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3KCilEPHMEHTA~bHbIE HCC~E~OBAHIDI 

Y,l(K 621.039.57 
0 B33HM0CBH3H 6apoMeTpHqecKoro H TeMnepaTypHoro K03{j>{j>Hll,HeHTOB 

peaKTHBH0CTH B0.lJ;0-B0)J;HH0ro peaKTopa HyJJeBOH M0IIUI0CTH 

(BhICOKOTeMnepaTypHOro KpHTHI.JeCK0ro CTeH.n;a) 

4>.M MumeHK06, P.A.Cu6K06, 
OKEM, r. Hi,oKmlli Hosropo.n, EypHaKOBCKHH np., 15 

TipeJlCTaBJleHbl JTOJly'leHHble Ha ttyJleBOH MOLnHoCTH pe3yJ1bTaTbl H3MepemUi 6apoMerpH1-IeCKOrO K0-
34>4>HuHeHTa peaKTHBHOCTH BOJlOBO,lVIHOro peaKTopa 8 npouecce era pa3orpeea BHeUIHJ.IM HCTOl{HHKOM Te­
[lJla JlO TeMnepaTypbl - 300 °C. YcTaHOBJleHa B3aHMOCBH3b TepMOJlHHaMH'leCKHX xapaKTepHCTKK 06blKHO­
BeHHOH 80.llbl C KOJ4>4>HD;HeHTaMH peaKTHBH0CTH no TeMTieparype H nasneIDllO. OcymecTBJieHO pa3JleJieKHe 
TeMneparypHoro KOJq><pHUHeHTa Ha ITJIOTH0CTH)'lO H co6crneHHO TeMneparypH)'lO COCTaBJUIIOUJ.He. IToKaJa­
Ha rIOJle3HOCTb 11.3MepeHID{ 6apoMeTJ)H'leCKOro KOJQ)q>HUHeHTa JlJIH oueHKH n0JIHOTbl 11 3HaqJ1MOCTH pe3yJib­
TaTOB )KCnepWMeHT0B, JlJljj cpopMl!poeamUi qeTKHX npeJlCTaBJieHHH 06 ycnoemrx H,n:epHOl1 6e3onacHOCTH 
npoeKT11pyeMh1x peaKTopos. 

ON INTERRELATION OF BAROMETRIC AND TEMPERATURE REACTIVITY COEFFI­
CIENTS OF ZERO POWER LWR (HIGH TEMPERATURE CRITICAL TEST FACILITY). F.M. 
MITENKOV, R.A. SIVKOV. The paper presents the results of barometric reactivity coefficient measure­
ment for zero power L WR obtained during its heating by the outer beat source up to the temperature of - 300 
°C. Thermodynamic characteristics of light water and temperature and pressure reactivity coefficients are 
interrelated. Temperature coefficient is separated into density and proper temperature components. Profit of 
barometric reactivity coefficient measurement is shown for estimation of completeness and importance of 
experiment results and for forming of clear ideas on nuclear safety of designed reactors. 

TeMnepal)'pHbIH K03cpcjmu.HeHT peaKTHBHOCTH HBJUl.eTC5l 0.[{HOtt H3 HaH6onee BIDKHblX xapaK­

TepHCTHK peaKTopa c soaoi1 nOA .n.aaneH11eM. )J;ononHHTeJTbttoe 11JMepem1e 6apoMeTpw-1.ecKoro 

K03cpcpHUHeHTa B nrnpoKOM .[{HanaJOHe TeMnepazyp TI03BOJUleT 3aMeTHblM o6pa30M TIOBblCl1Tb 3cp­

cpeKTl1BHOCTb KpHTW-leCKOfO 3KCnepHMeHTa: o6ecneqJIBaeTC5l B03MO)KHOCTb pa3.[{eJieHJ,l.SI TeMnepa­

l)'pHoro K03cpcp11u11eHTii Ha ITJIOTHOCTHYlO H co6CTBeHHo TeMneparypH)'lO (npH IlOCTOHHHOH nJIOT­

HOCTJ,f 80.[{bl) COCTaBJUUOl..l.Uie. T1paKT114eCKaJI peaJill3al.(llil IlOCTaBJTeHHOH 3a.[{a'-IH ocymecTBJieHa 

aBTOpaMH 3a C'-leT HCITOJlb30BaHllil CHCTeMbl T04HOro H3MepeHHJI TeMneparypbl H MeTOJI.H_KJ,f H3Me­

peHHH B pe)KI1Me KBa3HCTal.(HOHapHoro pa3orpeBa CTeH.na [ 1 ], 06ecne'-l11Ba10meM 0,/lHOBpeMeHHOe 

H.3MeHeH11e TeMneparypbI scex qacTeH aKTHBHOH 30HbI 11 0TpIDKaTem1 Ha o.n:H)' H TY )Ke BeJIH'-urny 

npH ycJIOBHH Ha.[le)KHOH TenJIOH30J1Rl.(11H CTeH.n.a 11 HeH.3MeHHOH MOW:HOCTM 3JleKTpoHarpeBaTeJieH 

(3.necb 11 HIDKe pe4b 11.n.eT O KpHTCTeH.[{e ttyJieBOH MOLQHOCTH pa3orpesaeMOM 3a C'-leT BHeWHJ,tX 

3JieKTpottarpesaTenei1). 

)J;mr BbIBO.[{a OCHOBHblX COOTHOWeHHH TeMneparypHblH K03cpcpHU,HeHT peaKTHBHOCTH 

(aplat)mn, nonyqaeMblH B 3KCnepHMeHTe, B 3aBHCHMOCTH OT Bbt6opa He3aBHCHMhlX nepeMeHHblX 

MO)KeT 6h1Tb BblpIDKeH ,/lBORKHM o6pa30M: 

(~~)"'" =(~~), +(:;],(!} (I) 

(~~L =(~~).+(:~),(:;} (2) 
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r.D.e p, t - C00TBeTCTBeHH0 .LJ.aBnemte H TeMneparypa B aKTHBHOH 30He, V - y.LJ.eJibHbIH 06beM 3a­

Me.LJ.JIHTemi:. 

Bxomlll..U1e B BblpruKeHH.sl (I) 3Hat:feHID1 ( 8p/8t)mn, ( 8p/8p ), H 8p/8t M0ryT 6b!Tb H3MepeHJ>I, no-

3T0MY cooTHowem1e (1) M0)l(H0 paccMaTpJ,fBaTh KaK cnoco6 onpe.LJ.enem1.s1 (8p/8t)p HJIH np11 113_ 

seCTHOM (8p/8t)p KaK cpe.LJ.CTBO Bbl'-UlCJieHIDJ (8p/8t)mn ,ll]l.sl np0H3B0JTbH0fO 3aK0Ha H3Mettettl1Jl 

.LJ.aBJJemrn OT TeMnepaTypbl. CooTHowem1e (2) n03BOJ1JleT pa3.LJ.eJIHTb (8p/8t)3KCn Ha C0CTaBJlJIIOU{He 
V ) 

nepB~ H3 K0T0pbiX CB.sl3aHa C H3MeHem1eM TeMneparypbl 8KTHBH0l1 30Hbl, a BT0pa.s1 - TTJl0THOCTJ,f 

(y.LJ.eJJbHOro o6beMa) JaMe,lJ.JIHTe11.s1. TaK KaK napaMeTJ)bI s npasow qacn1 (2) He Moryr 6blTb noJJy. 

YeHbl B 3KCnep11MeHTe, HaH.LJ.eM ,lJ.JIH HH.X BblpruKeHHJI 4epe3 H3Mep.s1eMb[e H Ta6JIHt:fHb[e BeJJHt{IUihI. 

McnOJlb3YH CBOHCTBa .slK06HaHOB [2], HMeeM .LJ.Jl.sl (8p/8t)v 

(
apJ - a(p,v) _ a(p,v) a(p,t) _(apJ (ap) ~ 
at " = a (r, v) - a (p,t) a (t , v) - at p + ap , k' (3) 

r.LJ.e ~ = (1/v)(8v/8t)p - TeMnepaTypHbIH K03<p<pHU.HeHT o6beMttoro pacurnpeHHX, a k = - (llv)x 
x(EJv/8p), - K03(p(pHIJ,HeHT o6beMHOH C:>KHMaeM0CTH .LJ.JIH BO.LI.bl; HX 3HatJeHH.sl MOryr 6bITb TT0JJy'ie­

Hbl C Il0M0ll{blO CTaH.LJ.apTHblX Ta6m1u. TepM0.LJ.H.HaMHt:feCKHX CBOMCTB BO.Ubl H 80.llHH0ro napa [3]. 
KoM61rn11pyH (1) H (3 ), CTOJJY4HM .lJ.JlH ( 8p/8t)v 

(: l =(~~ L +(!; ),(!-~ J <4l 
KoM6mrnpyg (2) H ( 4 ), 11MeeM .LlAA nJIOTHOCTHOH COCTilBJ1$1JOLIJ.eH 

( :~ J, : = ( ~), : = ( :; ),( ! : } (5) 

r.ue y = 1/v - nJI0THOCTb 3aMe.LJ.JIHTeAA. 

~ nJT0TH0CTHOfO K03<p<pHL(HeHTa peaKTHBH0CTH 3aMe.L{JIHTeJI.sl M0)KeT 6bITb nOJIY4eHo cne­

.nyiow.ee Bb1pIDKem1e: 

( ~), ~(:; ),(t J,(~), = ~(!;), (6) 

CoOTHOWeHH$1 ( 4 ) . . . ( 6) .llaiOT B03M0)KH0CTb Bblpa3HTb HCK0MbJe K03cpcp11u.11eHTbl peaKTHBHOCTH 

T0JlbK0 4epe3 3KCnepHMeHTaJJbHO onpe.uenHeMble H TI16JIIRHbie BeJIH4HHbl. 

Bbu1ctt11M cpH3WieCKHH CMhICJJ OTHowettmr Wk s (3) ... (5). ,[vrn dpldt = ~/k 113 (5) cneaye-r, tJTo 

IlJJOTH0CTH~ C0CTaBJIHlOW.~ paBHa eymo, a H3 (4), lJT0 (8p/8t)mn = (8p/8t)v. TaKHM o6pa30M, Bbl· 

pruKeH11e dp/dt = ~/k eCTb yc11os11e n0CT0$1HCTBa TTJJOTH0CTl1 80.L{bl npH H3MeHeHl1H TeMneparypb!. 

B KatJeCTBe npHMepa HCCT0Jlb30BaHHH nony4eHHblX COOTHOLIIeHHH Ha pHC. 1, 2 npHBe,neHbI pe-

3YJibTaTbl H3MepeHH51 3aBHCHMOCTeH OT TeMneparypbl (8p/8p), H (8p/8t))KCn > nonytJeHHble Ha H)'· 

JleBOH MOW.HOCTH .LJ.JIH aKTl1BHOH 30Hbl B0.LJ.0-80,USIHOro peaKTopa, co.nep)Kaw.ero MeTaJJJIHt:feCK0e 

TOITJIHBO Ha 0CH0Be BblCOK006oraJJJ,eHHOro ypatta. lliMepeHHH BblIT0JIHeHbl .LJ.Jl.sl OK0JI0KpHTHl.le­

CKHX COCTOJIHl1H aKTl1BHOH 30Hbl, noAUep)KHBaeMblX 3a C4eT nepeMeweHHJI opratta K0MneHCal.(HH 

113 60Jibl.IIOfO 4HCJia nornow.a10m11x CTep)l{HeH; norpewHOCT H pe3yJihTaTOB ou.eHHBaJOTCJI B 

3 . . . ] 0 % (p11c. ] ) H 3 .. . 5 % {pHC. 2). 
OrMeTHM 3.lleCb, 4T0 np11Be.ueHHble 3Ha4eHH.sl norpeWHOCTeH 6a311pyIOTCH Ha npHMeHemrn 

pa3pa6oTaHHOH aBT0paMl1 MeTO.llHKl1, n03BOJ151fOllleH ocymecTBJI.SrTb H3MepeHHe npHpaw.emtH TeM­

neparypbl C norpeWH0CTblO He 6011ee 0,05 ... 0, I °C. ),fa pHC. 3 M0>KHO BH.LJ.eTb TaK)l{e 4T0 Ha,D.e>K­

HaH p e rncTpau.i-rn TeMneparypbl B aKT HBHOH 30He M0)l{eT o cyw.ecTBJ151TbC51 He pattee, qeM qepe3 

~ 12 MHH nocne H3MeHeHHSI .LJ.aBJJeHHSI . ,Lvlsi KIDK.LJ.0ro KpHTM4eCKoro CTeH,ua 3T0 BpeMJI CTporo HH­

.llHBH.D.YaJJbH0, '-I.TO ,UQJl)f(HQ Y'-IHT bJBaTbCH np11 Bbin0JJHeHHH 3KCnepHMeHT0B HJJH pa3pa60T Ke Me­

T0.llHKH H3Mep e HHM . 
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I, °C 

100 200 300 

Puc. 1. 3aBHCMMOCTb (8p/8p), OT TeMrrepaTypbl 
PHC. 2. 3aBHCHMOCTb OT TeMnepaT)'phr: I - (8p/81)3KCll; 
2 - (8p/8t).; 3 - (8p/8v),(dv/dt) 

Ha pHC. 2 npe,ucTaBneHbl TaJOKe pe3yJJbTaTbJ pa3,UeJJeHIDI (op/ot))KCn Ha CTJJOTHOCTttylO H TeMne­

parypHYlO COCTaBmflOlll,He C noMOlll,bJO (4), (5). IlpH 3TOM 11cnOJJb3OBaJJHCb nO.ny'IeHHbJe Ha OCHO­

Be [3] 3HaqeHm1 Pfk (p11c. 4), yqHThIBalOlll,He peanbttylO 3aBMCHMOCTh dp/dt OT TeMneparypb1. B11,u­

HO, lffO ,llJJj! HCCJJe.LJ,yeMoro pearcropa rrpH t > 200 °C OCHOBHOH BKJJa,u B (op/ot))KCn BHOCHT ITJJOTHO­

CTHM COCTaBJJj!lOUlM; Heo6xo,UHMO TalOKe OTMeniTb OTpHU,aTeJJbHblH 3HaK TeMneparypHOH' co­

CTaBJU[lOlll,ej;L 

TipH paCCMOTpeHHH pe3yJJbTaTOB 

cne.LJ,yeT HMeTb BBH.UY, 4TO 6apoMeTpH­

qecKHH K03(p(pHL.J.HeHT peaKTHBHOCTH, 

npHcyrcTB}'lOlll,HH B Ka)f(,LI.OM J.13 COOT­

HOl.lleHHH (3) ... (6), BKJJlO'-laeT B ce6.H 

3cpcpeKTbl C)KHMaeMOCTH He TOJThKO BO­

,llbl, HO H TBep,UblX MaTepHaJJOB aKTHB­

HOH 3OHbl, TaKHX KaK TB3nbl, BblfO­

PaIOLUHe nornOTHTenH H T.,ll. TaK KaK 

K03(p<pHUHeHTbl C)KHMaeMOCTH 60JJb­

UIHHCTBa 113 HHX ITO4TH Ha ,usa nopH,UKa 

Hl-1.)l(e K03cpcp11u11eHTa C)l<HMaeMOCTH 

BO.Ubl [3], MO)KHO Cl.JHTaTb, 4TO (op/op), 
H BeJJH4HHbl, onpe,uem1eMb)e COOTHO­

WeHHjjMH (3) ... ( 6), s OCHOBHOM CBj!Ja­

Hbl co CBOHCTBaMH BO.Ubl. IlpH Heo6xo­

.ll11MOCTH 3cpcpeKTbl C)KHMaeMOCTH TBep­

,llbl X KOMnOHeHT aKTHBHOH 3OHbl Moryr 

6b!Tb YYTeHbl pacl..feTHblM rryreM. 

301 
t, °C 

300 

299 

298 

297 

,. 

A I 
/' V 

/ 
V 

296 

295 

/ 

/ 
/ ,npCH!l)I( 

1_2 M 
() MHH) ~!_I Bpe [MH, MHH 

" I 294 
0 20 40 60 80 100 120 

PHC. 3. TTp11paLUeH1-1e TeMnepaT)'pbl KaK Q)YHKU.HH BpeMeHM 
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I ,5 

100 200 300 

Puc. 4. 3aBHCHMOCTh Pfk OT TeMneparyphl 1-1 

,uaBnettIDI: I , 2, 3, 4 - .llJUI p = 5, 10, 15, 
20 Mna, COOTBeTCTBeHHO 

OcTaHOBHMCH J].aJlee Ha HeK0T0pbIX acneicrax 

npaKTH4eCK0ro npHMeHemrn nonyYeHHblX pe3yJibTa­

T0B. },fa (4) cneJJ,yeT, 4T0 (8p/8t)3KCn M0)KeT MeIDIThCjj B 

urnpoKHX npeJJ,enax npH H3MeHemrn dp/dt OT ttyJijl )J.O 

Pf k. ,[(JUI ycnOBHH KpHTH-..ieCKHX CTeHJ].OB (xapaKTep0-

3YlOW.HXC$1 ttyJieBOH MOW.HOCTbK)) )J.J•iana30H H3MeHe­

Hl1$1 ( 8p/8t)mn 411CJieHHO paBeH BeJIJ-14J1.He nJIOTH0CT­

HOH COCTaBJUllOW.eH (T.K. TeMneparypHM COCTaBJI$11Q­

W.M ::::: 0, CM. p11C. 2). 
BbJJ].eJieHHe H3 (8p/8t)mn TeMneparypHOH COCTas­

muow.eii, BKJIK)4aJOW.ei1 B ce6.si: H TeMneparypHbtii 1<0-

3cpcpm.o-1eHT no Tonmrny, JJ,aeT B03MO)KH0CTb 6onee 

ttaJJ.e)KHOH ou,eHKH nocne.D.ttero pac4eTHbIM nyreM 

npeJJ.CKa3bIBaTb pa3BHTHe asapHHHblX CHrya'-0-rii M ~ 
BOJJ.0-BOJJ..llHbIX peaKT0p0B C BbJHeceHHbIM (BHeWHllM) 

KoMnettcaropoM JJ.aBJieHJu1. 

1-bMepeHHe 6apoMeTpH-..ieCKOro K03<p<pHU,11eHTa peaKTHBH0CTH )].aeT B03M0)KH0CTb Henocpe,1\­

CTBeHHOro nonr1emu1 Tpe6yeMOro J].e.HCTBYK)W.HMH H0pMaTHBHblMH JJ.0KyMeHTaMH [ 4] K03<p<pH-

QHeHTa peaKHIBH0CTH no nJI0TH0CTH 3aMeJ].m-lTeJI$1. 

3aKJ110'-ICHHe 

Ha npHMepe rrpaKT11tJeCKOro 11cnom,3oaaHl1.ll C0BMeCTHblX H3MepeHHH 6apoMeTPHCieCKoro H 

TeMneparypHOro K03<p<pHU,HeHTOB peaJCTHBH0CTl1 n0Ka3aHa Heo6XOJJ.HMOCTb HCCJieJ].0Ba.Hl1$1 H 

J].aJlbHeHmero cosepUieHCTBOBaHIDI 3KCnepHMeHTaJlbHbfX MeT0)J,11K JJ.JI& ynY4UieHHR npe.n.cTaBH­

TeJibH0CTH 11 nOJIHOTbl 3KCnepHMeHTaJlbHbJX J].aHHblX JJ.JI$1 npoe1CT11pyeMbIX peaKTOpOB. 

CfIBCOK JlllTEPA TYPhl 

l. llbtKOB A.B. TeopIDJ TerrnonpOBO,llHOCnl. - M.: BhlCWcUI UIKOna, 1967. 
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METO,Il,bl PACqETA H PACqETHbIE HCCJIE,IJ,OBAHIDI 

Y,l(K 621.039.51. .. 17 
K Borrpocy O MO.[l.eJIHpOB3HHH CHCTeM C rrepeMeHHhlMH CBOHCTB3MH cpe.[1.hl 

C HCIIOJlh30B3IUleM MeTO.[l.a MonTe-Kapno 

A.B. llmtbZUlt, ll.B. llucapea 
<l>rYIT '·HHTJ1 J.1M. A.TI. AneKcaHapoBa", 188540, r. CocHOBbIH £op JJeHHHrpa.!l.CKOH o6n. 

BbtnOJTHeH aHaJJHJ O.l(HOfO acneKTa Mo.nem1pOBam-u1 TpaHCnOpTa lJaCTI-IU B Cl1CTeMe C nepeMeHHblMH 
cso11cTBaM11 cpe.nbr c np11MeHem1eM nporpaMMbI pemafOwett Ja.na<1y MeTO.UOM MoHTe-Kapno. ITpeJJ.J10-
)KeHa MeTOJlHKa Mo.nem1posaHHR JJ.JlHHbl cso6o.nHoro npo6era l.faCTHUbl, 06ecnel.fHBafOma.11 y'-leT HepasHo­
MepHOCTH pacnpe.neneHHSI TTJTOTHOCTJ,1 cpe)lbl. np11Be.nem,1 peJyJTbTaTbl paci-{eTOB MO.l(eJTbHOH Ja.l(at.tH, cneu11-
aJT.bHO CKOHCTpyHposaHHOH .l(JTSI .neMOHC-rpaum, pa3JTH'-IHH B TO4HOCTH. MO.l(en11poBaHWSI np11 HCnOJTbJO­
BaHHW cryneH4aToro npen.cTaBJTeHIDI cso11.cTB cpe.llbI B cpasHemm c npen.naraeMblM no.nxo.noM. 

MODELrNG OF SYSTEMS WITH VARIABLE MEDIUM PROPERTIES BY THE MONTE­
CARLO METHOD. A.V. PANGIN, P.V. PISAREV. ft is analyzed the particles transport modeling in the 
system with variable medium properties by using Monte Carlo codes. A procedure is proposed to model the 
particle free path length taking into account nonuniformity of medium density distribution. The calculation 
results are demonstrated for the problem especially constructed to show the differences in simulation accu­
racy by using the stepwise presentation of medium properties compared to the approach suggested. 

Bee qame )).Jl.H MO)J.eJJHpOBaHH..H peaKTopHblX CHCTeM, MaKCHMaJJbHO np116mr>KeHHblX K peaJJb­

HblM o6beKTaM, npH.MemrIOTC.H nporpaMMbl, HCnOJib3YIOLUHe MeTO)). MoHTe-Kapno. Oatta H3 npo-

6neM, B03HHKalOW.HX npH C03)J.amrn TaKHX MO)leneH, COCTOHT B TOM, '-ITO B peallbHbl 3a,a.a4ax 

csoiforna MaTepHallOB Moryr 6blTb HeO)J.HOpO.LJ.HbJ, B nepayIO oqepe)).b 3TO KacaeTC.H HeO,ll.HOpO)lH0-

CTJ,f nJJOTHOCTl1 Tenn0HOCITTeJUI, K0TOpasi, KaK npaBl1JJ0, HenpepblBHO H3MeHSleTCSI B)lOJlb O)J.HOrO 

Bbl)leneHHOro HanpaBJJeHl1SI. O)lHHM 113 HaH6onee H3BeCTHblX nO)lXO)lOB K peweHJ,flO TaKOH 

Ja)laYH ~1Bm1eTCSf MeTO)). Bb!paBHHBaHHSI nOJJHblX ce'-teHHH (MeTO)). MaKCHMaJJbHblX ceqett1111) 

[1 ]. He.n.ocTaTOK MeT0)la - yaem1.qem,1e nOJIHOro YMCJla CTOJlKI-IOBeHHH, '-ITO npHBO)).HT np11 Cl1Jlb­

HOH HeO,ll.HOpO)).HOCTH cpe)lbl K 3aMeTHOMY yserrnqemuo BpeMeHH pac4eTa. 

,[(pyroi:1 )lOCTaTOYHO pacnpocrpaHeHHblH cnoco6 peweHHSI yKa3aHHOH 3a.n.aYH C0CTOHT B TOM, 

lfTO Henpepb!BHO l13MeH.HIOLUMCSI xapaKTepHCTHKa (B aHaJil1311pyeMOM cny'-lae nnOTHOCTb TenJ10-

HOCHTem1) npe)J.CTaBJlSleTCSI cryneHYaTO. O6JJaCTl1 HeO)).HOpO)lHOCTH pa3611BaIOTCSI Ha 60JibWOe 

4HCJJO cpparMeHTOB C 3a,QaHHeM B KIDI()lOM H3 HHX ocpe.LJ.HeHHblX CBOHCTB. 3ToT cnoco6 .SIBJI.HeTC.SI, no 

cyw.ecTBY, e)lHHCTBeHHO )J.OCTy'TTHblM )lJl.H om1caHl1.H HeO)).HOpO)lHOCTl1 CBOHCTB cpe)lbl B TaKHX WH­

pOK0 H.3BecTHblX nporpaMMax, KaK MCNP [2] H MCU [3]. 
O,a.HaKO B 3TOM cnyyae Moryr B03HHKaTb CJ1e)ly!OLU11e npo6neMbl H YCJJO)l<HeH11S1: 

- 3a)).al.fa, np116JJ11)KeHHa.S1 K peanbHOH c11ryau.1111, 11MeeT KaK npaBHJJO ,ll.OCTaT0'-IHO CJlO>KHYfO 

reoMerp11YeCKYlO MO)leJlb, 11 .n.onOJlHHTeJibHOe pa36HeHHe Ha nO)l06JlaCTH .LJ.JISI )leTaJJbHOro npe..a.­

CTaBJJeHH.SI nepeMeHHblX CBOHCTB cpe,ll.bl Mo:>KeT Ype3MepHO ycJJO)KH11Tb pacYeT; 

- .ll.JI.H nporpaMMbl, MO)lem1pyrow.eii CJlO)l<HYIO CHCTeMy MeTO.ll.OM MoHTe-Kapno, ecTeCTBeHHO 

0nHCb!BaTb CHCTeMy KaK Ha6op o6beKTOB c xapaKTepHblMII CBOHCTBaMM. O6beKTHOe onHCaHHe 

JJ,eJJaeT MO)leJlb 6onee CTpyKTYPHPOBaHHOH. SICHOH 11 MeHee noasep)KeHHOH OWH6KaM BB0)la. 

CryneHYaToe npe,a.CTaBJieHHe CBOHCTB cpe,Qbl 06beKTa pa3pywaeT TaKOH TTO)lXOJJ., TaK KaK no­

rpewHOCTb OT pa36HeHH.SI B onpe)leneHHblX c11ryaU.H.SIX 3aBHCl1T OT OKpy)l(eHH.SI onHCb!BaeMoro 

06beKTa; 

7 



- Tpe6yeTCH oueHKa Toro, KaKOBa norpernHOCTb on1-1cam1H HCXO,ll,HOH 3a.n.aq1-1 npH Bb16paHHOM 

cryneHt.iaTOM npe.n.cTasneHHH CBOHCTB cpe,ll,bl H COOTBeTCTBeHHO, MO)KHO JlH paccMaTpJ,fBaTb 

ccpopMHposaHH)'IO Mo.n.enb KaK penep. 

McxO.[.l.jl H3 :noro, B pa6oTax [ 4, 5] npe.[.I.JlO)KeHa MeTO,ll,HKa yqeTa HepaBHOMepHOCTH CBOHCTB 

cpeD.bl Herrocpe,ll,CTBeHHO npH MOD.en11posaHHH -rpaeKTOpID! .lJ.BH)KeHIDI t.iacnu.1,. B ,naHHOH pa6oTe 

aHanorHt.!HblH no.n.xo.n. paccMaTpI-rnaeTCH npHMeHHTeJlbHO K <pH3H-..ieCKOH cpe,ue C O,nHOMepHoij 

tteOD.Hopo.n.HocTbfO. B 3TOM cnyqae y.n.aeTcH: nony'-IHTb 6onee npoCTYfO H nocne.n.osaTeJihH)'lO MeTo­

,nm<y pacqeTa. 

AttanH3 pe3yJ1hTaTOB pac'-leTOB MO,ll,eJlbHOH 3a_naq1-1, cneuHanbHO CKOHCTpyHpOBaHHOH LI.Jlj{ Il,e­

MOHCTpaUHH pa311Ht.!HH B TO'-IHOCTH MO,LJ,ennposaHIDI npH HCCTOJlb3OBaHHH cryneH'-laToro rrpe.n:cTaB­

nemrn CBOHCTB cpe,ll,bl, B cpasHeHHH C npeJV)araeMblM nOJJXO,l],OM nO3BOJIHeT noJIHee nOHH:Tb npo-

6neMbl npHMeHeHIDl cryneH"'laToro npe,nCTaBJleHHjf CBOHCTB MaTepHanOB. 

1. MeTOAHKa yqeTa HJMeHeHHH OJIOTHOCTH cpeAhl 

B nporpaMMax, 1-1cnonb3YIOI.l.J,HX MeTo,LJ, MoHTe-Kapno, onpe.n.enettHe ,nnHHbI l cso60LJ.Horo 

npo6era t.JaCTHUbl .ll.0 nepsoro CTOJlKHOBeHHH B rrpe,nenax ,LJ,aHHOH jfqei:fKH <pHKCHposaHHon KOM­

Il03HUHH MOD.eJIHpyeTCH: cne.lJ.YlOI.l.l,HM o6pa30M. r ettep1-1pyeTCH cny'-laHHOe '-IHCJ10 ~ H3 npoMe>KyrKa 

[0, ] ) H H3 COOTHOlIJeHl-ljf 

I 

~ = f e-1:.,·'I,
1
ds = 1 - e-1:.,, (1) 

0 

onpe,nen$1eTCJI .[.I.Jl1rna nyTH l ,no cne,nywmero CTOJlKHOBeHJ,fjl 

t=-[ln(l-~)] ;r,, (2) 

r.n.e 1,1 - MaKpocKon11t.JecKoe nonHoe nonepet.!Hoe ceYeHHe cpe.n.b1. 

B c11y1.Jae nepeMeHHOH nnOTHOCTH MaTep11ana <pOPMYJlhl (1) H (2) BH,ll,OH3MeIDIIOTC}I: 
s 

I -f a1p(x)dx 

~ = f e O cr,p(s)ds; (3) 
0 

f p(s)ds =- ln(l-~)' 
o cr, 

(4) 

rD.e cr, - no1rnoe MHKpocKOITl,fl{eCKoe nonepe'-IHOe cet.Jemte cpeD.bI; p(s) - nnoTHOCTh MaTep11ana B 

Ja,D.aHHOH TO'-IKe s MO,D.eJlbHOH .sl'-IeHKH; HJITerpHposaHHe npOH3BOLI.HTC}I B,lJ.OJlb Bbl6paHHOrO Ha­

rrpasneHHH TpaeKTOpHH '-laCTHL(bl. 

Bblp~eHHe (4) MO)KHO paccMaTpHBaTh KaK ypaBHeHHe OTHOCHTeJlbHO onpe.n.eneHIDI senH'-IHHbl 

/ npH H3BeCTHOH 3aBHCMMOCTH H3MeHeHHH nJlOTHOCTH p(s) B,D.Onb nyTH HHTerpHposaHIDl. l{Hc­

JieHHaJI cxeMa peweHHH 3TOro ypasHeHHH MO)KeT 6b1Tb OCHOBaHa Ha cne,nywmeM nOJJXO,Ue. TiycTb 

cpyHKUHSI P(z) onpe.n.ensieTCSI Bbipa)KeHHeM (5), r,LJ,e HHTerp11posatt11e npOH3BO,lJ.HTCSI no Bb!COTe 

Jl-qeHKH B,lJ.OJlh HanpasJTeHJ,ijl H3MeHeHHH fJJIOTHOCTH (npHMeM JJ.JTSI onpe,ueJTeHHOCTH, '-{TO 3TO Ha­

npasJTeHHe OCH Z) OT HH)KHeH rpamtUbl 06nacn1 ,LlO TOL{KH z, T.e. 

P(z) = f p(s)ds . (5) 
0 

MeTO.lJ. MottTe-Kapno .n.onycKaeT nocne.n.osaTeJJbHoe pe111em1e 3a,uaq onpe.n.e11eHID1 rrpe.n.nona­

raeMOH T04KH CTOJTKHOBeHHJI t.JaCTHUbl H aHanH3a, pacnoJTO)KeHa JlH Otta 3a npe,LJ,enaMH 0611acn1, 
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T.e. nepeceKaeT JHI )J.aHHruJ TpaeKTop11.H rpaHHUY 0611acn1, np114eM npoue)lypa onpe)le11em-u1 T04-

KH nepece4eHH51 He 3aBHCITT OT CBOHCTB cpe)lbl 11 MO:>KeT pewaTbCJl TeMH :>Ke cpe.llCTBaMH, 4T0 H )1,)151 

O)lHOpO.llHOH cpe.llbl. 

TaKHM o6pa30M, see oco6eHHOCTH peanH3atJ;HH MeT0.lla MoHTe-Kapno .llJl.H cpen c nepeMeH­

HhIMH CBOHCTBaMH cocpe.ll0Ta4HBaJOTC51 B npoue.llype onpe.lleJleHH51 3Ha4eHH51 z, C00TBeTCTBYIO­

mei1 rettep11pyeMOH senw-urne ~- qT06bl 3a,n.a411 M0:>KH0 6blJ10 pelliaTb nocJle)J.0BaTeJlbHO, 3KCTpa-

00Jl51UHJl cpyHKUHH P(z) 3a npe)J.eJlaMH paccMaTpHBaeMOH 0611aCTH .uom,rna 6b1Tb MOHOTOHHOH 

cpyHKUHe.H z (T.e. p > 0). 
B paMKax TaKoro no.nxo)J.a cpyttKUH.H P(z) .ll0Jl)KHa 6bITb onpe.lleneHa .llJl.H acex 3Hal.feHHH z ( OT 

- CO )].0 + co). )];1151 3T0ro .ll0CTaT0LfH0 npHHHTb, LJTO nn0TH0CTb 3a npe.n.e11aMH 06nacn1. 514e.HKH 

00CT051HHa 11 paBHa IlJl0TH0CTH B T0LJKe nepecelfeHH51 TJ)aeKTop1-rn C rpaHHUeH 0611acn1. Ecmt 

ITJl0TH0CTb Ha rpaHHUe paBHa HYJll-0, TO 3a npenenaMH 0611aCTH HLJeMKH ee CJie)J.yeT 6paTb paBH0H 

mo6oMY noJI0)KwrenbH0MY LJHcny, Hanp11Mep, cpe.llttei1 nnoTH0CTH B npe)J.e11ax H4eHKH. 

,[l;onycTHM, 4TO' CTapTOBruJ" T0LJKa, T.e. T04Ka Hal.fana TpaeKT0pHH /, HaxO)].HTCH Ha BblC0Te Zo, 

yron Me)I{_)].)' HanpaBJTeHJileM TpaeKT0pHH H 0Cbl-0 z pasett e HCK0MruJ K0Hel.fHruJ TOl.fKa HaXO.llHTC}t Ha 

BblC0Te Zt, T0r)J.a, MCCT0J1b3Y}t Bblpa:>KeHHe (4), nony4HM, lffQ npoeKUHH TJ)aeKTop1111 Ha 0Cb z 11 

cpyHKUJiJl P(z) C8}13aHbl cne.ny10w,I-fM C00TI-IOWeHMeM: 

P(z
1
) = P(z

0
)- ln(l- ~)case. (6) 

<J, 

O6o3Ha~rnM 4epe3 P-1 
o6paTil)'lO cpyttKUHJO .llJlH P, Tor,n.a 

I= (P-1[P(z
0
)- ln(l-~) cose]-z

0
)/ case. (7) 

<J, 

Bb1pa:>Kem1e (7) no3B0JIHeT onpe,llemtTb .llJlHHY npo6era / , K0r)J.a 3Ha11em1e case He pastto HY­

mo. B C.rry'-{ae MaJlbIX 3Ha4eHHH case IlJl0TH0CTb no ycJI0BHl-0 qJaKTHl.feCKH nOCT0JlHHa B.ll0Jlb CTYTH 

H )J.J1H onpene11eHHH [ M0:>KHO HCTT0Jlb30BaTb Bblpa:>Kett11e (2). 
Cne)J.yeT 0TMentTb, 4T0 BblpIDKeHHe (7), HeCM0TpH Ha KIDKYW.YIOCH CJI0)KH0CTb, HBJUieTCJl 

nerK0 anropHTMH3HpyeMblM. qHCJleHHOe peweHHe ypaBHemrn (7) M0)KeT 6b1Tb no11ylf.eH0 HH­

Tepnom1u11e11 3a)J.aHHblX Ta6JIHLfHblX 3Hal.feHHH <PYHKUHH p 11 P-1
. Ilp51MaH 11 o6paTHag cpyHKW111 

no11yYaI-OTC51 nepecTaHOBKOH MaCCHB0B 3Hal.feHHH B npoue.n.ype HHTepnom1u1-m. bblCTpa51 LfHC­

JleHHa51 pean113aUHJl noJiy4aeTC51 Ha paBHOMepHOH ceTKe, npH 3T0M CeTKH )1,)151 npRMOH H o6paTHOH 

cpyHKUHH .llOIDKHbl 6b1Tb pa3Hble. 

,ll;JIR cny4a51 , K0r)J.a TTJlOTHOCTb MeH5IeTC51 J111HeMHO B npene11ax BCeH 0611acTH, Bblpa:>Kem1e 

(7) M0)KeT 6bITb pa3peweH0 8 51BHOH cpopMe: 

2/o . 

I= 
1+ ✓I + 21/P' ' 

I 

2/ E...> -)· 0 , 
p 

I 

2/0 £.. ~ -1, 
p 

(8) 

r)J.e lo onpe.n.eJ151eTC51 Bblp8)KemreM (2) C nJI0TH0CTbl-0 p B Ha4aJibHOH T04Ke nyrw p' - np0H3B0,llHaJl 

OT nJl0TH0CTH B)J.0Jlb HanpaBJleHH51 ,lJ,BH)KeHH51 11aCTHUbl. 

Ycnos11e 2/0p'/p S-1 onpe.n,em1eT cnoco6 pac4eTa AJlHHbI / B TOH 06nacT11, r.n.e cpopManbHOe 

npo.n,oJl)Ketrne m-rneHHOH nJJ0TH0CTH npHB0.llHT K ee 0TpHUaTCJlbH0MY 3Ha4eHHIO (B ,n.aHH0M c11y4ae 

npH np0.ll0Jl)Kemrn B 3TY o6naCTb Y.ll06ttee HCn0Jlb30BaTb cpe.n,Hl-01-0 nJl0TH0CTb OT Hal.faJlbHOM T04-

KH .ll0 T04KH co 3Hal.feHHeM p = 0). 
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-

Bb1pa)Kett1-1e (8) MO)KeT 6b1Tb npHMeHeHo KaK 4aCTb HHTepnomn~HOHHOH npol{e)lypbl, on. 
pe.ueJTeHHOH Bblpa)KeH11eM (7), ecJTH C03)laBaTb Ta6JTHUbl )lJl}I P(z) H P-1(z) paCC4HTaHHblMH Ha Hc­

nOJTb30BaHHe JTHHei:iHOH HHTepnOJT}IUHH no nJIOTH0CTH Me)K)ly Y3JIOBblMH T04KaMH. 

2. Onncanue M 0)leJJH 

,[(JI}I HJIJIIOCTJ)al{HH npo6JieMbl MO,lJ.eJ111posaHH}I cpe.u C HeO)lHOpO,llHblMH CBOH.CTBaMH CKOHCT­

pyHpOBaHa cneUHaJTbHaSI cepH}I MO)leJibHhIX TeCTOB, B KOTOphIX 3cpcpeKTbl OT HepaBHOMepHoc111 

pacnpe.ueneHHSI ITJIOTHOCTH npOSIBHJIHCb 6b1 B MaKCHMaJThHOH CTeneHH. )lnJi npose.uem,151 Hccne • 

.uosaHHH Bb16patta crre.uy10maS1 pacYeTHM Mo.uenb (pwc. 1 ). 

0 

H 
aaeyyM 

U:Hmm.upH4eCKHH 6rroK pa.ueyca R :::: 
= 1 CM H BblCOTbl H = 20 CM 3anOJTHeH BO.l{oj:j 

C IlJIOTHOCTblO, JIHHeirno MeHSIIOUJ.eikR no 

BblCOTe OT 1,0 BHH3Y )lO 0,001 r/cM
3 

BBep-

OTJ)a>KaIO[UcUl xy. fpaHH'llibJe ycrrOBHSI Ha 6oKOBOH no-
nosepXHOCTb 

H/2 _,,,..----- - ---r-------.. - BepXHOCTH MO)lem1pOBaJIH CinyaUHIO C MaJ(. 

----- -··-----------'"··------------ ---- CHMaJTbHO HeO.UHOpO)lHblMH CBOHCTBaMH OK-,_,__ : _. .. ,·· 
--·-·-·--····-:-·-·-·-·--······- saKyyM py)KeHHSI 3TOH 06rracT11. Ha HH)KHeH 6oKosoj:j 

I 

............ ---··· : ·•-.......... R 
• • - • • - • - • • - • - • I • • •• - - • - - - - •~•=•~ 

IIJJOCKHH HCTOqHHK noaepXHOCTb 

rpaHJ1.IJ,e .uo nOJIOBHHbl BbICOTbl UHJlH~pa 

3a,uaHb1 ycnoBHR noJTHoro nornomettID1 ( sa­

KyyMa), HMHTHPYIOlllHe B HeKOTOpOM n pH-

6JIH)KeHHH nornomeHwe qacnru:bI B MaTepHa­

ne TOITJTHBa. Ha OCTaJibHOH 6oKOBOH rpaHH-

PHC. 1. Pac'leTHcUI MOJlenb ue 11CnOJTb30BaHbl ycJTOBHSI, HMHTHPYJOll.lHe 

s HeKOTOpOM npH6Jll{)KeHHH OTpa)KaTeJTb. TiosepXHOCTH, pa3.UeJTSIIOI.I.lHe L{Hmrn.up no BblCOTe, o n­

pe.uensimt: KYC04HO-nOCTOSIHH)'lO .UHCKpeTH3aUHIO HepaBHOMepHOCTH JlJTOTHOCTH cpe,Ubl. 

Ha 1-UDKHeM Topue uwmrn.upa 3a)laBaJICSI MOH03Hepren14eCKHH (2 M3B) HCT04HHK HeHrpOHOB, 

paBHOMepHO pacnpe.ueneHHb[H Ha ero nosepxHOCTH H O)lHOHanpaaJieHHbl H no HOpMaJIH n K no­

BepXHOCTH. Ha rpaHHUe C HCT04HHKOM 3a)latthl ycJIOB11H 3epKaJTbHOro OTJ)a)KeHHSI, a Ha sepXHeM 

Topue UHIIHH.llpa - ycJIOBHSI BaJCYYMa. Iln:OTHOCTb BO.Ubl onpe.uemmacb TOJTbKO cpyHKUHeH BblC0Tbl, 

Ha O.UHOH BbJCOTe OHa 6bma nOCTO}IHHOH no pa,uHycy 1.VlnHH)lpa. TeMnepaTypHM 3aBHCHM0CTb 

Ce4eHHH HeHTJ)OHHh[X peaKUHH )lJTH ttyKJIH)lOB np11HHMaJiaCb BO scex pact.IeTax O)lHHaKOBOH. 

3. PeJyJJbTaTbl M 0 )leJJHp0BaHHSI 

C HCnOJib30BaHHeM CTaTHCTH4eCKOro MO)leJTHpOBaHH}I BbinOJIHeHa cepHSI pac4eTOB Jl,J'HI omt­

CaHHOH MO)leilll rrpH sap11aui-m ee pa3fo1ett11.si Ha no.n.06JTacT11 no BhICOTe. TionyYetta ouettKa oTHO­

CHTeJihHOH norpewHOCTH pe3yJibTaTOB pac4eTa B npe,UCTaBJieHHH KYCO'{HO-TIOCTOSIHHOH ITJIOTHOCTH 

cpe)lbl C pe3yJihTaTOM MOJJ,eJ111posaHHSI JIHHeHHO H3MeFUIIOlllCHCSI TTJIOTHOCTH cpe.Ubl no BbIUJeH3-

JIO)KeHHOH MeTO.LJ.11Ke. 

B Ka4eCTBe aHaJIH3HpyeMOH xapaKTepHCTHKH, no KOTOpOH oueHHBaJiaCb norpeWHOCTb MO)le­

m1posaHHS1, BhI6paHO 4HCJTO F 4acn1u, )lOCTHrlllHX BepxHeH TOpu,eBOH nosepXHOCTH Ul{JIHH)lpa 

CTaTl1CTH4eCKaSI norpelliHOCTb pac4eTa BbI6paHHOro cpyHKU,HOHaJia COCTaBJISIJia He 6onee 0,08 %. 
Ta 6 JI " LI. a no eWHOCTell MOJlenH B 3aBHCKMOCTH OT ee 30HI-J OBaHilll B Ta6n11u,e H Ha pHC. 2 (s 

N 2 3 3Jlon 4 5 5JlOn 7 8 11orap.11<pMH4eCKOM MaCUJT36e 

oce.11 .UHarpaMMbI) npe)lcTaB-

oFN , % 52, 10 4 ,11 4,31 1,25 1,24 1,20 0 , 17 0,41 0, 16 JieHbI 3aBHCHMOCTM OTHOCH-
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TeJlbHOH TTOrpernHOCTH oF N OT KOJ1H-

4ecTBa N TT0ll30H paBHOBem1Koro pa3-

61-1emu1 no BblCOTe MOJJ,eJlbHOro 6110Ka. 

100 

,L(ono11tt11Te11b1-1oe pa3611em1e (N.n:on) 1 o 
o3Ha4aeT, 4TO HH)l(Hj!SI o6nacTb (c rpa­

HWfHbIMH ycn0BJ,fj!MJ,f_ BaKyyMa Ha 60KO-

BOH nosepxH0CTH 6noKa) no.n:enetta 

paBHOBeJlHKO Ha N - 1 no,n:301-1 c J.l,HC­

KpeTHOU cpe.n:1-1ei1 TIJlOTHOCTblO cpe,Ubl, a 

sepXIDIS! TTOJ10BJ1Ha M0,n:eJlbHOro 6110Ka 

0,1 I 
I 

N~2~~=3 N=5 

N=3.n.on ~=4 N=7 

N=511.o□ N=8 N ---- - --~ ~---,------·-
10 

npe.n:cTas11etta o.nttoH 30HOH TalOKe c P11c. 2. l13MeHeH11e norpellIH0CTH Mo.n.e;rn B JaB11cttMocrn OT 

ycpe.n:HeHH0H ITJIOTHOCTblO cpe,Abl. ee 30Hllpoaawu1 

4. Auamu noJiy'leHHblX pe3yJibTaT0B 

Tipe.n:sapHTeJlbHbIH a1-1anH3 3a.n:a4H noKa3an, 4TO s 4HCTO nornoma10mHx cpe.n:ax .n:nsi coxpa­

tteHHSI J.l,OJlH 4acnw., BhlJTeTalOW.HX 4epe3 sepXHJOIO Topu.esy10 nosepXH0CTb, .L{0CT,if04HO coxpa­

HSl'Tb cpe.n:1-11010 TTJlOTH0CTb BO sceM U.HJlHH.D,pe. 3To CBSl3aHO C TeM, 4T0 sepOS!THOCTb BhlJleTa on­

pe.n,ensieTCSI Bblpa)KeHHeM (3) r.n:e J1HTerp11posaHHe npOH380.l{HTCSI OT T04KH Ha HIDKHeM Topue llO 

T04KH Ha sepXHeM Topu,e UHmrn.npa. IlpH 3TOM B CHJl)' CHMMeTPJ,f_J,f_ 3aJJ,a'lJ1 (nJJOTHOCTb H3Me1-rneTCSI 

BllOJlb OCH 1..1,HJlHH,Apa) cpe,llIDUI ITJTOTHOCTh no Jll06oMy nyrn OCTaeTCSI O.D,HOH 11 TOH )Ke, 

,L(nsi pacceHBalOUleH ),f 3aMe.D,JlSl10UleH cpe.D,hl, KaKOBOH SIBJlS!eTCSI so.n:a, Ha6JIJOllaeTC,SI BJlHSIHHe 

aHH30Tp0TTHJ1 CBOHCTB cpe.D,bl, KOTOpoe o6ycJIOBJieHO l{)'BCTBH'TeJlbHOCTblO yre'-IKH HeHTpOHOB 

qepe3 60KOB)'l0 nosepXHOCTb MO.D,eJlbHOH 0611aCTH. O6naCTb l{)'BCTBHTeJlbHOCTH onpe.n,ensieTCSI 

BeJJH4HHOH, COJ13MepHMOH C .D,JlHHOH MHrpau,HH. MaKCHMaJlhHa.SI norpeWHOCTb 8F Jl.Jl,SI npe,ACTaB­

neHH0H "rpy6oi1" MO,lleJIH C HCITOJlb30BaHHeM cpel{HeH TTJlOTHOCTH H MO,AeJIH C HenpepblBHblM 

npe,ncTaBJleHHeM ITJlOTHOCTH COCTaBJlS!eT BeJIH4HH)' 52 % . .1J:HcKpeTH3aUJ,UJ HenpepblBHOH 3aBHCH­

MOCTH TTJIOTHOCTH .ABYMSI ),fJT),f TpeMSI cTyneHbKaMH CHH)l(aeT 3TY norpeWHOCTb .D,O ypoBHSI 4 % . 
.LJ:11si .n,aHHOH 3a.n,aq11 TaKHe pa3J1H4HSI npe,n:cTaBJlSIIOTCSI HeD.onycTHMblMH TaK KaK OHH HaMHOro 

npeBOCXO.D,SIT 803MO)KHOCTH nporpaMMbl ITO T0lffiOCTH OITHCaHHSI, H nonyYeHHbJe pe3yJJbTaTbl no 

"rpy6MM" MO.D,eJISIM He MOryT CJIY)l(HTb B Ka4eCTBe penepa. HaCKOJlbKO :no 3HaCfHM0 B .upyrnx 3a­

,na4ax, onpe.n,ensieTCSI u,emrMH pacYeTOB. 

B paccMaTpHsaeMOH MOD.emf HMeJOTCSI ,!{Be o6naCTH C cymecTBeHHO pa3Hb1MH anb6e.D,Hbl­

MJ1 CBOHCTBaMH Ha 6oKOBOH nosepXHOCTH. BapHaHT C D.BYMSI ITOll06naCTSIMH C00TBeTCTByeT 

pa36HeHH10 scero 6noKa no rpaHHUe, pa3lleJISl101U,eH 3TH o6naCTH. B 3TOM cny4ae, KaK BH.D,1-10 H3 

D.aHHblX Ta6J1HU.bl, norpeWHOCTb cpyHKU,HOHana pe3K0 yMeHbWaeTCSI. 

CKopOCTb yMeHbWeHHSI ourn6KH npH .D,aJlbHeiiweM pa36HeHHH 3aBHCMT OT cxeMhl pa36He­

HHSI. B rn6Jrnue npe.D,CTaBJJeHbl pe3yJlhTaTbl , COOTBeTCTBYIOlllHe TpeM pa3HblM cnoco6aM pa3-

6ttemrn. Ilpt-1 nepBOM He Y'-IHTbJBalOTCSI pa3J1H4HSI B aJlb6e,D.HblX xapaKTepHCTHKaX 6oKOBOi1 no­

sepXHOCTH HIDKHeH H sepxtteu YaCTeH 6noKa (pa3611ett11e Ha He4eTHOe 4HCJ10 nOJJ,30H). CKO­

pOCTb CHH)l(eHHSI norpellIHOCTH B 3TOM cnyyae nponopU,H0HaJlbHa N 2
•
3 

. 

IlpH BTOpOM cnoco6e Y'lliTbJBalOTCSI pa3J1119HSI B anb6eD.HblX xapaKTepHCTHKaX 60KOBOH no­

sepXHOCTH HIDKHeH 11 sepXHeH yacTeH 6J10Ka (pa3fotemte Ha lfeTHOe 4HCJ10 TTO,U30H), HO He YYHTbl­

saeTCSI pa3J1H4He l{)'BCTBHTeJlbHOCTH HIDKHeH H sepxHeH nOJIOBHH K pa36HeHHl:O. CKOpOCTb CHH-

N 2 7 
)l(eHH,SI norpewH0CTH nponopUHOHaJlbHa • . 

Ilpt-1 TpeTbeM cnoco6e pa3611BaeTC,SI T0JlbK0 30Ha C BaKyyMHblMH rpaHH'-IHblMH ycJJ0BHSIMH. 

CpairneHHe sapHaHTOB C pa36HeHHeM sepxHei:t 30Hbl Ha l{Be TTO.U30Hbl (sap1,mHT 4) H 6e3 ee pa3-

6t-1eHHSI (sapHaHT 3l{on) noKa3bJBaeT, LfTO BepXHSl,SI LJaCTb 6J10Ka npaKTH'leCKH HeYyBCTBWTeJlbHa K 
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pa36J,1emno. Attanorwrno sapHaHTbt c pa36J-1em1eM Ha 8 nomott H TOJlbKO HI-OKHeH 0611acT1t1 Ha 4 
nO.l{3OHbl (sapHaHT 5.n.on) HMeIOT 0.l{HHaKOBYIO norpeWHOCTb pacLJeTa. CKopOCTb CHIDKemu1 no­

rpeWHOCTH B 3TOM CJTY4ae 6011ee BblCOKru! - OHa nponopl{HOHaJI.bttaN
3

•
5

. 

TaKHM o6pa30M, O4eBH.l].Ha 3aBHCHMOCTb norpeWHOCTl1 Mo.ne1111 OT c□oco6a pa36HeIDUI 61101<a 

Ha nO.U3OHbf. I1oJTy4eHHble pe3y11bTaTbl ITOKa3bl BalOT, 4TO npH pa3611eHl1H c11e.nyeT Y'illTblBaTh 

xapaKTep11cTHKH cpe.n, OKpy)KaIOlll,11X MO,!J,eJrnpyeMyIO o6naCTb. Cne.nyeT OTMeTHTb, 4TO 6bICTprut 

CXO.l{HMOCTb 3Ha4eHHH Bb!6 p aHHOro .nmI aHaJ1H3a cpyHKUHOHaJia 06yc11osJ1eHa KOMTTeHCaQHeH no­

rpelllHOCTeH MO.l{eJ1HposaHID1 ITJlOTHOCTH cpe.nbr ,!J,Jl,SI pa3JJ114Hb!X TO4eK o6nacTH. ,[(n.R JlOKaJlI,Hb!X 

xapaKTepHCTHK, 3aBHC.sllnHX B 60JTbllleH crnneHH OT CBOHCTB B 6mrn<aH.wei1 OKpeCTHOCTH BbI.Qe­

neHHOH T04KH, norpelllHOCTH MO,!],eJlH C ycpe.nHeHHblMH CBOHCTBaMH cpe,!],bl MOfYT 6b!Tb 3Hal{l-fMbI. 

Ilpe.nnaraeMru! MeTO,!J,HKa yLJeTa H3MeHeHml nJIOTHOCTH cpe.l{bl cso6o.nHa OT YKa3aHHblX Bb(lUe 

,!J,OITOJTHHTeJlbHbrX Tpe60BaHHH. Bo scex paCCMOTpeHHblX sapHaHTax pe3Y11bTaTbl paCLJeTa ¢YHK­

UMOHaJla )lJUI MO,!J,eJlH C .UHCKpeTHblM npe.ncTaBJ1emIeM flJlOTHOCTH cpe.D.bl npH ,!J,OCTaTOllHO 6onb­

llIOM pa36HeHHH 6noKa Ha TTO.U3OHbl npH6J1mKaIOTC.sl K pe3yJibTaTaM MO,llemIposaHH.Sl C Y4eTOM 

HenpepblBHOro H3Mettemui TTJIOTHOCTH. PacLJeTHOe MO,!J,eJIHp OBaHHe nOKa3aJ1O, 'ITO pean1t13allH.11 

rrpe.u11araeMOH MeTO,!J,HKJ,f rrpaICTHLJeCKH He yseJlJ,llOIJia BpeMeHHble 3aTpaTbl Ha pacLJeT. 

McnOJ1b30BaHHe npe.D.J1araeMOH MeTOJJ:HKH 60J1bllle COOTBeTCTByeT o6beICTHOMY CTHJllO O□Hca­
HH.Sl MO)leJlH, xapaKTepHOMY )lJUI nporpaMM CTaTHCT~eCKOro MO)lemIpoBaHH:sl, Kor.na K~M xa­

paICTepHCTHKa MO)leJTH OTTHCbIBaeTC,S! He3aBHCHMO OT Jlpyr11x.. C YLJeTOM Bb!WeCKa3aHHOro peKo­

MeH.nyeTc.si Y4HTbIBaTb H3MeHem1e ITJlOTHOCTH cpem,1 B anropHTMe nporpaMMbl no OflHCaHHoii Me­

TO,!J,HKe. 

3aKJU O'lCH He 

AHam13 pe3yJTbTaTOB MO)leJnIposaHH.s1 MeTO,!J,OM MoHTe-Kap110 TpaHcnopTa HeifrpOHOB B c pe.ue 

C nepeMeHHbIMH CBOHCTBaMH Ha cneQHaJibHOH MO)lemt ITOKa3aJ1 c11e.nyIOw,ee: 

• npH czyneH4aTOM n p e.ncTaBJ1eH1rn nepeMeHHOH. flJlOTHOCTH cpeII,bI aJlb6e.nHbie xapaKTe-

pHCTHKH OKp~aIOW,HX 3JleMeHTOB MOfYT BJIH,S!Tb Ha norpeWHOCTb pacqern; 

• .lJ.Jl,SI nporpaMM HCTTOJib3YJOW,HX MeTOIJ, MoHTe-Kap110, Mo.n.e111t1pOBaHHe nepeMeHHOH TTJIOTHO-

CTH cpeII,bl no npe,!],JlO)KeHHOH MeTO.l].HKe fl03BOJ1.sleT OflHCbIBaTb 3TY cpe.ny KaK e.n1t1Hblli 061,eJCT, 

4TO .ne11aeT OITHCaHHe 6onee npOCTbl M H yttMBepcanbHblM, yMeHbWaeT norpeUIHOCTH ee paC4eTHblX 

xapaICTepHCTHK H npaICTH4eCKH He yseJ1H4HBaeT speWI MO,!J,eJ1HposaHID1. 
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Y,[(,K 621.039.516.4 
KoMneucau.u» coAep:>KaHHB 234U 11 236U B TOIIJIHBe HJ pereuepHposauuoro ypaua 

B./0. linaiuKeau11, B.H. IIpocenKoa, B./(. Cuoope11Ko, 
<l>rY PHU, "Kyp4aTOBCKHH 1rncnrryr", 123182, MocKsa, nJl. aKaJl. Kyp4aTosa, l 

PaccMaTJnmaeTcsi 3a,na4a KOMnettcaui,rn HaY:a.JibHoro co.nep)KaHIDI 234U H 
236U s Toruume 113 pereHep11-

posaHHoro ypaHa .llJISI TBJJJOB peaKTopos BB3P. npe,llJJaraeTcsi MeTo.n11Ka paclfeTa KOMnettcwpyromero .no-
06orameHHS1 TOnmrna 235U, KOTOpasi 06ecne1umaeT HaHMeHbWee OTJIHTrne Me)K,ny paJMHO)KaJOUU1.MH CBOHCT­
saMH TBC c pereHep11poBaHHbtM 11 WTaTHbtM TOilJIHBOM B TelfeHHe sceH KaMnaHHH. 

THE CONCENTRATION COMPENSATION OF 234U AND 236U IN THE FUEL OF RE­
CLAIMED URANIUM. V.Yu. PLYASHKEVICH, V.N. PROSELKOV, V.D. SIDORENKO. The com­
pensation problem of initial concentrations of 234U and 236u in fuel rods of reclaimed uranium for the VVER 
reactors is considered. The calculation procedure of fuel compensative additional enrichment with 235U is 
proposed. This procedure ensures lowest distinction between multiplicating properties of the assembly with 
reclaimed and normal fuel during all operating period. 

Pa3BHnt:e aTOMHOH :mepreTHKH CBSl38HO C 3aMbIKaHHeM TonmrnHoro U.Hl<Jia, B lf8CTHOCTH, BO3-

spaTOM B TOTTJJHBHbIH LJ.HKll ypaHa H.3 OTpa6oTaBmHX TBC. TTpH BHeJlpeHHH perettepHposaHHOro 

ypaHa Tpe6yeTCj[ coxpaHeHHe AJIBTeJibHOCTH TOnJIHBHhlX UHKJIOB H cxeM neperpy3OK Ha 3Hepro-

6JJOKe A3C. IIo3TOMY tteiirpoHHO-q>H3H1-1ecK11e xapaKTepHCTl1KH TBC c perettepHposaHHhlM Ton­

JIHBOM .nomKHbl MaJJO OTJJHl.faTbCSI OT aHaJJOrH'-IHhlX xapaKTepHCTJ1K Tex )Ke TBC co UITaTHblM TOIJ­

JJ:HBOM. B OTJJHlfHe OT illTaTHOro TOTTJIHBa H3 o6orameHHOro rrpHpO.UHOro ypaHa B TOIJJIHBe H3 pe­

reHep11posaHHOro ypatta Toro )Ke o6oraw.emui: co.nep)l(HTCSI 
236U H MO)l(eT 6bITh 6onbllle 

234U. 
BJIIDIHHe 

234U H 
236U npO.slBJJ.sleTCSI B .nonOJIHHTeJibHOM nornow.emrn HeirrpOHOB, lfTO yxy.nmaeT 

pa3MHO)l(aJOmHe CBOHCTBa TOTTJJHBa H npHBO)J.HT K COKpaw.emuo ,l])IHTeJibHOCTH TOTTJil1BHOro LJ.11K­

na. ,[(Jul coxpatteHHSI pa3MHO)l(aJ{)llJ,HX CBOHCTB TOTTJIHBa Heo6XO)J.HMO KOMnettc11poBaTb 3TO BJIHSI­

HHe .noo6oramem,eM TonJ111sa 
235U. 

Co.nep)l(aHHe 
234U B perettepHpOBaHHOM ypatte no cpasttemno C 

236U OTHOCl1TeJJ bHO MaJJO H B 

HaCTO.slUlee speMSI He KOMTieHCHPYeTCSI. TTpo6neMa KOMnettcauHH co.uep~HHSI 
236U B TOnJlH.Be 113 

perettepHposaHHOro ypaHa .UJJSI TB3JIOB peaKTOpOB BB3P paccMaTpHBaJJaCb B pa6oTe [1] . IIp11se­

.neHHble B HeH K03q>q>HU.HeHTbl KOMTiettcau.11H co.nep>KaHHJI 
236U B TOTIJJHBe YTO'IHSIJJHCb B [2]. TTp.11 

KOMneHC8U.HH coxpallilJJHCb TOJJbKO cpeJJ.HHe no KaMnaHHH pa3MHO)1(810W,He CBOHCTBa TOTIJJHBa. C 

pacuutpeHHeM ero OTTbITHOH 3KCnnyaTaUHH BO3HHKJJa He06XO)J.HMOCTb B )J.OTIOJJH11TeJibHOM HCCJJe­

)J.OBaHIDf npo6neMbl KOMnettcau.mt, Y1f11Tb!Ba.sl co.nep)l(aHHe KaK 
236U, TaK H 

234U B TOnmrne peaKTO­

pos BB3P C pa3JJ114Hb1M o6oramel!HeM. 3.necb npe.UCTaBJJeH HOBblH no.uxo.u K npo6JJeMe KOMneH­

cau.HH co.nep)l(aHHSI 
234U 11 

236u s ronmrne 113 perettepHposaHHoro ypatta. 

1. MeTOJ.-HKa KOMneucauuu coi.-ep:lKaauH 
234U n 

236U 

V 234u n6u V TBC BJJHJIHHe nornow.eHHSI HeHTpOHOB 11 Ha pa3MHO)l(aJOlll,He CBOl1CTBa C 

perettep11poBaHHhlM TOnJTHBOM MO)l(HO paccMaTpHB8Tb B ac11MnTOTl1'-1eCKOM np116JJH)l(eHHH. 

TTo3TOMY )J.JJSI peweHIDI 3a.U84H KOMneHcau1111 npOBO.L{l,fJJHCb pacqeTbl BbiropaHHSI 6ecKoHe'IHblX 

peUieTOK, o6pa30BaHHbIX O.UHHaKOBblMH TBC C pa3JJH4HblM CO.Uep)l(8HHeM 
2350 , 234U H 

236U. ilpH 

paC4eTax CO,Uep)l(aHMe 
234U B WTaTHOM TOTIJJHBe He Y'-IHTbIBaJlOCb. 

TTpH KOMneHC8UHH COJlep)l(8H11.SI 
236U 6y.neM CTpeMHTbCSI o6ecne 411Tb H811MeHblllee OTJJ Hl.fHe 

Me)l()J.y pa3MHO)1(aJOllJ,HMH CBOHCTB8MH TBC C perettep11poBal!HblM H WTaT HhlM TOIJJJHBOM B 

Tel.feHHe BCeH KaMnaHHH. ,UJrn 3TOro 88O.UHTC.sl q>yttKU110HaJJ 
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J = max 11 - k' I k" I , 
p 

(L) 

r.ue /( H I<' cyrb K03cpcp11u11eHTbl pa3MHO)f(eHH51 TBC C pereHep11posaHHblM H WTaTHblM TOnJIHBOM, 

p - TeKymee 3Hat.tett11e cpe.u11ei1 rnyfoiHbl BbirOpaHH51 TBC B KaMnattHH. Bem-14HHa KOMnettcH­

PYIOlllero .uoo6orame111151 L\. Ci,5u ttaXOJll1TC51 113 ycJJOBH51 MHHHM)'Ma cpyHKUHOHaJia 

(2) 

r.ue .L\Cmu - .uoo6oramem1e perettep11posattttoro Tomrnsa npH MHHHMH.3auIrn, no3TOMY .£\·emu 

51 BJJ51eTC51 peweI-111eM MHHHMaKCHOH 3a.uaLJ11. 

l130TOnHblH COCTaB perettep11posattHoro TOnmrna M0)KHQ paccMaTpHBaTb KaK 803MYlllemre 

H30TOnttoro cocTasa wTaTttoro Torunrna. Tor.ua .um1 pewettl1Jl MHHHMaKCHOH 3a.Ua4H no.ny1.u1M 

npH6JJJ,t)KeHR)'!OcpOpMyJJy 

(3) 

3.uech 

(4) 

cyrb OTH0CHTeJibHOe OTKJJ0HeHHe H K03cpcpHUHeHT 4YBCTBHTeJibH0CTH cpe.uttero no KaMrramrn K0-

3cpcp11UHeHTa pa3MHO)KeHHJI TBC, n0JIY4eHHbJe npH B03MyllleHHH H30T0□Horo COCTaBa lllTaTH0ro 

T0flJ111Ba 
236U 11 

235U, C0OTBeTCTBeHHO. ,[(ml BbI4HCJJeHH51 3THX BeJJJ14HH 1'pe6yeTC51 npOBeCTH TpH 

pac4ern Ha BhlropaIDie TBC. Pac4eTbl npoB0.U51TC51 .L1.Jl5I scero .UHanaJotta H3MettettH51 OTHOCHTem-
v V 236u 8 HOH MaCCOB011 .UOJJH B perettepHposaHH0M Tonmme. pe3yJJbTaTe TTOJJY4HM 3aBl1CHM0CTb 

KOMneHc11pyiomero .uoo6oramettHJ1 OT co.uep)Kamrn 
236U s TOnJ11rne. 

Ha npaKTHKe Tpe6yeTC51 6oJJee npOCTa51, HO .UOCTaT04110 T0LfHa51 3aBHCHMOCTb, nony4aeMrui 

4e6bIWeBCKOH annpOKCHMauHeH BeJJH\JHHbl .L\. C mu : 

(5) 

r.ue K, H K2 - K03cpcpHUHeHTbl HaHJJY4Wero paBH0MePHOro JlHHeHHOro npH6JJJ,f)KeHl1Jl BO BCeM 
V V ~36u H ,..."' .u11ana30He H3MetteHH51 0TH0CHTeJJbH0H MaCC0B0H .U0JJH B TOnllHBe. a30BeM HX K03't-''i'HUHeH-

TaMH K0Mnettcaum-1 co.uep:>KaHH51 
236U. Xopowy10 TQl.jHOCTb nOKa3aJI0 Bbl4HCJJemte K03<pcpHu;HeH­

TOB KI H K2 no cpopM)'JJaM 

(6) 

r.ue 6. - wHpIrna ,n.Hana301-1a H3Mettettl1Jl co.uepn<aHH51 
236U, r - ero cepe.u11tta, AI 11 Ao - ycpe.D.­

HeHttbIe no 3TOMY nwarraJotty nepBbIH 11 ttyJJesoj;j MOMeHTbl semt4HHhI .L\ • Cmu . OTMeTHM cJJe-

.UYIOlllHe CBOHCTBa nony4eHHOH annp0KCHMaU.HH. B cepemrne .u11ana30Ha npH6mt:)KeHHOe 3Ha4e­

HHe se11114Hllbl KOMnettc11pyiomero .uoo6orameHH51 cosna.uaeT c ee cpe.UHHM 3HaYemteM a Hane­

soii 11 npasoj;j rpatt11uax .u11anaJ0Ha 0TJIH4aeTC51 OT 3Toro cpe.uttero coorneTcTBeHH0 Ha + K 1.L\ I 2. 
. mu 

BeJJHYHHa KOMneHc11pyiomero .D.Oo6orameHH51 L\ Cmu c yseJTHLJeHHeM co.uep)KaHH51 B 

pereHepHpOBaHHOM TOTTJJHBe pacTeT. Ee np0H3BO.UHa51 (a / aC!"•t, ).L\•C,,u , KaK TI0Ka3blBalOT pac4e­

Tbl, 11ao6opoT y6brsaeT, l.fTO 06b51CH51eTC51 6JJOK11p0BKOH ce4eHH.51 nornow.eHH51 
236U B pe3oHaHCHOH 

o6JJaCTH. OTc10.ua cnenyeT, 4TO npH pacw11peH1111 n11anaJ0Ha s cTopoey 6onbwero co.uep)KaHHSI 
236U B pereHepHposaHHOM TOTIJIHBe K03cpcp11.uHeHTbl K0MneHCaU.HH yMeHbWalOTC51. 

C ysem1Yett11eM tta4anbttoro 06oramett11S1 pereHep11posattttoro Torrn11sa K0MneHcHpy10mee 

.uoo6oramett1-1e T0)f(e pacTeT. 3m ysem-1i.iett11e 6yneM paccMaTp11saTb KaK .uocrnT04H0 Manoe so3-

MYlJ.leH11e ~
35LJ H30TOTIH0ro COCTaBa T0flJlHBa. EcTeCTBeHHO 0)KH)laTb, 4T0 K03cpcpHU.HeHTbl K0M­

neHcau.m1 C xopoweH T04H0CTblO 0Ka)KyrC51 B03pacTa!OlUHMH JJHHeHHblMH cpyHKU.1151Ml1 Ha4aJibH0-

ro 06oramett1rn . Pe3yJibTaTbl npose.ueHHblX pac4eT0B 3T0 nO)lTBep)KJlalOT. 

14 



3a.ua4a KOMneHca1u,rn. COJI.ep)K3HHSI 
234U B pereHepHp0B3HHOM TOnJlHBe paCCM3TpHB3eTC$1 

T3KHM )Ke o6p330M. ,[(Jui K03<p<pHU,HeHTOB KOMneHC3UHJ,f COJI.ep)K3HHH 
234U B perettepHp0B3HHOM 

TOnJIHBe H seJJH"4HHbl KOMITeHCHpyiomero JI.006oraw.eHHH nony43JOTCH 3HaJIOrH4Hble cpopMyJTh(. 

PereHepHpOBaHHOe T0£1JU,fBO COJI.ep)KHT o6a H30TOna 
234U H 

236U. TipH KOMneHC3UHH 

nepecel.feHHeM pe30H3HCOB cel.feHHH nornow.eHHH 
234U H 

236U B pe30H3HCHOH 0611acn1 MO)KHO 

npeHe6pe4b. Ilo3TOMY CO.ll.ep)K3HHe 3THX H30TOnOB B TOITJlHBe KOMITeHCHpyeTCSI He3aBHCHMO. 

XopOill3$1 TOt.JHOCTb 3TOro npH6mt)KeHH$1 nposepeHa pacl.feTaMH. 

Pacl.feT K03<p<pHUHeHTOB KOMneHC31.{H:H COJI.ep)K3HH$1 
234U H 

236U B TOilJIHBe H3 pereHe­

pHp0B3HHOro ypatta nposo.u11JTCj1 .ll.Jljl TB3JIOB TBC peaKTopa BB3P-440 c IT$1THroJU,f4HOH 

KaMnaHHe.H H BB3P- l 000 c t.JeTbrpexroJJ.H4HOH KaMnaH11ei1. CornacHo Texm11-1ecKHM ycnoBHHM Ha 

Ta6JJeTKY H,llepHoro KepaMHl.feCKOro TOITJlHBa OTHOCHTeJ11,H3$1 M3CCOB3$1 JI.Olli 
236U B r,ereHep11po­

saHHOM ypatte MO)KeT H.3MeH$1TbC$1 B JI.H3IT330He 0,3 ... I O %, npH 3TOM co.nep)K3HHe 
23 u He perna­

MeHTHPYeTC$1. B paCl.feTax OTHOCHTeJibHa$1 MaCCOBaH ,llOJTH 
2340 H3MeH$1JlaCb B ,l],H3IT330He 

0,025 ... 0,065 %. Bbr6op .llH3IT330H3 OCHOBblBaJICH Ha 3HaJIH3e co.nep)K3HHH 
234U B p33HblX napnurx 

pereHepHp0B3HHOrO TOTIJIHBa. PaccMaTpHBaJTOCb 6011ee ,lleC$1TH p3311H4Hb1X nmoB TBC C H3CfaJTb­

HblM o6orameIDt.eM pereHepHpOBaHHOro TOITJlHBa 4 ,0 , 4 ,4 H 4,6 %. B TBC c npoqnurn:posaHHblM 

ny'-:IKOM TB3J10B B npo<pHJJHPYJOlllHX TB3Jlax HCTTOJlb30BaJIOCb llJT3THOe TOITJTHBO. HeHTpOHHO­

Q)H3H4eCKH.e paC4eTbl BbirOp3HH.$1 TBC npOBO.l(HJlHCb no MHororpynnoBOH cneKTpaJibHOH 

nporpaMMe TBC-M [3]. 

Cttal.fana ,n11H K~OH TBC HCTIOJTb3YH 0ID1cattttyl0 BbIWe MeTO.llHl<Y, nonyqanH 3aBHCHMOCTb 

6 •c 236u KOMneHCHPYJOLUero .noo orameHlrn /:l 2'5u OT COJJ.ep)KaHH.$1 8 pereHepHpOB3HHOM TOITJlHBe. 

,n:anee no cpopMyJlaM (6) Bbl4HCJ1$1JIHCb K03Q)Q)HUHeHTbl KOMneHC3UHH K1 H K2. Ko3cpqnmHeHTbl, 

no11yqeHHble .ll.Jljl p33HblX TBC C O,l],HHaKOBblM H34aJibHblM o6orameHHeM perettepHpOBaHHOro TO­

nJTHB3 npaKTH4eCKH MaJIO OTJIHllaJIHCb. 3TO o6oSICHHeTC.sI TeM, 4TO 4YBCTBHTeJ1bHOCTb cpe,nHero 

no K3MIT3HHH 3cp~eKTHBHOro K03<pQ)HUHeHTa p33MHO)KeHH.sI TBC K B03MYW.eHHIO H30TOnHoro 

COCT3Ba TOilJJHBa 
2 60 MaJia. MO:>KHO C4HTaTb, 4TO K03q>Q)HU,HeHTbl KOMITeHC3UHH CO,llep)KaHHH 

236U 
s perettep11posaHHOM Tomrnse .ll.Jl.sI TB3J10B TBC peaKTopos BB3P cs.si3atthI c Ha43JlbHbIM o6ora­

meHHeM Ton11Hsa C mu mrneHHhlMH 33BHCHMOCTRMH cne.D;y10mero s11.ua: K, = A,C 235u + B, ; 

Ki = ~c mu + B2 . Tenepb, HCITOJTb3Yjl paHee Bbl4HCJJeHHble K03qlQ)HUHeHTbl KOMneHcaum1, MeTo­

.llOM H3HMeHbWHX KBa,llpaTOB H3XO,lJ,HTC.sI K03<p<pl1l.t:HeHTbl JlHHe.HHblX 33BHCHMOCTeH A 1, B1 H A2, B2. 
8 pe3yJibTaTe npose,lJ,eHHblX pac4eTOB .ll.JlH Bbl4HCJ1eHH,11 K03¢qrnu,HeHTOB KOMneHC31.l,HJ,f co­

,llep)KaHHH 
236U B perettepHposaHHOM TOnmrne C H343JlbHblM o6orameHHeM TOITJlHBa OT 4 , 0 ,llO 4 ,6 

% nonytiettbr cne.n}'IOlUHe cpopMYITbI : 

K, = 0 , 05C 235u + 0, 05 ; K2 = O, OIC mu - 0 , 01 . (7) 

BeJ1HllHH3 KOMneHCHpy10mero ,ll006orameHHH H3XO.llHTCH no ¢opMyne (5). 
736 

B HaCTOHll.lee speMH ,l],JISI KOMneHC3UHH COJJ.ep)KaHHSI - U B pereHepHp0B3HHOM TOnJlHBe C Ha-

4aJibHblM o6orameHHeM 4 0 H 4 ,4 % HCITOJ1b3yeTCSI MeTO,l],HKa [ l ], r,l],e KOMneHCHpy10mee ,lJ,0060-

rameHHe TOITJ1HB3 BblllHCJJHeTCSI no cpopMyne 

!:!.· e m u = 0 ,3 C,.u. (8) 

<DopMyJJbl .ll.Jljl Bb14HCJleHHSI KOMneHCHpy10mero .ll.006orameHHH no npeJJ.JIO)KeHHOH MeTO,llHKe B 

3TOM c11y4ae npHHHMaIOT COOTBeTCTBeHHO BH,ll: 

!:!.•em u= 025C:i.,6u +0, 03· 11•c2,su = 0,27C1111u +0, 034 . (9) 

KoMneHCaU,HH co.uep)l<3HHSI 
236U B pereHepHpOB3HHOM TOnmrne He MO)KeT o 6ecne4HTb ero 

p33MHO)K3l0lUHe CBOHCTB3 B Ka)f(JlblH MOMeHT KaMnaHHH T3KHMH )Ke KaK y WT3THOro TOITJlHBa, 
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0,006 -.-------------------, 236U K l.fTO CBH3aHO C Bblropam-,eM . aK BH.lJ.Jio 0,004 
0,002 

0 
- 0,002 
- 0,004 
-0,006 
- 0,008 
- 0,010 
- 0,012 
- 0,014 
- 0,016 
- 0,018 

H3 pHC. ] fIOCJle KOMITeHCaI.J.HH Pa3MHo­

)KaJOw.He CBOHCTBa pereHepHpOBaHHOro To­

ITJlHBa B nepBOH ITOJlOBHHe KaMnam•rn HH)f{e 

' tJeM y WTaTHOro TOITJJHBa, H BbIWe BO BTo-

- 0, 020 -+---r-"""T"""-,--~...---~----.---,.---,--.---r---r--,---r---, 

poH ee nonos1rne. 3Ha4eHI-UI a6conJOTHow 

aemt4HHbl OTHOCHTeJibHOro OTKJJOHeHllil k! 
TBC C pereHepHpOBaHHblM TOilJlHB0M OT 1(1 

TOH )Ke TBC co unaTHhIM TOITJIHBOM a Ha­

qane H KOHi.le KaMnaHHH rrpaKTHtieCKH Mano 

OTJlHl.faJOTCJI. 0rCJO.IJ.a MO)KHO 3aKJl.}Ql.fHTb 

0 6 12 18 24 30 36 42 48 54 'ITO BeJl'Hl.fHHa KOMneHCHpyJOwero Jl.006o~ 

PHC. 1. 3aBHCHMOCTb OT BbffOpaHHJI OTHOCHTeJJbHOro rawemrn xoporno rrpH6mrn<aeT peweHHe 
OTKJIOHeIDUI K03cpcpHUReHTa pa:3MHO)l(eHJ,UI TBC npH MHHHMaKCHOH 3ati:a4H ( 1 ), (2). 
B03Myuiefillli H30TOnttoro COCTaea UITaTHoro TOilJilfBa Pact.JeTbl IlOKa3aJIH, 'ITO KOMneHc11-

236U. OTHOCHTem,Ha11. MaCCOBaJI ,[lOJIJI 
236

U B TOnmrne pyJOmee JJ.006oraweHHe JIBJIJleTCJI paCTVll(eij 
1 %, ero ttaqa.rrbttoe o6orameHHe 4,4 %. Conep)l(attHe BbtrryKJioH cpyHJ<IUleH coJJ.ep)KaHI-UI 2:f6U 

8 236U B perettepHpOBaHHOM TOnmme KOMileHCHpOBaJJOCb 
pereHepHpOBaHHOM TOITJIHBe. Il03TOMy 

( A ), He KOMileHCHpOBMOCb (*) rpaqrnK cpyHKUHH nepeceKaeTCJI C rpaq>HKOM 

6 V V V c 236u ee qe blllJeBCKOH mrneHHOH annpOKCHMaumt: B ,ZJ.Byx TOl.JKax. o.n.ep)Kfilrne B TOITJIHBe B Hal.{a-

ne 11 KOHUe JlHaITa30Ha nepeK0MneHCHpyeTCJI, a B ero cepe,ZI.HHe He,ll0KOMneHCHPYeTCJI. 3-ro no.n,­

TBep)K,llaeTCH nose,nemJeM rpacpm<os tta p11c. 2 r.n.e KOMrrettc11pyrornee .n.006orawett11e xopowo 

annp0KCHMHpyeTCH. 

BeJIHlJHHa K0Mnettc11pyJOmero ,noo6ora~eHID1 npH ysen11t.iemrn HaCJ:aJibttoro o6oraw.eIDUI pe­

reHepnposaHHoro TOITJIHBa pacTeT. 113 noBe,ZJ.eHI-UI KpHBbfX Ha pHC. 3 cne.zzyeT, t.JTO 3TOT p0CT c11a-

6bIH, a CaMH KpHBble no cpopMe MaJIO OTJ1H4aJOTCsr. TI03TOM)' JIHHeHHa.H 3aBHCHM0CTb K03q>q>HI.{H­

eHTOB KOMneHCal.{HH OT Ha4aJibHOf0 o6oraweHJU T0ITJIHBa OKa3brnaeTcsr xopomHM np116nIDKeHH-

eM. 

