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Mexannsmsbl passutus razosoi nopucroctu B OIIK u I'lIK marepuanax npu
NnocjaepagualOHHbIX OT’KMIaxX U BbICOKOTEeMIIEPATYPHOM BHEIPEHUM IeJIusl

C. 1O. buniokosa, 1. U. Uepnos, b. A. Kanun, Mbo Xtetr Bun
MOCKOBCKHUI HHXCHEPHO-(QH3MUYECKII HHCTUTYT (TOCYIapPCTBEHHBIH YHHBEPCHUTET),
(binu@phm.mephi.ru)

Hakormnenue w/unm BHEIPEHHE CYLIECTBEHHBIX KOHLEHTpALMH Telus  OKas3bIBaeT
HEONaronpusATHOE BIMSHUE Ha PAAHAlMOHHYI IOBPEXIAEMOCTh KOHCTPYKIIMOHHBIX
MaTepUANIOB SACPHBIX M TEPMOSAECPHBIX pPEaKkTOpoB. B CBiI3M C 3TUM NOBENEHMIO Telusd U
(OpMHPOBaHHIO Ta30BOM TMOPUCTOCTH B Ppa3IMYHBIX MaTepHajax YAEIAIOCh OonbLIoe
BHUMAaHHE.

Juist u3ydeHus 3akoHOMepHOCTel POPMUPOBAHUST H MEXAaHU3MOB POCTa Iy3BIPHKOB OOBIYHO
HCTOJB3YIOT SKCIIEPUMEHTHI IBYX BUIOB!

e 00Jy4YeHHE HENOCPEACTBEHHO MPH BBHICOKOW TEMIIEPaTypeE;
e TIOCIEepaAMalMOHHBI M30XPOHHBI OTKHUT 00pa3loB, OOMYYEHHBIX IPH HU3KOH
TeMIlepaType.

B ciydae HenmpepbIBHOTO BHEIPEHHUsS Tas3a IPH 6bICOKOU memnepamype MOKHO IOIy4HTb
uHpopMaIio 00 0COOCHHOCTAX (HOPMHUPOBAHUS ITy3BIPHKOB, HO TOYHO OINPENEIUTH 03y, IPU
KOTOpPOH OHH 3apOKAAIOTCS, CIOYKHO, TaK KaK Iy3bIPbKH JOCTUTAIOT pPa3MEpPOB M IUIOTHOCTH,
HEOOXOJUMBIX UIS DKCIIEPUMEHTAIBHOTO0 OOHAPYXKEHUS, yKe Mpu Oojiee BHICOKHX N03ax. Bo
6mopom cryuae WHGOPMALUS O MEPBOHAYATILHOM COCTOSIHUM T'eJHii-BaKaHCHOHHBIX KIIACTEPOB
HE3HAUMTENbHA, M HENb3sl JIeNaTh OIPEIelIeHHBIX BBIBOJAOB O TIpOIecce 3apOoXKIACHUS
my3bIpbKOB. OIHAKO IO KHHETHKE pOCTa IIy3bIPPKOB MOXKHO IIONIYy4UTh HH(OPMALHIO O
MEXaHU3Max MX pOCTa, MHUIPAllM{d WM AMCCOLHUALMU Ta3a U3 Iy3bIPHKOB. OKCIEPHUMEHTHI
MOKa3aJH, YTO B OTHOIUCHHHU Ae(EeKTOOOpa30BaHUS 3TH YCIOBUS Pa3BUTHA MHUKPOCTPYKTYPBI
HEOKBUBAIEHTHBL. OTJINYMS TMOJYYEHHBIX pPE3yJbTaTOB B 3THUX JIByX TUIAaX HKCIEPUMEHTOB
O00yCJIOBIEHBl  pa3IMYHBIMM  MEXaHW3MaMH  Pa3BUTHs  Ta30BOM  TOPUCTOCTH NP
MOCNIepaTHAlMOHHBIX OT)KUTaX M BHICOKOTEMIIEPATYPHOM OOMy4eHUH HOHAMU TeJHsL.

[Ipu wcnonp30BaHUM MOCIEPAaTUANIMOHHBIX OTKUTOB 00pas3IoB, OOIYYEHHBIX NpHU
HU3KOM TeMIEpaType, OCHOBHYIO POJIb B PAa3BUTHHM IOPHUCTOCTH HMIPAIOT Pa3IM4HBIE TeIHil-
BAaKaHCHOHHBIE KOMIUIEKCHI, KOTOpbIe (OPMHUPYIOTCS NPU OOIYYCHUH, HAPUMEP KOMILJIEKCHI
tuna He,,V,, ViCy, 1,Cy, Hen GV, 1 HepMeV, (He, C, Me, 1 u V — aTomsl Tenus, yriepoaa,
JJIEMEHTA 3aMELICHUs, COOCTBEHHBIH aTOM M BAaKaHCHSA, COOTBETCTBEHHO) B 3aBUCHUMOCTH OT
Marepuana, NMpUYeM B YHUCTHIX MeTajulaX OOpa3yroTcs TOJBKO MPOCTHIE KOMIUIEKCHI THIIA
He,V,. Kommiekchl HMEIOT pa3snuyHyl0 »JHEPTHUI0 CBSI3U M, COOTBETCTBEHHO, IIpH

nocjaepaanaiiluOHHOM HArpe€Be TCPMHUYCCKU MCHEC CTOMKHE KOMILICKCHI pacnagaroTcsa, a Ha
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Oosiee cTaOMIIBHBIX KOMILIEKCaxX (GOPMUPYIOTCS T'eJHEBbIE Iy3bIPhKU.

IIpn BBICOKOTEMIIEPaTYpHOM OOJYYEHHH POJIb TEIMH-BAKAHCHOHHBIX KOMIUIEKCOB
HEBEIMKa, MOCKOJIBKY TeMIIepaTypa UX paciaja 3a4acTylo HHKE, YeM TeMIeparypa o0IyueHus,
KpOME TOTO, B YCJIOBHUSIX HEMNPEPHIBHOTO IOCTYIJICHUS Telus Ha Haubojiee TEepPMUYECKU
YCTOMYMBBIX M3 HUX HAYMHAIOT (DOPMHPOBATHCS My3BIPKM HA PAHHUX CTATUSAX OOIydeHUs.
Takum  oOpazoM,  peryiupyrolIUMH  IpOIeccaMM  Pa3BUTUSL  NOPUCTOCTU  IIPHU
BBICOKOTEMIIEPAaTyPHOM OOTyUeHUH ABIAIOTCA MU ()y3MOHHEIE.

