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H3AA TEAbCTBO «HAY4TEXAHTI13AA T» roTOBHT K BbtnYCKY 8 2004 r. 

KATAAOr 
«nP"160Pbl "1 CPE.ACTBA ABTOMATH3AUHH» 

(B BOCLMH TOMax) 

Beeb cneKTJ) npH60pOB H cpe,LlCTB aBTOMaTH3anHH co6paH B rpynrrhl IYO H3MepHeMbIM rrapaMeT­

paM H pa3MemeHbl B cne,LlYJOIUHX TOMax: 
1. npM60pbl AJlR M3M8p8HMR T8Mnepa-rypbl. 

2. npM60pbl AJlJI M3MepeHMR AaB118HMR, nepenaAa AaB11eHMR M pa3p8lK8HMR. 

3. npM60pbl AJlR M3Mep8HMJI paCXOAa lKMAKOCTM, ra3a, napa M CblnY'IMX cpeA. 

4. npM60pb1 AJlR M3MepeHMR YPOBHR. 

5. npM60pb1 AJlR onp8A8118HMJI COCTaea M CBOMCTB BeU,\eCTB. 

6. npM60pb1 OT06palKeHMR MH(l>OpMal,IMM (BTOpM"IHble npM60pbl: nOT8HL,IMOM8Tpb1, MOCTbl, 3neKTpo­

M3M8pMT811bHble npM60pbl M AP,), 

7. PerynRTOpbl, perynr.tpytOU,\Me ycTpOMCTBa 3118KTpM"l8CKMe, nHeBMaTM"l8CKMe, AaT"IMKM-pene, CMr­

Ha11M3aTOpb1. 

8. nporpaMMH0-110rM"18CKMe KOHTponnepbl (nflK) M nporpaMMHO-T8XHM"l8CKMe KOMnneKCbl (nTK). 

KaT8.Jior BKJDO"lae'r B ce6,:1 HHq>OpMaU,HJO no cepHHHblM npH6opaM, BbinyCKaeMblM npe.nnpIDITIDrMH-

113rQTOBlffeJIJIMH oTeqeCTBeHHOro H 3apy6e)KHOro npOH38OJ(CTBa. 

HH<popMal.{HJI no npH6opaM, npe.nCTilBJiettua.11 e KaTa.nore, paccqHTaHa Ha cneUHaJIHCTOB, 3aHJITbIX pa:3pa-

6oTKOH, npoH3BOJ(CTBOM H 3KcnnyaTauHeu npH6opHoi-t npoJJ.yKU1-rn H cpe,D,CTB aBTOMaT1nalJ,HH. KaTaJior co­

CTilBJieH Ha OCHOBaHHH HOMeHKJ1arypHblX nepetrneH no COCTOJIHHlO Ha 31.12.2003 r. H KaTaJIO)KHbJX om1ca­

HHH 3aeo.noe-H3roTOeHTe11e0 H npe.nno11arae-r e)l(ero,ZJ,Hoe o6uoBJieHHe. 

B JIHBape 2004 ro.na 6y.uyr H3Jlfilfbl ,!:\Ba TOMa KaTa.nora: 

TOM 1 - ITpH60pbl .L\JIJI H3MepeHID1 TeMneparypbl. 

ToM 2 - ITpH6opbl ,11,m1 H3MepeHHJI ,ZJ,aBJieHHJ!, nepena,ZJ,a ,naeneHHH, pa:3pe)l(eHHJI. 

THp8.)I( 1000 31<3., q>OpMaT H3,ZJ,aHHJI 60x88 1/8. 
Qetta O,1:\HOro TOMa KaTaJIOra B neqaTHOM HCTIOJIHeHHH (a TaK)l(e B 3JleKTJ)OHHOM HCnonuemm) B HaCTOJl­

mee epeM.11 )'TOl.{HJ!e'fCJI H 6y,L\e-r ony6JIHKOBaHa .nonoJIHHTeJJbHO. 

HlAaTeJlbCTBO openeMaeT 38Klllbl ea 3TB HJJJ,aUBH, 

HlAaTeJJLCTBO opernamaeT Bae K coTpy,nue'leCTuy. 

HOMeHKJiaTYPHblH KaTa.nor (JIH6o B neqaTHOM, JJH6o B 3JJeKTJ)OHHOM 

ui, H3rOTilBJIHBaeMble H(HJIH) peanmyeMble BaUIHM npe.nnpHJITHeM B 

BblX pa:3pa60TKaX. 

·pHa.noe 6ecnnaTnaH. 
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B Bblll)'CKax ",[(1rnaMHKa H 6e3onaCHOCTb H.D.epHblX 3HepreTHqecKHX ycntHOBOK" ny6JIJ1K)'lOTCH MaTep11am,1 
no cne.D.)'JOJ.QHM sonpocaM: 
- MaTeMaTH'-!eCKOe MO,nenHposam1e .D.HHaMH'-ICCKHX npoueccoB B 51.3Y H l1X 3JleMeHTax; 
- pe3yJibTaTbl 3KCnepHMeHTOB no ycT0.11'-IHBOCTH cTm110ttapHblX npouecCOB H o60CHOBattHIO 

MaTeManNecKHX Mo.uenei:i 51.3Y ; 
- pac'-!eTHble HCCJTe.D,OBaHIDJ ynpaBJICHHSI ' nepeXO)].HblX H asapHHHhlX npoueccos; 
- paC'-leTHb(e HCCJle.D,OBaJ-fllil ycTOM'4HBOCTH cTmHoHapHblX pe>1<HMOB 513Y ; 
- ,D.HarHOCTHKa CHCTeM H o6opy.D.OBaHIDI 513Y ; 
- om1caHI1ll H aHHOTaUHH nporpaMM pac'-!eTOB )].H.HaMHKH H 3KCnepHMeHTaJJbHblX HCCJTe)].OBaHHH; 
- pacqeTHO-TeopeTw1ecKoe 06octtosam1e pa6oTocnoco6HocTH H pecypca o6opy.D.oBaHIDI 513Y. 

The issues of "Dynamics and Safety of Nuclear Power Plants" contain information 
on the following subjects: 
- mathematical simulation of dynamic processes in NPP and their components; 
- experimental results on the stability of stationary processes and substantiation 

of mathematical models of the NPP dynamics; 
- computational analysis of controlling the transient and emergency processes; 
- computational analysis of stability of NPP's stationary modes; 
- diagnostics of NPP's equipment and systems; 
- description and summaries of programs for dynamic analysis and experimental studies; 
- computational and theoretical substantiation of serviceability and resource of the NPP equipment. 
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HacToHm:nu BhlnycK c6opHHKa 

DOCBHm;aeTCH CBeTJIOU IIaMHTH 

Jlbsa 11.uKoJiaeBnqa Ilo,ll.Jia3oBa 

23 HIOJIH 2003 roJJ;a CKOHqaJICH BeJJ;yW:HH yqeHblH s o6JiaCTH ,lJ;HHaMHKH 

H ynpaBJieHDH HJJ;epHbIX 3HepreTnqecKHX ycTaHOBOK, 

KaHJJ;HJJ;aT TexHuqecKHX HayK, JlaypeaT rocy,ll.apCTBeHHOH npeMHH 

IloJJ;Jia3oB JleB HnKoJiaesuq 

JleB Hm<orraeBHq Ilo)lJia30B po.n11ncsi 7 ceHn6psi 1932 ro,na. Tiocne ycneurnoro OKOITTamu1 MI1<I>H 6bm Ha­

npaBneH B H11KH.3T, B KOTOpOM pa6oTan AO nocne,nHero BpeMeHH. C nepBbIX .D.HeH pa60Tbl Bee CBOH CHJlbl, 

yMeIDte H opraHH3aTopcKHe cnoco6HOCTH OH OT,naBan HOBOMY B TO BpeMS! HanpaBJieHHlO - KOMITJleKCHOMY M0.D.e­

.ITTlp0Bamno si,nepHblX 3Hepren111ecKHX ycTaHOBOK, pa3pa6oTKe c11cTeM ynpaBJ1eHID1 H o6ecne'-leffilJO HX 6e3onac­

HOM 3Kcnnyarnu.1111. 

O6na.n.asi xoporneH Teopen1'-1eCKOH ITOWOTOBKOH, oprami3aTOpCKHMH cnoco6HOCTSIMH H MbIIIJJ1e1meM Hayt:J­

HOro pa60THHKa, 3a 3TH fO,ll,bl JleB liHKOJlaeBHt:J npornen nyrb OT HIDKeHepa .D.O 3aMeCntTeJlSI .D,HpeKTOpa OT,nene­

HIUI q>H3HKH H 6e3onaCHOCTH. B 1965 r. Jl.H. TIO)lJia30B ycnellJHO 3all\RTHJI KaHAHJJ.aTCK}'lO J].HCcepTau.mo, a B 

1973 r. 6hm yrBep)l(Jl.eH 8 ttayt:JHOM 3BaHHH CTapwero Hay'-IHOfO COTPYAHHKa. JleB Hm<.0J1aes11q 6bm BbICOK0KBa­

mrq>HUHpOBaHHbIM cnel(HaJIHCTOM, CHHCKaBillliM 3aCJI'Y)KeHHblM aBTOpHTeT 8 KOJIJleKTr-me HHCTHyYTa H cpe,AH 

pOCCHHCKHX H 3apy6e)l{HblX y'-leHblX. 

Hau6oJibJJHfH HayqHbTH H HIDKeHepHbIH sKJia,n Ilo)lJia30B Jl.H. BHec B 11ccne,nosamrn mrnaMHKH nonei-i 3Hep­

roBb1,neneHW1 6oJTblllHX KaHaJTbHblX peaKTopoB THna PEMK, a TaIOKe B npoBe,neHHe nycKOHaJla,Z\O'-IHblX pa6oT Ha 

Jlemrnrpa,ncKOH H HrHanHHCKOH A3C, B oTpa6oTKY 3Kcnnyarnu;110Hlfb1x pe)KHMOB, c11cTeM perym1poBaHllil oc­

HOBHhlX napaMeTpOB H pa3pa60TKY MeponpIDlTHH no CTa6IDU-13allHH He.HYpOHHhlX noJTei:t IlOJlJJa30BbIM n.H. 
MHoroe c,nenaHo ,l\JTSI aHanH3a 1IepHo6blnhcKoH asap1111 11 npe,noTBpall\eHJ,fjJ asapuw Ha peaKTopax THna PEMK. 

Hayl{Hble H npOH380.LJ.CTBeHHJ,Je AOCTH)KeHHR JlbBa HHKonaeBH'-la He0AHOKpaTHO 0TMe'-leHhI npaBHTeJlbCTBeH­

HblMH Harpa,naMH. Jles HHKOJlaeBHq IT0JTb30BaJICll 3acny)KeHHbLM aBTOpHTeT0M, ero 3HaJlH "' mo6111rn Ha MHOfHX 

A3C, ,npyrHX aT0MHblX o6beKTax, BCIOAY, r,ne OH npOS!BJlllJl CB0H 3HaHIDI Ii OTIJ,IT, yMem1e CITJl0THTb COTpYJJ.HH­

K0B .LJ.JlSI perneHIDI aKTYaJibHhlX 3a,na'-1. 

,Uo6pall naMub o Jlbse HHKonaeBH'-le ttascer,na coxpamrrc.H s Harn11x cep.nLlax. 

3 



IlaMHTH JlbBa Hm~onaeBH'-la Ilo.u;naJoBa 

23 HlOJUI 2003 ro.n:a ywe11 H3 )KH3HH ae.n:ymirn y'-leHbJH B 0611acn1 aTOMHOH 31:1epren11rn coTpyJJ.HHK Hay'-IHO­

Hcc11e.noaaTenbcKoro H KOHCTPYKTOpCKOfO HHCTHTyra 3HeproTeXHHKH llo,nJia30B J1eB HH.Konaesw-i. 

flo,nna30B JJ.H. npmuen B aTOMttylO 3HepreTHKY C nepBblX rnaros ee pa3BHTIDI H Bcer.na 6bIJJ aKTHBHblM CTO­

pOHHHKOM KOMnJleKCHhlX HCCJie,n:osatmH CJIO)KHbJX HeHTpOHHO-cl>H3H'-leCKJ.1X H Tennorn.npaBJIH'-!eCKHX npoueccoB 

B peaKTOpHblX ycTaHOBKax C OJJ:HOBpeMeHHblM rny6oKHM npOHHKHOBeHHeM B cymHOCTb npOTeKalOIUHX np01.~ec­

COB. Bb!COK<UI 3py,nHpOBaHHOCTb H aHaJlITTHlfeCKHe cnoco6HOCTH, nOBbilllettHa.11 socnpHHM'-IHBOCTb K HOBOMY, 

cnoco6HOCTb oueHHTb nepcneKTHBHOe 3Ha'-leID!e BblCKa3brBaeMblX H o6cy)KJJ:aeMbJX H,new, o6CTOllTeJlhHOCTb H 

JlOTOlIIllOCTb }"-leHoro c.nenanH ero HaCTOllII(HM JIH.D,epoM pa3BHBat0merocsi: HanpasnemtJI H O.D,HHM H3 Be.D.ymHX 

cneuwanHCTOB aTOMHOH :mepreTHKH. 

Haqano WHpOKOfO BHe.npelflUI aTOMHOH 3HepreTHKH B HapO.llHOe X.03.IIHCTBO nOTpe6osano co3.namu1 HOBhlX 

MeT0./1;0B o60CHOBaHIDI npoeKTHblX peweHHH no pa.3pa60TKe CHCTeM ynpasneHHJI, anropHTMOB se.neHHll 3KCnnya­

TaUHOHHblX pe)KHMOB H o6ocHOBaHIDI 6e3onaCHblX ycJIOBHH 3KcnnyaTaJ.J,IDI peaKTOpHblX ycTaHOBOK. B 1967 r. B 

oTpacn_w 6brna C03.D,atta KOMHCCHJI (no3,n1:1ee ceKUHJI HTC MwHaToMa) no AHHaMJ,l]{e no.n pyKoso.ncTBOM illesene­

sa 51.B., KOTopa.11 o6'be.[{HHHJia se.nymttx cneuHanHCTOB OTpaCJIH, 3aHHMaBllIHXC.ll sonpocaMH )].HHaMHK.H 5I3Y. 

AKTHBHblM y11aCTHHKOM 3TOH KOMHCCHH OT Hl1KM3T B Ka'-leCTBe 3aMeCT.HTem1 npeJ].ce,n:aTeJI.11 scer.na 6bIJJ J1eB 

HHKOJiaeBH'-1. Pa6oTa KOMHCCHH (ceKUHH) n03B0JIHJia KOOp.D.HH11posaTb H HanpaBJI.llTb OCHOBHhl e CHJlbl Ha C03,na­

HHe H cosepllleHCTBOBaHHe pa3pa60TKH MaTeMaTH'-leCKHX MO,D;eJleH, paC1leTHhlX MeTO.l].OB H MeTO.D;OB aHaJIH3a 

npoeKTHpyeMblX ycTaHOBOK. 

B HMKI13T c caMoro Ha'-!ana pa3BHTH.ll 1:1anpas11eHHll sonpocaM .ll.HHaMHKH H 6e3onac1:1ocTH TatoKe npHJ].asa­

nocb 60JibllIOe 3Ha'!eH.He. Y)Ke B 1959 r. 6blJI 113.lla.H npHKa3 - "c03,naTb pac'!eTHO-TeOpeTH'-leCKHH OT,ne11 C 3a.n.a­

LfaMH nposenemui: KOMITJieKCHbIX HCCJie,UOBaHHH ll'BJleHHH, HMelOIUHXCll B ycTaHOBKaX, a TaJOKe npoBe)leHIDI Bbf­

'-IHCJlHTeJlbHbIX H MOJ].enHpy10mHX pa6oT Ha Mannrnax YPAJJ H EAJ1KAJ1". l13 HMetomeroc.11 KOJTJTeK'rnBa cne­

UHMHCTOB 6b1Jl C03)].aH OT,nen .llHHaMHKH, ynpaBJJeHIDI H 6e3onaCHOCTH, B KOTOpbtH BOl.llJlH 6y.nym11e se.nym11e 

cneuHaJIHCTbl no HCCJle)].OBaHIDIM Jll-!HaMHKH 5I3Y, BKJilO'-la.ll flo,nJTa30Ba JI.H. 01:111 6blJTH nepsonpoxo.nuaMH, Ha 

nne'-IH KOTOpblX 11ernH OCHOBHble TPY.ll.HOCTH no CTaHOBJieHHlO paclfeTHblX HCCJie)].OBaHHH no ,n11HaMHKe, ynpaB­

nem-110 H 6e3onaCHOCTH B aTOMHOH 3HepreTHKe 11 nocne.ny10meMy L11HpOKOMY BHe.npemno 11X B npaKTHKY npoeK­

THpOBaHHJI H 3KcnnyaTal(HH .513Y. 

IlepBble MaTeMaTHlfeCKHe MO,nenH 11 MeTOAbl peweHID! orpamt'-111BaITHCb B03M0)KHOCTSIMl1 HMesweMCjl B TO 

speMjl Bbl'-111CJIHTeJihHOH TeXHHKH: 311eKTpH'-lecK11e apHcl>MoMeTpbl REINMET ALL, MERSEDES 11 .np., a TaK)Ke 

MaJible attanoroBbJe Bbl'IHCJIHTeJlhHble MallIHHbl THna MH-2 H umppOBbJe MallIHHbl c 6b!CTpO.D.ei:icTBl1eM l 00 one­

paUHH B ceKyH.ny THna YPAJJ. Ho )].a)Ke npM TaKMX orpaHH1leHHhlX Bbl'IHCJIHTeJlbHblX B03MO)KHOCTSIX y)Ke B TO 

BpeMjl no.n PYKOBOJlCTBOM Ilo.nnaJOBa JJ.H. )leJJaJIHCb nepBbie nonb!TKH KOMilJleKCHOfO MO,nem1poBaHHJ1 peaKTop­

HhlX ycTaHOBOK, npOBO)].HJIHCb pa60Tbl no C03JJ,aHHIO 11 OTpa60TKe CHCTeM ynpasneHHjl H o6ocHOBamno 6e30-

naCHOCTH. 

B 70-e fOAbl l.llHpOKO pa3BepttymtCb pa60Tbl no BHe)],peHHIO .5I3Y B pa31IH'-l.Hbie OTpacJIH HapO.D.HOfO X03$1HCT­

Ba. Pa3pa6aTbIBaJIHCb ycrnHOBKH AJI.11 MaJlOH 3HepreTHKH H TenrrocpHKal(l-1.H. llpoae,neHa KOMTIJieKCHall pa.3pa6oTKa 

Tennocl>11Kal.lHOHHOH ycTaHOBKH A TY-15 C opraH11'-leCKl1M TeJUIOHOCHTeJleM AJI.11 He6oJiblliHX npOMbIWJieHHblX 

ropo.nos, KOTopa~ Morna 6b1 nonHOCTblO o6ecne'IHTb MX Tennocl>11Kau1110. ,nnjl 06ecne'leHHJ1 npoueccos XHMH4e­

CKOH TexHonormt 6hm pa3pa6oTaH npoeKT BbICOKOTeMneparypHOH PY fPOTT c npHHU11n11anbHO HOBOH KOH­

uenu11ei1 OTBo.na Tenna. TenJIOBbl,ne11e1:111e B TBep.noM .D,BIDK}'l.UeMC$1 no KOJibuY TOITJIHBe ocymecTBJlj!JIOCb B Ma­

JlOM o6'beMe aKTHBHOH 30HbJ, a TeTIJIOOTBOA ocymeCTBJl.llJICjj no BCeH Jl11HHe KOJlbl.la. TaKa.11 "KapyceJlbHM" KOH­

CTPYKUHJI aKTHBHOH 30Hbl IT03B0Jll1Jla nOJI}"-IITTb Bb!COK.He TeMneparypbl )].JI.ll MCilOJlb30BaHHJI B XHMH'-leCKOH npo­

MbllllJJeHHOCTH. EblJI.H npopa6ornHbI npoeKTbI PY c ra.3006pa.3HbIM UHpKynwpymW.HM TOnJIHBOM. TaIOKe 6onhlllOe 

BHHMaHHe y,neJI.llJIOCb pa3pa60TKe TeruJOBblX H 6b!CTpblx peaKTOpOB C fa30BbrM TenJIOHOCHTeJieM. 6blJI pa3pa6o­

TaH npoeKT 6b!CTporo peaKTopa C reJIHeBbIM TeTIJTOHOCHTeJieM EfP-300. Ilp11 pa3pa60TKe 3THX ycTaHOBOK IlO)]. 

PYKOBO)],CTBOM l10,n11a3osa Jl.H. npOBO.D,HJIHCb llIHpOKHe pacYeTHble H 3KCnepHMeHTaJibHble HCCJie,noBaHHJI no 

C03.D,aHIDO HX CHCTeM yrrpaBJieHIDI H o6ocHoBamno 6e3onaCHOCTH. 

EypHoe pa.3B11Tl1e pa311H'-IHblX HanpaaneHHH peaKTOpOCTpOeHl1$1 npHBeno K Heo6xo,nHMOCTH pa3BITTHJI KOM­

nneKCHhlX MO)],eJleH Jl11JI HCCJle}lOBaH.IDI HX )].HHaMW'-leCKHX xapaKTepHCTHK, pa3pa60TKH CHCTeM ynpasJTeHHJI H 

o6ocHOBaHl1.ll 6e3onaCHOCTH. Bo3HHKJla noTpe6HOCTb B pa3pa60TKe HOBblX pacl.feTHblX MeTOJ).OB 11 paC'-leTHblX 

nporpaMM, 06ecne<J11Batom11x Tpe6yeMoe Ka'-!eCTBO npose.ne1:1ID1 pacYeTHblX Hccne.nosaHHH. 

C KOHUa 70-x ro.nos Ha-YHHalOT lll11pOKO pa.3BJ,tBaTbC$1 MeTOAbl npoc-rpaHCTBeHHOfO MO.D,enHpOBaHHll HeH­

TpOHHOH KHHen1KH aKTHBHbIX 30H 5I3Y. HcnOJib3yeMbie paHee O.D.HOTOLfe'-IHbie Mo.nem-1 HeihpoHHOH KHHeTHKH 

y)Ke He o6ecneYl1BaJIH Heo6XO)],HMOH TO'-IHOCTH MO)],enHposamrn npH pa3pa60TKe CHCTeM ynpaBJieH11ll 11 o60CHO-
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samm 6e3onaCHOCTH. AKTHBHbie 30Hbl 60Jibllll1X peaKTOp0B Tpe6ymT .!J.CTaJlbHOro H3Y'·lelHHI pacnpe.n.enemrn no­

TOKOB Heihpottos B aKTHBHOH 30He 11 HX y•urra npH co3.n.attHl! c11creM ynpaBJ1eHID1 11 3aID.HTbI. Ilo.n. pyKoso,uCTB0M 

l1o,D,Jia30Ba JI.H. C03,D,aeTCH 11 ycneurno 3Kcn.nyaT11pyeTCH K0MnneKc nporpaMM DINA, K0Topb1e 06ecne411sa10T 

11ccne.n.osamu1 npocTpaHCTBeHHblX 3cpcpeKTOB B aKTHBHbIX 30Hax peaKT0pHbIX ycTaH0B0K pa3Jll14H0ro T11na. C03-

.n.alOTCH 11 ycneumo 3Kcrr.nyaT11pyJOTCH JI0KaJlbHhie perynHTOpbl HeHTµOHHOH M0ll\HOCTH 11 3all.{11Tbl peaKTopa 

PBMK. Onpe.n.eJU110IIzy10 ponh B co3,uaH1111 Ta.KHX Mo,ueneli, pa3pa6oTKe nporpaMM H BHe,npeHH.H HX B npaKTHKY 
npoe1crnpoBaHID1 11 3Kcn.nyaTaw,111 cbrrpan Ilo.nnaJoB JI.H .. 

8 3T0T nep110.n: C03.D.a!OTCH K0MruieKCHb[e pac<ieTHhle nporpaMMbl, K0TOpble TT03B0JlHIOT np0B0AHTb K0M­

TTJleKCHhie 11ccne.n:0BaHID1 AHHaMl1KH nepeX0,D,HbIX 11 asapHHHblX pe)KJ,fMQB C0BMeCTHO C CHCTeMaMH K0HTpom1, 

ynpaBJieHIDJ H 3all.\HTbl, OTµa6aTbIBaTb anropHTMbl Be,D,emu1 pe)KHM0B H HaCTµOHKH CHCTeM aBT0MaTHt:teCKOro 

peryJTHposaHHJJ. XapaKTepH.hIM np11MepoM TaJ<.HX nporpaMM M0)l<eT CJT)')Kl1Th nporpaMMa PRISET, K0ToplUI no-

3B0JJHeT np0B0.LJ:HTb K0MOJleKCHbie 11CCJie,D,OBaH11.51 AJlH ycTatt0BOK pa3Jil1'-I.H0ro Ha3Hal.femut. TlporpaMMa nOCTpoe­

Ha no 6JJ04HOMY npHHI.UffiY, MO)KeT conepweHCTB0BaTbCH 11 pac1.D11pHTbCH 3a C'-leT pa3pa6oTKH HOBblX 6onee co­

BepweHHblX 6JJOKOB. ,l(nJi ycKopeHJUI BpeMeHH C'-leTa B nporpaMMe HCTTOJlb30BaHbl MeTO,IJ.bl pacqeTa, OTTTHMaJibHO 

HCIT0Jib3YJOll.\He paC'-leTHbie 803M0>KHOCTH BbNl1CJJHTeJibH0H TeXH.11.KH. 

3a KOMilJ1eKC paClfeTHO-TeopeTH'ieCK.HX 11 3KCnep11MeHTaJibHbIX pa6oT no HCCJie,JJ.oBaHHJO .D.HHaMH'-leCKHX 

cBoiicTB peaKTopos PEMK, no 06octtosa.H.H.10 11 stte,JJ.peHHJO JJOKaJlhHhIX c11cTeM peryn11posaHHH 11 3amHThI 11 pa3-

pa6oTKe MeTo,nos Kmrrpon.H AHHaMH'-lecKHX xapaKTep11cT11K PEMK B 1975 r. Ilo.nnaJosy JI.H. np11csoetto 3BaHHe 

naypearn focy,napcTBeHHOH npeMHH. 

Cne,D,yIOI.UH.M lllarOM B 0CB0eHl1H Bbl4HCJ111TeJlbHOH TeXHl1KH H 11CTT0Jib30BaHHl1 ee KaK Jl.1151 o6oCHOB8Hl-UI 

6e3onacHOCTH, TaK 11 ,nm1 ynpasJieHHSI 6htJ10 C03,IJ.8HHe KOMnneKCHOH Cl1CTeMbI KOHTµ0JIH, ynpasneHH.51, pery­

m,posaHH.SI 11 3al.I(HThI (KCYP3) AJIH ycrnH0BKH 300, K0TOpa.H 6brna ycnewtto pa3pa6oTaHa 11 3arrymetta B 

1975 r. Ha 6a3e YBM ,ll;ttenp-2 pa3pa6orntta H BBe,JJ.etta B 3Kcn.nyarnu.mo KCYP3, KOTopasi 06ecJJeq1-1sana 

K0HTp0Jlb pa6omcnoco6HOCTH ycTaHOBKH, )J,HarH0CTHKY 11 c6op 3KCnep11MeHTaJibHOH HHq>OpMa~1111. BTopoH 

ycnewttoH nonhITKOH Hcnonh30Batt1.u1 ynpaBJIHIOII.\HX Bhit:tHcmnenLHhrx MalllHH 6Lrno co3JJ.aHHe KCYP3 .n.nsi 

peaKTopos nma PEMK Ha 6a3e YBM CKAJIA. 3T11 c11cTeMbI c03JJ.aHbI H ycnelllHO 3Kcn11yaT11py10TC}l Ha 

scex 6noKax c peaKTopaMH PEMK. 
Ilocne asapH11 Ha IV 6noKe lfA3C Hat:faJI0CI, KOMTTJTeKCH0e ycosepmeHCTB0BaHHe scex MaTeMaTH'-leCKHX MO­

.neneH 11 nporpaMM, BKJlJ0'-1851 cTaTl-f'-lecKHe HeHTpOHHO-cf>H311'-lecKHe pac'-leThI 11 no.n.roT0BKY Ha HOBOH pact:teTHOH 

6a3e MaJI0rpynn0BhlX HeHTpOHH.hIX K0HCTaHT. 3To no3B0JTHJI0 y)l{e BO BTOpOH 00JlOBHHe 1986 r. C03,JJ.aTb CB51-

3aHHblH nporpaMMHblH KOMnneKc TRIADA (I-Il1.KM3T) c TpeXMepHbIM MO,JJ.enHposattHeM HeiiTpOHHOH KHHel'H­

KH, C 0,/J.HOMepHOH TeilJ10rHJJ.paBJIHKOH B K3)K,IJ.OH paC'-leTHOH nomur'-leHKe peaKTopa COBMeCTH0 C MO,JJ.eJIHpoBaHH­

eM OCH0BHOro o6opyJJ.oBaHIDI A3C, CH.CTeM KOHTpOIHl, ynpaBJieHHH 11 3alll,HT, KOTOpblH urnpOK0 HCnOnb30BaJICSI 

AJl5I attanl13a nepeoH cfia3hl aBapHH Ha ll.A3C H o6octtoBaHHH Mep n0BbIUieHH.H 6e3onacttocTH tta P.6MK .no Ha4a-

11a 1990-x rr. 
Ha octtose on:bITa C03AaJIBH, OTµa6oTKH H 11cnoJib30BaHHH K0MTIJieKca TRIADA c Y4eT0M HaMeTHBllleHCjj yCToH-

4HBOH reH,neH1.1,11.H. no }')lcecTOl.{effillo Tµe6osaHH.H K 6e3onacHOCTH A3C K KOHUY 80-x ro.uos ccpopMHJJOBanach K0H­

uel1I.(HH pa3BHTl1.SI CBH3a.HH0ro K0MTIJieKCHOro MareMaTifl-{eCKoro MO,JJ.emq>OBfiliIDI )J,H.HaM.11.KH 11 6e3onacHOCTH A3C. 

IlapanneJlbHO C pa3B11THeM MaTeMaTH"lJeCKHX Mo,neneH H pact:teTHhlX nporpaMM rrpocTpaHCTBeHHOH KHHeTHKH 

C0BeprneHCTB0BaJil1Cb pac'leTHble M0)J,eJil1 Ten11or11,npaBJTl1'1eCK.HX npoueccoB B aKTHBHOH 30He H o6opy,noBaHl111 

Komypos oxna)K)J,eHIDI peaKTopa. DblJUI pa3pa60TaHbl MaTeMaTH'-JeCKHe M0)J,eJIH, TT03B0JI51IOJJ.o,le rrp0B0J].11Tb non­

HOMaCWTa6HbJe pac'!eTHbte 11ccne,1J.0Ba.HIDI c YlfeT0M ttepaBHOBeCHOH Tennorn,npaBJIHKH B K3)K,IJ.OH TBC aKTHB­

HOH 30HbI. B pa3pa6oTKe KOMnneKCHhIX MO,ll,eJieH peaKTopttbIX ycrnH0B0K 6onhrnyJO ttay'ltty!O H opraIDl3aTOp­

cKyJO poJib CbirpaJI Ilo,nJiaJOB JI.H .. Ilo.D. ero pyK0BOACTBOM pa3pa6oTaHbI nonHoMaCUlTa6Hhre pac"leTHI,Ie K0M­

nneKCbI AJl5I 5I3Y PEMK, BK-300, EPECT 11 .n.p., K0T0pbte no3BOJISllOT npoBOAHTh nonttoMaClllTa6Hb1e 11ccne,no­

BaHHS1 ,IJ.11HaMHKH H o60CHOBaHH.H 6e3orracHOCTH C yt:teT0M cospeMeHHbIX TPe6osaHHH K 3KcruryaTaUIDI 5I3Y. 

B nocne.uH11e fO)J,bl CBOeH )KH3Hl1 11o,nJTa30B JI.H. y,neJISIJI 60JiblllOe BHl1MaH11e pa3pa6oTKe 11 ycoBepweHCTB0-

BaHHIO nOJIHOMaCUJTa6HhIX M0,lleJI11pYJOmHX paC'leTHblX K0MJUJeKCOB 11 6onee yrny6neHHOMY 0OHCaHHJO npo­

ueccoB B peaKT0pHb!X ycTaHOBKax. 
CBemnQJI. naA111mb o Jlbae HuKonaeBu'le HaBcezoa ocmanemcR 6 namux cepou,ax. 

Koll.ReKmue compyoHuKoo HHK113T ww. HA. ,aollfle:J/Ca.tlfl. 
PeoKO/UleZUJl c6opHUKa "BAHT. CepU51: (/)U3UKa JloepHblX peaKmOp06 " 

CeK7,JUfl no OUHG.MUKe u 6e10nacHocmu peaKmopoo u A3C HTC N9 I MuHamoMa 
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MATEMATH"IECKOE MOAE/U,1POBAHME H YnPABJlEHHE 

YJ.{K 621.039.51 

Mo~eJJHpOBaHHe 3KCnepHMeHTOB no onpe,a:eJJeHHIO no,a:KpHTH--IHOCTH PEMK 
C IIOMOIIJ.hlO nporpaMM TpexMepHOH HeHTpOHHOH KHHeTHKH 

VLH. lloi>1uoot4 H.H. q u11y11uH, HMKH3T, 101000, MocKBa, a/g 788 

B HacrnHmee speMl! .wrn onpe.neJJeFIIDI no.u;Kp0.rwrnocrn PEMK 11cnoJJb3yercll MeTo.u; c6poca crep)l<Hei1 CY3. 8 cra­
Tbe aHaJJH3MPYIOTCll K0ppeKTH0CTb J.I noBTOplleMOCTb :noro MeT0.11a, 3aBHCHMOCTb ero pe3yJJbTaTOB OT Bb!6opa rpynnbl 
CTep)l<Hew. CKOpocrn c6poca H HCXO.llHOH peaKTHBHOCTH peaKTopa. TipHBO.l{llTCli pe3yJJbTaTbl noJJHOMacruTa6Horo mrna­
MH9.eCKOro MO)leJJHpoeaHID! H3MepeHIUI no.u;KpHTHlIHOCTH. TTpOH3B0.l{HTCli TalOKe cpasttem1e nOJIY'leHlf.blX pac4eTHhlX 
pe3yJJbTaTOB C pe3yJJbTaTaMH ycJJOBH0-KpHTH'teCKOro pac'!eTa. t!HCJieHHOe HCCJie.u;oeaHMe npoB0.llHTCli C n0M0LUblO npo­
rpaMMbJ HeirrpOHHOro pac'!eTa DINA. Ha OCHOBaHHH noJJy<JeHHhlX pe3yJihTaTOB .11a10TCll KpHTepHH KOppeKTHOCTH H 
rpaHHUbI npHMeHHMOCTH omtCbIBaeMoro MeTO)la. 

3-D NUMERICAL SIMULATION OF RBMK SUBCRITICALITY DETERMINATION EXPERIMENTS. 
L.N. IPODLAZOV!, N.L. CHICHULIN. At present the method of conlTol rods insertion (CRI) is used for the experi­
mental determination of RBMK subcriticality. The correctness and recurrence of CRI-rnethod and its dependence on the 
rods group choice, insertion time and initial subcriticality is analyzed in the paper. Results of full-scale 3-D computer 
simulation of subcriticality measurements are adduced. Also, the comparison between the CRI-method and Kerrmethod 
is conducted. The numerical simulation is carried out with the DINA neutron kinetics code. On the grounds of the com­
parison results the limits of applicability for the CRT-method are given. 

1. IlocTaHOBKa Ja.uaqn 

,[(JUI LIITaTH0ro 3KCnepM.MeHTaJlbHOro onpe,D,ene­

IDI.JI no.n.KpHTH'-IH0CTH PEMK 11cnonh3yeTCH MeT0.ll 

c6poca ynpaBn.srromHX cTep)KHeH CY3, KoTopblH co­

CT0HT B cne.nyromeM. CHa'-laJla peaKTop BblBO.llHTCli B 

Ha)J,KpHTH'-leCK0e C0CT0IDrne C ITOMOl.l.\b!O nocne.uoBa­

TeJlbH0ro H3BJie'-leHH.ll rpynnhI CTep)l(ttei:i CY3, onpe­

.n.eneHHOH 3apa1-1ee no UJTaTHOH MeT0.D.HKe. ,l{ocTIDI<e-

1-11-1.e KpHTH'-leCK0ro C0CTOliHIDr BblpruKaeTCli B Hal.Jane 

ycTOHYHBOro pocTa M0LQH0CTH peaKTopa, nepH0.ll 

K0T0poro B C0OTBeTCTBHH C cymecTByTOll.lHMM npa­

BHJiaMH He )J.0JDKeH 6b!Tb MeHbllle 60 c H o6M'-IHO co­

CTaBllileT nopll)J.Ka 100 c, '-!TO C0OTBeTCTBYeT Ha.llKpH­

TH'-!H0CTH oKono 0, 1 P3<1><1>· PocT M0IIJ.H0CTH peaKTopa 

np0JJ.0JDKaeTCli ,!1.0 ypoBIDI, Ha 3 - 4 nopHJJ.Ka npeBbl­

waromero HCXO,!I.HblH ypoBeHb MOl.l.\H0CTH peaKTopa B 

IT0.llKPHTHKe. ,l{anee □p0113BO.llMTCli K0MneHCaltIDI pe­

aKT0pa - np1-rneneHHe ero B KpHTH1-leCK0e C0CT0liHH.e 

nyTeM norpy)Kemui B aKTHBH)'lO 30H)' HeCK0JlbKHX 

nocne)lHMX 113BJleYeHHblX CTep)l(HeH ynpaBJieHHli. 

TaKHM o6pa30M, peaKTop 0Ka3bIBaeTCli B CTal..\H0Hap­

H0M C0CT0lfHHH Ha MOll.lHOCTM (TeITJIOBOH) 0KOJI0 1 

MBT. TTocne 3Toro npoH3B0JJ.HTCli c6poc Bcex H3BJie­

LfeHHhlX cTep)l(HeH CY3 o6paTtto B aKTHBH}'IO 30H)'. 

C6poc cTep)l(HeH npoHCXOJJ.HT co WTaTHOH cKopo­

CTblO 0KOJI0 40 CM/c 3a BpeMH, paBH0e np11MepH0 12 

- 14-TH c. ITpH 3T0M M0U(HOCTb peaKTopa nanaeT, H 

no 3aBHCHMOCTH ee OT BpeMeHM C IT0M0ll.lblO peaKTH-

6 

MeTpa, IT0CTJ)0eHHoro Ha o6paTHOH TOYe'-IHOH M0JJ.e­

JJH Hei1TpoHHOH KHHennrn [l], npoH3B0J.J.HTC.!I pacl.feT 

peaKTHBH0CTH peaKTopa. 

