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(VIR ELGTA

KZ98K0129

HAYYHO-TEXHUYECKWI CEMUHAP

UMITYJIbCHBIE HCCHAEJCBATEJBCKUE PEAKTOPLL
TIIPUMEHEHHUE, SKCIIEPUMEHTAJIbHbIE
UCCAEJJOBAHUSA U PE3YJIbTATDI

Q- 11 uronsa 1998 roza

r. Kypuaros, PecrryOnmka Kazaxcran



13 man 1998 200a ucnoamsemcs 40 nem uncmumymy amomuoU
anepeuu HAI] PK u umnynscnomy uccnedosamenscrkomy peaxmopy HI'P,
Komopbtil 6bll CO30aH ONA U3YYEHUS (PUBUYECKUX NPOYECCO8 6 AMOMHBIX
peakmopax no  UHuUyHamuee  8vlOAIOWEZ0CA  COBEMCKO20  (PU3UKA,
axademuxa H.B. Kypuamoasa.

3a amu Oonrzue 200wt Ha peaxmope HI'P Ooinu ucnuimanvt comnu
00bermoe A0epHOt MeXHUKY, npogedeno bonee 08yx MolCAY UCRbIMANUY 1
uccnedosanuti, NOIYHEHbl IKCHEPUMEHMANBHBIE DE3YTbMAMmbl, UMEOUSUE
HAYYHYIO YEHHOCMb U MENCOYHAPOOHOE NPUSHAHUE.

B ceazu ¢ 40-nemuem HAD u peaxmopa HUI'P ¢ 9 no 11 wonus 1998
2004  NpoGOOUMC  HAYYHO-mexHuueckull  cemundp  «HmnyascHble
uccneooeamenvckue  peakmopvl.  I[lpumenenue, IKCnepuMeHmMalbHble
UCCNeO0BAHUS U PE3YTLMAMBLY.

Ilpuenawaro Bac npuname ywacmue e pabome cemumape,
svicmynume ¢ coobwenuem u obcyoums 3ampouymvle npobrembi.
Haoelocs, umo Bawa paboma 6 cemunape 6yoem eaxcHou, 3Ha4uMod u
nonesnoil 0an Bac u Hawezo danvnetimezo compyoHusvecmea.

Hpedcedamens 0p2anuzayUORHO-NPOZPAMMHO0 KOMUMemMa,
Tenepanenviii dupexmop Hayuonanvnozo adeprozo yenmpa
Pecnybauxu Kasaxcmau

I0.C. Yepennun




COJEPXAHHE

PACIIMCAHWME PABOTHI CEMHWHAPA

HAVYHAMA NIPOTPAMMA

TE3WUCHI TOKJANOB




# 1IPHMEHEHNE, YKCHEPHMEHTA]

PACIIUCAHME PABOTbI CEMHHAPA

Bpema

Honeoenvrux, 8 urons

¢ [lpHesn y4acTHUKOB. Peructpauis. 3anHch Ha SKCKYPCHH

¢ OKCKypCyM

Bmopnux, 9 wona

¢ Perucrpanus ) 930
¢ OrkpeITHE cCeMuHapa 10%
¢ [lpencraBnenue u 06CyXAeHHE NOKIa0B 119

¢  OduumanbHbli npreM ‘ 19%

Cpeoa, 10 utou~n,

¢ OKCKYPCHHM 110 MapupyTaM: 90

- Komnnexc uccnedosamenscrozo peakmopa UI'P,
ucnvlmamenvrHas niowaoka « Onvimnoe none»

- Kommaexc uccaredosamenvckux peaxmopos «baiixan-1»

- Coamecmuoe Kasaxcmancko-amMePUKancKoe
npeonpusmue «KK Interconnect»

Yemeepe, 11 uona

¢ 3asepurenue paboTbl ceMuHapa

- Kpyenwtii cmon «Obcysicoenue nepcnekmugsl uChONb306aHUA .
peaxmopnoil bazer HAD HAL] PK» 102
- Bcmpeua ¢ semepanamu Obvedunennoil sxcheduyuu 16%

Hamnuna, 12 urona

¢ Orpe3n y9acTHHKOB CeMHHapa B asponopTsl I. CeMUnanaTHHcka
u r. [laBnopapa '

3apTpak — 82920 (emorosas HA3)
O6en - 13%.14% -
Vi~ 182-19% /-

Ipumeyanue:
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HAYYHAS IPOI'PAMMA

9 mions
Kongpepeny-3un cocmunuypr «Masky

OTKPBITHE
BCTYIIUTEJBHOE CJIOBO MPEJCEAATE)St CEMUIIAPA
Yepenuusn 10.C.
BBICTVTINIEHUE JUPEKTOPA MAD HALT PK
3estenckuit . K.
TIPUBETCTBUE TOCTEA CEMUHAPA

IMITEHAPHBIE JOKJIAABI
Hpeoceoamens —Hepennun 10.C.

UMILY JIbCHBIA TPADUTOBDINA PEAKTOP.
OCHOBHBLIE PE3YJIbTATEI [IPUMEHEHWS.

[Maxuun B.A. (HAD HAL] PK)

METOJMYECKOE OBECITEYEHHUE UCCITEJOBAHMHA
[OBEJEHUSI ®PAT'MEHTOB TB3JIOB ATOMHBEX
PEAKTOPOB

Kynuuna FO.A., Bacunees A1, Huxurnn B.I1., Ceuwmios B.T .,
domuetikoB B.M., Ynneiikua M.I'. (BHUHHT, PO)

IMaxuuy B.A., Kasemun FO.M., Bypum A J{,,

Oscaunukos B.A. (HAD HAL] PK)

KO®E - BPEHK

Hpedcedamens - [I.H. 3esenckui

HCCHIENOBAHKE MHOT'OLIEJIEBOI'O UMITYILCHOT'O
I'PADPHUTOBOI O PEAKTOPA MUT'P

Masmyk B.A. (PHL] K4, P®)

BEPHUOHUKALIMA METOOUK PACUETA XAPAKTEPUCTHUK
HUMITYJILCHOI'O YPAH-TPAGHUTOBOI'O PEAKTOPA

Topun H.B., Kanaues .3., Koseifaes P.M., Jiursun B.Y.,
Mansnnkus [H., Muxanskosa A.T., Pykasuumvkoe I'.B.,
Camapuua C.B., Camapun C.1., [lImaxos B.M., llImakos J1.B.
(BHHUTD, PO )

Bacwives ATl (HHKHIT, POD)

Taitnaituyx B.A., Kassmun H0.M., Iaxunu B.A., Ckuexa A.C.
(HAD HAL PK)

Yacet
paboTsl

I 000_ 1 020

107-10™

1040_1 100

1190117

1120_“40

1140_1200

1200_] 220

1220_ 1 240




1.9.

FOBAHUN HPE

Yacer
paboTel

UCCIEJOBANHE [NIPOLIECCOB, COMPOBOXIAIOIIMX 12%4.13%
«TSDKEJIVIO» ABAPUIO (THUIIA LOCA) IEFTKOBOJHOIO
BHEPTETHYECKOTO PEAKTOPA

Bacunses 10.C., Jlepssko K1, X nanos B.C., 3yes B.A.,
Hmsenxo C.A., Kassmun 10.M., Konogenituxos A.A.,
Kyxyxan M.H., Muxees [1.W., [TusoBapos O.C.,
Cepebpernnukon 10.A., Tyxsaryaun U1.T., Yepennun 10.C.
(HAD HAL] PK) ]

Bespyxos 10.A., Bonkos I".A., Jlorsunos C.A.

(OKL «ludponpecer, PD)

TIEPEPGLIB HA OBEJ 13%.14%

ITpeocedamens — Tlaguiyr B.A.

BJIMSHUE PEAKTOPHOI'O OBJIYYEHUS HA PEJIAKCALIMIO 14%0.14%
MAKPO- ¥ MUKPOHATIIPSDKEHMI B TYTOIINTABKUX
KAPBUIHBIX MATEPUAJIAX

Hepaeko WH., Usanos B.S., Msanos M.B., Kaztmnan FO.M.,
IMepenenxuu V.., Iuposapop O.C., Cxuska A.C. (HAD HAL] PK)

BHYTPUPEAKTOPHOE UCCIEIOBAHME TEIUIOGK3U- 14°°.15'°
YECKHUX XAPAKTEPUCTHK MATEPHUATIOB $IPJ

X nauos B.C., Usanos M.B. (F42 HAI] PK)
HCIIBITAHYSA TB3JIOB BTI'P B YCJIOBUSIX PEAKTOPA UTP 15'%.15%

Kpasuos C.11., Usanos B.A., Epemees B.C., Kazemun 10O.M.,
Hpuatuos O K. (H4A5 HAI] PK)

PEAKTOPHBIE UCIIbITAHVS TBJIOB C KOMIIO3UTHBIM 15%0.15%
METAJJIOKEPAMHYECKUM TOILUTMBOM B PEXXMMAX
UMKJIMHECKOTO UBMEHEHWA MOILHOCTH

Aneitnukos KO B., Ucrtoman 10.J1., Kassmun F0.M., Koateies C.M.,
Tnposapos O.C., Cxuska A.C. (HA3 HAI{ PK)
KOO®E - BPEHK . 15%0-16'"

Hpeocedamens — Iaxnuy B.A.

HUCTIITAHHUS TBC UBB-2M B ABAPUMHBIX PEXUMAX 16'%-16%
HA KOMIUIEKCE UI'P

Tangaitayk B.A., Kazsmun 1O.M., Konteimes C.M.,
[Maxuun B.A., Cruska A.C. (HAD HAL PK)




1.13

1.14

0 BO3MOXXHOCTH BHYTPUPEAKTOPHOI'O KOHTPOJISt
3A TTEPEMEIMEHVEM TOITNMBA B XOJE EI'O UCITBITAHMHA
B OKCITEPUMEHTAJIbBHOM KAHAJIE PEAKTOPA HI'P

laiinaituyx B.A., Kasemun FO.M., Kosteines C. M.,
[Tuposapos O.C., [Tlaxsny B.A., Cxusxa A.C.
(HAD HAL PK)

METOMMKA OIIPEAEJIEHWUA [TPOCTPAHCTBEHHOI'O
TIONOXENNA DKCIEPUMEHTANBUBIX YCTPOUCTB

B LI2K PEAKTOPA MI'P ITO PE3YJIBTATAM CTATHYECKHX
1 AMHAMUUYECKUX U3MEPEHUM [I0TOKA TETUIOBBIX
HEUTPOHOB

Bypum AL, Mctomun Y0.J1. (HAD HH L] PK)

KOMIDIEKC HCCIEQOBATEJIbCKOI'O PEAKTOPA
«BAUKAII - 1». TIPOUIJIOE, HACTOSIUEE, bY AYIUEE

T'anxa B.B., [Insosapor O.C. (HAD HAI] PK)

ITPOYHOCTD U INIACTUYHOCTE KOHCTPYKIIMOHHBIX
MATEPHAJIOB 11PH UMITYJIBCHBIX PAINMALIMOHHBIX
HAT'PY3KAX

Kanerpos X.T'., Kagsipxaros K.K., TypkeGaes T.2. (HAP HAL] PK)
Maxcumxun O.I1 (@TH PK)

11 vrous
Kommedxc, 2 smaxc

KPYTJIBIM CTOJI
{Ipedceoamenv —ITusveapoe O.C.

OBCYXXJEHME ITEPCIIEKTHBBI UCITOIB3OBAHUS
PEAKTOPHOM BA3BI MAD HAIL PK

Yachw!
paboTsI

1 630_1650

1650-17]0

1710_] 740

1 740_ 1 800

11%-13%




TE3UCBHI
TOKJAAIOB
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HMHYJILCHLIH FPA(I)I/ITOBLII/I PEAKTOP.
OCHOBHBIE PE3VJILTATBI IPUMEHEHHS

B.A. Tlaxuuy

Hucmumym amomuoti snepeuu HAL] PK Ilmnnlmmm“ll“lmm

BBEJEHHE N ‘ KZ98K0130

OcHOBHas Lienb CO3JaHUS PeaxTopa, HHULMATHBA DELIECHMS, O CTPOMTENBCTBE KOTOPOIO
[pHHAANeKaIa 3aMedaTesIbHoMy coBerckoMy dhusuKy, akanemuky Y.B. Kypuarosy, 3akmouanace B
HCCREA0BAHMY [THHAMHKH M G30NACHOCTH PEAKTOPOB TIPH BBCJACHMH GONBITON DEAKTHBHOCTH,
W3ydJeHMH OBICTPONPOTEKAIOWIMX (QH3HYECKUX M TEMUIOBbIX MNPOLECCOB B SNEPHBIX peaxkTopax,
HCIIBITAHMK TOILIHBA, MaTEPHATOB H KOHCTPYKIMH Pa3Ad4tbIX 0OBEKTOB ANEPHOH TEXHHKH.

Bosibiiast YacTe MPOBEACHHBIX MCCIEOBaHMi U HcUBITaudil na peaxrope MI'P Onina
CBA3aHA C:
®  TEpMONPOYHOCTHIO SNEPHOTO TOMANBA 0 NPOTPAMME COIIAHHS AAEPHOTO PAKETHOTO
JBHTATENS;
¢  paJHaNUOHIION CTOHKOCTBIO 3J']CKTp0HHOPI anmaparyphl u :memeu'ron aBTOMaTHKH
KOCMHUCCKHX K BO3JYLIHbIX JETATEeAbHBIX AMIIapaToB;
0TpabOTKOH PCHNHUMOB 3allyCKa Ha3eMHBIX TipotoTuios AP
JIMHaMMKOH PeakTopa NpH peax THBHOCTAX J10 SBipu orpaﬁorxou CHCTEM pelyJIMpOBaHHA
HMITYIBCHBIX PEaKTOPOR;
*  sEEpHOMN HAKa4YKOH naqepno-ax'mnﬂmx cpeau orpaﬁm KOH ra30AMHaMHIECKIX A3 PHBIX
yCTaHOBOK;
*  ONPEAEIIEHHEM BHIXOKIA H OCAMICHHS HPOJYKTOB JICTIEHHS B SKCHCPHMEHTATBHEX
ycTpoBicTBax;
®  omnpejenieBHeM npeaesios paborocnocobHocTH TB3I0B H TBC ¢ TonnuBoM pasHoro
KOMIIOHEHTHOIO COCTaBa M Ha3Ha4eHUA ~ KOCMHYECKOro, TPaHCIIOPTHOrO,
SHEPreTHUECKOTO H HCCIER0BATEABCKOTO.
Permrenue 0 CTPOMTENECTBE peaKTopa GBUIO HpUHATO B Mae 1958 roma. Cnycrs asa rona,
7 wionn 1960 rona ObL1 npoBeseH NepBEIA H3MYecKHH Nyck peakTopa B ¢ 1 arrycra 1961 roza,
nocne npopefeHns "ropauero” (3HepreTMYEcKoro) Nycka, peam‘op GBI BBEJEH B SKCIITyaTalHIO,
KOTOpasi IHMTCA BOT yxe Gonee 36 ner.

PEXKHMBI PABOTbI PEAKTOPA

710% ewic
1 FBT
£ nl

E = /
o} =] H
b3 = /
i

AL

Bpemst =
Puc. 1. Heperynupyemsii pe)xpr Puc. 2. PerynupyeMsii pexum

(camoracsiasncs Bcnklilka)
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OCHOBHBIE OFBLEKTBI U PE3YJILTATHI HCIIBITAHUIA

W3 coten ucunrranHbx OOBEKTOB M THICAY NPOBCIEHHBIX HenbiTanui Ha peakrope UI'P B
pasuoe BpeMs K Haubosee colepKaTeNblbM ¥ 3HAYMMBIM O0BCKTAM OTHOCATCA ra300X/aXaaemble
1l 1 TBC npororunos SIPJI w Bopooxnaxpaembie Toansl ¥ TBC suepreTuyeckux,
TPaHCTIOPTHEIX M HCCIIEIOBATENBCKUX PEAKTOPOB.

[lepBrie pcakTOpHBIC HCTIBITARKS 110 LIpOrpamMmMe cosnanus SIPJ 6s111 npoBeaeHs! ¢ TpeMs
TBC, coOpaHHBEIMH M3 TBIJIOB KaHAJBLHOIO THIIA, KOTOPhIE NpeACTaBnsany cobOH 1MeCTHUrPaHHYIO
rpauTOBYIO NpuUiMy pasMepoM "mon Kmoy” 7,2 MM ¥ mmuHo# 100 mm. Tean umen 19 ocesnix
KaHaioB AxaMerpoM 1,15 MM, TOKpBITEIX KapOuaoM HHOOMs. TonnuBoM SIBISUICS AMKAapOUU ypaHa
¢ oboraimennem 90 %, AMcieprupoBaHHbIA B rpaduTe.

B pesynbrate ucnbiTaHMH OBUIM [IONYYEHB! [IEPBBIE 3KCTIEDHMEHTANbHbLIE JNaHHBIE O
TeMmueparype Bomoposa na Beixoge TBC (2740 K), sbdextuBrocTH TB3Na Kaxk ABHrareibHOrO
2
sneMenTa (550 Kr-c/Kr) ¥ €70 pacXoJoHanpsKeHHOCTH (149 kr/c-M”).

Jlanee 6bi1 1IEPHON, KOUilA MCIBITBHIBATNCEH TBOJIBI PA3NTHYHOM KOHCTPYKLHH, MATEpHalb-
HOTO €OCTasa M TEXHOJNOTMH H3rOTOBJCHHA — OJOYHBIC [PH3MATHYECKHE, CTCPXKHCBLIC 4-X
NI011aCTHbIE, BUTHIE 2-X JIOMECTHBIC ¢ pasubiy maroM 30...60 MM u utaol# 100, 200 mm. rpaduro-
KapOusaHble, KapOuanele Ha ocHoBe TBepAblx pacteopos UCHZrC, UC+ZrC+NbC u
kapbuzgorpadura H gp.

