOMY COOT­

aeTCTByeT H306pIDKeHHblH c11yttaH KacaHHH KpHBblX. ,naJiee npH yMeHbWeHHH napaMeTpa Wi B cpa-

30BOH n110CKOCTH 6yJJ.eT npOHCXOJ].HTb TOJlbKO H3MeHem1e KOOpJJ.HHaT oco6oH TOt.tKH, a 

6HcpypKaUHH He npoH30HJJ.eT. 

Dp.H nocneJ].HeM 113 JJ.Byx 611cpypKaUHH, Kor.ua HC4e3alOT paHee cyUieCTBOBaBIIJHH ycTOHttHBbIH 

Y3eJJ H pOJJ.HBweecH npH rrepBOH 6HcpypKau.1rn Ce)].JIO, npOHCXOJ].HT onpOKH,llblBfill.He U.HPKYllHLJ.HH B 

newe C Bb16eraJOl.l(HM I1.lH H pe3KHH (npH MaJlblX a, COOTBeTCTBYJOl.l(HX MeJ].JleHHOMY H3MeHeHHIO 

ffi2) npOBaJI pacxo)].a ttepe3 peaKTOp. Ha Q3 = 01 ~ 02-r-·r ··r ··T·}.·;: Q3 =QI+.~: ............... . 

pHC. 4,a npeJJ.CTaBJleHa 6HcpypKaUHOHHa$1 r-·r·r··r···r-q····: ···························· 
JlMarpaMMa B BHJJ:e 3aBHCHMOCTl1 pacxo.na ~---~----:----~--~-~----: ------------------------ ----

' i I I I I I 

4 epe3 peaKTop Q3 = Q1 + Q2 OT napa- L.., ... L .. ~ ... , ... ~ .... : 
I I I I I I I 
I I I I I I I 

I ' ' I o o 
I I I I I I 

•••• ... •••I•••• ►••• ,. ••• ... •• •I 
I I I I I I 

MeTpa 0)2' a Ha pHC. 4,6 - H3MeHeHHe 

pacxo.ua t.tepe3 peaKTop KaK cpyHKU.HH 
I I • • •••••••••-•••••••••••••••••• 

' ' ' 

speMeHH npH yMeHbWeHHH 0)2 no yKa- a) 6) 

3aHHOMY BbIWe JlHHeHHOMY 3aKOtty H npH 
PHc. 4. 3aBHCHMOCTb paCXOJia '-1epe3 perucrop OT CKOpOCTH (1)2 

MaJiblX. a. epruueHHll pa6o'-lero Koneca (a) H epeMeHH (6) 

E11cpypKaUHH npOHCXO,llHT npH HaJIH4HH 3Hatti1TeJlbHOf0 yttaCTKa HeMOHOTOHHOCTH xapaKTe­

pHCTHKH fUH. C yMeHbWemfeM 3TOro yttaCTKa 6HcpypKaUHH MOryT He npOHCXOJ].HTb, HO He­

CKOJibKO Mettee BblpIDKeHHoe na,ueHHe pacxo.ua ttepe3 peaKTop see pastto coxpaHHTC.si. Bpewi:, 3a 

KOTOpoe npOHCXOJ].SIT onpOKHJ].b1Bam1e UHPKYJIHUHH ttepe3 Bb16era101IJ;:HH f:q:H H yMeHbWeHHe 

pacxo.ua Yepe3 peaKTOp, He3Ha4HTeJibHO H onpe.n,enHeTCSI xapaKTepHblM speMeHeM OTHOCHTeJibHO 

6blCTµblX rn.n,pOJJ.HHaMHlJeCKHX npoueccos. 

3aKJIIO'leHHe 

PaccMOTpeHHblH BH.U rH,upasm,ryecKoro B03MymeHIDI MOr OKa3aTbCSI. XOTb H He OCHOBHblM, HO 

OJ].HKM H3 cpaKTopos, onpe.n.eJIHBWHM HalJaJibHblM 3Tan pa3BHTIDI aaapHH Ha qA3C. B npeJJ.CTaB­

JieHHOH B HaCTOSll.l(eM c6opHHKe Henocpe.n.CTBeHHO nOCBHl.l(eHHOH pacCMOTpeHHlO 3TOH asapHH 

CTaTbe [8] OTMetteHO, 4TO r11.upoJJ.HHaMH4eCKOe B03Myl..I.(eHHe He S!BJUleTCSI. orrpe.n,eJIS!JOll.J,HM, HO 

ycyry6n.sieT 06yc11osneHHYIO He,nocTaTKaMH ycTaHOBKH CHryau.1110, CJIO)KHBUIYlOCH npM Bbl3BaB­

WeM asapHIO 3KCnepHMeHTe. ,[(nH paccMOTpeHHOro Bb!We BHJJ.a B03MJl.l(emrn 3TO CB$13aHo C TeM, 

4TO H3-3a OWH6KH onepaTopa, HapywHswero nporpaMMY 3KCnepHMeHTa, JJ.BIDKeHHe CTep:>KHdt 

asapHHHOH 3al.l(HTbl Ha4aJIOCb He Cpa3y, a TOJibKO qepe3 36 CeKyHJJ. nocne HattaJia pe)l(HMa Bb16era 

fl(H. ITpHMepHO B 3TOT )l(e MOMeHT npOH30WJIH onpOKH.ll,blBam1e U.HPKY1151UHH ttepe3 Bb16era10-

W.He fl.(H H .ll,OCTaT04HO 6blCTpblH npOBaJI pacxo.ua ttepe3 peaKTOp. CJIO)l(eHHe .usyx Bbl3BaBIIJHX 

POCT peaKTHBHOCTH B03Myl.l(eHHH MOfJlO OKa3aTbC51 pewaJOl.l(HM cpaKTOpOM Ha Ha4aJibHOM :nane 

asap1111 [9]. 1'fcnonh3yeMbIH s ycTattOBKe PEMK-1000 u11pKyn.siu110HHbIH Hacoc QBH-8 npH Ma­

JibIX pacxoJ].aX HMeeT yttaCTOK HeMOHOTOHHOCTH, t.tTO npH Me,uneHHOM BbI6ere nOJlOBHHbl fl.(H 

npHBO.ll,HT B MOMeHT CMeHbl B HHX HanpasneHHH Te'feHHH TennOHOCHTen.si K 3aMeTHOMY nposany 

pacxo.n,a t.tepe3 peaKTop. 
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3KCIIEPHMEHTAJThHbIE HCCJIE,IJ;OBAHIDI 

Y )lK 621.039 

IlpnMeueuHe KOAOB KOPCAP u RELAP AJUI pac1.1eTnoro auanu3a 

peaKTOpHhlX JKCnepuMeHTOB "MaJiaH Teqb" 

B.M. Maxuu, H.H. Ce.Muoou,Kuu, 
<I>rYTI 'THU: P<I> HHHAP" , 433510, r. ,[(HMHTposrpa.n YJib$1HOBCKOH o6JI. 

flpHBe.n.eHbl pe3yJibTiiTbl pacl.feTHoro wccne.n.oeaH1u1 nocpe.ncTBOM Ko.nos KOPCAPN 1.008.000 H 
RELAP5/MOD3.2 pe)l(HMOB HCnhITaHHH Ha nerneeoti ycTaHOBKe TIBTI-2 peaKTopa Ml1P 7-MH 11 19-Jne­
MeHTHbIX TBC. TeJJibt HCnb1Taean11cb e pe)l(I-JMe, Mo.nenHpy1-0meM KOHeqHbre CTa.n1rn aeapmr Ha BB3P c 
noTepeH Ten.noHOCHTem1 H ocymeHHeM eepxHeH qacTH TB3JIOB (Ma.m,1e Te'IH - MT). OueHeHa KOHcepeaTIIB­
HOCTb KO.llOB .llJUI paC'leTHOfO aHaJ1H3a 113yqaeMbIX pe)l(RMOB. 

CORSAR AND RELAP CODES APPLICATION TO SIMULATION OF VVER-TYPE FUEL 
ASSEMBLY TESTS "SB LOCA" IN THE RESEARCH REACTOR MlR. V.M. MAKHIN, 
I.I. SEMIDOTSKY. Results of simulation of VVER-type fuel assembly tests "SB LOCA" in the research 
reactor MIR using CORSAR and RELAP codes are presented. 

B peaKTope Ml1P npose,neHa cepmi: HCnb1TaHHH cpparMeHTOB TBC (H3 7-MH H 19-TH yKopo­

qe1::1HblX TB3JI0B BblCOTOH I M) B pe)f{HMax asap1111 c noTepeii TennoH0CHTeJUI (LOCA) c uenhfO 

H3YlfeHHR nose,neHH$1 TB3JIOB B c11ryaUHH C ocyweHHeM sepxHeH lJaCTH aKTHBHOH 30Hbl BB3P H 

nocne,nyIOmeM 3aJIHBe 80,UOH (1 ... 3] . Mo.nem1pyeMblH pe)l{HM ,UOCTHraeTC$1 npH MaJIOH MaCCOBOH 

CK0p0CTH TennoH0CHTeJrn 5 . .. 15 Kr/(M
2
·c) H HH3K0M 3HeproBh(,nenemrn B HCITbiryeMOM cpparMeHTe 

TBC, cooTBeTCTBYIOll{eM ypoBHIO ocTaT04Horo Tennosb1,neneHH$1 s aKTHBHOH 3otte BB3P. KottetJ­

ttoe C0CT0$1HHe - ,n11cnepCHblH pe)KJ,IM TelfeHHJI TenJI0H0CHTeJIR C ocyweHJ-feM TB3JI0B. IloBTOpHoe 

CMa•rnBaHJ,fe peanH3yeTC$1 pe3KHM CHH)l{eHHeM MOll{H0CTH peaKTopa H COOTBeTCTBeHH0 TBC. 

3.necb npHBO,AHC$1 0CH0BHble pe3yJibTaTbl paC'-leTHOro aHaJIH3a YKa3aHHbIX ycnOBHH HCnbITamrn: 

TBC. Pac'-leThl Bbin0JIHeHbI c npHMeHeHHeM Ko.nos KOPCAPNl.008.000 H RELAP5/MOD3.2. J,fa 
C0B0KynHOCTH 3KCnepHMeHT0B BhI6paHbl HCnbITaHH$1 C He3HaqJ,tTeJibHbIM cpopMOH3MeHeHHeM TB3-

JI0B (MT-5I111 MT-6) [I , 2]. 

1. MeTO).lHKa peaKTopHblX HCOblT8HHH H OCHOBHble HCXO).lHble ).l8HHble ).lJUI pacqeTOB 

MeTO.LJ.HKa peaKT0pHb(X HCnblTaHHH H3JI0)KeHa B pa6oTax [l . .. 3]. B HCITblTaHH$1X peanH3yl-OT­

CR: 1) HOMHHaJibHb(H: pe)KHM no TenJIOBOH Harpy3Ke TB3JI0B H napaMeTPaM TennoH0CHTen$1, K0T0-

pblH Heo6xo,nHM .AJIJI cpopMHposaHH$1 CTPYKTYPbl cep.LJ.eqm-1Ka, a TaIOKe onpe.neneHH$1 M0IUH0CTH 

TBC H nposepKH ,naTqHKOB; 2) nepexo,AHblH (HeMo,neJibHbIH) pe)l{HM; 3) pe)l{HM c M0,nenHposaHH­

eM CTa,AHH asapHH (c YaCTHlJHblM ocyweHHeM TBC H nocne.nyiolI.lHM n0BTOpHblM CMa'-IHBam,eM, C 

3aKanKoi-t o6onoYeK - pe)l{HM LOCA + QUENCH). B pa6oTe paccMoTpettbI sTopoii H TPeTHH pe­

)f{HMbI HCnblTaHHH. OHH Ha'-IHHal-OTC$1 Ha n0HH)l(eHH0M y p0BHe M0ll{H0CTH C onepaUHH Bbmap11sa­

HHSI TenJI0H0CHTeJI$1 H3 n0.LJ.beMH0ro y11aCTKa. ITocne,nHHH BbI6HpaeTC$1 TaKHM o6pa30M, lJT06bI Ha 

CTa.D,HH Bhmap11saHH$1 HCKJlf04HTb KaK B03HHKHOBeHHe KpH3HCa 1-ro po.na, TaK H .SIBJieHHe 

"3axne6b1BaHHH". B ,nanbHeiiweM (TpeTHH pe)KJ,IM HCTTblTaHHH) Tpe6yeMaJI .LJ.HHaMHKa H3MeHeHHH 

TeMneparypbl o60JIO'-IKH o6ecnetrnsanacb ynpaBJICHHeM M0ll{H0CTbl-0 peaKT0pa. 
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8 :>TOM pe)Kl1Me pean113yeTCH .u11cnepCHblH pe)Kl1M Te4eH11.H TenJ10HOCl1TeJU1 B BepxHeH nono­
BHHe cpparMeHTa TBC c pe3Kl1M pocToM TeMneparypbI .uo T<I> = 530 ± 40 °C [4]. PocT TeMnepaTy­
pbI o60J104Kl1, 06yc110BJ1eHHhlH BbICblXaH11eM nneHKl1 )1(11J].KOCTl1, onepe)KaeT yBem14em1e TeMne­

parypbl TennOHOCl1TemI Ha BblXO.Ue 113 TBC. YcTaHOBJleH 3Ha411TeJ1bHbIH Ten110Maccoo6MeH Me)l(­

.uy jl4eHKaMH B H11)KHei1 4acT11 TBC, np11so.ujlw.11i1 K )'Benw-1eH1110 pacxo.ua napa B TennoHa­
npji)KeHHblX H4ei1Kax 11 BbIpaBH11sam,uo TeMneparyphI 0601104eK no ceYett1110 TBC [4]. Hcc11e­