Ol..leHKa K0ppeKTH0CTH npHMeHeHH.S! MeTo.n.a 

c6poca CTep:»rnei1 CY3 JJ.JUI H3Mepe1-111H no.uKpHTw-i­

H0CTH PEMK BKJIIO'-laeT B ce6H aHaJIH3 3aBHCHM0CTH 

pe3yJibTaT0B H3MepeHHJI OT CJleJ.J.yromHX HCX0.llHhrx 

ycnoBHH: 

- OT T0'-1.H0CTH co6mo)J.emu1 Tpe6oeatt11i1 IIE51 B 

qaCTH HCX0JJ.H0ro C0CT0liHIDI peaKTopa nepe)J. c6po­

C0M CTep)K}-leH, T.e. HCXO)J.H0H Han- (TIOJJ.-) KpHTH'-IH0-

CTH peaKTopa. ,[(Jui npoBeneHH.S! TaKoro a1-1an113a He­

o6xonHMO Lf_HCJieHH0 CM0)J.eJIHp0BaTh c6poc CTep>I<­

HeH 113 COCT0.sI.HIDI C HaJJ.KpHTW-!H0CTblO, HaXO)lHll.leH­

C.!I B 6onee rrmpoKHX, t.JeM npeeycMoTpeHo IIE51 ( OT 0 

no 0, 1 P:$1>), npeJJ.enax; 
- OT Bbl6opa rpynnbI CTep>KHeH, c CT0M0l.l.\b!O K0-

T0pblX np0H3B0,!I.HTCli H3MepeHHe fl0.D.KpKTH'-IH0CTH. 

H3BeCTHO, '-lT0 PEMK KaK peaKTop 6onhUJHX q>H3H­

qecKHX pa3MepoB M0)KH0 BblBeCTH B KpHTC0CT0liHHe 

pa3Hb1M K0JIW-!eCTB0M CTep)KHeH CY3 [2]. lllTaTHOe 

K0JlHl-feCTB0 CTep)l(HeH - 0K0Jl0 90 npH 3T0M K03cp­

q>H~HeHT HepaBH0MepH0CTH npoCTpaHCTBeHHOH 

cpopMbl 3HeprOBbl.,!1.eJieHHli B aKTHBHOH 30He Ha M0-

MeHT ,!I.OCTH>KeHH.S! KpHTC0CT0liHH.li HaX0,!I.HTCli B npe­

.n.enax 2 - 3. TTpH Bb!B0.lle peaKTopa B KpHTC0CT0lfHH.e 

C TTOM0U\b!0 MaKCHMaJibH0 "Tll)KeJibIX" CTep>KHeH l1X 

◄ 

-



MmKeT noHaA06HTbCll OKOJJO 5 - I 0, a K03cpcpHI..\HeHT 

HepaBHOMepHOCTH MO)l(eT AOCTHraTb 20 - 30. B CBll-

311: C cymecTBOBaHHeM B ITO.D.KpHTH4eCKOM 11 Kp11Tl1-

qecKOM COCTOllHHJIX perucropa [2] aHOMMbHO "Tl!)l(e­

Jlb!X" CTep)l{HeH npe,n;CTaBJUleT HHTepec 3aBHCMMOCTb 

nony•rneMbIX pe3yflbTaTOB OT Toro, KaKH:MM CTep)l(­

fUIMH peaKTOp 6bU1 BblBe.[(eH B KpHTCOCTOllHHe, a 

TalOKe ITOBTOplleMOCTb 3THX pe3yJJhTaTOB; 

- OT CKOpOCTH c6poca CTep)KHeJ1. 

,AJU! HCCJJe.[(OBaHHll 3THX 3aBHCHMOCTeH npoBeAe­

Hbl qucneHHoe MO.[(en11posrume BhlBO.[(a PEMK B 

KpHT11'leCKOe COCTO.llHHe pa3HblMl1 rpynnaM11 CTep)l(­

HeH 11 nocne)zy}OII.1:l•iH c6poc 3THX CTep)l(HeH c pa3-

nw-rnoi1 CKOpOCTblO. ITo.n,KpHTH'-IHOCTI, peaKTOpa npH 

JTOM 113Mep.srnacb C ITOMOlUblO peaKT11Me-rpa, attano­

rwrnoro WTaTHOMY, 11cnonb3yeMOMY Ha A3C. Ha 

BXOA peaKTHMeTpa B Ka4eCTBe ynpaBJilllOlUefO napa­

MeTPa rro.n.aBanocb pacqe-rttoe 3Ha4eHHe cpeAHeH 

MOI.I.\HOCTH peaKTopa B )laHHbl.H MOMeHT BpeMeHH. 

Mo.n.e1mpoBaHHe np0113B0.D.11JlOCh rrp11 ITOMOI.QH 

nporpaMMbl ITOJJHOMaCUJTa6HOH 3-D Hei:frpOHHOH 

K11HeT11K11 DINA [3] c yqeToM pacnpe.D.eneHH.ll BH)'T-

peHHHX HCT04HHKOB HeHTpOHOB B ITO.L(KpHTHtteCKOM 

peaKTOpe. .[(nst paC4eTOB HCTIOJlh30BaJlaCb 6H6m:ro­

TeKa MaKpOKOHCTaHT, npe.D.OCTilBJJeHHall PHIJ; " KM" 
[4]. K TaKHM HCT04HHKaM OTHOCJITCSI CITOHTaHHOe 

.n.eneHHe HaKonneHHhIX aKTHHOHJ].OB, a TaJOI<e (a, n) 

H (y, n) peaKUHH. B o6meM cnyl.fae HHTeHCHBHOCTb 

BHyrpeHHHX 11CT04HHKOB OITHCbIBaeTCll 3MTIHpH4e­

CKOH 3aBHCHMOCThlO OT BbirOpaHHll TOnmrna 11 spe­

MeHH. npOCTOSI peaKTOpa. B Ka4eCTBe HCXO.llHOfO 

COCTORHHSI ,ll.Jlll paC'-!eTa B3llTO COCTO.llHHe KOHKpeT­

HOfO 6noKa PEMK nepeA BhlBOJIOM B KpHTH4eCKOe 

COCTOllHHe. HcxOAHOe COCTOJIHHe peaKTOpa - pa30-

TpasneHHOe, pa3orpeToe C TIOMOl.l.\blO rUJ{, C H3-

BeCTHOH WTaTHOH nycKOBOH nocne,[(OBaTeJJbHOCTblO 

H3BJJe4eHHJI cTep)KHeH CY3. KpoMe uJTaTHOH no­

cne,n.osaTeJJbHOCTH, no pattee pa3pa6oTaHHOH MeTo­

,[(011ornH [2] HaH,ll.eHbl HeCKOJibKO .[(OTIOJlHHTeJlhHblX 

rpynn cTep)l(HeH, H3BJie4eHI-teM KOToporx peai<Top 

MO)l(eT 6h1Tb BbtBe,[(eH B KpH:TCOCTOSIHHe. KonH4eCT­

BO 11 KOOpAHHaTbl CTep:>1rnei1 AJlll Bcex rpyrrn CTep)l(­

HeM CY3, HCITOJlb30BaBIIlHXCll B HCCJJeAOBaHHH, 

npHBe.D,eHbl a Ta6n. 1. 

T a 6 JI H Q a 1. rpynnhl CTep)KHeH JIJUI H3MepeHllil ITO.D.KpMTl14HOCTH peaKTopa 

rpynna cTep)l<Hei\ CY3 KoJJH'leCTBO HepaBHOMepHOCTb :rneproBbl)leJJeHIDJ PeaKTl1BHOCTb nocne 
crep)lrneli s rpynne s nnaHe peaKTopa nepeJl c6pocoM 113BJletJeHHJl BCeH rpynrn,1 

lliTaTHM 91 
M.millMaJJhHM 3 
fpynna 2 6 
rovnna 3 6 
rovnna 4 12 
fpynna 5 6 
rovnna 6 19 

J,fa Ta6JTHI..\hI cne~e-r, 1-JTo nocne BhlBO.D.a peaKTopa 

B Kp11TH4eCKOe COCTOllHHe HepaBHOMepHOCTb 3Hepro­

BhtAeJJemui: B nnaHe aKTHBHOH 30Hbl peaKTopa BapbH­

pyeTCll a UlHpOKHX npe.[(enax. - OT 2 - 3 a cnyqae 

WTaTHOfO BbIXOAa B KpHTCOCTOllHHe .D.O 004TH 30 B 

cnyqallx H3BJle4eHHll MaKCHMMbHO "TIDKeJJbtX" 

cTep)l(HeH CY3 Ha nep1-1cpep1111 aKTHBHOH 30Hhl. 

ITpH BblllOJlHeHHH HCCJTe.D.OBaHHll npoBe)leHbI cne­

)zylOI.qHe pacqe-r01: 

• 113BJie4em1e WTaTHOK nocne)lOBaTeJibHOCTH 

CTep)l(HeH .n.o ,ll.OCTI-I)l(eHHll ycTOH'fHBOfO pocTa MOlU­

HOCTl-1 H nocne)zyK)lUall KOMITeHCaUHll peaKTopa AO 

pa3JJH4HbIX BeJJH'lHH Ha.D,- 11 no,n.KpHTH'-IHOCTH. B qa­

CTHOCTH, npose,n.eHbl pac4eTbl C ABYMll CTeneH.llMH 

KOMneHcau1111: a) AO Ha.n,KpHTH4HOCTl1 0,17 P31P<!> 11 6) 

.[(O no.n.Kp11THt.JHOCTH 0,01 P3<j><t>· Y cTaHOBHBllllecst ne-

2. Pe1yJibTaThl uccJie,uosamrn 

K, = 3,2 (3622) 0,6 B,,,,,,h 
K, = 27 ,2 ( 4663) 0,5 B..,., ... 
K, = 28,4 (3136) 0,5 133.l.d, 
K, = 26,8 (3 l63) 0,3 13,,.,. 
K, = 13,5 (5420) 0,4 B.,.,, 
K, = 20,5 (1333) 0,4 B ....... 
K, = 11,8 (2640) 0,4 13,rluh 

pHOAbl peaKTopa B 3THX cnyt.JallX COCTaBJJJUOT COOT­

BeTCTBeHHO nop.llAKa 50 c (pocT) H 100 c (naAeHHe). 

3aTeM 6h1Jl CMOAeJJHpOBaH c6poc OCTaBWHXCSI 

CTep)l(HeH rpynnbr. ,[(.rrst H3yqeHHll 3aBHCHMOCTH pe-

3YJlbTaTOB OT CKOpOCTH c6poca CTep)l<HeH HCITOJlb30-

BaHhI ,n.sa 3HaqeHHSI CKOpOCTH: lliTaTHall ( OKOJJO 40 
cMlc) 11 yse11H1-1eHHaJ1 (200 cM/c); 

• aHaJTOfHl.JHOe H3MepeHHe ITOAKPH.TH4HOCTH C no­

MOIUblO MHHHMaJTbHOH rpyrrmt (Mr) cTep)l(Hei1. B 

JTOH cepmt rrpoBeAeHbJ pacqeTbl C .[(BYMSI CTeneIDIMH 

KOMOeHCal(H.'H: a) .n.o Ha,Il.KpHTlNHOCTH 0,46 p$1> 11 6) 
,[(O tta.n.Kp11TH'IHOCTH 0,06 P31P<!>· Y CTaHOBHBllrnecst ne­

pHO.L(ht peaKTopa B 3THX cnyqrurx COCTaBJJ_S!lOT COOT­

BeTCTBeHHO nopst,n.Ka 8 H 200 c; 

• H3MepeHHe TIO,[(KpHTHl.JHOCTH peaKTopa C TIOMO-

lUblO AOnonHJ-nenbHoIX rpynn cTep)1<HeH CY3 . 

BpeMeHH6e noae,n.eHHe peaKTHBHOCTH npH CKOpOC'fH c6poca CTep)l(HeH 40 CM/C .ll.Jl_SI WTaTHOH H MHHHMaJJbHOH 

rpynn np1,fBeAeHO Ha p11c. 1 - 4. 11.3 rpacpm<OB cneeye-r, l.JTO BO Bcex CJJY4allX peaKTIIBHOCTh, AOCTHniya M11Hf1MYMa, B 
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Te•1ea11e COTeH ceKyH.D. COXpaI-Ule-r CBOe 3Ha"leHHe C TO"IHOCTblO .l{O HeCKOJlbKl1X npo~eHTOB (T.H. " nonKa"). 3-To 03Ha­

"18eT, "!TO nocne OCTaHOBK.11 crep>KHeH MOl.l.lHOCTb peaKTOpa eLI.te MHOro 6om,we ypoBHSI MOl.l.lHOCTH HCXO)JJiOro no.n.­

KpITTH"lecKoro COCTOJ!liIDI 11 .LI.Mee cna.l{ae-r C npaKTil'teCKH HeH3MeHHblM nepHO.LJ.OM. YposeHb MOlll.HOCTH HCXO,IJ.HOro 

no,uKpHTH"leCKOro COCTO.sJHIDI orrpe.LJ.enSieTC.sJ HHTeHCHBHOCTblO BttyrpeHHHX HCTO"IHHKOB (cpOHOM). 
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Bee nony,.1ettm,1e pe3ynhTan,1 caeJJ,eHb1 a rn6n. 2. 

T a 6 J1 II u a 2. Pe3yJlbTaTbl H3Mepemu1 nO.LI.KpHTJil!HOCTH 

HcxOJlHall Ha.llKPHTJ,fl-lHOCTb H 
TToKaJaH»e peaKTRMeTpa 

rpynna cTep)lrnew 
npH WTaTHOH CKOpOCTH 

c6poca 

WrnTHall rpynna, 
6,40 Pa¢<1> 

Ha)l.KPHTH'iHOCTb 0, 17 B ..... ,h 

illTaTHall rpynna, 
6,18 ~><I><!> 00.llKPlffll'IHOCTb 0,0 I (l,.hth 

Mr, Ha)l.KPHTl{'(HOCTb 0,06 (I,•"" 4,05 B....., 
Mf, Ha.llKPHTl14HOCTb 0,46 B,,h,h 4,06 B..,.,. 
fpynna 2 6,13 (l,,h,h 
fpynna 3 5,93 B..,.,. 
fpynna 4 5,06 3,h,h 
fpynna 5 4,95 3.,.,d, 
fpynna 6 7,97 3,,h,h 

.nm, cpaBHeHHJI npHBeJJ,eM BeJlH'mHy nO.LI.KPHTH'I­

HOCTH COCTOSIHHSI peaKTopa co BCeMM norpy)f(eHHbIMH 

cTep)f(HS!MH CY3, pacc4HTaHttylO no ycnoaHo­

Kp11T11'1ecKoi-l MO,neJIH (6e3 Y4eTa BJlIDIHIDI BHyTpeH­

HHX HCTO'lfHHKOB), - OHa OKa.3aJJaCb paaHa 4,29 p:iq,q,, 
AHMH3 pe3yJlhTaTOB nOKa3blBaeT, 4TO: 

- 31-la'lemte nOJJ,KpHTH4HOCTH, nony'lfeHHOe MeTO­

,noM c6poca CTep)f(HeH, MaJlO 3aBHCHT OT CKOpOCTH 

c6poca cTep)f(HeH. Pa.Jrrwrne B pe3yJ1hTaTaX cocTaa­

nsieT np11MepHO 1 %, 4TO 6mt3KO K norpeWHOCTH pe­

aKTl1MeTpa. TaKoe nOCTO.SIHCTBO SIBJI.HeTCSI CJle,[(CTBl1-

eM Toro Y:TO c6poc CTep)KHeH 1-IalJHHaeTC.SI C MOmHo­

CTl1 peaKTopa, Ha HeCKOJlbKO nop.H,UKOB npeBbllll3!0-

mei1 HCXOJJ,HblH (cpOHOBblH) ypoBeHb MOUJ.HOCTH; 

- 3HaY:eID!e TIO.LI.KPHTl1Y:HOCTH, nony<1eHHOe MeTO­

JJ,OM c6poca CTep)KHeH, TaK)f(e MaJJO 3aBHCHT OT Ha.LI.­

I<pHT11'lfHOCTH peaKTopa nepe.LI. c6pocoM crep)f(Heii 

CY3. Pa.31-111ua B pe3ynhTaTax cocTaa11na np11MepHo 2 
- 3 %. 3ToT BbIBO,n, OY:eBH.LI.HO o6b.HCHSleTC.SI TeM, 'lfTO 

B Ka)f(,[(b!H MOMeHT apeMel!H t, BI<JIIO'lfa.H MOMeHT oc­

TaHOBKH CTep)t<HeH toc-r, peaKTHMeTp paCC'IHTbIBaeT 

peaKTl1BHOCTb COCTO.Slffil.SI peaKTopa p(t), KOTOpa.H HH­

Kal< He 3aBHCHT OT HCXO,[(HOH peaKTHBHOCTH; 

- 11m16onee Ba)f(HbfM BblBO)lOM 113 npose,neHHbIX HC­

CJie)lOBaHHH .SIBJI.SlefC.SI .SIBHaH 11 CHJlhHa.H 3aBHC11MOCTh 

pe3yJihutTOB, noJ1Y4aeMbJX paccMaTPHBaeMhIM Mem,noM, 

OT Konw-iecrna 11 pacnOJIO)f(eHIDI crep)f(HeH CY3, Bhl-

6paHHblX ,[(JI.SI BblBOJJ,a peaxropa B KpHTCOCTO.SIHH.SI 11 no­

CJieJJ,yIO!llero c6poca Pa.3Jllf<rne pe3ynbTI1.TOB, nonyY:eH­

HhIX npH c6poce pa3J1W-1Hb1X rpynn CTep)f(HeH, CY!llecr­

aeHHO 6oJihwe norpeWHOCTI1 peatm1Merpa (ra6n. 2). 
Pe3yJlbTilTbl, HaH6onee 6nlf3KHe K ycJIOBHO­

KpITTlflJecKHM, JJ,aer c6poc crep)l(Hei,i lf3 HaH6onee 11c­

Kp1,rnneHHhrx. 11CXO,[(HblX COCTO.SIHHH (Mr, rpyn:rn,1 4 ],I 5). 
06b.HCHeHHe <paKTa 3aBHCl1MOCTH pe3yJlbTaTOB OT 

rpynn&1 cTep)Kl-leH CY3 Jie)K],ff B xapaKTepe H3MeHeHHJI 

npOCTP8HCTBeHHO-BpeMe1-1H6H 3aBHCHMOCTH nJlOTHOCTH 

HeHTPOHHoro noToKa B aKTHBHOH 30He peaKTopa a npo­

uecce c6poca cTep)f(HeH CY3. I,,faaeCTHo, 'ITO "mt.Je'I­

Hasi" MO.LI.Mb peaKTopa, 1-1a Kompoi1 nOCTPOeH WTaTHbIH 

TI0KaJaH11e peaKTllMeTpa 
Hcxo.nHblH K, Kotte'IHhl ff K, 

npi,i CKOpOCTH c6poca (YX) (YX) 
200 CMIC 

6,41 ~31j,<j, 3,21 (3622) 2,99 (3114) 

6, 18 ~><I><!> 2,11 (3622) 3,01 (5063) 

4,01 B..,,,,h 27,22 (4663) 23,19 (5063) 
4,01 B.,.,h 26,71 ( 4663) 22,92 (5063) 

- 28,43 (3163) 15,44 (3263) 
- 26,75 (3163) 14,21 (3263) 
- 13,48 (5420) 12,67 (5417) 
- 20,54 (1333) 14,89 (1333) 
- 11 ,76 (2640) 8,33 (2737) 

peaKTHM~, cnpaBe)lJlHBa TOJlbKO B np116J111)f(el:-LHl1, 

KOrJJ,a npoCTpaHCTBeHHa.H cpopMa nJlOTHOCTH HeHTpOH­

HOro nOTOKa COXpaHSlerc.si, a npocTPaHCTBeHHO­

BpeMeHHble nepeMeHHbie pa.3,nemrlOTCSI: 

<l>(r,t)=A(t)\f'(r), r)le A - aMnn11ry.LI.a, \f' - cpyHKUHJI 

cpopMb1; a 3TOM cJiy<iae ypasHe1-111e nepeHoca HeHTpo­

HOB, HanpHMep, B .LI.H<pcpy3HOHHOM np116JI H)KeHHH 

d<l> I dt+6.<l>=L<l> npeo6pa.JyeTc.si K BH.LI.Y 

A \fl+ At,,, \fl= AL\f' . 3nec& L - cyMMapHblH oneparnp 

,nene1-111.si, nornomemrn H pacce.si1-11151 HeHTpOHOB. ,ne­

neHHeM Ha Alf' no~HM: 

A t,,, \fl ilf' 
-=-+-=const, ( 1) 
A 4' \f' 

'ITO J].aeT )lJl.SI A pewett11e B BHJJ,e 3KCITOHeHTbl, a )].JISI 

'P - cTau11ottapHoe ypaaHeHHe nepettoca. 

TioHITTHO, 'lfTO LJeM MeHbUJe B npou;ecce c6poca 

CTep)f(Hei:i JJ,ecj>opM11pyeTC.SI npocTpaHCTBeHHaSI cpopMa 

IUIOTHOCTH noTOKa HeHTpOHOB, TeM TO'IHee perueHHe 

Hecrnu110Hapttoro ypaa11eHH51 nepeHoca MO)KHO 

npe,ncTaBHTb B 011,ne (I) 11 TeM TOY:Hee ,[(HHaMHKa 

npouecca 6yneT OITHCbIB8TbC.SI "TOLJeYHOH" MOJJ,eJiblO, 

a cne,noaaTeJihHO, 11 peaKTHMeTpOM, TIOCTpOeHHhlM Ha 

Heit TIOJJ,4epKHeM, YTO pe4b 3)].eCb JI.OJDKHa 11)].TH 

HMeHHO O JJ,ecpopMaUHH cpopMhl 3HeprOBbI,nenemlJI, a 

He O CTeneHH ee HCXOJJ,HOH HepaBHOMepHOCTH. 

Tipouecc JJ,ecpopMaUHH npocTpattcTBeHHOH cpopMbI 

nJlOTHOCTH HeHTpOHHOrO noTOKa MO)Kl-10 npH6J111-

)f(eHHO OTIHCbIB3Tb C noMomhEO K03!p!p11UHeHTa pa,nH­

aJlbHOH HepaBHOMepHOCTH K,: 
q,mrut I 

K r s, ' \fl =_!._ I dz\f' (r) • q; =_!_ I dr'-1-' (r) . 
r 4' r HH VV 

.nnj! HJlJl!OCTpaUHH np11Be,neM rpaqmKH 113MeHe­

HRSI K, a npouecce c6poca rpynn CTep;irneii (pHc. 14 
- 20, CKOpOCTb c6poca 40 CMlc). 

Ha p11c. 21 .LI.JlSI HarJJ.H)J,HOCTH npHBeJJ,eH CBO)].HblH 

rpaqmK 113MeHeHH.SI K, B OTHOCHTenhHbIX e.LI.HHHUaX 
I 

K,=K, IK~. 
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Bse.neM .nnH xapaKTep11cTHKH H3MeHeHIDI K, 0T-

1;owem1e oK, = K,max/K,rnin (tE Tc6p)- HaHMeHee BCero 

Metu1eTCH K, npH c6poce Mr 11 rpyrmhl 4: OTHOWe­
HJ,te K,max/K,min COCTaBHnO AJU[ HID( COOTBeTCTBeHHO 

1,17 11 1,09 (pHC. 21). }fa Ta6JI. 2 cne.zzyeT, '-!TO HaH-

6orree 6JIH3KHM K pe3yJTbTary ycnOBHO-KpHTl14eCKOH 

Mo.nerr11 OICa3aJICH pe3yJihTaT c6poca HMeHHO MHHH­

MaITbHOH rpynm,1 cTep)l(HeH 11 rpynru,1 4. O.nttaKo, 

noMHMO 113MeHeHIDI BeJij,{l-{HHbl K,, crre.zzyeT Yt.IHTbl­

BaTb TaIOKe H KOOpAHHaTbl Kattarra MaKCHMaJlbHOH 

MOIII.HOCTH B aKTH'BHOH 30He. ,lv1Ji npHMeHeHJ-UI "To­

qetfHOH" Mo.nem1 peaKTopa K npol.{eccy c6poca 
cTep)ICHeH CY3 pacnono)l(eHHe MaKCHMaJihHoro Ka­

Hana He J{OJI)l(HO CHJihllO MetUITbCH. I-fa rn6n. 2 crre­

.zzyeT, 4TO npH c6poce WTaTHOH nycKOBOH rrocne.no­

BaTeJibHOCTH 3TO TPe6oBaJIHe He BbinOJitUleTCH, Tor.na 

KaK .!1.Jlji Mr 11 rpynnbl 4 OHO co6mo.neHO - OTKJIOHe­

HHe noJIO)l(eHIDI MaKCHMyMa 3HeprOBbl.!].eJieHIDI co­

CTaBJIHeT He 6onee 0,5 M. TaKHM o6pa30M, Ha116onee 

6nH3KOe K "TO"le"IHOMY" rrose.neHHe .neMOHCTpHpyeT 

peaKTop c HaH6onee HCKpHBJieHHblM HCXOAHblM no­

JieM 3HeprOBbl.L{eJieHID!. 

DOKa)l(eM, 1-ITO npH TaK0M cnoco6e BBe.n.eHHJI pe­
aKTHBHOCTH, KOr,Aa npocTpaHCTBeHH8H ~OpMa HeH­

TpOHHoro nOJIH B npol.{ecce BBO.!].a He H3MeHHTCH 

C06epweHHO, pe3yJibTaT, nonyi-,eHHblH C nOMOIIl.blO 

.n11Ha~111qecKoro MeTo.na c6poca cTep:>1rneii CY3, 
cosna.neT C pe3yJibTaTOM CTaTH"leCKOro ycnOBI-IO­

KpHTH4eCK0ro pactJeTa. ,[(Jui 3Toro np11se.neM pac4e­

Tb1 BBe,Aemrn OTpHUaTeJibHOH peaKTHBH0CTH B HC­

XO.!].HOe COCT0HHHe peaKTopa He c ITOMOIIJ,b!O c6poca 

Ko1-ucpeTHhIX cTep)l(HeH CY3, a c noMOUJ.bIO o.ntto­

speMeHHoro H paBHOMepttoro H3MeHeHHH (B lJ8CT­

HOCTH, yMeHbWeHHH) MaKpOK0HCTaHT Cet.feHHH .ne­

JieHHH vl:/1 H vl:/2 BO scex TonnHBHbtX R4eHICax. J,fa­
MeHett11e MaKpOKOHCTaHT npoBO.!].HJIOCb 3a BpeM» 

pasttoe speMeHH c6poca cTep)l(tteH CY3, 11 TaK, 4T0-

6bt s K0Hel.fHOM C0CTOHHHH peaKT0p HMen TaKYIO )Ke 
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npH BblBOlle peaKTopa PEMK HJ noaKpHTwtecKoro co­
CTOllHH». fo!lOBOH OT4eT Hl1KJ,13T, 2002. - C. 98 - 101. 
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110.ll.KPHTHlJH0CTb, KaK H nocne norpy)l<eHHll Bcex 
cTep)KHeH CY3. HanoMHHM, 4TO no.nKpHTH'-lH0CTh 

KOHet.IHOro COCTOHHIHI no ycnOBHO-KpHTHYeCKOH 

Mo.nem-1 pas1-1a 4,29 ~$1>- Pe3ynbTaT sso.na peaKTHB­
Hocn-1 4epe3 H3MeHem1e KOHCTaHT np1,rne.n,eH B Ta6n . 

3. Kp11B113Ha ITJIOTH0CTH HeifrpOHHOro Il0TOKa n pH 

TaKOM cnoco6e BB0.n.a peaKTHBHOCTH He H3MeH51eTCSI 

(KtaKC = K,° = 2,66). f!OKa3aHHJI peaKTHMeTpa co­

CTaBHJIH 4,25 ~3<1><1» "ITO cosna.n.aeT C paC4eT8MH no 
ycnoBHO-KpHTHl.feCKOH MO.!].eJIH C T0LJH0CTblO MeHee 

J %, l.fTO 11 Tpe60BaJIOCb A0Ka38Tb. 

T a 6 JJ H u a 3. PeJyJihTaTbl H3MepeHID! no!lKplfflf4HO­
cTH C n0M0lll.blO 113MeHeJmll MaKpoceqeHl1H aeneHHll 

HcXOllHOe C0CT0llHHe PeJyJJbTaTbl 

ITocne HJBJJeqeHID! wTaTH0H no-
-4,2513:,q,it, CJle)].oBaTeJibHOCTH Ii K0Mnettca-

U11H peaKTopa (Po = 0, IO 13,it,it,) 
15 = I% 

K,0 = 2,66 (5345) 
K," 2

"
0 = 2,66 (5345) 

TaKHM o6pa30M, OCHOBHOH BbIBO,D. 113 npoBe,D.eH­

HblX HCCne.nosaHHH C0CTOHT B TOM, l.fTO .!).Jlji K0ppeKT­

HOCTH H n0BT0pHeMOCTH pe3yilhTaT0B H3MepeHID! 

peaJCTHBHOCTlf ,D.HHaMH"leCKHM MeT0,D.OM KpHTep11eM 

BbI6opa rpynnhl CTep)l(HeH .!].OJI)l(Ha cnynCHTb HeH3-

MeHHOCTb npocTpaHCTBeHH0ro npocf>Hflj! HeHTpOHHO­

ro nonsi s npol.{ecce norp~emu1 crep)l(HeH B aKTHB­

HYIO 30tty. O.nttaKo B PEMK o6mee KOJIH'lecrno 

cTep)l(tteii CY3, Hcnonb3yeMhtx .!1.JIH H3Mepett11si no.n­

KpHTH4HOCTH, COCTaBmleT npHMepHO 130 WT., '-ITO 

BeCbMa Marro (npHMepHO 7 %) TIO cpastteHHlO C 06-

W.HM KOJifflfeCTBOM KaHaJIOB B aKTHBHOH 30He peaK­

Topa (I 884). 0Tc10.n.a cne.zzyeT, 4T0 BepoHTHOCTb 

y.nosneTsopeHIDI ITOCTaBJieHH0MY Kp11Tep1110 .!J.OBOJlb­

H0 HH3Ka. 3TO IlOBblliJaeT p0Jib nporpaMMHhlX cno­

co6oB .ll.JIJI paC"leTOB 0O,D.Kp11Tl14110CTlf peaKTopa C 

noMO~blO 3-D nOJIHOMaCwTa6HblX nporpaMM HeH­

Tp0HHOH KHHeTHKH. 

3. Danilova E.N., Podlazov L.N., lvont'eva T.N., 
Chichulin N.L. Package of codes of DINA series in­
tended for solution of neutron spatial kjnetics equations. 
RDIPE. Topical meeting on 3D computer codes for 
RBMK core and system analysis, 18 - 22 November 
1996, Munich. 

4. Babaytsev M.N., Fedosov A.M., Glembotsky A. V. et 
al. The STEPAN Code for RBMK Reactor Calculation: 
TTpenpHHT N2 IAE/5660/5. - M .: PHU. "ICH", 1993. 

CTaTbSI nocrynHrra B peaaKUHlO 17 H0»6pll 2003 r. 
BonpOCbl aTOMH0H HayKH 11 TeXHHKH. 

Cep. <DHJHKa ll!lepHb!X peaKT0p0B, 2003, BblIT. 3, C. 6 - 12. 
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XaoTHIJeCKaH JJ:HHaMRKa H)J:epHLIX peaKTOpOB l 
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Hl1l1 MeXaHHKH HIDKeropOJJ.CKOrO rocym,mepCHTeTa, 603950, H.HosropOJJ., np. rarapHHa, 23, K. 6 

ITpe.n,CTaBJieH o63op pe3yJll,TaTOB no H3y9eHIUO .D.HHaMH'leCKOrO xaoca B ll.D.epHblX peaKTopax, nonyqeHHJ,(X aBTOpOM 
pa60Tbl. IlpH.Be.n,eRI,I HOBble pe3yJlbTaTbl no HCCJie.QOBamno HMnyJlbCHhlX CTOXaCTH'!eCKHX pe)l(l{MOB B peaKTOpax C ra-
3006pa3Hb1M TOIUl}IBOM, BOJJ.O-8O.D..l!Hl,fX IGITUIW.HX peaKTopax H B HCCJie.noeaTeJibCKHX peaKTopax MaJIOtt MOI.UHOCTH. 

CHAOTIC DYNAMICS OF NUCLEAR REACTORS. N.S. POSTNIKOV. The review of results obtained by 
the author and devoted to the analysi of dynamic chaos in nuclear reactors is presented. The new results of the impulse 
stochastic regime analysis in gas-fuel reactors, water-cooled and water-moderated boiler reactors and research low-
energy reactors are given. j 

1. TeopHH H DpUJIO,KCHHB ~HH3MBlJCCKOro xaoca 

O,nHHM H3 Ba)l(HeHWHX OTKpbJTHH, CJ].eJiaHHblX BO 

BTOpOH noJIOBHHe npowJroro BeKa, llBHIIOCb ycTa­

HOBJleHJ,{e cpa1rra, 'ITO HemrneHHall JJ.eTepMHHHpOBaH­

Hall )lJ-IHaMM'IeCKall CHCTeMa npH OTCYTCTBHH B HeH 

Kfil(J,f)(-JIH6o CJIY'laHHblX BHel.UHHX B03M-ylI(eHHH HJIH 

napaMe-rpoB MO)l(eT rettep11poBaTb CTOXaCTH'-JeCKHe 

KOJ1e6aHHll HJlH .D.pyntMH CJIOBaMH nopo)l(JJ.aTb JJ.HHa­

MH'leCKHH HJlH )].eTepMHHHpOBaHHblH xaoc. 

TaKoH xaoc B03HHKaeT B cHryauIDI, KOr)la B cpa3o­

BOM npocTpaHCTBe JJ,HHaMlil.JeCKOH CHCTeMbl HMeeTCll 

orpaHHl.feHHall o6naCTh, H3 KOTOpOH TpaeKTopr,rn He 

BblXO)lllT, H npH 3TOM 3TH TPaeKTOpUH llBJISUOTC.ll He­

ycTOH'IHBblMH no Jlsmyttosy. B TaKOH o6naCTH, Ha­

PHAY c KOHe'IHbIM 'il!CJlOM HeycTOH'IHBblX cocTOj{}{H_H 

paBH0BeClrn, MO)l(eT cyw:ecTB0BaTb 6ecKoHe4HOe 

(C4eTHoe) 4HCJIO HeycTOI-P-IHBblX nepHOJJ,H'leCKHX 

TpaeKTOpHH, Me)l()].y KOTOpblMH 6ny)l(JJ.a!OT see JJ.py­

rne TpaeKTOpr-rn. 11pHnlrHBaJOW:HM MHO>KeCTBOM )JJlll 

HHX cny>KaT CTPaH.Hble (xaoTH-qeCKHe) anpaKTOpbl, 

COCT0llll.U,te 113 KOHTHHY)'Ma HeycTOH4HBblX TpaeKTo­

pHH. B cHJJy HeycTOH'-IHBOCTH CKOJib yroJJ,Ho 6mmrne 

BHa'!ane TpaeKTOplrn pacXO)lllTCll Ha KOHe'lHOM HH­

Tepsane BpeMeHH. 11pH 3TOM CTaHOBHTC.ll npaKTH4e­

CKH HeB03MO)KHblM npe.ncKaJaTb .nmrreJlbHOe IlOBe­

,nem1e JJ.eTepMHHHpOBaHHOH )lHHaMH'leCKOH CHCTeMbl, 

noCKOJlbKY peanbHO MO:>KHO 3a.D,aTb Ha4aIIbHble ycno­

BIUI I!Hlllb C KOHeCfHOH CTeneHblO TO'IHOCTH. 

ITepBble pa60Tbl no HCCJie,nosaHHJO )lHHaMH-qe­

CKOro xaoca n0.llBHJIHCb B Haqane rnecTHJJ,eCllTblX 

roJJ.OB npownoro cT011enu1. BypHblH noTOK ny61rn­

KaQ11H no 3TOH TeMe Ha4a.JI Ha6mo)laTbCll C cepeJJ,11-

Hbl ceMH)].eCllTblX roJJ,0B H npoJJ,OJl)l(aeTC.ll B HaCTOll-

1.1Jee BpeMJI. B pe3yJ1bTaTe COBMeCTHbJX ycHJIHH y-qe­

HblX 113 pa3JIH'IHblX CTpaH JJ.OCTHI'H)'Thl 3Ha'IHTeilb­

HbJe ycnexH s peweHHH )].aHHOH npo6neMbl: BbUIC­

HeHbl MexaHH3Mbl 11 cueHap,rn B03HHKHOBeHHll )].e-

TepMHHHposaHHoro xaoca, onpeneneHbl ero KOJIH­

qecTBeHHhle xapaKTepHCTHKH, pa3pa6oTaHbl aHanH­

THCfeCKHe H 'IHCJleHHble MeTO)lbl HCCJie,nosaHHll xao­

ca. OcHOBHble pe3yJibTaTbl no TeopHH m-rnaMH4e­

CK0ro xaoca 113JIO)l(eHbl B KHHrax [l - 18). 
TeM He Mettee no HeKOTOpblM Ba)Kllb!M BonpocaM 

TeopH.ll ,n11HaMHtfecKoro xaoca ew:e naneKa ,no 3anep­

wettHJ1. B 4aCTHOCTH, OTCYTCTBYfOT KOHCTJ)YKTl1B­

Hble KpHTep1111 xaoca, np11MeHHMble K IIJ06oH 3a)].aH­

HOli°l'iem!HeHHOH c11cTeMe. 

1-faseCTHO, 4TO xaoc B Hem1HeHHblX CHCTeMax 

B03HHKaeT np11 HaJIH4Hl1 B HX cpa30BOM npoCTpaHCTBe 

roMOKIJHHli4eCKHX CTpYKTYP BKJIIOCfaIOII(HX cenno­

Bbie COCTO.llHHJl paBHOBecmr HIIH nepHOJ];H'!eCKHe 

Jl:BIDKeHIDI H ,llBO.llKOacHMnTOTH"C!eCKHe K HHM TPaeK­

TOpHH. liMe!OTCll KpHTepm-r xaoca, KOTOpble CBll3bl­

Ba!OT ero B03Hl1KHOBeHHe C cymecTBOBam-1eM TaKHX 

TpaeKTOpHH, npH6JIIDKa!OW:HXCll I< Ce.l(JIOBblM ,nBH>Ke­

HIDlM KaK npH B03pacTaHHH, TaK H npH y6bIBaHHH 

BpeMeHH. l10JJ,06Hb1e KpHTep1rn TpymmnposeplleMbl 

TaK KaK Tpe6yroT onpe,neneHIDI ycnoBHH B3aHMHoro 

nepeceqeHH.ll HeyCTOH4HBbJX H ycTOH'IHBbIX l1HBap11-

aHTHblX MHOroo6pa3HH ce)JJIOBblX ABH)l(eHKK. no­

CTpoeHHe )Ke HHBapHaHTHhIX MHoroo6pa3Hl1 - BeCbMa 

CJIO>KHall 3a)].atfa, oco6eHHo JJ.Illl CHCTeM BblCOKOrO 

nopll:,nKa 11 pacnpe.neneHHblX cHcTeM. 

