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B3aumocBs3b H3MeHEHHI MUKPOCTPYKTYPBI H MEXaHHYECKHUX
cpoiicTB ctanu Tuna X18H10T, o0.1y4énnoii npu HU3KUX
TeMIlepaTypax B JHePreTHYECKHUX peaKkTopax

E. B. boes, B. C. Heycrtpoes, 3. E. OctpoBckuit
OI'VII «'HII PO® HUMAP», r. lumutpoBrpan, YinbsHOBCKO obsacTu, Poccust, (egor b@sai-net.ru)

HecmoTpst Ha JUIMTENBHYIO 3KCILTyaTalld0 YHEPTeTHYEeCKUX peakTopoB Tuna BBOP no cux
mop He OBLUIM IMOJYYCHBI JaHHBIE TI0 PagUallMOHHOW cTOWKOocTH crayned Tuma X18HI0T —
MaTepuaie BHYTPUKOPITYCHBIX YCTPOWCTB (BBITOpPOJKA, IaxTa MW T.J.), OONYYEHHBIX
HEIOCPeCTBEHHO B peakTopax BBOP. B mocnemune neckonpko et B 'HIL PO HUMAP 6pumn
MPOBENCHBl HcciienoBanus Hampapisromux kanamoB CY3 TBC wuz cramm X18HIOT,
00xyuénnbix B peaktope BBOP-1000 PoBenckoit ADC. AHanmuzy 3TUX pe3yibTaTOB U HOBBIX,
MOJTyYEHHBIX IpU HCCIENOBaHMM HampaBisiomux kaHanoB u3 TBC peakropa BBOP-1000
BanakoBckit ADC u nocsseHa HacTosIas padboTa.

OO6pazoBaHne TakWX paJHAllMOHHBIX JAe()EeKTOB Kak AMCIOKAIMOHHBIE TIETIH, IOpPHI,
paAMalMOHHO-UHAYIIMPOBAHHBIE BBIJICNICHUS BTOPBIX (a3 MTPHUBOAWT K 3HAYUTEIHHBIM
U3MECHEHUSM (U3UKO-MEXaHUYECKUX CBOMCTB MaTrepuana. YUUThIBas yXKe U3BECTHbIE JTaHHbIC O
NOBEACHUH CTalel ayCTEHWTHOIo Kjacca mociie oOmyudeHus [1-2], menbio pabOTHI SBISIETCS
U3Y4YEHHUE JO30BbIX U3BMEHEHUH MUKPOCTPYKTYPhI U MeXaHUuecKuX cBoicTB ctanu 06X18HI10T
nocie o0yueHns: HermocpeIcTBeHHO B peaktope BBOP-1000 u nx B3anMOCBSI3H.

bouin  mpoBeAeHBI  3IEKTPOHHO-MHUKPOCKOIMYECKHE  HCCIEIOBaHUS  NapaMeTpoB
MHUKPOCTPYKTYpbl 00myuéHHOW U HeoOmyuéHHo  ctanm Tuma X18HI10T. Iloctpoens
3aBUCHUMOCTH OT MOBPEXIAIOMICH 03Bl apaMeTpOB MHKPOCTPYKTYpHl (pasmep u
KOHITCHTPAIKS TUCITOKAITMOHHBIX TIeTelh) 00myuéHHoi ctanu Tama X18H10T.

W3 mody4deHHBIX [O3HBIX 3aBUCHMOCTEH MEXaHHYECKHX CBOICTB HabOIromaeTcs pes3Koe
YIOpOYHEHHE MaTepuaja C BBIXOJOM Ha HACBIIIEHWS HadyMHasg C TOBPEXKITAOMMX 103 =5
CMeITeHni Ha aToM (cHa) Ha ypoBeHb ~ 500 MIla nis mpejena TeKy4ecTd U Pe3Koe CHIDKEHUE
TUTACTUYECKHUX XapaKTePUCTHK 110 3HaueHni 1-3 %.

Ha ocHoBe u3BecTHOW (OPMyJBI O CBA3M IAPaMETPOB MHUKPOCTPYKTYpBHl MaTepuaia ¢
HOPUPOCTOM HPOYHOCTH HalAeHA NOCTATOYHO XOPOIIas KOPPersuusi pacu€THHIX (MOICIBHBIX)

3HAYCHUH YOPOUYHCHUS C SKCIICPUMCHTAJIbHBIMU.

JlutepaTtypa
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2. B. C. Heycrpoes, B. I'. Ipopenkuii, 3. E. Ocrposckuii, B. K. lamapaun, I'. A. Ilumanckuii.
HccrnenoBanmst MUKPOCTPYKTYphI U MexaHndeckux cBoiictB ctamu 08X18H10T mocne obmy4yenuns B
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CpaBHuUTe/IbHBbIE HCCIEI0BAHUS] M3MEHEHHUI CTPYKTYPBI H MeXaHMYECKHX
cBolicTB aycTeHUTHOM cTaan 06X16H15SM2I'2T®P u ¢pepputro-MapTeHCHTHOI
cranu X13M2Bb®P npu BbICOKO103HOM HEHTPOHHOM 00/ Iy4eHUH

C. B. bpromikona, E. A. Kunes, A. B. Koznos, C. A. ABepuH,
B. JI. [Tanyenxo, U. A. IToptaeix, B. H. Illemskun
OI'VII «IHCTUTYT peakTOPHBIX MaTepuanony, 624250
r. 3apeunsiii CBepuioBcKoii 00, Poccus (sfti@uralte.ru)

AyctenutHas crans 06X16H15SM2I2TOP ucnons3yercs B KayecTBE KOHCTPYKLHUOHHOTO
MaTepHuaja >JEMEHTOB aKTHBHBIX 30H AaTOMHBIX PEaKTOpPOB. JTa CTajlb MPU BBICOKOAO03HOM
00JIyueHHH TO/IBEP’KeHA PACIlyXaHHUIO, YTO CHUXKAET ee HKCIUTyaTallHOHHBINA pecype. Peppuro-
MapTeHcuTHast crainb X13M2BOP paccmaTpuBaeTcss Kak KaHIWIATHBIA MaTepwan s
UCIIOJIb30BAHUS €TO B Ka4ecTBe 000JI0UYEK TBAJIOB PEAKTOPOB Ha OBICTPBIX HEHTPOHAX.

Jnst comoctaBienus neiictBus oomydennus Ha ctam 06X16H15SM2I2TOP u X13M2BDP
[IPOBEIEHBl HCCIENOBAaHUS IIOCJIE BBICOKOAO3HOIO OONYy4EHHs B pEakTope Ha OBbICTPBIX
HeiTponax mpu Temmeparypax ot 380 °C mo 600 °C go mo3 20-70 cHa. [IpuBeneHsl maHHBIC
CTPYKTYPHBIX U3MEHEHUM 1 MEXaHUYECKHE CBOMCTBA 3TUX CTajeH.