IlpH peLIJeHHH 3a.n.at.iH KOMneHcauI-rn co.n.ep)KaHHJI 
2340 B pereHep11posaHH0M Tonmrne npoae­

.n.ettbI aHaJI0fHl.fHbJe paClJeTbl. ,.[(JUI K03cpq>HUHeHTOB K0MileHcauHH co,nep)KaHHH 
234U B T0rutHBe 

nony<JeHbl cpopMyJihl 

K1 =0,2C mu -0,44 ; K2 = 0 . (1 0) 

Tor,na cpopMyna ,llJIJI Bbl4HCJleHI-UI K0MneHCHpyJOmero JJ,006orameHHH npHHHMaeT BH,ll 

0,32 ~--------------~ 0,32 "'"T""---------------, 
0,3 0,3 

~ 0,28 ~ 0,28 
J 0,26 J 0,26 
~ 0,24 ~ 0,24 
3 0,22 3 0,22 
E 0,2 E 0,2 
'8 0, 18 $ 0, 18 
g 0, 16 g 0, 16 

i:::t: 0, 14 t:! 0, 14 
0, 12 0, 12 

0, 1 --1--.---.--.---.--.----.---.----.---.---.--....--T---r--1 0, I 

0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 
Co.nep)KaHHe 236U B pereuep1-1posauuoM Tomrnse. % 

0,3 0,4 0,5 0,6 0,7 0,8 0,9 l 
Conep)Kau11e 236U s pereHepHposaHHOM Tomrnse, % 

PHc. 2. 3aettcHMOCTb KOMneHcHpy 10mero noo6ora­
meHH$1 OT conep)l(aHIDI 

236U B pereHepHpOBaHHOM 

TOnJlHBe c HaLJMhHblM o6orameHHeM 4,4 %: * -
TOttHajJ KOMneHcamrn ; • - JJMHeHHajJ annpOKCHMa­

UH1l 

16 

PHc. 3. 3aBHCHMOCTb KOMneHCHpYIOtUero JJ,Oo6ora­
lUeHH$1 OT conep)KaHIDI 236U a perettepHpoeaHHoM 

Tornmee c ttattaJJ bHbIM 06oramem1eM: * - 4,0 %; 
A - 4,4 %; • - 4,6 % 



~·emu= KP1"u, (l l) 

To4HOCTb BbllJl1CJ1eHH.II KOMneHc11pyJOmero .noo6orawemrn co.nep)l(aHl1JI 
236U B TOnJlHBe 113 

pereHep11pOB8HHOfO ypaHa 3aBHCHT OT TO4HOCTU npH6m1)f(eHHhlX cpopMyJl (3), ( 4) 11 mtHeHHOH 

annpOKc11Mau1111 (5) (6). KoMneHc11pymmee .noo6oramem1e, Bb1 1rncnettHoe no cpopM)'naM (3) 11 

(4), HMeeT HaH60J1bW)'IO norpewHOCTh np11 MaKCHMaJlbHOM co.nep)KaHH11 
236U B Tonmrne. B 3TOM 

c11ylfae MHHHMaKCHa.11 3a)],a'-la ( l), (2) pewanacb C 60J1bWOH TOlfHOCTblO. fionyYeHHa.11 BCJ111'-U1Ha 

KOMneHCHpyJOmero .noo6orameHH.II cpaBHHBaJlaCb C ee 3HaYem1eM, Bb14HCJlCHHbIM no cpopMyJlaM 

(3), ( 4). A6cOJ1JOTHa.11 norpeWHOCTb Bhl1HICJ1emrn KOMnCHCHpyJOw.ero .noo6orameHIDI no 3THM 

cpopMynaM He npeBblUlaJla 0,003 %. PacYeTbl nOKa.3aJ1H, lJTO JlHHeHHa.11 annpOKCHMaUH.11 KOMneH­

CHpyJOw,ero .noo6oraw,ettID1 (5) (6) HMeeT tta1160J1bll1YIO norpewttocTb np11 3HaYett1111 co.nep)l(aHIDI 
236U B TO□JlHBC Ha rpaH11ua,x )],Hana.Jotta (pHC. 2). Ee a6coJ1JOTHa.ll' norpelilHOCTb MeHbUIC 0,005 %. 
IT03TOMY a6cOJTJOTHa.ll norpewHOCTh KOMnettcaumi: co.nep)l(att11.11 

236U B TOTTJ111BC no ~OpMynaM (3) 
... (6) He npeBbllllaeT 0,008 %. TaKHM )KC o6pa.30M nOKa3aHO lJTO co.nep)l(aHHe 

23 u B Tonmrne 

KOMneHCHpyeTC.11' c a6COJ1JOTHOH norpeWHOCThJO, KOTopa.11 MCHbllJe 0,002 %. 
Co.nep)KaHHe 

234U 11 
236U 8 pereHepwpoBaHHOM Tonmme KOMneHCHpyeTC.11' no OT,LleJlbHOCT.H. 

ToYHOCTh 3TOro np116J111)l(eHJ,rn )],OCTaTOYHO nposepHTb npH MaKCHMaJlbHOM CO)],ep)l(aH.HH 
234U H' 

236u B TOnJlHBe. ITOKa3aHo, 1:lTO a6coJIIOTHM norpewHOCTb KOMneHCHpyJOw,ero )],Oo6oraw.emu1, 

CB.113aHHa.ll C np116J111)KeHHCM, He npeBb[WaeT 0,001 %. 
TaKHM o6pa.30M, np11 KOMneHCaUHH co.nep)l(aHH.11 

234U H 
236U B pereHef:H'POB8HHOM Tonmrne 

a6coJTlOTHM norpewHOCTh B onpe.neneHHH BenHY.HHhI .noo6oraw,emrn 
2 5U He npesocxo.n11T 

0,01 I %. PacYCThl nOKa3aJ1H, 4TO KOMneHCHpyJOw.ee .noo6oraweHHe coxpaH$1eT ,llJlHTeJlhHOCTh TO­

IlJlHBHOro UHKJla C 60J1bllJOH TOt.(HOCTblO. ITpH 3TOM OTHOCHTeJlbHOe OTKJlOHeHHe cpe.nttero no 

K8MITaHHH K03cpcpfilUieHTa pa.3MHO)f(eHH_.II TBC C perettepwposaHHhJM TO□JlHBOM OT cpe.nttero no 

KaMTiaHHH K03<p<pHUHCHTa pa.3MHO)f(eHH.II TOH )Ke TBC co WTaTHMM TOTlJll,[8OM He 6oJJbWe 0,05 %. 
Tenepb npwse.neM pe3y11hTaTbI pac9eToB KOMITettc11pyJOw.ero .noo6oramemur .llJlH Ha116onee 

V ,34u '36u xapaKTepHblX conep)l(aHHH - 11 - B pereHep11poBaHHOM TonnHBe L(Jl.11' TB3J1O8 HCCKOJlbKHX TH-

ITHYHhlX TBC, a TaK)l(e .naHHhie no H3OTOnHOMY cocTasy B 1-1eKOTopb1x napTIDIX Tonmrna, H3fOTOB-

11eHHbIX .nn.11 peaKTopos BB3P. 
T 6 6 V '

34u '36U a JI HU a Jl.OO orameHJ,ild, 1<OMneHc11pyiou111x conep)KaH11e - 11 - B pereHep11pOBaHHOM ypaHe 
Halfa.JihHoe Conep){<aH11e, .n:006orawett11e L>)LJ, % no MaCCe 
o6oraweHHe, % no Macce TolfHOe 3HalfeHile llpeJUJO)l(eHHaJI TTpmunasi 
% no Macce MeTOLt:HKa MeToJJ.11Ka [ Il 

n,u -Hu ~jbu "-"U ~j()u ··~u .:.•ou - ' "l) 

Tonmrno JJ.JIR TB3JIOB TBC peaKTopa 883P-440 c nsiniroJJ.HlfHOH 1<aMnaH11ei1 
4,0 0,025 0.3 0,009 0, 104 0,009 0,105 0,09 
4,0 0,043 0,463 0,015 0, 151 0,015 0,146 0,139 (0,139.) 
4,0 0,065 1,0 0,022 0,284 0,023 0.28 0,3 
4,4 0,025 0.3 0.01 I 0. 112 0,011 0.115 0.09 
4,4 0,045 0,5 0,019 0.175 0,02 0.169 0,15 
4,4 0,065 1.0 0,027 0.307 0,029 0.304 0,3 
4,6 0.025 0,3 0.011 0, 115 0,012 0, 12 0.09 
4,6 0,045 0.5 0,01 0, 179 0,022 0, 176 0, 15 
4,6 0,065 1,0 0,029 0Jl4 0,031 0,316 0,3 

Tonn1100 JUJR TB3JIOB TBC peaKTopa 883P-I 000 c l.feTb1pexrom1cmoi1 KaMnaH11ei1 
4.0 0.025 0,3 0,01 0, 101 0,009 0,105 0,09 
4.0 0,05 I 0,523 0,019 0, 164 0,018 0.161 0, 157 (0,145.) 
4,0 0,065 1,0 0.015 0,276 0,023 0,28 0,3 
4,4 0,025 0,3 0,012 0, II 0,01 I 0.115 0,09 
4,4 0,057 0,559 0,026 0.186 0,025 0, 185 0, I 68 (0, 175.) 
4.4 0,065 1,0 0.03 0,302 0,029 0,304 0,3 

~ .!.l() * <I>aKT114ecKoe nooooraweH11e npu KOMneHcau1111 conep,KaHw1 U B naprnw Tonn11sa. 
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I1p1-rne.n.eHHhie B Ta6J1Hl.le pe3yJlbTaTbl noKa3blB8IOT, 4TO a6COJ1IOTHaH rrorpemHOCTb B Jl006o-
~ 23.iu 236 u 

raw.emr.H KOMneHCHpyiow.eM no npe,D.J10)KeHHOH MeTOJlHKe co.nep)f(aHHe H B TOTIJlHBe 113 

perettepupoBaHHOro ypaHa .lJ.JlSI TB3J10B rnm1 pa3HblX TBC He npeBbIUJaeT 0,008 %, Tor.na KaK a6-
236u 

COJllOTHaSJ norpeWHOCTb TOJlbKO npH KOMneHC81.lHH co.n.ep)K8HHH B TOTTmfBe no npHIDITOii B 

HaCTOHW.ee speMH MeTO,llH.Ke JlOCTHraeT 0,029 %. 
no Texmtt.:feCKHM ycnOBHHM Ha Ta6JleTKY H,D.epHoro KepaMH4eCKOro TOrutHBa .n.onycKaeTCH OT­

KJIOHeH.He B o6oraw.emrn 
235U OT HOMHHaJlbHOro JlO 0,05 %. Heorrpe.neneHHOCTb B BeJlWIHHe 060-

ramemu1 CBH3aHa C TeXHOJlOrHeH H3roTOBJlemrn Tonmrna H ~HTbIBaeTCSI B MexaHH1-leCKOH COCTas­

Jl.SHOII.1.eH HH)f(ettepttoro K03cpqrnuueHTa 3anaca, KOTOpb1i1: npHMeHSJeTcSJ s npoeKTHhIX pact.:ferax n o 

o6ocHOBaHHJO 6e3onacHOCTH 3KCnJiyaTaUH11 TOnmma B peaKTOpax BB3P. BbIWe I10Ka3aHo, I.fro 

a6comOTHaSJ norpeUIHOCTb MeTOJlHKH KOMneHC81.lHH co.n.ep)f(aHHJI 
236U B TOTIJlHBe, npHHHTM B Ha­

CTOHw.ee speMSJ, cpaBHl1Ma C MaKCMMaJibHOH BeJlH'-lIDIOH .n.onycntMoro OTKJIOHeHIDJ. TI03TOMy Olia 

TaK)f(e JlOJl)l(Ha Yt.fHTbIBaTbC.sl B MexaHHqecKOH COCTaBJl.sllOW.eH MH)KettepHoro K03cpcp111 .. n1eHTa 3ana­

ca, a 3TO npHBOJlHT K ero yseJIH'leHHIO. TipH KOMneHC81.lHH no npe,D.J10)f(eHHOH MeTOJlHKe MO)l{Ho 

.lJ.Jl.sl o6ocHOBaHHH 6e3onaCHOCTH 3KCI1JlyaTaUHH TOTIJlHBa H3 perettep11poBaHHOro ypatta HCITOJlh3Q­

BaTb TOT )Ke HH)f(ettepHhlH K03<p<pHUHeHT 3anaca, 4TO H JlJI.sl lllTaTHOro Tonmma. IlorpeumocTb 

KOMneHCal..\HH co.nep)f(aHHJI 
236U B TOTTJUtBe npaKTHt.:feCKH He BJIHHeT tta HeHTpOHHO-<pH3HqeCKHe 

xapaKTepHCTHK.H aKTHBHOH 30Hbl, 4TO TTOJlTBep)K.lJ.aJOT pact.:feTbl. 

8 HaCTOHW.ee speM.sl 
234U co.n.ep)KHTCH B perettepHpOBaHHOM TOnJIMBe B MaJibIX KOJlH"l!eCTBax H 

nOTOMY He KOMITeHCHpyeTC.sl. BeJlHlJHHa KOMneHCMP)'lOLUero .n.oo6orameHH.sl 3aBMCHT OT cpaK'rn~e­

CKOro co.n.ep)f(aHHJI 
234U B TOTTJJHBe H C ero ysemrt.:feHHeM pacTeT. I-fa Ta6JIHl.lbl BH,LJ.HO, 4TO OHa co­

CTaBJISJeT - 10 % oT semr4HHbI .n.006oramem1.s1 KOMnettc11pyromero co.nep)KaH11e 
236u B TOTIJlHBe, 11 

.n.ocntraeT 0,03 %. I1p11 orrbITHOH 3KcnnyaTal..\HM perettep11posammro Tonn11sa, Kor.n.a OHO 3arpy ­

)f(etto B aKTHBH)'lO 30tty BMeCTe co UITaTHblM KOMneHCHpOBaTb co.n.ep)KattHe 
234U B TOTIJlHBe Hel..\e­

necoo6pa3HO. KoMneHcaullil onpas,uatta, ecn11 sc.s1 aKTHBHaSJ 30Ha (HJIH 66nbwaSJ ee qacTb) 3arpy­

)KaeTcSJ TOITJlliBOM C 6onee BblCOK.HM co.uep)KaHHeM 
234U. 

3a.MellOHUe 1. Ilpe,D.J10)KeHttylO MeTOJlHKY MO)K}{O HCI10Jlb30BaTb npH KOMneHCaUJ1H co.n.ep)f<a­

HJ1.sl 
234U "' 236U s perettep11posaHHOM Tonn11se ,D.J1.s1 TB3JIOB TBC peaKTopa PEMK. 
30MellaHue 2. KoHCTPYKLlHOHHbie MaTep11anb1, 113 KOTOpbIX M3roTosneHbt, ttanpHMep, o6ono'-I­

KH TB3JIOB, JlHCTaHUHOHHp)'lOLUHe peweTKH, 4eXJ1b1 TBC 11 T .n., co.n.ep)KaT np11Mec11, nornoma10-

w.11e tteihpoHbI 11 yxy,uUia10IJ..1He HeHTµOHHO-q>H3H"l!eCKHe xapaKTepHCTHKH TBC. TTp11MeHAA 6onee 

COBepweHHble TeXHOJlOrHH B npOI-l3B0JlCTBe KOHCTPYKUHOHHblX MaTep11anos, MO)KHO YMeHbUJHTb 

JlOJllO np11Mecei1:, O)lHaKO HX pa3pa6oTKa H BHe.n.peHHe Tpe6yJOT 60JiblllHX MaTep.HanbHbIX pecyp ­

COB. Ilpe,llJIO)KeHHaSJ MeTOJlHKa I103B0Jl.sleT onpe.n.enHTb seJIH4Htty .n.oo6orameHH5r TOTIJIHBa, KOM­

neHCHp)'lOw.ero nornomettHe HeHTµOHOB npHMeC.slMH. TeM CaMblM He,llOCTaTKH TeXHononrn MO)K­

HO KOMneHCHpOBaTb 38 Cl.feT I10BbIWeHJ1JI co.n.ep)KaHHJI 
235U B TOnmme. CpaBHMBM CTOHMOCTH 

npOH3B0JlCTBa TOTIJIHBa H KOHCTPYKUHOHHbIX MaTep11anos, MO)KHO BbI6paTb 6onee c6anaHCHp0-

BaHHble 11 3 KOHOMH'-1Hble rryTH. HX pa3BHTH.sl . 

3aKJUO'leHHe 

PaCCMOTpeHa 3a,lla4a KOMITeHCaUHH Ha4aJlbHOro CO,D.ep)KaHH.sl 
234U H 

236U B TOTIJlH.Be 113 pere­

HepHpOBaHHOrO ypatta JlJlSI TB3J10B TBC peaKTopos BB3P c 4eTb1pex- H n.s1T11ro,LJ.H"l{HOH KaMna­

HHHMH. ITpe.n.no)Ketta MeTOJlHKa pact.:feTa KOMnettcHp)'lOmero .uoo6oramettm1 TOTIJlHBa, 06ecnec.i11-

saio~aSJ HaHMeHbWee OTJlH"l!He Me)f(Jly pa3MH0)Ka.J0W.HMH CBOHCTBaMH TBC C perettep11posaHHblM 

11 WTaTHblM TOTTJlHBOM B Te4eH11e BCe H KaMnaHHH. TTpH 3TOM .nnHTeJTbHOCTb TOnJlHBHOro u.11KJ1a 

coxpaH.sleTCH C 6 0JibWOH TOl.JHOCTblO. 

Co.n.ep)f(aH11e 
234U 11 :mLJ KOMITeHCHpOBaJlOCb B p erettepHpOBaHHOM TOI1J1J1Be C Ha4aJibHblM 

'¼ D 4 b 
o6or aw.eHHeM OT 4,0 .uo 4,6 %. OTttoCHTeJlbHa.sl MaCCOBaH )].OJl.sl - · u 11 u B TOTTJ1J1Be H3MeHJIJiaC 

B .u11ana30Hax 0,3 . .. 1,0 % 11 0,025 ... 0,065 %, COOTBeTCTBeHHO. 
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C xopowei-1 TOC!HOCTblO CO,ll.ep)KaHHe 
234U H 

236U 8 perettep11poBaHHOM TOnmrne MO)KHO 

KOMneHCHposaTb no OT,l].eJlbHOCTH. KoMnettc11py10mHe .noo6oramettml npe.UCTaBJUIJlHCb B BH,l].e 

mrneHHblX cpyHKUHH co.nep)Kamrn 
234U 11 

236u B Tonmrne. ,nJrn K03cpcpHUHeHTOB mrtteHHblX 

cpyHKUHH, Ha3bIBaeMbIX K03cpcpHUHeHTaMH KOMneHcau1111, non~eHbl JlHHeHHb)e 3aBHCHMOCTH OT 

Hal.JaJlbHOfO o6orameHHH perettepHpoBaHHOfO TOnJlHBa. lho6bl Bhll.JJ,fCJlHTb K03cpcpHUHeHTbl B 3Tl1X 

3aBHCHMOCUIX, npoBe,ll.eHbl HeHTPOHHO-cpH3HI.JeCKHe pacl.JeTbr TBC pa3HOfO THITa. 

TonHOCTb 
236U ,_ KOMnettcau.J,U,f COLJ.ep)KaHH.H B perettepHposaHHOM TOnJTHBe no 

npe,ll.JlO)KeHHOH MeTOLI.HKe 3Hat.t11TeJTbHO Bb)We, cieM no MeTOJJ:HKe, npHHHTOH B HaCTO.HlUee speM.H. 

A6COJllOTHaH norpewHOCTb B BeJTHI.JHHe KOMnettc11py10mero .uoo6orameHHH He npeBOCXO)].HT 0,01 
%. TipH KOMITeHcau1111 no 3TOM MeTO)J.HKe MO)KHO HCnOJlb3OBaTb )].JlH o6oCHOBaHH.H 6e3onaCHOCTM 

3KCITJiyaTaUHH perettepHpOBaHHOro TOITJlHBa TOT )Ke HffiKeHepHblH K03cpcpHI.{HeHT 3anaca, l.JTO H 

)].Jl.8 lllTaTHOfO TOnllHBa. 

,[(006oramett11e, KOMnettcHpYlQw.ee co.n.ep)KaHJ1e 
234 U s perettep11posaHHoM rnrrnHBe, Mo>KeT 

.n.ocnrraTb 0,03 %. A6con10Ttta.sr norpewHOCTb KOMnettcHpy10mero .n.006orameHm1 He 6011bllle 

0,002 %. K0Mnettcaum1 uenecoo6pa3Ha, Kor.ua sc.sr aKTHBtta.sr 3OHa 3arpy)KaeTc.sr TOnn11.soM c 6onee 

BhICOKHM co.uep)KaHJteM 
234U. 
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MA TEMA Tll11ECKHE MO,l(EJIH H IIPOrP AMMLI ,[(JUI 3BM 

Y,l(K 621.039 
OnLIT C03AaHHH K0MilJieKCHhlX MaTeMaTHqec1rnx MOAeJieii 

AJIH aHaJIH3a HeCTa~oHapHhlX pe)K}(MOB pa60Thl A3C 

B.B. EAte.nb11He11Ko, A.ll. )l(yKaauu, B.B. H.,tenuu, A.E. Kpou1W11111, 
B.E. Kpmuw,un, A. 0. KoBMeau'l, B.H. MaiioauuK, A.A. llpocaup11oa, 

E. <I>. Ce.ne:mea, P.r. Cw1ea, H.B. <l>eoopoB, P.JI. <l>yKc, 
OAO "BHI1MA3C", 109507, MocKBa, yn. c:I>epraHcKrui, JJ.. 25 

Bo sceM Mnpe see Illlfpe wcnoJTb3YJOTC11 KOMn.neKCHbie MaTeMan1"!ecK11e MOJJ.emt A3C JJ.n.sI caMbIX pa:3~ 
Jl}Jt{HhIX ueneit aHruu13 6e3onacHOCTH A3C, orna,nKa cwcTeM ACY TTI, aepwc}>HKal.ll-rn 11 BaJIHJJ.au.H.si HHCT­
PYKLlHH no 3KcnnyaTal.lI1H A3C, co3,nam1e Tpetta)Kepoa pa3ttoro rnna ,llJUI o6Y"!eHIDI onepanmHoro nepco­
Hana A3C. ,[(JT.si Kat.tecrneHttoro pernemu1 acex JTHX Jan.a'-! HY>l<Ha TO'-IHasi KOMnneKcHa.si Mo.nenb A3C, 0011. 
CbrBaJOUla.sI HeHTpOHHO-qJH3Ht.teCKRe, Tennornn.paBJTH'-IeCKHe 11 npyrne npouecCbl Ha A3C, CHCTeM.hl 
aBTOMaTl1l!eCKl1X peryJT.sITOpOB, 3JTeKTJ)OCHa6)KeHH.si H T.JJ.. Tot.tHble MaTeMaTlil!eCKHe MOJJ:eJm OTJl.eJTbHbIX 
nO,llCHCTeM A3C o6wrno pa3pa6aTbIBaIOTCJI crremiamrcTilMH l1MeHHO B )TOH' 06nacn1, TaKHM o6pa30M B 
pa3pa6oTKY KOMITJTeKCHOH Mon.em,r BOBJTet.teHbl HeCKOJTbKO KOJTJTeKTHBOB pa3pa60T4HKOB. 3TO OCJTO)Kru!eT 
CTbIKOBKY aporpaMM, HaTIHCaHHbIX pa3HhlMH pa3pa60T'IHKaMH, no)TOMY Otta 06bf'IHO n.enaeTC.s! aBTOMano11-
poBaHHO. HIDKe rrpHBOD.HTC.s! OIIblT BIIBJ1A3C (,f HeKOTOpb!X Jlpyrnx opraHH3arJ.HH B C03J].aHHH TaKHX KOM­
n.neKCHblX MO.D.eJie.H. 

EXPERIENCE IN CREATION OF THE COMPLEX MATHEMATlCAL MODELS FOR THE 
ANALYSIS OF THE TRANSIENT MODES FOR NPP OPERATION. V.V. EMELIANENKO, A.P. 
ZHUKA VIN, V.V. JMENIN, A.E. KROSHILIN, V.E. KROSHILIN, A.O. KOVALEVICH, V.N. 
MAYDANIK, A.A. PROSVIRNOV, E.F. SELEZNEV, R.G. SYCHEV, I.V. FEDOROV, R.L. FUKS. 
The complex mathematical models for NPP are used more and more worldwide for the wide range of aims, 
as the NPP safety analysis, I&C systems adjusting for NPP, verification and validation of NPP operation and 
maintenance guidelines and also for the creation of the several types simulators for NPP personnel (opera­
tors) training. In order to resolve all these tasks the precised complex model of NPP is needed, which can 
describe neutron physics, thermohydraulic and other processes at NPP, automatic controllers systems, elec­
tric power supply systems and others. The precised mathematical models of some NPP subsystems are usu­
ally created by the specialists in the definite sphere, so several developers collectives are involved into the 
model development. The programs adjusting and connection becomes difficult because of it, as any program 
is created by the different developers. Such connection is made automatically, as usual. Below is the 
VNilAES experience and also the experience of some other organizations during the creation of such com­
plex ideas. 

1. ABTOMannnpoeannaH TeXHOJlOrllH C03~aHHR KOMUJleKCHblX MaTel\1aTlP:leCKHX MO~eJleii 

TeXH011onu1, np11Me!ffieMrui BHMl1A3C .nrn1. pa3pa60TKH no11HoMacwTa6HblX Mo.neneH, 

M0iKeT CJlY)l<HTb npHMepoM pea.rrH3aUHH TpaJJ.HUH0HH0H K0HUent.(HH C03.UaHHH 60JlblIIHX npo­

rpaMMHblX K0MnJleKC0B. OHa BKJll04aeT no,nCHCTeMbl 6a.3bl JJ,aHHbIX (JJ.JIH nepeMeHHbIX 11 nporpaM­

MHblX MOJJ.yJJdt), cpe.ZJ.CTBa pa.3pa60TKH (npenpoueccop C K0Mnl1JUIT0p0M, JlHHKep-3arpy3LfHK H 

OTJla.ll4HK), HCfi0JIHSllOlllYIO n0,llCHCTeMy (s TOM 4HCJJe pea.rrI-13YJOW:YIO C'4eT B pea.nbH0M MacUJTa6e 

speMeH11), cpe,ncTBa orna,nK11, a TaIOKe cHcTeMy npasnemur pa.3pa6oTKOH, BKJJl04rul cpe.ncTBa 

no,lJ.r0T0BKH JJ.0KyMeHTaU,I1}f. 

J;a3a JJ,aHHbTX ynop.s!.ll0LfHBaeT SCIO HHQJOpMaUHlO 0 nepet\1eHHblX H K0HCTaHTax H o6ecne4lfBa­

eT JJ.0CT)ITI K .[l.aHl-lblM 113 rno6oH M0.ZJ.eJT11pyeM0H CHCTeMbl. vlepapXHLJeCKOe (.n.syxyposHesoe -
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OOJlb30BaTeJlbCKHiilocp11uHaJibHblH) nocTpoem1e 06ecneL11,rnaeT 3alllHTY OT HeCaHKUHOHHpOBaHHoro 

H3MeHeHIUI ,naHHblX H nporpaMM H n03som1eT npOH3BO.ll,HTb He3aBHCHMYIO pa3pa60TKY, orna,n,Ky 11 

TeCTHpOBaHHe KaK OT.ci.eJTbHblX nporpaMMHblX MO,D,yJTeH, TaK l1 ueJTblX MO,D,em-1pyeMblX CHCTeM. 

TexHOJTOrH.SI ,D,aeT 803M0)KH0CTb C03,LlaBaTb MHOroMO.D.YJTbHble nporpaMMHble KOMTTJleKCbl 11 

o6ecne•-nrnaeT HX 11cnonHeH11e Ha MHOroMalllHHHbIX, MHoronpoueccopHbIX (s o6weM cnyqae reTe­

poreHHh1x) pacnpe,n,eneHHblX Bbl'-IHCJlHTeJlbHbIX CHCTeMax. 

3a,n,a4a C03,D,aHIDI KOMTTJleKCHbIX MaTeMaTH4eCKHX MO,D,eneif aKTYaJibHa BO MHOrHX 0611aCT.SIX, 

BKJll04aSI TenJlOBYIO H aTOMHYIO 3HeprentKy. Pa60Tbl no MO,D,em1posaHHIO CJlO)KHblX TeXHOJ10fH4e­

CKHX CHCTeM H ofo,eKTOB npHMeHHTeJlbHO K aTOMHOH 3HepreTHKe B Pocc1rn npOBO,D,.SITC.SI Ha p.H,n,e 

npe.n.npHJITHH H opramnau,HH, BXO.D.HW.HX s CTPYKTYPY PocaToMa. B Ka4ecTBe npHMepa MO:>KHO 

npHBeCTH cne,n,y10wHe nporpaMMHbte KOMnneKch1 : SimPort (PHQ "KM''), TEPMHT (HJ1Tl1), 

3Hl1KA,D; (MM<I>H). 3a py6e)KOM no,n,o6Hbte TexHonornH no,lJJlep»rnsaJOT cpHpMbl Siemens 11 Atlas 

(f epMaH11si), GSE (ClllA), CAE (Katta,n,a), p.S!Jl KOMnaHHH BO <I>paHUHH. 0rJ1H1i8.S1Cb no cnoco6aM 

opraHH3aUHH Bbl4HCmITeJlbHOro npouecca, nporpaMMHOH pea.rrR3al..{HeH, npHB.Sl3KOH K pa311JilllHblM 

Bbl4HCJll1TeJlbHblM nnaTcpOpMaM, 3TH TeXHOJTOrIDI: npHMepHO aHaJIOrH4Hbl no CBOHM B03MO>KHO­

CT.SIM. Bo scex pa3BHTbI rpacpHYeCKHH HHTepcpeHC H aBTOMaTI-l.3HpOBaHHa.SI reHepaUHSI TeKCTOB 

nporpaMM, MMeIOTC.SI cpe,n,crna corrpOBO)KJJ.eHH.SI 6a3bl ,LlaHHbIX H ynpaBJleHH.SI npoeKTaMH. Co3)],a­

HHe H ITOMep)KKa TaKMX TeXHOJlOfHH B03M0)KHbl JlHWb npH HaJIH4HH KOJ1JleKTHB8 BblCOKOKBaJIH­

q>Hl~HpoBaHHblX pa3pa60T4HKOB, BKJll04aJOW.MX KaK nporpaMMHCTOB TaK 11 cneUHaJIHCTOB B 06-

nacnt: Tenno- H .Sl,D,epHOH q>M3HKH, a TalOKe TeXHOJlOfOB A3C. TexHOJlOfH.SI, TTO.lLll,ep)f(HBaeMa.SI BO 

BIIBJ1A3C, OCHOBbIBaeTC.SI Ha BhtCOKOT04HOM MO.ll,emtpoBaHHH TennoBbIX H HeHTPOHHO­

cp1131,p-1ecKHX npoueccoB H BblCOKOM yposHe TeXHOJ10fH4eCKOH TIO,lJJlep»<KH Ha CTa,ll.HH HHTerpa1..u,rn 

MO,D,eJleH. 

2. HeiiTpOHHO-fi>H3H'-ICCKHe MO,UCJIH 

MaTeMaTHt{eCKHe MO)],emt nepeHoca HeITTpOHOB, HCnOJlb3yeMble B KOMITJleKCHblX MO)],eJl.SIX, 

scer,LJ,a COOTBeTCTBOBaJIH Bbl4HCJlHTeJlbHblM pecypcaM np11MeID1eMblX KOMITblOTepoB. KoHCTpyHpo­

BaHHe 3THX MO,Lleneif ,LlO HaCTOSIU(ero BpeMeHH npoXO,LlHT B ycnOBH.SIX BeCbMa )KeCTKOH HeXBaTKH 

BhI4HcmnenbHblX pecypcoB. Hanp11Mep, 1-1ei1TPOHHo-cp113114ecKHH pacLJeT B TpeHa)Kepe BB3P 

3aHHMaeT nop.Sl,LlKa 5 . .. 15 % Bb14HCJ1l1TeJTbHblX pecypcos, a B TpeH8)Kepe P6MK - .no 40 ... 50 %. 
TaKaSI CHTyau1'UI Tpe6yeT 31-la4HTeJlbHOH H306peTaTeJlbHOCTH B nOCTpOeHHH 3cpcpeKTHBHblX 

anrop11TMOB, a TalOKe HCTTOJlb30BaHHJI cymecTBeHHblX ynpomeHHH reoMeTp11LJeCKHX 1\10.ll,eJTeH [} ]. 

TipH peweHHH HeCTaU,HOHapHOH 3a,Lla4H nepettoca HeitrpoHOB, KaK npaBHJlO, npHMeH.Sl'eTC.SI 

KBa3HCTaTH4eCKOe np116J1mKeHHe. <I>yHKUHSI. TTJTOTHOCTH nOTOKa HeihpOHOB npe,LlCTaBJlSleTC.SI npo­

H3Be,ll.eHHeM aMITJIHTY.LlHOH cpyHKUHH, onpe.nen.HeMOH H3 peweHIDI Cl1CTeMbl ypaBHeHHH T04e4HOH 

KHHeTHKH, 11 cpopM-<pYHKUHH, c11a60 3aBHC.Slll(eH OT speMeHH. TTpouecc BbtropaHH.SI CJlHWKOM 

Me,n,neHHblH ,LlJl.SI Ha6J110,LleH11.S1 B uemr>,.. 06yi-1eH11.sr, nOJTOMY OH He MO,LleJ111pyeTc.sr. Pacnpe,n,eneHHOe 

o-rpaBJleHHe 11erKO paCC4HTblBaeTc.sr C BblCOKOH TOLIHOCTbl-0. 

Jib C03.UaHHblX HeHTpOHHO-cjJH3114eCKHX MO,D,eJieH caMOe )KeCTKOe orpaHl14eH11e Bbl4HCJlHTeJlb­

HblX pecypcos 6b1110 B nepBbIX nonHoMacwrn6HhIX TpeHa»<epax (TT.MT) P6MK 4-ro 6noKa 

KypcKOH A3C 11 2-ro 6noKa Cr,rnneHCKOH A3C, pa3pa6aThrnaswHxcsi. B 11a4ane I 990-x ro.uoB H 

ITOTpe6oBaBWHX BeCbMa 3cpcpeKTHBHOro anropHTMa pac4eTa TpexMepHoro HeHTpOHHOro nom1 B 

peanbHOM BpeMeHH. ,D;n.SI peweHl1SI. 3TOH 3a,ll.a4H npe.[lJlO)KeH 0.[(HOrpynnOBOH npocTpaHCTBeHHblH 

CHHTe3 HeHTpOHHOro ITOJI.SI, BKJll04al-OlU11H B ce6.SI ,n.syMepH}'IO noKaHaJTbllYl-0 3a.ll,a4y H 12 

0,D,HOMepHblX 7-CJlOHHblX 3a,Lla4 BOKpyr BblCOTHblX ,D,aT4HKOB C<I>KP3. 0,n.HOMepHble 3a,D,a4H 

pewaJIHCb .ll,JlSI 0611aCTeH, COCTOSIW.11X 113 101-ro Ka Hana C BhlCOTl-lblM11 .ll,aTLrnKai\111 B ueHTpe, 4TO 

CB.Sl3aHO C 1-1eo6xo,Lll1MOCTblO MO,nenHpOBaTb 11X 110Ka3amrn (pwc. 1 ). B nepBblX TPeHa)l<epax 883P 

npHMeH.S111acb TpexMepHM reoMeTpH4eCKaSI MO.ll,eJlb, O,ll.HaKO paC4eTHa.SI ceTKa 6b1Jla Kpymree 

noKacceTHOH. 
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Pttc. I. PacnoJJO)l(emrn pacYeTHhlX o6JiacTei1 s 3a,na4e npo­

cTpaHCTBeHHOro CHHTe3a: ■ - KaHaJJbl C .D:K3(a); ~ ~ -

B nocJle,llHee BpeMSI BCJle,llCTBHe 

BeCbMa 3H84HTeJlbllOfO pocTa npOH3BO.£lH­

TeJlbHOCTH nepCOHaJlbHbl. KOMnblOTepoa 

nOSIBHJlaCb B03MO)l{IIOCTb HCnOJlh30BaHHR 

Hei:tTpOHHO-cpH3H4eCKHX MO,lleJleH HffiKe-

11epttoro ypOBH51 - TpexMepHblX, C Jl.BYMJI 

H 6onee rpynnaMH, c TOlfKOH 11 60J1ee Ha 

Katta.nrfBC. C OD.HOH cTopoHbI :no 06-

J1ert.JaeT 3a)laqy MO.lleJ111posamU1, c ,upy­

roii, cTaMyn11pyeT pa3pa6oTKY 6onee 

CJlO)l{HblX MO.lleJldt, o6ecnelfeHHblX COOT­

BeTCTBYIOI.UeH KOHCTaHTHOH no.n:.n:ep)l(Koi,i 

H MeTO,llHKOH TeCTHposaHH~. CTOCJle,UHHH 

-rpeIIru1<ep PEMK-1000 (AJlH 1-ro 6no1<a 

KypcKOH A3C) noc-rpoeH c npHMeHeHHeM 

TpeXMepHOH TTOKaHaJlbHOH HeHTpOHHQij 

MO,lleJlH C ABYM51 rpynnaMH HeHTPOHOB, a 

B nocne,n:HeM -rpeHIDKepe BB3P- l 000 

(T.siHhBaHCKOH A3C) aKTHBHa51 30Ha Mo­

.n:emtposanacb c 14-IO CJlOSIMH no BblCOTe. 

Ha.n:o 3aMeTITTb, 4TO 60llbWM (no 

cpasHeHHIO C noKaHaJihHOH) npOCTpaHCT-

KaHaJJbl, np11Ha,nJ1e)l(aUt11e O.UHOMY fl3 pacYeTHblX uumu-{Jl- BeHHaSI .ueTaJil13aUH51, XOT51 11 SIBJJSleTCSI B 

pos; □ - KaHaJJbI. nputta.nne>Kamwe ABYM pacYeTHhIM p.11.ue cny4aes )l(eJJaTenbHOH, noKa He 

UHJilfH,npaM o6ecne'-teHa Heo6xo,UHMblM11 ,uaHHb[MH 0 

HepasttoMepHOCTH :rneprosb1,ueJ1eHH51 H BbIropam1S1 B npe)lenax TBC, a TaK)l(e Tpe6yeT 6onee 

CJlQ)KHbIX, no cpasttemuo C .llHq>cpy3HOHHbIM, MeTO.UOB pac4eTa HeHTpOHHOro llOJlSI. KpoMe TOro, 

TaKOMY HeHTpOHHO-q>H3Ht.JeCKOMY pact.JeT)' .uom1rna ornecrnTb COOTBeTCTBYIOI.UaSI MO)l.eJJb 

Ten11orH,upasmtKH aKTHBHOH 30Hhl, t.JTO ewe 6011ee ycJ1o»rn$1eT Ja)l.alfy. 

ManorpynnoBOH Jl.Hcpcpy3HOHHblH pact.JeT .llOJl)KeH 6b1Tb o6ecnelfeH COOTBeTCTBYlOI.UeH 

KOHCTaHTHOH no.n:.n:ep)KKOH. Oco6eHHOCTblO KOHCTaHTHOro o6ecnet.JeIDrn KOMTIJJeKCHblX MOJJ,eneii 

SIBJlSIIOTCSI, C O)lHOH CTOpOHbl, Heo6XO.llHMOCTb l1Cl10Jlb3083H11SI KOHCTaHT B WHpOKOM .llHana30He 

pe)KHMOB pa6oTbl 6noKa (OT paCXQJlO)KeHHOro COCTOSIHHSI ,no pa6oYero 11 asapHHHOro), c .D,pyroii 

CTOpOHbl, Ot.JeHI, )KeCTKMe Tpe6osaHHSI K HX T04HOCTI1 H rna,UKOCTH, a TaK)Ke K 6bICTpo,ueHCTBHIO 

COOTBeTCTBYIOI.Uero nporpaM rnoro o6ccnet.JeHHSI. ITocTpoem1e TaKOH CHCTeMbl KOHCTaHT -

CJlQ)KHaSI 3a)la4a, pewaeMaSI .llJlSI KIDK.llOfO TpeHa»<epa HH.ll.HBH.D.YaJibHO. ITo Mepe HaKollJJeHHSI 

OllbTTa Bb1pa60TaH 110.D,XO.U K peweHHIO 3TOH 33.llalfH, OCHOBaHHblH Ha npHMeHeHHH KOHCTaHTHOH 

nporpaMMbJ GETERA. 3Ta nporpaMMa nocTpoe1-1a Ha oT1-10CHTeJ1b110 npocTbrx MO.lleJISIX nepettoca 

HeHTpOHOB H 110380JlHJla pa3pa60TaTb seCbMa 3cpcpeKTHBHOe KOHCTaHTl-!Oe o6ecne'-!eHHe .D.JlSI 

MO.ll,eneii BB3P 11 PEMK. 
TiporpaMMa GETERA npe,uMa3Ha'-!eHa D)l.11 pact.JeTa 51'-leeK 11 nomrnYeeK Sl.llepHbtX peaKTOpOB 

MeTO,UOM BepOSITHOCTH nepBblX CTOJlKHOBeHHH. llepsoHa'-laJibllO 8 06J1aCTH 33Me,D.JleHHSI (l 0,5 M3B 
... 2, 15 38) pact.JeT pacnpe.lleJleHHSI llJlOTHOCTH nOTOKa 1-1eHTpOHOB senc.si 8 22-rpynrrosoM 

np116J1H)l(eHHH Ha OCHOBe 6116J1HOTeK11 KOHCTaHT 61 IAE. B o6naCTH TepMaJIH33UHH (0 ... 2, 15 3B) 

pact.JeT cneKTp8 11eHTpOHOB ocymeCTBJlSIJlCSI Ha OCHOBe MHKpOKOHCTaHT, nonyt.JeHHblX H3 cpaHJIOB 

oueHeHHbIX .ll,aHHbJX ENDF-B/ Yl. B nocne..utteH ee MO.llHQ>HKaUHH pac"IeT se)leTCSI B 300-

rpynnosoM np116mn1<eH1111, npH4eM HH)Ke 3HeprnH 4.5 3B HaC'-!HTbIBaeTc.11 .no 80-TH rpynn. ,U.1u1 
llO)lrOTOBKH MaJIOrpynnOBblX KOHCTaHT 11epa3MH0)1(8I01.UHX_Kall8Jl08 8 nporpaMMe npe.uycMOTpeHa 

MO.llCJlb, n03BOJ1SIIOI.Ua51 paCC4HTblB8Tb cppar ICHT, COCTOSII.UHH H3 Hepa3MHO)l<alOW.ero KaHall8 B 

OKpy)KeHHH pa604HX Sl'-!eeK. 
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4HCJ10 3HepreTH4eCKHX rpynn, He06XO.D,HMblX )],JlSl a.D,eKBaTH0rO MO.D,eJ1HpOB8HHSI nepeHoca 

HeHTpOHOB B aKTMBHOH 30He peaKTopa, onpe.D,eJlSleTCSl cneKTpOM HeHTpOHOB B pa3Hb!X 06J1acn1x 

aKTHBHOH 30Hbl (ueHTpaJlbHrul 4aCTb, 06J1aCTb 0KOJlO OTpIDKaTeJlst) H KOM□0HeHTaX peweTKH 

(st4eHKa C T0□JlHBOM, KaHaJl CY3 H T . .D,.), a TalOKe ero H3MeHeHHeM B pa.3Jl~llb1X pe)Kt1Max pa60Tbl 

peaKT0pa (Ha□pHMep, np11 o6e380)f(l1Bamrn aKTHBHOH 30Hb1). C .D.pyro11 CT0pOHbl OT K0JlH4eCTBa 

3HepreTH4eCKHX rpynn, KaK 11 OT pa3MepHOCTH 3a.D,a4H, 3aBHCHT CK0p0CTb CXO)],HMOCTH HTepau,HH 

HCT04HHKa. Ecm1 CHHTeTH4eCKHH O.D,Horpynnoaoi-1 pac4eT PEMK Tpe6yeT .D.O I 00 HTepau,HH 

nnocKoH 3a.D,a4H 3a ceKyH.D.Y npouecca, TO .wrn TaKoro )Ke .D.Byxrpynnoaoro pac4eTa Tpe6yeTc.si: 

1nepau.11i-f Ha nopst.D.0K 60J1hwe. ,L{rrn TpexMepttoro pac4eTa Heo6xo)IMMoe 4HCJlO HTepauHii eme 

60JlbWe, oco6eHHO npH .D.Byx H 60J1ee rpynnax HeHTpOHOB. Tpe6oaaHHJJ K 4HCJJY HTepaUHH 

HCT04HHKa .l].OJl)l(Hbl Y.llOBJleTBOpSlTbCSI B nepay,o 04epe.D,b TaK KaK B npoTHBHOM cny4ae 

8O3HHK8IOT 3aMeTHble norpeWHOCTH MO.D,emtpoBaHHSL 

Hacl.fHTaHHble npH pa3Jll14HbTX 3HaLJeHHSIX Te□JlO(p113WleCKHX napaMeTp0B K0HCTaHTbl 

annp0KCHMHPYIOTCJI TIOJ1HHOM8Ml1 BO scei-1 06J1aCTH 3Ha4eHHH. TiapaMeTphl, He06XO)],HMble .l{JlSI 

OffifC8Hl1SI 38811.CHM0CTeH HeHTpOHHblX KOIICTaHT, BblfotpalOTCJI Ha OCHOBe aHaJlH.3a q>H3HKH 

aKTIIBHOH 30Hbl peaKTOpa. 

Heo6XO.l{HMO OTMeTHTb )],OBOJlbHO BblCOKYJO noTpe6HOCTb B Bhl4HCJlHTeJihHblX pecypcax 

pacLJeTa Cel.J.eHHH, npH4eM JII06b1e nonbITKH "3KOHOMHTb" pecypcbl 33 Cl.feT yMeHbWeHHSI LJaCT0Tbl 

nepecLJeTa acex HJlH 43CTH cel.feHHH npHBO)],SIT J11160 K yMeHbWeHHIO YCTOH4H130CTH peweHHJI, 

1u160 K 3aMe,llJTeHHIO peaKLI,1rn MO,lleJIH Ha 6blCTpoe ynpaBJieHHe. TaKHM o6pa30M, TU.taTeJlbHaJI 

TIO)],f0TOBKa nOJIHHOMHaJlbHblX annpOKCHM3UHH SIBJISleTC.SI BIDICHeHWHM YCJlOBHeM 

cpyttKUHOHHposaHHJI " 6bICTpbrX" HeHTpOHHO-q>l13H4eCKHX MO)],eJleH. 

J1c4epnb1B3IOIU351 sepHq>HX3UHSI KOHCTaHTH0ro o6ecne4eHHSI B03MO)KHa T0JlbKO B COCTaBe 

HHTerpHpOBaHHOH MO.D,eJ111. CTpH HC□OJlb30BaHHH 0.l{HOrpynnoaoro npH6JIH)KeHHSI He y.D.aeTC.SI 

o60HTHCb 6e3 " no.D,rOHKH" KOHCTaHT )],JTJI PEMK. 3TO 060.SICHJleTCSl CTpeMJTeHHeM npH no.n.roT0BKe 

KOHCTaHT rapaHTHpOBaTb 11.X Ha1160J1bWYIO T04H0CTb npe)K,lle acero B pa60'-1Ji:X pe)Kl1M3X peaKTopa, 

.D,IDKe B ymep6 "KpaHHHM" (aaapHHHblM, pacXOJIO)KeHHOM)') C0CTO.SIHHSIM, 11 B pC)l<HMax C 

3aMeTHblM 113MeHemteM cneKTpa HeihpOHOB norpeWH0CTb KOHCTaHTHOf0 o6ecne4eHHJI 

CTaHOBHTCSI 4pe3MepHOH. 0.D,HaKO y.uaeTCSI H8HTI-I T8KHe nonpaBKH K He11TpOHHblM ce4eHl1.SIM, 

KOTOpbie HMeJOT SICHblH q>H311'-leCK11H CMblCJI H .D,OJliKHblM o6pa30M HC□paBnSIIOT yKa-3aHHble 

norpeurnocnt. 

B MO.D.em1x PEMK )])1.SJ socnpOH3Be.n.eu11.SJ peanbttoro pacnpe1I.eJ1eH1u1 :3Heprosh1,J.eJ1e11HJJ 

np11MeHReTCSI anropHTM, KOppeKTHPYIOLLI.HH ce4eHHe nornow.e11HSl B TO□JIHBHblX TBC TaK, 1-fT06b[ 

paCC4HTaHHOe TpexMepttoe none 3HeproBbl.D.eJieHHSI COB□aJlO C noneM, BOCCTaHOBJleHHblM no 

□OKa3aHHSIM )],aT4HKOB C<I>KP3 npH .D,aHHOM HOMHHa.JlbHOM COCTOSIHHH aKTHBHOH 301-lbl. KpoMe 

Toro, 1-1e60J1bWOe 4HCJIO pacLJeTHblX CJIOeB no BblCOTe Tpe6yeT "crnIDKHBaHMSI" 113MeHellHSl 

3cpcpeKTHBHOCTH cTep)KH.SJ pery1111posaHHR npH ero npoxoiK.D,eHHH 4epe3 rpam1uy pac1.1eTHbI. cnoes 

B TpeHIDKepax KaK BB3P, TaK H PEMK. 

HeihpOHHO- q>H3H4eCKaSl MO.D,eJlb aKTMBHOH 30Hbl cpyHKUHOHHpyeT B COCTaBe KOMITJleKCHOl1 

MO.D,eJlH, T.e. B onpe.D,eJTeHHblX CHCTeMe nporpaMMHp0BaHH.SI H onepau,HOHHOH cpe.D,e, a TaK)l(e 

ycnoBHSIX pa3pa6oTKH, 4TO onpe.D,e1rneT no.D.XO.D. K opraHH3aUHH anropHTMa H pacnpe;1.e11emno 

HMelOW.1-iXCSl Bb14HCJIHTeJlbHblX pecypcos. Oco6eHHOCTSlMH ycJIOBHH cpyHKUHOHHpOBalllrn 

HeHTpOHHO-q>H3H4eCKOH MO.D,eJlH BO acex TpeHIDKepax SIBJlSlJlHCb: 

- He)],OCTaT04Hhle Bbl4HCmITeJTbHble pecypcbl MO.D,eJTHpyiow.ero KOMnbIOTepa; 

- tteo6xo.n.11MocTb pacnapanneJ1HBaHHSl Ha 2 - 3 npoueccopa; 

- 60J1blliOH HHTepcpei:ic C MO)],eJISIMH .D.pyrnx TeXHOJ10rH4eCKHX CHCTeM ( oco6eHHO )],JlSl PEMK): 

- MJ-10roKpaTHaSI KOppeKLI,HJI HCX0)],1-fblX COCTOSIHHH B npouecce pa3pa60TKH H 0TJla.[I.KH. 

Hei:iTpOHHO-q>H3H4eCKaSI MO.D,eJlb B Tpett8)Kepe, oco6eHHO P6MK, 11MeCT OLJeHb 60JTbWOH 

HHTepcpei-fc C .D.PYrHMH CHCTeMaMH, a TalOKe "BHYTpe1-11111i1" IIJITepcpei:ic, 06ycJ10BJ1ellllblH ee 



----

cpyHKUHOIIHpOBam-reM Ha HeCKOJlbKKX npoueccopax. YacTOTa 12 .. . 20 ru o6MeHa )],allHblMH Me)l(Jzy 

MOL{eJJJlMH, HCITOJJb30BaHHruJ B TpeHa)Kepax, He HaCTOJlbKO BbICOKa, '-fT06hJ npeHe6pe4b cornaco­

BaHHOCTblO J],aHHbIX B 6bICTPbIX npoueccax, IT03TOMY He06XO)],HMO CHHXpOHH3HpoBaTb 3JleMettn,1 

HeHTpOHHO-qJH311CfeCKOro pacl.feTa Me)l(Jl.y co6oH, a TaK)Ke co CMe)l(HbIMH TennocpM3H4eCKHMJi 

MOJJ.eJJSIMH, cpyHKUHOH11py1omHMH Ha .upyrnx npoueccopax. TaKoe cornacosaH11e .uocT11raeTc.si 

TUlaTeJJhHblM CTpyKrypHpOBaHHeM nporpaMM 11 pacnpe)].eJJeHHeM pac"!eTHblX MO,llyJJeH B ""laCTOT­

HOH ceTKe' CHCTeMbl MO)].eJJHpOBaHHSI pea.rrhHOro BpeMeHH. HanH"IHe KaK OTpHJ.J.aTeJJbHblX, Ta.I( Ii 

ITOJJO)KHTeJJbHhIX 6bICTPblX o6paTHblX CB5!3eH no TennocpH3HlfeCKHM napaMeTpaM TeITJJOHOCHTen.si B 

PEMK noTpe6osa.rro o6Metta .n.aHHblMl1 c MO)].eJJblO KMCTU, c MaKCHMaJihHO B03MO)KHOH "laCToToii , 
11Ha"!e Hapywa.rracb ycTOH"IHBOCTb peweHHSI. 

Xorn cpopMaJibHYIO npoue.a.ypy Tecn1posamrn TaKMX KOMITJJeKCHblX MO,l],eJJeH, KaKHMH Sl"BJlji­

lOTC.s! TPeHa)Kepbl A3C K HaCTO.s!UleMy speMem1 MO)KHO C4HTaTb B OCHOBHOM CJJO)KJ,fBWeiks 
' MHHHMH3MpoBaTh cy6oeKTHBH3M 3KCnepTHblX oueHOK .n.o CHX nop He y.uaeTCSI , oco6eHHO B CH'I'ya-

1.J.M11, Kor.na Tpetta)Kep pa3pa6aTbrnaeTC5l .LJ.JJ5l ewe He nocTPOeHHOro 6noKa. Ecm1 .ZJ.JIH nporpaMM 

CTaUHOHapttoro paC"leTa HeHTpOHHbIX noneii cymecrnylOT npH3H8HHble MeTO,ZlHKH BepHcpHKaU,HH 
' a TaK)Ke 60JJblliOe KOJUl"leCTBO TeCTOB, ITOJJ..llep)KaHHblX 3KCnepHMeHTaJihHblMH 113MepeHHJlMH H 

npeUH3HOHHblMH pacLfeTaMH, TO Tecn1poBaH11e mrnaMHLJeCKOH HeHTpOHHO-cpH3HLfeCKOH Mo.n.en1-1 
' BKJIIO'-leHHOH B Tpetta)KepHhIH KOMnJieKC, r.ue OHa B3aHMO,UeHcTByeT C TenJ10rH)lp8BJJH'-1eCJ<OH 

MO,ZleJJblO, C MOJJ.eJJblO CHCTeMbl KOHTPOJJ>l 11 ynpasJJeHl1SI H, onocpe.n,osaHHO 4epe3 HHX, C .upyrm.111 

MO,ZleJISIMH TeXHOJJOfHt-teCKl1X CHCTeM :mepro6JJOKa, 4pe3Bbl48HHO CJIO)KHO. 

Cei1lfaC C 3TOH ueJJblO npHMeH!-rTeJJbHO K HeHTPOHHO-cp11311'-leCKOH MO,Zlemt 11CTTOJlb3YIOTC.s!: 

J) ''KBa311.ZJ,11HaMl14eCKl1e' 113MepeHl1Jl B aBTOHOMHOM pe)KJ,fMe MO,l],eJJ11poBaH11S1: pacl.feT K03cpcpm.1.11-

CHTOB peaKTl1BHOCTl1 B W11pOKOM .ZlH8ITa30He TennocpH3H'-leCKl1X. napaMCTPOB B Tex HJil1 lffiblX 

npe.unoJJO)Kemrnx o pacnpe.ueneHHH 3THX napaMeTPOB, pac'-leT 3cpcpeKTHBHOCTH oprattoB ynpasne­

HHSI, 3cpcpeKTOB H )lHH8MHKM OTpasnemu1 11 T.n.; 

2) cpasHeHHe Kal.feCTBeHHbIX 11 KOJIHl.feCTBeHHhIX nOKa38TeJJeH nepeXO)].HblX npoueccos, MO,ZleJIH­

pyeMblX Ha Tpetta)Kepe, B TOM lfHCJJe asapHii c ouettKaMH TOE; 

3) 3KcnepTHbie ouettK11 onbtTHoro onepaT11sttoro nepcottana. 

B CHJJY OTHOCHTeJJbHO HenpO.llOJl)KHTeJJbHOro speMeHH cyw.ecTBOBaJHUI T8KHX KOMITJieKCHhlX 

MO.lleJJeH 3Hepro6JIOKa cne.n.yeT 0)KH)],aTb, ITO-BH)],HMOMY, LJTO TOJJbKO no Mepe HaKonneHH>l OITbITa 

HX 3KCnnyaTaJ.J.HH 6yJJ.eT cosepweHCTBOBaTbC.s! 11 MeT0.llHKa HX BepHq>HK8UHH. 

3. TenJ1orni.paBJ111ciecK11e MO)].eJIH 

3. 1. M0Jlem1 JlJlst I KOffrypa, aKTIIBHOit JOH bl II naporenepaTopa 
TenJJOrH)].pasmtlfeCKHe nporpaMMbl, Ha 6a3e KOT0pbIX CTpORTCJJ M0)leJIH I KOHrypa, aKTHBHOH 

30Hbl 11 naporeHepaTopoB, MO)KHO Ha3BaTb y1-msepcanbHblMH B TOM CMblCJie, 4TO ccpepa HX npHMe­

HHMOCTH He orpaHHlfHBaeTCSI 3a,Zla4al\1H omrcaHllil lfaCTHblX cpH3H9eCKHX npoueccos B o6beKTax co 

CTPOfO q>HKCHpOBaHHOH reoMeTpHeH, a BKJJlOCfaeT B ce6SI Beeb cneKTp Tennorn,upaBJIHLJeCKMX $18-

JieHHH, cywecTBeHHblX .llJlSI KOppeKTHOfO MO,ZleJIHposaHHSI YKa3al-tHhlX 3JieMeHTOB A3C B pa311H4-

Hb!X pe)KHMax HX pa60Tbl. CTepsoHa'-la.JTbHO BBH.llY 0THOCHTeJibHO 60JibWOro 06beMa MO,ZleJrnpye­

MOro o6opyJJ.OBaHHSI" H pe3K0ro .a.ecpHUHTa 6blCTpOJJ.eikTBHH K0MITblOTepos npH pa3pa6oTKe TaKHX 

nporpaMM Ha nepsoe MeCT0 BblXO,ZlHJia 3al{a"!a o6ecneLJeHHSI )].OCTaTOlfHOH CKOpOCTH pac'-!eT0B npH 

coxpatteHHH npHeMJJeMOH T0'-11-IOCTH. Oco6eHHO 8a)l(Hb1M 3TO o6cTOSITeJibCTBO CTaH0BHJlOCb npH 

pa3pa60TKe TpeHIDl<epoB .llJljJ A3C, cpyHKJ.J.HOHHpylOUlHX B pe)KHMe peanbHOro speMeHJ-1. YcKope-

1111e Bbl~l1CJleHHti o6bl4HO l(OCTl1faJIOCb HCITOJ1b30BaHHeM B MaTeMaTH4eCKHX MO)].ensix pa3Jll1l.JUblX 

npennoJIO)KeHHl.f 11 .n:onyweHHH, 6naro.uapH KOTOpblM CHCTeMa HCXO)].Hh!X ypaBHeHHH MeXaHHKH 

MHorocpa3HblX cpe.ll 3aMeTHO ynpOUlaJiaCb. 
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O,nHHM 113 npe.ucTaB11TeJ1eH KOMnblOTepHblX nporpaMM no,no61-wro T11na 51BmieTC51 Tpe11IDKep­

HaH nporpaMMa RETACT. O,nHaKo nocT051HHOe nosb1WeHJ,1e Tpe6osaHMH K 6e3onacHOCT11 A3C 

BKyne C pOCTOM MOl.l..(HOCTJ,f COBpeMeHHhlX KOMnblOTepoB .n.ano 11MnyJTbC pa3BMTMIO 11CCJTe,aosa­

TeJlbCKl1X nporpaMM YJT)"!WeHHOH oueHKH, B KOTOpblX no.n.o6Hble ynpomeHl151 He np11MeH5IIOTC51. 

KpoMe Toro, nporpaMMbl ynyt.iweHHOH oueHKM BKJIIOYalOT B ce651 BblCOKOT04Hble 3MnHpH4eCKHe 

r.10.n.eJTH pa3JTH4HblX CJTO)f(Hb[X HBJTCHHM (TenJI006MeH cpa3 co CTeHKaMH KOIICTPYKUHH, Me)l(q>a3Hb1H 

Tenno- 11 Maccoo6MeH, CHJlOBOe B3aHMO.lleikTBHe cpa3 J,f T.n.), 3aKOH4eHHa51 Teop11H KOTOpblX noKa 

He pa3pa6orntta. K no,no6HbIM nporpaMMaM OTHOC51TC51, ttanp11Mep, 3apy6e)KHhle nporpaMMbI 

TRAC [2], RELAP [3], A THLET [ 4], CA TH ARE [5], a TaIOKe pocc1111cK11e nporpaMMbl KOPCAP 

[6] H EArHPA [7] (nocne,nHH51 pa3pa6oTaHa BO BHH11.A.3C KaK .llJ151 npose.n.ett1151 Ten11orH,!:lpasm1-

t.iecKHX pac4eTOB B 060CHOBatt11e 6e3onacHOCTH A3C, TaK H .llJ151 pa60Tbl B COCTaBe HHTerpHpo­

BaHHblX pacLJeTHblX KOMTIJleKCOB, npe,llHa3Ha4eHHblX ,llJl51 MO)leJTHpOB3HH51 A3C B ueJJOM ttanpH­

Mep, B paMKax TpettIDKepos .UJUI nepcoHana A3C). 

Bee Bb!Wenepet.iHCJleHHhle nporpaMMbl YJT)'t.fWeHHOH oueHKH 6a3MPYIOTC51 Ha )J.BYXCKOpOCT­

HblX ,nsyxTeMneparypHblX MO,lleJl51X .usyxcpa3Hb!X cpe)J.. Y411Tb!BaIOT HeKOH.D.eHc11pyeMblH ra3 H no-

3B0J151IOT npOBO,llHTb YHCJleHHblH aHaJJl13 HeCTaUHOHapHblX pe)KHMOB A3C C ,llOCTaTOLJHO BbJCOKOH 

CTeneHblO TO'IBOCTH. TeM He MeHee cne,nyeT OCTaHOBHTbCH Ha HeKOTOpblX pa3JH141151X B nO)J.XO.D.aX, 

11cnoJ1b3yeMbIX B paMKax 3THX nporpaMM. ITpe>K.ne scero TOJTbKO nporpaMMbI TRAC 11 EAfMPA 

TT03BOJ15IIOT npOBO.llHTb pac4eTbl C np11Mette1-rneM TpeXMepHOH pacYeTHOH CeTKH, npH4eM 3TH npo­

rpaMMbl H3Ha1laJTbHO pa3pa6aTblBaJJl1Cb KaK TpexMepttble. TaKa51 803MO>KHOCTb cymecTBeHHO pac­

W11p51eT ,llJ151 HHX Kpyr ,nocrynHblX .llJl51 MO,lleJTHposaHH51 npou,ecCOB (HeCHMMeTpH'-IHbJe pe)l<HMbl no 

neTJTSIM HJ111 B Kopnyce peaKTopa). 

~anee, 60JlbWMHCTBO cospeMeHHblX Tennorn.upaBJTHYeCKHX nporpaMM 6a311pyeTCSl Ha pac­

YeTHOH Mo,nemt: c .UBYM51 ypaBHeHHsrMH 6anattca HMnyJThCa. B TO )Ke speMR s nporpaMMe EAfI1PA 

peaJJH30BaHa B03MO>KHOCTb Bbr6opa Me)K_ay 3TOH MO)].eJiblO H np116m{)Kett11eM .11.peHcpa, npH4eM 

HMeHHO nocJie)].HHH BapHaHT np,rn.srT KaK 6a30BblH. 3To o6b51CHsreTC.Sl TeM 4TO Ha cero)J.H51WHHH 

)leHb B CHJTY cneu11cpHKH nocTaHOBKH. COOTBeTCTBYIOlUHX 3KCnepHMeHTOB 3Mn11pHYeCKHe 3aMbl­

Kal01UHe COOTHOWeHH51 .llJTSl pacYeTa OTHOCH.TeJlbHOH CKOpOCTH cpa3, HCflOJlb3yeMbJe B paMKax np11-

6mt:.>KeHH51 ,npettcpa, 51BJ1SllOTCSl 6onee T04Hb1MH no cpas1-1eH1110 C 3aMblKalOW.HMH COOTH0WCHH51Ml1 

.llJTSI paCYeTa Me)Kcpa3Horo TpeHl1SI. 3TO M0)KeT npHBOJJ.HTb K npaKTM4eCKH HeorpaHMYeHH0 ty yse­

JlMt.feHKIO npoMe)KyrKa speMem1, Tpe6yeMoro .llJ151 pacYeTa, 4TO cymecTBeHH0 orpaHHLJHBaeT npH­

MeHHM0CTb n0)].06HhIX nporpaMM. l{To >Ke KacaeTCSI nporpaMMbl EArl1.P A, TO ee ::>cpcpeKTl18HaJI 

'IHCJTeHHa51 cxeMa H3H3LJaJJbH0 opHeHTHp0BaJTaCb KaK Ha BblC0KYIO T04H0CTb pacYeTOB, TaK H Ha 

BblC0K0e 6blCTpO.UeikTBHe, 4T0 n03BOJIHeT npHMeHSlTb JTY nporpaMM)', HanpH.Mep, ,!lJTSl onepanrn­

Horo aHan113a 6e3onacttocTH c11ryau11w Ha 51.lJ.epttbJX peaKTopax, a TaK)Ke s paMKax TpeHIDKepoB .D.JlR 

nepcottana A3C, r.n.e Tpe6yeTC51 MO)].em1posam1.e scex c11cTeM A3C s p e>Km1e peanbHOro spe­

MeHH. 

llpozpal-t.Ma RETACT, pa3pa6ornttHasr .unsr Mo,n.em1posamrn Tennorn.11.paBJIHYeCKHX npoueccos 

B peaKTOpHOH ycTaHOBKe H napore11epaTopax, n03B0JI51eT B peaJJbHOM MaCWTa6e BpeMeHH 11MMTH­

posaTb npouecCbl KaK B pe>K11Max HOpMaJTbHOH '.JKCnJiyaTau.1111, TaK H B asapH51X, CBSl3aHHbIX C 

OTKa3aMH pa3Hb!X CHCTeM 11 o6opy.llOB8HH51 A3C (BKIBOtJasr MaKCHMaJTbttylO npoeKT11yro asap11!0). 

B nporpaMMe peaJl1130BaHa .llByxCKOpOCTHasr, TepMO,!lHHaMHtJeCKH ttepaBHOBeCHasr MO.l].eJTb 

O,llHOMepHoro napoBO,llHHOro nOTOKa, co.uep)l<al.l..(ero tteK0H,LJ.eHCHpyeMble fa3bl. Mo.ueJJb onl1Cbl88-

eT cne.uy10w.11e }J8JleHH51 , KMelOl.l..(11e MeCTO B peaJTbHblX nepeXO)J.Hbl. 11 asapHHllbfX pe)l{HMaX Ha 

A3C: 

• HCroMoreHH0CTb H ttepaBHOBeCHOCTb noTOKa B pe)K11Max C npHtty.ll.lffeJJbHOH H ecTeCTBCHHOH 

UHpKyJlsr u11ei1; 

• BCK11naH11e H KOH,lleHcau1110 cpa3 Ha CTCHKax H CTpy51x; 

• HCTeYett11e BCKHnaiow.ero TenJT0HOCHTeJI51 4epe3 pa3pb1Bbl KOHrypa u11pKyJ1$1LJ.l1l1 11 npe.uoxpa­

H11TeJJbHble ycTpOHCTBa; 
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• TeTIJIOMaccoo6MeH 4epe3 MC)l<¢a.3HY!O noBepXHOCTb: 

• nepeHOC 6opHOH KHCJTOTbl H pa.n,HoaKTHBHblX npO/lYKTOB .n,eJieHH.si; 

• Tennonepe.n.a'-I)' OT Tonmnrnoro cep)le4HHKa K TernTOHOCHTemo; 

• napouHpKOHHeByio peaKUH!O BbI/leJieHHe H pacnpocTpaHeHHe Bo.n,opoaa; 

• KpH3HC Tennoo6MeHa B o6orpeBaeMblX KaHanax. 

TiporpaMMa RET ACT OCHOBaHa Ha 0/lHOMepHOM npeacTaBJTeHHH TIOTOKOB H 9-TH OCHOBHblX 

ypaBHCHH.slX coxpaHemrn, a HMeHHO, M8CCbl HCKOH)J.eHCHpyeMblX fa.JOB, napa, )l(H)J.KOCTH H pac­

TBOpa 6opa, pa.n,HOaKTHBHOCTH ra.3a H BO.LI.bl, 3Hepnrn fa.30BOH Q)83bl H JlByx¢a.3HOH CMeCH, Mo­

MeHTa )J.BH)l(eHI-UI )J.ByxcfJa.3HOH CMCCH 

B paMKax MaTeMaT11qecKOH Mo.n,eJIH c.n,eJJaHO OCHOBHOe .n.onyw.eHHe, n03BOJIBBIIlee CYLUec1-

BeHHO CHJ1311Tb 3aTpaTbl MaillHHHOro BpeMeHH: a p I a t = idem (TO)KJlCCTBeHHO) B mo6oti TQq_ 

Ke pac4eTHOH cxeMhI. 

Te4eHJ1e napOBO.ll.HHOH CMeCH B KaHane xapaKTepH3yeTC.sl pacnpe.n,eJieHHCM CKOpOCTH H napo­

co.n,ep)l{aHHJI no ce4eHHlO KaHana. ,lvl.si y4eTa npoqJHJIH pacxo.n,a H napoco.n,ep)l(aHH51 npH peweHHH 

3a)la4H B 0.ll.HOMepHOM npH6JIIDKeHHH BBO.llHTC.sl napaMeTp pacnpe,neJieHIDI napaMeTpOB nOTOKa no 

cetieHHlO. Tor,na OTHOCHTeJibttylO CKOpOCTb MO)KHO npe,ncTaBHTb KaK cyMMY ,nByx 4JleHOB, YlfH­

TbIBa!OLUHX Henocpe,ncTBeHHo ,npei1'¢ napora.30BOH Q)a.3hl H BJIH51HHe HepaBHOMepHOCTH pacnpe.n,e­

JieHH51 napaMeTPOB no ceqemuo. 

B 06beMe MO,lleJIHpOBaHH51 npe.zzycMOTpeHO TalOKe peweHHe 3a.n,a4H Me)l{Q)a.3HOro TeTIJio- H 

Maccoo6MeHa Me)K)zy BO,UOH H napoM B npwcyrCTBl".IH TpeTbero KOMTIOHeHTa - HeKOH,UeHc11pye­

MblX ra.30B. TionaraeTCH, 4TO )KJ1,llKaH H ra.JOBa.st cpa.3bl MOryT HaXO,uI1TbC.sl npH TeMneparypax OT­

JIWlHhlX OT TeMneparypbl H8Cbtlll,eHH51 npH napuHaJihHOM nasJieHHH COCTaBJUUOlllHX CMeCH. ITp11 
3TOM TeMneparypbl napa H ra.Ja 0)1.HHaKOBbI. 

B paMKax MaTeMaTW!eCKOH MO)leJUI Me)Kq>a.3HOro Maccoo6MeHa HHTeHCHBHOCTb ¢a.3oBoro 

nepexo,na onpe,neJIHeTCH ,nnH cne.zzy10w.11X B03MO)KHbCX npoueccoB: 

1) BCKHITaHH51 H KOH,lleHcauwH B TIOTOKe H3-3a TepMO,UHHaMH4eCKOH HepaBHOBeCHOCTH cpa.3; 

2) HcnapeHH.sl He,norpeTOH )1(11,llKOCTH Ha neperpeTOH OTHOCHTeJTbHO TeMneparypbl HaCbllll,eHIDJ 

ITOBepXHOCTH (nosepXHOCTHOe KHTiefilie) H KOH,lleHCal(HH napOBOH ¢a3bl Ha nepeOXJT8)1{J].eHHOH 

CTeHKe; 

3) KOH)J.CHCal(HH napa Ha crpy.six He.uorpeTOH BO)J.bl. 

TiporpaMMa RETACT TT03BOJ1HeT pacct.JHTbIBaTb TeMnepaTypy Tonmrna H o6oJIOLJeK TB3JIOB, a 
TalOKe npoueccbJ Tern1006MeHa Me)K.zzy o6ono4KOH TB3Jia H TennoHOCHTeneM. TipH pactieTe TeMne­

paTyp s TB3ne npe)lnonaraeTc.H napa6on114ecKoe pacnpe.uenem1e nollH TeMneparyp (pHc. 2). 
Cpe)lH5151 TeMneparypa Tonmma, BttyTPeHHeH H Hapy)KHOH cTeHOK o6oJI04KH TB3Jia onpe.n.en.11-

eTc.si H3 ypasHeHHH Tennosoro 6anaHca ,nn.si TOTIJIHBHoro cep,neYHHKa H ypasHeHH.H, omtcbIBa!O­

LUHX nepeHOC Tenna OT TOTIJIHBa K o60J104Ke 11 OT o60JI04KH K TeTIJIOHOCHTemo. TipH pac4eTe Ten­

Jl006MeHa 060J104KH TB3Jia C TenJTOHOCHTeJieM npe.n.nonaraeTC.sl, 4TO TepMH4eCKaH HHepUHOHHOCTb 

o60JI04KH MHOfO MeHbWe HHepUHOHHOCTH TOTTJIHBa. 3aMbtKalOLUHe COOTHOWeHHH )lJl.sl K03cpcpH­

UHeHTOB TeITJIOOT.n,a4H Me)K)ly nosepXHOCTb!O TB3Jla H TeITJIOHOCHTeJieM Bbtfotpa!OTC51 B COOTBeTCT­

BHH C pe)l{HMOM Tennoo6MeHa (KOHBeKTHBHblH TenJio06MeH C BOJlOH HJlH napOM, ny3b1pbKOBOe 

HJIH nJieHOLIHOe K.HTieHHe). 

To 

O60JT04Ka T= j(_R) 
IE+-+-----1 Rr 

P11c . 2. Pacnpenene1111e TeMneparyp s TBJJJe 
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TipH pact.teTe pe)KMMOB, CB.H3aHHblX C Te-

4b!O TenJIOHOCHTeJI.si BbJ)leJI.sl!OTC.sl pe)KMMbl 

HCTet.teHH51 He,uorpeTOH )KMJlKOCTM, HaCblW:eH­

HOH .nsyxq>a.3IIOH CMeCH 11 LIHCTOfO napa. B 
Ka)KJlOM 113 BblUienepel.JMCJTeHHblX pe)l(HMOB 

3HaL1e1-rne pacc411TaHHOro pacxo,na s Te"4b or­

paHH4HBaeTc.si seJIH411HOH KpHTH4eCKOfO no­

TOKa, npe,nsapHTeJI bHO onpe)leJleHHOH Jlll.sl Ka-

)KJlOro pe)l{H Ma HCTe4eH 1151. 



K HaCT0.lll.1.leMy BpeMeHH HaKonneH 6oJJbWOH 0nbIT ycnewttoro npHMeHeHl-151 nporpaMMbl 

RET ACT np11 C0J.UaHHH Ten11orn.upaa11w{eCKHX Mo.ueneH I K0Hrypa 11 naporettepaTopoa JJ,Jrn peaK­

T0poa T11na 883P. 3Ta nporpaMMa 11CITOJlb30BaHa np11 C03l:{aH1111 TIMT .umr pa3HblX :rnepro6JJOKOB 

3anopmKCK0H, KamiITTiHCKOH, XMeJJhHHUKOH, lO)l(Ho-Y1<paHHCKOH, Ko11bCKOH, T.SIHbBaHbCKOH 

A3C 11 .up. ITpH cpaBHHTeJJbHO HeBblCOKHX Tpe6oBaHH.SlX K Bb14HCJJHTeJJbHblM pecypcaM nporpaM­

Ma RET ACT Mo.n,e111-1pyeT c .uocTaT04HOH cTenettbJO T04HOCTH pa3JJH4Hhre npoueccbJ KaK B pe)lrn­

Max HOpMaJibHOH 3KCn11yaTau1111, TaK 11 B aaapl{HHblX c11ryau1,rnx, 4TO B CBOJO 04epe.l(b ,naeT B03-

MO)l(HOCTb np11Mett.11Tb nporpaMMY RETACT .un.11 coJ,Uatt11.11 He6oJibWHX MO.UeJI11py10ll.lHX KOMIJ­

neKCOB, 6aJHPYJOl.1.lHXC.Sl Ha o6bl4HOM nepCOHaJibHOM KOMilblOTepe C npoueccopoM THna Pentium IV. 
Te11J102UopaeJ1UlleCKa51. npo2pa11wa EAI'HPA (EblCtnpblU AflaJlU3 I'Hopoou11G.MUKU PeaKmopA) 

- nporpaMMa YJIY4WeHHOH oueHKH .ZlJl.11 MO.n.em1poBaHH.II BCeB03M0)KHblX Te'-leHHH ,UByxcpa3HhlX 

cMeCeH C rreTOM cpa30BbIX nepexo.n.oB, B TOM l{J,[CJJe ,llJJ.Sl pac4eTa fH.lJ.PO.lJ.l{HaMHKH UHPKYJJ.SIUHOH­

HblX KOHrypoB KHil.1111.{HX H KopnyCHblX peaKTOpOB. 0CHOBHblM npe,UHaJHalfeHHeM nporpaMMbl 

£ArHP A .IIBJJ.lleTCH BCeCTOpOHHHH aHaJIH3 6eJonacHOCTl1 A3C, BKJIJ04a.ll l1CCJie,UOBaHJ-1e TIDKeJJ blX 

aaapHH C pa3pyweHHeM 8KTHBHOH 30Hbl. 

PacY.eTbl 6a3HpYJOTC.II Ha CHCTeMe TO'-lHblX ypaBHeHHH Mexamurn MHOrocpa3HblX cpe.u. ITpo­

rpaMMa 6Arl1P A H3Ha4aJibHO C03,U8BaJI8Cb KaK 3-MepHa.11, npHrO,llHa.11 .n.mr pa311114Hb!X MO,lJ.eJieH 

Te'-leHH.11 . McnOJJbJyeMaH MOl].eJlb Y411Tbl8aeT ryp6yJieHTHblH Tenno- H MacconepeHOC. TaK, nOTOK 

3HTaJibITHH CMeCH BKJllO'-laeT KOHBeKTHBHbre H ryp6yJieHTHbre COCTaBJI.lllOll{He. AHaJIOfH4HO Y4H­

TbIBaeTC.II ryp6yneHTHblH MacconepeHOC a COOTBeTCTBYJOJ.UHX ypaaHeHH.IIX. ,[vi.SI pacqera ryp6y­

neHTHOro nepeMew11aamui npHMeH.lleTC.11 M0,UeJlb ITpaH.l].TJJ.11, MCIT0Jih3YlOI.Ua.ll nOIDITHe .n.mlHbl 

CMerneHHR . 

KoppeKTHOe Mo.nenHp0BattHe TpexMepHblX 3cpcpeKTOB rrpHo6peTaeT onpe.n.emrromee 3Ha4eHHe 

rrpH pac'-!eTax cne.uyrow,wx pe)l(HMOB: 

• H3MeHeHMe pacxo.ua TenJIOHOCHTeJJ.11 B OJ.I.HOH HJJH HeCKOJlbKHX neT11.11x; 

• pa6oTa 3Hepro6noKa Ha tteno11HOM '-IHCJJe neTeJTb; 

• HapyweHHe ycJJOBHH Te□JT0OTBO.LJ.a co CTOp0Hbl II KOHrypa· 

• BHeCeHHe noJJO)KHTeJJbHOH HJlH OTµHUaTeJibHOH peaKTHBHOCTl1 B orpaHHl:feHHblH ceKTop 

aKTHBHOH 30Hbl; 

• 0TKaJ pa60Tbl 4aCTl1 cnpHHKJiepHbIX Cl1CTeM 6e30-

naCHOCTH; 0.6 P, Mna 

• T.ll)KeJJble aBapHH C pa3pyweHHCM aKTHBHOH 30Hbl B 

JIOKaJibHblX 06JJaCT.IIX. 0.4 

8 Ka'-leCTBe np11Mep0B TpCXMepttblX pacYeTOB 

MO)KHO paCCMOTpeTb MOJ.).en11posam1e y.uapa CTPYH 

BCKH□aJOw,e11 BOllbl O noaepXHOCTb CTCHKH, nepneHl{H­

KYJJ.HpHOH HanpaBnemuo HCTeYeHH.SI: (pHC. 3, 4), 11 M0-

l{eJI11posaH11e 3KCnepHMCHTa C OTKJIJOYCHJ1eM 0.D.HOro 

fu;H Ha Ka1111HHHCKOH A3C (p11c. S). 
B nporpaMMe BAfl1PA HCn0JJbJyeTc.11 nonyHe.11s­

Ha.11 4HCJICHHa.ll cxeMa, annpOKCl1M11pYJO[Ua.ll napaMeT­

pbl CMCCl1 B paCYeTHblX .Sl4CHKaX npH 3TOM BCJJH4HHa-

0 

H,M MH, 3aJ.).aBaeMblMl1 HC.IIBH0, CJly)l(aT .n.asJJeHHe, YJ.J.CJJb­

HblH MaCCOBblH paCXOll CMeCH 11 MC)l((paJHble TenJlOBble 

IlOTOKH . Bee nOTOKH M8CCbl H 3 HCprHH mrneap113yroTC.Sl 
P11c. 3. Pacnpen eneHHe nasn em1.R n o no­

sepxH0CTH cTeHKH np11 ynap e o Hee CTPYH 
no MaCCOBOMY pacxo.n.y CMec11 C n0MOl.1.lblO pewem,u, BCKllnaJOLUeH BOJlbl 4epe3 0,017 C nocne Ha-

38l{a4H O pacna.n.e pa3pb!Ba nll0TIIOCTJ1 Ha rpaHHUaX 48118 11CTe4eHl1.ff (H - pacCT0.ffHHe OT T0YK~1 

Me)KJly .114CHKaMH. TaKMM o6pa30M, CHCTCMa HCXO,lJ.HblX nosepXHOCTM, B K0T0PYJO nona,naeT uemp 

ypaBHeHHH CB0llHTCR K CHCTeMe JJHHCHHblX ypaBHeHHH CTpyH) 
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150 O.(, 

JO(l 0.4 

50 0.2 
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() 
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0.1 
1-----------------......._.t, C 

0..2 0 
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\ 
\ 

T,I<. 

517 

562 

547 

\ 532 
J.2 3.7 X. M 

PHC. 4. 3aBHC11MOCTH CKOpocn1 H .n.asneHIDI OT Pwc. 5. Pacnpe.n.eneHHe TeMnepa-rypbl BO.ll.hl Ha.n. aK­
BpeMem-1 B TO'U<e nosepXHOCTH, B KOTOp)'IO nona- THBHOH 30HOH 
.D,aeT u.eHTp CTPYH: I - CKopoCTh napa; 2 - CKOpOCTh 
Kanenb BO.D.b1; 3 - naBnem1e 

OTH0CHTeJibH0 .nasJieHJ-HI tta H0B0M speMeHH0M c11oe, onpe.nemrn 3Hat.JeHl-1JI .nasneHllil Ha K0T0pOM 

M0)KH0 paCC"IHT3Tb BCe 0CTaJlbHble nepeMeHHble. 

B nporpaMMe .6AfHPA 11cn0J1b3YtOTC.!I BblC0K0T0"IHbie 3aMblKat0m1-1e COOTHOllleHH..H:, npHMe­

H.HeMble B nporpaMMax HCCJJe.nosaTeJJbCKOro KJiacca 11 Y4HTbl8aJOmHe pa3JJH4Hble pe)KH.Mbl Te4e­
H!Ul .nsyxcpa3HOH CMeCH. 