Hakosen, k 1970 rony Haubonee npopaGoTaHHEIMH TB3JIAMH CTali¥ CTEPXKHEBBIE TBIJIBI Ha
OCHOBE TBEPAOTO pacTBepa KapOHI0B, KOTOPLIE B nocaenytotieM, B 1976 roay, O3RONHIH HOCTHY D
[penenbHOE JHEPIoBbytelicHe B Tomee 25,5 MB1/11, TeMnepaTypy Bofopona Ha Bbrxoae TBC
3070 K ¥ pacxofoHANpsXKeBHOCTh 455 kr/cm®. 3o Gbum upenenbHble paboune 3naAYEHHS
NapaMcTpoB, fIPY KOTOPBIX COXpaHsnach paboTOCIOCOOHOCTE TONINBA B KPAaTKOBPEMCHHBIX, 10 4
¢, ¥ MHOTOKpATHBIX, 10 2 pa3, TepMHYECKUX HAIPY)XCHHAX Ha peaxTope VIT'P.

CrneaylomuM BaXHbIM HCHLITAHHBIM OOBeKTOM sBasnace nerieax TBC, oxnaxmacman
a30TOM, HA3HAYEHHE KOTOPOM COCTOANO B MNOMNYYEHHH BBRICOKOTEMNEpATypHOIO a3oTa JULd
ras’oJMHAMHYECKHX J1a3ePHBIX YCTAHOBOK, MNPOXOAMBUIMX  peaxTopHylo orpabGoiky. W3
HcnwiTaHHoro psna asotHeX TBC nauGonee paGorocnocobubie cGopki obecneyniy JOCTHKEHHC
MOLIHOCTH 4,65 MBT u TeMnepaTyps! Teruionocutesst 2900 K mpu pacxoae azora B TBC 1,2 kr/c.

C 1984 rona peaktop UII'P Hayai HCIIoap30BaThCS Ul UCCE/IOBAHHS TTOBCACHUS TOILTHBA
B YCNOBHAX NPOEKTHBIX H 3anpOCKTHHIX aBapuii 110 npobiemam 6e30racHOCTH IHEPreTHYECKHK
peaktopos Tuna BBOP-1000. O65eXTOM HCCNENOBAHHUH SARIAIUCH MOJIEIBHBIE YKOPOUEHHbIE TBAJIB
W3 [OBYOKHCH ypaHa, H3rOTOBICHHBle N000HO IITATHOH TEXHOJOTHH. 3ajaya MCC/eIOBaHHii
COCTOSjIa B ONpEJENeHHH OONaCTH JKCHePHMEHTAIBHLIX JAHHBIX O TEPMOMEXAHHUECKOM
{TOBEAEHHH TBYTIOB LIPH Pa3HbIX YCIOBHSX BO3/IEHCTBHA.

ITo 3HCproBbACACHHIO 5T2 ODNacTh HMeNa [IPUMEpHO CIeAYIOIHE TIpaluibl —

0,1...10,13 x/Ix/r UO,; , 10 AIMTENPHOCTH BO3NCHCTBHA MMIyiNhca MOUIHOCTH peakropa
(nonymupune) — 0,2...4,7 ¢, 110 MIATEILHOCTH CTAHMOHAPHOTO YPOBHS MollHocTH (“nonke”) —
200...500c, no Temnepatype TomaHma - 600...3500°C, uo Temncparype 0GOTOYKH —

127...2300°C, no temnepartype paboueii cpexst — 17...360°C, no naBneduro paboyeidl cpeabi —
arMocdeptoe...16 MIla.

B pesynerare GBI onpeaesieH psi/l IOPOTOBBIX 3HAYEHM SHCPIOBBLIENEHHS, TIPH KOTOPEIX
NPOHCXOMMIT COOTBETCTBYIOLME €My pAA  XapakTepHbiX H3MENEHHH COCTOSHHH TB3IOB ~
(bopMOU3MEHCHH S, Pa3repMETH3ALHH, INABICHHS H JHCIICPITHPOBAHHS.

B wactHOCTH, mopor (OpPMOM3MEHEHHS MOIENLHOIO TBAJA CO CBEXHMM TOIUIMBOM B
YCIIOBHSIX PEAKTHBHOCTHOI aBapum cocTaBH mpumMepHo 0,836 x/x/r UO; (200 kaw/r UQO,), nopor
nnasinexus tomnuea — 1,25 kbt UO; (300 xan/r UQ;), nvcneprupoBaHie MOICNBHOTO TBINA
TPOUCKOIAIIO TIPH dHeproBhiaenennu cebiwe 1,59 x/Ix/r UO, (380 xan/r UQ,).

-12 -



SIpKkMM H TOKa3aTeNbHBIM AOCTHXKECHHEM B PEAKTOPHLIX JKCHEPHMEHTAX C THKENBIMH
aBapHAMH  ABHJIOCH ToAy4yeHHe ~ 0,5 kr pacluIaBACHHOHW [BYOKHCH YpaHAa ¢  YACIbHBIM
sneproeblaenenueM 2,1 kIDx/xr UO, u Temneparypoit 2800°C u nocienyrommit cGpoc pacniasa B
BOJY SKCHEPHMEHTANLHOTO YCTPORCTRA [Ulsi ONPEXEIICHHs H aHallk3a NapaMeTpoB B3AHMO/ICHCTBHS
TOIUMBA C TEITOHOCHTENEM (SHEPIUH, JABICHHA, TEMIICPAaTYPhl, KONUYECTBA BOAOPONA, NPOAYKTUB
ZIeNeHNs U Op.).

Kak m3BecTHO, MMIECH3MOHHLIA KPUTEPHH GE30MaCHOCTH I SHEPTETUYECKHX PEAKTOPOB,
ycTaHosnenHbit Komucenelt mo sacpuoMy perymuposanuio CHIA, npu xoTopom rapaHTHpyeTcs
MHHHMQIbHOE MOBPEX/IEHHE aKTHBHOH 30HBI B YCIOBHAX 2BAPHM C PeaKTHBHOCTBIO, COCTaBIseT
1,15 kJx/r Tommesa { 275 kan/r). 31o 3HayeHHe MOXKeT GHITh BINTO 3d OCHOBY HNTH HEKHH MaciuTab
MOIENHpOBaHUs aBapHi [pn pasHBIX YCAOBHAX INPOTEKAlHs [OCIOENHHX He TOIbko s
3HEPreTUYECKUX PEAKTOPOB.

B 1990 rony npu MOZeNHPOBRHHH ABaPHK C peakTHBHOCTHLIO aa TBC Hccxenosatens-
ckoro peaktopa MBB-2M 6pma pocturnyra za ~0,25c¢ nukosas mouocts 3,4 MBT, uto
COOTBETCTBOBAIO HOYTH 9-KpaTHOMY HOMHHAIBHOMY 3Hauehmio mowHocty TBC - 350 xBr,
YaenbHOe 3HEProBLINCACHHE B TONUIMBC (ABYOKHCH YPaHa, AMCMEPrHpOBAHHON B aMOMHHHCBOM
MatpHue, ¢ oforaienremM 90 %) cocrasuno 5,4 kJI/T npu nonyumpuse uMuynsca 0,5 ¢. 3uecs
BKHO QTMETHTE, YTO HECMOTPS Ha CTOMb ECTKHE YCJIOBHA TBINbI COXPAHNUIN CBOKO TCOMCTPHIO B
FePMETHYHOCTD. -

Taioke GbUTM BBUIONHEHB! PEKUMBI, MONETHUPYIOUHE YCNOBHA NOTEPH TEMIIOHOCHTENA
3aJIlepXXKM cpabaThiBaHHA aBapHiHOM 3almuTsl (HaupuMep, NpH "'cr'on-pacxoue" TEMIOHOCHTEA ¢
4,9 Kkr/c 1 cOOBIICHNH psaa 3adepKeK 3aunThi, o1 0,2 10 1,3 ¢ Ha ypopre Momuocts TBC 350 kB
H 0,2, 0.4 ¢ na yposre 540 kBT, 6p11a n0Ka3aHa HEU3MEHHOCTS COCTOAHUA Nenprrantoi TBC.

Eliie 0/1Ha HITIOCTPALHS 06 UCTHTAHHN MOAEILHEIX TRIOB pcakropa tiia BH-800.

MopenbHBIi TBYI HPEACTARIA CODOM ONBITHBI YKOPOUCHHKEIH diieMeHT 6,6 MM, obiuei
Amunoi 160 MM ¥ JUTHHOM aKTHRHOM YacTH 55 MM, TONIHBO —~ BYOKHCH ypaHa ¢ oborailenHeM 2 ¥
10 % - 66110 BHIOpAHO JUIN CPABHHMTENBHOrO aHA/M3a M OUEHKH 3HEProBbifENEHHS H NOBENEHHsS
TBIJIOB B CPEAE HATPHA.

Kpome meTonuueckod oGpaGoTku ycnoBuil UCHBITZHWHM TONNHBA GBICTPEIX PEAKTOPOR,
BKHO OLIIO NOJYYHTb NEPBHYUHBIC JIAHHBIC O Pa3sTepPMCETH3AUMM, PaspylICHHH X ¢parMeHTaLuu
TB3JIOB, 00 JHeproBE{ACICHHH H (a3oBhIX NEpexoiax B TONNHBC. B pe3ynnTate HCIKITAHHIA (allpein
1992 r.) 6b1i10 onMpeneneHo MOporosoe 3Hayerue suepropouenenns 1,35 kJx/r UO, , npu kotopom
3a 0,65c - NOXYIUHPUHY HMIY/bCa MOIUMHOCTM pEaKTopa — MpOU30LUIa pasTepMeTH3aUMs
obonouxy TB31A ¢ TormMBoM 10 %-Horo oforamieHHs, paspyuieHye 1 gpparMeHTaLUA TBYIA ~ 1IPH
3,85 k/x/r UQ, . Bennunna dparMesToB pa3pyuieHHOTO TB3Jla HaXomunach B npefeiax ot 0,5 1o
3 MM. OtieHka MAaKCHMAJIbHOH TemMepaTypb! B Pa3pyMICHHOM Trajie masana 3Hadenue 3700°C,
KOTOpOE COOTBGICTBOBAIO (a3se KHUMEHMS ABYOKHCHM YpaHa, OLEHKAa TeMmeparyphi B 2650°C
CBHIETENbCTBORANA O (ase INaBNeHHs.

3AKJHOYEHHE

Bect OnMIT 3KCNMyaTalldH peakTopHoro kommnekca HWIP, Gomptmoe uucio
IKCHEPHMEHTAIBHBX HCCICHOBAHUN M MCIIBLITAaHMH Pa3sHOOOPa3NEIX O6BEKTOB SUIEPHOH TEXHHUKU
2pKO M YOSQMTENBHO OTPaXaeT LIMPOKYI0 JIKCNEPHMEHTAIBHYIO BO3MOXXHOCTB HCIONE3OBRHHS
KOMIUIEKCA., JTa BO3MOXKHOCTE DEATU3YETCH CErOfHf U OYIET MCMONB30BAaTLCA B NEPCNEKTHBE.
Pa3paGoTaHO HECKONBKO MPOFPaMM H IIPOEKTOB, B KOTOPBIX I[Ipe/lycMATPMBAETCH IPHMEHEHHE
KoMIlIeKca B ONHKaiiee BpeMs.

Oto llenepasd xommiekcHas nporpamMa MpnatoMa PO “"besonacHocTe  aToMHbix
CTaBIKHA”, B KOTOPYIO BKJIIOYeHa paboTa “PacueTHO-IKCIIEPHMEHTATEHOE HCCITEAOBAHKE THKEABIX

PeaKTHBHOCTHHIX aBapH¥ B alepublX peaktopax”. B pamkax osrtodt paGorer Ha peakrope WI'P
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[IPEACTONT OTPaboTKa HOBBIX BKCIEPUMEHTATBHBIX CPENCTB H METOAUWK HAAEXKHOTO H3MEpEeHHs
Temnepatypsl £o 3300 K, uamepenus nedopmarun teanos ¥ TBC B mpenenbHEIX U pa3pymarolpx
YCIOBUAX, BH3yanH3aUMH IIPOLECCOB C INOMOUILKY PaTUallHOHHOCTOMKONW ONTOBOJIOKOBHON
TEXHUKH. 31eCh Xe NPCACTONT BEPUQHKALHA PACUETHbIX POIPAMM H METORMK IIDH HCCIleJOBAaHUM
TOIUIHBA Pa3/IHYHOr0 KOMIIOHEHTHOTO COCTaBa M TEXHONOIMM HM3I'OTOBJIEHHS (AMOKCHIa ypaia,
HUTpUAA YpaHa, CMELIAHHOTO JAHOKCHJ@ YpPaHa-IUIyTOHHHA, BUOPOYIUIOTHEHHOTO TONIMEA) H
B3aUMOJCHCTBHH TOIUTHBA C TEILIOHOCUTENICM.

B obocHOBaHME 3CKM3HOTO Y TEXHHUYECKOTO MPOEKTHUPOBAHWS  MHOTOLEICBOTO
uMInynscHoro rpadurosoro peakropa MHWI'P mpeinosnaraercs MCTBITATE HA TEPMOLPOYHOCTH
HOBOE YypaHIpaQMTOBOE TOIUIHBO B HOPMallbHBIX pPexHMax sxciulyartauud (mo 2000K) u
aBapHiiHEX pexunmMax (1o 4000 K).

B nporpamsme paboT no CHIKEHHIO 000rallleHHsl TOIUIMBA HCCIICAOBATE1LCKHX PEAKTOPOB,
KOTOpas BBINOAHSETCA TAKKE I LENed YKPEIUICHHS PEXMMa H)CPHOTO HEPACHPOCTPaHCHHUS,
3aKa3yMK [(Pe/lyCMATpuBaeT peakTopHyio oTpaborky TBC ¢ mucnepcHbIM TOITHBOM BHICOKOM
IIOTHOCTH € 33/1a4edl OTpPEfCNICHHs [IOPOrOBBIX PaspYIUAIOLIMX HAIPY30K OPH  YCJIOBHSX
MHOroOKparHoro (1o 7 pas) u Geictporo (10 0,5 ¢) HapacTaHus MOUIHOCTH, C MOJCTHPOBAIIHEM
“cTon-pacxo/ia” M 3aAEPHEK aBAPHHHOM 3alIMTEL.

B coBMecTHOM cOTpyAHHYECTBE ¢ 3apYOSKHBIMH  SICPHAIMH  HCCICHOBATEILCKUMH
UEHTpaMH 110 npobiemaM 0e30[IaCHOCTH JHEPreTHUECKHX PEeakTopoB TUIAHHPYIOTCS peaxTopHble
IKCIEPHMENHTHI ¢ TOMIMBOM peaxTopos THa PWR, PHWR, FBR u FBTR.

3Ta HenoJiHas HTKOCTPAUHs 1IEPCIEKTHBEI NpuMeHeHHs peaktopa WI'P riokaseiBaer,
HACKOJIBKO €IIE MOXCT OBITH JIOArMM, ONpPAaBAAHHBIM H HCOOXOAUMBIM 'KHU3HEHHLIH HYyTIh"
CPaBHHTENRLHO IPOCTOH M HAACXKHOH peakTopHOH ycTanosxku MI'P.

.14 -



i BHBIE HOBAHMS 11
PULSED GRAPHITE REACTOR.
BASIC APPLICATION RESULTS

o

V.A. Pakhnits
Institute of Atomic Energy NNC RK

INTRODUCTION

The initiative of building IGR rcactor was. forwarded by the Soviet physicist and
academician Kurchatov A.V. The basic objective of this reactor creation was to research the
dynamics and safety of reactors in the course of intaking a high reactivity, to study fast physical and
thermal processes in nuclear reactors, to test fuel, materials and structures of different objects of
atomies.

Most of the researches and tests performed at IGR reactors were related to:

¢ thermal strength of nuclear fuel (program of nuclear rocket engine (NRE) creation);

* radiation resistance of electronic equipment and automatics elements of space and air
flying machines; .

* test of conditions of launching earth NRE prototypes;

» reactor dynamics at reactivity of up to 5 fi.r and testing the systems of pulsed reactors
control; . .

« nuclear injection of laser-active media and testing of gas-dynamic laser facilitics;

s detcction of the fission product release and precipitation in experimental devices;

* determination of the limits for fuel elements and fuel assemblies (FE and FA) wotking
capacity with fuel of different composition and purpose — space, transport, power and
research. :

~ The decision to build the reactor was made in May of 1958. After two years on 7 June
1960 the first criticality start-up of the reactor was performed. From 1 August 1961 after the “hot”
{power) start-up the reactor was put into operation and is being used for more than 36 years.

REACTOR OPERATING MODES

10 GW

Power
Power

Time

1...10%s

Fig. 1. Non-regulated mode Fig. 2. Regulated mode
(self-shutdown burst)
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MIVJILCHBIEHC
BASIC ITEMS AND RESULTS O

Among a hundreds of items and thousands of tests conducted at IGR reactor in different
time, the most significant and interesting items wcre gas-cooled fuel elements and FA of NRE
prototypes, and water-cooled fuel elements and FA of energetic, transport and rescarch reactors.

The first reactor testing, according to the program on NRE creation, was conducted with
three FA assembled from channel fuel elements that represented a graphite and hexahedron-shaped
prism of 180 mm in length and 7.2 mm in size of “the key”. A fuel element had 19 axial channels of
1.15 mum in diameter, covered with niobium carbide. The fuel was the uranium dicarbide with 90%
of enrichment, dispersed in graphite.

As a result of the testing, there was an obtaining of the first experimental data about
temperature of hydrogen at the outlet of FA (2740 K), efficiency of a fuel element as a motive
element and its consumption and strength (149 kg/sec-m?).

Then, it was a period when fucl elements of different design, composition and production
technology were tested. They were block-shaped and prismatic, rod-shaped and four-blade-shaped,
twisted and two-blade-shaped with a pitch of 30...60 mm and 100, 200 mm in length, graphite and
carbide, carbide based on the solid solutions UC+ZrC, UC+ZrC+NbC and carbide and graphite and
etc.