ITocne obmyuenust mpu Temneparype 380-420 °C obuapyxkeHo, uro y ctamu X13M2BDP
MIPOMCXOANT CHUKEHHE CBOMCTB IUIACTUYHOCTH MpH TemmepaTtype wucneitanuii 400 °C.
CTpyKTypHBIE HCCIeI0BaHUS BBISIBIIIM, YTO MIPH 3TOM B CTaJIM BBINAZAaeT OOJBIIOE KOJIMYECTBO
o'-ha3bl U MPOUCXOIUT OOeAHEHHE KPHUCTAIUIMYECKOM MaTpHuubl mo xpomy. OOmydeHue no
MaKCHUMalbHOU MOBpEKAAIOLIEH 1036l Ipu TemiepaTypax ~500 °C nmpakTH4ecKu HE NPUBOIUT K
pactyxaauo. JloMmuHUpyromed ¢a3oii craHOBUTCSA Y-(a3a, a IUIACTUYHOCTH OCTaeTCs Ha
JOCTaTOYHO BBICOKOM YPOBHE.

AyCTeHHTHas CTajlb, HANpPOTHUB, HMEET HaWXy[IIMe MEXaHWYECKHE CBOMCTBa IIOCIE
obnmyuerus npu 470-500 °C. CTpyKTypHBIE HCCIEIOBaHUS IOKa3bIBAIOT, YTO IPH HTOM
o0pazyercst OOJIBIIOE KOTMYECTBA PaJUallMOHHBIX MOP, TaK YTO pacmyxaHue gocturaet ~10 % ,
YTO SIBJISIETCS OCHOBHOW MPUYMHON OXPYIMUMUBaHUS.

ConocraBieHrne pe3yJbTaTOB HCCIENOBaHMI cTaleld MOKa3bIBaeT, YTO IOCie AEeHCTBUS
HEHTPOHHOTO OOJIyueHHs B BBINICYKa3aHHBIX AMANa30HaX TEMIIEPATyp U MOBPEKAAOLUIMX 103
(dheppuro-mapreHcuTHas cTaib X13M2Bb®P 1o KOMIUIEKCY MEXaHHYCCKHX CBOWCTB BBITJISAINAT

npeanoyYTUuTenbHen aycteHUTHOU ctanu 06X16H1SM2I2TOP.
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Synergistic effect of temperature, dpa rate and stress to
determine the swelling of AISI 304 stainless steel in
hexagonal wrappers and fuel pin cladding

F. A. Garner' and B. J. Makenas®
! Pacific Northwest National Laboratory,
Richland, WA, USA (frank.garner@pnl.gov)
2 Fluor Hanford Company, Richland, WA, USA

After the discovery in Britain of the void swelling phenomenon there was a strong focus in
the USA on swelling in annealed AISI 304 stainless steel, since it was the primary construction
material of the EBR-II fast reactor. This steel was indeed found to be swelling to rather large
levels. After a period of rather intense examination this steel was discarded as a construction
candidate for other reactors such as FFTF. Further investigation of this steel was not performed,
and ongoing EBR-II experiments directed toward the use of AISI 304 for FFTF fuel cladding
were terminated without analysis or publication.

Recently, interest in the swelling behavior of this steel has been resurrected due to the
realization that austenitic internal components of pressurized water reactors are slowly
developing swelling. The majority of the internals are constructed from annealed AISI 304
stainless steel, sometimes fastened with cold-worked 304 bolts. Prediction of swelling of these
PWR components is rather difficult given the significant difference in neutron flux-spectra,
temperature history and coolant environment between PWRs and fast reactors.

This paper examines both previously published data and a large amount of unpublished
swelling data of AISI 304 in light of the recently discovered strong influence of neutron flux or
dpa rate to affect the duration of the transient regime of swelling, not only in AISI 304 but in
austenitic steels in general. It is shown that the combined effect of dpa rate and temperature
distribution along any given structural component produces a “swelling loop” that allows
estimation of the separate dependencies of swelling on temperature and dpa rate. In components
operating under stress the loop is modified, moving to lower dpa levels. It is also shown that
over a wide range of irradiation conditions the terminal steady-state swelling rate of AISI 304 is
consistent with the ~1 %/dpa characteristic of austenitic stainless steels. At first observation
components which span a wide range of temperature and dpa rate can give a misleading
impression that the 1%/dpa swelling rate has not been reached, however. When flux and
temperature effects are properly taken into account, the 1 %/dpa is observed.

These insights provide some guidance in the extrapolation of swelling data from PWR and

VVER components at relatively low exposures to higher neutron exposure.
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Ctpykrypa u cBoiicTBa ctagn 08X16H11M3, 00.1yueHHOIi B
peakTope BH-350 10 BbICOKHX MOBPEXIAIONIUX 103

O. I1. Makcumkun*, M. H. I'yce*, K. B. {aii*, O. B. TuBanosa*
*Uncruryt Sneproii ®uzuku, Anmarsl,
Pecniy6inka Kazaxcran (gusev.maxim@inp.kz)

HccnenoBanu  aycTeHMTHY0  Hepkasetomryro cranmp  08X16H11M3 —  matepuan
IIECTUTPAHHOTO 4YeXJa TeIUIOBBIIeNsomeld coopku peaktopa BbH-350, obGmydenHoi 10
MaKCHUMAaJIbHON MoBpexkaaromen 10361 15.6 cHa. C mpuMeHEHHEeM METOJIOB MPOCBEYHBAIONICH
31eKTpoHHON MuKpockormuu (IIDM) m Meramiorpadum paccuuTaHBl MMapaMeTPhl CTPYKTYPHI
(mopucTocTh, XapakTep pacrpeneneHus aedexToB). B pesyibprare MexaHWYeCKHX HCIBITAaHUN
Ha OJTHOOCHOE PACTSIKCHHE OTpeAeNICHbl XapaKTEPUCTHKU MPOYHOCTU U TUTACTUYIHOCTH, a TaKXKe
BBISIBJICHBI OCOOSHHOCTH JIe(hOpMAIIIOHHOTO MTOBEICHUS M Pa3pyIICHUs JAaHHOTO MaTepuaa.

[TomydeHO KOpPPENALMUOHHOE COOTHOIIEHHE MEXIY JJ030BBIMH H3MEHEHUSIMH IIpejena
TEKy4eCTU Go, U MHKpPOTBEpAOCTH H,, KoTOpoe comocTaBisieTcsl ¢ IUTEpaTypHbIMU JaHHBIMU
JUTSL IPYTUX MaTEPUAaIOB U Pa3IUYHbIX YCIOBHN O0IYYCHUS.

B pesynpTare 31I€KTPOHHO-MHUKPOCKONMHMYECKUX HCCIEAOBAHUN TOATBEP)KICHO, UTO
O0COOCHHOCTH BO3HMKHOBEHHUS BAaKaHCHOHHBIX IIOp, B YacTHOCTH, 3HAUY€HHE IOPOTOBOTO
(hmroeHca, CYIIECTBEHHO 3aBHCHT OT CKOPOCTH Habopa moBpexmaromiei mao3el. OOHapyKeHO
06pa3oBaHue Mop yKe IPH MOBpeXaarolIeil 1o3e 1,27 cHa, ckopoctn 0bydenns 0,39-10 cha/c
u Temreparype oomyuerns 281 °C.