ITporpaMMa EAfMP A TI.IlaTeJibH0 BepH<pHU.Mposatta. ,[vi.H ee sepM<pHKau.1111 HCTI0Jib30BaJ1HCb 

pe3yJJhTaTbl 3KCrrepHMeHTOB Ha 11.HTerpanbHbIX Tennorn.upaBJIHYeCKHX CTett.nax, cneu.HaJlbHbIX yc­

TaH0BKax no HCCJleJ].OBaHHJO 0TJJ.eJibHblX <pH3Hl-!eCKHX S1BJ1ett1-rn H Ha peaJibHhIX A3C, a Ta.lOKe co­

nocTaBJieHHe c pacqe-raMH no .npyrnM Tennorn.n.pas11H4eCKHM nporpaMMaM. H),l)Ke s KalfeCTBe 

npHMepoB npHBe,uettbl HeK0T0pb1e pe3yJibTaTbl sepH<pHKaUHH nporpaMMbl EAf11P A Ha 6aJe 3KC­

nepHMeHTa "Telfb TenJI0H0CHTeJI.H 3 % H3 X0JlO)lH0ro Tpy6onpoao.na" Ha HHTerpanbH0M CTeH,ne 

ITCE-BB3P B 3neKTporopcKOM ttayYH0-Hccne.11.osaTeJThcKOM u,ettTpe (pHc. 6), 3KcnepHMeHTa no 

Hcc11e.11.osaHHJO xapaKTep11cT11K rop1130HTaJlbH0ro naporettepaTopa ITrB-1000 Ha V 6noKe Hoso­
sopotte)f(CKOH A3C (pHC. 7) H conocTaB11TeJibH0ro pact.JeTa rnnoTeTH4eCKOH TIDKeJIOH asapHll 

".[(sycTOpOHHH.H pa3pb1B XOJIO,UHOH. HHTKI1 C 0,UH0BpeMeHHblM OTKa30M aKTHBHOH CAO3" no npo­

rpaMMaM EAfvfPA H MELCOR (p1-1c. 8). 

P.Mna 

16 

12 

8 

4 

0 1000 

3KcnepUMeHln " Te'lb 3 % u3 xo1100Ho20 mpy6onpo0ooa" 
(w11nezpanbHb1it cmeHO flC5-883P, 3Hlfl..(, z. 311eKmpo20pcK) 

800 
T. °C 

BAfHPA 700 
3KcnepHMeHT /\ 

600 

500 

400 

300 

200 

\ 

\ 
\ 
\ 
I 

6AfHPA 
3Kcnep1-1MeHT 

/. C 100 '------'---- ~--'--~-...L--~~t, C 
2000 3000 4000 0 1000 2000 3000 4000 

a) 6) 
P11c. 6. 3aBl1CHMOCTH OT speMeHH nasnemut B sepxHeM KaMepe CMeweHHH (a) 11 TeMnepa-rypbl CTeHKH HMH­

TaTOpa TB3na Ha paccTOHHH,t 3,239 MOT Hallana o6orpeaaeMoro yYaCTKa (6) 
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V, MIC a 
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a) 6) 

PHC. 7. 3aBHCl1MOCTb OT OTHOC.11TeJJbHOH MOlllHOCTH peaKTOpa 06beMHOH CKOpOCTH CMeCH (a) 11 06beMHOf0 
napoco.n.ep)l(aHH}I (6) B 3a30pe Me)l(JlY KoprrycoM naporeHepaTopa 11 JaKpa1,rnol1 norpy)l(eHHoro m11n1 c rop~-
4eei cTOpOHbl Tennoo6MeHHOro rry4Ka: 1 - pac'!eT no Ko.n.y 6Afl1P A (JlByMepH~ Mo.n.enb naporeHepaTopa) 
2 - .n.aHHble HososopoHe)l(CKOH A3C 

Pe3yJibTaTbl sepH<pHKaLJ,HH Harm,,nHO .n.e- T. K 
3000~~-~~-~~-~~-~-~~ 

MOHCTPl-lPYIOT, 4TO nporpaMMa EArl1P A MO)KeT 

npHMeH.SITbC51 ,llJI.SI aHaJIH3a 6e3onaCHOCTH A3C. 

KpoMe Toro, 3cpcpeKTHBHa.SI crncJieHHa.SI cxeMa 

rrporpaMMbl £.ArMP A .uenaeT B03MO)Kl{blM 2 000 

MO,llem,posam1e MHOfHX CJlO)K}{hfX HeCTfil.UiO­

HapHblX pe)KHMOB A3C s peaJibHOM MacwTa6e 

speMeHH, 4TO B CBOl-0 09epe,nb TI03BOmleT 

ucnonb30BaTb nporpaMMY EArl1PA npH pa3pa- 1000 

6oTKe TpettIDKepos Afl.SI A3C. 

K HaCTO.SIW,eMy speMeHH TpeHIDKepbl Ha oc-

- 6Afl-1PA 

MELCOR 

HOBe rrporpaMMbI EAn1PA ~e ycnewtto stte- ~~----~~------~ t, c 
.upeHbI Ha KypcKoH, CMoneHCKOH qeptto6bIJih- o 200 400 600 800 1000 

CKOH oHJIH6HHCKOH H Kamrn.HHCKOH A3C, P11c. 8. 3aBHCHMOCTb TeMnepaTypb1 sepx HeH 4acrn 

npH4eM s nocJie.n.tteM cny4ae snepsbre a MHpe (s ueHrpanbHoro TB.3JJa OT speMem1 

paMKax TpeHIDKepa) np11MeHeHbI TpeXMepHbie MO.UeJIH Koprryca peaKTopa H naporettepaTopos co 

CTOpOHbl IJ KOHrypa. 

3.2. r11.n.pasn114ecK1te Mo,nenn ,n;rn scero o6opy.n.osaHHSI A3C 
ITo 06beMy MO,lleJ111pyeMoro o6opy.n.osaHH.SI - 3TO HaH6onee WHpOKO HCnOJTh3yeMbie MO,UeJTH, 

KOTOpble npHMeH.SIIOTC.SI Afl.SI OmfCaHHJI caMoro pa3H006pa3HOfO o6opy.n.osaHH.SI Ha4HHa.SI OT MaC­

JlOCHCTeMbl rI . .J;H H KOH4a}I npOTOl.JHOH 4aCTblO ryp6HHbl, 4TO HaKJla,UbIBaeT nOBbIWeHHble Tpe6o­

BaHH}I K rH6KOCTH TaKHX MO,lleJieH, He CHH)f(a.SI Tpe6osaHHH K T09HOCTH n03TOMY BO MHOrHX cny-

9a.SIX TaKHe MO,lleJlH HCnOJib3YIOTC.SI H ,[lJI.SI om1caHH.SI npou,eccos B 1 KOffTYpe. 

OnucaHue Kooo2eHepamopa u 2parjJu1JecK020 on1.11ao1JuKa. Ko.n.orettepaTop Afl .SI: C)KHMaeMOH 

cpe,nbI npe,ncTaBJI.SieT co6oH HHCTpyMeHTaJibHOe cpe)],CTBO, no3BOJ1.SIJOI.Uee yMeHbWHTb ycHJTH.SI pa3-

pa60T411KOB yseJTH411Tb npOH380,UHTeJibHOCTb H YJTY"4Wl1Tb Kat.JeCTBO pa6oT no C03,llaHHJO CHMY­

JI.SIUHOHHblX 3a,lla4 peaJibHOro speMeHH. Ott 11cnOJib3yeT MOI.UHblH rpacpW-IeCKHH pe.uaKTOp, KOTO­

pbIH no3BOJ1.SieT HIDKeHepaM 6onee nerKO MO.n.enHpOBaTb CJIO)f(Hble .n.syxcpa3Hble nOTOKH H. cen1 

Y3JIOB .uasneHHH. flp11 npHMeHeHim KO,llOrettepaTopa HH)Kettep MO)KeT rpacpH4eCKH C03,llaBaTb Y3-

Jlbl .n.asneHHH H nyr11, CB.Sl3bIBalOI.UHe HX, Henocpe.UCTBeHHO Ha 3KpaHe KOMnbIOTepa, BBO)lHTb 3Ha-
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4eHH.sl napaMeTpOB B Y3Jlbl ceTH H rpaHH4Hbie ycJJOBH.sl . OcHOBblBa.slCb Ha TOnOJJOntH BBeJJ,eHHoij 

nOJJb30BaTeJieM cxeMbl H 3Hal.feHH.slX YKa3aHHblX noJJb30BaTeJJeM TenJJOrHJJ,paBJJHLfeCKHX napaMe,-_ 

poa, KOJJ.OreHepaTop aaToMaTH4eCKH C03JJ,aeT FORTRAN-TeKcT MOJJ.em1, cpaHJJbl ttaLfaJihHOH HHH­

UHaJIH3al(HH MaCCHBOB, paCCLfHTblBaeT Heo6XO)],HMbie KOHCTaHTbl. Ilocne TpallCJJHUHH HCXOJJ.Horo 

TeKCTa nporpaMMbl H C03)],aHH.sl HCTT0JlH.sleMoro MOJJ.yn.si noJJb30BaTeJib MO)KeT npO,UOJJ)KHTb pa6oTy 

no OTJJa)],Ke cxeMbl B rpacpHL!eCKOM OTJJa)],4HKe, pa6onuomeM COBMeCTHO C KO)lOreHepaTopoM. 

fpacpH4eCKHH OTJJ3.U4HK n03som1eT Bb1Becn1 Ha 3KpaH KO□HIO MO)lem1pyeMOH TeXHOJiorwie­

CKOH cen1 H ssecn1 no Bb16opy nOJJb30BaTeJJ.si uaeTosy1-0 aHHMau.1-11-0 cxeMbl no .uasJJeHHl-0, TeMne­

parype, MaCCOBOMY napora30BOMY co.uep)KaHHl-0. B K8)K,[{OM o6beKTe - y3ne, ofo,eMe, rpaHJitIHOM 

ycJJOBHH, Hacoce, Tennoo6MeHHHKe 11 T .)], . MO)KHO BbIBeCTH Ta6nm.zy napa.MeTpOB, paCCl.fHThIBae­

MblX s nporpaMMe, a T8K)Ke ynpasn.siTb npoueccoM pac4eTa, MaH11nyn1-1py.si 3aJJ.BH)KKaMl1, BKmotta.si 

H BblKJll-OLfru! HaCOCbl, H H3MeHem1eM p.si.ua napaMeTpOB B CB.sl3.slX H o6beKTaX. PacCLJJ1ThfBaeMb1e 

napaMeTpbl MOryT 6bITb BbIHecettbl Ha 3KpaH B ycnOBHOM cpopMaTe. TaKa.si KOHcp11ryp au11.si MO)l(e,-

6btTb 3an11catta B OT)leJlbH0M KOHcp11rypauHOHHOM cpafule. TToJJO)KeHHe 3a)],BH)KeK H CTaTYC0B Haco­

COB OT06p8)KaeTC,SI COOTBeTCTBYI-OllleH useTOBOH aHHMauHeH BHe 3aBHCHMOCTH OT BhI6paHHOH 

aHHMaUHH no napaMeTpaM, HanpHMep, noJJO)KeHHe 3a.UBH)KKH "oTKpblTO" - KpaCHblH UBeT, "npo­

Me)KyrOl.fHOe" - )KeJJTblH, "3aKpblTO" - 3eJJeHbIH. nonaJJ,aHHe HaCOCOB B pe)KHM KaBHTaUHH OTo-

6p8)KaeTC,SI Mf,traHHeM. B 06beMaX OT06p8)KaeTC.sl yposeHb OTCenapHpOBaHHOH )KH)],KOCTH. 1-b rpa­

cp114ecKoro oTJiaJJ.4HKa B03MO)KHO ynpasneH11e npoueccoM pac4era - ocTaHoB, nycK, nowaroBbIH 

nycK, ycTaHOBKa onpe.ueneHHOro HCXO.ll,Horo COCTO.slHH.sl, ero 3anOMHHaHHe H 803BpaT K HCX0JJ.H0 -

MY COCTOHHHlO. KpoMe Toro .umr JJl-06oro napaMeTpa 113 Ta6m1Ubl MO)KHO YBH.[leTb rpacpHK ero H3-

MeHemrn C aBTOMaTH4eCKHM Bbl6opoM npe.uenoa. 

Om,caHue MemoouKu pactJema. Pea.nbHruI Tennor11.upasJIHLJecKa.si ceTb MO.uem1pyeTc.si. sse.n;e­

m1eM o6beKTOB nma y3en, 06beM, rpaHH4HOe YCJJ0BHe, ofrhe)],HHeHHblX npOH3B0JlbHblMH CB.sl3.s1MH 

Me)K)],y co6oi1 ( CBSl311 Me)K)],y rpaHH~HblMH ycJJOBH.slMH' OTCYTCTBYI-OT). O6beKT 06beM B CBOFO oire­

pe,Ub pa36HsaeTCSI Ha )],Ba TTOJJ,06beKTa: sepXHl-01-0 4aCTb, 3att.siryl-O napo-ra.30-80.[l.sl.HOH CMeCblO, H 

IDDKHl-01-0 LJaCTb, 3aHHTYI-O OTcenapwposaHHOH BOJJ.OH. 

Bee o6beKTbt npeJJ.CTasnstl-OT co6oi1 s o6meM c~ae HepasttosecttylO napo-raJo-so.u.siHyFO 

CMeCb C Te□JlOMaccoo6MeHOM Me)K)],y cpa3aMH. B 06beKTe o6beM, KpoMe 3TOro, Bbl.[leJJ,SleTC51 HIDK­

H51SI LJaCTb co CKOHJJ,eHCHpOBaHHOH cpa30H, napaMeTpbl KOTOpOH OTJlH'falOTCSI OT napaMeTpOB napo­

ra30-80)],SIHOH CMeCH B sepXHeH tJaCTH 06beMa. f a3osast CMeCb MO)l(eT COCT051Tb 113 J1F06oro KOJIH-

4eCTBa ra.308 B mo6oH KOMfornaum-1. B HaCT051lUWH. MOMeHT pea.nH30BaHa B03MO)KH0CTb HaJIHLf.H.sl 

6-TH ra30B: B03.uyxa, KHCJJOpOJJ.a, a30Ta, BOJJ.Opo.ua, OKHCH H JJ.BYOKHCH yrnepoJJ,a. 

CHCTeMa JJ.11cpq>epeHUHaJJbHblX ypaBHeHHH 6a.naHca MaCCbl, 3HeprHH H KOHUeHTpaU,HH fa30B B 

o6beKTax 3am-rcbrsaeTcR np11 cneey1-0m11x JJ.onymett11.s1.X: 

•TeMneparypbl napa H ra3a 0)],HHaKOBbl:_ 

• nap H ra3 npe)lCTilBJJ.sl.1-0T co6oi1 CMeCb H)leaJlbHblX fa.30B, npH4eM fa30Bble nocTO.sl.HHb(e KOppeK­

THPYIOTC,SI Ha K8)K,[{OM speMeHH0M ware 3a)],a4H, HCXO.USI H3 pea.nbHblX Ta6JIHU CBOH.CTB napa H ra-

30B; 

• napaMeTpbl B y3nax, B sepxtteii H HH)f(Heii 4acnix o6beMa 51BJJRJOTCR cocpe,noTOLf.eHHbJMH; 

• npH 3an11c11 ypasHeHH51 6a.naHca 3Hepn111 C)K11MaeMOCTb B0)],bl He Y4HTbIBaeTCjj. 

,[vrn 4HCJleHHOro peweHH,SI CHCTeMbl ypaBHeHHH npHMeHj!eTC51 3q>cpeKTHBHa51 HeRBHru! 4HC­

JJeHHru! CXeMa. ,D.n51 Me)Kcpa3HOrO TenJJOMaccoo6MeHa HCnOJJb30BaJlaCb MeTOAHKa noTOKOB C Me)l(­

Q)a3HOH rpaHHU.bl [8]. 
8 MeTOJJ,HKe TaK)l(e npOBO)lHTC51 paclfeT np1:1Mecei1. CHCTeMa ypasHeHHH )],Jl.sl. KOHU,eHTpauHH' 

npHMeceii aHa.nont4Ha ypasttemrnM )lJUI ra.30B, HO B OTJlHtJHe OT ra30B npHMeCH He OKa3bIBaIOT 

BJJJ.-1,SIHHSI Ha TennocpH3H4eCKHe CBOHCTBa cpe,ll.bl. 

,[vl51 onpeJJ,eJJeHH51 pacxoAa f Me)K)],y yJJJaMH 3amm1eM ypaBHeHHe HM□yJibca )lJlst KIDKJlOH 

Q)a3bl C y4eTOM Me)f(cpa3HbIX CHJJ B33HMOAeHCTBH51: 

30 



(I) 

BOlla: 

(2) 

rne l - nmma y4acTKa ()]JIHHa CB.Sl3H Me)K,[{)' H4diKaM1-1); s - nonepe4ttoe ceYeH11e; L1p- nepena,n 

,uaBJleHHH Me)f(Jl)' HYeHKaM11; ~ - K03cpcjmu11eHT rn.upaBJIH4eCK.11X noTepb; w- CKOpOCTb; (l) - KO-

3cpcp111.~11eHT npOCKaJlb3bl8aHJ-rn, 3aBHC.SIJJ.J.HH OT pa3HOCTH CKOpOCTeH q>a3 H napoCOllep)KaHIDl B 

Jt4ei-iKe. 

,Lvrn HCnOJih3OBaH11H He.SIBHOH cxeMbl onpe11eneHH.SI llaBJleHHH B Y3Jiax npoBe,UeM mrneapH3a­

UH10 K.Ba11paTH1-IHOfO YJleHa paCXOllHOH. KpHBOH no 11as11eHHIO 11. nJlOTHOCTH. TipH 3TOM pacxo.n on­

pe.uenHeTC.SI KaK paCXOll Ha CTapoM BpeMeHHOM CJIOe nJllOC K03qJqJHUHeHTbl JlHHeHHOfO pa311O)f(e­

HH_H paCXOlla no llaBJleHHHM B coce,[{HHX y311ax: 

I' - r P dp, P dp J 
Jy - 1 1J +a, ---a1 --. 

dr dr 
(3) 

Torlla K03q>q>liUHeHTbl a; , a~ JlHHeHHOH YaCTH paBHbl 11 onpe.uenHIOTC.sl 113 ypaBHeHHH (2) cne­

llYIOUl,HM o6pa30M: 

aP = a; = a'J = pA 2 
/ ✓(Apl I dt) 2 + 2!1pepA 2 

, (4) 

r,ue 

(5) 

KaK OTMelfa.JlOCb BbIWe, napaMeTpbl B 06beKTax paCC4HTblBalOTCSl KaK cocpe.n.oTO4eHHbJe HO 

)]JI.SI KOHUeHTpaumt napora30BOH CMeCH 88O,UHTCH pacnpe.n.e11em1e no BblCOTe. 3aBHCHMOCTb KOH­

ueHTpau.1111 napora30BOH CMec11 OT BblCOTbl npencTaBJieHa CJlellylOLUHM o6pa3oM: 

)J.ml 'Y ;:::: (1 - a mid ) 

a= min[l o(y-(l-am'd)+am'd)]. 
' 

(6) 

(7) 

rne amid - cpe)].IDJH KOHUettTpau1,u1 napora30BOH CMeCH B y311e HJlH B sepxHdt YaCTH o6beMa; y -
OTHOWeHHe BblCOT BXOllHOH JlHHHH K o6LUeH BbJCOTe y311a 111111 o6beMa; 0 - OTHowem1e oc~,nae­

MOfO pacxona K o6rueMy pacxo,ny. 

s: s: = kdrop vp' 
TiapaMeTp u oueHHBaeTCH B nepBOM np116J111)f(eHHH BblpID1<eH11eM u -- -,----~-------,-

(1 + k drop d'C V enter + E) , 

r.n.e kdrop - K03cpcp11u11eHT oca)K,lleH1-u1; femer - cyMMapHbIH pacxon BO.ll.hl Ha sxo.ne B o6be~'T . 

.vb ypaBHeHHH (6) H (7) TaK)f(e nonyYaeM c11e.n.y1omee yc11os11e: 
I 

)].JlH y = 1 - amid : a = 1 - amid ; f ady = amid . 
0 
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O6beMHrul napora10BaSJ KOHL(eHTpaw,rn BblXO)].SJLUero noTOKa pacC4HTblBaeTcsi l<al( 

( -r~dz )Id, r)le z -ypoeeHb OT JIHHIUa, Ha KOTopoM TTOJICOeJIHH•e-rc• cB•3b c 061,«ToM; d _ 

.ll.118MeTp JIHHHH CBR3H. 

4. MOACJID AJISI onncaUHH CHCTeM JJleKTpocua6JKeHHH 

B 60JibllIHIJCTBe pe)K11M0B pa60Tbl A3C )].OCTaTOlfHO MO)].eJlH JJieKTpOCH36)KeHJ,fSI B npeJJ.no­

JlO)Kem,111, YTO npou,eCCbt, npOHCXOJJ.R[llHe B JJieKrpOCeT.llX, Bcer)].a CHMMeTpHlIHbl H nOTOMy Moryr 

6btTb npc,nCTaBJieHbl 0)].H0cp33HOH JKBHB3JleHTHOH cxeMOH 33MelJ.leHlUI. TaKOH nOJ(XO)]. BeCbMa 

noJJ.p06Ho onHCbIBaeT :.meKTpOMexaHH4eCIOle nepeXO.ll.HbJe npouecCbl, np011CXO.ll..lllllHe B CHCTeMax 

JJieKTpoc1-1afo1<emui:, H ,noCTaT04eH C TOYKH 3peHHSI nOJTHOTbl npe,nocTaBmreMOH HHcpopMau.1111 MS! 
cnel(H3Jl11CTOB, ynpaBmllO[llHX JHepro6JIOK3MH A3C C 6JIOLJHblX IJ.lHTOB ynpasneHl,fj{ (pHC. 9). 

B TO )Ke BpeMJI .UJUI ynpomeHHSJ H 

ycKopeHl,fj{ npou,ecca MOJJ.en11posattl,fj{, 

a Ta10Ke JJ.JijJ 11cKJ110YeHHS1 cny1-rni11-11,1x 

OUIH60K npH MO.l].eJ111poBaHHH Jl.HHa­

MHKJ1 npou,ecCOB, npo11cxo,lJ,HIIUiX B 

JJ1eICTp11qecK11x cxeMax, np11Mew1eTC.S1 

aBTOM3TJ,ilJ.eCKHH KO)].OrettepaTop/oT-

113)].4.lfK 3JIMC. B ocHose nporpaMMbt 

Jie)KHT MeTO.ll. peweHH}I ypaBHeHHH 

Y3JIOBblX Hanp}))KeHHH, n03B0Jl})IOIJ.lHH 

np11 llOMO[llH Jcpcpeh..'THBHOH l.f:HCJieH­

HOH cxeMbJ pewaTb CHCTeMbJ mrnei1-

HblX ypas1-1e1-111ii )];JI}) JJleKTpH4eCKHX P11c. 9. TTpHMep cxeMbJ 3J1e1<Tpoctta6)[(emu1 co6cTBeHHbIX 

ceTeH 111060H CJ10)KHOCTH. tty)[(ll A3C 
Ko)].OreHepaTop npe)].CT3BJI})eT 113 ce6R HHcrpyMeHT3JlbHOe cpe)].CTBO B CHCTeMe 

UNIX/LINUX 11 cnpoeKT11poBaH .ll.JlSJ yMeHbWeHH51 yc111111i1 p33pa60T'fHKOB, yaem1qemur npmt3BO­

.ll.HTeJlbHOCTH H Yll)"-!Wemrn Ka4eCTBa pa6oT no C03)].aHlflO CHMYJI.lll(J,fOHHblX 3a)].al.f B peJKHMe pe-

3JlbHOro BpeMeHH. CTp11 HCITOJlb30BaHHH KO)].oreHepaTopa ITOJlb30BaTeJlb MO)KeT rpacpH4eCKH C03-

)].3BaTb 63311CHble Y3Jlbl, Y3Jibl coe)].HHeHHH, WHHbl Harpy30K reHepaTOpbl 11 nyTl1 ttenocpeJJ.CTBeH­

HO Ha JKpa1-1e KOMnbJOTepa, BBO.ll.H:Tb 3HalfeHJ,fjl nanp51)KeH11H B y311ax cent 11 re1-1epaTopax. 

CTaHJJ.apTHa.SI 6116n110TeKa rpacpwieCKl1X o6beKTOB, npHMeJ-lj{eMblX B JJieKTpHYeCKHX cxeMax 

(BblKJ1J043TeJIH, TpaHccpopMaTOpbl, Bblnp})MHTeJlH, HHBepTopbl H HCT04HHKH - rettepaTOpbl, ceTH 

)].H3eJlb-reHepaTOpbI, 3KKYMYJ1HOpHble 6aTapeH H np.), no3BOJ1.lleT nOJlh30B3TeJlJO 6brcrpo H YJJ.06-

HO p33Me[llaTb 1-13 MO)].emrpyeMOM cxeMe BbI6paHHble JJieMeHTbl. 

OCHOBblBa51Cb Ha TOnOJIOrHH BBe)].eHHOH cxeMbl H 3H34eHHSJX YK33aHHblX nOJib30BaTeJieM se­

J1H4MH JJ1eKrp11-...eCKHX xapaKTepMCTHK KO)].Ore1-1epaTop aBTOMaTM4eCKH C03)].aeT: 

•rpacpM4eCKOe 1no6p3)KettHe MO)].en11pyeMOH C>..eMbl; 

•MaCCHBbl HCXO)].HhlX )].3HHbtX; 

•cpaHJlbl on1-1ca1-11151 nepeMeHHblX JJ.JI.ll 33ITOJ1HeHH.ll 633bl .uaHHbIX; 

•cpopTpaH-TeKCT no)].nporpaMM MO)].e1111py10lUHX ypaBHeHHJI Y3JIOBbIX Hanpsrn<eHHH C pac4eTOM 

OCHOBHblX BeJIH4HH, xapaICTepH3YIOlllHX JJieKrpH4eCKYJO ceTb (1-1anp.si)Kem,1e, TOK, MOIJ.lHOCTb (non­

Hble, aKTHBHble H peaKTHBHbJe COCTaBJI5110[ll11e), 48CTOry). 

rpacpH'-leCKHH OTJ13)].'-IHK 3JIJ1C npeJJ.H33H34eH Jl.Jl.s! HHTepaKTl1BHOH OTJla)],KH nporpaMM, pa-

60T3JOLUHX B peaJJbHOM speMeHH C03)laHHbl. C HCnOJib3083HHeM rpacpHLfeCKOro KO)lorettepaTopa. 



OcHOBHOH 3a,lla4eH OTJia,ll4H:Ka .s!BJUleTC.s! rpacpH4eCKOe OT06pIDKeHHe COCTO.s!HH.s! cxeMbl B ue110M 

nocpeJICTBOM l..(BeTOBOH WKaJlbl, a TaIOKe no11y4eHHe KOHTeKCTHOH HHcpOpMaUHH no KIDKJJ.OMY KOH­

KpeTHOMY ofrheKry cxeMbl. Orlla,lll{HK MO)KeT 6bJTb HC0OJlb30B8H COBMeCTHO C HHTepaKTHBHblM 

CHMBOJlbHblM OTJl8)l4HKOM r SD. TTpH pa6oTe ,l],Jl.s! ynpaBJleHH.s! JJ.HaJJOfOM npHMeH.sieTC.s! CTaH,n.apT­

H.blH Motif-HHTepcpei1c pa60Tbl C MblWblO H KJlaBHarypoti. ITOJlb30B3TeJIIO npeaocTaBJl.s!eTC.s! 803-

MO)KHOCTb no csoeMy )KeJlaHHIO Bbt6HpaTb Heo6XO.ll,HMble }lJl.s! KOHTpomr napaMeTpbl H Ha6JIIO}l8Th 

3a HHMH B JlHHaMH4eCKHX pe>KHMax, pa3MeLUa.si OKHa KOHTpOll.s! B y.1106HblX MeCTax (o6bl4HO p.s!JJ.OM 

C COOTBeTCTBYJOLUHM o6beKTOM KOHTpom1) np.siMO Ha rpacpH4eCKOM H306pIDKeHHH 3JleKTpocxeMbl. 

5. Mo)J.eJIO JJ.JIH ooocaeHH aBTOMaTH'-leCKHX CHCTeM peryJIHp0B3HJUI A3C 

.l(n.si aBTOMannau.1111 MO.IJ,em1posamrn O.llHOTH0HbIX ycTpOHCTB ACY TIT A3C npe.D,Ha3HaYeHa 

cHcTeMa Generic Component (GC). C03.uas OJJ.HH pa3 GC KaKoro-11H60 ycTpOHCTBa, Hanp11Mep pe­

ryrnnopa, HCnOJlh3Y.s! .s!3blK wa6JIOHOB H Ta6m1u.y BXO.D,HhIX napaMeTpOB, norry4HM MO­

.D,eJlb perynHTOpa (roTOBYIO nporpaMMY-MO.D,eJlh) C ero TeXHOJIOfH4eeKHM HOMepoM, naMnaMH 

KJII04aMH, 6110KHpOBKaMH. Bee }laHHble no.ueTaBmnOTC.s! H3 Ta6nHUbl. TaKHM o6pa30M, 3aJIO)KHB B 

6a3y .D,aHHblX HHcpopMaUHIO no BCeM peryn.siTopaM C nOMOl.l.lblO GC-pery1u1Topa MO)KHO aBTOMaTH­

qeCKH e03.ll3Tb peryn.siTOpbl Ha Beeb npoeKT. Co6cTBeHHO B 3TOM H 3aKJU04aeTC.si aBTOMaTH3aUH.si. 

Ecml 6bf YCTP011CTB3 aBTOMaTHKH 6blJIH YHHKaJJbHblMH TO HHKaKOH aBTOMannaUHH MO)lenHpOBa­

HIDI He 6hlJIO 6bl. 

CHcreMa GC C0'.3,ll,atta .llAA MOJlemfJX)BaHIDI pa60Tb1 CTaHJiapTHbIX YacTeH 311eKTPHYecKoro o6opy­

JlOBaHH.51 A3C: Haeocos " BeHTHJl.s!TOpos, 3JleKTponpHBO.D;HblX 38.ll,BH)KeK, peryJJHPYJOLUlfX KJlana­

HOB, BbIKJII04aTeJleH HMnyJibeHbIX KJlanaHOB H T.,ll. 

11.ne.si C03Jl3HH.s! TaKOH CHCTeMbl 33KJil04aeTCSl B TOM 4T06bl, BO-nepBblX, aKKYMYllHposaTb B 

PYKax OJJ.HOrO cneuHaJJHCTa npouecc MO}le1rnpOB8Hllil scex CTatt.uapTHbIX 3JleKTPJ.f1-leCKHX qacTeH 

MO}lem1 11 B0-BTOpblX, o6ecne4HTb aBTOManrqecKylO rettepau.J,fl{) H nepereHepaUHIO KOHKpeTHblX 

Mo.uenei1 06opy.D.osatt11.si (Specific components - SC) s cs.si:311 c ero Mo.nepmnauweH, npw rrpo­

rpaMMHposaHHH peaKUHH Ha HewcnpaBHOCTb o6opy.llOBaHH.s! HJIH o6Hapy)KeHHH OWH60K B 3JTeK­

TpH4eCKHX cxeMax. 

QqeHb KopoTKO cyrb npouecca noJTy1teH11.si SC 113 GC 3aKJ110YaeTc.si s cne.ny10ll.leM. Ha octtose 

3JleKTpJ.f1-leCKHX CTaHUHOHHb[X cxeM mrrneTC.s! MaKpOKO}l, co.uep)KaLUHH cpopMaJJbHble apryMeHTbl, 

38MeLUaeMble cpaKTHl:leCKHMH apryMeHTaMH. SC MO.l].em1.pyeT pa6ozy KOHKpeTHOfO ycTpoikTBa 

06opy.u.osatt11.si: 11 npe.u.cTasJT.si:eT co6oi1 no.u.nporpaMMY (subroutine), BbI3hlBaeMyIO H3 .u.pyrnx npo­

rpaMMHbrx Mo.IJ,yneH (module, segment) e noMOLUhlO HHCTPYKUHH: component <specific name>, 
r,ne <specific name> - HM.sr SC. 

ITpHHUHIDHlJibHrul cxeMa M0JJ.e-

llHp0B8HH.51 311eKTpw1ecK11x cxeM ACY 

A3C c noM0LUblO c11cTeMbI GC 1130- 3
"tr1J>uqtaat• a~• cr.uo.1pTH"•o: 

6pIDKeHa Ha pHC. 10. ~•crfti OOC>p)'IIUlfaJOOI 
A3C 

Ha peaJJbHOM o6beKTe K0J1H4eCTB0 

)'tTpOA«N l 

c., ... 
ynpoflnaal 

Cxr:1a 

ynpoAc:ruN 

................................... 
Cwc:nMa Generic CofT1)onent(GC) 

GC camponant -
'1Unt'IKKU MCID,L,. 

)'ttpofun l;J. .... ,N 
Co••• ~w) 

!Jaspo ■>WX 
S3 1edutolo11 

Jtann.er.otA 

Cll'-' 
(tpaa NellT EJl) 

C tww.N Ki CC 
•!\>od& 
tOffllOJala • ,_ 
xocrycurCC 
C9ff1'0tft\t. 

CO<TO>Rllt 

Spdlr 

Spttilk 

t:omponcnu 

M,ilt'A 

yapollrna 1 e.D,HHHU 0.llHOTHnHoro o6opy.nosaHH.51 

HanpHMep 3a)lBH.)KeK, .ll0X0JlHT JlO He­

CKOJlbKlfX Tb!C.s!-Y. 38.llBIDKKH MOryT 

0TJIH48TbC.s! pa3Hb1MH cnoco6aMH no.n­

KJII04eHH.s! K o6opy.nosaHHIO, ttanpw­

Mep, pa311H4He B nHT3HHH, pa311H4Hble 

TeXH0J10fH4eCKHe napaMeTpbl, 6J10KH­

pOBKH ( eCTb HeT), KJll-0411 ( ecTb, HeT), 

J18M004XH Ha oll.J.Y (eCTb, HeT) nmo-

Puc. I 0. TTp11Hu11n11aJ1bHaJ1 cxeMa MOJ1eJU1posamu1 :rne1<Tp11LJe­

CKHX cxeM A3C c noMOW,btO CHCTeMbl GC 
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ifl %d, = n boti),_10 
cc 
cc Touching control ,wuch ,ig,r:,l PPC 
cc 
ift o/efirBSJIS = n booj, _ Q5 
cc 
cc Calculatd N ojf' J1gnal from s witch 10 ukts bl'6 
cc 

ltDm;,l = (rd,o/dag {ieftl) .or. rdi¾tag (left])) 
& .and . . 1"'t. rd1o/dag (n"ght-4) 

cc 
cc Calculat,; Non N Hg,alfromswitch to ukts bur 
cc 

lt&m;,] = (rd,o/dag (r1!!}114) and ·""'· lMm;,l) 
got om bo.zy _JO 
labs! boti), _ 05 

o/,;d#: '½tag#oa l = (:rd,o/dag (els I) .or. rd.%tag (opnl}) 
& a-ul. %cpoWdT 

ifa ¾al body_ OJO 
ift %,al= n body_OJO 

o/~al = o/«d#:'½tag#oai 
labsl boti),_010 
ifl o/d'6J6Tll = n bo,zy _] 0 

'¼id#:'½tag#oal = (rd,o/dag#r (els I) or rd,o/otag#r (opnl)) 
& .,:;id o/oepowsr 

ila %,a2 body _JO 
ift %,al = n body _IO 

¾al = %d#'½tag#oal 
lab&lboti),_10 

ifl o/"'1},ow = n ef_50 
if ("/,pow8r and. not. yp: ,'>/4,.d HY"'1},ow) than 

cc 
goromrf_c50 
labslrf_50 

Bble OTKa3bl ( eCTb, HeT) (,f T.,D.. 3TH 11 ,D.pyrne HlQaH­

Cbl OLJeHb B11,D.OH3Mem110T KOMnOHeHT, MO.lJ.eJ1J,1-

py10w,11i1 pa6ory 3a,D.BH)KeK. 

C nOMOLU,bIO MaKp0513bIKa CHCTeMbl GC MO)Ktto 

ocyw,eCTBJl.HTb Bblpe3KY H3MeHem1e H o6xo,n 6no­

KOB TeKCTa B 3aBl1Cl1MOCTH OT Ta6m1Ubl BXO.lJ.Hb[X 

napaMeTpos. B pe3ynbTaTe 113 O.D.HOro cpaifoa GC 

rettep11py10TCH pa3J1H4Hb1e rpynnbr cpaHnos SC. Ha 
pHC. ) [ npHBe,D.eH cpparMeHT 3Jle1CTponpHBO.lJ.H.bIX 

3a.n.smKeK (MOY) Ha MaKpO.S13bJKe. 

0.n.HaKO pa6orn C GC-KOMilOHeHTaM11 MO)l{eT 

6btTb BeCbMa Hey.n.o6Ha 11 ,D.IDKe cepbe3HO 3a-rpy.n.­

Hetta 113-3a npHMIITHBHOCT.11 KOHCTPYKUl-lH MaKpo­

SI3b!Ka M., KaK CJle,D.CTBHe 3TOro, n11oxoi1 411TaeMoCTH 

TeKCTa nporpaMMbl. 0:HblM nO,D.XO,D.OM K npoeKTl1-

posaHHIO GC .HBJl.SleTC.H HCnOJTb30BaHHe norw-1ecKo­

ro Ko.n.oreHepaTopa. EnaronapR ero rpacp114ecK0My 

HHTepcpeiky 11 Ha6opy 6H6IDIOTe9:HbIX MO,D.yJleH 

yse1111LJ11BaeTC.SI np0113B0,D.HTeJlhHOCTb pa3pa60T4HKa 

GC, rpacjrn~eCKa.SI ,D.H.arpaMMa n04TH COOTBeTCTBy­

eT CTaHI..(HOHHOH ,D.OKyMeHTaUH.H. 

Ha pHc. 12 np11se.neH GC B 11orn4ec1<0M KO­

PMc. 1 I. <l>parMeHT GC Ha MaKp05I3bIKe )JJI.H .n.oreHepaTope ,D.Jl.SI 3J1e1<TponpHBO,D.HhIX 38,D.BIDKeK 
:>neKTPOnpRBOD.HbIX JaD.BH>KeK (MOY) (MOY). 

Mooe.flupoemme ACY TTJ 1-1a TTJTC51 npu n0Mou1u mex1-10.rro2uu "I'EHTA ". TeXlfl,{qeCK11e 

cpe.ucrna TTTTCS I nocTaBJI.HIOTC.H nocTasw,HKaMH nporpaMMHO-TeXHH.4eCKHX KOMnneKcos (ITTK) 

ACY Tn BMeCTe C nporpaMMHblM o6ecne4eHHeM. no3TOMY uenecoo6pa3HO rrp11 MaTeMan14eCKOM 

MO,ll.enHpOBaHHH (HanpHMep ,D.1151 ITMT) 11cnOJlh30BaTb cnel..(HaJlhHhle nporpaMMHbie cpe.ucrna, no-

3BOJUII0ll.ll1e nepeHOCHTb TeKCTbl HCXO,D.HbTX nporpaMM ITOCTaBLU,HKOB B onepaIU10IDl)'IO cpe,D.y T))e­

Ha)Kepos. He BHOC5I npH 3TOM HHKaKHX co6CTBeHHbIX 113MeHeHHH B anropHTMl14eCKYIO perurn3a­

l..(HIO ACY TTI. 

P11c. 12. GC s non1'-1ecKOM KOLI.oreHepaTope JlJ15I JJ1eKTponp11aon­
Hb1x 3aLI.B11)1(eK (MOY) 
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TexHono2UR "I'EHTA" - 3TO 

KOMITJTeKC nporpaMMHblX cpe)].CTB, 

IT03B0JlIDOlUHH nepeBO,D.IITb npo­

rpaMMHOe o6ecne4eHue OTK 

TTITCS l Ha cosMecn1MYIO c MaTe­

MaTH4ecKoi1 MO.ll,CJlblO TCXROJIOnl­

YeCKOro o6beKTa ynpasneHWI 

n11aT<popMy. 06pa6oTKa naKeTa 

HCXO,D.HblX ,D.aHHbIX, nOJ1Y4aeMoro 

OT nocTasw,11Ka TITK ACY TIT tta 

TTITCS l, nporpaMMHbIMH cpe)lCT­

saMH "fEHThl" no3son.HeT O)lH0-

3HaYHO 11.HTepnpeTHpoBaTb anro­

p11TMH.4eCKYIO pean113al..(HIO co)lep­

)KaHH.SI nporpaMMHOH c.iacT.H 

TTTTCS I 11 nony4HTb Ha SI3blKC C (B 

cornaweHH.HX US3) nporpaMMbJ, 



cornacoaal!Hble no 11HTepcpei1cy C MaTeMaTW-!eCKHMl1 MO,lleJHJMl1 Cl1CTeMbI aepxHero 6JJOLII-JOro 

ypoBH.SI (CB6Y), 11cnOJJHJ,{TeJ1bHblX MexaHl13MOB H 6JJOlJHblX nyJJbTOB ynpaaJJeHl1.SI. 

TeXHOJIOrHSI, 6a3Hpy10w,asic.S1 Ha np11MeHeHHl1 nOJJHOMacwTa6HOH MaTeMantl.feCKOH MO,lleJJH 

:mepro6JJOKa, JJ,aeT B03M0)KHOCTb 6blCTpO H HarJJSl.llHO npOBO.ll,HTb TecntposaHHe anropHTMOB B 

nepHO.ll HaJJa.ll,KH ITMT, Bbl.SIBJI.SITb cornacosaHHOCTb, ycTOHlJHBOCTb H npaBHJTbHOCTb anropHTMOB 

ynpasneHIDI s MacwTa6ax KaK o.uHoro DTK, TaK M B3aHMOJJ.eikTBHSI TITK Me)K,L()' co6oi1 H .upyr11-

MH CMe)l{HbIMH noJJ,CHCTeMaMH, BKJJI04a.SJ CBEY 11 HCnOJJHHTeJ1bHb1e MexaHl13MhI. 

Tlocne HeCJJO)KHblX H 6bICTpblX onepaUHH ocyw,eCTBJI.SIIOTC.SI nepeHOC nporpaMMHOH pean113a­

UHH anropHTMOB no Ka)KJJ.OM)' TITK Ha nnaTcpopMy UNIX/LfNUX 11 no.n.roTOBKa KaK BXO.llHbIX, 

TaK H BblXO.[{HblX HHTepcpeHCHblX CHrHaJJOB no npHH.SITblM B npoeKTe cornaweHH.SIM. TaKOH no.ll,XO.ll 

n03BOJJ.SleT 6e3 JJ,OnOJJHHTeJJbHblX, .llOJTrHX pa6oT ocyw,eCTBHTb npHB.Sl3KY nporpaMM, onHCblBalO­

UlHX anropHTMbl, K MOJJ,eJI.SIM (TTTK) aepxHero ypOBH.SI. TipH 3TOM o6beKTOM TeCTHpOBaHH.SI CTaH0-

8.slTC.SI nporpaMMHbie cpe.ll,CTBa 11 4enoseKo-Maw11HHhIH HHTepcpeiic CB:EY. 

HcxoJJ,HbIMH JJ,aHHbIMH .[{JI.SI pa3pa6oTKH Mo.ue1rn cny)KaT GET nnattbI, STEP-M KOJJ.bI, HHTep­

cpeHCH.bie Ta6JJHUbl, HMnopTHble cpaHJibl HH)l(eHepHOH CTaHU.1111, 6a3a JJ,aHH.bJX HCTIOJIHHTeJTbHhlX 

MeXaHH3MOB 11 )laT'-lHKOB. 

Dp.11 C03,llaHl1H MaTeMaTH'-leCKOH MOJJ,eJIH HCnOJTb3YIOTC.SI CJie)J,yfOW,J.:Ie ynpow,ett11.S1: He MOJJ,e­

JJ}1pyeTC.SI WHHHbIH o6MeH Me)K,L()' CTOHKaMH TITTC; o6MeH Cl1rHaJJaMH npOHCXO.ll,HT 4epe3 pa3.ll,e­

m1eMy10 naM.SITb; ace MO.llYJII1 TTTTC B MOJJ,eJJH pa60TafOT CHHXpOHHO, TIOCJle.ll,OBaTeJJbHO .llpyr 3a 

.upyroM C lfaCTOTOH Bbl30Ba OT 4 .ll,O 10 pa3 B ceKyH.llY B 3aBHCl1MOCTH OT 3arpy)KeHHOCTH MO.[{eJrn­

py10wero KOMnhlOTepa; He MO,llemrpylOTC.SI 3a.uep)KKH nepe.ua'-ll JJ,aHHblX H KOMaH,ll Me)K)J,y CTOH­

KaMH TTTTC 11 Me)K)J,y TTITC H CBEY. 

6. Mo,neJ1npoeaune nmoTeTnqecacnx aeapeii ea A3C c BB3P 

B HaCTO.slWee apeM.sr B COCTaB npoeKTHOH )],OKYMeHTau.1111 no o60CHOBaHH10 6e3onacHOCTl1 

6noKOB A3C BKmo'IalOTC.SI pa3.lleJJbI, coJJ,ep)Ka1..Iu1e attaJJH3 nmoTeT114eCKHX asapr1ii, B TOM q11cne 11 

TaKHX, KOTOpble npH .ll,JIHTeJJbHOH noTepe 803MO)KHQCTl1 OXJJa)K)J,eHH.SI TB3JIOB aKTHBHOH 30Hbl ne­

peXO.ll,.SIT B T.Sl)KeJIYfO CTa.ll,HIO. BcJJeJJ,CTBHe 3TOfO npOHCXO.ll,.SIT pa3orpes 11 pa3pyweH11e aKTl1BHOH 

30Hbl, BbinaJJ,emte MaTepHaJJOB aKTHBHOH 30Hbl B Hl1)KHIOIO KaMepy peaKTopa pa3pywem1e KOpny­

ca peaKTOpa 11 BbinaJJ,em1e pacnnasJJeHHblX MaTepHaJJOB Ha 6eTOH noapeaKTOpHOH waXTbl HJIH B 

ycTpoi:fcrno JJ.JUI JJOKaJJH3au.1111 pacnnaaa, r.ue npo11cxoJJ,11T ero JJ.JJHTeJJbHOe yJJ.ep)Kam1e. Pa3pa6a­

TbIBafOTC.SI MeponpHS!THSI no ynpaaneHHfO 3anpoeKTHblMl1 aaapl1SIM.H . .[(sa nocJJe)],HHX pOCCHHCKHX 

3KcnopTHhIX npoeKTa - T.SIHbBaHbCKasi A3C 11 A3C Ky.llaHKynaM coaep)KaT s caoeM cocTaBe cne­

UHaJJbHhre ycTpOHCTBa .ll,Jl.SI JIOKaJJ113aUHJ,f pacTIJTaBa, KOTOpble MOfYT 6b1Tb 3aJJ,eHCTBOBaHbl B cnyqae 

nepexoJJ,a r11noTeTHl.feCKOH aaap111-1 B TIDKeny10 cTa.u1110. 

_an.SI MOJJ,en11poaam-u1 T.Sl)KeJJOH cTaJJ,1111 rnnoTeTH4eCKOH asap1111 pa3pa6ornHa nporpaMMa 

SAM (Severe Accident Modeling), KOTopa.sr ycnewHo npHMetteHa B paMKax npoeKTOB ITMT A3C 

T.SIHbBaHb 11 KyJJ.aHKynaM. 06beM MOJJ,eJ111poaaHl1.SI npe.ll,CTaBJJeH Ha p11c. 13. 
ITporpaMMa SAM no3soJ1.S1eT Moaem1posaTb see OCHOBHbJe cTa.u1111 T.SJ)l(eJJoH aaap1111: 

• pa3orpes, pacnnaaJ1eH11e 11 pa3pyweH11e aKTHBHOH 30llhI; 

• napou11pKOHHeBasi peaKUH.SI H BbJ,lleJJeJrne BO.llOpOJJ.a; 

• BbI)],eJJeHHe pa.ll,HOaKTHBHblX 3JleMeHTOB; 

• BbinaJJ,eHHe pacnnasJJeHHbIX MaTep11aJJOB aKTHBHOH 30Hbl B HH)KHJOIO KaMepy peaKTOpa l1 pa3py­

wem1.e BHYTPHKopnyCHblX YCTpOHCTB B Hei1 ; 

• pa3pywe1-111e 11n11 nponnaane1-111e a1-111w,a Kopnyca peaKTopa; 

• y)].ep)KattHe pacnnasneHHblX MaTepHaJJOB B ycTpOHCTBe JlOKaJJH3aUHH pacnnasa· 

• B3aHMO,lleikTBHe pacnnasa C 6eTOHOM. 

Pac4eTHhIH KOMnJTeKc SAM BKJll04aeT B ce6.S1 naKeTb1: 
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3KTIIBll8ll 30Ha 

lla'-laJ!bHaJI 4>opMa 

H2 f ,- 1-C2 ---- H2t _ 1'½.o_ no11pcaKTOpHotl W:!XTbl _-- --_ ----==-} BOll:l 

} MeTaJIJI 

fa.30 BaJI nJie H Ka 

30Ha a6nRUIIH 

PHC. 13. Monenb peaI<Topa H 6eTOHHOro 0CH0BaHHSI 

• SA CORE ;:vrn aHaJI113a npou.ecc08 
npoTeKa.lOI..UHX B aKTHBHOH 30H~ 

peaKTopa nma BB3P np11 ee PaJo­
rpese, nJ1aBJ1em111 11 )J.erpa.ual.J.l1H Ha 
TJDKeJlOH CTa)J.HH 3anpoeKTHOH asa­

pmt; 

•SALOPL )J.JHI aHaJIH3a npou.ecco8 
V ' 

npoTeKalOW,HX B HJ1JKHe11 KaMepe 

peaKTopa nocJ1e Ha4-ana Bhma.uem1J1 
s Hee MaTep11a.nos )J.erpa.n11.p)'I01.IJ,eti 
aKTMBHOW 30Hbl )].0 pa3pyilleH11.si. 

.UHHW.a peaKTopa; 
• SA CAT .D.JlSI aHan113a npoueccos 

' npoTeKaJOW.MX B ycTpOHCTBe Jl0Ka-
JlHJau,1111 pacnJ1asa nocJ1e nponnas­
J1ettm1 .UHHI.IJ.a Kopnyca peaKTopa 11 
BblBaJIHBaHI-UI HaxO,[J,SIII(MXCSI Ha HeM 

pacnJ1asJ1eHHblX MaTepHaJJOB aK­

THBHOH 30Hbl, BHyrpHKopnycm,1x 

ycTµoikTB l1 .llHHW:a B ycTpOHCTBO 
J10KaJlH3aU,1111 (.D.JlSI aHaJil13a .n.aHHOH 

cTa.n.1111 asapH11 Ha 6no1<ax, He 060-
py.uosaHHbIX ycTµOHCTBOM JJ0KaJIB-
3aU,HH pacnJ1asa, BMeCT0 naKeTa 
SACA T 11.c□0Jib3yeTCH naKeT 
SACONC JlJUI attanl13a s3aHM0.Uei:t­
cTs1ui pacnJ1asa c 6eTOHOM). 

B naKeTe SACORE Mo.n.em1py10TCS1: npoueccbI, npoTeKaiow;11e s a1<T11BHOH 30He peaKT0pa 
BB3P np11 ee pa3orpese, nnasJ1emrn 11 )J,erpa.uar.urn: 

•pacnpe.ueJ1eH11e Te meparyp no TB3JTaM aKTHBHOH 30Hbl' 

•113MeHett11e cpopMhI 11 CTPYKTYPbI TB:)Jlos· 

• BhlXO)J, pacnnasJJeHHbIX MaTep11anos ah."Tl1BHOH 30Hbl (cocTaB, Macca H :meprIDI) B HIDKHJOJO Ka­

Mepy peaKTopa: 

• BblXO)J. B0.llOpO)J.a; 

•BblXO)J, pa.u11oaKTHBHblX npO.Il)'h."TOB. 

TTp11 MO)J,eJJ11posaHHH Tennoo6MeHa B aKTHBHOH 30He 0Ha pa36J.rnaeTCSI Ha P}!Ll pa)J.HaJlhHhlX 

30H C pa3JlH'-fHhlM 3HeproBbIJJ,eJleHHeM (s COOTBeTCTBHH C pa)J.HaJlbHblM pacnpe)J.eJleHHeM). KIDKJla.st 

pa)].HaJlbHaSI 30Ha xapaKTep1nyeTCH 3KBHBaJleHTHblM TB3JIOM, )J,Jl.H KOTOporo 11 BbtnOJJH.HeTC}I secb 

aHaJ1113. ITp11 3TOM npe.n.nonaraeTCSI, 4TO see TB3Jlbl B )J,aHHOH pa)J.11aJlbHOH 30He TIO)J.06Hb1 3KBJ-1Ba­

J1eHTHOMY, 

3KBHBaJleHTHhlH TB3Jl pa3fornaeTCSI. no BbICOTe Ha PSILl pacqeTHblX 51.4eeK. 3HeproBbI.[(eneHHe B 

KIDK)].OH .H4ei1Ke onpe)J.eJl.HeTC}I B COOTBeTCTBHH C pa)J.HaJibHhlM H aKCH'aJlbHblM npo<pl1Jl}[MH' 3Hepro­

BbI,lleneHml. ,[(rm 3KBHBaneHTHOfO TB3Jia KIDKJJ.Oro K0HTp0JlbH0ro o6beMa pernaeTCSI. 0,[J,HOMepttoe 

ypaBHeH11e ,llJl}I pa)J.11aJlbHOH TenJ1onpOBO)J.HOCTH. IlpH 3TOM aKCHaJlbHa.st TennonpOBO)J.HOCTb He 

Y411TblBaeTCSI. TTp11 peweHl111 O,llHOMepttoro ypasttemrn TennonpOBO)J.HOCTl1 KIDK)J.blH KOHTµOJJhHblH 

o6beM pa36HBaeTCSI. Ha ceMb pa,lll1aJlhHhlX 30H C 113MeH.HIOLUHMHCSI pa,llJiYCaMH (pHC. 14). 
Ha nepsoi1 cTamrn npouecca, Kor.ua ell.le HeT napou,HpK0HJ,JeB0H peaKLJ,1111, pacTBopeHIDI Ton­

mrna B pacrniasJJeHHOM UHpKOHIHf 11 CTeKaHHSI o60J104KH, 30Ha 5 COCTOHT TOJlbKO J,13 UHpKOHHJl, a 

30Hbl 6 11 7 np11cyrcrny10T B paCL[eTe KaK nJ1eHKl1 .UBY0KHCJ,f UHpKOHl1.H MaJlOH T0J1W,11Hbl ( I MKM), 

4T0 He CKa3brnaeTC}I 11a pe3yJ1bTaTax pacYeTa. B npouecce pa3BHTl1}1 T.H)KeJ1oi1 asap1,n,1 Y41ITb1BalOT-
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2 3 4 5 6 7 

CS! npou.eCCbJ o6pa3oBaHHjl JJ.BY­

OKHCH U,HpKOHHSI 11 BOJJ.OpOJJ.8 pac­

TBOpeH H5l JJ.BYOKHCH ypaHa B UHp­

KOHHH, o6pa30BaHl·iSI TpeIUHH B 

cnoe JJ.BYOKHCH. UHPKOHHSI, BblXOJJ,a 

11 CTeKaHIDt pacrrnasneHHbIX npo­
P11c. 14. PaccreTHaJI cxeMa SIYei1KH TB3JIOB: I , 2, 3 - TOilllHBO 
(U02); 4 - fa.30BbJH 3a.30p (He); 5 - o6oJlOL[l(3 TB3Jla (Zr); 6 - CJlOH JJ.YKTOB C yqeTOM so3MO)KHOCTI1 l1X 

ABYOKI1c11 u11pKOH1-U1 (Zr02); 7 - Jotta nepeMeu.r,eHHSI pacnnasneH- 3aTsepJJ.eBaHm1 Ha 6onee XOJIOJJ.-

HblX MaTep11a.rros (U02 +Zr+ Zr02) HblX y4acTKax. 

B npouecce pac4eTa l.lJ.iCJIO paJJ.HaJJbHblX 30H B KIDKJ].OM KOHTpOJlbHOM o6beMe OCTaeTCSI Hel13-

MeHHbIM, a pa.n11ycr,1 30H .nm, KIDK)J.Oro KOHTPOJlbHOro o6oeMa onpe,n;eJlSIIOTCSI Ha KIDK,D,OM ware 

qepe3 MaCCbl KOMnoHeHTOB B 30HaX. B npouecce pa3orpesa TB3JIOB npoHCXO.llHT BblXOJJ. npOJJ.YKTOB 

,ue11eHHH, HaXO)].SIIUHXCSI B ra30BOM 3a30pe TB3JIOB 11 Tpel.I(l1Hax B TOITJlHBe. PaccMaTpHBaeTCSI Bbl­

HOC 11-TH OCHOBHhlX npOJJ.YKTOB J].eJTemrn. 

ITaKeT SALOPL npe.UHa3Ha4eH .unsi Mo,uem1poBaHHH rrpou.eccos, rrpoTeKa10m11X B HIDKHei-i 

KaMepe peaKTopa nocne Ha"48Jla BbIITaJ].eHHSI B Hee MaTepHaJlOB .uerpa,uHpyJOIUeH aKTHBHOH 30Hbl. 

ITpH nepeMeUJ.eHl1H pacrrnasneHHbfX MaTepHMOB aKTHBHOH 301-lhl B HIDKHIOIO Ka.Mepy Ha nep­

BOM 3Tane 4aCTb HX 3a)],ep)KHBaeTCSI Ha .usyx 6apbepax, o6pa30BaHHbfX BHYTPHKopnycHblMH 

CTpyKrypaMH HIDKHdi KaMepbl CMeweHH.sJ: HH)KHeH onopHOH. OJ1HTe aKTHBHOM 30Hbl, nepcpop11po­

BaHHOM JJ.HHIUe waXTbl peaKropa 11 pacnoJIO)KeHHblMH Me)KJJ.Y HHMH onopHblMH rpy6aMH. 3TH 

crpyKTypbl HeKOTOpoe speM.sJ 3a)],ep)KJ,fBalOT nona.uaH11e BCeM M8CCbl pacnnasneHHOro TOnJIHBa Ha 

.um1me peaKTopa. 

I1p11 aH8JlH3e COCTO.SIHHSI. BHYfpHKopnycHhlX ycTpOi1CTB Y411TblB8eTCH seer, cneKTp Bbma.ua10-

IUHX 113 aKTHBHOM: 30Hbl MaTepHaJIOB. Bcero MO)l{eT 6h1Th yqTeHO JJ.O .uec.sJ.TH MaTepHaJIOB. CBOMCT­

sa 3TI1X MaTepHMOB paCCYHTbIBalOTCSI B 3aBHCHMOCTH OT TeMIIeparypbI. Ilo KIDK)J.OMY 113 :)THX 

KOMTTOHeHTOB COCTaBJISIIOTCSI. 6aJJaHCbl Mace. TeMnepaTypa CJlO.sJ MaTepHMOB 8KTHBHOH 30Hbl Ha­

XOJJ.SllUHXCSI Ha 6apbepe HJTH Ha JJ.HHUJ.e peaKTOpa, onpeJJ,eJJ.sJeTCSI K8K TeMneparypa 3BTeKTl1Kl1 KOM­

IIOHeHTOB, Ka)KJJ.hlH 113 KOTOpblX HMeeT CBOIO KOHLJ.eHTpaUHJO, TeMneparypy H Tennory nnasneHHSI. 

I1p11 BblIIaJ].eHH:H l.!aCTeH .nerpa.nHpy10me11 aKTHBHOH 30Hbl B 1-{H)KJ-jJO}O KaMepy Y'-lliTblBaeTCSI, 

YTO cpe.n.11 KOMIIOHeHTOB MOI)'T 6bJTb H MeTaJIJTbl (U.HpKOHHH H CTaJJb), KOTOpble MOfYT BCTyTTHTh B 

peaKUillO OKHCJleHHSI C napoM, HaXOJJ.Sllll,HMCSI B HlvKHeH KaMepe. Pe3ynbT8TOM TaKHX peaKUHH SIB­

JISleTCSI Bbl)J.eJieHHe TenJia 11 BOJJ.OpOJJ.a. I1p11 BblIIa}].emrn pacrrnasneHHbfX MaTepHaJIOB Ha ,llHHIUe 

peaKTOpa pa3BHBaeTCSI ero pa3orpes, KOTOpblH ITpO,llOJl)KaeTC.sJ BilJIOTh JJ.O ero OTKa3a (oTpblBa HJlH 

npoflJlasnemrn ). 

I1p11 MO,Uen11poBaHHl1 Tennoo6MeHa CJIOSI KopeyMa C JJ.HHIUeM peaKTopa Beeb CJlOH o6JIOMKOB 

pa36i-rnaeTCSI Ha TPH 30HbJ: np11J1era10maS1 K BHYTpeHHeH nosepXHOCTH JJ.HHlll8 Kopnyca peaKTopa; 

u.eHTpaJJbHa.sJ. 30Ha; pacnoJIO)KeHHa.sJ B BepxHeH Y.aCTH CJIO.SI. HilllGiSISI l1 sepXHSl5l 30Hbl COCT8BJISIIOT 

He6oJibll1YlO ciaCTb OT o6mero o6beMa CJTOSI KOpHyMa. B HHX MOrYT 6b1Tb CMO.D,em1posaHbl HJ,1)1(H5l.sJ 

J,I sepXHSISI TBepJJ.ble KOpKH. 1.J,eHTpaJlbHaSI 30Ha npe)].CTaBJJSleT co6011 SIJJ.PO CJTOH 06J10MKOB, KOTopoe 

MO)KeT 6bJTb )Kl1JJ.KHM HJIJ,f TBepJJ.bJM. 

,L(n.si- MOJJ,em1poBaHHSI. pacrrpe.ueJieHHSI TeMneparypbl B J].HHll.(e 880,UHTCSI pa36HeHHe Ha PSI.Il. 

pacLJeTHblX cnoes. Tennosoii noToK K JJ.HHll.(Y Ha BHYfpetttte11 rpaHHU.e no,uBO,llHTCH OT H(1)1{Hero 

CJlOSI. 06J10MKOB. Ha BHeWHeH rpam:1:ue ,llHHll.(a npOHCXO,llHT KOHBeKTHBHblH Tennoo6MeH C OKpy­

)l(aJOll.(eH KOpnyc peaKTopa napOB03JJ.YWHOH CMeCblO. 

f1pH Harpese JJ.HHIU8 Kopnyca peaKTOpa co CTOpOHbJ pacnnasneHHOrO CJlOSI MaTepHallOB aK­

THBHOH 30Hbl MeHSIIOTCSI np04HOCTHble CBOHCTBa MeT8J1Jl8 KOpnyca. Ilpe,neJlbl np0"4HOCTH H TeKy-

4ecn1 CHH)Ka.JOTCSI. C .upyroH CTOpOHbl Ha MeTaJIJT Kopnyca peaKTopa B paHOHe 3JlJ1HTTTH4eCKOro 

JJ.HHIUa ,UeHCTByeT paCTS1fl1Ba10ma51 Harpy3Ka, onpeJJ,eJl.sJIOll.(a.sJCH BeCOM JJ.HHIUa, CJlOSI o6nOMKOB Ha 

JJ.HHIUe H BO.Ubl B HJ,f)KHeH KaMepe H pa3HOCTblO .uasneHHH B peaKTOpe H KOHTeHHMeHTe. 

37 



--
8 npou.ecce paCLleTa npOHCXOllHT onpeneneHHe BeJlH4HHbl pacnpocTpaHeHIUI B llHHl.LJ.e ¢POH­

Ta nnasne11ID1, B COOTBeTCTBHl1 C KOTOpblM onpe,aem110TC.SI .n.ei1CTBYI01llee 11 .uonycntMOe Hanp.Sl){(e­
HJ,t.SI . npH paBeHCTBe :JTHX Hanp.si)f(eHl-tH (HJ111 np11 ,UOCTIDKeHl111 3a,naHHOH TeMneparypbl) B paC'feTe 
np11H~i1\taeTC.SI pa3pblB npH KOTOpOM npOHCXO.UHT BblB,U1HBaH11e Bcex o6JlOMKOB aKTHBHOH 30Hbl 

' BHyrp11KoprrycHblX ycTpOHCTB 11 llH111lla B no.n.peaKTOPHYIO waxry. 
naKeT SACA T npe;::u1a3tta4eH .aim Mo.aen11posaH11.si npou.eccos, npoTeKa10m11x B ycTpoikrse 

n0Kan113au11H pacnnasa nocne nponnasneH11.S1 111mma Kopnyca peaKTopa 11 Bb1Ban11saHH.S1 Haxo.n..S1-
LU11xc.si Ha HeM pacnnasJleHHbtX MaTep11anos aKTHBHOH 30Hbl, BHYTPHKoprrycHblX ycTpOHCTB 11 
,llHl1l.LJ.a B ycTpOHCTBO J10KaJlM3aUl1H. OcttOBHOH 3a.Ua4e.H Tar<Oro MO,nen11posaHl1.SI .SIBJl.SIIOTC.SI onpe­

neneH11e speMettHbIX xapa1crep11cTHK npoueccos, nporeKaIOl.LJ.HX s ycTpoikTBe 110Kan113au.ww, on­
pe,ae11eH11e TeMneparyp pacnnasa, KOHCTPYKU110HHblX MaTep11anos JlOBYWKl1 11 BOJJ.bl, no.n.asaeMoii 
B ycTpOHCTBO J10KaJl113au1111, a TaK)f(e aHaJll13 3cj)cj)eKTHBHOCTH Meponplli!Tl1H no ynpaBJleHHJO asa­
pwei:i (no,ua4a BO.Ubl Ha pacnnas 11 JJ.p.). 

TTaKeT SACONC npeJJ.Ha3HaYeH .ll.Jl.SI r.10.uen11posaffif.si npoueccos, npoTeKalOlllHX B 6eTOHHOM 
ocHosatt1111 no,upeaKTopttoro npocTpattcTBa nocne nponnasneH11.S1 .UHHLUa Kopnyca peaKTopa. Oc­
HOBHOH 3aJJ.a4eH TaKoro Mo,uen11posaHID1 .S1BJ1.S1"10TC.S1 orrpe.n.eneHwe rny611ttb1 nponnasnem-rn 6eTOH­
Horo OCHOBaHH.SI, onpe,neneH11e BblXO.lla 11 TeMneparypbl fa30B, BbI,UeJl.SIIOl.LJ.ITTCC.SI B o6beM KOHTeHH­
MeHTa, a TaK)f(e attan113 :Jcj)cj)eKT11BHOCTH Meponp11.S1THH no ynpasnemuo asapwei:i (no,naya BO.Ubl Ha 
pacrrnas 11 JJ.p.). 

Mo.nem1posaH11e 83aHMO,Uei1CTBl1.SI pacnnasa C 6eTOHOM Y4HTbIBaeT TepM11YeCKOe B03JJ.eikT­
Bl1e 3a C4eT: Tenna, aKKyMyn11poBaHHOfO B pacnnase; OCTaTOt.JHOrO TefJJlOBbl,UeneHIDI B BbmasweM 
TOTIJlHBe; Tenna XHMl14eCKHX peaKUlf.H, npoTeKalOlllHX B pacnnase npw B3aHMO,UeHCTBHl1 ero C 
npOJJ.YKTaMl1 pa3JlO)KeHl1.SI 6eToHa. 1-faCTb 3TOfO cyMMapttoro TennOBbI,UeneHH.SI YHOCl1TC.SI C sepx­
HeH nosepXHOCTl1 pacITJlasa B aTMoccj)epy HJ111 K CJlOIO BO.Ubl, eCJ111 OH npHCYTCTByeT Ha pacnnase. 
Bee OCTaJlbHOe TeTIJIO t.Jepe3 6oKOBYIO 11 lfH)f(HIOIO nosepxHOCTl1 pacrmasa nepe,naeTC.SI K 6eTOtty. 

Ha rpaH11uax pacrrnasa np11 CHJ1)f(eH1111 TeMneparyp1,1 HH)f(e TeMrreparypb1 3aTBepJJ.eBaHIDI 
B03M0)1{H0 o6pa30BaHl1e TBep,UblX KOpOK. np11 Mo.n.enHposaHHl1 paccMaTp11BaeTC.SI pa3.uenem1e BCe­
ro pacnnasa Ha .usa CJlO.SI: sepXHHH (6onee JJerKHH) CJlOH MCTaJlJlOB H HIDKHHH (6onee T.Sl)f(eJlbIH) 
CJJOH OKCH,UOB. Ha.n sepxmtM CJJOeM MO)l{eT HaXO.ll,HTbC.SI CJlOH 80.ll.bl, o6pa3yl0l.LJ.HHC.SI B MOMeHT 
pa3pyweHH.SI Jl.HHllla peaKTopa HJ111 803Hl1Kal0l.LJ.HH n03,UHee B pe3ynbTaTe no.n.a4H 80,llbl B paMKax 
MeponpH.SIT11H no ynpasneHHIO asapweit Y4HTb1BalOTC.SI 9 XHMl1YeCKHX peaKU11H, npoTeKalOl.LJ.HX 
np11 B3aHl',10.UeHCTBHH pacnnasa C 6eTOHOM. 

Pact.JeTHbIH KOMnneKc SAM MO)f(eT 6bITb 11cnon1,3osaH s xo.n.e pa3Bl1TH.SI scero asapw:irnoro 
npouecca OT HCXO.UHOro co6bITl1.SI .no T.Sl)f(eJlOi1 CTa,UliH KaK s COCTaBe nOJIHOMacwTa6Horo HJIH 
aHaJ111Tl14eCKOro TpCHaJKepa, TaK 11 B KOMnJJeKce C np11Me1UleMblMl1 BO BHI111A3C Tennorn.n.pas­
JlH4eCKl1Ml1 nporpaMMaM11 RET ACT 11 EArl1PA Mo.n.em1py10m11MH nose,ueHHe I Komypa. 3TOT 
KOMnJJeKC MO)KeT 6b1Tb 11cnOJ1b30BaH He TOJlbKO B TpCHa)KepocTpoemrn HO 11 np11 pa3pa60TKe H 
aHan113e asap11HHbIX npoue.ayp H MeponpHRTHH no ynpasnem110 3anpoeKTHblMH asapJiUlM11. 

On11caHHa.SI BbIWe TeXHOJlOfH.SI n03BOJl.SleT co3,uasaTb nOJJHOMaCrnTa6Hble MO.UeJJH, BKJllO'-laIO­
l.LJ.11e see CHCTeMbl A3C. TaKa.SI TIOJlHOTa Hap.si.ny C .ll.OCTOHHCTBaMl1 (BblCOKa.SI T04HOCTb) HMeeT 11 
MHHYCbl, a HMeHHO, CJlO)KHOCTb pa6oTbl C 60JJbWOH nporpaMMOH H 3a,UaHl1.SI 3Ha4J1TeJlbHOro o6be­
Ma 11CX0.1].HblX .n.aHHblX. I1o3TOMY 11Hor.na y.ao6HO HMeTb KOMTIJleKCHYIO, HO He noJJHOMacwTa6HylO 
MO,lleJJb, KOTOpa.SI co.uep)KHT JlHWb Heo6XO,llHMble ,llJlSI peweHH.SI KOHKpeTHOH 3al{at.JH CHCTeMbl. 
TTp11MepoM TaKOH MOJJ.eJ111 cJJy)KHT Mo,nem, B nporpaMMHOM KOMnJJeKce TOMAC. 

7. IlporpaMMHhttt KOMnnei.:c TOMAC 

riporpaMMHbIH 1<0MnJ1eKc "TOMAC - Tpett~ep OnepaTHBHoro Mo.uenHposamrn AsapHH­
HblX C11ryau11i1", pa3pa6oTaHHbIH so BH11l1A3C/OAO ")])K3T", no3BOJ1.S1eT Mo.n.en11posaTb Hop­
MaJlbHbte, nepexo,nHble 11 asap11i1Hb1e pe)l{HMbI pa6oTbI A 3C c BB3P-l 000 (B-320), BKJ110Ya.S1 T.SI-
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)l(ellbte asapHH e rmasJJeHHeM aKTHBHOH 30Hbl, KOpnyea H B3aHMO.UeHeTBHeM KOpHyMa e 6eTOHOM. 
Bee nporpaMMHOe o6eene4eHHe cpyHKUHOHHpyeT B onepau110HHOH eHeTeMe Windows 
98/2000/XP. 

ITporpaMMHbtH KOMnneKe HMeeT ene.uy10m11.e eTpyKT)'pHbte eoeTasm110m11e: 

• M8TeMaTH4eeKylO MO.Uellb :mepro6JJOK8, on11ebtBa10my10 HeihpOHHO-<pl13H~eeKHe, Tennorn.upaB­
JJH'-leeKHe, 3JJeKTpw-1eeK11e 11 nor~eeKHe npou.eeebt s o6opy.uosaHHH 11 eHeTeMax ynpasnemu, 
A3C; 

• MaTeMan14eeKYJO MO.UeJih M.H attamna T.SJ.)KeJJblX asapm'1 on11eh1Ba10my10 npou.eeebt pa3orpesa, 
rmasJJeHJ,UI H pa3pyweHH_SI aKTHBHOH 30Hbl H Kopnyea peaKTOpa H B3aMMO,UeHeTBllil paennasa C 

6eTOHOM; 

• rpaqmlfeeKylO e11eTeMy MO.UeJJHposaHM.H, ynpasJJeHH_SI 11 BH3YaJJH.3amrn, TI03B0JI.H!Olll)'10 oeyl.l.(e­
CTBll.HTb ynpasneHHe MO.UeJiblO B peaJJbHOM MaewTa6e speMeHH (HnH 6bteTpee) H npe.ueTaBJUITb 
pe3ynhTaTbI ee pa60Tb1. 

OettOBHbJe MaTeManI4eeKHe MO,UeJJl1 MHOroKpaTHO 11enbJTaHbl Ha u.enoM pn.ue 110JlHOMae­
WTa6HblX H aHaJJ11TH4eeKHX TpettruKepos A3C c BB3P . 

.[(.rul o6eene4eHl1.H npoeTOThl 11enOJib30B8HHJI KOMnJJeKea TOMAC H onepaTl1BHOeTH pae4eTOB 
asapHHHblX pe)KHMOB B HeM npHMeHHIOTeSI TOlfHhle MO.UeJJH TOJlbKO Ha116onee 88)f<HbTX KOMllOHeH­
TOB :mepro6JJOKa - HeHTpOHHO-<pl1311YeCKaH MO.UeJTb 8KTHBHOH 30Hbl, Tennoni.upasn11Ka I KOHrypa 
11 rrr, a T8K)Ke Mo.uenb KOHTeHHMeHTa. OeTaJJbHbte TeXHOJJOfH.LJeeKHe eHeTeMbl MO.UeJIHPYIOTCSI 
ynpollleHHO. 

K 4Heny MO,UemIpyeMbIX OTHOeHTe.H eneJJ,ylOlllHe CHeTeMbl: rnaBHb]X naponpOBO)J.0B H npo­
TOYHOH 4aeTH rypfo!Hbl, KOHJJ,etteaTHO-ITHT8TeJibHOrO TpaKTa, 3JleKTpOetta6)KeHHH co6eTseHHhIX 

tty)KJJ., 6e3onaettoeTH, BeHTH.JIHUHM KOHTpOllSI 11 ynpasneHHR, BKJll04aSI A3, TI3, YIJ3. Bee 3TO no-
380JlSleT oeymeeTBHTb MO)J.en11pOB8HHe peaKTopHOH YCTaHOBKH B pe)KHMe peaJJbHOro speMeH11 
(H.ll11 6bieTpee). 

Oeo6eHHOeTRMM )J.aHHOro nporpaMMHOro KOMnJJeKca HBJISI.IOTest: 

• )J.OCT)'llHOCTb WHpOKOMY Kpyry nOllh30BaTeJJeH 8B11.Q)' HM3KOH eTOHMOCTH TeXHHYeeKHX epe.UCTB 
(PC Penti um IV) 11 Menonh3osaHllil onepau.110HHOH e11eTeMbI Windows 98/2000/XP; 

• ttaeTpOHKa Ha n106oi1 KOHKpeTHhtH :mepro6noK c peaKTopoM BB3P-1000; 

• no.uroTOBKa K Bbmonttett11I0 11 npose)J.ett11e attaJJH3a n106oro eu.eI1ap11_S! asap1111ttoro pe)KHMa (s 

TOM 411CJie J,f Ha eTa)J.HH TIDKeJJOH asapmt) e sue.upettHeM n106oro aJJrOpHTMa .ueHCTBHH onepampa 
11 e B03M0)KHOCTblO 6bJeTporo BHeeemrn 113MetteHH.H B uen04KH co6blTHH, OTKa308 H .ueiieTBHH 

onepaTopa; 

• Harnsi.uHaR BM3YaJJH3aLJ.H_SI pe3yJibTaTOB MO)J.em,poaaHHSI Ha O.UHOM HJUI. HeeKOllbKHX KOMllblOTe­
pax e npH.MeHeHHeM eospeMeHHbIX epe.uern MYJlbTHMe.u11a; 

• B03MO)KHOCTb MHOfOKpaTHOro HHTepaKTHBHOfO 803.UeHeTBHSI Ha npoueec; 

• oeHal.l.(eH11e enpaBOlfHOH J,f 06yya10mei1 rnnepTeKeTOBOH HH<pOpM8UHOHHOH CHCTeMOH C ' ·npH­

BSl3KOH" K MO.Uen11pyeMOMY 06opy.uosatt1110; 

• Mo.uen11posam1e T.H)KeJlblX asap11i-f. 
MHOfOOKOHHM CHCTeMa 1103BOJJSleT 3cpcpeKTHBHO pa6oTaTb Ha O.UHOM 3KpaHe C IICCKOllbKHMH 

naHeJJSIMH ynpasneHHSI. TipHMepbl BH.UeOKa.upos np11se.uettbl Ha pHC. 15. 
BepllqJllKGl/Ufl npo2pa.,u.w11020 IW.1111.'leKCa. Pe)l<HMbl e HapyrueHHHMH HOpMaJJbHbIX yenOBHH 

3KennyaT8UHH epasHeHbl C )l8HHblMH, nony4eHHblMH H8 A3C B nep110.u nyeKo-uana,ll04HblX He­
llblTaHHH. 

BepH.Q)HK8UHSI nporpaMl\lHOro KOMllJJeKC8 ocyl.l.(CeTBJl.RJl8Cb 11a c11e.uy10lllHX pe)Kt11\18X: 

• OTKJll04eHHe 1-ro fl(H; 
• oTKn10YeH11e 1-ro TTIH; 

• 3aKpb1T11e eTonopHo-peryn 11py10w.11x Knana1--1os. 
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B Ka4eeTBe pecpepeHTHOH nporpaMMbl Bbr6pa­

tta nporpaMMa ttaHJJY4Uie11 ou.eHKl1 ATHLET. 

Cpasttett11e e pae4eT0M no nporpaMMe A THLET 

npose,n;etto ,n;m1 ene.uy10w,HX asapHHHbIX pe)l(J,{Mos: 

• pa.3pb1B XOJIO)lHOH Hl1TKl1 ,lzy = 850 MM; 

• pa.3pbTB XOJIO,[{HOH Hl1TKl1 ,lzy = 50 MM; 

• pa.3pbrn rnasttoro naposoro K0J1J1eKTopa; 

• pa3pbIB KOJlJleKTOpa ITHTaTeJlbHOH B0.llbl. 

KoMITJleKeHbte MO)leJTH ynpow.aioT attan113 He­

eTaU.HOHapHblX H asapHHHblX pe)Kl1MOB pa60TbJ 

A3C, xoni JJ.O tte)lasttero speMeHH orpam-rt:JeHJ,rn 

Bbl4HeJ1MTeJTbHOH TeXHHKH oeJIO)KH.SlJUf HX e03)lamre 

11 HenOJlb30BaHHe. 

0)lttaKo noene)lHMe ,n;oeTIDKeIDUI B o6naenI 
nporpaMMHposamrn: 11 Bhl4HemrreJTbHOH TeXliHKH 

)leJla.IOT TaKHe M0)leJlH see 6onee )loeryITHhLMH, a 

11x np11Mettett11e see 6onee nepeneKTHBHhIM. 

3aKmoqenne 

B ttaeTm1w.e11 eTaTbe Ha np11Mepe BH11MA3C 

0nHeaHbr eospeMeHHble MeT0)lbl rroeTpoem:ur K0M­

llJleKeHbIX MaTeMaTwieeKMX MOJJ.eJleH A3C. 3n1 

M0;::r;emi 0Tmi'-lalOTCH BbleOKOH T04H0eTblO (.llO eo­

BpeMeHHblX MO)leJleH ynycuneHHbTX ou.ettoK) 

P11C. 15. B11)leOKa)lpb! Cl1CTeMbl B113YMl13aUl•ll1 60JibllI11M o6'beMOM M0JJ.eJrnpoBaHHH (.n.o n0JTH0-

TOMAC Maeuna6HbIX MOJJ;eJieti), a eospeMeHHble 3Q)cpeK­

Tl1BHble pae4eTHbie MeT0)lbl J,f 6bieTpo;::r;eikTBy10w,11e 3BM IT03B0JU:IIOT nerK0 rrp0B0,U:HTb pa.311ITT­

Hbte pae4eTbl, qaeT0 JJ.IDKe B pe)KJ,{Me peanbH0ro speMeHH. Bee 3T0 eyw,eeTBeHH0 pae1m1p5IeT 06-

naeTb 11 3QJQ)eKTl1BHOeTb 11en0Jib30BaHIDI K0MITJieKeHbIX MaTeMaT11YeeKHX MOJJ;eJie.H A3C, B TOM 

4]1eJie JJ.JIS! Bb16opa 0ITTHMaJlbHblX peweHHH npM npoeKTHpoBaHHH A3C, o6oeHOBaHHSI 6e3orraeHO­

eTH. nposepKH pernaMeHT0B 3KennyaTau.1111 A3C. nposepKM eHCTeM ACY TIT, o6y4emrn nepeo­

ttana. 
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Y)U( 621.039.51 
IlporpaMMHhlH KOMnJieKc SKETCH-THEHYCO )lJIH MO)leJIHpoBaHIDI 

3KTHBHhlX JOH peaKTopoB C JKH)lKOMeTaJJJIHlleCK.HM TeilJIOHOCHTeJJeM 

A.M. Bece.noa, B.r. 31L1tuH, A.C. KopcyH, H.I'. MepuHoa, C.J(. P0Ata111111, 

B.C. Xapumouoa, H.B. II.(y1<.uH, 
MI1<1>M (TY), 115409, MocKsa, Kaarn.pcKoe rnocce, 31 

TTpen.craaJleHhl TµeXMepHlUI MaTe1\1anr-1ec1<a11 MO[leJlh H OCHOBaHHblH Ha HeH nporpaMMHhIH KOD. D.JUI 

cornacosattHoro pac1-1eTa HeHTpOHHO-cpm111-1ec1<i,rx H Ten11ornn.pasmI"lecKHX rrpoueccoa B aKTKBHblX JOHax 
(a.3.) 6htCTphlX peaKTOpOB C )KHLlKOMeTaJUIHl.feCKHM TenJlOHOCHTeJleM. TTpHBe,neHhl pe3yJlbTaTbl pacl.feTa 
CTattnapTHOH 3ana1-1M LlJlH aep11cp11KaUHH TeIIJJOrH)lpaBJlH"leCKOro MOD.YJUI nporpaMMHOro KOMJIJleKca. Ilpo­
aeneH pacl.feT HeKOTOpbrx CTal{HOHapHhlX H HeCTaUHOHapHblX aaapHMHhrx rrpoueccoa B a.3. peaKTopa 
EPECT. 