At last, the rod-shaped fuel elements based on the solid solution of carbides had been
mostly developed by 1970 year, which, in 1976, allowed to obtain the maximum energy release in
fuel (25,5 MW/1), the hydrogen temperature at FA outlet of 3070 K and consumption and strength
of 455 kg/cmz. These were the maximum operational paramcter values, at which the serviceability
of the fuel preserved even under the short-term (up to 4 s.) and repeated (up to 12 times) thermal
loads at IGR reactor.

The next important and tested item was a loop FA cooled by nitrogen. Its purpose was to
produce the high-temperature nitrogen for gas dynamic laser facilities undergone the reactor testing.
Among a number of the tested nitrogen FA, the most serviceable ones allowed 10 reach the power of
4.65 MW and temperature of a coolant of 2900 K, when the nitrogen flow rate in the FA was
1.2 kg/s.

Since 1984, IGR reactor has been used for research of fuel behavior under conditions of
the design and bheyond-design accidents on problems of WWER-1000 energetic reactors safety.
Items to be researched were the model and shortened fuel elements made of the uranium dioxide
and according to standard technology. A goal of the research was to determine the range of
experimental data about thermal and mechanical behavior of fuel elements under diffcrent effecting
conditions.

The range was limitcd by 0.1...10.13 kJ/g UO, according 1o the energy release; 0.2...4.7 s
- according to the period of the power pulse effect of the reactor (half-width); 200...500s -
according to the stationary power level period (“plateau”); 600...3500°C - according to the fuel
temperature; 127...2300°C - according to the envelope temperature; 17...360°C-~ according to the
working medium temperature; 1...16 MPa - according to the working medium pressure.

As a result, there was a determination of a number of threshold values of energy release, at
which some distinctive variations of the fuel elements state had taken place. The state variations
comprised a forming, loss of sealing, melting and dispersion.

In particular, the threshold of the forming of the model fuel element with a fresh fuel under
conditions of the reactivity accident was equal to approximately 0.836 kl/g UO, (200 cal/g UQ,),
the threshold of fuel melting- 1.25 kl/g UO, (300 cal/g UOy); the dispersion of the model fuel
element took place when the energy release was over 1.59 kJ/g UQ» (380 cal/g UQy).
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A brilliant and significant achievement in the reactor experiments under the severe
accidents was a formation of the melted uranium dioxide (0.5 kg) with the specific energy release of
2.1 kJ/kg UO, and temperature of 2800°C, and a subsequent discharge of the melt to water of the
experimental device to determine and analyze parameters (energy, pressure, temperature, hydrogen
and fission products amount and ctc.) of fuel interaction with the coolant.

As it is known, the license safety criterion for the energetic reactors, established by the
USA Nuclear Regulation Commission, is .15 kl/g of fuel (275 cal/g). It guarantees that the core is
least damaged under conditions of the reactivity accident. The criterion’s value may be used as a
basis, or as a scale for simulation of accidents under- different conditions- and not only for the
energetic reactors. .

In 1990 the maximum power of 3.4 MWt was reached in 0.25 s in the course of simulation
of the reactivity accident for FA of IWW-2M research reactor. This value corresponds to the nine-
fold minimal value of FA power (350 kW). The specific energy release in the fuel ( uranium
dioxide dispersed in aluminum matrix of 90% in enrichment) was 5.4 kJ/g when the half-width of
impulse was 0.5 s. [t is important to note that, despite the severe conditions, the fuel elements
preserved their configuration and air-tightness.

The conditions simulating the loss-of-coolant and a delay in the emergency protection
system operation were carricd out (for example, when the coolant flow rate was 4.9 kg/s and the
delay time of the protection systcm operation was 0.2...1.3 s at the FA power level of 350 kW, and
0.2, 0.4 s at the level of 540 kW, the tested FA state did not change.

There is one more case illustrating a testing of the model fuel elements of BNM-800
reactor.

A mode! fuel element was a shortened one of 6.6 mm in diameter, 160 mm in the total
length and 55 mm in the active part length. The fuel used was the uranium dioxide of 2% and 10%
in enrichment, and was selected for comparative analysis and assessment of the energy release and
fuel clements behavior in the sodium medium.

In addition to the methods development of the fuel testing conditions of the fast reactors, it
was important to obtain the initial data about the loss of sealing, fission and failure of the fuel
elements and the energy relcase and phase transition in the fuel. As a result of the testing (April
1992), there was a determination of the threshold value of the energy release (1.35 kl/g UO,), at
which, in 0.65 s (half-width of the reactor power pulse), the loss of sealing of an envelope of the
fuel clement with fuel of 10% in enrichment, failure and fission of the fuel element had occurred,
when the energy release was 3.85 kJ/g UQ,. Dimensions of fragments of the failed fuel element
were within 0.5...3 mm. The maximum temperature in the failed fuel element was 3700°C, that
corresponded to the point of the uranium dioxide boiling. The temperature of 2650°C testified the
point of melting.

CONCLUSION

The whole experience of IGR reactor complex operation, a large number of experimental
research and testing of the various items of nuclear engineering impressively and convincingly
reflect a tremendous experimental capability of the complex. Its capability is being currently and
will be realized in future. Some programs and projects have been developed, and provide for the
complex involvement at the nearest future.

There is the all-round and perspective program on “A-plants safety” of RF Minatom, in
which the work on “Calcualting and Experimental Research of the Severe Reactivity Accidents in
Nuclear Reactors™ is involved. In the framework of the work, it is expected to test new experimental
facilities and methods of precise measurement of temperature up to 3300 K, deformation of fuel
elements and FA under the limiting and failing conditions, visualization of processes by the
radiation-resistant and fiber-optic apparatus. It is also expecled to verify the calculating programs
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and methods during investigation of fuels of different composition and production technology
(uranium dioxide, uranium nitride, uranium-plutonium dioxide, vibro-compacted fuel), and of fuel
interaction with a coolant.

It is expected to test the thermal strength of the new uranium-graphite fuel under the
normal operational (up to 2000 K) and emergency conditions (up to 4000 K} for validation of the
engineering and draft designing of the multipurpose impulse and graphite reactor (MIGR).

In the program on a decrease of the research reactor fuels enrichment, that is carried out to
strengthen the non-proliferation regime as well, the customer demands for the reactor testing of FA
with a dispersion fuel of a high density to determine the threshold breaking loads under the repeated
(up to 7 times) and rapid (up to 0.5 s) increase of the power, simulating the flow rate of a coolant
and a delay of the emergency protection system opcration.

In joint cooperation with the foreign nuclear research centers, devoted to the safety issues
of the energetic reactors, it is planned to conduct the reactor experiments with fuel of PWR, PHWR,
FBR and FBTR reactors.

This brief illustration of the perspectives of IGR reactor application shows how the “lifc
cyele” of this comparatively simple and reliable facility can be long, approved and essential.
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UCCJIENOBAHWY NOBEJEHUS ®PATMEHTOB
TB3J10B ATOMHBIX PAKTOPOB

Bacunses AINL, Kynunuy 10.A., Haxaran B.I1, Cenanos B.I,
Qomueuxos B.M., Yuneitkun M.I™. ¥ mp.

POAI-BHHUTD
Taxunn B.A., Kasemun FO.M., Bypum A IL, Oscsgunukos B.A. 1 1p

ypum AL, Y
Ao sy i AN

KZ98K0131

B pnoxnajgc mpeiacTaBIeHBl pe3ynsraThl OTpaGoTkM TepBHYHBIX CPCICTB H3MEpeHuit
Temnepatyp Ao 3700°C, nasnesui v gedopManuii B ONBITAX 10 MOXENHPOBAHHIO PAXTHBHOCTHBIX
asapuit Ha peaktopax UI'P u UBB-2M, aMnyapHbie ycTpOCTBA JUI IPOBEileHHSA HCIIbITAHHH.

METHODICAL PROVISION FOR INVESTIGATIONS
OF FUEL ELEMENT FRAGMENTS BEHAVIOR
OF NUCLEAR REACTORS

AP. Vasilyev, Yu.A. Kulinich, V.P. Nikitin, V.G. Svidlov, V.M. Fomchenkov,
M.G. Chineikin and oth.
RENC-VNHTF
V.A. Pakhnits, Yu.M. Kazmin, A.D. Vurim, V.A. Ovsyannikov and oth.
IAE NNC RK

The report represents outcomes of a testing of the primary measuring means of temperature
up to 3700°C, pressure and deformations in experiments on simulation of reactivity accidents at
IGR and IWW-2M reactors. The report also presents the ampoule devices for the testing
conduction.
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RGO
E  KZ98K0132

BEPI/I(DI/IKAI_IPI}I METOIUK PAC‘-IETA XAPAKTEPHCTI/IK
HMITYJIBCHOI'O YPAHIPA@HTOBOI'O PEAKTOPA

Fopun H.B., Kannues £.3., Kosvibaes P.M., JJuteun B.Y., Massmnkan IWH.,
Muxanskosa A1, Pykasumrwukos I".B., Camapnna C.B., Camapun C.H,,
1IMakos B.M., lImakoe JI.B.

BHHHT®
Bacunses A.IL
HUKHOT
Fafpnafuyk B.A., KazeMun FO.M,, [Taxuun B.A., Cxueka A.C.
HAD HAL] PK

[lpoBcnena Bepudukanust METOAHK  ONPEACIEHHS  XapaKIEPUCTHK — MMIIY/I6CEOTO
1 paHTOBOrO peakTopa Ha TEIUIOBbIX HEHTPORAX CPABHCHMEM DAaCHETHBIX M 3KCHCPUMEHTAIBHBIX
xapaktepucTuk pcakTopa MI'P. BepudwuupoBaHbl TPCXMCPIBIC MPOrpaMMbl DPCIUCHHS 3amay
neperioca veiTponos MetogoM Mounre-Kapno [TPU3MAJ] u KJIAH ¢ 6ubnuorexoit koucrant
BAC, paspaborkw BHUUNT® u amepuxanckas nporpamma MCNP-4A ¢ amepvKaHCKHMuU
HEHTPOHHLIMM KOHCTaHTamd. BepudHiupoBaHA METO/MKA OLECHKH 11apaMETpoB  HMILYJILCOB
nenenuit peaxkropa. OUeHCHBI IOIPEINHOCTH, CBA3aHHble ¢ npefcraBneHneM A3 peakropos UIP u
MUIP B "Toueunom" mpubmumenuu. OnucaHbl HCHOTb3yeMBIC IDOTPAMMBl H MCTOAHKH,
ofCcy1eH0 KOHCTaHTHOE ofeciieueHne pacueToB. [IpHBeeHBl KCIEepHMEHTaNbHEIE MapamMeTphl
peakTopa, HCIOAb30BaHHble UM BepUdHKaunu. OlKCAaHBl MOCT4HOBKH MW DC3YJib1albl
IKCHEepUMEHTOB. [10Ka3aHO, YTO METONMKH MOTYT OBITh NPHUMEHCHBI IUL1 pacueTa NapamMeTpoB
cozpaBaecmoro Bo BHUUT® umnynscroro rpadurosoro peaktopa MUI'P.
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AUMEREHH] HEPHMES AHI

VERIFICATION OF METHODS FOR CALCULATION OF PULSED
URANIUM GRAPHITE REACTOR PARAMETERS

N.V. Gorin, Ya.Z. Kandiev, R.M. Kozybaev, V:1. Litvin, G.N. Malyshkin,
A.G. Mikhal’kova, G.V. Rukavishnikov, S.V. Samarina, S.I. Samarin,
V.M. Shmakov, D.V. Shmakov

VNITF -
AP. Vasil’yev
NIKIET
V.A. Gaidaichuk, Yu.M. Kaz'min, V.A. Pakhnits-A.S. Skivka
IAE NNC RK

Verification of ‘methods that determine parameters of thermal neutrons pulsed graphite
reactor was performed. The verification was performed- with the help. of comparing calculated and
experimental parameters of IGR reactor. The following methods were verified: a) three-dimensional
programs for solving issues of ncutron transfer by Monte-Carlo method PRIZMA.D and KLLAN
with constant library BAS; b) VNIUTF workings; ¢) American program MCNP-4A with American
neutron constants. Also the method for evaluating parameters of feactor fission pulses was verified.
Errors relating to viewing the cores of IGR and MIGR reactors in “point” approximation were
evaluated. Programs and methods used are described. Constant provision of calculations was
discussed. Reactor experimental parameters used for verification were represented. The experiments
performance and results were also described. It was shown that the methods verified can be used in
calculating parameters of MIGR pulsed graphite reactor which is being created at VNITTF.
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yTEYeTE, KZ98K0133

HCCIEAOBAHME NPONECCOB, CONPOBOXIAKTIHX
«TSIKEJYIO» ABAPUIO (THITA LOCA) JJETKOBOIHOT'O
SHEPTETHYECKOI'O PEAKTOPA

ey 2

;é
=
o

Bacunses ¥0.C., Hepasxo L., XKnaros B.C., 3yes B.A., Mnsenko C.A,,
KaspMun F0.M., Kononetunukos A A., Kykymkud M M., Muxees 1.1, ITusosapos O.C.,
Cepebpennukos I0.A., Tyxparynus 1T, Yepennus 10.C.

Hucmumym amomioti snepauv HAL] PK
Bespyxkos ¥0.A., Bonkos I'.A., Jlorsunos C.A.
OKB «T'udponpeccy

OmHUM 13 BaXXHBIX COOBITHH, ONPEACHAIOINHX MAcIITad MOCCACTBHM «TSHXENoi» aBapuu
tima LOCA  1erkoBojHOro  3HEpPreTHYeCKOTO  peakTopa,  ABJSCTCE  B3aHMONCHCTBHUC
paclaBICHHBIX MaTEpHANOB aKTMBHOM 30HBI peakropa (KOpuyMa) ¢ BOJIOHM, NpH TONAajaHUH
KOpHyMa B HHXKHUIH 00bEeM Kopryca HilH B IMaxXTy peaKkTopa.

VYemewroe MporHO3HpOBaHWE IIOCNEACTBMH Takod aBsapuu  1pebyer  1losyueHus
IKCTIEPUMEHTANLHEIX AaHHBIX, KOTOPbIC XapaKTePH3YIOT OCOOEHHOCTH NPOTEKAOIUHX [IPOLCCCOB M
KOTOpBIE HEOOXOAMMDI U1 YTOUHEHHA CYWECTBYIOMHX ¥ paspaboTKH HOBbIX PacuCTHLIX MoAeIcH
U seradcauTensEeX koaos. B 1989 r. MAD HSILL PK (B To spems O3 HITO «Jlyu») 6buin BayaTs!
paGoThl [0 3KCIEPHMEHTAIbHOMY MOJETHPOBAHHIO NPOLECCOB, CONPOBOKAAIOIIAX KOHEUHYIO
crammio aBapuu LOCA, 1cisi0 KOTOpbIX ObiNa HOMTOTOBKA Y IPOBCAEHHE PEAKTOPHBIX H
HEPEeaKTOPHLIX DKCIEPHMEHTOB 10 HCCACHOBAHMIO ITPOLECCOB, COMPOBOXARIOIINX B3aUMOeHCTBHE
KOpHYyMa ¢ BOLOH.

Ha nayaisHoM cTamuu MCCIENOBaHKA MPOBOAHINCE B koonepausu ¢ OKD "T'naponpecc”.
Briocncicrsru Kpyr 3agad ObUI CYLIECTBEHHO DACIMpPCH W Ha MomerT opraHmzanuu HALL PK B
650k 3a1a4 no npofiieMam OC30MacHOCTH ATOMHOH SHepreTHKH PecnyGIHMKAHCKOH ueneBoi
HaYYHO-TEXHUUECKOH NpOrpaMMil OBUIM BKJIHOYEHB! pafoTbl [0 UCCIENOBAHUIO IPOLCCCOB,
COTPOBOKAAOIUMX B3aUMOAEHCTBUC KOPHYMA HC TOBLKO € BOMOH, HO H C MaTCpHalaMK HCCYIUHX
KOHCTPYKUMH peaxTopHoi ycTanoBkH (PY), B wactHOoCcTH, OeToHOM (waxta PY) u nepxanseiowei
cTasbo (AHHMILE Koprryca PY).

1. B peaxtope HMI'P nposcheHa cepHs SKCOEPHMEHTAIBHLIX HMCCIIEJOBAHMEH mnponecca
B3aMMONEHCTBHA pAacHiIdBa KOMIIO3MLHH MaTepHanoB aKTHBHOH 30HBI BOJOOXNAXAACMOTO
peakropa Tana BBOP-1000 ¢ Bono#t. Thiapsienne komnosuuuy obecneunnanoch paboToH pecakTopa
UI'P B HMOY/IBCHOM pEXHME C 3addHHbLIMH UIMTEJBHOCTBIO M MOUIHOCTBIO, [iOCie 4Yero
OCYLIECTBIIS/ICS CIIMB 110]1YYEHHOTO KOPHYMA B JIOBYIIKY C BONOH.

B peakTopHBIX IKCIIEPUMEHTAX, MOLEIHPYOLIHX BO3MOXIIBIN BApHAHT «TSXENOH» aBapyuH
¢ notepedl TeIIOHOCHTENS, BRIMONHsIOCh Inasnedne U0y, Zr (1%Nb), ZrO; u cranu 12X181110T
B pasnuyibix KoMOuHanusx. KOHCTPYKIMA amITylbHOrO ycTpoiicTBa IaBieHHs peakTopa MIP,
ofecrieydBana CiiMB KOpUyMa, Kak B XouojaHyr (=300 K), Boay ¢ BHICOTBI 1M, Tak H B TOPSYYIO
(=400 K) ¢ BbicoThI ~5cM. Macca pacnnapa B 10 akcnepuMeHTax Haxo[HIachk B npenesax ot 0,5 10
09xr, Macca Bombl B NOBylLIKe KOpHyMa cocTaBilsna =~l,65kr, cpeiuss TeMiepaTypa KOpHyMa
repell ero CIUBOM B AIOBYLIKY coctaBisiia =3300 K.