Kpome TOro, B o0oux THUHax OKCIEPHUMEHTOB CYIIECTBEHHOE BIMSHHE Ha
3aKOHOMepHOCTH pa3BuTus renueBoil mopuctoctd B OLK m I'IIK maTtepuanax okaspIBaroT
pa3nu4Has DJHEPreTHKa TOYEYHBIX Je(QEeKTOB, HEOJHO3HAUYHOE BIHMSHUE JIETUPYIOIINX
aneMeHTOB Ha Koadduimentsl camoauddy3ur MaTpuipl, a TaKKe HCXOAHOE CTPYKTYPHO-
(hazoBOE COCTOSTHIE MaTepHaOB.

B pabore mpuBeneHbl SKCIEPUMEHTAIbHBIE JaHHBIE II0 PAa3BUTHIO I'a30BOM HMOPHCTOCTH B
OLK u I'IK marepmanax mocie oOmydeHuss MOHaMH renus ¢ 3Hepruedl 40 k3B mo mo3sl
5x10* non/m*:

e pu Temneparype 650 u 750 °C;

e  [IpU KOMHATHOH TeMIepaTrype ¥ rnociepaguanoHHoro orxura nmpu 650 u 750 °C.

B pabote nccnenoBaHbl MOJCNBHEBIE CIIaBbl Ni-X, Te X — 3JIeMEHT 3aMEIICHHsI, CIUIaBOB
Ni-C u Fe-C, a taxke konctpykrmorasie OLIK n 'K maTepuaisr.

B skcnepuMeHTax Mo MOCIEPaAMALIOHHOMY OTXKHTY 3THX MaTEpHajoB IIOKa3aHa pPOJb
reJINii-BaKaHCHOHHBIX KOMIUIEKCOB B (DOPMHpPOBAaHMM TOPUCTOCTH, a TaKke TO, 4TO Ooiee
BBICOKasl SHEPTUSl CBA3M TeIMH-BaKaHCHOHHBIX KomIuiekcoB B OLIK maTepmanax (pa3muduHble
(depputHbie U heppuTHO-MapTeHCUTHBIE cTanu, Fe u cmiaBel Fe-C), yem B ['IIK marepuanax
(pasHble aycTeHUTHBIE cTany U ciuiaBbl, Ni, crutaBel Ni-C u Ni-X), caepkuBaet popMupoBaHue
razoBoii mopucroctu: B I'TIK Marepmanax pacman komrmiekcoB He,V, 1o 650 °C nmpuBoaut
(hopMHPOBaHHIO KPYITHOM MOPHCTOCTH M BBICOKOMY ra3oBoMy pacmyxanuio, a B OLIK pemerke
TeJIMi 0CTaeTCs CBSI3aHHBIM B KOMIUIEKCAX.

Ha mpumepe Tex ke MaTepHalioB MOKa3aHO, YTO MPU BBICOKOTEMIEPATYPHOM OOyYeHHH
HOHAMHM TeHs IpH TeX ke Temneparypax B OLIK matepuanax, Hao00pOT, pa3BUBaIOTCs Oosee
KpynHble my3slppkd, yeM B ['LIK marepuanax. beicTpomy pocTy my3bIpbKOB B (DEpPpPHUTHBIX
MaTepHaiax M X OOJbIeMy pacmyxaHuto 1mo cpaBHeHHIo ¢ ['I[K marepmanamu criocobcTByeT
Oojiee BBICOKAs TOIBIKHOCTH aTOMOB renus u BakaHcuit B OIIK merammax. Kpome Toro,
YCKOpeHHBIH pocT my3eipbkoB B OLIK mMarepranax BO3MOXKEH U BCIECACTBUE MX KOAJIECUEHIIVH,
mockonbKy Menbmas, yeM B I'LIK marepmanax, sHeprus axrtuBamuu camoauddysun B OLIK

Marepuajiax CHOCO6CTByeT OoIbIIEH CKOpPOCTHU MUT'pAIIUU ITY3bIPHKOB.
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Oco0eHHOCTH B3aUMO/IeliCTBUS TSAXKEJIbIX H30TONOB BOOPOAA
€O CTAJISIMU aYCTEHUTHOI0 KJacca

10. H. lonunckui, FO. H. 3yes, U. A. JIscora, 1. B. Canpbikun
Poccuiickuii @enepanbublii Anepnsiii Lientp — Beepoceuiickuit Hayuno-uccienosarensckuit MUacturyT
Texuuueckoit ®usuku uM. akan. E. U. 3ababaxuna, r. CHexuHck, Poccus (depS@vniitf.ru)

MeTonoM BOIOPOAONPOHUIIAEMOCTH HCCIEAOBAHO IMPOHUKHOBEHHWE IEUTEpHs M TPUTHUSA
yepe3 cranu aycteHuTHoro kmacca SS316L, 12X18HIOT m X16H15M3TI1. HccnemoBanus
npoBoawinch Ha ycraHoBke POMALI-BHUUT®, obecneumBaromieii H3MEpeHHE U 3aluCh
mihPy3MOHHBIX TIOTOKOB H30TONOB Bomopoxa (MIB) B 3aBHCHMOCTH OT BpeMEHH IIpH
(bUKCHPOBAaHHBIX 3HAYEHUIX TEMIEpaTypbl 00pa3La 1 JaBJICHUS Ia3a.

B pesynprare o00paOOTKM KHHETHYECKHMX KpUBBIX moToka UVB Obun  ompeneneHs!
TEMIIEpaTypHbIC 3aBUCUMOCTH TPOHUIIAEMOCTU CTaled W, ucnoib3ys Meron [HaitHeca [1],
a¢pexTuBHBIC 3HaUeHNs Koddduuuentos quddysuu B uarepsaie 570-1100K.