COMPUTER CODE SKETCH-THEHYCO FOR THE MODELING OF A LIQUID METAL 
REACTOR CORE. A.M. VESELOV, V.G. ZIMIN, A.S. KORSUN, I.G. MERlNOV, S.D. ROMANIN, 
V.S. KHARITONOV, N.V. SHCHUKlN. Three dimension mathematical model and based on it computer 
code for simultaneous neutron kinetics and thermal hydrodynamics calculation in fast liquid metal reactor 
core are presented. Benchmark calculations for thermohydraulic module verification are given. The calcula­
tions of steady-state and transient accident processes in the BREST reactor core are performed. 

CospeMeHHbLH yposeHb atta.r1113a 6e3onaCHOCTH npoeKnrpyeMblX JI3Y HOBOro IlOKOJleHHSI 

Tpe6yeT npose.n.ett1111 11111p0Koro cneKTPa paclleTos nepexo.n;HbTX npoueccos s wTaTHbJX H aBap11H­

HbJX pe:lKHMax pa6oTbI peaKTopa. 3al.facryio npoeKT11pOBll.lHK11 (oco6eHHO Ha :narre npe)].sapHTenh­

HbIX npopa60TOK) Bbltty)K)],eHbl orpaHJ,flJIITbCH pacLJeTaMl1 no ynpomeHHblM MO)],eJUIM. TaKa.si npaK­

THKa onpaB)].blBaeTCSI Heo6XO)],HMOCTbl-O paCCMOTpeH1111 MHOf01-111CJleHHhIX sap11aHTOB H 3Ha4Ji­

TeJlbHblMH Bbl4HCJIHTeJlbHblMH 3aTpaTaMl1, Heo6X0)].11MblMH )],JUI pacl.feTa aBapHHHbIX c11ryaUHH no 

CJIO)KHblM TpexMepHblM nporpaMMaM. 0.n.HaKO, 11cnOJlh30BaIDr.e ynpomeHHbIX MO)].eJleH B03M0)f(H0 

Jll1illh .D.JHI orpaH114eHHoro Kpyra nepexo.n.HbIX npoueccos H TOJlbKO s TOM cnyl.fae, ecn11 napaMeT­

pbI ynpomeHHbIX MO)],eJ1ei1 KoppeKTHO paCC411TbIBal-OTCSI no noJIHOMaCWTa6HblM TpexMepHblM 

nporpaMMaM. B HaCTOSILUee BpeMSI npoeKTbl nepcneKTHBHbIX peaKTOpHblX ycTaHOBOK (PY) OTJIH-

4al-OTCSI see 6onee cno:lKHblMl1 KOHCTPYKUH.s!MH a.3. (6ec4eXJIOBbte TBC, BH)'TpHKacceTtta11 reTepo­

reHHOCTb, pa3Jll14Hble CHCTeMbl npocp111111posaHHSI noTOKa Ten.JIOHOCHTen.si 11 11.p.). Bee 3TO npH3Ba­

HO nOBblCHTb ypoBeHb 6e3onacHOCTH PY H yny4WHTb HX 3KcnnyaTauHOHHble xapaKTepHCT11K11. B 

CBOJ-0 04epe,llb ycnm1rnettHe KOHCTPYKU1111 y:lKeCT04aeT Tpe6osaHHSI K npHMeH.sieMbLM MO.D,eJl.SlM 11 

pea.JJH3Y~Ollll1M 11X KOMilblOTepHhlM KO,l],aM. 

3.n.ecb npe.n.cTasneH 11IIcTpyMeHT .llJl.si 06octtosaH11.Sl npoeKTHblX pewett11i1 no o6ecne4emno 

6e3onac110CTl1 nepcneKTHBHblX peaKTOpOB C 6ec4eXJTOBOH KOMnOHOBKOH TBC H )KH,llKOMeTa.11Jll1-

4eCKHM Tennottoc11TeneM - nporpaMMHhIH KOMnneKc SKETCH-THEHYCO (Space Kinetics and 

Thermal Hydrodynamics). KoMrrneKc n03so11.sieT npoBO/J.l1Th nonH0MacwTafatb1e TpexMep11bre co­

BMecntbre HeHTp011HO-Q)H3H4eCKHe 11 TenJIOrH)].pO,lll11-1aMH4eCKHe pac4eTbl nepeXO,llHhlX npou,eccos 

B WTaTt-lblX 11 asapHHHblX pe)KHMaX pa60Tbl peaKTopa. 
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1. <l>HlHKO-MaTeMaTn11ecKHe Mo.ae11n nporpaMMHoro KOMnJJeKca SKETCH-THEHYCO 

,Lvu1 om1caHID1 HeihpoHHO-<pHJl{l.jeCKJ,!X npoueccoa B nporpaMMH0M K0MnJJeKce SKETCH Hc­
nonb3YIOTC.si TpexMepHble MaJJ0rpynn0Bbie AH<p<py3HOHHble ypaBHCHH.sl HeihpOHHOH KJ,!HCTHKH c 
yYCT0M 3anaJ.ll,b1Ba10W,HX HCHTpOHOB. ITpocTpaHCTBCHHa.si l.{HCKpeTH3aUH.sl HCX0.lJ.HblX ypaBHCHHH 
Bbln0J1HeHa C noMOW,blO K0HC4H0-pa3H0CTH0ro H H0.D.aJJbH0ro MeT0Jl0B C paC4CTHbIMH T04KaMH B 
UCHTpax pa3HOCTHOH CCTKH. 8 M0.lJ.CJlH peaJJH30BaHa np.si.MoyroJJbHa.sl H reKcar0HaJJbtta.si reoMCTpH.11 
pacY:eTHOH 3a,na4H. f10J1ytl.CHHa.si B pe3yJibT8Te npocTpaHCTBCHHOH .ll.HCKpen13auirn CHCTCMa 06b1-
KH0BCHHblX .n11¢¢epeHUHaJJbHblX ypaBHCfillH HMeeT BH.ll. 

vg -I d<I> (L )/ dt = - L <I>(t )+ (1- p )xpF T <I>(t )+ L "-mXmCm (t); (1) 

dCm(t)/dt=PmFT<P(t)-11.mCm(t), m= 1, ... ,M, (2) 

r.n.e g - H0Mep :rnepren£4eCKOH rpynnb1; <I>(L) - nJJ0TH0CTb n0T0Ka tteihpoHoB; Cm(t) - K0HUeH-
/\ 

TpauIDI npe.n.wecTBeHHHK0B i-H rpynnbl 3aITa3.[{bIBalOI.I.J.HX HeHTpOHOB; L - mrneHHbIM onepaTop, 
A 

OIDICbl88IOW,HM nepettoc, pacce.srHHe H nornomettHe HCH:Tp0HOB; FT - JlHHeHHblH onepaTop, 0IDI-

CbIBalOW,HH rettepal.(m{) BT0PHlfHbIX HCHTpOHOB .n.enemUI; x,. - cneKTP MrH0BeHHbIX HeHTpOHOB 
.n.enemrn.; x,,,, - cneKTP m-H rpynnbl 3anaJ.ll,blB8IOW.HX HCHTpOH0B; ~m - }l0Jl.sl m-H rpynm1 38na3.ll,bl­

B8IOI.I.J.HX HeirrpottoB; ~ - CYMMapHa.sl .ll.011.sl 3anaJ.ll,b1BalOW,HX HeHTp0H0B; Am - n0CT0SIHHa.sl pacna.n,a 
m-H rpynnbl 3anaJ.D.bIBal01UHX HeHTpOHOB. 

C11cTeMa ypasHeHHH ( 1 ), (2) pernaeTc.sr np11 KpaesoM yc11oa1111 

a<I>(t) I r=R + ya<'!>(t)!an I r=R = 0, (3) 
r.n.e Rc.S; a , y ~ O; a + y '# 0 Ha Kycol!tto-rna.n.KoH noaepxH0CTH S tteB0rHYT0ro K0He~rnoro o6be­
Ma. Ilepaa.si BepcH.sr peanH3amrn H TCCTHp0BaHHe .nattHOM MO.ll,eJlH no.npo6HO onHCaHb[ B [1]. 

B UCJUIX Bbl.llBJlCHIDI HaJ,f6011ee no.n.xo.n..srmero KOMnJJCKCa no.n.roTOBKH MaKpocet.teHHM H K03q>­
q>HUHCHTOB .n.11cpcpy31111 a TaIOKe .neM0Hcrpa1urn a.n.eKBaTH0CTH Mo.n.e1111poaattID1 PY EPECT-2400 
K0MrrneKcoM SKETCH 2000, npoBe.neHo cpaBHCHHe pe3y11bTaT0B pact.teT0B no SKETCH H npo­
rpaMMH0MY K0MnJTeKcy JAR-FR B 26-rpyrrnoBOM .LJ.H<p<py3HOHHOM npH6JTIDKCHHH C npHMeHeHHeM 
K0HCTaHTHoro o6ecne4eHIDI CONSYST/EHA.£93 (npe.n.ocrnsneHbt H11KM3T). CpaBHHBaJJHCb 
pe3y11bTaTbI rrony4eHHbte .LI.JUI a.3. PY 6PECT-300. 3To cpastteHHe MO)KH0 ct.tHTaTb anontte npen­
CTaBHTeJJbHbIM T.K. TBC o6eHX ycrnttosoK (EPECT-2400 11 EPECT O~-300) H.lJ.eHTHt.tHbI 3a 11c­
KJ1104ettHeM BblC0Tbl, a a.3. Ha6pattbl H3 0JJ.1'1HaK0BblX THn0B c6opoK. OcHOBHble HHTerpanbHble 
xapaKTepHCTHKH, nony4eHHbre B xo.n.e paC4eT0B, npe)lCT8BJ1eHbl B Ta6JT. 1. 

T a 6 J1 11 u a 1. CpastteH11e 11HTerpa.nbHhIX xaaKTep1-1crnK a.3. PY 6PECT O,l],-300, 
no 

SKETCH&GETERA 
( actteT MH<I> 

1,00812 
1,48117 
1,24266 
1, 19145 

SKETCH&CONSYST/6HA693 
ac'leT MH<I>H 

1,02110 
1,54544 
1,27625 
1,20949 

JAR-FR&CONSYST/6HA693 
( actteT H11KH3T 

1,02110 
1,54544 
1,27625 
1,20949 

KaK BH.ll.HO 113 npHBeJJ.CHHbIX cpaBHHTeJTbHblX xapaKTepHCTHK, cymecTByl-OT HeKOTOpbie pa3-

J1114HJl B pe3ynbTaTax pact.teT0B no nporpaMMaM SKETCH&GETERA 11 JAR-FR&CONSYST/ 
EHA693. Pacxo)Kl{eHH.sl M0fYT o6MICHSITbCSI KaK pa3JTH4HeM anropHTM0B pacl.feTa npocTpaHCT­
BeHH0-3HepreTH4eCKOro pacnpe.ue11ett11.sr HeHTpOHOB, TaK H B03M0)1(HblMH pa31111LfIDIMH B HCXO)l­

HbfX 6116JTHOTeKax MHKp0K0HCT8HT. I1o3TOMY B03H1'1K ecTeCTBeHHblH HHTepec B npose.neHHJ,f TeX 
)Ke caMblX pac4eTOB no nporpaMMe SKETCH c 11cnom,3oaatt11eM 26-rpynnoaoro K0HCTaHTHoro 
o6ecne4eHHSI CONSYST/EHAE93. 3TH pac4eTbt noKaJaJJH rronHoe coananeHHe c pe3y11bTaTaMH, 
nony4aIOW.11MHC.sr npH npHMCHCHHH K0MTIJleKca nporpaMM JAR-FR C K0HCT8HTHblM o6ecne4eHHeM 
CONSYST/EHAE93. TTocnel{Hee no3ao11sicr cnenaTb Bbmo.n 06 a,ueKBaTH0CTH Mo.uen11poaatt11.sr a.3. 
PY EPECT-2400 c noM0W.blO K0MnneKca SKETCH 2000. 
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B HTore B KaYeCTBe OCHOBHOrO cpe.n.crna no.n.rOTOBK}f MaKpoceYeHHH, K03QJQJHUHeHTOB .n.11cp­

cpy31111 11 .upyrnx napaMeTpOB ,llJISI rpynnOBblX .llHQJQJY3HOHHblX pacl.feTOB Bbt6paH KOMITJTeKC 

CONSYST/.6HA693. Bb16op o6bsicHsieTcsi so MttoroM TeM, YTO 11MeHHO 3TOT K0MITJleKc 11cnoJ1b3Y­

eTCS1 no.n.aBJISIFOLUHM 60JlbWHHCTBOM HCCJle)l0BaTeJlbCKHX K0JIJieKTMBOB, yYaCTBYIO[QHX B npoeKTe 

BPECT, a KOppeKTHOe C0ITOCTaBJleHHe pe3yJlbTaT0B pa3Jil14HblX aBTOpOB ecTeCTBeHHO Tpe6yeT 

e,nMHOH KOHCTaHTHOH 6a3bl. 

,[vlsi Tennorn.n.po.n1-1ttaMHtiecKoro pacy_ern nepexo,nttblX npoueccos B a.3. 6b1cTporo peaKTopa c 

)KHJJ.K0MeTaJ1J11,iLfeCKHM TenJlOH0CHTeJieM HCIT0Jlb30BaJiaCh MH0royp0BHeBasi MO)leJib, B KOTOpOH 

HapsiJiy C paCLfeT0M nonew TeMnepaTyp, CKOpOCTH H )].aBJieHml BO BCeH 30He B np116mt)KeHHH no­

pHCTOro Tena (yposeHh ' a.3." ) o.n.ttospeMeHH0 .n.nsi scero speMeH11 paccMaTp1,maeMoro npouecca 

np0113B0)llffCSI paC4eT JIOKa.JibHblX (ypoBeHb "Sl4eHKa-TB3JI ' ) 11 ocpe.ntteHHbIX (yposeHb " c6opKa 

TB3nos") no Ce4eHmO Sl4eeK 3HaLJeH11H TeMneparyp, CKOpOCTeH 11 )laBJieHHH. 

TipHMeHemte np116JIH)KeHID1 nopHCTOf0 Tena IT03BOJISleT yYeCTb TaKHe oco6eHHOCTH K0HCT­

PYKUHH a.3., KaK 6ec'-!exnos1,1e TBC 11 npocpH11Hposam1e 3a ctieT npoxo)J,Horo cel.feHH.ll. Pewett11e 

3a,na4 6onee .n.eTaJlbHOro ypOBHSI ,naeT B03M0)KH0CTb onpe,neJIHTb 3cpcpeKTHBHble K03QJQJHUHeHTbl 

rrepettoca HMnyn1,ca H 3HeprHH conp0THBJieHHH ITOTOKY )KJ,IL(KOCTH, TeITJI0OT)lalJH H TepMHYeCK0f0 

conpOTHBJieHID! TB3Jla H TeM caMblM 3aMKHYTb CHCTeMy ypaBHemrH coxpaHeHHJI B nopHCT0M TeJie. 

MttoroypoBHeBblH pac'-leT IT03BOJISleT KOppeKTHO Y4HTblBaTb speMeHHble 3aBHCHM0CTl1 3cpcpeKTHB­

HblX K03QJQJMUHeHTOB nepettoca, KOT0pble M0fYT 6b1Tb nony4ettbl TaK)Ke H3 3KCnep11MeHTaJibHblX 

)laHHblX. 

B HCIT0JJb3YeMOM np116mt)f(eHHH a.3. peaKTopa npeJICTaBJISleT co6mo MHOf0KOMITOHeHTH0e 

nopHCT0e Teno. 8 Ka4eCTBe 0T,neJJbHblX KOMITOHeHT0B a.3. paccMaTPHBaJIHCh O,llHOQJa3HhlH TeITJIO­

HOCHTeJJh, TB3Jlbl HeCKOJJhKHX THITOB (k = l ... type), K0HCTPYKUH0HHbJe JneMeHThl. 

,[vlsi T.HITl{LfHblX sapHaHTOB npoeKTHpyeMbfX nepcneKTHBHbIX PY, K0f)J,a )I0JISI_ K0HCTpyKUH0H­

HbIX 3JleMeHTOB B 30He HeBemtKa M ITJI0TH0CTh 3HeproBbl)leJieHHSI B Hl1X Mana, pacnpe)leJJeID!e no 

a.3. cpe.n.tteH TeMneparypbl Tconstruc( K0HCTPYKUH0HHbIX 3JJeMeHTOB npHHHMaeTCSI paBHbIM pacnpe­

.uenemno cpe.n.tteii TeMneparyph1 1j-TellJl0Hoc11Tem1. 

YpastteHID! coxpatteHIDI MaCCbl HMnyJibCa 3Hepnrn 11 ypaBHeHHe C0CTOSIH.HSI .L(JISI_ TeilJJOHOCH­

TeAA B M0,llenH nop11CTOfO Tena HMelOT CJ1e,ny10uu1.11 BH,n: 

a(c1 p1 )/a-r+div(c1 p1 u)=O· (4) 

o(c1 p1u, )/itr+div( c1 p1 uu, )= div( G )-F, -€1 (gradP e, )+c1 p1 g, ; (5) 

c1 (o(E1p1T1 )jitr+div(c1 p1uT1 )) =-div(q)+qv; (6) 

P J = P J (P, Tl ) , (7) 

r,ne E f = Vr /V - nopHCT0CTb no TeITJI0HOCHTemo; pf - ITJJOTHOCTb TeITJI0HOCHTensi ; U - BeKTop 

CK0pOCTH TeITJJ0H0CHTeJJ.ll; <f - TeH3op HanpSl_)KeHHH, CO.D.ep)l<aIIl,MH 3cpcpeKTl1BHYFO BS1_3KOCTh ~ Te­

ITJJ0H0CHTensi; F, = K,p f juju 
1 

- npoeKU,HSI CHJlhl conp0THBnemu1 IT0TOKY )KJ,l,llK0CTH; p - .nasne-

HHe TeilJJ0H0CHTem1; e, - e,lll1HM4Hh111 HanpaBJISI_IO[QHH.BeKTOp K00p,llHHaTbr g , - npoeKUHSI ycK0-

peHMSI cso6o.nttoro na,L1,ettHS1; Cf - TennoeMK0CTh TennoHOC11TeJJS1; q - BeKT0p TeilJJ0B0f0 IT0T0Ka; 

qv - 3cpcpeKTHBHaSI ITJJ0TH0CTb 3HeproBbI,lleJlel-lHSI B TellJI0H0CHTeJJe. 

,[vlsi onpe.ueneHHSI TeMneparypbl TB3JJ0B B Ka)K)J,0M H3 HHX pewaeTCSI 0)lH0Mepttoe y pasHeHJ,Je 

TennonpoB0)lH0CTH 

[pcar/a-r = div().,gradT)+ q,, l (8) 

C rpaHH'-IHblMH ycnOBl1SIMl1 TpeTbero po)J,a. 

On11caHHbIH crroco6 pact.JeTa pean113osatt B K0MITbFOTepHOM K0.D.e THEHYCO-3DT [2, 3]. ,[vlsi 

peweHHSI CHCTeMbl ypasHeHHH (4) . . . (8) tteo6XOJ].KMO orrpe,l1.eJll1Tb K03QJQJ11U,HeHTbl 3 cpcpeKTl1BHOH 

TennonpoB0)J,H0CTH, 3cpcpeKTl1BHOH BSl3K0CTH H conp0TMBJleHl1SI IT0T0KY )Kl1)lKOCTH. OHH HaX0)lSITC~ 
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113 3KCnep11MeHTaJlbHblX )laHHblX HJlH pe3yJlbTaTOB peweHHSI 3a.na1-rn 6onee .neTaJibHOfO paCCMOT­

peH11SI ypoBHSI "c6opKa TB3JTOB" [ 4, 5]. 

2. Bepmj>uKaUHH Ko.ua THEHYC0-3DT 

00 

H 

P11c. I. Ce'-1eH11e MonenbHOH c6opK11: 
a = 10,2 MM H = 90,4 MM, s = 
= 17,5 MM, di= 14 MM, d2 = 12 MM; 

l.(11cppaM11 0603HatJ.eHb1 xapaKTepHb1e 

~ 62 

lf 60 
~ -g "" ) 0. 

g 56 
::. 

B uem1x aepmjrnKau111-1 nporpaMMHOro KOMnneKca BbI­

nontteHo Mo.nen11poaam-1e 3KCnep11MeHTaJ1bHOH c6opK11 <D3H 
[6]. Mo.nenbt-.Ja.SJ TBC a.3. peaKTopa nma 6PECT npe.ncTaa­

;rneT co6oH ny40K CTep)KHeH, pacnOJlQ)KeHHblX B KBa.npaTHoij 

ynaKOBKe. TBC pa3611Ta Ha .nae nomottbI, pa3JTHYaJOLUHec.st 

.n11aMeTpaM11 cTep)KHeH 11 ypoatteM 3Heproab1.nenem1.st. Mo­

.nenbHast TBC co.nep)KHT )lHCTaHUHOHHpylOll()'JO peweTKy 

BblCOTOH 3 8 MM, pacnonaraJOI..U)'lOCSI Ha BbICOTe 40 CM OT 

BXO)la. ,[vl11Ha 30Hbl 311eproBbJ)leneHHSI no Bb!COTe COCTaBJTSleT 

96 CM. Ilonepe•rnoe cel.feHM.e MO)leJlbHOH c6opKH npe.ncTaa­

JTeHo Ha pHC. 1. B Ka'-leCTBe TenJTOHOCITTem1 HCTTOJlb3YeTCSI 

cTTJTaa HaTp11ii-Karri-ti1: 22 %Na + 78 ¾K). 
Ha pHC. 2 nOKa3aHbl pe3yJTbTaTbl cpaBHeHHSI 3KcnepH­

MeHTaJibHblX 11 pac4eTJ-lblX pacnpe.neneHHH no BblCOTe TBC 
TeMneparypbl Ha BHewHeH noaepXHOCTH H3MepHTeJlbHOro 

TB3Jla )lJl.SI pe)KHMOB pa60Tbl C pa3JI111.{Hb!M COOTHOllleHHeM 

MOLUHOCTeH 3HeproBbI)leJieHHSI B Il0.U30He. IJ,11.cppaMH l H 2 
o603Hal£eHbl pacYeTHbJe 11 3KCnep11MeHTaJlbHble KpHBbte, co-

OTBeTCTBeHHO. 

u 68 l 
~66 I -~--
~ 64 ~ 

::. 60 -
~ 54 .._____ _____ r--------, 

t 62'C 2 

~ 58 -,--------, 

0 0,5 

8b!COTa, M 

a) 

~ 72 

i. 70 1 l ~ 

J?,~ 
0 0.5 

8b!COTa. M 

e) 

0 0,5 

8bJCOTa, M 

6) 

u 
o 68

1 

I __. 
~ 66 .... -

[ 64 -~--: 2 § 62 r 
,'-' 60 --~----~----~ 
i--

0 0.5 

8blCOTa, M 

2) 

Puc. 2. PacnpeneneHne TeMneparyp Tcn11OHoCHTem1 no BblCOTe TBC np11 £ = I 0,2 MB; u =2,6 Mic; Re = 
53 393 nmr pa3J1114HbIX coornoweH11i-f MOI.UHOCTei-1 :)HeproBbIJle11emu1 no nomoHaM: a) N15 I N10 = 1,35 KBT / 
2 KBT; 6) N15 I N10 = 1,65 KBT / 2 KBr; e) N15 I N10 = 2 KBT / 2 KBT; ?) N15 I N10 = 2 KBT / 1,65 KBT 
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CpeJJ.Hee 3HaYem1e OTKJlOHeHIUI pacYeTHblX 3HaYeHHH TeMneparyp OT 3KCnep11MeHTa.Jlbl-lblX 

paBH.SleTC.Sl 3 %, a MaKCHMa.JlbHOe pacxo)KJJ.eHI-te 4, 7 %. PacYeTbl nOKa3aJTH pa6orncnoco6HOCTb 

nporpaMMHoro KO.Ila THEHYCO-3DT Ha 3a,1wYax JWHHoro Ttma. 

3. Mo.i:.emtp0Bau11e aBap11nnb1x npoueccoB B a.3. npoeKTHpyeMon PY liPECT-2400 

B nocne.n.Hee BpeM.SI B paMKax pa3BHTl1.ll KOHUeITUI1H nepcneKTI-fBHblX 6bJCTpblX CBHHUOBOOX­

Jia)KJJ.aeMbrX peaKTopoB paccMaTp1,rnaeTC.Sl B03MO)KHOCTb C03.l].aHH.Sl PY 60JihWOH M0IUHOCTH (2 400 

MBT JJI.) 6PECT-2400, .D.JI.SI KOTopow xapaKTepHhI cne.11.y10m11e KOHCTPYKUHOHHbre oco6ett1-1ocT11: 

• cymecTBeHHa.Sl npOT5!)f(eHHOCTb 11 MO.llYJibHa.Sl CTPYKT)'pa a.3. peaKTOpa; 

• npHMeHeHHe 6ecyeXJIOBbIX TBC KBa.n.paTHOfO CeYeHIDI C HHTPH.11.HbIM ypaH-nnyro1-11-1eBblM 

TOITJlt-fBOM. 

Pa3pa60TaHHblH nporpaMMHblH KOMITJleKC HCIT0Jlb30BaH .l].JIH MO.l].eJTHposaHHH .l].HHaMHYeC!UfX 

npoueccos B a.3. PY BPECT-2400 B aBapHHHhIX pe)KHMax, cs.si3aHHhIX c BBo,n;oM MaKCHMa.JlhHOH 

ITOJIO)f(HTeJihHOH peaKTHBHOCTH npH HeCaHKUHOm1poBaHHOM BblBO.l].e CY3, a TaJOKe npoueccoB, 

npOHCXO.ll.SllUHX npH Ha.JlO)KeHHH co6bITHH, TaKHX KaK BBOD. ITOJIO)f(HTeJibHOH peaKTHBHOCTH 11 OD,­

HOBpeMeHHa.Sl 6JioKa,n;a npOXO.l].HOfO Ce'-!eHH.Sl a.3. OTMenl.M cne.a.y10mHe OCHOBHbJe YepTbl PY 

BPECT, KOTOpbie 1-1eo6XOJJ.HMO YYITThlBan, rrpH Mo.11.em1poBaHHH TeITJIOrH.D,pO.l].HHaMH'-leCKHX npo­

ueccoB [7]. TornIHBOM CJIY)f(HT MOHOHHTPH.ll ypaHa 11 ITJIYfOHH.Sl (UN + PuN) ITJIOTHOCTblO 13 
r/cM

3
, TennonpOBO.JlHOCTblO ~ 17 ... 20 BTl(M·°C) M Te~meparypoi1 nnaBnemui: 2 800 °C. MaTep1-1ar1 

o60JI04KH TB3JIOB - cpeppMTHO-MapTeHCHTHa.SI CTaJib C 12 %Cr ),f I %Si, TOJI[UHHa o60JI04KH 0 ,5 

MM. ITpe.n,eJibHO .n.onycTHMa.SI TeMneparypa BttyTpeHHeH nosepXHOCTH o60JIO-YKH 650 °C. 

TBC a.3. BblITOJllliJJOTCH 6eCKO~OBb[MH, a TB3Jlbl B HHX pacnonaraJOTC.Sl B KBa.n.paTIIOH yna­

KOBKe, YTO o6ecneYH.BaeT 60JlbWYlO o6beMttylO .ll.OJllO CBHHl.l,a B aKTHBHOH 30He (70 %). B a.3. BMe­

CTO o6btlfHOfO BbtpaBHHBaHH.Sl pa,llHa.JlbHOro pacnpe.n.eneHIUI 3Hepr0BbIJJ.eJieHJ-rn 06orame1-1HeM TO­

ITJIHBa (peaKTOpbl THila EH) npHMeHeHO TpeX30HH0e BblpasmrnaHHe no.n.orpeB0B CBHHUa 11 TeMne­

paryp o6oJIO'-leK TB3JIOB nyreM npOq>HJIHpOBaHIUI 3HeproBbIJJ.eJieHl-ui H pacxo.ua CBHHUa B TBC 3a 

C'leT HCil0Jib30BaHl1.Sl TB3JI0B pa3H0ro .u11a- Ta 6 JI H u a 2. reoMeTJ)H'leCKHe pa3Mepbl a.3. peaKTopa 

MeTpa, HO c O,llHHaK0BbfM co.n.ep)f(aHHeM (6 ) e3 OTpa)KaTem, H psi.n HHTerpanbHhlX napaMeTpOB 

nnyroHH.Sl B 3arpy)f(eHHOM TOilJlHBe. B 

Ta6n. 2 np11BeJJ.eHbI reoMeTpHYeclOfe napa-

MeTpbl a.3. 

L,M 

13,182 

D,M H,M 

2,197 0,94 

K3nv1, K, K, K= 

1,0255 1,926 1,636 1,177 

3.n.ecb L, D, H - cooTBeTCTBeHHO .UJIHHa, w11p1rna H BbIC0Ta aKTHBHOH 30HbI, a K3<1>q,, K,., Kn K= 
- 3cpcpeKTHBHblH K03q>q>11UHeHT pa3MHO)f(eHH.Sl, 06beMHblH, pa.l].HaJibHblH H BbJCOTHblH K03q>q>HUH­

eHTbl HepaBHOMepHOCTH 3HeprOBbI.l].eJieliHH, C0OTBeTCTBeHHO. 

PacYeT cma11u01-tapH020 pe:J1cUMa pa6ombl peaKmopa 11a no11Hou ,vt0ll/H0cmu BbJITOJIHeH c ue­

JihJO noJiyYeHHH pacnpe,neneHHH ,llaBJieHH.Sl, CKOpOCTH TeMneparypbl TenJI0HOC11TeJU1 11 TB1JI0B, KO­

T0pble HCITOJib30BaJil1Cb B Ka"!eCTBe Ha4a.JlbHblX ycJIOBl1H npH M0,D.eJIHpOBaHHH pacCM0TpeHHhlX 

nepexoJJ.HbIX npoueccos. 

B Ka'-!eCTBe npHMepa Ha pHC. 3 ... 5 IlOKa3aHo H3MeHeHHe no BbJCOTe a.3. npo,D.0JJ bHOH CK0po­

CTH H TeMnepaT)'pbl TeITJIOHOCHTeJI.Sl .l].JIH Bcex TBC, TeMneparypbl o6oJIOYKH TBJJJa ),f MaKCHMa.Jlb­

HOH TeMneparypbl TonnHBa B ueHTPaJibHOH TBC. ITonyYeHHhre pacnpeJJ.eJieHHH Tel\rneparyphl Te­

ITJI0H0CHTen.si B rronepeYHOM ceyemm a.3. Ha BbICOTe 60 CM OT BX0,D.a (B o6naCTH l\laKCHMaJibHOfO 

3Heprosb1,n.eneH11.S1) npe.n.crnBJieHbl Ha p11c. 6, a pacnpe.uene1-11-1e TeMneparypbI no pa!l,nycy TB3Jia B 

ueHTPaJibHOH TBC Ha TOH )Ke Bbtcore noKaJaHo Ha pHc. 7. 

Beoo Ma1<cirna'lbH01.1 no110J,cume.r1bHOz1 pea1<mue,1ocmu (TOP WS) HMHTHpoBancsi nyTeM BhI­

B0.D.a BCex CTep)f(HeH CY3 H3 a.3. 6e3 cpa6aTbIBaHH.Sl aBapHHH0H 3a[UHTbl. PeaKTHBHOCTb, BHOCH­

Ma.Sl B ,naHH0M pe)KHMe, COCTaBJUleT nopH.D.Ka Llp ::::: 2 · l 0-3 $. 
. Pe:;1cz1.M I (c1<opocmb eb1eooa cmep:;1C1-1eu CY3 1,5 .11/c) Mo,uenHpyeT caM0XOJJ. cTep)lrne?i 

ynpaBJieHHH 11 3aLUHThl. BcnJibJBaHHe CTep:arneH np011CXO)].HT 3a C4eT ITOTOKa TenJI0HOCHTeJUJ, no-

3TOMY CK0pOCTb BB0.D.a peaKTHBHOCTH npHHHMaJiaCb paBHOH CKOp0CTH TenJIOHOCI1TeJI.Sl. 

45 



---
V, M/C 

2 

1,5 

0 0,2 0,4 0,6 0,8 

Plic. 3. Pacape.ne11em1e no BhICOTe a.3. npo.noJJbHOtt 
CKOpOCTli TenJJOHOCHTem:1 (Ka)K.Q<UI KpHBa.R nOKa3bl­
raeT 113Mettem1e cpe.nHei1 no cet.teH1110 TBC cKopo­
cni B 0.llHOH c6opKe) 

T,K 
I JOO 

1000 

900 

800 
2 ----------------· 

3 

700 ,...._ __ ......_ __ ....._ __ ~ ___ ,____~ 

0 0.2 0,4 0,6 0,8 

Z, M 

P11c. 5. Pacnpe.neneHHe no BhICOTe a.3. MaKClfMaJJb­
Hoi-f TeMnepal)'pbl TOnJJHBa (l), BHeWHeH nosepXHO­
CTH o6oJJOl.fKH (2) If TenJJOHOCJITeJJ.R (3) ueHTpaJJb­
HOH TBC 

T, K 
1 100 

1000 

900 

800 

700 ,...._ __ ,___ __ ...._ __ ,___ __ ...._ _ ____. r, MM 

0 2 3 4 5 

P11c. 7. Pacnpe.neneHHe TeMnepaTypbt no pa.n11ycy 
TB3Jla .nm, ueHTpaJJbHOH TBC Ha BblCOTe 60 CM OT 
axo.na B a.3. 
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T,K 
850 

800 

750 

700 

650 Z, M 

0 0.2 0,4 0,6 0,8 

P11c. 4. Pacnpe.nenett11e no BhICOTe a.3. TeMrreparyp1,1 
TeruIOHOCJ.ffeJJ.R (Ka)K,ll<UI Kp11Brul IJOKa3b1BaeT H3Me­

HeHHe cpe.ntteii no ceIJeHHJO TBC TeMrreparyphl a 
O.QHOH c6opKe) 

T,K 

800 

780 

760 
4 

2 
X 

10 20 30 40 50 

P11c. 6. Pacnpe.neneHHe TeMnepal)'pbI Tenn0Hoc11Te­
m1 B nonepe'-IHOM cet.teHHJ1 a.3. Ha BblCOTe 60 CM 
(npe.ncTaaneHa ¼ t.taCTh a.3., no oc11M x M y OTJJO)KeH 
HOMep TBC) 

Ha pHC. 8 ... 11 TIOKa3aHbl H3MeHem1e BO 

speMeHH cpeJ],HeH TeMneparypbl TOnJIHBa, 060-

JJOYKH 11 TennoHoc11TeJJ11 B uettTpanbHOH TBC 
Ha BbICOTe 70 CM OT BXOJ],a B a.3., pacnpeJ],ene­

HJ,te noJJj! :rneproBbIJ],eneHHR s nonepeYHOM ce­

lfeHHH a.3. Ha BblCOTe 10 CM J],0 H qepe3 20 C 

nocne 1-1a4ana npol(ecca, a TalOKe pacnpe.uene­

HHe TeMneparypbt no paJJ.eycy TB:3Jla s L(eH­

TpaJlbHOH TBC Ha BbICOTe 70 CM s ycrnHoBHB­

weMC$1 CTal(HOHapHOM pe)l(HMe. PacnpeJ],eneHHR 

TeMneparyp H CKOpocTeH no BblCOTe a.3. yepe3 

20 c nocne HaYana asapHHHoro pe)l(HMa noKa-

3aHbl Ha pHC. 12, 13 ' COOTBeTCTBeHHO. 



T, K 
I 100 .-----.----.---~--~--~ 
I 060 
I 020 

980 
940 
900 
860 
820 
780 
740 
700'------'-----'-----'---------'------' 

0 2 3 4 5 
l, C 

PHC. 8. l13MeHeHHe BO epeMeHH cpe.nHeH TeM­
nepaTypbt TOnJJHBa (1 ), o60JIO'-IKH (2) H Ten­
JJOHOCHTem1 (3) B ueHTpaJJbHOH TBC 

Q, BT 

l ,5•10s 

l ·IOs 

P11c. I 0. Pacnpe.nenett11e non.11. 3Heproeb1,nene­
HHJ1 B nonepel!HOM ceqeHJ,IH a.3. Ha BhICOTe I 0 
CM qepe3 20 c nocne Ha'-lana rrpouecca (npen­
CTaBJieHa ¼ lfaCTb a.J., no CC.RM X H y OTJJO)KeH 
HoMep TBC) 

900 T, K 

800 

700 

600 .___ _ __.. __ ----'--__ __,__ _ _ ....__ _ __, =, M 

0 0,2 0.4 0.6 0,8 

P1-1c. 12. Pacnpe.nenem1e no BhlCOTe a.3. Ter.rne­
parypb1 TennoHOCHTem1 llJl.!l Ka)K,noii TBC '-1epe3 
20 c nocne Hal!ana npou.ecca 

Q,BT 

X 

PHc. 9. Pacnpe.neneH.He non.R :rneproeb1,nene1urn e 
noaepeqHoM ceqemrn a.3. Ha BbICOTe IO CM nepe.n 
Ha'-!anoM npouecca (rrpe.ncrneneHa ¼ '-laCTb a.J., no 
CC.RM X H y OTJJO)KeH HOMep TBC) 

TK 
I 100 .--' -~---.----~--,-----, 

l000 

900 

800 

r, MM 
700 '----~--~--....__-- ~-~ 

0 2 3 4 5 

P1-1c. 11 . P~cnpe.neneH11e TeMneparyphl no 
paneycy TB3JJa ueHTpam,Hoti TBC Ha Bb1co­
Te 70 CM qepe3 20 c nocne tta'-!a.na rrpou.ecca 

v, MI C 

2 

1,5 - - -- -

=, M 

0 0.2 0.4 0.6 0,8 

PHC. 13. Pacnpe.neneHHe no BblCOTe a.3. CKOpO­
CTl1 TeITJJOHOCHTeJJ.!l llJl.!1 Ka)K,UOH TBC Yepe3 20 c 
nocne Ha'-!ana npou.ecca 

PacLJeTbl noKa3bIBalOT, '-!TO B pacCMOTpeHHOM pe)KHMe Ha.JTH4He .nonnepOBCKOro 3cpcpeKTa no-
3BOJrneT H36e)KaTb He)],onycnfMblX neperpeBOB o6on04Kl1, Tonmrna H TeITJlOHOCHTeJI.!l. 

Pe:J/CUM 2 (cKopocmb 6bl600a cmep:J!CHezi CY] 4,5 Mic) MO)KeT 11MeTb MeCTO B cny4ae JIO­

KaJibHOro ysem-1Yemu1 CKOpOCTeH TenJTOHOCHTemJ BO scex KaHanax C CY3, 4TO MaJIOBepO.!ITHO HO 

C T04Kl1 3peHH.!l nocne)],CTBl1H HaH60JTee He6naronp11.!1THO )],JI.SI a.3. 
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Ha p11c. 14, 15 CTOKa.3aHO 113MeHem1e cpe,uHe.H Ter.meparypbl TOTTJUIBa 11 TenJIOHOCl1TeJH1 B UeH­

Tpa.rThHOH TBC Ha BblCOTe 70 CM OT BXO,[l,a B a.3. OT spel\1eHl1 33 nepBble 90 C H 1 C, COOTBeTCTBeH­

HO. Pacnpe}leJ1em-1e TeMnepai:yp l1 CKOpOCTeH no BblCOTe .[I.JUI scex TBC B HOBOM CTaUMOHapttoM 

COCTOHH1111 nOKa.3aHO Ha p11c. 16 H 17. M3MeHett11e TTOJlH :meprOBbl,lleJ1eHl1H B nonepet.JHOM Ce4eHIDI 

a.3. Ha BblCOTe 10 CM B CTaUHOHapHOM COCTOHHHH C TTOJlHOCTblO 113BJle4eHHblMH CY3 OT06pIDKeHo 

Ha p11c. 18. Ha p11c. 19 nOKa.3aHo ttosoe crnu11ottapHoe pacnpe.neneH11e TeMnepai:yp no pa.ni,rycy 

TBJJ1a .nn.si: ueHTPaJibHOi1 TBC Ha BbIc0Te 70 CM. 

B 3TOM pe)KHMe peaKTOp nepexomrr Ha HOBbIH CTau110HapHblH yposeHb MOll{HOCTH 3a BpeMR 

nop.si:.nKa 100 c. Bb16er MOIUHOCTH peaKTopa .llOCTHraeT 3Ha4eHHH Nwm = 4, 1 NHoM, a MaKCHMMbHa.si: 

TeMnepai:ypa 06onot.JeK TB3J10B 1 200 °C, 4TO TTOlJTH B,LI.BOe npeBbllllaeT .nonycnlMOe 3Ha4em,e. 

MaKCHMaJlbHble 3Hat.Jemrn Tel\mepai:yp .nmI TenJlOHOCHTeJlH H Tonmrna np11 3TOM He npeBbllllaJOT 

CBOHX KpHTHt.teCKHX 3Hat.JeHl1H. TaKHM o6pa.30M, B ,naHHOM rnnoTeTl1t.JeCKOM pe)KHMe npOH30H,lleT 

pa.3pyrnettlie 060110'-leK TB3JlOB TBC. 

flomepR npuHyoumeJ1bHoz1 i1upKy.T1J1ifuu cau1111a (LOF WS) - '-taCTHt.tHa.si: 6110Ka.na npoxo.n.ttoro 

cet.JeHHH Ha sxo.ne B a.3. 3ToT nm asap1111 paccMaTpHBaJJCH no.npo6Ho B npe.llhl.UYIUHX pa6oTax 

[8]. 3.necb )Ke }laH cpaBHlffeJlhHblH aHaJJH3 BJ1HJIHl1.sI o6paTHblX CBH3eH no TeMnepai:ype 11 ITJ10THO­

CTl1 TenJ10HOCHTeJ1.si: Ha Tennorn.upaBJlHt.JeCKHe xapaKTepHCTHKH a.3. npH 6110Ka11e Ha sxo11e I6-TH 

ueHTPaJihH1>1x TBC. 

830 

700 ~--~'---~'---~'---~'-~ I, C 

0 20 40 60 80 

P11c. 14. vl3MeHeHHe cpe.11.Hett TeMrrepa-rypbl TOIT­
m,rna (I). o6on04KH (2) H TellJlOHOCHTenn (3) B 
ueH-rpanbHOH TBC Ha BblCOTe 70 CM 3a nepBbie 
90 c rrpouecca 

T,K 

I 200 

1000 

800 

600 .___ __ .__ __ ..__ __ ...,__ __ ...._ _ ___, =· M 

0 0.2 0,4 0.6 0.8 

P11c. 16. Pacnpe.11.enem,e no BblCOTe TeMneparypbl 
TennoHOCHTenn AJ1n Ka)l(JJ.OH TBC Yepe3 100 c no­
cne Hal.fana npouecca 
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T. K 
I 540 ~--~,--~,--~,--~, -~ 

I 435 1---------------~ 
I 330 1------11----==--========l 
I 225 1------,,,=------------------1 
I 120 1-----1-

1------------1 
I 015 1-----+-j _____ ~...,,__ ___ __, 

910 f=,-</"---------==-=~----:c!":':":~c:':l-
805 1-----""'-~-..<..C--~----·=--_-·_·=--_·_··_··_··_··_·_··_··_··_·_··_·3_·--l· 

- --~ .. , ,, · 

700 ~--'~---'---'---'-~ l, C 
0 0.2 0,4 0.6 0,8 

P11c. 15. l13MeHeID!e cpenHeH TeMnepaTypbl Toa­
mrna ( l ). 06011oqK11 (2) H Ten11OHoc11Tenn (3) B 

ueHTpanbHOH TBC Ha BblCOTe 70 CM B Te'!eH11e 
l-i1 ceKyHJJ.bl npouecca 

2.5 
\', M/ C 

2 

1.5 

0 0.2 04 0,6 0.8 

P11c. 17. Pacnpe,nene1111e no BbJCOTe cKopocrn 
TennoHocnTenn AJ1n Ka)l(noi1: TBC '1epe3 I 00 c 
nocne Ha'!a.na npouecca 



Q,BT 

, . ,06 

8-105 

6-I05 

X 

P1-1c. 18. PacnpeneneHHe nom1 3HeprOBbI,nene­
HID1 B nonepelfHOM Ce4eHlfH a.3. Ha BhlCOTe 
IO CM 4epe3 l 00 c nocne aaqana npouecca 
(npe.ncrnaneHa ¼ qacTb a.3. , no oc.sIM x Hy oT­
JTO)l(eH HOMep TBC) 

T, K 
2 500 

2 000 

I 500 

1000 ~-~-~--~-~-~ r, MM 
0 2 3 4 5 

P1-1c. 19. Pacape.nenem1e TeMnepaTYp no pa­
llHYCY TB3na ueHTPaJTbHoti TBC Ha BbrcoTe 70 
CM lfepe3 I 00 c nocne Ha'lana npouecca 

Ha pHC. 20 ... 22 np1:rne,ueHbl paC\.feTHbie 3aBHCHMOCTH cpe.uHeH TeMnepaT)'pbl TennOHOCHTeJUJ 

OT speMeHH npouecca, pacnpe.nenemrn TeMnepaT)'pbI no pa.neycy TB3Jla Ha BbICOTe 70 CM H TeM­

neparypbI TenJlOHOCJITeJUI no BblCOTe a.3. B ycTaHOBHBUieMC.SI CTaUHOHapHOM COCTOHHHH, nony­

qeHHbie 6e3 y4eTa o6paTHbIX CB.SI3eH ( 1) H C HX Yl.feTOM (2), .UJUI ueHTpallbHOH 6110K11pOBaHHOH 

TBC. KaK BH.UHO 113 rpacpHKOB, yYeT HaJlHl.[lffl OTpHUaTeJlbHblX K03cpcp11u11eHTOB peaKTHBHOCTH no 

TeMneparype H nJIOTHOCTH TenJIOHOCHTeJlst npHBO.UHT K CHH)Kemno MaKCHMaJJbHbIX 3HaYeHHH 

TeMneparyp H yMeHbWemno BpeMeHH .neikTBHJI neperpeBOB. 

Tipose,neHHbie pact.teTbl rroKa3aJJH, t.JTO 6ec4exnosa.SI KOHCTPYKUH.SI TBC o6ecneYHBaeT B pac­

cMaTpHBaeMhJX nepexo,nHhIX npoueccax BO3HHKHOBett11e 3aMeTHhIX rronepet.JHhIX nepeTe4eK Ten­

JIOHOCHTeJUJ, KOTOpble npH 6110Kane Ha sxo.ne ,na)Ke 16-TH TBC nO3BOJUIIOT coxpaHHTb TeMnepary­

pbl TenJIOHOCHTeJI.SI " TB3JlOB B .nonycTHMblX npe.uenax. Ha116onee onaCHO BO3HHKHOBeH1-1e 6110Ka­

.IJ;bl npOXO.UHOfO Ce'-leHH.SI B 3OHe BbICOKOfO :meprOBbl,UeJieHH.SI (B paHOHe 70 % BbICOTbl a.3.). TTpH 
3TOM B nepBylO oqepe,ub asapwi1Ha.SI CHT)'aUH.SI 803HHKaeT 113-3a npeBbIWeHHJI MaKCHMaJJbHO .a;o­

nycTHMOH TeMnepaTypbl 060110YKH TB3JlOB. 
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P1,1c. 20. 3aBMCl1MOCTb cpe,ntteti TeMnepaTYpht 
TennoHOCMTemI B ueHTpaJJbHOH TBC Ha Bhl­
coTe 70 CM OT BpeMeHJf npouecca, nony4eH­
HcUI 6e3 yqern o6paTHblX CBJl3eH (I) 11 C HX 
yqeTOM (2) 
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I 000 .-'----.---.....---~--.-------. 

900 

800 

700 r, MM 
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P11c. 21. Pacnpenenett11e TeMneparypbI no pa­
,n1-1ycy TB3JTa, HaXO)J.JILUeroCJI B ueHTpaJJbHOH 
TBC Ha BbIcOTe 70 CM 4epe3 20 c nocne HalIana 
npouecca, nony4eHHoe 6e3 y4ern o6paTHblX 
CBJl3ett ( 1) H C HX y4eTOM (2) 
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800 T, K 
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PHc. 22. Pacnpe.llenem,1e TeMnepaTypbr Tenno­
H0CHTen.si B a.eHTPanhHOH TBC no BbrcoTe a.3. 
'-!epe3 20 c nocne Ha'-!ana npouecca 

3aK.rno~enue 

nony4e1-1 HHcTpyMeHT M0J1en11posa1-111.si a.3. pe­
aKTopos C )l(J,IJ.lKOMeTaJ1n114eCKHM TeruTOHOCHTeneM 

HHTerp11posaHHblH nporpaMMHblH KOMflJieKc 

(SKETCH-THEHYCO), oc1-1osaHHbIH Ha MOJ1ep1-111-

3Hposa1-11-1011 sepc1rn 1-1eihpo1-11-10-cp113114ecKoro pac­

YeTa 11 1-1osoi1, cyw.ecrne1-11-10 nepepa6orn1-11-1oi1 sep­
CHH Tennorn.11.po.11.111-1aMHYecKoro pacYeTa. Cpas1-1e-
1-111e pac4eTOB 11 3Kcnep11MeHTaJlbHblX )18HHblX .11.nSI 

M0)lenH TBC T11na EPECT ( c6opKa <I>3H) ITOKaJano 
pa60Tocnoco61-1ocTb Ko.11.a THEHYCO. Cpe.nttee 
31-1a4e1-111e OTKnOHemu1 pacqeTHblX 3Ha4eHHH TeMne­

paryp OT 3KCnepHMeHTanbHblX paBH.s!eTC51 3 %, a 

MaKCHMaJlbH0e pacxmK)leH11e 4,7 %. ,[(aJ1bHeHl.I.l.11M 

aHaJIH3 Heonpe.ueneHHOCTeH pac4eTOB 6y.neT npoBO)lHTbC.sJ C IT0MOW.b!O cepnt<pHl.1,HposaHHblX npo­
rpaMMliblX K0MnJJeKCOB. 

C noM0UlblO KOMnneKca SKETCH-THEHYCO npose.uetto pac4eTttoe Mo.uen11posa1u1e pR.ua 
asapHHHbIX c1-1ryau11i1 (TOP WS, LOF WS) .UJHI a.3. npoeKT11pyeMOH PY EPECT-2400. nonyi-1e1-1-
Hb1e Ha cerO)J.H.s!WHHH .11.e11b pe3yJTbTaTbl ITOKa3b!BalOT. 4TO npe,LJ,CTasneHHb!H KOMITJTeKC TT03B0JT51eT 
pewaTb aKryaJlbHbJe 3a,LJ,8l.fH npoeKTHposaHJ,fjJ nepcneKTHBHblX 6bJCTpblX )l(J,f,UKOMeTaJIJTH4eCKHX 

peaKTopos. 
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Y ,LU{ 621.039.5 
KoMTiblOTepnhlH KOMnJieKc onTHMHJa.u;uoR11b1x nporpaMM (Ko.a.) "TOBAS" 

A.B. K11u.11teHKO, 

O61.l.(eCTBeHHblH <pOH.Ll "11ttcnrryr CHCTeMH0-3K0H0Ml14eCKHX 11CCJJe.LJ.OBaH11H HM. 51.B. Wesenesa" 

144009, r. 3neKTpOCTaJJb MocKOBCKOH o6JlaCTl1, a!H. 9 

Om1caHb1 B03MO)f(HOCTH KOMnbJOTepHoro KOMITJJeKca onrnMHJau110HHhIX rrporpaMM (KO.D.a) "TOBAS", 
npe.D.HaJHa'-!eHHOfO JUHi onTHMH3aUHH pa3811Tl1SI CHCTeMbl o-rpacne», cpyHKUMOHaJlbHO CBSl3aHHblX Me)f(ey 
co6oii, s '-!aCTHOCTH, H,nepHoro TOnJlHBHO-:mepreTJ-J'-leCKOro KOMnJieKca (5JT3K). 

THE "TOBAS" OPTIMIZATION COMPUTER CODE. A.V. KLIMENKO. The opportunities of 
the "TO BAS" computer code intended for optimization of development of system of branches, functionally 
connected among themselves, in particular, of nuclear fuel and energy complex are described. 

1. 06maH xapaKTepHCTHKa 

KoMITblOTepHbIH K0Mru:IeKc 0ITTHMH3aU.H0HHbIX rrporpaMM (KO.LI.) 'TOBAS" Han11caH Ha Jl3bJKe 

<l>opTpaH B MaWHHHO-He3aBl1CHMOH cpopMe H npe)].Ha3Ha'-leH .LJ.Jl51 0nTHMH3al.{H.H MH0ro11epapxwie­

CKHX MH0roMepHbtX CTPYKTYP 6onbwoi1 CJl0)KH0CTH. 

OITTliMH3a~H51 518Jl51eTC51 3JleMeHTOM npou.ecca npHilllTHJI peweH1151. B '-laCTHOCTl1, KO.LI. 

"TOBAS" onTHMH311pyeT pa3BHTH.e 11 pa3Mel.l.(eHHe orpacnH (BKJ1l04a.5t KpynttbJe npe.unpH51THJ1-

TeXHoJJorn4ecKHe MOHOl10Jl11H), a TaJOKe CHCTeMbl OTpacneH, <pyHKU110HaJJbHO CB513aHHblX Me)K)l)' 

co6oi1., H C0CTaBJl51eT .LlOJlrocpoy_HblH ITJlaH pa3BHTH51 H pa3Mel.l.(eHH51 0TpaCJlH (cHCTeMbl OTpacnew). 

Ko.LJ. "TOBAS" 0TKpblT .LJ.Jlst n106b1X MO.LJ.enei1, T.e. 1-1.ueonornJ1 "TOBAS ' TaKosa, 4T0 ero 

MO)K}{O HaIT0JlHSITb (H )].OITOJJHHTb) Jll06b[Ml1 M0.UeJlHMH (3KOHOMH''leCKMMH, <pH311'-!eCKl1MH, TeXHl1-

4eCKH.MH, 3K0J10rH4eCKHMl1, 6HOJ10rH4eCKl1MH Me.UHUHHCKHMH 11 T .,n.). I1p11t.ieM HMeeTC51 803M0)K­

H0CTb rettepHpoBaTb M0.UeJlH np011380)].CTB (HllH npoueccos) mo6ow KOH<pHrypau.HH. 

TiocKOJlbKY 0TpaCJlb M0)KeT BKJll04aTb KPYITHbJe npe.unp1151TJ,fjj-TeXH0JJ0rH4eCKHe M0H0l10Jll1H, 

TO pewaeMa.51 3a.n;at.ia 011THMH3au1111 HBJJHCTC51 HeJJHHCWHOH, qacTH4HO-U.C110'-l.HCJlCHHOH, )].HHaMH4e­

CK0H 3a.n;a4ej;i HeBbirryKJloro MaTeMaTH4eCK0ro nporpaMMHposaHH.s! 60JJbWOH pa3MepH0CTH. C 
MaTeMaTW-IeCKOH T04KH 3peHl1H 3T0T KJlacc OITTl1MH3aUH0HHblX 3a,D.aY. .s!BllHCTCJI caMblM TPY.LlHblM. 

no )Ke11attH10 noJ1b30BaTeJU1 Ko,n "TO BAS" 0TbICKHBaeT 1rn60 .norrycT11Moe ( cornacosattttoe) 

peweHHe, 111160 onTHMaJlbH0e peweHJ-1e. OrpaH114eHHJ1 Ha pa3MepH0CTb 3a.uat.i11 y "TOBAS'' 0T­

cyrcTsy10TI), peanbHblM orpaHH4eHHeM HBJUI.IOTCSI pecypcbl K0Ml1bl0Tepa. 

IlpH onTHM113au1111 H3 scex c6anaHc11posaHHbIX nnaH0B KO.Ll "TOBAS' BbI6HpaeT 11 Bbr,naeT 

noJJb30BaTemo O.LlHH n11aH, KOTOpblH nyYwe npotrnx no KpHTepHIO, 3aJl0)KCHH0MY B "TOBAS". 
B Ka4eCTBe Kp11TepHJ1 (no YMOJl4aH1110) HCn0Jlb3YIOTC.s! cyMMapHble (3a nJJaHOBblH nep110.u, pas­

HbIH 6eCKOHe4HOMY HHTepsany nnaHHpOBaHH.s!) .LlHCK0HTHp0BaHHblC (111111, 11Hat.ie, npHse.n.eHHbte) 

I) TeoplUI peweHJ-UI 3a.ll,a'-I onTHMH3aUIIH 60J1bWOH pa3MepHOCTH He pa3pa6oTaHa lclK coseprneHHO, KaK 33.ll.a'-I 
MaJJOH pa3MepHOCTl1. Op11 peUieHlll1 3a}la'-I onTUM113auI111 60J1bWOH pa3MepHOCTl1 B031111KaJOT Bbl'-111CJ1HTeJ1b­
Hble Tpy.nHOCTH, KOTOpbIe B TepM1rnax 3a.nat.t1-1 J111HeHHOrO nporpaMM11pOBaHl1SI MO)f(HO xapaKTepmosaTb KaK 
noTep!O 3Ha'-IIIMOCTII K03cpcpHUHeHTa Cl11\tnJ1eKC-Ta6J111l.(bl, 113-Ja qero HCXO.UHaSI 3anat.ta IICKa)f(aeTCSI. np11 
3TOM nOJ1b30BaTCJ1b MO>KeT He no.no3peBaTb, '-!TO OH pewaeT He nepBOHa'-laJlbHO nocTaBJ1eHtty10, a COBCeM 
.D.pyry10 CMbIc11osyio 3anat.ty. B Kone " TOBAS" 11MeJOTCS1 cneuHaJJbHbIe anrop11TMbr, npe.D.oxpaHJUOu111e OT 
noTepli CMbIc11a nepsoHat.taJ1hHO nocTasneHHOII 3ana4I1. 
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3aTpaTbl Ha pa3MelJ.J,eH1-1e, CTpOHTeJlbCTBO, 3KCIUlyaTaU11IO. MO.UepH113aUHIO 11 CHSITl1e C 3KCllJTyaTa­

U1111 11pe.unpHHl1H CHCTeM.bl orpacneH, BKJ1I04a.H ylJ.J,ep6bl OKpy)KalOlJ.J,eH cpe.ue 11 )KJ13HH JllO.UeH OT 

npoueccos, npoTeKt\lOlJ.J,HX BO speMeHl1 Ha rrpe.unpH.S!Tl1.SIX 3TOH CHCTeMbl OTpacneH. 

Ko.n, ''TOBAS'' Y411TbIBaeT npe.n,b1CTOp1110 pa3B11THSI c11cTeMbl 0Tpac11ei1, T.e . .n.111rnM11Ky nnaHa, 

nocTpoeHHoro .uo ttal.fana HHTepsana nnam1poBaHJ,U1 (onTHMH3aum;i) H He no.n,Jle)KalJ.J,ero H3Mette­

HH10, lfTO Ba)l<HO ,l],JlSI yi-1eTa y)lce cylJ.J,eCTBYIOlllHX npOH3B0)],CTBellHbJX MOW.HOCTeH H npoueccos. 

B KO.Ile ''TOBAS" npe.uycMoTpeHa asT0MaT11LtecKaS1 re11epau11S1 c11cTeMbl orpaHHYem:1i1 11 ue­

nesoti QJYHl<U.lfH . OnTHMH3aU11SI 803MO:>KHa KaK B ITOJJHOCTblO aBTOMaTl14eCKOM pe)l(11Me, TaK H B 

11HTepaKTHBHOM pe)KHMe, Kor.ua MO)l(HO 113MeH$1Tb TOYKY, C KOTOpOH Ha411HaeTC.SI OITTHMl13aUHSI, a 

TaK)Ke ynpasmITh ueneBbIMH QJYHKUHSIMH (HX MO)l(eT 6bJTb HeCKOJlbKO), nepeXO)lSI OT O)lHOH K .upy­

roi:L ITpe.uycMorpett cepsHC, IT0380Jl$1IOlJ.J,HM CJle.D;HTb 3a XO,UOM OllTHMH3aU11H, TeKylUHM IUlaHOM H 

HaHJTy4III11M IUlaHOM K MOMeHry npocMorpa COCTOSIHH.SI 3a,Ua4H. HMeeTCR 803MO)KHOCTb 3anycKa 

3a,ua411 C pa3Hb[X 6a3HCOB. C ueJlblO COKpaw,eHH$1 speMeHH no11cKa OITTl1MaJJbHOro nnaHa B npo­

uecce 11011CKa KIDK,ll,OfO nocne.uyiomero ITJTaHa 11CITOJlb3yeTCSI O)ll1H 113 npe.D;bl.D;ylUHX y)Ke HaH)leH­

HblX 6a3HCOB. 

OnT11MH3aUHOHHble MO,l],eJlH 11 anropHTMbl KO.n,a "TOBAS" .n,aHbl B [1 ... 3). Tip11 OllTl1MH3aUHH 

Cl1CTeMbl OTpacndt cornacosaHHe nnaHOB OT.n,eJlbHblX OTpacneii npOHCXOJJ.11T TaK, KaK 3TO on11catto 

B [ (], C Y4eTOM 803M0)KHOM CHHXpOHH3amrn napaMeTpOB OTpacneH (MOMeHTOB 880)],a 11 nepeKJ110-

'-1eHHR pe)l(l1MOB pa60Tbl B JII060H KOM6HHau1111). 

,[CnSI KIDK,ll,OH OTpaCJIH 113 Cl1CTeMbl 0Tpacnei1 C llOMOlJ.J,blO KOJ].a "TOBAS" onpe)leJlSIIOTCSI B 

nnattosoM nepwo.ue: 

• KOJIW-leCTBO IUTOlJ.J,a)lOK .llJl.SI pa3Memettl1SI (pacw11peH11S1) np0113BO.UCTB; npe.ueJibHaSI (cyMMap-

HaSI) ycTaHOBJleHHaSI MOlJ.J,HOCTb Ka)K.llOH nnow,a.UKH; MOMeHTbl 880)],a nnoma.uoK B JKCn11yarnu1110; 

• KOJlH'-leCTBO npeJJ.npHRTHH Ha KIDK,l],OM ITJIOlJ.J,a.n,Ke; MOMeHTb[ BBO)la npeJJ.npHHTHH B 3KCnnyaTa-

U1110 Ha KIDK,l],OH ITJlOlJ.J,a)].Ke H ycTaHOBJieHHble MOUJ,HOCTH 3Tl1X npe.n.npHSITHH; 

• 3arpy3Ka (pe)l(l1Mbl pa60Tbl) Ka)K.UOrO npeJJ.np11RTHR .D;JlR Jll06oro MOMeHTa speMeHH (M.SI npeJJ.­

np11$1Tl1H 1130TOITHOro pa3JJ.eJieHHSI SI.Uepttoro TOITJll1BHOro Ul1KJla (JlTL() onpe.uen.HIOTC.SI .llJl.SI J11060-

ro MOMeHTa speMeHH elJ.J,e 11 KOHq:JHrypaUHSI (npOQJHJlb) KaCKa.n,a, KOHUeHTpau,,rn ypaHa-235 B 

ornane 11 perym1pyeTc.H nocry1U1ett11e Ha nepepa6oTKY pattee ttaKOIUleHHhIX ornanos ypatta c 60-

nee BblCOKOH KOIIUeHTpauHeH JlerKoro H30TOna, YeM B OTBane B .uaHHbIH MOMeHT speMeH11); 

• CKJla.UCKHe 3anaCbl CblpbR 11 npo.uyKTOB B mo6oii MOMeHT BpeMeHH; 

• ueHbl OllTHMaJlbHOro nna11a Ha see BH)lbl npo.uyKUHH ,l],JlSI mo6oro MOMeHTa speMeJ·-IH, a )],JlSI 

5fTU: onpe.uenRIOTCSI ew,e H UCllbl OTBaJlbHOro ypatta; 

• rpa<pHK pacxo.n,os (3arpaT) Ha pa3Mew,ett11e, CTpOHTeJlbCTBO, 3KCITJ1yarnu1110, MOJJ.epmf3aUHIO H 

CIIRTHe C JKCnJlyaTaUJ,rn npeJJ.npHHTHH; 

• WTpacpbl 3a speJJ.Hble Bbr6pocbl B OKpy)l(aJOlllYIO cpeJJ.y 11 spe.u :>KH311H mo.neii; 

• cyMMapHble .UHCKOHT11posaHHbJe 3aTpaTbl 11 ,ll,OXOJJ.. 

Bbl411CJl.SIIOTCSI TalOKe cyMMapHbie .ll,HCKOHT11posaHJlble 3aTpaTbl 11 JJ.0XOJJ. Ha BCIO nporpaMMY 

pa3811TH.SI H pa3MelJ.J,eHHR npe.unp11SITl1H CHCTeMbl OTpacneH. 

l1.cTop114ecK11 ''TOBAS'' [4] pa3pa6aTbIBaJJC.SI 51.B. Wese11esb1M H A.B. KJlHMeHKO c 1977 r. 

np11MeHHTeJlbHO K OITTHMl13au1111 pa3BHTHSI 11 pa3MelJ.J,eJrnR Cl1CTe 1bl OTpacneH 51T3K, BKJll04alO­

lJ.J,ero s ce6S1 orpacn11-3settbS1 5fTU, S1JJ.epttb1e 3HeprentK). Maw11ttocTpoett11e, np116opocTpoem1e 11 

T . .n,. KoJJ. "TOBAS' onpo6osaH np11 onT11:M111au1111 npo113BOJJ.CTB 1-tJoTonHoro pa3JJ.eneH11S1 ypaHa, 

¢a6p11Kaum1 T011Jll18HbIX 3JleMeHTOB 11 c6opoK )],JlSI R.!l,epHblX peaKTOpOB, pa,D.110X11Ml14CCKOH nepe­

pa60TKH o6ny4eHHbIX MaTep11anos, SIJJ.epHoi-1 3ttepren1K11 11 JJ.pyrnx. 

8 pe3yJlbTaTe OITTHMl13aUH11 sinepHOH 3HepreTl1Kl1 110Jlb30BaTeJlb cpe.u1-1 o6wHpHoro ll0TOKa 

BblXO.UHOH 111-lq:JOpMUU1111 MO)KeT 11MeTb cneny1olJ.J,y10 11Hq:JOpMaUMIO C MaJJblM waroM no speMeH11: 
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- pacxo.n H30TonoB ypaHa, r/ro.n ; 

- 3anacbl JJ.06bITOro ypaHa (B nepec'-leTe Ha 11CITOJib3YeMble H30TOTibl ypatta) B MeCTOpO)KJJ.e-

HillIX, r; 
- pacxo.n H30TOITOB ITJIYfOHH.sl, r/ro.n ; 

- 3anacbI H30TonoB nnyromrn tta CKJrnJJ.e, r ; 

- paCXOJJ. (r/roJJ.) 11 3anaCbl (r) MHHOpHblX aKTHHH,ll.OB; 

- 3aMbIKaJOW,H.e 3aTpaTbl Ha .no6bI'-I)' npHpOJJ.HOro ypaHa, JJ.OJIJI/r ; 

- JJ.HHaMH4ec1<a.si peHTa npHpOJJ.HOro ypaHa B nepecqeTe Ha ypaH-235 (u.eHa He,no6b1Toro ypatta-

235 B 3aMbIKa10rn;eM MeCTOpo)KJJ.eHHH) JJ.OJJJI/r; 

- u.eHa ypaHa-235 B JJ.06bITOM npHpOJJ.HOM ypatte, JJ.OJIJI/ r ; 

- u.etta ypaHa-235 s o6oraw,eHHOM ypaHe, .nonn/r; 

- u.eHa ypatta-235 B OTBaJibHOM ypaHe JJ.OJIJI/r · 

- u.eHa ypaHa-235 B o6rry'-leHHOM BbrrpyJK.eHHOM 113 .si.n:epHblX pea1crop0B TOrIJlMBe, .nonn/r; 

- u:etta .nen.simeroc.si nJJYTOHH.si B o6nyqeHHOM TOITJIHBe, .nonn/r ; 

- cpe,nHHe JJ.HCKOHTHpoBaHHhie u.em,r ypatta-235 11 ;::i:emuu.eroc.si rmyroIDUI, ;::i:onn/ r ; 

- ueHbl 3JieKTpo:meprnH pa3HbIX BHJJ.OB (6a3HCHOH, ITl,fKOBOH, norrym11<0BOH H T . .n.) B 3HeprOCHC-

TeMe, .noJIJ1/(KBT·4) ; 

- u.eHbl TenJlOBOH 3Hepr111-I pa3Hb!X noTeHIJ,HaJIOB B 3HeproCHCTeMe, JJ.OJlJI!TKan ; 

- crpyKrypa OTITHMaJibHOro rmaHa: THilbl coopyJK.aeMbIX ,S!JlepHblX 3HepreTH4eCKHX ycraHOBOK 

(5!3Y); CKOpocn:I BBO)la MOW.HOCTdi. JlJl,SI pa3HbIX THilOB 5!3Y, MBT/ro.n; ycTaHOBJleHHble MOIIJ.HO­

cn1 JJ.JUI pa3HhIX .513Y, MBT; peJK.HMbl pa6oTbJ KIDK.UOH .513Y; 

- nOTOKH HCnOJib3yeMblX )J.eJl.sllll,HXC.sl H He,neJI.sllll,HXC.sl H30TOnOB Ha sxo.ne (3arpy3Ka, no,nnHTKa) 11 

BblXO,ne ( 0611-yqeHHOe Bbirpy)KeH Hoe TOTIJIHBO) Ka)KJlOH .5I3Y; 

- y,neJlbHbie npI,rne.neHHble 3aTPaTbl Ha CTpOHTeJibCTBO, 3KcnrryaTau.mo, MOJJ.epHH3aUJ,IIO H CH51THe 

C 3KcnrryaTau.HH ( BKJ1I04a.sl TOITJIHBHylO COCTaBJI51IOW.YIO) JJ.JI,S! 513Y pa3HbIX THITOB, .nonn/KBT ; 

- TOITJIHBHble KOMITOHeHTbl y,neJibHblX npHBeJ],eHHbIX 3aTpaT Ha rrycK, 3KCnJTyarnu.HJO, MOJJ.epH113a­

U.HIO H CH.slTHe C 3KCnnyaTaLI;HH JJ.Jl,S! 5l3Y pa3HbIX THnOB, JlOJIJII KBT. 

- TOITJIHBHble KOMnotteHTbl u.eHbl 3JleKTp03Hepnrn JJ.JIH 513Y pa3HblX nmoB C y4eTOM H 6e3 y '-leTa 

3aTpaT Ha U.HPKYJUlllHIO Tonmrna BO BHeurneM TOnJIHBHOM u;HJ<Jie JJ.OJII1/ (KBT·4) ; 

- TOITJIHBHble KOMITOHeHTbl ce6eCTOHMOCTH 3JieKTP03Hepn rn )lJIH JI3Y pa3HblX THITOB C yi1eTOM 11 

6e3 yqern 3arpaT Ha U:MPKYJI.s!U.HIO TOITJIHBa BO BHernHeM TOITJ1HBHOM U.HJ<Jie, .nonn/ (KBT·4). 

B H8CT051IIJ.ee speM51 s 1<0,ne " TOBAS" pean113osaHa, cosepweHCTsyeTC51 11 3KcnrryaTHpyeTC5l 

cne,nyIOw,a.si MOD,enh OITTHMH3aUHH 3HeprocHCTeMbl. 

2. Mo,ueJib onTHMIIJaLUtu :rneprOCIICTeMLI 

PacCMOTpHM 3HepreTJ1l-leCKYIO CHCTeM/> K KOTOpOH npeJJ.b,S!BJUIIOTC.Sl i (npH4eM i = 1, I ) BH­

JJ.0B cnpocos Ha JHeprnIO pa3Hbrx noTeHu.11anoB (Hanp11Mep, :rneKTp03Heprn.si 6a3HCHa.si, n o11yn11-

KOBa.si, ITHK0BaH 11 T.,Ll.., rerrno pa3HblX ITOTeHW1aJIOB H T.,ll,.) . 3HeprocHCTeMa pa6orneT Ha pac11em­
HO.M HHTepsane (- ro, 1) speMeHH, KOTOpbtH CKJiaJJ.bIBaeTc51 113 oon.ffa11oeo20 (- oo, 0) H n.•1a11oeo20 

(0, 1) HHTepBaJI0B, npH4eM T- .nmrreJibHOCTb nnaHOBoro nepHo,na (B03MO)KH0 T = + ro). 
B 3HeproCHCTeMe .nei1crny10T H MOfYT BBOJlHTbC,SI B 3KCITJiyarnu:HIO (mm y.nosnernopemrn i 

BHJJ.OB crrpocos) :rneprocTaHUHH (3JTeKTpOCT8HLJ.HH, CT8Hll,HH TennocHa6JK.eHH,SI TeXHOJIOrH'-leCKHe 

CT8HUMH, HCITOJib3YIQW.He npou,eCCbl Bblpa60TKH 3Hepnrn Ha 3HeprocTaHU,H51X, H T.n .) THna r 

2
> non )HepreTl14eCKOl1 CHCTeMOH Mbl noHHMaeM 3)leCb :rneprocHCTeMy ruJaHeTbl m160 KOHHJHeHTa 1Ull1 tte­

CKOJlhKHX KOHTHHeHTOB, m160 pernoHa, m160 CTpaHbl , Jrn6o 06nacn1 CTpaHbl , J1H60 pa110Ha 0611aCT l1, HaKO­

Heu, )TO MO)l(eT 6bITb o.u.Ha :meprOflJIOUlaJIKa, Ha KOTOpoi-1 pa3MerneHbl 311epro6J10KI! 11Jlll )la)Ke OJ111H ) Hep­

ro6J10K. 
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(npw-1eM r = I, R; HanpHMep, r = Tennosoi:1 :rnepro6noK Ha npHpOJJ.HOM ra3e, sr.n,epHhlH :rnepro-

6noK c peaKTopoM nma B83P-440, HJJ.eptthJH :rnepro6noK c peaKTopoM nma B83P-1000 H T.JJ..), 

HCTT0Jlb3Yl011.(He 8 Ka4eCTBe CblpbS! 803M0)KHOCTH / (npH4eM / = J L) :rnepreTl-f4eCKHX KOMnJieKCOB 

no .uo6bP·Ie H Bblpa60TKe nepBH4HblX HCT04HlfKOB :rneprnH (nepBH4HOro 3HepreTW-leCKOro Cblpbsi, 

HanpHMep, / = yrOJib, npHpO.ll,HblH fa3, rn.n.popecypcbI, ttecpTb, H)].epHaH 3HeprnH, COJitte4HaSI 3Hep­

rHS£ H T . .ll,. ) . 

3HeprocTaHUHH pa3HblX THCTOB pa3MelUalOTCSl Ha TTJIOl.1.(a,UKax (1) pa3Mell(eHHJI, npKYeM Ha o.n.­

HOH nnoma.n,Ke MOryT pa3MemaTbCSl 3Hepro6JIOKH pa3HblX THnOB, He TOJlbKO HCTTOJlb3Yl011.(He 0)].HH 

BHll cbtpbsr pa3Horo copTa (ttanpHMep, HJJ.epHbie 3ttepro6noKH THna BB3P-440 H nma BB3P­

l 000), HO H pa3Hble BH)J.bl CblpbH (HanpHMep, 3Hepro6JIOKH Ha Ma3yre, npHpOJJ.HOM ra3e, yrne HJIH 

11106asi .upyrasi KOMfornau.HJI 3Hepro6JIOKOB). Ilp11 3TOM Ha OllHOH nnoma.uKe (1) pa3Mell(eHHSI MOfYT 

pacnonaraTbCH 3Hepro6110KH, Hecym11e pa3ttyJO ttarpy3KY (Hanp11Mep, omrn 3Hepro6JioK - 6aJ11c­

tty10, .upyroi:t - nonymrKOBYJO, a TpeTHH BKJIJ-04eH llJlSI TTOKpblTHSl TTHKOBOH Harpy3KH 3HeproCHC­

TeMbI, HMeH CBOIO co6CTBeHttyl-O Harpy3KY, paBHYJO HJlH MeHbWYIO HOMHHaJibHOH MOlUHOCTH, H 

T.JJ..). A TaK)Ke O)J.HH H TOT )Ke 3Hepro6JlOK MO)KeT y4aCTBOBaTb B noKpblTHH cnpoca Ha 3Heprmo 

pa3HblX BHllOB i (HanpHMep, Bblpa6aTbf8aTb 0)].HOBpeMeHHO 6a3HCttylO 3JieKTp03Heprn1-0 H TeflJlo 

onpe.ueJieHHblX noTeHl.].HaJIOB). 

CttcTeMa orpaHH4eHHH MO)].eJUf 3HeprocHCTeMbl H cpyHKUHOHaJI (OH MO)KeT 6bJTb JIJ-06oi:1· no 

YMOJll.faHHl-0 B Ka4eCTBe cpyHKL(HOHaJia npHHSITbl cyMMapHble llHCKOHTHpOBaHHble 3aTpaTbl Ha BCJO 

nporpaMMY pa3BHTHH H cpyHKUHOHHposaHHSI 3HeprocHCTeMb1) Yl.fHTbIBalOT TaK)Ke, 4TO )].JTH K~O­

ro 3Hepro6noKa THna r, sse.ueHHOro B 3KcnnyaTaumo c nopH.UKOBhIM HOMepoM j Ha flJlOl.1.(a)J.Ke w 
pa3MeJ.U.eHHSI B M0MeHT I c, .,> speMeHH, HMelOTCH COOTBeTCTBYI-OlUHe 3aTpaTbl H K0HelJHble Cp0KH: 

J . 

(construction} 
't (, ,.,) CTp0J-!TeJibCTBa; B CBH3H 

J 
• C 3THM YlJHTblBaJ-OTCSl pacXOllbl, CBH3aHHble co 

CTpoITTeJibCTBOM 3TOro 3Hepro6JlOKa; 

• 't /' ·'"> cJTy)K6bl 3Hepro6110Ka; B CBH3H C 3THM Y4HTbIBatOTCSl paCXOllbl , CBH3aHttble C 3KCnJiya-

Tau,11ei1 BBOllOM 3aMelUaJ-OlUHX (B3aMeH Bhl6b1Ba1-0LUHX) MOlUHOCTeH, a TaJOKe paCXO)J.bl, Y"IHTbl­

Ba1-01UHe CHHTHe C 3 KcnnyaTaUHH BbI6bIBal-01UHX MOlUHOCTei:1; 

(modcrmzat,on} 6 6 
• 't (, ... ) , nOCJTe KOTOpOfO np0113BOllHTCSI MO,UepHH3aU,HH O opyllOBaHHJI 3Hepro JlOKa TH-

J 

na r, sse.ue11Horo s JKcnnyaTau,1110 Ha nnomaJJ.Ke w pa3Mememrn s MOMeHT t (, .... J speMeH11 ; B CBH-
1 

3H C 3THM Y'HIThIBal-OTCH paCXO)].bl, CBH3aHHble C MOJJ.epHH3aU,HeH 3TOro 3Hepro6JIOKa. 

<l>yJ-U<JJ.HOHaJI 11 MHO)KeCTBO nepeMeHHI:,TX OITTHMH3aUHOHHOH 3a.ual{j,f nocTpoeHbl TaK, '-!TO TI0-

3BOJIHI-OT nepepacnpe.uenHTb Harpy3ey Me)Klly nnomaJJ.KaMH (1) pa3MemeHHH H OT)J.eJibHl>IMH 3Hep­

ro6JIOKaMH TH□a r Ha O.UHOH rn10ma.uKe, a TaK)Ke MaHeBpHpOBaTb 3arpY3KOH K~Oro 3Hepro6110-

Ka, T.e . B JII060H MOMeHT speMeHH aBTOMaTH'-!eCKH onpe.uenHeTCH onTHMaJibHbIH pe)KHM pa60Tbl 

3Hepro6110Ka: pa6oTaTb Ha HOMHHaJibHOH MOLUHOCTH JIH6o Ha CHH)l(eHHOH MOl.1.(HOCTH (o6ycn os­

JieHHOH TeXHH4eCKHMH B03MO)K.HOCTHMH CHH)l(eHHH MOlUHOCTH) BnJIOTb llO nonttoro BblKJll-0'-leHHSI 

3Hepro6JTOKa (ttynesasi MOlUHOCTb). <l>yHKU,HOHaJT Y4HTbIBaeT CBH3aHHble C 3THMH B03MO)KHOCrnMH 

3aTpaTbl . 

Mo.uenb TaK)Ke n03BOJTH eT MatteBpHpoBaTb 3arpy3KOH H no.umlTKOH TOnJIHBa: 8 p a3Hble MO­

MeHTbl speMeHH :rnepro6JIOK MO)KeT pa6oTaTb Ha TOnJTHBe pa3HOro copTa. HanpHMep, 3Hepro6JIOK 

BB3 P- l 000 s OllHH MOMeHT MO)KeT pa60TaTb Ha y paHOBOM TOnJIJ,fBe OllHOro COCTasa, s .n.pyroH -

Ha ypaHOBOM TOnJTHBe .upyroro cpH3HlJeCKH .uo n y CTHMOro COCTaBa, B TpeTHH - Ha nnyro1rneBOM, B 

4eTBepT blH - Ha ypaH-nnyromteBOM, B TIHTblH - Ha ,up y roi:1 cpH3H'-!eCKH llOITyCTHMOH KOMn03HU,HH 

TOITJil,IBa H T.)J.. <l>y HKUHOHaJI Y 4HTbl8aeT CBH3aHHble C 3THMH 803M0)KHQCTSIMH 3aTpaTbl. 
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ITpe.D,yCMOTJ)eHO, 4TO mo6oi1 3Hepro6noK, ecm1 CT03BOm1eT ero KOHCTPYKU.HSI cnoco6eH Bbl­

pa6aTbJBaTb Beeb CCTl1COK ; = I, I BH.D,08 3Hepnrn HJlH 4aCTb ero. Y4HTbIBaeTCSI D.OCTaBKa CblpMI 

(Tonmrna) D.O KIDK.D,oro 3Hepro6noKa H npOD.YKUMH 3Hepro6noKa D.O noTpe6HTeJTS1 (onntMH3aUHSI 

mtHHH nepe.D,al.fH CblpbSI H :rneprHH pa3HhlX BH.LJ.0B 11 noTeHUHaJJOB). <DyHKUHOHaJJ Y4HTbl8aeT CBSl-

3aHHbJe C 3THMH B03MO)KH0CTSIMH 3aTpaTbl. 

Y4HTbJBaeTCSI BJlHSIHHe Ka)K,lJ,OM TexttonorHH 3HeproBblpa6oTKH Ha OKpymaiow.y10 cpe.u.y. 