B pesysnpTate HcciacnoBaHui GBUTH HONYYEHBI LAHHLIE 110 HEPreTHUECKHM lIapaMeTpaMm
B3aMMOJCHCTBHMA KOpHyma C BOJON, BBIXOAY BOJOPOAA, COCTaBY M CIPYKTYpe (parMeHIOB
pacruIaBa, no AMHAMHKE BBIX0A U COCTABY MPOAYKTOR AENCHHUS.

2. IMapaanensHo peakropHbiM HccrenoBanusM B MAD HSIL] PK memnce paborsl no
CO3MAHHID DIEKTPOTEPMUYECKOT0 Kommiekca «ByakaH» ¢ ycTaHOBKaMM 1S HEPEaKTOPHBIX

A
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KPYTHOMAcHIT20HBIX HCCIEAOBAHHH NPOLECCOB, CONPOBOXAAIOIUHX B32HMOACHCTBME KOpHYMa C
BOJIOH. VYCHEIUHOMY NPONBHXCHHQ 3THX pafoT B 3IHAYHTENLHOM cTemeHu cnocobcrsoBand
npHoOpeTeHHbIH ONKIT MPOBEIEHHS H IIONYYEHHBIC PE3yIbTaThl HeCICIoBaHUH B peakTope UI'P.

Pewenne npofinem 1NaBReHHS MIMXTEL SMCKTPHHECKHM crocoBoM, ciMBa pacnnasa, a
TaKK¢ HEKOTOPHIX JIPYrHX (HAIPAMEP, KOHTPONM DPEXHMA IUIABJEHUS TPH HEBO3MOXCHOCTH
ZIOCTOBEPHEIX TEMIIEPATYPHBIX H3MEPEHHit) [103BOJIHIM CO3IATE IKCIIEPUMCHTAIILHBIC YCTAHOBKH,
CrocoGHEIE MOAENMPOBATh MPOUECCHE, XAPAKTEPHBIC JUIS 3aBEPUIARONIEH CTAIMM  (TSHKENON)
aBapHH.

DEKTPOTEPMHUYCCKHH KOMIUIEke «BynkaH» COCTOMT M3 TPeX 3KCIICPUMECHTAILHBIX
yctaHoBok «Cnasa», «JlaBay, «Jlapa My, a Takxe cHCTeM, obecreunBaromux GyHKIHOHHPOBaHKEe
9THX YCTaHOBOK.

3KCIIepHMeNTAIBHEIE  YCTAHOBKH KOMILIEKCA II03BOJLAIOT IIPOBOAMTL TPM  FPYINIE
IKCTIEPUMEHTOR:
- 9KCIIEPHMEHTOB IT0 MCCIIEMOBANHIO IPOUECCa NaJIeHHs paciilaBa B «CYXYK» JIOBYLIKY;
- 3KCTIEPHMEHTEI IIO MCCIICAOBAHMIO B3aUMOIEACTBHS PACTIaBa ¢ BOLOH;
- DKCHEPHMEHTbI IO MCCIIE/IOBAHHIO BIAHMONCHCTBHMA pacmiasa C Bojo# M GeroroM, mpu
YCIIOBMSX foJail OXJaXKNAIOICH BOJB! Ha ITOBEPXHOCTH paciyapa (HaXOmALMErocs B
GeTOHHOH JIOBYHIKE) M HMATAUHN OCTATOMHOTO TETJIOBBLICTIEHHS B PACIUIARE.

B HacTosuiee Bpems Ha J/IEKTPOTEPMHYECKOM KOMIUIEKCE «Bynkan» IpoBOAsTCS
9KCTIEPHMEHTEI TI0 HCCHeIOBAHUIO B3aMMOAEHCTBHS KOPHYMA ¢ TEMIOHOCHTENEM ¥ GETOHOM IpH
Pa3JIMYHEIX MCXOAHBIX YCIIOBUAX. ViccnenoBaHAs NpOBORATCS B paMkax PecnyGnvkaHckoi neneBoii
Hay4HO-TEXHHUYECKOH NIPOTPAMMEL M IO 32Ka3aM 3apyOexKHbIX (HpM.
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(LOCA-TYPE) OF LIGHT-WATER REACTOR

Yu.S. Vasil'ev, LI Deryavko, V.S. Zhdanov, V.A.Zuev, S.A. Il'enko,
Yu.M, Kaz'min, A.A. Kolodeshnikov, M.1. Kukushkin, P.1, Mikheev, O.S. Pivovarov,
Yu.A. Serebrennikov, Sh.T. Tukhvatulin, Yu.S. Cherepnin

Institute of atomic energy NNC RK
Yu.A. Bezrukov, G.A. Volkov, S.A. Logvinov
OKB “Gidropress”

In IGR reactor a series of experimental researches was performed. These were rescarches
studying the interaction of the core (of a VVER-1000 water-cooled reactor) matcrials composition
melt with water.

Melting of the composition was provided by IGR reactor operation under pulsed mode
with the set duration and power. Afier this the molten corium obtained was discharged into the trap
with water.

Melting of UQ», Zr (1%Nb), ZrO> and 12X18HI10T steel was performed in different
combinations in reactor experiments simulating possible options of a heavy accident with coolant
loss. Melting ampoule devices of IGR reactor provided an avalanche like discharge of melts as into
cold (=300 K) water from the height of 1m so into hot (=400 K) water from the height of ~5cm.
Melt weight in 10 experiments was within the range of 0,5 - 0,9kg., water mass was ={,5kg, melt
temperature before the discharge was #3700 K.

After the rescarches there were obtained data on encrgy parameters of corium interaction
with water (pressure impulse, melt dispersion degree, conversion factor); hydrogen rclease,
composition and structure of melt fragments, fission products dynamics and composition.

After each expcriment dividing of solid-state products into grades by the neighboring
particle sizes X; equal to 0.2, 0.45, 0.68, 0.98, 1.3, 1.75, 2.55, 3.65, 4.6, 6.0, and =~10mm was
performed with measuring each grade mass. 1t was found out that in the course of interaction with
water there occurred strong melt fragmentation that is more noticeable during discharge from a high
height level.

Researches of micro structure showed that in fragments of any size therc arc microcracks,
pores and interstices of gas origin: average value of material porosity was 30-40%. In small
(<0,5mm) fragments it was often easy to find interstices in the center. Fragment almost always had
a shape of spherical thin-walled shell. The size of grains in small fragments was approximately 5
times less than in big fragments. This indicated to a considerably higher speed of cooling (steam
generation speed) of these particles in comparison to bigger ones. This result is verified by the data
of roentgen and thermal phase analyses.

When microstructure was being studied it was discovered that on the surface of the
fragments there are microcracks, pores and interstices of an open type. Surface morphology is much
developed and fragments form on the avcrage is close to ellipsoid of rotation with the ratio of a
small size to a bigger - =1 : 1,5.

Using the last condition we determined common (S;) and specific (8/m,) fragments
surfaces in grades. It turned out that the common surface S, of fragments with X,=0,2 mm in each
experiment was several times more than the overall surface S, of the fragments of other grades. [n
summation with maximum high specific surfacc of this grade (Si/m;, for example, exceeded 5-7
times S;/my) this meant than the amplitude of pressure bumps in the ampoule was determined
exactly by the fractions of the smallest grade. This relation of S/S; in the experiments with
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discharge from the height of ~5cm was ~2. In experiments with discharge from im it was ~4. So

the amplitudes of pressure bumps in water and above water were 2,8 n2,1 MPa, and in the second
they reached 5,9 and 4,5 MPa,

Thus the result of researches allow to point to the most dangerous direction in the scenario
of the last stage of a heavy accident at VVER reactor. This direction gives way to possibility of a
strong steam explosion: avalanche-like falling of melt from the highest level into a grate volume of

comparatively cold water which is (by that time) on the bottom of the reactor vessel (in the under
reactor trap).
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UMU¥IBCHRIEACCIE IOBATENRCKY

BJIUAHHUE PEAKTOPHOT'O OBJIYYEHHS HA PEJIAKCAIIHIO
MAKPO- 1 MUKPOHANPSIKEHUH B TYTOTIJIABKUX
KAPBHAHBIX MATEPHAJIAX

Jepsexo M.H., MBanos B.51., MBasos M.B., Kazemun H0.M.,
Mepenénkun U, [Tusosapon O.C., Ckueka A.C.

Hucmumym amomuoil suepzuu HAI] PK

IpencTaBnens! pe3ynsTaTbl TPeX SKCIEPHMEHTOB [0 M3YYEHHIO BAHAHHS HEHTPOHIIOro
06iyueHHs pasIUUHOM HHTCHCHBHOCTH Ha PEIAKCAlMIO HANPSXKCHUH B CHCUCHHLIX TOIIMBHBIX U
KOHCTpYKLHOHHBIX kapGujax. Obmyuenue ctepxkHeBblx TBII0B W3 (U, Zr)C u (U, Zr)C~C,
CTEpXKHEBBLIX MMUTATOPOB TB310B M3 ZrC, a Takke ob6pasios ropguenpeccoBadHoro kapbuna (Zr,
Nb)C B BHIIE NOJIYLHHIMHAPOS AHAMETPOM |4 MM BLINOJIHIIOCH B aMIIYIIaX UMITYJIBCHOIO PEakTopa
WI'P. Teanel, uMHUTaTOpH! H 00pasipl o6ayualHch B TeMIMEpaTypHOM 06JACTH MaKpOXpyHmKOIo
COCTOSIHHA KapOniHoro MaTepuaia, T.e. ipH Togy <1800 K {IPH 3TOM DOTOKH TEIINIOBBIX HEHTPOHOB
@, BapbHpPOBAINCH B Ipeiciax 1-10"...6:10"% em? ¢! (COOTBETCTBEIIHO TOMY JUIHTCIBHOCTD
obnydenus T cocrapnsna ot ~400 ¢ o ~1 ¢).

Ienblo 3KCLUEPHMEHTOB HBIHOCH MOydeHHe JIOMOJHHTENBHOH HIhOPMAUHH 1A
HOJTBEP’KACHUS M OOBACHCHHA TEX pENAKCALMOHHLIX 3PdeKToB B 0fiydaeMbIX KapOwujax,
KOTOpbIE ObUIH 00HAPYXEHBI B IKCHEPHMEHTAX C JJIHTENLHLIM O0TyHelIHEM B HH3KONOTOUHOM ((r
~1-10 em? ¢ hy peaktope PA M ¢ KpaTKOBPCMCHHHIM OOJIyYeHHEM B BBICOKOMOTOYHOM ((Pr
~1-10% em? ¢!y peaxrope MBI.1. K wmeny Takmx 5SHHCKTOB OTHOCATCS, npexie BCero,
HH3KOTeMHEpaTypHasd pellakcallss MHKDOHANpPMkeHuH B anomuutensx u3 ZrC, arepMudeckoe
pamManvoHHOoe YIPOYHEHHE TBIOB H OTCYTCTBHE TAKOBOIO Y HMHTATOPOB TBJ0B, d Takke
PafHaUHOKHO-CTHMYJIMpoBaHHoe cHivkeHHe Ha 300-400 K Temueparyps! Havana penakcalldH
TEPMHUECKUX MAKPOHANPAKEHHH O; H PATHAIMOHHBIX MaKpPOHALPSKEHHH G, B OOJIydaeMBbIX
TBAJIAX,

B nepsom akcnepumente obpasusl ropsuenpeccosainoro (Zr, Nb)C ¢ BHICOKHM ypOBHCM
AepeKTHOCTH CTPYKTYpDL! OfIIyvalnuMCh B pPEeXHME DPETYAHPYEMOrO HMMIYNbCa {1I0TOK GBICTPEIX
HEHTPOHOB Qg ~8:10% em? ¢t 1 ~400¢, Tyg ~450 K). HecmoTps Ha He3HaYUTCABHYKO JUIA
6e3ypaHOBBIX KapOHJIOB HMHTCIPATBHYIO 03y HEeHTPOHHOIO 00MyveHus (~4,3-IO"J CM'Z), B
o0aydeHHbIX  o0pasnax  peHIreHorpapHyecKH Obila  3adUKCHpPOBAHA  pelslaKcaliHs
MHKPOHANPDKCHAN: CHUKCHWE YPOBHS AE30PHEHTHPOBAHHBIX MUKPOHAIIPSHKEHHH, H3MEPEHHOE 1O
yMeHblIeHUIO pasmblitis Kp- duHuM, coctaBuwiio 110 MIla. Penakcaumsa Geuia 00ycnonneHa
06pasoBaHMEM MHKPOTpPCINHH BOIH3H je(EKTOB CTPYKTYPhl C MAaKCHMAalLHOH KOHUEHTpauHeH
HaMpKCHHH H He UMena RU4ero ofluero ¢ penakcanyeil MUKpOHAIIPSHKEHHM NYTEM TUTACTHYECKOH
AehopMatdi  (MacCOBBIM  CKONILKEHHEM  JIMCNOKalMH), T.K. YPOBCHb OPHCHTHPOBAHHBIX
MUKDPOHAMPAXEHHH 0CTANICS HEM3MCHHBIM: BEAMYMHA H 3HAK acHMMeTpuH Kj- nuuuu nocine
00J1ydCHUS HE U3MEHHIHCD.

Bo BTOpOM 3KCHEPHMENTE NPOBEPAIOCH NPETIONOXKEHHE O BO3MOXKHOCTH "MIHOBEHHOR"
pelakcallHH MaKpOHANpSXCHHH ~— [IOJIHOH HJIM YacTHYHOM - B TB3MaX, MOJBEPIHYTHIX
BBICOKOHHTEHCUBHOMY OOJIyUCHMIO INIpH Toss, ONH3KOM K TeMIeparype XpyHKO-IIACTHYHOTO
nepexona Txnn kapbuaHoro mMatepunana. YHpVTOHZ!OI‘HyTbIC TBJJbI (Pl HMHTaTOphl) 00Yy4anuch B
CEpHH U3 2 NIyCKOB peaKTopa B pexcimMe "Benblkn” (@, ~3-10' e ¢, tya ~2 ¢, Togn ~1800 K).
Cnenos "MrHosewHo#" penakcaund MakpoHanpsokeHuH npd ~1800 K B TROnax u umuratopax
110C/e pasrpy2KH cTepxHeH He o6HapyxeHo. PaaualvoHHOE YIIDOUHCHHE Y TBIHOB H MMHTATOPOB
TAK)XE OTCYTCTBOBAJO, T.K. 1032 OOIyIeHUs JOCTHUIIIA TONBKO 1,2~10'S om?
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Tperuit 3KCICPHMEHT BO MHOLOM [IOBTODSN BTOPOM, TOJBKO MHTEHCHBHOCTER ODNydeHHs
Obina nNoBblicHa Ha 1-2 nNOpsAKa, a M3 HCOBITAaHHH ObUTM  HCKMIOYEHB! HMHTATODBI.
Yupyros3orgyTeic TEIBL O0NYy4aNHCh B CEPHH H3 5 nyckos VI'P. B nepssix 4erbipex nouTH
HASHTHYHBIX MEXAY co00ii myckax (pr ~2- 105 em? ¢! , Tin~0,5 ¢, Tosn ~1600 K) 610 Bblﬂep)l(aHO
yenordHe Tosy <Txmn, @ B mocienHeM, Hanbonee BHICOKOMHTEHCHBHOM (@ ~6-10'% cm? ¢! , Tin
~0,1 ¢), nycke Tos; Obbia Hamuoro Bpluie Txmr, YTO OOECHEUMNO 3HAYMTENBHYIO PEaKCalHIO
MakpoHafnpsikesuit (B cpeiHeM Ha 52%). TIpH 2TOM paiManuOHHOE YIPOUHEHHE ¥ TBIIOB BHOBS
OTCYTCTBOBAJIO, HECMOTPS Ha TO, YTO fA03a HX OOJY4YCHMS YXe JocTHria 2:10' e, Tee. Toro
3HAYEHHA, TIPY KOTOPOM B YCIOBHAX MTensHoro (~100 4) ofnyyenns B peaktope PA umeer
MecTO 40-TIIPOLIEHTHOE PANHAUMOHHOE YIPOYHEHHE.

Pe3ynsTaThl BHIIONHEHHBIX IKCHEPHMEHTOB IIO3BONAIOT OTOPOCHTL MPEANOJIONKEHHE O
BO3MOXHO#H peaKCalH¥ MakpoHANpsHKEHHH G, H Op B TR3/TaX HH3KOTEMNCPATYPHBIX HATPEBRBIX
CeKUMH TexHonorudeckux xananoB SIPJI, oOBACHHTL, OTCYTICTBHE HH3KOTEMNEPATYPHOIO
YIIPOWHEHHS y MMHATATOPOB TBIIOB (MHKpORanpsokeHus B Z1C "penakcupyrot” nof obayueHHeM
TOJILKO TIyTeM MHKPOpaspyuieHA#) H [OATBEpMMTH NPHPOY aTEPMHUSCKOIO' pPalanallHOHHOIO
YUPOYHEHHs TB3JIOB (PafHaLMOHHO-CTHMYiHpoBainoe juddysnonnoe saieunBanue JedekToB
CTPYKTYpbI B CIIEUCHHOM Kapbuie).
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VIRCHBEHCCHETOBATEARCKHE PEAKTOPRL -

REACTOR RADIATION EFFECT ON RELAXATION
OF MACRO- AND MICROSTRESSES IN HARD-MELTING
CARBIDE MATERIALS

L.I. Deryavko, V.Ya. lvanov, M.V. Ivanov, Yu.M. Kazmin,
1.G. Perepyolkin, O.S. Pivovarov, A.S. Skivka

Institute of Atomic Energy NNC RK

Outcomes of three experiments devoted to investigation of neutron radiation effect of
different intensity on relaxation of stresses in sintered, fuel and structural carbides are represented.
Pencil fuel elements made of (U,Zr)C and (U,Zr)C+C, rod simulators of fuel elements made of ZrC,
and hot-compacted and ‘semi-cylinder-shaped carbide samples (Zr, Nb)C of 14 mm in diameter
were irradiated inside of ampoules of IGR graphite reactor. The fuel elements, simulators and the
samples were irradiated within the temperature range of macrobrittle state of carbide material, that
is, at Tix<1800 K. In addition, the thermal neutron fluxes ¢, varied within 1x10"..6x10" em? 5™
(time of radiation 1 varied from ~400s to ~1 s accordingly).

