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HEHTPOHHO-<l>H3IJIIECKHE IIPOJiJIEMhl 
,mIHAMHKH 51,IJ;EPHbIX PEAKTOPOB 

Y~681.6 
IlporpaMMhl H TCCTLI ,UJJH pemeHHH HCCTaQHOHapHLIX BCHTpOHHO-cf>HJHqecKHX Janaq 

B HHTeJJJJeKTyaJ11>HOH nporpaMMHoit c11cTeMe ShIPRW 

M.H. 3U3uH, H./(. Heauoe, 
<I>rY PHU " Kyp~aroscK11H HHCTHT)'T", 123182, MocKBa, nn. aKa,n. KypY-aroaa, l 

,z:t;aHo om1catt11e Monynei-1 cHcTeMbI ShIPR W nmr MHororpynnoaoro npocTpattcrneHHO-BpeMeHH6ro 3D 
pacqern nn0THOCnf nOTOKa HeHTpOHOB B .nmpcpy3110HHOM npH6JI11)1(eH1lli. TecrnpoBaHHe npOBOilHJIOCb C 
IlOMOlllblO c11e.ny10WHX 3ana'-l: 
• TecT Bottoni. flJlOCKaH H'-:leHKa C BBO,llOM nOJI0)l(HTeJlbHOH peaKTHBHOCTH. 
• TecT Ferguson. roMoreHHhlH Ky6 c BBOJJ.OM no11m1rnTeJ1bHOH peaKTHBHOCT11. 
• BENCHMARK 6-A (ANL 7416). Subcritical Transient, 1 D 2-group Neutron Diffusion Problem 
in Thennal Reactor (6-A 1, 6-A2, 6-AJ, 6-A4). 
BENCHMARK 14-A (ANL 7416). ,ll;ayMepHan XY tteihpoHHan Klt!HernKa. 
Pe3yJ1hTaTbl pactJeTOB 3anaq 6-A 11 14-A 3lleCh He np11B0.!IHTCH H3-3a He,ll0CTaTKa Mecra. 3n, .naHHbie 
npHBe.neHbl B pa6oTe [ 1]. 

Codes and benchmarks for the multigroup time dependence neutron 3D diffusion calculations in the 
ShJPRW intellectual program system. M.N. Zizin, L.D. Ivanov. The description of modules of system 
SblPRW for the multigroup neutron kinetics 30 diffusion calculation is given. Verificalion was carried out 
by of the following benchmarks: 
• Test Bottoni. A rectangular cell with input of positive reacivity. 
• Test Ferguson. A homogeneous cube with input of positive reacivity. 
• BENCHMARK 6-A (ANL 7416). Subcritical Transient, ID 2-group Neutron Diffusion Problem 
in Thermal Reactor (6-A I , 6-A2, 6-AJ, 6-A4). 
• BENCHMARK 14-A (ANL 7416). 20 XY neutron kinetics. 
Calculations of the 6-A and 14-A benchmarks here are not resulted because of lack of a place. Tbese data are 
resulted in work [I] . 

Mo,nynb DP3T _ UP c11cTeMbt ShIPRW [2] .UJI.R 3a.uattttoro speMeHtt6ro HHTepsana pewaeT 
Mttororpynnosoe npOCTpattcTBeHHO-BpeMeHHOe .n11cpcpy3HOHHOe ypastte~me KOHe4HO-pa:rnocTHhlM 
MeTO.[\OM )].JUI .usyx- HJIH TpexMepHOH reoMeTpHH C .R4eHKaMH B nnaHe B q>opMe npaBHJlbHOfO rnec­
THrpaHHHKa, K.Ba,npaTa 111111 paBHOCTOpOHHero TpeyroJibHHKa. Y311bl pacnoJIO)KeHbl B ueHTpe pac­
YeTHOH .RY'eHK11, war no z nepeMeHHblH. ITpe,nsap11TeJ1bHO B Ka4ecrne HaYanbHOfO npH6JT11)1(eHH.R C 
nOMOI.llblO CTaU,11OHapttoro MO.L\YJI.SI [3 , 4] pacCYHTblBalOTCSI 3Q)Q)eKTHBHblH K03Q}Q}HUHeHT pa3MHO­
)KeHH.R, CTaW10HapttbJe rpynnOBble nOTOKH tteihpOHOB, HCTO4Hl1K .uenettH.R 11 Ha4anbHOe pacnpe­
.neneHHe npe,nwecrneHHHKOB 3ana3,llb1Bal01.UHX HeHTpOHOB. 

Mo.uynb DP3T_UP nposo,1nfT Bbfl-ntcJieHlrn ,nJI}l o,nttoro speMeHH6ro wara . .[{Jrn speMeHHOH 
nepeMeHHOH HCnOJTb3yeTC}l HesrBHrul cxeMa. lJ,HKJl no speMeHH opraHH3yeTC.R BHeWHHM MO,nyneM, 
1.ff06br MO)KHO 6b1Jl0 .[\11.R Ka)l(,,[J.Oro speMeHHOfO wara BCTaBHTb MO.LlYJIH pacqeTa Heo6xo,nHMblX 
Q})'HKl..{J10Hanos 6e3 H3MeHeHIDI OCHOBHoro MO_nyJUI. B c11cTeMe ShIPRW 3TO .nenaeTc.R c noMOI.UblO 
cyrrepMO.llynetL PacYeTHhte Y3Jibl pacnoJio)KeHbI s ueHTpe pacYeTHOtt .RYeHKH. MHororpynnosoe 
ypaBHemte ,n11cpcpy31111 pewaeTC}l MeTO,llOM HTepau.HH HCTOl.JHHKa. Ilpe.unonaraeTCSI, 4TO npH pac­
CeSIHHH 3HeprID1 HeHTpOHOB MO)KeT ysenHYHBaTbCH. PacYeTbl npOBO.[\.RTCSI C .[\BOHHOH TO4IIOCTbJO. 
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~JUI peweHllil KOHe4HO-pa3HOCTHhIX ypasHeHHH B KIDK,IJ,OH rpynn e BO BttyrpeHHHX HTepaQHJJX 

npHMeHJleTC.s! MeTOJJ. TOlJel.lHOH sepxHeH penaKC8Q11li. Ko3cp<pHQHeHTbl ypastteHH.st JlH<P<PY3H.H )l.JUI 

KIDK,LJ,OH pac'-leTHOH TOt.TKH, He 3aBHC51I..U.He OT noTOKa, OO)lfOT8BJUlBaJOTC.s! B nepBOM '-laCTH MO.LzyJI5l, 

lJTO pe3KO COKpamaeT t.THCJ1O ap11cpMeTH9eCKHX onepaQHH BttyrpH 1nepaUHOHHOfO QHKna, XOT5l npH 

3TOM Tpe6yeTc.st 66nbllJa.st onepaTHBHaH naM.stTb. 5I3blK nporpaMMHposamrn - <l>opTpatt-9O. ITpo­

rpaMMbl HanHCaHbl C yl{eTOM peKOMeH)].al(HH CTaHJJ.apTa [5]. Mo.zzym-1 HCflOJlb3}'lOT JJ.HHaMH9eCKOe 

pacnpe.n.eneHHe naMRTH, H '-IHCJIO rpynn H TOY.eK orpattJ{'-leHo TOJlbKO pa3MepaMH )lOCTYnHOH one­

paTHBHOH naMHTH. BttelllH.s!H rraMHTb He np11MeH.steTCH. 

Ilpe.n.nonaraeTC.st CO3)laHHe Tpex sepCHH nporpaMMbl C pa311W-cHb!MH CTe□emLMH npH6JlIDKe­

HH.s! npH npe.n.cTasnemrn H pac'-leTe )l8HHhIX no 3ana3)].bIBaJOtu:HM HeMTpOHaM. 8 H8CTOKI..U.ee speMH 

cpyHKQHOHwpyeT caMoe rpy6oe Manorpynnosoe npH6mDKeirne, Kor.na .n.O1111 3ana3.a;hIBaJOtu:HX Hei:t­

TpOHOB H nOCTO.s!HHbie pacna.na y)Ke ycpe.n.HeHbl no H)'KnH.ll,aM H see 3ana3)].blBaJOLiu,te HettTpOHhl 

nona)].aJOT B OJJ.H)' 3Hepren11-1ecKy10 rpynrry. 

1. Onucau11e anropnTMa 

B 3TOM pa3)].eJie no)].p06Ho OTTHCbIBaeTC5l MeTOJJ. pewemrn JJ.Hcpcpy3WOHHoro ypaBHeHH.st, npH­

BO.[(51.TCH paC'-leTHhie cpopMyJibI .llJl_jl onpe)].eJieHHH ruIOTHOCTH flOTOKa HefhpOHOB. TipH no.n.roTOBKe 

3TOro pa.3.uena cymecTBeHHO HCilOJib3OBaJlHCb pa60Tbl [3 , 6]. Ilp11 cpopMy1111posaHHJ,1 HeCTaUHO­

ttapttoro ypaBHeHW5l Hero npH6JIH>KeHHblX cpopM 1nyqanwcb pa311H'{Hb(e HCTOLJHHKH [7 ... l O]. 

1.1. </JllJU l/eCKOR nocmaHO(JKO JllOQl/U. l1CXOJJ.HblMH rpynnOBblMH ypaBHeHl-151.MH .[(JI.st cmaz1u0Hap-
1-1020 pacqe-ra npocTpaHCTBeHHO-3Hepren{'-leCKOro pacnpe.ueneHWH ITJIOTHOCTJ,f noTOKa Hei-iTpoHOB 

cny>KaT .n.11cpcpy311ottttbre ypastteHllil c11e.ny10mero BHJJ.a: 

g-1 NG 

V D,1:,Rv<D; (r) - u:fdg,R<D ;(r) + L L~--+g,R<D :; (r) + Vs:i --+g,R<D ~-l (r) + (Xg,Rf Ker)QJ"1(r) = 0, 
.1=1 ntJ 

NG n-l 
r.n.e Qj1"1

(r) = L v"i./g.1/!> g (r) - HCTO'-IHHK .ueneHH.st HeHTpOHOB B TOLJKe c Koop,uHHaTOH r, pacc11H-
g=1 

TaHHblH Ha OCHOBe OOTOKOB (n - 1)-H BHellJHeH HTepau,1rn; <l>;(r) - ruIOTHOCTb noToKa HeHTpOHOB 

s TOYKe r )].JI.st /7-H BHewtteH. HTepaUHH; Ker - co6CTBeHHOe l{J,fCJIO, npHHa)lJie)Kamee cpyHKUHH 

<l>g(r); Dg,R - K03cp<pHQHeHT .n1-1cpcpy31-111 rpynnb1 g s 3OHe R; "i-cfdg,R - no;rnoe ceLJeHHe yso.ua HeH­

TpOHOB H3 rpynrrbl g 3a C4eT scex npoueccos; "i-Sg--+j,R - MHKpOCKOCTH4eCKOe ceqeHHe pacce51HHH 113 

rpynnh1 g s rpynny J; N J? - .UOJI.st cneKTpa HeHTpoHoB s rpynne j; v"i./2,1? - cet.Jettwe pa3MHO>KeHH.st 

HeHTpOHOB B rpynne g; NG - nOJIHOe t.JHCJ1O 3HepreTHlJeCKHX rpynn; g, j - HH.ll,eKCbl 3HepreTJ,fl{e­

CKOH rpynnb1 ; R- HH.IJ,eKC 3OHbl , KOTOpOH npHHa)].Jle>KHT TOlJKa r . 
HecmOl/UOHOpHoe .UH<p<pY3HOHHOe ypaBHeHHe s rpynnoBOM npH6JIH}KeHHH s MaKCHMaJlbHO 

TOlJHOM (no cpopMe yYeTa 3ana3,[\blBaJOIUHX HeihpOHOB) BH,Ue MO>KHO 3an1-1caTb cne,uyJOIUHM o6pa-

3OM: 

NG +I 
J=g+I 
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g-1 

( 1/vg,R)d<l>;(r, t)ldt = V Dg.RVcI>;(r,t)-"i-cfdg.R<l>;(r, t) + L ½ --+g.u<l> '; (r, t) + 
J=l 

NG 

"i,~--+g.R <l> ~-, (r, t) + L, [X ~.g L NA.R V ~.k,R cr/A,kJ? cl> Z-' (r, t)f Ker + L X ~.g,i AA,, c::} (r, 1)], 
A k=l 

NG 

de~:,' (r, t)ldt = (1 /Ker) L N A_R a A.1,k V ~~.k cr./A.k,1? <1> ;-
1 (r, t) -A.A,, c::: (r, t). 

k=I 



3.n.ecb Ker - HaH6onbwee co6cTBeHHoe YHCJlo cTaUHOHapHow 3a.n.aY11, 06ecne1urna10wee ee nceB.n.o­

KpHT"H1-{HOCTh 3a cqeT v; cr/4.k,R - ceqeH11e ,llenemrn H}'KllH)la A B rpynne k B 30He R; C'.~., (r, t) -

KOHUeHTpaUHSI npe.n.wecTBeHIDtK0B 3anaJ)lbIBal01..LU1X HeihpOHOB, Bhl3BaHHblX neneHHeM HYKJJH,lla 

A, B MOMeHT speMeHH I B TOllKe r )lJljl n-H BHenrnew HTepaum1; Vg,/l - cpe,llHS!lf CKOpOCTb HeihpOHOB 

B rpyrrne g; X ;,.R - JJ:OJlSI crreKTpa MrHOBeHHblX HeHTpOHOB .n:eneHHSI H}'KJlHJJ:a A B rpynne g; V :.k.R -

tJHCJl0 MrH0BeHHbIX HeHTpOHOB Ha OlU1H aKT neneHHSI H}'KJlH)la A; n - HOMep BHewtteH HTepawrn 

no CTOTOKaM HeiITpOHOB )lJlSI 3a,llaHH0ro wara no BpeMeHH; AA., - sep0S!THOCTb 11cnycKamu1 HYKJUl-

)lOM A 3ana3)lblBalOU.U,fX HeihpOHOB rpynnbl i; X ~.g,1 - )lOm i-H rpynnbl 3ana3)lb(Bal01..L(HX HeHTpO­

HOB, HcnycKaeMbIX HYKJJH,llOM A H nona,lla!Ol..L(HX B rpynny g; aA.,,k - OTHOCHTeJlbHbfH Bb!X0)l i-H 

rpynnbl 3ana3JJ:bIBalO[UHX HeifrpoHOB, npHHa)]Jle)Kall{HX rpynne k ( cyMMa G ,1,1,k no i paBHa ) ); V ~~.k 

- YHCJTO 3anaJ,llbIBalOll{HX HeHTpOHOB Ha OJJ:l1H aKT )leJTeHIDJ B rpynne k. 
3aBHCHMOCTb cel.feHl,fH OT speMeIDI B 3aTTHCH 3THX ypaBHeHHH ,llJlSI npoCTOTbl orryweHa. 11H­

.n.eKC i se3,lle xapaKTep.1nyeT H0Mep rpynnbI 3ana3)lb1Ba10w11x tteihpoHOB (i = 1, ... , MID). MlD -
4HCJ10 rpyrm 3ana3)lb1Bal0ll{HX Hei1TpOHOB, o6bl'IHO paBHOe weCTl,f, Bo3MO)KH0 HCnOJTb30BaHHe H 

BOCbMH rpynn 3aTia3)lbIBal01..L(HX HeihpoH0B [11] , YT0 o6ewaeT HCKJllOYHTb 3aBHCHM0CTb HX xa­

paKTepHCTHK OT H}'KJlH)la. 

TipH peaJJH3aUHH perneHHjl BbilllerrpHBe)leHHOfO HeCTall,HOHapHoro ypaBHeHHSI B03M0)1{Hbl He­

KOT0pbie np116m,1)KeHHS1, KaCalOI..L(Hecsr pa3,lleJ1eHHSI Ha MfHOBeHHbJe 11 3anaJ)lb1Ba10m11e HeHTpOHbl 

11 3aBHCHMOCTH p51)la napaMeTpOB 3ana3)lb1Bal01..L(HX HeHTpOHOB OT :rneprnH. 3nt npH6JHt)Kemrn 

Bbl3BaHbl KaK peanbHOH .uocrymtOCTblO scex THTIOB rpynn0BblX KOHCTaHT (napaMeTpbI 3ana3)lbl­

Bal01..L(HX HettTpOHOB, MHKpoce11ettH51), TaK H CTpeMJTeHHeM MaKCHMaJlbHO yMeHbWHTb speM51 pac­

YeTa 6e3 3aMeTH011 noTepH B T0'lfliOCTH pe3yJlbTaTOB. 

Ilepaoe npu6nu:,,ceHue KacaeTC51 cneKmpa HeumpoHoe oelleHWl. TipH peweHHH cTau,Hottap­

HhIX 3a.ua11 o6bt'lHO BMeCTO cpe.D,Hero cneKTpa, BKJllOYalOl..L(ero MfHOBeHHhJe H 3ana3)lb1Baf01..L(J1e 

HeHTp0Hbl, HCTIOJTb3yeTC.s! cneKTp MfHOBeHHbIX HeHTpOHOB [ 12]. TTpH 3TOM B 60J1bWHHCTBe CJlyYa­

eB npeHe6peraeTCSI B03MQ)KHOCTblO npHMeHS!Tb 3aBHCHMOCTb c neKTpa HeHTpOHOB .neneHH51 OT 

H}'KJIH)la H B nyYweM c11y1.rne BBO,llHTC.SI 3aBHCHMOCTb OT H0Mepa (pH3Hl.feCKOH 30Hbl, YTO TI03BOJ151eT 

HCCT0Jib30BaTb pa3Hble cneKTpbt B 30Hax C pa3HblM cpe.D.HHM YHCJl0M HeHTpOHOB Ha OJI.HO ,ueJieHHe. 

IToCKOJTI,KY 3T0 npH6mt)Kem,1e y)l{e co,n:ep)KHT B ce6e JJ:OCTaTOYH0 60JlbllIHe norpewHOCTl1, TO 

BTI0J1He pa3yMHO 6y,ueT npHMeH51Tb B CTaUHOHapHOH 3a,Ual.fe B Kat.JeCTBe cneKTp0B )leJTeHl151 MrHO­

BeHHblX HettTpOHOB cneKTpbl .neneHH51, ycpe)lHeHHhte no (pH3HqeCKOH 30He R C yYeTOM HMefQIJ..{e­

rocSI' H30T0nHoro cocTaBa 11 cpe.u.ttero no 30He cneKTpa. 

l1cnoJ1h3yeTC51 TaJOKe npH6fll,f)l{eHHe JJ:JlSI aA.i.k, npOCTO 3aMeH5leMOf0 semtYHHOH aA.,, KOT0pa51 

He BKJlfOYaeT HOMep rpynnhl, Kyoa nonanaeT 3ana3,llhIBal01..L(HH HeHTpOH. 3To Bbl3BaHo OTCyTCTBH­

eM Ha cero,n:HSI )lOCTOBepHbIX )laHHblX no 3aBHCHMOCTH 3TOH BeJIH4HHhl OT rpynnbl k (HJIH TeM, YT0 

3Ta 3aBHCHM0CTb cocpeJJ:OTOt.JeHa B X ~Jc.,). B 3TOM cnyyae HeCTaUHOHapHbte .UH<pcpy3HOHHbie 

ypaBHeHHjl M0)KHO nepen11caTb cne)lyIOl..L(HM o6pa30M: 

(11vg.11)d<l>;(r,t)/d t = V Dg,/v<l>;(r,t)-'f.cfdg.11<l>;(r,t) + I, r.~~g.u<l> '; (r,t) + 
J,cf 

NG NG 

+ L L~~g.11 (J) ~-I (r, t) + L [xg,R L NA,U V ~.k,R cr/4.k.R <1> t 1 
(r, t)IKer + LX ~.g.l A,1_,c:~} (r, t)], 

j=gtl A k=I 

NG 

dc~::Cr, t)ldt = (llKer) L NA.RaA., V ~-* cr/4,1(,/1 <l> t 1 
(r, t) - AA., c~::Cr. t). ( I) 

k=I 
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,[(m1 pewemu1 ypasHeHHH (I) B 26-rpynnoBOM np1-16mrncemu1 c rroMOlllbJO KOHCTaHT BHAE 
[ 12] B npHHU.HTie ecn, BCH Heo6XOJJ.HMaH 11ttcpopMaUID1, HO H3-3a OTCyrCTBHH peaJJbHblX 3a.IJ,a4 3TOT 

sapttaHT B c11cTeMe ShlPR W noKa He pean.H3oBaH. 

Tenepb paCCMOTpHM .upyr11e npH6mo1<emu1, KOTOpbte np.HMeHHIOTCH B OCHOBHOM npH pac4eTe 

TennoBbIX peaKTopos B ManorpynnosbIX np116moo:emrnx. 

Bmopoe npu611u:J1ceuue CBH3aHO B OCHOBHOM C 3HepreTH4eCKOH 3aBHCl1MOCTblO 3anaJ)J,bl-

BaJOllll1X HeHTpOHOB. EcJJH C4HTaTb 4HCJJO V ~.k 3aTTa3.D:bIBaJOlllHX HeH.TpOHOB Ha 0)1.HH aKT )J.eneHHjl 

B r pynne k He3aBHCHlllHM OT 3Heprn11, 4TO JIB~eTCH OLJeHb xopounrM npH6moo:em,1eM )J.JJSl Tenno­
D 

BblX peaKTOpos, T.K. V A,k 3aB.HCHT OT 3Heprmt TOJlbKO Bbllle 5 M 38 [12], TO MO)l(HQ 3am1can, 

g-1 

(llv8.n)d<t>; (r, t)ldt = v'Dg_/v<t> ;(r, t)-I,cfdg,R <I>;(r, t) + L, I-0~g.R <I> 1
; (r, t) + 

J=I 
NG NG 

+ L, I-0~g.11<I> ~ (r, t) + L, [xg,R L, NA.n(VA,k,R - V ~ )cr/A.k.n<I> r
1 
(r, t)/Ker + L x ~.g,)•A,I c~:,1 (r, t)], 

j=g+I A k=I I 

N(i 

de ~:: (r, 1)/dt = ( I/Ker) aA,, V ~ L NA,R cr/A,k.R <I> t (r, !) - A,4,1 c~:: (r, t). 
k=l 

Tpembe npu6nu;J1cenue C0CT0.HT B HCIT0J1b30Bamrn npH BbllUICJleHHH .HCT04HHKa HeihpOHOB 

BMeCTO a,i,,V ~ senH'UIH f3A,;V A,k,R H BMeCTO (v A,k,R - V ~ ) seml4HH V A,k,R ( 1 - f3A.11). 8 3TOM c11r1ae 

g-1 

(1/v>:,R) d<t>; (r, 1)/dt = v'Dg.uv'<I>; (r, t)-I-cfdg.R<I>;(r, t) + L, ~➔g,11<!> ~ (r, t) + 
J=I 

NG NG 

+ L, I-0➔g,11<I> ~- I (r, I)+ L, [X8.11 (I - f3A.R) L, NA.I? vA.k,R cr/A,k.R <I> t 1cr, !)!Ker+ 
j=g+I A k=I 

NG 

+ L, X ~:,1 "-A.,C'~:,1cr, t)], dC'.~:,1<r, t)ldt = ( l/Ker)f3.~,; I. NA.I? V A,k,Rcr/4.k,U <f> Z-' (r, t) - AA.,c ~:: (r, I). 
i k=I 

3.uecb f3 A.1 - .llOJUl i-H rpynnht 3ana3)].blBaJOlllHX HeHTpOHOB, o6pa30BaBWHXCH npH .ueneHHH HYKJIH­

)J.a A. 

O.uttaKo C Bbl4HCJJem,eM f3A.R, KOTOpaH onpe.ue1rneT BKJia.u 3JleMeHTa A B f3, see o6CTOHT He TaK 

npocTo. <I>opManbHo f3A,R - noJmasr .n:onH scex 3ana3.UhIBaJOlllHX HeHTpOHOB, 06pa3osasurnxcsr np11 

11e11eH1111 HYKJIHJla A B 30He R, 11 OHa MO)KeT onpe.uenHTbCSl pa3HblMH cnoco6aMH - Ha OCHOBe Sl.4e­

e4HblX HJlH peaKTOpHbIX paC4eTOB C TTOMOlllblO Teop1111 B03MYllleHl1H HJlH cneu,HaJJbHO Han11caH­

HblX nporpaMM ycpe.uHemrn Ha OCHOBe HHTerpaJJbHbIX no 30He rpynnOBblX TTOTOKOB. 8 nporpaMMe 

STEP AN [ 13] 11cnonb3YlOTCH rn6Jrn4Hbte 3Ha1IeHHH f3A, B3SlThie 113 pa6oTbt [9] 11 He 3as11csrl1l11e OT 

cneKTpa, 4TO np11eMJieMo npH pac4ern TennoBbIX peaKTopos, HO Tpe6yeT 06ocHosatt11J1. 

CaMoe rpy6oe - 'lemaepmoe npu611u:Hcem1e, peanJ.f3yeMoe B 6onblllHHCTBe Hecrnu11ottapHbIX 

nporpaMM H np.HMeHHMOe llJIH OCHOBHbIX HeCTal.J,HOHapHblX TeCTOBblX 3aJ].a4, BblrJJH)J.HT cneLJ:YIO­

~HM o6pa30M: 

x-t 

( 1/vg,u)d<t>; (r, t)ldt = v' Dg,uv'<I>;(r,t) - I-cfdg./!) ;(r,t) + L I,0°~g.R<I> 1; (r, t) + 
;=I 

NCi NG 

+ I. I-S,➔g,11<!> ~-I (r, t) + (X,c,R (] - f3)/Ker) I vI-fi.R <f> Z-' (r, I) + X ~ L A,C:1•
1 (r, t)) 

j~ lr-l 

NG 

dc~-I (r, t)ldt = (f3/Ker) L vI-fi.R <t> Z-1 (r, t) - ')..,Ct' (r) t), 
k=l 
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rJ.).e C ;
1 

(r, t) - KOHUeHTpau1-rn: rrpemnecrneHHHKOB 3aila3.llbJBaIOru:HX HeihpOHOB, Bbl3BaHHblX J.).eJTe­

HHeM Bcex H)'KIDIJ.J.OB, B MOMeHT BpeMeIDI I B TOqJ(e r .um1 n-H BHewtteH HTepaui-111. 

O603Hat.teHlUI MaKpoceqem-111 o6menpHHJJTbl H MX HH.UCKCbl COOTBeTCTBYJOT HH.lJ.eKCaM B MHK­

poceqemrnx. B 3TOM rrpH6m-oKemnt cpopMaJTbHO He Tpe6yeTCSI 3a,UaHHe MHKpoceqeHHH H llOJlHO­

CTblO HCKJJlO'-leHa SIBHaJJ 3aBHCHMOCTb OT H)'KJlH.lJ.OB (HHJJ,CKC A OTCyrcrnyeT). OcttOBHa.si npo611eMa 

- OTKyJJ.a H KaKHe 6paTb B 3TOM cnyt.tae napaMeTpbl 3alla3.l],b1BaJOru:Hx HeHTpOHOB ~' f),, A,. O)].HH 113 

peanhHblX cnoco6oB (npH HC110Jlb30BaHHH ManorpynnOBblX nporpaMM) - ycpe,nHeHHe 3THX napa­

MeTpOB. O,nHH 113 B03MO)KHblX, HO He o60CHOBaHHblX 110,llXO,llOB - nony'-!eHHe ycpe,nHeHHblX (3cp­

cpeKTHBHbIX) 3Hat.teHHli: f), H f3 C 110M0lllblO TeopHH B03MYlllCHHH Ha OCHOBe 26-rpynnoBoro JJ.Hcpcpy-

3HOHHOro pac'-leTa 51.qeeK co cpe,ll,HHM H30TOTIHblM COCTaBOM. Ho 3TOT 110,llXO,ll, Tpe6yeT KaK Teope­

TH'-leCKHX BhIKJJaLI.OK, TaK H pac'-leTHbIX HCCJle)],OBaHHH. 

IlpH ManorpynrrOBblX pac4eTax npo6JTeMbl 3aJ(aHml cneKTpOB HeHTpOHOB o6bI1lHO HC4e3aJOT, 

ecmt B nepByio rpynny nona,ll,aeT 3HepreTH'-leCK.HH HHTepsan BhIWe 11-H rpynnhI EHAE [14]. B 

3a,Ua'-lax C BpeMeHH0H 3aBHCHMOCTbIO npHMCHJIIOTCJJ CJleJlYfOru:He Hat.JaJTbHble ycJTOBHSI. (3,ll,eCb cI>g(r) 
- perneHHe CTaUHOHapHOH 3a,l],a1IB): 

G 

<l>g(r, I= 0) = <l>g(r), CA.lr, t = 0) = (~A./AA.,) L NA.R vA,k.Ra/A.k.R <l>k(r)IKer, 
k- 1 

G 

HJTH Ci(r, I= 0) = (~/A;) L VL/2,u cl>g(r)/Kef· 
k=I 

PeweHHe MttororpynnOBblX .UHcpcpy3HOHHblX ypaBHeHHH npOH3BO)].J1TCSI MeTO[(OM 11Tepau,HH 

11CT0t.JHHKa. HatJaJTbHhle 3Ha4eHHJJ KOHUeHTpaUHH npe.n.weCTBeHHHKOB 3alla3J.J.blBaIOl.llHX HeHTpo­

HOB onpe.uem[JOTC.51 Ha OCHOBe noT0K0B, llOJTY'-ICHHbfX H3 pewemrn CTaUH0HapHoro ypaBHeHHJI 

JJ.HQ)Q)Y3Hll, 11 CJTy)l(aT BX0J.J.HbIMH napaMeTpaMH. Co6cTBeHHO B HeCTaUH0HapHOH nporpaMMe npo­

u,ecc 11repau1111 no)].o6ett HTepau,mrM B crnu,11ttaptto11 3a,ua1Ie. Ctta'-lana onpe.aen.sieTc..si HCT04HHK .ae-

11eH11H no nonrIettHb!M B npe)].bIJ.J.yru:eH BHCWHeH HTepau,I,rn 3Hal.feHH.SIM <1> ;-' (r) BO Bcex 3HepreTH­

t.teCKHX rpynnax. ,[vl..si nepBOH BHeUJHeH HTepa1..vrn HCT04HHK HaXO,llHTCSI no Ha'-laJTbHblM 3Ha4eHH­

.SIM llJIOTHOCTH llOTOKa HeihpOHOB 113 CTal.l,lfOHapHOH 3a)].at.JH <l>~(r). C 3THM HCT04HHKOM ,uenemrn 

onpeJ.J.eJlSIIOTCH 3Ha4eHH.SI llJlOTHOCTH llOTOKa HeHTpOHOB BO scex 3HepreTH4eCKHX rpynnax. ITp.11 

3TOM BKJla)]. B 11CT04HHK HeHTpOHOB g-H rpyrrrrhl OT nepeB0,UOB HeHTpOHOB 3a C4eT 3aMe[(JleHHSI 113 

BblWeJJe)Kal.llHX 3HepreTH4eCKHX rpyrm onpe.ue11S1eTC.SI C HCl10Jlb30BaHHeM nocJTe,ll,HHX, n ony'-leH­

HblX B ,UaHHOH BHeI..1..ItteH n-H HTepaum-I 3Hal.feHHH llJl0THOCTH llOTOKa HCHTpOHOB. 

3aTeM HCTO'-IHHK ,ueneHH.51 paCCLJiffbJBaeTCJJ 3aHOBO 11 Beeb npouecc llOBT0pS!eTCSI - 3TO TaK Ha-

3bIBaeMbie BHeWHHe HTepau,1-rn. fl HeCTaUHOHapHOH 3a,l],al.fe ,ll,0ll0JlHHTeJJbHO B Ka)K.QOH BHeWHCH 

HTepau,1-rn nepeCLJHTbIBalOTC.51 KOHU,eHTpau1111 npe,nrnecTBeHHHKOB 3ana3,ll,bl8310lllHX HeihpoHOB. 

BHeWHHe HTepauI,111 3aKaH4HBaJOTC.SI TOr)la, KOr.Qa )l0CntraeTC.51 3a,uaHHaH T0LJH0CTb HCTOl{HHKa )].e­

JleHH.51. nony4HM Tenepb pa3HOCTHble cpOpMyJihl )].JT.51 peweHHJI HeCTal.l,H0HapH0ro ypaBHeHl1SI BO 

scex reoMeTpH..six. 

Bo scex c11y4asix cet.teH11e peaKTopa pa36HBaeTc.si tta 3JJeMeHrnpHbie pacYeTHhie JJt.teHKH 0)].H­

HaKosoii BeJlHLJMHbl C pac1IeTHblMH Y3JiaMH, pacnOJlO)l(eHHblMH B HX u,eHTpax. KIDK.llblH pac'-leTHblM 

y3en HMeeT CBOH HOMep, HyMepau11.si Y3JIOB CllJlOWHaJJ 11 no,npo6HO 0rntcatta B pa6oTe [3]. Ctta4a­

na, ec1111 HMeTb B 811.llY TpexMepttblH pact.teT, HyMepyIOTC.H pac1IeTHble Y3Jlbl HH)KHeH llJIOCK0CTH, 

3aTeM ttyMepau,HJJ npO)lOJDKaeTC.Sl BO BTOpoii CHH3Y TTJlOCK0CTH 11 T.)l., CHH3Y ssepx rm llJlOCK0CT.HM. 

BttyrpH llJlOCKOCTH ttyMepau,HJI Hat.JHHaeTC.51 C HIDKHeH neBOH paC'-leTHOH Rt.teHKH H np0H3B0J.J.HTCH 

no rop1130HTaJTbHbIM p.si.J.J.aM, T.e. cnesa ttarrpaao H CHJ.i3Y ssepx. 
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TaKHM o6pa.30M, 3HaLfeHH.sI BCex BeJTH"l.!HH, 3aBHCfill{HX OT HOMepa paC4eTHOrO Y3JTa (HanpH­

Mep, HCTOLfHHKa ,n:e11eID1.sI HeihpOHOB), npe.ucTaBJI.sIIOT co6o.H O.UHOMepru,1e MaCCHBbl, a o603Ha4e­

HHe KaKOH-JIB6o BeJ1H1:lHHbl A(r) 8 T04Ke C KOOp.UHHaTOH r MO>KHO 3aMeHHTh o603Hat.IeHHeM Ak, r.ue 

k - HOMep pact.ieTHOro Y3Jia, COOTBeTCTBYJOUJ.ero KOOp.UHHaTe r. B ,UaJlbHeHWeM 6y.ueM npHJWP)KH­

BaTbC.sI 3THX HOBbIX o603Ha4eHHH. ITpoHHTerpHpyeM ypaBHeHH.sI (I) no o6oeMY k-11 pacl.feTHOH 

.sIYenKH Vi H 6y.ueM .uanee paccMaTp1,rnaTb TpexMepH)'JO reoMeTpHlO. 

Ha rpaHHl.(e r ,,, Hl.feihrn Vi B03MO)KHbI rpamtt.IHbie ycnoBH.sI Tpex nmos: 

- (d<l>g(r, t)ldt) I rm + Yg,,,J(2Dg) I rm = 0, r.ue Yg.m - norapmpMw-tecKa.sI npOH3BO.UH~ nOTOKa HeH­

TpOHOB g-H rpynTibl Ha rpaHHL.(e r111; 

- paseHCTBO Hymo noTOKa Ha paCCTO.sIHHH no11rnara OT rpaHHl.(hI; 

- ycnoBHe OTpa)KeHmI, l!TO COOTBeTCTByeT paBeHCTBY ttymo TOKa HeihpoHOB. 

IlpH peaJIH3al.(~fH BpeMeHHOH 3aBHCHMOCTH BCTaeT sonpoc O BbI6ope Me)K,lly .sIBHO.H H He.sIBHOH 

cxeMaMH pacl.feTa. B o6w.eM cnyqae pa.3HHL.(a Me)K,lly HHMH .llJl.sI ypastteHH.sI d(J)/dt + A(J) = f BhirJUI­

.UHT TaK [15]. 

Jle1-1aR cxeMa: ((1)1 - <1)1.i )h + A1(J)1_, = /;.1 HJIB <I>j= (1 -A.1 1:) <1>1.1 + .f;.1 1:. 3,n:ecb 1:- war no speMem1, 

j - HOMep wara no BpeMeHH H onepaTop A o6bl4HO 3aBHCHT OT BpeMeHH. 

H eRBHG.fl cxeMa: (<l>j-<I>j.1)/-r + AJ<I>i = h-1 KllH <I>j= (I+ Aj 1:r1 (<I>J-1 + t/;.,). 
Tip11Mellirn HeHBHYIO cxeMy ,lJ.JlH BpeMeHHOH 3aBHCHMOCTl1, nOJI)'l.fHM ,D.11Cpcpy3HOHHbJe ypastte­

HH.sl 8 KOHeYHO-pa.3HOCTHOM npe,llCTaBJlemrn ,lJ.Jl.sl rpynm,, g: 

(2Sm/hm) (1/vg) (<D ;,k (tj) - <Dg,k{~.1))/,: = QT;,k (11) Vi+ 
Ml 

+ L (2D ~,k D~,/m/(D ~,k + D~,/m )) (<l> ;,k (Lj)- <l>;,/m (f1)) (2Sm/ hm) + 
m=I 

M2 M3 

+ L D {_k <1> ;,; (9)(2Smih,,,) + L Yv,<D ;,k (tJ)S,,,k/2-I, ~dg.R <l> ;_k(~)Vi, (2) 
m=I m=I 

NG 

r.ue QT;.k (11) = L [x,g,u(l - ~A.R) L N~.R VA.k,R<J ~.k.R ¢;.~ (t;)IKec+ L X~gJ AA,;C,,k(t;.1)] + 
A k=I i 

g-1 NG 

+ L 2- s~1-lg,R <l>;~\ (tj) + L 2- s~l➔g,R <1> ;~\ (t1) . B npouecce BHelllHHX 11TepauHH C;,k(L;.1) He H3-
gl=l gl= l 

MeH.sIIOTC.sI H TOJlbKO noc11e HX OKOHl.faHm1 neoeCYHTbJBaIOTC.sI C HCTTOJ1b30BaHHeM TaIOKe He.sIBHOH 
NG 

cxeMbI : (CiAt) - C;,k(t1.i))!t = (~/Ker) L VL ~g.R <I>g,k(t1 ) - A,C,,it). 
g=I 

3JJ.eCb QTg,k - no11ttb1i1 HCTOlfHHK tteihpottoB s k-M y311e g-i1 rpynnbt; 1: - war no speMettH; h,,, 
= h - war B nnocKOCTH, ec11w m - 60Kosa.s1 rpaHb; h,,, = h: - Illar no BhICOTe, ecmt m - TopuesM 

rpatth; Smk - ITJlOUJ.a,llb 6oKosoi1 HJIH Topuesoi1 rpattH; Ml - YHCJlO rpatteti k-11 jflfeHKM, rpaHH4.a­

w,wx c .n:pyrnM11 Rlfei1KaMH; M2 - 411c110 rpatteH k-H RLfeHKH, Ha KOTOpbIX 3a.11.aHo yc11osHe pasettcT­

sa HYJ1IO TTJlOTHOCTH nOTOKa HeHTpOHOB; MJ - 4HCJ10 rpatteH k-H $l4.eHKH, Ha KOTOpbIX 3a,llaHO 3Ha­

YeHHe JlOrapHCpMHY.eCKOH npOH380.1J.HOH noTOKa HeHTpOHOB; lm - HOMep pacqeTHOrO y311a, coce.a.­

Hero c k-M y3110M no m-u rpaH11; NG - nonttoe LJHcno 3HeprentYecKHx rpyrrn; k - llli.lleKc Y3na; g-
~ TA V 

HH)J.eKC rpymlh1; n - 11H.UeKC BHeurneH HTepal.(HH; j - HHJ).eKC no speMeHH. nH.neKC BHeurnew HTe-

pa1.urn y <l>g,k{LJ. f) OTCYTCTByeT, T.K. 3Ta BeJIHl.fHHa 6epeTC.sI 113 npe.llhlJlYIUero ruara no speMeHH. 

Ec1111 BBecn1 o6o3HaqeHHe CDg,k,t m = 2Dg,k Dg,I 
111 

!(Dg,k + Dg,1 ,,, ). TO Bbtpa»<.ettHe (2) MO.llliQ)HUH­

pyeTCjJ TaK (HH,lleKcj y noTOKOB 11 ceYeHHH B ypaBHeHH11 onyruett): 
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Mls M il 

- (4/(Nh
2
)) L CDg.k,I m <l>g,1 m - (1/h=.k) L CDg,k.l m <l>g,1 m + 

m=I m=I 

Mis M2s h /l,f3s 

+ <l>,1:.d(4/(Nh
2
)){ L CDg,k./ 111 + L Dg.k + 4 L Yg.111} + L c.:fclg.1• + 1/(vg t) + 

111=1 111=1 m=I 

Mlt M2t M3t 

+ (llhz.k) L CDg.k.l 
111 

+ (1/h=.k) L Dg.k+ L yg.n,/4] = QTg,k+ <l>g,k(~i-1 )/(v8 1:), (3) 
m=I 111=1 

r.ue HH.LI.eKC S HJlH 1 y CHMBOJlOB M1, .M2, M3 npH 3HaKe cyMMHposamu1 03Ha•rne-r cyMMHpOBaHHe 

C00TBeTCTBeHHO TOJlbKO no 6oKOBblM HJlH TOputBblM rpaHJIM, a N - MaKCHMaJibH0 B03MO)KHOe 4HC­

J10 "coce.ueif' s llilaHe .um, )].aHHOH reoMeTpHH. 

O6o3Ha4HM semi4HHOH Cqg,k Bblpa)KeHJ-Je, 3aI<Jil04eHHOe B ypaBHemrn (3) B KBa)].paTHbte 

CK06KH, H3 KOTOporo BH)].HO, 4TO OHO He H3MeH_}leTC51 B npouecce npose)].eHH51 HTepawrH, a onpe­

.uen51eTC.sI u.emtKOM reoMerpHeH gt.IeHKH, rpaHH'IBbTMJi ycnOBH51MH, K03cpcjrnu.11eHTaMH .ll.Hcpcpy3HH H 

ceqeHH51MH YBO)].a, f103T0MY )].Jl,SI yMeHbllleHJ,U[ speMeHH C4eTa Cqg,k paCC4HTbIBae'I'C51 nepe)]. HTepa­

UH0HHblM npoueccoM. K03cpq>HUHeHTbl CDg.k.l 
III 

TaIOKe He H3MeH51IOTC.sI B npouecce npose)].eHH51 

HTepaUHH, no3TOMY )].Jl.sI yMeHbWeHH51 speMemt Cl.f.e'I'a paCC'-IHTbIBaIOTC51 nepe)]. HTepaUMOHHbIM 

npouecCOM. fpynnOBbte )].H<pcpy3HOHHble ypasHeHHR B K0He4HO-pa3HOCTHOM npe)].CTaBJTetiHH pe­

waIOTC51 MeTO)].OM TOI.Jel.f.HOH BepxHeH penaKCaUHH. 

YcKopettHe sttewHHX HTepauwii npw peweHHH speMeHH6H 3a)].a4H noKa B Mo,ayne DP3T_UP 

tte peaJIH30BaHo. Bo Mttornx 3a.Ua4ax npH tte6onbillOM mare no speMeHH pac4:eT H)].eT c tte6011b­

lllHM 4HCJ10M BHeWHHX HTepaU.HH H B 3T0M cnyqae ycKopeHHe He Tpe6yeTC51. 

1.2. Opza1111Jat(UR umepau,uoH11ozo npou,ecca c y•1emo.A1 Bpe.ue1111ou JllBIICIIMocmu 1101110Kll 

Ha4aJibHble 3Ha4eHH.sI TTJI0THOCHI nOTOKa HeMTJ)OHOB BO scex 3HepreTH4eCKHX rpynnax H 

pac4eTHblX Y3Jlax 6epyrc51 H3 CTaUHOHapHOH 3a.uai:rn. Ha4aJibHbie 3Ha4emrn npe.uwecrneHHHK0B 

paCC4HTbIBaIOTC51 C np11MeHett11eM HCTOI.JHHKa )].eJJeHH51 QtCr) H3 CTaUHOHapHOH 3a)l.a4M C,(r, / = 0) 
= (~,/A,)Qjr). J1cT04HHKH )].eJieHH.st 113 CTaU.HOHapHOH 3a)].a4H TaKOBbl , 4TO HX cyMMa no BCeM T04-

KaM pasHa Ker• 3aTeM s UHKJie no BpeMeHH opraHH3yeTC51 06pamem-1e K Mo,ayn10 perneHH51 npo­

cTpattcTsetttto-speMeHH0H 3a,ua4H. 

! Pac•1eT HalfaJlbHblX 3Ha'!eHI1H npeJJ,wecTBeHHHK0B 

DO l = l , MID 
DOL = I , NTH 

AC(J,L) == (BTl(I)/PL(I))*Q(L) 
ENDDO 

ENDDO 

TAU = 0. 
DO LTAU = I , MTAU !LTAU 
TAU = TAU+ DTAU 
! 3.necb BCTaBmleTCH B03MYll.leHHe Ce4eHHH KaK qiyHKUI-IH speMeHH 

CALL DP3_up (AC, DTAU, BETA, BTJ, MID, PL, VV, ... ) 
! 3JJ.eCh BCTaBJTHeTCH pac'!eT <PYHKUHOHaJIOB - 06b!4H0 M0mHOCTH 

ENDDO !LTAU 
3)].ecb s o6pall(eHHH K no)J.nporpaMMe DP3T _ UP s napaMeTpax ocrnsneHbt TOJlhK0 nepeMeH­

Hble, cneu11cpH4Hbie )l.JJ51 speMeHH0H 3a)J.a1rn. BHyrpH Mo,ayJJ.sI DP3T _ UP nocne.uosaTeJJhHOCTb BbJ-

4.HcneHHH TaKOBa. 

l. Pac4eT Hal.JaJibHOrO HCTOL[HHKa .n.eneHH51 OT MrHOBeHHblX Het1TpOHOB 6e3 yLJeTa 3ana3,llbIBaIOLl..lHX 

HeHTpOHOB. 

2. PacLJeT 3HaMeHaTenR Cq H K03<pq>HUHeHTOB CD. 
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3. BtteWHHH HTepaUHOHHblH npouecc no MeTO.UY HTepaUHH HCT04HHKa. 

B UHKJie no rpynnaM: 

• pac4eT n01rnoro HCT04IDIKa c pacce.HHHeM B sepxtt11e rpynnbt; 

• sttyrpeHH.11e 1nepau1rn B rpynne; 
• pac4eT HCTOLfHHKa MrHOBeHHbIX HeHTpOHOB. IIpo60BaJICSI sap1,1aHT C nepeclfeTOM Ha 3TOM 3Ta­

ne KOHUeHTpaUHH npe.uweCTBeHHHKOB 3aTTa.3,ll,blBaJOl1.{HX HeifrpoHOB, HO nOJI)'1-iaJIOCb lli10XO. 
4. Pact.:teT KOHU.eHTpaUHH npe.urnecTBeHHHKOB 3aTia.3,ll,bLBaJOl1.{HX HeHTpOHOB (BHe I..{HKJla no BHew­

HHM HTepau.HsiM). 

2. KouTpOJJbHhJe TeCTOBbie 3a,na11e 

B HCTTOJ1.b30BaHHbIH Ha6op TeCTOB BKJIJ04efill ,D.Be npOCTble TeCTOBbJe 3a,l),a4H - Ferguson [16], 

Bottoni [17] H 3a.Ua'-Of 6-A H 14-A M3 ANL-7416 [18]. Oco6eHHOCTbJO 3a,D.a4H 6-A SIBJrneTCSI TO, 
4TO ony6nHKOBaHHbJe B ANL-7416 peweHHSI nony4eHbl nporpaMMaMH, B KOTOpbIX pac4eTHhie 
TOt.fKH HaxO,USITCSI Ha KpatO HHTepsaJia, lfTO o6b.stCHSleT HeKOTOpble OTJ1114IDI HaIDHX. pemeHHH OT 
3TaJIOHOB. Oco6b1e OTJ1H4HSI BCTpeTMJIHCh npH pememrn 3a.ua1rn 6-A-3, r,Ae y,naJIOCb .LJ.OCTH4b npH­

eMJleMOfO cornaCHSI TOJibKO nocne BBe,UeHHSI pa.3HbIX HHTepBaJIOB no npocTpaHCTBY C )"-law.eHHeM 
K rpaHHUaM 30H. ,[vrn 3a,LJ.at.tH 14-A oco6eHHOCTb 3aKJ1J04:aeTCSI B TOM, 1-IT0 orry6m1KoBaHHbie B 
ANL-7416 peweHHSI nony4eHhI coarse-mesh nporpaMMaMH, B KOTOpblX TTOJISI B pac4eTHbIX Sfl.(eH­
Kax annpOKCHMHPYJOTCSI TIOJlHHOMaMH H 3TaJIOHHOCTb orry6JIHKOBaHHblX peweHHH ,D.OBOJihHO OT­

HOCHTeJlbHa. 

2.1 . TecT Bottoni. ITnocKasi HLfeHKa c BBOJIOM nOJJO,teHTe.rJb HOH peaKTHBHOCTH. 

On11catt1-1e TecTa ony6mucosatto s pa6oTax [17, 19]. B nnocKOH KBa.n.paTHOH si4eUKe co CTO­

pottoH 12 CM HeCTaU,H0HapHbT"H npouecc onHCblBaeTCSI CHCTeMOM. ypaBHeHHH c .ll.BYMSI :mepreTHl!e­

CKHMH rpynnaMH H OD.HOH rpynnoi1: 3ana.3.l).b1Bat0w.11x HeihpOHOB: 

v' D 1 v'<I> 1 - (I:a, + 1:i.....2) <1>1 + (1 - ~)vl:.12 <1>2 + ')..,C = (l lv,)d<I>1ldt; 
V D2 V<D2 - .Z:a2<!>2 + 1:1~ 2<1>1 = ( l l v2)d<!>i/dt; ~v.Z:.12 <1>2 - 'AC = dC/dt. 

Ta 6 JI H u a J. napaMeTpbl 3aJJ.aIJJ,[ 3tta4eHHSI K03cjJq>Hl.lHeHTOB ypasttemrn npHBe.l).eHhl B 

Bottoni rn611. 1. 
rpynna g I 2 

v.(.', cM/c 4 ,0·10° 2,5· IO' 

Dfl, CM 1,50 0,40 
L -I 

a!!, CM 0,01 0,09 
L -I V J/!!, CM 0,00 0,135 

T a 6 JI H u a 2. 3tta<1eH11~ MOUlHOCTl1 P(t) 
lVI~ Teem Bottoni 

f, C AmU11H114e- A tta.rrHT114e-
cKoe pernett11e cKoe pewett11e 
(Bottoni [ l 7]) (no cpopMyne 

(4)) 
0.000 1.000 1.0000 
0.002 1.077 1.07695 
0.004 1.141 1.14117 
0.008 1.240 1.23951 
0.012 1.309 1.30810 
0.016 1.357 l.35602 

~ = 0,007, A= 0,3 c·', 1:1~ 2 = 0,02 cM·'. Ilo npoCTpaH­

CTBY npe.n.naraeTcsi 6paTb warn t::..x = !1y = 4 CM, no spe­

Mett11 /1/ = 0,0004 C. 

TionmKHTeJJbHa51 peaKTHBHOCTh BBO,UHTC51 B Ha-

4aJlbHblH MOMeHT BpeMeHH MrHOBeHHblM yMeHbllleHHeM 

Ce4eHHSI .La2. B pa6oTe [17) BeJl.HlfHHa B03MyIUeHHSI He 

YKa3b1saeTc51. B pa6oTe [9] rosop11Tcsi, 4TO ce4eHMe w2 

yMeHbWaeTC51 Ha 0,00025. O)].HaKO TeCT npOXO)].HT, ecJIH 

LG2 yMeHblllaeTCR Ha 0,00020, a He 0,00025. 

EcJJH MOW.HOCTb p, onpe.ue11sieMa51 seJJl11-111HOH, 

nponop~HOHaJihHOH <D2v L 12 , B Ha4aJibHbIH MOMeHT 

speMeHH pastta 1 (Ta6n. 2), TO aHam!TH4ecKoe pemeHHe 

np11se,ueHHOH 3a,ua411 TaKOBO: 

P(I) = l ,46exp(0, 141) - 0,46 exp(-91 t) -
- 0,000055exp(- l42360t). (4) 



PeweHue mecmoeou 3ada11u Bottoni e cucmeMe ShJPRW 
Pernem1.e, IT0Jl)"IeH:H0e C ITOMOlllblO cynepMo.u,ym1 s -DP3T _90 
DP3MZT_UP _3_90 - BM ID cynepMo.nym1 S_DP3T_90 
MOlUH0CTb s MOMeHT speMeHM t=0.016: 
JTaJIOH 1.35602 Pacl.feT 1.35593 OTKJ10Hem1e,% -0.006 
dtau= 4.000000E-05 MTAU= 400 
t=0.002 3TaJI.OH 1.07695 PacqeT 1.07697 OTKJ10Hett1-1e, % 0.00 
t=0.004 3TaJIOH 1.14117 PaclfeT 1.14113 OTKJIOHeHMe, % 0.00 
t=0.008 3TaJIOH 1.23951 PaclfeT 1.23944 OTJ<JIOHeHHe, % -0.01 
t=0.0 12 3Ta.noH 1.30810 PacqeT 1.30803 OTKJIOHem,e, % -0.01 
t=0.016 3TaJIOH 1.35602 PacqeT 1.35593 OTt<JIOHeIDl.e, % -0.01 
edfket = 1.00000000 Edfk =0.99999993 OTKnoHeHHe,% 0.000 
compname=P4 c3for=CVF cvar=BOTTONL efk=0.9999999 it= 7 klint= 1 
EDKEF=0.5E-04 edfex=0.1 E-04 maxex= IO klacex= 1 mitex= 10 mittot= l 0 l 
edfin=0.5E+00 maxin= 100 minin= 10 alflatro=.700000 kllgm=0 

CB OcrncaHHe CTaH.naPTH0H BeJIH'-IMHbl (CB) 

ALFIALF0 .D:oMHHaHTHoe ornoweHHe (dominance ratio) - nepsoro co6cTBeHHoro '-IHcna K tty-
1rres0Mv. Hynesoe co6cTBeHHOe '-!Meno =EdFK. 

C3FOR Tpex6aHTOBOe HMJI HCilOJ1b3YeMoro <l>OPTPaHa 

COMPNAME 20-6aHTOBOe 11Mll KOMITbJOTepa 

CVAR 10-6aihosoe MM.R: pacc•urrbtsaeMoro sapHaHTa 

DTAU 11HTepsan speMem1 .ll.Jlll pacl.feTa nepexo.n,Horo npouecca, ceKYH.ll.bl 

EDFEX To'-IHOCTb pac'-leTa noTOK0B FR Hl11n11 ueHHOCTeH FA so BHennrnx HTepaUHJIX 

DP) 
EDFLN To'-IHOCTb pac'-leTa nornK0B FR wHJIH uettttocTeH FA so BttyTPeHHMX 11Tepau11srx. 

Kl.l-0.5. 
EDFK 3cbdJeKTHBHblH KO)Q)(jH-{QMeHT pa3MHO)l(eIDf.!I (DP) 

EDKEF T0lfHOCTb pacc1eTa EFK 
EFK 3cj)cj)eKTHBHbll1 KO)Q)Q)HUHeHT pa3MH0)l(eHR.!I 

IT HoMep Ha'laJlbHOH BHeurnei1 HTepaum,1 ITDOCT0ro pac11eTa 

KLACEX J<moq YCKOPemrn BHelllHHX HTepaUHH 

KLLGM Km:011 3a.n,aHHH 11orapMq>M1111ecKHX npoHJB0AHbJX: KLLGM=0 - Jtta'-leHH.!I nora-
pHQ)Ml,f'-leCKHX npoHJB0.D.HbtX Ha rpatt11uax peaK-ropa HE Ja.UaJOTcH; KLLGM= I - Ha 
1rpaH11uax peaKTopa 3a,Ua!OTC.R: 3HatfeHH.R: noraoHIDMH'-leCKRX ITP0H3B0.D,HblX 

MAXEX MaKCHManbHoe '-£Meno sttemmrx 1,nepauMi1 

MAXIN MaKCHMaJlbH0e '-IHCJlO BHyTpeHHHX HTepauMH B rpynrre 

MININ MHHHMaJlbHOe 4HCJ10 BttyTpeHITTIX HTepaQHH B rpynne 

MITEX <l>aKTHlfeCK0e '-IHCJ10 BHeWHHX HTepaUHH 

MITTOT TIOJlH0e 411CJ10 BHeillHHX H BHyTpeHHHX HTepauJIB, B nepecl.feTe Ha OJI.tty :crnepre-
TM'leCKVIO rpynnv 

MTAU '-IHcno HHTepsanos speMeHH wrn paclfeTa neoexo.nttoro npouecca 

QWV(N) Tennosbl)1eneHMe s N-i:i 30He peaKTooa N = l , ... ,NZONE 

2.2. TecT Ferguson. roMoreHHblH Ky6 C BB0JI0M OOJ10)KIITeJlbH0H peaKTHBH0CTH. 

OnHcaHHe TeCTa orry6rrm<0BaHO a pa6ornx [16, 20 ... 22]. foMoreHHblH Ky6 co CTOpOHOH 

200 CM 11 H)'JleM £10T0Ka Ha BHeWmtX rpattHU,aX. TI0110)KHTeJ1bHrul peaKTHBH0CTb BB0)lHTC}t B Ha­

YaJlbHblH M0MeHT BpeMeHH MrH0BeHHbIM yMeHbWeHHeM ceYeHH}t 3aXBaTa. PacCYHTbIBaeTC}t 0TH0-

CHTeJlbH0e 3Ha4eIDte M0W.H0CTH B HHTepsarie OT 0 )].O 0,4 C. 3cpcpeKTHBHbIH K03cpq>H1.{HCHT pa.3-

MH0)KeHIDI c-rau,11ottapttoH 3aJJ.a411 Ker== 0,895285417. flo npocrpattcrsy npe)].naraeTCjj 6paTb warn 

dx == dy == dz == 20 cM ( 1000 y3nos ), no speMeHH - or dt = 0,001 )].O 0,01 c. r pynnosb1e K0HCTaHTbI 

np1,rne.IJ.eHbl B -ra6n. 3. flOJlO)KHTeJlbHaj! peaKTHBH0CTb BB0JlMTCjj B HaqaJibHblH M0MCHT BpeMeHJ-t 

1 I 



MrHOBeHtthIM yMeHblllem,eM ceyemIS1 3axsaTil La BO BTopoH rpyrrne Ha 0,0000369 (0, 791 p). Xa­

paKTep0cTHKH npe..uweCTBeHHHKOB 3ana3,llblBaJOll(HX HeihpOHOB: "-1 = 0,08 c·
1
' p = 0,0064, X1 I = 

1,0, X,2 1 = 0,0. Bo3Mylllemte c-rynetttrnToe, La (group 2) =--0,369· 10-4. 

T a 6 Jl If U a 3. f pynnOBbte KOHCTaHTbl .llJU! 

roMoreHHoro Ky6a 

fpynna I 
V, CM/C 3,0· IO 7 

X. 1,0 

L -1 
tr' CM 

0,2468 

L -1 
0

,CM 
0,001382 

V 2,41 

L -I f,CM 
0,000242 

rovnna 2 

2,2· 105 

0,0 
0,3084 

0,0054869 

2,41 
0,00408 

3tta-4eHHJI noTOKa B TeITJIOBOH rpynne: 
t, C AHa.JIIITH'leCKOe perueIDfe 
0.000 0.816 1.000 1.000 
0.050 1.127/0.816 1,3811 1.381 
0.100 1.407/0.816 1,7243 1.724 
0.150 1.660/0.8 16 2,0343 
0.200 1.890/0.816 2,3162 2.316 
0.300 2.288/0.816 2,8039 2.804 
0.400 2.620/0.816 3,2108 3.211 

L -1 
J➔J+l• CM 

0,0023 0,0 

PellleHue mecmoeoii 3aoa1Ju Ferguson e cucmeMe ShJPRW 
PemeHwe, nony4ettttoe c noMOll.lb!O cynepMo.uym1. S_DP3MZT_90 
HopMHpOBaHHaj! MOU{HOCTb QWV= 9.837176 
3TIUIOH 3.211 PacqeT 3.20796 0TI<JIOHeHHe, % -0.095 
dtau= J .OOOOOOE-03 mtau= 400 
3TaJ10H KJ<p = .895285417 Pac'leT K3<p = 0.89528543 0TKJJOHem1e, % 0.000 
t=0.05 3TaJJOH 1.381 Pac'leT 1.38048 0TKJTOHeH11e, % -0.04 
t=0.10 3TaJJOH 1.724 PacqeT 1.72342 0TKJTOHeHHe, % -0.03 
t=0.20 3rnnoH 2.3 I 6 Pacqer 2.313 84 OTK.JiottettHe, % -0.09 
t=0.30 3TaJJOH 2.804 Paci.fer 2.80096 0TKJTOHeHJ.-Ie, % -0.1 J 
t=0.40 3TaJJOH 3.2 11 Pac4eT 3.20796 0TKJTOHeHHe, % -0.09 
edtket =0.89528542 Edtk =0.89528543 0TKJTOHeHHe, % 0.000 
compname=P4 c3for=CVF cvar=FERGUSON90 etk=0.8952854 it= 16 klint= 0 
EDKEF=O.lE-06 edfex=O.JE-05 maxex= 2000 klacex=l mitex= 14 mittot= 140 
edfin=0.5E+OO maxin= I 00 min in= 10 alflaltD=.520000 kllgm=O 

AsTopb1 6naro..uapsiT peueH3eHTa CepernHa A.C., CTapwero Ha~ttoro COTPY..UHHKa <1>311, 
c.n,enaswero psi.u uettHhIX 3aMeYamrn. ITpaKTHYeCKH see 3aMeYatt11si peuett3eHTil Y4TeHbI. 
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Y)U( 621.039.51 
Pac-..eT TeMnepa-ryphl rpa<l>uTa ~JIH MO~eJIHpOBaHHH 

TpexMepHoii ueihpouuoii KHHeTHKH peaKTopa PEMK B nepexo~HLIX pe,rarnax 

B.H. BaceKuH, IO.A. ,I1ollzo6, A.I'. Mypamoa, 
<l>fYIT HMKl13T HM. H .A .,[(onJ1e)f(aJI~, l 07140, MocKsa, yn. Mana~ KpacttoceJihCKasi, 2/8 

B HaCT01i1Uee BpeMR .lJ)lji pac4eTa TeM.Ileparypbl rpaqmTa npH MO,nen11poBaHHH npocrpaHCTBeHHOH Hdi­
TpOHHOH KHHeTHKH PEMK 11cnOJJbJYIOTCR pac4eTHbte cf>opM)'JJhI, no.nyqeHHbte Ha ocHoBe aHaJJHJa 3Kcnep11-
MeHTa.J1bHbIX M pac4eTHhIX peJyJJbTaTOB 11 .u,a10m11e YD.OBJJeTBOpHTeJJbHble pe3yJJbTaTbl npH aHaJJH3e KBa.311-
CTaUHOHapHblX npouecCOB, T.e. Kor,na BpeMR nepeXO}lHblX npol..(eCCOB cyw.ecTBeHHO npeBb!L0aeT nOCTORH­
Hbte speMeHH H3MeHeHJrn TeMneparypbl rpacf>11Ta. IlpeD.JJaraeTC$l pacqeTHblH MeTO,n }lJIR aHaJJH3a Jll1HaMHKH 
npH HCCJJe,nosaHHRX nepeXOD.HhlX J,f aaapHHHblX pe:>KHMOB. OapaMeTpbl pacqeTHOH MO,nenH MOl)'T 6b1Tb no­
JJY4eHhI HJ attam13a noBe,neHHR TeMneparypbI rpacf>HTa Ha ,uei1cTByJOcu11x PBMK. TTp:aae,neHhJ pe3yJihTaTbl 
pac11eT0B H HX cpasHem1e c naHHhIMH H3MepeHHi1 Ha peaKTope. 

Calculation of temperature of graphite for modeling three-dimensional neutron kinetics RBMK in 
transitive modes. V.N. Vasekin, Yu.A. Dolgov, A.G. Muratov. Now for calculation of temperature of 
graphite at modeling spatial neutron kinetics of reactors RBMK the settlement formulas received on the basis 
of the analysis of experimental both settlement results and yielding satisfactory results at the analysis quasi­
stationary of processes, i.e. when time of transients essentially exceeds constants of time of change of tem­
perature of graphite are used. In clause the settlement method which results can be used for the analysis of 
dynamics at researches transitive and emergency operation is offered. Parameters of settlement model can be 
received from the analysis of behavior of temperature of graphite on operating reactors RBMK. Results of 
calculations and their comparison with data of measurements on a reactor are resulted. 

IIpe.anaraeTC.H MeTOJJ. pacYeTa pacnpe.[\enemrn TeMneparypbl no KOHCTPYKUHOHHblM :meMeH­

TaM TeTTJIOBhI.D,emuow.ew c6opKH (TBC) peaKTopHoH ycTaHOBKH PEMK. MeTO.D. peaID13OBaH s 

nporpaMMHOM Mo.D,yne TEMGRA, KOTophIH HHTerpHposaH s nporpaMMHhIH KOMnneKc DlNA­
PEMK [I]. ITporpaMMHhlH MO.D.YJih TEMGRA noJson.s1eT nposecnt pact.teTbJ TeMneparyp TOTTJIHBa, 

06011ot.tKH TB3JJOB, Tpy6h1 KaHana H rpaqrnrn )l]l~ scex TBC PEMK c yt.teToM pacnpe.D,enemu1 MOW.­

HOCTH no BbJCOTe peaKTOpa H o6ecnet.tHBaeT o6paTHbJe CB.sl3H HeihpOHHO-KHHeTH4eCKO.H MO.D.eJIH 

no TeMnepaType Torurnsa H rpacpHTa. Pac11eT TeMneparyp nposo,n11Tc.s1 np11 3a_nattHOH TeMneparype 

TenJlOHOCHTeJI~ Ha BXO.D.e B pact.teTHblH yt.taCTOK, 3a)laHHblX K03<p<pl1U.HeHTaX TeTIJIOOT.D.at.tH K no­

BepXHOCTH TB3JJa H Tpy6bl KaHaJia H 3a,n;aHHOH )lOJlH TenJJOBhJ)leJleHJ,rn B rpa<pHTe. 

Ha pHc. I npe,ncTasnetta TBC PEMK, OKpy)f(eHHa~ rpa<pHTOBhIM JaMe.D,JIHTeJieM. TBC BKJ1I0-

4aeT )lBa p.s1.D,a CTep)KHeBblX TB3JIOB, 3aKJ1I04eHHblX B Hapy)KHyIO Tpy6y, BHYTPH KOTOpOH npoxo­

)lHT TeTIJlOHOCHTeJib, CHHMatOW.HH Ten.11O KaK C TB3JlOB, TaK H C rpacpHTOBOfO 3aMe.D.JIHTe~. CooT­

BeTCTBYIOW.a~ TennocpH3H4eCKa~ MO,AeJlb, npHHHTa.sl B HaCTO.slW,eH pa6oTe, npHBe)leHa Ha pHC. 2. B 

MO.D.eJIH )lJl.sl onHCaHH.sl TeMnepaT)'pbl TB3J1OB HCTIOJ1h3YIOTC.sl weCTb KOHU.eHTpH4eCKHX KOJleU, Ha­

PY)KH~ 060110'-!Ka TB3J1OB MO)lemtpyeTC.sl TpeM~ CJIOSIMH. Me)l()ly TOnJTHBOM H 060110'-IKOH npe)ly­

CMOTpeHo HaJTHYHe 383Opa, napaMeTphl KOTOporo MOryT TIO)l6HpaTbC~ no pe3yJihT8TaM 3KCnepH­

MeHTaJibHhlX HCCJle)lOBaHHH Ha peaKTope. Tpy6a TBC MO.D,em1pyeTCSI TpeMSI KOHUeHTpH4eCKHMH 

CJIOSIMH, a rpa<pHT - weCThIO CJIO~Ml1. Me)f(,Uy Tpy6oi1 Kattana H rpa<pHTOM TaJOKe npe.D.yCMOTpeHO 

HaJIH'rne 383Opa, napaMeTpbl KOToporo no)l6HpaIOTC~ no pe3yJibTaTaM peaKTopHblX HCTiblTaHHH B 

3aBHCHMOCTH OT KOHU.ettTpau1111 reJIH.sl B ra30BOH CMeCH H xapaKTepHCTHK rpa<pHTOBOH. KJia)lKH. 

8 paMKax npHBe.D,eHHOH <pH3Ht.teCKOH MO)leJJH npocTpaHCTBeHHO-BpeMeHHOe pacnpe.D,eJieHHe 

TeMneparypbl B MO.D.eJlbHOH .slYeHKe OTIHCbIBaeTC~ HeCTal.{HOttapHblM ypaBHemteM TennonpOBO)lHO­

CTH 
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250 

Torurneo 
R44 

fpa<j>HT 

3a3op - - +-----.I 

Tpy6a 

T enJJOHOCHTeJJb 

O6oJJ0'ilCa TB3JJa 

f a I.ff 

P11c. I . Pacqerna.s1 .11qewca 

dT(r,t) 

dt 

06oJiO'lK3 

PHC. 2. <t>HJH'IeCKajl MOJJ,eJlb TBJna 

11, d 2T(r,t) Q(r,t) 
----+---

Cp dr2 Cp 
(1) 

c rpamt4HbJMH yc11OBIDIM],I Ha BHYfpeHHeH rpamrne Sd/2 B ueHTpe TB3J1a 11 Ha BHeurnei:t rpamm,e 

j{l.feHKH S N+d/2, KOTOpbie onpeJJ.eJlj{JOTCj{ paBeHCTBOM H)'JlfO COOTBeTCTBYJOlllHX TenJlOBblX nOTOKOB 

q l / 2 = Q ' (2) 

q N+l / 2 = 0 (3) 

H 3a,D.aHHblM Ha4aJibHblM yc11os11eM 

T(r,t) = T(r ,t = 0). (4) 

3JJ.eCb T(r, t) - TeMneparypa; A - K03q>q>HUHeHT TennonpoBO)].HOCTH; C - TennoeMKOCTh; p -

IIJlOTHOCTb; Q(r, t)- CTJIOTHOCTb 3HeprOBbIJ].eneHH.H; ql /2 H q N+l/2 - TeIInOBbie nOTOKl1 B ueHTpe 

TB3Jia M 4epe3 BHellIH10JO rpaHHI.ly .sl"Lleihrn, COOTBeTCTBeHHO; T(r,t = 0) - CTaU.HOHapHoe pacnpe­

J].eJ1em1e TeMneparypbl B Ha4aJ1I,HblH MOMeHT BpeMeHH. 

HmKe npHBO,ll..slTC.sl BblBOJJ. H on11caHMe paC4eTHOro MeTO,ll.a, npHMeHeHHOfO Jl.Jl,SI pac 4eTa TeM­

rreparyp B nporpaMMHOM KOMirneKce DINA-PEMK. l(HJIHH.L1.pw-1ecKa.s1 paclJeTHa.s1 .s1L1eHKa pa3611sa­

eTc.s1 Ha 3OHbl r;-<112, r;-d/2), BH)'TpH KOTOpblX Terrnoq>H3H4eCKHe CBOHCTBa MO)KHO npHmlTb noc TO.slH­

HblMH, r.ue r,-d/2 H r; 1 d/2 - COOTBeTCTBeHHO JleBM H npaBa.H rpaHHUbl 30Hbl. 

Ypasttem1e JJ.JUI cpeJJ.HHX no 3OHaM TeMneparyp cpeJJ.bI 

T;(t)=-
1 

fr(r,t)dv 
V v I I 

(5) 

MO)KHO n ony4HTb, BbITIOJlffj{,SI HHTerpHpOBam1e no Ka)KJJ.OH 113 3OH H nepeXO,ll.j{ K HHTerpHpOBamuo 

no rrosepx HOCTH: 

dT/ t)= 1 (-s A dT,_d12(1)+s A dI;+d12(1))+q,(t) 

d C V 
, - d / 2 i-d2 d i+d/ 2 1° d2 d . 

t ,P, ; r r c;p; 
(6) 
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3.l{eCb T,-d/2 (t) H T,+d /2 (t) -TeMneparypa COOTBeTCTBeHHO Ha JleBOH H npaBOH rpaHHUax i-H 3O­

HhI; q, (t) = _!_ f Q(r, t)dv - 3tteproBhI.LJ.enemte B i-11 3Otte; 

V, fl 
I 

~r,-1 /2 + ~r, /2 + ~,g,-1 
A;-dti = / /( - 3qlqleKTHBH3Jl TennonpoBO.llHOCTb Ha nesoii rpamru,e; 

~r,-1 ( 2A;-1 ) + ~r, 2\) + rg; 

f1r; / 2 + ~r,+I /2 + ~rgi 
A;+dl' = / / - 3qlqleKTHBHaSI Tennonposo.n.ttOCTh Ha npasoi:i rpamm,e; 

- ~r, (2A;) + ~r,+1 (2)..i+1) + rg, 

~rg, - Benw-IHHa 3a3opa; rg, - TepMH''-lecKoe conpoTHBJTett1-1e 3a3opa. 

BeJTJP·nrna H TepMi,rqecKoe conponrnnett1,1e 3a3opa B paccMaTp11BaeMoi1 Mo.n.em,ttoii Sl'-leiiKe OT­

JUI4Hbl OT H)'JTSI TOJTbKO .llJT.51 3OH, COOTBeTCTBYlOllll{X o60JI0'-1Ke TB3JJa H rpaqlH.TOBOH BTYJTKe C ra3o­

BbIM 3a3OpOM Me)K.zzy Tpy6oii KaHana H rpaqlHTOBhIM 6JTOKOM. Ilepexo,n:SI B (6) K KOHet.JHhIM pa3HO­

CTSIM no npocTpaHCTBeHHOH nepeMeHHOH H BBO.LJ.SI o603Hat.Jemrn 

C; =S,-d12A,-d12 /(r,-r, _1), a, =S,+t112A,+d12 /(r,+, -r,) , (7) 

ITOJIY'HiM CHCTeM)' ypaBHeHHH .l]}lSI cpe.ll,HHX ITO 30HaM TeMneparyp 

dT,(t) =-(T,(t)-T,_, (t)) C; +(T,+1 U)-T,(t)) a, + q,(t) ' 
dt C,p,v; C,p,Y; C,p, 

(8) 

KOTOpyFO nocne npOCTbIX npeo6pa30BaHl1H MO)KHO npe.l{CTaBMTb B BI-J,ne, y,n:o6HOM ,UJJSI ITOCTpOeHIDl 

lfHCJJeHHbIX arrropHTMOB, 

dT,(t) =-( c, + a; )T,(t)+F,(t), 
dt C,p,V, C,p,V, 

(9) 

r,n:e F, (t) = T,_1 (t) c, + T,+
1 
(t) a, + q, (t) . 