Bonee y,no6HblMH )].Jl.ll HCnOilb30BaHHJI 6blJIH 6br 

KpHTepHH, KOTOpble CBll:3blBa!OT HaJIJ,f-qHe xaoca C na­

paMeTpaMH npaBblX qacTeH 11ccneeyeMOH CHCTeMbl 

HJIH C xapaKTepHCTl1KaMH, nerKO Bbl'411CJllleMblMl1 no 

npaBblM qacT.llM CHCTeMbl. O,nttaKO s o6w:ei1 TeopHH 

,llHHaMH'leCKOro xaoca TaKHe KpHTepHH, npHMeHH­

Mble K n106oii paccMaTPHBaeMOH HemmeHHOH c11cTe­

Me, B HacTO.llll.(ee speM.ll OTCYTCTBYJ-OT. 11oJTOMY 

npHMeHemte o6w:ei-t Teop1m K BblllBJleHHIO JJ,HHaMH­

qecKoro xaoca s KOHKpeTHbIX 3a.D,a4ax, KaK npasm10, 

1 Pa6orn no.n..nep)l(aHa rpaHTOM P<I><I>vl (npoeKT 03-02-16056) 
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OKa.3bIBaeTC'3 HeB03MO)KHblM. AKT)'aJH,HOH OCTaeTCjj 

3aJJ.a'-!a pa.3pa6onrn KOHCTPYKTHBHblX KpHTepHeB xao­

ca, npHMeHHMblX K KOHKpeTHblM KJlaccaM HeJIHHeH­

HblX CHCTeM, onHCblBalOID.HX JJ.HHaMHtteCKJ,te npouec­

Cbl a TOH wnt: HHOH o6nacn, 3HaHKH. 

CToxacTH'-!eCKHe Kone6aHl{jj, HattHH3JI c MOAeJIH 

Ten.rIOBOH KOHBeKWill, paCCMOTpeHHOH JiopeHI.(OM B 

1963 r., 3a nporneJIUIHe copoK neT BbLIIBJleHbl H HC­

cne.noaaHbl B MH0f0'-IHCJleHHbfX .1::ornaMWieCKHX CHC­

TeMax 113 pa.3I1Hl{Hb!X o6nacTeH ecTeCTB03HaHIDI H 

TeXHKKH. Xaoc 0611ap)')KeH B r11.n.po.n.11ttaMHKe, pa­

JJ.HOqJH3H'-lecKHX, 3JleKTpOTeXHH'-leCKHX, 6HOJIOfHl{e­

CKHX CHCTeMax, MexaHHKe, a o6nacTH XHMWtteCKHX 

peaKI.(HH, Mo.n.enJ1x QHPKYJ1S1.Ul1H aTMoccpepbI H BO 

MHOrHX .n.pyrnx 06nacn1x. Mttoroq11cnettt-1b1e npHMe­

pb! J].HHaMHtteCKOro xaoca B KOHKpeTHblX CHCTeMax 

MO)KHO HaHTH a pa6oTax (1 - 18]. 
Bo MHOrHX cnyqaJIX CTOXaCTJ.fl{eCKHe KOJie6aHHJI 

C'-IHTIIJOTCjj He.n.onyCTKMblMH, nOCKOJlbKY B CTOxaCTif'Je-

CKHX pe)l<H.Max HeH3BeCTHa TO'-IHaSI. 3aBHCHMOCTb napa­

MeTpOB OT BpeMeHH. B CBSl.3H C 3THM pa.3pa60TaHbl 11 

HaxO,D.SI.T npHMeHeHHe MeTOAJ,J no.n.aanettHjj x aOTl{t{e­

CKHX Kone6amrn H pery1111pyeMoro nepexo.na OT xaoTH­

ttecKHX pe)KHMOB K peryJ1S1.pHbIM. O.D;HaKO B nocneJJ.ttee 

apeMJI n0'3BHJIHCb HCCJle)].OBaHHjj B HanpaBJieIDlli npaK­

TH'-!ecKoro HCnOJlb30Bamrn JJ.HHaMHttecKoro xaoca 11 

KOHCTJ)yttpOBaHHSI. xaOTH'-leCKHX CHCTeM C 3cJ,naHJ-n,JMH 

xapaKTepHCTHKaMl!. B ttaCTHOCTH, xaOTJ.f'-leCK.He KOJle-

6attllil HCnOJJb3YIOTCSI. a CHCTeMax perym,pOBaHIDI c 

ueJJbtO yJTYl.fl.LleHWSI. Kattecrna ynpaanettlijj. Pa.3pa6oTa­

HhI cnoco6bl C)KaTHJI, KOJJ.HpOBaHWSI., nepepa60TKH 11 

nepeJJ.a'LfH HHcpOpMauHH C nOMOID.blO AHHaMHYeCKOro 

xaoca. XaOTHl{eCKWe Kone6attHJ1 11axo.n.S1.T npH.MetteHHe 

B pa.3JIH4HJ:,IX pa.mioreXHHYecKHX H 3JieKTJ)OHH.bIX yCT­

poficraax. B ttacromuee apeMJ1 HCCJie.LJ.0BaHHjj xaoca a 

KOHKpeTHblX JJ.HHaMmeCKHX CHCTeMax aKTHBHO npo­

JJ.OJl)KalQTCjj. Ccpepa npHJJo)KeH.H:H .LJ.HHaMHLJecKoro xao­

ca ITOCTOSI.HHO pacurnpSl.eTCSI.. 

2. OcHOBHLie pe1yJILT8TLI no HCCJie)loBaHHIO xaoTuqeCKHX KOJie6auHii 

B )lHHaMHKe Sl,llepm,IX peaKTopoB 

XaoTHLJeCKHe KOJie6aHHSI. MOryT peaJJH30BaTbCJI H 

B 0LJeHb CJIO)l(l-fb!X TeX.HH'-1:eCKHX ycTpOHCTBax, KaKH­

MH SIBJIJIIOTC.sl SIJJ.epHb!e peaKTOpb!. B moJJe 1984 r. 

aBT0p J].aHHOH pa60Tbl CJJ.eJlaJJ JJ.OKJla)]. Ha Bcecoto3-

H0M ceMHHape no JJ.HHaMHKe SIJJ.epttb!X 3Hepren,-.:ie­

CKHX ycTaHOB0K, B KOT0pOM lUJia pe4b O B03MO)l(H0-

CTH B03HHKH0BeHHSI. CTOXaCTJitteCKHX aBTOKOJ1e6am1H 

B CHCTeMax peryn11poBaHHS1. M0ID.H0CTl1 SI.JJ.epttoro pe­

aJCTopa. OnttoapeMCHHO C 3THM 6hrna HanpaBJieHa 

CTaTb.sl [19] a c6opHHK "BonpOCbl aT0MHOH ttayKH H 

TeXHHKJ,f", B KOTopow 6bIJIH ony6JJHKOBaHbl pe3yJlh­

TaTbl, H3JIO)l(eHHbJe B JlOKJla)le. 3-ro 6bJJll1 nepBbJe B 

MHpe pa60Tbl no xaon1LJeCKOH JJ.HHaMHKe SIJJ.epHblX 

peaKTopoa. C Tex nop H no ttacTomuee apeMSI aaTop 

npoBOJJ.HT CHCTeMaTHtteCKHe HCCJleJJ.OBaHHSI. 

JJ.HHaMH'-!eCKoro xaoca B S1,nepHbIX peaKTopax. 

TionyqeHHble HM pe3yJlbTilTbl no naHHOH TeMe 

ony6n11KoBaHbI 6onee tieM B copoKa pa6oTaX, s TOM 

l{J,[CJle B .uaeuanuaTH CTaTbSI.X 8 ~puane "ATOMHaSI. 

3HeprK.sr" H B ceMH CTaTb.slX B c6opHHKax "BonpOCbl 

aTOMHOH HayKH H TCX.HHKH". Bee OCHOBl-lble 

pe3yJihTaTbl H3JIO)KeHbl B pa6onx [ 19 - 50]. 
Cne.nyeT OTMeTHTb, lJTO pa6oT .upyrHX aBTOpOB no 

xaoTHYeCKOH JJ.11HaMKKe SI..LJ.epHbIX peaKTopoa HaCYll­

TblBaeTCSI COBCeM HeMHOro (ttaH6onee B~IMH 113 

HHX .slBJISI.IOTCSI pa60Tbl [51, 52] ). CB.sr3aHO 3TO BOBCe 

He C TeM, ttTO TeMa HeaKTYaJJbHa, a C orpOMHbIMH 

CJlO)KHOCTSIMH, 803HHKaJOID.HMl1 np11 nonblTKe perne­

Hlijj KOHKpeTHblX 3a.n.a'-I. $11 CJIO)l(HOCTH B nepayto 

OYepeJJ.b 06yCJ10BJ1eHbl TeM, '-!TO 061.I.(aJI TeopHSI. H3-3a 

OTCYTCTBHJI KOHCTPYKTl1BHblX KpITTepHeB xaoca He 

n03BOJIJleT Bbl.slBHTb xaoTHtteCKJ,te KOJ1e6amu1 8 KOH­

KpeTHblX 3a)laLJax JJ.HHaMHKH peaKTopoa H onpe.ue­

JIHTh TeM caMblM npe.nMeT AaJJbHeHlUHX HCCJieJJ.OBa-
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HHH. AsTOpbI pa6oT [51 , 52], 3aHHMa.srCb 113y~1e1111eM 

JJ.11HaMHKJ,f KOHKpeTl-lblX peaKTopoB, HaTOJIKHYJJHCb Ha 

Hepery11S1.pHbie KOJ1e6amu1 8 npocTeHlUHX MO,neJISIX 

3THX peaKTopoB 11 npaBKJlbHO onpe.n.eJIKJlH, '-ITO 3Ta 

11eperym1p11ocTb S1.BJ1S1.eTcS1. nposrnnem-1eM ,n1rnaMHLJe­

CKOro xaoca. B pa6oTe [52] x.aoc o6ttapy)KeH H 11c­

cne.n.0BaH 8 MOJ].eJIJIX HMnyJlbCHbIX peaKTOpOB nepHO­

JJ.HlJeCKOro nei1cTBHSI., a B CTaTbe (51] xaoTHqecKJ,te 

KOJ1e6amu1 BblJIBJieH.bI B TOLJeqHoH MOJ].eJIH peaKTopa 

c JJHHeHHOH o6paTHOH CBSl3bIO, oIIHcbrna10ru.ei-1 .n.11Ha­

MHKY KOHKpeTHOro KHfUlm.ero peaKTopa. 

ABTOp naHHOH pa60Tbl, He CBSl.3b!Ba.sl ce6n noHaLJa­

ny c KaKHM-JIH6o KOHKpeTHblM THTIOM peaKTopoB, npo­

BOJ].HJI CHCTeMaT11ttecm H ueneHanpaBJJeHHblH noHCK 

,nHHaMHttecKoro xaoca B caMbIX pa3Hoo6pa.3HbIX 

KJ1accax ttemrneHHbIX Mo,nene» .srnep1-1oro peaKTopa. 

PaccMaTJ)HBaJJHCh pa.311H1-rHb1e Hem,rneHHOCTH, KO­

TOpb1e MOrJIH 6bl npHBeCTl1 K B03HJiKHOBeHHJO JJ.HHa­

MJ,fllCCKOro xaoca a peaKTOpax. 3-ro B nepsy10 Ol!epeJJ.b 

ecTeCTseHHaSI. H npttcyll.(a.sr TOJlbKO Jl,nepHbJM peaKTO­

paM HemrneHHOCTb THna np0113Be,UeHHSI MOIJ..(HOCTH Ha 

peaKTHBHOCTb, a TaK)l(e HeJIHHeHHhie 3aBHCHMOCTH 

peaKTHBHOCTl1 H K03cpcp111.1,HeHTa pa3MHO)KeHH.sr HeH­

TJ)OHOB OT napaMerpOB peaKTopa, HeJIHHeHHOCTH 8 

CHCTeMax ynpaBJJeHl{jj, CB.sl3aHHbie C orpaHH'-!eHHbIM 

BKJla)lOM perynHpytolll.HX opraHOB B peaKTHBHOCTb H 

HX nepeMeru.eHHeM no aKTHBHOH 30He peaKTopa, H He­

mrneHHOCTb peneHHOro THna B MexaHH3Max, npHBO­

JJ.Sllll.HX B JJ.BH)KeH.He perymtpytoru.He CTep)KHH. OOJlb­

woe BHH.Mau11e y.n.enS111och HJyLJeH1110 npeJJ.eJJhHO yn­
pom.ettHbrx Mo.n.enei1 peaKTOpa, ttTO no3BOJISI.JIO nony-

4 HTh Ba)l(Hble KaLJeCTBeHHble pe3yJJbTaTbl. 

,[vu! my'-!eHHSI. xaoca B MOJleJJSIX peaKTopa 11cnoJ1b-

30BaJJl1Cb MeTOJJ.bl H pe3yJlhTaTbl Teop1rn Jll1HaMHLJec-



KOro xaoca l1, B 4aCTHOCTH, Mero.n TO'fel{HblX OTo6pa­

)KeHl1H 11 Mero,nbI cpaatteHID!, cao.wimHe 11ccne.noaa­

HHe HenHHeHHblX CHCTeM K aHaJIH3Y BCnOl\.10raTeJ1b­

H.hlX npeo6pa:30BaHHH 11n11 CHCTeM, coxpattm011J.11X 

CBOHCTBa HCXO.[IHOH MO.[leJIH. KpoMe 3TOro HCnOITb30-

BaJil1Cb CTaTHCTH'-!eCKHe MeTO.[lbl, n03BOJUIIOII(l1e on­

pe,neJUITb cpenttHe xapaxrepHCTHKH Kone6aH.HH. 

IIpH Hccne,noaaHJm .nIrnaMH'-!eCKoro xaoca Ba)K­

Hei:iwee 3Ha4eHHe HMeIOT 'fHCJieHHbJe MeT0.11,1,1. ABTO­

poM pa3pa6oTaHbl cneUHaJibHble anropHTMbl 11 npo­

rpaMMhl L[HCJieHHoro 11cc11e.noaamuI xaoca Ha 3BM, 
opHeHTHpOBaHHbie Ha orrpe.neneHHble KJiaCCbl HeJIH­

HeHHblX Mo,nenei:i peaKTopa. C HX nOMOUlblO npoao­

)J.HJICJI pacl.feT Ha 3BM ycTaHOBHBlllHXCR aBTOKOJie-

6aHJ,tH, CTpOHJIHCb ceqeHJ1jl IIyaHKape 11 BbJ'fHCJIJI­

JIHCb KOJIH'feCTBeHHbJe xapaKTepHCTHKM xaOTH'-leCKHX 

.[IBH)KeHHH. )]),iarHOCTH'-leCKHM npH3HaKOM xaoca 

CJI~HJIH ITJIOTHOe 11 HeperynRpHOe BO apeMeHH 3a­

TIOJIHeH1-1e TpaeKTopHeH OT,l].eJibHblX o6nacTeH Q>a30-

BOro npOCTpaHCTBa H ceqeHHH IlyattKape, a TaK>Ke 

Henpepb!BHbIH <I>ypbe-cneKTp KOJie6aHHH, y6brnaH1-1e 

,l].0 ttyJIJI aBTOKOppeIU1l.ll10HHOH q>yHKIJ,1111, ITOJ10)1(11-

TeJlbHOCTb ITOKa3aTeJlll JTu:rryttoaa. 

B pa60TaX [ 19 - 50] C TIOMOll.{blO H3BeCTHblX, a 

TaK)Ke cneUHaJibHO pa3pa6oTaHHb(X MeTO,l].0B nony-
4eHbl cne.nyromHe pe3y111:,TaTbl. Onpe.nenettbl pa3HO­

o6pa3Hbte cnyqa.11 B03HHKHOBemut xaoca, pa3JlllqH1:,Ie 

THTibl xaoTH4eCKHX KOJie6aHHH H xaoTH'-!eCKHX aT­

TpaKTOpOB B HeJIHHeHHbIX MO,IJ.emrx 11.n.epHoro peaK­

TOpa - BbI,neJleHbl THTibl BttyrpeHHHX H BHeWHHX 06-

paTHblX CBJl3eH 11 THITbl HemrneHHOCTeH, npH KOTO­

pblX CTOXaCTH'-leCKHe KOJie6aHHJI a peaKTope MOryr 

8031-IHKaTb, H Te o6paTHbJe CBR3H, np11 KOTOpbIX OHH 

HeB03MO)KHbl. IlOKa3aHo, lffO Hapsr.ny C apeMeHHblM 

xaoCOM, np11 KOTOpOM qiopMa pacnpe,neneHHR HeH­

TpOHHOro CTOJIR He MelUleTCff co apeMeHeM, B peaK­

Topax 60JTbWHX pa3MepoB B03MO)KeH npoCTpaHCT­

BeHHO-BpeMeHHOH xaoc, xapaKTepH3Yl011J.HHCR TeM, 

4TO B npol{ecce KOJie6aHHH cnyqaHHblMH OKa3bIBa­

lOTCff He TOJlbKO apeMeHHble peaJIH38l.lHH npouecca, 

HO H npocTpaHCTBeHHble pacnpe,neneHHR HeHTpOH.HO­

ro ITOJlff. BbUICHeHa pom, 38CTa3.[lbIBaJOIQHX Hei:iTpo­

HOB H acex nepe4HCJleHHbIX BbJWe HeJIHHeHHOCTeH B 

B03HHKHOBeHHH xaoca, onpe,nenettbl ero MeX8HH3Mbl 

11 cuettapHH B03HHKHOBeIDUI rrpH H3MeHeHHH napa­

MeTpOB peaKTopa, BbI.D.eJieHbl MHO)KeCTBa napaMeT­

poa, np11 KOTOpbIX peaKTOp reHepHpyeT CTOXaCTH'-!e­

CKHe KOJ1e6a1msr (o6naCTH CTOXaCTHlfHOCTH.). IIpoae­

,neHO Bbl4HCJieHHe pa3JIH'fHblX xapaKTepHCTHK .[IHHa­

MH4eCKOro xaoca H HCCJie,noBaHa HX 38BHCHMOCTb OT 

napaMerpoa peaKTopa. Pa3pa6oTaHbl nerKo npoae­

pJ1eM1:,1e KpHTepmI xaoca ,nm, pa3Hoo6pa3HbIX MO,ne­

nei1 peaKTopa, npHMeHJIBll!HeCR .D.JI,1 BblffBJieHJ,UI KOH­

KpeTHblX THUOB ff,D.epHblX peaKTopoa, B KOTOpblX B03-

MO)KH8 peamnaum1 CTOXaCTHqecKHx pe)l(HMOB. On­

pe,neJieHbl pa3JIHqHble CJiy<taH, Kor.na xaOTH4eCKHe 

Kone6attHJI uenecoo6pa3Ho Hcnon1:,3osaTb a KaqecT ae 

ycTaHOBHBL1Ieroc11 pe)KHMa pa60Tbl peaKTopa, H 

npe.n.no)l(eHbl cnoco61:,1 a1:,16opa napaMe-rpoa, npH Ko­

Top1:,1x B peaKTope peanH3YeTCJI CToxacTH4ecKJ,fj;j pe­

)KHM. PaccMOTpeHbl 3a,naq1-1 ynpaanemrn xaon1qe­

CKHMH KOne6aHHJIMI-I a R.UepHblX peaKTopax. 

CyMM11py11 CKa3aHHOe, MO)KHO CKa3aTb, 'ITO B pa-

6oTax [19 - 50] C03,na.Hbl TeopeTH4eCKHe OCHOBbl 

xaoTH'-!eCKOH }.J.HH8MHKH 11.nepHblX peaKT0pOB H orrpe­

.neneJ-lhl B03MO)l(Hble npHJIO)KeHHJI J.J.1-!HaMHtteCKoro 

xaoca B peaKTopax. IIonyqettHh1e pe3y111:,TaT&I Bbrne­

JIH HCCJle,lJ.OBaHHR xaoca B 11,nepHbfX peaKTOpax Ha 

T8KOH >Ke BblCOKI-IH ypoBeHb HCCJie,noaaHHH xaoca, 

KOTOpblH .[IOCTHfttyT a HeKOTOpblX ,ApyrHX o6nacrnx 

HayKl-1' H TeXHHKH. IIo pR.ny no3Hl.lHH (s1:,1pa60TKa 

KpHTepHeB xaoca, CHHTe3 xaontY.eCKHX CHCTeM) HC­

CJie,nosaHH.sJ xaoca s ,nHHaMJ,U(e peaKTopoa Haxo,nRTc11 

Ha ypoaHe, KOTOpblH e11J.e He .UOCTHfttyT B .npyrnx 

o6JiaCTJIX. TTonyLJeHbl opHrHHaJlbHble KpHTepHH, CBH-

3bIBaIOUllie 803HHKHOBeH11e xaoca B HemrneHIJblX 

Mo,nensrx peaKTOpa co CBOHCTBaMH HMfIYJibCH.bJX HJlH 

nepeXOJlHblX cpyHKLll-lH, xapaKTep113yI0L1.1HX mrnew­

HbJe qacnt 1-1ccne.nyeMblX CHCTeM [24, 33, 36, 38, 43 
- 46]. IlOCTpOeHhJ O.UHOMepHble OT06pa)KeHJ,fjl, CTO­

xaCTJ,fl..{HOCTb KOTOpblX CJlY)KHT KpHTepHeM xaoca B 

Mo,nemx peaKTopos. ,[Ln.JI 3THX oTo6pIDKeHHH nony­

'leHbr 8HaJIHTH'-leCK.He Bbipa)KeHHJI, HCnOJI.b3YlOL1.1He 

Jililllb RBHblH BM.LI nepexo,nHOH H HMnynbcttoii q>yHK­

u1111. TTpe.D.JIO)KeHHhle KpHTepHH CBR3aJ1H B03HHKH0-

BeHHe xaoca C TaKHMl-1' xapaKTepHCTHKaMH, KOTOpble 

pattee .D.JIR nporno311poaattm xaoca HHr,ne He 11c­

non1:,3oaan11cb, HO WHpOKO npHMeffj{lOTCR npH HCCJie­

JJ.OBaHHH ,npyrHX CBOHCTB HeJII,1HeHHhJX CI-ICTeM, Ta­

KHX, HanpHMep, K8K ycTOH'iKBOCTb 11 orpaHH'-!eH­

HOCTb .[IBH)KeHHH. IIonyqeHHble KpHTep1-111 oqeHb 

y,no6Hbl .D.JIH npaKTH'-leCKOrO HCTIOJlb30BaHml, TaK KaK 

CB113bIBaJOT HaJll-l'•IHe xaoca C nerKo Bb!Y.HCJUleMblMH 

no npaBblM Y.aCTJIM xapaKTepHCTHKaMH HCc11e.nyeMblX 

CHCTeM. 

B pa6oTax [33, 36, 38, 43, 44] onpe,neneHbJ ycno­

BIDI, np1-1 KOTOpbIX paCCMOTpeHHble KJ18CCbl HemrneH­

HblX MO,neneH peaKTopa )KBHBaJieHTHbl KJiaccy KY­

CO'-lHO-JlHHeHH.bIX CHCTeM. ITo3TOM)' Kp1nep1111 xaoca, 

nonyqeHHbie J1JU1 Mo,nenei1 peaKTopa, nepeHOCHTCff Ha 

)TOT Ba)l(HblH KJiacc HemrneHHblX CHCTeM o6mero 

BH.Ua. TaKHM o6pa30M, He Te0pHll .[IHH8M1.fqecKoro 

xaoca .naeT MeTOJlbl .n.n11 HccnenoaaHIDI xaoTH'feCKOH 

,nirnaMHKH R.nepHblX peaKTopoa, a Hao6opoT, cnoco-

61:,1, pa3pa60TaHH.h1e np11 pewemrn KOHKpeTHbIX 3anaq 

.[11-!HaMHKH peaKTopoB, CJly)KaT HCTOLJHHKOM KpHTep.11-

ea xaoca .D.JIH HeJIHHeHHblX CHCTeM o6mero BHJl8. 

15 



3. XaOTH'lec1rne KOJie6aHHH B peaKTope C ueJIHJ-leHHblMH CHCTeMaMH peryJJHp0B3HH_H 

CnetzyeT OTMeTITTb, qTo AAepHbie pe8.I<Topbl SIBH­

JU!Cb 0JJ,HJ1MH H3 C8.MblX nepBbJX 06'beKTOB, .lVUI KOT0-

pblX npeJJ,CTaBJJeHbl H o6oCHOBaHbl CJJY1-IaH npaKTH''.fe­

CKOfO HCilOJlb30BaIDUI CTOXaCTHqecKKX. KOJJe6amdi. 

bblJJO npe,nno:lKeHO peaJJH30BaTb 3TH KOJJe6amui: B 

CHCTeMax CTa6HJJH3amrn MOW.HOCTH H HeHTpOHHOro 

nonsi peaKTopa [ 19 - 21, 26, 27, 30, 31, 35, 41]. ,[{eno 

B TOM, '!TO MH0rHe coapeMeHHble peaKTOpbl xapaKTe­

pH3Yl-OTCSI HecTa6HJlhHOCTbl-O Hej;iTpoHHoro JlOJUl H HX 

3KCnnyaTaQHSI ocyw.eCTBJISleTCSI. TOJlbKO npH Hamt"flUt 

cnel(HaJJbHblX CHCTeM aBT0MaT11qecKoro peryilllpO­

BaHHSI. B npaKTHKe yrrpaBJieHHSI peaKTopaMH HCTIOJib-

3YI-OTCSI peneHHble H .[(HCKpeTHble CHCTeMbl peryJIH­

posamrn. TaKHM CHCTeMaM npHCYJ.IOi HeH.neanbH0CTH 

nma speMeHH6ro H npocTpattCTBeHHoro 3aTia3.ll;bIBa­

HHH (30Ha HeqyBCTBHTeJlbHOCTH, neTJUl rHCTepe3HCa). 

l-h-3a 3T0ro B ycJI0BHSIX tteyCTOHl{HBOrO 06beKTa pe­

ryn11posam1J1 ycTaH0BHBIIIHMCSI pe:lKHMOM pa60Thl 

peryn1-1pyeMoro peaKTopa cny)l{aT aBTOKone6aHHSI. B 

pa6oTax (19 - 21 , 26, 27, 30, 31, 35, 41] HCCJie.[(OBa­

HHe JJ.HH8MHKH peaKTopa C CHCTeMOH perynHposamrn 

npoBe,L{eHO B paMKax T0lfelfHl,IX ypaBHeHHH KHHeTHKH 

H ypaBHeHHH 0.[(HOrpynnosoro Al•l(pq>y3HOHH0f0 npH-

6nIDI<eHHJI. IloKaJaHo, 'ffO ecJIH pea.KTop 11.Bm1eTCS1 

KOJ1e6aTeJJbHO-HeycTOH-.:rHBbIM, TO B03HHKa!OJ.IOie aB­

TOKOJ1e6aHH.S1 B UIHp0KOM .[(HaJla30He napaMeTpOB 

peaKTopa H CHCTeMbl perymtpOBaHHJI HOCSIT CTOxac­

THlfeCKHH xapaKTep. TioJIY1-leHbl KpHTepHH, KOTOpbie 

CBSl3b!Ba!OT cyw.ecTBOBaHHe CTOXaCTH'ieCKHX KOJie-

6attHH C B3aHMHblM pacnoJIO)l{eHHeM Ha K0MnJJeKC­

HOH nJI0CKOCTH KOpHeH .nayx xapaKTepHCTH'ieCKHX 

ypasHeliHH, COOTBeTCTBYIOW.HX o6'beKry pery1rnpo­

BaHHSI (peaKTopy) 11 CHCTeMe perynHpoaamu1. Atta­

norn TaKHX KpHTepHeB B Teopml .[(HHaMHlfeCK0rO 

xaoca OTCYTCTBYJOT. J1ccne.noaaHa 3aBHCHMOCTb xa­

paKTepHCTHK aBTOKOJie6aHHH OT napaMeTp0B. BbUJC­

HeHO, 'ITO B CT0X8CTH4.eCKHX pe)KHMax qacT0Ta BBe­

JJ,eHHSI ynpaanRJOlllHX B03.[(eHCTBHH cyw.ecrneHHO 

HIDKe, creM B nepHO.[(H'-teCKHX pe)KHMaX. I103TOMY, 

pean,nyR B CHCTeMe perym1poBaHHSI CTOXaCTHlfeCKHH 

pe:lKHM H yMeHbllIM TeM caMblM qacTOTY BKJII-OqeHHSI 

MexaHH3MOB, nepeMemat0ll(HX peryJIHPYI-OW.He opra­

HhI, MO)KHO yseJIHlfHTb cpoK cJiy)l(6bI 3THX MexaHH3-

MOB. B pa6oTax (30, 31, 35, 41] pa3pa6oTaHbl MeTO­

.[(HKH CHHTe3a ynpaBJIJIJOUl,HX ClffHaJI0B, npH K0TOpblX 

a peaJ<Tope c c11cTeMOH peryn11poaaHHS1 peanH3ye-rcsi 

CT0XaCTH"'IeCKHH pe)KHM C MHHHMaJJbHOH 4.aCTOTOH 

BBe.[(eHHSI ynpaBJUllOll(HX 803.[(eHCTBHH. 3-rH MeTO.[(H­

KH npHMeHHMbl KaK K 0.[(HOCBSl3Hb1M CHCTeMaM pery-

1mpoaam1S1 MOll(HOCTH peaKTOpa [30], TaK H K MHO­

roCBSl3HbIM CHCTeMaM CTa6HJJH3aQHH HeHTpOHHOro 

TIOJISI [ 41]. 3qicpeKTHBHOCTh npe,nJJ0)KeHHblX cnoco-

60B CHHTe3a npoHJIJIIOCTpHpOBaHa Ha npHMepax pa3-

Jllfl-lHblX THTIOB o6paTHblX CBSl3eH, BCTpe4.a!OW.HXCSI B 

peaKTopax H npHBO.[(SlllJ.HX K HX HeyCTOHlfHBOCTH. 
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Tip11MeHett11e pa3pa6oTaHHblX MeTO.[(HK K KOHKpeT­

HblM peaKTopaM Il03BOJIHT YJIY4WHTb Ka<reCTBO pery­

JIHpoaaHHJI MOI.IJ.HOCTH H HeHTpOHHOro IlOJUI. 

Pe3yJlbT8Tbl, TIOJIY1-leHHbJe npH HCCJJe.[(OBaHHH MO­

.neneH peaKTopa c peneiittoH cHcTeMOH peryffifpoaa­

HHJI, JIBHJlHCb HOBbIMH He TOJlbKO JJ..IUl JJ.HHaMHKH pe­

aKTOp0B, HO H ,L{JIJI KJiacca peneHHbIX CHCTeM C rHCTe­

pe3HCOM H Kone6aTeJibHO-HeyCTOHlfHBOH JJHHeimoii 

4aCTblO. OKa3aJIOCb, 4TO .[(HHaMHlfeCKHH xaoc, BblJIB­

JieHHblH B 3TOM KJiacce HeJIHHe.HHbIX CHCTeM npH pe­

meHHH 3a,naq JJ.HH8MHKH peaKTopoa, paHee B 3TOM 

KJiacce CHCTeM He 6b!JI o6Hapy:>KeH 11 He HCCJTe.nosan­

CJI. Ilepaow pa6oTOH no xaoTw-1ecKoH ,ll.HHaMHKe pe­

neHHhIX CHCTeM C rHCTepe3HCOM H KOJie6aTeJibHO­

HeycTOKlfHBOH mrneHHoH qacTblO RBHJiacb cTaTbSI 

(22]. ,[{aJihHeHUIHe pe3yJibTaTbl nonyqettbl B pa6oTaX 

(23, 29, 32, 35], a KOTOpbIX npoBe)].eHO ,ll.eTaJJbHOe 

HCCne.noBaHHe xaoTHlfeCKHX KOJie6aHHH s JJ.ByMep­

HblX H TpeXMepHblX CHCTeMax C rHCTepe3HCOM. Hc­

cne.nosaHHe JJ.HH8MHKH TaKHX CHCTeM cse.neHo K no­

c-rpoettHIO H aHaJJH3Y O.[(HOMepHbIX OT06pa:lKeHHH. 

,[{nR 3THX OT06pa:lKeHHH npose,ll.eHO npH6JTIDKeHHOe 

noCTpoeHHe IlJTOTHOCTH aepOSITHOCTH H Ha ee OCHOBe 

Bhl4Hcnetto cpeattee 3Ha1.Jem1e HHTepaana apeMeHH 

Me>KJJ.y nocne.noaaTeJlhHbtMH nepeKJIJOl.feHHSIMH pene. 

Bb!SIBJTeHbJ pa3H006pa3Hble THilbl xaOTHl{eCKHX KOJie-

6aHHH 11 xaoTHlfeCKHX aTTpaKTopoB a JJ.ByMepttblX 11 

TpeXMepHblX peneHHblX CHCTeMax. B npocTpaHCTBe 

napaMeTpoa 3THX CHCTeM Bbl.[(eJJeHbl o6JiaCTH CTO­

xaCTHqHOCTH, OTBel.fa!Oll{He pa3JlH4HblM THnaM xao­

nrqecKHX .[(BH)KeHHH. KpHTepHH xaoca H MeTOAbl 

CHHTe3a 3aKOHOB o6paTHOH CB.sl3H, pa3pa6oTaHHble B 

pa6oTe (30] npHMeHHTeJibHO K MO.[(eJIJIM perym1pye­

MOfO peaI<Topa, pacnpocTpattett1,1 a cTaTbe [3 SJ Ha 

06ll.\HH KJiacc peneHHblX CHCTeM C rHCTepe3HCOM H 

npOH3B0JlbHblM KOJie6aTeJibHO-HeycTOH-.:rHBblM O0'b­

eKTOM. Ilpe,nno:lKeHbI cnoco6bt Bb16opa ynpasnsi10-

ll(HX CHrHaJIOB, o6ecne4HBa!Oll.\He B peneHHblX CHC­

TeMax rrpOH3B0JlbHOro nopsi:.nKa TOT )Ke CTOXaCTH4e­

CKHH pe:lKHM H TY :>Ke 1.JacTory nepeKJ1IO'leHHH pene, 

lfTO H B BbI6paHHOH B KaqeCTBe 3TaJJOHa .nsyMepHOH 

HJIH TpeXMepHOH CHCTeMe. MeTO.[(HKa CHHTe3a no-

3B0JIJleT cymeCTBeHHO IlOHH3HTb qaCTOTY sse.neHHSI: 

ynpaaneHHSI no cpaatteHHJO c nep110,n11qecKHMH pe­

)l{HMaMH, B03HHK8l0ll(HMH npH HenpaBHJibHOM BbJ6o­

pe 3aKOHa ynpaBJieHHSI. 

B pa6oTax (25, 37, 46, 47] xaornqecKHe Kone6a­

HHJI BblSIBJieHbl H HCCJie.[(0B8Hbl B MO.[(eJISIX peaKTOpa C 

TaKHMH HeJIHHeHiiJ,IMH o6paTHI,IMH CBS13Sl:MH, KOTO­

pble 06ecneq11aatOT cyll(eCTBOBaHHe a peaKTope He 

0.[(HOro, KaK o6bll.JHO, a HeCKOJlbKHX CTaQHOHapHbJX 

COCTOSIHHH. TTOKa3aHO, '!TO eCJIH ace OHH HeycTOHlfH­

Bbl, TO B peaKTope B03MO)KHbJ xaOTHCfeCKHe KOJJe6a­

HHSI, B npoQecce KOTOpblX -rpaeKTOpHH CHCTeMbl 

6ny~alOT Me>KJJ.Y CTaU,HOHapHblMH COCTOSIHHSIMH a 



npe.a.enax Toro HJIH HHoro xaontlfecKoro arrpaKTopa. 

BbUICHeHO, '-ITO a peaKTope c HeJIHHeHHbfMH o6paT­

HblMH CBll3llMH Moryr peaml30Ban.cll MHOrHe H3 H3-

BeCTHblX nrnoB xaOTH'-leCIGIX arrpaKTopoB, TaKHX 

KaK cnHpanbHhIH, JJ.BOHHOH CilllpanbHblH, arrpaKTop 

JlopeHI.{a H .a.pyrne. KpoMe Toro, a pa6oTax (37, 39, 
46] BhrnBJieH H HCCJieJ).OBaH HOBhlH xaOTH'-leCKHH aT­

Tpfil<TOp Ha3BaJIHbIH JJ.BOHHhIM BHHTOBbJM arrpaKTO­

poM. B KalfeCTBe npHMepoB paCCMOTPeHI,J MO)J.eJIH 

peaKTopa co creneHHbJMH (Kaa.u.paTH'-IHbJMH, Ky611lfe-

CKHMH) H KYCOlfHO-JIHHeHHblMH 3aBHCHM0CTllMH p e­

aKTI!BHOCTH H K03<p(pHl.(HeHTa pa3MHO)KeHHjj OT na­

paMeTpOB peaKTopa. B crryqae Kor.a.a see HeycTOH­

lfHBble COCTO.llITTUI cocpe.D.OTOlfeHbl B orpaHH"l¾eHHOM 

o6naCTH cpa3080f0 npoCTpaHCTBa, TOH xaOTHlfeCKHe 

.D.BIDKemrn npoHCXO.D.llT B 3TOH o6naCTH. Ecm1 p a3Me­

pbl 3TOH o6nacTH )J.OCTaTOlfHO MaJibl, TO CTOJlb )Ke 

MaJlOH 6y.neT aMrurnry.na xaOTHlfeCKHX KOJie6aHHH, H 

3TH KOJie6aHID1 Moryr OKa3aTbCSI .nonycnlMblMJ,f npH 

JKc□rryarauHH peaKTopa. 

4. BpeMeHHble HMilYJibCHLie CTOXaCTH'ICCirne pe:iKBMbl H pe)KIIMbl HMilYJJbCHOH ryp6yJieHTHOCTH 

ueiiTpOHHoro IlOJIH 

Ba)l(HeHlliHM H3 nOJ1Y"4eHHhlX pe3yJibTaT0B SIBH­

Jl0Cb TO, lfT0 6bUIH BbUIBJleHbl HOBble pe:>KHMht pa60Tbl 

SIJJ.epHblX peaKTopos - aBTOKOJie6aTeJibHhTe HMoym,c­

Hbte CTOXaCTH'-leCKHe pe)KHMb( (24, 33, 34, 36 - 38, 40, 
42 - 50]. 3TH pe)KHMbT C0CTOSIT s TOM, lfTO s peaKTope 

qepe3 CJIY"4aHHbte npoMe~ speMeHM npOHCXOJ]JIT 

HeHTpOHHhte BCTiblUIKH CJIY"l¾aMHOH MHTeHCHBHOCTH, a 

Me)KJl.y HHMH nJIOTHOCTb tteITTJ)OHOB KOJie6rreTCll Ha 

HH3KOM ypOBHe. I1pH 3TOM, ecnH pa3Mepbl peaI<Topa 

MaJibl, TO BCTibllllKH OXBaTblBaJOT cpa3y BCIO aKTHBHYIO 

30HY (peanH3YeTCll pe)KHM speMeHH6ro HMnyJibCHOfO 

xaoca). Ecm1 >Ke pa3Mep1,1 peaKTOpa .D.OCTaTOqJ{0 ae­

rrmot, TO HeITTJ)OHHI,le HMnyJl.bCbl CJIY"l¾aKHOH HHTeH­

CHBHOCTl1, npoHCXOJJ.Slll(He qepe3 CJIY"l¾aHHbie npoMe­

>K)'TKH speMeHH, OXBaTblBaJOT He BCIO aKTJIBttyIO 30HY, 

a npOHCXOJl.jjT s JIOKaJlbHblX o6rraCTSIX peaKTOpa, pa3-

Mepbl, cpopMa H pacnono>KeHHe KOTOpbtX B aKTHBHOH 

30He Heperym1pHO MeHJUOTCSI co speMeHeM. B q>HKCH­

poBaHHbte M0MeHTbl BpeMeITTJ B O.D.HHX 30Hax peaKTOpa 

rrpoHCX0)J.llT HeHTpOHHhte BClli,llllKH, B TO >Ke speMSI B 

.a.pyrHX o6rraCT.llX peaKTopa nJIOTHOCTb HeITTJ)OHOB Ha­

XOJJ.HTCll Ha HH3KOM ypOBHe. I1pH O'-leHb 60JihlIIHX 

pa3Mepax aKTHBH0H 30Hht HeHTPOHHbie BCTibllllKH 

npOHCXOJJ.llT He npeKpaLUal!Cb. He ycneBaeT 3aKOH­

'-IHTbCSI BC□blUIKa B OJI.HOH JlOKaJTbHOH 30He, KaK Ha'-IH­

HaeTCll 0JJ.11H HJIH 6onee HMTIYJlbCOB B .u.pyrHX 30Hax. 