.uosaH11ji C np11MeHeH11eM .uaT411KOB napoco.uep)KaHHJI nOK83aJ111, 1-ffO Ha paCCTOjlHJ,f_j,f ~ 0,2 M OT 

rpaII11ubI p83.uena cp83 o6beMHoe napoco.uep)KaH11e cocTaBJ1jieT 6011ee 0,95 11 3apernc-rp11poBaHbI 
MeJlKO.U11CnepcHble KaITJlH BO.Ubl B nape, BJlH.HIOI.U,11e Ha OXJla)KJJ.emte 0601101.{eK 11 .UHCTaHUHOHH­

PYIOW.HX peweTOK [4, 5] . YK83aHHblH .[{HCnepCHbIH pe)KJ,fM C p83J1H4HOH CTeneHblO ttepaBHOBec­
HOCTl-1 cpa3 xapaKTepeH KaK ,[{Jljl ycJlOBHH asapHH C MT H 4aCTJ-14HhlM ocyweHHeM aKTHBHOH 3OHbl 

BB3P, TaK 11 .[{J1J1 BTopoi:i crn.u1111 MaKCHMaJlbHOH npoeKTHOH asap1111 - noBTOpHoro 3an11sa [6, 7]. 
MoI.U,HOCTb TBC onpe.uen.sreTCjl KanOpHMeTpH4eCKHM MeTO.UOM no H3MepeHHblM 3Ha4eHHHM 

pacxo.ua 11 no.uorpesa TenJlOHOCHTeJlji B KaHane 11 TBC. ,n:onOJlHHTeJTbHb[H KOHTpOJTb MOI.U,HOCTH 

ocyw.ecTBJljieTCji perHCTPau11eti MOI.U,HOCTl1 weCTH pa604HX TBC OKpy)KeHHji 11 HCnOJlb3OB8Hl1eM 

3THX .uaHHblX .UJrn ycTaHOBJleHl1.H MOW.HOCTH 11cnb1ryeMOH TBC. CooTBeTCTBYIOI.J..{11e K03cpqrnu11eH­

Tbl " np11BH3K11" MOI.J..{HOCT11 11cnb1ryeMOH TBC K cpe.utteH MOI.J..{HOCTl1 pa6ol{HX TBC onpe.uen.srIOTc.sr 
pac4eTOM no MCU 11 npjlMblM11 113MepeHl1HMl1 Ha Kp11Tl11-feCKOM CTeH.ue (Kp11TC60pKe) peaKTOpa. 
0THOCHTeJlbHOe 113MeHeH11e MOI.J..{HOCTH TBC perncTp11pyeTCH no ITOK83aHHHM Tpex .uaT4HKOB 
npjiMOro 3apji.ua, p83HeCeHHblX no BblCOTe KaHana, H nOK83aHHJIM 6J111)KaHU1eH 110Hl13aU110HHOH 

KaMepbi (3TOT cnoco6 np11MeH11M np11 H3MeHeHl111 cp83080f0 COCTOHH11.H TeITJlOHOCHTeJl.H B nepe­

XO.UHOM pe)KHMe 11 pe)KHMe LOCA). 

06beKT 11ccne.uosaH11H - cpparMeHT wTaTHOH TBC, cocTOjil.J..{11H 113 7-MH Hn11 l 9-T11 TB3JlOB 
BblCOTOH aKTl1BHOH 4aCTl1 I M. TB3Jlbl p83Mell{eHbl B weCTHrpaHHOM 4eXJ1e C waroM 12,2 MM (MT­
srr, weCTb CBe)Kl1X C nOHH)l(eHHblM 06orameH11eM TB3Jl0B N!!N!! I ... 6 11 l.{eHTpaJlbHblH BbiropeBUlHH 

TB3Jl 113 peaKTopa BB3P-440) 11 12,75 MM (MT-6, soceMtta.uuaTb cse)KHX TB3JlOB c HHTepMeTan­
JlH.UHblM TonnHBOM 11 0601104KOH BB3P 11. uettTpaJlbHhLH Bh1ropesw11i1 wTaTHblH TB3Jl 113 TBC pe­
aKTopa ne.uoKOJla " JleH11H" ). lfaCTb TB3JlOB OCHamaeTC.H TepMonapaMH B TOnJlHBHOM cep.ue4Hl1Ke 11 

0601104Ke TB3JlOB [1 .. . 3]. B MT-SIT ,nsa cBe)Kl1X TB3Jla octtamettbl o6ono4e4HbIMl1 TepMonapaMH 

(ypoBHH 720 11 850 MM OT HH3a cep.ue1-1HHKa), TpeTHH CBe)KHH TB3J1 - TOnJll1BHOH uettTpaJlbHOH 
TepMonapoH (yposettb 875 MM) [2]. B MT-6 TepMonapbi p83Mell{a.Jll1Cb B BblCOKOTennonpOBO.[{HOM 

cep.ue4HHKe .uec.HTH TB3J108 Ha ypOBH.HX 325, 525, 725 11 925 MM [I]. 061.I..{HH B11.U o6ny4aTeJlbHOfO 
ycTpOHCTBa np11se.[{eH Ha pHC. I ,a, cxeMa p83Mell{eHHH TB3JlOB H TepMonap - Ha pHC. 1,6 H 6. Ka­

Ha.Jl 11MeeT .usa Kopnyca: OCHOBHOH H Hapy)KHblH (oxpaHHh!H) C 3a3opoM Me)K,Ay HHMH, KOTOpblH 

3anOJ1H.HeTCH 83OTOM, re1111eM HJ111 BaKyyMHpyeTC.H. 

,nn.H pactJeTHOfO 11cc11e.uoaaH11.H HCITOJlb3OBaHbl CJ1e.UyJ01UHe 3KCnepHMeHTaJlbHble .uaHHbie: 

p83Mepb1 311eMeHTOB KOHCTPYKUH11 0611yYaTeJ1bHOro ycTpoi:icTsa, TBC H TB3JloB; MOI.J..{HOCTb TBC; 
pacxo.u 11 .uasneHHe Ten110HoCHTeJ1ji B KaHane; TeMneparypa TennoHOCHTen.sr Ha sxo.ue s KaHan 11 
TBC 11 Ha Bbrxo,ne H3 TBC 11 no.ubeMHoro yyacTKa Ha.u TBC (p11c. 1,a); TeMneparyphl o6ono4eK H 

cep.ue4HHKOB TB3J10B; pacnpe.ueneHHe :meproBbIJ].eJleHHJI no BblCOTe TB3J10B; MOMeHTbl Ha4ana 
ocyweHHJI 11 pocTa TeMneparypbr B p83J1Ht-1HbIX ceYeH11.srx TBC; pacno11o)KeHJ-1e rpaHHQbI p83.uena 
cp83 "nap-)KHJ].KOCTb", 3a KOTopyIO npHH51Ta 0611acTb p83,uena D,ecpopMHpOBaHHblX (o6)KaTbIX) 11 

He.[{ecpopMHpOBaHHblX o6ono4eK. 
I1apaMeTPbI, KOTOpble npHMeHeHbl J].Jl.H oueHKl1 a,[{eKBaTHOCT H pacl{eTa 3KCnepHMeHry, CJle­

.UYJOI.J..{He: TeMneparypbl 060J104eK 11 cep.ue4HHKa TB3J10B; TeMneparypa TenJ10HOCl1TemI Ha BbIXO.Ue 
H3 TBC; ypoBeHb rpaH11Ubl p83D,ena " nnp- )KH,UKOCTb"; Ce4eH11e C MaKCHMaJlbHOH TeMneparypoH 

060110YeK; MOMeHT speMett11 ttaYana ocyweHl1H 060110YeK. 
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TiapaMeTpb1 pe)KHMa LOCA B 11cnbITaHH11 MT-SIT [2, 5]: ,naBJieHHe 5,6 MTia, MaccoBrui 

cKopocTb 14 Krl (M2·c), He,uorpeB TeruioHOCHTerni Ha Bxo,ne B TBC 4 . .. 8 °C, MOW.HOCTb TBC 

Q == 35 . . .45 KBT (yBeJIH1-1em1e B npouecce HCnbrTamrn), Harpy3Ka B.Ce1.JeHHH C MaKCHMaJibHOH 

TeMneparypoi:1 34 .. .43 BT/CM. 

MaKCUMOJlbllGR me11mepamypa m<J3fl0<J 1-1apy:>1c11020 pRoa: 

ypoBeHb 720 MM -TeMneparypa o6oJI01.JKH 930 - 940 °C (,nBa TB3Jla N2N'2 2 H 6, CM. pHC. 1,6 ); 
ypoBettb 850 MM -TeMneparypa o6oJIOLJIOI 860 °C (TB3JI N2 2); 

ypoBeHb 875 MM - TeMneparypa cep,neYHHKa 960 °C (TB3JI N2 4), TeMneparypa 060110LJKH 

830 . . . 850 °c. 
IIapaMeTpbl pe)KJ,fMa LOCA B 11cnb1Tamm MT-6 [1] : ,naBJieHHe 2,3 MI1a, MaccoBrui cKopocTb 

4 .. . 6 Krl (M2·c), He,norpeB TeruIOHOCHTeJUI Ha Bxo.ue B TBC ,no 10 °C, MOUJ.HOCTb TBC Q = 
:::: 28 ... 35 KBT (YBeJIHYemte B npou.ecce HCnblTaHHH), Harpy3Ka B ce1.JeHHH C MaKCHMaJibHOH TeM­

neparypoH 22 . .. 28 BT/cM. 

MaKCUMOJlbHaJI. meMnepamypa cepoe11m1Ka, 3ape2ucmpupo<1a1-11-1aJ1. <1 3,ccnepUMe11me: 

ypoBeHb 525 MM -TeMneparypa cep,ueYHHKa 520 H 530 °C (TB3Jlbl N2N2 16 H 14, CM. pHC. l,<1); 

ypoBeHb 725 MM -TeMneparypa cep.ueYHHKa 820, 820 H 869 °C (TB3Jlbl N2N2 5, 11 11 15); 

ypoBeHb 925 MM -TeMneparypa cep.ueYHHKa 700, 725 H 730 °C (TB3Jlbl N2N2 7, 1 11 13 ). 

Bcne,UCTBHe BblCOKOH TenJionp0BO.UHOCTH TOITJIHBHOH KOMn03Hl.(HH cpe.umrn TeMneparypa 

o6oJI04KH He3Hal.fHTeJ1bHO 0TJIHYaeTC.SI OT TeMneparypbl cep.ueLfHHKa (.UJI.SI ypoBml 725 MM Mettb­

rne tta 5 ... 7 °C, .UJI.SI ypOBH.SI 525 MM - Ha l O ... 15 °C). 

2. Pac11eTHaH cxeMa 

Pacl.feTHruJ cxeMa BKJllOl.faeT MO,ne;rn acex OCHOBHblX :meMeHTOB 0611yYaTeJibHOro ycTpOHCTBa, 

npeJJ.CTaBJieHHbIX Ha pHC. I. Bcero cxeMa HaCL[l1TbJBaeT 80 o6beMOB, 78 COe.UHHeHHH 11 123 TenJIO­

Bble cTpyKrypb1. Ee .ueTaJibHOe on11catt11e .uaHo s pa6oTe [8]. YlfMTbIBaIOTC.SI Teruioo6MeH Kopnyca 

KaHana H BepxHeH l.faCTH 0611yl.faTeJibHOro YCTPOHCTBa C B0.Ll.SIHblM 6acceHHOM peaKTopa, 113Mette­

HHe pacnpe.ueneHH.SI 3HeproBbl.UeJieHH.SI B TBC B pe3yJihTaTe 33MeHbl BOL(bl Ha nap B sepxHeH l.faC­

TH TBC, a TaK)Ke 3HeprOBbI.UeJieHHe B 3JieMeHTaX K0HCTpyKl.(Mli B pe3yJihTaTe nornow.eHH.SI 

y-KBaHTOB peaKTOpttoro H3Jl)''-leHH.SI, JIY4HCTblH TeI1JI006MeH Me)K.Lly TB3JiaMH H 3JieMeHTaMH K0H­

CTPYKUHH. 

,[(Jui aHaJ1H3a npHMeH.SIJiaCb H ynpow.eHHa.SI cxeMa, B KOTOpOH npel(CTaBJieHbl T0JibKO TBC H 

rpamtLfHble ycJIOBH.SI Ha ee BXO,ne H BblXO,Ue. no 3TOH cxeMe ou.eHHBanacb LfYBCTBHTeJibHOCTb pac­

l.feTa no OTHOUJeHH.lO K YKa3aHHblM napaMerpaM. 