A goal of the experiments was to obtain additional information for verification and
explanation of those relaxation effects, occurred in the irradiated carbides, that were discovered
during the long-time radiation experiments in the low-current (@, ~1x10"2cm™ sec') RA reactor
and short-time radiation experiments in thc high-current (¢, ~1x10"”¢m™ s') IWG.1 reactor.
Among a number of the effects, there are a low-temperature relaxation of microstresses in
aggregates made of ZrC, adiathermal radiation hardening of fuel elements and absence of such
hardening for the fuel elements simulators, and radiative and simulating decrease, at 300-400 K, of
temperature of the rclaxation appearance of the thermal o, and radiation o, macrostresses inside of
the irradiated fuel elements.

During the first experiment, the hot-compacted carbide samples (Zr,Nb)C with high
structural defects were irradiated under the controlled pulse conditions (fast neutrons flux is ¢f
~8x10"2 em™ s ", 1 ~400s, Tiz~ 450 K). Despitc a smail amount, for non-uranium carbides, of the
integral ncutron radiation dose (~4.3x10'®cm?), there was a detection of the microstresses
relaxation inside the irradiated samples, using X-ray. That is, a decreasc of disoriented
microstresses level, measured atong the Kg-curve spreading decrease, was 110 MPa. The relaxation
was caused by appearance of microcracks near the structural defects subjected to the maximum
stresses. and had nothing to do with the relaxation of microstresses caused by plastic deformation
(large-scale slip of dislocations), since the oriented microstresses level remained invariable. Value
and character of the Kp-curve asymmetry, after the radiation, remained the same.

During the second experiment. there was a verification of supposition regarding possible
“momentary” relaxation ( [ull or partial) of macrostresses in fuel elements subjected to a high-
intensity radiation at Ty, that is close to the temperature of brittle and plastic transition Typ of
carbide material. Fuel elements (and simulators), being elastically bent, were irradiated under the
“burst” conditions (@, ~3x10"em? s 1tz ~ 28, Tie~ 1800 K) in the course of two reactor start-
ups. Traces of the “momentary” relaxation of macrostresses inside of fuel elements and simulators
at ~ 1800 K and after unloading of rods were not detected. The radiation hardening of fuel elements
and simulators did not take place, since the radiation dose reached only 1.2x10" cm™.

The third experiment was almost the same as the second one, but the radiation intensity
was greater by a factor of 10'-10? and the simulators were not used. The elastically bent fuel
elements were irradiated in the course of five IGR start-ups. During the first four start-ups, that
were almost identical (¢, ~2x1 0" cm? sec ", T2 ~ 0.5 s, Tin~ 1600 K), it was possible to maintain
the conditions at which T,<Thy. During the fifth one, that was more intensive (g ~6x10'°cm™? s,
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T2 ~ 0.1's), Tin was much higher than Ty, which caused a significant relaxation of macrostresses
(averagely at 52%). In addition, the radiation hardening of fuel elements did not take place, despite
the fact that a dose of their radiation already reached 2x10'® cm'z, that is a value of 40% radiation
hardening under the long-time (~ 100 hours) radiation inside of RA reactor.

Outcomes of the experiments performed allow to reject the supposition regarding possible
relaxation of macrostresses o, and g, in fuel clements of low-temperature and heating units of
technological channcls of NRE (nuclear rocket engines). It also allows to make the absence of the
low-temperature hardening of the fuel elements simulators (microstresses inside of ZrC are
“relaxed”, under radiation, by means of microcracks only) clear, and to bear out the character of the
adiathermal radiation hardening of fuel elements ( radiative, simulating and diffusional recovery in
the sintered carbide).

-29 -



MORIRATR 0

HHIF HCCIETORATESILCK KZ98K0135

BHYTPUPEAKTOPHOE HCCIEJOBAHHUE TEHNJIOPH3INYECKHAX
XAPAKTEPUCTHK MATEPHAJIOB S1PJ

XKanauos B.C., panor M.B.

Hucmumym amomnoii snepeuu HAL PK

PaspaBoTanel MeTOIbI ONpeieneH!s TEMNOGHU3NUCCKUX CBOACTRE MaTepHalloB B IpoLecce
ofllydeHHs] B OJKCIIEPHMEHT&IbHOM KaHane peaktopa MIP ¢ uenbio H3ydcHiHA HaleXHOCTH
SHEeprolallPAKEHHBIX Y3MI0B peakTopoB— NpoToTHNoB SPJI B ycnopusx, npHOIMMKEHHBIX IO
YPOBHIO HHTCHCHBHOCTH HEHTPOHHOTO NMOTOKA K HATYPHEIM PEXHMaM HCIIBITaHH.

ITepeueHs HM3ydaeMbiX T@pamMeTpoB  BpibpaH, HCXOAd M3  BO3MONHOCTH  OLCHKH
TEPMOIIPOMHOCTH MATepHAIOB B paboueM [ManazoHe TeMIlepaTypbl H I—, Y--[IOTOKOB [0
IMIUPHYECKHM KpHTepHsM KHHIDKEDH, 11pejlycMaTPHBAIOUHX H3BECTHEHIC 3HAUCHHS [IPOYHOCTH,
TENIONPOBOKHOCTH, TEMIEPATYPOIPOBOAHOCTH, YAEIbHOR TEIUIOEMKOCTH, MOAYJSI HODPMAILIOH
YOPYTOCTH H TCMIIEPaTypHOro kodQdHienTa TMHefHOro paclIMpeHns MaTepHasa.

HcobxoaumMocTs pa3paboTKH CIEUMAIBHBIX METOJOB ONpEdENCHUS CBOMCTB Oblia
TIPOJMKTOBAHA, BO-NIEPBRIX, CICUMPUICCKHMH YCIIOBHSMH H3MEPEHHUS [1apaMCTIPOB JKCIIEPHMEHTA,
pUCYINX JIIO0OMY pCakropy, BO-BTOPBIX, CELMGHUYECKAMH peskuMamH pabotsr peaktopa MIP.
Kpome Toro, nononHuTesbHbie TpeboBahHs K MeTONAM HCCIENOBAHHS HaK:ia/ibiBATHCEL HabopoM
H3y4aeMBIX MAaTEPHANIOB, KOTODBIH COCTOS, B OCHOBHOM, M3 TYTOILUIABKMX ¥ TBEDbIX MAaTCPHAIOB,
HETEXHOAOTHYIHBIX C TOYKH 3PEHMA H3TOTOBJICHUS o0Opasios TpeOyeMOH KOBPHTypanuu u
pazMepos.

JUist OUCHKHM H3MEHEHHS YIEKTPOCOUPOTHBICHHS MATEPHANOR (Kak mapaMeTpa, Baubosee
YYBCTBUTENbHOI'O K HCKLKEHHAM KDMCTAINMYECKOM CTPYKTYpbl MaTCpHalIoOB) HpHMeHen
MOJICPHH3UPOBAHHKIH YeTHIPEX30HAOBEIH MeTon Ban—iep-Tlaysa 1t AUCKOBBIX 00pa3LoB.

TemnepaTyponpoBOAHOCTL MATCPHANIOB OMNPCAEIANACH C IPUMEHEHMEM OpHIHHATHLHOM
METOAMKH, MCNOMb3YIOICH OfHOCTOPOHHMA HarpeB UMIHHApHYECKOro "nonybeckoHewuHoro"
oDbpasua MaTepHanoM ¢ BOJBIUMM CeYeHHEeM MOIVIOIICHHS Y—~H3TYYeHHs H MOCIEOYIOWMH pacyer
TEMIIEPaTYPONPOBOAHOCTH PELIEHHEM 00paTHOH 3a)iayH TeIIORPOBOAHOCTH.

VienbHas TEMIOEMKOCTh MaTEpPHAIOB OMpPENEAANACh C IIDMMEHCHREM MOAHGHIMPOBRAH-
HOTO MeToja "MTHOBEHHOro" HMCTOUHMKZ Telula MUl HMMIMHApHYeckoro obpa3ila, HarpeBaeMoro
HMITYJIBCOM JJIEKTPHYECKOrO TOKa.

Jlitst n3Mepennit TeMnepaTypHOro K03 HIMCHTa TEPMHYECKOTO PACIUHPCHHSA MATEPHATIOR
GBUT  TIpMMEHEH M3BECTHBIM METOA  KB4DIEBOIO JHiaTtoMerpa ¢ AMQCpeHUMaIbHO—
TpaHchOPMATOPHBIM JATYMKOM MEPEMELICHHA.

H3yyeHa BO3MOXHOCTE KW3MEPEHHS MOAYNd HOpMalbHO{l yIPYFOCTH YALTPA3BYKOBLIM
METOAOM [0 CKOPOCTH pacHpOCTpaHEHHs IpPOJAONLHOH BOJHBL OT MBE30INIEKTPHYECKOTOo
npeobpasorareis, paboTamIIEr0 B HMOYJILCHOM PEXUME "H3Iy4aTeIb—TIPHEMHHUK" .

CucTeMa U3MEpeHHE NapamMeTpoB JKCICPHMEHTOB cobpaHa Ha OCHOBE NPHOOPHOTo
komiiekca K484 u mukpo-3BM "Dnckrponnka JI3 28" B noMelieHHH, CMEKHOM C PCAKTOPHBIM
3a/0M.

BOMBIINHCTBO METOROB 0Hp060BaI{0 H aTTeCTOBAaHO C TIPHUMCHEHHEM CTAHIApPTHBIX

o6pazuos. TIpoBencHE! BHYTPHPEAKTOPHBIE H3MEPEHHS TCIUIOPUIMYCCKMX CROKCTB KapOMIOHBIX M
TUAPUIHEIX MaTepHatoB B G0OKOBOM IKCHEPHMEHTAIEHOM KaHase peaxtopa MIP.
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HPHMEHRE K ‘ HEEM AL Eigseas

IN-PILE INVESTIGATION OF THERMAL AND PHYSICAL
CHARACTERISTICS OF NRE MATERIAL

V.S. Zhdanov, M. V. Ivanov
Institute of Atomic Energy NNC RK

Determination methods of thermal and physical characteristics of the material irradiated in
cxperimental channel of IGR reactor to study reliability of the reactor-NRE-prototype units
subjected to loads and neutron flux that is close, according to intensity, to the real conditions of
testing, were developed.

Parameters to be investigated were sclected proceeding from a possibility of thermal
strength assessment of the material within the opcrating temperature, n- and y- fluxes range,
according to the empirical criteria of Kindgeri. The criteria envisage the known values of strength,
thermal counductivity, thermal diffusivity, specific heat, normal elasticity modulus and temperature
coefficient of linear expansion of the material.

Necessity of specific propertics determination method development is explained by
particular conditions, under which the experiment parameters are measured, that are usual for each
reactor, and by specific operation conditions of IGR reactor. Besidcs, the given additional
requirements to investigation methods are explained by the fact that the material to be investigated
is a high-melting and hard one in terms of samples production of the required configuration and
size.

To assess the material electric resistanee variation {(a parameter that is mostly sensitive to a
crystal lattice distortion of the material), the improved four-probe method of Van-der-Pauva used
for disk-shaped specimen was applied.

Thermal diffusivity of the material was determined using original method of unilateral
heating of a cylinder-shaped and “semi-infinite” specimen with larger section of y-radiation
absorption. Further calculation of the thermal diffusivity was made by solution of inverse task on
thermal conductivity.

Specific heat of the material was determined using the improved method of “momentary”
heat spurce for a cylinder-shaped specimen heated by the clectric current pulse.

To measure the temperature coefficient of the material thermal expansion, the well-known
method of the quartz dilatometer with differential-transformer displacement transducer was used.

A possibility of the normal elasticity modulus measuring was studied by ultra-sound
method, according to the speed of longitudinal wave propagation from a piezoclectric transducer
operating in the pulse mode (“radiator-receiver”).

The experiment parameters measuring system was created on a base of the instrumentation
kit K-484 and microcomputer “Electronica 1)3-28" located in a room adjoining 1o the reactor room.

The most number of methods were tested and certified, using the standard samples. In-pile
measurements of the thermal and physical properties of carbide and hydride materials in lateral
experimental channe} of IGR reactor were conducted.
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Kpasuos C.I1,, YBanios B.SI., Epemees B.C., Kazpmun FO.M,, Tpusituos 10.K.

Huemumym amomuoti onepeuu HAL PK

W3yuenne nosejenus wapopeix TBMOB (IIT) B ycnoBHAX HUMMYILCHOIO PeakTOPHOTO
BO3MEHCTBHS  NPEACTAaBMACT  OCOOBIA  HMHTCPEC IS [IPOTHO3UPOBAHMA  HOBE/ICHMA
BBICOKOTEMIICPATYPHOTO rasooxaaxaaeMoro peakropa (BTI'P) B aBapuiHBIX CHTYALMAX.

B MAD HALl PK (GemBine#t O6venuHeHHOR axcneamumy) B 1987 roay, npakTeuecku
suepeeie B CCCP, navanoce nenesanpasnennoe ucciegopanne LT (nuamerpom 60 MM) ¢
MMUTalHeH aBapHHHbBIX PCKAMOB. BbiIo NPOBEAEHO 3 cepHy UCIIBITAHMHA Ha peakTope MI'P.

OcxoBHOH 3azayeit nepBodi cepur ObLlo McclenoBanre padborocnocoduocty [HT pasnoit
KOHCTPYKUMH IIDH BBICOKOM YPOBHE BHYTPCHHErO IHEProBoulAcncHus. O0bexTamu Henbrradmit
ObLTH MOHONUTHBIE H coctapHbie LT, Ony pasmenianncs B rpaduToBoM O510KE B HEOXNIAXKAAEMOH
ammyae. [Tocie 3-ro nycka npu Temneparype ha nosepxdocty 1T 1550 K (B uckrpe — 1940 K),
npy rnoTHocrd aHeprosbiienenus 22 kBr/IIIT npowsounio padpyimenne coctasumx 11T,
Butmbix nospesxienuii Mononutasx LT He Guusto obHapyxeHo.

Bo BTopo# ccpuu HCNBITHIBATHCE TOAKO MoHOAMTHB 11IT. Menprranus npoBoaUINCh B
amnyne "BUIUHS-1", koropas omixuyanack OT npegbyiyiiest amiynst Tem, uro LUT Gwuta
TE[IOH30IHPOBAKB! B I'PaPpHTOBOM OOKE CO CMOTPOBLIM OKHOM. B nocienHcM (3-M) mycke npH
ypoBHe 3Heproeuyienenus 46 xBT/IIUT u jocTuxennd TeMnepatyph! Ha Nosepxtocty LT 2200 K
(e uentpe ~ 3000 K) npomzouno paspyluenue seex LUT. llpoBeseunsiit MeTannorpaduucckyi
aHQIM3 NOKa3! Hamuue JeexToB B 0DOTOUKe W KepHE MMKPOTBOIOB, KaK B ICHTPC, TaK M Ha
nepudepHH ceplleuHHKa.

B tpeThell CcpuM MCIBITAHMI ONPENENAIOCH KPATKOBPEMEHHOE BIMSHHME Ha COCTOSHHE
[T Bricokux ypoBuel aneproBelnencHuil. Ycenerranus nposoadndck p aMuyiae "BUILISA-2", s
kotopo# cbopka 3 6-Tu T, ycTaHOBREHHBIX MEXAY 4-X MONMOIEHOBBIX TAl, LEHTPHPOBAIACH B
crakase M3 rpadura thna KYII-BM. Kpatkospemennoe (0,7 ¢) BAMSHHE BBICOKOTO YPOBHSI
saeprosbiienenus (620 kB/IUT) B 3-M, camoM MOUHOM, NYCKC HC IIPHBCIO K BUIUMbIM
nospexaennsam T,

Takum obpaszom, ycranosiaeHo, 4ro MoHOAMTHEIC [T He nperepneBaroT CylECTBEHHBIX
HOBPEKIACHHH IPH:
® KPaTKOBPSMEHHOM BO3/ICHCTBHH BBICOKHX YDOBHEH 9HEPrOBBIAeH¢HHS (AOIM CCKYHILI — JI0
620 xBT/IT, 13 ¢ — no 46 xBT/LLT);
® BO3JCHCTBHH COBOKYIHOCTH BBICOKMX ypoBHeH 3neproBelaeneuus (20 — 40 xBr/IUT) u
Temnepatypsi {2000 + 100 K).

Paspymenue MoromutHerx II[T mpoucxojut ¢ noseuueHvem rtemueparypsl B T mo
2700 + 500 K npu yporHe 3HCpropuyiencHus npumepHo 46 kBr/1HT.
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TESTS OF HTGR FUEL ELEMENTS
UNDER CONDITIONS OF IGR REACTOR

8.P. Kravtsov, V.Ya. Ivanov, V.S. Eremeev, Yu.M. Kaz’min, Yu.K. Priyatnov
Institute of Atomic Energy NNC RK

Studying the behavior of spherical fuel elements (SFE) under conditions of pulse reactor
influence is of special interest for prognostication of high temperaturc gas cooled reactor (HTGR)
behavior in accidents.

In TAE NNC RK (former Ob’yedinennaya Ekspéditsia) in 1987 for the first time in the
USSR there were started tests of SFE (60 mm in diameter) with simulation of accident conditions.
Three series of tests were performied at IGR reactor.

