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HacTOHIIUIH BblIIYCK c6opRHKa IlOCBHI.UaeTCH CBeTJIOH naMHTH 

BaJieHTHHa IlaBJIOBnqa CnaccKoBa 

12 HIOJUI 2004 ro.ua CKOH"laJIC11 Ka.uposb1 tt co-rp}.llHHK <l>rYII OKE 'TH,nponpecc", 

KaH.UH.UaT TeXHHl.feCKHX ttayK, naypeaT rocy.uapcTseHHOH npeMHH CCCP, 3acny)KeHHhIH 

Kottc-rpyKTop Pocc1rn BaJieHTHH ITasnos~ CnaccKOB. 

BaJieHTHH ITasnosw-r CnaccKoB po.uHJ1c11 7 .11.eKa6p11 1930 ro,ua. Tpy.11.oso.H nyn 

B.IT. CnaccKosa tta'llaJ1c11 so speM11 BemtKOH OreYecTBeHHOH BOHHbI Ha YpaJie, r.ue OH 

yqHJICjj B cpe.uHe.H WKOne H 0.UHOBpeMeHHO pa60TaJI Ha o6opOHHOM 3aso.11.e. 

ITocne OKOH"laHIDI s 1954 r. MocKOBCKOro HHCTmyra HH)KeHepoB TpattcnopTa B.rr. 

CnacCKOB npo.uomKHJl CBOIO -rpy.uosy10 ,neHTeJlhHOCTb ~e B Ka4eCTBe HH)KeHepa no Ha­

na,nKe o6opy.uosaHID! TenJIOBbIX 3JleK-rpOCTaHUHH . . 
B 1960 r. B.TI. CrraccKoB tta4aJI pa6oTan a 0KB 'Ta.uponpecc" pyKoBO.llHTeneM 

rpynnbl pac"leTHO-HaJia.LI,04HOrO ceKTopa. Ben pa60Tbl no pac'lleTHblM o6ocHOBaHHHM. 

AKTHBHO 33HHMaJICH OCHameHHeM npe.unpH11TH11 Bbl4HCJIHTeJlbHOH TeXHHKOH H C03.UaHH­

eM B 0KB 'TH.D.ponpecc" Hosoro pac"leTHO-Teopen14ecKoro no,npa3.ue11eHID1 no 11cc11e­

.uoaaHJ111M HeCTaUHOHapHblX pe)KHMOB 11.uepHbIX 3HepreTH4eCKHX ycTaHOBOK (.513Y). B 

1964 r. B.n. CrraCCKOB CTaHOBHTC11 nepBblM PYKOBO.UHTeJleM 3TOro no.upa3,neneHHS1, a 

3aTeM JaMeCTHTeneM rnaattoro KOHc-rpyKTopa npe.unpH11THjl no pac"!eTHO­

TeopeTH"!ecKJ1M o6ocHoBaHHJIM .513Y. 

ITpH Henocpe,nCTBeHHOM yqacnrn B.IT. CnaccKOBa cnpoeKTHpOBaHbl H BBe,neHbl B 

3Kcnnyarnumo peaKToptt1,1e ycTaHOBKH 1-ro 11 2-ro 6110KOB Hososopotte)KCKOH A3C, 

A3C B r. Pai1ttc6epre (f ,[{P), nocTpoeHbI Hcc11e.uoaaTe111,cKHe cTeH,ubI B OKE "fH.upo­

npecc" , a TaK)Ke Ha .upyrHX npe.unpH11THjlX B PocCHH H 3a py6e)KOM. ITo.n ero pyKOBO-
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)l.CTB0M Bbill0JIHeHhl Bee pacqeTHbie pa60Tbl H peweHbl MH0rHe 3KcrrepJ,fMeHTMbHhie 

3a,naim B o6ocHOBaHHe rrpoeKT0B .5I3Y PHJJ.a ITOKOJICHHH )l.njl 0TeqecTBeHHblX H 3apy-

6e)KHb[X A3C c peaKTopaMH BB3P-440 H BB3P-1000, npoeKToB Terrnoo6MeHttoro 060-

PYJJ.0BaHHjJ ycTaH0B0K c H8TJ)HeBbIM Tem10HocHTeneM EOP-60, EH-350, EH-600. 3a Pa3-

pa6oTKY cneu,HanbHbrx .5I3Y B .TI. CrraccKOB ttarpa)f(.Uett 3HaK0M " l-fao6peTaTeJih CCCP" . 

Ilo HHHl..(HaTHBe H rrpH HerrocpeJJ.CTBeHH0M yqacnrn B.Il. CnaCCKOBa Ha npe)l.npH­

HTHH 6blJIH C03)].8Hbl Bbll{HCJIHTeJibHblH ueHrp, MeT0)l.Hl{eCKaH H nporpaMMHajJ 6a3a pac­

t:feTHl,IX o60CHOBaHHH rrpoeKT0B, pa3pa6oTaHbl H BHe)l.peHbI B npoeKTbl o6oCHOBaHH.jJ 

jJJJ.epHOH H pa,nHaU,HOHHOH 6e3orraCHOCTH peaKT0pHblX ycTaH0BOK. Enaro)l.ap11 pa3BHTbIM 

HM MeT0)l.aM, npoeKTbJ peaKT0pHbIX ycTaH0B0K nma BB3P Bb!IIJJIH Ha MHp0BOH ypo­

BeHb, H 3TH ycTaH0BKH ycnewtto 3KCnJIYaTHpyK)TCjJ B PocCHH H 3a py6e)f(OM. 

B 1968 r. B.Il. CrraccKoB 3all{HTHJI KaHJJ.HJJ.aTCK}'K) JJ.HccepTal..lHJO no JJ.HHaMHT<e 

.5I3Y. JlaJij[jJCb aBT0p0M )l.eCj[TK0B ny6JIHKaU,HH H H306pereHHH no jJJJ.epHOH TeXHHKe, 

B.Il. CnaCCKOB MH0ro CHJI H 3Hepnm 0T)l.M )l.eny Hayqtto-TeXHHt:feCKOH n0)l.f0T0BKH 

Ka,npoB, npeno)l.aBaTeJibCKOH )l.ejlTeJibH0CTH, o6mecTBeHHOH pa6oTe. 

B nocne)l.HHe ro)l.bl B.TI. CnaccKOB ITJI0JJ.0TB0pHo pa6oTan tta.n npo6neMaMH coJ.u,a­

HHjJ rrepcneKTHBHhlX BH)l.08 jlJJ.epHoro T0ITJIHBa, Ha,n H0BblMH npoeKTaMH .5I3Y C KHITj[­

ll{HM 80)].j[Hl,IM H )KH)l.KOMeTaJIJIWieCKHM TeITJIOHOCHTeJUIMH, aKTHBHO 38HHMMCR Hayq­

HOH .n;ej[TeJibH0CTblO, B03rJiaBJijlJI pa6ory IT0CT0jJHH0ro ceMHHapa H CeKl..{HH no .D,HHaMH­

Ke, TennorH.npaBJIHKe H 6e3onaCHOCTH peaKTopoB H A3C HaytIHO-TeXHHl{eCKOro C0BeTa 

N!! I MmrnToMa. 

B CBOeH MHOrorpaRHOH )lejJTeJibH0CTH B.IJ. CrraccKOB C rrpHC)'Il(HMH eM)' TMaHT0M, 

3py.l1.HUHeH H 3Heprneii rrp0RBJUIJI BblC0KYIO HHHUH8THBY H HaCTOHt:fHBOCTb B nocTaH0BKe 

H pemeHHH ttayl{H0-TeXHHl{eCKHX 3a,l(at:f . Ero JIHt:fHblH aBT0p1neT IT0Jib30BMCjJ npH3Ha­

HHeM B ttaweu CTpatte H 3a py6e)f(OM. ,[{oCTH)f(eHHR B .IT. CnaCCKOBa B jJ)lepHOH HayKe H 

TeXHHKe IDHp0K0 H3BeCTHbl H BblC0K0 ouetteHbl OTet:feCTBOM, 0 qeM CBH)l.eTeJihCTByIOT 

MH0rHe npaBHTeJibCTBeHHble Harpa,nbI H not:feTHble 3BaHHjl, 

,[{ena B.Il. CnaccKoBa jJBJijllQTCjJ tteo1oeMn eMoi:i qacTblO HCTopHH KaK <l>fYTI OKE 

"fHJJ.porrpecc", TaK H aTOMHOH 3Heprermrn B uenoM. IlaMHTb 0 BaneHTHHe IlaBJIOBH'-le 

CnaccKoBe 6y.ner tta.nonro coxpanetta B cep.nu.ax ero Konner H copaTHHK0B. 
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IlaMHTH BaJJenTuna IlasJiosuqa CnaccKosa 

Ba.neHTHH TiaBJJOBH4 CnacCKOB pO.UHJJC.SI 7 .neKa6p.S1 1930 ro.n,a B r. Tio.nOJJbCKe B ce­

Mbe npeno,LJ.aBaTem1. Ilo.noJJbCKoro HH.llYCTpHaJibHOro TeXHHKyMa TiasJJa AneKCaH,LJ.pOBH-

4a CnaccKosa. 

HecKOJibKO nOKOJJeHHH no.noJJb4aH-CT}',LJ.eHTOB TeXHHKyMa nOMH.SIT 3TOro pa3HOCTO­

pOHHe 3py.ni-1poBaHHOro H 3Hepnt4HOro 4eJIOBeKa, KOTOpblH sen npeno.nasaTeJJhCKYIO 

.nej{TeJJbHOCTb no HeCKOJlbKHM TeXHHqeCKHM npe.nMeTaM (OCHOBHOH - KOHCTPYHPOBaHHe 

MeTaJIJJOpe)l(ymHx CTaHKOB), 3aHHMaJIC.SI KOHCYJihTaTHBHOH pa60TOH Ha nO.UOJibCKHX Ma­

WHHOCTPOHTeJJbHblX 3aBO.Uax, CHJJaMH cry.neHtJeCKHX KOJIJJeKTHBOB Bb1nOJJH.SIJJ 3aBO.UCKHe 

3aKa3bl Ha pa3pa60TKY OT.UeJJbHbIX KOHCTP)'KUHH, TeXHOJJOnttJeCKHX npoueccos, Ha H3ro­

TOBJieHHe .lleTaJleH s yqe6HhlX MaCTepcKHX. 

TaKoe )Ke TeXH.J,tlJeCKOe o6pa30BaHHe, B COBOKynH0CTJ-1 co 3HaHJ,lj{MH no HCTOPIDI 

TeXHHKH H JJOrHKe ee pa3BHTH.SI, fl.A. CnaCCKOB rrpHBHBaJI H CBOHM ,lleT.SIM (y B.TI. Cnac­

CKOBa 6bIJIO tJeTblpe 6paTa H ,LJ.Be cecTpbI). B 3TOH ceMbe Ba.neHTHH co WKOJibHhlX JieT 

BbI,LJ.eJI.SIJICSI crroco6HOCTblO He TOJibKO nerKO ycsa11BaTb TeOpeTHt.JeCKHe .lJ,HCUHITJJHHbl, HO 

H caMOCTOSITeJibHO TeopeTHt.JeCKH MblCJJHTb, HaxO,ZUffb npaBHJibHble B HayqttOM CMblCJie 

061>.SICHeHJ,lj{ pa3Jil-flIBblM SIBJieHH.SIM H co6b!TJ,lj{M. 

Bo speM.SI Bem-lKOH OretJeCTBeHHOH BOHHbl ceMhSI 6hIJia 3BaKyMpOBaHa B r. 3JJaTO­

ycT, r.ne Ba.neHTHH, He npepb!Ba.SI y4e6b1, .lJ,BeHa.nuaTHJJeTHHM MaJJbt.JHWKOH pa6oTa.n 

¢pe3epOBI..WiKOM Ha o6opOHHOM 3aso.ne. OH nonyqan pa6oqyl0 KapTO'-IKY, '-ITO Cblrpano 

6oJibWYIO pOJib a TOM, t.JTO BC.SI CeMb.SI Bbl)l(HJia BO speM.SI BOHHbl (KpOMe CTapwero 6paTa 

Cepaq>HMa, KOTOpbTH norn6 Ha ¢poHTe JleT'-IHKOM). 

Tiocne OKOHlJaHI-t.SI BORHhl, CHOBa B Tio.n.om,CKe, BaneHTHH OKaH'-IHBaeT cpe.nHIOIO 

WKOJJY H, HeCMOTPSI Ha lJeTKYJO Hayqtto-TeXHHlJeCKyJO HanpasJJeHHOCTb scex '-IJleHOB ce­

MbH, nocryrraeT Yt.JHTbCSI s MrHMO. O.nHaKO aBTOpHTeT OTUa, KOTOpbIH ClJHTaJI, qTo 

see ero .neTH ,ll.OJI)l(Hbl 3aHHMaTbC.SI npOH3B0.UHTeJibHblM TPY.ll.OM, OKa3aJIC.SI CHJibHee. Ba­

JJeHTHH nepec.n.aeT 3K3aMeHbl B MocKOBCKHH 3JleICTpOMexaHH4eCKHH 11HCTHT}'T HH)l(eHe­

poB )l(eJJe3HO,ll.Op0)1(H0fO TPaHcnopTa, KOTOpblH OKaH'-IKBaeT C OTJJl{'-IHeM B 1954 r . no 

cneu,HaJibHOCTH "3HepreTHK Ha )l(eJJe3HO.!J.Op0)1(H0M TpaHcnopTe". Tpy,LJ.HO CKa3aTb, lJTO 

noTepsrn OT 3Toro .UHJUJOMaTH"lleCKHH Koprryc CCCP, HO, KaK noKaJana .na.nbHeiiwa.sr Sip­

KM TBOp'-IeCKaSI 6Horpaqrn.S1 8.TI. CnaCCKOBa, 3HepreTH\.feCKaSI TeXHHKa H HaYKa 6e3yc­

JTOBHO BbrnrpanH. 

C 1954 no 1960 rr. B.II. CnaccKOB no pacnpe.n.eJJeHHJO pa6oTaeT B 3JJeKTpOMOH­

Ta)l(HOM noe3.n.e N!! 8 TpecTa "TpaHC3HeproMOHTa)I(" HaJJa.U'-IHKOM TeITJJOBbIX 3JJeICTpo­

CTaHUHH. B 3TOT nepHO.ll B.TI. CnaCCKOB np1106peTaeT rny6oKHe 3HaHHSI H IlOHHMattHe 

npOHCXO.U.Sll.UH:X B 3HepreTH4eCKHX ycTaHOBKaX npou.eccoB, B t.JaCTHOCTH ,LJ.HHaMHt{eCKHX, 

nonyqaeT npaKT],fl-{eCKHe HaBblKH no Ha.na.nKe CHCTeM K0HTPOJTSI, aBTOMaTHt{eCK0ro pery­

JIHpOBaHJ,lj{ H ynpaBJTeHHJI 3HepreTHt.JeCKHX 061>eKTOB. 3TH 3HaIDUI H HaBblKH OKa3aJIHCb 

YHHKaJJbHbIMH H HCKJJJO'-lHTeJibHO BOCTpe6osaHHblMH s .llaJlhHeHWeM, Kor.na B.TI. Cnac­

CKOB y)l(e pa6oTan B OKE " fH.n.ponpecc" (c 1960 r.) H 3aHHMaJJCSI, B 4aCTHOCTH, pa3pa-

60TKOH H o60CHOBaHHeM TpaHcnopTHOH .513Y. 
Pa60TaS1 Ha pa3l1Ht.JHhIX ,LJ.OJJ)l(HOCTSIX B OKE ' TH.n.ponpecc" OT HH)l(eHepa .n.o 3aMec­

THTeJJSI rnaBHOro KOHCTpyKTopa, B.Il. CnaCCKOB He□ocpe.llCTBeHH0 yqacTBOBaJJ B pac-

1.JeTHblX o60CHOBaHJ,fj{X npoeKTOB .513Y H MHOnte fO.llbl B03rJJaBJJSIJJ HX no BCeM Hanpaa-
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neHIDIM peaKTopHbIX yc111HoBoK: BB3P, BK, EH, TpaHcnopTHhIX 513Y H ,npyrnx. EMy 

6hIJ1H npHCYl..QH TBOp4eCKHH, JlOrH4eCKH BbIBepeHHblH no.uxo.u, C04eTilJOl..Ll,HH 3BOJlJOU,H­

OHHOCTb H' H0BH3HY B peweHHH npoeKTHblX 3a)la4, lf.YTK0e ynaBJlHBamte nporpeCCHBHblX 

MHp0BblX H OTet.J.eCTBeHHblX TeH)leHU,HH H CTpeMnemte KO BCeMy nporpeCCHBH0My B C03-

.uaHHH .5I3Y. OH no)lHHMaJl H pewan CaMble aKryanbHble npo611eMbl H BOnpOCbl, CTpe­

MHJlCS[ caM 1-1 no6}')1(,llan ,npyrHX K ,llOCTIDKeHHJO TT0JlH0Tbl H BblC0KOro Hayl.fHO­

TeXHH4eCK0ro ypOBH.SI pact.J.eTHblX H 3KCnepHMeHTaJlbHblX o6ocHOBaHHH npoeKT0B 513Y. 

Ero 3PY.llHU.IDI, WHpoTa H rny611Ha 0XBaTa npo6neM, JIH4H0e yqaCTHe H pyKOB0,llCTB0 B 

pa3pa6oTKe H BHe.upemrn MeTO,llOB H cpe,llCTB pac4eTH0ro aHaJ1H3a .5I3Y CTaJlH 0CHOBOH 

H WKOJlOH B pa6oTe MHOrHX HIDKeHepoB-pactieT4HK0B, npoeKTHp0Bll.{HK0B H K0HCTpyK­

T0pOB. Ott reHepHpOBaJl H,lleH " cnoco6bl HX B0TTJlOl..Ll,eHHSl B npoeKTbl, no)l)lep)KHBaJl Bee 

nporpecCHBH.ble npe)lJlo:>KeIDUI. H pa3pa6oTKH COTPY.llHHK0B OK.Ii "f1-1.uponpecc", 6b)Jl 

MOl..Ll,HOH HHTeJ1J1eKryaJ1bHOH H opraHH3YJOl..QeH CHJlOH, 611aro,napSl KOTOpOH npeO,llOJleBa­

JlHCb 6JOpoKpaTH4eCKHe npeCTj{TCTBIDI, He,llOBepHe K HOBOMY, nporpeCCHBH0MY. 

B.TI. CnaCCKOB 6blJl nH0HepoM BO MHOrHX HanpaBJ1eHHJ£X pa3BHTIDI npoeKTHblX pa-

6oT Ha npe,nnpj,{j{THH H 0Ka3bJBaJ1 3Ha4HTeJ1bH0e BJlIDIHHe Ha pa6ory .upyrnx npe,nnpH­

SlTHH OTpaCJlH. ,[(Hana30H era Hay4HO-TeXH.H4eCKHX HHTepecos 04eHb BeJlHK. XapaKTe­

pH3YSl ero ponh nepsonpoxo,nu,a B peweHHH aKryanbHhIX npo6neM, npHBe)leM psi:,n npH­

MepoB ero pa3HOCTOpOHHeH ,lleSlTeJlbHOCTH. 

B 60-e rO,llbl )KH3Hb Bbl,llBl-fHYJla Heo6xO,llHMOCTb BHe.upeHHjl npHHUHnHaJ1bHO .llpy­

rHX, 6011ee 3cpcpeKTHBHblX MeT0,llOB H cpe,llCTB pact.JeTOB no npoeKTilM 51:3Y C u,eJlbJO no­

JIYt.feHHSl He06XO)lHMblX TIOJlHOTbl H Ka4eCTBa o60CHOBaHHjl npoeKTOB. ,n1u1 3TOro Tpe6o­

BaJ10Cb npoBO,llHTb o6pa60TKY HH<pOpMaU,HH B He6bIBaJ10M .ll0 Toro o6beMe. PemeHHe 

TaKOH 3a,llatIH CTaJlO 803MO)KHb[M Ha 6a3e BHe,llpeHIDI B npoeKTHposamre 51:3Y Bblt.JHCJTH­

TeJlbHOH TexHHKH, K0Topasi: T0r,lla HCTI0J1b30BaJlaCb JlHWb B 0T,lleJTbHblX HaytIH.blX opraHH-

3aU,IDIX OTpacnH. 11 nepBblM Ha 3TOM nyTH CTaJl B.TI. CnaCCKOB, B351BWHH Ha ce6Sl KaK 

HH~Hanrny, TaK H npaKTHt.J.ecKyJO pa6ory no ee BHe,llpeHHJO B OK.Ii 'TH.llponpecc". B 

3TO speMSl OH opraHH3yeT rpynny cneU,HaJlHCTOB no pact.J.eTilM HeCTal.J,HOHapttblX npou,ec­

C0B B 51:3Y, Heo6XOJJ.HMblM )lJljl rny6oKOro nOHHMaHHjl nepeX0,llHblX " asapHHHblX pe­

)KHMOB o6opy,nosaHIDI 51:3Y H pa3pa60TKH Ha 3TOH 6a3e cospeMeHHblX Tpe6oBaHHH K 

CHCTeMaM ynpasneHIDI H 3filll.HTbl. PeweHHe 3THX 3a,na4 Ha norapHcpMH4eCKHX JlHHeHKax 

H apH<pMOMeTpax HeB03MQ)K.H0, H B .n. CnaCCKOB y6e)K)J.aeT PYKOBO)lCTB0 B Heo6XOJJ.H­

MOCTH np1106peTeHID1 cneU,HaJlbHOH Bbl4HCJ1HTeJ1bHOH TeXHHKH - M0)leJlHPYJOll.tHX aHa­

JlOfOBblX BbfllHCJlHTeJlbHblX MaWHH (ABM). B K0pOTKOe BpeMSl 6blJ1H npHo6peTeHhl H 

ocsoeHbI ABM MH-7, HllT-5, 3MY-10, KOTOpb1e 3aTeM 6bIJ1H arperaTHpOBatthl B e.uH­

HbrH KOMnJleKC, TI03BOJ1HBWHH pewaTb CJl0:>KHble no TOMY speMeHH npOCTpaHCTBeHHO­

BpeMeHHble 3a,lla4H ,llllliaMHKH 513Y. l1cnoJ1b30BaJlaCb TaK:>Ke ABM 60J1bWOH M0l..Ll,HOCTH 

"fiaiiKan" B <1>311 (r. O6HHHCK). Tio.u pyKoB0.UCTBOM B.IT. CnaccKosa Ha 3THX 38M Bbl­

nonHeHo MH0)KeCTBO pact.J.eTOB )lHHaMHKH )lJlS[ npoeKT0B si.uepHblX ycTaH0BOK C KHTijl­

l..Ll,HM peaKTopoM BK-50 H Ha 6hICTphIX tteiiTpoHax c HaTpHeBbIM TennoHOCHTeneM EOP-

60 (.uo CHX nap pa6oTaJOl..QHX B HHMAP, r . ,n1-1MHTpoBrpa.u), BB3P 1-ro 6110Ka HoBoBo­

poHe:>KcKOH A3C, TpaHcnopTHOH 513Y " .llpyrnx. Tio pe3y11bTaTaM 3THX pacYeT0B pa3pa-

6aTbIBanHCb anropHTMbl ynpasneHIDI 51.3Y, HHCTPYKUHH no 3KcnnyaTaU,HH, BH0CHJlHCb 

KOppeKTHpOBKH B KOHCTpYKUHH. 

B 3TH )Ke ro,ub1 s no.upa3,lleneHHH B .Il. CnaccKoBa 6b1110 sHe.llpeHo TaK)Ke Mo.n.enH­

posaHHe TeMneparypHblX noneH B y311ax o6opy.uoBaHHSl 513Y Ha 0CHOBe npHMeHeHH$1 
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MeTO,Ua 3JieKTpoaHaJIOflH{ C noMOll(blO 3JieKTponpOBO,UHOH 6yMarH, H3 KOTOpOH. C03,Ua­

BaJIHCb MO,nemf HCCJie,nyeMblX Y3JIOB. 3-ro no3BOJIHJIO onpe.nemlTb pacnpe,neJieHI-UI TeM­

neparyp B yJJiax 06opy.nosamU1 C 60Jibll10H npOH3BO.UHTeJibHOCTblO H 3THM cyll(eCTBeH­

HO yseJIH1UfTb 3cp<peKTHBHOCTb pacqeTHbJX aHaJIH30B TeMneparypHblX HanpIDKemrn B 

3neMettTax 5I3Y. 

CJie.nyiow,HM 3TanoM p83BHTHSI pacl.£eTHbIX pa6oT no.n pyKoso.ncTBOM B.n. Cnac­

cKoBa 6blJIH opraHH3aUHSI Bbll.£HCJIHTeJibHOro ueHTPa Ha 6aJe UH<ppOBOH Bbll.£HCJIHTenb­

HOH MaWHHbl MHHCK-22 H coorneTCTBYJOW.aSI 60JibW8SI pa6ora no C03.[laHHIO paCl.£eTHbIX 

rrporpaMM no BCeM OCHOBHblM HanpasneHIDIM npoeKTHblX aHaJIH30B: <pHJHKe aKTHBHblX 

JOH H p8.L{Ha_QHOHHOH JaIWITbI, Tennor1-1.npaBJIHKe, HeCTa[{HOHapHbIM pe:>KHMaM, TeMne­

parypHblM nOllilM 11 npol!HOCTH. B nocne.nyioIUHH nepHO.Ll, s 70 - 80-x ro.nax, MOIIlHOCTb 

3BM CHCTeMaTw-iecKH H 3Hal.£HTeJII,HO yaeJIHl.£HBaJiaCb, H Ha 6aJe ee p83BHBaJIOCb MeTO­

)lHl.£eCKOe H rrporpaMMHoe o6ecnel.£eHHe npoeKTOB 5I3Y. Tenepb B OKE "rw.nponpecc" 

,neHCTBYeT orpoMHblH napK cospeMeHHhIX KOMilbJOTepoB (B OCHOBHOM nepCOHaJlbHblX 

3BM) H o6wHpHblH apcettaJI rrporpaMM no BCeM BH.UaM pacl.£eTOB H o6pa6oTKH 1rncpop­

MaIJ,HH. ).];eJIO, Hal.faToe B.n. CnaCCKOBbIM, B KOTOpoe OH Ha npOTSl)f(eHHH .nec.llTHJieTHH 

BJIO)f(HJl orpOMHbIH TPY.Ll, CBOH .11pKHH HHTeJIJieKT H TaJiaHT, npo,nOJI)f(aeTCSI ero yqeHHKa­

MH H nocJie.nyJOIIJ,HMH noKOJieHHSIM1-t paCl.feTl.fHKOB. 

B KOHl..(e 70-x H s 80-x ro.nax B .CT. CnacCKOB npHHHMaJI TaK)f(e aKTHBHOe yqacTHe s 

Me)K):{)'Hapo.nHOM Hayirno-TeXHI,J'!eCKOM COTPYAHH'lfeCTBe. KaK H BO BCeM, r.ne OH yqacT­

BOBaJI, 3Ta pa6oTa OTMel.feHa ero TBOpl.feCKHMH, HOBaTOpCKHMH pe3yJibTaTaMH. TaK, OHH 

rrp051BHJIHCI, B COTPY.LlHH4eCTBe C q>HHCKHMH cneuHaJIHCTaMH no npo6neMe 6e3onaCHO­

cn1, pernaBllleHC51 npH npoeK'rnposaHHH H CTpOHTeJibCTBe A3C "JloBHHJa", Kor.na, no 

CYTH snepBbie, CHCTeMHO 6b1JlH ccpopMyJI11posaHb1 OCHOBHhie KOHUenryaJihHbie nOJIO)f(e­

HIDI H BbmOJIHeHbl cneumpHl.£eCKHe .L{Jljl 3TOH npo6JieMaTHKH paCl.feTHhle H 3KCnepHMeH­

TaJlbHbre HCCJie.nosaHml. B.TI. CnaCCKOBbIM 6hlJI .naH 3HeprJ,JqHI,JH HMnyJihC H B COTPY.n­

Hw-!eCTBe C 4exocnoBaUKHMH HaYt.fHblMH opraHHJa[{HRMH no sonpocaM, T8K)f(e CBRJaH­

HblM C 6e3onaCHOCTblO peaKTopHbIX ycTaHOBOK C BB3P, - p83BHnte pacl.£eTHbIX 

rrporpaMM no HeCTaUHOttapHblM pe)f(HMaM BB3P, nepBbie BeCbMa ycneWHbie HCCJie,n;o­

samrn rH.Ltpo.n1rnaM114eCKHX BOJ.UeHCTBHH Ha 06opy.nosaH11e npH p83phrnax TPY6onposo­

.nos H .npyr11e Ja.Ltal.fH. 

Mttoro 3HeprHH H HHHUHaTHBbl BJIO)f(HJI B.TI. CnaCCKOB B pa6oTbl no npoeKTHposa­

HHJO 1-1 COJ,n;aHmo YHHKaJihHOH HCCJie,nosaTeJibCKOH ycTaHOBKH Ha 6aJe peaKTOpa "Ma­

pHSI" s Tion1,we. 3-ro 6bma nepsa51 B c-rpattax cou1-1aJI11cTw-1ecKoro co.np~ecrna ycTa­

HOBKa C R.nepHblM HarpeBOM TeflJIOBbl.[leJij!JOllJ,HX CTep)f(HeH H TennOHOCHTeJISI .L{Jljl HC­

CJie,nosamrn nepeXO)],HI,IX H asapHHHblX pe:>KHMOB H nose.n,eHHSI B HHX 51.LtepHoro TOflJIHBa 

npHMeHHTeJibHO K peaKTopaM BB3P. Bee no.no6Hble ycTaHOBKH .no 3TOro npoeKTa H 

60JibWHHCTBO nocne Hero CTPOHJIHCb Ha OCHOBe 3JieK-rpoo6orpesaeMblX HMHTaTOpOB 

TB3JIOB, 4TO JHa1UfTeJibHO orpaHHl.£HBaJIO a.neKBaTHOCTb 3KCnepHMeHTOB no OTHOI.IIeHHJO 

K HarypHblM peaKTopHbIM ycTaHOBKaM. B peJyJibTaTe ero orpOMHblX ycHJIHH ycTaHOBKa 

6btJia nocTpOeHa, H y)f(e fOTOBHJIHCb nepBble 3KcnepHMeHTbl, l.£TO rrpe.naemaJio nonyqe­

HHe npHHUHITHaJlbHO HOBOH H Heo6xo,n:HMOH 1rncpopMaUHH. Ho, K CO)KaJieHHIO, nepe­

CTpOHKa B Haweii CTpaHe B 90-e fO,Ubl OCTaHOBHJia see pa60Tbl Ha 3TOH ycTaHOBKe. Ilo­

TOM npH HHHUHanrne H PYKOBO.LlCTBe B.TI. CnacCKOBa 6blJIH Ha4aTbl no.no6Hble pa60Tbl 

npHMeHHTeJibHO K HCCJie)],OBaTeJibCKOMY peaKTOpy MJ.ifP B HM11AP. 

7 



B nocne.uttHe rO.llbt B.TI. CnaccKoB MHoro pa60TIU1 Ha.a npo6neMaMH np11Mettemu1. 

Ha A3C nepcneKTHBHOro KepMeTHOro (KepaMHKO-MeTa.rtJut4eCKOro) j[Jlepttoro TOTIJlHBa , 
npOBO,llj[ HCCne.uosaHHj[ ero CBOHCTB C yYaCTHeM ttay4HblX opraHH3aUHH. 

OH TalOKe pa3pa6aTbIBa.rt npoeKTHble OCHOBbl KOMTiaKTHblX peaKTOpHblX YCTaHOBO(( 

c KHTI.!lll{H.M BO.ll.!IHblM peaKTopoM MaJIOH MOll{HOCTH, opHeHTHpOBaHHbIX Ha c6opKy 6no­

Ka npeHMYmecTBeHHO Ha 3aso.ue. TaKOH 6noK npe.uycMaTpHBa.rtOCb ,LlOCTaBfl.!ITb Ha nno­

llla.llKY B MaJIO.llOC'fYTIHbJe H y.ua.rteHHble paHOHbl MOpCKHM H.nH asHaTpattcnopTOM (rpy-

30BblM sepTOneTOM), B MHHHMa.rtbH.ble cpOKH MOHTHpOBaTb Ha nnOll{a,LlKe H 3anycKaTb B 

pa6ory. OJTOK ,LlOIDKeH OCHall{aTbC.!l CHCTeMaMH .llHCTaHUHOHHOfO ynpasneHH.!l, 4TO ,D.asa­

JIO 6bl B03MO)KHOCTb M06H.nbHblM 6pHra,D.aM 3KcnnyaTaUHOHHOro nepcoHa.rta o6CJ1Y)K.H­

BaTb HeCKOJlbKO TIO,D.06HblX yCTaHOBOK, npOBO,lJ.j[ pernaMeHTHble H npH Heo6XO,LlH.MOCTH 

peMOHTHble pa6oTbl. 

Ero nocne.D.HHe pa3pa6oTKH, npH3HaHHbte s 0Tpacn11, )K.llyT csoero .lla.rtbttei1wero 

npo,aoIDKeHIDI H peamnal(HH B COOTBeTCTBYJOlllH.X ofrbeKTax. 

B.TI. CnaCCKOB, WHpOKO H3BeCTHblH B ttaweH CTpatte H 3a py6e)KOM, MHOrO can OT­

,Lla.rt TalOKe pa3BHTHIO, KOHCOJIH,Llal(Hl,f 11 KOOp.llHHaUHH HayqHblX pa6oT OTpacneBblX HH11 
H KE. Ott MHoro neT pyKoso.uan ceKu11ei1 .llHHaMHKH 5I3Y Haytrno-TeXHHYecKoro coseTa 

MHttaToMa, B03rnasmm H3,D.am1e OTpacnesoro ~pHa.rta " Bonpocbt aTOMHOH ttayKH H 

TeXHH.KH" H caM HanHCa.rt H ony6nHKOBa.rt MHO)f(eCTBO ttay4Hb(X CTaTeH H .llOKna,D.OB. no 

npocb6e Konner no npe.D.TIPH_j[THJO, MHHHcTepcTsa H no nopyYeHH.!IM pyKoBO.llCTBa B.I1. 

CnaCCKOB 3aHHMa.rtC.!l pa3pa6oTKOH peueH3HH, Hay4HO-TeXHH4eCKHX OT3bIB0B, pe,aaKTop­

CKOH pa60TOH.. Ott .!IBJl}!JlC.!l aBTOpOM OKOJTO 30 1no6peTeHHH, ttanpasneHHblX rnaBHblM 

o6pa30M Ha cosepweHCTBOBaHHe cxeMHblX peweHHH H TIOBb!WeHHe 6e3onacHOCTH A3C 

c BB3P. 

B 1967 r. B.TI. CnaccKoB 3all.lHTHn .D.Hcceprnumo Ha TeMY " HeKOTOpb1e sonpocbI 

,LlHHaMHKH npH npoeKTHposamrn .!l,llepHblX 3HepreTH4eCKHX ycTaHOBOK" , H eMy npHC~­

.uetta ytJeHa.!l CTeneHb KaH,D.H,D.aTa TeXHl{l{eCKHX HayK. 3a 6oJTbWOH BKna.ll s ,D.eno pa3BH­

TH.!l aTOMHOH ttayKH H TeXHHKH B .TI. CnaCCKOB Y.llOCTOeH MHOrH.X npaBHTeJibCTBeHHbIX H 

OTpacneBblX ttarpa,a, cpe.D.H KOTOpbIX op.uett Tpy.uosoro Kpacttoro 3ttaMeHH, r ocy,D.apcT­

seHHa.s1 npeMH.R, Me.D.a.rtH "3a .D.06neCTHblH TPY.ll B BenHKOH OTetJeCTBeHHOH BOHHe 1941-

1945 rr." , "3a ,D.o6necTHbIH TPY.ll s 03HaMettoBaHHe 100-JieTH_j[ co JJ.Hj[ pm1<,neHH_j[ BJ{. 

JlettHtta", "BeTepaH Tpy.ua", Me.D.a.rtH H .UHnnoMhI B)::(HX. B .TI. CnaccKoB HMen notJeTHOe 

3BaHHe "3acn~eHHbIH KOHCTpyKTop PocCHHCKOH ct>e,D.epaumt" . 

K CO)Ka.rteHHIO, )KH3HH Ba.rteHTHHa TiaBJIOBHlJa He xsaTHJlO ,D.n.!l BOTIJlOll.leHH.!l HMeB­

lllHXC.!l y Hero TBOplleCKH.X nnaHOB H Ha4HHaHHH. 

Tiocne,D,HHM ero 3HalJHTeJibHblM TPY.llOM .!IBJl.!IJIOCb HaTIHCaHHe (B coasTopcTBe C 

rpynnoi1 se.uymHX cneuHa.rtHCTOB ct>rYTI OK.Ii " fH.D.ponpecc" ) KHHrn " Pac11eTttoe o6oc­

HOBaHHe Ten11orn,apasmr4ecKHX xapaKTepHCTHK peaKTopa H PY BB3P'. - M.: l1KlJ, 
" AKa,aeMKHHra", 2004. KHHra cocTOHT H3 npe.D.HCJTOBH.!l , YeTbipex mas H 3aKnI04eHH.j[, B 

KOTOpblX paCCMOTpeHbl: 

- MeTO,lJ.HlJeCKOe H nporpaMMHOe o6ecne4eHHe pactJeTHblX o6oCHOBaHHH PY C 

BB3P; 

- CTaUHOHapHble pe)KHMbl pa60Tbl PY, B TOM 4HCne sonpoCbl pactJeTHOro H 3KCne­

pHMeHTa.rtbHOro o6ocHOBaHH.!l, KOHTpOJI.!l H ynpasneHH.!l s HOpMa.rtbHblX pe)KHMaX, oco-

6eHHOCTH npose,aeHH.R nycKOHa.rta.uo4HbIX pa6oT tta pa3nH4HhIX 6noKax PY c BB3P-440 

H BB3P- I 000; 
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- Teru10rn.npaBJ1HYeCKHH attanH3 ttecrnu,HoHapHhIX pe)KJ,fMOB pa60ThI PY c BB3P, 

5}(.)UOYaJI KaTeropm1 pe)KHMOB, npHeMOYHhle KpHTepHH, aHaJ1H3bl B u,em1x nO,UTBep)K)le­

HHSl npHeMOYHblX KpHTepHeB no aKTHBHOH 3OHe H o60CHOBaHH.SI npOYHOCTH o6opy.uosa­

mrn H .up.; 

- pacYeTbl rn.upo.u,rnaMH4eCKHX B03JJ,eHCTBHH Ha o6opy.uosattHe H KOHCTPYKUHH B 

asapmlX C pa3pbIBaMH Tpy6onpoBOJJ.OB, B TOM YHCJle 06ma.S1 nocTaHOBKa 3a)].aY H HX 

K]laCCHCpHKaU,HSI, OCHOBHbJe MeTO)].H'-leCKHe ITOJlO)KeHHSI, Bonpocbr pacYeTa Harpy3OK OT 

CTP)'H TenJ1OHOCHTem1, JleT.srll{HX npe.LJ.MeTOB, OT BOJlHOBblX jlBJleHHH. 

3TOT nocne)].HHH BKJlaJJ, BaneHTHHa IIaBJlOBH'-Ja CnaCCKOBa s aTOMH)'lO HayKy H 

TeXHHKY, HeCOMHeHHO, 6y.neT none3eH cnel.(J,faJlliCTaM, 3aHl1MalOIUHMC.sr npoeKTHpOBaHH­

eM H pact.JeTHblM o6oCHOBaHHeM PY C BB3P, a TaK)Ke cry.nettTaM Bb!ClllHX yqe6HbIX 3a­

se.neHHH COOTBeTCTBYJOl.lll-lX cneL.J,HaJlbHOCTeH, H ITOMO)KeT HM npOJJ.OIDKHTh H pa3BHTb 

,uena, ttal.faTbie B .Il CnaccKOBbIM*. 

CBem.rlllR ntutHmb o BMe11mu11e lla6Jl0Bu11e u 6nazooap11ocmb e.MY naBcezoa oc­

manymca 6 cepou.ax ezo Konnez, y11enuK06 u nocneOoBame.neii. 

Om KOJlfleKmuea compyoHuKoe <!JI'Yfl OKE 'Tuoponpecc" oupeKmop-2eHepanbHbzu 

KOHCmpyKmop JO.I' l(pa2yH06, 2Jl06HblU cnel,{uanucm I'A. BO!lK06, HG'lQJlbHUK omoe/la 

E.H. JleeuH, nepebzu 30Mecmume!lb 2llG6H020 KOHcmpyKmopa - HGl/a.JlbHUK omoeJ1emm 

PY BB3P A.K. floOULU6RKUH, HQl/aJlbllUK omoe/la HC. <!JWlb 

Pe0Koflfle2UR 11ay11Ho-mexww-1ecK020 c6op11uKa "BAHT CepUR: <!JU3uKa RoepHblX 

peaKmopoe. BbmycK: /(w-1GJWuKa u 6e3onacHocmb .fl3Y" 

CeKl,fUR M 3 ''/(ww.,wuKa, menR02uopaeI1uKa u 6e3onacHocmb peaKmopoe u A3C" 

HTC NP 1 <!JeoepanbHOZO azeHmcmea no amoMHoii 3Hep2uu 

*TTpHMe1.Jam-1e pe,naKUHH c6opHHKa. 

C UCJlblO 03HaKOMJICHHll WHpOKOH Hay'IHO-TCXHH'-!CCKOH o6wecreeHHOCTH C KHHrOH, KOTOpaJI H3.llaHa 

He60JlbWHM THpIDKOM B I 000 3K3., .nanee B '.}TOM BblllYCKC c6opHHKa ny6m1Ky10TCll npe.nHCJIOBHe H rnaea I 
KHHrH (c HeJHa'-!HTeJlbHblMH COKpaweHHllMH). 
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IB.n. CnaccKoBl IO.I'. J(pazyHoa, CE. Pbt:JICOB u op. 

PacqeTnoeo6ocnoBanueTennoru~paBnuqecKHXXapa1crepucTu~ 
peaicropa u PY BB3P (sb1.LJ.ep)l(Ka 113 KHHrn) 

Ilpe~ucnosue 

Pac4eTHO-TeOpeTHt-leCKHe pa60Tbl, BblnOJIH51eMble npH KOHcrpyHpoBaHKH peaKTop­

Hl>IX ycTaH0BOK (PY) BB3P, BKJII04aJOT 6onbWOH o6beM pa6oT. Cpe.LJ.H HHX TaKHe, KaK: 

- Bb16op H o6ocHoBaHHe 3Hepren14ecKoro npouecca; 

- KOHCTPYKTHBHhle pacl.feTbl B o60CHOBaHHe Bb16opa KOHCTPYKUHH, OilTHMH3al..{'1J{ 

KOHCTPYKUHH H KOMnOHOBKH; 

- Bb!6op H o60CHOBaHHe KOHCTPYKUHH cneuHq>H4eCKHX Y3JlOB; 

- pacl.feTHoe 06ocHosam1e TeXHonornlfeCKHX npoueccos H3roTosneHIDI o6opy.LJ.osa-

HH.si; 

- pa3pa60TKa TeXHH4eCKHX 3a.LJ.aHHH Ha 3KCnepHMeHTbl, Ha C03.LJ.aHHe 6a30BOH H 

3KcnepHMeHTaJibHOH 4aCTeH CTeH.LJ.OB, cxeM. O6oCHOBaHHe 3KCnepHMeHTaJibHblX pe>KH­

MOB, nepeHOCa pe3yJibTaTOB 3KCnepHMeHTOB Ha HarypHble ycTaHOBKH; 

- pa3pa6oTKa npoueccos ynpasneHHH PY, onTHMH3aUIDI pe)KJ,IMOB; 

- paC4eTHO-TeopeTH4eCKOe o6ecne4eHHe nycKO-HaJia.LJ.04HblX H peMOHTHblX pa6oT; 

- o6ocHoBaHHe pa60Tocnoco6HocTH PY; 
- npose.D.eHHe nosepo4HbIX pac4eros; 

- Bb16op H aHaJIH3 pe)KHMOB H cpaKTopos, onpe.LJ.eJI.51101..IJ.HX 6e3onacHOCTb A3C, co-

CTaBJieHHe OT4eTa no 6e3onacttocTH. 

HacT0$11..IJ.a51 KHHra BKJll04aeT pact.JeTHbie pa60Tbl no o60CHOBaHHIO TenJIOrH.LJ.paBJIH-

4ecKHX xapaKTepHCTHK, BXO.LJ.51IUHe B o60CHOBaHHe npoeKTa H B OT4eTbl no 6e3onactto­

CTH PY BB3P. ,[J;pyrne pa60Tbl, KOTOpbre Bbln0JIH51IOTC51 npH KOHCTpyHpOBaHHH, He pac­

CMarpHBaJOTC51. 3To noMO)KeT 'UITaTeJIIO l.feTKO npe.LJ.CTaBHTb o6beM, H0MeHKJiarypy, 

Tpe6osaHIUI K paC4eTHO-TeopeTH'-!eCKHM pa60TaM .LJ.Jl51 COCTaBJieHH51 OTt.feTa no 6e3onac­

HOCTH. 

Bbl4HCJIHTem,Ha.si pa6ora no pa3pa6oTaHHblM MeTO.LJ.HKaM H aTTeCTOBaHHblM npo­

rpaMMaM 51BJ1.51eTC$1 .LJ.eTepMHHHCTCKHM npoueccoM, Tpe6ylOll.lHM TeXHH4eCKOH .LJ.HCUHn­

JlHHb( H HCnOJIHHTeJlbCKOH .uo6pocoseCTHOCTH. MO)KeT B03HHKHYTb OWH604HOe npeJJ.­

CTaBJleHHe O HeCJIO)KHOM MexaHH4eCKOM npouecce pa3pa60TKH OT4eTa C HCilOJlb30BaHH­

eM fOT0BblX pacl.feTHblX MeTOJ:{HK H Bbl'-IHCJIHTeJlbHb(X nporpaMM. 

O.uttaKO HMeeTC51 .LJ.pyra.si CTOpoHa pa3pa6oTKH OT4eTa no 6e3onaCHOCTH: aHaJIH3 

KOHCTPYKUHH, pe:>KHMOB pa60Tbl, npoueccos B y3nax H B ueJIOM B ycTaHOBKe, aHaJIH3 

o6nacTeH npHMeHHMOCTH MeTO.UHK " nporpaMM K .LJ.aHHblM KOHKpeTHblM ycTaHOBKaM H 

ycnOBH51M, Bb16op HOMeHKJiarypbl pac'-leTHblX cnyl.faes, onpe.ueJI5IIOI..IJ.HX 6e3onaCHOCTb. 

Pa3pa60TKa nepe4H.51 paC4eTHblX cny4aes, )'t.feT peanH30BaBWHXC51 asapHHHb(X CH­

ryaUHH H sepo.siTHblX TeopeTH4eCKH 518Jl5IIOTC51 B~Hei:iweH H nepB004epe.UHOH 3a.lJ.al.feH 

npH pa3pa6oTKe 0T'-leTa no 6e3onaCHOCTH H HHCTPYKUHH no ynpasneHHIO asapH.51MH. 

IIpo6neMa 6e3onaCHOCTH nOCT051HHO pa3BHBaeTC51, H cosepweHCTBYIOTC51 MeTO.lJ.bl H 

cpe.LJ.CTBa ee peweHIDI. 

CneuHaJIHCTbI, KOTOpbte 6y.uyr HCnOJlb30BaTb HaCT051ll.lYIO KHHry, .LJ.OJl)KHbt TB0p4e­

CKH npHMeH51Tb npe.ucTaBJieHHblH MaTepHan C o6si3aTeJlbHblM aHaJIH30M KOHCTPYKUHH H 

ycJIOBHH pa6oTbl ycTaH0BKH, C Tl..lJ.aTeJlbHblM 060CHOBam1eM .LJ.OCTaTO'-IHOCTH Bbt6paHHblX 

pacl.feTHblX CJIY'-laes .llJ151 .LJ.OKa3aTeJlbCTBa 6e3onaCHOCTH. 
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rJlaBa 1 
MeTO.llH'leCKOe n nporpaMMnoe o6ecoeqenne pacqeTHblX o6oceoeauuii 

opoeKTOB peaKTopu1>1x ycTauoeoK BB3P 

Hal.f8J10 60-x rQ)].08 npournoro BeKa, KOr)].a rnaBHbIMH HHCTpyMeHTaMH KOHCTPYKTO­

pa-paci-,eT1.£HKa 6btJIH JIOrapmflMH4eCKaH JIHHeHKa H apHq>MOMeTp, a B cpe)].CTBax Macco­

BOH HHQ)OpMaUHH o6cy)K)].aJICH BOnpoc O TOM, CMO)KeT JIH Bb[l{HCJIHTeJibH~ MallrnHa 

COCTH3aTbC.sJ C 4eJIOBeKOM B HHTeJIJieKTe, COBilaJlO B OKE " f H,Aponpecc" C nepHO)].OM 

HOBOfO :nana pa3BHTHj{ npoeKTHblX pa6oT B o6JiaCTH C03)].aHHj{ j{.nepHbIX 3Heprerw-te­

CKHX ycrnHOBOK (5l3Y). B 1964 r. s r. HososopoHe)Ke 601JI 3anymeH s 3Kcnnyarnumo 

nepBbIH npoMbIWJieHHbIH 3Hepro6JioK A3C c peaKTopoM THna BB3P 3JieKTpi:,rqecKoH 

MOW.HOCTbIO 210 MBT (B-1 ). IlpoeKT PY 3Toro 6noKa 6bIJI BbinOJTHeH OKE "fH.npo­

npecc" . MttorHe OCHOBHbie npoeKTHO-KOHCTPYKTOpCKHe peweHID! 3TOro npoeKTa, npo­

BepettHbie 3aTeM Ha npaKTHKe, ycnewHO 6b1m1 HCilOJib30BaHbl B CJie,[{yiolll.HX npoeKTax 

PY. 3-ro 6bIJTH npoeKTbI nocTpoeHttblX PY: B-2 MO~HOCTbIO 70 MBT B r. Pai1Hc6epre 

(fepMamu:1), B-3M Ha 365 MBT Ha HososopoHe)KCKOH A3C (HBA3C), 3aTeM ce­

pHHHbte ycTattOBKH B-440 (HBA3C, a no3Jmee .D,JI.sr 3apy6e)KttbIX A3C). IlapaJIJieJibHO 

pa3pa6aTblB8JlHCb H peaJIH30BblB8JlHCb B 60 - 70 rr. npoeKTbl PY C KHllilW.HM peKTOpOM 

(BK-50), c HaTpHeBbtMH peaKTopaM11. Ha 6btCTpblX HeHTJ)OHax nma EH (EOP-60 B r. 

,[{HMHTposrpa.D,e, EH-350 B r. MaHrbIWJiaKe, EH-600 Ha £enoHpCKO.H A3C). B OKE 

" f H.D.ponpecc" pa3pa6orntthI MHorwe npoeKThI PY BB3P-l 000 MOLUHOCTbJO 1000 MBT 

3JieKTpH4eCKHX, KOTOpbte IlOHblHe pa60TaJOT B Pocc1-rn, CTJ)aHax CHr H )].aJlbHero 3apy-

6e)KbSI. 3Heprwrno BeJIHCb TaK)Ke pa60Tbl no o6opOHHblM 3aKa3aM. 

BMeCTe C HOBbIMH 3a,na4aMH H.D,epHO.H 3HepreTHKH B 60-e fO.D,bl pocno OC03HamIe 

Toro, 4TO C B03paCTaJOLUHMH -rpe6oBaHH51MH K TeXHOJTori:,rqecKHM napaMe-rpaM H 3KOHO­

MH4HOCTH PY, HX tta.LJ.e)KHOCTH H 6e30ITaCHOCTH Heo6XO)].HMhl coseprneHCTBOBaHHe H 

yrny6neHHe 3HaHHH npoueccos pa6oTbJ yttHK8JlbHOro o6opy.nosamrn PY 11, KaK cne.D,cT­

BHe, nOBbtWem-1e Tpe6osaHHH K Ka'-!eCTBY, nOJIHOTe H TOqHOCTH pacqeTHblX o6ocHOBa­

mrn npoeKTOB. 3To, B CBOJO 04epe.LJ.b, onpe.LJ.emmo Heo6XO)].HMOCTb pa3BHTHj{ H HCTIOJib-

30BaHHj{ .LJ.JIH HHX npHHI.(HilH8JlbHO HOBbIX MeTO.D,08 H cpe,ACTB pacqeTHOro att8J1H3a. 

TiepBblM OilblTOM B npHMetteHHH '.)THX MeTO.D,OB H cpe.D,CTB CTaJIO npaKTit-iteCKOe HC­

IlOJib30BaHJ-ie MeTO,[{a 3JieKTpoatt8J10fHH .UJIH MO.D,enwposaHHH Ha 3JieKTpOTipOBO.LJ.HOH 6y­

Mare CTaUHOHapHblX TeMnepazypHblX noneH B Ce4eHIDIX Y3JIOB o6opy.uosaHHH PY, qTO 

Il03BOJTJ1JIO pewaTh MHOfOl{HCJieHHble TeMnepazypHbte 3a.LJ.a4H C HeBH.D,aHHOH .no Toro 

npOH3BO.D,HTeJibHOCTblO. Pa60Tbl 3aTeM npO)lOJIJK8JlHCb C HCil0Jlb30BaHHeM cneUH8JlbHO­

ro " 3neKTpo-rw.D,pOHHTerpaTopa" 3f ,[{A. B 1962 - 1964 rr. s OKE " fH.n.ponpecc" snep­

Bb1e 6blJ1H nocTaBJieHbl peweHID! HeCTau110ttapttblX 3a,na4 Ha OCHOBe aH8J10f08blX BbI­

lfHCJIHTeJibHbIX MaWHH (ABM), .UJI51 Y-ero 6hIJTH np1106peTettb1 ABM nma MH-7, 11TIT-5, 

a 3aTeM 3MY-10, KOTOpbie 6bIJTH 3aTeM c6JIOKHposattbl B e.n.HH)'IO MOW.ttyio CHCTeMY. Ha 

ABM 6bIJTH BbinOJIHeHbl pacl.feTbl )lJIH npoeKTOB PY 8-1 , ycTaHOBOK C KHil51W.HM peaKTO­

pOM BK-50 H peaKTOpoM £OP-60, a TaK)Ke .IlJIH npoTonma TpaHcnopTHOH 3Heprenr11e­

CKOH ycrnttOBKH 27-BT-5 11 Kopa6eJibHOH 5l3Y EM-40A. Ocsoem1e 3THX MeTO.IlOB 11 

cpe,ACTB )l8J10 B03MO)l(HOCTh BbinOJIIDITb npHHUHilHaJibHO HOBble pac4eTbl HeCTaUHOHap-
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HbIX npou,eccos s PY, Hay4HO cpopM)'mtposaTb Tpe6osattm1 K HX CHCTeMaM ynpasneHH.11 

H 3THM nO)J.HHb pac4eTHble aHMH3bl Ha Ka4eCTBeHHO HHOH ypoBeHb. OrrncaHHH npo­

ueccos )J.JlH ABM npOCTblMH, <pH3H4eCKH JlerKo npe.n.cTaBHMblMH CHCTeMaMH ypaBHeHHij 

JIBHJlHCb xopowei:i OCHOBOH C03)].aHHjl 3aTeM pac4eTHblX MeTO)J.HK H nporpaMM M.11 

31.J;BM. 3my:macTaMH s 3THX pa6oTax 6bmH B.Il. CnaccKoB, f .A. BonKos A.K. Cep­

JU-OK, a TalOKe HeCKOJlbKO nO3)].Hee fl.11. MacJleHHHKOBa, fl.A. f OH4aposa, fl .,[(. Tat.J.KQ­

sa, B.Il. fop.11qes. 

IlapaJIJieJlbHO no.n. PYKOB0.UCTBOM Ha4aJ1bHHKa <pH3Ht.JeCKoro no.upaJ.n.e11eHH51 

E.B. KynaKoBa Ha 6aJe 11Hcnrryra aTOMHOH :mepnu1 HM. 11.B. Kyp11aT0Ba 6b1J1H Pa3-

septtyrbl pa60Tbl no ocsoemuo pac4eTHbJX nporpaMM H nocTaHOBKe s OK£ " f11n,po­

npecc" paC4eTOB q>H3HKH peaKTopos H pa.n.HaU,HOHHOH 3alUHTbl. 

BIDKH)'IO noJUJ.ep)l(KY B pa6oTe OKa3bJBM Tor.ua 6bJBlllHH 3aMeCTHTenb rnasttoro 

KOHCTpyKTopa no paC4eTHblM pa6oTaM r.A. Ta'-IKOB. 

B 1966 ro.uy 6b1Jla np1-106peTeHa 3JleKTpOHHaH UH<ppOBaJI Bbl4HCJIHTeJ1bHa51 MaWHHa 

(31.J;BM) "MHHCK-22M", 4TO .IIBHJ10Cb c11e.n.y101UHM H npHHU,HUHaJlbHO Ba)l(Hb(M C06bITH­

eM B pa3BHTKH pac4eTHblX pa6oT. MawHHa 0THOCHJlaCb K 3BM BTOporo noK0JleHJ.rn, T.e. 

6b1Jla C03)].aHa Ha -rpaH3HCTOpHOH 6a3e. Xorn 0Ha He OTJ1H4anacb BblCOKHMH Bbl4HCJ1H­

TeJibHbTMH napaMe-rpaMH, HO, TeM He MeHee, npe.n.ocTaBHJla BO3MO)1(HQCTb )].JI.II MaTeMa­

TH4eCKOro MO.Ue11HposaHH.II WHpOKOro cneKTpa <pH3H4eCKHX npoueccos B PY, CO3)].aTb 

asTOManf3HpoBaHttylO TeXH0JlOflliO pac4eTHblX o60CHOBaHHH npoeKTOB PY H ynpasne­

HHjl npoueccaMH npoeKTHposaHH$1, CHCTeMHO H Ha .uonrospeMeHHOH OCHOBe nO)J.X0)J.HTb 

K pa3pa6oTKe H HCnOJ1b30BaHHIO paC4eTHblX nporpaMM, HCnOJ1b30BaTb nporpaMMbl, pa3-

pa6oTaHHble Ha .n.pyrKX npe.unpH.IITH.IIX. 38M o6na.uana BblCOKOH Ha)le)l(HOCTblO, 4TO 

n03BOJlHJ10 3<p<peKTHBHO 3KCnnyaTHposaTb ee .uo 1982 ro.ua BKJllO'-IHTeJlbHO. Ha 6a3e 

3BM "MHHCK-22M" Ha npe.n.npHjlTHH 6bJJ1 C03)].aH 8bI4HCJIHTeJ1bHblH ueHTp, o6be.l),H­

HHBWHH pa6ory cneu,HMHCTOB pa311H4H0ro npoq>HJ1$1: H.H)l(eHepos-pac4eT4HKOB, npo­

rpaMMH.CTOB, :meK-rp0HlUHKOB. 