3.Pe1ynbT3Tb1pac11eTOB 

3.1. Pac'feT 7-JJteMeHTHOii TBC (JKcnepHMeHT MT-Sn) 

Pac1.JeTbl no ynpow.eHHOM cxeMe IT03BOJIHJIH Bbl.SIBHTb cyw.ecTBeHHYIO pOJib KOH.UettcaTa, K0-

TOpblM 06pa3yeTC.SI B ITOJ].beMHOM yLfaCTKe H f0JIOBKe KaHana H M0)KeT nocrynaTb Ha BX0JJ. TBC 

KaK no CTeHKe pa3.UeJIHTeJI.SI ITOTOKOB TenJIOHOCHTeJI.SI, TaK H Lfepe3 Y3eJI ynnoTttemrn. 8 nepe­

X0JJ.HOM pe)KHMe HCITbIT3HH.SI MT-Sn BKJla,U KOH,UettcaTa cpasmtM C pacxo.uoM TeruIOHOCHTeJl.SI B 

Kattane. 
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P1-1c. I. O6Jl)"laTeJIE.Hoe yc-rpoi1cTBo: a) o6mHA BJ,l)l; 6) ce'le­

m,e MT-50; B) ce'!eHHe MT-6; I - Kattan; 2 -TBC; 3 -Ten­

JI0H30IlllUHll B BH,lle npocnoeK; 4 - Y3eJ1 ynn0THeHHll ; 5 - H3-

MepeHHC napoco,llep>KaHHJI; 6 - H3Mepe1-rne TeMnepaTypE.t 

TenJI0H0CHTeJlll; Q, H Q 2 - TenJI0B0H n0T0K, OTBO,llHMblH B 

6accei1H; 7 - TepM0MeTpHp0BaHHE.Je TB3Jlbl C TepMonapaMH B 

cep,lle'IHHKe H o60JIO'IKC Ha pa3JIHlfHOH BblC0Te 

T, °C 
900 -.-------r-------,------

410 415 420 425 

PHC. 2. Pac'ICTHblC (I) 11 3KCnepHMeHTaJibHble (2) 3Ha'leHHll 

TeMneparypbl o6ono'-leK 11a yposHe z = 850 MM B HCCTb!TaHHH 

MT-50 
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PacYeTOM no )].eTaJJbHOH M0)].em-1 [8] 
ycTaH0BJieH0, 4T0 "rop.siyee n.siTHO" o6pa.Jy­

CTC51 npH M0Ul,H0CTH 20 t<l3T H )).0 ypoBHjj 

M0lll,H0CTH Q = 32 KBT TCMneparypa TB3JI0B 

yBeJIH'-JHBaeTC.s! He3Ha'-IHTeJibHO BCJie)].CTBHe 

BJIJUIHJUl B0)].hI, nocrynaioll.(eH 113 no)].1>eMH0-

ro r1acTKa Ha)]. TBC. TTpH 6onbuiei1 M0lll,H0-

cTH (Q 2'.: 32 t<l3T) peaJJH3yeTC51 3aKpH3HCHbIH 

pe)KHM HCnbrTaHHH, xapaKTepHblH )].JUI 0XJia­

)1()).eHHJI napoM. y )].0BJleTB0pHTeJibH0e onH­

caHHe K0)].0M RELAP5/MOD3 .2 M0MCHTa 

o6pa.30BaHH51 "rOp$14ero n.sITHa" H H3MeHeHH51 

TeMneparypbl BO speMeHH )].0CnrraeTC.s! npH 

3aHIDKemrn M0lll,H0CTH Ha 30 % (pHC. 2). C 

Y'-IeT0M norpewH0CTH onpe)].eJieHH.s! M0IJ..(­

H0CTH l,f pacxo)].a, a TaK)Ke CHH)KeHH.s! M0lll,­

HOCTH ocyweHHOH t.JaCTH TB3JIOB npw 3aMeHe 

80)).bl Ha nap (.l1.0 10 % ), M0)KH0 oueHHTb 

K0HCepsaTHBH0CTb K0)].a, paBttyIO 5 ... 15 % 
[8]. 

Ha 0CH0Be pact.JeT0B ycoBeprneHCTB0Ba­

Ha K0HCTPYKUl1$1 ycTpOHCTBa. TennoH30JIH­

pyioll.(He npOCJIOHKH Bbin0JIHeHbl Z-o6pa.3-

H0H q>opMbl )].Jl.s! c6opa K0H)].eHCaTa 1-1 )].aJJb­

HeHwero ero Bbrnap1-rnaHH.si (pwc. 1 ). TTpHH}I­

TblMH K0HCTPYKTHBHblMH MepaMH CHH)KeHa 

)].0JI.si K0H)].eHcaTa, nocrynaiolll,ero B TBC H 

BJil,f.s!!Olll,ero Ha pe)l(HMbl HCnbITaHHH. 

3.2. Pac'leT 19-JneMeHTHOH TBC 
(3iccnepHMeHT MT-6) 

Pe)KHM HCnhITaHHH 19-JneMeHTHOH TBC 

0TJIHt.JaeTC.s! OT paCCM0TpeHH0ro BbIWe pe­

)KHMa CHIDKeHHeM MaCCOBOH CK0p0CTH Ten­

JI0H0CHTeJI.si H ero )].aBJICHJUl. BcJie)].CTBHe 

0TMC4eHHbIX oco6eHHOCTeH HCnbITaHHe 

MT-6 npose)].eHo npH Mett1>weii rpaHHt.JHOH 

M0IJ..(H0CTH TBC. PeaJJH3aU.H51 pe)l(HMa LOCA 

npH HH3KOH Harpy3Ke ( CHH)KeHHe Ha 40 % ) 
YJiyt.JllIHJia ynpasn.sieM0CTb pe)KHM0M HCTibl­

TaHHH. 

CornacHo peK0MeH)].au.1rn [ 4] )].JI51 yyern 

Jq>q>eKTa TennoMacconepeHoca MC)K)J.y .sit1eH­

KaMH pacYeT Bbin0JIHeH )].Jl51 TB3Jia co cpe)].­

HeH M0lll,H0CTblO. no BbIC0Te TBC BbJ)].eJI.si-



r 

j 

JHiCb I 9 yYaCTKOB C 3a.naHHeM H3MepeHHOro npoqnurn 3HeproBbJ.lleneHIUI . Y4TCHO CHH)l(CHHC Ha 

MOLr(HOCTH sepXHei-1 yacTH TBC npH 3aMette BO.llbI Ha nap. JO% 
Ye TaHosneHo, YTO H s 3TOM cnrrne KO.llbI KOPCAP 11 RELAP5/MOD3.2 0611a.lla10T KOHcep­

ocThIO H Ka4CCTBCHHO npaBHJlbHO onHCbJBaIOT npouecc ocyweHHSl TB3JIOB H pocT TeMnepa-

060J104KH B sepxHeH YaCTH 3KCnepHMCHTa.JlbHOH TBC C npHCMJICMblM cosna.neHl1eM pac­

x H 3KCnepHMCHTa.JlbHblX )laHHblX no TeMneparype TB3JIOB (pHC. 3 H 4). 

saTHBH 

-rypbl 

qeTHbl 

M oMeHT o6pa3osaHH11 "rop114ero n11Ttta" npe.llCKa3hJBaeTc.si Ko,naMH RELAP 11 KOPCAP, ecn11 

pacxo.n G 8 YKa3aHHblH MOMCHT 3aBblWCH Ha 20 %. 3TOT pe3yJJbTaT xapaKTepH3yeT CTeneHb KOH­

HBHOCTH KO.Ila npH pacYeTe MOMCHTa o6pa30BaHH11 "rop.siYero n.sJTHa". B .lla.JlbHCHllieM no­

CT11)KCHHJI 8 paCYeTe COCTO11HHJI C ocyweHHCM 060J104CK paCXO.ll 6bJJI YMCHbWCH .no HCTHH­

HalfeHH11 G = 8 r/c. IlpH YKa3aHHOM (peanbHOM) pacxo)le .llOCTHrttyro Y.llOBJleTBOpHTCJlhHOe 

11e pacYeTHblX 11 3KCnep11MeHTa.JlbHblX 3HalfeHl1H TeMnepaTYPbl o60JIO'-IKH Ha ypoBH.sJX 725 H 

cepsaT 

c11e .no 

uoro 3 

cor11ac 

925 MM OT Hat.Jana o6orpesaeMoro yyacTKa (pHc. 3 11 4). 

Ilp 

ypOBH11 

parypbl 

11 .lla.JlbHCHWeM YBCJll,f4eHHl1 MOLr(HOCTl1 MOMCHT o6pa30BaHH11 "rop.srYero n.sJTHa" .llJ1$1 

525 MM paCC4HThlBaeTCSI KoppeKTHO (pHC. 5). BMeCTe C TCM paC4eTHbJe 3Ha4eHHJI TeMne-

060J104KH .llJl11 3TOrO ce4eHH11 cyll(eCTBeHHO BbJWe 3KCnepHMCHTa.JlbHblX 3Hat.feHHH (Ha 

400°C 
C11 B611 

), t.fTO nO.llTBep)K)J.aeT OTMet.teHHblH KOHcepsaTH3M KO.llOB, ttaH6011ee CHJlbHO CKa3bIBaIOW,HH-

113H rpaHHUbl pa3.lleJla q>a3. HecMOTp.sI Ha :no, ouettKa TaKOH HHTerpanbHOH xapaKTepHCTH­

K MaKCHMa.JlbHa11 TeMneparypa TB3Jla, npOBO.llHTC11 C Y.llOBJleTBOpITTeJlbHOH TOl.fHOCTblO 

). TaK, pacYeTHb1e JHaYeHH.H MaKCHMaJibHOH TeMneparypbl o6ono4KH no KO.llY RELAP Bbl-

KH, Ka 

(pHC. 6 

C T, o 
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400 ~ " ( 15) 
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PHC. 3. 
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TeMneparypbl o60JJO"ICK Ha ypOBHe z = 725 MM 
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PHc. 5. P 8C"leTHble H 3KCnepHMeHT8JlbHble 3118'-ICHHSI TCM-

1 cepne"IHHK8 TB)Jl8 N~ 16 Ha ypoeHe z = 525 MM neparypb 

T, °C 
o(7) 
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800 •KOPCAP 
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PHC. 4. PaC"leTHblC H 3KCnepHMCHT8JlbHbIC 3H8"1CHHSI 

cpe.ztHCH TeMnepaTypbl 060JJO"ICK Ha ypoeHe z = 925 MM 

e HcnbtTaHHH MT-6 (e CK06Kax YKaJaH HOMep TB3JJa) 

T, °C 
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PHC. 6. BblCOTHOe pacnpeneJJeHHe cpellHCH TCMnepaTyµbl 

o60JJO"ICK TB3Jl0B B MOMeHT speMeHH T = I 870 C (MOMCHT 

JIOCTH)KCHHJI MaKCHMyMa TeMneparypbl TB3Jla B 3Kcnep11-

111eHTe 11 pac"!e-re): Q = 30 KBT, G = 8 r/c, ~---► - c~nyK­

TyauHH TCMnepaTypbl 
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we 3KcnepHMeHTaJibHOro 3Hat.ieHHSI (863 °C) Ha 56 °C, no KOAY KOPCAP Ha6mo.D,aeTCSI npaKTH­

t.iecKoe cosna.uem1e (857 °C). TaKHM o6pa30M, s uenoM KO.ll. KOPCAP o6na.uaeT MeHbWeH KOH­

cepBaTHBHOCTbIO, 4eM KO.U RELAP5. 

IlpH HOMHHaJlbHblX 3HaYeHHJIX pacxo.ua TenJJOHOCHTem1 Yepe3 Kattan H MOU(HOCTH KaHana 

paCX0)K)].emre Me)KJ.{y pact.ieTOM H 3KCnepHMeHTOM COCTaBJISleT 180 H 80 °C )].JISI K0)].08 RELAP5 H 

KOPCAP, cooTseTCTBeHHO. 

OTMet.ieHHhlH 3KCnep11MeHTaJJbHblH 3cpcpeKT onepe)KaJOU(ero pocTa TeMI1eparypbl o60JIOt.JKH 

(Bb(CblXaHHe nJJeHKH )1(11)].KOCTH) B cpastteHHH C TeMneparypoH TenJJ0HOCHTeJISI Ha BbIXO)].e TBC 

KO)].aMH He OTCJJe)KHBaeTC51. 

3a1rn10qeuee 

B pe3yJibTaTe pact.ieTHOro aHaJJH3a pe)KHMOB .usyx peaKTOpHblX HCIThITaHHH TBC B ycJIOBHHX 

asapHH C noTepeH TenJIOHOCHTeJJSI H t.iaCTli'iHhIM ocywettHeM aKTHBHOH 3OHbl ycTaHOBJJeHa npH­

MeHHMOCTb KO.U0B RELAP H KOPCAP )].JJSI Mo.ue.rrnposaHHSI no.uo6ttbIX pe)KHMOB 11 npose.uetta 

oueHKa CTeneHH HX KOHCepsaTHBHOCTH. 

Pac4eTHbte 3Hat.iemrn MaKCHMyMa TeMneparypbl o6oJIOt.JKH B MO)].eJibHOM pe)KHMe MT-6 

919 °C (RELAP) H 857 °C (KOPCAP) 6JIH3KH K 3KCnepHMeHTaJJbHOMY (863 °C). TeM He Mettee s 

ueJJOM o6a KO)].a .uaIOT K0HCepsaTHBHbie pe3yJibTaTbl. B t.iaCTHOCTH, rpamm,a yt.iaCTKa C ocyweHH­

eM s pact.ieTe pacnoJIO)KeHa HH)f{e Ha 45 MM t.teM B 3KcnepHMeHTe (480 MM cornactto pact.tery, 525 

MM no nOKa3aHH51M TepMonap, CM. pHC. 6). 

Pac4eTHbtH. attan113 pe)f{HMOB MT-Sil TaK)f{e no.uTsep>K.naeT KOHcepBaTHBHOCTh KO.Ua RELAP, 

KOTOp8jl ouetteHa s 5 ... 15 %. 

4335/0, 2. ,4UMlllnp062paO YllbflH06CKOZi 06J1.; KOHJnOKmHb/€ me.JI.: 8(84235)6-56-64 (p.), 3-75-76 (o.); 
E-mail: ovs@11iiar.ru 
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Y ,ll.K 621.039.5 

06 HJMepeuuu 34>4>eKTHBHOCTH aBapuuuou JaW:HThI BB3P 

C.B. /.(btzaHoB, JI.K. lllu1u1<oa, 
<l>rY PHL( "KypYaToBCKHH HHCTH-ryr", 123182, MocKsa, n11. Kyp11aTosa, 1 

O6cy)K,naeTCR sonpoc BJTHJIHHH npocTpaHCTBeHHblX 3cpcpeKTOB Ha H3MepeHl!H 3q>Q)eKTHBHOCTH asa­
pHHHOH Jalll,HTbl 883P MeTOJJ.OM "c6poca CTep)KHJI". ITpe,llJTaraeTCH pac4eTHM MeTO,nHKa, yMeHbllJalOI.UllH 
norpelllHOCTb peaKTH13HOCTH, CBH3aHttylO C npoc-rpaHCTBeHHhlMH 3qJq>eKTaMH. )];eMOHCTpHpyeTC.11 ueJJeco­
o6pa3HOCTh MeTOm,urn. 

TO THE EMERGENCY PROTECTION RODS WORTH MEASUREMENTS AT THE 
VVER. S.V. TSYGANOV, L.K. SIDSHKOV. The influence of spatial effects to the measurements of 
emergency protection worth by "rod drop" method at the VVER is discussing. Authors propose the tech­
nique to decrease the error of reactivity caused by that spatial effects. Effectiveness of such technique is 
demonstrated. 

