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liE30IIACHOCTb 

y~ 621.039.5:504.61 
K eonpocy o6ecne'-leHHH 6eJonacuocTH peaKTopa 

B COCT3Be H,IJ,epHoii :meprO,lJ,BHraTeJibHOH ycTaHOBKH 

B.A. IlaotuyK, A.C. Ka.MUHCKUii, B.C. Ky311el{08, 3.r. I'opoeeo, 
<l>rY P~ " Kyp'-laTOBCKHH HHcnrryr", 123182, MocKBa, nn. aKa.LJ.. KypqaTOsa, I, 

I'.B. Komoxoo, 
<l>fYTI "QeHTp KeJI.LJ.brUJa", 125438, MocKBa, yn. OHe)l(cKrui, 8 

PaCCMOTpeHl,J BOnpOCbl o6ecnetJeHIDI rutepHOH H pa.nHaUHOHHOH 6eJonaCHOCTH ll,nepHblX 3Hepro.nsHraTeJU,HbIX 
ycTaHOBOK (513.l{Y) KOCMl{'{eCKOro HaJHatJeIDUI Ha OCHOBe CliCTeM C MaillHHHblM npeo6paJOBam-1eM 3Heprm1. AHaJIHJ 
o6ecaetJeHHJI 6eJonacHOCTH B WTaTHbIX pelKHMax pa60Tbl, a TaIOKe B BOJMOlKHblX Hell1TaTH1,IX H asapHHHblX CHTya­
UHllX, BbIITOJJHeH C HCnOJJbJOBaHHeM oru,1ra pa3pa60TOK H 3KCruryaTaUHH ll.nepHblX 3HepreTH'!eCKHX ycTaHOBOK 
(513Y). 

Ensuring of reactor safety in a space propulsion facility. V.A. Pavshuk, A.S. Kaminsky, V.S. Kuznetsov, 
E.G. Gordeev, G.V. Konyukhov. Problems of nuclear and radiation safety of a space propulsion facility with ma­
chine energy conversion are considered. Analysis of safety during normal operation as well as in possible worst-case 
and emergency conditions is performed basing on experience of development and operation of nuclear propulsion fa­
cilities. 

8 HaCTOllUJ.ee speMll paccMaTp1rnaeTCll He­

CKOJibKO KOCMHt.JeCKHX nporpaMM C npHMeHeHHeM 

513,DY, s TOM '-IHCJie Ha OCHOBe TeXHononrn ll.LJ.ep­

HOT'O paKeTHOT'O .ll.BHT'aTeJill (JIP,LJ;) [}, 2): 

• pa6oTa s OKOJIOJeMHOM KOCMH'-leCKOM rrpo­

CTPaHCTBe (OKII), s '-!aCTHOCTH, BbIBe.LJ.eHHe 

Tll)l(eJIE,IX KOCMH'-leCKHX annapaTOB (KA) Ha 

BblCOKHe op611Tbl O.LJ.HHM nycKOM paKeTbl­

HOCHTeJUI (c orpaHMt.feHHeM no speMeHH Bbl­

se,ueHHll), 3Heproo6ecnet.JeH11e rno6a.nbHblX 

CHCTeM CBll3H H cpe.LJ.CTB pa,uHOJIOK3Ul10HHOT'O 

30H.LJ.11p0B3Hl1ll, JamHTa OT acTepOH,L(OB, ocrn­

CTKa OKII OT KOCMH'-lecKoro Mycopa (KM) 11 

T.n.; 

• nHJIOTHpyeMble 3KCne.LJ.HUH11 K JiyHe H Mapcy; 

• perynllpHbie TPaHcnopTHbJe onepau1111 3eMJU1-

JiyHa, HH.ll.YCTPHaJIHJaUHll JlyHbl, HannatteTHrul 

3Hepre-r11Ka; 

• .LJ.aJibHHe noneTbJ s npe,uenax ConHe'-!HOH CHC­

TeMbI, OTnpasKa 30H,!l0B 3a npe,uerrbl ConHe'-1-

HOH CHCTeMbl. 

B peJyn&TaTe KOMnneKCHbIX 11ccne,uosaHJ1H H 

npoeKTHbIX pa3pa6oTOK onpe.LJ.eneH&I nepcneK­

THBHbie cxeMbl 513,DY Ha OCHOBe TeXHOJIOT'HH 

JIP ,lJ; ,!lJill CHCTeM KA pa3JIH'-IHOT'0 HaJHa'-!eHHll: 

- MHOrope)l(HMHall ycTaH0BKa B COCTase JIP,D;, 
6opTOBOro HCTO'-IHHKa 3JieKTponHTaHHll C M311111H­

HblM npeo6paJOBaTeJieM 3HeprnH H 3JJeKTpH'-1e­

CKHX ,UBH)l(l1Tene11 [2]; 

- ycrnHosKa c Bb1pa60TKOH 3JieKTP03HeprnH s 

33MKttyrOM KOHrype 11 3JieKTPOpaKeTHblM .ll.BHra­

TeJJeM. 

XapaKTepHCTHKH ycTaHOBKH B ,!lBHraTeJibHOM 

pe)l(HMe (c )"-leT0M ~e cymecTByiomero Ja,uena) 

MOryT 6bITb o6ecne'-!eHbI rrpH HCnOJib30BaHHl1 B0-

.uopo,ua s Ka'-!eCTBe pa6o'-!ero Tena no rnre B npe­

,uenax 40 .. .400 KH 11 no y,uenbHOMY HMnynhcy 

mm 880 ... 930 c npH pecypce pa6oTbI 2 ... 8 qac. 

ITpornoJHpyeMhle Ha 6JIH)l(aH111He 20 ... 25 JieT no­

Tpe6ttocT11 B MOI.qHOCTH 6opTOBblX HCTOlJHHKOB 

3JieKTPonHTaHHll onpe,uemuoTcll B npe,uenax 

0,05 .. .40,0 MBT (3n.). Cymecrnetttto so3pacnuoT 

Tpe6osaHHll no noJIHOMY pecypcy q>YHKUHOHHpo­

saHHll 513,DY, .ll.OCTHT'rul JHa'-!eHHH 7 .. . 15 JieT. 

,D;nll 513,DY cq>OPMYJIHposaHbl H cornacosaHbI 

MHOT'He ITOJIO)l(eHHll o6ecnet.JeHHll ll,L(epHOH H pa­

.ll.H3l{HOHHOH 6eJonacHocrn. 3ToMY cnoco6cTBo­

BaJIH )"-leT H nepeOCMblCJieHHe OTetJeCTBeHHOT'O 

onbITa npHMeHeHHll KOCMHlJeCKHX ll,UepHblX ycTa­

HOBOK (K5IY) peaKTOpHOT'O THna ("6yK", "To­

naJ"), a Tal()!(e MHoroneTHllJI pa6oTa coo6mecTBa 

cneuHa.nHCTOB s o6nacTH KOCMH'-leCKOH ll.LJ.epHOH 

3HepreTHKH B paMKaX PaJJIH'-IHbTX Me)l(,L(yHapo.u­

HblX KOMHTeTOB H KOMHCCHH [3). 
BoJMO)l(Hble npOllBJieHHll H nocne,LlCTBHll no­

TeHUHaJibHOH ll.LJ.epHOH H pa.LJ.H3QHOHHOH onacHO­

CTH npH HCnOJib30BaHHH B KOCM0Ce ll,UepHblX pe­

airropos cymeCTBeHHblM o6p330M JaBHCllT OT HX 

KOHCTPYKQHH, <paJbl )l(HJHeHHOT'O UHKJia H cneuH­

q>HKH KOHKpeTHOH KOCMH'-leCKOH nporpaMMbl. 
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Ilpmurro, •no OCHOBOH qnrnocoqnrn 6e3onac­

HOCTH Ha scex :nanax >KH3HeHHoro umrna I0IY 
C.ll)')KaT: 

- YAOBJleTBOpelOle HOpMaTHBHbTM Tpe60BaHIDIM, 

pernaMeHTHPYK>D.lHM sepXHHe npeAeJibl A0nyCTH­

MblX speAHbIX B03AeHCTBHH Ha nepcOHaJI (3KH­

DIDK), HaCeJieHHe H npHpOAHyi<> cpeAy, BKJllO'f!Ul 

OKII; 
- yMeHbUJeHHe pHCKOB AO ypoBHeH, peaJibHO AOC­

TIDKHMblX TeXHH'feCKHMH H 3K0HOMH'feCKHMH 

cpeACTBaMH. 

3TanaMH C03AaHHJI JI3W .IIBJI.IIIOTC.11 npoeK­

THp0BaHHe, Ha3eMHbie OTpa6oTO'fHb[e HCTibTTaIDUI 

(aBTOHOMHbie H KOMOJieKCHbie), JleTHbie HCnbITa­

HHJI. BbIDOJIHeHHbTe B O0JIH0M 06beMe 3TH 3Tam,I 

AOJI)KHl,I o6ecne'fHTb 6e3onacHOCTb npH urraTHOH 

3KCOJIYaTaUHH ycTa.H0BKH H BbIBOAe ee H3 3KC­

OJIYaTaIJ;HH. 

OcHOBHbIMH Y3JiaMH perucropHOH ycrnHOBKH 

JI3W C.ll)')KaT Kopnyc peaicropa c nOABOA.IIJ.I.{HMH 

MarHCTpaJI.IIMH, aKTHBHa.11 30Ha, 60KOBOH OTpIDKa­

TeJib c nosopOTHblMH peryJIHPYK>lllHMH 6apa6a­

HaMH, COOJlOBOH 6JIOK H 6JIOK TeHeBOH pamtau;H­

OHHOH 3all(HTbl. B KatfeCTBe MaTep11ana All.II TB3JIOB 

HCO0Jlb3yi<>TC.II ryronJiaBKHe H )KapoCTOHKHe Kap-

6HAHble KOMno3m..nrn c 90 % o6orameHHeM no 

U-235. 
OrpaHHtfeHHe secora6apHTHbIX xapaKTepu­

CTHK JI3W KOCMHtfecKoro 6aJuposaHH.II BJTHJleT 

Ha TenJI0TeXHH'feCKHe napaMeTpbl peaicropa, 

YAeJibHbie H a6COJIIOTHbie 3Ha'feHHJI KOT0pbIX npH-

6JIIDKalOTC.II K npeAeJibHbIM All.II MaTepHaJI0B aK­

THBHOH 30Hbl. Hau6oJiee HaOp.ll)KeHHblM Y3JIOM 

aKTHBHOH 30Hbl .IIBJl.lleTC.11 TenJI0Bb[AeJIJIJOlll!Ul 

c6opKa (TBC), noJie 3HeprOBbIAeJieHHJI B KOTopoH 

MO)KeT xapaKTepH30BaTbC.II 3HatfHTeJibHOH npo­

CTpaHCTBeHHOH H speMeHH0H HepaBHOMepHOCTblO. 

MHoroueJiesoe HaJHatfeHue JI3W onpeAeJIJl­

eT cneu;mt>H'fHOCTb I.(HKJIOrpaMMbl ee pa60Tbl. B 

nepsyio 0'fepeAb 3TO KaCaeTC.11 Heo6XOAHMOCTH 

MH0r0KpaTHbIX 6bICTpbIX nepeXOAOB peaKTopa 

(3a speM.11 nop.llAKa 5 ... 20 c) Ha TaKOH yposeHb 

MOmHOCTH, a6cOJIIOTHOe 3HatfeHHe KOTOporo MO­

)KeT OTJIH'faTbC.11 OT Ha'faJibH0rO Ha 3 ... 5 H 6oJiee 

nop.llAK0B. PeaJIH3al(HJI TaKHX pe)KHMOB B03MO)Kffa 

B crryqae BBeAeHH.11 TIOJIO)KHTeJlbHOH pea.KTI-IBHO­

CTH, 6JIH3KOH K A0Jie 3ana3AhIBaJOlllHX HeHTpOHOB 

3a speMJ1 nop.llAKa 1 ... 3 c, 'fTO npem,.11sJI.11eT no­

BhTUJeHHhie Tpe6osaHHJI K CHCTeMe ynpaBJieHHJI H 

3alllHThI (CY3) H TepMoMexaHH'feCKHM csoHCTBaM 

K0HCTpYKUHOHHhIX MaTepuanos. KpoMe Toro, Tpe-

6yeTc.11 MHHHMH3HpoBaTb BpeM.11 H paCXOA pa6o'fe­

ro TeJia 

OnbIT npoeKTHpOBaHH.11 H OTpa60TKH peaK­

TOpHbLX yCTaHOBOK JI3W noKaJaJI, 'fTO KOMneH­

cau;HJI UJTaTHbIX 3qiqieKTOB peaKTHBHOCTH o6ec-
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netfHsaeTc.11 perynHpyi<>lllHMH 6apa6aHaMH, pac­

noJIO)KeHHbIMH B 60KOBOM OTpa)KaTeJie. CHCTeMa 

CTpOHTC.11 TaKHM o6pa30M, 'fTO npH OAHOBpeMeH~ 

HOM OTKa3e 0,U:HOrO-AByx peryn11pyromHX 6apa6a­

HOB 3qiqieKTHBHOCTb OCTaJibHbIX AOCTaTO'fHa AJIJI 

o6ecnetfeHH.II .IIAepHOH 6e3onaCHOCTH npH llITaT­

HOH 3KcnnyaTaQHH peaKTopttoH ycTaHOBKH (K:,q, 

MeHbUJe 0,98). PeryJIHPYIOlllHe 6apa6aHbI H AO­

nOJIHlffeJibHbie CHCTeMhl .IIAepHOH 6e30TiaCHOCTH 

C03AalOT rny60Ky10 no,u:KpHTH'fHOCTb He MeHee 

10 % Af/k npH scex TpaHcnopTHhIX onepau-HJ1X 11 

BblBOAe H3 3KCOJIYaTau;HH H He MeHee 2 % Mlk 
npH B03MO)K.HblX asapHHHblX CHryaQHJIX (B crryqae 

0aAeHHJI, Aeq>OpMHposaHHJI H 3a0OJIHeHHJI 0OJIOC­

TeH peaKTopa 3aMeAJIS110llleH HJIH pacce11saromeii 

cpeAOH). IloJIO)KeHue pa6otfHX opraHoB CY3 H 

AOOOJIHHTeJibHOH CHCTeMbl .IIAepHOH 6e3onaCHO­

CTI-I, COTBeTCTByi<>Ulee MaKCHMaJibHOH nOAKpH­

TH'fHOCTH, rapaHTHpyeTC.11 06eCTO'fHBaID1eM npH­

BOAOB, MexaHHtfeCKOH qiHKcauHeH HX WHJIH npH­

MeHeHHeM ycTpOHCTB HaKOOJieHHOH 3HeprHH, He 

3aBHC.IIUJ.HX OT o6mero 3JieKTpOnHTaHHJI (HanpH­

Mep, np~). 

B Kal..!eCTBe AODOJIIDITeJibHb[X CHCTeM .IIAep­

HOH 6e3onacHOCTH npeAJIO)KeHbl pa3JIH'fHbie KOH­

CTPYJ<l.Offl KaK aKTHBHI,Ie ( CTep)KHH H OJiaCTHHbl 

.IIAepHOH 6e3onacHOCTH), TaK H naCCHBHble (no­

CTO.IIHHO pacnoJIO)KeHHbJe B aKTHBHOH 30He norno­

THTeJIH HeHTpOHOB). HcnOJib30BaHHe pe30H3HC­

Hb!X OOrJIOTHTeJieH B 3JleMeHTax KOHCTpYKQH:H All.II 

tfaCTH''IHOH KOMneHCaUH:H BOAOPOAHOro 3qiq>eKTa 

peaKTH:BHOCTH H HaJIH'fl-le OTpHQaTeJibHOro TeMne­

parypHoro 3q>qieKTa peaKTHBHOCTH He60JibUJOH 

BeJIH'fHHbl (nop.llAKa 1 %) YJIYl..!lllaJOT caM03alllH­

UleHHOCTb ycTaHOBKH. )zy6JIHpyi<>TC.II BIDKHble AJlJI 
6e3onaCHOCTH CHCTeMbl AHarHOCTHKH, arperaTbl 

0OA3'fH pa6oqero TeJia H CHCTeMbl B KOHrype 

3Hepronpeo6pa30BaHH:SI. 

IlpH 3KCOJIYaTau;HH JI3W Ha npOT.ll)KeHHH 

scero )KH3HeHHoro IJ;HKJia B03MO)KHbl aBapHHHbie 

c11ryauHH, npHBOAJJmHe K B03HHKHOBeHHIO .IIAep­

HOH, paAHaQHOHHOH H TOKCH'fHOH onacHOCTH. 

AsapHHH!Ul curyaQHJI c paAHau;HOHHhIMH nocneA­

CTBl-1.IIMI-I MO)KeT B03HHKHYTh B pe3yJibTaTe yAapa 

cneQKOHTeHHepa C ycTaHOBKOH npH TaKeJIIDKHbJX 

pa6oTax, B pe3yJlbTaTe CTHXHHHbJX 6eACTBHH, KaK 

CJieACTBHe asapHH npH TpaHcnopTH:pOBKe. O6me­

npHH.11TbIM cnoco6oM AOCTaBKH ycTaHOBKl-1 OT 

MeCTa npoBeAeHHJI qiH3nyCKa AO KOCMOAPOMa 

cny)KHT )KeJie3HOAopo)KHhlH TpattcnopT. Ilepeso3-

Ka JI3W AOJI)KHa ocymecTBJI.IIThC.11 B repMeTH'f­

HOM KOHTeHHepe, HaAe)KHOCTb KOTOporo AOCTa­

TO'fHO BeJIHKa, TaK 'fTO cyMMapHa.11 sepO.IITHOCTb 

asapHH C 0O)KapoM 1-1 HapyrneHHeM ueJIOCTHOCTl-1 

KOHTeHHepa MeHee 2-10·7 [4). HaH6oJiee onacHa.11 

paAH3QHOHH!Ul CHryaQHJI, KOTOpa.11 MO)KeT conpo-



BO)K)],aTb aaapHH no.n.o6Horo po.n.a, ca.113aHa c Ha­

pyrneHHeM repMeTH'-IHOCTH cnel.(KOHTeHHepa, qac­

TH'-IHbIM pa3pymeHHeM OTPa)f(aTeJl.11 H aKTHBHOH 

30Hbl. 3arp.113HeHHe noaepXHOCTH ypaHOM B TaKHX 

CJlY'-laJIX HOCHT JlOKMbHblH xapaKTep. O6beM H 

nocne.n.oaaTeJlbHOCTb MeponpH.11THH no J1HKBH.11.a­

UHH nocne.n.cTBHH aaapHH onpe.n.en.1110TC.11 no KOH­

KpeTHOMY xapaKTepy aaapHH C Y'-leTOM cymecT­

BYIOI..Uero orrbITa nepeao3KH .11.n.epHoonacm,1x Ma­

TepHanoa. 

PeanbHbIM cpaKTOpOM C03.UaHHJI pa.n.Hal.(HOH­

HO- H TOKCH'-IHOonaCHOH CHryal.(HH .IIBn.lleTC.11 no­

)Kap Ha CTapTOBOM KOMnJleKce C nona.uaHHCM ro­

p.11mero paKeTHoro TonnHaa Ha peaKTOp. OueHKH 

nOKa3bIBaJOT, '-ITO cyMMapttoe TennOBbI.UeJleHHe BO 

apeM.11 rro)Kapa He npHae.n.e-r K onnaanemno H, TeM 

6onee, K HCnapeHHIO npHMeH.lleMoro BbICOKOTeM­

neparypHoro .11.n.epHoro TonnHsa. TeMneparypa 

nnasneHHB 6epHJ1J1IDI T nn ::::: I 300 K. O.n.ttaKo 6e­

PHJ1J1HH o6na.uaeT 6onbWHM 3Ha'-leHHeM K03q>Q>H­

UHeHTOB TennoeMKOCTH H y.n.enbHOH TeITJlOTbl 

nnasnem1.11. Tio3TOMY o6mero KOJllf'-lecTBa Tenno­

aow 3Heprm1, nepe.n.aHHOH oT rop.11mero TOnnHaa K 

OTPa)f(aTenIO 3a apeM.11, Kor.n.a TeMneparypa yna.n.eT 

Hlf)Ke TeMneparypbI nnaaneHH.11 6epHJ1J1H.11, MO)KeT 

xaaTHTb nHWb Ha onnaaneHHe Hapy)KHOH noaepx­

Hocn1. OTp3)KaTen.11. no oueHKaM, npe.n.enbHO .n.o­

nycTHMa.11 KOHL(eHTpauHB 6epHJIJ1HJ1 a aTMOCq>epe 

( 10-6 r/M
3
) MO)KeT OKa33TbC.II npeBbJWeHHOH B npH-

3eMHOM cnoe 803.Uyxa Ha ITJlOU(a.11.H C pa.ueycoM B 

HeCKOJTbKO .n.ec.llTKOB MeTpOB OT MeCTa asapHH. 

B pe3ynbTaTe aaapJ,!J,f Ha 3Tane Bbiae.n.eHIDI c 

na.ueHHeM 513,[(Y Ha 3eMmo 6e3 pa3pyweHH.II aK­

THBHOH 30Hbl pa.n.Hal.(HOHHbie HCTO'-IHHKH onpe.n.e­

Jl.lllOTC.11 CITOHTaHHblM pacna.n.oM H30TOITOB ypaHa H 

3KTHBHOCTblO OCKOJlKOB .n.eneHHB, Hapa6oTaHHblX 

33 BpeM.11 Q>H3nycKa (2 ... 50) BT'"laC. B 3TOM cny-

1.fae peKOMett.n.yeMblH Me)K)],yHapo.n.HbIMH H Hal.(HO­

HMbHbIMH Tpe6oaaHH.IIMH npe)leJl HH)lH.BHJlYMb­

HOH )l03bI a 5 mSv 6y)leT npeBbIWeH TOJTbKO np11 

HenpepbIBHOM HaxO)K)],eHHH JUll.( 113 HaceneHH.11 

B6J1H3H noaepXHOCTH peaKTopa B Te"leHHe acero 

BpeMeHH ITOHCKa annaparn - IO CYTOK. 

Tip11 6onbWOH 3HeproHapa6oTKe peaKTopa 

( 4 ,0 MBT·mrr) Heo6XO)lHMa )lJlHTeJlbHa.11 BbI.Uep)K­

Ka ero Ha pa.uHaUHOHH06e3onacHo» op611Te 

(-500 neT). Tiocne 3Toro peaKTop MO)KeT 6bITb 

B03BpameH Ha 3eMJ1IO B uenoM BH)le H npH 3TOM 

MOLUHOCTb raMMa-1,13nyYeHH.II Ha paccTO.IIHHH 50 

CM OT ero noaepXHOCTH He 6y.n.e-r npeBbllllaTb 

3Ha"leHH.11 3KBHBaneHTHOH HH)lH.BHJlYMbHOH M0LU­

HOCTH )l03bl )lJl.11 nepCOHana (2,8 Mpa.n./•mc). 

B CJTYYae He06XO.UHMOCTH )lHCneprHpOBaHHH 

.ll)lepHoro TOTIJlHBa .51:3,[(Y B03HHKalOT onpe)leJleH­

Hbie Tpe6osamrn s nnaHe o6ecnel.feHH.II pa.u11au11-

0HHOH 6e3onaCHOCTH. KaK na6opaTopm,1e 3KCne-

pHMeHTa.Jll,Hbie Hccne.n.osaHH.11 no a3p0)lHHaMH'-le­

CKOMY pa3pyweHHIO cf>parMeHTOB .ll)lepHOH ycrn­

HOBKH, TaK H peanbHble C06bITl{.II, HanpHMep, C 

5I3Y Ha CflYTHHKe " KocMoc-954", noKa3anH, '-!TO 

cneKTp o6pa3YIOI..UlfXC.II l.faCTHL( OITHCbIBaeTC.11 HOp­

MMbHblM norapHq>MH'-leCKHM 3aKOHOM pacnpe)le­

JTeHH.11. TipH 3TOM .ll)lepHoe TOITJlHBO ycTaHOBKH 

CITYTHHKa " KocMoc-954", )lHCneprHpoBaHHoe Ha 

qaCTJ,ll_\b( 0, 1 ... 1 MM, o6pa30Bano pa.n.H03KTl18Hb!H 

CJle)l nnoma)lb!O - 100 KM
2

. ,[{ocTaTO'!HO 60JlbUIJ,ie 

pa3MepbI o6pa3y10meroc.11 pa.n.HoaKTHBHoro cne)la 

IT03BOJ1.ll10T C YJlOBJTeTBOpHTeJlbHOH CTeneHblO 

TO'-IHOCTH npHMeH.IITb xopowo pa3pa6oTaHHbie 

MeTO)lbl TeOpHH sepO.IITHOCTH I{ CTaTHCTHKH )lJl.11 

oueHOK Pa.ll.H8L(HOHHOro nocne)lCTBl{.11 JIOKaJlbHOro 

BblTTa)lCHHll Pa.11.HOttyKJIHJJ.OB. B l.faCTHOCTH, MO)KHO 

peumTh 3a.lJ.3l.fY no onpe)lenemno cpe)lHero pa3-

Mepa YaCTHU npH )lHCneprHpOBaHHH TOITJIHBHOH 

30Hhl ycTaHOBKH, HCXOJJ..11 H3 HOpM8THBHhlX KpHTe­

pHeB 6e3onaCHOCTH )lJl.11 HaceneHl{.11, Hapa6oTaHHO­

ro pecypca H apeMeHH BhIJlep)KKH nocne npeKpa­

mettl{.11 pa60Tbl. OueHKH )lJl.11 3HeproBbipa6oTKH 

4 0 MBT·neT H apeMeHH Bbt)lep)KKJ.1 peaKTopa 

100 JleT )la!OT 3Hal.feHl{.II pa3Mepos l.faCTHUbl no­

p.11.n.Ka] MM. 

PaccMaTPHBanacb TaK)Ke rnnoTeTHl.fecKa.11 

l!Jleptta.11 asapH.11 Ha 3Tanax )lo BbIBO)la peaKTopa Ha 

HOMHHMbHbIH pe)KHM T .e. co CBe)K}IM TOITJlHBOM. 

B COOTBeTCTBHH C onpe)leJleHHeM, npHH.IITbIM B 

MllC, rHnoTeTl{l.feCKa.11 aaap11.11 OTHOCHTC.11 K 3a­

npoeKTHbrM aaapl{.IIM H xapaKTepH3yeTc.11 HaH6o­

nee HH3KOH aepoHTHOCTblO B03HHKHOBeHIDI H H8H-

60JlbWHM H3 803MO)l(HbIX npH 3anpoeKTHblX asa­

pHHX ymep6oM. TipH npoeKTHpoaaHHH, C03)l3HHH 

H 3KcnnyaTal.(HH o6'heKTOB BblCOKOH ITOTeHL(HMb­

HOH onaCHOCTH )lJl.11 rHITOTeTH'-leCKOH aaapHH oc­

TaJOTC.11 HeycTaHOBJTeHHbIMH ),f HeHa3Hal.feHHblMH B 

ITOJlHOM 06beMe HCTO'-IHHKH, npH<IHHbl, ycJIOBllil H 

CL(eHapHH ee B03HHKHOBCHl{SI H pa3BHTH.11; OHH 

npe)lCTaBJT.IIIOTCll KaK HaH6onee He6naronpH.11THbie 

no CBOHM nocne)lCTBl{.IIM. BbJTIOJlHeHO '-IHCJlCHHOe 

MO)len11poaaH11e aaap1111Horo npouecca, 06ycnoa­

nettttoro HeKOHTPOJlHpyeMblM BBeJ).eHHeM peaK­

THBHOCTH npH OTCYTCTBHlf cpa6aTbIBaHID! KaKHX­

J11160 CHCTeM 38lllHTbI, npen.llTCTBYIOLUHX pa3BH­

THlO u.enHoH peaKUHH. 

Pacl.feTbl npOBO)lHJIHCb )ln.11 pa3JIH"IHbIX 3aBH­

CHMOCTCH BBe.n.eH11.11 TIOJlO)KHTCJlbHOH peaKTHBHO­

CTH H 3aKOHOB ee KOMneHCal.(HH 38 C'-leT H3MeHe­

HH.II KOHq>Hrypaumt 11 KOMn03Hl.{IDI peaKTOpa npH 

aaapHHHOM npouecce. J,fa attanH3a pe3yJihTaTOB 

pacl.feTOB cneeyeT, '-!TO npoHCXOJJ.HT npHMepHO 

2 · 10
19 

... 10
20 

)leneHHH. fly"leaoe BOJ.UeHCTBHe cy­

mecTBCHHO 33BHCHT OT cu,eHapHeB pa3BHTl{.II aea­

pHH, xapaKTepa pacnpocTpatteHHll Pa.11.HOaKTHBHO­

ro o6naKa, paccTO.IIHH.11 OT aaapH»Horo o6beKTa 11 
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speMem1 06nyt.Jemu1. Ila HeKoTopbIM ou,eHKaM, 

npH TaKOH asapHH C T0'-IKH 3peHHH paAHaU,HOHHOH 

o6cTaHOBKH OT B03AeHCTBHj! H3Jlyt.JeHHH asapHH­

H0r0 o6beKTa 1-1 paAHaU,H0HH0ro o6naKa npH Bbl-

6poce PaAH0aKTHBHblX np0AYKT0B AeJJeHlrn s npH-

3eNtHbIH cnoii B03AJXa Heo6xoAHMO yAaneHHe mo­

AeH Ha paCCT0HHHe HeCK0JlbK0 KHJI0MeTp0B OT 

Mecrn asapHH (5]. 
OcHOBHbLM cnoco6oM o6ecnet.JeHHH 6e3onac­

H0CTH 513,[(Y npH pa6oTe Ha cpasmneJibH0 HH3-

KHX pa60t.JHX op61-1Tax HBJl~eTCH YB0A HX nocne 

3aseprnemrn KaMnaHHH HJIH s cnyt.Jae asapHH Ha 

op6HTbl A0CTaT0'-IH0 .D.JJHTeJibH0ro cymecTB0BaHHH 

( op6HTbl paAHaU,HOHHOH 6e3onacttocrn) [I]. Bbl-

6op HX onpeAeJJHeTCH ABYM~ cpaKTopaMH: K0JlHt.Je­

CTB0M ttaK0nJJeHHbIX s 513,[(Y PaAH0aKTHBHblX 

npoAYKT0B H speMeHeM HX pacnaAa AO 6e3onac­

ttoro ypos~ H B03M0)KH0CTHMH XHMHt.JeCKOH ABH­

raTeJibHOH ycTaH0BKH YB0Aa, K0T0pble BbITeKruoT 

H3 06m11x TPe6osaHHH K KA (Macca c11cTeMbI yso­

,na M0)f(eT C0CTaBHTb 2/3 MaCCbl 513,[(Y). ,[(JIH CHC­

TeMbl yso,na M0)KH0 HCIT0Jlb30BaTb 3JieKTpopeaK­

THBHbie ABHraTem1, 3aITHTbIBaeMble 3HepnteH, Bbl­

pa6aTblBaeMOH 513,[(Y. 3TO IT0BblCHT HaAe)KH0CTb 

CHCTeMbl YB0Aa H IT03B0JIHT ysecTH 513,[(Y Ha 60-

nee BbIC0KYIO op611ry. 

B Kat.JecTse ,nononmffeJJbH0ro cpe,ncTsa 

o6ecnet.JeHHj! pa,nHaUHOHHOH 6e3onacHOCTH 

(ZJ:CPE) M0)f(eT 6bITb npHMeHeHo AHCneprnposa­

HHe aKTHBHOH 30HbI. KaK npasHJio, ,n11cneprnpo­

saHHe npeAnonaraeTcH nposo,nHTb B ,nsa 3Tana -

cttat.Jana cpparMeHTaU.H~ K0HCTPYKUHH aKTHBHOH 

30Hbl, a 3aTeM .D.HCneprnposaHHe a3p0.D.HHaMHt.Je­

CKHM cnoco6oM npH BX0)f(AeHHH cpparMeHTOB s 

aTMoccpepy 3eMJrn. 

O,nHa H.3 TaKHX CHCTeM npeAYCMaTpHBaeT 

npe,nsapHTeJibH0e (.no a3pO.D.HHaMHt.JeCKOro) pa3-

pyrneHHe peaKTopa KYMYJIHTHBHbIM B3pb1BOM 3a­
p~,na XHMHt.JeCKHX B3pbIBt.JaTblX semecTB. Hccne­

.D.0BaHHH, npose,neHHbIe Ha MaKeTax peaKTopa 

51P.ll:, IT0Ka3aJJH, '-!TO npH OTH0llJeHHH I :5 seca 3a­

PH.D.0B, ycTaH0BJieHHbIX 3a 6JIOKOM PaAHaU,HOHHOH 

3al.I.{RTbl, K secy pa3pyrnaeMOH aKHIBHOH 30Hbl .no 

95 % MaCCbl o6pa3yIOlll.HXCH t.JaCTHU. HMeIOT pa3-

Mepbl MeHee I 00 MKM [ 1]. 
BMeCTO B3pb1B'-18TblX Bell(eCTB .D.Jlj! no,npblBa 

aKTHBHOH 30Hbl M0)KH0 HCIT0Jlb3088Tb 3HeprHIO, 

Bbl,D.em1Bll1YJOCH npH cnp0B0U,HpoBaHH0M pa3rotte 

peaKTopa. ~ BBe,neHHj! 3H8'-IHTeJibHOH peaKTHB­

H0CTH 3a KOp0TK0e ape~ Tpe6yJOTCH cneu,HaJJb­

Hbie YCTPOHCTBa. OHH .lJ.0Jl)KHbI a6conJOTHO rapatt­
THposaTb HeB03M0)f(H0CTb Jl0)KH0f0 cpa6aTb!Ba­

HH~, no KpaHHeH Mepe, .no Bb!B0,D.a ycTaH0BKH Ha 

pa6oqy10 op611ry. He HaH,D.etto noKa YA0Bnerno­

pHTeJJbttoro peweHHj! .D.Jl~ npHMeHeHHH XHMHt.Je­

CKOro paCTBopeHHj! :rneMeHT0B aKTHBHOH 30Hbl. 
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B H8CT0Hllf.ee BpeMH cnoco6bl, rapaHTHpy­

JOlll.He Heo6xo,nHMoe ,nHcneprnposaHHe (.no t.Jac­

THU. MHKp0HH0ro pa3Mepa) aKTHBHOH 30Hbl (oco-

6eHHO B cnyt.Jae BblC0K0TeMneparypttblX K0MIT03H­

U,HH), He,D.0CTaTO'-IH0 3KCnepHMeHTaJJbH0 o60CH0-

88Hbl. 

IlpH 803HHKH0BeHHH C00TBeTCTBYJOLUHX CH­

ryau,HH BKJIJOt.Jem1e c1-1cTeMbl ysoAa H .ll:CPE M0-

)f(eT BblIT0Jl~TbCH TpeMH cnoco6aMH: 

I) 8BT0M8THt.JeCKH nporpaMMOH ynpaBJieHHj!, 

3aJJO)f(eHHOM B CAY ycTaHOBKH; 

2) c 3eMJJH, MHttyH nporpaMMY ynpasneHHH; 

3) no CHrHaJJaM AaT'-IHK0B, pa3MemeHHhlX Ha 

KA H pearnpy10m1-1x Ha HapyweHHH nonern (H3-

MeHeHHe OpHeHTaU,HH KOpa6~, TP8eKTOp1m, BXO­

)f(AeHHe B aTMOCcpepy H Harpes nosepXH0CTH K0-

pa6JIH H T.,n.). 

AnbTepHaTHBHbie cxeMbl .ll:CPE noKa ttaxo­

AHTCH B CTaAHH npeABapHTeJibHblX npeAn0-

JlO)f(eHHH. Ha 3aceAaHHHX pa6ot.JeM rpynnhI OOH 

npe.D.JJaranocb AHCneprnposattHe 3aMeHHTb B03-

spameHHeM ycTaH0B0K Ha 3eMJJJO s coxpaHeHH0M 

BHAe, IlpeAITOJiaraeTCH, '-!TO B 3T0M cnyt.Jae B03-

spameHHe B ITJlOTHble CJl0H aTMOCcpepbl H nocne­

.D.YJOLUHH y,nap o 3eMJJJO He npHBeAYT K 3Hat.JH­

TeJibHbIM nospe)f(AeHHHM cneUHaJJbHO pa3pa6o­

TaHHOH KOHCTPYKU.HH ycrnH0BKH, T.e. cBeAYT K 

MHHHMYMY paAH8U.HOHHYJO onacHOCTb. TTocKOJlb­

KY C'-IHTaeTCH, '-!TO npH y.nape 0 3eMJIJO peaKT0p 

yrny61-1TCH B Hee, TO He ITOTPe6yeTCH 60JlblllHX 

3BaK030H. 

,n:pyroii sapHaHT aJJbTepHaTHBbl ,n:CPE - 11c­

noJ1b30BaHHe paKeTHblX CHCTeM .D.Jlj! nepexsaTa H 

H30J1HU.HH 513,[(Y TepmmHX 6e.ncTBHe. KoHu,en­

U.HH 3TOro sapHaHTa pa3pa6aTbl88eTCH B aMepH­

KaHCK0M npoeKTe SIREN [6]. Cornactto 3TOMY 

npoeKry AOJl)KHbl 6b1Tb o6ecnet.JeHhI IT0HCK asa­

pHMHOH 513,[(Y, 3axBaT H TPaHcnoprnposKa B 

K0CMOC c u,enhJO npe.nornpameH~ ee B03BpaTa B 

6Hoccpepy. C1-1cTeMa .D.OJl)KHa o6Hapy)KHBaTb H 

KOHTP011HpOBaTb pa60TalOlll.He 1-1 OTpa60TaBllJHe 

K0CMHt.JeCKHe H.D.epttble 3HeproHCT0'-IHHKH. ,n:o3H­

MeTpHt.JeCKHH K0HTp0Jlb Ba)f(eH ~ 6blCTporo Bbl­

j!BJleHHH HenOJJaA0K B pa6oTalOLUHX 513,[(Y, '-IT06bl 

HMeTb MaKCHMaJJbH0e ape~ .D.Jlj! npH~Tl-1~ Heo6-

XOAHMblX Mep. Cne)f(eHHe AOJl)KH0 o6ecnet.JHB8Tb 

Ha6JIJOAeHHe 38 peaKTopaMH Ha nOHIDK8JOllf.HXCH 

HJIH BHe3anH0 MeHHJOLUHXCH op6HTax. O6Hapy)f(e­

HHe 513,n:Y H CJle)f(eHHe M0fYT ocymecTBJIHTbCH 

pa3MeI.QeHHblMH s KOCM0Ce H Ha 3eMJie AeTeKTO­

paMH HHcppaKpacHoro ( omHt.JecKoro ), paAapHoro 

H HAepHoro H3J1yt.JeHHH. Pa.napbI npHMeHHJOTCH 

.D.Jlj! o6Hapy)f(eHHH H CJle)f(eHHH 38 o6beKTaMH, Ha­

X0AHLUHMHCH Ha HH3KHX H reoCHHXpOHHblX op6H­

Tax 3eMJ1H a OITTHt.JeCKHe Ha3eMHble ycTaH0BKH -

.D.Jl j! KOHTpOJlH o6beKTOB Ha BblC0KHX op6HTaX 



3eMJ1H. Bo3MO)l(Hbl cnoco6bl o6Hapy')KeHHJI Jl3,[(Y 
B K0CM0Ce no j!JJ.epH0MY H3Jly'-leHHIO peaKTopa . 

.urrj! 3a.XBaTa .11.0Jl)l(Ha HCn0J1b30BaTbCj! paKeTa­

"po6oT", cnoco6HM pa6oTaTb s npHCYTCTBHH Bbl­

C0K0TeMneparypHoro Tennosoro HCT0'-IHHKa pa­

.11.11au1-rn. TaKM paKeTa M0)l(eT caMa TpattcnopTH­

posaTb o6oeKT JJ.JUJ JaxopottettHj! 11111-1 nepe.11,aTb 

ero "paKeTe op6HTaJlbHoro nepeHoca" MH0ropaJo­

soro .11,eHCTBHj!. 

CHcTeMY SIREN npe.11.no11araeTcj! TalOKe 

npHMelUITb .11.Jlj! cnaceHHj! K0CM0HaBT0B, c6opa 1-1 

y .11.anemui: KM c -rpaeKTOpHH, Ha116011ee Hcno11b-

3yeMbtX KA, 11 JJ.Jlj! .11.pyrHX ueneii. HMeIOTCj! TalOKe 

0TeLteCTBeHHhle npopa60TKH 3TOH npo611eMbl [I, 
7]. 

_J{OJl)l(Hbl Y'-IHTblBaTbCj! nocne.11.cTBIDI CT0JlK­

H0BeHH'j! KA C TeXHoreHHblM KM, K0T0pble M0rYT 

np11secTH K npe)l(JJ.espeMeHHOMY sxo.11.y peaKTopa 

HJlH ero cpparMeHTOB B 0Jl0THble CJl0H aTMOCcpepbl 

.11.0 M0MeHTa n0JlH0ro pacna.11,a HaKonneHHOH aK­

THBH0CTH. KaK n0Ka3aH0 s [8], sep0j!TH0CTb BX0JJ,a 

B aTMOCcpepy pa.11,H0aKTHBH0ro j!JJ.epHoro T0ITJlHBa 

cyw.ecTByeT T0JlbK0 npH HaJl0)l(eHHH asapHH CJle­

AYIOUJ.HX THn0B: 

• 0TCYTCTBHe BKJl!O'-leHH'j! .11.BHraTeJUI (J13,[(Y 
HJlH 3JleKTpopaKeTH0ro .11.BHraTeJlj!) C npHHj!­

TOH Bep0j!TH0CTb!O 10·2; 
• 0TCYTCTBHe BblKJl!O'-leHHj! peaKTopa, OCTa!OW.e­

rocj! pa6oTaTb s .11,e)hy'pH0M pe)KHMe, c npHIDI­

TOH sep0j!TH0CTb!O I 0·2; 
• CT0JlKH0BeHHe C KpynHblMH LtaCTHUaMH KM C 

Bep0j!TH0CTb!O 2-10·6 
B ro.11.. 

TaKHM o6pa30M, Bep0j!TH0CTb o6pa30BaHHj! pa­

)lH0aKTHBHblX LtaCTHU B pe3yJ1bT8Te CT0JlKH0BeHH'j! 

Jl3,[(Y c KpynHbIM <pparMeHTOM KM COCTaBJlj!eT 

npHMepHO 2· I o ·IO B ro.11,. 

llpH pean113auHH nporpaMMbl C03JJ,aHID! 5IP Jl: 
B HarneH CTpaHe npe.11.npHHj!Tbl 3Ha'-IHTeJ1bHble 

ycHJ11-fj! B nnaHe o6ecneqeHHj! j!JJ.epHOH H pa.11,Ha­

UHOHHOH 6e3onacHOCTH. 6oraTblH 3KCnepHMeH­

TaJlbHblH M8Tep11an nonyLteH npH HCilbITaHH'j!X 

3JleMeHTOB H Y3J10B Ha HCCJle.11,0BaTeJlbCKHX peaK­

T0pax HTP, 11Bf. l H npornrnna RP.ll: peaKTopa 

l1Pfl1T [I]. 
OcHOBHble npo611eMbl Ha3eMHhlX o-rpa6oTO'-I­

HblX HCilbtTattHH C0CTQj!T B BblCOKOH CT0HM0CTH 

Ka)l(.11,0ro 3K3eMnnj!pa, n0CTaBJleHHoro Ha HCTTblTa­

HHj!, H .11.JlHTeJlbH0CTH UHKJla ero H3roT0BJ1eHHj!; 

TPY.11.H0CTH (111111 HeB03MO)KHOCTH) onepan1BHOH 

3aMeHbl H .11.ecpeKT8UHll 3JleMeHT0B K0HCT))YKUHH 

H3-3a BblC0K0H OCT8TO'-IHOH pa.11.11oaKTHBH0CTH npH 

nnaH0B0M HCX0,ne HC0blTaHHj!; 4YBCTBHTeJ1bH0CTH 

BCeH nporpaMMbl 0Tpa60TKH K asapHHHblM HCX0-

JJ.8M HCOblTaHHH. 8bt6op cxeMbl reTeporeHH0ro 

peaKTopa npH M0JJ.YITbH0CTH K0HCTPYKUHH ycTa-

H0BKH n03B0Jlj!eT np0H3B0.11,HTb n03JleMeHTH)'10 

0Tpa60TKY peaKTopttbIX Y3J10B H HepeaKTOpHblX 

arperaT0B JI3,[(Y Ha 3aJJ,aHtty!O Ha.11,e)l(H0CTb C or­

paHH'-leHHblM '-IHCJl0M K0MITJleKCHblX HCilhIT8HHH 

peaKTopa Ha 3aKJ110lfHTeJ1bH0M 3Tane. 

Cyw.ecrneHHoe 3Hal.feHHe .11.Jlj! o6ecneLteHHj! 

TennoTeXHH'ieCKOH Ha.11,e)KH0CTH peaKTopa HMeeT 

BblpaBHHBaHHe noneH 3Hepr0BblJJ,eJ1eHID1, '-IT0 JJ.OC­

THraeTCj! KaK om11M11Jau11ei1 pacnpe.11.eneHHj! Ma­

Tep11ana 38Me.11.J1HTem1 B o6'beMe aKTHBH0H 30Hbl, 

T0JlW.HHaMH TopueBbIX H 6oKOBbIX OTpa)l(aTeJleH H 

npocpH11HpoBaHHeM K0HUeH-rpaUHH .11.eJU1w.erocj! 

MaTep11ana a TB311ax, HarpeBHhIX ceKu(,jj!X H TBC, 

TaK H rn.11.pas11w-1ecKHM npo<pHJ1Hposam1eM -rpaK­

T0 B 0XJl a)l(.11, e H HJ! . 

O.11.HHM 113 onpe.11,eJ1j!fOUJ.HX Y3J10B peaKTopa 

cny)l(HT TBC, npowe,nwM noJ1HbIH UHKJJ peaK­

TopHbIX HCilbtTaHHH, B pe3y111,TaTe K0T0pblX 3a­

.11.aHHaj! HaJJ,e)KH0CTb no,nTBep)l(JJ.etta .11.Jlj! pecypca 

0.11.HH LJac Ha pe)KHMe 5IP.ll: (TeMneparypa so.11.opo­

.11.a ~ 3 000 K). B nep11on c 1975 no 1998 rr. B pe­

aKTopax 11Bf. l, l1Pf11T H PA npose.11,eHa oTpa-

6oTKa TB3J10B, TBC H aKTHBHbIX JOH npoTOTHTI0B 

peaKT0p0B 5IPJ:J: 11 JI3,[(Y KaK Ha JJ.BHraTeJlbH0M 

pe)KHMe, T8K H Ha 3HepreTH'-leCKHX pe)l(HMax Ma­

JlOH H 60J1blllOH M0UJ.H0CTH [9]. 
Ilo pe3yJ1bTaTaM o-rpa6oTK.H Bbtn0JlHeHbl no­

cnepeaKT0pHble MaTep11anose.11,'leCKHe 11ccne.11.osa­

HHj1 no OTpa6oTKe CTep)l(HeBbIX KepaMH'-leCKHX 

TB3J10B npHMeHHTeJlbH0 K ycn0BIDIM HX 3Kcnnya­

TaUHl,f Ha 3HepreTH'•leCKHX pe)l(HMax MaJlOH H 

60JlblllOH M0W.H0CTH peaKTopa .11.syx- HJlH -rpexpe­

)l(HMHOH J13,[(Y ( C H3MeHeHHeM ypoBHj! M0LQH0-

CTH Ha HeCK0JlbK0 nopjl.l(KOB). IlOKa38HO, LfT0 .11,a)l(e 

npH HapyweHHH uenocTH0CTH TB3J10B xapaKTep HX 

n0Jl0M0K He npe.11,CTaBJlj!e'fCj! onaCHblM .11.JlJI cpyttK­

UH0HHp0B8HH'j! TBC. TB3J1b1 pa3pywaJOTCj! T0JibK0 

Ha Kpyntt1,Ie cpparMeHTbI, a noc11e.11.H11e He cMelQa­

lOTCj! 0TH0CHTeJibH0 npyr .11.pyra BttyTpH HarpeB­

HblX ceKUHH H, c11e.11.osaTeJ11,H0, He H3MeMIOT cy­

w.ecTBeHHblM o6pa30M r11.11.pas11114ecKHe xapaKTe­

pHCTHKH -rpaKTa 0XJla)l(.11,eHHJI 3THX ceKUHH. 

IlOJTY'-ieHHble pe3yJ1bTaTbl Il03B0J1HJ1H BblCKa-

3aTb onTHMHCTHLfeCKHH nporH03 0TH0CHTeJlbH0 

no11Horo coxpatteHHj! pa60Tocnoco6HocTH y 

WTaTHblX TB3J10B 5IP Jl: npH n0JlH0pecypcHblX HC­

IlblTaHHj!X Ha pe)l(HMe MaJlOH M0W.H0CTH JJ.J]lITeJlb­

H0CTb!O .11.0 -30 000 '-laC0B (.11.0 -3,5 JleT). 

lfacTb 3a.11,a4 pewanacb npH <pH3H'-leCKOM M0-

.nenHp0BaHHH np0T0THna peaKT0pa Ha KpHTC6op­

Kax. C n0M0W.b!O pacl.feTHblX MeT0.l(HK H 3KCnepH­

MeHTaJlhHblX HCCJle.l(OBaHHH npe.nsapHTeJibH0 

ouetteHbl 0CH0BHbie xapaKTepHCTHKH, BJlIDUOW.He 

Ha j!JJ.eptty!O 6e3onaCHOCTb peaKTopHOH ycTaH0B­

KH, B LfaCTH0CTH, HeHTPOHHO-cpH3H'-leCKHe xapaK­

TepHCTHKH peaKTHBH0CTHbJe 3cpq>eKTbl, 3cpcpeK-
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THBHOCTb pery1mpy10LQHX opraHOB. TalOKe npoBe­

,neHa aBTOHOMHaJI OTpa6oTI<a npHBO.QOB H np1-160-

p0B CY3, 1-1cc11e,noBaHl>t HeKOTOpbte .npyrne BO­

npocbt ynpaBJieHIDI peaKTopoM. B lJaCTHOCTH, 3KC­

nepHMeHTaJihHO HCCJie,noBaHa fa30Bru! CHCTeMa 

perynHpOBaHlUI c nornOTHTeJieM He-3, B TOM lJHC-

11e B 3aMKffYTOM KOHTYPe aBTOManft-leCKOfO ynpaB­

JleHH.SI H C HCTIOJlb30BaHHeM aBTOMaTa nycKa H 

nOMep)l(aHH.SI MOLQHOCTH. 

II pH HCnbITaHH.SIX pea.KTopa ..SIP.[{ npoBe,neH 

6oJihlllOH L{l1KJ1 pa6oT no ouettKe pa,nHaUHOHHOH 

uarpY3KH Ha 611occpepy [ l]. MaKCHMaJihHbie 3Ha-

1.JeHH.SI MOLQHOCTH 3KCn03HL(HOHHOH .Q03hl COCTa­

BHJlH: Ha paCCTO.SIHHH 3 KM - 4 Mp/4ac, 5 KM -

0,03 Mp/4ac, 70 KM (Ha BblCOTe 250 M H3MepeHH.ll 

npoBe,neHbt annaparypoii cneu11anbHO o6opy.no­

BaHHoro caMOJieTa) - 20 MKp/4aC. illHpHHa pa.n110-

aKTHBHOfO 0611aKa Ha paCCTO.SIHHH 70 KM COCTaB­

rnma 2,5 KM, aero npOT.Sl)l(eHHOCTb - OKOJlO IO KM. 

B pammaKTHBHOe 3arp..SI3HeHHe TeppHTOpHH 

TeXHHI.JeCKOH 30Hbl HaH60JibllIHH BKJia,n BHOC.SIT 

Bbma.n,eHH.SI H nocne,ny10LUHH BeTPOBOH nepeHoc 

TaKHX H30TOnOB, KaK HO,n-133, HO,n-134, HO,n-135, 

cTpOHU.HH-92, l..lHpKOHHH-97, a TalOKe aKT1-rnau11.sr 

rpyHTa J,f nblJIH. Ha116onee HHTeHCHBHOe 3arp.sr3-

HeHHe TeppHTOpHH TeXH111-1eCKOH 30Hbl npo11cxo­

.QHT B nepBbIH I.Jae pacxomraornaHH.SI peaKTopa. 

Pa.QHOaKTHBHbIH cne.n Ha paCCTO.SIHHH .no ~ 4 KM OT 

TOI.JKH HCnbITam1H TalOKe o6ycJIOBJieH B OCHOBHOM 

nepHO.QOM paCXOJla)KHBaHH.SI. 3-ro ,naeT OCHOBaHHe 

peKoMeH.QoBaTh B 6y.nyLQeM npoBe,neIDle pacxo­

Jia)l(HBaHH.SI H nocnenyCKOBbIX XOJIO.QHl,IX rn.npo­

.ll,HHaMHI.JeCKHX HCnbITaHliH C npHMeHeHHeM cxe­

Mbl 3aKpbtTOf0 BblXJIOna. 

He.nocTaTOlJHO HCCJie.QOBaHHbIMH npo6JieMa­

MH .SIBJl.SllOTC..SI 06ecne1.JeHJ1e COBpeMeHHbIX TPe6o­

BaHHH no pecypcy Ha .QBHraTeJibHOM H 3HepreTH­

lJeCKOM pe)l(HMax, pa3pa60TKa anropHTMOB H cxeM 

6bJCTporo BbIXO.Qa Ha HOMHHaJI B .QBHraTeJibROM 

pe)l(HMe, C03.QaHHe CHCTeM ynpaBJleHH.SI H .n11arHo­

CTHKH B ueJIOM, peaJIH3al(H.SI 3aKpbITOfO BbIXJlOna 

npH Harypm,rx Ha3eMHhIX HCnhITaHH.SIX. 3aTPY.UH..SI­

eT onpe.neneHHe OTITHMaJibHblX KOHCTPYKTHBHblX 

cxeM ycTaHOBOK OTCYTCTBHe YTBep)l()].eHHblX HOpM 

H npaBHJl 06ecne1.JeHH.SI 6e3onaCHOCTH HCnOJ1b30-

BaHH.SI 513Y H ..Sl3.[{Y B KOCMHI.JeCKOM npOCTPaHCT­

Be H .QJl.ll 3Tana CTeH.QOBbIX HCnhJTaHHH. 

Hap.sr,ny C HCCJie,noBaHID!MH no 6e3onacHOCTH 

3KCilJ1yarnum1 B lllTaTHblX pe)l(HMax pa60Tbl (.nBH­

raTeJlbHblH pe)KHM, pe)l(HM Bb1pa60TKH 3JleKTP0-

3HeprnH) Heo6xo,nHMO npoBe,neHHe .nonoJJH11TeJ1b­

HhIX 3KcnepHMeHTaJibHblX pa6oT, CB.SI3aHHblX C 

Bbl.SIBJleHHeM noc11e,nCTBHH "3anpoeKTHbtX" aBapHH 

l,f npHH..SITHeM COOTBeTCTBYfOLQHX Mep no npe.ny­

npe)l()].eHHIO nocne,nHHX. ,[{JI.sr 3rnro Tpe6yeTc.sr 
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HCCJie,noBaHHe TIOBe.neHH..SI 3JieMeHTOB KOHCTPYK­

L(HH ..Sl3.[{Y B 3KCTPeMaJihHhlX ycJIOBH.SIX C IlpHMe­

HeHHeM cneQHaJibHblX peaKTopoB H HCilbtTaTeJJb­

HblX CTeH.QOB, a TalOKe BbIXO.na pa,nHOttyKJlli.QOB B 

lllTaTHblX H aBapHHHblX CHryaQH.SIX. 

6011bll1YIO po11b B 11ccne,noBaHH..SIX no 6e30-

nacHOCTH MOfYT CblfpaTb KOMnblOTepHbie MO.QeJJH 

11 TpeHa)KepbI, lJTO oco6eHRO aKryaJibHO B ycJIOBH­

.SIX yMeHbllleHH.SI lJHCJieHHOCTH KBaJIHQlHl..lHpOBaH­

HOfO nepcottana, HMelOLQero peaJibHblH OITbJT pa-

60Tbl Ha 061>eKTax paccMaTPHBaeMoro KJiacca. 

,[{JI.sr HCCJie,noBaHH.SI H o60CHOBaHH.SI 6e3onaCHOCTH 

KRY onpe.neneHffY!O noJJb3Y MOfYT npHHeCTH 

KOMnblOTepHbie MO.QeJJH THTia "BHp'fYaJibHbJH 061,­

eKT", BKJIIOI.JalOl.l.(He B ce6.sr '-IHCJJeHHbte H JJOfHI.Je­

CKHe npoue.nypbl, peaJIH3YfOLQHe MaTeMaTHI.JeCKHe 

MO.QeJIH OCHOBHblX <pH3H'-leCKHX npoueccoB, H 6a-

3bl .naHHbTX, co.nep)KaLQHe napaMeTpH4eCKHe 3aBH­

CHMOCTH H KOHCTaHTHOe 06ecne1.JeHHe, B '-laCTHO­

CTH, no Ha,ne)KHOCTH 3JleMeHTOB H MaTepHaJIOB. 

KpoMe Toro, Ba)KHOe 3HalJeHHe HMeeT HaJIJ,f­

lJHe cneu11anH3HpoBaHHOfO HHQlOpMal..lHOHHOfO H 

nporpaMMHoro 06ecne1.JeIDU1 .nn.sr o6octtoBaHH.SI 

6e3onaCHOCTH .513.[{Y KaK C nOMOl.l.(l,IO BepO.SITHO­

CTHOfO aHaJIH3a 6e3onaCHOCTH, TaK H .npyrHX Me­

TO.QOB, a TalOKe .QJl.ll TIOCTPOeHH..SI CL(eHapHeB aBa­

pHHHbTX CHryal..lHH H oueHKH BepO.SITHOCTH aBapHH 

pa.31111'-IHblX BapHaHTOB cxeMHO-TeXHHI.JeCKHX pe­

weHHH. 

)l{e11aTeJI1>Ho npoBe,neHHe pa6oT no BepHQlH­

Kal..lHH, BaJIH,nal.(HH J,f cepTHQlHKaQliH cymecTBylO­

LQero nporpaMMHoro 06ecne1.JelfH.SI H co3,naHHIO 

HOBbIX nporpaMMHO-MeTo,n-r,rqecKHX cpe,nCTB .QJI.SI 

HeHTpOHHO-<pH3H'-leCKHX H TennorH,npaBJIHI.JeCKHX 

paC'-leTOB, a TalOKe .QJl.ll KOMnJJeKCHblX paC'-leTOB 

.1:U,lHaMHKH, 3a.n,a4 ynpaBJJeIDUI H .n11arHOCTHK.H. 

3a1emoqenee 

HaKoTIJJeHm,rii 6011brnoi1 onbIT B npoeKTHpo­

BaHHH H OTPa60TKe YCTaHOBOK .naHHOfO THna .no 

HaCTO.SILQero BpeMeHH He Haxo,nITT CBOero npHMe­

HeHH.SI Ha npaKTHKe H3-3a KaK 3KOHOMH'-leCKHX 

npH4HH, TaK J,f COMHeHHH B 6e3onaCHOCTH KOCMH-

1.JeCKOH .sr.nepHoi-1 3HepreTHK.H. Heo6xo,nHMO OTMe­

TITTb, lJTO B npouecce C03.QaHH.SI .513.[{Y BOilpOCbl 

.sr.nepHOH H pa.n,HaUHOHHOH 6e3onaCHOCTH Bcer.na 

.QOJI)l(Hbl HaxO.QHTbC.SI B u.eHTPe BHHMaHH.SI, HO 

npHHUHnHaJibHO Hepa3pelllHMbIX npo6JieM B TIJJaHe 

06ecne1.JeHH.SI npHeMJieMOH cTeneHH pa.n,11au110H­

Horo pwcKa .nn.sr Hace11eHH.SI npah.1'111.JeCKH HeT. 