B KOHU,e 60-x H B 70-x ro.uax no.n. PYKOBO.llCTBOM H Henocpe.ucrneHHOM yqaCTHH 3a­

MeCTHTeJljl rnasttoro KOHCTPYKT0pa E.B. KynHKOBa H CMeHHBlliero ero Ha 3TOM nocry 

B .Il. CnaccKosa, Ha4anbHHKa BU: f.A. BonKOBa H pyKOBO.llHTenei:i .upyrnx cneu11anH3H­

posamn,1x pac4eTHbIX oT.uenos M .A . flyKb$1HOBa, B .I1. HaneTosa, A.K. Ilo.uwH6$1KHHa 

B.K. TKat.JeHKO H A.B. Pe3enosoi1 npH y 1-1acnrn Ha116011ee KBMH<pHUHposaHHbIX cne­

U.HaJ1HCTos-pac4eT4HKOB Ha CHCTeMHOH OCHOBe 6bIJla npose.uetta BbT)J.al01Ua$1C.II no npo­

rpecCHBHOCTH H lllHpOTe OXBaTa npo6neM pa6oTa no C03)].aHH.IO H BHe.n.peHHIO paCt.J.eT­

HblX MeT0.UHK H nporpaMM no OCHOBHblM TeMaTH.4eCKHM HanpasneHH.IIM pac4eTHblX 

o6ocHOBaHHH npoeKT0B: q>H3H.Ke, Tennorn.upaBJlH.Ke, HeCTaUHOHapHblM npou,eccaM, TeM­

neparypHblM nOJl.llM, np04H0CTH H .n.pyrnM. OblJlH pa3pa6oTaHbl e)J.H.Hble Tpe6osaHH$1 K 

nporpaMMaM H nporpaMMHOH .uoKyMeHTaUHH (3a.uonro .uo no.11sneHH.11 fOCTa ECil,[( -

e.n.HHOH CHCTeMbl nporpaMMHOH .UOKyMeHTaU,H.H) a 3aTeM H COOTBeTCTBYIOlUHH CTaH.n.apT 

npe.unpH.51THR, oprattH30BaHbl apxHB H KaTa.JTor nporpaMM H nporpaMMHOH ,noKyMeHTa­

UHH .n.n.11 3BM " MuHcK-22M". TaKHM o6pa3oM, s KopoTKoe speM$1 6b111a c03.uatta 06-

wHpttaR 6H6JlHOTeKa nporpaMM npe.n.np1-u1TH.11 (oilTT), BKJ1104aswaR 6011ee 120 npo­

rpaMMHblX cpe.n.cTB, K0T0paR C Tex nop He0,llH0KpaTH0 pacwHp.1111acb 11 Mo.n.epHH3Hposa-
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nach (s TOM 1.rncne Ha 6a.Je .llpyrnx 3BM) snnoTb .ll0 cospeMeHHoro ee cocT0SlIDUI. Ha 

6a.Je 6fITI 6b1J1a n0JIH0CTblO nepecTp0eHa TeXH0Jl0rHSl paC4eTHblX o6ocHOBaHHH npoeK­

T0B PY, a caMH npoeKTbl n0)].HJITbl Ha Ka4eCTBeHH0 6011ee BblCOKHH, cospeMeHHblH ypo­

seHb. r1pH 3T0M nporpaMMH0e o6ecne4eHHe CTaJI0 )].0crynHbIM MH0fHM HHJKeHepaM, He 

SlBJISllOl.l.J,HMCSl aBT0paMH nporpaMM. 

8 )].aJlbHeffilleM C03.llaHHaJI aBT0MaTH.3Hp0BaHH8Sl CHCTeMa pac4eTHblX o6ocHOBaHHH 

npoeKT0B PY pa.3BHBartaCb H M0)].epHH3Hp0Banacb C Y4eT0M n0BbIWeHJ.rn Tpe6oBaHHH K 

npoeKTaM. 

B 1973 roey npe.llnpHSlTHeM 6bIJ1a np1-106peTeHa HaH6onee M0LUHaJI B TO speMSl 0Te-

4eCTBeHHaJI 3BM " 63CM-6", npeB0CX0.llH.BWaJI " MHHCK-22M" no 0CH0BHblM Bbl4HCJIH­

TeJibHblM napaMeTpaM s .lleCSlTKH 1-1 C0THH pa.3. PeartbHOe 6bICTpo,neHCTBHe " E3CM-6" 

C0CTaBmJl0 OT 600 TblCSl'-1 )].0 MHJIJlH0Ha onepau,HWc, o6'beM onepaTHBHOH naMJlnl H3Ha-

4aJlbH0 C0CTaBJ1SlJ1 400 K6aHT H 4epe3 HeCK0JlbK0 JieT 6blJ1 Y.llB0eH. MawHHa o6Jia.llana 

YHHKaJlbHOH no TeM BpeMeHaM rH6KOH apXHTeKrypoH, 4T0 003B0J1SlJI0 n0)].KJIJ04aTb K 

HeH pa.3I1H4Hble BHemm-1e ycTpOHCTBa, TeM caMhlM ysemf4HBaSl ee Bbl'-IHCJIHTeJlbHble 

B03M0)KHQCTH. Ilo Ka4eCTBY apx.HTeKrypHblX peweHHH " 63CM-6" B TO BpeMSl npesoc­

X0,llHJia MH0rHe 3ana.l),Hble M0lllHble 3BM. Mawi-rna 6bJJia octtameHa BHeUIHeH naMJITblO 

60JibWOrO 06'beMa Ha MafHHTHblX JieHTax H 6hfCTpo.u.ei:icTBYJOllleH BHewHeH naMSlTblO Ha 

MarHHTHbIX 6apa6attax. O4eHb Ba)KHhlM o6CTOSlTeJ1bCTBOM SlBJlSlJIOCh HaJIH'-IHe Ha 

" E3CM-6" cospeMeHHbIX TpattcmTopos c Sl3bIK0B nporpaMMHposaHHJI <l>OPTPAH, 

AnrOJI H .llpyrHX MaWHHHbIX Sl3bIK0B, 4T0 n03B0JIHJ10 yttHCpHu,HpoBaTb H YCK0pHTb pa.3-

pa60TKY nporpaMM npH 0.llH0BpeMeHH0M n0Bbll.Ilemrn HX Ka4eCTBa. B 3T0 )Ke speMSl 6hl­

JI0 3aK0H4eH0 CTpoHTeJibCTB0 H0Boro 3.llaHJ,ljj Bhl'lliCJIHTeJibH0ro ueHTpa, B K0T0p0M 6hI­

JIH pa.3Memetthl 3BM " E3CM-6" H "MHHCK-22M". 

KpoMe Toro, K tta4any 70-x ro.uos 6bIJ1H npoH3Be)].eHbl CTPYKTYPHb1e H3MetteHHSl B 

cneU,HaJIH3HposaHHblX paC"lleTHblX 0T.llenax, CBSl3aHHble C nepeB0,D,0M B 3TH 0T)].eJII,I npo­

rpaMMHCT0B, H. opraIDt3aLJ,J,!jj pa.3pa60TKH paC4eTHblX MeT0)].HK H nporpaMM, 0TBe'-laJO­

lllH.X npoqmJIIO C00TBeTCTBYJOlllH.X cneU,HaJIH3HposaHHblX 0T)].eJl0B. 

HaKonneHHbfH onbIT pa.3pa60TKH H npaKTH"lleCK0ro HCn0Jib30BaHHJI pac4eTHblX npo­

rpaMM, a TaK)Ke Bb1Wenepe4HCJieHHble o6CTOSlTeJibCTBa o6ycJIOBHJIH )].aJlbHeHWYIO pa.3-

pa60TKY nporpaMMH0-MeT0)].H4eCK0ro o6ecne4eHHSl paC'-leT0B Ha 6a3e .ll0CTHrttyroro, HO 

Ha HOBOM CHCTeMHOM ypoBHe a HMeHHO, B SH.Ile aBTOMaTH3HpOBaHHOH CHCTeMbl pac4eT­

H0-TeopeTH4eCKHX o6ocHOBaHHH npoeKT0B 5I3Y. Pa3pa6oTKa nepBOH 04epe,nH 3TOH 

cHcTeMbI no)]. Ha.JBaHHeM CAITP-P-1 (npoeKT " Kopann" ) 6bma tta4aTa s 1979 fO.llY " 

3asepweHa B 1984 ro,ny C.lla4eH rocy.llapcTBeHHOH K0MHCCHH. B CATIP-P-1 6blJIH K0M­

nneKctto ccpopMynHposaHbl H peartH30BaHbl Tpe6osaHHSl K cpyHKU,HOHaJlbHblM H o6ecne-

4HBalOlllHM nO,D,CHCTeMaM. 

B C0CTaB pa.3pa6oTaHHblX cpyHKU,HOHaJlbHblX n0,D,CHCTeM CATIP-P-1 B0Wmt: 

- 00)].CHCTeMa ' <l>H3HKa", o6ecne4HBalOlllaSl .ll,Ba HanpasneHHSl pact.feTH0f0 o6ocHO­

BaHHSl a HMeHH0, pac4eTbl HeHTpOHHO-q>H3H4eCKJ1X xapaKTepHCTHK aKTHBHOH 30Hbl 

(Bhl6op reoMeTpHH TB3Jla H KacceTbl, xapaKTepHCTHK 3arpy3KH, o6orameHHSl, K0JIH4eCT­

Ba opraH0B perymtposaHHSl H HX 3cpq>eKTHBHOCTH) H paC4eTbl pa,nHaU,H0HH0H H 6HOJIO­

fH4eCKOH 3alllHThJ (Bb16op MaTepHaJI0B .!lJlSl pa)].HaUHOHHOH 3alUHTbl, o6ocHOB8HHe Bbl-
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6paHHblX re0MeTpH4.eCKHX, ra6apHTHblX, seC0BblX xapaKTepHCTHK 3amHTbl, np0rHQ3),f_ 

p0BaHHe PaJI.HaU.HOHHOH o6CTaHOBKH s MeCTax peM0HTa H 0CM0TPa o6opy.noBaHHJI 

H JJ.p.); 

- nollCHCTeMa "TennorHllpasmtKa", 06ecnelfHsa10mru1 TennorH.upaBJIHYeCKHe pac-

4.eTbl peaKTopa H nepsoro K0Hrypa B pe)KHMax H0MHHaJibHblX, C 0TKJI0HeHHeM napaMe-r­

p0B OT H0MHHaJibHblX (c pa60TOH Ha YaCTH neTeJib) H asapHHHblX, pacYeTbl .llHHaMHtie­

CKHX xapaKTepHCTHK npHB0.ll0B CY3 H KacceT B HOpMaJibHblX 3KcnnyaTal.(HOHHblX H asa­

pHH.HblX pe)KHMax, pacYeTbl TeMneparyp, fa30BbllleJieHH.H H .uasneHIDI B TB3Jiax B 

TeYemte KaMnaHHH, pac4.eTbl (KOHCTPYKTOpCKHe H nosepoYHble) naporeHepaTopos B 

HOMHHaJibHblX I{ YaCTHlJHblX pe)KHMax H .upyrHe; 

- IT0.llCHCTeMa "HecTaU.HOHapHble pe:>KH.Mbl"' 06ecneYHBa10mru1 BbITI0JIHeHHe IC0M­

nJieKca pacYeTOB .llJI.sl Bblpa60TKH TPe6osaHHH K o6opy.uosaHH.IO, CHCTeMaM aBT0MaTH.KH 

H 3amHThI, o6ocHOBaHH.sl HaJl,e)KHOCTH H 6e3onacHOCTH, a TalOKe Bbl.Uaqy HCXO.llHblX .naH­

HbIX llJl.sl paCYeTOB TeMneparypHblX noJieH H np0YH0CTH. B nOJJ.CHCTeM}' BKJIK)YeH Ta}Ol(e 

nporpaMMHblH KOMruleKC no pact.IeTaM TeMneparypHblX noneH B y3nax K0HCTJ>YKU.HH M.11 

pacYeTOB HX np0t.JHOCTH; 

- TT0llCHCTeMa "I1p04.HOCTb", npellHa3HaYeHHcUI .llJl.sl 060CHOBaHID1 CTaTH4.eCK0H, 

U.HKJIHt.JeCKOH H ceiicMHYecKoH rrpoYH0CTH Y3JI0B o6opyllOBaHH.sl PY BB3P s cooTBeTCT­

BHH C HOpMaMH npOt.JHOCTH, BKJUOYcUI o6oCHOBaHHe 6e3onacHOCTH, a Tal()Ke OITTHMH3a­

U,HIO Y3JIOB KOHCTJ>YKU.HH PY; 

- TT0llCHCTeMa ",[(HHaMHKa", Ha3HaYeHHeM KOTOpOH .s!BJI.s!eTC.sl onpe.ueneHHe fH.llpo­

.llHHaMW-leCKHX ycHJIHH Ha 3JieMeHTbl KOHCTJ>YKll.HH PY npH pa3pbrse rJiaBHOfO U.HpKy­

JUIU,HOHH0fO Tpy6onpOBOlla .llJl,11 npose.ueHIDI C0OTBeTcTBy10mHX pacYeT0B npOYHOCTH B 

o60CHOBaHHe 6e3onaCHOCTH PY B asapHHHblX ycn0BH.slX. 

O6mHMH .llJlj[ scex TTOJlCHCTeM 3aJl,aYaMH .s!BJUIJlHCb aBTOMaTH3aU,H,II TTOllfOTOBKH HC­

XOllHblX .uaHHblX, CO3JlaHHe CTaH.llapTHblX uenoYeK KOMnneKCHblX paCl.feTOB H ynpaB­

Jl.s!IOJ.nHX nporpaMM .llJl.sl HX peanH3aU,HH, aBTOMaTH3aU,H..si o6pa60TKH pe3yJibTaT0B pact.Ie­

TOB H BbITIYCKa TeXHHt.JeCKOH llOKyMeHTaUHH. 

KpoMe Toro, B CAITP-P-1 6bIJ1H anepsbIe KOMnneKcHo ccpopMynHposaHbl Tpe6oaa­

HIDI K o6ecnetJHBalOlllHM TT0.UCHCTeMaM, a HMeHHO, K MeTO.llHYeCKOMY, JlHHrBHCTHYeCKO­

MY, HHcpopMaU,HOHHOM}', nporpaMMHOMY, TeXHHYeCKOMY H opraHH3al.(.HOHHOMY BHJJ.aM 

o6ecneYeHH..si. 

Pa3pa6oTKa CAITP-P-1 .sisHJ1ac1, HaJle)f(HbIM cpyH.UaMeHTOM .llJl.s! noc11e)l,y10mero pa3-

BHTH.sl " cosepmeHCTBOBaHH.s! CHCTeMbl pacYeTHO-TeOpeTHYeCKHX o6oCHOBaHHH PY 

BB3P s OK£ "fHllponpecc". 

Pa3pa6oTKa 3TOH CHCTeMbl ocymecTBJieHa MHOfHMH BellYlllHMH cneU,HaJIHCTaMH 

pacYeTHhIX oT.nenos no.u pyKoso.ncrnoM H npH }'1-lacnrn B.IT. CnaccKosa, f .A. B011Kosa, 

M.A. flyKh.sittosa, BJ1. HaneTosa, A.K. I10llWH6.siKHHa, A.B. Pe3enosoi-t, A.H. Msattosa. 

B 80-e ro.nht Ha octtose onhtTa 3Kcnnyarnu,HH CAITP-P-1 H B u,e11,11x JJ.aJibHeiiwero 

ycosepweHCTBOBaHH.s! ee B COOTBeTCTBHH C B03pacTalOlllHMH -rpe6osaHH.slMH K o6beMY H 

KaYeCTBY paCYeTHblX o6ocHOBaHHH npoeKTOB PY pa60Tbl npo.uomKaJIHCb, H B 1988 ro.u)' 

6hrna c.natta B 3KcnnyaTaU,HIO BTopa,11 oYepellb aBTOMaTH3HposaHHOH cHcTeMbl CATTP-P-2 

pacYeTHO-TeopeTHYeCKHX o6oCHOBaHHH npoeKTOB PY. 
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HosaH cHcTeMa HMena s Kat.tecTse TeXHH4eCKOH 6a3bl ,use 3BM: 63CM-6/7 - Mo­

,uepHH3HposaHHaH 3BM Ha ocHose npe)KHeH "63CM-6" (nyLUeHa s 3Kcnnyarnumo s 

1979 ro.uy) H EC-1035, sse,ueHHasi s 3Kcnnyarnumo B 1982 ro,uy. B 1989 ro.uy EC-1035 

6bina 3aMeHeHa Ha Hosy10 M0LUHYIO 3BM EC- I 066. CocTas cpyttKUHOHanbHhlX no,ucHc­

TeM CATTP-P-2 0TH0CHTeJlbH0 CATTP-P-1 6b111 o6HosneH .H pacw11peH. 

B Hee B0WJlH no,UCHCTeMbl : 

- cI>Pl-13 - (pH3HKa peaKTopa H 38LUHThI; 

- CT APT - cTau110HapHbIe Ten11orn,upasm,11-1ecK11e pac4eTbl peaKTopa 11 nepsoro 

KOHrypa; 

- TPATT - pac4eTbl HecTau,110HapHbIX Tennorn,upasmt'-leCKHX npoueccos s PY; 

- TEMTT - pac4eTbl TeMneparypHblX noneii s 311eMeHTaX KOHCTPYKUHH PY s cTa-

u1-1011apHblX H HeCTaUH0HapHblX pe)KHMax; 

- PA)J,l-1YC - pacYeTbl rn,upo.u11HaMHYecKHX Harpy3oK Ha 3JleMeHTbl KOHCTPYKUHH 

PY npH MaKCHMaJlhHOH npoeKTHOH asap111-t; 

- CTAT - pacYeTbl Ha cTaT114ecKy10 H UHKJ1HYecKy10 npo4H0CTb KOHCTPYKUHH PY; 

- APCEH - aBTOMaTH3HposaHHblH pac4eT cei1cMH'-lecKHX Harpy3oK; 

- ,[(EJlbcI>l1H - pact.teTbr npoYH0CTH y311os KOHCTPYKUHH peaKTopa, naporeHepaTo-

pa, Tpy6onpOBO)lOB 11 .upyroro o6opy,uosamtH )lJlH pe)KHM0B c BblC0KHMH ,UHHaMHlfeCKH­

MH Harpy3KaMH Ha HX 3JleMeHTbl; 

- APTTAH - Ten11orn,upasm1YeCKHe pacYeTbl ,unH npoeKT0B naporettepaTopos c tta­

TpHeBblM Tenn0H0CHTeJJeM. 

TTp11 pa3pa6oTKe CAITP-P-2 6b1no cyLUeCTBeHH0 pa3BHT0 nporpaMMHoe o6ecne4e­

HHe CHCTeMbl I-H 0Yepe,uH (CAITP-P-I) s Hanpasnemrn cpyHKUHOHanbHOH nonH0Thl H 

rny6Hllbl npopa60TKl1 npoeKTHpyeMblX PY H n0Bb(WeHHSI Ka4eCTBa pact.teTHblX MO}leneii. 

B coorneTcrn1111 c H0BblMH nocne.D,HHMH TPe6osaHHSIMH K PY BB3P s CATIP-P-2 6b1n11 

pa3pa6oTaHbl 20 H0BblX nporpaMM, M0,uepmt311p0BaHbl 1 I nporpaMM, BHe.D,peHbl 17 npo­

rpaMM CT0p0HHHX opraHH3aU,HH. B C0CTaBe CHCTeMbl 6b111a C03,UaHa H0BaSI no,UCHCTeMa 

,[(EJlb(J)J1H, 113 no,ucHcTeMbl pacL1eT0B npo4H0CTH CTA T sb1,ue11etta s caM0CT0HTeJ1bHYJO 

no.uc11cTet-1a APCEH. J,b no,uc11cTeMbl CTAPT BbI,ue11eH s oT,uenbttylO CHCTeMy cyLUeCT­

BeHH0 Mo.uepHH3HposaHHblH K0MnneKc APTTAH. B no.uc11cTeMy TPATT BKJJJ04CHbl Ho­

BbIe pacL1eTHbIe nporpaMMbJ )lJlSI a11an113a 3anpoeKTHblX asap11i1 c TSl)KeJlbIM nospe)K,lJ,e­

HHeM aKTHBHOH 30Hbl 883P. 

Ha CTa.D,HH npe,unpoeKTH0ro HCCJle,uosaHHjf, pa3pa6oTKH TeXHH4eCK0fO 3a,uaHHSI H 

pa3pa60TKl1 CaMOH CHCTeMbl 6blJ1H pa3BHTbl H C03,UaHbl H0Bble cpyHKU,HOHanbHble B3aH­

M0CBSl3H Me)K.D,y no,nCHCTeMaMH, YT0 B8)KH0 ,!lJ]SI opraHH3am,rn K0MnJleKCHblX pact.teT0B C 

8BTOMaTH3HpOBaHH0H rrepena4eM ,uaHHblX H3 0,UHHX n0JlCHCTeM B .npynte. 8 paMKax 

cpyHKUHOHanbHblX no,ncHCTeM 6blJ1H M0,UepHH311p0BaHbl n0YTH see 6a30Bble nporpaMMbl, 

4T0 n03B0JH1J10 yseJlHlfHTb HX 6blCTpo.ueikTBHe, pacwHpHTb Kpyr pernaeMblX npoeKTHblX 

3a)la'-l, C0KpaTHTb o6beM 3a,uasaeMOH spyt.tHYIO 1,rncpopMaUHH, yny'-IWHTb HarJlH,UH0CTb 

npencrnsneHHH HH(pOpMaUHH H np11se,ueHHSI ee K cpopMe, npHrO}lHOH ,UJlSI Henocpe,nCT­

BeHH0fO BKJ1I04eHHSI B npoeKTIIYIO ,U0KyMeHTaUHIO. 

CyLUeCTBeHHO 6blJ1H TatOKe ynyYweHbl cepBHCHble cpe.ucrna nO,UfOT0BKH HCX0)lHblX 

,uaHHblX, BHe,upeHbl 061UeCHCTeMHble cpe)lCTBa opraHH3aUHH HHTepaKTHBH0ro pe)KHMa 
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o6pa60TKM HH<pOpMaUMM, WHpOKOe np11MeHeHHe nOJTY4l1JIH 11H<pOpMaLJ,110HHo-cnpa­

BO4Hbie Cl1CTeMhl, 4TO no3BOJ111JJO ycKOp11Tb speMSl npoBe)J.eHHJI pacl!eTOB M nOBblCHTb 

ID( Ka'-1:eCTBO. 

TeXHH4ecKasr 633a CATIP-P-2 61:,111a 3Ha4MTeJJbHO ynyqweHa no cpaBHemuo c 

CAITP-P-1. Ysem14eHbt MOW.HOCTM 38M "E3CM-6" 11 EC-I 035 no.siBMJIHCb HaKOnHTe­

JJH Ha MarHl1THblX ,l{MCKax (HM,Z:0, o6ecne4HBal011J,He np.s!MOH .n.ocryn K 11H<p0pM3UHH H 

cyw.ecTBeHHO nOBblillafOllJ,He CKOpOCTb ee o6pa60TKM no cpaBHeHHIO C HaKOnI1TeJISlMH Ha 

MarHHTHbIX JieHTax (HMJI), B npaKTHKY pacl!eTOB BHe.n.peHbl BblHOCHbte TepMHHaJibJ 

(.n.11cn11e11), a )JJT.s! BblBO,l{a pe3yJibTaTOB paC4eTOB B rpacpH4eCKOH cpopMe - rpacpono­

CTpOITTeJJ M. 

B1:,1nycK nporpaMMHOH llOKyMeHTaU,HH ocyw.ecTBJl.s!JTCSl no cneu,HaJJbHO pa3pa6oTaH­

HOMY Ha OCHOBe rocT ECIT.[( CTaH.n.apry npe.nnpIDITH.s! CTIT-3. 

B p33pa60TKe CATIP-P-2 TalOKe y4aCTBOBaJJH Beeb OCHOBHOH COCTaB cneu,HaJJHCTOB­

paC4eT4:HKOB npe.n.npH.s!THJI 11 PYKOBO)J.11Te1111 paC4eTHblX no.npa3,ne11eHHH. 

0TMe4a.si MHOrOJJeTHIOIO Macwrn6Hyl0 pa6ozy no C03)).aHHIO 11 p33811THIO Ha npeJJ.­

npmITl1H aBTOMaTH3MposaHHOH Cl1CTeMbl paC4eTHblX o6ocHOBaHHH. npoeKTOB PY Ha 6a3e 

BbI-irnCJ111TeJibHOH. TeXH11KH B nep110.n 60 - 80 re.nos KaK .sipKHe CTp3H11Ubl HCTOpH11 0KB 
'T1-1.nponpecc", Heo6xo,nMMO Bblp3311Tb np113HaTeJibHOCTb 11 ys3.)KeH11e ee pa3pa60TC!H­

KaM, KOTOpb!e CTaJJH H nOJlb30BaTeJI.s!MH 3TOH CHCTeMbI, H HCTIOJIH11TeJ1.s!M npoeKTHblX 

paC4eTOB. 

8 3TOT nepHO,l{ 6b1J1a TalOKe C03)).aHa H pa3BHBaJJaCb HeCKOJibKHMH 04epe,u.siMH CHc­

TeMa aBTOMaTmHposaHHoro ynpasneHHH npe,unpIDinteM ACY-KE. 

C caMoro Ha4aJJa H Ha ,UaJJbHefuuHX 3Tanax pa6oT B .ue.siTeJibHOCTl1 no aBTOM3TM3a­

U11H pac'-1:eTOB Ha 633e 3BM OK33aJJ 60JibWYIO no,llllep)KKY 11 npo.s!BHJI aKTHBHOe JlH4HOe 

yt.taCTHe H34aJJbHHK-rnaBHblH KOHCTpyKTop OK.£ " f11.uponpecc" B.B. CTeKOJlbHHKOB. 

ITepHOll 1989 - 1993 rr. xapaKTep1130BaJJCSl pe3KHM HapaW.HB3HHeM Bbl4MCJ111TeJib­

HblX MOllJ,HOCTeH npe,unpID1Tl1.s! npH O)J.HOBpeMeHHOM p33811THH .n.syx HanpasJieHlrn: 

"60Jibllll1X" 3BM J,f nepcoHaJJbHblX KOMnblOTepoB. B 1989 ro.ny 6bIJia nyw.eHa B 3KC­

nJJyaT31.lHIO MOW.Ha.si oTe4eCTBeHHa.si 38M EC-I 066, npHo6peTeHa napTHH H3 30 KOM­

IlblOTepoB Robotron EC-1834, a B 1990 ro,uy - 130 KOMTTbJOTepos nma IBM PC, 4TO 

IlOJIQ)KHJJO H34aJJO KOMnblOTepH3aLJ,HH MHOrHX .upyrHX HanpaBJJeHHH pa60Tbl npe.n.npH­

SlTH.s!, KOTopa.si npO)J.OJI)KaeTCSl H B HaCTO.s!llJ,ee BpeM.si . ITpo.n.oJl)KaJJOCb p33BHTHe H Tpa,n.i,:1-

UHOHHoro HanpasnettH.si: cTaB11JIHCb HOBb1e pac1.JeTHb1e 3a,ua4H Ha 3BM MHHHV AX-11 , 

npi106peTeHHOH s 1989 ro.ny, B 1992 ro.uy BBe,UeHa B 3KCnJJyaTaUHIO cynep-3BM aMe­

pHKaHCKOro npo113so,ncTBa CYBER-962, a s 1993 ro.n.y - Ha1-16onee MOW.Ha.si .n.m Toro 

speMeHH OTe'-leCTBeHHa.s! 38M 3nb6pyc-1-K£ .s!BJl.s!BWa.sic.si npo,uomKeHHeM J,f p33BHTH­

eM pH,na "E3CM-6". HecKOJJbKO paHee, B 80-x ro.uax npe.n.npIDITHeM 6hrnH np1106peTe­

Hb1 H sse.n.ettbI B 3KCnnyarnuHJO 38M CM-3 H CM-1420 s pacwHpeHHOH KOH<pHrypau,HH 

aBTOMaTH3Hp0B3HHOro pa604ero MeCTa KOHCTpyKTopa. TaKHM o6pa30M, B H34aJJe 90-x 

ro.nos OKE "fH,nponpecc" pacnonarano IT04TH nOJlHblM Ha6opOM BbI'-1:HCJIHTeJibHblX 

cpe)J.CTB, npOH3B0,lJ,HMblX B TO BpeM.si, H no ypoBHIO OCHameHHOCTH Bbl4HCJIHTeJlbHOH 

TeXHHKOH onepe)KaJJO 60JibWHHCTBO npe.n.npH.s!THH OTpaCJIH. EcTeCTBeHHO, llJl.sl 3THX 
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3BM co3.nasa.rrocb H nporpaMMHOe o6ec□e4eHHe npoeKTOB PY. B 4aCTHocnt, Ha 3BM 

MHHHVAX-11 6btJUI BbinOJlHeHbl MHOrne pactJeTbl HeCTaUHOHapHblX pe)KHMOB PY npo­

eKTa B-341 ,LJ.ml <DHHJUIH.llHH. Obin C03,LJ.aH Pjl.lJ. HOBblX nporpaMM pac4eTOB no pa3m-t4-

HblM CHCTeMaM PY .um1 38M EC- I 066, CYBER-962, 3nb6pyc- l-KE, pa3pa6oTaH cne­

UHaJTbHhIH KOMnneKC nporpaMM JlJljl aBTOMaTH3HposaHHOro MeCTa KOHCTIJYKTOpa Ha 

6aJe 3BM CM-3 H CM-1420. O6mee lfHcno nporpaMM s Enn s TOT nepHo.u npesh1-

cHno 350. 

KoMnbJOTepH~ TeXHOJ10[1,fjl paC4eTHblX o6ocHOBatrnH npoeKTOB .SIBJljle'fCjl BeCbMa 

HayKoeMKOH H Tpe6yeT csoero CHCTeMaTH4eCKOro pa38HTl-fjl, C03.aaHH~ K Ha4any 90-x 

ro.nos 6aJa .uasana .umr 3Toro xopowHe npe.nnochtnKH. Ho s 3TO speMjl Ha4anH npo.s1s­

J1HTbC.sI HeraTHBHbie "nepecrpoe4Hbie" TeH.ueHUHH. CTpCMHTCJlbHO pocna HHQ)JUIUHjl, 

C0KpaTHJlHCb pa6oTbl no npoeKTaM H T . .lJ.. 'OOJlbIIJHe" 3BM BbIBO,llHnHCb H3 3KCnnyaTa­

UHH, a nepeso.u nporpaMM Ha nepcOHaJTbHbte KOMTiblOTepbI TOJlbKO Ha4aJTCjl, 3To npHse­

JlO K TOMY, 4TO MHOnte paC4eTHbte pa60Tbl JlHWHJIHCb CBOeH nporpaMMHOH 6a3bl. 

O.uttaKO 3aTeM 6brnH npHHHbl Mepbl H c.uenaHbl 3HalJHTeJ1bHbte ycHmu1 no 803pmK­

.aeHHIO H npo.uomKeHHIO KOMITblOTepH3aUHH npe.nnpH.sJTj,fjl Ha cospeMeHHOH TeXHHlJe­

CKOH 6aJe (I13BM, " pa6o4He CTaHUHH" H ,ll.p.). 3ToMy cnoco6cTBOBaJTa H nOJlO)KHTeJlb­

H~ KOHblOHKTYpa B OTHOWeHHH HOBblX 3aKa30B Ha npoeKTHposaHHe PY BB3P ,lJ.Jljl 

A3C HOBOro nOKOJleHHjl □OBbJWeHHOH 6e3onaCHOCTH. Pa3BHTHe pactJeTHblX H HHQ)Op­

MaUHOHHbIX TeXHOJlOrHH Ha npe.unpH.sITHH □OJ1Y4HJ10 HOBbIH HM□yJTbC □0,ll. PYKOBO­

,l].CTBOM .UHpeKTopa-reHepanbHOrO KOHCTIJYKTOpa 10.r. ,LJ;paryHOBa. B o6nacnt npoeKTH­

posaHHjl PY s <DrYIT OKE 'TH.uponpecc" .ueHcrnyer KOMnJieKc, BKJIJ04aJOll{HH 

-150 HOBblX H M0,D.epHH3HposaHHbfX nporpaMM, KOTOpble o6ecne4HBaIOT Heo6XO,[{l,fMYIO 

□OJTHOTY pac4eTHbIX o60CHOBaHHH npoeKTOB PY, BKJllOlJ~ HX 6e3o□aCHOCTb. Tipo­

rpaMMbl HMelOT ITOJlHblH KOMnJieKT ,lJ.OKyMeHTau1-u1, □O.ll)lep)KaHbl BCCMH He06XO.IJ.HMbIMH 

TeXHOJ10n14CCKHMH H HHQ)OpMaUHOHHblMH cpe.D.CTBaMH H 061,e,LJ.HHeHbl B ETITI, Q:>YHK­

UHOHHp)'lOll{YIO no ycTaHOBJleHHbIM npas1rnaM. TiporpaMMbl KJlaCCHQ)HUHposaHbl no 

TeMaTH4eCKHM pa3.uenaM npoeKTHblX o6ocHOBaHHH H crpynnHpOBaHbI 8 COOTBeTCTBYJO­

ll{He □O.ll.CHCTeMbI nporpaMMHoro o6ecne4eHIDI npoeKTos: 

- paC4eTbl Q)H3WieCKHX xapaKTepHCTHK peaKTopos H pa,LJ.Hal(HOHHOH 3aJJJ.HTbt; 

- paC4CTbl CTaUHOHapHblX TennorH,LJ.paBJTH4eCKHX xapaKTepHCTHK o6opy.uosaHH.sI; 

- paC"leTbl HeCTaUHOHapHbIX TenJiorn.upaBJTWieCKHX npoueccos B PY; 

- pactJeTbl TeMneparypHblX noneH B KOHCTIJYKUH.sIX; 

- pac4eTbl fH.D.pO.D.HHaMHlJeCK.HX B03.lleHCTBHH Ha o6opy.uosaHHe rrpH pa3pbIBax 

Tpy6onposo.uos; 

- pactJeTbl Hanp.si)KeHHO-.ueq>OpMHpOBaHHblX COCTOj{HHH 3JleMeHTOB KOHCTPYKJ..(HH, 

BKJlIOlJa.sI CCHCMHlJCCKHe 803.lleHCTBI-rn; 

- pac4eTbI CTPYKTYPHOH Ha,lle)KHOCTH o6opy.uosaHH.sI H sepoHTHOCTHbIH attaJTH3 

6e3onacttocTH (BAE); 

- pac4eTbl asapHH □pH TIDKeJlblX nospe)K,LJ,CHHJIX aKTHBHOH 30Hbt; 

- pac4eTbl no 80,LJ,OpO.UHOH 6e3onaCHOCTH; 

- o6pa60TKa .uaHHbfX. 
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<DyHKL(HOHaJibHble Ha3Hal.femu, 3THX nO.lJ,CHCTeM B OCHOBHOM aHaJIOrH4Hbl OnHcaH­

HblM BblWe .LJ.JUI CHCTeM CAIIP-P. O.uHaKO s COOTBeTCTBHH c cospeMeHHblMH Tpe6osa­

HH.siMH K npoeKTaM HaCTO)ILUHH nporpaMMHblH KOMfUleKC .uonOJJHeH HOBblMH nO.LJ.CHCTe­

MaMH: paC4eThl asapHH npH TH)KeJlblX nospe)K.LJ.eHHHX aKTHBHOH 30Hbl peaKTopa, no 

BO.llOPO.UHOH 6e3onaCHOCTH npH B03ropaHHH HJIH B3pb1Be 80.ll0po.ua B HeCUTaTHbIX 

cHzyau11.six, pacqenr a 06octtosatt11e .LJ.HttaMHLfeCKOH ycTOH4HBOCTH PY c ACYTn 11 
Tecn1posatt11e nporpaMMH0ro o6ecnel.feHH.si ACYTCT. CymecrneHHO pacwHpeHbl cocTas 

H cpyttKl(HH scex .upyrnx no.uc11cTeM. KoMrureKc HMeeT TaK)Ke cospeMeHHb1e cpe.ucTBa 

o6ecnel.feHHH: 6a3bl .uaHHblX HHTepcpeHCbl, nporpaMMhl o6pa60TKH H npe.LJ.CTaBJJemui 

pe3yJJhTaTOB H ,up. CTpyKrypHa)I cxeMa nporpaMMHOfO KOMnJJeKca nOKa3aHa Ha pHc. 1.1. 

B COCTaBe Enn HMeeTC.sl HHcpopMaUHOHHa)I 6a3a .uaHHhlX (KaTaJior), co,nep)KaI.IJ,a)I 

Heo6xo.LJ.HMbie cse,neHIDI 06 HCn0JTb3yeMbIX nporpaMMax. TTporpaMMhl <DrYTT OK.Ii 

'T11,nponpecc" pa3pa60TaHhl H ocpopMJJeHbI B COOTBeTCTBHH co CTaH,napTOM npe.n.npH­

HTH.si CTTT-3-2000 "TiporpaMMbl H nporpaMMHbte .uoKyMeHTbt. O6m11e rpe6osamui K 

pa3pa6oTKe, co.uep)KaHHIO, ocpopMJTeIDIJO, sep11cpm<au1111, aTTecTaUHH 11 06pameH1110" . 

CTaH,napT pernaMeHTHpyeT COCTaB nporpaMMH0H .LJ.OKYMeHTaUHH, co.uep)KaHHe Ka)K.LJ.oro 

nporpaMMHoro .LJ.OK)'MeHTa, nop.si.uoK TeCTHposattH.si nporpaMM ocpopMJJeHH.si, cornaco­

BaHHR, yrsep)K.LJ.emrn, BHeceHH.si H3MetteHHH H xpaHeHHH nporpaMMHOH .LJ.OKyMeHTau:mr H 

MawHHHbIX HOCHTeJJeH. 

Oco6oe BHHMaHHe y.uemteTC.sl nposepKe, B TOM "lHCJle 3KCnepHMeHTaJlbHOH (sepH­

q>HKaUHH), H aTTecTaUHH nporpaMM B Ha.lJ,30pH0M opraHe aTOMHOH :mepreTHKH (rAH 

Pocc1n1). 

Eonhwa.si 4aCTb MeTO.llH4eCK0fO H nporpaMMHOro o6ecne4eHH.sl npoeKTOB PY C03-

,naHa H BHe,npeHa B npoeKTHpoBaHHe cneu;HaJIHCTaMH C0OTBeTCTBYIOLUHX no.upa.3.LJ.eJJe­

H.HH npe,nnpH)ITHR, YKa3aHHhlMH Bhfllle, no.n PYK0BO,IJ;CTBOM nepsoro 3aMeCTHTeJl)I rnas­

H0fO K0HCTPYKTopa no PY BB3P A.K. TTo.uw116.si.KHHa, tta4aJibHHK0B cneu11aJIH311posaH­

Hh1x pac4eTHO-K0HCTpYKT0pCKHX OT.D.eJJOB f.A. BoJJKOBa, M.A. bhlKOBa, A .K. fopoxosa, 

E.11. JleBHHa, H.C. <DHJTjl, H.B. lllaporo, H.n . Kottonneaa H .up. 

TTapaJIJJeJJbHO Ha npe.unpH.s!THH TaK)Ke C03.lJ,aBaJIHCb H pa3BHBalOTC)I CHCTeMbl aBTO­

Man13HposaHH0fO npoeKTHpOBaHHH (KOHCTpy11posaHHR), B TOM LfHCJJe B 3-MepHOH reo­

MeTpHH Ha octtose nporpaMMHblX naKeTOB CATIA v5.Rl0, SOLID WORKS 2001, 

AutoCAD 2000LT, AutoCAD 14R 11 .upyrHX, a TaK)Ke 11ttcpopMal(HOHHh1e CHCTeMbl pa3-

JJH4Horo Ha3Ha4eHH.sl. 

B HaCTO.s!LUee speM.si pa6oTa np0.LJ.OJT)KaeTC.sl .lJ.aJlbllJe B HanpaBJieHHH C03.lJ,aHmt H0-

settWHX nporpaMMHbIX cpe,ncTB conpH)KeHHblX H MH0fOMepHblX pac"leTOB, np1106peTe­

HHR nporpaMM B .upyr11x opraHH3aUHRX, 3KCnep11MeHTaJibH0fO o6ocHOBaHl1.s!, sepHq>HKa­

UHH H aTTeCTau:1-rn nporpaMM Bf AH Pocc1111. 

B nporpaMMHOM o6ecne4eHHH npoeKTOB PY 0.llHHMH 113 0CHOBHblX HBJI.s!JOTCH K0M­

nJJeKCbl nporpaMM .D.JJ.s!. pac4eT0B Ten11orn.upaBJIH4eCKHX xapaKTepHCTHK PY. Hx COCTaB 

Ha3Ha4em1e H cpyHKl(HH K0HKpeTHblX nporpaMM OITHCaHhl B CJJe.LJ.YIOII{HX rnasax KHHTH. 

HttcpopMaUHR no nporpaMMaM, OTH0CRLUHMC.sl K .upyntM TeMaTHt.feCKHM pact.feTHblM Ha­

npaBJieHHHM, npHBO,llHTC.sl TaK)Ke asrnpaMH .llpyrnx KHHr <DfYTT OK£ " fH.llponpecc". 
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Tpe6osamu1 npoeJCTa 
H HCX0.!lHbte Jl.3HHble 

i 
B npoeKT 

Pac'leTHble 3a,na'IH npoet<Ta -,,,.. 

' . 
1 , 

nporpaMMHblli KOMTTJleKC 

H o6ecne'IHBalOIJ.lHe CHCTeMbl 

<t>1nHKa peaIITopoe 
H pa,nHaUH0HH0H 331J.lHTbl 

CrauHottapm,1e Teru10-
rHJJ.pasnwecKHe xapa1...-repHCTHKH 

HecrauHottapttb1e Teru10-
rn.npaeJTH'tecxHe npoueccbJ 

TeMnepal)'pHble nom1 
B KOHCTpYKUlUIX 

rHJJ.pO.!lHHaMH'leCKHe 

00311.eiiCTBHll Ha o6opy.uoeaHHe 

Hanpll)KeHHO-,!leq>opMHpOBaHHoe 
COCTOllHHe KOHCTp)'KUHH . 

CTp)'Kl)'pHaJI Ha,ne)KHOCTb 
o6opy.!lOBaHHll H BAii 

AeapHH CTll)Ke.JlblM 

nospe)KJJ.eHHeM aKTHBHOH 30Hbl 

I 
Bonopo.uHall 6eJonacHOCTb 

I 

I 
O6ecne'iHBa10mHe n0JlCHCTeMbl 

I 

I ACY TIT I 
P11c. 1. 1. CTpyK1)'pHaJ1 cxeMa nporpaMMHoro K0MnneKca 

19 



IIEPEXO)J;Hl>IE II ABAPHHIIl>IE PElKIIM:bl 

Y )].K 621.039.51 

BJIHHHHe pacmupeHHH o6'heMa nepsoro KOHTypa 

Ha caM0JamumenH0CTb peaKT0p0B 

<l>.M. Mume11Koa, /(.I'. Kpecoa, B.A. llauoa, B.A. llaxo.11t0a, 
<l>fYTI "OK6M HM. 11.11. AcppHKaHTOBa ', 603074 H. HosropoJJ., BypttaKOBCKHH np., 15 

Ha rrpHMepe peaKTopa C 80.llHblM TeflJIOHOCJ.ITeJleM rrpHBO.llSITCSI pe3yJ1bTaTbl HCCJlenosamrn 
BJ1J.U1HJ.U1 HJMeHeHmi sttyrpeHHHX o6beMOB KoprryCHhlX KOHCTPYKUHH I KOHTYJ)a npH pa3JIH'l­
HbIX pe>KHMax pa60Tbl peaKTopa Ha .llHHaMKKY rnnoTeTH1.1eCKHX peaKTHBHOCTHblX asap11w. Bbt­
SIBJleHo Hanwrne pe3epBHblX B03MO>KHOCTew, ITOBblUJalOll.lHX BttyrpeHl:OOIO CaM03aUJ,HUJ,eHHOCTb 
peaKTopa. 

THE INFLUENCE OF PRIMARY CIRCUIT VOLUME EXPANSION UPON THE 
REACTOR SELF-PROTECTION. F.M. MITENKOV, D.G. KRESOV, V.A. PANOV, 
V.A. PAKHOMOV. The investigation results of the primary circuit vessel structures internal 
volumes changes at different modes of reactor operation influence upon the dynamics of hypo­
thetic reactivity accidents are presented basing on the example of the reactor with water coolant. 
It appeared that there are standby resources increasing the inherent self-protection of the reactor. 

TTpH pa3pa60TKe npoeKT0B RJJ,epHblX 3HepreTH4eCK.HX ycTaH0B0K (513Y) mo6oro Ha-

3Ha4eHml. 0)J.HHMH H3 0CH0BHblX TPe6oBaHHH RBJUIIOTCR o6ecne4eHHe H K0ppeKTH0e 

o60CHOBaHHe RJJ,epHOH H P8JJ.H8U.HOHHOH 6e3onaCHOCTH B npou.ecce 3KCnJJyarnu.HH C yqe­

T0M scex Q)H3H4eCKJ,i B03M0)KHblX, B TOM 4HCJJe MaJI0BepoRTHblX, asapHHHblX c11ryau:i-1H. 

8 cnyyae HeB03M0)KH0CTH C JJ,0CT0BepH0CTblO o60CHOB8Tb 0TCYTCTBHe asapHHHblX co­

CTORHHH, npH K0T0pblX M0)KeT peaJIH3088TbCR R)J.epHaJI HJIH pa.LI.HaU.H0HHaR onaCH0CTb 

JJ,JIR nepcottaJla HJIH OKpy)KaJOmeii" cpe.l1,bl, npoeKTaHT o6R38H paccMaTPHBaTb B C00TBeT­

CTBHH C peK0MeH)J.8U.J,lj!MH MAr A T3 nocrynHp0B8HH)'lO asapHIO C pacilJlaBJieHHeM aK­

THBHOH 30Hbl H npeJJ.yCM8TPHB8Tb B npoeKTe He06XO)J.HMble Q)H3H4eCKHe 6apbepbl, HC­

KJll04810lll.He HeJJ.onycTHMbie B03JJ.eHCTBHR Ha oKpy)KaJOmyJO cpe.LJ.Y. 

J1ccne)J.OB8HHR H npoeKTHbie pa3pa6oTKH n0Ka3bIBaJOT l.fT0 o6ecnet.teHHe rapaHTH­

pOB8HHOH. 6e3onaCHOCTH cymecTBeHH0 ynpomaeTCR, eCJIH peaKTop YJJ.0BJleTB0pReT Tpe-

6oBaHHRM BHYTpeHHeH caM038lllHlJ.leHH0CTH, Q)H3H'-teCKOe C0JJ,ep)KaHHe KOTOpOH B oc­

H0BH0M CB0)J.HTCR K )J.0CTaT0'iH0 nOJJHOH peaJIH38U.HH CHCTeMbl 0TPHU.aTeJJbHblX o6paT­

HbIX CBR3eH. )LrIJi. peaKT0p0B C B0JJ,HblM TenJI0H0CHTeJJeM xapaKTepHbl J13MeHeHHR 

)].8BJJeHHJI B I K0Hrype B 60JJbWOM AH8na30He KaK B pa6o4HX, TaK H asapHHHblX pe)KH­

Max, K0T0pbie Bbl3b!B8JOT C00TBeTCTBYIOlll.He H3MeHeHJ-rn HanpR)KeHHO-JJ.ecpopMH­

poBaHH0ro C0CT0RHHR o6opyJJ.OB8HHR K0Hrypa, a CJJe)J.0BaTeJibH0, H ero BttyTPeHHero 

o6beMa. O6bl4HO npH npoeKTHp0B8HHH 513Y H3 ycJI0BHJI K0HCepBaTHBH0CTH nonyqae­

MbIX pe3yJibT8T0B nonaraJOT o6beM K0Hrypa IT0CT0RHHbIM 11 He ~IITTblB8IOT ero H3Mette­

HHH npH H3MeHeHHH TeMneparypbl TenJJ0H0CHTeJIR. OJJ.H8KO npH HCCJieJJ,0BaHHH sonpoca 

BHYTpeHHeH C8M038lll.Hlll.eHH0CTH peaKT0pa cpaKTOp H3MeHeHHR o6'beMa )J.0JI)KeH yt.tITTbl-

88TbCR, oco6eHHO )J.Jljl peaKT0p0B C .ll0CTaT0liH0 BblCOKOH yJJ.eJJbHOH TennoHanpR)KeH­

H0CTblO (KBT/11). 
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1. Bn01rnue H3MCHCHHH 06'beMa I KOHrypa 

Ha ,!J;HHaMHKY onpe,!l;eJIHIOm;HX napaMeTpOB 

,lv!R onpe.n.eneHH.st pacw11peHH.st BttyrpeHHero 061>eMa I KOHT)'pa np11 pa6o~u1x pe­

)f(J1Max 11. asapHHHhrx CIIT)'aUHJI.X Heo6xo.n.HMO npOBOJJ.HTb pact.JeTbl KHHeTHKH Hanp.si­

)KeHHO-JJ.ecpopMHposaHHOro COCTOJIHHJI o6opy.n.osaHH51 H CHCTeM naponpOH3BOJJ.$11ll.eH 

ycTaHOBKH (IIllY) B ynpyroii H ynpyronnaCTH4eCKOH nOCTaHOBKax, 4TO n03BOJ151eT orr­

pe.n.eJJHTb 3HaYem1e KpHTepHaJJbHoro .n.asnem,i$1 pa.3repMenuau1rn HaH6onee "cna6oro" c 

T04KH 3peHH51 pa.3pywemrn H Hecy111.eif cnoco6HOCTH 3JieMeHTa KOHCTPYKUHH I KOHrypa, 

YTOl.fHHTb .D.HHaMHKY npoTeKaHHJI. aBapHH H Bbl.SIBJ,fTb JJ.OTTOJJHHTeJII,Hhie pe3epBbl caMo-

3aUJ,HIIleHHOCTH C HCTIOJib30BaHHeM .D.HHaMH4eCKOH MOJJ,emt ITITY . 
.[vi5i Kat.JeCTBeHHOH oueHKM BJJJ,f51.HJ,f51 pacwHpeHH51 BHyrpeHHJ,fX 061>eMOB KOHCTIJYK­

UHM I KOHT)'pa Ha JJ.HHaM"KY onpeJJ.eJT51fOUJ,KX napaMeTpos IITTY paccMoTpHM cne;zy10-

myf0 ynpomeHttyfO MOJJ,eJib B3aMMOCB513H 3THX napaMe-rpos B aKTHBHOH 30He peaKTOpa 

(aHaJIOnf4Hbie MOJJ.eJJH paccMaTpHBafOTCH B [ 1 ]): 

l:!.n =n0 (a.pM-a.TM); 

M=Qtin; 

AfJ=-11-Af 
I+ µcr ' 

(1) 

B KOTOpOH nepsoe ypaBHeHHe OTTHCbJBaeT CB513b H3MeHemur HeHTpOHHOH MOinHOCTH n C 

H3MeHeH11eM JJ.8BJleHH51 p H 3HTaJibITJ,fH I , BTOpoe - 3aBHCHMOCTb H3MeHemrn 3HTaJlbTTHH f 

OT MOW.HOCTH n, TpeTbe - BJlH.51.HHe Ha H3MetteHHe .n.asJieHH51 p CKOpOCTH ITOJJ,Orpesa Ten­

JIOHOCHTeJlH H BeJTHl.fHHbl pacxo.n.a TenJIOHOCHTeJJ$1 113 J KOHT)'pa. 

B COOTHOWeHHHX (1) npHHJI.Thl cne.nyio111.He o603Ha4eHH51: 

no - TeKylll,HH ypoBeHb tteihpoHHOH MOlll,HOCTH; a~ - MOJzyJlb 6apoMeTpH4eCKoro K0-

3q>q>HUJ,feHTa peaKTHBHOCTH, 1/ ITa; Ur - OTHOWeHHe MOJJ.YJ151 TeMneparypttoro K03q>cpH­

UHeHTa peaKTHBHOCTH K TennoeMKOCTH BO.Uhl, Kr/ ,[()K; Q - 3Heprn51., nepe.n.aBaeMa.si: Ten-

JIOHOCHTeJifO, ,[()K/Kr; 11 = ( c)-y) /( c)-y ) - napaMeTp, xapaKTepmyfOlUHH OTHowemte a1 p aP T 

TeMneparypHoro K03cpcpm1,0eHTa 061>eMHOro pacwHpeHH.51 K C)KHMaeMOCTM TenJIOHOCH-

ren,, !Ia•Kfi ;i,,c ; cr = 1/( t l -BeJIHSHHa, o6parno nponop!lHOHaJ!hHM C>KHMaeMocm 

TenJIOHOCHTemI, f1a·M
3
/ Kr; y - ITJIOTHOCTh TenJIOHOCHTeJI.si:, Kr/ M

3
; µ = µ

0 
+ µ£ , 

Kr/ (ITa-M3), r.ne µo - K03cpq>HUHeHT, o6paTHO nponopUHOHaJlbHhlH rn.npasm1qecKHM no­

Tep51M TpaCChl HCTelfeHH.SI TenJIOHOCHTeJIH J,f3 peaKTopa B CHCTeMy KOMnettcau11.11. JJ,aBJie­

HH51 (CK)]:) HJIH B n0Me111.emte npH pa.3repMeTH3aUHH peaKTopa, a µ£ - K03q>q>HUHeHT, 

nponopUHOHaJiblfhIH OTHOWeHHfO npHpa111.eHH51 o6beMa KOHT)'pa ti V K np11.pameHHfO 

JJ,aBJieHH51 M B 3TOM 06beMe (npH µ E = 0 KOHT)'p a6cont0THO )KeCTKHH). 

21 



B COOTBeTCTBHH c npHse.n.eHHOH HCXO.LJ:HOH MO)J.eJlblO (I) BeJIH'-IHHa K o6paTHOH 

CBSl3H (K03cpqmuHeHTa yc1rneH~ uenH) BblpIDKaeTCSI CJ1e,n:yt01.J..leH 3aBHCHMOCTblO: 

(2) 

Ba)l<HO OTMenlTh, lffO noJJyYeHH~ BeJIH'-IHHa scer.n.a OTpHUaTeJlbHa (seer.a.a BblnOJIHS!eT­

a~ 11 
CS! y cJJOBHe _...;....__ < aT , KOTOpoe H o6ecneYHBaeT caMoperyJJHPYIOl.llHe CBOHCTBa pe-

1 + crµ 
aKTopa). 

IJ,enecoo6pa3HO OTMeniTb, '-!TO npH npOYHX paBHblX ycnoBIDl:X s XOJIO)J.HOM COCTOSI­

HHH (npH T = 20 °C) peaKTop " nepe»rnsaeT" 6oJJbWHe BO3Mymett~ napaMerpos no 

cpastteHHIO C pa60TOH B HOMHHaJibHblX ycJJOBHSIX (npH T= 300 °C) H3-3a MeHbweii npH 

HH3IGIX TeMneparypax BeJIH'-IHHbl Tl (pHC. } ). KpoMe Toro, B XOJIO)J.HOM COCTOSIHHH peaK­

TOpa BeJIH'-IHHa Tl , BO3pacTalOI.J..l~ C pOCTOM .n.asJJeHHSI P, H yMeHblllalOI.J..l~CSI semt'-IHHa cr 

(pHC. 2) OKa3bIBalOTCSI Mettee lfYBCTBHTeJlbHblMH K H3Mettemuo .n.asJJeHHSI no cpaBHeHHIO 

C pa60YHMH pe)l(_HMaMH pa60Tbl peaKTopa. TI03TOMY BO3MYl.lleHHSI pa60YHX napaMeTpOB 

l('c,y/r)J)/('c,y/r)P}rl, Kr-lla/.[l)K 
450 

--
400 / ' , " ' \ .j:, - - ' 

350 
J;i. ) •\ \ 

1/ \ \\ 
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,I \ \\ 

I \\\ 
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- \ •' ,, 
j 
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P11c. I . 3as11c11MOCTb K03cpcp11u11ettTa T) OT Ter.meparypbl 11 
.nasneHHR (r.rnpKepaM COOTBeTCTBYIOT .naHHble [2]) 
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ycTaHOBKH, conpOBO)l(_.lJ.alOI.J..lHecS1 

ysemrt.JeHHeM .n.asneHHH B I KOHTY­

pe, 6y.n.YT .rryt-iwe KOMneHCHpo­

BaTbCSI B nycKOBblX ycJJOBHSIX. 

,[(onOJIHHTeJlbHblH }"-{eT B MO­

.n.eJJH ( 1) ycJJOBHSI 3anaJ)lblBaHHSI 

CBSl3H Me)l(_.lJ.y MOIUHOCTblO n H 3H­

TaJJbnHeH I (3anaJ.llblBaH~ no)lor­

pesa TenJJOHOCHTeJISI) 

1 
Af = Q--/'),.n, 

u+l 
(3) 

r.lle ~ - xapaKTepttoe speMSI nepe­

.llaYH 3HeprHH B TenJJOHOCHTeJlb, a 

s - onepaTop Jlannaca, npHBOJl.HT K 

nOSIBJleHHIO s BblpIDKeHlrn (2) .n.o­
nOJIHHTeJlbHOfO MHO)l(_HTeJISI a , 
CHH)Kat0mero BeJIH'-IHtty K03Q)Q)H­

UHeHTa OTPHUaTeJlbHOH o6paTHOH 

CBSl3H TeM 3Ha'-IHTeJlbHee, YeM Bbl­

we CKOpOCTb B03MYW.eHHH napa­

MeTpOB (B .lJ.aHHOM crryyae CKO­

poCTb B03MYIUeHHH MO)KeT 6b1Tb 

oxapaKTepH3OBaHa ~1aCTOTOH <.0 

BO3MYI.J..lal01.llero CHrHaJia) : 



.. 

• 

lib 3aBHCHMOCTH (2) c11e.n.yeT, 

'ff0 ytJeT pacwHpeHH.s! BHyrpeHHe­

ro o6beMa I KOHT)'pa (µ£ -:/= 0) 
yMeHbWaeT nOJlO>KHTeJlbHYIO co­

CT8BJ1.s!IOW.YIO K03cpcfnu.tHeHTa K 
o6paTHOH CB.s!3H, B CHJlY t.tero CTa-

6HJU13Hpy10w.He CBOHCTBa MO,ll.emt 

( I) npH B03MyWeHIDIX MOWHOCTH 

n, 3HTaJlbnJ,fH I H .n.asneHIDI p 6y-

.D.YT y11yl{ll]aTbC.s!. IlpH BbIXO.D.e Ma­

TepHana o6opy.n.oBaHH.s! B 0611aCTb 

n11aCTHt.teCKHX .n.ecpopMaUHH 3aBH­

CHMOCTb H3Mettemrn 06beMa 6 V 

1 E-5 

OT H3MeHeHIDI .n.asneHIDI /:1P CTa­

HOBHTC.s! cywecTBeHHO HeJlHHeH- 1 E-6 

HOH (µ£ ysemttJHB8eTC}I), 4TO B 

COOTBeTCTBHH C MO,ll.eJlblO (I) 
ITOBbJWaeT caMoperym1py10m11e 

+ 
• 
A 

/.. ... -::::: ' ,= / 
-

P= 16 Mila 
P= 30 MITa 
P= 50 Mila 
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V I 
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CBOHCTBa CHCTeMbl. TipH 3TOM ne­

pHO.ll y.n.ep>KaHIDI napaMeTpOB 

TITIY B 6e3onactthrx npe.n.enax 6y­

,n:eT yseJ1H4HBaTbC.s!, t.tTO C03,ll.aeT 

.D.OITOJlHHTeJlbHbJe pe3epBbl speMe­

HH Ha ynpas11eH11e asapHeH. 