3cpcpeKTHBHOCTblO asapHHHOH 3all.(HTbl BB3P Ha3bIBalOT a6coJTIOTttylO BeJil,fLfJ,ftty OTpH~a­

TeirbHOH peaKTHBHOCTH, KOTOpOH xapaKTepH3yeTC}I peaKTOp rrocne BBe,LJ.eHJ,fjj B aKTHBttylO 30tty 

Tl0JJ.BIDKHblX opraHOB perymtposamrn (OP) (npH ycnOBHH, lffO .n.o BBe,LJ.eHHJI 3THX opraHOB peaKTop 

6btJ1 B KpHTHLfeCKOM COCTO}IHHH). PeaKTHBHOCTb O,LJ.H03Ha11HO C8}13aHa C 3cpcpeKTHBHbIM K03q>cp11-

UHeHTOM pa3MH0)KeHH}I peaKTopa: p = 1- 1/ K :K!><I> • 

CJie,LJ.yeT OTMeTHTb, LfTO 3cpcpeKTHBHblH K03cpcp11u11eHT pa3MHIDKeHHJI. - cpyHKUHOHaJI , BBe,LJ.eH­

HblH nH0HepaMH peaKTOpHOH q>H3HKl1, He CJil,fl.IlKOM y,LJ.aLfeH C TOlJKH 3peHH}I 3KcnepHMeHTaJlbHOf0 

onpe,LJ.eJieIDUI. 3cpcpeKTHBHblH K03q>q>HLJ.HeHT pa3MHO)KeHH}J He MO)KeT 6bITb H3MepeH HerrocpeJJ.CT­

BeHH0 3a HCKJIIOLfeHHeM CJIY'-:la}I, KOr,LJ.a OH paseH emrn11ue. KocseHHble H3Mepemrn 3cpcpeKTHBHOfO 

K03q>q>H~HeHTa pa3MHO)KeHml HJIH peaKTHBHOCTH MOfYT npHBO,LJ.HTb K 3Ha'-:IHTeJibHblM norpeuJHO­

CT}IM. C 3TOH npo611eMOH CTairKHBalOTC}J npH H3MepeHH}IX 3cpcpeKTHBHOCTJ,f asapHHHOH 3all.(HTbl 

MeTOJJ.0M " c6poca cTep)IOUI" - 3KCnepHMeHTax, }18J1}110UJ,HXC}J WTaTHbIMH ,LJ.JI}J BB3P, KOT0pb1e 

BblTT0JIH}IIOTC}J e)KefO,LJ.HO B xo.n.e q>H3H1JeCKOro nycKa peaKTOpa nocne neperpy3KH TOnJIHBa. 
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3KcnepHMeHT no H3MepeI-HIIO 3 cpcpeKTHBHOCTH asap11HHOH 3all(HTbl BblnOJlHSleTCSI Ha MMOM 

ypOBHe MOll(H0CTH peaKTopa. Ilepe.n ero Ha'-IMOM KpHTHl.feCKHe ycJ10Bl1SI o6ecneYHBalOTCSI np11 

nonHOCTblO H3BJ1e4eHHblX OP c1-1cTeMbl ynpaa11eHHS1 11 3aWHTbI (CY3) (OP pa6oYei1 rpynnb1 Moryr 

6bITb YaCTH'-IH0 BBe)].eHbl B aKTHBH)'IO 30tty). 3aTeM ace OP CY3, MO)KeT 6bITb 3a 11CKJ1IOl.feHHeM 

0)].HOro, cao6o.n.Hb1M na.nemteM nepeMell(alOTCSI B Kpai1Hee HIDKHee ITOJJO)KeHHe. TipH 3TOM B peaK­

Tope H OKpy)KaJOll(eM ero npOCTPaHcTBe H3MeHSleTCSI HeHTpOHHOe none. IloTOK HeHTpOHOB qJ11K­

CHpyeTCSI C noMOIJ.J.blO 0.11,HOH 11JJH HeCKOJlbKHX H0HH3aUHOHHblX KaMep (11K), pacn0JlO)KeHHblX, 

KaK npaBHJJ0, BHe peaKTopa. Ha OCHOBamrn aHMH3a H3MeHeHl1SI HeHTpOHHOro noTOKa BO BpeMeHH 

.nenaeTCSI 3aKJ1IOYem1e O CTeneHl1 no.n.Kp11TH4HOCTH peaKT0pa. 

Tipoc11e.11,HM CBSl3b Me)K)].y 113MeHeH11eM HeHTPOHHOro nOTOKa 11 peaKTl1BHOCTblO. Ey.neM 11CXO­

.D,HTb H3 Toro, '-ITO B Ka)K)].blH MOMeHT speMeHl1 11 B Ka)K)].OM COCTOSIHl111 nepeHOC HeHTpOHOB B pe­

aKTOpe on11Cb1BaeTCJI C nOMOI.U.blO ypaaHeHHH 

(1) 

r.ne n( r , t) - nJJOTHOCTb HeHTpOHOB' Q - onepaTop, onHCb1Ba10llJ.l1H reHepau1110 MfHOBeHHblX 

HeHTpOHOB; L - onepaTop, OITHCbIBalOUlHH nepeHOC HeHTpOHOB B npocTpaHCTBe (11, B03MO)KHO, 

3aMe.n11eH11e); 11.1 • C, , B; - nocTOSIHHaJt pacna.na, KOHUeHTpau1151 3MHTTepos 11 .nonsi 3anaJ.11,bIBa10-

lllHX HeHTpOHOB rpynnbl i, COOTBeTCTBeHHO. 

PeaKTl1BHOCTb peaKT0pa a Ka)K.11,QM COCT0SIHl1H MQ)KeT 6btTb Haii.netta no ypaaHeHHIO 

- -Lcp - ( 1 - p )Q<p = 0 (2) 

HJlH conpSl)KeHHOMY ypaBHeHHlO 

(3) 

TaKHM o6pa30M, ec1111 113BeCTHO C0CTOSIHHe peaKTOpa (pa3Mepbl, COCTaB, TeMnepa-rypa), TO 113-

BeCTHa 11 ero peaKT11BHOCTb He3a811CHMO OT Toro, SIBJlSleTCSI 1111 3TO C0CTOSIHHe CTaUHOHapHblM 11JTl1 

3TO TOJJhKO crn.n11si nepexo.n.Horo npouecca. 

PaccMOTPl1M Tl1n11Yttyl0 CH-ryaUHIO, KOT0pasi B03HHKaeT npH WTaTHOM H3MepeHHH 3cpcpeKTHB­

HOCTl1 aaap11i1HOH 3aI.U.11TbI Ha A3C, Kor.na nocne c6poca OP CY3 TeMneparypttbJe H nnoTHOCTHbre 

xapaKTep11CTHKH peaKTOpa He H3MeHJIIOTCSI. 

,lvlsi H3MepeHHJI peaKTHBHOCTl1 B peaKTope nepeX0.11,HbfH npouecc opraHH3yeTCSI TaKHM o6pa-

30M, YT06bt ero KOHe'-IH0e COCTOSIHHe cosna.nano C TeM, .ll,JJSI KOTOporo Tpe6yeTCSI onpe,neJJHTb pe­

aKTHBH0CTb. ,lvlsi OCTHCaHHSI nepexo.11,Horo npouecca, Karna C0CT0SIHHe aKTHBHOH 30Hbl 0CTaeTCSI 

- -
HeH3MeHHblM, COBMeCTHO paccMaTp11BalOTCSI ypaaHeHHSI (1) H (3) (onepaTOpbl Q 11 L B 06011x 

ypaBHeHl1SIX cosna,na!OT). PeanH3YIOTCSI nepeKpeCTHOe YMHO)KeHHe Ha peweHHSI 3THX ypaBHeHl1H, 

HHTerpHposamre no BCeMy npocTpaHCTBY apryMeHT0B H BbIYITTaH11e. 

B pe3yJ1bTaTe nony4aeTCSI CHCTeMa ypaaHeHHH 

(4) 
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r.ne A == (n,q/ ) / v(n, QqJ +) cpe.nHee speMSI reHepal\HH MrHOBeHHbTX HeihpoHos; 

p, == (~;n, QC{)+)/ (n, QC{)+), f3 == L, ~; - 3cpcpeKTHBHasi .UOJJSI 3ana.3.D,btBafOlllHX HeHTpoHos; 

C :::: vC,; Q == vQ. 
I 

EcJIH 6bl B npOl\ecce 3KCnepHMeHTa MO)KHO 6bIJIO H3MepSITb H cp + (r) TIOCJie c6poca asapHH-

}:IOH 3alllHTbl, H HethpoHHblH noTOK n(r, t) B K3)1{.LJ.OH T04Ke peaKrnpa, npo6JTeMa KOppeKTHOro 

J,13MepeHHSI 3cpcpeKTHBHOCTH asapHHHOH 3alllHTbl 6b1JTa 6hr peweHa. O.uHaKO 3TO HeB03MO:>KHO. Bo­

nepBblX, H3MepHTb Q)YHKUHIO ueHHOCTH qt (r) 04eHb TPY.LJ.HO H, 80-BTOpblX, HeihpOHHbIH noTOK 

n(r, f) H3MepS1eTCSI B .usyx-TPeX T04Kax, KaK npaBHJlO, BHe aKTHBHOH 30Hbl peaKTopa. 

,no HaCTOSllllero speMeHlf npM H3Mepemrnx 3cpcpeKTHBHOCTH OP, B TOM 4HCJle 3cpcpeKTHBHOCTH 

1sapHHHOH Jal.l.l,HTbl, C TIOMOlllbfO WTaTHOro peaKTHMeTpa HCnOJ1b3YeTCSI cne.uyIOmee npH6JIIDKe­

,n1e. C TIOMOlllbfO HK B .usyx-TPeX npocTpaHCTBeHHblX T04Kax (rk) 3a KOpnycoM peaKTOpa BblITOJJ­

·HIIOTCSI H3MepeHHSI H3MeHSIIOlllerocsi BO speMeHH HeirrpOHHOro TIOTOKa n(rk ,t). PeJyJJbTaT H3Me­

peHHH - <PYHKUHSI n(rk, t) TIOJ],CTaBJ1JleTCSI B ypasttem-1e ( 4) BMeCTO tteo6XO.LJ.HMOro CKam,pttoro 

npoH3Be.n.eHHSI N(t)==(n(r,t), cp+(r)) . Ilocne 3Toro ypastteHHe (4) pewaeTCSI MeTO.LJ.OM o6pameH­

ttoro peweHHSI ypaBHeHHSI KHHeTHKM (OPYK) H onpe.uenSleTCSI HCKOMOe 3Ha4eHHe peaKTHBHOCTH 

p. IlpH 3TOM He Y4HTblBaeTCSI , 4TO BpeMeHH6e nose.uettHe n(rk , t) H N(t) MO)KeT cymecTBeHHO 

pa3Jlli4aTbC$1. EcTeCTBeHHO, lffO YKa3aHHble OTJJH4H$1 6y.uyr OTP3)KaTbCSI H Ha peaKTHBHOCTH. AHa­

JIH3 3KCnepHMeHTaJibHblX ,llaHHblX TIOKa.3bIBaeT, 4TO pa.3JJH4HSI: B peaKTHBHOCTH, TIOJT)"-ICHHOH no 

nOKa3aHHSIM OT .n.syx pa.3JJH4Hb!X HK, Moryr .LJ.OCTI-traTb 50 % H 6onee OT H3Mep.sieMOH BCJTH4HHbl 

[l]. 

C .n.pyroH CTOpOHbl, nerKO TIOKa.3aTb, 4TO 3aMeHa (n(r,t), <p+(r)) Ha n(rk ,t) B ypaBHeHHSIX (4) 

npaBOMepHa, eCJlH HMeeT MeCTO aCH'MTITOTH4eCKOe pacnpe.uenettH'e nnoTHOCTH HeihpOHOB B peaK­

TOpe, Kor.ua npoHCXO,llHT pa.3.n.eneHHe npocTpaHCTBeHHOH H speMeHH0H nepeMeHHblX: 

n(r,t) = n(t)'I'(r) . (5) 

IlpH c6poce asapKHHOH JalllHTbl (!Pl>>~ $1>) 3a speMetta, .uocrynttb1e .um, H3MepeHH$1 nnoT­

HOCTH HeihpOHOB B peaKTOpe, aCHMTITOTH4eCKOe pacnpe.n.eJieHHe He Hacrynae-r, a 3TO 03Ha4aeT, 

4TO OTJIH'-111e Me)K.D,y N(t) H n(rk, t) 6y.ue-r OKa.3blBaTb BJlHSIHHe Ha pe3yJibTaTbl H3MepeHHH. 

OTMeTHM, 4TO Heo6XO)J.HMOCTb y4eTa npOCTPaHCTBeHHblX 3cpcpeKTOB .D.JlSI "cpH3f,fqeCKH 60Jlb­

llIOro peaKTOpa" npH H3MepeHHSIX peaKTHBHOCTH MeTO,llOM "c6poca CTep:>KHSI" OTMe4anacb paHee 

BO MHOrHX pa6ornx [1 .. .4], 4TO O.LJ.HaKo He npHBeJIO K HJMeHeHHIO MeTO.lla o6pa60TKH pe3yJibTa­

T0B K3MepeHHH. 