Jist miccienqoBaHHbBIX CTallel OTMEUeHa JIMHEeWHas 3aBUCUMOCTb Jiorapudma kodhhumeHTon
MIPOHUIIAEMOCTH OT 0OpaTHOM TeMIlepaTypbl MPH HE3HAYUTEILHOM PA3INYNH B UX BETHUMHAX.

ITocTpoeHne KMHETHUECKHX KPHUBBIX B ()YHKLIHMOHAJIBHOM MacuiTabe (METOX JMHeapu3alun
[2,3]) ycraHOBMIIO, YTO TPOHUKHOBEHHE TSKEIBIX M30TOIOB BOIOpPOIa depe3 oOpasell CTaid
SS316L npu masnenusax 1200-40000 I1a u temnepatypax 650-1000 K onuceiBaeTcst nepBbIM U
BTOpPHIM ypaBHEHMsIMH DPHKa ¢ TPaHUYHBIMH yCIOBHSMH IEpBOTo poja. Mcronap3ys paBeHCTBO
k03¢ puIreHTa MPOHNIIAEMOCTH TPOU3BEACHUIO KOAPPHUINEHTOB 11U PYy3Un U paCTBOPUMOCTH,
ObL1a ompesenieHa pacTBOPUMOCTD JeiiTepust u TpuTHs B cTamu SS316L.

Hna craneit 12X18H10T wu X16H15M3T1 xapaktep 3aBUCHUMOCTH JIOTapu(pMOB
¢ dexTuBHBIX 3HaueHHH KodddunmentoB aupdysuun VB (D,ps) 0T 00paTHON TemmepaTypsl
(I/T) HOCWUT HeNWHEWHBIH XapakTep, a (opMa KHHETHYECKHUX 3aBHCUMOCTEH IIOTOKA HeE
omnuceiBaercss  ypaBHeHMsiMH  @Duka.  OOHapyXeHHBIE  HEJIMHEHHOCTH  3aBUCHMOCTH
Ig(Dagpgh)=f(1/T) n xuHETHUECKUX KPHUBBIX B (YHKUMOHAILHOM MaclTa0e CKOpee BCEro
o0ycrioBneHbl HanmuuueM B cTpykrype craneid 12X18H10T u X16H15M3T1 tutancoaepxkammx
(a3, ABISIOMMXCS JIOBYIIKAMH BOJOPOJa W BIMSIONIMMU Ha KHMHETHKY NMpPOHHKHOBeHHst B

Ye€pe3 3TU CTAJIN.

Jlutepatypa

1. Daynes H. The process of diffusion through a rubber membrane. Proc. Roy. Soc., 1920, v. 97A, NA-
685, p. 286-307

2. IlBwipsieB A. A., bekman U. H., Becthuxk MI'Y, Cep. 2. Xumus. 1981. T. 22, Ne 5, c. 517

3. bexman U. H., llIBeipsieB A. A., Becthuk MI'Y, Cep. 2. Xumus. 1981. T. 22, Ne 5, c. 467-471
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Bausinue ycjioBuii 00/1y4eHus1 Ha yaep;KaHHe Ira3000pa3HbIX NPOJIYKTOB
SI/IEPHBIX PeaKI Uil B KOHCTPYKIHMOHHBIX MaTepHaJax

A.T. 3anyxusiii, A. JI. CyBopos
WHCTUTYT TEOpETHYECKON M IKCIIEPUMEHTAILHON (DU3UKH,

117259 Mockga, Poccus (zaluzhnyi@vitep5.itep.ru)

W3BecTHO, YTO MOJ AEHCTBHEM OOMy4YEHHS MaTepHanbl M3MEHSIOT CBOM (DU3UUECKHE H
MeXaHH4YecKre cBoWcTBa. OCHOBHBIMH (PAaKTOpaMH, OTPaHMYUBAIOIIMMH PECypC MaTepHalOB,
SIBIIAIOTCA  paJMallUOHHOE pacllyXaHHe, BBICOKOTEMIIEpaTypHOE W HHU3KOTEMIIEpaTypHOE
paAnalnoHHOE OXPYIYNBaHUE, pAAHAlMOHHAS [TOJI3YYECTh U Ap. bombInyro pois B MpOTEeKaHUN
STHX HEXENATEeNbHBIX ABJICHUH HWTParoT ra3000pa3HbIe MPOIYKTHI SAEPHBIX PEaKIil, B TOM
YUCJIE TEIUM.

Tak kKak HENoOCpeICTBEHHOE OOIy4YeHHE HCCIEAyeMBIX MaTepHajoB B peakTope Tpedyer
3HAQUUTEIBFHOTO BPEMEHU W MaTepUajbHBIX 3aTpaT, TO IJII UMUTAIUU HAKOIUICHUS Telus B
HaCTOsIIee BpeMs UCIOIB3YIOT PAa3IMYHBIE IKCIPECCHBIE METOABI: 00TyueHHe MOHAMU TeNns
Pa3IMYHBIX SHEPrHi, OONlydeHHEe BBICOKOIHEPTeTUYECKHMHU 3JIEKTPOHAMH M Y - KBaHTaMH,
HachIIeHWE M3 IIa3Mbl U JAp. ECTECTBEHHO BO3HMKAeT BOMNPOC, HACKOIBKO Ta WIM HMHad
METOJIMKA TOAUTCS AJIS aleKBaTHOTO MOAETHUPOBAHHS PEaKTOPHOTO O0ITyUIEHHS.

B nmanHO#i paboTe mpeampuHSATA MOMBITKA KadeCTBEHHO CPaBHUTHh KHHETHUKY JECOpOIHH
TeNus TP JTUHEHHOM HarpeBe oOpa3IloB, HACHIIICHHBIX Pa3HBIMHU criocobaMu (0OydeHHEe Ha
LUKIOTPOHE U MAarHUTHOU Macc-cenapaluoHHol ycraHoBke, peakropax UPT-2000 u BOP-60, a
TaK)KE HACHIIIEHUE TEeINeM METOIOM «TPUTHEBOTO TPIOKa»), a TaKKe OIICHWBAeTCS POJIb
JUCIOKAINH Ha yJepKaHHe Tefusl B MaTepuanax.