Basic task of the first series was to rescarch the operating capacity of SFE of different
structures at high level of internal cnergy reicasc. Tested objects were monolithic and composite
SFE. They were placed in graphite block in a non-cooled ampoule. After the third start-up at the
SFE surface temperature of 1550 K (1940 K — in the center), at the encrgy release density of 22
kW/SFE there occurred composite SFE destruction. Therc were no visible damages of monolithic
SFLE. ’

In the second series only monolithic SFIT were tested. Tests were conducted in
“VISHNYA-1” ampoule. This ampoulc diflered from the previous one by the fact that SFE were
thermally isolated in the graphite block with a peephole. In the course of the third start-up at the
energy release level of 46 kW/SFE and the SFE surface temperature of 2200 K (3000 K - in the
center) there occurred all SFE destruction. The metallographical analysis performed showed defects
in casing and core of micro fuel clements as in the center of the heart so at the periphery.

In the third series of tests the short time influence of high energy release levels on SFE
condition was determined. Tests were conducted in “VISHNYA-2” ampoule. In this ampoule the
set of 6 SFE fixed among 4 molybdenum drawbars was centered in a graphite barrel of KVIT-BM
type. Short time (0,7s) influence of high energy release level (620 kW/SFE) in the third (the most
power) start-up didn’t cause visible SFE damages.

Thus tests showed that monolithic SFE is not have considcrable damages by:

* a short time influence of high energy release levcls (shares ~ up to 620 kW/SFE, 13 s — up to
46 kW/SFE);

o influence of summation of high encrgy release levels (20 — 40 kW/SFE) and temperature
(2000 + 100 K).

Destruction of monolithic SFE occurs when temperature rises in SFE up to 2700 = 500 K
at the energy release level of approximately 46 kW/SFE.
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. MMEY.ABCHBIEHCCAEJOBATEABCKHE PEAR 8. KZ98K0137
PEAKTOPHBIE HCOBITAHMS TB2JIOB C KOMIIO3UTHBIM

METAJJOKEPAMUYECKHM TOILJIWBOM B PEXXHMAX
IIMKJHYECKOI'O H3BMEHEHHA MOIMHOCTH

Ageiinnkos Y0.B., Heromun Y0.JL, Kasemun KO.M.,
Konrenoes C.M,, ITusosapos O.C., Cxubka A.C.

Hremumym amomnoi snepeuu HAL] PK

Ocoboe 3naueHue mas8 obulel OLUEHKH HAAEXHOCTH TBANOB 3HEPreTHUECKHX PCaKTOpOB
nmeeT UX PaboTocnocofHOCTL [PH H3MEHEHHM MOILHOCTH B MAHEBDCHHDLIX M MEPEXOJHEIX
pexxumax. MmeHHo orpanmucHHas paboTocnocoGHOCTh JMOKCHAHOIO TOILIMBA B DEXHMaX ¢
H3MCHEHHEM MOIIHOCTH SBISETCS OAHMM M3 [JABHBIX HEJOCTATKOB IITATHBIX TBOJIOB
BOJO-BOMAHBIX  JHCPIETMYCCKMX  pCaKTOpoB.  llpeamonaracres,  4TO  KOMIIO3HTHOC
METANIOKEPaMHYECKOE TOMTHBO MO3BONMT CO3/1ATEH TRMIEI [/ peakropoB THira BBAP u apyrux,
H30aBICHHbIE OT OTMEUEHHOIO Bblllle HEAOCTATKA.

Ilposea€nnan, B despaile 1998 r. cepusi HCOBLITAHUHA MOACILHBIX TBMIOB C KEPMCTHLIM
TOIUIMBOM B PEeXHME UHIJIHUECKHMX HATPYKCHHH sABIAeTCS INPOIOIKEHHEM paHee HAYaThiX
MCCIICAOBAHMUI OBCACHHS TAKOrO TOIUIMBA B IIEPEXOAHBIX M aBAPHIHBIX NPOLECCaX.

Onwoft U3 ocofeHHOCTE# JaHHOH CepuH HCHBITAHWH SABIAETCA TO, YTO MCHBITHIBAEMBIC
‘TB3J1L! panee IPONLIH HCIILITAHKA B PEXXHMAX, MOJIEIUPYIOUHX peaKTHRHOCTHYIO aBapHIO.

Beero B pexuMe UMKIMYECKUX HArpyxcHuH ObL10 MCNIBITaHO 7 TB3NOB - YETbIpE ¢
KEPMETHBIM H TP AMOKCHAHLIM TOMIUBOM. O0beM PCakTOpPHBIX MCIIBITAaRHE COCTABMIL LISATH IYCKOB
pcakTopa. B ammynbHoe ycTpOHCTBO Ha KaX/OM NYCKe YCTaHAaBAMBAIKCH JBa TBIIA: TR €
KCPMETHBIM TOTLIMBOM ¥ TB3:1 CBHieTeNb ¢ ToruiusoM UO,. Mckmouenue - nyck Ne2, B KOTOpOM
UCILITBIBATICH TOJIBKO OHH TBIL C KEPMETHBIM TOTUIMBOM.

Pabouas cpena B aMmmy;1bHOM YCTPOHcTBe, IpH HCHLITAHHSX - BOAA, YPOBCHDL KOTOPOH Ha
150 MM BBIlWIE  BEPXHEro TOpUA TOIUIMBHOrO croinba TE210B. YacTs BHYTpenHero obbéMa
aMILy;TbHOTO ‘YCTPOHCTBa, pacioNioKCHHAS BBIUC YPOBHSA BOMBI 3aIlOJIHEHA BO3AYXOM. MavanbHas
TeMmneparypa Bojibl B ammyite - 288...293 K, navansHoe fapieHue B oaocti amnynsl - 0,1 MIla.

MHHRMANBHOE HHCHO LUHKIOB HArpYXXeHWA TBIJIOB (IPH HCMBITAHHAX B ORHOM IIyCKe - 2,
MakcumallsHoe — 7. JIsa Teasa, 3a8. NeNe 6 U 13, ucnbIThIBAIMCH B ABYX YCKaX, CYMMapHOE YHLIO
UMKIIOB HaIPy>XEHHA 3THX TB3/IOB COCTABWIO 14 IUIUIOB.

MaxcHManbHoe JHEPrOBBIAC/ICHAE B OXHOM UMKne Harpyxenus 20,8, MuHHMAanbloe -
1,8 kInc/(r2°0).
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REACTOR TESTING OF FUEL ELEMENTS
WITH COMPOSITE CERMET FUEL UNDER CONDITIONS
OF CYCLIC VARIATION OF POWER

Aleynikov Yu.V,, Istomin Yu.L., Kazmin Yu.M., T m
Koltyshev 8. M., Pivovarov O.S., Skivka A.S.

Institute of Atomic Fnergy NNC RK KZ98K0137

The serviceability of fuel elements during the power variation under the transient
conditions is of a great importance for general assessment of fuel elements reliability of the
energetic reactors. Namely, the limited serviceability of the dioxide fuel under conditions of the
power variation is one of the main disadvantages of standard fuel elements of WWER (Water-
Water Energetic Reactor). It is expected that the composite, metal and ceramic fuel will allow to
produce fuel elements for reactors of WWER type and others that will be frez from the above-
mentioned disadvantage.

A series of testing of the model fuel elements with the mctal and ceramic fuel under
conditions of the cyclic loading, conducted in February 1998, continued the previous research of the
behavior of such fucl under the transient and emergency conditions.

One of the specific features of the testing was the fact that the tested fuel elements were
carlier tested under the conditions simulating the reactivity accident.

Totally, there were 7 fuel elements ( four- with the metal and ceramic fuel; three- with
dioxide fuel) tested under the cyclic loading conditions. The scope of the reactor testing comprised
five reactor start-ups. Two fuel elements (one- with metal and ceramic fuel; the other fuel element,
that is a specimen,~ with UO; fuel) were placed in an ampoule device during each start-up,
excepting the second one where only onc fuel element with the metal and ceramic fuel was tested.

The working medium in the ampoule device, during the testing, was water the [evel of
which was 150 mm higher than that of the upper end of the fuel column of fuel elements. A part of
the inner space of the ampoule device, that is above the water level, was filled with the air. The
initial temperature of the water in the ampoule was 288...2993 K; the initial pressure in the ampoule
cavity was 0.1 MPa.

The minimal number of fuel elements loading cycles, during the testing, was 2 for each
start-up; the maximum - 7. Two fuel elements (serial No. 6 and 13) were tested during two start-
ups, and the total number of the fuel elements loading cycles was 14.

The maximum energy release in a loading cycle was 20.8 kJ/(g *°

| U); the minimal-
1.8 kJ/(g *U).
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UCNBITAHUS TBC UBB-2M B ABAPUHMHBIX PEXXHMAX
HA KOMILJIEKCE HUT'P

Taipaituyx B.A., Kasemun 10.M., Konteimes C. M., [Taxuun B.A., Cxusra A.C.

Huemumym amomuoti snepzuu HAL PK

T]’)CGOBaHHﬂ obecrnicyeHus 6e30NaCHOCTH PEAKTOPHBIX YCTAHOBOK, HE3aBHCHMO OT HX
Ha3HAYCHHA, OUKTYIOT HCO6X011HMOCT[> DKCTIEPUMEHTAIIBHOI'O ofocHonauus paGOTOCHOCOSHOCTH
1837108 ¥ TBC aKTuBHAIX 30H BO BceM palotcM AHAIA30HE - YCKOBBIX, NEPEXOHbIX H aBapHHHbIX
pexuMax. HamboNice akTyaNbHBIMM SBASIOICS aBapHilHble PEXMMEL: "BCIUlecK" MOIIHOCTH H
MpEeKpALIEHHE PacXo/ia TeNNOHOCHTE.

B GacceitHoBBIX HCCNIC0BATEABCKHX PEAKTOpaX, K YHCIY KOTODbIX OTHOCHTCS H PCaKkIop
HBB-2M, B kaYcCcTBC OCHOBHOI'O KOHCTPYKIMOHHOIO MaTepuana TBI0B UCHOIH3YCTCS ajIFOMHHHM,
KOTOpGI Hapsily € IOJOXHTENHHRIMH CBOHCTBAMH (MajblM CCUCHHEM 3aXBaTa HEHTPOHOB,
BBICOKOI TEILIONPOBOIHOCTHIO, TEXHONOIHTHOCTBIO) HMEET HH3KYI) TEMIIEPATYPY [IABICHHUS, 9TO
npejonpenendeT ~ 11€06X0AMMOCT, H3YUeHHS pealIbHBIX aBapHMHBIX CHTyauMi, CBH3aHHBIX C
BO3MOMXHbIM NEPErPEBOM TBINOB.

* Mcneiranust TBC peaktopa MBB-2M B pexumax "cTON-pacxos” M HMOyNbCHOIO pocTa
3HEprosbuleneHns B eTnesoif ycranorke YIIII peaxropa UI'P 66uin npoeeacus: B 1990 roay.

OcuoBHol 3amaucit HensiTauuit TBC B poxume "cron-pacxon” SBRsfioch OmpeaeneHue
MaKCHMABHOTO BPEMEHH 3anas/blBanus cpabaThiBaHns aBapHiHOH 3alIHTHL NIOC/IE MPEKPALEHHs
oJauM BOJBI, IPH KOTOPOM TEMIepaTypa TBIJOB OCTAacTCHA B Npeaenax HOMyCTuMOM. B cpasy ¢
ITHM, BpeMH 3alla3/IbIBaHHA YRENHYHBATIOCH OT IIYCKa K IIYCKY.

Henpitanns TBC B pexMMe HMMIYAbCHOTO YBCIMYCHMS MOILHOCTH NPOBOMIUCH
cnenyromum 06pa3oM: ua crauHoHaproll mowmHocTy TBC B 350 xBT (pacxon tensioHocuTens -
4.9 xr/c) IpON3BOAMNIOCE YBENHYEHHE €€ MOUHOCTH JI0 3alaHHEIX NpOrpaMMoil 3HaueHHi 3a ~0,6 ¢
C nOCIeaYIOMUM aBapuidHeM (3a 1<l ¢) CHHKCHHEM MOUIHOCTH pEaKTopa O YPOBHS OCTATOYHOI'O
SHEPrOBhILACIECHHS.

B npouecce HenbITaHHH OBIM NOJIYUEHB]l IKCIEPHMEHTANBHLIE JIAHHLIE O MPOTEKAHHH
TETUTOTHAPABIHYECKHX TPOLECCOR B TEPEXOAHBIX PpEXHMAax C IIpeKpalieHHeM pacxopa
TEIUTOHOCHTENS ¥ NPH MMIYNhCHOM YBeJTHueRna Mowmnoctn TBC.




TESTS OF IWW-ZM FUEL ASSEMBLIES
UNDER ACCIDENT CONDITIONS AT IGR COMPLEX

V.A. Gaidaichuk, Yu.M. Kaz’min, S.M. Koltyshev, V.A. Pakhnits, A.S. Skivka
Institute of Atomic Energy NNC RK

Requirements on safety provision for reactor facilities (no matter what they are meant for)
show the necessity to experimentally validate working capacity of fucl elements and fuel assemblies
(FA) of cores in all the operating range ~ of start-up, transient and accident conditions. The most
important are accident conditions: power “overshoot™ and stopping of a coolant flow.

In pool research reactors (as well as in IWW-2M) aluminum is used as a basic structural
material for fuel elements. Besides its positive properties (light section of neutron capture, high
conductance, processibillity), aluminum melts at low temperature. This pre-determines the necessity
to study real accident conditions relating to possible fuel element overheating,

Tests on IWW-2M fuel assemblics under conditions of “stop-flow” and pulsed growth of
energy release in IGR standard loop facility (SLF) were conducted in 1990.

Basic task of fuel assembly tests under condition of “stop-flow” was to determine
maximum delay time for alarm protection actuation after water supply stopped (delay time during
which the temperature of fucl elements remains within acceptable limits). In this connection the
delay time increased from one start-up to another.

Fuel assembly tests under conditions of a pulsed power increase were conducted in the
following way. At the stationary FA power of 350 kW (coolant rate — 4,9 kg/s) the FA power was
increased to the program set values of ~0,6s with subsequent accident (bchind 7<1s) reactor power
decrease 1o the level of residual energy release.

In the course of tests the experimental data on thermal hydraulic processes in transient
conditions with coolant flow stop and at pulsed FA power increase were obtained.
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0 BO3MOXHOCTH BHYTPUPEAKTOPHOI'O KOHTPOJISL
3A NEPEMEIIEHHUEM TOILIHNBA B XO/IE EI'O HCIIBITAHHH
B OKCIIEPUMEHTAJIBHOM KAHAJIE PEAKTOPA UT'P

laiipadiayx B.A., Kaspmuu J0.M., Konreiues C.M., ITnsosapos O.C.,
axuun B.A., Ckugka A.C.

Hucmumym amomnoti snepeuu HALf PK

OnHHMM W3 BRKXHEHIIMX JTANOB JKCTIEPHMEHTANbHOrO 0bocHOBaHMA paboTocnocobHOCTH
00OHEeKTOR aTOMHOM TECXHMKH: KOHCTPYKIUMOHHBIX Matepwatos, tanios, TBC u np., sBiAsioTcs
PCAKTOpHEIE HUCITBITAHHSA, B XOAE KOTOPKIX HCMHITHIBAEMBIH OOBCKT JOBOIAMTCS N0 TOH MITM WHOH
CTa/IHK paspyIUEHHs, BIIUTL O paciuiasiicHUS. TIpu 3TOM 9pe3BhbIYaitHO HHTCPECEH CaM NpOLece
paciIaBiieHHs Ha4YHHAd OT U3MEHEHHs [€OMETPUYECKOH (opMEbl TOINIHBA M KOHYAi ABHKCHHEM
(cTekaHHeM) Mo akTUBHOH 30HE.

Jlns koHTtpons 2a MpOLECCOM JIBMXKGHHMS paciuiaBa B ycsioBHsax peakropa WIP,
OTJIHYANOIIMXCS 3HAYHMTENLHOM /[030BOH Harpy3koft 3a mmyck (o 1,510 pax), TpeparaeTcs
HCNOJB30BATh MAJIOrabapuTHbIE JHETEKTOPb! HCHTPOHHOI'O H raMMa-U3Iy4eHHs.

B 1997 roay BBLINONHCHBI HCCHE/NOBAHMS, B XO0A€ KOTOPBIX B UEHTPATILHOM
skcrepumentaibioM Kanane (LIOK) peaxropa HWIP, Bmosns ero BepruxansHOi ocH, ObLin
YCTAHOBJIEHb! JETEKTOPBI, KOHTPONUPYIOLIME JIOKAIbHYIO IUIOTHOCTL HEWTPOHHOTO MOTOKa. B
KayecTBC JCTCKTOPOB OBLIH MCIONb30BaHbl ManorafapHTHbIE HOHH3AUMOHHbIE Kamephl Tuna KB
(xaMepa TPHaKCHaILHAs BHYTPH30HHAN) C YyBCTBHTENBHOCTBIO K HEMTPOHHOMY H3JYUCHHIO ~10"'%
A-cM“-C/H ¥ raMMa-H3ITY4EeHHIO ~10™% A/P. TTpoBenena cepus MyCKOB PEakTOpa, B KOTOPLIX NOCIE
BBIBOJd pEaKTOpa HA CTALMOHAPHLIA YPOBEHb MOIUMHOCTH OCYLIECTBIANOCH BO3MYLUECHHE
HelTponHoro mons B I1]DK myTem nepeMcimieHHs B HEM pa3HYHBIX SKCIIEPHMEHTATHHBIX
ycrpoicTe (JY).

OniM w3 JY spmwnack momenbHas TBC, comepwxauian 12 TOIMMBHBIX CTONGOB,
cobpanHeix U3 Tabnetok BBOP ¢ ecrecTBeHHBIM 00OTallEHHEM (10 HIOTOITY 2350, Bricora Kaxi0ro
U3 TOILTMBHBIX cronfoB - (,5 M. TlpH nepeMeineHun anextponpuBoaoM 3Y no Bhicote 11DK,
OCYWIECTBIIANACEL  PECHCTPAlMsi TOKOB  OKCNEPHMEHTAIbHBIX  JETCKTOPOB M IUTATHBIX
HOHH3ALHOHHBIX KAMED CHCTEMBI YIIpaBACHHS H 3alLHTH PEaKTopa.