;::(nSI HCnpaBJiemrn CHryaUHH - HCKJlf04eHH.SI BJIHSIHHSI OTIHCaHHbIX BbIWe npocTpaHCTBeHHbIX 

3<p<peKTOB npe}:\naraeTC.SI B WTaTHblH peaKTHMeTp, coeJ],HHeHHblH. C HK, noMemeHHOH B T04Ke Tk, 

HanpaBHTb He H3MepeHHblH TOK KaMepbI l(r1:, t), a senH4Htty 

(
. ) (n(r,t) , cp+(r)) 

I ' 1c, t :f(r1c, t) , J(r1c, t)==~--~, 
n( r( ,t) 

(6) 

r.ue n(r,t) - pacYeTHOe 3Ha4eHHe ITJIOTHOCTH TIOTOKa HeihpOHOB B M0MeHT speMeHH t, a C{J+ (r) -
P3ClJeTHaSI ueHH0CTb (HJIH, npH6J1IDKeHHO, TIOTOK) HeHTPOHOB B T04Ke r. 
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I1onpaB04HblH MHO)KHTenb J(rk ,t) .non)KeH paCC411TbIBaTbC.H C nOMOl.l{blO TpeXMepHOfO .llH­

HaMHl.JeCKOfO KO,na, KOTOpblH HMHTHpyeT pacnpe.neneHHe tteHTpOIIHOH nJIOTHOCTH B K~OH T04Ke 

npOCTpaHCTBa BO apeMeHH. EcTeCTBeHHO, l.JTO 3cpcpeKTHBHOCTb npou:e;:zypbr BBe,neHHJI nonpaBKH 

onpe.n.en.HeTC.H KaqecTBOM anropHTMOB, npHMeH.HeMblX )J.JJ.H MO,D.en11posaHH.H nepeXO.llHbfX npou.ec­

COB. Ha cero,nH.HWHHH ,neHb MO)KHO YTBep)K)laTb, qTo speMeHH6e pacrrpe.n.eneHHe HeHTpOHHOH 

nnoTHOCTH B npe.n.enax aKTHBHOH 30Hbl npH nepeXO.llHblX npou.eccax, o6ycnosneHHblX c6poCOM 

asapHHHOH 38ll(HTbl, snontte a,D.eKBaTHO omtCbJBaeTC.H C nOMOl.l{blO aTTeCTOBaHHblX KO.llOB 

El1IIP-8, NOSTRA, Pa.nyra. Hei-iTpottHoe none BHe aKTHBHOH 30HbI s MecTax pacnono)KeHH_SI J1K 
onHCbIBaeTCSI nYTeM HCnOnb30BaHH.H cpyHKU.HH BnH.HHH.H Ka)K.llOro 3neMeHTa aKTHBHOH 30Hbl Ha 

none a611H3H KaMepbI. 

KaLJeCTBO HMHT8U:HOHHblX pact.IeTOB npH MO,D.enHposaHHH npouecca H3MepeH.HH MO)KeT 6b1Tb 

npo.neMOHCTpHpOB8HO C noMOl.l{blO pHC. J r.ne npe,nCTaBnettbl pe3ynbTaTbl H3MepeHH.H peaKTl1BHO­

CTH 11 Mo,nen11posaHH.S1 TaKHX H3MepeHHH c noMOl.l{blO Ko.n.a NOSTRA. M3MepeHH.H 3cpcpeKTHBHO­

CTH asapHHHOH 3am11Tbl 6e3 o.n.Horo OP CY3 np0B0.ll,11n11cb Ha I 6110Ke Bonro.nottcKOH A3C 

(BB3P-l 000) s ttalfane 3-H KaMnaHHH. Tp11 peaKTHMeTpa 6bIJJH no,nKJII04eHbI K TpeM MK c ycnoa­

HbIMH HOMepaMH I, 2 H 3, pacnoJIO)KeHHblM 3a npe.nenaMH aKTHBHOH 30Hbl peaKTopa no.n yrnoM 

120 ° .npyr K .npyry B a3HMYTaJibHOM Hanpaanemm. 

3KcnepHMeHTaJibHble H pacLJeTHble nOKa3aHH.H 4eTblpex peaKTHMeTpOB B xo.ne H3Mepemrn 

3cpcpeKTHBHOCTH aaap1111tto11 3al.l{HTbI 6e3 o,nHoro OP CY3 Ha I 6noKe A3C Moxosu.e (CnosaK1u1, 

BB3P-440) npe,ucTanneHbI Ha p11c. 2. 
Cne.nyeT OTMeTHTb 4TO Hap.Hey C norpeurnocrnMH, o6ycnosneHHbIMH npOCTPaHCTBeHHblMH 

3cpcpeKTaMH, npH H3MepeHHH 3cpcpeKTHBHOCTH asapHHHOH 3al.l{HTbl HMelOT MeCTO norpewHOCTH, 

o6ycnosneHHbJe HeT04HblM 3H8HHeM napaMeTpOB T04eLJHOH KHHeTHKH, HCnOJlb3yeMbIX npH 

OPYK. O.nttaKO BKJia.n 3TOH nocne.uHeH norpelllHOCTH MeHbWe H MO)KeT Yl.fHTbJBaTbC.H He3aBHCH-

MO. 
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Pe3YJTbT3Tbl conoCTaBJiemrn B ,nOJIID( ~J<!><l> pacl.feTHblX .naHHblX C pe3yJibTaTaMH H3MepeHHH 

3cpcpeK'fHBHOCTH asapHHHOH 33W.11Tbl 6e3 BBe,neHHH npe.nnaraeMOH nonpaBKH (6) H nocne ee BBe­

,neHWI npe,nCTaBJieHbl B Ta6m,ue. O6pa6oTaHbl 22 H3MepeHHH no "c6pocy" asapHHHOH 33W.HTbl 

6e'.3 o.nttoro H 6e3 ,nByx OP. 

Ta 6 JI " u a peJyJJbTaTOB npHMeHeHHll nonpaBKH (6) npH 3KCnepHMeHTaJU,IIOM onpe,lleJJeHHH 
3cpcpeKTHBHOCTH anapHHHOA JaLUHTbl 

- BB3P-440 BB3P-I000 
OrKJ101-1em1e 

(paC'¾C'r - 3KCnepHMeHT) EieJ nonpaBKH C nonpaBKOA (6) oe3 nonpaBKH C nonpanKOH (6) 

Cpe)lHee -4,25 -0,80 -0,02 0,01 
I Cpe)lHCKBMpaT11'¾ecKoe 

or cpeJlHero ( cr) 3,68 0,67 1,18 0,20 

1 

MaKCHMaJJbHOe 0,30 0,60 2,32 0,34 

_ MHHHMaJJbHOe - 9,27 -2,10 - l,16 -0,37 

OnHcaHHbtH Bb1we cnoco6 KoppeKUHH pe3yJibTaT0B H3MepeHHH M0)KeT 11cnoJTb30BaTbCH np11 

H3MepeHHKX MeTo.noM "c6poca CTep)KHH" KaK ,nJIH 60JibWHX, TaK 11 ,nJIH MaJiblX no MO,nymo BeJIH-

4HH peaKTHBHOCTH. O,nHaKo s cny1.1ae, ecn11 IPI >> ~J<!><I>, '-!TO HMeeT MecTo npH c6poce asapHHHOH 

331UHTbI, nonyl.feHHe KOppeKTHoro pe3ynbTaTa 6e3 BBe,neHHH nonpaBKH B 60JibWHHCTBe CJiyt1aes 

HeBO3MO)KHO. 

0rMeTHM, '-!TO npH IPI >> ~l<jxjl .nm onpe.neneHHjJ nonpaBKH J(rk ,t) MO)KHO o6oITTHCb H 6e3 

npHMeHeHHH ,nHH3MHlfeCKOH nporpaMMbl, ecm1 orpaHH'-IHTbCH TaK Ha3btBaeMbIM "npH6JIH)KeHHeM 

nepsoro CKal.fKa". nonpaBKY f (rk 't) M0)KH0 onpe.nem1Tb C n0M0W.blO CTaUHOHapHOH nporpaMMbl 

nma 6HIIP, pewaH ypaBHeHHe nepeH0Ca HeHTpOHOB c HCT0'-IHHK0M .nnH COCT0HHHH peaKTOpa no­

cne c6poca CTep)KHH. 8 Kal.fecrne HCTO'-IHHKa cne.nyeT HCn0Jib3083Tb 3MHTTepbl 3anaJ,nb1Ba10W.HX 

HeihpOHOB, pacnpe,neJieHHbie s C0OTBeTCTBIDI c tteihpOHHblM noT0KOM .no c6poca CTep)f<HeH. 

B 38KJIIOlfeHHe aBT0pbl C4HT8IOT B03M0)KHblM peKOMeH.nosaTb npH conocTaBJieHHH 3KCnepH­

MeHTaJibHblX .naHHblX no H3MepeHHIO 3q><peKTHBHOCTH asapHHHOH 3aJ..llHTbl BB3P C paCl.feTOM BHO­

CHTb norrpaBKY THna (6) ,nJIH KOppeKTHoro YYeTa BJTHHHHH npocTpaHCTBeHHblX 3cpcpeKTOB Ha pe-

3YJJbTaTbl H3MepeHHH. 
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AB TOMA TH3AIJ;IUI IIPOEKTHPOBAHIDI 

Y )J,K 621.039.566.024.4 

Pa3pa60TKa CHMYJIHTOpa ,ll;JIH npoeKTHpoBaHUH 

peaKTOpHOH ycTaHOBKH rT-MrP 

<l>.M. Mume11Koa, H.r. Kooo11uzoa, B.A. Eonuoa, E.B. Eozomwaa, A.B. BacReB, 
B.C. BocmoKoa, B.C. I'op6yuoa, B.<I>. I'onoaKo, A.I'. 3JeKOB, B.B. maiuKoB, 

B.A. 3axapoa, H.B. l(py.Moa, 
<I>rYTT "OKEM HM. 11.11. A¢p11KattTosa", 603074, H.Hosropo.n, EypttaKOBCKHH npoeJ,n, 15 

Om1caH 0nblT C03)laHHJI C1™YJHIT0pa peaKTopH0H ycTaH0BKH 
0

(PY) C BblC0K0TeMneparypHbJM ra30-

BbIM peaKT0p0M rT-MrP [I . .. 6]. OCHOBHOH 3a)laLJeH CHMYJUIT0pa .SIBJUleTC.SI nporH03Hpoaam,e noae.n:emu1 

yc-raHOBKH B pa3Jil{llHhlX pe)l{HMaX 3KCJ1JT)'aTauirn Ha CTa.l(IDI npoeKTHp0BaHIHI C ueJJbIO 0IlTHMH3aUHlf )lJ,f­

HaMJ,JqeCKHX xapaKTepHCTHK, '-ITO oco6eHHO aKryaJJbH0 )lJl.SI HOB0rO THna PY. B 0CHOBY CHMYJJJITOpa no­

JlO)l{eH JlOpa6oTaHHblM K0Jl GTMHR pact.tern Jl11HaMHKH, pa3pa60TaHHhlH B OKEM. 

SIMULATOR DEVELOPMENT FOR GT-MHR REACTOR PLANT DESIGNING. F.M. 
MITENCOV, N.G. KODOCHIGOV, V.A. BOLNOV, E.V. BOGDANOVA, A.V. VASYAEV, V.S. 
VOSTOKOV, V.S. GORBUNOV, V.F. GOLOVKO, A.G. EZEKOV, V.V. SHASHKOV, V.A. 
ZASHAROV, I.V. DRUMOV. The creation experience of the simulator of reactor plant with GT-MHR 

high temperature gas reactor is described. The main task of simulator is plant behavior forecasting in vari­

ous operational modes at the designing stage with the purpose of dynamic characteristics optimization, it is 

especially actual for new reactor plant type. The simulator is based on the improved GTMHR dynamic cal­

culation code developed by OKBM. 

OnbIT C0J,nam:u CJIO)KHblX CHCTeM noKaJan BIDKH0CTb HCCne.nosaHHji .nirnaMH'-leCKHX CBO:HCTB 

ycTaH0BKH Ha paHHeH CTa,nHH npoeKTHp0BaHH.!I. COJ,naHHe CHMYJI.SIT0p0B n03B0JUleT npH6JIH3HTb 

TaKOH attanH3 K K0HCTpyKTopy (npoeKTHpOBlllHKY), onepaTHBHO aHanH3HpOBaTb rrocne,nCTBHJI OT­

KaJOB oT,nenbH0ro 06opy.nosam1» H npmu1MaTb o6octtoBaHHOe pewettHe no tteo6xo,n11MOH cTene­

HH pe3epBHpoBaHH.SI. 

CHMYJI»Topr,1 MOryT c03,naBaThC.SI Ha 6aJe CTaH,napTHbIX K0MnblOTepoB H n03TOMY 0HH 0TH0-

c,nenr.H0 .neweBhl H np0CTbl B 3KcnnyaTaUHH. CHMYJI.SITOp CJIY)f(HT y.no6HbIM HHCTpyMeHT0M ,nJI.SI 

0Tpa60TKH anropHTM0B aBT0MaTHKH H pe)f(HM0B npH npoeKTHpOBaHHH PY. 

COJ,naHHe CHMYJI.SITOpa np1106peTaeT OC06YJO aKryanhH0CTb npH rrpoeKTHp0B8HlU{ HHH0BaUH-

0HHbIX PY. TTpHMepOM TaK0ro peweHH.SI .SIBJljieTC.SI, B YaCTH0CTH, pa3pa60TKa ¢HpMbl ,[vf<eHepan 

ATOMHKC - nporpaMMa Relay-2 [7]. TTpH c03,naHHH CHMyn»Topa 11:cnonr,3onanc.S1 onbIT OKEM, no­

nyYeHHbIH npH COJ,naHHH K0MnhlOTepHblX Tpett8)f(epoB ,nJI.SI 3KCnnyaTHPYIOlllHXC.SI .513Y [8]. 
COJ,naHHe Cl-iMYJI.SIT0pa B ycnoBH.SIX He38K0HYeHHblX npopa6oTOK K0HCTJ)YKTHBHhlX perneHHH 

no PY, pe)f(HM0B pa60Tbl ycTaH0BKH, CHCTeMbl ynpasJJeHH.SI (CY) H K0HTp0JI.SI BhI,ns1rnyno npo-

6neMy onepe)KaJOll.lero peweHH» p.S1,ua 3a,naY (ttanpHMep, rrynhT ynpasneHH») HJIH co3,naHHJ1 onpe­

.lleneHHOH H36bJT01.fHOCTH MaTeMaTHYeCKOH Mo,neJlH (HanpHMep, 6ai1naCHblX KJianaHOB) ,nJI.SI HC­

cne,uosaHHH H0BblX TeXHHt.feCKHX peweHHH. B CHJIY 3T0ro CHMYJI.SIT0p .!IBJI.SleTC.!I OTKpblTOH CHCTe­

MOH, n03B0JI.SllOllleH H3MeHHTb cxeMy ycTaH0BKH, napaMeTphl CY H .np. 
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BMeCTe C TeM, yseJJH4HBcUI COCTaB MO)leJJHpyeMOro 06opy.nosaHID1 H CHCTeM, pacwHpSISI HO­

r.,1etfr<JTaTYPY paCC4HTbl8aeMbIX pe)KHMOB, MQ)KHQ cosepweHCTBOBaTb CHMym1Top, .nose.z:v1 ero 8 

nepcneKTJ,rne .no ypOBfUI TpeH~epa C WHpOIUIMH 8O3MO)KHOCTSIMH. 