3To pe)Kl1M npoC'l'paHCTBeHHo-apeMeHH6ro xaoca, 

BnepBbie BhlllBJieHHblH a pa60Te [42] H Ha3BaHHhlH a 

CTan.e [ 45] pe)KHMOM HMnyJlhCHOH ryp6yneITTHOCTH 

HeKrp0HH0f0 □OJl.ll. 

JilMnynbCHblH xaoc .llBJ1.lleTCSI npHHqMTIHaJibH0 H0-

BhlM, npHCYLUHM TOJibK0 Sl,ll.epttblM peaKTopaM. EMY 

HeT attanoroB s .npyrHX o6naCT.llX HayKH H TeXIDIKH. 

XaoTl1"4eCKHe anpaKT0pbt, 0TBe'lalOLUHe HMnyJlhC­

H0MY xaocy, TaK>Ke SIBJISIIOTCSI H0BblMH H He CBO,WITCSI 

HH K OJJ.HOMY H3 H3BeCTHblX THTIOB xaoTH'leCKHX aT­

rpaKT0p0B. OHH Moryr non0JIHHTb C0HCOK nrnpOK0 

H3BeCTHbIX aTTpaKTopoB. 

Cne.a.yeT noJJ.1.!epKHYTh, lfTO B CTOXaCTH1.JeCKHX 

pe)KHMax HeihpOHHbte HMnyJibCht CJ1Y"4aHHOH HHTeH­

CHBHOCTH reHepHpytoTCSI HCKJTIO'IHTeJlbHO 3a C'-leT 

.a.eikTBHll JJ.eTepMHIDipOBaHHblX BHyrpeHHHX o6paT­

HhIX CBSl.3eH no peaKTHBHOCTH npH 0TC)'TCTBHH B pe­

aKTope KaKHX-JIH6o BHeUIHHX B03M)'lll.eHHH HJIH na­

paMeTpOB. 

B pa6oTaX (40, 42 - 47] npoae.a.eHO HCCJle.D.OBaHHe 

HMnyJibCHhIX CTOXaCTH"4eCKHX pe)KHMOB B paMKax 

T0'le'IHblX H pacnpe)J.eJieHHh[X MO.a.eneH peaKTOpa C 

o6paTl!blMH CBSl3.llMH o6mero m1.na, He OTHOCSII.UHMH­

C.Sl K K0HKpeTHblM nmaM peaKTopoB. Onpe)J.eJieHbl 

MexaHH3Mbl H cueHapHH B03HHKH0BeHHSI HMnyJibC­

HblX CTOXaCTH'leCKHX pe>KHM0B, HCCJleJ).0BaHhl HX 

OCHOBHbte CBOHCTBa. IloJJY"4eHbl KpHTepHH B03HJ1K­

HOBeHH.ll HMnyJThCHOfO xaoca. I1oKa3aHo, 1.JTO OH B03-

HHKaeT B peaKTopax np11 ysenHlfeIDrn KOJ<pq>H.UHeHTa 

YCHJJeHHJI o6paTHOH CBSl3H (MOJ.I.O{OCTH peaKTOpa), 

ecm, o6paTHbte CBSl3H B 3THX peaKTopax TaK0Bbl, 4TO 

HX HMnyJihCHaSI cpyHKLUi.Sl (oTKJIHK peaKTHBHOCTH Ha 

HMTIYJlbCHOe H3MeHem,e nJJOTHOCTH HeITTJ)OHOB) SIB­

JTSleTCB OTPHUaTeJTbHOH H HeMOHOTOHHOH. 

I10Ka3aHO [43 - 50], lfTO 3T0MY KpH1'epH10 M0ryT 

Y.D.OBJieTBOpSITb nJIOTHOCTHbJe o6paTHble CB.ll3H, npH­

cymwe KJ1accy S1JJ.epHbIX peaKTopos co c:>KHMaeMhrM 

T0TIJIHBOM HJIH TenJI0HOCHTeJieM. K 3T0MY KJTaccy pe­

aKTOpOB OTH0CSITCSI nepcneKTHBHl,[e peaKTOpbl Ha ra-

3006pa3HOM T0ITJlHBe H umpoKO npHMeHlleMhie Ha 

npaKTHKe BO.D.0-BO)J.l!Hble KHfllllll,He peaKTOpbl H peaK­

TOpbl C ra3006pa3HblM TeTIJlOH0CHTeJieM. 

B pa6orax [45 - 50] Ha1.JaTO HCCJleJ).OBaHHe 803-

MO)KHOCTH, JJ.0nyCTHMOCTH H uenecoo6pa3HOCTH pea­

JIH3al..{HH HMnyJlhCHblX CTOXaCTH'-leCKHX pe:»CHM0B B 

peaKTopax co C>KHMaeMblM T0TIJil1BOM HJIH TeTIJIOHOCH­

TeneM. l1ccne.a.oaattHe npoBOJJ.HTClf nyTeM npS1Moro 

pacqera Ha 3BM npe.D.JiaraeMhIX pe>KHMOB no cneuH­

anbHO pa3pa60TaHHblM MO.D.eJl.llM, anropHTMaM H npo­

rpaMMaM. ,nrur OIIHCaIDUI H3MeHeHJUI TIJIOTHOCTH HeH­

TpOHOB HCTI0Jlb3yroTCSI ypaBHeHJ,UI O.D.HOrpynnosoro 

JJ.Hq>q>Y3HOHHOfO npH6moKeHHll. ilnOTHOCTHble o 6paT­

Hble CBJl3H H napaMeTphl ra3006pa3HOfO TOnJIHBa, KH­

ruul.(ero HJIH ra:mo6pa3Horo Te□n0HOCHTem1 onHcb1-

sa10TcS1 pacnpe.neneHHblMH ypasHeHH.SIMH COCT0SIHHll, 

Hepa3pb1BHOCTH, JI.BH)KeHHSI w Tennosoro 6anaHca. 
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5. B03MO;KHOCTh, i:.onycTHMOCTb H u,eJiecoo6pa3HOCTb peaJIHJaIJ,HH HMDYJihCHhlX 

CTOXaCTH'leCKHX pe;KHMOB B pea1nopax C raJoo6pa3HhlM HAepHbIM TODJIHBOM 

PeaKTOpbl Ha ra.Joo6pa.3HOM T0fIJI11Be 11BJUIIOTC11 

nepcneKTHBHblM THilOM .!l)J.epHbIX peaKTopoB, KOT0-

pbre Moryr 6b1Tb OCHOBOH .si,uepHbIX palCeTHblX }l.BHra­

TeJJeH, a TaIOKe CJiy')KHTb M0U{HblM I-ICT0'-IHHKOM 3JieK­

Tp03HeprnH. Bo3MO)KHOCTb B03HHKHOBeHH11 aKyCTH­

'-leCK0f0 HMnyJJbCHOfO xaoca B peaKTopax C fa.3006-

pa3HblM H}l.epHbIM TOnJUtBOM BnepBbie BbUIBJieHa B 

pa6oTe [34). 
OcHOBHblMH napaMeTpaMH, onpeneJlj{JOll.\HMH )J.H­

HaMHKY peaKT0p0B C fa.3006pa.3HblM TOOJIHBOM, .!lBJijJ­

IOTCH CTal.\HOHapH~ MOI.UHOCTb, nJIOTHOCTHOH K03q>­

cpHL-1HeHT peaKTHBHOCTH, TPeHHe, npenHTCTB)'lOI.Uee 

)J.B11)1(eHHJO TO0JlHBHOfO ra.3a, CKOp0CTb 3ByKa B fa30-

o6pa.3HOM TOnmme, OTHOWeHHe CKOpOCTH Tonmrna K 

CKOpocn, 3ByKa, OTH0WeHHe OOCT011HHOH BpeMeHH 

H3MeHeHH.!l nJIOTHOCTH HeHTPOHOB K BpeMeHH npoxo.na 

3BYKOM aKTHBHOH 30Hbl, pa.3Mepbl peaKTopa. 

1-:fasecTHO, LJT0 npH )J,OCTaTO'-IHO 6oJibillOH CTalV10-

HapHOH MOlllHOCTH B peaKTopax paccMaTpHBaeMoro 

nma HeH36e)l(H0 npOHCXO)J.HT caMOB036y')KJJ.eHHe 

aKyCTH'[eCKHX KOJie6attHH s TOTIJlHBHOM ra.3e. IlpH­

t.JHHOH aKyCTH'-!eCKOH HeyCTOH'lHBOCTH .!lBAAeTCjj .noc­

TaTO'-IHO CHJlbHM 3aBHCHMOCTh K03cpcpm-1HeHTa pa.3-

MHO)f(eHHJI HeirrpOHOB OT nnoTHOCTH fa.3006pa.3H0f0 

T0nmrna. B03HHKaIOI.I.0,1e aKyCTH'leCKHe KOJ1e6aHHH 

Moryr 6b!Tb KaK HeorpaHH'-leHHhIMH, TaK H orpaHH­

'-!eHHbTMH. B nocne,nHeM cny1iae peanH3YIOTC.!l ne­

pMo,nw~ecKHe J,fJlJ,f CTOXaCTK'-leCKHe aBTOKOJ1e6aTeJ1b­

Hble pe)ICHMbl. 

IlpOBOJJ.HMbie liCCJie)J.OBaHHH nOKa.3blBalOT, '-!TO 

HMnyJlhCHble CTOXaCTH'-!eCKHe pe)KJ1Mb( B03HHKalOT 

npH yseJ1H'-leHHH MOll.lHOCTJ,f peaKTopa HJIH nJlOTHO­

CTHOfO K03cpcpm.i;HeHTa peaKTHBH0CTH J,f yrny6JieHJ,!H 

3THX napaMeTp0B B o6naCTh HeyCTOHLJHBOCTH CTa-

1.-IMOHapHoro pe)K.HMa. Ha OCHOBe '-IHCJieHHOfO no­

CTp0eHHH H aHaJ1H3a CBOHCTB HMnyJibCHOH QJYHKI.-IHJ1 

OJIOTHOCTHOH o6paTHOH CB.!l3H B rrpocTpaHCTBe napa­

MeTPOB peaKTopa BbI)J.eJleHbl o6naCTH HMnyJlhCHOro 

xaoca. C noM0l.l-lbIO ~mcneHHbrx pac'leTOB Ha 3BM 
onpenenetto, KaK Memi:eTCjj aMTIJ1Hry,na aBTOKone6a­

HHH rrp11 nepeceqemrn TeM HJIH HHbIM napaMeTpOM 

rpaHH~I,) 06nacn1 ycTOH'rnBOCTH CTal.\HOHapHoro 

pe)f(HMa H nocJ1eJJ.)'l01lleM yrny6neHHH Bb16pattHOfO 

napaMeTpa s o6naCTb HeycTOHqJ,tBOCTH. IlocTpoeHbl 

3aBHCHMOCTH aM□mrry.n aBTOKOJ1e6aHHH OT nepe'lHC­

JJeHHblX BbJWe napaMeTpOB. Ha OCHOBe aHaJlH3a 3THX 

3aBHCHMOCTeH Bb1$1CHeHo '-!TO napaMeTpbl peaKTopa 

scer.ll,a MO)KHO BbI6paTb TaK, '-!TO HeCMOTp.!l Ha 3Ha'-!H­

TeJlbH)'lO aMrurnTYJJ.Y Kone6att11w nnoTHOCTH HeHTpo­

HOB aMnJlHTY.ll.bl KOJ1e6aHHH TeMneparypbl, nnoTHO­

CTH, .ll,asneHHH, CK0pOCTH L-1HpKym1.urn fa.3006pa.3HO­

ro TOllJll,IBa He npeBLIC.!lT JJ.OnyCnfMblX npe.ll,eJIOB. 
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Il03TOMY npe.ll)laraeMb!e CTOXaCTH'leCKHe pe)KHMbl 

MOryr 6b1Tb peanH30BaHhl B peaKTOpax C fa.30o6pa.3-

HblM TOfIJIHBOM. 

IloKa.3aHO, 'ITO B~IO pOJlb B B03HHKHOBeHHH 

aKYCTH'leCK0fO HMTJYJibCHoro xaoca J,f orpaHWJeHHH 

aMTIJlHTYJJ.bl xaoTH'teCKHX KOJle6aHHH HrpaeT TpeHHe, 

nperuncTB)'l01I-1ee .ll.BIDKeHHJO TonmrnHoro ra.3a [34). 
BbrnCHeHO, '-!TO npH JJ.OCTaTO'-IHO 60JlbWOM TpeHHH 

pa.3Max KOJie6aHID1 nJlOTHOCTH HeHTpOHOB H .ll.pyr11x 

napaMeTpOB Me.ll,JleHHO B03pacTaeT C pOCTOM CTill.-lH0-

HapHOH MOLUHOCTH peaKTOpa HJlH nJlOTHOCTH0ro K0-

3cp<pH1.-1HeHTa peaKTHBHOCTH. B 3TOM cnyqae nepexo.n 

K xaocy H caM CTOXaCTH'-leCKHH pe)l(HM OKa.3b!BaIOTCH 

6e3onacHbIMH .[-IJijJ peaKTopa. Ecm, )Ke TpeHHe Mano, 

TO rpaHH~a 06J1aCTH ycTOH'-IHBOCTH OKa.3blllaeTC51 

onacttoH. Ilp11 ee nepexo,ne napaMeTpaMH peaKTopa 

npoHCXOJJ.HT pe3KOe B03pacTaHHe MOLIJ;HOCTH, cno­

co6ttoe npHBeCTH K aBapHH. 

IloKa.3atto, '-!TO 1.-1enecoo6pa.3HOCTL pean113a1.-11111 

aKyCTH'-!eCKHX HMnyJibCHbIX CTOxaCTH4eCKHX pe)KH­

MOB a peaKTopax c ra.3oo6pa.3HbIM TOnnHBOM B nep­

BYIO O'-lepe.[-lb onpe.neJlj{eTC51 TeM, '-!TO B 3THX pe)KH­

Max M0)KHO ,nocntrHyrb TaKHX BbICOKHX ypOBHeH 

MOUJ;HOCTH, npH K0TOpbIX CTal.-lHOHapHblH pe)KHM pe­

aKTopa 3ase,n0Mo HeycTOH'-IHB, a ero CTa6HJIH3al.-lH51 

HMelOLUHMHC51 cpeJJ.CTBaMH ynpasnemu1 HeB03MO)l(Ha 

H3-3a BblCOKOH 'laCTOTbl aKyCTWleCKHX KOJie6aHHH. 

IlpH 3TOM Bbl.!lCHeHO, '-!TO MOU{HOCTb peaKTopa B pe­

)KHMe HMnyJlbCHOfO xaoca MO)l(eT 3HaYHTeJlbHO npe­

BOCXO.[-IHTb 11 TY MOLUHOCTb, KOTopyio 6bl HMen peaK­

TOp B TOM HeycTOH'-IHBOM CTal.-lHOHapHOM pe)l(HMe, H3 

KOT0poro pa3BHBaeTC.!l pe)KHM aKyCTH~eCKOfO xaoca. 

B npeJJ.JiaraeMblX pe)KJ,fMax HeirrpOHHble HMnyJib­

Cbl conpOBO)K,llalOTC.!l KOJ1e6attHJlMH nJIOTHOCTH, TeM­

neparyp1,1, .ll,aBJieHH51, CKOpOCTH raJoo6pa.3HOro TOn­

JlHBa. C o,nHOH cTopoHhI, aMfUIHry.ll.a 3THX Kone6aHHH 

He .[-IOJI)l(Ha npeBbIWaTb JJ.OrryCTHMb(X npe.ll,eJIOB, a C 

JJ.pyroH CT0pOHhl, H3 3THX KOJ1e6aH1iH MO)KH0 H3BJJeL[b 

noJJb3Y, npH'-!eM TeM 66nbwy10, 'leM 6onbwe pa.3Max 

Kone6aHHH. Kone6attHH cKopocnt ra.3006pa.3Horo 

TOnJIHBa MO)l(HO HCnOJib30BaTb .[-IJUI np51M0f0 npeo6-

pa.30BaHHJI .!l.ll,epHOH 3HeprHJ1 B MexaHH"leCK}'JO, B '-18-

CTHOCTH, .ll,Jl.!l yserrlf'-!eHHH CKOpOCTH l-lHPKYJlj{l.\HH 

TOTIJlHBa qepe3 peaKTop H TeTIJI006MeHHHK. B cnyqae, 

Kor.ua TeMneparypa KOJ1e6J110LIJ;erocH Toruurna BbIC0-

Ka ttaCTOJlbKO, '-!TO TOITJlHBHblH fa.3 .[-IHCCOUHHposaH H 

HOHH3HpoBaH, TO 3a CLfeT KOJie6aHHH cpe.ll,bl MO)KHO 

ocymeCTBHTb npHMOe npeo6pa.30BaHHe HJJ.epHOH 

3HeprnH B 3JieKTpH'-!eCKYIO C nOM0lllblO MarHHTOHH­

.UYKI.-IHOHHblX MeT0.[-10B. 

Ba)f(HO TO, KaKHM o6pa30M npH yseJlH'leHHH pa.3-

Mepos aKTHBHOH 30Hhl npoHCXO.ll,HT nepeXO.ll, OT Bpe-



MeHHblX aKyCTH4eCKHX CTOxacn1qecKHX pe)KHM0B K 

aKyCTH4eCKHM pe)KHMaM HMnyJibCHOH ryp6yneHTHO­

CTH Hei1rpmrnoro £IOJUI. TToKa:mHO, 4T0 npH TaKOM 

nepexo.u.e H nocne.u.yt0meM tteorpamr'-leHH0M yaenH­

qeHfill pa3Mepoe 8KTHBHOH 30Hbl aMIDIHTy.L(a H JJ.py­

rHe xapaKTepHCTHKH KOJie6amrn fa3006pa3HOro TOTT­

JIJ,iBa, npoHCX0A.!llUHX B JlOKaJThHblX 30Hax peaKTopa, 

OCTatOTC.!I npHMepHO TaKHMH )Ke, K8KHMH 0HH 6bfJIH B 

pe)KHMe apeMeHHoro HMnyJlbCH0f0 xaoca. Il03TOMY 

pe)KHM HMTTYJlhCHOH ryp6yneHTHOCTH 0J(HHaK0B0 

npHeMJieM B peaKTopax mo6b1X, CK0Jih yro.l{HO 60Jib­

WHX pa3Mepoe H ero peam13au_H.11 no3B0J1HT Heorpa­

HH'-leHH0 yaeJlH'-IJrnaTb pa3Mepb1 H MOW:H0CTb peaK­

T0pOB Ha ra.Joo6pa3HOM TOTTJIHBe. 

Cne;zyeT OTMeTHTb, 4TO yaeJllil'leHHe pa3Mepoa pe­

aKTopoa - OAHH H3 ymmepcanbHhlX cnoco6oa noab1-

rneHID1 HX MOW:HOCTH H y.L(erneaJieH.lUI nonyqaeMOH 

:meprm:1. OAHaKo a peaKTopax, pa60Tat0mHX a TPaAH­

UHOHHbrx ycTORtrnBT,IX CTaUHOHapHblX pe)KHMax, Ta­

Koe yaem,i4eHHe npHB0AHT K B03ID£KHoaemno npo-

CTp8HCTBeHHOH HeyCTOH'-IHBOCTH HeHrpOHHOro nOJl.!1, 

K ero BblCOKOH 4YBCTBHTeJ1bH0CTH K JIOKaJlbHblM 

BHelllHHM B03MYW:eHH.!IM. CTpH 3T0M 3a·rpyAHHTeJ1b­

HblM, a 4aCTo HeB03MO)l(}lblM CTilHOBHTC.!I TPaAHUHOH­

HOe ynpaBJ1CHHe peaKTopaMH, uenb!O KOToporo cny­
)KHT noMep)KaHHe nocTO.!IHHhIMH ero napaMeTpOB. 

11MnyJibCHa.!I ryp6yneHTHOCTb - 3T0 caMoperym1pye­

Mhlli C 0OMOil.(blO BttyrpeHHHX o6paTHblX CB.!13eH H 

ynpaBJUleMblH c TT0MOW:blO BHellJHJ,[)( o6paTHblX CB.!l-

3eH aBTOKOJ1e6aTeJ1bHblH pe)KHM. nonyqemn,re aBTO­

poM pe3yJlhTaTbl MOryT CTaTb OCHOBOH AJUJ pa3pa6oT­

KM H C03,L(aHH.!I .!I.L(epHbIX peaKTopoe Ha ra.Joo6pa3HOM 

Tonmrne (a B03MO)KH0 H ApyrHX TH0OB peaKTopoB co 

C)KHMaeMblM TOTTJlHBOM HJlH TeIDIOHOCHTeJleM), oc­

HOBHhlM pe)KHMOM pa60Tbl KOTOpbIX 6y.u.eT pe)K(,fM 

HMnyJJbCHO.H ryp6yneHTHOCTH Heirrp0HHOro TTQJIS[. 

Pa3Mepbl TaKHX peaKTopoB M0ryT 113Mep.!1TbC.!I MHOrH­

MH ,neC.!ITKa.MH H AIDKe C0TH.!IMH MeTpOB, a HX MOW:­

HOCTb M0)KeT MHOroKpaTH0 npeBblCHTb M0l.ll;HOCTb 

,L(e.HCTBYIQW:HX B H8CTO.!ltu:ee BpeM.!1 peaKTopoB. 

6. BoJMOIKHOCTL, .u:onyCTHMOCTL H UeJJecoo6pa3HOCTL peaJIH33UHH HMilYJILCHLIX 

CTOX3CTH'ICCKHX peiKHMOB B BOJJ:O·BOJJ:BHLIX KHIDIII(HX peaKTOpax 

Eme 0,IJ.HH THO peaKT0pOB, B KOTOpblX M0ryT B03-

HHKaTb HMnyJibCHble CTOXaCTH'ieCKHe pe)KHMbl, - 3T0 

K0pnycHble B0A0-B0A.!IHble KKIUIW:He peaKT0pbl. B 
MMpOBOH npaKTHJ<e TaKJ,le peaKT0pbl OOJlY'-IHJlH 38-

MeTHOe pa3BHTHe. OHH 0OCTpOeHbl H ,neHCTBYIOT BO 

MH0fHX CTpattax. 

Cpe,ll.H napaMeTp0B, cymecTBel-rH0 BJIJ,1.!1101.l(HX Ha 

.L(MHaMHKY KMJl.!111.U,fX peaKTopoe, MO)KH0 BbJ.!l,eJJHTb 

M0W:H0CTb peaKTopa, cpe.!1,Hee napoco.!1,ep)KaHHe B 

aKTHBHOH 30He, tte.!1,0rpea B0.L(bl Ha axo,n:e AO TeMne­

paTypbl nacr,nn.eHH.!I, K03cpcp~eHTbJ, xapaKTepH-

3Y!Qtu:He rpeHHe npH )lBIDKeIDfH TeOJI0H0CHTem1., K0-

3<p<pHLI.HeHTbl TenJI0OT.L(a4H OT TQTJJij,fBa K TeOJJ0H0CH­

Temo, nocT0.SIHHa.!I apeMem1. nporpeaa Torurnaa, pa3-

Mepr,1 aKTHBHOH 30Hbl. 

PaccMaTpHBaeMblM TH0aM peaKTOp0B npHcyrn:a 

orp11uaTeJ1bHM o6paTttasi casi3b no napocoAep)Ka­

HHIO, K0T0pa.!1 npH JJ.0CTaTO'-IH0 60J1bllIOM nap0B0M 

K03cj)cpHUHeHTe peaKTHBHOCTH npHB0AHT K HeyCTOH-

4HB0CTH Kl1llillUHX peaKTopoB. HeycTOHl'.fHBOCTb C 

HeH36e)KH0CTblO B03HHKaeT npH npeBblmeHHH cpe.!1,­

HHM napoco.!1,ep)l<aHHeM B aKTHBHOH 30He HeKOT0pblX 

npe.!1,eJlbHblX 3Ha4eHHH H .SIBJl.!leTC.!I cj)aKTOpOM, orpa­

HH4HBatOW:HM M0[UH0CTb peaKTopa. Ileprro.n B03HH­

K8I01.1.\HX Kone6aHHH HMeeT nop.SI.z:t0K apeMeHH npo­

X0,L(a TeTTJl0HOCHTeJleM aKTHBHOH 30Hl:,1. 

Ha OCHOBe paC'-leTa H aHaJ1H38 HMnyJibCHOH cpyHK­

UHH ( 0TKmnca cpeJlHero napocoJJ.ep)l(aHH.!I Ha HM­

nynbcHoe H3MeHeHHe TTJlOTH0CTH HeHTpOHOB) onpe­

.!1,eneHbl napaMerpbl, npH KOT0pbIX B03HHKalOJ.IJ,He B 

KHTT.!11.l.\HX peaKT0pax Kone6aHWI ocTaJOTC.SI orpaHH­

'-leHHbJMH (,f B peaKTope ycTaHaBJlHBalOTCSI aBT0K0Jle-

6aTeJ1bHbJe HMnyJlbCHble CT0XaCTH4eCKHe pe)KHMbl. 

H:ccJJe}lOBaHO, KaK 0HH B03HHKaJOT KaK MeH.HIOTCSI 

aMOJJHry,ua KOne6aHHH H .upyrne xapaKTepHCTHKH 

H:MnyJibCH0rO xaoca npH H3MeHeHHH napaMeTp0B. 

Oco6oe BHHMaHHe y,nenetto aHanH3y aMnJ1HTy)lb1 Ko­

ne6aHHH TeMTTeparypr,1 rop10qero, nocK0JlhKY He,no­

nyCTKM0 60J1bllIOe TT0BblilleHHe HMeHHO 3TOH TeMne­

paTypbl npHBO)ll,fT K pa3pYJlleHlnO TB3JI0B . 

Ilpoae.neHHbJe 11ccne.nosaHJ,1.!1 no3B0JIHIOT c,uenaTb 

BblBO)l, 4T0 napaMeTpbl peaKTopa ecer.!1,a M0)KHO Bbl-

6pan, TaK, 4T0 tteCM0T().SI Ha 3Haqm-em,ttyJO aeJIH'-IH­

HY HewrpoHHbIX HMnyJJbCOB aMII.JrnryAbl Kone6aHHH 

TeMnepaTypbI T0IDIHBa, pacxona TeTTJl0H0CHTeJlSI, na­

poco)lep)IC8HHJI B aJ<THBH0H 30He, .uaaJ1eHID1 B K0HTy­

pe He npeBblCHT )l0nyCTHM blX npe.!1,eJJOB. Ilo3TOMY 

npe.nnaraeMbJe aBTOKOJ1e6aTeJ1bHbJe HMnyJlbCHble 

pe)l.(J{M.hl M0ryT 6h1Tb peanH30BaHbl B BOAO-BO,n:.!IHblX 

KH0.!11.l.\HX peaKTopax. 

IJ,enecoo6pa3HOCTb peanHJaum1 3THX pe)K(,fM0B 

COCTOHT B B03MO)KH0CTH n0BbJllleHHH MOUJ.H0CTH KH­

rum.Q-tX peaKTOp0B - CH.!ITH_H orpaHH'-leHHH Ha M0W:­

H0CTb, CB.!13aHHblX C B03HHKHOBeHHeM HeycTOHl.fHBO­

CTH CTal{HOHapHoro pe:>KHMa. Bbl.!ICHeHo, '-ITO MOlll.­

HOCTb KKTT.ffW:ero peaKTopa B HMnyJlbCHOM CT0XaCTH­

LJeCK0M pe)KHMe M0)l(eT cyrn:ecTBeHH0 npeBblllJ8Tb TY 
M0UJ.H0CTb, KOTOPYIO 6b1 HMeJl 3TOT peaKTop B C00T­

BeTCTByfOmeM tteycTOHl'.fHBOM CTal\HOHapH0M pe)KH­

Me, eCJlH 6bl ero YAaJlOCb CTa6HJ1H3HpOBaTb. 

OTMeTHM, qTo .!1,eifoTay10m11e H npoeKT11pyeMbJe 

KopnycHble B0AO-B0JJ..!IHble KJ,lfi.!11.l(He peaKTOpbl OTH0-

CSITCSI K peaKTopaM JJ.0CTaTOlJHO MaJlblX pa3Mepoa, 

npH K0T0pblX B peaKTope B03M0)l(Ha peam-r38UH.!I 
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nl1Wb BpeMeHH6ro HMnyJlbCHOfO xaoca. O.nttaKo He­

TPYAHO npe.n;CTaBHTb peaKTOpbl 3TOfO nma AOCTa­

TOYHO 60J1billl1X pa.3MepoB, npH KOTOpblX B peaKTOpe 

MO)KeT peanH30BaTbCJI pe)l{HM HMTT)'JlbCHOH ryp6y-

JTeJJTHOCTH HeihpOHHOro IlOJTJI. IJ,enecoo6pa3HOCTb 

3Toro pe)l{HMa KaK pa3 H COCTOHT B 803MO)KHOCTH 

eme 6onhwero yse11w-1eHID1 MOUlHOCTH KHTTJ111lero 

peaKTopa 3a C'-leT ysen111-1emur ero pa.3Mepos. 

7. Bo3MO'.>KHOCTh peaJIH33UHH HMIIYJihCHhlX CTOX3CTuqecKHX pe)KHMOB B HCCJie,!lOB3Te.JlhCKHX 

H yqe6HhlX peaKTopax MaJIOH MOIUHOCTH 

HapH.!1.Y c pea1<TopaM11, npe,D;Ha3HaY:eHHbIMH )J.JlH 

Bblpa60TKH 3HeprHH, cymecTBYIOT Hccne.n;osaTeJTb­

CKHe peaKTOpbl, rettepHpYlQmHe tteihpoHHbJe HM­

nym,cbl, KOTOpb!e cny>KaT HMnynhCHblM 11CT01IHHK0M 

HdiTpOHOB )J.JlH npoBe)J.emui <pH311'-JeCKHX 3KCnepH­

MeHTOB. K 411CJTY TaKHX peaKTOp0B 0THOC.l!TCJI, B Ya­

CTHOCTH, HMTTYJibCHbie peaKTOpbl nepHO)J.H4eCKOro 

)J.eHCTBIDI, B KOTOpbrx HeirrpoHHble HMTT)'JlbCbl pa3BH­

BalOTC.ll 3a CYeT Btteurnei:i MOAYJ1Jil.(11H peaKTl1BHOCTH 

C 3a.naHHblM nep110AOM. 

Pa3ttoo6pa3Hbie cep1111 tteihpottttbIX HMnynbcos 

.llJl.ll npose.n;eHJ-UI <pH311YeCKHX 3KCnepHMeHTOB MO>KHO 

rettep11posaTb 11 C TT0MOlllblO peaKTopOB, pa60TIUO­

m11x B npe)J.JlaraeMblX aBTOKOne6aTeJTbHblX 11MTTYJTbC­

HbIX pe)l(J{Max. J{eno B TOM, l{TO xaonrqecKHe .llBIDKe­

HIDI npo11CXO,ll.l!T B npe)leJTax CTpaHHOfO aTTpaKTopa, 

C0CTOJll.l..\ero 113 KOHTl1ttyyMa HeycTOH411BblX .ll811)1{e­

Hl1H, B TOM Y:11CJTe CY:eTH0fO MHO)KeCTBa tteyCTOH'-UI­

BblX nep110.n114ecKHX .llBIDKeHHH. Ka»<.noe TaKoe ne­

p110.n;11qec1<oe ABH>KeHHe MO)l(eT 6bITb CTa6HJTH3HpO­

BaHO C TTOMOl.l..\b!O HMeJOll.UIXC.ll MeTO.llOB ynpasneHIDI 

AI1HaMHlfeCKHM xaoCOM. YnpaBJllUI XaOTHY:eCKHMH 

pe)l(f,fMaM11 MO)KHO o6ecne'-111Tb KaK CTOXaCTHlfeCKl1e, 

TaK 11 pa3H006pa3Hble nep110.D;HY:eCKHe cep,m HeH­

TpOHHblX 11MnyJibCOB. 

McnOJib30Batt11e aBTOKOJTe6aTeJJbHbIX HMnyJibC­

HhlX CTOXaCTJ1l-teCKHX pe)l<HMOB B HCCne.n;osaTeJTbCKHX 

uen.HX, C OAHOH CTOpOHbl, 11CKJTIOY:aeT He06XOJ].H­

MOCTb MeXaHH3MOB, OCYllleCTBJl.lllOlllHX BHellll-lJOIO 

MOJlYJlfilU{}O peaKTHBHOCTl1, HO, C .npyroH CTOpOHbl, 

Tpe6yeT no.n6opa 11 pean113au1111 o6paTHblX cs.sr3ej;j no 

peaKTHBH0CTH, KOTOpbie o6ecnelfMBaIOT rettepa11mo 

HeihpOHHblX 11MTTYJTbCOB. 3TO MOryT 6b1Tb BttyrpeH­

Hl1e o6paTHble CBSl311, np11cyw.He peaKTopaM pa3JIH4-

HblX THTT0B, B 4aCTHOCTH, TTJlOTHOCTHble o6paTHbie 

CBSl3H. O.nttaKO BttyTpeHHHe o6paTHble CB.ll311 npo.srs­

JUllOTCSI TOJlbKO np11 AOCTaTOY:HO 6onhWOH MOlllHOCTH 

peaKTopa. ,[vu1 11ccne.n;osaTeJTbCK11x u,enej;j MOryT 11c­

non1,3osaT1,csi 11 peaKTOpbl MaJTOH (ttyJieBOH) MOI.I..\HO­

CTH, B KOTOpbIX BttyrpeHHHe o6paTHble CBSl311 He 

npO.SlBJIHJOTCSI COBCeM HJIH OY:eHb cna6o Bblpa)KeHbl. 8 
TaK11X peaKTopax MO)KHO HMHTHp0BaTb Heo6xo.n;H­

Mble )J.JlH pean113au,1-rn 11Mnyn1,cttoro xaoca o6paTHbie 

CB.Sl3H C TTOMOl.l..\blO cnel.(HaJTbHO no.n;o6paHHblX CHCTeM 

aBTOMaTH1-1eCKOfO peryn11poBaHHSI. Pa3pa6oTKa H 

peanH3al.(11SI TilKHX Cl1CTeM peryn11posaHHSI S!BrueTCH 

snontte peanbHOH 3a,!J.at.:JeH, nocKOJibKY JII06hte peaK­

Top1,1 CHa6)KeHbl cpe.D;CTBaMH ynpasnemUI H KOHTpO­

Jl.Sl H HMeeTCSI 60JibillOH OTTblT peweHl151 pa3H006pa.3-

HblX 3a.n;a1.J ynpasneHl1jf peaKTopaMH, B t.:JaCTHOCTH, 

OTTblT TeXHHY:eCKOH pean113aQ1111 pa3JIM1.JHblX 3aKOHOB 

o6paTHOH CBSl3H no peaKTHBHOCTl1. 

PeaKTOpbl MMOH MOUJ.HOCTH co caetl)1aJTbHO no­

J].06pattHOH CHCTeMOH peryn11poBaHID1 MOryT CTaTb 

nepBblMH .SlJ].epHblMH pea1<TopaM11, pa6oTalOllll,tMH s 

HMTTYJibCHblX CTOXaCTHl{eCKHX pe)l<HMax, H npHMe­

ffj!TbCSI He TOJlbKO B HCCJie.n;osaTeJibCKHX, HO H B 

yqe6HbIX uerux. 

8. YnpaBJieHHe HMilYJihCHhlMll CTOX3CTHqecKHMH pe)KHM3MH 

PeaKTOpbl, pa6oTIUOlllHe s HMTTYJibCHbIX CTOXaCTH­

qecK.HX pe)l(HMax, .D;OJI>KHbl 6bITb ynpaBJIHeMblMH, KaK 11 

peaKTOpb1, pa6onuow.He B JII06bIX .n;pyrnx pe)KHMax. 

BIDK.HhIMH 3a,!J.aY:aMH ynpaaneHID! JIBJIHIOTC.ll B036Y>K.£le­

Hl!e l{MIJYJlbCHblX CTOX.aCTHlfeCKHX pe)l(HMOB, uenetta­

npaBJieHHoe IDMettem-1e HX xaprucrepHCTHK, CTa611J1113a­

l.(IDI cpe.n;mtX xaprucrepHCTHK 3THX pe)KHMOB Ha 3a,!J.aH­

HOM ypostte, no.n;aBJiem1e xaoTifl{eCKHX pe:>KHMOB 11 

npeo6pa30Batt11e HX B peryrupHbte pe)KHMbl. 

Bb!JiCHeHO, Y:TO 06m11e MeTO.D;bl ynpasneHHH xao­

C0M, TT03B0J1HIOI.I..\He CTa6HJTH3HpOBaTb n106oe Heyc­

TOHlfHBOe nepHO.llHY:eCKOe ABIDKeHHe, BXO)ljll.l..\ee B 

COCTaB CTpaHH0fO aTTpaKTOpa, MOryT 6bJTb np11Me­

HeHbl 11 AJI.ll ynpaBJTeHIDl HMTTYJTbCHblMH CTOXacn,1-qe­

CKHMH pe)KHMaMH BO scex paccMaTpHBaeMblX nmax 

20 

peaKTOp0B. CTa6HJTH3HpOBaHHble KMnyJihCHble ne­

pHOJ].11lfeCKHe pe>KHMbl, B KOTOpblX TTOBTOpsieTCSI Ta 

HJIH HHaSI nocne.nosaTeJlbHOCTb HMnyJibCOB, MOfYT B 

HeKOTOpblX CJTYY:a.HX OKa3aThCSI 6onee npe.n;nOY:TH­

TeJibHblMH, lfeM HCXOAHblH CTOX.aCTJol '-leCKMH. 