C,p,V, C;p,V, C,p; 

CHCTeMy ypasttemrn B KOHe4HbIX pa3HOCTSIX ,UJJSI CT~HOHapHoro pacnpe.n.eneHHSI TeMnepary-

pbl MO)KHO nonyt.JITTb, npHpaBHHB3Jl HYJlfO npOH3BO.LJ.H)'lO no BpeMeHH H no11araS1, '-ITO pacnpe,n:ene­

HHe MOlllHOCTH 3HeproBbI,Uenemrn H.MeeT CTaUHOHapttoe 3Ha4ett11e 

1 1 1 
T, = T,_1c, ---+ T,+1a, ---+ q;v;--- (10) 

c, + a, c, + a, c, + a, 

TTpHHHMaSI BO BHHMaHHe rpaHHl.JHbie ycJJOBHSI s uettTpe Ht.JeHKM (2) M Ha BHelliHeH rpaHHUe (3) 11 

nonaraSI, '-ITO TeITJTOBOH ITOTOK nponopu.Hottanett COOTBeTCTBYIOllleMy rpa.n.11ettry TeMneparyphl, 

nony 4HM 

I; = T,+1 + q, ~/a, ; 
TN =TN-1 +qNVN/cN · 

(11) 

(12) 

IlonaraSI, 4TO ITOTOK TeITJla B TeITJlOHOCHTeJlb qepe3 BHeUIHlOlO nosepXHOCTb o6oJI04KH TB3Jia 

H BttyTpeHHFOIO nosepXHOCTb CTeHKH Kattana nponopUHOHaJJeH pa3HOCTH TeMneparyp TeIIJIOHOCH­

Tern1 11 060J10"lKH TB3Jla , T .e. 

(T,+I -T,) st+d /2 \+d /2 I (r,+I - r,) = aTB (T,+I - T,) ; (T, -T,-1) s,-d 12A,-d /2 / (r, - r,_I) = aTP (T, - T,_, ) , 

Haii,n:eM COOTBeTCTBYFOll!He ycnoBH.SI Ha rpaHHUe TenJTOHOCl1TeJ1S1 H o60JTO"IKH TB3Jia: 

T(r,, t) = (T(r,_p t)c, + aTBT(r,+1 ,t) + q;(t)v;) I ( c; + aTB ), (13) 
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me a Ta - K03q>q>~HeHT Ten.nonepe.n.a 4H OT o6ono4KH K Terrnottoc11Temo; T ( r, ) - TeMneparypa 

o6oJJOt.IKH; T(r,+I )- TeMneparypa TenJIOHOCHTem1; Ha rpamn.(e TenJIOHOCHTeJUI H Tpy6hI KaHana: 

{14) 

r.n.e aTP - K03q>q>HUHeHT Ten11onepeJW4H OT cTemrn Kattana K Termottoc11Temo; T(r,+1 ) - TeMnepa­

rypa CTeHKH Kattan a; T ('i )- TeMneparypa TenJIOHOCHTernL 

Hecrnu.11ottapHoe pacnpe.n.enettHe TeMneparyphI c y4eToM JI.HCKpeTH3au.1rn no 

seHHOH nepeMeHHOH OTIHCbIBaeTCSI ypaBHemteM (9), KOTOpoe C y4eTOM o603Ha4eHI-UI 

A C; a1 1-1 · =-....;__-+---/ C,py; C
1
py; 

3amnneTC}I s BH,ne 

CTbfO .n.o 3aMeHhl 

(15) 

( 16) 

(17) 

(c1 +a; ) ⇒ (c, +a, +C1p;V,/dt), q,.V, ⇒ V,q,(tk+1)+V,T,(r, ,tk)C1p;/(tk+ l -tk). (19) 

I'paHH4Hbie ycJIOBllil HeCTaU.HOHapHOH 3a.ll,a4H aHaJJOrHYHhI COOTBeTCTBYl-01.lUIM ycJJOBH}IM CTa­

U,HOHapHOH: 3a.n.aq11 C TO'lHOCTblO JI.O 3aMeHbl ( 19). 
B u,ett-rpe .si4eHKH 

T(lj ,I)= T(rk+t) + [~q1 (tk+1 ) + ~I; (lj ,tk)C1P1 / Uk+1 - tk)]/ 01 · (20) 

Ha BHeurnei1 rpaH11u,e }Il.feHKH 

T(rN) = T(rN-t) + [VNqN Uk+t) + VNT(rN, tk) CNp N / (tk+I -tk )]/ cN . (21) 

Ha BHewHeH rpaHHU,e o6oJIOlfKH TB3JJa. 

T(r;,t) = (T(r;_i, t)c1 + aTaT(r;+i, t) + [V,qi(tk+i) + V,T(r;,tk) C,p) (tk+t - tk )]/(c, + a Ta ). (22) 

Ha BH)'TpettHeH nosepXHOCTH CTeHKH KaHaJJa. 

T(r,) = (T(r,+1 )a, + aTPT(r;_1) + [V,q, (tk+I) + V,T(r, ,tk) C;p, / (tk+I - tk )]/ (a, + a TP ). (23) 

,[(n.si nposepKH HCTIOJib3YeMOH MaTeMaTH'-!eCKOH MO.l],eJIH H anropHTMa pewemrn, npMMeH.sieMO­

ro s nporpaMMHOM MoJI.yJie TEMGRA, npose.n;etthI pao-1eTHb1e 11ccne.n.osattH.si noseJI,ettm1 TeMne­

parypbJ TOnJlHBa H rpaq>HTa npH pa311Ht-lHbIX TenJJ0BblX TIOTOKaX. OpeJI,aapHTeJibHbie pac4eTbl Bbl­

nOJJ HeHb[ np11 H3Mettemrn mrnei1Horo Tennosoro noToKa Ha pact.feTHOM Y"JaCTKe OT 11 000 .n;o 

32 000 BT/M. CpaBHeHHe pe3y11hTaTOB pacqe-ra c nony4eHH.hIMH no nporpaMMaM RET [2] H PRl­

SAD [3] np11se)].eHo B Ta611. I H Ha pHc. 3 H 4. 
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T a 6 JI u u. a t. Pe3y11bTaTbl pacqerns no nporpaMMaM RET 11 TEMGRA H OTKJIOHem-ui /1 TeMneparyp B 

rpaHMl.!HblX T09K ax 
TeMneparypa TeMrrepazypa TeMnepazypa TeMneparypa Ha- TeMneparypa mrne HH<l,j 

T, °C 
Hapy)l(HOH rpa- Hapy)J(HOH no- BH)'TpetttteH no- py)KHOH nosepx- ueHTPa Toamrna MOLUHOCTb, 

HHUbl sepXHOCTM 060- sepXHOCTH 060- HOCTH TOnJIHBa BTIM 
JIO"IKH JIO'lKH 

RET 300,5 300,5 339, I 592, 1 I 437,6 34 230 

TEMGRA 301,4232 301 ,4232 335,4904 605,48 I 444,313 

/1 -0,923 -0,923 3,6096 - 13,38 -6,713 

RET 299,8 299,8 336,3 589,2 I 374,7 32 270 

TEMGRA 300,7665 300,7665 332,8753 594,94 I 377,956 

ti -0,966 -0,966 3,4247 -5,74 -3,256 

RET 298,9 298,9 332,3 583,2 1 287,1 29 580 

TEMGRA 299,8814 299,8814 329,3505 580,61 I 288,516 

ti -0,981 -0,981 2,9495 2,59 - 1,416 

RET 297,7 297,7 326,9 571 1 167 25 920 

TEMGRA 298,6595 298,6595 324,4846 560,83 l 165,044 

ti -0,959 -0,959 2,4154 10, 17 1,956 

RET 296,2 296,2 320,5 550 I 021 ,5 21 520 

TEMGRA 297, 1841 297,1841 318,609 536,95 I 015,95 

/1 -0,984 - 0,984 1,891 13,05 5,55 

RET 294,7 294,7 3 I 3,7 513,7 859,7 16 870 

TEMGRA 295,6317 295,6317 312,4271 511 ,53 859,0841 

ti - 0,932 -0,932 1,2729 2, 17 0,6159 

RET 292,7 292,7 305, l 451 ,7 656,2 11 000 

TEMGRA 297,8808 297,8808 304,6241 436,91 661 ,0856 

ti - 5, 181 -5, 181 0,4759 14,79 -4,886 

J13 np1-rneneHHOH Ta6m-11..v,1 BHJlHO, 4TO MaKCHMaJlhHbie OTKJlOttemrn TeMnepa,yp TOnJIHBa H 
rpaqmrn B pa.3Jil,f1-!HblX T04Kax He npeBbIWalOT 15 H 10 °C, COOTBeTCTBeHHO. Ha pHC. 3 npHBeneHO 
H3MeHettHe TeMnepa,yphI no paneycy TBC, pacc1nnattttoe nmr Tennosoro rroToKa, pasttoro 16 
870 BT/M, no nporpaMMaM TEMGRA H PRISAD. KaK BHJJ.HO 113 pHcyttKa, pacnpe,ne11eH11e TeMne­
paTy p COBnanaeT C xopoweH T04HOCTblO. MaKCHMaJlbHasl OWH6Ka He npeBbil..l..laeT 10 °C. 

)~1u1 nposepKH B03MO)KHOCTH HcnoJih30BaHH}I nporpaMMhl TEMGRA npH pacYernx nepexo.LI.­
HbIX 11 asapHHHhlX pe)KHMOB rrpoBe.LI.eHhl pacl.feTbl np11 CKal.fKOo6pa.3HOM ysenw-teHHH MOlUHOCTH B 
)),Ba pa.3a B HyneBOH MOMeHT BpeMeHJ1. Ha pHC. 4 npHBe,D,eHO H3MeHeHHe MaKCHMaJlbHOH TeMnepa-
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F 

I 

T °C 
900 ' .. ta: f:I ~ 

T)'pbl TOITJlHBa H rpacj:H.fTa, paCCYH­

TaHHOe no nporpaMMaM TEMGRA H 

PRISAD. KaK BH.llHO H3 pHC}'HKa, 800 
~ ---i---

pe3yJlhTaTbl pacYeTa )J.HHaMH.YeCKOro 700 
pe)KHMa TalOKe cosrra;:i:at-OT c xopo-

weH TOYHOCTblO. 600 

500 
,[{.rI.ll pea.J1H3au1rn B03MO)KHOCTH 

Mo,nenRposaHH51 TeMneparypttoro 

pe)KI.fMa rpacpHTOBOH KJia,UKH C yye-

TOM H3MeHeHH51 COCTaBa fa30BOH 
400 

CMeCH B peaKTOpHOM npocTpaHCTBe 300 

/~ 

Pac<JeT no \ ~ nporpaMMe 
PRISAD 

Pac<Je-r no 
nporpaMMe 
TEMGRA 

\. 
\ 

-, 
I\. _j 

-- -
BhIITOJlHeHa HaCTpOHKa napaMeTpOB 

TennocpmH4eCKOH Mo,neJlH no pe-

3YJlhTaTaM H3MepeHHH TeMneparypbl 

rpacpHTa rrpR pa3JIH4HblX KOHQeHTpa­

UllilX remrn, BbIITOJIHeHHblX npH 3KC­

nepHMeHTaJihHOM orrpe.uenemrn se­

JlH4HHhI K03QJQJHUHeHTa peaKTHBHO-

N!! 
200 

3 5 7 9 I I 13 15 17 19 21 

PHc. 3. Tipoqnmb pacnpeAeneHMH TeMnepaTyp no pam,rycy TBC 
(l-7 - TOMHBO, 8-10 H 14-16 - o60JIO'-ll<a, l 1-12 - BOAa, 

17-22 - rpaqrnT) 

cnt: no TeMneparype rpaqnt:Ta )lJijl 3Hepro-

6110K0B PEMK-1000 KypcKoH A3C. YKa3aH­

Hhie .uamn,1e .UJ151 Ka)K)loro H3MepeHHjl co,nep­

)KaT 3HaYeHH51 HHTerpanbHOH. MOLUHOCTH pe­

aKTOpa, KOHQeHTpaQHl.f reJIHjl H cpe.nHeH no 

aKTHBHOH 3OHe TeMneparypbl rpacpHTa. 

3TH .uaHHbie npHMeHeHbl )].JI.ll npe.usapH­

TeJlbHOH HacTpOHKH MO)J.eJIH. ,lvrn 6011.ee TOY­

HOH "sepH<pHKaUHOHHOH" HaCTpOHKH MO)],eJIH 

MOryr 6btTb HCITOJib30BaHbl aHanOrH'-IHbJe pe-

3YJlbTaTbl C npHBe)],eHHblMH noKa3aHH51Ml.f 

KOHKpeTHblX .uaT4HKOB TeMneparypbI rpaqrnrn 

H BeJIH4HHbl MOlll,HOCTH TeITJIOBht)],eneHH.ll B 

MeCTax ycTaHOBKH 3THX .uaTYHKOB. 

flpou,e.uypa HacTpOHKH pacqeTHOH MO,lle­

JIH 3aKJIIOYaeTC51 B no.u6ope 3aBHCHMOCTH OT 

KOHU,eHTpauHH reJlH.ll BeJIH'-IHHbl TepMH'ieCKO-

ro conponrnneHH51 r~, , sxo.usrlll,ero B Bb1pa­

)KeHHe (6) ,llJlSI TennonpOBO,llHOCTH 30Hbl MO­

.ueJibHOH 5lYeHKH, cooTBeTCTBYIOlUeH rpacpH­

TOBOH BTYJJKe C fa30BbIM 3a30pOM Me)l{Jly 

Tpy6ow KaHana H rpaqrnTOBblM 6noKOM: 

_ /J.r, /2 + /J.r,+I /2 + /J.rgi 
A,+d/2 - -------------='---. B Ka-

!J..r, / (2\) + !J.r,+1 / (2A,+1) + rg; 
yecTBe YKa3aHHOH 3aBHCHMOCTH Bbt6paHa JlH-

HeHHa.ll cpyHKUH.ll rg; = r} (1 + UrPHe), r)],e 

0 rg - TepMHt.teCKOe conpOTHBJiem1e fa30B0f0 

I 600 

I 400 

I 200 

1000 

800 

600 

400 

200 

T. °C 

~ 

/ 
"f'""'- PacYeT no 
I------ nporpaMMe 

TEMGRA 

0 10 20 

\ PactteT no 
nporpaMMe 
PRISAD 

30 
a) 

40 

BpeMSI, c 

50 60 

T. °C 
540-,-------.----- ----.--------r-----

520 

500 

480 -1----~• 

42QH.jl~J.HOCTI1Lf.--__ __j_ ___ (__ __ ___j 

BpeMJ!, c 
400 ...... - --+-----+-----+-- ---1 

0 2 000 4 000 6 000 8 000 

6) 

3a30pa npH eyneBOH KOHI.(eHTpaUHH reJIH.ll; ar - HOCT051HHblH K03cpcpm.i:HeHT; PHe - KOHUeHTpa-

11,HH remui B %. 
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T, °C 
520 .:..:....-=-- ---.-----,------r--,--7 

KoH4eHTpa4MR He, % 
400 -l-----+----+------i~---'--+---~ 

ITpe.ncTaBJieHHOe Ha pHC. 5 cpaBHeHHe pe3yJih­

TaTOB H3MepeHHH TeMneparypbl rpacpHTa npH pa3-

J1H4Hb1X MOU{HOCT.ITT( H KOHUeHTpauHsrx reJlHSI H co­

OTBeTCTBYIOlll){X paC4eTOB no npe.nsapHTeJlbHO Ha­

CTpoeHHOH MO)lemt noKa3bIBaeT, 4TO pacqeTHaSI 

MO)leJlb Ka4eCTBeHHO OTIHCbIBaeT 3aBHCHMOCTb 

cpenttei:1 no aKTHBHOH 3otte TeMnepaiypbI rpacp1na 

OT HHTerpaJibHOH MOW,HOCTH H KOHUeHTpaUHH 

reJTHSI. 

,lvrn oueHKH Ka4eCTBa BbrTIOJlHeHHOH HaCTPOH-

o 20 40 so so 100 KH Mo.ne1rn )lJUI onpe)leneHHSI TepMH4ecKoro conpo-

P11c. 5. 3aBHCHMOCTb TeMneparypbl rpaqrnTa OT THBJTeHHSI 3a30pa Tpy6a KaHa.na-rpacpHTOBblH 6JIOK 

K0HUeHTpaUHH reJIH.SI rrpH pa311H4Hbrx 3Hal.feHH­

.SIX MOIUHOCTH peaKTopa: - pacl.feT, - - - 3KC­

rrepwMeHT 

HCnOJib30BaJIHCb )laHHhie no pe3yJTbTaTaM H3Mepe­

HH.H K03cpq>HI.J,HeHTa peaKTHBHOCTH no TeMnepaiype 

rpacpHTa Ha II 3Hepro6noKe KyA3C. ,lvi.H perncT-

paUlfH TeMnepaiypbl rpaq>HTOBOH KJla)lKH 83SITbl TIOKa3aHH.SI 8-MH WTaTHblX rpeX30HHbl X TepMO­

nap, pacnoJIO)KeHHbIX Ha CTbIKaX rpacpHTOBbIX KOJIOHH B aKTHBHOH 30He peaKTOpa (npaBblH sepx­

HHH ypoBeHb .H4eeK 37-45, 15-37, 31-37, 45-37, 55-37, 61-37, 37-31). 3HeproBbJJleJTeHHe s 3THX 

Katta.nax MO)KCT 6btTb nony'-leHO no naHHblM WTaTHOH CHCTCMbl KOHTpOJTSI CUI( CKAJl.A. OKpy­

)KeHHe 3THX TepMonap BKJTIOl.faeT KaK TOTIJTHBHbJe, TaK H HeTOTIJTHBHble KaHaJibl. ,lvr.SI paC4eTa 

npHMeHeHbl TPH THna OKpy)l(eHHH TepMonap: TOJlbKO TOTIJlHBHbJe KaHaJib( (Ta6n. 2 H 3); TOTIJIHB­

Hble KaHaJibl 11 O)J,HH HeTOTIJIJ,tBHblH (Ta6n. 4); nsa TOTIJlHBHblX H nsa HeTOTIJTHBHbl X Katta.na 

(rn6n. 5). OcHOBHble HCXOJlHble .naHHble, HCTIOJ1b3YCMbie npH pacqernx 3Ha4eHHH TeMnepaiyp 

rpacpHTil, l,f pe3yJibTaTbl COOTBeTCTBYIOW.lifX pac4eTOB npI,rne.11.eHhl B Ta6JI. 2 ... 5. 
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T a 6 JI II u a 2. TTapaMerpbl roui pacl.feTa TeMneparypb1 rpaq>Hra np11 TepMonape 

e .Sit.teHKe 37-31 
TepMonapa 37-31 T = 508 cc 

TonmtBHbIH KaHaJI TonnHBHbltt KaHaJI 

514ei1Ka 40-31 511.fei1Ka 40-32 Pacl.feTHoe l13MepeHHOe OTHOCH-

3Ha1.JeH11e 3Hal.fem,e TeJlbHOe 
N, MBT 1,062 N , MBT 1,055 TeMnepa- TeMnepary- OTKJIOHe-

Tpac'I 504 Tp8C'I 503 
Typb!, cC pb!, cC HH'e, % 

Tonn11eHblH KaHaJI TonJIHBHblH KaHaJI 

511.feHKa 37-31 511.fei1Ka 37-32 

N, MB1 1,008 N , MBT 1,176 
507 508 0,2 

Tp8C'I 493 Tpac'I 527 



T a 6 n 11 u a 3. IlapaMeTp1.,1 .LIJUI pac,1era TeMnepaTyphT rpaqrnrn np11 TepMonape 
B HlJeBKe 37-45 

TepMorrapa 37-45 T = 492 °C 
Tonmrnm,rn KaHan To ITJIHBHblH Ka Han 

PaclieTHOe I13MepeHHOe OTHOCH-
Jl11ei1Ka 40-45 JlqeifKa 40-46 

3HatJettHe JRa'-leHHe TeJibH0e 
N,MBT 0,973 N, MBT 1,25 TeMnepa- TeMnepary- 0TKJI0He-

Tpacq 486 TpBC'I 542 TYPbl, °C pbl, °C HHe, % 

TonmmHbIH Kattan TonmrattbIM Kattan 

51'-!eHKa 37-45 51'-lettKa 37-46 

N, MBT 0,945 N,MBT 1,176 
509 492 3,5 

Tpacq 481 Tpacq 527 

T a 6 n H u a 4. napaMerp1,1 .LIJUI pacl.ieTa TeMneparyp1,1 rpaqmrn npw o,nHoM 
HeTOITJIHBHOM KaHaJie 

TepMonapa 55-37 T = 465 °C 
HeTOITJiliBHI,IH KaHan TonmfBHbIH Kattan 

PactJeTH0e l13MepeHHOe OTHOCH-
JlqeiiKa 56-37 51'-!eH.Ka 56-40 

3Ha'-!em1e 3HallettHe Tenbtt0e 
N,MBT 0 N,MBT 1,3 TeMnepa- TeMnepary- 0TKJl0He-

Tpacq 293 Tpac•1 552 TYPbl, oc p1.,1 , °C ttl1e, % 

TonnHBHhIH xaaan TorurnaHhIH Kaaan 

51lJeHKa 55-37 JlqeHJ<a 55-40 

N, MBT 1,078 N, MBT 1,226 
472 465 I, 7 

Tpacq 507 Tpac'I 537 

T a 6 n " u a 5. napaMerp1,1 .LIJHI pactJeTa TeMneparyp1.,1 rpaqmrn npw .nayx 
HeTOrurnBHl,lX KaHa.Jiax 

TepMonapa 61-37 T = 422 °C 
HeTOITJIHBHbIH Kattan HeTOITJIHBHbtH xaHan 

PaclJeTttoe l13Mepett- OTHOCH-
5JqeifKa 62-37 5JqeifKa 62-40 3ttatJeHHe ttoe 3Ha'-le- TeJlbH0e 

N, MBT 0 N, MBT 0 TeMnepa- HHe TeMne- 0TKJI0He-

Tpacq 275 Tpacq 275 TYPbI, °C parypbI, °C mre, % 

TonJIHBHbIH KaHan TonnHBHblH xattan 

Jlqewxa 61-37 51lJeHKa 61-40 

N, MBT 1,066 N,MBT I, 129 
394 422 6,6 

Tpac'I 507 Tpac" 517 

l·h npHBe,neHHbIX Ta6J1HU. BH,llHO, 4TO MaKCHMaJibHaSI norpewHOCTb pac4eTa TeMnepaT)'pbI 

rpaqrnra C npHMeHeHHeM npe.usapHTeJlbHO HaCTpoeHHOH MO,lleJlH no cpasHeHJHO C H3MepemtSIMH C 

TIOMOllJ,blO TepMonap He npeBbJIIIaeT 7 %. MaKCHMaJlbH~ norpewHOCTb nonytJaeTCSI npH HaJIH41-IH 

B MeCTe ycTaHOBKH TepMonap .usyx HeTOilJHIBHblX KaHaJIOB, '-ITO, 0-4eBH,llHO, Tpe6yeT YTO4HeHHSI 

,llOJlH :meprOBbI,lleJTeHHSI B rpaq>HTe .llJlSI HeTOOJlHBHhrx KaHaJIOB. 
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3aKJIIOl.feHHe 

TipHBe.D,eHO om,caHHe MCTO,llHKH H nporpaMMbl pacqern TeMneparyphl rpacjH1Ta B aKTHBHOH 
3oHe peaKTopa PEMK, npose,neHa npe,nsapHTem,tta.11 ttacTpOHKa napaMeT:poB Mo,nemr. Tip11se,netth1 
pe3ym,TaThl sepmp11Ka1vrn pacqeTHOH MO.D,eJlH no nOKa3aHH.HM BOCbMH TepMonap .D,JUI peaJTbHOro 
cocTOHHIDI II 3Hepro6noKa KypcKoH A3C. Tiocne HacTpOHKH H sep11cjnucauHH Ha 6onee wHpOKoij 
3KCnep11MeHTaJ1bHOH 6ase npe.unaraeMa.si: MeTO.D,HKa MO)f(eT 6hlTb HCilOJib3OBaHa .D,JUI paC4eTa TeM­
neparypbl rpaqrnTa H TOnJIHBa B nOJ1HOMaCWTa6HbIX Hei-iTpOHHO-cpH3WICCKHX nporpaMMHbIX KOM­
llJleKcax npH MO.D,eJ1HposaHHH HeCTaI.J,HOHapHblX pe)KHMQB. 
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I. Bace«uH B.H., l(auu.rwea E.H., Houoe A.H., Kylla«oe A.C., OcmaHuHa M.A., Tpexoe B.E. 
DINA-PEMK: ITporpaMMHhrn KOMMeKc MO)le1rnp0Bam1.1I CTaI{HottapHhIX cocTo1lHlfii 11 IIITaTHhrx nepexo,n­
HbTX pe)KaMOB PY P6MK // BAHT. Cep. <l>M3HKa .11.nepHbIX peaKTopoB, 2004, Bbm. 3. - C. 51 - 61. 
2. H~tHUKOe B.C. ITporpaMMa RET(TR), sepc11.11 2. Per. NQ EC B [\3IT NQ 347 OT 23.09.1994, nacnopT ITC 
NQ 59 OT 17.10.96, BHMl1HM, HHB.NQ 00347, O<I>AI1-5IP, 1994. 
3. BonpOCbl Bep11qrnKaUID1 nporpaMM, HCilOflh3YIOIIJ.HXC.II rrpH o60CHOBaHJH1 6e30ilaCHOCTl1 11T3P / C6. Te-
3HCOB .noKJ1a.nos VI Bcepoc. KOHQJ. " HIDKeHepHble npo6JJeMbI TepMo.11.nepHbIX peaKTopoB MITTP-97", C.­
OeTep6ypr, 27 - 29 Ma.II 1997 r . - C. 202. 

CTaTb.11 IlOCTYTIHJia B pe.naKUHIO 14 .neKa6p.11 2006 r. 
Bonpoc1,1 aTOMHOH HayJ<Jil H Texmnrn. 

Cep. <l>H311.Ka .11aepttblX peaKTOpOB, 2007, Bb!Il. l , C. 14 -22. 

Y,l(K 621.039.5 
PacqeT ~HHaMH'leCKHX peJKHMOB PY EH-600 Ha 6a3e KOMrrJieKca JOKER 

E. <1>. Ce;ze311e6, A.H. Ai.i3amynuu, A.A. Ee;zo6, H.B. Ko3no6a, H.B. <l>eoopoB, 
8Hill1A3C, 109507, MocKsa, <DepraHcKrur yn., 25 

,[(atto KpaTKoe on.11catt11e KOM□JieKca JOKER nporpaMM pacYernoro o6ecneqemrn o6octtoBaHH.11 3arpy-
30K s Jl.IrnaM11YecK11x pe)KHMax np11 3Kcnnyarnui:rn A3C c peaKTopoM £H-600. KoMnJJeKc rrpeJl.Hcl3HaYeH Jl.Jl.11 
pac.lfeTOB nose.neHH.11 QJH311Kl1 aKTHBHOH 30Hbl (a.3.) peaKTOpa, Te□JJOrH.npaBJJHKH scex KOHrypoB A3C, y1IeTa 
cpopM0113MeHeHH.II KOMTIOHeHTOB a.3. 113-3a cfi1131.fl-leCKHX (Bblropam1e, cpmoeHc) H TeMneparypHblX Harpy30K 
BilJJOTb .no BCKH.IlaHH.11 TenJJOHOCHTeJI.11, pacrpecKHBaHH.11 o60JIO'IeK TB.3nos, nJJaBneHH.$1 Tonmrna H T.n. 

NPP BN-600 dynamics regims calculation at the base of computer code JOKER. E.F. Seleznev, 
A.I. Aizatulin, A.A. Belov, N.V. Kozlova, I.V. Fedorov. It is very short description of the code JOKER use 
for dynamic regimes calculation NPP BN-600 with neutron physics, core reactor thermo hydraulics and 
thermo mechanics, primary, second and third circuits thermo hydraulics with boiling coolant, fuel cracks and 
molten etc. 

Pac4eTHOe o6ecneqeHMe )l.IUI o6ocHOBaHHSI 3arpy3OK 6bJCTpbIX peaKTOpos pa3B11BaJIOCb BMe­
CTe c pa6ornMH no npoeKTHposamuo 11 3Kcnnyarnu,mt TaKHx peaKTopos. K yKasaHHOMy pac4eT­
HOMY o6ecneqemno MO)l{HO OTHeCTH pa3pa6oTKy H peanH3a~HIO B nporpaMMax MeTO.lJ,OB paC4eTa, 
CO3,D.amte 6116mtoTeK HeHTpOHHbIX 11 TennocpH3lfqecKHX KOHCTaHT H anropHTMOB no pa6oTe C HH­
MH. Bee 3TH BOTTpOCbl ttarnmt CBOe OTpa)f(eHHe npH pa3BHTHH peaKTOpOB Ha 6bJCT:pbIX Hei-hpottax. 
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B CBSl3H C MHOroo6pa3HeM MeTOJ],08 B .aaHHOH pa6oTe OCTaHOBMMCSJ JlHllib Ha 4acn1, OTHOCSIIIJ.eiksr 

HenocpeJJ,CTBeHH0 K 3KcnnyaTal...(H_H 6bICTpbIX peaKT0p0B. 

K 3KcnrryaTal...(H0HHhlM c11e.uyeT OTHeCTH nporpaMMb[, npHMeHSleMble )],JUI o6ocHOBaHHSI K0H­

KpeTHblX TOTTJlHBHblX 3arpy30K peaKTOpa, a TaIOKe "coBeTt.JHKH onepaTopy" H Tpemt)KepHbJe. ~JUI 

3KcnnyaTaU,H0HHblX nporpaMM OTMeTHM, KaK Heo6xo,zu,JMble, TPe60BaHID1 BblCOKOH CKOpOCTH no-

11yqeHHR pe3yJihTaTa, BbICOKOH CTeneHH .aeTaJU13al...(HH M0,ae;rn, cornacoBaHHSI HdhpOHHO­

<pH3H_4eCKOro, Ten11orn.apas1111qecKoro H TepM0MexaHH4ecKoro pacl.feToB. Pa6oTa 3KcnnyaTau.110H­
HOH nporpaMMbl HeB03M0)f(Ha 6e3 TOruIHBHOrO apx1-rna. 

,[(rrsr o6oCHOBaHM.Sl TOTTJlHBHhTX 3arpy30K Ha A3C C peaKTOpOM EH-600 HCTTOJ1h3yeTCH KOM­
□JleKC rE<I>ECT [ 1]. OH Hax0.IJ.HTCSI a rnTaTHow 3Kc□nyarnuHH tta £enosipcKoH A3C c 1992 r. 
Cei11.fac npoBO.IJ.HTCH ero MO)J.epHH3aUllil, CBSl3aHHaSI C nepeBO.llOM K0MTIJTeKca Ha H0B)'IO CMCTeMY 

KOHCTaHT £HA6-93 [2], B TOM t.JHCJle II03B0JISIIOIIzylO no11y1-IaTb xapaKTepHCTHKH 3aTia3JlblBalOLIJ,HX 

tteihpottoB Henocpe.ll;CTBeHHo H3 611611110TeKH, qero He 61,mo B npeJJ.bI,ll)'Ll(HX ee sepci-rnx. KoM­
nneKc rE<I>ECT npHMeHHeTCH Ha £A3C LI.JUI KOHTpoJijl rracnopTHbIX xapaKTepHCTHK peaKTopHoH 
ycTaH0BKH C EH-600, B OCHOBHOM HeHTpOHHO-cpH3Ht.JeCKHX napaMeTPOB a.3. B CTaUHOHapHOM pe­

)KHMe. ,[(rrSI pact.JeTHoro o6octtoBaHHSI 3arpy3oK Ha A3C c EH-600 B .n;HHaM111iecKHX pe)KHMax pa3-
pa6oTaH KOMI1JTeKC nporpaMM JOKER [3], B K0T0poM npOB0J],HTCSI ylfeT pa6oTbT K0HrypoB H 060-
PY.UOBaHIUl A3C B u;e110M. )J;aHHblH KOM□JieKc, BKJI101-1a10m11ii on11cam1e cpH3HKH a.3. peaKTopa, 
TellJIOfH.ll,paBJIHKH. Bcex KOHrypoB A3C, ylfeTa cpopMOH3MeHeHHSI KOMTI0HeHT0B a.3. H3-3a <pl13H4e­

CKHX (BbirOpaHHe, <pJTIOeHc) H TeMrrepaTypHbIX Harpy30K, C03,UaH Ha 6a3e K0MnJleKCOB rE­
<I>ECT [1] 11 SAS-4A [4]. 

Mo.n.e11b a.3. EH-600 B K0MnneKce JOKER aHaJIOrHlfHa ee M0Jl.eJTH a K0MnJieKce fE<I>ECT, 
T.e. o.zum Tennornnpasnw1ecKHH Kattan B TepMHH0JJ0rHH KOM□JleKca SAS-4A cooTseTcTsyeT OJJ.­
HOH Tennoab1,nem1.10meH c6opKe (TBC), TaK '-ITO 4Hcno KaHanos .nocTHraeT I 000, B To apeMsi KaK s 
KOMTI.11eKce SAS-4A OHO He rrpeBbIIIJaeT 34. 

KoMnneKc JOKER co3.n.att B CHCTeMe pa3pa6oTKH 11 3KCnnyaTau;HM nporpaMMHbIX MOJleJ111-

PYJOIIJ.HX K0MnneKcos WinMod, pean113osaHHoH so BH1Il1A3C, KOTopaH npe.ncrnamieT co6oi1 
CHCTeMY nporpaMMHp0BaHHSI., pa3pa60TaHH)'IO C yqeTOM OTTbITa TIOCTPOetti-rn nOJIHOMaCIIlTa6HblX H 

aHaJTHTH"t.JeCKHX TPeHa)KepoB A3C " 0CHOBaHttyJO Ha nepe.IJ.OBblX TeXHOJTOfHHX nporpaMMHposa­
HHH. Otta BKJU04aeT B ce6H cpeJJ.CTBa HHTerpaumt 11 ynpasneHHSI MOJl,eJlHMH TeXH0JTOfHCJeCKHX 

CHCTeM, a TaK)Ke HMHTaUHH opraHOB ynpasnemu1 H K0HTponsi. ,l(aHHaSI CHCTeMa, npe,nHa3HaYeHHaH 

JlJijl nepCOHaJibHblX KOMI1bJOTepos c npou;eccopaMH Intel, o6nanaeT YHHBepCaJTbHOCTbJO " BbICOKOH 
npOH3B0,llHTeJihHOCTblO. 

TaKaH CHCTeMa HHTerp11pyeT MO)].en11 TeXH0J10fH4eCK11X npou,eccoB, ynpaBJTHeT )].aHHb[MH 

pacYeT0B, BH3YaJTH3HpyeT pe3yJlbTaTbl MOJ],eJ111posamu1, opram13yeT HHTepaKTHBHOe ynpasneHHe 

MO.l].eJlSIMH Ha 0)].HOM HJlH HeCKOJTbKHX KOMilblOTepax B COCTaBe JTOKaJTbHO.H CeTH. CneU,HaJibHaH 

TeXH0Jl0fJUJ pa3MeUJ.eHHH Jl,aHHbIX B CHCTeMe rapattTHpyeT C0BMeCTHMOCTb M0JJ,enei1 pa311HlfHbIX 

TexHonor114ecKHX npou;eccos Ha scex 3Tanax pa3pa6oTKH 11 o6ecneYi-rnaeT coxpaHHOCTb .naHHbIX 
Jl.)15[ aHaJTH:3a. YKa3aHHaH CHCTeMa n03BOJTHeT 3cpcpeKTHBHO pa60TaTb Ha 0.UHOM 3KpaHe C HeCKOJlb­

KHMH nattenHMH ynpasnemrn M0JJ.em,pyeMoro 06opy.n.osamu1. 
Bo3MO)f<HOCTb HCTIOJib30BaHHH □pH II0.llf0TOBKe rpacpHKH onepaTopCKHX CTaHUHH QJOTOH30-

6pa)KeHHH, npocpeCCHOHaJTbHhIX rpacpwteCKHX naKeT0B, 60JTb[llaH 6H6JTHOTeKa opraHOB ynpasJie­

HHSI H K0HTPOml o6ecneYKBaJOT BbICOKYIO CTe□eHh peaJIHCTH"t.JH0CTH. flpHMeHeHHe s11.neo, aHHMa­

U,HH 11 3ByKa OTKpbrnaeT HeorpaHHlfeHHbJe 803MO)KHOCTH BI13YaJIH3aU,HH co6bITHH J,f HHTepnpeTa­

U:HH Jl,aHHbIX. }fa aHaJIOrH4HblX CHCTeM MO)KHO OTMeTHTb UNIX op11eHTHpOBaHHYJO CHCTeMy GSE 
(SJ-system) CWA- BH1-111A3C [5]. 

3a speMH pa6oTbl peaKTopa EH-600 s HeM oTpa6oTanH TBC c TB3JTaMH, co,nep)KaIIJ.HMH 
CTOJ161...(bl TOnJlHBa pa3HOH BblCOTbI, YT0 npHBH0CHT onpe)J,eneHHbie Tpy,nHOCTH s MO,UeJTHposaHHe 
peaKTOpa. KpoMe Toro, pa3Mepbl T0TTJIKBHbIX CTOn6u;os MeHHIOTCH □pH H3MeHeHHH TeMneparypbl 
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cpe.nbI B a.3. Ecmt yqecTb, q-ro npM nepesone peaKTOpa C MKY Ha nOJJH)'IO MOIUHOCTb pOCT TeM­

neparypbJ TeIIJJOHOCUTeJJ51. Ha axo.n:e a a.3. COCTaBJUleT 130 ... 140 °C , TO .l{IDKe B ycJJOBIUIX HOp­

MaJJbHOH 3KCnnyaTall,11H peaKTopa nepeMeIUeHi:rn pa.3.llW[HblX TBC OTHOCHTe.lihHO .n:pyr .n:pyra Ha­

XOJJ:51.TC.sl Ha ypoaHe 1 %. ,[(nHHa TOIIJJHBHOH YaCTH a pa.3HblX TBC OTJJHYaeTC51. .no 10 % H He acer.n.a 

MO)KHO COBMeCTJ-ITb rpaHHll,bl TOnmrna B TBC C rpaHHUaMH SllfeeK paclfeTHOH MO.l{eJJH peaKTopa. 

Ilo3TOMY )lJlHHbl TOIIJJHBa B MO,n:em-1 TBC MOryT OTCT051.Tb OT peanbHbIX .l{.IIHH .no 5 %. 8.JIH.sJHlie 

3THX norpelilHOCTeH Ha pe3yJJbTaThl paClfeTa paHee He 01..(eHHBaJJOCb. KpoMe Toro, B aaapHHH.blX 

CHTYaLlIDIX rrepeMemem,e TOITJlHBa B pa.3Hb[X TBC OTHOCHTeJlbHO .npyr .npyra npHBe.[{eT K pocry 

oTKJJOHeHlIB pa.3Mepoa TBC H 51.YeeK Mo.nem1 peaKTopa, TeM caMbIM yaenHYHBM Mo.ne.11btty10 no-

rpel.IIHOCTb. 

,[(mi ee CHIDKeHIDI npe)],JJO)KeHa H0Ba5l TeXHO.ll0fHSI M0)lenHp0BaHIDI a.3. peaKTopa, no HMeHH 

nporpaMMbI Ha.3BaHHaSI JOKER-TeXHonorneii. B ee paMKax rrpe.nno)KeHo BMecTo o.n.Hoii pacYeT­

HOH Mo.nem1 a.3. HMeTb .nae - MaTeMaTHYeCKYIO H (pH3HlfeCKYfO. <l>H3H'-teCKa51. M0)le.llb COCTOHT H3 

pacqeTHblX 51.qeeK KaK (pH3H'-IeCKHX o6beKTOB, HanpHMep, 3TO lfaCTb o6beMa TBC. <l>H3HlfeCKaSI 

MO.[l.eJJb MO)KeT HMeTb H3MeHIDOIUHec.si rpaHHl..(bl, YlflITbIBalOI.U,He cpopMOH3MeHeHH5l MO.nenHpyeMo­

ro cpmHYecKoro o6beKrn, HanpHMep, ero TeMTieparypHoe H3MeHemte HJIH rrepeMemem-1e a rrpo­

CTpaHcTBe, CBH3aHHOe C aaapHHHOH CHryauHeH, H T.n. TaKHM o6pa.30M, (pH3HlfeCKOH MO)];eJiblO AJUI 

KOMITJieKCa nporpaMM ClfHTaeTC5l MO.[l.eJib peaKTopa, 30Hbl KOTOpOH OT.1Uflfa!OTC5l .npyr OT .npyra 

(pH3HlfeCKH.MH xapaKTepHCTHKaMH. TaKHMH xapaKTepHCTHKaMH CJJY)KaT HyKJIH.ll;HblH C0CTaB, TeM­

neparypbl ttyKJJH.D.0B, pa3Mepbl H lfHCJJO TB3.IIOB, T0JJIUHHa o6onotteK TB3JIOB H .n:pyr11e. 

MaTeMaTH4eCKa5l MO)];eJJb HMeeT HeH3MeHHbie pa.3Mepbl 5l4eHKH B npou:ecce Bcero pact.fern. B 

KaKOH-TO MOMeHT apeMeHH, HarrpHMep Ha4aJJbHb[H, (pH3HlfeCKaSJ H MaTeMaTHYeCKaSI MO)lemr M0ryT 

coana.n:an. MaTeMaTlflfeCKaSI MO.[{e.JI.b npe.[).Ha.3HaLJeHa )].JJSI perneHJUI MaTeMaTH4eCKHX ypaBHeHHM, 

HanpHMep, ypaaHeHHH nepeHoca Hewrpottoa, Tennonepettoca, TepMoMexaHID<H. H T.K. pacqernbre 

51.lfeHKH 3TOH MO.nemt HeH3MeHHbl, TO H3 pe3y.11hTaTOB pact.fern HCKJJI04aCTCSI H3MeHeHHe MaTeMa­

TWieCKOH COCTaBmno meH MO.LI.eJibHOH rrorpemHOCTH, CB513aHHOM C H3MettemrnM pact.IeTHOH CCTKH H 

T.n. <l>H3HlfeCKa5l MO.nenb 06ecne1.rnaaeT Ka'-leCTBeHHb[H YlfeT Bcex <pH3HYeCKHX npol..(eCCOB B peaK­

Tope 4Cpe3 H3MeHCHHe K03(p(pHUHCHTOB MaTeMaTHLfeCKHX ypaBHeHHH, HanpHMep, HeHrpOHHblX 

KOHCTaHT, Teil.llorH.npaa.rrntteCKHX H.IIH TepMOMeXaH11'-ICCKHX napaMeTpOB. B o6IUeM cnyqae 4HC.IIO 

pacqeTHbIX .srYeeK He o6s13aTeJJhHO .D.OJI)KH0 coana.naTh B Mo.nem,x . 
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I \ 
I \ 

\ 

--cpenmur ---06b11.JHM · ···· JOKER 
% 

- 10 - 5 O 5 IO 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 

PMc. ) . ,n114>cpepeH1rn.aJibHa~ 3cp<peKTIIBHOCTb CTep)f(Hjj B MO.ne­

JU[X peaKTOpa EH-600 B 3aBMCHMOCTI1 OT r.rry6HHhl norpy )f(e-

HM.SIB a.3. 
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Hcnonh30BaHHe .nsyx Mo.ne.11eH 

npw pact.tere peaKTopa 3cpcpeKTHBHO 

npw 3arpY3Ke a peaKT0p TBC c pa.3H0H 

MHHOH yqacTKOB c o6orameHHbIM 11 

tteo6ora.i.neHHblM T0II.ll.HBOM, npH M0-

.ne.1111poaaHJ1H cpopMOH3MeHeHJUI TB3-

J10B H TBC B cnyyae H3MeHeHH.SI TeM­

neparyphI cpe.nbl npH HOpMaJJbHblX 

yc.110BHSIX 3KCn.11yaTaUHH HJJH asapHH­

HblX cwzyaUH5lX, BIIJJ0Tb .no T.IDKeJJblX 

asapwii c pa3pyrnettHeM TB3JJ0B 11 TBC . 

.[(nsi .neMOHcrpau1111 B03MO)KHOCTeH 

npe.n.11o)KeHHOH TeXHOJlOfH.H Ha pHC. I 
npase.netta .nwcpcpepem.(Ha.llbHasi J<p­

cpeKTHBHOCTb 0)lH0ro H3 CTep)KHeH 

EH-600 npw norpy)KeHHH ero OT sepx ­

ttero Ko ttuesm<a, pacnono)KeHHoro B 

06.11acTH sepxttero Topuesoro 3Kpatta 

(x < 0), AO HIDKHero KOHUCBHKa. 



• 
3cpcpeKTHBHOCTb CTep)l(HSl paCC4HTaHa no pa3JIWIHblM TeXHOJlOntSlM, r)J.e no,n o6bl4HOH OOHH­

MaeTCSl Y4eT )J.OJieH. o6beMOB, 3aH11MaeMblX B pac4eTHOH Sl4eH.Ke pa3HhlMH COCTaBaMM CTep)l(llil. 

Cpe)J.HHe 3Ha4eHHSl noJI)''·IeHbl M3 T04HblX pacl.leTOB, B KOTOpblX rpaHHU,a nornonrrensi cosna.uana 

C rpatt11u.e11 pac4eTHOH. Sl4eHKl1. flpH .ll811)f(eHJ,fl,f CTep)KHSl nornow.afOw.a.si 4aCTb cymeCTBeHHO 113-

MellileT CBOe nOJ10)l(eH11e B pac4eTHhlX .sl4eHKax, 11 npo6JieMa pac4eTa COCTOHT B tteo6xo.11.HMOCTH 

nony4em,rn rna,llKOH KpHBOH .a11cpcpepeHU,HaJibHOH 3cpcpeKTHBHOCTl1 CTep)l(H.s!, OTBe4at0w.ei1 3KCne­

pHMeHTaJlbHbIM ,naHHbIM, LJeMy Ha116onee COOTBeTcTByeT Kp11Bast, nonyl.JeHHaSl B paMKax JOKER­

TeXHOJIOrl-1.H. 

8 Kal.JeCTBe aHaJIOra MO)J.)'JieH Tennorn,npaBJIHKH H TepMOMexaHHKH KOMTTJleKca JOKER B3.s!T 

KOMnneKc nporpaMM SAS-4A, C03)],att1:1b1H B AproHHCKOH ttau,HOHa.JlhHOH Jia6oparopHH CW.A [ 4], 

npe)J.Ha3HalleHHblH .11.JlSl npose.11.eHH.si pac4eTHOro aHaJIH3a asapH.HHblX c11ryaU.HH Ha peaKTOpHblX 

)'CTaHOBKax C )f(J,f)],KOMeTaJIJIH4eCKHM TelIJlOHOCHTeJieM. TaKHM o6pa30M, npH npose.11.emrn: pacLJeT­

HOfO attanH3a 3arpy3oK peaKTopa KOMnrreKc nporpaMM JOKER pacclll1TbIBaeT noBe,uemre Tornrn­

sa, 06onol.JK11, rerrnottocwTensr np11 rettepau,1111 11 nepettoce Temia, KHnemur TeTIJ1ottoc11Ten.si, pa3-

repMeTH3aU,H11 TB3Jla H ,Ua)f(e nnaBJleHllH TOIIJIHBa H o60JI04Kl1. B KOMTIJleKce nporpaMM npOBO­

,llMTCSl onpeJJ,enemt.e TeMneparyp TeIIJIOHOCHTensr, o6oJIO'-IKH TB3Jla, TOnJIHBa H scex pa6oqax no­

sepXHOCTeH BO Bcex pac4eTHblX T04Kax MO)J.eJIH peaKTOpa. lf3 nony'-leHHOH. B HeHTpOHHO­

KHHeTH'-!eCKOM pacqeTe MOW.HOCTH 3HeproBbI)],eJieHHJI B Ka)l()J.OH TBC, C r~eTOM oco6eHHOCTeH 

TenJIOHOCHTeJI.si H TBC, ITO H3BeCTHb1M anropHTMaM onpe.n.eJ1SlfOTC.s! see tteo6XO)ll1Mhle TeMrrepary­

pbl C yYeTOM H3MeHeHIUI xapaKTepHCTHK TeilJlOHOCHTeJISl no BbICOTe TBC. 

ITp11 Mo,nenHposattHH scex rpex KOHT)'pos A3C c peaKTopoM EH-600 npeJJ,nonaraeTc.si , YTO a. 

3., 60KOBa.si 30Ha socnpOH380.LJ.CTBa H BH)'TpHpeaKTOpHoe xpaHHJIHll{e 3arpy)f(eHhT TBC, COCTO.s!­

lUHMl1 113 CTep)f(eHbKOBblX TB3JlOB, co.n.ep)f(am11x TOTIJlHBHbIH MaTep.Han, cnoco6HbIH TIOMep)f(H­

BaTb u.enttyfO peaKU11JO )J.eJiettHSl H Bbl.ll,eJlSlTb TeTIJlO. B Me)f(CTep)f(eHbKOBOM npocTpaHCTBe ttaxo­

.llHTCSl TeTTJIOHOCHTeJib. 

OcHOBHOH pacY:eTHOH MO)J.eJibfO KOMTIJieKCa CJIY)l(HT MO)leJib KaHaJia a.3., B KOTOpOM HaTpHH 

CHl!MaeT Ten110 C TB3Jla. B peaJibHOCTH HaTpHH, npOXO)l.H B Me)KTB3JlbHOM npocrpaHCTBe, OMb!BaeT 

HeCKOJlbKO TB3J10B, HO ,l].JISl pacYeTHOro 11CCJle)J.OBaHIUI MO,ZleJib KaHaJia B KOMIIJleKce npe.n.cTaBJISleT 

co6oii TB3Jl, OMblBaeMblH ttarp11eM, C Hapy)KHOH U,11JIHH.UpHYeCKOH nceB)J.OCTeHKOM, HMHTHP)'fOlUe M 

4eXOJ1 TOIIJlHBHOH c6opK1-1. ,[vul B03MO)l(HOCTl1 cpasttemrn pe3yJibTaTOB B KOMTIJTeKce nporpaMM 

JOKER coxpattetto pa.u11anhttoe MO,llem,rposatt11e TB3Jia KOMnlleKca SAS-4A - .uo 11 pact.JeTHbIX 

T04eK no pa.n.eycy (p1-1c. 2). TTepena)lbl TeMnepaTyp onpe.ueJISllOTC.sl Me)l<.UY TeTIJIOHOCl1TeJieM 1-1 

o6oJIOYKOH (nepena.ll, TeMneparyp Ha norpam1.1-rnoM cnoe), tta 0601104.Ke TB3Jia, tta KOHTaKTe Ton­

mrno-o6ono4Ka H Henocpe,aCTBeHl!O B TOnJll-1BHOH Ta6neTKe, B KOTOpOH Y411TbtBalOTC51 H3MeHeHH.sl 

CTp)'KT)'pbl TOnmrna. 
Tsepaoe 

B KOMnneKce JOKER cp113111.Je- Tonn1180 

CKaSl MO)leJTh a.3. peaKTOpa COCTOHT 113 

18 BblCOTHblX pac4eTHblX SlYeeK B Ka)f(­

)lOH TBC .unsi peweHHH tteHTpOHHO­

cp113H4eCKOH 11 TennorH.n.paBJTJ.14eCKOH 

3a.n,a4, KaK s KOMnJieKce fE<DECT. B 
TeITJTOfH.UpaBJll11.{eCKOH MO)J.eJIH npe.uy­

CMorpetto MO)leJIHpOBaHHe KaHaJia, 

co.uep)f(aw.ero TB3Jl C TOITJTl-1.BOM, ra30-

BOH TIOJIOCTblO H Topu.eBblMH ( CTaJib­

HblM11) OTpa)f(aTeJTSIMl1. B Ka4eCTBe 

TOIIJll1B8 3aBe.D,eHbl )laHHbte TIO .llB)'- 06nacTb pacnnas­

OKHCH ypatta 11 TIJI)'TOHl151". neHHOrO TOnmrna 

f a30BLIH 

JaJOp 

060.'104K!I 

06naCTb 
pacTpecKaH-

11oro 
TOILlllBa 

Mo.uenh KOHT)'pOB BKJTfOt.JaeT B Pwc. 2. Pam,ta.JlhHbie 30HbI TB3Jia B Mo,uyne TepMoMexaHHKH 

ce6si o6beMbl TenJTOHOCHTeJI.si no.n. .uas- KOMilJleKca JOKER 
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rremteM K8K C f3.30BOH nOJzyIIIKOH, TaK H 6e3 Hee; 3JieMeHThl KOHT)'pOB, crpyrmHpOB8HHhie B eer­

MeHThI. Mo.nenHpyioTe51 Bee neTJIH I H II HaTpHeBblX KOHT)'pOB, BKJilOqa.si see 8 eeKLI;HH naporeHe­

paTopa (Tir). TipwrnM e Yl.feTOM pernaMeHTa pa60ThI eeKUHH rrr TPH CeKUITTI. MO)leJIH B KruK.LJ.OH 

neTJie II KOHT)'pa MOJJ,eJIHPYlOT Henoepe.neTBeHHO no O)lHOH eeKUHH rrr, a 4eTBepTa.si: eeKU,llil MO­

)lCJil,f B neTJie OTpa)KaeT pa6ory TI51TH eeKUHH nr. 
BBO)l HHcpopMaUIDI no a.3. o6ecne4HBaeTC.sl aBTOMaTH4eCKH 4epe3 ITO)lKJllOl.feHHe K TOnmrn­

HOMY apxHBY KOMTIJieKca rE<I>ECT. ,l~m1 o6nerl.feHH.si: BBo.na )laHHhlX no o6opy.nosamno cpopMHpy­

3,12 

3, 11 

3,10 

3,09 

3,08 

3,07 

3,06 

Pa.u1-1yc. MM 
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HoMep 30HI,I no Bl,ICOTe ' 

eTe.si eneuHanhtta.si: 63.3a .aattHbtX 060-

py.nosattH.si: A3C e EH-600, H3Mettettilll 

B KOTopylO MOryT BHOeHTbC.sl no Mepe 

3aMettbl o6opy.nosattilll . 38.llaHHe Ha 

paeY-eTHblH npoueee MO)KeT 6b1Tb 3aBe­

.netto 3apattee HJIH MO)KeT BBOAHTbC51 BO 

BpeMH npouecea C OKHa HHCTpyKTOp­

eKOH eTaHUHH. TaKOH BBOA )laHHbIX 

eymeeTBeHHO 06ner4aeT pa6ory nonh-

3osaTen.s1 H yMeHhwaeT B03M0)KHOeTb 

OWH60K BO BXO.llHblX )l8HHblX. 

Ha pHe. 3 B Ka4eCTBe HJIJilOCTpa-

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 UHl-f pac4eTa O)lHOfO H3 COCTOHHHH pe-

PHc. 3. lfaMeHeHHe BHernHero pa.!Ui)'ca TOilJIHBHOH rn6neTKH aKTopa EH-600 np1rne.netta 3a.BHCH-

no BblCOTe TB3Jia MOCTb Bttewttero pa.a11yca TOTIJIHBHbJX 

Ta6JieTOK OT HOMepa BblCOTHOH H4eaKH 

B TB3Jle OJlHOH H3 TBC a.3. s tta4ane ee 

TpeTbeH MHKpOKaMnaHHH. B HCXO)].HOM 

coeT051HHH 3TOT pa.neyc paBeH 3,05 MM. 

Ha p.11cyttKe .srCJeHKH 5 .. . 15 eoorneTcT­

BYIOT a.3., a 514e:H.KH 1 .. .4 H 16 ... 18 
TopueBbIM 3KpaHaM. 

Z, MM 
3 000 ~-~--~--~-~--~-~--~--

H3rH6e 

H c6op H npH e HaKJJO e no " Ko HHycy" 

C yqeTOM B03MO)KHOeTeH JOKER­
Texttonor1111 np.siMbIM pac4eTOM _n1151 

Haqana O)lHOH 113 noene.nHHX MHKpo­

KaMTiaHHH npOMO)leJIHpOBaHO OTKJIO­

HeHHe ocei1 TBC a.3. peaKTopa nma 

EH-600 np11 p3.3m1.qHbIX MOJJ,en.si:x TeM­

neparypHOH .D.ecpopMaUHJ-f B COOTBeTCT­

BHl,f c pa6oTaMH [6] 1-1 [7] (pHe. 4), s 

KOTOpblX pac4eTbl npOBOJ).HJlHCb Ha 

MO)lenH r116pHAHOH 30Hbt EH-600. Ilo­

JTYl.fHJIH 3cpcpeKT peaKTHBHOCTH OT pa­
JJ.HaJibHOH TeMneparypHOH )lecpopMa­

UHH )].Jl,SI KOHH4eCKOH MOJ).eJIH -2 ueHTa, 

a J).Jljl. MOJ].eJIH C H3r1160M TB3Jl0B -1 
u,eHT, 4TO OTmrcrneTC.sl OT JJ.8Hfil1X pa-

6oThl [7] -11 ueHTOB 11 + 1 ueHT, COOT-

0 -t--r--i--r--+-----r--t.,_-,--+--.-+--,--+-----,.---4---.----l BeTCTBe HH O. KpoM e p3.3JIHl.f.H blX 30 H B 

- 1.5 -1.0 -0.S 0 0.5 1.0 1,5 2.0 2.5 3THX pacqeTax 6b1Jl H p3.3HblH anro-

PHc. 4. Ycpe.llHettttoe no a:mMYTY OTKJTOHeHHe ocH TBC Ha- PHTM pac4 eTa, .llJ151 JOKER - 3TO rrp.si:­

py»rnoro p$1Jla a.3. peaKTopa nma £H-600 npH pa.3mNHhrx MOH pac11eT, a B pa6ornx [6] H [7] - e 

MO}leJUIX TeMneparypHOM }lecjJOpMaUJ,Hf HCnOJlh30B8HHeM TeOpHH B03MymeHHH.. 
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B Ta6n. I H 2 npeJJ.cTasnem.1 pe3yJibTaThI pacl.feTOB TeMnepaTyp B TB3Jiax TBC c MaKCHMaJib­

HOH JUfHCHHOH Harpy3KOH no BblCOTe aKTHBHOH l.faCTH npH pa6oTe peaKTopa Ha HOMHHaJibHOH 

MOJ.UHOCTH no KOMnneKcaM fE<I>ECT, JOKER JJ.JISI OJJ.HOH: H3 peanbHhrx 3arpy3oK H MIF-2 [8] .nn.si 

COOTBeTCTBYJOI.QeH npoeKTHOH 3arpy3KH, H3 KOTOpblX BH)],HO xopomee cornacHe paC4eTOB. 

Ta 6JI" ll a 1. XapaKTepHaR TeMneparypa B TBC C MaKCHMaJlbHOH JIHHeHHOii Harpy3KOH no BhlCOTe aKTHB-
6 °C HOH lfaCTH rrpH pa OTe peaKTopa Ha HOMHHaJlhHOH MOUJ.HOCTH, 

Tliil HtieiiKH ~BYXKoop- TeMneparypa Ten110- MaKCHMaJlhHaH TeMne- Cpemurn no pa;rnycy MaKcH-
mrnaTHblH HOCHTeJIH Ha BhlXOJJ:e pazypa 06011oqKH TB3Jla, MaKCHMaJlbHaH Ma.JlbHaH 

HOMep ff"'leil- H3TBC no BbICOTe TBC reM- rreMneparypa 
KH rreparypa ronmrna. TOilJIHBa 

fE<l>ECT JOKER fE<l>ECT JOKER fE<l>ECT JOKER JOKER 
3Mo• 16-16 597 599 608 607 I 333 1 417 2 140 
3CO~ 26-21 590 589 600 599 1 308 l 384 2 083 
3£0' 24-26 590 592 602 601 1 392 I 490 2 278 
3£0' 28-24 555 557 565 565 I 211 I 256 1 886 

(nepmbepm1) 
BE3a·· 29-20 545 546 546 547 875 865 l 253 
lffi3B •• 30-29 535 535 536 536 615 593 684 
BPX ... 03-18 474 474 474 474 494 487 496 

- 3MO, 3CO, 3EO - JOHh1 Manoro, cpenttero H 6011hmoro o6orameBHH TBC a.J .; 
•• - BE3B, H63B - BttyTpeHHHH 11 Hapy)l(HaH 30Hhl BOCITpOH3BOllCTBa; 
••• - BPX - BHYTPHpeaKTopHoe xpaHHmtme 

Ta6nuua 2. HoMHHaJlhHaH TeMneparypa etty1-peHHeH nosepxttocrn 0601101.JeK TB3JIOB TBC c MaKCH­
MaJlbHOH JIHHeHHOH Harpy3KOH no BblCOTe aKTHBHOH 1.JaCTH npH pa6ore peaKTopa Ha HOMHHaJl bHOH MOW,HO­
CTH, °C 

TBC3MO TBC3CO TBC36O TBC 3EO (nepmbeo1-u1) 
MIF-2 fE<l>ECT JOKER MIF-2 fE<l>ECT JOKER MIF-2 fE<l>ECT JOKER MJF-2 fE<l>ECT JOKER 
16-16 16-16 16-16 I 0-11 26-21 26-21 07-12 24-26 24-26 05-1 I 28-24 28-24 
402 405 402 398 403 399 397 404 402 390 396 394 
425 428 424 422 425 421 420 428 425 410 416 413 
452 453 449 450 450 446 448 454 450 433 437 433 
480 480 475 478 476 471 475 481 476 456 459 455 
508 506 501 507 502 497 504 507 502 481 481 477 
535 530 525 533 526 521 532 530 526 503 501 497 
557 553 548 556 547 543 555 551 547 525 520 516 
575 572 568 575 566 562 574 569 566 541 536 533 
589 588 585 588 581 578 587 584 582 553 549 547 
598 600 598 598 592 591 597 595 593 562 559 557 
604 608 607 603 600 599 601 602 601 566 565 565 

3aKmoIJenue 

KoMilJJeKc nporpaMM JOKER, npe)].Ha.3HaYeHHbIH )],JISI pacYeTHoro o6octtosaHHSI 3arpy3oK Ha 

A3C C peaKTOpOM EH-600 B HeCTaUHOHapHbIX peJKHMax C KOHKpeTHblM o6opy,Ll,OBaHHeM, He 3a­

MCHHT KOMilJICKCa nporpaMM rE<I>ECT, a 6yJJ.eT CJIYJKHTb ero )],OilOJIHCHHeM, MO)],enHpysi pa6oTy 

mo6oro o6opy)].OBaHHSI A3C OT nOKa.3aHHH 6noKa HOHH3aUHOHHh[X KaMep, 4TO 04eHb BaJKHO np11 

npocYeTe H aHaJIH3e lllTaTHblX H HeWTaTHblX 3KCnepHMeHTOB B peaKTope, }1,0 06opy,nosamu1 111 
KOHTypa. B ttaCTOSIJ.Uee speMH KOMilJJCKC nporpaMM JOKER HaxO)],HTCSI B OilblTHOH 3KCnnyaTaU,HH 

Ha .6A3C. 
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II3MEPEHHE PEAKTHBHOCTH 

Y,u;K 621.039.51 

B 3aHMOCOrJiaCOBaHHOe onpe)leJieHHe peaKTHBHOCTH H JlpyrHX K03<l><l>HU:HeHTOB 

T01fe11HOH MO)leJIH KHHeTHKH, naHJIY11illHX )lJIH )l2HHoro peaKTOpa 

E./(. A6paM06, IO.B. Mamaeea, 
<DrYn 'TI-IIJ: P<l>-<l:>311", 249020, r. O6HHHCK Kany )l(CKOH 0 6J1 ., nn. bOH,ll,ap e HKO, l 

PaccMa-rp1-1BaJOTCli MeTO.LO>I HlleHTHqrnxauIDI. peaKTHBHOCTH H .npyrnx KO)cpcjmu11eHTOB Toqe'-IHOH 
MOlleJI.H KHHeTHKH, HaH.JIY'lillHX Alli naHHOfO peaKTopa B CMblCJJe MeTona HaHMeHhlilllX KBa)],paTOB. 

The reactivity and other coefficients of the point reactor kinetics model identification. B.D. 
Abramov, Yu.V. Matveev. The identification of the reactivity and other coefficients of the point reactor 
kinetic equations are considered. 

B pa6oTe o6cy)KJlaK)TC.sJ MeTO,ll,bl H)],eHTHCpHKau,rn (onpe.ll,eJTeHH.sl) peaKTKBHOCTH 1-1 .npyrl.fX 

K03<pqH-tUHeHTOB ToqeqHQH MO)].emt KHHeTHKJ,I peaKTopa no H3Mep.si:eMOH 3aBHCHMOCTH ITOTOKa 

HeHTpOHOB OT speMeHH 6e3 npHBJ1eqemu1 He scer.na )],OCTOBepHOH paclJeTHOH HJ111 6116 JTH0 Te'-1HOH 

HH<pOpMaUHH 0 HHX [ I ... 10]. K TaKHM MeTO,.UaM 0THOCHTC.sl MeTO)J. [3] O.D,HOBpeMeHHOr o o npe,ue­

JleHH.H peaKTHBHOCTH p H BeJ1H4HHbl q BHewHero HCTOt.JHHKa, MeT0,lJ, [5], pa3BHBaK)LJ.J,HH npe)J.bl-

.D.YlllHH no JlHHHH onpe,l(eJleHH.H H HeKOTOpblX ,uonoJIHHTeJlbHbrx K03(p<pHUHeHTOB C u.eJlbK) y YeTa 

npocTpaHCTBeHHblX 3cpcpeKTOB peaKTHBHOCTH, H JI.p. 

3TH MeTO)lbl xopowo 3apeKOMeH.ll,OBaJ1H ce6.si: H mHp0K0 HCn0JTb3YK)TC.sl B npaKTHKe p eaKT0 p ­

HblX H3MepeHHH. O.D.HaKO 0HH He nOJTH0CTbK) peanmyK)T w.n,eto H.D,eHTH(pl1KaU)Hi K03(p(pl1UHeHTOB 

ttenocpe)lCTBeHHO B XO,lJ,e caMoro 3KCnepHMeHTa H onHpaJOTCli Ha np11MeHeHHe 61-16m roTe'-1HbIX 

.n,aHHbrx no 3ana3.l1,bIBaK)LJ.J,HM HeHTpOHaM. 

B HaCTO.slllleH pa6oTe npe.l1,J1araeTC.sl 6onee nOJlHO peanH30BaTh 3TY H,lJ,elO rryreM 0 ,lJ,HOBpe ­

MeHHOfO C YKa3aHHbJMH K03cpcpH1..1,HeHTaMH onpe.l1,eJ1eHHli 11 ,lJ,aHHblX no 3anaJ)lblBaIOll.lHM He HTp O­

HaM. T04Hee, He scex TaKl.fX ,lJ,aHHbIX, a JTHillb OTHOCHTeJJbHblX BblXO.llOB 3ana3.llbIBaK)IJJ,11X He HTp o-

HOB a J = ~ j / ~ npH 11cnom,30BaHHH 3apattee 3a.l1,aHHbIX, (pHKCHpOBaHHblX n OCTOliHHblX p acn a}];a 

A j (ttan p11.Mep, "ymrnepcanhHbIX", O)lHHaKOBblX ,lJ,Jl.sr scex HYKJlH)lOB H 3HeprHH 8-rpy nnOBbl X 

nOCTOSIHHbIX pacna)la npe)lWeCTBeHHl1KOB 3anaJ)lb1BaK)LJ.J,l1X HeHTpOHOB A J pa60Tbl [6] 11 T.n .). 

1. IIocTanosKa Ja,llaqo 

PaccMOTpHM 3a.l1,ayY np116nH)l(eHHOro MO.l1,em1posamrn 380J1K)UHH 0 OTOKa He HTp OHOB 

(f)(x ,E ,Q ,t) B peaKTope, onHcbrnaeMOH ypasHeHH.HMH [I , 2, 7] 

_!_ aacp + Mcp = Fcp +LL (11-~7;-> Rec:;-> - F;_~~1·)q>) + Q' ( Ia) 
V { I 111· 

cJR<mi /at - -11-<m'> R<m, + F,<111\n 
(I) - (/) (/) (/) 't' 

(16) 

H HeKOTOpblMH ynpoLJ.J,eHHbIMH ypaBHeHH.slMH T04eYHOH MO)lenH KHHennrn [ I . . . 1 O] 
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(2) 

J.13aeCTHbl pa311H4Hble ITO,ll,XO,LJ;bl K pewemuo 3TOH 3a,rJ,a'-lH. O,nHH H3 HID( ' BOCXO.D:5llllHH K pa-

6oTaM Jl.H. Ycaqeaa, A.F. Henry 11 .np. (1 , 2, 7], 3a1<1110t.JaeTc.st a cBepTKe ypaaHemrn (I) K ypaB-

HeHIDJM Bl•l,ll,a (2) C K03cpqrnuHeHTaMH p, q, (\ , A J, A B BH,ne HeKOTOpbIX .npo6Ho-6HJ1HHe.HHblX 

cpyHKQHOHaJlOB Ha peweHH.SIX <p, Rc~7'), 'If* ypaBHeHHH c 1) " COOTBeTCTBYfOLUHX HM conpIDKeHHblX 

yc11OBHO- KpHTHt.JeCKHX ypaBHeH11H. 

~ JUI ero pea11H3aU,Hl1 Heo6XO,llHMO yMeTb BbrqJ,[CJUITb 3TH K03<p<pHU,HeHTbl, tffO rpe6yeT 3Ha-

(m') 
HM.SI HCC11e.uyeMOro COCT051HIUI peaKTopa, T.e. 3HaHIDJ onepaTopoB M, E'en , perneHHii 

cp, R (~~r')' 'If* ynOM5ltty('blX ypaBHeHHH H T . .n. CoOTBeTCTBYfOlllHe np11611m1<eHH.ble MeTO.[{I,I .nocn1-

)KeHH5l 3TOro OITHCaH.bI, HanpHMep, B [2, 7]. 
Am,TepHanmHhI.H ITO.l{XOA 3aKJ1IOt.JaeTC5l B BbllflfCJieHHH K03(p<pHI..(HeHTOB ypaBHeHHH (2) Me­

TO,llaMH THna MeTo.na HaHMeHbWID( KBa.npaTOB Henocpe.ncTBeHHO no H3Mep.steMOH 3aBHCHMOCTH 

ITOTOKa HeHTJ)OHOB OT speMeHH. 8 HeM npe,nBapHTeJibHOro 3HaHH5l HCcne.nyeMoro C0CT05lHH5l pe­

aKTOpa H C00TBeTCTBYIOlllHX K03<p<pHU,lieHTOB ypaBHeffifl1 (I) He Tpe6yeTC51, qTo npe,ncTaBJl5leTC5l 

BeCbMa QeRlTT>IM. HIDKe paccMaTpHBaIOTC.SI, cne.uy.st [9], HeKOTOpbte sapHru!Tbl TaK0ro no.nxo.na. 

~yrne CM. s [8]. 

2. OcHOBHble ypasHeHHH n npe.nnoJI0)KeHHH 

O6paTHMC51 K 3a,nat.Ie 11.nettTHcp111<au,1111 K03cpcp11u.11eHTOB p, q, ~ 
1

, Ai, A ypastteHHH (2) no 

3KCnepHMeHTaJ1bHhlM (HJJH pac4eTHhtM) 3HatteHIDIM IlOTOKa HeifrpOHOB n(t) MeTO,ll,OM HaHMeHb­

LIIHX KBa,npaTOB. Ey,neM npe.nnonaraTb, l.!TO 3KCnepHMeHT (pacl.feT) 3aKJII04aeTCSJ B 113MepeHHH 

(pac4eTe) n(t) s pea1<Tope, no.nseprnyToM a npoMe)KYTKe tE (t_, tJ , -oo < t_:::; t+ = 0 He1<0-

TopOMy BO3Myl.l.(eHHIO, nepeso.n.stmeMY peaKTOp H3 O.[{HOro <pHKCHposaHHOro COCTOSJHH5l npH 

t < t_ s .npyroe npH t > 0. 

OTMeTHM, l.fTO eCJlH 3Hat.JeHJ.rn n(t) 6epYTC5l H3 perneHH5l S-rpynnOBblX ypasHeHHH BH.D,a (2) C 

K03cpcpHu.11ettTaM11 p(t), q(t), ps> i,P A (r.ne s = 1, S , a K03<p<pHUHeHThI p(t), q(t) .stBJ1SJIOTCS1 np11 

t > 0 KOHCTaHTaMH), TO 3Ta 3a,rJ,al.fa nepeXO,ll,HT B 3a,rJ,at.fY KOHBepc1111 (npeo6pa30BaHH5l) HCX0,UHI,IX 

S-rpynnos1,1x KOHCTaHT p, q, ~s' )..s, A s HOBbie J-rpynnos1,1e KOHCTaHThI p, q, ~ 
1 

,Ai, A (r.ue, 

HanpHMep, S = 6, J = 8 11 T.JJ:.). 