[okazano, uto nedopmarys oOTYUEHHOH CTadM MPOTEKAET HETOMOTEHHO W TPU HHU3KUX
3HAYEHHUSIX OOIIe IIaCTHYHOCTH JIOKaJbHBIE JeGopMalud MOTYT AOCTHTaTh 3HAUMTEIHHBIX
BEJIMYWH, COMOCTaBUMBIX C HeoONy4eHHOW ctanbio. C IpUMEHEHHEeM METOJa ONTHYECKOH
nedopMaMOHHONW SKCTEH30METPHH YCTAHOBJIEH XapaKTep B3aWMOCBSI3M MEXIy 3HAYCHHUSIMHU
WCTUHHBIX  HANpsDKEHWH W JIOKanbHBIX  jgedopManuii B pa3BUBalOlIeiics — IIelke
BBICOKOOOITYYEeHHBIX 00pa31oB.

C ucnonb30BaHrEM METOI0B MarHuToMeTpuu U [I9M uccnenoBan xapakrep 1 0cOOEHHOCTH
npsMmoro (mpu  fgedopmarnmu) HW - obpaTHoro (mpu  MOCTAECHOPMAIMOHHOM  OTXKHTE)
MapTEHCUTHOTO Y<—>0. TIPEBPAIICHISL.

AHanM3UpYyIOTCST 3aBUCHUMOCTH XapaKTEPUCTUK MPOYHOCTH M IUIACTUYHOCTH, a TaKkxKe
napamMeTpoB CTPYKTYpbl OT (IIioeHca, TeMIeparypbsl OOJydeHHUsl W CKOpOocTH Habopa

MOBPEXKAOIIEH 10351,
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Pa3paboTka CTPYKTYpHI U co3/1aHHe 0a3bl JAHHBIX M0 (PU3UKE PATUALTHOHHBIX
NMOBpPeKIEHUH PeaKTOPHbIX MaTepPUAIOB

B. A. Kanun, I'. A. bupxesoit*, I'. H. Enmanos, B. B. Cetyxun**,
E. A. CmupHoB, C. 1. YaycoBa
MockoBckuit HHXEHEepHO-pu3muecKuiit ”HCTUTYT, Poccus (kalin@phm.mephi.ru)
*DDOU, r. ObHuuuck, Poccus
**@I'YII THI P® HUUAP, r. lumutpoBrpan, Poccus

Ha mepBom »sTame paboTsl pa3paboTaHa CTPYKTypa KOMIBIOTEPHON 0a3bl JAaHHBIX I10
MU (Gy3UOHHBIM XapaKTePUCTHKaM MAaTepHajoB, TUarpaMMaM COCTOSHHUS METaUTHYECKUX
CHCTEM, TIOPOTOBBIM SHEPTHUSIM CMEUICHHS U XapaKTePUCTHKAM TOYCUHBIX Ee(PEKTOB.

PazpaboTtanHas cucremMa JOCTyNa K JaHHBIM TPEAyCMATPUBACT YIAICHHBIA IOCTYyH K
JaHHBIM 4epe3 ceTh Internet, a Takke BO3MOXHOCTH YAAJICHHOTO aAMUHUCTPUPOBaHHS 0a3bl HA
OCHOBE TEXHOJIOTUH KIIMEHT-CEPBEP.

Wntepdelic mporpaMMbl TIO3BOJISICT TPOBOAWTH MOWCK W COPTHPOBKY JaHHBIX IO
pa3MYHBIM  KPUTEpPHUSAM, TPOBOJUTH AMMPOKCHMAIIUIO TEMIEpPaTypPHBIX 3aBUCHMOCTEH
Pa3MYHBIMU ypaBHEHUSMH U UX rpadyecKoe MpeiCTaBIeHne, a TAKXKe OMPEIeNITh OCHOBHBIE
MG y3UOHHBIE XapaKTEPUCTUKN MaTepUAIIOB B 33/IaHHOM JTUAITa30HE TEMIIEPaTyp.

[IpoBenern mouck © MOAOOP HAYYHO-TEXHUYECKON WHoOpMAMK 10 KO3 HUIEHTAM
camoauddy3uu, npuMecHo! quddy3un u muddy3un KOMIIOHSHTOB B CIIaBax o- U B-Zr.

B cooTBeTcTBHU € pa3paObOTaHHON CTPYKTYPO# MOATOTOBIEHBI MaTEPHAIIBI ISl 3AII0THEHUS
pa3zenoB 0a3bl AaHHBIX MO YUCTOTE HCIOIB3yEeMOTO MaTepuana, HCIOIb3YeMBIX H30TOIOB,
METOAWK HM3MEPEHUs, TEMIIepaTyp M COOTBETCTBYIOIIMX UM K03(dunueHtoB anpdys3uu.
IlockonpKy dYacTh HUMEIONIMXCS B JIUTEpaType [aHHBIX TpUBEIeHa B BUAE TIpa]UKOB
3aBUCUMOCTH 3HadeHUN kodddummentoB nuddy3um oT Temmeparypbl, OblIa IpoBeIcHA
KOMIBbIOTEpHAsT 00paboTKa STHX TpPadUKOB C MEIbI0 TPEACTAaBICHHUS SKCIIEPHUMEHTAITBHBIX
TOYEK B BUJIE TAOIUI] C OI[CHKOW MOTPEUTHOCTH TaKOH 00padOTKH.

[IpoBenena kommprOTepHas 00paboTKa HanOoJee HAICKHBIX JAHHBIX C yIETOM 3KCIIEPTHOU
OLIEHKH C LENBI0 TONYYeHHs JMHEHHBIX M HEIMHEHHBIX 3aBHCUMOCTEH KOA((HUIIMEHTOB
muddysuu or temneparypsl. [lomydeHbl 3aBUCHMOCTH, PEKOMEHAYEMBIE MOTPEOUTENSM ISt
OLICHKU 3HaueHWH KodpduuueHToB auddysun. [IpoBeneH aHanu3 BIMSHUS TpuUMeced U
nmerupoBaHus Ha KodddunueHTh camomuddys3um, npumecHod muddy3uun u auddy3un
KOMIIOHEHTOB B CIUTaBax IUPKOHU. [IprBeneHsI criocoObl OLIEHKH U peKOMEHIyeMble 3HAUCHUS
CTUMYJIMPOBaHHOH M (dy3un B IUPKOHUU.

Pa3paboTtano nporpamMmmHoe obecrieueHHe IJisi yIpaBieHus: 0a30i TaHHBIX MO JHarpaMMaM
COCTOSIHMI M MX TpeACTaBlIeHNI0. B 0a3y BHeCEHBI JUarpaMMbl COCTOSIHUS Pa3UYHBIX CHCTEM
IUPKOHUECBLIX CIIJIABOB.