PaccMo-rpettbI ttos1,1e cnoco61,1 ynpasneHHSI spe­

MeHHblMH HMnyJibCHblMl1 CTOXaCTHlfeCKHMH pe)l(HMa­

Ml1 B peaKTopax MaJTblX pa3MepoB H pe)K11MaM11 HM­

nynbCHOH ryp6yneHTHOCTH s peaKTopax 6onbWHX 

pa3MepoB, OCHOBaHHble Ha BBe.n;eHHJol BHeWHero ne­

p110)].11'-leCKOro H3MeHeHHSI K03<p<pHI.(J1eHTa pa3MHO)Ke­

HHH Hei-rrpOHOB [49]. Bb!j!CHeHo, '-ITO COBMeCTH0e .n;eH­

CTBHe TilKOrO nepHO.D;l1Y:eCKOfO B03M)'llleHHSI 11 TTJTOT­

HOCTHb[X o6paTHblX CB.sr3eH MO)KeT np11aecn1 K B036y­

)K)lem110 HMTTYJibCHbIX CTOxacn1-qeCKMX pe)l(J1M0B B 



.. 
perucropax paccMaTp«saeMblX TMnOB .JJ.a>Ke Torna, Ko­
rna np11 OTCyrcTBHH nepHO)J.lt"tJeCKOfO B03,lleifoTBIUI 
CTaU.HOHapHbtH pe)KJ,fM peaKTopa OKa3bIBaeTcH yCToii­

'-!11BbtM. TioKa3aHO, 'ITO 3a C'-leT Bbl6opa MeCTa BBe)J.e­
HHJI B aKTHBHOH 30He nepHO)J.lf'-leCK0fO B03)J.eHCTBl1.II, a 

TalOKe ero 'I.JaCTOTbl H aMTIJIHTYAbl M0)l(HO H3MeHJITb 
cpe)J.HIOIO lfHTeHCHBHOCTb HeHTpOHHblX BCIThIIIJeK H 

cpe.11.Hee speMH Me)l()J.y HHMH, a TalOKe npeo6pa30Bbl­

saTb CT0XaCTH"-!eCKHe pe)l(J,JMbJ B rrepHO)J.H'I.JeCKHe H, 
Hao6opoT, aepH0)J.H"-leCKHe B CTOXaCTH"-leCKHe. 

,lviH perneIDUl coseprneHHO HOBblX )J.JUI. H.JJ.epHhlX 
peaKTOpOB 3a,lla"-l ynpaBJieHIUI HMnyJibCHblMH CTOxaC-
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Oco6euuocTH rHJJ.P0JJ.HHaMHKH aJILTepuaTHBHblX TBC peaKTopa BB3P-1000 

H.M. CopoKUll, KomtepH "Poc:rneproaToM", 109507, MocKea, yn. <I>epraHcKrui, 25 , 

C.M. J(Mumpueo, A.E. Xpo6ocmoo, M.A. Jlez11auoo, 
HIDKeropo.ucKIDt rocy,n.apcrneHHbIH TeXHw-1ecKHH ymrnepcHTeT, 603600, H.Hoeropo.n., yn . M1rnHHa, 24 

IlpeJJ.CTaBJieH aHaJJl13 3KCnepHMeHTaJlbHhIX .n.aHHJ,IX no wccne.n.osamuo JIOKaJlbHbIX rH.n;pOJJ.I1HaMHl/eCKITTC xapaKTepH­
CTHK B ~eHTpaJJbROli H nepmj>epwlittoi1 qacrnx aJlbTepHaTHBHOH KOHCTpyK1um TBC (TBCA) H Me)l{Kaccernoro B3aHMO­
.n.elicTBIDI TeDJToHocITTeAA np11 nocTaHOBKe B aKTHBHYIO 30HY peaJ<Topa BB3P-1000 TBCA c pa3JIH4 HbIMH THTiaM 11 noii­
cos JJ.HCTaHUHOHHPYIOIUHX perneToK (W). 

SPECIFIC HYDRODYNAMICS FEATURES OF ALTERNATIVE FA FOR VVER-1000 REACTOR. N.M. 
SOROKIN, S.M. DMITRIEV, A.E. KHROBOSTOV, M.A. LEGCHANOV. Analysis of experimental data is pre­
sented for investigation of local hydrodynamic characteristics in central and peripheral parts of alternative FA and inter­
cassette interaction of the coolant when installing alternative FA with different types of belts for spacing lattices in 
VVER-1000 reactor core. 

B npouecce 3KCn.lT)'aTaUIDI peaKTopHoH ycTaHoB­

KH BB3P-IOOO BbUIBJJeHbI npo6neMbI B pa6oTe opra­

HOB perymIpoeaHHH CY3, Bb13BaHHbie npocTpattcT­

seHHbIM HCKpHanem,eM cpopMbI wTaTHblX TBC npH 

nepexo.n.e Ha Tpexro.[(H4HblH TOTUlliBHbIH Um<JI. B tta­

CTOH:r..1.1.ee apeMH OK.EM npe.n.no>KeHa H ycneurno npo­

xo,n.HT npor,n,mrneHH)'!O 3Kcn.nyaTa.I.J.HJO Ha KanHHHH­

CKOH A3C TBCA .[(JIH peaKTopHoH ycTaHOBKH BB3P-

1000, yrrpoqHeHJie KapKaca KOTOpOH .[(OCTHraeTCH 3a 

C4eT np1-1MeHemuI rnecTH aepTHKaJTbHbIX mIacn1.Ho-

06paJHbIX yronKOB :>KeCTKOCTH, pa3MeLUeHHbIX Ha 

nepmpep111-1 TBC. 

.[(aJibHeHlllaH MO.[(epttH3au.Irn TBCA 3aKJlJO'iaeTcH 

B HCITOJlb30BaHHH pa3JIB4HOH KOHCTPYKUHH yronKOB 

)KeCTKOCTH ,[(P, OTJJH 4aIOlll.HXCH rn.n.paBJIH4eCKHM 

conpoTHBneHHeM H waroM pacoono)KeHHjl no BbICoTe 

KaCCeTbl. 

TipH COBMeCTHOH nocTaHOBKe B aKTHBttyJO 30HY 

TBC co wTaTHbJM 11 " nonyTopHbJM" waraMH pacno­

no)l<emrn DOHCOB ,z::n> no Bl,ICOTe KaCCeT B03HllI<aeT 

JJ.OITOJlHHTenbHOe rHJJ.PO.lOfHa.MHlfeCKOe 803)].e.HCTBHe 

nonepe4HOH COCTaBnH!OLUeH ITOTOKa TenJlOHOCHTeJl jl 

tta 3neMeHTbJ TBCA, BbI3BattHoe pa.3HOBbJCOTHbIM 

pacnono)KeHHeM ,[{.P coce.[(HHX TBC. AHanonilfHaH 

CHT)'aU.H.ll B03HHKaeT H npH noCTaHOBKe B aKTHBHY!O 

30H)' TBC c ,[{.P c ornH'IHhIMH OT unaTH.hIX K03cpcjm­

u,11.eHTaMH rH,n.pasn11.qec1<oro conponnmeHHll. 3-ro 

npHBOJ].HT K 1-1eo6XOJJ.}iMOCTH .[(OITOJIHHTeJlbHOfO o6oc­

HOBaHHH eH6ponpoqttocTHbIX xapaKTepHCTHK TBCA 
B YKaJaHHI,.I.X ycnoBIDIX.. 

}1,ru! o6ocHOBaHID! TeIIJIOTeXHH4eCKOH Ha.D.e>KHO­

CTH aKTHBHOH 30HbI peaKTopa BB3P- 1000 c TBCA 

Heo6XOJ].HMO ITO.IT)'4eHHe .[(OCTOBepHOH 3KCnepHMeH­

TaJThHOH HHcpopMaU.HH 06 ycnoemrx OXJia>K.[(eHI-UI 

u,eHTpaJlbHbTX H nepHcpepHHHbIX TBC npH HaJIHlfHH 

yrom<os >KeCTKOCTH TBCA. 

1. 3KcrrepuMeHTaJH,HblH creH,U H MeTO,UHI~a HCCJie,UOB3HHB 

3KcnepHMeHTaJlhHblH CTeH,D. (pHC. l) .[(JIH Hccne­

.n.osaHJUI fH.D.PO.UHHaMH4eCKHX xapaKTepHCTHK ny4-

KOB TB3Jl0B npe,n.cTaBJH!eT co6oH a3p0.[(HHaMHlfeCKIDt 

pa30MKttyTblH KOHT)'P, 4epe3 KOTOphm npoKat{HBaeT­

CH 803JzyX. 8 Hero BXOJ].HT: 3KCnepHMeHTaJlbHall MO­

.n;enb (3M), pacxo.uoMepHoe ycTpOHCTBO c yqacTKaMH 

crn6Hrunau.I,£H noToKa, peryn11pyiomaH arrnaparypa, 

H3MepHTeJibHbIH KOMITJieKC. 
3KcnepHMeHTaJlbHaH MOJ].eJlb (pHC. 2), npe,D.CTaB­

nIDOLUaH co6oH cpparMeHT aKTHBHOH 30Hhl peaKTopa 

BB3P-1000 c TBCA, BhIITOJlHeHa c K03cpq>HUHeHTOM 

reoMe-rp1-1qecKoro no.n.06HJ1 Kr = 4 ,4, HMeeT JJ.JJHH)' 

L = 3 M H BKJlJOtJaeT 8 ce6H cerMeHTbl -rpex TOruTHB­

HbfX KacceT C 56-JO TB3JlaMH-HMHTaTopaMH OIIHCaH-

HblMH ,D.HaMeTpaMH 40±0,S MM, TpH yronKa >KeCTKOCTH 

H Me)KJ(acceTHOe npocTpaHCTBO. 

,/J.rrH H3ylfeHI-UI npocTpaHCTBeHHOH rn,n.po.[(HHaMH­

KH ITOTOKa HCITOJlb30BaJlCH ITHTHKaHaJibHblH nHeBMO­

MeTPHlfeCKHH 30H.D., no3eonmom11ii onpeJJ.eJlHTb Ha­

npaenett11.e ,D.BIDKeHHH IlOTOKa, 3Ha4eHHJI a6comOTHOH 

CKOpOCTH, CTaTH'-leCKOfO H ITOJIHOro ,D.8BJleHHH B .[(aH­

HOH TOt{Ke. Il.HeBMOMeTpH'-leCKHH 30HJJ. npe.[(CTIIBJIHeT 

co6oH TUI.Tb CTaJlbHblX KanHJimrpOB ,D.HaMe-rpOM 0,8 

MM, pacnono)KeHHhlX B .[(Byx nepneHJ].HKYJ1HpHblX 

,n.pyr K .upyry J].HaMeTpaJJbHblX IlJlOCKOCrnx. l-JyBCTBH­

TeJibHru! 48CTb 30H.[(a HMeeT .[(JlHH)' 20 MM. OcTaJibHaH 

qacTb KaITHJIJlllpOB npono)l(eHa BttyrpH .uep){<aBKH 

30H.[(a, KOTOpaH npe.[(CT8BJUleT co6o.H CTaJibH)'IO Tpy-
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PHC. 1. CxeMa 3KCnepHMeHTILnbHOro CTeH,D.a: 

l - a.3po.rurnaMH'leCKaJI -rpy6a; 2 - H3MeptlTeilbHbIH KOJIJieKTop; 3 - YruJOTHeHHe; 4 - ycnOKOHTeJIHbll-1 yqacTOK; 

5 - TIO,UCTaBKH; 6 - nepexo;mmc; 7 - 3M; 8 - MHKpoMaHOMCTJ) MMH-2400(5)-1,0; 9 - np116opHblH CTOJI 

PHC. 2. 3KcnepHMeHTa.JU,Hall MO,UeJib 

6y JJ.HaMe-rpoM 5 MM H TOJlUJ,HHOH l MM. UettTPanbHru! 

TPY6JCa cpe3aHa no.n YTJ10M 90° K csoeii ocH, a qeTu1-

pe 60KOBbie Tpy6KH cpe3aHhI 00.ll. yrnoM 45° K OCH 

u.eHTpanbHOH Tpy6KH [l]. 
CornacHo npoBeJJ.eHHOH ou.ettKe cpe.ntteKBaJJ.paTH­

'leCKHe OTKJlOHeHHR BeJlffqHH CKOpOCTH ITOTOKa H 

CTaT11~1ecKOfO .naBJleHH..11 COCTaBmllOT 6 H 5 %, COOT­

BeTCTBeHHO. 

3KcnepwMeHTanbHhie Hccne.nosaHH.11 npoao.n11-

J1l1Cb B .n11ana30He 8 · 10\-105 
YHCeJl Re Ha yYaCTKe 

cTa6HJIH3HpOBaHHOfO aBTOMOJ].eJlbHOfO TeYeHH..11 Ten­

JlOHOCHTeJl.11, YTO .ll0Ka3aHO COOTBeTCTB}'IOl.llHMH 3KC­

nepHMeHTaMH. B COOTBeTCTBHH C TeopHeH no,no6m1 B 

30He aBTOMO,lleJlbHOro TeYeHH.11 cpopMa 6e3pa3MepHblX 

nonett CKOpOCTH OCTaeTC.11 npaKTHYeCKH HCH3MeHHOH 

Ha npODDKeHHH BCeH o6nacTH aBTOMO.llCJlbHOCTH. 
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PHc. 3. CxeMa pacnoJIO)KCHIDI KOOp.UHHaTH.blX 

ocew no oTHoIIJeHmo K 3M 

Jvt.11 npe.ncTaBHTeJibHOCTH 3KCnepHMeHTaJlbHblX 

HCCJie,llOBaHHH fHJJ.POJJ.HHaMHYeCKHX xapaKTepHCTHK 

3M tteo6xo,nHMO co6moAeHHe paseHCTBa MeCTHOfO 

rHApaBJlH'leCKOfO conpOTHBJleHH.11 HarypHblX w H 

w 3M. ,[Ln.11 30Hbl aBTOMOAeJlbHOro TeYeHH..11 3HaYe­

HIDI K03q>cjrnu.HeHTa MeCTHOfO conpoTHBJleHH.11 no.11ca 

W 3M COCTaBHJlH l;};c = 0,35; 0,72; 1,2 , 'ITO COOT-

BeTCTBYeT 3Ha'leHHI-O K03q>q>HU.HeHTa fHJJ.paBJIH'-!e­

CKOfO conpoTHBneHH.11 pewe-roK TBCA pa3JlH'lHOH 

KOHCTPYKU.HH. 

.D;n.11 ITOCTpoeHH.11 npocTpaHCTBeHHOH KapnIHbl 

TeYeHH.11 TIOTOKa TeTIJlOHOCHTeJl.11 a 3M HJMepeHbl 

COCTaBJI.IIIOlUHe a6cOJJIOTHOH CKOpOCTH a HCCJle­

AyeMOM cetieHHH. Koop.nHHaTbl Ka)l(JJ.OH TO'lKH 3a­

Mepa ITOACTaBJI.IIJIHCb B J].eKapTOBOH CHCTeMe KOOp­

AHHaT (p11c. 3). 



2. If ccJie,uoeauHe JIOKaJlbHhlX noneii c1rnpocn1 B xapaKTepHbIX 30Hax TBCA 

l1ccJie,nosaHH» JlOKaJibHb!X noJieH CKOpOCTH B 

TBCA nposo,nmn1cb: 

a) s 51'ieHI<ax c6opI<H, ttenocpe,ncTBeHtto npHMbI­

KalOUl,HX K yrom<aM >KeCTKOCTH, TaK Ha3bIBaeMblX 

6oKOBblX H YrJIOBbIX 51'ieHKax; 

6) B .s!4eHKax c6opKH, npHJie>KatQHX K 6oKOBblM H 

yrnos&IM jfl{eHKaM c6opKH; 

s) s CTaH,napTHOH 514eHKe, pacnoJio>KeHHOH s ueH­

TpaJihHOH 4aCTH KacceTbl. 

l13MepeHH51 BeJIH4HH a6COJIIOTHOH CKOpOCTH H yr­

Jia Ha6era1-1H.ii noTOKa n.iITHKaHaJihHhlM lUfeBMOMeT­

pH4eCKHM 30H,!lOM nposo,nHJIHCb Ha y4acTKe CTa6J.1-

mnHposaHHOro TetJeHH51 TenJIOHOCHTeJI.si s nonepe'-1-

HOM cetJeHHH, pacnono>KeHHOM Ha paCCTOHHHH 46 I 
MM OT BblXOAHOfO Ce4eHH.s! c6opKH. 

nonyqeHHbie 3KCnepHMCHTIUlbHble .naHHble nepe­

C4HTblBaJIHCh B cpe,!lHHe CKOpOCTH ffi; B nnow.a.n1<ax, 

orpaHH'-IeHHblX CM04eHHblM nepHMeTpOM, JIHHHeH 

MaI<CHMaJibHOH CKOpocn1 H pa,nHcl.JTbHhlMH ny'-laMH C 

uettTpaJibHblM yrnoM d<p [2]. Ta.KHM o6pa30M, H3Me­

HH51 yron <p OT O .no 360 ° c rnaroM d<p, no.ny'-IHM pac­

npe,neneHHe aKCHaJibHOH COCTaBJl.s!IOW.CH CKOpOCTH Wz 

B nnow.a,nKax ffi; no nepHMeTpy TB3Jla. 

Attam13 pacnpe.n:eneHIDJ aKCHaJibHblX COCTaBJI.s!IO­

Ul,HX CKOpOCTeH nOTOKa no nepHMeTpaM TB3Jl0B 

cTatt,naprnow H nepmfiepHHHOH 4acTeH TBCA no3so­

J1SJeT 3aKJJIO'-IHTb CJie,AyIOUl,ee: 

I . AKCHaJibtta.si cocTaBJUlJOUl,a51 a6comoTHOH cKo­

pocn1 Wz HMeeT MHHHMaJibHble 3HatJeHH.s! s6JIH3H no­

sepXHOCTH TB3JIOB, a MaKCHMaJibHble 3Ha'-leHHH co­

CTaBJI.s!IOmeH tta6JT10,na10TCSI B reoMeTpH4eCKHX ueH­

Tpax ll'-!eeK H cepe,n~Hax Me)KTB3JlbHhlX 3a30p0B. 

Pacnpe.nenett11e (w2 / w) no nepHMeTpY TB3JIOB, pac­

nono)KeHHbIX s uettTpaJibHOH 4acTH TBC, ttocHT pas­

HoMepttblH xapaKTep 11 c norpel.llHOCTblO 2,7 % MO­

>KeT 6bITb ~nnpOKCHMHposatto noCTO.s!HHOH semt4H­

HOH (w2 / w) = 0,98. 
2. B cTaH,napTHhIX .siqewKax, npHIIe>KaUl,HX K 6oKo­

BbIM H yrnoBblM .s!4eHKaM, pacnpe.neneHHe Wz B UCJIOM 
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8HaJIOnI'iHO pacnpe,neJieHHIO w, B ueBTP8JlbHOTT Yac­
TH TBCA H MO)KeT 6bJTh om1ca1-10 TeMH ;1,e 3aKoHo­
MepttocrnMH. 

3. Ha 60111,weH '-!acn1 nepHMeTpa 60Kos1,1x TB3-

nos, npHJJeralOUl,HX IC ''mHpOKHM" yroJJKaM :>KeCTKO­

CTH, pacnpe,neJieHHe aKCHaJibHOH COCTaBJllIIOUJ,eH 

BeKToe_a CKOpOCTH HaXOAHTCSI B npe,nenax BeJIWU!Hbl 

(Wz / w) = 0,93 (pHC. 4). n.rrn nepHMeTpa 60KOBblX 

TB3J10B, npHJie>Kam:Hx K "Y3KHM" yronKaM >KeCTKO­

CTH, pacnpe,neJieHHe aKCHaJibHOH COCTaBJIH10Ul,e.H 

BeKTopa CKOpOCTH OTJIH4aeTCSJ OT pacnpe,neJieHH51 

.nm1 "urnpoKoro" yronKa )KeCTKOCTH B JJ.HanaJoHe yr­

nos q> OT 180 .n:o 270 °, 4TO o6MICH51eTCSI HaJIH4HeM 

OTrH6a y "y3Koro" yrOJIKa :>KeCTKOCTH B .naHHOH 06-
nacrn (pHc. 5). 

w,, MIC 

PHc. 4. Pacnpen;enem-1e npoeKUMH a6comoTHoi-l cKopocrn 
Ha ocb Z no ceqemuo 3M 11m1 nepwqiepwi-lttoi-l qacrn 

TBCA c "WHJ)OKHM" yronxoM )l(eCTKOCTH (cpen;Hepac­
xo11Ha,i CKOpOCTb noTOKa <W> = 35,2 Mic, Re = 93 240) 

4. Pacnpe.neneHHe w2 no nepHMtrrpy yrnosoro 

TB3.Jla HOCHT 6onee HepaBHOMepHblH xapaKTep. MH­

HHMYMhl JIOKa.JlbHOH CKOpocn1 HaXO,!lHTCll B 3a30pax 

Me)K.11:y TB3.JlaMH H yroJIKOM >KeCTKOCTH. 3Ha4eHHe 

OTHOCHTeJibHOH CKOpOCTH B 3THX 30Hax AOCTHraeT w, 
/w = 0, 7, 4TO Ha 30 % MeHhtne cpe,nttepacxo.nHoM 

CKOpOCTH (pHC. 6). 

. ~ 
• ~ 

-
-
-

I 7 

Pnc.5.Pacnpen;enettweaKcwanbHOH 
coCTaamnomeii aeKTopa cKopocn, noToKa 

no nepHMeTpy 6oKoaoro TB3JJa 

Yron, rpaA 

30 60 90 120 150 180 210 240 270 300 330 360 
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__, P11c. 6. PacrrpeaeneH11e aKcHaJJbHOH 

COCTaBJUIIOmei1 BeKTopa CKOpOCTH 
noToKa no nepHMeTPY yrnoBoro TB3na 

, ,0 

0 ,9 

0 ,8 

0,7 

0,6 

0,5 

0 ,4 

0,3 

0,2 

0 ,1 

• - "lll11poKIU!" yronoK ~ 
-

■ - "y3KHH11 yroJTOK I-

-

-
0 

I I I I I I I I I I I I I I I I Yron, rpaJl 

30 60 90 120 150 180 210 240 270 300 330 360 

5 .HaJIH4He yronKa )KeCTKOCTH npHBOJ].HT K BhITeC­

HeIDUO "laCTH pacxo.n.a B CTaH)J.apTHbie SI'-leHKH, npH­

J1e)Kaw.11e K 60KOBhIM H yrnOBbIM SI'-leHKaM, B cpeJ].­

HeM Ha 5+8 %. 
B pe3yJ1bTaTe o6o6w.eHHSI 3KCnepaMeHTaJ!bHhlX 

.n.aHHhIX nonyqeHhl COOTHOWeHHJI .n.m1 pacqeTa 110-

KaTibHOH aKCHaJ!bHOH CKOpOCTH no nepHMeTpy nepH­

cpepIDIHbIX TB3J10B, pacnOJlO)l(eHI-IJ,JX B6JJH3H yronKOB 

)l{ecTKOCTH OT ueI-ITpaJibHOro yrna cp: 
OIi.fl 60K06020 nl83//a -

a) "wHpOKRH" yrorroK >1ceCTKOCTH 

w I < w > = o 92 - o o 15e3
•in(q,+451 

• 
z t ' ' 

(1) 

6) "y3KH.H" yronoK )KeCTKOCTH 

w I< w > = o 98 - o 03e-2.3sin(q,-Jo> · 
l ' ' ' 

(2) 

011J1. y211oeo20 m83lla -

w, I< w >=I -0,14e-1.12cos(q,0.91_,20). (3) 

<I>opMYJibl cnpase,D.JIHBbl J].Jljl nyYKa l..(HJIHH,D.p114C­

Cl<HX TB3JIOB, pacnOJIO)KCHHblX B Tpeyrom,HOH yna­

KOBKe c OTHOCHTeJlbHblM waroM s/d, paBHblM 1,4 s 

,D.Hana3otte YHCeJI Re= 9· 104+5· 105
. 

3. HccJie}lOBaHue Me,KKaH3JlbH0ro B33HMOJJ;eHCTBH11 TerrJI0H0CHTeJIH coce}lHHX TBCA 

,[\JUI HCCJICJ].OBaHlUI Me)l(Kacceumro B3aHMOJ].CHCT-

8],U{ TeIJJlOHOCHTeM npH IJOCTaHOBKe B aICTHBH)'IO 30tty 

peaICTOpa BB3P-1000 TBCA c pa311WIHhIMH nmpas­

lIH"leCKHMH conponmneHIDIMH IJOSICOB W s 3M H3Me­

pj!JlHCb COCTa.smnow.He a6comoTHOH CKOpOCTH .lJ,.IISI xa­

paKTepHhlX 30H no ce'-leIDUO H .lJ,.IIHHC MOJ].eJJH. 

Ha :nane 11ccne.n.osaHHH npoBO.ZJ.HJIHCh H3yqemte 

rrryfo!Hbl pacnpocTpatteHIDI n!,D.pOJJ.HHaMH'-ICCKHX 

B03MY11..(CHH:H, Bbl3BaHHbIX HCCHMMCTpl-fqffb(M pacno­

JlQ)KCHHeM W coce,D.HHX TBC, H norry'-leHHe .D.OTTOJI­

HHTCJlbHOH HHcpopMaU.HH o npou.eccax nepepacnpe­

,D.e11eHID1 IJOTOKOB TCTTJIOHOCHTCJISI MC)l(J].y coce,D.HHMH 

TBCA c pa31111qm1MH K03cpqJHU.HeHTaMH rK,D.paBnH­

YecKoro conponrnJieHIDI W .n.o H nocne noSica W. 
IlpH paCCMOTpCHl111 pe3yJTbTaTOB 3KcnepHMeH­

TaJibHOro HCCJlCJ].QBaHHji pacnpe,D.eneHHSI CKOpOCTH H 

CTaTH"leCKOro ,D.aBJleHIDI IJOTOKa B xapaKTepHbIX 30-

Hax TBCA nposeJ].eHo pa3JJ.eJ1eH11e 30H 11ccneJJ.0Ba­

HKS1 COBMCCTHMOCTJ,f no TTJIOCKOCTHM 38MepoB: MC)K­

KaCCCTHhIH 3a30p, Me')l(TB3JlbHblH 3a30p 1-ro pS!,D.a 

TB3Jl0B sepXHero cerMeHTa H MC)KTB3JlbHbIH 3a30p 1-
ro pSI,D.a TB3JIOB HH)l(Hero cerMeHTa. 

AHaill13 nonyqeHHblX 3KCnepHMeHTaJibHblX JJ;aHHbIX 

no xapaKTepy Te'ieHHH TCilJIOHOCHTCM npli OOCTilHOBKe 

B 3M TBCA noSicos W c pa311H4HhIMM K03cpcp11u.11eH­

TaMH m.n.paBJIHl.feCKOro conpOTHBJieHHSI IJOKa3an: 
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l. IlpH paBHOM fH,D.paBIDl'ieCKOM conpOTHBJieHHH 

noSICOB W (SirP = 0,35; 0,72; 1,2) nornK B MC)KKac­

ceTHOM 3a30pe HOCHT oceBOH xapaKTep no BCeH J].JlH­

He 3M. 3Ha'l'CHHC nonepe'l'HOH COCTaBmlIOll..(CH OTHO-

CHTeJlbHOH cKopocTH Wx I W HaxO,D.HTCSI B .D.Hana30-

He O - 5 % OT Cpe.D,HepacxOJ].HOH CKopocrn (p11c. 7). 
Henocpe.D.CTBeHHO nepe.D. .[{P B03HHKalOT nonepe4-

Hbie nepe-re'-IKH TenJIOHOCHTemi:, KOTOpbIC J].OCTHralOT 

MaKCHMaJ!bHOro 3Ha4eIDUI B Me)KTB3JlbHOM 3a30pe 1-
ro PH.lla TB3J10B. ,[\ITS! MOJJ;eJIH C IJQjjCOM ,[\P C /;irr = 

0,72 3TO 3Ha"lemte Wx I W pastto 0, l - 0, 14, J].JISI 

MO,D.emr c noS1COM W c l;w = 1,2 - pastto 0 ,2 (0,3). 

2. r11.n.paBJ1MqecKoe conpOTHBJieHHe IJOTOKa B 

nyqKe TB3J10B C nOSICOM )];P 6oJibllle, 'ieM rn.upaBJlH-

4eCKOe conponrnnett11e npH npo.n.onhtto-nonepe4HOM 

o6TeKaHHH .usyx pSI.llOB nepHcpepRHHbIX TB3JIOB, no-

3TOMY 4acTb TIOTOKa TenJIOHOCHTeJISI 113 nepmpepHH­

HOH 30HbI TBCA, orpattH'feHHOH .ZJ.BYMJI nepmpepf,fH­

HbIMH PjjJJ.8MH TB3JIOB, ycTpCMJIHCTCSI B Me)Kl(acceT­

HblH. 3a30p C MeHblUHM rn,D.paBJTH'-leCKHM conponrn­

JieHHeM C COOTBeTCTBYJOW.HM yseJIH.YeHHeM paCXOJ].8 

B HeM. MaKCHMaJTbHOe 3Ha"leHHe 8KCHaJlbHOH co-

CT8BJISIIOW.eH a6comoTHOH cKopocT11 Wx I W np11 

3TOM J].OCTHraeT 1,83 - ] ,92 B paifotte nOSICa ,[(P J].JlH 

MonenH c l;,u-r = 1,2 (p11c. 8). 



3. Ha1111tt11e no.s1ca ,nP coce,nHHX TBCA, OTmtYaio­

ll.\HXCSI rn.npaBJ1Hl.{eCKHM conponmJ1ett1-1eM, npH.BO.llHT K 

B03I{HKHOBeHl•UO nonepeYHblX nepereYeK TellJlOHOCH­

TeJlll B coce,LJJUOIO KaCCe'T)' C MeHbWHM ni,npaBJlHl.{e­

CKHM conponmneIDleM HJlH O'TCYfC'I'BYIOl.lJ,HM nOSICOM 

,nP. BeJ1H"4HHa 3THX nepe-reYeK ,llOCTHraeT MaKCHMaJlb-

HOro 3HatfeH11.ll Wx IW = 0,30 + 0,40 (pHc. 9) rrp11 co­

O'l'HOWeHHJ,1 rH,npaBJlHYeCKHX conpOTl1BJleHHH noSICOB 

JU> c ~p = 1,2 - 0,72 B 3a30pe Me»<.Lzy TB3Jla.MH 1-ro 

pS1,na TBCA, KOTOpaSI co.nep)f(HT noSic ,nP c 60J1bU1HM 

rH,npaBJ1J,fl.{eCKHM conponrnne,rneM. 

4. HaJUft:!He B Me)l(J(acceTHOH o6naCTH nOTOKa c 

BblCOKHMH CKOpOCTSIMH Tel1JlOHOCHTeJlSI 0Ka3blBaeT 

,neMncjrnpyIOIJ..\ee B03,nei-rcTBHe Ha rronepeYHb!H ITOTOK 

Tel1JlOHOCHTenJ1 Me>K,D.y coce,nHHMH TBC, B03HHKa10-

m11i1 H3-3a pa3.rrn:1Jl,l.ll rn,npaBJlH4ecKHX conpoT11ane­

HHH ITOllCOB ,nP. Pa3J1HlfHe 8 BeJ1114HHe COCTaBJlSIIO­

mHx nonepe'-lHOH CKOpOCTJ,I B HanpasneHHH OCH X, 
noeyt.fetrnoe ,nnSI Me)l(TB3JlbHbJX 3a3opos coce)l.HHX 

cerMeHTOB TBC, CBH.D.eTeJTbCTBYeT o TOM, t.fTO CKB03b 

3a30p nepeTeKaeT TOJlbKO OKOJTO ITOJ10B11Hbl nonepeY-

Wx /< W > 

Hora noTOKa MaCCbl, a OCTaJlbHaSI 4aCTb CHOCHTC.11 B 

npO,llOJlbHOM HanpasneHHH ITOTOKOM TellJlOHOCHTeJT.11 

B Me)l(KacceTHOM 3a30pe. 

5. Bmurnwe pa3nHYH.!I rn,npasn111-IecKH.x conpo­

THBJ1e1-111w TIO.!ICOB )lP pacnpOCTPaH.!leTCSI TOJlbKO Ha 

o6nacTb Tel!em-1.11 TeITJlOHOCHTeJlSI, BKJllO'-laIOmyIO B 

ce6.11 Me)l(KacceTHbtH 3a30p H nepBbte ,nsa p.11,na np11-

MbIKruom11x K HeM)' TB3noa coce,nHHX TBCA. 

6. 301-1a nepecTpo11K11 npocp11nJ1 cKopocni pacnpo­

CTpaHSleTCSI Ha paCCTOSIHHe, paBHOe 5 - 7 rH,npaBJlH­

'-leCKHM ,nHaMeTPaM .no no.11ca W 11 7 - 9 rn,npasn11-

'-leCKHM ,nHaMeTpaM nocne no.11ca ,LU>. 
7. ripoBe,l].eHHble 3KcnepHMeHTaJTbHble HCcne.no­

BaHH.ll nOKa3aJ1H, '-!TO B 3a30pe Me>K,D.y yroJTK8MH )l(e­

CTKOCTH cymeCTsyeT HanpaBJleHHOe nonepeYHOe Te­

'-leHHe TenJTOHOCHTeJlSI B Hanpasnemrn OCH Y, 0 '-leM 

CBHJ).eTeJlbCTByIOT pe3yJlbTaTbl l13MepeHHH B o6nac­

TSIX Me)l(KacceTHoro 3a3opa, HenocpeJJ.CTBeHHO npH­

J1erat0mmc K yroJTKaM )l(eCTKOCTH. MaKCHMaJlbHOe 

3HaYeHHe 3THX nonepeYHbJX nepeTeYeK He npes1,Iwa­

eT 8+ IO % OT cpe,n1-1epacxo,n1-1oi,r CKOpOCTH. 

PHc. 7. Pacnpe.neneHJote ornoc11-

Ten1,HoH cKopocn, Wx I <l¥> .nm, 

Me)KKacceTttoro J83opa npM 

ITOCTaH0BKe p83JTK4Hh!X TT0.RC0B 

AP (<W> = 33,7 - 34,9 Mic, 
Re = 93 860 - 97 400) 

Lid 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Wz l<W> 
2,0 ---~-----~-~-~.....,., ...... ~,.,......~,--.-----,-~--.--~ 

• - 0,72-0,3S 1,9 -=11--1--+--+--+--+--+*~~~~H-t■ -0,72-0,72 

1 ,8 _., • 1,2-0,72 
♦ - 1,2-1,2 

1, 7 -=11--1--+--t-.:.~-=-t-=-♦-=-i-------Tb,,f~:Rl,le~~~-H+ -0,3S•neT ,!I.P 
0 -0,3S-0,3S (C, = 9 •01) 

1,6 -'=lr-.:;.:;;R--.,....t""=t---t---t---t-~~~~~H-Jo _ o,3s-o,3s co= 20 MM} 

1,5 

104 -:=l~~~=:~~~~f =~~==~~~~f lliiilil~~~il~~~;i~ii~ 1,3 

1,2 

1,1 ....=!----+--l--+----1--.--.jf-------i--t:~~~~t-l--~~=--l 

PHc. 8. Pacnpe.nene1rne 0TH0CM­

TeJTbll0H cKopoCTH W, I <W> ,!UIJI 

Me)KK8CCeTH0ro 3830pa npH 

TTOCTaH0BKe pa3JTH'IHhlX TT0.RC0B JJ;P 
(<W> = 33,7 - 34,9 Mic, 
Re = 93 860 - 97 400) 

1,0 ....::::i~.....-l~.....-l~.....-l.,..,.......-l-,-,,-.....-l-,-,,-.....-l-,-t-.,.,.,~.,.,.,"1-'t-'l-rl--rr.....-lr-r-r.....-l-,-,,-.....-l-,-,-rr1 L I d 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 
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PHC. 9. Pacrrpe,AeJJeHHe 0TH0CH­
TeJJhH0H CK0p0CTH Wxf dV> ,IJJUI 

Me)l(TB3JJbHoro 3a3opa 1-ro pll.Aa 
TB3JJ0B sepXHero cerMeHTa rrpH 

nocTaH0BKe pa3JIW-IHhIX aoJ1coa AP 
(<W> = 33,7 - 34,9 Mic, 
Re= 93 860 - 97 400) 

3aKmoqeHHe 

0,4 

0,3 

0,2 

0,1 

0 

-0,1 

Wx I< W> 

• • 0,72-0,35 
■ · 0,72-0,72 
4 · 1,2-0,72 
♦ • 1,2-1,2 
+ • 0,35-lleT )lP 
0 -0,35-0,35 (6 = 9 MM) 

--+---11'-' "0,35-0,35 (6 = 20 MM)1J__j. _ _j.-li~~~~U~-l--~~~k-J 

-0,2 -h-r"T"T"rr,~f--r,~ +,-~+,-m+..-m+..-,1.>,>,;~,..,,,,.,~---,....j...~-.-h~...+-~...+-m......l 
L I 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1. 3KcnepHMeHTaJlbHO HCCJle,ll.OBaHhl TTOJUI CKOpOCTeH Ha yqacTKe CTa6HJJH3HpoBaHHoro Tet.JeIDUI B xapaKTep­

HblX 3oHax ueHTpaJTbHOH H nepmf>epHIDIOH qacTeii TBCA. 
2. 3KcnepHMeHTaJU,HO HCCJ1e,ll.OB8Hbl rH,ll.pOAHH81'>UflfeCKHe xapa.KTepHCTHKH npOAOJlbHO-nonepe'IBoro noTOKa 

TenJ10HOCHTem1, B03HHKruomero B nylfKax TB3J10B COCeAHllX TBC H Me)Kl(aCCeTHOM 3a30pe npH o6TeKaHHH no»­

COB ,nP, OTJlH'-laIOlll,MXC» KaK aKCHaJlbHb!Mlf KOOpAHHaTaMH pacnoJJO)l(eHIDI., TaK H rH,ll.paBJJH'-leCKHM conponrnne­

HHeM. 

3. Pe3yJibTaTbl HCCJJeAOBaHHH HCTTOJ1b30.B8Hbl B KalfeCTBe 6aHKa 3KCnepHMeHTaJibHbJX A8HHblX AJljl BepH<pRKa­

U.IH-1 nporpaMM AeTaJibHOfO no»qee"llioro paC"lfeTa nyq:KOB TB3JJOB H y<teTa COBMeCTHOH 3arpy3KH B aKTHB!fYIO 30-

HY peaKTopa BB3P-1000 TBCA c pa3JJWilll>IM rH,ll.paBJJHlfeCKHM conpoTHBJJeHHeM. 
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Y,LJ,K 621.039 

BJIHSIHHe KOHCTPYKTHBHhlX oco6eHHOCTen H pe,KHMHLIX napaMeTpOB 

pacfoqnx cpeA Ha rH.LJ.PO.LJ.HHaMH1.JecKy10 ycToJiqnBOCTb naporeuep11py1omHx 

3JleMeHTOB C ABYCTOpOHRHM o6orpeBOM 

C.M. /(.A11unp11ea, A.A. Bocmpu«oa, T. C. j(.Awmpueaa, H.F. CK06eJ1eea, 
Hi,i)Keropo,ncKHH rocy,napcrnem-11,111 TexH111-1ecK1111 ymrnepcHTeT, 603600, H. HoBropoLI., yn. MH1-1111ia, 24 

llpoaHanH3HpOBaHO Bflrll!HF!e Jia rn.upo.ui11-1aMHYeCKy10 )'CTOfrYHBOCTb napore1-1epi,rpy10w,ero '.)JleMe1m1 (rlf3 ) C .llllY­

CTOpOHHHM o6orpebOM H 3aKpyTKOU noT01<3 pa6oliero Ten a KOHCTPYKllHM BHyTµeHH eli Tµy 6r,1 np11 pa:!JlHYHOM C0°1eTa­

HHH n apaMeTpOB I H II KOHTypOB. 