3Konornl.feCKHH 6noK Mo.n.em1 Y4HThrnaeT orpaHH4eHHSI Ha norpe6nett11e aTMoc¢epttoro KHcno­

po.ua, Ha Bbl6pocbl speD.HblX rnepD.bIX 4aCTHU (30Jlbl H cam11) B OKpy)KaJOLL(YIO cpe.n.y, Ha Bb16pocbl 

XMMH4eCKHX coe.n.1-rnemrn (CO2, NOx, SOx, NH3, CRi, CO, a3po3on11, yrneso.n.opo.n.b1, Q)TOPH.D.hI, 

aJJb)lerH.D,bl H T.D..), Ha HCnonb30BaID!e 3eMmi, BOD.bl, Ha c6poc TennOBblX nOTOKOB B OKpy)f<aJOLL(yJO 

cpe,ny, Ha noTpe6neHHe TOnJlHBHhIX H HeTonnHBHbfX MaTepHaJJOB, Ha BbI6poCbl B 0Kpy)f<aJOLL(yJO 

cpe.Ay aJJbQ)a-11.3nyYaIOIUHX aKTHHH.D,08 H .n.pyrne caHHTapHble H0pMaTHBhl. Y4HTbJB3IOTCSI TaIOKe 

cneQHQ)H~ecKHe orpaHH4eHHSI, CBSl33HHbJe C pa.D,Hal.zyfOHHOH )],030BOH Harpy3KOH Ha HaceneHHe. 

Onnt.MH3HpyeTCSI nnaTa (wrpa¢) 3a Hapyruemt:e 3KOJ10nt4eCKHX orpaHH4eHHH (B TOM 4HCJie .H 

3a Bb16pocbl spe)],HblX Bew.ecTB B OKpy)KaJOLL(ylO cpe.u.y). <DyHKU,HOHaJJ Y'UITbIBaeT CBSl3aHHbte C 

3TKMH B03MO)KHOCTSIMH 3aTpaTbl. 

11.MeeTCSI B03MO)f<H0CTh OnTHMH3HpOBaTb pa.3pa6oTKY (BOBJleKaTb B o6opoT nOTOIUI) pa3H0f0 

nepBH4H0ro CblpbSI: HeQ)TH, ra.Ja yrnSI, fH)],popecypcoB, COJIHe4HOH 3Hepnrn, 3HeprHH BeTpa, 

3HeprHH BOJlH H )].pyrHX B0306HOBnSleMblX 11 HeB0306HOBJUleMbIX HCT04HHK0B 3Hepnrn, ypaHa, 

TOpHSI H T.,ll. a TaIOKe peUHKnHp0BaHHoro TOnJIHBa Ha OCHOBe TpaHcypaHOBblX 3JleMeHT0B. <DyHK­

UHOHaJJ Yl.fHTbIBaeT CBSl3aHHbie C 3THMH B03M0)KH0CTSIMH 3aTpaTbl. 

Y 4HTbIBaeTCSI 3Q)Q)eKTHBHOCTb ( nOJlb3a HnH yw.ep6) OT npOH3B0,llCTBa, Hcnonb30Bfilll1SI, xpa­

HeHHSI H OKOH4aTeJlbHOro 3ax.opoHeHHSI pa)],H0aKTHBHblX H30TOnOB Ha KIDK.D,0M nepeD.ene 5IT3K. 
Bbl4HCJ1SIIOTCSI u,eHbl H30TOCTOB BO BpeMeHH. <DyHKQHOHaJJ Y411TbJBaeT CBSl3aHHbte C 3THMH B03-

MO)KHOCTSIMM 3aTpaTbl. 

Bbl4.HCJ1JIIOTCSI KaK Q)yttKUHH BpeMeHH onTHMaJlbHOro nnaHa: MOIUHOCTH nnow.a.n.oK pa3Me­

ll.(eHHSI H MOMeHTbl HX BBO,lla B 3KcnnyaTaUHIO, ycTaH0BJieHHble M0I.LlHOCTH np0113BOD.CTB (H 3Hep­

ro6noKOB) H MOMeHTbl HX BBOD.a B 3KCnnyaTaU,l1IO, pe)KHMbl pa60Tbl npOH3BO)],CTB 11 3Hepro6no­

K0B, noTOKJ1 MaTep11anos, CblpbSI, 3JleKTp03Hepr111-1, TenJTOBOH 3Hepnrn, CKJla.D,CKHe 3anaCbl MaTe­

pHanOB H CblpbSI u,eHbl BCex BbiweynOMSlttyTbfX B MO)],eJlH nepeMeHHblX H pecypcoB ( cpeD.H KOTO­

pblX u,eHbl 3JleKTp03HeprHH pa.3HblX BH,IIOB H Tenna pa3nHl.fHblX noTeHU,HaJJOB, ueHbl H30TOn0B B 

pa3Hb!X nepe.n.enax 51T3K), D.HCK0HTHpoBaHHble 3aTpaThl H yw.ep6bI. Onpe.n.emIOTCSI 11 cyMMap­

Hble )J.HCKOHTHposaHHbJe 3aTpaTbl Ha BCIO nporpaMMY pa.3BHTHSI, pa3Mew.eHHSI, 3 KCnnyaTaU,HH, MO­

)],epm13au,1111 H CHSITHSI C 3KcnnyaTaUHH 3HeprocHCTeMbl. Bbl4HCJISIIOTCSI TaK)Ke onTHMaJJbHble se­

J1H4HHbl WTpaqJOB 3a Bpe)lHble Bb16poCbl B OKpy)KaIOIUYIO cpe.u.y H spe.n. 3.D,0p0BblO mo.ueti, K0TO­

pble MO)KHO 6blJIO 6bl peKOMeHD,OBaTb K npMMeHeHHIO pery1rnpy10IUHM rocy)],apCTBeHHblM opra­

HaM C ueJiblO OTITHMH3aUHH np0113B0)],CTB. Pa3yMeeTCSI, 113 Bcero CTIHCKa B03M0)I<Hb1X KOHKyp11-

PYIOI.LlHX Texttonornj;j B onTHMaJibHblH rrnaH nona.1ia10T TOJlbKO Ha116onee peHrn6enhHb1e, .n,JISI K0-

TOpblX npHBe,/leHHaSI np116bJJ1h B OTITHMaJlbH0M nnaHe HenOJlO)l<HTeJibHa. 

KaK 6bIJ10 OTMe4eHO Bb!We, MO)],enb 3HeprOCHCTeMbl (HanpHMep, Poccm-1) MO)KeT 6bJTb pac-

4.JleHeHa Ha perH0HaJlbHble 3 HeprocHCTeMhl. TTocne,uHHe MOf)'T 6bITb onTHMH311pOBaHbl no e)],H­

HOMY KpHTepHIO )],JISI 3HeprOCHCTeMbl Pocc1-rn, BCJie)],CTBHe Yero 6y)].eT l:laH)],eH e)J.HHblH cornaco­

BaHHblH onTHMaJJbHblH nJiaH 3Heproc11cTeMbl Pocc11H. O)],HaKO, pernoHaJibllble 3Heproc11cTeMbl 

MOryT 6b1Tb onTHMl1311pOBaHbl H no CBOHM perHOHaJlbHblM KpHTep11SIM, cornacoBaHHblM C e)],HHblM 

KpHTepHeM 3 HeprocHCTeMbl PoccHH, nocne 4ero nJiaHbl pernOHaJibHblX 3HeproCHCTeM D,OJI)f(Hbl 

YBSl3blBaTbCSI 8 11Tepal.(11SIX. B 3TOM c11y4ae, KaK noKa3bIBaeT 0TTblT pacYeTOB [ 1 ], perHOHaJlbHbJe 

noKaJibH0-0nTHMaJlbHbte nJiaHbl MoryT )],aTb xopow11H cornacoBaHHblH (c6anaHc11posaHHblH) Me­

)K.llY pernOHaJibHblMl1 3HeproCHCTeMaMl1 nJJaH, KOTOpblH, 0)],HaKO MO)KeT He coanaCTb C onTH-
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MMhHbIM nnattoM 3tteproc11cTeMbI Pocc111-1. TT011yq_11Tb onTHMMbHblH n.rratt 3tteproc11cTeMbI Poc­

c.11.11 TaKHM o6pa.30M M0.>KH0, ec1111 npo}leJlblBaTb 3TY 0ITTHM.H3aUH0HH)'J:O npoue.llypy 'H3 pa.3HblX 

HaqaJibHblX ToqeK. 

B ttacTo.suuee speM.si K0JJ. "TOBAS" ttenpepblBH0 cosepwettcrnyeTC.ll non0JJH.lleTCR M0L(emtM.11 

11 3KCn11yan1pyeTC.!I 8 O61.l.1,eCTBeHHOM Q)OH}le "I1HCTl1ryT CliCTeMH0-3K0HQMHqecK.HX 'HCCJJe}lOBa­

H1111 HM • .H.B. lliesenesa" . 
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AHHOTAIJ;H.ll IIPOrPAMM, 
A TTECTOBAHHhIX roCATOMHA,L(30POM P<I> 

IIPOrPAMMANucMA 

.[(aeTc.R KpaTKOe onwcam,e nporpaMMbl NucMA, npe.n.Ha:rnaYeHHoi1 .nmt pacYeTa xapaKTepucTuK oTpa-
6oraswero S!,ll.epHoro TOilllHBa (051.T) peaKTOpOB PEMK-1000 - H30TOUHOfO COCTaBa ( c ueJiblO }"leTa H KOH­
TJ)OJlS! 3a S!.D.epHbIMII MaTep11anaMH) H OCTaTOYHOfO :meprOBbl,ll.eJieHH..R. 

THE NucMA CODE. V.M. KV ATOR, I.K. SMrRNOV. Brief description of the program NucMA, 
intended for spent fuel characteristics of RBMK-1000 type reactor calculation (isotope composition with the 
purpose of the accountancy and control for nuclear materials and residual energy release) is given. 

1. HA3BAHHE IlPOrPAMMhl 

NucMA. 

2.3BM 

flporpaMMa pa3pa6ornHa ,wu1 peweH1rn 3a,nat.J Ha IT3BM nma IBM PC. 

3. IlOCT AHOBKA 3A.I(A qlf 

,am, o6ecneY.emur xpaHemrn O5JT B Tel.feHHe JaJJ.aHHoro nepHo,D.a speMeHH s coorneTCTBl1H c 
Tpe6osaHIHIMH " THnOBOH HHCTPYKUHH no yY.ery l1 K0HTpomo .ueJUIU.J.HXC}l }IJJ.epHblX MaTep11aJIOB 
npH 11:x 11cnoJ1b3osaHHM, xpaHeHHH H TpaHcnopTHposKe Ha A3C c peaKTopaMH PEMK" H opraHM-
3au1rn .llaJ!bHeiiweH ynlJ1M3au1111 0.5IT He06XO.lll1Mbl J].aHHble no co.uep)l{aHHIO B T0TTJlMBe H30TOTT0B 
ypatta M nnyromur. 3Toro )Ke rpe6y10T yrsep)KL].eHHb1e 10.07.98 npasMTellhCTBOM P<D "flpas11na 
opraHH3awrn CHCTeMbl rocy.n.apCTBCHHOro yl.feTa H KOHTp0Jl}l S!JJ.CpHblX MaTep11anos''. 

B COOTBCTCTBHH C TinaHO 1 pa6oT 3KCnnyaT11py1oweH opraHH3aUJ.iJ,J no C03,D.aHHIO H BHe.n.pe­
HHIO TCX1111l.fCCKMX 11 nporpaMMHblX cpe.UCTB .llJl}l KOHTp0Jl}l napaMeTpOB 6e3onaCHOCTM npH xpatte­
HHl1 H 06pa1.ueHl1H C O51:T Heo6xo H 10 TaJOKe npOB0.llMTb pact.teT OCTaTO'-lHOro 3Hepr0BblD.CJTCHMJI 
O5IT. .ni,si 3THX ueneii pa3pa6orntta nporpaMMa NucMA, npe.n.11a3HaY.eHHaSJ nnsi nonyic1eHH.!I' pac­
Y.eTHbIM nyreM JJ.aHHbrx no H30TOnHoMy cocTasy O5JT wTaTHblX TBC peaKTopos PEMK-1000 .QJJ}l 
KaK OTJJ.eJ1bHb1x TBC, TaK 11 scero Macc1,rna HaKorrneHHblX Ha A3C TBC 11n11 mo6oi1 Bb16opK11 H3 
Macc11sa. 

Pe3yJlbTaTaMl1 pa60Tbl nporpaMMbl S!BJlS!JOTC}l KOHUeHTpau1111 HYKJil1,AOB 235·236
-~

38U H 
239 240 ?41 14 ,p V 

· ·- ·- - u 11 C)'MMapttoe co,nep)l{aHHe s 0Tpa6ornswe11 TBC (OTBC) H30TOnos ypaHa 11 nnyrn-
Hl1S!. TalOKe onpe.ueJl}leTC}l OCTaTO'IH0e 3HeproBblD.eJ1eH11e. 

4. METO.I( PEWEHIUI 

3a.n.a4Y no.n.roTOBKH xapaKTCp11CTl1K O5IT C ueJlbl0 y~eTa 11 KOHTp0Jl}l si.uepHblX MaTep11aJIOB B 
O5IT 11 o6ecneY.eHHS! Heo6xo.n.11MblX JJ.JJS! 6e3onaettoro xpaHef-111.R ORT ycnos11i1 MO)KHO pew11Tb 
np}IMblM pacY.eTOM xapaKTepHCTHK O5IT. 

Ha116onee o6UJ.HM (,f H3HJlY4WHM cnoco6oM CJ1Y)Kl1T paC4CT xapaKTep11CTHK O5JT C YY.CTOM 
"HcTop1111'· 06nyY.eH11S1 s a1CTHBHOH 3otte Ka)l<.D.OH TBC. ,ansi JToro 1-1eo6xo.n.11Mo 3HaTb pacnpe.n.ene­
HHe MOUJ.H0CTH, nJlOTIIOCTH TenJJOHOCIITeJlSI, TeMnepa,ypbl rpaqrnrn 11 .n.pyrnx napaMeTpOB no o6b­
eMy aKT11BHOH 30Hbl B TCl.fCHHe scero cpoKa CJ1y)K6b1 peaKTopa, C TCM 4T06bl, 3HaH MCCT0TTOJ10)1(C-
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HHe TBC B aKTHBHOH 30He so speMJI ee 11cnoJJb30BaH11J1, pe)l(HM npHMeHeHHJI TBC (o.n.HoKpaTHO 

HJIH TI0BT0pH0 - pe)l(HM ".ZJ.O)l(ITTamu1 TBC") H speMJI ee 3arpy3KH 11 Bblrpy3KH, paCClfHTaTb pac­

npe.ueJJeHHe H30T0n0B no BblC0Te TBC Ha M0MeHT ee BbIrpy3KH C ylfeT0M H3MeHeHHJI no Kru.ma­

HHH TBC BbIUlenepeLJ11cneHHbIX napaMeTpos. 

,ll;oCTOBepHOCTh TaKoro pacLJeTa 6y.n.eT B 3HaLJHTeJJbHOH CTeneHH 3aBHCeTb OT n0L{r0T0BKH HC­

X0}].HblX .uaHHhlX H CTeneHH HX .ueTaJIH3aUIHl. ,ll;aHHblX 0 C0CT0JIHHH peaKTopa, 110.II)"'leHHbTX 113 

UITaTHOH Cl1CTeMbl K0HTp0JI,SI CIJ,K "CKana" , }].JISI 3TOH ueJIH JIBH0 He}].0CTaT0LfH0 - 110)],f0T0BKa 

Macc11Ba HCX0,AHblX ,AaHHbTX ,AJ1SI pacYeTa H30T0ilH0ro C0CTaBa }].QJI)l(Ha np0B0,AHTbC,SI nyreM np.si­

M0ro TpexMepHoro paclfeTa xapaKTepHCTMK aKTHBHOH 30Hbl PEMK C YYeT0M peaJibH0ro C0CT0Jl­

l·Urn peaKTopa Ha K8)1(,AblH M0MeHT pacYeTil. 

B ttaCT0.sll..U,ee speM.si: MQ)KHQ opraHH30BaTb pacYeT xapaKTepHCTHK O51T H3JIO)l(eHHbIM npJI­

MblM cnoco6oM ,AJI,SI BH0Bh 3arpy)l(aeMblX TBC, 0}].HaKO sonpoc 0 TOM, }].Jl,SI KaKoro K0JJHYeCTBa 

y:>Ke xpaH.sll..U,HXC.sl TBC y.n.aCTC,SI B0CC03}].aTb "11cTopmo" HX 0611yYeHHH, ocyruecTBHB c6op HH­

cpopMaUHH 0 C0CTOHHHH aKTHBHhlX 30H peaKT0p0B P6MK, Tpe6yeT ,neTaJihHOH npopa60TKH. OT­

MeTHM TaK:>Ke, 4T0 npHMOH pacYeT xapaKTepHCTHK O51T 3aHMeT 0LJeHb MHOro speMeHH. 

B CB.Sl3H C 3THM np11HSJT aJibTepHaTHBHblH cnoco6 pac'-leTa xapaKTepHCTl1K O51:T. IlpOBO}].HJIC,Si 

npe.n.sap11TeJibHhIH pacYeT H30T0nHoro C0CTaBa TBC B 3aBHCHM0CTH OT rny6HHbl Bbir0pamrn (MJJl1 

3HeproBblpa6oTKl1 no npHH.SITOM B 3Kcnnyarnumr TepMHHOJJOnrn) np11 ycpe.n.HeHHhlX 110 BblC0Te 

TBC 11 He3aBHC.SII..UHX OT ee MecTonono)l(eHIDI B aKTHBHOH 30He napaMeTpax - MOlllH0CTH, nnoT­

H0CTH TenJJ0HOCMTeJIJI, TeMneparypbl rpacjJHTa. Tipe.n.sapHTeJibHble pacYeTbl Bblil0Jltt.si:JIHCb no 

nporpaMMe WIMS-D4 [ l] np11 pa3JIH'-1Hhrx ttaY.aJibHblX o6orameHHHX Tonn11sa s TBC JJ.JI.sl cne­

.uy10m11x napaMeTP0B: MOI..U,H0CTb 2 MBT nJJ0TH0CTb TeTIJJOH0CHTeJI.SI 0,5 r / cM
3
' TeMneparypa rpa­

cjJHTa 740 K }].Jl,SI 6110Ka H 660 K D,JHI BT)'JIKH, TeMneparypa T0nJIKBa 1000 K 11 T.,A. , w nony'-leHHaJI 

HHCpOpMal(H.sl' 3aH0CHJiaCb B 6a3y ,AaHHbTX (E,ll;) nporpaMMbl NucMA. 

,ll;anee nporpaMMa s coorneTCTBHH c 3anpocoM no pJI,ny xapaKTep113yt01..UHX TBC napaMeT­

poa: Ha4aJibH0fO o6oramemrn Tonmrna, }].JIHTeJlhH0CTM ero 0611yc-1eHH.si: B aKTHBHOH 30He 11 Bhl­

.uep)KKH nocne 0611y4emu1, 3Heprosb1pa60TKH - BhiropaHH.si Tonmma nposo,nHT paclfeT co.uep:>Ka­

HIDI ttyKJJH,D.08 B TBC no HHTepn0JJHUHOHHhlM cpopMyJJaM, B K0T0pbIX B KaYeCTBe onopHblX T0lfeK 

HCn0Jib3YIOTCK pe3yJibTaTbl sapHaHTHbIX pacYeT0B no nporpaMMe WIMS-D4 H ll0JJb30BaTeJIIO 

nporpaMMbl Bhr.uaeTcJI H30TOITHblH cocTilB TBC. 

XapaKTepH3YIOlllHe TBC napaMeTpbr nporpaMMa nonyqaeT 113 cjJaHJJoB, ccpopM11posaHHb1x 

3anp0COM K E,ll; CTaHUH0HHbIX K0MTIJJeKCOB APM no.n. ycJI0BHblM Ha3BaHHeM "TonmlBHhlH apXHB" 

wnw "ApxwB TBC", s KOTopoH xpatt11Tcsi HHcjJopMaU.HJI o nt06011 TBC Ha aceM npoTJI)l(eHHH ee 

3KCITJiyaTaUH11 H xpattemt&. 

BeJJHlfHHa 0CTaT04H0fO 3Hepr0Bbl,D.eJJeHHJI paCC411TblBaeTC.sl cornaCH0 MeT0}].HKe [2] KaK cyM­

Ma Tpex C0CTaBJJ.sllOI..U,HX 3HeproBhl)leJJeHIDI: 

• 3a ClfeT ~-pacna)la npo.uyKTOB .ueneHIDI H CB.si3aHH0ro C HHM Y-H3JJy4eHl{,SI, )J.Jl,SI Yero np11MeHJ1-

JJHCb annp0KCHMaUH0HHble 3aBHCHM0CTJi B cpopMaTe JNDC FP [3]; 
• 3a ClfeT pacna.uos (B 0CH0BH0M a-pacna]l, conpOBO)l()J.alOll{HHC.SI y - H3Jiy4eHHeM) HaK0ilJleHHblX 

B npouecce pa.n11au110HH0fO 3axBaTa B TK)l(eJJblX H30T0nax aKTHH0HJl0B H npoD,yKT0B HX TPaHCMY­

Tau1111. PaclfeT K0HUeHTpaUHH aKTHH0HD,0B B 3aBHCHM0CTH OT speMeHH o6nyYeHJ1,SI T0nJJHBa npo­

B0D,HJJC,SI no K0MnneKcy nporpaMM WIMS-D4 - CACH2 [ 4]. ,ll;anee D,JJ.si K8)1(.lJ.oro aKTHH0HD.a pe­

wem1eM cHcTeMbI 6anaHCHblX ypastteHHH JJ.JI.si uenoYKH ero npespa1..U,eHHH s npouecce xpatteHHSI 

Tonmrna onpeD,eJJJIJIHCb ero K0HUeHTpauH.si )J.Jl,SI D,aHH0f0 BpeMeHH Bbl,nep:>KKH 11 K0HUeHTPau1111 

scex o6pa3YIOI.llHXC.sl B pe3yJJbTaTe uen0YKH npespal..U,eHHH D,04epHHX np0D.YKT0B [2] - :meMeHT0B 

paD,HOaKTHBHOH uen04KH; 
114c 131c C • OT H30T0TT0B ue311.si • S M s, nonyYeHHblX B pe3yJJbTaTe D,eJJeHml YlfHTblBaJJC,Si KYMYJIJI-

THBHblH BblX0D, npH )].eJJeHHH 
235U, 239

·
24I

Pu 11 
242

Am) H aKTHBau1rn npo,nyKTOB D,eJJeHH51. 
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5. orPAHMqEHIDI CJJO)l(HOCTM 3A,L(A4H 

OrpaHH4emur, ttanaraeMbie tta 11cno11b30BaH11e nporpaMMbI, MO)KHO pa.3JleJlHTb Ha orpamtYe­
IDUI nrna paCCM8Tp1188eMblX o6beKTOB (THn peaKTopa, B KOTOpOM 0611y4an11Cb TBC, 06oraw.eH11e 
TBC rny611Ha Bbiropamrn OTBC), pa.3MepttocTH o6beKTa 11 Ha orpaH11YeH11JI no cornawettl1l0, 
KOT0pble BBe.ll,eHbl np11 pa3pa6oTKe nporpaMMbl, - no BB0.UY HCX0}lHblX }laHHblX, npe.ll,CTaBJJeHl1IO 
pe3YJibTaTOB pac'!eTa, cjJaHJlOBOH CTpyKrype nc, pa6oTe B OKOHH0M pe)l(_HMe H T.Jl. TiocJie}lHHe 
orpaHHYeHHSI on11caHbI B CO0TBeTCTBYIOW.11X pa.3}lenax "On11caHHSI np11MeHeH1rn nporpaMMbl 
NucMA" 11 He S1BJIS110TCS1 cyw.ecTBeHHbIM11. 

TTporpaMMa op11eHT11posaHa Ha pac'!eT xapaKTep11cT11K OTBC PEMK-1000 c TonmrnoM 113 
.UBYOKHCH ypa1-1a C HaYMbH.blM 06orawe1-111eM OT 1,8 JlO 2,4 % BeCOBblX. Pa3peweHHaSI 0611aCTb 
H3MeHeHl1SI rny6111-lbl BblropaHHSI COCTaBJISleT .ll,JlSI 06oraw.eH11H: 1,8 % - He 6onee 3 400 
MBT·cyr/TBC, 2,0 % - ne 6onee 3 400 MBT·cyr/TBC, 2,4 % - He 6onee 3 700 MBT·cyr/TBC. 
O6b1YHO rnyfarna Bblropamrn OTBC 11axo.u11TcS1 B npe}lenax 1000 .. . 2 500 MBrcyr/TBC. 

Pa.3MepHOCTb OJlllOrO 06beKTa, C KOTOpblM MO)KeT pa6oTaTb nporpaMMa, 33BHCIIT OT JlBYX na­
paMeTpOB - KOJll,J"leCTBa OTo6pa)f<aeMblX CBOHCTB 11 KOJlH'!eCTBa 3JleMeHT0B o6beKTa 11 paaHa HX 
npo113se.neHl{JO. OrpaITT1'!eH11e Ha pa.3Mep11ocTb o6heKTa HaKJ1a}lbIBaeT pa.3Mep cso6o.uHoi1 onepa­
THBHOH naMSITH. MaKCl1MaJlbHOe Yl1CJ10 OT06p8)KaeMblX CBOHCTB 06beKTa, HCX0.ll,SI l-13 pa.3peweHHH 
npH OT06p8)KeHHH KH0nOK, COCTaBm{eT 17' np11 3TOM MO)l(_HO HCn0J1b3083Tb .uo 900 3JleMeHTOB .llJlSI 
O.LJ.H0fO o6beKTa. l1CXO}l5J 113 YKa.33HHblX orpaHH4eHl1H no pa.3MepHOCTH npH npeJlCTaBJTemm 0.LlHO­
ro 06bel\.'Ta J,f J,!X MaKCl1MaJlbHOMY KOJ1H4eCTBY ( O.LJ.HOBpeMeHHO MO)KHO paCCYHT8Tb xapaKTepHCTM­
KH 9-TH o6beKTOB), o6w.ee K0J111YeCTBO OTBC, .nm1 K0T0pblX 0JlH0BpeMeHH0 M0ryr 6bITb paCC'!H­
TaHhl HX xapaKTep11cT11KH, orpaHlf9etto 8 000-MH OTBC. 

Kom1LfeCTBO o6beKTOB B E,l], nporpaMMbl orpaHH4eH0 300-Mli o6beKTOB, a K0JlHYeCTB0 xpa­
HHMbfX :i;,n He npeBbiwaeT 9-TH. OT06p8)KeH11e reOMeTpl111 06beKTa ycJT0BH0e, T.e. OTcyrcTByeT 
npoue.uypa Bb16opa pa.3pewemu1 .nm1 K8)K.ll,oro 3JleMeHTa o6beKTa B oT.nenbHOCTH. Ko1111LJecrno 
rpa.nau1111 B useTOBOH nan11Tpe np11 MHe 10HH'!eCK0M OT06p8)KeHHl1 pacnpe.neneHHSI 3HatJeHHH 
CBOHCTB no o6beKry orpamt"leH0 ceMblO. 

6. TMll114HOE BPEM.H C4ETA 

BpeMSI ClJeTa 3aBHCl1T OT BbI6paHHOH n0Jlb30BaTeneM BepCHH 1-1acTpOHKl1 nporpaMMbf (pactJeT 
T0JlbK0 .1130TOnHoro C0CTaBa 11JlH pacYeT .1130TOnHoro C0CTaBa H 0CTaTOYHoro 3HeprOBbl}lenemrn) 11 

pa3MepH0CTH o6beKTa, xapaKTepHCTHKH KOTOporo onpe11eJ1S1IOTCH . .nnH np11Mepa np1-rne}leM BpeMSI 
pacYeTa xapaKTep11cT11K o6beKTa, co.nep:ii<aw.ero 10 OTBC, - OHO cocTaBHT IO c acTpOH0MHLfeCKO­
ro speMeH11 Ha IBM PC c npoueccopoM 486 TaKTosoi1 LfacToToi1 66 ru np11 pactJeTe TOJlbK0 1130-
Tonttoro COCTaBa 11 15 CB cny'!ae pacYeTa 11'30TOTTH0ro COCTaBa 11 OCTaTOYH0rO 3HeproBbJ.ll,enemrn. 

7. OCOJiEHHOCTH IlPOrPAMMbl 

K oco6eHHOCTSIM nporpaMMbl NucMA OTHOCHTCH HMH4He MOJJ.YJlbHOH OTKpblTOH CTpyKTypbl 
11 pa6oTa scex QJYIIKU110HaJlbHblX Mo.nyndi no.n ynpasneHl1eM o6on04Kl1, 4TO n03B0J1SleT 11cnOJ1b-
30BaTb B paMKax nporpaMMbl pa3J1114Hble Tpa11CJ1HT0pb1 ,llJlSI pa3HblX pacYeTHblX 6JTOKOB 11 rn6KO 
nepettacTpa11saTh nporpa"vtMy JlllH yYeTa no)KeJ1aH11H nonb30BaTenH H pacwHpemrn ee B03M0.iKH0-
CTei1 . BIDKHOH oco6e11HOCTblO HBJlSleTCH cnoco6HOCTb nporpaMMbl QJYHKUHOH11pOB8Tb B pa.311HlJ­
HblX onepauH0HHblX CHCTeMax 113-38 oprallH38UHM ee pa6oTbl KaK DOS-cecc11H B pe)l(_HMe 3MYJ1H­
U.HH DO no.a pa3HbIMl1 OC (Windo, s H T.Jl.). 
8. BCllOMOrATEJJbHblE 11 conYTCTBYJOUJ.11£ nPOrPAMMbl 

TTporpaMMa HMeeT MO)lYJlbHYIO CTpyKrypy 11 BKJllOYaeT B ce6H: 
I. o6onoYKY nporpaMMbJ; 
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2. q>yHKUHOHaJlbHbJe MO.IzyJJH: 

• pacl.feTHblH MO.lzyJib, COCTOSll.llHH H3 6JIOKOB pacl.feTa H30TOnHoro COCTaBa O51T H OCTaT04HOrO 
3tteprosb1;:i:enemtsi O51T; 
• MOJl.YIIb OT06pIDKeHHSI HHq>OpMaU,IDI MS! BBOJ].a HCXOJ].HblX .naHHbIX, BblBOJ].a pac4eTHblX .naH-
HblX H ID{ o6pa60TKH; 
3. scnoMoraTeJihHbre Mo.zzyn11; 
4. MOJl.YJib cpe.ncrn pa.3pa6oTYHKa; 
5. E.D; nporpaMMbt. 

Bee nepe4HCJieHHble KOMnOHeHTbl nporpaMMbl, KpOMe pac4eTHOro MOJl.YJISI, Sl"BJISlfOTCSI BCJTO­

MoraTeJibHblMH H COnyTCTBYlOl.llHMH nporpaMMaMH H HIDKe nepe4HCJieH.bI ID{ HMeHa H BbinOJIIDle­

Mble q>yHKUIUI.. 

Mwl cpai:ina 

nucma.bat 
bom.exe 
*.bat 

aesdbc.exe 
chname.exe 
del-db.exe 
erro7.exe 
nabor.exe 
obrez.exe 
param.exe 
partr.exe 
way-tr.exe 
wrbd-afc.exe 
wrbd-inp.exe 
*.com 
t.exe 
ndprun.exe 

arJ .exe 
be.exe 
bims.exe 
emmubat.exe 
to f.exe 
to_p.exe 
to s.exe 
vv.exe 
vv _ many .exe 

Ha.3Ha4ett11e cpai1na 

q>aHJI 3arrycKa nporpaMMbI N ucMA 
nporpaMMa, peaJTH3YfOl.llaSI o6oJIOlfKY B BHJl.e Memo 

I batch cpaHJibI 11 scnoMoraTeJihHbie M0Jl.YIIH, peaJTH3YIOl.llHe pa.3JIH~­
I Hbie q>yHKUHH, .neKJiap11posaHHb1e s pa.3JIHl.fHbIX rryttKTax MeHIO, 
I HanpHMep, BbIXOJl. s Norton Commander, HHHU.HaJTH3aUHSI Help, 
I opram13au,HJ1 pa.3JIH4HbIX pe:>KHMOB pa6oTbI pacYeTHoro Mo.zzynsi H 

T.Jl.. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CHCTeMHble rrporpaMMbI DOS 
MOJl.YJib OT06pIDKeHH.sl 1rn¢opMau1u-1 
I Microway Protected mode loader for executing 
I * .L TL or * .EXP format files in extended memory 

apxwsaTop q>ai:inos ARJ 
batch Enhancer 
nporpaMMa KOppeKU11H MeHIO 

nporpaMMa ;:i:nsi 3arrycKa " batch" q>aHJioB 

I 

I 
I 

I TiporpaMMbI Mo.nyn.si: cpe.ncTB pa.3pa6oTllHKa 
I (sso.na H BbIBo.na ;:i:attttbIX) 

sysinfo.exe I nporpaMMa onpe.neneHHJI xapaKTepHCTMK o6opy.nosamrn 

B nporpaMMY TaIOKe BKJII04eHbl TPattcnsiTOpbI NDP v.4.4 11 MICROSOFT FL. 

9. COCT0$1Hl1E ITPOfPAMMhl 

TiporpaMMa .nenoHHposatta B O<DATT-51P. Arrecrnu,HOHHbIH nacnopT r AH P<D N!! 122 OT 
02.11 .2000 r. 
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10. CCblJIKlf 

1. Askew J.R., Fayers F.J., Kemshe/1 P.B. A general description of lattice code WIMS. IB­
NES, V. 5, 1966, pp. 564 - 585. 

2. Me11100UK{l pac4eTa OCTaT04llOfO 3HeproBbILleJleHHSI, H30TOnHoro C0CTaBa H aKTHBHOCTH 
Tomurna PEMK-1000. OTLieT PHI.( "KH'', HHKH3T, BHIB1.A3C HHB. N2 33P-l 6/45, 1994. 

3. /(a11u.J1oac1<11u H.B., Kap110a B.A. K Bb16opy 3Mm1p11YecI01X 3as11c11Mocrei:i .D.J1S1 pac4eTa 
ocTaTO4HOro TenJlOBbl.D.eJJeHHSI npo,n:yKTOB .n.eneHHSI pa3Jll{l-JHbIX ,n:eJlSIW,HXCSI ttyKJJH,lJ,O8. ilpenpHHT 

HA3-5092/4, 1990. 
4. II011b11<.u11 A.H., Tamaypoa A.JI. ITporpaMMa pac4eTa H30Torrttoro cocTaBa TonJ111Ba 

CACH2. OTYeT HA3 11HB. N'!! 33/650585, 1985. 

ll. TPE60BAHJ,UI K 3BM 

ilporpaMMa N ucMA MO)KeT BblnOJlHS!Tb paC4eTI,I TTOJl ynpasnemteM onepaUMOHHbIX CHCTeM 
DOS, WlNDOWS-95/98. B MHoro3a,n:a'lliOM pe)K_11Me tteo6xo,n:HMO npe.n.aapHTeJlbHO 3arrycTHTb 
ceccHJO DOS H ycTaHoBHTb .D.JJSI Hee MHHHMaJlbHO Heo6xo.D.HMYJO onepaTHBttyJO naMJITb (DPMI) 
nopS!.D.Ka 8 M6. ,ll,Jlsi HOpManbttOro qJYHKU,HOHHpOBamur nporpaMMbl .D.0Jl)KH0 6bITb He Mettee 14 
M6 cso6o,n:ttoro npOCTPaHCTBa Ha TOM JlOfK'-leCKOM )],HCKe, r)],e 6y.ueT pa3MeIUeHa nporpaMMa, 11 ~ 
4 M6 tta .D.HCKe C:\. Heo6xo.um,10 ttanw-ute cso6o.nttoi1 o6bILlHOH onepaTMBHOH rraMSITH pa3MepoM 
He MeHee 540 K6 H MaTeMaTH'-leCKOfO conpou,eccopa. ITp11 KOHcfH1rypau,1111 PC HeJlb3SI lfC0OJlb30-
88Tb naKeTbI ynpasnettHSI" Extended Memory, ttanpHMep, EMM386.exe H .n,p., KOHq>JlHKryJOI.llHe c 
naKeTOM 3anycKa 3a.D,a4, OTTpattcnHpOBaHHblX NDP. 

12. Jl3blKH ITPOrPAMMHPOBAHlUI 

Bee BXO.D.SllllHe B nporpaMM)' cf>ym(llHOllaJlbHble MO.D.ymt HamtcaHbl Ha pa3JJH'-IHbIX sepcmrx 
S1"3bIKa Fortran 11 OTTpaHCJ1HpOB8Hbl C nOMOlllbJO naKeTOB NDP H FL. ,ll,Jl.SI opraHH.3aU,HH pa60Tbl 
nporpaMMbI B u,enoM no.u ynpasnett_11eM 060JJOYK11 11cnonb3yeTcsi Sl3bIK KOMaH,IJ, DOS 11 Batch 
Enhancer 113 naKeTa Norton Utilities v.8.0. 

13. OilEPAU.HOHH.Afl CH.CTEMA 

MS-DOS (sepc11si BbIWe 5.00), WINDOWS-95, WlNDOWS-98. 

14. ,l(OilOJ1HUTEJ1bHAJI HH<J>OPMAl.zylJI 

15. ABTOPhl ITPOrPAMMbl 

B.M. KsaTop, <DrY PHU, ''Kypt.JaToscKHH 11ttcn1ryT'', 123182, MocKBa, rut. Kyp4aToaa, .D.. 1; 
K.H. CMHpttoB OAO "BH.vl.I1A3C", I 09507, MocKsa, yn. <DeprattcKasi, .u. 25. 

16. HMEIOlUMEC.H MA TEPHAJlbl 

Om1catt11e np1-1MeHe1111S1 nporpaMMbI NucMA (c HttcTpyKu,HeH .D.JlS! noJJb30BaTeJJSI no H:HCTaJJ­
nsiu,11H nporpaMMbI), HHCTaJlJJSIUHOHHbIH naKeT Ha .U11CKeTax, sep11q>HKaUHOHHbIH OTIIeT. 

17. PYliPHKH J.1 KJIIOl..(EBhJE CJIOBA 

Xpa11eHHe, yqeT, OTpa6oTaBwee SI.D.epHoe TOTTJUIBO, H30TOnHblH COCTaB, OCTaTO'-IHOe 3Hepro­
BbJ)].eJJeHHe, PEMK, Bbtropa1111e, o6ono4Ka, MO.D.YJJbHasi nporpaMMa. 
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IlPOrPAMMA SC-1 

AaeTc.si KpaTKa.si 11Hq>opMau11.si o nporpaMMe SC-I, npeirna:3HaYeHHOH nn.si -rpexMepHoro (noR'leiiKosoro) 
TellJIOfl{ll.PaBJIH'-leCKOro pac'leTa OTAeJibHblX KacceT, YaCTeH aKTHBHhlX 3OH 11 aKTHBHbl.X 3OH B ueJIOM peaK­
TOpOB THna BB3P B cTau11OHapHbtX 11 HecTau11OHapHbJX ycnos11»x. B paclfeTe onpeAeJIJIJOTc.si pac□peAene­
HHH no BbICOTe aKTHBHOH 3OHbl H nonepe'lHOM)' ceqemno paccMaTpHBaeMoro yqacTKa aKTHBHOH 3OHbl na­
paMeTpOB TellJIOHOCHTen.si (3HTaJibTTHH, CKOpOCTew, napOCOAep)KaH11H), 3anacoB AO Ha'-lana KimeHHH 11 AO 
KpH3HCa TellJIOOT]la'-lH, TeMneparyp TB3JIOB. 

THE SC-1 CODE. D.A. OLEKSYUK, L.L. KOBZAR. The brief information about the SC-I program 
is presented. The SC-I code was developed for performing 30 (subchannel) analysis of VVER core thermal­
hydraulic behaviour in steady-state and transient conditions. The whole core, part of core or fuel assembly 
can be simulated. The code predicts axial and radial distributions of coolant parameters in simulated region 
(enthalpies, velocities, void fractions), boiling and DNB margins, fuel rod temperatures. 

1. HA3BAHHE IlPOrPAMMhl 

SC-I - nporpaMMa TJ)eXMepHoro (rro.si4ei:i:KoBoro) Tennorn.upaBJIH'-!ecKoro pac4eTa rty4Ka 

CTep)KHeH B O)lHO)KH)lKOCTHOM npH6JIIDKeHHH. 

2.3BM 

ITporpaMMa 3KcIIJiyaTHpyeTc.si Ha IBM PC AT. 

3. IlOCT AHOBKA 3A,lI.A lfil 

ITonepe4Hoe ce4eHHe paccMaTp1-maeMoro rty4Ka cTep)KHeH paccMaTJ)HBaeTcSI KaK coBoKyn­

HOCTb rrnpaJIJieJibHbIX IIO)lKaHaJIOB (.si4eeK), B3aHMO)leHCTBYIOUU1X Me)K)ly co6oii: nocpe)lCTBOM 

ryp6yneHTHOro H KOHBeKTHBHOro nonepe4HOro nepeMeUrnBaHH.sl TeIIJIOHOCHTemL .[(nJI om1caHHH 

Tennor11.upaBm1"l!eCKHX npoueccoB B .i14ei1Ke npHMeHeHa MO)leJih roMoreHHoro .UByxq>a3HOro IIOTO­

Ka c r1eTOM HepaBHOBecHoro napa, 06pa3y10meroc.si 3a C4eT noBepxHOCTHOro K1memrn H npo­

CKaJib3bIBaHHH napa OTHOCHTeJibHO )KH)lKOH qla3bl. CHCTeMa .u11cpcpepeHUHaJibHblX ypaBHeHHH Ta­

KOH MOJJ,enH co.uep)KHT 4 ypaBHeHHSI (Hepa3pb1BHOCTH, coxpaHeHHH :rneprnH, coxpatteHIDl HMrtyJlh­

ca B aKCHaJibHOM H nonepe4HOM HanpaBJiemu1x). nepBbie TPH ypaBHeHHH 3anHCblBaIOTCH )lJIH Ka­

)K)lOH H3 H4eeK, 4eTBepToe - )lJISI Ka)K)lOH CB.s!3H Me)K)ly H4ei:tKaMH. 8 )lOilOJIHem1e K OCHOBHOH 

CHCTeMe .n11cpcpepeHl..(HaJibHhlX ypaBHeHHH HCilOJ1b3OBaHhI MO)lemt TenJI006MeHa B pa3JIH4HhlX 

:rneMeHTax TBC, ypaBtteHHe cocTOHHHH 11 3aMbIKaIOlllHe 3Mn11pw-1ecKHe cooTttoweHH.si. 

fpaHH4HbIMH ycJIOBH.slMH CJly)KaT )laBJTeHHe (paCCMaTpi-tBaeMoe IlOCTOHHHblM )lJI.sl CBOHCTB Te­

ITJlOHOCHTeJI.si H paBHblM )lJIH BCeX .siqeeK Ha BblXO)le 113 aKTHBHOH 30Hb1), TeMneparypa Ha BXO)le B 

aKTHBttylO 3OHY, cpe)lHJl.sl MaCCOBM CKOpOCTb BO BXO)lHOM ce4emrn HJIH nepena.n )laBJieHH.sl Ha Bbl­

COTe aKTHBHOH 3OHbl, cpe)lHHH TeITJIOBOH IIOTOK C noBepXHOC1 H TB3JIOB, paBeHCTBO tty mo none­

pe4HblX nepeTOKOB Ha BXO)le. K rpamt4Hb!M ycnoBHSIM OTHOCSITCSI TaK)Ke IlOTB3JlbHOe H aKCHaJlb­

HOe pacnpe.neneHH.sl TeIIJlOBOro IlOTOKa .. 

HecTal..(HOHapHble paClfeTbl npoBO)l.s!TC.sl npH 113MeHSIIOlllHXC.sl BO BpeMeHH )laBJieHHH, pacxo.ue, 

COCTOSIHMH TeIIJIOHOCHTensi Ha BXO)le B aKTHBttylO 3OHY H TennOBOM ITOTOKe C TB3J1OB. 

4. METO)l PEWEIDUI 

8 nporpaMMe HCITOJlb3OBaH HeHBHblH MeTO)l peweHH.sl CHCTeMbl .u11cpcpepeHUHaJibHblX ypasHe­

HHH, npH4eM )lJISI 3HTaJlbIIHH H nonepeYHbIX paCXO)lOB MeTO)l MO)KeT 6bITb HTepaUHOI-IHhlM HJlH 
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np.HMblM. JfrepaUHOHHblM MeT0)], peweHl-t.H MaTpH4HblX ypasHeHHM (MeTO)], raycca - 3ei1.ne1rn) )],JUI 

nepeTe4eK (nonepe4HbIX pacxo.nos) H 3HTaJlbffHH TenJ10HOCHTeJ1.S1 tta KIDK.,l],OM aKCHaJlbHOM pac4eT­

HOM yposHe npHMeH.SleTCH 8 c11y4ae HeBblCOKHX rn.npaBJlH4eCKHX ttepaBHOMepHOCTeM no .Sl'-leMKaM. 

B CJ1Y'-lae 60J1bWHX rn.npaBJlH'·'feCKHX HepaBHOMepHOCTeH (cymecTBeHHa.H pa:3HHUa rH,n.pas11w1e­

CKHX )],HaMeTpOB coce)],HHX .Sl4eeK, 3Hal.f11TeJ1bHOe pa:311H4He MeCTHblX r11.npaBJTH4eCKHX conponrn­

neHHM, BbJCOKa.H ttepaBHOMepHOCTb 3HeprOBbl)],eJ1eHIDI HJlH pacxo.na no KaCCeTe H T . .n.) YJTYl.fllletrne 

CXO)],HMOCTH BHeWHero HTepaUHOHHOro UHKJla )],OCTHraeTC.SI 3a Cl.feT BBe)],eHH.SI B nporpaMMY npH­

MOfO MeTO)],a peweHH.H MaTpH'--IHblX ypasHeHHM (MeTO)], raycca co CTpaTerHeM. MapKOBlfl.l,a )],JIH 

pa:3pe)KeHHbIX MaTpHu). 

5. orPAH.WIEH.IDJ CJIO)KHOCTU 3A.ll,Allll 

O.nHO)KH)],KOCTHa.H MO,lleJib c TIOCTO.HHHblM no BblCOTe KaHana .n.asneHHeM )],Jl.H CBOHCTB Tenno­

HOCHTeJl.H HaKJia)],blBaeT ecTeCTBeHHbte orpaHH4eHHJI Ha nepe4eHb MO)],eIIHpyeMblX Q)H3H4eCKHX 

rrpoueccoB. vb paCCMOTpeHIDI .HCKJII04a.JOTC.H npoueCCbl, CB.H3aHHble C cymecTBeHHbIM BJIIDIHHeM 

pa:3,D.eJlbHOro )],8H)KeHH.H cpa:3 ( o6pa:30BaHHe ypoBH.H, oroneHHe aKTHBHOH 30Hbl, HaJll-l'Ilfe pa:3HOHa­

rrpasneHHOro )],BH)KeHHJI Q)a:3, 6blCTpa.H pa:3repMeTH3aUJ.UI H T.rr.). 

6. THIIM'-IHOE BPEMJI Cl.fET A 

Pacl!eT uenoi1 KacceTbI peaKTopa BB3P-440 (252 »l.feHKH H 25 TOl!eK no Bb1c0Te) Ha III{ c 

npoueccopoM Pentium-100 H onepaTHBHOH rraM.HTbJO 16 M6ai1T cocTaBJlj{eT )],Jl.H rrepexo.n.ttoro 

npouecca )],JIITTeJlbHOCTblO l 000 C OKOJIO l O '-laCOB MaWHHHOro BpeMeHH C pac4eTHblM lllaroM l C. 

7. OCOliEHHOCTM IIPOrPAMMhJ 

Pa:3MepHOCTH no 4HCJIY TB3J10B, .Sl4eeK, BbICOTHblX OTMeTOK H .npyr11x napaMeTpOB onpeJJ.eJl.H ­

IOTC.sl aBTOMaTH4eCKH )],JI.H pewaeMOM 3a)],a4H H orpaHH4HBaIOTC.H TOJibKO B03MO)KHOCT.HMH 3BM. 

II01rn 3HeprOBbl)J.eJiemrn B aKTHBHOH 30He 3a)],alOTC.H C Jll060H CTeneHhIO )J.eTaJ11BaU11H (ttanpHMep 

MO)KeT 3a)],aBaTbC.SI ocesoe pacnpe,D.eJieH.He TenJlOBbl)],eJleHH.SI OT)],eJlbHO ,/J.Jl.SI Ka)KJJ.OfO TB3Jla). 

l1MeeTC.SI 803MO)KHOCTb peweHH.SI 3a)],a4 C H3MeHeHHeM no BblCOTe aKTHBHOH 30flbl npOXO,UHbIX 

cetieHHH .Sll.feeK H 3a:30pOB Me)K)],y TB3JiaMH (Mo.ne111-1posaHHe pacnyxaHHSI TB3J10B, H3rH60B TB3J108 

H KacceT). Bo3MO)KH0 3a)],attHe TeTIJ1006Metta Me)KJJ.y .Hl.feHKaMH, pa:3,neneHHblMH TennonpOBO)],j{­

lll,KMH cTeHKaMH (3TO no3son.s1eT, ttanp11Mep, y4eCTb Tennoo6MeH 4epe3 qexon KacceTbI peaKTopa 

BB3P-440). 

IlpH pac4eTe nonepe11Horo nepeMew1rnaHH.S1 TennoHOCHTen.H B03MO)KeH y4eT np1rny.n11TeJ1bHO­

ro KOHBeKTHBHOro nOTOKa, C03)],aBaeMoro 3a C4eT cneUHaJlbHblX OTKJIOHJllOLUHX :rneMeHTOB )],HC­

Ta111.1,HOHHPYIOLUHX peweTOK. ,l..I,m1 pac4eTa KpHTH4eCKOro Tennosoro TIOTOKa 8 nporpaMMe COJJ.ep­

)KaTC.sl 7 KOppeJ1.S1Ul-lH, o,ntta H3 KOTOpblX npH 3a)],aJIH.H HCXO)].HbIX .n.attHblX Bb1611paeTC.sl B Kat:tecTBe 

OCHOBHOM" )].Jl.H Hee BbI,D.aeTCK 6011ee .neTaJlbHa.H HIIQ)OpMau1u, 4eM )],Jijl OCTaJlbHblX weCTH KOppe-

11.HUHH. 

8. BCTTOMOrATEJlhHhIE U COilYTCTBYIOlll,HE nPOrPAMMhl 

Pa:3pa60TaHbl cneuHaJTbHble noJJ.nporpaMMbl )J.Jl.SI aBTOMaTH3HpoBaHHOH no,nroTOBKH BXO)],HbIX 

)],aHHbJX nporpaMMbl SC-1 (pac4eT K03Q)Q)HUHeHTOB MeCTHOro rn.npaBJlH'-leCKOro conpOTHBnem-rn 

3JleMeHTOB )],HCTpeweTOK no HX reoMeTpHl.feCKHM xapaKTepHCTHKaM, 3a)],aHHe noneH 3HeproBbJ)],e­

JleHH.SI no pe3yJlbTaTaM HeHTpOHIIO-Q)H3Hl.fCCKHX paC4eTOB C TIOMOI.UbIO nporpaMM 611ITP H PER-
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MAK), a Ta101<e .LJ.JUI rpa¢111.rncKoro npe,ncTasneIDU1 pe3yn1,TaTOB pacqern M no,nroTOBKH MHOro­
useTHOH HJ1J1lOCTpaTHBHOH rpaq>l1KH. 

9. COCTOfillHE TIPOrPAMMbl 

IlporpaMMa JJ,enoH11posaHa B O<DAil-51.P. ATTeCTaUHOHHblH nacnopT rAH P<D NQ 123 OT 
02.11.2000 r. 

10. CCbl.JIKH 

I. Ko63apb JI.JI., OneKCIOK ,if.A., JlbLCt(OBa H.H., EonbtuaKoa B.B. 0r"leT o sepHq>HlCaum-1 
nporpaMMbI SC-1, npe.LI.Ha3Ha"leHHOH .D.JUI IlO}l"!eHKOBoro Tennorn.upasm,rqecKoro pactteTa aKT11B­
HbIX 30H peaKTopos THna BB3P. 0r4eT PHU, "KM" HHB. NQ 32/1-32-399, 1999. 

11. TPEliOBAHJUl K 3BM 

):vi_}! pactJeTa KaCCeTbl pearcropa B83P-1000 C 660-IO }14eHKaMH H 30-10 TOtJKaMH no BbJCOTe 
Tpe6yioTC}I onepaTHBH~ naMHb He Mettee 8 M6aHT 11 npocTpaHCTBO Ha )KeCTKOM AHCKe He MeHee 
12 M6aih. 

12 . .H3blKH llPOrPAMMHPOBAHIUI 

AnropHTMJ,fCJeCKHH }13bIK <l>opTpaH C yqeTOM CTaHJJ,apTOB Fortran-77. 

13. OIIEPAl(HOHHMI CHCTEMA 

IlporpaMMa pa6oTaeT B onepau110HHOH cwcTeMe MS DOS. 

14. ,LI, 0 II OJIHHTEJibHA.H HH <l>O PMAUIDI 

15. ABTOPhl IlPOrPAMMbl 

,n:.A. OrreKCIOK, JI.JI. Kofoapb, <l>rY PHU, "Kyp"laTOBCKHH HHCTITTyr". 

16. HMEIO[UHEC.H MA TEPMAJlbl 

BepHQJHKaUHOHHblH OT4eT C om1Cam1eM nporpaMMbl H pe3yJ1bTaTaMH nposep04HbIX pac4e­
TOB, OTIHCam1e npHMeHeHIDI, 3am1cb nporpaMMbl Ha JlHCKeTe DK, KOHTPOJJbH~ 3aJJ,al..fa. 

17. PYliPliKH H KJIJOqEBbIE CJIOBA 

TenJ10rHApaBJ111tJeCKHH pacYeT, nporpaMMa (pacYeTHblH KO.U), TI0}14eHKOBblH MeTOJl. 
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IIPOrPAMMA MOPABA-H2 

TTporpaMMa MOPABA-H2 npenHa3HaYeHa JJ.JUJ pacyern 06paJ0BamU1 H pacnpeneneHIDJ Bo.uopoJJ.a 11 

Jlpynrx fa.JOB s o6opy.uosaHHH I KOHrypa peaKTOpHbtX ycrnHOB0K (PY) nrna BB3P s pa3JJH"YHbtX pe>KHMax, 
BKJIIOlfaJI asapHHHhie. PaccMaTpHBalOTC.sI CJTeJIYIOUU-te pe>K11Mhl pa60Tbl PY: pa6orn Ha MOlll.HOCTH; nnaHOB0e 
pacxo11a>Knsatt11e 11 XOJ!OJlHblll 0CTaHOB, peMOHTHOe pacxona>KHBam,1e; asapIDI C noTepeH TeruJ.OHOCHTeJJ.st I 
KOHrypa, HCKJIIOl.fa.st T.sI>KeJlhie asapl1}1 C n11asJJeH11eM aKTIIBHOH 30Hbl (A3). 

THE MORAVA-H2 CODE. O.P. ARKHIPOV, V.L. BUGAENKO, S.A. KABAKCHI. The 
MORA VA-H2 computer code calculates the generation and distribution of hydrogen and other gases in the 
primary equipment of reactor plants with WWER-type reactors in various modes of operation, including 
emergencies. The modes of reactor plant operation considered, are as follows: power operation; planned 
cooldown and cold shutdown; maintenance cooldown; loss of primary coolant accident (LOCA), except se­
vere accidents with the core melting. 

t. HA3BAHl1E IlPOrP AMMbl 

ITporpaMMa MOPABA-H2 (MOmttoCTb Pacxo11IDKHBaH.He-ABAp1u1-MoneKy1rnpHbJH so.uopo.n) 
- MO.nenb XHM1'P-{eCKOro COCTO.SIHIUI TenJTOHOCHTem1 B 3JleMeHTaX l K0Hrypa peaKTopoB THrra BB3P 
npM HOpMallbHOH JKCnnyarnu,1111 11 asap.1111 C noTepeH TenJlOHOCHTeJJ.SI ) K0Hrypa. 

2.3BM 

IlporpaMMa peanH30BaHa .nn.si TI3BM. Mo.nynb pac4eTa pe)J{l1MOB pa60Th1 Ha M0U{H0CTH, 

flJlaHOBOro pacxonIDKHB3Hl1.SI, XOJl0.D,HOfO OCTaHOBa 11 peMOHTH0fO paCXOJlIDKHBaHIDI. peaml30BaH 
.n1rn cpe.D,bl DOS, Mo.nynh pacLieTa asapHH c noTepeH TennoHOCHTeJUI 1 KOHTypa - .llJJ.SI Windows 

9x/NT. 

3. IlOCTAHOBKA 3A.il:Aqlf 

IlporpaMMa MOPABA-H2 paccYHTb1BaeT KOHUeHTpaUHH TexttonornYeCKHX rrpHMecei1 B Ten­

JJ0HOCHTene (xHMHYeCKMX semecrn KaK BBO.UHMblX s I KOHTYP B npouecce 3Kcruryarnu1rn PY -
aMMHaK, 6opHa.S! KHCJIOTa, rn.npoKCH.D, KaJlH.SI, a30T, Kl1C110p0.ll, TaK H o6pa3ytOlllHXC.sI B A3 B pa­
J],HaUHOHHO-Xl1MH4eCKl1X npoueccax - so.nopo.n, nepeKHcb so.nopo.na) H cocTaB naporaJOBbJX cMe­
ceii s JJleMeHTax I KoHrypa PY nma BB3P. TiporpaMMa no3som1eT nposo.D,HTb nportto3Hbie pac­
YeTbt: 
- Jl.HHaMHKH KOHUeHTpau1rn npHMeCeH B TenJJOHOCHTeJle J KOH-rypa, COCTaBa naporaJOBOH CMeCH 
s KL( npH pa6oTe PY Ha MOlllH0crn B HOpMallbHOM pe)KHMe H HapyweHH.SI.X BXP; 
- H3MeHeHH.SI KOHl(eHTpaIJ.HH npHMeCeH B TenJlOH0CHTeJle I K0HTypa H B K,D;, no.n Kpb!WKOH peaK­
Topa H B KOJlJieKTopax f1r np11 nJiaHOB0M paCXOJlIDKHBaHHH PY 8 HOpMallbHOM pe)KHMe H OTKJJO­
HeHH.sIX OT HOpMallbH0ro pe)KHMa; 
- KOHL(eHTp8UHH npHMeceH B TenJIOHOCHTeJie J K0HTypa 11 C0CTaBa napora30Bb!X CMeCeH 00.ll 
KpblWKOH peaKTOpa H B fl.J;H B pe)KHMe ' peMOHTHOe paCXOJlIDKHBaHHe PY"; 
- KOHUeHTpaU,HH npHMeCeH B TenJlOH0CHTeJJe I K0HTypa H. COCTaBa napora30Bb!X CMeceH o6pa-

3)'K)W:HXC.sI no)]. KpbllliKOH peaKTopa 11 Bbt6paCblBaeMblX B lllaxry peaKTOpa B npouecce pa3BITTH.sI 
asapHH C noTepeH TenJIOHOCHTeJI.st I KOH-rypa (HCKJll0'-18.sI T.Sl)KeJ1yt0 asapHtO C ITJlaBJleHHeM A3). 

4. METO)l. PEWEHIUI 

B nporpaMMe MOPABA-H2 I KOHTYP PY paccMaTpHsaeTc.sI KaK cosoKynttocTb JJieMeHTOB, 
COe.D,HHeHHbJX Me)K,[ly co6oi1 He HMetOLUHMl1 o6bCMa Tpy6onpOBO.D,8MH. TlpHHHM810TC.sI c11e.nyt0-

w.11e .nonymeH1,rn: 
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• B mo6011 MOMeHT speMeHH TenJIOHOCHTeJlb B 3JleMeHTe I KOHrypa SlBJl.SieTCSl roMoreHHO nepe-
MewaHHbIM; 

• npH TeMneparypax HIDKe HaCbIIUemui ra:1006MeH Me)K,[{y )KH.LJ.KOH H napora30BOH q>a3aMH HO-
CHT .LJ.HCpq>y:rnoHHbIH xapaKTep; 

• npH TeMrreparype, paBHOH TeMneparype KHneHIDI, pasttosecttoe pacnpenenem-re K.Hcnopo.u.a, 
sonopona H a30Ta ycTaHaBJIHBaeTCSl MrHOBeHHO, paBHOBecHe nOllt:fHHHeTCR 3aKOH)' feHpH. 

,[(.rist cocTa.BHblX qacTeH nporpaMMbJ MOPABA-H2 Hcnom,3yioTcst cne.u.y1oulHe pactteTH1>1e 
cxeMbl (pHC. l.. .4 ). 

npoTe4KI! napa TiapOB!UI -
<j>a.Jal(L{ 

CllyBK3 8npb1CK B KJl 
Cn eKa 

napoBa.11 
lj>a:ia C 8KB 

raJOBa.11 q>a.Ja BOJl.llHa.11 

BO!lSIH!UI 
BnpbtCK 

I A3 I I K0HT)'P 
B K}l q)a.Ja KL{ 

-
~ 

~ 

lj>a:ia napoea.11 
q>a.Ja 

0 
BoJV1HaR q>a.Ja 

~ Bo.n,r11a.11 
"' 0.. lj>83a rL(J( A3 C11creMa 

npoTC4KII 
TennOHOCIITCn.11 HH>KHl!JI 

pacxonB>KltBlll!llll 

nollnHTKa 

I CBO-2 1-.~ 
nponyeKa 

}lo6aB04Ha.ll 

Xl!MpeareHTbl BO!la 

KBMepa 
peaKTopa 

TI TC4KH CIICTCMB HJ 6axos 

nOJUUfTKII- nOJlllllTKH II 
npoJlYBK3 floAn HTK3 

JlpeHaJK npo)ly&KII Jl03Hp08Klt 

Pttc. 1. r11.npasmr4ecK<U1 cxeMa pacqern Bb1xo.na ra:Jos P11c. 2. fH.npaan114ecKrui. cxeMa pac4.eTa BbIxo.na 
npH pa6oTe Ha M0lllH0CTH ra:308 nptt IDJaH0B0M pacxoJia)l(lffiaHHM H X0JI0.ll,H0M 

0CTaH0Be 

C _ ,.llYBKa 

i -
r aJ0B!UI <j>aJa 

CHc-re~rn 
i.--

pacx0JlaJl<HBaHHJI 

Bo.n,i Hrui ~ia.Ja CllVBKa TTapoa!UI 
<pa.Ja 

A3 

I IBJKHJIII 
BOlll!H!UI 

KaMepa 
<pa.Ja rl{H 

peaKTopa ~ ~ 

-

Pttc. 3. ftt.npaem14ecK<U1 cxeMa pac4eTil Bbtxo.na raJ0B 
np11 peM0HTH0M paCX0Jia)l(H.Ba~nrn 
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PHc. 4. ru.npasnw-recK<UI cxeMa pacLJeTa BbLXo.na 
ra:Jos np11 aaapIrn c noTepeH Tenn0Hoc1,nem1 I K0H­
rypa 



.[{irnaMHKa 113MeHeHJ-t.SI KOH[leHTpaU.HH npHMecei1 B TenJlOHOCHTeJie B KIDK,UOM 113 3JieMeHTOB I 
((0HT)'pa onHCbIBaeTC.SI B o6w,eM BH,U.e CHCTeMOH JlHCpcpepeHUHaJlbHblX ypasHeHHH, 0)].HOTHflHbIX 

J.VI.sl KIDK,LlOH H3 ceMH npHMecei1. (aMMHaK, KHCJIOpo.u so.uopo.u, a30T, 6optta.si. KHCJI0Ta, nt,!lpOKCH)]. 

KaJIWI, nepeKHCb 80)].0pOJJ.a): 

dM, _ ~ dM,(rad) dM ,(Zr) _ ~ 
- L.JQC, +---+--- L.JW, . 

dt I dt dt I 

(1) 

1) 2) 3) 4) 5) 
"l{;JeHbl 3TOH CHCTeMhl OTIHCblBalOT CJ1e)].y10w,11e Q)H3HKO-XHMH'-leCKHe npouecCbl H .SIBJieHIDI. 

1) CK0p0CTb H3MeHeHH.SI a6COJIIOTHOro K0JIJil-leCTBa i-H npHMeCH BI KOHT)'pe, MOJib!C. 

2) Tioc-rynnett11e i-i1 npHMeCH s .uaHHbtH 3JieMeHT l K0HT)'pa, pasttoe pacxo.u.y Q Ten110HocITTeJI.S1, 

((f'/C (npOH380,lJ.HTeJlbHOCTb fUH HJIH CHCTeM pacxOJia)KMBaHH.sl, flO)lTIHTKH, TI0)la9H 80,lJ.bl H3 fH)].­

poeMKOCTeH, Hacocos CAO3 H T.Jl.), yMHO)KeHHOMY Ha K0HUettTpaUHIO C, np11Mec11, MOJib/ Kr, Ha 

BX0)].e B ,u.aHHbIM 3JleMeHT I K0HT)'pa. 

3) l13MeHem1e KOHU.eHTPaUHH i-H rrpHMeCH, MOJlb/c, B pe3yJ1bTaTe pa,ll.Hfil!HOHH0-XHMH9eCKOfO 

npou.ecca (pa,!lHOJ1H3a) B A3. Otto Ofll1CbtBaeTC.sl, B CB0IO 0t.Iepe,U.b, Cl1CTeMOH " )KeCTKHX" JJ.Hcpcpe­

peHUl1aJlbHbIX ypasHeHH.H 

dC, /dt = L G,k ik + L k,1c,c1 . (2) 

B 3TOM ypasHeHHH G,k - pa,ll.HaUHOHHO-XHMl19eCKHH BblXO)]. i-H npHMeCH, reHep11pyeMOH B A3 

B pe3yJlbTaTe ,u.eHCTBH.SI H3JIYt.feHH.SI BH)].a "le C MOlll,HOCTbfO )].03bl Ik (Mbcpa- ' 6eTa-, raMMa­

H3Jiyt1emu1 H 6bICTpbte HeHTpOHbI); C, H c, - KOHUeHTpau,rn np0JlYKTOB; ky - KOHCTaHTbl CKOpOCTJ,f 

XHMWJeCKHX peaKUHH. IIepBblM 9JieH B npaBOH t.Jacnt 3Toro ypasHeHIDI xapaKTepH3yeT CK0pOCTb 

reHepau1rn nepB.H"l.fHblX npOJlYKT0B pa,ll.HOJJH3a B0Jlbl. Pa.uHaUHOHHO-XJ,fM.H"l.feCK.He BbIXO,[{bl G,k 3a­

BHC.SIT OT TeMrrepa-rypbI. 3ttat.JeHl1.SI BbIX0)].08 H 3aBHCHMOCTH HX OT TeMnepazypbt H BH,[{a H3.11)'t.Je­

HH.sl 6pa11.11Cb 113 pa60Tbl []] . 

BTopoi1 'U[eH npaBOH lfaCTH ypaBHeHIDI (2) - anre6pa114eCKa.SI cyMMa CKOpOCTeH HJlYUl,HX B 

o6'beMe 80)].bl XHMHt.JeCKHX peaKJ..{HH, B KOTOpblX i-H npOJlYKT 11cqe3aeT HJIH o6pa3yeTC.SI. B03M0)K­

HOe npHCYTCTBHe B TenJIOHOCHTeJle rH,ll.pa3HHa (Ha nepeXO)].HblX 11 asapHHHbfX pe)l<HMax) Yl{HTbl­

BaJI0Cb K0CBeHHO, npHHHMa.sl, 4TO nt.,U.pa3HH npH rrona.uaHHH B A3 npH BbICOKOH TeMneparype 

pa3JiaraeTC.SI C 6onblllOH CKOp0CTblO Ha aMMHaK H a30T. AJJ.eKBaTHOCTb 3TOro Ha6opa peaKUHH ,lJ.O­

Ka3aHa s pa6oTe [ 1] nyreM cpaBHeHH.SI pacL!eTHbIX BeJlHt.JHH tta6JIIO,ll.aeMbIX BblXO,lJ.0B npOJJ.YKTOB 

pa,ll.HOJ1H3a 80,lJ.bl H B0AHbTX pacTBopos H HX CTaUH0HapHbIX KOHUeHTpaUHH npH 60J1bLIIHX norno-

1.l{eHHbIX )].03ax C C00TBeTCTBYIOllU1MH 3KcnepHMeHTaJibHhIMH )].aHHblMH. IIpH 3TOM nony4eHbl on­

THMaJlbHble 3Hat.JeHH.SI K0HCTaHT CKOpOCTeH scex peaKUHH, BXO)]..SllUHX B Ha6op. 

KoHCTaHTbl ky CKOpOCTH XHMHL!eCKHX peaK[lHH 3aBHC.SIT OT TeMnepazypbl no 3aKOHy Appe­

Heyca: 

kij = ki exp( - Eu/ RT) . (3) 

B o6w,eM cnyqae noKa3aTeJib 3KCnoHeHTbl Ey ( ero Ha3bJBalOT 3Heprnei1 aKTHBaUHH XHMHL!eCKHX 

peaKUHH) 3aBHCHT OT TeMnepazypbl T. 
4) ll3MeHeHHe KOHUeHTpaUHH so.uopo)].a B pe3yJibTaTe napouHpKOHHeBOH peaKUHH ( c11y4ai1 asa­

pHH C noTepei1 TenJIOH0CHTeJI.SI I KOHzypa), onHCb!BaeMoe CHCTeMOH 

dM,(Zr) = ~ 11 ~[ k' T ] 1/2 - 1/2' ( 4) 
dt ";:t 1 ft S , P ' t 

r)],e k 1 
- napa6on114ecKa.S1 KOHCTaHTa c1<opocn1 napou11pKOHHesoi1 peaKU11H Ha 1-M sepTHKaJib-,, 

HOM yL!aCTKe TB3Jlaj-H rpynnbl, COCTO.SllUeH H3 n TB3JlOB: Ti = T1(l) - TeMnepaTypa Ha 1-M y LlaCTKe 
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TB3Jl8, 3aBHC.llllJ.8.ll OT speMeHM; S1 = S1(/) - nnow.a.n;b 1-ro sepnlK8JlbHOro Y,:!aCTKa TB3Jla, conpHKa­

caJOw.eroc.ll c napoM. 

5) BbIHOC W,, MOJlb/c, npJ,fMeCH 113 .IJ,aHHOro 3JleMeHTa I KOHrypa. BH.LJ; ypaBHeHH.ll .I1,JUI 3TOH BeJlH­

'-IHHbl 3aBHCHT OT 3JleMeHTa KOHrypa: 

• .I1,Jl.ll pac'-!eTOB H3MetteHH.ll KOHUeHTpauI-rn B 3Jlet\1eHT8X 1 KOHrypa r,ue He npOHCXO.I1,HT [83006-

MeHa, 

W =QC"""' 
I I > (5) 

r.ue C, - KOHUeHTpaUH.ll npHMeCH Ha BblXO.I1,e H3 .I1,8HHOro 3JleMeHTa J KOHrypa; 

• ,l],Jl.ll onHCaHH.ll H3MeHeHHH KOH1J.eHTp8UHH np11Mecei1 B 3JleMeHTax KOHrypa r,l],e HMeeT MeCTO 

y,uanett11e ra3006pa3HbIX npHMeceH H3 )KHJlKOCTH B napora30BblH o6beM nyTeM ryp6yneHTHOH 

.umpcpy3HH (HanpHMep, o6pa30BaHHe fa30Bb!X ny3blpei1 no.u Kpb!WKOH peaJ<Topa, B K,[{ HJlH KOJl­

neKTOpax ITr), 

w,= A,(c.- a,P,)- (6) 

r.I1,e A, = fi..S, D,, T, Re) - K03cpcp11uweHT Macconepettoca, 3aBHC.llllJ.HH OT nnotna,ro,r nosepxHOCTH 

pa3,L1,ena, K03<p<pHL(HeHTa .UH<p<pY3HH ra3oo6pa3HOro KOMnOHeHTa, TeMneparypbl H: rHJlpO.I1,HH8MH­

'-leCKOH o6cTaHOBKl1 B .I1,aHHOM 3JleMeHTe KOHrypa; a, H P, - COOTBeTCTBeHHO K03cpcp11u11eHT rettpH 

H napUH8JlbHOe .n;asneHHe i-H npHMeCH B fa30BOH cpa3e; 

• JlJl.ll on11caHH..ll BblHOCa npHMeCH B Tel.Jb rrpw paCCMOTpemrn asapm-1 C noTepeH TenJJOHOCITTem1 

[ KOHT}'pa 

W, = QM 
I 

alfa + ( I - alfa)B , 

M + M B 
\\ I let l l ~ H ll 

(7) 

r.ue alfa - JlOJl.ll napa B Teem, M water H M steam - Macca COOTBeTCTBeHHO BO.LI.bl H rrapa B I KOHrype 

npH asap1111 H B - K03<p<pHUHeHT pacnpen.eneHH.ll np11Mec11 Me)K.IJ.Y napoM 11 80,l],OH, 3aBHC.llWHH OT 

TeM neparypbr; 

- JlJl.ll on11cattH.ll H3MeHeHHSI KOHUeHTpau1rn np11Mece11 B 3JleMeHTax KOttrypa C HHTeHCHBHblM ra-

3006MeHOM (cneUBOJlOO"IHCTKa npH HOpMaJJbHOH )Kcnnyarnui,rn) 

W, = QM,IK (8) 
r.I1,e K - K03<p<pHUHeHT yMeHbWeHI-UI KOHUeHTp8Ul1H fa308 B .I1,ea3paTope. 

,ll,n.ll peweHH.ll CHCTeM .I1,HcpcpepeHUH8JlbHh!X ypasttem1i1, onHCb!BfilOWHX H3MeHemrn KOHU,eH­

Tpau,HH npHMecei:i B 3JleMeHTax Kottrypa, np11MetteHbI MeTOJlhJ Pyttre - KYTTa IV nop&,uKa c ouett­

KOH norpewHOCTH H aBTOM8TW'!eCKOH KoppeKu11ei1 wara H 3fulepa. B pe)IG1Me asapHH JlJUI pewe­

HH.ll CHCTeMbl .D,HcpcpepeHUH8JlbHblX ypaBHeHHH HCl10Jlb30B8H MeTOJl f11pa. TiocJie.I1,HHH MeTOJl 

T3K)Ke npHMetteH .l.Ul.ll peweHH.ll CHCTeMbl ")KeCTKJ,fX" .IJ.HcpcpepeHL(H8JlbHblX ypastteHHH, OllHCbl-

88!01.l(H pa,uHaU,HOHHO-XHMHLJeCKHe npouecCbl B A3. 

5. orPAHffl-lEHIUI CJIQ)KHOCTH 3A.ll.A'-IH 

B paMKax npHil.llTOH MO.I1,em1 paC'-leTa orpaHHLJeHHSI OTCYTCTBYIOT. 

6. THnH4HOE BPEM.SI C4ETA 

BpeM.ll C'-leTa 38811CHT OT THna 11cnOJ1b3yeMOH 3BM, a TaK)Ke onpe.I1,eJ1.lleTC.ll THITOM pernaeMOH 

3an.a'-IH, .UJlHTeJlbHOCTb!O H xapaKTepHCTHKaMH MO)l,enHpyeMOfO npouecca H .IJ,JlSI peaJJbHbIX 3a.I1,a'-I 

MO)KeT COCTaBJl.llTb OT HeCKOJlbKHX ceKyH.U .UO HeCKOJlbKHX CYTOK. 

7. OC06EHHOCTH nPOrPAMMhl 

TTporpaMMa BKJJIO'-laeT B ce6& cneny1ow,11i1 Ha6op no.unporpaMM : 
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POWER - pac4eT XHMHt.tecKoro cocT051Hllil Tenno1-1ocHTem1 B 1 KoHrype H K,[( c yt.teToM pa6oThI 
PY Ha MOW.HOCTH B HOMHHa.JlbHOM pe)KHMe H npH B03M0)KHblX HapyweHH51X BXP; 
COLDING - pacCJeT XHMHt.tecKoro cocT051HH51 Ten110Hoc11Te1151 B 3JleMeHTax [ KOHrypa B pe)l(HMe 
npoeKTHoro pacxo11ru1<.11BaHH51 PY; 
REPAIR- pac4eT XHMHYecKoro cocT051HH51 Tenno1-1oc11Te1rn B 3JleMeHTax I KOHrypa B pe)KJ.{Me 
"peMOHTHOe pacxoJJIDKHBaH11e PY"; 
LOCA - pacYeT BblHOCa fa30BblX npHMeceii TerrnOHOCITTeJrn f KOHrypa B KOJlJleKTOpbl rrr, no.u 
KpblWKY 11 B waxry peaKTOpa B npouecce pa3BHTIDI aBap1111; 
H20 _Rad - pac4eT KHHeTHKH pa,llHOJ1H3a Te□J10HOCHTeJJ51 no.u B03,lleHCTBHeM CMewaHHOro y­
aeHTpOHHOfO H311y4e1-1HJ1; 
GAMMA - pac4eT ,ll03bI ocTaTO'-:lHOro y-H3.rryt.temrn, nornow.e1-11-1oro TennoHOCHTeneM B A3; 
RESIDUAL- pact.teT M0lUHOCTH ocrnT0'-IHblX 3HeproBbI)lenettHH. 

ITporpaMMhI POWER, COLDING REPAIR peanH30BattbJ .11.1151 cpe.n;1,1 DOS a nporpaMMbI 
LOCA, H2O_Rad, GAMMA, RESIDUAL-.um1 Windows 9x/NT. 

8. BCilOMOf'ATEJlhHbJE H COllYTCTBYJOll(JfE nPOrPAMMhl 

TPATI - tteo6XO.UHM )lJ151 pacYeTa Tennorn,n:paBJ1H4eCKJ,!X napaMeTpOB, cny)KalUHX HCXO)lHbl­
MH ,n:aHHblMH rorn pacYeTa BbIXO,D.a BO.ll.Opo.ua npH aBapHH C noTepetl TeITJJOHOCHTeJ151 I KOHTypa. 

9. COCTOIDHIE lIPOfPAMMhI 

TiporpaMMa .uenottHpoBatta B O<1>ATI-5IP. ATTecrnuHoHHbIH nacrropT r AH P<l> NQ 132 OT 
02.11.2001 r. 

10. CChlJlKl.t 

1. Eyzae11Ko B.Jl., ERKOB B.M KHHeT11YecKaH Mo.11.enb pa.uH011113a )KHJJ:KOH BO.Uhl 11 pa36aB11e1-1-
HhIX BO)lHblX pacrnopoB 80.UOpO)la, KHC110po.ua H nepeKHCH 80.U0po.ua. J. <l>opMy1111poBKa M.O,nenH. 
IIperrpHHT J1T3<1> 91-74, 1991. 

2. Hydrogen in water-cooled nuclear power reactor / lAEA, Vienna, Austria and Commis. of 
Europ. Commun. Brusseles, Belgium, 1991 (npoeKT pyKOBO.llHW.11X ,no1<.yMeHTOB MAr AT3 no BO­
.nopo.UHOH 6e3onaCHOCTl1 A3C rrpH T51)KeJ1I,IX aaapH51X). 

3. 3axapoa A.JO., Typ'la11u11oa B.H. STIFF - nporpaMMa ,nnsi pewe1-11151 ")KeCTKHX'' cHcTeM 
o6bIKHOBeHHbIX .IJ.Hcpcpepe1-1u11anbHbIX ypaBtteHHH. TlpenpHHT l111M AH CCCP, 1979. 

11. TPEliOBAHI-UI K 3BM 

Tim I13BM - COBMeCTHMa51 c lBM PC AT c npoueccopoM He Hl1)Ke Pentium. B 3aBHCHMOCTl1 
OT 06beMa BblBO)lHMOH Ha BHeWHl1H HOCHTeJlb HHcpOpMaUI-IH .IJ.1151 pa60Tbl MO.UY11.R, pean1130BaHHO­
ro .ll.J151 DOS, Tpe6yeTcsi .no 640 K6ai1T onepaTHBHOH naM.HTH H .uo 1 M6ai1T .UHCKOBOro npocTpaH­
CTBa, a pean113oaa1-11-1oro .nn.R Windows 9x/NT - He Mettee 5 M6ai1T cso60.u1-1011 onepaTHBHOH na­
MITT'H H HeCKOJibKO M6aHT .UHCKOBOrO npOCTpaHCTBa. 

12 . .sI3hIKH IIPOrPAMMHPOBAHIDl 

PASCAL 11 Fortran. 

13. OflEPALI,HOHHAJI CHCTEMA 

Mo.uym1 pacYeTa pean1110BaHbI .unH cpe.u DOS 11 Windows 9x/NT. 
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14. ,ll.OilOJIHl1TEJlbHA51 HH<l>OPMAIJ,IUI 

15. ABTOPhI nPorP AMMhl 

o.n. Apx1moB, B.n. EyraeHKO, C.A. Ka6aKt.tH. <I>rYn OK.6 "fM,nPOTIPECC", 142103, 
r. flo.n,onbcK MocKOBCKOH o6n., yn. Op.n,)l{OHHK11,!1,3e, 21. 

16. HMEIOllJ.MEC.R MATEPHAJlbl 

nonb30BaTemo Moryr 6b1Tb npe.n,ocTaBneHbl on11caHHSI MeT0,!l,HKH " npHMeHeHHSI " MaTep1-1a­
flbl no o60CHOBaHHIO nporpaMMbl. 

17. PY6PHKH 11 KJIJOl.JEBhIE CJIOBA 

PeaKTop, BB3P, TennoH0CHTenb I Kottrypa, so.n,opo.n., K11cnopo.n., aMMimK, H 3803, pa.n,110JTH3, 
asap1u1 c noTepew Tennottoc11Tem1 I K0HT)'pa. 

IlPOrPAMMA S03D 

Ilp11so.n11TCR aHHOTaUl1JI npoq>ecc110HanbHOH 30 ceTor.rttoi-1 rrporpaMMhI S03D _, rrpe.ntta.JHa'-!eHHoi-1 .nnR 
mmaM11r.recKoro Mo.nen11posaH11R a.llBeKTIIBHOro nepeHoca 11 conpIDKeHHbIX <l_>11311KO-XHMlfl.lec1rnx rrpoueccos 
npH nomeMHOH Mnrpauirn pa.n11ottyKn11.11.os. 

THE S03D_ CODE. V.N. OZYABKIN, S.V. OZYABKIN. The summary of the professional 3D pro­
gram system S03D _ intended for dynamic modeling of advection transport and connected physic-chemical 
processes at the radionuclide migration at geological media is presented. 

1. HA3BAHHE ITPOrPAMMhl 

S03D _ - npocpeCCHOHMbHaSJ 3D CeTOllHaH .n,J,IHaMH4eCKaSJ M0.n,emtpyiomrur CHCTeMa HMHTa­
UHH a.n,BeKTHBHOro nepeHoca 11 conpjDKeHHblX cpH3HKO-XHMJil-IeCKHX npoueccoB np11 no.n,3eMHOH 

MHrpauHH pa.n,HOH)'KJ111,!1,0B. 

2.3BM 

He Mettee Pentium 350. 