Bso.n:SI o6o3HaLJemrn 

I 

n. = dn /dt , v/t) = f 11(t) e -li(i-,) dt' , 
I 

z/t) = J (t- t) n(t) e -li(t -1) dt (3) 

11 nepenHCbIBaSI ypasHeHHSI (2) s BH.Ue pn + q-L v
1
p 

1 
- An = 0, cse.neM 3a,llat.Jy H.neHTH<pHKa-

1..1,HH K 

.J 

j 

YCJIOBHO.H MHHHMH3aUHH cpyHKUHOHaJla 

<I> =< [pn(t) + q - L v/t)P 1 - An ]2 > c ycnos11eM P = L 
1 
P 

1 
= L .} .

1 
= ~ coxpatteHIDI ~ np11 

J;J 
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T 

nepexo.ue OT S K J rpynnaM, r.n;e < f >= f w(t)f(t)dt, w(t) > 0- HeKOTOprut BeCOB~ c[JyttK-

0 

uwr, T - speM.si tta6mo.L1.eHwr (3Kcrro3111.um). 

OTMenfM, crro ycJJ0BHe ~ = ~ HMeeT CMblCJJ, ecm1 T0JJbKO BeJIH'-IHHa ~ 3apattee H3BeCTHa. B 

np0THBH0M c.rryqae OHO JIH60 orrycKaeTC.sI, .Jil,f60 pet.Jb Be.n;eTC.sI 06 OTblCKaHHH JIHlllb 0TH0CHTeJib­

HbIX 3Haqemt:H K03c[Jc[Jm . .J,HeHT0B p, q, P J, A B e,l].liIDIIJ,ax ~, KOr,l].a YCJI0BHe ~ = ~ nepexo,UHT B 

ycJIOBRe HOpMHp0BKH BH)],a 1 = 1 . 
,[v,lc[Jc[JepeHI.\HpY.sI c[JyHKD;HOHaJI JlarpaIDKa <I>+ 2y(p - ~) no p, q, p 1 , 11. 

1
, A , y H npHpaBHHBa.si 

pe3yn1,TaT1,I ttymo, npHXO.llHM K CHCTeMe 21 + 3 ypaBHeHHH 

J 

p<n
2 
>+q<n>-I<v1n>P1-A<nn>=O, 

1=1 

J 

p < n > + q < 1 > - L < v1 > p 1 - A < ,i > = 0, 
j=I 

J 

p<v,n>+q<v; >-I<v;v1 >P1 -A<vii>-y=0 ,. 
j =I 

J 

p < z1n > + q < z1 > - L < z, v
1 

> p 
1 

- A < z/z > = 0 , 
j =I 

J 

p<im>+q<n>-I<nvj >P1-A<n2 >=0, 
.i=l 

J s 

P=LP1=L~s =~ 
J=I s=I 

(4a) 

(46) 

(4B) 

(4r) 

(4.u) 

(4e) 

MeTo.ua HaHMeHblllHX KBa)],paTOB .[{JJ.sI onpe.D,eJJeHIDl K03q>cpm.1,HeHTOB p, q, P 
1

, A. 
1

, A H BCIT0M0ra­

TeJJhH0ro MH0)KH'feJJ.sI Jlarpatt)l(a y no H3BeCTHbIM 3Ha4eHH.sIM n(t) 11 ~. TiocTaBJJeHHast 3a)],al.:fa 

.[{0CTaTOlJH0 CJIQ)l(Ha H HIDKe paccMorpeHI,J JJHlllb HeK0T0pbie l-faCTHbie CJiy4aH B npe.unoJJ0)l(eHH­

.six: a) A = 0 ; b) c1 = P 1 v1 , n, q - mrneiitto He3aBHCHMhie np11 t > 0 cpyHKu,1-111; 

c) A.; i; "A.1 i; "-s, i,j = l,J , s = 1,S, S,J > 1. 

OTMeTHM, '-IT0, ecJJH n(t) 6epeTC.sI H3 pellleHH.sI S-rpynnOBbIX ypaBHeHHH (2), TO 

pn + ij- Ls vs~s = 0 H, cne.uosaTeJihH0, cpyHKUlill n, q, vs JUIHefuw 3aBHCHMbl npH t > 0 (Kor.ua 

p, p, ij, q - KOHCTaHTbl). OrcIO.ua H H3 ycJI0BIDr (c) T0r)].a BbITeKaeT, 4T0 

pn+q-L
1 

v
1
P1 = L

1 
v1P1 - L s V:f~s * 0, T.e. lff0 n,q, v1 np11 t > 0 He st:BJI.sI10TCst:, soo6ll.{e 

roaop.si, JIHHeHH0-3aBHCHMbIMH ¢YHKUH.sIMH. AHaJIOrHl.:fttOe paccy)l()],ettHe IT0Ka3blBaeT, 

1IT0 ~ v P i; 0 s cny4ae pn + ij = 0 , K0rJJ.a ~ v,~s = 0, T .e. 4TO v
1 

He .sIBJUIIOTc.sI, soo6me Ll1 J J Lid · 

rosop.si, JJHHeiIBo 3aBHCHMbTMH H B 3T0M cnyyae. 
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3. Onpe.r.eJ1eune p u q 

B qaCTH0M c11y-iae, K0r.n.a ~ J 'A, J ' A npe.n.no11arat0TCSI H3BeCTHbrMH H Tpe6yeTc.sr onpe,1].eJUITb 

JlHlllb p 11 q ' 113 ypaBHeHHH ( 4) BbITeKaeT CHCTeMa ypasHeHHH 

(
<n

2 

> <n>J(p )= L~1(<vjn>J, 
< n > < I > q 1 < v1 > 

(5) 

Jle)KfilUas! B 0CH0Be H3BeCTH0ro, Harne,l].wero WHp0K0e npHMeHettHe B npaKnt:tieCKH.X npHJT0)KeHH­

SIX MeTo.n.a [3] 0.ll,H0BpeMeHH0ro onpe.n.e11eHIDJ peaKTHBH0CTH p 11 Be.IDflIBHbI q CTopoHHero 

HCT0l.fHHKa ( C COOTBeTCTB)'lOllleH annpOKCHMaUHeH HHTerpanos B BblpIDKeIDUrX THna (3) 11 

< f >= f w(t)f(t)dt cyMMaMH). 

J1cc11e.n.osam1e CHCTeMbl (5) n0Ka3bIBaeT, LJT0 B paMKax c.uenaHHbTX npe.n.noJlO)KeHMH 

( n(t) -:t. const npH t > 0) ee pewem1e p, q np11 KIDKLJ,0M .n.aHHoM O < T < 00 cywecTsyeT H e;urn-

CTBeHH0 (1160 ee onpe.ue11HTeJ1b < n 2 >< 1 > - < n >2 
o6pawaeTCSI B H)'Jlb B CHJTY ttepaBeHCTBa 

Kow11 - llisapua [ 4] n11mb npw n(t) = const ). 

TaKHM o6pa30M, pewettHe p,q 3THX ypasttett11H He 3aBHCHT OT O < T < 00 H cosna.n.aeT c 

HCXO)J.HblMH KOHCTaHTaMH p,q B cnyqae HCTIOJlb30BaHHSI (TOLJHhrx) paC4eTHhlX 3HatieHHH n(t), 
nony-ieHm,rx H3 pernemur ypasttettHH (2) c K03cpqnu.(HeHTaM-H -p, q, ~ .1 'A 

1
. IIp11Mettett11e )Ke 

3Kcnep11MettTaJTbttb1x 3HatieHHH rrpHB0.rt:HT, soo6me roaop.sr, K tteKOTOpbtM cpyttKL.l11SIM p(T), q(T) 

speMeHH 3KCn03HUHH T ' 0611a.na10w.HM npe.n,eJTbHbIMH 3HaLJeHHSIMH p( 00 ), q( 00) npH T ➔ 00 H 

p < 0 [9]. YKa3aHHbie pe3yJibTaTbl Moryr paccMaTpHB8ThC.sl B Ka4eCTBe MaTeMaTHLJeCKOro o6oc­

HOBaHH.sl ynowrnyroro MeT0)J.a 0)J.H0BpeMeHHOro H3MepeHllil p,q pa60Tbl [3]. 

4. Onpe.QeJ1enne f11 

y Ll,0BJleTBOPIDOWHe ycJTOBMIO ( 4e) f3 / orrpe.ueJT.sllOTC.sl H3 ypasttemrn 

< v1 v1 > ... < v1 v.1 > 1 ~I 0 < V1n > <v1 > 
....................................... 

=~ 
........... 

1 ~ J 0 
+p +q (6) 

< VJ V1 > ... <VJ VJ > <vJn> <vJ > 

1 1 0 y 1 0 0 

HCCne.uosam,re K0T0pbIX TI0Ka3bIBaeT, llTO B paMKax c.uenaHHblX npe.unoJTO)KeHHH ( 0 JlHHeHHOH 

tte3aBHCHM0CTl1 cpyttKUHH v 
1 

= i: 
1 

I f3 
1 

) ax pernett11e npH KIDKLI.OM T > 0 CYUleCTByeT, e.u11HcT-

seHHO (H6o onpe.uen11TeJ1b fpaMa [4] det!(v,v, )I 0TJ1H4eH OT ey11.sr) 11 BbtXO.D.MT Ha acHMTITOTH4e­

cKoe np11 T ➔ 00 ' p < 0 3Ha4eHHe. O)].Ha.KO TI0J10)IG1TeJ1bH0CTb f3 J npH 3T0M, B006ll.(e rosop51, He 

rapaHTHpyeTCSI (JJ.JUI 3TOro, HanpHMep, B cnyqae s = 1, J = 2 Hy)KH0 BbITI0JIHeHHe ycno­

BHH Al < X < A2 HJIH A1 > X > A2 [9]). 
Ilocne.uttee 03Ha4aeT, 4:TO np11 sb16ope 4Mcna rpynn 11 nocTOstHHbIX pacna.ua cnenyeT co6n10-

.uaTb onpe,neneHHYtO OCTOp0)KH0CTb. BMeCTe C TeM pac4eTbl no ypaatteHHSIM (6), npose.ueHHbie B 

paMKax 3a,Ua4H K0HBepcaH 6-rpynnOBbIX K0HCTaHT x.PBs KHmrna [6, 9] B 8-rpynnoBble KOH-
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• 
cTaHTbl A 

1
, B 

1 
c "ymrnepca.nbHblMH nocTORHHbIMH pacna.ua,, A 

1 
pa6oTbI [ 6), tte npHB0.11.RT K Ka­

KHM-1rn60 HenpJ,UITHOCTRM [ I 0). 0rMeTHM, l.fTO ecJIH ycJIOBHe ( 4e) OTCYTCTByeT, TO COOTBeTCT­

BYIOW.He (a6cOJIIOTHble HJIH OTHOCHTeJibHble) 3Hal.feHH.sJ ~ J onpe.n;em!IOTCR H3 ypaBHeHHH 

J 

L, < v, v1 > ~ 
1 
= p < v,n > + q < v, > , i = 1, J, 

J=I 

(7) 

co CBOHCTBaMH, aHaJIOrHl.fHblMH CBOHCTBaM ypaBHeHHH (6) [9]. OJJ,HaKO, s OTJIHl.fHe OT ypaBHeHHH 

(6) HCnOJib30BaHHe ypasHeHHH (7) no3BOJI.sJeT B npHH1..ume pewaTb B3.)KH)'IO 3a,nayY onpe.nenemrn 

(npH pn + q ;/: 0) a6conlOTHoro 3HaYemu1 ~elf= ~ 1-1cc11e.nyeMoro peaKTopa no H3secTHbIM a6co­

JIIOTHblM 3Hal.feHHRM p lliHJlH q, qTQ OTKpbIBaeT HeKOTOpbie HOBbie BO3MO)KHOCTH B peweHHH 3TOH 

aKTYaJibHOH 3a,naYH. 

5. Onpe,nenenue p, q, Pi 

OnycKM paccMOTpemte pa3JIH4HhIX sapHaHTOB 3a.n.aY onpeD.enemrn p, f3 
1 

no 3a.11.aHHbtM 

n(t),q,A.
1 

HnH q,f3., no 3aJJ.aHHblM n(t),p,A.1 H T.JJ..(CM. [9]), nepeH,D.eM cpa3y K o6cy)K.n.eHHIO 

6onee o6~ei1 3a,n.aYH onpe.a.eneHH.sJ p, q, ~ 
1 

no 113secTHbIM n(t), A 
1 

• 3JJ,ec& TaK)Ke HMelOTCR JI.Ba 

BapH.aHTa: C ycnosHeM ( 4e) H 6e3 Hero. IlocKOJlbKY nocne,nHHM sapHaHT npHB0.11.HT K OJJ,HOpOJJ.HOH 

CHCTeMe J + 2 ypaBHeHHH C OTJIHl.fHblM OT ttym1 (B Cl•UlY c.nenaHHblX npe.11.noJIO)KeHHH) onpe.11.emt­

TeJleM, HMeiome11 JIHUlb TpHBHaJibHOe peweHHe, TO orpaHwtl1MC.sJ paCCM0TpemteM nepsoro BapH­

aHTa, K0rJJ,a ypasHemrn ( 4) pe.a.yu1-1py10TCR K HeOD.HOpO.UHOH CHCTeMe J + 3 ypasHeHHH BH,na 

2 -<n > -<n> <v1n> 

-<n> -<1 > <v1 > 

-<v1n > -<v1 > <v1v1 > 

0 0 1 

< v2n > <v1n > 

<v2 > <v1 > 
< v1v2 > ... < V1 V./ > 

1 

0 p 

0 q 

P, 
=P 

0 

0 

0 

0 

1 

(8) 

AHaJIH3 ypastteHHH (8) n0Ka3b1BaeT, l.fTO B paMKax CJJ,enaHHblX npeJJ,nOJIO)KeHHH ( 0 JIHHeHHOH 

He3aBHCHMOCTH cpyHKUHH VJ , n, q) onpe.n.enHTeJlb 3TOH CHCTeMbl ypaBHeHHH OTJIHYCH OT ttyJI.SI H, 

cne.uosaTeJibHO, peweHHe HX npH Ka)K)lOM T > 0 cymecTByeT H eJJ,HHCTBeHHO. DpH T ~ 00 ' 

p < 0 OHO HMeeT npeD.en. YTo )Ke KacaeTCR noJIO)KHTeJlbHOCTH nonyYaeMblX 11a 3TOM nyr11 B 
1

, TO 

B cnyyae npOH3BOJ1bHOro Bbl6opa A J Otta, no-BH)J.HMOMY, TaK)Ke He rapaHTHpyeTCR. 

BMeCTe C TeM npHBe,UeHHbie B (9) (11, l.faCTHl.fH0, HH)Ke B Ta6J1. I .. .4) pe3yJ1bTaTbl pacYeTOB (c 

"yHHBepca.nbHbJMH", HanepeD. 3a)J.aHHblMH 8-rpynnOBblMH A.) pa60Tbl [22)) HCKOMblX p , q H 8-

rpynnOBblX a 
1 

= B 
1 

I B, a TaK)Ke HeBSl3KH Jc£ JJ.JlR pa3nHYHbIX T , p (H 3HaYeHHH n(t) , BbI­

YHCJieHHblX no ypasttemtRM (2) .unR MOJJ.eJibllOH 6-rpynnosoi:1 3a,uaY11 ( c KOHCTaHTaMH X 1 , as 113 

[3] )J.JlH 
238U) 0 B03MyLUeHHH KpHTHl.feCKOro npH ' < 0 peaKTopa TTYTeM BBeJJ,eHHH B Hero B MO­

MeHT speMeHH ' = 0 HeHyneBbIX p H q) CBH,UeTeJibCTBYIOT O TOM, l.fTO HC0OJ1b30BaHHe ypaBHe­

Hl1H (8) He npHBO)lHT B 3T0M cnyYae K KaKHM-m160 OCJ10)KHeHliJIM (npH He CJIHWKOM 60J1bWHX 
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p ::; 0,1 ' I10.llp06HOCTH CM. B [9]). Eonee Toro, no11yi-1eHHbie B [9] pe3yJlbT8Tbl B npHHIJ,]me II03BO­

Jl5IIOT paccMaTpHB8Tb )J,81-IHblH MeTOL( B KaYeCTBe B03MO)KHOro npaK1W-JeCKOro MeTOL(a COBMeCTHO­

ro H3MepeHIDI OTHOCHTeJlbHblX 3HaYeHHH p' q H 8-rpynnOBb~X ~ J peaKTOpa B e)J,H.HHUax ~. 

Ta 6 J1 H u a I. Pe3yJibTaTbl pac'-!eTOB npH p = 0,1, q = 0,5 

T, C TToToK p Q al a4 as ✓<D 
50 l,570E+ I 1,684£-1 3,870E-l 3,327£-1 4,321£-02 7,0llE-2 4, 126E-4 
l00 4,8 IOE+l l ,022E-1 4,969E-I 2,215E-2 1,09 IE-0 I 8,303E-2 9,651£-4 
200 3,414E+2 9,994E-2 5,003E-1 8,501 E-3 l , l 92E-01 8,655£-2 1,186E-3 
400 l,472E+4 1,000E-1 5,002£-1 9,455E-3 l , 161E-01 8,656£-2 2,224£-3 

T a 6 J1 H u a 2. PeJynhTaTbl pac1JeT00 np11 p = -0, I, q = 0, 5 

T,c ITOTOK p Q a, a4 as ✓<D 
50 3,233E+0 1,722£-2 3,876E-I 3,309E-l 4,351E-02 7,024£-2 2, 191£-4 
100 3,918E+0 -9,738£-2 4,967E-I 2,288£-2 l ,082E-01 8,245E-2 4,809£-4 
200 4,576E+O -1 ,002E-l 5,004E-1 8,629£-3 l,l85E-01 8,570E-2 5,904£-4 
400 4,930E+0 -1 ,00lE-l 5,003E-I 9,485£-3 I, l 55E-0 I 8,41 I E-2 7,019£-4 

Ta 6 J1 11 u a 3. Pe3yJlbTaTbl pac'JeTOB rrpH p = -1, q = 0,5 

T, c TioTOK p Q a, a4 as ✓<D 
50 5,208£-1 -8,528E-1 3,893£-1 3,264E-I 4,432E-02 7,058E-2 l,416E-4 
100 5,063E-l - 9,954E-1 4,963£-1 2,501£-2 1,057E-0 I 8, 112£-2 2,621£-4 
200 5,009E-l - 1,00 IE+0 5,004£-1 9,089E-3 I, l 62E-0 I 8,367£-2 3, 160E-4 
400 5,000E-1 - 1,00IE+0 5,004E-I 9,497£-3 I , I 52E-0 I 8,329E-2 3,253£-4 

Ta 6 JI II u a 4. Pe3yJlbTaTb1 pac4eTOB np11 p = -10, if = 0,5 

T, c TTOTOK p Q 
QI a4 as ✓<D 

50 5,334E-2 - 9,210£+0 3,91 IE-1 3,2l2E-l 4,544£-02 7,101£-2 4,604E-4 
100 5,089E-2 - 9,977E+0 4,960£-1 2,638£-2 1,04 lE-0 1 8,039£-2 7,407E-4 
200 5,011 E-2 - 1,00 IE+ ! 5,005£-1 9,396£-3 I, 147E-0 I 8,249£-2 8,775E-4 
400 5,00 I E-2 - 1,00JE+ I 5,005E-l 9,566E-3 1, 143£-0 I 8,236£-2 8,865£-4 

3aKJ1t0qeuue 

B pa6oTe pa3pa60TaHbl 11 HCCJle,lJ.OB3Hbl MeTO,lJ.bl 11.ueHTHQ)HKaUHH peah.'THBHOCTH p H .a.pyrHX 

K03Q)Q)HUl-feHTOB T04e4HOM MO.UeJlH KHHenfKH, HaHJlY4WKX ,lJ.JUI ,ll3HHOro peaKTOpa B CMhlCJle Me­

TO)J,a H3HMeHbWHX KBa,upaTOB. 3n{ MeTO,lJ.bl I103BOJ15IIOT B rrpHHUHne npOBO)]JfTb H3Mepemrn peaK­

THBHOCTH 6e3 HCI10Jlh30B3HH51 K3KOH 6bl TO HH 6bJJlO HHQ)OpMaUHH O BeJ1H4HHe CTOpOHHero HC­

T04HHKa HeMTpOHOB q H O cneKTpax H BbIXO)lax 3ana3.UbIB3KHllHX HeMTpOHOB B peanope, 4TO 

npe.n.cTaBJl5IeTCSI BeCbMa ueHHhlM B ycnOBHSIX OTC)'TCTBHSI HJlH HH3Koro KaYecrna TaKOH HHQ)OpMa­

UKH. 
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Y,n:K 621.039.51 
PacqeThl BBO,ll,a 6onhmoii peaKTHBHOCTH B peaKTop BB3P-1000 

0.10. KaayH, A.H. llonb1«u11, P.A. meaCJem;o, 
<l>fY "HTU: 51.PE", 107140, MocKBa, yn. Mana51 KpacttoceJTbCKa51, )].. 2/8, K. 5 

PaCC411TblBaeTCH 3cpcpeKTHBHOCTb asapHHHOM 3aII.lHThl peaKTOpa BB3P- I 000. MoneJTb peaKTOpa OCHO­
BaHa Ha 113secTHoii nporpaMMe PA,UYr A. PeaKTHBHOCTb pacccrn.TbmaeTcH s cTaUHOHapHOM 11 Hecrnu,Ho­
ttapttoM peaKTOpax. Pe3yJTbTaTbJ 3aMeTHO pa3JTH4aJOTCH. 3TOT cpaKT o6cy)l(JtaeTCSI B CTaThe. 

Calculation of big reactivity inserting in VVER-1000. 0. Yu. Kavun, A.I. Popykin, R.A. 
Shevchenko. The effectiveness of SCRAM of VVER-1000 is calculated. The model of reactor is based on 
well-known RADUGA code. Reactivity is calculated in stationary and nonstationary reactor. The results 
differs remarkable. This fact is discussed in the paper. 

1. IlocTaHOBKa 13,11.acrn 

Onpe)].eneHHeM peaKTHBH0CTH, ecn11 He orosopeHo )].pyroe, ~rnm1eTcSI p = (k3<1> - I )lk3¢,, r)].e k'l<\> 
- 3cpcpeKTHBHblH K03cpcpHU,HeHT pa.3MH0)KeHHSI. TaKoe onpeneneml'e HaH6onee ynoTpe6lneJTbHO H 

HCn0Jlb3yeTCH B H0pManrnm,rx )].0K)'MeHTax. ITp11 onpe)].eJleHHblX npennoJl0)KeHIDIX HMeeTCSI npo­

CTaH H cpH3H4eCKl1 IT0IDITHaSI CBSI3b Me)l()]."y peaKTHBH0CTblO 11 HeCTal..(H0HapHblM Il0Be)],eHHeM IT0T0-

Ka HeHTpOHOB q:i = (j)o eP11
a ' r)],e I - speMSI, ta - cpe)].Hee speMH )KH3Hl1 HeITTpOHa B CHCTeMe, q>o He 

3aBHCHT OT BpeMeHH. 

OnpeneneHl!e 3Ha411TeJTbHOH no senH4HHe peaKTHBH0CTH, Hanp11Mep, np11 mMepemrn seca 

asapHHHOH 3aLUHTbl o6na)],aeT HeK0TOpbIMl1 oco6eHHOCTSIMH. OHH 06ycJ10BJieHbl TeM, 4T0 BB0)].H-
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Mru! peaKTHBHOCTb He .SIBIDleTC.SI Ma.JlblM BO3M)'ll.l.eIDfeM CHCTeMbI. KaK npaBHJIO, sec asapIDiHoti 

3allJ.HTbI s peaKTope BB3P cocTasJUJeT nop.sinKa 5 ... 10 % !:lklk. C npyroii cTopom,1, nocnenoaa­

TeJibHOe sseneHHe Toqe4HOH MO)J:eJIH KHHeH[KH peaKTopa, ee napaMeTpOB H CaMoro TIOHstTIDJ pe­

aKTHBHOCTH TpanHUHOHHO OCHOBb1BaeTC.SI Ha Teop1111 B03M)'l.Uemrli nepsoro nop.Sl.llKa [)]. 

3cpcpeKTHBHOCTb asapHHHOH 3allJ.HTbl (on1.eJibHbIX CTep)KHeH CY3 H HX rpynn), HCnOJib3Y.SI 

nporpaMMHOe cpencTBO (ITC) CTaUHOHapHOro pacl.feTa, MO)KHO onpenenHTb, paCCMOTpes nsa co­

CTO.SIHIHI - KpHTJ11-leCKOe (Ha HOMHJfa.JlbHOH, MKY MOLUHOCTH H T . .IJ:.) H COCTO.SIHHe co CTep)KH}IMJ1 

CY3 Ha HH.)KHeM KottuesHKe (HK). Pa3HOCTb Me)K)J:y 1 H k3<1i B cocTO.SIHHH co c6poweHiibIMH 

CTep)KH.SIMH .uacT HCKOM)'lO BeJ1111-rnHy B Wk HJlH nonKpHTHl.fHOCTb - 3TO CJIO)KHBlUa.SIC.Sl npoue.uypa 

onpe,L1.eJ1eHH.SI 3 cpcpeKTHBHOCTH rpyrrnbl CTep)KHeH CY3. 

Ilo Mepe pa3BHTH.SI ITC cTano BO3MO)KHhIM Mo,n:emrposatt11e c6poca asap11ttHOH 3arn.11T.01. 3To 

nenaeTC.SI c nOMOLUbJO nporpaMM IlOJIHOMaCWTa6ttoro COBMeCTHOro HeCTaUHOHapttoro Hemrnei:i­

HOro ttei1TpOHHO-Tennor11npas.rmqecKoro pacqern peaKTopttoi:i ycTaHOBKH (PY). B npouecce pac­

l.feTa IlO.SIBJI.SleTC.SI 60JlbWOH MaCCHB HHcpopMa1.urn, KacaJOW:HHC.SI aKTHBHOH 3OHbl: HeCTaUHOHapHoe 

pacrrpe,L1.eJ1eHHe rpynnOBbIX ITOTOKOB HeHTpOHOB, no KOTOpbTM MO)KHO ccpopMHpOBaTb HCTO4HHK 

)J:JI.SI pacqeTa CHrHa.Jla Ha HOHH3aUHOHH)'JO KaMepy (MK) HJlH ,L\pyrou neTeKTop; BO3MO)KHOCTb pac-

4eTa cpyHKUHOHaJlOB, ttanpHMep, 6anaHCHOro 3cpcpeKTHBHOro K03cpqrn:u.HeHTa pa3MHO)KeHIDJ, 38BH­

C.Sll.llero OT speMeHH, H T.)I_. Pe3yJibTaT pacqeTa 3cpcpeKTHBHOCTH asapHHHOH 3alll.HTbl B 3TOM cnyi:-rae 

MO)KeT 6btTb npyrHM, He2Kem1 paCC4JffaHHbIM no ITC CTaUHOHapHoro paCY:eTa. 

Cne.LJ.yiomee, TpeTbe 3Ha'4emre peaKTHBHOCTH - pe3yJibTaT pacY:eTHOH o6pa6oTKH ee H3Mepe­

HHH. 11K B peaKTOpe BB3P, C noMOlUbJO KOTOpblX ocyLUeCTBJI.SllOTC.SI H3MepettIDJ, HaXO)J:.SITCR 3a 

npenenaMH KOpnyca peaKTopa. C1,rrttan Ha HHX cpopMHpyeTC.SI HCTOl.fHHKOM B aKTHBHOH 3OHe npo­

nopUHOHaJlbHO nOTOKY 6blCTpbIX HeHTpOHOB C pacnpe,L1.e11emreM no 3Hepnu1, 6JIH3KHM K cneKTpy 

neneHH.SI WHJut B cnyqae 3arnyweHH.H peaKTopa cneKTpy 3ana3.IJ:bJBaJOrn.Hx He.ihpottos. HaH6011b­

weH sepO.SITHOCTbJO TIOfJlOTHTbC.SI s HK o6na.D,aJOT 6bICTpbte HeHTpOHbl flOCJle)J:Hero pH.ua KacceT, 

Hax.011..SILUHXCH HanpoTHB KaMep. O6pa6oTKa CJ,ffHaJia ocyrn.ecrnm1.eTCH HCX0,[Ul H3 rrpencTaBJTeHH.SI 

peaKTHBHOCTH B paMKax Monem1 TOl.JeY:HOH KHHenrKH. 

Hanl1'-111e onpeneneHH.SI peaKTIIBHOCTH H MO)].em1 pacqeTa, no KOTOpOH MO)KHO nonyqHTb pe-

3YJTbTaT B nepeY:HCJleHHblX BbtlUe Tpex nocTaHOBKax, naeT o6oCHOBaHHOe nyTeM 113MepeHHH 3Ha­

'4em1e 3cpcpeKTHBHOCTH asapHHHOH 3all{HTbl. 3necb cne.uyeT OTMeTHTb, 4TO 3a;:i:aqa onpe.ueneHH.SI 

nonttocTbJO pacY:eTHhIM nyTeM noKa3aIDfi1: HK s ttacTO.Sllll.ee speM.st He pewetta, xorn ee pernemre 

BO3MO)KHO, HanpHMep, C IlOMOlll.bJO npeUH3HOHHblX nporpaMM pac'tfeTa nepeHoca 4aCTHU. Ilo3TO­

MY 8KTYaJlbHbl CO3,Ll.8HMe H BepHcpHK8UH.SI Pa3YMHhIX npH6JlH)KeHHbIX MO_L\eJieH, KOTOpbie H CO3,Ll.a­

lOTC.sl . B naHHOH pa6oTe paccMaTp1rnaJOTC.SI TOJlbKO COOTHOlUeHH.SI 3cpcpeKTHBHOCTH rpyrrn CTep)K­

HeH, nony'-!eHHbie 8 CTaUHOHapHOM H HeCTaUHOHapHOH 3a)J:a'-Iax. 

2. OnpeJ{eJJeuue peaKTHBH0CTH, ypasueuun TO'-lel.fuou KHHeTHKH, ((>opMyna OPYK 

ITocTaHOBKa HeCTaUHOHapHOH 38)].a4H OTHOCHTeJibHO ITJ1OTHOCTJ1 Hei1TpOHOB C He3Hal.fHTeJib­

HblMH onpeneneHH.SIMH cpyHKUHOHaJlbHbJX npOCTpaHCTB, onepaTopoB, orpaHHY:eHH.SIMH Ha K03cp­

cpHUHeHTbl 11 T.)].. CO)J.ep)KHTC.SI B (2, 3]. 8 HeKOTOpblX MeCTax Mb! onycKaeM apryMeHTbl, eCJlH 3TO 

He .SIBJI.SleTCR Ba)KHblM )J:Jl.SI nOHHMaHH.sl. Mbl He onpe.n.eJI.sieM TaK)Ke cpenttHe (3cpcpeKTIIBH1>Ie) BeJlH­

'-Ilffibl, KOTOpbre He OTJlH4aJOTC}l OT onpe,L1.eJ1eHHblX B (2, 3]. HeCTal.{HOHapttrui CHCTeMa ypasHeH.H:ii 

nepettoca HeITTpOHOB 38IlHCbIBaeTC.SI cneny10rn.11M o6pa30M: 

dn ,=N 

- = (-L + K,,s + (l-p)frK1 )n + L,A,J;c;···; 
d( t=I 

(I) 

ac,(dt = -)..,c, +P,K1n, ... ; i = l...N. (2) 
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OnepaTopbr .uenemrn (HCT04HHKa ttei1Tpottos), nepettoca 11 pacce.s1mrn onpe.uem noTc.si n o c11e­

.U)'10W.HM paseHCTBaM: 

K1n = f dEfvL1 (r ,E)n(r,E,Q,t)dQ ; 

Ln = ✓E-QVn(r, E,Q, t) + ✓E ·I-i(r,E)n(r,E ,Q ,t); 

Ksn = f dEfI-s(r, E',Q',E,Q)n(r,E1,Q',t)dQ . 

(3) 

(4) 

(5) 

,[(Im CHCTeMbl y pastteHHH ( 1 ), (2) He06XO.UHMO n0CTaBHTh HalJaJThHbie H rpaHW-IHbie y cJI0BI-UI . 

<l>yHKl.U1-11, no,n:Jie)Kaw.He onpe.uenemuo: n(r, E, Q , t) - ITJJ0TH0CTb HeHTpOHOB, c,(r, t) - K0HUeH­

Tpau.11.s1 npe.uwecTBeHHHK0B 3alla.3,UbIBalOW.HX HeihpOHOB i-H rpynru,1. 

I1apaMeTpb1: 1:, - nonttoe cet.teHHe; Ls- ceqett11e ynpyroro H tteynpyroro pacce.srnmi:; v"L_r - 11c ­

T0t.JHHK HeiiTpOHOB, B03HHKaIOW.HX B pe3yJ1hTaTe .ueneHH.s!; V - K0JIH4eCTB0 BT0pHYHblX HeHTpo­

H0B; f3 , f33<j>, f3,, f3 ,,3<j>- C00TBeTCTBeHHo .uom1, 3q>q>eKTHBHa.s! ,U0Jl.sl, .uom1 i-H rpynnbt 3aITa.3,UblBaIOW.HX 

tteHTpOHOB, 3cpq>eKTHBHa.sl ,U0Jl.Sl i-H rpynnbl 3ana.3,UbIBaIOW.HX Heihpottos; fr,,/, - C00TBeTCTBeHH0 

cneKTp MrH0BeHHblX HeHTpOHOB H crreKTpbl i-M rpy nrrhl 3aITa.3,Ub£BaIOW.HX HeHTpOHOB; A, - n ocTO­

.slHHa.si pacrra.ua i-H rpynnbl 3ana.3,UbIBalOIQHX HeMTpOHOB. 

ITepeMeHHbie: r - np0CTJ)aHCTBeHHa.sl nepeMeHHa.sl (MO)KeT 6bITb BeJCTop C K00p.a,111-1aTaMJ1 X, y, 
z H T.,u.); Q - TenecttbIH yron; E - 3Hepn1.s1. 

Conp.sl)KeHHa.sl CTau,11ottaptta.s1 3a.Uat.Ja 3aITHChIBaeTC.sl B B.H,Ue 

(6) 

r.ue L+, K,\, K; - cooTBeTCTB)'lOW.He conp.si)KeHHbie onepaTopb1. YMHO)KHB cKan.siptto y pasttem1e 

(1) Han+, a ypaBHeHHe (6) Ha n, BblY.HTM .upyr 113 .npyra CO0TBeTCTB)'IOW.He cpyHKUHOHa.rt bl H HC­

IT0Jib3Y.H CBOHCTBa conp.st)KeHH0CTH onepaTopos, rro11yqHM 

!!._(r/ , n.(t)) = kx)i - I (n, K; n+) +(n+, L\f,~
1
c

1 
(t)J+ (n+ ,q )-(n+, D,~

1
K1 nJ. (7) 

~ ~ I I 

B C00TH0Wemrn (7) y ITJI0TH0CTH HeHTpOHOB onyw,eHbl see nepeMeHHble, Kp0Me speMeHH0H 

nepeMeHH0H. Ilpe.n.rro11ara.s1, 4T0 

n(t, r , E, Q) = N(!}lJl(r, E, .Q), 

nonyYHM ypastteHH.s! T0"!elJH0ro npH6JTH)KeHH.8 

dN = p-~3<j> N+ L\C;+ Q ; 
dt A , 

dC,/ dt = - \ C, + ~3<j>.,N I A. 

(8) 

(9) 

( I 0) 

B ypaBHeHH.sJX (9), ( I 0) N(t), C(t) 11 Q(t) - C00TBeTCTBeHH0 HHTerpanbHa.s! ITJI0TH0CTb Hei:h po­

HOB, npe.uwecTBeHHHKH 3aITa.3.!lb1BaIOUJ,HX HeHTpOHOB 11 11CT04HHK HeHTpOHOB; A - spe M.si rettep a­

UHH HeHTJ)OHOB [3). <l>opMyny 
I 

n+, L"-,f,~ , f dt
1 exp[-A.

1
(t-t

1
)]K1 n +(n+, q) 

p(L) = I - ...,___ _________ _..__ __ + a(t)A(t) 

~,. ( n+, ~~,K1n J ~,. 
( 1 l ) 
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r.ne 

(12) 

no aHanonur c ee 6onee npocTbJMH aHanoraMH 6y,neM Ha3btBaTb ¢opMYJJOH o6paTHOro pernemu1 

ypasHeHHH KHHentKH (OPYK). 

Bse,ueM onepaTop 

M=L-K (13) 
H ccpopMyJIHpyeM YCJJOBH51 npHMemtMOCTH T01.Je1.JHOH MO)leJJH Y Ca4eBa, KaK OH ee BblBO.llHJl [I): 
1. n1rneHHOCTb 3a.LJ.a4H (I), (2), He3aBHCHMOCTb OT speMeHH K03q>qJfil(HeHTOB, (ac11MnTOTl.iJl-IeCKOe) 

npe.ucrnsneHHe (8). 
2. ConpH)KettttocTb onepaTopos M 11 ~ B Ja.uayax (1), (2) 11 (6). 
TTp11 3TOM nonyYalOTCH T0l.JeYHoe np116111{)KeH11e H ¢opMYJJa OPYK B npHBbIYH0M s.H,ue. 

TipH 3aBHCHM0CTH K03<pq>HI.{HeHTOB 3a.ualfH (I), (2) H (6) OT speMem1: 

1. fl11HeHHOCTb 3a)J.a4H ( 1 ), (2). 
2. Conp.ll)KeHHOCTb onepaT0p0B M B 3azia4ax ( 1 ), (2) H ( 6) npH napaMeTpH4eCKOH 3aBHCHM0CTif 

JJeBOH qacTH ( 6) OT speMeHH. 

TTp11 3T0M nonyc.iaeTcH ¢opMyna OPYK s BH,ll,e ( 11 ), a T04e4Hoe npH6J1H)Kem1e s npHBbJ4H0M BH,ll,e 

He noJTylfHTCH H3-3a HenepecTaH0B04H0CTH AHq><pepeHUHpOBfilUrn no speMeH11. B (12). 
TiycTb x(r, E, Q,) - e)J.11.HHl.JHaH q>yttKUHH B Q)a30BOM o6beMe. Bse)J.eM cpe,nHIOlO TTJl0TH0CTb 

HeihpoHOB N(t) = ( X, n), Tor,l],a H3 (I) cne)lyeT: 

(14) 

r,ne 

L1n = ✓E -Q"vn(r,E,Q,t)+✓E ·I-u(r,E)n(r ,E, Q,t) . (15) 

n p11 no.JJYl.lemrn ( 14) Hcn0Jlh30Batto co0Tttowem1e 6aJ1attca 11,m1 ce'-l'eHIDI pacceJ1mrn 

-(x, Ji ·L'.,n) + (x, K, _,.n) = -(x, Ji· L'.0 11). ( 16) 

TloJJ.emtM npas)'lO H nesyio c.iacTH ( 14) Ha seJ1H1.JHtty (X, K,rn ), HaH,ll,.11 

I dN = _ (x,lin) + (l- ~)Ql) + 1 ~\Ci> 
(x,K1n) dt (x,K,rn) (x,K1n) ,=1 

(17) 

H sse.ueM CJle,ll,ylOIUHe o603Ha4eHHH'. 

k'.MP(t) = (x,K1 n )/(x,lin), (18) 

N(t)j(x, Ki n)= A(t). (19) 

Tor,ll,a nonyYHM Bblpa)KeID!e .LI.JlH peaKTH.BH0CTH 

p(t)=l+-1 dN~ __ I ~L,'A.,C,. 
~3<1> ~'.MP dt N ~'.MP N 

(20) 

OrpaHHYeHHH no npHMeHHM0CTH <pOPMYJlbl (20) J],JJH onpe,neJJeHHH peaKTHBH0CTH HeT. Otta 

cnpase,ll,JlHBa )],a)Ke ,ll,JlH HemrneHHOH 38)],aYH. <DopMyna (20) ,ll,0Jl)KHa 6b1Tb .LI.OTI0JTHeHa perneHHeM 

ypaBHeHHH ( 10) H npeo6pa30BamteM ee K BH.ll.Y (11 ). 3tta4eHHH ycpe.nHeHHblX napaMeTp0B 6y,ll,yT 

0TJlH'-l'aTbCH OT np11Mem1eMblX B (9) ... ( 11) TeM, 4T0 B KaYeCTBe ycpe,nHHIOIUeH cpyHKUHH BMeCT0 

lleHH0CTH 6y,neT HCTTOJib30BaTbC.ll e,nHHHUa. 

PacCMOTp11.M 38,ll,a'l)' (1), (2) B .n11¢¢Y3HOHHOM .nsyxrpyrrnoB0M np116JIH)KeHHH B CJle.ll)'K)meit 

n0CTaH0BKe. fleBble YaCTH Bblpa)KeHHH (I), (2) HBJIHlOTCH MaTpHUaMH pa3MepH0CTH 2x2, <p - seK­

TOpOM-CTOJ16UOM C K0Mn0HeHTaMH (p1 H <p2, TaKMM cnoco6oM 880,[lHTCH peaKTHBH0CTb B npo­

rpaMMH0M K0MnJJeKce (TTK) P A)]Yf A [ 4]. 
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MaTpH4Hbie 3JTeMeHTbl onepaTopoB .neJTeHIDI (HCT04HHKa HeHTpOHOB), nepeHOCa H pacceHHHH 
onpe.nemnoTcH cJTe,nyJOIUHMM paseHCTBaMH: 

2 

Klcp = X, L VL JJ<p /r, t), Xi = 1, x2 = 0; 
J=I 

Lcp = diag[ div D; (grad) - La; ( r , t) ]<p( r, t), i = 1, 2 , 

CHMBOJT diag o6o3Ha4aeT ,1J.11aroHaJTbHYJO MaTPHtzy; 
2 

K, ,s<p= Isucp/r,t), i,J=l,2;sll =L,,d;sl,2 =L,,2;S21 =S22 =0. 
i=I 

(21) 

(22) 

(23) 

<l>yHKUHH, no.nJTe)Karu11e onpe.n.eneHmo: cp(r, t) - noToK Heihpottos, C;(r, t) - KOHI..~eHTpaui-rn 

npe.nrneCTBeHHHK0S 3aTTa3JJ.bIBalOUJ,HX HeihpOHOS i-H rpyrmbl. I1apaMeTpb1: L1 ,d - ce4em1e yso.na 

H3 rrepsoii rpynnbl; L I,2 - ce4em1e pacceHHHH H3 nepsoii rpyrrm,1 so STOpYJO; VLfi , i = l, 2 -
rpynnosbie HCTO'-IHHKH HeHTpOHOB. OcTaJTbHbte napaMeTpbl orrpe.n.eneHbl Sbtllie. 

TiepeMeHHbie: r - npOCTPaHCTBeHHaH nepeMeHHaH (MO)KeT 6bITE, seKTOp c KOOp.UHHaTaMH X, y, 
z H T.)]..). TaK )Ke, KaK H B c11y4ae, KOr)].a paccMaTpHBaJlQCI, ypaBHeHHe nepeHoca, YMHQ)KJ,fM o6e 
t.JaCTH ypasHeID[H CKaJTHpHO Ha x(r) - e.nm{Wffi)'lO cpyHKUHIO-CTpOKY x,,(r), i = 1, 2, s paCCMaTpH­
BaeMOM 061,eMe. TipH 3TOM s npasoi1 qacnt ypasHeHIDI see 6y)J.eT aHaJTOnt'-IHO paCCMOTpeHmo 3a­

,lJ.alHJ .llJTH ypasttemrn nepettoca. I1ocne sse.neH1u1 nepeMeHHOH 

(24) 
r.ne 

G = cpi/<p2, (25) 
11 npose.nemrn 3JTeMettrnpHhtX npeo6pa30BaHMH B nesoii qacn1 noJTylfflM attaJTor cpopMynbI ( 14) (s 
npasOH 4aCTH see cosna,ll.aeT C ynoMHH)'ThIM paBeHCTBOM): 

: :~ +( :1( ~ )-!(:) )<f>(I) = -(x,J,q,) + (1-P,,)(x, K/P) + ~ A,C,, (26) 

r.ne Ha,nqepK o603Ha'-IaeT ycpe,nHeHHe no npocTpaHCTBY, <l>(t) - cpe,nHHH no npOCTpaHCTBY TTOTOK 
HeHTpOHOB. HHor.na napaMeTp G Ha3bLBalOT )KeCTKOCTblO cneKTpa. 

HaKOHeu, npette6peraH Sblpa)KeHHeM s Kp)'rJiblX CK06Kax s JleBOH qacn1 ypastteHHH (26) ( OHO 
pastto O s CJT)'l.fae pa3,nenemrn nepeMeHHbfX) H BBO,ll.H napaMeTp speMeHH )KH3HH HeWTpOHa 

T k'J<fi (t) 
!

0 
= ----, (27) 

w (x,Kfcp) 
TT0JT)'4HM q_)OpM)'JT)' 

(28) 

(29) 

Bse.neM senwnrny 

(30) 
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Onpe,n.e11e1-rne (29) sse.n.etto B ITK PA,[(Yf A [ 4] wrn Haxo)K.LJ.eHIDl peaKTHBHOCTH no cpopMyne 
(30). Bee napaMeTpbl, BXO.U.Slll.ll1e B 3TY cpopJ\fyJlY, Bhl'-IRCmlIOTCR B nporpaMMe Ha Ka)K.LJ.OM ware no 

speMeHH s npouecce perneHJ,rn COBMeCTHOH ITOJ1HOMacwrn6HOH HeHTpOHHO-Tennorn.upasmrY:eCKOH 
3a)la'-IR. OTMeT11M, 4TO npH aHaJ1113e 3a;::i;at-r11 (I), (2) B KJrneTlfCleCKOH nOCTaHOBKe JJ;JlH nOTOKa HeH­

TpOHOB Q)OPMYJJhl OCTattyTCH TeMH )Ke, 4TO H B JJ;HQ)Q)Y3HOHHOH, 3a HCKJll-04eHHeM Toro, 4TO B rrpa­

BOH YaCTH Bblp~eHHH (26) B Kpyrnhrx CK06KaX OCTatteTCR TOJihKO nepBblH 4JleH. 

3. PacqeThl aeap1tiiuou 3amnThl AJUI peaKTopa BB3P-1000 

PacCMOTpHM pe3yJibT3Tbl pac'leTOB 3cpcpeKTl1BHOCTeH OT.UeJihHblX rpynn asapHHHOH 3all.lHTbl 
no ITK PA,[(Yf A [4] )l.l].SI 3-ro :mepro6noKa KaJIHHHHCKOM A3C. B npHBO.LJ.HMhIX HIDKe Ta6mruax 

npHBOMTCR seca asapttiittoi1 3am11Tb1 B npou,eHTax Wk, npHY:eM k = l , nocKom,K)' npe.unonaraeM, 
l{TO c6poc Bcer,lla npOBO.LJ.HTC.SI 113 KpHTH'-IeCKOro COCTO.SIHHH. B Ta611m.1,ax npHHj{Tbl cne.uyl-Oll.llie 

o6o3HaY:eH11.S1: N - MOlllHOCTh peaKTopa B npouettTax OT HOMHHaJihHo»; H, I%, I= 1. . . 10 - norro­
)KeHHR rpynn OP CY3, l 00 % - rpynna Ha BK, 0 % - rpynna Ha HK. CTaUHOHap 03Ha4aeT peme­
HHe CTal{HOHapHOH 3a)J.aqH Ha co6cTBeHHOe 3Ha4eHHe, ,llHHaMHKa - npRMoe HeCTa.1.1,HOHapHoe MO­
.uemtpoBaHHe c6poca OP CY3. 3cpcpeKTHBHbIH K03Q)Q)HUHeHT pa3MHO)Kem,rn B 3TOM CJT)'1-lae RBJIR­
eTc.SI aCHMITTOTH4eCKHM 3Ha4em1eM k~(t). 

B Ta6JI. I rrp11Be)J.eHb[ 3HaLJeHIDl 3cpq>eKTHBHOCTeH asapHHHOH 3all.lHTbJ: H3MepeHHble 11 o6pa-

6oTaHHbJe cornaCHO )leifoTByIOil(eMy pyKOBO.U.Slll{eMy )J.OKyMeHl)' 3KCnnyaT11py10mew opraHH3aUHl-1 

[ 5] H pacc'IllTaHHbie no nporpaMMaM EMI1P-7 A [ 6] H NOSTRA [7]. B nporpaMMe EI111P-7 A pac­
CY:HThIBaeTcH 3q>cpeKTHBHbIH K03cpqmuHeHT pa3MHO)KeHH.SI CTaUJ10HapHOH 3a.Ua4H. B nporpaMMe 

NOSTRA npoBO.UHTC.SI MO)J.emtposatt11e c6poca aBapHHHOH 3all.lHThI, KpoMe Toro B HeH Mo.ue;rn:py­
eTcSI orrpe)J.eJieHHhIM o6pa30M 11 npouecc H3MepeHH.SI peaKTHBHOCTH. B Ta611. 2 npHBO.UHTC.SI pe-

3YJibTaTbl pacY:eTOB 3cpcpeKTHBHOCTH aBapHHHOH 3all.lHThl no nporpaMMe p A,[(Yf A. 
Ta 6 J1 11 u a 1. 3cpcpeKTH.BHOCTb asapHMHOH JamHThl T a 6 J1 H u. a 2. 3cpcpeKTHBHOCTh aBapHHHOH 
Ha MKY 3 6 K ~ A3C JamHThl 3-ro 3Hepro6noKa KaJIHHHHCKOH A3C -ro 3Hepro JIOKa aJIHHHHCKOH 

3HaLfeHHe 

IIapaMerp, PacYeT no 
PacqeT no 

% 
3KcnepH-

nporpaMMe 
nporpaM-

MeHT 
6l1ITP-7A 

Me 

NOSTRA 
N 0,24 0,0 

Hl.. .H9 100 lOO 
HIO 90 90 
B,A, 0,74 0,74 

D.k 6,44±0,32 7,25 6,44 

- 0,00 72 

~ - 0,0074 
->c 
<l 
..<i 
g - 0,00 76 ::c 
ID 
s 
!;; 
<II 
Q) 

c.. - 0,0078 

-0,008 
BpeMR, C 

0 2 500 5 000 

PHc. I. PeaKTl1BHOCTb B 3aBHCHMOCTl1 OT speMeHH (c6poc 
A3) 

40 

Ha MKY, pacc1rnTaHHaH no rrporpaMMe PA,D;Yf A 

TTapaMeTP, % 
3Ha4ettHe 

Crau0ottap ,[(1rnaMJ1Ka 

N 0,3 0,3 

Hl...H9 100 100 

HI0 80 80 

~Jd> 0,74 0,74 

Ilk 7,27 7,99 

1-lTo6bJ ITOH.SITb npH4Htty pa311H4IDI 

3cpcpeKTl1BHOCTH asapHHHOH 3allll1Tbl, 

paccq11TaHHOH H3 perneHHR YCJlOBHO­

KpHTHY:eCKOH 3a,l],a4H H nonylfeHHOH npR­

MblM MO,llenHposamteM, npHBe)J.eM H3Me­

HeHHe peaKTHBHOCTH B npouecce c6poca 

asapHHHOH 3am.11Tbl. ,[(anee peaKTIIBHOCTb 

onpe.ueJijleTcH rro cpopM)'rre (30). Ha p11c. 

I pac4eT npose.uett .uo MOMettTa speMem1 

5 000 C. 

flpH 3TOM BH.UHO, 4TO peaKTHBHOCTb 

nocne .ll.OCTH)KeHH.H OP CY3 Kpai1ttero 

Q i 
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ttIDKHero nonmKemrn cna6o pacTeT, HO tte 

)locnrraeT 3Ha4emrn, nonyYaeMoro H3 

ycnOBHO-KpHTH4eCKOH 3a)lal.Uf. 3TO CB.sl-

3aHO co 3Ha4HTeJlbHOH senH~HHOH 880-

)lHMOH peaKTHBHOCTH. lfro6bl npoHJ1mo­

CTp11posaTb :no, Ha p11c. 2 rrp1180)ll1TCSI 

BBO)l cpaBHHTeJJbHO He60J1blll0.H peaKTKB­

HOCTH, a HMeHHO, MO)leJrnpyeTC.sl BBO)l 

O)lHOH rpymlhI OP CY3 c MaKCHMaJlhHOH 

3cpcpeKTHBHOCTblO, 3cpcpeKTHBHOCTb KOTO­

poH, TIOJiyYeHHa.sl 113 pewemrn ycJIOBHO­

KpHTH1-leCKOH 3a)la4H, C0CTaBJljleT 0,00922 
6-klk. H.3 p11c. 2 BH)lHO, YTO 3TO 3HaYeHHe 

)lOCTHraeTC.sl qepe3 5 000 C. 

B03spama.s1cb K onpe,11.enemno 3cp­

cpeKTHBHOCTH asapH.HHOH 3al]lHThI, OTMe­

THM, 1lTO Ha pacCMOTpeHHOM Ha pHc. 1 
HHTepaane speMem1 Ha 3cpcpeKTHBHOCTb 

aaapHHHOH 3am;HTbl 6y,11.eT BJlHSITb HCT04-

HHK tteihpOHOB cnoHTaHHOfO )leJieHHSI Ha 

U-238. Mor paccMaTpHsaeM cpH3H'-leCKHH 

rrycK peaKTopa, TI03TOMY Jlpyrne HCT04-

HHKH cnoHTattttoro neneHJ,(jl OTCYTCTBY­

lOT. Ha pHC. 3 npHBO)lHTCjl H3MeHeHHe 

peaKTHBHOCTH C Y4eTOM ynOMjiffYTOro 

BHeWHero HCTO'-IHHKa. 

-9,1E-03 

~ 0 -9,2E-03 

~ 
.,; 
ti -9,3E-03 0 
:c 
ID 
s 
!;;: 
ro 
Q) 

-9,4E-03 0.. 

BpeMR,C 
-9,SE-03 

0 2500 5 000 

PRC. 2. PeaKTHBHOCTh B 3aBHCHMOCTH OT speMeH.H (c6poc 

OJI.HOH rpynnbl) 

-0,0780 r------.---------.------.-------, 

~ 0 
-0,0785 

~ 
.,; 
ti -0,079'.J 0 
:c 
ID 
s 
!;;: 
ro 
Q) 

0.. -0,0795 

BpeMR, c j 

5 000 
-0,0800 '--------

0 2 500 

P11c. 3. PeaKTHBHOCTb B 3aBHCHMOCH1 OT BpeMeHH 

I1011y-4aeTCll HeCJ<0JlbK0 0TJ1H4aJOUJ,eec.si: OT npe.JJ.bIJzyutero 3Ha4eHHe. Pa.3nH4He, KaK 11 B cny­

Y.ae pa3J1H4HH 3cpcpeKTHBHOCTH asapKHHOH 38ll.l,11Tbl, nonyqeHHblX 113 pewemrn ycJIOBHO-

KpHTH4eCKOH 3a,Qa'-lH 11 npS!MblM Mo.uemtposaHHeM, CBSl3aHO C pa3JHl4HeM pacnpe.uenemrn IT0TOK0B 

HeHTpottoB. B cnyyae paBHOMepttoro, 6onee posttoro pacnpe.n.enett11.s1 np11 yY.eTe 11cT0YHHKa cnoH­

Tattttoro .ueJieHHSI 3cpq>eKTI1BHOCTb asapaHHOH 3aIII.HTbl paCTeT. OTMeTHM, 4TO HeCM0Tp.sl Ha TO, Y.T0 

HCT04HHK HeihpoHOB onpe,11.eJieH ,ll0CTaT0Y.HO KoppeKTH0 no MeTO,llHKe [8], pe3yJibTaT HOCHT HJl­

JllOCTpaTHBHblH xapaKTep. B HCTOY.HHKe He YYTeH BKJla)l peaKU.1111 (y, n), KOTOpblH, KaK H BKJia)]. 

3ana3,llb!BalOLI.{l1X HeihpoHOB B TIO.UKpHTl14eCKOM C0CT0.slHHH, onpe.uem1eTC.sl 3ana3JJ,b[BalOWJ,IM11 

y-K.BaHTaMH .ueneHH.sl B Kp11Tl1':JeCKOM COCT0SIHHH. TaKHM o6pa30M, npH onpenenemrn 60JibW.11X 

0TPHUaTeJibHblX peaKTHBHOCTeH HMeeT 3Ha4eHHe He T0JlbK0 HHTepnpernu.1-rn H3MepeHHH, COCT0Sl­

wa.s1 B TOM, 4TO l1K 6onee 3q>q>eKTHBHO perncTpHpylQT HeHTpOHbl C nep11cpep1-rn aKTHBHOH 30Hbl, 

HO H TOT cpaKT, 4T0 caMa 113MepsieMa.sl BeJ1H4HHa MO)l{eT He coana.uaTb Ha onpeneneHH0M 0Tpe3Ke 

speMeHH C BeJI.H411HOH peaKTHBHOCTH, onpe.!1,eJI.sleMOH 113 ycJIOBHO-Kp11TH4eCKOH 3a,lla4H. 

B Ta6n. 3 npHB0,lJJITC.sl 3<pq>eKTHB- Ta 6 J1 HI.{ a 3. 3cpcj>eKTHBHOCTb asaplfHHOH 3aW.HTbl 

H0CTb asapHHHOH 3aLI.{Jffbl )],Jl.sl HOMH- 3-ro :rnepro6noKa Ka.rrnHHHCKOH A3C Ha HOMHHa.JlbHOH 

HaJlbHOH MOlll,HOCTH peaKTopa no npo- MOLUHOCTH B Ha4a.Jle 1-H KaMnaHHl1 

rpaMMe PA,l(Yf A s HaYane 1-H KaMnaHHH 

Toro )Ke 3-ro 6noKa Kam!HHHCKOH A3C. 

Pa3J1H4He Me)KJJ.Y 3q>q>eKTHBHOCT.slMH, no­

ny4eHHbIMH H3 CTaU.HOHapHoro H ,llHHa­

MH4eCKOfO pact.JeT0B, HeCKOJlbKO MeHbWe, 

0,lll·taKO OHO HMeeTC.s! 11 He ,ll0CTHraeTC.sJ Ha 

aCHMnT0THKe. 

3Ha4emte 1-------
C Ta UH OH a P ,[(1rnaM11Ka 1----------------'---N 100 100 1----------------H 1... H 9 100 100 1----------------H10 50 50 1----------------

napa.Me-rp, % 

0,74 0,74 
8,4 8,08 
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4. 3aKJUOlfCHHe 

Tipe,D.JlO)KeHHa.51 MO,D;eJlb PY, OCH0BaHHa.51 Ha CTK PA,nYr A, - 0,D.Ha H3 MO.D.eJieH pacqeTa 

BB3P, HC0OJlb3yeMblX B HaCTO.snuee Bpewi:. B HfillleM c.rry1.-1ae 1lHCJTeHHble pe3yJibTaTbl He TaK Ba)K­

Hhl. HaMH TIOKa3aHO, qTo ell(e D.O HHTepnpeTaU11H pe3yJibTaTOB 113MepeIDtH onpe.D.enem,e peaKTHB­

HOCTH 113 peweHH.SI. ycnOBHO-Kp1IT11qeCKOH 3a,D.alfH H MO,lleJUipOBattHe ee BBOD.a no .[{HHaMH'-IeCKOMy 

nc M0fYT OTJlHlfaTbC.SI.. COOTBeTCTBYIOIUee pa311H1-1He MO)KeT BO.HTH KaK CH.CTeMaTHl-!eCKa.51 oarn6Ka 

npH cpaBHeHHH H3MepeHHM H onpe,D;eneHHH peaKTHBHOCTH H3 ycJIOBHO-KplITHl-!eCKOH 3a,D.al.!H. OT­

CIO,ll.a BH.D.HO, 1-!TO oco6oe BHHMaIDte ,ll.OIDKHO 6bJTh y.D.eJieHo peweHHJO 3a,D.a1-IH 0 nepettoce HeHTpo­

H0B B TIOD.KPHTH4eCKOM COCTO.SI.HHH H KOppeKTHOM onpe,neneHHH HCTOLfHH.Ka HeHTpOHOB. ,Lvrn :no­

ro npe,nCTaBJl.SI.IOTC.SI. TIOJie3Hb[MH CJ1e,Ay1011.ui£e peKOMeH,ll.aLJ,HH. 

• B )].OKyMeHTax IIC, s KOTOpblX paCC1UIT.bJBaeTC.SI. peaKTHBHOCTb, Otta )].OJl)KHa 6b!Tb orrpe,lleJleHa 

C .llOCTaTOlIHOH TTOJlHOTOH ( cpopMyJTaMH) H ,D.OJl)KHbl 6bITb 110,D.po6tto OTTli£CaHhl MeTO)J.bl ee pacqera. 

• B Kal.feCTBe ITC conpOBO)KJ].eHH.SI. H3MepeHHH peaKTHBHOCTH, ITO pe3yJI&TaTaM pacqera KOTO­

pbCX MOfYT 6b!Tb Bttecetthl rronpaBKH B pe3yJlbTaTb] H3MepeHHH ,ll.Jl.SI. cpasttemrn HX C pacqeTaMH, 

rrpe.aycMOTpeHHblMH pernaMeHTOM )KCruiyaTaUHH H .D.PYrHMH .llOKyMeHTaMH, 11pe.[1.TI01ITHTeJ1bHblMH 

.SI..BJUilOTC.SI. ITC TlOJIHOMacwTa6ttoro HeCTaUHOHapttoro ttei-hpOHHO-TeIIJIOnJD.paBJIM1-leCKOro COBMe­

CTHOro pacl-!eTa, B KOTOpbIX cymeCTBYIOT MeTO)].bl pacqeTa peaKTHBHOCTH (CM. n. 1). 
• U:e11ecoo6pa3HO " 3aMblK8HHe" onpe.aenettH.SI. peaKTHBHOCTH pacl.feTHblMli£ MeTO,D;aMM, )lJl.SI. Yero 

Heo6xO,llHMO pa3BHTHe npeUH3HOHHblX MeT0)],0B pacqeTa OTKJIHKa BHe30HHbIX ,neTeKTOpOB. 
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Y,n;K 621.039.516.2:621.039.515 
IIepe)laTO'lfHbJe «l>YHKI.J;HH H KOJcl>cl>Hu;HeHTbl 'lfYBCTBHTeJlbHOCTH peaKTHMeTpa 

A.r. IO<J>epos, 
<I>rYTI " fHU P<l>-<1>3If>, 249020, r . O6HHHCK KaJIY)KCKOH o6n., rm. Eou,l1,apeuKo, l 

Ormcau pac'-leT napaMe-rpoB apo6Ho-pau,HOHcl.JlbHhlX H KaCKMHblX nepeaaTOt.JHbIX cpyHI<IUlH (TT<l>) pe­
aKTaMeTPa H HX K03<p<pHU11eHTOB qyBCTBHTeJlbHOCTH K KOHCTaHTaM 3aITa3Jll,lBaJOI..UHX HeHTJ)OHOB. 

Transfer functions and factors of sensitivity of the reactimeter. A.G. Yuferov. The calculation of 
parameters of fractionally rational and cascade transfer functions of the reactimeter and their factors of sensi­
tivity to constants of delayed neutrons is described. 

CymecTBYeT onpe)J,eJTeHHI>IB pa3pbIB Me)l(J{)' pacrym;HM MaCCHBOM .sr,nepHo-cfrn3HqecKHX )J,aH­

HbIX rro 3ana3,l{bIBalOm;HM HeihpoHaM [I ... 3] l{ npaKTHKOH pa3pa6onrn Cl1CTeM yrrpaBJieHJUI 5f3 Y 

[ 4 .. . 8], 11cno11b3yromeii, KaK npaBHJI0, KJiaCcHqecKHe KOHCTaHTbl KHrrHHa, 3aKJia)J,bIBaeMble B KOH­

CTPYKUHlO peaKTHMeTPOB 6e3 rrocne.zzyromeii ITO,lJ,CTPOHKH B ycnoBIDlX 3KCnnyaTaU11R KOHKpeTHOfO 

peaKTopa. Co,lJ,eliCTBOBaTb C0KpameHHlO YKa3aHHOro pa3pbIBa MOryT, B qaCTHOCTH, cneAyrom11e 

MeporrpHJlTIDl: 

- npeo6pa3osaHHe MOD,errew KHHeTHKH H.Uepuoro peaKTopa K cpopMaM, ynpomaroll{}IM a.HaJIH3 

qyscTBHTeJibHOCTl1 K KOHCTaHTaM 3aTia3Jl.blBal01.UHX HeirrpoHoB; 

- npHMeHeHH.e MOD,eJieH KHHeTHKH, .uonycKaJOIUHX H,UeHTH<tnraaUHJO B pe)KHMax, 6 JTH3KHX K 3KC-

TIJTYaTaa;BO HH.blM. 

Attamn qyBCTBHTeJTbHOCTl{ IT03BOJ1l{T oueHHTb BKJiaJJ. H BJIHHHHe H0BblX )J,3HHblX no 33Ila3Jl.bl­

Bal0ll.{l{M HeiiTpottaM H ypoaem, MX Heo6xo}].HMOH Toquocm, a HJJ.eHTH<pHKal.(IDI B 3KcnnyaTaU,H0 H­

HblX pe)KHMax 11.acT B03M0)KHOCTb a.uann1posaTb CAY (peaKTHMeTpbI ) K peanbHOH D,HHaMHKe p e­

aKTOpa H C0IT0CTaBJ151Tb HJJ.epHO-<pH3HtJecKHe .uaHHbJe no 3aITa3)J,bJBalOII{HM ueHTpOHaM C pe3y JlbT3-

TaMH 3KCTIJTYaTaU110HHbIX 3KCnepHMeHT0B. AHan113 tJYBCTBIITeJlhH0CTl1 CTaHOBHTC51 B 3Hat{JffeJlb­

HOH CTeneHH TpHBl1aJibHl>IM, ecnH. y.uaeTCH HaHTH. aHaJIHTH4eCKHe 3aBHCHMOCTH )J,HH3MH4eCKl1X 

xapaKTepHCTHK (K03<pQ:>HUHeHTOB TI<!> peaKTHMeTpa) OT <pH3HqeCKl1X napaMeTp0B M0)J,eJl.H. C 3TOH 

ueJlhlO 3anmueM HHTerpa.m,Hoe ypasHemie KHHeTHKH B cne..n.y10meM sHJJ.e [9, I OJ: 

u(t) = -t u(t - -r )h( -r )d-r + r(t)n(t ) + Q(t) . (I ) 

YpasHeHHlO ( 1) C0OTBeTCTByeT ypasttettHe peaKTHMeTpa s cpopMe 

r(t) = a(t) + [ t u(t- -r:)h(-r)d-r: -Q(t) ]/n(t) . (2) 

3}].eCb u(t) = dn/dt - CKOp0CTb H3MeHeHH51 M0II{HOCTH peaKTopa; a(t) - o6paTHb[H' nepHOD. p eaKTO­

pa; r(t) - peaKTHBH0CTh s J\-llIKane, onpe.z:i;enHeMaH KaK r = p/A = 1//\. - I l l ; I\. - speMJI reHepau,HH; 

f - speM51 )KH3HH MfHOBeHHblX HeM.TpOHOB. 

YpaBHeHHH (I) H (2) ITOJIH0CTblO 3KBHBaJieHTHbl -rpaJJ.HUH0HHbIM MOJl,ellilM KHHeTHKH .sr.z:i;eptto ­

ro peaKTopa, 0,lJ,HaK0 0611a.z:i;alOT p51JJ.0M noJie3HblX oco6eHHOCTeH, B 4aCTHOCTl1: 

1) yMeHbWeHo K0JIH4eCTB0 napaMeTp0B MO,lJ,eJl.H. Mo.uenb IT0JIHOCTblO onpe,!].ellileTC51 nepeMe HHblM 

napaMeTJ)OM r(t) - peaKTHBH0CTblO H HHTerpanbHblM .stJJ.pOM h('t) - nepeXO,lJ,HOM. x apaKTepHCTHKOH 

3ana3J{bIB3lOII.J.HX HeHTpOHOB (TIX3H), onHCbJBal01UeH npoueCCbl Ha 3aITa3Jl.b!BalOII.{11X u eirrp o ttax 

nocne CTyrreHYaToro CKal.{l(a M0LUHOCTH . TTp11 Tpa)J,111.1,HOHH0M rpynn0BOM on11c aHID1 3aITa3)J,bl­

BalOII.J,HX Heihpottos ITX3H npe.z:i;cTaBJ1HeTCS1 cyMMOH 3KcnoueHT 
J 

h(-r:) = L- 81e-"1
\ 8

1
= B1 I A. (3) 

j=l 
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O;J,HaKO BMeCTO 3KCn o HellUHa.JlbHOfO npe,ncTaBJleHHSl npHMeHHMa mo6M no.nxo.n.sm..cM annpOKCH­

Mau1,rn, B TOM 4HCJle y.no6tto e npH 4HCJleHHblX paC4eTax rn6mi4HOe 3a,UaHHe, Y1-IHTb1Ba10mee K0-

He4H)'IO naMSITb TTX3H HJIH BOcnpOH3BO,USllUee 3KCnepHMeHTaJihHYIO KpHBYIO h('t), H.ll,eHTHcj)HUH­

pyeMyJO Henocpe.n,cTBeHH0 B 3KCnJJyaTaI..ll10HHblX ycJJOBJ.rnx KOHKpeTHOro peaKTopa [1 OJ ; 
2) peaKTHBHOCTb H o6paTHblH nepHO.U HMeJOT B .naHHOH M0,Ueffil 0.LlHHaKOBYIO pa3MepH0CTb, lffO 

ynpowaeT aHaJJH3 3aBHCHMOCTeH "nepHo.n-peaKTHBHOCTh"; 

3) CTaUHOHapHble Ha4a.JlbHble ycnOBHSI He co,uep)KaT napaMeTpOB 3anaJ,ll.blBaIOlUHX HeHTpOHOB. 

IT pHMeHHTCJlbHO K ypaBHeHlilO (l) 3TH ycJIOBHSI K0HKpeTH3HpYJOTCSl CJie.ll)'IOLUHM o6paJOM: eCJJH 

.no M0Mel-lTa lo= 0 peaKTOp HaxO,UHJICSl Ha nocTOSlHH0M ypOBHe MOW.H0CTH, TO r(t) = 0, Q(t) = 0, 

u(t) = 0 npH t < to, u(to) = r(to)n(to) + Q(to) npH t ➔ + t0 . 

nocne.nttee COOTHOWeHHe YKaJblBaeT Ha JIHHeHHYJO 3aBHCHMOCTb 3aMepoB v(t) H n(t) B OK­

peCTHOCTH T04KH lo, n03BOJIJIIOLUYIO oueHHTb peaKTHBH0CTb H HHTeHCHBHOCTb HCT04HHKa MeTo­

.UOM HaHMeHhlliHX KBa,npaTOB. 

1. <l>opMbl nepe)laTOl.fHhIX <i>YHIOJ,HH peaKTHMeTpa 

}:vlSl aHaJJH3a pa3JIWIHblX acneKTOB 4HCJleHHOH H annaparypttOH peanH3aJ...(HH peaKTHMeTPa 

uenecoo6pa3HO paccMaTJ)HBaTb ypaBHeHHSl ( 1 ), (2) KaK MO,UeJib mrneHHOH CHCTeMbl c BXO.ll,HblM 

803)].eikTBHeM u(t) Ii OTKJIHKOM g(t) = r(t)n(t) + Q(t), T.e. KaK ypairneHHe caepTKH 

u(t)+ {u(t-1:)h(1:)dt=g(t). (4) 

8 pe3yJibTaTe peaKTHMeTJ) npHBO,UHTCSl K CTpyKType JlHHeHHOfO cj)HJihTpa. TaKoe npe.ncTaBJie­

HHe TT03BOJlJieT npHMeHHTb o6wHe MeTO.Ubl aHaJIH3a H conocTaBJJeHHJI attanorOBblX H UHcppOBblX 

cj)HJJbTpOB .ll,JUl oueHKH T04HOCTH H 3 q:>cpeKTHBHOCTH pa3JIH4HblX cxeM peaKTHMerpa. 8 4aCTH0CTH, 

ttenocpe.ncTBeHHO H3 BH.lla y paBHeHHSl ( 4) cneeycr, 4TO: 

• 0TH0CHTem,HaSl norpe wH0CTb ouemrn peaKTHBH0CTH paBHa cyMMe 0THOCHTeJJbHblX norpew-

HOCTeH oueHKH MOlUH0CTH H OTKJIHKa cj)HJJbTpa g(t)- Q(t) (r.ne, KaK npaBHJJO, Q = O); 
• npH H3BeCTHblX CTaTHCTH'-leCKHX CBOHCTBax BXO,UHOro CHrHana u(t) norpeWHOCTb 0TKJIHKa 

nonHOCTblO o npe.nenSieTcSI TT<l> cpwnbTpa, T.e. napaMeTpaMH ITX3H; 
• H,UeHTHcj)HKal.(HSI IIX3H M0)KeT 6bITb Bbtn0JJHeHa Ha 0CH0Be H3BeCTHblX JIHHeHHblX cxeM aBT0-

perpeCCHI,f, nOCKOJlbKY ypaBHeHHe ( 4) HMeeT .:Tpytcrypy HHTerpanbH0fO ypaBHeHHSI BonbTeppa 

BToporo po.ua. 