,-..-,-...--r--,--r-...,....-r-....,......,...-r--r--.---.--,~oc 
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PHC. 2. 3aBHCHMOCTb eem-r'fHHbl 1/cr OT TeMnepaTypbl H lla.B­

JleHHll (MapKepaM COOTBeTCTB}'JOT naHHble [2]) . .nm, .naBJJeHJ.UI 

16 MTTa TeMnepaTypa paBHOeecHoro KHneHHll BO.!lbl COCTae­

JllleT 347,32 °C [2] 

2. OnpeJJ.eJieuue Kp11yuqecKoro JJ.aBJieuu.H II yeeJiuqenu.H eeyrpeuuero o6'heMa 
I K0HT)'pa pearcropuoii ycTaH0BKH 

Tip11 attan113e asapHH B npouecce npoeKTHposattH}I peaKTopos B Kat.IecTse npe.uenb­

ttoro .ll8BJleHH.s! I KOHTypa, Bbillle KOTOporo He rapaHTHpyeTCH ero repMeTH'-IHOCTh, npH­

HHMaeTC.s! TaKOe .n.as11eHHe, npH KOTOpOM tta1-16011ee c11a6bIH 3JleMeHT KOHCTPYKUH.H no 

sceMy cel.feHHIO nepexo.n.HT s 0611acTb nnacmul/ecKou .n.ecpopMa1.urn. Tipa .n.ocTH.)l(emrn 

TaKoro COCTOSIHH.s! npe.uno11araeTC.s! 803MO>KHOCTb HapyweHH.s! uenOCTHOCTH I KOHT)'pa. B 
.n:eHCTBHTeJlbHOCTH npH .D.OCTH.>KeHHH 3TOro npe.n.ena HeMe,ll.JleHHOH p83repMeTH38UHH 

I KOHTypa no npH4HHe noTepH npoYHOCTH He npOHCXO.D.HT, H pocT J.J.aBJleHH.s! 6y,ueT npo­

,llOJl>KaTbC}I J.J.O Tex nop, noKa ttarrpIDKettmI s MarepHane tta116onee c11a6oro 3neMettTa 

KOHCTPYKUHH He .D.OCTHrttyr npe.n:ena npot.IHOCTH. 

,nJUI HCCJleJ.J.OBaHH}I J.J.OnOJlHHTeJlbHblX pe3epBOB C8M03aUJ,HUJ,eHHOCTH CY.ll.OBOH peaK­

TOpHOH ycTaHOBKH npose.neH pact.IeT npe.nenbHbfX J.J.aBneHHH .llJl.s! .nsyx npe.nefilH.blX co-

CTOSIHHH. Tiepsoe xapaKTep1nyeTCS1 .nas11ett11eM P/1>, npH KoTopoM nnacnrqecKHe .ne­

cpopMaUHH pacnpocTpatt.si10Tc.si no scew TOJlW.HHe cTeHKH ttaH6onee cna6oro i-ro 311e-
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MeHTa I Kottrypa. IlpeJJ,nonaraeTCH, 1no pa3repMeTH3aU.HJI I Kottrypa He MO>KeT npOH30H­

TH npH JJ,aBJieHH11X HIDKe P.?. BTopoe npeJJ,eJTbHOe COCTOHHHe xapaKTepH3YeTCH JJ,aBJle-

HHeM P/l, npH KOTopoM ttanp.si)KeHH5l B MaTep11ane Ha116onee cna6oro i-ro 3JleMettTa 

I KOttrypa JJ,OCTHraJOT BeJUP·IHHhl npeJJ,eJJa npO'-IHOCTH. 

Ilp11 onpeJJ,eJTeHHH CYMMapttoro ysenH'-IeHHjf Bttyrpettttero o6oeMa I KOHrypa pac­

cMaTp11sanocb KpynHora6apHTHoe o6opyJJ.oBaH.He, JJ,aroll(ee onpeJJ,e11.s1rom11ii BKJlaJJ, B HJ­

MetteHHe o6beMa 1 Kottrypa, JI.J1Jl "!ero nposo.nHJ10Cb •rncnettHoe MOJJ,emtposaH.He npo­

ueccoB ynpyronnacnt"l.fecKoro JJ.eq>opMHposaHHJI cocyJJ,oB npH pocre JJ,asnett11.s1 snnon 

JJ,O 3Ha'-IeHHjf JJ,aBJJeHHH pa3repMennau,HH Pt>. Pac"!eTbl JJ,eq>opMHpOBaHHOro COCTOHHJ,fjj 

cocy.noB l KOHrypa ocyw.ecTBJljfJlHCb no MeTO.ll)' KOHe'-IHOro 3JleMeHTa C HCnOJTb30BaHH­

eM JJ,eq>opMaU,HOHHOH TeOpHH nnaCTH'-IHOCTH, no3BOJ1HIOll(eH npoBOJJ,HTb paC'-ieTbl Jmjj 

npOCTOro Harpy)KeHHH H Harpy)KeHHH, 6nH3KHX K npOCTOM)', H nonyqaTb JJ.OCTaTO'-IHO 

TO'-IHble pe3yJJbT8Tbl no KOHe'-IHOM)' COCTOHHHIO TeMneparypbl H JJ,aBJleHHH B KOHU,e U.HK­

na HarpY*eHHjf, Ilpou.ecc BbJl-lHCJTeHHSI napaMeTpOB HanpSl)KeHHo-.neqiopMHpoBaHHOro 

COCTO.HHHH ocyll(eCTBJI.IIJICH no MeTO.ll)' nocne.noBaTeJJbHblX np116nIDKeHHH B q>OpMe Me­

TO)].a ynpyrHX peweHHH. Onpe.nenemte H3MeHeHHjf BttyrpeHHHX o6beMOB o6opy.noBaHJ,fjf 

I KOHrypa npOBO)].HJlOCb B oceCHMMeTJ)HlfHOH nocTaHOBKe B .n11ana30He TeMneparyp 

20 ... 300 °C npH rapaHTHpoBaHHblX 3Ha'-IeHIDIX q>H3HKO-MexaHH'-IeCKH:X xapaKTepHCTHK 

KOHCTPYKUHOHHblX MaTepHMOB, npHBe)J.eHHblX B [3]. 
PacwHpeHHe BttyrpeHHHX o6beMOB o6opy.nosaHHH 3a C'-IeT poem )].aBJ1eHH5l Bbl'-IHC­

J1HJ10Cb no HaHJJ,eHHblM nepeMell(eHlfjj_M TOt.teK HX BttyrpeHHHX nosepXHOCTeH no q>op­

M)'Jle 

(5) 

r.11.e V,(P) - sttyrpeHHHH o6oeM i-ro cocy.11.a npH JJ,aBneHHH P; V0, - BttyrpeHHHH o6beM 

i-ro cocy.11.a B He.11.eqiopMHpOBaHHOM COCTOHHHH; !}.V, (P) - yseJJH'-leHHe BttyrpeHHero 

o6oeMa i-ro cocy.11.a. 

AHanOrH'-IHO H3MetteHHe BH)'TpeHHHX o6beMOB 06opy.11.osaHHjf 3a C'-leT TeMneparyp­

Horo pacm11peHHH Bbl"l.fHCJ1HJ10Cb no q>OpMyne 

!}. V, (T) = V, (T) - V0, • (6) 

l13Mettemte BH)'TpeHHHX 061,eMOB o6opy.uosaHHH 3a C'-leT .11.aBJTeHHH J,f TeMneparyp­

HOfO pacwHpeHHH Bbl'-IHCJI.HJ10Cb no q>OpMyne 

(7) 

Ha pHc. 3 npHBe)J.eHbl rpaq>HKH H3MeHeHHH cyMMapttoro BHYTpettttero o6beMa I 
KOHTYpa THnOBOH cy.11.oBOH peaKTOpHOH ycTaHOBKH B 3aBHCHMOCTH OT BeJllt"l.fHHbl BttyT­

peHHero .11.asneHH.11, nOCTPOeHHhle no pe3yJ1bTaTaM '-IHCJJeHHblX pac4eTOB. Ha pHC. 4 npH­

se.11.eH rpaq>HK H3MeHeHHH BH)'Tpettttero o6beMa I Kottrypa 3a C'-leT TeMneparypttoro 

pacw11pett11H. 

Pe3yJTbTaTbl 4HCJ1eHHblX pac"!eTOB o6opyJJ.OBaHHjf l K0Hrypa THnOBOH cy.11.oBOH peaK­

TOpHOH ycTaH0BKH nOKa3fillH, '-ITO cymecTBeHHOe pacw11peHHe o6beMOB Ka)K)J.Oro H3 co-

cy.uoB I Kottrypa tta'-IHttaeTc.si np11 seJTHYHHe npe.11.enhttoro .uas11emu1 P~' l , Kor.ua nnacTH-

24 



4ecK.He .necpopMaru11-1 pacnpocTpa­

HSIJOTCSI no BCeH TOJTll.Ume CTeHKH 

cocy .[{OB. BblSIBJTeHO, 4TO B CJlyt-rae, 

Kor.na 3Ha4eHHe npe,neJTbHoro .nas-

11eHHJ1 Pf'> .n;rn i-ro cocy.na cyw.e-

CTBeHHO MeHbUJe KpHTH'-feCKOro 

1,2 

1,0 

0,8 

)].3BJleHH.SI p ~) 8 KOH-rype, BKJla)]. 
0

'
6 

) Toro cocy.na s cyMMapttoe pacarn­

pett11e BttyTpettttero ofrbeMa Kott-ry­

pa SlBJlSleTCSI 3Ha411TeJlbHblM. Ha-

o6opoT, Kor.na 3Ha4eHHJI Pf> H 
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0,2 

/l,.V(P}.M 1 
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P2c,) 6JIH3Kl1, BKJla,n i-ro cocy.na s 
PHC. 3. fpacfrnK H3MCHCHHJI BHyrpCHHCro o6'beMa I KOHT)'pa 3a 

pac1JJ11pemfe I KOH-rypa tte3tta•rn- C'-ICT llaBneHHJI e KOHT)'J)e (npH T= 20 °C, 300 °C) 

TeJTeH. 

TI pose11.eHH&1e Hccrren.osamrn 

ITOKa3aJIH, 4TO 3cp<peKT OT H3Mette­

HHJI BttyTpeHHHX o6beMOB o6opy­

.ll.OB3HH5l J KOH-rypa 3a C4eT TeMne­

pa-rypttoro pacUJHpemrn s 0611acT11 

60JlblJJl1X ITJlaCTH4eCKHX .necpopMa­

UHH MaJI no cpasHeHHIO C pacwH­

peHHeM 3THX o6oeMOB TOJlbKO 33 

1.2 

1,0 

0,8 

0,6 

0,4 

c4eT .nei1cTBHR JJ.asnettilll. 0,2 

.D:ononHHTeJibHO K npose,uett-

HblM HCCJie]].OBaHH.sIM no.rryqetto, 

/1,. V(7), M 

50 100 150 200 250 

C T, • 

4TO B pacCMOTJ)eHHOM ,llH3ITa3OHe 

.nasneHHH H TeMnepaTyp TTOTepR 

YCTOH4HBOCTl1 Tpy6ttoH CHCTeMbl 

PHC. 4. rpacl>HK H3MCHCHHJI BHyrpCHHCrO o6oeMa I KOHT)'pa Ja 

C'-ICT TeMnepazypttoro pacwHpeHHJI 

naporettepaTopos HCKIIJ04etta, H3Mettettilll TenJTonepeJJ.a10meii nosepXHOCTH H npoxoJJ.­

Horo ce4eHH}l rraporettepaTopos He3H3l-lHTeJlbHbl. Ha OCHOBaHIDf nOJiyt'leHHbJX pe3yJibTa­

TOB c.n:e11aHb1 BbIBO)J.bl O Heu.e11ecoo6pa3HOCTH paCCMOTpeHJ.UI sapHaHTa 061.e,nHHeHHbIX 

o6beMOB I 11 II Kott-rypos. 

3. Y'leT pacwupeHHH o6'beMa I Konrypa e ,UHHaMB'leCKOH M0,UeJJU. 

OcuoBHhle pe3yJibT3Tbl pac'leTHblX UCCJJe,noeaueii aeapUHHblX pe)KUM0B 

Tiorry4eHHbie 33BHCHMOCTH pacwHpeHHR 061.eMOB o6opy.n:osaHHSI I KOttrypa OT JJ,aB­

JleHHSI HCITOJ1b3O83Hbl 8 JJ.KH3MH'-IeCKO.H MO,n:emt, rrpeJJ.Ha3Ha'-leHHOH .ll,JISI pacl-leTa nepe­

XO)J.HblX npoueccos B si.nepHblX TITIY 8O.[{O-BO.L{RHOro THna. 

CKOpOCTb 113Mettemur .n:asneHHSI TeTTJTOHOCHTeJIR B KaKOM-m160 BbIJJ.eJleHHOM o6'beMe 

I Kott-rypa OCTHCblBaeTCSI JJ.Hq>cpepeHL{HaJlbHblM ypaBHeHHeM 
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(8) 

B KOTOpOM BTopoe cnaraeMoe 4HCJlHTem1 npaBOH 4aCTH npe,1J.CTaBm1eT co6oi1 JJ.OnOJTHe­

HHe K MOJ].emIM, HCnOJlb3yeMblM B HaCTOSlwee speMSI B p51JJ.e HH)l(ettepHblX MeTOJJ.HK [4]. 

3JJ.eCb P, y, I - cooTBeTCTBeHHO ,/lasneHHe, nJIOTHOCTb H 3HTaJibnm1 TennoHOCHTen51-
' I - speM51, c; Gout= G0ui(P - Po) - pacxoJJ. TennoHOCHTeJISI H3 BbI,lleJieHHOro o6beMa, Kr/c· 
' Po - ,llaBJieHHe B o6beMe, coeJ].HHeHHOM C paccMaTpHsaeMblM o6beMOM (HaxO,ll5111.(HMCR 

nO,ll ,llaBnem1eM P) TPaCCOH HCTeIJeHHSI TenJIOHOCHTeJISl;j - HOMep ,llecpopMHpyeMoro co-

cy,lla; k - HOMep ~aCTKa paccMaTP1rnaeMoro o6beMa (k = 1, 2, . .. , j, j + 1, ... ); GE -
J 

paCXO,/l TenJlOHOCHTeJUI B ,llecpopMHpyeMyio 4aCTb j-ro o6beMa, Krlc: 

(9) 

r,lle ~t - war no speMeHH npH peweHHH .LU-tq>cpepeHUHaJibHblX ypaBHCHHH; ~V;(P) - 3a­

BHCHMOCTH H3MCHeHH51j-x o6beMOB paC'-{eTHOro yl{aCTKa OT ,/l8BJ1CHHSI. 

KpoMe Toro, H3MeHeHHe o6beMOB ~V;(P) Yl{HTbIBaJIOCb B ypaBHeHH.SIX 3HeprHH MR 

TCnJIOHOCHTeJISI [5] nyTeM nepec4eTa Mace COOTBeTCTBYIOWHX paC4eTHbIX y4aCTKOB Ha 

KIDKJJ.OM ware HHTerpHpOBaHHR. 

YpasHeHHSI (8), (9) onHCbIBalOT CBSl3b CKOpOCTH HapacTaHHR ,llaBJICHHSI p C TCMnOM 

di I dt pa3orpesa TennoHOCHTeJISI H pacxo,llaMH HCTel.feHH.51 TennoHOCHTeJISI H3 BbI,Ae-

neHHoro o6beMa (Gout, G
1
E ). CpaBHHBM ypasHeHHSI (8), (9) c TpeTbHM ypaBHemteM 

CHCTeMbI (1), cpyHKIJ.HIO ~V; = ~V;(P), H306pIDKeHHYIO Ha pHC. 3, MO)KHO npe,ACTaBHTb B 

BH,lle 

(10) 

B CBSl3H C TeM, l.fTO nOJIYt.feHHble l.fHCJleHHbJe 3Hal.feHHSI pacwHpCHHjj o6'beMOB, no Kpaii­

HeH Mepe, Ha nopSl,llOK MeHbWe cyMMapHoro 06beMa KOHrypa UHPKYJISIUHH (ypaBHeHHe 

(8) npHMeHHMO H K pac4ery J].asneHHSI B peaKTope), KOppeKTHpOBKa Vi B 3HaMeHaTene 

npaBOH l.faCTH ypasHeHHSI (8) cna6o CKa3bIBaeTCSI Ha pe3yJibTaTe pacl.feTa ,AaBJieHHR H 

nO3TOMY B MO,Aem1 ( 1) He Yl{HTblBaJiaCb. 

8 CB.R.3H C KOppeKTHpOBKOH ypasHeHHH 3HeprHH CJle,AyeT OTMCTHTb, l.fTO BJlHSIHHC 

pacwHpCHHSI o6beMOB KopnyCHblX KOHCTPYKUHH Ha TeMn pa3orpesa TenJIOHOCHTCJlj[ 

npaKTH4CCKH He CKa3brBaeTCSI npH pe3K.HX BO3Mywemrnx, a B KBa3HCTaTHl.feCKHX pe)Kl,f­

Max HOCHT HeO,AH03Hal.fHblH xapaKTep. C O,AHOH CTOpOHbl, npH pa3orpese TenJIOHOCHTeJljj 

yaenH-ciCHHC o6beMa pacl.feTHOro yYaCTKa npHBO)J.HT K YBCJlH'-{CHHJO speMCHH BO3pacTa­

HHSI TCMnepaTypbl H )J.aBJICHH.51 B peaKTope, a C JJ.pyroii CTOpOHbl, 3aMC,llJ1SleT npoXOll 

cppOHTa TenJIOHOCHTeJISI no KOHTYPY UHPKYJISIUHH, CHH)KaSI caMoperyn11py10wHe CBOHCT­

Ba peaKTopa B KBa3HCTaTHl.fCCKHX pe)f(_HMax. 

KaK noKa3aJIH pacl.feTbl peaKTHBHOCTHblX asapHH, HaH6onee onaCHblX C TO4KH 3pe­

HHR noTeHUHaJibHOH BO3MO)KHOCTH BbI)J.eJieHH51 60JlbWOro KOJlHl.feCTBa 3Hepnrn, BbinOJl­

HCHHble no nporpaMMe ECPPR2 [ 4], MOD.Hq>HUHpOBaHHOH )J.Jl51 ~eTa pacwHpCHHSI BttyT­

peHHHX o6oeMOB KopnyCHblX KOHCTPYKUHH, CKOpOCTb B03MyweHHH OKa3bJBaeT cywecT-
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seHHOe BJ11-U1H11e Ha pacnpe.ueneHHe .uasneHHH no o6beMaM peaKTopa H BbIHeceHHOH 

CK,D;. 8 .uononHem1e K BbIBO,UaM, c.uenaHHbIM no Mo.uenH (1 ), cne.aye-r OTMeTHTb, 4TO 

eCJlH OCHOBH3.SI ,UOJl.SI Harpy3KH npHXO,UIITC.SI Ha peaKTop (np11 pe3KHX B03Myw.emu1x), TO 

KOMTieHCHPYIOW.HH BKJ13,U pacw11peHl1.SI KOHCTpyKl..{Hif B orpaH11-ieHHe .nasJJeHJ-UI OKa3bl­

saeTC.SI 6onee 3H341-lTeJlbHblM 113-33 60JJbWero ypOBH.SI IlJl3CTl11ieCIUIX .necpopM3U11H. Ha­

o6opoT, B KBa3HCTaTH'leCKHX pe)l(HMaX, npH KOTOpbIX 3HaqemUI .nasneHH.SI B peaKTope 11 

CK,D; 6n113KH, pacwHpeHHe KOHCTPYKUHH o6ycnosneHo, rnaBHbIM o6pa30M, ynpyntMH 

(cpaBHJffeJlbHO MaJJblMH) .uecpopMaUHJIMH, H o6cy)l(JJ.aeMOe Bbtwe .uononHeHHe MO)J,em1 

)J.KH8MHKl1 Hecyw.ecTBeHHO CKa3bIBaeTCH Ha pe3yJJbTaTaX pac4eTa, no Kpaiitteit Mepe, Ha 

H3l{aJlbHblX CTa.[{IDIX asapHH. 

TTpH )J,JIHTeJlbHOM KBa3HCTaTHYeCKOM BO3MylUeHHH B nycKOBblX YCJlOBIDIX (npH 

20 °C), HanpHMep, B cy.IJ.OBblX ITIIY, H3-3a cpaBHHTeJlbHO 60J1bWHX HCXO)J,HbIX 3anacos 

fa3OBblX o6beMOB B CKJJ:, .uocn1raeMbie MaKCHMaJJbHble 3Ha4eHH.SI .uasnettml MeHbllle no 

cpasHemtlO C :mepreTW-leCKHMH pe)KJ1MaMH (300 °C). KaK cne,n:CTBHe, B rop51YeM co­

CTO.SIHITTI peaJJH3YIOTC.SI 6oJJbWHe nnaCTHYeCKHe .necpopM3UHH H HX HeyqeT B ARHaMWJe­

CKOH MO,nemI npHBOAHT K H3JIHWHe KOHCepsaTHBHblM pe3yJlbT3TaM. 

Tipose,neHHble HCCJle,nosaHH.SI IlOKa3aJJH, YTO HaH60JibWHH 3cpcpeKT B npouecc CHH­

)KeHHJI TeMJTOB pocTa .uasneHHH .uaeT pacwHpeHHe KOHrypa B 06nacn1 JTJl8CTKYeCKHX 

,necpopM3UHH, a pacxo.u TenJJOHOCHTeJl.SI B CK~ 11MeeT npeBanHpy10w.ee 3Ha'leHHe AO Ha­

YaJJa pa3BHTH.SI "nnaCTHKH". CJ1e.uyJOL1.lHM cpaKTOpOM no 3H3YHMOCTH Ha CHH_)l(eHHe TeM­

nos pocTa .nasneHH51 RBJ1.S1eTc.S1 11cTeYeHHe TeilJlottoc11Tem1 4epe3 cpnaHL~eBbte coe,n11He­

HHH. ITpH TeXHHYeCKH pean1nyeMbIX 3anacax IlOJIOJKHTeJlbHOH peaKTHBHOCTH BJll-l5IHHe 

pacKpblT11.SI cpnattueBblX coe,n11HeH11H Ha seJIH'rntty .nasJieHH.SI J KOHrypa He3Ha4HTeJibHO. 

KaK JTOKa3aJJH pacYeTbl, noTepH TeilJIOHOCKTeJJ.SI B HaH6onee Hanp.Sl)KeHHOH asap1111 Ha 

XOJlOAHOM peaKTOpe (npH " BbI6poce" 113 aKTHBHOH 3OHbl .nsyx peryJIHP)'lOW.HX opraHOB 

BCJJeACTBHe nocryn11posaHHOro " cpe3amrn" HX CTOeK) He npeBbICHJIH 1 500 ... 1 600 Kr, 

H3 KOTOpblX TOJlbKO 20 Kr COCTaBJ15IIOT noTepH 33 CYeT HCTeY.emrn Yepe3 <pJ1aHueBbie co­

emrnemrn (pacYeT asapHH orpaHH4eH ocywett11eM KOMTiettcaTopa .nasneHHJI, nocne KO­

Toporo npOHCXO.UHT 33TIOJ1HeHHe sepXHeH 43CTH peaKTopa a3OTOM, H COOTBeTCTBeHHO 

cyw.eCTBeHHblM CHH_)l(eHHeM noTepb TeJTJIOHOCHTeJ151 qepe3 CTOHKH H3BJ1e4eHHblX opra­

HOB ). PacYeT TOH )Ke asap1111, npose,neHHblH B npe)J,nOJIO)l(eHHH HepacKpblTH.SI cpna~e­

BblX coe,nHHeHHH, IlOKa3aJJ, 4TO MaKCHMaJJbHOe )J,aBJJeHHe ysenwrnsaeTC.SI He3HatJHTeJib­

HO (Mettee YeM Ha 1 %). B TO )Ke speM.SI MO)KHO npe.unonaraTb, 4TO B npOJJ.OJI)KHTeJlbHblX 

KBa3HCT3THYeCKHX pe)l(HMax, Bbl3BaHHblX, HanpHMep, HapyweHHeM TeJTJIOOTBOAa OT 

J KOHrypa, pacKpbITHe <pJiattueBbIX coe,n:HHeHHH B ycJJOBIUIX MHOfO4HCJJeHHbIX OTKa308 

CHCTeMbl 3aW.HTbl 6y,n:eT HrpaTb 6onee cymecTBeHttylO pOJJb, BblCTYila.SI B KaY.ecrne csoe­

o6pa3Horo npe.uoxpaHHTeJJbHOro KJ1anatta, 06ecne1rnsa10w.ero ,nonoJJHITTeJJbttylO 33UlH­

TY I KOHrypa OT IlOBbIWeHH.SI .nasJieHJi.SI. 

B ueJJOM paCYeTHbie HCCJle,n:osaHH.SI npH Mo,nen11posamnt peaKTHBHOCTHbIX asapHH C 

y4eTOM ynpyrnx H JTJ1aCTH1ieCKHX .uecpopMaUHH KopnyCHblX KOHCTPYKUHH noKa3aJJH 

ysem1Yem1e AOJTYCTHMOfO HHTerpana BBO)J.HMOH peaKTHBHOCTH B 1,5 ... 2,3 pa3a B 33BH­

CHMOCTH OT CKOpOCTH B03MylUeHHH H pe)l(HMa pa60Tbl peaKTopa. B YaCTHOCTH, npH rrpo­

rHO3HpOB3HHH nocne,nCTBHH npe.IJ.eJTbHblX nocrynHpOB3HHbIX asapHH, Bbl3BaHHblX He-
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npepblBHblM H3BJJe4emteM perynHpYJOLUHX opraHOB C pa6olfeH CKOpOCTblO npH OTKaJe 

scero "3llieJJOHa" napaMeTpH4eCKOH 3aLUHTbl, YKa3aHHOe yseJJH4eHHe 0611aCTH 6e3onac­

Horo BBO)J.a peaKTHBHOCTH n03BOmleT JJH60 HCKJII04HTb nospe)l(,lleHHe I KOHT)'pa npli 

nOJJHOM H3BJJe4eHHH 3JleKTpH4eCKH o6be)J.HHeHHOH rpynnbl pery;rnpy!OLUHX opraHos, 

111160 (npH pa6oTe Ha MaKCHMaJJbHblX ypOBHSIX MOLUHOCTH) yseJIH4HTb pe3epBbl speMeHH 

Ha ynpaBJieHHe asapHeH c 4,5 ,LJ,O 7 MHH. HanpHMep, s COOTBeTCTBHH c MO)J.eJJblO Cy3HHa 

[6], pa3pa60TaHHOH .nm1 aHOMaJJbHbIX CHT)'aUHH Ha KOHTpOJJbHOM nyJibTe jl)J.epHOH CHJlo­

BOH ycTaHOBKH, YKa3aHHOe yseJJHt-IeHHe speMeHH n03BOJISleT CHH3HTh cpe.nmoio sepOjj_T­

HOCTb OllIH604HOH ]lHarHOCTHKH C 0,] 2 ,LJ,O 0, l 05. 

3aKJIIO'-ICHHe 

Yqer s .D.HHaMH4eCKOH Mo.ne1111 peanbHhlX .necpopMaUHH KOHCTPYKUHH I KOHT)'pa no-

3BomeT 6011ee peanHCTH4HO oueHHTb cnoco6HOCTb TTTIY no KOMneHCaUHH H36bIT04HO­

ro ,LJ,aBJJeHHSI B KOHT)'pe H BblSIBHTb ,LJ,OnOJlHHTeJJbHble Ka4eCTBeHHble H speMeHHble pe-

3epBbl ee caM03aLUHLUeHHOCTH. 
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3KCIIEPIIMEHTAJihHhIE HCCJIE,[J:OBAHIDI 

Y .ll,K 621.039:519.2:62 l.039.524.4-98 

lluTerpaJibHble peaKT0pHbJe JKcnepuMeHTbl no HCUbITaHHIO 

MHoroJJieMeHTHhlX ct,parMeHTOB TBC BB3P-440 n BB3P-1000 
• npH napaMeTpax aBapun C UOTepeu: TenJI0H0CHTeJI.H. 

O6o6meuue peJyJihTaT0B no U:HKJIY JKcnepuMeHT0B "MaJiaH Telfb" 

A.B. I'opnllea, H.B. Kuce.neaa, B.M. MaxuH, B.H. filyRwtoa, 
<I>fYfl 'THI...( P<I> Hl111AP", 433510, r. )])1MHTpoBrpa.n. Ym,si.HOBCKOH 06J1aeT11 

Ilp11.BeAeHh1 octt0Bttb1e pe3ynbTaTb1 3Kcnep11MettTOB Ha nemeBow ycTaHOBKe TIBII-2 pe­

aKTopa Ml1P no HCIThITaHJ,[l-0 MHoro3neMeHTHhIX qiparMeHTOB TBC BB3P-440 H BB3P-1000 

npH napaMeTPax, xapaKTepHblX )],JUI KOHe'-IHOB CTa)ll111 aaapHH "Marirul Te%" C HeKOMneH­

CHpOBaHHOB yre'-IKOH TeilJIOHOCHTeJUI 113 I KOmypa. 

INTEGRAL IN-PILE EXPEREMENTS WITH A VVER-TYPE FUEL ASSEMBLY 
"SB-LOCA"-TEST. A.V. GORYACHEV, I.V. KISELEVA, V.M. MAKHIN, V.N. SHU­
LIMOV. Results of 19-rod and 7-rod VVER-type fuel assemblies tests "SB-LOCA" in the re­
search reactor MIR are presented. The influence of LOCA parameters and design peculiarities 

of fuel assembly on fuel behaviour was investigated. 

B peaKTope MMP 6onee l O neT nposo;:v1Tcsi. 11enbITaHMS1 cpparMeHToB TBC BB3P s 

pe:>KHMax asapMH C noTepeH TenJTOHOeITTem. B ,LJ.aHHOH CTaTbe npHBe,LJ.eHbl oeHOBHble 

cse.n.emrn O MeTO.LJ.MKax M pe3yJJbTaTax HCITbITaHl1H. 

1. KJJaccml>nKan11H o oco6enuocTH npoTeicauuH asapnii 

c noTepeii TenJJonocnTeJJH ua BB3P 

B COOTBeTCTBMH e npmUITOH KJJaCCH<pHKauMeH B 3aBMeHMOeTH OT BeJlHl-lHHbl .n.ecpeK­

Ta Tpy6onpoBO,LJ.OB I KOHlypa Te4H TerIJTOHOeHTeJlSI pa3.n.e11S1FOTeS1 Ha MaJible, epe,LJ.HMe H 

6onbwHe BnnoTb .n.o MaKCHMaJibHOH npoeKTHOH asap11H (MITA). Manbre Tetrn (MT) Ha 

BB3P-1000 CBSl3bIBaFOT e pa3pbIBOM Tpy6onpoBO.Ll.OB ,LJ.HaMeTpOM .uo 80 MM, MITA onpe­

.n.emi:FOT KaK pa3pbIB Tpy6onpOBO,LJ.a 0 850 MM c .n.syxcTopOHHHM 11eTe'lJeHMeM TenJIOHO­

eMTensi, Beeb npoMe:>KyrOllHbIH cneKTp .n.ecpeKTOB OTHOeSIT K cpe,LJ.Hl1M Te4aM (CT). Bee 

nepe4HeJleHHble asap11H, CBSl3aHHbie C noTepeH TenJIOHOeHTensi, OTHOC.SITeSI K pa3psi.zzy 

.. npoeKTHblX. Tipe,llyCMOTpeHHbJe KOHCTPYKTOpOM TeXH114eeKHe epe,llCTBa, eenH He npo­

HCXO,llHT HaJIO)KeHH.SI HeCKOJlbKHX OTKa308 B pa6oTe o6opy.n.osaHHSI, .LJ.OJDKHb[ 3am11maTb 

aKTHBttylO 30tty (A3) peaKTopa OT neperpeBa. I1p11 3TOM TeMnepazypa TOflJIHBa 11 .n.pyrHX 

3JTeMeHTOB TBC He no,LJ.HHMaeTCSI BblWe Toro 3Ha4eHHSI, KOTOpoe Ha6JIFO,LJ.aeTeSI npH 

HOpMaJibHOH 3KennyaTaUMM, t{TO 11 o6ecnetIHBaeT 6e3onacttoeTb A3 peaKTOpa. l1eKJTlO­

CJeHHe eocTaBJlSleT MITA, npH pa3BHTHH KOTOpOH He y.n.aeTeSI H36e:>KaTb KpaTKOBpeMeH­

HOro neperpeBa TB3JlOB. CornacHo pae'-leTHOMY nporno3y rettepanbHoro KOHCTPYKTopa 

peaKTOpa TeMnepazypa 060110'-lKH MO:>KeT ITOBbIWaTbeSI .Ll.0 700 ... 1 I 00 °C .Ll.JlSI pa3JJH4-
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HbIX rpynn TBJJlOB. HecMOTJlSI Ha JTO, npe.uycMOTpeHHbte npoeKTOM naCCHBHble H a1e­

THBHbie CHCTeMbl asapHHHOro pacxonaJtrnBaHHJI 3all.lHll.lafOT A3 OT pa3pyrneHHR, HO 803-

MO)f(Ha pa3repMen13au,HR Yacnr o6ono4eK TBJJlOB [I]. 
ITpaKTH4eCKHH HHTepec npeJJ.CTaBJUleT nOCTaHOBKa HMHTaU,HOHHblX JKCnepHMeHTos 

' 
B KOTOpbIX pean113yfOTC.SI MaKCHMaJlbHbie (JKCTpeMaJlbHble) napaMeTpbl, xapaKTepttbie 

)J.Jlj! TOH 1-fJll,I HHOH asap1rn, npH KOTOpblX npOHCXOJJ.HT HaH60JlbWee pa3pyw1neJ1bHOe 

B03JJ.eHcTsHe Ha A3. ,[(nR asapHit MT H CT o6beKTOM JJ.JlR HJyt-reHHR jJBJl.HeTCR KOHe'-IHcUI 

CTa)J.HJI npH OTKaJe CHCTeMbl no)lmtTKH, KOr)J.a s A3 npOHCXOJJ.RT pa3JJ.eJl cpa3 TenJlOHOCH­

TeJrn 11 neperpes o6ono4eK B pe3ynbTaTe ocyweHHR sepXHeH YaCTH A3. EcnH pe)f(HM 

npoeKTHblH (6e3 )lOnOJlHHTeJlbHblX OTKa308 o6opy)loBaHHR), TO napaMeTpbl TBJJlOB HH)f(e 

HOMHHaJlbHbIX H noJTOMY HeT npe)J.MeTa )J.Jljl HCCJle)lOBaHHJI . 

Oco6eHHOCTb npoTeKaHHR asapl-1.H MT H CT cocTOHT s TOM, 4TO pa3JleneHHe cpa3 

TenJlOHOCHTeJlj[ B A3 H ' KaK CJie)lCTBHe, neperpes o60J10'-IKH npOHCXO)lRT, KaK npaBHJlO, 

npH 60J1bWeM HJlH 6nH3KOM )lasnem,rn s [ KoHrype no cpasHem110 c )lasnem1eM raJa 

BHyrpH TBJJla. ITpH JTOM yMeHbWaeTCJI )lHaMeTP o60J104KH JJ.Jl_.SI Heo6Jiy4eHHOro TBJJla. 

fH)lpomrnaMH4eCKHe YCJ108Hj{ Te4eHH.SI TenJlOHOCHTeJIR He yxy)llllafOTC.SI . BMeCTe C TeM B 

cny4ae HCnbITaHH.SI BbICOKOBbffOpeswero TOnJIHBa 803MO)f(H0 o6pa30BaHHe Ha o60J10'-1Ke 

B3.IJ.YTHH. OCHOBHa.H 3a)la'-la TaKH_X JKCnepHMeHTOB - H3y4eHHe ITOBe)leHHR TBJJIOB H 

CBOHCTB MaTepHanOB A3, onpe)leneHHe npe)J.eJlbHblX napaMeTPOB, npH KOTOpblX TBJJlbl H 

Jlpyrne JJleMeHTbl coxpaHRfOT CBOfO u,eJIOCTHOCTb H np04HOCTHbte xapaKTepHCTHKH, JJ.OC­

TaTOl.{Hbie JJ.Jl.H coxpatteHHR OXJia)f(Jlem1R A3 11 H3BJle4eHHR TBC H3 peaKTopa nocne 3a­

sepwettHR asapHHHoro npou,ecca. 

l1TaK, u,enb HCnbITaHHH 11 HCCJle)lOBaHHH COCTOHT [2]: 

- s no.n;rnep)f(J].eHHH HJlH yrO'-IHeHHH KpHTepHeB pa6oTocnoco6HOCTH TBJJlOB H TBC; 

- B onpe)leJleHHH npe)leJlbHbIX napaMeTpOB, npH KOTOpblX B03MO)f(Ha pa36opKa A3 
nocne pa60Tbl B pe)f(HMe yxy.uweHHOH TenJlOOT)J.a'-111; 

- B nony4eHHH )laHHblX )lJlJI sep11cp11KaU,J-fl1 H KOppeKTHpOBKH KO)lOB. 

,D;anee npHBe)leHbl OCHOBHble pe3yJlbTaTbl U,HKJla JKCnepHMeHTOB Ha peaKTope Ml1P, 
BblITOJlHeHHblX no cu,ettapHIO asapHH MT. 

2. 3KcnepHMCHTaJibHble BOJMO'.iKHOCTH DOCTaHOBKH 

HMHTai_.HOHHblX JKcnepHMCHTOB ua peaKTOpe MHP. 
MeTO.l).HKa npoBe.l).eHHH 

3KcnepHMeHTaJlbHOe o6opyJlOBaHHe )lJljl npose)leHmr HMHTaUHOHHblX asapHHHblX 

HCnbITaHHH BCJle)J.CTBHe HX cneuHq>HKH (Heo6xo.n;HMOCTb pean1-13au,1111 Ha onbITHbIX TBJ­

nax JKCTPeMaJlbHblX napaMeTpOB, B03M0)f(H0CTb pa3repMeTH3al.(HH HJlH )l~e pa3pywe­

HHR TBJJTOB H peanH38UH.H CTa,ll;HH nOBTOpHoro CMa4HB8HHJI (pe)f(HMa 3aKaJlKH HJTH 

QUENCH-pe)f<J,!Ma)) JlOJDKHO y.uosnernopRTb cneJlyfOll.lHM Tpe6osattH.HM: 

- .uonycKaTb pa6ory npH BblCOKHX ypoBHJIX aKTHBHOCTH TenJlOHOCHTenR; 

- o6na)laTb TeXHH4eCKHMH cpe)lCTBaMH peanH381.J,HH 38,ll,aHHblX napaMeTpOB, xapaK-

TepHbTX )J.Jljl TOH HJlH HHOH asapHH, H nOBTOpHoro CMa4HB8HHJI npH BblXO)le H3 COCTOSI­

HHJI neperpesa. 

Ha MOMeHT nocTaHOBKH 3a,ll,a4H ( I 991 r.) peaKTOpHble CTeH,l],bl, y )lOBJleTBOpjJfOlJ..lHe 

YKaJaHHblM Tpe6osaHHRM, OTCyrCTBOBaJlH. Ha peaKTOpe Ml1P JKCn11yaTHposanaCb neT­

neBajJ ycrnttOBKa ITBIT-2 [3], s KOTopoi:1 B03MO)f(Ha JlJlHTeJlbHaR pa6orn npH o6beMHOH 
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aKTHBHOCTH Ten110HOCHTeJU1 4 I'EK /11, a npH OTKJTOHeHHH OT pe)KHMa HOpMaJlbHOH 3KC­

nnyaTaUHJ,f - KpaTKOBpeMeHHO .n.o 40 foK /11. BMeCTe C TeM COOTBeTCTBYIOW.He TeXHH'-le­

CKHe cpe,n,cTBa pea11H3aUHH 3a,n,aHHblX pe)KHMOB HCnbJTaHH,Sl OTC}'TCTBOBaJlH. Obl110 npH­

H51TO pewem,e O npose,n,eHHH MO,n,epHH3aUHH I KOHrypa ycTaHOBKH TTBIT-2, KOTOpylO 

nnattHposanocb nposecnt s ,n,sa 3Tana: 

1) JlOOCHaw.eHHe ycTaHOBKH ,ll,Jl,Sl npose,n,eHH.sl HCDbJTaHHH MT; 

2) peKOHCTpyKU1151 ycTaHOBKH ,ll,11.sl npose,n,eHH51 3KCnep11MeHTa MITA (pa3pa6oTaH 

npoeKT, H3fOTOB11eHO OCHOBHOe o6opy,n,osaHHe H npose,n,eHbl ero CTeH,ll,OBble HCnbl­

TaHH.st). 

I1pHH51THIO COOTBeTCTBYlOW.HX TeXHH4eCKHX peweHHH npe.n.weCTBOBaJla pa3pa60TKa 

MeTO,ll,HKJ,f (TeXH0110fl-1H) npose.n.ettl1,Sl HMHTaQHOHHblX 3KCnepHMeHTOB [2]. 

TTocK011bKY HCKOMbIM s 11cnb1Tatt11.s1x MT .s1s11.s1eTC51 KOHe4Hoe cocT051HHe TBC, npH 

KOTOpOM ,ll,OCTHraeTC,Sl MaKCHMaJll,Ha51 TeMneparypa TB3118 npH 3a,ll,aHHOM .u.as11em-rn B 

I KOHrype, nepeXO,ll,HblH npouecc MO)KHO pea11H30BaTb B repMent4HOM KOttrype neTne­

BOH yCTaHOBKH yMeHbWeHHeM pacxo.u.a Ten110HOCHTeJ151 (no paC4eT)' 7 .. . 12 r / c). 3Ta 

cxeMa 3KCnepHMeHTa npHH51Ta B Ka'-leCTBe OCHOBHOH, H ,ll,1151 ee peamnau1rn Ha nepBOM 

3Tane ,ll,OOCHaw.ettH.sl I KOHrypa ycTaHOBKH IlBIT-2 cnpoeKTHposaHbl H CMOHTHposattbl 

y3en o6ecne4eHH51 11 H3MepeHH_,Sl Manoro pacxo,n,a Ten11ottocHTen.s1 11 no.n.orpesaTe11b Ha 

sxo.n.e B Kattan noc11e 4ero n051BH11aCb B03MO)KHOCTb Bbin011HeHH,Sl YKa3aHHblX 3KCnepH­

MeHTOB. Pa311H4Hble cxeMbl Bbin011HeHM,Sl orrepaUHH noBTOpttoro CMat.JHBaHH,Sl H pacxo­

J18)KHBaHH,Sl o6ecne4HBaJ1H CHCTeMbl ycrnttoBKH ITBIT-2 H peaKTopa MRP. Ha1-t6onee 

CJlO)l(HbJM ,ll,Jl,Sl BocnpOH3Be,n,eHH51 B HMHTaUHOHHOM 3KCnepHMeHTe ,SlBJ151eTC,Sl nepexo.n.­

HblH npouecc nepsoi1 cTaJlHH MITA BB3P scne,n,cTBHe 6onbWOH CKopocTH H3MetteHH51 

napaMeTpOB TennOHOCHTeJ151 (,f TOITJlHBa. ,Un51 3TOro Tpe6yIOTC,Sl cneUHaJlbHble TeXHHt.Je­

CKHe cpe,n,CTBa, B 48CTHOCTH, CHCTeMa HMHTaQHH noTepb TennOHOCHTen.st, KOTOpa51 B Ha­

CT051W.ee BpeMH pa3pa6oTaHa H HCTibITaHa Ha TennorH,n,pasnwieCKOM CTett.n.e, HO Ha neT­

nesow ycTaHOBKe TTBIT-2 .n.o Cl1X nop He CMOHTHposaHa. Tio3TOMY B HaCTO.stll.lee speM51' 

cyw.ecTsyeT TeXHH4eCKa51 BO3MO)KHOCTb nocTaHOBKH HMHTaUHOHHblX 3KCnepHMeHTOB 

MT H MnA 6e3 pea11113au1111 nepBOH CTa,ll,HH 3KCnepHMeHTOB " 60JibW851 Te4b" . 

.[(n51 npose,n,eHH_,Sl asapHHHblX HMHTaUHOHHblX 3KCnepHMeHTOB pa3pa6oTaHo H H3ro­

TOBJieHO HCTTbITaTe11bHOe o6opy,n,osaHHe (pHC. 1, 2), KOTOpoe no Mepe HaKon11eHl1_,Sl 3KC­

nepHMeHTaJlbHblX Jl8HHblX H ODblTa 3KCITJlyaT8UHH ycTpOHCTBa cosepweHCTBOBaJlOCb H 

MO.n.epHH3 HpOBaJ1OCb. B 48CTHOCTH, BBe,n,etta TennOBM H3OJUII..UUI no BCeH ,ll,JlHHe DO.LJ.'b­

eMHOro y4acTKa KaHana <I>Hnb,n,a onTHMH3Hposatto octtaw.ett11e Kattana 11 cpparMeHTa 

TBC ,n,aT4HKaMH KOHTp011SI napaMeTpos, pa3pa6oTaHa TeXHOJlOrHSI ycTaHOBKH TepM0-

3Jie1CTpOnpeo6pa30BaTenei1 (T3IT) B 0601101.JKe He06JIY4eHHb[X TB3Jl0B H .n.aT4HKOB KOH­

TPOJl,Sl TeMneparypbl TOnmfBHblX cep,n,e4HHKOB TB3J10B C BblCOKHM BbirOpaHHeM. Terrno­

Ba,Sl H30J1SIU11SI CHH311Jla 3Ha4eHHe ITOTpe61151eMOH MOll.lHOCTH, 4TO D03BOJ1HJ10 npH611H3HTb 

KOttet.rnoe cocT051HHe cpparMeHTa TBC K peanbHOMY H c,n,enaTb ynpaBn51eMblM nepexo.n.­

HblH npouecc [2]. Pa3pa6oTaHbI 7-MH H 19-JneMeHTHbie cpparMeHTbl TBC BB3P-440 H 

BB3P- l 000 npH4eM 6onee npe,n,no4THTe11bHbrM HBJI51eTC51 I9-JneMeHTHbIH rryt.JoK, TaK 

KaK B HeM peanH3YIOTC,Sl see THnbl npOXO,ll,HblX 514eeK B TBC (ueHTpaJlbHble, rpaHH4Hble 

H yrnOBble) H TeM CaMblM socnpOH3BO,lJ,HTC51 rn,npO.llHHaMHKa Te4eHH51 Tenn OHOCHTeJlSI. 

Pa3pa60TaHa nmoBa,Sl cxeMa (pHC. 3) ycTaHOBKJ,f .n.aT4HKOB. B 3aBHCHMOCTH OT KOHKpeT­

HblX ue11eH 3 KCnepHMeHTOB BO3MO)KHbl pa311H4HbJe cxeMbl ycTaHOBKH BO cpparMeHTe 

TBC HHCTpyMeHTOB8HHblX H HeHHCTpyMeHTOBaHHblX TB3Jl0B. 
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PHc. I. O6mHii BHll Ka.Hana: I -
r0JJ0BKa KamUJa; 2 - naTpy6oK UHp­
KYJUIUH0HHbI!1; 3 - MeCT0 ynnoTHe­
HH,11 no.neecKH; 4 - eaKyyMHa.11 no­
nocr1,; 5 - nepeX0,llHHK CTaJJb-UHpK0-
HJ,1!1; 6 - Tpy6a UHpK0HHeea.11; 7 -
K0pnyc 3a!llHTHbIH: 8 - .naT'lHK TeM­
nepazypb1; 9 - HIDKH.llj( nmrra peaK­
rnpa; IO - .naT'lHK Heirrp0HH0ro no­
TOKa; 11 - Kopnyc (UA3 - ue11Tp A3) 

a) 

l 
2 

3 
4 

5 

6 

7 

8 
9 

10 

I I 

12 

13 

14 

15 

16 

063 

6) 

PHc. 2. O6nyYaTeJJbHOe ycrpoAcreo: 

o6mHii BHll (a): ce'leHHe ycrpoiicrea 

(6): l - 0XpaHHbIH K0nna'loK; 2 -
H3MepHTeJJbHbIH WJJeA<j>; 3 - ro­

JI0BKa n0JlBeCKH; 4 - .nep)l(aTeJlb 

pe<j>a6pHKOB!lHHOfO TB)JJa; 5 - Y3e11 

repMeTHJauHH: 6 - nyY0K Ka6e11ei1; 

7 - 0KH0 .llJlj( BbIX0.na TenJJ0H0CH­

TeJUI; 8 - .ZlHCTa11u110IIHpyIomM 

Tpy6Ka: 9 - Y3eJ1 ynJJ0TlleHHj(; IO -
TennoHJ0AATop: I I - Yexon TBC; 
12 - pe<j>a6pHKOBaHIIblH TB)JJ; 13 -

K0p3HHa; 14 - Hap~HM TPY6a­

paJ.ne11HTeJ1b n0T0Ka; 15 - XB0CT0-

BHK; 16 - Heo6nyYeHHbl!1 TB)JI 

,[vu, nonyYeHHH cpaBHHTeJlbHblX .n.aHHblX O nose.n.eHHH Heo611yYeHHblX H Bhrropes­

WHX TB3Jl0B ( CTpyKrypHE,le H3MeHeHIDl MaTepmUla 060110'-IKH H TOnJlHBa, OTCYTCTBHe 

3a30pa B BbiropeBWHX TB3JlaX, ra30Bbl)J.eneHHe H3 TOnJlHBa npH pa:mrpese cep.n.eYHHKa) B 

HCnb[TbIBaeMylO TBC ycrnttasmmalOT yKopoYeHHble cpparMeHTbl OTpa60TaBWHX WTaT­

HblX TB3Jl0B 3HepreTHl.feCKOro peaKTopa, 3arepMeTH3HpOBaHHblX csapKOH B 3amHTHOH 

KaMepe, H Heo6nyYeHHble TB3Jlbl C noHIDKeHHblM o6orameHHeM TOnJlHBa no 
235U. C yqe­

TOM TeXHHl.fCCKHX orpaHHl.feHMH npH JJ.HCTaHUHOHHOH 3arpY3Ke BblropeBWHX TB3Jl0B 

npHHHTO, 1.JTO MaKCHMaJlbHOe KOJ1H4CCTBO BbrropeBWHX TB3Jl0B, 0.ll.HOBpeMeHHO ycTa­

HaBmrnaeMblX B 3KcnepHMeHTaJlbH)'IO TBC (3TBC) pastto TPeM, npH 3TOM B OJJ.HH BhI­

ropeBlllHH TB3Jl ycrnHaBJlHBalOT T3fl B l..(CHTP TOnJlHBHOfO cep.n.e4HHKa. B HaCTOHmee 

speMH npose.n.ettbI HCnbITaHHH TOnnHBa 883P c Bb1ropattHeM 50 ... 60 MBT·CYT/KrU. 

MeTO.ll.HKa H TeXHOJlOrH.sl npose,lleHI-UI HMHTaUHOHHblX 3KCnepHMeHTOB .n.omKHbl 

6bJTb TaKOBbl, l.fT06bl B nepeXO.ll.HOM pe)KHMe MO)KHO 6b1Jl0 HCKJIIOl.fHTb 803HHKHOBettHe 
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; 

KpH3HCa Tennoo6MeHa npH KOTOpOM npol(ecc CTaHO­

BHTC.SI HeynpaBJJ.SleMblM, H HBJieHH.SI "3aXJ1e6bIBaHHH". 

Oo3TOMY npe.uBap11TeJ1bHO He06XO.UHMO BblnapHTb 

TenJJOHOCHTeJJb 113 no.ubeMHOfO y4aCTKa npH nOHH­

)l(eHHOH MOlUHOCTH, npH KOTOpOH OXJJIDK.UeHHe TB3JIOB 

nepeXO.UITT B 3aKpH3HCttylO o6JJaCTb, MHHY.SI KpH3HC 

Tennoo6MeHa (KpH3HC nepsoro po.ua). 3a.uaHHM .UH-

11aMHKa H3MeHeHH.SI TeMneparyph1 o6ono4KH o6ecne-

4HBaeTcH 803,lleHCTBHeM Ha MOlUHOCTh peaKTopa. 

PeaJJH3YeTCH .UHCnepCHblH pe)f(HM Te4eHM TellJIO­

HOCHTeJJ.SI B sepXHeii nonOBHHe cpparMeHTa TBC. B 

pe3yJibTaTe cnel(HaJJhHhlX Hccne.uosaHHH C npHMeHe­

HHeM .uaT4HKOB napoco.nep)f(aHHH noKaJaHO, 4TO Ha 

pacCTO.SIHHH OKOJIO 0,2 M OT rpaHHL(hl pa3.uena cpa3 

o6beMHoe napoco,uep)l(aHHe cocTaBJJ.SleT He Mettee 

0,95 H 3aperncTpHposaHbl MeJJ KO,llHCnepCHbie KanJJH 

BO.Ubl s nape [4]. YKaJaHHblH pe)l(HM xapaKTepeH KaK 

,llJI.SI ycJIOBHH asapHH C 4aCTH1-lflblM ocyweRHeM A3 

883P, TaK H .UJIH sTopow cTa.UHH MITA BB3P-1000 -

nOBTOpHoro 3aJJHBa. TaKHM o6pa30M, B OTJIH4He OT 

3 
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P11c. 3. CxeMa pa.JMelUeHHll HHCTpy­
MeHT0Ba.HHhrX TB'.)n0B B JlHCTaHUH0-
HHp)'lOmei:i peweTKe 3KCnepHMCH­
TaJlbH0H TBC: I - pect>a6pHKOBa.HHLIH 
TB:m c T3IT BIIYTPH TOnnHBH0ro 
cep.nelfHl!Ka; 2 - HerrncrpyMemosaH-
1 lhlH TBJn; 3 - TBJn c T3TI BHYTPH 
Tonn11sHoro cep.llettHHKa; 4 - pect>a6-
pHKosaHHblH HCHHCTpyMeHT0BaHHblH 
TB3n; 5 - TB3n c TpeM11 T3TT Ha 060-

JI0'iKC 
MHOfl,fX CTeH,llOBblX ("ITapaMerp") H peaKTOpHblX 

(PBF, FR-2, NSRR) 3Kcnep11MeHTOB B HCnbITaffiUIX Ha peaKTope MMP pe)f(HM Te4eHHJI 

TennottocITTeJJH s 3TBC 6JJH30K K pe)f(HMY Te4eHHJI TennottocITTeJljl s A3 BB3P, 1-1To 

8a)f(H0 .llJI.SI noJl)"-leHHJI peaJJbHbJX .uaHHblX O COCTOHHHH TB3Jl08 H TBC nocne asapHH. 

Bo3M0)f(H0CTb nocTaHOBKH HHTerpaJJbHblX HMHTaUHOHHblX 3KCnepHMeHT0B Ha HC­

CJJe,uosaTeJJbCKOM peaKTope onpe.neJljleTC.SI TaK)f(e HX 6e3onacHOCTb10. ITpH o6ocHOBaHJrn 

6e3onacttocTH 3KcnepHMeHTa tteo6xo,uHMbI .uaHHbie o ttaKonJJeHirn H BhJ.ll,enemrn B Ten­

JJOH0CHTene 80.ll.OpO.ll,a pa3JIH4HOro npOHCXO)l(Jl:eHH.SI, 0 BblXO,lle H pacnpocrpatteHHH no 

KOHTYPY pa.u11oaKTHBHblX npOJl:YKTOB )].eJieHH.SI npH pa3repMenl3al(HH TB3JIOB H .ll,pynte. 

Bee 3T0 .SIBJI.SleTC.SI npe.ll,MeTOM H3Y4eHHJ1, TaK KaK Ha CTa.Lu•rn no.uroT0BKH 3KcnepHMeHTa 

YKaJaHHble napaMeTpbl MOryT 6b1Tb TOJibKO ou.etteHbl [5]. 

3. OcHOBHLIC peJyJibTaTbl IIHTerpaJibHblX JKcnepeMCHT0B MT 

l1cnb1TaHH.S1 cpparMeHTOB TBC BB3P s pe)l(HMe MT npoBO.ll.HJIHCb no cneu,HaJJbHOH 

nporpaMMe, npH pa3pa60TKe KOT0p0H yt-lHTbIBaJJaCb Heo6xo.n.HMOCTb: 

- .UOCTH)f(eHHR MaKCHMaJJhHOH TeMneparyphl o60JI04KH, KOTOpM B03MO)f(Ha Ha TB3-

JJax A3 BB3P-1000 co cpe.ll,ttew (380 BTlcM) H BblCOKOH (447 BT/cM) JJHHeHHhJMH nnoT­

HOCT.SIMH Tennosoro nOTOKa B H0MHHaJJbH0M pe)l(HMe; 

- sapHaUHH .nasnemu1 B l K0Hrype, KOTopoe 113MeH.SleTC.SI B WHpOKHX npe.ll,eJJax, 

xapaKTepHblX )],JI.SI asapHH THna MT, BCJie,llCTBHe '-lero C03)],alOTC.SI pa3JlH4Hble YCJJOBH.SI 

Harp~eHH.SI o60JJ01-IKH - OT C)l(aTH.SI .n.o paCT.Sl)l<eHH.SI npH nepena.n.e )],aBJleHH.SI 

0,5 ... 1,5 MITa; 

- npose.n.eHH.SI 3KCnepHMeHT0B C pa3IIffl-lHblM speMeHeM Bhl.LJ.ep)KKH cpparMeHTa TBC 

npH 3KCTpeMaJJbHblX napaMeTpax, KOT0pble o6ycJIOBJleHbl 3Ha4eHHeM MaKCHMaJJbHOH 

TeMneparypbl. 
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Pe)l(}{Mbl HCnbJTaHH11: HOMHHaJlbHbIH; HMHTaUHOHHblH C ocyweHHeM TB3fl08 npH. 

BbICOKOM H nOHIDKeHHOM )J,asneHlUIX TennOHOCHTem1 B KOHCl.fHOM COCTOj[HHH cpparMeHTa 

TBC; noaTopHoe cMal.fHBaHHe (QUENCH-pe)l(}fM) pa:30rpeTOH TBC; )J.nHTenhHOe pacxo­

m1JKHBaH1-1e. 

