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B cratbe mnpencrtaBieHbl pe3yiabTaThl HcciaenoBaHus MiIoTHOCTH cTtanu  12X18H10T wu
ko3¢ ¢unuenta tepmuueckoro pacumpenus TKIJIP (o) B amamazone temneparyp ot 100 no
850 °C. H3mepenus mpoBommumch ¢ momompio mamiaromerpa DIL-405 C. Cramp 12X18H10T
3aMEHHT TpaJUIUOHHbIE 000J04YKOBEIe Marepuansl TBOJI, KoTopele W3roTaBIMBAaIOTCA U3
mupKoHHeBoro marepuana. Obomouka u3 cranmu 12X18H10T MoxkeT UCHOIp30BaThCS B KauecTBE
ToJIepaHTHOro  TorumBa. IlokazaHo, dYTO  TemIO(U3NYECKHEe  CBOWCTBA M TOYHBIE
UIaTOMETpUYeCKue pe3ynbTaTel uccienoBaHuit cramu 12X18HIOT, pgenmaioT BO3MOKHBIM
UCIIONIb30BaHKue cTalbHbIX obosoyek B TBC PY BBOP. B crarhe mnpuBeneHBI pe3yibTaThl
CpaBHEHHUsI ¢ aHATOTMYHBIMU JaHHBIMU cucteMbl [ CCCI.
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[Tocne snepHBIX aBapuii, NPOU3OIIEAIIMX B MHpE, BO3HUKIA HEOOXOAUMOCTH B
U3YYEHUU U pa3paboTKe MaTepualioB, HCIOJb3YEMbIX HA aTOMHBIX 3JIEKTPOCTAHIMAX Kak
HauOosiee BaKHBIM MaTepuan Ui 3allUThl B aKTHUBHOM 30HE SACPHBIX PEAKTOPOB U3
LUPKOHMEBBIX MaTepuaioB B JIETKOBOJAHBIX peakTopax [l1]. LupkonueBas oOonouka
B3aMMOJEMCTBYET C BOJOM B IIPOLECCE OXJIAKIACHUS PEAKTOPa, ¥ IIPU BBICOKMX TEMIIEPATypax
CHJIBHO pearupyer, B pe3yJbTaTre 4ero oopasyercs OOJbIlIOe KOJMYECTBO aTOMOB BOJIOpOJIA
[2, 3]. IloaTomMy wu3yuaroTcs TEpPMHUYECKHME CBOWCTBA MaTepUaioB, KOTOPbIE MOTYT OBITh
MCIIOJIb30BaHbl B KAUECTBE AJIbTEPHATUBBI IUPKOHUEBOMY CIIJIaBY.

Usmepenuss TKJIP (o) Oputm  mpoBenensl Ha mguinaromerpe DIL-402 C. [lns
o0ecreyeHnss TOYHOCTH HM3MEpEeHHs TeIUIO(U3NUYEeCKUX CBOMCTB M HCHOJIb30BAHUS HOBBIX
KOHCTPYKIIMOHHBIX MAaTepUalioB HEOOXOAMMBI STAJOHHBIE MaTepHalibl — BELIeCTBa C
U3BECTHBIMH M CTAOMJIbHBIMH CBOWCTBAMH JJIsl MCIIOJIB30BAHHS MX B JKCIEPUMEHTAJIbHBIX
METOJMKAX M JUIsl KOHTPOJISl UCIIPABHOCTH AKCIIEPUMEHTAIbHOTO0 000pyaoBanus. M3mepenus
ObUIM TIPOBENIEHBI IO pabodyeMy 3TalloHy nunaromerpa u3 Al,Os [4].

HccnenoBanue BAMSHUS IUKJIOB HarpeBa M oxJa:kaenusi Ha TKJIP o0pa3uoB u3
craau 12X18H10T

N3MepeHns TEpMUYECKOTO pACIIMPEHUS HA AUIATOMETPE MPOBOAMUTCA B JBa dTana. Ha
MEPBOM B JMJIATOMETP YCTAHABIMBAETCS PaOOYMN ATAJOH TEPMHUYECKOTO PACIIUPEHUS U B
HCCIIEYEMOM JIMANa30HE TEeMIEepaTyp IPOBOJAUTCS PETUCTPALMS CUTHAlA JaTyuKa
nepeMeIleHuss U TeMneparypel. Ha BTOpoM »3Tare, BBINOJHSIEMOM IO TEMIIEPATYPHOMY
pPEKHUMY TIEPBOTO, M3MEPEHHsI MPOBOJSATCS C HCCIEAYEeMbIM oOpasioM. PesymbraT AByX
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U3MEPEHUI aHATU3UPYIOTCA ¢ MoMolibio mporpammsel Proteus Thermal Analysis [4, 5]. Ha
pucyHke 1 mpencTaBlIeHO BIMSHUE IMKIOB HarpeBa M oxyaxiaeHus Ha TKJIP oOpasioB w3
cranu 12X18HI10T.
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Pucynok 1 — TKJIP (o) cramu 12X18H10T: O — onun muki Harpesa 10 7' = 850 °C; <> — 25 uukios
Harpesa; - - - - - — UHTEpHOJSALUS pe3yabTaToB u3MepeHuil; cromnas tuaus — TKIIP cramu 12X18H10T
no nanubiM [6-8] [TEC (o) of steel 12X18HI0T: O is one heating cycle up to T = 850 °C; <> is 25 heating
cycles; == === is interpolation of measurement results; solid line is TEC of steel 12X18H10T according
to [6-8]