CornacHo TeopeTH4eCKOMY onpe.nenettaJO IIX3H (3) TT<l> peaKTHMeTPa MO)KeT 6bITb 3an1-1catta 

B CJle.ll)'!OlUHX cpopMax, K0TOpbie onpe.nenSIIOT B03MO)l(Hble anropHTMH4eCKHe H cxeMHble peweHHSI 

peaKTHMeTpa, pa311H4aIOlUHeCSI KOJIH4eCTBOM Heo6XO.llHMblX 3JleMeHTOB WHJIH onepaUHH, TO-YH0-

CTHblMH xapah.'TepHCTHKaMH, Ka-YeCTB0M no.nasneHHSl wyMOB, B03M0)KH0CTSlMH H,ll.eHTHcj)HKau1,u,1 H 

T.,ll..: 

(5) 

(6) 

(7) 
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W(s)=(f c1s-']/(f~1s1 J, c.1 =b1 +a1 ! A. (8) 
J;() J=O 

BTopoe cnaraeMoe B cpopMynax (5) ... (7) .srnmreTCji Il<I> mrrerpa.na 3ana.3tlbIBa10m11x HeHTpoHoB 

(113H) / 3H (t) = { h(t - t )u( 't )dt , pa.311114Hhie sapi:-rattTbI .u11cKpeTHJaQ1111 KOToporo onpe.uemuoT 

cneu11cpHKY u11cpposoro peaKTHMeTpa. IlepBblM cnaraeMbLM, T.e. e,AHHH1J,eii, BO MHontx cnyt.ta.six 

MO)KHO npeHe6pe4b, 4TO COOTBeTCTByeT KYC04HO-ITOCTOSIHHOH annpoKCHMau1111 MOI.I..{HOCTH. ,[(o­

nyCTHMOCTb TaKoro npH6Jlli)KeHID! cne.u.yeT, B t.taCTHOCTH, 113 COITOCTaBJ1eHl1SI cnaraeMblX B K03cp­

cp11u11eHTax c1 = b1 + a/A 4llCJ111TeJ1j{ Il<I> (8). 
Ilapa.nneJlbHaj{ cpopMa Il<I> (5) cne.u.yeT 113 TPa.zI.HUHOHHbIX ypaBHeHHH KHHeTHKH 11 co.nep)KHT B 

KaYeCTBe napaMeTpOB o6E,It.tHble KOHCTaHTbl 3ana.3)],bIBalOI.I..{HX HeHTpOHOB. O.u.ttaKO a,n.anTaQHSI pe­

aKTHMeTpa Ha OCHOBe oueHKH K03Q)Q)HQHeHTOB Il<I> (5) B peanbHOM speMeIDI npe,lI.CTaBJISleTCSI 3a­

TpynIDITeJll>HOH., ITOCKOJlhKY Tpe6yeT perneHHSI HemrneHHOH 3a.21,aYH H)],eHTHcpHKa1..urn. TI03TOMY 

Il<I> (5) cne.21,yeT paccMaTpHBaTE, KaK COOTHOllleHHe )],JISI HaYaJll>HOH OQeHKH K03Q)Q)Kl{HeHTOB ,n.py­

rHX cpopM TI<I>, KOTOpbte 3aTeM yrOYHSIIOTCSI B npouecce H)],eHTHQ)HKal{l1H. 

2. ,L(po6uo-paneoea.rrbeaSI nepe.z.aTO'IHaH cl>ynKneH 

Ko3cpq>HU11eHTbl .upo6tto-pal{HOHaJlbHOH Il<I> (6) Bblp~alOTCSI 4epe3 KOHCTaHTbl 3803.3.LJ.bl­

BalOI.I..{HX HeHTpOHOB CJie.21.YfOIIl,HM o6pa.30M: 

KottKpeTH3al{HSI 3THX cpopMyn npHMemneJibHO K 6-rpynnOBOH CHCTeMe KOHCTaHT 3ana.3,D.bJBalO­

IIl,11X tteihpOHOB npHBe,n:eHa B pa6oTe [9]. lJyBCTBHTeJlbHOCTH K03Q)Q)KUHeHTOB 11<1> K KOHCTaHTaM 

3ana.3,UblBalOI..IJ,HX HeHTpOHOB OITHCblB8lOTCSI cne.uylOJ..qHMH COOTHOWeHIDIMH: 

_k=L L ... L -IT:>.. ,k=O,J-1; 
ab k+I k+2 J ( a J J 
a"-, 'k+1=l 't+2=,k+1+1 ,J=,J-1+1 a:>.., 1=k+1 ,, 

Onpe.ue11eH11e a6comoTHOH norpeUJHOCTH K03Q)Q)HUHeHTOB Il<I> no o6bl4Hb1M cpopMyJiaM yYBCTBH­

TeJibHOCT11 nepsoro np116JIH)KeHID1 !:::.ak = ±( a ak !:::..:>.., + a ak I).~ I)· !:::..bk = i a bk IA 1 ' 
/=I JA, a~/ /=I J')..,, r\, 

COOTBeTCTByeT 11.ueo11orn11 MeT0,ll0B B03MymeHHH, lliHp0K0 npHMeHSieMOH B pact.J:eTID( SI,UepttblX 

peaKTOpOB. 

O,uHaKO xapaKTep nonyt.teHHblX 3aBHCHMOCTeH npM 11CIT0J1b30BaHHH THTIJfl'IHblX 3Ha4eHHH cpe)],­

HHX KBa,upanReCKHX OTKJIOHeIDtH (CKO) KOHCTaHT 3aITa.3.lJ,blBaIOI.I..{HX HeHTpOHOB B Ka£JeCTBe 
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ol(eHoK )J.JHI norpernttocTeii M ,, 6.P, o6ycnosmrnaeT ttenpHeMJJeMo 6om,rnHe 3HaLJ:eHH.si norpernHo­

cnt: K03(p(pHL(HeHTOB ak, bk. TipHMepbI TaKHX oueH0K npHMeHHTeJlbH0 K KOHCTaHTaM KanMHa, JJ;Jl.11 

KOT0pbIX CKO cocTasJJ.sieT 3 ... I 8 %, ,ll,am,1 B pa6oTe [ 11]. Eonee a)].eKBaTtta ouettKa cpe.[(HHX 

KBa,D.paTHLfeCKHX norpeUIHOCTeH K03(p(pH_l.(J,feHTOB ak, bk. O.n.HaKo cospeMeHHbJe HeHTpOHHO­

(p.H3HYeCKHe cnpaB0lfHble CHCTeMbl He co.n.ep)KaT ,ll,aHHblX, oueHJIBafOllU-IX KoppeJ15lf.lHJ,t Me)K.[(y no­

rpeUIHOCT5lMH K0HCTaHT 3ana3,D.bJBaIOll(HX HeHTPOHOB, T.e. MaTeManNeCKHe Q)KH,D.amrn np0H3Be­

,ll,eHHH M(M111D-Pn), M(M111M,,), M(6.Pm6.P,i). TI03TOMY HeB03MO)KH0 BbIIT0JIH.HTb pacYeT CKO K0-

3(p(pHl.l.HeHTOB ak, bk no o6mHM (y1rnTb1BaIOII.{HM Koppen.SII.{HIO) cpopMynaM 

.I .I 

cr(ak) = L F,11,11 (ak), cr(bk) = L G111 •11 (bk), r.n.e 
111,11=1 111 ,n=l 

3. ,LI:ucKpeTHaJI ,llpo6uo-panuoua.J1hHaJ1 nepe,llaTottHaH «(>ynKUHH 

TioJ.(CTaHOBKH A1 ➔ exp(- A/I) B cpopMynax ,lJ.JlH K03cpcpHUHeHTOB a1, bi npHB0J.(HT K cpopMYIIaM 

)].Jl,SI BblY'HCJleHH.sl COOTBeTCTBYIOlllHX (no l1H,D.eKcy j) K03(p(pHQHeHTOB µJ, Y.i ,lJ.'HCKpeTHOH JJ,po6tto­

paUHOHaJ1hHOH TI<I> I13H B BH.D.e 

H(z ) = z( ~µ1z
1 
)/( t y1 z

1
} y 1 = I. (9) 

B cny t.Iae UieCTH rpynn 3ana3,[(blBaIOI.IJ.HX HeHTpOH0B K03(p(pHUHeHTbl µy, Y.J CB.sl3aHbl C K0HCTaHTa-
6 

MH 3ana3,D.bIBaIOI.IJ.HX ttei1Tpottos cne,ll,YJOUJ.HM o6pa3oM: µ5 = P3<Ji ; µ4= YsP34i + Le-""P;; 
I 

5 6 4 5 6 

µ3= y4p3<Ji - LL e-<,,.,+,,.1>r (P; +BJ); µ2= YJP3<f> +LL L e -<"i H i +"i>T (P1 +BJ +Pk); 
1=1 _j=i+l 1=1 1=1+1 k=J+l 

6 5 6 
" _,,_ T " " -(,,.,+,,., )T Ys= -L.Je ' ; y4 = L...JL...Je ; 

I 1=1 j=1+I i=I J=i+I k= J+I 

3 4 5 6 6 6 

Y?=" " " " e-<,,.,+,,.1 +,,.,+,,.i>r ,. " ,,. r IT -u· - L.J L.J L.J L.J y, = -yo L.J e , , Yo = e ' . 
1=1 J=t+I k=J+ I l=k+I 1=1 J=l 

TT011yi-1eHHhle Bblpa)KeHH,SI )],ml napaMeTp0B TT<I>, HX K03cpqrnuueHTOB t.IyBCTBHTeJlbH0CTH H no­

rpe UIHOCTeH JJ,0CTaTOLJ:H0 rp0M03,lJ.KH H Tpe6y10T 3Hal.fHTeJibHb[X yc11J1HH npH nporpaMMHp0 Bamrn. 

46 



11 pactteTOB uenecoo6pa3HO T103TOMY WUI 06ecne1IeHlUI e.[{HHCTBa ,ll,aHHbJX H comaCOBaHHOCT 

Oq>OpMHTb napaMeTpbI a), bj, µ), Y1 H HX norpeWHOCTH KaK CTaH)J,apT 

IJ<l) peaKTHMeTpa, e,l],HHO)K)].bl BbJ\IHCJIHB HX )J,JISI Ka)K)].OfO tta6opa KOH 

TJ)OHOB. TaKyJO B03MO)KHQCTb 06ecne1-urnaeT Bbl.l].eJieHHe B cjJopMynax 

paUIDf 1//\ B Ka1IeCTBe HOpMHp)'lOw.ero MHQ)KHTeJUI. B Ta6J1. l , 2 )],a 

6a3e )J,aHHblX napaMeTpOB Gj, bj, µj, Y1 11 HX CTaH,ll,apTHbIX OTKJlOHeHH 

Hbie cnpaBOqJ{bJe .l].aHHble o 

CTaHT 3ana3JlblBaJOWHX Hett-

(5) ... (7) sepO.slTHOCTH rette-

H npHMep npeJJ.cTasnemrn B 

ii, Bbl4HCJleHHblX Ha OCHOBe 

KOHCTaHT KnrrnHa [12] )J,Jl.11 
239Pu H 

235U. 

Ta6JHI ua 1. Ko3cpqmutteHTbl Jlp06Ho-paUHOHaJ!bHOli il<I> H:3H LUI 11 239Pu, x i 02 

j 

0 

2 

3 

4 

5 

j 

0 
1 

2 

3 

4 

5 

OblCTpblH cneKTp 
neHTpOHOB J].eJTeH_l,Ul 

Termosoi1 
HeHTpOHOB 

AHanorosa11 Il<l> 

a b a 

0, 105±0,014 (72± I 0)E-04 (7 ,23±3, 04 )E-02 

8,95±1,2 (8,8±1 ,3)E-0l 6,33±2,60 

130±16 27,3±3,3 96±37 

501 ±53 235±28 388±125 

459±29 639±63 394±66 

100 498±28 100 

cneKTp 
JJ.eJTeHIDI 

b, 
( 4,68±2,00)E-03 

(5 ,79±2,40)E-01 
18,8±7,3 

171±63 

495±147 

430±62 

,ll.HCKpeTHM Il<l>, war JJ.HCKpenoau1u1 1 C 

µ . y µ . Y1 
- 1,55±0,31 (6,88± l ,93)E-0 1 - 2,64±1,28 1,35±0,84 

34,6±3,3 -22,6±2,8 43,2±13,2 -30,3±13 

-177±10 155±11 - I 98±37 182±42 

355±13 -432± 16 376±45 -474±68 

- 311 ±8 586± 13 - 318±27 617±49 

100 - 387±4 100 - 396± 14 

Ta6JIHU3 2. Ko3cpcpHUHeHTbl Jlp06Ho-pau110HaJThHOH Il<l> 113H LIJl11 
23 5U x l02 

' 

j 

0 

2 

3 

4 

5 

j 

0 

2 

3 

4 

5 

bblCTpblH cneKTp 
HeirrpOHOB .neneHH11: 

Tenno 
Heihpo 

BOH cneKTp 
HOB )leJTeHH11 

AHanorosa11 Il<l> 

G · b a b, 

(9,95± 1, 19)E-02 (78± 1 0)E-04 (5,65±0,97)E-02 (4,34±0,75)£-03 

8,62±1,01 0,961 ±0,114 5, 14±0,86 (5,5 1±0,93)E-0 l 

143± 17 30,8±3,5 89,0± 14,2 18,3±3,0 

614±64 284±31 407±57 178±28 

530±39 795±78 420±33 537±70 

100 574±38 100 460±33 

.lJ:11c1<peTHM Il<l>, war JJ.HCKpen!3aUJ11il 1 C 

µ y µ y, 

-0,898±0, 198 0,321±0,121 -2,22±0,52 1,00±0,33 

30,4±2, 1 - 18,2± 1,8 42,4±5,1 -27,9±4,4 

- 170±7 141±7 - 200±15 177±17 

351± 10 -413± 11 381±17 -470±26 

-311 ±7 575±9 -321± 11 616± 19 

100 - 385±4 100 - 396±5 
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4. YpaBaeaue u.u«f>poBoro peaKTnMeTpa Ha octtoBe ~po6uo-pau.uouanLuou II<I> 

ITepe.n.aTOtfHOH cpyHK.l.UIB (9) C00TBeTCTBy eT pa3H0CTH0e ypaBHeHMe .LJ.JH[ oueHKH H3H, HaK0II­

JleHH0ro K M0MeHry h = kT: 
T J -1 J 

Yk = A LµJ-,1-ll)k-j - LYJ-1Yk-1 · (10) 
J=O J=I 

BMeCTe C ypaBHCHHeM (I), 3amt:CaHHb[M B .l1,HCKpeTHOH cpopMe 

(11) 

ypasttem1e ( 10) onpe.neJUieT UHcpposyio pea.nH3au,HJO peaKTHMeTpa rk = ak + (y k - Qk ) I nk . 3a-

(12) 

C TT0CT0jlHHbIMH K03q_Jq_JHUHeHTaMH 11J = Yo ' Tu' = µ J-J-1 + YJ-J, j = 0, .. . ' J - 1. BKJ1a.[( HCTQqHHKa C 
J 

nepeMeHHOH HHTettcHBH0CTblO ~ · 3.[(CCb pasett qk = L YJ-JQk-J . 
J=O 

cI>opM)'Jia (12) )laeT npHMep pea.nH3aQHH peaKTHMeTpa KaK peKypcHBH0ro UHcpposoro cpHJibT­

pa. Otta 3K0HOMMllHee, qeM Henocpe)lCTBCHH~ .[(HCKpeTH3aQJ,ljl H3H B ypaBHeHHH (2), nplli30)ljl­

maH K ttepeKypCHBH0M)' U.Hq_JpOBOM)' q_JHJibTpy, Tpe6yiomeM)' cymecTBeHH0 6oJibIIJe K03(pq_JHQHeH­

T0B, qeM cpopMa (12). ,lvul HeK0T0poro YMCHbillCHJ,ljl K0JIHqecTBa onepal(HH s ypastteHHH (12) 
y.no6Ho BBCCTH nepeMeHH)'JO Uk= rknk - HHTeHCHBH0CTb reHepau,rn MrH0BeHHbIX HeHTJ)OHOB tt 

secrn pacseT peaKTHBHOCTH no cxeMe u, ~( t, fl, u,_, - t, y1 _iu,_, -q,} r, ~ u, In, . 

YpaBHeH1,Je (12) o6ecnelfHBaeT B03M0)l(H0CTb a.nanTal.J,HH peaKTHMeTpa, T .e. YT0'lHeffJ,ljl K03 cp­

qHfl.J,HeHTOB 'Yu, Y.J B npou.ecce 3KCruiyaTaUHif (ttanpHMep, no 3aMepaM M0ll.lH0CTH npH c6poce A3 
HJlH TTYTeM aHaJIH3a WY MOB) Ha 0CH0Be 3KBHBaJieHTH0ro ypaBHeHHH aBToperpecCHH 

J J 

Uk= L~1nk-1 - L 111Uk-1 +q, 
J=O J=O 

r ,LJ:e peaKTHBH0CTb H HHTeHCHBH0CTb HCT0'lHHKa npe)lnonaraIOTCjl Il0CT0.!lHHblMH: 

- J 

~o =r, ~1 =r'fJ-J'J= l,J ; q=QLYJ-r 
j=O 

IT pH 3T0M Bbl'lHCJlCHHe K03cpcpHIJ.HeHTOB 11;, Y.J· Ha 0CH0Be CTaH)lapTHblX K0HCTaHT 3aITa3.D:bIBa!Oll.(HX 

HeihpoHOB .naeT HX npe.n:sapHTeJibHYJO ou.eHKY, a 3aTeM .ll:JlH YT04HeHHH np11MeHHIOTCH H3BeCTHbie 

c x eMbl Te0pHH B03MymeHHH. 

5. qHCJICHHaH MO~CJIL KHHCTHKH ua OCHOBe ~po6uo-panuouaJJLHOH II<I> 

Onpe)leJUieMOe Jlp06Ho-paUHOHaJlhHOH TI<l> (9) pa3H0CTH0e ypaBHeHHe (10) .D:JIH oueHKH 113H 
M0)l(H0 HCIT0Jlb30BaT b H JJ.JJH peLDeHIDI npjlMQH 3a)laqJ,l - q11cJ1eHH0ro M0,n:enHp0Bamrn KHHeTHKH. 

ITp11 3T0M BMeCTo K0He4HO-pa3HOCTHOH annpoKCKMaIJ.HH CK0p0CTH H3MeHeHH.H M0ll.(H0CTH uene­

coo6pa3HO npe,n:CTaBJiemte M0ll.(H0CTH nocpe,D:CTB0M HeKOTOpOH KBa.nparypHOH cpopM)'Jibl , pa36H­

T0H Ha )lBa CJiaraeMblX: 
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k-1 

nk =wk+ Bk,kuk, wk =no+ LBk,1u,, 
l=O 

(13) 

r)).e KBa)).parypHbie K03<pcpH1.{HeHTbl Bk.I Bb!6HpalOTCSI (c ueJiblO nOBbIUieHH_}J TOlfHOCTH) B 38BHCH­

M0CTH OT TeKyrn.ero HHTepsana HHTerpHp0BaHIDI. (to, tk). B TaK0M cnyqae ypasHeHH_}J (10), (11 ), 
(13) onpe)).eJISIJOT cne.ny101.UHH npouecc nomarosoro pactJeTa KHHeTHKH: 

rk (~:i<1> I A )r 
(~:i<i>/A)T+l 

T J-1 

~=A I(µJ-rluk-j -r1-1Yk-J )-YoYk-.1 · 
J=l 

IlpH CTapTe H3 CTaUl-l0Hapa HalfaJibHbie ycJI0BJrn BblfJI}l,LVIT CJie.lJ.YlOU:UiM o6p8.30M: Uo = rono + 
+ Qo, Yo= 0, Y1 = (T/A)µ1-2uo, w1 =no+ B1,0U0. Ko3cpcj)HUHettT Uiara dk 3am1cbrnaeTcS1 0)).HHaKoBo 

rrpH n1060M lfHCJie rpyrrn: dk = l/(1 + T(f3~A)- rkBk.k)- Ycnos.He no)).asnett1u1 owH60K dk < 1 3,nech 

cpopMyn11pyeTCSI B cpopMe orpaHWieHHSI Ha BeJIH4HH)' BBO)).HMOH peaKTHBH0CTH l) < Tf,~(N Bk,k). 
O4eBH)).HO, )TO orpaHw-ieIDfe CHHMaeTC}l, eCJIH B3.l1Th KBa;::r.pa-rypHblH K03cpqnu.1.11eHT Bk.k = 0. 

B HHTerpanbH0M ypasHeHHH KHHeTlttKH (1) KIDK,!J,0MY )).emnn.eMyCSJ Hy1urn.1zy C00TBeTCTByeT 

csoii l13H. Ilo3TOMY .nmr / ,n:eJISJll.J..HXCSJ HYKJIHnos orr11caHHaS1 pacCieTHaSJ cxeMa np1rnHMaeT BH.D. 

_ T 1;-1 _ 1, _ 

y~ =(~~I A )Tok +-Iµ~,-j-Iuk-j - LY~,-jY~-j' i = 1,1; 
A j=I j=l 

I 

nk =wk+Bk,kuk , Uk =-Iy~+rknk+Q1,:. 
i=l 

,[(.rm yqeTa oqepe)).H0ro i-ro T0CTJIHBH0ro H)'KJIH)).a 3,necb .n:o6aBJISleTCSI T0JibK0 0)lH0 ypaBHemte 

CTaH)).apTHOH CTPYKTYPbl ( 11) C rrapaMeTpaMH, BbltIHCJieHHblMH .[\JISI )).8HH0f0 H)'KJIH)la no ero HH­

)J.HBH.ll.Ya.JTbHblM K0HCTaHTaM 3arra3)).b1Bal0ll.J.HX HeHTpOHOB. IlpH 3T0M ,norrycTHM0 pa3JIH"L!H0e KO­

JIHlfeCTB0 rpynn 38IT8.3Jlb1Bal0ll.J.HX tteHTP0H0B y pa3HhlX H)'Kmf)).08. 

6. KacKa,nuaH nepe,naToquaH 4>ymm,uH 

KacKa,ll.HaSI TI<D (7) npe,ll.CTaBJI.HeT HHTepec KaK 0CH0Ba JI,JISI peaJIH3aUHl1 UHcpposoro peaKTH­

MeTpa c MHHHMaJibHblMH co6cTBeHHblMH wyMaMH. HynH c;, TI<l> peaKTHMCTpa, T.e. K0pHH nomrno­

MOB P(s, a) B 411CJ1HTeJ1e Il<l> (6), Bbl411CJ1eHHbie Ha 0CH0Be K0HCT8HT KHnHHa, np1-rne,neHbJ B Ta611. 

3. CrnttnapTHbie OTKJIOHemrn Bbl4HCJl.HJJHCb Ha 0CH0Be COOTHOllleHH.SI .ll.Jl.SI sapH8UHH 

de, =-/JP(s,a) ,da)/dP(s,a)I , 
J \ a a as s=r., 

KOTOpoe CJle)).yeT 113 ycJJOBHSI pa.seHCTBa H)'JllO sapHaUHH ITOJ111HOMa P(s, a) Ha TpaeKTOpHSIX KOp-

d P(s, a) (dP(s,a) ) 
tteii s npocTpattcTBe napaMeTpos: dP(s,a) = ----'---'--ds + ----'---'--,da = 0. IlocKOJJbKY as aa 
dP(s,a)I =~ lea k-t dP(s ,a)I = k d __ _!_ ~ kda 

a s=~1 L.J kc,., H a s=~J <;),TO (, j - DL.J(,1 k' 
S k=I ak k=O 

./-1 

r)J.e D = L kakc,~-i. 
k=I 

1 J-1 

OrcroAa CJieeye-r oueHKacTI!H.Uap-rHoro OTKJlOHeHH• /,r; 1 ~ IDI ~ ( r;'. da, }' 
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8 3TOH cpopMyne BapHaU.HH dak M0)KH0 Bblpa.3HTb qepe3 pattee [JOJiy'YeHHbie K03cpcpm.1,HeHTbl 

LfYBCTBHTeJibH0CTH aa/at..1, aa/a~J H CTaH,napTHbJe 0TKJl0Hemrn: K0HCTaHT 3aTTa.3D,b1BaJOlllHX HeH:­

Tp0H0B. MO)KHQ TaK)Ke HCn0Jib30BaTb B Kal.feCTBe dak y)Ke Bbl'-lHCJieHHh[e CTaH,napTHbJe 0TKJl0He­

HIDI H3 Ta6JI. 1 11 2. 

Ta6nuua 3. Hvmi: IT<l> t13H, x 10 2 Pe3yJibTaThl pacl.feTOB, npH­

Be,neHHble B Ta6JI. 3, YKa.3bIBafOT 

Ha He,nocTaT0Lflf)'IO T0LfH0CTb 

KJiaCCHLfeCKHX KOHCTaHT K11rn,rna 

)]_JUI Bbll.f.HCJieHHH napaMeTJ)0B TT<l) 
pea.K.THMeTpa B KaCKa,nHOH cpopMe. 

B CB.5r3H C 3THM u.enecoo6pa.3HO 

paccM0TpeTb cne.nyK>mHe Bon­

pocb1: 

TellilOBOH caeKTp DhlCTpblH cneKTp 

HeHTPOHOB .neJJeHIDI HeHTPOHOB .neJJeHllil. 
z~:,u DYPu :!J)u :nYPu 

- 290 + 70 -258 + 160 - 378 + 70 -3 11 + 66 

-102 + 50 -103 + 131 - 124 ± 41 - 114±47 

- 20 + 15 -23 +42 -19,9 ± 9,7 - 24 ± 14 

-6,8 ± 4,9 - 8 ± 14 -7,1 ± 3,6 -8,4 ± 4,6 

-1,40 ± 0,55 - 1,4± 1,2 - 1,51 ±0,42 - 1,48 ± 0,42 

- ou,eHKY T0LfH0CTH K0HCTaHT 3ana.3,LlbIBaJOIIJ,HX HeHTJ)OHOB, tteo6xo,nHMOH .um1 o6ecnel.feHH.sr tta.n­

Jie)Kameii T0'-IH0CTH napaMeTp0B Il<l) peaKTHMeTpa; 

- ou,eHKY napaMeTp0B KaCKa.l(HOH Il<l) peaKTHMeTpa nyreM aHaJIH3a 3KCnepHMeHTaJibHbIX CTX3H; 
- cpaBHHTeJibttyfO T0LfH0CTb peaJIH3aU.HM peaKTHMeTJ)a Ha 0CH0Be .upo6tto-pau.HoHaJibHOH H KaC-

Ka,LlHOH Il<l) npH pa.3JIH'4HOM LfHCJie rpynn 3ana.3.l(bJBafOUlHX HeHTpOHOB. 
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ABTOMATH3Ar(IDI ITPOEKTHPOBAHHJI 

Y,IU( 004.4'2 
MHoro:o;enesaH nporpaMMHaH Ma1epoTeXHonorID1 SOBOL 

A.B. Anuea, P,B. Kanu11u11, A.A. Il(yK1111, 
ll5I3 ( qrnnHan CTT6fITY ), 188544, r. CocHOBhIH Eop JJemrnrpa,ncKOH o6n., yn. ConHe1rna.s1, 41, 

10.H. EopcKuu, M.10. fla6p06CKUU, 
3AO HIITI "llHTep,nyM", 123182, MocKBa, nn. aKa,n. KyptJaToBa, I 

flpe,ACTaBneH o63op MaKp0TeXH0Jl0rJUI SOBOL, rrpe.u.mi:rnatJeHH0.11 JIJU!. pa3pa60TKH pa3nH4HbJX npoeK­
THpOBOtJHbIX, aHaJlHTH'-leCKHX, -rpemracepHbIX, KOHTJ)OnbH0-H3MepHTenbHblX, ynpaamnomHx, HH<J>opMaU.H­
OHHO-crrpaBO'lHblX H 06Yl.laJOmMX nporpaMMHblX CHCTeM. OcttOBHOH 11.u.eeil MaKpOTeXH0n0rHH .srnn.steTC.sl 
06ecne1JeHJi1e CKB03HOH HH<J>opM<mHOHHOH ITOJJ.JJ.ep)l(KH pa3nl1'-!Hf>JX acrreKT0B )f(H3HeHHOro UHKJia 06beKTOB 
aTOMHOH 3HepretHKH Ha eJ].HH0H rrporpaMMHOH nnarcpopMe. 

Mutty-purpose programming macro-technology SOBOL. A.V. Aliev, D.V. Kalinin, A.A. 
Shchukin, Yu.N. Borsky, M.Yu. Lavrovsky. The paper presents a review of macro-technology SOBOL 
that is designed for developing of various CAD, analytical, simulation, monitoring, controlling, informational 
and educational programming systems. A main idea of macro-technology is provide informational support 
for different aspects of life circle of NP industry objects using unified programming platfonn. 

Cpe,na nporpaMMHpOBaHH.sI SOBOL - HOBeHIIrnH npo,nyKT, pa3pa6oTaHHhlH B CocHoso6op­

cKoii na6opaTopHH 3AO HIITI "11HTep,IzyM" c npHBJTet.ieHHeM cneQHaJIHCTOB PHU, "KM" H 

CTI6fnY. B npouecce TecT11posamrn Heou.eHHMYIO noMOll(h OKa3aJIH cne1.u-1anHCTbI CII6A3II, 
11EP A3 P AH, J1A3C H .n.pyn1x opramna1.u-1H. 

KoMnoHeHTbI SOBOL Moryr q>yHKUHOHHposan, KaK c o6pa3osaHHeM HHTerpHposaHHOH cpe­
,nr,1, TaK H B aBT0HOMH0M pe)KHMe, B npOH3BOJThHblX CO'leTaHH.sIX. OcHOBHb)e KOMCTOHeHTbl HMeIOT 

OTKpblThle HHTepcpeHCbJ H~CTµaHBamUJ H cnel.(HaJIH3fil.{Hl1 3a C'leT HaJIH'UUI BCTJ)OeHHOro H"HTep­

npeTaT0pa .sI3htKa BblCOKoro ypoBH.sI XSL H BCTµOeHHoro CYE.D:-.siJlpa, opHeHTHpoBaHHoro Ha pa-

6ory C npHHU.HJIHaJlbHO 0TKpb!TOH 6830H )laHHbIX (.6.Z::0 Ha OCHOBe CTaH,napTHblX cpopMaTOB )laH­
HblX. C11cTeMa nporpaMMHposaHHH nocTpoetta Ha npHHUHITe e11eume20 aBmoMamul/eCK020 ca.1110-
nooKJ110'-le1am 2paif.JUl/ecKoiJ. cpeobz SOBOL K cyu;ecmey10u1ulvt npuKllaOHblM naKemGJw 11a cma11-
oap1m-1bzx R3b1Kax npozpaM.MupoeawuR. 6e3 ux Moou(jJuKatfuu ( 4TO noTpe6osano pa3pa6oTKH co6cT­
setttthJX TµaHCJUITOpOB ). 

O6ecnecietta nonttaH nopTa6HJibHOCTh cpe)lbl B ceMeikTse OC Unix, a TaJOKe Me)J(JJ.)' Unix 1-1 

MS Windows no p.si.uy ocHOBHbIX KOMnotteHT. Bee :no IJ03B01rneT tta ocHoBe KOMil0HeHT SOBOL c 
npHMeHeHHeM MO,nyneii-pacw.HpHTeJieH K0MITOHeHT 11 HMeIOll(HXC.sl ape.uMeTHbIX npl11CJla)lHblX na­

KeT0B pa3pa6aTbIBaTb cnel{HaJIH3Hp0BaHHble nporpaMMHble TeXHOJI0rHl1 11 cpe,nr,J ,ll,Jl.sl pa3nH'lHblX 

(1-rnor,na HeO)KH,QaHHhix) o6nacTeH 11cnoJ1b30BattHJl, a caMa cpe,na SOBOL peanH3yeT .J1WKpomex-
1-toflo2u10. B 1-mcTH0CTH, Ha 6aJe SOBOL nocTpoett p.si.u nporpaMMHhtX TeXHonornii H cpe.u npo­

rpaMM11posatt11.s1 B o6nacTHx: TpeHIDKepocTpoemrn (SIMSYS, Bnocne,ncTBHH SimLINX™), pa3pa-

6oTKH pacnpe,neneHHblX reTeporeHHhIX aHaJIHTH4eCKHX KOMnneKC0B (SIRIUS), IlO.llD,ep)Kl(J,f pe­

MOHTHblX npou.eccos A3C (EAPC), MynhTHMe,QHHHhIX y4e6Ho-cnpaso4Hbtx c11cTeM (MYCC) 11 
,np. 

1. :U.Z.eoJiorHH pa3BHTHH. IIcTopu .. ecKHH 3KCKypc 

PacCMOTpHM 3a.aa4Y: o6ecne4HTb HHCTpyMeHTaJlbHbie cpe,ncrna pa3pa60TKH ,ll,Jl.R' MO.[{eJIH­

PYIOI.UHX KOMnneKC0B peanbHbIX, MH0roKOMTTOHeHTHbIX o6beKTOB, r.ue umppbl, xapaKTep1nyt0mHe 
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KOJTH1-leCTBO MO)lem1pyeMoro o6opy,nosattHR, - n7blCfl'-tU WlU iJecRmKU JnblCfl.t[ eiJwtULf. B Ka'-leCTBe 

npHMepa, xapaKTepttoro )lJTR OTpaCJTH, npHBe)leM KOJTlf4eCTBa nporpaMMHbIX 06beKTOB B cocrase 

OOJIHOMaCWTa6Horo TpettIDKepa I 3Hepro6JlOKa J1A3C: apMarypa - 2 303 eJU,lHHUbI, MexaHl13Mbl -

361' 3JTeKTpoo6opyaosaHHe 11 .uaT'-IHKH - 8 249, rryJibTOBOe o6opyaosaHHe - 9 352. KIDK}lbIH 113 

nepelfH"CJieHHblX o6beKTOB KGK MUllUMYM OOUH pa3 npe,llCTaBJieH Ha O.LJ:HOM H.3 .llHHaMHl.feCKHX rpa­

cpw-1eCKHX cxeM. O6mee KOJTH'-leCTBO nporpaMMHb!X nepeMeHHbIX H MaCCHBOB - OKOJTO 285 000. 
Tpe6osatt11e 1: J].0Jl)KH0 6bITb o6ecnel.feHO cpyHKUHOilllpOBalrne pH,n:a sepHcp11u.11poBaHHbIX, 

HaKOOJTeHHb!X necwmneTHRMH rrpHK118,llHb!X naKeTOB. 

Tpe6oBaHJile 2: KOMTTJieKCbl J].OJDKHhl o6Jia)laTb pa3BHTblMl1 cpe.n.crnaMH Bl13yamnauHH npo­

u.ecca H pe3y11bTaTa pacl.feTa. 

Tpe6oBaHHe 3: KOMITJieKCbl )lOJl)KHbl o6Jia)laTb HHTepcpewcaMH pacwHpeHHJI, KOppeKUHH co­

CTaBa 11 xapaKTepHCTH.K MO,lleJI11pyeMOro o6opy.uosaHHH, HMeTb tta6op yHHBepcaJibHbIX HHTepcpeH­

COB MR 00,llKJT}Ot.JeHHJI opy2ux MO,lleJTHPYIOill.HX KOMilJTeKCOB. (Tpe6osaHHe 3 BBe,lleHO BO H36e)Ka­

HHe cHryau1rn, Kor.ua cmoWvtocmb ;wooepmaa1,Juu KOMnileKca e nopRoKe omcne:»eueamm peMOHm­
llblX WMeHeHuu MOOe!lupye;,wo20 06be1<ma cmaHoeumcR conocmaeUMoii. co cmoUMocmbJO co3iJaHW1. 
KOMn.lleKca 3GH060.) 

PacCMOTpKM 38.lJ.84)' B Y3KOM ITJI8He: B38HMO.LJ:eHCTBHe rpacpH4eCKOH CTO)lCH'CTeMhI H npHK118,ll­

HblX MO)leJTHpylOW.HX naKeTOB. C TOlJKH 3peIDU1 nporpaMMHOH pean1naum1 Bbl)lBH.H)'TblX -rpe6osa­

HHH HMelOTCR c11e.nyrom.11e TeXH_WleCKHe H opraHH.3aIJ,H.OHHhle npo6JieMhr: 

• 6bl'WCJlumellbHClfl cmpyKmypa, MemOObl npo2pC1MM.upoeaHWl., cmpyKmypbl OGllHblX, UHmep­
(j)eUCbl zpaq,u11ecKux npo2paMM, ocHOBHbze R3blKU npo2pa,;1ttM,upoeaHUR ,-,ecoe;wecmUMbl c coom­
eemcmey10u1u-«u xapaKmepucmuKaMU pacttemHblX MooeJ1upy10u,,ux naKemoe; 
• )lJlR C03)l8HI-IH BbllJHCJlHTeJibHOro KOMITJTeKca C Tpe6yeMblMH xapaKTepHCTHK8MH Tpe6yeTC8 

COBMeCTH8R pa6ora cneuHaJIHCTOB B 2-x (KaK MHHHMYM) pa311WlHbIX OTpaCJTJIX 3H8HHR. 

"flpxMoM" MeTO)l pemeIDUI 3THX 6a30BblX npo6JieM - 38CT8BHTb npwuzaOH020 rrporpaMMH'CTa 

"rrpoclJeccHOHaJihHO pa3BHB8ThCR" B cucmeMHOU "rpacpH1-1eCKOH" OTpacm1., KaK rrpeMaraeTCR B 

cTaH.n,apTHhIX HHCTpyMeHTaJibHbIX cpe,nax nma Visual Studio. flocKOJibKY ocHOBHOH H.n,eonornt:Je­

C!GfM rrpHHIJ.MTI rroc-rpoettHJI no.n,o6Hbrx cpe.n. - o6ecnettumb pa3pa6onny. 2pa(jJLl1/.ecKux o6beKmoe, 
r.n:e MO)lem1py10lll,He nporpaMMbl HMelOT BC0OMOraTeJibHYIO cpyttKUHIO o6cny:>KH.B8HHR rpacpHt.Je­

CKOH OCHOBbl npHJTO)Kemrn, pean,nyR ecTeCTBeHH)'IO npH nono6HOH 11.n,eOJIOrHH cxeMy nepe,nat.JH 

)l8HHblX om MOOenupyeMblX o6oeKmoe 1{ 2pacjJu'-leCKUM, TO: 

(I) OCHOBHaH pa6oTa npm<Jia.L(Horo nporpaMMHCTa COCTOHT B npeo6pa306GHUU BbJ-qJ,fCJIHTeJlbHOH 

CTPYKTYPbl "rrpeaMeTHOro" rurropliTMa K CTpyKT)'pe ('rpacpH-..iecKoro" H 6Heope1-1uu 6 He20 Cl?el,{U­
<jJu'-leCKUX UHmep(j)eUCllblX 6JlOK06 nepeiJa11u OGllHblX, '-I.TO se.neT K y.n,opmKaHHIO HMrroprn H 3KC­

rroprn nporpaMMttoro 06ecne1.1eHHR; 

(2) npll<Jla,LJ,HaSJ 38,ll,aYa pewaeTCH Ha R3b1Ke nporpaMM11pOB8HHR, He CBOHCTBeHHOM npe]lMeTHOH 

0611acTH, HJTH nporpaMMHCT CTaJIKHBaeTCR C npo6JleMaMU nocmpoe1-1UJ{, CMel.llaHHblX npo2pa.M .. rw; 
(3) epy1my10 npOH3BO)lHTCR o6cny)KHB8HHe uenoCTHOCTH nepeCblJTOK (CBR3eH) THfla OOUH (Mo.n,e­

JTHpyeMblH 06beKT) KO MH02UJW (ero rpacpHYeCKHM npORBJTeHHRM), Tpy.n.oeMKOCTb KOTOporo HaYH­

HaeT pe3KO H HeJTHHeHHO 803pacTaTb npH KOJTHY.eCTBax MO,LJ,eJIHpyeMoro o6opy.n,osaHHJI nopSJ.n,Ka 

200 . .. 600 e,lll-tHHU, TIOCKOJJbKY npH T8KHX CBR3RX OT np11KJ1a,UHOro nporpaMMHCTa Tpe6y10TCR no­

CTORHbfH KOHT{)OJlb tta.n, npouecCOM BH3YaJIH38UHH H B03BpaTHaH MO)ll1q>HK8UHJI aJirOpHTMOB; 

(4) rrporpaMMHaH TeXHOJJOrHR CTaHOBHTCR 38BHCHMOH OT rpacpw~eCKOH cpe.n,br, m.e. n.llamcjJopMHO­
u KOMnwmmopH0-3G6UCUMOU, 4TO cymecTBeHHO CH(1)K8eT ee o6JiaCTb npHMeHH'MOCTH. 

TaKHM o6pa30M, nocTaBJTeHttaR 3a.n,aya Tpe6yeT cpe,nb1 rrporpaMMi-tposamrn, peaJIH3YfOlll,eH 

TeXHOJTOrHYeCKHH npHHUH0 pa30eJleHtm KaK 00,ll,CHCTeM MO,n:eJIHpOB8HHSJ 11 B113YaJIH3aU.mt, TaK H 

CO0TBeTCTBYIOlll,H.X KOM8H.ll pa3pa60TY.liKOB. f1p11 BbI)leJTeHHH B nporpaMMHOM KOMnJTeKce .usyx 
OTHOCHTeJTbHO caM0CTOSJTeJJbHhlX ITO,UCHCTeM B03HHKaeT 38,Ual.fa aBT0M8T1138UH11 C03,ll,8HHSJ liHTep­

cpeHCOB o6MeHa )l8HHhlMH Me)K)ly HHMH . .nnj{ cpe.n, MO,LJ,eJittpoBaHHSJ H TpeHIDKepocTpOeHHR, no-
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CTpoeHHblX HG 6a3e cmaHoapmHblX UHcmpyMeHma.JlbHblX cpeo, MCnOJlb3yK)TCSI .nsa OCHOBHhlX Me­

TO)la: npenpouecc,rnr Mo.ne1rnpyiou.u1x nporpaMM 11 co3,uattMe HRTepnpeT11py10m11x naKeTOB. 

ITpenpouecCHHr M01IeJ1HPYIOlllHX nporpaMM. ITpHKJia.D,HOe nporpaMMHpOBaHHe se.neTC.sl Ha 

no,nx.o.nsnu.eM CTaH.LJ.apTHOM Sl3bIKe ( o6bT4HO - TIO)lMHO)KeCTBe ), pacw11peHHOM )],HpeKTHBaMH npe­

npoueccopa )J,Jl.sl CB.sl3H C rpacpw:iecKOH TIO)lCHCTeMOH. ITpenpoueccop (B03MO)l(H0, CTaH)],apTHb!H) 

pa3BOpa411BaeT )],HpeKTHBbl B COOTBeTCTBy10w:i,1e HHTepcpeikHbie 6JIOKl1. (B HeKOTOpblX cny<ia.six 

pa3pa6aTbIBaIOTC.sl cneu11anH311pOBaHHbie .sJ3blKH C npocTemneH cxeMOH TpattCJUIUI-Hf, ITO CYTH, 

np.SIMblM nperrpou:ecCHHTOM.) 3To MO)KeT 3Hal.JHTeJibHO ynpoCTHTb npo611eMbl (1) H (2), CHHMaeT 

( 4) 3a cqeT ee nepexo.na B npenpoueccop. Tipo6neMa (3) HMeeT MecTO s non HOM o6'heMe . .ooJib­

WHHCTBO opraHH3aUJ,IH, 3attHMaJOlIJ.HXC.sl Tpetta)KepocTpoeHMeM H MO)],eJIHpOBaHMeM, B TOH HJIH 

HHOH cpopMe pa3pa6aTb!BaJ10 HJIH HCITOJlb30BaJ10 no.no6Hble CHCTeMbI [ 1, 2]. 
MHTepnpen1py10uwe naKeTbl. IlO)lCHCTeMa MO}leJilfpOBamrn: C11)011'TC.sJ KaK ynpaaJI.SleMbIH HC­

XO)],HbJMH )laHHhlMH naKeT, HHTepnpeTHPYJOlll.HH BXO}lHOe 3a,llaHMe Ha cneUHaJ1H3HpoBaHHOM Sl3bl­

Ke. CocTaB MO)],eJIHpyeMbIX THTIOB orpamfl.JHBaeTCSI THTiaMH, pea.JIH3yeMblMH naKeTOM­

HHTepnpeTaTopoM H ITO)],)lep)Kl,{BaeMblMH .sl3blKOM ynpaBJieHIDl 3a.D,aH11eM. rpacpH-YeCKasr TIOJ.lCHCTe­

Ma cneUHaJ1H3HpyeTCSI aHaJIOrHl.JHhlM o6pa30M. OcHOBHOe )],OCTOHHCTBO pernemt.SI - pa3B.sJ3Ka rrpo-

6JieM nporpaMMHpOBaHH.SI B3aHMOJ{eikTBJ,fSJ MonemtpyeMblX H rpacpHlfeCKHX o6'beKTOB qepe3 HH­

KancyJI.sJUJ,IJO cneu:11cpHCJeCKHX anropHTMOB B cpaBHMTeJibHO HeMHOf0411CJieHHhlX THTIOBblX MOJ.lY­

JISIX CTatt.ll,apTH0ro o6opy.ll.OBaHIDI., lff0 CHHMaeT K0JIWieCTBeHHoie orpaHHCJeHHH B 06e11x nonc11c­

TeMax. rnaBHhlM He)],OCTaTKOM 0Ka3bIBaeTC.sJ cy)KeHHe npHMeHMM0CTH CHCTeMbl T0JlbK0 B npene­

nax cpyHKUHOHaJ1bHOCTl1 THTIOBbfX o6'beKTOB. 

Tip11 a.namamrn CHCTeMbl IT0)l K0HKpeTHhle 3a.D,a4H He1n6e)f<Ha.s1 ITOMep)f<Ka HOBblX 

Monen11pyeMbfX THITOB 111111 pacurnpett11e CTapbIX M0fYT OKa3aTbC.sl BeCbMa Tpy.noeMKH, TaK KaK 

CB.sl3aHbI C CHHXp0HH0H MOLlH(pHKau11ei1 .usyx MHTepnpeTaTOp0B 11, B03MO)KH0, ,S13b1Ka ynpaBJleHHSI 

3anattHeM. Cpe.n11 11H.lzyCTpHaJibHbTX Tpetta)Kepttb]X cpen K no.no6HOMY HanpaBJleHHlO MO)KHO 

0THecnt cpe,n:bI Carys T.E.S.S., A PROS [3 ... 5]. Tip11MepaM11 aHaJIHTwteCKHX naKeT0B cJTy)l<aT 

RELAPS, ICARE. PoncTsetttthIM K HttTepnpeTau:1111 no.uxo.uoM 51sm1eTC51 Ko.norettepau1151 Ha 

ocHose tta6opa THn0BbIX Mo.nyneii (TexHonorn.si Atlas Elektronik GmgH) [6]. 
Bap11aHT, He OTp11ua10m1111 .UOCT011HCTB H JlHlIJeHHbIH He.UOCTaTKOB np1-rne.ueHHhlX BbII.l.le pe­

weHHH, - pean113auwr s rpacp11qecKOH noncHcTeMe npHtt1.1,11na ee rmeutHe20, 11eeuou,woc0 O.'lfl noo­
cucmeMbl Mooenupoea11U5l, ca.,wonoo1011olleHuR K oa1111b1M ,1-woe11upy10u1ux npo2paw.,1-1. l1HTepcpeikb1 

o6Metta .[(aHHbrMl1 np11 3TOM pearrH3yK)T CXeMY MH02Ue (rpacpw-feCKHe o6'beKTb1) K 00110.\tY (MOJ].e-

1111pyeMOMY), 4TO npMHUHTIHaJlbHO 0611erqaeT ITO)],)],ep)KaHHe ee ueJIOCTHOCTH B cpastteHHH C OOWI 

1-:.0 MH02u.11. HHTepcpe11cb1 "nepeKal:fKlf .nattHorx" 113 Monem1py1om1-1x nporpaMM 3aMemnoTc.si Ha 

3Hat.JMTeJibHO 6onee npOCTbie HHTepcpeHCbl "ny6m-iKaJ . .(HH .uaHHblX" . 

oonee Toro, y11uaepcCl.llblla.J1. Mou111aJ1 cucme,wa au3yaRU3GlfUU, npe.nHa3ttaLfettHa.si p,m1 w11p0Ko­

ro Kpyra 3a.uaq, MO)f(eT 6b1Tb ITOCTpoeHa TOJlbKO no 3T0MY np1mu1-my, ITOCKOJlhKY HHTepcpeHCbl 

npSIMOH CB.H3H C Hew 8 o6meM CJTy-yae OKa)KYTC,SI CJIHI.l.lK0M CJ10)f<HblMl1 .UJl.sl MOJ{eJ111py10m11x npo­

rpaMM. ,[(Im pean113aur,rn npMHUHna rpacp11qecKa.s1 no.n,c11cTeMa Jl0Jl)KHa pacno11araTb 6,l]. npo­

rpaMMHbIX 11MeH 11 COOTBeTCTByK)l.ll.11M11 aJ].peCHbIMH rn6n11uaMH speMeHH HCTIOJIHeHH.SI, o6ecneLfH­

B810lll.11MH BHeWHHH .UOCTyn K 3THM HMeHaM. o.D: HMeH )],0Jl)f<Ha xpaHHTb TaKMe aTp116YTbl, KaK HM,SI 

napaMeTpa, ero THn, pa3MepHOCTl1, )KeJlaTeJlhHO om1caHMe C YKa3aH.HeM HMeHH Mo.ue1111pyeMoro 

o6beKTa. 

Kap.UHHaJlbHblM peweHHeM CJIY)KMT pa.3pa6omKa cneZfUCl.llU3Upoea111-1020 mpaHCJl.Jl.1110pa co 

cTattnapTHoro nn.si Mo.uem1pyiomHX nporpaMM R3bLKa. B npouecce TpaHcmnlHH MO)f(H0 o6ecne­

qJ,tTb: 

• nepeso.n nporpaMM C .sl3brKa MO)],eJ111py10mew ITO.UCHCTeMbl Ha 513blK rpacpH4eCKOH, CHHMa,SI 

npo6neMbl CMewaHHOro nporpaMMHpOBaHH.SI 11 n11aTCj:>OpMHOH 3aBHCHMOCTH; 
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• attamn ("B3JIOM") HCX0)J.HblX TeKCT0B, cpopMHpOBaHMe OTKpbITOH E,D; nporpaMMHbIX MMeH H 

o6ecnellettHe ee )J.0CT0BepH0CTH 3a Ct.JeT co6CTBCHHOH K0.U0rettepau,J,J],f; 

• aBT0MaTH4eCK0e BCTpaHBaHHe B rropo)KJJ.eHHbie nporpaMMbl HHTepcpeHCOB BHerrmero JJ.0C1)'Tla 

K naM.sfTH, MexaHH3M0B ee pa3MemeHH.sf M nepeMemeHM.sr, orry6Jll1JCOBaHMe CKpblTblX HMeH M o6nac­

Tei1; 

• BCTpa1-rnattHe BHeWHHX HHTepcpeiiCOB ynpaBJieHJ-1.sr CYCT0M, TpaccHp0BKH H nepeXBaTbIBaHID! 

BB0)J.a-BblB0)J.a, 1-IT0 06ecne1rnsaeT IIpHHUHIIHMhHble MexaHH3Mbl a6mOMGmWLeCKOU UHme2pai1uu 
6bll/UCJlUmeflbHblX npo2pa'WM 6 2pacj)u'-leCKY10 cpeoy 6e3 U3MeHeHZIJl UX UCXOOHblX meKcnwe, 6 npo­
i1ecce KOMnWIJrtfUU. Oco6o cne.uyeT 0TMeTHTh, '-ITO IIO)J.06HbIM rro.uxo.u He HCKJUO'-IaeT npHMeHem1e 

HHTepnpentpyIOLUHX rraKeT0B Hnl1 K0,UoreHepaT0p0B B ITOJJ.CHCTeMe M0,UCJIHposaHHjl. 

IlpH 0TCYTCTBHH HHTepcpeHCOB np.srMOH CB.sf3H C rpacpw:ieCKOH TTO)lCHCTeMOH F77 ,U0CTaT0'ilf0 

yJJ.o6eH .un.si HCnom,30BaHID! 8 TI0)J.CHCTeMe M0,UenHp0Bamrn. EcTeCTBeHHhIM .sl3blK0M rpacpH1-IeCKOH 

IT0,UCHCTeMb[ .s!BJl.s!CTC.sl CIC++. CoorneTCTBeHHO HHTerpau,m1. npHI<Jla)J.HblX nporpaMM B C0CTaB 

Bhlt.JHCJIHTCJlbH0f0 K0MITJICKCa M0)KCT ocym.ecTBilllThC.sl Ha 0CH0Be F77 ➔ C rpaHCAAU,HH. 

Tenepb paccM0TpHM xapaKTepHCTIDGI rpacpHYeCKOH IT0)J.CHCTeMbI B CBeTe ccpopMYmtposaHHOH 

H3Hat.JanbH0 3a.ua1rn. IlpHBO.UHMblH Ha pHC. 1 H 2 He60llbUWU cpparMeHT o6E,It.JHOH TeXH0n0rHt.Je­

CKOH cxeMbl M0)KeT .uaTb ,U0CTaT0'-IH0 .s!CH0e npe)J.CTaBJiett11e 0 6a30BblX Tpe6oBaHH.srx K rpacpwie­

CKOH CHCTeMe, K0T0p~ )J.0JDKHa C03,UaBaTb H ;:urnaMH4eCKH OTo6pa)KaTb B pe)KJ1MC peanhH0ro 

speMeHH npoU360flbHO Macwma6upyeMbie eeKmop11bze cxeMbl Ha ypostte, rrp116nH)KaIOmeMC}l K 

B03M0)KH0CUIM CAD-CHCTCM. 

Hcxo.u.si H3 ueneu M0.[.l,e1mpoBaH1-1.si , cpopMaT cxeMhI JJ.0JI)Kett 6hITh 06ae1m1110-opue11mu­
poeaT-1HblM. (O6hl4HaH .usyMepHaH AutoCad-cxeMa He }l8JI}leTC}l o6beKTHO-OpHeHTHpOBaHHOH. 

"O6beKTbt", 113 K0T0pb!X 0Ha C0CT0HT, - JIHHHH, np.siMoyr0JibHHK.11, TI0JIHr0Hbl, 3JIJIHnCbl H T.IT. -

3T0 2pacj)u'-leCKUe npUJvtUll1U6bl.) O6beKTHO-OpHeHntpOBaHHblH cpopMaT TT0JJ.pa3yMeBaeT B03MQ)K­

H0CTb pa3pa6oTKH co6cTBeHHblX CJI0)KHblX "npHMHnrnos" H CB06o~oe BKJUOt.JettHe HX B C0CTaB 

6a30BbIX. ,lJ;mI HnJllOCTpau,HH )J.aHH0ro n0JI0)KeHID! Ha pHC. 3 npHB0.LI.HTC.sl cpparMeHT TeXH0JI0rHt.Je­

CKOH cxeMbl, c K0Toporo ocymecTBJI.steTc.sr ynpa6JieHue pa6omou Tennorn.n:pasnmec1<oro naKera 

(oTKpbITHehaKpblTHe 3a,UBH)KeK, OCTaHOs/rrycK HaC0C0B H JJ.p.). (Puc. 3 ... 6, 8, JO, 11 I( cmambe 
noAtetl(eHbl ua u,aemuoii a1<1zao1<e.) 
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P1ttCYHlOtl l< CTaTbe A.B. An1tteBa ltt AP- "ficnonb30BaH1tte BlttpryanhHOVI. peanbHOCTltt 

np1tt pa3pa6or1<e rpeHo.)Kepa An.R onepar1ttBHoro nepcoHana pa3rpy30'-IH0-
3arpy3oqHoV1. MallI1ttHbI An.R pea1<ropoB PBMK-1000" 

P1,1c. 1. l.\eHTpanbHblM 3an (peanbHaJI. qJOTOrpaqrvLR) J,t lll306pa}t(eHvte P3M, 
pean1'130BaHH0e cpeACTBaMJ,t BP 

P1,1c. 2. H1't}f{HRH, cpeAHRR l1 aepXHRR "laCT\1 l<0HCTPYl<l\1111 
11 c1<aqiaHApa P3M, Bhm0nHeHHbie cpeACTBaM\1 BP 

P11c. 3. AlffiaM11"1ec1<11e 3D M0Aem1 Mara3l1Ha 11 rrepel\emrn P3M 



P¾c. 4. Ilo,D,BJ.-1.>KHa.R 61,1onorw-i:ec1<a.H 3anJ,¾Ta, 
nep¾c1<on * 1<a6¾Ha ynpaaneHl!lR P3M 

P¾c. 6. IlpvtMep vt3o6pa>KeHvt.R Ha 31<paHax BP 

P¾c. 5. IlyJlbT ynpaaneHl!lR P3M (q>oTorpaq>lllR peanbHoro 
ITyJlbTa * Bl,1J],eo1<~p naHen¾ ynpaaneHM 
aHan¾Tw1ec1<oro TpeHa>Kepa P3M) 

... ...... 

Pvtc. 7. Bl,1J],e01<~p AM 0Tpa60T1{\1 ITP0l..\eCca HaBe,D,eHl!lR 
P3M Ha TK vt3 1<a6l1HbI ynpaaneHvt.R 

P1,1c. 8. TpeHa>Kep P3M: 
pa6o'Iee MecTo onepaTopa, npoe1<Top 
J.-1. M0HJ.-1.T0pbI OT06pa>KeHl!lR BP 

--

.. 



., 

ll. /08/Koa 
n.114/i:.oa 

n.93/~oa n.97/~ca 

n.94/~ca n.99/~ca 

P11c 2. <I>parMeHT Texttonor111-1ecKOH cxeMhI, 6om,moe yaem14eaue 

n 17'2 
IT. 170hcn 

IT. 171/o;c 

IT.I 

O6beKTHOCTb cpopMaTa 0TKpbIBaeT B03M0)KH0CTb 3C1MeHbl 0.lJ,HOro nma rpaq>HYeCKOro o6beK­

Ta Ha .npyroi1. IlpHBe.l(eHHruJ Ha pHc. 4 "npe3eHTau;110HHru1" cxeMa nonyYetta H3 npe)(bI.l(yme.ii 

"TeXHOJIOfl-flleCKOH" nyreM rpynnOBOH 3aMeHbl 061,eKTOB. 

Ha TeKyl.1.1:HH M0MeHT B 6oJibllJHHCTBe MO,l(em1py10mHX J,f TpeHa)KepHbIX KOMnJleKC0B npHMe­

HHIOTCH cxeMbl bitmap-cpopMaTOB. Ee3ycJJOBHO, 0HH 3HatmTeJJbHO npome B pea.JIB3a1.vrn, HO o6na­

,l(alOT pH.lJ.0M He,l(0CTaTK0B: 

• 60JibillOH o6beM Tpe6yeMoro ,llHCK0B0ro npocTpaHCTsa; 

• HeMacwrn6HpyeMOCTb HJIH rpy6aH MaCWTa6upyeMOCTb (2:4:8 ... ), ,llHCT0pU11H npH C)Kanrn; 

• Me}lJleHHaSl nepepHC0BKa (tteo6XO,ll,HMOCTb nepe.uaqu 60JiblilHX MaCCHB0B .n.aHHblX HJJH ,lleKOM­

npecc1-n1), pe3Koe naoeHue 6bzcmpooeucm6UJt 6 pacnpeoene11.Hbzx 6bll/UCJ1w11enbHb1x Ko1111me,-_cax. 
PeanbHblH npoeKT MO)KeT co,uep)KaTb COTHH HaCblll.(eHHblX TeXH0JI0rJ1l-leCKHX cxeM, a MO)],em1-

py10mHif KOM□JieKC Bbl'iHCJIHTb MHJIJIH0Hbl pacYeTHblX napaMeTPOB. l1MeeT MeCTO npo611eMa yc­

TaHOBJICHHSl MHOntX TblC~ KaHanOB CBH3H Me)K.LJ.Y rpaq>MYeCKOH CHCTeMOH H MO,l],emlpYJOI.Il,11Ml1 

nporpaMMaMH. IloHCHHM npo6neMy Ha np11Mepe p11c. 5, r.ue npHBO,ll,HTCH rpacpH~eCKHH o6beKT 

" ttacoc npe3eHTaUHOHHbltt". OH HMeeT .IJ.OCTaTOYHO KpaCHBbte 2pa</_JUl/.eCKUe OUJIOMUKU .D,JIH 1130-

6pa)KeH.HH CBOeH "pa60Tbt", B 11aCTHOCTl1 BH,llHO, KaK BpamaeTCSl " cnerKa TIOfH)'TbIH" Ban .IJ.BRraTe­

JlH. 

"B pa36ope" TOT )Ke caMbIH Hacoc npe,UCTaBJISleT Ha6op MHOfOYHCJJeHHblX rpacj)H"YeCKHX npH­

MHTHB0B (p11c. 6). Ban )],BHraTeJJH uenHK0M co6paH H3 nOJUI TOYeK. HeCMOTpR Ha 06beKTHO­

op11eHTHpoBaHHblH cpopMaT cxeMbl, ,UHHaMHKH HaKJJa.LJ.bIBalOTCH Ha npHMHTHBbl 06beKTa. ,[(.nH ,l(0C­

TH)KeHHSI 3q>q>eKTa " spamemrn Bana" see ero T0YKH HMelOT HH.LJ.HBHJJ.YMbHbte ,ll,HHaMHKH aCHH­

Xp0HH0ro Mepuamrn. 

,ll;nH pewettHH 3a.LJ.a4H npHBH3KH rpacp11KH K M0.LJ.e1111py10mHM nporpaMMaM B cpe,ae SOBOL 

npHMeHeH cneeyIOLUHH K0MnJJeKC pernemtif: 

• 06beKT HMeeT Ha cxeMe CB0IO MapKHp0BKY (HMH co6CTBeHHOe); 

• rpaq>HYeCKHH THn HMeeT aTp116yr "Mo,llenHpyeMbtH nm", l1Mfl Komopo20 mpaKmyemcR KOK 
UMR ma6nUU,bl EJ(, CO.LJ.ep)Kall{eH ,D.aHHble no BCeM o6beKTaM )laHHOf0 M0,Uen11pyeMoro THna. 

KnIOYOM .nm, nmtcKa o6beKTHOH 3an11c11 CJJY)KHT MapKHpOBKa o6beKTa; 
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• rpacpH4eCKH.H npHMHTHB B o6beKTe MO)KeT HMeTb 2pa{jJu'leCKy10 OUHGMUK)I (cMeHa l{BeTa, MH­
rattHe, pacnoKeHIUI, nosopOTbl, C)].BlffH H .ll.p.). TiposisneHHSIMH )].HHaMHKH ynpasm1eT pecypc - MO­
)].eJibHaSI nepeMeHHWL HMSI pecypca 3a)].aeTCSI napGMempul/eC/(U H MO)KeT 6bITb CKOM6HHHposaHO 
H3 TeKCTOBbTX KOHCTaHT, ,wapKup06'KU 06oe1w1a 11a cxeMe, 3/Ja'leHUll npOU360.'lbHblX nofleil U3 060-
e'KmHOU 3G11UCU ma6.Wl/bl El( )].JI.II )laHHoro MO)].en11pyeMoro THna; 
• ITOHCK pecypcos )].J,fHaMHK H )].OCTaBKY )laHHbTX H3 HHX (B HHX D.JISI )].HHaMHK - peaKUHH Ha 
KH0ITKH "MbIWH" ) 6epeT Ha ce6SI rpacpH4eCKaSI CHCTeMa, HCnOJib3Y.lI E)]; HMeH H a)].peCHble Ta6JIH­
l{bl, cpopMHpyeMble TpaHCAATOpOM. B COCTaB rpacpH4eCKOH CHCTeMbl BXO.llHT CYE}];-.lI)].pO, pa6o­
Truomee c OTKpbITOH £)]; (ODBC-cepsep HJJH ttenocpeJlCTseHtto cpaHJibl cpopMaTa DBF). 

lie.Ip 

"" JJcotar Bholr. 0,0NU.c:. 

PHC. 7. 0KHO ".u1rnaM11.KH" B rpaq>wteCKOM pe.uaKTope 

.1 

Ha pJ,fc. 7 noKaJatt npou.ecc tta-
3Ha4eHJ,JSI rpacpH4eCKOH )].HHaMHKH JJ/ISI 

3JieMeHTa MHeMO3HaKa 3aD.BIDKKH. 

YnpaBJISIIOll-lHM pecypcoM CJIY)KHT 
3JieMeHT MaCCHBa valve3 H3 
COMMON-6noKa A VT. 11:tt)leKc 3ne­
MeHTa 6epeTCSI 113 KOHcp11rypal..lHOHHhlX 
)].aHHblX MO)].eJIH KaK 3Ha4eHHe nonSI 

COMP NO H3 coorneTcTByJOmeii 
061>eKTHOH 3aTTHCl1 Ta6mf.U,bl £.ZJ; npo­
eKTa. 

TaKUM o6pa30.M, cxeMbl SOBOL 
.M02ym CGMOl100KJl10'1Gn7bCR K npoU3-
60JlbHOU F77-Mooenu. Tex11ono2utJe­
CKue cxeMbl, pa3pa6omam-tb1e "e 1w11e­
cmee 001<y.MeHmaz1uu ", nocJle Lfeumpa­

Jlll306GHHou HGCmpouKU OWIQ.MUK munoe 2parj;ut1eCKUX o6oeKmoe .Mozym 6blmb ucnO/lb306QHbl KQK 
ouHa.MW1ec1'ue. 

2. Anpo6a1.urn CHCTCMhl 

Tiepsoe 11cnb1Tatt11e cpe.ll.bl SOBOL npoBO.ll.HJlOCb s 1996 r. s npoeKTe SPPA (Super Power 
Plant Analyzer) cosMeCTH0 c GSE (CWA). [(eJibJO npoeKTa 6bmo coJ)].aHHe pacnpe)lenettttoro 
Bbl4HCJ1HTeJibHOro KOMnneKca 113 nonHoMacwTa6ttoro Tpett8)Kepa III :mepro6noKa J1A3C 11 aHa­
JIHTH-YecKoro naKeTa Ha 6aJe RELAP5(MOD3), r)].e pe3ynbTaTbI pacYeTa aHanHTHYecKoro naKeTa 
npHMeHSIJ111Cb )lJI.lI sepHcpHKaU.HH HeKOTOpblX pe)KHMOB -rpett8)Kepa. }];nSI pean113aUHH npoeKTa no­

-rpe6osanacb HHTerpaUHR RELAP5 s cpeJly, o6na)laJOmyJO pa3BHTblMH cpe)].cTBaMH Me)KMaw,rn­
HOH KOMMYHHKaU.HH H BH3YaJIH3aU.HH. l(eucmaoeaJl Kame2opul/eCKUU 3anpem HG MOOUcjJUKGLJU10 
ucxooHblX meKcmoe RELAP5. 

Ha pHC. 8 npHB0)lHTCSI OJ].Ha H3 )lHHaMHt-IeCKHX cxeM npoeKTa, npeJJ.CTaBJI.sllOll-laSI pacYeTHblH 
TeCT ipwr (THnOBOH BB3P). Co cxeMbl M0)KHO ynpaBJISITb 3a)l8H)f(.l(aMH H HacocaMH, OTKpblBaTb 
Ta6JIHl..lbl MOD.eJIHpyeMblX napaMeTpOB, rpacpH:KH, MOJlH<PHUHposaTb nepeMeHHbie 11 Jlp., 0 qeM CaM 
naKeT ''He no)].o3pesaeT" . 

B 1998 r. BbinOJ1HS1JICS1 npoeKT " ACT" (PHU "KH"), uenbJO KOToporo S1BJIS1J10Cb nocTpOeHHe 
aHanHT11YecKoro K0MnneKca c 3JieMeHTaMH CAITP Ha 6aJe naKeTOB STEPAN (tteihpoHHKa) H 
KOBRA (Tennorn.n.pasJIHKa). CosMeCTHO c pa3JI114HbIMH oprattHJawuLMH s I 999 ... 2003 rr. cpeJla 
SOBOL JJ.OCTaT04HO ycnewtto TeCT11posanacb Ha 3Haq1-1TeJ1bH0M KOJIH4ecTBe nonynS1pHbIX MO)le­
n1-1py10mHx naKeTOB pa3JIHllHOro Ha3Ha4eHI-Ul HMnOpTH0fO H 0TeYecrneHHoro npOHCXO)KlJ.eHH:j{, 
nposepsinHcb nnaTcpopMbJ Ha 6aJe npou.eccopos IBM, SUN, INTEL. )];.nsi K8)K)loro naKeTa oueHH­
sasan11cb CJ1O)KHOCTb KOMITHJlSILlHH, nepcneKTHBbl BH3YaJIH.3aU.HH, TpYJlOeMKOCTb nOCTpOeHI-Ul 

CHCTeMbl THna CATIP. 
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B 2005 r. npose,neHa onepau:i,u, rropn1posattID1 MaTeMaTH4ecirnx MO,neneia nonttoMacwTa6tto­

ro Tpem1)Kepa l :rnepro6noKa JIA3C H3 cpeJJ.hI READS (GSE, ClllA) Ha rrnaTcpopMe OC IRIX 
(SGI) s cpeey SOBOL Ha rurnTcpopMe OC LINUX 11 nocTpoeH attanHTHl.!eCKHH JJ.HC!lJieKHhJH Tpe­

Ha)Kep. B np0Mb1wnettttoii 3KcnnyaTaUHH c npHMeHeHHeM cneu.11anH3HposaHHbIX seTseH SOBOL 

C 1998 r. npomse.neH P.Sl.ll TpeH8)KepHbfX, 06yqa101.I{HX, cnpaB04HO-peMOHTHblX, aHanHTH4eCKHX 

nporpaMMHhfX KOMflJleKCOB no 3aKa38M JIA3C H KOHU,eptta "Poc3tteproaToM". 

3. CospeMeuuoe cocTouuue SOBOL. KpaTKoe onncaune ocuosHbIX KOMnoeeuT 

06onol.!Ka ynpasnemu1 npoeKTOM Project Master ocymecTs1rneT cpyHKWfH ynpasneHHH .n,epe­

soM rrpoeKTa (p0c. 9), KOMITRJUll.(HH, pe,naKT0posamrn KOMnotteHT npoeKTa. B ,nepeso npoeKTa 

BXO.UHT F77, C, C++ - cpaHJlbl, 113 KOTOpblX CO- OdaProjectMasterv1.oa 

6HpaeTcsi ue11esoi1 ucnommeMblU MoOyllb rrpH­

KJia,llHOH 3a,lla1iH, rpacp1-1qecKHe cxeMbl H o6beK­

Thl, Ta6mmh1 E.U, cuettapHH XSL, ,noKyMeHTbI. 

,Z:(Ju, pe,naKTHposaHH.sl HJIH KOMmlJl.SIU,HH KOMTIO­

tteHT Project Master Bbl3blBaeT COOTBeTCTBYIO­

IIl,H.H pe.u.aKTop, l'paHCJUITOp, KOMilHIDITOp (KOH­

q>Hryp1-1pyeTc.s1). 
OcHOBHblM .sl3hlKOM nporpaMMHposaHml. 

cJJy)KHT cmanoapm F77, ,llJl.Sl nporpaMM Ha KO­

TopoM npe.nocTaBJl.sleTC.Sl MaKCHMaJlbHblH ypo­

seHb ceps11ca rpacpHl.(eCKOH CHCTeMbl. (Eonee 

TOl.!HOH cppa3oH s 11.ueonorn11 SOBOL .S1BJ1.S1eTc.s1 

"nporpaMMbl Ha F77 MaKCHMaJlhHblM o6pa30M 
npe,llOCTaBJLITTOTC.Sl BO3MO)KHOCT.SlM rpacpH4eCKOM 

CHCTeMbI", nOCKOJlbKY co CTOpOHhl rpacpH4eCKOH 

CHCTeMhI ocymecTBJl.sllOTC.Sl ITOJlHbIH BHelliHHH 

JJ.OCTyn K HX .n,aHHhIM 11 ynpasneHHe C4eTOM.) 
P1-1c. 9. rnasHoe oKtto Project Master 

ITporpaMMbl Ha C H C++ - Heo6.si3aTeJ1bHbie BCITOMoraTeJibHbJe cpe.nCTBa H npHMeH.sllOTC.sl B oc­

HOBHOM ,llJl.Sl peamnau.HH "TOHKHX" cpyHKUHH ynpasneHH.sl ecmpoeHHblM Jvf011Un70pOM-0/11JIG0'-IUKO.M 

ucnom-meM020 MOOYJlfl 1111H pacurnpeHH.sl ero cpyHKU,HOHaJlbHOCTH. LJ:;rn ITO,llKJlIOlfeHH.sl K rpaqJHYe­

CKOH cpe.n.e speMeHH HcnonHeHH.sl F77-nporpaMMbl ,UOJI)KHbl 6b1Tb npOCTO CKOMnHJ1HposaHbl s co­

CTaBe npoeKTa. B CIC++ nporpaMMbl MO)KHO BCTaBlffb 6noK HHTepcpei1CHblX Bbl30B0B BCTpoeHHO­

ro MOHIITOpa )].JUI rry6n11KaUHH CBOHX ,naHHblX. 
,[(ml peanH3aQHH B03MO)KHOCTeH Ha,UCTJ)aHBaHHSf H cneU.HaJIH3aUHH Project Master co.uep}KHT 

BcTpoeHHbIH HHTepnpeTaTop XSL 11 11cnonb3yeMhie HM rpacpw-tecKoe 11 CYE.U si.n,pa. T1-1noBhIMH 

XSL-pacw1-1pemrnMH Project Master cny)KaT c1:1cTeMbJ cKa11upoea1-ruJ1 cxeM, Ko.norettepau,111-1, reHe­

pau.H11 .nattHbIX, o6pa6oTKM EL{ npH pa3pa6oTKe KOMITJleKcos THITa CATIP. 
BcTpoeHHbIH MOHHTOp Hcno1msieMoro MOD;)'.JIH ODA. l1cnonH.sieMblW MO.llYJib np11.K11a,nttoro 

naKeTa, CKOMnHnHposaHHOfO s COCTase npoeKTa, aBTOMaTMlfeCKH CHa6)KaeTC.sl BCTpoeHHblM rpa­

qrnYeCK11M MOHHTopoM-OTna,ntHfKOM ODA (On-line DAta presentation). P11c. 10 1-rnn10cTpHpyeT 

cne.ny10m11e 6a30Bbie cpyHKU.HH MOHHTopa: 
• Has11rau,l-UI B npocTpaHCTBe HMeH naKeTa H npOCMOTp/MO,L{HQ)HKa1.orn 3Ha4eHHM nepeMeHHblX H 

MaCCHBOB B BH)].e Ta6J1Hll, H rpacp111<0s; 
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• yrrpaBnemte npoueccoM C4eTa, BKJU04rur orrepau.11w nycic/cTonlmar, 3an11cb/4TettHe cpoTorpa­

q>HH ,naHHbIX, pecTapT, UHKJlH"t.JeCKOe q>OTOrpacpHpOBaHHe, 3anHcb/socnpoH3Be)leHHe .nenCTBHH 

onepaTopa; 
• OTo6pIDKeHHe )lHHaMWieCKHX caMOnOJJ.KJlJOl.J:alOIUHXC.SI rpacpwieCK.HX cxeM, HaB.HTaUIDI Ha cxe­
Max, BbI,Ua4a Ta6mu.{ 3Ha4eHHH ynpaBJl..SllOUJJ:fX H accoum-1poBaHHblX nepeMeHHbIX rpaq>Hl.J:eCKHX 

061,eKTOB, o6beKTHblX 3aTIHCeH H3 E.D:; 
• BbICOKOCKOpOCTHOM o6MeH )laHHbIM.H no Jl0KaJlbHblM w ceTeBblM npOTOKOJlaM c .npyrnMH 

SOBOL-Mo,nyAAMH, CHHXpOH.H3aqH.S1 c HHMl1 no C'ieT}' H KOMaH)laM; 

• 1-1cnonHem1e ynpaBJI..SIJOil.\HX nporpaMM Ha .Sl:3bIKe XSL; 
• OTJla,UKa F77-nporpaMM 11 XSL-cuettapHeB Ha ypostte HCXO.UHbIX TeKCTOB c npHMeHeHHeM 

6e3yCJ10BHblX H ycnOBHblX TOl.J:eK OCTaH0Ba, JlOKaJlbHblX H rno6anbHbIX. 
HanH1.J:He rpacpH1.IeCKHX ,UHHaMHK nma "ttIDKan KHOnKY MbIIIHf - H3MeHHJ1.aCb nepeMeHHa.SI" 

nO3BOJ1JleT peanH3OBblB8Th rpacpH4eCKHe o6'beKThl uma KJIJOl.J:eH, KHOnOK, TYM6Jiepos H T.n. H 

ocymecTBJI.Sl:Tb ynpaBJ1eHHe cqeTOM co cxeM. 
KIDK.llbIH Hcnontt.si:eMblH SOBOL-MO.UYJib MO)KeT no.nKJIJOl.J:1,:(TbC.SI: K .npyroMy no JlOKaJibHblM 

HJUI CeTeBblM npOTOKOJiaM. O6MeH ,naHHbIMH peanH3yeTC.SI Ha ypoBHe BKJUO'-leHH.SI "qy)Koro" npo­
CTpaHCTBa nporpaMMHblX HMeH s co6cTSeHHoe c asTOMaTH'-leCKHM ycTaHOBJiemteM ABYCT0pOHHHX 

o6MeHOB no Mepe HCTpe60BaHH.S1 "qy)KoH" nepeMeHHOH )J)l.SI onepaUHH .noczyna. C}'l.I.{eCTBYlOT pe­
)KHMbI K8K aCHHXpOHHOro TTO.UKJU04eHH..SI, TaK H CHHXpOIDI3HpOBaHHoro no cqezy H KOMaHJJ.8M HC­

TIOJIHeHIDI, q>OTOrpacp11poBaHH.S1 11 AP- IlpH TIOCTpoemm pacnpe.neneHHblX KOMilJleKCOB BO3MO)KHO 

ycTattosnettHe CB.Sl3H Me)K)ly pa3JIH4HbIMH nnaTcpopMaMH Ha octtoBe Unix 11 MS-Windows. 
MoHHTOp HCn0JlH.SleMoro MO)lyJI.SI BKJllO'-laeT BCTPOeHHhIH HHTepnpeTaTop XSL-rrporpaMM H 

Hcnonh3yeMbte HM rpaq>H'-lecKoe H CYE.D: .sr.npa. XSL-Mo.nynH Moryr cosMeIUaTb CB0H nporpaMM­
Hbte rrepeMeHHbie c JIJ06oii rrepeMeHHOH Teeymero npocTpaHCTBa HMeH, )lOCTYITH0ro MOHHTopy 
( He33BHCHM0 OT CTffryca nepeMeHHOH - "cB0.11 " HJIH "qy)Ka.11"), H ocyw.ecTBmlTh BHemttee ynpaB­

JieHHe npoueccoM MO,UeJIHpOBaIDI..SI, o6MeHbI .naHHbIMH Me)Klly np11KJ1a)lHbIMH nporpaMMaMH J,f E.D: 
HJIH B pacnpe.neneHHOH BblLfHCJIHTeJibHOH ceTH, cneu.HcpwiecK.He onepau;mi BH3YaJ1H3aU.HH. 