KoHmaKmflaJI. unc/JopMal,fUR - KG.MuHCKUU Alib-
6epm Cepzeeeu'I, meJI.: 8( 499)196-94-43; e-mail: 
lri@bk.ru w1u gordeev@basel.dhtp.kiae.ru 
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TEIIJIOrHJ(P ABJIH11ECKIIE HCCJIE~OBAHIDI B OliOCHOBAHIIE 
XAPAKTEPHCTHK H,l(EPHI,IX 3HEPrET1PIECKIIX YCTABOBOK 

Y,IU( 621.039.526.034 
lia:ia JKcnepHMeHTaJlbHblX ~aHHblX no TenJIOrH~paBJ1HKe 

peaKTopoe ua 6LICTpb1X HeHTpouax c HaTpHeBblM OXJlaiK,lleHHeM 

H BOJMO,tCHOCTH eepu(J>nKanHH pactfeTHblX KO~OB 

A.J(. Etf>a1106, A.ll. Copo«u11, A.B. )l(y«o6, JO.A. Ky3u11a, 
H.A. ,lfe11uco6a, I'.A. Copo«u11, MA. <1>edoco6a, 

<I>rYII "rIIl~ P<I>-<1>311 ", 249033, r. O6HHHCK KaJIY)KCKOH o6n., nn. oOH.!1,apettKo, 1 

IlpH11e,neHb1 peJyJ1hTaTb1 npoae.neHHhrx a <ll311 6eH'iMapKoa no TeTIJ1orn.npaam.JKe Mo.nenbHOH TBC, Mo.nenH MH­
weHll ycKop1neJlbRo-yrrpaBJ1JleMOH CHCTeMbl C )l(J,I_nKOMeTclJUTH'leCKHM OXJla)l(.neHHeM, a TaJOKe conocTaBJleHIDI pac'leTOB 
no 6a:30BOMY Ko.ny Ml1<ll .nm1 pac11e-ra aKTHl!HOH JOHbl (a.J.) peaxropoa Ha 6hrCTJ)bIX ueA-rpoHax (EP) c peJynhTaTaMH 
paC'l.eTOB no 3apy6e)l(Hb1M KO.naM H )laHHblMH 3apy6e)l{Hb!X 3KcnepHMeHTaJlbHblX HCCJle.noBaHl!H. flpHBe)leH KpaTKHH 
o6Jop HMeJOmHXCll B HaCTOJllllee apeMJl )laHHblX MHOf04HCJleHHblX 3KCnepHMeHTaJlbHblX HCCJle,noeaHHH rH.IIJ)OJlHHaMHKH 
I{ TeTIJ1006MeHa B a.3. EP C Ha-rpHeBblM OXJla)l()leHHeM, BbinOJlHeHHblX B OCHOBHOM B <1)311 B Te'leHHe Jl)lHTeJTbHOrO ne­
pHO)la HCCJTe.noBaRlll!. fIOKaJaHO, 'ITO MaCCHBbl MMeJOW.HXCll 3KCnepHMeHTIIJlbHblX .naHHbIX JlJlll npHMeHeHJ,UI B Ka'leCTBe 
aepmpHKaUHOHHblX TeCTOB JlJlll KO.nos -rpe6yJOT npoaeneHl.fll CHCTeMaTHJaUHH, "oueHKH" H o6o6meHl.fll. PeJyJlbTIITbl 
npoaeneHHOfO aHanHJa noKaJblBaJOT CTeneHb nOJlHOTbl nOJl)"leHHb!X 3KCnepHMeHTanbHblX ,naHHbIX H TIO3BOJlll!OT naTb 
peKoMettnaUJIB no npoaeneHHIO JKcaepHMeHTOB JlJlll aocnontteHHJI cymecTBYJOllll!X npo6enoa. 

Data base of experimental data on thermohydraulics of fast reactors with sodium coolant and opportunities 
of computer codes verification. A.D. Efanov, A.P. Sorokin, A.V. Zhukov, Yu.A. Kuzina, N.A. Denisova, G.A. So­
rokin, M.A. Fedosova. The results of IPPE thermalhydraulic benchmarks on models of fuel assemblies and ADS target 
with liquid metal cooling as well as the comparisons of calculations by MIF code with foreign codes and experimental 
data are demonstrated. Available results of lPPE experimental investigations of hydrodynamics and heat exchange in 
sodium cooled fast reactors cores are shortly reviewed. It is shown that the ordering, estimation and generalization of 
available experimental data sets are necessary before using these data for codes validation. Results of the analysis dem­
onstrate a range of completeness of the received experimental data and allow to settle the recommendations on carrying 
out the experiments for filling up the lacunas in data sets. 

B nocne.ll,ttee apeM.si ccpopM)'m1poaatt HOBblH 

K0MnJTeKC n0BbIIIleHHblX -rpe6oBaHJfH K BblO0JI­

H.lleMb[M HMP no EP, B TOM qJ,fCJie [1, 2]: 

• 

• 

• 

• 
• 

B03M0)KH0e YJJ)"-IWeHHe 3KCnnyaTaU,H0HHblX 

xapaKTepHCTHK, 00BblllleHHe K03cp<pHU,HeHTa 

HCn0Jlb30BaHIDJ ycTaHoBJJeHHOH M0ll{H0CTH 3-

ro 6noKa Eeno.sipcKoi1 A3C c peaKTopoM EH-

600; 

npo.ll,JleHHe cpoKa 3KcnnyaTaUHH peaKTopa 

EH-600 c 30 .!1,0 40 JTeT; 

YJJ)"-lllleHHe 3K0H0MH'mCKHX xapaKTepHCTHK 

EP, yaeJIH4eHHe cpoKa 3KcnnyaTal{HH .ll,0 60 

JieT; 

noab111Iem,1e 6e3onacHOCTH EP; 

o6oCHOBaHHe 803M0)K}{0CTH npHMeHeHHll B 

npoeKTax 3HepreTH4eCKHX EP ttoaoro noKo­

neHIDJ HHH0BaU,H0HHblX K0HCTJJYKTHBHblX pe­

meHHH H pa3pa6oTKH HHH0BaU,H0HH0ro npo­

eKTa BblC0K0TeMneparypHoro EP .ll,JTH npoH3-

B0.ll,CTBa 80.!1,0p0.!1,a. 

CaMbIM BblC0K0Hanpll)f{eHHblM 3JTeMeHT0M pe­

aKT0pHOH ycTaH0BKH (PY) EP .siBJllleTCH a.3. Heo6-

XO.ll,HM0 o6ecne'-U1Tb Ha.ll,e)KHOe 06ocHOBaH11e xa­

paKTepHCTHK a.3. .ll,Jlll H0MHHaJlbHblX H HeH0MH-

HaJlbHb[X pe)KHM0B pa60Tbl, HX yJl)'4llleHHe, on­

THMH3au,mo, n0BbllileHHe Ha.ll,e)l(H0CTH a.3. BO Bcex 

3KCnnyaTal{H0HHblX pe)KHMax. 

TeMneparypHblH pe)KJ1M 3JieMeHT0B a .3. cny­

)KHT 0.ll,HHM H3 3Ha4HMbIX cpaKTopoB o6ecne4eHHll 

ee pa60Tocnoco6HocTH H Ha.ll,e)KH0CTH. TeMnepa­

rypHoe none a.3. cpopMHpyeTc.si no.ll, B03.ll,ei1cTB11eM 

6on1,woro K0JlH4eCTBa cpaKTopoB, B TOM t.JHCJle 

cpopMOM3MetteHHll TBC TB3JI0B a.3. Ilo.!1, B03.ll,ei1cT­

BHeM TeMneparypHb[X HepaBHOMepHOCTeH, pa.!1,Ha­

U,H0HH0ro pacnyxaHHll H "nOJT3)'1-leCTH" CTaJleH 

.!1,ecpopM11pyroTc.si B TOH HJJH HHOH CTeneHH mo6b1e 

3JieMeHTbr a.3. - 4eXJibl TBC, nyqKH TB3JT0B, HH­

.ll,MBH.!1,YaJibHble TB3Jlbl, .ll,HCTaHU,H0HHPYJOinHe 

3JTeMeHThl, Bb[TeCHHTeJIH H T . .ll, . 

Pac'leTHble HCCJie.ll,OBaHH.11 TeMneparypHoro 

non.si TBC peaKTopa "<l>eHHKc", oTpa6oTaswei1 

KaMnaHHJO, npose.ll,eHHble B <1>311 [3], noKaJaJIH, 

lfT0 cpopMOH3MeHeHHe 3JieMeHToB TBC M0)KeT 

npHBeCTH K 60JThWHM HepaBH0MepH0CTllM TeMne­

parypttoro n0Jlll TeruIOH0CHTem1, 3Ha4HTeJTbHblM 

neperpeBaM o6oJI04KH TB3JT0B B "ropll4HX llilTHax" 

H 60JTbWHM aJHMyraJibHblM HepaBH0MepH0CTllM 

TeMneparypbl TB3JI0B {pHC. 1 ). 



Pwc. I. Pacrrpe,11.eneHwe 0TH0CHTeJJhHhlX 3Ha'-leHHH MaK­

CHMaJJbHOH TeM□epa-rypbI o6oJJO'fKl1 TB3JJ0B (a) H MaK­

CliMaJJbHOH HepaBH0MepH0CTH TeMITeparypbl TB3Jl0B (6) 

B ceqeHHH no ueHTPY a.3. peaKTopa " cJ)eHJ,[l(c" 

~rm npoae.11.emu, pacqeTHoro Mo.11.em1poaaHID1 

Termorn.11.paBJlHKH a.3. pa3pa6oTaHbl 3<p<peKTHBHbie 

pac'-!eTHbie MeTOJ].HKH - MOJ].em, nopHCTOrO Tena, 

noKaHaJibHaJI MeTOJJ.HKa, MOJ].e1111poBaHHe JIOKaJlb­

HbIX xapaKTepHCTHK nonei:i cKopocrn H TeMnepa­

TYPhl TenJIOHOCHTeJUI C ytJeTOM TeITJI006MeHa C 

TB3JiaMH (peweHHe conpIDKeHHOH 3aJ].atJH TeTIJIO­

o6MeHa). Ho npaKTH'¾eCKH OTCYTCTByeT pa6oTa no 

sep11cp11Kau.1111 KOJJ.0B . .[vui ee npose.11.etfllil: npe)K)J.e 

scero Heo6XOJJ.HMbl pa60Tbl no CHCTeMaTH3al.l,HH, 

aHaJil-13Y H oueHKe 3KCnep11MeHTaJ1bHbIX J].aHHbIX 

no TennorH.D.pasIDU<e a.3. npw nocneeyt01UeM 

cpopMwpoBaHWH Ha 3TOH 6a3e Bep11cp11KaUHOHHbIX 

TennorH.11.paBJIW'-leCKWX TeCTOB 11 no.11.roTOBKe 

CTaH.11.apTHblX 3aJ].a'-I. 

1. Pe1yJJbT3Tbl 6ee'IMapKOB 

no TCOJJOrH}lpaBJJHKe, npoee.11.euHblX e (1>311 

I) EeHtJMapK no mennozuopaMuKe MoOellbHOii 
TBC c :JICUOKOMemaJIJlul/ecKUM OXJla:»COeHue.M. 

3KcnepwMeHTaJlbHbie HCCJieJ].0BaHlUI noJieH 

TeMOeparypb1 H cKopocTH B Mo.11.eJibHOH TBC 
npose.11.eHbt Ha MOJJ.eJibHOH TBC c Heo.11.Hopo.D.HOH 

peweTKOH (pHc. 2), o6pa3oBaHHoH H3 .11.sa.nuaTH 

lli!TH HMWTaTopoB TB3JIOB, pacnoJI0)KeHHbIX B 

KBa.11.paTHOH ynaK0BKe C 0TH0CHTeJibHbIMH waraMH 

sld1 = 1,25 H s/d2 = 1 ,46 H npe.11.cTaBJISIIOlUHX co-

6oH J].Be nOJ].30Hbl HMHTaT0p0B TB3JIOB C pa3Hb!MH 

.11.11aMeTpaM11 HMHTaTOpos (d1 = 14 H d2 = 12 MM) H 

pa3JJHtJHblMH TeTTJI0BblMH nOT0KaMH q, H q2, C0OT­

BeTCTBeHH0 [4]. 
HMHTaTOpbl pa3MemeHbl B npSIMoyrOJibHOH 

o6e'¾aHKe, MOHTHpyeMOH s UHJH!HJJ.pH'¾eCK0M K0p­

nyce. ~HCTaHUHOHHpoBaHHe HMHTaTOpOB ocyme­

CTBJlSleTCSI HH)l(HeH 11 sepxHeH ueHTpHpYfOlUHMH 

peweTKaMH H nonepe4HOH .D.HCTaHUHOHHpyiomeH 

peweTKOH, pacn0JIO)l(eHHOH OT Haqana 3HeprOBbl-

.11.eneHIDI Ha paccT0SIHHH 372 MM. ~mrna 3Hepro­

BhIJJ.eJ1eH11J1 B c6opKe C0CTaBJISieT lo= 960 MM. 

l13MepHTeJlbHblH HMHTaT0p TB3JI8 BblO0JIHJl­

eTCSI nosopOTHblM B CaJlbHHKOB0M ynnoTHeHHH. 

Ha era nosepXHOCTH B np0.D.0JibHbIX na3ax 3aJ].e­

JiaHbl 12 MHKp0TepMonap, pacnoJI0)KeHHblX c I.lla­

roM ~c:p = 30° no a3HMyry. HeH3MepHTeJ1bHble 

HMHTaT0pbl TB3JI0B BblOOJIHSIIOTCSI HeIIOJ].BIDKHbl­

MH. HarpeBaTem1 HMHTaT0p0B npeJJ.CTaBJUUOT co-

6oi1 cn11pan11 113 HHXpOMOBOH apoBOJI0KH, 06ecae­

'U[Baf01UHe nocTOSIHHblH no BbICOTe H nepHMeTpy 

HMHTaTopa Term0B0H IT0T0K. 

~HCTaHUHOHHPYfOlUaJI perneTKa (pHC. 2) 
npe.11.cTaBJISieT co6oH KapKac 113 BCTaBJieHHblX OJ].Ha 

s .11.pyryio nnacnrn TOJill(HHOH 1,2 MM (cTeneHb 

3aTeCHeHHJI npOX0JJ.H0ro ce'-!eHHJI no.11. TeTTJIOHOCH­

TeJib Egnd = 20 %). OHH o6pa3YfOT KBaJ].paTHbie 

SltJeHKH, K CTeHKaM KOTOpbIX KpellilTCSI MHHHa­

TIOpHble npy)KHHHble BblCTYTTbl, KOHTaKTHPYfOlUHe 

C rna.QKHMH HMHTaTopaMH TB3JI0B H TaKHM o6pa-

30M .D.HCTaHUHOHHPYfOlUHe 11x. B 30He nepmpe­

pHHHhIX j!qe6M( K KapKacy peweTKH KpeTTHTCSI no 

0.QHOMY .QHCTaHI-lHOHarnpy, pacnoJI0)KeHHOMY no­

cpe.D.HHe BblCOTbl peweTKH. 

Pnc. 2. O61.I{HH BH.11. (a), nonepeqHoe (6) H npo,11.oJlbH0e 

(a) ce'-leHHJI 3KcnepHMeHTa.JlbH0i-t M0,11.eJJbHOH TBC: I -
CaJibHHK0BOe YIUl0THeHHe; 2 - BbIB0,11. TepMonap; 3, 
IO - aepxHHH H HIDKHHH KOJJJleKT0pbi; 4 - TepMonapHM 

peweTKa; 5, 8 - sepxmu, 11 IDf)f(WUI ueHTPHp}'IOUJ.He 

pemeTKli; 6 - K0p□yc Mo,11.en11; 7 - HMHTaTOpbl TB3JJOB; 

9 - HanpaBJJl!IOIIIHi-t CTaKaH; 11 - TOKOIT0,11.B0,11.; 12 -
YTIJJ0THeHJ.-re T0K0IT0,11.B0,11.0B; 13 - KB8,11.p8THaSI o6e'{8HK8 

('-leXOJJ); 14 - noaop0THhlH (H3MepHTeJJbHh!H) HMHTaTOp 

TB3Jra; 15 - ynopHblH 6oJJT; I 6 - CTaKaH; 17 - ,11.HCTaH­

I.UI0Hllp}'IOUJ.aSI peweTKa 

11 



fuMepeHHe reMnepa-rypbl TellilOHOCl1TeJUI Ha 

BblXO,ne 113 rry'-!Ka 11MITTaTopoB TB3J10B npOH3B0-

,UHTCSI BO scex H'-leHI<ax MO,neJTH, ,nJTSI '-lero np11Me­

HKlOTCSI Mm<pOTepMonapbl B 3aJ:qHTHbIX KanHJTJUl­

pax, MOHTHpyeMblX B TepMoperneTKe H BBO,U11MbIX 

B Sl'-lefurn npH ee HaJTO)KeHHH Ha BepXHIOIO Topue­

BYIO perneTKY Mo,neJTbHOH c6opKH. ITpH 3TOM cna11 

MHKpOTepMonap pacnoJTaralOTCSI no l..(eHTpaM OT­

BepCTHH Ha ypOBHe HH)l(HeH KpOMKH peUJeTKH. 

PaC'-leTHbJe TeCThl BhinOJTHeHbl cnel..(HaJT11CTa­

MH 113 PoccHH (,a.A. AcppeMoB, B.TI. CMHpHOB, 

,a.A . .slwHHKOB) [5], .HnOHHH (X. OxrnHMa) [6], 
HcnaHHH (A. ITeHa, r.A. 3cTe6aH) [7], H1-1.nep­

naH,nos (11. Kapnccott, X. Baii,nep) [8], Pecny6n1-1-

KH KopeS! (K. Cax) [9] C HCnOJTT,30BaHHeM CJle­

,nyJOll(HX paC'-leTHblX TellilOrH,npaBJTH'-!eCKl1X KO­

.nos: BRS-TVS.R (PoccHS!), SPIRAL, AQUA 

(.HnoHHS!), FLUENT (l1cnaHHS1), STAR-CD (HH­

,nepJ1att,nb1), MA TRA, CFX (Pecny6JTHKa KopeH). 

ConOCTaBJTeHHe pe3yJTbTaTOB pacl.feTOB C 3KCne­

pHMeHTOM npHBe,neHO Ha pHC. 3 [ 1 OJ. 

t,.t, oc 
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t, °C 

2 

HoMep KaHana 

3 4 5 6 7 

a) 

0, 1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 

6) 

PHc. 3. CpaeHeHHe pacrrpe.neneHHi! cpe,nHHX no pJ1.naM 
HMHTaTopoB TB3JIOB no.norpeBOB TenJtOHOCHTeJIJI Ha 
BblXO.lle RJ MO.QeJlhHOH c6opKH (a) H HJMeHeHHJI TeMne­
pa-rypbl no .Qmrne HJMepHTeJlhHoro HMHTaTOpa TB3Jia 
(6): 0 - 3KCnepttMeHTaJibHble .naHHbie, X - K0.11 
BRS-TVS.R, + - K0.11 SPIRAL (Ko.111,1 SPIRAL H AQUA 
JlaK>T noqrn 0.llHHaKOBbie peJyJtbTaTbI), .A - KO,!). 
FLUENT, * - K0.11 ST AR-CD, ♦ - K0.11 MATRA 

(t, D,.t - COOTBeTCTBeHHO TeMnepa-rypa H no.norpee Ten­
JIOHOCHTeJIJI; z, L - COOTBeTCTBeHHO paCCTOJIHtte OT Ha­
qana H ,!I.JIHHa Yl.f3CTKa 3HeprOBbI.lleJteHHJ1) 
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Pe3yJTbTaTbl 3KCnepHMeHTaJTbHhIX HCCJieJ).OBa­

HHH nOKa3aJTH '-ITO TeMnepa-rypa TenJTOHOCJITeJISI 

Bcer,na s1,1rne s 6011ee 3aTecHeHHblX JJ'-leHKax ( o6-

pa3osattHblX HMHTaTopaMl1 60JJbllJero ,UHaMeTpa) 

He3aBHCHMO OT 113MeHeHHSI 3HeprOBbIJ).eJTeHHJJ B 

nO,n30Hax. TaKHM o6pa30M, cornaCHO 3KCnep11-

MeHTaM nOBbJllJeH11e TeMnepa-rypbl TellilOHOCHreJIJI 

6onee 4YBCTBl1TeJlbHO K reOMeTpH11 c6opKH, 4eM K 

113MeHeH11lO TellilOBbIX ycJJOBl1H. 0,nHaKO paC4eT­

Hbie pe3yJT&TaTbl TaKOH 3cpcpeKT BbISIBl1J111 He BO 

Bcex pe:>KHMax. nJJH)Ke Bcero K 3KCnepHMeHTaJTb­

HbIM pac'-1eTHb1e ,naHHble, nony'-leHHhie no BCeM 

KO,UaM MS! pe)KHMa, r.ne 3HeproBbIJ).eJ1eH11e nO,U30H 

paBHOMepHO (pHc. 3, a). 

HaHJTY4rnee cornac11e c 3KcnepHMeHTOM no 

BCeM)' nonepe'-IHOM)' Ce'-leHHJO MO,UeJlbHOH c6opKH 

,naioT pac'-leTHbie ,naHHbie, nony'-leHHble no noKa­

HaJJbHOM)' Ko,ny BRS-TVS.R [5]. Ha nepmpepHH 

11Me!OTCSI He60JibUIHe pacxm,c,neHHSI (pS!JJ;bl I H 6). 
B 3TOM c.nyqae, nO-BH,nHMOM)', He O'-leHb TO'-IHblMH 

SIBJJSIIOTCSI npHMeHS!eMbie K03q>q>Hl..(HeHTbl Me)l(l(a­

HaJTbHOro o6MeHa Me)K,ny nep11cpep11HHhlMH H l..(eH­

TpaJTbHblMl1 JJ'-leHKaMH TBC. 

TeMnepa-rypa TOH tJaCTH noBepXHOCTH l..(eH­

TPaJTbHOro HMHTaTOpa, KOTOpaS! o6pameHa s 6onee 

TeCHbie J14eHKH (s/d1 = 1,25), Mo,nen11pyeTcS1 .nyq­

rne nO'-ITl1 BCeMl1 KO,UaMH, tJeM TeMnepa-rypa tJaCTH 

nep11MeTpa, o6pameHHOH B OTKpb!Tbie 30Hb( MO,ne­

JJl1 (sld2 = 1,34). Bo Bcex Ko,nax ,n,ocrnrnyTO JTY4-

rnee cornac11e C 3KcnepHMeHTaJThHbIMl1 ,n,aHHbIMl1 

Ha Y'taCTKax nocJJe ,D,HCTaHU110HHpyiomeH perneT­

KH. Ha1-16onee 6JJH3Koe cornac11e c 3KCnepHMeH­

TaJTbHbIMH ,naHHblMl1 no TeMnepa-rypHblM noJI.SIM 

Ha noBepXHOCTH H3MepHTeJlbHOro HMl1TaTopa TB3-

JJa ,nocmrnyTO np11 pac4eTax no KOAY ST AR-CD 

[8], XOTSI s paHOHe perneTKl1 Ha6mo,naeTCjJ HeKO­

Topoe pacxo)K,neHHe C 3KCnep11MeHTOM (p11c. 3, 6). 

2) EeHI/MapK no men.nozuiJpae!luKe MOOe!lu 

MUUleHU ycKopumellbHO-ynpaBJIReMOU cucmeMbl.. 

3a.natt11e Ha np0Be,n,ett11e 6ett'-IMapKa no.nro­

TOBJTeHo C 11cnOJ1b30BaHHeM 3KCnep11MeHTaJTbHbIX 

,naHHblX, no.nyqeHHb[X no Tennoo6Metty B MO,neJ111 

MHllJeHl1 ycKop11TeJ1bHO-ynpaBJ1SleMOH Cl1CTeMbl B 

<1>311 [I I]. B 6ett4MapKe np11HMH yqacme TPH 

rpynnbl cnel..(HaJTHCTOB H3 >InoHHH [ 12], HcnaHHH 

[ 13] 11 K11Ta'1 [ 14]. HecKOJTbKO no3JJ;Hee s1,mon He­

HbI paC'-leTbl cnel..(HaJTHCTaMH 113 11TaJTHH [ 15], pe-

3YJlbTaTbl KOTOpbIX TaK)Ke Y"'-!TeHhl B HaCTOS!ll(eH 

pa6oTe. 

Mo.nenb npe,ncTaBJTHeT co6oii ocec11MMeTpH'-l­

ttylO KOHCTPYKUHIO (p11c. 4), YCTaHOBJleHJIYIO Ha 

)KJ,l,nKOMeTaJIJllil.tecKoM crett.ne AP-I. TenJTOHOCH­

TeJTb no.naeTCJI CHH3Y BBepx B rop1130HTaJTbHbIH 

BHellJHHH KOJI.bUeBOH KaHaJT MOJ).eJJl1, noBopaLJ11BaeT­

CSI, y,napj!j{Cb O nosepXJ-IOCTb MeM6paHbl, H yxo.nHT 

4epe3 npocp11n11poBaHtty10 sxo,n,ttyJ-O peUieTKY BO 
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8 holes 5x1O 

Puc. 4. ITpo.nonbHoe cetJeH11e TennoaoA Mo,nem1 MJHlleHJ.t (a) H npo<jnumpy10ma.J1 pemeTKa (6): I - Me,n;HbJH 6noK c HH­
xpoMOBbIMH HarpeaaTeJUlMH; 2 - MeM6paHa MHIIlem1; 3 - pemeTKa C rrpoq>HnHpYJOI.I{HMH OTBepCTIDIMH; 4 - TepMorrap­
HblH 30H.ll 

BttyrpeHHllH KaHa.JI ('rpy6y), B03Bpamruicb qepe3 

pacnOJIO)l(eHHblli s HIDKHeH tracrn naTl)y6oK Ha BXOJJ: 

UHPK)'JUll.010HHoro Hacoca 

MeM6paHa npe.D,CTaBJUleT co6oH cpmypH)'lO 

T0HKOCTeHHYJO nnaCTHHY, H3rOT0BJieHH)'lO H3 He­

p)Kase10meH CTa.JIH TOJIIUliHOH 1,5 MM. TennoBOH 

nOTOK Ha nosepXHOCTH MeM6paHbI C03JJ:aeTCSI. C 

noMoll.{blO Me.mmro crep)l(Hjf JJ.11aMerpoM 65 MM, ropeu 

KOTOporo npHna.JIH cepe6poM K nosepx1mcm MeM6pa­

HhI. CTep)l(eHb HarpesaercH MeTO.D.OM "nmnosoro 

KJrnHa". HarpesaTeJibHbfH 6noK npe.D,CTaBruleT co6oi1 
Me.D,H)'lO 6onBa.HK)' JJ.11aMeipOM 130 H MHHOH 200 MM, 

s KOTOpoH npocsepneHhl 19 OTBepCTHH JJ:HaMeTl)OM 

19 MM H rny6HHOH 165 MM. B ornepcnur 6noKa 

BCTaBmllOTCSI. KepaMl1'-tecKHe BTYJIKH .D,HaMeTpOM 

19 MM H3 OKCH;:i:a MarHIDI c 'leThlpbMH OTBepcnurMH 

no.LI, crrnpa.nH .D,HaMeT!)OM 4 MM. CnHpa.Jill H3roTOB­

JieHbl H3 HHXpOMOBOH npoBOJIOKH' ;:i:HaMeTl)OM 

1,2 MM 11 BKmol.faJOTCH no cxeMe nocne.n:osaTeJib­

Horo HJIH napa.nneJibHoro coe.D,HHeHHH. Harpesa­

TeJibHbIH 6JIOK HaxOJJ:HTCSI. s KaMepe, 3aIIOJIHeHHOH 

remieM, KOTOpbIH yJI)"llllaeT pa6my Harpesareneii 

BBHJJ:Y BblCOKOH rennonposo.D,Hocrn H npe.n:arnpamaeT 

OKHCJieHHe Me.D,Horo 6JIOKa npH noBblllleHHOH TeMTiepa­

rype. l1ccne;:i:0BaIDU1 nposo.D,S1.TCS1. Ha 3BTeKl1{1.feCKOM 

HaTl)HH-Ka.JIHesoM cnnase s Ka'!ecrse rennoHocm:emi, 

HMe10meM 6Jll13Koe 3Hat.J:eHHe t.J:Hcna Ilpa.H.D,TAA c 3B­

TeKTH'leCKHM CnJiaBOM CBHHeQ-BHCMYT. 

Pe3yJibTaTbl pac'!eTOB ITOKa3blBalOT MOHOTOH­

HOe yMeHbWeHHe TeMneparypbl TeITJIOHOCHTeJISI. Ha 

OCH KaHa.na, B TO BpeMSI. KaK 3KCnepHMeHTa.JibHOe 

pacnpe.n:eneR.He HMeeT MHHHM)'M B ueHTl)a.JibHOM 

ornepcTHH pacnpe;:i:eJIHTeJlbHOH pewenrn (pHc. 5, 
a) [16]. Ha6n10.11.aeTCS1. cymecrnettHoe pa3JIH4He 

Me)l()];y pac'leTHbIMH no pa3HblM KOJJ.aM H 3KCne­

pHMeHTa.JibHblMH 3Ha'!eHIDIMH TeMneparypbl Ten­

JIOHOCHTeJISI. (pHc. 5, a H 6). OcttoBHOH npwmHOH 

3Toro, IT0-BHJJ.HM0MY, SI.BJIReTCSI. OTCYTCTBHe 803-

MO)l(H0CTH reHepHpOBaHHR npHMeHSl.eMhIMH B K0-

J).ax M0J).eJISI.MH ryp6yneHTHOCTH ryp6yJIH3aQHll 

ITOT0Ka (KpyIIHoMaClllTa6HOH ryp6yneHTHOCTH) 3a 

npoq>HJIHpYJOmew perneTKOH BCJle.D,CTBHe B3aHMO­

.D,eHCTBHR CTPY"· 

3KcnepHMeHTa.JibHble .D,aHHble YKa3bIBaJOT Ha 

HeM0H0T0HHOe H3MeHeHHe C yseJIH'leHHeM TeMne­

parypbI nosepXHOCTH MeM6paHbl s HanpaBJieHHH K 

nepHcpepHH MeM6paHbl (pHC. 6). DOJU,illHHCTBO 

paC'leTOB YKa3hIBaeT Ha MOH0TOHH0e yMeHblllemi:e 

TeMneparypbl B 3TOM HanpaBJieHHH. IlpOTHBOITO­

JIO)l(HblH ~apaKTep noseJJ.eHHR TeMneparypb1 no­

nyl.feH HcnaHCKHMH cneU.Ha.JIHCTaMH B pac'-!eTax no 

Ko.n:y ST AR-CD. TaKoe nose.11.eHHe reMneparypbl 
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PHC. 5. Pacnpe,11.eneHHe TeMnepal)'pbl TenJJOHOCHTeJIJI no OCH M0,11.em1 MllllleHH (a) H B,11.0Jib nonepXHOCTH MeM6paKbl Ha 

paccTO.!IHllH ,11.0 MeM6paHb1 I MM (6): I (• ) - 3KcnepHMeHT; 2 (L'.) - FLUENT RNG; 3 (□) - STAR CD; 4 (◊) - AQUA 

TM; 5 (00)-AQUA ASM; 6 (0)- FLUENT RSM; 7 (0)- Phoenics 3.2; 8 (x)-ANSIS version 5.7.1 (y- paccTO.!IHlle 
OT npoq>HJJHP)'IOIUeH peweTKH Ha BX0,11.e BO BH)'TpeHKliM KaHan MHWeHH, MM) 

MeM6paHbl MO)l(eT 6hITb o6b.!ICHeHO oco6eHHO­

CTblO MOAemtpOBaHHJI reOMeTplOI KaHa.na H 3Hep­

rOBhIAeJieHHJI a pactteTax no KOAY ST AR-CD. 
PactteTHa.!I TeMneparypa Ha OCH MeM6paHbI 33 HC­

KJIIOtteHHeM pe3yJibTaToa no KOAY ANSYS MeHh­

rne 3KCnepHMeHTa.IIbHOH (pHC. 6). Eonee BblCOKaJI 

TeMneparypa a QettTpe MeM6pam,1 a pacqernx no 

KOAY ANSYS no cpasHeHH10 c 3KcnepHMeHTanb­

HbIMH AaHHhlMH o6b.!ICHJ!eTC.!I npHH.!ITbIM npH pac­

tteTe rpaHH'-IHblM ycnOBHeM, npeAnOJiara.IOll{HM 

noCTO.!IHCTBO Tennonoro noTOKa Ha OMb!BaeMOH 

TennOHOCHTeJleM noaepXHOCTH MeM6pam.1. 

t, °C 

tmax = 170,9 °C 

-30 -20 -10 0 10 20 30 

PHc. 6. Pacnpe,11.enemte TeMneparypbl Ha noeepxHOCTH 
MeM6pam,1, ITO.ll)"leHHoe 3KCnepHMeHTaJJbHO H B pe-
3YJibTaTe pae<ieTOB no pa3JJH'lHblM K0,11.aM (y - paCCT0.!1-
HHe OT OCH MeM6paHb1): • - 3KCnepHMeHT; !!,. ­

FLUENT RNG; □ - STAR-CD; ◊ -AQUA-TM; [RI -

AQUA-ASM; o - FLUENT RSM; o - Phoenics 3.2; 
x -ANSIS version 5.7.1 
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3HalfHTeJlbHOe pa3JJH"!He pactteTHOH H 3KCne­

pHMeHTaJJbHOH TeMneparyp Ha nepH$epHH MeM-
6paHbl MO)KHO o6'b.!ICHHTb npe)K,lle acero Hepery­

JlJIPHOCTblO Tennosoro noTOKa B peanbHbIX ycno­
BHJIX. BblCOKa.!I TennonpOBOAHOCTb MaTepHana 

TenJJOBblAeJlJllOll{ero 6noKa s cpaBHeHHH c Tenno­

npoBOAHOCTblO MaTepHana MeM6paHbl MO)l(eT 

601Tb OAHOH H3 npHttHH TaKOH HeperyJ1J1pHOCTH 

Tennoaoro noToKa. ,[(rr11 6onee pea.nHCTHlfttoro 

MOAe1111posattHJ1 Tennonepe,nattH a MOAeJIH MHrne­

HH ttacTb rpeIOmero 6noKa AOJI)KHa 601Tb BKJJ!Otte­

Ha B pactteTttylO 0611aCTb. 

2. 3KcnepnMeHT3JlbHble HCCJJe,noeaHHH DOJJeii 

CKopocTe e TeMneparypLI e MOAeJJLBL1x TBC 
C )"leTOM 803,neiicTBllH p33JJH'IHblX cf>aKTopoe 

<l>opMHpOBattHe noJieH CKOpOCTH H TeMnepa­

'I)'pbl a TBC a.3. EP onpe,neJ1J1eTc.!I MHOrHMH $aK­

TopaMH, OCHOBHhIMH H3 KOTOpblX JIBJI.!IIOTC.!I: 

- reOMeTpHJI TBC (KacceTHoro THna, TPeyronr,­

Ha.!I perneTKa, AHCTaHQHOHHpoaattHe npOBOJIOttHOH 

HaBHBKOH, BblTeCHHTeJIH B nep1-1$epHHHblX KaHa­

Jiax H T.,n.) H TpaKTa peaKTopa; 

- $H3HttecKHe xapaKTepHCTHKH - ypoaeHh H pac­

npeAeneHHe 3Heproar,1,ne11eHHJ1, semrttHHa H pac­

npe.neneHHe pacxoAa; 
- KOMnneKC Tenno$H3HtteCKHX CBOHCTB TenJJOHO­

CHTeJlSI H MaTepHaJIOB (y,neJlbHa.!I TennoeMKOCTb, 

TennonpoBOAHOCTb 11 T . .n.) ; 

- 3KCnnyaTauHOHHble napaMeTpbl ($moeHC, ne­

pepacnpe.neneHHe 3Heproar,1,ne11eHHJ1, pacxoAa H 

T.A.) ; 

- crry'-laHHble OTKJJOHeHHJI napaMeTPOB. 
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T a 6 J1 u u a reoMeTJ)H4eCKHX napaMeTJ)OB MOJJ.eJJbHbIX TBC a.J. H JOHbl eo_c:f!.El__OHJBOJJ.CTea EP 

HaHMeHOBaHHe 
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Ilo.Jl)"{eH.bl 3KCnepHMeHTIUibHbie .naHHb)e no 

nOJUIM CKOpOCTH H TeMneparypbl B MO,lleJibHblX 

TBC [17 ... 21 ], reOMeTpH'•IeCKHe napaMeTpbI KO­

TOpbtX npe,llCTaBJJeHbl s Ta6JJHI.~e: 

- pacnpe.neneHH.ll cKopocTH H no.norpesa )KH,llKO­

MeTaJIJJH'•tecKHX TeruJOHOCHTeJJeH no pa.neycy MO­

.neJJbHbTX TBC; 
- pacnpe,lleneIDUI CKopocTH no nepHMeTpy nepH­

cpepHHHbIX rna.nKHx cTep)KHeH H npo.!1.0JJbHOH H 

nonepe'IHOH KOMnOHeHT CKOpOCTH no nepHMeTpY 

CTep)KHeH c ,llHCTaHUHOHHpyiow:ei:i nposono'IHOH 

HaBHBKOH, no.Jl)"{eHHbie C HCnOJJb30BaHJfeM :meK­

TpOMarHHTHoro MeTO)l.a H3MepeHHH; 

- pacnpe.neneHH.ll TeMneparypbt no nepHMeTpY 

o60JJO'IKH nepHcpepHHHbIX HMHTaTOpOB TB3JJOB; 

- pacnpe,lleJJeHH.ll TeMneparypbl TellilOHOCHTeJJ.ll B 

nonepe'!HOM ce'!eHHH MO,lleJJbHOH TBC c Hepas­

HOMepHbIM 3HeproBbI,lleneHHeM no ceqemno MO­

,lleJJbHOH TBC H pa3nH-qJ{bIMH THnaMH nposono'I­

Horo ,llHCTaHUHOHHpOBaHH.ll TB:moB (pHC. 7); 
- pacnpe,lleJJeHH.ll TeMneparypbt no ,llJJHHe H aJH­

MYTY uetrrpaJJbHOrO HMHTaTopa TB3JJOB npH H3rH-

6e wecTH OKp~aIOUJ.HX ero HMHTaTOpOB TB3JJOB C 

KacaHHeM o6oJJOlfKaMH l.(etrrpaJI.bHOro HMHTilTOpa 

B ce'!eHHH no l.(eHTpy yqacTKa 3HeprOBbt,lleJJeHH.ll 

(pHC. 8); 
- TeMneparypHoe none MO)l.eJJbHOH TBC npH )l.e­

cpopMauHH qexna TBC; 
- MaKCHMaJJbHbie aJHMYTaJJbHbie HepaBHOMepHO­

CTH TeMneparypbl paJJJH'IHb[X KaTeropHH TB3JJOB 

npH HX O,llHHO'lHOM HJJH rpynnOBOM CMem:eHHH B 

3aBHCHMOCTH OT 3Ha'!eHH.ll 'IHCJJa IleKJJe; 

- TeMneparypHblH pe)KHM nep1-1cpepHHHbIX HMHTa­

Topos TB3JJOB npH TeruJoo6MeHe '1epe3 'lexon MO-

tw- tn, ·c 
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PHC. 7. Pacrrpe.neneHHe OTHOCHTeJJbHblX 3Ha'leHBH 
3HeproebmeneHHJI H no.norpeea TennoHOCHTeJJ.H e no­
nepe'fHOM ce'!eHHB Mo.nem,Hoil c6opKB TB3Jl0B C ,llllC­
TaHI..UfOHHpoeaHHeM TB3Jl0B Pa3JlH'IRhlMH THilaMH rrpo­
BOJJO'IHblX HaBHBOK (q - IlJIOTHOCTh Tennoeoro nOTOKa 

TB3JJOB, q - cpeii:ttee no MO.lleJJbHOit c6opKe 3Ha'!eHHe 

llJIOTHOCTH TellJlOBoro nOTOKa TB3JJOB, /),./1 - IIO,llOrpee 

TenJJOHOCHTem1 B i-M KaHane, Llt;:,p~• - cpe.nttee 3Ha'ie-

HHe rro.norpeea ITO Pll.!lY KaHaJJOB) 

JJ,eJJbHOH TBC c TeITJJOHOCHTeneM, npoTeKaIOUJ.HM 

a 3a3opax Me)K,lly TBC (Hea.nHa6aTH'lecKHe rpa­

HH-crnb1e ycnoaH.ll Ha t:feXJJax TBC) (pHc. 9, 10). 
3TH .naHHbie COCTaBJUIJOT OCHOBY 6a3bl 3Kcne­

pHMeHTaJJbHblX )l.aHHblX no TeITJJOrH,llpaBJJHKe a.3. 

EP c )KH,llKOMeTa.n.JJH'lecKHM OXJJa)K,llemteM. 
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P»c. 8. CxeMh1 nonepe'!Horo (a) H npo.nom,Horo (6) ce'leHHH MO.lleJlhHOH TBC EP c rrporn6oM HMHTaTOpoe TB3JJOB e 
ueHTpaJJhHOH 30He, none TeMnepa-rypbl no nepwMeTpy (e) H .llJIHHe (r) ueHTJ)aJJhHoro HMHTaTOpa TB3JJa Mo.nenw: 1 -
l.(eHTpaJJbHblH IIOBOpOTHhlH HMHTaTOp TB3Jla, 2 - .ne<j>opMMpoeaHHble HMMTaTOpbl TB3JIOB (t,. - TeMneparypa noeepXHO­
CTH TB3na, In - TeMneparypa Ha exo.ne e Mo.nenhttylO TBC, l - paccTOllHMe OT Ha'!ana yqaCTKa 3JieKTpoo6orpeea, dr­
rn.npaenlf'lecKHH .uwaMeTp KaHana) 
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1,50 

1,25 

1,00 

0,75 

2 

PHc. 9. Pacnpe.a.eneHHe :rneproBbl.AeJieHHll H TeMneparypb1 Tenno­
HOCITTeJlll 8 nonepeqHOM ceqeHHH .AByx B3aHMO.AeHCTB)'IOIJ.JJiX 
TBC: 1 - pacrrpe.AenettHe 3Heprosb1.AeJieHID1, 2 - pacqer 6e3 yqeTa 
Me)lmaKeTHoro TeDJJoo6MeHa, 3 - pacqeT c yqeTOM Me)lmaKeTHoro 
rennoo6MeHa 6e3 Me)l<naKeTHOH npoTeqKH TelTJIOHOCHTeJlll, 4 ... 6 -
pacqeT c yqeTOM Me)lrnaKeTHOro Tennoo6MeHa DpH Me)l(J]aKeTHOI.\ 
nporeqKe TellJIOHOCHTeJill, paBHOH 0; 0,02; 0,4 OT pacxo.Aa TeI1JIO­
HOCHTeJill qepe3 TBC (q - ITJIOTHOCTb Tennosoro nOTOKa T83JIOB, 
qA - I1JIOTHOCTb TeITJIOBOrO ITOTOKa ueHT))aJibHOro TB3Jia 8 TBC 
"A", 6.t - no.Aorpes TeruioHocHreJlll, 6.T - cpe.Amrn ao TBC ao­

.Aorpes TennOHOCHTeJlll, r - pa.AH)'C, L - paCCTOllHHe OT ueHT))a 
TBC .AO ueHT))a CHcTeMbl B3aHMo.Aei:icTBYJOIUHX TBC) 
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PHc. 10. Pacrrpe.AeJieHHe 6e3pa3MepHOH TeMneparypbt no nepHMeT))y yrnosoro (a) H 6oKosoro (6) HMHTaTopos TB3JIOB 
npH a.AHa6anfl-leCKHX (I) 11 Heam,ia6anfl-leCKHX (2) ycJIOBHllX Ha qexne TBC H MaKCHMaJIJ,HOH HepasHoMepHOCTH TeMne­
parypbl TB3JIOB 8 3aBHCHMOCTH OT 3Hal!eHHH l!HCJia TieKJie (s, r) H no .llJIHHe yqacTKa 3HeproBbI.AeJieHIDI (A) (t,. - TeMne­

parypa nosepxHOCTH TB3Jia, T.. - cpe.AHee 3Hal!eHJ,Ie TeMrreparypbl nosepXHOCTH, 'ly- TeDJIODpOBO.llHOCTb TelTJIOHOCHTe­

Jlll, q - cpe.AHHH no nepHMeT))y TB3Jia TennoBOH aoTOK, R - pa.AHYC TB3Jia, <p - yrnoaall KoopmrnaTa, Pe - l!HCJIO IleKJie, 

/ - paccrn,nrne OT Hal!ana yqacTKa 3HeproBbl.AeJieHHll) 
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3. 0 eepucl>eKaQHH H B03MO)KJIOCTU 

coeepwencTeoeaeuu pac'leTHLJX 

TCDJJOre,1.waBJJH'ICCKHX KO./lOB 

PeJyJlbTaTbl pacLteTOB, npoBe,D.eHHbrx no KO,D.y 

MH<l> [22] )J.JlSI ycJlOBHH CTaH,D.apTHOH 3a,naLIH no 

Tennorl.f)J.paBmtKe MO,D.eJlbHOH TBC c HepaBHO­

MepHbIM :meprOBbl,D.eJleHHeM B nonepeLIHOM ceLte­

HHH [23], Y.11.0BJleTBOpHTeJlbHO cornacyt0TCSI C 

3KCnepHMeHTaJlbHblMH .11.aHHblMH, nonyLieHHblMH 

cneuHanHcTaMH Markley R.A., Engel F.C. H3 

ClllA [24] (pHc. 11). BMecTe c TeM conocrn.BJ1e­

HHe pe3yJibTaT0B pacLieTOB no Ko.11.aM COTEC 

[25], SUPERENERGY [26] H COBRA-IV [27] c 

pe3yJ1bTaTaMH 3KcnepHMeHTOB Markley R.A., 
Engel F.C. [24], npHBe.11.eHHoe Ha pHc. 11 , YKaJbI­

BaeT Ha HX cymecTBeHHOe pa3llHLIHe. 

TipwrnHaMH 3TOro MOryT 6bITb pa3HH'-IHSI 

npe)KJ].e scero B cpOpMYllHpOBKe npHMeHSleMb[X B 

pacLteTHbrx Ko.11.ax Tennorn.11.pasnHLieCKHX Mo.11.e­

nei1, CHCTeMax 3aMblKalOll.lHX COOTHOWeHHH, TO'I­

HOCTH MO,D.eIDiposaIDUI reoMeTpIDI TBC, rpaHH"!­

HbIX ycJlOBIDIX H T.)J.. Ee3yCJIOBHO, O"leHb Ba)J(HOe 

3HatteHHe HMeeT HCnOJlb30BaHHe TO'-IHOH CHCTeMbl 

3aMblKaJ0ll.lHX Tennor11.11.pasm11.{eCKHX COOTHOWe-

Sid= 1,08 
d= 13 MM 

l-+J4C-,i!E,~~--+--+- h = 100 MM 

L=1170MM 
1,2 l--~--h~-1--"~,---t-

1,0 
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1 • o .___._-I 
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4 --COTEC 

1,4 
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1,0 

PHc. 11. CpastteHHe pe3ym,ra.Tos pactJeT0B no pa3JIH'l­
m.rM K0D.aM H 3KcnepHMeHTaJiblll,IX HCCJieaoeaHHM 0T­
HOCHTeJibH0ro pacnpeaeneHHH noaorpeea Tennottoc11-
TeJIH B nonepe<moM ce'leHHH MOD.eJlbHOH TBC c Hepae­
H0Mepm,1M 3HeproBbID.eneHHeM no ceqem,no TBC: I -
MM<I> [ 16], 2 - COBRA-IV [18], 3 - SUPERENERGY 

[ 17], 4 - COTEC [ 16]; ® - 3KcnepttMeHTil.llbHhle aatt­
Hb1e Markley R.A., Engel F.C. [15] (t:.t, - noaorpee e 

Kattane i, t:i.T - cpemu1i1 noaorpee TeIIJ1ottoc11TeJIH e 
TBC, q. - nnoTH0CTb Tennoeoro noToKa K-ro Kattana 
q - cpeattee JHatJeHHe nnoTH0CTH Tennoeoro noToKa) 
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HHH. TaK, CHCTeMa 3aMbTKaJOW:HX COOTHOUJeHHH 

)J.JlSI noKaHanbHOH Mo.11.enH TennorH.11.paenH-ciecKoro 

pac'-leTa TBC a.3. EP BKJ1t0'-laeT: 

• K03cpcpHI.\HeHTbl Me)l(KaHaJlbHOro o6MeHa Mac­

COH, HMnyJlbCOM H 3HeprneH BCJle,D.CTBHe pa3-

J1H'-1Hb[X MeXaHJ-t3MOB o6MeHa - KOHBeKTHBHO­

ro, MoneKynsipHo-ryp6yneHTttoro, Ja cLteT Te­

nnonposo.11.HOCTH TB3JlOB BO BttyTpeHHeH H 

nepmpepHHHOH 06nacT.S1:x TBC; 

• K03(p(pHI_\HeHTbl rn.11.paBJIHLieCKOro conpoTHB­

JleHHSI npH npO.UOJibHOM H nonepe'-IHOM o6Te­

KaHHH BHyrpeHHHX H nep11cpepHHHbIX KaHa­

JlOB, o6pa30BaHHbIX rna,nKHMH H ope6peHHbl­

Ml1 npOBOJlOlfHOH HaBHBKOH TB3JlaMH; 

• K03(p(pHUHeHTbl TenllOOT,D.al.{H; 

• JlOKanbHbie aJHMYTaJibHbie HepaBHOMepHOCTH 

TeMneparypbl TB3JIOB H T.,IJ.. 

<l>opMyJlbl )J.JlSI pactteTa Ka)l()J.Oro H3 3aMbl­

KalOll.lHX COOTHOWeHHH nonytteHbl Ha OCHOBe npo­

se.ueHHH MHOfOLIHCJieHHblX 3KCnepHMeHTaJibHhlX H 

pacLteTHO-TeopeTHLieCKHX HCCJle,D.OBaHHH, aHaJIH3a 

H 0606meHHS1 nonytteHHblX .11.aHHblX. 3aMbIKaJO­

W:He COOTHOIIIeHHSI SIBJISIJOTCSI cpyHKUHeH OT reo­

MeTpHLieCKHX H pe)l(HMHbrx napaMeTpOB. 3Kcne­

pHMeHTaJibHbie .11.aHHbJe .11.J!Si HHX nonyqeHbJ )];JUI 

OT)J.eJlbHbIX .11.HanaJOHOB H3MeHeHHSI napaMeTpOB. 

B pa6oTax <1>3l1 Ha OCHOBe pa3pa60TKH pactJeT­

HbIX MO,IJ.eJieH npoTeKatOll.lHX npoueccos OHH 3KC­

TpanomtpOBaHbl Ha C)'llleCTBeHHo 6onee urnpoKHH 

,nHanaJOH napaMeTpOB [19, 28, 29]. 3KcnepHMeH­

TaJibHbte Hccne.11.osa1orn, HanpasneHHbie Ha HX 

YTocrnem1e, npo.uoJ])l(aJOTcsi H s HaCTosimee BpeMS1. 

CymecTByt0m11e cei1Ltac cooTHOIIIeHHSI .D.J1R JaMbt­

KalOll.lHX COOTHOWeHHH Tpe6y10T .11.0ITOJlHHTeJibHO­

ro aHaJIH3a H YTOCIHeHHSI. 

Tennorl.f)J.pasnH"!eCKHH aHanH3 a.3. EP cny­

)l(HT COCTaBHOH LtaCTblO 6onee urnpOKOH TepMOMe­

xaHHLieCKOH Ja,D.aLIH - pacLieTHoro aHanHJa cpop­

MOH3MetteHHSI TBC a.3. H HX npoLIHOCTHhIX xapaK­

TepHCTHK. Pa60Tbl no pa3pa6oTKe cospeMeHHblX 

K0.11.0B TepMOMexaHHLteCKOro paCLieTa a.3. pa3Bep­

ffYTbl s <1>3l1 BO BTOpOH noJIOBHHe 90-x ro.uos 

npownoro cTonenu1. COJ,naH TepMOMexaHHLieCKHH 

K0.11. MH<l>-CK,[( [30] , C noMOll.lblO KOTOporo npo­

ae.ueH TepMoMexaHHl.{eCKHH aHanH3 TBC a.3. pe­

aKTopa EH-600 (pHc. 12). 

3aKJJIO'ICHHe 

1. HaKonneH 3HattHTeJibHbrH 3KcnepHMeH­

TaJibHbIH MaTepHan no nomrM CKOpOCTH H TeMne­

parypbl s MO.D.eJibHbIX TBC c yLieTOM BJIHSIHHSI 

pa3HblX cpaKTOpOB H Tennorn.11.paBm1LteCKHM xa­

paKTepHCTHKaM TBC. 3TH .11.aHHbJe noJIYLieH&I )J.JlH 

pa3llH'-IHbIX reoMeTpHLteCKHX ycJIOBHH H pe)l(HM­

HblX napaMeTpOB, HMetOT pa3tty!O TO'-IHOCTh. 
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PHC. 12. Pacnpe.ne11em1e KOHTaKTHblX CHJJ (a) H paBHOBeCHbJe CMememu1 (6), Bbl3BaHHI,Ie H3rH6aMH H o6Mfl),feM 060-

JIO'fKH TB3JIOB TBC B KOHUe TpeTbeH MHKJ)OKaMnaHIUf 06.II)"leHlUI, pacnpe.nenemrn B .ITT1aroHaJJbHOM ceqemm TBC MaK­

CHMaJJbHOH TeMneparypbl o60JJO'IKH TB3JIOB (B) H MaKCHMaJJbHOH a3HM)'TaJJbHOH HepaBHOMepHOCTH TeMneparypbl TB3-

JJ.OB (r) TBC Ha Bhrxo.ne H3 a.3. peaKTopa EH-600: -- - c yt1eTOM q>opMOH3MeHeHIDI, - - - - HCXO.llHal! reoMeTpwr 

(fTI - raJoBaJI no11ocTb, HT3, BT3 - cooTBeTCTBeHHo IDDKHKH H sepXHJIB TopueBbJe 3KpaHbl, 1:,: - MaKCHMaJJbHal! 

TeMneparypa o60JJO'IKH TB3Jla, tit,p - MaKCHMaJJbHal! a3HMYTaJJbHal! HepaBHOMepHOCTb TeMlleparypbl o60JJO'lKH TB3JJa) 

2. .[vrn npoBe)].emrn BepmpHKfil\HH H conoc­

TaBnemu, TenJiorH)].paBJIH'Iecrrnx KO)].OB )].JI51 pac­

'ieTa TBC a.3. EP c )KH)].KOMeTaJIJIH'ieCKHM OXJia>K­

)].eHHeM Heo6XO)].HMa pa3pa6oTKa CHCTeMbl BepH­

q>HKaUHOHHl,JX TeCTOB 11 ycJIOBHH )].JI51 npoBe)].eHIDI 

CTaH)].apTHblX 3a)].atJ (6eHciMapKOB). 

3. .[vrn HCTTOJib30Bamrn 3KCnepHMeHTaJil,HbJX 

,naHHbIX ao TTOJI51M CKOpocn1 H TeMnepa,ypbI B 

MO)].eJI&HblX TBC c uenhlO pa3pa6oTKH cHcTeM&I 

BepHq>HKaUHOHHblX TeCTOB )].JI.SI TenJIOrH)].paBJIH'Ie­

CKHX KO)].OB, 3a)].aHHH Ha BblnOJIHeHHe CTaH)].apT­

HbJX 3a)].a'I no TenJiorn.npaBJIHKe a.3. EP c )KH)].KO­

MeTaJIJIHtJeCKHM OXJia)K)].emteM, nonyqeHH.R YTO'I­

HeHHblX q>OpMYJI )].JIJI pactJeTOB TenJIOrH)].paBJIH'Ie­

CKHX xapaKTepHCTHK TBC tteo6xOAHMbI CHCTeMa­

TH3aQHJI )].aHHblX, HX attaJIH3 H ouettKa H B KOHe'I­

HOM HTOre C03)].am1e 3JieKTpOHHOH 6a3bl 3KcnepH­

MeHTaJibHblX )].aHHblX no TennorH)].paBJIHKe a.3. EP 
C )KH)].KOMeTaJIJIH'IeCKHM OXJia)K)].eHHeM. 

4 . .[vi51 cpopMHpOBaHH.R nOJIHOH CHCTeMbl Be­

pHq>HKal.(HOHHblX TeCTOB no TenJiorn.npaBJIHKe a.3. 

EP c HaTpHeBblM TenJIOHOCHTeJieM tteo6xo,nHMO 

)].OTTOJIHHTeJibHO npoBe)].emte npeQH3HOHHoro 3KC­

nepHMeHTa. 

5. .[vill nonyqettHll He06XO)].HMOro o6beMa 

3HaHHH B o6ocHOBaHHe TenJIOrH)].paBJIHtJeCKHX 

xapaKTepHCTHK a.3. EP c OXJia)K)].ettHeM TJl)KeJiblMH 

TenJIOHOCHTeJI51MH nporpaMMa 3KCnepHMeHTaJlb­

HbfX TenJiorH.npaBJIH'IeCKHX HCCJie)].OBaHHH no Te­

TTJIOrHJ].paBJIHKe a.3. EP c oXJia)K)].eHHeM T51)KeJI&I­

MH TenJIOHOCHTeJI51MH )].OJDKHa 6b1Tb npO)].OJI)KeHa. 

6. Heo6XO)].HMbl )].OTIOJIHHTeJlbHblH aHaJlH3 

,naHHbIX no 3aMblKaIDIIlliM COOTHOWeHIDI.M ,!l)UI 

ypaBHeHHH rH)].pOAHHaMHKH H TenJioo6MeHa B 

TBC a.3. EP B paMKax pa3JIH'IHblX MO)].eJieH ,!l)UI 

Tennorn)].paBJJHtJecKoro pacqeTa TBC, cpopMHpo­

BattHe nporpaMMbl HCCJie)].oBaHHH R YTO'IHem1e Ha 

3TOH OCHOBe cymecTB)'K)Il.(HX 3aBHCHMOCTeH ,!l)UI 

3aMblKaIDlIIHX COOTHOUieHJrn. 

KoHmaKmHCIJI. uH(j;OpMalfUR - CopoKuH AlleKcaHop 
Ila6Jlo8u'I, men.: (48439)9-84-47, e-mail: sorokin 
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Y,ll;K 621.039.526.034 
0 HeK0T0phlx no,nxo,nax K HJy<IeHHIO BJIHHHHH nepeMeHnoro :)HeproBbl,LJ;eJieHJIH 

Ha TeDJI00T.LJ.atty B TeMIIepaTYPHble D0JIH TB3JI0B peaKT0p0B 

A.B. }l(yKoB, JO.A. Ky3u1'a, A.II. CopoKu1', 
<l>fYIT "fHIJ, P<l>-<1>311'', 249033, r. O6ttHHCK Ka.ny)KCKOH o6n., DJI. Eott.napeHKO, 1 

PaccMaT(HIBaJOTC.R pa3JTlfCIHbJe cnoco6bl oueHOK 3q>cj)eKTa B TeMnepa-rypHOM ITOJTe TB3JTOB OT na,neHIDI 3HeprOBbI,lle­
neHIDI BO BTOpOH ITOJTOBJ,I_He aKTHBHOH JOH1,J: aHaJTJITlfCleCKOe pemem1e 3a,na<rn, MeTO.ll aHaJTOntH, nepec'leT TeMTiepa-ryp­
HOfO nom1, nony'leHHoro npH ITOCTO.RHHOM 3HeprOBbI,lleJTeHJ,Uf, Ha nepeMeHHOe 3HeprOBbl,lleneHHe li T.,ll. OTMe'!aeTCll 
nOBblllleHHa.R ponb .naHHOfO 3q>q>eKTa .llJill npHCTeHHLIX TB3JTOB TBC 6blCTpblX peaKTopoe. 