PesynpraTtel WcciemoBaHWS BIWSHUS YCIOBHHW BBEINCHHS AaTOMOB TelUS B pEHIETKY
MaTepuana Ha KWHETHKY Ta30BBIAETICHMs MOKa3aJld, YTO B OTHOIICHWU TMOBEACHUS TEIHs B
KOHCTPYKITMOHHBIX ~ MaTephajaX  HMHUTAIWOHHBIE  OKCIIEPUMEHTHI,  OOECTIEYMBAIOIINE
OJHOBpPEMEHHOE BBEIEHHE B pEIIETKY MaTephaja Telus W pagualdoOHHBIX JepeKToB (B
IIMPOKUX JHANa30HaX KOHIEHTPAIWH TeIHs M PaTuallioHHON TMOBPEKIAEMOCTH) TOCTaTOYHO
a/IeKBaTHO BOCIIPOU3BOJAT peakTopHOe obOiydenue. [lo Bceil BEpoATHOCTH, 3TO O0YCIIOBICHO
cTabnim3anuell onpene’eHHbIX KOH(PUTypaluil paAuallioHHBIX Ae(eKToB aToMamu renusd. B
cillyyae BBEINCHMs Tenust Oe3gedeKkTHBIMH crmocobaMu B KaKAOM clydae HEoO0XOIUMO
YYHUTHIBAaTh OCOOCHHOCTH €T0 yJIepKaHusI U MOIBMXHOCTH. UTHOpHpOBaHKE 3THX 0COOEHHOCTEH
MOJKET TNPUBECTH K HEKOPPEKTHOH TPaKTOBKE IOMYYEHHBIX pe3yJbTaToB. TOT (akT, yTo
BBIJICTICHHE Telnsl TIPU HarpeBe OONy4YeHHBIX 00pa3IOB HAYMHAETCS JIWIIb MPU TEMIIEpaTypax,
MPEBHIIAOIUX TEeMIEpaTypbl OOTy4eHHUs, MOXET OBITh HCIIONB30BaH Ui ONpeAeTCHUs
TeMIepaTypsl 00TyUeHHS.

HccnenoBanre KMHETUKY BBIJCIICHUS Tevst u3 00pasnoB cramu 0X16H15M3b kak mociie ux
MIpeBapuTeIbHON AedopmMalinu, Tak U B Ipolecce AedopMaIiy MMOKa3ald, YTO B IpoIiecce
HarpeBa aTOMBbI TeJIHs MOTYT MUTPUPOBATh MO TPyOKaM JUCIOKAIMiA, OKa3bIBasl CyIIECTBEHHOE
BIIUSTHUE HA BBIXOJI TENUS U €ro TiepepacipeielieHne B 00beMe MaTepraa. JHEprusl akTHBAIHH
middy3un aToMoB renust 1o TpyOKaM TucioKanuu ajisi aycteHuTHoi cramu 0X16H15M3b
okono 0,7 3B. [IBwkymmecs IUCIOKAIMM MOTYT CIIOCOOCTBOBATH BBIHOCY TEIWs Ha

IMMOBECPXHOCThL MaT€puralia, rpaHulbl 3€PEH, Me)K(i)a?;HLIe T'paHUIIbI.
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HccaenoBanue BIMSIHUSA PC€AKTOPHOI0 M3JTYYCHHUS HA IPOUECCHI
ra3oBbl/1€JICHUS U30TOIMOB BOAOPOIAa U3 BAHAAUA

T. B. Kynecapros*, B. I1. lllectakos*, E. A. Kemxun**
*Hay4HO-HCCIIeI0BaTeIbCKUH HHCTUTYT SKCIIEPUMEHTAILHOM U TeopeTHuecKoi pu3nk,
Anmarsl, Kazaxcran (kulsartov@physics.kz)

** Nucrutyt Aromuoit Dueprun HALL PK, Cemunanatunck-21, Kazaxcran

CrutaBpl Ha OCHOBE BaHaAWsl SABJSIIOTCA HamOoJiee NMEPCIEKTUBHBIMH MaTepHalaM Uis
JUTUEBOTO OJaHKETa-Pa3sMHOKHUTENS Oy IyLINX PEaKTOPOB CUHTE3a. DTO OOBACHICTCS XOPOLINM
coueTaHneM (U3MKO-MEXaHHUECKUX M paJUaIliOHHBIX CBOMCTB BaHAIUEBBIX CIJIaBOB. B
YCIOBUSX PabOTBl TEPMOSICPHBIX PEAKTOPOB BAKHOW MpPOOJIEMOW SIBISETCS IOBEICHHE
CIUIaBOB BaHA/Ws IO OTHOLICHHUIO K U30TOIIAM BOAOPOJa B IPUCYTCTBUU HEUTPOHHOIO U raMMa
u3nydeHus. B nanHO# paboTe mpeacraBiieHbl Pe3yNbTaThl IIEPBOIO 3Tama 3KCIEPUMEHTOB B
paMKax paboT 10 HCCIEAOBAaHMIO BIHMAHUS PEAKTOPHOTO M3IY4YEHUS Ha TapaMeTphl
ra3oBbIJICNICHAS W30TOMOB BOAOPOJAA M3 CIUIAaBOB BaHaaus. B yacTHOCTM B maHHOH pabote
NpUBEACHBI TIapaMeTpPhl Ta30BBIACICHUS U XapaKTEPUCTUKU (a30BHIX MPEBpAICHHH THAPHAA
BaHAAMA MIPU PA3JIMYHBIX YPOBHIX PEAKTOPHOTO U3IYyUECHUS

[IpenBapuTenbHOE HachIIEHHE OOpa3lOB BaHAIUS MPOBOIWIOCH U3 Ta30BOM (asbl. Bee
JKCTIepUMEHTHI ipoBoarinch MetogoM T/IC. OO6mydenue mpoBoamiock Ha peakrope MBI'1.M
HALL PK. Beuin mpoBeneHbl UccaeA0BaHusl 1Sl pa3IuYHbIX YPOBHEH PEaKTOPHOIO M3ITy4EHHUS,
KOTOpbIe 3a(UKCHPOBAIN BIHMSHHE PEAKTOPHOI'O M3IY4YEHUS HA IPOLECCHl Ta30BBIACICHUS

BOAOpOAAa U3 BaHAIUs.