Pe)KH.Mbl HCnblTaHHH peanmylOTCj{ nocne)J,OBaTCJlbHO B O)J,HOM 3KCnepHMeHTe. ~aH­

Hble no pe3ynbTaTaM 3KcnepHMeHTOB MT np1rne)J,eHbI s TI16n. 1 [2, 4 ... IO]. B 3KcnepH­

MeHTax MT-1, MT-2, MT-3 HCnhITbIBaJIHCb cpparMeHTbl TBC BB3P-1000, B 3KcnepH­

MeHTax MT-5 H MT-STT-TBC BB3P-440. 

T a 6 JJ u u a 1. OcH0B1u,1e napaMe-rpbl 3KcnepHMeHT0B MT 

4HCJlO TB3Jl0B ,llasneHHe 
BpeMj! 

CoCT0$1HHe 
s3TBC B I KoHrype PeanHJo- TB3Jl0B 

nernesoH BaHHblH BpeM}I 
BbLUep)l<XH 

yCTaH0BKH TeMnepa- ocywe-
npH MaKCH-

3KcnepH.MeHT Heo6- Bblro- MaJlbH0H Herep-
B pe)l(HMe rypHblH HH}I, repMe- Me-

JJy'ieH- pes- TeMne-
yxy.nweHH0H .nHanaJ0H, MHH TH'iH0e THt{-

HblX WHX TennooT.na'iH, oc parype, 
MUH Hoe 

MTia 

C n0BblWeHHblM 
.nasnemreM B I 
K0Hrype (06)1<a-
me o6ono'iXH): 

MT-I 18 - 12 530 .. . 950* 72 72 + 
MT-2 19 - 12 ,llo 1200 100 3 + 
MT-5 6 I** 4,9 750 .. . 1 250 40 2 + 
MT-5f1 6 1 *** 5,6 700 ... 930 35 3 + 

C 00HH)l(eHHblM 
.nasnemteM (sJ.ny-
me 060JlO'iKU): 

MT-3 19 - 4 650 .. . 730 25 25 + 
*KpaTKOBpeMeHHO, HeHHCTpyMeHT0BaHHblH yrnoB0H TB3Jl. 

••, ***Bb1ropaH11e 60 11 56 MBT·CYT!KrU, cooTBeTCTBeH1-10. 

ITpH npose)J,eHHH nocTTeCTOBblX Hccne)J,OBaHHH H3Y4aJIHCb cpopMOH3MCHCHHe, 

OKHCneHHe, H3MeHeHHe CTJ)YKTYPbl MaTepHana, MexaHH4eCKHe CBOHCTBa o6ono4eK, ra-

30Bbl)J,eneHHe H3 TOCTJJHBa (3KcnepHMCHT MT-SIT), COJJ.ep)KaHHe BOJJ.OPOJJ.a B o6on04Ke. 

3KcnepHMeHTbl MT (MT-1, MT-2, MT-5, MT-5Il - Heo6nyl.feHHbte TB3nb1) npose­

)J.eHbI B I KOHrype neTJJeBOH ycTaHOBKH npH 6onee BblCOKOM )J,aBJieHHH, 4eM )J,aBJieHHe 

raJa noJJ. 060JIOY-KOH. TonbKO B 3KcnepHMeHTax MT-3 H MT-5 (cpparMeHT COJJ.ep)Kan Bbl­

ropeswHH TB3n) )J,aBJiemrn B I KOHrype 6blJIO MCHbUie )J,aBJieHJ,fj[ raJa CTO)J, o60JI04KOH. 

IlOBTOpttoe CMal.fHBaHHe TB3fl08 BO scex 3KCnepHMCHTax peaJIH30BaHO 6bJCTpb!M c6po­

COM MOlllHOCTH B 3a)J,aHHblH MOMCHT speMeHH. ,[viHTeJibHOe paCXOJia)l(}{BaHHe TB3JIOB 

ocymeCTBJIXJJOCb TennoHOCHTeJieM I KOHrypa neTJJeBOH ycTaHOBKH npH TeMneparype 

OKOJJO 50 °C. 

OcHOBHble BblBO)J,bl no pe3yJJbTaTaM HCCTblTaHl-lH ccf>OPMYJJHposaHhl Ha OCHOBaHHH 

.naHHblX H3MepeHHj[ napaMeTpOB Henocpe)J,CTBeHHO B KaHane peaKTOpa H nocTTeCTOBoro 

HCCJJe)J,OBaHJ,fj{ cpparMeHTOB B 3alll,HTHblX KaMepax. 
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1. IlpH TeMneparype o6oJJO'-IKH, He npeBblWaJOUleH 900 . . . 950 °C, K0HUeHTpaum1 

so.nopo.na B TenJJ0H0CHTeJJe (npH H0pMaJJbHblX ycJJOBIDIX) C0CTaBmleT 12 ... ) 5 CM
3
/Kr (no 

pe3yJibTaTaM H3MepeHHH a npouecce 3KcnepHMeHT0B MT-1 , MT-3), speM11 11cnh1TaHHH 

npHse.neH0 B Ta6JJ. l. KoHU,eHTpaUHH ao.nopo.na B TennoH0CHTeJie, H3MepeHHaH B 3Kcne­

pHMeHTe MT-2 C0CTaBHJia 80 CM
3
/Kr [5]. Bo.nopo.n o6pa30BaJJCjf B pe3yJibTaTe napouHp­

KOHHeBOH peaKUHH, '-!TO no,nTBep,nHJIH pe3yJJbTaTbT nocrreCT0BblX HCCJJe,nosamfi:i. 

OnbIT HCnblTaHHH no,nTBep)l()laeT 6e3onaCHOCTb npHH_jJTQH TeXH0JIQfHJ,f o6pameHHH 

C TenJJ0H0CHTeJieM, co.nep)KalJ.lHM so.nopo.n B 3HalfHTeJJbHblX K0JIH'-leCTBax. C6poc napo­

fa30BOH cpe,nbl oc~eCTBJJHeTCH B cnel..{HaJJbHble eMK0CTH H pa36asmleTC11 a30T0M. O60-

eM TIOMell(eHHH .L{0CTaT0'-leH ,nmt HCKJIIO\.feHH11 B3pbIBOOnacHOH K0HUeHTpaUHH B cnyqae 

asapHHHOH pa3repMeTH3aUHH K0HT}'pa. 

2. Bee 3TBC, KpoMe HCnbJTaHHOH a 3KcnepHMeHTe MT-2, 6bIJ1H pa306paHb1 a 3a­

UlHTHOH KaMepe; TB3Jlbl, H3BJJe\.feHHble H3 .L{HCTaHUH0HHpyt<>ll(HX peweT0K, pa3repMenf-

1Hp0BaJJHCb Ha CTa,L{HH Bbl)lep)KKH H pa3pyillHJIHCb npH noBT0pH0M CMatilfBaHHH, no-

3T0MY HCCJie,nosaHHH np0B0.L{HJIHCb Ha ropH30HTaJJbHhlX UIJIH<pax nocne 3aJJHBKH cppar­

MeHTa K0MnayH,noM [2, 6]. 
3. Pa,nHOaKTHBHOCTb, BbIWe.L{WaH s K0HT}'p nernesoH ycTaH0BKH npH pa3pyweHHH 

H3Ha\.faJJbH0 Heo6ny1-1eHHblX TB3JI0B (3KCnepHMeHT MT-2), H3MepeHHaH C TI0M0UlblO Tex­

H0JI0fH'-leCK0f0 cneKTp0MeTpa H WTaTH0H CHCTeMbl K0HTp0ml pa,nHaUHOHHOH 6e3onac­

H0CTH, He npeBbIWaJJa 8 Ku, \.fT0 C00TBeTCTByeT o6beMHOH aKTHBH0CTH TenJJ0H0CHTeJijf 

0,8 fEKln. B l.laCTH0CTH, BblX0)l 
133

Xe H3 Heo6nyqeHHOfO Tonmrna C0CTaBHJI 

10-4 [7, 8]. YcTaHOBJleHbl oco6eHHOCTH BblX0)la pa,nH0ttyKJIH.L{0B H3 T0nJJHBa BblC0K0Bbl­

ropesmero TB3Jla. Ilo ,naHHbIM H3MepeHH11 C0CTasa fa3a no.n 060110'-IKOH TB3JI0B (Ta6n. 2) 

[9] H no CK0p0CTH cna.na aKTHBH0CTH TenJJ0H0CHTeJIH OCHOBHOH BKJla)J. B pa,uH0aKTHB­

H0CTb npH pa3repMeTH3aUHH BbIC0K0Bblf0peswero T0nJJHBa BH0C11T pa,nH0aJ<THBHbie 

611aropO.ZJ.Hble fa3bl (PEf) H H30T0nbl ue3HH. 

Ta 6 n " u a 2. Cocrae raJa noll 06011o'IKOH 06J1)"-leHHoro TB:ma c Bb1ropam1eM 56 MBT·cyr/KrU 
(3Kcnep11MeHT MT-5fl) 

TB3JI 
O6beMHaJI ll0JUI, % 

He N2 02 Ar CO2 Kr Xe 

Heo6.II)''leHHbLH 99,86 < 0,12 < 0,02 < 0,003 < 0,001 - -
8biropeew11f:! 69,97 < 0,39 < 0,08 < 0,003 < 0,001 2,58 26,98 

TTp11Me'laH11e. BblXOll aKTHBH0CTH 113 T00JIHBa oueHeH B 7 ... 9 %, MaKCHMaJibHaJI TeMneparypa 
I 050 °C, CK0p0CTb Harpeea 2 ... 3 °C/c, epeMJI Bblllep)l(Kl1 2 MHH. 

B npou,ecce 3KcnepHMeHTa MT-5 nepsbIH B03MO)KHbIH BbJXo,n pa,uHottyKJIH,nos H3 

Bb1ropeswero TBJJia npH pa3repMeTH3aU.HH o6ono4KH (800 .. . 850 °C) He 61,rn 3aperncT­

pHposaH, a ycTaH0BJieH T0JlbK0 rrpH nocTieCT0BbIX HCCJle)l0BaHH11X (pa3repMeTH3filJ,H_jf 

TB3JI0B ycTaH0BJleHa no HaJJH'-IHlO 0KHCJJeHH_jf BttyTpeHHeH nosepXHOCTH o6oJJOlfKH). 

IlpH nocne.nyiomeM yse11111-1eHHH TeMneparypbt .no l 250 ° C 3aq>HKCHposaH Bb1xo.n PEf H 

u,e3HH B TenJJ0H0CHTeJJb (.no l %). 
Ilony1-1eHHble pe3yJJbTaTbl n0Ka3bl8aIOT, '-!TO B paccMaTp1-rnaeMblX ycn0BH_jfX BblX0)l 

H3 06ny1-1eHHOfO T0nJJHBa 0CK0JI0'-IHbIX ra30B H .npyrnx npo,nyKT0B .neneHH11 no.n 060-
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JTOtJKY TB3Jla H B TenJJOHOCHTeJJh HeBeJlHK, H "3ann0Bh!H" BhlXO.ll pa,n110aKTHBHOCTH B 

KOHT)'p He H8KJla)J.hJBaeT orpattHYeHHH Ha npose,neHHe 3KCnepHMeHTOB . .HMnyJ1hCHo1ij 

BblXO.ll pa,nHOttylUUI.LJ.OB B KOHT)'p ycTaHOBJJeH Ha CTa.D.HH H3MeHemUI: arperaTHOro C0-

CTOKHIDI TeilllOHOCHTeJUI B KaHane (3aMeHa napa Ha )KH.llKOCTb). 

4. ,[vui scex TB3J10B, B K0TOphlX .a.asnemte ra3a no.n 060J10lJKOH 6hIJ10 MeHhWe, l.feM 

.nas11em1e B K0HT)'pe neTJleBOH ycTaHOBKH, 8 30He ocyrnemrn 3acpHKCHpoBaHbl yMeHhWe­

HHe .D.HaMeTpa 06011011eK Heo6nyqeHHhIX TB3J10B .no TT0JJH0ro HC4e3H0BeHIUI HCX0.llH0ro 

.LJ.HaMeTpaJTbHOf0 3a30pa Me)K.LJ.y TOTTJJHB0M H 060110YKOH H npo.naBJJHBaHHe 060110'lfKH. 

Me)K.LJ.y Ta6JieTKaMH ("aHTH6aM6yK") (2, 6]. 3To 0Ka3hIBaeT OTpH.l.(aTeJlbHOe BJIIDIHHe Ha 

C0CTQjiHHe 060110YKH npH n0BT0pHOM CMalJHBamrn. B pecpa6pH1<0BaHHhIX TB3Jlax (3KC­

nepHMeHThl MT-SIT H MT-5) H3-3a 0TC)'TCTBH51 3a3opa Me)K.LJ.y Ta6neTKaMH H o6oJToqKoi1 

npo.ZJ.aBJIHBam1e 0601104KH He 3aq>HKCHpOBaHO (9]. ,[vui TB3Jla cpparMeHTa TBC (3Kcne­

pHMeHT MT-3) nepena.n .nasneHHjl C0CTaBJijlJl 1,5 Mila H HanpasneH OT l..(eHTpa TB3Jla, 

yseJIHtJeHHe )J.HaMeTpa o60J104.KH npH TaK0M nepena.ue COCTaBHJI0 70 MKM. 

5. ITpH n0BT0pH0M CMa4HBaHHH TB3J10B, K0Topoe BO scex 3KCnepHMeHTax BbIIT0JJ­

HJIJJOCh 6hICTJ)hIM yMeHbllleHHeM y.nenhHOH M0lUH0CTH (BBO.ll s A3 CTep)l(HeH aBapHHHOH 

3aI.I{HThI), 3Ha4em-1e TepM0WOKa COCTaBJijlJlO 300 .. .470 °C .llJljl scex cpparMeHTOB TBC 

[IO]. ,[(.Im cpparMeHTa TBC B 3Kcnep11MeHTe MT-2 TepMowoK Bb13Ban xpynKoe pa3pywe­

HHe 06011otieK TB3JIOB [6]. 

6. y CTaHOBJieH0 ysemttJeHHe MaCCOBOro co.uep)KaH1-rn so.nopo.na B o6oJIOtJKax TB3-

J10B Ha yt.tacTKe ocyllleHHR .no 5-10-
3 % (MT-3) 11 2· 10-2 % (MT-5O). Co.nep)KaHHe so.no­

po.na s o6ono4Kax TB3JJOB B HH)l(HeH 11acTH 3TBC, 3aJIHTOH so.noH, He npesh1wano 4· l 0-
3 

%, a B 060JJ04Ke TB3Jla C BbiropeBmHM TOTTJJHBOM He OTJ1H4aJTOCb OT " cBe)KHX" TB3J108 

MT-SIT [6]. 

7. B TeMnepa-rypHOM .n11anaJOHe 850 ... 950 °C TOJllUHHa OKCH.LJ.HOH illleHKH Ha no­

BepXHOCTH o6oJJ04KH He npeBhlUJaJTa 20 MKM .llJlji TB3J10B C Heo611ytteHHhlM H BbirOpeB­

WHM TOTTJlHBOM. Oco6eHHOCTeH B OKHCJJeHHH 06011ot.JeK Bhlropesrnero TB3Jia HeT [9] . 

8. MexaHWiecKHe xapaKTepHCTHKH 06011011eK, HCTTblTaHHblX .no TeMnepa-rypbl 

890 °C, H3MepeHHbJe Ha KOJibUeBblX o6pa31..(ax, OCTaJIHCb Ha HCXO.LJ.HOM ypOBHe, lffO no.n­

rnep)l(JlaeTCjl H HeH3MeHHOCThlO CTPYKl)'pbl MaTepHana B 30He ocyweHH.ji, KOT0p8jl 

H.LJ.eHTHYHa JlJljl Heo611yqeHHblX H pecpa6pHKOBaHHbIX TB3J10B. B 06011ot.tKe TB3J108 H3 

cpparMeHTa TBC (3KcnepHMettT MT-2) npo113ow110 3ttaYHTenbHOe yserrwieIDte pa3Mepa 

3eptta, pa3pyweHHe 06011otJKH xpynKoe, LJTO CBH.LJ.eTeJJbcTByeT o noTepe MaTep11anoM 

n11aCTH4HOCTH npH nOBbJWeHHH TeMneparypbl 6orree I 000 °C (2, 6]. ITpHHUHTTHaJihHOro 

pa3.JIB1-1J1ji B nose.nemrn 06011ot.teK Heo611ytrnHHoro 11 Bbtropeswero TB3J10B He ycTattoB­

JieHo [9] . 

9. B3aHMO.lleHCTBHSI .llHCTaHUH0HHPYIOlUHX peweTOK (Hep)KaBelOlUM CTaJJh) C MaTe­

pHaJT0M o60JIOlJKH He 3aperHCTpHpOB8HO .LJ.a)Ke B Ha116011ee " BbJCOKOTeMnepa-rypttoM" 

3KCnepHMeHTe MT-2. ITpH aHaJJH3e TeMnepa-rypHblX ycJJOBHH .llHCTaHUHOHHPYIOlUHX 

3JleMeHTOB ycTaHOBJTetta HX 6011ee HH3KM TeMneparypa, t.teM CMe)l(HblX yLJaCTKOB 060-

JlO'-IKH. 3TOT cpaKT o6bjiCH51eTC51 3cpcpeKTHBHblM OXJla)K.LJ.eHHeM peweTOK H npH11era101UHX 

yYaCTKOB TB3JTa npH .llHCnepCHOM pe)KHMe TeLJeHHji Ten110HOCHTeJ1ji. 
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3aKJJIOqeHHC 

Tio pe3yJibT3TaM HenocpencTBeHHOfO H3MepeHH.SI napaMeTpOB TB3JIOB B KaHaJie pe­

aKTopa nocne pa3repMent33UHH TB3JIOB (aKTHBHOCTb 8 KOHrype, sonopon B TenJIOHOCH­

Tene) H no naHHblM nocTTeCTOBOfO HCCJienosaHH.SI nenaeTC.SI BblBOn 0 6e3onaCHOCTH npo­

seneHH.SI HMHTaUH0HHblX 3KcnepHMeHT0B THna LOCA. 

,D;o TeMneparypbi 900 ... 950 °C o6oJI04KH T83JIOB coxpaH$1JOT np04HOCTHble CBOHCT­

sa Ha HCXOnHOM ypOBHe np11 He3Ha4HTeJlbHOM OKHCJieHHH H rnnpHpOBaHHH MaTepHana. 

IT pH TeMneparype 6onee I 000 °C npo11cxon.11T 3Ha4HTeJJbHOe yaeJIH4eHHe T0JIW.HHbl OK­

c11nHOH nneHKH H noTep.11 np04H0CTHbJX CBOHCTB o60JI04KH. Ha CTanHH noBTOpHoro 

CMa4HB3HIDI 33Q)HKCHpoBaHo xpynKoe pa3pyweHHe o6oJI04KH. 

1a30BbineneHHe H3 Bbir0peswero TO0JIHBa non o6oJI04KY HaxonHTC.SI Ha HH3KOM 

yposHe (~ 10 %) npH BbiropaHHH no 56 MBT·cyr/KrU, 4TO CB.Sl3aHo C HH3KOH TeMnepa­

rypoH TOnmrna (900 ... 1 050 °C). 

Tio pe3yJibTaTaM cpaBHeHH..SI nocTTeCTOB0f0 HCCJienoaamui Heo6JIY4eHHbJX H BblfO­

peawero TB3JI0B nenaeTcH Bbrnon, 4TO nosenettHe MaTep1-1ana o6ono4eK 3THX TB3JI0B npH 

Harpese B asapHHHOM pe)KHMe He HMeeT cyw.ecTBeHHbIX OTJll,14HH. 

B n11cnepCHOM pe)KHMe OXJIIDKJJ,eHH.SI peweTKH 3KCnnyaTHPYJOTC.SI npH OTHOCHTeJib­

H0 HH3KOH TeMneparype, t.JT0 CHH)KaeT yposeHb B3aHMoneHCTBH..SI peweTKH C o6ono4KOH. 

CpaBHHTeJibHO HH3Ka.11 TeMneparypa peweTKH o6ecne4HBaeT coxpatteHHe ee npot.JHOCT­

HbIX csoiicTB, t.JTO 11MeeT cyw.ecrnettttoe 3HaYett11e nm1 pa36opKH A3 BB3P nocne asa­

pHH H TpattcnopTa6eJibHOCTH TBC. 
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BonpOCbl aT0MH0H ttayKH H TeXHHKH. 

Cep. <l>tnHKa RD,epHblX peaKT0p0B, 2004, Bblil. 2, C. 29- 38. 

Y )(K 621.039.573:621.039.548 

IlpuMeueune KO,l.l;a MELCOR ,l.l;JIH pacqeTuoro auaJiuJa 

napaMeTpoB ucnb1Taueu: 19-JJieMeuTuoro <J>parMeHTa TBC BB3P 
B KaeaJie DCCJieLJ;OBaTeJibCKOro peaKTOpa MHP 

(JKc11epuMeHT "MaJiaH Teqh-2") 

A.B. AReKceea, B.M. Maxun, B.H. filynwwa, 
<I>rYil 'THU P<I> HMMAP", 433510, r. ,[(11M11-rposrpa.u YnMrnoacKoH o6n. 

IlpHBeJJ.em,1 pe3yJibTaTf>I nocTTecTOaoro pacqernoro 11cc11eJJ.0BaHHJ1 110 Ko.rzy MELCOR 
(aepcl-UI 1.8.2) pe)l(HM0B 11cnb1TaHHH a 11ccneitosaTeJTbCK0M peaKTope MHP Ha nerneaoi1 ycTa­
H0BKe IlBIT-2 19-JneMeHTHOli TBC c TBJJTaMH BB3P-1000. TsJJTbl HCnb1TaH1>1 s pe)l(HMe, M0-
JJ.eJTHp)'lOW.eM asapHJO c noTepei1 re11JT0Hoc11Tenll 11 ocywettHeM aepxtteii qacTH TBJJI0B. Ouette­
Ha npHMeHHM0CTb K0JJ.a JJ.JJH pacl{eTttoro corrpoao)Kitem-u1 3KcnepHMeHTOB LOCA. 

MELCOR CODE APPLICATION TO SIMULATION OF VVER-TYPE FUEL 
ASSEMBLY TEST "SB LOCA-2" IN RESEARCH REACTOR MIR. A.V. ALEKSEEV, 
V.M. MAKHIN, V.N. SHULIMOV. Results of simulation of 19-rod VVER-type fuel assem­
bly test "SB LOCA-2" in the research reactor MIR using MELCOR (version 1.8.2) code are 
presented. 

Ha neTJ1esoii ycTaHOBKe IlBil-2 peaKTopa MMP HCITbITbIBalOTC51 cpparMeHTbt TBC 
BB3P B ycnoBH51X, MO.LJ.eJ;rnpyiow.Hx asap,rn c rroTepeii TennoHOCHTeJTll (asapHH LOCA) 
[1 ]. _nn51 Ka'-leCTBeHHOro npose,neHHll no.no6HblX 3KCnepHMeHTOB Heo6XO,lJ,HMbl npe.uTeC-
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TOBbie pacl.feTHbie HCCJte)].OBaHI-BI C ueJtblO 113)'1-leHH.SI BJTH.SIHH.SI pa3JtHLfHbIX TeXHOJlOfHLfe­

CKHX cpaKTopos H oco6ettttocTeH KOHCTPYKUHH 0611yl.faTeJtbHoro YCTPOHCTBa (OY) Ha 
pe)KHMbl HCnbITaHHH. ,[(11.SI pacl.feTHOro conpoBO)KJ],eHH.!I HCnbIT3HHH npHMeH.RIOTC.SI CJ1e­

.ny1011nte KO.llhI : KOMnJteKc TP AII (OKE " fH.nponpecc" ), TRANS-SK (HIBG13T), 

KOPCAP (ITT1TH, OU.PK), RELAP5/mod3 H MELCOR (sepcID! 1.8.2). TipHMemtMOCTb 

KO)].a ouemrnaeTC.SI, aHaJTH3Hpy..!! pac4eTHbie H 3KCnepHMeHTaJtbHble .n.aHHbie. 

},fa cepHH BbinOJTHeHHbIX 3KCnepHMeHTOB "Mana.!! Tel.fb-2" (MT-2) OTJlH4aeTC.!I Bbl­

COKOH TeMneparypoi1: o60JTOLfKH (MaKCHMaJtbHa.!I TeMneparypa I 200 °C), pa.3.n.eneHHeM 

Q)a.J Ten110Hoc11Te11.11 no BbICOTe TBC H OXJtaJK..neHHeM HIDKHeH 4aCTH TBC )K.H.llKOCTblO, a 

sepxHeH 4aCTH napoM, cpaBHHTeJtbHO BblCOKHM BbfXO)].OM 8O.llOpo.n.a (npo.nyKTa napo­

l(HpKOHHeBOH peaKl(HH) B KOHTYP, a TaK)Ke H Bb!XO)].OM pa.n.HOttyKJIH.llOB B KOHTYP BCJle)].­

CTBHe pa3repMeTH3aUHH o6oJlOLfeK scex 19-TH. TB3JlOB. C ytJeTOM nepetJHCJteHHbIX oco-

6eHHOCTeH 3Kcnep11MeHTa .n.nsi nocTTeCTOBbIX pac4eTOB BhI6paH KO.ll MELCOR (sepcH.!1 

1.8.2) [2]. IJ;enb .n.aHHOH pa60Tbl - oueHKa no pe3yJlbTaTaM aHaJTH3a pac4eTHblX H 3KCne­
pHMeHTaJtbHblX .naHHblX npHMeHHMOCTH KO,lla .llJl.!1 pactJeTHOro conpOBO)KJ],eHIDI 3KCne­

pHMeHTOB LOCA 11 pac1.JeTOB no.no6HbIX pe)KHMOB 8B3P. 

1. MeTOJJ.HKa peaKTOpHblX HCDblTaHHH u OCHOBHble HCXOJJ.Hble JJ,aHHble 

J].JIH DOClTeCTOBblX pac"leTOB 

PeaKTOpHbie HCITbIT3HH.!1 npoBO.ll>ITC.!I C ueJtblO H3ytJeHH.!I nose.neHID! TB3J10B npH 

aaapHH C ocywemteM BepxHeH 4aCTH aKTHBHOH 30Hbl 11 noc11e.ny10W.eM 3aJTHBe 80.llOH. 

O6beKT 11cc11e.n.osaHHH - cpparMeHT TBC BB3P-1000, cocT0.!1.W.HH 113 19-TH 3JteMeHTOB 

(TB3JlOB) J].JlHHOH aKTHBHOH 4aCTH ) M. 8 3KCnepHMeHTe MT-2 t:1eTb1pe TB3Jla OCHameHbI 

nosepXHOCTHblMH TepM03JteKTPHt.JeCKHMH npeo6pa30BaTeJt.!IMH (T3Il), pa3Mew.eHHbIMH 

B npO.llOJlbHOM na.Jy o6oJTOLfKH H npHKpenneHHblMH BblCOKOTeMneparypHbIM npanoeM, a 

JJ,Ba TB3Jla - T3TI B ueHTpaJtbHOM OTBepcnm TOnJlHBHOrO cep.nelfHHKa. KpoMe Toro, B 

TBC ycrnHos11ettb1 T3TT .n.Jrn H3MepeHH.SI TeMneparyphI Ten110Hoc11Tem1 Ha axo.ne 11 BbI­

xo.ne TBC 11 .naTt.JHKH JtOKaJtbHOro napoco.n.ep)KaHH.!I [ l, 3]. 
.[vl.si ycTaHOBKH TBC HCnOJlb3yeTC.!I Kattan THna <l>HJtb)la C OCHOBHblM H 3aI.l{HTHbLM 

KopnycaMH. OcHOBHOH Kopnyc ocHaw.eH .n.aTLfHKaMH HeHTPOHHoro noToKa H T3TI, OY 
CHa6)KeHO pa.3,lleJlHTeJleM TIOTOKa TennOHOCHTeJt.!I (pHc. 1 ). Me)KJ].y KopnycoM KaHaJia H 

OY pa3Mew.eH orrycKHOH yYaCTOK, Ha.n TBC - no.n.beMHbIH, Tennoo6MeH Me)KJ].y KOTo­

pbIMH YtJTeH B pactJeTe. 

J.1cnbITaHH.!I npOBO)]..!ITC.!I Ha neTJTCBOH ycTaHOBKe ITBTI-2 peaKTOpa MJ.1P (pwc. 2) B 

.nsa 3Tana. Ha nepBOM nosepXHOCTHa.!I nJlOTHOCTb Tennosoro noTOKa TB3Jta COOTBeTCT­

BOBaJta HOMHHaJtbHOMY 3HaL(eHHIO (Mo.ne1111poBaHHe ycJTOBHH HOpManbHOH 3KCnJtyarn­

l{HH TBC BB3P). Tiocne pa60Tb1 TBC B HOMHHaJtbHOM pe)KHMe B Tet.JeH11e cyrnK .llJl.SI 

CHIDKeHH.!I aKTHBHOCTH pa.n.11ottyKJ1H)].OB MOW.HOCTb yMeHbwaeTC.SI .no ttyJl.!I. Ha BTOpOM 

3Tane 3KCnepHMeHTa MOW.HOCTb TBC nepBOHal.faJtbHO ycrnHaBJIHBanacb Ha ypoBHe 

40 . .. 50 KBT. Pacxo.n. TennoHOCHTeJtsi B Kattane CHH)KaJTC.si OT 2,2 .ao 0,044 Krlc. ITorpew­

HOCTb H3MepeHH.!I pacxo.n.a COCTaBJt.SIJla ± 12 %. 3Ha4HTeJtbHOe CHH)KeHHe pacxo.na qepe3 

KaHaJt )].OCTHfttyT0 yseJTHl.feHHeM pacxo.n.a TenJl0HOCHTeJt.si Ha CMeCHTeJlb H Lfepe3 6aiinac 

Hacoca (p11c. 2). )1/I.si )l0CTH)KeHH.SI HCKOMOf0 C0CTO.!l'HH.!I TBC C ocyweHHeM BepXHeH 

l.faCTH TB3J10B cryneHt.taTO ITOBblWaJtaCb M0W.H0CTb peaKTopa (pHC. 3). OcyweHHe sepx­

HeH l.faCTH TB3J10B pean113osatto np11 MOW.HOCTH TBC 89 KBT. ITocne BbIJJ.ep)K.KH B TeYe-
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a) 

Bb!XOJl 

TenJJOHOCHTeJUI 

Bxo)l 
TennOHOCHTeJUI 

6) 

P1-1c. I. CxeMa OY: a) - npo.nonbHbIH pa:3pe3; 6) - nonepettHoe cetteHHe TBC: I, 7, 13, 15 - TB3nb1 c xpo­
Menb-aJJJOMenes1,rMH T3TI; 5, 11 -Te3n1,1 c TonnHBHblMH T3TI ; o - JOH.llbl napoco.nepll<aHHJI 

2 

1 

3 

P1-1c. 2. CxeMa ne-rneeof.l YCTaHOBKH nsn-2: 
I - KaHan; 2 - cMecHTen1,; 3 - yJen HJMepe­
HHA MaJJbIX pacxo.noe 

40 

HHe 1 'l.faca 40 Milli CHIDKa.nacb MOlUHOCTb. Tio­

BTOpHblH 3aJ1HB pea.nH3OBaH npH yMeHbWeHJut 

MOlUHOCTH. Cpe)l}UUI CKOpOCTb nepeMeIUeHIDl 

rpaHHU:bl pa3.D,eJia cpa3 " nap-)KH.Ll,KOCTb" no Bbl ­

COTe TBC Ol..{eHetta B 0,04 Mic. 
MaKCHMaJlbHcUI TeMneparypa o6oJIO'LfeK 

TBJJIOB, onpe.D,eJieHHaR B pe3ynhTaTe pac'l.feTa no 

H3MepeHHOH TeMneparype cep.D,e'LfHHKa, paBHa 

1 100 ° C , no nOKa3aHH.SIM o6oJIO'LfeqHblX T3TI 

COCTaBJIReT 1 200 °C. Ha CTa.Ll,IUI nOBTOpttoro 

3aJIHBa 3aperHCTpHpOBaH pocT aKTHBHOCTH Ten­

JIOHOCHTeJUI. flpH nocrreCTOBbIX HCCJie.LJ,oBaHH­

.SIX ycTaHOBJieHa pa3repMeTH3au:mr Bcex TBJJIOB 

[l , 3, 4] . 
3Kcnep11MeHT MT-2 no.LJ,Tsep.D,HJI onac­

HOCTb Harpesa TBJJIOB OT 900 .Ll,O l 200 ° C 11 no-
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cne.nymw:ero nosTopHoro 3amrna. Pa3repMen13aum1 TB3JIOB BhurnneHa npH cTenemt no­
KaJibHOro OKHCnemur o60JI04KH BbIWe 14 %. HanH4He BcnnecKa aKTHBHOCTH pa,ll,HOttyK­

JIH,ll,08 B TenJIOHOCHTene Ha CTa,ll,11H nOBTOpHoro 3aJIHBa H OTCYTCTBHe OKHCJiemrn rro­

sepxHOCTeH MHOrot.iHCJieHHbIX TpeW:HH B MaTep1-1ane o60JIOt.fKJ,f TIOCJIY)KJ,IJ)H OCH0BaHHeM 

)J.JJSI' BblBO,ll,a O pa3repMeTH3aU,HH TB3JIOB HMeHHO Ha 3TOH CTa,zurn [4]. ,[(rm paCl.feTHoro 

HCCJie)J.OBaHllil HCnOJib30BaHbl cne.nyt0u .. u-1e 3KcnepMMeHTaJibHbie ,ll,aHHbte: pa3Mepbl 3Jie­

MeHTOB K0HCTPYKUMH OY; TeMnepazypbt TennottocHTeJTsr Ha sxo.ne s Kattan, s TBC M Ha 

Bhtxo.ne H3 TBC; TeMnepazypbl o6ono4eK H cep.net.iHHKOB TB3JJ0B; MOW:H0CTb TBC 

(pHC. 3)· pacnpe.neneHHe 3HeproBbI,ll,eJieHl:HI no BbIC0Te TB3JI0B (no pe3yJJhTaTaM raMMa­

CKaHHpOBaHllil); pacxo.n Tennottoc11Tem1 B Kattane 0,038 ... 0,044 Kr/c; .nasneHHe 

11, 7 ... 12,0 MITa; MOMeHTbl Hal.farta ocyweHRSI H poem TeMneparypbl s pa3JJH4HblX ce­

YeHHJIX TBC, a TaIOKe noBTOpHoro 3aJIHBa co CHH)f(em,1eM TeMrreparypbl TB3JIOB (no no­

Ka3aHH.SI.M T3IT s cet.ieHHJIX Ha paCCTOJIHHM 525, 722, 820 11 852 MM OT HH3a cep,neqHH­

Ka); rpaHHUa pa3.nena cpa3 "nap-)KHtJ.KOCTb", Haxo.nsrw:aJIC.SI. Ha pacCT0HHHH 520 ... 530 MM 

OT HH3a cep.ne4JIBKa (HH)f(Hee nOJJO)l(eHHe); pacCTOHHHe ceqeHHSI' OT HH3a cep.net.iHHKa, B 

KOTOpOM )J.OCTHrHYTa MaKCHMaJibHaJI TeMneparypa o60JI0l.{KH, 730 MM (onpe.neneHo no 

MaKCHMaJibHOH TOJIW:I-rne OKCH,llH0ro CJIOS[ 80 MKM H CJI0.H o-cpa3bl Zr(0) 130 MKM); Macca 

BO,nopo.na - npo.nyKTa napOUHpKOHHeBOH peaKUHH 2,3 ... 7 r (no pe3yJibTaTaM H3MepeHH.H 

so.nopo.na, paCTBopeHHOro B TenJIOH0CITTene, H MeTaJIJiorpaq>HYeCKJfX HCCJie,ll,OBaHJ-IH). 

ITapaMeTpbl, no K0T0pblM CJie,lJ,yeT onpe.nen.H.Tb a,neKBaTHOCTb pact.ieTa 3KCnepHMeH­

TY, cne,lJ,y-tOW:He: TeMneparypb1 o6onot.ieK H cep.ne4HHKOB TB3Jios; TeMneparypa Tenno­

Hoc11Tensr Ha BbIXO)J.e H3 TBC; rpaHHUa pa3,nena "nap-)KHJ_{KOCTb"; paccTOSl'HHe Ce4eHH.H 

OT HH3a cep,neYHHKa C MaKCHMaJJbHOH TeMneparypoii o6onoqeK; BpeMJI Hat.iana ocyllle­

HH.51 o6onoYeK; Macca BO.llopo.na, o6pa3osasweroc51 a pe3yJibTaTe napou1-1pKOHHeaoii pe­

aKUHH. 

2. Pacl.feTHaH cxeMa 

Pac'l.feTHa51 cxeMa .llJ151 Ko,na MELCOR noKa3aHa Ha pHc. 4. AKTHBHaH 30Ha .llJIHHOH 

1 M pa36HBaJI8Cb Ha 20 0Tpe3KOB 8HaJJOrH4HO nocTTeCTOBOMY pac4ery 3KCnepHMeHTa 

NRU FLHT .llJI.H Mo,uenHposaHllil TS[)l(enoi:i asapmt [2]. Y4HTbrnanacb TennooT)la4a OT 

Kopnyca KaHana K 80,lle 6accei1Ha peaKTopa (MOW:HOCTb TeITJIOBblX noTepb COCTaBJI51Jla 

npMMepHO 2 KBT). 

BbmOJIHeHbl '-leTbtpe BapHaHTa pact.ieTOB: 

l) HCITOJlb30BaHHe 3KCnepHMeHTaJibHblX )laHHbIX 6e3 HX KoppeKTHpOBKH (,uanee B 

TeKCTe - 6a30BblH sapHaHT); 
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BbtXOllHOi-1 o6'beM* IO 000 M3, P = 11 ,85 Mila 

FLl 10 (ropH30HTa./Jl,HhIA) 

CV009 
f OnOBka lCaHana 

FLI08 

CV008 

CV007 

CORl22 

CORl21 

AICTI1BHa~ lOHa 

CV004 
CORI02 

FLI03 

CV003 HHlfCIDUI Ka.Mepa 

FLl22 

CV020 

Eaccei!:H 
peaJCTOpa 

J1CTO"IHHK BO.Qlal 

(pacxon) 

P11c. 4. Pac"!eTHaJI (HOllaJIH38UHOHHaJ1) cxeMa: CV - K0HTponhHbtA o6'beM; FL - TpaKT noToKa; HS - Terrno­

BaJI crpyKTYJ)a; COR - a.KTHBHaJI 30Ha (* - eMK0CTb, nonKn10"laeMaJ1 K BbJX0llY KaHana nnll CTa611m13au1111 

naeneHHll) 

2) 3Ha4eHHe pacxo,/].a Ha BXO,ll,e B KaHcUJ npHIDITO B npe,ll,enax 3KCnepHMeHTaJlbHOH 

norpewHOCTH (0,038 Kr/ c BMeCTO 0,044 Kr/ c s 6aJOBOM sapHaHTe) ,/l.Jl.SI COBna,ll,eHHJI pac-

4eTHOH H H3MepeHHOH TeMneparyp TennottocHTenR Ha BbIXO,/l.e H3 TBC; 
3) HCnOJlb30BaHH.e ,ll,aHHblX nepsoro sapHaHTa pac4eTa C pa3,ll,eJleHHeM TB3J10B Ha 

,/].Ba CJlO.SI C pa311H1lliblM 3HeproBbl,/].eJleHHeM B HHX: Hapy)K.HblH H3 12 TB3J10B C OTHOCH­

TeJlbHblM 3HeproBbI,ll,eJleHHeM Ha 18 % 60JlbWe, 4eM 3HeproBbIL{eJleHHe B cnoe H3 ceMH 

TB3JlOB; 

4) pac-.:ieT C TennOH30mU.(HeH nO,ll,'beMHOro yl.{aCTKa. 

3. AHaJJH3 pe3yJibTaTOB pacqeTa 

EG306blU eapuaHm. B pe3yJibTaTe attanH3a pac4eTHblX H 3KCnepHMeHTaJlbHblX ,ll,aH­

HblX C,ll,eJiaHbl CJieJzyIOllUie BblBO,/].bJ: 

- Ka-.:ieCTBeHHO H3MeHeHHe TeMneparypbl o6oJI04eK TB3 J10B H TenJ10HOCHTeJ1.S1 BO 

speMeHH COOTBeTCTByeT 3KCnepHMeHTaJlbHblM L{aHHbIM; HeCKOJlbKO OTJ1H4alOTC.SI 3Ha4e­

HH.SI MaKCHMaJlbHOH TeMneparypbl o60J104eK TB3J10B (3KcnepHMeHTaJlbHa.SI I 200 °C, 
paC4eTHa.SI ] 400 °C); 
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- ycTaHOBJieHbl c11e)ly10w.11e OTJIH4HSI 3KCnepHMeHTaJibHblX H pacl.feTH.hIX 3Ha4eHHH 

senwnrn: speMSI )lOCTIDKeHHSI COCTOjlHHSI C ocyweHHeM TB3JIOB 15 H 16 4aCOB (pHC. 5); 
HIDKHSISI rpaHHU.a 0611acn1 ocyweHHSI 520 H 730 MM (pHC. 6); MaKCHMaJlbH8jl TeMnepary­

pa TenJIOHOCHTe~ Ha BbfXO)le H3 TBC 660 H 530 °C (p11c. 7); Macca BO)lopo.n:a 6onee 2 Ii 

0,45 r, COOTBeTCTBeHHO. YcTaHOBJieHHbie OTJIHl.fHSI MOryT 6b!Tb 06yc11os11eHbl "3aHIDKe­

HMeM" MOUJ.HOCTH TBC M (HJIH) "3asb1WeHHeM" paCXO)la B pacYeTe. 

Bo emopoM eapuaHme nocnffttyTO cornacosatt11e pacl.feTHblX naHHbIX c 3KcnepH­

MeHTaJibHbtMH no cne,n:ylOUJ.HM napaMeTpaM: no speMeHH D.OCTIDKeHIDI COCTO.slHMSI C 

ocyweHHeM TB3JIOB (pHC. 8); no HH)KHeMy nOJIO)KeHlnO rpaHIUlbl pa3,n:ena cpa3 ")KH)l­

KOCTb-nap" (s 3KCnepHMeHTe Ha paCCTOSIHHH 520 MM, s nepBOM 11 BTOpOM sapHaHTaX Ha 

paCCTOSIHHH 730 H 590 MM, COOTBeTCTBeHHO, OT HH3a cepne4HHKa (pHC. 6)); no 3HaYeHH­

SIM MaKCHMaJibHOH TeMneparypbJ TenJIOHOCHTeJISI Ha BbJXO)le 113 TBC (pHC. 7). PaclfeTHOe 

3Hal.feHHe MaCCbl so.n:opo.n:a (2, 7 r) 611m1<e K 3KCnepHMeHTaJibHOMY (2,3 ... 7 r). BMeCTe C 

TeMnepaTYJ)a, °C 

I 400 

I 200 

1000 

800 

600 

400 

200 
14'1 3OMHH 

~ 
,... - _,,.. --- --- --
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15'110MHH 

r-....-- g_ ~ .,,. 
--✓- 'l7" 

~v 

I 5 'I 50 MHH 

I~_,/ i\. 
~1 - ~ 

,., 
~' "' O' 

~ u 

~ 
BpeM.11 . 

16 'I 30 MHH 17 'I IO MHH 

PMC. 5. H3MCHCHMe TCMneparyp1,1 060110'-leK TB)JlOB BO epeMCHM, paCC'IMTaHHOlt no H3MepeHHOH TCMnepa­

rype ueHTpa rnnnHBHoro cep.ne'IHl!Ka TBJnoe N!!N!! 11 (C) H 5 (o) Ha paccTO.AHHH 820 MM; no Ko.ny 

MELCOR e eapHaHTe I .nn.A ce'!eHHH Ha pacCTO.AllHH 725 (■ ), 825 (x) H 925 MM ( A ) OT HH3a cep.ne'IHHKa 

Koop,!1,1-rnarn, M 

1,2 

. ) 

0,5 -r-+-t--1----t-+-t--+-+-+--t--1;--+-+--t--+--t-+-~,........-+-t--+-+-.......,1--1-+-t--+-__ -+-._t---i B peM.11 
15'140MHH )6 'I 20 MHH 

PHc. 6. fpaHMUa pa3.nena napa H eo.n1,1 e TBC: 3KcnepliMeHT (I): paC'leT: eapHaHT 2(2) M 1(3) 
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P1-1c. 7. HJMeHeHHe TeMneparyphl Ten11OHOCHTem1 BO BpeMe111-1: pac-.e-r no KO.llY MELCOR Ha Bxo.ne B TBC 
(o), Ha Bb1xo.ne H3 TBC B nepBOM (□ ) H BTopoM (•) BapHaHTax; 3Kcnep1-1MeHT Ha a1,1xo.ne 1-13 TBC no .llB)'M 

T3TT (■ , • ) 

TeMnepazypa, °C 

800 

200 +-+--+-+-+-+-+--+-+-+-+--1-+-++-+-+-+-+-+-t-+-+--+-+-t-++-i-+-t-+-+-+-+-t--+-t--t-+-t---t-t-' 
BpeM.!I 

14 If 30 MHH 154 I0MHH 15 If 50 MHH 16 '{ 30 MHH ]7 '{ 10 MHH 

PHC. 8. vlJMeHCHHe TeMnepaTyp1,1 o60JJ0'4eK TB3JIOB BO BpeMeHH, paCC'4HTaHHOH: no H3MepeHHOH TeMnepa­

Type uempa TOnJJHBHOro cep.ne'lHHKa TB3JIOB N!!N!! 11 (r) H 5 (o) Ha paCCTOllHHH 820 MM; no KO.llY 

MELCOR B aapHaHTe 2 .llJJll ce'leHHH Ha paCCTOllHHH 725 (■), 825 (x) H 925 MM(•) OT HH3a cep.ne'lHHKa 

TeM HMelOTCSI pa.3J1J1lnt.!I no TeMneparype B MOMeHT ocyweHIDl H Ha CTa.llIDI TIOBTOpHoro 

3aJIHBa. vb cpasHeHIDl pe3ynbTilTOB nepsoro H BTOporo sapHaHTOB pacYeTa MO)KHO C.L(e­

naTb BblBO.L( 0 cyw.eCTBeHHOM smrnmrn CHH)KeHl-rn pacxo.ua TenJlOHOCHTen.si: Ha TeMnepa­

TYPY TennoHOCHTeJl.si: H o6onoYeK TB3J108 H, KaK cne.L(CTBHe 3TOfO, Ha Macey o6pa.30BaB­

weroc.s1 80.L(OpO.L(a (so BTOpOM sap1rnHTe 60J1bWe B 6 pa.3, YeM B nepBOM). 

B mpembeM eapuaume paCYeTa Ha6n10.uaeTc.s1 3HaYHTenbHa.si: pa.3HHU,a TeMneparypbI 

o6onoYeK Me)f(J{y cno.si:MH TB3nos (.L(o 200 °C npH ocywemrn H 6onee I 000 °C npH 3aJIH­

se, 4TO He cornacyeTCSI C 3KcnepHMeHTOM). MaKCHMaJlbHbJe 3Ha1-IeHID1 TeMneparypbl 

060110YeK 6nH3KH K 3Hat.teHID1M nepsoro sapHaHTa. 

B 11emeepmoM eapua,.,me pacYeTa ocyweHHe sepXHeH yacTH TB3nos Hatt1rnaeTc.si: 

paHbWe npHMeptto Ha 40 MHH, YeM s nepBOM, TaK KaK HeT nocrynneHHSI KOHJJ.ettcaTa no 

Tpy6e, pa.3.UeJJSIIOW.eH onycKHOH 1-1 no.nbeMHbIH yYaCTKH. PacXO.ll KOH.L(eHCaTa (nponrno-
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TOK) B nepBOM sap Ha HTC COCTaBJUieT 10 .. . 20 r/c. BhlXO)], 80,ll.Opona B lfCTBepTOM sapHaH­

TC npHMepHO B 1,5 pa.3a 6onbwe, 4CM B nepBOM, 1-ITO S!Bm!CTC51 CJle,D.CTBHCM 60J1bWCH Bbl­

llCP)l(KH B COCT051HHH ocyweHH51. YpOBCHb TeMneparypbl 6J1H30K K nepBOMY BapHaHry H 

onpe,neJUl.eTC51 ypoBHeM )l(H)],K0CTH. B Ce'-ICHIHf Ha pacCT051HHH 725 MM OT HH3a cep,D.e'-1-

HHKa rrpH npaKTH'-leCKH OJ].HHaKOBOM MaKCHManbHOH TCMneparype J 400°C llJlHTeJlb­

HOCTb Bbl)],ep)l(K.H B COCT0SIHHH ocyweHH51 B nepBOM sapHaHTC C0CTaBJlSICT 45 MHH, a B 

qeTBCpTOM 120 MHH. TenJlOH30J151U.HR n0)],beMH0ro yYaCTKa 003B0J151CT CHH3HTb rpaHH'-1.­

ttyfO M0UJ,HOCTb TBC (.ll.1151 ocyUJeHHR) OT 89 .ll.0 75 KBT. HapSIJJ.Y co CHH)l(eHHeM pacxo.na 

TerulOHOCHTCJlR 3TH Mepbl n03BOJ151fOT np0BOllHTb HC0bJTaHH51 npH ManOH MOW.HOCTH 

TBC (Mo,ne1111posaH1-1e ypoBH51 ocTaTOlfHoro 3HeproBhlJ].eneHH51 TB3nos BB3P np11 asa­

p1m LOCA). 
B Ta6m1ue npHBCJ].CHbl 3KCnepHMCHTanbHblC H pactfeTHble (llJ151 TPeX sapHaHTOB) 

1HatfeHH51 TeMneparypbl 060110\IeK TB3J10B, nO.JlY9CHHblC llJljl MOMeHTa BpeMCHH ( 16 '-1. 20 

MHH), B KOTOpblM H3MCHeHHe napaMeTP0B (MOW.HOCTb TBC, TeMneparypa TB3J10B) MH­

HHManbHO. Pac4CTHhle 3Ha4eHH51 TeMneparypbl TB3Jl0B (sapHaHT 2) YJI0BJleTBOpHTCJlbH0 

cornacyFOTCSI C 3KCnepHMCHTanbHblMH. HeKOTOpoe npeBbJWeHHe pactfeTHblX 3HalfeHHH 

lla)l 3KCnepHMCHTanbHblMH M0)l(CT 6b1Tb o6b51CHCHO BJ1H51HHCM MC)l(jl'-ICHKOBOro Tenno- H 

Macconepettoca B TBC, npHBO)],SIUJ,ero K CHH)l(CHHIO TCMneparypbl MaKCHManbHO Hanp51-

)l(eHHblX TB3Jl0B (CM. llJlSI cpastteHHSI ,D.aHHblC sapHaHTa 3 no TeMneparype 0601101.JeK 

BHCWHero H BttyrpeHHero CJlOeB). TaKHM o6pa.30M, Bp51.ll JlH uenecoo6pa.3HO Bbl)],enem1e 

np11 pac4eTe .llByx cnoes TB3Jl0B 6e3 y4eTa Tenno- 11 Maccoo6MeHa Me)l()].y HHMH. llpH­

MeHettue cpe)],HHX 3HaY.eHHH 3Hepr0Bbl)],CJ1CHIDI B TB3J1ax onpaB.D,aHO. 

T a 6 J1 It u a paC'leTHblX H JKcnep11Mel1TaJlbHblX 3Ha'!eHHH TeMnepaT)'pbl o6ono'leK, ° C 

Pac'-leTt1b1e PacCTORHHe OT HH3a cep.ne'IHHKa, MM 

11 3 KCnepHMeHTa.IlbHble C.110H TB3Jl0B 
725 775 825 875 

llatlHble 

BapHaHT pac'!e-ra: 

1 340 .. .400 750 730 730 
2 - 940 920 920 920 

3 
811ewHHH 1 500 880 800 750 

811yrpeHHHH 340 630 620 640 
3KcnepHMeHT BHeWHHH HJ 12 TB3JJOB - - 890* 750 ... 880 .. 

BHyrpeHHHH HJ 7 TB3JJOB 600••· - - -
TTpHMe'!aHHe: B 3KCnepHMeHTC TeMnepaTypa o60JJO'ICK TB3Jl0B B ce'-leHHH Ha paCCTORHHH 527 MM OT 

HH3a cep11e'l1tHKa paeH11nacb 323 °C (TB3JJ N2 7). 420 ° C (TB3JJ N~ 15) H 600 °C (TB3Jlbl N2N2 l H 13), B pac-

'leTax OHa 6JJH3Ka K TeMnepaTYpe HaCblW:eHtUI Ts= 323 °C (*, ••, ... - npH paCCTOllHHH OT HH3a cep11e'IHHKa 

820. 852 H 722 MM, COOTBeTCTBel!HO). 

OTJlH'-IH51 pacYeTHblX )],aHHblX OT 3KcnepHMeHTanbHblX cyw.ecTBeHHbl .ll,1151 CTa)],HH 

ocyweHHSI C pe3KHM pOCTOM TeMneparypbl H ITOBT0pHoro 3anHBa [5] (pHC. 5, 8). 3To 

06yc11osneHO ynpow.eHHOM cpopMy11011 onHCaHH51 B K0)],C TeITJ100T)],a4H npH HanH'-IHH na­

pOBOH nneHKH Ha nosepxHOCTH rn311a. Uenecoo6pa.3HO YTOlfHHTb on11caH11e Tennoo6Me­

Ha Ha cTa)],H51X ocyrneHH51 11 nosTopHoro 3an11aa TBC. B pe)l(HMe 3an11sa K03cpcp11u11eHT 

TennoOT,D.a4H )],0Jl)l(CH paCC'-IHTbIBaTbC51 no 3aBHCHMOCT51M, Y'IHTbIBaFOUJ,HM TaJOKe H co­

CT051HHe 060110\IeK TB3J10B, a HMCHHO, HanH4He OKCH)],HblX nneH0K. B pa6oTe [6] IT0Ka.3a­

HO, 'ITO npH ITOCT051HHOH CKOpOCTH ITO.D,beMa rpaHHUbl pa.3.uena cpa3 B npouecce ITOBTOp-
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P1-1c. 7. 11JMeHem1e TeMnepaT)'pbt TenJ1OHOCHTem1 BO BpeMeHH: pac<Je-r no KO.11.Y MELCOR Ha Bxo.11.e a TBC 
(o), Ha Bblxo.11.e HJ TBC B nepBOM (□ ) H BTopoM (•) eapHaHTax; 3KcnepHMeHT Ha Bbtxo.11.e HJ TBC no .11.BYM 

T3n (■ ~) 
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16 If 30 MHH I7'1 IOMHH 

PHC. 8. J.1.JMeHeHHe TeMneparypbl 060J10<JeK TB3J1OB BO BpeMeHH, paCC'IHTaHHOH: no H3MepeHHOH TeMnepa­

T)'pe uempa TOnJIHBHOro cep.11.e<JHHJ<a TB3J1OB N!!N2 11 (u ) H 5 (o ) Ha paCCTORHHH 820 MM; no KO.11.Y 

MELCOR a eapHaITTe 2 .11.JIR ce<JeHHH Ha pacCTORHHH 725 (■), 825 (x) H 925 MM(~) OT HHJa cep.11.e<JHHKa 

TeM HMelOTC.11 pa.3J1HlUUI no TeMneparype B MOMeHT ocyweHIDI H Ha CTa,rurn nOBTOpHoro 

3amrna. J,fa cpasHeHIDI pe3ynhTaTOB nepsoro H BToporo sapHaHTOB pact.ieTa MO)KHO c.L(e­

naTb BblBO.L( 0 cyw,eCTBeHHOM BJlH.IIHHH CHH)KeHlUI pacxo.ua TeIIJlOHOCHTeJl.11 Ha TeMnepa­

TYPY TenJ1OHOCHTeJ1.11 H 060J10l.feK TBJJ1OB H, KaK cne.ucTBHe JTOro, Ha Macey 06pa.3osas­

weroc.11 BO.L(Opo.ua (so BTOpOM sapHaHTe 60J1b11Je B 6 pa.3, l.feM B nepBOM). 

B mpembeM eapuaume pact.ieTa Ha6mo.uaeTc.11 3Ha4HTenbHa.ll pa.3mn~a TeMneparypb1 

o6onoYeK Me)K.lJ.y cno.11MH TBJJlOB (.uo 200 °C npH ocywemrn H 6onee l 000 °C npH 3aJ1H­

se, 4TO He cornacyeTC.11 C JKCnepHMeHTOM). MaKCHMaJlbHbie 3Hal.feHH.II TeMneparypbI 

o6onoYeK 6.rrn3KH K 3Hat.iem1.11M nepsoro sapHaHTa. 

B 11emeepmoM eapuaHme pacYeTa ocy111em1e sepxttei-1 yacTH TBJJlOB Hat.iHHaeTc.11 

paHbWe npHMepHO Ha 40 MHH, l.feM s nepBOM, TaK KaK HeT nocrynneHH.11 KOH,D,eHCaTa no 

TPY6e, pa.3.n.enS110w,eii onycKHOH H no.n.beMHblH yYaCTKH. Pacxo.u KOH.D.ettcaTa (nponrno-
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TOK) B nepB0M sapHaHTe C0CTaBJUieT 10 .. . 20 r/c. BbtXO)]. 80,LI.0p0,Ll.a B 4eTBepT0M sapHaH­

Te npHMepH0 B I ,5 pa.3a 6onbUJe, 4eM B nepB0M, 4T0 .SIBn.s:teTCH cne,LJ.CTBHeM 6onbWeH Bbl­

)].ep:>KKH B C0CT0.stHHH ocyUJeHHH. YpoBeHb TeMneparypbl 6nH30K K nepB0MY sapHaHT)' J,f 

onpe,LJ.en.steTCH ypoBHeM :>KH)].K0CTH. B Ce4eHHH Ha paCCT0.stHHH 725 MM OT HM3a cep)].e4-

Hm<a rrpH npaKTH4eCKH 0)].HHaKOBOH MaKCHManbHOH TeMneparype 1 400 °C )].flHTenb­

H0CTb Bbl,LJ.ep:>KKH a C0CT0HHHH ocyUJeHH.st a nepB0M aapHaHTe COCTaBJUleT 45 MHH, a s 

4eTBepT0M 120 MHH. Tenn01nomi:u;H..st IT0)],beMH0ro y4aCTKa n03BOnHeT CHH3HTb rpaHH4-

ttyfO M0UJ.H0CTb TBC (,LI.JI.st ocyUJeHH..st) OT 89 ,LJ.0 75 KBT. HapH.ll.Y co CHH)l(eHHeM pacxo,LJ.a 

TeJTn0H0CHTen.st 3TH Mepbl n03BOnHIOT np0B0)].HTb HC0hlTaHIDI npH ManOH M0l.l.(HOCTH 

TBC (Mo,LJ.en1-1posaHHe yposH.st ocTaT04ttoro 3HeproBbt)].eneIDUI TB3noa BB3P np11 aaa­

p1111 LOCA). 