About some approaches on investigations of variable heat generation influence on heat transfer and tempera­
ture field of fuel elements of nuclear reactors. A.V. Zhukov, Yu.A. Kuzina, A.P. Sorokin. Various ways of estima­
tions of effect from decrease of heat generation in the upper half of a core on temperature field in fuel elements are con­
sidered: the analytical decision of the problem, analog approach, recalculation of the temperature fields received at con­
stant heat generation to ones at variable heat generation etc. The enhanced role of the given effect for peripheral fuel ele­
ments of fuel assemblies of fast reactors is marked. 

1. Ana.JIUJ HMelO~HXCH pa6oT no TenJJ006Meny 

npn nepeMeHHOM )HeprOBbU.eJJeHHH 

B ttacTo.srrn;ee speM.si HMee-rc.si p.si.n pa6oT, no­

cs,u1.1,eHHb1x HCCJie,noBaHIUO KOHBeKTHBHoro Ten­

JI006MeHa B KaHa.nax C npOH3B0JlbHblM pacnpe.ne­

JieHHeM Tennosoro nOTOKa B,llOJib CTeHKH (p11c. I). 
1) AHaJlumu'lecKoe peiueHue 3a0(1'1U nposo­

.llHTC.11 .wrn KaHaJIOB npoCTOH cpopMbl (Kpyrnru1 Tpy-

6a, nnocKHe 3aJOpb1), Kor.na TeMTieparypHbJe llOJI.11 

He H3MeH.IIIOTC.II no nepHMeTpy KaHaJIOB. 3a,naqa 

pewaeTc.si e npe.nnoJIO)KeHlrn, 'ITO cpH3H'-lecKHe 

napaMeTpbl nOCTO.IIHHbl, noTOK r11,npO,llHHa­

MH'leCKH CTa6HJIH3HposaH H CHMMeTpH'leH OTHO­

CHTeJibHO npo,nOJibHOH OCH, npocpHJib CKOpOCTH H 

pacnpe.neneHHe K03cpcpm.1,11eHTOB zyp6yneHTHOH 

TeMnepazyponpoeo,nttocTH no pa.neycy KaHaJia 

3a,llaHbl. 

AeTOp [I] paccMaTpHBaeT 1-1.neanbHblH crryqai1 

o-o6paJHoro Tennono.neo.na e KaHane. Beo,nHTc.si 

<l>Y~H.11 G(z) BJIH.IIHH.11 TenJIOBbl,lleJieHH.11, OJIHCbl-

Nu 

q = const 

I z 

q 

I 

I z 

P1-1c. I . HJMetteHHe q11cen Nu npH nepeMeHHOM 3Hep­
roebIAenettHH no cpaetteHKIO C ITOCTOJIHHblM 3HeprOBbl­
)leJTettHeM 

BaFOUJ,al! HJMetteHHe TeMnepazypttoro Hanopa no 

)])lHHe KaHana, JIOKaJibHOe 3HatJeHHe KOTOporo 

onpe.nen.sie-rc.si paeeHCTBOM 

(T.. -T)pcpus = ~ [ q(z')G(z-z')dz' 

- ~ 

HJIH ~= T., (-T) pCPU = I f(c,')G(c,-c,')~·. 
St q f, _ 

r.ne f(c,')=q(f)/q(c,); c,=z/r0 • 

flpH o-o6pa3HOM 3HeprOBbI,lleJieHI-rn (/{f,) = 
O(C,)) cpyHKIJ,IDI BJIIDIHllil 3anHCblB3eTCR KaK 

T -T -
G(c,)= ;(s) pCPU H HOpMHpye-rc.si ycJIOBHeM 

f G(c,)df, =A , KOTopoe CB.113bIBae-rc.si c J])!HHOH 

penaKCal.l,HH COOTHOWeHHeM 

3HatJeHHe A onpe,neJIJ1eTC.11 c noMOUJ,blO <l>ypbe­

npeo6paJoeaHID1. <l>yHKIJ,IDI' /{f,)paJnaraeTc.si e pjl,ll 

TeHJiopa, H norryqae-rc.si t/ St ( f,) = Af ( f, - L) . ,D,e­
nae-rc.si BbIBO.ll, 'ITO nOKaJibHblH K03<pq>H1.1,HeHT Ten­

JIOOT,!l;a'IH orrpe.nen.sieTc.si ycnoBHRMH Tennono.neo­

.na Ha paccTO.srHHH L eeepx no noToKy. 

PernaeTc.si ypaette~rne 3Hepnrn e noToKe Ten­

JIOHOCHTeJil! C nepeMeHHbrM q(f,) B BHJ).e 

_!_~[R (R)~] = U(R) Pe °E!_ (1) R aR g aR 2 as ' 
r.ne R = r/r0 - 6e3paJMepttblH TeKyW.HH pa,neyc, f, = 

zlro - 6e3pa3MepHM npo.nOJibHM KOOp,llHHaTa, 

g(R) = (a+ ar )/ a - <pyHKl{IDI pacnpe.neneH:Hjl 

zyp6yneHTHOH TeMneparyponpOBO,llHOCTH e paJJ.H­

aJibHOM HanpaeneHHH, U = u(r)/u - 6e3paJMep­

HbIH npoq>HJTb CKOpOCTH. fpaHH'IBbte VCJIOBIUI': 
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Ha BXO.lle B KamUl 
t(R, 0) = 0 HJIH t(R, -oo) = 0; (2) 

Ha cTeHICe KaHana 

U(l)=0,g(l)= l,g'(l)=0, :~L =q~s\o; (3) 

Ha OCH KaHana 
U(O) = 0, g'(0) = 0. (4) 

Pernemre ypaBHemu1 (1) c rpaHwrnbIMH ycno­
BHJIMH (2) ... (4) nOny'laJOT c nOMOI.UblO KOHettHO­
HHTerpanbHOro npeo6pa.30BaHHH ypaBHeHHH 
lllTypMa - JlttyBHmi 

~ a~ [ Rg(R) ~:] + U(R)A!Y. = 0 (5) 

c rpaHHttHbIM ycnoBHeM (dY./dR)IR.
1 

= 0. 3.necb 

A,. - co6cTBeHHbie 3Ha4eHHJI KpaeBoH 3a.lla4H, T.e. 
napaMeTpbl, npH KOTOpbIX ypaBHeHHe (5) HMeeT 
peweHHe; Y,. - cpyHKI.IIDI, OTBe4aJOI.UHe ./laHHbIM 
3HatteHHHM A,, ( co6cTBeHHbie cpyHKU.HH). 

B pe3ynbTaTe perneHHH HMeeM TeMneparyp­
HbIH npoq>HJib B )KHJlKOCTH 

,cR,s) = ~ L 
I 

Y.<R)Y.O) x 
Cppu " f RU(R)Y.2(R)dR 

(6) 

X j q(f)exp(-2_A!(s -s'))dt,' 
_ Pe 

H JlOKan.bHOe 1.fHCJlO HycceJlbTa 

_I =-I j LI Y.2(1) X 

Nu Pe - .,of RU(R)Y.i(R)dR 
(7) 

xexp(-2-,_!(s-s'))q(S') ds'. 
Pe q(s) 

CooTHOllleHHJI (6) H (7) HMelOT 061.UHH xapaK­
Tep, TaK KaK OHH cnpaBe.llJTHBbl .llJlH J1106oro 3aKO­
Ha pacnpe.neneHHH TenJTOBOro 0OTOKa B./lOJlb Kpyr­
JlOH TPY6b1. 11cnonb30BaHHe onpe.neneHHbIX BbI­
p8)KeHHH .llJljj pacnpe.neneHHH q(s), U(R), g(R) 
KOHI<peTH3HpyeT 3TH COOTHOllleHHH. Ilpou.ecc Ha­
XO)l(JleHHH Yn(R) H A,., CBH3aHHbIH c peweHHeM 
ypaBHeHHJI lllTypMa - JleyBHJTH, npe.nnonaraeT 
3HaHJ-re 3aKOHOB pacnpe.neneHID! CKopocTH U(R) H 
ryp6yneHTHOH BH3KOCTH g(R). 

B cnyttae naMHHapHoro Te1.Jemrn TennoHoc1-1-
TeJTJ1 B Kpyrnoi1 TPY6e pacnpe.neneHHe cKopocTeH 
no.0:1.JHHJleTCH napa6onHtteCKOM)' 3aKOHY U(R) = 
2( 1 - R2), a ryp6yneHTHaH TennonpOBO./lHOCTb 
OTCYTCTBYeT (g(R) = I). Ilpou.ecc onpe.neneHHH 
co6cTBeHHbIX cpyHKI.IHH H 3Ha1.JCHHH ynpomaeTC.11., 
TaK KaK ypaBHCHHe lllrypMa - JlttyBHJlH pernaeTCH 
8HaJIHTH1.feCKH. IlpH ryp6yneHTHOM Tel.feHHH Ten­
JlOHOCHTCJlH cpyHKL(HH U(R) 11 g(R) HMelOT 6onee 
CJ10)1{Hb)H BH.ll, H ypaBHCHHe lllrypMa - JlttyBHJlH 
o6bI1.JHO He MO)KCT 6bITb peweHO aHaJIHTH'ICCKH. 
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Co6CTBCHHbie cpyHKI.IHH H 3Ha<IeHHJI onpe,neJTHIOT­
CH C nOMOI.IJ,blO BbltIHCJlHTCJlbHbIX MallJHH. 

2) Memoo QJWJl02UU no3BOJ1JleT pewaTb ypaB­
HeHHJI KOHBCKTHBHOro rennoo6MeHa Ha HHTerparo­
pe npH 3a.llaHHOM npocpHJie cKopocrn H ryp6yneHT­
HOH BH3KOCTH B HCCJie.nyeMOM KaHane. XapaKTep­
HOH pa6oTOH B 3TOH o6nacrn CJJY)KHT pa6ora aBTo­
poB [2], 0OCBHllJ.CHHM pacqery TCOJTOOT.lla•rn K TYP-
6yneHTHOM)' TTOTOKY PTYTH npH CHffYCOH).J;aJlbHOM 
pacnpe.neneHHH TennoBOH ttarpY3KH no .nnHHe TPY-
6b1 MeTO./lOM 3JlCK1pOaHaJIOrHH. 

11cxo,nH H3 onpe.neneHHJI <IHcna Hyccen&Ta 

qd Q Q sinY 
Nu= {e = M~ = ~fe", r.ne Qc = 'Tt(Jcd- Tenno-

BOH nOTOK Ha CTeHKe Ha C./lHHHizy .llJlHHbl TPY6bI, 

Qo - aMnJTHTY.lla TenJTOBOro nOTOKa; e - cpe,nHHH 
TCMneparypHbIH Hanop B .naHHOM ce4CHHH; S = 
1fZIH, nonyqaJOT Bbip8)KeH1-1e noKanhHoro tIHcna 
Nu 1.Jepe3 TCOJTOBOH nOTOK no pa.neycy Tpy6bI 

1 [fURdR]li_ 
sint;=f o Q0 dR. 
Nu O g(R)R 

Pacnpe.neneHHe Q/Q0 no pa.neycy Tpy6b1 on­
pe.nenHeTCH H3 perneHHH ypaBHeHlrn KOHBCKTHB­
HOH TennonpOBO./lHOCTH B 6e3pa.3MepHOM BH,ne 

Gza(Q/flo)= (R)R.i_[ I a(Q/flo)] r.ne 
at; g aR U(R)R aR , 

n d ~ 
Gz = --Pe - KpHTepHH rpeTua. PerneHHe 3Toro 

4 / 
ypaBHeHHH, nony'leHHOe Ha 3J1CKTPOHHTerpaTope, 

BbirJTH./lHT KaK R(R,t;)=A(R)sin[t;-cp(R)], 
Qo 

r,ne A(R)= Qmax (R)/Q, - OTHOCHTeJlbHaH aMOJTH­

TY.lla TennoBoro noToKa; cp(R) - yron CMern.eHHH 
MaKCHM)'Ma TennoBoH HarpY3KH Ha pa.neyce R no 
OTHOllleHHIO K MaKCHMYMY TCOJlOBOH Harpy3KH Ha 
CTeHICe (B pa.nHaHax). 

Ha pHC. 2 npe,ncTaBJleHbl pe3yJTbT3Tbl pacqe­
TOB JlOKaJlbHblX 3HatieHHH 'IHCeJl Nu npH CHffYCOH-

Nu r---~------------~ 
30 

20 

10 

0 0,25 0,5 0,75 1,0 

PHc. 2 . H3MeHem1e 4HCJia Nu no wrnHe -rpy6b1 npH 
-ryp6yneHTHOM Te4eHHH PTYTH C CHH)'COHD.aJibHbJM 
pacnpeAeJieHHeM Tennoaoro noToKa no .DJJHHe (Re = 
= 10, Pr = 0,025,--- //d = 100,-- - -l/d = 61, 
-·- · - - //d= 44,6) 



JJ.aJJbHOH TeflJlOBOH HarpY3Ke no JlJJlfHe KattaJJa .lJ.]UI 

noToKa p-ryrH. BHJJ.Ho, 'ITO smurHHe cmzycoHJJ.am,­
HOH TeflJlOBOH ttarp)'3KH no cpasttemno c qc = canst 
CKa3bIBaeTCjl TeM CHJlhHee, qeM 6onbwe q1-1cno Re H 
MeHI,we lid. 

3) Memoobl nepec'lema meMnepamypHblX no­
Jleii, noAy'leHHblX npu nocmoRHHOM 3Hep206blOeJle­
HUU, Ha nepeMeHHOe 311ep20eblOeJ1eHue. 3anaqa o 
Teru1006MeHe npH 00CTO.RHH0M :meproBbI)leJJeHHH 
o6o6maeTC.R Ha cnyqaj:i npoH3B0JJbttoro H3Mette­
Hl{jl Tennosoro noTOKa no JJ.JJHHe KaHaJJa npH HC­

noJJh30BaHHH npHHU,Hna cynepn03Hl{HH, BbITe­
Ka10w:ero H3 CBOHCTBa JJHHe.HHOCTH ypasHemrn 
:meprnH 0THOCHTefilH0 TeMneparypbl. 

Ilpeocma6JleHue Kpueou qc(z) KaK pe3yllbmama 
cyMMupoeaHWI. nocmoRHHblX no OJluHe 

eOUHU'IHblX 603MJIUl.eHUU llqc. 
TTpH qc = canst peweHHe JJ.JJ.R TeMnepa-rypbI 

CTeHJ<H KpyrnoH rpy6bl HMeeT BHJl [3] tc - t._. = 

== qcd [~~+.!..!.+ tA,\fl, (l)exp(-2e: -
1 ~JJ. 

A. Pe d 48 1=1 Pe d 

EcnH nJJ0THOCTb Tennosoro IT0T0Ka .RBMeTCjl 3a­

)laHH0H cpytt~HeH qc(x), TO ee M0:>KH0 rrpencTa­
BHTb KaK pe3yJJbTaT cyMMHposaIDUI e.l{HIDl11HbIX 

B03MYW:eHHH llqc. EcnH s T0l{Ke c KOOpJJ.HHaTOH s 
npOHCX0JlHT K0Hel{H0e e,L{KIUJllli0e 803MYW:eHHe 

fiqc, K0T0poe npH X ~ S 0CTaeTC.R HeH3MeHHb!M, TO 
TeMneparypa cTeHKH, o6ycnosnettHM 3THM B03-

MYW:eHHeM, 6yneT pastta 

/ - / == /iqcd [~ X -; + .!..!. + 
c " A. Pe d 48 

+ tA,\fl, (l )exp(-2e: -
1 x-sJJ· 

1=1 Pe d 

(8) 

EcnH np0HCX0JlHT p.RJJ. enHHHl{HblX B03MYI.Ue­
HHH, TO peweHHe JJ.JJ.R TeMneparypbl CTeHKH M0)K­

H0 npencTaBHTb B BHJJ.e cyMMbl Bblp8)f(eHKH THna 
(8); 3aMeHHB llqc JJ.HcpcpepeHUHaJJOM dqc H nepeH)l.R 
OT cyMMbl K HHTerpany, nonyq11M Bblp8)f(eHHe, 
npHB0J).HM0e s [3], 

t -t ==lJ[~ - t2e:A,1j1,(l)x 
c .. A. 

0 
Pe , =1 Pe 

xexp( - 2e: ;e x ~ s J}c (s)ci;. 

Bb1eoo coomHoU1.eHW1. /(10aMeJlJI. 
MemoooM npeo6pa3oea11wi Jlannaca. 

MeTOJl npeo6pa30BaHl{jl JlaflJlaca C0CTOHT B 
TOM, l{TQ 113yqaeTC.R He caMa cpyHKlJ.Hjl (opHrnHan), 
a ee BHJ).OH3MeHeHHe (H306p8)f(eHHe), l{T0 cy~ecT­
BeHHO ynpow:aeT npou.ecc pewettHH 3a)lal{H. 1'fao-
6p8)f(eH11e HaX0JlHTC$1 npH IT0M0W:H YMH0)KeHH.11 

cpytt~H Ha e- SZ H HHTerp11posaH!ijl B npenene 

rne L - onepaTOp Jlannaca; T(R, S) - H3o6p8)f(e­
HHe opHrnHana TeMneparypttoH cpytt~IDI t(R, Z); 
S = \fl + ill - K0M0JJeKCHaH (npeo6pa3yioI.UM) ne­
peMeHHM. O6parnoe npeo6pa3oBaHHe Jlannaca 
npHB0J).HT K peweIDUO B opHrHHane: 

t(R,;)== D1 [T(R,S)] ==-1. •r T(R,S)es;,dS. 
2m o-/• 

~.R nOJI}''leHWI. coomHoUl.eHWI. /(10aMeJlJI. c 
noMOUJblO npeo6pa3oeaHWI. Jlannaca 6yneM 1-1cxo­

JlHTb H3 JJ.H<pcpepeHU,HaJJbHblX ypasHeHHH Tef1JJ0-

o6MeHa B nyqKax TB3JJOB aKTKBHblX 30H peaKTopos 

JJ.JJ.11 T0flJlHBa, o6oJJOl{KH 11 TenJJ0H0CHTeM: 

i_[A.( )ot(x,y ,z)l i_[A.( )ot(x,y,z)l 
ox x,y ox + oy x,y oy + 

( )0
2
t(x,y,z) _ ( )· 

+A x,y oz2 - -q. x,y,z , 

i_[A.( )ot(x,y,z )] i_[A.( )ot(x,y,z )] 
OX x,y ox + oy x,y oy + 

A( )0
2
t(x,y,z) ==0· 

+ x,y az2 ' 

i_[A. ( )ot(x,y,z)l i_[A, ( )ot(x,y,z)l 
ox >4> x,y ax + oy >4> x,y oy + 

A. ( )a
2
1(x,y,z) = ( ) C ot(x,y,z) (9) + >4> x,y az2 u x,y y p oz . 

f"paHHl{HblM ycnoBHeM CfiY)KHT 3a)laHHaH 

cpytt~H.11 Q(z) pacnpenenettl,fjl TeflJlosoro noToKa 

no BblC0Te. IlpHMeHHM npeo6pa30BaHHe Jlarutaca 

K ypastteHHIO (9) s 0TH0WeHHH nepeMeHHOH z: 

L{:, [ •~ (x,y) dt(~:,z) ]}+ 
+L{ ![ •~(x,y) dt(~;,,)]}+ 

{ ( )0
2
t(x,y,z)}-

+L A.><1> x,y ozz -

{ ( ) 
ot(x,y ,z)} 

= L u x,y yCP oz . 

PaccMaTpHBM 3a,naqy ITOCT0.RHH0rO TenJJ0B0-

ro n0TOKa, paattoro eJJ.HHHLl.e (Q = I), rne 

T1(x, y , s) ecn H3o6p8)f(eHHe cpyHKUKH l1(x, y, z) 
KaK pernettHe naHHoli 3a)lal{H, nonyqHM JJ.Hq>cpe­

peHI.1,HanbHbie ypaatteHH.R BTOporo nopHJJ.Ka B H30-

6p8)f(eHH.RX C n0CT0.RHHblMH K03<pq>HU.HeHTaMH 

V2T+(s2 -cs)T=O (10) 
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(rpaHW-IHblM ycJTOBHeM RBJTSleTCSI nepeMeHHoe 

pacnpe.neneHHe Tennosoro noToKa Q(z)); 

v27;+(s2 -cs)7;=0 (11) 

(rpaHH'fHbIM ycnOBHeM CJTY)KHT nocTO.llHHOe H 

paBHoe e.nHHHu.e pacnpe.neneHHe Tennosoro noTo­

Ka Q(z) = l). YpaBHeHIDI THna (10) H (11) HMeIOT 

MeCTO npH peweHHH onepaQHOHHhIM MeTOAOM 

3a_naq HeCTaQHOHapHOH TennorrpOBOAHOCTH B 

TBep,nbIX Tenax, oxnrutmaeMblX B cpe.ne c 3a,naH­

HbIM 3aKOHOM tc(t) H3MetteHIDI TeMneparypbl BO 

BpeMeHH [ 4]. 
11.n.eHTWIHOCTb ypaBHeHHH B H306pIDKeHH.llX 

,ll.JIJI CTaI.J.HOHapHblX H HeCTaU.HOHapHblX npou.ecCOB 

Tennoo6Metta noJBOJIJleT yTBep)K)].aTb, ~o attano­

roM nepeMeHHOH "t B Hec-rau.HoHapHboc npou.eccax 

Tennoo6MeHa SIBJISleTCSI nepeMeHHa.ll z s CTaU.HO­

HapHbJX npou.eccax Tennoo6Metta, a aHanoroM 

cpyHKQHH tc("t) H3MeHeHHSI TeMrreparypbl cpeAbl BO 

speMeHH cny,KHT cpyttKI.J.HJI Q(z) pacnpe.neneHHJI 

Tennosoro noToKa. 

Ilpou.ecc pewemu1 3THX ypastteHHH attanorn­

qeH npou.eccy pemeHHJI COOTBeTCTByIO[QHX ypaB­

HeHHH HeCTaUHOHapHOH TerumnpoBOAHOCTH. Ifro­

roM .SlBJUleTCSI COOTHOWeHHe .[(10aMeJIJ1 

t(z) = Q(O)t
1 
(x,y,z) +] dQ(z') !

1 
(x,y,z - z'}iz' ,(12) 

0 dz' 
r .u,e Q(z) = q I q (cpyttKI.J.HSI HOpMHpyerc.ll ea 1), t1(x,y, 
z) - pacnpe.neneHHe -reMTieparyp1,1 rrpH rrOCTO.llHHOM 

TenJIOBOM nOTOKe, paBHOM e.lU{HHI.J.e (nepeXOAHa.ll 

q>YHKI.J.HSI ). 
O6o6UfeHHblii uH1ne2paJ1 !{10aMeJZR. 

A8TopaMH [ 5] npe,D.JIO)l(etto o6o6meHHe HHTe­

rpana .[(10aMeJI.ll ,D.JISI pacqe-ra TeMneparypHbIX no­

neii TB3JIOB npH HeycTaHOBHBWeMCSI Te'-leHHH Terr­

JIOHOCHTeJIJI H nepeMeHHOM no ,D.JIHHe TenJIOBbJAe­

neHHH. Ha OCHOBaHHH npu6nIDKeHHoro aHaJIH3a 

nOKaJaHO, ~o npH HeycTaHOBHBWeMC.ll Te'-!eHHH H 

CHffYCOHAaJibHOM pacnpe.nenemrn ITO ,D.JIHHe KaHa­

na Tennosoro nOTOKa Ha CTeHKe K03<pq>Hl.{HeHTbl 

TennooT,na'-!H B6JIH3H BblXOAa H3 30Hbl TennOBbl­

.neneHIDI MOryT 6bJTb pacC'-IHTaHbl C HCnOJib30Ba­

HHeM nepeXOAHOH cpyHKQllH AJIJI rHAPOAHHaMwie­

CKH CTa6HJIH3HpOBaHHOfO Te'-!eHIDI. 

4) YnpoUfeHHaJl. oi,enKa meMnepamypHblX 

nanopoe "cmeHKa-:»eu0Kocmb " npu nep eMeHH0M 

3Hep206bl0e/leHUU [6] CBOAHTC.ll K MOAepttmaQHH 

COOTHOWeHHJI 6.t ( Z) = q ( Z )/a. , B KOTOpOM K03cp­

q>HI.J.HeHT TennooT,naqH a. 6epeTC.ll H3 cpopMyn ,D.JI.ll 

q = const. O6o3Ha'-IHB e,nliHH'-IH)'IO nepexo.nHyIO 

cpyHKJ.IHJO 1-1epe3 0(z), BBOJI.HM o6parnyio ei:i e.nH­

HH'-IHyIO cpy HKQHJO \jf(Z) (pi-iC. 3) BHAa 

'1'(z) = 0_ - 0(z) . Tor.na coornomeHHe .[(10aMen .ll 

( 12) npHHHMaeT cne.eyIOW.HH BHA: 
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"'· 8 
8(z) 

8. 

z 

L 

PHc. 3. ITpsiMasi 8(z) H o6paTHaR 'l'(z) e.uHHH'-!Hhle nepe­
XO.UHhie q>yHKUHH 

'dq( z') 
6.t(z)=q(z)e_ -J d, 'l'(z-z')dz'. 

0 z 
IlepBblH qneH B npaBOH '-!aCTH 3TOro COOTHO­

rneHHSI npe,nCTaBJIJleT co6oii CTa6HJIH3HpOBaHHyIO 

coc-raBn.llIOlllyIO TeMneparypttoro Hanopa ~t(z ), a 

BTopoii - nonpaBKY K HeMY, o6ycnosneHHYJO ne­

pecTPOHKOH TeMneparypttoro non.ll, npoHCXOA.ll­

w.eH no.n .ueiicTBHeM nepeMeHttoro -rennoBoro 

noTOKa. B1,1.ueneHHe CTa6HJIH3HpOBaHHOH COCTaB­

JI.lllOW.CH no3sonsier npHMeH.llTb AJIJI ee onpe.uene­

HH.ll xopowo H3BeCTHblH K03<pq>HI.J.HeHT TeITJIOOT­

.ua1-1H a. npH CTa6HJIH3HpOBaHHblX ycnOBH.llX: 

q(z)0_ =q(z)/a.. (13) 

Y'-IHTb!Ba.ll (13), ITOJIY'IHM 

M(z) = q(z) - ] dq( z')'l'(z - z')dz'. 
a. 0 dz' 

Pac1-1eT HHTerpanbHOH nonpaBKH Ha ttecTa6H­

JIH3HposaHHOCTb TeMneparypHoro ITOJISI BbinOJIH.ll-

eTC.ll npH pa3JIO)l(eHHH HHTerpana B p.ll,n: 

' dq(z') - d(•>q(z ) 
I(z )= J , 'l'(z-z')dz'= L(-1Y R1 1 . 

o dz k z l dz 
B 3TOM pa3JIO)l(eHHH npaKTil'iCCKH MO)l(HO HCTTOJib-

30BaTb JIHWb nepBbfH qJieH pR,na. JTO npHBO.[l,HT K 

npH6JIH)l(eHHOMY BblpIDKeHHIO 

6.t(z) ::: q(z )/a. - R,dq(z )/dz , (14) 

6JIH3KOMY no CBOeMY npOHCXO)l(_ueHHIO K KBaJH­

CTaQHOHapHOMY onHCaHHlO, npHH.llTOMY B TeopHH 

perynsipttoro pe)l(J,fMa. 

EcnH cpyttKU.HJO \jl(z) npi-i6nIDKeHHO npe.uc-ra­

BHTb B BHAe '1'( z) =:: e_e-z/L' r.ue L - ,D.JIHHa penaK­

cauHH [l], CBSl3aHHa.ll C H3BeCTHOH B TennocpH3H­

'-!eCKOH npaKTHKe ,D.JIHHOH /H.T. TenJTOBOH CTa6HJIH-

3aI..J.HH cooTHomeHHeM 3L =:: l •. T , TO nonyqHM 

R, =e_Je-•1ldz =0_L=q(z ) L. 
o a 

CoOTHOWeHHe ( 14) npHo6peTaeT BH.U 

6.t(z) ::: q(z ) _ q(z ) L dq(z ). (15) 
a. a. dz 



q 
I f •. ,/3 

: I I I 

I 
I 
I 

I I I I 
I I I I 

z 
a) 

z 

z 

t} 

q= var 

6) 

P11c. 4. K oueHKe reMneparypttoro ttanopa no <j>opMy'ne (I 6) 

Yt.tHTblBaJI, '-!TO s ( 15) HMeeM J].eJJ0 c pa3JJ0)l(emteM 

q>yHKUHH 3Hepr0BhIJJ.eneHHH B pHJJ. TeHJJopa Ha 

J].JlHHe penaKCaUHH L, 0K0H'-laTeJJhH0 n0nyt.tHM 

11.t(z)=q(z-L)/a.. (16) 

CooTHOllleHHe ( 16) M0)KH0 peK0MeHJ].0Ban. )J.Jljl 

Tennosoro pact.teTa KaK npocl)'lO npH6mDl<eHH)'lO 

q>opMyny, yt.tHTbIBaIOUJ.YIO TenJJ0B)'IO HecTa6HJJH-

3Hp0BaHH0CTb B KaHaJJax peaKTopa. 

KaK BHJ].HO H3 q>opMyJlhl ( 16), onpeJ].eJUI.H 

TeMneparypm,1i-i ttanop B TO'-IKe z, 6epeM rennosoi-i 

noToK B TOl{J(e z - L. Ha nesoi-i seTBH KpHBOH q = 
j(z) 3TO npHBOJ].HT K 3aHIDKeHH10 q (pHC. 4, a), a 

CJJeJ].OBarem,HO, K YMeHhUJeHH.IO TeMneparypHOro 

Hanopa no cpasHeHHIO c q = const (p1-1.c. 4, 6). Ha 

npaBOH BeTBH KpHBOH q = j(z) 3T0 npHB0J].HT K 

ysem1t1eHH.10 q (pHC. 4, a), a CJJeJ].oBaTeJJbHO, K 

ysem-1t1eHH.10 reMneparypttoro ttanopa no cpastte­

HHIO c q = const (pHc. 4, 6). ,[vIH onpeJJ.eJJeH}lj! L = 

/H.T/3 HMe!OTCH 3KCnepHMeHTaJJbHhie HJJH paC'IeT­

Hbie J].aHHbie. 

5) (/)U3u'leCKOe o6bJICHeHUe (K(ll/eCmBeHHOe) 

noeeoeHWl K03r/Jr/Ju11ueuma menJ1oomoG11u npu 

nepeMeHHOM 3Hep208blOeJleHUU, KOTOpbrH B HIDK­

HeH tfaCTH aKTHBHOH 30Hbl peaKT0pa Bb[llle, a B 

BepxHeH 'faCTH HH)l(e, tfeM npH nOCTOHHH0M 

3HeprOBbIJ].eJJeHHH. <l>H311tfeCKaJI CTOpoHa 0TJIH­

'-IJ,lj! C0CTOHT B cneey10meM ( o6bHCHeHHe KatfeCT­

BeHHOe [7]). TOtfKa 1 (pHC. 5 , a) MaKCHMyMa 3Hep­

rDBbIJ].eJJeHHH ( dq / dz = O) npHMeptto cooTBeTCTBy-

q 

30Ha 2 

TO~Ka 
1 

30Ha 3 

a) 

I 
I 
I 
I 
I 
I cJq 

- < 0 : az 
I 
I 
I z 

P11c. 5. K ITOSICHemno JaK0H0MepH0CTl1 113MeHeHl1H 

K03<p<jnumeHTa TennooT.ua•m: a) - xapaKTepHhie JOHhI 

HJMeHeHI-UI 3HeproBbl,UeJJeHllil, 6) - Ka4eCTBeHHhlH xa­

paKTep TeMnepa-rypHoro no11S1 a TeITJ10H0C11Te11e .llJlSI 

3TKX JOH 

eT YCJJOBHIO TI0CTOHHHOro 3HeprOBbl,L(e­

JJeHJ,lj!, )].JUI K0Toporo KMeeT MeCTO TeM­

neparypHl,lH npoq>HJJh I Ha pHc. 5, 6 . 

3otta dq/d:: > O (neBaJI BeTBh 3Hepro­

BbIJ].enettm1) xapaKTep1nye-rcS1 6oJJbUJeH 

HHTeHCHBH0CTb!O IT0J].BOJ].a Tenna, tfeM B 

ceLieHHH I (q = const). CaMaJI 6oJJhlllaJI 

HHTeHCHBHOCTb nOJ].B0J].a Tenna HMeeT 

MeCTO npH MaJJbIX z, no3TOMY npoq>HJJb 

TeMnepazypbl Ra MaJJhIX z 6onee nJJ0-

CKHH, qeM npH q = const (3aKOHOMepHOCTb 2 Ha 

pHC. 5 , 6). K03q>q>m..tHeHT Ten.JI00TJ].a•-rn Bblllle, l!eM 

npH q = const (p11c. 1 ). 

3otta dq / dz < O ( npasll.ll seTBh 3HeproBhIJJ.ene­

HJ,lj!) xapaKTepH3YeTCH MeHbUJeH liHTeHCHBH0CTb!O 

00)].BOJ].a, l!eM B cel!eHHH 1 ( caMaJI MaJJaJI HHTeH­

CHBH0CTb nOJ].BOJ].a Tenna HMeeT MeCTO B K0HUe 

30Hbl 3HeprOBbIJ].eJJeHJ,lj! ). IIpoq>HJJb TeMneparypbl 

B KOHUe 30Hbl 6onee BblTHttyTbIH, tfeM npH q = 

const (3aKOHOMepHOCTb 3 Ha pHC. 5 , 6). Ko3q>­

q>HuHeHT TennooTJJ.aLIH HH)l(e, t.teM npH q = const 

(pHC. 1). 

6) 3KcnepUMeuma.nbHble uccJ1eooeaHWl OM 

pew.emOK mB3JI08. ,lvIH BblHBJJeHl1H 3q>q>eKTOB OT 

nepeMeHttoro 3HeproBhIJJ.eJJeHJ,lj! B TeMnepa­

TYPHhIX noJUI.x perneTOK TB3JlOB peaKTopa EOP-60 

npose)].eHbl OTTblTbl s <I>3H. Ha M0J].eJlH c fJla)].KHMH 

HMHTaTopaMH TB3J10B 6e3 BbITecRH.TeJJeH B nepH­

q>epHHHblX HLiei-iKax [8]. TennorliJJ.paBJJHtfeCKaJI 

M0J].eJJb c6opKH TB3J10B 6hICTPOfO peaKTopa 

(pHC. 6 , 7) BOCnpOH3B0J].HT aKTHBtty!O qaCTb c6op­

KH B MaCUJTa6e 2,5: 1. Otta COCTOHT li3 3 7 liMHTa­

TOpOB TB3JJOB, l!T0 paBH0 tfHCJJY TB3JJOB B c6opKax 

peaKTopa EOP-60. 

Mo)].eJlh pa3pa6aTbIBaJJaCb s COOTBeTCTBITTI c 

OCH0BHblMH npHHlJ.HI]aMH TenJJOrHJ].paBJJH'-leCK0ro 

MOJJ.eJJHpOBaHIDI TBC peaKT0pOB [9]. 11MHTaTOp 

TB:ma npeJJ.CTaBJUI.eT co6oii KaJJH6posaHH)'lO TPY6-

KY, BttyTpb KOTOpOH BCTaBJJeH cm1panbHT,IH Harpe­

BaTeJJb li3 HHXpOMOBOH JleHTbl nepeMeHHOH llIH­

pHHbl. IIpoq>HJJb JJeHTbl paCCtfHTbIBaeTCH TaKHM 

o6pa30M, LIT06bI o6ecnetfHBaJJOCb KOCHttyC0H­

J].aJJbHOe 3HeprOBbIJ].eJJeHHe no J].JJHHe Cn:HpanH 

cornactto q>opMyne 

q(z ) = qm .. COS 2 , 19( z/ H -0, 5) , (17) 

J2!:i.R __ z= 

Fz 
B C00TBeTCTBHH C KOTOpOH 

=--cos 2,19 --0,5 , rJJ.e M z, M u - corrpo-J2Mu, ( z ) 
Fu H 

THBJleIDlSI TeKyw.ero H uettTpaJJbHOfO BHTKOB, co­

OTBeTCTBeHH0; Fz, Fu - nosepXH0CTH 3THX BHT­

K0B; J - CliJJa TOKa. 
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PHc. 6. TTpoaom,Hoe ceqeHHe TeITJiornapa.BJJH'!ecKoli 
MOAeJJbHOH TBC 6btCTPOro peaKTopa: I, 2, 5 - 6oKo­
B0H, ueHTPa.m.HblH H yrnoBOH noaop0TH.ble HMHTaTOpbl 
TB3JJ0B; 3 - BblB0Jl HarpeaaTem1; 4 - CTonopHM n11aH­
Ka; 6 - KpeITJieHHe TepMonap; 7, 8 - CaJJbHKK0B0e yn­
Jl0THemIe H 0XJJa)K]leHHe TepMonap; 9, 24 - pe3HH0B0e 
yITJioTHeHHe TepMonap; IO - TepMonapb1; 11 , 13 -
aepXHKH K0JlJleKTop; 12 - YITJI0THI-!TeJlbH0e K0JlbU0 
K0JlJleKTopa; 14 - peweTKa c TepMonapaMH; 15 - CMe­
UJHBaJOIUM pemeTKa; 16, 26 - TepMonapHble rHJlb3bI ; 
17 - HMJ,fTaTOpbl TB3Jl0B; 18, 28 - HH)KH)U! H aepxIuuI 
ueffTPHpyiorrn,e pemeTKH c Kpene)l(oM; 19 - HIDKHHH 
K0JlJleKTop; 20 - HanpaBJUIJOIUHH CTaKaH (0T60AH11.K); 
21 - .npeH~; 22 - ynJJ0THeHHe XB0CTOBHK0B Harpeaa­
TeJJeli ; 23 - 113011.IIUH0HHM nJJHTa; 25 - X0JJ0JlHJlbHRK 
(oXJJ~,lleHHe TepMonapHblX BblBOJlOB); 27 - meCTH­
rpaHHM o6eqaliKa 

KoH-rpom, pacnpe.nenemrn Tennosh1,neneHID1 

no MHHe cmtpanH ocymecrnm1eTc.11 3aMepaMH 

na,neHH.11 Hanp.ll)l(eHI-UI !J.U Ha OT.QeJJbHhlX y'-laCTKax 

cm1panH (& :::: 30 MM) npH no.nal.fe Ha cn11panh 

Hanp.11)KeHJ1.11 U = 1,5 8- Tiony '-leHHoe pacnpe.nene­

HHe !J.Uz/llUma.< = fl.z) (!J.Uz H llUmax - naaeHH.11 

Hanp.11)f(eH11.11 Ha TeKymeM oTpe3Ke cnHpanH 11 B ee 

ueHTpaJJhHOH '-!aCTH, COOTBeTCTBeHHO) npe,nCTaB-
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AHCTaH4HOHHpOBaHHe 
3neMeHT0B C noM0ll.lblO 
o6TeKaTeneii (rnc!AKHii aapHaHT) 

3nnHnCHaR 
npoeonoKa 

3neMeHT c AHC- KpyrnaR 
TaH4H0HHPYIOll.lH- npoeonoKa 
MH 06TeKarenRMH 

PHc. 7. TTonepeqHoe ceqeHHe M0.UeJl.bHOH TBC peaKTo­
pa oOP-60 (apa6cKHMH umppaMH 0603Ha'leHb1 TepMo­
napb1) 

11.sieT co6oi-t pacnpe.nenettHe TennoBhlX noTOKOB 

qJqmax. 
KoHTpOJJh pacnpe.neneHID! TeITJlOBbIX nOTOKOB 

ocymecrnn.sieTc.si TaK)l(e rennoBhIM cnoco6oM. ,[vt.si 

:noro crmpanb noMemaeTc.si B ropH3OHTaJJhHO 

pacnoJJO)f(eHttylO -rpy6Ky H 3aITHThIBaeTC.sl OT ceTH 

nepeMeHHOro TOKa. B CTauHOHapHOM pe)l(HMe pa-

60Thl HarpeBaTen.si npOH3BO.llHTCSI H3MepeHHe TeM­

neparyphl nosepXHOCTH -rpy6KH no .nn1me :.rnepro­

BhI,neneHH.R_ TionyYeHHoe pacnpe.neneHHe TeMne­

paryphl tltma., c AOCTaTO'-IHI,IM npH6JJH)f(eHHeM MO­

)KeT 6b!Th npHH.s!TO 3a pacnpe.neneHHe TeITJlOBbIX 

nOTOKOB. Pe3yJJbTaTbl JJ1eKTpH1-1eCKHX H TeITJJOBblX 

H3MepeHHH no KOH'fPOJIIO pacnpe.neneHH.R ren.no­

BOH HarpY3KH no MHHe cnHpanei-t cosna,naroT 

.npyr c .npyroM (pHC. 8) H COOTBeTCTBYJOT cf>opMyne 

(17). 
Pe3y11bmamb1 3 KCnepilMeHm06 U UX GHaJIU3. 

H3MeHeHHe HepaBHOMepHOCTeH TeMneparypbl 
ueHTpaJJbHOfO HMHTaTopa TB3Jla no MHHe o6or­
pesa npe,ncTasneHo Ha pHc. 9 ( q - cpe,nHee no 

MHHe 3HeproBbIAeJJeHHe). TaM )Ke HaHeCeHhl 
onbITHble TO'-IKH, nony'-leHHble npH noCTO.slHHOM 
3HeprOBb1AeJJeHHH AA.II Toro )Ke '-IHCJla Pe. 
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P11c. 8. Pacnpe,uenem1e Tennosoro noToKa no AJIRHe 
3ne1<TpottarpesaTemi: --- - pacqeT no qiopMyne 
(I 7); o, • - .uaHHb1e 3neKTP1-1qecK1-1x H TennosbIX JaMe­
pos, cooTBeTCTBeHHO 
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P1-1c. 9. l13MeHeRHe MaKCHMaJibHblX RepaBHOMepHOCTeR 
TeMneparypbl no AJIHHe o6orpesa uettTpanbttoro HMH­
TaTopa TB3Jla MO.UeJlbHOR TBC peaKTopa EOP-60 
(Pe = 194): o, • - 3Kcnep1-1MeHTanbHI,1e namn,1e npH 

q = const 1-1 q = q,.._, cos2, 19(z/H-0,5), cooTBeTCT­

seHHo; --- pacqeT no cooTHOlllemno .[(ioaMem1 

3cpcpeKT OT nepeMeHHOro 3HeprOBb[JJ,eJieHIDI 

HMeeT .RpKO Bblp8.)KeHHbIH xapaKTep: Ha MaJll>IX 

paCCTO.IIHIDIX OT Ha<tana o6orpeBa (z < 380 MM) 

HepaBHOMepHOCTH TeMnepaT)'pbl MeHhllle, <teM 

npH q = const; B ueHTpaJlhHOH <taCTH 3HeprOBbI,lle­

JieHIDI (380 MM < z < 750 MM) OHH npeBb!WaJOT 

HepaBHOMepHOCTH TeMnepazyphl npH q = const; B 

KOHl..le o6orpesaeMoro y<taCTKa (z > 750 MM) apo­

Hcxo,nHT na,ne!Ule HepaBAOMepHOCTeH TeMnepazy­

pbI. OnbITHble TO<IKH onHChIBaJOTC.11 3aKOHOMepHO­

CThlO, nOCTpOeHHOH no COOTHOWeHHIO .[(10aMeJrn C 

HCnOJih30BaHHeM onb!THOH 3aBHCHMOCTl1 ,llJl.11 

q = const. XapaKTepHO, <ITO MaKCHMaJII,Ha.R HepaB­

HOMepHOCTh TeMnepaTYPbI npH nepeMeHHOM 

3HeprOBhI,lleJlemm He npeBbIUJaeT MaKCHMMbHylO 

HepaBHOMepHOCTb np11 nOCTO.IIHHOM 3HeproBhI)l.e­

JieHHH. 

Ha p11c. IO npeJI.cTasneHo H3MeHeH11e no­

KMbHoro K03cpcjrnu:11eHTa TenJIOOT)l.a'-111 B ueHT­

panbHOH 30He MO)l.eJlH npH q = var B cpasHeHHH C 

a-10 ... , BT/(M2-0 C) 
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PRC. I 0. l13MeHeHF!e K03q>q>Riu,!eHTa a TeITJJOOTllaqH no 
D,JIHHe o6orpesa B ueHTpan.hHOH JOHe MO.UeJl.bHOH TBC 
peaKTopa EOP-60 (Pe = 116): I - 3KcnepHMeHTanbHbie 

,uaHHbte np1-1 q = qm._, cos2, 19(z/ H -0,5) ; 2 - pacqeT 

no cooTttomemno .[(IOaMen.11; 3 - 3KcnepHMeRTanbHbte 
,uaHHb1e npR q = const 

BapHaHTOM, KOr)l.a q = const, 11 pac<teTHOH 3aKO­

HOMepHOCTblO, nocTpoeHHOH no COOTHOIUeHHIO 

L(t0aMeJ1.11. 3aKOHOMepHOCTh a = .f{_z) HMeeT PJIJI. 

xapaKTepHblX )l.JlJI nepeMeHHOro 3HeprOBhI)l.eJieHIDI 

oco6eHHOCTeH, 0 KOTOpbIX roBOpHJlOCh BbIIIIe. 

MMeeT MeCTO npHMepHoe cornacHe C 3aBHCHM0-

CTblO, TIOCTpOeHHOH no COOTHOllleHHIO .[(10aMeJ1J1. 

EoJJblliOH npaKTH'-leCKHH HHTepec npeJI.CTaB­

JIJUOT co6oi1 3aKOH0MepHOCTH H3MeHeHIDI 6e3pa3-

MepHhlX KOMTIJieKcos (t:;' -t;'")'A-1 /CqR2 ) s 

cpyHKl..ll111 )l.JlHHbl )l.JlJI 6oKOBOro (p11c. l 1) H yrno­

Boro (p11c. 12) HMHTaTopos TB3Jl0B MO,lleJlhHOH 

TBC peaKTopa EOP-60. H.3 aHanIDa 3THX 3aK0HO­

MepHocTeH MO)KHO c,n.enaTb BbIBO,lJ. 0 xapaKTepe 

BJJIDIHIDI nepeMeHHoro :meprOBbIJI.enemui Ha MaK­

CHMaJlhHytO HepaBHOMepHOCTb TeMneparyp1,1 TB3-
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0,5 

0 100 200 300 400 500 600 700 800 900 

PHc. 11 . l1JMeeeHHe no AJIHHe o6orpesa MaKcHManb­
HbIX RepaBHOMepHOCTeH TeMneparypbl 60KOBOro HMH­
TaTopa Mo,uenbH0R TBC peaKTopa EOP-60 (Pe = 97): o, 
• - 3KcnepHMettTanhHMe ,uattm,1e np1-1 q = const 1-1 

q = q,.._. cos2,19(z/ H -0,5) , CO0TBeTCTBeHHO; - ·-· - ­

pact.feT no COOTHOWeHl-n0 .[(JOaMeJlll 
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PHc. 12. 11JMeHeHHe no ,nmme o6orpeaa MaKc11Mam,­

m.rx HepassoMepHOCTeii TeMneparyp1,1 yrnoaoro HMH­

raTOpa TB3Jia MOJleJihHOH TBC peaKTopa EOP-60 

(Pe = 397): o, • - 3Kcnep11MeHTan1,m.1e JlaHHh1e rrpH 

q = con st H q = qm,. COS 2, 19 ( zj H - 0, 5), COOTBeTCT­

BeHHO; - ·-· -- pac'leT no COOTH0IIleIDIJO ,[voaMeJUI 

JIOB, pacnOJIO)l(eHHbIX y nJIOCKHX CTeHOK rnecTH­

rpaHHbIX KacceT 6hICTPbIX peaKTOpOB. 

BH.nHO, '-ITO nepeMeHHoe :mepros1,i.neneHHe 

Bbl3bIBaeT OTKJIOHeHHe HepaBHOMepHOCTeH TeMne­

parypbl OT mrneHHOH 3aBHCHMOCTH, xapaKTepHOH 

,ZJ,.IUI 60KOBbIX HMHTaTopoB TB3JIOB npH q = const. 

IlpH '-IJ,ICJie Pe = 97 ,WUI 6oKOBOro HMHTaTOpa TB3-

Jia HMeeT MeCTO nOJIHOe cosna,neHHe HepaBHOMep­

HOCTeH TeMneparypbl C 3aBHCHMOCThlO, nOCTPOeH­

HOH no COOTHOIIIeHHIO ,l(IOaMeJUI. 

XapaKTep H3MeHeHID! HepasHoMepttocTeH no 

,ll,JIH.He 3Hepros1,1.n;eJieHID1 yrnosoro HMHTaTopa 

TB3Jla (pHC. 12) npHMepHO TaKOH )Ke, '-ITO H ,ZJ,.IUI 

60KOBOro HMHTaTopa TB3Jia, OJ.I,HaKo Ha6JIIOJ.I,aeTCJI 

6onee cy~eCTBeHHOe OTKJIOHeHHe OT 3aKOHOMep­

HOCTeH, IlOCTPOeHHblX no COOTHOlllemoo ,l(IOaMe­

JUI npH HCilOJib30BaHJrn OilblTHbIX J.I,aHHbIX npH 

q = const. MaKCHMaJlbHbie HepasHOMepHOCTH 

TeMneparypr,1 npH nepeMeHHOM 3Hepros1,1.n;enemrn 

npHMepHO Ha 6 . .. 12 % npeBbllllaIOT MaKCHMaJih­

Hbie HepaBHOMepHOCTH npH nOCTOJIHHOM 3Hepro­

BbI.n;eJieHHH. BenH'OIHa npeBbillleHID! B03pacrneT C 

yseJJH'-leHHeM '-IHCJia IleKJJe. 

2. Pac'leTbl DOJleU TeMneparyp DO BblCOTe 

3KTHBHblX JOH peaKTOpOB 

C :lKH.Z:.KOMeTaJIJIH'leCKHM OXJlrutmeHHeM 

r.:t;enh paC'-leTOB COCTOHT B OCHOBHOM B BblJIB­

JJeHHH 3q>q>eKTa OT .n;JIHHhl TenJIOBOH CTa6HJIH3a­

l\HH .n;JIJI Q'eHTPaJJbHhIX H npHCTeHHbIX TB3JIOB. 

OueHKH noJieH TeMneparyp1,1 TB3JIOB nposo.n;.11TcJ1 

npH KOCHH)'COHJ.I,aJJbHOM 3aKOHe H3MeHeHHJI Ten­

JJOBOro IIOTOKa (17) .n;JIJI uettTpaJibHbIX H npHCTeH­

Hb[X TB3JIOB TBC, HMetO~Hx pa3JJH'-IHhie .n;JIHHhI 

TeIIJIOBOH CTa6HJIH3aUHH, npH pa3HbIX K03q>cj>HUH­

eHTax HepaBHOMepHOCTH 3HeprOBbIJ.I,eJieHHJI no 

BbICOTe aKTHBHOH 30Hbl K, = 1,1, 1,15 , 1,2 , 1,3 , 
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PHc. 13. 11JMeHeHHe Tenrroaoro noToxa no )lJIHHe :mep­

ros1,r)lenemu1 JlJill paJJIK"lm.rx JHa'leHHH K03<p<pHIJ.HeHTa 

HepaBHOMepHOCTH 

1,4 H .nsyx 3Ha'-leHIDIX TenJionpOBOJ.I,HOCTH )l(H,[l­

KOCTH Ar= 70 000 H 15 000 BTl (M·rpa,n) (pacnpe­

J.I,eJieHH.11 3HeproBbl,[leJieHHJI npe.n;crnsJieHhI Ha 

pHC. 13). Pac'-leTbl npOBOJ.I,JITCJI no cj>opMYJie (16). 
Pe3yJibTaTbl oueHOK no K03cj>cj>HUHeHTaM Ten­

JJOOTJ.I,a'-IH H OTHOCHTeJihHbIM TeMneparypHblM 

HanopaM " cTeHKa-)l(HJ.I,KOCTb" npHBO,[lJITCll Ha 

pHC. 14, 15. J,,fa HHX MO)l(HO C,[leJiaTb 3aKJIIO'-leHHe, 

'ITO 3cj>cj>eKT OT nepeMeHHoro :meprosr,1.n;eneHHJ1 

B03paCTaeT C yseJJH'-leHHeM .n;JIHHbl TeITJIOBOH CTa-

6HJIH3~HH .n;JIJI TB3JI0B. TiocKOJibKY .n;JIHHa TenJIO­

BOH CTa6HJJJ.i3aUHH BeJIHKa ,ll;Jlll npHCTeHHblX TB3-

JIOB, TO 3cj>q>eKT OT nepeMeHHOro 3HeprOBbIJ.I,eJie­

HHJI HaH6oJiee 3aMeTeH HMeHHO J.l,JUI 3THX TB3JIOB. 

BJIHJIHHe nepeMeHHoro 3HeproBbIJ.I,eJieHHJI ycHJJH­

saeTCll C pocTOM K, H yMeHbrneHHeM TenJionpo­

BOJ.I,HOCTH TeIIJIOHOCHTeJUI AJ. 

3aKJiroqeaae 

J,,fa 60JibIIIOro KOJIH'-leCTBa CHCTeMaTH3Hpo­

BaHHbIX pa6oT no peIIIeHHJO Ja.nacrn TenJioo6MeHa 

npH nepeMeHHOM 3HeprOBbI,[leJiemrn no BhICOTe 

KaHa.rra BbI,[leJJeH HaH60Jiee npocTOH no.n;xo.n, oc­

HOBaHHblH Ha npHMeHemrn .n;JIHHhl peJiaKCaUHH B 

oueHKax 3q>q>eKTa OT nepeMeHHor o 3Hepros1,1.ne­

JieHHJ1. C HCITOJib30BaHHeM 3TOro no.n;xo.n;a npoH3-

Be,[leHbl ouemrn 3q>q>eKTa OT nepeMeHHoro 3Hepro­

s1,1.neJieHHJ1 J.l,JUI uettTpaJibHhIX H npHCTeHHhIX 

TB3JIOB peaKTOpOB C )l(ffJ.I,KOMeTaJIJIH'-leCKHM OXJia­

)l(J.l,eHHeM. ,l(JIJI npHCTeHHbIX TB3JJOB 3Q}Q}eKT OT 

nepeMeHHOro 3 HeproBblJ.I,eJieHHJI B OTHornemrn 

TeMneparyp TB3JIOB 60Jibllle, qeM J.l,JUI ueHTPaJJb­

HblX, TaK KaK ,n,mma TeIUIOBOH CTa6HJIH3aUJ-IH J.l,JUI 

npHCTeHHbIX TB3JJOB 3aMeTHO 60Jihllle, '-leM .n;JIJI 

ueHTpaJJbHbIX TB3JJOB. 

K 011maKmHaJ1 uH<j)opMGlfW/. - CopoKuH AlleKcaHop 
fla(JJIOfJU'I, meJI.: ( 48439)9-84-47, e-mail: soro-
kin@ipp e. ru 
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PHc. 15. l13MeHeHHe K03q><pHUHeHTa Te1UIOOT)laq1,1 no ,nJIHHe 3HeproBbl.QCJieHH.II ueHTpMl,HblX (a) H rrpHCTCHHhlX (6) 
TB3JIOB; pacrrpe11ene1IBe OTHOCHTenbHblX TeMnepaTYPHblX Hanopoa "cTeHKa-)l(J,I.QKOCTb" B cpaBHCHHH C pacqeTaMH no 

q>OpMynaM llJlll q = Const llJI.11 ueHTpaJlbHI,[X (a) H rrp.HCTeHHblX (r) TB3JlO8. Te1UionpoeOJlHOCTb TellJIOHOCHTCnll A/= 

= 15 000 8T/(M·rpa11) 
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AHaJIHJ rrpouecca nepeMeIIIHB3HHH pa3HOTeMneparypHbIX DOTOKOB TeDJIOHOCHTeJIH 

B 6aKe peaKTopa liH-600 

C.JI. Ocunoo, C.A. Po,?oJ1cKu11, B.A. Co6oneo, C. '1>. lliene.neo, 
<I>rYTI "OKEM", 603074, r. HIDKHHH Hoaropo.u., EypHaKOBCKHH npoe3.U., 15 

TTpe,!1CT3BJleHbl pe3yJJbTaTbl pac4ernoro HCCJJe.noaaHJUI npouecca nepeMeWHBaHH$1 p33HOTeMneparypmrx noTOKOB 
TennoHOCHTeJLII a 6aKe peaKTopa EH-600, BblITOJJHeHHoro c 11cnonhJOBaHHeM CFD KO,na FLOWVISION. 

The analysis of the mixing process of different temperature coolant flows in the reactor BN-600 tank. 
S.L. Osipov, S.A. Rogozhkin, V.A. Sobolev, S.F. Shepelev. The results of computational analysis of the mixing process 
of different temperature coolant flows in the reactor BN-600 tank obtained by FLOWVISION CFD code are presented. 

lli onbITa JKcnnyaTaQHH ycrnHOBKl1 EH-600 
H3BeCTHO, 'ITO B sepxHeH CMeCH'reJlbHOH KaMepe 
(BCK) peaKTopa 11 Ha sxo.u.e s Tennoo6MeHHHKH 
cy~ecrnyeT TeMnepaTYPHOe paccnoeHHe Ten110-
HOC11Tem1. Uenb .nattttoro pacl.feTHoro 11ccne.nosa­
HH.11 - onpe.u.eneHHe 11 attaJJH3 nonei1 TeMneparyp 11 
cKopocTei1 TennoHOCHTellil s BCK peaKTopa, 3Ha­
HHe KOTOpbJX Heo6X0.1J.HMO .ll.Jl.11 onpe.u.eneHH$1 TeM­
neparypHoro COCTO.IIHH.11 H o6ocHOBaHHR pa60TO­
cnoco6HOCTH He3aMeH.lleMbJX )JleMeHTOB KOHCT­
PYKLlHH peaKTopa EH-600 npH npo.u.neHHH cpoKa 
ero JKcnnyaTaUHH. 

B Ha116011ee Harrp.ll)l(eHHbJX ycnOBHRX 3KC­
neyaTaUHH 113 He3aMemteMblX )JleMeHTOB KOHCT­

PYKQHH HaXO.IJ.HTC.11 no.u.nopKa, OKpy)KalOmaR aK­

THBttylO 30tty (a.3.) . B npouecce 3KCnJiy3T3LlHH 
no.u.nopKa Ha6HpaeT Ha1160JlbWID1 QlJIIOeHC Hei:1-
TpOHOB H HaXO.IJ.HTC.11 B CJIO)KHblX TeMneparypHblX 
ycnOBH.IIX, 4TO cymecTBeHHO BJIHSleT Ha ee pa6o­
TOcnoco6HOCTb. 
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Pa3Memett11e ueHTPanbHOH nosopoTHOH Ko­
noHHbI (L.{TIK) co CMemeHHeM B CTOpOtty )Jiesa­
TOpHOH BblropOJJ.KH OTHOCHTeJlbHO OCH a.3. cyme­
CTBeHHO BJIHReT Ha nepeMeUJHBaHHe TennoHOCl1-
TeJIR, BbIwe.u.wero 113 ueHTPaJJbHOH (ropstlfHH Ha­
Tp11i1) H nepmpepHHHOH (XOJIO.IJ.Hb!H HaTpHH) lfaC­
TeH a.3. B TO )Ke speM.11 B paiioH 3nesaTopHOH BbI­
ropo.nK11 nocrynaeT XOJIO.ll.HblH TennoHOCHTeJlb H3 
cnHBHoro TPY6onposo.u.a 6ai1nacttoro pacxo.noMe­
pa. CMewett11e "xonO.ZJ.Horo" 11 "rop.114ero" noTo­
KOB HaTpH.11 MO)KeT npHBeCTH K o6pa30BaHHJO BHX­
peii, lfTO B CBOIO Olfepe,n:b npHB0.U.HT K nyJibCal.lHSIM 
TeMneparypbJ B nOTOKe TennOHOCHTen.11 H Ha no­
sepXHOCTH KOHCTPYKI.lHH. TTynbcau1111 TeMnepary­
pbt MOryT cymecTBeHH0 nOBJIH.l!Tb Ha pa6oTocno­
co6HOCTb no.u.nopKH 11 onop JnesaTopos. floJTOMY 
BCTaeT 3a.na4a 11ccne.u.osaTb CTPYKTYPY noToKa 11 
none TeMneparyp. 