HpeI[CTaBJIeHI)I Cp€AHNEC MOPOTOBLIC SHEPTHUU CMCUICHHUA IJIA pa3JIMYHBIX MaTCpHUaIoB, B TOM
yHuclie s IHUPKOHHEBHIX CIUTaBOB. llpencraBneHHble 3HaueHUs Oa3WPYIOTCI B OCHOBHOM
pe3yIbTaTax KOMITBIOTEPHOT'0 MOJISITMPOBAHNS HU3KOYHEPTE€TUIECKIX KaCcKaOB.

[IpencraBiieHsl XapaKTEPUCTUKH TOYCUHBIX 1e(DEKTOB I METAIJIOB, a TAK)KE BapUaHT 0a3bl

JAaHHBIX JIS1 YCPEAHCHHBIX XapPaKTCPUCTUK TOUYCHYHBIX )Ie(bCKTOB FL[K MCTaJIJIOB.
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HuskoremneparypHoe ynpouHeHue ayctreHuTHoOM ctann X18H10T,
00J1y4eHHO B pPa3/IMYHBbIX peaKkTopax

B. C. Heyctpoes, B. B. Cseryxun, B. K. lllamapaun, E. B. boes
OT'VII «I'HIL PO HUHUAP», r. JlumMutpoBrpa, YIbSHOBCKON 00JaCcTH,
Poccus, 433510 (fac@niiar.ru)

Heo0xomumocTs B MpoAsiecHHH Ha3HAYEHHOTO cpoka ciyxObl peaktopoB BBOP B Poccuu n
VYkpaune, peaktopoB RWR u LWR B EBpome, SImonun u AMepuke BbI3Balia K >KU3HHU
MOSIBJIEHHE OOJIBLIOr0 KOJIMYECTBA MCCIENOBAHUN PaJMAIlMOHHBIX SBICHUNH B ayCTEHUTHBIX
CTAJSIX IPU YCIOBUSAX OONydeHHs OJIM3KMX K YCJIOBUSM SKCIUIyaTallid BHYTPHUKOPITYCHBIX
yerpotictB BKY snepretndeckux peaktopoB. Hacrosiee cooOImeHre moCBIIECHO 0000IeHUT0
U aHanu3y pe3yJabTaToB uccienoBaHuil ynpouneHus cramu 06X18H10T, obmydenHoil B
peakropax BBOP-1000 mpu aHuzkux (280-320 °C) Temmeparypax oOgydeHHS U CpaBHEHHE dTUX
pe3yAbTaTOB C JAaHHBIMH IO YHOPOYHEHUIO TMONOOHBIX cCTanel, OONydYeHHBIX B OBICTPBIX
peakropax BH-350 u bOP-60.

boun uccnenoBaHpl Ba HampaBisiommx kaHama u3 TBC aByx pa3nuyHBIX PEakTOpOB
BBOP-1000, oOiy4eHHBIX 10 MaKCUMAaJdbHBIX MOBpEXTAOMUX 103 9 m 15 cHa mpum
temmeparype 280-320 °C. Iloayuymin mo3HBIE 3aBUCUMOCTH XapaKTEPUCTUK MPOUYHOCTH
IIpHU TeMIlepaType UCIBITAHUS MPUMEpPHO paBHOW Temmneparype oonydenus (T = 300 °C).
[MoaTBepannu M3BECTHBIM (AKT PE3KOro BO3pacCTaHHS XapaKTEPUCTHUK MPOYHOCTU Ha
MEepBOM 3Tare 00JIyUeHHs C NaJbHEHIINM MX HachbILICHUEM. Y POBEHb HACBIIICHH Mpeaena
Tekydectd oOpasnoB cramum  X18H10T, ob6nydenHsix B peakrope BB3P-1000 npum
temnepatypax okojo 300 °C coctasnser 670 Mlla u gocturaercs yxe k 4-6 cHa.

Hannbie o ynpounenunto cram X18HI0T cpaBHMBaIMCH C TpeUIOKEHHOM MOJIENBIO pacriajia
TBepAoro pactsopa. [lomydeHo Xopolee COOTBETCTBHE MEXIY SKCIEPHMEHTAIBHBIMU JAaHHBIMUA U
MPEIIOKEHHON MOJIETBIO.

OOHapy>keHO XOopolliee COBIIaJeHUE 3aBUCUMOCTEH npeaena Tekydectu g cranu AISI 304
L, obnyyennoii B peakrope EBR-II u craneit X18H10T, obxyuenHsix B peakropax BBOP-1000
u BOP-60. D10 coBmazieHne CymecTByeT MPH MaJbIX MOBPEKIAIOIMINX J103aX U IMIPH HEOOIBIINX
BpeMeHax oOiIyueHHs. YBeINUCHUE BpeMEHH O0IydIeHHUs] MOXKET IIPUBECTH K IIOBBIIICHUIO POJIN
4acTULl BTOPBIX (a3 B YNPOYHEHUHM CTaled M JOCTATOYHO PE3KOMY AOIOJIHUTEIHHOMY
YOPOYHEHUIO, YTO OBUIO OOHApy>KEHO NPH HCCIEeNOBaHUM O0pas3LoB CTajld, OOIYyYEHHBIX B

peakrope BH-350 (mannsie C. U. Ilopomno).
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BinsiHue HU3KOTEMNIEPATYPHOT0 BHICOKO/I03HOT0 HEITPOHHOT 0
00/1y4eHHsl Ha paclyXaHHue, MeXaHH4YeCKHe CBOHCTBA M MUKPOCTPYKTYPY
NepPCneKTHBHBIX MAPOK OepuJiius

B. I1. Yakun, A. O. I[ToceBun
OI'VII “THL] P® HUMAP” — HayuHo-HCCIe[OBaTEIbCKUI HHCTUTYT aTOMHBIX PEakTopoB, 433510,
Jumutposrpan, YiesHOBCKas o0nacts, Poccuiickas @enepanus (chakin@niiar.ru)

B nanHO#i paboTe mNpeacTaBICHBl PE3yJIbTAaThl MCCICAOBAHMSA BIUSHHUA HEHTPOHHOI'O
oGmyuenus B peakrope CM mpu temmepatype 70 °C B o6mactu piroercos (0.6-11.1)-10% cm >
(E > 0.1 MbB) Ha pacmyxaHue, MEXaHHYECKHE CBOWCTBA U MHUKPOCTPYKTYpPY Oepuiuius
paznuuHBIX Mapok. IIpu 3ToM 0COOBI MHTEpeC MNPEeACTaBISIOT JaHHBIE, MOJy4YEeHHBIE Ha
MaKCHUMAaJIbHBIX HEUTPOHHBIX 103aX.