B Ta6n11ue npHBe,LJ.eHbl 3KCnepHMeHTMbHbte J,f pac4eTHble (,LJ.n.st Tpex sapHaHTOB) 

1Ha4eHHH TeMneparypbl o6ono4eK TB3J10B, nony4eHHble ,LJ.n.sr M0MeHTa speMeHH ( 16 l.[ 20 
MHH), B KOTOpblH H3MeHeHHe napaMeTp0B (MOll(HOCTb TBC, TeMneparypa TB3flOB) MH­

HHMMbH0. PacY.eTHbte 3Ha4eHHJI TeMnepaT)'pbl TB3JI0B (aapHaHT 2) YJJ.0BnernopHTeJibH0 

cornacyioTC.st C 3KCnepHMeHTMbHblMH. HeKOTOpoe npeBbIUJeHHe pac4eTHbIX 3Ha4eHHH 

Ha)]. 3KCnepHMeHTMbHblMH M0:>KeT 6b1Tb o6b.stCHeHO BnJUJHHeM Me:>K.st4eHKOBOro Tenno- H 

Macconepettoca B TBC, npHB0)]..stll(ero K CHH:>KeHl-tfO TeMneparypbt MaKCHMMbH0 Harrp.st­

:>KeHHbIX TB3JI0B (CM. ,LJ.n.st cpaBHeHHJI )].8HHbte sapHaHTa 3 ITO TeMneparype o6ono4eK 

BHeUJHero H BttyTpeHHero cnoes). TaKHM o6pa.30M, sp.st.ll. nH uenecoo6pa.3tto BhI,LJ.eneHHe 

npH pac4eTe JJ.Byx cnoes TB3nos 6e3 yY.eTa Terrno- H Maccoo6Metta Me)l()],y HHMH. TipH­

MeHettHe cpe,LJ.HHX 3HaY.eHHH 3Hepr0BbT,LJ.eneHH.sl B TB3Jlax onpaB,LJ.aHO. 

T a 6 JJ H u a paC'!eTHhlX H JKcnepHMeHTaJJhHhIX JHa'!eHHH TeMnepaT)'phl o6ono'leK, °C 

Pac'!e'l'Hhle PacCTOJIHHe OT HHJa cep.ne'IHHKa, MM 

H 3KCnepHMeHTaJlhHhle CnoA TBJJTOB 
725 775 825 875 

.naHHhlC 

BapHaHT pac'!e-ra: 

I 340 .. . 400 750 730 730 
2 - 940 920 920 920 

3 
BHeWHHH I 500 880 800 750 

BHyrpeHHHH 340 630 620 640 

3KcnepHMCHT 8HeWHHH HJ 12 TB3JTOB - - 890* 750 ... 880** 

BHyrpemrnA HJ 7 TB3JTOB 600*** - - -
TTpHMC'!a1rne: B 3KCnepHMCHTC TCMneparypa o60JTO'ieK TBJJTOB B CC'!CIDUI Ha paCCTOJIHHH 527 MM OT 

mna cepne'IHHKa paBHJlnach 323 °C (TBJJT N!! 7). 420 °C (TBJJT N<.2 15) H 600 °C (TBJJThl N2N!! I H 13), e pac-

'!eTax OH a 6nHJKa K TCMneparype HaChllUCH.HJI Ts= 323 °C (*, **, *** - npH paCCTOJIHHH OT HHJa cep.!le'!HHKa 

820. 852 H 722 MM, COOTBeTCTBCHHO). 

OTJIH4H.st paC4eTHbIX ,LJ.aHHblX OT 3KCrrepHMeHTanbHblX cymecTBeHHbl )].JIH CTa)].HH 

ocyweHH.st C pe3KHM pocT0M TeMneparypbt H noBTOpHoro 3MHBa [5] (pHC. 5, 8). 3To 

o6ycnosneHo ynpomettHOH cpopMyno11 om1caHH.sI B K0,LJ.e TennooT,LJ.aY.H npH ttanH4HH na­

poaoH nneHKM Ha nosepxH0CTH TB3na. Uenecoo6pa.3HO YT04HHTb onHcaHHe Tennoo6Me­

Ha Ha CTa)].H.sIX ocymeHHH H noBT0pHoro 3MHBa TBC. 8 pe:>KHMe 3MHBa K03q>q>HUHeHT 

TenJI00T,LJ.aY.H )].QJI)l(eH paCC4HTbl8aTbC.st no 3aBHCHM0CT.slM, Yl.fl,fTb(BafOUJ,HM TaK:>Ke H co­

CT0.slHHe o6ono4eK TB3fl0B, a HMeHH0, HMH4He 0KCH,llHbIX nneHOK. B pa6oTe [6] noKa3a­

HO, 4T0 npH nOCTQ}IHHOH CK0p0CTH ITO,LJ.beMa rpaHHUbl pa.3)],ena cpa.3 B npouecce n0BTOp-
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HOro 3aJlli8a TeMneparypHblH pe)KHM OXJla)KJ:{eHHR OKHCJleHHblX 06011olfeK TB3J10B peaK­

TOpa PWR 6onee )KeCTKHH no cpaBHeHHlO C pe)KHMOM OXJla)KJ:{eHHjl TB3JTOB C HeOKHC­

JTeHHbTMH 060JIOllKaMH, '-ITO MO)KeT 6b1Tb npHllHHOH HX pa3repMennauHH. 

11TaK, B 3KCnepHMeHTe pa3pyweHHe 06011olfeK TB3J10B H BblXO.ll npO.llYKTOB ,lleJieHHjl 

(IT):() B KOHT)'p ,llOCTHfttyThl Ha CTa,llHH nOBTOpHOfO 3aJIJ,fBa, a B pac1IeTe 3a,llaeTCjl TeMne­

parypa pa3repMeTH3aUHJ-f 060110'-IKH Ha cTa)I,1111 Harpesa, T.e. npouecc B pac'-!eTe HeaneK­

saTeH 3KCnepHMeHT)'. 11MeeTCjl KOppeJljlUJrn no OTHOCHTeJlbHOMY BblXOJlY n,n; B Tenno­

HOCHTeJih: paC'-leTHblH BblXO)l KCeHOHa H HO)I,a 0)1,HHaKOB H COCTaBmleT 1, 1·10-4, a 3KCne­

pHMeHTaJJbHblH (0,65 ... 1,4)·10-4 H (2,6 ... 5,1)-10·4, COOTBeTCTBeHHO. BMeCTe c TeM 

pac'-!eTHble 3Ha'-leHHjl 061>eMHOH aKTHBHOCTH paJI.HOH)'KJlH)I,0B B TeilJlOHOCHTene no pe­

KOMeHJI.YCMblM MO)leJljlM BblXO)la H3 Tonmma cymecTBeHHO pa311H'-lalOTCj1: B 3KCnepH­

MCHTe 1 025 MEKf 11, B pac'-!eTe 440 H 6 275 MEKln (Mo)leJlH CORSOR H CORSOR-M c 

KoppeKTHpOBKOH K03cf>cf>HUHeHTa Tennonepe)I,alfH) [7] . CneJ.J,OBaTeJlbHO, B pe3yJlbTaTe 

pacqeTHOro aHaJil,i3a 3KCnepHMeHTOB co "cBe)KJ,fM" H BblropeBWHM TOnJIHBOM MO)KHO 

o60CHOBaTb npHMCHHMOCTh KOHKpeTHOH MOJ.J,emf H3 weCTl-1. npe)I,JlaraeMblX B KOJ.J,e [7]. 

3aKmoqeuue 

1. TiocpeJI.CTBOM K0JI.a MELCOR M0)KHO yJI.0B11ernop1ne11bH0 onHcaTb TeMneparyp­

HbLH pe)KHM HCnbITaHHH TB3Jl0B, attaJIOrH'-IHblH HCnhITaHJ,llO MT-2 (onpeJ.J,eJleHHe MO­

MeHTa tta<Ja.rra poCTa TeMnepaT)'pb1, OXJla)KJ:{ettHe napoM). BMecTe c TeM TeMneparypy 

0601101IeK TB3Jl0B He YJI.aJI0Cb KOppeKTHO omt:CaTb B Ha'-laJibHblH MOMCHT ocyweHHjl H Ha 

CTa,llHH nOBTOpHoro 3aJIHBa. ~enecoo6pa3Ha .llOpa60TKa MOJ.J,eJieH Tennoo6MeHa TB3J10B 

Ha 3THX CTaJ.J,HRX. 

2. YcTaHOBJleHa lfYBCTBHTeJlbH0CTb pjl)la Ba)l(HhlX napaMeTpOB K H3MeHeHHIO HC­

XO.llHb[X )I,aHHhIX. TaK, npH H3MeHeHHH pacxona TeilJlOHOCHTeJljl Ha BXO)I,e B KaHaJI B 

npe,lleJiax 3KCnepHMCHTaJlbHOH norpewHOCTH 0,03 8 ... 0 ,044 Kr/c Bb[X0J.J, BOJ.J.0po..o.a yse­

JlHl{}JBaeTC51 B 6 pa3, ocywem1e aKTHBHOH 30Hh[ Ha'-IHHaeTCjl Ha 55 MHH paHbille. 

3. TermOH30J151UH.sl no,ubeMH0ro y'-laCTKa n03B0JljleT npH 0)1,HHaKOBOM pacxo.ue Ten­

JlOHOCHTeJlJI yMeHbWHTb M0UJ.HOCTb, npH KOTOpoii .llOCTlff8eTC51 COCT051HHe C ocyrneffileM 

TBC, c 89 .uo 75 KBT. JJ:ocnrncemi:e cocT051Hj,{jl c <JaCTHlJHhIM ocyweHHeM TB3JlOB H HX 

HarpesaHHeM npH MOll(HOCTH, paBHOH MOUJ.HOCTH OCTaTO'-IH0ro TenJ10Bbl)lCJ1eHJ,{jl, B03-

MO)KHQ TOJTbK0 npH MeHbWeM pacxo.ue TenJl0H0CHTCJljl H npH TenJIOH30JljlUHH no,ubeM­

H0ro y<JaCTKa HCilbrTaTeJlbHOro KaHaJia. 

4. TolJHOCTb paClJeTa BblXO)I,a n,n; H 8KTHBHOCTH pa.UHOH)'KJlH)lOB B Ten110HOCHTeJ1e 

cyw.eCTBeHH0 3aBHCHT OT BbI6paHHOH IlOJlb30BaTeneM MO,lleJIH BblX0,lla n.n: H3 TOnJlHBa H 

TOlJH0CTH pac'-!eTa TeMneparypbr TOnJIHBa. 

433510, 2. /(UMumpoB2pao YllbJU/08CKOli o6JT.; KOHmaKmHble men.: 8-(84235)6-56-64(p.), 
8-(84235)3-75-76 (o.), Maxu11 8aJTeHmu11 MuxaUJ10Bu'I; E-mail:ovs@niiar.ru 
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Y )J.K 621.039 

TenJIOrH.llpaBJIHl.feCKHe H rn.apO.llHHaMHl.feCKHe HCCJie)];OBaHHH 

xapaKTepucTHK TBC aJihTepnaTHBHOH KOHCTPYKUHH BB3P-1000 

O.E. Ca.AtoU/lOB, /(.JI. m UllOB, A.A. <fJaJlbKOB, B.I'. GozpRKOB, 
<!>fYTI 'OK6M HM . 11J1. AcppHKaHTOBa", 603074, H. Hosropo.n, 6ypHaKOBCKHH np., 15, 

H.M. Copo1m11, KoHu,epH "Poc:meproaToM", 109507, MocKsa, yn. <!>epraHcKcUI, 25, 
C.M. J(.111u111puea, HrTY, 603600, H. Hosropo.n, yn. MHHHHa, 24 

TipencrnsneHhI pe3ynbTaTbI Ten.nornnpasm-14ecKHX 11 r11npon1rnaM114eCKHX 11ccnenosatt11A 
xapaKTep11crnK TBC a.nbTepttarnettoi1 KOHCTJJYKUHH (TBCA) B83P- l 000. 3Kcnep11MeHTaJ1b­
Ha'1 HHq>OpMaUHJI HC□OJib30BaHa llJI,I eepHq>HKaUHH pac4eTHbIX Konoe, npHMeHJleMbIX JJ.11'1 atta­
mna Ten.noTexHK4eCKOH ttane)f{ttocrn TBCA. PaccMOTpeHbI pacnpenenett11e pacxonoe B TBCA 
11 ycnoe11,i OXJia)f{neHH,i TBJnos npH JKcn.nyarnuim aKTMBHOH 30Hhl BB3P-1000. 

THERMAL HYDRAULIC AND HYDRODYNAMIC RESEARCHES OF THE 
ALTERNATIVE FA OF VVER-1000 CHARACTERISTICS. O.B. SAMOILOV, 
D.L. SHIPOV, A.A. FALKOV, V.G. BOGRYAKOV, N.M. SOROKIN, S.M. DMITRIEV. 
The paper presents the results of thermal hydraulic and hydrodynamic researches of the 
alternative FA of VVER-1000 characteristics. Experimental infonnation was used for 
verification of calculation codes, applied for analysis of therrnotechnical reliability of the 
alternative FA. Distribution of discharges in the alternative FA and conditions of fuel rods 
cooling during exploitation of active zone of VVER-1000 is considered. 

TBCA pa.3pa6oTKH <!>rYJ1 "OK.6M HM. 11.11. AcppHKaHTOBa" B OTJ1H4He OT cep1111-
HbIx TBC BB3P-l 000 HMeeT c1-1noso11 KapKac, BhmontteHHblH 3a C4eT pa.3MeIUeHHjl 6-TH 
yronKOB )KeCTKOCTH H npHBapKH HX K .UHCTaHUHOHHPYIOIUHM peweTKaM (,[(P). 
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Hanpasm1iom11e Kaml.Jlbl (HK) BblnOJlHeHbl C 3a.30pOM C .SI4eHKaMH ,l{P H HMeJOT HHlJ.H­

BH.LJ.YaJJbHble np)')KHHbI, 4TO HCKJIIOt.IaeT B03.LJ.eHCTBHe HK Ha c1rnosoH KapKac TBCA. Ha 

9-TH HK Ha)], ,l(P ycTaHOBJleHbf BTyJlKH, o6ecne4HBalOmHe npOCKaJlb3bIBaHHe TB3J10B 

4epe3 ,l{P npH HX pa.nHaUHOHHOM pocTe H yMeHhWeHHe 803)],eHCTBH.SI co CTOpOHbl TB3J10B 

Ha CHJlOBOH KapKac. 

TTpHMeHeHHe TBCA B peaKTopax BB3P- l 000 [ 1] HarrpasneHo Ha yJI)"-tweHHe 3KO­

HOMHYeCKHx, 3KcrrnyaTal..(J,IOHHblX xapaKTepHCTHK H nOBbIWeHHe 6e3onaCHOCTH 3KC­

nnyaTaUHl-1 TOnJlHBa. 8 HaCTo.Simee BpeM.SI B KaYeCTBe TOITnHBa no.nnHTKH TBCA HC­

nOJ1b3)10TC.SI Ha 1-M 11 2-M 6noKax KaJJHHHHCKOH A3C 11 3-M 6noKe 3anopmKCKOH A3C. 

H3roTosneHbI TBCA .n.m1 nepBhIX TonnHBHhIX 3arpy3oK 3-ro 6110Ka KamrnIIBCKOH A3C 

H 2-ro 6noKa XMenbHHUKOH A3C. Ha 1-M 6noKe KanHHHHCKOH A3C ycTaHosneHo He­

CKOJlbKO MO.LJ.H<PHKaUHH TBCA, HanpaBJieHHblX Ha ynyyweHHe 3KOHOMH4eCKHX xapaK­

TepHCTHK .n.aHHOfO TOITnHBa. PeaKTOpHbJe HCilblTaHH.SI MO.LJ.H<PHKal.U1H TBCA HanpaBJieHbl 

Ha OTpa6oTKY TeXHHt.teCKHX peweHHH no y.n.mrneHHIO aKTHBHOH t.IaCTH TB3Jla, yMeHbWe­

HHJO KonHt.tecTsa ,l{P, o6ecneqemno pa.36opHOCTH TBCA .n.m1 nposepK11 pa60Tocnoco6-

HOCTH aHTH)J.e6pHCHOro cpHJibTpa, ycTaHOBJleHHOfO Ha BXO)J.e B TBC H npe.LJ.Ha.3Ha4eHHO­

ro )J.JlSI ynaBJIHBaHH..SI MeJIKl1X 4aCTHU-.n.e6pHCOB. Ha OCHOBe peaKTopHblX HCITb!TaHHH MO­

.LJ.H<PHKaUHH TBCA Hal.faTa pa.3pa6oTKa TBCA BToporo noKoneHHSI. 

B o60CHOBaHHe Tennor11npaBJIH4eCKHX xapaKTepHCTHK H TeITJIOTeXHH4eCKOH Ha­

)],e)KHOCTH TBCA BblnOJIHeH KOMnJleKC 3KCnepHMeHTaJlbHblX HCCJle)],OBaHHH Ha HX MO­

.n.eJUIX. 

1. HccJ1e)lOBaH1te TeOJ10rH)lpaBJ1HqecKHX xapaKTepHCTHK H KpH3DC3 TeOJlOOT)laqn 

Ilpose.neHT,I HCCJle)],OBaHH.SI no.uorpeBOB TenJ1OHOCHTem1 B xapaKTepHblX H4eHKaX 

rryl.fKa, KpH3HCa TennoOT)J.a4H 11 3aKp11311CHOro Tennoo6MeHa B CTauHoHapHblX H HecTa­

UHOHapHblX ycnoBH.SIX. 3KcnepHMeHTbl BbtnOJlHeHbl Ha BOCbMH 19-cTep)KHeBbrx MO,UeJlSIX 

TBCA: 

- C HeCHMMeTpHt.IHbIM pacnOJlO)KeHHeM nyqKa HMHTaTopoB TB3J1OB OTHOCHTeJlbHO 

Heo6orpeaaeMOH o6e4aHKl1 C MO)J.eJ1HpOBaH11eM reoMeTpHH .Sil.feeK B6JIH3H yronKOB )l(e­

CTKOCT11; 

- C CHMMeTp11t.IHblM pacnonO)KemteM rryl.fKa TB3JIOB; 

- C paBHOMepHblM 11 HepaBHOMepHblM TennOBbl)J.eJieHHeM no ce4eHHJO; 

- C O)].Hl1M Heo6orpesaeMbJM CTep)KHeM, MO)].em1pyiomHM HK. 
Mccne.n.osaHH.SI npose.nettbI B cne.uy10meM .LJ.Hana.JoHe pe)Kl1MHbIX napaMeTpoB: .uaa­

neHHe 7,0 .. . 16,3 Mila; BXO.[J.Ha.SI TeMneparypa TenJIOHOCHTeJI.SI 200 . . . 311 °C ; MaCCOBa.SI 

CKOpOCTb 340 ... 3 550 Krl(M
2
c). 

,l(HCTaHUHOHHpOBaHHe 3JieMeHTOB ny4KOB ocymecTBJ1SIJ1OCb C nOMOmblO peweTOK 

"coTOBoro" THna, aHaJJOrHl.fHbIX peweTKaM TBCA. ,l(nHHa 3OHbl TennOBbI,UeJieHHSI co­

CTaBJISleT 3 M. Pa.l(HaJlbHaSI HepaBHOMepHOCTb TenJIOBbl.[J.eJleHHSI (pHC. l) o6ecneYHBaJJaCb 

np11MeHemteM HMHTaTopOB C pa.3HOH TOJimHHOH CTeHKH. 

Mo.uenb TBC OCHamaJJaCb MHKpOTepMonpeo6pa.30BaTeJ1SIMH )J.JlSI H3MepeHHSI TeM­

nepaTypbl TenJIOHOCHTeJISI B xapaKTepHblX SIYeHKaX Ha BblXO,Ue rryYKa H TeMneparypbl 

HMHTaTOpOB TB3JIOB B HeCKOJlbKHX TOYKax no BblCOTe. CxeMa pa.3MemeHH.SI H3Me­

pHTeJibHbIX cpe.ucrn B O.UHOH H3 cepHH 3KCnepHMeHTOB noKa.JaHa Ha pHC. 1. Bcero Ha 

MO.[J.eJI.SIX TBCA npose.ueHO OKOJI.O 300 KpH311CHblX H 50 pe)KHMOB C H3MepeHHSIMH no-
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,norpeB0B TeTTJI0H0CHTeJUI. OcHOB­

m,1e xapaKTepHCTHKM HCCJie,noBaH­

HJ,IX Mo,nenei-i TBCA npe,ncTasne­

m,1 B Ta6JI. ] . 

KpH3HC TennooT,na1.rn B M0,neJIH 

TBC c CHMMeTpMtIHblM pacnono­

)Kem1eM 11)'1-1Ka HMMTaT0p0B B03-

HHKaJI B BepXHeH llaCTH 11)'1-1Ka B 

ueHTPaJibHOH o6naCTH, s M0,UeJUI co 

cMe111.eHHeM nytIKa - B 3aTeCHeH­

HblX nepmpepHHHblX SllleHKax. IlpH 

3T0M 3aTecHettMe nepH<pepHHHblX 

.R4eeK Ha 2-x rpaIDlX. 3a ctieT cMe­

meHHR ny4Ka npHB0JJ.HT K He60Jib­

Ill0M)' CHH)Kemuo KpHTH4eCKOH 

M0lll.H0CTH c6opKH. B cpe,nHeM KpH­

TH'ieCKa.R M0[UH0CTb CHH)KaeTCSI 

npHMepHo Ha 5%, 4T0 xopowo 

cornacyeTCSI c pe3yJihTaTaMH 3Kcne­

pHMeHT0B Ha Mo.nenH TBCA B 

<!>3M (2]. 

PHc. I. Ce'!eHHe pa6o'lero y'laCTKa: Q- ropll'!He HMHTaTO­

pbr TB)nOB B MO.nen 11 C pa.nHanbHOH 11epaBHOMepHOCTblO )Hep­

fOBbUleneHHll; O -xonO.llHble HMHTaTOpbl TB)nOB; • - Tep-

Monapbl BHYTPH 11M11TilTOpOB TB)nos; 0 - TepMonapbl, 

pa3MemeHHblC B ll'ICWKe 

T a 6 n H u a J . XapaICTep11cntKH Mo.neneA TBCA 

HoMep Mo.nen11 TBCA I 2 3 4 5 6 7 8 

t.J.J,icno HMHTaTopoe TB3n oe, WT. 19 19 19 19 19 18 18 19 

War pacno.TJO>KCHHJI HMHTaTOpOB, MM 12.75 12,75 12,75 12,75 12,75 12,75 12,75 12,75 

)lHaMeTp HMHTaTOpa TB3na, MM 9.1 9.1 9.1 9, I 9, 1 9, I 9, 1 9,1 

.[l,11aMe-rp HMHTaTopa HK, MM - - - - - 13,5 12,6 -
TOJIIUHHa CTCHKH 11Ml1TaTopa. MM 0,5 0,5 1,0 1,0 1,0 1,0 1,0 1,0 

911cno AP, WT. 12 12 12 12 12 12 12 12 

Pa.3Mep "no.11 Kmoq" o6e4aHKH. MM 57,6 57,6 57,6 57,6 57.6 57,6 57,6 57,6 

MaKc11ManbHall HepaBHOMepHOCTb, K, ma., 1,0 1,0 1,0 1,23 1,23 1,0 1,0 1,0 

CMememte ny'!Ka OTHOCHTenbHO o6e-
- 0,2 - 0,8 - 0,8 0 0 0 0 0 

'lfil!KJ,t, MM 

Peani,13au11si pa,nHaJibHOH ttepaBH0MepH0CTH TenJI0BbI,UeJieHHSI B ny4Ke TB3JI0B 

npMB0JJ.HT K CHH)Kem-no KpHTH4eCKOH M0[UH0CTH c6opKH Ha 20 %. KpH3HC TenJI00T,Ua4H 

B03HHKaeT Ha HMHTaTopax TB3JI0B N!!N!! 18 H 6 s ropw-1e11 06nacn1 c6opKH (puc. 1 ). B 

3KCnepHMeHTax C HK He nonyYeH0 yMeHbUJeHHe KpHTHtfeCKHX TenJI0BblX Harpy30K. 

Hccne.nosaHHSI 3aKpH3HCHOH TenJI00T.[{a4H n0Ka3aJIH, 4T0 npeBbIWeHHe KpHTH-

4ecKoro 3Ha4eHHSI M0[UH0CTH He npHB0.[{HJI0 K pe3K0MY CKat.JK006pa3HOMY yBeJIHt•leHHJO 

TeMneparypbl HMHTaTopos TB3JI0B. 3aKpH3HCHbl.H pe3eps M0lllH0CTH C0CTaBJISieT 

~ 5 ... 8 % npH TeMneparype HMHTaT0p0B 550 ° C. 

BbinOJIHeHO 11ccne.nosattHe HeCTaUH0HapHblX pe)KMM0B C JJ.0CTH)KeHHeM ycnoBHH 

KpH3HCa Tennoo6MeHa H neperpeB0M TB3JI0B. l13yt.tanHCb ,UBa THna HeCTaUH0HapHblX 
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pe)KJ,fMOB - pe)KHM C OOBblllleHHeM MOUl,HOCTH, HMHTHPYIOUl,11H asapHH C Henpe.ny­

CMOTpeHHblM 113BJ1et.Jett11eM opraHOB pery1111posaHHH CY3, 11 pe)KHM C yMeHbllleHHeM 

pacxo.na, l1MHTHpy10m11i1 HaqaJibH)'lO crn.n1110 asap1-u1 c 06ecToq11samrnM fl{H. HccJie­

.uosatt11H KpH3HCa TerrnooT,naq11 H 3aKpH3HCHOro Ten11006MeHa B 3THX ycJIOBHID{ noKa-

3aJIH, l.fTO KpHTHl.feCKaJI MOlll,HOCTb B CTaT11Ke 11 .UHHaMHKe npaKTHl.feCKH cosna.uaeT. 

,[(Jul pact.JeTOB Ten11orn.upaBJ1114eCKHX xapaKTepHCTHK H TenJIOTeXHl1t.JeCKOH Ha)].e)K­

HOCTH aKTHBHbrx 3OH c TBCA 11cnoJ1b3yeTCH pacYeTHbIH KO)]. KAHAJI, aTTecTosattttbIH 

rocaTOMHamopoM. Ko.u KAHAJI npe,!l.Ha3Ha4eH .um, nosiqei:fKosoro Ten11orH.upaBJ11P-Ie­

cKoro pact.teTa TBC so.uo-BO.USIHbrx peaKTopos (BKJII04aSI nma BB3P) B cTau,11ottapHbrx 

pe)KHMax. B nporpaMMe npHMeHSleTCSI MO.UeJib ropH3OHTaJibHblX H306ap, .ueJI.Hlll,HX KaC­

CeTY Ha 3a.UaHHOe 4HCJIO 3JleMeHTapHblX BblCOTHblX yt.taCTKOB. Ilo ce4eHHIO Kaccern pa3-

famaeTCH Ha 3JleMeHTapHble Sl4eHKH. B npou.ecce pact.reTa .!lJISI Ka)f(JlOH H4eHKH Ha Bbl­

COTHOM y'-laCTKe onpe,!l.eJIS110TCS1 c11e.ny10m11e napaMeTpb1: nepena.n .uasneHHSI pacxo.u, 

TeMnepaTYpa, 3HTaJibnHSI H napoco,!].ep)KaHHe TenJIOHOCHTeJUI, 3anac no KpHTH4eCKOMY 

TenJIOBOMY nOTOKy. Pac'-!eT KpHTl14eCKOfO Ten11osoro nOTOKa npOBO,UHTCSI no JIOKaJib­

HblM napaMeTpaM TenJIOHOCHTeJISI B Sl4eHKaX no pa3JIH4Hb1M 3MnHpH4eCKHM COOTHOllle­

Hl1SIM, BKJUOlfaJI KOppeJIHUHIO oe3pyKOBa [3]. Y4HTbIBalOTCH HepaBHOBeCHOe KHnem1e 

TenJIOHOCHTeJISI, KOHBeKTHBHblH TennoMacconepeHOC ),f ryp6y11eHTHbIH Me)KHLJeeLJHblH 

Tem1006MeH, TenJI006MeH C yroJIKOM H HK. Pe3yJibTaTbl 3KCnepHMeHTaJibHblX HCCJTe,!].O­

BaHHH Ha MO,!l.eJIHX TBCA HCITOJ1b3OBaJIHCb .UJISI ,!l.OITOJIHHTeJibHOH sep11:qmKaU,HH KO.Ua 

KAHAJI. 
AHaJIH3 3KCnep11MeHTOB no onpe.ue11eHHIO JlOKaJibHblX TeMneparyp TenJIOHOCHTeJISI 

Ha Mo.uemrx TBCA noKa3aJI, qTo pact.JeTHoe pacnpe.ue11ett1-1e TeMneparyp Tennottoc11Temr 

no .H4eHKaM COOTBeTcTByeT 3KCnepHMeHTaJibHOMy. B ,!l.Hana3OHe pe)KJ,fMHblX napaMeT­

pos, 6JIH3KOM K HarypttoMy, MaKCHMaJibHOe ornwrne pacqeTHblX 3Ha4eHHH TeMneparyp 

TeTIJIOHOCHTeJIH OT 3KCnepHMeHTaJibHblX He npeBbtlllaeT 5 °C. Cpe,!l.HeKBa,!l.paTH4eCKOe 

OTKJlOHeHHe paCl.feJHb[X 3Ha4eHHH no.uorpesos TenJIOHOCHTeJIH OT 3Kcnep11MeHTaJibHblX 

COCTaBJI.HeT 4 ... 8 %, l.fTO CBH,!l.eTeJibCTByeT O npaBHJlbHOCTH MeTO.UHK yYeTa KOHBeKTHB­

HOfO 11 ryp6y11eHTHOfO Me)KH4ee4HOfO TenITOMaccoo6MeHa B pac4eTHOM KO,!l.e KAHAJI. 
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P11c. 2. CpaeHeHHe paC'leTHl:,IX 11 3KCnepHMCIITaJl l:,lll:,IX 3H34e­

HHH KpHTH'leCKOH M0LUH0CTH .nm, Mo.nene11 TBCA: o - c pae­

HOMepHbJM 3Hepr0Bbl,lleneHHeM: D - C HepaBH0Mep111:,1M J11ep­

roe1,l,lleJ1eHHeM· /:;. - HeCHMMeTJ)H'IHM M0,!leJJb 

50 

HHe pe3yJibTaTOB pacl.feTOB KpHTH­

qecKHX MOll(HOCTeH Ha MO.UeJIH C 

HepaBHOMepHOCTblO 3HeproBbI.Ue­

JieHHSI no Ce4eHHIO C no11y4eHHblMH 

3KCnepHMeHTaJibHblMH .uaHH.blMH. 

3KcnepHMeHTaJibHO nonyqeHHOe 

CHH)KettHe 3Ha4eHHH KpHTH4eCKOH 

MOUl,HOCTH npH CMell(eHJ,111 ny4Ka 

CTep)KtteH OTIHCbtBaeTCH C nOMO­

lll,blO pacYeTHoro Ko.na KAHAJI. Ha 

p11c. 2 npHse.ueH.br pe3ynbTaThl 

cpasHeHHjJ pac4eTHblX H 3KcnepH­

MeHTaJihHblX 3Haqem,rn KpHTH4e­

CKHX MOlll,HOCTeli .!lJljl Mo.nenei-1 

TBCA. 



ITpose.neHHbie paC'-leTbl KpHTH'-leCKJ.iX MOlll,HOCTeH B 3KcnepHMeHTaJibHbIX pe)KHMax 

no.LJ.TBep.D.HJJH B03MO)KHOCTb pacLieToB TBCA no KO.LJ.Y KAHAJI c MaKCHMaJibHOH no­

rpellIHOCTbl-0 pac'-!eTa KpHTH'-leCKOfO TenJJOBOro nOTOKa He 6011ee 15 %. 3HaLieHHJI KpH­

TWieCKHX TenJJOBblX nOTOKOB paCC'-IHTaHHbie no nporpaMMe KAHAJI, HIDKe 3KCnepH­

MeHTaJibHbIX ( cpeirnee OTHOUieHHe pacLieTHOfO 3Ha'-leHI-UI K 3KcnepHMeHTaJibHOM)' co­

CTaBmleT 0 ,95), '-ITO CBH,lleTeJJbCTByeT O ,llOnOJJHHTeJJbHOM 3anace npH pacqernx no KOJlY 

KAHAJI. 

Pac'-leTbl 3KCnepHMeHTOB no pacnpe,ueJJeHmo TeMneparyp TenJJOHOCHTeJUI ITO Jl4eH­

KaM no.nTBep,llHJJH B03MO)KHOCTb pac'-leTa no KOJlY KAHAJI JlOKaJibHblX Tennorn,upaBJ1H-

4ecKHX xapaKTepHCTHK ~Ka C ~eTOM TenJJOBOH H rn,upaBJIH4eCKOH HepaBHOUeHHOCTH 

RLieeK H oco6ettHOCTeH KOHCTPYKUHH TBCA. 

2. HccJie,llOB3HHe pacnpe,ueJJeHHH pacXO,llOB no H'leHK3M 

IlpHMeHHTeJlbHO K ycnoBHRM aKTHBHOH 30HhI c TBCA BB3P- l 000 BbIITOJltteHbI 

3KCnepHMeHTaJibHble HCCJJe,llOBaHH5l pacnpe,uenemrn CKOpOCTeH H paCXO,llOB TenJJOHOCH­

TeJJJI B RLieHKax no ceqemno c6opKH H Me)l(KacceTHOM 3a3ope Ha 57-cTep)KttesoM cppar­

MeHTe aKTHBHOH 30HbI c TBCA [4] Ha Mo,ue11J1x 6e3 HK, c HK H npH yse11111-1eHHOM Me)K­

KacceTHOM 3a30pe. 

CTeH,ll ,l].Jljl HCCJle.llOBaHHJI nt,llpO,llI1HaMH'-leCKHX xapaKTepHCTHK aKTHBHOH 30Hbl C 

TBCA BB3P- l 000 npe.ncrnsJ1ReT co6oi-t a3pO.llHHaMHYecKHH pa30MKttyrhIH Kottryp, 

BKJ11-0'-la1-0U1,HH 3KcnepHMeHTaJibH)'IO MO.lleJib TBCA. Mo.D.eJ1b cpparMeHTa aKTHBHOH 30HhI 

c TBCA (p1-1c. 3) BKJ110LiaeT TPH cerMeHTa coce.nttHX TBCA c ,[{P H cocTOHT H3 wecTH­

rpaHttoro Liexna, 57-MH HMHTaTOpOB TB3J10B, 3-x yroJlKOB )l(eCTKOCTH. TTpH HC­

cne.nosaHHH HK B sepxtteM H HJ,f)KHeM cerMeHTaX no O,llHOMY HMHTaTopy TB3J108 3aMe­

H5lJ1HCb Ha HMHTaTOp HK. 3KcnepHMeHTbl npOBO.llHJlHCb npH HaJlH'-IHH H OTCYTCTBHH 

BT}'JIOK Ha HK. ,gnjl HCCJ1e.[lOB8HH.s! nOBblUieHHOfO Me)l(KacceTHOfO 3a30pa ysemf'-IHBa­

JIOCb paCCTO.s!HHe Me)l(.LJ.y BepXHHM H HH)KHHM cerMeHTaMH, npH 3TOM MO,lle11HpOBaJJC5l 

HarypttbIH 3a30p Me)l(.LJ.y TBCA, paBHbIH 5 MM. Ko3cpq>HUHeHT reoMeTpHqecKoro no.no-

6H.s:r MO.lleJlH no mrneHHblM pa3MepaM pasett 4,4, ,llJlHHa MO.nem1 3 M. 

+I 
+ 
+I 

I 
+ 

I 
+ I 

+I I 

I I 
+ 

I I I 

+ 
_.I I I 

I I 
2 

'- ,___ 
I 

-~ 
i - . 

/ J 

I 
3 

I 
I 

I 

I 
I 

I 
3 

... ... ... 
I 
+ ... 
... 
... 

A-A 
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n-
l13Mepemu1 CKOpocn1 nOTOKa npOH3Be,n.eHbl rnlTHKaHaJJbHblM ntteBMOMeTpH4eCKHM 

3OH.UOM, nO3BOJHII-OllJ,HM onpe.n.em!Tb a6COJII-OTH)'I-O sem14HHY H. HanpasJieHHe BeKTopa 

CKOpOCTH nOTOKa. TapHpOBKa 3OH)J.a npose,n.eHa B O,lJ,HOpO.UHOM nOTOKe C H3BeCTHbIM H 

nOCTORHHblM no BCeMy Cel.feHHl-0 HanpaBJieHHeM CKOpOCTH. 

3KcnepHMeHTaJJbHOe HCCJie,n.osaHHe pacnpe.ue11eHHR CKOpOCTH nOTOKa H CTaTHl.fe­

CKOro .uas11eHHR s Rl.fettKax pa3JIH4HhlX THnos TBCA nposo,n.HJiocb s 0611acTH rn.upo­

.UHHaMH4eCKH CTa6HJIH3HpoBaHHOro Tel.fem-0:1 npH 4HCJiax Re = 93 000. BenJ,fLlHHa KO-

3cpqrnu.HeHTa rn.upaBJIKl.feCKOro conpOTHBJiemrn HCnOJib3yeMblX ,[(P, onpe.ue11eHHaR B 

npou.ecce H.CCJIC.UOBaHHH, 6JIH3Ka K ttarypHl:,IM 3Hal.feHHRM. 
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Hble O pacnpe.ueneHHH npO.UOJlbHOH 

H nonepe4HOH COCTaBJHII-Olll,KX BeK­

TOpa CKOpOCTH nOTOKa B R4CHKaX 

TBCA pa3JIH4HbIX THnos s none­

pe4HOM Ce4eHHH H no )J.JlHHe MO.Ue­

JIH. Ha pHC. 4 npe,n.cTaBJieHbl 3aBH­

CHMOCTH. aKCHaJJbHblX CKOpOCTeH 

nOTOKa B srqei1Kax pa311H4HbIX TH­

nos OT 6e3pa3MepHOH npO.lJ.OJlbHOH 

KOOp.UH.HaTbl, OTC4HTbIBaeMOH OT 

BbIXO)J.HOro Ce4eHHR MO.UCJIH. 3Ha-

l.feHHX aKCHaJlbHOH COCTaBJlSII-Oll.l,CH 

a6COJ11-0THOH CKOpOCTH OTHOCHJIHCb 
PHc. 4. Pacnpe.neneHHe aKCHMbHblX CKOpocreii noTOKa e 

J111ei1Kax pa.JnH'IHblX rnnoe TBCA no npononhHOii KOOp.llHHa­
Te npH HOMHHaJlbllblX MeJKKaCCeTHblX 3a.3opax H CTaH.napTHOM K cpe,n.HepaCXO.lJ,HOH CKOpOCTH, on-

.llHaMeTpe HK: • - craH.napTHbte J111eiiK11: ■ - J111eiiKH oKono pe.n.em1eMOH 4epe3 pacxo.n. Ha sxo.ue 

HK; .A. -yronKOBble Jl'leHKJ,1; ◊ - MeJKKaCCeTHblH 3a.30p H npoxo,n.Hoe ceqeHHe MO,lJ,eJIH. 

AHaJJH3 3KCnepHMeHTaJJbHbIX ,uaHHbIX no3BOJIHJ1 Bbl.lJ,eJIHTb CJle,UYJOW,He xapaKTe­

pHCTHKH noTOKa TenJIOHOCHTeJIR. CKopocn1 noTOKa TenJ1OHOCHTem1 no X4eHKaM pa3-

JIH4HbIX THnOB TBCA pacnpe,n.eJIRI-OTCR B COOTBeTCTBHH C HX rn.upaBJJH4CCKJ,fMH xapaK­

TepHCTHKaMH. MaKCHMaJJbHbie CKOpOCTH peaml3yl-OTCR B R4eHKax Me)KKacceTHOro 3a3O­

pa, MHHHMaJJbHbie - B S!LfeHKax no.u yroJIKOM H B Sll.feMKax HK. ITonyYeHO yseJ1H4eHHe 

aKCHaJJbHOH CKOpocn1 B Me)KKacceTHOM 3a3Ope npH o6TeKaHHH ,[(P. ITOTOK B nyYKe TB3-

J1OB HOCHT aKCHaJJbHblH xapaKTep, a see OTKJTOHeHHSI OT aKCHaJJbHOro HanpasneHHSI o6y­

CJIOBJleHbI, B OCHOBHOM, nepepacnpe.ueneHHeM nOTOKa TenJIOHOCHTeJlSI nepe.u ,[(P. 
BbinOJIHeHO cpaBHeHHe 3KCnepHMeHTaJJbHblX ,n.aHHblX C pe3yJibTaTaMH paC4eTOB no 

KO.UY KAHAJI )J.JlR HarypttbIX ycnoBHH s aKTHBHOH 3OHe BB3P- l 000, npe.ucrnsnettttoe s 

Ta611. 2. 

T a 6 JJ " u a 2. PacnpeneneHHC OTHOCHTenbllbIX CKOpOCTC.1 no Jll{eHKaM pa.3nl1'1HblX THnoe 

.nnll ycnOBHH 57-CTep)f(HeBOH MO.nenH TBCA npH HOMHHMbHblX MCJKKaCCeTHblX 3a.30pax 

HaHMCHOBaHHC napaMeTpa 
CrnH.napTHall .5l11eliKa Yrnosall 5111ei1Ka Me)l(Kac-

J111eiiKa oKono I IK J111ei1Ka CeTHOrO 3a.30pa 

3KcnepHMCIITaJlbHble .naHHblC 0.99 0.88 0,83 1,30 

Pac11eT no KO.llY KAHAJl 1,02 0,79 0.74 1,41 

OTnH'IHC pac11eTa OT JKCnepHMeHTa, % 3 8 7 8 
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Ilony'-leHO Y.llOBJleTBOpHTeJibHOe cosna,neHHe pact.JeTHblX 3Hat.JeHHH OTHOCHTeJibHOH 

CKOpOCTH nOTOKa TenJIOHOCHTeJISI C 3KCnepHMeHTaJibHbIMH ,naHHblMH .ll.)1Sl CTaH,napTHb(X, 

yroJIKOBbIX H nepmpepHHHbIX Sl4eeK (Me)K_KacceTHbIH 3a3op) TBCA H S14eeK HK. Pacxo­

)K_.lJ.eHHe pact.JeTHbIX H 3KcnepHMeHTaJI bHbIX .uaHHhrx COCTasrui:eT 3 ... 8 %. 
OcHOBHa.sl rn.upaBJIH4eCKa.sl HepaBHOUeHHOCTh Sl4eeK TBC B aKTHBHOH 30He 

BB3P-l 000 CBSl3aHa c HaJIH4HeM Me)K_KacceTHbIX 3a3opos, xapaKTepH3)'IOW.HXCSI cyw.e­

cTBeHHO 60JibllJeH. BeJIH4HHOH rH,npaBJIH'IeCKoro ,nHaMeTPa H 6onee Bh!COKHMH CKopo­

CTSIMH TenJJOHOCHTeJTJI. IlepHcf>epHHHbie Sl4eHKH COCTaBJJSIIOT 3aMeTttylO .nomo B o6meM 

npoXO.llHOM cet.JeHHH TBC (~ 16 %). XapaKTepHCTHKOH rn.upasn114ecKOH HepasttoueH­

HOCTH MQ)K_eT CJTY)K_HTh senwrnHa H36hITOlfHOro pacxo.na tiepe3 Me)K_KaCCeTHble 3a30pb1 

(GH36), npe.ucTaBJISIIOll.(a.sJ co6oii pa3H0CTb Me)K_.[{y pacxo,noM tiepe3 nepHcf>epmo (Gnep) H 

pacxo.noM, He06XO.llHMb[M .[{JUI oxn~eHIUI TB3JI0B B nepmpepHHHbIX Sll.leH.Kax: 

GH36 = Gnep - Nncp/ Nr.' r.ue Nnep/ Nr. = 0,099 - 0TH0Cl-t:TeJibHa.sl .[{OJISI TB3JI0B B nepH­

cpepHHHblX SltieHKax TBC. 

no pe3ynhTaTaM pactJeTa no K0.Ll)' KAHAJI 3Hat.JeHHe OTH0CHTeJJbHoro pacxo.na t.Je­

pe3 nepHcf>epHHHbie Slt.JeHKH COCTaBJI.sleT Gnep = 0,2 (6e3 y'-leTa yroJIKOB). Yt.JHTbIBaSI 0THO­

CHTeJibHOe KOJIHl.leCTB0 TB3JI0B B nepHcpepHHHblX Slt.Jefucax, seJIHt.JHHa H36blT04HOro pac­

xo.na 4epe3 nep11cf>epmo cocTaBHT ~ 11 % OT cpe.nttero pacxo.na Yepe3 c6opKY (AJJ,:i ce­

pHHHblX TBC H YTBC). CooTseTCTBeHHO Ha semrlfllli)' H36hITOt.JHOro pacxo.na t.Jepe3 

nepmpepH.IO YMeHbI.IIaeTCSI pacxo.n TenJI0H0CHTeJUI lfepe3 nyY0K TB3JI0B. HanHl.lHe yron­

KOB s TBCA npHBO.llHT K BhITecHeHHIO ~ 4 % pacxo.ua H3 nepHcf>epHHHhlX srt.JeeK s nyl.lOK 

TB3JIOB co CHH)K_eHHeM H36hJT04HOro pacxo.na qepe3 Me)KJ(acceTHbie 3a30pbl .no~ 7 %. 

AKTHBHa.sJ 30Ha BB3P- l 000 npH H0MHHaJibHbIX Me)l(KacceTHhrx 3a30pax xapaKTe­

pH3yeTc,:i 3aMeTHbIM 6ai1rrac11posaHHeM pacxo.na H3 nyt.JKa TB3JIOB s Me)K_KacceTHbie 3a-

30pb1, KOTOpoe onpe.nenSleT COOTBeTCTBYIOW.ee nOBblllleHHe no.norpeBOB TenJTOHOCHTeJISI 

H TeMnepaT)'pbl Ha Bbrx.o.ue H3 nyt.JKOB TB3JJOB H OKa3b!BaeT BJTIDIHHe Ha ycJIOBH,1 pa60Tbl 

TB3JTOB. B aKTHBHOH 30He H3 TBCA 3cpcpeKT 6aiinacHposattH,:i pacxo.na s Me)KJ(acceTttbie 

3a3Opbl YMeHbllJeH 3a ClfeT BbITeCHeHH,I yrOJIKaMH pacxo.na H3 nep11cpepHH B nyl.lOK 

TB3JTOB. 

3. TenJ10TeXHH'leCKHe xapa1nepucTRKH aKTneuou JOHbI c TBCA 

C HCnOJib3OBaHJ-feM KO,D.a KAHAJI BbinOJJHeH aHaJIH3 ycJJOBHH oxn~eHH,I TB3JIOB 

TBCA s aKTHBHOH 30He BB3P-1000 1-ro 6noKa KanHHHHCKOH A3C. Pacl.feTHa.sJ 06-

nacTb co.nep)Kana see ,:il{e.HKH TBCA, BKJJI04a.sl yronKH H Me)KKacceTHbte 3a3opb1. <l>par­

MeHT cxeMbI pa36HeHHJI TBCA Ha pacl.feTHble Sll.lemrn np11se.nett Ha pHc. 5. 

Pacl.feT nposo.nHnc,:i .ll.Jl» cf>aKTHl.feCKHX napaM~os 1-ro 6noKa KanHHHHCKOH A3C 

c yt.JeT0M OTKJJOHeHHH napaMeTp0B s He6naronpHS1TttylO CTopotty. PaccMaTPHBaJIHCb 

MaKCHMaJibHble 0TH0CHTeJTbHbie 3HeproBbl)leJJeHH» TBJJJ0B (Kr= 1 5). BJJIUIHHe Me)KJ(aC­

CeTHblX 3a30p0B YYHTb!BaJI0Cb nyTeM sse.ueHHJI .nonoJJHHTeJihHOH COCTaBJISIJOII.{eH B HH­

)KeHepHblH K03cpq>Hl..{HeHT 3anaca Ha JHeproBbI,D.eJJeHHe TBJJl0B B COOTBeTCTBIIB C npo­

rH03HpyeMOH BeJIH-irHHOH 5 MM MaKCHMaJibH0ro Me)KKacceTH0f0 3a30pa .ll.)1,1 aKTHBHOH 

30HbI c TBCA. OTMeTHM, '-!TO no pe3yJibTaTaM H3MepeHHH npH neperpy3Ke T0nJIHBa 
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P11c. 5. <t>parMeHT pac11erno&i 06nacr11 TBCA: I - yronoK 
)KeCTKocrn; 2 - HK 

T a 6 n 11 u a 3. 3Ha'!eHHSI MHHHMa.IlhHOro 

KOJqi4>11u11eHTa Janaca .no Kp11311ca TennooT.na1111 

a xapaKTepHh!X sr11eAKax TBCA 

Ha TBJnax: 

nep114>ep11i1Horo pS1.D.a 2,23 

B ueHTpa.IlhHOH 06nacr11 1.83 

B6JlH311 HK 1,69 

B6Jll1311 yronKOB 1,92 

nocne 16-H 3arpY3KH, nepe.n H nocne 

17-H 3arpy3KH 1-ro 6noKa Ka.nHHHH­

CKOH A3C aenH'-l1rna MaKCHMaJJbHoro 

3a3opa B ocHOBHOM Maccirne TBC He 

npeBbllllaJJa 4 MM. 

Pe3yJibTaTbl pacl.feTOB K03Q>q>HUH­

eHTOB 3anaca .no KpH3HCa TennooT,na-

4H, nOKa3blBaJOmHe BblCOKHH ypoBeHb 

TennoTeXHH'-leCKOH HaAe)KHOCTH aK­

THBHOH 30HbI c TBCA, npHBe,neHbI B 

Ta6n. 3. 

BbtnOJIHeHo cpaBHeHHe Tenno-

rH,npaBJIH'-leCKHX xapaKTepHCTHK 

TBCA co rnTaTHOH TBC. TioKaJaHo, 

4TO yroJIKH )KeCTKOCTH crroco6cTBYIOT 

nOBbillleHHIO K03q>q>HUHeHTOB 3anaca B 

TBCA no cpaBHeHHJO co wTaTHbIMH 

TBC BB3P- l 000. Pa3Memem1e yron­

KOB )KeCTKOCTH B nepHcpepHHHMX 

.Sll.feHKax, HMe10mHx nOBbIWeHHbie KO-

3Q)Q>HUHeHTbl 3anaca, He CHIDKaeT KO-

3Q)Q>HUHeHT 3anaca B .Sl"l.feHKax B6JIH3H 

yroJIKOB HH)Ke, 4eM Ha TBJJiax ueH­

TpaJJbHOH o6naCTH H B6JIH3H HK. 
YMeHbwemte pacxo.na B yrnoBbIX Hl.fe.HKax TBCA He npHBOAHT K 3Ha4HTeJibHOMY no­

Bb1rnemuo 3HTa.ribnHH TenJIOHOCHTem1, TaK KaK YKa3aHHble jll{eHKH xoporno o6MeHHBa­

lOTC$1 MaCCOH C nepHcpepHHHblMH H'-IeHKaMH H TenJIOM 3a C'-leT Tennoo6MeHa '-1epe3 yro­

JIOK. BbITeCHeHHe TennOHOCHTeJIH 113 yrnoBbIX .Sl'-leeK B ueHrpa.nbttylO o6JiaCTb TBCA 

onpe.nen.sieT yaeJIH4eHHe MHHHMaJlbHblX K03Q>Q>HUHeHTOB 3anaca no KpHTH'-leCKOMY Ten­

JIOBOMY noTOKY Ha 7 ... 10 %. 
BbmpHMnettHe aKTHBHOH 30Hbl 1-ro 6noKa Ka.nHHHHCKOH A3C npH 3aMemettHH ce­

pliHHbIX TBC Ha TBCA, HaJJH'-IHe yronKoB )KeCTKOCTH B TBCA, 06ecne'-lHBa10mHX rro-

BbillleHHe ypOBHH MHHHMaJlbHbIX 3anaCOB .no KpH3HCa TenJIOOT)la'-IH, a TaK)Ke yny'-1-

rneHHbie napaMerpbl I KOHrypa Ha 1-M 11 2-M 6JIOKax Ka.nHHHHCKOH A3C no cpaBHeHHIO 

C npoeKTHbIMH All.SI PY B-320 3Ha'-leHHHMH, n03BOJl$1lOT ocna6HTb npoeKTHble orpaHH'-le-
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T a 6 J1 H ll a 4. 3Ha'!eHHSI Ml11111Ma.IlhHOro 

KOJqi4>11u11eHTa Janaca .no KpHJ11ca TennooT.na1111 
a xapaKTepHMX sr11ei:iKax TBCA npH noa1,IweHHhlX 

)Heproaw1eneHHSIX TB)JlOB 

Ha TBJnax: 

nep114>ep11i:i11oro pS1.D.a 1.91 

B ueHTpanbHOH 06nacr11 1.57 

B6Jll13H HK 1.45 

B6Jll1311 yrOJlKOB )KeCTKOCTH 1,64 

HH.SI H yaeJIH'-IHTb .D.OrryCTHMbJe OTHO­

CHTeJibHble 3HeprOBbJ,neneHH.SI TB3Jl0B 

.no 1,6 H TBC .no 1,4. 

Pe3yJibTaTbl paC'-leTOB MHHHMaJJb­

HblX K03Q>Q>HUHeHTOB 3anaca .no KpH-

3HCa TennooT,na'-IH B aKTHBHbIX 30Hax 

I -ro H 2-ro 6noKoB Ka.nHHHHCKOH 

A3C npH nOBbIWeHHblX 3HeprOBb[,ne­

JleHH.SIX TB3JIOB npHBe,neHbl B Ta6n. 4. 



3aKJ1ro11euue 

1. B o6ocHOBaHHe TeruJorH.npaBJTHtleCKHX H TenJIOTeXHH4eCKHX xapaKTepHCTHK 

TBCA sbmo11Hett KOMruJeKc 3KcnepHMeHTaJlbHbrx: Hccne.nosattHH KpH3HCa TeruJOOT.Lla'-IH 

H JlOKaJlbHbIX napaMeTpOB TenJlOHOCHTeJlSI Ha Mo.nenn TBCA. Ilo.nrnep)KJleHa .D.OCTO­

aepHOCTb pac4eTa no Ko,zzy KAHA.n JlOKaJlbHbIX xapaKTepHCTHK H KpH3HCa TeruJOOT.Llatrn 

C Y4eTOM TenJlOBOH H rn.npaBJlJ,llleCKOH HepaBHOUeHHOCTH 51qeeK H oco6eHHOCTeH K0HCT­

pyKUHH TBCA. 

2 . PacCMOTpeHbl BX0.llHM HepaBH0MepHOCTb pacxo.uos B aKTHBHOH 30He, pacnpe.ue­

n eHHe Jl0KaJlbHblX CKOpOCTeH H pacxo.nos TeruJOHOCHTeJISI B 51qeiiKax, BJ1H51HHe n0Bbl­

weHHl>IX Me)l(J(acceTHbIX 3a3opos Ha nepepacnpe.uenettHe pacxo.uos H yc110BHS1 oxna)K,lle­

HH51 TB3J10B. 

3. O6octtosatto tta.ne)KHoe oxna)KJleHHe TB3J10B s TBCA. AKTHBHM 30Ha H3 TBCA 

xapaKTepH3YeTCSI He60J1b[IIHMH Me)KKaCCeTHblMH 3a30paMH (.uo 5 MM), npH KOTOpbrx 3Q>­

cpeKTbl 6ai1nacHposaHHS1 pacxo.na H ysem-1l.feHH51 3tteproBbI.lleJ1eHH51 nepHcpepHHHbrx TB3-

nos tte3Ha4HTeJibHbI. TenJ1orexHHl.fecKoe cocTOSIIDte aKTHBHOH 30HbI H3 TBCA 611H3KO K 

npoeKTHblM ycnOBH51M aKTHBHOH 30Hbl 6e3 HCKpHBJTeHH_H. 

4. TTpHMeHemte TBCA n03som1eT o6ec ne1iHTb nosbIUJettHe Ten110TeXHH1IecKOH Ha­

,ue)KHOCTH aKTHBHblX 30H BB3P-1000. HanHl..fHe IlOBblUJeHHbrx: 3anaCOB .llO KpH3HCa Ten­

JIOOT.lla4H llJlSI aKTHBHhrx 30H c TBCA Ha 1-M H 2-M 6110Kax KanHHHHCKOH A3C oc11a6-

11S1eT npoeKTHble orpaHJ,flieHHJI no MaKCHMaJlbHOH OTHOCHTeJibHOH MOJ..U.HOCTH TB3J10B .llO 

Kr= 1,6 H OTHOCHTeJibHOH MOJ..U.HOCTH TBC .no Kq= 1,4 llJISI ueneii peanH3auHH 3KOHOMH­

qecKH 3cpq>eKTHBHbIX TOruJHBHblX U.HKJ1O8 C yMeHbllleHHOH YTel..fKOH HeH.TpOHOB H ynyq­

meHHblM TOilJIHBOHCDOJ1b3OBaHHeM. 
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Y,ll.K 621.039 

Oco6euuocTH ru.npo.nunaMHKH aJibTepuaTHBHblX TBC BB3P-1000 
B pauoue uanpasnsno~nx Kananos pa3nuquou K0HCTPYKQHH 

C.M /I.Atumpuea, MA. llez11a11oa, A.E. Xpo6ocmoa, 
HrTY, 603600, H. Hosropo.u, yn. M1rn1rna, 24, 

H.M Copo,am, KottuepH " Poc:meproaToM", 109507, MocKsa, yn. <l>epraHcKaH, 25, 

O.E. Ca.MOWI06, <I>rYn " OKEM HM. I1.M. AcppHK8HTOBa", 

603074, H. Hosropo.u, BypHaKOBCKHH npoe3,u, 15 

npencTasneHbt pe3ynbTaTb1 11 aHartm JKcnepuMeHTartbHbIX naHHhIX no 11ccnenosamuo no­
KartbHbtX rnnpon11HaMH4eCKHX xapaKTepHCTl1K artbTepHarnsttow TBC (TBCA) BB3P- I 000 B 
pa11OHe Hanpasm1101Ut1X KaHartOB (HK) p83nwrnoro KOHCTPYKTKBHoro HcnonHeHHJI. 

PECULIARITIES OF HYDRODYNAMICS OF THE ALTERNATIVE FA OF 
VVER-1000 IN THE REGION OF DIRECTING CHANNELS OF VARIOUS DESIGN 
TYPES. S.M. DMITRlEV, M.A. LEGCHANOV, A.E. KHROBOSTOV, N.M. SOROKIN, 
0.8. SAMOILOV. The paper presents the results the analysis of experimental results concern­
ing the research of local hydrodynamic characteristics in the alternative FA of VVER-1000 
reactors in the region of directing channels of various as design types. 