A INFLUENCE OF CONSTRUCTIONAL PECULIARJTIES AND PARAMETERS OF REGIME OF 
WORKING ENVIRONS ON THE HYDRODYNAMIC STABILITY OF STEAM GENERATOR ELEMENTS 
WITH TWO-SIDED HEAT. S.M. DMITRIEV, A.A. VOSTRTCOV, T.S. DMJTRIEVA, I.Yu. SKOBELEVA. A n 

infiuence of internal tube constructional on the hy drodynamic stability of steam generator elements with two-sided heat 

and twirl of the fiow of working environs b y various parameters c ombinations of primary and sec ondary c i rcuits was 

analy zed. 

B npl!MOTOYHblX ITOBepXHOCTHb[X Tennoo6MeH­

HHKax npH onpe.n.eneHHblX ycJJOBHHX MO)KeT 003-

HHKHYTb 1-1eycTOMYHBOCTb, npo.RBJ1SI IOlll3SICll B BH,ne 

nyJJbC3U.HH TCTIJIOTCXHHYeCKMX napaMeTpOB [l 4]. 
HaH6onee CKJIOHHhI K TaKOMy BHAY 1-1eycT0111n1so­

cT11 Tennoo6MeHl-IHKl1, 8 KOTOpblX pa6ot1ee TeJIO 

npeTepneaaeT cpa3osoe npespau.le1-111e: naporeHepa­

TOpbl (ITf), Kl1□.Rllll1e peaKTOpbl H T .,n. HeycTOM4l1-

aocTb T3Kl1X KHnlllllHX annapaTOB o6bI'l:HO He.no­

nycTHMa, TaK KaK OHa pe3KO CHH)KaeT 3cpcpeKTl18-

HOCTb KHnllll.lJ1X CliCTeM l1 MO)KeT npwseCTH I< aaa­

pHHHOM c1-1Tyauw11. 

HeraTl1BHOe BJll15IHl1e HeycTOHYHBOCTH 8 np.RMO­

TOYHblX [If Bbl3B3Jl0 He06XOAHMOCTb npose,neHH5f 

11.IHpOKHX pacc-ien10-TeopeTl14CCKl1X tt 3KCnepHMCH­

TaJibHblX HCCJJe,nosaH11M no H3)'LJeH1110 BJTH.RHH.R pa3-

JIJ,(lUlblX cpaKTOpOB l1 KOHCTp)'KTHBHblX napaMe1'p08 

Ha lfX rn,npO.D.HH3Ml1'-I CCKYIO y cTOHYHBOCTb. 

B nocne.u1-1ee speM.R see 6onee HHTCHCMBHO 1Jcu­
pa6aTbJBa10TC.R 11. BHe.np»lOTCSI npJlM01'py6 11b1e, np;i­

MOT04Hble Tlf, HO ony6m!l<OB3Hl-fblX .D,3HHblX llO HC­

CJleAOBaHHfO rn,np0,!1,MHaMH4eCKOH y cTOHYYIBOCTvl 

no,no6HhIX [11 He)J.OCTaTOYHO. 0TC)'TCTBYIOT Ta!OKe 

pa6oTbI no 11ccne.noBaH1110 rHL1,pomrnaM11Yec1<0M yc­

TOi-rYHBocrn ITf3 C ABYCTOpOHHHM o6orpeBOM 11 1a­

KpyTKOH noToKa pa6oc-iero Tena [5] . O L1,1IaKO Teope­

THYCCK11e HCCJJe,noBaHJ,UJ He rrpeTCH):\YIOT Ha nOJJ HOTy 

H TOYHOCTh onttcam,rn npou.eccos, np0Te1<a1ournx B 

Kl1TTHllll1X annapaTax B )'CJJOBHSIX B03Hl1KHOBClll1$1 KO­

JJe6aHHH napaMeTpOB, n03TOMy aKTYaJlbHO 3KCnepH­

MeHTaJlbHOe HCCJJC.D,OB3Hl1e 3THX npou,eccoB. 

MHHl1M8JlbH8.R HHcj)OpM8U.Hll O .nsy crnpOHHCM 

o6orpese noTOKa TenJIOHOCHTCJJSI HMeeTCSI B np11110-

)Kemm K CT3Tbe. 

l. 4HCJ1eHHhle MeT0,11.bl pac'-leTa ycTOH'IHBOCTH napore1-1epupy1O1..l.(ero K8118Jla C JJ.BYCT0p0H IIHM 

o6orpeBOM H 3aKpyTKOH noTOKa pa601.iero TeJla 

PacCMOTpHM Ha116onee pacnpOCTpaHeHH)'IO MHO­

roKaHaJJbHYlO CHCTeMy, COCTOlllllYIO J,13 n H,neHTttY­

HblX o6orpesaeMblX K3H3J108 C 06llll1Ml1 BXO)].HblMH l1 

BblXO)].HblMH KOJJJieKTOpaMH. 

BcJie)J.CTBHe cyl.l\eCTB)'lOIUHX ,nonycKOB npH H3rO­

TOBJleHHH H HepaBHOMepHOCTH TeTTJ10BbT,neJICHl15f Ka­

H3Jlb[ acer.Qa HeCKOJibKO Hett,neHTH4Hhl. B 3THX ycno­

BH.RX ecTeCTBeHHO npe.unoJJO)KHTh, 'ITO CHCTeMa 6y­

.neT TepSITE, )'CTOll'l:HBOCTb npw nona.ua1-11111 11a rpat-111-

LW YCTOM'-IHBOCTH Kattana C HaHMeHhWHM 3anaCOM 

)'CTOHYl1BOCTl1. 

l13BeCTHO, YTO .QJI.R ycTOHYl1BOCTH MIIOroKaHaJlb­

HOH CHCTCMb1, COCT05fIUeM H3 11.11.eHTHYHblX K8HaJIOB, 

1-1eo6XO.D,l1MO 11 )].0CT3TOYHO, YT06bl 6h!JI y CTOHYl1B 

KaHaJI C Ha11MeHbWl1M 3arraCOM )'CTOHYHBOCT11 [I] . 
PaccMOTPHM napore1-1ep11pyiom11i1 KaHan c tlBY­

CTOpOHHMM o6orpeBOM c BH)'TJ)CHHe H c mlpallbllO 

H3BHTOH Tpy6oi1. U:eJJb pacYeTa - onpe,neJlHTb Heo 6-

XO,!l,11MOe JJ.Jlll r11.11.po,nH11aMHc-iec1<0 H y cToHYHBocrn 

MeCTHOe conpOTl1BJJeHHe Ha BXOLl,e 11 n ep exO.[lHblC 

xapaKTep11cn11<11 npH e)].ttHl1YHOM B0'3M)' lllCHMII !-Ia 

BXOLl,e B K8HaJJ. Ka11an paccMaTpHBaeTCll Ka K CHCTCMa 
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aBTOManr'-!eCKoro perynHpoBaHH.sl C 3aITa3J],hlBaHHeM. 
B OCHOBY nporpaMMhl pacqeTa rrono)l(eH MeTOJ], .n:­
pa36Helillil. 

Hcxo,LJ.Hrui CHCTeMa ypaaHemrn BKJDOl.{aeT ypaatte­

HIDI Hepa3pbIBHOCTH :mepnrn H KOni,rqec-rna .[{BIDKeIDUI. 
CHCTeMa ypaattemrn J1,njj OJJ,HO- H JJ.Byxq>aJHOro JJOTOKa 

C COOTBeTCTBYJOlllHMH JJ,OnyllleIDUIMH HMeeT B~: 

(1) 

r.ue 

p = (1- <p)p' + <pp'"; 

a [(1 ) ,., ... ,,] p,= di -<p pi +<pp l ; (2) 

1 (1-x)2 x2 

P2 = (1-cp)p' + cpp'. 

3.uecb D - pacxoJJ, mrTaTenhHOH BO.Uhl, Kr/c; f -
2 . 

nnOlllaJJ,h 11pOXOJ],HOro Cel.{eHH.sl, M ; g - ycKopeHHe 

6 / 2 II B 
CBO O,llHOfO naJJ,eHJ,fjj, M C ; q ' q - y.uenhH.hle TeIT-

nOBble ITOTOKH Ha Hap~OH H BttyrpeHHeH, COOTBeT­

CTBeHHO, noBepXHocrnx Kattana, BTIM2; i - 3HTIUJ.h­

ITHj!, K~Kr; TI", TI8 
- COOTBeTCTBeHHO Hapy')KH_bIH H 

BHYTpettHHH rrepHMeTphl Kattana, M; z - KOOpJJ.HHaTa, 

M; P - JJ,asneHHe, Ila; 't - KacaTenhttoe HaITpH)l(ett1-te, 

H!M2; p - nnoTHOCTh, KrlM3; t - speMjl, c; 0 - yron 

HaKJJOHa TII'3 K ropH30HTY, pa,ll; X - MaCCOBOe pac­

XO,llHOe napoco.nep)KaHue; cp - HCTHHHOe napoco.nep­

)l(aHHe. CHMBOnh1 ' H " - rrapaMeTphl BO,llhl H napa 

COOTBeTCTBeHHO, Ha JIHHHH HaCblllleHJ,fjj. 

HcXOJ],HM CHCTeMa JJHHeap113yeTC.II, T.e. HccneJJ,O­

BaHHe ycTOHl.{HBOCTH ae,neTC.11 " B ManoM" no nepBOM)' 

npH6JTIDKemno. B JTOM Cny'-iae nonyqHM HeKOTOphIH 

Janae no cpaattettmo c JJ,eHCTBHTenhHOH rpaHH~eH 

ycTOHl.{HBOCTH, KOTOpbIH 6yJJ,eT ou.etteH npH cpaaHe­

HHH C JKcnepHMeHTanbHblMH ,naHHblMH. 

Ilocne mrneapH3aUM.H, npeo6pa3oaaHJ,fjj no Jlanna­
cy npH ttyneBblX Hal.{anbHblX ycnOBJ,fj!X H pa3JJ,eJJeHl-fjl 

Ha aemecTBeHHYJO 11 MITTIMYJO qacTH ypaaHeHJ,fjj KonH­

qeCTBa JJ:BH)l(eHHj) nonyqHM ypaaHeHllil ro.n.orpacpa, 

onpe,nem1.10m0e ycnosH.11 ycTOH'-IJ,fBOCTH naporettep11-

PYfOll.J,ero KaHana. 3TH ypaBHemrn pewa!OTC.11 OTHOCH­

TeJJbHO napaMeTpa K = 2!:!.P ax/ D H HMelOT s~: 
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(ReK)8D18x =---¥2-0D1 8x -[K1 + 2
2

V ]0D1 81,1x -
fox Pox fexP01,rx 

-[K2- v2 (ap l ]0;1 - Hf n" +rre a-con.dz + 
2 2 ai Bblx I aD ~, 

fs1,1x PoblX hlX 0 

H ro H[n" + rrs a-c ap l + J -8D2dz - J --- . + g sin 0-. 8i1dz; (
3

) 
0 I O J a1 a1 

(ImK)8V1ex = -[K1 + 2 

2
V ]0D201,1x -

fo1,1xP01,1x 

- [K2 - 2 °\ (i l ]oi2eb1X -
fe1,1x PeblX 

1 
1,ix 

H co Hrrs+nH a-c - f -8V1dz- f--- 8V2dz -
o t o I av 

Hf [ ne + rr" a't . e ap } . d - --- + g sm ~ - '2 z. 
0 f ai oi (4) 

r.ne 

K - aAf>ex K - oMublX 
' - av · 2 - ai (5) 

3,AeCb H - BbJCOTa TII'3, M. l1HJ1,eKCbl " sx" 11 
"BblX" OTHOC.IITC.11 K napaMeTpaM Ha sxo,ne H BbIXO,ne, 
COOTBeTCTBeHHO. 3TH ypaBHeHIDI orrpe.n.em!IOT KpH­
BYJO ,n:-pa36HeHllil no napaMeTpy K rrpH Hal.{aJJbHblX 

ycnosJ,fj!X: 8D1 = 1,0; 8D2 = 8i1 = 8i2 = 0. 
no 3THM ypaaHeHIDIM CTpOHTCH ro.norpacp npH 

3Haqemurx KpyrosoH qacTOTbI, nocne,noaaTeJJbHO 
npo6eraIOll.l,HX HHTepsan O $ co$ COnp , r,ne 

co0P = 20'rro:>ax/ L:,K , r,ne ½K - ,nnHHa 3KOHOMaihepHoro 

yqacTKa nr3. lllar no napaMeTpy co = 0, 1 np11 

O $co$ l, a ,nanee yaenHl.{HBaeTcH .n.o 1. 
TiocTpoe1-111.e ro,norpa<t>a npoHJBO.lJ.HTC.11 B Koop,nH­

HaTax Re ( 2Af'8x / D8x ) , Im ( 2Af'8x / D8x ) . Ilocne no­

CTpOeHllil ro,norpacpa onpeJJ,eJJ.RJOTC.11 3Ha1.{eHllil qac­
TOT B MeCTaX ero nepeceqeHIDI C ITOJIO)KHTenbHOH 
OChlO Re([{) . 

3a rpaHJ1.1.{tty10 qaCTOTY np11HI1MaeTc.11 qaCToTa, 
COOTBeTCTBYJOll.J,a.11 MaKCHManbHOMy 3Ha1.{eHHJO BeJJH-
1.{11.Hbl Re(K), H cooTBeTCTBYlOll.J,ee 3TOH TO'-!Ke 3Haqe-

HHe Af'i = Re(K)D/2, KOTOpoe SfBJl.lleTC.11 rpaHH'-lHblM 

,llJI.II 06ecne1IeHID1 KOJie6aTenbHOH ycTOH'-lHBOCTH npH 
c.o :;t O . Tio,ncTaBJij!.ff B ypaa1-1e1-1ID1 ro.n.orpa<f>a paJJ1H1.{­
m,1e 3Haqem,u1 8V8x H 8i , onpe,nem110Tc.11 3HaqeHl1.II 

Af'ex Ha pa3JJH1.{HblX pe)KHMax. 

Pac'leT ycTOHl.{HBOCTH naporettep11py10mero Ka­
Hana pa36HT Ha TpH 3Tana: CTaTHl.{eCKH.H paCl.{eT Ka­
Hana, pacqeT K03q>q>HU.HeHTOB ypasHeHH.H ,l(l,1HaMHKH, 
perneHHe ypaa1-1eHHH .!J.HHaMHKH H nocTpOeHHe KpH­
BOH ,Zl;-pa36HeHH.II. 



2. P e1yJihT3Tbl pacqnu o-Teop eTH'leCKOro HCCJie)lOB3HHH ycTouquBOCTH nrJ c 

JJ.BYCTOpOHHHM ooorpeBOM H 33KpyYKOH DOTOICa 

3a 6a30BblH Bap1,taHT TipHIDIT ITr3 C rnaroM Ha­

BHBKH BHyrpeHHeH cm1pam,tto HaBITTOH Tpy6bl s = 40 
MM. ,lvlll TeflJlon1JJ.paam1qecKoro pacqe-ra, npoBOJJ.H­

Moro no MeTOJJ.HKe [l], npHMeHJIJIHCb paC'-leTHbie co­

OTHOllleHHJI, nony'-leHHbie Ha OCHOBe npoBe)J.eHHblX 

3KcnepHMeHTaJJhHbIX 1-1cc11e,noaruu1ii [6]. HcnoJib3Y51 

JJ.aHHbJe Ten11on1JJ.paBJIH'-leCKOro paC'-!eTa, BbinOJIHeH 

paCl.feT ycTOH'-IHBOCTH IIT'3 c .ll."BYCTOp0HHHM o6orpe­

BOM H 38KpyrKOH TIOTOKa. 

AHaJJH3 ycTOH'-IHBOCTH npOB0JJ.HJIC51 no CJieJJ.yto­

W.HM ttanpaaneHIDIM. 

I . Pac'-leT ycTOH'il!BOCTH npH napaMeTpax I H II 
KOH1)'p0B, COOTBeTCTBYIOLnHX I.IITaTHbIM pe)l(HMaM 

pa60Tbl 3HepreTH4eCKOH ycTaHOBKH. 

2. Pact.JeT yCTOttlfHBOCTH npH H3MetteHHH napaMe-r­

pos II Ko1-rrypa H noCTOllHHbIX napaMe-rpax I Kottrypa: 

a) semt'-IHHbl paCXOJJ.a II KOHl)'pa; 

6) BeJl(,11-JHHhI tte,norpeaa nHTaTeJibHOH BOJJ.bl Ha 

BXOJJ.e B KaHaJJ. 

3. Onpe,n.e11em,1e BJIHHHHH Ha ycTOH'-IHBOCTb H3Me­

HeHH51 napaMeTpOB I KOHl)'pa npH TI0CTOJIHHblX na­

paMe-rpax II KOHl)'pa. 

4. AttanH3 BJIIDJHIDI Ha ycToifq11aocTh ITr3 c JJ.BY­

CTopoHHHM o6orpeaoM K0HCTpyKt.u1_1,i attyrpetttteii 

Tpy6bl. 

Pe3yJihTaTbl CTaTH'-leCKoro paC'-leTa TIOKa38J111, '-!TO 

rHJJ.paBJIH'-leCKM xapaKrepHCTHKa Ka.Hana O,llH03Ha4-

Ha Ha sceM JJ.Hana3otte pa6o4HX napaMe-rpos, 'ITO 

CBl1JJ.eTeJibCTBYeT 06 ycTOH'-IHBOCTH KaHaJla npH OT­

cyrcTBHH stteurn11x B03MYt.neHHH napaMe-rpoa I H IT 
KOHl)'pOB. O,nHaKO OJJ.H03Ha4H0CTI, r11JJ.paBJIH'-leCKOH 

xapaKTepHCTHKH He HCKJIIOt.JaeT B03HHKHOBeHHJI 

Me)l(KaHaJlbHOH tteycTOH'-IHBOCTH npH KOJie6aHHH na­

paMeTpOB pa6o4HX cpe.n.. 

,lvlll KIDJ(.ll,OfO H3 HCCJie.n.yeMblX pe)l(HMOB no­

CTpoeHbl ro.n.orpaq>hI xapaKTepHcTmecKoro ypastte­

H HJI . flpHMepbl nony'-leHHblX ro.n.orpacpos npHBe,IJ,eHbI 

Ha pHC. 1 - 3. 
Ha pHC. 2 npHse,n.eHbl ro,IJ,orpaq>bl xapaKTepHCTH­

'-!eCKOro ypaBHeHHJI .ll,J151 pa3IIH'IHblX MaCCOBblX CKO­

pocTeH II Kottzypa w napaMeTpax nepsoro, cooTBeT­

CTByIOmHX HOMHHam,HOH MOW.HOCTH 11r3. 
,lvlll onpeJJ.eneHHJI BJIHJiHH_jj Ha ycTOHtJHBOCTb 

11r3 c .ll.BYCTOpOHHHM o6orpeBOM c BttyrpeHHeH 

cnwpanbHO ttas11TOH Tpy6oi1 seJIH'-IHHbI tte,norpesa 

m1rnTeJibHOH so,n1,1 Ha sxo,ne B K8H8JI npoae,neH pac­

t.JeT npw pa3nH'-IHbIX ee TeMneparypax. HHTepsaJI 

H3MeHeHH_jj TeMnepal)'pbl saphHp0B8JIC51 OT so ,no 

200 °C. 11apaMeTpbl I K0Hl)'pa H BeJIH9HH8 pacxoJJ.a 

no II KOHl)'PY npHHlfMaJlHCh nocTOllHHhlMH. 

r o,n.orpacpb1 xapaKTep11cTH9ecKoro ypasHeHHll .ll.Jlll 
pa3JUl4HblX TeMneparyp nHTaTeJibHOH BO.LI.bl Ha BXO,lle 

B Kattan np11se.n.eHhl Ha pHC. 3. 

lm(K) 

Pwc. I . ro.norpacp xapaKTepHCTH'-lecKoro ypaetteHWI f1r3 c 
BHyrpeHHeJ! cmipanbH0 HaBHTOJ;! 1"py6oi1 (S = 40 MM np11 
napaMe1"paX I H II Komypoe, cooTBeTCTBYIOlllHX 12 % NJ 

Im(K) 

+ -rrw= 103,2 KrU. 
• -pw=S~l Kr/t.f, 

/ 

/ / . 
... , 

( / 
.,.,- ........... '\ I -- '\ 

I I 
,, 

' \ Jd"~ 

""" I - . 
-o., .{ -&. ~ 

' 
J ./ 
u 

-.rJ ' ~I j~ 

Re(K) 

0,6 ...._ 
I 

\ "' 
)\ 

t--- L---
V 

I/ I 

~ 
"-..... L.¥ [7 .., 

" "---
_,,., 

Pwc. 2. ro.norpaq>bI xapaKTep11cTH'-!ecKoro ypanHeHHll 
Tir3 c BHYTPeHHeii cm1panhHO ttaeHToi1 Tµy6oi1 

(S = 40 MM npH napaMeTJ)ax I KOHrypa, 
COOTBeTCTBYIOlllHX 100 % N11 , lru, = 55 °C) 

AHaJIH3Hpy51 nony'-leHHble ,naHHbie, MO)KHO CAe­

JiaTh cne,n.y10w.11e BblBOJJ.bl: 

1. l1p11 MaCCOBOH CKOpOCTH nHTaTeJlbHOH BOJ].hl 

6onee 300 Kr/(M2-c) ITr3 6y)le-r 11MeTb 3anac ycToi1-

4HB0CTH. 

2. Tip11 MaCCOBOH CKOp0CTH nHTaTeJibHOH BO.LI.bl 

6onee 100 Krl(M2-c) ycTOH'-IHBOCTh 11r3 cn a6o 3aa11-

CHT OT KOHCTPYKUHH Bttyrpettttei1 Tpy6bt. 
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3. HaHMett1>wero JJ.OnOJIHHTeJibHOro conpOTHBJie­

ttJ,Ui Ha BXO;:i:e a Kattan no II KOHTypy Tpe6yroT IIr3 c 

BttyrpettHHMH Tpy6aMH, y KOTOpblX nepena.o: J).aBJie­

HWI no J).JllfHe Kattana 6y.o:e-r yMeHbillaTbCJI. 

4. BapHafIThl KOttCTp)'Kl(HH IIr3 c BttyrpeHHHMH 

TPY6aMH, HMeJOllJ.HMH rrpm1ow naponeperpeBaTeJihHhlli 
)"-laCTOK npH 3aJJ.aHJIOH JJ.Jil1He a.KTlfBHOH LfaCTH flr3, 
KaK He o6ecneL£HBaJOW.He Heo6XO;:i:HMblX napaMeTpOB 

napa Ha BblXO.O:e H3 Katta.JTa, He paccMaTpHBaJilICb. 

5. B tteKOTOpblX CJI)''-IMX Ilr3 6yJJ.eT ycTOH'-IHBhlM 

npH napaMeTpaX I KOHTypa, COOTBeTCTB)'lOllJ.lfX 50 % 
ttOMHHaJibHOH MOllJ.HOCTH NH IIr3. 

,[{JIJJ JJ.a.llbHeHIIIero, 6onee noJJ.po6ttoro Hccne.no­

BaHID! ycTOH'-llfBOCTH npHHj!T Bap1-1aHT KOHCTPYKllHH 

BttyrpeHHeH Tpy6bt c JIOKaJibHO cmtpaJibHO HaBHTblM 

3KOHOMaihepoM H nporpeccHpyromei:1 HaBHBKOH Ha 

HcnapITTene H naponeperpesaTene. 

IlpH napaMeTpax I KOHrypa, cooTBeTCTB)'lOll.(lfX 

HOMHHaJihHOMy pe)KHMy, H MaCCOBblX pacxo.nax II 
KOHrypa 6onee 300 u/(M

2
·c) J1f3 c sttyrpeHHeH 

Tpy6oH, HMe10meH JIOKaJibHO cmtpanbHO HaBITTbJe 

)"-laCTKH Ha 3KOHOMaH3epe H nporpeccHp)'lOllJ.YIO Ha­
BHBKY Ha Hcnap,nene H naponeperpeBaTene, 6y,neT 

HMeTb 3anac ycTOHt.JHBOCTH. flr3 nona.nae-r B 06-

JiaCTb tteycTOHt.JHBOCTH npH MaCCOBblX pacxo.o:ax Me­

ttee 300 Kr/(M
2 

·c). Benwrntta tteo6xo,nHMoro .o:pocce­

nHposaHHH Ha sxo.ne B IIr3 yaeJIHt.JHBae-rcJJ c 

yMeHhLDeHHeM pacxo.na. 
Ilp1-1 yaeJIH'-!emm TeMneparypb1 nHTaTeJihttOH ao­

Abl Ha sxo.o:e B Kattan OT 55 .no 100 °C J1f3 CTatto­

BITTCJJ 6oJiee ycTOH'-llfBbIM. ,[(aJibtteihnee yBeJIH~eHHe 

TeMnepaTypbl yxy.nwae-r ycTOH~HBOCTb IIr3. 
BeJIH'iHHa OTHOCHTeJihHOH rrepeMe)KaeMOCTH l/S 

TalOl<e 0Ka3bJBaeT BJilffiHHe Ha ycTOH'-iHBOCTb J1f3. 
IlpH HH3KHX TeMnepazypax nHTaTeJibHOH BOJ(bl Ha 

Bxo.ne s Kattan (.o:o l 00 °C) ttaH6onee ycTOH'-IHB J1f3 
c BHyrpeHHeH Tpy6ow, HMeJOll.(eH JlOKaJihHO HaBHTble 

)"-13CTKH Ha 3KOHOMaH3epe c [IS= 3. IlpH TeMnepaTy-

3aKJIIO'leHHe 

Pa3pa6oTaHbl MaTeMaTH1-tecKaJ1 MOJ(eJib, anropHTM 

H nporpaMMa paC'-leTa rH.D,po.nHHaMH~ecKOH ycTOH­

LIJ,IBOCTH flr3 C .ABYCTOpOHlllfM o6orpeBOM H 3aKpyr­

KOH noTOKa c )"-leToM pacnpe.neneHJ,ij! napaMe-rpoa no 

.wnrne Kattana H HaJIH'-!J,lj! AByx nosepXHocTeH ttarpe­
aa. IlpoBe,neHHh1ii aHaJIH3 BJlllj!HJ,ij! Ha ero rHJJ.po.nH-

lm(K) 

♦ - In,.= 60 't .[ 
♦ -I-~- 100 'Cr 

A r,,.../ '\. 

/; ~ /~ ~' II I ◄,\ 
I " 1 

" If ~ 
t \ 

.\ 7 
V 1► I ■ 

-0.4 -0,2 0 V 
0~ 

7 
PHc. 3. ro.uorpaq>bt xapa1rrepHCTH1-1ecKoro ypaatteHIDI 

IT.r3 c BH)'TJ)eHHeH CnlfPaJibHO HaBHTOH Tpy6ol1' 
(S = 40 MM, pw = 206,3 Kr/(M2·c) If napaMeTpax 

I Kottrypa, cooTBeTcTBy1omKX I 00 % N,,) 

pe mrraTeJibHOH BO.O:hI 6onee I 00 °C HaH6onee yc­

TOHt.JHBhJM 6y.o:eT ITr3 c BttyrpeHHeH Tpy6oH, 

HMelOllJ.eM JlOKaJibHO HaBHTble )"-laCTKl1 Ha 3KOHOMaH-

3epe npH LIS= 4. 
CpaBHHBaJJ BeJIH'•Drny He06XO.[J.HMOro .nonOJIHH­

TeJlbHOro conpOTHBJieJ-IJ,f_j! Ha sxo.ne s Kattan .o:mt J1f3 
c BHyrpeHHeH crrnpanbHO HaBHTOH Tpy6oH (S = 40 
MM) H nr3 c BttyrpeHHeH Tpy6oi1, HMemw.eH JlO­

KaJibttyJO HaBlfBKY Ha 3KOHOMaM3epe (l/S = 4) H npo­

rpecc11py10uzy10 ttaBHBKY Ha 11cnapHTene H napone­

perpeBaTene, TIOKa3aHo, 'ITO BO BTOpOM CJI)"-lae ffi'3 
TPe6yeT HaHMeHbwero .o:ononmne11bttoro conpoTHB­

n eHHJJ B .o:11anaJ0He TeMnepazyp OT 55 .no 200 °C npH 

MaCCOBOH CKOpOCTH Mettee l 00 u/(M
2 

·c). 

HaMH'ieCK)'lO ycTOH~HBOCTb KOHCTJ)YK~HH BttyrpeH­

HeH Tpy6hl npH pa311H'-IHOM CO'-leTaHHH napaMeTpOB I 
H II KOHTypOB no3BOJ1JleT onTHMH311pOBaTb .[J.aJib­

Heihlrne 3KcnepHMeHTaJibHbie Hccne.nosam111, cyl.l.(e­

cTBeHHo coKpanITb cpoKH HX npoae,neHJ,Ui 11 MaTepH­

aJibHb1e 3aTPaThI. 

IIPHJIO'.>KEHHE. )].sycTOpOHHHH o6orpeB OOTOKa TeOJJOHOCHTeJIH 

CospeMeHHoe COCTOHIDte pa3BHTHJI JJ.AepHOH 3Hep­

rerm<H xapaKTepH3yeTCJJ Ka'-leCTBeHHhIM nOBblllleHHeM 

6e3onacHOCTH H Ha.D,e)KHOCTH KaK OCHOBHOro o6opy.no­

BaHllj!, TaK H ..sI3Y B ~enoM. IlpHHUHnHaJibHO Ba)KHbJM 

3TanoM C03.l(aHHjl ..sl3Y HOBOro noKOJieHID! JIBJUleTCJI 

pa3pa60TKa npoeKTOB c lffITerpanbHOH KOMTIOHOBKOH 

o6opy.noBaHHJI I KOHTypa. 

32 

HHTerpa.JTbHOe HCTIOJIHeHHe peaKTOpHOH ycTaHOB­

KH (PY) B03MO)KHO TOJlbKO B TOM CJI)"-lae, Kor.n,a 

BttyrpHpeaKTopttoe 06opy.o:oaatt11e o6na.D,aeT 6onb­
wow KOMnaKTHOCTbJO. B 3Hat.JHTeJibHOH Mepe 3TO 06-

CTOJJTeJlbCTBO OTHOCHTCJI K I1f HHTerpruibHhlX PY. 
fipHMeHem,e BblCOKOHanpJl)l(eHHOro npJJMOT04HOro 

rrr a 513 Y c neTJleBOH HJIH 6JIO'!HOH KOMITOHOBKaMH 



n03BOJUleT pe3KO yMeHhlliHTb o6beMbl 3aIUHTHblX 
60KCOB. 

,Lvui nOBbl1IIemu1 3<p<peKTHBHOCTH Tennoo6MeHa B 

Tennoo6MeHHbJX annaparnx ycneurno 11cno11b3YeTCH 

38Kpyrna nOTOKa TenrrOHOCHTeJlll . IlpH 3TOM yserrH­

l{eHHe Tennonepettoca 06yc110BJ1eHo so3,neiicTBHeM 

TIOJISI ueHTpo6e:>KHbIX MaCCOBbIX CHJI Ha MHKpOCTpyK­

TYPY npHcTeHHoro TeqeHHJI, C03.UaJOIUero OCHOBHoe 

TepM11qecKoe conpoTHBJiettHe nepe.uasaeMoMy Ten­

nosoMy noTory. 

,[wyrHM MeTO,UOM nOBbIIIJeHHSI 3cpcpeKTHBHOCTH Te­

nnoo6MeHa, n03B0JlSIJOIURM nOJIYlfi!Tb pa3BHrylO no­

sepXHOCTb H CYD-leCTBeHHO llOBb!CHTb KOMnllKTHOCTb 

Tennoo6MeHHbIX annapaTOB, CJIY)KHT HCTIOJlb30BaHHe 

.UBYCTOpOHHero o6orpesa TIOTOKa TeTIJIOHOCHTeJUr. 

llepcneKTHBHhIM nyTeM p a3BHTIDI BblCOKOHanp.S!­

)l(eHHbIX ITf jffiJI.SieTC.SI coqe-ramIe .!lBYCTOpOHHero 

Tennoo6MeHa c 38KPYTKOH noToKa. B KaqecTse o.u­

HOH H3 TaKHX KOHCTPYKUHH paccMaTPHBaeTC.SI Tenno­

o6MeHHbJH annapaT, cocTO.SIIUHH H3 Mo,nynei1, 3ne­

MeHTbl KOTOpblX BbJnOJlHeHE,I B BH,Ue K8HaJIOB THna 

"Tpy6a a Tpy6e" c BffYTPeHHeH cnHpanbHO HaBHTOH 

Tpy6oi1, KaCa10IUeHc.S1 qaCTblO csoeH stternHeH no­

sepXHOCTH Hap)')KHOH Tpy61,1 no BHHTOBOH JTHHHH 

(pHC. 4,a). TaKHM o6pa30M, rpelOIUaJI cpe.ua ,UBH)l(eT­

CJI no BffYTpeHHeH cn11pam,Ho HaBHTOH Tpy6e H Me)l(­

Tpy6HOMY npocTpaHCTBY, a ttarpeBaeMa.H - no cTIH­

pam,HoMy Kattany, o6pa30B8HHOMY nosepXHOCTRMH 

sttewtteii H BffYTpeHHeH BHTOH Tpy6, socnpHHHMaJI 

Tenno qepe3 o6e Tennonepe.UaJOIUHe CTeHKH. 

IlpHMeHeHHe BffYTPeHHeH cmIpan1,tto HaBHTOH 

Tpy61,1 cnoco6cTBYeT HRTettcHq>HKaU.HH npoueccos 

TennonepeHOCa KaK co CTOpOHbl rpelO[UeH, T8K H Ha­

rpesaeMOH cpe.u, 'ITO no3BOJ1.SleT cymecTBeHHO 

yMeHbWHTb secora6apHTHhJe xapaKTepHCTHKH Ten-

11006MeHHOro annaparn [5]. 
YsenH<JeHHe Tennonepe.ual{],f a Ilf'3 c BffYTPeHHH-
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6) - C BttyT))eHHeH JIOKaJibHO 
CTTHpaJibHO HaBHTOH 1-py60H 

.!lHMOrO Hanopa TIHTa­

TeJll,HbJX H8COCOB. Jlo-

3TOMY u.enecoo6pa3HO 

npHMeHeHHe IIT3 c 

BffYTPeHHHMH JIOKaJibHO 

cmrpanbHO HaBHTbIMH 

TPY6a.MH, y KOTOpblX 

H8BHTble yYaCTKH ne­

pHO,UHl{eCKH '-lepe.uyioT­

CSI C npRMOJIJffieHHhlMl1 

(p11c. 4,6) [7]. B 3TOM 

crryqae npH csoespe­

MeHHOH nO.UKPYTKe no­
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roc.SI npw .UBIDKemm no 
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CTJ<aM KaHana, H HeH3-

MeHHOH HHTeHCHBHOCTH 
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rw.upaBJIHYecKoe conpo­

THBJieHHe no cpastte­

Hmo C KaHanaMH C 

BHYTPeHHHMH cn11panb­

HO HaBJ-IThlMH TPY6aM11. 

KpoMe Toro, Hc-

noJib30BaHHe cnwpanh­
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nEPEXOAHblE M ABAPMMHblE PE>KMMbl 

Y)J:K 621.039.5 

Mo,1J;eJiuposaHue npoTeKaHuH asapuii Ha A3C c BB3P c ucn0Jih30BanueM 
pacqeTnoro KoMnJieKca PATEr/CBE4AlrE<l>ECT/AHrAP 

P,H. Ko3110B, C.A. KoncmanmunoB, M.li. MOJ1bl(e6, B.r. /Iepecaobxo, 
<l>rYil "ATOM3HeprorrpoeKT", 107005, MocKBa, EaK)'HHHCK!l.11 yn., 7, c-rp. I , 

A.E. KuceneB, I'.B. Ko6ene6, B.<1'. Cmpum:oo, A.ff. <1'oxu11, H6PA3 PAH, I 13191, MocKBa, 6.Tym.cKaH, 52, 
B.5. IlpoK1108, Jr.IO. To.11taU(uK, P~ "KyptiaTOBCKHH HHCTMTYT", I 23182, MocKBa, rm. Kyp•-rarnaa, 1 

O6cy)l(JJ.<UOTCH peJyJlhTaThI MHTerpaumt TJDKenoaaapHi-tHoro Ko.ua PATEr/CBElJA/rE<l>ECT " Kottra11HMeHrnoro 
KO.Ila AHr AP. KpoMe TOro, npHBe,lleHbJ pe3yJlbTaTbl MO.UeJIMPOBamu1 no o6be.UHHeHHOM)' KO.UY 0.llHOro H3 cu;eHapHeB 
Tl!)Kenow JanpoeKTHOH aaap11H (3TIA) Ha A3C-92 HOBOro nOKOJJeHIDI C naCCHBHb)MJ,f CHCTeMaMH 6e3onaCHOCTH. 

SIMULATION OF SEVERE ACCIDENTS ON NPP WITH VVER REACTOR USING COUPLED 
RATEG/SVECHA/HEFEST/ANGAR CODE. D.I. KOZLOV, S.A. KONSTANTINOV, M.B. MALTSEV, V.G. PERE­
SAD'KO, A.E. KISELEV, G.V. KOBELEV, V.F. STRIZHOV, A.L. FOKIN, V.B. PROKLOV, D.YU.TOMASCHIK. 
Results of SA code RATEG/SVECHA/HEFEST coupling with containment code ANGAR are presented. As well, the results 
of numerical simulation performed using this coupled system of codes of selected severe accident sequence at NPP-92 (new 
generation of NPP with VVER reactor equipped by advanced passive safety systems) are discussed. 

B OTe'-leCTBeHHOH npaKT11Ke pac'-leTHOro aHaJil-13a 
npoTeKaHHSI aaapRH tta A3C, CBH3aHHhlX c pa.3repMe­
TH3aIU-IeH peaKTopHOH ycrnHOBKl1 (PY) B 061,eMe 3a­
uu,1THOH o6oJIOl.£K.H (30), 11CnOJib3)1JOTCH " peaKTop­
Hbie" KOJJ.bI, MOJJ.e1rnpy10rn.11e npoueccb1 B PY (TP An, 
KOPCAP, PATEf, RELAP, ATHLET, 
SCDAP/RELAP, PATEf/CBEIIA/ f'E<l>ECT), a 
TalOKe " KOHTaHHMeHTHble", M0)],eJrnpy10m11e npouec­
Cbl a 30 (AHf AP, KYTTOJI, CONT A.IN, PROBL), 
11JIH " HHTerpaJibHbJe" KO)],bl, MO)],eJI11pyt0rn.He BCe 
CTaJJ.IDI. npoTeKamui: aaapHH B PY 11 30 (MELCOR,­
MARCH-BB3P, MAAP-BB3P). 