3. IlOCTAHOBKA 3A,ll.A1.fl1 

ITporpaMMHaSJ cHcTeMa S03D _ npe.n,Ha3Ha•-ietta JlJ]SJ: 

• oueHKH TeKymero 11 nporno3a 6y.n.ymero pacnpocTpaHeHHSI pa.n.11oaKTHBHblX 3arpH3HeH11H B 
no.n,3eMHOH cpe.n,e; 

• nportto3a ITYTeH 11 H0pM BblX0.n,a pa.n,Ho1-ryKJ111.n,os 11.3 reonorw-iecKOH cpe.n,br B fo1occpepy, no-
ny'-ICHHSI HCX0.LI.HblX ,!l,8HHblX )lfl.Sl oueH0K pHCKa; 

• nocTaH0BKH H HCCJTe.n,oaamrn cueHapHeB c uenbIO n0HCKa BapHaHT0B H pa3pa6oTKl1 TeXHono­
rHH npHHYJlHTenbH0ro B03LleHCTBHJI Ha no.[l3eMHYI-O MHrpaUHl-0 pallH0H)'KllH.ll,08 (reOXHMH'-leCKHe 
6apbepbl, 0'-IHCTKa Hnl1 pea6HnHTaUHSJ 3arpS13Hel-tHblX TeppHTOpHH H T . .n,.). 
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,.. 

YcnosH.sr, .nonycKa101.41-1e 3cpcpeKTHBHoe 11cno11b30BaH11e S03D _: 
• rpaeyn.srpHble pbl XJlble HJlH cuel\1eHTHposaHHble nopOJJ:b] C ,D.SOHHOH nopHCTOCTblO; 

• CKaJlbHble J.13Sep)KeHHble HJlH Kap6oHaTHb]e Tpell.lHHOSaTbJe nopO..Ubl C .llBOHHOH nopHCTOCTblO; 

• HaCbl ll.leHHa.sr 6e3HanopHa.sr, a TaK)Ke HanopHa.sr H Me)KCJl0esa.sr (plUlbTpauH.sr npH CTa1..u-10HapH0M 

H tteCTaUHOHapHOM ee pe)K),fMax· 

• CJlO)f(HblH XHMH4eCKHJ1 C0CTaB TTO,D.3eMHbIX SO.ll 11 3arp.sr.3H.sr.lOll.lHX HX pacTsopos, SblCOKHe KOH­

uett-rpaU:HH pacrnopeHHhlX semecrn (no 150 r/11 06me11 M1-rnepan1-13au.1111) np11cyrcrn1-1e Kl1CJibrx 

raJos, meno4eH 11 KHCJlOT no Kpai1n11x 3Hat.JeHHH 1 ... 13 pH· 

• npoTeKaHHe cp113HKO-XHMl14eCKHX npoueccos CJ1e)J.)'l0ll.ll1X THilOB: KOMnJ1eKcoo6paJOSaH11e, 

rn.npol1H3, KHCJTOTHO-0CHOSHb]e B3aHMoneHCTSl1.sr S pacTsopax, nornomeHHe IUlH SbrneJieHHe HMM 

J(),fCJlbl X raJOS, TTOJTHKOMITOHellTHblH 110HHblH 06.MeH ),f nosepXHOCTHOe KOMITJieKcoo6pa30S8HHe, 

06pa3osam,e-pacTBOpett11e-3aMell.leJ-111C nomtMHHepanbHblX oca)J.KOB, H30TOTTHbIH o6MeH H pan110-

aKTHSHblH pacna)J.. 

flporpaMMa S03D - MO)KeT HCTTOJlb30BaTbCSI B paifoHax pacnOJlO)KeHH.sr. o6beKTOS .srnepHoro TO­

[]J)HBHOrO u1-1KJ1a, tta3eMHbIX 111111 no.n.3eMHbIX xpaHHJlHlll PAO HJil1 051.T, cooTBeTCTS}'lOlllHX MO­

ntJihHHKOB, TTOJIHfOHOS nO)J.3eMHOro 3axop0Hett11.sr )1(11)].KHX PAO np11 npoeh.'THposamrn nepelfl1C­

neHHbIX BbJWe o6beKTOS, a TaK)Ke Ha .n.pyrHX TeppHTOpl-i.sr.X C Ha6mo.n.aeMblM HJ111 0)1(11)].aeMblM 

npoHHKHOBett11eM paJJ.HOttyKJlH)J.0B B IlO)J.3eMH)'lO cpeey. 

4. METO,U PEWEHIDI 

Mo.n.eJibHOe npocTpaHCTBO 3a)J.aeTc.sr TpeXMepHOH, reKcarottanbHOH (B nnaHe) paSHOMepllOH 

CeTKOH. TiporpaMMa OT06p8)KaeT ecTeCTSeHHOe reonornYeCKOe npocTpaHCTSO s MO.D.eJibHOe C TOlf­

HOCTblO reonornt.ieCKOH H3y4eHHOCTH 06beKTa 11 C yYeTOM TeXHoreHHblX H3MeHeHl1H reonon14e­

CKOH cpeJJ.bl. Ha K8)KJJ.OM ware MO.D.eJTbHOro speMeHH pewa10Tc.sr TpH 33.llaYH: 0 nepeMemeHl1ID( 

nO)J.3eMHblX BO.ll, TpattcnopTHpOBKe 11 pacce1-rnatt1-111 11.MH paCTBOpeHHb[X semecTB 1-1 XHMMlfeCKHX 

npespameHHSIX S K8)KJJ.OH Sl4eHKe ceTKH. 

,lln.sr nepsoH 3a.n.atrn HCTTOJlb3YeTC.sr MeTO.ll KOHe4HblX pa3HOCTeH, peanH30BaHHblH .srSHOH cxe­

MOH peweHHSI C 60JlbWOH )J.11CKpeTH3au1-1e11 no speMeH11. PacYeTbl (pl1JlbTpau1-11-1 8 6c3HaITOpHblX 

80)].0HOCHblX ropH30HTax, HanopHblX ropH30HTax 11 OTH0CHTeJibHblX sonoynopax ocymecTSJl.s!IOT­

c.sr no 3aKOHY )];apcH H H3BeCTHblM 6anaHCOSblM COOTHOllleHM.sr.M , npeo6pa30BaHHblM )],ml reKcaro­

HaJTbHOH ceTKM. Ha BHeWHHX 11 BHyrpeHHHX rpaHHUax CHCTeMbl CTaBjj'TCjj' BTOpoe J,fJlJ,f rrepsoe rpa­

HHt.iHble ycJIOSl-1.sr. Pe3yJihTaTOM perneHI-Ul .srSJl.s!IOTCjj' HanopHble cpyHKLJ.l,fl,f 11, rnaBHOe. o6bCMbl ne­

peTOKOS 80.llbl 4epe3 see rpaHH .sr4eeK CeTKH. 

,lln.sr pewettl-Ul BTopoti 3a,lla411 (TpattcnopT pacrnopeHHbIX semecrn) npHMel-!eH KJ1eTOYHO­

aBTOMaTl-!blH TTOJJ.XO)J.: MO)],e1111pyeMaH CHCTeMa l-13Ha4aJibHO paccMaTPirnaeTCH KaK JlHCKpeTllaH, a ee 

nose,nem,e OTTHChIBaeTc.sr. B TepMHHax JlOKaJlbHblX S3aHMO)J.eHCTBl1H. 3TOT TTOJlXOJJ. TT03BOJIHeT HMH­

THposaTb nepeH0C He K0HU.CHTpaum, Toro ~1Jll,f HIIOro pacTsopeHIIOrO KOMllOHCHTa, a nopu:i-n, pac­

TBopa KaK Xl1Ml14eCKOH CHCTeMbl. no H3BeCTllblM o6beMaM nepeTOKa 80.llbl 4epe'3 see rpaHH .srtfeeK 

CeTKH (pe3yJlbTaT pewemrn nepBOH 3a.LJ.a4H) .a.mi Kcl)l()],OH Ht.i.eHKH CTpOHTCSI peu,emypHaR MaTp11ua. 

HOBbIH XHMHt.iCCKHH COCTas 80.llbl B npoT04HbIX 30Hax (HJIH B Tpemi-uiax) jj't.{eHKH Bbll{HCJIHeTCSI no 

npasHJiy CMeweHHH paCTBOp0B KaK JlHIICHHOe npco6pa30BaHl-1e seJlH4HH peu,ema B HOBbie KOH­

ueHTpaU,HH, ocymecTBJijj'eMoe c noMOlllblO MaTPHU.bl CTapbrx KOHU,eHTPau:1-111 s Htrei1Kax H3 HeKoTo­

poti 0KpeCTHOCTH . Pa3 1epbl nocne.n.HeH, KaK H HMeHa H4CeK-11CT04HHKOB, 33.ll.aJOTCSI peu:enrypHOH 

MaTp11u:ei1. ,lJ;Hcpcpy3HOHl-!blH o6MeH B JlBOHHOH cpe)le Sbl 4HCJI.sreTCH npH H3BeCTl-!blX y paC'-leTHOH 

Sl4CHKH XHMHL!CCKHX COCTasax BOJlbl - HOS0M B TpCll.lHHax (HJlH npOTOlfHblX 30Hax) H CTapoM B 

MaTp11u.e (i1nH 3aCTOHHblX 30Hax). l1cnoJ1b3yeTCSI T04HOe aHaJ111TH4eCKOe peweHHe CHCTCMbl .D.Byx 

.n11cpcpepe11u.11anbHbl ypaBIICHHH OTTHCbIB3l0lllHX )TOT npouecc )J.JlH 0)],HOro wara speMellH. 
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MeTO.llHKa pac4eTOB XHMH4eCKHX npespameHHH B Sl4eHKax (3a,na4a 3) onpe,nensieTCSI THnOM 

Mo,ne1111pyeMblX qJ113HKO-XHMH4eCKHX npoueccos. ,[(mi peaKUHH pa.n11oaKTHBHOrO pacna,na H 1130-

TOnHOro o6MeHa npHMeHSlfOTCSI H3BeCTHble amUJl1TH4eCKHe peweHHSI. Bo scex OCTanbHblX cny4asi.x 

npoueCChl ITOJlHKOMITOHeHTHhle, OITHCblBaeMbJe CHCTeMaMH ypaBHeHHH BKnI04aIOW.HX ypasHeHH.SI 

33KOHa ,neHCTBYIOW.HX Mace 11/111111 ypasHeHMe KHHenurn XHMH4eCKHX peaKUHH, ypasttemu1 6anaH­

ca MaCCbl Ka)KJ],Oro KOMITOHeHTa B 33Kph1TOH CHCTeMe, ypaBHemte o6w.ero 6anaHca 3apsi..na (MaKpO­

CKOITH4eCKOH 3JleKTpotteHTpaJlhHOCTH). 3TH CHCTeMbl scer.na HemrneHHbl anre6paHLJeCKH, a B psi.ne 

cHryau11i1 H no napaMeTpaM (Hanp11Mep, so scex sap11aHrnx HOH1-mro o6Metta). PewaroTcsi HTepa­

UHOHHhIMH MeTO.D.aMH. 

5. orP AHHllEH.IDI CJIO)KHOCTH 3AJJ:A lfll 

<l>opMaJII,Hbie orpaHH4emur. MaKCHMMbHbIH war ceTKH, o6ecne4Hsarow.1111 y,nosneTBop11-

TeJ1bttyIO norpewHOCTb CeTO'-IHOH annpOKCHMaUHH, 8 ... 10 M. Cne,nyrow.11e HIDKe orpaHH4emrn on­

pe,nensi.nHCb o6beMOM pecypcos TIK, rrpHMeIDIBWHXCsi. B 1999 r. Ka)KJ].ble nonTopa-.nsa ro.na npH 

tteo6xo,nHMOCTH 3TH orpaHH4eHIUI MOryr c,nsr,traTbCSI B CTOpOtty ysenHqemur: 6e3 H3MetteHH.SI. .npy­

r11x csoiicTB S03D . 
qHCJ10 3a,nasaeMblX TeXHOrCHHbIX o6beKTOB: 

CKBIDK_HH 

33Kpb1Tb1X ,npeHIDKeH 

3.D.aHHH 11 .npyrHX coopy)KettHH 

feoMeTp114ecKJ1e orpattH4em1si.: 

o6w.ee l-1_11CJ10 Sl~eeK CeTKH 

q11c110 si4eeK s O.D.HOM cnoe ceTKH 

Y CJ10Bl1SI, orpaHH4HB310W.He np11MeHett11e: 

< 600 

< 60 

< 60 

< 100 000 

< 25 000 

- snaronepeHOC B 30He a3paUHH (HeHaCbtW.eHHM qJHJlbTpauH.S!.) ' 

- ryp6yneHTHbJe ITOTOK.H IlO.D.3eMHblX BO.D. (HanpHMep, B KapCTOBblX Cl1CTeMax); 

- Haxo)K.D.em1e Mo,nem1pyeMoro o6beKTa Ha rny611He 6onee 2 000 M; 

- M11Hepan1133Ul1.SI ITOL(3eMHblX BO.D. 111111 3arpR3H.SIIOl.I.lHX 11X paCTBOpOB CBh[We 1 so r /n HJlH senH-

4HHa pH BH HHTepsana 0,9 < pH < 13, I , HJ111 ra30BhtH cpaKTOp > I 00; 

- y4aCTKH, Ha KOTOphtX semt4HHa rpa,nHeHTa H3MeHeHH.SI y.nen bHOro seca ITOL[3eMHbIX BO.ll B ropH-

30HTanbHOH nllOCKOCTH npeBOCXO.D,HT 5 o/o OT 3Ha4eHHH npOH3B0.D.HhlX sepntKaJlbHOH KOMITOHeHTbl 

rpa,nHeHTa nnaCTOBoro ,naBJ1eHHSI no ropH30HTaJlbHbJM QC.SIM; 

- TaIOKe CJle.ll)'lOW.He THnbt cp113HKO-XHMH4eCKHX rrpoueccos: pa,nH.aUHOHHO-XHMH'-leCKHe, OKHCJIH­

TeJlbHO-BOCCTaHOBHTeJlbHble, TennOBbt.D.enem1e, MHrpau11si paD.HOH)'KJU1l(OB Ha KOJ1J10H,Uax HJ1H 

nceB.D.OKOJIJlOH.D.aX, MOJleKynsipttaSI HJlH tteo6paTH.MM a.ucop6u11si , COOCa)KJ],eHHe C r11.npoOKl1CSIMH, 

cpa30Bbte nepeXO,llbl 80.llbl. 

6. THOJ:fl·IHOE BPEM.H Cl.JET A 

BpeMSI. C4eTa 3aBHCl1T OT reonorn'-leCKHX H ceT04HblX napaMeTpOB MO.lleJlH BeJ1H411Hbl apea-

110B 3arp.S13HeHIDI H, KOHe4HO, OT 6btCTpo.neiicTBHR KOMITblOTepa. ,l(nsi Pentium II-300, CeTK.H H3 83 
596 si.YeeK, wara 6 M 11 speMeHH6ro wara IO CYT speMsi C4eTa npoueccos: cpHJ1bTpau1111 - 3 MHH, 

Macconepettoca - 5 C, cp11311KO-XHMH4eCKHX - 4 C .. . 1 MHH. 

7. OCOBEHHOCTH TTPOfPAMMbl 

TTporpaMMHaSI CHCTeMa HMeeT cospeMeHHblH nOJ1b30BaTeJlbCKHH HHTepcpe11c. IloMHMO o6bl4-

HblX cpyttKUHH BBO,na, BblBO,na H ynpasnemrn 3a,na4eH, OH 06ecne41,rnaeT Henpepb1Btty10 .lll1H3MH4e­

CKYIO BH3YMH3aUH10 pe3yJ1bTaTOB (KapTbl, pa3pe3bl, xpottorpaMMbJ H T.,n.). ITporpaMMHaSI CHCTe-
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Ma ctta6)KeHa cpe.ucTBaMH BbJtrncmneJJbHOro 3KCnepHMeHTa, ttanpHMep, HMHTaTOpbl OT,IJ.eJJbllblX 
TJ,{00B Q)11311KO-XHMHl.JeCKHX npoueccos MOryr 6b1Tb nepese,11.eHbl B aBTOHOMHblH pe)KHM pa60Tbl. 
3THM 06ecne1umaeTC.R B03M0)KH0CTb ocyLUeCTBJJeHl-1.SI MO,IJ.eJJbHhlX "3KCnepHMeHTOB" B mo6oi1 Bbl-

6paHHOH .Rt.JeiiKe reo11orw-1ecKOH cpeJJ.bI. 

8. BCilOMOrATEJThHhTE H conYTCTBYJ011..(11E IlPOrPAMMLI 

9. COCTOfillHE IIPOrPAMMhl 

IlporpaMMa .uenom1posaHa s O<DAI1-5IP, 3Kcn11yaT11pyeTCH s flett11ttrpa.n.cKOM CneuKoM6H­
HaTe " Pa.n.oH' H Cll6 "MHTU, 'Teo3KonornH' PAH. AnecTauHOHHbIH nacnopT r AH P<l> N!! 139 
OT 26.06.2002 r. 

t O. CCblJIKli 

11. TPEliOBAHIUI K 3BM 

1'IcnoJJb3YlOTC.R 180 M6 onepaTHBHOH naM.RTH H He MeHee 500 M6 )].HCKOB0ro npOCTPaHCTBa. 

12. $13blKH IlPOrPAMMHPOBAHH$1 

Assembler, C, Fortran-77 (TPaHCJ1S1TOpb1 KOMnaHHH Watcom). 

13. OIIEPAI.OIOHH~ CHCTEMA 

32DOS Extender PMODE/W s mo6oii onepau110HHOH c11cTeMe, no.IJ.D.ep)l(HBaJOLUeH HHTep­
cpeik cTaH.n.aprn DPMJ (DOS Protected Mode Interface) HJJH VCPI (Virtual Control Program Inter­

face). 

14. ,n:onOJIHJfTEJI.hHA$1 MH<I>OPMALl,HJI 

Pa3pa6oTKa 11 sep11¢11KaUHJ1 SO3 D _ BbinOJJHSIJJHCb no 38Ka3Y 1.1,eHTpa .5I.n.epHOH oe3onacttocni 

C!>HHJUl'H)].HH (STUK). 

15. ABTOPbl nPOfPAMMhl 

B.H. O3H6KHH, C.B. O3-R6KHH, Hccne.uosaTeJibCKaJI rpynna "CO<D,n3K", Kacpe.n.pa rn.n.poreo­

J1or1111 CTI6fY. 

16. l.fMEIOl.l.(HEC$1 MATEPHAJI.hl 

,noKyMeHTaUHH Ha nporpaMMY, BKJJIOYalOLUaJI MeTO)].HKH paClJeT0B, on11caHHH nporpaMMhl H 
npHMeHeHHH, HHCTPYKUHIO nOJlb30BaTeJIIO, sepHQ)HKaU110HHblH OT4eT, 0TYeT C np11MepoM npah.'TH-

4eCKoro HC00Jlb30BaHHH. 

17. PYJiPl1KH H KJIIOlJ.EBhIE CJIOBA 

Pa.n.11oeyKJ1 H.lJ.hl, MHrpaum1, Mo.n.eJ111posaH11e. 
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JfCCJIE,LI.OBATEJibCKHE PEAKTOPhl 

Y,LQ{ 621.039.573 
THmeJJOBOAHblH peaKTop ttyJJesoii M0W.H0CTH MA.KET HT3<1> 

O.B. maeooa, C.ll. Eopoanea, E.E. BonKO<J, H.F. I'nao,atx, 
10.B. /(Rouu, M.M. HzyAmoa, B.H. Kouea, 10.T. Kyumepea, B.O. Jlezocmaea, 

B.H. llonKoa, B.H. PRJJCCKuii, E.B. lf epllll6CKuii, 
<I>rYTI "fHIJ, P<l> l1T3<l>", I l 7259, MocKsa, 6. qepeMYwK11HcKa.si yn., 25 

T.si>KeJIOBO)UlblH 3KCnep11MeHTaJibHblH peaKTOp HyJieBOH MOLUHOCTl1 (PHM) MAK.ET MT3<I> BBe.neH B 
3KCJJJJ)'aTaumo B 1977 r. 11 C 3TOro MOMeHTa ycneillHO 11cnom,3yeTCH )l)lH 11ccne.noeaHl1H HeHTJ)OHHO­
q>l13H1-l.eCKHX 11 Kt!HeTITTeCKHX napaMeTJ)OB aKTHBHhlX 30H peaKTOpOB pa3mllfHhlX rnnoe H Ha3HalfeHHH 11 
6naHKeTOB 3neKTpo.si.nepHbtX ycTaHOBOK; cp11311lfeCKOrO o60CHOBaHHH MeTona KORTJ)On.si peaKTHBHOCTl1 B 
6naHKeTax CJIO)KHOH KORcparypau11H nyTeM aHaJI1na noeeJJ:eH11.si HeHTJ)OHHoro 11MnyJ1bca. PeaKTop MAKET 
HT3<I> HMeeT ace 11eo6xo.nHMble CHCTeMbl, rapaHTMPYIOllU,Ie ero HOpMaJibttylO 3KCnnyarnui,ao, oHOJIOrHlfe­
CKaH 3aumTa peaKTopa TI03BOJIHeT pa6oTaTb Ha MOlllHOCTH .no I KBT. 

ZERO POWER HEAVY WATER REACTOR MAKET ITEP. O.V. SHVEDOV, S.P. BOROV­
LEV, E.B. VOLKOV, N.G. GLADKIKH, Yu.V. DYADIN, M.M. JGUMNOV, V.N. KONEV, Yu.T. 
KUSHNEREV, V.O. LEGOSTAEV, V.N. POPKOV, V.J. RYAZHSKY, E.V. CHERNYAVSKY. Zero 
power experimental heavy water reactor MAKET ITEP was put into operation in 1977 and is successfully 
used since then for investigation of neutron and kinetic parameters of different reactors cores and blankets of 
accelerator driven systems; physical basing of the reactivity control method for complex blankets by analyz­
ing the behavior of neutron pulses. Reactor MAKET ITEP has all necessary systems, which guarantee its 
normal operation. Biological shielding allows operating at power up to J kW. 

1. BneJ.J,enue 

OnblT npoeKTHp0BaHH.s! B l1T3<l> TSDKeJJ0B0.Ll,HblX :mepreTH4eCKl1X ycTaHOB0K n0Ka.JaJJ, 4T0 

.Ll,Jl.H Kat.tecTBeHHOH pa3pa60TKH, 3KCn11yaTa1.u111 H o6ecne4eHH.H B03M0)KH0CTH HX noc11e.uy10I..UeH 

M0llepHH3aUHH Heo6xo.LI,HMbl Q}H3H4eCKHe 3KCnepHMeHTbl Ha cneuHaJJbllblX KpHTHYeCKHX ycTa­

H0BKaX C ll0CTaT04H0 60JJbUH1M n0T0KOM HeHTpOHOB. Tip11 npoeKT11posaHHl1 H 3KcnnyaTaUHH 

3HepreTH4eCKl1X ycTaH0B0K Heo6XOllHMOCTb onTHMl13aUHH HeHTpOHHO-Q)H3H4eCKHX, K0HCTPYKUH-

0HHblX, TenJJoTeXHHt.teCKHX 11 rH.LI,paBJJH4eCKHX napaMeTp0B npHB0llHT K C03.LI,aHHIO 30H, xapaKTe­

pHCTHKH K0TOpblX He M0ryT 6hITb nony4eHhl C Y.LI.0BJ1eTBop11TeJ1bHOH' T04H0CTblO npH TT0M0I..UH 

y)l{e pa.3pa6oTaHHblX pacqeTHblX nporpaMM H 3KCnepHMeHTaJlbHblX MeT0)].HK, a TaJOKe paHee nony­

t.teHHblX 3KCnepHMellTaJJbHblX pe3yJibTaT0B. TT011yt.teID1e H0BblX npel{l-13110HHblX 3KCnep11MeHTaJlb­

HblX .Ll,8HHblX .Ll,Jl.s! npoeepKH 11 K0ppeKUHH BH0Bb C03,nasaeMhlX pact.teTHblX 3BM-nporpaMM, onTH­

MHJau,1111 H o6ecnet.teHHJI 6e3onacHOCTH 3KCrn1yaTau.110HHblX pe)KHMOB .s!BJJ.s!eTC.s! OCHOBHOH u,eJJblO 

HCCJie,lJ.OB8Hl1H napaMeTp0B npoeKT11pyeMbIX 11 .LI,eikTB)'lOI..UHX peaKT0p0B . 

Heo6XO)].HMOCTb no11yt.teID1..H 3KCnepm.1eHTaJJbHOH HHQ)OpMaUHH 0 napaMeTpax 11 pe)KJ,fMax 

B03HHKaeT Ha scex CTa,l].H.s!X npoeKTHp0B8Hl1.s! H 3KCn11yaTaUHH peaKTopoB. 8 3THX yc11os11.six Ha11-

6011ee ue11ecoo6pa3HO coJ.LI,aH11e Kp11T11t.tecKoro PHM c yI-rneepcanhHhIMH napaMeTpaM11 no3eo-

11.sit01.UHM11 np0B0)].HTb 3KCnepHMeHTbl C peweTKaMl-1 peaKTopoB pa.31111'-IHblX THTT0B H Ha.JHat.teHHH. 

YH11BepcanbHblH PHM ll0JJ)KeH Yll0BnernopHb c11e.n.yt01.UHM Tpe6oeaHH»M: 

- HMeTb ra6ap11Tbl aKT11BHOH 30Hbl, 6JIH3KHe K pa3MepaM peaJJbHblX CHCTeM: 

- K0HCTPYKTHBHble oco6eHHOCTH 11, npe)K11e scero, OTCyrCTBHe TI0CT0.HHH0ro 0TpIDKaTeJJ.si .Ll,0Jl)K-

llbl o6ecnet.tliBaTb B03M0)KH0CTb npose11ett11.si 4HCTblX npeUH3110HHhlX 3KCnep11MeHTOB; 
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- J,IMeTb ymrnepCaJibH)'IO rn.npoc11cTeMy, Cl1CTeMy ynpasJieHl1S£ 11 3all.ll1Tbl (CY3), CHCTeMbl KHIT 11 

.LJ.03HMeTp1111, aBTOMaTl1311pOBaHH)'IO CMCTeMy c6opa, o6pa60TKH H npe,nCTaBJieHIDI B peanbHOM 

BpeMeHH HHcpopr.rnu,1111 06 OCHOBHblX napaMeTpaX peaKTopa; 

- o6ecne411BaTb 803M0)KHOCTb npose.ueHH5I 3KCnepHMeHTaJibHblX 11CCJie,noBaHHH C peweTK3M11 

peaKTOpOB pa3Jil14HblX THTIOB B o6beMe 11 C T04HOCTblO OTBe1-1a10ll.ll1MH cospeMeHHblM MHpOBblM 

cTaH.naprnM; 

- TeXH11lfeCKH o6ecnel.!HB3Tb ,lJ.OCTaTO'-IH)'IO coxpaHHOCTb KOJIH"tJeCTBa H Kal.feCTBa T5I)KeJIOH 80,llbl 

(D20) s Tel.feH11e scero nepwo.D,a npose.[{eHIDI wccne.D,osaHIDt peweTOK CTett.na o,nHoro nma (s Te-

4eID1e ~ 2 ... 3 neT); 

- o6ecne4HB3Tb B03MO)KHOCTb npHMeHeHHR MHHH-3BM 11 MHKponpou,eccopos JJ)lj! aBTOMaTH3a­

l.(l,Jl1 3KCnepHMeHTOB, o6pa6oTK.H pe3yJ1bTaTOB H KOHTpomr 33 napaMeTpaMH KpHTCTeH,[{a. 

B 1969 r. B 11T3<1> CJ10)KIDI3Cb c11Tyau,11R KOf,lJ,3 .D,eikTBYIOll.lHe pacl.feTHble nporpaMMbl, HC­

nOJlh3YIOll.ll1e B Kalfecrne TeopeTHl.feCKOH 6a3bl .D,11cpcpy3HOHHOe rrp116JIH)KeHJ.1e C TaK Ha3b!BaeMblMH 

He,llHcpcpy3HOHHblMH nonpasKaMH, He cnpaBJ15IJ111Cb C pacl.feTaMH T}l)KeJlOBO.[{HbTX reTeporeHHbTX 

pemeTOK C 6oJibWHMH rpa.D,HeHT3Ml1 HeHTpOHHblX noneii 06ycJ10BJieHHblMl1 HaJIH'-IHeM B COCTaBe 

ITOJTHJIYeeK aKTHBHOH 30Hbl TOITJlHBHblX H nornomaiom11x K3HaJ10B C 60JibW11MH Q)H3H'-JeCKHMl1 

secaMH. 

HeyJJ:OBJ1eTBop11TeJ1bHM TOlfHOCTb pac1-1eTOB C03,lJ,3BaJia cepbe3Hble npo611eMbl npe:>K,Ue scero 

npH 3KCnJiyarnum1 npOMblWJleHHblX peaKTOpOB, HaylfHblM PYKOBO,lJ,HTeJleM KOTOpblX 6blJ1 HT3<1>, 

He no3B0Jljjjf Ha.[{e)KHO paCC4HTblB3Tb OCHOBHbie HeihpOHHO-cpH3H-qecKHe napaMeTpbl H nepeHOCR 

HX Ha.D,e)KH)'!O oueHKY Ha CTa.QHIO Q)113114eCKOfO nycKa H 3KCnepHMeHTbl, npe.nweCTBYIOlllHe Ha4a­

ny 04epe.D,HO.H KaMnaHMH peaKTOpa. 

YlfHTbIBM Heo6XO,lJ,HMOCTb ITOJ1ylfeHl1S£ Heo6xo,1u,1MOH 3KCnepwMeHTaJlbHOH 11HcpopMaUHH 0 

HeHTpOHHO-cp113HLJeCKl1X napaMe-rpax nepcneKTHBHblX TIDKeJlOBO.QHblX peweTOK B KpaTl.faHWHe 

cpoKH, 6bIJIO peweHO B KalfeCTBe nepsoro 3Tana C03.D,3Tb KpHTCTeH.D, OTHOCITTeJibHO He6oJibllIHX 

pa3Mepos 11cnoJib3Yjl 11Meiom11ecsr B HT3<1> noMememrn, o6opy.nosamte, np116opb1, a TaK)Ke no­

ny1-1eHHb1e BO speMeHHOe ITOJih3083HHe 5I.D,epHoe TOITJIHBO H TS£)1(eJiylO 80.Izy. 8 pe3yllbTaTe K H34a­

ny 1971 r. coopy)Kell KpHTCTeH.D, MAKET-1 [l] c o6beMOM aKTHBHOM 30Hbl ~ 5 M
3

, Ha KOTOpOM 

pea.rrn30BaHa o6urnpHM 3KC11ep11MeHTaJibHasr nporpaMMa C TS£)1(eJIOBO.QHblMH peweTK3MH H BbICO­

K006oraw.eHHblM ypaHOBblM TOITJIHBOM. TionylfeHHble npeUH3110HHb!e 3KCnep11MeHTaJibHbJe .D,aH­

llbie Il03BOJIHJIH .nocTaT04HO ITOJIHO npoTeCTHposaTb pe3yJ1bT3Tbl npOBO,lJ,HMblX B 11T3<l> paclfeTOB 

H o6ecne4HTb I1X Heo6xo,nwMyio Ha.ne)KHOCTb 11 TOlfHOCTb. 

B 1973 r. nocne BblH)')K.QeHHOH nay3br, CB5I33HHOH C yLJacnl'eM 3KCnepHMCHTaTopoB 11 3KC­

nnyaTaLJ,HOHHOro nepcoHana KpHTCTeH.D,a MAKET-1 s cpH3HlfeCKOM nycKe peaKTopa KC-150 A3C 

A-1 B Y:exocnosaKHH [2], KOHCTJ)yKTopcKaR rpynna peaKTopHoro OT.D,ena np11cryrmna K npoeKTH­

poBattl110 PHM MAKET Ha octtose TeXHHlfecKoro 3a.D,3HHJI, no.nroTOBJTeHHOro 3Kcnep11 1e1-1TaTo­

paM11 11 3KCnnyaTaUHOHHbIM nepCOHaJIOM KpHTCTeH.D,a MAKET-1. B 1975 r. Ha4aJIOCb CTpOHTeJib­

CTBO peaKTopa MAKET. ITpH ero npoeKT11posa111,rn H C03.D,aHHH HCITOJlb30BaH OITb[T 3KCnJiyaTaUHH 

rn)Kenoso.D,HhTX KpHTH4eCKoro cTe1-1,D.a MAKET-1 , KpHTCTe1-1.na peaKTopa KC-150 [3], PHM TP-0 

(tJCCP) [4] H peaKTopa TBP HT3<1> [5]. 

2. Onucauue pea1nopa H ero cucTeM 

2.1. Ha311at/eHZ1e peaJ.;.mopa u e20 oco6eHHocmu. PeaKTop MAKET, y.nosneTBOp5IIOW.HH Bb1-

merrepel.f11CJieHHbIM Tpe6osaHMS£M H npe.D,Ha3H34eHHblH JlJljj HCCJle,nosaHHH HeihpOHIIO­

cpH:3HlfeCKHX H 3KCnJiyaTaUHOHHblX napaMeTpOB T}l)KeJIOBO.ll,HblX peaKTOpOB, a TaIOKe .D,JISI Bb!ITOJI­

Hernrn npeUH3HOHHbl X HIITerpanbHblX 3KCnep11MeHTOB C TIDKeJIOBO,lJ,HblMH peweTKaMH C BblCOKO­

o6orameHHblM OKHCHblM ypaHOBblM TOnJlHBOM 11 ecTeCTBeHHblM MeTaJIJIHlfeCKHM ypaHOM, BBe.ll,eH 

s 3KcnnyaTaUHIO s 1977 r . [6]. 
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OcHOBHasr ueJJb 3KCnep11MeHTOB - )'T04Hel1He peaKTOpHblX KOHCTaHT 11 TecntpOBaH11e pac4eT­

HblX nporpaMM. B 1977 - 86 rr. Ha peaKTope MAKET no11yYeHb1 ytt11KaJJbHhte 3Kcnep11MeHTaJJb­

Hb1e .uaHHbJe o HeHTpo1rno-qrn3114ecK11x 11 3KcnnyaTau11011HblX napaMeTpax, a TalOKe o MeTo.uax 

o6ecne4eHHSl sr.uepHOH 6e3onaCHOCTH TSl)KeJJOBO)].HblX peweTOK C BblCOK0060ralJ.leHHblM ypaHOM 

peaKTopos TBP 11 TBP-M. 

Onb1T pa60Tb1 peaKTopa MAKET onpe.D.e111111 psr.n oco6ettttocTeH ero 3Kcn11yaTau1111 H ccpop­

My1111posan Tpe6oBaHl1Sl K peKOHCTpyKU.I-1H OT)].eJlbHblX ero TCXHOJlOrH'-leCKHX Cl1CTeM. OcHOBHOH 

3a)].a'-leH peKOHCTPYKU.1111 6blJ10 nOBblWem1e 3KCnnyaTaU110HHblX B03MO)KH0CTeH 11 H.D.epHOM 6e30-

naCHOCTl1 nyTeM: 

- ysemt4eHHSl 1..JHCJJa KaHaJJOB CY3. 0611a)].alOIJ.lHX nOBbJWeHHOH. Ha,Ue)KH0CTblO 11 CTa611JJbHOCTblO 

3a C4eT npHMeHeHJUJ cospeMeHHOH :meMCHTHOH 6a3bl; 

- 11CKJJIO'-leHJ,tSl B03MO:>KH0CTH He3an11am1posaHHOro BBe)].eHHSl noJ10)KJ1TeJ1bHOH peaKTIIBHOCTl1 3a 

C4eT KaK yse1111'-1eHHR 4HCJ1a 3JJeMeHTOB KOHTp0JJSl B CHCTeMe IGilI, TaK H pacw11peHl1Sl 6110KHpo­

B0K 11 3anpeTOB Ha pa6ory OCHOBHbIX CHCTeM CTeH)].a npH HapyrneHHH pernaMeHTa 11JJH OTKJJOHe­

Hllil OT HOpMaJJbHOro pe)Kl1Ma 3KCnnyaTaU.mt:; 

- sse,ueHHH MeTpo11or11'-leCKOH nosepKH scex 3JJeMeHTOB c11cTeM, 06ecne411sat01llHX S1.D.epttyt0 

6e3onacttocTb CTeH,LJ.a MAKET; 

- MO,Uepm13aUH.M r11,upoc11cTeMbl C uenblO COKpalJ.leHHSI. 4HCJ1a 1136blTO\.JHbIX 3JieMeHT0B 11 MarHCT­

panei-1:, a TaK)Ke repMCTl138UH11 scex ee 3JleMeHTOB (KpOMe 6aKa E-1 aKTHBHOH 30Hbl ); 

- o6ecne'-leHHSI TIOJlHOH r11,up01130J1SIU1111 nona CTeH,uosoro 3aJJa 11 C03,UaHllil Cl1CTeMbl CHrHaJJl13a­

UHH O nmrnnemrn BJlarn B pa31111\.JHblX T0\.JKaX CTeH.D.OB0ro 3aJJa. 

B Te4eHHe 1982 - 83 rr. peKOHCTpyKu11sr peaKTopa MAKET 6hrna ycnewtto 3asepwetta 11 3a 

nep110.u 1983 - 86 rr. Ha ycTaHOBKe BblilOJJHeH Ul1KJ1 3KCnepHMeHTaJlbHblX HCCJle,UOBaHHM HeH­

TPOHHO-cpH3Ht.JeCKHX 11 3KCnnyaTaUHOHHblX napaMeTP0B nOJ1HOMacwrn6HOH MO,UeJJl1 peaKTOpa 

TBP-M [6 ... 9]. 
B nep110.D. c 1986 no 1987 rr. Ha peaKTope MAKET nposo,uHJ111Cb npe,unycKOBbJe 3KCnep11-

MeHTb1 C MO,D.eJlRMH peweT0K ycTaHOBKH JT-2 [6]. B xo.ue 3KCnep11MeHTOB anpo611posaHa HeCTaH­

,uapTHaSI. MeT0,UHKa tta6opa KpHTH'-:leCKOH MaCCbl, o60CHOBaHa ee Sl.D.epHaSI 6e3onaCHOCTb, no.u­

TBep)K,[leHa BblCOKaSI 4YBCTBHTeJ1bH0CTb cneu11aJJbHOH CHCTeMbl KOHTpOJJSl 3a HeITTpOHHblMl1 nonsr­

MH K Jl0KaJlbHblM HeO,D.HOp0.D.HOCTSIM B peweTKax. IIpoCTOTa HHTepnpeTau.1111 H3MepeHHbJX napa­

MeTpOB o6ecnet.JHBaJJaCb y.ua1rno pa3MellleHHblMH KattaJJaMH KOHTpOJISI 3a HeHTpOHHblMH IlOJJSIMH H 

ueHTPaJJbHblM n0JJO)KeHHeM BHewttero 11CT04HHKa HeHTPOHOB. I1pe,[lJ10)KeHHasr MeTO.D.HKa ycnew­

HO npHMeHeHa np.11 qJH3H'-leCKOM nycKe ycTaHOBKH n-2. 
B nep110.u C 1986 no 1994 rr. Ha peaKTope MAK.ET npoBO.L(H.Jil1Cb 3KCnepHMeHTaJlbHble .11c­

c11e,uosaH11sr HOBblX nepcneKTHBHblX pe)KHM0B pa6oTbl ycTallOBKH n-2 C u,eJlblO H3y'-leH1'UI: 

- onTHMH3au1111 Hapa60TK.11 1130TOITHOH np0.D.YKUHH 
60

Co, 
192lr; 

- np03pa4HOCTl1 '-laCT0K0Jla nornOTHTeJJeH., pacn0JlO)KeHHblX Ha nep11cpep1111 aKTHBHOH 30HbI; 

- C0BMelJ.leHHblX KaHaJJOB, COCT0Slllll1X 113 T0nmrna 11 nornonnensr; 

- HHTepcpepeHUHH KaHaJJ0B, HMelOIJ.lHX HeO,D.H0p0.D.ll0CTb 3arpy3K11 B aKCHaJlbHOM HanpaBJJeHHH; 

- oco6eHHOCTeH peweT0K C 30HaM11 IlOBbLWeHH0ro IlOTOKa. 

TI011yYeHHaS1 11HcpopMau1,u1 CBe,D.eHa B 60JJbWOH 6aHK npeUH3HOHHb[X 3KCnepHMeHTaJlbHbIX 

,D.aHHblX, T04H0CTb H Ha,D.e)KHOCTb KOT0pblX .uaeT 803M0)KH0CTb HCTTOJlb30BaTb HX .D.JlSl TeCTHposa­

HHSl 11 Bep11cp11xau1111 paC'-leTHblX 3BM-nporpaMM. 

B I 995 r . Ha peaKTOpe MAKET Bbin0JJHeHbl ::>Kcnep11MeI1TaJJbHhLe 11cc11e.uosaHllil HeHTpOHHO­

cpH3H4eCKHX xapaKTep11CTHK TSl.)KeJlOBO.D.HblX paCTBOpOB aKTl1HH.D.OB. Hccne)].OBaHbl pa3MHO)Kal0-

W,He peweTKH. c Tsr)l<enoBo.D.HbIMl1 pacTsopaMH 
237

Np 11 
231

Th. I1011yL1ettHb1e 3Kcnep11MeHTaJJbHb1e 

,D.aHl-lbJe Il03BOJ111J111 onpe,ueJlHTb: 

- 3cpcpeKTHBHblH pe30HaHCllblM HHTerpan TSl)KeJlOBO.D.HOro pacrnopa 
237

Np; 

- npOCTPaHCTBeHH0-3Her,reT114eCKHe pacnpe,ueJJeHMSl HeHTpOHHblX nonei-1 8 o6beMax C TSl)KeJJO-

BO,DJ!blMl1 pacrnopaMl1 
23 

Th pa3HOH KOHUeHTpau1111: 

76 



.. 

- nycTOTHble 3cpcpeKTbl peaKTHBHOCTH o6beMOB C T.sl)KeJJOBO)l,HblMH pacrnopaMH 
232Th. 

Ha OCHOBaHHH nony4eHHblX 3KCnepHMeHTaJJbHblX .11,aHHblX C.ll,eJlaHbl oueHKH pa.11,HaUHOHHOH TOK­

CHqHOCTH U-Th TOilJJHBHOro UHKJla)l,JlSI roMoreHHblX peaKTOpHblX YCTaHOBOK [10 ... 12]. 
B l 996 r . Ha peaKTope MAKET BblnOJlHeHbl 3KCnepHMeHTbl C nOJTHOMaCWTa6HOH cpH3Hqe­

CKOM MO.ll,eJlblO 611aHKeTa CO3,llasaeMoro B HT3<1> 3JieKTpo.s1,nepttoro rettepaTOpa HeihpOHOB 

(31UIHI') [ 13]. B pe3yJTbTaTe no.rryqeHbl npeUJ13HOHHble 3KCnepHMeHTaJJbHhie ,naHHble no: 

- KpHTH4eCKHM KOMnO3HUH.!IM pa3ITH4Hh!X MO,lleJleH 6naHKeTa 3AAHr; 
- <p113H4eCKOMY secy '.)JleMeHTOB 6JiaHKeTa; 

- 3cp<peKTaM peaKTHBHOCTH npH nepeMew,eHHl1 B OTpa)l(aTeJie 6JJaHKeTa nyCTb[X KaHaJJOB 60JiblllO-

ro .l:(11aMeTpa, npe)J.Ha3Ha4eJIHT,[X ,llJI.11 11CTOqHHKa YJ1bTpaxOJJO.llHhlX HeHTpOHOB; 

- npocTpa11CTBeHHO-3HepreTl1lfeCKOMY pacnpen.eJJeHHIO HewrpOHHbIX noJieH B KaHaJJax 11CTO4HHKa 

yJibTpaXOJIO,llHblX HeHTpOHOB np11 ero nepeMew.eHHH B OTpa)l(aTeJle 6JiaHKeTa. 

IloJJyqeHHbie 3KCnepHMeHTaJJbHble n.aHHhle YTO4Hl1JIJ,f npoeKTHbie oueHK11 HeHTpOHHO-<p113H-

4ecKHX napaMeTpOB 6JiaHKeTa 3JUIHr, o6ocHOBaJJH ero Sl'JI.epHYIO 6e3onacHOCTb 11 AaJJ11 Heo6xo­

JlHMY'° HH<pOpMaUHJO Jl.]1.sl npoeKTHpOBaHH,.sl KaHaJJa HCTO4HH:Ka YJibTpaxOJIO.D,HbJX HeHTpOHOB. 

B 1997 r. Ha peaKTope MAKET BbmontteHb1 3KcnepHMeHTaJJbHhie Hccne.nosamrn HeihpOHHO­

cpH3HqecKHX napaMeTpOB T.sl)KeJIOBOJI.HbIX U-Th peweTOK. B pe3yJlbTaTe C03JlaH 6aHK npeUl131-fOH­

HhlX 3KCnepHMeHTaJJbHhlX .naHHblX Jl.]151 TeCTHposaHH.sl pac4eTHhlX KOMnJleKCOB, 11cnon1,3yeMblX Jl.]1.sl 

Mo,nem1posattH.s1 cp113114ecKKX npoueccos, npoTeKalOW.HX s aKTHBHhIX 3OHax peaKTopos, peaJJ11-
233U ~ 

3yiOlllHX 11.neio BOBJTe4eHH.si B TOnJIHBHblH UHKJl. 

B 2000 r. Ha peaKTOpe MAKET npose,neHo H3y4eH11e 8O3MO)l{HOCTH npHMeHeHHH Hepa3MHO­

)l{alOll.lHX 6J1aHKeTOB )lJl.sl Hapa60TKl1 H30TOOHOH npOJlYKUl-fH. IlpH BbinOJ1HeHl111 pa60Tbl onpe)le­

neHbI HeHTpOHHO-<pH3114eCKHe napaMeTphl HeCKOJlhKHX MO.[{H<pHKauHH peryAApHblX T.si)KeJlOBO)l­

HbIX peweTOK C nornoma10W,HMH 3JleMeHTaMH. B Ka4eCTBe BHeurnero 11CTO4Hl1Ka HeITTpOHOB 11C­

IlOJ1h3OBaJJC..sl HMTiyJibCHhlH D-T rettepaTop HeHTpOHOB C 3Heprnei1 HewrpoHOB 14 M3B, ycTaHOB­

JleHHMH B ueHTpe 611aHKeTa. B pe3yJTbTaTe HCCJJe)],OBaHHH noJiy4eHbl .LUIBaM114eCKHe xapaKTepH­

CTHK11 HeHTpOHHOro non..si B 611aHKeTe, 4TO TTO3BOJJHJ1O ccpopM11posaTb 6aHK npeUH3HOHHhIX 3KCne­

p11MeHTaJJhHhlX )laHHblX Jl.]lSI sepHcjmKal{Hl1 H TeCTHposaHHjl pac4eTHhlX KOMnJieKCOB H nony4HTh 

oueHKH npO113BOD,HTeJ1hHOCTl1 TaKttX CHCTeM. 

B 2000 - 2001 rr. Ha peaKTope MAK.ET BblnOJIHeHbI 3KCnepHMeHTaJJbHble HCCJle)lOBaHHJI 

HeHTpOHHO-cjlH3H4eCKHX napaMeTpOB pemeTOK C M11KpOMOJl,eJ1.IIMH ~onesoro 6naHKeTa. )1/1.si 3TOro 

B ueHTpe pa3MHO)KalOW,ero 6naHKeTa 61,11111 ycTaHOBJieHbl )],Be MO)lHQJHKa1..urn 3KCnepHMeHTaJJhHhlX 

YCTpOHCTB, l..{TO TTO3BOJ1HJIO onpeD,eJIHTb HeHTpOHHO-cjm3HlfeCKHe xapaKTepHCTHKH MHKpOMO)J.eJIH 

COJiesoro 6naHKeTa s HeHTpOHHOM none c pa3HOH )KeCTKOCTblO cneKTpa. Cocrns COJIH s MHKpOMO­

)lem1 conesoro 6naHKeTa - NaF+ZrF4 . Conb TaKoro cocTasa nnaH11pyeTc..si JlJJ.11 npHMettemrn s 

3HepreTH4eCKHX 3JleKTpO.H)lepHblX ycTaHOBKax, H Ha HaCTO..III1lHH MOMeHT HH<pOpMaUH.sl O HeH­

TpOHHO-<p113Hl..{eCKHX napaMeTpaX peweTOK, CO)lep)Ka.LIJ.ttX TaKYIO COJlh, noJIHOCTblO OTCYTCTByeT. 

B npouecce 3Kcnep11MeHTOB MeTO.llOM raMMa-cneKTpoMeTp1111 s MI1KpOMo.D.en 11 con esoro 

6nattKeTa H aKTHBHOH 3OHe onpe.nenettbl npocTpattcTBeHHhie 11 :mepreTHl..{ecKHe pacnpe.llen etttt.si 

CKOpOCTeH peaKUHM .11enett11.si 
235U, 237

Np, 
238Pu, 240Pu, 241Pu, 242mAm, 243

Cm, 
245Cm C np11MeHeH11eM 

SSNTD MeTOlla (,u113neKTp111-iecKHe TpeKos1,1e .11eT eKTop1,1), pa.111-1au11ottttoro 3axsaTa 
235U, 238U, 

55
Mn 

63Cu, 197Au, 176Lu w noporOBbIX peaKUIDi .un» 111OTonos c xopowo H3BeCTHhlMH cet.temrnM11 
115

In(n, n), 32S(n p), 58Ni(n, p) 27 Al(n, a), 19F(n, 2n), 64Zn(n, p), 64Zn(n, 2n). B pe3yJJhTaTe Hapa6o­

TaH 6attK npeUH311OHHbIX 3KCnepHMeHTaJJbHhlX .naHHblX no TH)KeJIOBO.llHblM pa3MHO)KalOW,HM pe­

WeTKaM C MHKpOMOllem1M11 conesoro 6naHKeTa Jl.JlSI TeCTHposaHH.sJ 11 sepHCpHKaUHH p a c'-leTHblX 

KOMITJJeKCOB H nporpaMM. HCnOJlb3yeMblX JlJl.sl pac4eTa 6nattKeTOB 3neKTpo.si.11epHblX y cTaHOBOK 

w11pOKoro cpyHKU110HaJJbHOro Ha3Ha4eHH.sJ. 

B 2002 - 2003 rr. Ha peaKTOpe MAKET BhlITOnHeHbl Kp11TH4eCKHe 3KcnepHMeHTbl C uen blO 

Hapa60TKH npeUH311OHHblX 3KCnepHMeHTaJJbHhlX .naHHblX llJrn TeCTHpOBaHH..11 MoHTe-Kapno 11 r e-
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TeporettHhlX nporpaMM pacYeTa Hei:tTpOHHO-qJH3H4eCKHX napaMeTpOB LJ H U-Th Tj[)KeJTOBO)lHblX 

peweTOK. CpaBHem1e 3KCnep11MeHTaJTbllblX H pacYeTHblX BeJTHYHH noKa3aJTO, YTO: 

- B LJ peweTKa:\. HMeeTCSI CHCTeMaTW-leCKOe pacxo)K)lel-!He K03cpcp11u.11eHTOB pa3MHO)KeHJ,rn Ha Be­

J1H411H)' ~ I ,8 %, Ha116onee aepOSITHOH npH4HHOH KOToporo npe)lCTaBJJSleTCSI tteKoppeKTHOCTb 

KOHCTaHT TIDKeJlOH BO)lbl; 

- BU-Th pemeTKax pacxo)K)leI111e MeHbwe H cocrnsmreT~ 1,3 %. 

TTocne peKottcTpyKU.HH 1982 - 83 rr. peaKTop MAKET xapaKTep113yeTCS1 cne.zzylOlllHMH 

npHHU.HITHaJTbHblMl1 oco6eHHOCn!MH: 

- 6aK E-1, B KOTOpOM pacnOJTO)l{etta aKTHBHaSI 30Ha, MO)KeT npHHSITb 19 M
3 

TSl)KeJTOH BO)lbl. KoH­

CTpyKI..1,HSI CTett)la n03B0mleT ysemt4HTb o6beM 3KTHBHOH 30Hbl )lO 33 M
3

, 4TO )laeT B03M0)KH0CTb 

ocymecTBJlSITb 3KCneplfMeHTbl C nOJJHOMacwrn6HblMH MO)leJTSIMH aKTHBllhlX 30H peaKTopos pa3-

JJl,f4HbIX nmos H Ha3Ha4eHHH; 

- 6aK E- I OTCTOHT OT CTeH noMell(eHMSI H nona He MeHee 4eM Ha 2 M HMeeT CbeMHOe HeHTpOHHO­

nornoma10w,ee noKpblTHe 11 onHpaeTCSI Ha Tpy64aTbte onopbl-,LJ.OMKpaTbl, 4TO CBO,LJ.HT K MHHH.M)'MY 

BJlHSIHHe Ha KpHTH'-leCKHe pa3Mepbl HCCJTe)lyeMbIX peweTOK 3cpcpeKTOB 06paT11oro paccesimrn. no­

KHH)'BlIIHX aKTHBttylO 30H)' 6bICTpbIX tteihpOHOB; 

- CTeHJl HMeeT 6110J10fl1LieCKYIO 3am11ry Jlll.R pa60Tbl Ha MOW,HOCTH JlO 1 KBr 
- 6aK E-1 HaKpblT H30JJHPYIOIIJ,HM D.OMHKOM co WJTK)30M, npe)lOXpattsrlOll(HM TSl)KeJTylO BOJlY OT 

KOHTaKTa C B03JlYXOM CTeH)lOBOro 3aJTa H npe.l1,0TBpaw,aIoll(HM o6eD.HeHHe TSl)KeJJOH BO)lbl, a TaK)l{e 

cJJy)KaW,HM J10KaJTH3Hpy10w,ei1 CHCTeMOH, orpaHH4 HBalOll(eH BbIXOD. ra1006pa3HbIX npo.zzyKTOB )l.e­

JTeHHSI B noMemettHe CTeHD.a 11 3)].aHHe npH 803MO)l{HblX aaap11six; 

- pa.3Mepbl JlOMHKa n03BOJTSI.IOT npOBOJlHTb Bf-lYTPH Hero Heo6XO)l.HMble Matt11nymru.1-rn no nepe­

MememtlO ::)JieMeHTOB aKTHBHOH 30Hbl, CTep)KHei:i CY3 6JTOKOB CbeMHOH 3all(HTbl. OTCYTCTBHe 

KaKOH-m160 L{HPJ<YJJSIU11H B03)].yxa BHyTpH Jl0M11Ka H B 6aKe aKTHBHOH 30Hbl (B OTJTH'rne, HanpH­

Mep, OT peaKTOpa TP-0) B 3Ha411TeJlbHOH CTenett11 COKpamaeT yTe4KY BJJa)KHOro B03JJ.yxa 4epe3 

men11 )].OMl1Ka H TeM caMbIM yMeHhwaeT n0Tep11 TSl)KCJJOH BOD.bl. TTpIHUITble Mepbl coxpaHS[K)T 

HY)KttylO KOHD.HUHIO TIDKeJTOH B0)].bl B TeYett11e HeCKOJlbKHX JleT, Heo6XO)l.11MblX )lJTSI 3asepwemrn 

OYepe,!l.HOro UHKJla HCCJie)].OBaHHH, nocne Yero TIDKeJJaSI BO)la 3aMeHSleTCSI. ITocJ1eJ1,H.RSI 3aMeHa 

nposeneHa s 1987 r. O6e)lttettHaS1 TSI:iKeJJaH BO)l.a oTnpasnetta tta 06oramett11e; 

- HenpepblBHOe H3Mepem,e ypOBl·ISI TSl)KeJJOH BO.llbl BO scex 6aKax rt1JlpOCHCTeMbl o6ecne411BaeT 

803M0)KHOCTb nO)lBe,U:eHMSI B JTI060H MOMeHT nOJJHOro 6anattca TSl)KeJIOH BO)l.bI B r11npoc11CTeMe C 

T04HOCTblO 15 JI npH o6meM KOJJH4eCTBe TJl)KeJJOH BO)l.bl ~ 10 000 n; 

- cneu.HaJTbHblH naTYHK ( CHrHaJTH3aTop ypoBHSI) ocymecTBJISleT nOCTOJIHHblH KOHTpOJJb 3a npa­

BHJlbHOCTblO pa60Tbl yposHeMepoB 6aKa B-1, 4TO rapattT11pyeT BblCOKyK) TOYHOCTb 3KCnepHMeH­

TOB no ou.ettKe BJJHSIH1151 Ha peaKTHBHOCTb 11ccne.uyeMblX peweTOK H3MeHeHID! ypoBH51 TJl)KeJTOH 

BOJlbl s 6aKe E-1 ; 
- non CTeHD.OBOro 3aJTa, r.ue pacnoJJO)KeHO 60JTbWHHCTBO 3JTeMeHTOB fHJlpOCHCTeMbl, HMeeT rep­

MeTl{4HOe noKpblTHe 113 ttep)KaBelOll(eH CTaJTH, cnoco6ttoe npHH51Tb J,f coxpaHHTb B CJTY4ae 

pa1repMeTH3aum1 rt1JlpOCHCTeMbl BCIO npomtTyK) BO.Uy; 

- CHCTeMa 6noKHpOBOK HCKJ1l04aeT B03M0)KHOCTb sse.ueHl1SI noJJO)KHTeJibHOH peaKTl1BHOCTH 6onee 
4eM 0./lHHM cnoco6oM HJJH He3annam,1pOBaHHOro nona)laHHH TSl)KeJJOH 80)].bl B 6aK o-1; 
- CTeH)]. HMeeT CMCTeMy )].HSI ocywKH 6aKa aKTHBHOH 30Hbl, 3JleMeHTOB rHJlpOCHCTeMbl 11 OTJleJJb­

HblX TenJJOBbI)].eJTSIIOW,HX c6opoK (TBC). Pa6orn CHCTeMbl OCIIOBaHa Ha HenpepblBHOH U.HPJ<YJTSI.UHH 

no)l.orpeToro so3nyxa 4epe3 ocywaeMbte eMKocn1 11 BhlMopa)KHBaTeJJb c a30THOH nosylllKOH, 

06ecneY11saiomei1 I 00 %-e a11arooT.uenem1e; 

- CHCTeMa X11MBO)l.004HCTKH, 1-1cnOJ1b3YIOll(a.R HOH006MeHHbie CMOJlbI, o6ecneYHBaeT tteo6xo.uw­

MOe KaYeCTBO TSl)KeJJOH 80)].bl, no)l.Jlep)l{HBaSI MHHHMaJJbHOe COJJ,ep)l{aHt-te cyxoro OCTaTKa, HOHOB 

HaTpHSI, xnopa, Me.UH, )KeJ1e3a 11 T.Jl., TeM caMblM HCKJll04aSI 803M0)KHOCTb KOpp03HH 3JleMeHTOB 

aKTHBHOH 30Hbl; 

- CHCTeMa seHTHnsiu.1111 peaKTopa MAKET no3BOJJSieT MeH51Tb TeMneparypy B03Jlyxa noMew,eHHH 

CTeH.nosoro 3ana 11 COOTBeTCTBet-mo TeMneparypy HaXOJ],SIW,eHCSI B CJJHBlfblX 6aKax £-4 H £-5 TSI-
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)l(eJJOH BO.Ubl Ha 15° co CKOpOCTbl:O l 5 ... 2° B cyrKH, nO.LUlep)l(HBaH He06XO.UHMblH TeMnepaTypHblH 

pe)KHM B aKTl1BHOH 30He .um1 nposeJJ,eHWI oueHOK TeMnepaTYpHblX 3cpcpeKTOB; 

- 3KCnepHMeHTaJ1bHble HCCJJe.QOBaHHjf Ha peaKTOpe MAKET o6ecnet.n,rnaeT YHHBepcanbHblH aB­

TOMaTH3HpOBaHHblH H3MepHTeJ1bHblH KOMnJleKC, npe)lHa3HalfeHHbIH JJ,ml perncTpau1111, KOHTPOml H 

npeJJ.CTaBJJellHH Ha ,LI,HCITJJee HeHTPOHHo-qm3H4eCKHX H TeXHOJ10rH4eCKHX napaMeTpOB peaKTopa 

MAK.ET, a TalOKe AJ1H npoBeJJ,emrn 3Kcnep11MeHTOB B pe)KHMe on-line. KoMnneKc BKJlIO'-!aeT op11-

nrnaJibHb1e 3JJeKTpOHHO-Q>H3Ht.JeCKHe ycTaHOBKH H cepHHHble npH60pbl, o6ecnet.J.11B3$f Heo6xom1-

MYIO noJIHOTY H T04HOCTb 11ttcpopMau1111, no11yy_aeMOH B 3Kcnep11MeHTax Ha peaKTope MAKET. 
B u.em1x BbITTOJlHeHHH Tpe6osaHHH npas1,rn jf)J.epHOH 6e3onaCHOCTH KpHTH'-leCKHX CTeHJJ,OB 

BblTTOJlHeHbl pact.J.eTHbie ouettKH B 060CHOBaH11e CeHCMOCTOHKOCTH KpHTc6opKH peaKTOpa MA­
K.ET, a TalOKe BepOHTHOCTH asapHH npH naJJ,eHI-UI caMOJleTa Ha TeppHTOpHlO ycTaHOBKH. 

OcHOBHbJe 3KCnJJyaTaUHOHHbte H TeXHOJlOrKt.feCKHe napaMeTpbl peaKTOpa MAK.ET npe.ucrnB­

JleHl>I B Ta6JI. 1 . 3KcnepHMeHTaJ1bHbte B03MO)l(HQCTH peaKTopa MAKET n03B0JlIDOT ocymeCTBJljfTb 

Ha HeM HCCJle)lOB8HWI scex OCHOBHblX HeHTpOHHO-Q>H3H4eCKHX napaMeTPOB, Heo6xo,LI,HMblX JI.JUI 

npoeKTHpoBaHH$l, 3KCITJl}'8TaUHH, MO.n,epHH3aUHH H 060CHOB8HIDI H.D.epHOH 6e3onaCHOCTH HCCJie­

.n,oBaTeJlbCKHX H 3HepreTw-ieCKHX peaKTOpOB C TO'-IHOCTblO IT03BQJ1jfJOll.leH KoppeKTHpOBaTb pac­

t.J.eTHble nporpaMMbl H HCDOJ1b3yeMble KOHCTaHTbl. 

Ta6n11ua 1 0 CHOBHble 3KCIUiyaTaUHOHHbJe II TeXHonon,rqecK11e napaMeTpbJ peaKTopa MAKET 

.N'~ 3Kcn11yaTaUHOHHhle H TeXHOJIOfl{l{eCKHe napaMeTpbl XapaKTepHCTHKa 3ttaYeHHe 

I. oaK o-1 aKTHBHOH 30Hbl (a.JUOMHHHH, TOJllllHHa CTeHKl!I )0 MM, .llHaMe-rp 2,6 M 
TOJIUlKHa ,D.Ha 16 MM) BblCOTa 3,65 M 

06beM J 9 ,0 M
3 

2. 3aIUHTHblH 6aK E-0 (aJHOMHHl1H, TOJIIU11Ha CTeHKli 10 MM, TOJI- .nHaMe-rp 3,4 M 

mirna .nHa 16 MM) BblCOTa 3,7 M 

o6beM 33,0 M
3 

CTep)KHJ,f CY3 (MaKCHMaJJbHOe KOJil{lfeCTBO): 

3. aBTOMaTmecKoro perynKpOBaHID! (AP); '-IIICJJO 1 WT. 

aBapHHHOH 3aIUHTbJ H .nononHMTeJibttoro nornomemrn (A3-.l(I1) 411CJIO 6 WT. 

ABTOMaTITTeCKHe ypOBHeMepbl BO,D.bl s E-1: 

4. 
KOJil1'ieCTBO ypoBHeMepoB (YP-J. YP-2); '-IHCJIO 2 WT. 

TOlfHOCTb onpe11.eneHID1. a6COJIIOTHOro ypOBH.H; norpelllHOCTb 1,5 MM 

TO'-IHOCTb onpe.nenemu1 ypOBHH norpeIIIROCTb 0,5 MM 

Orpamrq1,ne.lll1 ypoBHH BO.Ubl B 6aKe E-1: 
5. KOJJl{l{eCTBO orpaHl{lf HTenei-1 ypoBH.H (OY-1, OY-2); '-IHCJIO 2 WT. 

TO<rHOCTb onpe.neneHIDJ yposmt norpelllHOCTh 1,5 MM 

C11THaJJH3aTop ypoBH.R BOD,bI B 6aKe E-1: 

6. KOJil{t.feCTBO Cl1rHaJJH3aTopoB ypoBH.H (CY- I)· lfHCJIO I WT. 

TO'-IHOCTb orrpen,eneHIUI ypOBIDI norpewHOCTb I MM 

7. MaKCHMaJJbHa.H CKOpOCTb 3aKa'-IJ<H T.SDKeJJOH BO.Ubl B 6aK 6-1 pacxo.n D20 0,7 n/c 

KaHaJJbI KOHTJ)OJI.R H Jam11Tbt CY3: 

8. TOKOBble; '-IHCJIO KaHaJIOB 6 WT. 

HMnyJJbCHble lfHCJIO KaHaJIOB 5 WT. 

,no311Merp1,rqeCKHH KOHTpOJJb CTaUHOHapHblMli np116opaMH: 

TenJJOBble HeHTpOHbl ; lflICJIO roqeK 2 WT. 

9 . npoMe)KYT04Hhle Hei1Tp0Hhl; '-ll1CJIO T04eK 2 UIT. 

6blCTpb1e HeihpOllbl. 4l1CJIO TOlfeK 2 WT. 

y-1nnyt.tem1e '-I HCJIO TOl(eK 30 WT. 

10. ITpe.neJibHOe pa6oYee 3HalfeHHe MOlUHOCTII 100 BT 
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Ha peaKTope MAKET Hccrre11y10Tc.si: 

- Kp11Tl1l.feCKl1e KOMn0311L..l1111 pellieTOK (nyreM llOCTIDKeHl1j) KpHTl1LfeCKOro ypoBHSI TR)KeJIOH BOllbl 

111111 MeTO.[(OM JlOCTpOHK11); 

- pacnpe11e11eHl1Si :meproBb(JleJ1eHl1H: B TBC 11 o6T,eMHbJe K03<p<pHL..ll1eHTbl ttepasttoMepHOCTH 

3HeproBbl.[(eJleHHH (aKTHBaL..l110HHblM MeTOJlOM); 

- a6comOTHble 3Hal.feHHJ1 H pacnpeneneHHH: nOTOKOB a TaIOKe cneKTpbl HeihpoHOB B Hl.feHKax HC­

CJTe}lyeMblX peweTOK 11 06beMe a.KTHBHOH 30Hbl (aKTHBaL..lHOHHblM MeTO)lOM, noporoBblMH KaMepa­

MH )leJieHH.si, CL..ll1HTHJIJ1HL..lHOHHblM cneKTpOMeTpOM 6hICTpblX Heihpottos); 

- a6COJ1IOTHble 3Hal.femrn H pacnpe}leJieHHe noTOKOB Y-KB8HTOB (KOMnettcau.110HHhlMH KaMepaMH, 

TepMOJllOMHHecu.eHTHblMH Jl03HMeTpaM11); 

- seca CTep)l<HeH CY3 11 3JleMeHTOB aKTHBHOH 30Hbl (MeTonaMH HMnyJlbCHOro HeHTpOHHoro re­

HepaTopa H c6poca, no nep11011y pa3rOHa, H3MeHemno KpHTHLfeCKOro ypOBHH T.IDKeJlOH. BOJlbl, Me­

TOllOM o6paTHOro YMHO)KeHH_H, T.IDKeJTOBOllHbIM peaKTHMeTpOM Kattana H3MepeHHJ1 peaKTHBHOCTH -

KHP); 
- TeMneparypHbie, nycTOTHbJe H nerKOBO)lHbJe 3cpcpeKTbl peaKTl1BHOCTH (no H3MeHeHl1!0 KpHTHl.fe­

CKOro ypOBHH T.IDKenoH BOJlbI); 

- KHHeTHl.feCKHe napaMeTpbl pa3MHO)Ka!OW.HX peweTOK C HCOOJlb30BaHHeM HMrryJTbCHOro HeH­

TpOHHOro rettepaTopa. 

2.2. KoMnoHoeKa noMeuJeHuu u 06opyooea1-1U5l peaKmopa. PeaKTop BKJIIOqaeT c11eJzy10w.11e 

OCHOBHble noMern.ettmI (pHC. l ): peaKTOpHblH 3aJT, 6oKC aKTl1BHOH 30Hbl, H30J11-fPYIOW.HH )lOMHK 

Ha)l aKTHBHOH 30HOH., npHCTpOHKY ( 4-JTa)KHOe 3.[(aH_J,fe C 00.[(BaJTbHblM noMew.ett.HeM), BeHTHJTH:LlH­

OHHOe n0Mew;ett11e. 

8 peaKTOpHOM 3aJTe Ha HeCKOJlbKl1X ypOBHSIX pa3Mew.em,T: 

- MOCTOBOH KpaH rpy3000)lbeMHOCTblO 15/3 T; 

P1-1c. I. PeaKTop MAKET: I - Ja11111THbt11 JlOMnK; 2 - 6oKc aKrnBHOH 30Hbt; 3 - peaKTopHblH Jan; 4, 5 - noJl­

BaJJbHbte noMe111eH1rn; 6 - caHnponycKHHK; 7 - BeHTl1JUITOpHa.si; 8 - nyJlbTOBfill ; 9, IO - JJa6opaTOpHble no­

Me111emui ; 6-0 - 3a1111tTHbti1 6aK; 6-1 - 6aK aKTl1BHOH 30Hbl; 6-3, E-4, 6-5 - 6aKII rn.npocHCTeMbl 
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- 06opy.uosaH11e rH.llpOCHCTeMbl peaKTOpa; 

- MepHblH 6aK 6-3 .UJUI .ll03Hp0BKH T.Sl)KeJlOH 

BOJlbl, 38K8lfHBaeMOH B 3OH)'; 

- CJlHBHbie 6aKH E-4 11 E-5 T.Sl)KeJlOH BO)lbI; 

- T.Sl)KeJlOBO.llHbJe HaCOCbl L(Hf-70M- I ; 
- ypoBHeMepbr, orpaHH'lHTenH H CHrHanH-

3aTOpbl ypoBH.SI T.Sl)KeJlOH BO.Ubl B 6aKax 

6-3 ... 6-5, asToMaT nepe6poca CTPYH (ATTC) 
D2O H'3 30HbI s 6aK; 

_ o6opy.uosaHHe rH,llpOCHCTeMbl, CHCTeM 

B0)l.0OqHCTKH H ocywKM 6aKOB D2O; 

- Ka6em1 cxeM ynpasneHH.SI 3neKTpoo6opy­

.ll.0BaHHeM peaKTopa. 

B 6oKCe 8KTHBHOH 30Hbl (pHC. 2) pa3-

MemeHl>I 6aK E-I 8KTHBHOH 30Hbl C HCCJie­

JzyeMblMH pa3MHO)KalOW.HMH peweTKaMH; 

3alll.HTHl>IH 6aK n-0 (MO)KeT 6bITb HCTTOJ1b3O­

B8H KaK 6aK aKTHBHOH 30Hb1); o6ettaHKa, 

u301111py10w.a.S1 npoc-rpattcTso Ha)]. 6aKoM E-I 

OT noMew.eHH.SI 6oKca· neHanbI .llJl.SI cywKH 

H3BJlelfeHHbIX TeXHOJlOntlfeCKHX KaHanos; 

-rpy6onpOBO,llbl C 3anopHOH apMarypoH, 

CB.S13b1Ba10w.we 6aKH £-1 H £-4 · onopb1-

.ll0M Kpan,1 6aKOB 6-0 J,f £-1; ,llaTlfHKH H Ka6e­

J1H CY3, K11I1 11 A 11 3KcnepHMeHTanbHoro 

K0MnneKca. 

8 H3O11HpyiomeM ,llOMl1Ke pa3MemeHbJ: 

- peweTKa C 6110KaM11 C'beMHOH 3alUl1Tbl 11 

np11B0,llaMH CY3 J,f Cl1CTeMhl K0HTJ)OJI.SI 38 

yp0BHeM D2O B 8KTl1BHOH 30He; 

- CTpyttHblH KpaH rpy3ono.uoeMHOCTblO O 5 T; 

PHc. 2. 6oKc aKTHBHOH 30HhI pea11.,opa MAKET: I -
M0CTOB0H KpaH; 2 - CTJ)YHH.hlM KpaH; 3 - llim03; 4 -
np1mona CY3 A3-Afl, AP; 5 - ypoaHeMep; 6 - 611ono­
rHYecKa.11 3aw.11Ta; 7 - sepxWUI peweTKa; 8 - 6aK 6-0; 
9 - 6aK 6-1 ; IO - HIDKH.11.11 peweTKa; I I - onopbl-
.Ll0MKpaTbl 

- .ll8TlfHKH ),f Ka6enH CHCTeMbl )l03HMeTpHlfeCKOrO KOHTp0n.SI; 

- CTeJIJlcl)K],f )lJl.SI speMeHHoro xpaHeH11JI TBC H CT0Jibl )lJl.SI pa60Tbl C 06nyl.feJ1HblMII 3KCnepHMeH-

TaJlbHhlMH ycTpOHCTB8MH; 

- TeJleKaMepbl Ha6J1l0.L1emu1 3a COCTO.SIHHeM aKTHBHOH 30Hbl B 6aKe £-1. 

t-faom1py101UHH ,llOMHK M0)KeT 6bITb pa3o6paH lf8CTJ,fqH0 HJUf TTOJlH0CTblO npH npoae.a.eHHH Kan11-

TaJlbHblX pa6oT B aKTHBHOH 30He H .llOMHKe. 

B npHCTpOHKe pa3Mell(eHbl CKJla,llCKHe noMeI.UeHH.SI (no.a.Ban), cattnponycKHHK H I.U11TOBa.SI 

CHCTeMbI 3JleKTpOnl1TaHH.SI peaKTOpa ( I-H 3TIDK), nynbTOBa.SI H KOHT8KTOpHa.S1 Cl1CTe 1bl CY3 H rn.n.­

poc11cTeMbl (2-H 3Ta)I{), 3JleKTpOHHO-(p113H9eCKHe H3MepHTeJibHbJe K0MITJleKCbl (2-H H 3-ii 3Ta)f<H), 

na6opaTopHble noMeI.UeHH.SI ( 4-H 3T8)1(). B BeHTHJl.Sll{HOHHOM noMewettl1H pa3MeI.UeHbl raJOJl)'BKH, 

Kanop11cpepbl H apMarypa npHTO'-IHO-BblT.Sl)KHOH BeHTHJl.SILl.1111 H OTOnJleHH.SI CTell,llOBOro Jana npe­

napaTopHOH, npHCTJ)OHKH 11 seHTnOMeI.UeHID!. 

2.3. OnucaHue cucme.H pea,anopa. 
I'uopocucmeMa peaKmopa (p11c. 3) 06ecne1urnaeT H3MeHeH11e ypoBHH T.Sl)KeJJOH BO.llbl s 6aKax 

CTett.n.a MepHbl 1H nopU.H.SIMH H B 3a,UaHHbJe npoMe~Kli speMeHH. OCHOBHhlMH 3JleMeHTaMJ1. rH.L1-

poc11cTeMbl cny)KaT 6aKH )lJl.SI xpaIIeHH.SI T.Sl)KeJlOH B0.llbl : 6aK £ - 1 8KTHBHOH 30Hbr 6aK 6-3 , n03BO­

JllllOW.HH 38JlHBaTb 6aK E-I .ll03HpOBaHHblMH nopU.H.SIMH; CJlHBHbJe 6aKH 6 - 4 H 6 -5. 
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fepMent4Hb1e nrnce11oso,nHbie Hacocbt U1-Tr-70M-1 ocywecTBmIt0T noc11e.nosaTeJibH)'IO 3a-

1<a4KY ll03HposaHHbtX nopu11i1 T.sn1<e11oi1 B0llbI 113 6aKa 6-4 (111111 E-5) s 6aK E-3 (Hacoc H-2), a Ja­

TeM 113 6aKa 6-3 B 6aK 6-1 (Hacoc H-3). B KaYecTBe 3anopHOH apMaTypbI 1-1cno11b3YIOTCH pyYHbie 

seHT11JlH C CHJlbq>OHHblM YllJI0THemteM H :meKTpoynpasmIeMble BeHTl1JIJ,f. TexHOJ10rH4eCKHe Tpy-

6onpOB0llbl pa311114Hb[X Ce4eHHH H3f0T0BJleHbI 113 ttep)l(aBeIOLUeH CTaJlH. 

,l],o3HpOBKa T.sl)KeJIOH 80):lbl npt-I 33K34Ke H3 6aKa E-4 (.6-5) B 6aK E-3 06ecne1-111saeTC.sl 3JleK­

TP0HHblMH Tai1MepaMH, 3a,na10w.11MH speM.si: pa6oTbI ttacoca H-2; orpaHHtfIITemIMH ypostt.si: OY-3 

6aKa E-3, 11aT411KH K0T0poro ycTaH0BJieHbl Ha BbIC0Te 165 11 500 MM" CJIHBHbIMl1 MarHCTpaJI.slMH 8 

6aKe .6-3 Ha BblC0Te 170 H 510 MM, a npH 3aKaLJKe 113 6aKa .6-3 B 6aK .6-1 - 3JleKTp0HHblMH TaHMe­

paMH, 3a,na10LUHMH speM.s1 pa6oTbt ttacoca H-3; orpaH11YHTemIMH yposHJI OY-1 11 OY-2 B 6aKe .6-1; 

,no3Hp0BaHHblM K0JIHtfeCTB0M TIDKeJIOM 80):lbl 8 6aKe .6-3. 

KoHTponb 3a pa6orni1 rn.npocHcTeMbI ocywecrnmreTc.si c noM0IUbIO ypoBHeMepos YP-1 ... YP-
5 6aK0B rn11pocHcTeMbt, CH.fHaJIH3aTopos CY- I H CY-4 ypoBHH D20 s 6aKax rn.npocHcTeMbl, Ma­

H0MeTJ)0B 11a Hanope HaC0C0B H-2 H H-3, Cl1rHaJil13aTopos fl0JI0)KeHH.sl 3JieKTµoynpaBJISieMbIX BeH­

nmeit 
YcTpOHCTBa L(03ttp0BKH H K0HTp011.sl cpopM11py10T CHfHaJibl, npeKpamaiow.11e nocrynJleHHe 

D2O s 6aK11 E-1 111111 .6-3, ocTaHas1111sasi 11acocbI 11 nepeKJ1t04aH ATTC - .nono11tt11TeJibHbtH 3JieMeHT, 

npeKpaw.atOLUHH nocryn11eHHe TSl)KeJlOH BO)lbl B ah."THBH)'IO 30HY npH TIOJIBJieHHH CHrHaJI0B OT Cl1C­

TeMhl A3 HJll1 ll03HpyteLUHX ycTpOHCTB. 

MaKCHMaJibHaH nopuJ.rn nrnceJIOH BOllbl s 6aKe E-3 M0)KeT 6b1Tb yMeHbilleHa c 250 L(0 85 11 c 

HCn0Jlb30BaHHeM orpaHl14ITTen.si: ypoBH.sl Ha 0TMeTKe 165 MM 11 B cny4ae ero OTKaJa- CJil18ll0H Ma­

ntCTpaJIH Ha 0TMeTKe 170 MM. 3Tl1M npe,noTBpaw.aeTC.st BBe,neHHe 60JlbWOH nOJ10)KJ1TeJlbHOH peaK­

THBH0CTl1 npH 3aKa4Ke TH)KeJIOH 80):lbl 113 6aKa £-3 8 6aK 6-1 s6Jll1311 KpHTH4eCK0ro C0CT0HHl1SI. 

B 6aKe E-1 npe.nycM0Tpetta 803MQ)KH0CTb 6blCTporo CJIHBa T.sl.)KeJlOH B0)J.bl B 6aK £-4 no Marn­

c-rpamt C 60JibWHM np0X0llHblM ceLJemreM ,U0 0TMeTKH 240 MM 11 MeL(JleHHOfO CJ111Ba TSl)l(eJlOH 80-

llbl npaKTH4eCKH 110 TIOJIHOH ocyruKl1 6aKa E-I. IIpeL(yCMOTpeHa B03MO)KHQCTb L(peH11posaHH.s1 TSl­

)l(eJIOH B0L(bl B 6aK £-4 l13 scex ManrcTpaneH rn.npoc11cTeMbl, a TaIOKe 113 3aLUHTH0ro 6aKa E-0 npH 

pa3repMeTl13aUHH 6aKa .6-1. Eai1naCHbte JlHHHH npe.nycM0TpeHbl Ha Hacoce H-3 (,un.si yMeHbWeHI1.sl 

ero npOH3BO,[lHTeJibHOCTH) H Ha q>HJlbTpe <D-2 (Ha CJIY4aH ero 3acopeHH.s1). Bee 6aKH rHL(p0CHCTe­

MbI H ATTC coe.uHHeHbl llb!XaTeJibHblMl1 JIHHHSIMH, HMelOLUHMH K0HTaKT TOJlbK0 C 803)1.yWHblM 

061>eMOM 1-13omrpyt0mero JJ.OMHKa. 

Ha peaKTope CyWeCTByeT cnel.(HaJibHaH ycTaH0BKa no ocyWKe 3JleMeHT0B rn.npoCHCTeMbl, npH 

pa6oTe KOTOpOH HaCbILUeHHblH napaMH TSl)KeJlOH B0L(bl 803.!lyx 113 rn.npocHCTeMbt pea,rropa MA­
K.ET C TI0M0LUblO raJ0llYBKH no.naeTC.sl. Ha BJiaro0TJJ.eJI11TeJib, r,D.e npOl-t:CX0llSIT ero 0XJI3)KJ:leHHe 

(npOTHBOTOKOM X0Jl0}lH0f0 803.llyxa) 11 npe.nsapITTeJlbH0e snaro0T,D.eJleHHe. 3aTeM 803.!lyx C oc­

TaTKaMM napos TSl)KeJlOH B0,llbl no.QaeTCSI 8 0,D.HH 113 BblMOpamHBaTeJleH (113 BT0poro BbIMopamHsa­

Ten.si: s 3TO speMH y,nansieTc.si. T.sI)l(eJla.si: so.ua, o6paJosaswasicsi H3 pacTa.si:Bwero Jlb,D.a), OXJ13)KJ:laeTcSI 

}l(HJ:lKHM aJ0TOM, noJIH0CTbIO TepsieT snary H 4epe3 BJ1arooT.nen.11TeJ1b CHOBa B03BpawaeTCSI B ocy­

waeMblH' 061>eM. ITpOH3B0lll1TeJlbHOCTb ycTaH0BKH 4 1
3
/Ltac, np11 3T0M npOHCX0,llHT npaKTHYeCKH 

100 %-e 0T,!leJieHH.e napos TSl)KeJIOH B0,[lbl. 

Cnel.(HaJibHa.sl CHCTeMa XHMB0,D.001.JH.CTKH npe.D.HaJHatfeHa .QJIH MexaHHtfeCKOH H 110H006MeH­

H0H (pHJlbTpauJ.rn TSl)l(eJlOH B0J:lbl rn.npocHCTeMbl C ueJlblO noMep)Kamrn ee He06XOllHMOf0 C0CTa­

Ba. Hacoc H-4 (1.1,Hr-70M-1) nporottsieT T.sl.)KeJiyt0 so.a.y ( ~ I 00 n/yac) H3 6aKa .6-1 Yepe3 cp1111bTpb1 

<l>-3 H <l>-4 1-1 HOH006MeHH)'IO KOJl0HH)' B 6aK E-4. 