J,fa npHBe,UeHHOfO HH)Ke MaTepHana BH)].HO, 4TO Ha mo6oii CTa)].HH npoeKTHpOB8HrUI PY pa3-

pa6oTlfl{I(, HCnOJJb3YSI CHMYJJSITOp B Ka4eCTBe pa6ot.Jero HHCTpyMeHTa, HMeeT BO3MO)KHQCTb Bbl-

6paTb HCCJJe,UoBaHHH mo6oH CJTO)KHOCTH, pa3pa6aTbl8aTb H OTITHMH3HpOBaTb npHHUJmbl perym1-

posaHWI napaMeTpOB ycTaHOBKH. 3TO )].OCTHraeTCH 3a C4eT npHMeHeHHJI cnel.(HaJJI,HOfO pe,uaKTOpa 

nocrpoeHHH CY ycTaHOBKOH. IlpH pa3pa6oTKe CHMYJHITOpa HCTIOJJI,3OBaJJCSI pact.IeTHI,lli KO)]. 

GTMHR, npe.LJ.Ha3Ha4eHH&Iii MH attan113a pa31111:4m,rx pe)KHMOB H asapHHHbIX CI-fTY8U.HH npH 

o6octtosaHHH npoeKTa 11 H.n.epttoi:i 6e3onacttocTH PY IT-MrP. B 3TOM Ko.n.e npHMemuoTcH y)f(e 

BepHCpHUHpOB8HHbre HJJH Haxo.um.u.Hecsi Ha sepmpHKaUHH 6a30Bble MO,ll.eJJH. B COOTBeTCTBHH C 3a­

,ua4aMH .LJ.HHaMHt.JecKoro Mo,uynsi KO.ll. GTMHR .n.opa6oTaH MSI y.uosJreTBopeHHJI Tpe6osamrn no 

-bICTl)O.lJ.eHCTBHIO (MO,UeJTHpOBaHHIO B peaJJbHOM Macwrn6e speMemt) 6e3 yxy.n.weHHJI TO4.HOCTH H 

rny6HHbl OTIHCaHHH npoQeCCOB . 

.6116JJHOTeKa pe)KHMOB CHMYJJSITOpa BKJJIOtJaeT 60JibWOH o6beM 6a30BOH HHq>OpMaUl-tH no pe­

)f(l{MaM pa60Tbl PY, o6opy.nosaHHIO H CHCTeMaM ycTaHOBKH. 

YnpasneHHe pe)KHMOM npOH3B0.lJ.HTCSI C BHPTYaJJbHOro nyJibTa, Ha KOTOpOM pa3Mew.eHbI : 

- 3a,naT4HKH 3JieKTpH4eCKOH MOW.HOCTH H o6opOTOB ryp6oMaWHHbl (TM) MH nycKOBb[X pe­

)f(JiMOB; 

- KJTIOl.{H H KHOTIIUI ynpasneHHH opraHaMH perynHpOBaHHR ( CTep)KHSIMH CY H 38W.HThl 

(CY3)); 
- llli.D.HKaTOpbl COCTOH.HHSI H TIOJlO)KeHJtJI oprattOB CY3; 

- TTOKa3bIBalOW.He np116op1,1 B BH)le ntCTorpaMM; 

- HH)lHKaUHR )].OCTH)KeHHSI napaMeTpaMH yCTaBOK 3alll,HTbl. 

,[(nH o6ecne4eHHJI npoxo)K.lJ.eHHR pe)KHMOB npe)lyCMOTpetta B MHHHMaJJbHO Heo6xo.n.HMOM 

061,eMe CY, 06ecnet.IJIBa10w.cU1 aBTOMan1.tJecKoe ynpasneHHe MOW:HOCTI>IO peaKTopa, 6ai:inacH1:,IMH 

KJJanaHaMH, KJianaHaMH CHCTeMbl perymt.pOBaHHR .n.asneHHR reJIHJI B I Komype H 0Tpa60TKY CHT­

HaJ10B 38W.HTbI YCTaH0BIUI. 

1. CTpyKrypa CHMYJIHTOpa PY rT-MrP 

CHMYJIHTOp rT-MrP npe.n.CTaBJISleT co6011 Bb[t.JHCJIHTeJII,HblH KOMnneKC KOMITblOTepHbrX npo­

rpaMM, Mo.n.e1rnpyIOUJ.HX npoueccbI, npOHCXO.[(Hlll,He B o6opy.[(OBaHHH H CHCTeMax. 

MaTeMaTH.4eCKaH M0)leJib CHMYJJSIT0pa rT-MrP BKJ1I04aeT 0TTHC8HHe Tennont.,llpasmt4.eCKHX 

npol\eccos B OCHOBHOM o6opy.uosaHHH KOHT)'pOB, MO,UeJJH 3JJeKTp03HepreTH1ICCKOH CHCTeM&r, an­

naparyphI H cpe,ucTB ynpasneHHSI. 

Octtosy MaTeMaTH4.eCKOH M0)lemt, HCTTOJib3yeMOH B .lJ.HHaMH4.eCKOM MO.n.yne, C0CTaBJISleT npo­

rpaMMa GTMHR. Ha pHc. 1 npHBe)leHa 6noK- cxeMa o6w.eH CTPYKTYPbI cpyttKUHOHHposaHHR npo­

rpaMMHoro o6ecne4eHHSI (ITO). 

IlpozpGMMa GTMHR npe.[(Ha3Ha4eHa .ll.JlSI pac'ieTa Tennorn:.n.paBJJH'ieCKHX rrapaMeTpOB PY B 

pe)f(HMax HOpMaJJbHOH 3KCnnyaTall,HH, npH Hapywemrn HOpMaJJbHOH 3KCnnyaTaU.HH H aaap1-rnx. 

MaTeMaT H'ieCKcUI M0)J.em, npeJJ.CTaBJTHeT CHCTeMy ypaBHeHHH, onHCb188I01.I.lHX HeCTaUH0HapHble 

11POL\eccbr 8 ycTaH0BKe H 3JieKTp03Heprent'ieCKOH t.JaCTH. 
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6noK pacwmj1poeK11 
c11rnanoe, qiopM11pyeMblX 
OT Kn88118T)'pbI H "Mblllill" 

(nepeH'lHaJI o6pa6oTKa) 

6noK "npHBRJKH" cur11anoe 
K 3JTeMeHTaM 11306pa>KeH11w 

( a,zrpecauw1) 

MO ,[(EJTh TITIY 

MOJlCJTb 
nepBH'lHblX 

npeo6paJoeaTenew 
C11CTeMbl 

HJMepem,n 

Mo.11.em, c11creMb1 
ynpaenett1m 

Mo11enb o6oeKTa 
ynpanneH1111 

6JTOK ynpaaneHHR 
OKHaMH (c03.!1.3HHe, 

YHH'lTO>KeH ue, 
HJMeHeHHJI nono>KeHHJI 

H paJMepoe) 

n 
6JTOK nepep11COBKl1 
co.11.ep)KHMoro OKOH 

6JTOK q1opM1ipOB8HIIR 
3BYKOBblX ClffHanoe 

P11c. I. 6noK-cxeMa o6IUew crpyKT)'pbI <t>YHKLU10H11poeamu1 no 

TiporpaMMa GTMHR BKJH04aeT ynpasnS110LUHH nporpaMMHbtH 6noK, Tennon1.IJ.pasnw-1ecKHH 

6noK, 6noK T04e4HOH KHHeTHKH H pac1.JeTHbIM 6noK 3JleKTP03HepreTH'-IeCKOH CHCTeMbl. OJlOK­

cxeMa nporpaMMttoro K0MruieKea np1,rne,neHa Ha p1-1e. 2. 
Bee nporpaMMHble 6noKH K0MruieKca Bbtn0JlHeHbl s BH)J.e Ha6opoB no)J.nporpaMM, peanH-

3YIOLUHX M0,lleJlH 3JJeMeHT0B 06opy.IJ.OBamu1 yeTaH0BKH HnH 0TJ].eJlbHblX SIBJleHHH. O6MeH JJ,aHHbl­

MH Me)l()J.y no.IJ.nporpaMMaMH ocymecTBJUleTe}I c noM0LUblO COMMON-6noKOB. 

CoeTaB M0JJ,en1-1pyeMoro nporpaMMHblM K0MnneKe0M o6opy.n.oBaHH}I BKnlOl.JaeT Bee oeH0BHbte 

3neMeHTbI H c11cTeMbt: PY, peaKTopHbIH Mo.n.ynb, TM, rettepaTop, 3JleKTP03HeprenrqecKyio CHC­

TeMy H eHCTeMY K0HTponsi H ynpasneHHSI. 

Tennor11.11.paen11'leCKHH 
6noK 

6JTOK 
TO'le'JHOil KHHeTHKH 

fOJJOBHaR 
ynpaBJJRIOlllaR 

nporp8MM3 

6noK 
MOJlenHpOBaHlfSl 

3IICKTJX)3HepreTH'leCKOH 
CHCTeMbl 

P11c. 2. 6JTOK-cxeMa nporpaMMHOro KOMOJTCKCa 

GTMHR 
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Cocrns Mo.n.em1pyeMoro 06opy.nosatt1-1,11: 

- aKTHBHaSI 30Ha; 

- BblXO)J.HaSI H BXO)J.HaH KaMepbl peaKTopa, ra-

30Bble o6beMbl Ha BXO)J.e-BbIXO)J.e peKynepaTopa, 

KOMnpeccopos BblCOKoro H HH3KOro JJ.aBneHH}I; 

- neTnH Tennoo6MeHa "rop}l4HH" H 

"xonO)J.HbtM" Tpy6onpOBO)J.bl; 

- peKynepaTop; 

- npoMe)KYT04HbIM H npe.IJ.BapHTenbHbIH xono-

.IJ.HJlbHHKH; 

- KOMnpeccopbl HH3KOro H Bb(COKOro )J.asne­

H(,i}I, ryp6HHa; 

- reHepaTop; 

- 6aiinaCHbte Knanatta; 



- cHcTeMa perynHposamrn ,nasnemu1 s I Kottrype; 

- CHCTeMa OXJIIDK,LJ,emrn OCTaHOBJJeHHOro peaKTopa (COOP): Tennoo6MeHRHK H fa.30.lzyBKa 

coOP c OTCelfHbIM KJJanaHOM coe,UHHHTeJJbHbie TPY6onposo,nbI; 

- 3neKTp03HepreTHlfeCKaSI CHCTeMa. 

Ho.uanH331..lHOHHcUI cxeMa ycTaHOBKH np1rne,neHa Ha pHC. 3 ( o603Hat:JeHHjJ, npHBe)leHHble Ha 

cxeMe, COOTBeTCTBYlOT o6o3HalfeHHjJM, HCnOJ1b3yeMbIM B 30He 3a,naHHSI rrporpaMMbI GTMHR). 
Mooeflb CY npe.ucTaBJJS!eT co6oii HHTepnpeTaTOp ,nJJSI cpopMHposaHHSI OCHOBHbIX MaTeMan1-

4ecKHX H JJOfH'•IeCKH:X cpyHKl..lHH, a TalOKe Haw6onee lfaCTO BCTpelfaJOLUHXCSI cneuHanhHblX cpyHK­

UHH (HHTerpaTop, anepHO,UHLieCKOe 3BeHO, peJJeHHcUI cpyHKL(HSI, Bbt6opKa H3 Ta6J1Hl..l H .npyrne). 

5IJblK wHTepnpeTaTopa 6m1JOK K .H3blKY FORTRAN. Ha6op cneuHanbHblX cpyHKUHH, s cosoKyn­

HOCTH C MaTeMaTHlfeCK.HMH H JJOfH"lfeCKHMH, o6ecne4HBaeT B03M0)KH0CTb MO)leJJHposaHHSI npaK­

nr-1eCKH scex nmos cpyHKUHOHanbH.hlX 3JJeMeHTOB, HCTTOJ1h3yeMbIX B KOMnJJeKCHOH. CY, TeXHHlfe­

cKHMH cpe,ncTBaMH (KOMnapaTOpbl, rettepaTOpbl, TpHrrepbl, JJHHH..H 3a.uep)KKH, HemrneHHbie H 110-

rH'-IeCKHe 6JJOKH H" T.JJ..). BbmOJJHeHHaSI .nopa6oTKa TT03BOmreT cpopMHposan, KaK OT,UeJJbHble 

3a.KOH'-feHHble anropHTMH'-feCKHe 6JJOKH CY, TaK H CB$13H Me)l(JJ.y HHMH. 

B MO,UeJJH CY npe.nycMOTpeHbl cpe,ncrna OTJJa,UKH paclfeTHoro sapliaHTa, KOTOpbie BKJ1J04alOT 

JlHafHOCTHKY CCbIJTOK Ha HMeHa cmICKOB .npyntx CHCTeM, cpopMHposaHHe H"MHTaUHOHHbIX ClffHa­

]108 (B03MYLUeHHH.) ,UJJ.SI nposepKH OTKJJHKa Ha HHX CY H BbIBO,U Bb16paHHbIX napaMeTpOB B cpaHJJ 

pe3YJJbTaTOB . 