IIpenBapurtenbHble pe3yabTAThI 110 BbIAEICHUIO TPUTHS U3 JINTHEBOH KePAMHKHU
Li;TiO3 B mpouecce 10J1roBpeMEHHOI0 PEAKTOPHOI0 00/ 1y4eHust

T. B. Kynecapros*, U. JI. Taxxubaesa*, B. I1. lllectakos*, M. A. Makykos*, C. E. Acdanacbes™,
X. KaBamypa**
*Hay4HO-HCCIIeIOBATENILCKUI HHCTUTYT SKCIIEPUMEHTANILHOM 1 TeopeTHuecKoi Gu3uk,
Anmarst, Kazaxcran (makukov@physics.kz, mccook@mail.ru)
** Blanket Irradiation and Analysis Laboratory at JAERI, Orai-machi, Japan

JluTuii-conepkaiue KepaMuku, Kak, Hampumep, LiO, Li,TiOs;, LiZr0; u Li,SiOy4
CUMTAIOTCS TEPCICKTUBHBIMH MaTEpHalaM¥ JIIs Pa3MHOXKCHUS TPUTHS B OnaHkeTax TADY.
Kepamuxka Li,TiO; mnpuBiekia BHHMaHWE MHOTHX HCCIEIOBATeNCH W3-32 JIETKOTO
BOCCTAQHOBJICHUSI CTCHEPUPOBAHHOTO B HEW TPUTUS NMPH HU3KUX TeMIepaTypax, XMMHUYECKOU
YCTOWYUBOCTH, U T.II.

B mamHO¥ paboTe mpeacTaBiIeHO OMHMCAHHME YacTH PadOTHI MO HCCIICIOBAHUIO JTUTHEBOM
kepamuku Li,TiO; (95 % oOoramennem mo 6Ll). OO01mmas 1ens T0NITOBPEMEHHOTO PEaKTOPHOTO
o0xyuyenus nutueBod kepamukn Li,TiO; Obima cienyromieil: TOCTHKEHHE BBITOPAHHS TI0
usorony °Li ~ 20 %. Takske B TIpoliecce SKCIIEPUMEHTA CTABHIIACh 3a/a4a PerUCTPALHH in Sifu

BBIACTIAIOMICTOCA TPUTUA AJIA PA3JIMYHBIX TEMIICPATYP KEPAMHUKU.
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3mech TpUBEACHBI IpeNBapUTEIbHBIE PEe3yNbTaThl Pa0OTHI IO HWCCIEJOBAHMIO BBIXOHA

HapabaTeiBaeMOro Tputus u3 kepamuku Li,TiO; mpu anutensHOM 00TydeHHH.

PaqnanuoHHO-UHAYUMPOBAHHASA cerperauus JeHTepus
B AByXx(a3Hoi ctaau X16HIM3

I. A. PactiomoBa*, B. JI. ApOy3oB*, B. B. Carapamze*, H. JI. [Teuepkuna*, K. B. lllansHOB*,
10. H. 3yes**
* NuctutyT ¢msuku metainioB YpO PAH, ExarepunOypr, Poccus (raspopova@uran.ru)
**Poccmiickuit ®enepanpusiit Anepnsrit Lentp — Beepoccuniickuit HUU TexHmaeckor Gu3ukw,
Cuexunck, YenssOuackoi oodmactu, Poccust

VmnnaHTanyss BOAOPOAa B METAJUIMYECKHUE MAaTepUallbl CONPOBOXKIAETCS, KakK IPaBHIIO,
oOpa3zoBaHHEM B HHUX oOJyiacTell Oosiee WM MeHee YCTOWUNBOM cerperanuu uMmiutantanta (PUC
Bozopoza). [Ipu BeICOKOV MOABMKHOCTH aTOMOB Bojzopona ycroitunBocth PUC o0ycioBnena
XapakTePUCTUKAaMH B3aUMOACUCTBHSA BOJIOPOAA CO CTPYKTYPHBIMH JIOBYIIKAMH, KOTOPBIMU
SIBIISIIOTCA JePeKThl KPUCTATMYECKON pemeTkd. PaHee moka3aHo, YTO B ayCTEHUTHBIX CTallsX
3G (PEKTHUBHBIMU JIOBYIIKAMH JJISI BOJIOPOJA SIBISIOTCS BaKAHCHOHHBIE KJIAcTephl, MeK(pazHbIe
TpaHMILBI 1 OOJBIIEYTIIOBBIE IPAHUIIBI 3EPCH.

BbimenuTh BKJIAA KaKIOIO THUHA JIOBYLIIEK B CyMMapHO€ HAaKOIUIEHHE BOAOpOJa B
00JIydeHHbIX OOJIACTSX CTalell OKa3bIBACTCSl JOCTATOYHO TPYIOHO, TaK KAaK B HUX IIOMHMO
UCXOIHBIX JIOBYIIEK MOJ OOJydyeHHEM BO3HMKAIOT HOBBIE PaldalliOHHO-UHIYLUPOBAHHBIC U
(unn) moaupuuMpyroTcs ucxoaHble. [lo3ToMy, M3y4YeHHE MOBEOCHHS HMIUIAHTHPOBAHHOTO
neiitepusi B ABYX(a3HOW cCTaiM, CTPYKTYpy M COOTHOUIeHHEe (a3 B KOTOPOH MOKHO
BapbHpOBATh TEPMOOOPAOOTKOM, MPeICTaBISIET 0COOBII HHTEpEC.

Oo0wexTom uzyuenus PYIC Bogopona BeiOpaHa AByx(a3Has ayCTEHHTO-MapTEHCUTHAS CTallb
X16H9M3 ¢ paznmuaasiM cooTHomeHneM ¢a3. st aToi cramu u3BectHo, uro PUC nefitepust B
Hell HecTaOWJIbHA MO THITy paccachlBaHMsA, B OTJIMYME OT ayCTEHUTHOU craim (TAe cerperauus
HapacraeT rocie cHstus o0myderns) u ot OLK crmnaBa Fe-Cr (rae cerperanus crabuibHa).