ITp11 o6ocHoaamrn 6e3onacttocrn A3C c BB3P­
l 000 ( no TexHonorIDIM A3C-92 H A3C-91) np11 3TIA 
npRMellilJIBCb OTetfeCTBeHHI,J:H pac"!eTHhtH KOMITJieKC 
PATEr/CBE9.A/fE<l>ECT, MOJJ.en11pyiom11:ii BHyr­
pHKopnycey10 CTaJJ.HlO aaap11u, BKJllOtJaH pa.3pywett11e 
Kopnyca peaKTopa, 11 KOHTaiiHMeHTHbIH KOJJ. AHf AP. 
ITOI<a3aHO, tfTO npH aaaplUIX C TetfaMl1 TenJI0HOCITTe-

1. XapaKTepHCTHKH KOAOB 

1.1. "Pea,cmopHbti/' KooPATEI'ICBE£JAII'E<PECT 
KoJJ. PA TEr/CBEqA.Jf'E<l> ECT npeJJ.Ha.JHatfeH 

J(llil M0,n;en11poBaHHH BCeX CTa)],11H npoTeKaHHJ! npo­
eKTHblX H 3anpoeKTHblX asapHH, BKJUOtfaH pa.3pyme­
HHe Kopnyca peaKTopa: 
• KOJJ. PATEr - )],Jljj MO)],eJI11poBaHID1 TeTTJIOrM,ll,paB­
mr4eCKMX npoueccoB C )"'leTOM TetJeHJ,UI TenJIOHOCH­
TeJISI C np11MeCS1Ml1 fa.30B B .[{B}'X)Kl1,ll,KOCTHOM npH-
6JIIDKemnt, nepettoca Tenna B 3neMeHTax KOHCTpyK­
UIUI B nayMepHOMIOJJ.HOMepHOM np116nIDKemrn, Ten­
nonepettoca 113nyqeH11eM H JJ.p. ; 
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nH cyrn.ecTBeHH)'IO ponb HrpamT TennoMaccoo6MeH­
Hbre npou,eccb1 Me)K)J,)' PY 11 30, yqeT B3aHMOBnHH­
HIDI KOTOpbIX ocyrn.ecTBmleTCH, KaK npaBl1JJO, nocne­
,lJ;OBaTenbHblMl1 " 11Tepau00HHblMl1" pac-.:reTilMH no 
peaKTOpHblM H KOl-lTaHHMeHTHblM K0)],aM JI1160, tfTO 
npe,ll.TIOtfTHTeJlhttee, O)],HOBpeMeHHhlM conpIDKeHHbIM 
paC'leTOM no 3Tl1M KO,D;aM npH opraH113aUIDt Henpe­
pbIBHOfO 1m11 nepHO)],HtfeCKOfO o6MeHa HHQ)OpMal..(11-
eii Me>K,Zcy HHMl1, T.e. no HHTerpanbHblM KO,ll.aM. 

B 3TOH CBH311 cnel..(lla.JIHCTaM11 11HCTl1T)'TOB 
" AroMJHepronpoeKT", 11EPA3 PAH H l1II6 PHU, 
"KH" npoae)],eHa KHTerpau;HH KOJJ.OB AHr AP H PA­
TEr/CBE1IA/rE<l>ECT B eJJ.HHbrn: pactfeTHbrit KOM­
TIJieKc, n03BOnSll0111.11H BbmOnIDITb MO)],eJI11poBaH11e 
aaapHH cornacoBaHHblM o6pa.30M. 

HIDKe o6C)')K)J,aJOTCH pe3ynhTII.Tbl Hmerpau,1111 3THX 
K0)],0B H HeKOTOpble pe3yJlhTaTbl Mo,n;emrpoBamtH 0.L{HO­
ro 113 Cf.\eHapHeB T.SDKeJIOH 311A Ha A3C-92 H0BOro 
□OKOJieH.HJ! C nacCl1-8HhIMH CHCTeMaMll 6e3orracHOCTII. 

• naKeT MOJJ.enew 11 pac'-leTHblX nporpaMM CBElJA -
,ll,JlH MO,ll,en11poaamrn npou;eccos pa.3pyweHHJ! aKTllB­
HOH 30Hbl (a.3.) C yqeTOM B3aHMOCBH311 QlH311KO­
XHMW{eCKMX npoueccoa np11 B3aHMo,n;eHcTBHJIX Ma­
Tep11anoa 11 cpeJJ., nepeMeut.eHIDI CTeKalOUJ.HX )Kl1Jl.KMX 
KOMTTOHeHTOB, TepMOMexaHHKl1 o6oJIOtfeK TB3JlOB; 
• KOJJ. fE<I>ECT - JJ.JIH caMocornacoaaHttoro MOJJ.eilll­
poaaHHH TeTTJIOq>H3K'-leCKHX lIBJieHMH B KOpHyMe, 
npoHCXOJJ.SllllHX B HIDKHeH KaMepe CMeilleHIDI Ha 
nOJJJ.HeH cTa.UHH TIDKenoH aaap1111 a Tato1<e pa3pywe­
HI-UI KOpnyca peaKTOpa. 



OocKOJibKY on11caH11e Ko.na PA TEr / CBElJA / 
fE<l>ECT, ero OT,ll.eJihHblX K0MnoHeHToB, pe3ynhTa­
T0B sepmp11Ka1orn 11 npaKTH"leCKHX npHn0)l(eHHH 
,ll.0CTaT04H0 no.npo6HO npe.ncTaBJieH0 B JIHTepaT)'pe 
[I - 9], 0CTaH0BHMCH HeCK0JJbKO 6onee AeTaJibH0 Ha 
0□HCfilUIJ,f K0,ll.a AHr AP. 

1.2. "KoumaiiHMeH1nHb1u " 1<00AHI'AP 
Ko.n AI-Ir AP 0TH0CHTCH K KJiaccy MHoronapaMeT· 

pw-teCKHX K0,ll.OB C cocpe,ll.OTO"leHHbIMH napa.MeTJ)aMH, 
TaKHX KaK CONTAIN, MELCOR, MAAP (ClllA), 
RALOC, FIPLOC, W AVCO (fepMaHHH), FUMO 
(H.TanHH) J,f .np., npe,ll.Ha3Ha"leHHblX AJIH M0,ll.eJIHpOBa­
HHJI TennorH,ll.pas.1IB"lecKHx npoueccos B noMemettH­
HX H 6oKcax 30 □pH Te"lax TennoH0CHTeJIH ITT PY. 
MaTeMaTH"leCKI1e MO)J.eJIH 0CH0BHblX qJH3111-feCKHX HB· 

neHHH, onpe)J.emnoll.{HX nose)J.eHJ,Ie napora30BOH cpe­
)J.bl H HeKOH)J.eHCHPYJOJ.UHXCH ra30B BHYfPH 30, pea.rrn-
30BaH.HbIe B K0.n:e Al-Ir AP, aHanorITTHI,J MO)J.emtM, HC­
nOJib3yeMblM B HaH6onee pa3BHTblX 3apy6e)l(Hb[X pac­
"leTHblX K0)J.ax, H n03B0JI.SUOT MO)],em1poBaTb: 
• H3MeHeH11e )J.asnemtJI 11 TeMnepaTYPhl napora3o-
BOH cpe,ll.bl, pacnpe.neJieHJ,le OT)J.eJTbHblX ra30B B no­
MellJ,eHHHX 30; 
• Maccoo6MeH napora3osoi1 cpe.[(l:,I c so.noi1 □pIDlMKa 
(B TOM "111CJie B pe>KHMe ,omeHHH B0)].bl B npIDlMKe); 
• 06pa3osatt11e H HaKonnettHe KOHAettcarn 11 nepe­
pacnpe)J.eneHHe B0)1.bl B CHCTeMe npHJIMKOB pa3JIHY­
HblX noMell.(eHHH; 
• TennoMacconepeHoc K CTpOineJII,HblM 
KOHCTPYKU.HHM; 
• ecTeCTBeHH)'IO H npHH)')J.HTeJJbH)'IO KOHBeKl.{I{}() 
cpe.nhl; 
• AH<pcpY3mo ra3os Me)K,ll.y coce)J.HHMH noMeme-
HHHMH; 
• c-rpan1qm1<ruuuo nenrnx ra3os no noMemeHIDrM B 
rpaBHTal.(H0HH0M none; 
• HaKO□JieHHe H y.u.aneHHe (peKOMfol'Hal.{HIO H ro-
pe1-rne) rop101111X ra30B (H2 H CO); 
■ B3aHMO,UeHCTBHe napora30BOH cpe.U,bl co cnpHHK-
nepHOH so.u.oii; 

2. MeTOJlHKa HHTerpa:u;HH KO.llOB 

OcHOBHOH 3a.u,a"leH o6neAHHeHHJI KOAOB PA­
TEf/CBE4A/fE<l>ECT H AHr AP HBJIHJIOCb 06ecne­
"lett11e caMocornacoaaHHOro pac"leTa TepMorH,apas­
JIHt.JecKHx napaMeTJ)OB KOHT)'pOB PY (sKJI101-taH pa6o­
TY naporettepaTOpoa (TIT'), CITOT 11 c11c-reM 6e30-
nacttocTH) H napaMeTpoB 30 H PY. ,[(JUI. 3Toro cne­
UHaJibHbIMH cpe.u,CTBaMH 06ecne11eHO B38HMO.U,e.HCT· 
sHe KOAOB PATEf/CBElJA/fE<I>ECT H AHrAP B 
e)J.HH0M pac4eTHOM K0MnJieKCe nocpe.ncTBOM opra­
HH38l.(Hl1 nepe.11.a"IH B KO)J.bl K0M8H)J. ynpasJieHHJI H 
o6MeHa .11.aHHblMH. YnpasJIJ1IOJ.UeH nporpaMMOH cny­
:>Kl1T M0A}'Jlh p ATEr, nocbIJJatOllI,HH KOMaH,ll.bl ynpas­
neHHH sceM 0CTaJJbHblM MOAYJIJIM KOMruTeKca, B TOM 
<rncne 11 no.11.KJ11011aeM0My KO.A}' A.Hf AP. 

• 3HeproBbI)J.eJieHHe B noMememurx 11 npmtMKax; 
• TennonepeAa"IY H3Jiy4eH11eM OT napora30B0H 
cpe,nbl K K0I-ICTpyKU.110HHblM 3JieMeHTaM; 
• yrelfKY cpen,1,1 H3 30. 

Ko.n AHr AP CO)J.ep:>KHT M0tteJIH pa6oTu1 aKTHBHhrx H 
naCCHBHblX CHCTeM 6e3onacHOCTH, npeeyCMOTpeHf-fbrx B 
npoeKTaX A3C-91 11 A3C-92 Hoaoro noKoJTeH11J1: 

- cnpHHKJJepHOH Cl1CTeMbl; 
- Cl1CTeMbl naCC11BHOH Q)HJlbTp8U1111 Me)l(o6ono-

4e•rnoro npocTpaHCTaa; 
- CHCTeMbl K0HTpOJIH H no)J.aBJJeHHJI B0JJ.0po.na; 
- o6pa30Bamrn 11 pa60Tbl npHHMK0B B pe)K),!Me 

peUHPKYJIHUHH; 
- CHCTeMhl BeHTHJIHL(HH (np11T04HO-BblTH)l(HOH H 

peu11pKyJIHUHOHHOH); 
- Tennoo6MeHHHKOB CAO3, npoMKOHT)'pa Tex­

HH1-tecKOH 80)].hl; 
- B03D.YWH0ro TpaKTa CHCTeMbl naCCHBHOro 0T­

so.u.a Tenna (CTTOT). 
Bep11cpHKaU.IDI K0Aa AHr AP Bhmom1eHa Ha 6a3e 

urnp0K0f0 cneKTpa 3KCnepHMeHTaJibHbJX )].aHlll,IX, 
nonyYeHHbIX npH MO,ll.emtpoBaHHl1 asapHH C TeqaMH 
TennoH0CHTeJIH Ha 3KCnepHMeHTaJ[bHblX YCTilH0BKax, 
CTpyKT)'pH0 nO)J.06HI>IX 30 A3C, KaK c 0TH0CHTeJlb­
HO He60JihWHMH re0MeTpHl-feCKHMH pa3MepaMH H 
MaJJhlM K0TIHl-feCTB0M noMeJ.UeHHH (yCTaHOBKa Jly­
KaCCKOH HmHoHaJihHOH Jia6opaTOpHH) TaK 11 Ha 
KpynHoMacwTa6tthIX CTeHttax BMC, NUPEC, HDR c 
MH0:>KeCTB0M CBH3aHHhIX noMern.eHHH, KOHC'rPYKlJ.HH 
K0TOpblX socnpOH3B0AHT TH0Hl{HOe BH)'TpeHHee 
cTpoeHHe noMemeHJ1H A3C c BB3P H PWR (3Kcne­
pHMeHTbl M-7-1 (ISP-35), M-2-2, C2, HlS Hl6, 
VANAM M3 (ISP-37), V42, V44 (ISP-16), Ell.2 
(ISP-29), CASP-3 (SP-3)). 

Pe3yJibTaTbl aepmpHKal.{1111 [ 1 O] 0OKa3aJil1, "!TO 
pac4eThI no K0AY AHr AP .11.eM0HcrpupyI0T xopowee 
Ka"leCTBeHH0e 11 KOJIHl{eCTBeHH0e COOTBeTC'rBHe 3KC­
nepHMeHTaJibHblM pe3ynbTaTaM no H3Mettemno oc­
HOBHbIX napaMeTp0B napora30BOH cpe,Abl B noMeme­
HIDl:X 3KCnep11MeHTaJibHblX ycTaHOBOK. 

Ilepe)J.aYa K0Matt.n ynpasnemrn a K0MnneKce 
PATEf/CBEqA/fE<l>ECT ocymecTBJIHeTcH 4epe3 
MeXaHH3M coo6rn,eHHH onepaUHOHHOH CHCTeMhl, 
003TOMY AJIH ynpasneHHH H0BblMH M0AYJJHMl1 
HCCTOJib30BaHa Ta )l(e TeXHOJl0rI-IJI. O6MeH A8HHhlMH 
ocymecTBJIHeTCH 11epe3 o6mHe o6nacTH naMJI.TH. 
IlpH 3T0M nepe)J.alOTCH xapaKTep11CTHKH pac4eTHOH 
M0,AenH: K0JlH"leCTB0 paccMaTpHBaeMblX HeK0H,AeH­
CHpyeMbIX ra30B, K0JIH"leCTB0 H napaMeTpbi Te'leH. 
,[(JIH Ka:>K)J.OH H3 HHX nepeAaIOTCH cneeyIom11e q>H3H-
4eCKHe napaMeTpbI: 
• MaCCbl H TeMneparypbl HeK0H,lleHCHpyeMblX ra-
30B, MaCCbl H TepMo.11.1rnaM114eCKHe napaMeTpbl 80,ll.bl 
11 napa, nocrynat01.UHX 113 PY B 30 nn6o 113 30 B PY; 

35 



• J].aBneHHe, TeMnepa-rypa H COCTaB aTMOccpepbl B 

30 B Mecrnx pacnono)l(eHHJJ Tel.feH. 

KpoMe Toro, Me)((}].)' KOJJ.aMH nepeJJ.ae-rc.S1 HHcpop­

MaUIUI Jl.JUl cornacOBaJ-IHOrO BbI6opa BpeMeHHbIX rna­

roB, nOCKOJlbKY BpeMeHHbie rnarH B KOJ].ax AHr AP H 

PATEr He COB0aJ].a.JOT (KaK npaBHnO, war B KOJ].e 

p A TEr MeHbUJe ). 

Bbl30B ynpaBml!OinHX ITOJJ.nporpaMM ocyinecTB­

JrneTC.SI Ha Ka)l(JJ.0M apeMeHH6M ware Ko,na PATEr. 

Bemt'-IHHhl, nepeJJ.aBaeMbte B K0.O: AHr AP (Macc1,1, 

3HTaJibnIDI), Ha Ka)l(JJ.0M BpeMeHH6M ware TaM Ha­
KanmlBalOTC.SI, a npH BbmoJIHemrn rnara K0JJ.a AH­

r AP nepeccutTbl.Ba.JOTC.SI B 00TOKH COOTBe'rCTBYl0-

3. PacqeTHLIH aHaJIH3 npoTeKaHHH TH,KeJIOH 311A 

B Ka'-leCTBe npHMepa npHMeHemrn CHCTeMbl K0.D.0B 
PA TEr /CBEYA/fE<l>ECT/ AHr AP HH)l(e npHBeJ].etrbl 

pe3yn1,TaTbI M0)J,en11poBaHH.S1 TIDKenoi1 3IIA Ha A3C-

92 npH fHflbOTHHHOM pa3phIBe rop.Sl'-leH mtTKH rnaB­

HOro UHPKYJUll.lHOHH0ro Tpy6onpOBO)J,a (rI.J:T) c o.n­
HOBpeMeHHOH noTepeH HCTO'-lHHKOB nepeMeHHoro 

TOKa Ha LlJIHTeJihHhIH nepHOLl (6onee 24-x l.facoa). 

CymecTBeHHhIM oTJIH'-llfeM A3C-92 .S1BJI.S1eTC.S1 Hrurn-

1.J11e naccHBHhIX CHCTeM 6e3onacnocn1: 
- CIIOT .nm1 ornona 3HeprHH OT PY npH OTKa3e 

aKTHBHhlX CHCTeM OXJia)l(JJ.emu1; 
- CHCTeMbl rH)).pOeMKOCTeH BTOpOH c-ryneHH (fE-

2) HH3Koro )J.aaneIDU1 Jl.JUl no}].a'-IH B0)J.bl B peaKTop 

npH OTKa3e aKTHBHOH qacnt CAO3. 

3.1. Jf cxooHble co6bzmw,, 
ITocrymtpyIDTC.SI rH.llbOTHHHbIH pa3phtB fQT JJy 850 

Ha BblXO)J,e H3 peaKTopa C ,nByxCT0pOHHHM HCTe'-IeH1-1eM 

TeJUIOHOCHTeAA H 06eCT011HBaHHe A3C c OTKa30M Ha 

3anycK acex .o:men1,-retteparopoa co cne.o:yIDJ..UHM per­

naMeHTOM pa60Thl CHCTeM 6e3onaCHOCTH: 
• aaap11iittoe mnam1e ocymecTBJI.S1eTc.S1 OT aKKyMy-

JUITOpRhIX 6aTapeii; 
• OTKa3 acex aKTHBRblX CHCTeM 6e3onaCHOCTH, 

Tpe6YlQl1J.HX Jl.JUl CBOeH pa60Tbl HCTO'IHHKOB ITHTaHHJJ 
nepeMeHHoro TOKa: CAO3, cnpHHKJiepnoH cHcTeMhl, 

CHCTeMbl aaapHHHOro pacXOJIIDKHBaHHJJ rrr; 
■ npoelCTHlUI pafura naCCHBHbIX CHCTeM 0030ITaCHOC111: 

- '-leTbtpe rH)).pOeMKOCTH nepBOH c-ryaeHH (rE-1); 
- '-leTbtpe rpyTIIlhI rE-2; 
- qe-r1,1pe KaRana CIIOT; 

- CHCTeMa 6hICTporo BB0,Ua 6opa. 
3.2. Oco6e1111ocmu npomeKaHw,, 3llA 11a A3C-92 
B npouecce aBapHH c pa3repMeTH3aqHeH I KOHTy-

pa tta neikTBylOll(HX A3C c PY nma BB3P/PWR 

B3aHMOCB.Sl3b napaMeTpOB TeruIOHOCHTeJI.SI l KOHTypa 
PY H napora3oaoii cpen1,1 B 30 npo.S1BJI.S1eTc.S1, B oc­
HOBHOM, qepe3 napaMeTpbl nHHHH HaChlIUeHHJI npH 

COOTBeTCTBYlOll(HX ,uaBJieHHJJX H rH,npaBnH4eCKHe 
ycnoBHJI B MecTe Te'-lH. IloTOK MaCCbl HarrpaBJieH 

npeJ.iMYmecTBeHH0 H3 PY B 30. 
B 3THX ycn0BHJIX paC'-leTHOe M0J:lenHpOBaHHe npo­

TilKaHHJI aBapHii .uonycntMo ocymeCTBruITb nocne.n.oaa-
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IUHX Beffif'-lHH, K0TOpbte .nanee HCTI0J1b3YIOTCll B pac­

'-leTe B Ka'-leCTBe HCT0'-IHHKOB. PaCC'-IHTaHHble no KO­

.o:y AHr AP napaMeTpbt B 30 r1cnOJlb3YlOTC.SI a KOJl.e 
PA TEI' B Ka'-lecTae rpaHH4HhlX ycnoBHH. 

OTMeTHM, '-ITO 061,e,nHI:IeHHblH K0,ll Il03BOJilleT Bbl­

TI0J1turrb 3an11cb TI0J1HOro Ha6opa napaMeTpOB K0M­

nneKca B onpe)J.eJieHHb1e, 3aKa3&rnaeMbte nonb3oBaTe­
rreM MOMeHTbl BpeMeHH. 3To o6cT051TeJ1hCTBO 003B0-

JlJleT npo.uom1nm, pac4eT c Jll06oro 113 3Tl1X M0MeH­

TOB. Pa3pa60TI1Hhl H Tecn1poBaHhl MeTO,nHKH rpacpH­

qecKOH o6pa6oTKH H npencTanneHHJI pe3yJlbTaToa 
paclfeT0B KaK no Ko.o:y PATEr/CBEtIA/fE<l>ECT, 

TaK H no K0Jl.Y A.Hf' AP. 

TeJibHbl.MH HTep~HOHHblMH pac4eTaMH no " peaKTOp­

HbIM" H "KOHTaHHMeHTHhIM" K0JJ.aM, paccMaTpHBM PY 
H 30 KaK OT)J,eJlbHhle q>H3H'-IeCKHe 061,eKTI,J. 

AHanH3 pe3ynhTaTOB MO)J.enHpoBaHHJJ 3IlA Ha 

A3C C nacCJ-IBHblMH CHCTeMaMH 6e3onacHOCTH 

(pHC. l) TIOKa3aJI He06XO,UHMOCTb yqeTa Maccoo6Me­

Ha napora3osoi1 cpeJl.OH Me)((}].)' PY 11 30 np11 o.nHo­

speMeHHOM conpSDKeHHOM pac'-leTe no " peaKTOpHblM" 

H " KOHTaHHMeHTHblM" KO.D,aM C opraHH3a[\HeH He­

npepblBHOro HJIH nepH0J::(H'-leCKOro o6MeHa HH<pop­

Maur1e.H Me)l(Jl.y KO)J,aMH. 

CQettapHH nporeKaHHJI 3IIA Ha A3C-92 MO)l(HO 

ycnoatto npeJl.CTilBHTh s BH)).e nayx 3TaIIOB. ITepBblH 
BKJilO'-laeT B ce6ll HCTet.J.eH.He renn0HOCHTilJlJI 8 pa3pbIB, 

10 

:-P 

Me­
npl)CTIIIIMCTil (MOll) 

PHc. I . CxeMa naccmrnoA CMCTeMbI <pJ,UJb-rpamrn: 
1 - peaKTop; 2 - nr; 3 - napoeoA Tp!ll<T; 4 - KOH.UeHcaTHh1f.l 
Tp!ll<T; 5 - BXO)lHOl:l KOJlbUeBOH KOJlJleKTOp Cf10T; 6 - Tennoo6-
MeHHl1K COOT; 7 - u1116ep CTTOT; 8 - TJiroerui waxTa COOT; 
9 - BbIXO)lHOA KonneKTop CTIOT; 10 - )lecjmeKTop; 11 - KOMneH­
caTOp 061.eMa; 12 - <}>11nbTpoeafJbHaJ1 yCTattOBKa; 13 - Tennoo6-
MeHHHK OC<ll; 14 - c6opHblA KOJlJleKTop <}>1tilbTpOBaJlbHOl! yc-ra­
HOBKH; 15 - 3anopHaJ1 33.L\BH)l(Ka 



nOBTOpHI.LH 3aJIHB a.3. 11 CHIDKem,e napaMeTpOB TeflJIO­
HOCJITeJUI Il KOHrypa (Me)KTpyfa1oro npOCTPaHCTBa III') 
.no ypOBWI napaMeTpOB TI:IlJlOHOCl1Tem1 I KOttrypa. Ilp"1 
3TOM rrr pa6ouuoT s pe.>KHMe "pacxoJ1a)f(J-1.BaHID1" -
OXJla)f(,[J.eHI-UI TeflJIOHOCITTem1 Il Komypa 3a C'-leT OTBO):\a 
3Hepnrn K oKpy?Ka:iomei1 cpe.ne H -re0110HocJITemo I 
KOHrypa s i-py6'-la11Ce nr. ,Ll;aBJ1eHHe naporaJosoi:i cpe­
.llhl BHyrpH 30 onpe.n.emleTCSI KOJlH'leCTBOM nocry­
mUOLUero B ee o6beM so,n:1,r H napa 113 MeCTa Te'IM, 3a­
B11Cfill.{HM B TOM 'IMCJle OT pacxo.na TeilJlOHOCITTeJUI 113 
fE-2 11 napaMeTpOB HaCblll(eHIDI B o6beMe 30. 

BTOpOH 3Tan HacrynaeT IlOCJle OXJla)K,lleHJ.UI Ten­
JlOHOCl1TeJUI II KOHrypa AO TeMneparypbl HIDKe TeM­
neparypbl nepsoro. Ilp11 3TOM III' nepexo.nHT B pe­
)lillM "KOHJJ.eHcauim", Kor.n.a nocTynalOlI.{IDt 113 I KOH­
rypa B Tpy6'-laTKY nap KOH.D.eHc11pyeTcsi B Hei1 11 no­
cne 3anontteHHH r<OHJJ.ettcaTOM rn.n.po3aTBopos fl.(H 
Ha4HHaeT nocryrran o6paTHO B peaKTOp B BHAe KOH­
.u.eHCaTa (.llOITOJlHl1TeJ1bHO K no.n.a'-le 113 fE-2). Tip11 

3TOM OTBO.ll 3HeprnH OT CHCTeMhl PY-30 K OKpy­
)KalOLUeH cpe.n.e ocyll(eCTBJlHeTCH '-1epe3 803JJ:YU1Hble 
Tennoo6MeHHHKH (BTO) CITOT. B 3TOT nep110.n. yc­
Tattasm-rnaeTcsi KBaJH.D.HHaMH'-leCKOe paBHOBeCHe Me­
)KJJ:Y rettepau.11ei1 napa s a.3. H KOHJJ.eHcau.HeH napa s 
Jif H Ha IlOBepXHOCTSIX KOHCTpYKU.HH B 30. 

Ilp11 IlOBblilleHHH (yMeHbUleHJm) CKOpOCTH reue­
pau,rn napa s peaKTope ysem1'-l11sae-rcst (yMeHblllaeT­
csi) nocrynnettHe napa B 30 H .u.as11ett11e naporaJosow 
cpe.D.bl B HeH IlOBbJUlaeTCSI (yMeHbmaeTCH). 3-ro, B 
CBOJO O'-lepe)lh, npHBOJJ.HT K TTOBhlllleHIDO (CHIDKe­
HHIO) .11.asnemu1 s I, a 3aTeM H so II Kottrype III', 06y­
cnas1111sasi IlOBblUieH11e ( CHIDKeHHe) MOll.{HOCTH 
CTIOT, cKopocn1 Kott.nettcau.HH napa B Tpy6'-laTKe rrr 
H B03BpaTa KOHJJ.eHCaTa B peaKTOp. TiocryTTJ1eH11e na­
pa s 30 yMeHblllaeTC}l (yseJTH'-IHBaeTCH) 11 ycTaHaB­
mrnaroTCH J-IOBble 3Ha'-lemUJ KBaJHCTaTH'-leCKH paBHO­
secHoro .nasneHIDl s 30, peaKTope 11 II Kottrype III'. 
CHIDKeHHe (ysemfl-leHHe) pacxop:a TeITJJOHOCHTeJUI H3 
rE-2 s peaKTOp TaK)l(e npHBO.llHT K ysemt'-leH11IO 
( CHl1)1(eHHIO) rettepau1111 napa B a.3. 11 IlOBbIWeHH.IO 
(yMeHblllettmo) .u.asneHJrn cpe,ubI s 30. 

OnHCaHHOe ,D.HHaMH'-leCKOe paBHOBec11e reHepa­
U.H11 napa s a.3. H KOHJJ.ettcal.{HH ero B III' H 30 onpe­
.u.em1eT TeKyLUmi: yposettb 6mt3KKX no se11wmtte 3Ha­
qemrn .n.asnettHSI s 30, peaKTope 1-1 Me)KTpy6ttoM npo­
cTpattcTBe rrr. I1p1-1 3TOM cKopocn. rettepau.1-u, 
3HeprHH B PY (3a C'-leT OCTaTO'-IHOro :HeprOBbI)),eJJe­
HH.}l H TennoBOH 3Hepnu1, 3anaceHHOH B KOHCTpyK­
UJ,fj[X PY) H nocryn.JieHHe 3HeprnH c Ten.JIOHOCHTe­
neM 113 CHCTeMhl rE-2 npH6J1113HTeJlbHO COOTBeTCT­
BYfOT CKOpOCTH OTBO)),a 3HeprHH 38 CtfeT pa60Tbl 
CTIOT HHTeHCIIBHOCTl1 aKKyMynHU.VIH 3Hepnm KOH­
CTpy~HHMH B 30 H OTBOJJ.a 3Hepnm C BOJJ.OH, nocry­
na10mei1 113 peaKTopa B np1.u1MOK. 

TaKHM o6paJoM, serrH'-lHHa pac'-leTHoro ~aBJ1eHHS1 
naporaJOBOH cpeJJ.bl s 30 (npH <pHKCHpOBaHHOl1 no.u.a'-le 

B0)),bl H3 fE-2) onpe).J.eJUJeT 11HTeHCHBHOCTI, orno.na 
3HeprHH, s1,1.u.em110ll(e»csi B PY, r< OKp~<a:IOLUei1 cpe.u.e 
(T.K. MOI.QHOCTh BTO CTTOT nponop~ouanbHa pa3HO­
CTH TeMnepaTyp HaCMLUeHHJJ KOTJlOliOH B0.[(bl ITf' 11 OK­
py?KaIOLUero BTO CllOT B03.n:yxa) 1-1 .n.ocraTOl.fHOCTb 
3anaca BO,llbl s peaKTope .[l)VI no.n..n.ep)KaH11H TeMnepary­
pbl ronmIBa s npoeKTHbrx npe.u.enax . 

TaKHM o6pa30M, npe.n.cTaBJl.lleTCSI, YTO np11 pac-
1.feTHOM aHaJJH3e npoTeKaHHSI 3TIA npH Tel.fax Ten­
JJOHOCHTeJJSI H3 PY s 30 , oco6eHHO ecm1 s ee npe­
o,noneHHH cymecrneHHYfO po11b 11rpaeT pa6oTa 
CllOT 11 fE-2, tteo6xo.n11Mo nposo.n.HTh conpH­
)ICeHHhJe pacl.feTbl no MOJJ.eJJHPYIOLUHM npoueCCbl B 
PY H 30 KOJJ.aM c o6ecneqeHHeM ,n11HaM11'-1ecKoro 
11HTepcpe0ca no o6Metty .n.aHHhlMH o Maccoo6Mette 
Me)K)),y PY H 30 11 napaMeTPax cpe,D.11 (.u.asnettwe, 
TeMneparypa, napoco.n.ep)KaHHe). 

3.3. Hcxoo11bze oa1111bze u xapm<mepucmuKu pac­
qemnbzx cxeM 

3.3.1. 3aU1um11QJI. 0601101.1Ka A3C 
Hcxo.D.Hbie .n.aHHble no KOHCTPYKLIHH 30, npHHH­

Th1e npH paC'-leTHOM aHaJJH3e, COOTBeTCTBOBaJll1 npo­
eKry 30 A3C-92. 

B pac'!eTHOH cxeMe KOHCTpYKu.H.SI r10Memett11i1 
30Hhl JlOKaJJH3al(HH asap11H (3JIA), npe,uCTaBJlHIOll(eH 
co6o» o6neM sttyrpeHHeH 30, Mo.n;en11pyeTcll tte­
CKOJlhKHMH paC'-ICTHblMH ITOMeI.QeHIDIMH (p1-1c. 2). 3TH 
noMel.QeHVIH coe,n:HHeHhl Me)K.n:y co6oi1 peanbno cy­
IJJ,eCTBYfOl.Ql1MH CBH3SIMH, qepe3 KOTOpbie ocyll(eCTB­
JlJleTC.ll TeITJ10Maccoo6MeH Me)l<;zy noMemeHHJIMH, H 
co.n.ep)l(aT TeIDIOBbie cTpyKT)'phI, Mo.ne1n1py10mHe 
CTpOHTeJlbHhie KOHCTPYKu.liH 11 TeXHOJIOrHl.feCKOe 
06opy.n.osaHV1e, yqacTsymm11e s Ten11006Me1-1e c na­
poraJOBOH cpe,llOH. Ha pacl.feTHo» cxeMe noMemeHHH 
3JIA YKaJattbl CB060JJ:HbLH 061,eM paC'-leTHOrO ITOMe­
IJJ,eIDUI 11 ero cpe)),HJIJI BblCOTHM OTMeTKa. 

3.3.2. PeaKmop11QJI. ycma11oeKa B-392 
Pac'-leTHM cxeMa PY MO.D.eJIHpyeT see oc1-10BHb1e 

cocTaBHhie '-laCTH PY A3C-92. B cocTaB rnasttoro 
U.11PKY11H-UHOHHOro KOHrypa BXOJJ..HT peaKTOp 11 9eThl­
pe neTJlll, K~aSl H3 KOTOpbfX COCTOHT 113 ITf, fl.(H 
11 f[(T, coe.u.1-1HJ110LU11X o6opy.u.osaHHe neT1111 c peaK­
TopoM. Ka)l()),a}l 113 neTeJlb HMeeT ropH'-l)'IO H XOJlO.L(­
tty!O HHTKH. CHcTeMa KOMneHCaU,HH .n.aBJleHHJI BKJllO­
'-laeT s ce6.H napoBOH KOMITeHCaTop .n;aBJleHIUI c KOM­
fIJJeKTOM 3J1eKTPOHarpeBaTenei1, '-leTb1pe 11Mnyn1cHo­
npe.u.oxpaHHTeJ1bHbIX ycTpOHCTBa (HIIY), 6ap6oTep 1-1 

Tpy6onpoBO.D.hl c apMarypo». Pacl.feTHaH cxeMa npe,n­
CTaBJJeHa Ha puc. 3 - 5. 

TipH BblITOJJHeHliH pac'-leTa npHHS!T MeTOJJ. peanH­
CTHl.feCKOH OQCHKH: 
• Ha'-laJlbHble ycnOBH.SI COOTBeTCTBYfOT pe)l(l,fMY 
HOpManbHOH 3KCnnyaTaU.HH 6e3 y'-leTa 803M0)KHblX 
OTKJlOHeHHH H Heonpe.n.eneHHOCTeH B napaMei-pax, 
BeJJH'-IHHax ycrnBOK H T . .n..; 

37 



• xaprucrepHCTIIKI,f a.3. (Ko3cpcjnm11emb1 peaKTIIBH0-

crn, HepaBH0MepH0CTII H T . .n.) npmrnMaJOTCjf B CO0TBeT­

CTB1111 C HempOHHO-qJl13H'-!eCKHMH paC'ieTa.Mlf 6e3 }"leTa 

tteonpe,u.eneHHOCTett H norpeIIIHOCTH pac11eros; 

T a 6 J1 u u. a 2. OCHOBHhle HCX0.D.Hhle ,u.aHHble 

• He Y"fHTblBaJOTC.SI 0TKa3bl 06opy.n.osamu1 11 Ollili6-

IG1 nepcoHana. 

OcHOBHble npmUI.Tble B pactJeTax HCX0,[1,HbJe ,naH­

Hble rrpHBe,neHbI s Ta6n. I H 2. 

T a 6 J1 11 u. a 1. Pe:>KHMH&1e napaMeTpr,1 

TiapaMeTpbl Be.11wurna 

TefIJIOBM M0IIJ,H0CTb oeaKTooa, MBT 3 000 
Pacxo.ll TemJOH0CliTemr tJepe3 peaKTop, 
M3/qac 

84 800 

.n;asnemre TefIJlottocHTeJljf tta BbIX0.lle 
15,7 

H3 a.3., Mlla 
TeMneparypa Tef1JJ0H0CHTeJUI Ha BX0}le 

291 
B pea.KT0P, °C 
.n;asnem1e napa s naposoM K0JIJleKTope 

6,27 
Tif,MITa 

Ha1'fMeHosaID1e napaMeTPa 

MaKCHMam,m,1H mrneHHbIH TeCTJJoso11 
noT0K, BT/CM 
MaKCHMaJibHbIH KOJ<pqnruHeHT Hepaa-
H0MepH0CUI 3HeproBbJ}leneHHJI no 
pamrycy a.3., 0TH. e)l. 
3qiqieKTHBHOCTb A3 C yqeT0M 38CTpe-
BaHIDI B BepxHeM n0Jl0)KeHlrn TIC C 
MaKCBMa.JlbHOfi JcbcbeKTH.BHOCTbfO, % 
C11creMa CA03 ( naccHBHall tJaCTh )- rE-1: 
- K0JIH.GeCTB0 eMKOCTeH, llIT., 
- Ha"lanbttoe .llaBJieHJ,1e raJa, Mila, 
- o6beM BO.llhYraJa, M

3
, 

- TeMneoaTYPa B0}lbl, °C 
CHcTeMa eMK0CTeH fE-2: 
- K0Jml-leCTB0 eMK0CTeH, IDT., 
- .llaBJ1ett11e cpa6aTb1BaHID1, MITa, 
- o6beM B0)lbl ( CyMMapHbIH), M

3 

C11cTeMa CTIOT: 
- K0JJH"l.eCTB0 KaHan0B, llJT., 
- apeM.R cpa6aTbIBaHIDI, c 

r · · - · · - · · - · · - · · - · · - ·1 18 TIOA'--YnOJlbHOe npocrpaHCTBO 

5652 M3 . . . +61 M . 
I I I 

16 20 17 . 5550 M3 5550 ~i1 5550 M
3 . . 

+SOM +61 M +61 M 
. 

I I I 

• 114 
15 . 

• 8S6811i3 8568 ~l ~. 
l +37,8 M - +37,8M ,.._ I ..... t-t-. ·- .. - ■ ■ - •• - •• -- t-
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3.4. llpo'L{eCcbt e PYnpu nJR:J1Ce1wu 3llA 
Ha ocH0Be am1JIH3a H3MeHemrn TennornJJ.paBm1qecKHX napaMe-rpoa PY A3C-92 H cTenem1 pa3pywem,1_.11 a.3. B 

npol..(ecce paccMaTpWBaeMOH Tll)l(enoH 3TIA M0)KHQ BbI)J.emlTh cneJJ.Yl()mHe OCHOBHbie co6bITIDI, xp0H0JJOrl-lll KO­
T0pbIX npeJJ.CTaBJleHa 8 Ta6n. 3. 

T a 6 JJ e ~ a 3. Xpouononut npoTeKattIDI T.R)Kenoii 3DA B PY B-392 

Co6b1rne MoMeHT 
KoMMeH'rap1m 

BPeMeHH 

Pa3pb1B f~T - Te% 3KBHBaJieHTl:ll,IM ,IU-fa.MeTp0M lJy Mcxo.zrnoe co6bITHe. 