.[(rul MO,uemtposaHHSI, OTJJa,UKH J,f KoppeKTHpOBOK cxeM CY npH pa.3pa60TKe CY HMeeTC$1 rpa­

q>H4eCKHH pe,naKTop, BKJJJOI.JaJOLUHH fo16JJHOTeKy THTTOBblX 3J1eMeHTOB CY, 6noK.H cpopMHposaHHSI 

HOBblX cpyHKUHOHanbHblX 3J1eMeHTOB, pe,naKTHpOBaHH.SI cxeM, ,LJ.HafHOCTHposam,ijJ TTOJJHOTbl H KOp-

TO I raJO.nyaKa COOP 

KJ 

crxr 

DN200 
DN200 Pl 

P2 

6 ------+---'-4 5 
,___ ..... , 
------

DNIOO 

DNJOO 

P11c. 3. Ho.nam13aui,ioHHID1 cxe~1a nporpaMMLI GTMHR: I .. . 9 - ra.Joe1,1e 061>eM1,1: A3 - aKTHBHIDI JOHil; TO I -npoMe)f(y­
TO'iHbJH XOJJO,llHJlbHHK; T02 - npe.neapHTeJlbHblH XOJlO,llHJlbHHK; p 1, P2 - peKynepaTOp1,1; T - rypforna; r - reHepaTOp; 

H - HarpYJKa; Kl - KOMnpeccop HHJKoro .naenemu1; K2 - KOMnpeccop e1,1c0Koro .naeneH1-1.S1; CTXf - c11CTeMa Tpattc­
nopT11poeKH 11 xpaHeH11si remtsi; DN I 00 - peryn1-1pyio1U11e 6ai1nacH1,1e KJ1anaH1,1; DN200 - KJianatt1,1 CHCTeMLI peryn1-1po­
ea1111si J1.aBJ1eH11S1 reJJl1SI BI KOHTypc (y.naneHl1.SI H .no6ae11em1si MaCCbl reJJHSI B I KOIITyp); DN300 - aeap11HHLle 6al-tnaCHble 
K11anaH1,i 
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peKTHOCTH 8XO,llHblX H 8blXO.LlHblX .naHHblX, OTJla.UKH C nowar08blM H HenpepbIBHblM pacYeTOM 

nepeMeHHbIX, 8bIBO.LlOM 311a4eHHH nepeMeHHblX Ha 3KpaH C HHJ].HKauHeH H3MeHeHHSI COCTOSIHHji 

3JleMeHT08. 

B pe.naKTOpe peanH308aH nOJlHblH Ha6op cep8HCHblX cpyHKl(HH, xapaKTepttblX )].Jljl C08peMeH­

HblX rpacpw:iecKHX pe.naKTopo8 (pa6oTa c cpai111aM11 H npoeKTaMH Ja.naY, pe.naKT11po8aH11e npoeKTa 

3a)].a4, pa6oTa C OKHaMH, H3MeHeHHe MaCrnTa6a M306pIDKeHml cxeM, BblBOJ]. cxeM Ha npHHTep, na­

HeJlb HHCTpyMeHT08 H no.nCK83Ka ee QJYHKUHOHaJlbHblX KHOnOK H .np.). 

r pacpHYeCKHH pe.naKTOp no3som1eT cyw.ecTBe1-rno COKpaTHTb speMj! ,UJUI cpopMHpOBaHHji 

cpyHKUHOHaJlbHO-npHHUHnHaJlbHblX cxeM CY H, YTO oco6eHHO 8a)KH0, BpeM51 OTJla.nKH, KOTOpoe, 

KaK npaBHJlO, JaHHMaeT OCH08HYIO J].OJllO 8peMeHH npH COJJ].aHHH CY. 

)],.n.si o60CH08aHH51 11peocma0wneJ1bHOCll1ll pac'lefllO(J MaTeMaTHYeCKHe MOJ].eJlH Bbl'-lHCJlHTeJib­

HOro KOMITJieKCa CHMYJl.sITOpa B pe)KHMax HOpManbHOH 3KcnnyaTamrn H C HapyrneHHeM HOpMaJlb­

HOH 3KCnJJyaTaUHH Tecn1posanHCb rryreM conocTasneHHH C aHaJlHTw-!eCKHMH peweHHSIMH 3aJ].aY 

KHHenJKH H TennoMacconepeHoca. IToK83aHa KoppeKTHOCTb on11caHHJI CHMYJlHTOpOM KaK OT,UeJlb­

HblX npouecC08, TaK 11 TT08eJ].eHHjl ycTaHOBKH s uenoM c o6ecneYemteM .nocTaTOYHOH TOI.JHOCTH 

MOJ].e1111poBaHHSI HOpManbHblX H asapHHHblX pe)KHM08. no OflbITY COJ.namrn. KOMnblOTepHblX Tpe­

HIDKepos 3KCITJiyaT11py1ow.11xc.si BB3P H sepHq>HKaUHH aHaJlOrHYHhlX Mo,neneH MO)KHO O)KJ,fJ].aTb, 

YTO TOl.fHOCTb pacc.reTa napaMeTpOB ycTaHOBKH COCTa8HT: 

- B CTanfKe He HH)Ke 2 % OT J].HanaJOHa H3MepeHHH COOTBeTCTBYJOW.HX napaMeTp08; 

- s nepexo,UHblX pe)KHMax He HH)Ke 15 % OT MaKCHMaJlbHOro OTKJIOHeHHH napaMeTpOB 8 ne-

pexo,nHOM pe)KHMe. 

2. Bo3MO,KHOCTII CIIMYJIHTOpa no 06beMy MO,UemtpyeMblX pe:>KHMOB 

CHMYJISITOP PY rT-MfP npe.nocTaBJ151eT 803M0)KH0CTb: 

- HCCJle.U08amrn .UHHaMHKH 11 a8apHHHblX pe)KHM08 ycTaHOBKH )lJTSI o6ocHOBaHHH 11 onTHMH-

3aum1 cpe.ncrn ynpasneHHH a8apHHMH; 

- nposepKH MeTOJ].08 ynpa8J1eHHJ1 npoeKTHblMH H 3anpoeKTHblMH asapHSIMH; 

-rrpo8epKH y,no6cTsa ynpa811eHHS1 ycTaH08KOH c nyJJhTa ynpasneHH51 H cpopMyn11posaH11.si 

Tpe6osaHHH K nynbry a TOM YHCJle no npe.ncTa8JleHHIO HHQJOpMaUHJ-f onepaTHBHOMY nepcoHany. 

CHMYJlHTOp fT-MfP o6ecneYHBaeT MO,nem1po8aHHe cne.nylOlllHX pe)KHMOB: 

1) pe)KJ,fMbl HOpMa11bHOH 3KCnnyaTaUHH: 

- HOpMaJlbHblH 880)]. B .neHCT8He 113 XOJlO)lHOro COCTOSIHHH; 

- 6blCTpbte H3MeHemrn 3JleKTpHYeCKOH MOW.HOCTH co CKOpOCTblO 6 % NHOMIMHH; 

- 6bICTpb1e H3MetteHHH 3JleKTpHYeCKOH MOW.HOCTH co CKOpOCTbJO IO % N11oiM11H; 

- HOpMaJlbHblH Bbl80Ll H3 ,neHCTBI-UI .LJ.O XOJlO)].HOro COCTOSIHHR; 

2) pe)KHMbl npH HapyweHHH HOpMaJlbHOH 3KCnnyarnu1111: 

- Henpe.n.ttaMepeHHoe H3BJ1eYett11e rpynnhr AP-A3 pa6oYHX oprattos CY3 c asapHHHblM pac­

xona:>1rnsaHHeM ocTaH0811ettttoro peaKTopa; 

- noTep.si BHewHeH :rneKTpHYeCKOH Harpy3KH; 

- 88e,neHHe peaKTH8HOCTl1 npH 1138Jlec.reHHH H na,neHHH opraHOB KOMITeHcau1111 peaKTHBHOCTH 

H JaW.HTbI; 
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- npeKpamem1e TennooTBo,na CHCTeMOM oxnIDK,LJ.aiomei1 BO.llb! npoMe)f(yrO'Ittoro KOHT)'pa; 

3) aBapHHHble pe)f(HMbl npH HanH4HH .llO□OJlHHTem,HblX OTKa.308 B CHCTeMax 6e3onaCHOCTH: 

- pa.3repMeTHJaum1 CTOMKH CY3 c asapHHHbIM pacxoJTa)f(HBaHHeM COOP. ITpH 3TOM pa.3Mep 

Te4H M0)f(eT 6bITh Bb16paH OT MHHHManbHOfO (MHKpOTe'IH) .llO pa.3pbIBa TIOJlHbIM ceLteHHeM. 

Bo3MO)KH0CTH MO.lleJTHp0BaHHJI asapHH peanH3YIOTC.sI 4epe3 CHCTeMy Memo H onpe,nemnoTC.ll 

061.UHM 'IHCJTOM KOM6HHaUHH HCXO~blX COCTO.sIHHH, HCXO.llHblX co6bITHH H ,LI.O□OJJHHTeJTbHbIX OT­

f(a30B. 

3. PeaJIH331lHH ynpaBJJeHHH H KOHTpOJIH B CHMYJJHTOpe 

.[(JT.ll 06ecne1.JeHJ-Ul KOHTpOJI.sI napaMeTpOB ycTaH0BKH, ynpasJieHH.ll o6opy,nosaHHeM, CHCTeMa­

MH H ycTaHOBKOH BO BCex MOJleJrnpyeMblX pe)f(HMaX npH npoBe.llemrn HCCJle,nosaHHM Ha 3Kpatte 

M0HHTOpa OT06pa)f(afOTC.ll npe.llTTOJiaraeMble JIHUeBble naHeJTH nynbTa ynpasneHH.ll co BCeMH 

HMelOll.{HMHC.ll cpe,LI.CTBaMH KOHTpom1. u ynpasneHH.ll (pHC. 4). Ha nocJieA)'IOmHX CTa.D.H51:X pa.3pa-

6oTKH JIHUeBble natteJlH .llOJl)KHbl 6bITb npHBe,neHbl s CO0TBeTCTBHe c peaJibHblMH. 

ITporpaMMHbte 6JIOKH ,LI.HHaMH"lleCKOfO MO.LI.YJ151: CHMymlTopa, OTBe4alOll{He 3a B1-13YaJIH3aUHIO 

ny111,Ta H ynpaenettHe HM B npouecce TpeHHttra, o6ecne'IHBaioT: 

- oTo6pa)f(ettHe nynbTa Ha 3Kpatte ,LI.Hcnne.11; 

- ,LI.MCTaHlJ.HOHHOe ynpasnettHe o6opy.lloBamreM; 

- noKa.3aHH51: nynbTOBblX npH6opoB H OTo6pa)f(eHHe opraHOB ynpaBJleHH$1 e ,LI.HHaMHKe; 

- cpopMHpOBaHHe aBTOMant4eCKHX CHrHanOB ynpasneHH$1 oprattaMH perym1poBaHH$1 (cTep)f(-

H51MH CY3), KJTI01.JaMH, KHOnKaMH; 

- no,LI.a'!Y 3BYKOBblX CHrttan0B (npe.llynpeJlHTeJlbHOH CHfHa.Jlll3aUHH, asapHHHOH 3all{HThl 

H ,llp.). 

O6HOBJleHHe HHq>OpMaU.HH Ha nyJibTe B npouecce pa6on1 .llHHaMH'IeCKOfO 6noKa npOH3B0-

JJ,HTC.ll Ha OCHOBe nepHO,LI.H'-!eCKH noczynalOl.l.J.HX H3 nporpaMMHbTX MOJlYJleH CHrttan0B - HMHTHpy­

e'TC.sI .llBH)f(ettHe CTpenoK, nepeKJ110'IettHe oprattos ynpasnettHJI, 3acseTKalrarnettHe Ta6no, Ha)f(aTHe 

KH0nOK H T.n. TaKHM o6pa.30M "O)f(HBJleHbI" see nOKa.3bIBalOUJ,He npH60pbI, KH0ITKH H nepeKJ110'Ia­

TeJ1H. 

Y npasneHHe apMarypow, a TaK)f(e HacocaMH CHCTeMbl Oxna)f(JJ,afOUJ,eH BO.LI.bl npOH3B0,LI.HTC.ll 

nyreM aKTHBH3aUHH 061,eKTa ynpasneHH$1 (KnanaHa HJlH Hacoca) Ha Bbl3bIBaeMOH H3 MeHIO MHe­

M0CXeMe. Ha 3Kpatte MOHHTOpa TI0JIBJl$1eTC.ll OKHO C tta6opoM ynpaBJlJIIOll{HX K0MaH.LI. ( OTKpbITb, 

3aKpblTb H np.). 

Or,neJibHO cne.nyeT OTMeTHTb B03M0)KHOCTH ,LI.HHaMH4eCKOfO M0JlYJJJI aHanH3aTopa B npe,LI.­

CTaBJleHHH cneuHanbHOH HHq>OpMau1rn. KpoMe nOKa.3aHHH Ha MO,LI.enupyeMblX npu6opax HMeeTC.ll 

B03M0)KH0CTb BblB0JJ,a HHTepecyiol.l.J.HX napaMeTp0B ycTaHOBKH B BH,ne rpaq>HKOB Ha caMOCT0.sI­

TeJlbHylO □Jl0CKOCTb s KOopmrnaTax "napaMeTp - speM.ll" (pHC. 4). 