MeTonoM SAEpHBIX peakIUil HCCIEJOBAHO BIUSHUE CTPYKTYPHOTO COCTOSHHS CTalH
X16H9M3 na PUC peiitepus. ATTecTaluio MUKPOCTPYKTYPbI CTaH MPOBOJMIM C TIOMOIIBIO
MIPOCBEYMBAIOLIEH 2JIEKTPOHHOMN, CKAHUPYIOIIEH 3JIEKTPOHHON U TYHHEIBHOW METO/IHK.

[loka3aHo, 4YTO HAKOIUICHHE WMIUIAHTHPOBAaHHOTO JAEHTEpHss B OOIy4YEHHBIX HOHAMHU
o0paslax CTaay 3aBUCUT OT COOTHOIIEHHMsS MapTEHCHTa M ayCTEHWTa B M3Yy4aeMOH CTaiH,
MPOTSDKEHHOCTH M CTPYKTypa Me(asHbIX TI'paHML. YCTaHOBJICHO, YTO NOA OOIydYeHHEM B
CTaJl HMEIOT MECTO CTPYKTYpHO-()a3oBble IpEBpAILCHUs, YBEIMYMBAIOLINE 3aXBaT
MMIUTAaHTaHTa W yCWJMBaroIue cerperamuio. [IpoaHann3upoBaHbl BO3MOXHBIE MEXaHH3MBI
BIMSIHUSA 3JIEMEHTOB CTPYKTYphl Ha 3aXBaT HMIUIAHTHPOBAHHOTO AEWTEpHs M MpeIIoKeHa
mozens PUC neittepust B n3ygaemMoii crajm.

Pabota BrmoHeHA 1TpH hrHAHCOBOM mouepxke PODU (ITpoext 04-02-16053).
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Oco0eHHOCTH TepMoaecOPOIMY reJius U BOAOPOAA U3
OLK u I'IK maTepuaJioB

HU. 1. Yepnos, C. 0. buntokosa, b. A. Kanun, Tan Cse
MocKoBcKuil HHXEHEPHO-(DU3NUECKUH HHCTUTYT (TOCYIapCTBEHHbIH YHUBEPCHUTET),
(chernov@phm.mephi.ru)

B KOHCTPYKIIMOHHBIX MaTepuaiax sJIepPHBIX U, 0COOEHHO, TepMOsiIepHBIX peakTopoB (TSP)
HAKaIUTMBAIOTCS 3HAYUTENbHBIE KOHIICHTPAIlMA TPAaHCMYTAIIMOHHBIX W BHeApeHHBIX (B TSIP)
Teluss ¥ BOJOPOJAA, KOTOPHIC OKAa3bIBAIOT OTPUIATEIBHOC BIMSHUE HAa MX pPaJUallMOHHYIO
CTOWKOCTh W MOTYT SBISATBCS TNPUYMHON KaTaCTPO(PHUUECKOro YXYIIICHUS CBOWCTB U
COKpAIlleHUs CpOKa CIYyXObl KOHCTPYKTHBHBIX JJIEMEHTOB pPEaKTOpOB. B »Toil cBsi3u
MIPEICTABISIET WHTEpEC H3y4YeHHe NOBEISHHS Telnus W BOAOpOAa B MarepHuajax pasHbBIX
kpuctaummdeckux cucreM (OLIK u I'TIK).

B pabote meromom tepmopecopOimonnoii criektpoMeTpun (TAC) u3ydeHsl ocobeHHOCTH
razoseigenenuss w3 OLIK (momempnble Fe m Fe+<0,4mac.%C, cramp tmma X13) m I'LIK
(mozenbabie Ni u Ni+<0,1mac.%C, ctans Tuna X16H15) MaTepuanos, MMIIAHTHPOBAHHEIX D,
¢ sueprueii £ = 15 1B npu 100 K 1 290 K 10 dmoenca @ = 5-102 m%; He' ¢ E = 40 k3B npu
290-900 K o @ = 510°m2 n nocienosaTensao H ¢ E =25 kB pu 290 K no @ = 5102 M2

YCTaHOBIEHO, YTO B TMPHUCYTCTBHHM YIJepoJia KOJHMYECTBO 3aXBau€HHOTO BOAOPOJa
YBETMUMBACTCS [0 CPABHEHHMIO C YNCTHIMK MeTaiuiamu. IIpn Manbix dimoercax D,™ (< 10°! M2
KOX(HUIMEHTH Pe-3MHUCCHU [3 W3 YHCTBIX METAJUIOB M CIUIABOB C YTJIEPOJIOM OTIUYAIOTCS
3HaunTensHO: B m3 cmiaBoB Fe-C m Ni-C Ha 20 %, a u3 crameit Ha 30 % MeHbINE, 4eM H3
YECTHIX METaIoB. JIJIst MOJCIBHBIX MATEPHANIOB MPH BHICOKHX (umoeHcax (> 10*' M?) B 6rmsok
K €IUHHIIE TSI 000MX BHIOB MaTepHAJIOB M HE 3aBUCHT OT CofepkaHud yriaepoaa Nc. B cramsx
[} 3HAUMTENILHO MEHBIIIE, YeM B MOJICIbHBIX CIUIaBaX, U BBHIXOJMT HAa HACBINICHHUE JIMIIbL MPU
GombImmx QuroeHcax — mopsiaka 107 m 2.