CY3 pea,.;.mopa (p11c. 4) 06ecney11saeT: 

- K0HTp0Jlb 3a yp0BHeM M0LUII0CTH H CK0p0CTbIO ee H3MeHeHHSI; 

- PY4H0e H 8BT0M8TH4eCK0e ynpasneHHe u.erIHO.H peaKl.(HeH; 

- H3MepeIrne BHeCeHHOH peaKTHBH0CTH: 

- o6ecne4eHHe Heo6XO,D.HM0f0 yp0BIISI no,nKpHTH4H0CTH peaKTopa; 
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- Bblpa60TKY npe.uynpe,UHTeJlbHblX H asapHHHblX CHrHaJT0B, a TalOKe CHfHaJT0B A3 npH 0TKJl0He­

ttH1'f OT 38,UaHH0ro pe)l{HMa pa60Tb1; 

- 6blCTJ)0e rawemte uenH0H peaKl..(HH C n0M0ll.lblO pa60YHX opraH0B CY3. 

B KaYecTBe .ueTeKTopoa HeHTp0H0B a KaHanax CY3 11cnoJTb3YJOTCH cYeTYHKH CHM-I I 11 

cHM- 12, a TalOKe H0HH3fillH0HHbJe KaMepb1 KHK-56 H KHK-4 (rn6n. 2). Bee KaMepbl H llaCTb 

cl!eTY.HK0B CHM-12 pa3MemeHbl no.n. .UH0M 38ll.llffH0ro 6aKa 6-0. OcTaJTbHbJe CYeTt.UfKH pacno110-

)l{eHbl a aepTHKallbHblX CyxHX KaHanax a 6aKe £-1. 
T a 6 J1 If u a 2 . .[(eTeKTODbl HeHTJ)OHOB K3HaJIOB CY3 

~ 

ToKOBhle Kattanb1 CY3 11.MIIVJlbCHble KaHaJibl CY3 

,z:{aT4HKH KHK-56 KHK-4 CHM- 12 CHM-1 l .[(aT411KH 

,U11aMerp/.nrr1-1tta, MM 50/750 50/450 8/215 33/240 .[(1-rnMeTD/ JlJIHHa, MM 
~ 

Y:yscTBHTeJJbHOCTb, l[ yscTBHTeJThHOCTb, 4-l0-13 1-10·13 0,8 1,2 
Af(H/cM

2
·c) HMilVJlbC·CM

2
/ HeHTDOH 

Pa6oqee HanpH)Ke- + 500 
500 450 l 600 

PeKOMeHJI.OBaHHOe pa-

m1e, B - 500 60'-!ee HanoH>Ke»11e, B 
t{yBCTBHTeJlbHOCTb K Pery1rn- 1·10-13 1000 I 500 .[(onycrnMhIH y-cpOH, 

y -d,OHY, A/(P•l1ac) pyeTCH P/qac 

fa3- HanOJIH11TeJ1b BF3 
j He He + Ar He + Ar ra3-H3ITOJ1Hl1TeJJb 

HcTO'-lHH.KH BblC0K0B0JlbTHoro m1.TaHH.H Hei1TpOHHblX .uereKTopoB KaHanos CY3 HMeJOT CHr­

ttanH3fillHJO 0 Hepa6oYeM COCT0HHHH. KoHTpOJlb 38 ypoaHeM M0ll.lH0CTH peaKTopa ocymeCTBJlHJOT: 

- HMIIYllbCHbJe KaHaJTbl, 11.3MepHIOlll11e M0ll.lH0CTb: 4 KaHaJTa ycT8H0BKl1. "ITocT K0HTpom1py10mero 

<pH3J.fKa' ' 2 KaHana C np1116opaMH 311112-0 I; 
-T0K0BbJe K8HaJlbl, H3MepjJJOli.ll1e M0ll.lH0CTb: KaHaJlbl C np116opaM11 Y11- I 2 11. KCITB-4; 

- T0K0Bble K8Hallbl, H3Mepst!Oll.lHe M0ll.lH0CTb B 11orapH<pMKYeCKOM MaCWTa6e: K8Hallbl C np1160-

p aM.H A3C-2M-2 11 <DCKY3. 

KoHTpOJTb 3a CK0p0CTblO HapacraHHj{ M0ll.lH0CTH ocymecTBJUI.IOT T0KOBbre K8Hallbl C np1160-

paMH A3C-2M-2 111 <DCKY3, .usa Kattana c rrp116opaM11 311112-01. A3 o6ecneYHBalOT: 

- no npeBbJWeHHJO 3aJJ.8HHOro yp0BHj{ M0WH0CTH: TpH T0K0BbIX KaHana C np116opaMH 6110Ka A3 

n o ypoBHJO M0ll.lH0CTH (6A3M), .D,Ba HMITYllbCHblX KaHana c np116opaMH 311112-01; 

- II0 npeBblWeHl1.IO CK0p0CTH Hapacramrn M0ll.lH0CTH: T0KOBblH KaHan C np116opoM A3C-2M-2, 

.una HMITyllhCHblX Kattana C np116opaMH 3Jifl12-0l. 

IlpH HCYe3H0BeHHH 3JleKTµOCHa6)1{eHHJI ycTaH0BKH K0HTp0llb 3a ypoBHeM M0ll.lHOCTH ocyme­

CTBJIHeT aBTOMaTHlfeCKH BKJllOYalOll.lHHCSl norapH.cpMHYeCKHH ymrnepcanbHblH TOKOBblH Kattan nY 

C ,D,0IT0JIHHTeJJbHblM aKKYMYllSI.T0pHblM n11TaHHeM. 

HMnyllbCHbte 1,.a11a1b1 CY] "IlocT K0HTpo111-1py10mero cp11.3HKa" npe)].cTaBJJHeT co6oii '-!eTbtpe 

He3aBHCHMblX HMITYJJbCHblX KaHana C ,D,8TYHK8Ml1 CHM-12 H npeJlH83HalJeH ,D,JlH H3MepettHH HeH­

Tp 0HHhJX IT0T0K0B B aKTHBHOH 30He C M0MeHTa ITOSI.BJJeHHJI HeHTpOHHoro HCT0l.JHHKa. ,n;~rnna30H 

113MepsteMblX HeHTpOHHblX n0T0K0B 10-1 
... I 0 4 

HI ( CM
2
·c) (B MecTe pacnOJIO)l{eHHH) HJ111 I .. . 105 

H/( CM
2
·c) B aKTHBHOH 30He. 

OJJOK-CXeMa ycTpOHCTBa npe.UCTaBJTeHa Ha p11c. 5 B BHJJ.e nnaTbl, K0T0paJI ycTaHaBJlHBaeTCH B 

cso6o.uHblH CJIOT mHHbI ISA K0M0blOTepa IBM PC. Ha 3TOH nJJaTe pa3MemeHhI Y.eTb1pe l 6-

pa3pS1..UHb1x CYeTYHKa (cYeTlfHKH l.. .4), 4eTbipe 6ycpepHb[X perncTpa (6ycpepbl I .. .4), T8HMep, 6y­

cpep TaHMepa, cpopMHposaTeJlb CHTHall0B ynpasJJeHHH CYeT1-IHK8MH, retteparnp 1 Mfu, TpHrrep 

cpnara 11. .uew11cppaTop CHrHaJT0B WHHbl ISA, C IT0M0ll.lblO KOToporo npoHCX0JJ.HT nepe.uaLJa HHcpop­

Mau,1111 Me)K.D,y n11aTOH H K0MITblOTepoM B C00TBeTCTBHH C npoT0K0Jl0M WMHhl ISA. 

B nporpaMMH0M 06ecneYem111, ynpaBJlHIOUleM pa6oTOH ycTaH0BKH, cpHKCHpyercst Tpe6ye~me 

K0J111'-IeCTBO H3MepHeMblX HHTepsanos; ,llJIHTeJTbH0CTb speMeHH6ro HHTepsana 3aITHCbIBaeTCH B 

6ycpep TaiiMepa, nocne Yero npoH3B0JJ.HTCSI. rrycK Tai1Mepa 111160 nporpaMMH0, JJH6o BHeWHlfM c11.r­

HanoM H HaYHHaeTCH onpawHBaHHe C0CT0HHHH cpnara (l(HKJJ ,D,HHaMH4eCK0ro 0>Kl1.LJ.aHHH 0K0H-
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c• tCf'lltK I 

C'ICT' IHK 2 

C' ICT'IIIK 3 

C4 <!14 11K 4 

Gycj)ep I 

6y~icp '.! 

G)<!Jep 3 

6ycj)ep 4 

lfaHH.R speMeHH6ro HHTep­

Ba.Jia). Ha BpeM.R, ycTaHOBJleH­

H0e s 6ycpepe TaHMepa, 0T­

KpbIBaJ-OTC.R BX0,llbl, H CHfHa.JibJ 

~ perncTpHpylOTC.R Cl{eT4HKaMH. 

e Tio HCTel{eHHH ycTaH0BJleH­
i 
:! ttoro speMem1 rni;jMep 3anyc-

KaeT cpopMHpOBaTeJlb CHrHa­

Jl0B ynpasneHIDI, K0T0pblH 

3aKpb!BaeT BX0,llbl Cl.feT'UIK0B, 

yCTaHaBJJHBaeT rpr1rrep cpnara, 

nepe.naeT co.nep)KHMoe cYeT-

Pwc. 5. OJIOK-CXeMa ycTaH0BKH "TTOCT KOHTpon11py101llero qH1311Ka": lfHK0B B 6ycpepHble perHCTpbI, 

<llBD - cpopM11posaTeJ1b BpeMeHHblX nocnenosaTeJibH0CTei1; we - o6ttyJl.ReT Cl.feTl{H:KH H CH0Ba 

,neurncpparnp ynpasmoomero cwrnana; r - reHeparnp 3anycKaeT TattMep. 

BpeM.R pa60Tbl cpopMHposaTeJJ.R paBH.ReTC.R I MKC (Meprnoe speMJI ycTpOHCTBa). Hal.fHHaeTC.R 

HOBblH speMeHH0H HHTepsa.JI. B :no BpeM.R nporpaMMa o6Hapy)KHBaeT aKTHBH0e C0CT0.RHHe cpnara, 

BblXO,llHT H3 UHKJTa o»rn.naHH.R, C4HTbl8aeT HH<pOpMaUHlO H3 6ycpepHblX pernCTp0B ycTpoikTBa, 

c6paChIBaeT cpnar H, ecm1 K0JU-rl.feCTB0 HHTepBa.JI0B He paBHO 0, B03BpamaeTC.R B UJ,f](J[ )lHHaMHl.fe­

CKOro Q)KJ,l,llaHHJI. Tiocne Toro, KaK 6y,neT H3MepeH0 3a,naHH0e K0JTH"t.JeCTB0 HHTepBa.JI0B, nporpaM­

Ma BbI,naeT s ycTpoiicTso CHrHa.JI CTOTI. 

y CTaH0BKa "TiocT K0HTp0I1Hpy1ow.ero <pH3H:Ka" B CHCTeMe CY3 HCn0Jlb3yeTC.R" ,llJT.R" nocTpoe­

HH.R KpHBblX o6paTHOro ClfeTa npH npose,neHHH KpHTW-leCKHX 3KCnepHMeHT0B H B 3KCnepH:MeHTax 

no H3MepeHHJO BeC0B 3JleMeHT0B aKTH:BHOH 30Hbl MeT0,llaM11 pa3rotta peaKTopa. 

HMnyJThCHbre KaHa.Jibl c np116opaM11 3l1H2-0 I 11 HeihpoHHbIMH ,neTeKTopaMH CHM-11 npe.n­

Ha3Ha4eHbr .nmi: KOHTponsi 11 3ailI,HTbl no ypoBHlO 11 CK0pOCTH: HapacTaHH:.R M0W,H0CTl1 C Hal.fa.JihH0ro 

M0MeHTa nosisnemrn TeXH0JI0rH4eCKHX KaHa.JI0B B aKTl1BHOH 30He H Bbipa6oTKH npe.nynpe,n11TeJJb­

HOH H: asapHHHOH CHTHa.JIH3au1,rn 0 npeBbIWeHHH 3a,naHHblX CKOpOCTeH Cl.fern. 

KaHa.JibI 06ecneY1-rna1-0T: 

- perncrpaUHlO HMny111,cos ,neTeKTopa CHM-11 ; 

- BH3YaJJbH0e Ha61110.neHHe 3a CK0p0CTblO Cl.fern ,neTeKTopa no 11H,llHKaT0pH0MY np116opy HTI2 

"MHTeHCHBHOCTb "; 

- npe.ncrnsneHH:e noKaJaHHH Ha caMonHwyw,eM npH6ope KCTI-2-03; 

- npe)lynpe,nHTeJTbHYIO H asap11HHYlO CHTHaJJH3aU~fH npH npeBblWeHHl1 C00TBeTCTBYIOW.H:X ycTa-

B0K 6110Ka 3aLUHTbI no M0LUHOCTH .6AA2-08M; 

- 3BYK0BYIO CHrHamnaumo no,nal.feH HMnyJlbC0B B CXeMY "UJ,enKyH" ; 

- CJ,ffHa.JIH3aUHIO 0 HeHcnpaBH0CTH HJTH 0TKJlJ-01.feHHH 311112-0 I , a TalOKe 06 HC4e3H0BeHHJ1 BblC0-

K0ro HanpIDKeHHSl "l 600 B" 6noKa 6HB2-21. ,[J;eTeKTOpbI CHM- I I npH6opos 3Jill12-0 I pacno­

Jl0)KeHbl no.n ,llH0M 6aKa aKTHBHOH 30Hbl. 

,[J;11ana30H CK0p0CTH C4eTa HMnyJTbC0B B 11orap11<pMHLfeCKOM Macwrn6e C0CTaBJJ.Sl.eT OT 1 .no 

105 
11Mn/c, a H3MepHeMbIX HeHTpOHHblX n0T0KOB B aKTHBH0H 30He OT IO .no 10

6 
H/(cM

2
·c). Tiopor 

cpa6aThlBaHHJl KaHa.Jia A3 11 npe)lynpe,n11TeJ1bHOH CHrHaJ1113aU,HH ycTaHaBJlHBaeTCH )lHCKpeTH0 l.fe­

pe3 0, 1 WKa.Jibl. 

ToKOBble KGHGJlbl CY3. ITp116op YH-12 H3MepHeT TOK KaMepbl KHK-56 s .n1-1.anaJ0He 2 · 10-13 

.. . 3·10-8 Ac BblB0,ll0M nOKa3aHHH Ha fa.JibBaJI0MeTp M-135 c MH0ronpe,neJlhHbIM wyHT0M P-135. 

3Ha4eHl1JI T0K0B .no l ,5· 10-3 
A H.3Mep.RIOTC.R 11enocpe,ncTBeHH0 ra.JibBaHoMeTp0M M-135. KaHa.JI C 

Y11- l 2 <pHKcwpyeT a6cont0THy10 M0LUH0CTb peaKTopa MA KET, HMe.R c11rnan Ha cpa6anrnaHHe 

asapH.HHOH CHrHaJJH3aUHH H A3 npH OTCYTC181111 BbJC0K0B0JlbTII0ro rrnrnmrn KaMepbl KHK-56. 

,[J;HaIIa301-1113MepsieMblX HeHTpOHHhlX n0T0K0B 25 . . . 10
10 

1-1/ (cM
2
·c). Tip116op KCITB-4 H3Mep.ReTT0K 
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KaMepbl KHK-56 B J].Hana.JOHe 10·12 
• • . s -10·5 A, pacw11peHHOM .no 5·10-4 cneuHaJlbHblM TeXHHLle­

cKH"M peweHHeM . .D:11anaJOH H3MepsieMblX HeHTJ)OHHblX noTOKOB 25 . .. 10 IO HI( CM
2
·c ). 

ITpH6op A3C-2M-2 HJMepsieT J1orap11cpM TOKa KaMepbt KHK-56 s .u11ana.J0He 10·
11 

.. . 10-4 A w 
nepHO.ll HapaCTaHI-UI. TOKa C nOCTOSIHHOH speMeHH 5 ... 150 C. floKa38HIDI np116opa BblBO,USITCSJ. Ha 

Ml{l(poaMnepMeTpbt M-24. TTpw6op HMeeT: 

-ycTaBKH npe.uynpe.UHTeJlbHOH Cl-ffHaJlH3aui-m npH .UOCTHJKeHHH nep110.na 60 40, 30 H 20 c; 

-ycTaBKH asapHHHOH CHrHaJlH3aUJ,fH H 3aWHTbl npH .lJ.OCTH)KeHMH nepHo,na 30, 20, 15, IO c ; 

- CHfHaJl Ha cpa6aTblB8Hl{e asapHHHOH CHfHaJlH3aUH11 11 A3 npH OTKJll04eHHH OT ceTH HJll1 OTCYT-

CTBHH BblCOKOBOJlbTHOro nHTaHHSI KaMepbl. 

I1pe.LJYCMOTpetta B03MO)KHOCTb TIO.UK.Jll04eHI-Ul K np116opy CTpeJl04HhlX H 8BTOM8TWleCKRX ca­

MOTIHWYLD.HX np116opos .umr tta6J110,nemrn 11 Jarrncw nep110.na 11 MOUJ.HOCTH. Ha nynhTe ynpasnemrn 

peaKTopa ycTaHOBJleH TIOLI.KJll04eHHblH K OLI.HOM)' 113 A3C-2M-2 MHKpOaMne~MeTp M-24, noKa.Jbl­

Ba!OWHH nepHOLI.; .u11ana.JOH l13MepSJ.eMblX Hei-iTpOHHblX nOTOKOB 25 ... l ,25 · l O HI( CM
2
·c ). 

EA3M npe.ll.Ha3Ha4eH .unsi H3MepeHHSI TOKa KaMep KHK-56, KHK-4 s .n11ana.Jotte I 0·9 
. . . 10·

3 
A 

H cpopMHposaHHSI npe.uynpe.lJ.HTeJlbHOro c11rnana no npeBblllleHHIO 3a.ll.8HHOro ypoBHJI MOUJ,HOCTH 

Ha 25 %; asapHHHOro CHrttana no npeBblWeHHIO 38,UaHHOro ypoBHSI MOI.UHOCTH Ha 50%; CHrHana 

Ha cpa6aTh!BaHHe asapHHHOH CHrHaJlH38UHH H A3 npH OTKJ1104eHHl1 OT cen1, OTCJTCTB.1111 Bb!COKO­

BOJlbTHOfO TIHT8HH_SI KaMepbl KHK-56 J,f 3J1eKTpomnaHH.SI np1rno.uos A3 ; npeJ].ynpem1TeJ1bHOro 

CHrttana O CHIDKeHl1H 38.lJ.8HHOf0 ypoBHSI BXO.UHOro TOKa Ha 50 %. Tipe.nycMOTpeHa TeXHH4eCKaSI 

B03M0)KHOCTb H8CTJ)OHKH cpa6aTblB8Hl1_SI B LI.Hana.JOHe 0 . . . 100 % llIKaJlbl. 

TpH np116opa 6A3M peaKTopa MAK.ET BKJ1104eHbI aBTOHOMHO. Cpa6aTb1BaH11e c11rnan113a­

UHH 0,llHOro np116opa EA3M Bbl3bJBaeT cpa6aTbIBaID1e TOJlbKO COOTBeTCTBYI-OllleH npeL1.ynpeJJ.H­

TeJU>HOH CHrHaJlH38UHH, .LU,taTia30H H3MepsieMblX HeihpOHHblX TIOTOKOB 2 5· 10
3 
. .. 1,25· 10

9 
Hl(cM

2
·c). 

ToKOBblH KaHan <DCKY3 CHCTeMbt AP (p11c. 6) H3MepsieT TOK KaMepbt KHK-56 s .u11ana.J0He 
) 0-IO .. . 10·3 A H HCnOJib3yeTC.Sl .llJlSI: 

1' 

Q 
7 

13 npeil) 11pe1u-1Te;1b11y 10 11 

a s a p111111y10 c 1-ir11a.11nau1110 

0 

<p 
lnJ1 T 611 

6 

0 

0 

' [ IIO V 

\ 

0 

--- ---- ---- 0 -- -
J\KTlfBHrul 30H a 

PHc. 6. CxeMa cHcTeMhl AP peaKTopa MAKET: I - JJJeKTpOHHhJH 'SAP (c:t>CKY3); 2 - TCE; 3 - pe.nyKTop; 
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- aBTOMaTW-!eCKOro no,lUlep)ICaHIUI H H3MeHeHHSJ 3a.uaHHOro ypOBHSI MO[UHOCTH; 
- l13Mepemur MOIIlHOCTH ycTaHOBKH B norapmpMw-reCKOM MaCwTa6e; 
- H3Mepett11si nep110.ua ysenw-1.emu1. MOLU,HOCTH B .u11ana30He S ... 100 c; 
- cpopMHposaH11si c11rnana Ha cpa6aThIBaHHe npe.LJYI1pe.u1neill>HOH c11rttan113au1111, aaapHHHOH 

c11rnan113au1111 11 A3 (a JJ.eHCTB)'lOllzyIO cxeMy peaKTOpa MAK.ET He 3ase.ueHb1) npH npes1,IIIJeH1:111 
3a,UaHHOro ypoBHSI MOLU,HOCTH Ha IO H 20 %; )lOCTIDKeHJHI 3a)J.aHHOro npe)J.eJlbHOfO 3Ha4eHIUI ne­
pHO)J.a ysen114eHHSI MOLU,HOCTH paBHOfO IO 11 s c, COOTBeTCTBeHHO" 
- cpopMHposaHHSI CHI'Hana B npe.uynpe.LlHTeJlbH)'K) CHrHanH3aUHIO H Ha OTKJH04eHHe np11so.ua AP 
npH OTKJIOHeHHH MOlll,HOCTH OT 3a.LlaHHOro 3Haqemu1 Ha± 5 %. 
,D;11ana30H H3MepsieMbIX HeHTpOHHblX TTOTOKOB I 04 

••• 109 HI( CM
2
·c ) . 

CHCTeMa AP TaIOKe BKJllO'-IaeT: HCT04HHK mlTaHHSI KaMepbl BfIKK; 6noK aBTOMaTH4eCKOro 
peryn11poBaHID1 (£AP) MOlUHOCTH; BbrHOCHOH 3aD,aT'illK MOWHOCTH (B3M); BbTHOCHble npH60phl, 
TTO.LlKJil04eHHble K EAP 11 TTOKa3bIBaIOmHe JlOrapHcpM, nepHOD. H3MeHeHlUI H OTHOCHTeJlbHOe OTKJIO­
HeHHe TOKa HOHH3aUHOHHOH KaMepbl OT 3a,UaHHOro 3Ha\.feHW!; ynpaBml.eMblH THpHCTOpHI,rH CHJlO­
BOH 6noK (TCE); .UBHraTeJib AP c MexaHWJecKHM pe.uyKTopoM THTTa KC-AP; cTep)l(eHb AP. 

C1-1cTeMa AP pa6orneT cne.uyIOWHM o6pa3oM. ToK KaMep1,1 KHK-56, nocrynaIOlll.HH Ha sxo.u 
6AP, cpasmrnaeTCSI C TOKOM 3a.UaT\.fHJ<a MOWHOCTH. B pe3yJ1bTaTe Bbipa6aTbTBaeTCSJ: CHrHan pacco­
rnacosaHHSJ:, KOTOpbIH ycHJIHBaeTCSI no MOlll.HOCTH B TCE l,f_ 06ecne1-1:HBaeT ynpasnem1e CKOpOCTblO 
11 Hanpasnem1eM spawemur .D.BITTaTensi AP. ,[I;nSJ o6ecne'4eHIDI ycTOHllHBOcTH 11 KaYecrna nepe­
XO.D.HhIX xapaKTepHCTHK np11 orpa60TKe CHrHana paccornacosamrn npe.uycMorpeHa OOC no cKo­
pocTH BpameHHSJ: ,LI.BHraTeJISI. flpH B03HHKHOBemrn HeHcnpaBHOCTeH B CHCTeMe perynHpOBaHH.si., 

KOr,[{a CHfHaJI paccornacosaHHSI BblXO.llHT 3a npe.l{eJlhI ± s %, £AP Bbtpa6aTbIBaeT peneHHblH CHr­
Han, no KOTopoMy ,ll;BHraTeJlh AP OTKJII04aeTcsi OT TCE 11 ynpasnem1e npHBO.llOM AP nepexo.n;HT B 
pe)l(HM "pY'l.JHOro" ynpasneHIDI c nynhTa onepaTopa. 

fetteparnp KOHTpOJTbHbIX CHrHanOB fKC-2 ocymecTBJIS!eT nposepKy pa60TOCTTOC06HOCTH 
TOKOBblX KaHanOB CY3 (.HCKJII04aSJ HeHTpOHHblH ,neTeKTOp), no.n;asasi TOKOBhlH: CHrHan B 
.llHaTTa30He 10·11 ... 10·3 A I,{ cpopMwpysi CHrHan 3KCTTOHel-IUMaJ1bHO HapacTaIOWero TOKa C nepHO.llOM 
OT 1 .llO I 000 C. rKC-2 nooqepe.UHO TTO.ll,KJII04aeTCSI K nposep51eMhlM KaHanaM qepe3 BXO.llbl, 
napannenbHhie sxo.uaM HeoTKJIIOt.JaeMhrx npH 3TOM KaMep TOKOBbIX Kattanos. KoMMYTaui-rn fKC-2 
C np116opaMH CY3 ocyLU,eCTBJlSJeTCSI C TTOMOlll,blO pyqttoro nepeKJIIO'laTeJISI. B Jll060M TTOJIO)JCeHHH 
nepeKJIIOYaTem1, KpOMe "BbtKJI", cpa6aTb1saeT npe.uynpe.u1neJihHhIH carttan " fKC", 4TO 
npe.n;ynpe)l(,llaeT B03MO)l(ttyl0 ourn6Ky B TTOKa38HHSIX np116opos npH pa6oTe YCTaHOBKH, CBSl3aHttylO 
c napannenbHhIM HJ1M wyHTHPYIOWHM ,LJ.eucrs11eM fKC-2. 

B Ka\.fecrse WTaTHblX pa604HX opraHOB CY3 Ha ycTaHOBKe HCCTOJlb3)'lOTC51 4 CTep)l(HS! A3, no­
fJIOTHTeJlb - 1<8,LlMHH TOJlWHHOH 0.3 MM; 2 CTep)l(HSI ,[(TT, nornOTHTem, - Ka,ll,MHH TOJII.QliHOH 0,3 
MM; CTep)l(eHb AP, nornOTHTeJlb - Ka.UMHH TOJllllHHOH 0,3 MM, a TalOl<e npyrKH H3 Hep)KaBeJOweii 
CTaJili HJlli aJIIOMHHHSI pa3nli'lHOfO ,ll;HaMerpa. 

Pac4eTHbJe .naHHble 3cpcpeKTH.BHOCTH pa604HX opraHOB CY3 .um1 .usyx MO.UHq>HKauttM pemeTKH 
16 HCCJle.ll,OBaHHblX Ha ycTaHOBKe MA.KET, npHseneHbI s Ta6JI. 3. 

T a 6 J1 11 u a 3. 3 cl>cl>eKTHBHOCTb pa6oq1rx opraHOB CY3 
CKopocTh BBe,ll,eHIDI. 

Tim CTep)l(HeH CY3 PeweTKa 
Bee O,ll,Horo CyMMapHbIH noJIO)l(MTeJU,HOM 

eTep)l(HJI, o/o see,% peaKTMBHOCTM •) 

~ '.Mbd> /c ~~mm /war 

CTep)l(HH A3 
16A l ,6 6,4 0,02 0,3 
16 0,4 1,6 0,005 0,075 

CTep)l{HH .r{TT 
l6A 1,6 3,2 0,004 0,06 
16 0,4 0,8 0,001 0,015 

CTep)l{eH.b AP 
16A 0,2 0,2 0,005 -

16 0,2 0,2 0,005 -
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I1epeMeLUeH11e cTep)t<HeH A3, JJ:Il ocymecrnn.sieTc.si c noMOLUblO npHBOJJ.OB nma KC-A3 H KC­

AP .nn.si cTep)K11.si AP. IlpHso.na HMeJOT 06m11e KOHCTPYKTHBHbie y3JJbJ H OTJTH4al0Tc.si HaJJH~HeM 

3neMeHTOB, CB.sl38HHhlX C q>yHKUHOHaJlbHblM Ha3HaqeHHeM. 

I1p116opb1 CY3 .5A3M H <l>CKY3 peaKTopa MAK.ET .siBn.siJOTc.si opHrnHanbHbJMH pa3pa6oTKa­

MH HT3<l> C 04eHb BhJCOKOH Ha,ne)KHOCTblO H CTa6HJibHOCTblO MeTpononrc.ieCKHX napaMeTPOB. 

3KcIIJiyarnu11.si 3THX npH6opoB B Te4ett11e 6onee 25 JleT HH pa3y He n oTpe6osana cepbe3ttoro He3a­

nnaHHposattttoro BMeWaTeJlbCTBa. CY3 CTeH.na MAKET OOJlHOCTblO COOTBeTCTByeT Tpe6oBaHH.s!M 

IJE5l .nn.si ycrnHOBOK TaKoro KJ1acca. 

Jlpu6opb1 cucme.Mbl KHfl peaKTopa MAK.ET npeJJ.Ha3Ha4eHhJ .nn.si KOHTpon.si: 

- ypoBHJI T.s!)KeJlOH BOJJ.bl B 6aKe 6-1 3KTHBHOH 30Hbl, MepHOM 6aKe (JJ.03aTope) 6 -3, CJIHBHblX 6a­

KaX 6-4 u E-5; 

- TeMneparypbl T.s!)KeJlOH BO.llbl B 6aKax rH.UpOCHCTeMbl H B03)].yxa B noMern;eHJUIX ycnlHOBKH; 

_ npoTe4eK T.s!)KeJlOH BO.llbl B rn.upoCHCTeMe CTeHJJ.a; 

_ naaneHH.s! Ha Hanope HaCOCOB T.s!)KeJIOH BOJJ.bl H KaJJOp.Hq>epa n p HT04HOH BeHTHJl.s!U,HH. 

YpoBHH T.s!)KeJ10H BOJJ.hI B 6aKax rn.upoc11cTeMbI peaKTopa MAK.ET cn~aT BIDKHeMlllHMH 

TeXHOJIOntlJeCKHMH napaMeTpaMH BJ1H.Sll01IU1MH Ha KpHTlf4HOCTb peaKTOpa (6aK 6-1) H onpe.ue­

JUIJOill;HMH T04HOCTb 6anattca T.Sl)KeJlOH BOllbl B rHJJ.pOCHCTeMe. Ha peaKTOpe HCTTOJ1b3YJOTCH Henpe­

p1,1BHOe aBTOMaTH4eCKOe H3Mepem-te ypoBHH H .LJ.HCKpeTHoe H3MepeHHe (CHrHaJJI-13aum,) ypoBH.SI Ha 

pa311H'-fHblX BblCOTHblX OTMeTKaX. JJ:n.S! aBTOMaTH'-IeCKOro H3Mepemrn ypoBHH T.s!)KeJJOH B0)].bl (no 

npHHI..Omy H3MeHem1.S1 conpOTHBJ1emu1 myn - TIDl<enaH BOJJ.a) npHMeH.HJOTC.H ypoBHeMepbI YP-1 ... 

YP-4 3JleKTpH4eCKHe cxeMhJ KOTOpblX O.LJ.HHaKOBbl. 

MeTpOJ10rH4ecKHe H3Mepemu1 c HCnOJJb30BaHHeM "npH6opa ITeTpoBa ' no3BOJ1HJm ocymecT­

BHTb TapHpOBKY OTHOCHTeJlbHblX nOKa3aHHH ypoBHeMepoB C TO"tfHOCTbJO ± 0,5 % BO BCeM BblCOT­

HOM ,nHaTia30He HX pa6oTbl. A6coJIIOTHhle 113Mepemrn ypoBHJI rnJKeJlOH BO)J,bJ B 6aKe E-1 3KTHBHOH 

30 Hbl BbITIOJlHeHbl nyreM npoMepoB WTaHrOH C KOHTaKTHblM )J,aTqJ,JKOM C T04HOCTbJO 

± 1,5 MM, rrpH 3TOM o6Hapy)KeHHa.SI KpHBH3113 )],Ha 6aKa 6-1 He rrpeBbJWaJJa 15 MM. I1cnoJ1b3yeMbJe 

npH MaTeM3Tl14eCKOM MO.LJ.emtpOB3HHH ypoBHH TIDKeJlOH B0)].bl .s!BJl.SIJOTC.sl BeJJl1lJHHaMH, ycpe.LJ.HeH­

HblMH no nnow.a.LJ.11 6aKa 6-1 . 

B 6aKe 6-1 ycrnHOBJleHbI orpaHHYHTenH yp0Bm1 OY-1 H OY-2 T.s!)Ken011 BO.llhJ, npe,uoTBpa­

w;a10rn;He tte3annam-Ip0Batttty10 3aKaYKY T.S1)Ke11011 BO.Ubl B aKTH.BttyI-O 30tty. TTo c11rnany OY-1, 3a­

Be,neHH0My B npeJJ.ynpemneJlbttylO CHrHaJJl133LJ,HJO, OCTaHaBJ1HB3eTCSI Hacoc H-3. no CMrHaJlaM OT 

O Y-1 11 OY-2, 3aae.LJ.eHHbJM B A3, npo11cxo.LJ.HT c6poc cTep)t<HeH CY3. OrpaHHYHTeJJh ypoBHR MO­

:>KeT 6hITb ycTaHOBJieH Ha Jll060H BbICOTe BO BCeM )lHana30He H3MeHeHIDI ypOBI-ISI T.Sl)KeJIOH BO.llbl B 

6aKe E-1 . 
OrpaHH4HTeJib ypoBHR OY-3, ycTaHOBJleHIJblH B 6aKe E-3, HMeeT .LI.Ba q>HKCHpOBaHHblX KOH­

TaKTa Ha ypOBHe 165 H 500 MM OT .LJ.J-la 6aKa, 4TO COOTBeTCTByeT KOJIH4eCTBY T.Sl)KeJIOH BO)lbl B 6aKe 

6-3, paBHOMY 85 H 250 JI, COOTBeTCTBeHHO. Mana.SI nopUHSl T.s!)KeJlOJi BO)].bl (85 11) 11CTTOJib3yeTC.s! 

n pH 3aKa4Kax, Kor.ua COCTO.s!Hl-fe CTett.ua 611113KO K Kpl1TH4eCKOMY (K1<1><1> ~ 0 98). OrpaHH:lJHTeJib 

OY-3 .n.aeT CMrHan Ha OTKJII04em,e Hacoca H-2 npH .QOCTJ,f)f(eHHH ypoBHeM T.Sl)KeJlOH BO.Qbl B 6aKe 

6-3 3a)].aHHOH ycTaBKH. 

y CTaHOBJieHHble B 6aKax E-1 H 6-4 CMrHaJlH3aTOpbI ypoBHH CY- 1 H CY-4 o6ecneYHBaIOT Ha­

.neJKHb1e penepHbie TOlJKH npH 113MepeHHH ypOBH.s! T.s!)KenoH BO.llbl Ha pa3JIHlJHblX BbICOTHblX OT­

MeTKax. B MeCTaX HaH6onee BepO.SITHblX npoTeYeK rn.npoc11cTeMbl ycTaHOBneHbl ,uaT4HKH, pearH­

PYlOUJ.He Ha no.HBJJeHHe BJJarn H BbI)].aJOLUHe CHrHan Ha ITyJlbT oneparnpa. 

Ha peaKTope MA KET nocTO.HHHO ocyw.ecTBJI.HeTc.si H3Mepett11e Tel\meparypbI TH)l(eJIOH BO.Ubl B 

6aKax E-1, 6-4 11 E-5 11 B03ityx_a B n0Mew.ettmIx. TeMneparypa T.S1)Ke11oi1 BO.llbl B 6aKe E-1 cny)KHT 

Ba)f(Hb)M q>H3114eCKHM napaMeTPOM, YYMTbIBaeMblM np11 pac4eTJIOH ou,eHKe HeHTPOHHO­

<pH3l14eCKHX napaMeTpOB 11cc11e.nyeMbJX pa3MHO)Kal0lll;HX peweTOK, a TaJOKe npH cpaBHemrn 3KC-
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nepHMeHTilJlbHblX pe3yJJbTaTOB, noJJy4eHHblX npH pa3HblX TeMneparypHblX ycJJOBH.llX. ,[(aT"fHKaM11 

TeMnepazypbI HBJJ.lll:OTC.ll nJJaTHHOBble TepMOMeTPbl conponmJJeHH.ll THna TCTT. 8 Ka4eCTBe BTO­

pH4HblX np116opOB npHMeH.lll:OTC.ll caMon11wym11e aBTOMaTH4eCKHe MOCTbl KCTT2-020 (KJJacc 

TOttHOCTH 0,5). 

,[(aaJJeHJi:e Ha Hanope T.ll)KeJJOBOD.HblX HaCOCOB H-2 H H-3, H3Mep.lleMoe MaHOMeTPaMH nma 

OEM, CJJY)KHT o6beKTHBHbIM nOKa3aTeJJeM HX HOpMaJJbHOH pa60Tb1. KoHT])OJJb D.aBJJemui rop.lltteH 

80.ll.bl B KaJJOpHcpepe npHT04.HOH BeHTHJI.SIU,1111 n03BOJJHeT OCTaHaBJJHBaTb BeHTHJJ.llTOp npiffO"fHOH 

BeHTHJT.llUHH npH na,ueHHH D.aBJieHHH H TeM caMblM npe,nOTBpamaTb pa3M0pa)KHBaHHe KaJJOpHcpe­

poB, Hapywem1e HX repMeTH4.HOCTH H, KaK CJle.llCTBHe, pa3HOC napoa BO.Ubl no noMemeHIDJM. 

3lleKmpoc11afo,ce11ue peaKmopa ocymecTBJT.S1eTc.S1 OT D.Byx He3aBHCHMbTX (a npeD.enax HHCTH­

TYTa) HCT0'4HHKOB: OCHOBHOro H pe3epattoro. 0T OCHOBHOro HCT04HHKa ocymecTBJl.SleTC.ll :meK­

TPOCHa6)KeHHe scex TIOTpe6HTeJJeH CTeH,na, a OT pe3epBHOro - TIOTpe6ITTeneif 1-H KaTeropHH, 

o6ecne4HBfilOII.lHX KOHTPOJib 3a OCHOBHblMM HeHTpOHHO-q>H3H4eCKHMH H TeXHOJTOrHt:feCKHMH na­

paMeTpaMH CTeHD.a: npH6opos CY3, K11I1, D.03HMeTpHttecKHX np116opos; asapHHHoro ocsemeIDU1; 

3JTeKTponpHBO)lOB npHT04HOH BeHTHJJ.lll{HH CTeH,nOBoro 3aJJa. 

3neKTpoctta6)Kemre OT OCHOBHOro HCT04HHKa 803MO)KH0 no TPeM aapHaHTaM: pa3,neJibHO OT 

BBOJ].a 1 11 Bso.ua 2 Ha OTJ].eJJbHYl:O rpynny TIOTpe6HTeJJei1; scex noTpe6HTeJieH OD.HMM BBOJ].OM. 

Hanw-rne pa3J1H4Hb!X KOM6HHalJ,HH TIOJ].KJll:04eHH.ll TIOTJ)e6HTeJieH TIOBbllliaeT Ha.l).e)KHOCTb 3JTeKTpo­

CHa6)KeHH.ll H TI03BOJl.ll.eT npOBOD.HTb npocjmnaKTHt:feCKHe OCMOTJ)bl H peMOHT OT,UeJTbHOro o6opy­

L(OBaHH.ll. 6e3 Hapywemrn o6mero 311eKTpoctta6)KeHHS1 KpHTCTeHD.a. 

Pe3epBHOe 3JieKTpOCHa6)KeHHe TIOD.aeTCSI noTpefatTeJI.ll.M 1-H KaTeropH11 aBTOMaTWieCIGf ttepe3 

Bao.n 3 H 6110K aBTOMaTHl.feCKOro BKJll:O"leIDUI pe3epBHOro JTHTaHH.Sl npH OTKJJl:0'4eHHH OCHOBHOro 

HCT04HHKa 3JTeKTpOCHa6)KeHHSI. 

CucmeMa 003U/l-tempu'leCK020 K01-11npoM - KOMTIJJeKC CTaUHOHapHblX H nepeHOCHhlX np1160-

pOB, a TalOKe cpeD.CTB HHD.1-11311.L(yaJJbHOro KOIITpOJI.ll .llJlSI H3MepeHH.ll. H CHrHaJJH3aUHI-I 06 ypoBHSIX 

a-, ~- H y-aKTHBHOCTH D.emllUHXC11 MaTepHaJJOB HJTH o6JJyqeHHhfX B peaKTope MAKET H3.L(eJIHH; 

MOIIJ,HOCTH D.03bl y-KBaHTOB, TIOTOKOB 6btCTpbIX H TeTIJIOBblX HeHTpOHOB B TIOMemeHIDIX peaKTOpa; 

ypOBHe y-aKTHBHOCTH B03D.yxa B BeHT HJl.SIUHOHHOH CHCTeMe; npeBblWeHHH npeD.eJibHO D.OJIYCTH­

MOH MOlUHOCTH .Ll03bl. 

J.13MepeHIDI y-aJ<THBHOCTH Ha peaKTOpe ocymecTBJ1111:0TCH weCTbl:O KaHaJJaMH, OL(HH H3 KOTO­

pbIX (YCHT-1) .llBJl.lleTCH 26-TOl.feYHblM np116opoM noc11eJ].OBaTeJ1bHOro D.eHCTBH.ll.. 113MepeHHe no­

TOKOB 6blCTPblX H TeITJIOBblX HeHTpOHOB o6ecne4HBal:OT 4 KaHaJJa. KOHTp011b a- H ~-aKTHBHOCTH 

BblTIOJTH.lleTC.ll CeMbl:O KaHaJJaMH, OD.HH H3 KOTOpb!X - CTOHKa-6apbep ,[(CE-2, a HHD.HBHL(yaJJbHblH 

KOHTJ)OJlb - D.03HMeTpaMH ,[(Tlr-03 H vfKC-A. Ha6opbl aKTHBaUHOHHbIX D.eTeKTopoB, TIOMeIUeHHbJe 

B pa3JTJ,,Jt:lHble TIOMemeHH.SI peaKTOpa, npeD.Ha3Ha4eHbl D.JISI onpe,lleJleHHSI D.03bl o6JJyqeHH.ll. HeHTpO­

HaMH B asapHHHOH CHryaUHH. 

CucmeMa c6opa u npeocma6,r1e11z1J1 mex110.'lo2u1JecJ.:oii u11(jJop,wai1uu ocymecTBJl.lleT D.OTIOJIHH­

TeJTbHbIH onepantBHblH KOHTpOJib 3a COCTO.SIHHeM OCHOBHblX TeXHOJTOfHYeCKHX CHCTeM peaKTOpa 

MAKET. EnoK-cxeMa 3TOH c11cTeMb1 npeD.cTaanetta Ha pHc. 7. ,[(n.ll YD.06crna Ct:fHTbIBaHH.ll. 11 one­

paTHBHoro OTo6pa)KeHHSI see noczyna1011v-1e OT TeXHOJIOrHYeCKHX CHCTeM CHfHaJlbl pa3D.eJieHbl Ha 

TPH rpyTTITbl. K nepBOH OTHOC.SITCH D.HCKpeTHble CHrHaJJbl KOHU.eBblX BblKJil:04aTeJieli CTep)KHeH A3, 

,[(TI AP HCT04HHKa HeHTpOHOB (11H) H orpaHHYHTeJieH ypOBH.ll. 

Ko BTOpOH rpynrre OTHOC.llTC.ll D.HCKpeTHble CHrHaJJbl COCT05THHSI BeHTHJleH rHD.pOCHCTeMbl -

0TKp/3aKp 11 HaCOCOB - 8KJJ/8b!KJJ. TaKoe pa3.ne11eHHe D.HCKpeTHblX CHrHaJJOB Ha LI.Be rpynnhl o6y­

CJ10BJieHo TeM, YTO CHfHaJlbl nepBOH rpynnbl HMel:OT ypoBeHb 0 / 5 B, a BTOpOH 0 / 36 8. 
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P1-1c. 7. oJJOK-cxeMa c11cTeMbl c6opa 1-1 npe.u.crnaneHIDI TexHonorn4eCKOH 1rncpopMaum-r peaKTopa MAKET 

8 TpeTblO rpynny BOWmt: BCe aHaJJOfOBble ClffHaJJbl - noKa:3aHJ-HI ypOBHeMepoB, npoMe.>K)'T04-

HOf O nOJlO)KeHHJI CTep)J(HeH Me)K)ly aepXHHM H HIDKHHM KOHU,eBbl MH BbIKJII04aTeJl.SIMH, ITOKa3aHID! 

.u.aTY:HKOB TeMnepaT)'pbl H .ll03HMeTPH4eCKHX np116op0B, a TaK)Ke TOKOBbIX np116opos KOHTpOJI.SI 

HeHTpOHHOfO ITOTOKa. 

Annap aTHO ycTpOHCTBO peaJJl130BaHO no .a;syxypoBHeBOH cxeMe. Ha nepBOM ypoatte ace .llHC­

KpeTHbJe CHrHaJlbl faJJbBaHJ-14eCKH OTKJIIOY:eH.bl OT BTOporo ypOBHJl qep e3 onTpOHH)'IO pa3B.Sl3KY H 

cpo p MHpy!OT CTaH.uapTHblH ,llHCKpeTHblH CHfHaJJ. Bee aHaJJOrQBble CHTHaJlbl nocpe,UCTBOM HOpMH­

PYIOt.nHX yc11:m-1Tenei1 npHBO.ll.SITC.SI K e.z:,,HHOMY CTaH.llapry 0 ... IO B . Ha BTopoM ypoatte B KaY:ecrne 

yCTpoiforna c6opa 11:ttcpopMaum-1 11cnoJ1h3yeTc.S1 c11:cTeMa STD32 Kop nopau.1111: ZIA TECH. 

3Ta CHCTeMa COCTOHT H3 Kpeiha C HCT04HHKOM mffaHHJI, B KOTOpbIH no )KeJUUOOO ITOJlb30Ba­

TeJrn MOryT 6b1Tb ycTa.HOBJlel-!bl ycTpOHCTBa K8K .llJl.SI npHeMa, npeo6pa30BaHHJI H3 8HaJ10fOBOH B 

u mf>poay10 cpopMy H o6paTHO, TaK H nepe,uaq11 CHrHaJJOB pa3JlH4HblX THTIOB H3 60JiblIJOro Ha6opa 

YCTPOHCTB, BblnyCKaeMblX 3TOH q>HpMOH. YnpaaneHHe npHeMOM H nepe.ua'1eH CHfHaJJOB ocyl.lleCT­

BJI.SleTC.SI nporpaMMHO qepe3 npou,eccop, ycrnHasn11aaeMbI H B 3TOT )Ke KpeHT. Tipou.eccop nonHo­

CTblO COBMeCniM C IBM PC (K HeMy MO)l(l-10 nO,lll<Jll04HTb MOHHTOp, KJlaBHa-rypy H Mbl lllb) H B 3a­

BHCHMOCTH OT Tpe6yeMOH npOH3B0,llHTeJJbHOCTH BbI6HpaeTCR H3 p.Sl,Ua 386 - Pentium 2. KpoMe To­

ro, B KpeHT MO)l(HO ycTaHOBHTb )l(eCTKHH .UHCK, cpnonnH-.llHCK H YCTPOHCTBO .UM BKJlJ04eHH.SI c11c­

TeMbI B JIOKaJJbH)'IO ceTb. 

TaKHM o6pa30M H:3 Ha6opa ycTpOHCTB, BXO.llRl.llHX B CHCTeMy STD32, ccpopMHposaHa nOJJHO­

CTblO CaMO.llOCTaT04Ha.SI CHCTeMa C B03M0)KH0CTblO nporpaMMHpOBaHIDI Ha CT8H,UapTHbTX .Sl3bLKax 

n ina c++, PASCAL 11 T . .u., KOTopasi no.uKJ110YeHa K noKaJJbHOH ceTH peaKTopa MAKET. 
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OporpaMMa c6opa H OTo6pIDKeHHH ,mcpopMaUHH O COCTOSIHHH CHCTeM H Y3JJOB peaKTopa pH­

cyeT Ha 3KpaHe MOHHTOpa MHeMOCXeMy, Ha KOTopoi1: useTOM OT06pIDKaeTCH coeTOHHHe KOHL(eBblX 

BblKJII04aTeJJeH, BeHnmeH H HaCOCOB rH.UpOCHCTeMbl, np111.1eM u.seT COOTBeTeTsyeT useTy KOH­

TpOJJbHblX naMn Ha nyn&Te ynpasJJeHHH. TatoKe Ha MHeMoexeMe OTo6pa)KalOTeH noJJO)KeHHe 

eTep)l(Hei111 yposeHb 3anonHemrn 6aKOB. 

IlporpaMMa pa6orneT cne)],yIOWHM o6pa3oM. Cpa3y nocne BKJJJ04eHHH onpaurnsaeTeH co­

CTOHHHe Beex )],3Tl.!HKOB, cp11Kc11py10TeH ,LJ,aTa 11 BpeMH, see 3TO '33HOCHTCH B apXHB, rae MQ)KeT xpa­

HHTbeH .umtTeJibHOe speMH, ecn11 noTpe6yeTCH, a TatoKe cpopM11pyeTeH cneUHaJJhHblH cpaHJJ xapaK­

Tepl-13yI01UHH eoCTOHHH.e Kp11TeTeH.ua. 3aTeM Ha 3KpaHe MOHHTOpa p11eyeTCH MHeMocxeMa H npo­

rpaMMa BXO,llHT B UHKJI '-ITeHHSI TTOKa33HHH scex ,llHeKpeTHblX CHrHaJJOB H cpaBHeHHH HX e HHcpop­

Mau11eH H3 cneuHanbHOro cpaiina, ccpopM11posattttoro cpa3y nocne BKJJJ01.JeH11.S1 nporpaMMbl. B 
3TOM UHKJJe nporpaMMa OCTaeTCH ,llO Tex nop, noKa onepaTop He HIDKMeT KaKyIO-JJH60 KHOTTKY Ha 

nynhTe ynpasneHH.H. 

IIporpaMMa o6Hapy)KHBaeT 113Mettem1e 8 TTOKa3aHHHX, 3aHOCHT HX B cneu.HaJJbHI,IH: q>aHJJ, a 3a­

TeM aHaJJl13HpyeT .ueikTBHe onepaTopa. EcJJH H3MemUIOCb COCTOHHHe BeHTHJJeH, nporpaMMa OT0-

6pIDKaeT Ha 3KpaHe 3TO H3MeHeHHe H B03BpamaeTeH B UHKJI 1.!TeHHH 11 cpasHemrn nOKa3aHHH. 

EcnH nporpaMMa o6Hapy)Kl1Jla, 4TO BKJIIOL(eH Hacoc, TO BKJII04aeTCH l{HKJI 1.!TeHID! ITOKa3aHHH: 

ypoBHeMepos H OTo6pIDKeHHH 3Toro Ha 3KpaHe. 3TOT UHKJI pa6orneT, noKa He 6y.n:eT BhrKJIIOI.JeH 

Hacoc, a 3aTeM 803BpaI.IJ.aeTCH UHKJI lJTeHHSI H cpaBHeHHH nOKa3aHl1H. TaKHM o6pa30M, Ha MHeMo­

cxeMe B peaJJbHOM speMeHH OT06pIDKaeTeH H3MeHeHHe ypoBHSI B O,LJ,HOM 113 6aKOB. 

Eem1 1nMeH11J1oeb no11o)Kett11e o.n.Horo H3 eTep)l(Hei1, TO BKJIIOYaeTcH UHKJJ 4Temrn YKa3aTenei1 

TTOJTO)KeHH.SI eTep)l(HeH 11 OT06pIDKeHl1H l1X Ha 3KpaHe. 3TOT U.HKJI pa6oTaeT, noKa onepaTop nepe­

MewaeT eTep)l(eHb, a 33TeM 803Bpaw,aeTC51 UHKJI '-ITeHID! 11 epasHeHHH. 3To )],aeT 803MO)KHOeTb 811-

.neTb Ha 3KpaHe H3MeHeH11e □OJTO)Kem,rn eTep)l(H51 B peaJJbHOM speMeHH. 

KpoMe TOro see KOHe'-IHbte coeTOHHHH .Ll.3T411KOB (BeHTHJlb 0rKp/3aKp, Hacoe BKJJ/BblKJI, 

KOHUeBHK B.KJJ!BbIKJI), a TatoKe ITOKa3aHllil yposHeMepoB, .ll03HMeTpHYeCKHX npH6opos 11 TeMne­

parypbl H speMH HX TTOHBJJeHID! 3aHOC51TCSI 8 apx,rn, '-ITO TT03BOJJHeT 8 JII06oi1 MOMeHT speMeHl1 no­

JTY'-lHTb .L{OKyMeHT 8 Hane4aTaHHOM 811,lle O eocTOHHHH oeHOBHblX Y3JJOB peaKTopa MAKET C MO­

MeHTa Ha4ana pa6oT 11 npoaHaJJH311pOBaT b see BblnOJJHeHHbie onepau.1111. MHeMOCXeMa oeHOBHblX 

3JleMeHTOB peaKTOpa MAKET, BblBO)],HMaH Ha MOHHTOp onepaTOpa npe.UCTaBJleHa Ha pHe. 8. 

3neKTpOHHO-cp113H4eCKHH U3.'11epume.'lbHbll( 1W.\ft1.'leKC peaKmopa C03,llasaneH nocne)],OBaTeJJb­

HblM 1-1apam11saHHeM ero 803MQ)l(HOeTeH rryreM eo3,llaHHH OpHrHHaJJbllblX np116opos 11 BHe)].peHHH 

cospeMeHHOro cepHHHOro o6opy.n:osaHHH. OcHOBHbIM 3JleMCHTOM KOMnJJeKca CJT)')KJ,fT nepCOHaJJb­

HblH KOMnbIOTep T11na Pentium. Pa3nHYHbIC c11cTeMbl KOMnneKca 11cnOJJb3YIOTCH □pH npose.ue1-11111 

KpHTH'-leCKHX, KHHeTH'-leCKHX, cneKTPOMeTp111.1eCKl1X H 3KTHBaUHOHHbIX 3KCnepHMeHTOB, )],JISI 113-

MepeHHH HeHTpOHHblX noJJeM KaMepa~rn )],eJJeHHH pa3HOro TH□a, 06eene'-111BaH perncTpaUHIO, yno­

pH)],01.JeH11e, o6pa60TKY H CTaTHCTHl.!eCKHH aHaJJH3 3KCnep11MeJ-1TaJJbHblX )],aHHblX, a TaK)Ke HX on­

THMaJJbHOe npe,nCTaBJleHHe Ha ycTpOttCTBax BblBO,lla 11HcpOpMaU~111 . .ll:3JlbHeiiwee pa'3BHTHe KOM­

nneKca CBH33HO C np11MeHeHHeM ero )].JIH o6pa60TKH ,llaHHblX, xapaKTepH3YIOlllHX COCTOHHHe aK­

THBHOM 30HbI peaKTopa MAKET. 

C11cTeMa per11cTpau1111 Hei1TpOHHoro noToKa npe.UHa3HaLJetta ,ll,m1 KOHTponH 3a noTOKOM Hei1-

TpOHOB B pa3MH0)1(3IOW.11X peweTKaX npH pa3JJ114HblX ypoBHHX no.nKpHTH'-IHOCTH 11 onpe,ll,eJJellHH 

3KCTpanon11posaHHblX KpHTH'-leCKHX pa3MepoB. C11cTeMa 6a311pyeTCH Ha HMnyJlbCHblX KaHanax 

CHCTeMbl CY3 C HeihpOHHbIMH ,naT'-IHKa~rn CHM- I 2 HJIH KaMepaMH ,ll,eJJeH11H Ha OCHOBe ycTaHOB­

KH " llocT KOHTpon11pyt0w,ero cp11311Ka". 

C11cTeMa cYeTa HMnyJihCOB Ha nocne,ll,oBaTeJTbHblX speMeHHblX HHTepsanax rrpe,ll,Ha3Ha'-letta 

npe)K,ll,e scero .nm, 3KCnepHMeHTaJJbHblX 11ccne.nosaHH_H KHHeTHKH pa3MHO)l(al01U11X peweTOK C HC­

TTOJlb30BaHHeM HM□YJJbCHOro HeHTpOHHOro reHepaTopa, o6ec□e4HBa51 perHCTpau.11t0 nose,ll,eHHH BO 
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speMeHH nJIOTHOCTH HeHTJ)OHOB 

nocne KOpOTKoro HeHTpOHHOfO 

HMIIYJlbCa, a TalOKe .um, H3Mepe­

HKH nep110.ua pa3roHa peaKTopa 

HJIH cna.na nJIOTHOCTH Heihpo­

HOB nocJTe BBe,lleHHH OTJ)Hua­

TeJTbHOH peaKTHBHOCTH. 

CucTeMa BKJUOlfaeT cne-

;zyrom:He :meMeHThJ: 4 KaHana 

perHCTpaUHH TIOTOKa HeHTJ)OHOB B-11 

C JleTeKTOpaMH B BH,lle HeH­

TpOHHbJX ClfeT'-IHKOB HJUI KaMep 

,ueneHHH ycTaHOBKH " IIocT KOH­

TPOJTHpYJOUlero qJH3HKa" CHC­

TeMbl CY3 Ha 6a3e KOMTThJOTepa 

B-22 

-N 

>, ;,!. A3-I A3-2AJ-3A34Jl,ll•IJJ,ll-2 AP 1-IH ----110 0 0 0 0 0 0 0 
8-21 

8-25 

B-26 
B-24 

YPI • I 362 MM 

YP2 - I 362 MM 

YJ>J = 243 MM 

YP4 = 258 MM 

6-1 

IBM PC; HMnynheHbIH tteH­

TPOHHhIH rettepaTop lTI-IT'-03; 
6JIOK yrrpaBJieHH}l, KOTOpblH o.n;-

6-4 P1-1c. 8. MHeMoexeMa octtos----------- HhlX JneMeHTOB peaKTopa 
MAKET 

HOBpeMeHHO C 3anycKOM HeH­

TPOHHOfO reHepaTopa BbI,llaeT HMnyJTbC Ha CHHXpOHH3aumo 3anycKa H3MepHTeJThHOH CHCTeMbl. 

C-HCTeMa aMnmrry.n;ttoro aHaJTH3a HMnyJihCOB peanH30BaHa Ha MHOroKaHaJTbHOM aHaJTH3aTOpe 

InSpector-IMCA qJHpMbl CANBERRA H Hcnonh3yeT nonynpoBO.llHHKOBblli nnaHapHbIH ,ne-reKTOp 

H3 oeo6o lfHCToro repMaHH}l (HPGe), a TalOKe ene:uHanbHOe nporpaMMHOe o6eeneqeHHe, yeTaHOB­

neHHoe Ha KOMITblOTepe, ocymecTBJISIIOUlee yrrpaaneHHe 3JlCKTf)OHMKOH H MaTeMaTH"tfeeKOH o6pa-

6oTKOH H3MepeHHbTX ,naHH.blX. CHCTeMa rrpHMeHSICTeSI .llJUI. npeUH3HOHHbTX a6COJIIOTHblX li OTHOeH­

TeJibHblX H3MepeHHH y-aKTHBHOeTH pa.n;HoaKTHBHhlX nperrapaTOB H .lleTCKTOpOB, TJ)e6yroll.lHX Sbl­

.ueneHHSI xapaKTepHOH aKTJIBHOCTH B Y3KOM :mepreTHqecKOM .UHana30He. 

3. OcHOBHhle npHHllHDbl o6ecoelfeHHH 6eJooacuocrn JKCDJJyaTaUHH peaKT0pa 

HozuKa CY3 o6ecnettueaem: 
- <iJmccaumo HeXO.llHOfO ITOJTO)KCHHSI (.llalOw,ero B03MO)KHOCTb Ha'-laTb IlO.llbCM CTep)l(HeH A3), MSI 

qero Heo6XO)lJiMO, lfT06bI see eTep)KHH A3, .[(II H AP HaxO,L{HJTHeb B HH)KHeM ITOJIO)KeHIDI" HeH­

TJ)OHHblH nyeKOBOH HCTO'-IHHK HaxO,llHJTCSI B aKTKBHOH 30tte; KaHaJTbl CY3 H H3MepeHHSI ypoBHH 

TSDKeJTOH 80.llbl B 6aKax nr,npoeHCTCMbl peaKTopa HaXO,llHJTHCb B pa60t.IeM eoeTOHHHH; 6bIJI OTKpbIT 

B-26 - 0,L{HH H3 D.Byx 3anHpaIOlllHX BCHTHJTeH Ha MarHeTpaJTH 6bICTporo eJIHBa TIDl(CJIOH BO,ll.bl H3 

6aKa E-1 s 6aK E-4; 6blJIH BKJIIOYeHbl npHTO'-!HaSI 11 BblTSl)l(HaSI BeHTHJTSIUHH; 6bIJIH 3aKpb!Tbl see 

BXO,ll.bl B eTeHJJ.OBblH 3an; 

- BhI.llaqy pa3peweHHH (noene no.uoeMa scex CTep»rnei1 AJ) Ha nom,eM eTep)KHCH .[(II H AP; 
BKJTIQqeHHe HaCOCOB H-2 H H-3; BKJTIOt.JeHHe AIIC, o6ecnet.JHBaH B03MO)KH0CTb nona,naHHH T.srnce­
JlOH BO.Ubl B 6aK E-1 aKTHBHOH 30Hbl ; sxo.u B CTeH.UOBblH 3an; 

- c6poe CTCp)KHCH A3 H ,[(IT (He3aBHCHMO OT IlOJIO)Kem,ur), orryeKaHHe CTCp)KH}l AP, OTKJlfO"leHHe 

AIIC, ocTaHOBKY Haeocos, 3aKpbITHe 3neKTpoynpasnHeMbIX seHTHJiei1 B-12 11 B-21 Ha Hanope Ha­

cocos npH Ha)Kanrn KHOITKH " C6poc" npeBblllleHHH ypoBH51 HJTH eKOpOCTJ,{ HapacTaHHH MOUlHO­

CTH, HapymeHHH pa6ot.Jero pe)KHMa KaHaJTOB CY3, npeBblWCHHH ypoBHH TIDKCJIOH BOJlbl s 6aKe E-1 
aKTHBHOH 30HbI no c11rnany mo6oro HJ orpattHlfHTeneH ypoBllil (OY-1 HJTH OY-2); Hepa6ot.JeM 

COCTOSIHHH OY-1 HJIH OY-2; 

- IlOJl.1,CM CTep)l(HeH A3 no O,ll.HOMY co CKOpOCTblO He 6onee 0,07 ~$Ve; 
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- warOBblH no,u1>eM CTep:>KHeH ,LU1 no O,UHOMY, rnaraMH He 6011ee 0,3 13-x1><1i 11 co CKOpOCTblO He 

6011ee 0,03 13-x1>Jc; 

- 3anpeT Ha no,u'beM CTep)KHeH )UI H AP npH OTC)'TCTBHH <pHKCHpOBaHHSI CTep:>KHeM A3 B Bepx­

HeM nOJ10)KeH11.H, Hepa6o4eM COCTOIDUlH npHBO,UOB CTep:>KHeH CY3, BKJlJO'-leHHbfX Hacocax H-2 
HJlH H-3, OTKpbITH.H. ,UBepH B CTeHJJ,OBblH 3aJI; 

- 3anpeT Ha BKJ110'-lem1e HaCOCOB H-2 HJlH H-3 npH OTC)'TCTBHH <pHKCHposamUI CTep)KHeH A3 B 

BepxHeM nOJlO)KeHHH, no,u1>eMe CTep)KHeH ,[01 HJUf AP, Hepa6o'-leM COCTOSIIDUl KaHaJIOB KOHTPOJl.11 

ypoBH.si T.s!)KeJIOH BO.LJ;bI B 6aKe E-1 aKTHBHOH 30HhI, ypoBHe TSf)KeJIOH BO.LJ;bI B folK.ax E-1 HJIH E-3 
B.bJUie npe.uynpe.LJ;HTefilHOH ycTaBKH orpaHH:11HTene11 yposID1· 

- cpopM11poBaHHe CID'HaJIOB B aBapHHHYIO H npe.ri;ynpe,ru,-1.TeJII,H)'JO CHTHaJIH3au;mo npH npeBbIIUe­

HHH ycTaBOK HJ111 Hepa6o'-leM COCTO.s!HHH KaHaJIOB CY3; 
- KOHTPOJIT:, ypOBIDI MOW.HOCTH npM HC4e3HOBeHHH 3J1eKTpOctta6)Kemrn C nOMOlll.blO TOKOBOro Ka­

H3JI3 C 3KKYMYJI.s!TOpHblM □HTaHHeM; 

- 3anpeT Ha BBe)leHHe nOJIO)KHTeJlbHOH peaKTHBHOCTH 6onee '-leM O,UHHM cnoco6oM ( :meMeHTOM). 

O.nHHM H3 rnaBHbJX npuH14unoB o6ecne'-leHUJl 6e3onacHoii 3Kc1VZyama11uu peaKTopa RBrr.sieTc.si 

o6R3aTeJibtta.si pac4eTHa.si ou.eHKa scex BJJHJ[)()W.HX Ha 6e3onacHOCTb napaMeTpOB .uo ttal.faJia cpop­

MHposamrn HCCrre.ri;yeMOH pa3MHO)KaJOUJ.eH perneTKH. B K34eCTBe npHMepa B Ta6JI. 4 npHBe)leHI,J 

N2 
1 
2 
3 
4 

5 

6 

7 
8 

T a 6 JI H u a 4. PacqeTHbie 01.1,emrn HeHT{)OHHO-cpH3w-IecKHx 
xapaKTepHCTHK perneTKH 

3neMeHT peweTKM Bee, % peaKTIIBH0CT.11 

TBC s ueH-rpe 0,10 .. . 0,15 
TBC Ha nep11q:>ep1,u,1 0,06 ... 0,15 
IlK B ueHTPe 0, 13 ... 0,29 
ITK Ha nepHq:>ep11.11 0,40 .. . 1,05 

TeMneparypm,rn K03cpqrnuweHT dpl dT -
.113MeHeHHe peaKTHBHOCTH np.11 H3MeHe- -4 0-10-2% / °C 

' 
HHM TeMneparypbI D20 
KoJcpqrnuueHT dp/ dC - H3Mettett11e pe-
aKTHBHOCTH npH 113MeHemrn KOHUeH- -0,125% / % 
Tpamrn D20 
0 3,luh 0,73 % 
O>KH.naeMhIH KpHTl1'-1ecKID1 yposeHb 1 700 MM 

pac'-leTHbJe oueHKH HeHTpOH­

HO-(pH3H'-leCKHX xapaKTepH­

CTHK ,UJUI O,UHOH H3 perneTOK, 

Hccne.nosaHHbIX Ha peaKTope 

MAKET. 
Bee pa6oTbI no H3Mette­

HHIO peaKTHBH0CTH pemeTKH 

(Ha6op KpHTWleCKOH MaCCbI, 

,ll.OCTH)KeHHe KpHTHl.JeCKOro 

C0CTORHHR 3aKa'-IKOH D2O B 

peweTKY, KoppeKu;mI perneT­

KH 11 .up., Kp0Me .UHHaMH'-le­

CKHX 3KCnep11MeHTOB) Be.LJ;)'T­

csr no.n KOH'rpOJleM UITaTHhIX 

KaHaJIOB CY3, npH B3Be,ueH­

HbIX CTep)KHJIX A3 11 BBe)leHHOM B aKTl1BttylO 30HY ITyCKOBOM HH. MomHOCTb 11 MeCTOpacnono­

)Kem,1e nycKOBOro HH Bbr611pa10TC.s! TaKHM o6pa30M, l.JT06bI Y.ll.0BJleTBoprurn:c.b CJie.ri;yJOrn.He ycno­

BH.51: 

- nepBOHa'-laJibHaR 3arpy3Ka .uaTl.JHKOB KaHaJJ0B K0HTP0JI.s! CY3 6btna )lOCTaTO'-IHOH )lJJSI Ha)le)f<H0-

ro KOHTp0JJ.s! 3a K,qxp peaKTOpa; 

- npe,ueJibHaR 3arpy3Ka HMnyJlbCHblX C4eTHblX KaHaJIOB He )lOJI)f(Ha npeBblIIlaTb 105 
HMn/c; 

- ,U0JDKHO 6bITb HCKJ1I04eHo HecaHKUHOHHp0BaHH0e nepeMeI..O;eHHe nycKOBOro 11.H B peweTKe, TaK 

KaK 3TO Bbl3bIBaeT cpa6aTbIBaHHe 3aW.HTbl no CKOpOCTJ,f HapaCTaHH.s! MOUJ.H0CTH (B no,uKpHTH'le­

CK0M COCTORHHH); 

- 3cpcpeKTl1BHOCTb ITyCKOBOro HH )l0JDl<Ha cna6o 3aBHCeTI, OT 113MeHeHH.ll napaMeTpOB HCCJie.n.ye­

MOH pemeTKH, B nepsYJO oqepem, yposH.si 0 20; 

- B3aHMH0e pacnOJIO)KeHHe HH 11 Hei,frpoHHblX ,ueTeKTopos ,UOJl)l(HO 6bITb TaKHM, 4T06bI He Mettee 

.usyx KpHBbIX o6paTHOro C'leTa HMeJUf 6bl 6e3onaCHblH X0Jl.. OnTHMH3au11.s1 IlOJ10)KeHH51 nycK0Boro 

11.H Jl.OCTHraeTC.s! nepeMew.eHHeM ero no BbICOTe c6opKH ( c COOTBeTCTBYIOW.eH nepeCTaHOBKOH ero 

HH)l(Hero KOHUeBoro BbIKJJIO'-laTeJJ.si). 

BblXO.ll Ha M0W.H0CTb npOH3B0,UHTC.s! C n0MOW.blO BBe,UeHH.s! nOJIO)KHTeJlbHOH peaKTHBH0CTH, 

COOTBeTCTBy1ow.eH nepHO.LJ;y Te (B Tet.Jem1e KOToporo M0W.H0CTb H3MeHSleTC}l B e::::: 2,71 pa3) He 
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r.,teHee 20 e. noene .uoeTIDKeHH.SI OTMel(eHHOH s nporpaMMe Ha eMeH)' MOlll,HOCTH SKJllO'-!aeTC.SI Cl1C­

TeMa AP. BeJTl1411Ha MOlll,HOCTl1 YKa3bmaeTC.SI s nporpaMMe Ha CMeHy. 3Ta MOlll,HOCTb He .uom,rna 

npeSb(WaTb MaKCHMaJTbHOfO 3Ha4eHilll YKa3aHHoro S "nacnopTe peaKTOpa" . 

ITepe.u Ha4aJTOM SblXO,D.a Ha MOlll,HOCTb qJHKCHpyeTesr HCXO,llHOe nOJlO)l(eHHe (muow.ee 803-

MO)KHOCTb Ha4aTb no.ubeM CTep>KHeH A3). Ilp11 3TOM: 

- see eTep>KH11 A3, ,[(TI 11 AP .ll0Jl)l(Hbl HaXO,llHTbCSI B HH)((HeM noJ10)KeH111t1; 

_ uyeKOBOH l1H .UOJT)l(eH Haxo,nHThC.SI s aKT11BHOH JoHe Ha HH>trneM KOHu,es11Ke; 

- KaHaJTbl CY3 H 113Mepemtsr ypoBH.SI TIDKeJTOH 80,llbl B 6aKax rH,llpOeHCTeMhl .llOJl>KHbl HaXO.llHTbC.SI 

8 pa6oL£eM eoCTO.SIHHH' 

- )lOJDKHbf 6bITb OTKpblT BeHT11Jlb 8-26 Ha MarHCTpaJTH 6breTporo cmrna T.Sl)KeJTOH B0)].bl H3 6aKa E­
l B 6aK E-4, SKJTIO'-!eHa np11TOL£HO-BblTIDKHa.SI BeHTHJUIU,11.SI, 3aKpb!Tbl see SXO)J.bl B CTeH)J.OSblH 3aJT; 

_ see npHBO)J.bl CTep)KHeH CY3 )J.OJl>KHbl 6btTb s pa6o'-!eM eoeTO.SIHHH. 

TOJlbKO nocne 00)].beMa Bcex CTep)KHeH A3 no 0)].HOMY co CKOpOCTb!O He 6011ee 0 ,07 /3:,qxt/c 

MO)KHO ocyw.ecTBHTb no,nbeM CTep>KH.SI AP 11 waroBblH nO)J.beM CTep>KHeH ,lJ,I1 no O,l].HOMY waraM11 

He 6onee 0,3 /3:><1><1> Ha war 11 cKopoeTbIO He 6onee 0,03 /3:,qxt/c SKJ110'-!ettHe ttacocos H-2 H-3, ADC 

H BXO.ll S CTeH,llOBblH 3aJT. 

CymeeTBeHHbIM 3JieMeHTOM 6e3onaCHOCTl1 peaKTopa CJTy)l(aT rpOMKOrQSOp.SILila.SI .usyxcTopoH­

H.SI.SI eBH3b Me>K,lly nyJibTOSOH 11 peaKTopHblM 3aJTOM H B03MO>KHOCTb Sl13YaJTbHOro Ha6mo.uemu1 

creHJlOBOfO 3ana H3 nynbTOSOro nOMelll,eHH.SI C 11cnoJib30SaH11eM Te11eycTaHOSKH. 

4. AuaJIHJ DOCJieJ].CTBHH neKOTOpblX BOJMO,IClll,[X OTK330B CY3 

0TKa3bI s CHCTeMe A3 HenocpeJJ.CTBeHHO He npHBOJlSl.T K ysem1l.!el1HIO MOUJ,HOCTH peaKTOpa, 

HO Hapywa10T ero cpyHKUHOHHpOBaHHe. 0TKa3 3JleMeHTOS JlOrHKH A3 np1-1se.n,eT K cpa6aTbIBaHl1IO 

A3 (onycKamno scex cTep>KHeH CY3). TTp11 OTKa3e (neperopaHHH, o6pbrne) MycpThr y,nep>KaHHJI 

CTep>KH.SI A3 OH no}l }leHCTSHeM CHJlbl T.Sl)KeCTH orrycKaeTC.SI SHH3 11 nocne }lOCTH>Kemrn HH>K.Hero 

KOHl..(esoro ITOJlO)KeHH_SI Sbl3bIBaeT cpa6an,rnam1e BCeH 3all.{HTbl. 

OTKa3bl S CHCTeMe AP MOLUHOCTH MOryT Bbl3SaTb HenpeaycMOTpeHHOe 113MeHeHHe MOlll,HO­

CTH, IT03TOMY Heo6XOJlHMO paecMaTpHSaTb KaK HapyweHHJI <PYHKU,HH AP npH OTKa3ax TaK H Me­

pbl, 06ecne'-!11Ba10m11e 6e3onaeHOCTb ycTaHOSKl1 npH yBeJTH4eHJUI MOLUHOCTH, Bbl3BaHHOM OTKa3a­

MH AP. OcHOSHb!e SH.llbl OTKa30S s CHeTeMe A3 (HeHcnpaSHOCTb 3JleMeHTOB CHCTeMbl , OTC}'TCT­

SHe HanpIDKeHH_SI Ha HOHJ13aLJ,HOHHblX KaMepax) aBTOMaTHt-IeCKH KOHTpOJTHpylOTC.SI cseTOSblMH 

CHfHaJTaMH caMoro np1t16opa H asapHHHOH CHrHaJTl13au,11ei1, KOTOpaSI cpopMHPYeTC.SI npH cpa6aTbl­

BaHHH A3. 

HeHcnpaSHOCTb H CKpblTbJe OTKa3bl KaHaJTOS c11eTeMbl A3 MOryT 6b1Tb Bbl.SIBJleHbl no 113MeHe­

HHlO (11n11 HeCOBTTa}leHHIO) nOKa3aHHH He11cnpasHoro KaHaJTa C TTOKa3aHJ1Sl.MH ApyrHX KaHaJTOS CHC­

TeMbl A3 a Ha Ha4aJTbHOM 3Tane cpopM11posaH11SI peweTKH - C TTOKa3aJ-IJ,ijjMJ,f JlSyx HMnynbCHblX 

KaHaJTOS 311J12-0 I c HeHTpOHHbJMH }laT<fHKaMH CHM- I 1. 
Tip11 OTKa3e 11106oro 3JleMeHTa s Kattane CHCTeMbl A3 (6JTOKa nHTaHH.SI KaMepbl, npe}lyCHJIH­

TeJJ.SI ye11J111TeJ1.S1) peaKTop 3arnywaeTC.SI (aBTOMan1YeCKH HJTH Ha)KaTHeM KHOTTKH "C6poc'') 11 npo­

H3SO,ll;HTC.SI peMOHT He11cnpaBHOro 6noKa H.IIH 3aMeHa ero Ha pe3epBHblH. 

ABTOMant'-!eCKOe perymIposatt11e MOLUHOCTH ocyw.ecTSJUleTC.SI CTep>KHeM AP no CHrHaJT)' pa3-

6aJTaHca cpopM1t1pyeMOMY norap11cpM114eCKHM yc11J111Te11eM <l>CKY3. KottTponb pa6o'-!ero cocrn.SI­

Hl1_SI 6JTOKOB KaHaJTa ocyw.eeTBJl.SleTC.SI asTOMaTl14eCKH (± 5 % pa6o4ero pe>KHMa). Tip11 tte11cnpaB­

IIOCTH J1106oro 113 6JIOKOS B ueTTH peryn11posaHH.SI npOHCXO}lHT OTKJllO"IeHwe peryn.SITOpa 3a ~ 8 MC. 

CHH)f(eH11e BblXO)lHOro Hanp.SI)f(eHH.SI 6JTOKa mtTaHH.SI HeihpOHHOfO .n;eTeKTOpa, cnoco611oe Bbl­

JBaTb BBO}l TTOJ10)KJ1TeJlbHOH peaKTHBHOCTH, KOHTpon11pyeTCSI 11 np11 yMeHbWeHHM 11anp.S1)Ke1-111.S1 Ha 

~ 15 % npo11cxo.u11T aBTOMan1'-!eCKOe OTKJllOlfeHHe KaHaJTa H Bbtna}laeT CHrHaJT He11cnpasHOCTH . 

Tip11 CKpblTOM OTKa3e 113Mep11TeJ1bHOH YaCTH AP Moryr B03H11KttyTb cne.uy10ll.ll1e c11ryawm: 
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- He nOMep)Kl1BaeTC.s! 3aJJ.aHHblH ypoBeHb. 8 3TOM cnyrne ypoBeHb MOUJ,HOCTH MO)KHO npOKOH­

Tpo1rnpoBaTb no H3Mep11TeJibHblM npH6opaM ,l1.pyn1x KaHanoa; 

- Ha BblXO.Lle TCB no.siBn»eTc.si. CHrHan, npHBO.Ll.s!.UJ.HH K .LlBH)Kemno CTep)KH.s!. AP B cTopotty yaenw-

4eHH.si HJ111 YMeHbllleHl1.sl peaKTl1BHOCTl1. ITpH nepeMe[UeHHH CTep)KH.s!. B CTOpOH)' yaerrwteHH..s! pe­

aKTHBHOCTl1 MO[UHOCTb pacTeT. Kruc TOJlhKO ycTaHOBJieHHblH ypoBeHb npeBblCHT + 5 %, OTKJU04a­

eTC.s! HCflOJlHHTeJlbHa.sl 4aCTb AP 11 ,l].BIDKeHHe CTep)KH..s! BBepx 6noKHpyeTC». EcJIH MOUJ,HOCTb rrpo­

,!J.OJDKaeT yseJIH4HBaTbC.s!, TO MO)KeT 6h1Tb .lJ,OCTHfttyT ypoBeHh TIC no npeBblllleIDno CKOpOCTH HJIH 

MOLIJ,HOCTH B KaHanax 3a[UHTbI. 8 3TOM cnyqae OTKJU04eHHe peryn.si.Topa MO)KeT npOH3BO,!J.HTbC» C 

rrynbTa onepaTopa OTKJII04ettHeM npHBO.LJ.a. 

0,!J.HHOlfifble OTKa3bl B cxeMax ynpaaneHH.s!. CHCTeMbl A3 MOryT npHBeCTJ{ K CaMonpOH3BOJ11,­

HOMY H3BJiet:JeHHlO CTep)KH» ,[(TI. Ha 3TOT cnyqaii npe,!J.yCMOTpeHbl "marOBOCTb" nepeMe[UeHJUl H 

6nOKHpOBKa B03MO)KHOCTH O,l].HOBpeMeHHOro H3BJie4eHID1 CTep)KHeH ,All HAP. 

IlpH KOpOTKOM 3aMbJKamm HJIH ITOTepe Ka4eCTBa H30JJ.s1UHH B Ka6enn, ITHTalOUJ,HX npH60pbI 

CHCTeMbI A3, OHI-1 OTKJ1!04alOTC.sl C Bblfla.lJ,eIDieM CHrHaJia tte11cnpaBHOfO COCTO.slHK.sl. Hc4e3HOBe­

HHe Harrp.s1_)KeHl1.sl Ha ycTaHOBKe nplIBO.LlHT K cpa6aTblBaHKIO Bcex 11cnoJIHl-1TeJibHbIX opraHOB CHC­

TeMbl A3. KottTpOJib 3a COCTO.slHHeM peaKTopa Be.ueTC» TOKOBblM KaHaJIOM C 6ecnepe60HHblM (aK­

KYMYJI.s!TOpHbIM) flHTaHHeM. KoHTpOJib HcnpaBHOfO COCTO.slHH.sl npn6opa 11 pa6ot.tero COCTO.slHIDI 

aKKYMYJJ.slTOpa KOHTp011HpyeTC.sl CHJ'HaJlH3aJ..{HeH Ha rrp116ope. 

5. runoTeTHlfecKue asapuuubre coryau.uo ea peaKTope MAKET u ,llencTBHH nepcou3.Jla 

Bo3MO)KHl,Ie aaap11HHble c11ryau11H Ha peaKTOpe MAKET CBK3aHbJ C He3aITJlaHHpOBaHHblM 

npeBbilileHHeM 3a.UaHHOfO ypOBH..s! MO[UHOCTl1, yseJlH-iteHHeM MOUJ,HOCTH C nepHO,!J.OM MeHbllle 3a­

nnam,poBaHHOfO 11 MOryT 6b!Tb o6ycJJOBJJeHbI OlllH6KaMH HH)Kettepa no ynpaBJJeHHJO, MexaHHKa­

na6opattTa npH H3MeHeHHH COCTaBa aKTIIBHOH 30Hbl, HeHcnpaBHOCTblO 06opy.LlOBaHID1 fH.LlpOCHC­

TeMbl npH 3aKat.tKe T.sl)KeJJOH 80,l(bl B aKTHBttylO 30tty. Aaap11H ycyry6Jl..s!IOTC.sl CKpblTblM1'1 OTKa3aMH 

3JJeMeHTOB CY3. 

8 Ka4eCTBe rnnOTeTHlfeCKOH 3anpoeKTHOH aBapH.H paccMaTpHBaJIOCb MaKCHMaJibHO B03M0)1{­

HOe 3HeprOBhI,!J.eneH11e npH noTepe yrrpasneHIDI peaKTopoM s pe3ynbTaTe HaJIO)Kett11.s1 He Mettee 

ceMH OTKa30B 06opy.uosaH11.s1 H OU111901< nepcottana. 