,[Ln.11 paclfeTHoro 11cc11e.u.osaHHR npouecca ne­
peMew11saH11.11 pa3HOTeMneparypHblX nOTOKOB Te-



11JlOHOCHTern1 B paifoHe 3JleBaTopHOH BbirOpO.UKH H 

B BCK peaKTopa EH-600 HC□OJ1b30BaJJCH npo­

rpaMMHbIH KOMnneKc FLOWVISION (1 ], npeJJ.Ha-

3Ha'-!eHHhIH .l(rnl MO.l(eJ1HpOBaHHR Te'-!eHIIB )KHJ].KO­

CTH H ra3a, a TalOl(e BH3YaJ1H3aU,HH 3THX Te'-!eHHH 

MeTO.l(aMH KOMIThlOTepHOH rpacpHKH. 

Co3.l(aHHe pac'-!eTHOH Mo.nenH ocyll.(eCTBJIH­

noch B COOTBeTCTBHH C npHHU.HnaMH COBpeMeHHOH 

CAD/CA£ ( computer aided design/computer aided 

engineering) TexHonornH. C noMOJJ..(blO naKeTa 

TBep.noTeJibHoro Mo.nenHposaHHR Mechanical 

Desktop c03.nasanacb reoMeTpH'-leCKaR 3D Mo.nenb 

BCK. Ilepe.na'-la reoMeTpH'-leCKOH Mo.nenH B npo­

rpaMMHblH KOMnneKc FLOWVlSION BhmorrtteHa 

c npHMeHeHHeM cpaiina cTatt.napTa ACIS. 

3a.na'-la pewaeTCll s TpeXMepHOH nOCTaHOBKe. 

,[(Im yMeHbllleHHll KOJlH'-lecrna pac'-!eTHblX 3Jle­

MeHTOB paccMaTpHBaeTCR 1/2 '-!aCTb reOMeTpWle­

CKOH Mo.nenH BCK peaKTopa. IlnocKOCTb .neneHHH 

CJlY)KHT nJIOCKOCTblO CHMMeTpHH. Pa3pa6oTaHHaR 

pac'-!eTHaSI MO.l(eJlb (pHC. I, 2) BKJllO'-!aeT s ce6si 

cne.UYfOI.QHe o6nacTH: 

• BepXHllSI nJJ0CKOCTb a.3.; 

• o6beM Me)K.l(y ronosKaMH TBC H UITK; 
• UIIK; 
• o6beM Me)K.l(y nosepXHOCTblO UTIK H Tpy6aMH 

3aI.QHTbl 30HbI nepemrna· 

• 6orrbll!asi nosopoTHaR npo6Ka· 

• paiioH 3JleBaTopHOH Bbiropo.nKH; 

• BblXO.l( TenJJOHOCHTeJISI H3 6aiinacHoro pacxo­

.l(OMepa; 

• BblXO.l( H3 o6e'-!aHKH CTep)KHeH 3aI.QHTbl. 

8 pac'-!eTe HCTIOJ1b30BaJlaCb paBHOMepHaR Ha­

'-laJlbHaSI pac<teTHasi ceTKa pa.3MepH0CTblO 

60x60x60, 'iTO COOTBeTCTByeT ll'ieHKe, 6J1H3KOH K 

6 

y 3 

z 

P11c. I. Pact.JeTHall MOJ.J.enb: I - oTBepcnrll a 6onbWOH 
noeopOTHOH npo6Ke; 2 - BblXOJ.J. HJ o6etJaKKH CTep)KHeH 
Jall.lHTbI; 3 - 6on1,wa11 nosopornall npo6Ka; 4 - a.J.; 5 -
UTIK; 6 - JneeaTopttasi BbtropoJ.J.Ka; 7 - BbIXOJ.J. .HJ 6ai1-
nacttoro pacxo.noMepa 

X 

a) 

y 

X ,Z 

6) 

P.1-1c, 2. <I>parMeHThl pact.JeTHOH MOJ].eJlH - a) aepxHRR 
nJJOCKOCTb a.3.: I - JaMeHSleMble CTaJlbHble mecnrrpaH­
HliKl-1; 2 - TBC a.3.; 3 - TBC 63B; 4 - TBC BPX; 6) 
no.nnopKa: I - BMpeJ a noJ.J.nOpKe; 2 - OTBepCT.Hll s 
noJ.J.nopKe (yposettb ronoeoK TBC) 

Ky6HtJeCKOH co CTOpOHOH B 15 CM. ,[(Jul 6onee .ne­

TaJlbHOro MO.l(eJlHJ)0BaHHR xapaKTepa Te'-!eHHR 

ceTKa .l(OnOJIHHTeJlbH0 H3MeJ1b'-leHa (a.nanTHpOBa­

Ha) B6J1H3H BepXHeH nJIOCKOCTH a.3. H OKOJ10 CTe­

H0K KOHCTIJYKU.HH. PaC'ieTHaSl MO,D.eJlb co.nep)Klff 

~ 190 000 pac'-!eTHblX Sl'-!eeK. 

Ha nosepXHOCTllX pac'-!eTHOH MO.l(eJIH 3a.l(aBa­

J1HCb rpaHH'-IHble ycJTOBHSI: 

- Ha BXO.l(e - CKOJ>OCTb C paBH0MepHbIM npoqm­

JieM, TeMneparypa w Ha'iaJlbHM CTeneHb ryp6yJIH-

3aU,HH TenJJOHOCHTeJisi; 

- Ha Bb!XO,D.e H3 o6e1iaHKH CTep)KHeH 3all.(HTbJ -

ycJIOBHe ttyJieBb£X B03MyI.QeHHH no CTaTJ.illeCKOMY 

,n.aBJJeHHIO; 

- s TIJlOCKOCTH CHMMeTpHH pac'ieTHOH o6nacTH -

YCJlOBHe CTeHKH C npoCJCa.llb3b!BaHHeM; 

- Ha CTeHKax KOHCT{)YKU;HH - ycnOBHe CTeHKH C 

npHmmam1eM. Typ6yneHTHbIH norpaHH-qHblH 

CJTOH xapaKTepH3yeTCSI norapHq>MH'ieCKHM 3aKO­

HOM H3MeHeHHSl KacaTeJJbHOH KOMTIOHeHTbl CKopo­

CTH [ I). 
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Pac'-leTHOe HCCJieJ].OBaHHe BblTTOJillilJlOCb C 

npHMeHeID!eM MOJ].emt, npeJ].CTaBJleHHOH Ha 

pHC. 1, 2, H HCXOJ].HbIX J].aHHblX, npHBeJ].eHHblX 

B Ta611. l. 

T a 6 JJ H u a I. Ylcxo.o.Hb1e .o.amn,1e ao TeMneparypaM 
H pacxo.o.aM TeOJJOHOCHTe.JlJI' 

Y'laCTOK 
3Ha'!em1e 

T, °C G, Krlc 

TBC a.3. 554 5 610 

TBC 6oKoeoli JOHhI 464 810 
eocnpoHJeo.o.cTea(638) 

TBC eo BHYTJ)HpeaKTopHoM 448 200 
xpaHHJ1Hme (BPX) 

3aMeID!eMbie CTa.IlbHhle wecTH- 453 4,8 
rpaHHHKH 

8btpe3 e no.o.nopKe 368 ... 453 95,5 

OrsepcTIDI e nonnopKe (ypoeeHh 453 105,5 
ronoeoK TBC) 

OTBepcTIDI e 6011bwoli noeopoT- 500 97,2 
HOH npo6Ke 

BhlXOll HJ 6ai1nacHoro 368 4,82 
pacxonoMepa 

,[vTJI MOJ].enHpOBaHHJI ,:yp6yneHTHOCTH HC­

TTOJibJOBanacb 3aJIO>KeHHaJI B nporpaMMHblH KOM­

TTJleKC FLOWVISION JJ.ByxnapaMeTpw1ecKaJ1 MO­

JJ.eJlb ryp6yneHTHOCTH, OCHOBaHHaJI Ha pacCMOT­

peHHH KHHeTH'-leCKOH :mepnrn "K" ryp6yneHTHhlX 

flYJTbCaL(HM H CKOpOCTH "E" J].HCCHTTaU.HH 3Heprm1 

(K-E MOJ].eJlb ryp6yneHTHOCTH). 

PeJyJihTaTbl paClfeTHOro HCCJieJ].OBaHHJI npo­

u.ecca nepeMelllHBaHHH pa3HOTeMneparypHbIX no­

TOKOB TeTTJlOHOCHTeJIH np11BeJ].eHbl Ha pHC. 3 ... 6. 
BeKTOpHoe none CKOpOCTH (pHC. 3 ... 5) HJIJIIO­

CTPHpyeT Te'-leHHe HaTpHH npH ero J].BH>KeHHH C 

PHc. 3. BeKTOpHoe none cKopocTeH 

32 

P11c. 4. <I>parMeHT eeKTopHoro nOJJJI CKOpOCTeli. PaHOH 
:rneeaTOpHOH BbffOpO.O.KH 

sepxHeH TTJIOCKOCTH a.3. KaK BHJ].HO, OCHOBHOH 

TTOTOK cocpeJ].OTO'-leH OKOJIO CTeHOK I..UTK. TipH 

npH6JlH>KeHHH K nosepXHOCTH TTOBOpOTHOH npo6-

KH HanpasneHHe TTOTOKa MeHJleTCH Ha ropH3OH­

TaJibHOe. 3Ha'-leHHe CKOpOCTH B6J1H3H CTeHOK no­

pHJ].Ka 3,5 Mic H yMeHbllJaeTCJI no Mepe YJJ.aJieHl-rn 

J].O 3HaLJeHHH, 6J1H3KHX K ttyJIIO. 

TeMneparypHoe none nonHOCThlO onpeJJ.enH­

eTCJI pacnpe.uenettHeM cKopocTeM B BCK peaKTo­

pa LJTO HarnHJJ.HO HJ1J110CTPHP)'IOT pHc. 3 H 6. vb 
pHC. 6 BHJ].HO, lJTO TeMneparypa TeTTJlOHOCHTeJlJI Ha 

BblXOJ].e H3 o6eLJaHKH CTep>KHeH 33lll.HTbl H3MeHH­

eTCH e ,UHaTTaJOHe OT 532 J].O 543 °C. 

Tiony'-leHHhle pe3yJlbTaTbl pactJeTHOro HCCJle­

J].OBaHHH npou.ecca nepeMelllHBaHHJI pa3HOTeMne­

parypHhrx noTOKOB TeTTJlOHOCHTeJlJI TTOKaJbIBalOT, 

X z 
PHC. 5. <I>parMeHT eeKTOpHoro nom1 CKOpOCTefi. Pai10H 
BCK 



PHc. 6. Pacnpe.nenettHe TeMneparyp. O6mHl1 BH.11. 

'ITO npH B3aHMO,D,eHCTBHH TT0TOKa TenJIOHOCHTeJI.11 

c IJ,IIK H 6011bUJOH nosopornoi1 npo6KoH npoHc­

xo,n,HT o6pa:msaHHe swxpei1 Me)l()zy HIDKHeH qa­

CTbIO nosopOTHOH K0JI0HHbl H o6e'4aHKaMH 3aW.H­

Tbl. 0,n,HaKO 3T0 He npHB0,D,HT K nona,n,aHHIO rop.11-

l!ero TeTTJI0H0CHTeJI.11 B paHOH 3JleBaTOpHOH BblfO­

po,n,K.H. XoJIO,D,HblH TenJIOH0CHTeJib H3 CJIHBHoro 

TPY6onposo,n,a 6al1nacHoro pacxo,n,oMepa TaIOKe 

He 0Ka3bIBaeT BJIH.IIHH.11 Ha TeMnepa,:ypHoe co­

CT0.IIHHe no,n,nopKH H onop 3JleBaT0p0B. 

Ha 0CH0BaHHH Bbin0JIHeHH0r0 pacl!eTHoro 

HCCJie,n,oBaHH..11 MQ)KHO c,n,enaTb BbIBO,D,, "IT0 TeMne­

pa,:ypa TenJI0H0CHTeJI.11 B sepxHeH '!aCTH 3JleBa­

TOpHOH Bbir0p0,D,KH (paHOH no,n,nopKH H onop 3Jle­

BaTopa) rnaBHbIM o6pa30M onpe.D.eJUieTcll TeMne­

pa,:ypoi1 TenJI0HOCHTeJill, BbIX0,D,l!W.ero 113 nepH­

cpepHHHOH l!aCTH a.3., H pasHa 450 °C. 

BepHq>HKal.(Hll pe3yJibTaTOB np0B0,D,HJiaCb ny­
TeM cpasHeHHll 3Hal!eHHH TeMnepa,:yp, nonyl!eH­

HblX c 11cno11b30sam-1eM nporpaMMbl FLOWVI­

SlON, c TeMnepa,:ypaMH, H3MepeHHbIMH 6aKOBbI­

MH TepMonapaMH H TepMonapaMH, ycTaHOBJieH-

HbJMH Ha BX0,D,e B npoMe~O"IHbIH Ten11006MeH­

HHK (IITO). l13MepeHHe TeMnepa,:yp Ha ,neiicT­

syiomei1 peaicropHoi1 ycTaH0BKe EH-600 Bbmo11-

H.1111ocb C0TPYAHHKaMH EA3C. CpasHeHHe 

pe3y11bTaT0B pac"leTa no nporpaMMe FLOWVI­

SION c ,n,aHHbIMH, nonyqeHHbIMH Ha ,n,ei1crnyIO­

mel1 peaKTopHoH ycTaHOBKe EH-600, npHse,n,eHo B 

Ta6JI. 2. 

Ta 6 JI u u a 2. CpastteHHe pe3yJJbTaT0B pacl!eTa 

To<IJ<a K0HTp0ml 3tta'leHHe TeMnepaTV0bl, °C 
EH-600 FLOWVISION 

baKOBM TeOM0naoa 
1---

Bxo.n s TTTO (no BblC0-
Te) 

525 532 
539 ... 545 532 ... 543 

3a1u11011enue 

0rJIHl!He 3Hal!eHHH TeMnepa,:yp, noJIY"4eHHblX 

c npHMeHeHHeM nporpaMMbI FLOWVISION, no 

cpaBHeHHIO co 3Ha'4eHH.IIMH, H3MepeHHbIMH B 3KC­

nepHMeHTaJibHblX HCCJie,D,0BaHIDIX, He npeBbIUJaeT 

2 %. IIony"leHHble pe3yJibTaTbl HCn0Jlb30BaHbI npH 

BbinOJIHeHHH .Ll,eTaJibHbIX pacqeTOB TeMnepa,:ypH0-

ro C0CTOllHHll He3aMeHl!eMbIX 3JleMeHTOB peaKTopa 

EH-600, Heo6xo,n,HMbIX ,nn.11 06ocHosaHID1 HX pa-

60Tocnoco6ttocTH B Tel!eHHe 45 neT 3KcnnyaTal.(HH 

3Hepro6noKa N!! 3 EA3C. 

KoHma1<mHaR uHc/Jop.Mal{U5/ - Pozo:>1<:1<uH Cepzeu 
Alie1<caHopoBu11, men.: (831)246-94-40, e-mail: bir­
braer@okbm.nnov.ru 

JI1nepa-rypa 

I . Csuoeme.nbcmso 06 OqJHUHaJJbHOH perncTPacurn 
nporpaMMbl .lUUI 3BM FLOWVISION .N'2 990672 OT 

15.09.99. 

CTaTb.11 nocrynHJJa s pe.naKUHIO 26 HOS16p.11 2008 r. 
BonpOCbl aTOMHOH HayKH H TeXHHKH. 

Cep. <I>H3m<a .11.11.epHbIX peaKTopos, 2008, sbm. 3, 
C. 30 - 33. 
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Y)U( 621.039.513 
MoAeJIHpOBanue AHHaMHKH CHCTeMbl oporneHHR naposoro KOMrrencaTopa AaBJieHHH 

n um1eenepnoM KOAe ECKM H eepmJrnKaU.HH KOAa 

O.E. Kno'IK06, A.B. KynuKoo, B.H. llonynu11eo, 
<l>fYil "OK.EM' , 603074, r. HIDK.11HH HoBropo)]., EypHaKOBCKHH npoeJ.n, 15 

TTpoBe,neHO pa.3BHTHe HH)!(eHepHoro KO.Ila ECKM, npe,nHa.JHaYeHHOro Jl1UI .llr!HaMwteCKHX pacYeTOB ll.llepHblX 3Hep­
reTwteCKrlX ycTaHOBOK, - no6aBJJeHa MO.UeJJb CHCTeMbl opoweHHll B napora.JOBOM KOMneHCaTope naanemrn {TTrKJ:{). 
BepH<jrnKaUHll MO.nem1 BblnOJJHeHa C HCnOJJb3OBaHHeM 3KCnepHMeHTOB Ha TenJJO<j>r13H'leCKOM CTeH.ue. TTpe.UCTaBJJeHbl 
om1caHr1e MO.UeJJH H OCHOBHbte pe3yJJbTaTbl sep11<j>11Kaur1r1. 

Modeling of steam pressurizer spraying system dynamics in engineering code ECKM and code verification. 
O.B. Klochkov, A.V. Kulikov, V.I. Polunichev. Engineering code ECKM for dynamic calculations of nuclear power 
plants was improved - mathematical model of spraying system in steam-gas pressurizer was added. Verification of 
model was fulfilled using experiments on thermophysical test facility. Model description and main results of verification 
are represented. 

B HaCT0l!W.ee BpeM.SI B CTpaHax-YneHax MA­

r A T3 aKTHBH0 pa.3pa6aTblBalOTCll HHH0BaUH0H­

Hble npoeKTbI peaKTopHbtx ycTaHOBOK (PY) Manoii 

H cpe)],HeH MOW.HOCTH. B OTYeTe MAf A T3 3a 

2004 r. [l] (aHaJJH3 pa.3pa6oTOK peaKTOpHblX Tex­

HOJJOrHH H npe)],JlO)l(eHHll no Ba)l(HblM Hanpaane­

HHllM pa3BHTH.SI) OTMC'laeTC.SI, 'lTO HaH6onee pe­

aJJbHblMH )],Jl.SI peanH3aUHH B 6JJH)l(aHweM 6y.uy­

w.eM llBJJ.SIIOTC.SI B0)],00XJJ8)1()],aeMble peaKTOpbl ( H3 

HHX 5 npoeKToB poccHHCKOH pa3pa6oTKH). Cpe)].H 

HITTC 3aMeTttylO )],OJJIO COCTaBJJ.SlfOT PY C napOBbIMH 

H naporaJ0BblMH CHCTeMaMH KOMneHCaUHH )],aB­

JJCHH.SI. 

Pa.3pa6oTKa nepcneKTHBHblX npoeKToB PY B 

OK.EM npoao)],HTC.SI no A BYM KOHCTpyKTHBHblM 

HanpaBJJCHH.SIM B 'laCTH napOBblX J,f naporaJOBblX 

CHCTeM KOMneHCaUHH )],aBJJCHH.SI : 

• 

• 

BCTPOCHHble CHCTCMbl, OCHOBaHHble Ha np1111-

u11nax naccHBHoro TennoMaccoo6MeHa, c ec­

TeCTBeHHblM pa3)],eJJeHHeM TenJJOHOCHTCJlll Ha 

BO)],.SIHYJO 11 naporaJoayto cppaKl.(HH (THna PY 

ACT-500 [2] 11 BTTE3P-600 [3]); 

BblHCCCHHbie J,f BCTpoeHHblC aKTHBHble CHCTe­

Mbl c .nyurnpoaaHHeM napoaoro (naporaJoao­

ro) npocTpaHCTBa no.uorpeTblM TenJJOHOCHTe­

JJeM (rnna PY a/n " JleHHH" [4], BE3 P -300 [5], 

naTCHT Ha napOBOH K0MnettcaTop )],aBJJCHH.SI 

[6]). 
8 YaCTH0CTH, B Ka'lCCTBe 0)],HOfO H3 aapHaHTOB 

PY )].JJ.SI nnaBy4ei1 A3C paccMaTpHaaeTc.SI HHTe­

rpanbHall ycraH0BKa PHTM-200 [7 . .. 9] co BCTPO­

eHHblM KOMneHCaTopOM )],aBJJeHH.SI, HMe lOUJ.HM 

CHCTeMy opowe HH.SI BttyTpeHHero o6beMa CT PYllMH 

B0)],bl )],Jlll no)],)],ep)l(aHH.SI He06XO)],HMblX n a paMeT­

poB cpe)].bl (Aaane HHH H TeMnepaTypbl napa) H ee 

3cpcpeKTHBHOro nepeMe WHBaHHll . 
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1. Pac1JeT11b1ii KO.Lt ECKM 

,[(JUI M0)],CJJHpOBaHlrn )],HHaMHKH PY C fl:rK):( B 

OKEM pa3pa60TI1H HH)l(eHepHblH KO)], ECKM 

(B03M0)1(H0CTH K0)],a H )],aHHbie no ero BepHcpHKa­

UHH )],OKJla)],blBaJJHCb Ha CeMHHape no )],HHaMHKe 

513Y Br. ,[(HMHTPOBrpa)],e a 1993 r. [10]). B KO)],e 

ECKM npHMeH.SieTC.SI M0)],eJJb nrK,n, OCHOBaHHOro 

Ha naCCHBHblX npHHUHnax pa60Tbl, 6e3 CHCTCMbl 

opoweHHll. 8 HeM peanH30BaHa )],eTaJJH3HpOBaH­

Hall (MHOfOCJJOHHall H MHOf03JJCMCHTHall) MO)],CJJb 

MCTaJIJJOKOHCTPYKUHH nrK,n, 0ITHCbIBaeTC.SI KOH­

)].eHCaUH.SI Ha MeTaJIJJ0KOHCTPYKUH.SIX BttyTpH 

TirK,[( H noaepXHOCTH pa.3)],CJJa cpa.3 H )].p. 

ITpH BepHcpHKaUHH 6aJOBOH aepCHH KO)].a HC­

n OJJb30BaJJHCb 3KCnepHMeHTaJJbHble )],aHHble, no­

JJy'leHHbJe Ha CTeH)],aX H ycTaHOBKax C npHtty)],H­

TCJJbHOH H ecTeCTBeHHOH u1-1pKynxu1-1e11 TennoHo­

CHTenH C raJOBOH H naporaJOBOH CHCTeMaMH KOM­

neHCaUHH )],aBJJeHHJI (TennocpH3H4eCKHe CTCH)],bl 

OK.EM, p_ei1cTBytoW.He TpattcnopTHbIe ycTaHOBKH 

nma KJ1T 11 Ap.). O6beM npoae)],eHHOH aep11cp1-1-

Kau1111 BKJIIO'laJJ B ce6H OCHOBHOH Ha6op )],HHaMH­

'leCKHX pe)K]1MOB PY . 

AKTyaJibHblM llBHJJOCb pacw11peHHe o6naCTH 

npHMCHCHH.SI KO)],a, B 'laCTHOCTH, MO)],CJJHpOBaHHe 

pa60Tbl CHCTCMbl opoweHHll. CooTBeTCTBCHHO 3Ta 

)],Opa6oTKa paC'lCTHOH MeT0)],HKH )],OJJ)l(Ha 6b1Tb 

aepH(pHUHpOBaHa KaK Ha 6a3e 3KCnepHMCHTOB Ha 

TenJJO(pH3H4CCKHX CTCH)],ax, TaK Ii C HCnOJJb30Ba­

HHe M pe3yJJbTaT0B, n0JJY'fCHHbIX no TpexMepHblM 

C FD-Ko)],aM. 

~eJJ.SIMH )],aHHOH pa6oTbl CJJ~HJJH: 

- pa.3BHTHe 6aJOBOH aepc111-1 K0)],a ECKM B 4acT1-1 

MO)],CJJHpOBaHH.SI pa60Tbl CHCTeMbl opoweHH.SI -

o n1-1c att1-1e TennoMaccoo6MeHa .nyw1-1py10w.eii BO­

)],bl C napora.30BblM npOCTPaHCTBOM (T.e . KOH)],eH­

c auHH H 1-1cnapeHH.SI napa Ha noaepxHOCTH cTpyii) 

npH p a3JJH4HblX napaMeTpax AywwpoBaHH.SI; 



- npose.n.em1e no .n.opa6oTaHHOH sepc1,rn Ko.n.a 
Bep11cp11Kal..(HOHHblX pac'-!eT0B xapaKTepHblX JJ.HHa­
MH'-leCKHX pe)l(_HM0B. 

2. MoAeJ1uposaaue cucTeMLI opomemrn 

B .n.opa6oTaHH)'IO sepcmo Ko.n.a ECKM .n.o-
6as11etta M0)J.eJJh CHCTeMbl opowemui C Bnpb!CK0M 
B napora.Josoe npocTpaHCTB0 cTpyii .n.yw11py:row.ei1 
80.D,bl, Ha K0T0pbIX B 3aBHCHM0CTH OT nepena.n.a 
TeMneparyp Me)l{)\y so.n.oii .n.yrna 11 napoM B ITrK):( 
B03M0)l(_Hbl K0H.D,eHCal..(H.H HJJH HcnapeHHe. OCHOB­
HOH 3a)J.a'-leH npH 3T0M .HBJJ.HJJ0Cb onpe.n.eneHHe 
pacxo.n.os 11cnapeHH.H/KOH)J.eHCal..(HH H M0W.H0CTH 
Tennoo6MeHa, K0T0pble s )J.aJJbHeiiweM npHMeH.H­
JJHCb B 6anaHcax MaCCbl 11 3Heprm, np11 pac'-!eTe 
.n.asneHH.H H TeMneparypbl naporaJOB0H CMeCH B 
TifK,[(. 

TipH on11caHHH JJ0KaJJbHoro TennoMaccoo6-
Metta HC00Jlh30BaJJHCb xapaKTepHCTHKH 3KBHBa­
JJeHTHOH e.n.HHH'-IHOH cTpy11, a npH pac'-!eTe cyM­
MapttbIX napaMeTpos (nonHoro pacxo.n.a 11cnape­
HH.HIKOHJJ.eHcal..(HH, nepe.n.asaeMOH M0W.H0CTH H 
T.n.) JJ0KaJJbHble 3Ha'-leHH51 YMH0)l(aJJl1Cb Ha o6w.ee 
K0JJ11'-leCTB0 nyweBbIX cTpyii (s npe.n.nono)l(eHHH 
npocTpaHCTBeHHOH 0)].H0P0JJ.H0CTl1 naporaJ0Boro 
o6beMa). B paMKax mOKeHepHoro Ko.n.a npe.n.cTaB­
JJ.HJJ0Cb TaK)l(e B03M0)l(HbIM npeHe6pe'-lb pacnpe.n.e­
neHH0CTblO Tennocp113H'-leCKl1X napaMeTp0B CTPYl1 
11 nepeMeHH0CTblO xapaKTep11CTl1K JJ0KaJJbH0ro 
Tennoo6MeHa BJJ.0JJb ee JJ.JJl1Hbl (11CXOJJ.51 113 3a)J.a411 
onpe.n.eneHl1.H 11HTerpanbHblX Tennocp11311'-!eCKHX 
xapaKTep11CTl1K TirK,[(, TaKHX KaK TeMneparypa 11 
.n.asneHHe, a TaK)l(e 411Tb1Ba.H BblC0KYIO CTeneHb 
nepeMew11saHH.H naporaJosoro □pocTpaHcTsa). 

Ilpe.n.noJJO)l(eHl1.H 06 0JJ.H0p0.D.H0CTH H xopo­
weM nepeMew11samrn naporaJosoro o6beMa s 
CB0IO 0'-lepe.D.b BblTeKaJJl1 113 aHaJJl13a 3KCnepHMeH­
TaJJbHblX pe3yJJbTaT0B ( 00HCaHHe 3KcnepHMeHT0B 
np11se.n.eH0 s pa3JieJJe 3). TaK)l(e, Y411TbIBa.H 0TH0-
Cl1TeJJbH)'IO Me.D,JJeHH0CTb M0.n.e1111pyeMblX npol..(ec­
C0B (xapaKTepHbie speMeHa Ten110Maccoo6MeHa s 
paccMaTpHBaeMblX ycn0Bl1.HX C0CTaBJ]j[fOT nec.HTKH 
ceKyHJJ. 11 6onee), np11 on11caH1111 np11MeH51JJl1Cb 
CTaT11'-1eCKHe C00TH0WeHl1.H )J.Jlj[ 6anaHCOB MaCCbl 11 
3Hepr1111. CxeMa Mo.n.e1111posaH11si TennoMaccoo6-
MeHa naporaJ0B0ro 061,eMa C 3KBHBaJJeHTHOH 
cTpyeH ;zywa noKa3aHa Ha p11c. 1. 

6anattcb1 Maccbr 11 :mepr1111 .D.JJH cTpy11 HMeIOT 
811)]. 

G"" i""" = G""" i""" + G"°tc.J/KCn i""" + Q (2) 
C'TJ)\M CTp\M CTJ'!,M C'T'p'\M CTJ"k C'T'p,11 ttft.1) 

r.ne G""". , i°"'., T"'"'" - cooTBeTCTBeHHO pacxo.n, 

3HTaJJb011.H H TeMneparypa 80.D.bl B CTpye, a 11H.D.eK­
Cbl "Ha4" 11 "KOH" C00TBeTCTBYIOT ee Ha'-laJJbH0MY 
(Ha BblX0)J.e 113 .n.yw11pyiow.ero ycTpOHCTBa) 11 KO-

·.· . .. : : : : :-:•.:. 
.. ... ' . . . . . . . . - -)) )(//() ~~r ft): :::)/:;!·~<-:;r'.:?:;~\< 
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P1-1c. I. CxeMa Monem1poeaH1-1si TennoMaccoo6MeHa co 
cTpyei-1 nywa 

He'-IH0MY (B61111311 nosepXH0CTl1 pa.3.n.ena cpa.3) no­
JJ0)l(eHl1SIM; Q,. .. , - M0W.H0CTb, 11.n.yw.asi Ha nonor­

peB/OXJ1a)l{)\eH11e CTpy11. 
B xo.ne npoxo)l{)\eH11.H cTpy11 '-1epe3 napora.30-

eoe npocTpaHCTB0 B 3aBl1CHM0CTl1 OT C0OTH0We­
Hl-1.H TeMneparyp B0JJ.bl .n.ywa 11 napa B ITrK):( npo-
11cxo.nu ee oxna)l{)\eH11e (np11 11cnapeH1111 '-!aCTH 
BO}lbl C nosepXH0CTl1 CTpy11) 11JIH no.n.orpeB (np11 
K0H)J.eHCal..(1111 napa). KonH'-leCTBeHHOe 113MeHett11e 
3HTaJJh□1111 CTPYH npe11MymecTBeHH0 onpe.n.en.HeT­
CH TennoM, nepe.n.asaeMbIM np11 cpa30BOM npespa­
w.eH1111 (Bbl.D,eJJ51101..U11MC51 np11 K0H,l(eHCal..(1111 Ha HeH 
napa 111111 oT611paeMblM OT Hee np11 11cnapeH1111 so­
JJ.br). OcTaJJbHblMH KOM00HeHTaMl1 Tennoo6MeHa 
(3a C4eT TennonpoB0.D.H0CTl1 napa 113JJy4eHH51 11 
.n.p.) B Mo.n.e1111 npeHe6peraeTc.H. Pacxo.n. K0HJJ.eH­
cal..(1111 napa Ha cTpye (111111 11cnapeH11.H c Hee) Bbl­
pa)l(aeTC51 4epe3 M0W.H0CTb no.n.orpesa/oxna)l{)\e­
HHSI KaK 

G"'tc.J/""" -Q I 
CTpUI - Ufl.i r ) (3) 

r.n.e r - y.n.enbHa51 TennoTa napoo6pa3oBaHHll. 
ITp11 3TOM .nnsi onpe.n.eneHIDI KOHe'-IHOH TeM­

neparypb1 CTPYH yno6Ho 11cnoJJb30BaTb cnpaso'-1-
Hble nony3Mn11p114ecK11e 3aBl1Cl1M0CTl1, npe.nno­
)l(eHHble psi.n.oM asrnpos (KyTaTename [ 11 ], I1ca­
'-leHKO [12] 11 .n.p.) )J.JlSI npol..(eCC0B 11cnapeHH.H HJil1 
K0HJJ.eHcal..(1111 napa Ha cTpy51X co6cTBeHHOH )1(11.D.­
K0CTH np11 pa.31111'-IHblX napaMeTpax ;zyw11poBaHlt.SI 
(pa.n.eyca CTPYH, ee .D.JJl1Hbl, CK0p0CTl1 11CTe4eHH.H H 
TeMneparypbr), T.e. 

T"-T"" 
In np~" = C, + C

2
f(l); 

T "-T"°" 

T "o" 
CTp)M 

CTp~H 

(T" T "'" ) = T "- CTp\N 

exp{C, + CJ(l)}. 
(4) 
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,[vIH BepTHKaJJbHOH CTPYH Kpyrnoro cetJeHHJI 

f(L) = ~+ 2Ew: [(1 + 2q>2gL)s/• -1], C1 = 
WO~ 5cp5/2~ w: 

= 0,368, C2 = 5, 78. 3.uecb L - .ll.flHHa CTPYH, M; Ro -
pa.ueyc ornepCTIDI, M; Wo - CKOp0CTb HCTetJeHHH H3 

ornepcTHH, Mic; a - K03cpcpm.i.HeHT TeMneparypo­

npoB0.UH0CTH, M
2
/c; cp - K03cpcpHUHeHT cy)l(eHHH 

CTPYH (0,8 ... 0,9); E - K0HCTaHTa ryp6yne1-1rnoro 

06MeHa (5· 10"4
). 

Ila KOHe4HOH TeMneparype T:;;. cTpy11 H Ten-

nocpH3H4eCKHM CBOHCTBaM BO.Ubl Bbf4HCJlHJlaCb 

C00TBeTCTBYIOI.UaH K0He4HaH 3HTaJJbnHH (;;.. 

CTpy11. J,fa C00TH0WeHHJI (2) C yYeT0M (I) ... (3) 
nonyYHM JJOKaJJbHbtH (c O.UHOH 3KBHBaJJeHTHOH 

CTPYH) pacxo.u HcnapeHHH HJJH K0H.UeHcau1rn 

G"'""'"'" = G"" (i"" - i'0
" )fr (5) 

CTJ"M CTp\" CTp\M CTJ'l\'M ' 

a H3 (5) nonHblH (co Bcex CTPYH) pacxo.u Hcnape­

HIDI HJlH K0H.UeHcauHH 

G'°""'""" - G'°""'""" N 
no;,K - ~M OT■' (6) 

r.ue N0 TB - o6mee K0JJHYecrno OTBepcTHH .uywa. 

3. Onucanue 3KcnepnMeHT0B 

BepHcpHKaUIDI AOpa6oTaHHOH M0.UeJJH npOI13-

B0.ll.HJlaCb Ha 6a3e 3KCnepHMeHTaJlbHblX .uaHHblX 

HCnbITamrn napora30BOH CHCTeMbl K0MneHCaUHH 

.uaBJJeHHH C npHH)'.UHTeJlbHblM .D.YWHp0BaHHeM 

IlrK)], CTPYJ1MH BO.Ubl c perynHpyeMOH TeMnepa­

rypoH, npoBe,neHHblX Ha KpynHOMacwrn6HOM Te­

nJJO<pH3H4eCKOM CTeH,ne B OK.EM. O.UHOBpeMeHHO 

.ll.flJI ueneH .uonoJJHHTeJJbHOH BepHcpHKau,rn pac­

YeTHoro K0,na HCTI0Jlb30BaHbl H ApyrHe 3KCnepH­

MeHTbl, npoBe,L\eHHbJe Ha CTeHAe 6e3 yYaCTHH 

CHCTeMbl opoweHHH. 

3KcnepHMeHTaJlbHblH CTeHA npe.ncTaBJJHJl co-

6oH M0.UeJlb ITrK)],, T.e. cocy.u BblC0K0ro .naBJle­

HHH, YacTH4H0 3anonHeHHbIH ropH4eH BO.D.OH H 

HMeJOI.UHH napora3oBoe npocTPaHCTB0 B BepXHeH 

CBOeH YaCTH. B HH)l(HeH YaCTH M0AeJJH pa3Mema­

JlHCb BttyTpeHHHe 3JJeKTP0HarpeBaTeJJH, npe.nHa-

3Ha4eHHble .ll.flH no.uorpesa BO.Ubl BH)'TPH ITrK)], .no 

Tpe6yeMOH TeMneparypbl (B 3KCnepHMeHTax 6e3 

yYaCTIDI CHCTeMbl opoweHHJI 0HH npHMeHHJlHCb 

TaK)l(e .ll.flH K0MneHC8UHH TenJJ0BblX noTepb OT 

IlrK):(). B napora30B0M npocTpattcrne pa3Mema­

nocb .nywHpyJOmee ycTpoi:tcTBO, noAaYa B0J:tbl B 

K0T0poe ocymecTBJlHJ18Cb 3JleKTp0HaC0C0M, a ee 

no.uorpeB - BHeWHHMH 3JleKTp0HarpeBaTeJlHMH. 

CHcTeMa H3MepeHHH cTeH.ua BKJJIOYaJJa B ce6H 

.naT4HKH .uaBJJeHIDI, TeMneparypbl napora30BOH 

CMeCH H B0.L\bl, a TaK)l(e yp0BHH BO.Ubl B nfK)],. 
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TeM caMblM 3KcnepHMeHT8MH 0XB84eHbl 0CH0B­

Hble HHTerpaJJbHble TennocpH3H4eCKHe napaMeTpbl, 

onpe.neJJHIOI.UHe C0CT0HHHe PY K8K B CTaTHKe, T8K 

H B Jl.1-lHaMHKe, a TaK)l(e Henocpe,nCTBeHH0 HCn0J1b-

3yeMble B ynpaBJleHHH H 381.UHTe. 

B YaCTH napaMeTpos, xapaKTepH3YJOI.UHX pa-

6ory co6crneHHO CHCTeMbl opowe1-1mr, B 3KcnepH­

MeHTax <pHKCHpOBaJIHCb pacxo.u H TeMneparypa 

AYWHPYJOI.UeH B0.L\bl, a TaK)l(e M0I.UH0CTb 3JJeKTpo­

HarpeBaTeJJeH, o6ecne•rnBalOI.UHX ee no.uorpeB 11 

K0MneHcau1,uo Tennosbrx noTepb OT IlrK,ll 
HcnblTaHHH np0B0AHJJHCb KaK B CTaTH4eCKHX, 

T8K H .D.HHaMH4eCKHX pe)l(J,(Max, B WHp0KOM .D.Ha­

na30He napaMeTp0B, xapaKTepHblX .ll.flH Ilrl(,l:( npH 

3KcnnyarnuHH PY. IlpH 3T0M oxsatJeH ocHOBHOH 

Ha6op THnH'iHblX AHHaMH'{eCKHX pe)l(HM0B pa6o­

Tbl IlrK.[( - C)l(aTHe H pacwHpeHHe KaK npH pa6o­

Te CHCTeMhl opoweHHJI, TaK H 6e3 ee Y4aCTHJI. 

4. BepuclmKauug opn pa6orn10meii 
cncTeMe opowenug 

CepHJI 3KCnepHMeHT0B, npoBe.ueHHM C pa6o­

TaJOI.UeH CHCTeMOH opoweHIDI, C00TBeTCTB0BaJla 

HMHTaJ.J.HH aKTHBHOro BapHaHTa CHCTeMbl K0MneH­

CaUHH AaBJJeHHH no THny HCnOJlb30BaHHOH B npo­

eKTe PY PIITM-200 H .up. 

,[vIH BepH<pHK8UHH pactJeTHOH M0.UeJJH Ha 

3THX 3KCnepHMeHTaJJbHblX .[\aHHblX npHMeHHJlHCb 

.UHHaMH4eCKHe pe)l(HMbl yBem1YeHID1 yp0BHJI npH 

pa3JlH4HblX HCX0,D.HblX 3Ha4eHHHX TeMneparypbl 

BO.Ubl B nrl(,l:( H H3MeHeHH11 TeMneparypbl .uyrna B 

.UHHaMHKe. l13MeHeHHe yp0BHJI B ITrK.[( H TeMne­

parypbl .D.Yllrnpy10mei:t BO.Ubl B pactJeTax 3a,naBa­

nocb B C00TBeTCTBHH C 3KCnepHMeHTaJlbHblMH 

.[\aHHblMH. ConocTaBJJeHHe pacqeTa H 3KCnepH­

MeHTa np0B0.UHJl0Cb no ,naBJleHHIO H TeMneparype 

napora30BOH cMec11. IlpHMep TaKoro conocTasne­

HHH npHBe.[\eH Ha pHC. 2. 
ITpoBe.neHHble paC'-leTbl n0Ka3aJIH n0BT0peHHe 

Bcex 0CH0BHblX Kal.feCTBeHHblX H KOJlH4eCTBeHHhlX 

oco6eHHOCTeH 3KcnepwMeHTaJlbHblX KpHBblX, a 

HMeHH0: 

- MOHOTOHHblH pocT .uasneHHH H TeMneparypbl 

napa npH yMeHbWeHHH 06beMa ITrK,l:(; 
- JaMe.D.JJeHHe poem 3THX napaMeTp0B no Mepe 

0XJla)l(,[(eHHJI .uyw11py10mei:t BO.Ubl, a npH yMeHb­

weHHH ee TeMneparypbl HH)l(e TeMneparypbl napa 

B flf'I{.[( - Ha'-laJI0 HX CHH)l(eHHH BCJle,D.CTBHe Ha-

4aBWeHCH K0H.D.eHC8UHH napa Ha X0Jl0,[(HbIX CTpy­

HX .uywa; 

- 6onee pe3Koe cHH)l(eHHe .uaBJJeHHH npH npe­

KpameHHH C)l(aTHH napora3oBoro o6beMa npH 

npO,D.OJl)l(afOmeHCH HHTeHCHBHOH K0HJ].eHCaUHH Ha 

CTpyHx; 



PHCym<H K CTaTbe A..[{. Ecl>aHOBa H .np. 
"Hccne.noBaJUfJI Me)Kl(aHaJibHOH HeyCTownraoCTn npH KHTieHHH )IC~oro MeTaJIJia 

B MO.lleJIH c CHCTeMOH napaJIJieJlbHhlX TBC rrpu Mam.IX CKOpOCTn lUfPKYJUIIUffl" 

a) 6) 

PHc. 1. <l>parMeHTbl eepxHeH (a) n HIDKHeH (6) qacreii yCTaHOBKH ,ll,JUl nccne.l{oeanHJ1 KHDCHHJI lKH,ZOCoro 
MeTaJIJia e cncreMe napannem.HLJX TBC 
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PHc. 4. lfaMeHeHHe DnOTBOCTH Tennoeoro DOTOICa (a), TeMTiepatypbl noeepXHOCTH HMHTaTopa e 
V ceqeHHH TBC (6), TeMDeparypbl TeIIDOHOCHTeIDl e V ceqeHHH TBC (e), pacxo.na rennoHOCHTeIDI Ha 
exo.l{e e TBC (r) e reqeHHe 3KcrrepHMeHTa e cHcreMe napannem.HLIX MO.l{em.HblX TBC: --- - neBaJI 

TBC, -- - npaBaJ1 TBC 
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Puc. 5. lfaMeneHHe e Te'IeRHe 3KCnepBMeH'Til TeMDepa,ypLI noeepXHOCTH HMHTaTopoe TB3JIOB {a, e) H TennOHOCHTeJIJI 
(6, r) e pa3lIH'illhlX ceqeHHJIX no ,ll)IHBe yqaCTI<a :meproehl,IleneHWI ,nJIJI neeou {a, 6) e npaeon (e, r) MO.D,em.HbJX TBC 
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Puc. 6. H3MeReHHe B Te'IeHHe 3KCnepBMeHTa .D,aBJieHHll Ha BXO.D,e {a) " BhIXO.D,e (6) H3 JieBOH (---) H npaeou 
{--)TBC 



~ 
q 

850 
T.,,, °C 

830 

810 

790 a) 

770 

750 

850 
T., °C 

830 

810 

790 6) 

770 

750 

2,0 
G, M3

/'lac 

1,0 

0 
B) 

-1 ,0 

-2,0 
't , C 

8 600 8 700 8 800 

Puc. 7. <l>panteHT H3MeHeHIDI BO epeMeHH TeMilepa-ryp noeepXHOCTH TB3JIOB (a) u TeDnOHOCHTeJUI (6) e 
ceqeHHH V no NIHBe yqacnra :meproehUleneHIDl, pacxo,na rennoeocHTeIDJ ua exo,ne e neeyro e npaeyro 
Mo,nem.Hhle TBC (e) 
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Puc. 8. AMrunrry.ll.hl Kone6amm reMDepa-ryp creHJCH (a), rennosocHTeJUI (6), pacxo,na rennoeocHTeJIJI 
(e) u nepuo,n Kone6amm reMJiepa-rypbl CTeHKH (r): OAHHO'IHaJI npaeag TBC (- - - ); napanneJlbHhl.e 
neeag (--) H npaeag (- • • - ) TBC npu :meproe1,1,neneHHH qn = 0, 9qnp 
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PHc. 9. CpaseeHHe 3KcnepHMeHT8Jll,HblX Aa.HHblX no 
TeDJIOOTAaqe npH KHUeHHH npH reqeHHH )KJf)J.ICHX MeT8JlJJOB B 
1-py6ax H TBC: ---- pac11e-r no q>opM)'ne ( 1) [13, 14]; 
3KCnepHMeHTam.Hble Aa.HHble - KaJIHH: T - 6om,moii o61.eM 
[9]. 0 - 1-py6a D= 10 MM (reDJioo6MeHHHK) [9, 10], • -
1-py6a D = 6 MM (3neK1-pH'leCKHH o6orpee) (11 ], ■ - tpy6a 
D = 10 MM (3neKlpH'lecKHii o6orpee) [9, 1 0]. V - 1-py6a 
D = 22 MM (3neK1-pH11ecKHit o6orpee) [12], ♦ - tpy6a 
D = 8,3 MM (3neKlpH'lecKHii o6orpee) [12]. D - 1-py6a 
D = 4 MM (3neKlpH'lecKHii o6orpee) [7]; Na-K 
3BTeKTH11ecKHii cIIJiaB («1>311): 0 - ceMHcrep)IClleBllJI c6opKa 
I= 420 MM [4]; ceMHcrep)IClleBllJI c6opKa / = 840 MM: 6) 

OTAenbHIUI (npaBIUI) c6opKa, ~ - nap8JlJJeilbHhle c6opKH c 
O~aKOBOH MOIIUIOCTblO, 0- aap8JlJJenLHhle c6opKH c 
OAHHaKOBOH MODJ,HOCTI,IO C 4-MJI B neBOH H 7-IO B DpaBOH 
c6opKax 06orpeeaeML1MH 3neMeHTaMH, ◊ - aap8JlJJenLm.re 

TBC npe 3Heproebl,lleneHHH qup = 0,8qn, * -
aap8JlJJenLHhle TBC npH 3Heproebl,lleneHHH qn= 0,9 qup 

X 
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Puc. 1 0. 3KcnepHMeHTanLHlde Aa.HHlde no pe)l(HMllM TeqeHHJI Aeyxq>a:moro aoToxa :>KH,ZJ;Koro MeTaJIJia e TBC 
(I - ny:n.q>bKOBblH, II - ceap,mm,di, Ill - .z:utcaepceo-KOnLl.{eeou peX<HMhl): nap8JlJJenLHLle TBC apH 3Hep­
roBb1AeneHHH qn= 0,9 qup: e - ayJblpbKOBblH pelKHM (neBllJI c6opKa); 0 - ayJb!pbKOBblB pe)l(HM (apaBIUI c6opKa); 
■ - ceap,wrhlii pelKHM (neelUI c6opxa); D - ceap,wn,tii pelKHM (apaBIUI c6opxa); napannenLHble TBC npB 

3HeproBbl,lleneHHH qup = 0,8qn: * -ayJblpbKOBblH pe)KHM (neBIUI c6opKa); * - ayJblphKOBblH pe)l(HM (apaBIUI 

c6opxa); • - ceapJWlhlH pe)l(HM (neBllJI c6opxa); b. - CHapJWfblH pexraM (apaBIUI c6opxa) 
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flM3'Y'fM (1987) 
~ ~-----------1'-nepBblM cra6MllbHblM pelKMM 

■ nym,ca~HM 

• BTOp<>M cra6M11bHblM pelKMM 
Cl>:3"1 (1997) 

'° nepBblM cra6MllbHblM pelKMM 

■ nynbca~H 

• 8TOp<>M cra6M11bHblM pelKMM 

napannenbHble TBC (2002-2005) 
• Cra6M11bHblM pelKMM (neea,, TBC, P1) 
• nynbca~M (neeaA TBC, P1 ) 
• Cra6MnbHblM pelKMM (npaBall TBC, P1 ) 
• nynbca~M (npaeaA TBC, P1) 

Cra6M11bHblH pelKMM (neeaA TBC, P2) 
nynbca~M (neBall TBC, P2) 

• Cra6M11bHblM pelKMM (npaBall TBC, P2) 
• 0 nynbca~M (npaeaA TBC, P2) 

• • Maccosoe 
~d';■i]■r--:~--::-~r:a.,.A.--..J napocoAepJKaHHe, x 
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PHC. 11. CpasHeHHe 3KCaepHMeu-raJIJ,HbIX AaHHblX, aonyqeHHblX e «l>3H DO pe>KHMllM reqeHIDI ASyxq>a.3HOro DOTOKa eatpHH­
ICalIBeBoro 3BTelCTH'lecKoro cnnasa B CHCTeMe aap8JlJJeilbHblX TBC, C pe3ynLTiiTilMB 3KCnepHMeHTaJII,HblX HCCileAOBamJii «l>3M 
[4] npH Te11eHHH ea1-pHH-Kamteeoro 3BTelCTH'lecxoro cnnaea H PNC [1] npH reqeHHH ea1-pHJ1 e OAHBOqebfX TBC e Komypax c 
ecreCTBeHBoit l.{HpKYIDll.{Heii 
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PHC. 2. ConOCTaBJ1em1e paC'{eTa J,f 3KCnepHMeHTa. Pe)KHM C)KaTHJI rirK.[( npH pa6oTe CHCTeMbl opomeHHJI. 0rKJIOHeHHJI 
napaMe-rpoe: .uaBJJeHHe e rirK.[( ( a) pac1.JeTHoe, 6) 3KcnepHMeHTaJibttoe), TeMneparypa napa B nrK.[( ( e) pac1.JeTHaJ1, r) 
3KcnepHMeHTaJU,HaJ1), TeMneparypa .uynrnpyromea eom,1 ( .u) pac1.JeTHaJ1, e) 3KcnepHMeHTaJ1bHaJ1) 

- 3aMeJJ,J1eHJ-1e TeMnOB CHl1)KeHID1 l(aBJleHIDI 11 

TeMnepaT)'J)bJ napa 11 nocneAy10maS1 I-IX cTa6ru111-

3au11S1 no Mepe Bb1paeHJ-1BaH11J1 TeMneparyp ,zzynrn­

p)'I01Uei-t BOAhJ 11 napa a TTrK.Zl 

3To CBl11(eTeJlbCTByeT 06 aJ(eKBaTHOCTH MOl(e­

Jll,lpOBaHIDI BbJWeyKaJaHHblX q>l13114eCKl1X SIBJ!e­

Hl1H. B uenoM no pe3y11hTaTaM conocraaneHIDI 

Cl(enaH BblBOI( 0 TOM, 4TO B m-rnaMl14eCKl1X pe)KH­

Max C)KaTIDI TirK,[{ B ycJIOB11JIX pa60Tbl CHCTeMbl 

opoweHIDI 11MeeT MeCTO YAOBJleTBopHTeJlbHOe 

COB□al(eH11e pactJeTa C 3KCnepHMeHTOM C HeKOTO­

pblM KOHCepsaTH3MOM pactJeTHOH MeTOl(HKH (.no 

0,2 Mila no OTKJ10HeH11S1M .nasneHHSI, .no 8 °C no 

OTKJIOHeHHSIM TeMneparypbl napa). 

5. Bepnct,nKaQnH 6e3 yqacTuH 
CHCTCMbl oporneunH 

Cep11J1 3 Kcnep11MeHTOB, npose.neHHaJI 6e3 

ytJaCTl1SI Cl1CTeMbl opoweHl1JI, COOTBeTCTBOBana 

l1Ml1Tau1111 naCCl1BHOfO sapHaHTa CHCTeMbl KOM­

neHCaUHH .nasneHHSI no Tl1ny HCnOJlb30BaHHOH B 

npoeKTax PY ACT-500, BI163P-600 11 .np. 

.[Lm1 aepHQ)HKaUHH pactJeTHOH MOJ(eJIH Ha 

3Tl1X 3 KCnepHMeHTaJlbHblX .naHHbIX npHMeHeHhl 

l(HHaMHlJeCKHe pe)KJ,(Mbl yaeJIHlJeHIDI H CHH)KeHHJI 
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ypoBHJI B MOJ(eJ111 IITKJJ: np11 pa311H4HblX HCXOJ(­

HbTX 3HatJeHHJIX TeMneparypbl H ypOBHJI 80.l(bl. 

IlpH 3TOM s pactJeTax Mo.ne1111poaanac1> pa6oTa 

3JieKTpottarpeaaTenei-t (nyTeM JaAaH11J1 BttyTpeH­

HHX TenJ10BbIJ(eJ1eHl1H B pactJeTHOH MOl(eJrn), KOM­

neHC11p)'IOIUl1X TeTTJIOBble noTepH 3a ClJeT Tenno­

OTl(alJH OT BOJ(JIHOH 4acTH IITK~ 11 KOHJ(eHcaum1 

napa 113 napora3oaoro o6beMa Ha Kopnyce 11 

KpblWKe MOl(eJIH IITKJJ:. l13MeHeHl1e ypOBHJI B 

IITK,[{ B paClJeTaX 3aJ(aBaJIOCb B COOTBeTCTBl1H C 

3KcnepHMeHTaJihHblMH l(aHHbTMl1, a conocTaBJie­

HHe npOBOl(HJIOCb no l(aBJleHHIO H TeMITeparype 

naporaJosoi-t CMec11 s TirK,[{, a TaK)Ke no TeMne­

parype 80/(bl B6JIH3H nosepXHOCTH pa3.nena q>a3 (B 

naCCHBHOH CHCTeMe KOMneHCal.{Hl1 .nasneHl1JI OHa 

onpe.ne11S1eT .naeneHJ-te s TirK,[{). 
ITpwMep conocTasneH11J1 pactJeTa H 3Kcnep11-

MeHTa npHBel(eH Ha pHC. 3. Pe3yJibTaTbl conocTaB­

J1eHl1JI nOKa3aJIH, 'ITO B pactJeTe nOBTOp.S!:IOTCJI ace 

OCHOBHbie oco6eHHOCTH 3KCnep11MeHTaJibHblX pe­

)Kl1MOB: pocT l(aBJieHHSI H TeMneparypbl napa npH 

yMeHbWeHHH o6beMa ITrK,[{ H CHH)KeHHe 3THX 

napaMeTpOB npH npeKpameHHH C)KaTHJI 11/HJ111 npH 

pacumpeHHH 3TOfO o6beMa (3a C'leT KOHJ(eHCal{HH 

Ha 3epKane TennoHOCHTeJlJI, KpblWKe H Kopnyce 

nr~. Kon111.JeCTBeHHoe coanaAeHHe pac1.JeTa c 
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)KCnepHMeHTOM YJJ.OBJJeTBopHTeJJbHOe, OJJ,HaKO 

KOHCepsaTH3M paC'-leTHOH MeTOJJ,HKH HeCKOJlbKO 

Bbfllle, '-leM B aHaJJOrH'-IHblX pe)l(HMax C y<laCTHeM 

CHCTeMbl opoweHHll (JJ.O 0,3 MTia no OTKJIOHeHHSlM 

JJ,aBJJeHHll, JJ.O 12 °C no OTKIIOHeHID!M TeMnepary­

pbl napa), '-ITO MO)KeT 6bITb CBll3aHO C "•ryBCTBH­

TeJJbHOCTblO" pac'-leTHOH MeTOJJ.HKH K KOppeKTHO­

CTH H noJJHOTe om1caHHll TenJJOBblX noTepb OT 

napora30BOH lfaCTH rrrK,n. 

3aKJUoqeune 

Pacw11petta o6nacTb npHMeHeHHSl HH)Kettep­

Horo KOJJ.a ECKM B '-laCTH MOJJ.enHposaHHll BCTPO­

eHHbrx aKTIIBHbIX CHCTeM KOMnettcauHH JJ,aBJJeHHSl. 

I1o pe3yJJbTaTaM sepmtrnKaUHOHHblX paclfeTOB 

CJJ,eJJaH BblBOJJ. 0 TOM, '-ITO peaJJH30BaHHall B KOJJ,e 

MOJJ,eJJb CHCTeMbl opoweHHSl rrrK,n: JJ,aeT YJJ.OBJJe­

TBOpHTeJJbHOe COBnaJJ,eH11e paclfeTa C )KCnep11-

MeHTOM. 

IlOJJ.TBep)KJJ.eHa KOppeKTHOCTb, C HeKOTOpblM 

KOHcepsaTH3MOM paclfeTOB, MOJJ,en11posamrn 

ITrK.n 6e3 yyacnrn cHcTeMbI opornemrn. I1p113Ha­

HO uenecoo6pa3HbIM JJ.aJJbHeiiwee cosepwettcTso­

BaHHe pac'-leTHOH MeTOJJ.HKH ECKM B qacrn YTO'-I­

HeH11st 3aMblKa!Oll(HX COOTHOllleHHH ecTeCTBeHHO­

ro TennoMaccoo6MeHa B ITrK.n H on11caHHll tteOJJ.­

HopoJJ.HOCTH napora30BOH CMeCH (3TH cpaKTOpbl 

llBJUIIOTCll HaH6onee 3Ha'-IHMbIMH npH MO)len11po­

samrn naCCHBHblX CHCTeM KOMneHcau1111 JJ,asne­

HHjj). 
B HaCTOllll(ee speMll npoBOJJ,HTCll JJ.aJJbHeiiwee 

cosepweHCTBOBaHHe KOJJ,a 8 '-laCTH OnHCaHlrn npo­

CTpaHCTBeHHoro npe)lCTaBJJeHHll napora30BOH 

cpeJJ.bI H MeTaJJJJOKOHCTPYK.l..(HH fITK,n:, a TaJOKe 

ylfeTa BJIHlJHJ,lll H3MeHeHHlJ npocTpaHCTBeHHOH 

opHeHTaUHH ycTaHOBKH Ha npoueccbl 8 ITrK.ZJ: C 

YlfeTOM cneu11cp11KH pa6oTbI cyJJ.OBbIX PY H nna­

syq11x A3C. 