Ocob6ennoctssmu criektpoB TJC Bomopoma sBistroTcs: ipu obmydennn mipu 100 K Hammame
pactBopeHHOTO yriepoaa capuraet muku TJC B o0macTs 0ojee BHICOKHX TEMIEpaTyp, IpuieM
KOJIMYECTBO 3aXBAYCHHBIX YACTHI] IOYTH HE U3MEHSCTCS B 3aBUCUMOCTH OT Nc; TIpU 00Ty4CHUU
npu 280 K konuuecTBO 3aXBaye€HHOTO BOAOPOJa B CIUIaBaX C YIVIEPOAOM CYIIECTBEHHO
BO3pACTacT, MPUUYEM MaKCHMaJbHOE KOJIMYECTBO ra3a 3aXBaThIBACTCS B KOHCTPYKIIMOHHBIX
crasix; B ['IIK marepuanax mpu 280 K BnusHue yriepoma Ha mojoxkenue mnukoB TJC
HE3HAYHUTENHHO, CHEKTPhI POCTHIe, B TO BpeMs kak B OLIK crmmaBax HaOMIOmatoTCs CIIEKTPHI
TIAC co MHOXECTBOM TIMKOB, TMpHYEeM TPH BBICOKHX (pIrOeHCax  TOSBISAIOTCS
BBICOKOTEMIIEpATypHbIe THUKW Tra3oBbigesieHus. B Ni moOaBieHuwe yriiepofa yBeTUYHBAET
SHEPrHI0 aKTHUBALWK ra3oBbieneHus E* ot 0,45 o 0,55 5B, a B Fe - mouTu Ha Hee He BIUACT
(E* =~ 0,68 5B), HO yMEHBIIAETCS MPEIIKCIOHEHIMATIBHBIN (AKTOP, O YEM MOXKHO CYIHUTH 110
cuury 3aucumoctr [n(al,?) or (1/T,) TpH HEH3MECHHOM yrie HAKIOHA MpSIMOi (O —
CKOPOCTh PAaBHOMEPHOTO Harpena).

Bomopon, nMest o4eHb BBICOKYIO MTOABIKHOCTh B METaJNIaX, MOYKET OBITh 3aXBA4€H JIUIIb Ha

,E[C(l)CKTaX KpPICTaJ'IJ'IH‘lGCKOfI PCUICTKH, KAKOBBIMU MOTYT SABJIATLCA NPHUMECHBIC aTOMBI, CUJIBHO
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HCKaKAIOIINE PEIIeTKY, TPaHULBl pa3feia pPa3IUYHBIX BKIIOYEHHH M YacTHL BTOPHUYHBIX
BBbIIIEJICHUH ¢ MaTpuuei u T.4. To, 4To BIMSHKE yIiepoAa Ha 3axXBaT U BBIACICHUE BOIOPOJA B
CIJIaBax CYLIECTBEHHO JIMIIb MPH HEOONBIINX (IIOCHCAX M MOYTH OTCYTCTBYET HPH BBICOKHX
¢mroeHcax, CBUACTENBCTBYET O HACHIAEMOCTH JIOBYIIEK NPH OONBIIMX KOHIEHTPALHAX
BHeZpsieMoro BojopoJia. Kpome Toro, To, uto B cruiaBax Ni u Fe ¢ yrimepoaom, o0mydeHHBIX
npu Hm3koi Temmeparype (100 K), c¢ yBemwuenmem Nc mukm TJIC cMmemarorcs B
BBICOKOTEMIIEpaTypHYI0 o001acTh, a mpu oOmydenun mnpu 280 K yBenwmumBaercs JHIIb
WHTEHCUBHOCTDH NTUKOB Ta30BBIACICHUS IPU HEM3MEHHOM ITOJIOKEHUH TEMIIEpaTyphl IIMKa, JaeT
OCHOBaHHE YTBEP)KIAaTh, YTO aTOMBl YIJIEpOAA KakK JIOBYLIKH Ui BOJIOPOJAa aKTUBHBI IPHU
HHU3KUX Temmeparypax. Hapsiay ¢ atiM, Bo3pactanue E B crutaBe Ni-C CBHICTEIBCTBYET O TOM,
yro B Ni aroMmbl yriepoaa SBISIOTCS Ooyiee CHIBHBIMH JIOBYIIKAMH JUIS BHEIPEHHOTO
BO/IOpo/a, 4eM B Fe, Tak Kak 3HepTys akTUBAIH ra30BBIJENICHUS HE N3MEHAETCS TIPU BBEICHUU
B Fe yriepona, xors no abconmoTHO# Benununne oHa Bbimie (~0,7 3B), yem E* u3 criaBoB Ni-C
(0,45-0,55 3B).

Ommmune cmaBoB Fe-C ot Ni-C 3akirodaercs B TOM, 4TO B mepBbiX mpu Nc > 0,01 %
MPUCYTCTBYIOT YacTUIlbl BTopoii ¢a3el (mementuta F;C). [Ipu HarpeBe o0iyueHHBIX 00pa3IoB
JelTepuil BBIXOAUT KaK B OKPY’KaIOIIyI0 Cpelly Yepe3 BHEIIHIOK IOBEPXHOCTh 00pa3LoB, Tak U
Ha I'paHHLbl BTOPOH (ha3bl, OTKyJa OH HAaUYMHAET BBIACIATHCS IIPU IPEBBIIIEHUN HEKOTOPOIO
KPUTHYECKOro AaBieHus (0OpaTHOE pacTBOpeHHE B MaTpuLle U Audy3us K MOBEPXHOCTH), IS
yero TpeOyroTcsi 6ojee BBHICOKHE TEeMIEpaTyphl. DTH (DAaKTOPBI, MO-BUAUMOMY, SBISIOTCA Kak
NPUYMHON CIIBUTA TeMIepaTypbl ra3oBbieNeHns B ciutaBax Fe-C B oOmactb Oosiee BBICOKHX
TEMIIEpaTyp TPU BBICOKOH KOHLEHTPALMU YTIIEPOJa, TaK W oOpa3oBaHUs OoJiee CIOMXHBIX
cnektpoB T/C.