,lvui MYJibTH3a)lal.J:HblX Bbl"l.{HCJIHTeJibHblX KOHcp11rypaUHH MOHHT0pbl pa3JTHllHbIX 3a.LI.a4 Moryr 

Bhlil0JIH..SITb onepauHH no coeMeU{,e1tu10 3acJaHHb1x COMMON-6noKoe e o0HOM ce2Me11me pC13oe­
MeMou nawimu. ,[vi.SI MttoronpoueccopHbIX apxHTeKTYP noMep)KHBaeTc.sr ynpaBnettHe MHorono­

TOKOBblMlf BblllHCJleHH.SI B npe.a.enax O)lHOH 3a.UalfH. 

Pe,naKTop rpaqrnqecKHX 2D cxeM SCHEME DESIGNER npe,ntta3Ha'-leH .nn.S1 co3,naHH.S1 seK­
TOpHblX 06oeKTHO-op11eHntposaHHbIX )lHH8MH1.J:eCKHX cxeM C 8O3MO)KHOCTblO BHenrnero caMOTIO,lJ,­

KJIJOqeHIDI KOMTIOHeHT pHCYHKa K ynpaBJI.SllOll.{HM nepeMeHHblM MO,lJ,eJlH. TexttwiecKHe BO3MO)KHO­

CTH pe,uaKTOpa IT03BOJT.SIJOT pa3pa6aTbIBaTb KaK nyJTbTbl ynpasneHH.SI: (soft panels), TaK H TeXHOJTO­
rw-IeCKHe (HJ1H CHMYJI.SIUHOHHb!e) cxeMbI. Pe,uaKTOp cxeM BE.lTIOJIHeH B CO0TBeTCTBKH C npHHUHTia­
MH opraHH3au.1-rn: rpaqmKH, H3JTO)KeHHblMH B pa3,nene I. Pwc. 1 .. .4 HJTJIJOCTpHpylOT cpyHl<I..{HOHaJib­

HbTe BO3MO)KHOCTH pe,naKTopa. 

IloD.)lep)KHBaeTC.SI O)],HOBpeMeHHOe pe.naKTHposaHHe cxeMbl 11 i;,z::i: npoeKTa C aBTOMaTHlleCKHM 

noHcKoM/co3)],aH.HeM 3an11c11 .UJI.SI yKa3aHHoro rpacpwqecKoro o6beKTa. SCHEME DESIGNER HMe­
eT BCTPOeHHbIH HHTepnpeTaTop .Sl3bIKa XSL, rpacp11q.ecKoe H CYE.D: ~.npa. TliII.OBhIMH XSL­
pacnrnpeHH.SIM.H pe.uaKTOpa CJIY)K8T CHCTeMbl noMOll.{H B npopHCOBKe 60JlblliHX cxeM, CKaHHpoBa­
HH.SI cxeM, Ko.noreHepaUHH, rettepau:1-rn .n:aHHhIX, o6pa6onrn E,[( npH pa3pa60TKe KOMTIJieKCOB THna 

CATIP. 
PenaKTop rpa<p.w-1ecKHx 2D o6beKTOB OBJECT DESIGNER npe,uHa3HalleH )lJT..SI pa3pa6oTKH 

"rpaq>J.11.J:eCKHX npHMHTHBOB", HCTIOJlb3YeMblX pe.naKTOpOM cxeM. <l>yHKUHOHaJibHOCTh pe.a.aKTopa 

wnn10cTpwpy10T p11c. 5 ... 7. KpoMe AHHaMHK s pe.naKTope 06-1,eKTOB MO)KH0 napaMeTPH9eCKH 3a-
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,naTb accou;11HpOBaHHbie C ,UaHHblM rpacpH4eCK11M TilllOM MO,UeJibHbte nepeMeIDil>Ie. Ha ::.nane HC­
noJJHeIDUI Ha rpacpw-JeCKOH cxeMe MO)KHO YKa3aTb o6beKT H OTKpblTb OKHO 3Ha1leHMM ero acco­
umtpOB3HHhIX nepeMeHHbIX. MexaHM3M TT03BOJ1.SieT Bbl,UeJJ.SITh " Mo,UeJIHpyeMhle o6beKTbl" (KaK 
perym1pttyK> COBOKYTTHOCTb .uaHHhlX) B naKeTax, peanl130BaHHblX He no o6beKTHOM)' npHmumy. 

TpaHCJI.RTop F77-nporpaMM Ha C F2C BbtnOJIHJleT 3a.n.a4Y asToMaTHlfeCKOH HHTerparu,rn s 

cHcTeM)' F77-naKeTOB nyreM 11cnonttemu1 F77 ➔ C Tpattcmru,11H. B ee npou,ecce F2C cTpOHT E,D; 

rrporpaMMHhlX MMeH, a.upeCHhle Ta6JIHU,bl )],Ocryna, ocyll.leCTBflJleT see He06XO.UHMbte HHTepcpenc­

Hbie npeo6pa30BaHJUI, Heo6xo,UHMbJe .LI.JUI. Btteurnero TT0,[(KJTK)LJeHHSI. M0HIITOpa HCfl0JIIDleMoro M0-

.nym1 H BhtnOJIHeHml HM CBOHX cpy~HH. ITo.u.uep:>KHBaeT OCH0BHble ,UH.aneKTHhle pacwwpemui 11 

cneuHcpMKY K0,[(0rettepau,HH HeKOT0pblX F77-KOMITHJ1.SI.TOpOB. ,D;onycKaeT HeKOTOpbie 3JieMeHThl 

F90 H inline-C BCTaBKM KaK co6cTBettttoe ,UHaneKTHoe pacwHpett11e. Dposo.u.sITC.sI pa6oTht no nepe­

xo.ny Ha F90 ➔ C++ Tpattcmn.1,Hro. 

BcrpoeHHbIH HHTepnpeTaTop .SI3bJKa cuettap1-1ea XSL ( eXecutable Script Language) npHCYTCT­

syeT B OCHOBHhlX KOMTIOHeHTax cpe.ZJ,bl C0BMeCTH0 C rpacj>Ht.JeCKHM H CY6,D; .sr.upaMH. B KIDK.ll.OH H3 

cpe.u HCTT0JIHeHH.sI cu,ettapHH XSL o6Jia,[(aIOT 803MO:>KHOCT.sfMH ee nepeKoHcj>HrypMpoBaHIDr H C03-

.uamrn )],OTTOJIHHTeJibHOH CHCTeMbl Memo H 3KpaHHhIX cpopM, 1lTO TT03BOJISleT (npH Heo6xo,UHMOCTH 

Ha npHKJia,[(HOM ypoBHe) a.uarrrnpoBaTb 6a30Bbie K0MTTOHeHTbl cpe,Ubl K KOHKpeTHblM npoeKTaM 

MH TeXHonornLJeCKHM ttanpasneHllilM. Octtoattoe Ha3tta1..femie XSL-pacnrnp11Teneii - sbmontte­

mte cneu,HanbHhIX onepau11ii o6pa6oTKH cxeM H E,D;, .uonontt11TeJibHOro sttewttero ynpasneHH.sI 

rrpHKJia,[(HhlM naKeT0M. 

Mop,yJib TpexMepHOH BJnyanH3au,rn H np0CM0Tpa ]lHHaMM1leCKOH M}'.JlhTHMemta-

,aoKyMeHTamm 3DV (3D Viewer) peamnyeT cj>)'HKIJ.HH oTo6pa:>Kemrn 3D cuett (p11c. 11 ), 2D cxeM, 

a TaK:>Ke CB.sI.3aHHOH mrnaMHlJeCKOH MYJibTHMe.u1-1a-.uoKyMettrnu1111 tta 6a3e HTML, XML. O6na)].a­

eT KOMMYHHKaTHBHblMH B03MO:>KHOCT.sIMH MOHHTOpa ODA 11 .sIBJIH.eTC.sI cpe.uoi1 HCTTOJIHeHJ.rn XSL­

cuettapHeB. 

<l>opMaT rpeXMepHblX cueH H rpaqn-1qecKoe .sI,[(pO HX OT06pa:>KeHml, aHanOrHLJHO AByMepttblM 

cxeMaM, pean113yK)T npHHUHil HX BHewttero caMOCTO,UKJIK)lfeHHJI K ynpaBJI.s[K)ll.lHM rrepeMeHHblM 

MO,UenHpyK>lI.J,HX nporpaMM. B CHJIY 60JibWMX pecypCHblX 3arpaT Ha OTpHC0BKY 3D cu,eH B o6meM 

cnrrne npo6neMaTHlJHO COBMeCTHTb rpacpH4eCKOe .sI..UpO H M0,UeJIHPYK>ll.J,He nporpaMMbl B OAHOM 

HCTIOJlHJleMOM M0JJ.yJie. CooTBeTCTBeHHO 3DV cpyHKUHOHHpyeT KaK 0T,UeJibHblH KJIHeHT OTo6pa­

)f(eHHSI, ycTattaBJJHBaK>UU1H y.uaneHHoe coe.u,rnett11e c Mop,enwpyI-Oll.J,HMH naKeTaMH Ha cepsepax 

pacLJeT0B. IlpH .UOCTaTOl.fHOCTH BbllfHCJJHTeJibHblX pecypcos ponb Mo.uenwpyI-Oll.J,HX nporpaMM M0-

ryT BbtnOJIHHTb cuettap1111 XSL ttenocpe.ucrneHH0 s cpeJJ.e 3DV. 

CosMell.leHHe OT06pa:>KeHllil cxeM H .UOKyMeHTaUHM no.u ynpasneHHeM cuettapHeB CT03BOJ1.SleT 

CTpOHTb TaKHe K0MnJieKCbl, KaK, Hanp11Mep, peMOHTHblH Tpetta:>Kep, o6yYaI-Oll.J,e-3K3aMeHaU,HOHHa.H 

C11CTeMa, TeXHOJI0rHYeCKHH cnpaB0'-llfHK, 3KcnepTHa.sl CHCTeMa H T.n. Pean113au,11.s1 BHeWHHX no}],­

KJlK)lfeHMH K MO.UeJIHPYI-OlllHM KOMTIJieKcaM IT03B0flJleT OTpa6aTbfBaTb pe)f(MMbl BbIBOAa o6opyJJ.O­

BaHJ.ui H3 3KCTIJJyaTaUHH H no)],rOTOBKI1 K peM0Hl)', BB0)],a B 3KCnnyaTaL.J,HI-O nocne peMOHTa, ou,eH­

KH ero KaYeCTBa H .up. 

4. AnnapaTHhle cpe~cTBa 

Bee K0MnotteHTbt SOBOL nopTa611nbHhl s ceMeikTse OC Unix, cj>yHKl.lHOHMPYK>T Ha apxH­
TeKTypax INTEL, HP, SGI, SUN, DEC. Bo3MO)KHO nocTpoett11e reTeporeHHhIX BhllfHCJIHTeJJbHhIX 
CeTei1 (INTEL+SGI 11 T.Jl,.). JDV, cpeJJ.CTBa npocMoTpa 2D cxeM, F77-TpaHCJI.sITOp H p.sI.U scnoMo­
raTeJ1bHhIX YTHJIHT Moryr cpyttKUHOHHposaTb TaK:>Ke Ha nnaTcj>opMe MS-WTNDOWS. 
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3aKJIIO'leHHe 

11cnoJib30BaHHe " B3JiaMbrBalOm,ero" F77-TpaHCJI.HTOpa .D.J).H CTO.LlCHCTeMb( MO)].em1posamt.H 

CHHMaeT Macey HHTepcpeHCHb(X orpaHWJeHHH )J.JIJI pa3pa6oTqHKOB npHKna)J.Hb(X nporpaMM 11 O.Ll­

HOBpeMeHHO .uaeT 6a3HC .D,JJ.H C03,llaHH.H MO[l],HOH CaMOnO,llKnlOtJalOm,ettc.H rpacp111-1ecKOH cpe)].bf, 

npHMeHHMOH )lll.H KaK 3Tanos npoeKT11posamur, TaK H 3a,aatJ nonHoMacurra6ttow sInyamnau1111 

" npoeKTHOH .LlOKyMeHTaumt" B pe)KHMe peanbHOfO speMeHH. KOMM)'HHKaTHBHbie HHTepcpeHChI, 

aBTOMaTHtJeCKH C03JJ.aBaeM1>1e B npHKna,llHblX naKeTax ,llJI.H rpacp11<1eCKOH CHCTeMhl, TalOKe Moryr 

6b1Th HCnOJ1b30BaHbl .D,JJ.H opraHH3aUHH MHOf03a,lla<IHblX H pacnpe.a,e11eHHbIX BbllJHCJleHHH, no.a­

KnlOlJeHHJI HHTepnpeTHpyeMblX Sl3bIKOB. ITosceMeCTHOe BHe.n.peHHe B MOHHTOpbl, pe.aaKTOpbl, 060-

JIOlJKH cpe)].bl HHTepnpeTaTopa )].Jl.H .st3bIKa BHewHero ynpasneHHJI co BCTPOeHHb(M rpacpw-1eCKHM H 

CYE,LI; .HLJ.paMH OTKpblBaeT B03MO)KHOCTb HatJ.CTPaHBaHH.H cpe.Llbl Ha npHKJia,llHOM ypoBHe npo­

rpaMMHposatrnJI, lJTO nOBbIIIIaeT yttHBepcanH3M CHCTeMbr H C cym.ecTBeHHblM 3KOHOMHtJeCKHM 

3cpcpeKTOM n03B0JIJleT ee npHMeHHTb KaK e,llHH)'lO nnaTq>OpM)' .D.J).H noLl.,llep:>KKH MHOfHX acneKTOB 

)KHJHeHHOro UHKJia o6'beKTOB .HLJ.epHOH 3HepreTHKH. 

KoHmaKmKmHaJl C6Jl3b : JAO Hllll " l1Hmep oyM ", MocKBa, me.J1.lr/JaKc: (8)-499-196-93-78; 
CocHoBo6op cKaJl 11a6opamopUR, me.JI. : (8)-813 69-2 3 612, e-mail: sbl-bjn@laes.ru 
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Y)U( 004.4'2 
HcnOJih30B3HHe BHpryaJILHOH peaJILHOCTH npH pa3pa6once Tpeua)Kepa 

)].JIB onepaTHBHoro nepcoHana pa3rpy30'-IH0-3arpy3o'-IHOH MallIHHhI 
)J.JIH peaKTopos PliMK-1000 

A.B. Anuea, A.A. /I(yKu11, /.(.B. KMUIIUll, 

J,UI3 ( qrn.rrnaJ1 CII6fIIY ), 188544, r. CocHOBhIM 6op Jlemrnrpa.LI.CKOH o6n., y11. COJrneqttaJI., 4 1, 
IO.H. EopcKuii, M.IO. HaapoacKuii, ,l(.B. llpuaaJ1oaa., 

3AO HI1II " l1HTep.LI.yM", 123182, MocK.Ba, nn. aKa)].. KypqaTosa, 1 

PaccMaTJ)IIBaK>TC.11 aorrpOCbl HCITOJib30BaHIDI cpe,UCTB BHp"fYaJlhHOH pea.JlbHOCTH (BP) B npOMhlllJJJeH­
Hl,[X TJ)eHa)Kepax peanbHOro apeMeHJ.1 .wr.11 06beKTOB aTOMHOH npOMbIUIJieHHOCTM Ha rrpHMepe TJ)eHa>Kepa 
pa3rpY3oqHo-3arpyJotittou MamJIBhJ (P3M) JVIJI peaKTopa PEMK-1000. Tpetta)Kep npe,n:HaJHa'ieH wu1 06y­
qeHH.11 oneparnBHoro rrepcoHana A3C, 3a,ueucTB0BaHHoro a orrepal.lHHX no neperpyJKe H,uepHoro TO□mrna 
ua peaKTope THna P.6MK. PaJpa6oTKa oaeparnattoro Tpetta)Kepa P3M ocyLUeCTBnetta Me)l(,uy1-iaponHh1M 
KOJIJieKTHBOM c yqacTHeM PHIJ, "KM", Hopse)l(CKoro HHcrn-ryrn :rnepreTHKM H JiettHHrpa,ucKoM A3C. B 
2006 r. TJ)eHa)l(ep P3M ycTaHOBJieH Ha KypcKoi-i H CMoJieHCKOH A3C. 

Using of virtual reality for development of operating personnel simulator of refueling machine for 
RBMK-1000 reactor. A.V. Aliev, A.A. Shchukin, D.V. Kalioin, Yu.N. Borsky, M.Yu. Lavrovsky, D.V. 
Privalova. Described is implementing Virtual Reality - based approach in operational personnel training 
using Simultator for Refuelling Machine of RBMK NPP Unit. This simulator is developed by joint team of 
RNC KI, Leningrad NPP and lFE (Norway) in 2000 .. . 2005. Implemented are refuelling operations including 
emergency modes and malfunctions. Distinct feature of this simulator is real-time VR environment where 
trainee learns operation of all the complex machinery behind his remote Control Unit that is impossible to 
view in reality due to environmental hazards. YR-based approach supercedes traditional paper- and strict 
soft-paneJ simulator based training and proved to be very effective tool in RM personnel training. Since 2006 
similar simulators are being developed and deployed to Kusrk and Smolensk NPP. 

1. Onepanuu neperpyn:u TODJIHBa B peaKTope PJiMK-1000. KoncTpyKQIDI P3M 

YcTpoi:fcTso peaKTopa nrna PBMK no3so1rneT ycTOH'-lHBO 11 Ha nonH0H M0UJ.H0CTH ocyw.ecrn­

JlHTb B onepanmHoM pe:>KHMe onepa1..u-m no neperpy3Ke .s1.uepHoro Ton.rurna. O6bl'-IHO B nnaH 

BKJUOl.faeTCH .LI.0 400 onepau1111 s ro.LI. no neperpy3Ke Torr1111sa (H3BJ1eLJem1e 0Tpa60Taswei1 

T0ITJlHBH0H 111160 nospe)K,lleHHOH KacceTI,I Hee 3aMeHa Ha CBe)KylO T0ITJlHBH)'lO c6opKy). Ourn6-
KH, CBH3aHHbJe C LfCJl0BetJeCKHM cpaKTOpOM, BO BpeMH Bhin0JlHeHH.H 3THX onepaUHH M0ryr np11sec­

TH K 0CTaH0BKe 3Hepro6JlOKa, yTe'-!Ke pa.u11au1111 H., TaKHM o6pa30M, cyw.ecTBeHH0 TT0BJIHHTb 
Ha 6e3onacHOCTb pa60Tbl A3C If ee np0H3B0)].HTeJrbH0CTb. I1eperpy3Kl1 BbfTT0JUUIIOTCH C np11Me­

HemteM cneUHaJlhHOH P3M (p11c. 1 ). (Bee pucy11Ku K cmambe 110.ttell{ellbl 11a l(Bem11011 a1uao­
Ke.) 

OcHOBHblMH 3JieMeHTaMH P3M HBJlJIIOTCH KOHTeHHep H CKacpaH)J.p (pHc. 2). KOHTeMttep 

CJlY)KJ,IT 0CH0Bam1eM )].JIH CKacpaH)].pa, pa3Mew.eHHH o6opy.LI.OBamUI, MexaHH3M0B P3M 11 Bbln0JlHH­

e-r cpyHKUJfH 6HOJ10nt'-leCKOH 3amITThl. Ha KOHTeMHepe CM0HT11p0BaHbl JleCTHHUbl 11 cpepMbl 06-

CJl)')KIIBaHHH, Ha K0T0pblX YCTaH0BJieHbl apMarypa, 6aKH, Tpy6onpOBO)].bl TeXH0Jl0rH.1.JeCKJ-(X CHC­

TeM, a Ta.IOKe pacnOJIO)KeHbl 3JleKTJ)H4eCKl1e H PY4Hble npHBO)].a, ynpaBJIHIOW.He KHHeMaTHLJeCKHMH. 

MexattH3MaMH BttyrpH CKacpaH.upa, C KOTOpbIMH OHM coe.u;I-rneH.bl t.Jepe3 CJieUHaJihHbie repMeT11qHbie 

npoXO)].KH. 

CKacpaH.LI.p npe.a;cTaBJIHeT co6oH repMeTwrnyIO, BepTHKaJlbH0 ycTaH0BJlCHHYIO K0HCTPYKUHJO 

L{HJII-fH)].pH'-leCKOH cpopMbl o6w.eH )].JlHH0H 6onee 20 M H BttyrpeHHHM JJ;HaMeTp0M 0K0JJ0 500 MM, 

BHYfpH KOToporo pa3Mew.eHbl MexaHH3Mbl, yI.JaCTBYIOW.He B TCXHOJJOrw-1eCKH:X onepau1-rnx no ne­

perpy3Ke Tornnrna: 
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• 4-x MeCTHblH apaw.aK>llU,IHC.s! Mara3HH peB0JlbBepttoro THna (pHC. 3) )],Jl.s! pa3Mew.eHHSI 

cneu1n.nem1H ( OTpa6oTaHHble H CBe)KHe T0ruIHBHble M0.Ll)'JIH, )],0n0JIHHTeJTbHhle norJT0THTeJTH, 

asapHHHble npo6KH H T.Jl.); 

• nepeuenKa .nn.si ycTaH0BKH cneUH3)],enHH B rtte3.nax Mara3HHa; 

• repMen13HPYK>W.He 3anopttb1e ycTpoiicTsa (wH6epa); 

• 3aXBaT C ue□HblM npHB0)],0M H cneuHanbHbIMH )].ep)KaTeJIHMH nepeMew.eHIDI cneUH3)],eJIHH; 

• CTblKOBOllHblH naTpy6oK )],Jl.s! repMeTH4HOH ruIOTHOH CTblK0BKH C KattanaMH aKTHBHOH 30HbI; 

• KJTK>4 repMen1.3aum1. H T.Jl. 

KottTeirnep nnoTH0 3aKpennett s KapKace □O)],BH)KHO.H TeJie)KKH Kpatta, nepe.naHrarow.ewcSJ B 

nonepet.tHOH fIJl0CK0CTH ueHTpanbH0fO 3ana (IJ,3) no penbC0BblM nyTSIM, CM0HTHposaHHblM Ha 

□0)],BIDKH0M M0CT0B0M Kpatte. MocTOBOH KpaH B CB0K> 0t:Iepe)],b nepe)],BlffaeTCH B)],0Jlb l.J,3 no peJib­

C0BblM nyTSIM, pa3Mew.eHHhlM Ha CTeHax l.1,3. TaKHM o6pa30M, P3M MO)KeT nepeMeLUaTbCSI H □03H­
UH0HHpoaaTbCSI C BblCOKOH T0CIH0CTbK> B J1K>6)'l0 T04KY B npe.nenax l.J,3 nocpe.ncTBOM 3JieKTponpH­

B0)],0B M0CTa H TeJie)KKH. B HH)KHe.H 4aCTH KOHTe.Httepa ycTaHOBJleH cneuHanbHblH Bbl)],BH)KHOH 

OTITHt.teCKHH npH6op )],Jl.s! KOHTJ)OJISI 3a nepeMeW,eHHeM P3M H ee T0'-IHblM TI03HUH0HHp0Bam1eM 

Ha)], Bbt6paHHblM )],JUI neperpy3KH TeXHOJIOfH4eCKHM KaHanOM (TK). 

B HH)KHeii t.taCTH P3M pacnonaraeTcsi: cneuHanbtta.si Ka61rna (pHc. 4), 0TKY.lla onepaTop P3M 

ynpaBJI.s!eT nepe.llBl1)KeHl1eM MaWHHbl H Bbtn0JJH51eT onepaUHH T04HOf0 HaBe)],eHH.s! P3M Ha BbI-

6paHHblH )],JTSI neperpy3KH TO□JlHBHbIH Kattan. OCHOBHOe ynpaBJJeHHe MexaHH3MaMH P3M B 

npouecce neperpy3KH TOfIJlHBa ocyinecTBJIHeTC.s! ,UHCTaHUH0HHO H3 cneu11aJibH0ro □yJJbT0BOro 

n0Mew.ett11.si (p11c. 5), oT.nenettttoro OT l.J,3 H o6ecnel!HBaK>w.ero pa,nHaUH0HHYK> 3aw.11zy rrepcoHa­

na, Bhmomuuow.ero neperpy3Ky. 

2. AuaJIHTHlfeCKHii TpeoIDKep P3M c ucooJib30BaHHeM BHP'fYaJibHOH peaJibHOCTH 

B 3TOM npoeKTe Tpa.UHUHOHHblH cf>YHKUHOHaJlbHO-aHanHTJilieCKHH Tpetta)Kep (<l>AT) C 

KOM□bK>TepHblMl1 natteJl.s!MH pacw11peH .UHHaMHlfeCKHMl-f 3D M0.D.eJUIMH K0HCTPYKTHBHhlX 3Jle­

MeHT0B U:3 peaKTopa, o6opy.uosamrn H MexaHH3M0B P3M (pHC. 6). 3Ta oco6eHHOCTb 3HalfHTeJ1.bHO 

o6nerttaeT H3)"iem1e o6w.ew K0HCTp)'KU11H P3M, noHHMaHHe TexttonorH1-1ecKHX npoueccos H no­

BbtlllaeT 3cpcf>eKTHBHOCTb npouecca o6ytteHH.s!. O6y4aeMblH, ynpaBJl.s!H Tpett8)KepoM P3M, B03,UCH­

CTByeT Ha opraHb1 ynpasneHHH, npop11cosamn,1e Ha s11.n.e0Ka,upax natteneii ynpasneHHH, npH no­
M0I..L(H K0MTibK>TepHOH "MbllIIH" HJlH C npHMeHeHHCM ceHcopHbIX 3KpaH0B. TTpH 3T0M see BbinOJI­

H.s!CMble onepau1m Cl1HXp0HH0 OT06p8)KaK>TCSI B peanbH0M MaCWTa6e BpeMeHH Ha HCCK0JlbKHX 

3KpaHax BP C pa3JJ11'-IHOH CTeneHblO )],eTMH3aIJ,Hl1 (Ha p11c. 6 npHMep 3D 11306p8)KeHHH )],Jl.s! -rpex 

3Kpattos BP). Cneu11anbtta.si rrporpaMMa ynpaBJieHHH oTo6p8)KeHHeM BP aBT0MaTHttecKH ocyw.eCTB­

n.sieT: 

• 0)lH03Ha4ttyK> H,UCHTHcf>HKaUHIO THTIOBOH TeXHonornt.teCKOH onepauHH Ha OCH0Be aHaJIH3a C0BO-

KYTTH0CTH MO.ll.CJlbHblX nepeMeHHblX TpeH8)Kepa; 

• Bbt6op T04KH 3pemrn 11 cTeneHH .n.eTan113au1111 3D H3o6p8)KeHHH )],Jl.si K8)1(.lloro H3 3Kpattos BP; 

• 3a,uaH11e Heo6xo,UHMblX napaMe-rpOB np03pattHOCTH K0p□yCHblX 3JleMeHTOB P3M, o6ecnettH­

B8K>W.HX onTHMMbH)'lO BH3YMH3aUHK> TeKyw.ew TeXHOJIOfH'IeCKOH onepaUHH; 

• c11HxpoHHoe nepeKJTK>4emte cornacosaHHbJX B11.llOB 3D 11306p8)KeHH.H Ha 3Kpattax BP np11 nepe-

xo.ue Tpett8)Kepa P3M OT O)lHOH TeXHOJ10fH4eCKOH onepaui-rn K BbtnOJlHeHHJO cne.uymw.ew.. 

OnbIT 3KcnnyaTaUH11 <l>A T P3M noKaJan, l!TO MH BH3yaJIH3aU11H 3D o6beKToB -rpett8)Kepa P3M 

Heo6xo.n.11Mbl Tp11 0T)l,eJlbHblX 3Kpatta BP, lfT0 06ecne41IBaeT Jl,eMOHCTpaUHK> cueH BP C 0nTHMMb­

HOH CTeneHblO .ueTan113aUHH 11306p8)KeHHH o6opy)loBaHH.s! 11 MexaHl13M0B P3M B npouecce BblTIOJJ­

HeHH.s! OCH0BHhlX Tl1n0BblX TeXHOJ10rH4eCKl1X onepaUHH )lJl,Sl scex pe)KHMOB 3KCnnyaTaIJ,Hl1 P3M. 

J1cnoJJb30BaHHe <l>A T P3M no3so11.s1eT B np1-1ttu11ne peaJIH30BaTb TaK0H yposeHb sHJyanHJa­

u1111 pa3H006pa3Hb1X npoueccOB, KOTOpblH He M0)KeT 6blTb ,U0CTlffH)'T HH Ha KaKHX .npyr11x -rpetta­

)l(epHblX cpe.ncTBax, a TaK)Ke Ha .LJ.CHCTBYK>LUeM o6opy.n.oaaHHH [ 1 ] . B XOJ],e MaHeBpHpOBaHH.sl 
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P3M onepaTop OpHeHTH.pyeTCH Ha cneu,H.aJJbHO pa3pa6oTaHHbJe C np11MeHem1eM BCKTOpHOH 

rpacjHfKH 2D BM.ueoKa.Uphl , lfT06br BblTTOJlHHTb To1rnoe uase.uett11.s1 P3M Ha TK. KaK ,uonon­

ttem1e K 3TOMY HCIIOJlh3YlOTCH BP-o63opht .un.si KOHTpon.si 3a nono)KettHeM P3M B l.J,3, ee pa.3-

MeIUeHH.CM Ha.D, 3aMeHRCMblM TOTIJlHBHhIM MO)J.yJieM HJIH npH nepeMell(eHH.H P3M Ha 3apaHee OT­

se.ueHHOe .llJl.s! Hee MeCTO CTOSIHKH B peaKTOpHOM 3aJle (pHC. 7). 
KaK H B peam,HOH )KH3HH, P3M Ha Tpetta)Kepe MO:>KeT 6bITb TI03HU,HOHHpOBaHa C TOLJHOCTblO 

± 1 MM s 11;3 pa3MepoM 24x52 M. Tpetta)Kep P3M TIO)],KJllOlfeH K □OJ1HOMacrnrn6ttoMy Tpetta)Kepy 

IIMT m 6JTOKa JIA3C, LJTO TI03BOJUleT npOBO)],HTb KOMTIJJeKCttylO TpeHHpOBKY CMCHhl 6110Ka H 

MaKCHMaJlbHO a.ueKBaTHO ocymecTBJljJTb B peanbHOM speMCHH TeXHOJlOfH"l.!eCKyJO nocne.uosaTeJlb­

HOCTb onepau.HH C HMHTau.HeH HeJ1TpOHHO-cjH13Ht.teCKHX, Tennorn:.upasmrt.JCCKHX H MeXaHlflfeCKHX 

B3aHMO.UeHCTBHH Me)l(Jzy aKTHBHOH 30HOH peaKTopa, TOTIJlHBHhIM MO,l{)'JleM H neperpy30l.fHblM 

KOMMeKCOM P3M [2]. Tpetta)Kep npe,UOCTaBJI.sleT B03MO)KHOCTh B TTOJIHOM o6beMe BhITIOJIH.s!Th 

Texttonorw-recKHe orrepau.wH H ua6nJO,uaTb 3a npoueccoM neperpy3Kl1 Toamrna Ha Ka)K)],OM 3Ta­

ne: OT o6w,ero s11.ua sepXHero peaKTOpttoro 3ana H MattespHposamu1 P3M .uo Bbirpy3KH OTpa6o­

TaBI.IIBX TOTIJIHBHbIX KaCCeT B 6acceirn speMeHHOro xpatteHH.s!. B 06yqaJ01.1.01e TµeHIDKepHbie npo ­

rpaMMbl BKJ1JOt:JeHbl HCKOTOpbie HeHcnpaBHOCTH, rrpHBO)],.s!W,He K asapH.jJM, cpe,uH KOTOpblX YTelfKa 

H3 tterepMeT~HOH TO□JIHBHOH KacceTbl, nospe)K,l).em-1e MexaHH3MOB BHY,-PH CKacpatt.n.pa, HeKa4e­

CTBeHHble repMenf3aU.HSI H pa3repMeTH3aU,HH Kattana H T.Jl. 

Mo.ue1rnpy10LLJ,HH KOMnJieKc P3M pa3pa6aTb1BaJ1CH H pa6oTaeT s onepau.110HHOH cpe.ue Linux. 
CttcTeMa oTo6pIDKeHHjJ BP Ql)'HKl..(HOHHpyeT non Windows. cl>A T P3M c 3JieMettTaMH BP npe.u­

cTaBnHeT co6oii )].ByxnJiaTcpOpMeHHbIH pacnpe.n.eneHHhIH TpCHa)KepHbIH KOMITJleKC c CHCTeMOH Bbl­

COKOCKOpocTHblX .usyxcTopOHHHX o6MeHOB 60JlhllIHMH ITOTOKaMH )].aHHbIX, KOTOpblH: COCTOHT H3 

12 MOHHTOpOB, 00.LJ.KJilOt.JCHHblX K 7 KOMTiblOTepaM, o6be)].HHCHHbIM B JlOKaJlbH)'JO Bbll.£JtCJ1HTCJib­

HyJO ceTh Ha 6a3e npoToKona TCP/IP. JloKanhttaH BhllJJ,ICJlHTeJibHaR ceTb <!>AT P3M coe.n.wttetta c 

BbilfHCJIHTeJihHOH ceThlO ITMT lII 6110Ka fl.A.3C. ,[(wcnneH pacnpe,neAAlOTCH cne,rzyrorr.v,rM o6pa3oM: 

• 6 MOHHTOpOB )J.JIH OTo6pIDKeHH.jJ BH)J.COKa.D,pOB nyJibTOB P3M; 

• 4 MOHHTopa H npoeKTop nm1 OTo6pIDKeHH.ll P3M cpencTBaMH BP; 
• 2 MOHHTOpa HHCTpyKTOpCKOH CTaHU,HH. 

Tpetta)KepHbIH KOMMeKc P3M pa3Mew,aeTCR B OTJleJihHOM yqe6HOM KJiacce (pHc. 8). Ero KOHCT­

PYKU11H 06ecnet.J11BaeT B03MO)KHOCTb HH.llHBHJJ.YaJlbHOro H rpynnosoro 06yt.J.eH1rn [3]. 

3. P33pa60TKa 3D MO.Z.eJieu npnMeHHTeJlbHO K TpeHaJKepHblM H 

MO,neJ1npy101llHM CHCTeMaM pea.JibHOro BpeMeHH 

J,fcnOJlb30BaHHe cpe,ncTB BHPTYaJlbHOro MO)].eJrnposaHH.sJ HBJI.s!CTCH OTHOCHTeJlbHO HOBbJM Ha­

npaBJieHHCM npH c03,naHHl1 Tpetta)KepttblX H MO)lem1pyl0w,11x KOMTTJieKCOB peanbHOro BpCMCHH 

)J.JIH 06bCKTOB 3ttepreTHKH. C03)].aHHe 11 ynpaBJieHHe o6beKTaMH BP npencrnBJIHCT co6oii CJIO)K­

ttylO KOMnJieKCttylO 3a)laqy, KOTOpa.s1 B Ka)K)].OM KOHKpCTHOM cnyt.J.ae )].OJl)KHa Yt.JHTblBaTb BCCb 

cneKTp B03MO)KHblX COCTOHHHH o6opyJlOBaHH.sl np11 ero pa6oTe B HOpMaJlhHhIX 3KCnJiyarnu.110HHbIX 

H asapHHHblX pe)KHMaX. 11cxonH 113 3TOro, )].OJDKHbl Bbl6HpaTbCH CTeneHb ,UCTaJ1H3aU.HH H B03MQ)K­

Hhle cu.eHapHH BH3YaJ1H3aU,Hl1, Yt.J.lffbIBaTbCH xapaKTep B3al1MO,ll,CHCTBH.s! 3D MO,D,eneii C nporpaM­

MaMH MO)J.eJIHpOBaHH.s! <pH3Hl.fCCKHX npou.eccos. 

Pa3pa60TKa nporpaMM HHTepaKTHBHOM TpexMepHOH BH3YaJ1H3aUH11 COCTOHT 113 HCCKOJlbKHX 

B3aHMOCBH3aHHblX 4aCTei1: 

• c6opa )],aHHblX O MO)lCJII-IpyeMOM o6beKTe. 11CT04HHKOM )laHHhIX Moryr 6h1Th 1.JepTe)Kl1, cpoTO­

rpacp1rn, BH)].eocpparMeHTbl, cxeMbl, pa3JIHt.JHble BH)].bl TeXHl1t.JeCKHX on11cam1ii, CAD-MO)].eJI11, cre­

Hep11posaHHble C □OMOW,blO CAITP. 4eM 60JibWC 6yJleT co6paHO HH<pOpMau.1111 0 MO)],eJIHpyeMOM 

06beKTe, TCM TOLJHee 11 6011ee <pOTOpeanHCTW-IHblM 6y.ueT 3D rpacp~eCKHH 06beKT; 

• npopHCOBKH 3JieMCHTOB o6opy.uosamui B OJlHOM 113 CTaH,D,apTHhlX naKeTOB 3D MO.UeJIHposa-

mrn; 
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• o6ecne4eHlUl qJOTOpeanHCTHl:fHOCTH H y:maaaeMOCTH mo6pIDKeHHSI 06opy.n.osatt1u1; 

• o6ecne4eH.IDI B03MO)l<HOCTH BhI,l].eJieHml oco6o 3Ha4HMhfX qJYHKUHOHaJibHbfX ,l].eTaneH: 061,eK­

TOB; 

• Bbl6opa Heo6X0)].11MOro ypoBHSI )J.eTaJIH3aU,HH :meMeHTOB o6opy.n.osaHHSI. qepTe)l{H KOHCTPYK­

U.Hli H CAD-Mo.n.em1 - OCHOBa 3D MO,l].eJIHpoBaHHSI, o,n:HaKO TOY:HOe MO,D.eJIHpOBaHHe no qepTe)l<aM 

H CAD-Mo)lem£M MO)KeT npHBeCTH K CHIDKeHHJO npoH3BO.lJ.HTem,HOCTH <l>AT P3M H3-3a 6onbrnoro 

061,eMa BTopocTerreHHhrx .n,eTanew. K TOMY )Ke CTPYKTYPa 3JieMeHTOB B 4epTe)Kax H CAD-Mo.n.emrx 

B 6om,IIIHHCTBe cJiy-qaea OTJIH4aeTc51 OT CTPYKTYPhl MO)lem,pyeMoro 3D o6beKTa; 

• pa3pa60TKH HepapxJ11-1eCKOH. CHCTeMhl rpynmtpOBKH 3JleMeHTOB o6opy.n.oBaHH51 H orrpe.ll,eJieHHSI 

napaMeTpOB np03pa4HOCTH 3JieMeHTOB P3M ,lJ.JISI BJBYaJIH3aU,HH )leTaneif o6opy.noaaHH51, CKpblThlX 

BttyrpH BHeUIHHX KoprryCHbTX 3JieMeHTOB. K1rneMaTHl:feCKHe cxeMbl H. Texmtl:feCKaSI )lOKYMeHTaU;I-f.11 

,nafOT HHcpopMaumo O JJ:HHaMHKe 3D o6beKTa. TaK8.!I HHqJOpMaUIUl TT03BOJI.!leT ocymecTBHTh c6op­

KY MO,D.eJIH, crpynn11posas 061,eKTbl no .D.HHaMHKe, T.e. ITO .D.BIDKemno, H peanH30BaTb 3D aHMMa­

U,MJO; 

• C03.lJ.8HJ,151 nepeY:H.11 nepeMeHHhIX M MHTepcpei1ca HHTepaKTHBHOro B3aKMo.n.eikTBIDI C Il0Jlb30Ba­

TeJieM, nporpaMMaMH MO,nemtpOBaHHSI H.Jllf CHrHaJiaMlf, peanbHO CHHMaeMbIMH C qJH3Ht.J:eCKOro 

o6oeKTa. 

Tpe6osaHH.51 K 3 D MOJ(eJISIM npe)].bSIBJISIJOTCSI BeCbMa pa3HOpe4HBhle. I1x peanH3aUIDI Hanp51-

MYIO Tpe6yeT raraHTCKHX BbJtHICJIHTeJibHblX pecypcoa H COOTBeTCTBeHHO YHHKaJihHhTX KOMIThfOTe­

poB, npHMeHeHHe KOTOpblX MO)f(eT ce6e IT03B0JlHTb TOJibKO He60JibUIOe KOJIHtfeCTBO KpyrIHblX Ha­

YlfHhIX ueHTpOB. IlpH peaJIH38U,HH Ja,D.at.J:H 3D MO,nenHpOBaHI-Ul BC.!IKHH. pa3 npHXO.D.HTCSI HCKaTh 

KOMnpOMHCC MC)KJJ:y CTeneHbfO .D.eTaJil13al.J,11H, qJOTopeanMCTMY:HOCThfO BHpTYaJihHOH. MO,l].emt 061,­

eKTa H B03MO)KHOCT.!IMH, a COOTBeTCTBeHHO H CTOHMOCThlO Heo6XO)J.HMOH JJ:JI.11 3Toro Bhl4HCJIM­

TeJibHOH TeXHHKH. 3a,na4a Cl1CTeMhl yrrpaBJICHl1SI npouecCOM 3D Mo,nemtposaHH.!I COCTOHT B TOM, 

4T06bl, C O)lHOH CTOpOHhl, B TTOJIHOH Mepe o6ecne4HTb BbIWenepe4HCJieHHble 3Tallhl pa3pa60TKH 

nporpaMM npocrpaHCTBeHHOH BH3YaJ1HJau1m, a C .n:pyroif CTOpOHhl, MHHHMH3HpOBaTb Harpy3ry Ha 

6aJOBhle MaTeMaTHY.eCKHe nporpaMMbl MO,nem1py10mero KOMITJieKca co CTOpOHbl nporpaMM BP. B 

H,neane rro,nKJIJ04emte no,nc11cTeMhI BP K Mo,nenHpyJOUJ,eMY KOMnJJeKcy He .D.OJI)KHO OKaJhrnaTb HH­

KaKoro BJIH.!IHIDl Ha cpyttKUHOHHposam1e nocne,nttero. 

YnpasneHHe npouecCOM B3aHMO)J.eHCTBHH BHPTYaJihHhIX o6oeKTOB B npocrpaHCTBe rpeXMep­

HblX cueH ,nomKHO ocymecTBJUIThC.11 m,60 Hanp.11Myf0 nepeMeHHhlMH MO,ne11Hpy10mero KOMTTJieKca 

HJIH C HCTTOJib30BaHHeM He60JihWHX BCilOMOraTeJibHblX nporpaMMHhlX MO,LJ,)'JieH., B KOTOpblX npo­

H380.ll,HTC51 nepecY:eT ynpaBJISIIOUJ,HX nepeMeHHblX 3D o6oeKTOB Ha OCHOBe nepeMeHHhlX MO)J.eJIH­

PYJOll.J.Cro KOMITJICKCa. 

P3M - CJIO)l<HbIH MexaHH3M c MHO)f(eCTBOM no,nBH)KHhfX ,neraneH. Ilo3TOMY rrpH C03.lJ.aHHH 

TpexMepHbl.X rpaqJH4eCKHX MO)J.eJieH 3TOH KOHCTPYI<In-lH npHMeHeHhl MHOrDCIHCJieHHhie Maunrno­

CTpOHTeJibHbie qepTe)KH C norpeUJHOCTbfO pa3Mepos H3o6pa)f(eHHblX )J.eTanei1: MeHee 1 MM. TaKa.11 

T04H8.!I npopHCOBKa BIDKHbIX <PYHKU,HOHaJlbHbIX ,neTaJieH 3Ha411TeJibHO yBeJIH4HBaeT peanHCTH4-

HOCTb HX H306pIDKeHM.!I. qT06bI o6ecneY:HTb HX 66JlbllJYlO )lOCTOBepHOCTb, B o6beKTbl BKJlf04eHhI 

3HaKOMble JJ:eTaJlH, TaKHe KaK 60JIThl, lliITHJibKH, raHKH H T . .lJ.. XOTSI 3TH 3JieMeHTbl .HBmrfOTCSI B 061,­

eKTax BTopocTeneHHblMH, OHH ycHJIHBafQT npas,nono,noforn H306pIDKeHK51. 

Tpe6osatt11e peanHCTH4HOCTH TpexMepHbIX MO,neJieH Bbl3BaJ10 Heo6XO.D.HMOCTh BBO,na pa3JIH'-I­

HhlX ,neTaneH, KOTOpbte CBHJJ:eTeJibCTBOBaJlH 61,1 06 HX rrpOMblWJieHHOM npOHCXO)l<,l].eHl-rn. IlpH MO­

neJIHpOB8Hl111 P3M HCCTOJlb30BaHO HCCKOJibKO MeTO)J.0B ,nm, npH,naHHH o6beKTaM " npOMblWJieHHO­

ro BH)J.a": Ha HHX H3o6pIDKaJIHCb MeCTa coe)lHHeHHSI JleTaneii, WBbl caapKH, U,BeT noKpaCKH, pa3-

JIH'-IHbJe MaJ103Ha4aUJ,He 3JieMeHTbl KOHCTPYKUlfH. 8 u,eJJSIX 3KOHOMHH annapaTHblX pecypcoB 3TH 

3JieMeHTbl H306pIDKeHbl He C rrpopHCOBKOH reoMeTpHH, a npH DOMOlllH TeKCTYP-

MaTepHan, H3 KOTOporo H3fOTOBJieHbl 3JieMeHTbl P3M, - 3TO CTaJII,, KOTOpa.H BH3YaJibHO npe,n­

CTaBJI.SleTCSI KaK MaTepHan cepe6pHCTOro I..(BeTa C OC06bIMH 3HaLieHHSIMH napaMeTpOB )J.HqJq>y3HOro 

H 3epKallbHOro orpIDKeHHSI. C uem,10 yny4WCHH51 npe,ncTaBJieHHSI rpaqJH4eCKOH HHqJOpMaUHH no­

BepXHOCTH HeKOTOpbIX oco6o 3Ha<rn.MbIX 3JieMeHTOB KOHCTPYKUHH P3M BbI)leJieHhl SipKHM U,BeTOM. 
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3a1u11oqenue 

pa3pa60TaHHbIH <I>AT P3M c CHCTeMoH BP CJIY)KHT npeKpacHbrM Harrn1,nHbIM noco6HeM np11 

H3yqeHHH KOHCTpyKU,HH )].aHHOH ycTaHOBKH H npHMeIDJeTCSI KaK ,UJUI nepBOHal.faJihHOro 06y11eHHSI, 

TaK H B npouecce nepeno.nroTOBKH nepcoHaJia, 3am1Toro Ha onepaUIDIX no neperpy3Ke .si..nepHoro 

TOTJJlHBa C HCTIOJlh30Bam1eM P3M. <I>yH1(.l.l,HOHaJlbHO-aHam1Tw-reCKHe TpettIDKepHble KOMnJieKCbI, 

,nono11HeHHble CHCTeMOH BP, 0038011.SIIOT Harn.H,nHO YBH,UeTb npouecCbl, npOHCXO,U.!11.l.U-te BHyrpH 

npoH380,UCTBeHHblX ycTaHOBOK, nOBbllllaIOT Kat.feCTBO o6yl.feHH.!1 H TeM caMblM CHH)J(alOT sepOSIT­

HOCTb B03HHKHOBeHH,ll asapHHHblX CHryaUHH no BHHe nepCOHaJia [ 4]. 
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Y)J;K 621.039.5 
Pa:ipa6oTKa nporpaMMHOro o6ecne1.feHHH J.J,JIH COJJ.J,aHHB, OTJiaJ.J,KH H TeCTHpoBaHHH 
MOJ.J,eJieii: uml>pos1>ix CKY A3C nosoro noKoJieHHH ua ocnose npoeKTHLIX J.J,auu1>1x 

A.H. Aibarynou, 
BHill1A3C, I 09507, MocKBa, <I>epraHcKa.R y11. , 25 

PaccMaTpHBalOTCll npo6JieMbl, B03HHKWHe npH pa3pa60TKe □OJTHOMaCwTa6H.hJX TpeHa)KepoB, 8 06nacn1 
C03JlaHlrn MOJleJieii umppOBblX CHCTeM KOHTJ)OJljj H yrrpaBJleHIDI (CKY) Ha CTa,llHH npoeKTHpoBaHHJI A3C 
(orrbIT nonH0MacrnTa6Hb1X TpeHa)Kepoa THHhBaHhCKOH 1-1 KynaHJ<ynaMCKOH A3C). On11cbrnaeTc,i cneumUlb­
HO C03Jl8HHOe nporpaMMH0e o6ecne'-!eHHe JlJJll aHaml3a 11 TeCTHpOBamrn anropHTMOB CKY. ct>opMyn11py10T­
CJI MeTOnonor~eCKHe Tpe6oBaHliH K C03,D.aHHlO HOBblX cpeJlCTB pa3pa6oTKH Moneneii CKY. 

Software development for creation, debugging and testing the NPP last generated digital J&C 
models on the basis of the design data. A.I. Aizatulio. The problems standed up with development full­
scope simulators are considered, in the field of creation of models of digital I&C systems at stage of design­
ing NPP (experience of Tianwan and Kudankulam full-scope simulators). The special software created for 
the analysis and testing of l&C algorithms is described. The methodological requirements for creation of new 
development facilities of l&C models are formulated. 
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OnblT eo3aamrn nOJlHOMaewTa6HblX TpeHa)f(epos :mepro6JlOKOB A3C e MaTeMantt-teeKHM MO­
aemtposaHHeM Ha KOMITblOTepHblX eHeTeMaX HaeYHTbIBaeT s Poecmt y)l(e 15 JleT. 3a :no speMSI 
eO3)laHbI H yeneUJHO cpyHKU,HOHHp)'lOT HeeKOJlbKO aee}ITKOB TpeHa)f(epoB. 

C03)laHHble B pa3Hble fOJlbl TpeHa)f(epbl MO)l(HO KJJaeeHqJHUHpOBaTb no pa3HblM KpHTepHJIM 

(SblYHeJlHTeJlbHaSI npOH3SOJlHTeJlbHOeTb KOMnbl-OTepos, eTeneHb a,ueKBaTHOeTH MO)lem1posaHHJ1, 

norpewttoeTb paetteTa H T.Jl.). OaHaKo ao noeneam1x neT npaKTHtteeKH see TpeHa)f(epb1 HMenH 
OJlH)' o6UJ,yl0 xapaKTepHeTHKY - OHH e03)laBanHeb ,llJUI )leHeTS)'lOW.HX ::mepro6JlOKOS, T.e. Ha MO­
MeHT Hattana MO)lenHpOBaHHJI HMenHeb see Heo6XOJlHMble npoeKTHble )laHHble. KpoMe Toro, no­
eKOJlbKY o6beKT MO.LJ.enHposamrn peanbHO eyw.eeTByeT H pa6orneT, npaI<TlfCleeKH see B03HHKaJO­
w.He sonpoebJ npH eo3)laHHH MO)leJlH MO)l(HO YTOttHRTb, Henom,3y.s1 )laHHble pa3JlHttHblX 3KenepH­

MeHT0B 1m11 HenoepeaerneHHo Ha nnow.a.LJ.Ke s xoae 06mettH.s1 e nepeottanoM. 
CooTBeTeTBeHHO HMeeTeR BeR He06XOJlHMaSI JlOKyMeHTaL(HJI )].Jljl HamteaHHSI nporpaMM TeeTH­

posaHHJI MaTeMaTHYeeKHX MO)].eJJeH TeXHOJlOfHYeeKHx eHeTeM TpeHa)f(epa. TaK)l(e eyUJ,eeTBYlOT 

pa3JlHttHble HHeTpyKUHH H pernaMeHTbl (nposepeHHbie speMeHeM), ITO3BOJlSllOUJ,He npoBO)].HTb 

KOMnneKeHbie HenbITaHHR TpeHa)f(epa, BKlliOt{aSI npoBe)].emte seex lllTaTHblX H Heo6XOJlHMblX .Il)l.sl 
aHan1na H o6y-YeHHJI asapHHHblX npoueeeos (BblXO)]. Ha HOMHHanbH)'lO MOW.HOeTb, paeXOJJa)f(HSa­

HHe, pa3JlHYHbie OTKa3bl o6opyJlOBaHHSI, pa3pb1Sbl Tpy6onposO.LJ.OB J,f T.Jl.). 
CKY eymeeTsyiow.Hx :mepro6noKOB npoeKT.11posanaeh H sso,n.Hnaeb s 3Kennyarnumo s 

60 ... 80 re.a.ax. A BT0M8THKa CTp0Hnaeb Ha 3JleMeHTHOH 6a3e "e )l(eeTKOH JlOfHKOH". JiorlfCleeKHe 
exeMbl ynpasneHH.sl H 3alll,HTbl npe.n;CTaBJlSlnH eo6oH .Ll,OeTaT04HO npoeTble anrop.HTMbl, KOTOpble 3a 
pe)].KHM HCKJJJ04eHHeM o6cny)l(H8aJI.H KOHKpeTHOe YCTpOHCTBO (3a)].BH)l(Ka, Hacoc, perynsiTop) HJlH 

rpynny O.Ll,H0THTIHblX ycTpOHCTB. IlpaKTH4eCKH Jll06aSI cxeMa Morna 6bITb npoattanH3HposaHa 
yMo3p11TeJTbHO. MareMaTH-YecKoe onHcaHHe TaKOH CKY He npet1.CTasn.s1no oco6oif cnO)l(HOCTH, 
6onee Toro, B 60JlblllHHCTSe cnyt.taes ee nporpaMMHposaHHe CB0.Ll,HJIOeb K K0JlHposaHHlO no JI0fH-
4eCKHM cxeMaM. MoJ.J.eJlb CKY He SbI)].eJJ.SlnaCb B OTJ.J.eJlbttylO nO.Ll,CHCTeMY Tpetta)f(epa (3a HCKmO­

qemteM peaKTOpHblX Jaw.HT H JIOfl-fKH ynpasJJeHHSI CTep)l(HRMH CY3), a npeJ.J.eTaBJJ.Slna co6oH OT­
.a.enbHb(e JlOfHt.teCKHe cerMeHTbl S qJH3H4eCKOH MO)J.eJlH TeXHOJlOrH4eeKHX eHeTeM. 

TeXHOJlOfH.sl ( ee MO)l(HO y)l(e Ha3SaTb "KJJaeeHtJeeKOH") e03)laHIDI TpeHa)l(epos JlJlSI TaKHX 
3ttepro6noKos 6brna 11enb1Tatta speMeHeM, H rnasttaSI 3a.LJ.alfa eo3JJ.aTenei:i TaKHX Tpetta)l(epos 3a­
KJJJOttanaeb qJaKTH4eeKH s eo6JTJO)J.eHHH 3TOH TeXHOJlOfHH. O.a.HaKO, HatJHHaSI C 2000 r., s Tpetta­
)l(epoerpoeHHH n0SISHJTHeb npoeKTbl, e03.LJ.am1e K0T0pbIX o6yenosnetto JlSYMSI HOSb(MJ,f cpaKTOpaMH 
- OK0H4aHHe pa3pa6oTKH rpeHa)f(epa JlO nyeKa 3Hepro6noKa s 3KennyaTaL(HlO H Hen0Jib30SaHHe 
CKY HOS0fO, UHcpposoro nOKOJleIDUI. 3TH 06CTO.s1TeJ1beTBa B KOpHe MeH}llOT eaM npHHUHJI e03)).a­
HHJI Tpett8)1(epos no KJJaeCH4eeKOH exeMe. 

PeanH3aL(HSI UHqJpOBblX CKY HOBOro nOKOJlemrn eerO)J.Hjl npeaeTilBJleHa .LJ.SYMJI annapaTHO­

nporpaMMH bJMH KOMnneKeaMH - "TELEPERM XP/XS" (CHMeHe, fepMaHHJ1) Ha T.s1HbBattbeKOH 
A3C (K11Ta11) H TITTC-5 l ("TELEPERM ME") Ha A3C Ky.a.aHKynaM (J1HJ.J.IDI), Eywep (HpaH) H 
KanHHHH-3. OcHOSHblM OTJ1H4HeM 3THX CKY SISJl.sllOTeSI B03paeTaJOW.aSI pOJlb aBTOMaTHKH H 
yMeHbWeHHe KOJlHt.teerna onepaUHH nepcottana no ynpasneHmo KOHKpeTH.bIM 06opyt1.osaHHeM. 
YnpasneHHe o6opyJ.J.osattHeM 3aMeHS1eTc.S1 ynpasneHHeM npoueccaMH (c noMOUJ,blO rpynnosoro 11 
IIO.LJ.rpynnosoro ynpasneHH}I). Bee 3TO npe.nonpe.nen.s1eT cyw.ecTBeHHOe ysenw-1eHHe K0JlH4ecrna 
anropHTMOS " HX CJlO)l(HOCTH. AnropHTMbl npe,nCTaSJUUOT co6oH COB0KynH0CTb 0TJleJlbHblX He-
60JlbWHX JlOflfCleCKHX cxeM (cpyHKUHOHanbHble nnaHbl), co6paHHblX H3 pa3JIHlJHblX JlOrH4eCKHX 
( cpyHKLJ.HOHaJlbHblX) 6JlOKOS. 

CS}l3b Me)l(.LJ.y cpyHKUHOHaJlbHblMJ,I nnaHaMH, a TaK)l(e C <PYHKUHOHaJlbHbJMH 6noKaM.H ynpas­
JJeHH.sl o6opy.nosaHHeM ocyw.eCTBJI.SleTC.sl qepe3 aHaJlOfOSble H 6HHapHble CHfHaJlhl. KonH"YeCTBO 
nnaHOB JlOCTH.raeT HeCKOJibKHX TblC.!14 (.IlJISI T.slH.bSaHbCKOH A3C - 20 TbJC}llf), MH0rHe nnattbl 38-
HHMalOT HeCKOJlbK0 CTpaHHU (.no 50 s anropHTMax ITOJ.J.rpynnosoro ynpasJJeHH.sl). OOJlblIIHHCTSO 
cpyHKUHOHanbH.blX 6noKOB co.nep)l(HT napaMeTpb!, KOTOpble onpe.nenSIJOT Q)YHKUHH Jl8HHOfO 6noKa 
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J,fJ111 3Halfem1e Bb!X0)].Hb!X Cl-ffHaJI0B. y CJJ0)KlfbIX 6JIOKOB K0JJWJeCTBO TaKHX K0HCTaHT MO)KeT JJ,0C­

n,rraTb HeCK0JlbKMX )].eC51TK0B. I10H51THO, '-IT0 TaKOH ofrbeM Jl0rHKH H )].aHHhlX He H3rJ151JJ,eH .UJHl 

attaJ!H3a. KpoMe Toro, H0Bble cpe.ucTBa H H)].eonorH51 ynpaBJieIDUI Tpe6yfOT BHe)].pemrn H0BhIX aJI­

ropHTMH'-leCKHX no.n;X0)l0B, K0T0pbie paHee He rrpHMeH51Jll1Cb, 4T0 TPe6yeT MX cepbe3HOH nocne­

JJ:YfOP'.eH nposepKH H HacTp0HKH. 

TaJOKe MeHSleTCSI caM npHHUHn ynpasnemrn. IlaHeIDf H rryJihThl C npH6opaMH 0CTaIOTC51 T0Jlb-

1(0 .L(Jl51. )].0IT0JlHHTeJlbH0ro HJUI pe3epBH0ro yrrpasneHH.SI. lllTaTHOe ynpasneHHe rrepeB0)].HTC51 Ha 

M0IDIT0pbl K0MilbfOTepoB. K1notrn, KH0il.KH H naMilbl 3aMeHSilOTC51 " MblWKOM" H BH:,Z).e0Ka.n;paMH. 

Ko.TIWJeCTB0 BH)].e0Ka)].p0B HClfHCJJSleTC51 HeCK0JihKHMH COTWIMH . 

..siCHO, 'ff0 )].JISI: C03)laHH51 M0)].eIDf TaKHX CKY He06XO)].HMbl HOBbJe cpe)].CTBa propa60TKH. 

IlpH'-leM 3TH cpe)].CTBa )l0JDKHbl, npe)K)J.e scero, yMeTb C03)].aBaTb M0)].eJlh B aBT0MaTH4eCK0M pe­

)KHMe no npoeKTHbIM )].aHHblM CKY, T.K. py•rnoe "pHCOBaHHe" aJiropHTM0B B pe,naKTope H TeM 

6onee py<rnoe K0.IJ.Hp0Baillte HeB03MO)KHS He T0JlbK0 H3-3a 6oJibWOrO o6'beMa TaKOH pa6oThl, HO H 

M3-3a onaCH0CTH BHeCeHH.si. 60JibWOro K0Jllil-leCTBa )l0il0JIHJ,fTeJihHhlX OWH60K. 

)J.pyroii. HOBbLH cpaKTOp - H3fOT0BJieHHe TpeH8.)f(epa )].0 rrycKa :mepro6noKa. HanpHMep, )].JJSI 

KyJJ.aHKynaMCKOH CTaHUHH pa3pbIB C0CTaBJI.SleT 1 ro.u, )].JI.SI: T51HbBaHbCKOH - 2 ro)].a . 3To 03Ha4aeT, 

llTO C03)].aHHe Tpett8.)f(epa ocymecTBmleTCSI 110 npoeKTHblM H pa60'-IHM .n,aHHbIM. TaKHe )laHHble 

HMefOT TPH npHHUHITHaJlhHbIX "MHttyca" - 0HH C0)].ep)f(aT 60JibWOe K0JJHlleCTB0 pa3mi4HhIX ourn-

6oK (npoeKTHbie, CJI)'t.IaH.Hbie H .IJ.p.), OHH Hen0JJHbie (t.JTO-TO He )].0 K0HUa cnpoeKTHpoBaHo) H He 

51BJJ.51fOTC51. 0K0H43TeJibHbIMH (BHOCSITCSI H3MeHeHH51 npoeKTaHTOM). 3To npHHUHilHaJihH0 rrponrno­

petrnT "KJ1aCCH4eCKOH KOHll,em.nrn" C03)].aHH51 TpeH8.)f(epa, KOr)].a K MO)].en11poBaHHlO npHCTYITaIOT 

nocne npaKTKt.IeCKH nonttoro c6opa .IJ.aHHbIX 06 o6neKTe. 

C 3THM Ha npaKTHKe CT0JJKH)'JTHCb propa60Tlfi!KH -rpett8.)f(epos TSJHbBaHbCKOH H Ky.IJ.aHKyJiaM­

CKOH A3C. HM npHWJl0Cb Ha XO.I()' MeH51Th TpeH8.)f(epttylO TeXH0Jl0rHJO H C03)].aBaTb H0Bble cpe)].­

CTBa propa60TKH. 

Mo.IJ.enh CKY -rpeH8.)f(epa TSIHhBaHbCKOH A3C rrocTaBJI..SleT qrnpMa C11MeHc - propa60T1rnK 

CKY .IJ.1151 CTaHUHH. )J.atttta.SJ CKY HMeeT cne11y101.1.u1e 0CH0BHbte no,n.c11cTeMb1: "AS-620" - asToMa­

THKa ttopMMbHOH 3Kcneyarnrnrn (CKY Hl{)KHero y posmt), "OM-690" - c11cTeMa sepXHero 61104-

Horo ypoBHSI (CBEY), " ES-680" - HH)f(eHepttaSJ CTaHUHSI MR C03.IJ.aHH.SJ 11 H3MeHeHH51 ,n.aHHhIX B 

"AS" H "OM". CpoK rrycKa T51HbBaHbCKOM CTaHUMH npe.uno11araJicS1 B Kottue 2004 r., a Tpett8.)f(epa 

s K0HQe 2002 r. 3TOT cpoK He0)].H0KpaTH0 rrepeH0CHJlC.sl rnaBHblM o6pa30M no npwrntte MH0ro­

lfHCJieHHhIX OWH60K pa3JUl4HblX THIT0B H He)].0)leJJOK B M0)].em1 Jl0rHKH H BH,Lle0Ka,LJ.pax. 

flepBhlM THn0M OilHi60K CJI)')f(aT paCX0)K)J.eHH.lJ Me)K)J.y M0)].eJISIMH TeXH0JJ0fH'-leCKHX CHCTeM H 

CKY. IIpoeKTaHTbl TeXH0JI0rHt.IeCKHX CHCTeM se..uyr 6roy ,n.aHHblX (npoeKTHaSI 6roa) no o6opy.ao­

BaHHIO (3a.LlBH)f(KH, ttacochI, perynSIT0pM, ,naTl'.fHKH 11 T.Jl.). Propa6oTYHKH CKY (C11Mettc) noMep­

)f(HBa10T aHaJJ0fWIH)'lO 6roy (6roa CKY) caM0CT0.SJTeJibH0. no nepBOH 6roe Ha TpeHIDKepe C03)].a­

BaJlaCb <pH3HYecKaSI M0Ll,eJJb TeXHOJJ0rH4eCKHX CHCTeM, ITO BTOpoi1 - HHTepcpeik MO)leJJeH CHCTeM C 

M0.ll.eJiblO CKY. B pe3yJibTaTe YaCTb 06opy,L1.0BaHH.sl HMeJiaCb B OllHOH 6roe H 0TC)'TCTB0BaJla B 

.n.pyroi1 11 ttao6opoT. ,n_n51 nposepKH 11 BhI)].a'-111 npoeKTaHTaM A3C pacxo)K)J.etilffl ttarn1caHa cooT­

BeTcrny10wa.SJ nporpaMMa cpastteHH.si.. 

BTOpbIM THIT0M OWH60K (caMbIM MHOf04HCJJeHHbIM) CTaJIH 3Ha4eHl151 H pa3MepH0CTH ycTaB0K 

B anropHTMax 3all.{HT 11 6JJOKHpOBOK. TTpOCMOTp 3HaYeHH.SI KOHKpeTHOH ycTaBKH, HCIT0J1h3yeM0H B 

M0,n.eJUt CKY, B03M0)f(ett Henocpe.ucrnetttto c 3Kpatta HH)f(ettepttoii crnttu1111 ES-680. IIpoeKTHbie 

3Ha4eHHSI ycTaB0K H8X0)].51TC51 B TeXHOJlOrHl.JeCKOM 6roe. OblCTpO npHWJJ0 IT0HHMamrn, '-IT0 npose­

P.SJTb Ha.no npaKTH4eCKH see ycTaBKH, HO, YYHTbIBa.SI, YT0 HX K0J1H4eCTB0 C0CTaBJJ.51eT HeCK0JlhK0 

TblC514 H 0HH HaX0)].51TC51 Ha 6onee 4eM ,LJ.eCSITH ThIC~'-lax cpyHKUHOHaJibHblX nnaHax, PYlfH0e cpaB­

HeHJ1e 0K83aJiaCb He3cpcpeKTHBHbIM. BcTaJI sonpoc 06 aBT0MaTH3aU1111 3T0M 33)].8411. 

)J.JI..SI ee perneHHSI npose.l].eHo H3y1-1ett11e CTPYKTYPhI 6a3hI D.aHHbIX " ES-680" 11 C03.IJ.aH npo­

rpaMMHhlH npo.ayKT, )].arom11i1 tteo6xo,uaMb1e .IJ.aHHhie ttenocpe.ncTBeHH0 113 Mo.nen11 CKY. 3To no-
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3B0JUUJ0 co3,naTb nporpaMMHbl H K0MnneKc ERRlNTER, pa60Tat0LUHH c ,naHttbIMH Mo,nenH CKY H 

8BTOM8TH4eCKH cpaBHHBatOLUHH HHq>OpMaL{H]O C JJ.8HHblMH T86J1HU npoeKTaHTa. Pe3y11bT8T cpas­

HeHHSI npe,nCT88J1SleTCSI B y,no6HOM BH,lJ,e ,lJ,JlSI ,lJ,aJlbHeHwero 8HaJ1H3a pacxo)K)],emtH. P83BHTHe KOM­

nneKCa ,nano BO3MO)KHOCTb cpaBHHB8Tb H ,npyrne napaMeTpbl B MO,nemr JlOrHKH CKY H BH,lJ,eOK8,lJ,­

pax " OM-690" . 

TpeTHH nm OillH60K CBSl38H Henocpe,nCTBeHHO C anropHTM8MH. ,[(Im K8)K,lJ,Oro o6opy,nosaHHSI 

B Jl0rHKe HMeeTCSI cpyHKUHOHaJlbHblH nnaH, B KOTOpOM onpe.neneHbI see ynpasm!IOU{He CHfHaJlbl 

(3am11rn, asToMaTHKa, p83peweHJ,ljl H np.) 3Toro o6opynosaHJ,ljl. B cny1-1ae tteaneKsaTHoro nose,ne­

HJ,ljl KaKOrO-TO o6opy,nosaHHSI Heo6XO,lJ,HM 8Hal1H3 3TOro nnatta. B nepBblX sepCHSIX MO,lJ,eJlH CKY 
T8KHX OWH60K 6b!JIO ,lJ,0CTaT04HO MH0ro, H n0SIBHJlaCb Heo6xO,lJ,HMOCTb rrpe,nsap,neJlhtt0ro 8Hal1H-

3a Jl0rHKH 60JlbWOro K0JlH'tleCTBa q>yHKUHOHaJlbHbIX nnaH0B C npHBJleLfeHHeM ,lJ,0IT0JTHHTeJibHbIX 

cneUHaJlHCTOB (TeXHOJlOfOB H HaJ18,lJ,4liKOB) C TTJ10LU8,UKH 3Hep ro6noKa. 

Tpy,nHOCTb 3TOH 38,U84.H COCTOSIJla B cneuHq>HLfeCKOM npe,ncTaBJleHHH JlOrHKH HH)KettepHOH 

CTaHL{HeH " ES-680", 4TO 38TJ)Y.lJ.HSIJIO aH8JlH3 HenO)lfOTOBJleHHblX cneUHaJlHCTOB, oco6eHHO Ha 

rrepBbrX 3Tanax. KpoMe Toro, HH)KeHepHaSI CTaHUJ,ljl CO3,nasana TOJlbKO pacne4aTKH H He HMeJla 

803MQ)KH0CTb CK0rrnposaTb liHq>OpMaUHIO B 3JleKTp0HHOM BHJle. ,l(JIH peweHH,11 3TOH npo6JieMbl 

C03)latta nepsaH sepcHH naKeTa "TREELOGffXP", KoTopaSI H.3 ,naHHbIX " ES-680" (.llaHHbrx MO.lle­

JIH) B0CC03)laeT anropHTMbl JlJlSI OCHOBHbIX ynpaBAAIOLUH:X BXO)l0B q>yHKUHOHaJlbHbIX 6JIOKOB 

ynpasneHH,11. 3TH arrropHTMhl M0ryr 6bITh npe.n.cTaBneHbl s BHJJ.e TJ)MHUH0HH0ro JI0rHl-feCK0ro 

,llepesa C npHMeHettHeM KJIFOLfeBblX JlOrH'-!eCKHX 3JleMeHTOB (11, 11JIB, HE H ,np.) 8 3JieKTp0HHOM 

BH,lle. 