TaKHM o6pa.30M, B CHMYJIKT0pe pean,nosatt nOJIHblH Ha6op cpe,nCTB ynpasJleHH.ll HOpManb­

HblMH H asapHHHblMH pe)f(HMaMH, BKJll04a.ll cpe.llCTBa KOHTpOJJ.ll napaMeTpOB ,LI.HHaMH1.JeCKOf0 MO­

AY11.ll, aBTOMant4eCKOe H JlHCTaH[.l,H0HHOe ynpasnem1e. l1MeeTC.sI B03MO)KHOCT b peanbHO ou.eHHTb 

3cl>cpeKTHBHOCTb npe.unpHHHMaeMblX nOJTb30BaTeJJeM Mep no ynpasneHHIO ycTaHOBKOM. 
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3aKJJJO'lenue 

1. B OKEM co3JJ.aH CHMYJHITOp ycrnHOBKH rT-MrP Ha 6a.Je TI3BM, 06ecneqHsa10m1111 one­

paTl-fBHOe HCCJie)].OB3HHe JJ.HH3MHLfeCKHX xapaKTepHCTHK npH npoeKTHpoBaHHH PY. 
2. C.HMYJIHTOp MQ)KeT 6b[Tb HCnOJib30BaH npH C03JJ.amrn CY3. 
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IlpaBUJJa 04>opMJJeHHH CTaTeii 

TTp11 no.n.roTOBKe CTaTbl1 B c6opHliK ainop .n.on>KeH pyKoso.n.cTBOBaTbCH CTaH)lapTOM " Op11nrna.nb1 as­

rnpcK11e H TeKCTOBble 113)1.aTeJTbCKlie" (OCT 29. I 15 - 88). K aBTOpCKHM opHrHHanaM, nepe.n.asaeMblM )I.JUI 

113.u.a~11m, npe.D.bHBJlHfOTCH cnell}'JOIUHe Tµe6oaaHm1: 

I. 3K3eMnnHp CTaTbH )l0Jl)KeH 6b1Tb nepBblM, orne4aTaH Ha OLlHOH CTOpOHe Jrn:CTa cf>opMaTa A4 wpmp­

TOM }fo 12 4epe3 2 HHTepsa.na. CTaTbH JJ.OJl>KHa 6b!Tb COCTaBJieHa B cne.u.yiomeM nopHJJ.Ke: HHJJ.eKC Y,[(K; 3a­

rnasr1e; HHHUHa.Jlbl H cf>aMHJlHH asTopos; MeCTO pa60Tbl K3>K)].Of0 asTopa C CTOlJ.TOBblM a.u.pecoM; aH.HOTaUHH 

Ha pyccKOM H aHrJH1HCKOM H3bJKax (He 6onee IO CTpOK Ka)l(LlM); TeKCT; cnHCOK mrrepal}'pbI; pHCYHKH; no.n.­

p11cyHO'lHbie TIO)lITHCH (Ha OT)leJTbHOM JTHCTe). 

2. CTaTb.sl LlOJDKHa TalOKe npe.n.OCTaBJTHTbCH o6st33TeJlbHO 8 BHJJ.e :meKTpOHHOH aepcID! 06bllfHhlM 

UipHQ)TOM N!! 11 Times New Roman, Me)l(JlYCTpoc1Hh1ii HHTepsa.n - O.llHHapHb111, B pe.llaKTOpe Word 97 HJlH 

6onee TI03.llHMX sepc11i1. TeKCT He cpopMarnpyeTcH, a KatJecrne HMeHH cparma 11cnoJ1b3yeTc.sr <l>J10 nepsoro 

asTopa CTaTbH. KaBbillKH 8 TeKCTe CTaBHTC,Sl □pH 3HfJJIIHCKOH pacKJJaJlKe KJ1as11arypbl (" .. "). 

3. Co.llep)l(aHMe CTaTbH JlOJT>KHO 6b!Tb KpaTKMM J,f <[eTKHM. 11CKJIJOllaFOTC.sl 06m0e paccy)l()leHMJI, 113BeCT­

Hble TIOJlO)l(elUU!. He .n.onycKaeTCH .u.y6mtp083HHe MaTep0a11a B TeKCTe, Ta6m,iuax, no.n.p11cyHOlJHblX Ha.l{nH­

c.srx. Heo6XOJJ.MMO co6mo.n.aTb e.u.1rnoo6pa3He 8 Han11caHIU1 TepMHHOB, Ha11MeHOBaHHH Q)H3H'-leCKHX BeJTHtJHH 

H e,UHHHU H3MepeHl1H, ycnOBHblX o603Hal.JeHHH, COKpaweHHH, CHMBOJTOB. Ham.teHOBamrn H o603Hal.feHHH 

emrHHU Q)l-13M9eCKHX BeJ1HlJl1H Heo6XOJl,HMO npMBO)lHTI, B CHCTeMe CM. 
Heo6xom-1MO o6pamaTb BHHMaH11e Ha Han.ucamte nponl1CHblX 11 CTp04HblX 6yKB: pyccKHe 11 rpel.feCK11e 

6yKBbl (a, ~. Y, <p H T.JJ..) tta6nparoTCH npHMO, a naTHHCKlle (x, y, : , w 11 T.JJ..) - KypCHBOM. Te >Ke Tpe6osaHM.sl B 

o6o3Hal.femrnx tty>KHO co6mo.llaTb np11 Ham1camrn HHJJ.eKcos II cTenettefl s cf>opMynax. 06o3Ha'leHID! MaTpHU 

J,f seKTOpOB Ha611paroTCH ITOJIY)l(HpHblM wpH<pTOM npHMO. <l>opMyJlbl, BKJll-04eHHble B TeKCT, cneeyeT Ha611-

pan 6e3 yaem-1-.ieH1rn HHTepsa.na Me)l(JlY cTpoKaMr1, Hanp11Mep bid, exp(x/e). 

4. Ta6mtUbl ttyMepyl-OTCH Ka>KJJ.aH rn6m1ua Jl.0Jl)l(H3 HMeTb 3aroJ10BOK. CoKpameHHH 8 rpacpax rn6m1Ubl 

He JlOrrycKal-OTCH. B TeKCTe Heo6XOJJ.HMbl CCblJTKH Ha see Ta6Jll1Ubl. Ta6mW.bl ne4aTal-OTCH B o6meM TeKCTe 

nocne nepBOH CCblJlKH. 

5. <l>opMyJlbl 11 6yKBeHHbie o603Ha4eHHH BeJ111lJl1H .UOJl>KHbl 6b1Tb pa3MetJeHbl 11 cpa3y pacwHcpposaHbl. 

<l>opM)'Jlbl ttyMepYJ-OTCH apa6CKHMl1 l.(l,lcf>paMH, HOMep CTaBl1TCH C npasofl CTOpOHbl JTHCTa B KpyrnblX CK06-

Kax. HyMepoBaTb CJTe)lyeT TOJTbKO Te cpopMYJlbl H ypaBHeHHH, Ha KOTOpb!e eCTb CCbrnKa B nocne.u.yiomeM 113-

JlO,KeHMl1. <l>opM)'JTbl BblTIOJIIUIJOTCH" B peJJ.aKTOpe Equation 3.0 np11 HeB03MO)l(H0CTH Ha6opa Ha KJTaBHal}'pe 

I ] 

( X ~ y~ , ~ f X , - H T.,U. ). TTo.nCTp04 Hble H HaJl,CTpO'-IHble HH)leKCbl BBOJl.,Sl"TC.sl C KJiasnarypbl (x3, KM
2 

11 T . .n. ) , 
0 y 

rpe4eCKJ1e 6yKBbl BCTaBJIITTOTCH tJepe3 MeHFO Bcmae,w ~ Cll\180.~. 

6. B TeKCTe CTaTbH pHCYHOK o6stJaTeJlbHO npe.nCTaBJlHeTC.S Ha OTJJ.eJlbHOM J111CTe cpopMaTa He 6onee A4. 

Ha p11cyHKaX LlOnyCKaeTC.S MHIDIMaJibHOe lJ.HCJlO o603Ha4eHHH - KpaTKHe UH<ppOBble (no nop.SJlKY HOMepos 

cnesa Harrpaso HJTH no tJaCOBOH CTpeJIKe) HJlH 6yKBeHHbie o603Ha9eHIUI. Bee nOHCHeHl1H BblHOCHTCH 8 no.n­

pHCyttOlJHhle no.nrrncH. Ha o6opoTe KcDK!lOfO p11cyHKa YKa3blBaFOTCH cpaMHJIHH aBTOpOB, Ha3BaHHe CTaTbl1, 

HOMep p11cyttKa, o603Hal.feHHH sepxa 11 HM3a. BttyTpeHHHe HaJl,nHCH Ha p11CyttKaX Ha611pa!OTCH lilpHcpTOM N!! 
10. Btt113y Ka)K.noro pHcyttKa .D.OJJ)l(Hbl 6bITb np11se11.eHbI ero HOMep 11 non.pHCYH04HaH no.nm1cb wp11cf>ToM N!:1 

I 0. ilpH HaJ111'-11111 HeCKOJlbKHX pa3JlH"4HblX rpacf>11KOB Ha O.D;HOM pHCYHKe Ka>K)lblH 113 HHX o603Ha4aeTCH p y c­

CKHMH 6yKBaMM a), 6), B) 11 T . .n. 11 pacurncppOBbJBaeTCH . 

8 KOMTihl-OTepHOM BHLle p11cyHKH npe}lCTaBJlH"IOTCH B OTJl,eJlbHbIX cf>aHJJax, BblITOJTHeHHbJe B rpa<pH'-leCKHX 

pen.aKTopax Paint, PhotoShop, Core/Draw a '1eptto-6e110M u.BeTe (cpornrpacpHH s pacTposoM cf>opMaTe tif, 
dpi-300) . P11cyttKH s Word He BCTaBJI.STb KpoMe cnytJaes, Karna pHcyttoK n3HatJa.nbHO BbmOJTHeH s Word. 

7. CcbJJTKl1 Ha Jll1Teparypy B TeKCTe J],alOTCH" no nopH.llKY apa6CKl1MH u11cppaMH 8 KBaJJ.paTHblX CK06Kax. 

CnHCOK JIHTepal}'pbl COCTaBnHeTCH B TOIi )Ke nocnen osaTeJlbHOCTII, B KOTOpOH npMBO.D..STCH CCbJJTKH Ha J111Te­

parypy. <l>aMHJJHH II HHHUHaJlbl aBTOpOB tta611pa10TCH nony,1rnpHblM Kypc11BOM. 
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8. Cm-rcoK mneparypbl cne.nyeT ocpopMJlllTb B COOTBeTCTBlll1 C rocy.napcTBeHHblM CTaHJJ.8pTOM " EH6-

JlHOrpacjHl'-leCKOe 011J1CaHHe .UOKyMeHTa" (fOCT 7. 1-2003), a 1-laCTHOCTH, Heo6xo.nHMo y-Ka3aTb: 

a) ,llJlll )K}'pHaJTbHblX CTaTeH - q>8MJ1Jl1111 11 llHl{llJ,faJlbl aBTOpOB (He MeHee rpex nepBblX), H83Bam1e CTa­

Tbl1, Ha3BaHHe )K}'pHarra (6e3 KaBbllleK), ro.n, TOM, BhJnyCK, HOMep, CTpaHHUhJ ; 

6) .llJl.ll KHl1r - cpaMJlJlHl1 H HH11UHaJlbl aBTOpOB, □OJlHOe Ha3BaH11e KH11rH, MeCTO 113.ll.amrn, 113,UaTeJlbCTBO 

(6e3 KaBbil:feK), ro.n 1n.nam1ll; 

B) .llJl.ll aBTOpeq>epaTOB .UHCcepTaUl,fH - q>aMHJlHIO 11 HHHUHaJTb( aBTopa, Ha3BaHHe aBTOpecpepaTa .UHCCep­

TaUJ,111, Ha COHCKaH11e KaKOH )"-leHOH CTeneHH HarrncaHa .ll.11CCepTaUJ-lll, MeCTO l1 ro.n 3all.{HTbt; 

r) .llJlll. npenpHHTOB - cpaMHJll111 H l{HJ1l(HaJlbl aBTOpOB, Ha3BaH11e npenpHHTa, HattMeHOBaHHe 113.UaJOII.leH 

oprru-rmauHH, urncpp M HOMep, MecTO II ro.n MJ.Uatt11J1.; 

.n) .llJlll naTeHTOB - cpaMHJlHl,f 11 11H11UHaJlbl aBTOpOB, Ha3BaHHe naTeHTa, crpatty, HOMep Ii KJlacc naTeHTa, 

uary H ron 3rurnneH11ll 11 ony6m1KoBaH11R naTeHrn; 

e) .llJlll OT'ieTOB - <paMHJllHI l,f 11HHU.11M.bl aBTOpOB, HaJBaHHe OT'¾eTa, lrnBeHTapHblH .M!, HaHMeHOBamre 

opraHHJaUHM, ron BhinycKa; 

)K) .llJlll 3JleKTpOHHhJX 11CTO'¾HHKOB - ITOJIHI,IB 3JleKTpOHHblH a.upec, Il03BOJUDOII.lHH o6paTHTbCll: K ny6JTJf­

KaU.HH. 

9. B KOHUe TeKCTa nepe.n cnHCKOM JlHTeparyphl YKa3blB8IOTCll KOHTaKTHblll TenecpoH H, )KeJlaTeJibHO, a.n­

pec JJieKTpOHHOH IlO'¾Tbl. 

BOTTPOCbl ATOMHOM HAYKJI M TEXHMKH 

C e p H si : <l>H3HKa Sl.!lepHblX peaKT0p0B 

Bbmycic 3 

Orse-rCTseHHhJH J a BhmycK C.M. Jap11UKHH 

Pe.naKTOpb1: B.li. Ycmueaa OT HJIM MexaH11K11 HHrY, B.B. TilfeJIIIH 

TTo.nm1caHo s neYaTb 10. 12.04. <l>opMaT 70x I 08/16 
TTeYaTb ocjicernasi. Yen. ne'I. n. 10,5. YY.-113.!l. n. 12.0. THpIDK 300. l11U1eKc 3646. 14 craTei1. 3axa:3 81 

Pacnpocrpa11sie-rcsi 6ecnnaTHo 

OTneyarnuo e PoccHACKOM 11ay,1H0J\I ue11Tpe "'KypYaT0BCKMH 1rnCTHTYT .. 
123182, MocKBa, nn. AKaneMHKa Kyp'laToea 
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