Kak u Tpu BHeIpeHHH Bojaopona, npu obmyuenuu monamu He' TJIC cmektpsl u3 OIK
MaTepHaIoB ClIOXHee, deM wu3 obOpa3moB ¢ ['1IK pemeTkoil, mpudeM ¢ yBEIHYECHHEM
TEeMIEpaTypsl  OONy4eHHsT  TEMIEpaTypHBIH  WHTEpBal  Ta30BBIACICHUS  YIIUPSETCA.
YcraHoBiIeHO, uTo mpu o3¢ obmydenns 5x10%° M B ocnoBHOM muke TJIC Ta3soBbIeicHHE
MPOMCXOIUT POCTOM, MUTpanreil, KoalleCIIeHIEeN B X0Jie MUTPAllMi U BBIXOZOM Iy3bIPbKOB Ha
MIOBEPXHOCTh ¢ 00pa3oBaHMEM Ha HEH XapaKTepHOU «JeIpuaroit» (pin-hole) crpykrypel. B
OTJIMYNE OT ayCTEHUTHOW CTalli ¢ OJHUM MHTeHcUBHBIM mukoM T/IC mpu Temmeparype okoio
1380 K, B eppHUTHO-MapTEHCUTHOW CTAIM HAOIIOJAFOTCS JIBA MOIIHBIX HKa B criektpe TJC —
pu Temmneparypax okoso 1180 n 1300 K. Temnepatypa 1180 K coBnagaeT ¢ TemnepaTtypoi o
— v npeBpamienns ctanu X 13 mpu Harpese. [1o3ToMy MOXHO TIPEAIIOIO0KUTE, 9TO O0IeTIYeHHAS
Murpanus my3sipbkoB B OLIK perierke npuBOIUT K 4aCTUYHOMY BBIXOAY MX Ha MOBEPXHOCTH
110 3TOH TeMIeparypsl, a Ipu OoJiee BBICOKOI TeMmeparype 3aTpynHenHas ux murpanus B I'LIK

pelieTke BhI3BIBAET BHIXOJI My3BIPHKOB yoke U3 aycreHurta mpu 1300 K.
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TeopeTnyeckoe U IKCNEPUMEHTATIbHOE UCCIIEI0BAHNE THAPUI0B
B HUPKOHUEBbIX KOMIIOHEHTAX fi/IePHbIX PeaKTOPOB

A. A. IlImakos*, R. L. Eadie**, D. Yan**
* MOCKOBCKH HH)KEeHepHO-(u3ndYeckuil HHCTUTYT, Mocksa, Poccust (shmakov@phm.mephi.ru)
** University of Alberta, Edmonton, Canada

3aMeANIeHHOE THIPUIHOEC PACTPECKUBAHHUE SIBIISICTCS OMHHM W3 MEXaHU3MOB pa3pylICHHUS
HABOJIOPOKEHHBIX CIUIABOB IIUPKOHUS, HUOOUS, TUTAaHA U BaHaIusd. MexaHH3M 3aMeJIEHHOTO
THAPUIHOTO PACTPECKHBaHMA TpeAnonaract Au(Qy3MoHHOE HAKOIUIGHWE BOAOpOAa Y
KOHIECHTpAaTOpa pacTAruBaromnux HaHpH)KeHHfI, O6pa3OBaHI/Ie TUAPUIOHBIX IJIaCTHH,
OPHUEHTHUPOBAHHBIX IEPHNEHAMKYJIPHO IMPHIOKEHHOW HAarpy3ke, MX POCT O KPUTHUYECKOTO
pasMepa ¥ paspylieHHEe OXPYMYCHHOW TuapuaaMu oobnacti. [lukimrueckoe MOBTOpEHHE
YKa3aHHBIX TPOLECCOB TPUBOJUT K [MOCTENEHHOMY pa3pymieHuto wusaenus. OOnmm
HEIOCTATKOM HW3BECTHBIX MOJENeH 3aMEJICHHOTO THIAPUIHOTO PACTPECKHBAHUS SBISIETCS
MPEHEOPEKCHUE 3aBHCUMOCTBIO KPHUTHYECKMX MApaMETPOB THIPHIHBIX BBIJCICHUH OT
TeMIepaTypel ¥  KOI(QQUIMEHTOB WHTCHCUBHOCTH HampspDKeHUH. Takoe —JOmyIeHHe
OTpaHMYUBACT TPEICKa3aTENBHYIO CHIy MOJENEeH W CHHKAET TOCTOBEPHOCTh TEOPETHUECKHX
pe3yIbTaTOB.

B HacTosmielt paboTe mpeanioxkeHa MoJIeNb, TO3BOJISIONIas POTHO3UPOBATh KPUTHUYECKYIO
JUIMHY W TONIIMHY THAPUAHBIX IUIACTHH TPU 3aMEAJICHHOM THAPUIHOM PACTPECKUBAHUM B
NPOMBINUICHHBIX ~ CIJIaBax IUPKOHHMA [1], a Takke TpOBEACHA OSKCIECPUMEHTANbHAS
BepH(HKAIMsI STOW MOJIENH Ha TPUMEpe PeaKTOpHBIX TpyO m3 crumaBa Zr—2,5%Nb [2, 3].
Pa3paboranHass TeopeTHuyeckas MOJENIb OCHOBAaHA Ha JCTATLHOM AaHANIM3e pPachpeiciCHUs
pACTSITUBAIONINX HANPSHKEHUH B 00JacTM  OCTPOH  TPEIMHBI HOPMAaIbHOTO  OTpHIBA.
OKCIEePUMEHTHI MTPOBOAMIN Ha ()parMEeHTaX CTaHAaPTHHIX TpyO maBieHus peaktopoB CANDU

(Canadian Deuterium Uranium) npu 150 °C 1 ko3 duiimenTax ”HTEHCUBHOCTH HAIIPSHKEHUH OT

59 mo 20 Mllavm. Ilpu sTOoM HaOmOJAIM «TOHHENBHBI» 3(PQEKT, CBA3AaHHBIA C

HEOJHOPOJTHOCTBIO HAMPSDKEHHOTO COCTOSIHHS 10 TOJIMMHE TpyOdaTteix oOpasmnoB. B
MOBEPXHOCTHBIX CIOSIX 00pa3lia BO3HHKAJIO MJIOCKOE HAIpSHKEHHOE COCTOSHHUE, a B 00beMe —
Oosee xKecTkoe cocTogHME TuTockod aedopmanuu. IlosTomy oOpa3oBaHune W paspyllieHHE
THIPHUIIOB BHYTPH 00paslia MPOMCXOJWIO WHTEHCHBHEE, 4eM y moBepxHOCcTH. [lokazaHo, 4To

MOJTydeHHBIE KCTIEPUMEHTAIBHBIE PE3YIBTATHl XOPOIIIO COTJIACYIOTCS C TEOPETHIECKUMHU.

Jlutepatypa
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