Pa60Tocnoco6HocTb, Ha,ue)KHOCTb H 6e3onacHOCTb A3C c PY BB3P 3as11cS1T s 3Ha-

4HTeJibHOH CTeneHH OT HOpMaJibHOH 3KCn~yaTaUHH opraHOB perynHposaHHSI CHCTCMbl 

ynpasneHHH 11 3aw,11TbI (OP CY3) peaKTopa. B Te4eHHe 1992 - 1997 re.nos Ha 3Hepro-

6noKax A3C c BB3P-I 000 Pocci-rn, YKpaHHbt H 6onrap1111 tta6mo.uam1cb HapyweHHH s 

pa6oTe OP CY3, Bbl3BaHHbie npocTpattcTseHHblM 11cKp11snettHeM cepHHHbIX TBC s npo­

uecce 3KcnnyaTau1111. 

,lLnH peweHHH ,uaHHOH npo6neMb1 <DrYn " OKBM HM. 11.11. Acpp11KattTosa" pa3pa-

6oTano H BHC)lpHJIO 8 npOMhlWJICHH)'lO 3KCnnyaTaUHIO aJibTepttanlBH)'IO KOHCTPYKUHIO 

TBC [1]. KoHcrpyKUHR TBCA xapaKTepl13yeTCH Han11411eM 6-TH yronKOB )KeCTKOCTH, 

KOTOpbte BMCCTe c )lJilCTaHUHOHHPYIOW.HMH peWeTKaMH (,[{P) o6pa3YIQT CHJIOBOH KapKac, 

o6ecnelJHBalOl.l{HH B npouecce 3KCnnyaTaUHH )KCCTKOCTb H reoMeTpH4CCKYIO CTa6HJib­

HOCTh TBCA. Ho peweHHe .uaHHOH npo6neMbl HHHUHHpoBano paccMoTpeHHe H .upyroi-1: 

ycosepwettcTsosaH11e caMHX OP CY3. 

Mo.uepHH3aUHH TBCA 3a~104aeTcH s 1-1cnoJ1b30BattHH ycosepweHcTsosaHttoro TH­

na OP CY3 H s Ka4ecTse sap1-1attrn Tpe6yeT np11MetteHHK HK yseJIH4ettttoro .u11aMeTpa. 

3TO BJie4eT 3a co6oH. yMeHbWett11e npOXO)lHOro CC4CHHH. B o6JiaCTl1, npHJ1era10w.ei-1 K 

HK, 11, KaK CJIC)lCTBHe, H3MCHCHHe TenJIOCbeMa C TB3JIOB, pacnoJIO)KeHHhlX BOKpyr HK. 

KpoMe Toro, )lJIH. npe.uornpaw.eHHSI H3rH6a nOHCOB )];P npHHHTO peweHHe ycTaHaBJIHBaTb 

onopHble 3JieMeHTbl B BH)le BT)'JIOK Ha HK Henocpe.ucrneHHO 38 nOH.CaMH )];P. Cne.uyeT 

OTMCTl1Tb, 4TO MHHl1MaJibHhle 3H84CHHH 3anaca )lO Kp11311Ca TenJIOOT)lal.fH peanH3YIOTCH 

tta TB3Jiax s6JIH3H HK. 
TaKHM o6pa3oM, MO)lepttH3aUHJI KOHCTPYKU.HH TBCA, CBH.3attHaH c 11cnoJ1b30Batt1-1eM 

HK ysem11-1eHHOro )lHaMeTpa H npHMetteHHCM onopHblX BT)'JIOK, noTpe6osana )lCTaJibHO­

ro 8HaJIH3a n-I.upo)lHHaMHKH noTOKa TenJIOHOCHTCJIH B o6naCTH HK. 
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1. 3KcnepHMCHTaJlbHblU CTCHJl H MCTOJlHKa npOBCJlCHHH HCCJJCJl0B3HHU 

HccnenosaHH.sl rH,UpOJlHH8MHKH noTOKa TenJIOHOCHTCJl.sl B o6naCTH HK npOBOJlH­

JJHCb H8 3KCnepHMeHT8JlbHOM CTettne, npencT8BJUII01UeM co6oH 83p0JlHH8MHYeCKHH pa-

30MKHyrblH KOHT)'p, Yepe3 KOTOpblH npOK8YHBaeTC.sl 803,nyx. 8 COCT8B 3KCnep11MCHT8Jlb­

HOrO CTettna BXOJl.slT 3KCnepHMCHT8JlbH8.sl MOllCJib (3M), pacxonoMepHoe ycTpOHCTBO C 

yyacTKaMH CT86HJJH38l(HH nOTOKa, peryn1-1pyiom~ annaparypa, H3MepHTCJlbHhlH KOM­

nneKC. 

3M (pHc. l) npencTasn.sieT co6oi1 cfJparMeHT aKTHBHOH 30Hbt BB3P-1000 c TBCA, 

BbinOJJHeHa C K03cfJcfJHuHeHTOM reoMeTpHlleCKOro nono61-U1 Kr= 4,4, HMe.si nmn1y L = 3 M 

H BKJ1I04~ B cefor cerMeHTbl Tpex TOnJJHBHblX K8CCeT C 54-Mj[ TB3J18MH C onHC8HHblMH 

JJ.H8MeTpaMH 40 MM, 2 HMHT8Topa HK, 3 yronKa )KCCTKOCTH H MC)KJ(8CCeTHOe npocT­

paHCTBO . 

.[(.n.si H3Y4CHH~ npocTpattCTBCHHOH n1npo,nHH8MHKH nOTOK8 HCnOJib3088JlC.sl IlSITHKa­

HaJlbHblH nHeBMOMeTp11YeCKHH 30HJl, Il03BOJ1~1UHH onpenen.siTb HanpaBJICH.He )J.BIDKe­

HIDI nOTOKa, 3Hat.JeHJ1.sl a6COJJIOTHOH CKOpOCTH CT8THlJeCKOro H nonttoro nasneHHH: B 

)l.aHHOH T04Ke [2, 3]. 

P11c. I. 3Kcnep1-1MeHTaJJhHrul ~10}lenb 
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Cpe;lHeKaa.npaTH4eCKHe OTKJIOHeHH$1 npoeKUHH a6comOTHOH CKopocn, Ha OCH X, 
Y, Z (Wx, Wr , Wz) cocTaBJijjIOT coorneTCTBeHHO 5,9; 5,9 H 5,2 %, a HX npe.nenbHble oT­

KJIOHeHH$1 npH .noaep,neJibHOH aepO$1THOCTH 0,997 He npeBblWaIOT I 5,6; 17,7 H 17,7 %, 

COOTBeTCTBeHHO. 

3KcnepHMeHTaJlbHble HCCJie.noaaHH$1 npOBOD.HJIHCb a )J.Hana.JOHe trnceJI Re = 

= 90 000 ... I 00 000 Ha yYaCTKe crn6HJIH3HpOBaHHOfO aBTOMOD.eJibHOrO Te4eHH$1 Tenno­

HOCHTeJUI, 4TO D.OKa.JaHO COOTBeTCTBYIOLUHMH 3KcnepHMeHTaMH. CornaCHO TeOpHH no­

.no6Hjj B 3OHe aaTOMO,ll.em,Horo Te4emu1. cpopMa 6e3pa.3MepHblX noJieH CKOpOCTH OCTaeTCR 

npaKTH4eCKH HeH3MeHHOH Ha npOT$l)l(eHHH BCeH o6JiaCTH aBTOMO)J.eJibHOCTH. 

,[Lrl$1 npeD.CTaBHTeJibHOCTH 3KCnepHMeHTaJlhHblX HCCJie,ll.OBaHHH r11..npomrnaMH4e­

CKHX xapaKTepHCTHK 3M Heo6XO.LJ.HMO co6n10,ll.eHHe paaeHCTBa MeCTHOro rHD.paanH4e­

CKOro conpOTHBJieHHjj HarypHbIX w H w 3M. ,[Lrljj 3OHbl aBTOMOD.eJibHOro Te4eHHjj 

3Ha4eHHe MeCTHOro K03q>q>HU,HeHTa rH,ll.paBJIH4eCKOfO conpOTHBJieHH$1 noRca w 3M 

COCTaBHJlO ~~c= 0,35, 4TO COOTBeTCTByeT 3Ha4emuo K03cpqrnu,HeHTa rHD.paBJIJ{t-{eCKOro 

conpoTHBJieHH$1 ttarypHbrx peweToK TBCA. 

3KcnepHMeHTaJlbHOe HCCne.noaaHHe JIOKaJlbHbIX rHD.pO,ll.HHaMH4eCKHX xapaKTepH­

CTHK nOTOKa TenJIOHOCHTeJijj B $14eHKaX, npHJie)l(aLUHX K HK, 3aKJII04a.rJOCh B H3MepeHHH 

MO.LJ.YJIR BeKTopa CKOpOCTH, yrnoa Ha6eraHHR nOTOKa H CTaTH4eCKOro )l.aBJieHHjj nRTHKa­

HaJTbHblM ntteBMOMeTpH4eCKHM 3OH,ll.OM. ,l]jrn nocTpOeHHjj npocTpaHCTBeHHOH: KapTHHhl 

Te4eHHj{ ITOTOKa B MO)J.eJIH paCC4HTaHbl COCTaBJUIIOLUHe a6COJIIOTHOH CKOpOCTH B ee no­

nepe4HOM ceYemm. KoopD.HHaTbl Ka)K)J.OH TO4KH 3aMepa npe.ncTaBJJeHbl B .neKapTOBOH 

CHCTeMe KOOpD.HHaT. 

M3MepeHHjj BeJJH4HH a6cOJIIOTHOH: CKOpOCTH H yrna Ha6eraHH$1 noTOKa ITRTHKaHa.rJb­

HbIM nHeBMOMeTpH4eCKHM 3OH)J.OM npOBO.LJ.HJJHCb B ceMH,ll.eC$1TH ween, 3OHax B none­

pe4HOM Ce'-IeHHH MOD.eJIH Ha yt-laCTKe CTa6H.JIH3HpOBaHHOf0 Te4emrn TennoHOCHTeJJR. 

Mccne,ll.OBaHHjj npoBO,ll.HJIHCb KaK JI.JI$! HK CTaHD.apTHOro H yaeJIH4eHHOro )l.HaMeTpOB, 

TaK H npH ITOCTaHOBKe Ha CTaHJI.apTHblH HK onopHOH BTYJIKH 3a nORCOM w. Ka)K)J.aR 

PHc. 2. PacnonoJKCHHC .Sl'•JeeK no nepHMeTJ)Y HK 
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3OHa BKJIIOYaeT s ce6jj 5 TO4eK H3Mepe­

HHH, pacnOJIQ)KeHHblX B pa.3JIH4HbIX no 

JI.JIHHe Ce4eHH$1X 3M. 

,l(nR wecn1 R4eeK (pHc. 2), npi-me­

)KaLUHX K HK, onpe.n.eJIRJiaCb cpeD.HeHHTe­

rpa.rJbHaR CKOpOCTb no cpopMyne 

- I F.I w.q =- w,dF , 
F.q 0 

(I) 

f,ll.e W.q - cpe,ll.HeHHTerpa.rJbHajj CKOpOCTb 

B R'-IeHKe; F.'l - nnoi.uaD.b npOXO,ll.HOfO ce­

qeHHjj R4eHKH ; w, - CKOpOCTb B i-H TO4Ke 

$14eHKH. 



2. Pe3yJihT3Thl HCCJie.nosaHHH ru.npo.n1rnaMHKH TeOJIOUOCHTeJIH 

B paiioue HK pa3JIH'IHOro KOHCTPYKTHBHOro HCDOJIHeHHH 

3KcnepHMeHTaJibHble HCCJie.nosaHH51 rn.npo.n1rnaMH1leCKHX xapaKTepHCTIIK nOTOKa 

TenJIOHOCHTeJrn B paHOHe HK npOBO.UHJIHCb B TPH 3Tana: HCCJie.nosaHHe nt.npo,nHHaMHKH 

B paHoHe HK CTaH,UapTHOro H yBeJIHtteHHOro .UHaMeTPOB H npH nocTaHOBKe onopHOH 

8ry11KH Ha HK cTatt.napTttoro .nHaMeTPa. 

Pacnpe.nenett11e npoeKU.HH Wx , Wr , Wz a6comoTHOH CKopocn1 no cetteHmo 3M B 

jil{CHKax, pacn0JIO)KCHHblX 0KOJIO HK CTatt.napTH0rO .UHaMeTpa, npe.ncTaRJieHO Ha pHC. 3. 

Pacnpe.ne11ett11e npoeKUHH aKCHaJlbHOH COCTaBJ151lOlll,CH Wz a6comOTHOH CK0pOCTH HOCHT 

KBa3HrapMOHH'CJCCKHH xapaKTep: MHHHMaJlbHhie 3HatteHH51 COCTaBJI51lOlll,CH HaxO.LJ,51TC.SI B 

3a3opax Me)K.lly HK H TB3Jl3MH, a MaKCHMaJlbHblC Ha6mo.naJOTC51 B reoMeTPWieCKHX u,eH­

Tpax HCCTaH.napTHblX RtteeK, npHJlC)Kalll,HX K HK (pHC. 4). BeJIHttHHa nonepetJHblX co­

CTaBJUllOlll,HX Wx H Wr a6COJIIOTHOH CKOpOCTH HaxO.LJ,HTC}l s npe.nenax 3 .. . 6 % OT cpe.n­

ttepacxo.nHOH CKOpOCTH. 3TOT cpaKT o6b}lCH}leTC}l TCM, lfTO s ryp6yJieHTHOM nOTOKe )l(H,n­

KOCTH s np}lMbIX Kattanax HeKpyrnoro nonepeYRoro cetJeHIDI cymecTByeT .UBH)KCHHe 

)Kli,UKOCTH B nJI0CKOCTH, nepneH.UHKYJUIPHOH K HanpasneHHIO TetJeHH.$1 OCH0BHOro IT0TO­

Ka, Ha3bJBaeMoe BTOpWIHblM TelfCHHeM J,f }l8Jl}ll0lll,eec51 cne.ncTBHeM ryp6yneHTHOro ne­

pettoca. 

Ha pHc. 5 npe.ncTaBJieHo pacnpe.nenettHe npoeKU.HH Wx , Wr , Wz a6comoTHOH cKo­

pocTH no cetJeHHIO 3M B }llfCHKax, pacnoJio)KettHbIX oKono HK TBCA cTaH.napTHoro 

,UHaMeTpa npH noCTaHOBKe onopHOH BTYJIKH. BeJIHlfHHa nonepettHblX CKopocTeH .LJ,OCTH-

rae-r MaKCHMaJlbHbIX 3Ha4CHHH Wx /w = 12 %, Wy /w = 18 % npH Ud = 8,05. 3-roT 

q>aKT o6b}lCHJleTC}l TeM, 4T0 npH Ud = 8,05 HCCJie.nyeMa.51 o6naCTb Hax0.LJ,HTC51 B 

30He B03MYlll,CHHH noToKa 3a onopHoH sryrrKoH. Pacnpe.nenett11e npoeKU.HH aKCHaJib­

HOH COCTaBJl51lOlll,CH Wz a6coJTJOTHOH CKOp0CTH HMeeT CHJlbH0 Bblpa)KeHHbIC MaKCH­

MyMbl CKOpocnt B u,eHTpax RtJeeK H MHHHMYMbl CKOpOCTH B 3a3Opax Me)K.lly TB3JlaMH 

HHK. 

Oco6eHHOCTh fH.ll,pO.UHHaMHKH noTOKa TenJI0H0CHTCJl51 OKOJI0 HK yBeJIHlfCHHOro 

.LJ,HaMeTpa 3aKJIIOlfaeTC.SI B pacnpe.ne11eHHH npoeKU,HH aKCHaJlhHOH COCTaBJI51IOlll,CH Wz 

a6COJ1IOTHOH CK0pOCTH (pHC. 6). Ero M0)l(HO OTIHCaTb TaKHMH )Ke 3aK0HOMepHOCT}lMH, 

KaK H .llJlj! HK CTaH.napTH0ro .UHaMeTpa, HO 3.LJ,CCb CHJlbHee Bblpa)KeHbl M3KCHMyMbl CK0-

p0CTH B UCHTpax 51lfCCK H MHHHMyMbl CKOpOCTl1 B 3a30pax Me)K.lly TB3JI3MH H HK, l{TO 

06ycJIOBJICHO MeHbWCH' nJIOlll,a,nblO npoxo.nttoro CC4CHH}l }llfCCK, npHJie)l(alll,HX K HK. 

BeJIHlfHHa nonepettHblX COCTaBJI51lOlll,HX Wx H Wr a6COJIIOTHOH CK0pOCTH HaXO.LJ,HTC.51 B 

npe.ne11ax 3 ... 5 % OT cpe.nttepaCXO.LJ,HOH CKOpOCTH. 
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P11c. 3. PacnpelleneH11e npoeKUHA ornocHTenbHbIX CKopocTeH no nepHMeTpy HK 6e3 onopHOH erynKH 

(cpellHepacxOllHaJI CKOpOCTb ITOTOKa W = 34,5 MIC, Re = 96 280) 
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P1-1c. 4. Pacnpe.neneHHe npoeKmrn W/1¥ ornocITTenbHOH cKopoCTH a paiioHe HK CTaH.llapTHoro .nHaMerpa 

6e3 onopHOH erynK1-1 (cpe.nHepacxo.nmu1 CKOpOCTb noTOKa W= 34,5 Mi c, Re = 96 280, Lid = 14,45) 

3. O6o6~euue pe3yJibT3T0B JKCnepHMCHT3JlbHbIX HCCJlC,!lOBaHHH 

JI0KaJibHblX noneii cKopocTH a paiioue HK TBCA 

3KcnepHMeHT8JlbHbie HCCJle)J.OBaHHSI JlOKaJlbHbIX noneH. CK0pocn1 B .siqei1.Kax, npH­

Jle>KaW,HX K HK KaK CTaHJJ.apTHOfO )lHaMeTpa ( C onopHOH. B'fYJlKOH. " 6e3 Hee), TaK H 

ysenH4eHHoro )lHaMerpa, no3B0J1HJIH onpeJleJlHTb nepepacnpe)leneHHe pacxo)la Tenno­

H0CHTen.si B )laHHOH 0611aCTH. Onpe.11.eJIHB cpe.11.HeHHTerpaJTbttylO CK0pOCTb B Sl'-leHKax no 

cpopMYJ1e (] ), paCC4HTbIBaJOTCSI paCX0,llbl TennoH0CHTem, 4epe3 npHJie)KaW,He K HK 

.siqefurn. 

AHaJTH3 pacnpe.neneHIDI pacxo.nos TennottocHTen.si s .siqei1.xax, npHne>KaW.HX K HK, 

Il03B0J1HJ1 3aKJ1I04HTb c11e.u.y10w.ee: 

- pa3JIH4He npOXO)J.HbIX Ce4eHHH .siqeeK, np1rne)KaIJJ.HX K HK, H CTaH.napTHblX .sit.teeK 

TBCA npHB0JJ.HT K BbITecHeHHIO qacTH pacxo.na H3 0611acTH HK s cpe.nHeM Ha 30 ... 35 % 

MS! HK CTaH.napTHOfO )J.HaMeTpa H Ha 50 .. . 60 % .UJlSI HK yseJlHt.feHH0ro )J.HaMeTpa 

(pHC. 7); 

- HaJTHt.fHe onopHOH. B'fYJlKH 3a n0SIC0M )];P npHB0.UHT K .nonOJlHHTeJibHOH. ryp6ynH-

3amrn noToKa TenJI0H0CHTensi 3a tte11, HO He CKaJhrnaeTCSI Ha nepepacrrpe.neneHHH pac­

xo.na B .naHHOH 0611aCTH. 

61 



0 ,3 

0 ,2 

0 ,1 

0 

- 0 ,1 

- 0 ,2 

- 0,3 

- 0 ,4 

- 0 ,5 

0,3 

0 ,2 

0 ,1 

0 

- 0 ,1 

- 0,2 

- 0 ,3 

- 0,4 

- 0 ,5 

1, 

1, 

1, 

,, ; ~ 
1 ~ 

~ 

- = - = -

~ ~ 
= 

1 

0, 

0, 

0, 

0 , 

0, 

0 , 

0 , 

0 , 

0 , 

6 -= - = 
~ = 
4 : 

= 3 -
2 ~ 
1 

~ 

~ 
0 

----
---- ... 
- .... - -- ... - i.. - .. . 
- -- • --
----
----
----
----

0 60 120 

----
----
-

* - ~ -- ... - --- ;;; --- ... 
----
----
----
----

0 60 120 

w./w . 

.. ~~ • 

" .......... _/ ,__. 
~ '- ~ .,,.. 4 ....... 

.- • -

60 120 

~ 

.......... 

180 

--- -
• 

180 

... 
-........... 

- ~ 
- --~ -"~ ~ 

"' V. 

180 

-
-

I"'---.. 
... 

240 

y r--..• 

• 

240 

·-/ '\ -
✓- ~ 

+ ~ 

240 

- ......., 
~ .,., 

• - U d = 14,45 
■ - Ud= 11 ,25 
A- Ud = 8,05 
+- Ud = 5,575 
+- Ud=2,7 

I I 

300 

- -
~ 

... ~ 

• - Ud= 14.45 
■ - Ud= 11 ,25 
A- Ud=8,05 
♦ - Ud=5,575 
+ - U d =2,7 

I I 

300 

Yron, rpa.n. 

360 

--
J 

Yron, rpa.n. 

360 

.,....__ 
~ \ ... J 

~ ~I ~ -
~ I ' ..:.... ''v"" 
♦ I "'\. 
\ V ... 

'-..J • 

• - Ud= 14,45 
■ - Ud= 11,25 I-

A - Ud=8,05 -
+- Ud= 5,575 
+ - Ud=2,7 -

I I 
Yron, rpa.n. 

300 360 

P1-1c. 5. Pacnpe.ne11em1e npoeKUHH ornoc1-1Te11bHbtX cKopocTei:i no nep1-1Me-rpy HK c onopttoi:i ery11Koi:i (cpen­

ttepacxo,nHaJI CKOpOCTb noTOKa W = 34,5 Mic, Re = 96 280) 
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Pwc. 6. Pacnpe.nenemre npoeKu11i:t ornoc11TeJ1bHb1X cKopocrei:\ no nepHMeTpY HK yeenwieHttoro .nwaMeTpa 

(cpe.nttepaCXO,!lHcUI CKOpOCTb noTOKa 111 = 34,5 Mic. Re= 96 280) 
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P11c. 7. Pacnpe.neneH11e OTHOCHT:.,nbHoro pacxo.na Tenno11oc11Tem1 '!epeJ J1 11e11K11, np11ne>Kam11e K HK (cpe.n­

Hepacxo.nHM CKopoCTb noTOKa W= 34.5 Mic. Re = 96 280): a) - HK cra11.naprnoro .llHaMe-rpa 6eJ onopHoi-1 
erynK11; 6) - HK CTaHJlaprnoro .n11a.Me-rpa c onopHoi-1 eTynKOH Ja noJICOM W ; e) - HK yeenH'leHHoro 
.!1.HaMe'rpa 
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3aKmoqeuoe 

1. 11poae,neHbl HCCJie.l).0Bamui: H nonyqeHbl 3KCnepKMeHTaJ1bHbie ,naHHbie no JI0KaJib­

HblM noJIRM cKopocn1 a paifoue HK TBCA BB3P-1000. 11onyqeHHbJe 3KcnepHMeJ-ITa.m,­

B&Ie )].aHHbie n03B0mlJIH BbUIBHTb oco6eHHOCTH npocTpaHCTBeHH0ro ,yp6yneHTHOro Te­

qeHWI Ten110HocITTem1 H npou.eccoa MacconepeHoca a o6nacTH HK TBCA. 

2. Onpe.l].eJieHO BJlH.RHHe onopHblX B,YJl0K Ha rH.LJ.P0.LJ.HHaMHKY noT0Ka TeTIJl0HOCH­

TeJIR B paifoHe HK. Ha.nHl.JHe onopttoi-1 B,YJIKH 3a IT0RC0M ,[(P npHB0.LJ.HT K .LJ.0IT0JIHITTeJib­

HOH ,yp6ymnau.HH n0T0Ka TeITJI0H0CHTeJIR 3a HCH, HO He CKa3blBaeTC.R Ha nepepacnpe­

JICJJeHHH pacxo.LJ.a a ,naHHOH 0611acn1. 

3. I1011y4eHHbJe pe3yJibTaTbI .RBJISUOTC.R 6aJOH .l).aHHblX MR yro~rneHH.R rn.11.po.l).l,fHa­

MHl.JeCKHX xapaKTepHCTHK B HCCTaH.11.apTHhIX .R4CHKax TBCA B u.e11RX yMeHbWCHIDI K0H­

cepBaTH3Ma npH aHaJJH3e Ten110TeXHWteCKOH Ha)J.C)KH0CTH aKTHBHbIX JOH c TBCA. 
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1iE30IlACHOCTh 

Y)lK 621.039 

CoBpeMeHHOe COCTOHHHe CHCTeM naccHBHOro 33JIHBa 

aKTHBHOH 30Hbl H nyTH HX ,a;aJibHeumero pa3BHTHH 

C.I'. KaJ1RKu11, A.B. Mopo3oa, O.B. Pe.uUJoa, 
rHIJ, P<l> - <1>311, 249030, r. O6HHHCK Ka.ny)KCKOH 0611., n11. bOHJJ,apeHKO, I 

ITpe11.cTaBJieH o63op naCCHBHblX CHCTeM 6e3onaCHOCTH, npe11.Ha:rna'-leHHblX 11.JUI 3am-1Ba aK­
THBHOH 30Hbl (A3) B cny1-rne asapHH. Ha OCHOBaHHH 061..1.{HX np1nHaKOB C03ll,aHa KJiacc11q>11Ka­
UIDI 11.eHCTB)'lOLl.{HX 11 npoe1<rnpyeMblX CHCTeM naCCHBHOfO Jamma (CIT3) A3. ITposeneHHblH 
ofoop no3B0JlH.Jl Bbl.llBITTb pa3H006pa3He KOHCTPYKTOpCKJ,IX 11 cxeMHblX peweHHH, HCnOJib30-
saHHblX s CIT3. 

STATE-OF-THE-ART OF THE CORE PASSIVE REFLOODING SYSTEMS AND 
WAYS OF THEIRS FURTHER DEVELOPMENT. S.G. KALYAKIN, A.V. MOROZOV, 
0. V. REMIZOV. Review of the passive safety systems intended for the core reflooding in the 
case of the accident is given. On the basis of common features the classification of acting and 
projected core passive reflooding systems is created. Fulfilled review allowed to show variety of 
design and scheme decisions used at the passive safety systems. 

O6ecneYeHHe 6e3onacHOCTH npH B03HHKH0BeHHH asapHHHblX pe)l(HM0B ocymecTB­

JUleTC.SI BBeJJ,eHHblMH s C0CTaB A3C cneU,Ha.JTbHblMH CHCTeMaMH, npeJJ,Ha3HaYeHHbJMH )].JUI 

npe.n.ynpe)l(JJ.emrn asapHH 11 orpaHHYeHH.H HX nocne.n.cTBHH. O.n.tto?l H3 CHCTeM 6e3onac­

H0CTH JJ,eHCTBYJOUJ.HX A3C CJI)'>KHT CHCTeMa asapHHHoro oxna)l()],eHH.H A3 (CAO3), KO­

T0pa.H CTpOHTC.ll C npHMeHeHHeM aKTHBHblX H naCCHBHblX 3JleMeHTOB H C0CTOHT H3 TPeX 

IT0,LJ.CHCTeM: naCCHBH0ro snpblCKa C r11.n.poaKKYMYJ1SIT0paMH, aKTHBHOro snpb!CKa C Ha­

cocaMH HH3KOro H BblC0K0f0 JJ,aBJleHH.SI. 

nepBbie .use CHCTeMbl o6ecnelfHBaJOT OXJla)l()],eHHe A3 npH 60J1bWOH pa3repMeTH3a­

U,HH I KOHT)'pa, BKJHOYa.H asapl1IO c pa3pb1B0M rnasHoro UHPKYJJJU..J.HOHH0fO Tpy6onposo­

JJ,a (fU.T) nonHbIM ceYeHHeM, a rrocne.n.H.Hsi - JJ.11.H socnonHeHM noTepb TerrnottocHTen.H I 
K0HT)'pa H OTBOJJ,a Tenna OT A3 rrp11 OTH0CHTeJlbH0 MaJJOH pa3repMeTH3aU,HH KOHT)'pa. 

B o6meM cnyYae CHCTeMa naCCHBH0fO snpblCKa COCTOHT H3 HeCK0JlbKHX fHJJ,poeM­

KOCTeH C 3anaC0M 80)].bl, Hax0JJ,.SllUHXCSI noJJ, JJ,asnemteM a30Ta, H Tpy6onpOBO)].OB C 06-

paTHbIMH KJ1anaHaMH, CB.Sl3bIBaJOUJ,l1X rHJJ.pOeMK0CTH C peaKTOp0M. OJJ,HaKO aHaJIH3 Tex­

HOJlOnt'-leCKHX CXeM CCT3A3 pa311HYHbIX THITOB peaKTOpOB n0Ka3aJI HX JJ,OCTaT0'-IHO 

60J1bllJOe pa3H006pa3He. 

1. KnaccmlmKaQHH CII3 aKTHBHOii 1oub1 

,[(eHCTByi<)lUHe H pa3pa6aTblBaeMble CCT3A3 MO)KHO KJlaCCH<pHUHposaTb no He­

CKOJlbKHM npH3HaKaM: 

- no llG3llGl/eHUIO (xapaKmepy ucnOllb306QHll5l): 0)].HOUeJieBbie (asapHHHOe OXJla)K­

.ueHHe A3), MHoroueneBbte (cosMeUJ,alOUlHe cpyHKUHH OXJla)l()],eHH.ll 1-1 0CTaHOBKH peaK­

TOpa, a TatoKe y.n.ep)KaHH.SI ero B no.uKpHTHYeCK0M COCTO.llHHH); 
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- no cnoco6y nooottu ox1zaoumeflJl 6 peoKmop: .nas11em-1eM nna (so3,nyxa HJJH a.30-

Ta), ,nas11eHHeM cpe)J.bl l KOH'rypa (nap HJlH naporaJOBlUI CMecb), no.n ,neHCTBHeM rn.npo­

cTaTl-f"tJeCKOfO Hanopa (caMOTeKOM); 

- no OJIW11e.'lbHOCmu po6otnbl cucmeMbl: KpaTKOBpeMeHHO (B Tet:feHHe HeCKOJlbKHX 

MHHYT .nJJ.SI 6bICTPOfO OXJla)f()J.eHH.SI A3 Ha Hat.IaJJbHOM :nane asapHH), .nonrospeMeHHO 

(.no tteCKOJlbKHX cyroK B u.en.SIX OTBO)J.a OCTaTOt:fHhIX TennOBbI)J.eneHH.H); 

- no pocxooHou xopaKmepucmuKe: 1-1enpocpH.1111pyeMb1e (semtt:fHHa pacxo.na 3aBHCHT 

TOJlbKO OT nepena.n.a .nasneHHH Me)l(JJ.y pa60'-'IHM fa3OM H OXJla)l(JJ.aeMbIM KOttrypOM ), 

npocpHnHpyeMble ( C HCnOJlb3OBaHHeM cneU.HaJlbHbfX ycTpoikTB .nJJ.SI H3MeHeHH.SI pac­

xoAa); 
- no cnoco6y yoep:>K:OIIWl OXJIOOUmeflJl 6He 301lbl: C nOMOI.l.(blO o6paTHblX KJianaHOB, 

np)')KHHHblMH KJianaHaMH, ntteBMaTHt:feCKHMH BeHTHJl.SIMH Ha JlHHHH cmrna, O.Ll,HOCTO­

poHIDIMH pa3pb1BHblMH )J.HCKaMH; 

- no Mecmy 66000 0XJ10:>1Coa10U{eii :>K:UOKocmu: B XOJIO.LJ.Hble H/111111 rop.Sl"t{He BeTKH 

fUK, s onycKHOH yqacTOK A3, s CMecITTeJJbH)'lO KaMepy perucTopa, B HanopHb1e KOJlJleK­

Topa, Henocpe.ncTBeHHO B TOTIJlHBHble K8H8Jlbl; 

- no ycfl06WLM cpo6ombl60HWl: npH na.n.eHHH .nasneHIDI B I KOHrype, npH CHIDKeHHH 

nepena.n.a .LJ,asnettHH Me)l(JJ.y I KOHrypoM H 381.J..1,HTHOH o6oJIO'clKOH, npH CHIDKeHHH .n.asne­

HH.SI 803.U.yxa B CHCTeMe ntteBMaTH"tJeCKHX KJianaHOB Ha JlHH],[}I CJlHBa; 

- no Mecmy pa:J.Meu1e1-1Wl o6be.Ma oXJ1aoumeJ1J1.: BH)'TpH 381.1.(HTHOH o6onolfKH, 3a 

rrpe.l(enaMH KOHTeHHMeHTa; 

- no muny ucnOflb3yeM020 ucmOlLHUKO pa6011e20 2030: raJOBlUI no.nylilI(a B caMOH 

rn.n.poeMKOCTH, OT,ll.eJlbHblH cocy.LJ, co C)KaTbIM fa3OM, peaKTOpHlUI cpe.na l KOttrypa (nap 

HJIH napora3OBlUI CMecb); 

- no cnoco6y npeoom6pou1emm nonoooHWl po6011e20 2030 6 peoKmop: 6bICTP03a­

nopttble 3a,UBH)KKH Ha JlHHHH CJlHBa, ycTpOHCTBa ,nJl.SI c6poca .nasJieHH..SI ra.Ja, nnaBaJOlllH.H 

nonJJaBKOBblH KJianaH B 06beMe n1.n.poeMKOCTH OTKa3 OT HCTIOJib3O88HH.SI B CHCTeMe He­

KOHJl,eHCHpyJOW:HXC.SI fa.JOB; 

- no XUMUl/eCKOMY COCl1106Y OXllOOumeflJl: o6bl'-IHa.SI BO)J.a, 80.D.Hble paCTBOpbl (6op­

HOH KHCJlOTbl H T.n.). 

2. CucTeMbl naccusuoro 33JIHBa A3 i:.eitCTBYIO~Hx A3C 

B OTet:feCTBeHHbfX KoprrycHblX peaKTopax no Mepe HX cosepweHCTBOBattH.SI TIOAXO.Ll, 

K npoeKTHpOBaHHIO CA03 cyw:ecrneHHO H3MeH.SIJ1C.SI. 8 OilblTHO-npOMblU.IJleHHbIX BO)J.0-

80.Ll,.SIHblX peaKTopax (BB3P-210 11 8B3P-365) npe.nycMaTP1-rnanacb JJHUib K0Mnettcau.11.S1 

YTet:feK 113 1 Kottrypa 3a Cl.feT BO.Ubl, 3anaceHHOH B KOMnettcaTope .nasnettIDI (KJO. B ce­

PHHHhIX 6noKax nepsoro noK011ett11.S1 (B83P-440 c PY B-1 79 H 8-230) y)Ke 6hma np11-

Me1-1etta CA03, BKJIIOl.faBUia..SI B ce6.SI CHCTeMy 38JlHBa A3 H3 6aKOB-HaKOTIHTeJJeH C no­

MOUJ.blO HaCOCOB. ,ll;aHHa.SI CHCTeMa CTpOHJJaCb no AByxKaHaJJbHOMY npHHU.H□y - OCHOB­

HOH H pe3epBHblH KaHaJJbl, l.fTO COOTBeTCTBOBaJJO MHpOBOH npaKTHKe Toro nepHO)J.a, 

0.l(HaKo He3aBHCHMOCTb KaHaJJOB He o6ecne4HBaJJaCb. MaKCHMaJlbHlUI npoeKTHlUI asapH.SI 

(MITA) .D.JI.SI 3TOro TIOKOJieHH.SI peat<Topos orpaHH4HBaJJaCb pa3pb1BOM Tpy6onposo.na 

.D.HaMeTpOM 32 MM [I]. 
B cepe.a.111-1e 70-x fO.Ll,08 pa3pa60T8Hbl 3Hepro6JIOKH BTOporo TIOKOJieHH.SI -

BB3P-440 c PY 8-213. ,D;.ri.S1 3Toro npoeKTa s Kat:fecTBe MTIA ~e paccMaTp11sanc.S1 
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MrHOBeHHblH nonepe4HblH pa3pbl8 Tpy6onposo.n.a I KOHrypa MaKCHMaJlbHOrO .lJ,HaMeTpa 

co cso6o,LJ,HblM HCTe4eHHeM TenJIOHOCHTem1 C 06011x KOHUOB. B CB.Sl3H C 3THM H3MeHH­

JIHCb H Tpe6osaHH.SI K CAO3, Tenepb OHa .n.om,rna 6bIJia o6ecne4H83Tb OXJJ3.)f(,LJ,eHHe A3 B 

c11y4ae MITA C O.lJ,HOBpeMeHHblM o6eCT04HBaHHeM rnaBHblX UHPKYJI.SIUHOHHbIX HaCOCOB 

(rLJ,H). B COCTaB CAO3 6blJIH BKJTI04eHbl KaK aKTHBHbie, TaK H naCCHBHbie 3JieMeHTbl. 

IToc11e.n.ID1e npe.n,cTaBJieHbl rH.n.poeMKOCT.SIMH, HaxO,LJ,.SIW.HMHC.SI no.n. .n,aBJieHHeM a30Ta H 

no.n.coe,LJ,HHeHHblMH KI KOHTYPY Tpy6onpOBO,LJ,aMH c o6paTHblMH KJJanaHaMH. 

B cocTas Cl13 BB3P-440/213 BXO.LJ..SIT 4eTb1pe rn.n.poaKKYMYJIHopa, o6W.HH o6oeM 

KIDK,LJ,Oro COCTaBJI.SleT ~ 70 M3, npH4eM o6oeM raJOBOH no.n.ywKH ~ 30 M3 npH .n.asneHHH 

~ 6 MTTa [2]. )];Be eMKOCTH no.n.at0T Bo.n,y s onycKHOH yqacToK peaKTopa, a .n,Be - s tta­

nopttylO KaMepy. ,[vi.SI He,nonyw.ettIDI nona.n.amrn s I Kottryp PY tteKOH,LJ,ettc11py10w.HXc.S1 

ra:308 npe.n.ycMOTpeHo OTCe4eHHe eMKOCTeH C nOMOW.blO 6blCTpo.n.eikTBYIOlllHX 33,LJ,BH­

)l(eK, KOTOpble cpa6aTbl8alOT npH nOH11)1(eHHH ypoBH.SI s rn.n.poaKKYMYJI.SITOpax ,LJ,O ~ 0,5 M 

[3]. IlpHHUHTIHaJibHa.SI cxeMa CIT3A3 BB3P-440/213 H3o6p3)1(etta Ha pHc. l ,a. 
Ilapan11e11bHO c pa6oTaMH no co3,naHHIO cepHHHblX 6110KOB BB3P-440/2 l 3 se11acb 

pa3pa6oTKa npoeKToB A3C c BB3P- l 000. Iloc11e 3Hepro6110KoB "MaJIOH cepH11" 

(PY B-187, B-338) s npoMb1w11ettHyt0 3KcnnyaTaUHIO 6b1J1H Bse.n.eHbl YHHq>HUHposatt­

Hbie 6noKH c cepHHHOH PY B-320. 

CHcTeMa naccHsHoro 3aJJHBa A3 3TOH PY attanorn4.Ha CTT3A3 BB3P-440/213 H co­

CTOHT 113 4eTbtpex rn.n.poaKKYMYJI.SI.TOpOB C Tpy6onpOBO,LJ,8MH H apMarypoH (pHC. l a). 

KIDK.LJ.blH rn.n.poaKKYMYJI.SITOp o6beMOM ~ 60 M3 co.n.ep)l(I,fT ~ 50 M3 BO,LJ,HOro paCTBOpa 

6optto11 KHCJIOTbt c KOHUeHTpauHeH 16 r/Kr H2O. B rH.n.poaKKYMYJij(Tope c03.n.aeTc.S1 H 

no.L1..LJ.ep)l(HsaeTC.S1 aJOTOM .n.as11em1e ~ 6 Mila. Ha KIDK.LJ.OM TPY6onpoBo.n.e .n.11aMeTpoM 

300 MM OT rn.n.poaKKYMYJI.SITOpa K peaKTopy ycTaHOBJieHbl 4eTblpe KJianatta: ,LJ,Ba o6paT­

HbIX H .n.sa 6bICTpo.n.e11cTBYIOW.HX 3anopHblX. IlepBbte o6ecne4HBaJOT CJIHB BO.LI.bl B peaK­

TOp npH CH11)1(eHHH ,LJ,aBJieHH.SI s HeM H11)1(e 6 Mila, a BTOpble OTCeKatOT rn.n.poaKKYMYJI.SI­

TOp OT peaKTopa nocrre CJIHBa BO.LI.bl .LI.JI.SI npe.nornpaw.eHH.SI nona.n.aHH.SI s ttero aJOTa. 

rH.npoaKKYMYJIHTOpbl TIO,LJ,KJIJ04eHbl ttenocpe.n.cTBeHHO K peaKTopy H nO,LJ,aJOT BO)zy B 

HanopHYJO KaMepy H onycKHOH y yacToK. TipH TaKOH cxeMe no.n.coemrnemrn so.n.a, no­

crynHBWa.SI B onycKHoH y4acToK, CHaYana 3aTanrrHBaeT npocTpattcTso no.n. A3, nocrre 

Yero tta4HttaeT CHH3Y nocrynaTb Henocpe.n.cTBeHHO s A3, 0XJ18)1(.LJ.a.S1 ee. 

,D;asrreHHe, npH KOTOpOM npOHCXO,LJ,HT snpbICK OXJJIDK,LJ,afOW.eH BO.LI.bl B peaKTop 

( ~ 6 Mila), Bbt6paHo HCXO.LJ.R H3 c11e.n.yt0w,Hx coo6p3)1(ettHH: 6orree pattttee cpa6aTbIBa­

HHe rn.n.poaKKYMYJI.SITOpOB tteuenecoo6pa3HO, TaK KaK 60JibWee KOJIH4eCTBO BnpblCttyTOH 

BO.LI.bl nocne nepeMeWHBaHH.SI C HaXO,LJ,.SIW.HMC.SI 8 peaKTOpe TenJIOHOCHTeJieM 6y.neT Bbl­

TeCHeHO H3 peaKTopa B BH)\e napoBO.lJ,.SIHOH CMeCH BCJie,LJ,CTBHe CaMOBCKHnaHH.SI B npou,ec­

ce noc11e.n.yt0w,ero CHH)l(eHHR ,LJ,aBJieHH.SI. O.n.ttaKO CJIHWKOM 3aT.SlrHBaTb Ha4aJIO snpblCKa 

onactto, TaK KaK npH 3TOM B03pacrneT BpeM.SI, s Te4ett11e KOToporo A3 oroneHa 11 npaK­

THt.teCKH He HMeeT OXJJIDK,LJ,eHH.SI. K MOMeHry OKOH43HH.SI pa60Tbl rn.n.poeMKOCTeH A3 

,D.OJI)l(Ha 6bITb 3aTOnJieHa He Mettee t.teM Ha 2/3 OT ee BbICOTbl [ 4]. 

,ll;JI.SI BbtnOJIHeHH.SI cpyHKU,HH OXJJIDK,LJ,eHJ-fj( A3 CHCTeMOH naCCHBHOro 3aJ1HBa npH pa3-

pbIBe rJJ,T Heo6xO,LJ,HMO no,LJ,aTb 80.LJ.Y B peaKTOp H3 Tpex rn.n.poaKKYMYJIRTOpOB, T.e. HC­

noJib3YeTC.SI CTPYKTYPHOe pe3epsHposattHe Kattanos no cxeMe " 3 H3 4". 
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P1-tc. I . Cy(J.lecTBytow11e Cn3A3: a) - peaKTop BB3P 440/ 1000; 6) - PWR q>HpMbJ Westinghouse; a) - PWR 
<l>HpMbJ Siemens/KWU; z) - peaKTop nma CANDU-6; a) - 11tt.n11i:icKHH PHWR; I - peaKTop, 2 - r11.npoaK­
KyMym1Top, 3 - 6aK co C>K3Tb1M 3.JOTOM, 4 - O.llHOCTOpOHHHH p33pb1BHOH ,llHCK, 5 - BXO.llHble J1 BblXO,llHbJe 
KOJlJleKTopa peaKTopa, 6 - rH.npOeMKOCTb C D20 
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3a py6e)l(OM, s nepsy10 oYepe.ll.b s CWA, CAO3 6b1JUf npHMeHeHbt Ha A3C s cepe­

)].I,rne 60-x ro)].OB. B YacTHOCTH, Ha :mepro6noKe Dresden-3 c KHruJ.lllHM peaKTopoM 

(Boiling Water Reactor - BWR), coopy)l(eHHOM KOMnaHHeH General Electric s 1966 r., 

snepBble HCil0Jlb30BaHa CAO3, BKJllO'-laBWaJI B cefo, HaCOCbl BblCOK0ro Ii HH3KOro )].aB­

JleHHJI, a TaK)l(e CHCTeMY aBTOMaTHYeCKOro CHJUKeHHJI )].asneHHSI B KOHrype (Automatic 

Depressurization System - ADS), npe.ll.Ha3HaYeHHYIO .ll.Jl.SI ysenHYeHH.SI pacxo.na OXJ1a)l(­

.ll.a10meii 80)].bl OT HaCOCOB HH3Koro .nasneHHSI CAO3 B npouecce asapHH. B 1967 r. KOM­

naHHJI Westinghouse snepsbIe np11Mem1na s KaYecTse cpe.LJ.CTBa .ll.Jl.s! 3a.rrnsa A3 r11.npo­

aKKYMYJ1Hpy10w.11e eMKOCTl1, Haxo)].Jlm11ec.si no.n )].aBJ1ett11eM a30Ta [5]. 

B HaCTOSIW.ee speM.si Cl1CTeMa 3aJ1HBa A3 113 nt.LJ.pOaKKYMYJlJITOpOB HCnOJlb3YeTCSI Ha 

scex :mepro6noKax peaKTopos c BO.LJ.OH no.n )].asneHHeM (Pressurized Water Reactor -

PWR), pa6oTaIOW.HX s ClllA. B KOHCTPYKUHH peaKTopos PWR KOMnaHHH Westing­

house npe.rzycMaTpf,fBaeTCSI nO)].KJ1J04eHHe rH.LJ.pOeMKOCTeH K XOJTO)].Hb!M seTKaM rlU( 
(pHC. 1,6). KonHYeCTBO rH)].poaKKYMYJlJITOpos 3aBHClff OT KOJrn-.,iecTBa UHPKYJl.SIUHOHHblX 

neTeJTh peaKTopa. B 4acTHOCT11, Ha A3C Seabrook c peaKTopoM PWR JJTeKTpHYeCKOH 

MOlllHOCTblO 1 150 MBT H 4-x neTJleBOH KOMilOHOBKOH npHMeHeHbl YeTbtpe rH.LJ.pOaKKY­

MYJ1J1TOpa, Ka)l(.LJ.blH H3 KOTOpblX o6ecneYHBaeT TIO)].a4Y 24-x M3 OXJ1a)l(.LJ.a10meH B0)].bl B 

A3 npH na)].eHHH )].aBJTeHHSI s peaKTope .uo 4 14 Mila [ 6]. 

B peaKTopax, pa3pa6oTaHttbIX tteMeUKOH qrnpMOH Siemens/KWU, npe.rzycMoTpeHo 

nO)].KnJOYeHMe fH.LJ.pOeMKOCTeH KaK K XOJlO)].HblM, TaK H ropSIYHM BeTKaM. HanpHMep, Ha 

6noKe A3C Biblis B c peaKTopoM PWR JneKTPHYecKoH MOlllHOCTbIO 1 300 MBT HC­

nonh3YeTCJI CIT3A3, cocTOJIW.a.SI H3 BOCbMH ni.npoaKKyMyn.siTopos, rrorraptto nO.D.KJII0-

4eHHhIX K Ka)l(.LJ.OH H3 '-leTbtpex neTeJlb (pHC. 1,6). Ka)l(.LJ.bJH H3 HHX C0)].ep)KHT 34 M3 BO.LI.bl, 

KOTopa.SI no.n.aeTc.si B peaKTop np11 CHH)l(eHHH )].asnemur .LJ.O 2,5 Mila [7]. 

B CHCTeMax 6e3onaCHOCTH )].eHCTBYIOW.HX TJl)KeJlOBO)].HblX peaKTopos (Pressurized 

Heavy Water Reactor - PHWR) TaK)l(e np11Mett.sr10Tc.si rn.npoaKKyMyn.siTOpb1. B '-laCTHO­

CTH, OHH HCnOJTb3YIOTCJI Ha peaKTopax THna CANDU, pa3pa6oTaHHbtX KaHa)].CKOH KOM­

nattHeH AECL. Ha 3ttepro6110Kax A3C Bruce CTI3A3 cocT011T H3 .n.syx eMKOCTeH o6be­

MOM 108 M3 Ka)l(.LJ.a.SI, 3ano1rneHITT,JX 06blYHOH 80)].0H no.n. )].aBJ1eHJ.1eM 0,275 Mila npH 

TeMneparype 21 °C. C)l(aTbIH a30T no.n. .n.asnem1eM 5,5 MITa Haxo.n.HTc.si s OT)].enbHOH 

eMKOCTH, KOTOpa.SI OT)].eJleHa OT fH.ll.pOaKKYMYJlSITOpOB nHeBMaTHYeCKHMH KJianaHa.MH 

[8]. Bb16op TaKOH cxeMbl Cl1CTeMbl o6ycnosneH )l(eJlaHHeM CHH3HTb K0HUeHTpaUHJO pac­

TB0peHHOro a30Ta B 80)].e. 

fH.upoaK.KyMyJTSITOpbI H see scnoMoraTeJlbHbte CHCTeMbl HaXOL{JITCSI B OT)].eJlbHO 

CTo.simeM 3)].aHHH, pa3Mew.eHHOM 3a npe.nenaMH 3aW,HTHOH o6oJT04KH peaKTOpa. CHCTeMa 

rH.ll.pOeMKOCTeH no.naeT OXJ1a)l(.LJ.a10w,y10 BO.D.Y BO BXO)].Hble H BblXO)].Hbte KOJlJTeKTopa pe­

aKTopa. CmlBHble JlHHHH KpOMe 3anopHOH apMarypbl H o6paTHblX KJianaHOB OCHaw.eHbl 

0)].HOCTOpOHHHMH pa3pbtBHblMH )].HCKaMH, KOTOpble pa3)].eJ1SIIOT KOHTYPbl o6ht4HOH (s 

CHCTeMe rn.upoaKKYMYJl.s!TOpos) H TJl)l(eJlOH (s KOHrype OXJ1a)l()].eHl1.s! peaKTopa) BO)].bl. 

B cHcTeMe 6e3onacHOCTH peaKTopa CANDU-6 (3KcnopTHhtH sapHaHT KaHa)].CKoro 

TJl)l(eJlOBO)].HOro peaKTopa) HCn0JTh3yeTCSI aHaJl0fw-JHa.SI CIT3 (pHC. l ,2). E.LJ.HHCTBeHHblM 

0TJlHlfHeM SIBJl.SleTCSI 6011ee HH3K0e ( 4, 14 Mila) .nasneHHe a30Ta B ra30BOH eMK0CTH CHC­

TeMbl [9). 
B HH.Jl.HHCKOM TJl)Kenoso.n.ttoM peaKTope (Indian HWR) 3neKTPH4eCKOH M0W.H0CThIO 

220 MBT npHMeH.sieMa.si CI13A3 BKJll04aeT B ce6SI 6aKH, 3ano11HeHHble KaK o6blYHOH, TaK 

11 TJl)KeJlOH B0)].0H (pHC. 1,o). fH.ll.pOaKKYMYJl.s!TOpbl C D2O Hax0)].JITCSI no.u 6onee BblC0-
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KJ,{M )laa11em-1eM (6 Mila) J,f npe,uHa:3Ha4eHbl )J)Ul J,fC0OJlb30BaHli.Sl npH asapHJIX C ManOH 

TeYblO 6e3 yxy.nweHHJI CBOHCTB TenJIOHOCHTeJUI (U)KeJIOH B0.Llbl). B CJl)"-Iae )Ke 6011ee 

cepbe3HOf0 HHL(J,f,lleHTa B pa6ory BKJII04atOTCSl: rn,upoeMKOCTJ,f, 3anOJ1HeHHbie o6br4HOH 

80,uoi:i " ttaxo.u.srm"ec.sr no.n .naa11eHJ,1eM 4 MITa [ I OJ. 
Oco6eHHOCTblO )laHHOH CJ,fCTeMbl 0XJlcl)K)leIDUI .slBJrneTC.sl TO 4TO no)la4a )KJ,l)lKOCTH B 

peru<TOP npOJ,1380,llHTC.sl B )lBa H3 4eTblpex KOJlJleKTOpOB B 33BJ,fCJ,fMOCTH OT MeCTOnOJIO­

)f{eHWI Te4J,I. B CJlyt.i:ae pa3pb1B3 Tpy6onpOBO)la Ha BblX0)le 113 peaKTopa B0)la nocrynaeT 

B ,usa BXO)lHblX KOJlJleKT0pa. IlpH asapmt )Ke Ha BX0)le B A3, npHBO)lJlll{ei:{ K J,f3MeHemuo 

ttanpasneHHSl )lBH)f{em,rn TennoHOCHTeJIJI B noJIOBHHe TOilllHBHblX KaHaJJOB, CJ,fCTeMa no­

D,aeT B0.llY Ha BXOD.HOH J,f BblXO,llHble KOJIJleKTopa, pacnOJIO)KeHHble Ha .lJ.pyroH CTOpOHe 

peaKTopa. Bb16op T04eK nO)lBO,lla OXJlcl)K)laJOU(eH )KJ,l)lKOCTH npOJ,13B0,llHTCJI aBTOMaTH"4e­

Cl(J,{ Ha OCHOBaHHH )laHHbIX O nepena.ne )laBJieHIDI no A3 J,f HanpaaneHHH ,llBJ,f)f{eHHSl 

)f(H)lKOCTH B peaKTope [ I I]. 
HecMOTp51 Ha WHpOKOe npHMeHeHHe Ha )leHCTBYIOU(J,fX :rnepro6JIOKaX CJ,fCTeMbl 3a­

JJHBa A3 c nOMOU(blO fJ,f)lpoaKKYMYJlJITOpOB, OHa HMeeT onpe.neneHHbie He)l0CTaTKJ,f, K 

KOTOpblM OTHOCJITC.sl HeB03MO)KHOCTb npoqmmtpOBaHtt.sl pacxo.na H3 eMKOCTe.H H aepo.siT­

HOCTb nocrynneHJ,f.sl HeK0H)leHc"PYIOlll"XCSl raJoB B I KOHTYP 5l3Y. Ilo3TOMY B npoeKTax 

A3C c peaKTOpaMH HOBOfO nOK0JieHHJI, pa3pa6aTbIBaeMblX BO MHOrHX crpattax MJ,fpa, 

npe)lyCMOTpeHa 3aMeHa J,fJlJ,f, no KpaHHeH Mepe, MO,UepHJ,f3al(HJI )laHHOH CHCTeMbl. 

3. CHcTeMbl naccusuoro 3an11sa A3 pa3pa6aTbIBaeMblX A3C 

KoMnaHHeH Westinghouse pa3pa6oTaH npoeKT ycoaepweHcTsosaHHOH A3C AP600 
3JleKTpH4eCKOH MOU(HOCTblO 600 MBT. ~ JUI nOBb[Wemrn 6e3onaCHOCTH CTaHUHH J,f 

J)l0BJleTBopeHH51 J1HU.eH3HOHHblM Tpe6osaHHjlM, ,aeHCTBYIOlUHM B ClllA, B )l8HH0M npo­

eKTe urnp0KO HCnOJlb3YIOTCJI naCCHBHbie CHCTeMbl 6e3onaCHOCTH [ 12]. 

ITacCHBHa.sr CHCTeMa no.nmlTKH A3 ,uaHHOfO peaKTOpa (pHC. 2 a) npe,llHa3Ha4eHa .n:m1 

no,uaBJieHH51 MaJJblX H 60JibWHX Te4eH B I KOHrype PY B cny4ae asapHH C pa3repMeTH3a­

L(HeH I KOHrypa [ I 3] H COCTOHT H3 CJle.llYfOLl.lHX KOMnOHeHTOB: 

- ,uayx 6aKoB no)lnHTKH A3 (Core Makeup Tanks - CMT); 

- .usyx Tpa.UHU.HOHHhlX rn,upoaKKYMYJISlTopoa (Accumulators - ACC); 

- 6aKa Janaca BO.Ubl, pacnono)KeHttoro BHyTpH Jall.lHTHOH o6ono4KH (In-Contain-

ment Refueling Water Storage Tank- IRWST). 

EaKH no,unHTKH A3 npe.nHaJHa4eHbI .nn.sr npeo,uoneHH.si: asapHH npH mo6oM ,uasne­

mm. r H,upoeMKOCTH pacnOJIO)f{eHbl Bbl We peaKTopa, coe,lll-1HeHbl C HHM C nOM0l.l.{blO JIH­

HHH BbipaBHHBaHHSl ,uasneHHSl (Pressure Balance Line - PBL) H HcnoJib3YIOT rn,upocTa­

TH4eCKHH Hanop )lJlSl CBOeH pa6oTbl. O61,eM Kcl)K)J.0f0 6aKa - 57 M3, H OH n0JIHOCTblO 3a­

J1HT pacTBopoM 6opHOH KHCJIOTbl. Bo speM.sl pa60Tbl fH.)lpoeMKOCTeH BO,lla H3 HHX 

nocrynaeT no CJIHBHOH JIHHHH s onycKttylO KaMepy peaKTopa qepe3 ,uaa cneuHanbHhlX 

naTpy6Ka Ha Kopnyce peaKTopa (Direct Vessel Injection - DVI). 

IlpH pa6oTe peaKTOpa Ha MOLl.lHOCTH CJIH.BHaSl JIHHHJI H3 rH,llpOeMK0CTH 3aKpbITa 

.llBYMSl napanneJibH0 pacnOJIO)KeHHblMH nHeBMaTH4eCKHMH KJianaHaMH, a JIHHH.51 BblpaB­

HHBaHHSl ,uasneHH51 OTKpblTa. TaKHM o6pa30M, .uasneHHJI B 6aKe H I KOHrype paBHbl. 