B MapTe 2003 r. HeMeuKaSI CTOpoHa npe,ncTaBHJia Ha -rpett8)Kep 04epe,llttyl0, )l0CT8T04HO IT0JI­

ttylO sepcmo M0,lJ,eJIH CKY. TaK KaK oHa p83pa6ornHa tte cneuHanbH0 .llJISI Tpett8)Kepa, a y)Ke HB­

JIHJiacb KOITHeH 6JJOLf.HOH sepCHH, HHTepec K ee cpyttKUHOHHp0B8HHIO npOSIBJTSIJIH MHorne no,llp83-

)leJieHHSI H ,il,HpeKL{H,11 CTpOHKH A3C. O,nHaKO KOJlH4eCTBO ourn6oK B 3TOH sepCHH TaK)Ke OCTaBa­

Jl0Cb KpHHiLfeCKHM. K 3TOMY M0MeHry p83pa6oTLfHKH TpeH8)Kepa y)Ke HMeJIH Heo6X0.11.HMble npo­

rpaMMHbie cpe,llCTBa )lJISI 6bICTporo aH8JlH3a OWH60K. B CBSl3H C 3THM PYK0BOJICTB0M CTp0HTeJlb­

CTBa CTaHUHH 6b1JIO npHHSIT0 YHHKaJlbH0e peweHHe - nposecnt npe,nsapHTeJlbH0e Tecn1posaHHe 

6110'-IHOH sepcHH anropHTM0B CKY tta nonttoMacwrn6ttoM TpeH8)Kepe. 

ITpouecc Tecnt.posaHH,11 np0BO)lllJICSI B Mae 2003 r. B Te4eHHe MeCSIUa. ,l(JIH ero Bbin0JlHeHHSI 

6b!JIH npHBJleYeHbl poCCHHCKHe cneuHaJlHCTbl C nJioma.D.KH 3Hepro6110Ka - onepanlBHblH nepco­

HaJl, HHCTPYKT0pbl, npe,llCTaBHTeJIH pOCCHHCKHX npoeKTHblX opraHH38UHH. TecntposaHHe nposo­

,llHJIOCb B CTaUH0HapHbIX pe)KHM8X, pe)f(HMax rrycKa/ocTaHOBa 6noKa H HeK0T0pblX nepeX0)lHblX 

pe)KHMax. Pe3yJ1bT8Tbl TeCTHpOBaHH.SI ocpopMJISIJIHCb B BH)le npOTOKOJIOB H TeX.HHLfeCKHX peweHHH 

H nepe.nasanHCb npoeKTHOMY HHCTHTYTY ,llJI,11 onepaTHBHoro BHeCeHHSI KoppeKTHpOBOK B CTaHU.H­

OHHble anropHTMbl AO Hal.fana lJYCKOHaJ18,U04HblX pa6oT Ha 3Hepro6noKe. 

IlporpaMMa TeCTHpOBaHH,11 COCTOSIJia H3 24-x npoue.uyp, pa36HTblX Ha TTSITb 3TaIT0B [I]. lfacTb 

npouenyp Bbin0JIHSIJI8Cb C ITOM0IUblO onHcaHHOro BblWe nporpaMMHOro o6ecneLf.eHJ,ljl. Pe3yJibTa­

Tbl TeCTHposaHHSI no 3THM npoue,llypaM TaK0Bbl: 

- BblSIBJleHO cne.uy10mee KOJlHYeCTBO pacxo)KJleHHH B 3H84eHHSIX ycTaB0K 38LUHT H 6JIOKHpOBOK B 

anropHTMax JlOfHKH CKY no cpasHeHHIO C JlaHHblMH, npeJJ.OCTaBJleHHblMH npoeKTaHTOM: B 6110KaX 

" attanoroBblH Jl.8T4HK" - 993 H3 5 55 l, B 6110Kax " 6110K cpastteHHSI" - 69 H3 127' B 6JIOKaX " rncTe­

pe3HC" - 186 113 I 265; 

- BblSIBJleHO 610 eJJ,HHHU o6opy.uosaHHSI, HMet0merocS1 B npoeKTHOH 6a3e )l8HHblX, npe.uocTaB­

JieHHOH npoeKTaHTOM, H OTCYTCTBYIOLUero s anropHTMax ynpasnettHSI Jl0rHKH CKY, H 363 eJJ,HHH­

UbI o6opy.uosaHHSI s CKY, KOTopoe He 3aS1sJietto s npoeKTHOH 6a3e; 

- BblSIBJleHO 376 paCXO)K)],eHHH B 3Ha4eHHSIX speMeHH xona apMarypbl B MOJJ,eJIH CKY C JJ,aHHhlMH, 

npe,noCTasneHHblMH npoeKTaHTOM; 
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- rrony4eHa B a.nrop11TMw-teCKOM BH)J,e JJOntKa CKY B qacTH 3fill.VIT H 6JJOKHpOB0K H3 cpyHKL(HO­
HanhHbIX rmaHOB "ES-680" H npoattaJIH3HpoBatta Ha npe.D,MeT OillH60K C sttecemrnM CO0TBeTCT­
sy1O1.IlHX H3MeHeH11H; 
_ npose.uetto cpaatteHHe cocTa.Ba CHrtta.nos 11 o6beKTos yrrpasneHJ-rn tta BH)J,eoKa)lpax "OM-690" 11 

6 6a3e .uaHHblX HIDKeHepHOH CTaHL(HH "ES-680" (BbHIBJleHO 1 510 HeCOOTBeTCTBIIB); 
- rrpose.ueH 8BTOMaTl14eCKHH attaJIH3 K03Q)Q)Hl\HeHTOB perymlTOpOB. AHaJIB3 6J10KOB K0HCTaHT 

BbUIBHJl HaJIH'-rne 22-x nycn1x (He 3a.naHHbIX) 3Ha4eHHH H 147-MH KOHCT8HT, tty)K,llal01UHXC5l B 

fJaCTpOKKe. 
no 3TKM H .upyn1M pe3yJJE.TaTaM TeCTHpOBaHH.11 BhIITYllleHO 6onee 10 o6o6uteHHblX TeXHH4eCKHX 
peruetrni1 o Heo6xo.uwMocTH H3Mesett11i1 npoeKTa CKY. 

I1epe4HCJJeHHbie BE,Ulle OLI.IH6KH BbUIBJieHbl C noMOW.blO cneL(HaJIJ:,HO pa3pa6oTaHHOro npo­
rpaMMHOfO o6ecne4eHH51 BHe TeXH0J10fHli C03.D,aHH.II TpeHaJKepa. TaK KaK om1caHHM BblLI.Ie sepCH.51 
MO)].eJIH CKY 6bma He nocne.n:tteH, HCTIOJTb30BaHHe 3THX nporpaMM cpaKTH1-IeCK11 BJJHJJOCb B TeXHO­
nornqeCKH.H npouecc. Ilapa.nneJJbHO c co3.uattHeM TPeHaJKepa lll.Ila pa6oTa no HX ,LJ,aJibtteiiweM)' 
pa3BHTHIO. B 4aCTHOCTH, C03)J,aHbl npocMOTputH.K ("viewer") cpyHKUHOHaJibHbIX ITJiaHOB (6e3 HH­
)l(ettepHOM cTaHu.i,rn "ES-680") H BTOPM sepCH51 naKeTa "TREELOGffXP", cnoco6ttasi npe.ucrns­
MTh JlOrHKY MO)J,eJTH CKY Ha 513bIKe <I>opTpaH. 3To IT03BOJJHJJ0 npOB0JJ:HTb )J,HHaMHt.JeCKHH aH8Jll13 
KOHKpenil>IX cpyHKIJ,HOHaJlbHbIX nJJaHOB, npHt.JeM npOCMOTpW.HK nOKa3bIBaeT TeKymee 3Hat.JeHHe 
Toro 111111 lllioro CHrHa.na. Ha 6a.Je :noro co3.ll,atta 0-sepcm1 attan11T11t.JecKoro -rpettaJKepa Kwrnii­
cKOH A3C 6e3 np11MetteHH.11 nporpaMMHoro o6ecnetJelUUI cpHpMb1 CHMettc. 

C npaKTH4eCKH TaKHMH )Ke, a TaK)Ke C HOBhlMH npo6JJeMaMH CTOJIJ<HYJJHCb pa3pa6oT'll1.KH npH 
co3.ll,aHHH TpeHaJKepa KyJJ:aHKynaMCKOH A3C. IlpoeKT Ky.uaHKynaMCKOH A3C pa3pa6aTblsaeTC5l 
TOJibKO pocc11i1cKHMH cne[ll,faJIHCTaMH. B qacTH CKY Hcnonb3yeTC5l TITTC-51, TaK)Ke HMeIOW.M 
HIDKeHepttylO CTaHL(Hto. nocne C03)].aHH.II npoeKTa JlOrHKH 11H)KeHepHa51 CT8HUl151 C03JJ:aeT cneu11-
q>Ht.JeCKHH MarnHHHhlH Kon "STEP-M", K0Top1,111 nepe.uaeTC51 s 11cnonHHTeJ1bttb1e CTOHKl1 TCTTC. 
)lJ'I51 TpettaJKepa TaK)Ke tteo6XO,[I.HM 3T0T KO,[I., TaK KaK no HeMy C n0MOUJ.blO TeXH0JIOrHH r EHT A 
(,LOK3T, BHJ1l1A3C) asToMaTHt.JeCKH co3,uaeTC51 Mo.uenb CKY Ha 513b!Ke C. 

TexHonorH.11 npoeKT11posaHHH CKY Ky.uaHKynaMCKOH A3C HMeeT ttecKOJihKO 3rnnos. Ha 
rrepsOM TeXHOJI0nt C03.D,afOT TeXH.Ht.JeCKOe 38,L(aHHe Ha anropHTMbl B BH.Ue 6noK-CXeM. 4acTb npo­
eKTHblX opramBaUHH co3)].aeT HX s cpopMaTe pe,uaKTopa "MS WORD", qacTb - B naKeTe ABTO­
KA).l ,[(aHHbie a.nropHTMhI He cooTBeTCTBYfOT HneonornH TCTTC. Ha BTopoM 3Tane npoeKTaHThl 
asT0MaTHKH nepecMaTpHBaIOT 3TH .D,aHHI,Ie, npHB0.D,51T HX K 11.ueononut TITTC H nepepHCOBblBafOT 
s ABTOKA,[(E s cpopMaTe, 6mnKoM K cpopMary HH)KeHepHoH CTaHUIDI (npoo6pa3bl cpyttKUJ10-
HaJTbHhrx nnattos). Ha TPeTbeM pa3pa6oTt.JHKl1 npoeKTa CKY no npoo6pa3aM C03)],atoT Henocpe.u­
CTBetttto cpyHKUHOHaJibHbie nJJaHbl Ha HIDKeHepHOH CTaHU11H, BH0C51 Heo6XO)].HMbJe 113MeHemrn. 

OcttoBHM npo6neMa :noro TpeH8)Kepttoro npoeKrn - CHJJhHOe 0TcTaBaH11e pa3pa6oTKH □po­
eKTa JIOrHKH )J,JlSI TTTTC, CB513aHHOe B TOM 4HCJie C ro.D,OBOH: pa3HHU.eH Me»<.Izy nycKaMH TpeH8)Kepa 
11 6rroKa. <l>aKTH4eCK11 B pacnop5l)KeHHH TpeH8)KepmHKOB H8X0.D,SITCjJ T0JTbKO pa60411e )],aHHble no 
aJ1rop11TMaM 3aI.I.tHT H 6noKHposoK s cpopMaTe "WORD" H ABTOKA,[(. 

,[(rrsi: MO.D,eJJHposaHl151 CKY no 3THM )].8HHblM 3a KOp0TKHe cpOKH C03.LJ:8H nporpaMMHblH naKeT 
"LOGJCOD". Ero nepsM sepc11.11 HMeeT orpattw-1etttty10 cpymu{HOHaJihHOCTb H npe,utta3Ha4etta 
.ll,J15l C03,UaHH51 rpacpH4eCKOro npe.D,CTaBJieHH5l 11 napaMeTPl1'.3aU1111 JlOrHt.JeCKHX anrop11TMOB H HX 
aBT0MaTHtieCKOH rettepauHH B nporpaMMHbie KO.Ubl Ha Sl3blKe <I>opTPaH. Ilpe.u.nonaraeTC.51, 4T0 BT0-
pa51 sepc11si 6y.ueT HMeTb cpyttKU11H 0TJJa,nKH. "LOGICOD" pa3pa6oTaH no H)leonorn11 TTITC, T.e. 
onpeJJ,eJl5leT CJ.ifHaJlbl ynpasneHHSI )lJl5l cpyHKIIHOHaJlhHbIX 6110KOB ynpaaJJeHH5l o6opy.uosaHHeM. 

KOJIH4eCTBO HMefOW.HXC51 a.nropHTMOB np116nH311TeJII,HO paBH0 2 000. 4To6bl H36e)K8Tb pyt.i­
Horo p1-1cosatt11si TaKoro o6beMa, napannenhHO c "LOGICOD" co3.natt npeo6pa3osaTenb anropH.T­
Mos cpopMaTa " WORD" s cpopMaT "LOGICOD". AnropHTMhr s cpopMare ABTOKA,[( (30 % OT 
06UJ.ero 4Hcna) p11cosa.n11cb spy4Hyto. TaK KaK aJ1rop11TMbl He a.L(anrnposattbI K TTTTC, TaK)Ke 
8PY'-lttyto BB0llHJJHCb Heo6XO,lJ,HMbJe 113MeHeHH.II (nocne npeJJ:BapHTeJibH0ro aH8JlH3a). 
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MHorne npo6neMbl, BCTpeTHBWHeC.SI Ha T.SIHbBaHbCKOM npoeKTe, IT0BT0pIDIHCb 11 3.UeCb. 

HMelOUJ,aSIC.SI rrpoeKTHa.SI 683a, no KOTOpOH C03,n:aeTCSI qJH3Hl-leCKa.SI M0JleJJb TeXH0Jl0rHLJ:eCKHX CHC­

TeM, nepH0.LJ.HYeCKH MeH..SleTC.SI npoeKTaHT0M. ,[(o6asmeTCSI H0B0e 06opy.nosam1e, y.nanS1eTC.SI HJlH 

nepeHMeH0BbIBaeTC.SI l1Me101ueec.11, 1ff0 npHB0.UHT K HeCTbIK0BKe C M0,Ll.eJTbJO Jl0fHKH. TTpo6neMbl C 

HenpaBHJibHhIMH ycTasKaMH HJTH ID( p83MepH0CT.SIMH TalOKe npHB0.UHT K Heo6xo.nHMOCTH ID( aBT0-

ManrYeCK0f0 cpaBHeHH.SI. Bee H3MeHeHH.SI ocyUJ,eCTBJI.sJIOTCSI BPYlfHYJO. C KaK0f0-T0 M0MeHTa M0-

.n.enb CKY CTaH0BHTC.SI CaM0CTOSITeJlbHblM npoeKT0M, T.e. B HeH np11cyrcrnyeT 6oJlbmoe K0JlHYe­

CTB0 perneHHJ1, npHIDITbIX p83pa60T1.fHKaMH rpeHIDKepa 6e3 npoeKTHoIX opram13aU,HH. OT.neJTbHOM 

3a_nat.J.eM srsn.1110Tcsr HacTpOHKa pery1rnropos H Mo.nem1posatt11e CBEY. 

TaKHM o6p830M, 0ITblT C03.Uamrn .nsyx TpeHa)KepoB B ycn0BH.SIX HeIT0JlHbIX, HeT0LfHbIX, nepH0-

.ZlH4eCKH MeHSllOlll,HXCH .naHHhIX, C HOBOH CHCTeMOH K0HTponsr, ynpasnemrn H OT06pIDKeHH.SI BblH)'­

)KJlaeT c.nenaTb BblB0.U 0 tteo6xo)J.HMOCTH p83pa6oTKH H0B0H TeXH0Jl0fHH C03.UaHH.SI TpeHIDKepoB C 

H0BbTMH nporpaMMHbTMH cpe.ncrnaMH (pHCYHOK). 

~ 

I 
I 

npoetITt!ble 
A3HHble CKY 

(pa3HblX 
q>OpMaTOB) 

~ 

l 
npeo6pa3oeare11b 

A3HHblX 

rpa¢i14ecKilM 
peAatcrop--oT113A 4ilK 

+---

reHeparop MOAenil --+ 
Ha $13b1Ke BblCOKOro 

ypoeHR ~ 

li1Hrep¢ei.1c 
C MOAellblO 

rexHonoril4e­
cKilX CilCTeM 

t 
MeHeA>Kep 6a3bl 

MOAem1CKY 

I 

I 

CTpyKT}'pa nporpaMMHOro 06ecne1JeHHS1 mu1 coJ.namui Mo.ne­
neii CKY 

11cxo.UHblMH ,n:aHHbIMH CJly)KaT 

npoeKTHbie naHHbTe CKY 11 npoeKTHM 

683a TeXH0Jl0fJilfeCKIDC CHCTeM. HH­
cpopMaU,H.SI, tteo6xo.nHMM Jl:Jl.SI co3.ua­

HH.S1 M0.LJ.eJIH CKY, Haxo.n11rc.S1 B 683e 

Mo.n.en11 CKY. Ee nepsottaYaJibH0e 3a­

nontteHHe np0HCX0,LI.HT aBT0MaTW1eCKH 

npeo6p83oBaTeJieM, cnoco6tthIM pa6o­

Tan, C 0CH0BHblMH cpopMaTaMH npe.n­

CTaBJleHH.SI npoeKTHhlX )laHHblX ( anro­

pHTMbl " MS WORD" H ABTOKA,[(, 

npoo6p83bl cpyHIU.(HOHaJlbHblX nnaHOB 

TITTC, ,n:aHHh1e "ES-680"). 8 683e M0-

)lem1 CKY co.nep)KaTcSI anropHTMbT 11 

tteo6xo.nHMbie napaMeTpbr. ,[(n..S1 ee 06-

c11y)K11BaHH.S1 .U0JT)KeH 6bITb p83pa6oTaH 

MetteJl)Kep 683bl. 8 ero 3a,n:atJH sxo)lsrT: 

• 
• 
• 

npoCM0Tp HHq>OpMaum1 B 6a3e Mo.nemt C Bbl)laYeH 0TtfeT0B 110 3anpocaM, 

pe.naKTHposaHHe .naHHbIX, 

rettepau,11S1 HHTepcpeHCHOH HH<pOpMaUHH .LUISI CBH311 C M0.lleJISJMH TeXH0Jl0nt:lfeCKHX CHCTeM, 

• se.n.eH11e apx11sa H3MettettHH. 

KpoMe Toro, MeHeJl)Kep )lQJl)KeH HCIT0JlH.SITb cpyHKUKH cpaBHeHIDI .nattHblX B 683e M0)leJIH 

CKY, no11r1eHHOH no npoeKTtthIM .naHHbIM CKY, c .naHHhIMH npoeKTHOH 6a3bt TeXHonorw1ecKrnc 

CHCTeM. TionyYeHHble paCX0)K)leHH.SI )l0Jl)KHbl BbI.UaBaTbC.SI B s11.ne, npHro.UH0M )lJlSI aHanH3a C B03-

M0)KH0CTbJO 6blci-poro BHeceHH.SI H3MeHeHHH B 6a3y Mo.nen11. 

):{JI.SI rpaq>HLJ:eCKOH pa6on,r C anropHTMaMH npe.UHa3HaYeH rpacp11YeCKHH pe.naKT0p. 8 pe)KHMe 

pa60Tbl M0.nenH pe.naKT0p TalOKe .ll:0Jl)KeH BblIT0JIIDITb cpyHKU,1111 0TJI8)J.lfl1Ka. ,[(m1 C03)laHlrn Mo.nen11 

CKY cny)KHT asroMaT11YeCKHH rettepaTop. OH co3.naeT Mo.nenb Ha .Sl3hIKe BbJC0Koro ypoBIDl c omt­

caHHeM npHMeH.SleMblX nepeMeHHblX H K0HCTaHT s cpopMaTe, C0BMeCTHM0M c CHCTeMOH pa3pa6oT­

KH TpeHIDKepa. 

flpH pa3pa6oTKe .naHHOro K0MnJieKca .Zl,0JJ)KHbl BblIT0JlHSITbCH cne.n.y10m11e Tpe6oBaHH.SI: 

• noci-poeHHe K0MilJleKca ,ZI.0Jl)f(H0 6bJTb M0.nyJibHbIM, T.e. Ka)K)la.SI cpyttKUH.SI JJ.0JT)f(Ha 6bITb Jl0Ka­

Jil130BaHa B 0T)leJlbH0M nporpaMMH0M M0.nyne; 

• Ka)K)lblH nporpaMMHblH M0.llYJlb .Zl0Jl)f(eH HMeTb )lOCTYITHb[H 0TKpblTblH J,fHTepcpewc; 
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• ,noJDI<Hb[ HCCTOJlb30BaTbCSI TaKHe nporpaMMHble MexaHH3Mhl, KOTOpble MOfillf 6bt JJerKO ttapa-

[Ul-iBaTb KOMITJieKC HOBhIMH cpyHK.IUUIMH; 

• ,UOJI)KHbl 6b1Tb MaKCHMaJibHO npHMetteHbI KaK y)Ke HMelOlil,HeCSI nporpaMMHble Hapa6oTKH, TaK 

Ii crporpaMMHble npOJzyKTbl CTOpOHHHX npOH3B0)lHTeJleH C OTKpbITOH apXHTeKrypoH. 

TaK KaK HCXO.llHble naHHhie Ha CTa)lHH npoeKTHpOBaIDUI H HaJia.l].KH 3Hepro6noKa npeTepne­

saJOT qaCTble 113MeHeHIDJ, Heo6XO.l].HMbl e11e,nyf0mlfe Tpe6osamrn K eTpyKType naHHblX 6a3bl MO,ne­

JIH H opraHH3al..(HH B3aHMo.n.e.H.CTBHSI e HeH: 

• ,noJl)Ktta 11cnoJ1b30BaTbCS1 KoeseHHasi: anpeca1..v-rn s tta11Mettosamrn 06opynosamu1, T.e. ecJIH 

KOHKPeTHOe 06opynosatt11e MeHHeT eBOH 11.n.eHTHqJHKaTop, 3TO H3MeHem1e B 6a3e Mo.nen11 .ll0Jl)KH0 

aaT0Man1qeeKH. OTpa3HTbe51 BO aeex arrropm-Max, nporpaMMHblX MO.llYJl»X, nepeMelHfhIX H naH­

HbTX, r.ne OHO npHMeHSieTesi; 

• 3TO )Ke Tpe6osam1e OTHOCHTCSI H K .D,aHHbIM (3HalJeHHe ycTaBOK, 3a.n.ep)KKH, BpeMeHa H T.,n.); 

• J].OJl)KHa BbinOJlllilTbeSI aBTOMan14ecKaS1 nposepKa Ha see HMelOUlJ,fee»: Hillf no»BJ15IIOIIIJ1:ee.H 

BXO,llHbie eBSl3H B aJiropHTMaX Ha npe,n:MeT HX onpe.neneHHSI KaK BbIXO.lJ,HbIX B eoorneTCTBylOmeM 

anropHTMe. B cnyqae OTeYTeTBH51 3TOro onpenerreIDUI, .D,aHHbIH eHTHaJl J:(OJT)KeH BMeTh oeo6hlH 

cTarye; 

• pa3MepHOCTb attarrorOBbIX ,naTlJHKOB J:(OJl)KHa onpe.neJT51Tbe.sl. KaK COOTBeTCTB)'lOmHH MHO)KH­

TeJlb, HeITOJTb3yeMblH npH paelJeTe epasHeHHSI e yeTaBKOH. l13MeHemte pa3MepHOCTM J:(0Jl)KH0 as­

TOMaTHlfeCKH MeH.SI.Tb pac~eT cpaBHeHHSI C ycTaBKOH; 

• B eJ1y1Iae BHeeeIDUI TeX HJUi HHblX H3MeHeHHH B arrropHTMbl HJlH napaMeTpbl .lJ,OJI)KeH HMeTbCH 

MexaHH3M asT0MaT114eCKoro onpe.ne11ett11»:, .nm1 KaKOM. qaeTM Mo.ue;rn JJ.OJI)Ktta 6btTb npose.neHa 

noBTOpHaSI rettepau1-rn; 

• see H3Mettemrn B 6a3e Mo.n.em1 (a11ropHTMbI, .n.aHHble H .n.p.) J].OJl)KHbl aBTOMan1qeeK11 OTeJie)KJ,f-

BaTbeH B apx11se H3MeHeHHH. 

3aK.J11011eune 

Co3nal0ll(HHC51 nporpaMMHblH KOMITJTeKC, ynosnernop»:IOrn;HH YKa3aHHblM Bblille Tpe6osaHH­

HM, ,noJl)KeH eymeernetttto noMOlJb pa3pa6oTlJHKaM rpetta)Kepos npH eo3n,amrn Mo.n,enett s yeno­

BllilX eerO.l].HSIWHero JJ.HSI, B '-laCTHOCTH, HaXO.llHTb H 11cnpaBJ1HTb npoeKTHbte OWH6KH, KOTOpbre, 

KOHe'iHO, HeH36e)KHbl Ha CTaJJ.1111 C03J].amrn TaKHX eJlO)KHblX CHeTeM, KaK l..(Hcpposasi: CKY. 
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3KCITEPHMEHT AJlbHblE HCCJIE)l;OBAHIDI 

Y)U( 621.039 
3KcnepuMeHT3JlhHble rrorpellIH0CTH H B0JM0iKH0CTh HX K0MileHcau;HH 

rrpH onpeAeJieHHH 3<f>(j>eKTHBHOCTH asapHiiHOH 33111.HTbl 

u AH<f>(j>epeau;uaJILHOH 3(j>(j>eKTHBHOCTH rpynIIbl OP CY3 B pea1,Tope BB3P-1000 

A.A. Ilunezun, E.E. Il/y.Mc«uu, 
MM<l>H (TY), 115409, MocKBa, KawMpcKoe wocce, 31 

TTpe.ucTaeneH aHa.m,n 3Kcnep"™eHTa.JibHhIX norpeurnocTe0 np11 onpe.uenemrn BemPUIHbI BBe.ueHHOH 
peaKTHBHOCnt Ha MmrnMa.JibHO KOHTPO1111pyeMOM ypoBHe (MKY) Momttocrn B peaKTope BB3P-JO00. TTpH­
BOJVITCH oneHKH Heonpe.ueneHHOCTH B senwnrne peaKTRBHOCTH, CBH3aHHbie C HeO,UHO3Ha1rnocThlO BLr6opa 

Ha6opa aapaMe-rpos KHHenurn. ITpe.unaraeTCH npoue.uypa KOMnettcarom npocTpaacTBeHHhIX 3<pcpeKTOB pe­
aKTHBHOCTH. 

Experimental uncertainties and possibility of their compensation while defining effectiveness of 
safety protection system and differential effectiveness of control rod group in a reactor VVER-1000. 
A.A. Pinegin, B.E. Shumsky. Analysis is presented for experimental uncertainties while defining a value of 
inserted reactivity at minimum controllable power level in a reactor VVER-1000. Estimations a.re presented 
for an uncertainty of reactivity value due to an uncertainty in choosing a set of kinetics parameters. Procedure 
is proposed for a compensation of spatial reactivity effects. 

B Hat.Jane Ka.)f()lOH KaMrramrn: B peaKTopax BB3P-l 000 Ha MKY MOW.HOCTH npoBOAHTCH cepHH 

3KCnepHMCHTOB, cpe.n,H HH"X onpe.n:eneHHe 3cp<peKTMBHOCTH asapHHHOH 3aW.HTbl (A3) H .umpcpepeH­

UHaJlbHOH 3cpcpeKTHBHOCTH rpynnb1 OP CY3. Pe3ynbTaTb1 o6oHX 3KcnepHMeHTOB t.taCTO 3Hat.tH­

TeJibHO OTJ1H4a!OTCH OT pac'leTHhIX 3Ha4emt.H, H 3TO OTJIWrne npeBOCXO.UITT CYMMY 3a.slBJlCHHhlX 

norpewHocTeH 3KcnepttMeHTa H pacqern. Ilpo6neMe attan113a np11t.tHH tta6J110AaeMblX pacxo)K)].e­

HHH ITOCBHW.eHhl MHOrQYHCJICHHble rry6mU<aUHH [l. .. 5]. 
TTpH onpeAeJieHHH 3cpcpeKTHBHOCTH A3 B aKTHBHYIO 30HY (a.3.) c6pacbJBa!OTC.H OP CY3 scex 

rpynn. B p.s1Ae c~aes HMITT11pyeTC.H 3acrpesaH11e o.n,Horo 113 OP CY3 Ha sepxtteM KOHl(eBHKe B 

Tet.teH»e 20 .. .40 c , nocne t.tero " 3acTp.Hsw11w" OP CY3 .n.o6paCbrnaeTc.H B a.3. 

ITp11 onpe.uenem-m AHcpcpepettUHaJ1bHOH 3cpcpeKTHBHOCTH rpynnbI OP CY3 npoH3BOAHTCH ee 

nowarosoe onycKaHHe (H3BJiet.teHHe) Ha cpoHe pasttoMepttoro H3MeHeHIDI KOHl(CHTpau1111 6opHOH 

KHCJIOTbl. Be11111nrna nepeMew.eHH.sl Ha Ka.)f()lOM HOBOM ware o6ecne4HBaeT KOMneHCal(HJO H3Me­

HeHHH peaKTHBHOCTH, Bbl3BaHHOro yMeHbWCHHeM (yBeJTH4eHHeM) KOHl(CHTpau1-rn 6opHOH KHCJlO­

Thl , HMeBlliHM MeCTO co speMeHH npe)].bI.ll.YW.ero nepeMeW.eHH.H rpynnb1 OP CY3. BpeMH Me)K)].y 

nepeMCUJ.CHl151MH 06bl'-IHO COCTaBJl.HCT 50 ... 200 C. 

B o60HX 3KCnepHMeHTax peaKTHBH0CTb peaKTOpa onpe.uen.HeTC.H MeTO)].OM o6paw.eHHOro pe­

WCHH.H ypaBHeHHH KHHennrn (OPYK), B KOTOpOM B Kaqecrne MOW.HOCTH peaKTopa npHMCHHlOTCH 

TOKH HOHH3aUHOHHblX KaMep (J.1.K), pacnOJIO)f(eHHblX B KaHanax 6HOJIOrH4CCKOH 3aW.HTbl. Ha6mo­

)].aeMble OTJTH'-11151 pact.teTHblX H 3KCnepHMeHTaJ1bHblX 3HaYeHH.H peaKTHBHOCTH CB.sl3aHhl C norpew­

HOCT.HMH KaK pacqeTa, TaK H 3KCnepHMCHTOB. HacTO.HUJ.a.H CTaTb.H IlOCB.HIUeHa aHaJ1H3Y HaH6onee 

3HaYHTeJihHhlX COCTaBJI.HIOUJ.HX 3KCrrepHMeHTaJ1bHOH norpewHOCTH. 

OcHOBHblMH HCT0YHHKaMH 3KCnep11MeHTaJlbHOH norpernHOCTH HBJI.HIOTC.H: 

• Hea)].eKBaTHOCTb HCITOJlb3yeMoro Ha6opa napaMeTpOB KHHCTHKH B MeTO)].e OPYK peaJlbHOM)' 

COCTaBy a.3. (KOHCTaHTHaH norpeillHOCTb); 
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• 3a,nep)K_KJ1. B cj)opM11posarurn acH.MITTOTw:iecKoro pacnpe)].eJleHIDI noToKa HeHTpOH0B (npo-

cTpaHCTBeHHble 3Q)Q)eKTbl peaKTHBHOCTH); 

• np116opHbie norpelUHOCTH. 

1. KoHCT3HTBaH norpemHOCTb 

OueHKa sem:1411Hbl BBe,ll.eHHOH peaKTHBHOCTH 3aBH.CHT OT napaMeTpOB KHHenurn, np11MeHS1e­

MblX B MeTo.n.e OPYK. B 11:neanbHOM cnyl..fae rrapaMeTJ)bl KJIBeTH.KH nomKHbI COOTBeTCTBOBaTb cj)aK­

THqeCKHM 3Ha4emurM napaMeTpOB KHHeTHKH a.3. npH ee T04elJHOM npe.n.cTaBJieHHH. OTJUPHUI B 

3Ha4eHHH peaKTHBHOCTeH npH HCITOJJb30BaHHH pa311-wIHbIX tta6opoB napaMeTpOB KJrnenurn M0ryT 

)lOCnrraTh 10 H 6onee npoueHT0B OT BeJIH'-IHHbl BBe)],eHHOH peaKTHBH0CTH.. 

B cospeMeHHhIX HCCJie)],OBaHHJJX no KHHeTHKe peaKTopoB npHMeIDrlOTCSI Ha6opbl napaMeTp0B 

KH.HeTH.KH H3 HeCKOJihKHX 611611110TeK HeHTpOHHO-Q)H3H.'-leCKH.X .LJ.aHHI,IX H IlOJI)"IeHH.bie OT,ll.eJH,Hbl­

MH aBTOpaMH. HIDKe B aHamne H.CIT0Jlb3YIOTCH rpyn:rros1,1e xapaKTepHCTH.KH. 3aTia3.llblBafOll{HX HeH­

TJ)OHOB, rrpe.n.no)KeHHble B cne;:i;ylOmHX fa16IDfOTeKax ou.eHeHHbIX a,uepHbIX .llaHHblX HJIH OT)],eJib­

HblMH aBTOpaM11: EHAE-93 [6], JENDEL-3.3 [7], ENDF/B-6 (6, 8], JEF3.2 [6], KmrnH [9], TIHK­

caHKHH B.M. [10, 11], MaHeBHt-1 n.r. (12] . PaccMaTpl•iBaeMble Ha6opbl .u.aHHblX rronrieHbl KaK ny­

TeM annpOKCH.Mal{HH KpH.BblX cna)],a, TaK 11 C TIOM0ll{blO aHaJIH3a CBOHCTB OT,UeJlbHblX npe)].UJeCT­

BeHHMKOB. B HaCTOSill.lee BpeM.11 OTCyTCTBYlOT )],OCTaT0'llibie 3KCnepHMel-lTaJll>Hbie ,qaHHbJe, TI03BO­

JISllOLUHe yTBep~aTb, KaKOH 113 Ha6opos napaMeTp0B KJ1.HeT1.1KH npe)],IT0'iTHTeJleH. 

PacCMOTpeHHaSI COB0KYITH0CTb Ha6opoB napaMeTpOB 3ana3)],b1Ba.JOLQHX HeHTJ)OHOB (F-Il13H) He 

npeTeH)].yeT Ha ITOJTHOTY, HO MO)K_eT CJIY)K_HTb s Kat.J:eCTBe KOHTpOlibHOro MHO)f(eCTBa Ha6opoB na­

paMeTJ)OB KHHeTHKH npH oueHI<e KOHCTaHTHOH norpernHOCTH B 3KcnepH.MeHTax no onpenenem:110 

3cpcpeKTHBHOCTH A3 H nHcpcpepeHUHMhHO.H 3cpcpeKTHBHOCTH rpynnbl OP CY3. 

OOJlbillaSI 4aCTb Ha6opos C0OTBeTCTByeT 6-TH rpynnOBOH MO)],em1 3aTTa3)J.bIBa.JOUJ;HX HeHTpO­

H0B. ):vUI U-235 C00TBeTCTBYJO~He nattHble npH.Be.ll,eHbI s Ta6n. I. B Ta6J1. 2 npHBe)],eHbl JJ,aHHbie 

)],JTSI 8-MH rpynnOBOH MO)leJrn flill<cafu<HHa B.M. KpoMe Toro, 6blJla HCnOJib30BaHa CHCTeMa 20-TH 

rpynn0BblX Ha6opos rrapaMeTJ)0B KH.HeTHKH, pa3pa6oTaHHaSI non PYK0BO)],CTBOM Mattesw-ra JI.r. 
[ I 2]. B Tex cnyyasix, Kor.ua nm1 Ha6opa napaMeTpOB KHHeTHKH y aBTOpOB OTCYTCTBOBMH naHHble 

0 3Haqemm cyMMapHOH )],0JlH P 3anaJ)],bIBa.JOilJ,HX HeifrpOHOB, HCITOJib30BaJ1aCb p, CO0TBeTCTBYIO­

masi nattHhIM EHAE-93. 

T 6 a 6 Jl H ll a 1. -TH rpynnOBbJe napaMeTpbl 3ana3LlbIBal0111J,fX HeHTPOHOB nm1 U-235 

11.M,i Ha6opa p l 2 3 4 5 6 

EHA6-93 0,006851 a 0,038 0,213 0,188 0,407 0, 128 0,026 

A 0,0127 0,0317 0, 115 0,311 1,4 3,87 
JENDEL-3.3 0,006546 a 0,033 0,219 0, 196 0,395 0, 115 0,042 

A 0,01244 0,03054 0,1114 0,3014 1,36 3,014 
ENDF/B6 0,006892 a 0,035 0,1807 0,1725 0,3869 0, 1586 0,0664 

A 0,013336 0,032739 0,12078 0,30278 0,84949 2,853 
JEF2.2 0,006826 a 0,035 0, 18 0,175 0,387 0, 159 0,064 

"- 0,0127 0,0317 0, I 15 0,311 1,4 3,87 
Kumm 0,006521 a 0,033 0,219 0, 196 0,395 0, 115 0,042 

A 0,0124 0,0305 0, 111 0,301 I , 14 3,01 
TTHl<caHJ<MH 0,006521 a 0,038 0,211 0,197 0,396 0, 132 0,026 

"- 0,0 I 285 0,031 0,1083 0,307 1,4 3,87 
MaHeB:lfq 0,006889 a 0,032 0, 193 0,202 0,378 0, 135 0,063 

"- 0,01245 0,0305 0, 111 0,301 1, 14 3,01 
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T a 6 JI 1-1 u a 2. 8-MH rpyrrnOBbJe xapaKTepHCTHKH 

3an33)].b!BaIOI..l.{J,fX HeihpoHos IT11Kcai1K11Ha 

NQ rpynnbI 

33TT33JU,IB3lOlUHX A, a, 
HeHTPOHOB 

I 0,01245 0,033 
2 0,0282 0,154 
3 0,04 0,091 
4 0,0431 0,197 
5 0,107 0,331 
6 0, 1185 0,09 
7 0, 158 0,081 
8 0,251 0,023 

6 0,006851 

,[(mi oueHKH BeJnfqHlfbl KOHCTaHTHOH no­

rpeurnocnr paccMoTpetta MO)J.eJ1bHaJ1. Toqeqttrur 

3a)J.a4a KH.HeTHKH peaKTOpa. AKTHBHa.sJ 3OHa, B 

KOTOpOH 94 % )l,e11em1ii npHXO.[lHJlHCb tta U-235, 

a 6 % - Ha U-238, B Ha4aJlbHblH MOMeHT BpeMeHH 

ttaxO)J.l.fJ1aCb s KpHTHqecKOM COCTO.sJHHH. 3aBHCH­

MOCTb MOW:HOCTH peaKTOpa OT BpeMeHH npHMe­

H.sJJlaCb )J.Jl,SJ onpe)J.eJleHI--UI peaKTHBHOCTH MeTO­

)J.OM OPYK. Ha nepBOH ceKytt,ne npou,ecca B a.3. 

BBe)J.etta peaKTHBHOCTb, paBHaJI. 10 $. B TO'-le4HOH 

MO)J.em1 KHHenurn HCITOJlb3OBaJ1C51 Ha6op napa­

MeTpOB K.HtteTHKH 611611110TeKH JENDEL-3.3. B 

KaqecTBe Ha6opoB rrapaMeTpOB KHHennrn )J.Jl.sJ 

MeTO)J.a OPYK np11MetteHbI Ha6opbr, npe.n;cTaB-

11eHHb1e B Ta6n. 1, 2, H 20-TH rpynnOBOH tta6op 

napaMeTpOB KH.HeTHKH MaHeBlf'-la [12]. napaMeTpbl KHHennrn )"-IHTblBaJJH CKOpOCTb peaKUHH Ha 

pa3HblX H3OTOnax. ,L(onOJlHHTenbHO HCCTOJlb3OBaH tta6op rrapaMeTpOB KHHentKH, COOTBeTCTBYIO­

IIUiH .[la.HHhlM KHITH.Ha [9] )].JUI )],eJJemiH Ha U-235, Bbl3BaHHblX TeTTJIOBbIMH tteHTpOHaMH (KH­

ffi!H_ U-235). TaKoi-1 tta6op npHMemIeTc.sJ B peaKTHMeTpe l(BP-10 .llJl.sJ cBe)Kero Tomurna, a s p.aJJ.e 

crryqaeB ero HCITOJ1b3YIOT H ,UJlSI BbrropeBllleH 3OHbl. Ha pHC. 1 npe)J.CTaBJJeHbl rpacf>HKH H3MeHeHH.sJ 

peaKTHBHOCTH. 

:Vb rpacf>KKOB, npHBe)J.eHHbIX. Ha p11c. 1, Bli.llHO, qTo npHMeHeHHe Ha6opOB napaMeTpOB KHHe-

THKH ENDF/B-6, JEF2.2, MatteBHlf-20, MatteBH4-6 npHBO)J.HT K cyw:ecTBeHHOMY 3amracett1110 B 

ouemce BeJlH'-IHHbl BBe)J.eHHOH peaKTHBHOCTH. 11cnOnb30BaHHe tta6opoB napaMeTpOB KHHeTHKH 

JENDEL-3.3, KKITHH, TTHKCaiiKH.H-6, TIHKcaHKHtt-8, .6HA£-93 ouettHBaeT senH4HH)' Bse.uettttoit 

peaKTHBHOCTH c TOqI-IQCThlO nop.sI,ll,Ka 2 %, a Ha6opa napaMeTpOB KimHH_U-235 npHBO.UlIT K nepe­

oueHJCe Bemt411Hhl sse.ueHHOH peaKTHBHOCTH npHMepHO Ha 10 %. 
Ha p11.c. 2 H 3 npe)J.CTaBJleHhI ouettKH Ben11qHHhl BBeneHHOH peaKTHBHOCTH C noMOW.bIO MeTO­

na OPYK npw l1CITOJlb3OBaHHH B Kalfecrne MOW:HOCTH peaKTopa TOKOB 11K, nonyYeHHbIX. B xone 

3KcnepnMettTOB tta cse)KeH 30He peaKTopa BB3P- l 000 11 Ha 3otte co cpe.zweii rny611Hoii: Bhiropa­

Hl1.sJ 8 MBT·CYTI KrU. Bo BTOpOM CJTY4ae B XO)J.e 3KCnepHMeHTa HMHTHpOBaJlOCb 3acTpeBaH11e O)J.HO­

ro OP CY3. ,L(ononttHTenhHO Ha pHc. 3 np1-rne)J.eH rpa4>11K peaKTHBHOCTH, nonyqettHhIH 113 pewe­

HHjj ycnOBHO-KpHTM4eCKOH 38.llaqH (YK3). 
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11.3 rpacf>HKOB BH)J.HO, qTo OTJ1Hq1151 B ouett­

Kax BBe)J.eHHOH peaKTHBHOCTH C flOMOIUblO pa3-

J1114HhlX tta6opoB napaMeTPOB KHHeTHKH Kacie­

CTBeHHO COOTBeTCTBYIOT .[laHHbIM pHC. 1 . 3To 

yKa3bIBaeT Ha TO, '-!TO Ha6op rrapaMeTpOB KHHe­

Tl1KH 6116n110TeK11 JENDEL-3.3 KaYecrneHHo 

npaBHJlbHO OITHCblBaeT npOI..leCCbl B a.3., a TaK­

)Ke Ha TO, l.fTO rrpoCTpaHCTBeHHble 3¢¢eKTbl pe­

aKTHBHOCTH 11 KOHCTaHTHYIO norpewHOCTb 

MO)KHO aHaJ1H3HpOBaTb He3aBHCHMO. TipH rny-

6oKHX BbII'OpaHIDI TOITJlHBa xapaKTep OTJIWrnH 

P1-1.c. l. PeaKTl{BHOCTb, noJ1y YeHHaS1 MeTO.LJ.OM OPYK Me)K.lJ.y pe3yJJbTaTaMH, nony4eHHblMM C npHMe­

rrp0 H.CilOJlb30BaIDnl p33JlWIHblX tta6opos napaMeT- ttemIeM p8311M4HbIX Ha6opos napaMeTpOB KH-

poB KHHeTl-1.KH. ToLJecittasi MO.D.eJlh HeTHKM, MeHJieTCSI He3Ha4HTeJlbHO. 

78 



PeaKTIIIBHOCTb, $ 

-4 
0 0 o JENDEL-3 3 • • • nHrca'HPi11H 6 

□ □ □ JEF2 2 " " l:I. nMKC8MIU1H 8 

•- • - ■ K~rnHH V V 9 GH .. £.!?3 

-6 
0- e O K•m•• U-235 ENDF/8-6 

-8 

BpeMfl, C 
-10-4---r--r----r-----r----r-----,r---~-~ 

0 40 80 120 160 

PHC. 2. 3q>cpeKTHBHOCTb A3, nonyqeHHa~ MeTO,U0M 
OPYK npw ttcnonb3osamrn paJJIJ,lqHbtX Ha6opos 
napaMeTP0B K1rnen1KH. CBe)KaJI J0Ha 
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P11c. 3. 3cpcpeKTHBHOCTb A3, no.rrytteHHaJT MeT0Jl0M 
OPYK npM Hcnom,JoaaHHH pa3JTlf'lHhTX Ha6opoa 
napaMeTP0B KHHeTHKH. rnyforna BbtropaHWt 
8 MBT·CyT/Kr U 

Ha pHc. 4 npe.n.crns11eH&I ouettKH JlHq:>cpepeHUHaJ1bHOH 3cpcpeKTHBHOCTH 10-i1 rpynnbt OP CY3 
B )lOJlllapax, nonytteHHhte Ha OCHOBe 3KCnepHMeHTaJ1hHbrx TOKOB HK. Cpe.n,IDUJ rnyfo1tta Bhiropa­

ffl,UI Tonnwsa cocrnsmrna npHMeptto 8 MBT-cYTIKrU. B MeTo,n:e OPYK Hcnonb3oBanHcb pa.311114-
H.bie tta6opbl napaMe-rpoB KHHenfKH. lfa rpacp11KOB 811)],HO, 'ITO TaK )Ke, KaK H npH sso.ne 60JlbWHX 
oTpHUaTenhHhIX peaKTHBHOCTeH, np11Mettett11e tta6opos napaMeTpos KHHeTHKH ENDF/B-6, JEF2.2 
npHBO.Z:\lff K cyI..QeCTBeHHOM)' 3aHH)KeHHlO B ouem<ax BeJlWJHH BBe)leHHbTX. peaKTHBHOCTett, a Ha-

6opa lutnHH_ U-235, Hao6opoT, - K 3aBbtUieHJ,fl(} 01.{eHOK senwrnH BBe)leHHOH peaKnIBHOCTH. Hc­
ITOJTh30BaiiHe tta6opos napaMeTpos KHHeTHKH JENDEL-3.3, K11n11tt, Il11Kcai1KHH-6, f1HKCaHKHH-8, 
£HAE-93 01.{eHHBaeT senwumy BBe)leHHOH peaKTHBHOCTH (llHq>cpepeHU11aJ1blfYIO 3q>q>eKTHBHOCTb 
rpynnh1) c pa.36pocoM rrop5l,ZJ:Ka 3 %. 

A6cOJTlOTHbie 3Hal.feHH.sl .n11cpcpepeHIJ,HaJ1bHO.H 3q:>q:>eKTHBHOCTH (s %) npe,D.CTaBJleHhl )lJljl. Toro 
)Ke 3KCnepHMeHTa Ha pHC. 5. ,n:11ana.30H OTJ1H4HH B 3Hal.feH11.HX .LI.Hq:>cpepeHUHaJ1bHOH 3cpq:>eKTHBHO­

CTH, nonyqeHHblX c npHMeHeHHeM pa.3HblX Ha6opos napaMeTpOB KHHeTHKH, HeMHOro yMeHhlllaeT-
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P11c. 4. Ornoc11TeJTbHbte 3HaYeHJUI JlttcpcpepeH.UHaJih- P11c. 5. )])1cj>cpepeHUl1aJibHaR 3q>q>eKTHBHOCTb rpynnbl 
HOH 3q>cpeKTttBHOCTH pa6oYei:i rpynn&1 (Pr) OP CY3. OP CY3. A6com0Tm1e JHaYeH11~ 
OTHOCi1TCJibHbJe 3HaYeHHR 
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PeaKn1BHOCTb, $ 
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BpeMA, C 

CH. ,ll;11cpcpepeHUlHlJibHrut 3cpcpeKTHBHOCTb OP 

CY3 onpe.D,enHeTcH nyreM nocTPOeHH.SI Kaca­

TeJI.bHbJX K rpacpHI<y H3MeHemrn peaKTHBHOCTH 

B XO)J,e 3KCnepHMeHTa H nepneH)J,HKYJIHpOB K 

speMeHHOH OCH. fpacpHKH peaKTl1BHOCTH, no­

CTpOeHHbJe C HCITOJTb30BamteM pa3JIWIHblX Ha-

6opos napaMeTpOB KIDientKH, HMelOT pa3Hble 

TaHI'eHCbl yrna HaKJJOHa K OCH speMeHH, 4TO H 

npHBO)J,HT K OTJIWIIDIM B 3Ha4eHHHX .UHcpcpe­

peHLJ,HaJlbHOH 3cpcpeKTIIBHOCTH. Ha pHC. 6 rrpH­

se,n:eHbl rpacpHI<H peaJ<THBHOCTH .n:m1 o,nttoro 

" rnara" 3Kcrrep11MettTa. OTKJJoHeHHH B ouettKax 

.D,HcpcpepeHl.l,HanbHOH 3cpcpeKTHBHOCTH )J,OCTH­

ralOT 20 %. 
CpaBHHTeJJbHO 6JJH3KOe cosrra,nem,e pe-

- 0,04 3YJibTaTOB, ITOJIY4eHHblX npH rrp11MeHeHHH Ha-

o 50 100 150 200 250 6opos JENDEL-3.3, KHmrn, Timccaihurn-6, 

P11c. 6. fpaqmKH peaKTHBHOCTH JlJUI 0.l(HOro "wara" TIHl<cafuum- 8 , BHA.6-93, IT03BOJ1HeT Ha,ne>1Tb­

) KCnep11MeHTa, no11yqemu,1e MeTO,llOM OPYK C pa3- C.Sl, lffO aonyl.feHHbTe oueHKH P,Hcpcpepettll;HaJlb­

HblMH Ha6opaMH napaMeTpOB KHHeTHKJ,f HOH 3cpcpeKTIIBHOCTH 6JIH3KH K HCTHHHbTM. O,n­

HaKO Heo6XO.D.HMO IIOMHHTb, 4TO 3TH tta6opbl napaMeTpOB B 3Ha4HTeJ1bHOH CTeneHH OCHOBblBalOT­

C>1 Ha pe3yJTbTaTax KHITHHa [9] H HX norpeIIIHOCTH KOppeJTHpyJOT. 

Ham,~He 60JlblllOrO KOJlHt-leCTBa 3KCrrepHMeHTaJI.bHblX ,naHHbTX no c6pocaM A3, BBO.D.Y rpynn 

OP CY3 MO)KeT 6btTb HcnoJibJosatto .D.11.)1 3KcrrepTHOH oueHKH pa3JIH4HblX HTI3H H ,uIDKe .D.J1H 11x 

KOppeKTHpOBKH. ,[vui peaI1H3aUHH TaKoro no.n:xo,ua He06XO)J,l,iMO: 

• HMeTb " 4HCTble" 3KCnepHMeHTbJ, BblTIOJlHeHHbie C npHMeHeHHeM xopoUieH annaparypbt; 

• ycTpaHJ-fTb 113 3KCnepHMeHTanbHbIX )J,aHHbTX npocTpaHCTBeHHbie H crreKTpailbHble 3cpcpeKTbI; 

• pa3pa6oTaTb MeTO.D.HKY KoppeKTHpOBKH HTI3H. 

EcJil13TOro He C)J,eJJaTb, TO KOppeKTHpOBKa HTI3H 6y.D.eT HOCHTb xapaKTep no,urOHKH. 

,ll;Ju1 ycTpaHeHHH, ttanpHMep, cneKTPan bHbIX H npOCTPaHCTBeHHblX 3cp<peKTOB Heo6XO.LlHMO 

HMeTb nporpaMMbl co cnel..{HaJlbHbIM KOHCTaHTHblM o6ecne4eHHeM H arreCTOBaHHbTe )J,JIH pacYeTa 

TIOJJeii HeiiTpOHOB Ha MKY MOU(HOCTH. MeTO)J,I1Ka KOppeKTHp0BKH napaMeTpos KimeTHKH MO)KeT 

onHpaTbCH Ha 4YBCTBHTeJJbHOCTb 3Ha4emtH peaKTHBHOCTH K sapbMposamno OT,lleJJbHblX rrapaMeT­

pos KHHeTHKH. 6-rpynnosaH MO)J,eJlb KHHeTHKH, HanpHMep, HMeeT 12 cso6o.nHbIX napaMeTpOB. 

H 3MeHeHHe "3KCnep11MeHTanbHOH" peaKTHBHOCTH 3a C~eT sapbHposaHHSl napaMeTpOB Kl1He-

6 

THKH npe.D,cTasmIeTc>1 B BH.Lle 8p = L (A,£;+ A;8~-;) + 8p/p• , r.ne 8p- H3MeHeHHe OTHOCHTeJJb-

;=1 

Horo 3Ha4eHHH "3KCnepMMeHTanbHOro" 3Ha4eHHH peaKTHBHOCTH; £ , - aapbHposaHJ-fe ,llOJJH i-H 

rpyrrnhI 3ana3,llbIBalOU(HX HeHTpOHOB; 8).., - OTHOCHTeJJbHOe H3MeHeHHe i-H KOHCTaHTbl pacna.na; 

A, - K03cpcpHUHeHT 4YBCTBHTeJThHOCTH peaKTHBHOCTH K H3MeHeHJ-fl0 Ll,OJIH i-H rpynnbI 3ana3,Ubl­

BalOlllHX HeHTpOHOB; A, - K03 q><pH1.J,HeHT 4YBCTBMTeJibHOCTH peaKTHBHOCTH K H3MeHeHHlO KOH­

CTaHTbl pacna.na i-H rpynnbl 3ana3.D.blBaJOU(HX HeihpOHOB. 3necb H nanee 3Be3.D.04KOH noMe4eHbl 

BeJ111'-IHHbl, OTHOC.H11J,HeC.H K HCXO,llHOMY tta6opy napaMeTpOB KHHeTHKH HJIH noJIY4eHHbJe C ero HC­

n OJJ b30 BaHHeM. 

80 



)XJul npou,ecca, CBH3aHHoro C MfH0BeHHI,IM BB0,U0M peaKTHBH0CTH, K03q>qJm.J,HeHThl l.f)'BCTBH­

TeJIE,H0CTM A, H A, M0)KH0 nonyqwr1, no cpopMynaM 

• 6 P. 
e-)..,1 +11.;r • k (e"ltf -e-}..;1 ) 

k=I (A, + (J)k) 

6 P, • • 6 • • 6 11.· .• -I • k (eClltl -eAl' )+e-A,'t+ L .11.,~ 2 (eov -e-A',)-L • i ~ e_"',t 
A = *f k=I 11., +rok k=t (\ +mk) k=i "-; +mk 

I QI I ♦ 6 ' 

£... ~ P.eCll;I 
• L.., k 

~ k=I 

P• = ~ ~;(J)k . P, = ~ ~; 1~ A;~; 
L.., '\•' k L.., '\• L..,( '\•)2 · 
1=1 (J) k + JI. i i=I (J) k + "'; i~ I (J) k + "'; 

,nm1 0T,UenbHblX M0MeHT0B BpeMeHH H pa3nH'lHbIX peaKTHBH0CTeH 3HaqeHIDJ K03qJqJHD,HeHTOB 

A; HA., npe)lCTaBJieHbl s Ta6JI. 3 H 4. B Ka'-ieCTBe HCX0JJ.H0ro tta6opa napaMeTp0B KHHeTHKH npH­

MefUUlC5l Ha6op EHAE-93. Ilocne npeKpam,eHMH BB0J].a peaKTIIBH0CTH H HOle3H0BeHIDJ npoCTpaH­

CTBeHHhlX 3 q><peKTOB Ha rpa<pHKe peaKTHBH0CTH JJ.0JI)KHa l105lBMThC5l "noJI.04Ka". Ee 0TC)'TCTBHe 

YKa3bIBaeT Ha norpelllH0CTH 3KCnepHMeHTa HJIH B 3Ha'-iemrnx napaMeTp0B KHHeTHKH. KoppeKTH­

p0BKa napaMeTp0B KHHeTIIKH nyreM <f>opMHpoBaHml " nonol.£K.H" B03M0JKHa T0JlbK0 npH TaKHX M0-

MeHTax BpeMemt, Kor.n:a tta6mo.n:aeTCH 3aMeTH0e H3MeHeHMe K03<pq)Hl..(11eHTOB qyBCTBHTeJibH0CTH 

A, HA.,. 

Ta 6 JI Hu a 3. 3HatteHH.SI K03<f><trn:l{HeHTOB A, nocne BBO)la peaKTHBHOCTH (94 % )leJieH:HM Ha U-235, 6 % 

.n:eneHHM Ha U-238) 

-· A, 
BpeMH nocne ssona p , $ fpynnbl 3amt3.UblBaJ-Ollll1X HeihpOHOB 

peaKTHBHOCTH, C 1 2 3 4 5 6 

0 -0,29 - 1,89 - 1,69 -3,49 - 1,30 -0,34 

10 -0,25 -1,64 - 1,64 - 3,67 - 1,42 -0,38 

50 0, 1 -0,20 -1 ,54 -1,72 - 3,74 - 1,43 -0,38 

100 -0,18 - 1,55 - 1,72 -3,74 - 1,43 -0,38 

1000 -0,17 - 1,55 - 1,72 -3,74 - 1,43 -0,38 

0 0,36 2,31 2,07 4,26 1,58 0,42 

10 0,41 2,59 2, 11 4 ,05 1,45 0,38 

50 -0,l 0,49 2,72 2,00 3,96 1,45 0,38 

100 0,55 2,68 1,99 3,95 1,45 0,38 

1000 0,63 2,61 1,98 3,95 1,45 0,38 

0 0,04 0,23 0,21 0,43 0,16 0,04 

10 0, 11 0,62 0,24 0,11 0,02 0,00 

50 - 10,0 0,28 0,73 0,03 0,04 0,01 0,00 

100 0,49 0,53 0,02 0,04 0,01 0,00 

1000 0,99 0,04 0,02 0,04 0,01 0,00 
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Ilp11 BBO,Ll.e 60JlblllOH OTpHUaTeJJbHOH peaKTHBHOCTH (~$ -10,0) " nOJI04Ka" B 01.1,eHK.e semtcrn­

Hbl BBe,Ll.eHHOH peaKTHBHOCTH Ha6monaeTc.si: npaKTH4eCKH Cpa:3y ITOCJie 3asep1IIeHIDI BBO)J.a peaK­

THBHOCTH. 3aMeTHOe BJJllilliHe Ha 01.1,eHKY BeJJWUI.Hbl sseneHHOH peaKTHBHOCTH OKa:3hlBfilOT napa­

MeTpbl nepBblX JJ.BYX rpynn 3alla:3.LlblBafOmHX HeihpOHOB. Ko3¢¢111.n1eHTbl 4)'BCTBHTeJlbHOCTH )],JUI 

3THX napaMeTpOB 3aMeTHO MemtJOTC.sl co speMetteM, crro C03,Ll.aeT ycnosi:rn .LlJJ.sl KoppeKTHpOBKB 

3Hat.JeHHH rrapaMeTpOB KHHeTHKH )J.Jl.sl nepBblX .LJ.Byx rpynn 3aITa:3,Ll.bIBaJOmHx HeHTPOHOB. 

Ta 6 JI " u a 4. 3ttaYettWI K03cpqmrn1eHTOB A; nocne ssona peaKTHBHocrn (94 % neneHHH tta U-235, 6 % 
nenettttH Ha U-238) 

-• 
p ' $ A; 

BpeMJI nocne ssona fpynm,1 3ana.3,llh!BaJOIIIJIX HeHTDOHOB 

peaKTH.BHOCTH, C I 2 3 4 5 6 
0 0,00 0,00 0,00 0,00 0,00 0,00 
10 -0,01 -0,10 -0,16 -0,22 -0,02 0,00 
50 

0, I 
-0,04 -0,34 -0,15 -0,13 -0,01 0,00 

100 - 0,06 -0,40 -0,14 -0,13 -0,01 0,00 
1000 -0,08 -0,41 -0,14 -0, 13 -0,01 0,00 

0 0,00 0,00 0,00 0,00 0,00 0,00 
10 - 0,01 -0,11 -0,18 -0,22 -0,01 0,00 
50 

-0,1 
-0,07 -0,53 -0,14 -0,09 -0,01 0,00 

100 -0,16 -0,69 -0,12 -0,08 -0,01 0,00 
1000 -0,59 -0,64 -0,11 -0,08 -0,01 0,00 

0 0,00 0,00 0,00 0,00 0,00 0,00 
10 -0,01 -0,18 -0,26 -0,20 0,00 0,00 
50 

- 10,0 
-0,17 -1 ,09 -0,05 0,00 0,00 0,00 

100 -0,62 -1 ,52 -0,01 0,00 0,00 0,00 
1000 - 12,27 -0,02 0,00 0,00 0,00 0,00 

3KcnepTHM oueHKa Ha6opos napaMeTPOB KHHeTHKH H HX KoppeKTHpOBKa no pe3yJibTaTaM 

npeUH3HOHHblX 3KCnepHMeHTOB )J.OJDKHbI npOBO,LI.HThC.sl C yqeTOM JJ.Byx THTIOB 3a,Ll.a4, )],JUI pemettIDI 

KOTOpbrx HCITOJJb3YJOTC.sl pe3yJihTaTbJ 3KCrrep11MeHTOB: nposepKa BhillOJJHeHH.si: TPe6osaHHH sinep­

HOH 6e3onaCHOCTH H COITOCTaBJJeHJ,le C pe3yJibTaTaMH HeihpOHHO-q>H311'4eCKHX pacqeTOB. ,lvl.si: pe­

llleHIDI nepBOH 3a,Ll.a4H Heo6xo)J.HMO npHMeH.si:Tb Ha6opbl napaMeTpOB KHHentKH, KOTOpbte He np11-

BO.LJ.SIT K 3aBblilleHHJO OUCHKH BeJJH'4HHhl BBe)J.eHHOH peaKTHBHOCTH, a )].JUI peweHIDI BTOpOH 3a.LJ.alJH 

- n aJOmHe Ha116onee sepOSITHhie OUCHKH )J.Jl.sl semt4HH BBe)J.eHHOH peaKTHBHOCTH. 

2. IlpocTpaucTBeHHl,Ie 3<l><l>eKTbl peaKTHBHOCTH 

BTopoii BIDKHOH COCTaBJISIIOIIJ.eH 3KCnep11MeHTaJlbHOH norpelllHOCTH cJJy)KaT npocTpaHCTBeH­

Hhle 3cpq>eKTbI peaKHlBHOCTH. YpastteHHSI T04C4HOH KHHeTHK11, HCITOJTb3YCMhle B peaKTHMeTpax, 

BblBO.Ll.si:TC.si: H3 pacnpene11eHHOH MO.LJ.emt nepettoca HCHTpOHOB B npe,LI.ITOJIQ)KCHHH, '-ITO B a.3. c¢op­

MHp0BaJJOCb acHMITTOTH4eCKOe pacnpeneneHHe TTOTOKa HeihpoHOB. B 3TOM ceyqae npOCTPaHCT­

BeHHbie H BpeMeHHM nepeMeHHhle pa:3nemtIOTC}l H H3MeHeH11e aMITJJHTYJJ.hl aCHMITTOTH4eCKOro 

pacnpe.LJ.eJJeHH.si:, KOTopa.si: C xopoweii TOl.JHOCTblO COOTBCTCTByeT MomHOCTH peaKTOpa, onpe.LJ.eJJ.si:­

eTCH ypasHeHH.slMH TOlJelJHOH KHHeTHKH. 

TTocne BBO.D.a peaKTHBHOCTH 113MewreTCH pacnpenenettHe pa3MHO)KaIOmMX CBOHCTB no a.3 .. Ho­

soe acHMITTOTH~ecKoe pacnpeneneHHe TIOTOKa HeHTPOHOB ycTattaBJJHBaeTCH noc11e CMeHbl He-
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cJCO.Jil>KHX CTOKOJleHHH 3MHrrepoB 3aCTa.3.D.bIBaJOmHX HeITTpOHOB. flpH BBO,D;e He60J1bllJOH peaKTHB­

J-IOCTJi, KaK, ttanpHMep, Ha O.!J,HOM "lllare" 3KcnepHMeHTa TIO onpe.neneHHIO ,LI,Hcpq>epeHUHaJlbHOH 

3cpcpeKTHBHOCTH rpynnbI OP CY3, CMeHa IlOKOJieHmi 3MHrrepoB 3aila.3,lI,bIB810lUHX tteHTpOHOB 

npoHCXO)J:HT 3a BpeMetta, COH3MepHMbie C 3cpq>eKTHBHblM speMetteM )KH3HH 3aila.3)J:bIBaJOIIJ.HX HeH­

TpOH0B. 

IlpH c6poce A3 tta61110.naeTc.sr KOHcepsauIDI tteacH.MnTOTWJecKoro pacnpe.neneHH.s:t noTOKa 

tteHTpOHOB, npHBO)J..s:t K CHCTeMaTW-leCKHM MeTO,LJ,WieCKHM norpelllHOCTjlM npH o6pa60TKe pe3yJ1b­

TaTOB 3KCI1epHMeHT0B. 3To CB.sr3atto C KpaiiHe Me.n.neHHOH nepecTpOm<OH cpopMbl IlOJieH 3ana3)J.bl­

saromHX HeihpoHOB B YCJIOBIDIX yMeHbrneHHj{ IlOTOKa HeHTpOHOB Ha HeCK0JibKO nopjl)l.KOB. 

OueHHM, KaK BO speMeH.H MeffjleTCji OTH011Jem1e HCTOt.fHHKa HeITTpOHOB 3a cqeT pacrra,na 

3MJITTepos Jafla.3.LlblBa!OlUHX HeHTpOHOB, o6pa.30BaBlllliXC.sJ nocne c6poca A3 ( Q-::;w ), K HCT04HH­

KY tteiITpoHOB 3a Ct.JeT pacna.na 3MHrrepos 3aI1aJ.D.bIBa101UHX HeHTpOHOB, o6pa.30BaBllJHXC.sr AO 

c6poca A3 ( Q~"D ). ~j{ TO'!elfHOH MO.LleJIH B npH6mrncemrn MrHOBeHHOro BBO.Lla 60JibIIIOH OTpH­

uaTeJibHOH peaKTHBHOCTH M0)l(eT 6bITh Il0Jiy4eH0 C00TH0IIIeHHe 

i=l ,6 

K0TOpoe IT03B0JI}leT oueHHTh C00TH0llJeHHe H0BblX H CTapbIX HCT0lfHHK0B 3aTTa.3,D;bJBa!OlUHX HeH­

Tp0H0B s nepBble C0THH ceKytt.D. nocne BBO.Lla A3. ~ M0MeHTa speMeHH l 00 c, KOr)l.a s peaKTOpe 

Ha'!HHalOT .UOMHHHpOBaTb 3MHrrepbl nepBOH rpynrrbI 3aITa.3.LlbIBal01UHX HeifrpOHOB, H 3cpq>eKTHB-

H0CTH A3, paBHOH 10 $, MO)l(HO 38TTHCaTb Q3:;w (t)/ Q-:;::D (t) = ~1Aif /(~ -p):;::: 0, 1 . 
Eonee T0'!Hbie .ll,8HHbie no C00TH0llJeHI-IJO H0BhlX H CTapblX HCT04HHKOB 3aTTa.3)l.bIBa!Oll.(HX HeH­

TµOHOB nonYt.JeHbI no rrporpaMMe NOSTRA [13] npH Mo,nenHposaHHH c6poca A3 s cse)l(eH a.3. 

(pHC. 7). 3a Hal.JaJlbHblH MOMeHT no.srsneHHSl "HOBbIX" 3MHTTepos npHtt.srT MOMeHT npoxo)l(.Llemrn 

OP CY3 cepe.n.Htthr a.3. HHJKHH TeMn 06pa.3osattm1 " ttos1:,1x" 3MHTTepos Jana.3,nbrnaiowHX 

HeHTµOHOB H npHB0)J:HT K K0Hcepsau1u1 HeaCHMilTOTWieCKOro pacnpe.nenemrn Il0TOKa tteihpOHOB 

npH c6poce A3. MMeHHO 3TOT q>aKT, a He H3MetteHHe K03q>qrnuMeHTa nponopuHOHaJlbHOCTH Me)l(­

Jl.Y MOI.ll,HOCTblO peaKTOpa H TOKOM HethpOHOB B MK, npHBO,D;HT K CHCTeMaTH4eCKHM MeT0.D.H<Je­

CKHM norpeWHOCTjiM B onpe.neneHHH 3cpcpeKTHBHOCTH A3. 

Oco6ettHOCTH KOHCTPYKUHH a.3. BB3P-1000 H 6onbWHHCTBa cospeMeHHblX 3arpy30K a.3. 

npHB0,LJ;jlT K TOMY, lfTO nocne c6poca A3 0THOCHTeJlbHOe 3HalfeHHe nOTOKa HeHTpOHOB B Kaccernx, 

6JIJ1)1(e scero pacnOJl0)l(eHHbIX K HK, 6oJibWe aCHMITTOTH4eCKoro, '!TO H npHBO,LJ;HT K tte.nooueHKe 

BeJlHlfHHhl BBe.n;eHHOH peaKTHBHOCTH. OrHoweH11e ·Hosb1x" H ·crapb1x' Hcro~HHKos 

Mo.nenHposaHHe peaKTHBHOCTHhlX 3KcnepH- 3ana3Ab1sa10ut1,1x He'1rpoHos, orH. eA. 
0,12 

MeHT0B pa3Horo THna MO)l(eT 6hITh Bb[IlOJIHeHo no 

nporpaMMe NOSTRA, KOTopa.s:i npe.ntta.3Ha4etta 

Jl.Jlj! HJyt.JeHHjl TpeXMepHOH KHHennrn peaKTop0B 0.08 

BB3P c y1.JeToM npoTeKaHHjl Tennorn!lpasnw-ie-

cKHX npoueccos. TiporpaMMa ctta6)1(etta 6noKaMH, 1 0,04 
M0,lleJlHPYlOlllHMH pa6ory HK H peaKTHMeTpOB. / 

Ha pHc. 8 .D.Jljl Toro )Ke 3KcnepHMettTa, .nm, BpeMR, C 

KOToporo np11se.nettb1 .naHHhie Ha puc. 3, npe.n.­

CTasnett1:,1 3KCnepHMeHTaJlbHbie H pac'!eTHbJe 3Ha-

1.!eHJ,rn peaKTHBHOCTeH, CTOJIYlfeHHbJe rryreM MO)l.e­

0 40 80 120 

Pnc. 7. 113MeHeHJ.-te OTHOWeHHlI Q~"::w (t)j ~ ':t~n (t) 

JlHpoBattIDI 3KCnepHMettTa no c6pocy A3 c nocne c6poca A3 B cBe>KeH a.3. 
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Pwc. 8. PeaKTHBHOCTH, non~eHHb1e no ToKaM l1K, 
JI:HHaMHt:IeCKOfO MOJI:eIDipOBaHIDI 3KCnepHMeHTa H H3 

pel1Iemu1 YK3 

"3acTJ)eBaHHeM" O.D,Horo OP CY3. Pa6oTa peaK­

THMeTpa MO.D,e.rmposanacb C HCilOJih3OBafllieM 

Ha6opa napaMeTpos K1rnentKH, npHMeID1eMoro 

s UBP-10. Ha 3TOM )Ke pHcyHKe np1rno..a..srTc.11 

pe3yJlbTaTbl pacY.eTa 3cpcpeKTHBHOCTH A3 C no­

MOilJ,blO pememUI. YK3. l13 rpacpHKOB BH.D,HO, 

4TO pacY.eTHbie 3HaY.eHH.sl 3cpcpeKTHBHOCTH A3, 

nonyqeHHbre nyTeM .D,HRaM.HqecKoro MO.D,e1111po­

saHH.sr npouecca c6poca A3, 6nH3KH K 3KCne­

pHMeHTaJibHbIM 3HaY.eHIDIM 3cpcpeKTHBHOCTH 

A3. IlpH 3T0M Ha6JllO.D,alOTC.sr 3HaqHTeJJl>Hble 

CHCTeMaTHY.eCKHe OTJlHY.H.11 3THX 3HaY.eHHH OT 

3cpcpeKTHBHOCTH A3, nonyY.eHHOH 113 peweHH.11 

YK3. ,Urr.11 ycTpaHeHIDI 3TOH c11cTeManr'ieCKOH 

norpernHOCTH, CB.sr3aHHOH C npOCTJ)aHCTBeHHblMH 3cpcpeKTaMH peaKTHBHOCTH, MOryT 6F,ITb no-

CTp0eHbI crreUHaJibHbie ypastteHH.11 To-qeY.HOH K.HHeTHKH. 