JIBHKeHHMe pacmIaBICHHOIO TOIUIMBA Ha 3TOM 3Tafi¢ MCCIAEAOBAHHA MOJENHpOBATOCH
cnuBoM cTon®a BONHOTO pactBopa OOpHOH KHCHOTHI M3 cheumannHo paspaborannoro OV,
pasMerertioro B [1OK UI'P. B coctaB ycTpoficTBa BXOAMT amIlyla, KOTOpas 3aroiHACTCA nepes
MycKOM pacTBopoM OOpHOH KMCMOThl, obpasyroiuuM ctonb Beicotolt 1,0 M, pacnonoxeHHHR
CHMMETPHYHO OTHOCHTEIBHO TeOMETPHYECKOrO LIeHTPA aKTHBHON 30HbL [locne BLiBosia peakropa
Ha CTAUMOHAPHBIA YPOBEHB MOUIHOCTH B BEPXHIOK YaCTh aMINYJIBl NIOAAETCS A30T, BLITECHIIOWMN
pacTBOp M3 aMNy/bl B APHEMHOE YCTPORCTBO, pasMeIeHHOe 110/l aKTHBHOH 30H0H. CKOpOCTh CiiuBa
MOXKET MEHATLCS B JOCTATOYHO DOMBUIOM IHanazoHe (OT HECKOJLKHX MM/C JI0 COTEH MM/C), uTo
o0eCiieunBaeTCd  BO3MOMHOCTRIO M3MEHCHHS BENWYMHB JaBfcHHs Hawysa. ®usudeckas
3¢ PCKTHBHOCTL cToi0a cocTaBina ~3 [.g¢, YTO MO3RONANO MOJYIHTh PAN "BO3MYILCHAH”,
COOTBETCTBYIOIIHX PA3HEIM CKOPOCTAM BBOJA NOJIOXHMTENEHOH peakTHBHOCTH (0T ~0,3 Bipg/c MO
~1,5 Bipe/c). YrenmuuMBan KOHHCHTpawMio 00pa B BOAE MOXHO MONYUHTH JOCTATOHHO
3 PeKTHBHBIE HHCTPYMCHT A/8 MOIENTHPOBAHUMA HCHTPOHHOTO MMITYJibca Ha "MOJIKe" MOLIHOCTH
peakTopa.

M3smensis OT rycka K IYCKYy CKOpPOCTh CJIMBa MNOTJIOTHTENS, a TaKke CKOpOCTD
nepeMeleH A pa3HecelHsIX B MPOCTPAHCTBE YacTell TBepHOro MOTMOTHTENS (B BUJIE AHCKOB
KafMusi WM TIEHAJOB C KpHCTAUIM4ecKuM GopoM) 6w nosyuen ofmmMpHBIE  Habop
3KCTIEPUMEHTAIBHBIX JAHHBIX, IOJTBEDKLAIOIHX BOZMOXHOCTL NMPUMEHEHHMs ManorabapuTHBIX
ACTEKTOPOB HEATPOHHOYO M3MTy9eHHS /A KOHTPOJIA nepeMeineHus tomausa 8 [IOK WI'P.
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POSSIBILITY TO PERFORM IN-PILE CONTROL
OF FUEL MOVEMENT IN THE COURSE OF FUEL TESTING
IN IGR REACTOR EXPERIMENTAL CHANNEL

V.A. Gaidaichuk, Yu.M. Kaz’min, S.M. Koltyshev, V.A. Pakhnits,
O.S. Pivovarov, A.S. Skivka

Institute of Atomic Energy NNC RK

One of the most important stages in expenmental validation of atomics (structure
materials, fuel clements, fuel assemblies (FA) and others) working capacity are reactor tests when
the tested object is carried to onc or another failure stage (up to meiting). Along with this the
melting process itself is very interesting from the change of geomctrical fuel shape to moving
(running) down the core.

To control the melt movement process under conditions of IGR reactor (the conditions
have a considerable dose load per start-up, up to 1,5-107 rad.), it’s suggested to use compact neutron
and gamma detectors.

In 1997 the following rescarches were performed. Into the central experimental channel
(CEC) of IGR reactor, along its vertical axis there were fixed detectors controlling local neutron
flux density. As detectors compact ionization chambers (intraband triaxial chamber type) with
neutron and gamma radiation sensitivity of 10" A-cm®s/n and ~10* A-h/P werc used. A series of
reactor start-ups was performed. During these start-ups afier the reactor obtained stationary power
level neutron field was distorted in the CEC by moving different experimental devices (ED) there.

One of ED was a model fuel assembly (FA) that contained 12 fuel poles that consisted of
WWER pellets with natural ***U enrichment. The height of cach pole was — 0,5 m. When the ED
was moved by the electrical drive along the CEC the registration of currents of experimental
detectors and standard ionization chambers in reactor control and protection system was performed.

Pouring off boric acid water solution from a specially designed ED in 1IGR CEC simulated
the melted fuel movement at this stage of researches, The ED consists of an ampoule that is filled
with boric acid solution before the start-up. The boric acid solution forms a pole of 1,0m high
placed symmetrically to the geometrical core center. After the reactor obtains stationary power level
nitrogen is supplied to the upper part of the ampoule. Nitrogen forces the solution out of the
ampoule to the receiving device located under the core. The pouring speed can change in rather a
wide range (from several mm/s to hundreds of mm/s). This is due to the possibility to change the
value of charging pressure. Physical efficiency of the pole was ~3 Bes. This allowed to get a number
of “distortions™ corresponding to different speeds of positive reactivity input (from ~3 Pegfs to ~1,5
Be’s). If boric concentration in water is increased it’s possible to get rather an effective means to
simulate neutron impulse at the “plateau” of the rcactor powecr.

From one start-up 10 another the speed of absorber pouring off and movement of the solid
absorber parts (shaped as cadmium discs or crystal boron boxes) scattered in space was changed. As
a result a wide number of experimental data was obtained. This data confirms the possibility of
using compact neutron detectors to control the fuel movement in IGR CEC.
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METOAMKA ONPEAEJEHHUS IPOCTPAHCTBEHHOT'O IOJIOXXEHUS
IKCIEPUMEHTAJIBHBIX YCTPOHCTB B IIDK PEAKTOPA TP
IIO PE3VJILTATAM CTATUYECKHX U JUHAMHYECKHX U3MEPEHHI
IHOTOKA TEILTOBBIX HEUTPOHOB

Bypum A J1., Ucromun KO.J1.

Hucmumym amomuoii snepeuu HAL] PK

OmHHM M3 IPHBIICKATEIBHBIX DJKCIUTyaTALIHOHHBIX CBOHCTB pcaktopa WI'P saBnsercs
BO3MOXHOCTh ~ [IPOBCACHHSA pa3pyIIaIOUIMX OKCMCPUMCHTOB C pPCAKTOPHBIM  TOHJHBOM H
KOHCTPYKUHMOHHBIMK MAaTEpHATAMM BILIOTb [0 WX MjaBneHud. [Ipd npoBedeHHH HEXOTOpbIX
IKCIEPUMCHTOB TPeDYETCs OIIPEALIICHHE KOMHYECTBEHHBIX IIAPAMCTPOB [IEPEMELLICIIHA (HanpuMep,
CKOPOCTH, TEKYIUCTO TIOS0XCHHA M TIP.) HCCACAYCMBIX MAaTEpHA'IOB M TOTUIMBA WITH WX paciiiiasa. B
CBSI3M CO CTOSILEH B HACTOALUEE BpeMs 3ajladeil 3MEPEHUA MOJIOXKEHHS M CKOPOCTH IIEPEMEHICHHS
pacrulaBa MaTCpHalioB TBIJIOB, 00pa3yrolerocs B XOAC 3KCICPHMEHTAa Co cOOpKOH peakTopa Ha
OblcTpBEIX HEHTpoHAX, paccMaTPHBAETCS BOIMOXKHOCTL KOCBEHIIOIO ONPEACICHHA NapaMeTpoB
[IEpEMELICHHS HA OCHOBE AHAIM3a M3MEHEHHS BEIMYHHBI M PACIpCHEICHHS IUIOTHOCTH NOTOKA
Tennorsix HeiTpoHoB B 1I3K peaktopa MI'P B x0i1¢ sKciepuMeHTa.

B ocHOBe METOZa TEKHUT AOTYLICHHE O TOM, YTO JIOKAILHAIE 3HAYEHHS [10TOKA TENSI0BbIX
HEHTPOHOB B pa3ziMyHbIx Toukax 10 ofbemy [[JK peaxropa WUI'P, onpemenstorcs ve TonbKO
COCTOSHHEM peaKTopa U ero CHCTeM, HO U BlHSHHeM ycTaHoBneHHbIX B LIDK axcnepuMeHTATBHBIX
ycTpoficTe. B cepusx sxcnepumentor 142® i 143, xoropsie 66u1n npoeeseHsl Ha peaktope UI'P,
JTO JonylleHue OBUIO TNpPOBEPEHO 3KCICPUMEHTANLHO. B 3KCHEPHMEHTaX OCYLIECTBILIOCH
NepeMEIICHHE SKCIICPUMCHTARBHEIX YCTPOHCTB N0 BEICOTC 1[DK ¢ 0OAHOBPCMCHHBIM H3MEpPCHHEM
IUTOTHOCTH NMOTOKA TEIJIOBBIX HEHTPOHOB B BojastHOM Oake peaktopa u B [[DK. Jlng uameperus
IJIOTHOCTH TOTOK4 Teli10BbIX HeHTpoHoB B [{OK HCNOoIB30BAMMCE HOBH3AHOHHBIE KAMEDDI THIIA
KTB, ycTanoBICHHBIE B YETHIPEX TOYKAX IO BHICOTE aKTHBHOM 30HH! peaxropa. ITo pesynsraram
KAueCTBEHHOI'0 aHAM3a H3MCPCHHBIX 3HAYCHHH TLIOTHOCTH TI0TOKAa TEIUIOBBIX HEHTPOHOR OBIN
clieNiad  BEIROJI, UYTO peakius KaxnoH kaMepsl KrB Ha upucyTcTBHe JKCIIEpUMEHTATRHOIO
YCTPOHCTRA 3aBHCUT OT PACCTOSHHMA MEXIY UMM H KOHKpeTHOH Kamepoit K1B. Bonee koppektho
ITOT BbIBOJ GBI LOATBEPXKAEH B X0je 00paboTKH IKCIIEPHMEHTANBHBIX JIRHHBIX 110 aKCHAIBHOMY
pacnpeleneHtio NOToKa TEIUIOBBIX HERTPOHOB 110 Bbicote LIDK, monydeHHHIX ¢ UCHIONMB30BaHUEM
MeToJa aKTUBALHMOHHBIX AETEKTOpoB. DTOT BRIBOA MTO3BOMI IIPHCTYINHTE K paipaboTke METOAUXH
peuteHus oOpaTHOM 3amaud onpeneneHns TMON0XKEHHS OKCIEPUMEHTAABBOrO YyCTpoitcTBa no
pe3ynbraraM M3MepeHHs IUIOTHOCTH II0TOKA TEIUIOBBIX HelTpoHOoB 110 BricoTe LIK.

B Hactosurcit pabote npejcrabien BapHaHT METO/MKH, pa3paboTaHHOM s ciydas
NepeMELIEHHS SKCIIEPUMEHTANBHBIX YCTPOHCTB TeN o BepTuKasmbioit ocu 11DK B npeanonoxenny,
YTO B NpOUECCE MEePeMEUICHMS Macca H FEOMETPHYECKHE XapaKTEPUCTHKH SKCIEPHMEHTANBHBIX
YCTPOMCTB HE H3MEHSAIOTCA.

T1pu paspaboTke MCTOAHKH OUPE/ICIEHNA (APAMETPOB TIEPEMEIIEHHS DKCTIEPHMEHTATBHBIX
YCTPOMCTB, OCHOBAHHOM HA AHAJIM3€ 3aPEIMCTPHPOBAHHBIX B X0 IKCHNEPUMEHTa 3HAYCHHH TOKOB
xamep KTB, 05111 pellIeHb! ClIeRYIOUHE OCHOBHEIE 3aJa4H:

s paspaboTaH HpHEM ONpeNe/eHHs IMCKPETHBIX KOMYECTBEHHBIX 3HaUEHKH BO3MY IHAIOIHETO
BO3ACHCTBHSA 3KCNEPUMEHTANBHOIO YCTPORCTBA HA TOTOK TETUTOBBIX HEHTPOHOB B Pa3/IMUHBIX
toykax 1o BeicoTe [|3K. OyHKIHs BOIMYILICHUS 3KCTIEPHMEHTAIBHOTO YCTPOHCTBA Ha 110TOK
TEIUIOBBIX HEHTPOHOB (ToK BbiGpanHoii Kkameps! KTB) onipesensnace B Buac:

]

L,
n (f)
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TaC

J(z) - pacuemuvie snavenun Gynkyuu CAUARUL OIS PASTUNHOSO NORONCEHUR Z IKCHEPUMEHMUTLHOO
YempoBCmen OMHOCUMENLHO BulBpanHoli kavepsl KmB,

Iey, I,D” - CpedHue IHAUENWT MOKO6 Kawepel KmB u uonusayuonnotl kamepe: & Havaisnol gase
IKCREPUMEHMU, KO20A OMCYINCMBY M REPEMCHICHUEC IKCRCDUMEHINATLIO20 YCINPOICHIGa,

IK,,'}, 1/,)’ - mexyugue Hauenun moxos Kavepovl KmB u uonusayuonnoi xamepul dns pasvi
IKCNEPUMERMQ, KOZOA RPOUCXOOUIN REPEMEIYEHUE IKCHEPUMUHINARBIOZ0 YCMPOtCmed,

2y - 3nQuente KOOPOURAUMBI ROTONCEHUS IKCNEPUMEHMANLRO20 YCMPOTUCEA OMHOCUMETBIO GHIOPARNOT
xamepsr KmB 8 xo0e nauanenott cmadyu sxenepumenma (zy = CORSt);

Z - meKywjee IHAEHUC KOOPOURHAMbL ROIONHCEHUA SKCREPUMEHMANLHO20 YCMPOTICMAA GMHOCUMEIBHO
suibpannol kavepvl KmB @ x003ce axmugnai Cmaduy IKChepuUMenmd.

Ha ocroBe mony4eHHBIX PaCUCTHHLIX NUCKPETHBIX 3HAYeHHH QYBKUHH BO3IMYIUEHWA MOXET
ObITh OCTPOEHA 3ABHCHMOCTL f{Z) IS KOHKPETHOrO JKCTEPHUMCHTANRHOrO YCTpOHCTBa ¥
KOHKpeTHOM KaMepsl KB, mocie yero Moxer OsiTh IIpOBEpeHa yCTOWIHBOCTL f{Z) JNA BceX
xamep K1B, paccrasienssix o sricore LI3K;

YCTAHOBJICHA CBA3L MEXIY NapaMerpaMH (PYHKIMH BO3MYINEHHMS M  (apaMeTpaMyu
nepeMereHns sKcrepuMenTaisioro yerpoitctea B LIDK. Texymee snayenne xoopannaTol z
JUTS ¥3BECTHOM (PYHKIIMH BOSMYINEHHS MOMKET OBITb ONPCIAENEHO 110 BEAHYHHE JHCKPETHOIO
3HAYEHHS STOH PyHKUMH. BRUIO MOKa3aHO, UTO B CY4Yac NIPHMEHEHHS TOALKO ONHOH KaMeps!
BOJHHKAET HCONPERENCHHOCT, NO HAPaRICHHIO MBHKCHHMA M 3HAKY KOODAHHATHI, NOSTOMY
U1 ONPENE/ICHNSA 11apaMeTPUB TIepeMenIeHHs HeoOX0HMO HMETh KaK MHHUMYM JIBE KaMephl
KrB. Bomegensl asandruyeckue 3aUCHMOCTH IS OIPEJCNEHHA MPOCTPAHCTBENHOIO
paspewieHnst kamep KTB. Jlna 3roro 6nu10 npeanoxeHo onucats Habop IKCNepHMeHTaNbHbIX
3HayeHul f{z) annpoKCUMUPYIOIEH 3aRUCHMOCTBIO, HISHTHYIION ¢ GyHKUueH pacnpeaeneHHs
HOTOKA TETUTOBBIX HEHTPOHOB OKOj0 Torjomamnero 0:1oxa, HMEIOWETO BUA LHIMHAPA
KOHE4HBIX pa3mepos. lIpm 3ToM mMAMUAp HpEnCTaBIsICs Kak COBOKYNHOCTR TpPeX Tel -
CPEANEH LHAUHAPHYECKOH YYaCTH, OrpaHHYeHHOM [T0 KOHUAM ABYMS uiapaMmi. B 3ToM ciaydae
GYHKIMA DIOTHOCTH TOTOKA HEHTPOHOB B OKPECTHOCTAX ©/0ka (B NPOCTPaHCTREHHOM
o6JIacTH, B XOTOPOH 6C3 TOrNOIKAOEro OII0Ka CYUIECTRYET OJHOPORHOE IONie TENIOBBIX
HeHTPOHOB) MOXET ORITh MPEACTABNEHA KaK CYMeprio3HIlis COOTBETCTBYIOMMX DYHKIMH Ana
mapa M i3 OECKOHCHHOTO INIMHApA. PeueHusMH ypapHeHMs NU(OY3HMM W1 TEIUIOBLIX
HEHTPOHOB, KOTOpPHIE CNIANAIOT Ha GECKOHEYHOCTH, ABIIIOTCA:

Jind mapa

¥ - paccmosnue om yenmpa cihepuvecko2o baoxa;
L - Qauna oughpysuu,
JUISL IMTTAHAp2

TAE ¥ - pUCCMOANUC OM OCH YUAUNOPUHECKO20 Dioka,

Ko - yuryun Xanreas om MRUMO20 apeyMenma.