KoHmaKmHaR u11c/JopMal(UR - KyJ1uKoa A11eKcei, 

BaJ1epbe6U'I, meJ/.: (831)246-96-55, e-mail: ezekov 

@okbm. nnov.ru 
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Y,n;K 621.039.526 
Teu,ll.eHU.HH rH,!1.p0,!1.HHaMHqecKoro COBepmeHCTBOB3HHH npOTOqffblX qacTeH 

KOJ1J1eKTOpHbIX CHCTeM TeDJ1006MeHHbIX annapaTOB peaKTopoB R3Y 

B.H. /1eRbll06, H.M. Cll301106, 

<l>rYil 'THU. P<l>-<l>3M", 249033, r. O6HHHCK Kan)l)f<CKOH 06J1., nn. Eott.napeHKO, I 

HccJ1eJloBam1e BbinOJJHeHo c 11cnonbJOsam,1eM HH(jJopMaum-1 no HJo6peTeHHJIM P<l> 1-1 CCCP. PaccMOTpeH.h1 TeXHH­
qecK.He perueHHJI, OTHOCJl!lllleCJI K paJJlalO!llHM KOJIJleKTOpHblM CHCTeMaM C ueHTpaJJbHbIM nO,!IBOJlOM H 60KOBblM OTBO­
JlOM nOTOKa, o6paTHblM npocTpaHCTBeHHhlM nosopoTaM, KOJIJleKTOpHblM CHCTeMaM c ueHTpaJJbHblM nOJlBOJlOM noTOKa 
Ha Tpy6H)'IO JlOCKY, HanopHblM KaMepaM C 60KOBblM nO]lBO)lOM H ueHTpaJJbHblM OTBOJlOM nOTOKa, KOJlbUeBOMY KOJJJleK­
TOpy. Hccne)lOBaHHe TeH]leHuHii OTHOCHTCJI K nepHOJlY BpeMeIDI c 1965 no 2007 rr. 

The tendencies of hydrodynamical perfection of flowing parts header systems of reactors heat exchangers. 
V.N. Del'nov, I.M. Sazonov. The research is fulfilled using the information about inventions made in RF and USSR. 
Engineering solutions concerning dispensing header systems with central feed and side removal of flow, spatial tum, 
header systems with central feed to a tubular plate, the header with side supply and central removal of flow and ring 
header are analyzed. The research covers a period from 1965 to 2007. 

Pa.J,na10mall KOJ1J1eKTopHall cHcTeMa (PKC) 

CJ1)0KHT O,UHHM H3 OCHOBHblX 3JleMeHTOB npoTOlJ­

HOH YaCTH Tennoo6MeHHblX annapaTOB, HMeeT 

CJ10)Kttyl0 KOHCTPYKUHIO H ,UJlll Hee xapaKTepHa 

CJlO»CHaJI rn.npo,nHHaMHKa. 

B TenJ1006MeHHbIX annapaTax 513Y w11p0Ko 

npHMeWIIOTCll KOJlJleKTOpHbie CHCTCMbl C ueH­

TpaJJbHblM no.nso,noM 11 6oKOBblM OTBO,UOM noTOKa, 

rpy6KH <l>HJlb,Ua H KOJlJleKTOpHbie CHCTCMbl c ueH­

TpaJJbHblM TopueBblM no,nBO,UOM noTOKa Ha Tpy6-

HYIO ,UOCKY, a B np0TOlJHblX tJaCT.llX peaKTopoB 

..sJ.3Y - HanopHall KaMepa c 6oKOBbIM no.nso,noM 11 

uettrpanbHblM OTBO,UOM nOTOKa H KOJlbUCBOH KOJl­

JlCKTOp c 6oKOBblM no,nBO.UJILUHM narpy6KOM. 

Ha rH,npo,nHHaMHKY npoT04HOH 4aCTH KOJJ­

neKTopHblX CHCTCM BJlHlllOT B3aHMHOe pacnOJlO­

)KCHHe 3J1CMCHTOB KOHCTPYKUHH npoT04HOH 4ac­

TH, KOHCTpyKUHH BXO,UHbIX y<taCTKOB, Tpy6HOH 

.nocKH H onopHoH peweTKH (HX nepcpopaum1, no­

JlO)KeHHe H KOHqmrypaUHll OTBepCTHH), COOTHO­

weHHe pa3MepoB HanopHOH KaMepbl H KOJUICKTO­

pa, npo<pHJlb Kopnyca H ,UHHIUa, a TaIOKe HaJlHtJHe 

.nononHHTCJlbHbIX KOHCTPYKTHBHbIX 3J1CMCHTOB B 

KOJ1J1eKTope (scTaBKa, o6TeKaTeJJb, pacnpe,neJ111-

TeJ11, H T.n.) H pll,n .npyrnx KOHCTpyKTHBHblX cpaK­

rnpoB. 

1. PKC c ueuTpa.rJLHLIM no.nso.noM 
11 6oKOBblM OTBO,ll.OM DOTOKa 

TaKasi PKC o6pa3oBaHa Tpy6HoH .nocKoH no.n 

ny40K Terrnoo6MeHHblX rpy6, ueHTpanbHOH Tpy-

6oH ,UJlSI no.nso.na TenJlOHOCHTeJUI H KOpnycoM c 

.nH11111eM. KoHCTPYKUHH PKC, o6ecne4HBalOrr.tHe 

nepeMeHHbie no nepHMeTpy rpy6Horo ny4Ka se­

JJHYHHY H noJJ0)l<CHHe MaKCHMaJlbHOro pacxo.na, 

paccMoTpeHbl B HJo6peTeHHSIX [I ... 3]. B yKa.JaH­

HbIX ycTpOHCTBax peweHHe 1a,natJH ,UOCTHrHYTO 3a 

CYeT H3MeHeHHSI MCCTa H nJl0LUa.nH BCTpe4H CTPYH 

c Tpy6HOH ,UOCKOH, yMeHbWeHI-Ul cpe,nHeH CKOpo­

CTH cTpy11, B03HHKalOLUei1 np1-1 pacw11peHHH .ns11-

)KYLUCHCJ1 cTpyH B CnyTHOM noToKe. 

B PKC c Manoi:1 OTHoc1,neJ1bHOH BbIC0TOH 

KOJ1J1eKTopa cornactto [ 1] Ha .UHHLUe KOMeKTopa 

yCTaHOBJleH pacnpe.nenHTCJlb B BH,ne nepcpopHpO­

BaHHoro Kottyca JaKpenJ1eHHoro no.n naTpy6KoM, 

o6paLUeHHoro K HeMy 60J1bl1JHM OCHOBam1eM H 

HMelOLUero OTBepCTHj[ a 6oKOBOH CTCHKe, BbinOJl­

HeHHble C UJaroM H ,nHaMerpOM, nepeMeHHblMH no 

nep11Merpy nocJ1e,nHero. Tpe6yeMoe pacnpe,nene­

HHe pacxo.na B Tpy6HOM nytJKe JlOCTHralOT 3a ClJeT 

HJMeHeHHJI no nepHMeTpy pacnpe.nen1-1TeJ1j[ ,noJ1H 

TenJlOHOCHTeJlj[, BblXO,USIJ..Uero H3 Hero qepe3 OT­

BepCTHSI a 6oKOBOH CTeHKe. 

B H306peTeHHH [2] KOJlJleKTop CHafoKeH 

Kon1,uesoi1 BCTaBKOH, KOHTaKT11py10LUeH Hap)l)f<­

HOH nosepXHOCTblO C UHJlHH,UpHtJeCKOH BttyrpeH­

HeH nosepXHOCTblO KpbIWKH H HMeJOLUeH nepe­
MeHttylO no nepHMerpy TOJlJ..UHtty. Tpe6yeMoe 

pacnpe.nenem1e pacxo.na B rpy6ttoM ny41<e .nocrn­

ralOT 3a ClJeT H3MeHeHHll no nepHMeTpy KOpnyca 

TOJlLUHHbl na.naJOLUeH Ha Tpy6ttyl0 ,UOCKY crpyH . 
J:Cnsi ysenWteHHj[ Maccos1,1x pacxo.nos B Ten­

noo6MeHHbIX rpy6ax, pacnOJlO)l<eHHblX y ueH­
TPMbHOii Tpy61,1, cornaCHO H306peTeHHIO [3] B 
PKC uettrpanbHbIH naTpy6oK s1,rne,neH B KonneK­
rnp H3 Tpy6HOH peweTKH, 3a30p Me)l<Jly naTpy6-

KOM H KpbIWKOH BbtnOJJHeH nepeMeHHblM no ee 

nepHMerpy, KOHUbl rpy6 BblASHttyTbl H3 Tpy6HOH 
peweTKH, cpe3bl Tpy6 opHeHTHpOBaHbl B CTOpOHY 

l(eHrpaJJbHOH rpy61,1, BblJleT KOHUOB Tpy6 BbtnOJl­

HeH nepeMeHHbIM no nepHMerpy rpy6HOH JlOCKH 11 

so3pacrn10LUHM no ee pa.nHYcy. 81,1,ns1rnyTb1e 1-13 

Tpy6HOH ,UOCKH KOHUbl TeilJI006MeHHblX Tpy6 

npoxo,nllT <tepe3 BHXpeBble 30Hbl, B03HHKalOLUHe 
no.n Tpy6HOH ,UOCKOH npH pe3KOM noBopoTe noTO­

Ka, H B HHX nona.naeT nOTOK, Henocpe,nCTBeHHO 

JlBH)l<YlllHHCJI B cTpye s.non1, JlHHLUa. 
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2. O6paTHblU npocTpaHCTBCBHblH D0B0p0T 

(Tpy6Ka <l>HJlb)J.a) 

B TenJJ006MeHHbrx annapaTaX lllHpOKO HC­

nOJJb3)'lOTCH TenJJoo6MeHHble 3JJeMeHTbl, co,nep­

)Kam11e .use COOCHO ycTaHOBJJeHHble Tpy6KH, Ha­

p~HaH 113 KOTOpblX 3arnyllleHa Ha Kottue. YKa-

3aHHble Tennoo6MeHHble 3JJeMeHTbl TaK)Ke H3BeCT­

Hbl no.u Ha3BaHHeM Tpy6KH <l>HJJb,Ua. 

B 11306peTeHHH [ 4) ,nJJH nOBbIWeHH.11 3cpcpeK­

THBHOCTl1 Tennoo6MeHa 11 Ha,Ue)KHOCTH pa60Tbl 

Tpy6KH BttyTpettHHH TPY6a nepcpop11posatta no 

MHHe 11 CHa6)KeHa Ha BblXO,!lHOM KOHUe .upoc­

ceJJbHOH llla1-1601-1, a ornepcnrn nepcpopau1111 tta­

npasnettbI TaHreHUHaJJbHO. ,[vi.11 nOBblllleHHH Ten­

JJOBOH 3cpcpeKTHBHOCTH TPY6KH Cl>HJJb.Ua s 11306pe­

Tett1111 [5] CTeHKa BttyTPeHHeH Tpy6hl BbinOJJHeHa C 

npoH11uaeMOCTh10, yMeHbllla10w,e1-1cH B Hanpasne­

HHH 3arnyllleHHoro Topua Hapy-A<HOH TPY6b1. 

C uenb!O nOBblllleHHH BblXO,!lHOro napoco­

.uep)KaHHH s Tpy6Ke Cl>HJJb,Ua cornactto 11306peTe­

HHIO [6] BttyTpeHHHH nosepXHOCTb KpbllllKH o6pa-

3OBaHa spaw,eHHeM .nyrH OKp~HOCTH OTHOCH­

TeJibHO OCH Tpy6bl , Hap~aH nosepXHOCTb BttyT­

peHHeH Tpy6bl BbinOJJHeHa KOHH'-leCKOH c BbI6paH­

HblM yrnoM KOttyCHOCTH, a caMa TPY6a - nepe­

MeHHOH TOJJlll,11Hbl, yMeHblllalOW,eHC.11 B Hanpasne­

HHH K BblXO,UHOMY cpe3y, o6pameHHOMY K Kpbllll­

Ke. 

,[v!H o6ecneYeHH.II Ha)J.e)KHOH pa60Tbl 6e3 BHe­

ceHH.11 .uonOJJHHTeJJbHOro r11.upo.u11HaM11YeCKOro 

8O3M)'ll.l.eHl1H nOTOKa B COOTBeTCTBHH C H306peTe­

Hl1eM [7] s Tpy6Ke Cl>HJJb,Ua KOMneHCaTop TeMne­

parypHblX Y.UJJHHeHHH C ,!lHCTaHUHOHHp)'lOlll,HMH 

3JJeMeHTaMH BbinOJJHeH B BH)J.e npHMbIKa!Olll,ero K 

BttyTpeHHeH CTeHKe Hap~oH TPY61,1 no,ll.Bl1)KHO­

ro .ntt11w,a c oTBepcTHeM .nnH npoxo.ua pa60Ye1-1 

cpe.nb1, 11Me10w,ero sorttyryJO nosepXHOCTb co 

CTopOHbl BttyTpettHeH TPY6hI 11 ycTaHosneHHoro c 

3a3OpOM OTHOCHTeJJbHO KpbllllKH 11 TOpUOB 3TOH 

TPY6bl. .nHCTaHUHOHHpy!OW,He 3JJeMeHTbl 3aKpen­

JJeHbl o.umtM KOHUOM K BttyTPeHHeH TPY6e, a BTO­

pbIM KOHUOM K nO,!l811)KHOMY ,!lHHlll,y. B YaCTHblX 

cnyYaHX 11cnoJJHeHH.11 TPY6KH Cl>HJJb.Ua, so-nepBbIX, 

Ha BttyTpeHHeH CTeHKe Hapy)KHOH Tpy6bl pa3Me­

lll,eHa c BO3MO)KHOCTbJO ocesoro nepeMew,eHHH 

UHJJHH,!lp11YeCKaH o6eYaHKa, a )J.HHW,e 3aKpenneHO 

Ha Topue ynOMHttyTOH o6eYaHKH; 8O-BTOpblX, B 

3a3Ope Me)K_ny ,!lHl1lll,eM 11 KpbllllKOH pacnOJJO)KeH 

ynpyrnH 3JJeMeHT, OpHeHTHposaHHhlH B,UOJJb OCH 

TPY6. 

TeXHHYeCKHe pellleHH.11 no HHTeHC11Q)HKaUHH 

TenJJ006MeHa B Tpy6Ke <l>HJJb,Ua npe,nnO)KeHbl B 

11306peTeHH.IIX [8 .. . 12]. B H306peTeHHH [8] BHYT­

peHHHH Tpy6a Tpy6KH <l>HJJb)J.a 11MeeT yYaCTOK c 

nepcpopaUHHMH, pacnOJJO)KeHHblH B 3OHe cso6o,n­

HOro Topua Tpy61,1, .nJJHHa KOToporo onpe.ueneHa c 
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YYeTOM .un11Hbl BttyTPeHHeH Tpy61,1. CornacHo 

H306peTeHHIO [9] B KOJJbUeBOM 3a3Ope Tpy6Kl1 

Cl>HJJb,Ua BbinOJJHeHbl cn11panbHbie KaHaBKl1 co 83a-

11MHO npoTHBOnOJJO)KHblM HanpasneHHeM 3aKpYT­

KH, yrn1,1 no.n'beMa KOTOpblX onpe.ueneHbl H pa3-

JJHYHbl ,nJJH pa3HblX Tpy6. 

B Tpy6Ke Cl>HJJb,Ua no 11306peTemuo [ 1 OJ B 

KOJJbUeBOM 3a3Ope pa3Melll,eHbl C paBHhlMl1 npo­

Me)KYTKaMH ceKUHH C lllapOBblMH 3JJeMeHTaM11, 

BttyTpeHH.IIH Tpy6a BblnOJJHeHa c nonyccpep11Ye­

CKHMH JTYHKaMH no.u lllapOBble 3JJeMeHTbl, pacno­

JJO)KeHHblMl1 no BHHTOBOH JJHHHH, 11 C BbleMKar.rn, 

pa3Melll,eHHblMH B npoMe)KYTKax Me)K_ny ceKUH.IIMH 

H Tal()Ke HMeJOUJ;HMH cpopMY nonyccpepHYeCKHX 

nyHoK, pacnOJJO)KeHHblX no 81-lHTOBOH JIHHl1H C 

yrnoM no.n'beMa, paBHblM yrny TIO,UbeMa nyHOK 

no.u 3JJeMeHTbl. 

Kon1,uesoi-t Kattan Tpy6K11 <l>HJJb.D.a cornacHo 

11306peTeHHJO [ 11] pa3.ueneH Ha Yepe.uyJOw,HeCH 

CeKUHH C pa3Mew,eHHblMH B HHX pH,ll.aMH lllapOBblX 

ryp6yJJH3aTopoB, pacnOJIO)KeHHblX no 811HTOBOH 

JJHHHH C 3a,UaHHblM yrnoM no.ubeMa 11 HMeJOW,HX 

CKBO3Hble OTBepCTH.11, Yepe3 KOTOpble nponymetta 

npOBOJJOYHaH npy)Kl1HHaH cn11panb. BbICOTa yl.fa­

CTKOB C ryp6yn113aTopaMH 11 6e3 HHX ycTaHOBJJeHa 

C y...eTOM }lHaM~a ryp6yn113aTOpOB. 

B H306peTeHHl1 [12] Ha 6oKOBblX nosepXHO­

CT.IIX BttyTpeHHeH H Hapy)KHOH Tpy6 o6pa30BaHbl 

nonyccpep11'1eCKHe nyHKH. JlyHKH Ha pa3JJH'ffiblX 

TPY6ax CMeW,eHbI onpe.ueneHHb[M o6pa30M OTHO­

CHTeJJbHO .upyr .npyra, a B ueHTPe JJYHOK BttyTpeH­

HeH Tpy6bI BbinOJJHeHbl CKBO3Hble OTBepCTl1H. 

3. KOJIJICKTopeble CHCTCMbl c QCHTpaJlbHblM 

D0)J.B0)J.0M D0T0Ka ua Tpy611y10 )J.0CKY 

XapaKTepHblM 3JJeMeHTOM npOTOYHOH qacnt 

Tennoo6MeHHblX annapaTOB HBJI.lleTC.11 KOJJJleKTOp­

Ha.11 CHCTeMa C ueHTpaJJbHblM nO)J.8O,UOM noTOKa Ha 

Tpy6Hyl0 ,UOCKY, B KOTOpOH 3aKpenneHbl KOHUbl 

TenJJ006MeHHblX Tpy6. ,[vi.11 TaKHX TenJJ006MeH­

HblX annapaTOB xapaKTepHo ttepasttoMepHoe pac­

npe.ueneH11e pacxo.uos pa6oYeH cpe.Ubt no Tenno­

o6MeHHblM Tpy6aM. ,[vl.11 HCKJIJOl.{eHH.11 YKa3aHHOro 

pattee He,UOCTaTKa B H306peTeHl1.IIX [13 ... 15] B 

KOJJJJeKTOpHOH CHCTeMe C ueHTPaJJbHblM nO,UBO,!lOM 

noTOKa Ha TPY6ttyl0 .uocKy Ha sxo.ue B KonneKTop 

pa3Melll,aJOT pacnpe.nen11Ten11 pa3JJHYHbIX THnOB. 

B H306peTeHHH [ 13] B KOJJJJeKTopHOH Cl1CTeMe 

Ha BblXO)J.e 113 TIO)J.8O,!l.llW,ero naTpy6Ka ycTaHOBJJeH 

pacnpe.nenHTeJJb B BH)J.e .usyx KOHUeffTPHYHO pa3-

Meru,eHHblX nepcpopHpOBaHHblX TPY60K C nepcpo­

p11posaHHblMH ,!lHHW,aMH y KOTOpb!X pa3Mepb1 

OTBepCTHH yseJJHYHBalOTCH B HanpasneHHH OT OCH 

Tpy6oK K nep11cpep1111 . .nm,rue Hapy)KHOH Tpy6KH 

11MeeT nonyccpep11YeCKY10 cpopMy, a BttyTpettHeii -

cpopMy KOttyca c seplllHHOH, o6palll,eHHOH Ha­

BCTPeqy noToKy )KH,!lKOCTH. 



CornacHo H306pe-remuo [14] s KOJIJleKTopHoH 

c11cTeMe Ha BbIxo.ne H3 no.nso.n.111.1..1.ero naTPy6Ka 

ycTaHOBJleH pacnpe.nen11TeJ1b B BH,Ue KOffYCHOH 

neHT04HOH cnHpanH, 3aKpenneHHOH MeHblllHM 

OCHOBaHHeM a naTPy6Ke 1-1 OpHeHTHposaHHOH CBO­

eH 6oKosoi1 nosepXHOCTblO no.n yrnoM K noToKy 

TenJlOHOCHTeJJ.ll. 

B KOJlJleKTOpHOH CHCTeMe, paCCMOTpeHHOH B 

11306peTem111 [ 15], Ha sxo.ne s KOJlJleKTop ycTa­

HosneH pacnpe.nenHTeJJb, BblnOJlHeHHblH B BH)le 

COOCHblX KOHOH.[lOB, BXO,UHble H BblXO.UHble cetJe­

HHll KOTOpblX HMelOT .n11aMeTpbl, yseJ1HlJHBalO­

UJ.HeC.ll no Mepe HX npH6J1IDKeHH51 K Tpy6HOH .noc­

Ke. 

C uen&10 o6ecnetteHH51 Heo6xo.nHMoro pac­

npe.neneHmt CKOpOCTH no Tennoo6MeHHbIM TPY6-

KaM KOJlJleKTOpHOH CHCTeMbl B H306peTeHH.l!X 

[ 16 ... 21] npe,nJlO)l(eHO a KOJlJleKTope Ha BXO)le s 

Tpy6ey10 )lOCKY pa3MeCTHTb pa3J1Hl{Hble THnbl pe­

llleTOK H BCTaBOK. B H306peTemrn [ 16] B KOJlJleK­

TOpHOH CHCTeMe Ha BXO)le s Tpy6ttyl0 .nocey ycrn­

HOBJleHa nnaCTHHa C npope3.l!MH B BH)le KanHJJ­

JJ.llpHblX KaHaJJOB KJlHHOBH.[lHOH cpopMbl C cetteHH­

eM, nocTeneHHO yMeHbWaJOUJ.HMC.ll OT nepHcpepHH 

K ueHTpy. OcH npope3eH cosna.na10T c ocxMH OT­

sepcn111 pewe-rKH. 

B KonneKTope, paccMOTPeHHOM B H3o6pe-re­

HHH [ 17], Ha sxo.ne a Tpy6ttyJO )lOCKY ycTaHOBJJeHa 

pacrrpe.nenHTeJJbHa51 neperopo.nKa c OTBepcntllMH, 

pacnOJJO)KeHHblMH COOCHO c Tennoo6MeHHblMll 

Tpy6KaMH 1-1 BblnOJJHeHHblMH KOHUeHTPI-NHO no.n­

BO)l.llUJ.eMy naTPy6Ky C yseJJJ1lU!BaJOUJ.HMHC51 no 

Mepe y.naneHHll OT Hero .UHaMe-rpaMH. 

CornaCHO H306pe-reHHJO [18] B KOJlJJeKTope Ha 

BXO)le B Tpy6Hy10 .nocey ycrnHOBJleH naKeT 3Kpa­

HOB C OTBepCTH.l!MH, )lHaM~ KOTOpblX He npeBbl­

wae-r BHyrpeHHHtt .nHaMe-rp TPY6 H coocHo no­

cne.nHHM. 3KpaHbl s naKeTe pacnOJJO)KeHbl Ha yc­

TaHOBJleHHOM pacCTO.llHHH .npyr OT .npyra. B H30-

6peTeHHH [ 19] B KOJ!JleKTOpe pa3MeUJ.eHa m1paMH­

.na c npope351MH nepeMeHHoro cetteHH.ll KanJJeo6-

pa3HOH cpopMbl, o6paUJ.eHHa51 seplllHHOH K BXO)l­

HOMY naTPy6Ky. 

Ltrrll BblpaBHHBaHH.ll pacnpe.neneHH51 CKOpOCTH 

H CHIDKeHH.ll K03QJQJHUHeHTa rn.npaBJlHlfeCKOro 

conpOTHBJleHH.ll cornaCHO H306pe-reHHIO [20] B 

KonneKTope ycTaHosneH pacnpe.nenHTeJJb B BH.ne 

nepcpopHpOBaHHOro TeJla spaUJ.eHH.ll C KpHBOJlH­

HettHOH 06pa3y10mei1 B cpopMe BeTBH CHffYCOH)J,b[. 

B H3o6peTeHHH [21] ,UJlll CHIDKeHH.ll rHApaB­

JlHlfeCKOro conpOTHBJleHH.ll B KOJ1J1eKTope Ha BXO­

.ne s Tpy6tty10 .nocKy noMeUJ.eHa pacnpeAeJ111TeJ1b­

Hall neperopo,nKa s s11.ne KoHyca, o6pal.l(eHHOro 

sepwHHOH s cTopotty sxo.nHoro naTPy6Ka, a B OT­

sepcTH.llX, pacnOJlO)KeHHblX B ueHTPaJJbHOH l{8CTH 

neperopO)lKH, ycTaHOBJleHbl o6paUJ.eHHbie a CTO­

potty Tpy6HOH .LJ.OCKH HaCa,nKH. 

J:trrll o6ecnetteHH51 Heo6xo.nHMoro pacnpe.ne­

neHH51 CKOpOCTH no Tennoo6MeHHblM TPY6KaM B 

H306peTeHHH [22] peKOMeH)lOBaHa ycTaHOBKa B 

KOJlJleKTope .npocceJlbHblX Tpy6. HatJaJJbHble yqa­

CTKH HX BbinOJJHeHbl np.llMOJlHHeHHbIMH H no.n­

KJl!Ol{eHbl napanneJJbHO K nO.LJ.BO)l51UJ.eMy naTPy6-

KY, a HX KOHettHble yttaCTKH HMeJOT BH)l UHJlHH.U­

pHtteCKHX 3MeeBHKOB, OXBaTblBa!Oll.lHX □p.llMOJlH­

HeHHble HalJaJJbHb[e yllaCTKH coce)lHHX .npocceJJb­

HhlX TPY6 "' pa3MeUJ.eHHblX B&rnyKJJblMH cpe3aMH 

Ha.[l COOTBeTCTBYlOUJ.HMH Tennoo6MeHHbIMH Tpy-

6aMH. 

PasHoMepHoe pacnpe.neneHHe TennoHOCHTen.11 

no Tennoo6MeHHblM Tpy6aM KOJ!JleKTOpHOH CHC­

TeMbl B H306peTeHIUIX [23, 24] o6ecnetJHBa!OT yc­

T8HOBKOH Ha HX sxo.ne Pa3J!HlJHblX pellleTOK H 

BCTaBOK. B H3o6pe-reHHH [23] B KOJlJleKTOpHOH 

CHCTeMe npe,UJlO)KeHO Ha BXO)le s Tpy6ttyJO .nocKy 

pa3MeUJ.eHHe peweTKH C HanpaBJJeHHblMH B npo­

THBOnOJlO)KttylO OT nOJJ.BO)l.llUJ.ero naTPy6Ka CTO­

potty K03blpbKaMH, nepeKpb!BaJOUJ.HMH OTBepCTH51 

perneTKH H HMelO[UHMH BblCOTY, nocTeneHHO B03-

paCTa!OUJ.YIO no Mepe y.naneHHR OT BXO)lHOro naT­

py6Ka ,nnll yMeHbllleHHR npoxo.nHoro cell.eHH.ll 

KonneKTopa no xo.ny TennoHOCHTen.11. 

CornacHo H3o6peTeHHJO [24] s KonneKTopHoH 

CHCTeMe Ha BXO)].e s Tennoo6MeHHble TPY6bl ycTa­

HOBJleHbl BCT8BKH B BH,Ue Tena C nonepetJHblM ce­

tteHHeM s cpopMe pasHo6e.npeHHOH TPaneuHH, no­

MeUJ.eHHoro MeHb1IDIM OCHOBaHHeM BttyTPb Ten­

Jl006MeHHOH TPY6&1 11 npHKpennettHoro co CTopo­

Hbt 60JibWero OCHOBaHH.ll K peweTKe np~IDI­

UJ.HM 3JleMeHTOM C o6pa30BaHHeM 3a30pa Me)l(Jzy 

Topuesoi-1 KpOMKOH Tennoo6MeHHoH TPY6&r H no­

sepXHOCTblO BCTaBKH, o6paUJ.eHHOH K HeH. 

B KOJlJleKTOpHblX CHCTeMax, COOTBeTCTBylQ­

ll{HX H306pe-reHH.l!M [25 ... 27], ,UJ151 .D.OCTH)KeHlfjj 

paBHOMepHoro npOQJHJJ.ll CKOpOCTH B nylfKe TeJIJ10-

o6MeHHbIX Tpy6 TaK)Ke HCnOJ1b3ylQT nepepacnpe­

.nenHTeJlbHbJe YCTPOHCTsa HJJH BblJJ.BHra!OT B KOJl­

neKTop no onpe.neneHHOMY 38KOHY KOHUbI Tenno­

o6MeHHhtX Tpy6. 

B H306pe-reHHH [25] B KOJlJJeKTope peKOMeH­

JJ.OBaHO pa3Mel.l(eHHe CHCTeMbl 3aKpenneHHblX Ha.Q 

KIDK)J.OH H3 Tpy6 K03blpbKOB C OTOrttyTblMH BIDl3 

60KOBblMH KpOMKaMH. CornacHO H306pe-reHH.llM 

[26 27] a nOJlOCTb KOJlJleKTopa BbIBe)leHbl KOHUbl 

Tennoo6MeHHblX TPY6, cpe3bl KOTOpb!X o6pameHbl 

s cTopotty no.nso.n.11UJ.ero naTPy6Ka. Yron CKoca 

KIDK)J.OH H3 Tef1Jl006MeHHblX Tpy6 BbtnOJ!HeH ne­

peMeHHblM OT nep1-1cpep11H KOJ!JleKTopa K ueffTPy. 

Ltrrx ynpasJJeHHR npocpHJ1eM CKOpOCTH Ha Bbl­

xo.ne H3 KonneKTopa cornacHo H3o6peTeHHIO [28] 
□pOXOJJ.Hble cetteHH51 KaHaJlOB perneTKH H3Mett51JOT 

nepeMew.eHHeM B HHX nO,UBH)KHblX 3JleMeHTOB. 

BpH 3TOM a Kattecrne ynpasn.1110UJ.ero B03JJ.eHCT-
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BHJI. Ha TIOCJie)J.HHe npHMeHSIIOT npHJIO)!(emrylO K 

HHM pe3)'JlbTHp)'lOLU)'IO C11JI rpaBl1TaUH11 11 no6o­
B0f0 conpOTl1BJieHl1SI. B )'Ka3aHHOM paHee 11306pe­

TeHl1H npOXO)J.HOe ceYeH11e Ka)!{)J.OfO KaHana pe­

llleTKH BblOOJIHeHO yMeHblllalOll.(11MCSI K ero Bbl­

XO)J.HOM)' yYaCTK)', a BO BXO)J.HOM yYaCTKe )'CTa­

HOBJieHbl 00)1.BIDKHblH :meMeHT 11 onopHble )J.eTa­

Jil1, orpaH11411BalOLUHe ero nocrynaTeJibHOe nepe­

MeLUeHHe B KaHane. 

B 11306peTeHHH [29] paBHOMepHoe pacnpe.D.e­

neHHe CKOpOCTH OOTOKa Ha BXO)J.e s Tpy6H)'IO )J.OC­

KY o6ecne"fl1Bal0T nyTeM opraHl13aU1111 Me)!{)J.y 

Tpy6HOH )J.OCKOH 11 q>HllbTPOM KaMepbl, )J.JIHHa KO­

TOpOH npeBbIWaeT pa.UH)'C Kopnyca. 

,[(nsi aBTOOO.UCTPal1BaHl1SI K BHewHeM)' 113Me­

HeHHIO CKOpOCTl1 OOTOKa 11 o6ecneYeHHJI. OOCTO­

SIHHOfO pacxo)J.a )!{11)1.KOCTH npH 113MeHeHHl1 )J.aB­

JieHH.SI Ha BXO)J.e B 11306peTeHHH [30] B KOJIJieKTope 

npe)J.JIO)!{eHa ycTaHOBKa pacnpe.D.eJIHTensi B BH.D.e 

XOHeHKOM6a C .Rt.feHKaMH, CO.D.ep)!{all{HMH no 0)1.­

HOM)' p.R.IJ.Y 3JlaCTl14HblX rnapHKOB. XoHeHKOM6 

3aKpenneH Me)!{)J.y )!{eCTKO cp11Kc11pyeMblMl1 C KOp­

nycoM orpaHl1411TeJlbHblMH peweTKaMl1, paccTOSI­

Hl1e Me)!{)J.y KOTOpblMl1 Bb16paHO C yYeTOM )J.Ha­

MeTPOB wap11K0B. 

4. Hanopuan KaMepa C 6oKOBblM 00)).BOJJ.OM 

H UCHTpa.rJbHblM OTBOJJ.OM DOTOKa 

B o6meM cnyyae KOJIJleKTopHasi Cl1CTeMa 3TO­

ro T11na orpaH11YeHa KOpnycoM, .UH11LUeM 11 onop­

HOH peweTKOH, ycrnHosnettHOH BH)'TPl1 o6eYaHKH. 

Ha CTeHKe KOpnyca pa3Memett TIO)J.BOmILU11H naT­

py6oK. He)J.OCTaTKH - Ha.Jll14He rH)J.paBJIHYeCKOH 

ttepaBHOMepHOCTH Ha BblXO)J.e H3 HanopHOH KaMe­

pbl 11 OTHOCl1TeJlbHO HH3KaSI HHTeHCHBHOCTb nepe­

Mew11BaHHJ1. TeTIJJOHOCITTem1 B HeH. 

KoHCTPYKI..ll111 HanopttbIX KaMep, 06ecneY11-

sa10m11e 33)1.aHHoe pacnpe.D.eJ1eH11e pacxo)J.a ( cKo­

pocT11) pa6oqej;j cpe.D.bl Ha Bb1xo.ue 113 KonneKTopa, 

paccMOTPeHbl B H306peTeHHJI.X [31 . . . 38]. Comae­

HO 1no6peTeHHIO [3 I] B KOJIJleKTope )'CTaHOBJieHa 

npo.D.OJI&Hasi npoq>H11HposaHHasi nepcpop11poaaH­

ttasi neperopo,uKa, pa3.D.ensi10masi Kopnyc Ha npo­

TOYH)'IO 11 T)'TIHKOB)'IO 06nacT11, coo6ma10mwec.si 

qepe3 pa3rp)'30"fHbie oKHa B neperopo.D.Ke. 

B COOTBeTCTBHl1 C 11306peTemreM [32] B Ha­

nopHOH KaMepe ycTaHOBJieHa neperopo.D.Ka, CHa6-

)!{eHHasi MexaHH3MOM 113MeHeHHJI. yma ee HaKJIOHa, 

a no 11306peTeHH10 [33] - neperopo.D.Ka B BH.D.e 

KJIHHa 113 nopHCTOfO MaTepwana C paBHOMepHOH 

nop11CTOCTblO, opHeHn1poBaHHaSI MeHblllHM OCHO­

BaHHeM B CTOpOtty 6oKOBOf0 naTpy6Ka. 

B HanopHOH KaMepe, KOHCTpyKu11.si KOTopoii 

paCCMOTpeHa B 11306peTeHHH [34] , KOpnyc BblTIOJI­

HeH UH1111H.Up114eCK11M C pacw11pS110LUei1C.R Bepx-
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HeH YaCTbJO. no OCH Kopnyca ycTaHOBJieHa BCTaB­

Ka B cjlopMe Tena spameHHJI. B BH)J.e yceYeHHblX 

KOttyCOB C 06m11M 60Jlbllil1M OCHOBaHHeM, o6pa-

3)'IOLUaSI co CTeHKaMH KOHl14eCKOM t.faCTl1 Kopnyca 

KOJibUeBoii .D.HQlq>YJOpHbIH Kattan. 

ComacHo 11306peTeHH10 [35] B Hanopttoii Ka­

Mepe pa3MeLUeHa o6et.faHKa, o6pa3)'IOLUaSI c KO)!{y­

XOM KOJlbUeBylO nOJIOCTb. 06eYaHKa BepXHeH Yac­

TH BblTIOJIHeHa c OKHaMH, 6oKOBa.R w HH)!{H.SI.SI CTO­

pOHbl KOTOpblX CHa6)!{eHbl cryneH"faTbIM11 no )J.Jll1-

He TIOJIKaMH. KonHYeCTBO TIOJIOK Op.SIMO nponop­

UHOHaJibHO .D.HaMeTPY OKp)')!{HOCTei1, npoxo.D..Rm11x 

4epe3 HX CB060)J.Hble KOHUbl. CMe)KHJ,Je TIOJIKJ,f 

OTOfH)'Tbl B npOTl1BOnOJIO)f(Hble CTOpOHbl. 

B COOTBeTCTBl111 C 11306peTeHHeM [36] Ha 

)J.HHLUe HanopHOH KaMepbl pacnOJIO)KeH BbJTeCHl1-

TeJlb. Hanopttasi KaMepa ctta6)Ketta u11mrn.D.p11Ye­

CKOM Hanpasn.si10mei1 BCTaBKOH. Ee sepxHHM TO­

peu )'CTaHOBJieH C KaCaHHeM K HH)KHeMy TOPU)' 

o6e"faHKH, a HIDKHl1H Topeu C 3a30pOM no OTHO­

weHHIO K )J.H11LUY- BbITeCHHTeJib BblOOJIHeH B BH)J.e 

UHJIHH.D.pa, BepXH.SISI YaCTb KOTOporo orpattJ,fl-leHa 

KpblllJKOH, 11 TIOMeLUeH C 3a30pOM BH)'TpH UHJJl1H)J.­

p11YeCKOH BCTaBKH 6e3 KacaHHJI. BXO)J.HOH YaCTl1 

onopHoH peweTK11. B HanopttoH KaMepe c rop11-

30HTaJibHbIM UHJIHH)J.p111.1eCKl1M KOpnycoM comae­

HO H306peTeHHIO [37] BXO)J.HbJe yYaCTKH TPY6 yc­

TaHOBJieHbl no KacaTeJlbHOH K BttyTpeHHeH o6pa-

3)'JOLUeH Kopnyca. 

ComacHo 11306peTeHH10 [38] HanopHaJ! KaMe­

pa )J.OTIOJIHHTeJlbHO CHa6)KeHa KO)K)'XOM, BXO)J.HblM 

naTpy6KOM, KOJlbUeBOH BCTaBKOH, pacnOJIO)KeH­

HOH Me)K.IJ.Y o6eYaHKOH 11 KO)K)'XOM, 11 c11cTeMOH 

He3aBHCHMblX 00)1.BH)!{HblX .D.poccen11py10m11x 

3JieMeHTOB, )KeCTKO coe)J.11HeHHblX C T.RraMl1, KOH­

Ubl KOTOpblX MOryT 6b1Tb np11coe)J.11HeH1,J K npHBO­

)J.aM. Ko)Kyx co CTOpOHbl HanopHOH KaMepbl 11MeeT 

)J.Hl1ll(e, K KOTOpOMY TIO)J.KJIIO"feH naTpy6oK. YcT­

pOHCTBO 06ecne411saeT TIJJaBttylO peryn11poBKY 

pacxo.ua pa6oYei1 cpe.D.bI no TPY6aM nyTeM nepe­

MeLUeH11.R .D.poccen11p)'IOLUl1X 3JieMeHTOB B sepTH­

Ka.JlbHOM HanpaaneHl1H c TIOMOLUblO T.Rr, o6ecne-

411BaSI TeM caMblM 113MeHeHl!e npOXO)J.HOfO ceqe­

Hl1JI 3a30pa. 

,[(nsi 11HTeHc11cp11Kau1111 npouecca nepeMew11-

sattl1jj TIOTOKa B COOTBeTCTBl111 C H306peTett11eM 

[39] ttanopttasi KaMepa ctta6)KeHa Hanpasn.si10me11 

BCTaBKOH, U11JIHH.UpH"feCKaSI t.faCTb KOTOpOH npH­

MbIKaeT BepXHHM TOpUOM K Topuy o6eYaHKH H 

orpatt11Yetta CHl13Y conp.Sl)!{eHHOH nnocKoH nm1roi1 

C ueHTpaJibHb[M OTBepCTHeM, 11 rop1130HTaJibHblMH 

p.si)J.aM11 cn11panbHblX pe6ep, ycTaHOBJleHHbfX no 

BblCOTe HanopHOH KaMepbl B 3a30pax COOTBeTCT­

BeHHO Me)!{)J.y )J.Hl-lLUeM 11 pa3)J.eJ111T eJ1bHblMl1 

BCTaBKaM11, a TaK)Ke Me)!{)J.y pa3)J.eJll1TeJlbHOH 

BCTaBKOH 11 TIJIOCKOH TIJIHTOH HanpaBJISIIOLUeH 



BCTaBKH. Cn11paJ1bHble pe6pa HMelOT nponmono­

JIO)KHOe HanpaBJieIDle 3aKpyrKH B CMe:>KHbrx: pll­

,nax. Pa3,nemrreJibHa.R BCTaBKa .nonOJIHHTeJlbHO 

cHa6)KeHa LJ.1,fJJHHJlpR4ecKOH o6e4aHKOH, conpll­

)KeHHOH C ee OJIOCKOH 4aCTblO H pacnoJIO)KeHHOH B 

onyCKHOM KaHaJJe Me)l(Jly KopnycoM H o6e4aHKOH 

Tpy6Horo ny4Ka. 

5. KOJJh~CBOU KOJJJJCKTOp 

B peaKTOpHb[X ycTaHOBKax UIHpOKO HCOOJlh-

3YeTCll no.nso.n noTOKa s Kopnyc peaKTopa 4epe3 

6oKOBOH no,nBO.llllll.{RH naTPy6oK. ,lvtll YKa3aHHOH 

CHCTeMbl xapaKTepHbl HepaBHOMepHOCTb pacnpe­

.neneHHll npocpHJill CKOpOCTH B nonepe4HOM Ce4e­

HHH 60KOBOro KOJlbU.eBoro KaHaJJa, npHBO.D.llll.{a.R K 

HepaBHOMepHOCTH pacnpe.n.eneHHll CKOpOCTH Ha 

BXO.D.e B aKTHBttylO 3Otty, H OTHOCHTeJibHO BbICOKOe 

rH,D.paBJIH4eCKOe conpOTHBJieHHe. 

KOHCTpyKU.HH KOJlbU.eBoro KOJIJieKTopa, o6ec­

ne411Bal0ll.{He OTHOCl1TeJibHO paBHOMepHoe pac­

npe.n.eneHHe pacxo.n.a (cKopocT11) pa6o4eH cpe.D.bI a 

KOJlbU.eBOM KaHaJJe, pacCMOTPeHbl B H306pe-reHHllX 

[40 ... 42]. CornaCHO 11306peTeH11IO [40] B KOJlhU.e­

BOM KOJIJieKTope Me)K,D.y OO.D.BO.D.llll.{HM naTPy6KOM 

11 OTBepCTl1llMH Ha 6oKOBOH noaepXHOCTH KO~a 

ycTaHOBJieHa KOJibU.eBa.R .n11acpparMa, yKpenneHHa.R 

Ha KO)f(yxe C 3KCU.eHTPHCHTeTOM, CMell.{eHHblM B 

CTOpOHY, npOTHBOOOJIO)f(ttyJO OT OO.D.BO.D.llll.{ero 

naTpy6Ka. 

B COOTBeTCTBHJ,f C H306peTeHl1eM [ 41] KOJlb­

ueaoH KonneKTop cHa6)f(eH 3aKpenneHHOH a 3a3O­

pe Me)l(Jly Tpy6HOH .n.ocKoH 11 neperopo.D.KOH pac­

npe.nenHTeJibHblM KOJlhU.OM C OTBepCTHllMH. Ilepe­

ropo.n.Ka BblnOJIHeHa B BH.D.e KOJlbUa, a ropeu. 3Kpa­

Ha coe.n.HHeH C KO)f(yxOM. B COOCHblX OTBepcnurx 

neperopo.n.KH 11 pacnpe.n.en11TeJ1bHOro KOJibUa c 

BblJleTOM Ha o6e CTOpOHbl ycTaHOBJieHbl BT)'JIKH, c 

rapaHT11poaaHHblM 3a3OpOM OXBaTblBaJOll.{He ne­

p11cpepHHHhle Tpy6bl ny4Ka H )f(eCTKO 3aKpenneH­

Hbie B pacnpe.n.eJIHTeJihHOM KOJlbU.e. 

TTOBbllUeHHe 3KcnnyaTaUHOHHOH Ha,D.e)KHOCTH 

ycTpoHCTBa cornacHo 11306peTeHHIO [ 42] o6ecne-

4eHo 3a C4eT Toro, 4TO Hap~a.R 11 BttyTPeHH.llll 

o6e4aHKl1 3KpaHa nJIOTHO coe,D.HHeHbl CBOHMH 

npoTHBOnOJIO)f(HhlMH TOpU.aMH C KO)f(yxOM H 

TPY6HOH .llOCKOH. 

,lvtll CHH)f(eHHll rH.n.paBJIH4eCKOro conpOTIDI­

JieHHll B COOTBeTCTBHH C H306peTeHHeM [ 43] KOJlb­

u.eaoH 3a3op, o6pa30BaHHblH KopnycoM H KO)f(y­

XOM, Ha y4aCTKe Me)f(,lly naTpy6KOM H nepcpopauH­

eH KO)l(yxa CHa6)f(eH neperopO.D.KOH a BH,D.e paBHO­

MepHO nepcpop11poaaHHoro yce4eHHoro Kottyca, 

Pa3Mell.{eHHOro C nepeKpbITHeM KOJlbU.eBoro 3a3O­

pa H YKJIOHOM B CTopotty HanpaBJieHID! .llBIDKeHHJI 

TenJIOHOCl1TeJill . Ha.n. neperopO.D.KOH ycTaHOBJieHO 

KOJlbU.O, CKpenneHHOe C KopnycoM H o6pa30BaHH­

eM 3a3opa C KO)f(yxOM. 

3aKJ11011eene 

8 pe3yJibTaTe HCCJie.D.OBaHHll BbHIBJieHbl CJie­

AYJOll.{He HanpaaneHHll coaepweHcTaosaHHJI npo­

T04HOH 4acTH PKC Tennoo6MeHHbIX annapaTOB. 

B KOJIJieKTOpHOH CHCTeMe C ueHTpaJJbHbIM 

OO):(BO.D.OM H 60KOBblM OTBO}:(OM nornKa, B 43CTHO­

CTH, ycTaHaBJil{B3IOT pacnpe}:(eJIHTeJIH noTOKa Ha 

.D.HHll.{e KOJIJleKTopa H KOJlhUeBble BCTaBKH y CTeH­

KH Kopnyca, o6ecnelfifBaJOT nepeMeHHhfH no ne­

p11MeTpy KOJIJleKTopa 3a3Op Me)l(tJ.y .llHHJ.UeM H 

TopuoM ueHTPaJTbHOH Tpy6L1 H BhIJieTbl KOHUOB 

Tennoo6MeHHblX Tpy6 113 Tpy6HOH }:(OCKH. 

B Tpy6Kax <l>HJib.D.a BblnOJIHlllOT nepeMeHttylO 

no .n.mrne BttyTPeHHeH Tpy6b1 nepcpopauHIO, ycrn­

HaBJ111aa10T Ha Bb!XO.D.e BHYTpeHHeH Tpy6bl .npoc­

ceJIHPYIOll.{He waii6b1, npocpHJIHpy!QT attyrpeH­

HIOIO noaepxHOCTH KpbllUKH, np11MeHlllOT BttyT­

peHHl1e Tpy6bl C nepeMelIHOH no .llJl11He TOJ!Ul11-

HOH, ycTaHaBJIHBaJOT B KOJIJieKTope nO.D.BH)f(HOe 

.D.HHll.{e C .D.11CT3HU.11OHl1PYJOLUHMl1 3JleMeHTaMH, 

BblnOJIHlllOT cnHpaJJbHble KaHaBKl1 Ha o6parneH­

HblX .n.pyr K .n.pyry noaepXHOCTllX BttyTPeHHeH H 

Hap~oj;j Tpy6, 11cnoJ1b3YIOT Ha Hapy)KHOH no­

aepxHocrn BttyTpeHHeH Tpy6b1 nyHKH c ornep­

CTHllMH H 6e3 HHX H ycTaHaBJIHBalOT B KOJlbUeBOM 

KaHaJJe wapOBbie ryp6yJIH3aTOpb1. 

B KOJIJieKTOpHblX Cl1CTeMax C u.eHTpaJlbHblM 

nO.D.BO,llOM ITOTOKa Ha Tpy6ttyl0 AOCKY pa3Mell.{alOT 

Ha BXOAe B KOJIJleKTop pacnpe.n.en11TeJIH pa3JIH1-I­

Hbrx THnOB, ycrnttaBJIHBaJOT Ha axo.ne a Tpy6ttyl0 

AOCKY pa3Hble THTTbl peweTOK, BCTaBOK KO3blpb­

KOB, o6ecne4HBaJOT BblJleT KOHUOB Tennoo6MeH­

HblX Tpy6 H3 Tpy6HOH ,llOCKH, pa3MeLUaJOT B KaHa­

nax peweTOK nO}:(BH)l(Hb(e 3JieMeHTbl, BblnOJIHlllOT 

Me)l(tJ.y Tpy6HOH .D.OCKOH 11 BXO.D.HblM cpHJibTpOM 

Bb1paBHl1BaJ0UlYIO KaMepy, ycTaHaBJil1BalOT B KOJI­

JieKTope XOHeHKOM6 C ll4eHK3MH, COAep)Kall.{HMH 

3JlaCTH4Hble wapRKH Me)K,D.y orpaHH4HTeJibHblMl1 

peweTKaMH. 

B HarropHOH KaMepe c 6oKOBblM no,nBO.D.OM 11 

ueHTpaJlhHblM OTBO.D.OM noTOKa, B 43CTHOCTH, 

pa3Mell.{aJOT pa3JIH<ffible THnbl neperopo.D.OK, BCTa­

BOK, cMeCHTeJibHbrx: ycrpoi1cTB, .npoccenHpy!Oll.{HX 

3JleMeHTOB. 8 KOJlbUeBOM KOJIJleKTope ycTaHaBJil1-

BaJOT KOJlbU.eBble .n11acpparMbl H nepcpopHpOBaH­

Hbie neperopo.n.KH. 

AHaJJHJ .D.HHaMHKH naTeHTOBaHl1ll TeXHH4e­

CKHX peweHHH no rH.D.pO.D.HH3MH4eCKOMY coaep­

weHCTBOBaHHIO npOTO4HblX 43CTeH KOJIJleKTop­

HblX CHCTeM Tennoo6MeHHblX annapaTOB peaKTo­

poB 513Y (pHc. 1 H 2) noKa3aJJ cne.n.yt0mee. J13 

3aperncTp11poaaHHblX no YKa3aHHOH TeMaTHKe 

H306peTeHHH 47 % OTHOCllTCll K KOJIJleKTOpHOH 

CHCTeMe C u.eHTPaJTbHblM nO.D.BO.D.OM nOTOKa Ha 

Tpy6ttyl0 ,llOCKY, no 19 % - K Tpy6Ke <I>HJib,lla 11 

HanopHOH KaMepe C 6oKOBblM no,nBO.D.OM 11 u.eH­

TpaJlbHblM OTBO.D.OM noTOKa, 8 % - K KOJlbU.eBOMY 
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PHc. 1 . .D:HHaMHKa naTeHTOeamtll e CCCP H P<I> TeXHH­
'leCKHX pemeHHH no rn,npO,!lHHaMH'leCKOMY coeepmeH­
CTBOBamno npOTO'IHhTX '!aCTeH KOJUJeKTOpHhlX CHCTeM 
Teillloo6MeHHbtX arrnaparne peaKTopoe R3Y no ro,naM: 
a) - PKC c ueHTpaJJbHblM nO,!lBO,!lOM H 6oKOBb(M OTBO­
,!lOM noTOKa; 6) - TPY6Ka <l>HJib,!la; e) - KOJ!JleKTOpHaJI 
CHCTeMa c ueHTPaJJbHblM no,neo,noM nOTOKa Ha TPY6-
ttyl0 ,nocKy; r) - HanopHal! KaMepa c 6oKOBbJM no,neo­
.!lOM H ueHTPaJJbHblM OTBO,!lOM nOTOKa; .n) - KOJlbUeBOH 
KOJUJeKTop 

KOJUTeKTopy H 7 % - K KOJlJleKTopHOH CHCTeMe c 

QelITpaJlbHblM no,nBO,[\OM J,I 60KOBblM OTBO,[\OM no­

TOKa. 

PaCCMOTpeHHI,Ie TeXHR'-1.eCKHe peweHHJI B oc­

HOBHOM ttanpaanettbl Ha o6ecnetteHHe 3a,naHHoro 

pacnpe,ne11eHm1 CKopocTH B nonepelfHOM cetteHHH 

npOT04HOH ttaCTH KOJUleKTOpHOH CHCTeMhl, CHJ,1-

)l(eHHe ee rH,npaanHttecKoro conpoTHB11emu1, HH­

TeHCH<pHJ<aUIUO npoQeCCOB Ten11006MeHa H nepe­

MeUIHBaHHll noTOKa TenJJOHOCHTeJll! B npOT04HOH 

ttaCTH. 3a BpeMR c 1965 no 2007 rr. MaKCHMaJib­

HaJI H3o6pernTeJibCKall aKTHBHOCTb B CCCP 11 P<D 
no YKa3aHHblM TeXHH4eCKHM peweHHl!M npmw­

,[\HTCll Ha 1972 ... 1992 rr. B noc11e,ntt11e IO neT B 

P<l> npaKTH4eCKH OTCyTCTByeT perncTpaQHll co-
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PHc. 2. ,n:,rnaMHKa naTeHTOBaHHJI e CCCP H P<I> TeXHH­
'!eCKHX peweHHH no rn.npo,nHHaMH'!eCKOMY coeeprueH­
CTeoeamno npOTOl.fHblX l.faCTeH KOJUJeKTOpHbTX CHCTeM 
Teillloo6MeHHbtX annaparne peaKTopoe R3Y c Hapac­
TaJOlllH.M HTOroM no ro,naM: I - PKC c ueHTPaJJbHbJM 
no,nBO,!lOM H 60KOBblM OTBO.O:OM ITOTOKa; 2 - TPY6Ka 
<l>HJib,!la; 3 - KOJJJleKTOpHal! CHCTeMa c ueHTPaJJhHblM 
no,neo.noM noToKa Ha TPY6HYIO ,nocKy; 4 - HanopHM 
KaMepa c 6oKOBblM ITO,!lB0,!lOM H ueffTPaJJhHblM OTBO.O:OM 
ITOTOKa; 5 - KOJlbUeBOH KOJUleKTop; 6 - KOJUJeKTOpRble 
CHCTeMbl B uenoM 

BpeMeHHbfX TeXHH4eCKHX. peweHHH no p aCCMaT­

p11aaeMOH TeManuce. 

KoHmaKm11aJ1 u11q;opMal{11J1 - /(e.J1bH06 BaJ1epuzi 
HuKoJ1aeeu1J, me.JI.: ( 48439)9-85-68, e-mail: 
de/nov@ippe.ru: Ca30H06 Hllbfl MuxaW106U'l, me.JI. : 
( 48439)9-77-32 
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TEIIJIOrH,JJ;PABJIHlIECKHE IICCJIE,Ll:OBAIIlUI B OliOCHOBAHIIE 
6E30IIACHOCTII H3Y C )Klf,I.(KOMET AJIJIIIlIECKIIM OXJIAJK,[(EHIIEM 

Y)U( 621.039.534 
IlcCJie,UOB3HH.H Me,KK3H3JlbHOH neycTOH'IHBOCTH npu KHileHHH ,Kff,uKOro MeTaJIJia 

B MO,UeJIU C CHCTeMOH napaJIJieJibHblX TBC npH M3JlbIX CKOpOCT.HX UHPKYJI.HUHH 

A./(. E<jJa1106, E. </J. H6a1106, A.ll. Cop0Ku11, r.n. EozoCJ106CKaR, H.A. J(e11uco6a, 
H.P. 3ye6a, C.B. MaKapo6, B.A. Yxo6, M.A. </Jeooco6a, 

<I>rYTI "nm P<l>-<l>3H. ', 249033, r. O6HHHCK Kany)l(CKOH 0611., rm. bOH,D.apeHKO, 1 

IlpHBe11em1 om,icaHHe JKcnepHMeHTanbHOH ycTaHOBKH 11 MeTOlll,fl(a npoue11emu1 JKcnepHMeHTaJTbHbrx 1-1ccne11oua­
HHH KHneHHJI 3BTeKTW!eCKOro Ha-rpHH-Kamteaoro cnnaua B CHCTeMe llByx napanneJThHhlX KaHanOB B KOH-rype C 
ecTeCTBeHHOH UHPKYJUII.I,HeH, MOl{emrpy!OIUHX pe)KHMbl auapHHHOro pacxona)KHBaHHJI peaKTOpOB Ha 6bIC"fPb[X HeH-rpO­
Hax C Ha-rpHeBbIM oxna)l{l{eHHeM. I1pe11cTaaneHbl H aHanH311py!QTCll IlOJI)"leHHbre pe3ynbTaTbl )KCnepHMeHTanhHhIX HC­
cne11ouamm, xapaKTepH3YIOLUHe ycnOBHJI Tennoo6MeHa, c-rpyKrypy 11 ycTOH'IHBOCTb llByx<paJHoro nOTOKa 
)Kl,fl{KOMeTannWieCKOro TennoHOCHTeJUI B CHCTeMe B3aHMOlleHCTBYIOI.UHX napannenbHh!X TennOBbll{enlllOIUHX c6opoK 
(TBC) TB)nOB. I10K33aHO, 'lTO rH11.pOllHHaMH1-1eCKOe B3aHMOJleHCTBHe KOHrypoB B CHapllllHOM pe)KHMe Te'!eHIDI llByx­
<paJHOro IlOTOKa JKHJtKOro MeTanna npHBOllHT K 3Ha'!HTenbHOMY yuemr'leHHIO aMnnHryllbl KOne6aID1H pacxo11a TennoHO­
CHTenll B HHX H "3amrpaHHIO" HID1 lflffiepc1rn pacxo11a TennOHOCHTenll B KOHrypax, K pocry TeMnepa-rypbl TennoHOCHTe­
JUI 11 o6ono'IKH TBJnOB (3<p<peKT Me)l{KaHaJTbHOH HeycTOH'IHBOCTH) C nocne11yJOlUHM KpH311COM Tennoo6MeHa. 

Investigations of inter-channel instability of liquid metal boiling in the model with parallel fuel subassemblies 
at low velocity of circularion. A.D. Efanov, E.F. Ivanov, A.P. Sorokin, G.P. Bogoslovskaya, N.A. Denisova, 
J.R. Zueva, S.V. Makarov, V.A. Ukhov, M.A. Fedosova. The work presents the description of the test facility and the 
procedure of experimental investigations of sodium-potassium eutectic alloy boiling in a system of two parallel fuel sub­
assemblies in a natural circulation loop, i.e. in a model of emergency core cooling in sodium-cooled fast reactors. The 
obtained results are presented and analyzed. These results characterize heat transfer conditions, pattern and stability of 
two-phase liquid metal coolant flow in a system of interacting parallel fuel assemblies. It was demonstrated that hydro­
dynamic interaction of loops with two-phase liquid metal slug flow results in considerable increase in the amplitude of 
coolant flow fluctuations and in blockage or inversion of coolant flow in loops, in temperature rise of coolant and fuel 
cladding ( effect of inter-channel instability) followed by critical heat flux. 

AHamn 6e3onaCHOCTH peaKTOpOB Ha 6bICT­

pb1X HeHTpOHax .LI.Jlll 3anpoeKTHOH asapHH, CBll3aH­

HOH C 0TKJ1I04eHHeM UHPKYJUUJ.HOHHbIX HaCOCOB 

npH cpa6aTbJBaHJm asapHHHOH 3atnHTbl, npHBeJl K 

pernemno 3a,D.a4H OXJJa)l(.LJ.eHHll TB3J10B B ycnOBHllX 

nomoKeHHbIX pacxo,D.OB TenJTOHOCHTem1 HJIH ,D.IDKe 

npH onpoKH.D.bIBaHHH UHPKYJillUHH B TBC. 