CJIHBHa.sr JIHHH51 H rn.n.poeMKOCTb B HOpMaJJbHblX ycJIOBHJIX 3ano11HeHbl XOJIO,D.HOH BO)lOH, 

a B J111HHH. BbipaBHHBaHHSl )laBneHHSl HaXO.UHTCSl ropSl4HH TenJIOHOCHTeJib. 
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B cJTr1ae aBapm-1 aBT0Mantt-1ecK11 (no c11rnany yMeHbmemrn yp0Bm1 B K,[( HJUf npH 

cHH)l(eHHH naBJJeHIDl B03,Zlyxa B nHeBMOnpHBO.Uax) OTKpbIBaJOTCj[ KJJanaHbl Ha CJJHBHOH 

JHfHHH. TTocne 3Toro ropSl'-18j[ BO.Ua H3 I KOH,ypa Hat.rnttae-r nocrynaTb B mnpoeMKOCTb 

4epe3 JJHHHIO BbipaBHJ-fBaHIDl .uaBJ1emu1, 3aMeW,aR" X0JTO,ZlttyJO BO.UY B 6aKe, KOT0p8j[ H,ZleT 

Ha oXJlIDK,lleHHe A3. TipOHCXO,ZlHT nepBblH 3Tan pa6oTbr CHCTeMbI, KOTOpblH HOCl1T Ha-

3saHHe cpa.3bl peu11pKyJTRU,1111. Bo BTOpOH cpa.3e, Korna nap nocne CHH)KeHHR ypOBHj[ Ten­

JIOH0CHTem B peaKTOpe Ha'-f1rnaeT nocrynaTb B XOJ10.Zlttyl0 TieTJIJO PY (K KOTOpOH 

no)lKJTIO'-feHa JTHHHj[ Bblp8BHHBaHl1j[ naBJleHHj[), B rH,ZlpOeMKOCTb H,ZleT .llByxcpa.3H8j[ 

cMeCb, npH 3T0M ypoBeHb B 6aKe Haq1,rnaeT nOHIDK8TbCj[, a paCXO)l 113 CHCTeMbI 

cTaH0BH'fCj[ HeycTOHYHBbIM. 3Ta cpa.3a HOCl1T Ha.3BaHHe KOJie6aTeJibHOH. Ha TpeTbeM 

:nane pa60Tbl B r11.npoeMKOCTb H8'-111HaeT nocrynaTb '-111CTblH nap, l.fTO ycKOpj[eT 

cHIDKeH11e ypOBffj[ B HeH. 3-ra cpa.3a Ha.3bIBaeTCj[ cpa.30H 3aJil1Ba [ 14]. 
KpoMe 6aKOB ITO,ZlilHTKH B KOHCTPYKU11H peaKTOpa 11CilOJlh3YJOTCj[ 11 CTaH.UapTHbie 

rnnpoaKKYMYJlj[TOpbl, npe,ZlHa.3Ha'-leHHble .ZlJlj[ nonasJieHIDl KpynttblX aBapHH, T.K. B 3THX 

CJIYY8j[X Heo6XO,ZlHMO 0'-feHb 6bICTpo TI0BTOpHO 3anOJIHHTb peaKTop. K~b!H rH,ZlpOaK­

KYMYJUI.TOp o6beMOM 57 M3 
COJ].ep)l(HT 48 M

3 
paCTBOpa 6opHOH KHCJI0TbI, B BepxHeH t.Jac­

TH non J].aBJleHHeM ~ 4,83 MTia H8X0JlHTC$1 a.30TH8j[ flO.ZlYlllKa. 

,[(nj[ ,ZlOJJfOBpeMeHHOf0 OXJJ~eHHj[ A3 B K0HCTpYKUHH A3C npenycM0TpeHO pa.3-

MemettHe 6aKa 3anaca BO)lbl 06beMOM ~ 2 108 M
3
. B cJJyl.-fae aBapH11 C pa.3pbIB0M I K0H­

rypa npe.nnonaraeTC,11 38TOnJ1eHHe npocrpaHCTBa 3aW,HTHOH o60J10l.l.KH 80,ZlOH H3 3TOro 

6aKa BbJWe ypOBffj[ naTpy6KOB peaKTopa. 3To o6ecneYHT Ha.ue)l(HbIH TenJJO0TBOJJ. OT A3. 

,[(nj[ o6ecneyemrn B03MO)l(HOCTH 3aJIIIBa peaKTopa H3 6aKa 3anaca BO.ZlbI, ttaxoAAme­

rocj[ npH .uaBJJeHHH B 3alll,11THOH o6oJJOt.JKe, Heo6xo.D,HMO Il0HH3ITTb .naBJieHHe B I KOHT)'­

pe PY. ,[(nj[ 3THX ueneH B npoeKTe A3C HCTIOJJh3yeTCj[ asToMaTHYeCK8j[ CHCTeMa ADS 

c6poca .naBneHHR. Otta npe.ucrnBJ1$1eT co6ow pj[.n KJJanaHoB, coe.n11HeHHb1x c KOMnettca­

TopoM o6oeMa 11 06ecnet.t1rna10w.11x no3TanHoe noHIDKeHHe .uaBJJeHHR". 31-11 KJJanaHbI 

pacnOJJO)l(eHbl Ha rpex cryneH$1X, l.fT0 yMeHbl.llaeT B03HHKa10m11e .D,HHaMH-iiecKHe Ha­

rpY3KH Ha 06opy.n0Bam1.e [ 15]. 
B paMKax pa.3BHTHR nporpaMMbl peaKTopoB C nacCHBHbIMl1 CHCTeMaMH 6e3onaCHO­

cn1. KOMnaHHeH Westinghouse Ha OCHOBe TeXHHt.JeCKHX pemeHHH, 3aJIO)l(eHHbIX B npoeKT 

AP600, pa.3pa6oTaH npoeKT 3Hepro6JJOKa ycTaHOBJleHHOH MOll.lHOCTbJO 1000 MBT. KoH­

CTpYKLJ.11$1 CTI3 B PY AP 1000 TaK)l(e ocTanacb aHanornt.tHOH peaKTopy AP600. O.uttaKo s 

CBj[311 C B03pocwei1 MOll.lHOCTbJO PY B03HHKJ1a He06XO.UHMOCTb B HeKOT0pblX 113MeHeHH­

j[X B CHCTeMax 6e3onaCHOCTH [ 16]. 
B qacTHOCTH, .llJlj[ peaKTopa AP 1000 o6beM rn.npoeMKOCTeH 11 pacxo.u BO.Zlbl 113 HHX 

ysem-1.11eHbl Ha 25 %. vh-3a orpaHl14eHHblX pa.3MepoB 3,ZlaffHj[ (3aUlHTHOH o60JI04KH) 

yBeJJH-iieHHe o6beMa .ZlOCTHrttyro 3a ClleT rHJJ.pOeMKOCTeH 60JJbUJero .ZlHaMeTpa. YBeJJH­

t.JeHHe pacxo.na ocywecrnneHo 3aMeHoH npoccenbHOH wa116bl, pacnoJJO)l(eHHOH B JJHHHH 

cmrna. CTeneHb H3MeHeHHj[ 3THX napaMeTpOB Bb16paHa TaK, '-fT06bl o6maj[ npOJJ.OJJ:>KH­

TeJJbHOCTb pa60Tbl Cl1CTeMbl OCTaJI8Cb npe)l(HeH. TaK)l(e Ha 84 % Bblpoc pacxo.n 113 6aKa 

3anaca BOLi.bi. y Ka.3aHHble H3MeHeHl1j[ no3BOJJ HJJH o6ecne4HTb Ha.ne)KHblH OTBO.D, OCTa­

TO'-IHblX TenJJOBbJ,Ll.eJJeHMH OT peaKTopa AP 1000 [ 17]. 
EBponeHCKHe 3HepreTH1IeCKHe KOMnaHHH COBMeCTHO C KOMnaHHRMH Westinghouse 

11 Ansaldo Nucleare pa.3pa6oTanH npoeKT ycoBepUJeHCTBOBaHHOH A3C EPI 000, y.noBne­

TBOpj[JOUl11H eBponeHCKHM Tpe6osaHHj[M no 6e3onacHOCTH [ 18]. JlpoeKT EP l 000 6JJH30K 

K KOHCTpyKUHH peaKTopa SPWR (Simplified Pressurized Water Reactor), pa.3pa6oTaHHO-
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ro KOMnaHHeH Westinghouse COBMeCTHO C Hay4HO-HCCJTe.nosaTeJ1bCKHMH ue1npaMH 

.5InoHHH [ I 9], B 4acn1 CHCTeM 6e3onaCHOCTH H KOHCTPYKUHH 3a[UHTHOH o6oJT04KH. B TO 

)Ke speM.si peaKTOp AP600 nocny)KHJl npOTOTHnOM s nnaHe KOMnOHOBKH CTaHUHH H KOH­

CTPYKU.HH BCnOMOraTeJlbHbIX CHCTeM. OcHOBHblM OTJTH4HeM EP I 000 OT peaKTopos ce­

p1111 AP .slBJT.sleTC.sl HCnOJlb30BaHHe TpexneTJleBOH cxeMbl f KOHT)'pa. 

CHCTeMa naCCHBHOro 3aJ1HBa A3 peaKTopa EP 1000 (pHC. 2,6) COCTOHT H3 .nsyx 6a­

KOB no.nnHTKH A3, .nsyx rn.npoaKKYMYJl.slTOpOB, .D.Byx 6aKOB noBTOpHoro 3aJ1l18a A3 

(Core Reflood Tank - CRT), 6aKa 3anaca BOJJ.bI, pacnono)KeHHoro sttyrpH. 3am11THOH 

060J104KH. 

OcHOBHbte orn»1:111.s1 CIT3A3 .naHHOro peaKTopa OT peaKTopos cepHH AP s c11e.nyt0-

meM: 

- npHMetteHHe MeHbWHX no pa3Mepy 6aKOB no)].nHTKH A3, 4TO o6ecne4HBaeT 3Ha-

1:IHTeJTbHblH BbIHrpblW B CTOHMOCTH H ynpomaeT KOMnOHOBKY 3a[UHTHOH o60J104KH; 

- HCnOJTb30BaHHe .nsyx 6aKOB nOBTOpttoro 3aJ11,fBa A3 C a30THOH no.nywKOH, KOTO­

pble cpa6aTbIBalOT, KOr)].a .nasneHHe s I KOttrype yna.neT HH)Ke 1, 72 MITa. 

B npoeKTe KopeHcKoro peaKTopa c11e.nyt0mero n0Ko11ett11.si - KNGR (Korean Next 

Generation Reactor) APR-1400 s cocrnse CIT3A3 (pHc. 2,6) npe.nycMoTpeHo np11MeHe­

HHe 1:leTblpex rn.npoaKKYMYJT$1TOpOB o6beMOM 68 M3 Ka)KJJ.bIH, nO)].KJll04el-lHblX Heno­

cpe.D.CTBeHHO K Kopnycy peaKTopa Yepe3 cneu11anbttb1e naTpy6KH DVI [20]. 

ITpoTOTHnoM .D.Jl.si .naHHoro peaKTopa nocny)KHJI npoeKT System 80+ qrnpMbI Com­

bustion Engineering (HbIHe tJaCTb KOMnaHHH BNFL-Westinghouse) [21]. r11.npoaKKYMY­

JU1TOpb1, npHMeHeHHbie Ha APR-1400, OCHa[UeHbl ycTpOHCTBOM .D.Jl.sl naCCHBHOro H3Me­

HeHH..si pacxo.na, pa3pa6oTaHHbIM s 1-1aytJHo-11cc11e.nosaTeJTbCKOM uettTPe KAERl (Korean 

Atomic Energy Research Institute) [22]. 

flpoqnrn11pyt0mee ycTpOHCTBO ycTaHOBJleHO B HH.)KHeH 4acn1 eMKOCTH H HMeeT )].Ba 

pa31111l.fHbIX nyTH .D.Jl.sl no.nso.na 80.D.bl: OCHOBHOH (Yepe3 sepTHKaJlbHYIO Tpy6y) H perynH­

PYIOlUHH (4epe3 oTsepcTH.si B caMOM ycTpoi1crne). l..Jepe3 pery1111py10mHe naTPy6KH so.na 

nO.D.BOJJ.HTC.sl B KaMepy CMeWeHH.sl no KacaTeJTbHOH 4TO npHBO.D.HT K Cl1JlbHOMY BHXpeso­

MY TetJem-110 H 60JlbWHM rn.npaBJ1H4eCKHM conpOTHBJleHH..slM. flo OCHOBHOMY nyTH so.na 

nocrynaeT no.u yrnoM 160°, 1.JTO 3HaYHTeJTbHO yMeHbwaeT 06pa3osaH11e s»xpei:1, o6ec­

neYHBM 6onee lIB3KOe conpoT11s11eH11e. 

IloKa yposeHb 80.D.bl B rn.npoeMKOCTH 60J1bIIIOH, B KaMepy CMeweHH..sl nocrynalOT 

nOTOKH BO.D.bl KaK no OCHOBHhIM, TaK H no peryn11py101UHM naTPy6KaM, cne.nosaTeJlbHO, 

pacxo.u BO.D.bl H3 eMKOCTH MaKCHMaJlbHblH. Kor.na )Ke yposeHb B 6aKe onycKaeTCSI HH.)Ke 

sepTHKaJlbHOH rpy6bI, TO JJ.BH.)KeHHe BO.Ubl no HeH npeKpamaeTC.sl, 11 o6[UHH pacxo.n CHC­

TeMbl onpe.uen.sieTC.sl TOJlbKO pacXO)lOM Yepe3 pery1rnpYJ01UHe naTpy6KH. 

,[(ayxcryneH4aTM pacxo.utta.si xapaKTepHCTHKa rn.upoeMKOCTeH .D.OJl)KHa y.uosneTso­

p.siTb cne.nyJOlUHM TPe6osaHH..s!M, ycTaHOBJleHHblM KOpeHCKOH TOilJlHBHOH KOMnattHeH 

KNFC (Korean Nuclear Fuel Company): 

- BeJlHYHHa MaKCHMaJlbHOrO pacxo.na Ha nepBOH cryneHH - He MeHee 950 Kr/c; 

- ,llJlHTeJlbHOCTb .uaHHOH cryneHH. - He MeHee 30 c; 

- MHHHMaJlbHhlH pacxo.u Ha BTOpOH cryneHH - He Mettee 214,5 Kr/c. 

B npoeKTe .sinoHcKoro peaKTopa APWR (Advanced Pressurised Water Reactor) npe­

.nycMorpeHo HCnOJlb30BaHHe ycosepweHCTBOBaHHblX rn.upoeMKOCTeH, pa3pa6oTaHHblX 
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KOMnaHHeH Mitsubishi Heavy Industries [23]. OHH npe,AcTaBmuoT co6oi1 Tpa.AHUl10HHbIe 

rw.npoaKKYM)'JUITOpbl C a:30THOH nO.AYWKOH, B KOTOpblX pe811H30BaHO .D.ByxcryneH48TOe 

npocfm.rn1poBaHHe pacxo.n.a (pHc. 2 2). 
Dpe;zycMaTpl-18aeTCSI npHMeHeHHe 4eTbipex rn.upoeMKOCTeH, n0,LJJ<JU04eHHhIX K xo-

JIO,UHblM neTJUIM peaKTopa. O6beM KIDK.LJ.0ro 6aKa ~ 115 M
3
. B CJiy1fae asap1rn C p83pbl­

B0M Tpy6onposona 60JTbWOro JlH8MeTpa .U8HHbJe rH.ApOeMKOCTH ,UOIDK.Hbl 8 Te4emte 

200 C BhLnOJHUITb cpyHKUHIO 38111188 A3 JlJUI He.uonyll\eHHSI ee pacnnasa. 

ITpo<pHJIHpOBaHHe pacxona n03BOJUieT OTKa:38TbCSI OT HCnOJlb30B8HHSI H8COCOB asa­

pHHHOfO snpblCKa HH3KOro .U8BJleHHSI B CHCTeMe 6e3onaCHOCTl1 peaKTopa. CooTHOWemte 

pacxonoB 113J111Ba10meucsi: BO.Abt Ha cryneHSIX - 5: 1. .[{.rISI npocp11n11poBaHHS1 pacxo.n.a 

npHMeHSICTCSI cneUHaJlbHOe ycTpOHCTBO, ycTaHOBJieHHOe B Hl1)KHeH l.f8CTl1 f11}J.pOeMKO­

crn. OHO HMeeT .UBa BXOJlHbIX naTpy6Ka, 0}J.11H 113 KOTOpbIX ycTaHOBJieH BepT11K8JlbHO, a 

,npyroH pacnOJIO)l{eH rop1130HT8JlbHO 04eHb 6JIH3KO K .UHY eMKOCTH. 

IloKa yposettb BO.Abt 8 f11.ApOeMKOCTl1 BblCOKHH, B KaMepy ycTpOHCTBa nocrynaeT 

pacxo.u no .ABYM JIHHHSIM: 60JlbWOH 113 sepTHKaJlbHOro yl.faCTKa H He3H84HTeJlbHbIH H3 

ropH30HT8JlbHOH Tpy6bl. Tiocne CMeweHl1SI nOTOKOB B 811XpeBOH KaMepe OHH 061.IlHM 

pacxo,nOM HanpaBJISIIOTCSI BBepx 4epe3 BblXO.UHOe OTBepcT11e. Kor.ua yposeHb BO.Ubl B co­

cy.ne onycTHTCSI .UOCTaTO\.fHO HH3KO, TO pacxo.u no sepTHKaJlbHOH JlHHHl1 npeKpaTHTCSI, H 

061.IlHH pacxo.u Cl1CTeMbl 6y..QeT onpe,ueJIHTbCSI TOJlbKO pacxo,uoM no MaJleHbKOH ropH-

30HT8JlbHOH Tpy6e. B 3TOM cny4ae noTOK )KH,llKOCTH BblXO)J.11T 113 KaMepbt nocne csoero 

JaBHXpeHHSI, TepSISI t.iaCTb KHHeTH4eCKOH 3Heprn11. TaK KaK ycTpOHCTBO )J.JlSI npo<pHJIHpo­

BaHHSI pacxo.ua pacnoJIO)l{eHo npaKT114eCKH Ha )J.He rn,upoeMKOCTH, a BblXO.llHOH naTpy-

6oK ttanpasJieH ssepx, TO " MepTBast" 30H8 B 6aKe npaKT11t.ieCKH OTCyTCTByeT. 

B CIT3A3 peaKTopa MS-600 (p11.c. 3,a), TaK)Ke p83pa6ornttHoro s 51nottHH KOMna­

HHeH Mitsubishi, 1-1cnoJ1b3YJOTCSI aHaJ10rH4Hbte n1.upoaKKYMYJIS1TOpbI c npocp11nHposattH­

eM pacxo.ua . .[(.nsi: npe,uoTspamettHSI nona.AaHHSI 830Ta B I KOHTYP PY B HH)f<HeH 4acT11 

6aKOB ycTaHOBJieHO fa300TBO,llHOe ycTpOHCTBO. BbtXO.U 830Ta ocymecTBJISleTCSI tJepe3 

ra'30BblH TpaKT npH OTKpbtTHH 6JIOKa KJlanaHOB, nocJie Toro KaK ypoBeHb 80,Abl 8 6aKe 

onycTHTC.H HH)l(e onpe,AeJieHHOH OTMeTKl1 [24]. KpoMe Toro, s CI13A3 .uaHHoro peaKTopa 

npHMeHeHbl ycosepweHCTBOBaHHble 6aK11 ,LI.JUI snpblCKa paCTBOpa 6opHOH Kl1CJ10Tbl (Ad­

vanced Boron Injection Tank - ABIT). 

,D,aHHast ycosepweHCTBOBaHHast CHCTeMa npe.AH83H84eHa ,llJISI 38J111Ba A3 pacTBOpOM 

6opHOH Kl1CJ10Tbl, HCn0Jib3YSI B KatJeCTBe ,ABH)KYI.IleH Cl1Jlbl nepena.u .nasnemrn Me>K.Lzy 

peaKTopoM 11 rH.Ap0eMKOCTblO. PacTBOp 6opHOH KHCJIOTbl, HaxO.ASII.IlHHCSI s 6aKe o6be­

MOM ~ 15,2 M3
, pa.3}].eJieH Ha )].Be 30Hbl: ropS14YIO (T= 180 °C) B sepXHeH l.faCTH eMKOCTl1, 

KOT0past HarpesaeTCSI C nOM0I.IlblO 3JICKTpOHarpeBaTeJieH, 11 XOJIO,lltty!O (T = 30 °C) BHl1-

3y 6aKa. 

Bo BpeMSI CHl1)KeHHSI ,uaBJieHHSI B I KOHrype B pe3yJibTaTe aBapHH npoHCX0.ZJ.HT BCKl1-

nam1e HarpeTOH BO.LI.bl B aepxHeH lJaCTH rn.npoeMKOCTH, conpOBO)K.ZJ.alOI.Ileecsi: n0BblWe­

HHeM nasneHl1SI 8 6aKe, BCJie,ACTBHe )Toro so.na 113 XOJIOJJ.HOH 30Hbl HalJl1HaeT nocrynaTb 

B peaKTop. Bo speMSI pa6oTbl peaKTopa Ha M0I.IlH0CTl1 Cl1CTeMa H8XO,lll1TCSI 8 C0CT0SIHH11 

0)Kl1,1J.aH11S1. TeMneparypa )Kl1,llK0CTl1 B ropSl'ICH 30He C n0MOll.J,blO HarpesaTeJieH no.unep­

)KHBaeTCSI 0K0JI0 TeMneparypbl H8CbII.IleHHSI npH npoeKTH0M pa6o4eM naaneHH.11, n03TO­

My KHnemte B 6aKe Hal.fHHaeTCSI T0JibKO Tor.na, Kor.ua .uasneHHe s I K0Hrype yna,neT HH)l(e 

3Toro 3Ha4eHHSI. 
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P1-1c. 3. Pa.Jpa6aTh1eaeMh1e Cn3A3 (nponon>KeH1-1e): a) - peaKTop MS-600; 6 - peaKTop SWR-1000: e) -
peaKTop CANDU-9; z) - peaKTop AHWR (11H)UU1); a) - peaKTop BB3P-640/B-407; I - peaKTop, 2 - fH}l­

poaKKYMYJlllTOp, 3 - rHJipOeMKOCTb C HarpeaoM aepxHei-1 'laCTH. 4 - HarpeeaTeJlb H H30JUJUH.SI, 5 - 6aJ< Janaca 
BO}lbl, 6 - ycrpoHCTBO }lJl.SI npocjrnn1-1poeaHH.SI pacxona. 7 - ra.Joc6pOCHOe ycrpOHCTBO, 8 - npY>KHHHhlH 06-

paTHblH KJlanaH, 9 - BXOJlHbJe 1-1 BhlXO,UHbJe KOJlJleKTopa, IO - OJIHOCTOpOHHHM p8.3pb1BHOH ,nl,fCK, 11 - wapo­
BOH nonnaBKOBhlA KJlanaH, 12 - 6aK co C:lKaTblM a.JOTOM 
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Do cpaBHeHJ-flO C TJ)a.LJ.HUHOHHblMH rH.LJ.pOaKK)'MYJUITOpaMH, HC0OJ1b3)'l01UHMH npH 

csoeu pa6oTe HeKOH,LJ,eHCHp)'lOIUHeCjl faJbl, HH-qTo He npenjiTCTByeT opraHH3aUHH ecTe­

cTBeHHOH UHPKYJJj!IJ.HH B I KOHT)'pe, nOTOMY 4TO raJ He MO)KeT nonaCTb T)'.D.a npH pa6oTe 

c11cTeMbl. KpoMe Toro, pa3Mepb1 6aKOB yMeHbWeHbl, TaK KaK He Tpe6yeTCji opraHinaul-UI 

8 HHX raJOBOfO npocTpaHCTBa [25]. 

B cocrns CHCTeM 6e3onacHOCTH KHnjlmero peaKTopa SWR-1000, pa3pa6oTarmoro 

cpHpMOH Siemens, BXO.D.HT CTI3A3 (p11c. 3,6), cocTO.!W..{M H3 YeTbtpex cneUHaJJbHbIX 6ac­

ceHHOB (Core Flooding Pools) o6meM o6beMOM ~ 3 600 M
3 

[26]. EacceuHbI HaXO)]..sITCst 

no.n .naBJJeHHeM 3alUHTHOH o60JJ04KH J,f no)].alOT BOJJ.Y Henocpe)].CTBeHHO B A3 no CJIBB­

HblM JIHHHSIM, o6opy.D.OBaHHblM cneu.HaJJbHblMH npy)KHHHblMH o6paTHblMH KJianattaMH. 

I(nanaHa OTKpbtBalOTCji C ITOMOlllblO npy)KHHbl npH CHH)KeHHH pa3HOCTH )].aBJiemrn Me)l(­

/J.Y peaKTOpOM H 3alUHTHOH o60JI04KOH .LJ.O 0,25 MTia npH 6oJJbWeM .uasneHHH B peaKTop. 

TTepsoHa4aJJbHO TIOTOK napa H3 A3 HanpaBJJ.sieTC.sI B OXJIIDK.UatOlUttH 6acceHH, CHH)l(ast 

fJ.8BJieHHe B peaKTope. nocne BbipaBHHBaHH.sI )].aBJJeHHH HanpasJieHHe )].BH)l(eHI-UI cpe)].bl B 

CJIHBHOH JIHHIDI MeHsteTCjl Ha npOTHBO0OJIO)KHOe H 80)].a TIO)]. ,neH:CTBHeM CHJI rpasHTau.1-rn 

ttaY1rnaeT nocrynaTb B A3. 

B npoeKTe ttosoro TmKeJIOBOJJ.HOro peaKTopa CANDU-9 3JieKTpH4eCKOH MOlll­

HOCTblO 900 . .. 1300 MBT npHMeH}leTCSI CI13A3 (pHC. 3,e), aHaJJOfH4Hast peaKTopy 

CANDU-6 [ 11]. OcttoBHblMH OTJJH4HSIMH nsmtt0Tcst 11cnOJib30BaH1-1e aJOTa 6onee Bbico­

Koro J].aBJieHHSI (~ 8 Mila), a TalOKe np11MeHem1e wapOBblX nonJJaBKOBblX KJiaTiaHOB B 

o6beMe 6aKOB, npe)].HaJHa4eHHblX JJ.JJSI npe)].OTBpameHHjl nona)].aHHSI aJOTa B KOHT)'p ox­

Jia)K)].eHKjl peaKTopa. KpoMe Toro, rH)].pOeMKOCT.H H see BC0OMOraTeJibHble CHCTeMbl 

paJMemeHbl Tenepb Henocpe.UCTBeHHO TIO)]. 3alUHTHOH o6on04KOH peaKTOpa [27]. 

J1H)].HHCKHMH HCCJie)].OBaTeJibCK.HMH opraHH3aLJ.HjiMH pa3pa60TaH npoeKT peaKTopa 

AHWR (Advanced Heavy Water Reactor) 311eKTJ)HYeCKOH M0lUHOCTblO 235 MBT, B KO­

TopoM TIDKeJIM 80)].a HC0OJib3yeTCSI TOJlbKO B Ka4eCTBe 3aMe.llJ1HTeJJjl [28]. A3 )].8HHOrO 

peaKTopa COCTOHT 113 sepTHKaJJbHblX TOTIJIHBHblX KaHaJJOB, OXJia)K)laeMblX KHfUlllJ.eH 80-

.0:0H, ,llBH)KylUeik.s1 3a C4eT ecTecrneHHOH u11pKYm1um1. 

CII3A3 peaKTopa AHWR (p11c. 3,2) cocTOHT 113 YeTbtpex rH.D.pOeMKOCTeH, npe.n.tta-

3HatJeHHbIX )].JIJI 3aJJHBa A3 Ha paHHHX CTa)].H.slX asapHH H OCHameHHblX YCTJJOHCTBaMH 

,Ll,Jlj! naccHBHoro ,LJ,syxcryneHYaToro H3MeHeHIDI pacxo.ua, a TalOKe so.nttoro 6accei1tta 

06beMOM ~ 6 000 M3 )].JlSI ,LJ,OJiroBpeMeHHOro (6onee TJ)eX CYTOK) OTBO.LJ.a OCTaT04HblX Te­

nJIOBbl,LJ.eJieHHH. Il0)].80)]. OXJia)K)latOmeii 80)].bl H3 CI13A3 ocymecTBJISleTC.sl Henocpe,LJ,CT­

BeHHO B TOTIJIHBHb(e KaHaJJbl , 4TO TIOBblWaeT 3Q)q>eKTHBHOCTb OXJia)K)leHHSI TB3JIOB. 

HttcTHT)'TOM " ATOM3HepronpoeKT" (r. C.-I1eTep6ypr) cosMeCTHO c OKE " fH,LJ,po­

npecc" H PHQ " KypYaTOBCKHH HHCTHT)'T" pa3pa6ornH npoeKT A3C cpe.nHeH MOlUHOCTH 

HOBoro TIOKOJieHHjl c BB3P-640 [29] , BblflOJIHeHHblH Ha 6aJe npoeKTOB y)l(e ,LJ,eHCTB)'lO­

lUHX A3C c BB3P-440 11 BB3P- I 000, KOTOpble ycnewHo 3KcnnyaTHP)'lOTCjl s TeYeHHe 

,Ll,JIHTeJibHOro speMeHH. O)].HaKO B )].aHHOM npoeKTe B OTJIH4He OT npoeKTa ,LJ.eHCTBYIOlllHX 

A3C npe.uycMaTJ)HBalOTCji HOBbte KOHUeTIT)'aJJbHbte peweHJ-UI, HanpaBJieHHble Ha TIOBbl­

WeHHe TIOKaJaTeJieH 6e3onaCHOCTH. TipHHUHTIHaJJbHblM MOMeHTOM SIBJlSleTCji OCHameHHe 

A3C c BB3P-640 tta6opoM naccHBHblX cHcTeM, 06ecneYHBa10m11x ocTaHos, pacxo11a­

>KHBaH11e peaKTOpa H ,Ll,JIHTeJJbHblH OTBO,LI, OCTaT04HOro Tenna (KaK npH TIJIOTHOM I KOH­

T)'pe, TaK 11 npH ero pa3repMeTH3au1111) H He Tpe6yt01UHX npH Q)YHKUHOHHpOBaHHH BMe­

WaTeJibCTBa onepaTopa, a TalOKe no,LJ,aYH 3HeprHH H3BHe s TeYeHHe He Mettee 24-x yacos. 
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CHcTeMa asapHHHoro oXJI~eHHSI A3 peaKTopa BB3P-640 cocTOHT H3 '-1eTb1pex 

rHJJ.pOeMKOCTeH J,f '-leTbipex 6aKOB HH3KOro J].aBJleHHSI (pHc. 3,o). B asapHHHOH CH1Y8UHH 

nocne CHH)KeHHJI J].8BJieHHJI B I KOHrype J].0 4 MTia OTKpbIBalOTCSI o6paTHbJe KJianaHbl Ha 

rn.npoeMKOCTSIX CAO3 BbICOKOfO J].8BJieHHSI H 6opttblH pacTBOp Ha'-IHHaeT nocrynaTb B 

Kopnyc peaKTOpa. ,ll;anbHeHwee pacXOJIIDKHBaHHe H CHH)KeHHe J].aBJieHHJI npH MaJibJX H 

cpeJJ.HHX Te4ax TennoHOCHTem1 ocyw.ecTBJUIIOTCSI '-1epe3 CTTOT naporettepaTopa (Tir) H, 

ecnH tteo6xo.n.HMO, c6pocoM napa H3 K,ll; 4epe3 pa3rpy30'-IHblH KJianaH. 

,ll;JISI 60JibWHX HJIH J].JIHTeJibHbIX Te'-leH nocne CHH)KeHHSI pa3HHUbl J].aBJieHHH B I KOH­

rype H repMenl.4HOH o60JI0'-1Ke J].O 0,6 MTTa OTKpbIBalOTCSI cneuHaJibHble KJianaHbl - asa­

pHHHble 6JIOKH pa3repMen13aUHH (AEP), coeJ].HHSIIOLl.l,He ropSl'-IHe H XOJIOJ].Hble HHTKH 

neTeJih c o6beMOM TOnJIHBHOro 6accei1Ha. 3TH KJianaHbl npeJJ.CTaBJISIIOT co6oH nacCHB­

Hble yc-rpoHCTBa, KOTOpble npH HOpMaJibHOH 3KCnnyaTaUHH 3aKpb1Tbl no)]. J].eHCTBHeM 

JJ.aBJieHHSI I KOHrypa. OTKpbITHe AEP npHBOJJ.HT K JJ.aJibHei1weM)' CHH)l(eHHIO JJ.aBneHHSI. 

Ilocne CHH)KeHl-tJI nepena)].a J].aBJieHHJI Me)KJ].y I KOHTYJ)OM J,f pa3Mell.l,eHHhIMH BttyrpH 

repMeTH'-IHOH o60JIO'-IKH 6aKaMH CAO3 HH)l(e 0,3 MITa Ha'-IHHaeTCSI 3aJIHB peaKTopa H3 

3THX 6aKOB ( '-1eTb1pe 6aKa no 460 M3). 
TenJIOHOCHTeJib H 6opHblH paCTBOp H3 rn.npoeMKOCTeH H 6aKOB CAO3, BblTeKalO­

LUHe H3 MeCTa pa3pb1Ba, co6HpalOTCSI B cneuHaJibHOM repMent'-IHOM orp~eHHH BOKpyr 

peaKTopa H neTeJib I KOHrypa, 06pa3ysi TaK Ha3bJBaeMblH asapHHHblH 6accei1H. Tiocne 

onopO)KHeHHSI JJ.Byx eMKOCTeH H .nsyx 6aKOB CAO3 ypoBeHb B asap11HHOM 6accei1He yc­

TaH8BJTl1BaeTCSI BblWe ypoBHSI BblXO)].HblX naTpy6KOB peaKTOpa, a nocne onopm1rneHHJ1 

scex rn.npoaKKYMYJIHopos H scex 6aKOB CAO3 - Ha ypoBHe pa3beMa ru,H [30]. 

J1HCTl1TYTOM "AToM3HepronpoeKT" (r. MocKsa) cosMeCTHo c OK.£ 'rH.nponpecc" H 

PHU, "Kyp4aTOBCKHH HHCTHTYT" pa3pa6oTaH npoeKT A3C ttosoro noKoJTeHHSI c PY 

BB3P-1 000/B-392 [31 ], KOTOpM S1BJIS1eTcsi Mo.neptt113auHeH w11p0Ko np11MeH.sit0w.ei1csi 

Ha JJ.ei1crnyt0LUHX A3C ycTaHOBKl1 B-320. Coopy)KeHHe JJ.Byx 3ttepro6noKoB no 3TOMY 

npoeKry npeJJ.nonaraei:csi Ha II 04epe.nH HBA3C, a OCHOBHb1e pewett11.si no 6e3onacHo­

CTH 11cnonh3Y10TCS1 B npoeKTe A3C "KyJJ.aHKynaM" B I1HJJ.Hl1. 

3 

2 

PHc. 4. Cn3A3 peru<Topa BB3 P-I000 c PY B-392 (on11H Ka1-1an 
1-13 LfeTb1pex): I - peru<Top, 2 - rE-1. 3 - r E-2, 4 - nr. 5 - neyx­
xo.noeoA o6paTHblH KJ1ana11, 6 - ruH 
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B COCT8B CTI3A3 PY B-392 

BXOJ].SIT CHCTeMbl rn.npoeMKO­

CTeH nepBOH J,f BTOpOH cryne­

HeH - rE-1 H rE-2 (pHC. 4). 

CHcTeMa fE-1 cocTOHT 113 '-le-

Tblpex rHJJ.poaKKYMYJTHPYIOLUHX 

eMKOCTeH. O61,eM K~OH eM­

KOCTH - 60 M3 H3 HHX - 50 M3 

3anOJIHeHO BOJ].HhlM pacrnopa 

6opHOH KHCJTOTbl c KOHUeHTpa­

u11eH 16 r/Kr H2O. B rHJJ.poaK­

KYMYJUtTope C nOMOLl.l,blO a30Ta 

C03,naeTCSI 11 noJ].Jl.ep)KHBaeTCSI 

JJ.8BJieHHe - 5,9 MTTa. 

O6LUHH Janae BOJ].bl s eMKO­

CTSIX 200 M3, '-ITO 06ecne41,rnaeT 

noJJ.ayY Tpe6yeMoro o6beMa ox-



113)l(Jlru<>W.eH. )KHJlKOCTJ,f 8 A3 ( 150 M
3
), ecrrn npOH30H.)leT OTKa3 OJlHOH eMKOCTH. KIDK)laSI 

J,13 eMKOCTeH COe)lHHeHa C peaKTopoM OT)leJibHblM Tpy6onpOBOJlOM. ,[{se eMKOCTH coe.nH­

HeHbI c BXO,UHOH, a .nse .npyrne c BblXOJlHOH. KaMepaMl1 peaKTopa [32). 

Bo speM.SI HOpManbHOH 3KCnnyaTaUHH KIDK)lrul eMKOCTb OT)leJietta OT peaKTOpa C 

noMOlll.bfO .nsyx nocne.nosaTeJibHO pacnono)KeHHhIX o6paTHblX KJianaHos H 61,1crpo.neii­

cTBYfOlll.HX 3anopHblX 3a)lBH)KeK ,[{y300, KOTOpble o6ecne1lllBafOT OTCelf:emre eMKOCTH OT 

peaKTopa c ueJibfO HCKJifO'-leHH.SI nona.namu1 a30Ta s I KOHTYP npH ee onopo)l(Hemn1. 

CHcTeMa fE-2 npe.IJ.Ha3Ha4:eHa JlJI.SI naCCHBHOH no.na'-IH pacrnopa 6opHOH KHCJIOTbI c 

KOHUeHTpau.Hett 16 r/Kr 8 A3 peaKTOpa C ueJibfO OTBO)la OCTaT04HbIX TenJIOBbI)leneHHH B 

ycrroBH.SIX nonHOH noTepH HCT04HHKOB 3JieKTJ)OCHafoKeHHSI nepeMeHHOro TOKa, BKJ1f04rul 

.n1,13eJ1b-reHepaTOpbl, H npH Te'-laX I KOHrypa PY 8 TeLJeHHe MaKCHMaJlbHO B03M0)KH0f0 

nepHo.na speMeHH [33). 

CHCTeMa COCTOIIT H3 '-1eTb1pex rpynn rn.npoaKKYM)'JIHP)'lOlll.HX eMKOCTeH (no .nse 

eMKOCTH ofrbeMOM 120 M
3 

B K8.)KJJ.OH) C paCTBOpOM 6opHOH KHCJIOTbI, HaxOJJ.Sllll.HXC.SI no.n 

an.rnccpepHhlM .nasne1rneM. EMKOCTH npe.ncTaBJUllOT co6oH sepTHKaJJbHhle UHJIHHJlpK4e­

CKHe cocy,llbl, pa3MemeHHble Ha nnow.a.nKe o6cny)KHBaHHSI u.eHTJ)aJJhHOfO 3ana, 4:TO 

o6ecne4HBaeT rpe6yeMblH rHJJ.pOCTaTHlf:eCK.HH Hanop no OTHOllleHKfO K peaKTopy. 06-

lUHH 3anac BO.Ubl s CHCTeMe rE-2 960 M
3

, 4TO o6ecne4HBaeT no.na'-1)' TJ)e6yeMoro o6beMa 

oXJJa)K,LlafOlll.eH. )KHJJ.KOCTH B A3 (720 M
3
) npH OTKa3e OJlHOH rpynnbI eMKOCTeH. B COOT­

seTCTBHH C BblnOJlHeHHblMH pacl.feTaMH J].aHHOfO 3anaca 80)].b[ Jl0CT8T04HO ro-J.SI CbeMa 

oCTaTOlfHbIX Tennosb1.neneHHH s Te4eHHe 24-x qacos npH Y4eTe pa6oTbI CTIOT. Ecmt 

pa6oTa CTIOT He Y4HTbisaeTc.SJ, TO 3anaca BOJlbI xsaTaeT tta 7 ... 8 qacos HcnapHTenhHoro 

oxna)K,Ll eHH.SJ A3 [3 4). 

B sepXHeH LJaCTH rE-2 4epe3 cneUHaJibHble JJ.BYXXOJlOBble o6paTHbie KJianaHbl 00)].­

KJlfOl.feHbl K "xoJIOJlHbIM" HHTK8M ru.T B 30He Henocpe,ncTBeHHOH HX 6JIH30CTH K KOJI­

neKTopaM nr. ITpH B03HHKHOBeHHH asapHHHOH CHryaUHH C noTepeH TenJJOHOCHTeJI.SI I 
KOttzypa H na.neHHH JJ.aBJJeHH.SI 8 ru.K JJ.O 1,5 Mila KJianaHbl OTKpbIBafOTC.SI H nocne ono­

pO)KHeHHSI naposoro Tpy6onposo.na s sepxttfOfO l.faCTb rn.npoeMKOCTeH ttaLJ1rnaeT nociy­

naTb Haci,rmeHHbIH nap no.n .nasnemteM, cooTBeTCTBYIDlll.HM .nasneHHfO s PY. KllanaH 

npe,nCTaBJUleT co6oH o6paTHblH KJianaH c np~KHOH, s KOTOpOM cpe.na c J].asneHHeM I 
Komypa 06ecne41rnaeT 3aKpbtToe cocTO.SIHHe .no Tex nop, noKa ycHJIHe npy)KHHbI He npe­

o.noneeT 3TO J].as11em1e. ITpK .nasnemrn ttK)Ke 1,5 Mila npy)KHHa OTKpbrnaeT KJianaH H 

o6ecneqi,rnaeT npoxo.n cpeJJ.bI I Kottrypa s sepXHfOfO 4aCTb rHJJ.poeMKOCTeH. ,[(nsi: npHse­

.nettHSJ. KJianatta B HCXOJlHOe COCTO.SIHHe, a TaK)Ke JJ.JISI o6ecneY:eHH.SI 3aKpblTOro COCTOSIHIUI 

npH lllTaTHOM paCXOJ18)KHBaHHH, KJianaH CHa6)KeH 3JleKTpH4eCKHM npHBOJJ.OM. 

Tpy6onposo.n, CB.SJ3blBafOlUHH rn.npoeMKOCTH c [ KOttrypoM PY, no.nKJJID4eH K xo­

JlOJlHOH BeTKe fIJ.K B T04Ke, pacnoJIO)KeHHOH BbIIIIe BblCOTHOH OTMeTK.H ITOJJ.COe)lHHeHHSI 

ropsi:4:eH BeTKH K peaKTopy. TaKM OTMeTKa BbI6paHa Jlml Toro, 4:T06bl nocrynneHHe napa 

B CHCTeMy fE-2, a c11e.nosaTeJibHO, H HaYaJIO HCTe4eHH.SI Ha1-laJIHCb He IT03)Ke MOMeHTa, 

KOr)].a yposeHb BOJlbl B peaKTOpe CHH3HTC.SI JlO ypOBH.SI npHcoe,nHHeHHSI ropS14eH BeTKH 

fIJ,K. 3-ro c .nocTaTO'-IHbIM 3anacoM rapattTHpyeT HaJJ.e)KHOe OXJ18.)KJJ.eHHe A3 peaKrnpa. 

TTo JlHHHH CJJHBa fE-2 ITOJllCJif04eHbl K Tpy6onpOBO,UaM )zy300 TIOJ].COe)lHHeHH.SI K 

peaKTopy fE-1 B HeOTKJlf04aeMOH OT I KOHrypa YaCTH. Ha Tpy6onpOBOJJ.ax CJIHBa ycTa­

HOBJieHbl 3anopHble 38,llBH)l(KH, He06XO.llHMble .llJI.SI OTKJlfOl.femrn rHJJ.poeMKOCTeH OT 

I KOHrypa npH He06XOJlHMOCTH peMOHTa, H o6paTHbie KJJanaHhl ( c 6a11nacHOH C.HCTeMOH 

KOHTJ)OJI.SI HX nJIOTHOCTH), npeJJ.Ha3HaYeHHble .!l,1111 HCKJII04eHH.SI pOCTa .D,aBJICHHSI 8 rHJJ.pO-
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eMKOCDIX 8 COCTO.IIHHH O)KH)].aHH.11 H aBTOMaTH4eCKOro naCCHBHOro OTKpblTH.11 JIHHHH 

cnHsa B asapHHHOH cmyau.1111 nocne CHIDKettH.11 )].as11em1J1 HIDKe 1,5 Mila. 

r1-1.upoeMKOCTH BTOpOH cryneHH HMeJOT YCTPOHCTBO 3all(HTbl OT npeBbIWeHH.11 .nas­

nettK.11 (no .usa npe.noxpatt11TeJibHhIX Knanatta tta Ka)K)].YJO rpynny rn.upoeMKOCTei1), a 

TaIOKe C8$1"3H C CHCTeMaMH fa3OBblX c.n.ysoK, opraHH3OBaHHbIX npoTe4eK, 3anOJIHeHH.sl H 

.n.pem1posattH.s1 rn.n.poeMKOCTeH. 

8 CHCTeMe peanH3OBaHO 11eTb1pexcryneH4aToe npocjrn11HpOBaH11e paCXO)].HOH xapaK­

TepHCTHKH, KOTOpoe 06ecne1.urnaeTC.sl HCnOJib3OBaHHeM KOJ1JleKTopa, nO3BOJ1.slJOU(ero 

ocyw.ecTs11.s1Tb nacc11sttoe H3Mettett11e pacxo.n.a, octtosattttoe Ha H,nee nocne.n.osaTenbHO­

ro npeKpameHH.11 HCTC'leHH.11 no CJIHBHOH JIHHHH, OKa3aBU1eHC.sl BbIWe ypoBH.11 BO.Ubl B 

6aKe. IIoKa yposeHb HaxO)].HTC51 BblWe sepxttero naTPy6Ka KOJ1JleKTopa, paCXO)]. 80.LJ.bl 

MaKCHManbHbIH 11 cKna.UbIBaeTc.11 H3 pacxo.uos scex JIHHHH. B npouecce onopO)l(HeHH51 

rl-lJlpOeMKOCTH, nocne npOXO)K)].CHHJI ypOBHCM OTMCTKH caMOH sepXHeH JIHHHH, npm1c­

XO)].HT nepexo.LJ. Ha BTopyJO crynettb pacxo.ua. TaKKM o6pa30M, mrnIDI cmrna nocne)losa­

TCJibHO OKa3blBaJOTC51 BbllliC ypOBH.11 )KH)].KOCTH. 

Bem-1411Ha pacxo.ua H3 rn.npoeMKOCTeH c tteo6xo.n.11MbIM 3anacoM OTCJie)KJ,fsaeT 3a­

KOH cna.n.a MOW.HOCTH OCTaT04HblX :meproBbl)].eJJeHHH B A3. Pac4eTHblMH HCCJIC)lOBa­

HH.slMH OKE rrr 11 A3fl )l0Ka3aHO, 'lTO cryneHl-laToe H3MCHCHHe pacxo)].a ( l O - 5 -

3,333 - l ,525 Kr/c) H3 Ka)K)].Oro Kattana CHCTeMbl fE-2 o6ecnel{l1T Ha)].e)l(HblH TennooT­

BO)l OT TB3JIOB )].8)KC B c11y4ae 3anpoeKTHOH asapHH [35]. 

3aKJIJOlleu 11e 

CHcTeMbl naCCHBHOro 3aJ1HBa A3 aKTHBHO npHMeH.sllOTC.11 B cospeMeHHbIX npoeKTax 

A3C .UJUI 06ecne1.JeHHJ! OXJla)K)].CHH.11 peaKTopa )l8)KC B ycnOBIDIX 3anpoeKTHblX asapHH. 

IIpose.n.eHHoe Hccne.uosaHHe KOHCTPYKUHH CTT3A3 noKa3ano, 1.JTO 1-1cnonb3yeM01e Tex­

HHYeCKHe peweHIDI n03BOJI.sllOT )l06HTbC51 BbinOJIHeHH.11 CHCTeMaMH naCCHBHOro 3an11sa 

)lOnOJIHHTCJibHblX cpyttKUHH, KpOMe 3anHBa peaKTopa 60JibWHM pacXO)].OM OXJla)K)].aJO­

w.eH BO.llhl Ha patttteH cTa.UHH asapHH. CospeMeHHbie CII3A3 06ecne1.JHBaJOT no)lal.JY 

OXJla)K.llaJOW.CH BO)lbl C npoq>HJlHpOBaHHblM pacXO)lOM B TC4eHHe ,UJlHTeJlbHOro nepHO)la 

speMCHH (.uo 24-x 9acos). KpoMe TOro, B KaYeCTBe )lBH)KYW.eH. CHJibl )].JI.II o6ecne4eHH.sl 

CBOeH pa60Tbl B HHX HCnOJib3yeTC.sl He TOJibKO 830T, KaK B TPa.llHUHOHHbIX rn.upoaKKYMY­

JI.slTOpax, HO H cpe.ua J KOHT)'pa, 9TO HCKJ1J01laeT nona)laHHe HeKOH,llCHCHpYJOU:U-fXC.11 ra-

30B B peaKTop, 06ecne11HBa.sl Ha)le)KttyJO pa6ory asapHHHbIX CHCTeM TennOOTBO,Ua. 
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~onroBEqHQCThHPECYPC 

Y)lK 539.3 

MeTo,n:u11ecKue ocnoBhl oueuKn pecypca o6opy,n:osanuH ..H3Y 
B.E. KaiioMoe, IO.I'. KopomKux, B.A. Ila1106, 

<I>fYTI "OK.EM HM. 11J1. AcppHKaHTosa", 603074, H. HosropoA, EypHaKOBCKHH np., 15, 
c.A. Ka11ycmu11, I-Il111 MexaHHKH HHrY, 603600, H. HosropoA, np. rarap1rna, 23, K. 6 

l-13JIO)KeHbl MeTo.nw-1eCKHe OCHOBbl ouemrn Bblpa60TilHHOfO H nportto3a OCTaTOtfHOfO pe­
cypca 06opy.nosaHID1 .11..nepttbIX :meprern~ecrnx ycTilHOBOK (R3Y) 11 HX pea.n113au11.11. B paMKax 
cuCTeMbI 3KCl1Jl)'aTilUHOHHOfO MOHITTOpHHra pecypca. 

THE METHODOLOGICAL BASIS FOR ASSESSING THE RESOURCE OF 
THE NPP EQUrPMENT. V.B. KA YDALOV, Yu.G. KOROTKIKH, V.A. PANOV, 
S.A. KAPUSTlN. The methodological basis for assessing the service life and predicting the 
remaining life of the equipment of nuclear power plants and their implementation in the frame of 
the operational life monitoring system is presented. 

AHamt3 MHpOBhIX TeHJleHUHH H3MeHeHH.s! pecypcHhlX xapaKTepHCTHK ..sI3Y CBH,ne­

TeJihCTByeT O cyw.ecTBeHHOM ysenw-teHHH TPe6osaHHH K ,lJ,JlHTeJlbHOCTH 3KcnnyaTau1-rn 

o6opy.nosaHH.s! ..sI3Y H TTOBbIWeHHIO ero Ha,ll.e>KHOCTH. Tipo611eMa cse,ll.eHIDI AO MHHHMY­

Ma sepOSITHOCTH 803HHKHOBeHHSI BHe3aTTHbLX OTKa30B o6opy.ll.OBaHHSI ..sI3Y H COKpaw.e­

HIDI TPYAOBblX H MaTepHallbHblX 3aTpaT Ha TTO.LJ.Aep)KaHHe ero pa60Tocrroco6HOCTH He 

MO)KeT 6bITb peweHa 6e3 .llOCTOBepHOH HH<pOpMauHI,{ 0 .llOJlroBe'-lHOCTH OTBeTCTBeHHbIX 

Y3JIOB ..sI3Y, onpe.ueJUIJOW.HX ero Ha,lle)KHOCTb. KpoMe Toro, cospeMeHHbLe 3KOHOMH­

'-leCKHe ycnOBIDI B PocCHl,f npHBO.ll.s!T K 3KOHOMHlJeCKOH onpas.uaHHOCTH MaKCHMaJibHOro 

HCTTOJlb30BaHHSI scex pe3epsos peanbHOH <pH3HlJeCKOH ,lJ,OJlfOBelJHOCTH 06opy.uosaHID1 

TaKKX YCTaHOBOK. 

CospeMeHHa.s! npaKTHKa pernaMeHTHOrO o6cny)KHBaHIDI o6opy,noBaHHSI .513Y, OCHO­

B8HHaSI Ha AOnyCKOBblX no.nxo,l],aX, K03<p<pHI . .t;HeHTax 3anaca, 3aKJia,llbIBaeMbIX npH npoeK­

THposaHHH, H cpe.l1,HeCTaTHCTH4eCKHX ,l],aHHbIX O Hapa60TKax o6opy.uosaHIDI Ha OTKa3, B 

CBSl3H C 60JlhWOH )lHCnepcHeH oueHOK TeMnOB Hapa6oTKH H BeJlHlJHHbl OCTaT04HOro pe­

cypca He o6ecne4HBaeT onTHMaJibttoro pewettH.si .nattttbrx npo6neM. PeweHHe HX B03-

MO>KHo TOJibKO npH nepexo.ne Ha 06c11y)KHBaHwe 06opy.uosatt1-1.si no cpaKTH4eCKOMY Tex­

HH4eCKOMY COCTOHHHJO Ha 6a3e .llOCTOBepHbIX oueHOK Bbipa6oTaHHOf0 H nporH03a OCTa­

T04HOro pecypca OTBeTCTBeHHblX KOHCTpyKTHBHhIX Y3JIOB B npouecce 3KCnnyaTaIJ.HJ,t. B 
CBSl3H C 3THM B HaCTOHlll,ee BpeM.si 0,llHOH 113 aKTYaJibHblX 3a)la4 npoeKTHposaHH,:J H 3KC­

nnyaTaUHH KOHCTPYKUHH 513Y SIBJI.s!eTCSI 3a,lla4a Ha,ne>KHOH oueHKH HX pecypca ,llHarHO­

CTHKH Bh1pa60TaHttoro H nporn03a ocTaT01-1ttoro pecypca s npouecce 3KcnnyaTaUHH. 

KaK npaBHJIO, 3KcnnyaTaUHOHHble ycnOBH.s! pa60Tbl o6opy.uosaHHSI ..sI3Y xapaKTepH-

3YlOTCSI. MHoronapaM~H"l.JeCKHMH HeCTaUHOHapHblMH TepMOCHJIOBblMH B03,ZleHCTBHSIMH, 

B3aHMO.QeHCTBHHMH C BHewtteH cpe.l1,0H, 803.QeHCTBH.s!MH BHeWHHX noneii pa311H4HOH 

npHpO,l],bl, npHBO.llHW.HMH K pa3BHTHIO pa311H4HbIX MexaHH3MOB ,llerpaAau.1-rn Ha4aJibHblX 

npol.!HOCTHblX CBOHCTB KOHCTPYKU.HOHHblX 3JleMeHTOB H, B KOHe4HOM HTOre, HC4epna­

HHro pecypca KOHCTpyKTHBHbIX Y3110B o6beKTa. 
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ripouecCbl 1:1ci-1epnatt1u1 pecypca SIBJUIIOTCSI MHOrQCT8Jl.HHHblMH, HemrneHHblMH, 

B38HMOCBSl38HHblMH 11 38B.HCSIUJ,HMH OT KOHKpeTHb[X YCJlOBHH H3fOTOBJ1emrn .H 3KCOJiya­

T8UHH .HHJJ.HBH.ll.YaJlbHOro o6beKT8. Bee H3fOTOBJ1eHHble KOHCTpYKUHH COJJ.ep)f(8T Te HJlH 

HHble H848JlbHble .uecpeKTbl. TTpHHSITl1e KOHuenu.1111 npHCYTCTBHSI 8 KOHCTPYKUHSIX )].e­

cpeKTOB, HMeBWHXCSI 8 MOMeHT H3fOTOBJ1eHIDI HJIH p83BHBWHXCSI 8 npouecce 3Kcn.rryaTa­

UHH, HanaraeT 6om,wyJO OTBeTCTBeHHOCTb - ycnOBHSI pacnpoCTpatteHHSI JJ.ecpeKTOB 

Jl.OJDKHb[ 6bITb orpaHH4ettbl KOJll14eCTBeHHO C nOMOUJ,bl-0 tteKOTOporo KOHTpOJl.sJ 38 npo­

ueccoM p83pyweHHSI. ,[(nSI o6ecnet.JeHHSI H8Jl,e)KHOCTH KOHCTpyKUHH C J].e<peKTaMH Heo6-

XO)].HMO, 4T06bl noape)KJl.eHHe MO)KHO 6binO o6ttapy)Kl:1Tb npe)KJl.e, 4eM OHO Jl.OCTHrtteT 

onacttoro p83Mepa s Te4ett11e scero pacYeTttoro cpoKa CJIY)K6b1. TaK.HM o6p830M, mo6a.sJ 

KOHCTpy'KUIDI HMeeT orpattH'-lettttyJO J].OJirOBe'-IHOCTb. 

OcTaTO'-IHa.sJ npoYHOCTb KOHCTPYKUHH o6beKTHBHO yMeHbwaeTCSI c tteKOTOpOH CKO­

poCTbJO BCJieJ].CTBHe p83BHTHSI nospe)KJl.eHHOCTH 8 npouecce ee 3Kcn.rryaT8UHH. Hanwrne 

.uecpeKTOB B MaTepHane, HMeBWHXCSI npH H3fOTOBJ1eHH.H HJlH p83BHBWHXCSI B npouecce 

3KcruryaT8UHH, CT88HT nepsoot.JepeJJ.HOH npo611eMy KOHTpOJlSI 38 TeMITOM .n.erpaJJ.81..UiOH­

HblX npoueccos, seJ1H4HHOH H8KOITJleHHOH nospe)KJl.eHHOCTH H OCT8T04HOH npo1.rnoCTblO 

KOHCTPYKTHBHoro y3na C ueJlbJO 6e3onaCHOH 3KCnnyaTaUHH peaKTOpHOH ycTaHOBK.H H, 

npH He06XOJ].HMOCTH H83H8'-leHHSI Me)KKOHTpOJJbHblX HHTepsanos Jl.JISI ouettK.H COCTOSI­

HHSI M8Tep1:1ana ttep83pywaJ-OUJ,HMH MeTO,ll8MH KOHTpOJlSI. 

3cpcpeKTHBHOe peweHHe 3THX npo6neM onpe.uenSieTCH COBOKYITHOCThlO MeTOJl.08 H 

cpe.n.crn ouettKH nospe)KJl.eHHOCTH MaTep11ana ( onpe.n.e11ett1:1e cTeneHH nospe)KJl.eHHOCTH 

MaTepHana, TOnOJlOrHH H reoMeTpHH M8KpOCKOnHt.JeCKHX .n.ecpeKTOB) KOHCTPYKTHBHblX 

Y3Jl08 B npou,ecce H3rQTOBJ1eH.HJI, MOHT8)f(8 H 3KCITJTY8T8UHH, TO'-IHOCTblO 3H8HHH HCTHH­

HbIX ycJIOBHH Harpy)KeHHOCTH KOHTp011HpyeMblX 30H H a.n.eKB8THOCTblO nportt03HblX MO­

.n.eneH p83BHTHSI .n.erpa.uaUHOHHblX npoueccos .ll.JlSI K8)f(Jl,OH KOHTpOJJHpyeMOH 30Hhl cpH-

31:1'-leCK.HM npoueccaM ttaKonneHHSI nospe)KJl.eHHH s 3TOH 30He. 