VuurpiBasg, 4T0 YKCHEPHMCHTANBHEIE ycrpoicTra B 11K okpyxaer Bo3ayX, CIpaBe/UIHBBIM
sBafeTcs nepaseHcTBo »/L<<l. B 3TOM crydae dyHKUMS IIOTHOCTH HEHTPOHOB B OKPECTHO-
CTiX 1Iapa OMHCHIBACTCs BbIPAXCHUEM
L
Np)=1-C"

U1 LHAAIApa

N(r)=1-cmfl'12LT

_41 -



[IPH 3TOM HERO3MYLLUECHHBIN ITOTOK HEHTPOHOB paBeH 1.

Jna cpenned 4acTH UMIHHAPHYECKOTO MOTJIOWAomero Goka, koTopas NefCTBYET HA NMOTOK
HEATPOHOB TAKXKE, KAK DECKOHEUHbId IMIHHAP, 3HadeHue f{z) GyNeT MOCTOSHHLIM B TOUKE,
KOTOpas Boifpana JUld YCTAHOBKM JETEKTOpa HEHTPOHHOIO IMOTOKA, a MAnf KOHLOB
LMIHHApHYeCKOro ONoka, KOTOpbie NEHCTBYIOT Ha TIOTOK HEHWTPOHOB TakXe, Kak Iuap,
$yHK1Hs OyAeT HMETh BHIL

Fa-chy
r

JIs yEpOINEHHS MPOLENyPHl ANNPOKCHMALKH, KOTOPas BLITONHANACE MCTOOM HAMMEHBUIMX
KBAJiPaToB, NOJlyYEHHOE BLIPAKEHHE IPHBOAKNOCEH K JIAHEHHOMY BHAY [IYTEM 3aMCHbE
aprymenra //r = x. DxcinepUMeHTaIbHbIE JIaHHble OITHCBLIBATTHCEH B BHJIC 3aBHCHMOCTH X OT
JIHCKPETHLIX 3HayeHHit GYHKUHH BO3MYWIEHHS B BUAE

x=yC+D.
JLfisl IpOCTPaHCTBCHHOTO Pa3pellleH s 110 KOOPAHHATE Z NOMYYEHO BBIPAKCHHE

z*o, = (—{—RJ li-~-»—--£--—;~ o,
’ x* x(1-x'R?)
e

R - pacemosnue om ocu kamepor KmB 0o sepmuraienoii ocu peakmopa HI'P;
Ox - NOZPEUIHOCMb § K UIMEPEHUAX S GENUYUHDL X.

Pazpaborannas Meroguka ObUla TpPOBepcHa MO IKCTICDUMEHTANBHBIM  JAHHbBIM,
NONY4YeHHBIM B cepuax 1420 u 143d. B urore Gnuia nokasaHa BO3MOXHOCTh TNPHMEHCHHSA
pa3palioTaHHOH METOJIMKH KOCBEHHOTO ONpENENCHHSA MONOKEHHS SKCIIEPUMEHTANBHBIX YCTPOACTB
1o Beicote LIDK.

Hecmotps Ha 1O, yTOo Mertommka Owina paspaboTaHa ans ciyuas nepemellenuns s LIDK
5KCMIEPHMEHTANIBHBIX YCTPOHCTB, HMEIOUINX GHKCHPOBAHHYIO MAcCy M I€OMETPHYECKHE PasMepbl,
Oblia IPEANPHHSITA [ONBITKA IPUMEHEHHS METOIUKH JUIA Cly4as CIHMBA BOIB! ¥ BOJHOTO pacTBOpa
GOpPHOMN KHMCIOTHI H3 aMITy/ILHOI'O YCTPOHCTBA U1 OUEHKH BO3MOXHOCTH OTPE/IEsIeHHA HONOKEHHS
ypOBHS XHAKOCTH. Pe3ynpraTel 00paboTky sKcnepHMEHTANbHBIX JaHHBIX TOKA3alH BO3MOXHOCTh
NPHMEHEHMS METOJMKH JUIA Clydas NepeMeHHOR Macchl H BBICOTHl €T1016a >KHIKOCTH. JTO
MO3BOJIHET CHENATh BBIBOM O MPHHIHMMANLHON BO3MOXKHOCTH ONpE/eIeHHs IIONOMKEHHS YPOBHA
pacruiapa TOMNIHMBA [IPH €T0 IEpeMEIeHHH, BBI3BAHHOM C TIOCTENEHHBIM YAATEHHEM DACIiaBa M3
00beMa 3KCIEPMMEHTAIBHOIO KaHama. B 3ToM ciyuae, OfHAKO, [IPOCTPAHCTBEHHOE paspelleHHe
Kamep KTB okasanocs Xyxe, ueM B CHyyae MNepeMemieHHS SKCIEPHMEHTANBEBIX YCTPOHCTB
HEH3MEHHOM Macchl H TEOMETPHA.

ABTOpH BBIpA¥AalOT OJaroJapHocTh Mepconany peakropa WIP 3a mpemocrapnenssie
DKCMEPUMEHTATIBHBIE PCIYRBTATHL H3MCPEHHH TOKOB HOHH3ALMOHHBIX KaMep, TONE3HbIC 3aMEYaHHs
H COBETHl, BBICKA3daHHEIC B Xo[e pa3paloTKH METOMHKH, a TalKe 3a IIOMOUb, OKA3AHHYIO B
00paboTKe IKCIIEPHMEHTWILHBIX JAHHbIX.

=+=.-_.—:-_
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NPOYHOCTH K INIACTHYHOCTh

KOHCTPYKIIHOHHBIX MATEPHAJIOB ITPU UMINYJILCHBIX
PATUAIIMOHHBIX HATPY3KAX

Kanmipos X.I'., Kagsipxkanos K.K., Typkebaes T.3.

Hucmuniym soeproti gpusuxu HAL] PK, 2. Anmamet mamni B
Niscmon 011 IRTR0on

Qusurxo-mexnuyeckul uncmumym, 2. Arivamer K29 8 KO 1 4 1

B nmpouecce a3xcnepumentoB Ha wumilyJabcHoM peaktope HMIP ofpasus  (neranm)
HCIBITBIBAIOT KOMIUIEKCHOE BO3ACHCTBHE HCHTPOHHOTO OOIyueHHs, MMIyJbCHOTO TEIUIOBOIG M
MCXaHMYCCKOro HarpyxeHus. IIpd WHTerpanhHBIX HEHTPOHHBIX NOTOKAX, PCAH3YIOWHMXCH [pH
pabote UI'P, dpmoenc pabouux pexnMos He npesbimaer 10'7 w/cm’, 4TO KaK WBCCTHO He BIMAET
Ha MeXaHHYeCKHe XapaKTePUCTHKH KOHCTPYKUMOHIBIX MaTepuanoB. Ornpelensiouiee BIMSHHE Ha
M3MEHEHHE NPOYHOCTH K INIACTHYHOCTH Malepuanion GYACT OKa3bIBaTL UMITYILCHOE MEXaHHYECKOe
HarpyxeHue. Takoe HarpyeHHe ICI'KO peanusyercs npH  BO3UCHCTBHH  MMIYJAbLCHBIX
pagdalMOHHBIX IOTOKOB € IOTHOCTHIO MOUIHOCTH ( CBEHIE 5108 Br/em® ¢ pnuTenpHoCTAME
ummynscos 10%-10%¢.

B npeacrapnenmolf  paGoTe m3jaratotcs  pesyJsbTaThl  NESCHTHIICTHEIO  H3YUCHHSH
BO3/IeHCTBHS MOIMHBLIX HMITYJIhCHBIX 2J1€KTPOHHBIX IIOTOKOR YCKOPHTENEH C SHEPTHSAMH 3/IEKTPOHOB
200-600 k5B mrutensrocTaMa ummymscop 40-100 He B moTHocTsMu Mongsoctu 5-107 - 5.10'°
Br/em® wa Hepxasetoiie ctany u crnasnbl THna X18H10, X20H45, mupoko ucnonsdyeMsie B
PCaKTOPOCTPOCHHH, 4 TAKXE PAAa YISIEPOAMCTBIX CTAJIEH M apMKO-XEeNe30.

OGnydenHBle M HeoOAYYCHHbIE MNocKMe 00pasusl TonmwHHoHi 0,3 MM HoaBeprasuch,
OJIHOOCHOMY JchOPMHUPOBAHMIO CO CKOPOCTHIO 0,5 MM/MMH HAa YHUBCPCANLHON HCIHBITATENBHOM
MamuHe  "HMuctpon-1195",  cTpykrypHO-$a30BBHIC  M3MEHCHHMA  HM3YYalHCh C  TTOMOILBIO
[IPOCBEUMBAIOIEro  WICKTPOHHOr0 Mukpockona (TIDM) mapku JEM100CX wu  garumka
HaMarduieHHocTd F-1053 (nokaiisHocTh 1 MM, qyBCTBHTCALHOCTE 0,05 %).

Pesynprathl u3y4eHMs MeXaHHYeCKHX CBOHCTB aycrenuTHolM cranm 12X18HIOT,
NOJBEPIHYTHIX BO3NEHCTBHIO HMMMY/LCHbIX 3MEKTPOHHBIX IIOTOKOB, MOKAa3alH, Yro BJIHAHHE
ofnyyelins Ha mnpeiei TeKYYeCTH CTal CTAHOBHTCH 3aMETHBIM NPH MNOTHOCTH MOLIHOCTH
3MIEKTPOHHOTO ITyHKa 5-107 Br/eam’, nanee, ¢ nOBBIIICHMEM q, OHO HelpepbIBHO BO3PacTacT M NPH
4,5-10° Br/cm® (et ynpouHeHus cocTasager okono 160%, UTO BABOE NpeBHINIAET adgext
pPAaXMALHOHHOTO YIIPOYHEHHSN IPH 001yueHHR HEHTpoHAMHK QIITOCHCOM 110" a/cr?. B o xe BpeEMSA
NJACTHYHOCTD OKA3AIACh 3HAUMTEILHO HHIKE, YCM PH PEaKTOPHOM 06/Iy4eHHH H COCTaBHIIa BCETO
oxoso 2%.

VeTaHoBieHo, YTO IPH ¢ CBLILIE 2,7-1()l0 Br/cm? , 00pa3ibl Pa3pyLIATHCh IO ITYHKOM.
pu q p paspy ¥

HausyqminM  coderansieM TEXHONOrMYECKWX CBOMCIB obnaganu  ofpasnm  cram
12X18H10T, obnyueHHbIMH 3J1€KTPOHaMH € B MHTCpBAIC OT 3,6:10° no 6,0-10K BT/CMZ, xoraa
nocturanocs 100% ynpodyHeHHE ¢ HE3HAYHTENHHRIM YMEHBIICHUEM TUTRCTHUHOCTH 10 CPARHEHHIO
€ HCXOHOH.
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E PEAKTOPH

CpaBHEHHC MEXAHWYCCKHX XapakTepuCTHK aycTeRHTHoH crama  12X18HI10T =
BhICOKOHUKeNeBoro cruiasa 03X20H45M4BPL] nokasano, 4to B pelynbrare obnyueHHs obpa3nos
TIpenesisl TEeKyUeCTH Y CTalld H CIUIaBa Bo3pacTaioT B 1,3 H 1,5 pa3sa COOTBETCTBEHHO, NPH 3TOM
NAAaCTUYHOCTE CIUIARA OCTANACh HEH3IMEHHOM, B TO BpeMsl KaK NUIACTHYHOCTh ayCTCHHTHOM CTalH
yMmeHpliuaacy Ha 20%. Takoe 3HauuTensHoe pa3nHyMe OOYCNOBJICHO, 1O BCed BEpPOSTHOCTH,
MapTeHCHTHBIMH ITPEBPAICHHAMY, BIHAIOLMMHE Ha IUIACTHYHOCTH HECTAOMNLHOH ayCTEHHTHOH
crany 12X18HIOT, Torma KaK BBHICOKOHWKENEBHIM CIUIAB HE TOABEPXKEH MapTCHCHTHLIM
UPEBPALIEHAAM.

Hamu YCTaHORBICHA HEMOHOTOHHAaA 3aBUCHMOCTE KHHCTHKH MApTCHCHTHBIX npcapameﬂﬂﬁ
B ITOH CTajnd B 3aBUCHUMOCTH OT q.

CTpyKTypHeIMH  HcclefoBaHusMu ¢ momompio  1I3M prigBaeHa  xopomio
chopMHpOBaBIDAsACA JHCAOKAMOHHAA SUEHCTad CTPYKTYpa, OTBETCTBEHHAA 32 TOBBUICHHC
npejieNia TEKY4eCTH, a TaKXKe peeyHbl MapTeHCWT, BAMAIONHME Ha NIaCTHYHOCTh OONYYEHRHBIX
obpasuos cranu 12X18HIO0T. ’

Wayuenne Bo3aeHcTBHS MMITYIbCHBIX PAOHAIHOHHBIX [I0TOKOB HA apMKO-XKEIIE30, a TAKKE
Ha Huskoyrinepoauctyro crans O8KII. noxasasiu, 4To npexesis! TEKYUECTH U MPOYHOCTH B 3THX
MCTajIaXx MOHOTOHHO BO3PaCTAlOT NPH YBENHYCHHH IUIOTHOCTH MOLIHOCTH, a IUIAaCTHYHOCTDb
TIafaerT.

BozgmeiicTBHe HHTCHCUBHBIX [IOTOKOB Ha HAKJIEMAHHBIE CTAIH [I0CIE XONOAHOK NIPOKATKH ¢
npeenoM mpousocTi 90 KT/MM® BEBBHIO MX HEIHAMMTEHBHOE pasylpOUHEHHe ¥ YBCTHUEHHE
MIaCTHYHOCTH.

B paGote 0OcyXOarOTCHd MEXaHHM3MbI, OTBETCTBEHHLIE 33 H3MCHEHHC MEXaHWYECKHX
XapakTepHCTHK cranelf W CONaBOB, NMOABCPTHYTHIX BO3ACHCTBHIO PANNALMOHHBIX MMITYJIBCHBIX
TIOTOKOB.
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STRENGTH AND DUCTILITY OF STRUCTURAL MATERIALS
UNDER PULSE RADIATION LOADS

H. G. Xadyrov, K.K. Kadyrzhanov, T.E. Turkebacv
Institute of Nuclear Physics NNC RK, Almaty-City
O.P. Maksimkin
Institute of Physics and Enginecring, Almaty-City

In the course of experiments at IGR impulse reactor, the specimen undergo neutron
radiation effect, pulse thermal and mechanical loading. When integral neutron fluxes take place
during the IGR operation, the flucnce of the working conditions do not exceed 10'7 n/em?, and do
not effect, as it is known, on mechanical properties of structural materials. The pulse mechanical
joading will determinatively effect on the strength and ductility change of structural materials. Such
loading wilt be easily obtained by the effect of pulse. radiation fluxes of more than 5-10® W/em? in
power density (q) and 10®-10? sec in pulse duration.

This article represents the ten-year study outcomes of the effect of powerful pulse
electronic fluxes of accelerators, with the clectron energy of 200-600 keV, and the pulse duration of
40-100 nsec and power density of 5.107- 5-10" Wicm?, on stainless steel and alloys of X18HI10,
X20H45 type, that arc widely used in the reactor engineering, and on a number of carbon steels and
armco-iron.

Irradiated, non-irradiated and flat specimen of 0.3mm in thickness underwent a uniaxial
deforming, with a speed of 0.5 mm/min, at all-in-one, testing machine “Instron-1195". Structure
and phase changes were studied with a help of X-ray electron microscope (XEM) of JEM100CX
type and F-1053 magnetization sensor (locality is 1 mm?; sensitivity is 0.05%).

Outcomes of mechanical propertics study of austenitic steel 12X18H10T, subjected to
pulse and electron fluxes, showed that thc radiation effect on the yield point of steel becomes
perceptible when the power density of electron beam is $x10” W/ecm?. Then, it constantly increases
with an increase of q and, when the power density is 4.5-10° W/cm?, the strengthening cffect is
about 160%, which is twice as much as the radiation strengthening effect under neutron radiation,
the fluence of which is of 1-10" n/ctm®. Moreover, the ductility turned out to be less than that of at
the reactor radiation, and was about 2%.

It was established that the specimen were broken down under the beam, when q was more
than 2.7x10'® W/em?.

Steel specimen (12X 18H10T) irradiated by the clectron beam, when q was within 3.6x10%
6.0x10® W/em?, possessed the best technological properties when the strengthening had reached
100%, with insignificant decrease of the ductility compared with the initial one.

Comparison of the mechanical properties of austenitic steel 12X18H10T with high-nickel
alloy 03X20H45M4EBPI] showed that radiation of specimen resulted in an increase of the yield
points of steel 1.3 and 1.5 as much accordingly. In addition, the alloy duetility remained invariable,
whereas the ductility of austenitic steel decreased at 20%. Such significant difference is apparently
caused by martensite transformation effecting on ductility of instable austenitic stee! 12X1810T,
whereas the high-nickel steel is not subjected to the martensite transformation.

We established non-monotonous dependence of the martensite transformation kinetics in
the steel on q.
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During structural investigations and using the XEM, there was a detection of well-formed,
dislocation and cellular structure that had caused an increase of the yield point. The lath martensite
effecting on the ductility of the irradiated specimen of steel 12X18H10T was detected as well.

Investigation of pulse radiation fluxes effect on armco-iron and low-carbon steel 08KI1
showed that the yield point and the ultimate strength of the metals monotonously increased when
the power density increased as well, but the ductility decreased.

Intensive fluxes effect on the hardened stecl, that was cold- rolled and had its ultimate
strength of 90 kg/mm?, discovered its insignificant loss of the strength and an increase of the
ductility.

The mechanism, causing the mechanical properties change of steels and alloys subjected to
pulse radiation fluxes effect, is discussed in the article.
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