Hau6onee onacHble ornKJloHeHZm cucmeM peaKmopa om H0pMOllbH0Z0 pe:JJCUMa 3Kcn.nyamalJUU 
I. HeJaUJJ3HHp0B3HH3SI 33K3lfK3 250 JI D20 B 6aK 3KTHBHOH 30Hbl B6JJH3H KpHTHlfeCKOro COCTOSIHU11 

IlpH I10.l1,XO.Ue K Kp11TH:t.teCKOMY COCTO.s!HHIO H3-3a OUIH6KH 11H)Kettepa no ynpaBJJeHH:IO, He 

o6ecneq}(BUlero .l1,03HpOBKY 3aKal{eK nopUllilMH He 6onee 0,3 ~:,¢<!>, H HeHcnpaBHOCTl1 TaHMepa BHO­

CHTCK TTOJl02KHTeJJbllrul peaKTHBHOCTb 0,5 % 3a BpeM.sl 3aJCa4Kl1 6 MHH. Ha CHryaumo HaKJiaJJ.bIBaeT­

C.s! om116Ka HH)KeHepa no ynpaaneHHIO, He npOH3BO.llHBUiero Hl1KaKH:X ,neHCTBH.H. IlpH ,l].OCTH)KeHJffl 

asapHHHbIX ycTaBOK no MOUJ,HOCTJ,f 0,l].HOro H3 llleCTH KaHaJIOB 3a[UHTbl no MO[UHOCTH cpa6aTbIBaeT 

A3, npe.uynpe.llHTem,Ha.si l1 aaapHHHM CHfHaJIH3aUHH H spy4ttyl0 np0113B0,l].HTC.sl CJIHB D20 ,!J.O 

ypoBH.sl, COOTBeTcTByioUJ,ero K:,¢<1> = 0,98. 
JI. l ·hBJJetteHHe JlBYX norJJOW310WHX KaHaJJOB HJ 3KTHBHOH JOH bl BMCCTO OJlHOro 

TTpoHJJJJIOCTpHpyeM no.axe.a K o6ecne4eHHIO 6e3onaCHOCTH pa6oT npH KOppeKT11pOBKe aKTHB­

HOH 30Hbl Ha npHMepe 0.LlHOH H3 THnHl{HhIX 11ccne,nyeMblX peweTOK. B COOTBeTCTBHH C Tpe6oBa­

HHeM " MeTO.lJ,HKH H nop.s1,nKa npoBe,neHl1.sl HCCJJe,!J.OBaHHH Ha ycTaHOBKe MAK.ET" .LlO Ha4ana npo­

Be.lJ,eHH.s! pa6oT no H3BJ1ettett11ro nornoUJ.aioruero KaHana secoM 0,95 % .LJ.OJl)KHa 6bITb o6ecneqeHa 

flO.LJ.KpHTHl{HOCTb - 3,9 %, COCTORIUM 113 2 %-ro 06.s13aTeJ1bHOro CJlHBa D20 (Ha peaKTOpe MA.KET 

nocne.lJ,HHe 2 % nOJJ0)1{11TeJibHOH peaKTHBHOCTH BHOC.slTC.sl TOJlbKO .LlHCTaHUHOHHO .Ll0J111BOM T.sl)Ke­

JJOH BOD.bl) H Y.LlBOeHHOro Beca y,nansreMoro ITOrJIOTHTeJJ.sl 2x0,95 % = 1,9 %. Benl14HHa 1,9 % 

06ecneq11saeTC.sl 1 %-M BBe,neHHeM CTep)KHeH ~ 11 AP 11 0,9 %-M ,l].OflOJlHHTeJibHbrM CJIHBOM D20. 

OulU6KU 6 OeUCJn6WlX nepC0HQJlQ npu K0ppeKmUp06Ke 30Hbl: 
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a) na6opaHT-MexaHHK ourn6oYHO H3BJieKaeT BMecTo o,uHoro .usa nornoma10m11x KaHana c cyM­

MapHbIM seCOM 2x0,95 % = 1,9 %; nOCJleOCl116UR: peaKTOp ocrneTCSI s COCTOSIHHH c OOAKPHTW-IHO­

cT&JO 2 %; 
6) Ha ClflYat(HIO a) HaKJia,n,b1BaeTCSI OWH6Ka HIDKeHepa no ynpasneHHIO H KOHTpOnHpy10mero qrn-
31-iKa, He BbtnOJIHHBWHX Tpe6osattHe JJ.OOOJIHHTeJibHOro CJIHBa D20 Ha 0,9 %; noclleocmeUR: peaK­

TOP ocTaeTCSI B COCTOSIHHH C 00.LJ.KpITTW-IHOCTbIO 1, I %; 

B) Ha cInyau;H10 6) HaKna)lbIBaeTCSI HeHcrrpaBHOCTb: He orrycTHnCSI I CTep)KeHb J(I1 BeCOM 0,4 % JJ.O 
HJ,f)f(Hero KOHUeBHKa; noclleOcmeUJl: peaKTop OCTaeTCSI B COCTOSIHHH C 00,ZlKpHTHYHOCTblO 0, 7 %; 

r) Ha cmyaumo s) HaKJia)lbrnaeTcsi He11crrpasHocTb: He orrycT11ncsi 2-H cTep)KeHb l(Il secoM 0,4 % 

JlO HIDKHero KOHUeBHKa; nocJ1eocmeUJ1: peaKTOp OCTaHeTCSI B COCTOSIHHH 00.ll.KpHTHYHOCTH 0,3 %; 

Jl) H3 ClflYal.lHIO r) HaKJia)lbl83eTCSI HeHcnpaBHOCTb: He orrycTHJlCSI CTep)KeHb AP BeCOM 0,2 % JJ.O 
HIDKHero KOHU,eBHKa; nocneocmeUJl: nocne CKaYKa MOlllHOCTM Ha MfHOBeHHblX HeHTPOHax peaKTOp 

ocTa.HeTCSI s COCTOSl.lUIH ITO.llKpHTH"'--lHOCTH 0, I %. 

TaKu.M o6pa3oM, npu tJemKOM co6mooeHuu mpe6oeauUJl 06 o6ecnetJeHuu 11eo6xoowwo20 ypoe­
HR ,100Kpumu1mocmu oo HOl/aJla pa6om no KOppeKmupoeKe cocmaea aKmueHou 30Hbl He B03flUKa­
,om aeapuuHble cumyal,/uu Oa:)lce e clly'iae 2unomemutJecK020 HaJIO:JICeHZm oocmamol/HO 60llbW020 

11uclla ow.u6oK nepcoHaJla u omKG306 e CY3. 
III. YcT3IIOBK3 JlBYX TOOJIHBHblX KaHaJIOB BMCCTO OJlHOro B paCCMOTpCHHYIO BblWC peweTKy 

B COOTBeTCTBHH C "MeTOJJ.HKOH H. nopR.D.KOM npose.ueHHJI HCCJie,llOBaHHH Ha ycTaHOBKe MA­
KET" )lJISI KOppeKTHpOBKH aKTHBHOH 30Hbl C IlOCTaHOBKOH TOITJIHBHOro KaHana BeCOM 0,2 % 

)lOfl)l(Ha 6hITb o6ecneYeHa ITO)lKpliTHYHOCTb He MeHee 2,4 % (2 % - Heo6XO)lMMblH cmm D20, 
2x o,2 % = 0,4 % - sse.ueHHe cTep)Ktteii ,D;II H AP). TaK KaK CYMMapH&IH sec cTep)KHeH ,[(TI H AP 

COCTaBJISleT I %, TO ITO)lKpMTHl.lHOCTb nepe.u HaYanOM pa6oT COCTaBITT 3 %. 
Ou,u6otJ1-1bie oeucmeWl nepco1-1aJ1a npu 1<.oppeKmupoeKe 30Hbl: 

a) na6opaHT-MexaHHK OWH60YHO ycTaH3BJIHBaeT )].Ba TBC BMeCTO O)lHOro C cyMMapHblM BeCOM 

2x0,2 % = 0,4 %; nocneocmeWl: peaKTop OCTaeTCSI s COCTOSI_HHH c no.uKpHTW-IHOCTbIO 2,6 %; 

6) Ha cInyal..(HJO a) HaKJia)lbrnae-rc.s1 owH6Ka HIDKettepa no ynpasnemno H KOFrrpom-1pyIOmero qm-
3HKa, He 06ec11eY1IBillHX CJIHB D20 Ha 2 %; nocJleocmeUJI: peaKTOp OCTaeTCR B COCTOSIHHH C no.u­

KpITTWD-IOCTbIO 0,6 %; 

B) Ha cHryal..(HJO 6) HaKJia)lblBaeTCSI HeHcnpaBHOCTb: He OITyCTHJlCSI CTep)KeHb ,[(11-1 secoM 0,4 % 

)lO HIDKHero KOHUeBHKa; l10CJ/eOCm6UJl: peaKTOp OCTaeTC.SI B COCTO.SIHHH C ITO)l.KpITTHYHOCTbIO 0,2%; 

r) Ha CffTYaLI;mO s) HaKJia)lbJBaeTCSI HeHcnpaBHOCTb: He onycTHnCSI CTep)l(eHb ,D;II-2 BeCOM 0 ,4 % )lO 

IDf)KHero KOHUeBHKa; nocJ1eocmeUJ1: nocne CKaYKa MOlll.HOCTH Ha MrHOBeHHblX HeihpoHaX J,[ B 

CJiyt-Iae Hecpa6aTbIBaHHR CTep)KHeH A3 npOH30H.UeT )laJibHeHIIIee yseJIHYeHHe MOlllHOCTH peaKTOpa 

c nepHO.lJ.OM Te~ 30 C. 

EcnM He npo113owen c6poc cTep)l<Heii A3 OT CJffHaJIOB KaHanos CY3, HH)Kettep no ynpasne­

HHJO spyYHYIO Ha)KaTHeM KHomrn "C6poc" c6pac1,rnaeT A3. C y4eTOM 3anaJJJ:b1BaHHR s I 5 c peaK-

1.urn HH)KeHepa no ynpasneHHIO MOlllHOCTb peaKTopa He npeBbICITT 0,3 BT, MOIUHOCTb )l03bl Ha 

BepxHeH perneTKe aKTlIBHOH 30Hbl - 20,0 MKP/c, a HHTerpaJI&HaSI )l03a, nonyYeHHaSI nepcoHanOM, 

HaXO,ll.SllllHMCSI Ha sepxHeH peweTKe, - I 00 MKP. 
IV. HeKOHTponupyeMoe HJBJle'ICHHC CTCp:>KHSI )l.Il C M3KCHM3JlbHOfi CKOpOCTblO 

a) B peaKTop sse.neHbl cTep)KHH )],II-I , ,[(Il-2 H AP 06m11M secoM 1 %. Bo speMSI npose.n.eHHH pa-

6oT no KOppeKTHpOBKe peweTKH npoHCXO.lJ.HT HeKOffTPOJIHpyeMoe H3BJie'ieHHe CTep)KHJI )],II- I se­

COM 0,4 % c MaKCKManbHOH CKOpOCTbJO; nocneocmeUJl: peaKTOp OCTaeTCH a IlO)lKpHTHYeCKOM co­
CTQjj_HffJ,f 0,6 %; 
6) Ha curyau.1110 a) HaKJia)lbIBaeTC.SI HeHcnpaBHOCTb: He onycTHJICSI CTep)l(eHb ,[{CT-2 BeCOM 0,4 % 

.ll.0 HH)l(Hero KOHUeBHKa; noc,11eocmeUJl: peaKTOp OCTaeTCSI B ITO,llKpHTRY.eCKOM COCTOSIHHH 0,2 %; 

B) Ha CHTyaUHIO 6) HaKJia)lblBaeTCSI HeHcnpaBHOCTb: He onycntnCSI CTep)KeHb AP BeCOM 0,2 % )].0 

HH)l(Hero KOHUeBHKa; l10CJleOC/116UJI: eCJIH nocne CKaYKa MOlllHOCTH Ha MfHOBeHHhlX HeHTpOHax He 

npmnorneJI c6poc CTep)l(HeH A3 OT CHrHaJIOB KaHanOB CY3, c6opKa nepeXO.lJ.HT B KpHTH4eCKOe 
COCTOSIHHe. 
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V. HeKOHTpoJ1upyel\10e sse.nem1e B aKTHBHYIO JOHY peaKTopa nycKosoro UH 
a) B pellieTK)', Hax.OJ]..HW.YIOC.H B TTOJl.KPHTJ,£1'.-leCKOM COCTO.HHHH C K:$1> = 0,99, B pe3yJibTaTe HeHC­

npaBHOCTH MexaHH3Ma nepeMew.ettH.H nycKosoro 11H HnH ouu:1601.rnoro JJ.eikTBM..H rrepcottana cMe­

HbI BBeJ].eH nyCKOBOH 11H MOW.HOCTblO Q ~ 107 
Hie; nocJleOcm6Wl: npOH30HJ].eT c6poc A3 OT CHr­

Hana KaHanOB KOHTpOJI.H CY3 no npeBbJWeHJ1lO CKOpocn1 Hapacrnmui: MOUJ,HOCTH H ycTaBKM. no 

MOW.HOCTH; 

6) Ha cwryaU.HIO a) HaKnaJ].blBaeTC.H HeHcnpaBHOCTb: c6poc CTep)l<HeH A3 He npOH30llieJI; nOCJleO­
Cm6Wl: c6opKa OCTaHeTC.H B no.z:i;KpHTWieCKOM COCTO.HHHH, T.K. BBeJ].eHHe nycKOBOro HCT04HHKa He 

MeH.HeT ee peaKTHBHOCTb; 

B) B c6opK)', Hax.OJ]..HW.YIOC.H B KpHTH'-JeCKOM COCTO.HHHH Ha MOl..l.lHOCTH ~ I 00 BT, B pe3yJibTaTe He­

HCnpaBHOCTH npHBOJ].a nycKosoro ill-I HJIH OWH604HbIX .z:i;eHCTBHH nepcottana BBeJ].eH nycKOBOH 

ill-I MOW.HOCTblO Q ~ 107 
Hie; nocJleOcmeuJl: perHCTpHpyeMoro np116opaMH CKal.fKa MOW.HOCTH 

c6opKH He rrpm130H.J].eT, Otta 6yJJ.eT ysenHl.fHBaTbC.H no mrneHHOMY 3aKOtty co CKOpOCTblO 104 
BTl c. 

VI. PaJrepMeT11JaU.HS1 rHJlpocncTeMbl 

a) Ha OCTaHOBJieHHOM H 3arnyweHHOM peaKTope no nOKa3attl-UI.M ypostteMepoB 6aKa E-1 H CHrHa­

JIH3aUI1H COOTBeTCTBYfOlUHX Jl3Tl.f.HKOB npoTe4KH ycTaHOBJieHa pa3repMeTH3aU,H.H 6aKa E-1 peaKTo­

pa. TIDKeJia.H BOJ].a cmrnaeTC.H s 6aK E-4 no MarH"CTpaJI.HM, coeJ].HIDJfOW,HM ero c 6aKOM E-1. 
OJJ.HOBpeMeHHO opraHH3yeTC$1 c6op npoTel.feK T.H)KenoH BOJl.b[ H3 6aKa E-0; 
6) no nOKa3aHH.HM ypOBHeMepa YP-4 H CITTHaJlH3aU,11H COOTBeTCTBYlOlllHX J].aT'-UIKOB npoTe4eK yc­

TaHOBJietta pa3repMeTH3au,HJ1 6aKa E-4. IIepcottan opraHH3YeT rrepeKal.f.Ky BO.Ubl H3 6aKa E-4 a 6aK 

E-5 HacocaMH H-2 H asapHHHblM HaCOCOM H c6op npomlTOH 80)].bl H3 Hep)KaBelOIUHX nO.l{Jl.OHOB 

noMew,eHH.H 6aKOB nr,llpOCH"CTeMbl s CTaHJ].apTHbie 6HJJ;OHbl. 

VII. 0TKaJ CHCTCMbl 3HeprocHa6)KCHHSI 

TTpOHCXOJl.HT H3MeHeHHe ypOBllil D2O B 6aKe aKTHBHOH 30HI,I peaKTopa. Ilocne OTKa3a CHCTe­

Mbl 3tteproo6ecne4eHHSI npeKpamaeTCSI" cpyttKU.HOHHposamre scex CHCTeM ycTaHOBKM., KpoMe To­

Kosoro Kattana CY3 c 6arnpeifHhIM nHTaHHeM. Bee CTep)KHH c11cTeMb1 CY3 TiaJJ.alOT s aKTHBttyJO 

30H)'. PeaKTop nepeXO)lHT B COCTOSl"HHe rny60KOH nO,llKpHTH4HOCTH. Heo6XO)lHMO y6eJ].HTbC$1 no 

TpocaM Ha npHBOJ].ax CTep)KHeH CY3, 4TO see CTep)KHH HaXOJ]..HTCH B 30He, H ou,eHHTb pa,llHaUHOH­

HYfO o6CTaHOBKY B 6aKe E-1 C noMOll{blO nepeHOCHblX )l03HMeTpH4eCKHX npu6opos. 

6. A.HaJ1u11anpoeKTHbIX aaapuu 

Depe4eHb 3anpoeKTHblX asapHH CKna)lbIBaeTCSI H3 HepaCCMOTpel-lHbIX B npoeKTe H 3Kcnnya­

TaUHOHHOH J].OKyMeHTaU,HH HCXOJJ.HblX co6bJTHH, .z:i;onoJJ.HHTenhHOrO HaJIO)KeHHSI" OTKa30B CHCTeM 

6e3onaCHOCTH, Jl.OTIOJIHHTeJibHbIX OWH604.H.blX J].eHCTBHH nepcoHana. ,nrut 3anpoeKTHblX asapHH 

JlOJI)KHb) 6b1Tb paCCMOTµem.1 nyTH npoTeKaHH.H asapHH, BKnl04alOW.He Hal.faJibHble HnH rpaHH4Hble 

ycnOBH.H , nocneJ].OBaTeJibHOCTb pa3BHTH.H co6bITHH, ycTOH4HBOCTb ycTattOBKH H 06beKTa B u.enoM K 

)laHHOMY HCXOJ].HOMY co6bJTHIO. 

I. B Kal.fecTBe nepaoi:1 H3 3anpoeKTHbIX asapHH Ha peaKTope MAKET paccMaTpHBaeTc.H noTe­

pjf ynpasn eIDUI peaKTopoM B pe3ynhTaTe HaJlO)Kemur He Mettee ceMH OTKa30B o6opy.z:i;osattHSI" H 

OUlH60K nepcottana. McXO)lHbJM co6blTHeM )].JI.SI B03HMKHOBeHH..H TaKOH asapHH cne,nye-r paccMaT­

pHBaTb HeHcnpaBHOCTb cxeMbl ynpasneHH.H AP npH KpHTH4eCKOM COCTOSl"HHH peaKTopa C Hal.faJib­

HOH MOW.HOCTblO ~ ] B T. B pe3yJ1bTaTe 803HHKllleH HeHcnpaBHOCTH Ha CHJIOBOH npHBO)l no,llaeTC.H 

CHrHaJl Ha H3BJ1e4eH.He AP C MaKCHMaJlbHOH CKOpOCTblO no sepxttero KOHU,eBHKa. IlpH TaKOM 6bI­

CTpOM 113BJ1eqemrn CTep)KHjf AP H3 aKTH.BHOH 30Hbl 880.lJ.HTC)I nOJ10)KHTeJibHa.H peaKTHBHOCTb ~ 
0,2 % 11 peaKTop pa3rOH.HeTC.H C Te ~ 22 C. 

B Kal.feCTBe .z:i;onOJIHHTeJ1bHblX OTKa30B npeJJ.nonaraeTCSI, 4TO CHCTeMa A3 He cpa6aTblBaeT HM 

no OJJ.HOMY H3 rneCTH np116op0B A3. KpoMe Toro, Ha HMe10m11ec.H HeHcnpaBHOCTH HaKJ1a)lbIBaeTCH 
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oI1Hi6Ka HH)KeHepa ITO ynpaBnem,110, He npeKpanrnwero pa.3r0H Ha)KanteM KH0ITKH A3, CJTHBOM 

TJDKenoi:i BO.Ubl 1-13 6aKa 6-1 aKTHBHOH 30HbI, nepesoJJ,oM cTep:)f<H51 AP B pyYttoe ynpasnem1e 11 

803B pameHHeM ero B aKTHBH)'lO 30H)'. 

AHaJIH3 paccMaTPl-f.BaeMOH CHryaUHH TT0Ka.3aJI, 4T0 Te□JI0BaJI M0I.UH0CTb K0T0paJI 6y.ueT JJ,0C­

n,1n1yra 4epe3 7 MHH nocne Ha11aJia pa.3BHTl1.51 aBapHH, He npeBblCHT 3,0 MBT; B0,lla B KaHaJiaX pa-

3orpeeTCR )].0 100 °C H 3aKHmlT, a BO,lla B Me)KJ(aHaJibH0M npocTpaHCTBe HarpeeTC51 Ha 5 ... 6 °C. 

Tio.ll )].eHCTBHeM 0TPHUaTeJll,HblX nycT0THoro H TeMneparypHoro K03cpcfrnu.11eHTOB peaKTHBH0CTH 

rrpHMepH0 '-iepe3 7 MHH nocJie H84aJia pa.3BHTJ.1j{ aBapHH Ha11HeTCR cna.u M0I.UH0CTH peaKT0pa. 

II. B Ka4eCTBe BTOpOH 3anpoeKTHOH aBapHH paccMaTp11BaeTCR CHryauHj{, npH K0TOpOH B KpH­

TWieCKHH peaKTop c peweTKOH 16, pa60TaJOI.Ul-fH Ha M0[UH0CTH ~ 100 BT, BB0,llHTC.s! HeK0HTp0JIH­

pyeMaJI TT0JIO)l<.HTeJibHaJI peaKTHBH0CTb ~ 0,5 H 0,6 %. O.llH11M H3 HCXO.llHbJX co6hITHll .llJl.s! pa.3BH­

TH51 TaKOH aBap1,rn CJIY)KHT HeK0ffTP011HpyeMoe H3BJie'-ieIDte 0)].H0ro H3 TeXHOJI0rl14eCI<.HX KaHaJI0B. 

TaKaR CJ1T)'aUHR B03MO)f(Ha B pe3yJibTaTe HaJI0)KeHI,f_j{ u:enoro p.si)].a (6onee ,ZJ.Byx) HeHcnpaB­

HOCTeH H om1-160K nepC0HaJia, a HMeHH0: HenpaBHJlbHblH KOHTpOJib 3a pa.uHaUHOHHOH o6cTaHOB­

KOH Ha peaKTope (HJIH ero TT0JIH0e OTCYTCTBHe), ttecpa6aTb!BaHHe 3aI.UHThl (onycKaHHe .nm npH 

BXO)].e nepC0HaJia B H30JIHPYIOI.UHH )].0MHK OTCYTCTBHe KOffTPOJ151 3a ypostteM M0I.UHOCTH H HaJIH­

tJl,leM JIJO)].eH B ,ll0MHKe C nynbTa H HeKOHTpo1rnpyeMoe H3BJ1e9eHHe O,llHoro H3 TeXHOJIOrH'-leCKl1X 

KaHaJI0B BOUle)].WHM nepCOHaJIOM. 

Pa.3BHTHe aBapm1 B03MO)KH0 T0JlbKO npH ttecpa6aTblBaHHH CHCTeMbl A3 no BCeM rnecnr KaHa­

JiaM. K nepe4lfCJ1eHHblM OWH6KaM nepcottaJia H OTKa.3aM B CHCTeMe A3 .uo6aBAAeTC.s! ourn6Ka HH­

)l(eHepa no ynpaBneHHIO, He H~aswero KHorucy A3 H He CJrnBwero TIDKe11y10 B0JJ.Y H3 6aKa 6-1 . 
a) TTpH BBO,lle B aKTHBH)'fO 30H)' peaKTHBHOCTH + 0,5 % Ji fTOCJle)IYfOllJ,eM yBem14eHHH MOI.UHO­

CTH peaKTopa TeMneparypa TOITJIHBHblX 6JIOKOB He npeBblCHT 105 °C - TeMneparypbl Ha'-laJia fTO­

BepXHOCTHOro KHneHHj{ TIDKeJIOM B0,llbl npH HOpMaJibHOM ,llaBJ1eH11H. BaeJJ,eHHaJI TTOJlO)fUITeJII,HaJI 

peaKTHBH0CTb 4epe3 t = 40 C IT0CJie Ha4aJia aBapHH CKOMITeHCHpyeTC51 rnaBHblM o6pa.30M 3a CYeT 

ttarpeBaHHj{ BO.Ubl B 3a.30pax TOilJIHBHhfX KaHaJIOB. 

MaKCHMaJibHa.si MOI.UHOCTb peaKTOpa npH t = 40 C COCTaBHT 3,25 . I 06 
BT, M0[UHOCTb TOITJIHB­

Horo KaHana ~ 4,5· 104 
BT, TenJIOBOM ITOTOK Ha noBepx.H0CTH TOITJIHBHOro 6JIOKa 0,8· 104 

BT/ M
2

. 

)];anee npOHCXO,ll51T nocTeneHHblH pa.3orpeB TIDKeJIOH B0,llbl H H3-3a 0TPHUaTeJibH0ro TeMneparyp­

H0f0 3cpcpeKTa CHIDKeHHe MOI.UH0CTH peaKTopa, KOTOpa.si B MOMeHT speMeHH I = 2 000 c C0CTaBHT 

53 · l 03 
BT, MOI.UHOCTb O.llHOro TBC ~ 715 BT, TennosoH noTOK Ha noBepXH0CTH 6noKa 1,3 · 1 03 

BTIM2
. 

B K0HUe npouecca aKTHBHaJI 30Ha pa.3orpeBaeTC.s! .ll0 TeMnepaTypbl ~ 30 °C. ITpH OTCYTCTBHH 

CTOK0B TeIIJ1a H3 6aKa 6-1 BO BHellIHIOfO cpe.uy TaKOH pa.3orpeB npHBe,lleT K ,llaJibHei-lmeMy yBem1-

l:leH11IO TT0.llKPHTHYH0CTH peaKTopa 3a CYeT OTpHUaTeJlbH0ro TeMneparypttoro K03cpcpHUHeHTa pe­

aKTHBHOCTH, paBHOro 0,04 %/°C. OKOH'--JaTeJibHa.si 0CTaH0BKa peaKT0pa JJ,OJDKHa 6b1Tb ocyI.UeCTB­

neHa BBeJJ.em1eM CTep)f(HeM A3, AP H ,n;n: OT KH0TTKH " C6poc" H CJIHBOM Tj{)KeJIOH BO)].bl H3 o-1 
nepC0HaJIOM peaKTopa, y KOTOporo HMeeTCR He Mettee 30 MHH Ha npHH.s!THe peweHJUI. 

6) TTpH BBe,llemrn B aKTHBH)'fO 30HY KpHTC60pKH peaKTHBHOCTH + 0,6 % B0JJ,a BO Biry-rpeHHeM 

3a.30pe TOITJIHBH0ro KaHaJia HarpesaeTCR )10 TeMneparypbl HaCblI.UeHHR 100 ° C. TeMneparypa T0n­

JlHBHOfO 6JIOKa 4epe3 t = 25 C C0CTaBJIReT I 09 ° C H Ha K0pOTKOe BpeM.si ~ 20 C npeBblCHT TeMne­

parypy Ha'-laJia nosepXHOCTHOfO KHneHH.s! I 05 ° C . ,[(anee npoHCXOJJ,11T CHH)KeHHe M0l.llH0CTH H3-3a 

0TpHL{aTeJibHblX nycT0THOro (BblKHITaHHe T51)KeJIOH B0)J.bl B men.six TOTTJJHBH0ro KaHaJia) 11 TeMne­

parypHoro K03<pcpHUHeHTOB H3-3a Harpeaa T51)KeJJOH 80,llbl CHa'-laJia B TOTTJIHBHbIX KaHaJiax, a 3aTeM 

BO BCeM o6beMe aKTHBHOH 30Hbl. 

MOW,HOCTb TOTTJll1BHOro KaHaJia '-iepe3 2 000 C nocJie B03HHKH0Bemrn asapHHHOM c1-111au.1111 

pasHa ~ 65 -103 
BT TeITJIOBOH ITOTOK Ha nosepXH0CTJ.I TOTTJIMBHOro 6JTOKa ~ 1,2 -105 BTIM ' npH 

3T0M KpHTC60pKa pa.3orpesaeTCR .llO TeMneparypbl 30 °C. OKOH'-laTeJ1bHa.si 0CTaHOBKa peaKT0pa 

ocyw,ecTBJIHeTC.s! sse.uem1eM CTep)KHeH A3, AP H ,[(TI OT KHOTTKH "C6poc" H CJIHB0M T51)KeJIOH 80-

Jl.bl 113 E-1 nepCOHaJI0M peaKTOpa, y KOTOporo HMeeTC.s! He MeHee 30 MHH Ha npHHRTHe peweHHR. 
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m. Pa)lHaU.HOHHbJe nocne)lCTBH.sl aBapmL Bo Bcex cnyl.f~X aKTHBHOCTb HcnapHBweik.s1 T5DKe­

JIOH BO)lbl B o6naCTH ".11.3om1py10mero )lOMHKa" He npeBbICHT 0,007 Ku, a )lO3OBble Harpy3KH B KO­

p11)].Ope 2-ro 3TaJKa nepe)l nynbTOBOH He npeBbIC.slT BeJIH411HbI 0,3 M3B. 

IV. HeKOTOpble pe3yJibTaTbl aHamna 3anpoeKTHblX aBap11w. IlpoTeKaHHe 3anpoeKTHbIX aBapHM 

nOKa3bIBaeT, tJTO: 

- paCCMOTpeHHbie aBapKMHble c11ryauH11 npeKpall.la.JOTC.sl 3a CtJeT OTpHU,aTeJibHbJX TeMneparypHo­

ro H nycTOTHOro 3cpcpeKTOB HCCJieeyeMbJX pa3MH0)f(a.JOlJ.lHX peweTOK; 

- pacnnaBnemrn TB3JIOB 11 pa3repMeT11Jau1111 HX o6onol.feK He npOHCXO)lHT, MaKCHManbHa51 TeMne­

parypa T.sDKeJIOH BO)lbl He npeBbiwaeT 30 °C, no3TOMY aBapHHHOro OTBO)la TellJla He TPe6yeTc.s1; 

- TTOCKOJibKY KJ111em1e 3aMe)lnJ-1Tem1 B aKTlfBHOH 3OHe He3Hal.JHTeJibHO H nOBbIUJeHHe )laBJieHH51 B 

"H30mipYfOl.lleM )lOMHKe" He MO)f(eT np:i,rneCTH Kero pa3repMeTH3aU.HH H TeM 6onee pa3pyrneHHIO, 

TO pa)lHOaKTHBHbie npOJl.YKTbl 3a npe.uem,I "H301IHpy10mero )lOMHKa" He BbJXO)l51T; 

- )lJI.sl 6onee Ha)le)f(HOro HCKnf04eHH51 BbJXO)la pa,l{HOaKTHBHblX npOJl.YKTOB 3a npe)leJibl noMeme­

HHH peaKTOpa ( B cny4ae OTKpbITOH )lBepH B "H30mipYfOll.lHH )lOMHK") tteo6xo.L{HMO B cnyl.fae BO3-

HHKHOBeHH.sl aBapHHHOH cttryaUHl,f OTKnfOl.JHTb npHTO4HYfO H BbITIDKfIYIO CHCTeMbf BeHTHmlIJ,HH H3 

noMeweHH.sl nynbTOBOH. 

l1h BbIWet-l3JIO)f(eHHOro cne,uyeT, tJTO paCCMOTpeHHble 3anpoeKTHbie aBapHH HOC51T 1-IHCTO JIO­

KanbHblH xapaKTep H HX pa,Z:(1-ialJ.HOHHbie nocne)lCTBH.sl orpaHJflfHBafOTC.sl noMew,emteM "if30JIH­

PYIOillero .llOMHKa". 

7. 06ecneqeune HAepnoii 6eJonacuocTn np11 pa6oTe c JKcnepnMeHTa.JlhHblMH ycTpoiiCTBaMn 

B Kal.feCTBe 3KCnepHMeHTanbHbJX ycTpOHCTB Ha peaKTOpe MAK.ET npHMeH51fOTCJI B 60JiblllOM 

KOJIHl.feCTBe aKTHBaUHOHHbie )leTeKTOpbl, KOTOpbie npaKTH4eCKH He BHOCJIT H3MeHemrn B peaKTHB­

HOCTb CHCTeMbI ( < 0,0 l % ), H TTO3TOMY cneu,HanbHbJX Mep ,LI.JUI o6ecne4eHH51 Jl)lepHOH 6e3onacHo­

CTl1 npH 3TOM He Tpe6yeTC.sl. IlpH HCTIOJ1b30BaHHH 3KCnepHMeHTanbHblX YCTJ)OHCTB BJ1H51fOillHX Ha 

peaKTHBHOCTb peaKTopa, TaKHX KaK KaMepbl )leneHH.sl, cqeT4HKH, CO)lep)f(am11e nornOTHTem1 Heti­

TpOHOB, H T.)l., nepe.u ycTaHOBKOH B aKTHBttylO 3Otty npOBOllHTC51 paC4eTHa51 oueHKa HX BJIH_.slHH51 

Ha peaKTHBHOCTb, 1-ITO OTpaJKaeTC.sl B pa6oqei,i nporpaMMe H nporpaMMe Ha CMetty. H3MepeHH.sl 

aKTHBHOCTH aKTHBaI.lHOHHhfX )leTeKTopoB npOBO)l.slTC.sl c co6JIIO)leHHeM Heo6XO)lHMblX CTaH.napT­

HblX Mep pa)lHaU.HOHHOH 6e3onacHOCTH. 

8. IlporpaMMa JKcnepuMeBTOB ua peaKTope MAKET ea 2005 - 2007 rr. 

8.1. 3Kcnepw,1eHmaJ1bHb1e uccneooeauw, c c/JU3u'leCKOU MOOeJ/b/0 6naHKema 3JTHHI' Ha peaKmope MAKET 
IJ;eJTbfO 3KCnepHMeHTOB .slBJI.sleTC.sl o60CHOBaHHe .s1.uepHOH 6e3onaCHOCTH H npoeKTHblX HeH­

TPOHHO-q>H3H4eCKHX napaMerpOB 6naHKeTa C03)laBaeMoro B HT3<l> 3J1eKTpm1)lepHoro retteparnpa 

HeHTpOHOB. 

B npouecce npose.nett11.s1 3KcnepHMeHTanbHbIX 11ccne)l0Batt11ti 6y.nyr onpe.neneHb1 npocTpaH­

crneHHO-3HepreTHtJecKHe pacnpe)lenemui HeihpOHHbIX nonei1 H )lHHaMH1-1ecKHe napaMeTJ)hl cpH31f­

YecKOH MO)lem1 6naHKeTa 3JUIHr, BbfTIOJIHeHa ou.eHKa peaKTHBHOCTH 3JleMeHTOB q>H3H4eCKOH 

MO)leJIH. IlonytJeHHhle npeU.H3HOHHble )laHHble O HeHTpOHHO-cpH3H'-IeCKHX napaMerpax T.sl)f(eJlO­

BO)lHblX pa3MHO)f(afOilllfX peUJeTOK, pa60TalOillHX B CTaU,HOHapHOM 11 HMnyJlbCHOM pe)f(HMax, 6y­

.LJ.YT HCTIOJ1b3OBaHbl )].Jl.sl TeCTHpoBaHH.JI nporpaMMHblX KOMnJleKCOB, npHMellileMblX )].Jl.sl q>H3Wle­

CKOro paC4CTa 3JleKTJ)O.slJJ,epHblX ycTaHOBOK. 3Kcnep11MeHTanbHbJe .LJ,aHHbie O noBe)leHHH HeH.TpOH­

HOro TIOJ1.sl BO BpeMeHH 6yeyT HCTIOJ1b3OBaHbl .ll,J151 pa3pa6oTKH MeTO.lJ,HKH KOHTpOJI.sl TIO.LJ.KPHTHYHO­

CTH 6naHKeTa 3JUIHT, pa60Ta10mero B HMnyJTbCHOM pe)f(HMe, YTO TIOCJlY)f(_HT OCHOBOH .ll,Jl.sl pa3pa-

60TKH wTaTHOH CY3 3.JUIHr. 
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,[vUI npose.nettIDI 3Kcnep11MeHTa.JlbHblX MCCne.no0aH1-JH Ha peaKTope MAKET 6y,neT ccpopMH­

poBaHa q>.H3114eCKaH MO)J.eJJb 611aHKeTa 3JUIHr C waroM 110 MM. IlpH npose.n.emrn HMnyJJbCHbIX 

3KcnepHMeHTOB B peweTKY 6y.n.eT ycTaHOBJleH HMnyJJbCHbIH rettepaTop HeHTpOHOB HHr-03M 
(mffeHCHBHOCTb 1010 

Hie). B pa311H4Hb1X TO4Kax cp113H4eCKOH MO.n.emr 6y.n.yr pa3MellJ,eHbl KaHa.Jibl C 

)laT4HKaMM KOHTpOJUI HeHTPOHHOro IIOJUI, 4YBCTBHTeJ1bHblMl1 K pa3HblM o6naCTHM :meprnH HeM­

-rpOHOB. l13Mepettml HeHTpOHHOro nonJI BO BpeMeIDI 6y.nyT BbinOJ1HHTbC$1 np.H pa311114HhlX ypoBHJIX 

no.nKpHTWIHOCTH c6opKM M qacTOTe cne.uosaHHJI HeHTJ)OHHblX HMnyJJhCOB. 

8.2. KoHtnponb ROepHbtX Atamepuanoe e oeucmey,oupa ycmaHoeKax 

[(em,10 3KCnepHMeHTa HBmleTCH co3.uam1e 113MepHTeJJbHOfO KOMnneKca .llJ1$1 KOHTpOJUI H,LJ.ep­

HbIX MaTepwarros B pearrbHOM speMeHH B ,UeHCTByIOI.l..lHX peaKTOpHblX ycTaHOBKax. B XO,LJ.e npose­

)lCHH.ff pa6oT 6yAyT pa3pa60TaHbl MeTO,l].HKa KOHTpOJl.Sl H,LJ.epHblX MaTepHaJIOB B pa3MHO)KaJOI.l..lHX 

pemeTKax; H3Mep1neJ1bHaR annaparypa Jl.Jljl perncTpal.(11H He06XOJJ.HMblX HeihpOHHO-q>H3H'-leCKHX 

napaMeTpOB pa3MHO)Kal01..ll.HX perneToK; nporpaMMttoe 06ecneqeID1e .llJISl ynpaa11eHID1 H3MepH­

TeJlbHOH annaparypoi-1, o6pa6oTKH pe3yJ1bTaTOB H3MepeH.HH 11 BbllfHCJleHIDI cpyttKUHOHa.JIOB, O,l].H0-

3HalffiO C8$13aHHbIX C KOJJH'JeCTBOM .R,LJ.epHblX MaTep11arros B HCCJJe,uyeMbIX pemeTKax. 

BblTIOJJHeHHe Me:>1mpas1neJ1bCTBeHHblX cornailJeHHH no HepacnpocTpaHeHHlO H.UepHblX MaTe­

pHaJJOB (..sIM) np1,rne11O K WHpOKOMY BHe.upeIDUO CHCTeM y4eTa 11 KOttTpOJJJI (CY11K) Ha o6beKTax 

AAepttoi-1 3HepreTHKH. Btte,Up$1eMbJe B HacTosnu;ee apeMsi CY11K o6ecnelfHBaJOT, KaK npas.HJJo, AOC­

TaTOlfHO Ha,LJ.e)KHblH KOHTJ)OJlb B 60JTbIIJJ,fHCTBe TeXHOJJOr~eCKHX npol.(eCCOB o6paw.eHIDJ C 5.IM 
(H3rOTOBJJettHe, HCnOJTb3OBaHHe, xpattett11e). O.uttaKO B HeKOTOpblX CJTY4a.RX HOBble CYHK He.noc­

TaTOlfHO 3cpcpeKTHBHbl. 0)].HHM 113 TaKHX np11MepOB MO)KeT CJIY)Kl1Tb KOHTpom, 3a MCTIOJlb3OBaHHeM 

5{M Ha KpITTH4eCKHX 11 no.nKpITTH"leCKHX CTeH)J.aX a TaK)Ke 8 PHM. 
XapaKTep np11MeHeHmr .51:M Ha TaKHX ycTaHOBKax 11 HX 3KCIUJyr8L(HOHHbTe oco6eHHOCTH npH-

8O,l]..RT K TOMY "ITO HCnOJJh3yeMble 51M o6na.naJOT He,LJ.OCTaT04HO BblCOKOH CTeneHbJO 3am11meHHO­

CTH, 4TO o6ycnosneHO CJJeJJ.YJOlllHMH cpaKTOpaMH: 

- B Ka'-leCTBe .5IM npHMeHJieTC.R npaKTw:JeCKH "q11cToe" C pa.nHal.(HOHHOH TO4KH 3peIDU1 TOITJTHBO, 

TaK KaK yposeHb HeHrpOHHOro ITOTOKa B MeCTe ero pa3MeUJ,eHIDI B ycTaHOBKax TaKoro KJJacca 

JJ.OCTaTOt.JHO Marr; 

- HCXO)J..R l,{3 cnel.(H(pHKH pa60Tbl C .sIM Ha ycTaHOBKax, TPe6yJ01Ueff BbJCOKOH 48CTOT.bl H M06HJJb­

HOCTH np11 neperpy3Kax Tonmrna s 11cc11e.nyeMb1e peweTKH, nocryn K ..sIM JJ.OCTaTO4HO cso6o,LJ.ett; 

XOTH CYI.l..leCTByIOT pa3JJH'-1Hble 6apbepb1 C TO4KH 3peHH.R cpH3H4eCKOH 3all.lHTbl, HO }lJl.SI 06cJ1y)Kj,j­

BaJOUJ,ero nepcottana 3TH 6apbepb1 npeo}lOJTHMbI; 

- HaJlH4He 60J1blllOro KOJTHlfeCTBa COTPYJlHHKOB, yqacTByIOUJ,HX B pa6oTax, Tpe6yeT B peanbHOM 

speMeHH ocymecTBJleHH.SI KOHTpOJJH 3a 51M, 3arpy)KeHHbIMH B ycTaHOBKH TaKoro KJJacca. 

,[(.n.R perneHHH noCTaBJJeHHOH 3a,lla4H npe.u11araeTCH HCnOJJb3OBaTb Tpa,llHL(HOHHbIH MeTO,l]. HM­

nynbCHoro tteihpoHHoro HCTO4HHKa. 

Ha peaKTope MAKET 6y.neT c¢opM11posaHo ttecKOJJhKO MOJlH¢11KaUHH T.SJ)Ken oBo}lHblX pa3-

MHO)KaIOI.l..lHX peweTOK. 86JJJ13H aKTHBHOH 3OHbl ycTaHOBKH C 3arp~eHHblM Tonm1BOM pacnonara­

eTC.SI HMnyJJbCHblH reHepaTop HeHTpOHOB 11Hr-03M. Tioc11e sse.ueHIDI B c6opKy HeHT p OHHOro HM­

nynhca perncTpHpyeTCSI OTKJIHK aKTHBHOH 3OHbl B onpe.ue11eHHblX TO4Kax c6opKH C npHMeHeH1-1eM 

KaHanos KOHTpOJJSI HeHTpOHHOro nonsr pa6oTaJOW.HX B pe)KHMe speMeHHOro aHaJ1H3a. no pe3yJJb­

TaTaM aHaJJH3a cpopMbl HeHTpOHHOro nOJJSI BO speMeHH nenaeTCSI BbIBO)J. 0 KOJ1H4eCTBe JIM B aK­

THBHOH 30tte YCTaHOBKH. TipH BbinOJJHeHH.H pa6oT 6y)J.yT: 

- HCCJle}losaHbl pa311H'-1Hble cpyttKL(HOHa.Jlbl, O}lHO3HalfHO CB.Sl3aHHbie C no.nKp11TH'lHOCTblO pa3-

MHO)KaIOW.HX perneToK; HCCJJe,llOBaHHSI" npe.nnonaraeTCH npOBO,llHTb C pa3MHO)Kaf()I.l..lHMH p eweTKa­

MH pa3nw-1m,rx reOMerp1111 H cocrnsa; 

- BblnOJJHeH aHaJJH3 3aBHCHMOCTeH TIOJJy4eHHblX ¢YHKU.HOHaJ108 OT no,nKpHTH4HOCTH HCCJJe.uye­

Mb(X perneTOK, 'ITO IlO38OJJHT c.uenaTb BbI6op Ha116onee HHcpopMaTHBHOro ¢YHKL(HOHaJJa , KOTOpb!H 

Ha11.6011ee a.neKBaTHO xapaKTep1-13yeT KOJ1H4eCTBO 5IM B peweTKe; 
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- pa.3pa6oTaHa 11 C03.LJ.aHa HJMep1ne11bHaH armaparypa .n.m1 perncTpau1111 tteirrpoHHO-q>H3H4eCKHX 

napaMeTpOB, He06XO,lJ.HMblX .ll.1151 Bbl411CJleH]1.Sl q>yHKU,MOHaJla; 

- pa.3pa6oTaHO He06XO,lJ.HMOe nporpaMMHOe o6ecneLfeHHe ,lJ.1151 o6pa60TKH pe3yJlbTaTOB H3Mepe­

HMH, Bbl411CJieHH.sJ cpyHKUHOHana 11 ynpaBJieHH.sJ H3Mep1nenbHOH annaparypoH. 

B pe3y11bTaTe 6y.n.eT C03,lJ.aH H3MepHTeJlbHbIH KOMTIJleKC, ocyw.ecTBJ1.sJJOUll1H KOHTpOJib JIM B .n.e11-

CTBYI01UHX ycTaHOBKax B peanbHOM BpeMeHl1. 

8. 3. J1-cnepu..111eHll1QJlbHble UCC.T/eOOBOHWl HeiimpOHflO-c/J1nu•1eCKUX napa.MempoB nlJ/:>ICeJIOBOOHblX 

pa3Mfl0:J/C0/01l{UX pewemoK HOBb/X nepcneKntll(Jlfb/X ycmal/OBOK 0./lJl Hapa6omKU U30tnOnHOU npooyKZfUU 

IJ,eJlbl:O 3KCnepHMeHTa .sJBJBieTC.sJ o6ocHOBaHHe jI.LJ.epHOH 6eJonacHOCTH 11 npoeKTHbrX HeH­

TpOHHO-q>H3H4eCKl1X napaMeTpOB aKTl1BHbTX 30H C03,lJ.aBaeMbTX HOBblX peaKTOpHbIX ycTaHOBOK .lJ.Jij! 

Hapa6oTKH J130TOTTHOH npO.LzyKU11H. B xo.n.e npose.n.eHj,fjl pa6oT 6y.n.yr onpe.n.eneHbl npOCTpaHCT­

BeHH0-3HepreTH'-IeCKHe pacnpe.n.enemrn HeifrpoHHbTX no11e11 s 11ccne.rzyeMb1x peweTKax; oue1-1eHb1 

peaKTl1BHOCTb JJieMeHTOB aKTl1BHOH 30Hbl 11 3cpq>eKTbl peaKTHBHOCTM 11cc11e.n.yeMbIX peweToK; no­

JIYLfeHhl npeu113HOHHble HeHTpOHHO-q>H31-P-JeCKHe napaMeTpbl TIDKeJlOBO,lJ.HblX pa.3MHO)l(al:01UHX pe­

weTOK, Heo6XO,lJ.HMble ,lJ.1151 Tecn1poBaH(,ljl nporpaMMHbIX KOMTIJleKCOB, npHMeH}leMblX .ll.Jl_jl (pH3HLfe­

CKOro pac4eTa T}l)l(eJlOBO,lJ.HblX peaKTOpHblX ycTaHOBOK. 

nosblWeHHble Tpe6osamrn K 51.LJ.epHOH 6e3onacHOCTH peaKTOpHblX ycTaHOBOK H KOHBepc1151 

opy)KeHHOH npOMblWJleHHOCTM, C8jl.JaHHa51 C B03pacTal:OlUHMH noTpe6HOCT51MH H30TOTIHOH npo­

.LJ.YKUHH LlJISI MHpHoro HCTIOJib30BaHH51 B HapO.LJ.HOM X03}lHCTBe, Tpe6yJOT C03)J:aH(,ljl HOBblX 6011ee 

3cpq>eKTHBHbTX H 6e3onaCHblX H30TOTIHblX peaKTOpOB. C03.n.amre Ha peaKTope MAK.ET q>l13HLfe­

CKOH MO,lJ.eJIH HOBOrO H30TOnHoro peaKTopa cyw.ecTBeHHO TIOBblCHT 3cpq>eKT11BHOCTb pa6oT no 

no.n.rOTOBKe pa6o4ero npoeKTa HOBOH ycTaHOBKH H BBO.LJ.Y ee B 3KCrnJyaTaUHl:O, 4TO .n.acT 60J1blllOH 

3KOHOMH4eCKHH 3q>q>eKT. TTp11MeHeHHe q>H3H4eCKOH Mo.n.emt Ha peaKTOpe MAKET B Ka4eCTBe yc­

TaHOBKH conposm1mett11jl HJOTOnHoro peairropa nocne sso.n.a ero s JKcn11yaTaUH10 no3so1111T one­

paT11BHO BblTIOJifillTb 11cc11e.n.osaHH51 HOBblX pe)f<HMOB pa60Tbl peaKTopa, 4TO o6ecne4HT Bh!COKYJO 

.si.n.epttyl:O 6e3onacttocTb ero JKcnnyarnuHH . 

.[Lrljl peweH11.si TIOCTaBJleHHOH 38,lJ.aLfH 6y,I.J.eT ocyw.ecTBJleHa MO,lJ.epHH38LJ.(,ljl TeXHOJJOrH4eCKHX 

CHCTeM peaKTOpa MAK.ET C ueJlblO C03,lJ.aH(,ljl 11a ero 6a.3e q>l13114eCKOH MO,I.J.en11 1130TOTTHOro peaK­

Topa. Ha q>l13HYeCKOH MO,lJ.eJlJ,f 6y.n.yr BblTIOJIHeHbl W11pOKOMaCWTa6Hble 3KCnepHMeHTaJlbHble 11C­

cne.n.osaHH51 Hei:tTpOHJIO-q>H3114eCKHX napaMeTpOB 1130TOTTHOro peaKTopa: KpHTH4eCK.HX napaMeT­

poB MO.LJ.Hq>HKaUMH peweTOK q>l13Hl.feCKOH MO,I.J.e11H; peaKTHBHOCTH 3JleMeHTOB peweToK; TeMnepa­

TYPHOro 3cpq>eKTa peaKTHBHOCTH peweToK; npocTpaHCTBeHH0-:3HepreTJ1l-leCKl1X MHKpO- 11 MaKpO­

pacnpe.n.eneHHH TIJlOTHOCTH TIOTOKa HeHTpOHOB 8 11ccne,I.J.yeMblX peweTKax, a TaJOKe pacnpe.n.ene­

HHH HeHTpOHHO-qJ113114eCKHX cpyHKU,HOHaJlOB. 

8. 4. 31-cnepu.HeHma·1bHb/e l/CC.T/eOOBOHUJl /feiimpo11110-cpu3U'leCKUX napa.MempoB mfl:JICeJIOBOOHb/X 

ypaH-mopueBblX peutemoK 

U:eJlbl:O 3KCnep11MeHTa HBJJ51CTC51 Hapa6oTKa 6aHKa npeUH3HOHHblX 3KCnepHMeHTaJ1bHblX ,I.J.aH­

HblX ,lJ.JI.s! TeCTHposamrn 11 sep11cp11Kau1111 pac4eTHblX nporpaMM, 11CTIOJlb3yeMhlX ,lJ.J151 pac'-leTa U-Th 
TOTIJlHBHOro u111urn. B nocne,I.J.HHe fOJ].bl 80306HOBHJJC51 HHTepec K ypaH-TOpHeBOMY TOTIJIHBHOMY 

UHKJJy. B p51J.J.e pa6oT LANL B paMKax npoeKTa ABC TOpHeBblH UHKJl npeMaraeTc51 .ll.JlH .LJ.O)l(Hra­

HHH pa.n.11oaKTHBHbIX ,I.J.OJlfO)l(HBYlllHX OTXOJ.J.08 aTOMHOH JHepreTHKH. TaKoe BHHMaHMe K TOp1110 

o6ycnosneHo rnaBHbIM o6pa.30M J.J.BYMjf npt-r'-IHHal\111: 

- ero noTeHUHaJlbHblMH B03M0)l(H0CTSIMH pe3KO CHH311Tb pa,I.J.HaUHOHHYl:O TOKCl14HOCTb OT .n.onro­

)f(HBYlllHX OTXO,lJ.OB ( oco6eHHo ,lJ.J151 UHKJJOB Ha )1(11,!lKOM .S!J.J.epHOM TOTIJIHBe ); 

- 803MO)KHOCTblO C03,I.J.aHHjf 51JJ.epHOH 3HepreTHK11 C "6eCKOHe'-IHblM" pecypcoM TOTIJIMBa (aHaJIO­

fH'--IHO 6b1CTpbIM peaKTopaM Ha U-Pu u11KJ1e). 

Oco6blH HHTepec npe.LJ.CTaBJ1511:0T T.sDKeJIOBO,lJ.Hble ycTaHOBKH C ypaH-TOpHeBblM UHKJIOM, no-

3BOJT511:0ll.U'1e C03,I.J.aTb TenJlOBble peaKTOpHble ycTaHOBKH-pa.3MH0)KHTeJ111 C BblCOKHM yposHeM BOC­

npOH3BOJ.J.CTBa H B03M0)l(HOCTbJO Hapa60TK11 
233U BblCOKOH KOH.LJ.HUHH. CocTaBHOH l.faCTbJO C03,lJ.a­

HHSI peaKTOpHblX ycTaHOBOK HOBOro THna cny)KHT pa.3BHTHe MeTO,lJ.OB pac4eTa 51.LJ.epHhIX peaKTO-
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o.B- CymeCTBYIOUlHe 3BM-nporpaMMbl , np11Mem1eMble JlJlH pac4eTa TH)l(eJJ0BO)J.HhlX pa.3MHO­

:at-01UHX CHCTeM, nOKa.3aJJH, 1ff0 cyll.leCTBYIOT onpe)J.eJJeHHble npo6JJeMbl KaK a fot6JJHOTeKaX 

rpynnoBhlX K0HCTaHT, TaK H MaTeMaTl-flleCKHX MO,nem1x, peaJJH30BaHHblX B ,uaHHblX npor paMMaX. 

3TO o6CTOSITeJlbCTBO Bbl3b[BaeT He06XO,llHMOCTb C03.n;amrn 6116m10TeKH TeCT0BblX npeU,H3H0HHblX 

MOJl.eJJeH TSl)l(eJJOBO,llHblX pa.3MHO)l{alOUlHX peweTOK. 

OJI.HHM 113 waros, HanpaBJJeHHbtX Ha pewemre 3TOH 3a,ua'-tH, 1£BJU1eTcsi npe.n;naraeMasi npo­

rpaMMa npeU,H3HOHHblX 3KcnepHMeHTIUIJ,HblX HCCJJe,uosaHHH HeHTpOHHo-cj:rn.3HlfeCKHX 11 3KCnnya­

Tal(H0HHbIX napaMeTpos TH)KeJJOBO.UHblX U-Th pa.3MHO)Kal01UMX perneTOK Ha peaKTope MAK.ET. 

,nrur Hapa6oTKH 6aHKa 3Kcnep11MeHTaJJbHblX .UaHHblX O U-Th TSl)KeJJ0BOJI.HblX pa.3MHO)KafOUlHX pe­

meTK3X Ha peaKTOpe MAKET npe,unonaraeTCSI BbinOJIHHTb CJTe,ll.)'K)UlMe 3KCrrep11MeHTaJJbHbie HC­

cne.z:i;oBaHHSI: 

- Kplffi,rtleCKHX napaMeTpOB HCCJTe.uyeMbIX peweToK; 

_ peaKTIIBHOCTH 3JieMeHTOB peweToK; 

- napaMeTf)a dp/dh (H3MeHeIDl.e peaKTMBHOCTH peweTK.H, CBSl3aHHOe C H3MeHeH11eM ypoBHSI TIDKe­

JJOH BOJl.bl B 6aKe aKTHBHOH 30Hb1); 

- TeMneparypHoro 3cpcpeKTa peaKTHBHOCTM peweTOK" 

- npocTpaHCTBeHH0-3HepreTHlfeCKHX MHKpo- H MaKpopacnpeJJ.eJTeHHH nJJOTHOCTH TJOTOKa HeH-

-rpoH0B B HCCJle)],yeMhlX peweTKax 11 pacnpe.ueneHHH HeHTpOHHO-cpH3H4eCK.HX cpyHKU,HOHaJJOB; 

- pacnpe,ueJieHHH CKOpOCTeH. 
232

Th(n, y) peaK.l.zyf}( no o6beMy aKTHBHOH 30Hbl H B ITOJlHSl'-teH.Kax 

HCCJie,nyeMblX peweTOK. 

Pe3yJihTaTOM ITJlaHHpyeMblX 3Kcnep11MeHTaJJbHblX HCCJJe,D;OBaHHH 6y.n.eT Ha6op npeU,H3H0HHblX 

)J.aHHbIX JI.JUI Tecn1poBaHMSI H BepHq>MKaU,HH paCLfeTHbIX nporpaMM, HCnOJib3yeMblX .n.mr pact.teTa U­

Th TOilJlMBH0ro UHKJJa. Ha ccpopMHpoBaHHbIX peweTKaX 6y.uyT Bbin0JIHeHbl urnpoKOMaCWTa6Hbte 

3KCnepHMeHTaJJbHbie HCCJJe,UOBaHHH HX HeifrpOHHO-<pl13H'leCKHX napaMeTf)0B. 

8. 5. l1cnb1maHue u eeeoeHue e 3Kc1wyama4u10 A1Ho20Ka1JanbH020 U3MepumeJIR p eaKmueuocmu 

C 6b/COKUJ\1ll (jJyHKlfllOHQllbHb/MU 603.'vfO:JICHOCmJU\W OJ/fl 111.Jl:>ICeJ/0600HblX p03MHO:JIC010UfUX p eute /11 01( 

l(eJlbfO 3KCnepHMeHTa SI.BJJSleTCH l1CITbITam1e pa.3pa6oTaHHOfO C0Tf)YJI.IDIKaMH peaKTOpa MA­
KET H3MepHTeJlbH0fO K0MrrneKca HenpepbIBHOro KOHTp011.SI B peaJibH0M BpeMeHH 3a peaKTHBH0-

CTbfO TSl)l(eJlOB0JJ.HblX peaKTOpHbIX ycTaHOBOK. 

Heo6xo,UHMblM KOMIT0HeHTOM COBpeMeHHOM CY3 SIBJlSleTCSI BblY.HCJIHTeJih peaKTHBH0CTH - pe­

aKTHMeTp, IT03BOJ1ID0ll(HH B pe)l(J1Me peaJJbH0ro BpeMem-1 nonyY.aTh B nerK0 socnpHHHMaeMOH 

cpopMe HH<pOpMaUHFO, xapaKTep113)'K)lll)'K) pa.3MH0)1(al0UlHe CBOHCTBa aKTHBHOH 30Hbl. B HaCT0SI­

LUee BpeMH B J1T3Cl> Be,UYTCSI pa6oT£,I no C03,ll.aHHIO MHOfOKaHaJTbHOro H3MepHTeJIH peaKTHBIIOCT H 

C BblCOKHM}I cpyHKU,HOHaJJbHblMl1 B03MO)l(HQCT5£MH JlJlSI TH)l(eJl0BO)J.HblX pa.3MH0)KaJOW.H.X peweT0K. 

11cnoJI.b30BaHHe TH)KeJIOH BO.Ubl o6ycnaamrnaeT cneu11cpHlieCKHe oco6ettHOCTH MeTOJlHKH 113Mepe­

HH.SI peaKntBHOCTH M.3-3a HaJTHt.tHSI <pOTOHeHTpOHOB. Ha )laHHblH MOMeHT H3fOT0BJJeH ' mlJJOTHbllf' 

BapHaHT H3MepHTeJ151 peaKTHBH0CTH KMP-4 (c t.teThlpbMJI KaHaJJaMH H3MepeHH.SI peaKTHBHOCTa). 

HcnbJTaHH.SI peaKTHMeTpa Ha peaKTope MAKET 11 npOMblWJieHHOH ycTaHOBKe npoJleM0HCTpHp0-

BaJJH ero BblC0KHe 3KCnJTyaTaUHOHHbie xapaKTepHCTHK11 H IlOKa.3aJJl1, YT0 cymecTByeT npHHUHnH­

aJJbHaH 803M0)l(HQCTb nOBblCHTb T04HOCTb H JI.0CTOBepHOCTb pe3yJJbTaTOB H.3MepeHHJI peaKTHBH0-

cn1 peweTKH B ~ 5 ... 7 pa.3. ,[(aJTbHeHWaH MO,UepHH3au1,rn H3MepHTeJibH0ro K0MnJleKca, HanpaaneH­

Hasi Ha 0OBblWerrne .U0CTOBepttocnt pe3yJlhTaTOB H3MepeHHH, onpe.D.eJJHeTCH pa.3pa60TKOH MeT0JlH­

KH yt.teTa 3cpcpeKTOB B03M)'Ulemrn HeHTpOHHOrO ITOJlH peweTKH, o6ycJJOBJleHHOro JTOKaJTbHblM BBe­

}lettHeM peaKTHBH0CTH. 

Cyll.leCTBYIOT .n.sa cnoco6a peweHH» 3TOH npo6neMbJ: yaen11Yett11e 1.rnc11a He3aBHCHMbL\ KaHa­

JI0B H3MepeHHH; npr1BJ1et.teH11e MeTOJl0B MaTeMaTH4eCKoro MO)J.eJIHpoaaHH.sl B03MYll(eHHH HeH­

ipOHHOro IlOJlH peweTKH, o6ycJTOBJJeHHOro JIOKaJTbHblM BBe,UeHHeM peaKTHBHOCTH. ,[(JI.SI p e weHHSI 

3T0H 3a,nat.t11 Ha peaKTope MAKET Heo6xo ,n11Mo BhinOJIHHTb 3KcnepHMe11TaJTbHb1e 11ccn e.uosaHHS1, 

KOTOpbie Il03B0J151T pa.3pa6oTaTb tteo6XOJJ.HMbie MeTO)J.HKH KoppeKUHH BW-IHCJleHHH peaKTHBH0CTH, 
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BblnOJlHeHHhlX peaKTHMeTpOM, C y'-leTOM JlOKanbHhIX 3cp<peKTOB )le<popMau,1111 HeHTpOHHOfO nonsr 

peweTOK. Ilocne BCeCTOpOHHeii rrpoaepKH 113MepHTeJ1bHOfO KOMnJleKca Ha peaKTope MA.KET 6y­

J].eT JJ.aHo 3aKJ1104eH11e o B03MO)KHOCTH np11MeHeH11sr ero B KaYeCTBe 311eMeHTa WTaTHOH CY3. Pa3-

pa6aThrnaeMbrH 113MepHTeJibHb[H KOMnneKC HenpepblBHOro KOHTpOJl,SI B peanbHOM BpeMeHH 3a pe­

aKTHBHOCTblO TIDKeJlOBOJ].HblX peaKTOpHbfX ycTaHOBOK He HMeeT attanoroB B MHpe. 

,[{nH npoBeJ].eHH,SI 3KCnepHMeHTanbHblX HCCJleJ].OBaHHH Ha peaKTOpe MAK.ET 6YJJ.YT ccpopMH­

poaaHbl HeCKOJibKO MOJJ.H<pHKaUHH TIDKeJJOBOJ].HblX peweTOK, B aKTHBHOH 30He KOTOpblX 6yJlYT 

pa3Mell(eHb[ 3KCnepHMeHTanbHbte KaHaJihl )lJlSI J].aTt.JHKOB KOHTponsr HeiiTpoHHoro ITOJl,SI H3MepH­

TeJ1bHOro KOMITJleKCa KHP. floKanbHOe B03Myl.lleHHe HeHTpOHHOrO nom1 B 11ccne)lyeMblX peweT­

Kax 6y.D.YT C03JJ.aBaTb WTaTHbte pa601rne oprattbl peaKTopa MAKET HMe10m1-1e npHBO)lbt .LHICTaH­

UHOHHoro ynpaaneHIDJ. flOKaJlbHOe B03MYl.lleHHe tteHTpOHHOro ITOJUI B Hccne;:zyeMblX peweTKax 

6yJJ.eT q>HKCHpoBaTbCSI J].aT4HKaMH KOHTpOJUI HeHTpOHHOfO nonsr 113MepHTeJ1bHOfO KOMnneKca 

KMP, pacnOJlO)KeHHI,rMH Ha pa3HOM paCCTOSIHHH OT B03Mylll,eHHOH o6naCTH. 

Pe3yJ1bTaTh[ 3KCrrep11MeHTaJlbHbfX HCCJleJ].OBaIDIH 6ypyr MaTeMantYeCKH npOMO)lenHpOBaHbl C 

HCITOJ1b30BaHHeM pac4eTHhfX KOMilJleKCOB. Ilo pe3yJ1bTaTaM attanH3a pac4eTHhTX H 3KCnepHMeH­

TaJlbHbTX HCCJleJ].OBaHHH 6y,ueT pa3pa6oTaHa MeTO)].HKa KOppeKI.(HH Bb(llHCJleHHJI peaKTHBHOCTl1 c 

yt.JeTOM JlOKanhHblX 3cpcpeKTOB pacnpeJJ.eJleHIDr HeHTJ)OHHOfO ITOJl,S! perneTOK 11 anpo6au1-1e11 B 3KC­

nep11MeHTax no onpeJJ.eneIDtlO peaKTHBHOCTH 3JleMeHTOB aKTHBHOH 30Hbl peaKTopa MAK.ET. 

3aKJIIO'lenee 

l. KoHCTJ))'KTHBHl>[e oco6eHHOCTH peaKTopa MAK.ET TI03BOJ1.sllOT npoBOJJ.HTb Ha HeM Hccne­

)lOBaHHJI HeihpOHHo-<tnnH4eCKHX xapaKTepHCTHK peweTOK TSl)KeJlOBOJ].HblX peaKTOpOB pa311HYHblX 

KOHCTJ)YKI.(IDI H Ha3HaYeHIDl. 

2. KoMrrottosKa noMemeHHH H 06opy.uosamu1 peaKTopa 06ecne1-rnaa10T B03MO)KHOCTb tta,D;e)K­

HOH 11 6e3aaap11HHOH 3KcnnyaTaU,J,fH 11 npoBe)leHl1.sl 3KCnep11MeHTaJlbHblX HCCJle)lOBaHHH B ITOJlHOM 

COOTBeTCTBHl1 c Tµe6oaaHHJIMlf opraHOB Ha)l3opa. 

3. KOHCTpYKUHSI peaKTopa o6ecne4HBaeT Ha,D;e)KHOCTb H npoqHOCTb ero 3JleMeHTOB, HCKJU04a­

eT B03MO)KHOCTb 113MeHeHIDI ero reoMeTJ)HJ,f. 

4. KOHCTPYKU.HR peaKTOpa o6ecneYI-18aeT B03MO:>KHOCTb HCcne.uoaaHHJl KpHTHYeCKHX H ITOJJ.­

KpHTHYeCKHX T.sl)KeJlOBO.UHblX peweTOK pa311HYHblX COCTaBa H reoMeTpHH C uenbK> Hapa60TKH npe­

UH3HOHHbIX ,llaHHhTX M.sl nposepK11 H KOppeKI.(HH pacYeTHbIX nporpaMM H ou,eHKH 3cpcpeKTOB, 

o6ycnosneHHb[X JJOKanbHblMH HeO)lHOpO.UHOCTRMH peweTOK. 

5. CHCTeMa ynpasneHHSI H 3amHTbI OOJlHOCTblO o6ecnet.JHBaeT H,D;epttylO 6e3onaCHOCTb peaK­

TOpa . .D;onOJlHHTeJlbHa.sl 3amHTa peaKTOpa o6ecnei:.nrnaeTC.sl_ CJ111BOM 020. 
6. IlpH npose.n.eHHH 3KCnepHMeHTOB KpHTH4eCKOe COCTOSIHHe 6y.D.eT .D;OCTHraTbC.sl TOJlbKO npH 

ITOJlHOCTb}{) H3BJle4eHHblX CTep)KHSIX A3 H .n;rr, cne,D;OBaTeJlbHO, 3anac peaKTHBHOCTH Ha ynpasne­

HHe peaKTOpOM paBeH secy CTep)KH.sl AP (0,2 %). 
7. HaH6onee T.sl)KeJlajJ 3anpoeKTHa.sl (nmoTeTI1YeCKa.s1) aaapliSI npHBO.ll.HT K KpaTKOBpeMeHHO­

MY )lOCTH)l(eHHIO MaKCHManbHOH MOinHOCTH Kp11TC60pKH He 6onee 3 5 MBT, He npHBO.LJ.Rl.lleMy K 

yse1111'-leHHK> TeMneparypbl D20 6onee 30 °C H nepeo6nyYeH1110 nepcottana. 

8. TeMneparypHblH H nycTOTHhIH K03cpcpHI.{HeHTb[ peaKTHBHOCTH, o6ycnOBileHHble HarpeBOM 

020 H ee KHITeHHeM B men.six TOnIIHBHblX KaHanOB, KOMnettc11py10T npH tteynpasn.sieMOM pa3roHe 

peaKTHBHOCTb 0,6 % 6e3 pacn11aaneH11sr TBC. 

9. 3amHTa peaKTOpa o6ecne~maaeT 6e3onacHy10 .ll.03HMeTpH4eCK)'10 o6CTaHOBKY B ycnOBH.slX 

HOpManbHOH 3KCnnyaTaLJ,111,f H asapHHHblX c11ryau,11.six. 

ABTOpbl C411TaK>T CBOHM )lOJlfOM Bblpa3HTb 6naro.n.apHOCTb COTJ)Y.ll.HHKaM l-1T3<1>, CblrpaBWHM 

6onhWYK> ponb B C03JJ.aHHH 11 06ecneLJeH1111 6e3onacHOH 3 Kcnnyarnu,i,rn peaKTopa MAKET, - 3TO 

B11a,zu1M11pcK11H B.B., fp11Top.s1H P.A., Kapaaaes r.H., MyxaMe.D.oB .n;.M ., MeJJ.)K116oscKHH 
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IlpaBHJia o<)>opMJieHHH cTaTen 

CTpH no.nrOTOBKe CTaTbH e c6opH.llK aBTOp .llOJI)KeH pyKOBO.llCTBOBaTbCll CTaH.napTOM "OpHrHRaJll,I aB­

TOpCKHe H TeKCTOBb!e 113.llaTeJlbCKHe' (OCT 29.115 - 88). K aeTOpCKHM opHrHHaJiaM, nepe.naeaeMbIM .l{JUI 

113)).am,ui, npe.llbJIBJilllOTC.11 cne.n)'IOru.He -rpe6oBaHIDI: 

1. 3K3eMTIJIJ!p CTaTMI .llOJI)KeH 6bITb nepBbIM, omeqaTaH Ha OJlHOH crnpoHe JIHCTa cpopMaTil A4 lllpH<p­

TOM .N"!! 12 qepe3 2 HHTepea.rra. CTaTbll .ll0Jl)l(Ha 6hITb COCTaBJieHa B CJie.n)'IOmeM □OpH,ll.Ke : HH,LJ;eKC Y)U{; 
3arnaslle; HHHUHaJibl 11 cpaMHJIHH aBTOpoB; MeCTO pa60Tbl Ka)K.ll0f0 aBTOpa C fiO'-ITOBblM a.npecoM; aHHOTa­

u1rn Ha pyccKOM H attrJIH1iCKOM H3b!Kax (He 6onee IO CTJ)OK Ka)f(Jla.11); TeKCT; cnHCOK 1rnrepazypbI; p11cyH1rn; 

no.np11cyHoqHbJe IlO,ll.illlCH (Ha OT,ll.eJlbHOM JlJ,fCTe). 

2. CTaTbH ,ll.OJl)KHa TaK)Ke npe.nocTaBJlllTbCll o6ll3aTeJibHO B BH.lle )JieKTJ)OHHOH BepcHH 06brt1HbIM 

mpeq>TOM ]'fa 11 Times New Roman, Me)KJI.YCTpoqHh1H HHTepBan - o.nHHapHbIH, B pe.naKTope Word 97 mrn 

6oJiee Il03,ll.HHX BepcHH. TeKCT He cpopMarnpyeTCll, B KaqecTBe HMeHH cpaHJia HCIJOJlb3yeTCH <l>HO rrepsoro 

aBTopa CTaTbR. KaBbNKH B TeKCTe CTaBHTCH npH aHrJIHRCKOH pacKJia,D.Ke KJiaBHaTypbl (" . . "). 

3. Co.nep)KaHHe CTaTbH ,D.OJI)KHO 6bITb KpaTKHM 11 qeTKHM. 11:CKJUOqruoTCH o6LUHe paccy)l()].eHHH, H3BeCT­

Hb!e IJOJIO)KeHHH. He .norrycKaeTCH .ny6JIHpOBaHHe MaTep11ana B TeKCTe, Ta6JIHUax, noAp HcyHoqm,1x Ha.D.ITH­

CID(. Heo6xomwo co6mo.naTh e,D.HH006pa3He B HamIcaHHH TepMHHOB, HaHMeHOBaHHH'. q>H3~eCKHX BeJIH'¾HH 

H e.nHHHU H3MepeHHH, ycJIOBHbIX o603HaqeH.Hif, COKpameHHH, CHMBOJIOB. HaHMeHOBaIDUJ H o603HaqeHffH 

e,D.HHHU cjlH.3HqecKHX BeJIBllliH Heo6XOI(11MO npHBO)].HTb B CHCTeMe Cl1. 

Heo6xo.nHMo o6pamaTb BHHMaHHe Ha Han11caHHe rrpoITHCHbIX H c-rpoqHbJX 6yxB: pyccK.He H rpeqecK.He 

6yKBbl (a, ~. Y, <pH T.JI..) Ha6HpaIOTCH ap.HMO, a JiaTHHCKHe (x, y, z, w H T.,D..)- KypCHBOM. Te )Ke -rpe60Bamu1 

s o603HaqeHIDIX ffY)l(HO co6mo.nan, np11 HaIJHCaH.HH HHJI.eKcos H cTerreHei1: B q>OPMYJiax. 06o3Ha'leH.IDI MaT­

pH.l.( H BeKTOpOB Hafo1pruoTCll nOJIY)KHpHbIM rnpH<j>TOM rrpHMO. <l>OPMYJib!, BKJTJOqeHHI,Ie B TeKCT, CJie.n.yeT 

Ha6upaTb 6e3 yBeJIJ1qeHW1 HHTepsana Me)l(.ny CTpOKaMH, HanpHMep bi d, exp(x/e). 

4. Ta6JIH.l.(bl ttyMep)'IOTC.11, Ka)l(Jta.11 Ta6JIHIIa JJ:OJI)l(Ha HMeTI, 3aroJIOBOK. CoxpameHHH B rpacpax ra6mnn,1 

He norrycKalOTCH. B TeKCTe Heo6XO)J.HM1,J CCbIJIKH Ha see rn6mnD>I. Ta6mUD,l neqaTaIOTC.11 B o6w.eM TeKCTe 

nocJie nepBOH CCbIJIKJ,f. 

5. <I>opMYlibI H 6yKBeHHhle o603Hat.teHWI BeJIWIHH AOJI)KH_bl 6b!Th pa3Met.teHl>I H cproy pacmmj>poBaHbl. 

<I>opMYlibI ttyMep)'IOTCH apa6cKHMH UHq>paMH, HOMep CTaBHTCH C npaBOH CTOpOHbl JIHCTa B KpyrnbIX CK06-

Kax. HyMeposaTb CJie)].yeT TOJibKO Te cpopMyJibl 11 ypaBHeHHJI, Ha KOTOpbie eCTb CCbIJIKa B nocJie.n)'IOIUeM 

H3JIO)l(e!Ilrn. <I>opMyJlbJ BbIITOJIIDTIOTCll B pe.naKTope Equation 3.0 □pH HeB03MO)KHOCTH Ha6opa Ha KJias11ary-

l l 
pe ( x! , Y: , ~ f x ,- H T.n.). Ilo.nCTpO'IHbie H Ha.llCTpOt.!HbJe HH.neKCbl BBOWITCll C KJiaBHazypbI (X3, KM

2 
H 

0 y 

T . .n.), rpet.teCKHe 6yKBbJ BCTilBJI.IIIOTC.11 qepe3 MeHIO BcmaeKa ➔ CUMBO/I. 

6. B TeKCTe CTaTbH pHCYHOK 06.113aTeJibHO npe.ncTaBJilleTCH Ha OT.nenbHOM JlHCTe cj>opMaTa He 6onee A4. 
Ha pHCYHKax .norrycKaeTCll MmrnMaJibHOe qffCJIO o603HaqeHHH - xpaTKHe UH<ppOBbJe (no nopll.ltKY HOMepoB 

cnesa ttanpaso mrn no qacoBow CTpeJIKe) HJIH 6yKBeHHb1e o6o3HatfeHHH. Bee no.11cHeHID1 Bbrnocncsi B no.n­

pHcyttoqHbie TTOJJ:IlHCH. Ha o6opoTe Ka)K.llOfO p11cyttKa YKa3blBaIOTC.IJ cpaMHJIHH aBTOpOB, HaJBaHHe CTaTbH, 

HOMep pHCYHKa, o603Ha'leHIDI Bepxa H HH3a. BttyTpeHHHe Ha,n□HCH Ha pHCYHKax Ha6HpaIOTCH mpHq>TOM N!! 
10. Bmny Ka)K.l{Oro pHCYHKa .noJDKHbl 6b!Tb npr,rne.neHbl ero HOMep 11 no.npHCYHOt.!Ha.11 no.nnHCb urpHq>TOM N!! 
I 0. TT pH Hcl.J1F{t.{HH HeCKOJibKHX pa31IH'IHblX rpacj>HKOB Ha 0.llHOM pHCYHKe Ka)K.llblH 113 HID( o603Hat.taeTC.!I 

p y ccKHMH 6yKBaMH a), 6), s) 11 T.Jt. "'pacurncj>pOBb!BaeTCSJ. 

B KOMnbJOTepHOM s11.ne pHCY HKH npencTaBJI.IIIOTCff B OT,UeJibHbIX cj>aHJiax, BblilOJIHeHHbJe B rpacpffqe­

CKMX penaKTopax Paint, PhotoShop, Core/Draw s l!epHo-6enoM UBeTe (cpoTOrpaqnrn B pacTpOBOM cj>opMaTe 

tif, dpi-300). P11cyHK11 B Word He BCTaBJIJITb KpoMe cnyqaea, Kor.na p0cyHoK H3Hal{aJlbHO BbIIIOJIHeH B Word. 

7. CcbIJIKH Ha mITeparypy B TeKCTe nalOTCH no aopRJJ:KY apa6CKHMJ,f UH<ppaMH B KBanpaTHbIX CK06Kax. 

CnHCOK JIHTepaTypbl COCTaBJIHeTCH B TOH )Ke nocne.nosaTeJibHOCTH, B KOTOpOH npHBOJJ:H'TCH CCbIJIKH Ha JlHTe­

paTypy. <l>aMHJTHH H J,{f{l1UHaJibl aBTOpOB tta611paIOTCH TIOJIY)KHpHhlM KypcHBOM. 
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8. CfUICOK J111Teparypbl CJieJlyeT oq>opMJU!Tb B C00TBeTCTB.11H C rocy.n.apcTBeHHhlM CTaHn apT0M " 6H6-

JJH0rpacpnlfeCKOe om1Ca1ille Jl0KyMeHTa" (fOCT 7. 1-2003), a qacTH0CTl-1, Heo6xo.Q.HMO YKa3aTb : 

a) ,n.JUI )l(YPHallbH.bIX CTaTeH - q>aMMH11 H HH11UHaJII,J aBT0p0B (He Mettee TµeX nepBblX), HaJ.Bam,1e CTa­

Tbli, 1-Hi3B3Hl1e )KypHana (6e3 Kaa1,p:1eK), ro.l(, TOM , BbITIYCK, H0Mep, CTµaHI-Ulbl; 

6) ,WU! KHHr - cpaMHJlHH If HHHU:H~l aernpoe, nonHoe mneaHl:Je KHHfl1, MeCT0 113.QaHIDI, 113,nareJlbCTB0 

(6eJ KaBbNeK), ron H3Aamu1· 

a) wu1 aBTopecpeparoa n11ccepTamd1 - cpaM11111:JJO H l1IDfUJiaJihl cmropa HaJBaH.11e ~Tope4lepaTa m1ccep­

Tauim Ha C0HCKaHHe KaK0H ylfeHOH CTeneHH Han11caHa .QHCCepTal.{HH, Mec;T0 11 ro)\ 3aIIJ;HThI; 

r) Jl.Jl.ll npenplIBT0B - cpaMH.JJH.H 11 HHHL{HaJJbl aeTopoB, Ha3BaRHe npenpHHTa, HaH.Me.1:1oaaHHe H.3Jl.al-OI.UeH 

opraH11Jau1111, umcpp 11 H0Mep, Mecro 11 ro.n mi:tattH.11; 

.!l) JlJT.ll naTeHT0B - cpaMHJIJ1H H H.HJ1Ul1aJlbl aeTOp0B, Ha3Bamre naTeHTa, crpaey, l:I0Mep 0 KJiacc naTeHTa, 

.!laTY 11 r0.!l 3a.llBJ1eHHH 0 ony6m1KoBaHID1 narettrn; 

e) Jl.Jl.ll 0T'ieT0B - lpaMHJUlJi H H.HllllHaJII,I aBT0p0B, HaJBaH11e 0T'-leTa, H.HBeHTapm.IH. N!!, HaHMeH0BaIDte 

oprattw3au1111, roi:t a1,1nycKa; 

)I() Jl.JlH :meKTp0HHblX HCT0~IHMK0B - n0JTHblH 3JTeK-rpORHhli1 an_pec nOJB0Jl.lll-OW.Hfi o6paTHThCH K ny6Jll1-

KaUJ.ili. 

9. B K0HUe TeKCTa □epei:t CTIHCK0M JlHTepazyphl )'Ka3bJBa10TCR KOHTaKTHhlH Teneq>OH H, )l(eJiaTeJlbH0, 

aJJ,pec 3J(e1'.'TpOHHOH Il0'ITbI. 

BOIIPOC:bl ATOMHOH HAYKH H TEXHHKII 

C e p 1-1 H: <l>HJm<a H:JlepH.brx peaKTopos 

BMnycte 3 

OTBeTcTBeHHblil 3a BbinyCK C.M. 3apm..1,teuli 

Pei:taKTop B.B. filfe.rnm 

Oo.un11caHo a ne'-laTb 25.01 .06. <J)opMaT ?Ox I 08/16 
Oe'-laTb o<pceTHM. Yen. nc'-1. JI . 12,0. Y'-1.-113.ll, JI . 14,0. T11pa>1< 250. vlH.lleKc 3646. 11 craTei-1.. 3aKa.J 14 

Pacnpoc:-rpam1eTcl! 6ecnnaTHO 

Ome'-laTallO B PoCCHHCKOM 11ay•1HOM ueHTpe " Kyp•iaTOBCKl1H Hl!CTHTyr·· 
123 182, M oc1<0a, n11. Arca.ueMHKa Kyp'-laTOBa 
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