CymecTBYIQT JIH_filb orpaHH4eHHbie ,D.aHHble 

no KHnemuo B TBC .LI.Jlll pe)l(HMOB c MaJiblMH cKo­

pocTl!MH TetteHH,11 TennoHOCHTeJl,11 (HJIH npH ecTe­

CTBeHHOH KOHBeKUHH) [I.. .4]. IlonyqeHHbie pe-

3YJ1bTaTbl 3KCnepHMeHTaJibHblX HCCJie,D.OBaHHH 

KHneHID1 )l(H.!J.KHX MeTaJJJlOB B TBC B KoH-rypax c 

ecTecTBeHHOH UHPKYJl,IIUHeH noKaJaJIH, 4TO npH 

onpe,D.eJleHHbIX YCJlOBHllX npOHCX0.LJ.llT HapyrneHHe 

CTaUHOHapHoro pe)KHMa H B03HHKHOBeHHe K0Jie-

6aHHH Tennorn,D.pasnHttecKHX napaMeTPOB B UHp­

KynllUHOHHOM KOHT)'pe. TeM He Mettee npoueCCbl 

Tennoo6MeHa H ycTOH4HBOCTb UHPKYJlRUHH npH 

Ktt□eHHH )KH.LJ.KOro MeTaJIJla B CHCTeMe napanneJlb­

HhlX TBC aKTHBHOH 30Hhl 6hlCTpbIX peaKTopoB He 

HCCJie,D.0BaHbl. 
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TaJOKe orpaHH-Y:eHhI ,D.aHHhle npH K.HTieHJrn BO­

.LI.bl B CHCTeMe KaHaJIOB .D.Jill pe)l(HMOB co CMelllaH­

HOH H ecTeCTBeHHOH KOHBeKUHeH, ony6JIHKOBaH­

Hble B pa6ornx [5 ... 8]. Oco6eHHOCTblO npoueccos 

rH.D.pO.D.HHaMl1KH H Tennoo6MeHa npH MaJibIX CKO­

pocrnx UHPKYJ1RQl1H TennoHOCHTeJlll B OTJ1H4He OT 

UHpKynllUHH C 60JlblllHMH CKOpOCTllMH, xapaKTep­

HblMH .LI.Jlll pa3BHTOH BhIHy)l(.LJ.eHHOH KOHBeKUHH, 

.RBJilleTCll ycHJieHHe rH.D.PO.LJ.HHaMH4eCKOro B3aH­

MO,D.eHCTBHll napanneJibHbIX KaHaJIOB, 4TO MO)KeT 

npHBeCTH K pa3BHTHJO B CHCTeMe KaHaJIOB Me)l(Ka­

HaJibHOH UllPKYJ1lll.(HH H anepHO.LJ.HttecKoH tteyc­

TOH4HBOCTH noTOKa B HHX, cnoco6cTByll npeKpa­

meHHIO HJIH onpOKH.LJ.b[BaHHIO UHPKYJlRQHH B HaH-

6onee TennoHanpll)l(eHHOM KaHane H KpH3HCY Ten­

noo6Metta B HeM. 

Heo6XO.LJ.HMO 0TMeTHTh O.D.HY H3 oco6eHHO­

CTeH 6bICTPblX peaKTopoB, 0Ka3b1Bal011.{11X 3Ha4H­

TeJ1bHOe BJIHllHHe Ha ycnOBHH Tennoo6MeHa, -

HH3KOe ,D.aBJleHHe B Ten.Jl0HOCHTene H BCJle,!l.CTBHe 

3TOro 60J1hWOe pa3J1H4He B n.JlOTH0CTH napoBOH H 

)K.11.LJ.KOH q>aJ (oKono TPex nopll.LJ.KOB). 



1. 3tccnepHMCHTaJlbHaH ycTaHOBKa, 

Mo.n:eJio TBC o HMDTaTopb1 TB3JIOB 

_niui npose.nemrn 3KcnepHMeHTaJTbHhrx. 11ccJ1e­

.nosatt11ii KHTieHIDl )1(11,UK0ro MeTaruJa B CHCTeMe 

napam1eJ1bHbJX TBC B <I>3H co3.natta H0Brui: 3KC­

nep11MeHTaJibHaJ1 ycTaH0BKa (p11c. l , 4 ... 11 tta 

QBeTHOH BKJJa,nKe ) , ycrnttoBJ1eHRaJ1 Ha HaTPH1':i­

Karr11esoM K0HType cTett,D,a AP-1. Otta cocToHT 113 

,D,Byx KOHTypos ecTeCTBeHHOH u11pKyJ1.srQ11H, B Ka­

)1(.[{0M H3 KOTOpbrx. ycTaHOBJleHa c6opKa HMJITaTo­

poB TB3Jl0B, np11 o6meM onycKH0M }"{aCTKe K0H­

rypa, B KOTOpOM pa3MemeH XOJlO,ll.HJTbHHK. EMKO­

CTl1 Ha,n c6opKaMH TaJOKe coe.zurneHbJ. Ka)l(J{rui: H3 

c6opoK MQ)l(eT pa6oTaTb aBTOHOMH0, 6y,IJ,}"{11 

BKJJIO'{eHa B CBOH U11PKYJUIQHOHHblH K0HTyp. reo­

MeTp11H Mo.nen11 TBC M0,D,eJIHpye-r T11nwrnb1e yc­

JI0BH.ll 6bICTpblX peaKTopoB. ,lvmHa 30Hbl 3Hepro­

BbI,D,eneHHH 830 MM, OTH0Cl1TeJ1bHblH war Tpe­

yronbHOH peweTKH HMHTaTopoB TB3Jl0B 1, 19, 
Jl:HaM~ HM11TaTOpOB TB3Jl0B 8 MM. 

ITepe.n 30HOH 3tteprosb1.nenett11» 11MeeTc» y'{a­

CT0K rn.npo.n11HaMH'ieCKOH CTa6mnnaQHH ,IJ,JlHHOH 

l 30 MM. Ha.n 30HOH 3tteproBbl.!leJ1eHH.11 pacnono­

)Kett Heo6orpesaeMblH }"{aCT0K rnrosoro OJieqa 

BblCOTOH 800 MM. Bbrx.O,D, TeTIJJOH0CHTem1 B npo­

CTPaHCTBO Ha,IJ, c6opKOH ocymeCTBJlHeTCH qepe3 

yMeHbllleHttyJO B pa3Mepax ronoBKY 3aXBaTa TBC. 

,[(pyrne BblCOTbl KOHTyp0B TaK)Ke C00TBeTCTBYJOT 

reoMeTPHl1 peaKTopa EH-600 - pacnoJ1o)l(ett11e no 

BbIC0Te X0J10,IJ,HnbHHKa OTH0CHTeJlbH0 yqaCTKa 

3HeproBbl,IJ,eJ1eHHH, BblC0Tbl npe.nBKJJI04eHHOro 

nepe,D, 30HOH ttarpesa y qacTKa 11 y4acTKa ,D,O ro­

J10BK11 3aXBaTa TBC. I1M11TaTopb1 TB3J10B ttaxo.n»T­

c» B " K0p311He" 113 12 Heo6orpesaeMbIX CTep)KHeH, 

c TI0M0lllblO KOTOpbrx. o6ecne•rnsarracb reoMeTPl1.ll, 

C00TBeTCTBYJOlllaJI 6eCKOHe4HOH peweTKe, no­

CK0JlbKY see l!4eHKH, OKpJ)l(a!Oll\He KMH:TaTOpbl 

TB3J10B, HMeJOT cTatt,D,apTHoe nonepe1rnoe ceqett11e 

(pHC. 2). . 
Y CTaH0BKa TI03B0J1H.eT npoB0JJ:ITTb HCCJle,D,0Ba­

HH.ll npH pa3J1H'-!HblX 3Ha4eH11.llX CTaTl{'{eCK0ro 

,1J,aBJ1eH11H B 30He Kl{OeHH.ll. lliMeHett11e ,D,asneHHll 

ocymecTBn»e-rc» nyTeM OTKa'{KH aprotta 113 ra3o­

Bhrx TIOJIOCTeH 6aKOB, pacn0J10)1(eHHb£X Ha,U pa6o­

'{HMJ,I yqacTKaM11, 4epe3 Jl0BYWKH napoB Ha ra30-

BaKyyMHblX JIHIDUIX. )vlll yMeHblJJeHl1H KOJle6aHHH 

.nasneHH.ll B ra30BblX TI0J10CTHX 6aKOB 0HH coe.nH­

HeHbl C ra30BOH TIOJl0CTblO ,ll.b[XaTeJlbH0ro 6aKa 

CTeH,D,a, o6'beM K0T0poro C0CTaBmleT I 00 Jl, CTa-

6HJ1bHO y.nep)l(11l3aJI ,1J,aBJ1eH11e B 30He KHTieHH.ll. 

)vi» Ml1Hl1M113aQHH TeTIJ10Bb£X TI0Tepb B OKpy­

)f(aJOlllYJO cpe.ny see Tpy6onposo.n;b1 cTett,D,a no­

KpbIThI TeTIJ101130J1HQl1eH 113 KaOJ111HOBOH BaTbl 11 

CTeKJJ0TKaHl1. 

a) 

T405 T413 
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411 
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Puc. 2. CxeMa HMIITaTopa TB3na (a), pacnono)KeHHe 

HMHTaTOpOB B KOprryce MO}leJlH H MapKHpOBKa TepMO­

nap (6): I - XBOCTOBHK; 2 - nepeXO./lHru! arynxa; 3 -
ttarpeaaTenh; 4 - mon1-1pyiomrui 3achmxa; 5 - CTettxa 

HMIITaTOpa; 6 - qiapq>opOBblli H30J1HTOp; 7 - TOKOI10./l­

BO.ll; 8 - KOprryc PY; 9 - ./lHCTaHUHOHHpyK>lllru! pemeT­

Ka; 10 - CTep)KeHb-BblTeCHHTeJib; 11 - HMIITaTOp TB3Jla 

2. CncTeMa H3Mepeunii u MeTo.n:otca 

3KCDepoMeHTa 

CHcTeMa 113MepeHHH KOHTponwposana cne­

.!lYIOil.111e napaMeTPbl (pHC. 3): 3JleKTpH'-!eCKYJO 

M0ll\H0CTb, TIO,IJ,BO,D,HMYJO K TB3J1aM H 3JJeKTPOHa­

rpeBaTeJ1.IIM ycTaHOBKH; pacxo,IJ, TeTIJJ0HOCHTeJlj!; 

CTaTH'-!eCK0e .nasneHHe 11 nynhCaUHH ,IJ,aBJleHH.ll B 

30He KHnettH.11; nepena.n ,D,asneH],{j! B MO,D,eJIHX TBC 

Ha }"{aCTKax TeTIJJOBbI,D,eJleHH.ll; TeMneparypy no­

sepXHOCTl1 TB3J10B B TPeX ceqemurx no BblC0Te 

y11acTKa 3Hepr0BhI.!leneHH.ll; TeMneparypy Tenno­

H0CITTeJUI B TPeX Ce4eHIDIX no Bb!COTe y4aCTKa 

3HeprOBbI,ll.eJ1eHH.ll H B pa3HblX T04Kax KOHTypa 

QKPKYJU1UH11; pacxo.n oXJJa)l(J{aJOmew B0.!lhl. 

_niui 113MepeH],{j! paCXO,IJ,OB TenJJ0HOCHTeJlH B 

Ka)l(J{OM 113 K0HTyp0B nepe,D, BXO,IJ,0M B 30tty 3Hep­

r0Bbl,D,eJ1eHH.ll YCTaH0BJleH MarHHTHblH pacxo.no­

Mep, KOT0pble ycTaH0BJleHbl TaK)Ke Ha Bhrxo.ne 113 

pa604HX yqaCTKOB. CTaTH4eCKOe .nasnett11e B 30He 

KHTieHHH K0ffTP0JIHp0BaJJ0Cb c TI0M0U{blO o6pa3-

QOB0ro MaHoMeTPa. riepena.n ,1J,aanett11i-i Ha pa6o-

4HX yqacTKaX H3Mepl!J1CH MO,D,epH11311pOBaHHbIMl1 
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PHc. 3. CxeMa pa3MeweHID! ,naT'lm<OB Ha npaeoA H neeoi-1 TBC ycTaHOBKJ1 ,wu1 Hccne,noeaHJIJI KHIIeHID! lKH.!lKoro MeTan­
na: 1 .. .42 - TepMonapbI " xpoMeJib-aJIIOMeJib", G - MarHHTHbie pacxo.noMepbI, P - ,naT'-!HKH .naeneIDUI nma " Camjmp-
22.[{'', s - naT'-!HKH nyJibCaI.Utii ,!laBJieHID! THna " Tiym,c", A - aKyCTWfeCKHe ,naT'-!HKH, 3MH - 3JJeKTpOMarHHTHblH Hacoc 

npeo6pa.3osa-reJJ.RMH THna " Cancjmp-22)::U:I;". J,fa­
MepeHHe nepeMeHHOH COCTaBJJ.RIOmeii (nyJJbCa­

UHH) AaBJJeHH.R TeITJJOHOCHTeJJ.R B 30He KHITeHl!UI 

BbIITOJJH.RJJOCb C noMombIO AaT'IHKa " flyJJbC". l1fa­
MepeHHe TeMneparyp Hap)')KHOH nosepXHOCTH 

o6ono'IKH 3JJeKTpoo6orpesaeMhIX 3JJeMeHTOB H 

TeITJJOHOCHTemI ocymecTBJUIJJOCb xpoMefil-aJJIOMe­

JJeBbIMH TepMonapaMH B qeXJlaX H3 Hep)f(aBeIOmeii 

CTaJJH AHaMeTpOM 0,5 . . . 0 , 8 MM. 

,[vl.11 o6ecne'ieHH.R 6e3onacHoCTH 3KCITJJYaTa­

UHH CTeHAa B pe)f(HMax C KHneHHeM TeITJJOHOCHTe­

JJ.R npHMeHeHa 3JJeKTpOHHIUI CHCTeMa asapHHHoro 

c6poca MOmHOCTH . .ll:aHHIUI CHCTeMa KOHTpOJJHpo­

BaJJa TeMneparypy s HaH6onee KpHTH'-leCK0M Mee­

Te Ka)f(AOH c6opKH s OTAeJJbH0CTH 1-1 npH npeBbl-
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weHHH 3aAaHHOH TeMneparypbl aBTOMaTH'ieCKH 

BblAaBaJJa KOMaHAY B CXeMY nHTaHl!UI HMHTaTopoB 

AJJ.R CHH)f(eHl!UI MOmHOCTH. 

3KcnepHMeHTaJJbHbie HCCJJeAOBaHl!UI BbIITOJJ­

HeHbl npH ysemr'-leHHH ITJJ0THOCTH TenJJOBOro no­

TOKa TB3JJOB c rnaroM tte 6onee 10 • .. 20 Klh/ M
2

• 

.D:anee onpeAeJJeHHOe BpeMJI BblAep)f(HBaJJOCb AJJ.R 

CTa6HJJH3at.t:HH TeITJJorHApaBJJH'ieCKHX napaMeT­

poB . .D:asneHHe B AblxaTeJJbHbIX eMKOCDIX COCTaB­

mrno OKOJJO 0 ,4 6ap, 'ITO COOTBeTCTBOBaJJO AaBJJe­

HHJO B sepxHeH o6JJaCTH 3HeprOBb!AeJJemui B MO­

AeJJ.RX TBC B AHanaJoHe 0,49 .. . 0 ,52 6ap. 3Hepro­

BhIAeJJemIe B JJeBOH c6opKe - 90 % OT npaBOH . 

.D:aBJJeHHe B 3KCnepHMeHTax H3Mep.RJJOCb C 

TO'-IHOCTblO 7 %, paCXOA TeITJJOH0CHTeJJ.R 3 %, no-



rpeWHOCTb H3MepeHIDI CK0pocn1 TeruI0HOCHTeJUI 

C0CTaBJUIJla 0K0JT0 s %, TeMnepa,ypbl TeruIOH0CH­

Tellil 0, IS °C, TeMnepa,ypbl CTeHKH HMHTilT0pOB 

TB3Jl0B C ~eT0M norpellIH0CTH 3a,nerurn TepMorrap 

0,6 °C. Y,D,eJTLHblH Terrnoaoi-i noT0K Ha rroaepx­

H0CTH HMHTaTop0B TB3J10B Hax0,D,HJlC.11 C T0'lll0-

CTblO 2 %, ero 6onee T04Hoe onpe,D,eneHHe JaTpyJJ.­

HeHo B CB.113H C oceBbIMH paCTetJKaMH Teruia. Ilpo­

Be,D,eHHbie paC4eTbl TT0Ka3aJIH, 'ITO K03q>q>Hl.J,HeHT 

TeTTJ100T,D,a4ll HMeeT cyMMapttylO 0TH0CHTeJlbttylO 

norpelllH0CTb, He npeBbilllaJOuzyio 10,S %. 

3. Pe:iym,TaTbl 3KCDepnMeHTa.JlbHblX 
nccJiei:.osaunii 

Ha pHC. 4 ... 7 rrpe,D,CTaBJieHbl H3MeHeHHe 3Ha­

qeHHH n0,D,Be,D,eHH0H M0lllH0CTH H noKaJaHI,lji ,D,aT-

4HK0B TeMnepa,ypb1, ,naaneHH.11 H pacxo,D,a Teruio­

H0CHTen.11 B TetJeHHe Bcero 3KCnepHMeHTil. PHC. 7 

,D,aeT 6onee ,D,eTanbHYJO KapTHHY H3MeHeHj,fji rrapa­

MeTp0B TeTTJT0H0CHTem, B K0H[.l,e npoae,D,eHH.11 3KC­

nepHMeHTa. Pa3orpeB K0H'fYP0B np0HCX0J].HJl npH 

0)].HHaK0BblX M0lllH0CTJIX 3Hepr0Bbl,D,eJieHH.II 

BHelllHHX H BttyTpeHHHX HarpeaaTeJieH, a TaJOKe 3a 

C4eT HarpeBaTeneH, pacnoJI0)KeHHLIX Ha rpy6o­

rrpoao,D,e nepeJJ. BX0JJ.0M B Ka)KJJ.ylO c6opKy. Mom­

nocTb BX0J].Hh!X HarpeBaTeJieH K0Hrp0JIHpoaanacb 

H C0CTaBmma no - 1,5 KBT. Pa3orpeB np0HCX0J].HJI 

6e3 HaJIH'-IH.11 rryJibCa[.l,HH, 4T0 CBH)].eTeJlbCTByeT 06 

0TCYTCTBHH JI0KaJlbHblX 30H TI0J].KHTiaHI,lji TeruI0-

H0CHTeJI.11 BCJle,D,CTBHe 6JTOKHpOBOK pacxo,D,a 11 T.TI. 

4epe3 I 500 c c Ha'-lana npoae,D,eHI,lji 3Kcne­

pHMeHTa TeMneparypa TeTTJT0H0CHTeJI.11 B npaBOH 

c6opKe JJ,0CTJ,{rJia TeMneparypbl HaCblllleHI,lji (pHC. 

4, 5). IlpH 3T0M TTJT0TH0CTb TeruI0Boro nOT0Ka Ha 

noaepXH0CTH HMHTaT0p0B TB3JI0B COCTaBJlj!Jla 

~ 55 H ~ SO KBTIM
2 

JJ.Jl.11 npaaoi-i H neaoi-i c6opoK, 

C00TBeTCTBeHH0. B 3T0T MOMeHT n0Ka3aHH.II ,D,aT­

'-IHK0B pacxo,D,a H ,D,aBJieHHji CBH,D,eTeJibCTB0BaJIH 0 

no,D,KHTiaHHH TeTTJT0H0CHTeJI.11 a npaBOH c6opKe. 

Ha'-laJIO npol..l,ecca KHneHH.11 tteycTOH'-IHB0, TaK KaK 

nmrnneHHe rrapOBOH q>a3bl pe3K0 yBeJIHtlHBaeT 

n0,D,beMH)'IO CHJIY Ha Beeb CTOJ16 TeTTJT0H0CHTeJlji, 

4T0 npHB0J].HT K "3axne6b1BaHHIO" o6naCTH KHTie­

HH11 He,D,orpeTbIM .no TeMneparypbl HaCblllleHHji 

MeTaJIJT0M. 

O.u:HaKO rrynbCaUHH TeMneparypbl 11 pacxo,D,a 

Ha 3T0M 3Tane KpaHHe He3Ha4HTeJlbHbl H HX BIDUI­

HHeM Ha 3JleMeHTbl K0HCTPYKUHH M0)KHO npeHe6-

pe4b. B JJ.aJTbHeHll.JeM, cyJJ..11 no noKaJaHI,lj!M JJ.aT­

'-1:HK0B JJ.aBJieHH.11 na npaaoi-i H neaoi:i c6opKax, □pH 

Pa3BHTHH KHTieHHji )KH)J,K0ro MeTaJIJia B MO,lleJlb­

HbIX c6opKax Ha6J110,D,aeTC.II 60JlbllIM He0,D,Hopo.n­

H0CTb napaMerpoB. 

KHneHHe TeTTJT0H0CHTeJI.11 a npaBOH c6opKe 

3acpHKCHpOBaHO '-!epe3 s I 00 C C Ha'-!ana 3KCnepH-

MeHTa npH TTJI0TH0CTH TennoBoro n0T0Ka HMHTa­

T0p0B TB3J10B ~ 75 KBT/M
2

. TTpol..l,eCC KHneHI,lji rro­

rrpe:a<HeMy conpoam1<.nanc.11 HenepH0JJ.H4eCKHMH 

rryJibCal..J,I,!j!MJ,f pacxoJJ,a, Bbl3b!BaJOU.J,HMH KpaTK0-

BpeMeHH0e npeKpaw.eHHe KHneffHji_ B03HHKHOBe­

HHe KHneHHji B JTeBOH c6opKe 3acpHKCHpOBaHO 4e­

pe3 6 300 C C Ha'-lana 3KCnepHMeHTa (pHC. 4, 5). 

IlpH 3T0M nJI0THOCTb TeTTJT0B0ro n0T0Ka Ha no­

BepXH0CTH HMHTaT0p0B TB3JT0B )].Jl.11 JieBOH c6opKH 

cocTaBlli!Jla TaK)Ke ~ 75 KBTIM
2

. HalllfHM c 3Toro 

M0MeHTa, npocMarpHBaeTC.11 npOTHBOq>a3HOCTb B 

H3Mettemm napaMeTp0B B o6eHX c6opKax. Ilocne 

yaenHtJeffHji TeTTJT0BbIX n0T0K0B B rrpaBOH H JleBOH 

c6opKax JJ.0 ~ 80 H ~ 72 KBT/M
2 

B o6eHX TBC Ha-

6J110,naJIHCb pa3BHTblH nY3blpbKOBblH pe)KHM KH­

neHI,lji, 3Ha'-IHTeJlbH0e CHH)KeHHe rryJTbCaUHH pac­

X0,D,a H ,naaneHI,lji (pHC. 4, 5). 

8 M0MeHT BpeMeHH C Ha4ana npoBe)J,eHJ,lji 

3KcnepHMeHTa Ha - 7 300-H C 3aMe4eH0 TT0.IJBJle­

HHe o6nacTeH neperpeToro napa B o6nacTH 

V ce'-1eHH11 CHatJaJTa B c6opKe C 60JTblllHM 3Hepro­

BbI,lleJieHHeM. TTpH 3T0M pacxo,D, B K0H1)'pe JlHHeH­

HO CHH)KaJIC.11 npaKTH4eCKH .no HYJlji, a 3aTeM KpaT­

K0BpeMeHH0 HeCKOJlbK0 pa3 yaeJIH4HBaJIC.II. 

Y BeJTH'-leHHe TTJT0TH0CTH TeTIJT0BblX TIOT0K0B B 

npaaoi-i H neaoi-i Mo,neJibHbIX TBC JJ.O ~ 92 H 

~ 82 KBT/M2, C00TBeTCTBeHHo, np11BeJ10 K H3MeHe­

HHIO xapaKTepa KHneHHji. IlO.IIBJleHHe Kpyrun,rx 

nap0BblX ITY3bipeH-CHap.11,noB 3acjmKcHpOBaHO CHa­

'-laJia B JleBOH c6opKe. B n0Ka3aITTUlX ,D,aT4HK0B 

pacxo.na TeruI0H0CHTeJT.11 Ha6moJJ,aJOTC.II nepH0,llH­

tJecKHe npOTHBOq>a3HbJe rryJibCa[.l,HH, a aMnJTH1)',lla 

rrynbcaQHH pacxo.na rrocreneHH0 yaenHtJHBaeTc.11 

.no~ 0 ,75 M
3
/tJac. 

Cne.n;yeT 0TMeTHTb xapaKTeptty10 oco6eH­

H0CTb npol..l,ecca KHTTeHlrn - C TI0.IIBJTeHHeM CHap.11-

,ll0B B JleBOH c6opKe H 60JThIDHX neperpeB0B CTeH­

KH HMHTilT0p0B TB3J10B )KH,llKOCTb nocne "npoaa­

na" rry3blp.11 3a C4eT 3anaceHHOH 3HeprHH 3aKHnaeT 

a cpe,D,HeM ce'-leHHH JleBOH c6opKH, a TO BpeM.11 KaK 

npaaa11 c6opKa, cyJJ..11 no H3MetteHHJO napaMerpoa, 

Hax0,nHTC.11 B C0CT0.IIHHH pa3BHT0ro rry3blpbK0BOr0 

KHneHH11. 3Ha4HTeJTbHOe yaeJTH'-leHHe aMruIH1)'Jlbl 

rrynbcauHH pacxo,D,a TeTTJTOH0CHTeJT.11 B CHCTeMe 

napanneJibHbIX TBC B cHap.11.UHOM pe)l(l1Me KHTTe­

HIDI TeIIJl0H0CHTeJI.11 xapaKTepH3yeT 3cpcpeKT Me)K­

KaHaJibHOH HeycTOH'-1:HBOCTH TeruI0H0CHTeJl.11. 

Ilo.llBJTeHHe 30H C neperpeB0M TenJI0H0CHTeJT.11 

BIIepBble 3aq>HKCHpOBaHO B JieBOH c6opKe, Ha4H­

HM C 7 500-H C BpeMeHH npoae,neHH.11 3KCnepH­

MeHTa. AHaJIH3Hpy.11 pa3BHTHe H HC'-le3HOBeHHe 

ny3bipeH 6onee ,D,eTaJibH0, M0)KH0 npe,D,TI0Jl0)KHTb, 

'-!TO 3,D,eCb HMeeT MeCT0 6JIOKHpOBKa Ce4eHH.II 

c6opKH napoBbIMH rryJbipllMH. TTeperpea rrapoaoro 

o6beMa B03pacTaeT, crpeM.IICb K HeK0T0pOMY rrpe­

,neJibH0MY 3Ha4eHHIO - 60 .• . 80 °C, a 3aTeM "rry-

53 



3blpb", no-Bl1)].11MOM)', CXJIOnhlBaeTCjl, '-!TO np11BO­

)].HT K "na.n.eHHJO" CTOJ16a TeTTJlOHOCHTeM Ha)]. Hl1M 

11 nOjlBJleHmo KpaTKOBpeMeHHOH o6paTHOH u11p­

Kymu1,n1 s KOHrype. Tip11 3TOM sem,r'-!HHa TJ1YK­

ryauHH pacxo.n.a .n.ocT11raeT 3Ha'-!emui ~ 1,5 M / 4ac. 

qepe3 9 000 c nocne Ha'-!ana npose.n.eHHjl 3KC­

nep11MeHTa np11 TTJ10THOCTl1 Tennosoro nOTOKa Ha 

nosepXHOCTif 11Ml1TaTOpOB TB3J10B ~ I 00 KBT/M
2 

B 

npasoH 11 ~ 90 KBTIM
2 

B nesoH TBC npouecc KH­

neHHjl )l(H,D.Koro MeTanna npeKpameH 113-Ja B03-

MO)l(HOro pa3pyrneHHjl HMHTaTopoB a JieBOH c6op­

Ke scne.n.crn11e neperpesa. 

4. Me)KKaHaJibHasr ueycToii'IHBOCTb 

TCDJIOHOCHTeJIH 

,[(aHHbie npose.n.eHHhIX 3KCnepHMeHTOB noKa-

3bIBalOT, '-!TO npH nepexo.n.e OT ny3blphKOBOro K 

CHapjl)].HOM)' pe)l(HMY KHneHHjl )l(H)].KOro MeTaJlJla 

B O.D.HOH H3 TBC ny11&cau1111 pacxo.n.a TeTTJ10Hoc11-

TeJ1..11 11 .n.pyrHX Tennorn.n.pasJ111'-leCKHX napaMeT­

pos, B03HHKlllHe B COOTBeTCTBYIOI..UeM KOHType 

UHPKYJljlUHH, 06ycJ10BJ1HBaJOT npOTHBO<pa3Hbie 

CHHXpOHH3HposaHHbie ny11&cau1111 napaMeTpOB B 

.n.pyroM KOHrype UHPKYJijlUHH. 

,[(JlH CHapjl)].HOro pe)l(HMa nepHO.D. nyn&CaUHH 

TennorH,D.pasnH1-1eCKHX napaMeTpos - TeMIIepary­

pbI CTeHKH H )1(1,f)].KOCTH, pacxo.na TeTTJlOHOCHTem 

HaxO,D.JITCjl B ,D.HanaJOHe OT 20 )].0 45 C. PaJMax 

nyn&CaUHH pacxo.na TeTTJlOHOCHTeJlH B CHCTeMe 

napaJ1J1eJ1bHb1X TBC npH 3TOM npaKTw-iecKH Ha 

nopjl.D.OK npeBbIUJaeT pa3Max nyn&cauHii pacxo.n.a 

npH HH)].HBH.D,yaJlbHOH pa6oTe KaHaJlOB (pHC. 8). 
YseJ111'-!eHHe pacxo.n.a Tennottoc11TeJ1jl npH yHoce 

naposoro "cHapH.n.a" B 0)1.HOM H3 KOHTypOB MO)l(eT 

npHBeCTH K "3an11paHHIO" ( CHH)l(eHHJO pacxo.n.a )].0 

HY]Ijl) B .n.pyroM KOHType H ocyUJeHHIO nosepXHO­

CTH TB3J10B HJlH K HHBepCHH pacxo.n.a TenJlOHOCH­

Tem B 3TOM KOHType. CneeyeT OTMeTHTb, '-!TO 3<p­

<peKT "pe30HaHca" nyJlbCaUHH ycHJ1HBaeTCH np11 

pa3J1H'-IHH 3HeprOBbI,D.eJleHHjl B napanJieJlbHbIX 

TBC. 

5. Ko34>4>uuueuT TenJIOOT,!J;a•rn 

Tiony'-!eHHbie B 3KCnepHMeHTax Ha MO}leJlb­

HblX TBC .naHH&Ie no TennooT,D.alJe npH KHneH11H 

HaTPHH-KaJ111esoro 3BTeKTHlJecKoro cnnasa (pHc. 

9) cornaCYfOTCjl C 3KCnepaMeHTaJlbHb[MH ,D.aHHbl­

MH no TennooT,D.alJe npH KHnemrn KaJlH..11 B Tpy6ax 

[7, 9 . . . 12] H Jle)l(aT HeCKOJlbKO Bh!UJe ,D.aHHblX no 

TeTTJlOOT,D.alJe npH KHneHHH KaJlHjl B 60JlbUJOM 

o6'beMe, onHCbIBaeMblX cpopMynoH [ I 3, 14] 
o. = Aqm p", (1) 

r.n.e a - K03<p<p11u11eHT TennooT,D.alJH, BTl (M
2
·K); 

p - .nasneHHe, MTia; q - fl.llOTHOCTb Tennosoro 
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nOTOKa, BTI M
2
. Ko3<p<pHUHeHThl B cpopMyne (I) 

HMelOT cne.D.YfOLUHe 3Ha'-!eHHH: A= 4,44, m = 0,7 
n = 0, 15. CneeyeT OTMeTHTb, '-!TO p11c. 9 nOKa3hl­

BaeT, '-!TO BeJll,{l{}fHa TenJlOOT,D.a'-lH OT TB3J10B B MO­

,D.eJlbHbIX TBC yse1111'-!HBaeTcH c poCToM [IJlOTHO­

cTH Tennosoro nOTOKa Ha nosepXHOCTH HMHTaTO­

poB TB3J10B. 

6. KapTorpaMMa peiKHMOB TC'ICHHH 

,1J;Byx4>a3uoro DOTOKa iKH,!J;KOro MCTaJIJia 

,!J;JIH cucTeMbl napaJIJieJibHblX TBC 

Ha pHc. IO np11se.n.eHo conocrnsnem1e .n.aH­

HbIX no pe)l(HMaM TelJeHHjl .D.Byx<paJHOro nOTOKa 

)l(H)].KOro MeTanJia )].JlH CHCTeMbl napaJ1J1eJlhHblX 

KaHanoB B KoHrypax c ecTecrneHHoH UHPKYJ1j1UH­

e11 TennOHOCHTem,, nony'leHHblX B HaCTOjiI..UeH 

pa6oTe, C ,D.aHHblMH 3KCnepHMeHTa )].JlH CHCTeMbl 

napanneJlbHbIX KaHanos c qnp = 0,8qn. Ha6mo.n.aeT­

Cjl cornac11e o6oHX 3Kcnep1-1MeHT0B. 

HaHeCeHHe 3THX ,D.aHHbIX Ha Kapry pe)l(HMOB 

.n.syx<paJHoro noToKa B O.D.HHO'-IHbIX TBC B KOHTY­

pax c ecTeCTBeHHOH UHPKYJ1HUHeH TennottOCHTem 

[ 4] nOKa3bIBaeT (pHC. 11 ), '-!TO KapTOrpaMMa pe­

)l(HMOB .D.Byx<paJHoro noTOKa )].JlH KOHTypOB C ec­

TeCTBCHHOH UHPKYJlJIUHeH )KH)].KOMeTaJlJlHlJCCKOfO 

TennoHocHTem c O.D.HHO'-IHblMH TBC cosna.n.aeT c 

KapTorpaMMOH pe)l(HMOB TelJeHHJI .n.syx<paJHOfO 

noTOKa )1(11)].KHX MeTaJlJlOB )].JlH KOmypOB C ecTeCT­

BeHHOH u11pKyJ1jlUHeH Te[IJlOHOCHTe]Ijl .D.Jljl CHCTe­

MbI napannenbHbIX TBC H MO)KeT 6&ITh 11cnonb-

30BaHa )].JlSI H,D.eHTH<pHKaUHH pe)KHMOB Te'-!eHHJI 

,D.Byx<paJHblX nOTOKOB )KH)].KOfO MeTanna B CHCTe­

Me TBC B Komypax c ecTecTBeHHOH UHPKYJljlUHeH 

)l(H,llKOMeTaJlJlH'-!eCKHX Te[IJlOHOCITTeJlett. 

3aKJIIO'ICHHe 

Pe3y JlhTaTbl BbinOJlHeHHbIX B <1>311 3KCnepH­

MeHTaJlbHbIX HCCJle,noBaHHH KHOeHHJI 3BTeKTH'-!e­

CKOf O HaTPHH-KanHeBOro Cfl.llaBa B CHCTeMe .n.syx 

napaJ1J1eJ1bHbIX Mo.n.errbHbIX TBC peaKTopa Ha 6b1-

cTpb1X HettTPOHax B KOHrype c ecTecTBeHHOH u1-1p­

KYJ1jlu11eli TeTTJ10HOCHTem nOKa3bJBalOT, '-!TO: 

- 803HHKHOBeHHe KOJ1e6aTeJlbHOfO npouecca B 

cHapjlJlHOM pe)KHMe B O.D.HOH H3 TBC npHBO.D.HT K 

npOTHBO<pa3HOM)' KOJ1e6aTeJ1bHOM)' npoueccy s 

.n.pyroH (napaJ1J1eJ1bHOH) TBC, xapaKTepH3YfOI..Ue­

Mycsi 60JlbUJHMH no aMfl.llHTy,ne KOJ1e6aHHjlMJ,f 

pacxo.n.a, .n.asneHH..11, TeMneparyp TenJ10HOCITTeJ1H 11 

o60J10lJKH HMHTaTOpOB TB3J10B (3cp<peKT Me)l(Ka­

HaJlbHOH HeycTOHlJHBOCTH); 

- no Mepe pa3BITTHJI CHapjl,D.HOfO pe)l(HMa KHne­

HHSI B TBC Ha6n10.na10TCj1 KpaTKOBpeMeHHbie 6110-

KHpOBKH pacxo.na C ocyUJeHHeM nosepXHOCTH 

HMITTaTOpOB TB3J10B B 30He KHneHHJI C neperpeBOM 



nosepxHOCTH HMITTaTopa H napa Ha 60 .. . 80 °C, a 

TalOKe o6paTHlUI u11pKynJ11.{IDI TennoHOCJITeflj(. 

AHanH3 H conocTaBJfeHHe nonyqeHHbIX 3KC­

nepHMeHTMbHbfX .naHHbfX nOKa3bIBalOT, •no 3Ha­

qeHHj! K03q>q>HUHeHTOB TenflOOT,na'-IH TB3Jf0B npH 

KHneHHH )KH,nKoro MeTanna B Mo,nenJ1x TBC B 

o,nHHO'-IHblX KOHrypax H npH HX napannenbHOH 

pa6oTe cornacyIOTCJI Me)l(Jzy co6oH H c .naHHblMH 

no TennooT,naqe npH KHneHHH )KHJ.lKHX MeTannOB 

B Tpy6ax H HeCKOflbKO npeBbllllcllOT 3HatieHHJI K0-

3q>q>HUHeHTOB TennooT,na'-IH npH KHTTeHHH )1(11,nKHX 

Me'fanflOB s 6onbllIOM o6beMe. KapTorpaMMa pe­

)KHMOB Te'-leHHj! .nsyxcpa3Horo TTOTOKa, nonyqeH­

HlUI JJ.JIJI o,nHHO'-IHblX TBC B KoHrypax c ecTecT­

seHHOH UHPKYMUHeH TennoHOCHTenJ1, MO)KeT 

6bJTb HCTTOflb30BaHa Jl,JIJI H,neHTHq>HKaUHH pe)KH­

MOB TetieHHJI .nsyxcpa3HblX TTOTOKOB )KH,nKOrO Me­

Tanna B CHCTeMe napannenbHblX TBC. 
rH,npo.n1rnaMH'-!eCKOe B3aHMO,neHCTBHe CHC­

TeMbl napannenbHblX TBC s KOffTYpax c ecTecT­

seHHOH UHpKynJ1QHeH B cHapJ1.UHOM pe)KHMe Tecie­

HHj! .nsyxcpa3HOro TTOTOKa )KHJ.lKOro MeTanna C Te­

'-!eHHeM speMeHH npHBO,UHT K pa3BHTHIO Me)l(Ka­

HaflbHOH HeycTOH'-IHBOCTH TennOHOCHTeJfJI, xapaK­

TepH3YIOW,eHCJI 3Ha'-IHTeJfbHblM ysenH'-leHHeM aM­

nflHTY./.lbl KOne6aHHH pacxo.na TennOHOCHTeJfJI s 

TBC, " 3an11paHmo" HJrn HHBepcHH pacxo.na s KOH­

rypax, K pocry TeMneparyp TennoHOCHTeng H 

o6onO'-IKH TB3fl0B H B03MO)KHOMY B03HHKHOBeHHIO 

KpH3Hca Tennoo6MeHa II po,na. 
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Y,I(K 621.039.586: 621.039.526 
OueHKH TeMneparypnoro C0CTOHHHH PY EH-600 s JanpoeKTHbIX asapHHX 

E.A. Bacwibeo, O.E. Kno111<06, E.B. Eozoa1106a, B.C. I'op6yuoo, H.F. Ky3ao1<00, B.A. Co6one6, 
cDfYTI "OK£M", 603074, r. HmKtt11i-i HoBropo.u, EypttaKoBCKHH npoeJ.u, 15 

C ueJJblO oueHKH TeMneparypHoro COCTOlJHHll aKTHBHOH 30Hbl H KOpnyca peaKTopa B paMKax nporpaMMbl rrpoJJ.JJe­
HIDI pecypca pa60Tbl ycTaHOBKH IiH-600 rrpe.UCTaBJJeHbl pe3yJJbTaTbl aHaJJH3a npe.ueJJbHOH aaapHH C noTepeH TelJJJOOT­
BO.Ua naporeHeparnpaMH (ITf). 

Evaluation of BN-600 reactor plant temperature conditions in beyond design basis accidents. B.A. Vasil'ev, 
0.8. Klochkov, E.V. Bogdanova, V.S. Gorbunov, N.G. Kuzavkov, V.A. Sobolev. This article presents the results of 
analysis of a limiting accident with loss of heat removal by steam generators in order to evaluate the temperature condi­
tion of the reactor core and reactor vessel within the framework of BN-600 reactor plant life prolongation program. 

1. MeTO.UHKa pac<teTeoro aeanu3a 

C TOlfKH 3pett11J1 6e3onacHocrn PY EH-600 
6on1,woe npaKTl1t:feCK0e 3HalfeH11e HMeeT CBOHCTBO 

PY 0TBO.U11Tb Tenno OT aKTl1BHOH 30Hbl np11 caMbIX 

tte6naronp11J1THbIX ycnoBHJIX. 3-ro rpe6yeT co3.ua­

HHS1 BblCOKOT0lfHbIX paclfeTHbIX nporpaMM, Yt:fH­

TbrBaJOLQHX see cpaKTOpbl, Bmu110mwe Ha 3TOT 

npo1..1ecc (1, 2]. K HX crncny OTH0CHTCSI pa:3pa6o­

TaHHaSI B OK£M nporpaMMa BURAN, ttaw6onee 

IlOJlHO OITl1CbIBaJOllJ.aSI o6opy.uosaHHe, nnaTeJibH0 

Yt:fHTbIBaJOllJ.aSI TennoeMKOCTl1 KOffTYp0B 11 TennO­

IlOTep11, Il03B0JIJIJ0lll.a51 npo.ueMOHCTpHp0B3Tb Bbl­

C0Kl1e caMoK0Mnettc11pYJOm11e csoAcrna PY B 

cnyqae npe.uenbHOH aBap1111 c noTepei-i TennooT­

so.ua IJr H HMeJOllJ.aSI KOHe1.f.HOH l..{eJibJO 01..{eHKY 

TeMneparypttoro COCTOSIHHSI aKTHBHOH 30Hbl H 

Kopnyca pea.KTopa. B MaTeMaTHt:feCKOH Mo.uenw 

nporpaMMbI BURAN (p11c. 1) PY npe.ucnsnetta 

.llBYMS! nermMH rennoo6MeHa. 

7 

12 

PaclfeTHaSI cxeMa BKJIIOlfaeT orr.11catt11e aKTHB­

HOH 30H.bl, KaMep CMerueHHSI, "ropsilfHX" H "xo­

JIO.UHb!X" HaTpHeBbIX ofrheMOB, npoMe~O'illblX 

Tennoo6MeHHHKOB (TITO), rnaBHbIX 1..111pKyma;11-

0HHblX HaCOC0B (rUH), o6paTHblX KJianaH0B. 

KpoMe 3T0ro, B MaTeMaTH'-IeCKYJO MO.UeJib ycTa­

HOBKl1 3aJI0)K:eHb1 Tennos1,1e CTPYKTYPhI, xapaKTe­

p113yt0m11e TennoeMKOCTb MeTanna l..{eHTpaJibHOH 

nosopoTHOH K0JI0HHbl, Bepxttei-i 11 HH)K:Hei-i lfacrei-i 

Bttyrp11KopnycH1,1x KottcrpyKI..\HH peaKTopa. YlfH­

TbIBaeTcsi nacc11Bttoe pacce11Batt11e Tenna c rpy6o­

nposo.uoB, 06opy.u0Batt11S1 IT Kottrypa 11 Kopnyca 

peaKTopa. 

Bo II KOffTYpe PY Mo.ue1rnpYJOTCS1 TITO "tta­

TpHH-HarpHH", "ropj[l{}fe" H "xoJIOJUJhie" rpy60-

nposo.u1,1, nr, fl(H II Kottrypa, so3.uymm1e Ten­

noo6MeHHHKl1 (BTO), orcelfHbie KJianatt1,1. Ilp11 

3TOM B MaTeMaTl1lfeCKYJO M0,AeJib .uo6aBJieH Ten­

JI006MeH MeTaJIJia rpy6onpoBO.UOB 11 o6opy.uosa­

HHJI II KOHrypa C OKpy)K:a!OllJ.11M B03.UyxOM C ylfe-

9' . 
':. .............. : 

PHc. I. PaclfeTHal! cxeMa ycTaHOBKH B rrporpaMMe BURAN: 1, 2 - KaHaJJbl aKTHBHOH Jott1,1; 3 - KaHaJJ 6oKosoi-l 30Hhl· 
BOCrrpOH380,UCTBa; 4 - peryJ)j!TOp HettTPOHHOH MOlUHOCTH; 5 - HaTPHeBble o6beMhl I KOHTYPa; 6 - HMl1TaTop MaCCbl Me­
TaJIJJa "rop,rqei,i" KaMepb1; 7 - sepXHllll KaMepa cMeweHHJI; 8 - HMHTaTop Macc1,1 Mernru1a sepxHeH KaMep1,1 peaKTopa; 
9 - 11Ml1TaTOp IIOTepb TenJJa B BepxHeH KaMepe; 8' - HMHTaTOp MaCCbl MeTaJJJJa HIDKHeH KaMep1,1; 9' - HMHTaTOp noTepb 
TelJJJa s HH)l(Hett KaMepe; 10 -TITO; 11 - ruH I KOHT)'pa; 12 - HanopHall KaMepa; 13 -TPy6onpOBO.llbl II KOHTYPa; 14 -
nr; 15 - BTO; 16 - ruH II KOHT)'pa; 17 - peryJlllTOp pacxo.ua nHTaTeJlbHOH BO.llbl ; 18 - peryJ)j!TOp pacxo.ua 803.Uyxa; 
19 - 803,AYWHblH o6beM 
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TOM CJJOeB H30JJJJUHH, Ha6paHHbIX H3 pa3JJH'IHbIX 

MaTepHaJJOB H HMelOI.UHX ra30Bble npOCJJOHKH. IJI 
KOHTYP npe.ncTaBJJeH rrr. 

Ha OCHOBe MaTJ)HUbl BepmpHKaQHH □pHMeHH­

TeJJbHO K PY TH□a EH no pe)f(HMaM H JJBJJeHIDIM H 

MaTJ)HQbl BepHq>HKaQHH no MO,UemlM H TeCTOBblM 

3a,nalfaM BblnOJTHeHbl pa60Tbl no BepHq>HKaQHH 

OCHOBHblX MaTeMaTH"lfeCKHX MO,UeJJeH nporpaMMbl 

BURAN. 

ConocmaaReHue pe3yllbmamoa pac'lema c 
aHa.JIUmU'leCKUM pew.eHUeM. BanH,UaQHJI MO.I].emt 

TOl{e'-IHOH KHHeTHKH BblnOJJHeHa conocTaBJJeHHeM 

pe3ynbTaTOB pacqera no nporpaMMe BURAN c 

a.HaJJHTHlfeCKHMH perneHH_j!MH MrHOBeHHbIX Y13e­

JlH'-leHHj!/yMeHbllJeHHJ1 CKa'-!KOB peaKTHBHOCTH. 

BanH,naQHJJ Mo,nenH TennoMacconepeHoca B 

aKTHBHOH 30He BblnOJJHeHa conocTaBJJeHHeM pe-

3YJJbTaTOB pac4era no nporpaMMe BURAN c aHa­

JJHTH'-!eCKHMH perneHHj!MH '-leTblpex 3a,nalf: 

1) cTaQHOHapHoe pacnpe.nenem1e reMneparypbI B 

6eCKOHe4HOM paBHOMepHO o6orpeBaeMOM cnnom­

HOM QHJIHH,Upe; 

2) H3MeHeHHe BO BpeMeHH TeMnepaTYPbl QeH-rpa H 

Hapy)f(HOH noBepXHOCTH 6eCKOHe'-!HOfO paBHO­

MepHO o6orpesaeMoro cnnournoro QHJIHH,npa npH 

H3MeHeHHH MOI.UHOCTH :meproBbl,UeJJeHHH; 

3) H3MeHeHHe BO BpeMeHH TeMneparypbl QeH-rpa 

6ecKoHe'-!Horo paBHOMepHo o6orpeBaeMoro 

C□JJOlllHOro QHJIHH,npa npH H3MeHeHHH rpaHMlJHbIX 

ycJIOBHH (YBeJIHlfeHHe H yMeHbUieHHe TeM□epary­

pbl TenJJOHOCHTeJJJI Ha l 00 °C); 
4) Te'-!eHHe s Heo6orpeBaeMOM KaHaJJe c □OCTOJJH­

HblM pacxo,noM Te□JJOHOCHTeJJJJ Ha BXO,Ue H CKa4-

Koo6pa3HblM H3MeHeHHeM TeMneparypbl Te□JJOHO­

CHTeJJJJ Ha BXO,Ue. 

BanH,nauHJ1 Mo,nenH Te□11onepe,nalfli B Tenno­

o6MeHHHKax BblnOJIHeHa CO□OCTaBJJeHHeM pe3yJib­

TaTOB pacLfeTa no nporpaMMe BURAN c aHaJJHTH­

'-!eCKHM peweHHeM 3a,na'lH O CTaQHOHapHOM pac­

npe.neneHHH TeMneparyp no ,UJJHHe npoTHBOTOlf­

Horo Tennoo6MeHHHKa 6e3 y4era creHKH. .[vi» 

paccMo-rpeHHbIX TeCTOBbIX 3a.D:alJ □0Ka3aHO xopo­

mee c0Bna,nem1e pe3yJJbTaToB. TeM caM1>IM npoBe­

.neHa BaJJH,UaUHR OCHOBHbIX MO,UeJJeH, HCnOJJb3ye­

MblX B nporpaMMe BURAN. 

BepupuKa71UJ1. npo2pa.M.Mbl BURAN Ha pe:>!Cu­
Max, npo6eOeHHblX HG pa6omaJOUfUX ycmaHO(JKax 
EOP-60 u EH-600: 

• 

• 

OTKJJIOl{eHHJI Bcex QHPKYJJRQHOHHbIX HaCOCOB 

I H II KOHT)'pOB c nocne.nyromHM pacxOJJa)f(H­

BaHHeM □pH ecTecTBeHHOH QHPKYAAUH-" (El..Q 
Te□JJOHOCHTeJIJJ; 

3KCTpeHHOf0 CHH)KeHHJJ MOII(HOCTH peaKTopa 

B pe3ynbTaTe OTKJJIO'-!eHHR o,n:Horo QHpKyn»­

UHOHHoro Hacoca; 

• EU BO II KOHT)'pe □pH OTCYTCTBHH BO.Ubl B ill 
KOHT)'pe; 

• OTBO,Ua OCTaTO'-IHblX Te□JJOBbJ,UeJJeHltH 3a ClfeT 

Te□JIOBblX noTepb C KOpnyca peaKTopa H 060-

py .noBaHHR [I KOHrypa; 

• cpa6aTb1BaHH» MA3 (Ha PY EOP-60) H pac~ 

XOJia)f(HBaHHJJ L!epe3 BTO. 

2. Pac'leTHhIH aua.11u3 pemuMa 

"nonuoe o6ecTO'IHBauue" co cpa6aTbIBauueM 

EA3 c naccHBHblM OTBO)lOM Tenna OT Kopnyca 

peaKTopa D Tpy6onpOBO)l0B II KOHyYpa 

B paMKax nporpaMMbI npo.nneHHR pecypca 

pa60Tbl ycTaHOBKH H o6oCHOBaHHJJ 6e3o□aCHOCTH 

B OKEM no nporpaMMe BURAN BbJTIOJIHeH a.Ha­

JIH3 npe,neJJbHOH asapHH C noTepeH Te□JJOOTBO,Ua 

nr, HMelOl.1\HH KOHe'iHOH QeJib!O OQeHKY TeM□epa­

TYPHOro cocTOJJHIDI aKTHBHOH JOHbl H Kopnyca 

peaKTopa. 

PaHee BblnOJIHeHHbie paC'-ieTbl B KOHCepBa­

THBHbIX npe,nnOCblJlKax (6e3 Y'-!eTa HJIH C lfaCTH'I­

HbJM y'-ieTOM rennonoTepb OT OCHOBHOro o6opy­

,U0B3HHR) □OKa3aJI-", 'ITO □pH paCXOJia)f(HBaHlrn 

ycraHOBKH B JanpoeKTHOM pe)f(HMe "nonHoe o6ec­

TO'-iHBam-rn c npeKpameHHeM pacxo.na □HTaTeJJb­

HOH BO.LJ;bl" B03MO)f(eH 3Ha'IHTeJibffbIH pa3orpeB 

aKTHBHOH 30Hbl H Te□JJOHOCHTeJJR B KOHrypax 

B□JlOTb no KHneHHJJ HaTJ)HJI H nnaBJJeHHR TO□JJHBa. 

PaclfeTbl B 06ocH0Bam1e 6e3onacHoH 3KC­

nnyaraQIDJ PY EH-600 no nporpaMMe BURAN 

npOBO.[.\HJIHCb ,UJ]JJ CJI)'l.faJJ paCXOJJa)f(HBaHHJI ycra­

HOBKH TOJJbKO 3a CLfeT Te□JlO□OTepb B OKp~aIO­

myro cpe.ny OT Kopnyca peaKTopa H Tpy6onpoBo­

.noB II KOHrypa □pH EU TennoHocHTenei:i I H II 
KOHTYPOB. U,enb - oQeHKa aKKYMYJIHPYJOI.UHX 

CBOHCTB H CBOHCTB caM03al.1\HIUeHHOCTH yCTaHOB­

KH. Pe3yJlbTaTbl pacqera JToro pe)f(HMa npHBe,ne­

HbJ Ha pHC. 2 . .. 5 B BH,Ue rpaq>HKOB H3MeHeHHJJ oc­

H0BHblX napaMeTpOB PY. 

KaK BH.UHO H3 pHc. 2, nocne Bb16era rQH I 
KOHrypa qepe3 aKnrneyJO 30HY pa3BHBaeTcJJ EU. B 

npoQecce npoxo)K.AeHHJJ pe)f(_HMa pacxo.n EU Ten­

JJOHOCHTeJIJJ I KOHrypa yMeHbwaeTCJJ c - 3 ,5 no 

- 1,2 % GHOM• 

TipHBe,neHHbJH Ha pHC. 3 rpaq>HK H3MeHeHHJI 

pacxo,na HaTJ)HJI Il KOHT)'pa □0Ka3bJBaeT, '-iTO B 

.UaHHOM cny'-!ae pa3BHBaeTc» ycTOH'-IHBaJJ EU Ten­

JI0HOCHTeJJR. B Te'!eHHe paccMaTJ)HBaeMOro Bpe­

MeHH oHa H3MeH»erc» OT - 12 no - 4 % G"o" B 

nepBb1e 1000 c H OT - 2 no - 6 % G"o" B ,nanbHeH­

lllHH nepHO.[.\. 
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PHC. 3. l13MeHeHIDI pacxo.na TellJIOHOCHTem1 II KOHT)'pa 

4epe3 TITO 

113 pHC. 4 BH.LJ,H0, l.fT0 4epe3 l 000 C nocrre 

cpa6aTb1aamui aaapHHHOH 3~ITTbI TeMneparypa 

TenJTOHOCHTeJUI Ha BbIXOAe H3 aKTHBHOH 30Hbl 

Hal.fHHaeT MOHOTOHH0 paCTH 1-1 K ~ 300 000 c 

(3,5 cyr) AOCTHraeT MaKCHM)'Ma - 805 °C. Ilocrre 

3TOro Hal.f1maeTC1I MeAJTeHHOe CHIDKeHHe .naHHOH 

TeMneparyphI. TeMneparypa TenrroHOCHTeJUI Ha 

BXOAe B aKTHBH)'IO 30tty l.fepe3 ~ 1 'lac nocne Ha-

1.fana nepexo,I{Horo npoQecca ttal.fHHaeT yaen1-1~1-1-

BaTbc11 H K 3,5 cyr AOCTHraeT MaKC1-tMyMa 

736 °C. 
PocT TeMneparypbl HaTPH11 I KOHT)'pa Ha ax o­

Ae B IITO ttal.fHHaeTc11 c ~ 8 000 c (2 lfaca) pac­

cMaTpHBaeMoro npoQecca. MaKCHMaJTbHoe 3Hal.fe­

HHe AaHHOH TeMneparypbl COCTaBJT1IeT ~ 778 °C. 
YBeJTHl.feHHe TeMneparypbl TenJT0HOCITTen11 Ha Bbl-
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PHC. 5. l13MeHeHIDI TeMneparypbl ttaTpIDI II KOHT)'pa: 

□-□-□ Ha sxo.ne B nr, 0-0- 0 Ha BbIXO,ne HJ ITT 

xoAe H3 IITO Hal.fHHaeTc11 c ~ 300 c H npOAOmKa­

e-rc11 .no ~ 300 000 c (3,5 cyr), rAe TeMneparypa 

AOCTHraeT MaKCHMyMa ~ 747 °C. Ilocne 3TOrO Ha­

l.fHHaeTC11 ee MeAJTeHHoe cHIDKeHHe. 

Ha pHC. 5 npHBeAeHbI rpaqmKH H3MeHeHH11 

TeMneparyp Tenn0HOCHTerr11 ll KOHT)'pa Ha BXOAe 

H BbIXOAe fir. KaK BHAHO H3 3T0f0 pHcyHKa, TeM­

neparypa Ha BX0Ae B fir OTCJTe)l(JffiaeT TeMnepa­

TYPY HaTPJ,ljl II K0HT)'pa Ha BblXOAe H3 IITO. TeM­

neparypa TenJTOHOCHTeJUI Ha BblX0.lle H3 nr 6bICT­

po B03pacTaeT B nepBbie ceKyHAbl nepeXOAHOfO 

npoQecca .uo ~ 500 °C H OCTaeTC11 Ha 3T0M ypOBHe 

AO ~ IO 000 c (2,5 l.faca). Ilocne 3Toro Hal.fHHaeTC11 

ee MOHOTOHHblH p0CT AO ~ 752 °C, a c ~ 300 000 c 

(3,5 cyr) Ha4HHaeTC11 MeAJTeHHOe CHIDKeHHe AaH­

HOH TeMnepal)'pbl. 



3atcJJJO'leu11e 

BbmontteHHblH pactteTHblH amuu,13 nOKa3aJI, 

tJTO JJ.a)l(e B CJl)''•!ae noJIHoro OTC)'TCTBHJI KaKoro­

JIH60 BMernaTeJlbCTBa nepcOHaJia MaKCHMaJlbHlUI 

TeMneparypa HaTpIDI Ha BbIXO)J.e H3 aKTJIBHOH 30-

Hbl B pe)KHMe co cpa6aTbIBaHl1eM 6A3 HMeeT 3Ha­

tteHHe - 805 °C 11 He JJ.OCT11raeT TeMneparypbl KH­

neHIDI HaTP\UI, '-!TO CBH)J.eTeJibCTB)'eT O Bb!COKHX 

caMOKOMneHc11py101L1.HX csowcTsax PY. PocT TeM­

neparypbI TeJ1J10Hoc11Tem1 Ha sxo.u.e s TTTO BbI3bI­

saeT cooTBeTCTB)'lOlll.HH ttarpes Kopnyca peaKTo­

pa. MaKCHMaJlbHcUI TeMneparypa KOpnyca B 3THX 

ycJIOBHJIX JJ.OCTHraeT 3HatteHl1ll 780 °C. l1MelO­

ll(HHCll pe3eps speMeHH (- 1 C)'T) n03som1eT npH­

Hj!Tb cneUHaJibHbie JJ.O0OJlHHTeJibHbie Mepbl no 

opraHH3al.(HH TeJ1JIOOTBO)J.a C l.(eJib!O orpaHHtteHJ,jj! 

rrporpesa Kopnyca peaKTopa, Tpy6orrposo.u.os 11 

o6opy.u.osaHHll II KOHT)'pa, a TalOKe coxpatteHHJI 

HX l.(eJlOCTHOCTl1. 
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Y,ll.K 621.039.534 
MexaHHJMbl 4>parMeHT3UHH KopuyMa B TeIIJI0H0CHTeJIHX (Bo.r.a, naTpnii) 

10.H. 3azopy11bKO, 
<l>fYTI 'THI.( P<l>-<l>3H", 249033, r. O6HHHCK KaJiy)KCKOH o6n., nn. 6ottJJ.apeHKO, 1 

Ilpe.n:cTaBJieH KpHTH"!eCKMH o63op Mo.neneu TOHKOH q>parMeHTaum-1 HMI-ITaTOpOB KOpH)'Ma rrpHMem!TeJil>HO K a.n:eK­
BaTHOMY orutcamno TepMH'feCKOrO BJaHMo.neHCTBHll (TB) paCIIJiaBJleHHoro rnnmrea H TeIIJJOHOCHTeJUI rrpH nocryJIH­
pyeMbIX TJl)l(eJlhJX aeapHl!X C IlJiaBJieHHeM aKTHBHOH 30Hbl peaKropa. PaccMorpem,1 OCHOBHl>Ie IlOJ10)1(eH1fll BOJMOlKHOro 
MexaHH3Ma TOHKOH cpparMeHTaUl-11-1 KOpH)'Ma H no.nTBep)K,naJOmHe HX 3KCnepHMeHTaJibH1,[e peJynbTaTbl. ripHBe.11.eHO 
o6bl!CHeHHe pa.JllH"!I-IH K03cpq>HUHeHTOB KOHBepcHH npH TB HMHTaTOpOB KOPHYMa (Zr02 , UO2) c eo.nol-l 1-1 ttarpHeM. 