B Gepmiuu nop Bo3eiicTBUEM BBICOKO3HEPTHYHOIO HEUTPOHHOTO OOJIyUYEeHUSI IPOUCXOAUT
o0pa3zoBaHKE M HAKOIUICHHUE TPAHCMYTHPOBAaHHBIX aTOMOB Teius U Tputus. Ho B cuity Toro, 4yto
o0iydyeHre MPOMCXOOWT MpPU HHU3KUX Temmeparypax, Anp¢y3HoHHAs MOIBMKHOCTh
BHEIPEHHBIX aTOMOB Tenust He Benuka [1]. [ToaTomy aTombl remusi ocTaroTcsi PaKTHUECKH B
MecTax CBOero oOpazoBaHus. PacuéTbl MOKa3BIBAIOT, 4YTO 3a BpeMs OONy4YeHHs JIHUIIb
HeOosbIIasi 4acTh Ta30BbIX aTOMOB, HAaXOJSIIMXCS B Telleé 3€pHA, YXOAUT HAa PACCTOSHUS
nopsinka 1-10 MKkM. DTO HNPUBOIUT K HAKOIUIEHHIO aTOMOB T€lIMA U TPUTHS Ha PasIn4HBIX
CTOKaxX H, KaK CJIEICTBUE, POCTY paCIyXaHHs M CYIIECTBEHHOH Herpajalliil MEXaHHYEeCKHX
CBOWCTB HCCIIEyeMbIX Mapok Oeprumms [2, 3].

B pabore wuccnemoBansl nBe Mapkum Oepwums (TB-56, TB-30), wm3rotoBneHHblE IO
TexHoJoruu ropsiuero BoigaBnuBaHus (I'B), u nBe mapku (TUII, JJUII), uzroroBneHHbIE 1O
TEXHOJIOTUU Topsidero m3octarmueckoro mpeccoanus (I'MII). IlomydeHHble pe3ynabTaThl HE
CBUJICTEIILCTBYIOT 00 OJTHO3HAYHOM MPEUMYIIECTBE KAaKOH-THMOO W3 HUCCIENOBAHHBIX MapoK
1100 MCHOJIB30BAHHON TEXHOIOTUH IPOM3BOACTBA KOMIIAKTHOI'O OEPHIUIMSA C TOYKU 3PEHHUS
COTIPOTHUBJICHHA PAIUALIIOHHOMY IOBPEKICHHUIO.

MHUKpPOCTPYKTYpHBIE HCCIIEAOBaHMS 00pa3LoB OCpHIUINS IMOKa3ald HAIWYHE B UCXOIHOM
COCTOSSHUM MHKpPOTIIOpP JOBOJBHO 3HAYMTENBHOTO pasmepa (1-5 MKM), pacmoioKeHHBIX
NpPEeUMYIIECTBEHHO Ha TpaHunax 3EpeH. [lox Bo3melcTBHEM HEWTPOHHOTO OOIIydeHHS B
OepIIIITMM MTPOMCXOANT HAMONHEHUE NAHHBIX MOp TPAHCMYTHPOBAaHHBIMH aTOMaM{ TEIHS U
TPUTHUSA, YTO MPUBOJIUT K YBEITUUEHHUIO AAaBJICHUS BHYTPH IOP U, CIEIOBATEIbHO, YBEIUYCHUIO

Pa3MYHOTO Poja HANPSHKEHUH Ha TPaHHIax 3EPeH.

Jlutepatypa

1. Dalle Donne M., Scaffidi-Argentina F., Ferreco C., Ronchi C., Modelling of swelling and tritium
release in irradiated beryllium, Journal of Nuclear Materials, 1994, vol. 212-215, p. 954-960.

2. V. P. Chakin et al., High dose neutron irradiation damage in beryllium as blanket material, Fus. Eng.
Des. 58&59 (2001) 535

3. V. P. Chakin, Radiation Damage of Beryllium Blocks of an SM Reactor, The Physics of Metals and
Metallography, Vol. 88, No. 2, pp. 200-204.
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YHPO‘lHHeMbIe HAHOOKCHIAMM PCAKTOPHbLIC CTAJIH

B. B. Carapangze, B. A. [Ila6amos, A. B. JIluteuros, H. @. Bunsganosa,
b. H. lNomurkwuii, B. JI. ApOy3oB
UM YpO PAH, ExarepunOypr, Poccus (vsagaradze@imp.uran.ru)

WccnenoBanme mnpoBeneHo Ha Oxide Dispersion Strengthened (ODS) cramax K2
(X13M2T2), K5 (X13M1T1), K7 (X13B2T1) Kwuraiickoro mpou3BoacTBa, B KOTOPBIC OBLIO
no6asneno no ~0,4 mac.% mnopomka okcuaa Y,0s. IlpousBoactso peakropubix ODS-craneit
BKJIIOYAET MEXAHMUECKOE JIETUPOBAHKUE MOPOIIKOB B IIAPOBBIX MEJIBHUIIAX C MOCIEAYIOIUM UX
criekaHueM. BakHeWmmuM ¢akTopoMm, KOPEHHBIM 00pa3oM BIHSIOIMM Ha cBoicTBa ODS-
cTajel, sBisieTcs — obOecriedeHne AeGOpMAIlMOHHOTO pPACTBOPEHHST B CTAIBHOW MaTpHIe
JIOCTaTOYHO «KPYIHBIX» OKCHUAOB UTTpusi pazmepom 40-100 uM (B mporecce IIUTEIBHOTO
pasmona mopomkoB B MenmpHHIax mpu 300 K) m  HX MOCIeQyromero BbIACICHUS (TIpH
BBICOKOTEMIIEpATYPHOM CIIeKaHWH) B BHE () ()EKTUBHO YIPOUHSIONINX CTalh HAHOOKCHIOB. B
cranmax K2, K5 um K7 cpemHuii pasmep BBIOENHMBIIMXCS CIOXHBIX OKCHIOB Y,0;-TiO,
COOTBETCTBEHHO cocTaBisuI 3; 2,5 u 3,3 uMm npu ux koHuentpauuu 0,4; 2,0; 1,6x10"7 CM73, YTO
paBHsut0Ch 00beMHBIM osisiM ~ 0,06; 0,16 u 0,30 %. C yBennyeHrEeM KOJIUYECTBA TUCTICPCHBIX
OKCHJIOB PE3KO BO3pacTaju MPOYHOCTHBIE XapaKTepUCTUKU cTaineil. B yactHoctH, B cramu K5
nocie orxura npu 1373 K mpemen tekyuectu Go, Obu1 paBeH 1272 MIla, uro mpeBbimIaet
MOYTH Ha TMOPSAOK TIpeleN TeKydecTH «O0e30KcumHon» (epputHol cranum X13 oObIYHON
MeTaJTyprudeckoi BelmiaBkd. Ckopocts momsyuectu craneit KS u K7 nmpu 923 u 973 K u
Harpy3kax 150-450 MIla Oplma CyIIeCTBEHHO MEHBINE, YeM OOBIYHBIX PEaKTOPHBIX CTaleH ¢
I'IK 1 OLK pemerkamu.