,[(JJSI. H8.LJ.e)KHOH oueHKH COCTOSIHHSI M8Tep1:1ana KOHTpOJJHpyeMbIX 30H He TOJlbKO Ha 

CT8.ll.HH p83BHB810llJ,HXCSI MaKpOCKO0H'-leCKHX .n.ecpeKTOB, HO H Ha rrpe.n.wecTB}'lOUJ,eH eH 

CT8.LJ.J,Uf H8KOnJJeHHSI. pacceSIHHblX nospe)K):leHHH 8 M8Tep11ane, 38HHM8JOUJ,eH 3H8'-IHTeJib­

HYJO .ll.OJllO ,llOJJroBe'-IHOCTH, He06XO.ll.HMO npHBJle'-leHHe cospeMeHHbIX HeTp8.ll.HUHOHHblX 

cpe,llCTB ttepa3pywa10w.ero KOHTp011SI ( cneKTp811bHO-aKyCTH'-leCKHX CHCTeM, ttenpepblB­

HOH perncTpau1,rn .n.11arpaMM B.ll.8BJ1H88HHSI , 8KYCTHK0-3MHCC.HOHHbIX H T . .LJ..). ,[(JJSI BhISIB­

JJeHH.sJ TOITOJJOrHH 1:1_ reOMeTpHH rny6HHHbIX 11 nosepXHOCTHblX .n.ecpeKTOB Heo6XO.LJ.HMO, 

ttapSIJJ.Y C Tp8.ll.HUHOHHblMH npHMeHeHHe HHCTpyMeHT8JlbHblX cpe.UCTB, HCITOJlb3YJOllJ,HX 

aKyCTJil-leCK}'lO ronorpacpHIO, a Jl.JlSI KOHTpOJISI napaMeTpOB pac-ryllJ,HX .uecpeKTOB - aKy­

CTHK0-3MHCCHOHHbIH KOHTpOJlb. 

ITpH nocTpOeHHH nporH03HblX MO,UeJieH oueHKH OCT8TOYHOro pecypca MO)KHO HC­

ITOJlb3088Tb cne.uyiow.11e ITOJJ.XO,llbl. CornaCHO nepBOMY Ha OCHOBe o6pa60TKH HMelO­

UJ,eHCSI HHcpopM8U,Hl1 CTpOHTCSI sepOSITHOCTHa.SI nportt03H8SI. MO,UeJlb H BblYHCJl.SIIOTC.SI 

rpynnOBbie, T0YeYHble HJIH HHTepB811bHbie oueHKH OCTaTO'-IHOro pecypca ,ll8HHOro 3Jle­

MeHTa 11 sepOSITHOCTH ero 6e30TK83HOH pa60T bl 38 38,U8Httyl0 Hapa60TKy. Bo BTOpOM 

no.uxo.n.e npOrtt03Hble MO,Uem-1 CTp0.SITCSI Ha OCH0Be Ha6mo.ueHHH 38 .U8HHblM o6beKTOM 

HJlH ero npOTOTHITOM 8 npouecce 3KCnnyaT8U,HH. KottTp011b 38 o6beKTOM 38KJlJO'-laeTCSI 8 

cpasHeHHH Ha6n1:0.uaeMblX 3HaYeHJ-IH BblX0,llHblX napaMerpos C Bbl 1-IHCJleHHblMH no rrpeJJ.­

CTaBHTeJibHOH M0,Ue1111, KOrJ].a 8 K8'-leCTBe apryMeHTOB 38KJ18,Ub[BaJOTCSI TeKyllJ,11e 3H8'-le­

HHSI BX0JJ.HbfX napaMerpos. 
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TpeTHH, HaH6onee nepcneKTHBHbIH, nO]lXOJl OCHOBaH Ha MaTeManrl.feCKOM MO]lem1-

poBatfHH peanbHbIX npoueccoB nerpanaum1 MaTepHana B KOHTpom1pyeMb1X Jottax 3ne­
MeHTOB no pa3J1Hl.fHblM cpH3HlfeCK.HM MexaHH3MaM (ManOUHl<JlOBaSI, MHOfOUHKnOB~ yc­

TaJIOCTb, ttecTaUHOHapHaSI nomyqecTb, Kopp03HSI, pa3BHTHe Tpell{HH H T.Jl.) C nOMOlllblO 

MeTOJlOB H MO]leJleH MexaHHKH noBpe)KJleHHOH cpeJlbl (MDC) H MeXaffilKH pa3pyLUeHHJI 

(MP) (1 ... 3]. PeanH3auj,ijl TaKoro nonxo.ua Tpe6yeT pewettj,ijl p.S1Jla npo6neM, onpe,ne­

JIRfOIUHX OCHOBHbte nOJlO)KeHHSl MTIC. 

ITepBaSI npo6neMa CBSl3aHa C TeM, lfTO npouecCbl noBpe)KJleHHOCTH pa3BHBaJOTCSl B 

o6oeMax OT I o-30
M

3 
(3J1eMeHTapHble aKTbl pa3pyweHHjl Ha ypOBHe aTOMHOH peweTKH) ,no 

10-3 M3) (KOHCTpYKTHBHbie 3JleMeHTbt) H B CBOeM pa3BHTHH npOXOJlSlT HeCKOJlbKO KalfeCT­

seHH0 pa3JTHlfHblX CTa)U,fH. IT03TOMY B paMKax 0}].HOH JlHCUHnJlHHbl HeB03MO)KH0 onH­

caTb secb npouecc pa3pyweHHSl, see ero CTaJlHH OT Japo)KJleHHSI MHKpo,necpeKTOB ,no 

JlOCTH)KeHHSl MaKpOCKOnHlfeCKOH TpemHHbl KpHTHlfeCKOro pa3Mepa. Oco6eHHO 60J1bWHe 

TPYJlHOCTH npencTaBm1eT onHcaHHe npoueccos Ha MeJoypostte, rt1e onpenenSIJOlllHMH 

SlBJISIJOTC.Sl cpH3HlfeCKHe JaKOHOMepHOCTH KOJlJieKTHBHOro B3al1MO]leHCTBHSl H 3BOJIJOUHH 

pa3JIH'-IHbIX C0CTaBJlSIJOllll-lX HepapXHlfeCKOH CTPYKTYPbl K0HCTpYKUHOHHOfO MaTepHana. 

C OJlHOH CTOpOHbl, cpH3HKa rnepnoro Tena, )J.OCTaT04HO 06'beKTHBHO OITHCblBaIOll{aSI 

3JieMeHTapHble aKTbl pa3pyweHHSI, He cnoco6Ha B HaCTOSllllHH MOMeHT OITHC3Tb KOJlJleK­

THBHbJe B3aHMO]leHCTBHSl H 1BOJ1JOUHIO CTpYKTYPbl MaTepHana Ha Me3oyposHe, a C .npy­

roH CTOpOHbl MeXaHHKa cnJlOWHOH cpe)J.bl, onep11pySI TOJlbKO KnaCCH4eCKHMH MaKpo­

nepeMeHHbIMH THna TeH30pOB HanpSI)KeHI-IH H }].ecpopMaUHH, TalOKe He B COCTOSIHHH OITH:­

CbIBaTb 3TH 3¢cpeKTbl. 

Ilospe)KJleHHe H pa3pyweHHe MaTep11anos JlJlSI paccMaTpHsaeMbrx ycnoBHH B oc­

HOBHOM 06ycJ10BJ1eHbl 3apo)KJleHHeM MI1Kpo.n.ecpeKTOB, HX pocTOM H CJlHSIHHeM B MaKpo­

CKOITHlfeCKHe TpelllKHbl. B HaCTOSIW.ee speMSI )J.JISl on11caHI1.SI MeXaHHlfeCKOfO nose.u.eHH.Sl 

3Tl-lX MHKpOJJ.ecpeKTOB pa3BHBaeTCSl HOB~ mtCLUmmrna - MITC, KOTOpa.Sl 113Yl.faeT npo­

ueCCbl pa3BHTHSI MHKpo.n.ecpeKTOB, MeXaHH4eCKOe nose}].eHHe nospe)KJleHHblX MaTepHa-

1108 (MaTepHanOB C BHYfPeHHHMH necpeKTaMH) nocpe)J.CTBOM OnHCaHHJI BJ1HSIHI1Sl pac­

npe,nene11HblX MHKpo.uecpeKTOB npH ITOMOlllH onpe.u.eneHHbIX MeXaHW-IeCKHX napaMeTpOB 

H npouecCbl o6pa3083Hj,ijl MaKpOCKOITHl.feCKHX Tpem1rn - npouecCbl H3KOruJeHHSl nospe­

)KJleHHH, C04eTast, HaCKOJlbKO 3TO B03MO)KH0 Ha cospeMeHHOM ypoBHe 3HaHHH, T04KH 

3peHHK MaTepHanoBe)J.eHHSl H MexaHHKH CflJIOWHOH cpe)J.bl. MHKpOCTpYKTYPHble H3Me­

HeHH}I npH 3TOM OITHCb1B3JOTCSl 3BOJ1JOL{HeH cneuHanbHO BBe)J.eHHblX napaMeTpOB, xapaK­

TepH3YIOllll1X HHTerpanbHO MHKpOCKOITJ14eCKHe cpH3HKO-MexaHH4eCKHe CBOHCTBa KOHCT­

PYKUHOHHblX MaTepHanOB. 

<I>H3114eCKHe npouecCbl, 06ycJ10BJlHBaJOmHe noBpe)KJleHHOCTb MaTepHana B pe3yJib­

TaTe BSl3KOnJlaCTH4eCKOH JJ.ecpopMaUHH, npoTeKalOT Ha MHKpo- H Me3oypoBH}IX H He MO­

ryT Henocpe.u.cTBeHHO H3y4aTbCSl cpe.u.crnaMH MTIC. Ilepexon OT MO}].eJIH, OITHCblBalO­

llleH C06bJTHe B O)J.HOM H3 MHOrHX MHKpoo6beMOB, K nmH.lfHO HH)l(eHepHOMY npe)J.CTaB­

JleHHlO Ha MaKpoypoBHe -rpe6yeT HCITOJib30BaHH}I Toro HJ111 HHOfO npouecca ycpe.uHeHHJI. 

ITpHMeHeHHe MeTO)J.0B ycpeJlHeHHSI, OCHOBaHHblX Ha Henocpe.u.cTBeHHOM paC4eTe no 

MHKpOMacwTa6HblM MO)leJljlM BJie4eT 3a co6oi1 3H3YtffeJibHOe ycJ10)f(HeH11e, KOTOpoe 

M0)KeT np11secTH K 3HaYHTeJlbHOMY yMeHbWeHHJO 3cpcpeKTHBHOCTH '-IHCJieHHOro paC4eTa 

np11 He06XO)J.HMOCTH HCITOJlb30BaHHSI 3THX MeTO)J.08 Ha Ka)f(JlOM BpeMeHH0M ware HHTer­

PHpOBaHHjl onpe}].eJlHIOlllHX COOTHOWeHHH. 
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B aJlbTepHaTHBH0M sapHaHTe, HCTT0JlbJyeM0M B MexaHHKe CTTJl0WHblX cpe.u, npHMe­

HHI-OTCH ¢eHOMeHOJ10fHl.feCKHe ¢opMyJJHpOBKH M0.[leJIH Ha 0CH0Be MaKp0CK0TTHYeCKHX 

nepeMeHHblX, HHTerpaJlbH0 xapaKTepH3)'lOllfHX CTPYKTYPHble H3MeHemtH Ha MHKpo­

yposHe. TTpH orntcaHHH C0CT0HHHH nospe)l(JleHH0CTH 4epe3 TaKHe nepeMeHHble Heo6xo­

.[lHM0 BbI6paTb C00TBeTCTBYI-OLUHe Mepbl K0JlHl.feCTBeHHOH 01.(eHKH nospe)K.[leHH0CTH Ma­

TepHana Ha MaKpoypoBHe. OYeBH,lJ.HO, lfT0 3TH Mepbl .nomKHbl 6bITb CBH3aHhl C K3KOH­

JIH6o no.u.na1-0meikH H3MepeHHI-O ¢H3HYeCKOH BeJJHlfHHOH (H3MeHeHHe Mo.n.y11eH ynpyro­

CTH, aMTTJlHTY.Uhl n11aCTHl.feCKOH .ue¢opMal.(HH npH )KeCTK0M UHKJlHYeCK0M Harp~eHHH, 

CK0pocnt noJ13yl.feCTH Ha TPeTbeM yqacTKe KpHBOH TT0J13yYeCTH H T . .lJ..). J.1cc11e.uosaHHe 

3T0ro H3MeHeHHJI TT03B0mleT TT0JJYlfHTb CBH3b MexaHHl.feCKHX napaMeTp0B C npouecC0M 

HaKonneHHH nospe)K.[leHHH, BBeCTH B C00TBeTCTBYI-OLIJ.He MexaHHl.feCKHe M0,UeJlH 8111-1.SI­

HHe nospe)l(JleHH0CTH Ha ¢H3HKO-MexaHHlfeCKHe xapaKTepHCTHKH MaTepHaJla H onpe.ue­

JlHTb H3 C00TBeTCTBYl-01.UHX 11a6opaTOpHblX 3KcnepHMeHT0B napaMeTphl MexaHHl.feCKHX 

380111-0U,H0HHbTX ypasHeHHH HaKonneHHH noBpe)l(JleHHH. 

IO.H. Pa60THOBbIM H Jl.M. Kal.faHOBbIM sse.ueH MaKpocKOTTHl.feCKHH napaMeTp 

( 0 ~ (i) ~ 1) xapaKTepH3YJOLUHH Ha MaKpoyp0BHe CTeneHh noBpe)l(JleHH0CTH MaTepHaJla. 

TiocKOJlhKY 3T0T napaMeTp H ero H3MeHem1e xapaKTepH3yI-OT smu1m1e MHKp0CK0TTHYe­

CKHX npoueccos H HJMeHeHHH CTPYKTYPbl MaTepHaJ1a s peJyJJbTaTe npoueccos HaKonne­

HHH nospe)l(JleHHH Ha ero MexaHi,rqeCKHe CBOHCTBa, OH CJIY)KHT BH)'TpeHHHM napaMeT­

poM C0CT0HHHH, npe.n.cTaBJIHl-01.UHM co6oH MaKp0CK0ITHl.feCKYJO Mepy MHKp0CK0TTHl.feCK0-

ro reoMeTpHt.IeCK0ro nospe)K)].eHHH MaTepHaJla. CyLUHOCTb ero C0CT0HT B cne.n.yiomeM. 

EcJIH s - TT0JlHa.!I n11oma)],h cet.IeHHH 3JleMeHTapHoro o6beMa TTJl0CK0CTbl-0 C H0pMaJlhJO n, 

a So, - o6mM nnoma.ur, nepecel.feHHR C 3TOH TTJl0CK0CTbl-0 MHKpo.ue¢eKTOB pa3111{l.fHOH 

npHp0.llbl, TO Sn - 3¢¢eKTHBHM nnow.a.ur, .uaHH0ro cel.feHJ-tH 3JieMeHTapHoro o6beMa, 

HecymM HarpyJKy. 

Tio onpe.ueneHHJO w,, = S,/S - c1<oppeKT11posaHHaJ1 nnoma.Ub MHKpo.ne¢eKToB, npH­

X0.U.!ILUMCH Ha e,UHHHuy nosepXH0CTH CeYeHHH 3JieMeHTapHoro 06beMa TTJl0CK0CTbJO C 

H0pMaJibJO n (<u11 = 0 - Henospe)l(JleHH0e C0CT0HHHe, Wn = WJ $ 1 - TT0JlH0e pa3pywem1e). 

TiocKOJlbKY Wn HBJlHeTCH ¢YHKUHeH n, cymeCTsyeT BH)'TpeHHHH TeH30pHaH nepeMeHHM 

nospe)l(JlettHR (2-ro HJlH 4-ro paHra), 0TTHCbIBaJOLUM B o6meM c11yqae aHH30TPOTTHblH 

npou,ecc pa3BHTH.!I nospe)l(JleHH0CTH B MaTep11ane. 3Ta MaTeMaTHl.feCKM TP3KT0BKa W 

C00TBeTCTBYeT MHKpOCKOTTHl.feCKOH npHpo.ne nospe)K)].eHH0CTH, HMeJOW.eH 3HH30TP0TT­

HblH xapaKTep L{a)Ke B Tex cnyt.IaHx, Kor.ua MaTep11an HaYaJibH0 H30TponeH. O.nHaKo s 

HaCTOHll{HH M0MeHT 0TC)'TCTBYJOT Ha,Ue)KHble 3KCnepHMeHTaJihHble ,naHHbie H MeT0L{HKH 

HCCJle.[l0BaHH.!I pa3BHTHH 3HH30TP0TTHH nospe)l(JleHH0CTH .llJl.!1 pa311HllHhlX HCTOpHH Ha­

rpy)KeHHH. TT03TOMY B 60JibillHHCTBe npaKTHl.feCKHX npHJJO)KeHHH npHHHMaJOT rnnoTeJy 

H30TponHH, cornacHO KOTOpOH MHKpo.ue¢eKTbl pacnpe,Il,eJIHJOTCH paBHOMepHO no BCeM 

HanpasJieHHHM. B 3TOM cnyYae w,, He 3aBHCHT OT n, H BH)'TpeHHHH nepeMeHHaH nospe)K­

)],eHHH MaTepHana HBJJHeTCH CKaJIHpHOH seJJHlJHHOH. 

TaK KaK HaKonneHHe o6w.ei1 nospe)l(JleHHOCTH u) B 3JleMeHTapH0M 06beMe MaTe­

pHana MO)KeT npOHCXO.UHTb B pe3yJibTaTe pa3BHTHH pa31IH4HbIX MexaHH3MOB HCYepnaHHJI 

pecypca H, B l.faCTHOCTH, MexaHH3MOB ycTaJIOCTH , HeCTaUHOHapHOH nonJy"l.feCTH, .UHHa­

MHYeCK0ro Harpy)KeHHH, He06XO.UHMO YYHTbIBaTb, 4TO cyMMapHaH ¢YHKL(HH C0CT0HHHR 
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(I) jfSJl.sleTC.sl KOMfornaLu-teH <pyttKl..{HH COCTO.slHH.11 O)k nospe)K.lleHHOCTeH, OTBeI.falOW.HX Ka­

)1(,llOMY k-MY Mexamt3MY H OTpIDKat0w.Hx pa3JH14Hble, c TOLfKH 3peHID1 MHKpocTPYKTYPhI, 

l{JlaCCbl .uecpeKTOB .UJl.sl KIDK,AOro k-ro MexaHH3Ma. 

}faseCTHO, HanpHMep, LfTO MH.Kpo.uecpeKTbl, pa3BHBalOW.HeC.II no MexaHH3MY ycTaJlO­

cTH no Teny 3epHa, HMelOT cosepweHHO HHYIO npHpo.uy, '-leM MHKpo.uecpeKTbl, pa3BH­

saJOW.HeC}I no rpam1u.aM 3epeH s pe3ynbTaTe nom)'1-lecn1. TaKHM o6pa3oM, Heo6xo.nHMO 

J,JMeTb a.ueKBaTHOe npaBHJlO Cy'MMHpOBaHH.sl nospe)K.lleHHH O)k OT pa3JlHLfHblX MeXaH.H3-

MOB HC'-lepnaHH.11 pecypca B e.u1rny10 nospe)K.lleHHOCTb (l) C )'1-leTOM HX B3aHMOJleHCTBl-rn 

npH O,UHOBpeMeHHOM HJIH nocne.uosaTeJlbHOM HX pa3BHTHH. 

Ilp1rne)leHHble BblWe coo6pIDKeHH.sl HMelOT OLfeHb npH6JimKeHHhlH xapaKTep C TOLfKH 

3peHID1 peanbttbrx npoueccos Ha yposHe MHKpOCTPYKTYPhI MaTepwana. O.uttaKo cyw.ecT­

oyt0rua.11 Ha cero.UH.llllIHHH )leHb npaKTHKa HCnOJib30BaHH}I CKaJI.llpHoro napaMeTpa no­

spe)K)leHHOCTH 0) JlJl.11 pa3JIHLfHbrx MexaHH3MOB HC'-IepnaHH.sl pecypca IT03B0J)}leT yTBep­

)l(JlaTb, 4TO TaKOH no.uxo.u JlOCTaTOLfHO 3cpcpeKTHBeH H C ero noMOW.blO MO)KHQ Jl0CTa­

T04HO KOppeKTHO oueHHBaTb pecypc peaJibHhlX o6beKTOB [I]. 
Cne;zyJOW.M npo6neMa - sse,ueHHe a.ueKBaTHoro sttyrpettttero speMeHH, n0Jso­

n.sit0w.ero o6beKTHBHO oueHHBaTb TeKyW.He napaMeTpbI )lJl.11 pa3JIH4HblX ycJIOBHH npoTe­

KaHHjJ npouecca. C 3TOH npo6neMOH TeCHO CB.!13aHbl BOnpOCbl a.neKBaTHOro M0,UeJlHpo­

BaHH.sl 3aBHCHMOCTH CKOpOCTeH npoueccos HaKonneHH.sJ nospe)K,UeHHH no pa3Jlli'-IHblM 

MeXaHH3MaM B onaCHblX 30Hax KOHCTPY KTHBHbrx Y3Jl08 OT YCJlOBlfH 3KCITnyaTaUlfl-1 06-b­

eKTa, ycTaHOBJleHH.sl 3KBHBaJieHTHOCTH npoueccos Me)l{Jl)' co6oH H HX 3KBHBaJieHTH0CTH 

3KCnepHMeHTaJibHblM .naHHblM na6opaTOpHblX HCITbJTaHHH, cyMMHp0BaHH.sJ nospe)K)le­

HHH npH H3Mettemrn 3KcnnyaTaUHOHHblX ycJIOBHH H OT pa3JIH'-IHhlX MexaHH3MOB HCt.Jep­

naHH.11 pecypca npH HX B3alfMO,lleHCTBHH. 

Bcne.ncTBHe HemrneHHOH 3aBHCHMOCTH CKOpOCTeH npoTeKaH.H.si .uaHHblX npoueccos 

OT 3KCITnyaTaUHOHHblX ycnOBHH 60JlhWOe 3Hal.feHHe HMeeT npo6neMa Bb(}IBJleHH.sl oc­

HOBHhlX cpaKTopos, BJIHHIOW.HX Ha CKOpocn1 npoueccos HaKOITJleHlf.sl nospe)K)leHHH, H 

ycTaHOBJieHH.11 KOHKpeTHblX 3aBHCHMOCTeH 3TOro BJlH.slHH.sl. Cpe.uH HHX Ha116011ee Ba)K­

HblMH .IIBJl.sllOTC.sl cpaKTOpbI, CB.sl3aHHble C BHeWHHMH 803,lleHCTBH.slMH, onpe.ne11.11eMbIMH 

YCJIOBH.!IMH 3KCnnyarnmrn o6beKrn; TeXHOJ10rH4eCKlfe cpaKTOpbI, onpe.uen.sit0w.11e Ha­

lfaJll,tty!O nospe)K.lleHHOCTb MaTepHana KOHCTPYKTHBHblX Y3nos; reoMeTpHLfeCK.He cpaK­

TOpbI, onpe.ue11.si10w.He rrpocTpaHcrneHHo-speMettH6e pacnpe.uenem1e q>H3Ht.JecKHx rro­

nei:f; cpaKTOpbl B3aHMO.UeHCTBH.sl K0HCTJ)YKTHBHblX MaTepHaJIOB C BHeWHHMH cpe.naMH H 

q>H3Hl.feCKHMH nOJl.llMH pa3JIHLfHOH npHpO.UbI; MaCWTa6Hble 3cpcpeKTbl, HrpaIOW.He 60J1b­

wy10 pom, npH HCITOJ1b30BaHHH .uaHHbIX 11a6opaTOpHblX HCnbITaHHH B onpe.ueneHHH na­

paMerpos npoueccos ,llJI.sl ttarypHblX KOHCTPYKl..{HH; cpaKTOpbl CTaTHCTHt.JeCKOro pa36poca 

napaMeTp0B <pH3HLfeCKHX H TeXHOJIOrHLfeCKHX npoueccos, CBOHCTB KOHCTJ)YKUHOHHblX 

MaTepHMOB H HeyLfTeHHble npH MO)le11HposaHHH <pH3H1-IeCKHX npoueccoB HeH3BeCTHble 

q>aKTopb1. 

Cyw.ecTsyeT 60J1bWOe KOJIHLfeCTB0 MexaHH3MOB, KOTOpble MOryT onpeaen.siTb npo­

ueccb1 HCLfepnaHH.sl pecypca KOHKpeTHOro HH)Kettepttoro o6beKTa 8 3aBHCHMOCTH OT yc­

JlOBHH ero 3 Kcn11yarnu1u1. ,n;u1 HH)KettepHblX o6beKTOB, pa60TalOII{HX 8 YCJlOBHHX HeCTa­

UHOHapHblX TepMOCHJIOBblX Harp~eHHH, K KOTOpblM 0THOC.slTC.sl 5f3Y, 0CHOBHblMH .ll,0-
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Ml1H11p)'IOmHMl1 Mexamt3MaMl1, onpe.n.em uom11M11 pecypc KOHCTJ)YKTHBHblX Y3JJOB, cny­
)KaT MHOro- H MaJJOUHKJJOBaJI ycTaJJOCTb HeCTaU.HOHapHaJI nomyi-teCTb, B3aHMOD.eHCTBHe 

ycTaJJ0CTH H noJJ3y4eCTH, KOppO3HOHHa.si ycTaJJOCTb. 

O6pa30BaH11e MaKpOCKOTIH4eCKOH TpemHHbl .SIBJJ.sleTC.sl pe3yJJbTaT0M nocne.n.osa­

TeJJbHOro .n.eHCTBH.sl onpe.n.eneHHOro 411CJJa O4eHb CJJO)KHblX C cpH3H4eCKOH TO4Kl1 3peHH.sJ 

npou.eccoa npeo6pa3osaHJ-1.si Ha4aJJbHOH CTPYKTYPbI KOHCTpyKll,H0HH0ro MaTep11ana, 

BKJJI04aJOll{HX 3apo)Kll.eHHe, pa3BHTl1e 11 B3aHMOD.eHCTBHe pa3JJH4HhlX ,llecpeKTOB KpH­

CTaJJJJH4eCKOH peweTKH B MeTaJJJiax H B3al1MOD.ei:1CTBHe HepapXK4eCKHX CTJ))'KrypHbIX 

COCTaBJI.s!IOll{HX pa3JJH4HOro ypoBH.sl. Heo6paTl1Mble CTPYKTYPHhie H3MeHeHH.sl no)].roTaB­

JJHBalOT o6pa30BaHHe H pacnpOCTJ)aHem1e MaKpOCKOTIH4eCKOH TpemHHbl H .s!BJJ.s!IOTC.sl 

HeOTbeMJleMOH COCTaBJl.s!IOll.leH npou.ecca pa3pyweHH.sl MaTepHana. 

TaKHM o6pa30M, 3apo)K)].eHK10 MaKp0TJ)emHHbI npemnecTsyeT nporpeccHpyiomee 

BHYTJ)eHHee ocna6neHJ-1e MaTepHana BBHJJ:Y pa3B11TH.si pacnpe.n.enettttbIX .D.ecpeKTos, npH­

BO.D..sJll.lee K yxy.D.weHHIO CBOHCTB MaTepHana 3a C4eT MHKpOCTJ)YKTYPHblX H3MeHeHHH, 

yMeHbWeHHIO np04HOCTH, )KeCTKOCTH, B.sl3K0CTH. Pa3811Tl1e YKa3aHHbrx .n.ecpeKTOB MO)KeT 

npHBO)J,ITTb K o6pa30BaHHIO TJ)aHCKpHCTaJJJlHTHOH J1H6o Me)KJ(pHCTaJJJlHTHOH MaKpOTJ)e­

ll{HHbl, J1H6o MaKpOTpemHHbl CMewaHH0ro nma, 4TO CJlY)KHT OKOH4aH11eM CTa.D:HH pa3-

BHTH..sl pacnpe.n.eneHHblX no o6beMY MaTep11ana MHKpo.n.ecpeKTOB. TTpH 3TOM no.n. MaKpO­

CKOTIHlJeCKOH TpemHHO.H n0HHMaeTC.s! HaJJ114He pa3pb1BHOCTH B MaTep11ane, )].0CTaTOlJHO 

60J1bWOH Ha yp0BHe reTeporeHHOCTl1 (6JJOKOB) CTPYKTYPbl MaTep11ana, KOTOpaJI MO)KeT 

6bITb oxapaKTepH30BaHa reoMeTpi,rqecKH H HaJJH4He KOTOpOH cymecTBeHHO Mett.sreT 

MaKp0CKOnl1'-!eCKOe Hanp.si)KeHHO-.n.ecpopMHpOBaHHOe COCTO.s!HHe 8 ee OKpeCTHOCTH. 

C TOllK.H 3peHH.sl MexaHHKH CnJl0WHblX cpe.D., CTa)].H.sl pa3BHTH.sl pacnpe.D.eJleHHblX 

MHKpO.D.ecpeKTOB 0nHCbIBaeTC.s! ypaBHeHH.s!MH MTIC, a CT aD.H.s! pacnpOCTJ)aHeIDUI onaCHOH 

MaKpOTJ)ell{HHbl - ypasHeHH.s!MH MP. B nepeXO)].HOH 30He, r)].e pa3Mep MHKpo.n.ecpeKTOB 

11MeeT nop.si.D.OK 0, I MM, np11MeHHMOCTh ypasHeHHH MTTC 11 MP HOCHT ycnoBHhtif xapaK­

Tep. B 3TOH 30He HeB03M0)KH0 npHMeHeHHe MP, nOCK0JlbKY TJ)ell.lHHbl He)].0CTaT04H0 

onpe)J.eneHhI, a B03MO)KHOCTl1 MTTC .n.ocT11ra10T cso11x npe.D.enos. Cne.nosaTeJJhHO, .LI.Jl_.si 

a)].eKBaTHOro MO)J.ellHpOBaHH.sl npou.ecca HaKOnJleHH.s! nospe)K)].eHHH 8 3TOH 30He Heo6-

X0)].HM0 c611H.)Kett11e rpaHHU. ,nei1'cTBHH MTIC H MP. 3To MO)KHO c.D.enaTb nyreM sBe.D.emrn 

.lJ:Jl.sl npouecca HaKonnettH.si pacnpe.neneHHbIX MHKpo.D.ecpeh.'TOB .D.Byx CTa.D:Htt: 3apo)K)].ett1-1.si 

MHKpO.D.ecpeKTOB H CT8.LlHH pacnpOCTJ)aHeHH.si HX (s3aHMO)].eikTBH.s!), 3aKaH4HB8l0ll.leifo.si: 

o6pa30BaHHeM MaKpOCKOnH4eCKOH TpemHHbl onpe.D.eJleHHblX pa3Mepos. 

Bse)J.ettHe 3THX cTa)lHH no3BOJ1.sieT pacwHpHTh o6nacTb npHMeHeHH..11 MTTC 11 B cny­

l.Jae ,neHCTBH.sl MexaHH3MOB ycTaJJOCTH H non3y4ecTH 060.s!CHHTb B3aHMO.D.eikTBl1e 3THX 

MexaHH3MOB H .!1BJ1eHJ-1e HeJ111HeHHOrO cyMMHpOBaHH.s! nospe)Kll.eHHH npH H3MeHeHHH 

ycJIOBHH ttarp~eHH_.SI. 

TaKHM o6pa3oM, cospeMeHHbIH no.D,XO.D. K ou.ettxe Bb1pa60TaHttoro pecypca HH)Ke­

ttepHbIX 06beKTOB npH .D.0MHHHPYJOlllHX MexaHH3Max ycTaJJOCTH H nomy4eCTH C y'-leTOM 

HX B3aHMO)].eHCTBH.11 )].OJl)KeH 6a3HposaTbC.11 Ha c11e,o:y10ll{HX OCH0BHblX n0JlO)Kem,1_.six: 

- MO)].eJIHpoBaHJ,te OCH0BHblX cpH3H4eCKHX CTa)].HH pa3BHTH_.SI npou.ecca pa3pyweHH.si; 

- BBe,O:eHHe .lJ:]1.11 Ka)K)].Oro MexaHH3Ma HC4epnaHH.s! pecy pca a.a:eKBaTHOro BHYTJ)eHHe-

ro speMeHH npou.ecca; 

- Y'-leT HeJlHHeHH0ro cyMMHp0BaHH.sl nospe)Kll.eHHH npH H3MeHeHHH YCJlOBHH Ha­

rpy)KeHH.sl H OT pa3llH4HbIX MexaHH3M0B HC4epnaHH.sJ pecypca; 

88 



- q>OPMYJIHpOBKa np,rnwmoB 3KBHBaJieHTHOCTH npoueccoB ,lJ,JUI pa3Hb(X ycJIOBHH 

uarp)')KeHH.sl H pa31IHY.HblX Hanp.!l)f(eHHO-.neq>OpMHpOBaHHblX COCTOj{HHH, HX 3KBHBa-

11eHTHOCTb 3KCnepHMCHTaJibHhlM ,lJ,aHHhlM 11a6opaTOpHbIX HCnblTaHHH o6pa.3UOB; 

- yqeT BJlIDIHHSI BH.Ua rpaeKTOpHH .neq>OpMHpOBaHIDI, napaMeTp0B Hanp.!l)f(eHHO­

Jleq>OpMHP0BaHHOrO COCTOSIHJUI Ha CKOpOCTH npoueccos; 

- ylfeT peaJihHOH HCTOpHH Harpy)l{eHH.sl H BJIHSIHHe HCTOpHH Harpy)l{eHH.sl Ha CK0po­

CTH npoueccos; 

- q>opMYmtp0BKa 3B0JllOUHOHHblX ypaBHeHHH npoueccos .neq>opMHpoBaHIDI H HaK0-

nneHHSI nospe)KJ].eHHH C Ylf eT0M HX B3aHMHOfO BJlIDIHH.sl H KpHTepHeB, onpe.nemllOIUHX 

ycTOHl.fHB0CTb .n.aHHblX npoueccos; 

- pa3pa6oTKa Ha 6a.Je 3BOJIIOUH0HHbIX ypaBHeHH:H npou,eCC0B .n.eq>opMHposamu, H 

ttaKonJieHIDI nospe)KJ].eHHH anroplHM0B onepaTHBHOH oueHKH Bblpa60TaHHOfO pecypca, 

no3B0Jl.sll01UHX C HCnOJlb30BaHHeM npe.nsapHTeJJbHOH 3KCnepKMeHTaJJbHOH H pactieTHOH 

HHq>OpMauHM s peaJJbH0M Macwrn6e speMeHH npoB0.IJ.HTb ou,eHKY pecypca Ha f13BM, 
6opTOBbIX 3BM. 

Peam,13auH.si: npe.n11araeMoro nO.LJ.X0.LJ.a .nn.si: ou,eHKH Bb1pa60TaHttoro H nportto3a oc­

TaTol{Horo pecypca .513Y MO)l{eT 6bITb ocymecTBJieHa Ha OCHOBe C03,lJ,aHIDI CHCTeMbl 

3KCnnyaTauHOHHOfO MOHHTOpHHra pecy pca (3MP). 
OcHOBH0e Ha3HalfeHHe 3MP 3aKJIIOtiaeTCSI B o6ecnet.JeHIUI 3KcnnyaTaU,HH o6opy.LJ.o­

BaHHJI H CHCTeM 5I3Y no HX cpaKTHY.eCKOMY COCTOSIHHIO. ,Lvu1 3TOro .UOJI)l{Hbl 6b1Tb pe­

meHbl ,uae 0CHOBHble 3a,lJ,a4H: 

- 0U,CHKa TeKymeii nospe)KJ].eHH0CTH MaTepHana K0HTponHpyeMblX 30H Hepa3py­

rnal01UHMH MeTo,uaMH K0HTpom1 H nyTeM Mo.ne1111poaam-rn npoueccos pa3BITTIDI noape)K­

JJ.eHHOCTH no cpaKTHlfeCKOH HCTOpHH 3KCnnyaTaUHH ycTaHOBKM; 

- nporH03 pa3BlffHJI TeKymeii nospe)l{,lJ,eHH0CTH B Ka)K,ll,OH onaCHOH 30He .ll.0 Hacry­

nJJeHM.sl npe.neJibHOro COCTOSIHIDI AJUl nporH03HpyeMbIX YCJIOBHH 3KCITnyaTauHH .513Y. 
cf>yHKUHOHHpOBaHHe CHCTeMbl npe.nno11araeTCSI ocyw.ecTBJISITb nyTeM nocne.noaa­

TeJJbHOro Bbln0JJHeHHSI CJIC.nyl01UHX OCHOBHblX 3TanoB. 

Ha 3Tane C03,lJ,aHHJI CHCTCMbl Ha OCH0Be aHaJJH3a TeXHHtieCKOH H 3KCnnyaTaUHOHHOH 

,A0KyMeHTaU,HH, pe3yJibTaTOB TeXHH4eCK0ro 0CBH,lJ,eTeJJbCTBOBaHKSI o6'beKTa, pactieTOB I{ 

11a6opaTOpHblX 3KCnepHMCHTOB no onpe.n.e11eHmo CBOHCTB KOHCTPYKUH0HHbIX MaTepHa­

JJ0B o6'beKTa C03.LJ.aeTCj1_ MO,lJ,eJib 3KcnnyaTaUHH o6'beKTa: BbI.LJ.emIIOTCSI Harpy)l{alOll.J,He 

Q)aKTopbl (BKJIIOlfaSI B3aHMO,lJ,eHCTBHe o6beKTa C BHelJlHeH cpe.uoi:t), ycTaHaBJIHBaeTCSI 

CBjl.3b 3THX cpaKTOpOB C perHCTPHpyeMblMH napaMeTpaMH npou,ecca 3KcnnyaTaU,HH 061,­

eKTa H B03,AeHCTBHSI BHewHeH cpe.Ubl. ,[(Jui BblSIBJJeHHSI Harpy)l{alOLUHX <paKTopOB onpe­

.nen.si:JOTCSI .UOMHHHPYIOlllHe MexaHH3Mbl H MOLi.emf HClfepnaHHSI pecypca o6'beKTa. Ha 

0CH0Be C03,lJ,aHHblX MO,lJ,eJJeH 3KCnnyaTaU,HH H HCtiepnamu1 pecypca BblTTOJIIDUOTCSI pac-

4eTbl KOHCTPYKTHBHblX 3JleMeHT0B o6'beKTa H onpe.LJ.eJJjl_fOTCSI onaCHble 30Hbl 3THX 3Jie­

MeHT0B, BbUIBJJeHHble B pe3yJJbTaTe pac4eT0B HJIH Ha 0CH0Be npHMeHeHIDI MeTO.LJ.0B Tex­

ffilY.eCKOH .LJ.HarHOCTHKM 30Hbl. 

,[(JI.si: Ka)K,ll,OH onaCHOH 30Hbl H Ka)K,ll,0fO pe)KHMa MO,llCJlH 3KCITnyaTaU,HH o6beKTa 

paCCq],iTbIBalOTCSI xapaKTepHCTHKM npou,eccos .neq>opMHpOBaHHSI H HC4epnaHHSI pecypca. 

cf>opMHpyJOTC.sl CO0TBeTCTBYIOLUHe 6a3bl .LJ.aHHblX TeXHOJIOrHl.feCKOH 1-1 pa6ot.JeH K0MnO­

HeHT 3MP. flony4eHHaSI HH<popMaU,H.sl npHMeHJleTC.sl .IJ.11.ll o6ocHoBaHHJI cpoKa CJIY)K6bl 

OT,lJ,eJJbHb(X 3JleMeHT0B H peaKTOpHOH ycTaHOBKH B ue110M. Pa3pa6oTaHHbie nporH03Hble 

89 



M0,Uemt C C00TBeTCTBYfOll.{HMH 6a3aMH .llfilfHbIX H na.KeTaMH npm<Jia,UHblX nporpaMM, 

peami3YJOll.{HX oueHKY Bbipa6oTaHHOfO pecypca no cpaKTH4eCKOH HCT0pHH Harpy)KeHHSI 

K8)K,UOH KOHTPOJIHpyeMOH 30Hbl, 11cnoJib3YlOTCSI a pa6ol.feH K0MnotteHTe 3MP, ycTaHaB­

JIHaaeMOH Henocpe,nCTBeHH0 Ha o6beKTe. 

Ha 3Tane npHMeHemrn CHCTeMa YCTfilfaBJIHBaeTCSI Ha o6beKT H M0)KeT HCn0Jib30-

BaTbCSI B .usyx pe)KHM8X: oueHKa BbJpa6oTaHHOfO H nporH03 0CTaT04H0f0 pecypca. 

B pe)KHMe oueHKH Bblpa6oTaHHOf0 pecypca CHCTeMa aBT0MaTH~eCKH 0TCJie)KHBaeT 

TeKYll.{He C0CT0SIHHSI MaTep11aJ1a B onaCHblX 30Hax o6beKTa, C00TBeTCTBYlOll.{He cpaKTHl.fe­

CKOH HCT0plrn 3KCnnyaTaU,HH 513Y. B K8)K,UOH KOHTP0JIHpyeMOH 30He C n0M0UlblO npo­

fH03HblX MO,lleJJeH pa3BHTHSI noape)K,lleHH0CTH np0B0,llHTCSI pacl.feT TeKymeu nospe)K­

,D.eHH0CTH MaTepHaJla HJIH pa3BHTHSI HMelOmeroc.11 MaKp0CK0nH4eCK0fO .uecpeKTa. Bxo.n­

HOH HHq>OpMauHeH .llJISI CHCTeMbl Ha 3T0M 3Tane CJIY)KaT perncTpHpyeMble napaMeTpbl 

rrpouecca 3Kcnnyarnu,HH o6beKTa H ao3.ueucrn11..11 BHewtteii cpe.UbI Ha TeKymeM spe­

MeHH0M HHTepaane, a BbIXO.UHOH - H0Bble TeKylllHe C0CT0SIHH..11 MaTepHaJla B onaCHbIX 

30Hax. 

OcTaT04HblH pecypc o6beKTa onpe,D.e11.11eTcsi yc110BHS1MH ero 6y.uymeii 3KcnJiyaTa­

UHH. ,[(n.11 3a,D.aHHblX rrp0rH03HblX MO,UeJJeH 3Kcn.nyaTaUHH ycTaH0BKH B K8)1(.LJ.OH K0HTp0-

JIHpyeMOH 30He np0H3B0.llHTCSI oueHKa OCTaT04HOH Hapa60TKH .ll0 .ll0CTHJKeHH..11 npe­

,UeJibH0f0 C0CT0SIHHSI. no pe3yJJbTaTaM TaKHX oueH0K Ha3Ha4aeTCSI cpoK npoaepKH co­

CT0SIHH..11 MaTep11aJ1a Hepa3pywal0ll.{HMH MeT0,D.aMH K0HTp0JISI 111160 .llJISI 38,llaHH0f0 cpoKa 

CJiy)K6bI BbI6HpaeTCSI M0,D.eJib 3KcnnyaTaUHH ycrntt0BKH, npH KOTOpOH nporH03HpyeMble 

TeMnbI Ha.K0ilJieHHSI nospe)K,lleHHH Ha 38,llaHH0M speMeHH0M HHTepsaJle He np11se.nyr K 

.ll0CTHJKemno npe,neJibH0f0 C0CT0SIHHSI. 

8 pe)KHMe nporH03a 0CTaT04H0f0 pecypca BXO,UHOH HHcpopMauHeH .llJISI CHCTeMbl 

CJIY)KHT npe.nnonaraeMaSI (nporH03HaS1) M0.lleJib 3KcnnyaTaUHH Ha 3a,UaHH0M apeMeHH0M 

HHTepsane, BblXO.llHOH - np0rH03HpyeMble C0CT0SIHHSI MaTepHaJla B onaCHhIX 30Hax. B 

CHCTeMe npe.nycMaTpHBafOTCSI cpe.n.crna .llJISI cpopMHpoaaHHSI 6H6JJHOTeKH nporH03HblX 

MO.D.eJieH 3KCnnyaTaU,HH o6beKTa. 

B npouecce 3KCnJIYaTaUHH o6beKTa M0fYT n0SIBHTbCSI H0Bble .n.aHHble no .n.ecpeKTHO­

CTJ,f o6beKTa, noJTy4eHHble MeT0.ll8MH TeXHHl.feCKOH ,llHarH0CTHKH. KpoMe Toro, y o6beK­

Ta M0fYT 3aMeHSITbCSI 0TJJ.eJibHbie Y3JTbl, TT0SIBJJSITbCSI H0Bble pe)KJ,IMbl 3KCnnyaTaUHH, H0-

Bble Harp~alOlllHe cpaKTOpbl H T.Jl. Ha 3Tane pa3BHTHSI 3TH o6cTOSITeJJbCTBa yt-lHTbIBa­

lOTCSI nyreM BKJlf04eHHSI H0BhlX onaCHblX 30H, H0BblX pe)KHM0B 3KCn11yaTau1rn 061>eKTa, 

YT04HeHHSI MO.D.eJJeH HC4epnaHHSI pecypca MaTepHaJla. 

3aKmo11eeue 

PacCMOTPeHHaSI TeXH0JI0fHSI M0)KeT HCn0Jib30BaTbCSI Ha CTa,UHH npoeKTHp0BaHHSI 

o6beKTOB. B 3T0M c~ae BX0JJ.0M CHCTeMbl SIBJISleTCSI npoeKTHaSI M0.D.eJib 3KcnnyaTaUHH 

o6beKTa. HaH60JibWHH 3cpcpeKT npHMeHeHHSI TeXH0JI0fHH .ll0CTHraeTCSI npH HCTT0Jlb30Ba­

HJ,fH ee Ha acex CTa.UHSIX )KH3HH o6beKTa: npoeKTHpoaamrn, H3fOT0BJieHHSI, M0HT8)Ka, 

3KcnnyaTaUHH, peM0HT8, npo.uneHHSI pecypca, BblB0,lla H3 3KCnnyaTaUHH. 

PeaJlH3aUH..II paCCM0TpeHHbIX MeT0.llH4eCKHX noJIO)KeHHH H aJlf0pITTM0B TT03B0JJHJ1a 

C03,UaTb MeT0.llH4eCKYJO, TeXHHt-IeCKYlO H KpHTepHaJlbH)'lO 6a3y .llJISI aHaJlH3a H nporno-

3Hp0BaHH..II 0CTaT04H0f0 pecypca peaJlbHblX o6beKTOB H, B 4aCTH0CTH, ,!lJJSI CHCTeM K0M­

neHCaUHH .nasneHIHJ peaKTOpH0H ycTaH0BKH Jie,!l0K0J18 "ApKTHKa". 
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IlpaBHJia o<J>opMJieHH.H CTaTeii 

Ilp11 nOJ],rOTOBKe CTaTbH B c6opHHK aBTOp J],OJl)KeH PYKOBOJ],CTBOBaTbC.H CTaHJ],apTOM 

"Op11rHHaJ1h1 asTopcKHe H Te1<cTOBb1e HJJJ.aTenbCKHe" (OCT 29 .115 - 88). K asTopcKHM 

opHTHHanaM, nepeJJ.asaeMbIM JJ.n.H HJJJ.amrn, npeJJ.b.R:Bm110Tc.S1 cneJJ.yiom11e Tpe6osaHHK: 

1. 3K3eMnmip CTaTbH JJ.OJl)l(eH 6b[Tb nepBbIM, OTneYaTaH Ha O)J.HOH CTOpoHe JlHCTa 

cpopMaTa A4 wpHq>TOM N!~ 12 4epe3 2 HHTepsana. CTaTMI JJ.On_)l(Ha 6bITb COCTasneHa B 

cneJJ.YIOlll,eM nop.HJJ.Ke: HH)J.eKC Y,[U(; 3arnas1-1e; HHHUHaJlbl H cpaMHnHH al3TOpOB; MeCTO 

pa60Tbl Ka)l(JJ.Oro aBTOpa C IT04TOBhIM a)J.pecoM; aHHOTaUI-UI Ha pyccKOM l1 aHrnHHCKOM 

.R:3b(Kax (He 6onee 10 CTPOK KIDK,!J.ru!); TeKCT; cnHCOK nHTepal)'pbI; pHCYHKH; nOJJ.pHcy­

HOlfHbie noJJ.nHCH (Ha OT)J.enbHOM nHCTe). 

2. CTaTbSI )J.On)KHa TalOKe npeJJ.OCTaBn.SITbC.SI o6HJaTeJibHO B 811)].e 3neKTpOHHOH sep­

CHH o6bILIHbIM wpHq>TOM N!! 11 Times New Roman, Me)l(Jl.yCTpolfHbIH HHTepsan - OJJ.H­

HapttblH, B peJJ.aKTope Word 97 Hm.f 6onee nOJJJ.HHX sepcHH. TeKCT He cpopMaTHpyeTc.SI, s 

Kat.JeCTBe HMeHH cpaiina HCnOJlb3yeTC.SI <l>MO nepsoro aBTOpa CTaTbH. KaBbl4KH B TeKCTe 

CTaBRTC.SI np11 aHrnHHCKOH pacKJla)J.Ke KJlaBHal)'pbl (" .. "). 

3. Co.uep)l(aHHe CTaTbH JJ.0n)l(HO 6b1Tb KpaTKHM H l.feTKHM. McKnl04a.JOTC.SI o6mHe 

paccy)l(Jl.eHHR, msecTHble nono)l(eHHR. He JJ.onyc1<aeTcS1 .uy6n11posattHe MaTepHana s 

TeKCTe, Ta6nHuax, no)J.p11cytto4HblX Ha)J.nHCSIX. Heo6XOJ],HMO co6nJOJ],aTb eJ],HHoo6pa3He 

B HanHCaHHH TepMHHOB, HaHMeHOBaHHH q>H3H4eCKHX senH4HH H e)J.l.fHHU l13MepeHHSI, 

ycnOBHbIX o603Ha4eHHH, COKpameHHH, CHMBOnOB. HaHMeHOBaHIDI H o603Ha4eHHR eJ],H­

HHU q>H3H4eCKHX senl.fl.(HH tteo6XO)J.HMO npHBOJJ.HTb B CHCTeMe CH. 

Heo6XOJ],HMO o6pamaTb BHHMaHHe Ha HaTIHCaH11e nponHCHblX H CTPO'llib(X 6yKB: 

pyccKHe H rpe4ec1<He 6yKBbr (a, ~' y, <p H T.Jl..) Ha611paroTC.S1 np.SIMO, a nanrncKHe (x, y, z, 
w l1 T.Jl..) - KypcHBOM. Te )Ke i:pe6osaHH.SI B o6o3Ha4eHIDIX tty)l(H0 co6nJOJ],aTb npH HanH­

caHHH HH)J.eKCOB H CTeneHeH B cpopMynax. O603Ha4eHHSI MaTpHU H BeKT0pOB Ha6Hpa.IOT­

C.SI nony)l(HpHblM wpHq>TOM npSIMO. <l>opMynhI, BKJIJ04eHHble B TeKCT, cneeyeT Ha6HpaTb 

6e3 yseJllf4eHHSI HHTepsana Me)l(JJ.Y CTPOKaMH, HanpHMep bid, exp(x/ e). 

4. Ta6m{Ubl ttyMepYJOTC.H, KIDK,!J.a.H Ta6nHua JJ.On)KHa HMeTb JaronOBOK. CoKpameHIDI 

a rpacpax Ta6nHUbl He JJ.OnycKaJOTC.SI. B TeKCTe Heo6XOJ],HMbl CCbillKH Ha BCe Ta6mtUbl. 

Ta6nHUbl ne4aTaJOTC.SI B o6meM TeKCTe nocne nepBOH CCbinKH. 

5. <l>opMyJlbl H 6YKBeHHbie o603Ha4emrn senH4HH )J.0n)l(Hbl 6b1Tb pa3Me4eHbI l1 cpa-

3Y pacwHcppoBaHhl. <l>opMYnbI ttyMepyioTC.H apa6CKHMH UHq>paMH, HOMep CTaBHTC.SI C 

npaBOH CTOp0Hhl nHCTa B KpyrnhIX CK06Kax. HyMeposaTb cneJJ.yeT TOnhKO Te q>OPMYJTbl H 

ypasHeHH.SI, Ha KOTOpble eCTh CCb(JlKa B nocneJJ.yJOlUeM H3JlO)l(eHHH. <l>OpMYnbI Bbmon­

H.HIOTC.H B peJJ.aKTope Equation 3 .0 npH HeB03MO)l(H0CTH Ha6opa Ha KJlaBHa-rype 

I J 
( x ~, y:. ~ f x,- H T.Jl..). IlOJJ.CTJ)04Hble H HaJl.CTp04Hble HH)J.eKCbl 880)]..SITCSI C KJlaBHaT)'-

0 y 

pbl (x3, KM
2 

H T.JJ..), rpeqecKHe 6yKBhl BCTaBn.SIJOTC.SI 4epe3 MeHIO BcmaeKa ➔ CUM(JOJI . 

6. B TeKCTe CTaTbH pHCYHOK o6HJaTeJibHO npeJJ.CTaBnSleTCSI Ha OTJ],enbHOM nHCTe 

cpopMaTa He 6onee A4. Ha pHCYHKaX JJ.OnycKaeTCSI MHHHMaJlbHOe 4HCnO o603Hat.JeHHH -

KpaTKHe UHq>poBbie (no nopSIJJ.KY HOMepos cnesa Hanpaso 11n1-1 no 4acosoii cTpenKe) Hmt 

6yKBeHHble o603Ha4eHH.SI. Bee nO.SICHeHHSI BhlHOC.SITCSI B no)J.pHCYH04HbJe noJ],nHCH. Ha 

o6opoTe KIDK,!J.Oro pHCYHKa YKa3bIBalOTC.H cpaMHnHH aBTOpOB, Ha3Bamte CTaTbH, HOMep 

pHCYHKa, o603Ha4eHIDI sepxa H HH3a. BttyTpeHHHe Ha)J.nHCH Ha pHCYHKax tta6Hpa.IOTC.SI 
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wpJ-fqJTOM N!! 10. Bmny KIDK,AOro pHCYHKa .ll,OIDKHhl 6bITb npHBe.ll,eHbl ero HOMep H IlO)l­

puc)'HOqmu1 no.ll,nHCb I.llpHCpTOM N2 l O. IT pH Ha.JIH.lIHH HeCKOJTbKHX pa3lill"tfHbIX rpaqrnKOB 

t1a o,UHOM pHCyttKe KIDK)lb[H H3 HHX o603Ha4aeTC$1 pyccKH.MH 6yKBaMH a), 6), B) H T . .LJ.. H 

pacwmpposbIBaeTcsi. 

B KOMITbfOTepHOM BH.ll,e pHCYHKH npe.ll,CTaBJUlfOTCj{ B OT.ll,eJTbHblX cpaimax, BblITOJI­

HeHHble B rpacpw1ecKHX pe)laKTopax Paint, PhotoShop, Core/Draw B qepno-6eJioM QBe­

-re (cpoTorpaq>HH s pacTposoM cpopMaTe tif, dpi-300). PHcyHKH s Word He BCTaBJUITb 

KpoMe c.rryqaeB, KOf.ll,a pHCYHOK H3HalJ.a.JibHO BbinOJIHeH B Word. 

7. CcbJJIKH Ha JIH.Teparypy B TeKCTe .ll,aIOTCSI no nopsi,nKy apa6CKHMH UHcppaMH s 

K.Ba.LJ.paTHblX CK06Kax. CnHCOK JTHTeparypbl C0CTaBmleTCSI B TOH )Ke IIOCJTe.ll,0BaTem,H0-

CTH, B KOTOpOH npHB0.ll,HTCH CCblJIKH Ha JIHTeparypy. <l>aMHJIHH H HHHU.HaJib[ aBTOpOB 

Ha6HpaIOTCSI Il0JTY)KHpHbIM KypCHB0M. 

8. CnHCOK JIHTeparypbl CJie.LJ.yeT ocpopMIDITb s C0OTBeTCTBHH c focy.ll,apcTBeHHbIM 

cTatt.napTOM "EH6JTHOrpaq>HlleCKOe OrutCaHHe .ll,OKyMeHTa" (fOCT 7. 1-2003), s 1.J.aCTHO­

CTH, Heo6XO.ll,HMO YKa3aTb: 

a) )J)lH ~pHa.JibHblX CTaTeH - cpaMHJIHH H HHHUHa.Jib[ aBTOp0B (He Mettee Tpex nep­

BblX), Ha3BaHHe CTaTbH, Ha3Bam1e ~pHa.Jia (6e3 KaBblt.JeK), ro.n, TOM, BbinyCK, H0Mep, 

CTPaHH.UbI; 

6) )J)lH KHHr - cpaMHJIHH H HHHUHa.Jibl aBTOp0B, n01rnoe Ha3BaHHe KIDlfH, MeCT0 H3-

.ll,aHHSI, H3.ll,aTeJibCTBO (6e3 KaBbit.JeK), f0.ll, H3.ll,amrn; 

s) )J)1H asTopecpepaTOB ,nHccepTaUHM - cpaMHJTHJO H HHHUHaJib[ asTopa, Ha3BaHHe aB­

TopecpepaTa .ll,HCCepTauHH, Ha C0HCKaHHe KaKOH yqeHOH CTeneHH HanHcaHa .ll.HCCepTa­

U.HSI, MeCTO H ro.n 3al.IlHTbI; 

r) )J)1H npenpHHT0B - cpaMHJIHH H HHHl..{Ha.Jlb[ aBT0pos, Ha3BaHHe npenpHHTa, HaHMe­

HOBaHHe H3.ll.aIOW.eH opraHH3auHH, rrrncpp H HOMep, MeCTO H ron H3,naHID1; 

.LJ.) }J)lj{ naTeHTOB - cpaMHJIHH H HHHU.Ha.Jlb[ aBTOpos, Ha3BaHH.e naTeHTa, c-rpatty, HO­

Mep H KJTacc naTeHTa, nary H ron 3aHsnettffj{ H ony6nHKOBaHHH naTeHTa; 

e) .ll.Jljl 01'1-leT0B - cpaMHJIHH H HHHUHa.Jlbl aBT0pOB, Ha3BaHHe OP.leTa, HHBeHTapHbIH 

N2, HaHMeHOBamt:e opraHH3aUHH, ron BbIITYCKa; 

)K) .ll.Jljl :3JleKTPOHHblX HCTOI.IHHKOB - TIOJIHbIH 3JTeKTpOHHblH anpec, Il03BOJTHIOW.HH 

o6paTHTbC$1 K ny6JIHKaUHH. 

9. B K0HU.e TeKCTa nepe.ll, CTIHCKOM mneparypbI YKa3bIBafOTCH KOHTaKTHbIH TenecpoH 

H, )KeJiaTeJTbHO, anpec 3JTeKTpOHHOH nOt.JTbl. 
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