Corium fragmentation mechanisms in the coolants (water, sodium). Yu.I. Zagorul'ko. It is presented critical 
review of corium simulants fine fragmentation models, as applied to adequate description of molten fuel/coolant thermal 
interaction in postulated severe accidents with reactor core meltdown. Principal aspects and supporting experimental re­
sults of corium fine fragmentation possible mechanism are considered. Distinction in mechanical energy release effi­
ciency of the corium simulants (ZrO2, UO2) in their thermal interaction with water and sodium is explained. 

TepMHtteCKOe B3aHMO)J.eHCTBHe, B03HliKalO­

inee npH KOHTaKTe 11 nporpecc11py10meM nepeMe­

urnsaHHH JJ.B)'X )KH.lJ.KOCTeH C cy~ecTBeHHO pa3JIH­

tta!OmHMHCll HattanbHblMH TeMneparypaMH H 60-

nee BbICOKOH neryqecTblO MeHee ttarpeTOH )KHJJ.­

KOCTl-1, HMeeT U!HpOK)'lO o6naCTb npOllBJleHHH B 

pa3nHttHhlX OTPacmrx rrpoM bllllJieHHOCTH ( MeTaJl­

nyprIDI, np0H3BO.l].CTBO 6)'Marn, C)KH)KeHHbIX ra-

308, CTeKJia H T . .lJ..) H B npHpo.u.e (s3aHMO.l].eHCTBHe 

JiaBbl C 80.l].OH npH 00.ll.BO.l].HOM H3Bep)l{eHHH B)'JI­

KaHoB ), llBJlllJICb npH'-IHHOH npOH3BO.l].CTBeHHbIX 

asapHH H 3KOJ10rlilfeCKHX KaTaCTpocp. 

B aHaJIH3e 6e3onacHOCTH peaKTOpOB pa3nH'-I­

HbIX TH□OB TB paccMai-pHsaeTCll KaK O.ll.Ha 1-13 

B03MO)l{Hb[X CTa.ll.HH cuettapJ,jj! pa3BHTHll Tll)KeJiblX 

asap1111 c J1JiaB11eH1-1eM aKTHBHOH 30Hbt. B3aHMHoe 

nepeMeWHBaHHe KOpHyMa (pacnnaB MaTepHaJIOB 

aKTHBHOH 30Hb1) C TeITJlOHOCHTeJieM (ttai-pHH, 80-

JJ.a) npH HeKOTOpblX )'CJlOBHllX MO)KeT npHBOJJ.HTb K 

o6pa30BaHHIO npocTpaHCTBeHHO orpattlitteHHOH 

ttepaBHOBeCHOH CHCTeMbI, 0611a.l].a101L1.eH BbICOKHM 

3HepreTHtteCKHM noTeHUHaJlOM B BHAe TeJ1JIOBOH 

3HeprHH KOpHyMa. 

Heo6XO.ll.HMblM ycnos11eM 6bICTPOH nepe.l].a'-IH 

3HeprnH OT K0pHyMa K TeITJlOHOCHTeJIIO ( C nocne­

JJ.Y!Olll.HM ero 11cnapeHHeM) CJI)')KHT pe3KOe pa3BH­

THe nosepXHOCTH pa3JJ.eJia Me>K.lzy HHMH. 3To yc­

JlOBHe npeAnonaraeT HaJIH•rne q>H3HtteCKHX Mexa­

HH3MOB, KOTOpble MOr)'T 6bITb peanHJOBaHJ,J B 

CHCTeMe "KOpHyM-TeJ1JIOHOCHTeJib" npH 3a)J.aHHblX 

cocnrne 11 C0CT0llHHH, o6ecnelflfBaJOII{HX TOHKOe 

JJ.Hcneprnposam1e ( cpparMeHTaUHIO) nepBH'-IHbJX 

cpparMeHTOB KOpHyMa B .ll.OCTaTO'-IHO KOpOTKOM 

speMCHH0M HHTepsaJie. Pacw11pett11e 06pa3y10-
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meik11 naposoH cpa.3bl conposo)K)laeTcl! cosepwe­

HHeM pa60Tbl npOTHB BHewmrx HHepUHOHHblX 

orpaHWieHHH npH O)UIOBpeMeHHOM npoTeKaHlrn 

npou:eccos KOHAeHCal(lffl Ha rpaHHue pa.3Aena c 

"xoJIOAHbIM" TenJIOHOCHTeneM. 

3HepreTwiecKJ,{]1 3cp<peKT TB npHHllTO xapaK­

TepH30BaTb semrnrHOH K03cpcpHU:HeHTa KOHBep­

CHJ,f, onpeAeJil!eMOro B BHAe npoueHTHoro OTHO­

weHHR pa60Tbl pacurnpeHJUI CHCTeMbl K HCXOAHOH 

TennoBOH 3HeprnH KOpH)'Ma. B 3aBHCHMOCTl1 OT 

semf'ilf.Hbl K03<p<pHU:HeHTa KOHBepCH1,f H speMeH­

HbIX MacmTa6os TB nOAPa.3Aenl!IOTCll Ha BbICOKO­

JHepreTH'iecKHe J,f HH3K03HepreT11'ieCKHe. IIpH 
speMeHH0M Macwrn6e - I 0-4 ... I 0·3 c npou:eccos 

TOHKOH q>parMeHTal(lffl BblCOKOTeMneparypHoro 

KOMnoHeHTa H ysenH'lemrn nosepXHOCTH Tenno­

o6Metta B - 103 
pa.3 npouecc napoo6pa.3osamu1 B 

XOJIOAHOH )KJ,!AKOCTJ,f B HeKOTOpbrx CHCTeMax npH­

HHMaeT B3pb1BHOH xapaKTep H HOCHT Ha.3BaH11e 

naposoro B3pbIBa. B Cl1CTeMax, TepM11t.teCKl1 B3aH­

MOAeHCTBYIOinHX no THnY naposoro H3pbrna, npo-

11cxoAHT cpopMHposrurne noKanbHOH BOJIHbl AaB­

neHHR, pacnpocTpaHeHHe KOTOpOH B rpy60AHC­

neprHpOBaHHOH Cl1CTeMe Bbl3bIBaeT TOHK)'IO 

cpparMeHTal(lilO BblCOKOTeMneparypHoro KOMno­

HeHTa, o6ecnelfHBaR ee noMep)KaHHe H yc1-rnettHe. 

Heo6XOAl1MO 0TMeTHTb, YTO t.taCTO 11cn0Jib-

3yeMoe B n11Teparype pa.3AeneH11e TB Ha Memco- H 

KpynHOMaCmTa6Hbie He CBll3aHO C K0mtt.teCTBeH­

HblMH xapaKTepHCTHKaMH B3a11MOAeHCTByJOll(eH 

CHCTeMbl. IIpHHU:HnHanbHOe pa.3mrrne Me)K)ly HH­

MJ,f 3aKJIJOYaeTCll B KHHeTHKe ycTaHOBneHHll Heno­

cpeACTBeHH0ro K0HTaKTa nosepXHOCTH cpparMeH­

T0B BblCOKOTeMneparypHOH )Kl1AKOCTH C OKpy­

)KaIOmeH Hl13KOTeMneparypHOH )1(11AK0CTblO. IIpH 

cosepweHHOM CMal{J,!Bamrn HenocpeACTBeHHblH 

KOHTaKT A0CT11raeTCll MrHOBeHHO, 'ITO C03AaeT 

npeAnOCblJI](J,f npaKTHYeCKH MrHOBeHHOro nepe­

rpesa XOJIOAHOH )KHAKOCTl1 11 ee 11cnapeHHll no 

MexaHH3MY roMor'eHHOH (Hn11 reTeporeHHOH) ttyK­

neau:J,f],f, ec1rn KOHTaKTHaR TeMneparypa pasHa 11nH 

npeBbltllaeT CO0TBeTCTByJOJ.Uee 3Hat.teHHe. 

MenKOMacuna6ttoe TB npoHCXOAl1T np11 no­

CTeneHH0M ycTattosneHHH ttenocpeACTBeHHoro 

KOHTaKTa B pe3yJibTaTe yrryqwettHll CMaYHBalOI.UHX 

xapaKTepHCTHK xon0AH0H )KJ,fAK0CTH no Mepe ee 

pa.3orpesa. HccneAoBaHHll TB npHMettHTenbHO K 

3aAat.taM aHanH3a 6e3onacttocT11 l!AepHbIX Jttepre­

TH'ieCKHX ycTatt0BOK HMelOT CBOeH ueJiblO: 

• o60CHOB8HHe tteB03MO)KHOCTH KpynH0M8C­

llJTa6ttoro TB Anll cHcTeM " KopeyM-HaTpHH" H 

"KopeyM-BOAa" npH HX KOHcpHrypaulll!X H na­

paMeTpax, AOCTHraeMblX npH nocrynHpyeMblX 

Tll)KeJiblX asap11l!X C nnasneHHeM 8KTHBHOH 

30Hbl peaKTOpa; 
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• pean11cnfYHble Ol(eHIUI 3H8'ieHHH K03<pcpHU:H­

eHT0B K0HBepC11H npH npoTeKaHJ,fJ,f TB B AOC­

TaT0'iHO lllHp0KOM 11 KOHCepsaTHBHO 3aAaH­

H0M napaMeTpHt.teCKOM npOCTPaHCTBe B03-

MO)l(Hb{X COCTOllHHH YKa.38HHblX BblllJe Cl1C­

TeM; 

• HCCJieA0B8HHR K0MnneKCa cpH3HYeCKHX Mexa­

HH3MOB, OTBeTCTBeHHblX 3a npou:ecCbl TOHKOH 

cpparMeHTal(HJ,f KOpH)'M8. 

IIpeAnO)KeHHble cpyttAaMeHTanbHhre TeopeTH­

t.tecKHe MOAeJIH TB: Teoprur cnoHTaHHOH ttyKJiea­

U:HH [ 1] H AeTOHal(HOHHaR TeopHR [2] HeAOCTaT0'l­

HO o60CHOBaHbl B orn-1caHH11 CTllAIDf pacnp0CTPa­

HeHHSI TB J,f B HeKOTOpblX OCHOBHblX nono)KeHHRX, 

o6bllCHlll01.UHX MexaHH3M 3CKanau1rn KpynHOMaC­

llJTa6Horo B3aHMOAeHCTBIDI. BBHAY JToro cyme­

CTBeHHall pOJib npHHaAne)KHT 3KCnepHMeHTanb­

Hb[M HCCJieAOBaHlfl!M TB, Bbin0JIHl!eMblM C pa.3-

JllfYHbJMJ,f HMHT8T0paMl1 K0peyMa J,f HanpasneH­

HblM Ha AeTam.Hoe H3yt.teHHe OTAenbHhlX ero CTa­

AHH. 

3AeCb npHBOAHTCll o6o6meHHbIH aHanH3 MO­

.n,eneH TOHKOH cpparMeHTaUHH KOpttyMa J,f HeKOTO­

pbrx ApyrHX CTaAHH TB c npHBJiet.temteM JKcne­

p11MeHTanbttbrx H paC'-!eTHblX .D,8HHbfX B pattee Bbl­

TIOJIHeHHblX 11ccne.n,osaHHRx cHcTeM "Na-UO2", 

''Na-ZrOi'', "H2O-ZrOi'' [3, 4]. B 3TOM aHanH3e 

BB11AY orpaHH'-leHHoro o6beMa He npeACTaBnRJIOCb 

B03MO)l(HbIM AaTb onHcaH1te caMHX Mo.n,eneH TB 

11JIH npHBOA11Tb .D,eTanbHYIO apryMeHTal(l{lO Bbl­

CKa.3bIBaeMbfX KpITT11t.teCKHX IlOJIO)KeHHH. 

O6o6ll(eHHblH auaJJH3 0CH0BHLIX UOJIO:lKeHHH 

M0AeJJeii TB 

HccneAOBaHHR TB H nonbITKl1 era TeopeTH­

t.tecKoH HHTepnpernu1111 KaK <pH311YeCKOro SIBJieHHR 

nOKa.3anl1 CJIO)KH)'IO np11p0AY 11 MHOroo6pa.311e 

npou:eccos, sosne'ieHHbIX s MexaHH3Mbl H cpeHo­

MeHonorHIO ero npoTeKattHR. IIpmurroe B Ha­

CTOl!I.Uee speMl! noApa.3AeneHHe KpynttoMacWTa6-

Horo TB Ha OTAeJJbHbie CTa,[{lffl o6si3aHO CBOHM 

npoHcxo)K)leH11eM cpeH0MeHonor1111, ccpopMYnHpo­

BaHHOH B paMKax .n,eTOHal(HOHHOH Teopm-1 [2]. 3TH 

CTa.D,HH BKJIJOYalOT: 

npe.n,sapITTenbHOe rpy6oe nepeMew11saHHe 

(npeMHKCHHr) KOpH)'Ma C TennoHOCHTeneM nocne 

AOCTH)KeHHJI lfX KOHTaKTa; 

- TP11rrep11Hr-npouecc, npe.n,crnsn.suomHH co6oH 

noKanbHOe B03MYLI.I.eHHe KBa.3HCT8U:HOHapHoro 

COCT0SIHHR rpy6onepeMewaHHOH CHCTeMbl "Kop11-

YM-TenJIOHOCl1Tenb"; 

- pacnp0CTPaHeHHe B03MYI.UeHl1SI, HHHUH11p0B8H­

HOro TpHrrepHHr-npoueccoM s rpy6onepeMewatt­

HOH CHCTeMe; 



- yc1rnem1e HJUI 3CKaJial.(IDI B03M)'I.UeHJ-UI 3a C'-leT 

npol.(eCC0B TOHKOH cpparMeHTal..(li.H K0pH)'Ma. 

IlpH 3KCnepHMeHTaJibHblX HCCJle)].0Bamu,x H B 

Te0peTH'-leCK0M aHaJIH3e B03M0)l(Hb]X MeXaHH3M0B 

TOHKOH cpparMeHTal.(HH K0PHYMa KaK Heo6xoJJ.H­

M0ro (HO He)].OCTaTO'IHOro!) YCJl0BIDI BblC0K03Hep­

reTH'-leCK0ro B3aHMO)].eHCTBIDI C TeTIJI0H0CHTeJleM 

paccM0TpeH WHpOKHH. KJ1acc q>H3H1-leCKHX npol.(eC­

C0B, K0T0pble M0ryT 6b1Tb 0TBeTCTBeHHbl 3a )].e-
3HHTerpal.(HJO KpynHblX cpparMeHTOB, B03HHKlUO­

U(HX Ha CTa)].liH npeMHKCHHra. 

B l.(eJl0M 3TH np0L(eCCbl M0ryT 6b1Tb KJlaCCH­

q>Hl.(HpOBaHbl B BH)].e CJle)].yK)I.QHX rpynn: 

• 
• 
• 
• 
• 

rHJJ.pO,D.HHaMH'-leCK0e CMerneHHe; 

TepMOrHJJ.paBJIH'-leCKHe HeycTOH'-IHBOCTH; 

6btCTpblH pa3orpeB TeTIJI0H0CHTem,; 

6&1cTpoe 0XJ1IDK.nett11e pacnnasa K0PHYMa; 

cnel.(HcpHtJeCKHe 3cpq>eKTbl pa3JIH'IHOH npwpo-

)].bl: BttyrpeHIDl.ll aKyCTH'-leCKal! KaBHTal.(Hll, 

XHMHtJeCKHe peaKl..(HH, HMnyJibCH0e B03,D.eHCT­

BHe BHewHero )].aBJieHIDI, BblX0JJ. fa30B, pac­

TB0peHHblX B K0pffYMe, CT0JlKH0BeHHe cppar­

MeHT0B Me)KJl.y' co6ow H 3JleMeHTaMH K0HCT­

PYKL(H.H B 30He B3aHMOJJ.eHCTBWI. 

AHaJIH3 MexaHH3M0B TOHKOH cpparMeHTal.(HH K0-

PHYMa l.(enecoo6pa3eH B HX cooTHecemrn K oT­

JJ.eJibHhlM CTaJJ.HllM TB. 

Ilpol.(eCCbl lfHCT0 rHJJ.pOJJ.HHaMH'-leCKOH npH­

p0JJ.bl (yJJ.apHal! cpparMeHTaU,HJI K0pffYMa, npol.(ec­

Cbl ysneYeHWI 11 3axsaTa TennoH0CHTeJljj K0PHY­

M0M, rHJJ.p0JJ.HHaMHlfeCKHe HeyCTOW!HBOCTH Ha 

rpatt11u,e pa3JJ.eJia K0pffYMa C TeTIJIOHOCHTeJieM) He 

M0ryT paccMaTpHBaTbCll B KatJecTBe 0CH0BH0ro 

MeXaHH3Ma BblC0K03HepreTHlJeCK0ro TB, HO no 

CB0HM KaK 3HepreTHtJeCKHM TaK H KHHeTH'-leCKHM 

xapaKTepHCTHKaM 0HH C00TBeTCTBYJOT ycJI0BWIM 

o6ecnel.feHHll npe.nsapHTeJibHoro nepeMeWHBaHHll 

(npeMHKCHHra) pacnnasa K0pffYMa H TeTIJI0H0CH­

TeJijj B MacwTa6ax, JJ.0CTaT0'-IHblX )].Jlll peaJIH3aLI,IDI 

C0CT0llHWI CHCTeMbl, K0r,D.a B03M0)1(H0 pa3BHTHe 

WHpOKOMacwrn6Horo B3aHMO)].eHCTBIDI . 

Heo6XO)].HMO 0TMeTHTb, l{T0 qacTO npHHH­

MaeMoe B paCtJeTHblX M0)].eJll!X npe.nnoJl0)l(eHHe 06 

0JJ;HHaK0B0M pa3Mepe nepBH'-IHbIX cpparMeHTOB 

KOPHYMa, o6pa3yeMblX Ha CTa)].HH npeMHKCHHra, 

e.nsa JIH npHeMJleM0. flpol.(eCCbl JJ;e3HHTerpal.(HH 

cocpe)].OTO'-leHHOH MaCCbl )KH)].K0CTH HJIH CTJJYH 

npH JJ.1-1HaMHtJeCK0M K0HTaKTe C .npyrow )KH)].KOH 

cpeJJ;OH H0CllT cnyt.JaHHbIH xapaKTep. 3To npHB0-

AHT K o6pa30BaHHIO CHCTeM cpparMeHTOB, pacnpe­

)].eJieHHblX no pa3MepaM B onpe)].eJleHH0M HHTep­

BaJie 3Ha'-leHHH. ,l(aHHOe IT0Jl0)l(eHHe HMeeT npHH­

l.(HnHaJlbHblH xapaKTep npH onwcaHHH 3B0J1IOL{HH 

TepMHtJeCKH B3aHMOJJ.eHCTBYlOLUHX CHCTeM. 

B TOM cnyyae, K0r)].a npeMHKCHHr np0X0.ll;HT B 

ycn0BHllX nneH0'IH0ro pe)KHMa KHneHIDI TeTIJI0H0-

CITTeJill, npol.(eCCbl nepeMeWHBaHHl! npoTeKruoT 

6onee IT0JIH0, l.fT0 n0BbIUJaeT sepollTH0CTb A0CTH­

)l(eHWI c11.creMoi1 "KOPHYM-Tenn0Hoc11Ten&" co­

CT0llHHll, C00TBeTCTBYJOI.Uero pa3B11THJO Kpyntto­

Macwrn6Horo TB. 3KcnepHMeHTaJibHO He ycTa­

H0BJleHa ,D.0CTaT0'IH0CTb rHJJ.p0,D.HHaMH'-leCK0ro 

WHJIH TepM0rHJJ.p0JJ.HHaMH'-leCKoro CMeWeHHjj )].Jlll 

peaJIH3al.(HH TB no THny naposoro B3pb1sa. Pas­

HblM o6pa30M, HaJllfl{He HJIH Heo6xo,D.HMOCTb npe­

MHKCHHra He BbITeKalOT H3 aHaJIH3a nap0BblX 

B3pbIB0B, 3aperHCTPHP0BaHHbIX npH asapHl!X Ha 

np0MbIIIlJleHHbIX o6beKTax. B TO )Ke speMR TB B 

cHcTeMe UOi-Na, KaK cneJJ;yeT H3 3KcnepHMeHToB 

[3, 5, 6], npHB0,D.HT K T0HKOMY .ll;HCneprnposaamo 

UO2 npaKTHlfeCKH B 0TCYTCTBHe npeMHKCHHra H 

TIJieH0lfH0ro KHT!eHJ,fjj HarpWI B HatJane B3aHM0-

,D.eHCTBHll . 

PaclfeTHbie 0l.(eHKH TI0Ka3blBlUOT, l{T0 3HeprHJI 

CMeweHHll C0CTaBJilleT 0tJeHb He3HalfHTeJibttylO 

qacTb OT Tennosow 3HeprHH K0PHYMa. Ilo­

BHJJ.HM0MY, npeJJ;TI0JlQ)l(eHHe 0 Heo6XO.ll;HMOCTH 

npe.nsapHTenbHoro rpy6oro nepeMeWHBaHHll Tep­

MHtJeCKH B3aHMO,IJ,eHCTBy!OmHx )l(H)].KHX cpe.n ,L{Jljj 

TIOCJie)].yK)I.UeH peanH3al.(HH KpynHOMaCwTa6HblX 

TB cneJJ;yeT npH3HaTb npasoMepHbIM c yqe-roM 

B03MQ)l(H0ro BKJla,na y,napHOH cpparMeHTal.(HH npH 

HX nepB0HalfaJlbH0M K0HTaKTe. 

Ha CTa)].HH npeMHKCHHra CHCTeMa TepMH"le­

CKH B3aHMO,neHCTBYJ-Oll.l,HX cpe.n A0CTHraeT HeK0-

T0poro KBa3HCTaLI,H0HapHoro C0CT0llHWI. Tp11rre­

pHHr npe,D.CTaBJllleT co6oi1 e,nHHH1IHblH JlOKaJibHblH 

npol.(ecc HJIH HeK0T0PYJ-0 HX cosoeynH0CTb, npH­

B0.ll;llll.l,HX K ,D.0CTaTO'-IH0 HHTeHCHBH0M)' B03Myll.l,e­

HHIO KBa3HCTaUHOHapHoro C0CT0llHHll CHCTeMbl H 

pa3BHTHJO npol.(eCC0B TOHKOH cpparMeHTal.(HH Bbl­

C0K0TeMTieparypttoro K0MTI0HeHTa. B KatJecrne 

MexaHH3M0B TpHrrepHHr-npoQecca npe)].Jl0)l(eHbl 

pa3H006pa3Hbie q>H3H'-leCKHe llBJiemrn, C0BMecn1-

Mbie C K.Ba3HCTal.(H0HapHblM C0CT0l!HHeM CHCTeMbl, 

,D.0CTHraeMblM nocrre CTaJJ.Hli npeMHKCHHra. BHYT­

peHHHH (T.e. peanH3yeMblH B CaMOH CHCTeMe) 

TpHrrepHttr-npol.(ecc )].JlJI cpopMHpoBaHHll Jl0KaJlb­

HOH B0JIHbl ,D.aBJieHWI )].0JI)l(eH BKJllOl{aTb npl!MOH 

K0HTaKT Me)KJl.y' nepBHlfHblM cpparMeHTOM KOPHY­

Ma H T eTIJl0H0CHTerreM. 

B HeK0T0pbIX M0,D.eJll!X TaKOH K0HTaKT o6bllC­

HlleTCll K0JinanC0M napoBOH o6oJIO'-IKH (MexaHH3M 

rpaHCTIJI03HH). O .D.HaKO B 3TOM CJIYt.fae TeMnepary­

pa TeTIJI0H0CHTeJlll H ero napOBOH q>a3bl ,Il,0JI)l(Ha 

CHH3HTbCll )].0 ypoBHll , C00TBeTCTBYJOI.Uero CTa6H­

J1H3al.(HH nneH0'-IH0ro pe)l(HMa KHTieHHll . 3ToT Me­

x aHH3M, no-BH,IJ,HMOMY np11eMJ1eM JJ.J1jj TepMH'-le­

CKH B3aHMO,D.eHCTBYIOLUHX CHCTeM, B K0T0pb!X Bbl­

COKOTeMneparypHblH K0MTI0HeHT Ha CTa,D.1-fH npe­

MHKCHHra 0CTaeTCll B )1(11,l\K0M C0CT0llHHH B npo­

Me)l(YTKe TeMneparyp OT T0'-IKH IOIJleHJ,fjj .no KpH-
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TH<ieCKOH TO<IKH HH3KOTeMneparypHoro KOMno­

HeHTa. 

3TOT MexaHH3M, KOHTPOJrnpyeMblH cpaKTopa­

MH, onpeJJ.eJUUOUJHMH CTa6HJJbHOCTb napoaoro 

CJJ0.11, H xapaKTepHCTHKaMH CMat.IHBaHH.11 BblCOKO­

TeMneparypHoro KOMnOHeHTa HH3KOTeMneparyp­

HblM, 3aae)].OMO Henp11eMJJeM )].JI.II c11cTeM ZrOi-Na, 

UOi-Na, a KOTOpbIX nneHo<iHbJH pe)KHM KHneH1-t.11 

HaTp11.11 HeB03MO)KeH. B CHCTeMax ZrOi-H2O , UO2-

H 2O, KaK nOKa3blBaJOT pac<ieTbl, nepBH'-IHble 

cpparMeHTbJ a npou,ecce npeMHKc1mra ycneaalOT 

noaepXHOCTHO JaTaepJJ.eTb. 

Tp11rrep11Hr-npouecc MO)KeT 6btTb o6ycnoa­

neH 803)].eHCTBHeM Ha CHCTeMY BHeUJHHX cpaKTO­

poa ,LJ.HHaMH'leCKOH npHpOJJ.bl (HanpHMep, BHeUJ­

HHH HMnyJJbC )].aBJJeHH.11, pe3KOe H3MeHeHHe ycno­

BHH Ha rpaHHU,e CHCTeMbl H T .JJ..). B ycJJOBHHX, KO­

r,LJ.a TaKoe 803)].eHCTBHe MO)KeT 6b1Tb 01..(eHeHO KO­

JJH'leCTBeHHO, npeJJ.CTaBJJ.SleTC.11 803MO)KH1,IM oue­

HHTb pa3Mep e)].HHH4HOro cpparMeHTa, )].0CTaT04-

HblH JJ.JUI npoTeKaHH.11 TPHrrepHHr-npouecca no 

TOMY HJJH JJ.pyroMy MexaHH3MY. TaK, HanpHMep, 

np11 npoae)].eHHH 11ccneJJ.OBaHHH TB a cHcTeMe Sn­
H 2O )].JI.II HHHu,HaUHH Tp11rrep11Hr-npouecca 11c­

noJJb3oaanc.11 HMnyJJbCHbIH neperpea BOJJ.bJ Ha 

TOHKHX npoBOJJO'lKax H3 pa3JJl1'-IHblX MaTep11anoa. 

IlpH6JJH3HTeJlbHble 4HCJJeHHbte oueHKH nOKa3bl­

BaJOT, 'ITO Ha npOBOJ104Kax npH TeMne HX pa30-

rpeaa ~ I 08 
. . . I 09 

rpaJJ.·C-
I 

JJ.OCTHranHCb aenHYKHbI 

Tennoaoro noToKa, cocTaaJ1.1110UJHe ~ 200 .. .400 

MBT·M-
2 

npw :rneprnH 15 .. . 20 ~ JneKTPHl.fecKoro 

HMnyJlbCa, no)].aBaeM0ro Ha npoBOJ104Ky. 3TH 

oueHKH )].OCTaT04H0 xopowo cornaCyJOTC» C J KC­

nep11MeHTaJlbHblMH ,LJ.aHHblMH [7, 8]. 
CornacHo [7] roMoreHHa.R HYKJJeaUID1 a aoJJ.e 

B03HHKaeT npw CKOpOCTHX I 07 
rpaJJ.·C-I pa3orpeaa 

npoB0JlO'lKH, l{TO COOTBeTCTByeT )].HanaJOHY J].aB­

JleHHH ~ 3,8 ... 6,6 Mila B C)KaTOM cnoe B0)].bl. 3ToT 

)].Hana30H B xopoweM npH6Jll{)KeHHH COOTBeTCTBY­

eT JKCnepHMeHTaJlbHblM pe3yJlbTaTaM [8], r)].e 

y JJ.apHa.11 BOJJHa c )].aBJleHHeM ~ 6 Mila BO cppoHTe 

norryYeHa npH JneKTpHYecKOM pa3orpeae nnaTw­

HOBOH npoBOJlO'-lKH (0 0, I MM, )].JIHHa 5 MM) no 

HCTeYeHHH 5 MKC OT HalJana no)].a'IH JJleKTPH<ie­

CKOro HMnyJlbCa. Ha OCHOBe JTHX ,LJ.aHHblX M0)l(HO 

oueHlffb MHHHMaJlbHblH pa3Mep cpparMeHTOB pac­

nnaaa UO2, JJ.OCTaT04HbtH JJ.JUI HHHL(Hau,1,rn TPHrre­

pJ{Hr-npouecca a ao,LJ.e no MexaHH3MY roMoreHHOH 

HYKJJeau,HH. 

IlpHHHMa.11, 4TO HCXO,LJ.HblH cpparMeHT (o6pa-

3yJOlUHHC.SI Ha CTa,LJ.HH npeMHKCHHra), HMelOUJHH 

ccpepHYeCKYIO cpopMY c pa,D.11ycoM R1, a TeYeHwe 

~'t = 5 MKC nonHOCTblO nepe)].aeT CBOIO Tennoay lO 

JHeprnt0 Qr1= 18 ~ 0Kpy)Kat0UJeH BOJJ.e, T0rJJ.a 
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R = ( QT./ )

005 

= 0, 89 CM, 
1 47rqM 

(1) 

r)].e aen111.J11tta Tennoaoro noToKa q npmuna pas­

HOH 300 MBT ·M-
2
. B caot0 oYepe.LJ.b, 11cxoJJ..11 H3 

aenHYHHbt y,LJ.eJlbHOro Tennoco,D.ep)KaHH.11 Q;_uo, = 
1,4 M~·Kr-

I 
pacnnaaa UO2 (npH 3 I 00 K), 

Rf = ~.f = 0,64 CM, 
[ 

3 -10
1 Q ]1/

3 

47rPuo, QT.uo2 

(2) 

r ,LJ.e Puo, = 11,9 r·CM-
3
. 

IlonyqeHHbJe 3Ha'lemu! R1 .LJ.OCTaTOYHO 6JJH3KH 

( C Y4eT0M norpernHOCTeH 3KCnepHMeHTanbHblX 

H3MepeHHH) Me)K.LJ.)' co6oi:1 H npH6JlH3HTeJlbHO B 

JJ.Ba pa3a Bbtwe ou,eHOK cpe.LJ.Hero pa,D.eyca cppar­

MeHTOB non Y4aeMblX Ha CTa,LJ.HH npeMKKCHHra B 

C0OTBeTCTBHH C MO,LJ.eJl.SIMH fHJJ.pO,D.HHaMH'-leCKOfO 

CMeUJeHH.11. Cne)].yeT OTMeTHTb 0,LJ.HaKO, 4TO TPHr­

repHHr-npouecc, CB.113blBaeMblH B HeKOTOpblX M0-

,LJ.en.11x c ocywecTaJleHHeM np.11Moro KOHTaKTa, 3a­

ae,LJ.OMO HenpKMeHHM K TaKHM CHCTeMaM, KaK 

UOi-H 2O 11 ZrO2-H2O , 11 p.11.!J.Y .D.PYrHM. 

B MO,LJ.eJl.SIX np.S!MOro KOHTaKTa Me)K.LJ.)' KOMno­

HeHTaMH TepMH4eCKH B3aHMO)].eHCTByJOUJeH CHC­

TeMbl npe,D.nonaraeTC.11, '-!TO )].JI.SI HHHl.(KHpoBaHJUI 

KpynHOMaCUJTa6Horo TB )TOT KOHTaKT )].OJ])KeH 

)].OCTHraTbC}I Ha 60JlbUJeH YaCTH Me)Kcpa3HOH rpa­

HHL(bl J,f npHBO,LJ.HTb K cy1UeCTBeHHOMY neperpeay 

TennOHOCHTeJl.11. ,n:aHHbJe noJJO)KeHH.11, no­

BH,LJ.HMOMY, Henp11eMJ1eMbI )].JI.SI CHCTeM, B KOTOpblX 

BbtCOKOTeMneparypHbJH pacnnaa npeTepneaaeT 

3aTBep)].eBaHHe. Hanp.Sl)KeHH.11, 803HHKa1011J.He B 

3arnepJJ.eBat0UJeM cpparMeHTe 3a C4eT TeMnepa­

T)'pHbtX rpa,n:HeHTOB H cpa3oaoro nepexoJJ.a, MOryT 

Bbl3bJBaTb cpparMeHTal.(HJO BblC0KOTeMneparypHo­

ro MaTep11ana. 3-roT npouecc a coYeTaHHH c rH.LJ.­

pomrnaMH''-leCKHM npeMHKCHHroM CHCTeMbl npH-

80)].HT K pa3BHTHIO noaepXHOCTH, ,LJ.OCTaTO'-IHOH 

JJ.JUI peanH3au,1111 KpynHoMacwrn6Horo TB. 

Pa3pyrnett11e '-!acTwrno 3aTaepJJ.eBwHx cppar­

MeHTOB B CBOIO oqepe,D.b MO)l(eT npHBO)].HTb K 

cTpyi-iHOMY HCTe'-!eHJ-110 pacnJ1aaa, coJJ.ep)Kameroc.11 

B OCTalOl..l.(eMC.11 eme )l(H)].KHM .S!JJ.pe cpparMeHTa, 

o 6ecne4HBa.SI )].OCTl{)KeHHe np.RMOfO K0HTaKTa Me­

)1()].y KOPHYMOM H TennoHOCHTeJJeM. B YaCTHOCTH, 

) TOT MexaHH3M npHeMJleM )].JI.SI Tex CHCTeM, B K0-

TOpblX noaepXHOCTHa.11 TeMneparypa HCXO)].HblX 

( o6pa30BaBlliHXC.SI Ha CTa,LJ.KH npeMKKCKHra J,f y)l(e 

4aCTH4HO 3aTaepJ].eBUIHX) cpparMeHTOB BblCOKO­

TeMneparypHoro KOMnoHeHTa cy1UecTBeHHO npe­

BblwaeT KpHTH'-leCKYIO TeMneparypy TenJ10HOCH­

TeJ1», HanpHMep, )].JI» CHcTeM UO2-H2O, Zr0i-H 2O 

J,f .np. 
B JTHX CJJY4a.RX MH'KpOCTPY H nepeKpblBaJOT 

napo aoi:1 cnoi:1, J KpaH11pyl01UHH cpparMeHTbt .LJ.0 

MOMeHTa 11x pa3py weHH.R. M11KpocTpyH np11 CKO-



poCTH 11cTeYemu1, o6ecne•-nrnarouww npesbnUeHHe 

KpHTHYecKoro 3Hal!eHHsr •mcna Be6epa, Moryr 

no.nsepraTbcsr .npo6neHHJO, ysenHl!HBasr TaKHM · 

o6pa3oM nosepXH0CTb npsrMoro K0HTaKTa Me)l()J.)' 

K0PHYM0M H TennoHocHTeneM. 

O6paJosaHHe MHKpocTpyi-t: cssrJaHo c Mexa­

HH3M0M, KOTOpb!H npe.ncrnsneH B [4], H npe.nno­

naraeT np0HHKH0BeHHe Te□JI0H0CHTeJisr BttyTpb 

nosepXHoCTHO JaTBep.neswero nepBH4Horo qipar­

MeHTa 4epe3 .neq>eKTbl, B03HHKaJOLQHe B TBep.now 

o60JI04Ke BCJie)],CTBHe TaHreHl..{HaJlbHblX TepMHl!e­

CKHX Hanpsr)KeHHH. JJ:sIDKymeii CHJJOH :noro npo­

HHKH0BeHHsr CJJY:>KHT nepena.n .nasJJeHHH Me)l()J.y 

nonocTblO q>parMeHTa (q>opM11pyeMoii s npouecce 

3aTBep.neBaHm1 3a Cl!eT pa3H0CTH □nOTHOCTeH npH 

q>aJosoM nepexo.ne) H oKp~aromew cpe.now. Tio­

cne.nyJOI.QHH neperpes H HcnapeHHe Ten110HocHTe­

Jl.!l npHB0)],SfT K pa3pyrueHKIO TBep.now o6on04KH H 

CTPYHHOM)' HCTel!eHmO )KH.LJ.KOro sr.npa. 3-roT Me­

xaHH3M M0)KeT H0CHTh MHO)KeCTBeHHbIH xapaKTep, 

0C}'ll..{eCTBJJSfSfCb B Y3KOM BpeMeHH0M HHTepsane Ha 

uenoM aHCaM6JTe nepBHl!HblX q>parMeHTOB, CHHMasr 

TaKHM o6pa30M sonp0Cbl, CBSJ3aHHble C pacnpo­

CTPaHeHHeM TB Ha CHCTeM)' B uenoM. C .npyroii 

CT0p0Hbl, OH M0)KeT o6ycJIOBJJHBaTb ITOJIO)KHTeJTb­

ttylO o6paTtty!O CBSf3b, HHHUHHpysr pa3pyrneHHe 

TBep.LJ.bIX o6ono4eK .npyrwx q>parMeHTOB, o6ecne­

lfHBasr KOrepeHTH0CTb B3aHMO)],eHCTBH.!l, 1ff0 no.n­

:rsep)K)],aeTCSf Hccne.nosaHHeM Mopq>ononm K0-

He4HbIX cpparMeHTOB. 

B 3KCnepHMeHTax, BblnOJIHeHHhIX Ha ycTa­

H0BKe TBMT c c11cTeMaMH ZrOi-H2O, s cocrnse 

K0Hel!HblX q>parMeHTOB, nonyqeHHbIX npH BblCO­

K03HepreTH4eCKKX TB, conposo)K)],aeMbIX rettepa­

U.Hett B0JIHbl .nasneHHSf, perHCTPHPOBaJTHCb qacTH­

lJ,bI, K0TOpble HMeJIH reoMeTpHIO □0nhlX cq>ep C 

TOJlllJ,HHOH CTeHKH I 50 ... 250 MKM H 0)],H0 HJJH He­

CK0JlbK0 OTBepCTHH C cpopMOH HX pacKpblTH.!l, 

CBH)],eTeJJbCTBYIOI.QeH 06 HCTel!eHHH pacnnasa Ha­

py)Ky. B HeK0TOpblX cny4asrx q>parMeHTbl [,{MeJJH 

MOpQ>OJJOrHIO 2 ... 3 BCTP0eHHblX n0JihIX cq>ep HJJH 

ITOJJOH Hapy)KHOH cq>epbl H TBep.noro BttyTpeHHero 

cqiepH~eCKOro sr.npa. B YKaJaHHblX 3KCnepHMeHTax 

)].Jl.!l nonyqeHH.sr pacnnasos npHMettsrnacb repMHT­

ttasr CMeCb Zr + Fe2O3 C n0BblllleHHblM no OTH0-

rneHHIO K CTeXHOM~H4eCK0MY COCTaBY co.nep­

)KaHHeM 0KCH)],a )KeJie3a. B pe3yJJbTaTe 3aTBep­

.neBlllHH pacnnas Zr+ Fe2O3 o6na.nan 6onee Bb1co­

KOH nnaCTH'IH0CTblO. 

MexaHH3M JaTBep.nesa101.QeH o6onol!KH KaK 

HCX0)],ffh[}I npouecc TOHKOH cpparMeHTalJ,HH pac­

nnasos KepaMHYecKHX MaTep11anos s so.ne no.n­

TBep)f()],aeTcsr MKKp0CK00H'ieCKHMH aHaJJH3aMH 

reoM~HH K0He4HbIX q>parMeHTOB, nonyl!eHHbIX B 

3KCnepHMeHTe C OTHOCHTeJibH0 HH3KHM 3HepreTH­

l!eCKHM BblX0)],0M (K03q>Q>HU:HeHT K0HBepCHH co­

CTaBHJJ senwrntty 3,3· 10·1 %) npH TB pacnnasa 

ZrO2 + Fe c so.now. Pe3yJibTaTbI H3MepeHHH npe.n­

CTasneHb1 s ra6nHue. 

11cnOJib3yeMble Bbl60pKH cpparMeHTOB q>op­

MHpOBaJJHCb Ha OCHOBe aJJHKBOTHblX )],OJieH, oT611-

paeMhIX 113 pa3JIHl!HblX pacceB0B nocne CHTOBOro 

aHaJJH3a K0HetfHblX cpparMeHTOB. Tip11se.neHHble B 

rn6mme reoMeTpHqecKHe pa3Meph1 Lx, Ly, Lz 
COOTBeTCTBYfOT pe6paM napannenenHne.na MaKCH­

MaJlbHOro 061,eMa, BMe[QaJOIUero HH)],HBH.LJ.YaJib­

HbIH cpparMeHT: 

• L x - ocpe.l{HeHHbIH MaKCHMaJTbHbIH pa3Mep, 

ycTaHOBJieHHblH )],JlSf Bbi6opKH cpparMeHTOB s 

npe.nenax 3a.naHHoro .n11anaJ0Ha; 

• Ly - ocpe.nHeHHbrH MaKCHMaJJbHblH pa3Mep 

q>parMeHTOB TOH )Ke Bbl60pKH npH nosopoTe 

npe.nMeTHoro CTeKJJa Ha 90° no 0TH0llleHlflO K 

nepBOHal!aJJbHOMY ero n0JIO)KeHHJO; 

T a 6 n n u. a peJyJJhTaTOB KJMepeHHH reoMeTp),{t{eCKHX pa.JMepoB MaTepHaJI0B K0He1rnhIX 
cboarMeHTOB, no.JIY4eHHhIX nDH TB B CHCTeMe "oacnnae 1Zr02 + Fe)-H20" 

3a11aHHblH HHTep- KonH11eCTBO cppar- Ycpe11HeHHhle reoMeTp),{t{eCKHe 
N!!.NQ Ban Bbl60pKH no MeHT0B B COCTaee PaJMePhl cboarMeHTOB 

BhlfiOp0K eeJJH4HHe Lx, MKM Bb!60pKH - - Lz, MKM Lx, MKM Ly' MKM 

I 1 800 ... 1 600 11 I 730 I 380 175 
2 I 600 ... I 400 9 I 520 I 250 172 
3 1 400 ... I 200 7 I 280 980 165 
4 I 200 ... 1000 12 I 160 790 168 
5 1000 ... 800 10 890 620 193 
6 800 ... 600 13 730 480 218 
7 600 .. .400 8 490 320 207 
8 400 .. . 300 14 360 280 215 
9 300 ... 200 12 270 242 212 
10 200 ... 150 15 180 176 172 
11 150 ... 100 15 140 134 136 
12 100 ... 50 15 70 72 72 
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ocpe,11.HeHHbIH MaKCHMaJlbHblH pa3Mep 

BbI6opKH q>parMeHTOB B Hanpaa11emrn, HOp­

MaJlbHOM K OJIOCKOCTH npe,11.MeTHOro CTeKJla. 

O61.1.1.HH aHCaM6Jlb HCCJle)],yeMblX BbJ6opoK 

MO)KeT 6bITb pa3,11.eneH Ha TPH rpynnbI: 1) ,1].Hana-

30Hbl l-4; 2) ,11.Hana30Hbl 5-9; 3) )],H3fla30Hbl l 0-12. 
TiepBble )],Be rpynnbI xapaKTepH3)'10TC.H ,11.0CTaTOlf­

HO 6J1H3KHMH (a npe)],eJlaX ,11.aHHOH rpynnbl) 3Ha-

4eHH.HMH Lz (cpe,11.Hee KBa,11.paTHlfeCKOe OTKJlOHe­

HHe ,11.JlSI nepBOH rpynm,I paBHO 12, ,11.JlSI BTOpOH 

rpynnbl 9). ,l{.nsi q>parMeHTOB BbI6opoK TpeTbeH 

rpynnhI xapaKTeptta 611H30CTb 3Ha4eHHH acex Tpex 

pa3Mepoa L x , Ly , L2 a npe,11.e11ax Ka)K,11.0H Bbl-

6opKH. <l>parMeHTbl nepBblX ,11.ayx rpyn:n xapaKTe­

pH3YIOTCSI yn1101.1.1.eHHOH q>opMOH. <I>parMeHTbI 

TPeTbeii rpynnbI HMelOT q>opMY, 611H3K)'IO K cqie­

p114ecKOH. 

TipHBe,11.eHHbJe pe3yJlbTaTbl CBH,11.eTem,CTB)'IOT 

0 TOM, 'ITO npouecCbl TOHKOH q>parMeHTaUHH pac­

OJ!aBa (Zr02 + Fe) npH TB c ao,11.oii npoTeKalOT a 

COOTBeTCTBHH C M0,11.eJlblO 3arnep,11.eaa10w.eii o6o­

J104Kl1. ,l{.nsi 11CX0,11.HO )1(11,11.KHX KaneJlb pacnnaBa, 

3aTBep,11.eBa10W.HX npH HX OXJla)K,11.emrn, TOJlll{liHa 

060110'1eK, np11 KOTOpOH npo11cxo,11.HT HX q>parMeH­

TaUH.H, COOTBeTCTByeT ~ 150 ... 220 MKM . .z:i;11aMeTp 

Kane11b pacn11aaa, 3arnep,11.eaa10w.11x 6e3 q>parMeH­

Tat(IDI, ~ 200 MKM. 

Ha cTa,11.1-n-r pacnpocTPaHeHH.H H 3CKana1.vrn 

TB, paccMaTpHBaeMbIX a ,11.eToHaUHOHHOH TeOpHH 

[2], B Ka4eCTBe MexaHH3Ma TOHKOH qiparMeHTa-UHH 

KopeyMa npHHHMaeTCSI pa3BHTHe HeycTOH4HBOCTH 

T3H110pa BCJle,11.CTBHe B03HHKHOBeHH.H nOJlSI OTHO­

CHTeJlbHblX CKOpOCTeH Ha Me)Kq>a3HbIX rpaHHUax 

npH npOXO)K,11.eHHH y,11.apHOH BOJlHbl qepe3 rpy6o­

nepeMewaHH)'IO CHCTeMY. 3-ro nOJlO)KeHHe, KpH­

TepHallbHOe ,11.Jl.H ,11.eTOHaUHOHHOH TeopHH, Bbl3blBa­

eT aonpoc o coorneTCTBHH speMeHHblX MacwTa6oa 

pa3BHTH.H HeycTOH4HBOCTH T3i111opa yc110BHS1M 

nOMep)KaHHSI H 3HepreTHlfeCKOH no,11.Kal.fKH ,11.eTo­

HaUHOHHOH BOJlHbl. AHaJJOrH4Hble B03pa)KeHHSI 

MOryT 6b1Tb npoaepeHbl H ,11.Jl.H MexaHH3Ma Ha oc­

HOBe cpbma napoaoro c11osi. 

Cq>opMyllHpOBaHHblH BbJille MexaHH3M TOH­

KOH cpparMeHTaUHH paCOJ!aBOB KepaMH4eCKHX Ma­

TepHallOB s so,11.e, npe,11.no11ara10UJ.HH CTpyiiHoe 

HCTelfeHHe )KH,11.Koro si,11.pa '-lacnrrno 3arnep,11.eswe­

ro q>parMeHTa c noc11e,11.y10UJ.HM ,11.po611eHHeM 

CTPYH H oc~ecrnneHHeM np.HMoro KOHTaKTa c 

B0,11.0H, o6b.HCH.HeT B03MO)KH0CTb BbICOK03Hepre­

TH4eCKHX TB a CHCTeMax UOi-H2O H ZrOi-H 2O H 

OTCYTCTBHe TaKOBbIX B CHCTeMax UO2-Na H ZrOr 
Na [3, 4]. B HHX KOHTaKTHasi TeMneparypa OKa3bI­

BaeTcsi HH)Ke He TOJlbKO KpHTJ-f'-leCKOH TOY:KH, HO If 

TeMneparypbl cnoHTaHHOH ttyKJleauHH. 

64 

3aKJIIOlfeuue 

I. 3KcnepHMeHTaJlbHO-paC'-leTHbJe HCCJ1e,11.o­

Bam1si TB HMHTaTOpOB KOpeyMa Ha OCHOBe pac­

nJlaBOB KepaMH'-feCKHX MaTep11anoa (UO2, Zr02) c 

B0,11.0H H HaTpHeM CBH,11.eTeJlbCTBYIOT, 4TO OCHOB­

HbIM MexaHH3MOM HX TOHKOH cpparMeHTaUJ,fH SIB­

JlSleTC.H CTpyiiHoe HCTeY:eHHe ( c noc11e,11.y10ll{HM 

,11.po611eHHeM CTpyH 3a ClfeT y,!1.apttOH cpparMeHTa­

U.HH) )KH,11.KOro si.,11.pa noaepXHOCTHO 3aTBep)],eBWHX 

nepBH4HbIX q>parMeHTOB, o6pa3)'10W.HXCSI. Ha CTa­

,11.HH npeMHKCliHra. 

.n:sH)Kyll{HM MeXaHH3MOM HCTelfeHHSI. MH1Cp0-

CTPYH cn~T npoHHKHoBeH_He napa HIHnH )KJ{,11.­

Koro TenJlOHOCHTeJl.H BffYTpb cpparMeHTa '-1epe3 

,11.ecpeKTbl, pa3BHBa10m11ecsi a ero 3arnep,11.esa10meii 

o60J104Ke BCJle,11.CTBHe TaHreHl .. (HaJlbHblX TepMH'le­

CKHX HanpSl.)KeHHH, 06yc11oa11eHHbIX TeMneparyp­

HblM rpa,11.HeHToM. Tipou.ecc TaKOro npomnrnose­

HHSI KOHTpo1111pyeTCSI nepena,11.0M ,11.as11eHHSI Me)K,11.y 

0Kp~a101.1.1.eii cpe,11.oii H no110CTb10 BffYTPli 3a­

Tsep,11.eaa10w.ero cpparMeHTa, o6pa3y10w.eiicsi. 3a 

ClfeT pa3HOCTH OJIOTHOCTeH ero MaTepwana B TBep­

,11.0M H )KH,11.KOM COCTOSf.Hl{j(X. Bc11e,1J.CTBHe HH3KOH 

n11acnl4HOCTH KepaMH4eCKHX MaTepHallOB nepe­

rpea 11 pocT ,11.aa11eHHS1. napa npH KOHTaKTe c )Kl{,11.­

KHM .H,!1.pOM Hapsi,11.y c HCTelfemi:eM MHKpOCTPYH 

npHB0,11.SIT K ,11.e3HHTerpau.m1 ornep,11.eBWHX 060110-

lfeK nepBH4HblX cpparMeHTOB, 4TO n0,11.TBep)K)],aeT­

CSI. Henocpe,11.CTBeHHblMl1 MHKpOCKOflH4eCKHMH 

H3MepeHllilMH reoMeTPaH KOHe4HblX npo,11.yKTOB 

cpparMeHTaUHH. 

2. 3ttepren•fl·IeCKHH 3q>cpeKT TB onpe,11.e11si.eTCS1 

npSIMbIM KOHTaKTOM BTOpH'-IHbIX )KH,11.KHX qipar­

MeHTOB C TeOJIOHOCHTeJleM If 3aBHCHT OT ero Ten-

11ocp113114eCK_HX xapaKTepHCTHK H KOJ1H4eCTBa nep­

BH4HbIX ,11.e3HHTerpHpyeMbIX q>parMeHTOB. TaK KaK 

TeMneparypa KOHTaKTa B0,11.bl C pacITJlaBaMH UO2 If 

ZrO2 cyw.ecTBeHHO npeBbIWaeT KpHTH4eCKYIO, TO 

npH TB B c11cTeMax UOrH2O H ZrOrH2O npH 

,11.0CTaTO'IHOM KOJ1H4eCTBe KorepeHTHO ,11.e3HHTer­

pHpyeMblX nepBH4HblX cpparMeHTOB B03MO)KH0 

q>opMHpOBaHHe MOW.HOH BOJlHbl ,11.aa11eHH.H, 4TO 

fl0,11.TBep)K)],aeTCSI pe3yJlbTaTaMH HCCJle,11.0BaHHH 

CHCTeMbl Zr0i-H 2O. TB np11tt11MaeT xapaKTep na­

poaoro B3pb1Ba C K03cpq>11u.11ettTaMH KOHBepc1111, 

COCTaBJlSIIOUJ.HMH e,11.11HHU.bl npoueHTOB OT HCX0,11.­

HOH Tennosoii 3HeprH_H pacITJ1aBa ( 1,8 M,[()K/Kr). 

BbICOK03HepreTHlfecKHe TB pean113)'10TCSI npH 

pe:>KHMax 11cTelfeHH.H pacnnasa ZrO2, 06ecne411-

aaiomHX e,11.HHOBpeMeHHblH 11 noaepxttOCTHO pa3-

BHTblH nepaoHa'-laJlbHblH KOHTaKT C TenJl0H0CHTe­

JJeM. 

KoHTaKTHaSI TeMneparypa pacnnasoa U O 2 11 

ZrO2 np11 HX a3a11Mo,!J.eHCTBH11 c HaTPHeM cyw.ecT­

seHHO HH)Ke TeMneparypbl cnOHTaHHOH ttyKJ1ea-



UIDI (H TeM 6onee KpHTH'-ieCKOH TO'-IKH). no:nOM)' 
TB s CHCTeMax UOi-Na H Zr02-Na He M0)KeT npo­
TeKaTb B BH)J.e naposoro B3pbIBa. 3HepreTH'-ieCKHH 
3q>q>eKT B 3THX CHCTeMax K0HTP0llHpyeTCjj nepe­
XO.!J.HblM pe)KHM0M KHneHHSI HaTpHjj C HH3KHMH 
3Ha'-leHHjjMH K03q>q>HUHeHTOB K0HBepCHH 
( ~ 10·3 .. . I 0·2 % ). Cne.n.yeT 0)KH.!J.aTb, '-IT0 senHY:H­
HhI K03q>q>HUHeHTOB K0HBepc1,rn cymecTBeHH0 
B03paCTaJOT C yMeHbWeHHeM HCX0)J.H0ro He.n.orpe­
sa HaTpl-ljj H3-3a CHIDKeHHSI HHTeHCHBH0CTH npo­
ueccos K0H.1J.eHcau111-1 ero naposoi:i cpa3bl Ha rpa­
HHUe pa3.n.ena C 0CHOBHOH MaCCOH TeflJl0HOCHTeJljj. 

3. TTpe.n.no)KeHHhlH MexaH.H3M T0HKOH q>par­
MeHTaUHH K0pJ1YMa CHHMaeT sonpoc 06 ocymecT­
BHM0CTH WHpOKOMacwrn6HhIX TB s CHCTeMax 
"KOpJ1YM-TeTTJIOHOCHTeJ1b" B C00TBeTCTBHH C .n.e­
TOHaUHOHHOH Teop11ei:i. 

Ko11maKmHClJI UHqJOp.111Glfl/R - 3awpyllbKO !Opuu 
ffeaHOBU'I, meJ1.: (48439)9-80-84, e-mail: sodium 
@ippe.ru 
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CTaTb.11 nocryn11na a pe11aK1..u,uo 26 HOS16pJI 2007 r. 
BorrpOCbl aTOMHOW HayKH J,I TeXHH:Kl1. 

Cep. <I>ITTHKa .1111epHbIX peaKTopoa, 2008, Bbln. 3, 
C. 59-65. 

Y)U( 621.039.542.4:621.039.526(047.31) 
3KcnepHMCHT3JlbHble HCCJienosaHHH B o60CHOB3IIHe ycTpOHCTBa nm1 JIOK3JIH33U:HH 

pacnJiaBJICHHOro TOilJIHBa peaKTopa JiH-800 

C.H. Ocunoe, CA. PozomKu11, B.A. Co6onee, C<l>. lllenenee, 
<I>rYn " OKEM", 603074, r. HIDKHHH Hosropo.n., EypttaKoBcKHH npoe3.n., 15 

TTpe11cTaaneH aHaJJH:3 3KcnepHMeHTaJJbHblX 11ccne}lOBaHHM, npoae11eHH.bIX Ha CTeH11e "ITOllllOH" B 060CHOBaH11e 
paJpa6oTaHHoro OKEM YCTPOMCTBa MJI c6opa 11 oxnaJK11eHID1 pacnnaaneHHoro Tonn11aa a peaKTope EH-800. TTony­
'leHH.bie 3KCnepHMeHTaJJbH.bie }laHHble IT0380nll10T aep11cj>fil(1-tpoaaTb COOTBeTCTBYJOWHe TennorH}lpaanmecKHe rrpo­
rpaMMbl. 

Experimental research in order to confirm the device for collecting of melted fuel in BN-800 reactor. 
S.L. Osipov, S.A. Rogozhkin, V.A. Sobolev, S.F. Shepelev. In order to confirm the developed by OK.BM device for 
collecting and cooling of melted fuel in BN-800 reactor the analysis of experimental research carried out at the "Tray" 
test facility was presented. The obtained experimental data allow verification of the corresponding heat-hydraulic codes. 

B K0HCTPYKUIUf peaKTopa 6H-800 npep;y­
CM0TPeHo cneu11anbHoe y.n.ep,1rnsruomee YCTPOH­
CTB0 (no.n..n.oH), npe,UHa3Ha'-leHH0e .!J.J1jj 3al.l.(HTbl 
.!J.HHl.l.(a Kopnyca peaKTopa npH Tjj)Kenoii 3anpo­
eKTHOH asapHH C pacnnasnem1eM aKTHBHOH 30Hbl 
(a.3.). Tip11 aHaJ1H3e pa6oTOcnoco6HoCTH no.n..n.oHa 
Heo6xo,u1-1Mo npoaHanH3HpoeaTb TennooTBo.n. OT 
cpparMeHTOB pa3pyweHHOH a.3. 

,l(.nJI o6octtosaHHjj K0HCTPYKQHH, no.n.TBep­
)1(.!J.eHHJI npoeKTHbIX xapaKTepHCTHK no.n..n.oHa .!J.JUI 
c6opa H J10KaJ1H3aQHH pacnnasneHH0r0 T0nllHBa B 
EH-800 H nony"leHHJl 3KCnepHMeHTaJlbHblX .n.aH­
HbIX )J.JlJl sepwcpmcaQHH paC'-leTHblX nporpaMM B 
OKEM pa3pa6ornH H H3fOT0BJieH cTeH.U "TTo.n..n.oH" 
C wcn0Jib30BaHHeM B0)J.bl B Ka'-leCTBe Tenn0H0CH­
TeJIJI. 
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3KcnepHMeHTbl Ha CTeH,!l,e "IlOAD.OH" ,D,MH 

HHcpopMau,1110 o pacnpe,D,enemrn TeMneparyp no 

:rneMeHTaM KOHCTPYKU.HH H B BO,D,e, Hanpaenemrn 

H CKOpOCTH ll,HpKyJI.llll,HH TenJIOHOCHTem1, 4TO no-

3BOmleT BepH<pHU.HpOBaTb COOTBeTCTBYIQW.He Ten­

JIOrn,D,paBJIH4eCKHe nporpaMMbl. 