Hefitponnoe o6Omyuenune ODS-craneit mpu 77-683 K BeI3bIBaeT MX YIPOYHEHHE H
3HAUUTEIFHOE YMCHBIICHUE XapaKTePUCTUK IUIACTUYHOCTU. Murpamus Bakancuii B ODS-
craimsix HaumHaeTcs ¢ 220 K, aumcconumanus KOMILUIEKCOB BaKaHCUH-aTOM BHEIPEHUS
npoucxoaut npu 350 K, a pasBanm BakaHcmoHHBIX kiacTepoB mipu 450 K. Tepmuueckas
muddysus cranoBuTes 3aMeTHOH BhImre 650 K.

B macrosimielt pabote mpesraraeTcss HOBBIM moaxon K cosmanuto ODS-ctameir 3a cuer
nedopMaMOHHO-UHIYIIIPOBAHHOTO BBEICHHUS KHCIOpOJa W3 MaJOyCTOHYMBEIX OKCHIOB
JKelle3a B JISTHPOBAHHYIO UTTPUEM M THTAHOM (PEppUTHYIO HEPIKaBEIOIIYIO CTallb C IIENBIO
nocieayouero GOpMUPOBaHUS TEPMOCTOMKHX HUTTPUH-TUTAHOBBIX HAHOOKCHIOB B IIpoIecce
OTXKMUra.

PaboTta BbImonHeHa TpU 4YacTHYHON QuHaHcoBoW moanepxke IIpesmmuyma PAH mo
HaHOKPUCTATNICCKOW TemaTuke (KoHTpakt 34/04), PODU (mpoekr 04-02-16053), donma
MMK-Aycdep-Unatenc (rpant 12-03-03).
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Oco0eHHOCTH MOBe/IeHUs KOHCTPYKIIMOHHBIX MATEPUAJIOB B CIIEKTpe
HEHTPOHOB OBICTPOro peakTopa 00JIbIIOI MOIIHOCTH

B. B. Uyes
Ounan konuepHa Pocaneproarom benosipckas ADC, r. 3apeunsiii, Poccus (boomerang@uralte.ru)

Ouneprobnok c peakropoM BH-600 benmospckoit ADC ycmemHo SKCIuTyaTupyercss Ha
YPOBHSAX MOIIHOCTH, OJM3KMX K HOMHHAIBHOMY, B PEXHME KOMMEpPYECKOW BHIpabOTKU
3JIEKTPUYECKON M TemaoBOoN sHepruu. OJHOBPEMEHHO pelIaloTCs 3aJjaud MO HCIBITAaHUIO U
MPOBEPKE HOBBIX HAYIHO-TEXHHUECKHUX pa3paboTok. 3a BpeMs skciuryaranmuu bH-600 HakorieH
YHMKAJIbHBIH OIBIT IO Pa3jIM4YHBIM MPOOJEMaM PEaKTOpOB Ha OBICTPHIX HEHTpPOHAaX, KOTOPBIH
HECOMHEHHO peaJM3yeTcsl IPH COOPYKECHUH SHEProOJOKOB € PpEaKTOpaMHu CIETYIOLINX
MIOKOJICHUH.

OnHOM M3 Ba)XHEWITMX COCTaBHBIX YacTed SHEProOJioKa SIBJISETCS aKTWBHas 30HA (AK3)
peakrtopa, ompenensdomas Oe30MacCHOCTh M SKOHOMHUYHOCTH ero paboTel. I[IpoexkTHble
XapaKTepUCTUKH aKTHBHOM 30HBI IIEPBOTO THIIA 3arPy3KH 10 BBITOPAHUIO HE OBLIM TOCTUTHYTHI
B HAuYalbHBIA MEPUOJ JKCIUIyaTauud. B pesynprare nByX MOAEpHM3alMil OblIa JOCTUTHYTA
ycToiunBas paboTa aKTUBHOM 30HBI C MAKCUMAIILHBIM BEITOpaHueM ToruuBa 10 % T.a.

Haunnas c¢ 1995 roma, Ha peakrope BH-600 mnpoBOOWINCH HCHOBITAHUS IITATHBIX
TETJIOBBIACIAIONINX COOPOK Ha MOBBIIICHHBIE BBITOPAaHUs TOIUIMBA ¢ HapaboTKon ~560 3d.
CyTOK st ocHoBHOro MaccuBa TBC um 1o ~720 ad. cyrok ans mepudepuitapix TBC 30HBI
6ompmoro oboramenus. Koneunas menb 3Tux paboT — BHEAPEHHE B IITATHYIO AKCIUTyaTallHio
AKTHBHOM 30HBI TPEThEH MOAEPHU3ALMHU C TPAAULUOHHBIMI KOHCTPYKIIMOHHBIMU MaTepruanaMu
meMeHTOB AK3 ¥ IITaTHBIM TaOJETOYHBIM YPAaHOBBIM TOIUIMBOM C MAaKCHMAaJIbHBIM
BeIrOpanueM TorumBa ~11 % T.a. B pesymprare yaydmarcs TEXHHUKO-IKOHOMUYECKUE
mokazaTenu peakrtopa; yBeiwmuarcs kammanud TBC ot 480 mo 560 3¢. cyTok; moBbICHTCS
BeIrOpanue tommaa ot ~60 1o ~70 MBt-cyt/kr UO, npu yBeTUYEHUN TOBPEXKIAIOIICH O3B
Ha Matepuansl Ha ~ 10 % B mMakcumyme 10 82 CHa; CHHU3ATCS yCpEeIHEHHBIE TeMIIepaTyphl
0o0Jy4eHHs KOHCTPYKLHWH, yJeNbHbIE HAarpy3KH Ha TB3JbI; YMEHBIIUTCS €XKEroJHoe
notpeOiacHUe cBexero TomimBa Ha 14+18 % W COOTBETCTBYIOUIMI 00BEM OOJYyUESHHOTO
TOITHBA, OTIPABIIEMOr0 Ha MepepaboTKy; pearu3yeTcs YeThIPEXKPAaTHBIA PEKUM MepPerpy30K
aKTHUBHOU 30HBI M OOecmeunTcs 0ojiee ONTHUMAIBHBINA pEXUM pabOTHl peakTopa C Pa3sHBIMHU
UMHTEpBaJlaMd MEXAy Teperpy3kamu B JeTHUE (~110 3¢. cyTok) W 3UMHHH TEpHOABI
skctyatauu (~170 3. cyTok).