):vrn onpe.D,eneHH.sr peaKTHBH0CTH peaKTOpa MeTO,LJ.0M OPYK HCil0Jlb3)'lOT TOY.etJHble MO.D,eJlH, 

JlOCTpoeHHble C npHMeHeHHeM cpyHKUHH ueHH0CTH IlOT0KOB HeHTp0HOB, OTBeYalOWHX HCX0.D,HblM 

C0CTO.ffHHSIM a.3. [14]. EcnH nocne BB0.D,a peaKTHBHOCTH B a.3. npOHCX0,llHT 6bJCTpoe o6HOBJieHH.e 

noneH 3MHTTepoB 3ana3,l],bIBaIOUJ.H.X HeHTJ)OHOB, TO .Ll,a)Ke 3HaY.JITeJJl>Hble H3MeHeIDUI cpopMbI <pYHK­

UHH ueHH0CTH IlOT0Ka HeihpOHOB He npHBO.D,.srT npH. .D,0CTaT0l'IHOM speMeIDf tta6JTIO.D,emUI K 3aMeT­

HhlM norpew.H0CT.IIM B onpe.n.eneHHH peaKTHBH0CTH MeT0.D,OM OPYK. C11cTeMa IlOCTeneHH0 "3a-

6b1BaeT" caoe HCXO.D,H0e COCTO.slHHe, Y.TO npHB0.D,H.T K HCY.e3HOBeHHIO npocTpaHCTBeHHblX 3cpcpeK­

TOB peaKTHBH0CTH. 

EcJIH. nocne BB0.D,a peaKTHBH0CTH B a .3. o6HOBJieHHe noneH 3MHTTepoB 33Ila3.D,bIBalOilJ,HX HeH­

Tp0H0B npoTeKaeT Me,WieHH0, TO Heyt:JeT H3MeHeHHJI cpopMbl cj_)yHKL{HH u,eHH0CTH Il0T0Ka Heihpo­

H0B M0)KeT npHBO,LJ.HTh K CHCTeMaTHY.eCKHM norpeWH0CT.slM B onpe.D,eJieHHH peaKTHBH0CTH MeT0-

.D,0M OPYK, TaK KaK BKJia.D, B KHHeTHKY peaKTopa pattee ttaKonneHHhlX 3MHTTepoB 33Jla3.Ll,blB3.lO­

WHX HeHTp0H0B oueHHBaeTC.11 ttenpaBHJTbH0. 

,Urr.sr onpe.D,enemUI BeJIHY.HHhl BBe.D,eHHOH peaKTHBH0CTH M0)KH0 HCIT0JTh30BaTb T0'CJel'lttylO M0-

.D,eJib peaKTopa, nonyqettttylO H3 npocTpaHCTBeHHOH M0JJ.eJTH nyTeM ee "csopaq11sattH.11" c secoM 

<PYHKUHH ueHH0CTH IT0TOKa HeHTp0H0B, H3MeH.sr10me11c.sr co speMeHeM H B Ka)K.Ll,hIH M0MeHT spe­

MeHH OTBeY.a10weii TeKyIUeMy C0CT0.IIHHlO a.3. flo.D, <PYHKUHeH ueHHOCTH Il0T0Ka HeHTJ)OHOB, 0T­

seY.aIOUJ.eH TeKyWeMy C0CT0.IIHHlO a.3., Il0HHMaeTC.sr pewettHe conp~rnceHHOH YK3 npH K0Mil03H­

UHH a.3. , COOTBeTCTBYIOIUeH TeKyIUeMy M0MeHry speMeHH. PeaKTHBHOCTb, onpe.D,en.sreMa.sr MeTo­

.D,0M OPYK C Il0M0WblO T8KOH ToqeqHQH MO.D,eJTH, B 111060H MOMeHT apeMemt C0OTBeTCTByeT peaK­

THBH0CTH, onpeD,eJUieMOH H3 peweHIDI YK3. 

TaKHM o6pa3oM, npH M0.D,em1posamrn 3KcnepwMeHTa MeT0.D. OPYK M0)KeT npHMeH.HTbCSI K 

.LJ.BYM T0Y.eY.HblM MO.D,eJT.IIM KHHeTHKH peaKT0pa. O.D,tta M0.D,eJib CTJ)0HTC.11 Ha 0CH0Be CT8UH0HapHblX 

cpyttKU.HH ueHH0CTH Il0T0Ka HeHTpOHOB (B .D,Hcpcpy3HOHHOM npH6JIH)KeHHH o6o3H3Y.HM cpyHKUHlO 

u,eHH0CT"1 noT0Ka HeHTpOHOB B BHJJ,e <I>~ ( r ' E) ). Ha3oBeM M0.D,eJiblO A paCCMOTpeHH)'IO T0Y.eY.HYIO 

M0.D,eJTb. TTapaMeTpbI KHHeTHKH )lJISI Hee onpe.n.eJrnlOTC.sr Tpa.D.HU.H0HHb[M cnoco6oM [ 14]. 
BTopa.sr T0Y.e4Ha.ll MO.D,eJib CTp0HTC.sr rryTeM "csopallHBamrn" npocTpaHCTBeHHOH M0.D,eJIH C Be­

COM cpyHKUHH ueHH0CTH Il0TOKa HeHTpOH0B, C00TBeTCTBYlOWHM TeKyweMy COCTOSIH.1110 a.3. (B 

.D.HcjJcjJY3HOHHOM np116JIH)KeHHH o603HaY.HM cpyHKUHlO ueHH0CTH IlOT0Ka HeHTpOH0B B BH.D,e 

<I>+ (r,E, t) H <1>; (r, E) = <I>+ (r,E,t) ). 3Ta M0.D,e111, co.D,ep)KHT .D,ononHHTen1,ttb1e cjJHKTHBHhie 11c­

T0Y.HHKH, CB51.3aHHble C H3MeHeH.HeM cpyHKUHH ueHH0CTH co speMeHeM. Ha3oBeM M0.D,eJiblO D pac­

CM0TpeHttylO T0Y.eY.ttylO M0.D,eJib. 
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TipRMeHHM MeT0.U OPYK )],JUI 0UCHKH semPUiHhl BBe.n.eHHOH. peaKTHBH0CTH c TT0MOlll,blO o6e­

HX MO)J.CJieit ,Z:(JUI np0CT0Thl nocTpoeHIDi 6y.n.eM npe.n.nonaraTh, qTo BBe)J,eHa tte60JTblliaSI nOJIO)KH­

-reJibHaSI HJIH npOH3BOJJhHaSI 0TpHI..{aTeJlhHaSI peaKTKBHOCTb. B 3TOM cnyqae speMeHeM >KH3HH 

~ffH0BeHHhCX HeihpOHOB M0)f(HO npeHe6pe'ib. B Kat.JeCTBe MOlll,HOCTH peaKTopa )J,Jl.SI M0.LJ:e.llH A HC­

noJih3yeM pact.JeTHhle 3Hat.JeHIDl TOKOB HK, II0Jiyt.JeHHble rryreM M0,AemtpOBaHHSI 3KCnepHMeHTa n o 

BB0.ll)' peaKTHBHOCTH ( f HK (t) ), a .LlJl.SI M0)J.eJIH D - IIBTerpan OT 3HeproBbI)J,eJJeHHSI, paccqHTaHHhIH 

c secoM <I>+ (r, E, t) ( N(t) ). 
MeTO.U OPYK .n.11J1 Mo.n.enH A npHBO.UHT K cooTHOllieHIDO 

PA (t) = P~(t)- t,A.,cA,, (t) / .. (1) , 

r,ue P~(t) = 
1 f II X;(E)P (r,E')v 1 (r, E')I.1 (r,E', t)<P(r,E',t)<P~ (r, E)dEdE'dr ; 

No (t) v. o o 
a.1. --

No(t) =ff f X1(E)v 1 (r,E')I.1 (r,E',t)<l>(r,E',t)<P~(r,E)dEdE'dr ; 
VIU O 0 

00 

(1) 

cA,
1
(t) =ff x;(E)C;(r,t)<I.>;(r,E')dEdr; C

1
(r,t) - K0HUeHTpaQiu1 3MHrrepos 3aml3)].brnaromux 

v..,. 0 

HeHTp0HOB, paCCl.fHTaHHaSI no .LlHcpcpy3HOHHOH MO.UeJJH. ,l(ruJ napaMeTpOB .D.Hcpcpy3HOHHOH MO)J,e.1111 

BO scex cpopMynax npHMeHeHbl TPa.D.HUHOHHhie o603Hat.JeHHJI [14). 
MeTo.n OPYK .n.nsi Mo.neJJH E npHBO.ll:MT K cooTHorneHHIO 

p,(t) = p:_.(1)-t,A.,c,,, (1) /N(t) , (2) 

r.ne P~ (t) = - 1
- f II X;(E)P,(r, E')v 1 (r,E')I, 1 (r,E', t)<l>(r, E' , t)<P+ (r, E ,t)dEdE'dr ; 

N(t) v. o o 
u 

00 

c6 ,;(t) =ff x1 (E)C1(r , t)<P+(r,E,t)dEdr ; 
vu 0 

v._,. o o 

KaK y)f(e OTMe4aJIOCb, ouettKa BeJlHl.fHHbl BBe)J,eHHOH peaKTHBH0CTH no Q)OPMY.lle (2) B .111060 H 

MOMeHT BpeMeHH cosna.uaeT C seJIH4HHOH peaKTHBHOCTH, IlOJJY4eHHOH H3 peU1eHID1 YK3, a n o 

cpopMyne (I) 3aBHCHT OT HeaCHMilTOTHliHOCTH IlOTOKa HdiTpOHOB B TOH )Ke Mepe, B KaKOH OT Hee 

3aBHCSIT 3KCIIepHMeHTaJibHbie 3Hat.JeHHSI peaKTHBHOCTH. 3To Il0.l1TBep)f(,naeTCSI, B 4aCTH0CTH, rpa­

qJHKaMH, npHse.neHHblMH Ha pHC. 8. 
<I>opMyny (2) M0:>KH0 T0)f(,neCTBeHH0 npeo6pa30BaTb K BH.UY 

P, (t) = P~(t)Fp(t)- F~, (t) t,A..c.,, (t) f F,(t)IHK(t)], (3) 

6 6 

Ii'"1c6 I (t) L 11,ICA I (0) A 6 ( ) 
r.ll,e F (t) = N(t) f 11K(O). F (t) = i= I • i=I , . F, (t) = tJ3<1><1> t 

, lwK(t) N(O) , 3al1 ±,11,,cA,1 (t) ±,A,cs/0) ' ~ p~<l>(t). 
1=1 1=1 
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<l>OPMYJia (3) no cpopMe Han0MHHaeT cpopMyJI)' (1), B K0Topy10 BBe)leHbl )l0il0JIHHTeJII,Hbie 

MH0>KHTemt F, ' F'Jan '~ . ITpasrui l.faCTb <pOPMYJibl (3) onpe.n.enSieT HCTHRHOe 3Hat.temte BBe,ll.eHHOij 

peaKTHBHOCTH, He 3aBHCSll1.(ee OT npocTpaHCTBeHHblX 3cpcpeKTOB. <l>yHKU,HH F, , F'J8n, ~ Ha30BeM 

cpopM-cpaKTopaMH. <l>yHKUHH THna F, l.faCTO Ha3bIBaJOT 3cpcpeKTHBHOCTblO .n.eTeKTopa [5], onpe)le­

JISIIOlil.eH OTH0CHTeJlbH0e H3MeHeHHe co speMeHeM K03<pcpHUHeHTOB nponopUH0HaJibHOCTH Me)l(Jzy 

M0UJ;HOCTbIO peaKTopa H TOKOM .11.K. <DopM-cpaKTop F'Jan onpe.n:em1eT R3MetteHHe s xo.n:e npouecca 

ueHHOCTH HCTOl.fHHKa HeHTJ)OHOB, o6pa3ylOLUHXCH 3a Cl.feT pacna.n.a 3MHTTepoB 3afla3)lbJBaIOll.lHX 

HeITTpOHOB. <DopM-cpaKTop Pp onpenenaeT OTHOCHTeJlbHOe H3MeHeHHe co speMeHeM 3cpcpeKTHB-

HOH ,ll.OJlH 3ana3,ll,bIBaIOll.lHX HCHTpOHOB 3a Cl.feT npocTpaHCTBeHHOro nepepacnpe)leneHHSI TIOTOKa 

HeifrpoHOB. 

ITpH BBO)le tte6onbWHX peaKTHBH0CTei1 OTHoweHHe F'J8
0 

/ F, 61,1cTpo CTpeMHTCSI K e.n:HHHue. 

TipH BBO,ll,e 60JibillHX 0TPHUaTeJJbHbIX peaKTHBHOCTeH TaKOro 3cpcpeKTa He Ha6J110,n:aeTCH. 

Hcnonb3yH cp)'HKUHH F, , F:an 11 ~ , MO>KHO Yl.fCCTb BJIIDIHHe HeaCHMTITOTHt-lHOCTH IlOTOKa 

HeHTpOHOB npH o6pa60TKe 3KcrrepHMeHTaJibHblX J].aHHbIX. ,Lvia 3TOro cpyHKU,HH F, 'F'Jan J,f ~ pac­

Ct.IHTbIBaIOTCSI no nporpaMMaM THna NOSTRA AJU1 KaJK)lOH H3 HK s pe)KHMe "off-line" c yt.teT0M 

oco6ettHOCTeH npoBe)leHHH 3KCnepHMeHTa (BeJlHl.fHHbl H CK0pOCTH npe.D:BapHTCJlbHOfO Il0)l'I,eMa 

Pf OP CY3, speMett11 3a,n.ep>KKH "3acTpS1Bwero" OP CY3 11 T.Jl.). Ben11t.IHHa BBeJJ.eHHOH peaKTHB­

HOCTH onpe.nenSieTca no cpopMyne 

6 

k F~n (t) L A,C~.:mn,i 
PHK F, (t) __ ....:.,:i-:...:....1 __ _ 

-k-= ~ - k k k 
PpeaKT PpeaKTF, (t)J HK,3Kcn 

(4) 

MttneKc k s cpopMyne ( 4) YKa3btBaeT, l.fTO semft.i:HHa paCCt.IHTaHa )lJIH k-ro peaKTHMeTpa; 

P:eaKT - 3<p<peKTHBHaa JJ.OJIH 3ana3,llbIBa10m11Y tteHTpOHOB, 11cnon1,3yeMa.s:r B peaKTHMeTpe; c~,)Kcn,, -

KOHl..\eHTpaUHJI 3MHTTepoB 3afla3)lblB810ll.lHX HCHTpOHOB i-H rpynnhr, paCCl.fHTaHHaSJ B MO,LJ.eJIH pe-

8KTHMeTpa no 3KCnepHMCHTaJibHblM 3HaLJeHHSIM T0KOB .11.K; I~,3KCn - 3KCnepHMeHTaJibHOe 3Hat.i:e-

HHe TOKa 11.K. IlpH nonyLJemrn cpopMyn1,1 (4) npe.llrronaranocb, l.fT0 P~,n = P~(t), a 3as11c11-

M0CTb p~ npeHe6pe>KHMO Mana. 

TaKyIO npoue.D.ypy nonyt.i:eHH.H BeJIH4HHbl BBC,ll,CHHOH peaKTHBH0CTH 6y)].eM Ha3b!BaTb MO)lH­

<pHUHpOBaHHbJM MeTO)l0M OPYK, HCTIOJlb30BaHJ-1e KOT0poro ycTpaIDleT npocTpaHCTBCHHhle 3cp­

cpeKTbl peaKTHBHOCTH npH onpe,LJ.eneHJ-m BCJHfllHHbl BBe)].eHHOH peaKTHBHOCTH. IlpH 3TOM Heonpe­

,LJ.eJieHH0CTb B oueHKe BeJIHl.fHHbl BBe,lleHHOH peaKTHBHOCTH H3-3a HeO)].H03Hal.fH0CHf Bb16opa na­

paMeTpOB 3afla3)lb1Ba10m11x HeHTJ)OHOB, npHMeHJIJOLUHXCSI B peaKTHMeTpe, coxpaHSieTCH. 

Ha p11c. 9, 10 np11Be,LJ.ettb1 np11Mepb1 11cnoJ1b3osatt11.si MO.LJ.H<pHUHposattttoro MeTo,n.a OPYK wrn 
o6pa6oTKH 3Kcnep11MeHTaJibHbrx JJ.aHHbIX. B xoJJ,e paccrnToB npHMeHJ1nacb nporpaMMa NOSTRA. 

Ha p11c. 9 npe)lCTaBJieH THfilil.fHblH BH)l cpopM-cpaKTopoB )lJISI 3KCnepHMeHTa co c6pocOM A3 J,f 

HMHTal\HeH "3acTpeBaH11.si" o.n;ttoro OP CY3. I1K, .D.JISI KOTopoi1. npHBeJJ,eHht cpopM-cpaKTOpbI , ttaxo­

.n.11nacb s6mt3H " 3aCTJ)SIBwero" OP CY3. 

3KcnepHMeHTaJibHhle 3Hat.i:eHHSI TOKa J1K, K0TOpbte HCCT0Jlb30BaJil1Cb npH oueHKe 3cp<peKTHB­

H0CTH A3 no TpaJJ,HUHOHH0H MeTO)J.HKe (pHC. 3), npHMeHeHbt )J.Jl.s! oueHKH 3cpcpeKTHBHOCTH A3 C 

Y"YeTOM cpopM-cpaKTOpOB. Pe3yJibTaTbl npHBe.n;eHbl Ha pHc. l 0. l13 COTIOCTaBJieHHSI pHC. 3 H 10 MO)K­

HO C,LJ.eJiaTb CJ1e)ly10m11e BblBO)lbI: 

86 
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-4 
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/ )E )( )( ¢,opM.q>alITOP Anff ncrro,a 

ii C 8 

Hi!HTl)OH08 

0,6 0 <j,opM-<j,aKTop ll,flff HCT<l'IHH•a -8 
0 /I lana:,,O,blllalOIJIM' >ieHTpoHOB 

l_J ,. ,. A <j,opM-q,a,crop ~R ;iq,q>eKTH8HOi1 

0,4 A0na ,an~bl881ClljH< H8ITTJ)OHOB 

BpeMR, C -12 

l
( lE l< JENOEL-3 3 o e o 6HAf,-93 
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Puc. 9. <I>opM-q>aKTOpbI. rny6Irna Bbir0pamur TOTI- PRC. 10. OueHKa Be.lllf'UUlhI 3q>q>eKTIIBHOCTH A3 c 
nHBa 8 MBT·cyr/J<r u yqeT0M q>OpM-q>aKTOpOB JI.JUI pa:m111rn1,1x Ha6opoa 

napaMeTp0B KI-fHeTHKH, HCTI0m,3yeMbIX B M0.ZJ.eJrn 
peaKTHMeTpa 

• HCfl0Jlb30BaHHe MOJJ.Hcpm .. u1posaHH0ro MeT0JJ.a OPYK npHBeJI0 K cyUJ,eCTBeHHOMY c6JIH)KeHHIO 

oueH0K 3cpcpeKTHBHOCTH A3, TT0J1)'4eHHhlX 113 pemeH.IDI YK3 H 3KCnepHMeHTa; 

• tteonpeJJ.eJJeHH0CTb B semf4J1He 3cpcpeKTHBHOCTH A3, CB$13aHHrul C He0JJ.H03Ha•rnocTbIO BbI6opa 

napaMeTp0B KHHeTHKH B peaKTHMeTpax, coxpaIDieTC$1; 

• npHMeHeHHe Ha6opa napaMeTpos KHHeTHKH JENDEL-3.3, Kmnrn, Timccamarn-6, ITHKcaiiKHH-

8, EHAE-93 npHB0JJ.HT K YJJ.0BJTeTB0pHTeJibH0MY COBITaJJ.eHHIO pac4eTHbTX H 3KCrrepHMeHTaJJbHblX 

3Haqemrn peaKTIIBHOCTH. 

OcTalOW,HeC$1 OTJil1'iH$1 Me)l()zy paCl!eTHblMH 11 3KCnepHMeHTaJJbHbIMH 3HalleHIDrMH 3cpcpeKTHB­

HOCTH A3 MOryr 6b!Tb CB$1_3aHbI C HeT04HOCThIO rrapaMeTpOB KHHennrn, norpemH0CnIMH B pacqeTe 

cpopM-q>aKTopoB, np116opttbrMH norpeIIIHOCT$1MH, tteyqeTOM cneKTpaJThHhrx 3cpcpeKTOB B paMKax 

MaJIOrpynnoBOH 3a.[J.al-Hf. 

MoJJ.11cp11u11posaHHbIH MeTOJJ. OPYK MO)KeT 6bITh TaK)Ke HCTI0JTh30BaH .n.m1 ycTPaHeHH$1_ npo­

cTpattcTsettHbIX 3cpcpeKTOB peaKTJIBHOCTH B X0JJ.e onpeJJ.eJJemrn JJ.HcpcpepeHUHaJibHOH 3cpcpeKTJIBHO­

CTH rpynnbl OP CY3. B X0JJ.e TaKHX 3KCnepl1MeHTOB npocTpaHCTBeHHbJe 3cpcpeKTbl peaKTHBH0CTH 

oco6eHHO 3aMeTHO np0$1_BJUlIOTC$1 np11 nepeMew;emn-1 rpynn1,1 B sepXHeM H HH)l(HeH qacT$1X a .3. 

flpH IIJTaTHOM ITOJIO)KeHHH MK s6m1311 cepeJJ.HHbl BbICOThl a.3. np0CTPaHCTBeHHbie 3cpcpeKTbl co­

CTaBJ1$1IOT HeCKOJibK0 npou:eHTOB OT HCTH..HHOfO 3HatieHJU JJ.HcpcpepeHUHaJJbHOH 3cpcpeKTHBHOCTH. 

PoJlb npocTpaHCTBeHHblX 3cpcpeKTOB peaKTHBH0CTH cyrn,ecTBeHHO yseJilf4HBaeTC.sI npH noMememrn 

HJ( B6JIH3H HJBa a.3. 

Ha p11c. 11 npe.n.cTaBJieHbl pe3yJibTaThl MO­

.n.em1posamu1 3Kcnep11MeHTa no onpenenemno 

.ll,HcpcpepeHUHaJJbHOH 3<pq:JeKTHBHOCTH A3 npH 

pa3H0M ITOJJ0)KeHHH J,fl(_ B 0)lH0M cnyqae HK 
ITOMew,anacb B Kattane 611011orWieCKOH 3aUJ,HTbl 

B TI0JJ0)KeHHH 177 CM OT HH3a a.3., a BO BT0pOM 

CJJy4ae - Hanponrn HIDKHeH KpOMKH a.3. (0 CM 

OT HH3a a.3.). vb con0CTaBJiemrn rpacpHKOB BH)l­

H0, 'ITO npOCTPaHCTBeHHbre 3cpcpeKThl oco6eHHO 

3Ha4HTeJibHhl npH noMeW,eHHH HK B HIDKHeM 

lfacT11 a.3. Ha p11c. 11 Ta10I<e np1rneJJ.ettb1 3ttal.fe­

HH..ll JJ.HcpcpepeHUHaJJbHOH 3cpcpeKTHBHOCTH rpyn­

nbt OP CY3, nonyl.feHHbre 113 perneHH.sI YK3 H c 

HCIIOJJh30BaHHeM MOJJ.H<pHUHpOBaHHOfO MeTOJJ.a 

OPYK. .vb np11se,neHHhIX .aaHHbIX s11.n.tto, 'IT0 

,Q1-1cp¢)epeHL11-laI1bHaR 3cpcpeKTl-1BHOCTb, $ /CM 
0,006 

0,004 

0,002 

nonoJKeH1-1e Pr, CM 

0 100 200 300 

P11c. 11 . flpocTpaHCTBeHHble 3q>q>eKTbl □pH onpe.ne­
nemrn .ZJ.Mq>q>epeHI.lHa.JlbHOH 3cpcpeKTJ.1BHOCTH rpyn­
rlbl OP CY3 
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npHMeHeHHe MOlU·HfrnuHpOBaHHOfO MeTO.Lla OPYK ycTpam1eT BJTHSIHHe npocTpaHCTBeHHblX 3<p­

cpeKTOB peaKTIIBHOCTH npH o6pa6oTKe .uaHHhlX 3KCnepHMeHTa. 

3a1u11oqenne 

3KcnepHMeHTaJlbHhie ,LlaHHbie no Ol._leHKe BeJTH'-lHHbl BBe,LleHHOH peaKTHBHOCTH Moryr co.u.ep­

)KaTb B ce6e norpeWHOCTH, CBSI3aHHbie C HeO)J.H03HalIHOCTblO Bbt6opa napaMeTpOB KHHeTHKH MSI 

HCflOJ1b30BaHHSl B MeTo.ue OPYK, C npocTpaHCTBeHHbIMH 3cp<peKTaMH peaKTHBHOCTH, npH60pHbIMH 

norpeWHOCTSIMH. llpo6neMa Bb16opa Ha6opa napaMerpoB KHHeTHKH )lOJDKHa pernaTbCSl C yqeTOM 

pernaeMOH" 3aJJ,aGH. ECJTH, Hanp11Mep, 3<p<peKTHBHOCTb A3 oueHHBaeTCSl C ueJTblO npoBepKH Y.LlOB­

JTeTBopeHHSl HCCJTe.rzyeMOH 3arpy3KH a.3. Tpe6oBaHHSIM $1.[1,epHOH 6e3onacHOCTH, TO .[l,JTSI np11Mette­

HJ1jl B MeTO)J.e OPYK MO)KHO peKOMeH)lOBaTb Ha6opbl napaMeTpOB KHHeTHKH, KOTOpbie )J.atoT HaH­

MeHbLIIHe 3Halfemrn 3<p<peKTHBHOCTH A3. B Kaqecrne KOHCepsaTHBHOro tta6opa napaMeTpOB KHHe­

THKH MO)KHO paccMaTpHBaTb Ha6op napaMeTpOB KHHeTHKH cpaHJTa Ol._leHeHHbIX SI,nepm,IX ,naHHbTX 

ENDF/B-6. Mettee KOHCepBaTHBHbIMM, HO 6onee peanHCTHlllibl MH, SlBJISllOTCSl oueHKH 3cp<peKTHB­

HOCTJ.f A3, IIOJTyqeHHble C HCTIOJlb30BaHHeM Ha6opoB JEF2.2 H £HAE-93. 

,[{JUI conocTaBJTeHHjl C pe3yrr1,TaTaMH pacqeTOB no CTaUHOHapHblM nporpaMMaM Ha.[l,O npHMe­

HSITb Ha6opbl napaMeTpOB KHHeTHKH, KOT0pble ,natoT HaM6onee peanHCTWJHble oueHKH BeJIHl-JJ,fHbl 

BBe,lleHHOH peaKTHBHOCTH. B Kaqecrne TaK_HX Ha6opoB napaMeTpOB KHHeTHKH MOryT HCTIOJ1b30-

saTbC$1 Ha6opb1 napaMerpoB KHHeTMKH KMnwHa, JENDEL-3.3, llHKCaMKHH-6 H TIHKCaHKHH-8. Be­

pOSITHO, uenecoo6pa3HO Bbipa6oTaTb CTatt.n.apTbI .LlJlSl "KottcepBaTHBHoro" H "peaJIHCTHqecKoro" 

Ha6opos napaMeTpos KHHeTHKH, 9TO yMeHbillHT TPY.llHOCTH, CBSI3aHHble C HHTepnpeTauHeH pe-

3YJTbTaTOB 3KCnepHMeHTOB. 

BJIHSIHl'le npocTpaHCTBeHHbIX 3<p<peKTOB peaKTHBHOCTH M0)KeT 6bITb yMeHI,llieHO npH yBeJil,f­

qeHHH BpeMeHH Ha6mo)leHHSl (npH BBO,Ue He60JibUHIX peaKTIIBHOCTeH) HJTH nyTeM npHMetteHHSl 

MO.U.H<pHUHpoBaHHoro MeTO.[l,a OPYK, HCKJilOqatomero Bllmnrne HeaCHMITTOTH4HOCTH pacnpe.n:ene­

HHSl ITOTOKa HeHTpOHOB Ha ITOKa3aHHJI peaKTHMeTpOB. I1p116opHble norpemHOCTH., KaK npaBHJT0, 

CBSI3aHbl C He,LlOKOMneHcaw1ei1 HJIH nepeKOMnettcauHeH <pOHOBbIX TOKOB H MOryT 6hITb ycrpattem,I 

nyTeM cpopMHpOBaHHSl " noJT04KH" B rpaqmKe peaKTHBHOCTH. 

Tipose,neHHe HaCTOSlllleH. pa60Tbl 6hIJIO 61,1 HeB03M0)KH0 6e3 no.n,nep)KKH, OKa3aHHOH COTpy.u.­

HHKaMH PI-IU; "KM" nH3opKHHblM M.rr., ry6apeBOH n.E., KocoypoBblM K.E., bOJiblllarHHbIM C.H., 
BHMl1A3C - TepewoHKOM B.A., KamrnHHCKOH A3C - JJynHWKO A.H., 6ora4eKOM Jl.H., lJanae­

BbIM B.M., Bonro.n.oHCKOH A3C - ITosapOBbIM B.TI., J1e6e.ueBblM O.B., 3a lfT0 s1,Ip8)KaeM HM 11c­

Kpetttt1010 npH3HaTeJibHOCTb. 

KoH1naKmHaR C6R3b : lhmewH AHamoJ1uu AlleKcaHopo6U'I, meJJ. - 8-916-229-06-44 (.Mo6), 

730-37-79 (*) 62-63 (p.); e-mail:pin@ vver.kiae.ru 
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Y,l(K 621.039.5 
MeTOAHKa o6pa6oTKH 3KCnepHMeHTa no onpe,neJieHHIO 34>4>eKTHBHOCTH CTepmneii 

CY3 C IlOHCKOM OIITHMaJibHOH OTHOCHTeJihHOH 34>4>eKTIIBHOCTH ,neTeKTOpa 

E. <P. Cene111ea, A.A. Eenoa, A.B. IlpRHU'lllUKOB, 

BHMMA3C, 109507, MocKBa, <I>eprattcKaSI yn., 25 

.D:atto KpaTKoe OTTHCaHHe MeTO.QM.KH o6pa60TKH )KCnepHMeHTaJlhHOro CITT'HaJla npH H3Mepemrn 3<pq>eK­
THBHOCTH CTep)f<Hew CY3 C y4eTOM npocTpaHCTBeRHhlX 3cpcpeKTOB 4epe3 HCTTOJlh30BaHHe 3cpq>eKTHBHOCTH 
neTeKTOpa C nOHCKOM ero onn1Ma.JihHOH 3Q)q>eKTHBHOCTl1. 

Processing method experiment for determination control rod effectiveness with definition of opti­
mum relative detector effectiveness. E.F. Seleznev, A.A. Belov, A. V. Pryanichnikov. It is very short de­
scription of processing method of experimental signal for control rod effectiveness determination with the 
definition of optimum relative detector effectiveness with the consideration of space effects. 

06ctJeT 3KCnep11MeHTOB no H3MepeHHIO 3cpcpeKTHBHOCTH CTep)KHeJ1 CY3 npOBOJ],HTCSI no ypaB­
l-leID{fO m pa6oTbI [ l] 

(I) 
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rJJ.e p - onpenem1eMru1 peaKTHBHOCTb; PJ<I> - 3cpcpeKTHBHasi .a:onsi 3ana3.UbIBaJOUlHX HethpoHos; 

6 

a,- OTHOCHTeJibHblM BblXO.Ll 3ana3,IJ;blBaJOl.llHX HeHTpOHOB, I,a , = 1; /\.- spewi )l(H3HH MrHO-

J=I 

BeHHblX HeHTpOHOB; AJ - nocTORHHaSI pacna.ua npemuecTBeHHHKOB 3aITa3)J,bIBaJOl.llHX HeHTpOHOB 

rpynm1 j ; S 3<j> - ''stteWHHH" HCTO1IBHK HCHTpOHOB, T.e. HeMTpOHOB Re OT )J,eJteHHR; Nit)- CHr­

HaJt Ha .n.eTeKTope; c(rd,t)- 3cpcpeKTHBHOCTb .n.eTeKTOpa B TOl.fKe r d . 3Hal.feHHSI a J 3apaHee onpe­

,ll.CJlSIIOTCSI B pacqere, KaK H o6paTHrul BeJlH4HHa )leKpeMeHTa 3aryxaHHR MrHOBeHHblX HeMTpOHOB B 

KpHTH4CCKOM peaKTope 1 / a"= I\ I PJ<I>. 

Cne;zysi pa6oTe [I], 3aMeTHM, l.fTO nonyqaeMblH .n.eTeKTOpOM CHrHaJt Nit) npH 3KCITOHeHU,H­

aJtbHOM npeJJ.CTaBJtemrn ero 3aBHCRMOCTH OT speMeHH o6o6meHHblM ,ueKpeMeHTOM 3a-ryx_aHHSI no-

TOKa Heifrpottos s KHHeTHKe Ha 3anaJ)lbIBa10m11x HeHTpottax a(t) = 1 
dNd (t) no3BOJ1SleT 

NAt) at 
Ol.l,eHHTb l.fJleH I\. dNd (t) KaK Ol.feHb Ma.rryJO BeJlHl.fHtty s peaKTopax Ha 6bICrpblX HCHTpo-

PJ<j>NAt) dt 

Hax, COCTaBJlSIIOWYFO 3Hal.feHHe Ha ypOBHe 10-4. TTpeJJ.CTaBHM CKOpOCTb rettepau,HH 3ana3)lblBaJO­

lllHX HeHTpOHOB rpynnbl} B MOMeHT speMCHH t I B BH)].e 

C ji = a 
1

11. 
1 
f~ N(t')exp[-11. 

1
(t - t')}1t' (2) 

Toma paseHCTBO (1) np11 p(t ,) I PJ<I> = R, 6yJJ.eT HMeTb cne.uy10m11i1 s11.u: 

~c . 
L.J JI Q N , - N,_

1 
I . _ 

R = I - 1 
- - + --'----'-~ , 1 - l, 2, 3 .... 

' N, N, TN; a" 
(3) 

,[(Jul nocJie)loBaTeJlbHOro ITOJIYl.feHHSI BeJlHl.fHH C JI npHMeHJJeTCSI peKYppeHTHOe COOTHOWe­

HHe, nonyl.faCMOe 113 paseHCTBa (2) B npe.n.noJIO)l(eHHH mt.HeHHOro H3MeHeHl-tSI MOlll,HOCTH Ha OT-

N - N . 
pe3Ke speMeHH T , a HMeHHO, N(t) = N,_1 + ' ,-, t, TOr)la 

"C 

(4) 

r.ue d1=a1 [l-e-A,1 -e-i1rJ; h1= a1 [1- l-e-A.' rJ· 
11.

1
T 11.

1
T 

TTpH peweHHH paseHCTBa (1) HCITOJlb3YIOTC51 Ha4aJtbHbte ycJtOBHSI, TOl.fHee, npeJJ.blCTOpHSI 3a­

BHCHMOCTH N(t). 3-ro m160 nOCTOSIHHOe ycTaHOBHBWHeCSI 3Hal.femte N O' m160 H3MeHem1e CKOpo-

N t/T ~ 
CTH Cl.feTa no 3KCITOHeHTe oe , COOTBeTCTBYFOl.lleH pa3rotty peaKTopa C ycTaHOBHBWHMCSI ne-

pHO.1).OM T HJlH )lCKpeMeHTOM JaryxaHHSI ao = 1 / T (npH .1).OCTaTO4HO 6oJtbWOH MOl.llHOCTH peaKTO­

pa .1).JlSI YJJ.OBJleTBOpHTeJlbHOH TO4HOCTH 113MepeHHH H 4T06bl npette6pel.fb nocTOSIHHblM cnaraeMblM 

B N(I) OT BHewttero HCTO4HHKa HeHTpOHOB). ,[(ml onpeJJ.eJ1eHID1 ao H N O 06bi4HO npHMeHSlfOT 

LJeTbrpe ttaYaJtbHbfX 3Ha4eHH51 Macc1-rna YHcen N, : 
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N = .!_ ~ N -lao T 

' o 4 ~ ,e , 
i=I 

(5) 

r/1.e N O - cpe.n,Hee 3KCTpano1rnposaHHoe Ha HynesoH speMeHHOH war (KaHa.n) "fHcno N. Cne.n,osa-

,,eJJbHO, .n.m1 C 10 HMeeM 

(6) 

H cornacHo (3) 

C C -A ·T d 
i' = Joe ' + 1 N O+ h JN 1 (7) 

H T • .n.. Tiocne onpe.n,eneHIDI. .n,eKpeMeHTa 3azyxaHID1 MO)KHO paccqHTaTh noJJO)KHTenhay10 peaKTHB­

HOCTb npH HalfaflbHOM pa3roHe peaxTopa [2] s BH.n,e 

~ a . 
R0 =Aa0 + ~ 1 

• 

i 1 + A/a 0 

(8) 

,[(JUI 3KcnepHMeHTOB no O1.{eHKe 3cpcpeKTHBHOCTH CTep)l(HeH Ha peaKTOpe EH-600 nepsoe CJJa­

raeMOe B paBeHCTBe (8) o6bPIBO COCTaBJUleT BeJJHYHHY OKOJJO 10-10
, B TO speWI KaK BTOpoe Haxo-

,UfITCjJ Ha ypoBHe 10-2
' TaK lfTO nepBbIM cnaraeMblM MO)KHO npette6peqb, 

EcJJH B Hat.JaflbHOM COCTO.llHlfH peaKTOp HMeeT nOCTOj{HHblH ycTaHOBHBlllHHC.ll yposeHb 

MOllJ,HOCTH HJIH ycTaHOBHBlllHHC.sl nep:11O.n. pa3rOHa T = llao, TO, rrpe.n.nonara.ll HeH.3M~HHOCTb 

cpopMbl TTOJJ.sl HeihpOHOB B TaKOH c11ryau1m, 3<p<peKTHBHOCTb .n,eTeKTOpa MO)KeT 6bITb npHHj{Ta no­

CTQ.9.HHOH BeJIH4HHOH e = e, = const . Ilpe.n,nonara.ll nocne OKOWiaHH_SI B03Mym.eHH.ll cpopMbl TIOJJ.!I 

HeHTpOHOB £ = £2 = const, MO)KHO npe.n,cTaBHTb OTHOllleHHe e2/ c(t ) B BH.D,e 

£ 2/c(t') = ffi+(l-co)u(t'), (9) 

r.n.e CO = e/ E 1 - OTHOCHTeJJbHaH 3cpcpeKTHBHOCTb .n,eTeKTOpa; u(t) - HOpM1-tposaHHaH <pyttKUHH 

H3MeHemrn OTHOCHTeJJf,HOH 3<p<peKTHBHOCTH .n,eTeKTopa, H3MeH.sllOI..LlaHC.sl OT O B Hat.JanbHOM co­

CTO.!IHHH )].0 1 B KOHeqHOM COCTO.slHHH H3MeHemrn OTHOC.HTeJJbHOH 3cpcpeKTHBHOCTH .n.eTeKTOpa BO 

speMeHH; Ha3OBeM ee cpyHKUHeH BJIIDI.IDUI. 

HanpHMep, npe.n,nonara.si, lfTO npH 6oKosoM pacnono)KeHHH .n.eTeKTopos HeHTpOHOB 11 sepn1-

KaflbHOM nepeMeUJ,emm opraHOB pery1mposamrn o6paTHa.sJ BeJIHlfHHa 3<p<peKTMBHOCTH .n,eTeKTOpa 

MeH.sJeTC.H JIHHeHHO OT £ I )].O E2 C BBO,llHMOH peaKTl-tBHOCTblO OT MOMeHTa HaYa.na .UBH)KeHHH 

CTep)KH.ll CY3 .no MOMeHTa ero 3asepU1eHH.ll, a HMeHHo, 

~=~+(1-~JRI -R(t'), (10) 
e(t) E 1 e 1 R 1-R 2 

TIOJIYlfalOT u(t°) = [ R 1- R(t ')]/ (R 1- R 2), r.n.e R1 H R2 - 3cpcpeKTHBHOCTH cTep)KH.!J CY3 cooTBeT­

CTBeHHO B Halfa.ne H KOHUe ero )].BH)KeHH.sl. 

B COOTBeTCTBHH C npe.n,JIO)KeHHblM H3MetteHHeM 3<p<peKHiBHOCTH .neTeKTopa pa36HsaeM HHTe-

rpan B ( 1) Ha TPH HHTepsa.na (- <X>, t H ) , ( t l'P t K ) , ( t K ' t ), r.n.e t H - speMH Ha4a.na BO3MyUJ,emrn pe­

aKTHBHOCTH, npHpasHeHHOe KO speMeHH ttaqa.na BO3MyUJ,eHH51 cpopMbl TIOJI51 HeHTpOHOB; t K - spe­

MSI 3asepllleHH.sJ H3MeHeHH.H cpopMbl TIOJJ.!I HeHTpOHOB. 1.JaCTO non t K IlOHHMalOT speM51 3asepwe­

HHH H3MeHeHHSI peaKTHBHOCTH, T.e. speM.sJ 3aBepllleHH51 .D,BH)KeHH.H CTep)KH51, lfTO He scer.n.a COOT­

Be-rcTByeT speMeHH 3asepweHH.ll H3MeHeHH.H cpopMbl ITOJl51 HeHTpOHOB. 
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B KOHe4HOM C4eTe )].JUI MHO)KeCTBa 3Ha4eHMH BpeMemt t 
1 

, COOTBeTCTByt0mero BpeMeHH 

KOHUa HHTepsana ; (HllH KaHany i), B o6JTaCTH C noCTOSIHHOH peaKTHBHOCTbfO R 2 ITOJT)"-lafOT CHC­

TeM)' mrneHHhIX ycJIOBHblX ypaBHeHHH C ueJTbfO nonyYeHHR rpex napaMeTpOB R 2 , Q 2 H 

(J) = E2 /EI H HX norpewHOCTeH no MeTO.llY HaHMeHbWHX KBa,n:paTOB (MHK) [2]: 

R 2 A,+ roB , +Q 2 + C 1 = 0 (i = k + 1, .. . , k + m) , 

r.ne A;=N;, B,=F ;- G ,, C,= G,+H,-(N ,-N ,_1)/(tak)-N,, r.e. 

F , = ~>
1

).1 f: N(t')exp[-A/t ,-t')]dt'; I ~ i~(k+m); 

G ;= :~::a
1

).
1

f '· N(t')u(t')exp[-A/t1-t)]dt'; (H+ I)~i~(k+m); 
J,H 

(11) 

(12) 

(13) 

(14) 

,[(JUI noJI)"-leHH.sl MaCCHBa BeJIH4HH F, npH i < k HCOOJTb3YfOTCR peKyppeHTHOe COOTHOIIJemte (4) H 

F F -Al t F F -AjT 
Ha4a/lbHble ycJIOBHSI (5) H (6). ,[(a.nee k+I = ke H ; = He . 

MaccHB G , noJTyYaerc.si npHMettemteM cooTHoweHHR (4) .llJI.sl Kyco4HO-JTHHeHHOH cpyHKI(HH 

n(t ')u(t ') co 3Ha4eHJ-UIMH n I U ; = n(t ;)u(t;) B MOMeHT BpeMeHH t ; . IlpH 3TOM Hat:Ja/lbHOe 3Ha-

4eHHe G i npHHHMaeTCSI paBHhIM ttyJitO: G H = 0 . Tiocne OKOH4aHH.sl B03MYW.eHH.sl peaKTHBHOCTH 

-)._ t 

xapaKTep peKyppeHTHoro cooTHowettH.si MeH.sierc.si. ,[(n.si GK+t HMeeM GK+t = GKe 1 
H Boo6w.e 

- )._ T 

G; = Gi-le 1 • MaccHB H, nonyqae-rc.s1 c nOMOl.l\hfO paBeHCTBa (4) npH ttal.fanbHOM 3Hat.Jemrn 

H H = 0. 
l1fa CHCTeMbl ypaBtteHHH ( 11) cornaCHO pa6oTe [3] CJie,n:ytOT TpH HOpManbHbJX ypaBHeHH.sl 

R
2
LA,B , +roB~ + Q

2
LB,, =-1:B,C,; , 

R
2
LA,+ co1:B,+ Q2m=-1:C,, 

r.ne m - l.fHCJTO 3Ha4eHHH HH,UeKCa i )lJl.s! MHK. 113 HHX )].JUI HCKOMblX napaMeTpOB ITOJIYl.fHM 

(15) 

(16) 

r.ue D - onpe.n.em1TeJ1b CHCTeMbI ( 15), a D R , D w H D q - onpe.uem1Tem1 cooTBeTCTBYfOW.HX na­

paMeTpoB [3]. y Ka3aHHhie anropHTMbl peanH30BaHbl B pac4eTHO.H nporpaMMe H IT03BOJI.slfOT nony-

4aTb 3cp<peKTHBHOCTb crep)KH.s! CY3, .D.OJIIO BHernmtx HCTOl.fHHKOB H xapaKTepHCTHKH ,ueTeKTOpOB B 

peaKTope. 

Ha pHC. I npe.ucTaBJleHO ITOKa3aHHe ,n:eTeKTOpa npH H3Mepem,rn 3cp<peKTHBHOCTH CTep)KH.sl 

A3-1 . 3KcnepHMeHTaJibHblH CITTHaJI SIBJI.sleTC.sl KOJie6JIIOlll.HMC.s! H nepe.u o6pa60TKOH tty)K,llaerc.si B 

Q}HJibTpauHH. Ha pHC. 2 H3o6pa)l(eHO nOKa3amte WTaTHOro peaKTHMerpa B npouecce H3MepeHH.sl 

92 



:3cpcpeKTMBHOCTH CTep)KHH CY3 A3-1 . B orH. eA. 

[ll111THOM peaKTHMeTpe 3a.JJO)KeHO pewemte 4.o 
ypasHeHmI OPYK 6e3 BHeUIHero HCTOqmJ1<a 

3
·5 

ffe.HTpOHOB. TI03TOMY nocne na,Aemrn CTep)K-
3.o 

HJI, KOf)la peaKTOp HaXO,nMTC.R B n0,llKpHTH-
2
·
5 

qecKHM COCTOHHHH, ero IT0Ka.3aHHSI C Tet.Je-
2

·
0 

HWCM speMeHH CTpeM.RTC.R K 0. 1
•
5 

O6paTHM BHHMamrn Ha TO, lffO ,[J.11$1 
1 

·
0 

oueHKH 3cp<peKTHBHOCTH CTep)KHH Heo6xo-
0

·
5 

0 

/ 

/ 
/ 

/ 
/ 

\ 

' 
,llHM0 nonyt.JHTb .n.se semfl.fl1Hbl peaKTHBHO­

cTH. O.n.tty noJJO)KHTenhttylO R0 np11 pa.3rotte 

peaKTopa cornactto (8) 11 BTopy10 0Tp~a­

-rem,H)'JO R2, CBH3attttyl0 C BB0)lOM OTpHQa-

401 801 1 201 1 601 2 001 2 401 

Puc. I. J13Mettem-u:1 CHTHa.na np11 H3Mepemrn 

teJThHOH peaKTHBHOCTH Rs CTep)l(HeM CY3. 

0TH. E!A, 
0,2 

0 

J-fa pHC. 2 cne.n.yeT, t.JTO Hat.Ja.JJ.bHa$1 n0JJO)KH- -0,2 

-reJlbHa.sI peaKTMBH0CTb MeHHeTC.R BO speMeHH 

6e3 H3Mettemrn nono)KeHHH cTep)l(HeH CY3 s 
peaKTope, lffQ CB.R3aHO C H3MeHeHHeM MOW:­

H0CTH peaKTopa (p11c. 1) H Ha.JJHt.JHeM o6paT­

HOH CB.R3H no peaKTHBH0CTH. TaKHM o6pa-

30M, R0 CJlY)KHT HeKOTOpOH .n:11<pcpepettQ11-

-0,4 

-0,6 

-0,8 

401 801 1 20 1 601 2 001 2 401 

~ 
V 

-1,0 
aJlbHOH xapaKTepHCTHKOH npoQecca pa.3r0Ha 
H onpe.n.en.ReTCSI KaK .LJ.H<p<pepeHI._\Ha.JJhHa.R Pwc. 2. 00Ka38HHSI lDT8THOro pea1m1MeTJ)a 

t, C ; 

2 801 

I, C 

2 801 

~ 

aeJIHt.JHHa Ha HeKOT0pOM He60J1bWOM Hat.Ja.JJ.bHOM r1aCTKe. B TO speM.R KaK R2 Hax.O,[J.HTCH 113 HH­

TerparrbHOro ypaBHemu1 H CJI~HT HHTerparrbHOH BeJlH'-lHHOH, Ha onpe,n:e11ett11e KOTOpOH cna6o 

BJIHS!eT KOne6attHe CHfHaJia H JJ.Jl.R t.Jero tteo6si3aTem,Ho 3TOT CMTHaJl <pH.llbTposaTb. 

ITpH onpe.u.eneHHH Ro B Hat.JaJibHhlH M0MeHT pa.3rotta K MOMettry Hat.Jana )],BH)KeHHH CTep)KHSI 

peaicrop 6y.u.eT xapaKTepH30BaTbCH peaKTHBHOCTblO 

R1 = R0 - bR O , ( 17) 

r.ll,e 8R0 - a6co1110THa.R se.rrnt.JHHa peaKTHBHOCTH o6paTHhIX cssi3eH. B np11ttuIme, onpe.uemtB Ro 
Ha H8YaJlbH0M H RI Ha K0Het.JH0M yt.JaCTKax pa.3rotta, MO)KHO nony4HTb 3Hat.Jemte 8Ro , KOT0poe B 

nepBOM np116mm:eHHH 113-3a tte60J1hlll0f0 a6comOTHOro H3MeHeHHSI MOLUHOCTH peaKTopa, se.u.y­

wero K 113MetteHHJO TeMneparyphl ITOl.!TH paBHOMepH0 no o6beMy peaKTopa, MO)KeT ,D,aTb 3Ha4emte 

TeMneparypttoro 3<p<peKTa peaKTHBHOCTH. 

8 KOHL.le 3KCnep11MeHTa n0JlYl.f HM 3Hal.!eHHe peaKTHBHOCTH R2, KOTOpoe MQ)KHQ npe,D.CTaBHTh 

CJJe.nyJOLUHM o6pa.30M: 

Tor.n.a 

R_,. = R2 -R1 -8R0 = R2 -Ro +8R0 -8R0= R2 -R0 , 

r!{e R_,. - 3<pcpeKTHBHOCTh cTep)KttH CY3. 

(18) 

(19) 

lli ( 19) cne.n.yeT, l.!TO senwnrna o6paTHOH CBH3H 113 onpeneJUieM0H senH4HHhr 11ct.Je3aeT H tte 

CKaJbIBaeTCH Ha norpeWH0CTH ee onpe.u.enem-rn. TaKHM o6pa.30M, norpeWHOCTh, CBH3aHHaSI C 

BJIHSIHHeM o6paTHhlX CB.sI3eH npH onpe,neneHHH 3<pcpeKTHBHOCTl1 CTep)KHSI , npOHBJJ.ReT ce6H KaK 
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norpewHOCTh onpe.n.eneHIDI ~ . ,A.ru1 CHH)KeHJu1 3TOH norpewHocTw HCHO, tffO aenwuma ~ 

,lJ.OJl)KHa 6btTb onpe.n.eneHa B Ha4a.JTe pa3rOHa, HO B Hal.Jane pa3rOH eme HeyCTOj[BlllHHCSI, n03TOMy 

BO□poc MOMeHTa onpe.n:eneHIDI senwrnHbl ~ OCTaeTCSI OTKpb!ThIM. Xorn, onpe.n.e.rrns ~ Ha 0T-

pe3Ke 'to .no Haqana ,lJ.B!,f)f(eHH51 I13Mep51eMoro CTep)KH51, COOTBeTCTBYJOll(ero MOmHOCTM peaKTOpa 

N 0 , H npennonarasi mrnei:ittoe H3MeHeHHe TeMneparyp1:,1 c MOll(HOCTblO, MO)KHO nonyql.fTh nono­

)Kl.fTen1:,Hoe 3Hat.JeHHe peaKTHBHOCTH Roo B Ha4ane pa3roHa, xapaKTepH3yeMOH MOll(HOCTblO Noo, 
K8K 

(20) 

<l>yHKUHSI u(t ) OKa3brBaeT 3aMeTHOe BJIHSIHHe Ha norpeWHOCTb BeJl(,{l.HfHbl 3cpcpeKTHBHOCTH 

CTep)KH51. OuettKa MaKCMManbHOH norpelllHOCTH MO)KeT 6bITb c.n.enaHa n p H paCCMOTpeHHH pa3H0-

CTH pe3ynhT8T0B .n.syx COCTO.SlHHH C KpaHHHMH npe,mIOJ10)KeHIDIM1i co cryneHt.JaTblM H3MeHeHHeM 

3q>cpeKTHBHOCTH ,lJ.eTeKTopa OT O )J.0 1 B MOMeHTbl Hat.Jana H 3asepweHID1 ,lJ.l3H)KeHHR CTep)KH51. 113 
paC'-teTOB cne,n.yeT, 4TO )].Jl.Sl CTep)KH.11 A3-1 pa3HOCTb pe3yJlbTaTOB oueHKH 3cpq>eKTHBHOCTH CTep)K­

H.Sl CY3 C0CTaBHT 4,5 % ero 3cpcpeKTHBHOCTH. 3Ta UHcppa YKa3blBaeT Ha 3H8t.Jl.fTeJlbHOe BJlIDIHHe 

q>yHKUHH u(t ) Ha pe3yJibTaT, Yt.JHTbIBaH, 4TO pe3ynbTaT nonyqaeTCSI npH HHTerp11posaHHH, a 

cpyHKUH.Sl u(t) MeH.sieTC.sI Ha Yt.J8CTKe mill.lb B 2 c , npH TOM 4TO HHTerpHposamte npOBO)].HTCSI Ha 

0Tpe3Ke B 212 c: 30 C no ,lJ.BH)KeHHSI H 180 C nocne 3aBepweHIDI ,LJ.BH)KeHHSI CTep)KHR CY3. 

ITpe.n.noJlO)Kemrn O mrneHHOM H3MeHeHIHf cpyHKUHH u(t ) OT rny6HHbl norpy)Kefilrn HJlH OT 

BHeCeHHOH CTep)KHeM peaKTHBHOCTH (10) 06ecnelf1IB8IOT BH)J, <pyttKUHH u(t) ' npe.n.cTasneHHblM 

Ha pHC. 3, rJJ,e 3TH KpMBble ,ll,OnonHeHbl 3Ha4eHJ.UfMH cpyHKUHJ,I u(t) ' nonyqeHHbfMJ,f H3 paclJeTa B 

K0MnneKce rE<I>ECT 3cpcpeKTMBHOCTH .ue-reKTopoB, pacnono)KeHHbLX B KpaiitteH cnpasa TBC 
N2 504 Mo.n.enH peaKTopa HJlH TBC, cTo.simei1 s .sI.4eHKe 05-05 aKTHBHOH 30Hhl peaKTopa, KaK 6nM­
)KaHwei1 TBC K EHK cornactto (3). IlpH 3T0M YKa3aTen1:, m Hcnon1:,3yeTc.11 .n.n.11 .n.eTeKTopa B ueH­

TpanbHOH no s1:,1c0Te T04Ke TBC N2 504, a YKa3aTen1:, d - .n.n.si caMoH HH)KHeH TO'-IKH 3TOH TBC. 113 

pHCYHKa c.rre.n:yeT, 4TO cpyHKUlUI u(t ') npHX0.ll,HT B e.n.1rnHuy He C 3aBepweHHeM ,lJ.BH)KeHH.sl CTep)K-

llil, a ropa3,n.o no3)Ke, B pai:iotte 10 c, T.e. cpopMa non.si nocne 3asepweHH.s1 .[(BH)KeHH.sI cTep)KHSI npo­

.LJ.OJJ)KaeT MeHS!TbC.sI eme .uonroe speMsi , MHOroKpaTHO npeBbllll810ll(ee speM.Sl ,LJ.BH)KeHH.sl CTep)KH.sf. 

1,0 

0,9 

,ll;aHHOe 06cTO.s1TeJ1bCTBO MO)KHO 06-1,.sic­

HHTb 6hICTpbIM rra.n.ettHeM "T.sJ)KeJJoro" 

CTep)KH.sJ, npMB0,lJ.8ll(HM K 6bICTpOH ITOTepe 

M0ll(HOCTH, cymecTBeHHOM)' BJlHSIHHIO 3a­

na3,lJ.blB8IOll(HX Hei':hpOHOB Ha cpopMy cyM­

Mapttoro non.si HeihpoHOB HJJH, .n.pyrHMH 

w~----------------l CJ10B8MH, Ha cyll(eCTBeHHOH pOCT .[(OJJH 38-0, 5 +-------.~ 
0.4 

0,3 

• fla3,lJ.b18alOll(HX HeHTpOHOB B o6ll(eM 4HCJle 

~ - - exp - - line - •- - 504111 ·· K- ··-504d scex HeHTpOHOB B peaKTOpe. flpH 3TOM caMO 

0,2 +-111-111'.:;;-'--- ---------- - - --- 3Hat.teHHe ~ )cjl KaK 3cpcpeKTHBHOH .[(OJJH 38-

~1 - -
I, c na3,Ubl88l0ll(HX HeHTpOHOB cpe.n.11 HeHTpOH0B 

0 ._,.',-,..--------,r--,--,---r---r---,---,---,--,---,---r----.---.--.,....-,--.----,--1 

0 ,1 1, 1 2,1 3.1 4,1 5, 1 6,1 7,1 8.1 9 ,1 ,n.e11emui TaK)Ke MellileTcsi H3-3a H3Mettemui 

o6mero crreKrpa HeiirpoHOB ,n.e11emu1. no 
PHc. 3. Onpen.enem1e u(t) H3 JKcnepHMeHTa, rny6HHbl 
norp)')Kemui H pacqern 8 rECl>ECT npHYHHe CM.slr4eHHOro cneKTpa 3a□a3.D.bt-

sa10m11x ttd1rpottos. 
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Pe3YJibTaTbl npmrnHemrn npe,ll.CTaBJieHHI,IX Bblllle cpyma..urw B o6pa60TKe CHrHaflOB nOKa3a­

f{}fff ,neTeKTopa TTOKa38JIH, lITO OTpHI..(aTeJlbHrul peaKTHBHOCTb npH HCTTOJlb30BaH}l],f cpyttKl.l,HH u(t ) 

J,1'3 pact.JeTa MeHbI.IIe no a6comOTHOMY 3Hat.teHIDO Ha 7 % peaKTHBHOCTH B npe.n.noJIO)Kef-l!Ht H3Me­

HeHJ·UI u(t) JIHlllb npH .UBIDKemm CTep)KlUI CY3. OTMeTHM, '-ITO K MOMeHT)' OKOH'-laHHSI .UBIDKeHl-rn 

crep)l(IDI cpyHKUHR u(t ') .n.nsi .UeTeKTopos B TBC N2 504 .n.ocnrraeT 3Hat.teHH$1 B 0,92 H cna6o oT­

nw-1aeTCS1. OT MeCTa HX pacnOJI0)Kemtsi, l-fTO TT03BOJUJeT Ha.n.eSI.TbCjJ Ha aHanorwmoe noBe,l).eHHe 3TOH 

cpyH1<UKH 1-(1-e-A' T)/CA/ t) Hs.611K. 

Bbime nOKa3aHO, lffO noBe.z:(eHHe cpyHKUIDt BJIIDIHH.SI u(t ') CHJibHO CKa3bIBaeTC.SI Ha pe3yJJbTa­

Te o6ct.JeTa 3KCnepRMeHTa. TIOKa3atto, lITO nose.n.emie cpyttKUHH BJIHRHHR MO)KeT 6I,ITb norryt.JeHO B 

pacl-feTHblX ou.eHKax C .z:(aJibHeHillHM npHMetteHHeM 3THX ou.eHOK B o6cqeTe 3KCnep11MeHTa. O,a;Ba­

K0, 6bIJIO 6bl xopOI.110 cpyHKIJ.RlO BJIIDIHHR TaK)Ke onpe.ueJijJTb H3 3KCnepHMeHTa. Lin.st onpe,LJ,eJieHHR 

cpyHKUHH BJIIDIHJ-UI 113 3KCnepHMeHTaJibHOH 1mcpopMaUKH nocTaBHJJH 3a.z:(aqy MHHHMH3au.1rn OT­

I(JIOHeHHH nOJiyt.taeMOH B MHK peaKTHBHOCTH no pacl.feTHblM speMeHHblM TOL[KaM Ha nocrreJJ.HHX 

I 00 C 3KCnepHMeHTa, a MMeHHo: 

mm (21) 

r.ne M - nocne,ll.HSI.SI. T04Ka, OTBe"laJOI.II,aSI 3Hat.JeHMIO 180 C nocne OCTaHOBKH CTep)KHSI CY3. 

Pe3yJJbTaTbl 0OHCKa cpyHKU1U1 BJJHSIHHR 

A.JUI cTep)KlUI A3-l npe,ucTasneHhI Ha pHc. 4. 
OrMeTHM, '-ITO cpyHKUHJI BJlHSll{Hjl MeHSI.JiaCb 

0TH. E!A -
1,0 

0,9 

B Te4eHHe 13 '7 c, a npH OCTaHOBKe CTep)KH_» o,
9 

0,7 -1---~~--- --------------1 

HMeJJa 3Ha4eHHe 0,805. Ha pHC. 5 ,LI.eMOHCT- 0,6 +-------J,;..----- -------------1 
0,5 -l---ll;l.t<---------------- ---l 

0,4 +-_,.,_x.,_· ---- ----------~- ----1 _' ---- exp --- expop _,. _ _ 504m . ... .. -5Q4d 
0,3 
0,2 -I---..M'---------- ---------1 

0,1 +....j~------------------1 
0 ~--.--,-,---,-..,........---..----,-,.....,..-.-~--.-...---,--,---,--,---,-,--,--..,........---..-1.:..,., c--l 

0,1 1,1 2,1 3,1 4,1 5 ,1 6,1 7,1 8,1 9,1 10,111 ,11 2, 113,1 

p11py10TCSI. 0OKa3aID1.SI peaKTHMeTpa Ha no­

cJie,LI.HHX 100 C H3 180 C nocJie OCTaHOBKH 

CTep)KHSI A3- l, nonyYeHHbie npH o6pa6oTKe 

CHrHaJia 06bI1.JHblM crroco6oM H rryreM rro­

cTpoeHHR cpyHKIJ.MH BJIH.SIHHR no 3KCnepH­

MeHTaJibHblM .n.aHHblM. Cpe.n.ttee KBa.n.paTH-
PHc. 4. Onpe.neneHHe u(t) JlJUI CTep)l(HSI CY3 A3-l H3 

qecKoe 0TKJI0HettHe, npaKTHl.feCKH cr .z:(Jljl 3KCnepHMewra C )"-leTOM naJ1.em-u1 peaKTHBHOCTH, onnt-

peaKTHBH0CTH, Ha 3T0M CT0CeKyH.UH0M OT- MH3aUHOHHOH 3a.na4H H pacYeTil B fE<l>ECT 
pe3Ke C HCIT0Jib30BaHHeM onTHMH3al{HM 60-
nee 1.feM Ha nOp$1,U0K HH)Ke, 1.feM OTKJI0HeHH}I 

6e3 OTTTHMJ,l3aI.J.ID1. 

J,fa p11c. 5 cne.ayeT, l-fTO rrony'-laeMoe c 

OTTTHMH3aUHeH 3Ha4eHHe peaKTHBHOCTH 

0TJIHYaeTCSI OT 3Ha4eHH$1 peaKTHBHOCTH, 

nonyYeHH0ro no o6bI4HOH MeTOJJ.HKe. Pac­

'-leTbl 0OKa3aJIH, 4TO npO.z:(JieHHe cpyttKUHH 

Bmrnmrn 3a MOMeHT OCTaHOBKM CTep)KHjl 

Be,neT K norryt.teHHIO MeHbl.IIHX a6cOJIIOTHblX 

3HaqeHMH OTpHUaTeJibHOH peaKTHBHOCTH. 

3n, pe3yJibTaTbI MOryT np1rnecn1 K rrepe­

ou,ettKe ITOJIHOH 3<pcpeKTHBHOCTl-t CTep)KHeH 

A3 a peaKTope, XOT$1 c yt.teTOM rrepeoueHKM 

0TH. eA. 
-0,57 -..------------------~ 

-0,58 
. ······ ........ ··················-···················· ... ····················-········· 

-0,59 +------ -------------1 
-0,60 +-------------------1 

- u(t}- exp -- -- - 11(1) - expop 
-0,61 +------------- ---------! 

-0,62 +---------- ---------1 -
-0,63 -1-------- --~~- ========~ 
-0,64 -l------~--===-- ----------
-0,65 +,.......C:::::...-- --- ---- --------1 

I, C 
- 0,66 -~~~-~- --.-----,-- .,---...-------r--,---l 

0 10 20 30 40 50 60 70 80 90 100 

P11c. 5. TToKa:3aHIDI peaKTHMeTJ)a nocne.ntt11e 100 c 3KC­

aepHMeHTa 
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,ll,aHHhIX no peaKT11BHOCTH npH pa:3rOHe OKOHl.faTeJibHOe OTJIH'-lHe HOBblX M npe)KHHX pe3ylU,'fatol\ 

o6pa60TK11 3KCnepHMeHTa 6y,ll,eT He60J1bWHM. ITp11 3TOM o6paTHM BHHMaHHe, 4TO B c~ae C 011. 
Tl1Ml13aU.HeM He ,ll,emUIOCb HHKaKHX npe,ll,nOJIO)KeHHH O speMeHn H3Mettemui cpyHKUHH BJlHJIHI-LJl 3a 

HCKJ1I04eHMeM MOMeHTa HaLiaJla H3Mettemur, B TO speM51 KaK B CTaH,ll,apTHOH MeTO,ll,HKe TaI<.lie 

npe,ll,nOJlO)KeHH51 o6o3Ha4eHbl. HasepHo, Tpe6yeT OCMbICJleHIDI HJIH 060CHOBaHID1 ,ll,JIMTeJibHocl'h 

OTpe3Ka onT11Mmau1-rn (no4eM)' noc11e,nm1e 100 c, a He apyroe BpeMSI). flonYTHO 06pan-1M BHHMa. 

~rne Ha TO, 4TO np11 OITTHMH3aUHH C03,ll,aeTCSI B03MO)KH0CTb ,ll,J151 6onee paHHero OKOH4amur 3I<Cne. 

pHMeHTa H3-3a cna6oro H3MeHCHH51 pac4eTHOM peaKTHBHOCTH no BpeMeHH (pHC. 5). 

ITpH o6pa6oTKe 3Kcnep11MeHTaJibHOro CHrttana OT CTep)KHSl CY3 - KOMITCHCaTopa BbrropaHlfJt 

(KC-18), BpeMSI na,ll,CHl1SI KOTOporo 180 c, nOJly<IHJ1H, 4TO cpyttK[lJ,rn BJIHSIHIUI H3Memmacb B Teqe, 

HHe na,aeHHSl CTep)KH51 H 0 , I C nocJie ero OCTaHOBKH H cna6o OTJTH4aeTCSl OT aHaJIOrlfl-lHOM cllYHK­

UHH, nony4aeMOH 113 npe,nnOJTO)KeHMSI ee 1{3MeHeHJUI nponopuHOHaJibHO BHOCHMOM peaKTHBHocn1 

B Te4eHJ,te na,ll,eHHSl CTep)KHSI CY3. 3To 3Ha4HT, 4TO )lJ151 MC)lJTeHHO L{BIDK}'I.Uerocsr CTep)[<RSl npo. 

6neMa onpe.neneHHSl cj)yHKUHH BJlllifHIDI He 51BJISleTCSl OCTpOH., cpe,nHee KBa.npaTH'IeCKOe OTKJlOHe­

HHe pe3yJTbTaTa Ha nocne)].HHX I 00 C HeBeJIHKO H HaXOD.HTC51 Ha ypoBHe cpe)].Hero KBaD.paTHt.JeCKo­

ro OTKJ10HeHH51 peaKTHBHOCTH )].JISI CTep)KHSI A3- I Ha nocne,n;HHX 100 C. 

IT011yi-1eHHble pe3yJ1bTaTbl rosop.sn O TOM, 'ITO npH 6bICTpOM BBO,ne peaKTHBHOCTH H nocne­

D.YFOW.eM 6bICTJ)OM H3MeHeHHH MOU{HOCTH peaKTOpa np11 MaJiblX 3Ha4eHH51X rrocne.uHeM npo11cxo­

,ll,HT H3MeHettHe cpopMbl ITOJIH He.HTpOHOB B npocTpaHCTBe perucropa. TipH. 3TOM 3anaJ~bIBa10UlHe 

tteihpOHbl OTCJIC)KHBalOT 3TO H3MeHeHHe C 60J1bWHM 0003.D.aHHeM, 'ITO H npHBO,ll,HT K )].JlHTeJibHO­

MY npoueccy H3MeHeHH51 cj)opMbl ITOJ15l rrocne OCTaHOBKH CTep)KHSI CY3. Y'IeT )].aHHOro o6CT0$1-

TeJlbCTBa B paMKax MeTO,ll,HKH o6pa60TKH 3KCnepHMeHTa C ITOMOll{bIO MHK C MHHHMH3au11eit 

cpe,n:Hero KBa,npaTH9eCKOro OTKJlOHeHIDI o6ecne41IBaeT nonyqeHHe ,ll,OCTOBepHblX ,naHHblX C 

MeHbWeH. norpeWHOCTblO 11, B03MO)KH0, 3a MeHblnee BpeMSI 3KCnepHMeHTa. 

CornaCHO ,naHHblM pa60Tbl [3] B KOHUe 35-H M11KpOKaMTiamrn npoBe,ll,eHbl H3MepeHHSl 3cj}cj}eK­

THBHOCTH CTep)KWJ aBTOMan-ilfeCKOfO perym1poBaHID1 AP) npH BBO,ne ero B aKTHBttylO 30tty C paJ­
HOH CKOpOCTblO. CKOpOCTb ,[{BH)KeHHjj CTep)KH5l D.JISl ,nByx CJIY4aes H3Memmacb C 11,55 )].0 66,34 

MWC. B Ta6J1Hl.(e npe,n,CTaBJJeHbl ycpe.uHeHHble ,n,aHHbfe o6pa60TKH 3KCnepHMeHTa WTaTHblM MeTo­

,ll,OM 11 C npHMeHeHHeM OITHCaHHOH Bblllle MCTO,m,fKH nOHCKa OOTHMaJibHOH <PYHKUHH BJIH51HHJJ 

u(t ) , r,ne (exp) OTHOCHTCSl K CTatt,napTHOH MeTOL{HKe, a ( expop) - K OITTHMl13HpOBaHHOH. 

Ta 6 J1 H u a pe3yJlbTaTos pac11eToB 31<crrepm1eHTa no orrpene­
JTeHJoo 3<pcpeKTl1BHOCTH CTep)KWI AP I rrp.11 ero .UBH>KeHIDf c pa.3-
HO H CKOPOCTblO 

CKopocTb MeTO.n p+ , p- , p, 
.IIBH>Kemrn pacqern ueHT ueHT ueHT 
11 ,55 MMI C exp +7,59 -21,00 - 28,59 

expop +7,59 -20,83 - 28,42 
66,34 MWC exp +9,028 - 21 ,376 - 30,40 

expop +9,028 - 20,488 - 29,52 

I-fa Ta6JIHUbl cne.uyeT, t.JTO OT­

KJlOHeHHe Me)l(Jly paC4eTaMH no 

CTaH,napTHOH MeTO,U,HKe o6pa60TKH 

pe3yJJbTaTOB COCTaBHJlO -1,81 ueH­

Ta, a no MeTO,[J,HKe C 011THMH3au11eH 

cj)yHKUHH BJJHHHHjj pa3HHUa npH 

oueHKe 3cpcpeKTHBHOCTH CTep)KHjl 

npH pa3HOM ero CKOpOCTH norpy­

)KeHHH COCTaB1rna -1 , l ueHTa. Bo BpeMH 3KCnepHMCHTa npH L{BIDKeHH11 CTep)KHSJ C BbICOKOH. CKO­

poCTblO OH npOXOD.HJl HH)Ke 003HUHH HH)l<Hero KOHUeBHKa Ha 20 MM, 4TO cnoco6cTBOBaJIO ysen.H-

4CHHIO 3cpcpeKTHBHOCTM CTep)KHSl B 3TOM cnyqae npHMepHO Ha 0 ,43 ueHTa. C ytJeTOM 3TOro 06-

CTOSITeJlbCTBa OTKJlOHeHHe Me)K,n,y pac4eTaMH no CTaH,napTHOH MeTO,ll,HKe o6pa60TKH pe3y11bTaTOB 

COCTaBHJIO - 1,3 8 ueHTa, a np11 HCOOJJb30BaHHH MeTO,ll,HKH C onTHMl13al.(HeH cj)yHKUHH BJJHHH.HSJ 

pa3HHI..(a npH oueHKe 3cpcpeKTHBHOCTH CTep)KHjl npH pa3HOH ero CKOpOCTH norpy)KeHHSI COCTaBJ,fJla 

- 0 ,67 ueHTOB, T.e. OTKJIOHeH11e COKpanrnOCb npHMepHO B,llBOe. 