1. Y cTpoiicTBO ,nJIH c6opa pacnJiaBJieeeoro 
TODJIHBa peaicTopa EH-800 

B COOTBeTCTBHH C HOpManIBHhlMH .llOKYMeH­

TaMH nJ1aenemIe a.3. nocryrr11pyeTc.sr. Ilp11 JTOM 

cpparMeHThl pa3pymeHHOH a.3. nepeMel.I(a!OTC.11 

BHH3 c nponnaeneHHeM HI-Ol<Hero eocnpo113eo.zi:.sr­

w.ero 3KpaHa, KOJIJieKTopoB, HanopHOH KaMephl H 

BblXO,lJ,.IIT B HIDKHIOIO HaTpHeBy!O nOJIOCTb nepe,D, 

,D,HHW.eM KOpnyca. C u,eJih!O He ,D,OnyCTHTb npo­

nnaBJieHH.11 OCHOBHOro H CTPaxOB04HOro KOpnycoB 

peaKTopa no,D, HanopHOH KaMepoH pacnoJio)KeHo 

ynaamIBa10w.ee YCTPOHCTBO [I] .llJl.11 y.zi:ep)KaHHR Ha 

HeM pacruiaeneHHOH a.3. (KOPHYMa). 

Y CTpOHCTBO .!lJIR c6opa TOnJIHBa npe,D,CTaBJI.11-

eT co6oi1: TTOAD.OH, COCT0.111.I(HH H3 ,D,HHW.a, KOttyC­

HOH o6e4aHKH, np11napeHH011 K nep11cpep1111 .llHH­

w.a, H onopHOH KOHCTPYKU:U.H, KOTOpa.11 KpenHTC.11. C 

noMOW.h!O KOttyCHOH o6e4aHKH K H.H)Kttei1: nmne 

onopttoro no.11ca. K ,D,HID.l{)' noAD.oHa np11eapeHhI 

ceMh aepTHKaJibHhIX npOXO,D,OK (rnroBblX Tpy6) 

.llJl.11 opraHH3au,m, ecTeCTBeHHOH ll,HpKyn.sru,1111 

(ELD HaTpHR 4epe3 noAD.OH npH aaap1-11-1. BttyT­

peHHRR noaepXHOCTb TTO)U.J.OHa, Hapy)KHa.sr no­

eepXHOCTh TPY6 11 KOHyCHhlX KphlWeK o6JIHU.OBa­

Hhl ryronnaBKHM MOJIH6,D,eHOBbIM cnnaBOM. 

Y CTPOi1crno .zi:n.sr c6opa H noKanmau.11.H pac­

nnaeneHttoro TOnJJHBa peaKTopa EH-800 npe,D,­

crneneHo Ha pwc. I. IlpH aHan1-13e npoTeKaH11.11 

aeap1-11-1 paccMaTPHBa!OTC.11 .zi:aa npe.zi:enhm,tx eapH­

attTa EU TenJ10Hoc1-1Ten.11 npH ttaxo)K.!J:emrn KO­

pttyMa Ha TTO)U.I.OHe, KOr,D,a pa3pyweHHe HanopHOH 

KaMepbt He npen.11TcrnyeT pa3BHTJUO EU Tennotto­

CHTen.11 4epe3 pa3pyweHHY!O a.3. (pHC. 2) HJIH npH­

B0.llITT K nOJIHOMY nepeKphITHIO npOXO,D,HbIX ceLJe-

PHC. I. YCTpolkTBO ,!lJlH c6opa pacnnaeJieHHOro TOITJIH­
ea peaKTopa EH-800: I - noA.noH; 2 - rnroeb1e Tpy6b1; 
3 - HanopHaH KaMepa; 4 - HanopHhIH Tpy6onpoBoJl; 5 -
onopHbIH noHc 
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PHC. 2. CxeMa UHPKYJIHUMM TenJIOHOCHTeJIH npH CKB03-
HOM llpO)l(Ore HanopHOH KaMepbl 

HHH B HH)KHeH nJIHTe HanopHOH KaMepbl CTMblO 

pacruiaBHBWHXC.11 TBC (p1-1c. 3). 

CTeH,D, npe.zi:ttaJHaLJeH )],JI.II MO,D,eJIHpOBaHH.11 

Teruiorn.zi:paan1-14ecK11x npou.eccoe B ttH)KHett 4ac­

TH KOpnyca peaKTopa H B paHOHe nO)U.J.OHa, KOHCT­

PYKLJ.HH KOTOpbIX BbinOJIHeHbl C reoM~HLJeCKHM 

no,D,0611eM B MaCWTa6e 1: 10. IlpH )TOM MO,D,eJIH­

py!OTC.11 onopHbIH no.11c peaKTopa, HanopHa.sr KaMe­

pa c ttanopHbIMH Tpy6onpoeo.zi:aMH w no)U.J.OH c 

CeMblO TllrOBhIMH TPY6aMH, a ,D,HHW.eBa.11 4aCTb 

Kopnyca peaKTopa EH-800 1-1 pacruiaB TOnJIHBa a.3. 

HMITTHpYIQTC.11. TennOBbI,D,eJieHH.11 B pacnnaee TOn­

JIHBa a.3. Ha noAD.otte HM.HT1-1py10Tc.11 .zi:eyMR nna­

CTHH4aTblMH cn11panbHblMH )JieKTpottarpeBaTem1-

MH cyMMapHOH MOW.HOCTb!O 50 KBT. B Ka4ecrne 

P11c. 3. CxeMa UHPKYJIHUlfil TennoHocITTemi npH nepe­
KpbITHH HH)l(HeH nJIHTbl HanopHOH KaMepbl CTaJiblO 
pacnnaaneHHblX TBC 



Tenn0H0CITTenll npHMeHlleTCll )lHCTHnnHposaHHaJI 

so)la C aTMoccj>epHblM 803,!lyx0M Ha)l CB060)lHblM 

yposHeM. WecTb npoMe)eyl"0lfHblX Tennoo6MeH­

HHK0B (OTO) 3aMetteHbl 0)lHHM K0nbu.esbIM Ten­

noo6MeHHHKOM " .D.HCTHnnllT-CeTeBaJI BOJJ.a". no­

czyn11pyeMoe s pe3ynbTaTe 3anpoeKTHOH asapHH 

nonttoe HnH lfaCTHlfttoe nponnasneHHe nnHT Ha­

nopHOH KaMepbl M0)len11pyeTCll CTeneHblO nepcj>o­

p11posaHH0CTH sepXHeH H HIDKHeH nnHT M0)lenH 

ttanopH0H KaMepbl. 

B cocTas cTeHJJ.a " IloMoH" (p11c. 4 ... 6) sxo­

)lRT: 

a) co6crneHHO MOJJ.enb CTeHJJ.a (pHC. 4), C0CT0lllilaJI 

H3: 

- HMHTaTopa )lHHW.eBOH 4aCTH K0pnyca peaKTopa 

c TennoH30nllu.HeH; 

- M0)lenH onopttoro nollca peaKTopa; 

- M0)lenH TI0M0Ha C HMHT3T0p0M pacnnasneHH0-

ro TonnHsa; 

- Tennoo6MeHHlfKa "AHCTHnnJIT-CeTeBaJI BOJJ.a' ; 

6) TI0CTaMeHT; 

s) H3MepHTeJlbH3ll CHCTeMa; 

r) cpe,!lCTBa :rneKTPOCHafoKeHHJI CTeH)la; 

A) CHCTeMa np0T0lfH0ro BO)lOCHa6)1(eHffj(, 

Pwc. 4. KoHCTJ)YKUH.11 M0!lem1 CTeHlla " TToll!l0H" : J -
nocTaMeHT; 2 - Tennoo6MeHH11K; 3 - onopttbJH nollc; 
4 - K0pnyc; 5 - n0M 0H c HarpesaTenllMH; 6 - T0K0-
nposo.n.; 7 - TennoH3onllUHll 

P11c. 5. O61U1111 BH.D. cTeH.D.a "TToMott" 

Pnc. 6. BHll tta M0lleJib csepxy: I - np03pa4Hal! Kpb!DJ­

Ka M0!len11; 2 - ttennaBllIUal!Cll lfaCTb a.J.; 3 - Tennoo6-
MeHHHK; 4 - K0pnyc 

OcHOBHb(e TeXHHlfeCKHe xapaKTepHCTHKH 

CTeHJJ.a npHBeJJ.eHh( s Ta6n. 1. 

T a 6 n II u a 1. TexHHlfeCKHe xapaKTepHCTl1KJ1 CTeH,D.a 
" TT0MOH" 

HaHMeHoBaHHe napaMeTJ)a 

reoMeTJ)l-f"leCKHH MacW'ra6 M0!len11posa­
HHll 

TToTJ)e6nlleMal! :meKTJ)HlfeCKall M0lUH0CTb 
{tta llBa :meKTJ)OttarpesaTenll) He 6onee, 
KBT 
TToTJ)e6nl!eMblH paCXOll ceTeBOH B0llbl lfe­

eJ Tennoo6MeHHUK He 6onee, Kr/c 
TeMneparypa noTJ)e6nlleMow ceTesow so­
llbl: 

X0JI0,ll.HOH He 6onee, °C 
ro lllfeli tte Mettee, °C 

TeMneparypa B0llbl B n0JI0CTllX onopttoro 
nollca He 6onee, °C 
O6'beM .D.HCTJ1nn11posaHHOi1 B0llbl B M0!le­
n11 tte 6onee, M3 

ra6apHThl M0lleJIH: 
llHaMeTJ), MM 
BblC0Ta, MM 

I: I 0 

50 

5,56 

20 
40 

90 

0,6 

I 500 
.no 1000 

CTeH)l CHa6)1(eH cpe,!lCTBaMH K0HYp0Jlj( H H3-

Mepemu, napaMeTpOB (ycTaHOBJleHbl 233 TepM0-

napbl H paCX0JJ.0Mepttoe yCTpOHCTBO ) , BX0)lJllll.HMH 

B C0CTaB HHcj>OpMaU.HOHHO-H3MepITTenbHOH CHC­

TeMbl a TalOKe npeeycMorpeHbl 1rnmOMHHaT0pbl 

JJ.nll BH3YMbH0ro Ha6J1t0JJ.eHHll 3a pa3BlffHeM EQ. 
U.enb 3KcnepHMeHTMbHblX Hccne.nosaHHH Ha 

CTeH)le - nonylfeHHe HHcj>OpMaUHH 0 KOHT)'pax 

UHPKYJlJIUHH, 803HHKaJOW.HX B M0)lenH, H HX yc­

TOH4HBOCTH, pacnpe)leneHHH TeMneparyp B0JJ.bl B 

K0Hrypax, senw-nrne M0W.H0CTH, Bbl)lenlleMOH B 

n0M0He, K0Toprui MO)l(eT 0TB0AHTbCll lfepe3 TITO 

6e3 K1,meHHll B0)lbl Ha nosepXHOCTH HarpesaTeneH. 
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3. 3Kcnep11MenTaJJbHhle HCCJJC.llOBamrn 

na cTeHJJ.e "Ilouuou" 

3KcnepHMeHTaJTbHhle HCCJ1e,n0Bamu1 Ha CTeH­

.ne "TIOMOH" npoBO.llHJIHCb B ABa 3Tana: 

• 3Tan I - HMHTHpye-rc.si Haxo)f()J.eHHe Bcex 

cpparMeHTOB a.3. Ha nOMOHe 6e3 nepeKpb!THSI 

CTaJTblO OTBepCTHH, nponnaBJleHHblX B rurnTax 

HanopHOH KaMepbI; 

• 3Tan 2 - HMHTHpyeTc.si tJacTH1-rnoe HJIH nonHoe 

nepeKpblTHe CTaJTblO, HMe101UeHCSI B pacnnaBe, 

OTBepCTHH, nponnaBJleHHblX B nnHTax Hanop­

HOH KaMepbt TOnJIHBOM. 

Ha Ka)f()J.OM 3Tane BbtnOJIHeHbl .UBa BH,D.a HC­

nb!TaHHH C uenb!O HCCJle.!1,0BaHHSI TennorH.n.paBJIH-

4eCKHX npoueccoB np11 pa3orpeBe MO.!l,en11 6e3 no­

.!l,a'-IH 11 c no.n.a'-leH OXJla)f()J.a!Oll.leH BO.LI.bl B Ten110-

06MeHHHK (HMHTaUHSI COOTBeTCTBeHHO OTCYTCT­

BI-Ul TennooTBo.n.a B BTO 11 pa60Tb1 BTO c11cTeMbt 

aBap11HHoro pacxomo1rnBaH11.si - CAPX). 

Pe3ynbTaTbl 3KCnep11MeHTaJTbHblX HCCJle,D.OBa­

HHH 11cno11b3Y10TCS1 AJIJI Bep11cp11Kau1111 CFO 

(Computational Fluid Dynamics) KO,/J.OB. B Ha­

CTo.simee BpeMsi no pe3ynbTaTaM 3KcnepHMeHToB 

npoBO,/J.HTCSI no.n.roTOBKa pa3.!1,eJla BepH<pHKaUHOH­

HOro OT'-leTa 3D Ko.n.a ST AR CD. 

4. Pe:Jym,TaTbl nepBoro )Tana ucCJJe.aoBauuii 
na cTeHJJ.e "Ilouuon" 

3KcnepUMeum 6e3 nooattu OXJUJ:J1Coa10z4eii 60-

0bl 6 mennoo6Mem1uK. Ha Ka)f()J.0M 311eKTpoHarpe­

BaTene ycrnHOBJleHa MOlUHOCTb 4 435 BT, BpeMSI 

3KCnepHMeHTa 6 lJaCOB. 3a 3TO BpeMSI cpe,D.HJISI 

TeMneparypa BO,/J.bl B MO,D.eJIH B03pocna C 18 AO 

85,6 °C. Ha MOMeHT OTKJIIOlJeHHSI 3JleKTpOHarpe­

BaTenej:j CaMasi HH3KaSI TeMneparypa BO.LI.bl 73 °C 
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3a<pHKCHpOBaHa B ,/J.HHUleBOH 4aCTH MO.!l,eJIH no.!I, 

nOMOHOM, r.!l,e HIDKe 30Hbl HHTeHCHBHOH u11pKy­

J1S1UHH OKOJIO HIDKHero HarpeBaTen.si KOHBeKUJ-Ul 

OTCYTCTByeT 11 Tenno B HIDKHHH o6beM OTBO.D;HTCll 

TOJlbKO 3a ClJeT TennonpOBO,/J.HOCTH. 

OCTaJTbHble o6beMbl MO.!l,eJIH nporpeJIHCb K 

KOHQY )KCnep11MeHTa AO TeMneparypbl 

85 ... 88 °C. B 3THX o6beMax CTeH.!l,a 6btJla pa3BH­

TaSI ELI; BO.LI.bl. 3aBHCHMOCTb cpe.!1,Hero nepena.n.a 

TeMneparypbl BO.LI.bl Me)K)J.y BXO.!l,OM H BblXOAOM 

ceMH TSlfOBblX Tpy6, onpe.!1,eJllllOUlero paCXO.!I, ELI;, 
npHBe.!l,eHa Ha p11c. 7. 

3KcnepUMeum c nooa'leii oxna:>1Coa10Z4eii Bo­
Obi 6 meruwo6Me1111uK. ,[vill 6b1CTporo pa3orpeBa 

M0.!1,eJIH C)'MMapHaSI MOlUH0CTb 3JleKTpOHarpeBa­

TeJleH ycrnHoBneHa B 25 KBT. B Tennoo6MeHHHK 

no.!l,aBanacb oxna)f()J.aIoma.si BO.LI.a c TeMneparypoi:i 

40 °C H pacXO,/J.0M 0,4 M3/4aC. Tiocne .!l,0CTHJKeHHll 

cpe.!1,HeH TeMneparypbI I KOHrypa 55 °C Ha BXOAe 

B Ten11006MeHHHK .!I.Jill nepexo.n.a B pe)l(HM CTa6H­

JIH3aUHH napaMeTPOB MOlUHOCTb BepxHero 3JleK­

TpOHarpeBaTeJlll CHH)l(eHa AO 4 435 BT, a HIDKHero 

AO 1 504 BT. Pe)l(HM crn611mnau:HH napaMerpoB 

AJIHJICll ~ 2 qaca. 

AHanm nOKa3aHHH TepMonap, pacnoJ10)1(eH­

HblX B6JIH3H 3JieKrpOHarpeBaTeneH, nOKa3aJT, 4TO 

KHneHHe B0.!1.bl Ha noBepXH0CTllX 3JleKTpoHarpeBa­

Ten.si OTCYTCTByeT (t.epx = 87, 13 °C; , .... 3 = 8 l ,2°C). 

{,fa 3THX pe3ynbTaTOB BH.!l,HO, lJTO TeMneparypbl 

MeTaJTJla Ha BepXHeH H HH)l(HeH CeKUHSIX 3JleKTpo­

HarpeBaTen.si nO"ITH paBHbl, a MOlUHOCTb BepxHeH 

CeKUHH 60JlbWe B 2,95 pa:m. 3To 03Ha4aeT, 4TO 

K03<p<pHUHeHT TenJIOOT.!l,a'-IH OT BepxHeH nnaCTHHbl 

311eKTpoHarpeBaTeJ1J1 np1-1MepHo B 3 pa3a 6onbwe, 

lJeM OT HH)l(HeH. 

3aBHCHMOCTb cpeAHero nepena.!l,a TeMnepary­

pbI BO)J.bl Me)K)J.y BXO.UaMH B Tennoo6MeHHHK H 

~ 
"'-.. 

"" v----r-"\. 

\. --' ~ 
BpeMR, 'lac 

7:00:00 AM 8.00:00 AM 9:00.00 AM 10 00 00 AM 11 oo·oo AM 12:00:00 PM 1 :oo:oo PM 2:00:00 PM 

Pwc. 7. 3aBHCHMOCTb cpe,llHero nepena,lla TeMneparypbl BOllbl Me)K,lly BXO,llOM w BbJXO,llOM TllfOBblX Tpy6 OT epeMeHH 

pa60Tbl CTeH,lla (6e3 no,lla411 CeTeBOH BO,llbl B Tennoo6MeHHHK) 
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PHC. 8. 3aBHCHMOCTb cpe.nttero nepena.na TeMneparypbl 80.llbl Me)K.ny sxo.naMH 8 TellJl006MeHHHK El HanopHble TPY60-
npOBO.llbl OT speMeHH pa60Tbl CTett.na 

Han0pHbie TPY6onpOBO,!J:bl OT speMemt pa60Tbl 
cTeH,na npHBe,neHa Ha pHC. 8. O6beMHbIH pacxo,n 

B0,llbl I KOHrypa a Me)KTpy6HOM np0CTPaHCTBe 

TeIIJl006MeHHHKa C0CTaBJUleT 1,547 M
3 
/1.faC, lfT0 

a 1,5 pa3a 6onhwe, lfeM cyMMapHhIH pacxo,n 
1,02 M3/1.fac 0K0JI0 o6eHX ceKUHH ttarpesaTem,, 

paCClfHTaHHblH no pa3H0CTH TeMneparyp ,nHCTHJI­

mna, H3MepeHHblX Ha BbIX0,nax H3 T.S!T0BblX TPY6 H 

ttanopHblX TPY6onposo,nos. 

5. PeJyJILTaTbl BToporo nana ucCJieAoeauuu 
ua cTeHAe "IloMon" 

Hccne,nosaHH» nposo,nHJIHCh npH pa3JIHlfHOH 

cTeneHH nepcpopauHH peweToK Ha sepXHeii H 

HIDKHeH IIJlHTax HanopHOH KaMepbl ,llJIH lfeTblpex 

BapHaHT0B, npe,nCTaBJieHHblX s Ta6JI. 2. 

T a 6 n H u a 2. XapaKTepHCTHKH sapHaHTOB 
HCCJJe.noeaHHH 

BapHaHTbl 
HCCJJe.no­

BaHHH: 

2 

3 
4 

CTeneHb nepq>opHposaHHOCTH 
Be XHeH H HH)l{HeH nJJHT, % 

se XHeH nJJHTbl HHlK}leH nJJHTbl 

50 

50 
0 
0 

BapHaHT N!! 4 ,naeT HaHXy,nwHe ycnoBHJI ,nJI» 

pa3BHTHH EU: (HIDKHHH nm1Ta nepeKpblTa TT0JIHO­

CTblO, aepXHHH Ha 90 %). Bcne,nCTBHe 3Toro Bbl­

xo,n rop»lfeH B0,!J:bl, HarpeTOH "oKOJlO no,n,noHa" H 

s CeMH THr0BbIX Tpy6ax, a HanopttylO H sepXHJOIO 

l<aMepbl K TenJioo6MeHHHKY HeB03M0)KeH. 

CTpoTeKaHHe pe)KHMOB c/6e3 no,nalfH 0XJ18)1(­

.na10me11 B0,!J:bl B TeIIJl006MeHHHK aHaJt0rHlfH0 

npoTeKaHHIO pe)l(HMOB Ha nepB0M 3Tane HCCJie,no­

BaHHH. 

3KcnepUMeHm 6e3 nooal./u 0XJ1a:»eoa10U(,eu eo­
Obl e menlloo6MeHHUK. TipH attanH3e pe3yJ1hTaT0B 

HCCJie,noBaHHH npoB0)l,HJl0Cb cpaBHeHHe ,nHH8MH­

KH pa3orpeaa B0,llbl ,llJIH pa3.lllft{HblX o6beMOB 
CTeH,na C pe3yJibTaTaMH, nonylfeHHblMH B 3KCne­

pHMeHTe N!! I . CttIDKeHHe cKopocTH pa3orpesa 
C0CTaBHJI0 OT 0,36 ,no 1 26 °C/ 11ac, 4T0 CBH,neTeJib­

CTBYeT 06 yxy,nweHHH ycn oBHH )],JI» pa3BHTHH EU:. 
3KcnepUMeHm C nooa11eu OXJlQ:»COQ10U(,eU 60-

0bl 6 men.Jloo6MeHHUK. CpaBHeHHe pe3yJTbTaTOB 
np0B0,nHJI0Cb C pe3yJibTaTaMH aHaJl0fl{l{H0fO pe­
)l(HMa nepsoro 3Tana. A6coJIJOTHOe ysenHlfeHHe 

TeMneparyp Ha CTeH,ne C0CTaBHJlO OT 4,6 ,no 8 °C, 

cpe,nHJIJI TeMneparypa so,nbt B CTeH,ne - - 65 °C. 
O6beMHhlH pacxo,n so,nb1 I Kottrypa B Me)K­

TPY6HOM npocTPaHcTae rennoo6MeHHHKa cocrn­
BHJI 1,212 M3 /1.faC. 3ToT pacxo.D, MeHbWe, 1.feM B 

pe)l(J,!Me npH n0JlH0CTblO 0TKpb!TblX TTJlHTax Ha­
nopHOH KaMepbt, Ha 22 %. CHH)l(em,1e pacxo,na 

CBH3aH0 C HaJlH~HeM BepXHeH nJIHTbl HanopHOH 

KaMepbl, HMe10me11 CTeneHb nepcpopHpOBaHHOCTH 
10%. 

Pe3yJ1bTaTbl 3KCnepHMeHTOB TT0Ka3bIBalOT, 4T0 
)J:8)Ke npH 0TCYTCTBHH TenJI00TBO,na OT TeTTJIOH0-

CHTeJIH I KOHrypa K TenJl0H0CHTeJIIO II K0ttrypa B 
TITO B 6oJibWHHCTBe o6beMoB peaKTopa 6y,neT 

pa3BHBaTbCH EU:. Tenno oT pacnnasa T0TIJIHBa 3a 
ClfeT EU: 6y,neT npaKTw~ecKH paaHoMepHo pacnpe­
,nen»TbC» no o6beMaM peaKTopa H nornomaTbC» 3a 

C4eT TennoeMK0CTH HaTPHH H CTaJIH, lfT0 o6ecne-
4HT 60JibWOH 3anac speMeHH )l,JIJI opraHH3aUHH 
TeIIJlO0TB0,na 11epe3 naporeHepaT0pbl HJIH B03-

,nyllIHble TenJioo6MeHHHKH CAPX. 
llpH HaJlHlfHH TennooTB0JJ,a B TITO so scex 

pe)KJ,!Max 0K0JI0 no,n,noHa, a TJlrQBblX TPY6ax H 
Tennoo6MeHHHKe ycTattasmrnaeTc» H no,n,nep)KH­
saeTc» ycTOH4HBaH EU: TenJI0H0CHTen», TeTTJI0Bbl­
,neneHHH OTB0,!J:RTCji npH He60J1bWHX nepena,nax 

TeMneparyp. 
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3aKJiao11enue 

3KcnepHMeHTbl Ha CTeH.u.e "IlOMOH" ,[laJIH 

HHq>OpMaumo 0 K0Hrypax UHPKYJl.llUHH, B03HH­

Ka!OJ..UHX B MO.LI.em,, H HX ycTOH4HBOCTH, pacnpe­

.u.eneHHH TeMneparyp B0,[lbl B K0Hrypax, BeJJH-iiHHe 

M0UJ.H0CTH, BbI,[lem,eMOH B n0M0He, K0T0pal! M0-

)l(eT 0TB0,[IHTbCll B ITTO 6e3 KHnemrn BO.LI.bl Ha no­

BepXH0CTl!X HarpeBaTeJUI, 4T0 n03B0JllleT BepHq>H­

UHp0BaTb C00TBeTCTB)'IOI..UHe TennorH,LlpaBJJ~e­

CKHe nporpaMMbl. B HacTo.s:rw.ee BpeM.s:r no pe3yn1:,­

TaTaM 3KCnepHMeHT0B np0B0.ll.HTCll no,[lroT0BKa 

pa3,LleJJa BepHq>HKal.(HOHHOro 0T4eTa 3D K0,[la 

STAR CD. 

KomnaKmHaR UH{j;opMOl/Wl - Po20:J/CKUH Cep2ez1 

AneKcaHopoeu'I, meJ1.: (831)246-94-40, e-mail: bir­

braer @ okbm. nnov. ru 

Jlunparypa 

l . Ka11taH1111 JO.JI., PozoJ1cKu11 C.A., Co6011es B.A . 
Y ci-poHCTBO iuu1 c6opa 11 oxna)K.nemu, pacTTJ1aeneHHoro 
TOTTJIHBa B peaKTope 6H-800 // JJ:oKJJa.n Ha coeMecrnoe 
3ace.naH11e pa6o4HX rpyrrn N2.N'~ 6 11 7 CornaweHH.ll 
PocaTOM-KA3 <I>paHUHH, O6ml.HCK, 16-19 OKTll6p.si 
2006 r. 

CTaTb.si nocryrurna B pe.naKUlflO 19 tto.si6p.si 2007 r. 
BorrpOCbl aTOMHOH HayKH H TeXHHKH. 

Cep. <l>H3H.Ka ll,llepHblX peaKTopoe, 2008, Bbm. 3, 
C. 65 - 70. 

Y,JU( 621.039.564.3 
IloBbIIIIeHne TO"IHOCTH HlMepeHHH TeMnepayYpbl B H,D;epHbIX peaKTopax 

B.A. Kap:,1caBu11, M.H. Ap11011bOOB, 
<l>rYil "fl-Il.J, P<l>-<1>3W', 249033, r . O6HHHCK KanY*CKOH o6n., f1Jl. EoH.z:1apeHKO, I 

O6o6mettbl pe3yJJbTaTbl HCCJJe.noeamrn CTa6HJJbHOCTH xapaKTepHCTHK TepMOJJJeKTPH4eCKHX npeo6pll.30BaTeJJeH 
rpa):lyHpOBKH XA, BbinOJJHeHHblX aBTOpaMH H Pa3JIH4HblMH HCCJleJlOBaTeJll!MFI. OT.neJJbHble napTHH rrpeo6pll.30BaTeJJeH 
no.neepranHCb BJIH.!IHHJO HeHTpOHHOro 06nY4eHH.ll (cpmoettc HeHi-pOHOB .no 2,4· l021 cM·2), .neHCTBl{JQ TeTTJIOBblX yJlapoB, 
epeM.si JKCnnyarn1.urn e pll.3HbfX YCJJOBHl!X .llOCTHraJJO 61 TblC. qacoe npH TeMneparype .no 600 °C. TTpeJlJIQ)KeHa 061Ual! 
3aBHCHM0CTb norpewHOCTH H3MepeHH.si TeMneparypbl, a TaKlKe .noeepHTeJibHOro HHTepeana OTKJIOHeHHH npH JlOBepH­
TeJJbHOH eepO.!!THOCTl1 0,95 OT epeMeHH H TeMnepaTypbl. 

Increasing temperature measurement accuracy in nuclear reactors. V.A. Karzhavin, M.N. Arnol'dov. The re­
sults of stability investigation of characteristics of thermocouple type K performed by the authors and other investigators 
are generalized. Some set of the thermocouples were irradiated by neutrons (tluence of neutrons was up to 2,4· 1021 cm-2) 
and effected by heat shock. Period of operation indifferent conditions amounted to 61 thousand hours at the temperature 
up to 600 °C. The general dependence of an errors of the temperature measurements from time and temperature and also 
a confidential interval of deviations from time and temperature are offered at confidential probability 0,95. 

,[v1ll H3MepeHHll TeMneparypbl B aKTHBHbIX 

30Hax .ll,LlepHblX peaKTopoB HCn0JJb3)'IOTCll TepM0-

3JleKrpH4eCKHe npeo6pa30BaTeJJH rpa):lyHp0BKH 

XA, K0T0pble BO BpeMl! 3KcrniyaTaUHH liCnbITbl­

BaIOT Ha ce6e B03.ll.eHCTBHe MH0)l(eCTBa cpaKTopoB, 

Bbl3b[Ba!OJ..UHX H3MeHeHHe nepB0Ha4aJJbHOH rpa­

.lJ.)'Hp0BKH. K HHM 0TH0C.l!TC.ll BblC0KHe TeMnepary­

pbl H TenJJ0Bble y.u.apbl, Mexamr4eCKHe Harp)'3KH, 

pa.z:1HaUH0HH0e o6ny4eHHe, .ll.JIHTeJlbH0e BpeM.ll 

3KcnnyaTau,-HH. OueHKe norpeillH0CTH H3MepeHH.ll 

TeMneparypbl, B03HHKaIOI..UeH npH 3T0M, IT0CB.!1-

meHbI pa60Tbl p.ll,L1a 11ccne.u.0BaTeJ1eH. 

TaK, B pa6oTax [1 , 2] o6o6meH onhlT Hccne­

.ll.0BaHHll pa3JJH4Hb!X napTHH TepMonap rpa.z:1y11-

p0BKH XA, H3r0T0BJJeHHbIX B pa3HbIX ycJJ0BHl!X (B 

TOM 4HCJJe B 3aB0,[ICKHX "' na6opaTOpHb1X), 3KC­

nnyaTHp0BaBWHXCll B Te4eHHe BpeMeHH .ll.0 61 
Tb!C. 4aC0B B HHTepBaile TeMnepazyp OT 200 .l],0 
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600 °C KaK 6e3 06JJY4eHH.ll B 3KCnepHMeHTaJJbHbIX 

ycTaH0BKax H Ha TeITJJ0BblX 3JJeKTp0CTaHL(H.llX, TaK 

11 B .ll,LlepHblX ycTaH0BKax npH Ha6ope TepMonapa­

MH cpn10eHca Hei1TpOHOB .z:10 2,4· 1021 
cM·

2 (E > 0,4 
M3B). 

Kon114ecrno npeo6paJoBaTenei1 cocrnBJJllJJ0 

OT HeCK0JlbKHX ):leC.llTK0B ,[10 HeCK0JlbKHX C0TeH. B 
pe3yJJbTaTe 3THX HCCJJe,[IOBaHHH n0KaJaH0, 4T0 

B03HHKaIOJ..UHH np11 3Kcnnyarnu;HH .z:1pei1cp rpa.z:1y11-

poBoK npeo6pa3oBaTeJJeH M0)l(eT 6b1Tb onHCaH 

MaTeMaTH'-IeCKOH 3aBHCHM0CTblO µ[Li] = 0, 7 -
0,25T - (0,23 + 0,34D('r - l,3 -I0')/1,3 ·10' . 3.z:1ecb 

µ[Li], °C - MaTeManfl-leCK0e 0)l(l,f,[laHHe 0TKJI0He­

HHJI noKaJaHHH TepMonap OT CTaH.l1,apTHOH H0MH­

HaJJbH0H cTaTHYeCKOH xapaKTep11cTHKH (HCX) 
(norpeillHOCTH H3MepeHHll), T = (t, °C - 500)/100 

- npHBe.u.e11Hal! TeMnepaTYPa, -r - BpeM.ll , 4ac. 



TalOKe noKaJaHo, lfTO 3aKOH pacnpe.n.eneHHJI 

oTKJJOHeHHii OT HCX (norpewHocTeii) .n.n.si TepMo­

nap 3Toro THna cooTBeTCTBYeT rayccoBOMY (Hop­

MaJlbHOMY)- fpaHHUbl HHTepsanos, B KOTOpbrx Ha­

XO)J.SITCSI OTKJJOHeHHJI (norpernHOCTH) nOKaJaHHH 

TepMonap, npH ,nosepHTenbHOH sepOS!THOCTH 0, 95 

onHCb1Ba10TCS1 ypasHeHHeM F(°C) = µ[~] ± Ir,, r.ne 

Ir,= 2,376 + 0,198T + 0,198 ('r - l,3·104)/1,3·104
• 

Ha pHCYHKe npHBe,neH npHMep 3aBHCHMOCTH OT­

KnOHeHHH OT TeMneparypbl H BpeMeHH 3KCn.nya­

TaI..J.HH. 

0rMeTHM, lfTO pa.36poc nOKaJaHHH B 3aBHCH­

MOCTH OT BpeMeHH, npe,nCKa.3bl8aeMblH np11se,neH­

HblMH Bblllle 3aBHCHMOCTSIMH, MeHbWe ,nonycTH­

MblX rpaHHU no rocT P 5043 1-92. B rOCT 

8.558-2001 ,nonycTHMble rpaHHU.bl ,npei:i<pa B 3as11-

CHMOCTH OT speMemt He YKa.3blBalOTCSI. TalOKe OT­

MeTHM BbLIIBneHH)'lO HelJYBCTBHTenbHOCTb nony­

tteHHOH 3aBHCHMOCHI OT ycnoBHH H3fOTOBneHHJI H 

3Kcn.nyarnu1111 npeo6paJoBaTenei1 [ 1, 2]. 
EnH3KHe pe3ynbTaTbl non)"-leHbl B pa6oTe [3]. 

B HeH np11se,neHb1 pe3ynbTaTbl Ha6n10,neHHH 3a 

H3MeHeHHeM rpa.n.yHp0B04HOH xapaKTepHCTHKH 

TepM03neKTpHttecKoro npeo6paJosarensi rpa,nyH­

poBKH XA npH TeMneparypax 300 11 615 °Cs Te­

tteHHe 18 000 11 15 000 lfaCOB, COOTBeTCTBeHHO. 

HcnblTbJBanHCb repMeTH4Hble npeo6pa.30BaTenH 

Ha ocHose TepMonapHoro Ka6ensi KTMC (,nHaMe-rp 

He YKaJaH). BHewHeH cpe,noi:i MS! npeo6paJoBaTe­

nei1 cny)K}{n BaKyyM (napaMeTpbl He YKaJaHbl). 

OTK110HeHi.1e OT HCX, •c 
2 -
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- ----~--

0 ----t-- --+----t---"1........,,..,...---t---

-1p~~==-~4~t:===:l 
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- l-----+--+:::==,.,__,,:::::-h.-----1----+-----J ---r---t.._ 
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-8'---'----'----'----'----'---...::..1 
10 000 20 000 30 000 40 000 50 000 60 000 

BpeMSl, 'laC 

3aBHCHMOCTb OT TeMneparypbl H epeMeHH 3KcnnyaTa­
UHH OTKJJ0HeHHSI rpa.nyHp0B0lfH0H xapaKTepHCTHKH 
TepMonapbI XA OT HCX: I - MaTeMaTHlfecKoe O)l<H,na­
HHe 0TKn0HeHHSI npH 500 °C; 2 - MaTeMaTHlfeCK0e 
0)l(J,f,naHHe 0TKJIOHeHHSI npH 700 °C ; 3, 4 - rpaHHLU,I 
.noeep11TenbH0ro HHTepeana MaTeMaTHlfeCKoro m1rn.na­
HHsi npH 700 °C npH .nosepHTenbHOH sep0S!THOCTH 0,95; 
5 6 - rpaHHLU,I .noeepHTenbHOro HHTepsana MaTeMaTH­
lfecKoro m1rn.naHHS1 npH 500 °C np11 .nosepHTenbH0H 
Bep0JITH0CTH 0,95 

KonHlfeCTBO HCITbJryeMblX npeo6pa.30BaTeneH co­

CTaBMO 20 WTYK, lfTO, nO-BH)J.HMOMY, )J.OCTaTO'I­

HO MS! KOppeKTHOH CTaTHCTH4eCKOH o6pa60TKH 

pe3ynbTaTOB Ha6n10,neHHH. 

CTaTHCTH'leCKOH o6pa6oTKOH nOKaJaHo, '!TO 

,npei:i<p TepM03,nc onHcbrnaeTCJI nHHeHHOH MO,ne­

nblO !1E = a + b-c, r,ne !1E - H3MeHeHHe TepMo3,nc, 

a H b - nOCT0SIHHble K03<p<pHUHeHTbl. BeJTJ{lfHHbl 

K03<p<pHl..(HeHTOB He npHBO)J.SITCSI, O)J.HaKO YKa.3bl­

BaeTCSI, lfT0 cpe.n.Hee MS! scero HHTepsana Ha6mo­

,neHHH H3MeHeHHe TepM03)J.C 3a Ka)f()J.bte 1000 lfa­

COB ne)KHT B npe.n.enax 0 03 ... 0, 17 °C ,nnsi 300 °C 11 

0 03 ... 0, 125 °C MS! 615 °C. AHanOrHlfHble pe-

3yn&TaTbl nonylfeH&I H ,npyrnMH 11ccne,nosaTeJU1Mlf 

0THOCHTenbH0 ManbIX napTHH npeo6pa.30Barenei1. 

OrclO,na BH)J.HO, lfTO O)KH,naeMaJI norpell!HOCTb 

H3MepeHHSI TeMneparypbl C n0MOUlblO npeo6pa.30-

BaTeneH XA M0)KeT y,nosnernopHTb Tpe6osaHHJIM 

BO MHOfHX TeXHH4eCKHX npMO)f(eHHSIX. O,nHaKO, 

-rpe6osaHHSI K sen11crHHe norpewHOCTH H3MepeHHJI 

TeMneparypbI, HanpHMep, B Ha)J.30HHOM npOCTpaH­

CTBe peaKTopa THna BB3P cymecrneHHO 6onee 

)f(eCTKH. OHH cocTaBJUIIOT < 1 °C. Tio3TOMY 3TH 

npeo6paJosaTenH ,non)l(HbJ no,nsepraTbCSI pery­

m1pHoH KanH6pOBKe. 

TipHMeHeHHe )J.nSI 3THX l..(enej;j MeTO,na Cnl-ilfe­

HHSI noKaJaHHH c nOKa.3aHHSIMH o6pa.3UOBblX Tep­

Monap s ycnoBHJIX MeTponornqecKHX na6opaTo­

pHH 3a-rpy)J.HHTenbHO H3-3a CHnbHOH aKTHBal..(HH 

npeo6paJosaTenei1. Tio3TOMY 6onee aKTYanbttbr 

MeTO)J.bl HX 6e3,neMOHTa)KHOH nosepKH (KanH6poB­

KH). TaK, pa.3pa6oTaHbl H HCnonb3YIOTCSI MeTO)J. 

KBa.3HH30TepMHlfeCKOro pe)KHMa, CTaTHCTH'leCKHe 

MeTO)J.bl. O,nHaKO 0HH Bbl3blBalOT COMHeHHSI B oc­

HOBHOM H3-3a TepM03neicrpH'leCKOH HeO,nHopo,n­

HOCTH np1106peTaeMOH TepMonapaMH BO speMJI 

3KCnnyaTal..(HH. 

B 000 fIK "TeceH'' pa.3pa6ornH MeTo,n 6e3-

,neMOHTa)f(HOH nosepKH (KanH6pOBKH) TepMonap, 

38KJJI0'18IOUlHHCSI B TOM, lfTO B lfexne, B KOT0pOM 

pa.3MemeHa WTaTHM TepMonapa, npe,n.ycMOTPeH 

KaHan )J.nSI pa.3Mell.leHHSI o6pa.31..(0BOH TepMonapbl, C 

nOKa.38HHSIMH KOTOpOH cnw-1a10TCJI nOKa38HHSI 

WTaTHOH TepMonapbl [4]. O6pa31..(0BaJI TepMonapa 

pa.3MemaeTCSI B K8Hane TOflbKO Ha )J.OCTaTOlfHO KO­

pOTKOe speMSI npose,neHHJI KanH6pOBO'-IHblX pa6oT. 

3a 3TO speMJI o6paJu.osasi TepMonapa He yc­

nesaeT H3MeHHTb CBOIO rpa;:i:yHpOBOlfH)'IO xapaK­

TepHCTHKY 113-3a snHJIHHll 06nylfeHHS1. CTeneHb 

aKTHBal..(HH 3TOH TepMonapbt M0)f(eT TaK)Ke 0Ka-

3aTbCJI He6onbWOH, lfTO He npHBe)J.eT K 38MeTHOMY 

ysenHl.feHHIO ,no3oeoi1 HarpY3KH Ha nepcoHan 

3Hepro6noKa aTOMH0H CT8HU.HH. 
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E.n,rncTBeHHhIM cyII1.eCTBeHHhlM B03)).eHCTBH­

eM, HCIThIThIBaeMhlM o6pa3UOBOH TepMonapoH, 

.SIBllileTCSI TenJIOBOH y.nap, B03HHKaJOII1.HH npH 6bI­

CTP0M norpy)l(em,rn ee B Kattan. B 000 IlK " Te­

cew" Bhin0JlHeH UHKJl Hccne.noaaIDtH BJIHSIHHSI Te­

nnosoro y.napa Ha rpa,n.yHpoB04Hhie xapaKTepH­

CTHKH TepMonap pa3IlH4HOH rpa.nyHp0BKH. KonH­

'-leCTB0 Tenn0BblX y.napos, B03)).eHCTB0BaBWHX Ha 

TepMonapbl, )J.0X0)J.HJI0 .no 500. CKopOCTb H3MeHe­

HHJI TeMneparyphI .nocTHrana 700 °CI MHH. 

Pe3yJihTaTbl 3KCnepHMeHT0B Il0Ka3blBaJOT, '-IT0 

a Ka'-leCTBe o6pa3UOBOH TepMonapbl MQ)l(eT 6bITh 

BbI6paHa TepMonapa rpa.nyHp0BKH HHKp0CHJl­

HHCHJl. TepM03JleKTPH'leCKaJI He0)J.H0p0.D.H0CTh, 

npH06perneMaJ1 3TOH TepMonapoH H3-3a so3.nei1-

CTBHJ1 Tenn0BblX y.napos, He npeBbIWaeT 1 °C . Otta 

HMeeT xapaKTepHCTHKH, C00TBeTCTBYIOIII.He o6-

pa3U0BblM (3Ta.JJOHHh1M) TepMonapaM 3-ro pa3pS1-
,na. OTMeTHM, 'IT0 3Ta TepMonapa SIBJI.SleTCSI O)J.HOH 

H3 ttaH6onee crn611nhH&1x npH 3Kcnnyanuorn Tep­

Monap H3 tte6naropo,nHbIX MeTannos KaK s ycno­

BHJIX o6nY'-!eHHSI, TaK 11 BHe era. 

KoHmaKmHQJl uH<jJopMa1.fUJl - Kap:J1CaBUH B11aiJu­
MUp AHiJpeeBU'I, meJI.: ( 48439)6-47-09, e-mail: 
nocr@tesey.com: ApHOJlbOOB MuxaWI HuK011aeBU'I, 
meJ1.: (48439)9-81- 75, e-mail: arnoldov@ippe. 
obninsk.ru 
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IIpaBHJia oct>opMJieHHH CTaTeii 

(yrotrneHHbie B COOTBeTCTBHH C Tpe60B3HHHMH BAK 2008 r. - BbI)J,eneHbl n/'JK mpHcl>TOM) 

IlpH no.u.roTOBKe CTaThH B c6opH11K aBTOp )J,OJDKeH PYKOBOJJ.CTBOBaThC.ll CTaH.u.apTOM "OpHrHHa.Tlhl aBTOp­

CKHe H TeKCTOBhie H3JJ.aTeJlbCKHe" (OCT 29.115 - 88). K asTopcKHM opHnrnanaM, nepe.u.asaeMhlM )J.Jl.ll H3JJ.a­

HWI, npenbHBJlJIJOTCJI CJleJJ.Y}Oll.l,He Tpe60BaHHJI: 

I. 3K3eMM.llp CTaThH JJ.OIDKeH 6btTb nepBblM, OTile'-!aTaH Ha 0)1,HOH CTOpoHe JlHCTa cpopMaTa A4 wpHcp­

TOM N!! 12 '-!epe3 2 HHTepaana. CTaTb.ll Jl0IDKHa 6bITb COCTaBJleHa B cneJJ.YIOLUeM nopj!JlKe: HH}leKC y ,ro<; 3a­

rnas11e; HHH.l.{Ha.Tlbl H q>aMl1JIHH aBTOpos; MeCT0 pa60Tbl Ka)KJ.1.0ro aBTopa C nO'-ITOBbIM anpecoM; aHHOTal.l,IDI 

(He 6onee 10 CTpOK); KJJJO'lee1>1e CJioea - ece eb1menepe'IHCJieeeoe ea pyccKoM u aerJJeiicKOM H3bJKax; 

TeKCT; CilHCOK JlHTepaTyphl; pHCYHKH; no.u.pHCYHO'-!Hble nonnHCH (Ha OTJJ,eJlbHOM JlHCTe). 

2. CTaTbJI )J,0Jl)KHa TaIOKe npe.u.ocTaBJlJITbCJI o6H3aTeJlbHO B BHJJ,e 3JleKTPOHHOH sepcHH o6bNHbIM WpHcp­

TOM N!! 11 Times New Roman, Me)l(J.1.yCTpO'lHblH Httrepsan - o.u.HHapHbIH, s pe.u.aKTope Word 97 HJlH 6onee 
no3JJ.HHX sepcHH. TeKcT He cpopMaT11pyeTc.ll, B Ka'-!ecTBe HMeHH cpaHJJa 11cnoJlbJyeTcJ1 <l>MO nepsoro asTopa 

CTaTbH. KaBbl'lKH B TeKCTe CTaBRTCJI npH aHrJlHHCKOH paCKJla}lKe KJiaBl·faTypbl (" .. "). 

3. Conep:ll<:aHHe CTaTbH )J,OIDKHO 6bITb KpaTKHM H lfeTKHM. McKJ1JO'-!a10TCH 06ll.l,He paCC)')l(JleIDUI, H3BeCT­

HbJe nOJlO)KeHml. He .u.onycKaeTCJI ny61111posaHHe MaTep11ana B TeKCTe, Ta6JlHl.l,ax, no.u.p11cyHO'lHblX Ha}lITH­

CHX. Heo6XOJlHMO co6J110JJ,aTb eJJ,HH006pa:me B Han11caH1rn TepMHH0B, HaHMeHOBaHHH q>H3HlfeCKHX BeJlH'-!HH 

H enHHHU H3MepeHHJI, ycnOBHhlX o6o3Ha'-!eHHH, COKpall.l,eHHH, CHMBOJlOB. HaHMeHOBaHHJI H o603Ha'-!eHHJI 

eJJ,HHHI.I, q>H3HlfeCKHX BeJlH'-IHH Heo6xoJJ,HMO npHBO)J,HTh B CHCTeMe CH. 

Heo6xOJJ,HMO o6pall.l,aTb BHHMaHHe Ha HanHCaHHe nponHCHbIX H CTpO'-!HbIX 6YKB: pyccKHe H rpe'-lecKHe 

6yKBbl (a, p, "f, q> 11 T.JJ..) Ha6HpalOTCJI npRMO, a JlaTHHCKHe (x, y, z, w 11 T.JJ..)- KypcH.BOM. Te )Ke Tpe6oBaHHJI s 

o6o3Ha'-!eHH.llX tty)KHO co6J110JJ,aTb npH HanHCaHHH HH}leKCOB H CTeneHeH B q>OPMYJJax. O603Ha'-!eHHJI MaTpHI.I, 

H BeKTopoB Ha611palOTCJI noJly)l(HpHblM WpHq>TOM npHMO. <l>opMyJJbl, BKJllO'-!eHHble B TeKCT, cnenyeT Ha6H­

paTb 6e3 yse1111'-!eHHJ1 HHTepsana Me)KJ.1.y CTpOKaMH, HanpHMep bid, exp(x/e). 

4. Ta6J1Hl.\bl ttyMepYJOTC.ll, Ka)KJ.1.a.ll Ta6JJHUa )J,OJl)KHa HMeTb 3aroJ10BOK. CoKpameHHJI B rpacpax Ta6J1HUbl 

He .u.onyCKalOTC.ll. B TeKCTe Heo6XO)J,HMbl CCblJlKH Ha see Ta6mfl.l,bl. Ta6J1Hl.\bl ne'-!aTaJOTCSI s o6ll.l,eM TeKCTe 

nocne nepsoi:i CChlJlKH. 

5. <l>opMyJlbl H 6yKBeHHble o603Ha'-!eH11JI BeJJH'-IHH )J,OIDKHbl 6bITb pa3Me'-!eHbl H cpa3y pacwHcppoBaHbl. 

<l>opMyJJhl ttyMepYJOTCSI apa6CKHMH l.\Hq>paMH, HOMep CTaBHTCSI C npaBOH CTOpOHhl JlHCTa B KpyrnhlX CK06Kax. 

HyMepoBaTb CJJeJJ,yeT TOJlbKO Te cpopMyJlhl H ypaBHeHHJI Ha KOTOpble eCTb CCblJlKa B nocneJJ.YK)ll.l,eM H3JlO)Ke­

HHH. <l>opMyJlhl BblilOJlHRIOTC.ll B peJJ,aKT0pe Equation 3.0 npH HeB03M0)KHOCTH Ha6opa Ha KJlaBHarype 

I 

(x;,y;,.~J x,_!_ H T.n.). IlOJJ.CTpO'-!Hble H HaJJ,CTpO'-!Hble HHJJ.eKCbl BBO)UITCSI C KJlasHaTypbl (x3, KM
2 

H T.JJ..), 
0 y 

rpe'-!eCKHe 6yKBhl BCTaBJISIIOTCJI '-!epe3 MeHIO BcmG(JKG ➔ CUM(JOJl. 

6. B TeKCTe CTaTbH pHCYH0K 06J13aTeJlbHO npeJJ,CTaBJlJleTCSI Ha OTJJ,eJJhHOM JlHCTe cpopMaTa He 6011ee A4. 
Ha pHCYHKax .u.onycKaeTC.ll MHHHMaJlbHOe '-IHCJJO o603Ha'-!eHHH - KpaTKHe UHq>pOBble (no nopS!JJ.KY HOMepoB 

CJJeBa Hanpaso HJJH no t.taCOBOH CTpeJJKe) HJJH 6YKBeHHbie o603Ha'-!eHHll. Bee nO.llCHeHHJI BblHOC.llTCll B no.u.pH­

CyttO'-!Hbie no.u.nHCH. Ha o6opoTe Ka)KJ.1.0ro pHcyHKa YKa3bIBalOTC.ll cpaMHJJHH aBTOpos, Ha3BaHHe CTaTbH, HO­

Mep p11cyHKa, o603Ha'-!eHHSI sepxa H HH3a. BHYTpeHHHe Ha}lilHCH Ha pHCYHKax Ha6J..1paJOTC.ll wpHq>TOM N!! 10. 
BHH3Y Ka)KJ.1.0ro p11cyHKa JJ.OJJ)l(Hbl 6btTb np11se.u.eHbI ero HOMep H no.u.p11cyHO'-!Ha.ll nonnHcb wpHq>TOM N!! l 0. 
IlpH Ha.TIH'-IHH HeCKOJJbKHX pa311H'-!Hb!X rpaq>HKOB Ha 0)1,HOM pHCYHKe Ka)KJ.1.bIH H3 HHX o6o3Ha'-!aeTC.ll pyccKH­

MH 6yKBaMH a), 6), s) 11 T.)J,. 11 pacrnHcppoBblBaeTCJI. 

B KOMilblOTepHOM BH)J,e pHCYHKH npeJJ,CTaBJl.llJOTCSI B OTJleJlbHblX cpaiinax, BblITOJlHeHHble B rpaq>HlfeCKHX 

pe.u.aKTopax Paint, PhotoShop, Core/Draw B '-1epHo-6enoM useTe (cpoTOrpacp1111 s pacTpOBOM cpopMaTe tif, dpi-
300). P11cyHKH B Word He scTaBn.llTb KpoMe CJ1Y'-faes, Kor.u.a p11cyHoK H3Ha'-!anbHO BhlIT0JJHeH B Word. 

7. CcblJJKH Ha JlHTeparypy B TeKCTe )J,alOTC.ll no n0pRJlKY apa6CKHMH l.l,11q>paMH B KBanpaTHbIX CK06Kax. 

CnHCOK JJHTepaTypbl COCTaBJJJleTC.ll B TOH )Ke nocne.u.osaTeJlbHOCTH, B KOTOpOH npHBOJlRTCR CCblJlKH Ha mne­

parypy. <l>aMHJJHH H HHHl.\Ha.Tlbl asTOpOB Ha6J,1pa10TC.ll nony)l(HpHblM KYPCHB0M. 

8. CnHCOK JlHTepaTypbl cnenyeT ocpopMJJSITb s C0OTBeTCTBHH c rocy.n.apcrneHHblM CTaHnapTOM "6H6JJHO­

rpacp11'-!eCKOe on11caH11e .n.oKyMeHTa" (fOCT 7. 1-2003), e '-!aCTHOCTH, Heo6xo.n.11Mo yKaJaTh : 
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a) ,WUI :>K)'PHaJibHblX CTaTeH - q>a.MIUlHH H HHHUHaJlbl aBTOpOB (He MeHee -rpex nepBbIX), Ha:3Bairne CTilTbH, 

Ha:3BaH.He :>K)'PHaJia (6e3 KaBbI'ieK), ro).1., TOM, BbIIlYCK, HOMep, c-rpaHHUbI ; 

6) JJ.JUI KHlff - q>aMIUlHll H HHHUHaJibl aBTOpOB, nOJIHOe Ha3BaHHe KHHfH, MeCTO H3).1.aHIDI, H3).1.aTeJibCTBO 

(6e3 KaBbI'IeK), fOJJ. H3).1.amui; 

B) )],JUI aBTopeq>epaTOB JJ.HCCepTaUHH - cpaMIUlHIO H HHHL(HaJibl aBTOpa, HaJBaHHe aBTOpeqiepaTa )J.llCCep­

Tal..(HH, Ha COHCKaHHe KaKOH y'ieHOH CTeneHH HanHCaHa JJ.HCcepTal..(HSI, MeCTO H fOJJ. 3aUJ.HTbI; 

r) ).1.Jl.11 npenpHHTOB - q>aMHJIHH H HHHL(HaJlbl aBTOpOB, HaJBaH.He npenpHHTa, HaHMeHOBaHHe 113).1.alOUJ.eH 

opraHH3al..(HH, WHq>p H HOMep, MeCTO H fOJJ. 113).1.aHH.11; 

JJ.) )J.Jl.11 naTeHTOB - cpaMHJTlfH H lfHlfUllaJibl aBTOpOB, HaJBaHHe naTeHTa, c-rpaey, HOMep H KJiacc naTeHTa, 

)J.ary H f0).1. 3a.llBJleHIDI H ony6nHKOBaHHJI naTeHTa; 

e) )],JUI OT'IeTOB - cpaMHJilfH H HHHL(}laJibl aBTOpOB, HaJBaHHe OT'!eTa, HHBeHTapHblH N!!, HaHMeHOBaHHe 

opraHH3aUHH, roJJ. Bb1nyc1<a; 

)f() )],JUI 3JlelCTpOHHblX HCTOlfHHKOB - nOJIHbIH 3JleKTJ)OHHblH a).1.pec, no3B0Jl.lllOl.l(HH o6paTITThC.II K ny6nH­

Kal..(HH. 

9. B KOHL(e TeKCTa nepeJJ. CITHCKOM J1Jfreparyp1,1 YKaJbIBaeTC.11 KOHTaKTHaH emt,opMa .. HH O ecex aeTO­

pax CT3TbH: cl»aMHJIHH, IIMSI H OT'leCTBO (nOJIHOCTblO), .i..oJDKHOCTb, Tenetoe, e-mail H no )f(emumro aBTO­

pa - JJ.OMaWHHH ITO'iTOBbIH aJJ.pec. 
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BnuMaHuro IJHTaTeneu 

uay1mo-TeXHH'leCKOl"O c6opHHK3 

"BonpOCbl 3TOMHOH uayKH H TeXHHKH. CepuB: <l>H3BK3 B,11,epHLIX peaKTopoe"! 

Pe)lKOJIJienrn c6opm1Ka "BAHT. CepWI: <l>HJHKa .sr,nepm.IX peaKTopoB" HH<l>opMHpye-r aB­

TopoB H qHTaTeJJeH c6opHllKa 06 oprammlIJ,HH co II IIOJJyrO)lWI 2007 r. IIO)lIDICKH Ha "BAHT. 

CepIDI: <l>H3m<a .sr,nepHI,IX peaKTopoB". C6opHHK BKmoqeH B KaTaJJOf "li3)laHWI opraHOB Ha­

yquo-TeXHJPieCKOH HH<i>opMauHH" AreHTCTBa "PocneqaTI," (HH)leKC 66675, IIO)lIIHCHaJI ueua 

200 py6. 3a O)lHH 3K3eMilmrp ). 

HarroMJmaeM, no "BAHT. CepIDI: <l>H3m<a H)lepHhIX peaKTopoB" no-rrpe)l(HeMy HJ)laeTcH 

B TPeX BbIIlYCKaX: <l>H3HKa J,f MeTO)lI:,I pacqeTa H)lepHbIX peaKTOpOB, ,[(HHaMHKa H 6e3onaCHOCTI:, 

H)lepHbIX :meprenr"leCKHX ycTaHOBOK H liMrryJThCHhle peaKTOphl H rrpOCTbie KpHTHqecKHe 

c6opKH. 

IlpH3I:,JBaeM JaHHTepeCOBaHHI:,IX crrenHaJJHCTOB no.zmep)l{aTb aKTHBHOH ITO,l(IIHCKOH c6opHHK 

"BAHT. CepHH: <l>HJHKa H)lepHbIX peaKTopoB". 

BOIIPOChl ATOMHO:U: HAYKII II TEXIIllKII 

C e p H JI: <l>H3HKa Jl,nepHhlX peaKT0p0B 

BbmycK 3 

OTBeTcTBeHH1>18 3a B&mycK C.M. lapHUKHil 

Pe,naKTop B.B. ll'feJIHH 

no.nnHcatto e ne'!aT& 8.09.08. <l>opMaT 70x l08/16 
TTe'!aTb O<j>ceTHaJI. Yen. ne'!. n. 9,5. Y'!.-HJ.n. n. 11 ,0. THprut< 250. HHJteKc 3646. 11 CTaTelt 3aKaJ 52 

Orne'!aTaHO 8 PoccHACKOM Ha)"iHOM ueHTpe " Kyp'!aTOBCKHA HHCTH1Yf" 
123182, MocKBa, mi. AKa.neMHKa Kyp'!aTOea, I 
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