Haubonee ontumanbHbIM Ui Ieneid Temnogukamuu ot 3Heprodmoka BH-600 wu
MaKCHMAaJIbHOTO HCIOJIb30BaHMS TOIUIMBA C YETHIPEXKPATHBIM PEXUMOM IEePErpy30K aKTUBHOU
30HBI sBIIsIETCs yBenwmdeHne pecypca TBC no 584 »¢d. cyrok [1] M coOTBETCTBYIOMIETO
Beiropanust tomusa ~11.5 % t.a. Ilo pesynsratam pabotsl [1] mist sueprodnoka ¢ BH-600,
paboTaromiero B YCIOBHSAX CE30HHOIO OrPaHMYCHHS C IUJIAaHOBBIM K03 duimenTom
YCTaHOBNEHHOW MoIHOCTH ~80 %, IIMTEIBHOCTH CIEAYIOLIEH ONTUMalbHOW TOIUIMBHOM
KaMIaHUH cJeqyeT cUuTaTh 876 3. CyTOK ¢ IIECTUKPATHBIM PEXKUMOM MEPETPy30K aKTUBHON

30HBI (MaKkCHMaJIbHOE BBIrOpaHue TorumBa ~17 % T.a.). IIpoMeXyTOUHBIM HEONTHMAJIHHBIM
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BapHMaHTOM C TWSTHKPATHBIM PEKUMOM TIEPErpy30K AaKTHBHOH 30HBI SBISETCS KaMITaHUS
JUTATENBHOCTRIO 730 3. CyTOK (MakcHManbHOE BeITOpaHue ToruuBa ~ 14 % 1.a.) [1].

B cBA3u ¢ TNpUHATHEM MOJIMTHUYECKOTO pEHICHUs 00 YTHIW3alMU IUIyTOHUS BOEHHOTO
MPOMCXOXKICHHU TOCTaBlIeHa 3ajJadya pa3paboTKH THOpHIHOW akTHBHOH 30HBI BH-600, B
KoTopoii yacth TBC co mTaTHBIM ypaHOBBIM TOIIJIMBOM JOJDKHa ObITH 3aMeHeHa Ha TBC co
CMEIIaHHOM ypaH-TUTyTOHHEBBIM U KonmndecTBO TBC G0KOBOI 30HBI BOCITPOM3BOACTBA MOXKET
OBITH COKpAIIEHO 3aMEHON YacTH HapaOaTHIBAIONIUX TUTYTOHHHA COOPOK Ha COOPKH CTaIBHOMN
3aIUTHl /WK COOPKH T HapaOOTKUA U30TOTIOB.

B nacrosmeit pabote ¢ menbio 0030pa JOCTAaTOYHOCTH SKCIIEPUMEHTAITBPHOTO 00OCHOBAHHUSI H
BBISIBJICHUS MTPOOJIEM peau3alliy MMOCTABJICHHBIX 3a/1a4 MPEICTABICHBI OCHOBHBIC PE3YJIbTAThI
CHCTEMaTHYECKUX TOCIEePEeakTOPHBIX HCCIeoBaHUi padoTocnocoOHocTH TBAIOB M TBC,

UCIIBITAHHBIX B aKTUBHBIX 30HaX peaktopa bH-600 mepBoit 1 BTOpoil MoaepHHU3AITIH.

Jluteparypa
1. H. H. Owkanos. [lnanupoBaHue TOINIMBHOM KaMIIaHUH MpH (PUKCHUPOBaHHOM IuKie pabotel ADC. —
Aromuas sueprust, T.91, Boim. 6, nekadps 2001 r., ¢.488-489.

OueHKa CTOWKOCTH K YJIEKTPOHHOMY 00JIy4eHHI0 rPadpuTono100HOro MaTepuaia
pPeHTreHIH(PAKIHOHHBIM METOI0M

A. E. Illecrakos, B. B. ITnoxoii, U. JI. CearoB
POAL] BHUNT®, Cuexunck, Poccus  (btk@vniitf.ru)

[IpoBeneHo peHTreHOTpaduUecKoe HCCIIETOBAaHNE COCTOSHHS 00pa3LioB rpadUTONoA00HOTO
MaTepuaia C MOBBINICHHBIM COACPKAaHNEM U30TOIIa C13 I10CJIC o6nyqu1/I$[ SJICKTPOHHBIM
IIy4aKOM ¢ sHeprueii 660 k3B n MomHocTsI0 10 1000 Br/em?.

Beruucnens! crenens rpaduTu3anyuu 1 pasMepsl 0JI0KOB KOT€PEHTHOTO PacCessHUs
MaTepuaia 10 u rnocie oomydenus. [lokazano, yto nmpu temneparypax g0 2000 °C uzmeHeHUS
MaTepuaiza 00pa3LoB [10]] BO3ACHCTBUEM IEKTPOHHOTO 00Iy4eHHsI HE3HAUUTEIbHbI U
00yciIoBIeHBI B 00JIbILEH Mepe NPOJOKUTEILHOCTHIO 00IyYeHHS, YeM MOIITHOCTBIO HarpeBa.

Pa6ora npoBoaunacek B naTEpecax mpoekra MHTLL Ne 2257

80



Bausinue cTpyKTYpHO-()a30BOTr0 COCTOSIHUSI HUPKOHMEBBIX CIJIABOB, COAEPKALIMNX
HUOOUI, HA JedopMALMIO PATHAIIMOHHOIO POCTA

B. H. Illumos', M. M. ITeperya’', A. B. Huxymuna', 10. B. [Tumenos”

I'. . KoGeumsackuit’, A. E. HoBocenos®, 3. E. Octposekwii’, A. B. OGyxos®
'®T'YII Beepoccuiickuit HaydHO-HCCIIeI0BATENCKI HHCTHTYT HEOPraHHUECKHX
MaTepualoB, T. Mocksa, Poccus (gor@bochvar.ru)

’0A0 «TB3JI», r. Mockga, Poccust
3OI'YIT «HLI PO HayuHo-HcCiIe0BaTebCKUil HHCTHTYT aTOMHBIX PEAKTOPOBY,
r. lumutpoBrpan, YabsHOBCKas 00nacts, Poccus