850 MM H3 ropH'leJ.J HHTKH C Jl.Byx.CT0p0HHHM HCTelJeHH- 0,0 C 
Hano>KeHHe 0TKaJa: noTep.11 scex HCT0lJ HHK0B 

eM 
rrepeMeHH0ro T0Ka A3C, BKnlO'laJI Jl.(,f3eJlb-
re1-1epaTOpb1 

Pa6oTa fE- l CAO3 (9 48) C CnIDKem1e J1.aBJJeHHJ1 I K0RTYDa Jl.0 5,89 Mila 
Coa6aThIBaHwe fE-2 CAO3 17 C CHH>KettHe Jl.aBJleHHJI I K0HTYPa Hlf)l(e 1,5 Mila 

Haqano pa6oTbI CTIOT 30 C 
ABTOMaTlf'JeCKHi-i 3arrycK 4-x KfillaJJ0B CTIOT 
11epe3 30 c nocne Hat:Jana aBaPHH 

Ha11ano K0HJ1.ettcau;H11 napa B Tpy6ttaTKe ITf 40 MHH 
ITapaMeTphl II Kottrypa HIDKe oapaMeTpoB I 
K0HTYDa 

I1peKpaw.em1e no.o.aqw 6opHposaHHoJ.J B0Jl.bI 113 
24 qaca Hc11epnam1e 3anaca 6oplipOeaHHoif eo)ll,1 B fE-2 

fE-2 CAO3 
Haqano renepaURH eoJ1.opo.o.a B a.3. Ja cqeT peaKUIDi T TB::>n > 1000 K 
0KHCJ1emu1, Jano1rneHHe Tpy6'-laTKH scex I1f eo.o.opo- 29 'lac. 100% nepa6oTOcnoco6ttocTb scex Ka1-1anoe 
)].OM CTIOT 
Ha<JaJJO DaJDVUieHHll T0nnHBa B a.3. 32 qaca Trnn11 > 2 850 K 
PaJpyweHHe Kopnyca pea1<Topa H Bhtxo.o. pacnnaea a 

34 qaca T K0Pn > I 500 K 
YCTP0HCTBO JI0KaJIH3aJ..UUl 

Ha Hal.fanbHOM 3Tane aBapHH npo­
HCXOJJ..RT pe3KOe yMeHbllleHHe )J.aBne­
HIDI ren.nottocH.Tem1 B I KOHTYpe, cpa-
6aTb1BaHw1 A3. MomuocTb peaKTopa 
CI-IIDKaeTC.R AO ypoa!UI OCTIITO'{l-lOro 
:meproBhI.llenettllil. Ha1-1HHaeTc.11 no.na-
1-1a 6op11poBaHHOH BO.[(bl H3 rE-1 CA­
O3, a 3areM 113 rE-2. Ha ,nanbtteiru.rnx 
CTil.llHRX aaapIDI TeMneparypnoe co­
cTo.surne a.3. onpeJJ.eJUleTCJI 3cpcpeKnm­
H0CThlO pa6oTE,I naCCHBHhlX CHCTeM 
COOT 11 fE-2. 

,naaneH»e, na 
10000000 

-
~ 

1000000 ~ 

~ ---- I KOHT)'p ::: -e-- II KOIIT)'P '-

'" 
' ' ,,.-

100000 B 
0,11 O,!tl (.)(} 10. ){) 

B.K.m01-1eHHe COOT B pe)KJ,fM pacxo­
n~saml.ll rennonocHTeJUI II K0HTYpa 
npoHCX0)lHT aBTOMaTWJ.eCKH 1-1epe3 30 c 
nocne naqana asap1111 no cpa!CT)' no-repH 
scex HCTO'iHKKOB nepeMeHHOro TOJ<a. 

.naBJleHHe II KOttrypa Ha Ha'-laJihHOM 
:nane B nepHOA pa60Tbl nr B pe)IOIMe 

PHc. 6. l13MeHeHHe .O.aBJ1emu1 I (Ha Bbrxo.o.e H3 a.3.) H 
II (Me>KTpy6Hoe np0CTpaHCTB0 rrr HeaaapH.HHblX neTellb) K0ffTYP0B 

pacxonIDKHBaH_Hjl CHH)KaeTcSI. 3a c1-1eT 
oTBo.na ren.na K OKpy')KIDOmeit cpe.ne nocne Bhrxo.na 
COOT Ha nonHYIO MOIUHOCTh H 3a c1-1eT rennonepe.na'ffl 
a TPY6'1aTKe OT KOTnoeoii BO.Ahl K rennoHocHTemo I 
K0H1)'pa. ,naBJleHHe BO II KOHTYPe CTaHOBHTCJI HIDKe 
)J.aBJ1eHM a I 1-1epe3 ,., 40 MHHyr nocne Haqana asapHH. 
Ha p11c. 6 npeJJ.CTaBJleHhI H3MeHeHHJI .naBJ1eHHH I (tta 
BbIXO.n,e 113 a.3.) H II (Me>Kfl)y6ttoe npocrpaHCTB0 nr 
tteaeapllliHhIX mrrenb) KOHT)'poa. 

Oocne 3roro npo11cxo.UHT nepexo.n, pa6oTbl nr ne­
asapHm-tblX neTeJlh a pe)KHM K0H,!leHCal.{HH a TPY6'-laT­
Ke napa, nQCTYna10mero 113 peaKTopa. Oocne 3ano11-
HeHHJ1 rH,!lp03aTBopoB XOJlO.llHblX HITTOK neTenb o6pa-

3YIOIIl,1™CR KOH,AeHCaTOM np116mrn1TeJlhHO qepe3 1,5 
1-1aca Hal.fHHaeTC.11 nocrynnem1e KOHJJ.ettcaTa a peaKTop 
B .ll,OITOJ!HeHHe K nocryn.neHIDO B0.ll,hl H3 I'E-2. 

1lepe3 24 11aca nocne ttal.fana asapID! npoHCXOJJ.HT 
onopo)l(HettHe cHCTeMhl rE-2. B 3TOT nep110JJ. TeMne­
pa-rypa 060110'-!eK TB3nos He npeBbJUiaeT npoeKTHhIX 
npe.nenoB H a.3. HaX0JJ.HTC.11 TIO.LI. ypoBHeM TennoH0CH­
TeJISI.. K 3TOMY MOMeHry M0W.H0CTb OCTaToqHoro 
3HeproBbl,UeJieHllil B TOTIJlHBe npeBblllJaeT MOll.tH0CTb 
Tpex KaHMOB COOT. 0o3TOM)' ITOTepSI. TeOJl0H0CH­
Teml a peaKTope 3a C'-leT BhJKHIJaHHjl npeBb1waeT no­
.Aa....y KOH,nettcaTa 113 nr. Ha1-111HaeTcJ1 nocTenettttoe 
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cIDDKeHHe ypoBHR c noc11e.izy10mHM ocymemi:eM a.3. 
H pa3orpeB0M Tonmrna. 

t.Jepro - 4,4 1.Jaca nocne onopo)l(HeHIDJ IB-2 tta'IBtta­
eTCH rettepfil.U1JI eo.nopo.n;a 3a CI.JeT 01<Hc11eHID1 MarepHa-
110B a.3. B proyJibTclTe nocrynneHID! 6om,moro K0JIB1-{e­
CTBa Bo.nopo.na B -rpy6qaTIC)' I1r 3<p<peKTHBHOCTb K0H­
.ll,eHCaI.UUi napa pe3K0 na.n;aeT. B pacl.feTax noc11e­
.n;yJOl.1..\ero nepHo.n;a npOTeKaHlUI aeapHH pa6oTa 
CIIOT He yqHThmae-rcH. Haqa.rro TIJiaBrreHIDJ 060110-
1.JeK TB3JI0B npoHCX0JJ.HT 1.Jepe3 6,3 1.Jaca nocne ono­
po)l{HeHJ-UI rE-2. 

CyMMapHbrn pacl.feTH.bIH BbIX0.ll. so.nopo.na 3a C'leT 
0KHCJieHHH MaTepHaJI0B a.3. H BttyT))HK0pnycHbIX YCT­
poikre (BKY), pa,n;H0JIH3a napa H so,nbl, BhIXo.na pac­
TBopem-mro s Ten110Hoc11Te11e eo.nopo.n;a He npeBhUDa­
eT npKMepH0 750 Kr. 

Pa3pymeHHe Kopnyca peaKTOpa 3a C'leT ero CKB03-
Horo npoTIJTaBJieHIDI HIDKe ceapttoro UIBa 3JIJIHTITlrLJe­
cKoro .ll,HHma H BbJX0.D; OCHOBHOH MaCCbl pacTIJiasa B 
ycTpOHCTBO y.nep)l(aHH.sI pacnnaea np0rH03HpYJOTCH 
qepe3 34 LJaca c Ha'lana asaplOI. 

3.5. flpotfeCcbt 6 30 npu mJ1.:»ee11ou 3flA 
B H81.JaJibHblH nepH0.ll. aeapHH BCJleJ{CTBHe HHTeH­

CHBH0r0 nOCT}'TIJieHlUI BblCOK0TT0TeHU.HaJlbHOf0 Ten­
Jl0HOCHTeJUI H3 pa3pbIB8 rl..{f B 06oeM 30 ,naBJiemte 
napora30BOH cpe,nbl B HeH pe3KO TI0BbIUiaeTCH .no 
MaKCHMaJibH0fO 3Ha'leHHH. B .ll,aJibHei-iweM, BCJTeJ{CT­
BMe CHIDKemu1 pacxo.n;a TeITJ10H0CHTem1 B TeLJb M HH­
TeHCJ.fBHOH K0H,ll.eHcauHH napa Ha ''xoJIO.ll,HbIX" no­
eepXHOCTHX TeXH0JlOfHl.feCK0ro o6opyJJ.OBaHHH, Me­
TaJIJlW!eCKJ.fX H 6eTOHHh1x KOHCTPYKUHH 30, .nasne­
mte cpe,nbt e 30 Ha"IHHaeT CHIDKaTbCH. 

B nep1-t0JJ. pa6oTht rrr B pe:>KHMe pacxomm:HBaHHH 
oTso.n 3ttepnm, noc1)'na10meH s o6oeM 30 c napoM, 
ocymecTBJIS!eTCSI 3a cqe-r aKKyMyJIHU.HH Tenna B 
cTpoi-rreJibHbIX K0HCT))YKUHJIX. ITocne nepexo.n;a pa-
6oTht ITr e pe:>KHM K0H.ll,ettcau.HH ocy~eCTBJIS!eTC.sI 
J{OTIOJlHHTem,HhlH OTB0.ll. 3HeprnH OT peaKTOpa K 0K­
p)')KaJOllleH cpe.ne 3a cqeT K0H,neHcau:m-1 B -rpy6'iaTKe 
nr nocT}'Ila.JOmero H3 peaKTopa napa. 

B3aHMOCBSl3aHHOCTb npou:eccoe, npoHCX0~HX 
Ha 3TOH cTa.nHH aeapH11 B PY H 30, np0HBJIS!eTCSI B 
0CH0BH0M qepe3 M0l.l.(HOCTttylO xapaKTepHCTHKY 
CIIOT: cIDDKeHHe .n;ae11eHJU1 B 30 npHeo.n1n K 
yMeHhruettHJO .naBJTemu1 BI K0Hrype H nr. Bc11e.ncT­
BHe noro yMeHbwa10Tcsi M0l.l.(H0CTb CITOT H K0JIH­
LJecTBo nocryna10mero B peaKTop Kott.nencaTa. B 
csoJO 0"!epe.nh yMettbllleHHe pacxo.na "1epe3 a.3. npH­
BOAHT K yseJIH"leIDOO reHepau:1rn napa B a.3. H TI0Bbl­
LIIemno .nas11eHHS1 s 30. 

B paC'leTax yqHTblBaJI0Cb nocryTIJieHHe B0.ll,0po.na 
s 30 OT ecex HCTO'IHH.K0B B Te'leHHe scero npoattanH-
3HpoeaHHoro nepHo.na asapHH: B3aHMoneecTBHe U:Hp­
K0HHeBbIX 0601101.feK TB3J10B H KOHCT))YKUHOHHOH CTa­

JIH c napoM; pa,n;1'10JlliTH:'-lecKoe pa311o)l(eHH.e pacTBopos 
TeTIJI0HOC1'1TeJISI BO BpeMSI npOTeKaHH.sI asapHH; KOppo-
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3J,{j{ MeTaJlJlOB H MeTaJIJIH3Hp0Ba.HHhlX OOKpblTHH npH 
B03,AeHCTBHH Ha HHX pacTBopos TenJIOH0CHTeJUI H 

cnpJ.fHJ<JiepttbIX paCTaopos. PacY.eT napaMeTp0B napo­
ra30BOH cpe,nbt a o6oeMe 3JIA npose.nett KaK c yqeToM 
pa60Thl naCCHBHbIX peKOM6HttaTopoa CHCTeMbT JJ.0)l(H­
raHH.sI B0,ll.0po.n.a, TilK H 6e3 yqe-ra pa60Tbl 3TOH CHCTe­
Mbl. 113MeHe~rne JlaBJieHHH napora30BOH cpe,abl B 30 B 
npouecce aeapHH npe.llcTaBnetto Ha pHc. 7 . 

A6comomoe )l&BllCHHC, Ila 

: _LI t ~ T -
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- -,-

lE+l>O.l 

1-
IE+OOS -t&--+----+--t----1-- !. I 

T OE+ooo 

' 8peM~, 'lllC 

11 18 24 30 36 

P11c. 7. 1-faMeHeH.He .n:aenemur naporaJoeoA cpe.o.b1 e 
3am1nttotf 060110'-IKe e n onecce aea HH 

B cnyqae eoccTaHOBneHH.sI aaapHHHoro 3JieKTpo­
ctta6)1(eHHH OT HCT0l.fHHK0B nepeMeHHOro T0Ka nocne 
24-x qacos asapm-t B pa6ory sczynaJOT npeeycMoT­
peHHbie npoeICT0M aICTHBHble CHCTeMbl 6e3onacHOCTH, 
06ecne111-1aa10111,He pacxoJI8)1(HBaHHe peaKTopa. Iloc11e 
BKJIIOY.emu1 B pa6o1)' cnpttHKJlepHOH CHCTeMbl .n.as­
neHHe napora30BOH cpeJlb( B 30 TI0CTeneHHO CHIDKa­
eTCjj JlO npe.n.asapHHHoro 3Ha'-leHIDI. 

Ha pHC. 8 npeJlCT8BJieHO H3MeHeHHe TeMnepaT}'pbl 
cpe,L1,b1 B 6oKce asapHHHoi1 TieTJIH H s o6beMe no.ney­
nonbttoro np0Cl'paHCTBa 30 C yqeTOM pa60Tbl pe­
KOM6HH8TOpOB CHCTeMbl Jl0)l(HfaHH.sI B0JJ.0P0Jla. 
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PHc. 8. J13MeHeHHe TeMneparypb1 cpe.llbJ e 6oKce 
aeapHAHOW neTJIH H e o6beMe nOAKYOO!lbHOf0 

npoc-rpaHCTBa C y'-leTOM pa60Tbl peKOM6HHaTOpoe 
CHCTeMbl JJ:0)l(_Hram-u1 BOAO ona 
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3aMeqauuH K TeopeTuqecKHM pe3yJILTaTaM H3YIICHH.H ,llHHaMHIICCKOro xaoca 

B H,llepHhlX peaKTopax 

JI.B. Otupuo«, Hl1M MexaHHKH HIDKeropoACKoro rocymmepcHTeTa, 603950, H.HosropoA, np. rarapHHa, 23, K. 6 

ITpet(CTaBJieH PllA 33.Me'laHHH B CBJIJH C ny6nmcauHeH o6Jopa pe3yJibTilTOB Teopent-iteCKHX HCCJiell,OBaHHH AHHaMH­

'leCKOro xaoca B aKTKBHOH 30He ,i_nepttoro pea.KTopa. YKaJaHa Heo6xo.llHMOCTb 06cy)l{Jlem1JJ peJyJibTaTOB 3THX 11ccne­

ll.OBaH1rn, nyTeH 11 B03MO)KHOCTdi o6ocHOBaRHJI .nn.11 npaKTH'leCKOH pea.JrnJaUHH CTOXaCTH'-{eCKI-IX pe)KJ1MOB B pa6oTe 
llll.epttoro peaicropa. 

SOME NOTES ON THE RESULTS OF THEORETICALLY STUDYING DYNAMIC CHAOS IN NU­
CLEAR REACTORS. L.V. SMIRNOV. A number of notes are presented in connection with the published review of 

theoretically investigating dynamic chaos in nuclear reactor cores. Discussing the results of the study and possible ways 
of validating the practical implementation of stochastic modes in the operation of the nuclear reactor are shown to be 
necessary. 

I1y6n11Kal..\H.ll B HaCTOJII..QeM BbinYCKe c6opHKKa 

o63opHoi1 pa6oTbJ H.C. I1oCTHHKOBa H npe)J.cTasne­

HHe COOTBeTCTBYIOl.l(ero )J,OKJI3,IJ.a Ha ceKI..\HIO .N'!! 3 
HTC N2 1 M1rnaroMa, co)J.ep)Kal.l(HX, B 'laCTHOCTH 

npeAJIO)KelUUI O npaKTH'{eCKOM HCilOJib30BaHHH CTO­

xacnttJeCKHX. pe)f(HMOB B MepHbIX peaxropax, 6e3yc­

JIOBHO, Bbl30BYT HHTepec H tfHTarenei1 c6opmraa. B 

CB.113H C 3TH:M MO)KHO C)J,eJiaTb PllA 3aMe'laHHH, KOTO­

pble rrpeACTaBJIJIIOTCJI none3HblMH AJIJ1 l{HTaTeneii, 

60JiblliHHCTBO 113 KOTOpblX He3HaKOMO C o6meH npo-

6neMOH xaOTH'leCKOfO noBe)J,eHllil aBTOHOMHblX ,D.H­

HaMH'ieCKHX. CH.CTeM. 1-iHTepec npe)J.CTaBJIJIIOT MeTO­

Abl HCCJie,D.OBaHlrn, KOHKpeTHI>Ie pe3yJihTaTbI, nony­

'leHHbie B 3TOM 6ypHO pa3BHBaIOlll,eMCJI pa3)),eJie Ma­

TeMannrn, H BblXO)J,JIIUHe 3a paMKH MaTeMaTHKH 

npaKTH'leCKHe npHJIO)KeHH.ll 3TRX pe3yJJbTaTOB. 

KpaTKOe K3JIO)KeHHe BO BBe)J,emrn K o63opy MHHH­

MYMa o6m;HX npeACTaBJJeHHii o npo6neMe npw Heo6-

XOAHMOCTH 'IHTaTeJJb MO)KeT AOilOJIHHTb 3HaKOMCT­

BOM c yqe6Hb1MH noco6HJIMR [I, 2]. 
PaccMOTpeHHe npo6JieMbl CJJO)KHOH )J,HHaMHKH H 

xaoca CJie)J.yeT OTHeCTH K Ha'lany npOllIJ10fO BeKa, 
OHO caJ13aHo a nepay10 o4epeAh c pa60TaM11 A. ITy­

aHKape H .n;. EHpKroq>a no Ka'leCTBeHHOH TeOpHH )J,H­

HaMH'leCKHX CHCTeM. f JiaBHbIM 3aMetJaTeJibHblM )J,OC· 

TIDKeHReM MaTeManurn, 0 KOTOpOM fOBOpHT aBTOp 

o63opa, muuleTCR He OTKpbITHe HOBOfO BH)J,a ABIDKe­

HHH. OHO COCTOHT B OCMh(CJieHHH H HafJISl)J,HOM no­

Ka3e, KaK 3TH CJIO)l(Hbie, npeACKa38HHbie A. ITyaHKa­

pe JJ.BH)KeHH.ll B03HHKaIOT B )J.HH8MH"t.feCKHX CHCTeMax, 

0011CbfBaeMblX npOCTblMH no BH)J.y AHq>q>epeHUHaJib­

HhlMH ypaBHeHIDIMH, H K8K H TI04eM)' 3TH .l{BH)KeHHJI, 

HeCMOTpR Ha co6JIIO)J.eHHe TeopeMbl O eAH.HCTBeHHO­

CTH peweHH.ll, OKa3blBaIOTCR HerrpeACKa3yeMblMl1 H 

cnylfaH.HblMH [3]. 
HaH6onee B8)1(HblM AJill lfHTaTenew c6opttmca MO­

MeHTOM .IIBJIJleTCSI npHKJia)J.HOe 3Ha'leHHe 3THX pe-
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3YJibTaToB. AaTop noco6ID1 [I] OTMe4aeT rnaaHoe -

:no MHpOB033peHtJeCKOe 3HaCJeHHe YKa3aHHbIX npe.n­

CTaBJieHHH H HX CBJl3b C npHHI..\HITHaJibHhlMH orpaHH­

LfeHHJIMH Ha npeACKa3yeMOCTb noae)J,eHHJI CJIO)l(HblX 

CHCTeM ( OT npe)J.CKa3aHHSI norO)J.bl )),0 HeO)J,H03Ha'Lf­

HOH onpe)J.eJieHHOCTH HCTOpH'LfeCKOfO npol..\ecca). Oc­

TaJibHbte npHMepbI "npHKJia)J,HOfO xaoca" , npHBe)J,eH­

Hbte B [1 ], MO)KHO 06-beAHHHTb B BH.)J,e "B03MO)l(HblX 

npRJIO)l(eHHH". McKJIJ04ettHe, no)Kanyii, npeACTaB­

JUllOT peanH3YJOI..QHe JTOT npouecc rnyM0Bb1e reHepa­

TOpbI. MaTeMaT11KaMH npH)J.yMaHO aemucoe MHO)Ke­

CTBO npHMepoB AeMOHCTPaUHH CTOXaCTH4eCKoro no­

Be)J,eHH.11 aaTOHOMHblX CHCTeM, AJijf KOTOpbIX onpe)J.e­

JieHbl COCTOJIHHe H onepaTop ero 3BOJIJOQHH. 1-iMeHHO 

Ha 3THX np11Mepax OITli'-IHBalOTCJI MeTOJlbl HCCJie)J,O­

BaHHJI, )J,eMOHCTpH.pyIOTCJI pe3ynbT8Tbl TaKOfO 11ccne­

)J,OBaHHJ1 H xapaKTepHCTHKH CTOXaCTH'leCKOfO noBe­

)J,eHIDI. 0)].HaKO, TO, '-ITO SIBJIJleTCR o6mHM, tJaCTHbIM 11 

mrrepeCHblM C cpopMaJibHO-MaTeMaTH'leCKOH T04KH 

3peHH.ll Ha npOCTPaHCTBO )J,KHaMH'leCKHX CHCTeM, He 

Bcer.na coanaAaeT C TeM, '-ITO HHTepeCHO H BCTpe4a­

eTC.II a peaJibHblX CHCTeMax [3]. HecMOTpS! Ha orpoM­

HOe KOJIH'-!eCTBO pa6oT, IlOCBJII.QeIDlblX H3yCJeHI-tlO 

CTOXaCTHtJeCKOfO xapaKTepa perneHHH ypaaHeHHH 

MaTeMaTH'teCKHX MO)J.eneii, oco6brx ycnexoa a KOH­

uenuHH xaoca B peam,HblX Jll1HaMH"t.feCKHX CHCTeMax, 

xapaKTepHblX AJIJI q>H3HKH, MexaHHK.11, 3KOHOMl1KH, 

6HOJIOnrn, He AOCTHrttyro. Bee 3aMeTHbie ycnexH 

MO)KHO OTHecnt CKOpee K TeOpHH ,D.HH8MHlJeCKHX 

CHCTeM KaK K pa3.n,eny MaTeMaTHKH. 3a TIO'ITH copoK 

neT, npowe)J,lllHX nocne rry6n11KaUHlf H3BeCTHOH pa-

6oTbI 3. nopeHl..\a, HeT npaKTHlJeCKHX pe3yJ1bTaTOB B 

OCHOBaHHblX Ha 3TOH KOHI.J.enuHH nonbITKax 06-b.llC­

HHTb J1BneHHJ1 Ha6JIIOAaeMoro xaoTH.tJecKoro noae.n.e­

HH.ll peanbHblX CHCTeM. 3To, Hanp11Mep OTHOCHTC.11 K 

TeOpID! zyp6yneHTHOCTH, C03,D.aHHe KOTOpOH SIBJIJleT­

CSI BruKHei:iwew npo6neMoii ntApOAHHaMHKH. ITo-



CK0J1bKY H3y4eHHe rn.npo,nHHaMHl(eCKHX npou,eccoB 

11MeeT Henocpe,UCTBeHH0e OTH0llleHHe K .QHHaMHKe 

Te4eHIDI Tenn0H0CHTen» H npou,eccaM Te11JJ006MeHa 

a Jl3Y H nocK0JlhKY aBT0p o63opa YKa3bIBaeT B cso­

HX pa6ornx Ha BIDKH0e npHKJ1a.QH0e 3Ha4eHHe HK06bt 

,U0CTlffttyTbIX ycnexos HC0OJlb30BaHHH K0HU,enu,HH 

J.J,HHaMH4ecKoro xaoca s co3,naHHH TeopHH ryp6y­

ne!ITH0CTH, 0CTaH0BHMC}I Ha 3T0M no.npo6ttee. 

B o63ope HMeeTCH CCbIJ1Ka Ha c6opHHK CTaTeH [ 4 ], 
B K0T0p0M co6paHI,I .U0KJ1a.D,bl H3BeCTHblX Te0peTH­

K0B, 3aID!MaJOIUHXC}I nt.n,po.n,1-rnaMHKOH H .UHHaMH-iJe­

CKHM xaocoM, )],0TT0JlHeHl-lbie .nsyM» HeCK0JlbKO 6onee 

pam-rH.MH 0CHOB0nonaralOI..Ll11MH pa6oTaMH MeTeopo­

nora 3. JJopeHu,a H MaTeMaTHK0B )J,. P103J1}1 H <l>. 
TaKKeHca. CocTaBHTeJJH c6opHHKa H p».n asTopos 

6onee .nsa.nu,aTH JleT Ha3a,n BblpIDKaJJH Ha,Ue)l(Jzy, lJT0 

"c 00M0I..LlblO CTpaHHblX aTTpaKTopoB yJJ.aCTCjJ o6bHC­

HHTb MH0ro peanbHblX HBJ1em1H H cprucros". YKope­

HHBllIHHCH TepMHH "cTpaHHblH anpaKTop" 6b1Jl BBe­

p,eH ABYMjJ nocne,D.HHMH aBTOpaMH ,D.J1}I o6o3Ha4eHHH 

caMOB036y)l(,AaJOI.I{HXCK CT0XaCTH'-IeCKHX KOJle6aHJrn 

B p,1-rnaMHLJeCKHX CHCTeMax. Hcnonh3yeTc» 11 .npyroH 

TepMHH - " cToxacTH4ecKI,ie aBTOKOJJe6aH.HJl" [2]. Ha 

Heo6br'IHOCTb ( CTpaHHOCTb) TaK0I'O npHnlrHBaJOI.I.lero 

MH0)KeCTBa YKa3bIBaeTC» JJJHI 0TJIH'OUI ero OT He­

crpaHHblX aTTpaKTopoB - ycTOH4.HBblX COCTO.lIHHH 

paBH0BeCH.ll H npe,D.eJlhHblX U.HKJIOB. Bo MH0rHX ,D.0K­

Jla.D.ax amurn:3HPYIQTC» ypasHeHIDI Haebe - CToKca, 

0TMe4a!OTC}I tte.n,ocTaTKU HMeJOIUHXCH MaTeMaTH'le­

CKHX octtos .QJl}I attaJima pemeHID! 3THX ypastteHHH. B 

4aCTH0CTH, YKa3bIBaeTCH, lJTO .QJ!ll Il0JlHI,JX ypastteHJrn 

Hasbe - CToKca HeH3BeCTHO HH o;uioro ryp6yneHTHO­

ro perneHIDI 11 ,D.IDKe HemsecTH0, cyru;ecTBYeT mt TaKoe 

peruelrne, lJTO arrnapaT Te0pH11 ,nHHaMHlJeCKHX CHCTeM 

He)l0CTaTO'-IH0 xopowo pa3BHT, 1:no6hl H3yqaeMble C 

ero n0M0IUblO M0)].eJIH OTpIDKanH CBOHCTBa peaJlhHhIX 

TelJeHHH. 3aKHTepecosasmHHcll npo6neMOH 'lHTaTeJlh 

M0)KeT caM o6paTHTbC}I K c6opHHKY [4] 1-1 HaH)],eT TaM 

MHoro HHTepecttoro. 3a nporne.n.mHe 'leTBeµTb seKa 

n0fillHJl0Cb He0603pHMOe KQJlf,lqeCTB0 Il0CB}IIUeHHbIX 

3TOH npo6neMe pa6oT, Il03TOM}' ap0U,HTHpyeM T0JibK0 

asropa o63opa [5], r.D.e no.nso.D.HTC» HT0r Mttoromrr­

HHM nonblTKaM npHMeHeHIDI K0HU,eill.l,HH JJ.HHaMH4e­

CK0ro xaoca K ryp6yJieHTHOCTH. 'HeKOT0pbie cl>HJHKH 

nOT0p0nHJIHCb 0T0)KJJ.eCTBITTb Teopmo CTpaHHblX aT­

TpaKTop0B c Teop1-1ei1 ryp6yneHTHhIX Te'leHHH. TaKHe 

B3fJl}l)J.bl H3J10)KeHl,I ,D.IDKe B nocJie,ll,HHX 113.D.aHHJIX 113-

BeCTHOH KHHrH Jl.)J,. JJattJJ.ay H E.M. JJi.-1ct>mHHl.l.a, BbI­

rneJJ.wHX ~e nocrre cMeprn JJ.)J,. J1aH.[(ay (.nyMalO, 

sen11KHH q>H3m< JToro 61,1 He p,onycTHJJ). Ha caMOM 

,1J,eJ1e, X0T}I CTpaHl-lble aTTpaKTOpbl H B03HHKalOT B rH.[(­

p0.AHHaMHKe, KaK 11 aosctoAY B HemrneHHOH QJHJHKe, 

AO o6bjJCHeHIDI ryp6yneHTHOCTH see eme .n.aneKo". 

Bo3BpaTHMCH, 0)],HaK0, K ony6JTHKOBaHH0M}' B Ha­

CTOlll..LleM c6opHHKe o63opy no xaoTH-qecKOH AHHa­

MHKe .llJJ.epHbJX peaKTopos. Asrop .nocTHr orrpe,ll,e­

neHHbIX ycneX0B B attaJIH3e HeK0T0pblX perneHHH 

ypasHemi:i1 HeHTpoHHOH KHHeTHKH c yqeroM o6paT­

HhIX CBH3eH, xapaKTepHblX .QJl}I peaKT0p0B pa3JJH4H0-

ro T11na. OcttoBHasi CJJ0)KH0CTb attan113a pernem1i1 

3THX MaTeMan1qeCKHX M0,neneH C0CT011T B Heo6xo­

)].HM0CTH paccM0TpeHHJI Hen.HHeHHhlX ypaBHeHHH 

BblC0K0ro nop».n:Ka H B JJ.0CTaT04H0 orpaHH'-leHH0M 

HHCTpyMeHTap11H )].Jl}I TaK0ro HCCJle)J.0BaHHSI. ITpou,H­

THpyeM aBT0pa pa60Tbl [3): " ... Jl0CTaTOllH0 rI0JlH0e 

H3y4eHHe KOHKpeTHOH MHOroMepHOH CHCTeMbl -

04eHb TPYAHal! H qacTo ttepa3pernHMM 3a.D.a'la. Pe­

ryn.llpHbIH ycnex ,IJ,0CTHrttyT TOJlhKO .QJl.ll pa3Mep­

H0CTH n ~ 2, npH n = 3 11CCJleJ].0Bafrne TPY.U.H0 H JJ.0-

nycTHM0 JUUllb 6Jiaro.napjJ HOBOH Bbl4HCJTHTeJJbHOH 

TeXHHKe, npH n ~ 4 - 0"4eHb Tpy.UH0 H YaCT0 HeB03-

MO)KH0". TI03TOM}' HeH36e)KHbl HCTI0JTb30BaHHe YHC­

JleHH0ro C4eTa npH <pl1KCHpoBaHHhlX 3H34eHHHX na­

paMeTp0B MaTeMaTH"l!eCKOH MO)],emI H IlOHCK o6naCTH 

JTHX napaMeTpos, r.D.e HMeeT MecT0 speMeHH0H 11n11 

npocTpaHCTBeHHO-speMeHH6H xaoc. 

11cnonh30BaHHe ynpol.I.leHHbJX, HO HeCM0Tpll Ha 

3T0 ,ll.OCTaT0t.JH0 CJT0)l(Hb[X .QJ!ll 11ccnenosaHl1}1 pac­

ape,1J.eJ1eHHblX MaTeMaTWleCKHX M0)J.eJleH npH '-IHC­

JleHHOM 11ccne.uosatt1111 npeJJ.nonaraeT rrepexo,ll, K c1-1c­

TeMaM ypasHeHHH B 00JlHblX np0H3B0.D,HblX. AsTOp 

ofoopa 3aMeH»eT npocTPaHCTBeHHo-speMeHHYIO 06-

nacTb CHCTeMOH Y3J10B, paBH0MepH0 noKpblBalOI.I.lHX 

3'I)' o6naCTb. 0;::r;HaKO a,neKBaTH0e paCCM0Tpetrne He­

CTal_\HOHapHhIX H qpe3BbI4aHHO CJI0)KHQ pacnpeJJ.e­

neHHblX B npocTpaHCTBe npol.{eCC0B, xapaKTepHbIX 

,ll,Jl.ll xaoca, Tpe6yeT, no-BHJJ.HM0M}', m-160 Hesoo6pa-

3HMLIX Bbl'IHCJIHTeJTbHbIX cpenCTB, rr1160 HepaBH0-

MepHblX H ,l),a)Ke D0.[(BIDKHblX CeT0K, yseJTH4I-!BalOI..LlHX 

4HCJIO .ll'-!eeK B o6naCTllX, C0JJ.ep)Kal.UHX oco6eHHOCTH 

peruemrn. IlpH'-leM 3TH 06nacn1 M0ryT onpe.nen.l!TbCll 

TOJlhK0 B npou,ecce peweHIDI (cM., ttanpHMep, [6, 7]). 
Heyqe-r 3T0ro cf>aKTopa M0)KeT npHBeCTH KaK K noTe­

pe BIDKHOH irncpopMal.l,Jrn, TaK H K np1106pe-reHHlO B 

pemeHJ.m Ka4eCTBeHHbIX H K0JlH'leCTBeHHbIX oco6eH­

HOCTeH, HexapaKTepHbJX .QJ1jJ HCXO,D.HOH ynpomeHHOH 

MaTeMaTH'-leCKOH MO,ll,eJlH. 

Cne.nyeT o6panITb BHHMaHHe eme Ha O.UHH cpaKT, 

YKa3aJrnhIH s O,ll,HOH H3 nocne.[(HlofX pa6oT [8], BKJII0-

4eHHhlX a ofoop. AsTop o63opa n11meT, 4T0 u.eno-

4e4Hbie H perneTo-qHble CHCTeMbI, annp0KCHMHpy!O­

IUHe ypasHemur M0)].eJJ.H ,!J,Hq>q>Y3HOHl:IOro npH6JIH­

)KeHIUI HeHTpOHHOH KHHeTHKH, rrpe.ncTaBmnoT co6oi1 

CHCTeMy ypaBHeHHii .UHH3MHKH CBJl3aHHblX H)lepHblX 

peaKT0p0B, 003T0MY xaoTH'leCKruI ,ll,HHaMHKa CBll3KH 

peaKTOp0B 0Tpa)KaeT CB0HCTBa np0CTµaHCTBeHH0-

speMeHH6ro xaoca. Cne.nyer JaMen!Tb, 4TO )lHHaMH­

Ka MH0roMepHblX peUieT0K CBH3aHHblX xaOTl14eClOIX 

CHCTeM o6mero BH.[(a HMeeT psin xapaKTepHblX oco-

6eHHOCTeH, KOTOpbie .uaBH0 H3Y4a10TCH, ''ITO, B 48CT­

H0CTH, 0Tpa>KeHo s o63opHOH pa6oTe [9]. YnoMHHa­

HH.ll 06 3THX oco6eHHOCTSIX H KaKHX-JIH6o CCbin0K B 

o6cy)l(,AaeMOM o63ope HeT. 3TO CBH)J.eTeJibCTByeT, 
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'ITO aBTOp o63opa He3H8KOM C 60JTbWHM KOJIH'-!eCT­

BOM ny6m1Kal.(HH no AHHaMH'-!eCKOM}' xaocy, HMeJO­

ll(HX Henocpe.D.CTBeHHoe OTHOllleHHe K H3Y'iaeMOH HM 

npo611eMe. 06 JTOM )Ke CBH)],eTeJTbCTByer OT3bIB OJ{HO­

ro H3 aBTOPOB pa60Thl [9], 03HaKOMHBweroc» C pyico­

ITHCbfO o63opa. B OT3bIBe peQeH3eHT }'Ka3bIBaer Ha 

Heo60CHOBaHHOCTb yTBep)K)leHHH asropa o63opa, Bbl­

XO.LJ.S[ll.{HX 3a paMKH pacCMOTpeHIDI KOHKpeTHbIX, HC­

CJie.zzyeMbrx HM CHCTeM. CornaCHO JTHM yrsep)l()leHH­

HM no.n.06Hb1e pe3ym.TilTbl He CBO)lj!TCJI HH K OAHOMY 

H3 H3BeCTHblX, Moryr OOOOJTHHTb... MO)KHO .l{06a­

BHTb, '-!TO WHpOKO H3BeCTHble pe3yJ1hTaTbl pa60T pe­

l.(eH3eHTa H ero y'-leHHKOB no )],HHaMH'ieCKOMY xaocy 

Bbmo11HeHh1 B HIDKHeM Hosropo.n.e, TilM )Ke MHoro neT 

npOBO,lJ.HTCJI HCCJle)],OBaHHe CTOXaCTH'-leCKHX npol.(ec­

COB, OIIHCblBaeMblX ypairnemrnMH )].Hcj>cj>Y3HH, 6JTH3-

KHMH K ypasHeHIDIM AHcj>cj>Y3HOHHOfO npH6JJIDKeHHH 

HeirrpoHHOH KHHeTHKH. 

Ha paccMaTpHBaeMhIH 3.n.ecb o63op HMeIOTCR TaK­

)Ke OT3bJBI,J cnel.(Ham1CTOB no ,n:HHaMHKe H q>H3HKe 

peaKTOpOB, r,ne }'Ka3bIBalOTCR OT.l{eJlbHble He,lJ.OCTaTKH 

H OTMel-JaeTC», '-ITO pe3yJ1bTaTbl HCCne,noBaHHH JTOfO 

'-laCTHOfO BH,na MareMaTw-iecKHX MO,lJ.eJleH npe)].CTaB­

JIRIOT onpe,neneHHbJH HHTepec ,ll.lUI opraHlf3aQKH, 3a­

HHMaJOll(HXCR npoeKTHpOBaHHeM H pa3pa6oTKOH 

JHepreTH'ieCKHX ycTaHOBOK C .SJ)].epHblMH perucropa­

MH, H YTO pa6ory cne.n.yeT npOJJ.OJDKHTb C HCITOJib30-

BamteM 6onee T01lliblX MaTeMaTH'-!eCK.HX MeTO,llOB H 

6onee peanbHblX MaTeMaTH'ieCKHX MO,lJ.eJleH. 3-ro, a 

4aCTHOCTH, CBR3aHO C TeM, 4TO HCITOJ1b30BaHbl AOCTa­

TOI-JHO ynpo~eHHbie, H)],ea..T013HpoBaHHble MaTeMaTH-

4eCKHe MO,lleJIH, He Y<IHTblBaJOll(He B nOJlHOH Mepe 
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