Ha pucynke 2 orpaxkeno Bnusaue tepmorukinpoBanus Ha TKJIP cranu 12X18HI10T.
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Pucynox 2 — CpaBuenue nanubix TKJIP oOpasna ¢ pasauneii B rog muist cranu 12X18H10T u nannsie n3
T'CCCJ [Comparison of the TEC data for a sample with a difference in a year for steel 12X18H10T and data
from the State Service of Standard Reference Data]

B Ttabnuue 1 nokazana ¢usnyeckas miuotHocTh it ctanu 12X18H10T B unTepBane

temneparyp 100-900 °C. Ilo npanasiM o TKJIP mioTHOCTH wHccieqyeMoro marepuana
paccumThIBaeTCs o hopmyie:

p(T) = p(Ty) x (1 + J a(mydr) .
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rze p(T)=7920 kr/m’ mwioTHOCTH pH Temmepatype To = 20°C.

Tabmmma 1 — [Mnotaocts s cramm 12X18H10T B maTepBane temneparypax 100-900 °C [Density for steel
12X18H10T in the temperature range 100-900 °C]

Temneparypsl, T °C [110THOCTS, KT/M’, p
100 7886
200 7841
300 7796
400 7747
500 7697
600 7646
700 7591
800 7529
900 7471

Ha pucynke 3 npencraBiena rpaduueckas 3aBUCUMOCTb TNIOTHOCTH cTtanu 12X18H10T
B uHTepBatie remreparyp 100-900 °C.
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Pucynok 3 — 3aBucumocts miotHocTH cTanu 12X 18H10T B uateppane temneparyp 100-900 °C [Dependence of
the density of steel 12X18HI10T in the temperature range 100-900 °C]

[II0THOCTs LHPKOHHEBOro cruaBa D-110 cocramser ~ 8000 kr/m®  [9] mpu
Temmeparypax 500°C, a mst cramu 12X18HIOT ~ 7700 Kr/m® mpu 5Toif ke Temmeparype.
OTH pe3yNnbTaThl MOKA3BIBAIOT, YTO (PU3MUECKHUE CBOMCTBA MaTepUaIoB OIU3KHU APYT K APYTY,
MO3TOMY OHHM MOTYT OBIThb HCHOJb30BaHbl B sAEPHBIX peakTopax. [IpoBeneH ananus
CYIIECTBYIOIIUX HaMpaBIeHUH pa3paboTku 000sI0ueK il TosepaHTHOro ToruBa [10-12].

BriBoa

[TosryueHbl HOBBIE SKCIIEPUMEHTANIbHbIE JaHHBIE IO IJIOTHOCTH M KO3 (ULHMEeHTaM
tepmuueckoro pacmmpenus craam  12X18H10T. Ilokazano Xxopomee coriacue ¢
CYLIECTBYIOIIMMU JaHHBIMU 00 W3MEHEHHHM IIJIOTHOCTH B MCCIEAYEMOM HHTEpBaie
temneparyp. Ucneirannsa cranu u3 12X18H10T, koropble npoBOANINCH B TEYEHUE MHOTHUX
JeT, MOKa3ald, 4YTO MpPHU TOYHBIX METOJax H3MEpeHui, ee KOo3(PPUUIUEHT TepMHUECKOro
pacupeHusi cTabwieH BO BpeMeHHU. biaromaps 3ToMy W HEKOTOPBIM JIPYTMM CBOMCTBaM
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ucciaca0BaHHaA CTallb MOXKET GBITB PCKOMCHAOBAHA JIsI U3TOTOBJICHHUA W AWJIIATOMCTPUHU B
muana3one remmeparyp 100-850 °C.
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Abstract — The article presents the results of studying the density of steel 12Kh18N10T and the
coefficient of thermal expansion TEC (o) in the temperature range from 100 to 850°C. The
measurements were carried out using a DIL-405 C dilatometer. Steel 12Kh18N10T will replace
traditional TVEL cladding materials, which are made of zirconium material. The cladding made
of steel 12X18H10T can be used as a Tolerant fuel. It is shown that the thermophysical properties
and accurate dilatometric results of studies of steel 12Kh18N10T make it possible to use steel
cladding in fuel assemblies of a VVER reactor. The article presents the results of comparison with
similar data from the State Service of Standard Reference Data system.

Keywords: Accident tolerant fuel, density, coefficient of thermal expansion, dilatometer.
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