3KcnepHMeHTaJibHaSl norpeWHOCTb WTaTHOro onpe,n,eneHHjl 3cj}cpeKTHBHOCTH CTep)KH5l AP on­

pe,neJTeHa B ± 1,5 uettTa HJIH B 5 %. ITpe)].CTaBJleHHbie ,naHHbie YKa3bIBalOT Ha TO, 4TO npH npHMe-
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eJ-11-fl.f MeTO)J.HKH o6pa60TKM 3KCnepHMeHTa 

ti onpe)J.eneHHlO 3cj)cpeKTHBHOCTl1 CTep)l(-
no v rh 

j;i C noHCKOM OITTHMam,HOH 't'YHKUHH 
tfC , 
Bf!Wll·UUI u(t ) 3Ta norpelliHOCTb MO)l(eT 

0TH. eA, 
1,0 

0,9 

0,8 

0,7 

6b!Tl> cttIDKetta. V o,s 
DpH HCIT0flb30Bamrn )J,aHHOH MeTO,llJiKH 0,5 

/ 
I 

f 
f 
f 
I 

JJ)lSI o6pa60TKH CHrHana npH H3MepeHHH 0,4 

:3cpcpe}(THBHOCTM A3- l Ha peaKTope BB3P- o,3 I 

1000 npH q>H3nycKe I 6noKa Bonro)J.OHCKOH 0,2 

A3C nonyqeH xopowHH pe3ynbTaT npH o,, 
cpyttKUIUf BJUUIHlUI, npe)J.CTaBJieHHOH Ha 0 

I 
r 

./ 

...--
r 

/ 
lf 

t, C 

2 3 4 5 6 
p»c. 6. 0TIDflHie ITOBe)J.eHIDI cpyHKUlUI 
snHJIHIDI )].ml peaKTopos EH-600 H BB3P- P1-1c. 6. tl>yHKU.Hl'I BJJIDIHlUI rrpH JtBH)KeHHH A3- l Ha peaK-

TOpe BB3P-l000 
l ooo MO)l(HO o6bSICHHTb pa3JIHqHb(M nono-

)l(CHl'teM HK. ,L(m1 nepsoro peaKTopa otta pacnono)l(eHa HH)l(e aKTHBHOH 30Hbl, a )].JISI BToporo pe­

aKTopa c6oKy Ha ypoBHe ueHTpa no BblCOTe aKTHBHOH 30Hbl. 

3aIUIIO'leHne 

B pa6oTe npen.cTasnetto om1cam1e MeTO.ll.HKH onpe.D.enemu1 3cpcpeKTHBHOCTH CTep)KHeH CY3 

EH-600 C TTOHH)l(eHHOH norpeWHOCTblO. YKa33HHbIH anropHTM MO)l(eT 6bITb npHMeHeH )].JUI o 6 pa-

6oTKH rronyqaeMoro pacl.JeTHOrO HJlH ttenocpe)J.CTBeHHO 3KCrrepHMeHTMbHOro Clffttana OT ,lleTeK­

Topa npH oueHKe BHeceHHOH peaKTIIBHOCTH. 
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Y,[(K 621.039.524.4-97.519.86 
H..r.eHTH(J>mca.o:HH JlHHaMHqecKHX xapaKTepHCTHK KOJlOB RELAPS H KOPCAP 

Ha IJ3CT0Te 0CH0BH0ro pe30H3HCa patfocrero peiKHMa 

KopnycHoro KHilHIIJ,ero peaKTopa BK-50 

H.H. CeMuOol(Kuii, B.M. Maxuu, B.A. }l(ume.nea, C.H. Anmonoa, 
<l>fYTI " fHU, P<l> Hl1J1AP", 433510, r. ,[(HMHTJ)OBrpa,n-10 YnMIHOBCKOH o6n. 

<l>yttnaMeHTaJibHOH xapaKTepHCTHJ<OH KOprryCHblX KHIDllUHX peaKTopoB CJlY)l(JfT qacTOTa cpnyKryaUHH 
MOIUHOCTH, o6ycnoBJleHHblX rnnpoHeHTJ)OHHOH Hecrn6HJThHOCTblO. ilpen.cTaBJieHbl pe3yfil>TaTbI pacYeTa :no­
ro napaMeTpa no KOD.aM RELAP5/MOD3.2.2garnma H KOPCAP/Vl rum pa6oqero pe>KHMa peaKTopa BK-50 
H pe>KHMa C pa3BHTbIMH aBTOKOJle6aHJUIMH MOIUHOCTH. ITpoae.neHO conOCTaBJJeHae C 3KcnepHMeHTaJlbHbIMH 
.uamn,IMH BttyrpHpeaKTOpHblX (neTeKTOpbl npRMOH 3apRJ:lKH - )].I13) H BHe30HHbTX (HOHH3anwoHHbie KaMep1,1) 
naT'IHKOB. 

Identification of the RELAPS and KORSAR codes dynamic characteristic with regard to operat­
ing conditions of the VK-50 boiling water reactor and main instability frequency. I.I. Semidotsky, V.M. 
Makhin, V.A. Zhitelev, S.N. Antonov. A basic characteristic of the vessel-type boiling water reactors is a 
frequency of power fluctuations resulted from hydro-neutron instability. Presented here are the results of this 
parameter computation using the RELAP5/MOD3.2.2gamma and KORSAR/Vl codes with regard to the VK-
50 operating conditions. The experimental data obtained with the in-core (direct-charge detectors) and out-of­
core (ioniz.ation chambers) sensors have been compared. 

ArrecToBaHHhle r ocaTOMtta,n3opoM Poccmt .n.1rn pac4eToB .mrnaMm<M BB3P Tennorn.n.paBJIH-

4ecK11e KO.Ubl RELAP5/MOD3 .2 (ClllA) [I] H KOPCAP/B l (PoccH.SI) [2] S1BJIS1JOTCS1 cospeMeHHbt­

MH KO.[laMH ynyt-nueHHOH ouettK.H, WHpOKO 11cnom,3yeMblM.H B pa3JIWlHbIX opraHH33.llIDIX aTOMHOH 

0Tpacn11. B '-laCTH0CTH, KO.ll RELAPS/MOD3 .2 - octtosa MaTeMaTw-iecKoH Mo,nen11 Kopnycttoro 

K11mnuero peaKTopa BK-50, pa3pa6oTaHHOH B HI1l1AP .n.m1 o6ocHosamrn 6e3onacttocTM 3TOH yc­

TaHOBKH. HaKOnJieH 3HaLJHTeJibHblH OilbIT Bep11qrnKau,1111 3TOro KO,LJ.a no .n.attHbIM IifHTerpanbHbJX 
3Kcnep11MeHTOB Ha PY BK-50 [3]. 

Ko.n. KOPCAPNI (nepsaS1 6a3osaSI sepcH51 [4]) npHMeW1eTcS1 .D.JISI Kpoccsepmp11Ka1.urn c KO­

.llOM RELAP5, s qacTHOCTH, npH onpe.n.eneH.IHi nepeX0.[lHblX xapaKTepHCTHK MO)J,eJieH aKTHBHOH 

30Hbl peaKTOpa BK-50. ITocKOJibKY 3TH xapaKTepHCTHKJ.1 BO MHOroM onpe.n.eJISlfOTCSI CBOHCTBaMH 

ycTaHOBKH Ha 4aCT0Te ee OCHOBHOro pe30HaHCa [5], u.enecoo6pa3Ha sep11.tj)11Kal(l1SI MO,LJ.eJleH K0,LJ.08 
RELAP5 11 KOPCAP no cooTBeTCTBYJOW.HM 3Kcnep.11MeHTaJibHblM .n.attHbIM. 

TTepBblM 3TanOM sep11¢11KaU,Hlif SIBJl51eTCSI ou,eHKa socnp0113BO)J,HM0CTH KO,LJ.OM TaKOH tj)ytt.n.a­
MCHTaJibHOH ,LJ.HHaMHLJeCK0H xapaKTepHCTHKH ycTaHOBKH, KaK 4aCT0Ta (l)JIYKT)'al{HH HeITTpOHHOro 

noT0Ka (MOlllHOCTH peaKTopa), o6ycnOBJleHHa51 MexaHH3MaMH rn.n.poHeHTp0HHOH HeycTOHlfHBOCTl1 

3TOH ycTaHOBKH (6, 7]. KaK IlOKa3bIBaeT 0ilblT 3KCnJiyaT3.llHH peaKTOpa, 3Ta 4aCTOTa He3ttaLJHTeJib­

HO (B npe.n.enax 20 ... 30 %) MeHSleTC51 npH H3MetteHHH napaMeTpOB pa604ero pe)KHMa H nOTOM)' 
MO)KeT 6bJTb onpe.n.eneHa no ,LJ.aHHbfM OT)J,eJlbHblX 113MepeHHH. 

Cne.[lyeT OTMeTHTh, 4TO see nony4eHHbre paHee Ha PY BK-50 .[laHHbie no paccMaTp1,rnaeMoH 

xapaKTepHCTHKe CBSl3aHbl C IlOKa3aHl151Ml1 ,LJ.aT4HKOB KOHTpOJlSI 3HeprOBbI,D.eJleHHSI, pacnono>KeH­

HblX BHe aKTJifBHOH 30Hbl. B HaCTOSlllleH pa6oTe BnepBble HCn0JJb3YCTCSI IifH(l)OpMa1.u,rn KaK OT 3THX 

,LJ.aTl.JHKOB, TaK 11 OT ,LJ.eTeKTOpOB, pacnonaraBWHXCSI Henocpe)].CTBCHHO B aKTKBHOH 30He. 

1. Onucanue aKTHBHOH JOHbl, HCCJie)lyeMoro pe,KHMa, CHCTeMbl HJMepeenii 
KottcTpyKTHBHO aKTHBHaSI 30Ha peaKT0pa BK-50 pa3Mew.aeTCSI B HH)KHeH 4aCTH peaKTOpa B 

BbieMHOH KOp31,rne. Otta COCTOHT 113 72 pa6oqmc TenJlOBbI,LJ.eJlSlIOll.U{X c6opoK (TBC), 16-TH pa6o-
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1-i:JMCpeHHA 

•
- t.acceTll &J1ap1ti111oil 

38WHTbl 

~ t.8CCC111 C p)"!Hbl>t 

~ - perynKJ10Ba1r11eM (PP) 

0 - TClln08blJleJ1HIOlll8H 

c6op1<a 

Q _ cso6011Hwe •~CH'™, 
33h"JlblTbJC rnyxMMI< 
npo6t.a>tH 

qflX opraHOB c py"t:IHhIM pery­

JH-tpoBaHHeM H 3 - x pa6oqHx op­

raH0B 6bICTpO.LJ.eHCTBYlOUJ.eH 

asapHHHOH 3al.J..(HTbJ. Bb1corn 

af(THBHOH 30Hbl - 2 000 MM. 

CxeMa aKTHBHOH 30Hhl npHBe­

.ueHa Ha pHC. 1, r.a.e npHBe.ll,eHbl 

MecTa pacnoJio)KeHHSI " cyxHX" 

KaHaJIOB .ll.JlSI H3MepeHHSI <pH3H-

4ecKHX xapaKTepHCTHK aKTHB­

HOH 30Hbl peaKTopa H Tpy6oK 

l{nese .umJ H3MepeHHSI. paCXO)J.0B 

TeTTJIOHOCHTeJISI qepe3 Sl.t.JeHKH 

aKTHBHOH 30Hbf. 3a rpaHHUeH 

aKTHBHOH 30Hbl B Orpa)KaTene 

Hax0.llSI.TCSI. CB060.ll,Hbie H4eHKH, B 

K0T0pbIX ycTaH0BJJeHbI )J,aTlJHKH 

PHc. 1. KapTOrpaMMa 3arpy3KH aKTHBHOH 30Hbt: I - BblroponKa T.s1ro­
soro yqacTKa; 2 - maxrn; 3 - paJneJIHTeJibHa.si o6e4amca; 4 - Kopnyc 

KOHTpomJ MOIJ..(HOCTH, H Sl.4eHKH peaKTopa 

c pe3epBHE,IMH KaHaJiaMH .!J.JU[ ycTaHOBKH .LJ.aTt.JHKOB KOHTpOJUI MOlll.HOCTH. 

B .usyx Sl.9:eHKaX (pHC. 1) aKTHBHOH 30Hbl peaKTopa pacnonaranHCb )J,BOHHbJe ,l(I13 C 3MHTie­

paMH H3 p0.ll,HSI H ra<pHHSI. ,[J;eTeKTOpbl ycrnHaBJJHBaJIH B KaHaJibl AO ynopa. 3aTeM HX. Il0)J.HHMaJIH 

ssepx c <pHKCHpOBaHHhlM rnaroM (10 HJIH 20 CM), Ha Ka)K)J,0M mare BbJ.LJ.ep)KH_BaJIH onpe.L(eneHH0e 

speMSI ,L(J]SI CTa6HJJH3aumt: BbIX0.L(HbIX CHfHaJI0B .naTqHK0B, nocne t.Jero npoB0,L(HJIB 3aMepbl BbIX0.ll­

HblX CHTHaJJ0B. qaCTOTa 3anHCH l 00 ru, pa3MepH0CTh MaCCHBa .llaHHblX nopsi.L{Ka 104 
onpocos no 

Ka)KAOMY H3 4-x .uaT4HKOB HeihpOHHOro TIOTOKa. TaKHM o6pa30M, Ka)K)J,OH BblCOTHOH OTMeTKe 
, 

cooTBeTCTBYlOT 4eTbipe speMeHHblX pS!.,ua, npe,IJ.CTaBJJSil-011.Uie pe3yJlhTaTbl perncTpau.11.11 nOKa3aHHH. 

4-x ,ueTeKTOp0B. Bcero nonyqeHO 64 MaCCHBa ,uaHHbIX. O.nttospeMeHHO perncTpHposaJHtCb noKa-

3aHHSI llITaTHblX ,uaT4HKOB K0HTpom M0IJ..(H0CTH C nepHO.ll0M onpoca 0, 15 C Ka)K)J,OH HOHH3aUHOH­

HOH KaMepbl. Pa3MepHOCTh MaCCHBa AaHHblX 3THX ,L(aTl.fHK0B COCTaBmleT I 03 
onpocos. 

2. Onpe,lleJJeHue cneKTpaJJbHOH IlJI0TH0CTH M0D.(B0CTH (j>JiyKT)'aI.{HH HeHTpouuoro Il0T0Ka 

DO pe3yJibT3T3M H3Mepeunu 

KaK OTMe4aJJOCb, perncrpru.urn HeHrpOHHOro nOT0Ka B aKTHBHOH 30He peaKT0pa npoB0AHJiaCb 

C npHMeHeHHeM .L(fl3 .L(Byx THTTOB: K0MilTOH0BCKHX C 3MHTTepoM H3 ra<pHHSI H aKTHBaUHOHHblX C 

JMHTTepoM 113 po,UHjl, POAHeBblH )JJI3 B OTJJH1-rne OT ra<pHHesoro HMeeT cymecTBeHHO 6011ee Bbl­

C0KYl-0 4YBCTBHTeJ1hHOCTb, HO xapaKTepmyeTCSI HHepuHeH CHrHaJJa, o6ycJIOBJieHHOH B OCH0BH0M 

3Hal.fHTeJibHblM ( OK0JJO 40 C) nepHO,UOM no11ypacna,L(a Hase,ueHH0ro ttyKJIH.a,a '
04 Rh [8]. ,[J;JJSI BbI,Ue­

neHHSI KOMTTTOHOBCKOH COCTaBmlJ-OllleH po.uHesoro ,LJ,eTeKTOpa HCnOJJh30BaJICSI UH<ppOBOH <pHJlbTp 

sepXHHX 1.faCT0T C 4aCTOTOH 0 ,3 ru noJIOBHHHOH MOIJ..(HOCTH. 

CneKTpanhHaSI illlOTHOCTb MOlllHOCTH (CITM) onpe,LJ,eJUIJiaCb MeTO,ll,OM npSIMOfO npeo6pa30Ba­

HHJI <l>ypbe [9] . Conocrnsnem1e CITM po,LJ,Hesoro H racptt11esoro ,ueTeKTopos, nonyYeHHbIX Ha 

0,UHHaKOBblX BblC0THblX OTMeTKax, nOKa3aJIO npaKTH4eCKH nonttyl-0 HX H,LJ,eHTH4HOCTb. BMeCTe C 

TeM npH nepeMemeHHH no BblCOTe aKTHBHOH 30Hhl BH,ll, xapaKTepHCTHKH B o6naCTH. BblCOKHX 4ac­

T0T 3aMeTH0 MeHjleTCSI (pHC. 2). 
Ha pHC. 2 BbI.ll,eJJeHbl xapaKTepHble o6JiaCTH o6pa6aThIBaeMoro cneKrpa. Pe30HaHCHOH 4aCTO­

Te C0OTBeTCTBYeT o6naCTb 4aCTOT C sepXHeH rpaHHUel1 )J.O 4 ru. B 3TOH 06nacn1 npH B03HHKH0-

BettHH aBTOKOJie6aHHH cyllleCTBeH BKJia)], nepBblX rapMOHHK OCHOBHOrO pe30HaHca [10]. ,[J;11ana30-
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cnM, 0TH. e,[\. 
0,1 

0,01 

0,001 

0,0001 
OcH0BHble rapM0- I 

:HlllKlll, onpe,[\ellRe- : 
1 MbJe 0C4lllJ1JlR4Heiii 1 
I _ I 

I HeHTp0HH0ro no-
1 T0Ka 

BblC0K04aCT0THble rap­

M0HlllKlol, onpe,[\ellReMble 

B03Myt4eHl11RMlll HeiiiTpOH­
Horo 00TOKa ny3blpRMl1 

: Annaparyp- I 
I • 

180 :Hblll WyM 

HY np11MepH0 )],0 30 fl.{ C00T­

BeTCTB)'IOT lIIYMbl Heihpot-r­

H0ro n0T0Ka . .6011ee BbIC0KHM 

'-laCT0TaM - 80110Tb .ll,0 lfaCTQ­

Tbl HaHKBHCTa (50 fu) C00T­

BeTCTB)'IOT annapaTypHble 

l.llyMbl. 

Ilo11y'-leHHoe no 64-M 

pacnpe.ne11eHHS1M 

'-laCTOTbl OCHOBHOro pe3OHaH­

ca peaKTopa cocTaBHJ10 

1, 16 f u co CTaH)lapTHbIM OT­

KJlOHeHHeM 0,02 fu. ,[(nsi 
0,00001 

0,1 
4aCT0Ta. r4 

10 100 WTaTHbfX )laT4HKOB (HOHH3a-

PHC. 2. CTTM MrHOBeHHOH COCTaBJUIIOW,eH Cl.ffHaJIOB .n;n3 Ha pa3JIJ,f4Hb1X 

BblCOTHblX OTMeTKax; BblCOTa (cM) OTC4JffbTBaeTC.!i OT BXO,na B TOruum­

H)'IO qacTb TBC 

UHOHHbJe KaMepbl, pacnono­

)KeHHb!e BHe aKTHBHOH 30Hbl) 

rrorry'-letto 3Ha4em-Ie 1,06 f I..{. 

OTHOCHTeJlbHOe pacxo)l(JJ.e­

m-Ie .naHHbIX pa3HblX TMTIOB )laT'-111KOB nopsu1,Ka 9 % ofrb.SICHSleTCSI, 00-BH.UHM0MY, pa.311H'-llieM B 

'48CT0Te onpoca ,Ll,aTl.fHKOB. 

IlOMl1MO npe,Ll,CTasneHHblX ,D,aHHbIX, norry4eHHblX B 2005 r., .ll,Jl.SI ueneH sepHCpHKall,HH HC0OJlb-

30BaJlHCb ,Ll,aHHbie 3KCnepHMeHTaJlbHblX pe)KHMOB 2002 r. no onpenenemno rpaHH.ll,bl ycTOH'411B0-

CTH peaKTopa BK-50. B 3THX 3KCnepHMeHTax OCYLI.lCCTBJUIJICSI BblXO.ll, 38 rpaH11ey ycTOl14HBOCTH 

peaKT0pa C aMITJIHTy)lOH ycTaHOBHBW.HXC.SI 0Cll,H.J11151UHH MOU(HOCTl1 0KOJlO 100 %. Per11cTp11posa­

JlHCb Cl1fHaJlbl WTaTHblX ,n,aT'4HKOB. 

3. ConocTaBJieuue '.}KCDepHMCHTaJibHblX H pacqeTHhlX 3HaIJeuuu '-laCTOThl 

ocuoBuoro peJonauca PY BK-50 

Pac4eTHOe 3Ha4eHHe •IacTOTbI OCHOBHOro pe30HaHCa peaKTopa BK-50 nonyqanocb no ,D,HHa­

MH'-leCKOH Monen.11 naporeHepHp)'IOLI.lero KaHana (TBC), on.11cattHOH B pa6oTe [3]. Ilo BhICOTe na­

poreHep11py10LI.lHH Kattan pa3611san.11 Ha 20 yl.faCTK0B, KOT0pbie npe,n,cTaBJl.SllOT TOITJIHBH)'IO l.faCTb H 

HMelOT O)lHHaKOBYIO .ll,JlHH)'. IlapaMeTpbl o6paTHbIX CBSl3eH H pacnpeL1,e11eH11e 3HeproBbILl,eJleHH"SI 

no o6beMy aKTHBHOH JOHbl (TBC) onpe)leJ1S1J1HCb pacl.feT0M no KO)laM CAIT<I>HP-95 [ 11 ] , MCU 

RFFI-A [ 12]. fpaHH'-IHbte ycJIOBHSI Ha BXO,D,e (pacxo)l I{ TeMnepazypa TenJ10HOCJITe1rn) 11 BbJXO.LI,e 

(.D.aBJleHHe napa) .SIBJlSIIOTCSI 3aLl,aHHblMH cpyttKl..{HSIMH speMeH11 (.111rn KOHTp011bHbIX nepeMeHHblX), 

Ll,JlSI qero np11MeHS110TCSI coorneTCTBYIOLI.lHe Mo)lem, K0)].OB KOPCAP 11 RELAP5. Bem11-rntta raJo­

soro 3a30pa Me)l(JJ.y TOnJlHBOM H 060J10LfKOH BhI6Hpanacb paBHOH 150 MK (3a30p B XOJlO.ll,HOM co­

CTO SI HJrn). 

Mo)lem1posaH11e no KO)ly RELAP5 ocymecrn1rn11ocb no sepc11.11. MOD3 .2.2gamma. TecTHpo­

BaHHe noKa3ano, 4TO B 3TOM K0,ll.e OTCYTCTBYJOT np11cyw.He sepCHH MOD3.2 He)lOCTaTKH, 0TMe-

1.feHHble s pa6oTe [3]. B '-laCTH0CTH, pacl..feT CTaTHl.feCK0ro pacnpe)leJleHHSI napoc0CO,ll.ep)KaHHSI 

ycTOW-rnB, T.e. KOJle6aHH51 Jl0KaJlhHOro pac'4eTHOro napoco.n,ep)KaHJU[ npH <pHKCHpOBaHHblX BO 

speMeHH rpaHHLfHbfX yc110Bl1HX OTCYTCTBYIOT. Pac npe,ll.eneHHe 06beMHOro napoco.n.ep)KaHl1SI no 

BblC0Te aKTHBHOH 30He He HCKa)KaeTCSI. 

8 COOTBeTCTBl1H C xapaKTepoM aHaJlH3HpyeMbIX 3KCnepHMeHTaJlbHblX pe)KHMOB 11.LI,eHTH<pHKa­

UHSI )lHHaM11'4eCKHX xapaKTepHCTHK M0,Ll,eJleH ocymecTBJlSIJlaCb pa311HlfHbIMJ1 cnoco6aMH. 3a rpa­

HHU,eH ycTOHLfHBOCTH M0L1,e1111posancSI. ycTaHOBHBWHHCSI aBTOKOJ1e6aTeJ1bHblH npouecc (pHC. 3), 
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qac-roTa OCHOBHOH rapMOIDIKH KOTOporo 

rvto)l(eT 6hrTh onpe.D,eJJetta tterrocpe.i::,:crneHHo 

rro KOJ1e6aIDU1M MOJ.UHOCTH. Pact.JeTHble 3Ha­

qeHHSI 4aCTOT D.JJSI Ko.ua KOPCAP (0,94 fl() 
J,f RELAPS (0,88 r u) .LIOCTaT04HO 6m13Kl1 

K 3KCrrepHMeHTaJJbHOH Bemf4HHe (1 ,0 ± 
0,05 [I..(). TTpH 3TOM cpopMa KOJJe6attHH, on­

pe.uemieMaR BblClliHMH rapMOHm<aMH, KO)I0M 

RELAPS Mo.uenHpyeTcR HeCKOJihKO .J1)"IlIJe, 

qeM KO.U0M KOPCAP. 

MOll.lHOCTb, 0TH. eA, 
2,0 ~-----,------r------.------, 

B 06J1acn1 pa6ot.Jero pe)KHMa ( ttH)Ke 4------+--->..------,L-1-----+--->,,---__,,,. 
0,5 

rpaH.Hl..(hT ycTOHt.IHBOCTH) H,UeHTH<pHKal(l•fJI 

ocymecrnnS1JJacb nyreM HMHTal..(HH 6eJJoro 

wyMa no pa3JJH4HhtM napaMeTPaM. B KO.D,e 

KOPCAP .n:m1 3Toro Hcnonb3osancR rettepa­

rop ncea.n:ocJJyt.JaHHbIX 4Hcen H3 pa3pa6o­
0 0,5 

BpeM~, C 

1,0 1,5 2,0 

TaHHoro asTopaMH KO.D,a cepBHCHOro MaTe- PMC. 3. ConOCTaBJJeHMe pac4eTHblX 11 3KCnep11MeHTaJJb­

MaTHYeCK0fO o6ecrreYeHHR. B CHCTeMe KOH- Hb]X .naHHbIX JUHi aBTOKOJTe6aH11H MOIUHOCTJ,f peaKTopa 
3a rpammei1 mrneiittoii ycT0H4HBocrn: pactfeT 

TpOJJbHbIX KOMnotteHT KO.LJ.a RELAPS Ta.I<rui RELAP (□), KOPCAP ( • ) ; 3KcnepHMeHT _ 
B03M0)KHOCTb He npeeycMOTpetta, no:nOMY 

31')' CHCTeMY MO.D,H<pHL(HpOBaJJH C nocJJe.LJ.yromei:i nepeKoMmlJJSIUHeH Bcero naKeTa. lfro6br CBeCTII 

K MHHHMYMY pa60Tbl no MO.D,H<pHKal..(HH, CTatt,UapTHrul cpyHKL(HSI Bbl'U1CJiemrn apKTattrettca "atan" 

3aMeHS1nacb rettepaTopoM nces.n:ocJJyqai:fHbIX t.tHceJJ c coxpatteHHeM scex cpopMa.rtbHblX aTPH6yrns 

npe)KHeH KOHTpOJJbHOH nepeMeHHOH. TTOCKOJlbKY Bbll{HCJleHHe apKTaHrettca ocyw.ecTBJJSleTCSI KOC­

seHHblM o6pa30M, cpaKTH"t.JeCKH MeHSIJlaCb KOHTpOJJbHaSI KOMIT0HeHTa " ctn" KO,Ua. 

IlpH 11.uettT11CpRKau1111 D.HHaMHt.JecKRx xapaKTep11cTHK KO.D,a KOPCAP B03Mymett11e HattOCH­

noch .ll:BYMSI cnoco6aMH - no pacxo.n:y TenJJOHOCHTem, Ha Bxo.n:e aKTIIBHOH 30Hbl HJIH peaKTHBHO­

CTblO. AMnJJHTy,Ua <pJJYKTyaU,HH pacxo.ua (± 4 % OT HCXO.llHOfO pa6ot.Jero 3Ha4emrn) 3a,UaBa.JiaCb B 

C0OTBeTCTBHH C pe3yJlbTaTaMH H3MepeHHSI <pJJYKT)'al..(HM pacxo.ua ecTeCTBeHHOH UHPKYJlSIUHH PY 
BK-50 [7]. ,[(nS1 B03M)'IIl.eIDUI peaKTHBHOCTH 

aMITJUfT)',Ua cpnyKTyal.J,HH 3a,UaBa.JiaCb paBHOH 

± 0,05 ~J<ji, HCX0,ll,Sl 113 xapa.I<Tepa peanbHblX 

0CI..(11JUU1l{HH HeihpOHHOrO n0TOKa B pa6o­

cnM, orH. eA. 

lfHX pe)l(HMax. O6a MeToJJ.a ttattecem1.S1 B03- 0,015 +----­

MymeHHH ,ll,aJJJ.1 npaKTH4-eCKH J.1,!J,eHTHLfHble 

3Ha4eHH51 qacT0Tbl pe30HaHca. 

,Il;JISI KO.D,a RELAPS 11,1J,eHTH<pHKau1151 °,010 

npoBO,ll,1-IJlaCb TOJlbK0 no KaHa.JIY peaKTHBH0-

CTH, nOCKOJibKY B KOMnoHettTaX, onpe)J.e­

MIOJ.UHX rpaHH4Hbie ycJJOBH51 (BpeMSl3aBH­

CHMbie o6beM H coemrnett11e), K0HTp0JJhHbte 

nepeMeHHbie MOryT npHMeIDITbCSI TOJlbK0 B 

KaYecTBe apryMeHTa ,ll,JISI KOHKpeTHblX Ta6-

JTl,fl(H_b(X 3Hal.feHH~ apryMeHTa H cpyHKUHH. 

Ha pHc. 4 conocTaBJJeHbt pacqeTm,1e H 
3KcnepHMeHTaJJbHbte 3Haqemrn CllM .UJJSI 

0,005 

O 1,0 2,0 4acrora, r1..1 

P11c. 4. ConocTaBJieHHe pac4eTHhIX H JKcnep11MeHTaJ1b­

HblX 3HaqeHHH CTIM; pacqeT: I - RELAP5, 2 - KOP­
CAP; JKcnepHMeHT: 3 - AIT3 
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)I.Hana30Ha qacTOT, COOTBeTCTBYJOill,HX OCUHJJJUIUHOHHOH COCTaBmnom,ej;i cl>JIYKTYal.J,l,fH MOIUHOCTij 

peaKTOpa. Pac4eTHbre 3Ha4eHHSl Y:aCTOTbl pe30HaHca COCTaBHJJH: .D)JSl KO)].a RELAP5 0,87 r u, KO.Qa 

KOPCAP 1,0 ru, 3KCnep11MeHTaJJbHOe 3Ha\.feH11e 1,06 .... 1, 16 ru. 

0TMeTHM, 4TO nonyYeHHblH pa36poc pacY.eTHbIX H 3KCnepHMeHTa.JlhHblX 3Hat.reIDIH t.faCTOTbL 

nopSl.D.Ka 0,9 ... 1,2 ru COOTBeTCTByeT pa36pocy 3KCnepHMeHTaJJbHb[X 3Ha'-leHHH 3TOfO napaMeTpa, 

Ha6mo.uasweMyCR s OT)].eJlbHble KaMnaHHH' peaKTOpa IUlli )I.a)Ke Me)K,ll,y OT)].eJlbHbIMH pe)KHMaMH, 

HanpHMep, B 3KCnepMMeHTax 1985 r. )I.JlR .[{Byx COCTO.srmrn C O)].HHaKOBOH MOIUHOCTblO peaKTOpa H 

pa.311114.HblM noJJO)KeHHeM perym1pyioIUHX opraHOB 3aperncTpHpOBaHbl 3HaLJeHHJI 0,87 11- 1, 10 ru, 
4aCTOTb[ OCHOBHOH rapMOHHKH. 0Tc10.ua MO)KHO 3aKJ1104HTb, 4TO )].aJJbHeiiwee YTOqttemte pact.reT­

HOro 3Ha4eHHSl Y.aCTOTbl OCHOBHOfO pe30Hattca 11 ycTOHl-lHBOCTH CHCTeMbl CBSl3aHO C .n.eTaJJH3aUHeij 

npocTpaHCTBeHHh[X 3cpcpeKTOB, napaMeTpOB o6paTHhIX CBH3eH H .LI.pyrHX semf.'4HH, HanpHMep, Ten­

JlOBOfO conponrnneHI1-R ra30BOro 3a30pa Me)K)J.y TOTTJJH.BOM 11 o60JI04KOH TB3Jla [7]. 

3a1u11oqeu11e 

Ten11or11.n.pasn114ecK11e KO.Ubl RELAP5/M0D3 .2.2gamma H KOPCAPN I no3BOJIH10T KOp­

peKTH0 oueHHBaTb 3Ha4eH11e 4aCT0Thl 0CH0BH0f0 pe30HaHca Kopnycttoro KHIDU.IJ.ero peaKTopa 

BK-50. Ha6JI10)1.aeMoe np11- 3TOM pacxo)K,ll,eHHe pact.reTHbTX H 3KcnepHMeHTaJJbHblX 3Ha4eHHH qac­

TOTbl OCHOBHOfO pe3oHattca CHCTeMbl HaX0)].HTC.H B npe.n.eJiax, C00TBeTCTBYlOIUHX pa36pocy 3TOH 

BeJTHqHHbl, Ha6n10.uasweMyc.sr B pa311H'-IHbJe KaMnaHl111 peaKTopa. IlOKa3aHO TaK)Ke, 1--IT0 MMeeTc.si 

B03M0)KHQCTb M0)I.eJrnposamrn .UHHaMH4eCKHX pe)KHM0B C BbIX0)].0M 3a rpaHHUY ycTOHl.fHBOCTH. 

AsTopbl Bbipa)KalOT CB0lO npH3HaTeJJbH0CTb TaMape A.lleKcatt)lpOBHe TeMHOeBOH, ocymecT­

BHBmeH BKJ1104ett11e reHepaTopa nces.uocny4aHHblX trncen B CHCTeMy K0HTp0JJbHbIX K0MTT0HeHT 

KOJla RELAP5/MOD3 .2.2gamma, a TaK)Ke Tiay1110 A.lleKcatt.uposwzy JiennHKY, c.nenasrneMy pSl.ll, 

uettHblX 3aMet.Jatt11i1 no cymecTsy paccMaTp1,rnaeMOH npo6neMbI s xo)I.e o6cy)K)leHM.st npe.uc-ras­

JieHHoro MaTep11ana. 
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JiE30IIACHOCTh 

Y,[U( 621.039.524.4-97.519.86 
IIpHMeHeHHe MeTO}lOJIOrHH BAE .LJ;JIH OflTHMH3aIJ;JIH pe,rrnMOB peMOHTa, 

Texo6cJiyJKHBaHHH H HCIIblTaHHH o6opynoBaHHH I JHepro6JioKa JIA3C 

C.B. Kyxapb, 
Jiemmrpa.n,cKa.H A3C, 188540, r. CocHOBhIH £op Jlemmrpa.n.cKoii o6n., 

E.H. BUIIIIUK06, 

<DrY PHU " KypqaTOBCKHH HHcnnyr", 123182, MocKBa, rrn. aKa.n.. Kypl.faToBa, I 

ITpHMeHeHa MeTOJl.OJIOrH.H sepo.HTHOCTHOro attamna 6e3onaCHOCTM (BAE) 11.Jl.H OTTTHMH3aUmf IlOJIO)l(e­
HMH TexHonorFl'-!ecKoro pernaMeHTa (TP) s 1.facrn peMOHTa, Texo6cJiy)l(I-1BaHllil H 11cnhITaHHH 06opy11.osaH11J1 
A3C C peaKTopaMH PEMK. Ha OCHOBe 3TOH MeTOJl.OJIOrHH npoaHaJIM3HpOBaHbl KOHq>HrypaUHH 3Hepro6JTOKa 
N!! I JleHHHrpall.CKOH A3C KaK C HepernaMeHTHpyeMbTMH, TaK H pernaMeHTHpyeMhlMH OTKJIJ04eHI-U'IMH 
06opy11.osaHrU1 CHCTeM, Ba)l(Hb!X 11.Jl.H 6e3onacHOCTM (CBE). 

Application of PSA methodology for optimization of repair, maintenance and tests modes of the 
equipment of Leningrad NPP unit I. S.V. Kukbar', B.I. Vinnikov. PSA methodology has been applied for 
optimization of Technical Regulations in the part of repair, maintenance and tests of equipment of NPP's 
with RBMK reactors. On the basis of this methodology the configurations of Leningrad NPP Unit l both 
with not regulated disconnected equipment and with regulated disconnected equipment of the systems, im­
portant for safety, have been analyzed. 

1. KpaTKOe BBe,nenue B MCTOJlOJIOrHIO 3HaJIH33 

TToBblWeHJ-fe 3Q)Q)eKTHBHOCTH npaMeHeHH51 MeTO.[I.OB BAE .[I.JI.ff HY:>KJl 3KCITJiyaTaU1111 SfBJI.HeTC51 

3a.ual.fei1, JaKpeITJieHHOH B oTpacneBoH nporpaMMe KOHUeptta "Poc3HeproaToM" [I] 11 nporpaMMe 

pa3BHTHH BA£ Ha JIA3C [2]. HacTO.Hl.lla.H pa6orn - npHMep 11cno11b3OBaHHH Mo.uen11 BAE ypoBHH 

) (sepO.HTHOCTHOH Mo.uem1) B KaLfecrne HHCTpyMeHTa MOHHTOp1mra pHCKa npH ITJiaHHposamm H 

pernaMeHTHpOBamm HCIThITamfH, Texo6CJI)')KHBaHH51 H peMOHTOB o6opy.uosaHH51 CBE 3Hepro6no­

Ka N!! I JIA3C. 

MeTo.uonorHSJ BAE Ha ocHosaHHH 11mpopMau1rn, np11se.ueHHOH s TP 3Kcnnyarnu1-m 3Hepro-

6noKa, ITO3BOmreT, B qacTHOCTl1, orrpe.n.emJTh BKJTa.U B semfqHey pHCKa .uonycTHMblX speMeH npo­

CT051 (,[(BIT) H HHTepBMOB nepHO)].Hl-JeCKl1X nposepoK CB6 11, KpOMe TOro, OTTTHMH3HpOBaTb 3Ha­

LfeHHSl 3THX BeJrnqHH C ueJiblO BO3MO)f(HOro CMHl.feHHSf HJIH y)f(eCTO4eHH51 ycnOBJ,fH 6e3onaCHOH 

3KCnnyaTaUHH 3Hepro6JIOKOB. 

B pa6oTe OCHOBHOe BHHMattHe y.ue;rneTC.H TepMHtty .l{BTI, KOTOpblH s TP onpe.uen.HeTC.H CJie­

.ll.YIOl.llHM o6pa30M: .[(BIT ecTb BpeM51 BbIBO,D;a H3 pa60Tbl no np11qHHe peMOHTa, l1CITbITaHl1H HJil1 

Texo6cny)f(1,rnaHH.H KOHKpeTHOH CHCTeMbl HJIH o6opy.uoBaHH51 3TOH CHCTeMbl 11 OTHOCHTC51 K pa6o­

Te 3Hepro6noKa Ha MOl.llHOCTH. B Te4eHHe 3TOro BpeMeHH peMOHT, HCITblTaHH_jl HJil1 Texo6cJiy)f(H­

BaHHe CHCTeMbl HJH1 o6opy.n.osaHH.H CHCTeMbl )].OJl)KHE,J 61,1Tb 3asepweHbl. TaKHM o6pa30M, cyTb 

pewaeMOH 3a)].at.m 3aKJIJ04aeTcsr B pacl.feTe yBeJIH'•leHH.H BeJlW·IHHbl pHcKa npH BblBO.LJ.e 113 pa60Tbl 

Tex HJIB HHhIX 3JleMeHTOB CBE. 

,Lvrn :noro BBO.UHTCsr TaK HaJb1saeMblH Q)aKTop nosh1weHHS1 p11cKa RIF (Risk [ncrease Factor) 

.LJ.Jijl Ka:>K,llOro 6aJHCHOfO co6b!TH51 B sepo51THOCTHOH MO)].eJIH: RIF = 4.11A3, / lJTIA36' r.ue 4I1A3, -

4aCTOTa TIDKenoro nospe:>K,lleHYL.H aKTHBHOH 3OHbl npH KOHQJKrypau1111 i, lJIIA35 - COOTBeTCTBYJO­

l.lla51 semr-mHa )].Jljl HCXO)].HOH (6a30BOH) KOHQ)Hrypau1111. 3.uecb no.u KOHQ)HrypauHeH 3Hepro6noKa 

ITOHHMaeTC51 COBOKYITHOCTb CHCTeM 6e3onacHOCTl1 11 CB513eH Me)l<,Uy HHMH. no 3HaYeHHIO Rlf cy-
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)lJIT 0 Bnl-UIHMM Ha sep051TH0CTHhJH TT0Ka.3aTenh 6e3onaCHOCTM (ypoBeHb pHCKa) Haxo)K,Uemu1 B 11e­
pa60TOCnoco6HOM C0CT0.slHIDI KIDK,Aoro :meMeHTa HJIH CBE B u.enoM (Ta6n. 1). 

T a 6 JI H u a l. 3aBHCHMOCTb sepoSITH0CTH0ro IlOKa.JaTem1 6eJonaCHOCTli 
( OBHH HCKa) OT JlHanaJOHa 3Haqemrn RJF 

,[(Hana.JOH PeK0MeHJiau1rn YpoBeHb pHCKa 
JHalfeHHH RIF no OTTTHMHJaUlill e6osaHliH TP 

RIF 2: 50 Heo6xO,!U1MO BHecem1e H3MeHeHHH I (BblCOKHH) 
B TP B qacrn HCKmo"lem-u1 .[(BIT 

5 < RIF < 50 Heo6XO}ll{M0 BHeCeHHe H3MeHeHHH 2 (cpe,!1.HHB) 
B TP B qacTH orpaHH"leHHH .[(Bil 
3JieMeHTa (11.0 cpeJ1Hero BpeMeHH 

BOCCTaHOBJleHH.11 3JTeMeHTa) 

2. ~eiicTsyromee yCJJoseH BbIBOAa e1 pa6oTbI :meMeHTOB CBli 

B TP :mepro6noKa N~ 1 JIA3C [3] npHB0.D..si:Tcsi ,n:eikTBYIOIIJ,He ycnos1rn 3KcnnyaTaUH.M. OHH 
OTH0CSITCSI K T0MY cnyqa10, Kor.n.a peaKT0p )l0JDKeH 6bJTb 3arnymett npH HeB03M0)KH0CTH ycTpa­
ueHIDI 3a YKa.3aHH0e BpeMSI 0TKa.308 pa.3JTH1-IH0ro 06opy.uosam1S1. B Ta6JI. 2 npHB0)J.HTCSI qacTb H3 
HH.X, 0TH0CSIIIJ,aSICSI K paccMaTpHBaeMOH 3a)lal.Je. 

T 6 a JI HU a 2 y CJIOBHH 6 eJonactto11 3KcrmvaTamrn rrpH 6 BblBO,Ue O OPYllOBaHHH CB6 1.13 pa 6 OTbl 

N2 CHcTeMa 
O6opy11.osam1e, Bbrno1111-

.[(Bn 
Moe H3 pa60Tbl 

l. CHcTeMa aBapmittoro 0XJ1ID1<,a.e1-nu1 peaKTopa (CAOP) KattaJlbl 6bICTpo- 1 KaHaJl Ha 

H asapRHHoH no11.a'IH mtTaTeJJhHOH BO.Uhl (AITITB) neikrnyt-0w.eJ;i CAOP He 6011ee 2 
'!aca 

KaHanbT CAOP llJlHTeJJb- I KaHaJJ Ha 
Horo pacxo11a)K11BaHHH He 6011ee 2 

qaca 

2. CHCTeMa JalUHTbl OT npeBbJWeHHSI ,UaBJieHHH (C3IT.[() OrKpb1rne 11 nocne,uy!O- He 6011ee 

B Kottrype MH0r0KpaTHOH npHttymnenbHOH U"'PKYJIH- maH HeTTOCaJJ.Ka 1-ro f IT.K• 30-rn MH-

UHH (KMII~) HYT 

3. y CTaHOBKa Janaca XHMWieCKH 06ecco11eHHOH BO.Ubl Cttl1)f(eHHe 3anaca B0Jlbl He 6onee 
(Y3 XOB) < 800 M3 2-x lfaC0B 

4. HmpopMaUHOHHM IJ0JICHCTeMa CHCTeM 6eJonacHOCTH KoMnJJeKT A3PT .. I KOM-

(HIT C6) 11JleKT Ha 
He 6011ee 
48 qacos 

5. HmpopMaUHOHHa.11 cHcTeMa (HC) CKAJIA BcH CJ,!CTeMa Ha He 60-
nee 30 MH-

HVT 

fTIK - rnaBHhrn npe11oxpatt1neJJbHbIH KJianaH, .. 
A3PT - asapHHHaR JaIIIHTa peaKTopa no Tex.ttonorH1-1eCKJ,1M npH1-1HHaM 

3. AnannJ Kou«tmrypaunii :mepro6noKa 

BbmOJIHeHHblH aHaJIH3 COCTOHT H3 ,n:syx lJaCTeH. 8 nepBOH amlJIH3HpyeTC51 KOH<p.Hrypau,11si 

cucTeM 6e3onacHOCTH :mepro6noKa, o6pa.3osaswasicsi scne,n:cTBHe ttepernaMeHTHpyeMhIX 0TKJJJO­
liemrn o6opy,n:osaHKSI CBE. Bo sTopoH 4acTH nposo,uHTCSI attamn KOHq>HrypauHii, 06pa3osas-
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llIHXC}l BCJle,D.CTBHe pernaMeHTHpyeMblX 0TKJllOt.JeHMH o6opy.n.osamui. Pact.JeTb[ rrp0B0,/J,l1JlHCb no 

sepO}ITHOCTHOH M0,D.em1, pa:1pa60TaHHOH B Q)OpMaTe llIBe,D.CK0f0 K0.na Risk Spectrum. 

AHaJIU3 KomjJu2ypai1uu, 06pa3y10u1ei1cR 6C1leiJcmeue Hepe2J1a.11,teHmupyeMblX omKJ11011eHuu 060-
pyiJorJallUR CBE. Om1catt.11e amUIH3HpyeM0H KOttq>irrypau..11.11 npe.ncTaBJJeHo s Ta6JT. 3. 

T a 6 JJ H u a 3. flpen.eJTbHa.sJ KOHcjmrypaui,rn .:mepro6noKa Alli amuuna aepernaMeHn1pyeMblX 
P 6 CBJ; T 0TKJ110ttem1tt o 0DYJl0BaHlUI 

HaJsam1e cHcTeMbr OTKn!OttaeMble IIo}]:CHeH11e 
.:meMeHTbl 
CRCTeMbl 

1MI13H-l 
1MI13H-3 
lAIIH-1 
lAIIH-4 

CAOP IIT 1-2521 3a)lBH)f(Ka II0JU(JTIOl:feHIDI 
MI13H K KCAOP JIIT 

1 I12-2521 3aJlBH)KKa II0D.KJUOtteHIDI 
MI13H K KCAOP I1I1 

ITTO-I221 3a,D.BH)f(I<a II0D.KJIIO'leHIDI 
lAIIH-4,5 K HK IAIIH-1,2,3 

C11cTeMa aBapRHHOH K0HD.eHcaurrn rrapa ITK 
(CAKIT) lAKHTK 

IKHTK 
C1-tcTeMa asapH:HHoro 3neKTpOcHa6)1(eH[{jl l)::(f-1 

(CA3) IW-12 
Y3XOB lW Hacoc ABITT 

IHOC Hacoc Y3 XOB 
CHCTeMa TeXHHlJeCK0fO B0.ll0CH86}1{eH(,UI I HA-1 Hacoc CTB 3.llaHIDI 401 

(CTB) 
CttcTeMa Han.e)l(ttoro Texmtt.fecKoro lHE-1 Hacoc CHTB 3.D,aHIDI 480 

B0JJ.0CHa6)1(eHH.sJ (CHTB) 
O6o3Hattem-1e rnaBHbIX JneMeHT0B B rn6n. 3: MTI3H - ManbIH mnaTeJTbHbIH 3ne1CTpottacoc, AI1H - asa­
pttHHbIH □11TaTeJ1bHbIH Hacoc, TK - TexHonorH4eCKHH K0HJleHcaTop, W - .11.mem,-reHepaTOp, KCAOP JITT -
K0nneKTOp CAOP neBoH □eTJIH, KCAOP l1Il - KonneKT0p CAOP npaB0H rrernH, HK - HarropHbIM Konne1<­
T0p, AKHTK - aBapHHHble K0H.D.eHcaTHbie Hacocbr TK, KHTK - K0R.UeHcaTHbie Hacoc1,1 TK. 

Pjl.Jl c11cTeM H o6opyaosamrn CB6 He npHB0.D.HTCJr s TP, no3T0MY HX 0TKJIJOt.JeHHe npHHHMa­

eTcR 803MO)KHbIM npH ycJJOBHJfX, Kor.n.a Bh!B0)UITC.sl H3 pa60Tbl o6ecne•rnsaeM.bie HMH CHCTeMb[. 

Hccne.nosaHbl 2 KOHQ)Hrypaur-m npH pa6oTe 3Hepro6noKa Ha H0MHHaJibHOH MOII.lH0CTH: 6a:10BaR 

KOHQ)Hrypau,HR - HeT o6opy.JlOBaHH.sJ, BbIBe)leHH0ro B peM0HT (9TIA36 = 2E-06 1 / ro.n); npe.n.eJibHaR 

KOHQ)Hrypau,11Jr - BblBe)].eHO 0,/J,H0BpeMeHH0 see 06opyaosam-1e, pa3peweHH0e TP (MOHHTOpHHr 

p11CKa )lJIR npe.neJlbHOH KOHQ)Hrypau,1111, pa6oTa :rnepro6JIOKa Ha HOMHHaJihHOH MOII.lHOCTH). ,[{e­

TaJibHhle p e3yJibTaTbl aHaJJH38 np1180)].RTC.sl B 0TYeTe [4], 3,D.eCb npMB0.D.JrTC.sl 0CH0BHbJe pe3yJJhTaThl. 

1. ITona.n.aHHe 6rroKa B npe,ueJibfiYIO KOHQ)Hrypau11t0 Ha speMeHH0M 0Tpe3Ke Me)f()J,y .JlBYMR 

0CTaHOBaMM npHB0)lHT K n0BbrWeHHIO p11CKa nospe)f()J,eHml aKTHBHOH 30Hbl (B cpe.n.HeM) )l0 npH­

MepH0 4£-05 1/ ro.u. 

2. I10Ka'.3aTeJib RJF an.si rrpe.nenbHOH KOHQ)Hrypau1111 cocTaBHJI ~20, '-!TO < I E-04/2£-06, H co-

0TBeTCTBeHH0 (Ta6Jl . I) y)KeCT0YeHHe Tpe6osaHHH TP B 4.aCTH HepernaMeHTHpyeMb[X np0.Jl0Jl)KH­

TeJibHOCTeH BblB0)l0B s peM0HT He Tpe6yeTC.sl. 

3. ~51 H3yt.JeHHJr Heo6XOJ(HMOCTH .uon0JIHHTeJlbHbIX Tpe6osamtH no orpaHH'-lemrlO ,[{BIT J(JIR 

o6opyaosaHaR, He BKJllOCfeHHoro B nepet.JeHb TP, BbinOJIHeH aHaJJH3 3Hat.JHM0CTH. ITo 3Ha'-leHHfO 
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cpal('f0pa RIF MO)KHO cyn.HTb 06 onaCH0CTH C06bITHH. ,nmi TeX co6h£HIH, KOT0pble CBSl3aHbl C en.H­

tti.-fqJ{l,IMH OTKa3aMH H HMelOT RIF 2: 25, peKoMeHn.yeTCSI BBeCTH B TP 3anpeT Ha BbiB01l. B peMOHT. 

,nn.sr ,npyrHx e,nHHH4HblX 0TKa30B R1F B m1ana30He (2 5 < RIF < 25) peK0MeH.uyeTCSl BBeCTH orpa­

l!i,rqeHHe no ,n:Bn. 11HCp0pMaUIDI no <paJCTopy RIF, np;.UCTaBJieHHaSl 8 [ 4, Ta6n. 2.3 .2], M0)KeT 6blTb 

ucn0Jlb30BaHa B Ka4ecrne cnpaB01-IHOH' npH nnamtp0BaHHH peM0HT0B M. 0ITTHMH3aU.HH B TP. 

4. ,n:nSl onpen.eneHHSl npHeMJleM0CTH TT0Jl0)KeHlfii TP C T04KH 3peHHSl npoeKTHbIX npHHUHTIOB 

06ecne4em-U1 6e3onaCH0CTH (rnaBHblM o6pa30M COOTBeTCTBHe :mepro6noKa B npep,eJlbHOH KOHQH-1-

rypaui-m npi-rnu,Hny e.nmrwrnoro OTKa3a) BblTIOJlHeH attarm3 MHHHMaJlbHblX CelfeHHH OTKa30B [ 4, 
Ta6n. 2.3.3] JJ.JUI npen.eJibHOH KOHQJiiirypauHH, KOTOpbJH n0Ka3bIBaeT, 'ITO ,!lJl.Sl pSl.D,a npoeKTHblX 

asapHH npH TaKott KOH<pHrypau,HH He 06ecrretfHBaeTCSl np1rnu1m en.1-rnwrnoro OTKa3a. Ha1-16onee 

onaCHbl TaKHe pe:>KHMbl B YCJIOBIDIX HacrynneHIUI HCXO)J.HblX co6hITHH, CBSl3aHHblX C stteUIHHMH 

B03,ZleHCTBl-UIMH: HaBO)J.HeHHe, yparatt, HarOHbl THHbl. 

AHaJlU3 KOHq>u2ypa14uu C pe2llaMeHmupyeMblMU 0mKll101./eHWl,J,,tll o6opyooeaHUfl BbITTOJIHSleTCSI 

,uJISl onpe.n.eneHHSl B03MO)KHOCTH "cMSlrY.emu1'' IlOJlO)KeHHH TP B 0TH0Wetum orpaHH4em1u ,n:BIT. 

AttanH3HpyI-OTCSl IO sapHaHT0B KOH<pRrypau,HH 3Hepro6JIOKa, BbI6paHHblX Ha 0CH0Bamm orpaHH­

qeHHH ,n:BIT s TP .ZlJISI 311eMeHT0B CAOP. OTTHcamte aHanH3HpyeMbIX KOHcp11rypauw.H H 3Ha4eHHJI 

aep0SlTHOCTH0ro TIOKa3aTeJUJ 6e3onaCHOCTH npHB0JJ.SITCSl B Ta6n. 4 (3AeCb cpe,UHKSl 3a ro.u 4TJA3). 

T a 6 J1 H Ll a 4. AmUIB3BpyeMble KOHqrnrypamm :mepro6JIOKa 
llJHI perJiaMeAnmveMbIX OTKJUOl:felUI.H o60PYJJ.OBamrn 

Ha:mam1e OTKJII01rneMbie BapHaHTbl l.fl1A3, 
CBCTeMM 3JieMeHTbl 1/peaKTop-ro.n. 

HeT 6a30BblH 2,02E-06 
1MTT3H-l, 1MTI3H-2 1 2,47E-06 

1MD3H-3, 1MD3H-4 2 2,08E-06 
lTio-1735 3 2,04£-06 

CAOP W ITio-2521, I ITo-2551 4 2,02£-06 
lATIH-1 , IATIH-2 5 2,49E-06 
lAITH-4, IATIH-5 6 l ,27E-04 

EaKATIH 7 2,62E-06 
EMKOCTb CAOP 8 1,34£-04 

CAOPEA I KaHaJI CAOP EA 9 2,02£-06 
Y3XOB EMKOCTh Y3 XOB 10 4,12E-06 

B Ta6n. 4 CAOP AP - CAOP .!lJIHTeJibHoro pacxoJia)frnBamu1, CAOP EA 
- CAOP 6btcTporo JJ,eikTBIUI. 

ITpocpHnb H3Mettemrn HHTerpanbHOr0 p:HCKa (4TTA3 = F(t)) ,nmI attanH3HpyeMblX KOH<pHrypa­

U,HH npe.ucTaBJleH B [ 4 ' pHC. 2.3 .2.1 ... 2.3 .2.1 OJ. J,-13 attanH3a Ta6n. 4 CJle}l)'eT, 4T0 TI04TH .um1 BCex 

BapHaHT0B, Kp0Me 6 H 8, lJTIA3 Hmf He H3MeHSleTCSl C0BCeM, HJlH cna6o ysemt4HBaeTCH. 3TOT pe-

3YJ1bTaT YKa3blBaeT Ha TO, 4T0 3Ha4eHHe ,n:srr, ycTaH0BJleHH0e B TP, MO)KHO ysemt4HBaTb. ,n:nsi 
BapHaHT0B 6 (o,uHospeMeHH0e 0TKJII-04ettHe lAITH-4 H lAITH-5) 11 8 (oTKJII-04eHHe eMK0CTH CA­

OP) cpaKTop nosb1U1eHHJ1 p11cKa ne:>KHT s .u1-rnna3oHe 50 < RIF < 500, YT0 no,uTBep)K,llaeT tteo6xo­

.LlHMOCTb orpaHH4eHHSl ,n:BIT .[lJISl TaKHX KOH<pHrypaU,HH. OnTHMaJlbHOe 3Ha4eHHe L(BTI M0)l<HO on­

pe.QenHTb C TI0M0W.blO n.ononHHTeJlbHhlX pac4eT0B. 

3aKmoqeuue 

I. ITpHMeHetta MeToAonorl-i.Sl BA6 .[lJlSl onTHMH3aUHH nono)KeHHH TP B YacTH peM0HTa, Texo6-

c11y)lrnsaHHSl H HCTihITaHHH o6opy.uoBaHHSl A3C c peaKTopaMH P6MK. Ha ocHose 3TOH MeT0JlOJlO­

rHH npoaHanH3HpOBaHhl KOH<pHrypaU,HH 3Hepro6noKa N!:! l JIA3C KaK C HepernaMeHTHpyeMblMH, 

TaK 11 pernaMeHTHpyeMbIMH OTKJllOY.eHHKMH o6opy,uosaHHH CB6. 
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2. ,[vrn KOHqrnrypaUHH C ttepernaMeHTHpyeM.bIM 0TKJJl04eHReM fl0Ka3aH0, t.f.T0 pHCK IT0Bpe)I(. 

D,emu1 8KTHBH0H 30Hbl M0)KeT D,0CTJIT8Tb BeJIHt-llllih[ 4E-05 1/peaKTop-rOD,. OD,H8KO :no 3Ha4eHHe 

He npesb1rnaeT ycTaH0BJieHHoro s OOE-88/97 Kp1-iTepm1 I 0E-05 1/peaKTop-ro.n.. CneD,osaTeIThHo, 

y)KeCT0YeHHe Tpe6osaHHH TP B Y8CTH HepernaMeHTHpyeMblX npoD,OJDKJ,JTeJihHOCTeH BhlB0.ZJ.0B B 

peM0HT o6opyD.OB8Hl1SI He Tpe6yeTCSI. 

3. )~ml KOHcfrnrypauIDi C perJiaMeHTHpyeMblM 0TKJllOYeHHeM Bbl BOD. B 0.L(HOBpeMeHHhIH pe­

M0HT ,nsyx HacocoB l AOH-4, 1 AITH-5 H eMK0CTH CAOP npHB0Jl.HT K onacHhIM pe)KHMaM 3KC­

nnyaTauHM, YT0 Tpe6yeT HeMe.n.neHH0ro 3arnywemrn peaKT0pa onepaT0p0M no TP, 0)lH8K0 B03-

MQ)l{H8 0TTTHMH3au.m1 ,l(BIT. Pe3yJibTaTbl attaJIH3a 6e3onaCHOCTH .llJISI Bcex D.pyrnx paCCM0TpeHHbIX 

KOHqmrypaUHH K0HCTaTHPYlOT, 4T0 Tpe6osaHIDI TP B l.f8CTH orpaHH4emrn npocToes B peM0HTe 

o6opy.uosaHHSI M0ryT 6bITb nepeCMOTpettbl B CT0potty CMH4eIDUI (yseJIHl.femrn) 6e3 CHH)KeHHSI 

ypoBHSI 6e3onacHOCTH. 

KoHTaKTHaSI CBUb: BHHHHI<OB BpoliltCJiaB 11BaHOBWI, TeJI.: ( 499)-196-70-70, e-mail: vinnikov 
@dcnr.vver.kiae.ru 
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IlpaBJuia 0<1>opMJieHHS1 cTaTeii 

TipH 110}],rDTOBKe CTaTbH B c6opHHK aBTOp }],OJDKeH pyKOBO,llCTBOBaTbCSI CTaH,napTOM " OpHTH­

ffa.JJl,l asTopcKMe 11 TeKCT0Bbte H3,llaTeJlbCKHe" (OCT 29.115 - 88). K asTopcKHM opi-trfillanaM, 

oepe,nasaeMblM ,llJlSI H3,llaHHSI, npe,llbSIBJlIDOTCSI cne,llyJOll(He -rpe6oBaHIDJ.: 

1. 3K3eMnrn1p CTaTI,H )lQJl)KeH 6£,ITb nepBblM, 0TTietJaTaH Ha O)lHOH CT0p0He JlHCTa cpopMaTa 

A4 wpHcpTOM NQ 12 qepe3 2 HHTepsana. CTaTb.11 }],OJl)KHa 6b!Tb C0CTaBJleHa s cne.n;yJOil(eM nopSl}],Ke: 

1m.neKC Y,[{K; 3arnas11e; HHHUHaJlbl H cpaMli.JUiH aBT0pos; MeCT0 pa60TbI KIDK,LJ;0f0 asTOpa C IT0lfT0-

BbfM a,npecoM; aHH0TaUH.11 Ha pyccK0M H aHfJlHHCKOM .!13b1Kax (He 6onee IO CTJ)0K KIDK,l].asi:); TeKCT; 

cITHC0K JlHTepa,ypbI; pHCYHKH; 110,llpHCytt0lJHbie no.n.rrncH (Ha 0T,lleJibH0M JllfCTe). 

2. CTaTbSI )lQJl)KHa TalOKe npe,ll0CTaBJl.!ITbC.11 o6si3aTeJlbHO B BH.D.e 3JleKTJ)OHHOH sepCIDI 06b1q­

HblM mpmpTOM NQ 11 Times New Roman, Me~cTpOtIHbIH HHTepsan - O,llMHapHbIH, s pe,ll.aKTOpe 

Word 97 HJlH 6onee no3}],IDIX sepcHH. TeKCT He cpopMan1pyeTc.11, s Kal.leCTBe HMeHH cpaHJTa Hc­

nonh3yeTcsi Cl>MO nepsoro aBTopa CTaTbH. KaBbl<tKH B TeKCTe CTaBSITCSI npH a.HfJIBHCKOH pacKJla}],­

Ke KJ1as11a,ypb1 ( " .. " ). 

3. Co.ll,ep)Kam1e CTaTbH )l.QJl)KHQ 6£,ITb KpaTKHM H lfeTKHM. J1CKJll01-IalOTCSI o6ume pacc~e­

J-{liSI, H3BeCTHbfe Il0JIQ)KeHIDI . He )],0nycKaeTCSI .n;y6m1poBaHHe MaTepmlJla B TeKCTe, Ta6m11.1,ax, 

no}],pHCYH0l.lHblX Ha}],ITMCSIX. Heo6xo,nHMO co6mo}],aTE, e}],HH006pa3He B HanHCaHHH TepMHH0B, 

HaHMeHOBaHHH (pH3HlleCKHX BeJTHlJHH H e}],HHHU. H3MepeIDISI, ycn0BHblX o603Hal.feHHH, C0Kpa[Ue­

HKH, CHMB0Jl0B. HaHMeHOBaHIDI H o6o3Ha4eHH.sl e}],HHHU cpH3Hl.leCKHX semtlfl1H Heo6XO}],HMO npH­

BO,llHTb B cHcTeMe CM. 
Heo6XO}],HMO o6pall(aTb BHHMaHHe Ha Ha1rncam1e nponHCHblX H CTJ)0t.IHbJX 6yKB: pyccKHe H 

rpeqecKHe 6yKBbl (a., ~. y, <pH T.}],.) Ha611pa10TCSI npRM0, a naTHHCKHe (x, y, z, w HT.}],.)- KypCHB0M. 

Te )Ke Tpe6osaHHSI B o603Hal.leHI1.SIX HY)KHQ co6J110}],aTE, npH HaITMCaHHH HHJJ,eKC0B H CTeneHeH B 

cpopMynax. O603Hal.lemrn MaTJ)HU H BeKTopos Hafot:pa!OTCH flOJlY:>KHpHblM wpHcpTOM np.!IMO. Cl>op­

MYJibJ, BKJllOL(eHHble B TeKCT, CJie}],yeT Ha611paTb 6e3 yseJlHl.feHIDI HHTepsana Me)[(}],y CTpOKaMH, 

ttanpHMep bid, exp(xl e). 

4. Ta6JIHI.J.bl ttyMepYJOTCSI, Ka)K)laSI Ta6mu.1.a }],QJl)KHa HMeTb 3afOJI0B0K. CoKpaw.emUI 8 rpacpax 

Ta6JIHUbl He }],onycKalOTCSI. B TeKCTe tteo6xo,UHMbl CCbIJlKH Ha see Ta6J1HUbl. Ta6JIHUhl neqaTaJOTCSI 

s o6meM TeKcTe nocne nepsoH CCbim<H. 

5. <l>opMyJibl H 6yKBeHHble o603Hal.leHm.l sem14MH }],QJl)KHbl 6bJTb pa3Mel.feHbl H Cpa3y pac­

W1'1cppoBaHbl. Cl>opMyJlhl ttyMepYJOTCjj apa6CKHMH u11cppaMH, H0Mep CTaBHTCSI C npasow CT0p0Hbl 

JlHCTa B KpyrJlbIX CK06Kax. HYMeposaTb cnenyeT T0JlbK0 Te cpopMyJlbl H ypaBHeHJUJ, Ha K0T0pbte 

eCTb CCb!JlKa B noc11e}],y10rn.eM H3JlQ)KeHHH. Cl>OPMYJlbl Bblll0JIHjjJOTC.SI B pe}],aKTope Equation 3 .0 
I 

npH tteB03M0)KHOCTH tta6opa Ha KJlaBl-taTYpe ( x! ,Y:,$.[ x, ~ HT.}],.). TTo,ucTpoqHble H Ha)l.CTp0Lf-

Hbte HH}],eKCbl BBQ)lj!TCSI C KJ1as11azypbl (X3, KM
2 

H T.}],.), rpeqecKHe 6yKBbl BCTaBJTSIIOTCjj qepe3 Me­

HJO BcmaeKa ➔ cuMeoJl. 
6. B TeKCTe CTaTbH pacyH0K o6.st3aTeJibH0 npe}],CTaBJJSleTC.SI Ha OT.UeJlbH0M JlHCTe cpopMaTa He 

6onee A4. Ha pHCYHKaX }],onycKaeTCjl MfilIHMaJlhH0e t.JHCJlO o6o3Haqem,1j;j - KpaTKHe U,HcppOBble 

(no nopjl)],KY H0Mepos cnesa Hanpaso HJIH no t.iacosoH cTpenKe) HnH 6yKBeHHb1e o6o3Ha4emrn. 

Bee TTOjjCHeHHjl BblH0C.SITCSI B no,n.p11cyHoqHbie 110}],ITHCH. Ha o6opoTe Ka)K}],OfO pwcyHKa YKa3bIBa­

lOTc}I cpaMHJlHH asTopos, Ha3BaHHe CTaTbH, H0Mep pHcyuKa, o603Hal.feHJ-rn Bepxa H HI13a. BHYTpeH­

lfHe Ha,lllllCH Ha pHCYHKax tta6Hpa!OTCSI wpHcpTOM NQ 10. BHH3Y Ka)K}],Oro pHCYHKa }],0JDKHbl 6btTb 
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np1rne)leHbl ero HOMep H no.npHCy'HOl.fHaSI no.a.nHCb wpH<pTOM N!! I 0. IlpH HaJlH'-IHH HeCKOJlbKH)(. 

pa.3nH4HblX rpacpHKOB Ha O)lHOM pHCYHKe KaJK,Ll.blH 113 HHX o603Ha4aeTCSI pyccKHMH 6yKBaMH a), 6), 

B) H T.,U. H pacwHcppOBbIBaeTCSI. 

B KOMnblOTepHOM BH.D.e pHCYHKH npe.D.CTaBJJSIIOTCSI B OT)lenbHhlX cpaiinax, BbinOJJHeHHble B 

rpa<pHl.feCKHX pe.uaKTopax Paint, PhotoShop, Core/Draw s 1.Jeptto-6enoM UBeTe (cpoTorpacpH11 s 

pacTpOBOM cpopMaTe tif, dpi-300). P11cyHKH B Word He scrasnSITb KpoMe cny4aes, Kor.na pHcyH01< 

H3Ha4anbHO BbmoirneH s Word. 

7. CcbtnKH Ha JIHTeparypy s TeKCTe )lalOTC$1 no nOp$1.llKY apa6CKHMH U.HcppaMH s KBa,llpaTHhIX 

CK06Kax. CnHCOK JlHTeparypbI C0CTaBJ1$1eTC$1 B TOH )Ke nocne.u.osaTeJlbHOCTH, B KOTOp0H npHBO­

.lJ.jJTCSI CCblJlKH Ha JlHTeparypy. <l>aMHJIHH H HHHU.HaJlbl aBTOpOB tta6HpalOTCSI ITOJIY)K1ipHblM KYJ)CH­

BOM. 

8. CITJiCOK JlHTeparypbl cne.u.ye-r ocpopMJISITb s COOTBeTCTBHH c rocy.u.apcTBeHHblM CTaH)lap­

T0M ".61-161rnorpacp114eCKOe onHCaIDfe )lOKyMeHTa" (fOCT 7. 1-2003), B llaCTHOCTH, Heo6xo,nHMO 

YKa3aTb: 

a) )lJlSI ~pHanbHblX CTaTeH - cpaMHJlHH H HHHU.HaJlbl aBTOpOB (He Mettee Tpex nepBblX), Ha-

3BaHHe CTaTbH, Ha3BaHHe )Kypttana (6e3 KaBbl'IeK), r0)l, TOM, BbmycK, HOMep, CTpaHHL{I,I; 

6) AJUI KHHr - cpaMHJlHH " HHHUHaJlbl aBTopos, n0JIHOe Ha3Bamte KHHrH, MeCT0 H3,UaHHjJ, H3-

.uaTeJlbCTB0 (6e3 KaBbl'IeK), ro.n H3)laHH$1; 

a) .llJ1$1 aBTopecpepaTOB )lHCCepTaU.HH - cpaMHJIHIO H HHHU.HaJJbl aBTopa, Ha3BaHHe aBTOpecpepa­

Ta .lJ.HCCepTaUHH, Ha COHCKaHHe KaKOH ylleHOH CTeneHH Hamtcatta .D.HCcepTaU.HSI, MeCTO H fO.lJ. 3a­

llJ.HThI; 

r) AJJSI npenpHHT0B - cpaMHJUIH H HHHU.HaJlbl aBTOpos, Ha3BaHHe npenpHHTa, HaHMeHOBaHHe 

H3.D.alOW,eH oprattH3aU.HH, WH<pp H H0Mep, MeCT0 H ro.n H3.lJ,aHH$1; 

.n) AJlj( naTeHTOB - cpaMHJlHH H HHHU.HaJlbl aBTOpOB, Ha3BaHHe naTeHTa, CTpatty, H0Mep H KJJacc 

naTeHTa, .nary H ro.n 3aSIBnemrn H ony6nHKOBaHHSI naTettra; 

e) .nm1 0Tl.feT0B - cpaMHJIHH H HHHUHaJl',I asTnpoB, Ha3BaHHe 0TlleTa, HHBeHTapHblH N!!, HaHMe­

H0BaHHe opraHH3aU.HH, ro.n BbinyCKa; 

)K) AJJSI 3JleKTp0HHblX HCTOllHKKOB - n0,1HblH 3JleKTpOHHblH a.upec, IT03BOJ1SIIOW.KH o6paTHTbC$1 

K ny6JJHKaUHH. 

9. B K0HUe TeKCTa nepe.n cnHCKOM JlHTeparypbl yKa3blBalOTCSI KOHTaKTHblH TenecpoH H, )KeJia­

TeJlbHO, a.upec 3JleKTpOHHOH nol.fTbl. 
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BHBMaHHIO 'IHTaTeJieii 

Hay11Ho-Temu11ecKoro c6opHHKa 

"BorrpOChl aTOMHOH nayxH H TeXHBKH. CepKH: <l>HJHKa H,UepHbIX peaKTopos"! 

Pe.ru<OJIJierIDI c6opHHKa "BAHT. CepHH: <l>H3HKa .si:,nepHhIX peaKTopoB" IIBq>op­

MHPYeT aBTopoa H 1ll:ITaTeJieH c6opHHKa 06 opr8HH3aUHH co II nonyro,uIDI 2007 r. 

no,nJIHcKH Ha "BAHT. CepIDI.: <l>H3mca .si:,nepm,rx peaKTopoa". C6opHHK BKJiroqeH B 

KaTanor "lfa,naHHH opraHoB HayqHo-TeXHJICiecKoH HHq>opMau;1u1" AreHTCTBa "Poc­

ne1IaT1>" (HH,neKC 66675, IIO,nIIHCH:ul ueHa 200 py6. 3a o,nHH 3K3eMIIIDip). 

HanoMHHaeM, 1ITO "BART. CepH.sI: <l>H3HKa &,nepHbIX peaKTopoB" no­

npe)l(HeMY H3,naeTC.sI B TPeX BbIIIYCKax: <l>H3HKa Ii MeTO.[.(bl pac1IeTa .si:.nepHbIX peaKTO­

poB, ,[(1rnaMHKa H 6e30IIaCHOCTJ:, Mepm,rx 3HepreTWieCK.I1X ycTaHOBOK H 11MrryITbc­

Hbie peaKTOpbl H npOCTbie KpHTHtJeCK.He c60pKH. 

IlpH3bIBaeM 3aHHTepecoBaHHhIX cneI.J;l-la.JJHCTOB rro.n,uep)l(aTh aKTHBHOM no.n­

IIHCKOH c6opHHK "BAHT. CepIDI.: <l>H3HKa .si:,nepm,rx peaKTopoB". 

BOIIPOCl,I ATOMHOH. HAYKH H TEXHHKH 

C e p H JI: (l>113HKa J111epHbtX peaKTopoo 

Bl>mycK 1 

0TBeTCTBeHHblH 3a BhlnyCK C.M. 3apHUKIIA 

Pe.uaKTop B.B. nlfeJlHH 

n B neLfaTI> J 5 OS 07. cI>opMaT 70x108/16 
O,nITHCaHO . . 3.c.JJ.c. JJ ~ 

12 4 yq -HJ,11. JI. 14.6. THp8llC 250. Hluleicc U"tV. C'TaTeH. 3a1<83 37 
TTe'-laTI, ocl>ceTHrui. Yen. neq, JI. , · · 

,. 1-1ayL1HOM ueHTJ)C "KY)J'l8TOBCDll 11Bcn1Tyr'' 
OrneqaTaHO B PoccHl'ICKOM K 

123182, MocKBa, nn. Ax3JleMHK8 
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