Jlis onTUMM3ALUK COCTaBa U CTPYKTYPHO-()a30BOr0 COCTOSHUS IUPKOHUEBBIX CIIJIABOB
MPOAOIDKAeTCs coBepiieHcTBoBaHUe criaBoB D110 (Zr-1%Nb) u 2635 (Zr-1%Nb-0.35%Fe-
1.2%Sn), xopomo 3apeKOMEHAOBABIINX ce0sl B OTHOLIEHWH CONPOTUBICHUS DPagHalliOHHON
noisydyectd, aAedpopMauuu  paguanmoHHoro pocta (JIPP), BBICOKMX NPOYHOCTHBIX
XapaKTepUCTUK, KOppo3uH. Paznmudne CBOMCTB 3THX CIUIABOB OIPENEsIeTCS UX COCTOSHHUEM,
CBSI3aHHBIM C JICTHPYIOLNIMM COCTaBOM M mpuMecsiMu. MccnenoBaHo cTpyKTypHO-(hazoBoe
coctosiHAe CcI1aBoB cucteM Zr-Nb u Zr-Nb-Fe-Sn, TepmooOpaboTanHbIX B o U (0+f)-00macTsax
1 m3ydeHo ero BiusHue Ha JIPP mpm obxydenuu B peakrope bOP-60 mpu T = 315-350 °C.
BruiBieHo cymectBeHHoe pasznuuue PP pekpucTanin3oBaHHBIX CIUIABOB 3THUX CHCTEM H
menbliee a1t Zr-Nb-Fe-Sn B pasHoMm cTpykTypHO-(ha30BOM cocTosHUH. MHKyOaunoHHBIN
Nepuoj]; 10 CTaJUuH YCKOPEHHOTO pOCTa ONPEAEIAeTCS COCTaBOM (-MaTpHIbI, (Ha30BBIM
COCTOSIHMEM M MCXOJHOW IMCIOKalMOHHON CTpyKTypoil. HeliTpoHHOe 00iydeHrne mpuBOAUT K
nepepacnpeiesieHUI0 JIETUPYIOIIUX B3JEMEHTOB MEXIy MaTpuled o-Zr U BbIIEICHUAMH,
M3MEHEHHUIO COCTaBa TBEPAOI'0 PacTBOpa U BJIMSAECT HA HAKOIUIEHHE PaJUallUOHHBIX NE(EKTOB,
X TOJBIKHOCTb, AHHM30TPONHI0O U (OPMUPOBAHHWE BAKAHCUOHHBIX C-KOMIIOHEHTHBIX
JIUCTIOKAIMOHHBIX meTelb. [losBiIeHne Takux c-merenb OOBIYHO KOPPENHPYEeT C YyCKOpEHHEM
JPP nupkoHueBhIX TpyO0 B OCEBOM HAINPaBICHUU B COOTBETCTBHH C HX TEKCTYypPOH.

YcTaHOBIEHBI OCHOBHBIE 3aKOHOMEPHOCTH (ha30BBIX MPEBpaIleHU TP 00IyUYeHHH.

Boeinenenuss B-Nb B criaBax Zr-Nb H3MEHSIOT COCTaB ¢ YMEHbIIIEHHEM cojiepxkanust Nb ot
~90 % mo ~ 50 %, hopMupyrOTCS BTOPUYHEIE BBIJIEIEHNUS, oOorameHHsie Hnobuem. ®aza B-Zr
HCIIBITHIBACT PaTUAIlMOHHO-CTUMYJINPOBAHHBIN pactal, a BeimeneHus ¢asbl JlaBeca Zr(Nb,Fe),
M3MEHSIOT COCTaB (CHIKaeTcs cofepxaHue Fe) u kpuctammyeckyro ctpykrypy, [TIV— OLIK
(tuma ”B-Nb”). Bwimenmenus T-daser (Zr,Nb),Fe ¢ pemerkoit 'K coxpansioT coctaB u
KPUCTAJUINYECKYIO CTPYKTYPY.

ComocraBiensl pe3yibTaThl JIPP nupKOHUEBBIX CIUTABOB OT (pItoeHCa HEHTPOHOB C
pPa3HBIM JHEPreTHYEeCKUM CIIEKTPOM Ha OCHOBE BEJIMYMHBI IOBPEXAAomiell 1036l (CHA).
[IpencraBnenHas rpadudeckas 3aBUCUMOCTb II03BOJISIET CPAaBHUTh PE3YJIbTAThl IKCIICPUMEHTOB
B MHCCJICAOBATEIbCKMX U IPOMBIIUIEHHBIX pEAaKTOpax WU IPOTHO3MPOBATh IOBEIECHUE
LOUPKOHMUEBBIX MATEPUAIIOB MNPH UIMTENIFHOM OBKCIUTyaTallMd M BBICOKUX BBITOPAHHUAX B
NPOMBIIUICHHBIX peakTopax. OOcyxaaloTcs pe3ynbTarbl ymiuHeHus wusnenuii TBC B

PCaKTOpax BO B3aUMOCBA3U C ABJICHUEM PAJUALIMOHHOT'O POCTA.

81


mailto:gor@bochvar.ru

Biusinue TeMnepaTypsbl M JVINTEJILHOCTH CTAPEHHUS HA U3MEHEHHNEe CTPYKTYPhI U
(pusuko-mexannuyeckux cpoiicTs crajam 1X13M26DP

E. H. Illep6akos, A. B. Kosznos, B. H. llemskun, M. B. Escees, B. C. [lluxaines,
O. B. Epmiosa, I1. W. Srosutus, A. I1. Mcakos
OI'YIT «MPM» r. 3apeunsrii a/s 29, 624250, Cepasiosckas obiactb, Poccus (sfti@uraltc.ru)

Matepuan o6osnodex TBIOB w3 cramu 1X13M2BbOP (3I1 450) B peakTope HCHBITHIBACT
KOMOWHHPOBAHHOE BO3JCHCTBHE TOBBIMICHHBIX Temmeparyp B muamazone 400+600 °C u
HEHTPOHHOTO TOTOKAa, HHTEHCHBHOCTH KOTOPOTO MEHSAETCS TI0 BBICOTE aKTHBHOHW 30HEI. [locie
JKCIUTyaTallid HaONIOJaeTcss 3aMETHOE pa3liiihe B CTPYKTYPHO-(a30BOM  COCTOSIHHH
MaTepuana B Pa3NAYHBIX Y4YacTKax OOOJOYKH TBAJIA. DJTO COIMPOBOXKIAETCS H3MEHEHHEM
MPOYHOCTHBIX M ITUIACTHYECKHX CBOMCTB. CTanmb, TOKa3biBasg XOpOIIEe COMPOTHBIICHHE
paaMalMOHHOMY pacIyXaHHI0, OOHAPYKUBAET MOTEPIO TUIACTHYHOCTH B 30HAX C TEMITEpPaTypoit
400+500 °C.

Jlis  BBISICHGHUS BIIMSHUS TEMIIEPATyphl HA W3MEHEHUE CIYXKCOHBIX CBOWCTB CTaH
MIPOBEJICHO M3yUYeHHE W3MEHEHUS 3JICKTPOCONMPOTHRICHUS 1 Moayis KOHra mpu temmnepartypax
400 u 500 °C B mpouecce miurensHoro crapenus. [Ipu temneparype 400 °C B teuenue 500
4acoB Ha TPyOYaThiX 00pasliax, BHIPE3aHHBIX M3 TOTOBBIX O0OJOYCUHBIX TPYO B HCXOIHOM
COCTOSIHMH, 3HAYEHHE 3JIEKTPOCONPOTUBICHHUA YMEHBIIMIOCh Ha 4 %, a MpH MOCIeIyIoIeM
yBenumaeHun Temmeparypsl g0 500 °C B Teuenme 500 YacoB OHO IIOCTETICHHO BHOBB
YBEIUYWIIOCh 0 MCXOMHOHM BenmuuHbl. Moaynb FOura mpu 400 °C He u3MEHsUICA, a TMpu
MOBBIIIIEHUH TemrepaTypsl 10 500 °C nmpon3oIuio ero ckaukoodpazHoe Bo3pacTaHue.

Js 0ObsicHeHHns HaOM0JaeMbIX SBJICHHUH ITPOBEIEHO UCCIIEA0BAHUE CTPYKTYPHI 00pasIoB.
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